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BBeneHue

CoBpemeHHasi )KOHOMHKA IIUPOKO HCIONIb3yEeT MaTEMaTHUECKUE Me-
TOJIBI KaK JJISl PELICHHs MPAKTUYECKUX 3ajad, TaKk M JJIs MOJEIUPOBAHUSA
COIMAIbHO-OKOHOMHUYECKUX SIBICHUHA W MPOIlecCOB. MaremaTHuecKue Mo-
JIeTTU SIBJISIFOTCS BAYKHEHIIIMM MHCTPYMEHTOM HCCIIEIOBAHUS U TIPOTHO3UPO-
BaHus. OHU MPEACTABIIAIOT COOOI OCHOBY KOMITBIOTEPHOTO MOJIETTUPOBAHUS
U 00paboTku nH(popManuu, JaT 0oJee rIyOOKHUe IPEICTaBICHUS O 3aKO-
HOMEPHOCTSIX SKOHOMHUYECKHUX MPOLECCOB, CIOCOOCTBYIOT (DOPMUPOBAHUIO
oOpa3a MBILIUICHUS ¥ aHaJIM3a Ha HOBOM, 0oJjiee BEICOKOM ypoBHe. Ceroass,
B YCIIOBUSIX TJ100aIM3allii MUPOBOM SKOHOMUKHU U CTAHOBJIEHUS 00IIECTBA
HOBOT'O THUIA — UH(OPMALIMOHHOTO OOIECTBA — MaTEMaTUYECKUE MOJENU
CTAHOBSITCSI MOITHBIM MHCTPYMEHTOM IIPOTHO30B 3BOJIIOLNN HUBUIIU3ALINY,
YTO MO3BOJISIET ONPENEIATh ONTUMAIbHbIE MAaruCTPajd Pa3BUTHUS HKOHO-
MUKH, TIPEK]IE BCETO B IJIaHE 00ECIICUCHUS KUZHEIEATEIHPHOCTH YeJIOBEKA.
[Io wmepe  nanpHedmiero  pa3BuTHs ~ oOmiectBa  Bce  Oouiee
1 0oJiee BaXKHBIM SIBJISIETCS pa3pad0TKa MyTel COBEPIIEHCTBOBAHHUS SKOHO-
MUYECKUX OTHOIICHHUH C TOUKH 3pEHUSI ONTUMAIBHOTO HCIIOJIh30BaHUS BCEX
IPUPOJHBIX, MTPOU3BOJICTBEHHBIX, MaTEPUAIbHBIX U TPYJIOBBIX PECYPCOB.
[ToaToMy He cily4aifHO 5KOHOMUCTBI U MATEMATUKH, 3aHUMAIOILIUECS BOIIPO-
caMH IPUMEHEHUSI MaTEMaTHKU B 9KOHOMUKE, 00JIbIIIOE BHUMAHUE yIETSIOT
pa3paboTKe MaTeMaTUYECKUX METOJOB MMOCTPOCHUSI ONTUMAJIbHBIX IJIAHOB,
00eCreYnBaIONINX BBIMTYCK HEOOXOAMMOW MPOAYKIIMUA MPU MUHUMAIBHBIX
3aTparax TpyJa, U3YUYCHHIO 3aKOHOMEPHOCTEW Haubosiee palroHaIbHOTO
pacripesieieHus U MCIOJB30BaHUS PECypcoB Mpou3BojcTBa. Mcnoab3oBa-
HUE MAaTeMaTUYECKHUX METOJOB U MOJENIel aKkTyallbHO KaK Ha ypOBHE Jies-
TEIbHOCTU (PUPMBI B YCJIOBMSIX PBIHKA, TaK U B MAaKpPO’KOHOMHUKE — Ha
YpOBHE TUITAaHUPOBAHUS U aHAJIN3a aCIIEKTOB IKOHOMUYECKOH J1eATEeIbHOCTU
pEruoHa M CTpaHsbl.

B yuebHO€ mocobue BKITI0YEHBI HEKOTOPBIK MPHUKIIAIHBIE MOIETH IKO-
HOMHYECKHX TMPOIECCOB — OTO MOJEIU TOBEICHUS MOTpeOuTeNnei
U TIPOU3BOIUTENICH, MOJICTTH B3aUMOACHCTBUS TIOTPEOUTENEH 1 IPOU3BOIH-
Tenei. MOXKHO MoKa3aTh, YTO MPH OMPENETICHHBIX YCIOBHSIX CYIIECTBYIOT
IIEHbl KOHKYPEHTHOTO PAaBHOBHCHS, MPU KOTOPBIX KaXAbId MOTPEOUTEND
MaKCUMU3UPYET CBOIO IMOJIE3HOCTh Habopa Onar, a KaxAbld MPOU3BOAM-
TeJb — CBOIO MpUOBUTL. Mojenu, conepxaiue auddepeHinanbHble ypas-
HEHUS, OMUCHIBAIOT IKOHOMHUYECKHE MPOLIECChI, KOTOPHIE Pa3BUBAIOTCS BO
BPEMEHU U TIOTOMY SIBJISIOTCS TUHAMUYECKMMU Tporeccamu. [[nHamuka
IKOHOMHMYECKOTO Pa3BUTHS Ha MaKpOypOBHE M3Yy4aeTCs B paMKaxX TEOpUi



pocta u 1ukioB. Teopust pocta ucciaenyer (HakTopbl U yCIOBUS YCTOWYH-
BOTO Pa3BUTHUS SKOHOMUKH. DKOHOMUYECKUI POCT MOKHO PacCMaTpUBaTh
KaK yBEIMYCHUE o0bema CO3/1aBa€MBIX HOJIe3HOCTEH
M, CJIEJJOBATEIbHO, KAaK IOBBIIICHHE >XU3HEHHOTO YPOBHS HACEJICHHUA.
B yuebHOM mocobun paccMaTpUBaIOTCS YKOHOMUKO-MAaTeMaTHYECKHE MO-
neny, oomue mpu oOy4eHUU CTYAECHTOB 10 HAIPaBJICHUIO « DKOHOMMKA.
YyebHoe mocodue coAepKUT TEOPETUUECKUEN MaTepuall, MPUMEPHI pele-
HUSl MPAKTUYECKUX 3aJaHUMl C HCIOJIb30BaHHMEM WH(GOPMAIMOHHON CH-
creMbl Excel u mepeyens 3amad st caMOCTOSTEILHOTO PEIICHUSI.



naBa 1. HekoTopble npuknagHble
MoAeriu 3KOHOMMYECKUX npoLeccos

TeopeTnueckor OCHOBOM MHOTMX MAaTEMATHUYECKUX MOJEJCU SBJISA-
I0TCS TIpEJIeNIbHBIE BEJIMYMHBI M UX COOTHOIIEHUs. [IpeaenbHas nim Mapxu-
HaJlbHas BEJIMYMHA OMNPEACIACTCS KaK MPOU3BOAHAS ISl HEMPEPHIBHOM

¢bynkiuu F (X) u o6o3nagaercss MF (X) = C(;—F . Ecmu dynkumst F (X) He sBis-
X

€TCsl HEMPEPBIBHOW, TO MO MapKHWHAJIbHOM BEIMYUMHOW ITOHUMAIOT OTHO-

AF
IICHHE TpHpanicHuss GyHKIUKA K npupaiieHuto aprymenta MF(X) =—.
Ecnmu paccmatpuBaTh (QyHKIHIO TMOJIE3HOCTH, TO €€ MPOU3BOJHAS OyIeT
HAa3bIBATHCA MPEACIBHOM MOJE3HOCThIO. B Teopuu npeaenbHo N0JIe3HOCTH
OCHOBHBIM BBIBOJIOM SIBJISIETCS YTBEPKIAECHHUE O TOM, YTO CTOUMOCTh MatTe-
pUaTBHBIX OJar ompenesaeTcsl UX NpeiesIbHOM MoJIe3HOCThI0. Teopus mpe-
JEIBLHOM MOJIE3HOCTH, 0ObEAMHEHHAsI C TEOpUEH TpeeIbHON MPOU3BOIU-
TEJIHLHOCTH (PAKTOPOB MPOU3BOJICTBA, TEOPHUEH CIpoca U MPEIAJIOKEHUS
OXBAaThIBACT BaXKHEHIINE MPOOIEMbl SJKOHOMUKHU. VX cHHTE3 ocylecTBs-
€TCA B paMKax MOJEJEH PaBHOBECHUS, B KOTOPBIX JIEJIAKOTCS MOIBITKU CBS-
3aTh BOSJUHO TEOPHIO MPOU3BOICTBA, 0OMEHA, pacipeiesieHus U moTpedie-
Hus. [lpenenbHbld  aHaIW3 BBICTYNAET TIPEXKAE BCETO KAK METOJ
SKOHOMMYECKOT0 aHAJIN3a B MPEANOJIOKEHUN 00 ONTUMAIILHOM XapaKTepe
MOBEACHUSI HUCCIEAYEMOM SKOHOMHMKH, €€ OTIEJIbHbIX IPOLECCOB
U sIBJICHUH. B 9KOHOMUKE MOHO YBHUJETh JOCTATOYHO OOIIMPHBIN HAOOD
MOJIEJIEW ONTUMAJIBbHOTO NoBeneHu. Hanpumep, B Mmoaenu noBeIeHus no-
TPEOUTENS MPEANOIAraeTcs, YT0 OH UIIET MAaKCUMYM IOJIE3HOCTH Habopa
omar. Mogenu ¢upmMbl OCHOBaHBI Ha MPEANOCHUIKE 00ECTICUCHUsS] MaKCH-
MyMa MpUObUTA TS IpeAnpruHUMaTens. Moaenu pblHKa — Ha TPEINOChUIKE
ONTUMAJIHBIX CTpaTeruil yuacCTHUKOB 0OMeHa. Mojienu o011ero paBHOBE-
CUS — HA MPEANOCHUIKE 1IEH ONTUMAaIbHOIO TiaHa. MoJiein BOCIIPOU3BO/I-
CTBa — Ha MPEANOCHUIKE ONTUMAJILHOrO pocta. [IpenenbHbie BEIMYUHBI
Y UX COOTHOIICHUS ABJISFOTCS UCXOAHON OCHOBOW aHajv3a PaBHOBECHS ISl
YCJIOBHM CBOOOJIHON KOHKYPEHIIMHM M PA3JIMYHBIX BHUJIOB MOHOMOMA. Oc-
HOBHBIE UJICU TEOPHH MPEACIbHON MOJE3HOCTH HAILIM HanboJee MOJTHOE
OTPaXKEHUE B MOJIEIU MTOBEICHUS TOTPEOUTENS U IPOU3BOAUTENS.



1.1. MopgenunpoBaHue noBeneHUs noTpedutens

@OyHKIUSA M0J1e3HOCTH U ee XapaKTePUCTHKH

Mopenb noBeaeHUsT MOTPEOUTENS 3aKIIOYAETCS B TOM, YTO KaxKIblii
NOTpeOUTENh, OCYIIECTBIISAS BEIOOP pa3IMUHBIX HA0OOPOB Oar, mpu 3a/1aH-
HBIX [IEHaX ¥ UMEIOIIEMCS JOXO0JI€ CTPEMUTCS MAaKCUMU3UPOBATH YPOBEHB
yAOBIIETBOPEHHUS CBOUX MOTPEOHOCTEH.

B Monenu paccmarpuBaeTcsi HHAWBUYyAIbHBIN ToTpedutens. [Ipemmo-
JlaraeTcsl, YT0 OH MOXKET MPEACTABIATH COOON ONMpPEIEICHHBIN THUIT COBOKYITI-
Horo notpeduTtenst. [lorpedburento npearaeTcss KOHEUHOE YUCIIO Pa3TUYHbIX
BUJIOB N Onar. JIro6oit HaOop Oyiar omuchIBaeTCsT N-MEPHBIM BEKTOPOM
X = (X, Xy,..., X,), 7€ X =0— KonmuecTBo i-ro 6yara, NPUOOPETEHHOTO TIO-
tpedutenem, 1 =1,2,...,n. CnocoOHOCTh Oiara yJI0BJICTBOPSATH Ty WM UHYIO
MOTPEOHOCTD MOTPEOUTEISI Ha3bIBAIOT MOJIC3HOCTRIO OJIara.

Cy11ecTBYIOT pa3IMyHbIE IOIX0/IbI K U3BMEPEHUIO TI0JIE3HOCTH Habopa
OJiar: KOJIMYECTBEHHBIM (KapJWHAIUCTCKUI); MOPSAKOBBINA (OPAMHAINACT-
ckuii). KonruecTBeHHBIN MOX0/] OCHOBAH HA MPEICTABICHUHN O BO3MOMKHO-
CTH U3MEPEHMS MOJIE3HOCTH Habopa Oiar B THIOTETUYECKUX €IUHUIAX —
rotuiax. [{opsakoBbIi NOIX01 K aHANU3Y MOJE3HOCTHU SBJsIETCA Hauboliee
pacmpoctpaneHHbIM. OT OTpeduTesns He TpedyeTcsi, YTOObl OH YMEN COU3-
MepsITh 0ylara B KaKMX-TO MCKYCCTBEHHBIX €IMHHULAX u3MmepeHus. [locra-
TOYHO, YTOOBI MOTPEOUTENH OBLIT CIOCOOEH YIIOPSIIOYNBATH BCE BOZMOKHBIC
HAOOPBI OJ1ar O CTENEeHH UX MPEANOYTEHHUs, T.€. pacnoiaraTh UX B MOPSIKE
BO3pACTaHUsl UX MOJIE3HOCTH.

CBoe OTHOULIEHUE K Pa3IMYHbIM Habopam Oyar moTpeOuTeNlb MOKET
BBIPA3UTh MPU MOMOIIM TaK HA3bIBAEMOT0 OMHAPHOTO OTHOLLIEHHUS CJIa00T0
NPEANOYTEHUsA. DTO OTHOLIEHUE OMPEIETICHO HA MHOXECTBE MOTPEOUTENb-
CKUX HaOOpOB, 3alMCHIBACTCA IIPU MOMOIIY 3HAKOB MPEAINOUTEHUS > UITH <
, ~. Uuraercs «IpeAnoyYTUTENbHEEY», «3KBUBAJICHTHO» U BhIpaXkaeTcs (op-
Mysoi X >y wim X <Y, X~Y. B Teopun norpediaeHuss OMHapHbIE OTHO-

HICHUST CJIAa00TO TPEANOYTCHHS YAOBICTBOPSIOT BaXKHBIM IPEIOJIONKE-
HUSIM, KOTOPBIE€ HA3bIBAIOTCS aKCHOMaMHU.

B Mozgenu motpeOutensb, ynopsaounBas CBO€ OTHOLICHHE K pa3jivy-
HBIM HabopaM OJ1ar, pyKOBOJCTBYETCS CIETYIOIIMMH aKCUOMAMH:

a) HeHachbImaemMocThlo. bonpimuii Habop Bcerna MpPeANOYUTAETCS
MeHbIeMy Habopy. Ecmm X = (X, X,,....X,) > Y =(Y;, Y5, Y,), TO X =Y.
Ecnu x mr06omy HaGopy 6sar 1006aBUTh JOMOTHUTENbHYIO €AUHHILY, TO TO-
JTy4YeHHBIA HAOOp BCera mMpearnovYTUTEIbHEE MPEKHETO;



0) coBeplIeHHOCTHIO. B oTHOIIEHUH NBYX HAOOPOB X M Y MOTpeOu-

T€JIb MOKET OJTHO3HAYHO OINPEACIIUTh, KaKOW U3 3TUX HA0OPOB OH MPE.IIO-
YUTAET, WJIM OHHU JJIsl HETrO PaBHO3HAYHBI (SKBUBAJIEHTHBI). COBEPIICHHOCTD
OTHOIIIEHUSI 03HAYAET, YTO JJISI JIIOOBIX JBYX HAOOPOB 0053aTEIHLHO UMEET
MecTo cooTHomeHne X >y, X<y wimm X~y . DTo, B CBOIO O4YEpE.b,

O3HA4YaeT, YTO HE CYLIECTBYET TaKWX HAOOPOB, KOTOPBIC MOTPEOUTENHh HE
MOT OBbI CPaBHUTH C IPYTHMU;
B) TPAH3UTUBHOCTHIO. /{7151 Tpex HabopoB X,Y,Z cienyer 4To, eCiH

X>y,ay>Z,10 X >7Z.32TaakcuoMa OTpakacT COBMECTUMOCTb (HEIpo-

TUBOPEUYMBOCTH) OLICHOK MOTPEOUTENEH;

r) pediexcuBHocThI0. [loTpebutens Bcerma BeIOMpaeT Hambomee
MPEANOYTUTEIBHBIN HAOOp M3 CYIIECTBYIOIIUX, KOTOPBIM OOecrednBaeT
eMy OOJIBIIIYIO TMOJE3HOCTh WU OOJIBIINN yPOBEHb YIOBJICTBOPEHHS TO-
TPEOHOCTEHN.

[Tocne ymopsimodenust HaOopa Ojar Mo CTENEHW WX MPEANOYTCHHS
CTpouTcs (PYHKITUS TPEAMOYTEHUI WM (PYHKITHS TTOPSIAKOBOM MOJIE3HOCTH.
OyHKIYS TOJE3HOCTH HE SIBISIETCS M3MEPUTEIEM KAKOW-TO KOHKPETHOM
«TIOJIE3HOCTUY», OHA JIUIIbL AT MPEJICTABICHUE O PAaH)XHUPOBAHUH PA3JIHU-
HBIX Ha0OpoOB OJar, moueMy U Ha3bIBaeTCsl (PYHKIMEH MOPSIAKOBOM MOJIE3-
HocTH. DyHKIMA mone3Hoctn U =U(X,X,,...,X ) — 3TO CKajsgpHas BeI-

YUHA, OMpEACIICHHAas Ha MHOXECTBE MOTPEeOUTEIhCKUX HAOOpOB Onar u
SBIISTFOIIASICA MHAUKATOPOM MPEANIOYTEHUSI, TOCKOIBKY 00JaIaeT Claeayro-
UM CBOHCTBOM: X ~Y Torja u Tojbko Toraa, koraa U(x) >u(y).

Takum 00pa3om, B TEOpUHU MOPAIKOBOW MOJIE3HOCTH MOHSATHE T0JIE3-
HOCTH HaOopa Oyiar o3Ha4YaeT He OoJiee YeM MOPsIIOK MPeANouTeHUs Habopa
Onar, a HTHANKATOPOM TPEeANnoYTeHus sBisieTcs GyHKuus moie3noctu. [o-
ATOMY MOJIENb TOBEACHUS TOTPEOUTEISI MOKHO CPOPMYITHUPOBATH CIIECTYIO-
MM 00pa3oM: MOTPEOUTENb, MPU 33aJaHHBIX IIEHAX U UMEIOMIEMCS JOXOC
CTPEMHTCS MAKCUMHU3HPOBATh CBOIO (DYHKIIHIO TTOJIE3HOCTH.

DYHKIMS TIOJIC3HOCTH, YIIOPSI0OYUBAOIIAst HAOOPHI OJIar 1o CTETIeH! UX
NPEINOYTCHHSI, HE SBJISCTCS OJHO3HAYHOW. Kaknmplii MmoTpeOuTens uMmeer
CBOIO (DYHKIIHMIO TIOJIe3HOCTH. Yarme Bcero oHa paccMaTpuBaeTCss Kak MOHO-
TOHHO BO3pacTaromias, ABaXabl auddepeHnupyemas (QyHKIUA, OnpeaeineH-
Hasi HA MHOXECTBE MOTPEOUTENHCKUX HAOOpOB. B 3KOHOMUYECKOM aHam3e
9acTO WCIOJIB3YIOTCS HEKOTOPhIE KOHKPETHBIE BHUIBI (DYHKITUH IMOJIC3HOCTH
(Tabm. 1.1), mpudem noaoop Buaa GyHKIIMN U OLIEHKA YUCIIOBBIX 3HAYCHMIM T1a-
paMeTpoB MPOU3BOAUTCS HAa OCHOBE HAOIIOJACHUN M aHAINM3a TIOBEICHUS I10-
TpeOUTENIeH 1 TSHICHITNH TTOKYIIAaTEIbCKOTO CITPOCa B 3aBUCHMOCTH OT YPOBHS
omarococrostaus. ['eoMeTpraeckumM 00pa3oM GyHKIIHH TTOJIC3HOCTH SBJISETCS



THIIEPTIOBEPXHOCTH B (N +1)-MepHOM MPOCTPAHCTBE, T1ie N U3MEPEHHA 00-
paszytor Oxara, (N+1) u3mMepeHue xapakTepu3yeT BBICOTY YPOBHSI IICJIEBOI
(YHKIIMU TOJIE3HOCTH, KOTOpas COOTBETCTBYET OIPENEICHHOMY Habopy
oxar (1moJie3HOCTh Habopa OJiar Mpu MOTPEOICHUN).

Tabnuya 1.1
Buabl pyHKIUA 10J1€3HOCTH
Bun pynxuun DYHKIMA M0J1e3HOCTH Orpanuyenust
MOJIE3HOCTH

n a, >0

v\ _ J ]

Jlorapudmmdeckas u(x) = Za j Inx j .

j=1 X;>0,]=1.,n

- L a O<a <1, x >0,
MybTUITMKATUBHAS u (X) = aH X]-Z‘ _ ] J
j=1 j=1.,n; a>0

n ) . ) >0
o 5 a J>O, X; 20,
AnnutuBHasg U(X) _Zajxjj ]
= O<,Bj<1; J=1.,n
n
n
u(x)=>ax; + a; +;bijxj >0
j=1
KBanpatnunas N Jn j=1.ni=1..n
1 b tRRLRY | yrrey il
+EZZ ij Xin B:(bij)—OTpI/II_IaTeHLHO
i=l j=1

olpeziesieHHasl MaTpula

IIpeneabHblil aHAJIU3 PYHKIMH IMOJIE3HOCTH

Onpeoenenue. lpenenbHas MoJIE3HOCTh OJ1ara — 3TO MPUPOCT MOJIE3HO-
cTi Habopa OJiar Mpu U3MEHEHUH 00beMa JAaHHOTO OJiara Ha OJJHY €MHUILY.

Tak kak mosie3HOCTh HaboOpa Oyiar 03HAYaeT MOPAIOK MPEANOUTECHHUS
HaOopa OJar, a UHIUKATOPOM MPEANOUYTEHUS ABJISIETCS (PYHKIMSA MOJIE3HO-
CTH, TO MOXXHO TOBOPHTH HE O MPHUPOCTE TOJIE3HOCTH Habopa Odar,
a 0 IpupocTe QYHKIMH MOJIC3HOCTH | MOJI MPECIBHOM MOJIE3HOCTHIO 1 -T0
Ojara MOXKHO pacCMaTpUBaTh YaCTHbBIE MPOU3BOAHBIC MEPBOrO MOPSIKA
(GyHKIMH MOJE3HOCTH.

ou
Onpeodenenue. YacTHbIE MPOU3BOIHBIC MIEPBOTO MoOpsinka — (yHK-
X
I
MU TOJIE3HOCTH U =U(X, X,, ..., X,) Ha3bIBAIOT NMPEACTbHON MOIE3HOCTHIO

| -To Gyiara u 0o603HavaroT cumBosioM M.U,i=12,...,n. [IpenenpHas moes-
HOCTP |-T0 OJlara mokasbpIBacT, Ha CKOJBKO €IUHUIl YBEIHUUTCSA (YHKIIHS



TIOJIC3HOCTH, €CJIM KOJMYECTBO MOTPeOIsieMOoro 1-ro Oyiara U3BMEHHUTCS Ha
CIMHUIY («MATYIO0 CIUHUILYY).

DJIACTHYHOCTH (PYHKIMH MOJE3HOCTH

Onpeodenenue. Ilycte nana ¢ynkius nonesHoctu U(X). Eciou cymie-
CTBYET MpEJe] OTHOIICHHS OTHOCUTEIBHOIO MpupameHuss GpyHKuuu (mo-

Au AX
JIE3HOCTH) — K OTHOCHUTEIIFHOMY IpHUpAIICHUI0 aprymeHTa (Oiara) —,
u

korga AX — 0, TO ero Ha3bIBAIOT 3JIACTUYHOCTHIO (PYHKIIMU TMOJIE3HOCTH
B TOUKe X W obozHauaroT E, (U), T.e.

E_(u) = lim (ﬂ ﬂj_l (X A“j_f im2Y _X U X My e
A0\ U X -0\ U AX u »>0AX U dX u

Mu — npenenbHasi HOJIE3HOCTD Oyiara X . NMacTUYHOCTh (PYHKIIMU TOJIE3HOCTH B

TOYKE X MPHUOIU3UTENBHO MMOKA3bIBAET, HA CKOJIBKO IMPOLIEHTOB YBEITUUUTCS

(YHKLIMS TOJE3HOCTH , [TPU U3MEHEHUHU KoJimuecTBa Osiara Ha 1%.
3ameuanue. MOXXHO TIOKa3aTh, YTO 3JACTUYHOCTH (DYHKIIMU paBHA OT-

HOIIEHUIO IPEAECIbHON U CpelHen BEJINYUHDI;
X du 1 Mu

E,(U)=—-—=—M,u=——,rae AU — cpeaHss BeINYNHA.
u dx u/x Au

Onpeoenenue. Ilyctp nana QyHkius nonesHocta U(X;,X,). B atom
cmy4ae U(X;,X,) IMeeT YacTHBIC DIAaCTUYHOCTHA OTHOCUTENBHO | -T0 Omara (

X ou _ X
1=1,2) E, =—-— =—-M,U, KOTOpbIE TIOKa3bIBAIOT, HA CKOJILKO MPOIICH-

u 8xi u
TOB YBEIUYHUTCS (DYHKIIMS ITOJIE3HOCTH IIPH U3MEHEHHH | -ro Oyiara Ha 1% u

HEM3MEHHOM MOTPEOICHUH APyTroro Ojara.

CroiicTBa QyHKUIMH MOJE3HOCTH

PaccmoTpuM QyHKIIMIO MOJIE3HOCTH JABYX MEPEMEHHBIX U =U (Xl, X, )

bynem npeamonaraTh, 4TO OHA MOHOTOHHO BO3pacTarolas, JBAXKIbI 1ud-
dbepeHIpyeMa U CTPOro BOTHYTa, OMpE/esieHa Ha MHOXECTBE MOTpeOu-
TEIbCKUX HAaOOPOB.

Chopmynupyem cBoiicTBa GyHKITUHU MTOJIE3HOCTH.

e C poctom moTpebsieHHs] OJHOTO W3 OJiar M MPU MOCTOSHHOM TIO-
TpebieHuu aApyroro Ojara GyHKIUsS T0JIe3HOCTU pacTeT. [IpeaenbHbie 1mo-
Je3HOCTH Onar Bcerja MoJIoKUTeNnbHel M.u >0,i=12. DT1o cienyer us

MPEANOIOKECHHS, YTO (PYHKIUS TOJE3HOCTH SIBISETCS BO3PACTAIOIICH IO

10



TH000MY €€ apTyMEHTY M €€ YacTHBIE TPOW3BOIHbBIC, OMPEEIIAIONIe Ipe-
JEJIBHYIO MOJIE3HOCTH OJ1ar, O0JbIIe HYIIS.
e HeOonpmioit nmpupocT Onara mpu €ro MepBOHAYATBLHOM OTCYT-

. Au
CTBUH PE3KO YBEJIUYHMBACT MOJIE3HOCTh lim — =0,
Ax;—0 Axi

e [lpenenbHas none3HocTh Kaxkaoro Onara M U ymeHbpliaercs, eciu

pacter 0o0beM €ro MoTpedieHusl. ITO 3HAUUT, YTO KaxKJasi TOMOJHUTEIbHAsS
CIMHMIIA | -T0 OJ1ara yBEJIMYMBAET MOJIE3HOCTh HaOOpa OJ1ar Ha MEHbIIIYIO Be-
JMYUHY, YeM MPEAbIIYIas, T.C. KaKaas JOMOJHUTEIbHAS €MHUIIA IPHOOpe-
TEHHOTO OJiara ucHojib3yercs MeHee 3(PdexTtuBHO. JlpyrmMu clioBaMu,
C pOCTOM MOTpeOICHHS | -T0 OJ1ara poCT (BPYHKIIMU TOJIE3HOCTH 3aME ISICTCS.
B sToM citydae BTOphIe TIPOM3BOAHBIE (DYHKIMH TTOJIE3HOCTH OTPHUIATEIILHBI
ou . .

W <0,1=1,2. 310 CBOMCTBO Ha3bIBAIOT MEPBLIM 3aKOHOM ['0CcCceHa uiu 3a-

1
KOHOM yOBIBAFOIICH MpeIeTbHOMN TTOJIE3HOCTH.
3ameuanue. BerpeuaroTcsi ciiydaw, KOTJa MpejesbHas MOJIE3HOCTh
Onara cHavaJia yBeTUYUBACTCA, JOCTUTasi MAKCUMYMa, a JIUIIbh 3aTeM Hauu-
HAET CHUXKAThCA. Takasi 3aBUCMMOCTD XapaKTepHa sl HEOOJIbIINUX MOPIIHIA
JEJTUMBIX OJar.
e [Ipu ouens 6osbIOM OOBEME OJiara ero JanbHEHIIee yBeInueHNE

. Au
HC IIPUBOJUT K YBCIIMUCHHUIO ITOJIC3HOCTHU lim —=0.

AX;—0 Axi
e [lpenenbHas MOJE3HOCTh KAXKIOrO OJyiara yBEIMYHUBACTCS, €CIIH
pacteTr 00beM TOTpeOIIeHUs Apyroro Omara. 3aech 0J1aro, KOJIUYECTBO KO-
TOPOro (PMKCHUPOBAHO, OKA3BIBACTCS OTHOCUTEIBHO Je(PUITUTHBIM, IIOITOMY
JTOTIOJTHUTEIbHAS €r0 eIMHAIIA PHOoOpeTaeT OOJIBIIYIO IIEHHOCTD M UCIIOJb-

3yercs 6omee 3pdexTrBHO. B 3TOM ciiydae cMemnaHHbIe MPONU3BOIHBIE BTO-
2

poro nopsiaka GyHKIIUN MOJAE3HOCTH MOJIOKUATETbHB ——— > 0,
OX;0X;
3ameuanue. JlaHHO€ CBOMCTBO CIIPaBEIJIMBO JUIIb JJIs1 OJiar, He SBJIs-
IOIHUXCS TIOJTHOCTHIO 3aMellaeMbIMHU B TTOTpeOiacHuU. JInHeHas QyHKImusa
MIOJIC3HOCTH HE YJIOBIICTBOPSICT TPETHEMY U IISATOMY CBOMCTBaM.
e OTHomICHUE PEACIBHBIX MOJIE3HOCTEH OJIar K uX IieHaM eCTh Be-

JJMYKMHa IIOCTOsAHHAs, XapCKTCPpU3yromasa IPCAC/IIbHYIO ITIOJIC3HOCTb ACHCI
Mu M,u

Py P,

HEr. DTO 3HAYUT, 4YTO IIOJIC3HOCTh, U3BJICKaeMas M3 IOCJICIHEH JICHEKHOU

=A,rne p,, P, — ueHsl 651ar, A— npeaenbHast MOJIE3HOCTD Je-
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€MHUIBI, TOTPAYEHHON Ha MOKYIIKY KaKoro-immbo Oriara, OIMHAKOBA U HE
3aBUCHUT OT TOT'0, Ha KaKoe 0Jlaro OHa U3pacxo/i0BaHa. ITO CBOMCTBO Ha3bl-
BAIOT BTOPBIM 3aKOHOM ['occena.

3ameuanue. Bropoii 3akoH ['occeHa BBIMOMHSETCS, KOTAA MOTPEOUTEINH
JOCTUHAET MAaKMMyMa YI0BJIETBOPEHHS CBOMX MOTPEOHOCTEN MIIM MaKCUMyMa
cBoel (DYHKIIMHU TOJIE3HOCTH, T.€. €CIIHM MOTPEOUTEINb PacIIpeIeIuT CBOU CPe/I-

CTBa Ha IOKYIIKy OJlar TakuM oOOpa3oM, YTO BBIIOJHSETCS PABEHCTBO
Mu  M,u

Py P,

= /A, TO OH JOCTUraeT MakCUMyMa (PyHKIIUH MTOJIE3HOCTH.

I'paduueckuii aHa M3 QYHKIUHU MOJE3HOCTH
PaccMOTpHM (YHKIIMIO OJNE3HOCTH ABYX HEPEMEHHBIX U =U(X,X, ).

Onpedenenue. JInrueit ypoHs GyHKIHE U =U(X,, X, ) HA3bIBAIOT I'€0-

METPUYECKOE MECTO TOUYCK IUIOCKOCTH, B KOTOPBIX (DYHKIMS NMPUHHMAET
OZTHO U TO K€ ITOCTOSIHHOE 3Ha4eHHe, paBHoe U, T.e. U(X,, X,) =U.,.

JIs IOCTpOeHUs TMHUU YpoBHS rpaduk GyHKIuH U(X,, X,) = X7 - X/
nepeceyeM IIOCKOCThI0 P, mapamensHoii miockoct X, 0X, Ha BbIcOTE U,

. B pe3ynbrare nepecedeHus: MOIyYUM IUIOCKYIO TOPU3OHTAIBHYIO JIMHUIO
L., KoTopas kak Obl «3aBHCaeT» Haj IUIOCKOCTbio X, 0X, Ha BeIcOoTE U, .

[IpoexTupyst muHMio L, Ha maockocts X, 0X,, momy4dnm nuHUI0 ypoBHS |,

npencraBieHnyo Ha puc. 1.1. ITockonbky U, MOXET IPHHUMATH pa3NIHbIC
3HaueHus1, To pyHKUs U(X,X,) = X - X, umeer MHoro nunuii yposHs. Co-
BOKYITHOCTB BCEX JINHHIT ypoBHs yHKIMH U(X,,X, ) Ha3BIBAIOT KApTOH Jn-

HUU ypoBHs. 110 KapTe TMHUN YPOBHS MOKHO IOJYYUTh JOBOJBHO TOYHOE
IpeACTaBJIeHUE O XapakTepe rpaduka GyHKIHH,

Kpusbie 0e3pasiiuuus

Jlist QyHKIIMY TI0JIE3HOCTH JTUHUW YPOBHS HA3bIBAIOT KPUBBIMH (WU
JMHUSMHA) O€3pazInyusl.

Onpeoenenue. KpuBas 0e3pa3andus MPpeCTaBISICT COO0OM reoMeTpH-
YECKOE MECTO TOYEK TUIOCKOCTH, KaXKaas U3 KOTOPHIX MPEIACTaBIIsAET COOOM
TaKyl0 KOMOHWHaIMIO HAaOOpOB Ojar, mpu KOTOPOMl (YHKIUS IMOJE3HOCTH
IPUHUMAET OJIHO M TO K€ 3HaUCHHE, U MOTPEOUTENI0 O0e3pa3InaHO, KaKou
13 HaOOPOB OJiar BEIOUPATH.

C moMoIIbI0 KPUBBIX 0€3pa3Inurs paHKUPYETCS MOPSAKOBAS T0JIE3-
HOCTh KOMOwWHanuii Onar. OHM yKa3bIBalOT, YTO BEIMYHMHA TMOJE3HOCTU
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Habopa OJiar BO3pacTaeT npu Mepexo/ie OT MEHEE MPEAINOUYTUTENIbHBIX Ha0o-
poB K Oojiee MpeanouTUTENbHBIM. TakuM 00pa3oM, KpUBbIe Oe3pa3inuuus
SBIISIIOTCS TpaduuecKuM IpeicTaBieHrneM GpyHKmuu nojie3HocTu. KpuByto
Oe3paznmuuusi MOXKHO  paccMaTpuBaTh Kak  (YHKIHIO, 3aJaHHYIO
B HESIBHOM BHJE U(X,,X,) =U MK KaK (YHKIUIO, 3aJaHHYIO B IBHOM BHUJIE

X, =T(x).

Buabl KpuBbIX 0e3pa3inyuns

Bupl kprBbIX 0€3pa3inurs U MX HAKJIOH B IAHHOW TOUKE OIPEIEIISTIOTCS
NOTPEOUTENBCKUMHU MPEATIOYTEHUSIMHU, T.€. BUJOM (DYHKIIMU TIOJIE3HOCTH.

a) KpuBbie 6e3paznuyus TMHEHHOTO BUA.

OyHKIUS TOJE3HOCTH SBISAETCS JUHEHHON (aAIUTUBHON) DYHKITHEH
C TIOJTHBIM B3auMo3aMeInienuem omar u(X,, X,) = ax, +bx,, rane a u b —napa-

METpBbI, IPEACTABISAIONIME COOOM MPOMOPIIUK, B KOTOPHIX OJHO OJjlaro mMo-
XKeT ObITh 3aMEHEHO ApYruM. B aToM ciydae Ojara Ha3bpIBalOT COBEPIIICH-
HBIMU 3aMEHUTENIAMHU. YPaBHEHHUS KPUBBIX O€3pa3iuuus IJsl JIMHEHHOM

(b _ u, — axl 6
YHKIIMH TOJIE3HOCTH UMEIOT BUJ X, = —5 I'paduku KpuBBIX Oe3pas-

JVYHS IMHEWHOTO BUJA TIPEICTABICHBI Ha puC. 1.2,

©O P N W A U1 O N O ©
[
1
]
]
]
]
]
]
]
]
1
'
[
]
|
|
|
x
N
I
IS
1

Puc. 1.2. JIuneiinble KpuBble O€3pa3nnyus

0) KpuBbie 0e3pa3nnuns HEOKIACCUUECKOTO BUA.

OYHKIUS TOJE3HOCTH SBISETCS HEOKJIACCUYECKOW (MYJIbTHUILIHKA-
TUBHOHM) QyHKIMEH Buaa U(X,X,) = Axf‘xf , e 0<a<1,0< <1, A>0.
JlaHHast (yHKITUS OMHCHIBACT MPEATNOYTCHHS MOTPEOMTENS, KOT/Aa BaXKHO
BKJIFOUMTH B HA0OP KaKO€-TO KOJUYECTBO €AMHUIL Kax0ro Oara. [Ipu aTom
yBEJIMYEHHUE MOTPEOICHUS OJHOTO Oylara KOMIEHCUPYETCS 3a CUET YMEHb-
neHus notpedieHus: Apyroro Ojara. biara B 3ToM ciiyuae Ha3bIBarOTCS
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OJIN3KUMH 3aMEHUTEISIMU. Y PaBHEHUsI KPUBBIX O€3pa3inuus JJi1 HEOKjIac-
up

. I'paduxu a3Tux

CUUYECKOM (PYHKIIMHU ITOJIE3HOCTH UMEEIOT BUL X, =

a

KPUBBIX Oe3pa3ianyus MpeacTaBieHbl Ha puc. 1.3.

14
12 \
10

A \ ----- X2 = 4/x1
\ - — -X2=8/X1

X2=12/X1

Puc. 1.3. KpuBble 6e3pa3inyusi HEOKJIACCHICCKOTO BHIA

B) Kpusbie Oe3paznuuus aisa GyHKIUHU MOJE3HOCTH ¢ (GUKCUPOBaH-
HBIMU TIPOTIOPIUSMHU.

10
9 .- ¢
8 . "”‘— —~‘\ \.
7 t 7 NN
6 R I’ 47_ﬁ 3 L N — - « «pag1, uc=45
5 { ¢ 'y
A ) \ / y B =
: === pag 2, uc=52
4 \ .
3 N 2 /1 PAA 3, uc=60
2 R “’/. -
1 ‘-, o«
0 T T T I : ‘
0 2 4 6 8 10 12

Puc. 1.7. 3aMKkHYyTBIE KpUBbIE O€3pa3nuuus

Ipumep 1. Paccmorpum dyrkimio nonesHoctu U(X, X,) =Inx +InX,
npu OroJKETHOM orpanuueHun P X + P,X, = |. Haiizem npenenpnyto nosnes-

HOCTB JICHET U Habop OJar, mpu KOTOpoM (YHKIIUS IMOJIE3HOCTH MaKCUMAaJIbHA.
Pemenue. CocraBum ynkiuto Jlarpanxka

L(x,X,,A) =Inx +InX, —A(p,X + p,X, — ) = max.
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Ipumep 2. PaccmotpuM dyHKuuto nonessocta U(X,, X,) = min {)(1, 2X2} :

TpeOyercs HaliTh py 3aJaHHBIX LIeHaX [, P, ¥ 1oxoae!| (yHKIUU ONTHMAJIb-
HOT'0 crpoca.

Pemenne. Oynkumuau(X,X,) =min{x,2X,} osHauaer, 4T0 WIIMUIKK
IIEPBOTO WJIM BTOPOT'O TOBAPA CBEPX OTHOLIEHUSA 2:1 HE IPUHOCHT MOJIB3bI IIOTPE-
ourento. OH noay4aeT OOJbIIYIO MMOJIb3Y TOJBKO MPU YBEIMYEHUU OOOUX TOBA-

POB B mpenenax coxpanenus nponopuuu 2:1. ToBapsl ¢ Takol GyHKIMEH mose3-
HOCTH Ha3bIBAIOTCS B3aUMOJIONIOTHSIEMbIMU. Pellienue qaHHoi 3a1a4u COCTOUT B

X, = 2X,,
PELICHUH CHCTEMBI ? Hoxcrasnsst X, =2X, B OHOKETHOE
pX + P,X, =1I.
orpammtenne X + P,X, =1 noayurM (YHKIMH ONTHMAIBHOIO CIIPOCa
o2l
i — 2 = .
2p, + P, 2p, + P,

3agauum Ana camocTosTesibHOro peweHus K 1.1-1.2

1. @yHkums copoca Ha TOBap OIPENEIAETCS JIMHEHHBIM ypaBHEHHEM
D(p) =240—3p. Tpebyercs HaiiTu:

a)  ypaBHEHHE 3aBHCUMOCTU MEXIY M3MEHEHHUEM BLIPYUKU M IEHOM TOBapa,
SIACTUYHOCTL BBIPYYKH M CIIPOCA. BBIICHUTH, KaK MEHSIOTCS BHEIPYYKA U
CIIPOC IIPU PA3IUYHBIX 3HAYEHUAX LIEHEI;

0)  BBISCHHUTbH, KAK MEHSIOTCS BBIPYYKa U CIIPOC NPH PA3IUUYHBIX 3HAUCHUAX
uensl P, =20, p, =40, p, =60, p, =80 u caenars BEIBOIBI.

2.  Peunoe mapoxoJcTBO paccMaTpuBaeT BOIPOC 00 OpraHU3aIluu 0030PHBIX
SKCKypCHii 110 peke B Oyauue quu. CIpoc HaceJdeHus Ha TaKue DKCKYPCHH
onuceiBaercs ypasuenueM D(p) =240—3p (skckypcanToB B aeHb). Ila-

POXOJICTBO MOXKET BbIAEIUTh KaTep Ha 60 niu 100 nocamouHbIx MeCT ¢
Pa3HBIMU IKCITyaTallMOHHBIMU pacxojamu. Kakas 1eHa Ha SKCKYpCHIO
MaKCUMH3HUPYET BBIPYUKY napoxoactBa? Kakoil BMECTUMOCTH KaTep Npu
ATOM CJEAYET 3aJIelCTBOBATH?

3.  @ymukiwus crpoca Ha toBap umeer Bug D(P) =500—-0,25p, e p uena

ToBapa. Ilpu kakoi neHe oObeM BBIPYUKH OYIET 3aBHCETh OT LIEHOBOM
cTpareruu GupMsbI?

4.  Tlpu noxome | =800x.e. B Mecsi motpebnsercst 2000 exuuuil ToBapa. Jia-
ctaHOCTH crpoca 1o poxoxay. E, (D) =0,3. Ckomnbko enunmui ToBapa Oy-

JET TOTPEOIIATHCS, €CIIM JT0X01 Bo3pacTeT Ha 4%?
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Ilena wa TOBap cHu3zmimack Ha 15%, a o0bem cmpoca BBIPOC Ha
200 en. HalimuTe 1yroByIO 3JIaCTUYHOCTB CPOCA U BBIpYUKU. Onipenenure
KaK U3MEHSIETCS BBIpyUYKa U ClIeTIaliTe BBIBOJIBI.

Ha uBerounom peirke 1o mnexe P =60 m.e. 3a mtyky npogaercs D =600

IBO3JIMK B JIeHb. [Ipy 3TOM 37aCTUYHOCTS cripoca 1o 1ieHe paBHa (-3). Kak
M3MEHUTCS IIeHA Ha TBO3JUKH, €CIU CIPOC Ha HUX yBenmmuutcs Ha 20%?
(Onpenenute HOBYIO IIEHY YEpe3 AYTOBYIO M TOYEUHYIO SJIACTUYHOCTH).

2
OyHKIMA CIIPOCa HA TOBAP ONMUCHIBACTCS YPABHEHUEM D( p) = D0 -e‘2'° ,
rae P —1ueHa ToBapa, D0 =const. [Ipu xakoi Lene cpoc 6yzLeT 3J1aCTUY-
HBIM?
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maBa 2. Mogenun aKOHOMMUYEeCKMUX NPOoLLeCcCCoB,
coaepxawume andpdepeHumarnbHble ypaBHEeHUNA

Huddepennnanbapie ypaBHEHUS! HAXOIAT JOCTATOYHO HIUPOKOE MPH-
MEHEHHUE B MOJENISIX SKOHOMUYECKOW TUHAMUKH, B KOTOPBIX OTPAXaeTcs HE
TOJBKO 3aBUCUMOCTb IIEPEMEHHBIX OT BPEMEHHU, HO M UX B3aWMOCBS3b BO
BpeMeHU. Mojenu, 6azupytromuecs Ha Iud@pepeHuanbHbIX YpaBHEHUSIX,
MOTYT OBITh MOJEISIMU POCTA C HENIPEPBIBHBIM BPEMEHEM, KOTOPbIE OPUEH-
TUPOBAHBI HA POTHO3 BEPOSTHBIX TEHACHIINI U3MEHEHHUS peAIbHBIX SKOHO-
MHYECKHUX MPOLECCOB U cUCcTeEM. Moaenn paBHOBECHOIO pOCTa IpeaHa3HA-
YEHBI JJIs1 U3YUYEHHUS] CBOWCTB PABHOBECHBIX TPAEKTOPUN (MX YCTOMYUBOCTH
VI HEyCTOMYMBOCTH), a TaKXKe IS ONPEIEIICHUS YCIOBHI, BO3BPAILAO-
IIMX SKOHOMHYECKYI0 CUCTEMY Ha PABHOBECHYIO TPACKTOPHIO B CIIy4ae OT-
KJIoHeHUs. Heoknaccuueckne Moies pocTa UCIOIb3YOTCS I U3YUEHUS
TPEHAOBBIX TPACKTOPHUI MPHU CTALIMOHAPHOM PEKUME PA3BUTHS, IIPEAIOa-
raroieM, YT0 MaKpOIKOHOMHUYECKOE CTATUYECKOE PABHOBECUE B YCIIOBUAX
COBEPILIEHHONW KOHKYPEHIIMM M IpPOIeccCe PocTa Kak Obl BOCIPOU3BOJIUT
camo ceosl.

2.1. Mogenb ecTeCTBEHHOro pocTta € NOCTOAHHbLIMU
Temnamu (6e3 orpaHM4YeHUn pocTa)

[Tycts y(t) — 0ObeM MPOAYKIIMU B MOMEHT BpeMeHu t (mpou3Be/ieH-
HOW, peaJlM30BaHHOM K MOMEHTY BpeMeHH 1 ).

bynem npennonaraTe, 4TO IMEET MECTO AKCMOMA O HEHACHIIIIAEMOCTH
noTpedurens (pbIHKA), TO €CTh BCSl MPOU3BOAUMAs IPOAYKIMS OyAET Mpo-
JlaHa, a TakKe 00beM MPOJaX HE SBISIETCS CTOJb BBICOKHUM, YTOOBI CyIle-
CTBEHHO TOBJIMSTH HA LIEHYy TOBapa [, KOTOPYIO BBUAY ITOr0 OyAeM CUu-
TaTh (PUKCUPOBAHHOM.

W3BecTHO, 4TO yBenmueHHe o0beMa BhITyckaemoi mpomykmuu Y(t)
CBSI3aHO C YUCTHIMH WHBECTHUIIMSIMH — 3TO WHBECTHUIINHU, HAIIPABJICHHBIC Ha
pacimpenue npousBojactea. O0o03naunM ux yepe3 | (t). YUucrbie nuBecTu-
IIUU — 3TO PA3HOCTh MEXIY OOIIMM O0BEMOM MHBECTUIIMN M aMOPTHU3ALIH-
OHHBIMH 3aTpaTaMu. UTOOBI yBETUYUTH 00BEM BBITYCKAEMOW MPOIYKIIUN
He00X0auMO, 4TOObI 4HuCThle HHBecTuIMU |(t) ObuM OoJblle HYIIS.

B ciyuae, xorma |(t) =0, oOmiue MHBECTHIIMN TOJIBKO JIHIIb MOKPHIBAIOT
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3aTparsl HA AaMOPTU3ALMIO U YPOBEHB BBIITYCKA MPOIYKIIUU OCTAETCS HEU3-
MeHHbIM. Ciydait | (t) <O mpuBOAMT K YMEHBIICHHIO OCHOBHBIX (DOHJIOB H,
KaK CJIEJICTBUE, K YMEHBIIICHNUIO YPOBHS BBIITyCKa MPOAYKIHMH. Takum oOpa-
30M, B MOJIEJIM €ECTECTBEHHOI'O POCTA ITOJIArat0T, YTO CKOPOCTH BBIITYCKa MPO-
ITYKIIMH TIPOTIOPITMOHAIbHA BenmunHe nHBectunnii | (t), To ectb

y'(t)=1-1(t)) nm % =1-1(), (2.1)
dt
rae | — Hopma akcenepanum.
[Tonaras, yro BenmuunHa uHBectuimit | (t) cocraBmser gpukcupoBaH-
HYIO 4acTh J1oxoja, mouyuum | (t)=m- p-y(t), rae m— xoaddurmeHT mpo-
IIOPLIMOHAIILHOCTH, HAa3bIBAEMBIN HOPMOU YHUCTBHIX UHBECTULIMI. HOopMa uH-
Bectuimid 0 <m<1 sBisieTcsl MOCTOSHHOM BEJIMYMHON U COCTAaBISET Ty
4acTh 10X0J1a, KOTOpask TPATUTCS HA YUCThIC NHBECTULINH.
[ToxcraBinss mociennee Beipaxkenue | (t) B ypaBuenue (2.1), moayuum

mupdepeHaIbHOEe  YpaBHEHHE C  Pa3ACiIAIONIMMUCA TEPEMEHHBIMU
yt)=l-m-p-y{t)mwm y'(t)=k-y(t), rne k=p-l-m, koropoe umeer 06-

mee pemenne Y(t) =c-e".

Ecnu 3ananbl HavanbHbIe yenosus Y(t,) = Y,, TO 4acTHOE pemeHue 0y-

K(t— .
(o) rpaduK KOTOPOU MpeacTaB-

AeT npeacrasieHo ¢yHkuend y(t) =y, -e
JieH Ha puc. 2.1.

Huddepenruansuoe ypauenue Y'(t) =k - y(t) ommceiBacT CKOPOCThH

yBEJIMYEHHE O00BbEMa BBITYCKAEMOW MPOAYKIMU 0O€3 OrpaHUYEHUN pOCTa,
Y OTHOCUTCS K YPaBHEHMSIM €CTECTBEHHOI'O pocTa (POCT MPHU MOCTOSHHOM
TeMIie). DTUM YPaBHEHHEM OIMCHIBAETCS TAKXKE AMHAMHUKA POCTa LEH MpU
MOCTOSIHHOM TeMIl€ UH(IIAIUY.

A
y’

v

Puc. 2.1. Fpa(bm( MOZCIIN CCTCCTBCHHOI'O pOCTa C MOCTOAHHBIMH TECMITAMU
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IIpumep 1. PaccmoTpuM quHAMUKY pOCTa YPOBHS LIEH MPHU MOCTOSHHOM
temrie uHQIsiiK. MI3BeCTHO, 4TO B HaYaIbHBIA MOMEHT BPEMEHHU 11€Ha Ha TOBAp
pasusutace P(0) = p,, a romoBoit TeMn HHGIAME HOCTOSHHBINA U paBeH %,

Omnwucate mpoLecc pocTa ypoBHs LIEH PU NOCTOSHHOM TeMIte nHpsaunn. Halitu
KOJIMYECTBO JIET, HEOOXOUMBIX JJIsl YIBOCHHS YPOBHS 1IEH.

Pemenne. O003HaUMM ypOBEHb LIEH B KaXIblii MOMEHT BPEMEHH YEpe3

p(t) . Poct men mpu OCTOSHHOM Temite HHMIIAIMK OyIeT ONMUCHIBaThC T de-

r
pennuansHeM ypasaenuem P'(t) = 100" p(t) . OGiuee perieHne JaHHOTO ypaB-

r-t/100

Henus umeer Bug P(t)=c-e . C yueTroM HayaJbpHBIX YCIOBUH IMOJy4YUM

yacTHOE penieHue qudpepeHnnanbHOro ypaBHEeH! s, KOTOPOE MO3BOJISIET OTpe/ie-

/100 .
Y Haiinem xonm-

rt/100
YeCTBO JICT, HCO6XOI[I/IMI>IX A1 YyABOCHHA YPOBHSA IICH! 2p0 = pO -e ,

r-t 100-In2 70

100
2=¢' =In2, t=———~—_. D10 mpaBUIO0 OBICTPOrO IMOJCYETA

' 100 r r
KOJIMYECTBA JIET, HEOOXOAUMBIX JIJISl YABOEHUS YPOBHS 1IEH, HA3bIBAIOT TPABUIIOM
BenuuuHbl 70. MHQASUMOHHBIE NPOLECCH AOCTaTOYHO TOYHO OIHUCHIBAIOTCS
YPaBHEHUSIMH €CTECTBEHHOT'O POCTA.

JIUTh YPOBEHB IICH B KX AbIi MOMeHT Bpemeru P(t) = p, e

2.2. Mopgenb pocTa C pe3Kou OTCeYKOMn

PaccmoTpum 00bem npousBozcTBa Y(t) B MOMEHT BpeMeHU t, Bpems
HenpepbiBHO. Eciu paccmarpuBaTh mpupocT oObema mpousBojcTBa (1)
B 3aBHCHMOCTH OT MCIIOJIb30BaHus pecypceas(t) 3a Bpemst At, To ypaBHEHHE
pocTa Oy1eT UMEeTh BU:

dy__ds
dt dt

IIPU YCJIOBUH, YTO MPEANPUATHE HE MOJYYAET U3 BHEIIHEN CPEIbl HUKAKUX
PECYPCOB U HE TepsieT uX. TemMn pocTa Mpu JaHHOM YCJIIOBUM MOYHO IMpEN-
CTaBUTh B BUJE:

dy
=f(y,s
m (y,s).

Ecan gomycTtuTh, 94TO pOCT 00BEMa MPOU3BOCTBA MPOIOPIIHOHATICH
HCIMOJIb30BaHUIO TTPOM3BOJICTBEHHOTO 000PY1I0BaHUs, IPOIIECC POCTA HEOO-
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paTuM U IPEKPATUTCS], KAK TOJIBKO UCTOIIAIOTCSA PECYPCHI MPOU3BOACTBEH-
HBIX MOIIIHOCTEN. B 3TOM Ciiyyae 3KOHOMUYECKUH ITPOLIECC MOKHO OIUCATH
nuddepeHInaIbHBIM YpaBHEHUEM

Y

IZie V — YJeJIbHBIN (OTHOCUTEIBHBIN) TEMIT pOCTa.

[TapameTp v 3aBUCHUT OT BUJA MPOAYKIMHU, COOTBETCTBYIOIIETO pe-
cypca U CKOPOCTH, C KOTOpO# paboTaeT MEeXaHW3M MPUPOCTa oObema mpo-
U3BOJICTBA. PemmB 310 muddepeHnnanbHoe ypaBHEHHE, TOTYIHM

y(t)=y,e" mpu 0<t<t,.

I[pu t =t, poct mpekpamaercs, pacxoa pecypca paseH Hy0 (S =0) u
y=Y, raeY coorBerctByeT 100%-HOMY HCHOIB30BaHUIO MPOU3BOJICTBECH-

HBIX MOIIHOCTEW. ['paduueckn 3KCHOHEHIMAIbHBIA POCT, OTPaHUYEHHBIN
peallbHBIM PECYPCOM IPOU3BOACTBEHHBIX MOIIHOCTEH, NPEACTABIEH Ha
puc. 2.5.

. /

Puc. 2.5. DxcioHeHIMANBHBIN POCT € PE3KOM OTCEUKOn

2.3. PocTt 00bema npon3BoACTBa,
nponopunoHarnbHbIA pacxoay pecypca

Ecnu npeamnosioxkKuTh, 4TO MEXaHU3M POCTa pabOTacT CO CKOPOCTHIO,
IPOITOPIIMOHAIBHON pacXxoly pecypca S, TO MOXHO 3alKcaTh

ﬂ:k.s,
dt

rae K — HekoTopast OCTOSIHHASL BEJIMUHHA.
Tornma npu S=Y — Yy noay4um:
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dy
k(Y -y).
at =< Y)

Pemnm nannoe audpepeHnuanbHoe ypaBHEHUE
y t _
jizjk-dt, In(gj:k-t
yOY—y 5 Y-y

mwia y(t)=Y —(Y —y,)-e“ npu y, =0

yt)=Y-(1-e*).

['padmuecku gaHHBIN POCT IPEACTaBIICH Ha puc. 2.6.
A
J)

v

Puc. 2.6. Poct o6beMa pou3BOCTBa, IPOTIOPLMOHANBHBIN pacXoay pecypca
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