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BBenenue

«MaTtemaTHdecKuii aHaimu3» U «MeTOobl ONTHUMANBFHBIX PEIICHUI» — OJTHU U3
npoQUIMPYIOMMX JTUCIHUIUIMH yueOHoro rmiuaHa HanpasieHus 38.03.01 DxoHomuka.

[lenp n3ydeHus: JaHHBIX JUCIHUILIANH COCTOUT B MPUOOPETEHUN TEOPETUICCKIX
3HaHUA O MaTeMaTHYeCKMX W  HMHCTPYMEHTAIBHBIX  METOJaX  PCIICHHS
APKOHOMUYECKHUX 3a7a4, B (GOPMHUPOBAHUN HABBIKOB MOJCIMPOBAHUS M MCCIIEIOBAHNUS
MPOCTEUIINX  PEATbHBIX JKOHOMHYECKMX TIPOIECCOB, a TaKKe HaBBIKOB
WCIIOJIB30BAHUS AHAIUTHYECKUX W BBIYHCIHUTEIBHBIX METOJOB [IJII OCBOCHHUS
COOTBETCTBYIOIIHX PA3/IEIOB BCEX CIEIUATbHBIX U IPUKIAHBIX TACIIATLINH.

[Ipn Hamucanum y4eOHOTO TMOCOOWS aBTOpP PYKOBOACTBOBAJICS MPUHITUTIOM
dbopmupoBanus MPOGHECCHOHATBHBIX KOMIICTCHIIMA W TIOBBIIICHHEM  YPOBHS
MPUKIAQAHOW  MaTeMaTHYeCKOW  TMOATOTOBKM  CTYACHTOB  JUISI  HW3yYCHHUS
HDKOHOMHUYECKUX TIPOIECCOB W MX B3aUMOCBSI3ed Ha OCHOBE H3KOHOMHUKO-
MaTeMaTUYeCKUX METOJOB M MOJieleil B CYIIECTBYIOIMIUX HWHCTPYMEHTAIBHBIX
cpenax.

VYyebHoe TmocoOMe COCTaBIEHO B  COOTBETCTBUHM C  TpeOOBaHUSMU
®denepadbHOTO  TOCYAAPCTBEHHOTO  OOpa30BaTEIbHOTO  CTAaHJApTa  BBICIIETO
npodecCHOHAIBHOTO  o0Opa3oBaHusl 10 HampaBieHutro noarotoBku  38.03.01
DKOHOMHUKA.

Y4ebHoe TmocoOue COMEpPKUT OCHOBHBIC TEOPETHUCCKUE CBEIACHUS, MPUMEPHI
pEeIICHUS JKOHOMHYECKHMX 3aJad C HCIOJb30BAaHMEM MAaTEMAaTHYECKHX M
WHCTPYMEHTAJILHBIX METOAOB, 3amadyu Ha 20 BapuaHTOB i OpraHU3alUA
CaMOCTOSITENIbHOM ~ pabOThl  CTYJIEHTOB. B KoOHIE  T1OcoOMsi  TNpHUBEACH
oubnrorpaduuecKuii CucoK.

YyeOHoe mocoOME TOMOXKET CTyA€HTaM B HW3YYEHUU TEOPETUUYECKOTO
Martepuaia 1 NpuoOPETEHUU HABBIKOB PEIICHUS] KOHKPETHBIX MPUKIIAIHBIX 3a/1a4.



1 Knaccupuxanus 3IKOHOMHUKO-MATEeMATHYECKHX MO/1esei

Mamemamuueckoit mooebl0 HA3BIBAIOT NPUOIKEHHOE OMHCAHUE KaKoro-
100 KJlacca SIBJICHUM BHEIIHETO MHPA, BRIPAKEHHOE C MTOMOIIBI0O MaTeMaTHYeCKON
CHUMBOJIUKH.

MaremaTudyeckre MOJCIM  TPEACTaBIAIOT CcOOOM  MOIIHBIA  ammapar
UCCIIEIOBAaHUSI W  TPOTHO3UPOBAHUS  pA3IWYHBIX sBJIeHHWH. Mcmonb3oBaHue
MaTeMaTUYECKHX MOJCNICH B SKOHOMUYECKHUX UCCIICIOBAHUSIX TTO3BOJISET:

1) BBLIETUTH U (OPMATHLHO OMHUCATh HanboJee BaKHBIC, CYIIIECTBCHHBIE CBS3H
YKOHOMHUYECKUX MIEPEMEHHBIX i 00HEKTOB,;

2) w3 4€Tko CcHOPMYTUPOBAHHBIX HWCXOMHBIX JAaHHBIX M COOTHOIICHHM
MaTeMaTHYECKUMH METOJaMHU TIOJYyYUTh BBIBOJBI, COOTBETCTBYIOIINE H3y4aeMOMY
00BEKTY B TOH K€ Mepe, UTO U MPE/ITOTOKCHUS;

3) MareMaTthyeckue MeTOAbl (OCOOEHHO CTAaTHCTHYECKHE) TIO3BOJIIOT
MOJIy4aTh HOBbIEC 3HAHUSI 00 0OBEKTE, OLIEHUBATH (POPMY U TTapaMETPhl 3aBUCUMOCTEN
€ro TEPEeMEHHBIX, B HaWOOJbIIEH CTENEHU COOTBETCTBYIOIIUX HMEIOUTUMCS
HaOJIIOICHUSIM;

4) TOYHO W KOMIIAKTHO U3JIaraTh TMOJOXKEHUSI SKOHOMUYECKOW TEOpHH,
(bopMyIupOBaTh €€ MOHATUU U BHIBOJIBI.

[Ipouiecc MopaenupoBaHUsi JIOOBIX SIBICHUW M MPOIIECCOB PEATLHOIO MHUpPa
BKJTFOYACT B CeOS TPU CTPYKTYPHBIX DJICMEHTA:

1) 00BeKT uccienoBaHus (SIBJICHHE, ITPOIIECC);

2) uccienoBatenb (CyOBEKT UCCIEA0BaHUA);

3) Mopenb, OCYIIECTBISIONIYIO OTHOIICHHE MEXKIy HWCCICIOBATEIeM M
M03HABa€MBIM OOBEKTOM.

[Ipomecc MOAETMPOBAHUS COCTOMT U3 YETHIPEX ATATIOB.

Ha mnepBoM »3Tame wuccienoBaTelb KOHCTPYHpPYeT (WM HaxXOIUT Cpeau
M3BECTHBIX) JIPYyroi 0OBEKT — MOJIEIb MCXOHOTO0 OOBEKTa, OTOOPAKAIOIIYIO JIUIIb
HEKOTOpbIE HauOoJIee CYIIECTBEHHbIE YEPThI MOCeAHEro0. Jpyrumu cioBamu, Jirooast
MOJIEJIb 3aMEHSIET OPUTHUHAN B CTPOTO OTpaHUYEHHOM cMbicie. OTcroa ciaeayer, 4yTo
JUTSL OTHOTO OOBEKTa MOXKET OBITh MOCTPOEHO HECKOJIBKO MOJENEH, OTpa)karolux
onpenenEHHbIe €ro CTOPOHBI WM XapaKTepU3YIOIIMX €ro C Pa3HOW CTETNeHBIO
JIeTaTU3aIIH.

Ha BTOpOoM »3Tame mporiecca MOACIUPOBAHUS MOJIEIb BBICTYMMAeT Kak
CaMOCTOSTENIbHBI 00BEKT HccienoBanus. OCHOBHBIM BOIPOCOM Ha 3TOM 3Tarie
SBJISICTCSL PEIICHWE TaK Ha3bIBAGMOW MpAMOUl 3adauu, TO €CTh TIOJyYCHHE B
pe3ynbTaTe aHajlu3a MOJCIHM BBIXOJHBIX JAaHHBIX JJII WX JaJdbHEHIIETro
COTIOCTABJICHUS C pe3yibTaTaMu HAOJIOIEHUI M3yd4aeMOro SBJICHUS WM IIpoIiecca.
OpHoit w3 ¢GOpM TaKOro WCCIEIOBAHUS SBISCTCS TPOBEICHUE MOJICIBHBIX
HKCIIEPUMEHTOB C ToMoIIbi0 DBM, mpu KOTOPBIX IIEICHANPABICHHO W3MEHSIOTCS
ycinoBusl  (DYHKITMOHMPOBAHUS MOJEIA ¥ CHUCTEMATU3UPYIOTCS PE3YNbTaThl €&
noBefieHUsl. KOHEYHBIM pe3yibTaTOM dTama SBJISETCS COBOKYITHOCTh 3HAHHM
(TEOpETUYECKUX CIEACTBUN) O MOJIETH B OTHOIICHUH BBIICICHHBIX CYIIECTBEHHBIX
CTOPOH 00BEKTa-OpUTHHATIA.



Tpernii 3Tan 3aKIr04aeTCs B BBISICHEHUU TOTO, YJIOBJIETBOPSIET JIM MPUHATAS
MOJIENIb KpUmepuro npaKkmuKu, T0 €CTh COTJIacyloTCs JIM Pe3yabTaThl HAOMIOICHUN C
TEOPETUUECKUMU CIICJICTBUAMM (3HAHHUSMHU) O MOJIENU B TpejiaraeMod TOYHOCTH
HaOmonenuit. Eciiu Moziens He yAOBIETBOPSIET KPUTEPUIO MPAKTUKHU, TO €€ HENb3s
NPUMEHSTh K HMCCIEIOBAHUI0O 00BEKTa-OpUTHHANA; TPEOyeTCs KOPPEKIUS MOJEIH.
Ecnu mopenb yAOBIETBOPSET KPUTEPUIO MPAKTUKH, TO AAJIEE OCYIIECTBISETCS
NEPEHOC 3HAHUW C MOJENM Ha OPUTHMHAN U MEPEXOJ C S3bIKa MOJEIH Ha S3bIK
opurunana. [lomyueHHble 3HAaHUS UCTIONB3YIOTCS KakK JIJIsl MOCTPOCHUS 0000IIaromen
TEOpUHU PEaTbHOT0 00BEKTA, TaK U AJIS YIIPABICHUS UM.

YerBépThIii 3TANl COCTOMT B INOCHEAYIOIIEM AaHAIM3E€ W MOJCPHU3ALUU
MOJICJIN B CBSI3U C HAKOIUJIEHUEM HOBBIX JAaHHBIX 00 M3y4aeMOM OOBEKTE.

[locTpoeHne SKOHOMHKO-MAaTeMaTUYECKHX MOJENe o0namaer  psaaoM
CYILIECTBEHHBIX OCOOEHHOCTEH, CBSI3aHHBIX KaK C 00bEKTOM MOJEIUPOBAHUS, TaK U C
IIPUMEHEHUEM ammapara u CpeACTB MAaTEMaTHYECKOr0 MOAEINpOBaHus. PaccMoTpum
OCHOBHBIE OCOOEHHOCTH 3TANOB NOCTPOEHUSI IKOHOMUKO-MAaTEMAaTUYECKUX MOJEIIEH.

IlepBbIii 3TAN NTOApa3aenseTca Ha JBa mara. Ha mepBom miare npoucxoauT
MIOCTAaHOBKAa 3KOHOMHMYECKOM MpoOsieMbl M €€ KayeCTBEHHbIM aHanu3. g 3Toro
TpedyeTcs:

1) chopmynupoBaTh CYIIHOCTh HPOOJIEMBI, MPUHUMAEMbIEC MPEANOCHUIKA U
JOITYLIEHUS;

2) BBIICIUTh BAXHEWIIIUE YEPThl M CBOWCTBA MOJCIUPYEMOIO OOBEKTA,
MpolLiecca Ui SIBJICHUS;

3) U3y4YuTh CTPYKTYPY U B3aUMOCBSI3b AJIEMEHTOB MOJIETUPYEMOIO OOBEKTA,
MpolLiecca Ui SIBJICHUS;

4) cdopmMyIupoBaTh TUIMOTE3bl, OOBSACHSIONIUE T[OBEACHUE U Pa3BUTHE
MOJEIIUPYEMOT0 00BEKTa, IPOLIECCa WU SIBJICHUS.

Ha BTOpOM mI1are npoucxoaut ghopmanuzayus U3y4aemMoil SKOHOMHYECKOM
npo0JIeMbl, TO €CTh 3alMCh B BUJAE, IPUTOJHOM JJI U3yUeHUsl €€ MaTeMaTHUYEeCKUMU
METOJAaMH, & UIMEHHO:

1) ompenensiercs THUN MOJENH, U3y4aeTCs BO3MOXKHOCTb €€ NPUMEHEHHUs B
JAHHOM 3aJlaye, TO €CThb CTPEMSATCA MOCTPOUTH MOJEIb, OTHOCSIIYIOCS K XOPOILIO
M3YYEHHOMY KJIACCY MATEMAaTHYECKUX MOJIEJEH, YTO MOXKET IPUBECTU K HEKOTOPOMY
VOPOLIEHUIO HUCXOJHBIX MPEINOCBUIOK, HE HCKAKAIIIEMY OCHOBHBIX 4YEpT
MOJEIIUPYEMOTO OOBEKTa; OJHAKO, BO3MOXKHA CHUTyalus, Koraa QopMaau3aius
MpoOJIeMbl MPUBOAUT K HEU3BECTHOM paHee MaTEMAaTUUYECKON CTPYKTYPE;

2) yTOYHSIeTCS TEpeYeHb HK30TE€HHBIX M SHJOTEHHBIX IapamMeTpoB, (opma
CBsA3eH (IK302eHHBIMU naApamempamu HA3bIBAIOT BEJIMYUHBI, KOTOPbIE MOTYT OBITH
3aJaHbl BHE MOJEIM WJIM W3BECTHBl 3apaHEE; IHOO2EHHbIMU napamempamu
(nepemennbimu) Ha3BIBAIOT BEIMYMHBI, KOTOPHIC HE MOTYT OBITH 3aJaHbl U3BHE U
KOTOPBIE HY’KHO OIPEIEINUTH B XOA€ PACYETOB 10 MOJAEIIHN);

3) BBOASATCS 0003HAYEHUS 711 SK30T€HHBIX U HJIOT€HHBIX apaMeTPOB;

4) B3aMMOCBSI3M MEXJIYy OHIOTCHHBIMH MapaMeTpamMu (TIepEeMEHHBIMH)
3aMKMCBHIBAIOTCA B BHJIE MAaTEeMaTHYECKUX 3aBHUCHUMOCTEW (ypaBHEHHiIl, HEPABEHCTB,
byHKIMi 1 T.11.).



Bropoit 3ram  moCTpoeHMs ~ IKOHOMHUKO-MATEMAaTHYECKOM  MOJIEIHU
noapasfenseTca Ha Tpu mara. Ha mepBoM miare mnpoBOJIWTCS AHAIUTHYECKOE
UCCICJOBAHUE M3y4aeMOM MOJEIM, TO €CTh MaTEMaTHUYECKUMHU METOJAMHU
BBISIBIISIIOTCSL OOIIME CBOMCTBA Mojenu U e€ peuieHud. B wacTHocTH, periarorcs
CIEAYIOIINE 3a/1a4u:

1) Joka3aTenbCTBO  CYIIECTBOBAHMS ~ XOTS OBl  OJIHOTO  PEIICHUS
chopMyITUPOBAHHON 3a/1a4u;

2) onpeneneHue KOIM4ecTBa pelieHU;

3) oTBICKaHHE CIOCO0a HAMTH BCE pELICHUS], CTPYKTYpa MHOYKECTBA PELICHUI;

4) nuanazoH U3MEHEHUS TapaMeTPOB MOJIEIH U IPYTHE.

Bropoii mar cocrouT B MOJATOTOBKE HCXOAHOM wuHMopMmauuu. [ns ero
peanuzanuu TpeOyeTcs:

1) BbIpaGoTaTh OOIIME MPUHLMUIIBI OTOOpA MAHHBIX [JIS HMCIOJIb30BAHMS B
JAHHOM SKOHOMHKO-MaTeMaTHYECKON MOJECIIN;

2) OCYyIIECTBUTH COOP JAHHBIX;

3) mpoBecTH MEPBUYHYIO 00pabOTKYy COOpaHHBIX JAHHBIX JJISI UCHOJIb30BAaHUS
B MOJIEJIH.

Tpernii mar mpeacTaBiser coOOW YHCICHHOE PEIICHHUE MOISIUPYEMOM
HKOHOMHUYECKOM 1pobiembl. OH BKIIOYAET B CEOs:

1) pa3paboTKy anropuTMOB UHCJIEHHOIO UCCIEJOBaHUS U IOATOTOBKY
nporpamMm it OBM;

2) HEMOCPEACTBEHHOE MPOBEACHUE PACUETOB (MOJEIbHBINA IKCIIEPUMEHT).

YuclieHHOE pEeIlIeHHUE CYIIECTBEHHO JIOMOJIHAET pPe3yibTaThl aHATMTUYECKOTO
UCCJIEIOBAHMS, a JJII MHOTHUX MOJENel SBISETCS €IMHCTBEHHO BO3MOXKHBIM
CIIOCOOOM HCCIIETOBAHUS.

Ha Tperbem 3Tame pemaeTcss BONPOC O MPAaBUIBHOCTH U TIOJIHOTE Pe3yJIbTaTOB
MOJEIIMPOBAHUS M NTPUMEHUMOCTH HUX KaK B MPAKTUYECKON IEATEIBHOCTH, TaK U B
LEIAX YCOBEPUIEHCTBOBaHUA Mojenu. 11o3ToMy B mepByro ouepenb NpOU3BOIATCS
eéepughukayusa (MpoBepKa NPABUIBLHOCTU CTPYKTYphl) U eanudauyus (IpoBEpKa
COOTBETCTBUS JITaHHBIX, IOJYYEHHBIX Ha OCHOBE MOJEIHU, pPEaJbHOMY IPOLECCY)
MOJIETIH 110 TEM CBOICTBaM, KOTOpPbIE OBLIM BHIOpaHbI B KAUECTBE CYIIECTBEHHBIX. B
cllydae OTPHUIATEIbHOIO OTBETA TPeOyeTCsl BEPHYTHCS Ha HECKOJIBKO 3TANoB Ha3aj U
YTOYHUTh WJIM W3MEHUTH MOJENb. B ciydae MOJIOKUTEIBHOIO OTBETA IOJTYYEHHBIE
pe3yNbTaThl UHTEPIPETUPYIOTCS C SKOHOMUYECKON TOYKU 3PEHUS U HCHOJIb3YIOTCS
JUISL aHallu3a M MPOTHO3HPOBAHUS SKOHOMUYECKHUX SIBJIGHUA W TIPOLIECCOB U
YIPABJICHUS UMH.

YeTBEpTHINi 3TANl COCTOUT B COBEPUICHCTBOBAHUU MOJEIU BCIEACTBUE
HAKOIJICHUSI HOBBIX HAOMIOJEHUN U TalIbHEUIIIErO Pa3BUTHSI TEOPUH.

JIsi mepeyucieHHbIX 3TanoB 3KOHOMHUKO-MAaTEMaTUYECKOr0 MOJAEIMPOBAHUS
XapaKTepHbI MpsiMasi 1 oOpaTHasi B3aMMOCBSA3M 3TanoB. [Ipsmast B3aMMOCBA3b 3TANoB
IpY  TOCTPOEHUH  HKOHOMHKO-MATEMAaTHYECKOM  MOJENM  3aKJII4Yaercs B
MOCJIEIOBATEIBLHOM IMEpexXoie OT 3Tama K 3tamy. OOpaTHas B3aMMOCBSI3b 3TaIOB
COCTOMT B BO3BpaTe€ K MPEIbIAYLIMM 3TanaM I[pd BBIIOJHEHUH OJHOTO U3
IIPOMEKYTOUHBIX  3TanoB. Haubonee d4actro HEOOXOOMMOCTH BO3Bpara K
MPEAbIAYIIUM TanaM BO3HUKAET:



1) mpu hopmanuzanuy MOJEIH, €CIH BBICHSAETCS, YTO MUCXOHAs TOCTaHOBKA
3a/1a4v WIH CIMIIKOM CJIOYHA WM POTUBOPEUYUBA;

2) npu TOATOTOBKE HUCXOAHOM MH(OpPMAlMM, €CIU BBIICHAETCS, 4YTO
HeoOxoaumass MHGOpMalus WM OTCYTCTBYET WM 3aTpaThl Ha €€ IMOATrOTOBKY
CJIMILIKOM BEJIHKHU;

3) npu aHaIM3€ YUCICHHBIX PE3YIbTATOB, €CIU BBISICHAETCS, YTO MOJTYYEHHBIE
pe3yJIbTaThl HE COOTBETCTBYIOT PEAIbHOMY ITPOLIECCY.

Bo Bcex nepeunciaeHHbIX ciayyasx TpeOyeTcs: KOppeKTUPOBKA MaTeMaTU4YECKON
MOJIEJIN, @ B HEKOTOPBIX CIy4YasX — yTOUHEHHE MIOCTAHOBKU MCXOIHOM 3aJauH.

[Io cBoemy ompeneneHuo m00as SKOHOMUKO-MaTeMaTH4yecKash MOJEIb
HETOJHa, TaK KaK YYUTBIBAET TOJIBKO (DaKTOpbl (HYHKIMOHUPOBAHMS PEATbHOIO
SKOHOMHUYECKOTO O00BEeKTa. BriusHue KaxA0ro W3 HEYYTEHHBIX (PaKTOPOB
MPEANOJaraeTcsi MajblM, HO COBOKYIHOCTb BCEX HEYUTEHHBIX (DAKTOPOB MOXKET
OTpE/IEIATh CYIIECTBEHHOE OTKJIOHEHHWE B MOBEACHUHM OOBeKTa. B »TOM cCiiyuae
TaK)Ke MPEeIoiaraeTcs, YT0 COBOKYIHOCTh BCEX (PAaKTOPOB, HE YUUTHIBAEMBIX SBHO B
HDKOHOMHUKO-MaTEMaTHYECKON MOJENH, OKa3bIBA€T Ha OOBEKT OTHOCHUTEIBHO MAaJloe
pE3yJIBTUPYIOLIEE BO3JACHCTBUE C TOYKM 3pEHUS pEIIaeMOM HKOHOMHYECKOM
npobsieMbl. CocTaB Y4YUTBHIBAEMBIX B MOJETH (PAKTOPOB, TUI M CTPYKTypa
HSKOHOMUKO-MaTEMaTUYECKOM  MOJAENM  MOTYyT OBITh  YTOYHEHBl B  XOJ€
COBEpLICHCTBOBAHUS MOJIEIIH.

B HacTosee BpeMsi MOKa HE CO3JaHO E€AMHOM CHCTEMBbI KiacCU(UKaLUU
HPKOHOMHUKO-MaTeMaTHuecKux mojeineil. B Tabmune 1 npuBoautcs knaccupukanus
10 Han0OoJIEE YaCTO UCIIOJIb3YEMBIM ITPU3HAKAM.

Ta6nuna 1 — Kitaccudukanys 5KoHOMUKO-MaTeMaTHYECKUX MOJIeen

KiaaccupukanmnoHHbIi .
Neo (uxcan Kanace KomMmenTapuii
NMPU3HAK
1 2 3 4
Hcnonp3yroTcss mpu  M3ydeHUM  OOIIMX
Teoperuko- [OIB3Y p Y1 H
CBOICTB u 3aKOHOMEPHOCTEH
AHAIMTHYECKUE MOJIEITN
1 Oo1ee 1eneBoe HKOHOMHUYECKHUX MPOIECCOB
Ha3Ha4YEHHE [IpuMeHAIOTCSIT B pEUNIEHMHM KOHKPETHBIX
[TpuknaaHbie MOCTH HKOHOMUYECKUX 3a1a4 aHaJn3a,
IJIAHWUPOBAHMA W YPABJICHUSA
Makpo3KOHOMHUYECKHE OtpaxaroT (YHKIHOHHUPOBAHHE YKOHOMUKHU
CreneHb 00bEIUHEHUS P P ymicu p
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2 OnHo(akTOpHBbIE ONTUMHU3ANMOHHBIE MO/IeJIH MUKPOIKOHOMUKHU
2.1 IlpenenbHble NOKA3aTe M B MUKPOIKOHOMHUKE

Bce skoHOMHMUYECKHE TITOKa3aTeId MOKHO pa3JeliuTh Ha adcoilomuvie W
omHocumesnbHbvle. AOconomubvle noKazameau BBIPAKAIOTCA B KaKUX-JTHOO
0OBEMHBIX WM JICHSXKHBIX €IUHUIIAX W TPEACTABISAIOT cOo00# MO0 3HauYCHHE
BEJIMYMHBI 32 OINPEICICHHBIA MPOMEKYTOK BpEMEHU (nomokoeoe 3nauenue) nudO
3HaYCHUEC BEIMYWMHBI HAa  ONpEICIICHHYIO JHaTy (3amnacoeoe  3HaueHnue).
OmHocumensHuvle noxkazamenu TPEICTABIAIOT COOOW OTHOIICHUS a0CONFOTHBIX
(MM IpYruX OTHOCUTEIBHBIX) MTOKA3aTeIeh: HapuMep, KOJIMYECTBO €AUHUIL OJTHOTO
MOKa3aTess Ha €IMHUILY PYTroro B OJIMH U TOT )K€ MOMEHT BPEMEHU WJIM OTHOIICHUE
JIBYX 3HAQYEHHN OJIHOTO M TOTO K€ IOKa3aTelld B PAa3JIMYHbIE MOMEHTHI BPEMEHU
(memn pocma oannozo nokazamens). JIns KOMIUIGKCHOTO aHAJM3a SKOHOMUYECKON
CUTYallMM BAXKHO YYHUTHIBATh KaK aOCONIOTHBIC, TAaK U OTHOCHUTEIIbHBIE MOKAa3aTEeNH.
HaunGoiee mmpoKo UCTIONB3YIOTCS cpeoHue i npedenbHple BETUINHBI.

ITycTp F(x) — HEKOTOPBIM aOCOIIOTHBINA IMOKa3aTelb. ETo Tak ke Ha3bIBaIOT

CYMMAPHOU euyuHOol. B SKOHOMUKE B pOJIM CyMMAapHBIX BEJIMYMH BBICTYHAIOT
n0X0/1 (BBIPYUKa) MM M3/IEpKKH Kak QyHKIMA 00béMa Bhimycka (R(Q) mmu C(Q)),
00BEM BBINTYCKA KaK (PYHKIMS OT KOJUYECTBA MEPEMEHHOTO pecypca, Hampumep
Tpyna, — Q(L), mone3HocTh Kak (pyHKIMS KOIMUecTBa noTpednsemoro 6mara U (x) u

ApyTAe YdKOHOMUYECKUE TIOKA3aTEINH.
Cpeonaa eenuuuna AF(X) onpesensercss Kak OTHOIIEHHE CyMMapHOM

F(x)

BenuuuHbl F(X) K He3aBHCHMOM mepeMenHOM X : AF (X)=——~. IIpuMephl CpeaHuX
X
. ; _R@Q)
BEJIMYMH B DKOHOMHUKE: CPEAHMM JOXOI (BBIpyUYKa) AR =0 CPEIHHUE H3ACPKKH
ac - CQ) Q(L)

o CpPEOHUM MTPOAYKT TpyAa AQ, = = HTA

Mapycunansnaa (npedenvnas) eenuuuna MF(X) onpenensercs Kax
NPOU3BOAHASI CYMMApPHOM BEJIMYHUHBI F(x) [0 HE3aBUCUMOM TMEPEMEHHOMU X :

. AF(X
MF (x) = F'(x) = lim J (mpeamonaraeTcsi, 4YTO HE3aBUCHUMAasi II€pEMEHHas
Ax—0 AX

MEHSETCsl HenpepbiBHO). B cimydae, korga cymmapHas BelWYMHA MEHSAETCS
JUCKPETHO, TO TMOJA MAapKUHAJIbHOW (MpeNenbHON) BEIMYUHOM TMOHUMAIOT
OTHOIIEHWE M3MeHeHus: AF(X) cymmapHoil Benmummbl F(X) K BBI3BaBIIEMY 3TO

y T AF(x)

M3MEHEHHE H3MEHEHHIO AX HE3aBHCHMOHM IIEPEMEHHOM X . MF(X):A—.
X

[TpuMepbl NpEAENbHBIX BEIMYMH B DKOHOMMKE: HPEIENBHBIA JT0XOH (BBIPYYKa)

MR =R’(Q), npenensubie usnepxkku MC =C'(Q), mpenenbHbIH NPOAyKT Tpyaa
MQ, =Q'(L) uT. n.
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CymMapHbie, CpeqHHE W TIPEACNIbHBIE BEIWYWHBI MOTYT 3aJaBaThCs Kak
aHanuTH4Yecku (hopmysioi), Tak u rpad)UIeCKHU.

IMpumep 1. ITycTh 3aBUCHUMOCTb U3JIEPKEK NMPOU3BOJCTBA 3a/aHa (HOpMyIIOif
C(Q):30Q —0,04Q°. Haiitu cpeauue M TpeNcIbHBIE HU3AEPKKH HPU OOBEME
MPOIYKIIUHA Q =10 €IUHHUII.

c(Q)

Pemenue. Cpennue wusnepxkkud 3amatorca ¢opmyrnoir AC = ——=, Torma

3
ac - 30Q-004Q

=30 -0,04Q%; cpexHue H3ICPKKH IMPU OOBEME MPOLYKIMU

Q=10 emunun AC (10) =30-0,04-10°=30—-4=26 JEHEKHbIX ECIWUHUI[ HAa
equHuy npoaykiuu. IlpenensHble u3AepKku 3amarorcs Gopmynoit MC =C '(Q),

torga MC = (SOQ — 0,04Q3) =30-0,12Q%; mpenenbHbIE M3IEPKKU IIPH 00BEME
npoaykuuu Q=10 enuHuUI MC(lO) =30-012-10° =30-12 =18 [EHEXHBIX
€JIMHUI] Ha €IUHULLY TTPOLYKIHH.

Takum 006pazom, cpeanue u3aepxkku AC = 26 JeHEKHBIX €AUHUIL HA €AUHUILY
NPOAYKUMH, TpenenbHble u3AepkKKU MC =18 neHekHbIX €IUHUI HAa ECIUHULY
MNPOJYKLIHH.

2.2 Makcumu3anus npuobLIn GUpMbI

OKOHOMMUYECKUMHU TMOKAa3aTeIsIMU, XapaKTepU3yIOIIUMHU paboTy (GupMBl,
SIBIIIIOTCS 00BEM BBIITYCKA MPOAYKIUU Q, IIEHA €IUHHUIBI MPOAYKIHUH P(Q), T0XOA
(Bblpyuka) ot npomaxu  R(Q)=P(Q)Q, wsmepxku C(Q), mpuObLib
(Q)=R(Q)-c(Q). Hoxon or mponax R(Q)=P(Q)Q omnpenensercs 3aBUCHMOCTHIO
P(Q) meHBI OT KOJWYECTBA MPOJAHHON Mpoaykuuu. M3mepkku C(Q) 3aBUCAT OT
TEXHOJIOTMH TIPOoU3BoACTBa. TpeldyeTcss HalWTh Takoil 00bEM BbIyCKa MPOAYKLIMH Q ,
MIPU KOTOPOM NPUOBLIH OblIa ObI MAaKCUMAaJIbHA.

B MUKpPOSKOHOMMKE U3BECTEH 3AKOH: ONMUMALbHBIU YPOBEHb 8bINYCKA MOBAPA
onpeoensiemcsi pAaeHCmMEoOM HNPeOeNbHblX U30EPHCEK U  NpedelbH020 00X00d:
MR = MC . Ilokaxkem, 4TO 3TOT 3aKOH MOKHO ITOJIyYUTb KakK CIEICTBUE TEOPEMBI
®epma. JleiicTBUTENbHO, OO0BEM BBITyCKAa MPOAYKIUH Q ONTUMAJICH, €CIU

onm

npubbUTs 11(Q,,,) MakcMMajibHa. B TOUKe HAHOOJNBIIEro 3HAUYCHHS, O TEOpEME
®epma, 11'Q,,)=0 wm R(Q,,)-CQ,,)=0, wm R(Q,,)=C'(Q,,), wm
MR(Q,,,)=MC(Q,,)-

AHQJIOTUYHO  paccykaas, MOXHO  TMOJYyYUTh  €II€ OJIMH  3aKOH
MUKPO3KOHOMUKH: YPOBEHb HAUOONIee IKOHOMUUHO2O NPOU3BOOCNEA ONpeOesemcs
paseHcmeom cpeoHux u npeoenvbnvix uzdepocex: AC =MC . JlelcTBUTENBHO,
ypOBEHb Haubosiee 3KOHOMMYHOIO IPOM3BOJCTBA Q. XapakTepusyercs TeM, 4TO

cpennue msgepxkd AC(Q ) munumansubel. CnepoparenbHo, (AC(Q )), =0. Tak

oK 9K
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KaK AC(Q):%, TO (AC(Q)), =C'(Q)Q_C(Q), torna C'(Q, )= 1581051

Q° Q.

MC(Q,)=AC(Q,.)-

B Mukpo3koHOMUKE THUNMYHAs (QYHKUIUS H3IEpKEK MOXET HMEThb BUI:
CQ)=4,+4Q-4Q°+4,Q°, rne 4,>0, 4, >0, 4,>0, A, >0 — 5K30Te¢HHBIE
napameTpsl. [l ynpoueHus BBIKIAJOK Oynem mosarate, yto A, =0, n QyHKuus
usziepaxek umeet sua C(Q)=4,Q - 1,Q% + 1,Q°.

Uccnemyem Qynxiuio msgepkek C(Q)=14,Q—4,Q% +1,Q° na Bo3pacranue,
yOpIBaHME M TOYKM dKcTpemyMma. [lpomsBogHas  QyHKIMH — M3AEpIKEK:
C'(Q)=4,-24,Q+34,Q°. Ecmu A2-344,>0, To HeoOXOmMMOE YCJIOBHE

OKCTpEMyMa: C'(Q)=4,-24,Q+34,Q* =0 BBIITOTHSAETCS pu
A, =~ A5 =344 A, ++J A5 =34,
Q, = - — u Q,=- - — . Ilpomssomuas (yHKIUK

' 3, ’ 3,
usepkek C'(Q)>0 mpu Qe(0,Q,) u Qe(Q,, +»). Ha stmx wuHTepBanax
M3JIEPKKA  Bo3pacTaioT. llpowssonnas Qynkuuu usgepkek C'(Q)<0  mpm

Qe(Q,,Q,). Ha stom wuHTepBane wu3epKKH yObiBaroT. ClleOBaTENbHO, MPH

A, A 32,4,

Q, = 31 GyHKIUS  U3ACPIKEK C(Q) AMEET MAaKCHUMyM, a IpHU
3
A, ++A2 =312
Q, = 2 31 - MuHUMYM. Ecin /12 — 3,4, <0, TO QyHKUMS U3AEPIKEK

3
CTPOr0 MOHOTOHHO BO3pacTaer.

Haiiném ypoBeHp HanOosiee SKOHOMHYHOrO Ipou3BoAcTBa. OH ompeaensercs
KaK TOYKa MHMHUMYMa (YHKOUM cpenHux wusaepxkek. CpenHue HU3IEpKKU:

AC(Q):%:@—AZQMSQZ. Torma  (AC(Q)) =-4, +24,Q=0  mpm

2 enr. Ilo BTOpOMYy  [OCTaTOYHOMY  YCIOBHIO  JKCTpeMyMa

n

(AC(Q)) =24, >0 npm Bcex 3Ha4YeHMAX Q, CIeIOBaTENbHO, Q =2

22

MUHUMYMa (YHKIMH CPeAHMX u3lepkek. Ho, ¢ npyroit CTOpoHBI, B 3TOH TOYKE
AC = MC .
Haiiném MuHMMYM mpenenbHbIX u3nepkek. MC(Q)= 4, —24,Q +31,Q%.

— TOYKa
3

' A
(MC(Q)) =-24, +64,Q=0 npu Q,. = ; ; en. I[lo BTOpOMY JOCTATOYHOMY

3

yenosuto (MC(Q)) =64, >0 npu Beex 3HaueHusx Q , mosromy Q. = 3;

— TOYKa
3

MUHUMYyMa (QYHKIHMH MPEETbHBIX U3IEPIKEK.
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Ipumep 2. IlycTh 3aBHCUMOCTH IIEHBI OT crpoca uMeeT B P(Q)=100 —Q,
GyHKIUS U3EPHKEK:
C(Q)=Q*-37Q* +169Q + 4000 .
Haittn 00BEM MPOU3BOJCTBA, 00eCIIeuYnBaArOIIIHIA MPEANPUSITHIO

MaKCUMAaJTbHYIO MPUOBLITH.
Pemenne. OyHKIMSA TPUOBLIA UMEET BU/I;

I1(Q)=R(Q)-C(Q)=P(Q)Q -C(Q)==-Q’ +36Q" - 69Q - 4000.

Torma IT'(Q) = —3Q* + 72Q — 69 .

[IpupaBHUBass TPOU3BOAHYI0 (GYHKIUU MPUOBUIM K HYNIO, MOJy4yaeM:
Q.. =1, Qoan =23.

IIpoBepuM J0CTaTOUHOE ycIoBHe skcTpeMyMma: I1"(Q)=-6Q + 72,

nQ, )=-6+72=66>0,
clieZioBaTeNIbHO, Ipy Q=1 GyHKUMS NPUOBLIM JOCTUTAeT MUHUMYMA.

n"Q, ,)=-6-23+72=-66<0,
cienoBarenbHo, npu Q=23 (QyHKOMS OpUOBUIM JOCTUTaeT MaKCHMyMa.
Maxkcumanbhast npubsute 1 =-23° +36-23" —69-23 - 4000 =1290  (IeHEKHBIX
€JIMHHUIT).

2.3 OnTuMu3anus HAJ0r000J105KeHHs MPeAnpusATHi

[IycTe f — HaJOT C €AVHUIIBI BBITYCKAaeMOW MPOayKIuu. Toraa oommuil Hajor
¢ Q enunuil mpoaykuuu coctaBUT B = Q. B sTtom cimydae (yHKIusS mpuObLn
OylleT UMEeTh BU] H(Q): R(Q)— C(Q)— PQ . TpebOyercs BBIACHUTH, KAKUM JIOJDKEH
OBITH HaJOT [, YTOOBI BEJIMUYMHA CYMMapHOTro Hajora B co Bcell mpoayKuuu Obliia

HauOOJIbLIEH.
Vcnosne Makcumyma TpuObun mmeer Bun 11'(Q)=R'(Q)-C'(Q)- B =0.

Pemas 5To ypaBHeHue, HaxomuM Q. (B) (TO ecTb ONTHMAIbHBIA O0OBEM
IIPOU3BOJCTBA 3aBUCHT OT Hastora £ ). [logcraBum Q,, (ﬁ ) B BEJIMYMHY CYMMapHOTO
HaJora, oJyuuM B = Q(f) 1 OTCro/Ia HailIEM ONTHMAIbHOE 3HAUCHHE HAJIoTa f .
Hpumep 3. Ilycts R(Q)=16Q -Q°, C(Q)=Q’ +1. BblACHHTb, KaKUM
JOJKEH OBITh HAJIOT S, 4TOOBI BEIMYMHA CYMMApHOI0 Hajora B co Bcel MPOIyKINH

Obl1a HauOoJIbILIIEH, HAWTU ONTUMAJIbHBIA OO0BEM MPOU3BOJACTBA U MAKCHUMAJIbHYIO
npuObUIb. CpaBHUTH MOJYYEHHBIM pe3ylbTaT C pe3yJbTaTOM  OTCYTCTBUS
HaJIOr000JI0KEHUSI.

Pemienue. OyHKIUS NpUOBUTM WMEET BH H(Q)z -2Q° +16Q -1- 4Q.
Heobxoaumoe ycrnoBue MakcuMyMa MPHUOBLIH: H’(Q) =-4Q+16 - f=0. Orcroma

Q,. (B8)=4- é . TIpoBepum jmocTaTouHoe ycnobue skcTpemyma: I17(Q)=-4Q <0
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npu mo0om 3HayeHun Q >0. CnemoBarenbHO, TOYKA Q (ﬂ)=4_£ SBJISETCA
onm 4

TOYKOW MakcumyMa 1ipu ycioBuu 0 < 5 <16.
[logcraBuM moJydyeHHOE 3HA4YeHHME O00bEMa MPOU3BOJCTBA B BEJIMYUHY

2
CYMMapHOro Hajiora, IIOJy4uM B = ,BQ(,B) = ﬂ(4 - éj =45 — e HeoOxonumoe
4

1
yCJIOBHE MaKCUMyMa HaJIoroB B’ =4 — 5" 0. Torma g =8. Tak kak B" =— > <0, 10

£ =8  sABIAETCA  TOYKOM  MakcuMyma. lorma  MakCMMalbHBIM — HAJOT:

64
B_ =B(8)=32- " =16, onTHMaIbHBIA 00BEM TpomM3BOACTBA Q (8)=2, a

MakcUMalbHas IpuobLts 11 =T1(2)=7.

[Ipu  orcyrctBum  HajorooOyiokeHus (L =0) ONTHMAIBHBIA  OO0BEM
npoussoactea Q (0)=4, a makcumanbHas npuObute IT . =T1(4)=31. Taxum

00pa3oM, yMEHBIIEHHE HAIOTO00JI0)KEHHE CTUMYJIUPYET POCT BBITYCKA MPOIYKLIUU U
MPUBOIUT K YBETTMUCHUIO MPUOBUTH OT €€ peanu3alnu.

3 MopaenupoBaHue pacnpeaeaeHus 10X0/1a CpeIu Py HAceTeHHs
3.1 IlonsiTHe 0 pacnpeeieHNH 10X0/1a U KPpUBoii Jlopenua

J10x000m HA3BIBAIOT MPEBBIIIEHUE CTOUMOCTH MPOU3BEAEHHOTO MPOIYKTA HAJl
3aTpaTaMM Ha €ro NPOU3BOJACTBO, a TAKXKE MO0 KaXJAOro Kiacca, COLMaJIbHOU
rPyNObl  WJIK ONPEACIIEHHOTO HWHIMBUJYyMa B IIPOM3BEAEHHOM IPOAYKTE,
MPUCBOEHHYIO UMU. DOpMHUpPOBaHKE JOXOJ0B HACEIIEHUS — OJHA U3 IJIaBHBIX 3a/1a4
COIIMAJILHON TOJIMTUKUA rocynapctBa. OJHAaKo MpU HaJWYUK OOIIMX MPUHIIMIIOB
(hopMUpOBaHUS I0XOJIOB COXPAHSIIOTCS YCIIOBHS HEPABEHCTBA MOIYyYaeMbIX JTOXO/0B
Y, KaK CJI€JICTBUE, YPOBHEW KU3HH PAIINYHBIX CIIOEB U TPYIIN HACEIICHUS.

B skoHOMHYECKOW TEOpPUU 3aBUCUMOCTDH MPOIEHTA JOXOJ0B (Y ) OT MpoIeHTa

MMEIOLIEr0 WX HaceleHus (X) Ha3blBalOT Kpueout Jlopenya. Ona sABisieTcs
[IOKa3aTelIieM, OTPaXAKIIUM HEPaBHOMEPHOCTh PACHPEIEIEHUSI COBOKYIIHOTO
J0X0/1a O0IIeCTBa MEXAY Pa3InYHBIMU IPYNIIIAMUA HACEICHHUSL.

PaBHOMepHOE  pacmpeneneHue  J0X00B  (a0CONIOTHOE  PaBEHCTBO)
xapakrepusyercs teM, 4To 20 % Hacenenus nonydaroT 20% OT COBOKYIHOTO JOXO/a,
40% nacenenus — 40% ot coBokymnHoro goxoxaa. [Ipu paBHOMEpPHOM pacrpenencHun
noxonoB kpuBas Jlopeniia umeer Bua npsimoit OA (uneanbHas kpuBas JlopeHna) u
MOKeT OBITh 3aj1aHa (GyHKIMeH Y =X Ha oTpeske [0,1] (pucyHok 1, 3a 1 TIpHHATEI

100% moxomoB u 100% HacemeHust).

AOCOI0THOE HEPABEHCTBO 03HauaeT, uto u 20 %, u 40%, u T.4. HaceneHus He
MOJTy9ar0T HUKAKOTO JI0X0/1a, 32 UCKIIFOUCHUEM OJTHOTO YeJIOBEKa, KOTOPHIN MOJIydaeT
100% coBOKymHOTO JOXO/a.

PeanbHOE pacnpeneneHrue COBOKYITHOIO JI0XOJa MPEACTABICHO KPUBOU OCA
(peasibHas kpuBas Jlopenna). Uem panwine kpuBas OCA ot mpsmorr OA, Tem
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OOJIBITIE HEPABEHCTBO B PACTIPEICICHUH JOXO0JI0B B JaHHOW YKOHOMHUKE Ha JaHHBIN
MOMEHT BPEMEHH.

JlokazaHo, 4TO peasibHas KpuBas JIopeHIa SBIsIETCS BOTHYTON BO3pacTaroiiei
byHKIHEH Y = f(x), 3aJlaHHOM Ha OTPE3KE [0,1] (3a 1 mpunsatel 100% n10X0A0B H
100% Hacenenus).

3.2 Uuaexc J:xxunm

Benuuuny, paBHYI0 OTHOIICHHIO IUIOWIAAM  (PUTYpBI, OrpaHUYEHHOMU
rpadukamu QyHKIMA Yy = X u Yy = f(X), k wiomaau TpeyroabHuka OAB , Ha3BIBAIOT

unoexcom (korgppuyuenmonm) /rcunu: Gl = S (pucyHok 1).
AOAB
Fyh
1 ____________________ .:'.:1
i
H
-
O ¥x

Pucynoxk 1 — I'paduueckas unreprperanus naaekca [ xunau

Koadbdumment J[>xuau xapakrepusyeT CTENeHb HEPAaBEHCTBA B PACTIPEICIICHUH
JI0XO0JI0B HACEJICHUSL.
Tak xak TpeyronpbHuKk OAB sBISIETCS IPSMOYTOJIBHBIM U PABHOOEAPEHHBIM CO

. . 1
CTOPOHOM KareTa, paBHOH 1, moaromy S, = 5 Otcrona mosydaeM GopMyiy Jis

BbIYHCIICHUs KO3 duinenta Jxunau:
S 1

Gl = ——=2[(x— f(x))dx. (1)
S 0

B ycnoBusx aOCOJMIOTHOTO paBEHCTBA IUIOHIAAb (QUTYpPHI, OTpaHUYCHHON

rpapukamu GyHkmuit y=x um y=f(x), S=0, Torna u Gl =0. B ycnosusx

AOAB

a0COIOTHOTO HEPABEHCTBA IUIOMIAb (PUTYPHI, OTPaHUYECHHON rpadukamMu GHyHKIIAN
y=XHuy= f(x), S=S§ torga Gl =1. CnenoBarensHo, 0 <Gl <1, npuuém uem

AOAB ?
JaJIbIIE KpUBas OCA or npsimoii OA, TeM 0osiee HEpaBHOMEPHO pacIpeeCHBI
J0XOJIbl B JIaHHOM SKOHOMHKE, TeM OOoJjblle MIomans Gurypbl S, U Tem Onmxe
3Hauenue Gl k eguHUILE.
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3ameuanue. MlHorna B nuTeparype MHAEKCOM J[PKMHM HA3bIBAIOT BEJIMYMHY,
PaBHYIO IUIOMWANU (UIYphl, OTPAaHMYEHHOM rpagukamMu GyHkmii y = X u y = f(x).
Ipumep 4. Iycts Qpynxuus Jopenua umeer Bug f(x)= x*. Haiitu unjgekc

JIxuHMU.
Pemenue. Cormmacao ¢popmyie (1) umeem

. L x x| 1 1) 2
Gl =2 — f dx = 2 —xi)dx = 2| — - — =2l ———|=—=—.
[ f0pox=2f =2 T 0| 3-3)-:

1 1 .
Tak xak Gl :§<E’ TO B JIAHHOM SKOHOMHKE paclpejeieHue JI0X00B

JOCTAaTOYHO PAaBHOMEPHOE.
4 MoaeaupoBaHHe PLIHOYHOTO PABHOBECHS
4.1 Cnpoc u npeasnoxenue. [lonsitue 0 ppIHOYHOM PAaBHOBECHHU

OOMeH TOBapoB Ha JEHBIM U HA00OPOT HA3bIBAIOT PHIHOYHBIMHU OTHOIICHUSAMHU.
Baxneimmmu (pakropaMy peIHOYHBIX OTHOLIEHUH SBISIOTCA CIPOC U MPEIJIOKECHHUE.
Cnpocom Ha3pIBAIOT  KOJUYECTBO TOBApOB, KOTOPOE IIOKYNATE€Id T'OTOBBI
npuobpectu. Ilpednoscenuem Ha3pIBAIOT KOJUYECTBO TOBAPOB, IPOU3BEAEHHBIX HA
nponaxy. Poinounvim pasnoeecuem Ha3bIBalOT CUTYalMIO, KOrAa ynaércs IpoJaaTh
BCE KOJIMYECTBO TOBAPOB, U3TOTOBJICHHBIX Ha MIPOAAXKY, TO €CTh BEIIMYMHBI CIIPOCA U
IpE/UIOKEHUsT coBnagaroT. lleHa enuHUIBI TOBapa, NPU KOTOPOW JOCTHracTcs
COCTOSIHUE PBIHOYHOT'O PaBHOBECHS (BEIMUYUHBI CIIPOCA U MPEIIO0KEHNS COBIAIAIOT),
HA3bIBACTCS PAGHOBECHOU UenHou. B cuiy TOro, 4ro CHpoc M IPEIIOKECHHE
MEHSIOTCS ¢ TEYEHHEM BPEMEHM IOJ BO3JACHCTBHEM MHOTUX (DaKTOPOB, BO3HUKACT
3aJja4a MOUCKA PRIHOYHOTO PABHOBECHUS U PABHOBECHOM LIEHBI, SIBJISIOINASCS INIABHOU
npoOJeMOM  HE  TOJBKO  PBIHOYHBIX  OTHOHIEHHMH, HO  MaTeMaTHYECKOrOo
MOJIETTUPOBAHUS.

[Ipocreimenn MOAENBIO PHIHOYHOIO PABHOBECHS SIBIIAETCS TaK Ha3blBacMasi
NayTUHHAA MOJENb «CIpOC-pe/uloKeHue». IIpu €€ MmoCTpoeHUM HCIIONIB3YHOTCS
CJIEAYIOLIME JOMYLICHHUS.

1. Ha peIHKE MMeeTCs BCEro OJUH MPOAYKT.

2. I3MeHATBbCA MOXKET TOJIBKO LIEHA 9TOT0 MIPOAYKTA.

3. Bce ocranbHble (hakTOpBI, OT KOTOPBIX 3aBUCUT CHPOC Ha JAHHBIA TOBap U
00BEM NPEAJIOKEHUS JAHHOTO ToBapa (LEHbl Ha JApPYrHMe€ TOBAapbl, OCHOBHBIE
IPOU3BOJCTBEHHbIE (DOHMBI, XapakTep MPUMEHAEMOM TEXHOJOTUM, HAJIOTU U
JOTaLMH, TPUPOJAHO-KINMATHUECKUE YCIIOBHS U T.JI.) OCTAIOTCS HEU3MEHHBIMH.

C y4€ToM nepeyrclIeHHbIX JTOMYIIEeHNH MOXKHO 3a1aTh (pyHKIUM cupoca D u
npeioskenns S oT neHsl ToBapa P: Q =D(P) u Q = S(P).

XapakTepHoii 0cOGeHHOCTBIO (yHKIMH npemtokenus S(P) s MHOrHX

BHJI0B TOBApPOB ABJIACTCA €€ MOHOTOHHOE BO3pacCTaHuc. Poct MNpCIIOKCHUA IIpU
YBCIMYCHUHN LICHBI MOKHO O00BSCHUTH TEM, YTO YBCIIMYHUBACTCA OIITHMAJIBHEIA 00BEM
BBIITYCKA TOBapa NpCANpUATHEM IIPH YBCIMYCHUHN €ro LCHbI, 4 TAKXKC TEM, UTO JIA
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IPOU3BOJICTBA BBICOKOPEHTAOEIBHOIO TOBapa B OTPAcib BKIIOYAKOTCS HOBBIE
npeanpusatyd. Ilpy srom Ha miockocth OPQ KpuBasg NPEIOKEHUS 3a1ae€TCs
ypaBHenneM P =MC(Q) (MC(Q) — mpemenbHble H3IEPKKH OT IPOM3BOJCTBA
€AUHUIBI MPOAYKIHMH) W TPEACTaBIAECT COOOM TIeOMETPUYECKOE MECTO TOYEK
MUHUMYMOB JIMHUWA TOCTOSIHHOM MPUOBUIH.

XapaktepHast ocobeHHOCTh (yHkimM cnopoca D(P) — ee MOHOTOHHOE
yObIBaHUE JJI1 MHOTHUX BUOB TOBapoOB, IIPH 3TOM €€ IpauK MpeacTaBisieT coO0M
FeOMETPUYECKOE MECTO TOYEK Ha IUIOCKOCTH OPQ, B KOTOPBIX LI€HA NMPUHUMAET

MAaKCUMaJIbHO BO3MOYKHOE 3HaYEHUE Ha JIMHUAX [TOCTOSIHHOU ITOJIE3HOCTH.

OyHKIUU COpoca U MPEMIOKEHHUS SBIAIOTCS OCHOBHBIMU COCTABIIAIOIIUMU
MOJEIN PBIHKA TOBApOB, ITIOCKOJBKY OHHM — IIO IMPEAIIOJIOKEHHUIO — IPEICTABIAIOT
co0O0 pelIeHns: ONTUMHU3ALNOHHBIX 3a/1a4, KOTOPbIE€ BO3HUKAIOT I1€pe]l yHaCTHUKAMU
(«moKynaTensiMu» U «TOBapoIpou3BoauTessiMuy). Ilepeceyenue rpagukos crnpoca u
[IPEIJIOKEHUST IIPOUCXOAUT B TOYKE PABHOBECHS, @ COOTBETCTBYIOIAs 3TOU TOYKE
1eHa P = P, Ha3bIBaeTCs pa6HOBECHOU.

B cuiy CBOMCTB KpPHBBIX CHpOCAa WU IPEIOKEHHS PABHOBECHOE PEUICHUE
SBIIIETCSL YCTOMYUBBIM B TOM CMBICJIE, YTO €CJIM LI€Ha CTPOro (PMKCUPOBAHA U PaBHA
paBHOBecHOH P =P, TO TOBapOIpOM3BOAUTENb, MAaKCUMM3UPYys IPUOBLIb,
TOCTABJIAET Ha PHIHOK ToBap B kKoaudectse S(P, )= Q,; OJHOBPEMEHHO IOTPEOUTED,
CTpeMsCh MaKCHMMH3HPOBaTh IOIE3HOCTh, Hpeabasager cnpoc D(P,)=Q,. Ilpu
YCTQHOBJICHMM Ha COBEPILIEHHO KOHKYPEHTHOM pBIHKE PAaBHOBECHOHN LIEHBI 00bEM
TOBapoB (MPEUIOKEHNE), MIPeIaraéMblii TOBAPOIPOU3BOAUTEIIEM U JTOCTABIISIOIINI
€My MaKCUMyM IPHOBUIN MO JaHHOM LIEHE, B TOYHOCTU PABEH CIIPOCY MOTPEOUTENS.
MaremaTnueckn 3TOT (PaKT MOXKHO BBIPA3UTh YPAaBHEHUEM S(P) = D(P), pelIEHHEM
KOTOpOro OYyZIeT ABJIATHCA 3HAYEHHE PaBHOBECHOM LieHbl P = P,. Ecinu mapameTpsl
ypasHenns S(P)= D(P) He 3aBHCAT OT BPEMEHHM, TO €T0 Ha3bIBAIOT CHIAMUUECKOIL
MO0eNbl  «CHPOC-nPeOdodceHuey», B TPOTUBHOM CIIy4ae — OUHAMUYECKOU
MO00ensvio.

JIluHaMUYEeCKHEe MOJEIN pbIHKA HCIOJB3YIOTCS Ui aHAJIW3a M3MEHEHUs
NEPEMEHHBIX (ILI€Ha, CIpOC, MPEUIOKEHHE) BO BPEMEHM B Cllydae, KOrja Li€Ha B
Ha4aJIbHBI MOMEHT OTJIMYAETCA OT PaBHOBECHOM. [Ipy 3TOM mpouecc yCTaHOBIEHUSA
pDAaBHOBECHOM LEHbl MOXXET OBITh ONKMCAaH pa3IMYHBIMU MOJEISMU  IIPH
WCTIOIB30BAHNM OJHMX M TeX e (QyHkumid crmpoca D(P) m npemnoxenus S(P)
(mpenmosaraercsi, 4ro (QYHKOUM NPEUIOKEHUS U CIpoca  YAOBIETBOPSIOT
cnenyromum yenosusam: S'(P)>0, D'(P)<0). Pasnuuyaror aBa noaxoja:

1)  HempepblBHBIH, B  KOTOPOM  JHMHaMHUKa LI€H  ONMCHIBAETCS

b depeHnanbHbIM YpaBHEHUEM BHJIA F ( D(P), S(P), (jj—I:J =0 W1

dP d°P
F| D(P),S(P), —, =0;
(P)s(P). T %]

2) JHCKPETHBIM, KOrJa NEepEeMEHHBIE Ha MPOMEXKYTKE BPEMEHU [t;t+1)

NIPUHUMAIOTCS HCU3MCHHBIMHU.
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B mocnemHeMm ciydae MOCIeNOBAaTeNbHBIM HHTEpBagaM BpeMeHH |t;t+1)
COOTBETCTBYIOT 3Ha4eHUs LieHBI P, cripoca D, u mpennoxenusa S,. B 3aBucumoctu

OT UCIOJIb3YEMBIX THUIIOTE3 B TUCKPETHON MOJIEIN JUHAMUKH IIEH MTPOUCXOINUT JTHOO0
3aas3bIBaHue IIPEIIIOKEHNs, — B OTOM CJIy4yae paBHOBECHAs LICHA OINPEIEIIACTCA U3
YpaBHEHUSA S(P ): D(P ), aub0 3ama3japlBaHUE CIOpoca — B OTOM  cllydae

t+1 t

paBHOBeCHas IeHa onpesensercs u3 ypapuenus S(P )= D(P,,). B oboux crmyudasx

MPOIIECC TOUCKA PABHOBECHOW II€HBI SIBIISIETCSI HUTEPALIMOHHBIM, TO €CTh
npeAcTaBisieT co0oi GopMupoBaHUE MOCIEAOBATEILHOCTH 1I€H {Pt }, CXOAIIENCS K

paBHOBECHOU 1ieHE P,

JluHaMU4YecKue HENpEPBIBHBIE MOJEIN «CIPOC-IPEIIOKEHUE» MO3BOJISIIOT
JaTh TPOTHO3 WM3MEHEHHs LIEHBl C TEYEHHEM BpEMEHH. [IUCKpEeTHblE MOJENH C
3ama3/bIBaHUEM  MPEACTABIAIOT HMHTEpPEC IMOTOMY, UYTO B HHUX Oolsee
[IOCJIEIOBATEIbHO, YE€M B HENPEPBIBHBIX, OTPAKAIOTCS IPOLEIYpPHl IPUHATHUSA
PELICHUMN.

Mopnenbs  pbBIHOYHOTO  paBHOBECHS B DKOHOMHYECKOM  CHUCTEME  C
IIPOU3BOJCTBOM, pacIpeieICHUEM U MOTpedsieHneM O0JIbLIOro YKciia TOBapoB OblIa
npemsioxkeHa B koHue XIX Beka Bambpacom. Ilpu e€ nmoctpoenun npeanosiaraercs,
YTO YHUCIIO MPOU3BOAMUTENEH M MOTPEOUTENEH TaK BEJIMKO, YTO HU OJIMH M3 HUX HE
MOXET BJIMATH Ha UeHbl. llpu mccnenoBaHuMM MoJenu OBLIO J0KAa3aHO, YTO MpH
ONpeneN€HHbIX YCIOBHUSIX CYLIECTBYIOT II€Hbl KOHKYPEHTHOTO pPaBHOBECHUS, IpHU
KOTOPBIX KXl MOTPEOUTENh MAKCUMHU3UPYET CBOKO IMOJIE3HOCTh, a KaXAbIA
MIPOU3BOAUTEIb — CBOKO TPUOBLIb.

4.2 CtaTnueckasi MoJieJib pbIHKA

Haubonee yacto ynmomuHaeMoil B Kypce SKOHOMHUYECKOW TEOPUU MayTUHHON
MO/IEJIBIO PBIHOYHOIO paBHOBECHS ABJISECTCS CTaTUYECKas MOJETb,
YAOBJIETBOPSIONIAS JONMYIICHUSAM 1—3 WU OpPEeAnosioKEHUI0 O TOM, YTO LleHa P He
MEHSIETCSl C TCUCHUEM BPEMEHU. TaK KaK 3aBUCUMOCTb CHpPOCA D(P) om yenvl P Ha
TOBap sIBJsieTCs yObIBatolel GyHKIMEH, TO B paMKax paccMaTpUBaeMOW MOJIENIU 3Ty
3aBUCUMOCTh MOXHO 3aJ1aTh cTerneHHor QyHkmued D =kP® +c, rme a<0, k>0.
3aBucuUMOCTh npednoscenus S(P) om yenst P Ha ToBap sBIETCS BO3pacTaioLiei
byHkuel. DTy 3aBUCUMOCTh TaK € MOXXHO 3a/aTh CTENEHHOW (yHKIuUEH:
S=P°+d,rae b>1.

Benmnuuner D, S, P TMOJOXUTENBHBI, TOATOMY Tpaduku (YHKIUN crpoca U
MPEIJIOKEHHUST PACTIOJIOKEHBI B TepBoM yerBepTu. Benmuuunwsr a, b, k, ¢ u d
3aBHCST OT BHELIHUX MPUYMH (TaK Ha3bIBAEMEBIC IK302eHHble napamempst). Y CIOBHE
pasHoBecuss D(P)=S(P) snsercs anreGpandeckuM ypaBHEHHMEM. PellleHHe 3TOro
YpaBHEHHUs, pPAaBHOBECHas IeHa P,, mpeacraBiser coOOM TOUKY IEpecEeYeHMsI

rpadukos ¢pynxumii S(P) u D(P).
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L L > 3
O P2P4P0 Pspl P O P4 P2P0P1P3 P

Pucynok 2 — [1orick paBHOBECHOM LIEHBI

3amaya MOMCKa PaBHOBECHOW LIEHBI MPEICTaBISAET COOOM (PaKTUUECKH TOPT
MEXIy IPOU3BOAUTENIIEM M MOKylareneM. B mporecce Topra BO3HUKAET
IIOCJIEIOBATEIBHOCTh YHUCEN, COCTOAIIAs] W3 Ha3blBAEMBIX NPOU3BOJIUTEIEM H
nokynarenem 1eH. B onpenenennbix yciosusx (pynkuun S(P) u D(P) soenymete,
To ecth a<0, k>0, b>1) sTta mocnenoBaTEIbLHOCTh CXOJIUTCS K PaBHOBECHOM
LICHE: r!@m P =P, (pucynok 2). IIpu apyrux ycnousx (pynkumn S(P) m D(P)

soinykivie, To ecth 0<a<lmpu K >0 m O<b<l,mmma>1npu k <0 u 0<b <1)
paBHOBECHas II€HAa HeycToWuMBa. B 1mporecce Topra mnocienoBaTebHOCTh LIEH
pacxomutcsi (pucyHok 2). Takoe BO3MOXHO, €CIHM TPOU3BOJIUTEIh SBISETCS
MOHOIIOJIUCTOM.

Ha mnockoctn OPQ COOTBETCTBYIOIIHMM ITPOLECC TOMCKA PABHOBECHOM LIEHBI

M300pakaeTcsi B BUAE «IayTHHBI», KOTOpas «HaMOTaHa» Ha KpHUBBIE CIIpoca U
MPEAIOKEHHS. DTO JaJ0 OCHOBAHUE /JIs1 HA3BAHUSI MOJEIH — RAYMUHHAA.
CX0IMMOCTh  TOCJEIOBATEIbHOCTH II€H K PaBHOBECHOM II€HE MOKHO
OOBSICHUTH M C PKOHOMHUYECKOM TOukW 3peHus. Hampumep, eciau 1ieHa ToBapa Ha
PBIHKE BBIIIE PABHOBECHOW, TO MPEUIOKEHUE MPEBBIIIAET CIPOC W BO3HUKAET
3aToBapuBaHve. B 3TON cHUTyallMu TOBapONPOU3BOAUTENN (MIPOAABIBI) MHOTHX
BUJIOB TOBapOB FOTOBBI TIOWTH HAa CHMYKEHUE LEHBI C LEJbIO MPUBJICYEHUS OOJIBIIETO
qyycla IMOKyNaTeiaeil (HampuMmep, €ClIM pedb HAET O CKOPOIMOPTSIIMXCS TOBapax).
CrnenoBaTesbHO, P 3HAYEHUSX LIEHBI BBIIIE PABHOBECHOW ITPOUCXOIUT JABJICHUE HA
HEe B CTOPOHY YMEHbIIeHUs. Eciu ke 11eHa Ha phIHKEe HUKE PaBHOBECHOM, TO CIPOC
MPEBBIIIACT MPEAJIOKEHUE M TOBAp CTAHOBUTCSA AePUUUTHBIM. B »TOi cutyanum
4acTh MOKyHaTele roToBa 3alllaTUTh 3a TOBap 0oJiee BBHICOKYIO IIEHY, HO CHU3UTh
PUCK M C YBEPEHHOCTBIO MPHOOpeCTH ToBap (Hampumep, eciiu o0pa3yeTcsi ouepe.lb
MOKYyMaTeliel, TO CTOSIIINE B €€ KOHIIE MOTYT He MOJYy4YuTh ToBapa). Takum oOpazom,
IPU 3HAYECHUSAX LEHbl HUXKE PABHOBECHOM IMPOMCXOIUT JABJICHHE HA HEE B CTOPOHY
YBEJIUMYEHUS. DTU JBE TCHICHIIMU NPUBOIAT K TOMY, YTO HAa PbIHKaX MHOTHX BHUJOB
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TOBApOB, KAaK MPABWIIO, YCTAHABIUBACTCS PAaBHOBECHE, NMPU KOTOPOM CIIPOC PABEH
HPEJIOKEHHIO.

3ameuanme. [l Qynmxkumii D(P) u  S(P) BO3MOXHBI W JpyTHe
(GYHKIIMOHAJBHBIC 3aBUCUMOCTH  (HampuMmep, JIMHEHHAs, IOKa3aTelibHAS —WIIH
nomiHomuansHas). Ilpu stom  S(P) 6ymeT MOJNOXHTEIBHOM BO3pacTaromieH
dynxuueii, a D(P) — monoxurtensHol yObIBaromel (QyHKIMed. BBIIyKIOCTs WA
BorayTocTh (QyHkimii S(P) u D(P) ompenenser cXoaMMOCTh WM PacXOIMMOCTh
MOCJICIOBATEIBHOCTH IICH K PAaBHOBECHOM IICHE.

[lpu wccnenoBaHUM TAYTHHHONH MOJEIM PBHIHOYHOTO PABHOBECHS OJHON W3
TJIABHBIX SIBJSIETCS 3a/lada O TOM, HACKOJIBKO CHIJIBHO M3MEHSIOTCS CIPOC H
NPEIOKECHUE TIPH U3MEHEHHH [IEHBI, TO €CTh TPEOYETCSl OLIEHUTh YYBCTBUTEIILHOCTh
crpoca ¥ TPEAJIOKEHUS K M3MEHCHHUIO IeHbI. J[is M3MepeHus: 4yBCTBUTECIBLHOCTH
OJTHOTO AYKOHOMHYECKOTO IOKa3aTeNlss Y K HM3MEHEHHWIO JPYroro IokKaszaTens X
UCIIOJIb3YIOT OTHOCUTEIIHbHBIC U3MEHCHUS IIEPEMEHHBIX X H Y .

[IlycTh BeNWMYMHA Yy HENPEPHIBHO 3aBUCUT OT X, M 3Ta 3aBUCHUMOCTD
onuceiBaeTcs (QyHKIMen y= f(x). M3MeHeHne He3aBHCHMOM mepeMeHHON x (AX)
NPUBOJUT K U3MEHEHUIO repeMeHHoi Y (Ay ). [Ipenen oTHOIIEHHS OTHOCHTEIBbHBIX
M3MEHEHUH TIEPEMEHHBIX X M Y Has3hIBaeTCs 21acmuunocmvio gynxuyuu y = f(x).
OO003HaYMM 3JTaCTUYHOCTh U3MEHECHUS NIEPEMEHHOW y TPU M3MEHCHHUU MEPEMEHHOM
X E,(y), Torma, MCrojb3ys OmnpeaeacHUe IPOU3BOTHON, MTOTyIaeM:

f’
Ex(y)z lim (ij/(AXJ: lim (ﬂ'£j=£|im ﬂ=£f'(x): (X) _
AXx—0 y X Ax—0{ AX y yAanAX y y/x
_ f(x) _wmf
- f(x)/x_ Af '

rae Mf — npenenbHoe 3Hauenue Gpynkmuu f B Touke X,

Af — cpeaHee 3HaueHUE PYHKIIUU B TOUKE X .

DTy 31aCTUYHOCTh HA3bIBAIOT TAK KE HPEOebHO VI MOYeYHOU SITACTUIHOCTHIO.
3ameuanne. B SKOHOMHMKE IMOJ] 3JIACTUYHOCTHIO TOHUMAIOT OTHOILECHUE

AXj_ﬂ x

. A
OTHOCHUTENBHBIX U3MEHEHHUH MepeMenHbIX X U Y : E (y)= i A :
X Xy

CBoiicTBa 2JIACTHYHOCTH
1. DnacTuuHOCTD — O€3pa3MepHas BeJIMUMHA, 3HaYeHUE KOTOPOIl HE 3aBUCUT OT
TOTO, B KAKMX €IMHMIIAX U3MepeHbl Beanunnbl X u y: E_ (by)=E (y).

2. DNacTUYHOCTH B3aUMHO OOpaTHBIX (PYHKIMH — B3aUMHO OOpaTHBIE
1
BEJINYUHBI: Ex(y):—.
E, (x)

3. DacTHMYHOCTh Tpou3BeeHus aByX (yHkuuii u(x) u v(x), 3aBUCAIMX OT
OJIHOTO U TOrO K€ apryMeHTa X, paBHAa CyMME 3JacTUYHOCTEH STUX (YHKIIMMA:

E, (uv)=E, (u)+ E(v).
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4, DNacTHYHOCTh YaCTHOTO ABYX QyHKIMI U(X) H V(X), 3aBUCAIIMX OT OTHOTO
U TOr0 >K€ aprymMeHTa X, paBHa pa3HOCTU OJIACTUYHOCTEH OTUX (GYHKIIMIA:

5. DIIaCTUYHOCTB CyMMBI IByX QyHKImMiA U(X) 1 V(X), 3aBHCAIIMX OT OJIHOTO U

uE, (u)+vE, (v)
TOTO %€ apryMeHTa X , Beiaucisercs o gopmyie E (U +v)= :
U+v
Iycte y=f(x) — QyHKIMA OSKOHOMHMYECKOTO TIOKa3aTeiss Yy  OT

HPKOHOMUYECKOTO mokazaTtens (wi ¢dakrtopa) X. Pasznuuaror Tpu Bujaa
HKOHOMUYECKOTO MOKa3aTelsl y B 3aBUCUMOCTU OT BEJIMUMHBI \ E, (y)\ ,

a) eciuu ‘Ex(y) ‘ >1, TO DKOHOMMYECKMH IIOKa3aTelb Yy Ha3bIBACTCSA
INACMUYHBIM NO X ;

0) ecmu \ Ex(y)\ =1, TO OSKOHOMHYECKHMH IIOKa3aTeJb Yy Ha3bIBACTCS
HeuUmpaibHvIM RO X,

B) eclu \ Ex(y)\ <1, TO DSKOHOMHYECKHHA IIOKa3aTeJb Yy Ha3bIBACTCS

Hel1acmudHbIM no X.
DNacTUYHOCTh (I)YHKHI/II/I y = f(X) ITIOKa3bIBacT l'IpI/I6JII/I}KCHHO, Ha CKOJIBKO

IPOLIEHTOB ~M3MEHUTCA (QyHKIMSA Yy = f(X) ©[pu U3MEHEHMM He3aBMCHUMOM
nepeMeHHoil X Ha 1%. Eciau sxoHOMHYECKU MoKas3aTeiab Yy 3JIaCTHYEH MO X, TO
IIPA U3MEHEHUH BEJIMYMHBI X , BEJIUYMHA Y MEHSETCS CUJIBHO, A €CIIM HEAJIACTUYEH,

TO c1ado.
B kadectBe Kiaccuueckoro mnpuMepa aOCOIIOTHO HEdIACTUYHOTO CIpoca
(EP(D): 0) paccmaTpuBaeTcsi CHpPOC Ha HWHCYJIHMH, HEAJIACTUYHOTO CIIpoca

(‘EP (D){ < 1) — cpoc Ha TOBapbI MEPBOM HEOOXOIUMOCTH (XJ1eO, MOJIOKO H T.I1.).

Haiiném nsmenenue noxoja (B MPOIEHTAX) MPU YBEITUYEHUU LEHBl Ha a%.
Bennunna cipoca 4YMCIEHHO paBHA KOJIMYECTBY NPOJAHHBIX €IUHUI] POLYKLIHH, TO
eCThb D(P): Q(P). Torma moxon (BBIPYYKY) MPOU3BOIUTENSI OT MPOJIAXKHU Q(P)
€AMHUI] TOBapa MOYKHO BBIYMCIHTH 10 Gopmyie: R =QP . Ucnons3ys ¢popmyny ans

AJIACTUYHOCTU MPOU3BEJACHUS (PYHKUMN M YUMTBIBAs, YTO IACTUYHOCTH CIIpoca IO
LICHE BCET/la OTpuLaTeIbHa (3aBUCUMOCTD CIIPOCca OT LIEHBI — yObIBarolasi pyHKLHs),
a E.(Q)=E, (D), noxyuaem:

EP(R) = EP(Q)+ EP(P): EP(Q)+1:1_‘ EP(D)‘ y
13 popMyibl BUITHO, YTO 3JIACTUYHOCTh BBIPYYKH MO IICHE OTPUIIATENILHA IS
TOBapOB, CIIPOC Ha KOTOpbIE dTacTH4eH (| Ep(D)|>1), ¥ MONOXKATEIbHA A7 TOBApPOB,
CIIpOC Ha KOTOpble HeanacthdeH (|Ep(D)|<1). DTO O3HA4aeT, YTO €CIU CIIPOC

HEOJIACTHYCH, TO HN3MCHCHHC ILCHbI BbI3bBIBACT HM3MCHCHHMEC BBIPYYKHM B TOM IXKC
HaIpaBJICHHU. HpoaaBuaM BbII'OJHO IIOBBIIIATL LCHY, TaAK KaK IMOBBIIICHHUC IICHLI
YBCINYHUBACT BLIPYUKY. Ecan xe CIIpOC 5JIaCTUYCH, TO YBCIMYCHUC LICHBI BLI3LIBACT
N3MCHCHHMEC BBIPYYKH B IIPOTHUBOIIOJIOXHOM HAITPpaBJICHUH. B sTom CJIy4dac InmpoaaBnam
BbII'OAHCC CHMIXKATb LICHY HAa TOBAp.
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IIpumep 5. IlycThb ONBITHBIM NyTEM YCTaHOBIEHBI (PYHKLIMU CIpoca U
P+1

IIPEUIOKEHNS OT LeHbl ToBapa P D = , S =P?+1. Haiiti: 1) paBHOBECHYIO

LEHYy; 2) 3JIaCTUYHOCTh CIpOCa M TNPEIJIOKEHHUS NPHU PaBHOBECHOW IieHe; 3)
M3MEHEHHE crpoca (B MPOIEHTAaX) M U3MEHEHHE J0x0/Aa (B MPOILEHTaX) MpH
yBeJnueHuu 1eHsl Ha 10%.

Pemennue. 1) PapHoBecHas 1ieHa onpenensercs paseHcTBoM S(P)= D(P) um
P+1 )
B P® +1. Pemasg 3T0 ypaBHEHHME, IOJydyaeM, 4TO paBHOBECHas IieHa P, =1

(ICHEKHBIX CIMHHIL).
2) Haiiném »1acTUUHOCTH CIpoca IO 1IeHE:

P ,
EP(D):wD(P)=(P+1/P) P )] P+l PZ  pi1

Ilpu P, =1 E,(D)=-05. Tak kak |E,(D)=|-05=05<1, 10 cmpoc
ABJIACTCA HEQJIACTUYHBIM I10 IICHC.

Haitném 3macTU4HOCTD NPEIIOAKEHUS 10 LICHE:

P P ' P 2pP?
E (S)=——S'(P)= P2+1) = 2P = .
-(3) S(P) (P) P2+1( i ) P?+1 P2 +1

IIpu B, =1 E_ (S)=1, To ecTh, IPEIOKEHHUE MO TIEHE HEWTPATHHO.

!

P (P+1J_P2 P-(P+1) -1

3) Haitném usmenenue crpoca (B mporeHTax) npu yBenndeHuu 1eHsl Ha 10%.
Tak kak 3macTU4HOCTB crnpoca D = D(P) mokasbiBaeT NpHOIHKEHHO, HA CKOJIBKO
MPOLIEHTOB HW3MEHUTCS cnpoc D mnpu u3meHenun 1eHsl P Ha 1%, TO mpm
YBEJMYEHMH LIeHb Ha a% Chpoc W3MEHMTCs Ha BeanuuHy AD =a%-E, (D). Ilpu
a=10% nonyyaem AD =10% - (— 0,5) =-5%, To ecTh cripoc yMeHbIIUTCS Ha 5%.

Haiiném m3sMmenenne noxoza (B MPOIEHTAaX) Mpu yBedudeHuu 1eHsl Ha 10%.
Umeem: E,(R)=1-|E,(D)|=1-05=05.

Torga AR =a%-E_(D)=10%-0,5=5%), To ecTh JOXOJ yBeIUIUTCA Ha 5%.

Takum oOpazom, npu yBenudeHuu 1eHsl Ha 10% crnpoc ymensmmTes Ha 5%, a
n0Xo01 yBenuuutcs Ha 5%.

4.3 [uHaMuYecKUe MO/IeIM PbIHKA

[Ipocreniien TMHAMUYECKOW MOJIEJIBIO PABHOBECHUS HA PBIHKE OJHOIO TOBapa
SABISCTCS MOJENIb OJBaHca. l[Ipm €€ MOCTpOEHMM HCHOJIB3YIOTCA CIEAYIOLINE
MPEINOJIOKECHHUS:

1. Crpoc u npeioKeHue SIBISIOTCS JTNHEHHBIMU (QYHKIUSIMU TICHBI

D(P)=a—-bP, a>0, b>0 (cinpoc c pocToM LieHbI YOBIBAET);
S(P)=a + P, a >0, >0 (npennoxeHue ¢ pOCTOM LIEHbI PacTET).
2. [1pu HyneBO# 1IeHE CIIPOC MPEBBIIIAET MPEATOKEHHE: a > o .
3. Bpems t cunTaeTcst HempephIBHBIM.
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4. U3MeHeHuE 1I€Hbl MPONOPIMOHAIBHO MPEBBIIMICHUIO CIpoca Haj
MPEII0KEHUEM:

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

B3aumoneiictBue mnoTpeOuTeNed W TPOM3BOJUTENEH MPOUCXOIUT TaKUM
oOpa3oMm, 4YTO OTpaxawmou@as 53TO  B3aUMOJACHCTBHE I1[€HA  HEMPEPHIBHO
MPUCIIOCA0IMBACTCS K CUTyalldd Ha PBIHKE: B CIydae NPEBBIINICHUS CHpoca Haj
MPEJUTOKEHUEM — BO3PACTAET, B MMPOTHUBOIMOJIOKHOM cllyyae — naaaetr. HempepeiBHoe

. . dP
N3MCHCHHC I CHBI y,ZIO6HO OIIKCBIBATL IIPOU3BOAHOU HCHBI II0O BPCMCHU!: P=—1.

dt
Torga, wucnosnb3ys  npeanojoxeHus 1—4, OpuxoguM K CIEAYIOLIEMY
g depeHurnaITbHOMY YPABHEHUIO OTHOCUTENBHO LIEHBI:
P=—yb+pP+a—a,

C HavyalbHBIM ycioBueM P(0)=P,. JluddepeHnuanbHoe ypaBHCHUE SBIISCTCS
JUHEHHBIM U (pepeHInaTbHbIM YPAaBHEHUEM MEPBOrO0 MOPSAIKA C IMOCTOSHHBIMH
ko> duirentamu. COCTOSHHEM pAaBHOBECHs, OHpelelseMbIM yclaoBueM P =0,

a—-oa
y(b+p)
pELIEHUs COOTBETCTBYIOLIETO JIMHEHHOIO OJHOPOJIHOrO  AU(depeHInaIbHOrO
YPaBHEHUS M YACTHOI'O PEIICHHS a PELICHUEM, YIOBIETBOPSIOIIUM HAYaJIbHOMY
ycinosuio P(0) = P,, — pyHkuus

ABIsieTca mpsmas P = , OOIIMM penieHUueM, pPaBHBIM CyMME OOILIEro

a—o a—ao
P(t)=| P, - BT% |erbun, 87
" yb+p) y(b+ )
a—oa a—o a—o
Tax xak lim P(t)=lm|| P, ————— e7®"" 4 = , TO
t—>+o0 t—> 400 y(b_'_ﬂ) 7(b+ﬂ) y(b +ﬂ)

pPaBHOBECHA 1IeHa ¢ TEUEHUEM BPEMEHHU 00s13aTe€IbHO OYJEeT JOCTUTHYTa, IPUUEM €€
3HAYEHHE He OY/eT 3aBUCETh OT HAYAIbHOM 1IeHbI P(0)= P, .

3amMeTuM, 4TO PAaBHOBECHAs LIEHA JUHAMUYECKONM MOJenu OBaHca B y pa3

. a—ao .
MEHBIIIE PaBHOBECHOM IeHbl P, =———— cTaTuyeckoil MOJAENu «CIpoc-
y(b+p)

MPEAJIOKEHHE» C TEMU kK€ (PYHKIUSMHU Crpoca W MPEUIOKEHUS U ONpeaesieMoi
pasencteoM D(P)=S(P).

B peanbHBIX CUTyalMsIX CIPOC U MPEUIOKEHUE 3aBUCAT HE TOJBKO OT LIEHBI,
HO M OT TEHJEHLMHU IIEHOOOpa30BaHUS W TEMIIOB M3MEHEHHs ILeHbl. B Mopensx c
HEnpephIBHOW U AU(PPEpeHInpyeMOil 3aBUCUMOCTBIO II€HBI OT BpPEMEHH OTHU
XapaKTEePUCTUKH OIHUCHIBAIOTCS, COOTBETCTBEHHO, mepBoii (P) u Bropoit (P)
MPOU3BOAHBIMU (HYHKLIUU P(t) no BpeMeHnu t. B 3ToM ciywyae QyHKIuu crnpoca u
MPEAJIOKEHHUS] MOTYT UMETh BUJL:

D(t)=d,P+d,P+d,P+d,, S(t)=s,P+s,P+s,P+s,.
[TpunsTHIE 3aBUCUMOCTH MOTYT OBITh OOBSICHEHBI CIAEAYIOUIIM 00pa3oM:
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1) CIIPOC «I10A0rpCBACTCs» TCEMIIOM HN3MCHCHHUA LCHbLI: C€CJIIM TCMII PACTCT

(x0>durment npu P Gonblie HYNs), TO PIHOK YBEIMYMBAET MHTEPEC K TOBAPY; U
Ha000pOT;

2) u3MEHEeHHE IICHBI TaK)Ke BIMSET HA CIPOC MOKYIMAaTessl: eCH IleHa pacTeT
(ko durment npu P Gomblie Hys), TO CIPOC YMEHbLIAETCS, €CIU LieHa ManaeT
(ko3 uuUeHT mpu P MeHbIIIe HyJIsl), TO CIPOC PACTET;

3) mpeIoKEHUE TaK)KE YCHIIMBACTCS TEMIIOM HM3MCHCHHS IIEHBI H POCTOM
IICHBI.

Ecnu npeamonoxuts, 4Tro 3K30reHHbIe mapameTpel d. u s, (i=14) —

BEUIECTBEHHbIE YHWCJIa, TO, 3alKChiBas yCJIOBHE PBIHOYHOTO paBHOBECHUS
D(P)=S(P), monyunum nuneitnoe muddepeHnuansHoe ypaBHEHHE BTOPOTO HOPSAIKA

C MOCTOSIHHBIMU K03((UIIMEHTaMU OTHOCUTEIBHO PABHOBECHOM 1ieHb! P(t):
(dl—Sl)|5+(d2 _Sz)p+(d3 _33)P+(d4 _34)20'

Jlnst mpOTHO3UPOBAHUS M3MEHEHHUS IEHbl (AMHAMHUKU IIeHbI) P TpelyeTcs
YCTAaHOBUTh (DYHKIIMOHAJIBHYIO 3aBUCUMOCTH P(t). s 3TOro Hy>KHO HalThU oOuiee
pEelIeHNe JMHEHHOT0 HEOJHOPOAHOro JuddepeHurnalbHOIO YpPaBHEHHS BTOPOIrO
MOpsiika C MOCTOSHHBIMU KOd(DPUITMEHTaMU, KOTOPOE MOKET OBITh IMOJIYYEHO Kak
CyMMa OOIIero  pelieHUuss COOTBETCTBYIOLIErO  JIMHEHHOTO  OJHOPOJHOIO
muddepeHnaasHOTO YpaBHEHUS

(dl _Sl)li+(d2 _Sz)p+(d3 _Ss)P =0
1 J1I000ro YacTHOIO PEeLIEHUs HEOJHOPOAHOro auddepeHnnanbHoro ypapHenus. B
KauecTBe JII000T0 YaCTHOIO PEIIEHUS] MOKHO MCIOJIb30BaTh 3HAYEHUE PABHOBECHOU
1IeHBI Py, KOTOPOE HAaXOMAT, Hojaras B HEM P =P =0.

C mpuknagHoi Touku 3peHus ¢yHkius P(t) momkHa OBITH ompenesieHa U
nonoxurtenbHa npu t>0 (P(t)>0), U yIOBIETBOPATH OJHOMY M3 CIEAYFOIIUX

YCJIOBUU:
l. lim P(t)=P,, P, — paBHOBeCHas lieHa.

t— 400

. lim P(t) = *co umu He CyIeCTBYET.

t—+o0

l1. lim P(t) ne cymectsyer, P(t) — orpanuyenHas nepuoguueckas QyHKIHM.

t—>+0

VYcnoBue | OMUCHIBAIOT COCTOSIHUE CTaOMJIBHOTO PBIHKA B YCJIOBHSX
KOHKypeHIuH, yciaoBue |l xapakrepuszyeTr maHUKy Ha PbIHKE WIW TUNEPUHQIIAINIO,
ycnosue |l — jguHamMuky LeH ToBapoB ce3oHHOro cmpoca (dymkumus Pft)

UCIIBITHIBAET IEPUOJIUYECKUE KOJIEOAHUS OKOJIO COCTOSIHUS PABHOBECHS).
Mpumep 6. Ilycts D(t)=3P -P-2P +18, S(t)=4P + P +3P +3. Haiitu
PAaBHOBECHYIO LIEHY ¥ TMHAMMKY U3MEHEHHS LIEHBI.
Pemenue. IlpupaBuuBas D(t)=S(t) u  BeTONHAA  HEOOXOAMMBIE

npeoOpa3oBaHus, MOJYYUM YpaBHEHUE B BUJIE:
P+2P+5P-15=0. (2)
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Haiiném paBHOBECHyIO ILieHy, mojaras P =P =0, Torma paBHOBecHas LieHA
OyneT sSBIATHCS KOpHEM ypaBHeHus: 5P —15 = 0, cienoBarenbHo, P, = 3 (1eHexKHBIX
CIVHMII).

Haiiném paunamMuky u3MeHeHHs 1ieHbl. (COOTBETCTBYIOIIEE JIMHEHHOE
ofHOpoaHOe Ju(depeHIranTbHOe ypaBHeHHe uMeeT Bua P+ 2P +5P =0, ero
XapakTepucThHueckoe ypaBuenue k° + 2k +5 =0 uMeeT KOpHHU:

y _—2%N2"-4.5 -2++-16 -2+44-1
1,2 - -
’ 2 2 2

Cnenosarensio,  P(t)=e*(C,cos2t+C,sin2t) — obmee perucHue

=-1+2i.

otHOpPOAHOTO u(depeHnransHoro  ypasaenus P+ 2P +5P=0 (C, u C,

IIPOM3BOJIbHBIE MOCTOSHHBIE U MOTYT OBITh 3aJaHbl Tak, 4ToObl P,(t)>0). Torma

oblee peleHne ypaBHeHns (2) npeacTapisier coboii cymmy P, (t) u P
P(t)=P(t)+P, =e(C, cos2t+C,sin 2t)+3.

[TonyyenHas (pyHKIMS ONMCHIBAET AMHAMUKY LIEHBI.

BbrsicHMM, KakoBa TEHIEHUUS M3MCHEHHs LICHBI C TeueHUueM BpemeHu. s
storo Beraucium lim P(t):
t

—>+o0

lim P(t) = lim (e™(C,cos2t+C,sin 2t)+3)=

t—+o00

_ _ [lime™ =0, ]
= lim e*(C,cos2t +C,sin 2t)+ 3 =| >+ =3=P
o (C,cos2t + C, sin 2t)— ozpanuuenn as

Tak kak BbImosiHAeTcs ycinoBue |l, TO cocTosHME pbIHKAa CTaOMIBHOE.
JIluHamMKKa TICHBI TIPU YCJIOBUH, YTO B HAYaJIbHBI MOMEHT BpeMeHHU IieHa P(0)=4, a

CKOpOCTH IIeHBI P(0)=0, MoKa3aHa Ha pUCYHKe 3.
°]
15
4
¥ 3.5-2

3: e —
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5 3aaum 11 OPraHU3alMU CAMOCTOSTEILHON Pa00ThI CTYAEHTOB

3amaya 1. MoaeaupoBaHue NOTPeOUTEIHLCKOIO CIIPOCa

Jlana QyHKuMS H0JIE3HOCTH OT AByX Omar u(Q,, Q,) (Tabmuma 2). IleHs1 Gmar
paBHBI COOTBETCTBEHHO P, =10 AeHEXHBIX eIuHHL, P, =2 JIeHEXKHbIC €IUHUIIBL,
JI0XOJ1 IOTPEOUTENST OTpaHUYCH BETMUYUHON | = 60 MEeHEKHBIX CAMHUII.

1. Haiitn ontumansHOe pacnpezaenenue omar Q, 1 Q, ¥ COOTBETCTBYIOLLYIO
UM TIOJIE3HOCTH (CIENIaTh YEPTEK).

2. [lonyunTh 0OLMI BUA PYHKLIMH HOTPEOUTENBCKOTO CIIPOCA, a TAKKE

a) npsiMble QyHKIMU cripoca Ha Oyiara Q, U Q, B 3aBUCUMOCTH OT II€H;

0) nepekpécTHble GYHKIMU cripoca Ha Oiara Q, 1 Q, B 3aBUCUMOCTH OT LIEH;

B) pyHKIMM cripoca Ha Onara Q,, Q, B 3aBUCMMOCTH OT JOX0/1a HOTPEOUTEII.

3. IlpoBectu wuccnenoBanue OJHO(PAKTOPHBIX (PYHKUMU crpoca, MOCTPOUTH
CXEMAaTU4YHO X rpaduku. BBIICHUTB: a) K KaKOMy TUIy NpUHauIexaT Oynara Q, u
Q,; 0) KaKkoil UMEHHO TOBap OHM MOTYT IIPEICTaBIATH (MPOLYKT IMUTAHUS, OACKIY,
OBITOBYIO TEXHHKY H T.I1.).

4. Haittu yactuuHble KOA(Q(UIMEHTHl 3IACTHYHOCTH OOWUX (YyHKUIUN
NOTPEOUTETBCKOTO cripoca Ha Osara Q,, Q, 1o BceM AeiCTBYIOMUM (aKTOPaM.

5. PaccuntaTth 3()QexThl 3aMEHbl IPU HAIMYMKM KOMIIEHCAUUU JUIsg Onar Q, u
Q,. Ouenutp Omara Q, m Q, C TOYKM 3pEHMS HMX B3aUMO3aMEHIEMOCTH WIN
B3aUMO/IOOJIHSIEMOCTH.

Tabmuua 2 — McxoaHble JaHHBIE K 3aga4de 1

No DYyHKIUA M0JIE3HOCTH Ne DYyHKIUA 0JE3HOCTH
Bap. u(Q1,Q,) Bap. u(Q, Q)
1 u(Q;, Q;)=2In(Q, -3)+5In(Q, —6) 2 u(Q;, Q,)=5(Q; —3)+2(Q, -10)
2
3 u(Q;, Q;)=Q,Q, 4 u :%
(Q+2)
5 u(Q;,Q,)=10log 3(Q; —2)+51l0g 3 Q, 6 u(Q;, Q;)=4(Q, -6)+(Q, -8)
2
7 '0,)=0¥202? 8 o Q201
U(Ql Q2) Ql Q2 (Q2 " 2)3
9 u(Q,Q;)=3lgQ, +5IgQ, 10 U(Ql,Qz):Qi/ZQ;/4
11 u(Q. Q;)=( _1)]/4(Q2 _3)3/4 12 u(Qy. Qz):szng
13 u(Qq. Qz)=2log ,(Q, ~16)+log , (Q, -8) 14 U Q1Q§4
(Ql +3)
15 U(le Qz): _5(Q1 —4)2 _(Qz - 20)2 16 u= 3L
Q;(Q;-3)
17 u(Q Q2)=QuQ} 18 | u(Q. Q)= -2""(Q,-5""
302 4~ -2
19 J - &25 20 u= &22
(Ql + 2) (Ql - 2)
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3agaua 2. [Ipocreiimasi Moge b PHIHOYHOTO PABHOBECHS

[TycTh ONBITHBIM IIyTEM YCTaHOBJICHBI YHKIIMHU CIIPOCA M MPEITIOKEHUS OT
LIeHbI TOBapa P : D(P), S = S(P). Wcnonw3ys nanHbie TaOIUIBI 3, HANTH:

1) paBHOBECHYIO LIEHY;

2) 3IaCTUYHOCTD CPOCA U MPEJIOKEHUS TPU PAaBHOBECHOM 1ICHE;

3) u3MeHeHue crpoca (B MpOLEHTaX) U U3MEHEHHE J10X0/1a (B MPOLIEHTAX ) TIPU
YBEJIMYCHUH TICHBI Ha a%0.

Tadonuma 3 — McxoaHble TaHHBIE K 3a1a4e 2

N" Ba JAHHbBIC N" a JAHHbBIC
*BAP- T p(p) S=s(P) |a% | BaP D(P) s=s(P) |a%
1 D=30-09P | S=16+12P | 25 2 D=10-2P S=1+4P 4
3 D=9-P S=1+P 10 4 D=13-5P | S=5+11P | 3,56
5 D(P)=7-p | S(P)=p+1 | 5 6 D=8-2P | S=2+6P | 1,5
_ p+8 B B p+10 )
7 D(P)= vz | S(P)=p+05 | 5 8 |D(P)= o1 | S(P)=p? |25
1 1
9 D(P)=? s(P)=p2 | 3 10 D(P):E s(P)=p2 | 11
1 1
11 D(P)ZW s(P)=p®* | 3 12 D(P)=? s(P)=p3 | 7,5
13 D=19-2P S=3+2P 11 14 D=10-3P S=2+6P | 4,5
3
15 D=11-3P S=3+P 8 16 D(P)=; s(P)=27p | 3
48
17 D=15-3P S=1+4P 6 18 D(P)=? s(P)=3p | 5
32
19 D=23-3P | S=5+6P |15 20 D(P)=? s(P)=8p | 5,5

3amaua 3. IlpeaeibHble MNOKa3aTeJd B IKOHOMHUKE W ONTHUMHU3ALMS
NPoOu3BOACTBA

[IponsBoauTeNns peanu3yeT CBOK NPOAYKLIHMIO MO IEHE P(Q): p—-cQ 3a
CAVHUITY, a U3JEPKKU TPU OTOM 3aJaI0TCI KyOMYECKOW 3aBUCHMOCTHIO
C(Q)=aQ +1Q°® (a< p, 4 > 0). Micnonb3ys faHHble TaOIUIb! 4, HAHTH:

1) onTumanbHBIN IJIsI TPOU3BOAUTENS OO0BEM BBIMYCKAa MPOAYKIMU Q, U

COOTBETCTBYIOIIYIO €My MPUOBLIb: a) TIPU OTCYTCTBUU HAJIOTOOOJOXKEHHS; 0) mpH
Hajore A Ha eAUHUILy MPOAYKIIMH; B ciiydyae 0) HAWTH MaKCHMaJIbHBIA HAJOT Ha
pUOBLIb;

2) cpeaHue U MpenenbHble U3EPKKU MPU YPOBHE BBITyCKa Q, ;

3) CpenHIOIO U MPEAEIBHYIO BEIPYUKY IIPH YPOBHE BhIITycKa Q, ;

27




4) ompenenuTb, KaKOil TUN 3KOHOMHYECKOW CTPYKTYpbl (MOHOIOJIMUA WJIU
COBEpIIECHHON KOHKYPEHIIMHN) UMEET MECTO B JIaHHOM 3a/1a4e.

Tabmuua 4 — VMcxoaHsle JaHHBIE K 3a7a4e 3

Ne JaHHbIE Ne JaHHbIE
Bap. | p c a A p | Bap.| p c a A p

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 | 20 6 250 0 8 0,04 50
7 300 | 15 25 | 0,06 | 38 8 500 0 340 0,05 100
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 | 45 14 22 0 7,5 | 0,004 8

15 | 350 | 10 | 100 | 0,02 | 45 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 10,0075 | 25

3agaua 4. Ouenka PABHOMEPHOCTH pacnpeacjicHud 10X010B B o0IIecTBE

Haiitu xoaddunuent Jxunu, ecnu peanbHas QyHkius JIopeHiia nuMeer BUJ
y = f(x) (raGnuua 5). BeIIOJIHUTE YepTEX.

Ta0nuna 5 — Ucxonuele faHHbBIE K 3a1aue 4

Ne Bap. | nannblie | Ne Bap. | nannbie | Ne Bap. | naHHble | Ne Bap. | JaHHbIE
1 y = \/x_3 2 y =x2 3 y=x° 4 y = 3{/x_4
5 y= e 6 y = Vx® 7 y = 4x 8 y = 35
9 y=x* | 10 | y=x* 11 y— x5 12 | y=5k+x)
13 y=x' 14 y=x° 15 y=x 16 y = x20
17 | yox2 | 18 | yoxs | 19 |y-1ie | 20 y = x/a

3anaua 5. luHamMuvecKkasi MoJeJib PbIHOYHOI0 PABHOBECHUS

Haiitn nuHamuKy LieHbl P Ha TOBap, €CIM MPOTHO3 CIPOCa U MPEINIOKEHUS
OIINCBHIBACTCA COOTHOILICHUAMU
D(t)=d,P"+d,P'+d,P+d,, S(t)=s,P"+s,P'+s,P+s,,

rne d. u s, (i =14 ) — 3aJaHHBIC BEIICCTBECHHBIC YMCIIA, B HAYAJIbHBI MOMEHT
BpemMeHH t =0 paBHOBECHas Li€HA COCTABJILIA BEJIMYMHY P, YCIOBHBIX IEHEKHBIX
€AVHML], & CKOPOCTb MU3MEHEHHMs LIEHbl MMeJla 3HA4yeHUE P, YCIOBHBIX JIEHEKHBIX
eIWHUI] B €IMHUIYy BpeMeHH (Tabmuia 6). Kakoe cocTosiHie OMMCHIBACT MOIyIEHHOE
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7 COCTOSIHHE€ HEYCTOMYMBOIO

COCTOAHHC YCTOMYHUBOI'O PABHOBCCH,

peleHue:

pPaBHOBCCHA, COCTOAHUC ITAHUKHW Ha pI:IHKe?

Taomura 6 — Mcxonuele JaHHBIE K 3aa4€ 5

JaHHbIE

-11

-33

11

10
10

14

12
12
1,5
1,5

13
10

11

10

13
10

11

26

10
18

Bap.

10
11

12
13
14
15
16
17
18
19
20
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