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MATEMATUYHA MOAEJNb ONTUMAJNIbHOIO PUHKY OQHOIO TOBAPY

MATHEMATICAL MODEL OF THE OPTIMAL MARKET OF ONE GOODS

Y ecmammi pozensinymo weninitiny ounamiuny mamemamuiHy Mooens GiibHO20 PUHKY 00HO20
mosapy, 6 AKiti GUKOHAHUIL OANAHC MIdIC RPONO3UYIEIO | NONUMOM MA 8PAX0BYEMbCA NOOANCAHHS
KOJICHO20 Y4acHUKa puMky. /[na oocsazHeHHs nocmaenienoi Memu nposedeHo auaniz meopii ma
npobremu MoOento68anHs puHky. Mooens nonuny-npono3uyii no6y008ana 6ionosioHo 00 cucme-
MU peKomMeHOayill eKOHOMIYHOI NOBediHKU HA PUHKY MA NPeOCmasiena HeliniliHolo 3a0ayero Ma-
memMamuino2o npozpamyeanns. LLnaxom o6’ eonannsa mamemamuunux mooeneii RONUNy ma npo-
no3uyii MmamemamuiHa MoOelb PUHKY GUPIULYE NUMAHHA YiNTeCNnPAMOBAHOCHI YUACHUKIG PUHKY
6 cykynHocmi. P0o36 430k 1T 6azyemvcs Ha HopManizayii kpumepiie ma NPUHYUNi 2apaHmogaHo2o
pesyromamy. /[ 6uAeieHHs 0cOONUEOCMEll PO36 A3AHHA 3a0aui PO3NAHYMO CNOYAMKY HAUNPO-
cmiwuil OKpemMull 6UNAOOK, a came PUHOK 00HO20 mosapy (n = 1).

Knruosi cnosa: mamemamuuna mooens, (hynxyis nonumy, ynkyis nponosuyii, pienosaea,
YMOBHO ONMUMAIbHA YIHA, YMOBHO MAKCUMATLHUTI NPUOYMOK.

B cmamve paccmompena nenuneiinas OuHamuyeckas Mamemamuieckas mMooens c60600Ho-
20 PLIHKA 00HO20 MOBAPA, 8 KOMOPOIl GLINOTHEH OAIAHC MeHCOY NPedNodCeHUeM U CHPOCOM U
VUUMBIBAIOMCSL NOJICENAHUS KANCO020 YHACMHUKA PLIHKA. [{15i O0CmudICenuss NOCMAsIeHHOIl yenu
nposedeH ananusz meopuu u npobiemvl MOOIUPOBAHUs pbiHKd. Modens chpoca-npeonodiceHus
nOCMpOeHa 6 COOMBEMCMBUU C CUCIEMOT] PEKOMeHOAY Ul IKOHOMUYECKO20 NOGEOCeHUS HA PbIHKE
U npeoCcmaesieHa HeluHeuHol 3a0ayeil MamemMamuyeckozo npozpammuposanus. Ilymem oove-
OUHEHUSA MAMEMAMUYEeCKUx Mooenel Cnpoca u npeoiolceHus MamemMamuyecKkas Mooeib polHKA
peutaem 6onpoc yeneycmpemaeHHOCmu Y4acmHUKoO8 polHKA 6 coeoKynHocmu. Pewenue ee 6azu-
Pyemcsi Ha HOpMAnU3ayuY Kpumepues u NPUHYUne 2apaHmuposanHo2o pesyiomamad. /[ns evise-
JIeHUs 0cobeHHocmell peuteHUs 3a0a4l paccCMOmpen CHaYANa npocmetiuiuil OmoenvHulll CIyuai,
a UMEeHHO PbIHOK 00H020 moeapa (n = 1).

Kntouesvie cnoga: mamemamuueckas mooeivb, (YHKYUA cnpocd, QyHKYus npeonoxceHus,
pasHosecue, YCi108HO ONMUMATbHAS YeHd, YCTO08HO MAKCUMATbHAS NPUObLTb.

The market process consists of many acts of exchange of goods and services. Each such act
involves a seller, on whose side there is a supply of goods, and a buyer, represented by a demand
for goods. Of course, supply and demand are closely related and continuously interacting
categories and serve as a link between production and consumption. The result of the interaction
of supply and demand is the equilibrium price. It characterizes the state of the market in which
the volume of demand is equal to the supply. To determine the point of market equilibrium and
study the dynamics of commodity prices in the process of market transition from some non-
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equilibrium to equilibrium is considered, in addition to demand lines, the criterion of optimal
behavior of the seller in the market. In a competitive market in which there are a large number
of buyers and sellers, we determine the equilibrium price, excluding prices at which a surplus
or shortage of a product is formed. So, at a high price, manufacturers want to produce a large
amount of a product, but buyers are ready to purchase only a small amount of a product, and
overproduction occurs. At a low price, buyers are ready to purchase a large amount of a product,
but manufacturers are ready to produce a small amount of goods, and there is a shortage of goods
and services. At a certain average price, an equilibrium price, producers are ready to produce
exactly as much as consumers wish and are able to purchase. There is no surplus in the market, in
which the market would push the price of a product down, nor does a shortage of a product arise,
in which the market does not cause an increase in the price of a product. At such an equilibrium
price, the amount of supply and demand is balanced. The article analyzes the mathematical
model of the optimal market in the case of one product. To achieve this goal, the paper analyzes
the theory and problems of market modeling. The supply-demand model is built in accordance
with a system of recommendations for economic behavior in the market, and is represented by
a nonlinear problem of mathematical programming. By combining mathematical models of
supply and demand, the mathematical model of the market solves the issue of purposefulness of
market participants in the aggregate. Its solution is based on the normalization of criteria and the
principle of a guaranteed result. The methodology for modeling the market, taking into account
the functions of supply and demand, includes setting a problem, building a model and directly
forecasting.

Key words: mathematical model, demand function, supply function, equilibrium, conditionally
optimal price, conditionally maximum profit.

INocTaHoBKa npodeMu. BUKOPUCTAHHA MaTeMaTU4YHOrO MOJAEJIOBAHHSA B €KOHOMILli
Jia€ 3MOTy 3p0o0UTH OiNbII MMOOKNM KiNbKiCHUI €KOHOMIUHMIA aHalli3, po3MUpPUTH 001aCTh
eKOHOMIYHOT iH(opmarlil, 3poduTn 6inb epeKTUBHUMH €KOHOMIuHi po3paxyHKH. Mare-
MaTU4YHAa MOJENb BiIPi3HSAETHCS 3a CBOEIO MPHUPOAOID Bill OpUTiHANY, ajie AOCHiHKEHHS
BJIACTMBOCTEH OpPHTiHATY 32 JOMOMOTOI0 MaTeMaTHYHOI MOJEJi 3pyyHimnie, OibII femese
Ta 3aiiMae MeHLIe yacy. 3aCTOCYBaHHS METOAY MaTeMaTHMYHOrO MOJIEJIOBAHHSI B €KOHO-
Mili — e 00’€KTHBHUI1 eTan ii pO3BUTKY, OB’ A3aHUI 3 iCHYBaHHAM CTIMKHMX KUTbKICHHX
3aKOHOMIpHOCTEH i MOXKJIMBICTIO ()OPMATI30BAHOTO OTHCY 0araTrhox, Xoua if TaIeko He BCiX,
€KOHOMIYHHX MPOLECIB.

AHauni3 octaHHiX xocaimkeHb i my6mikaniii. [IpoGrema moGynoBm Mopeni pUHKY,
MOJIEJIIOBaHHA Ta POrHO3YBaHH:A Oro PO3BUTKY € OJHI€I0 3 HABAXKIMBIILUX NPOOIEM eKo-
HOMIKH Yy 3B’5I3Ky 3 IepexoioM YKpaiHi Ha pUHKOBI BiIHOCHHHU. BinbimicTs Moneneit puHky
OynyBanacs 3a MPUHLMIIOM YCTaHOB/IEHHS KOHKYPEHTHOI piBHOBAru, Npo iCHyBaHH: AKOI
Oy710 3asBieHo B poborti JI. Banbpaca [1]. MarematiuHe oOrpyHTyBaHHS rinoresu JI. Banb-
paca Oymo BukoHaHO y 1950-x pokax y poborax K.J[x. Eppoy, I. Iebpe [2], JI. MakkeH3i,
I. Teitna, X. Hikaiino. Hanani Benucs po6oTH 3 yIOCKOHaJIeHHS] MoJesieli Ta iX y3araib-
HeHHs y MoHOoTpadisx M. Mopimimu, K. Jlankactepa Ta iHmMX cydyacHHUX aBTOpiB [3; 4].
Lli Mozmeni puHKY BCTaHOB/IOBaNU OaqaHC MK MPOMO3MLIEIO Ta MOMUTOM, ajle HE MOIIU
OyTH MOAENIIO PUHKY, OCKUIBKM B HUX, IMO-Tepiue, Oyaa BiACYTHSA KOHKYypEeHLis SK MK
BHPOOHWKAMH, TaK | M)XK CITOKMBadaMu, a Mo-Ipyre, He BigoOpaskeHa LilecnpsMOBaHICTh
Nl y4acHUKiB pUHKY (BUPOOHUWKIB Ta CMOXMBAYiB), ika € OCHOBOIO KOHKypeHwii [S5—7].
HepiBHoBara xapakTepnsye puHOK, 1110 He TiepedyBae B piBHoBa3i [8]. [lopymmeHHs piBHO-
Baru MOXe BifOyBaTucs qyske KOPOTKOYacHO abo MPOTAroM TPUBAJIOro nepiony vacy. 3a3Bu-
Yaii Ha (piHaHCOBUX pUHKaX 1€ a00 HiKOJIM He BiaOyBa€eThCs, a00 BiOyBaETHCS TINBKA MUT-
TEBO, TOMY L0 TOPTiBJs BiOyBa€eThCs Oe3nepepBHO, a 1iHU Ha (PiHAHCOBI aKTUBU MOXYTb
MHUTTEBO KOPHUTYBATHCS 3 KOXXHOIO YOO, IOOW BPiBHOB@KMTH MOMMT i MPOMO3MLLIO.
3 iHmoro 60Ky, 6arato eKOHOMICTiB pO3IIANal0Th PUHKM TIpami sKi mepedyBaloTh y CTaHi
aucbanaHcy, 30kpeMa CTaHi HaJJTMIIKOBOT POMO3ULIT, MPOTATOM TPUBAIMX MEPiOAiB yacy.

®opmynoBaHHs wideil crarTi. Monens puHKY MOBMHHA BigoOpakaT HE TLTbKH
OanaHc MK IPONO3ULIEIO Ta MIOMUTOM, ajle i 1iJecnpsMOBaHICTh KOKHOTO y4aCHUKA PUHKY
3 ypaxyBaHHAM 1X 3arajlbHOTO B3a€MO3B’A3Ky. Takolo MareMaTHYHOIO MOJEIUIIO, SIKa MOXKe
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pazoM i3 6anaHcoM BioOpa3HUTH LiNecnpsAMOBaHICTb KOKHOTO yYacHUKA PUHKY, € BEKTOpHA
(bararokpuTepiasibHa) 3a1aua MaTeMaTHIHOTO TiporpaMyBaHHs [3]. [y BUpilIeHHS IILOTO
3aBHaHHS Po3poOieHi MeTomW po3B’s3aHHSA BEKTOPHOT 3aidadvi, 3aCHOBaHi Ha HOpMai3a-
1ii KpUTepiiB Ta MPUHLMII rapaHTOBAHOTO pe3ynbraty [9]. Ha KoHKypeHTHOMY pHHKY, Ha
SKOMY € BeJMKa KiJbKiCTh TIOKYITIIB i MPOIaBIIiB, 32 JOMOMOTOI MeTOIy Nepedopy BH3HA-
YaeMO PiBHOBaXKHY LiHY, BUKITIOYAIOUH LiHM, 3a AKMX (OPMY€EThCS HAMIMILOK abo HecTada
nponykty. Tak, 32 BUCOKOT LLiHU BUPOOHUKM OakatoTh BUPOOJATH BEIMKY KiNbKICTh Mpo-
IOyKTY, ajie MOKyMIi TOTOBi MPpHUIOATH TIIBKM Maly KiIbKICTh MPOOYKTY, TOMY BWUHHKA€E
NepeBUPOOHUIITBO. 3a MaJIoi IiHM MOKYTILi TOTOBi MPUAOATH BEMKY KiIBKICTh TPOIYKTY,
ane BUPOOHMKM rOTOBi BUPOOJISTH Maly KiTBKICTb TOBapy, TOMy BUHMKAE Ae(ilUT TOBapy
it mocmyru. 3a sKOiCh cepelHbOi PiBHOBaXXHOI LiHM BUPOOHUKM TOTOBI BUPOONATH PiBHO
CTUTbKH, CKiJIbKM CIIOKHMBadi OaxaroTh i B 3M03i npundati. Ha puHKY He BUHMKae Hai-
JIMLIOK, 3a KOO PUHOK LUTOBXaB OM LiHY Ha NPOAYKT BHU3, HE BUHMKAE Opak MPOAYKTY,
3a SKOTO PHHOK He BUKIIMKAE TiIBWIIEHHS WiHM HA TMPOAYKT. 32 Takol piBHOBAXHOT LiHU
BEJIMYMHA TIONWTY Ta MPOMO3NULIii BPiBHOBAXYIOThCSA. PO3MIsIHEMO MOBEIiHKY MaTeMaTHIHOT
Mozedi [9] Ha mpuKiIaai puHKY OZHOTO TOBapy.

Bukian ocHoBHOTro MaTepiajy. MaremaTnuHa MoJienb 3a1a4i [9] Mae pecTpUKTUBHUI
XapakTep 3 OMIsAAy Ha Take CIiBBiTHOLIEHHS:

a d .

| @O0 0.
o) (t),siKLuo Q; (Z) >0, (t),

BoueBusp, cnif 6paTt A0 yBaru, IO KOXEH TOBAP MOXE BUABUTHCA B MOMEHT yacy

t B Oyab-siKili i3 TPhOX BHWIE3a3HAYEHUX 30H (30HU NediluTy, 3aToBapeHHsT abo OanaHcy

nonuty i npono3uii). Ockinbky WijboBa GyHKUIsA J(2): J (t) = r(n)‘a)(() 0 KO)KHOMY TOBapy
P(r)O(

B KOXKHili 30Hi TIOBOANTBCS MO-Pi3HOMY, MiJ Yac po3B’s3aHHs 3a[avi onTuMizauii HeoOXin-
HU niepeGip 37 30H cTaHy pUHKY 32 BciMa ToBapamu. [ BUSIBIEHHST 0COOMMBOCTEH BHPi-
IIEHHS [[bOTO 3aBAAHHA PO3MISTHEMO CMOYATKy HAWMPOCTIINIT OKPEMUI BUTAJOK, a came
PHHOK OHOTO TOBapy (1 = I).

YMOBHO onTUMAaJIbHA LiHA TOBAPY.

B 1pomy pasi Bci BEeKTOpH CTaHy PUHKY CTAlOTh CKaJsipaMu, MaTpuLd A Takox CTae cKa-
nspom a> 0, popmyna (1) HaGyBae Takoro BumIsLy: Q° (t) =0, —aP (t) , 1 M MaemMo BCbOTO
3 30HM CTaHy PHHKY, a caMe 30HY, Ka BiIIoBiae nedinuTy ToBapy Ha puHKY (30Ha 1, y sKiii

O(t) < Q"(1)), 3omy 3aroBapenHs purky (30Ha 2,y skiii Q(r)>Q’(r)) i sony Ganancy
TOMATY Ta MPONO3KLii (30Ha 3, o6nactk AnHaMiuHOi piBHOBary, B sikiii Q(7)=Q"(1)).
Po3risiHeMo 1i 30HM NOKJIaaHile.

1) V 3omi ToBaproro medimmuty Q(r)<Q!(¢), Binnosinno 1o cmisBinHomenns (1)
maemo Q° (1) = 0(r) .

, R
J(1)=0()P(1)-0()R+Q" (1)(R —PQ)—E(P(f)—P(f—l))Z = s @
t

Le xBamparnana (yHKIis 3MiHHOT P(7), omykia Bropy. OTke, TOYKa MaKCHMyMy HOCS-

raeTbCd 3a TAKOI yMOBHU:

(M

aJ (1)
oP(r)
3BiJIKM BUIIJIMBAE TaKe:

=Q(1)-R(P(t)-P(t-1)) =0,

P(:):P(r-1)+%=ﬂ”(r). 3)

Sk 6aunmo, PV (¢) 3pocrae 3i 3pocranmam Q(1) 3a miHiitaum 3akoHoM. Bupas (3) Gyne
CrIpaBeILTHBUM He 3a Oyaib-sikoro O(7), a e 3a O(1), wo 3an0BonbHsie ymosi O (1) < 0 (1),
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1O HANeKUTh 10 30HK 1. L ymoBa 3 ypaxysauusam Q (1) =0, — AP(¢) npun=11a (3)
Ma€ TaKUi BUITISI:
a

0(1)< 0, —aP" (1)=Q, —aP(1-1) - 0(1),

3BiJIKM BUILIABAE TaKe:
R(Q, —aP(1-1)) e
Q(t)< R =0 (t) 4)

Takum umHOM, B oOnacti 1 P(#) miHiitHO 3pocTae 3i 3poctaHHsaM (O(?) Bim Takoro 3Ha-

YCHHA:

(=0 P(t_l)

J10 TAKOI'0 3HAa4YCHHA:

+RP(1-1
P00 gy ~ D)),
o(1)=0" (1) a+ R
NpUYOMY YMOBA HasexHocCTi Q(7) 1o obnacti | BupaxkaeTbcs HepiBHiCTIO (4).
2) V 3oui 3atoBapenns punky Q(f)>Q“(¢) ra BinnoeizHo n0 Bupasy (1) maemo

O’ (1)=0Q(¢), raxum 1unom, 3 ypaxysaunsm Q° (1) =0, — AP(¢) npu n =1 maemo Take:

R R
J(0)=(Qu=aP() P(1)=Q(1) B+ (1)(R~B)= 2 (P(1)-P(:=1))] = S )
Lle kBagpaTiuHa onykia Bropy ¢yHKUist 3MiHHOT P(7). OTXe, TOUKa MaKCUMyMYy J0CsTa-
€TbCA 3a TaKO1 YMOBH:

aJ(t)_ - - b
8P(t)_Q'" 2aP(1)-R(P(1)-P(1-1)) =0,
3BIJIKU BUIIIMBAE TaKe: ( )
_Qm+RP t—1 0
P(1)=Fe= =PV (), ©6)

Sk 6aunmo, P (t) He 3aJIeXNTh Bif O(1) (3aMIIaeThes MOCTiitHO 3a Oynb-skoi O(1) y
wiit o6nacti). Bupas (6) HastBHuit mwe 3a ymosu, wo Q(¢)> Q“ (¢), To6T0 3a Takoi ymoBHu:

0(1)>0, _ap® (0)= (a+R)Q, —aRP(t-1)

=p (¢), 3Bimku BHTUIHBaE Take:

2a+ R
R(Qm—aP(t—l))+an_ )
o(1)> iR =0"(1). @)

OcraHHs HEPIiBHICTb BU3HAYa€ YMOBY, 3a sikoT ((?) HanexuTh 30Hi 2. HeBaxkko mokasaru,
wo 0% (r)>0 ) (¢). MiiicHo, BuKopucTOBYIOUH Brupasu (4) i (7), OTpHUMA€EMO Take:

, 1 a’(Q, +RP(t-1))
0= == ar)

1o ¥ moTpiOHO Oyno 1OBECTH.

3) V 30Hi 6anaHcy momuTy Ta Mpono3uiii (TodTo B 00NacTi AMHAMIYHOT piBHOBaru
PHUHKY) Q(t) =0 (t) i BimnosigHo 1o BUpasy (1) Maemo, sk i B obnacti 2, 00csT Npoaaxis,
wo nopisaioe nomuty, 10610 Q' (1)=0Q" (1), i mpubytok J(1) y Burmsani (5). [pu ubomy
Q(t) =0, —aP(t), 3BinKky BUILIMBAE TaKe:

P(t):Q”’_TQ(t):P“)(t). (8)

>
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Mexamn o6acti 3 o Q(t) erouxn Q" (1) Ta 0% (7):
0" (1)< 0(r) < 0™ (7). ©9)

Sk 6agumo 3 (8), B 1iit obmacTi pY (t) NiHiliHO 3MeHIIy€eThes 3i 3pocTanHaM O() Bia
3HAYEHHS:

0, +RP(1-1)
P (g = 2
J10 3HAYCHHA: )
0, +RP(1-1
P(3) (t)|Q(,):Q(2)(,) = W - Rfé?g ( )

VMOBHO MakcuMasibHuii IpuGyTok. ONTHMAaNbHA LiiHa TOBApY i MAKCHMabHUIA IPUOY TOK.

3HaiifieMo Ternep ONTUMAaJIbHY LiHY TOBAapy Ta ONTMMAJbHUI PiBEHb MOCTABKM TOBApY
Ha PUHOK, 1110 3a6e3MedyIoTh MaKcHMalbHHil mpubyTok mpoxasus, skwo P(z—1), P (7)
ta P (1) 3anoBonbHAIOTE OGMexKeHHAM P (1) > F,. BUpilleHHs LbOT0 3aBaHHs POBEIEMO
3a 30HaMH (3a 30HOIO 1 (medimuT TOBapy), 3a 30HOK 2 (3aTOBapeHHS PHUHKY), 32 30HOKO
3 (6amaHc MOMUTY Ta MPOMO3HUILii, TOOTO IWHAMIYHA PUHKOBA PiBHOBara).

1) Bsoni 1 0<Q(7)< oV (¢). Micns migcranosku P(1) = pY (¢) y Bupas (2) s J(1)
Ma€eMo Take:

o(e) .
70= 2 (p1)-R)0() 0 ()(-R)=" () (10)
Sx 6aunmo, J 1)( ) MOHOTOHHO 3pOCTa€ 3i 3pocTaHHsIM O(?) 3a JIiHITHO-KBaAPATHIHAM
3aKOHOM, J10CATai04N MAKCHMAILHOTO 3HAYCHHs Ha KopoHi obmacti npu Q(7) = Ql)( 1):

(1) _ 7
Jmax ( ) =J (t)|Q(t):Qm(t) . (1 1)
SAxmo 3anumok ToBapy Q° (t) BiJ MpoJakiB B MONEpeqHill iHTepBas IUCKPETHOTO Yacy
ne nepesuuye pemunny O (7), To 107aTKOBE 3aMOBJIEHHS Ta OCTABKA TOBAPY HA PUHOK
B obemsi 0" (1) =0" (1)~ 0° (1) (oxpema, 0" (r)=0 mpu Q°(7)=0" (r)) 3a6e3meuye
MakcuMym TipuGyTKy. Inakme mpu O° (1) > 0" (¢) cin mykatn pose’ssanns anadi onTH-
Mi3auii mpubyTKy B obiacri 2 abo 3.
2) V30mi 2 O(t)> o? (¢). Micns nigcranosku B J(1) anst wiei sonn P(f)= p? (1),
He3aJle)KHOTO Bif O(7), MaEMO Take:

J(1)=(Q, -aP? (1)) P (1)-0(1) R +0" (1) (R - P, )-%(P@) (1)-P(1 —1))2 =J9(1).(12)
Ax 6aunmo, J @) (t) MOHOTOHHO CTIaJIa€ 31 3poCcTaHHAM ((?) 3a JIiHI THAM 3aKOHOM, OTIKe,
nocsrae B wilf 30mi HaiiGinsioro suavenns npu O(7) = 0 (¢):

Sxwo Q° (1)< Q(z)( 1), TO NOJATKOBE 3aMOB/IEHHS Ta [OCTABKA TOBAPY HA PUHOK
B obeszi Q" (1)=0" (¢ ) Q (f) 3abesnedye OTPHMAHHS IBOTO MAKCHMyMy IIpH-
OyTKy. chmo x Q°(t)>0 ( ), 10 Q" (1)=0, 1OCATAETECA NHLIE 3HAYCHHS MPHOYTKY
() @)
J (t)| o0 )<Jm( ).
3) Yaoni3 0 (¢ (r)<0(r)< o" ( ) - Micast mincranoBKku P(t)=P(3)(t) y J(t) nna uiei

30HH MAa€MO TaKe:

10-00 2200110 (- )5 Z=20 iy 0. 19

a
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Lle omykna Bropy JiHiiiHo-kBanpatuana (yHkuis smintoi Q(7). Y Touwi Makcumymy
J () mo Q(r) maemo Taxe:

IV (1) 1
200 =a—2[R(Qm—aP(t—1))+a(Qm—aPl)—(2a+R)Q(t)]=0, (15)

3BiI[KI/I BUIIJIMBAE TAKE:
o) = M@ el meh) o (1)

2a+ R

V niti touni J @) (t) JIOCsSTaE MaKCHUMAJIbHOTO 3HaueHHSA. HeBaxko OaunTw, IO
o (1)< o" (1)< o (7). T0GTO TOUKA MAKCHMYMY o® (¢), nexute B obmacri 3. JliiicHo,
3 ypaxyBaHHsM Toro, mo Q, > P(1—1)> B, MaeMo Take:

ar(Q, —aP(t-1)) a(Q,-aR ) da*(Q,-aP(1-1))
>
(2a+R)(a+R) " 2a+R (2a+R)(a+R)
3i Goky, 09 (£)=0? (1) = — ah
inmoro 6oky, 0" (¢)-0" (1) aeR >
MakcuMmasibHe 3HaueHHs PHOYTKY B 30Hi 3 nopismioe (mpu Q° (1) < 0% (7)) Taxomy:

3 3
Jr(na)x (t) = J( ) (t)|Q(,):Q(3)(,)' (17)
Lle 3HaueHHA € TakoXK WIO0AJEHO MaKCHMAJIbHUAM, IOTEHIIIHO MOXIUBUAM TIPH
0 (1)< oY (7). Slxmo x oY (1)<0° (1)< o? (7), To TIIOGANBHO MAKCHMATIBHE 3HAYCHHS
npubYTKy He MOske OyTH TOCATHYTO, NOCATAETHCSA TUTLKM YMOBHO MAKCHMAlbHE 3HAYEHHS
(pu ikcoBaromy Q° (1)) BecepennHi 30HH 3, 1O JEKATH MK J (3) (r)ta J2) (7).
HeBaxKo MOKa3aTH, 1I10:

0" (1)-0" (1) =

s (1) A0 _Q,tRP(t-) o
1 B
dQ(1) 0(r)=0"(z) dQ(1) 0(r)=0"(r) a+R
7% (z) _d" () __p<0
dQ(1) 0(n=6”() 40(7) 0()=6(1)

TOOTO YMOBHO ONTUMAJIbHUN NPUOYTOK J (t) — HerepepBHa i Bcioan audepeHLiiioBana
(y BCix 30HaX, BKITFOUAIOUX MEXi 30H) (pyHKIIist 3MiHHOT Q(t).

BoueBunp, mmobanbHUN MakCMMyM TpHOYTKy MoXe OyTH OTpUMaHWili TiINBbKHM TOMi,
AKIIO 00CAT 3aWIIKy TOBapy, SKWi He TPOJAETHCS HA TOMEPEIHBOMY iHTepBalli Hacy, He

TePEBHILY€ BEIMYMHY ONTHMATBHOTO 00CSTY IOCTABKH ToBapy Ha puHok: Q° (1) < Qm ().
Inakwe npuOyTOK MpoaaBLs Oyne MeHIe MaKCHMalbHO MOMKIIMBOTO. [IpudyoMy SKIIO MpH
LIbOMY O0CAT 3aJUILKIB TOBapy Oyzme 3amumarucs B 30HI 3, ToOTO Oynme sexaru B iHTep-
sani O (1)< 0° (1)< 0% (¢), To punok Gyne sanuwarycss B cTani MMHAMiuHOT piBHOBarK
(momuT Ha ToBap Oyae 3anuILATUCA PIBHUM MpPOMO3uLii, AKMM Oyae BUCTYNATH 3alULIOK
tosapy). Timsku mpu Q°(7)> 0" (¢) nponosuuis ToBapy nepeiine B 30Hy 2, MOYHETHCS
3aTOBapeHHs PUHKY.

PiBHOBakHA WiHA il piBHOBaXkKHUI NPUOYTOK.

OTpumaHWmii pe3yibTaT MOXKHA C(HOPMYIFOBATH TAKMM YMHOM.

B ymoBax crpaBemMBOCTI CHiBBIOHOIIEHb MareMarndHoi Momeni [SI] mMakcumais-
HUH npubOyToK MpoAaBUs Ha PHHKY OIHOIO TOBApy Ha KOKHOMY lHTepBaJ'[l JIMCKpeT-
HOTO yacy ¢ JOCSATaeTbCs MpU PIBHOCTI i TiJIBKW MpU PIBHOCTI MOMMTY i Mpono3uuii

0’ (1)=0, —aP(t)=Q(t) B Touui:
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B(r)- 0,-0(t) 6()= R(Q,—aP(1-1))+a(Q, —aR) ’
a 2a+R
_ ne B, —3axynisesbHa Lina ToBapy, P(7—1)— uina ToBapy B monepeaHsOMy Tepioni,
Q(t) — onTUManbHMI 06CAT TIOCTABKH TOBapy Ha PUHOK Y MOMEHT 4acy f, P(¢) — ontu-
MaJIbHa IliHa TOBapy B € MOMEHT 4acy. 3 bOTO BUILTMBAE PEKYPEHTHE CITiBBiIHOIIEHHS,
10 BU3HAYa€ AMHAMIKY ONTUMAJbHOI LIiHW TOBApy TOMi, KOJIU MOMNEpeIHE 3HaYeHHA LiHU

TEeX ONMTUMAJIbHE (P(t—l) = ﬁ(t—l)):

P(t41)=—2p(1)+ 2t po)=p. (18)
2a+R 2a+R
Ile piBHAHHA CMpPaBeLTMBO 33 YMOBH, IO OOCATHM 3alMIIKIB HEMPOAAHOTO TOBAPY He
TIePEBHUIILYOTh BEMUMHI ONTHMAITLHOT IOCTABKH TOBAPY HA PHHOK.
Ockinbkn R /(2a + R) <1, mOCIi1OBHICTh ONTHMANBHAX LiH {P(t)} npu t — oo TIps-
MYe J10 KiHLIeBOT Mexi:

P* =Qm+aPl s (19)
2a
1O € aCUMIITOTHYHO PiBHOBaXHMM 3HAYEHHSAM UiHK. L1 BenudmHa Bifpasy 3HaX0AMTheA 3
(18), ockinekumnipu ¢ > o0 i P(1+1)— P*, P(¢) — P",0TXe, B CTaHi aCHMITOTHYHOI piBHO-
Baru piBHAHHsA (18) HabyBae Takoro BUMIALY: P’ = S}R /(2a+R))P"+(Q, +aP)/(2a+R),
3Bi[IKM 3HAXOINTHCS 3HAYeHHA P°, npencrasnere y popmyii (19). Binmosinse iiomy acumi-
TOTHYHO PiBHOBa)KHE 3HAUCHHS PiBHA MOCTABKH TOBApY HA PUHOK TOUHO 30iraeThes 3 BeNH-
YUHOKO KYTIBEILHOTO MOMKUTY HA TOBAp 3@ ONTHMAIBLHOO iHOK P
0 =0,~ar - L2 20)
2
Ta JOPIBHIOE MOJIOBUHI KyMiBeJIbHOIO MOMUTY HA TOBAp 3a LIiHOMO 3aKymiBii B .
Pimenns pisaumeBoro piBHAHAS (18) sBIsE 0000 3racarody eKCIIOHEHTY:
P(t)=o' (B =P )+ P =0p(-pt)(B—P )+ P, @1
ge a=R/(2a+R)<1, B= |ln(R /(2a+R))|. [lpu P, # P* onTumainbHa LiHA MOCTY-
TI0BO HAOMIKAETHCS IO ACHMITOTHYHO piBHOBaXHOI. [Ipn F, = P’ Bixpasy MaeMo acuMIi-
TOTHYHO piBHOBaXcHY Liny: P(¢)=P".
3a cTymeHeM HaONMIKeHHS I[iHM TOBapy IO aCHMITOTHYHO DPiBHOBa)XHOTO 3HAYECHHS
P mpubyToK mpomaBLsl HAGIMKAETHCS 0 CBOTO aCHMMITOTHYHO PIBHOBAKHOTO 3HAYEHHS.

SIKIIO 3@ aCMMNTOTHYHOI piBHOBarK punky Q° < Q, TO aCUMNITOTHYHO PiBHOBAXKHMIT NPy~
OyTOK JIOPIiBHIOE TAKOMY:
J'=Q'(P'=R)+0"(R-B,). (22)
BucnoBkun. OTpuMaHa HelliHiliHa pecTPUKTHBHA (MOAEJb, IO MiAKOPAETbCA 0OMe-
KEHHSIM THUIy HepiBHOCTeil) IMHaMiuyHa MaTeMaTH4YHa MoOJeJb BilbHOTO PHHKY Oara-
THOX TOBApiB B yMOBAX Jiary MOCTaBOK TOBApiB Ha PUHOK i JIiHiIMHOT 3aJI€)KHOCTI BEKTOPY
MOMUTY BiJl BEKTOpPY WiH. 3Hal/IeHI ONTUMalbHI 3 TOUKH 30py NpUOYTKY NpoAaBls LiH
Ta TOCTAaBOK TOBapiB Ha pWHOK. [leTaJlbHO TMpoaHai30BaHA TOBEIiHKA MaTeMaTUIHOT

MOJZeJi ONTHMAaJIbHOTO PUHKY Y HAMMpOCTiLIOMYy BUIMAAKY, a caMe PHHKY OTHOTO TOBapy
(n=1).
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