PO3J11J1 1. MOAEJIIOBAHHA EKOHOMIYHUX IMTPOLLECIB

Tema 1. ExonoMmika 1K 00’€KT MOI1€JTIOBAaHHSA
Exonomiuni konizii ma mooenro6anns eKOHOMIKU

CrpobyeMo onucaTH MaTeMaTHYHOIO MOBOIO KOJi3ii, 110 BUHHKAIOTh Y CHUTYaIlil,
KOJIM PUHKOB1 MEXaHI3MH 31IITOBXYIOTHCS 3 MOHOIIOMIEIO.

[IpuitmeMo TinoTesy, 3TiIHO 3 SIKOI0 €KOHOMIYHA CHCTEMa IMparHe 10 MaKCUMIi3aIlii
CYMapHOT0 €KOHOMIYHOTO edeKTy (11, ), TOOTO CyMapHOTO MPUOYTKY:

max [y = max TﬂdQ—?ﬁdQ (1.1)
o Y o |ddoT 1do T |
ne O — BUITYCK NPOAYKTY; u(()) — (yHKIIIS BAJIOBOTO €KOHOMIYHOTO €eKTy (KOopH-

CHOCTI); @ — MPUPICT BAJIOBOT0 €KOHOMIUHOTO €(eKTy (KOPUCHOCTI) BiJl KOXKHOI

J0JTaTKOBOI OAMHUIN TPOAYKITii; §((J) — BUTpaTH HA BUPOOHHUIITBO; @ — IPUPICT

BUTPAT Ha BUPOOHMIITBO JOJIATKOBOT OJMHMII TTPOAYKIITII.

[lepuinii eneMeHT npaBoi YaCTUHU L[bOTO BUPA3y XapaKTepU3ye BAIOBUN €KOHOMI-
YHUN e(EeKT, Ipyruil — BUTPATHU HA BUPOOHUIITBO BCHOTO 0OCIATY MPOAYKIIIi, a BUpa3
y IIJIOMY — CyMapHUN eKOHOMIYHUH e(eKT (TIPOIYKT).

Jlerko mokasatu, 0 po3uuperts BUpOOHUIITBA Oy/ie JOUITBHUM JIUIIE 00Mmu, 00-
KU 000amMKO8I UMpamu He 3piGHAIOMbCSL 3 000AMKOBUM 8ATI0BUM eKOHOMIYHUM eghe-
Kmom 610 cnodicueans. MaTeMaTHUHO 1€ MOJ0XKEHHS MOYKHA JOBECTH, 3HANIIIOBIIN
MaKCUMyM HaBeneHoro Buule Bupaszy (1.1). Sxumo npogudepenuiroBatu [1y no QO 1

HOX1IHY IPUPIBHATH 10 HYJsI, TO TOUKOI0 ekcTpeMyMmy ¢yHkuii I1s Oyzne Touka Q*,

.. du ds . .
B SKIH —— :@. Touka 0" Oyae Toukoro Makcumymy ¢yHkuii [y, ockinbku s
byukiin u(Q), s(Q) NOBUHHI BUKOHYBATUCh YMOBU:
2 2
d 2 <0; d >>0. (1.2)
dQ dQ

Tomy oOcar BupOOHHUIITBA, KOTpHUM 3a0e3medye MakCUMyM CyMapHOro e(dexry,
. . . * ‘o o o .
BimoBigaTuMe Touti O , y SKiid TOMaTKOBUH BaJoBUH €(EKT CIIOKUBAHHS JTOPIBHIOE

J0JTATKOBUM BUTpaTaM Ha BUPOOHMIITBO OJUHUIII MPOIYKIITIi.

Ane B yMOBax PHHKOBOI €KOHOMIKH CyMapHHUW €KOHOMIUYHUH €(EeKT pO3IMOoIisisi-
€TBCA MK BUPOOHUKOM MPOJYKIIii, 1i CIIOKUBaueM 1 OOKETOM. XapaKTep IbOTo
PO3IOIITY 3HAYHOIO MIPOI0 BH3HAYAE 3allIKaBJICHICTh EKOHOMIYHUX CYO’€KTIB y J0-
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CSITHEHHI CYCHUTbHOI €()eKTUBHOCTI, TOOTO Y JOCATHEHHI TOYKA ONTUMYMY BUPOOHH-
TBA.

VY 4oMy K MoJAraroTh €eKOHOMIYHI 1HTEepecu BupoOHuKa (/) 1 crioxkuBaya (¢)? Oue-
BUOHO, WO BUPOOHUK 3AYIKAGIEHUL Y MaKcumizayii pizHuyi MK 00CsATOM peaizaiii
3a IIHOI0 p Ta BUTpPATaMHU:

Q
max I, = max Q-p—JﬁdQ ,
Q 0 0

ne 11, — npudyTok BUpOOHHUKA.
CrioxrBaueBi BaKJIMBO MAaKCHMIi3yBaTH PI3HUIIO MK €KOHOMIYHUM €(PEKTOM Bij
BUKOPHUCTaHHS MPOAYKIIII Ta LIHOKO 3a HEl:

0
du
maxIl, =max| | —dO-0-p/|,
0 ) -([dQ P

ne I1, — npubyTok cnoxupayva.

K10 BUpOOHUK HE € MOHOIOJIICTOM, TOOTO HE B 3M031 BIUIMHYTH Ha PIBEHb IiH
(BiTbHA KOHKYPEHIIisT), TOOTO ITiHA p HE 3aJIeXKUTh Bi O, TO MAaKCUMYM €(EeKTy BUPO-
OHuka (BpaxoByrouu ymoBH (1.2)) 6yae nocsarnytuil y touni, ne noxigHa I1;, mo Q

JIOPIBHIOBAaTUME HYJICBI:

_ ds

-
dQ

TOOTO, KOJHM TPaHWYHI BUTPATH JOPIBHIOIOTH IiHI MPOIYKIli, a MAKCUMyM €(EKTy
CIOKMBada — B TOYII], JI€E:

p

_du
do

MakcuMyM cyMapHOro e)eKTy J0CATaeThes 3a 00cAry BupoonunTsa (Q), KoTpuii

p

XapaKTEPHU3Y€ETHCS CITIBBIIHOMICHHSIM:
du ds
dQ dQ
3BiJICH MOXHa 3pOOMTH BHCHOBOK, 1110 BUPOOHUK Oyje 3alliKaBICHUN BUPOOUTH

ONMUMANbHULL, 3 NO2TAY HAPOOHO20 20cnodapcmea obesar npoaykuii (Q7), a co-

YKUBa4 — IMOBHICTIO BUKOPUCTATH 110 MPOAYKIIIIO 32 YMOBH BCTAHOBJICHHS IliH Ha Pi-
BHI:

« du ds

)
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Ane sKIo BUPOOHUK KOHTPOJIOE 3HAYHY YAaCTKy PUHKY (BUITYCKY TPOJYKIIii, ra-
Jy31) 1 Ma€ MpaBo BIUIMBATH HA BU3HAUCHHS OOCSTIB BUITYCKY MPOAYKIIii, TO HOTO 1H-
TEPECH PO3XOIATHCS 3 HAPOJAHOTOCIONAPCHKUMU iHTepecamu. POopMaIbHO II0 CyTIie-
PEuHiCTh MOKHA MOKA3aTH TakuM urHOM. SIkmo p = £(0), To

i1, N dp ds

a0 7% do

CnoxxuBadi HE MOXYTh BIUIUBATH Ha 0OCSATH Ta IiHY. TOOTO MakcUMyM e(eKTy
BUPOOHUKA Oy/Ie TOCSITHYTHM 32 YMOBH:

ds dp
p=——-¢- -
dQ —dQ
OTxe, 11eil pe3yapTaT CBIAYUTH, 110, 32 MOXKJIMBOCTI KOHTPOJIIOBATH 3HAYHY Macy
OpOAYKIii 3 60Ky BUPOOHMKA, TOUKA 1020 OnmMumymy He 301ra€ThCs 3 TOUKOIO Ha-
POTHOTOCTIOAAPCHKOTO ONITUMYMY.
ParioHanpHOIO € rinoTe3a Mo10 BiJl’€MHOI €IACTUYHOCTI LiH 1 00cATy BUPOOHUII-
TBa (31 3pOCTaHHAM OOCATIB BUPOOHUIITBA LIIHU HA POAYKIIIIO 3HUKYIOTHCS ), TOOTO
d|
P 9.
dQ
BupoOHuk, mparayuu 10 MakcuMi3allli CBOTO JIOKaJIbLHOTO KpUTEpito, Oye 371e0i-

JIBIIIOTO 3aIllKaBJICHUH Y 3aMOPOKYBaHHI BUPOOHMIITBA HA PIBHI HMXKYOMY, HIXK OII-
TUMAJBHHN 3 TOTJISAY HAPOJHOTO TOCIIOAapCTRA!

*
Ql < Q 5
1, BIJIMIOB1/IHO, y 3aBUIIICHHI I11H:
*
P >p ’
OCKIJIBKH
d
_ Q . _p > O
do

3a moi0HUX YMOB JiepKaBHE PEryJIOBaHHS €KOHOMIKM MOBUHHO 3a0€3MeUnTH Ta-
Ky OpraHizaiiiHy cucTeMy (yHKIIIOHYBaHHS 00’ €KTIB TOCIOJIapIOBaHHSI, SKa BUKO-
puctoByBasia 0 €EeKTHUBHI METOJIU BUJIYUYEHHsI TIEBHOT'O OOCATY OTPUMAaHUX JOXOJIIB
y BEIUKHX BUPOOHWYMX O0’€HAHb (MOHOIOJIH), a00 HEAOMYIICHHS MOHOTIOJIBHO
BHUCOKHX JT0XO/iB. TOOTO JepkaBHE peTyIOBaHHS €KOHOMIKU B JJAaHOMY pa3i € HEOO-
X1THUM.

Ilpo6aemu memoodonocii
MAKpPOEKOHOMIUHO20 AHAIZY

Hagenemo sik npukiiaq MOJENIb PO3BUTKY €KOHOMIKM KpaiHH, 3allpOTIOHOBAHY aHT-
JiickkuM ekoHoMicTom P. Xappoaom. Y Mojeni BpaxoBYETbCS OAWH KEpPOBaHUMU
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YUHHUK — KalliTaJbHI BKJIAJCHHS, @ CTaH €KOHOMIKH OLIIHIOETHCS 00CATOM HaIliOHa-
JBHOTO JIOXOJTY.

Jl;1s1 MaTeMaTUYHOI OCTAHOBKHM 3a7adi BBEJACMO TaKi IO3HAUCHHS:

Y, — HauioHaJabHUM 10XiA 3a pik #; K, — BUpoOHU41 ¢poHu 3a pik t; C, — 00-
CST' CHIOKMBAHHA 32 PIK £, S, — 0OCATI HAaKOMMYECHH (3a01a/KEeHb) 3a PIK t; V, —

KamiTajabHl BKJIAJCHHS 3a PiK .
[Tpumnyctumo, 1110 GyHKIIIOHYBAaHHS €KOHOMIKH BiJI0YBA€THCS 32 TAKUX YMOB:
o OaJTAHCY JTOXO/IIB 1 BUTPAT 3a KOXKHUH PIK

Y=C,+5,;
e BUKJTIOUCHHSI HCBUKOPHUCTAHHS KaIliTary
S=Vis
e IIPOTIOPIIIMHOTO PO3MOILTY HAIlIOHAJILHOTO PIYHOTO JI0XO01Y
S=aY,.

BHyTpimHi €KOHOMIYHI MPOIECH XapaKTePU3YIOThCS, TAKUMH YMOBAaMH: 3B’S30K
KaliTaJbHUX BKJIAJEHb 1 3arajibHOI CyMU BUPOOHMYUX (POHIIIB; 3B’SI30K PIUHOTO Ha-
I[I0HAJILHOT'O JI0X01y 1 BUpOOHUYHUX (hOHIB.

KanitaneHi BKJIaJeHHS 3a PIK { MOKHA PO3IJISATH SIK MPUPICT BUPOOHUYUX (POH-

1B 200, 1HaKIIIe KaXy4dd, OoX11Ha B (QYHKIT BUpOOHUYMX (HOHIIB MIPUUMAETHCS 3a
KamiTajabHI plYH1 BKIAJICHHS:

dK,
dt

HamionanpHuit 10X17 32 KOXKHUN PIK MPUHAMAETHCS PIBHUM BiJiJ1auyl BUPOOHUYIMX
dboH1B:

Vt:

y,=2e,
b

3 HaBe[ICHUX BUIINE PIBHSIHb MOYKHA OTPUMATH TaKE CITIBBITHOICHHS:

y_Ve_ldK, bady,
"4 adt adt

3BiACH OTPUMY€EMO PiBHSIHHS Xappoja:
dr,

b—+=a¥,.
dt

Horo po3B’sI3KOM € €KCIIOHEHITIiTHa 3MiHa HAI[IOHAJIILHOTO JOXOAY 3a PIYHMMH 1H-
TepBaJIaMHU:

Y, = Yy’

[Tonpu coporenuii B MaTeMaTHYHOT MOJENl 11 pe3yapTaT MOKe€ BUKOPHCTOBY-
BaTHUCS JIJIS 3arajbHOro aHalli3y HallloHaJIbHOI eKOHOMIKH. [Tlapamerpu a 1 b MOXyTh
CTaTH KEPYIOUMMU MapaMeTpaMu 11010 BUOOPY MEBHOI CTpATerii pO3BUTKY €KOHOMi-
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K. MAaKCUMaJILHOTO HAaOMMKEeHHS 10 Oa)kaHol (palioHaabHOT) TPAEeKTOPii 3MiHU Ha-
I[IOHAJILHOTO J0XO/Y; BUOOPY MIHIMAJBHOI'O 1HTEpPBAIIy Yacy JOCATHEHHs 3aJaHOTO
PIBHS HaIllOHAJIBHOTO JIOXO.Y.

Heninininicmos mamemamuunux mooeneiu

Po3srissHeMo HaWMpOCTINTy MOJIENb MOMYJIIii — MoJenh MarbTyca, sika IPYHTY€EThCS
Ha IPOCTOMY TBEPKEHHI: MIBUAKICTH 3MIHM YMCEIBHOCTI HACEJIEHH Y Yaci Mpomnop-
IiifHa MOTO MOTOYHIN urcenbHOCTI N(f) 13 KOeiIiEHTOM MPOMOPIIIHHOCTI, 10 JOPiB-
HIOE Pi3HUIN KoedimieHTiB HapoKyBaHOCTI a(f) >0 Ta cmeptHOCTI S(1) > 0.V pe-
3yJIbTaTl MAa€EMO PIBHSIHHS

‘”Cvlf” ~[a(t) - BOING). (13)

InTerpyBanus piBasHHs (1.3) nae:

N ()= NO)exp| lal0)- ple)] e |

lo
ne N(0)=N(¢=t,) — noyaTKoBa YUCEIbHICTb.

SAxmo o=, TO YHUCENBHICTh 3AIUIIAETHCS TOCTIHHOI, TOOTO B IOMY pasi
PO3B’SI3KOM € PIBHOBa)KHA BeaudyuHa uncenbHocTi N(f) = N(0). 3a ymoBu o < [3 unce-
JBHICTh HACEJICHHS 3HIKYETHCS M MPsAMY€E 10 HYJsI, KOJU ¢ —»0, a 3a o > 3 — 3poc-
Ta€ 3a MEBHUM EKCIIOHEHIIIMHUM 3aKOHOM 1 MPSMY€E J0 HECKIHUEHHOCTI, SIKIIO f —>0,
OcTanHs 0OcTaBuHA U cayryBajia NiACTaBor Juisl 000BaHb ManbTyca mo0/10, MOX-
JIMBOTO TIOB’SI3aHOTO 3 MIEPEHACETICHHSIM 3eMJIl Y MaHOyTHHOMY.

3BUYAIHO XK, SIK Y JaHOMY IPHKJIaal, TaK 1 B HU3L1 IHIIUX BUIAJKIB ICHY€E YAMAJIO
OYEBUIHUX OOMEXKEHb IOJ0 3aCTOCYBaHHA MOOymoBaHOi Mojeni. HaBiTh B i1eans-
HOMY BHUIAJKY 130J1b0BaHOI 010JIOT1YHOI MOMYJIAILIi 3apONOHOBaHA MOJIENIb HE BifI-
MOBIJIa€ peallisiM MOBHOIO MIPOI0, Xoua 6 3Bakaroud Ha OOMEKEH1 pecypcH, HeoOXiI-
H1 JJI51 11 ICHYBaHHS.

Mopeni momyssiiid Bipa3y K CTalOTh HENIHIMHUMH, SKIIO 3BaXXyBaTH Ha Te, IO
000B’SI3KOBO CJTi/T BpaxOBYyBaTH OOMEXKEHICTh JOCTYITHUX MOMYJISILii pecypciB. bymyro-
YH{ TaKl MOJIEJNI, BBAXKAIOTh, IIO:

1) icHye «piBHOBaKHa» YMCEIBHICT MOMyJIALIl N,, KOTpY MOXE 3a0€31€UNTH Ha-
BKOJIMIIIHE CEPEJIOBHUIIIE (3 MOTJISITY ChOTOJICHHS);

2) WIBUAKICTh 3MIHU YUCEJIBHOCTI MOMYJISIIT TponopliiiHa (Ha BIAMIHY B1Jl MOJIEI
ManbTyca) 100yTKY YMCENBHOCTI MOMYJIALIl HA BEIMYHUHY BIIXWIEHHS 1i Bl PIBHO-
BaKHOTO 3HAYEHHS YHCEIHHOCTI, TOOTO:

N _ 1= NN aso. (1.4)
dt N

p



CniBMHOXKHHK l—i y IIbOMY PIBHSAHHI 3a0e3Meuye MEeXaHI3M «HACHUYCHHS»
Ny
gucenbHocTi: 3a N <N, (N> N,) MIBUAKICTh 3pOCTaHHs J0JaTHa (BiJ €MHa) 1 mpsaMye
10 Hynsl, Ko N — N,
Po3B’s30k piBHsiHHSA (1.4) 32 ymoBu N(¢ = 0) = N(0) MmaTuMe BUTJIAL;

_ NO)  u N©O)
N@#)=N, Np—N(O)e N(t)Np—N(O)e
abo
N = N,N(0)e

N, -NO)1-e™)

[ToBeninka gynkIii N(¢) OMUCYETHCS TaK 3BaHOIO JIOTICTUYHOIO KpUBOIO (puc. 1.1).

N()

Puc. 1.1. JloricTuuH1 KpuBI, 110 BIAMOBIAIOTH PI3HUM
3HAYEHHSM MMOYaTKOBOT urceTbHOCTI N(0)

3a Oyb-KOTr0 3HAaYeHHS Mo4aTKoBO1 uyncenbHOoCTI N(0) uncensHicTh omyssiii N(f)
IpsIMy€ [0 PIBHOBAKHOTO 3HAUEHHs NN, KOJIM ¢ —>00, IPUYOMY TUM HOBUIbHIIIE, YUM
ommwxuae N(f) 1o N,. OTxe, plBHOBara y JaHoMy pasi € CTIHKOIO Ha BIIMIHY BiJ Mozeli
(1.3). Mognens (1.4) peanictuuHimie BigoOpaxae JUHAMIKY MOMYJISIIT TOPIBHSHO 3 MO-
nemno ManbTyca, ajie BOHa € HEeNIiHIMHOIO 1 TOMY CKJIA/IHIIIOKO.

3ayBa)XMMO, 1110 TPUITYIIECHHS 11010 MEXaHI3MiB HACUYEHHSI JIOCUTh YaCTO BUKOPHC-
TOBYIOTBCS y (hOpMyBaHH1 MOJIeIeH PI3HUX €KOHOMIYHUX 00’€KTIB 1 MPOIIECIB K HA Mi-
KpO-, TaK 1 HA MAaKPOCKOHOMIYHOMY PIBHSIX.



Tema 2. KonnenryanabHi 3acaau
MATEMATHYHOI0 MOJIETIOBAHHA €KOHOMIKH

«Ilagymunonodiona» mooesb punky

AKx npuxiad eKOHOMIYHOT MOJIEII PO3TJISTHEMO CHpoIeHu# (ieani3oBaHuii) Bapi-
aHT TaK 3BaHOI «MAaByTHMHOMOMIOHOT» MOJEN, sfika ONMUCYye mporec GopMyBaHHS MO-
MUTY i MPOTO3HUIIi TTEBHOTO TOBApy YW BUIY MOCIYT Ha KOHKYPEHTHOMY PHHKY (32
YMOB JJOCKOHAJIOT KOHYKPEHITIT).

Wnerbest mpo (GopMantizaLito eKOHOMIYHOIO 3aKOHY HOMMUTY Ta IIPONO3UILL, SKUil
IIPOTOJIOMIYE:

¢ KUIBKICTh TOBApY, SIKMM MOXHA MPOJATH Ha PUHKY (TOOTO MOMUT), 3MIHIOETHCS Y
HaIpsMi, IPOTUIICKHOMY JI0 3MIHHU 1[1HU TOBapY;

e KUIBKICTh TOBapy, Ky MPOJaBIl BUPOOJAIOTH 1 TOCTABIAIOTh HA PUHOK (TOOTO
IPOMO3UIIis ), SMIHIOETHCS Y TOMY K HAIIpsiMi, 110 ¥ I1iHa;

e peanbHa PUHKOBA ITiHA (DOPMYETHCS HA PiBHI, 32 SIKOTO MOMHT 1 MPOTIO3UIliS Ha-
ONMMKEHO NOPIBHIOIOTH OJHE OAHOMY (HMPUOIM3HO 301raroThCs, 13 ACSKOI0 3aAaHOI0
TOYHICTIO), TOOTO mepedyBaloTh y PIBHOBA3I; IiHA, 3a SIKOI JOCSITA€ThCS piBHOBAra
M1k TIOMTUTOM 1 IPOTMO3UIIEI0, HA3UBAETHCS PIBHOBAXKHOIO.

Posrnsgatoun «maByTMHOMOMIOHY» MOJENb, MPUWMAIOTh TINOTE3y, M0 (QyHKIIT
MPOTO3UIIIT 1 MOMUTY 3aeKaTh JIUIIE BiJ I[IHA TOBApY:

Q5 =S(X), 0p = D(X),

ne (g — KUIBKICTb TOBapy, Ky TOBAPOBUPOOHHUKH JOCTABISAIOTH HA PUHOK, TOOTO
MIPOTIO3UIIIS; S(X ) — Jiesika MOHOTOHHO 3pocTaroua QyHKUis; ;) — KUIbKICTh TO-
Bapy, SKUH MOXHa MPOJATH Ha PUHKY, TOOTO IMOMHT; D(X ) — JiesIKa MOHOTOHHO
criagHa QyHKITIS.

['padiku mONMUTY 1 MPOMO3UIIIT IEPETUHAIOTHCS y TOYIll PIBHOBArH, a I[iHa, 110 Bif-
nosijae mi touni X = X, , 1 € piIBHOBaXHOIO 1[IHOI0. BpaxoBytouu Bi1acTUBOCTI KpH-
BUX TIOMUTY 1 MPOIO3UIlli, pIBHOBOXHUN PO3B’A30K € CTIMKUM y TOMY CEHCI, IO SIK-

110 I1iHa cTporo ¢iKCcoBaHa 1 piBHA PIBHOBAXHIH 111HI, TO TOBAPOBUPOOHHUK, MaKCHMi-
3yl04d NMpUOYTOK, JOCTaBJIg€ HA PUHOK TOBap y KigbkocTi O, =S (X e); OJIHOYAaCHO

CIIOKMBaY, II0 HAMaraeTbCs MaKCHMI3yBaTH CBOIO (DYHKIIIIO KOPHUCHOCTI, (popMmye
nonutr Q, :D(X e). [Ipyn BCcTaHOBJICHHI PIBHOBAXKHOI IIIHM HAa PUHKY JOCKOHAJIO1

KOHKYpEHIIi KUTbKICTh TOBapy, IO MPOMOHYETHCS TOBAPOBUPOOHUKOM 3a IIEIO ITi-
HOIO, TOPIBHIOE MOTHTY CIIOXKUBAYa:

S(X,)=D(X,).

JluHaMmivuH1 HEPIBHOBaXKHI MOJIEJII PUHKY BUKOPHUCTOBYIOTHCS, KOJU Y TTOYaTKOBUM
MOMEHT Yacy IliHa Ha PUHKY BIIPI3HAETHCS BiJ piBHOBaXxHOI. [Ipu 1boMmy mporiec
BCTAHOBJICHHSI PIBHOBA)XHOI IIHM MOXE OYTH OMHUCAHWNA Pi3HUMH MOJEISIMH 32 Of-
HUX 1 TUX caMuX (QYHKIIIH MOMUTY ¥ TTporno3uliii. Po3pi3HAI0TE ABa MIIX0IH:

1) HenepepBHUM, KOJIM JUHAMIKA I1H OMKUCYEThCS AUGEPEHIIMHUM PIBHIHHSM;
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2) TUCKPETHUI, KOJIHM 3HAYCHHS 3MIHHUX Ha MPOMIXKKY yacy [t; t+1) BBaXkaroThcs
ctanuMu. B 11,0My pasi MOCIiJOBHUM 1HTEepBaJiaM Yacy [t; t+1) BiAMOBIIAOTH 3HA-
YyeHHs HiHU X, , monuty D, 1 npono3utii s,.

PosrnsHeMo «maByTHHONOAIOHY» MOJENH 13 TUCKpEeTHUM YacoMm. Hexait x, — -
Ha TOBAapy B MOMEHT 4acy f, D, 1 S, — KUIbKICTb TOBapy, KyIJIEHOTO 1 IPONOHOBA-

HOTO Bi/IMTOBITHO HA PUHKY B TOW CAMUi MOMEHT 4Yacy f.

VY Mozeni npuiiMaroThes JB1 TiMOTe3u: 1) BUPOOHUKU-TIPOJIABIN, (hOPMYIOUYHU MPO-
MO3UIII0, OPIEHTYIOTHCS HA LIHY MOIMEPEeIHbOTO MEepioay; 2) PUHOK 3aBXKAH Mepely-
Ba€ y CTaHi JIOKaJIbHOI PIBHOBArW.

[Togamo marematruHy (opMaTi3aIlito MUX MOJI0KCHb:

1) o6csT mpomo3uIlii Ha pUHKY B MOMEHT Yacy ! BU3HAYAETHCS 3HAYCHHSIM I[IHU
nomnepegHboro nepiony: S, = f (X t—l)? ne f (X ) — Zeska MOHOTOHHO 3POCTal0¥a
dbyHKIIs Big aprymenTa X (ToOTO Bij IiHK);

2) Ha PUHKY B KOXXHHMH MOMEHT 4acy ! BCTaHOBIIOETHCS PIBHOBakKHa IiHA X,
MpUUOMy Il L[iHA € Po3B’s3koM piBHsHHA D, = S,. Sxmo D, = g(X,), ne g(Xx) —
MOHOTOHHO crniajHa (pyHKIlis Bij aprymeHTa X (ToOTO BiJl 1IHM), TO PIBHSHHS JJISI BU-
3Hauenns winwm X, marume surisan: g(X, )= f(X, ;).

PiBHOBa)XHUI1 CTaH «MaByTHHOMOAIOHO1» Mojeni OyAe CTIMKUM, SKIIO 1CHYIOTbH
TPaHMIII:

fim /0= lim (5 Jim X, =
ne X, — pIBHOBa)KHa LI1HA.

MaTemaTu4Hi CIiBBIAHOLIEHHS, IO BIAOOPaKatOTh 3aKOH MOMUTY — MPOMO3HIIii,
MOKYTb OyTH MPOLTIOCTPOBaHI puc. 1.2.

A Dis

t

) f’

D, Sy
A
\ |
y !
, >
i
S3 : : D3 E Dl'
: l - l
! ! ! ! >
X X, X X, lLina, X

Puc. 1.2. I'padix popMyBaHHS MONMUTY — MPOTO3HUIIIT
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SAx 6aunmo, mporiec GopMyBaHHS PIBHOBKHOI IIIHU TTOYABCS 3 MPU3HAYCHHS B 1-i
(moyaTKOBHMI) MOMEHT Yacy IIHM Ha piBHI X, . [IpomoBkeHHs 1boro nporecy (1Haek-
COBaHO CTPUIKaMH) «MIaBYTUHOIIOI0HO» TIPSMYE 10 TOYKU MEPETUHY KPHUBUX g(X ) 1

f(X).

[Ilo6 omrcaHa MOJCNb 3 €KOHOMIYHOI MEepEeTBOPHIIACH B €KOHOMETPUYHY, HEO0O0-
X1JTHO TOBOPUTH HE B3arajii Ipo 3aKOH ITOMUTY i MPOIO3MIIii, a PO KOHKPETHY HOTro
Jit0 B JJAHOMY CEKTOpi €KOHOMIKH, B TMEBHUH Yac i CTOCOBHO KOHKPETHOTO TOBapy
(uu BuAy mociyr). BiamoBinHo, KOHKpeTH3AIls BUTISAY (YHKIIIH g(X ) 1 f (X ) mo-
BUHHA NPOBOJUTHCH HA MIACTaBl CTaTUCTUYHMX NaHWX BenuuuH X,, D,, S,, ne
te {1,...,T }, T — KUIBKICTH TIEPIOAIB, MPOTATOM SIKUX 3A1HCHIOBABCS MOHITOPHHT 1
OTpUMaHi JIaHi.

Ilpuxnao «Ilagymunonodionoi» mooeni gipmu

[Tignpuemers 30UpaeTbes BKIACTH KOIITH Y CTBOPEHHS (ipMH, KOTpa BUITyCKATH-
Me TOBap i peasizoByBaTHMe HOro Ha PHMHKY. MIOTo IiKaBHTh, K TOBOJMTHME cebe
I[IHa TOBapy 3a 3MIiHU OOCSATIB BUPOOHUIITBA, YU Oyje BOHA CTaO1IBHOIO 3a MEBHUX
YMOB.

Ananiz i po3e’azanns

PosrissHeMo cTroxacTHyHy MOJIETTh 3 HABYAHHSIM.

[TpumycTiMO, 10 MOMHUT Ha {-My MPOMIXKKY Yacy 3aJeKUTh JIHIHHO BiJl MTOTOYHOI
iHu. BBaxxaTmemo, 110 MOMUT Ha PUHKY Ma€ BUITAIKOBUI XapakTep (€ BUMAJAKOBOIO
BEJIMUMHOI0). [ hopmaizoBaHOTO OMKUCY HEOOX1THO, BU3HAYUTH HAa OCHOBI JIOCTY-
MHO1 1H(popMaIlii OIlIHKY KOe]IIi€HTIB JIHIHHOTO PIBHSHHS Y MOJIEJI:

D,=a—bX, + u,

ne D; — TonuT Ha {-My MPOMIDKKY 4acy; a, b — xoedirienTy JiHiitHO1 perpecii (b >
0); X, — 1iHa OAWHMII TPOIYKIIIi Ha /~-My MPOMIXKKY 4acy; #, — BUITAIKOBA BEITUYH-
Ha, [0 Ma€ HOPMAJILHUN 3aKOH PO3IMOALTY 3 HyJIbOBUM MaTEMAaTUIHUM CIIOIBaHHIM
1 CepeTHPOKBAPATUYHNM BIIXUJICHHSIM O,

VY pesynbTari BiANMOBIAHUX 00UKCIIEHh MOKHA OTPUMATH OLIHKY 3HAY€Hb Koedilli-
€HTIB JIIHINHOT perpecii, i piBHSHHS JIIHIHHOT perpecii MaTUME BUTJISII:

D,=A—BX, (1.5)
ne D, — po3paxyHKOBe 3HA4YeHHS MOMMTY Ha {-My HPOMiKKY dacy: 4, B — OIiHKH
3Ha4YeHb Koe(]ili€HTIB JiHIHHOI perpecii (B > 0).

[IpumycTuMo, MO MPOMO3UIIS BOPOAOBXK MOTOYHOTO MPOMIKKY Yacy TaKOX Jii-
HIl{HO (B cepelHbOMY) 3aJE€KUTh BiJl I[IHHU, ajie¢ HE MOTOYHOI, a TaKoi, IO SIBJISIE CO-
0010 KOMOIHAIIIIO IIiH Yy JBOX MOMEPENHIX Mepiojax yacy. Y HaWMpOCTIIIOMY BUIAI-
Ky 1€ MOKe OyTH cepelHE 3HAUEHHS 1iH MPOTATrOM JABOX MomNepeanix mnepioais. Kpim
TOT0, BBAXaTUMEMO, 10 MPOTO3HUIIisl HA PUHKY Ma€ BUMAJAKOBHUIA XapakTep (€ BHUIaI-
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KOBOIO BEIMUMHOI0). OTKe, A1 MOAETIOBAHHS MPOTO3HUILIIT MOXKHA BUKOPUCTOBYBATH
TaKy 3aJIEKHICTh:

S;=c+ kX(p) + v,

ne S; — TPOMO3HUIIis BIPOJIOBXK f - TO MPOMIDKKY 4acy; ¢, kK — Koe(dilieHTH JiHIHHOT
perpecii (k > 0); X(p) — cepenHpO3BaXeHE 3HAYCHHS IIH Ha JIBOX MOMEPEIHIX TPO-
MiXKax Yacy; v, — BHIIaJJKOBa BEIUYHMHA, [0 Ma€ HOPMaJbHUI 3aKOH PO3MOILTY 3
HYJHOBUM MAaT€MAaTUIHUM CIIOAIBAaHHAM 1 CEpEAHPOKBAIPATUYHNM BiIXHICHHSM G..

[Ticns BiAmoBiMHUX OOYMCICHH MOKHA OTPUMATH OIIHKK 3HAYCHb KOEQIIIE€HTIB
JHINHOI perpecii, 1 pIBHSAHHS JiHIMHOT perpecii MaTuMe TaKuil BUTTISA!

Si=C—KX(p), (1.6)

ne S, — po3paxyHKOBe 3HAYEHHS IPOTO3MIIil BIPOJOBK £-T0 MPoMixkKy uacy, C, K
— OIIIHKM 3HaueHb Koe(IieHTIB JiHIMHOI perpecii (K >0).

[ina X(p) Moxxe BU3HAYATHUCH 32 POPMYJIIOIO

X(p) = Xy — p(Xy — X 1), (L.7)

ne X,; — 1iHa Ha (¢/)-My NpoMiXKY 4acy; X , — IllHa Ha (7-2)-My NPOMIDXKKY 4acy; O
— BaroBHi Koe(ilieHT, 3HaYeHHsI KOTPOTo 3a/1aeThes B AianazoHi: 0 < p < 1.
Jlo Mozesni HeOOX1HO I11€ IOTYYUTH PIBHSHHS JIOKAIHHOI pIBHOBAaru pUHKY:

S, =D, + w,

ne S; — Npono3ullis Ha ¢ - My IPOMIDXKKY 4acy; D, — IONUT Ha ¢ - My IPOMIXKKY 4acy;
W, — BUINQJIKOBA BEJIMYMHA, KOTPA Ma€ 33JaHUN 3aKOH pO3MoAlTy. Mo)kKHA PUITHATH
rinoresy, 0 W, Ma€ HOPMaJbHUI 3aKOH PO3MOALTY 3 HYJIbOBUM MaTeMaTHYHUM CIIO-
JIBaHHSIM Ta CEPEIHbOKBAAPATUYHUM BIIXWICHHSM Gy. 3 ypaxyBanusMm (1.5) ta (1.6)
PIBHSIHHS JIOKQJIbHOI pIBHOBAar MaTuMe BUTJISAL!

Svt:th (1.8)

Cucrema piBusHb (1.5) — (1.8), micis BIAMOBIIHUX MPOCTUX MEPETBOPEHBb 3BO-
TUTHCSI IO TAKOTO BUPA3y:

X, = F(X,;, X,»), (1.9)

ne F(X,.;, X,;) — ominka QyHKIIT KOPENALIHHO-PErpeciiHOro 3B’ A3Ky MK 3MIHHUMHU
Xy X, X

Criouatky NMeBHUM HAOJMKEHUM CHOCOOOM BH3HAYAIOTHh I[IHY AJIS MEPIINX JIBOX
npoMikKiB vacy. Ilicist mporo Mo’kHa MPOBOJUTH OOYHMCIIEHHS 3TiTHO 3 BUPA30M
(1.9) HEoOXimHY KITBKICTH pa3iB (iTeparriii).

3anaya aHai3y MOJIATAE Y JOCIIHKEHHI BIUIUBY MapaMeTpiB CUCTEMHU Ha XapaKTep
3aJIe)KHOCTI IIHM AK (PYHKIIIT yacy, a TAaKOXX y BU3HAUYE€HHI PIBHOBAXKHOT I1HH.
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Tema 3. Anropurmiuni (imiTaniiini) Mmoxesi B eKOHOMIIli Ta MiANPUEMHUNTBI
Mooenrseannsa eunaoxkoeux nooii

Ilpuxnao. Hexaii npu ButipoOyBaHHI MarOTh MICIIE 3aJIeXKH1 ¥ cymicHI roaii 4 Ta B,
pu koMY Biziomo, 110 P(4) =0,7; P(B) =0,5; P(4B) = 0,3.

[ToTpiGHO 3MO/IEIOBATH MOSBY MOiH A Ta By TBOX BUMPOOYBaHHSIX.

Po3zé’azanns. Y xKoXHOMY BUIIPOOYBaHHI MOJKJIMBE HACTAHHS OJIHIET 3 YOTHPHOX
MOMAPHO HECYMICHHUX MOJIIH:

1.C,=4B, P(Cy) = P(AB)=0,3.

2.Cy=u4B,P(Cy) =P(4B)=P(4A) — P(BA)=0,7— 0,3 =0,4.

3.Cs=AB, P(C;)=P(48)=P(B)— P(4B)=0,5—0,3=0.2.

4.C4=4B , P(C4)=1-[P(C))+P(C,)+P(C5)]=1-(0,3+ 0,4 + 0,2) = 0,1.

3moaentoemo noBHy rpymny noxin Cy, C,, C;, C4 y n1BoX BUIIPOOyBaHHSAX (TIpOro-
Hax). BigkmagemMo mociiioBHO Ha OJMHUYHOMY BIJIPI3KY UYMCIIOBOI OCi 1HTEpBAIU
(puc. 1.3):

Ai:P(Ci),i: 1,...,4.

A, =P(C)) A, =P(C) As=P(C3)  Ay=P(Cy)
| i i i —>
0 0,3 0,7 0,9 1

Puc. 1.3. IntepBanu A; = P(C))

Hexaii 3renepoBano nBa BumaakoBux uucia &; = 0,68 1 &, = 0,95. Bunagkose yuc-
70 &; HaNEXUTh 10 1HTEpBay Ay, TOMYy y MepIIOMY BUIIPOOYBaHHI MaJia MICLIE OIS
C,: monisa A HacTana, a ToAiss B He HacTtana. 3a Apyroro BUIPOOYyBaHHS BUIAIKOBE
quCyo &, HANEXKUTH J0 IHTepBaly Ay: 00MABI TTOAIT A4 Ta B HE Mau MicCIIs.

Ilpuknao. BukopucToByIOUM YMOBH IMOIEPEIHBOTO MPUKIAAY, HOTPIOHO 3MOje-
JIIOBATH OKPEMO TIOSIBY MO/ 4 Ta B B 0JHOMY BUIIPOOYBaHHI.

Po3zs’saizanns. Tloaii A Ta B € 3alle)KHUMH, TOMY TIONEPEIHbO 3HAXOJMMO YMOBHI
nMoBipHOCcTI P(B/A) Ta P(B/4):
P(4B) 03 3.

P4 07 7°

P(4B) 02 2
P(4) 1-07 3

P(B/ A) = P(B/A)=
Jlnst monemtoBanHs noii 4 oOpano Bumankose uucio &;. Hexaii &; = 0,96. Ocki-
aeku &> P(A), To noaisa A y BUnpoOyBaHHI HE HacTaja.
Tenep posirpaemo mozio B 3a yMOBH, IO MOJis A y BUIIpOOyBaHHI HE MaJia Mic-
1. Hexait Bumankose uncio &, = 0,22. Omxke, & <P(B/4) (0,22 <2/3), To6TO Mois B
y BUIIPOOYBaHHI HacTaJa.
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Mooenroeanns eunaokosux 6eiUYUH

Ilpuxnao. 3monentoBaty 1Bl peastizailii JUCKPETHOI BHUIAJIKOBOI BEIMYMHU X, IO
Mae po3MoJIL:

X! -1 0 2 5
pi 0,2 0,5 0,2 0,1

Pos36’sa3anns. BinkinagemMo mocaiIoBHO Ha OJUHUYHOMY BiJPi3Ky YHCIOBOI OC1 1H-
tepBasiu (puc. 1.4): Ai=p,i=1,..., 4.

A =p, A =ps A3 =p3 Ay=py
l | | | |

>
[ I I I I [

0 0,2 0,7 0,9 1

Puc. 1.4. IntepBanu A; = p;

Hexaii 3renepoBano nBa BumaakoBux uucia &; = 0,57 1 &, = 0,73. Bunagkoe uuc-
70 &; HaJNeXUTh A0 IHTEpBaIy A,, TOMY y MEpIIOMYy BUIIPOOYBaHHI BUIMAJKOBA BENH-
yrHa X HaOyBae 3HaueHHS X, = (. 3a Apyroro BUMPOOYBaHHS BUIAIKOBE YUCIO &)
HaJICXKUTh JI0 IHTEpBATy A3, TOMY BUIIQJKOBA BelnurHa X HaOyBae 3HaUCHHS X;=2.

Ilpuxnao. 3monemoBaTy JIBI peanizallii BUMAIKOBOI BEIMYMHU X, 10 Ma€ iHTEpBa-
JLHO-TIOCTIMHY (PYHKITiFO IIUTEHOCTI PO3MOILTY Ha BiaApi3ky [0,5; 7,5]:

aO = 0,5, al = 2,0; a2 = 4,5, a3 = 6,5, a4 = 7,5,
pl = 0,3, pz = 0,4, p3 = 0,2, p4 = 0,1 .

Posé’azanna. JInga 3apanol BUINAAKOBOI BEIMUYMHU X JUCKPETHA BUMAJKOBA BEJIH-
YyHAa 77, 10 BIATIOBIIa€ HOMEPY 1HTEPBATY, MATUME PO3ITOILI:

Di: 0,3 0,4 0,2 0,1

Jlst onHi€eT peamizaiii BUIMaIKOBOI BEIMYUHA X HEOOX1JHO 3reHepyBaTh OJHE 3HA-
YeHHs (peani3allifo) AUCKPETHOI BUITAJKOBOI BETWYMHH 7 (IUB. MOMEPEAHIN TMpH-
KJIa/1) 1 OJTHE BHITAJIKOBE YUCIO &, O (POPMYETHCS TEHEPATOPOM BUIIAIKOBUX YHCET,
AK1 BIJMOBIIal0Th PIBHOMIPHOMY 3aKOHY po3mnoaiuny Ha inTepsaii (0; 1).

Hexaii 3renepoBaHo 1Bi peanizaiii JUCKPETHOI BUIAAKOBOI BEIMYUHU 77: 77; =2
1, =4, 1 na Bunajgkosux uucna &; = 0,91, & = 0,43.

Toni mepmie 3Ha4eHHS (peaizailis) BUMAAKOBOI BEMMUYUHA X HAJIEKATUME JIPYTO-
My IHTepBaiy: (2,0;4,5), 1 ICTaBUBIIM 3HAUYEHHS BIANOBIAHUX BEIUUUH y (popMyITy
(1.3), orpumaemo: x,=a, +&(a, — a;)=2,0+0,91(4,5-2,0) =4,275. AnanoriuHo,
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Jpyre 3HaueHHs (peani3allisl) BUMAAKOBOI BEIMYMHU X Hale)KaTHMe YETBEPTOMY i1H-
TepBaIY: (6,5 ;7,5), 1 MiJICTaBUBIIM 3HAYCHHS BIAMOBIIHMX BEIUYUH Y (Qopmyny
(1.3), orpumaemo: x, =az +&,(a, — a3) = 6,5+0,43(7,5-6,5) =6,93.

Tema 4. [Ipukiaaani maTeMaTu4Hi Moei GiIHAHCOBO-eKOHOMIYHMX MPOIECiB

Mooeni yinoymeopennsn

PosrnsHemo miaxiz A0 moOyI0BH MOJIENI IHOYTBOPEHHS, 110 0a3y€eThCs Ha 3alexkK-
HOCTI «BUTpPATH — BHUITYCK» 1 JIa€ 3MOTy C(POpPMYITIOBaTH 3a/1a4y IIHOYTBOPEHHS y BH-
TJISA1 IBOICTOT 337124l JIIHIMHOTO MTPOrpamMyBaHHS .

Hexait MaeMo m TEXHOJIOTIUHUX MPOLIECIB, KOXKHUHN 3 TKUX OMUCYETHCS BEKTOPOM
(@, ...,a,), 1€ @, — BUILyCK i-TO TPOJYKTY HA KOXKHY OJMHHULIO IHTEHCUBHOCTI /-
ro TEXHOJIOTIYHOTO Tpoiiecy. Hexait j-if mporiec moTpedye Ha KOXKHY OJUHHMITIO 1HTE-
HCHUBHOCTI TPOIIECY ¢ ; ONIMHUIIb mpatii. 3ajayda MmoJisira€ y Tomy, 1moo 3HaWTH 1H-

TEHCUBHOCTI Z15Z) 5005 Zyy TEXHOJIOTTYHHIX HpOLICCiB, SIK1 3a10BOJIBHATUMYTb CUCTEMY:

a;12; +apzy +...+ay,z, = b

) azlzl + a2222 +...+ azmzm > b2

, (1.10)
anlzl + an222 +...+ anmzm > bn
ne b; — noTpiOHU BUNYCK i-rO IPOAYKTY, 1=1,2,...,n.
[Tpu 1bOMy 3arajgbHi BUTpATH Mpalll TOBUHHI OyTH MIHIMAJTbHUMU:
C1Z; +CyZy +...4+CZ,, —> min. (1.11)

BusnaueHHs onTUManbHUX 11iH MPOAYKTIB 0a3yeThCs HA PO3B’SI3KY 3a/1aui, sSKa € ABOic-
Toro J1o 3amayqi (1.10 - 1.11).
Hexail p; — niHa oquHMLI i-TO NPOJYKTY, TOJI ABOICTa 3a/la4a MaTUME BUTJISA:

piay + paay .+ ppa, S0
DAy + Prlry +...t+ pa,, SC
1412 + Pady) nin2 = €2 (1.12)

P1m + P24y +..t Pum@ < Cm

b1p1+b2p2 +...+bnpn — max (113)

3amaya (1.12) - (1.13) Mae eKOHOMIYHE THTEPIPETYBAHHSI: BapPTICTh BUITYCKY MPOJTYKTIB
y KO’)KHOMY TEXHOJIOTTYHOMY TIPOIIEC] HE TOBHHHA MEePeOUTbIITYBAaTH BUTPATH Tpaili (YMo-
BU (1.12)). 3araspHa BapTICTh BUIYCKY POAYKIIT MakcuMizyeThest (ymoBa (1.13)).
PosrisiHeMO okpemi pUKIIaIu MPaKTHIHOT TOOYI0BH MOJIETICH.

1 . . o - . o .
Kocrina H. 1., AnexceeB A. A., Bacunuk O. [I. @inancu: cuctema mozeneii i mporHo3iB: HaBuanbhuil mocionnk. — K.: UerBepra XBH-
ns1, 1998. — 304 c.
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Ipukiaag Moaesti HiHOYTBOPEHHs 3a IBOICTOIO 3a1a4ero. Hexaii n =2, m = 3.

Taoanus 1.1
IHoTpiod-
Marpuusi JaHUX ||a i
PHILE 1 j BHILYCK
(5:)
TexHoyor1yH1 Tpolie- 5 5 7
cu l 2 3
[Tponyxkr 1 1 1 2 |21
[Tponykt 2 2 1 1 12
Butpatn mnpami  Ha
OJWHHIIIO 1HTCHCHB- | 3] 11 12
HOCTI npowecy (c¢;)

[Ipsima 3anaua (3a0e3neyeHHs BUTYCKY IIPU MiHIMI3aIlii BUTpAT Mpaili):
Z1+zy +223 221
221 +Zz +Z3 212,

W =31z, +11z, +12z; — min.

JIBoicTa 3amada (MakcuMi3allisi BAPTOCTI BUITYCKY MPOIYKINi 32 OOMEXeHb Ha BU-
TpaTu mpatii):

p1+2p, <31

p+pr <11,
2p,+p, <12

K =2lp, +12p, = max.
Po3B’s130k nBOiCTOI 3a1a4i: p,=1, p,=10. BapticTs Bunycky npoaykuii K = 141.
Po3B’a30k mpsamoi 3anaui: z,=0, z,=3, z;=9. Butpatu npaui W =141. TakuM uuHOM,
K 1 BUTUIMBAE 3 Teopii, K = W.

Hacrynna monens noB’si3aHa 3 OOIpYHTYBaHHSIM IUIaTH 33 (POHIU.
3rigno 3 moxemto JI. KantopoBuya®, onTUMallbHUM TJIaH BUPOOHHUIITBA 3aBOAY
(bOopMyeTBCS 32 CXEMOIO:

2 Awmanos C. A. BBeieHHe B MATEMATHYCCKYHO SKOHOMUKY. — M.: Hayxka, 1984. — C.18.
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[1nan BupoOHUIITBA
Pecypcu PODHHI
TOBapiB
X | Xy | ... | x, | Texnonoriyna
o : matpuusg  (A4):
a .
(bCHOBHl 121 6111 a, o 1n IUTOMI BI/.ITpa-
OHAH TH pecypciB Ha
ar a a-. | BAPOOHUIITBO
Mpars R, | 1 92 2n
Enekrpo- R. | 91 9n as,
eHepris 3 h
T pe- Rm ) A
cypcu h
VY mMaTeMaTuyHOMY 3amuci:
Ax<R, x>0 (1.14)
32 MAaKCUMaJILHOTO BUITYCKY MPOIYKITIi:
K = max(p, x), (1.15)

ne K — xpurepiit epekTuBHOCTL, P = (P,, P,»----P,) — BEKTOP IIiH.
Momudikamis 3agaui (1.14) — (1.15) moB’s13yeThCs 3 KOMIUIEKTHICTIO BUITYCKY.
Hexaii x' = (x},xlz,...,xll) BU3HAYa€ OJIMH KOMIUIEKT BHUITYCKY, @ K — KUJIBKICTb
KOMIUICKTIB, 110 BUPOOJISIIOTHCS, ToAl 3amada (1.14) — (1.15) mae Mmogudikaiito K
3a/a4a

max k (1.16)
3a 00OMEXEHD

Ax <R, x >kx'. (1.17)
PosrnsiHemo miporienypy BUOOpY BapiaHTa IJIaTH 3a pecypcH (OCHOBHI (oHIM) 3
BUKOpUCTaHHAM 3aaadi (1.14) — (1.15) 1 gBoicToi 3anaui:
min (R,u)
uAd ; p,uz0 ’

ne u = (u;,u,,...,u, )— 3MIHHA ABOICTOI 3a/1adl.

Hexaii x* u* — po3B's130K npsMOi Ta ABOICTOT 3a/1adi.

Skmo u* > 0, To (a;,x")=R;, ne a, =(a;,ay,...,a,, ), TOOTO i-i pecypc medinm-
THH (BUKOPHCTOBYETHCS TIOBHICTIO).

Slkmo u; =0, 1o (a;,x ) <R;, T0OTO i-if pecypc He AediUTHUIA.

3rigHO 3 TEOPEMOIO JIBOICTOCTI,
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K=(p,x")=R,u").

3rinHo 3 moaeo JI. KantopoBruya po3riasiHeMo YucinoBui npukian (n =2, m=3).

OO6csiru BUpOOHU-

IITBa TOBApiB

X X,
BapianT 1 20 11
BapianT 2 20 5,5
Linu mosapis 21 12
Pecypcn
R 31 1 1(2) | Texnomoriuna
R 20 1 0 ll\ilzzgl\ﬂalimBHTpﬁ)ﬁ
BE R

TexHonoriyny MaTpuil0 4 TNOJaHO Yy [JBOX BaplaHTax BHOOPY €JIEMEHTa
ap,: 1) a;, =1; 2) a;, =2. Bapianr | O11b111 EKOHOMHMI OJIO BUTPAT PECYPCIB.
Bionosioni po3s’sa3xu:

Bapianr 1
0<x,<20 x; =20, x;=11
JIBoicTa 3agayva:
u; +u, =21 W, =min(31u; +20u, + 20u;)
u; +uz =12 uy =12, u3=9, u;=0

BapianT 2
X; +2x, <31 K, =max(21x; +12x,)
0<x,<20 XT=20, X;=5,5
0<x,<20 K, =486

JIBoicta 3agaya:
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u; +u, =221 W, =min(31u; +20u, +20u;)
2u; +uy =12 uy =6, uy =15, u3=0

Hexait q;,95,...,q,, — L1HU PECYPCIB, TOAL TOX1] HMIANPUEMCTBA 32 BUPAXYBAHHIM
IJIaTH 32 PECYPCH CTAHOBUTHME:

D, =K, Z q(r)R(r)

Jie T — HOMEp BapiaHTa.
Hexaii

q” =4, ¢V =10, ¢V =2;

q? =3, q? =10, ¢¥ = 2;
TOMI
D, =552-4-31-10-20-2-11= 206,
D, =486-3-31-10-20-2-5,5=182.

OTxe, BapiaHT 1, sikuii 3a6e3neuye eKOHOMIIO pecypciB (MpHU MiABHUILEHH] IJIaTH 32
HUX, HAIIPUKJIAJ, TJIATH 32 MOJEPHI30BaH1 OCHOBHI (DOHM), TOPIBHAHO 3 BapiaHTOM 2
Jla€ 3pOCTaHHS JOXOY Ha BETUYUHY

D,

D,

-100% = (%—1)-100% =11,3%.

Mikpoexonomiune mooeno6anus 0aHKiecbKoi 0ianbHocmi

3arajbHi MIHTAHHA 1010 MOAEJTIOBAHHA AifJILHOCTI 0aHKIB

OnHe 3 03Ha4YeHb MOHATTS 0aHK (DOPMYITIOETHCS TaK: 6aHK — 1€ KPEeIuTHA yCTa-
HOBa, KOTpa Ma€ BUHATKOBE IMPaBO 3/A1MCHIOBATH B CYKYITHOCTI TakKi omeparii: 3ary-
YEHHS JI0 BKJIAJICHHS TPOIIOBUX 3aC001B (KOMITIB) (DI3UYHMX 1 IOPUAUIHHUX OCI0; pO3-
MIIIEHHS BKJIAJIEHUX KOIITIB BiJl CBOTO IMEHI Ta Ha CBil PaXyHOK Ha yMOBax IOBEp-
HEHHS, TUIATHOCT1, TEPMIHOBOCTI; BIAKPUTTS Ta BeICHHS OaHKIBCHKUX PAaXyHKIB (]i-
3UYHUX Ta IOPUIUIHHUX OCiO.

Cepen ocHOBHUX (PYHKITIH, IO X BHUKOHYIOTh OAaHKH SIK Cy0’€KTH €KOHOMIYHHUX
BiJIHOCWH, MO’KHAa BHOKPEMHTH TaKi:

1. 3aGe3nedyeHHs po3paxyHKiB 1 CILIaT.

2. Tpancdopmariis aKTHBIB.

3. YnpaBiiHHS pU3UKaAMHU.

4. OmparroBanHs 1H(OOPMaIITHUX TOTOKIB, MOHITOPUHT TTO3UYAJIbHUKIB.
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V (iHAHCOBOMY CIOBHHKY Ia€ThCs O3Ha4YeHHs KoMmepuiitnoro 6anky (BK) sk di-
HAHCOBO-KPEIUTHOI YCTAHOBH, 1[0 CTBOPIOETHCS IS 3Ty4eHHS KOIITIB 1 PO3MIIlIEH-
Hs iX BiJ CBOro IMEHI Ha yMOBax MoBepHEHHS i miaTHocTi. BK 3x1ficHIOE po3paxyH-
KOBI1 oreparllii 3a JOpy4eHHsIM KIIIE€HTIB, iX KacoBe 0OCIyroByBaHHsI, omepalli 3 Ba-
JIIOTO0, KOIITOBHUMH METajlaMM, IIHHUMH TaliepaMM Ta 1HIII omepartii, J03BOJICH1
3akoHOM. BK kiacudikyoTscs 32 TAKUMH O3HAKaMHM: 3a HAJEKHICTIO CTaTyTHOTO Ka-
niTay Ta cnocodamu Moro ¢hopMyBaHHS — aKI[IOHEPHI TOBapUCTBa i TOBApUCTBA 3
00MEXEHOI0 BIMOBIIATBHICTIO, OAHKH 3a y4acTi 1HO3EMHOTO KariTaiy, iH03eMHi Oa-
HKH; 32 BUJaMH 31HCHIOBAaHUX OTEpaIliii — yHIBepcaabHI Ta CIemiali30BaHl; 3a Te-
puTOpi€ro Ta chepamu TiITBHOCTI — 3arajlbHOICPKaBH1, perioHaibHI, raTy3eBi.

B octanni necatupiuds po3poOisIFOTECS MOJIENI MiAIbHOCTI 0aHKIB, IO BPaXxOBY-
I0Th Pi3H1 aCMEKTH iX (PIHAHCOBO-EKOHOMIUHOI JismbHOCTI. Cepen HampsMiB PO3BUT-
Ky MIKpOEKOHOMIYHO1 Teopii y 1i#i cdepi €, 30Kkpema, Taxi:

e MOJIEJNI, IO AHAJI3YIOTh AISUIBHICTh OaHKIB sIK ()IHAHCOBUX MOCEPEIHUKIB, 3 ypa-
XyBaHHSM 1H(OpMaIiitHOT HEBU3HAYEHOCTI Ta PU3UKY, 1IH(POpMAIIITHOT aCUMETPIi;

e MOJICJII, IO TPYHTYIOTHCSI HA BUPOOHUYO-OpTraHi3aiitHOMY T1IX0/11;

e MOJIeJ Il OaHKIB 13 MO3UIIIM CYKYITHOCTI CTOXaCTUYHUX (P1HAHCOBUX MOTOKIB TOIIIO.

OcCHOBHI KOHIIENIil CTOXaCTHYHOI'0
MO/IeJII0BaHHS (PiHAHCOBUX MOTOKIB

Sk 30BHILIHI YMOBH, IO BIUIMBAIOTH HAa AISJIBHICTH KOMEPIIHHOTO OaHKy (4u
¢dinancoBoi ipmu), Tak 1 MPOIECH, 110 PO3BUBAIOTHCS Y caMOMy OaHKY, € pe3yJib-
TaTOM CKJIAJIHOI 1 HEOJTHO3HAYHOI B3a€MOJIi 0araTb0X YMHHUKIB, TPUYNH, 3aJIEK-
HOCTEH, 0arato 3 SKUX Ma€ BUMAIKOBY (MMOBIpHICHY) 1/9M HEUITKY (pO3TUIMBUYAC-
Ty) npupoay. Hacnigkom 1poro € te, mo po0oTa 6aHKIBCHKOT YCTAHOBU 3HAYHOIO
Mipo10 00TsI’KEHA HEBU3HAUCHICTIO T4 3yMOBJICHIUM HEIO PU3UKOM.

[Torouynuit ctan 6aHKy (4 1HIIOT (P1IHAHCOBOT IHCTUTYIIIT), MOKHA OINKCATH 3a JI0-
MIOMOT'O0 BEKTOPa XapaKTePUCTHUK:

X=(X1, ovry Xp).

KinbkicHUM Ta SIKICHUHM CKJIaJ KOMIIOHEHT BEKTOpPA X BU3HAYA€ThCS CTYIIEHEM Jie-
Taj3arii.

®dakTuyHO 19 opMa OMUCY CTaHy OaHKYy 3a 3MICTOM aJieckBaTHa OaHKIBCHKOMY
OanmaHCy: KOMIIOHEHTH BEKTOpa X MOXKYTh OyTH 1HTEpIIPETOBaHI K 3BUYAiHI CTaTTI
OanmaHCy, a KUIBKICTh iX 1 CTPYKTypa BIANOBIIalOTh PIBHIO HOTO arperoBaHoOCTi (I0-
JNEHHUM — SIKMM BKJIIOYA€ PAaxXyHKH APYroro MOPSIKY, y3araJIlbHEHUH — KBApTallb-
HUM TOlO). CTaH OKPEMOTro j-r0 pecypcy OTOTOKHIOETHCS 3 JAESIKUM €JIEMEHTOM

MHOXHUHU HEBIJA €EMHUX IHCHUX YUCEN Ri=[0,+oo). Cran OaHKy 3arajioM MOXHa
MOJIATH JIEIKOI0 TOYKOIO 7-MIPHOTO €BKJIIZJOBOTO MPOCTOPY:

n 1
xeR, = {x:(xl, ey Xy ey X)) xjeR+}.

! 3azopoonii A. I'., Bosuiok I'. JI., Cmosoicenko T. C. DiHaHCOBUI CIOBHUK. — 3-T€ BH., Bump. Ta gon. — K.: T-Bo «3Hanus». KOO,
2000.
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MHoOX1Ha BCIX MOXIMBUX (JOMYCTUMHUX) TOYOK (BEKTOPIB) X YTBOPIOE MPOCTIp
CTaHIB OaHKY:

_ n
X={x}cR,.
Mo3yTh CTBOPIOBATHUCS TAKOXK MEBHI MOX1AHI (BTOPUHHI) XapaKTEPUCTUKH:

y:(y19 b yl) ceey ym) ERm

BekTop moxigHUX XapakTEepUCTUK ) € (GYHKLIEIO BiJl BEKTOpa X : ) = f(x).

TumoBuM TPHUKIIATOM TOXITHUX (BTOPUHHKX) XapaKTEPUCTUK CTaHy OaHKY € CHC-
TeMa 000B’sI3KOBUX (PiHAHCOBMX HOPMATHUBIB (KOE(]IIIEHTIB), IO X YCTaHOBIIOKOTH
IEHTpaJIbHI OAHKHW YH 1HII PETYJII0K0Yl OpraHH.

Jlnist BpaxyBaHHS YMHHUKA Yacy MOTPiOHO 3a7aT IesSKy MHOKUHY T, €JIeMEHTH KOT-
poi t € T Ha3UBarOTh MOMEHTAMH 4acy. SIKII0 3aJaHa MOJIENIb HEMIEPEPBHOTO Yacy, TO
CTaH j-1 XapaKTEPUCTUKU MOXKHA PO3IIIAAATH K 3HaYeHHA (QyHKIII x;(¢), 110 BU3HA-

YyeHa Ha MHOXHWHI 7' 1 HaOyBa€ 3HaUYCHHS Ha MHOXHUHI RJIF. I'padix dyukuii x;(¢) Bimi-

rpae posib TPAeKTOpPii 3MiHU B 4aci j-1 xapaktepuctuku. CtaH OaHKy 3arajiom — Iie
3HAa4YeHHs BEKTOPHOI PYHKIIIT yacy:

x(t) = (x(0), ..., xj(t), e X, (2)),

a TpaekTopis cucteMu {x(f)},.r € AESIKOK KPUBOK (TIIEPIOBEPXHEIO) B N-MIPHOMY

MIPOCTOPI.

Bu3HadaeThCst TAKOXK Take TMOHATTS, SIK TIOTIK.

Ilomix — 11e eKOHOMIYHa BEJMYMHA, KOTPa BHUMIPIOETHCSA B PYCi 3 ypaxyBaHHSIM
PO3TJISIyBAHOTO YacOBOTO 1HTEpBaNly. PO3MIPHICTh MOTOKY — 11€ 0OCST, MOIIeHUN
Ha IHTE€pBaJI yacy.

3MICT MTOHATTS MOTIK MOB’A3aHUM 13 TTOHSATTSAM IIBUIAKOCTI 3MIHH CTaHY CUCTEMHU.

SIk1mo npuryctuTH, mo QyHKOii x; (), M0 3a1a0Th TPAEKTOPIi 3MIHA XapaKTepH-
CTUK CTaHy 0aHKy, € AU(epeHIiiioBaHUMU B yCiX Toukax iHtepBany 1 = (1_, T4), TO
BIJIMTOBIAHI TIEPIIT TIOX1THI

dx (1)
dr -’

MOJKHA THTEPIIPETYBATH K MIBUAKOCTI 3MiHH [IUX XapaKTEpUCTUK. Po3risaatoun
KOHKPETHUN pecypc, OTPUMYIOTh BIJITIOBIIHI BUIY MTOTOKIB: (DiHAHCOBUM, IPOIIIOBHH,
[MOTIK T'OTIBKH TOIIIO.

Xi()=x;(1)= j=1,..,n

Junamika OaHKy B LIJIOMY MOX€E OyTH OIUcaHa 3a JIOIOMOT'0I0 BEKTOPHOTO pecyp-
CHOT'O TIOTOKY

x(0) = (1), -oer X;(0), ...y X,(2)),
SIKUH 3aJ1a€ BEKTOP MIBUAKOCTI 3MiHH CTaHYy JOCTIIKYBaHOTO 00’ €KTa B IPOCTOPI.

3HaYeHHS OKPEMOi XapaKTEPUCTUKUA 00’ €KTa JOCTIIKEHHS IS OYb-sIKOTO MOMeE-
HTy yacy ¢t € (T_, T}) Bu3HauaeTbcs 3a hopMynoro
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xj(t)=jxj(r)dr.
T_

dopMyeThCS MOJICITb, SIKa TPYHTYETHCS Ha BiI0OpakeHHI OaHKY SK CHCTEMHU (BEK-
TOpa) MEPBUHHUX PECYPCHUX MOTOKIB:

X(0)=(x (@), s X;(0), ooy X, (0)), te(T_,T,).
AHaJIOTTYHO MOKHA PO3TJISIAaTH 1 MOXiAH1 (BTOPUHHI) PECYpCHI TOTOKHU:
y@)=(n (@), ..y Y (0), -y Y (@), te(I_,T,).

OOuB1 3 HaBEJCHUX MOJENEH AA0Th YSABJICHHS MO0 CTaHy OaHKY Ui KOXKHOTO
MOMEHTY 4acy t. OHaK MO>KHA HaBECTU HU3KY MPUKIA/IB, KOJIU BUHUKAE HEOOXi-
HICTh Y MIEPEX0/ii B/l «KTOYKOBOTO» MOJAHHS 0 «IHTETPATLHOT0» OMHCY MOBOKEHHS
J-1 XapaKTEepUCTUKHU Ha IEBHOMY 3a/IaHOMY 1HTEpBaJl yacy

(., t,)c (T, T)).

JIJiss TIbOTO BBOJAMTHCS TIOHATTSI CEPEAHBOTO 3HAUCHHS XapPaKTEPHUCTUKH (j-1 KOM-
MIOHEHTH BEKTOpa CTaHy) Ha 1HTepBai (7., t,):

Ly

)_cj(t_,t+)=t;jxj(t)dt,

Tt

SIK€ BUMIPIOETHCS Y BIAMOBITHUX PECYPCHUX OAMHUIISX, & TAKOXK CEPEIHBOIO MOTOKY:

L= S H0),

IO BUMIPIOETHCS B PECYPCHUX OIAMHMIISIX HA OJUHUIIO Yacy 1 BU3HAYA€E CEPEIHIO
HIBUJIKICTh 3MIHU 00CSTY j-TO pecypcy 3a iHTepBan (f_, £;).

Mopeni nuHaMikyd 0aHKIBCBKUX PECYpPCiB, IO IPYHTYIOTHCS HA HENEPEPBHOMY I10-
JAHHI YaCOBUX IHTEPBAJIIB, HE IMOBHOI MIPOKO BIANOBIAAIOTH MPOLECAM, K1 peaji-
3y10Thcsl Ha npakTuil. [lo-nepue, «(pi3nuHuil 4acy sIK TaKui, O MJIMHE PIBHOMIPHO
1 HEemepepBHO, HE BIJIMOBIJA€ 3a3BHYAi BHYTPIMIHIM PUTMAM <OKHUTTEBOTO ITUKITY)
€KOHOMIYHMX Cy0’ekTiB. Kiacuunuii mpukiiag HEBIAMOBIIHOCTI «(BI3UIHOTO» 1 «EKO-
HOMIYHOT'O» 4Yacy IOB’s3aHUM 13 HEOOXITHICTIO BpaxyBaHHS BHXIJHHX 1 CBITKOBHUX
JTHIB, YIPOJOBXK SKUX OaHKU HE BUKOHYIOTh CBOi onepaiiii. [lo-apyre, HenepepBHICTh
BHUCYBAa€ BUCOKI BUMOTH II0JI0 MAaCHBIB JaHUX, HEOOX1THUX JJIS BIJIMIOBIIHOTO iX TeC-
TyBaHHS Ta €KCIUTyaTarii.

Jlyist mepexo/ty BijJi HETIEPEPBHOTO Yacy 0 AUCKPETHOTrO, IO aJeKBaTHIIIE BPaxo-
BYE YMOBH JISNIBHOCTI (PIHAHCOBO-€KOHOMIYHUX IHCTUTYTIB, MOKE€ BUKOPUCTOBYBa-
THCS MoJeb Xikca’. 3rifHO 3 I[i€I0 KOHIENIIEI CKIHYCHHMH Biapi3oK yacy [f., t.],
BIIPOJIOBXK SIKOTO CIIOCTEPIraeThCsd (PYHKLUIOHYBAHHS JTOCHII)KYBAHOI CUCTEMH, IMOII-
Js€ThCs HAa K pIBHUX YAaCTHH (B1IP13KIB Ta HAIIBIHTEPBAIIB) JTOBXKUHOIO O:

2 Xike JDic. CtouMocTh U Kanutaid. — M., 1993.
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[t_, t_+0), [t_+0, t_+20),..,[t_+(K-1)o, t.], net_+Ko=t,.

B ocHOBI Takoro noaiay — rinoresa, 3a KO0 ycl napaMeTpH X; (), 10 XapaKTepu-
3YIOTh CTaH OAHKY Ta YMOBHU MOTo (DYHKI[IOHYBAaHHS, 3AJIMIIAIOTHCS (HAOIMKEHO) TI0-
CTIMHUMU BcepenuHi iHTepBaniB [¢_, (k—1)0, ¢t +ko)] 1 3MIHIOIOTBCS JHIIIE HA Me-
’Kax 4aCOBUX 1HTEPBAJIiB.

OTxe, OTpUMY€EMO TUCKPETHUM «OaHKIBCHKUI» Yac T, 110 HaOyBae 3HaueHHs 0,1,

.., k, ..., K. Jlerko 3pobutH y3arajibHEHHs, BpaXOBYIOUH, 1[0 MOMEHTH «0aHKIBChKO-
ro» 4acy T BUIJIUICHI TPOMIXKKaMU yacy pi3Hoi goxuHU. Lle mae 3Mory O11bI1 TOUHO
BPaxOBYBATH BUMOT'Y ITOCTIHOCTI MPOLIECIB yCEepEANH] LIMX NEPIOIB Ta YAHHUK BH-
X1IHUX 1 CBITKOBUX IHIB.

3a BNPOBAKCHHS JUCKPETHOTO 4acy Bi0yBaeThcs (pikcallis BITHOCHO HOTr0 MO-
MEHTIB BEKTOPIB CTaHY:

x(1) = (x1(1), ..., Xi(T), ..., Xu(T))

Ta BEKTOPIB PECYPCHUX MOTOKIB:

X(7)=(%,(7), ey X;(7), ..r X,(7)).

MoskHa TakoX MEPEUTH Bl IIOJEHHOTO» Yacy N0 «IIOTHKHEBOTO», «IOMICIY-
HOT0» TOMIO.

Hactynuuii kpok y mpoiieci BIOCKOHAJEHHSI PO3IJISIIYBAHOIO KJIAcy MoOJeield —
ypaxyBaHHS B HUX YMHHMKIB HEBM3HAYEHOCTI T4 3yMOBJIEHOTO HUMH PU3HKY. [y
bOI'0 3PYYHO CKOPHUCTATUCS TEPMIHOJIOTIEI0 TEOpli BUIAIKOBUX mpoilieciB. I1in Bu-
NaJKOBUM (CTOXACTHYHHUM) IPOLIECOM (BUIAJAKOBOK (PYHKIIIE Yacy) pO3yMIIOTh
byHKII0 X(f), KOTpa MOKE€ MAaTH Ty UM 1HIILY KOHKPETHY peanizallito (TpaeKkTopiio) 3
NesKOi (PIKCOBaHOT MHOKMHH MOYJIMBUX TPAEKTOPIM:

X ={x(t,0)|0 € ©}.

OTxe, B yMOBaxX HEBU3HAYEHOCTI MOJEIUIIO TUHAMIKK CTaHy OaHKY MOXE CIyTy-
BaTH BEKTOPHUN BUITAIKOBUI MPOIIEC:

X()=( (), ..., X;(0), ..., X,,(2)),

KOXHA KOMIIOHEHTa X ;(f) SIKOrO ONKCYE CTOXACTHYHY JHHAMIKY j-1 XapaKTePUCTHKH

(pecypcy) 6aHKy. AHAJIOTIYHO YMHHUK HEBU3HAYEHOCTI, HAsBHUM y CUCTEMI1 pecypc-
HUX MOTOKIB OaHKy, MOXHa OmMucaTth y (OopMasli30BaHOMY BHIJISIl 32 JOIOMOIOO
BEKTOPHOT'O BUITaJJKOBOI'O MTPOLIECY:

X(0)=(}(7), o X;(2), ., X,(7)), i €(T,T,).

JlocmipkeHHs, CrIpsSIMOBaHl Ha 3MICTOBHUI aHall3 3aKOHOMIPHOCTEW (PYyHKLIOHY-
BaHHs 0aHKIB, MAalOTh CIIMPATUCA HA JIaHI Ta CIIOTE3H, 10 KOHKPETU3YIOTh THI 1 a-
. .u3
pamMeTpy BUKOPHCTOBYBAaHHMX BUITAIKOBUX BEJIMYMH 1 QYyHKLIN .

3
Xosarnoe H. B. Matematuueckue Mojiesiu pricka i Heonpenenennoct. — CII0., 1998.
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Tema S. BupoOnu4i ¢pyHKuii
BupoOHn4i MHOKHHH i IX BJACTHBOCTI

Panime namu Oynio 3M0/€IbOBAaHO TOBEIIHKY 1HIWBIIIB-CIIOXKHUBadiB. Terep
PO3MIISTHEMO 1HIIIOTO HAMBAXIIMBIIIOTO YYaCHUKA CKOHOMIYHHX IMPOIIECIB — OKPEMOTO
BUPOOHUKA.

Tpetiii HallBaXXIMBIIINI yYaCHUK PeaIbHOI EKOHOMIKM — TOPIOBELlb — € Mocepe-
JHUKOM MIX CIOXHBadueM 1 BUpoOHUKOM. Came uepe3 HbOro BHUPOOHUK peasizye
CBOIO MPOJAYKIIIO 1 OTPUMYE 13 CHOKMBaya rpoull. 3aJ0BUIIbHOI MaTEMaTUYHOI (op-
MaJi3ali TOpriBii, MOXKHA CKa3aTH, HE ICHY€, 1 TOMY TOPTOBEIlb y HAC 3JIMBAETHCS 3
BUPOOHHUKOM.

3 1pOro BHUTIKAE MiAJIera pojdb BUPOOHHKA B CHUCTEMI CIOKHWBAaHHS-
BUPOOHUIITBO — BiH peajizye CBOI 1111 TUIBKU Yepe3 CIOoKUBaya 1 TOMy ITOBUHEH Bra-
JIaTH, 3pO3yMITH, 1[0 TOW X0ue, 1 33J0BOJILHUTH HOT0 MOTpeOu. Y 1IbOMY MPUHIIUIIO-
Ba BIJIMIHHICTh KJIACHYHOI 1 HEOKJACHYHOI €KOHOMIYHOI Teopii BiJl MapKCH3MY, B
SIKOMY BUPOOHMIITBO BIAITPa€ CaMOJIOBJICIOLIYIO POJIb.

Haragaemo, 1mo Hama eKoOHOMIKAa TMpalloe B MPOCTOPI  TOBapiB
C= {X = (xl,...,xn ) X,y X, 2 O}. Panime posrisigaBcst MpocTip TOBapiB, 110 CKJIaa-
€ThCA 3 BIJ’€MHUX n-MipHUX BEKTOpPiB. Po3risinemo tenep BekTop 1 pO3MIPHOCTI 7,
TepIIi 7 KOMIOHEHTIB AKOTO HEMO3MTHBHI: X,,...,x, <0a ocTanHi (1 —m) KommoHe-
HTiB HEHeraTwBHi: x . ,..,x >0. Bextop X =(x,,..,x, ) Ha3BeMO GeKmopom 6u-
mpam, a BEKTOp Y = (xm+l,...,xn) — 6ekmopom eunycky. Cam xe Bexktop T = (X Y )
HA3BEMO 8EKHLOPOM UMPAM-BUNYCKY, 00 MEXHON02IEN).

3a cBoiM cMmuCiIOM mexHonozia (X, Y) € cnocoboM nepepoOKu pecypciB y TOTo-
BY MPOAYKIIIIO: "3MIMIABIIN" peCypcH B KUIBKOCTI X, OTpUMAEMO MPOIYKIIIO Y PO3-
Mipi Y.

KoxeH KOHKpeTHUN BUPOOHUK XapaKTEPHU3YETHCS MESIKOK0 MHOXWHOIO 7 TEX-
HOJIOT1#, SIKa HA3UBAETHCS GUPOOHUYUOI0 MHOMCUHOW. TUTIOBA BUPOOHWYA MHOKHUHA

3alITpUXOBaHa Ha puc. 1. J[aHuii BUpOOHUK BUTpadae OAUH TOBAp JJIs BUIYCKY 1H-
1I0ro0.

Puc. 1.

BupoOnnya MHOXHHA BifoOpakae MHUPOTY MOMKIUBOCTEH BUPOOHUKA: YUM BO-
HO OUIbLIE, TUM LIUPILIE L1 MOXJIUBOCTI.
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BBa)KaGTBCﬂ, m1o BHPOOHHYA MHOKHHA NOBUHHA 32/I0BOJbHIATH HACTYITHUM
YMOBaM:

a) MHOKMHA 3aMKHYyTa — 1I€ O3Hauae, M0 SKIIO BEKTOp I BUTPAT-BUITYCKY CKi-
JIbKU 3aBrOJTHO TOYHO HAOJIMKAETHCSI BEKTOPAMH 3 7, TO 1 T HAJEXKUTh T

0) TNQ= {O}He Q= {T T > 0}; e popmMasibHa yMOBa 3p0O3yMijia i3 3MICTOBHOL
1 EKOHOMIYHOT TOYOK 30py: AkOu B 7 OyB Bextop 7 >0, 7 # 0, To e o3Hayasno 0, mo
IIOCh MOYKHA BUPOOJIATH, HIYOTO HE BUTPAYAIOYH;

B) 7N (~7)=1{0}T06T0 sIKmMO T €7,T #0T0 —T ¢ 7-T — HE MOKXHA TIOMiHATH
MICLSIMHM BUTPATH 1 BUIYCK, TOOTO BUPOOHHUIITBO — HEOOOPOTHHUI MTPOLIEC;

I) MHOXHMHA OIyKJla — L€ IPUIYLIEHHs Bele, KPIM YChOIrO IHILIOIO, 10 3MEH-
HIEHHA B1JiJ1ayl B1J] peCypciB, M0 NEPEPOOISIOTHCS, 13 3pOCTaHHAM 00'€MIB BUPOOHU-
1TBa (10 30UIBIIEHHS HOPM BUTPATH 3aTpaT Ha FOTOBY MpoayKiito). Tak, 3 puc. 1 sic-
HO, IO ‘ y/x‘ yOyBae mpu x — co. 30Kpema, MPUIYILICHHS MpPO OMYKJICTh Bele 0
3MEHIIIEHHSI TTPOYKTUBHOCTI TIpalll i3 3pocTaHHsAM 00'eMy BUpOOHUIITBA. YacTo omy-
KJIOCTI IPOCTO OyBa€ HEAOCTATHBLO 1 TOJII BUMArarTh CTPOTroi OMYKJIOCTI BUPOOHUUOT
MHOXUWHHU (200 AesiKiil Ioro 4acTUHM).

"Kpusa' BHPpOOHMYHX MOKJIUBOCTEN i BMiHeHi BUTpaTH

Jlane MOHATTS BUPOOHWYOI MHOXMHH BIJIPI3HSETHCS BUCOKUM CTylE€HEM a0CT-
PAKTHOCTI 1 Yepe3 HaJ3BUYAHY CIUJIBHICTh € MAJIONPUAATHUM JJIsI EKOHOMIYHOI T€O-
pii. PosrisiHemo, Hanpukiaz, puc.l.

[MornsabTe HAa ToukHu B, C. ButpaTu 3a IMMHU TEXHOJIOTISIMU OJJHAKOBI, @ BUITYCK
pi3Huii. BupoOHUK, SKIIO BiH HE 1M030aBICHUIN 3J0pOBOr0 ITy3/1y, HIKOJIU HE BHOEpe
TEXHOJIOT1I0 B, sIKIo € Oubi kparta TexHosoris C.

VY nmanomy Bumanky (auB. puc. 1), 3HalaeMo aist KokHoro x < (0 HaWBHUILY TOY-
Ky (x, y) y BUpoOHUYiIH MHOXHHI. BuHO, 110 py BUTpaTax x TEXHOJIOTIs (X, ) Hal-
kpama. Hisika texnosnoria (x, b) 3 b < y He IOBUHHA BUOMPATHCS BUPOOHUKOM 3a
OYeBUIHUMH mpuunHaMu. OTXe, B JAaHOMY BHUIIAIKY (3 JBOMa TOBapamu) JIETKO
oTpuMaHo (QyHKLIO y = f(x) mig x < 0; BOHA HA3UBAETHCS GUPOOHUYUOIO PYHKUIEN).

Toune Bu3HaueHHS BUPOOHWYOI GyHKIIT Take: y= f(x)<>(x,y)Er 1 SKIIO
(x,p)yet(x,b)i1b>y,T0b=1.

3 puc. 1 BuaHo, mo 11t 6yap-axoro x <0 Ttaka Touka y = f(x) €auHa, 110, Bia-
CHE, 1 J03BOJISIE TOBOPUTH PO BUPOOHUUY (DYHKIIIFO.

Agne Bce Tak IIpocCToO, TIIBKH SKIITO BUITYCKAE€ETHCA OJJUH TOBAp.

Y 3araJJlbHOMy BHUIIAJIKY JJIA BCKTOpa BHTpPAT X T103Ha4YuMo MHOXUHY

M, = {Y (X,Y)e T}. MHuoxuHa M, — e MHOKMHA BCIX MOXJIMBHUX BUIIYCKIB IIpH

BuTparax X. Y i MHOXHHI poO3ryIsiHEMO "Kpuegy'' eupobnuuux modxcaueocmeii
K, ={Y€MX cecnuZeM,uZ2>2Y,mo Z=Y}, ToOT0 K, — 1€ Oe3niu Kpamux

X

BUITYCKIB IIPU JTAHUX BUTpartax X, TOOTO TaKMX BUITYCKIB, Kpalle 3a IKUX HeMae. Sk-
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0 BUITYCKAIOTHCS J[BA TOBAPH, TO 1€ KPUBA, SKIIO K BUITYCKAIOTHCS OLIBIIE JBOX
TOBApIB, TO 1€ MOBEPXHS, TLJIO a00 MHOKHMHA I11€ OLIBIIIOT PO3MIPHOCTI.

OTxe, ms OyIb-sIKOTO BEKTOpa BUTPAT X BCi sSIKHAHKpAIll BUITYCKHU JIEKATh Ha
KpuBif (IMOBEpXHI) BUPOOHUUUX MOXKIUBOCTEH. TOMy 3 €KOHOMIYHUX MIpPKyBaHb
3BIJITH 1 IOBUHEH BUPOOHUK OOMPATH TEXHOJIOTIIO.

Jljig BUNaaKy BUIYCKY ABOX TOBapiB y,, ¥, KapTUHA II0Ka3aHa Ha puC. 2.

Y2
B Ay,

i Ay,

A
Ky

Y1

Puc. 2.

Sximo omnepyBaTH TUIBKM HATypajJbHUMHU [OKa3HWKaMU (TOHHAMH, METPAMH 1
TaK Jajil), TO JJIs JAHOTO BEKTOpa BUTpPAT X MM JIMIIE MOBUHHI BUOpAaTH BEKTOP BU-
NycKy Y Ha KpuBI BUPOOHMYHMX MOKJIMBOCTEH, aje SIKUA KOHKPETHO BHUITYCK Tpeda
BUOpaTH, BUPILIUTH LI€ HE MOYKHA.

S0 cama BUpOOHUYA MHOXKHHA 7 € OIYKJIOH, TO 1 M , € OIyKJIOH0 AJis Oy/ib-
sKoro Bektopa BuTpar X. JloBenemo 1ie.

Hexait Y,ZeM,. Tpeba nosectu, mo af +(1-a)ZeM, nns Oynp-sikoro
ae [O,l]. Ock1IbKH (X,Y),(X,2)er 1 T € OTNYKJIUM, TO
a(X,+(1-a)X,Z2)er, TOOTO
(X, o)+ (1-a)X,l-a)2)=(X,aY +(1-a)Z)eT. Otxe
(@Y +(1-a)Z2)eM,.

Hapam HaM 3HaOOWUTBHCS HAaBITH CTPOra OMYKIICTb MHOXUHM M , . YV pa3l BU-

MyCKY JBOX TOBApiB 1I€ 03HAYAE, IO JOTUYHA JJO KPUBIM BUPOOHUUUX MOKIHUBOCTEH

K, Mae 3 11i€10 KpUBOIO TUIBKU OJIHY 3arajibHy KparlKy.

PosransiHeMo tenep nmuTaHHSA PO Tak 3BaHl BMIHEHI BUTpatu. lIpumycrtumo, mo
BUITYCK (pIKCOBaHMI B Kparil 4, 1uB. puc. 2. Tenep BUHUKIA HEOOXIAHICTh 301IbIIH-
TU BUITYCK 2-TO TOBapy Ha Ay,, BUKOPUCTOBYIOYM, 3BUYAIIHO, KOJMIIHIA Habip pe-
CypciB BUTpaT. 3poOUTH 1€ MOXHA, K BHIHO 3 PUC. 2, IEPEHICUIN TEXHOJIOTIIO B
Kpanky B, aJis 4oro 13 301IbIIEHHSIM BUIIYCKY 2-T0 TOBapy Ha Ay, TOBENETbCS 3MEH-
IIMTH BUITYCK 1-TO TOBapy Ha Ay;.

Bminenumu sumpamamu 1-ro ToBapy 1o BiJHOIICHHIO J0 2-T0 B Kparii A Ha-
3UBAETHCS lim‘Ay1 / Ayz‘ — no3HaueHHst S, (A). SIKio KpruBa BUPOOHUUMX MOKIHBOC-
Ay, —0
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Tell 3amaHa HesBHMM piBHAHHAIM F(y,,y,)=0, 10 8,(A)=(0F/0y,)/(OF /dy,), ne
YaCTHHHI MOXIIHI Y35Ti B Kpanii A.

SIKII0 YBa)KHO BIJISINITHCS B TaHWUH MAaIFOHOK, TO MOYKHA BUSIBUTH I[IKABY 3aKO-
HOMIPHICTB: MPU PYCI 3J1IBa-BHU3 MO KPUBIH BUPOOHUYMX MOKJIMBOCTEH BMIHEH1 BU-
TpaTH 3MEHITYIOTHCS BiJl Ay>K€ BETUKUX BEITUYUH JI0 AY’KE MaJIHX.

[Tpu peskuxX MPUPOTHUX MPUITYIIEHHAX HA MOOYIOBY BHPOOHMYOI MHOKHUHHU
el GakT BAA€TbCsa JOBECTU CTPOrO MAaTEMATHYHO.

BupoOoHu4i pyHKuii i ix BJIacTUBOCTI

OTxe, TUIBKK 3a JIOTIOMOT'00 HAaTYypaJlbHUX TMOKAa3HUKIB BU3HAYUTHU JIJIS JTAHUX
BUTpAT X €AMHUN BUMYCK Y 3aJI0OBUILHO HE BJAETHCS: HAIll BUOIp 3BY3UBCS JIMIIIE JI0
KpUBOi BUpOOHMUNX MoiuBocTed K, . Uepes 1i npuynHMU po3po0IieHa JuIle Teopis

BUPOOHNYMX (YHKI[II1 BUPOOHMKIB, BUITYCK SIKUX MOYKHA OXapaKTEepHU3yBaTHU OJHIEIO
BEITUYMHOIO — 200 00'€éMOM BHITYCKY, SKIIIO BUITYCKA€THCS OJUH TOBap, abo cyMmap-
HOIO BapTICTIO BCHOTO BUITYCKY.

Crucno IMOBTOPHMO OCHOBHC B IbOMY BAKJIMBOMY BHUIIAKY.

Otxe, mpoctip BUTpAaT € m-mipnum. KOXHIA TOYIl MPOCTOPY BUTpAT
X = (xl,...,xm) BI/IMOBIIa€ €IMHUN MaKCUMaIbHUN BUITyCK (puc. 1), BUpoOIeHH pH

BUKOPHUCTaHHI IIUX BUTpaT. L{el 3B's130K 1 Ha3uBa€eThcst BUPOOHUYOK (yHKITE0. [1po-
T€ 3a3BHYAN BHpo6Hqu byHKIIIFO pOSyMlIOTB HE TaK 0OMEXyBaJIbHO 1 BCIKUN (DyHK-
IIOHATBHUI 3B'I30K MK BUTPATaMU 1 BUITYCKOM BBaXKalOTh eupoﬁnuuom dyukuicro.
Hanani BBaskxaTumMemo, 1110 BUpOoOHNYA (DYHKIIIA Ma€ HEOOX1TH1 TOX1IHI.

[lepenbauaeTncs, 0 BUpOOHUYA PyHKILIsI / 3a0BOJILHSE IBOM aKCcioMaM:

o [lepmia akcioMa CTBEPJIKYE, 1110 ICHY€E MIIMHOKHMHA IIPOCTOPY BUTPAT, HA3MBaHa
eKOHOMIUHOI0 o00aacmiwo E, B sikiii 30inblIeHHS OYyIb-SIKOTO BUIY BHUTpAT HE
MPU3BOJUTH 10 3MEHIICHHS BUITYCKY. TakuM 4uHOM, SIKIO X|, X, — Bl TOUKH
1iei obnacTi, To 3 HepiBHOCTI X, > X, BumuBae f(X,)= f(X,).

VY mudepenuianbHii ¢hopmi 1€ BUPAXKAETHCSA B TOMY, 1110 B 111 00J1acTi BCi Mep-
1 9YacTUHHI MoXigH1 GyHKIIT f HeBix emHl: Of /6xi > 0. Ili moxigHl Ha3uBa-
I0TBCSL 2PAHUYHUMU RPOOYyKmamu, a Bexktop Of /0X =(0f /ox,,...,0f /Ox, ) — ee-
KM OpOM 2DAHUYHUX RPOOYKMIE.

e Jlpyra akcioma CTBEPJIXKYE, 1110 ICHY€E OIyKJIa MAMHOKHHA S €KOHOMIYHOI 00J1a-
CT1, JUISL SIKOI IIJMHOKHHU {X eS: f(X)=> a} onykyl 1y BCix a>0. Y miit

nigMHOXHHI S MaTpuiis ['ecce, ckianena 3 ABOX MOXIAHUX QYHKIT f BiJl’€MHO
BU3HAYeHa, oTke O f /Ox’ <0 mnsa 6yab-aKoro i =1,...,m
3ynmUHAUMOCS Ha €KOHOMIYHOMY 3MicTi mux _akciom. Ilepma akcioma cTBep-

JDKYE, 1110 BUPOOHUYA (PYHKIIIS HE SKach a0COMOTHO abcTpakTHa (QYHKIISA, IPUAyMa-
Ha TEOpETUKOM-MaTeMaTukoM. BoHa, xaii 1 He Ha BCiil CBOiil 00yiacTi BU3HAYCHHS, A
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TIJIBKY Ha 11 4aCTUHI, Bi1oOpakae eKOHOMIYHO Ba)JIKMBE, Oe3MepedHe 1 B TOM ke yac
TpUBiaJIbHE TBEP/KCHHS: Y X0U TPOXHU PO3YMHIM €KOHOMIIll 30UIBIIICHHSI BUTpAT HE
MO>K€ TIPU3BECTH JI0 3MEHIIICHHS BUITYCKY.

3 apyroi akCiloMH MOSICHUMO TiTbKM €KOHOMIYHHMI CMHCJI BUMOTH, 1100 MOX1aHa
0’ f/6x’ Gyna MeHIle HyJIsl [ KOYKHOTO BUY BUTPAT. L[5 BIacTHBICTh HA3UBAETHCA

B CKOHOMIIIl 3aKOHOM yOyeaiouoi iodaui abo yodyearouoi npudbymkoeocmi: y Mipy
301IbIIEHHSI BUTPAT, MMOYMHAIOYH 3 JESIKOTO MOMEHTY (IIpH BXOA1 B 001acTh ), mo-
YHHA€ 3MEHIITYBAaTUCS TPAaHUYHUN NPoAyKT. KilacuyHUM MpHUKIazoM IbOTO 3aKOHY €
J0JJaBaHHs BC1 OUIBIIOT 1 OLIBIIOT KITBKOCTI Mpari y BUPOOHUIITBO 3€pHA Ha (iKCO-
BaHIM JIJISTHIIL 3€MUTI.

Hanani maeThcs Ha yBasi, 110 BUpOOHUYA (PYHKITIS PO3TIISIA€ThCS HA 001acTi S,
B K1 OOM/IB1 aKCIOMH CTIPABEJIHBI.

Ckrnactu BUpOOHUYY (DYHKIIIIO TAaHOTO IMAMPUEMCTBA MOXHA, HABITh HIYOTO HE
3HAIOYM MPO MIANPUEMCTBO. Tpebda TUIBKU MOCTaBUTH O BOpiT migmpuemctsa Jli-
YUJIBHUK (JTIFOUHY a00 SKMHCh aBTOMAaTUYHUM MPUCTPii), kil ikcyBatume X — pe-
CypcH, 110 BBO3STHCS, 1 Y — KUIBKICTh MPOAYKIIi, SKY MIAIPUEMCTBO BUpOOUI0. K-
10 HAKOMUYHUTU JOCTATHHO OaraTo Takoi CTAaTHCTHYHOI iH(opMaIllii, BpaxyBaTH po-
00Ty MiAMPHUEMCTBA B PI3HUX PEKHUMaxX, TO MOTIM MOKHA MMPOTHO3YBATH BHUITYCK MPO-
TYKIIi1, 3Hal0YU TIIBKU 00'€M BBE3EHUX PECYPCIB, a II€ 1 € 3HAHHSA BUPOOHUYOT (yHK-

1ii.
Bupoonuya ¢pynkuis Koooa-/Ayrnaca

Sk npuxnaa, po3riasHEMO OAHY 3 HaWOIIbII MOMIMPEHUX BUPOOHUUMUX (DYHKITIN
— ¢pynxuiro Koooa-/lyznaca:
Y=A4KL’,
ne A,a, >0 —xoHcTaHTH @ + [ <1;
K— o6'em ¢onaiB abo y BapTiCHOMY BHpasi, ab0 B HaTypalbHIM KiJIBKOCTI,
CKa)KIMO, YHCIIO BEPCTATIB,;
L — o06'em TpyoBUX pecypciB, Takok ab0 y BapTICHOMY Bupasi, ado B HaTypa-
JBHIA KUTBKOCTI — YHCIIO pOOOYNX, YUCIIO JIOJUHO-IHS 1 TOMY MOI0HE 1,
HapEITI,
Y — Bumyck mpoaykiii y BapTicCHOMY a00 HaTypajibHOMY BHpa3i.

[TepeBipriMO, Ui BUKOHYIOTHCSI OCHOBHI BUMOTH J10 BUPOOHUYUX (DYHKITIH:
®  [O3UTUBHICTH FPAaHUYHHUX IPOAYKTIB 0Y/OK = AaK* 'L’ >0,
OY/OL=ABK“L"" >0;

®  BIJI’EMHICTh IHIIMX YACTUHHHUX MOX1AHUX, TOOTO yOyBaHHS TPaHUYHHUX MPOIYK-
tiB 8°Y/0K® = Aa(a ~1)K“ I/ <0, °Y/oL* = AB(B - 1)K L' <0.

[MepeiimeMo 10 OCHOBHMX €KOHOMIKO-MaTEMaTHYHUX XapPaKTEPUCTUK BHPOOHU-
yoi ¢gynkiii Ko66a-/[yrnaca.
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Cepeons npodykmuenicms npayi BU3HAYa€ThCs K y = Y/ L — BimHOImEHHs 006'-
€My BUPOOJICHOTO MPOIYKTY J0 KIJILKOCTI BUTPAYEHOT TIparil.

Cepeons ponoosiodaua k=Y/K — ue BigHoueHHs 06'eMy BUPOGIIEHOTO MPO-
IOYKTY 10 BEIUYUHU (POH/IIB.

Ina ¢ynkuii Ko66a-/lyrmaca cepenus mpoaykTHBHICTH mpami y = AK“L/™ i
yepe3 yMoBy [ <1 € yOyBawudow pyHKIier L, TOOTO 13 30UIBIIICHHSM BUTPAT IIpari

cepemHs MPOAYKTUBHICTH mpaili nagae. [eit BUCHOBOK MOTyCcKae MPUPOIHE TOSICHEH-
HS — OCKIJTBKH BEJIMYMHA JIPYroTO YMHHHWKA K 3aMIIA€ThCS HE3MIHHOIO, TO, OTXKE,
poboya cuia, 110 3HOB MPHBEPTAETHCS, HE 3a0€3MEUyEThCS JOJIATKOBUMH 3acO0aMu
BUPOOHUIITBA, 1110 1 TPU3BOAUTH A0 3HUKEHHS MPOTYKTUBHOCTI TIpaIil.

I'panuuna npodyxmuenicms npayi 0Y/0L = ABK“L’" , 3Binku BUgHO, MO A7
¢ynkuii Ko66a-/lyrnaca rpanuyHa MpoIXyKTHUBHICTH Mpalli MPOIOpLiiHa cepeaHii
MPOTYKTUBHOCTI 1 MEHIIIE 1i. AHAJOTIYHO BU3HAYAIOTHCS CepeaHs 1 rpaHudHa (POH]IO-
Bimmayi. JIJis HUX TakoX CIpaBeIMBO BKAa3aHE CITIBBIIHOIICHHS — IpaHUYHa (POH]IO-
BiJIaua IpoNopIiiiHa cepeaHbo0 (POHAOBI a1 1 MEHIIE .

BaxnuBe 3HaueHHS Ma€ Taka XapaKTEPUCTUKA, SIK (HOHO0030pocHHicmb
f=K/L, sxa nokaszye 06'eM (OHJIB, 110 JOBOJUTHCA HA OJHOTO IMpalliBHHKA (Ha
OJIHY OJIMHUIIIO TIparti).

3HaleMo Ternep eIacTUYHICTh MPOAYKIIi 3a Mparero:
(0Y/OL):(Y/L)= =(0Y/OL)-L/Y = ABK“L’"'L/(AK“L’)= 3.

OTxe, cMucH mapameTpa £ B TOMY, IO 1I€ €MaCTHYHICTh MPOIYKIIIT 3a Mmpariero.
AHaJIOTIYHHIA CMHUCI Ma€ TapaMeTp ¢ — 1€ eTaCTUYHICTh MPOIYKIIii 3a poHmaaMu.

I me onHe 3ayBaxkeHHS MpeACTaBIAeThCs MikaBuM. Haii o + f =1. Jlerko nepe-
Biputn, mo Y =(0Y/0K)K + (0Y/OL)L (mimcraBnsiroun Bxke OOUYMCIEHI paHile
0Y/O0K , 0Y/OL B 1y ¢dopmyiy). BymeMo BBaKaTH, IO CYCIIJIbCTBO CKJIaIa€ThCsS
TITBKH 3 POOITHUKIB 1 mianmpueMitiB. Tomi moxix Y po3magaeThCsi HA Bl YACTUHU —
7ox17 poOITHUKIB 1 JoX1A mianpuemMiiB. OCKUIbKH MPU ONTUMAIBHOMY po3Mmipi dip-
MH BeJrdnHa 0Y/OL — rpaHW4HMI MPOAYKT 3a MpAIlero — CIliBIagae i3 3apo0iTHOKO
mIaToro (el BUCHOBOK Oy/e MmiaKpiruieHuii misnime), To (0Y/0L)L € 1oxomom pooi-
THUKIB. AHaJoriuHo BenuuuHa OY/OK € rpanuuHa (hOHIOBIIAYa, €KOHOMIUHHMA
CMHUCII KOi € HopMa IpUOYTKY, oTke (0Y/O0K)K sBjs€ NOXi MiIpHEMIB.

Ha 3akinuenns BigzHauumo, mo ¢yHkuis Ko66a-/lyriaca — HaitOinpImn Bigoma
cepen Bcix BUpoOHMUMX ¢GyHKIH. Bynu cnipodu moOynosu ¢ynkiii Ko66a-/yrnaca
JUTsl eKOHOMIKHM Bci€i kpainu. Ha mpakturmi mpu moOyaosi ¢yskiii Ko66a-/[yrinaca
1HO/1 BIAMOBJISIFOTHCS BiJl ICSIKUX BUMOT (HaIpHKIad, cymMa « + [ MOXke OyTH Oijb-

1€ OJIMHUII 1 TOMY TO/T1I0HE).
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Jleogpakmopni eupoonuui pynkyii

HaBeneni Hikue QyHKIIT pO3TAIOBYIOTHCS B MOPSAKY 3pOCTaHHSI CKJIATHOCTI Y 1X
3anucy. Yci QyHKIT J0myCKarTh MOXKIUBICTh X MoaudiKaIiii.

1. @yuxyia 3 gixcosanumu nponopyiamu yunnuxie (yukyis Jleonmovesa):

y=min ﬁ,x—z ,
4y 4

1e a;, a, — TapaMeTpH.

Binomo kijibka anbTepHATUBHUX CUCTEM (TIMOTE3), 10 BHOKPEMIIOITH (DYHKITIT
[LOTO BUY:

a) TpaHUYHA TPOIYKTUBHICTH TMEPIIOT0 YHHHUKA € JIBOPIBHEBOIO KYCKOBO-
MIOCTIHHOO HE3POCTAIY0I0 (YHKIIE0 BiJ CHiBBIAHOMICHHS X /X, 3 HYJIbOBHM HHK-

HIM piBHEM; TrpaHMYHA MPOJAYKTHBHICTH APYroro YMHHWKA — HECMagHa KyCKOBO-
nocTiiHa GyHKIS BiJ X, /X, 3 HYJbOBUM HHXXHIM piBHEM;
0) (yHKIIiS € PO3B’I3KOM TaKOi 3a7a4i MaTEMaTHYHOTO POTrPaMyBaHHSL:
y — max,
a1y < Xxq,

ary < X,,

7€ y — 3MiHHA, IKY ONTUMI3YIOTb;

B) QyHKIIIS € OMHOPIAHOIO MEPIIOTO CTENEHs, a eNaCTUYHICTh 3aMiHM YMHHHKIB
JOPIBHIOE HYJIIO;

r) QyHKLIA MOke OyTH OoTpuMaHa 3 (YHKIIi 13 TOCTIHHOIO €NaCTHYHICTIO BU-
TSIy

IIUITXOM TPAHUYHOTO TMEPEXONY: a; — —.

®Oyukiis JIeoHThEBA TpU3HAYCHA B OCHOBHOMY JJISI MOJICTFOBAHHSI CTPOTO JCTEP-
MIHOBAaHHUX TEXHOJIOTIH, SIKi HE JOMYCKAIOTh BIAXWUJICHHS BiJl TEXHOJIOTIYHUX HOPM 1
HOPMATHUBIB IIOJI0 BUKOPUCTAHHS PECypCIiB Ha OJUHUINO MPOAYyKIii. SIK mpaBuiio,
BOHA BUKOPHCTOBYETHCS I (hOPMaIi30BAaHOTO OMKCY JpiOHOMACIITAOHUX a00 IIiJI-
KOM aBTOMAaTHU30BaHUX 00’ €KTIB.

2. Qyukyisa Koboa — Jyenaca:

=ayx1 x3?
Yy=doX; X"

TyT TakoX BUKOPHUCTOBYETHCS KiJbKa CHCTEM TillOTE3, IO BHOKPEMITIOIOThH KJIac
byukiin Ko66a — Jlyrmaca cepen nBiui audepeHiiioBaHux (QYHKIH BiJ JBOX
3MIHHUX:

a) eTACTUYHOCTI BUIYCKY 32 YNHHUKAMH € TIOCTIHHUMU:
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1
X21(x1, %) =@ .
1 2
X2 (X1, %) = ay
Po3B’s1i30k 1i€i cuctemMu nuGEepeHIiiHNX PIBHSAHD y YaCTUHHHUX TMOXIIHUX TMEPIIOro
TIOPSIZIKY HATSKHTH 10 Kiacy ¢ynkmin Ko6oa — Jlyrmaca;

0) enacTUYHICTH (PYHKIIIT 32 OHUM 13 YHHHHUKIB € MOCTIIHO0, 1 PYHKIIIS € OAHOPI-
TTHOIO:

1
X21(x1, %) = a )
1 1 ’
X21(X1, %) + Xon (X1, %) = a4y + a4,
B) (QYHKIIIS € OMHOPITHA, a ETACTUYHICTh 3aMIlICHHS YNHHUKIB JTOPIBHIOE OJMHU-
Imi:
2 _ 1.
X2 =1
') TpaHUYHA MPOIYKTUBHICTh KOKHOTO YMHHHUKA € MPOMOPIIITHOI0 HOTO cepeHiil
IPOIYKTUBHOCTI:
1 _ 0
211 (X1, X%) = ayxy (X1, %) )
1 _ 0 ’
X12(X1, %) = as 15 (X, %,)

1) QYHKITiST € OMHOPIAHOO K (QYHKITIS BiJl ABOX 3MIHHUX X1, X; 1 K YHKITISI BIJ X
3a OyIb-IKOTO (hIKCOBAHOTO X5;

€) pyHkIris Moxke OyTH oTpuMaHa 13 QYHKIIIT 3 TOCTIHHOIO €TACTUYHICTIO MIJISTXOM
3/M1MCHEHHS 3aMiHU BUTJISITY

1

_ as asz \as
y=ap(a)x;> +apx,’)

Ta rpaHuyHOTO nepexoay as — 0. dynkuis Ko66a — Jlyrnaca Haiuacriiie BUKOPUC-
TOBYEThCS Ui (OPMai30oBaHOTO OIKCY CEePeTHOMACINTAOHUX TOCHOIAPCHKUX
00’€KTIB Ta EKOHOMIKU KpaiHHU.

3. Jlinitina gpynxyis

y - alxl + a2x2 .

[lepemymoBH Ta TinoTe3u:
a) TPaHUYHI MPOAYKTUBHOCTI YNHHUKIB € TOCTIHHUMHU:

1
111 (x,x) =q

1
X (X, %) =a,

a B HyJ1 (QyHKIIis HA0yBa€ HYJILOBOTO 3HAYCHHS;
0) rpaHUYHA MPOYKTUBHICTH OJTHOTO 3 YUHHHKIB € TMOCTIMHOIO, 1 (QYHKIIIS OAHOPI-
JIHA TIEPIIOTO CTETICHS:

5
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1
X1(x, %) =aq )
1 1 ]
X1 (¥, %) + 35 (%1, %) =1
B) QYHKIIiS OJHOPIAHA TEPIIOTO CTENEHs, W eMaCTHYHICTh 3aMIIICHHS] YUHHUKIB €
HECKIHYEHHOIO
2 _ .
X2 =%,
I') eaCTUYHICTh BUITYCKY 3a YMHHHUKaMU OOEpHEHO MPOMOpIliiiHa XHii cepemHiil
IPOJYKTUBHOCTI:
1 _ / 0
X21(x,x0) = ay/ yy (xp,%7)
1 _ / 0 '
X2 (X1, Xy) = ay [ 75 (X, %)

JliniitHa (pyHKIIISI 3aCTOCOBYETHCS ISl MOJACTIOBAHHS BETMKOMACIITAOHUX CHCTEM
(BenmKa Tairy3b, HAPOJHE TOCTIOJAPCTBO B IIJIOMY), Y SKHX BUITYCK TPOIYKII € pe-
3yJIbTaTOM OJHOYACHOTO (PYHKIIIOHYBaHHS BEIMKOI KUIBKOCTI PI3HOMaHITHUX TEXHO-
goriii. OcobauBy poib BiAIrpae rinoTe3a MOCTINHOCTI TPaHUYHUX MPOAYKTUBHOCTEH
BUPOOHUYMX YMHHUKIB UM TX HEOOMEKEHOTO 3aMiIIeHHS.

4. Qynryia Annena:

(1.18)

Y=dgX X, —ayX{ — ayx3 (1.19)

BU3HAYAETHCS] TAKMMH YMOBAMU: IIBUAKOCTI 3pOCTaHHS TPaAaHUYHHUX TPOIYKTHBHOC-
TeH € IMMOCTIHHUMH

2 2 2 2
o = o7 ]; = const, oxia = o7 ]; = const , (1.20)
5)61 8)(,’1 5)62 a.X'2
1 GYHKIIS € OTHOPIAHOIO
221(x1.%2) + 225 (x1,X,) = const . (1.21)

OyHkIis AnneHa 3a a;, a, > 0 mpu3HavaeTbes A1 GOpMali30BaHOTO OMKCY BUPO-
OHMYMX MPOLECIB, Y SKUX HAaAMIPHE 3pOCTaHHSA OYIb-SKOIO 3 YUHNHHHUKIB HEraTHUBHO
BIUIMBAE Ha OOCST BUIYCKY MPOAYKLIi. 3a3BUYail Taka (PyHKIIS BUKOPHUCTOBYETHCS
s (opMalli30BaHOTO OMUCY APIOHOMACIITAOHUX BHUPOOHHYMX CHUCTEM 3 OOMexe-
HUMH MOKJIUBOCTSIMU ITEpEpPOOKHU PECYPCIB.

5. @yuxyia nocmitinoi enacmuynocmi 3amiwents yunHukise (¢pyuxyis CES):

4
yz(alxla3 +a2x§3)a : (1.22)
[lepeaymoBH Ta rinore3u: QyHKIIS € OJHOPIIHOO
1 1
ZZI(XI,X2)+122(XI,X2) = COI’lSt (123)
W €1aCTUYHICTH 3aMIILIEHHA YUHHUKIB € IOCTIHHOIO

)(122 (x;,x,) = const . (1.24)
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@ynkiist CES 3actocoByeTbest y pasi BIACYTHOCTI TOUHOI 1H(OpPMAIT OO0 PIBHS
B3a€MO3aMIHU BUPOOHWYMX YMHHHKIB, 1 pa30M 3 THUM € MIJCTaBU BBaXKaTH, 110 IIEH pi-
BEHb CYTTEBO HE 3MIHUTHLCS 3a 3MIHU OOCSATIB 3AIYyYEHHX PECypciB, TOOTO KOJIH €KOHO-
MIYHa TE€XHOJIOTIS Ma€ BIACTUBICTh MEBHOI CTIMKOCTI 1010 TIEBHUX MPOMOPIIIN YMHHU-
kiB. ®ynkirist CES (3a HasBHOCTI 3ac00iB OIIHKY ii mMapaMeTpiB) MOYKE BUKOPHUCTOBYBA-
THUChH JUIS MOJICTIOBAHHSI CUCTEM OY/Ib-SIKOT'O PIBHSL.

Ilpuxnao. Bupoburuya (yHKINSA MiIPHEMCTBA MAE BUTITIS:
X=3K"V3[3,

1). 3anmcatu piBHAHHS 130KBAaHTH, 11O MPOXOIAUTH Y€pPEe3 TOUKY 3 KOOpIAMHATAMHU
Ky=1, Ly=+2.

2). 3anucaTu piBHSIHHS 130KJI1HAI, 10 MPOXOIUTH Yepe3 TOUKY 3 KOOpAUHATAMU

a) Kg=1, Ly =~2;

6) Kl :0, Ll =1.

3). 3HaiiTu rpaHUYHY HOpPMY 3aMilleHHs npaui ¢ponxamu y touui K, =1, L, =1.

Po3z¢’azannn
1). OOumcinumo 00csAr BHUIIYCKY, W10 BIANOBIAAE BUTpaTaM pPECypCiB

Ky=1, Ly=~/2:
Xy =3-183(2f° =323,

3anuiieMo piBHSIHHS 130KBaHTH
313123 3. 91/3

abo

TOOTO L€ € CTENEHEBA rinepooJia, aACUMITOTAMHU SIKO1 € OC1 KOOPJIUHAT.
2). PiBHSIHHS 130KJI1HAJI, 1110 MPOXOJAUTH Yepe3 TOUKY 3 KoopauHaTtamu K, L,, Ma€e
BUTIISA;

o
K= |“LI*+a, a=const,
25)

2 o 2
a=Ky—— L.
2%

a) 3amuIIeMO PIBHSIHHS 130KJIIHAJI, [0 MTPOXOIUTh Yepe3 TOUKY 3 KOOpAMHATAMHU
Ky=1, L,=~2:



a=12- 1/3(\/_)2 0,

13

LZ
2/3

K=

a00, BpaxoOBYIOYM 00JIaCTh BHU3HA4YCHHS BHUPOOHWYOI (DYHKIIIi, OCTATOUYHO PIBHSHHS
130KJIIHAMII, IO MPOXOAUTh Yepe3 TOUKy 3 KoopauHatamu K, =1, L, = V2, Matume

2

Le piBHSIHHS MPSAMOT, IO TPOXOAUTH YEpe3 MOYATOK KOOPAMHAT 1 OPTOTOHAIBHOT

BUTJISI

: : 2
130KkBaHTI K =—-.
2
L
0) 3anuiiemMo piBHSHHS 130KJIIHAMT, 110 TPOXOAUTH Yepe3 TOUKY 3 KOOpPAUHATAMHU

o V32 iy
2/3 2
k=1L
27 2

Ilpuxnao. PosrnsHemo 3Haiineny 3a ganumu 1960—1995 pp. BupoOHuUYy (yHKIIIHO
BAJIOBOTO BHYTPIIIHHOTO NpoaykTy CIHIA:

X = 2,248K0’404L0’803 ‘

Banoswuit BuyTpimHiil npogykt CIIA, 1m0 BUMiproeTbes B MIIpA 0., 3pic 3 1960 mo
1995 p. y 2,82 pa3za, To06to X =2,82; ocHOBHI BUpoOHMUY1 HOHIM 3a 1Iel caMuid Tepi-
on 30ubmIKMCch y 2,88 pasa (K =2,88), a 4ncenbHICTh 3aifHATHX — y 1,93 paza
(L=1,93).

O6uucauTy MaciTad Ta eeKTUBHICTh BUPOOHUIITRA.

Po3sé’sa3anus.
OG6YucaIMMO BIJTHOCHI €J1aCTUYHOCTI 3a (DOHJAMH 1 IpaIlero:
o 0,404

a = S =0,3347, 1—a=0,6653.
a +a, 0,404+0,803

Buznauumo temnep 4acTkoBi €(hEKTUBHOCTI PECYPCiB:

X_282_ g, E, =X 2824,
L 193

K 288

K:

a TaKOX 3HAWAEMO y3arajJbHEHHH MOKa3HUK €(EKTUBHOCTI SK 3BaXKEHE CEPEIHbOTE-
OMETPUYHE YACTKOBUX MOKA3HUKIB:
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E=EZE;*=0,98"7%7.1,46%0%% 1,278,

MacmTab 009nCII0EMO SIK 3BaKEHE CEPEIHHOTCOMETPUYHE TEMITIB 3DOCTAHHSI pe-
CypCIB:

M=K*["% =2,88%3347 19306653 32 707,

Otxe, 3aranbHe 3poctanHsa BBII 3 1960 no 1995 p. y 2,82 pa3a cTaiio MOXJIMBUM
3aBIIKH 3pOCTaHHIO MaciTa0y BupoOHuLTBa y 2,207 pa3a i miABUIICHHIO €(heKTHUB-
HOCTI BUpoOHuLTBa y 1,278 paza (2,82 = 1,278 - 2,207).
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Tema 6. MopeJii moBeiHKM CNIOKNBAYiB,BUPOOHUKIB Ta MO/IeJIi IXHBOI B3a€MO/IiL

Mooeni nogedinku cnoscugayie
3agaya onTUMAJBHOIO (PALiOHAJBHOI0) BUOOPY CIOKMBAYA.
VY Teopii CrOKUBaHHSA BBAKAETHCA, 110 CIIOXKUBAY KEPYETHCS MPUHLUIIOM palio-

HAJILHOCTI: BiH 3aBXIU IIparHe MakKCHUMI3yBaTH CBOIO KOPHCHICTb, 1 €JIUHE, 110 HOTO
CTpUMYE, — I1€ 0OMEXKEHUM TOX1:

max u(x), (1.25)
px=M
! . .
e X = (Xl,..., Xn) — BEKTOP-CTOBMYUK OOCSTIB CIIOKMBYMX TOBApiB, IO MpUI0aB

CIIO’KMBAY 3a 33JIaHMX I[1H, N — YKCJIO PI3HOMaHITHUX TOBapiB; U(X) — (YHKIISA KO-
PHCHOCTI CIIOKUBaua; p = (pl, e pn) — BEKTOP-PSJIOK 1IiH TOBapiB, M — o0csr TO-

BapiB CIIOKUBaya.
Ile 3amauya Ha YMOBHUI €KCTPEMYM 1 i1 pO3B’SI30K 3BOAUTHCA J0 3HAXOJKEHHS Oe-
3yMOBHOT0 eKcTpeMyMy (QyHKIIi1 Jlarpanxa:

L(x, ) =u(x) — A (px — M).

Heob6ximHuMHu yMOBaMU JIOKAIbHOTO EKCTPEMYMY € :

> pix;=M; (1.26)
j=1
au * * .
—(x;))—-A p;=0, i=1, .., n. (1.27)
Ox;

1

Touka ekcTpeMyMy clipaBii BU3HAUa€ TOUKY MAaKCUMyMYy, OCKUIbKM MaTpuls ['ec-
2
u . 4
ce U(x)=|—— € Bix eMHO BU3HauYeHOO . 3 Bupa3zy (1.27) 6auumo, 1o CHOKu-

. . * .o . .
Bady 3a (PIKCOBAHOTO JOXOy Tak oOupae HaOIp X , IO B LiH TOYI BiJHOIIEHHS Ipa-
HUYHOI KOPUCHOCTI JIOPIBHIOE BIHOILIEHHIO LI1H:

ou Ou ou Ou

a—xl-%ﬂ?l/l%a---aax -g = Pn_1/17n-

n—1 n

Axmo po3s’s3atu (1.26), (1.27) BigHOCHO x, OTPUMAEMO (DVHKYIIO NONUM) CHO-
Hcusaua:

*

X = x*(p,M).

4 Bitnincekuii B. B. MozemoBanns exonomiku: Hasu. noci6uuk. — K.: KHEYVY, 2003. — 408 c.
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Pienanna Canyyvkoz2o

PosrnsiHemo, ik 3MIHUTBCSI TIOMUT CIIOXKKBaYa, 1110 BU3HAYAEThCA Mojesutio (1.25),
SIKIIO 3MIHUTBCS I[1IHa OJHOTO 3 ToBapiB. Hexall 1iHna n-ro ToBapy 3pocia Ha dp,. Lle
MPUBOJIUTH JI0 TAKOi 3MiHU MOIUTY HA TOBAPHU:

*

%dpn =uU ™' px,dp,+ 2 (uU™' ppU~' +U™),dp, , (1.28)
n

i€ p — BEKTOP-PAIOK LiH; U — matpuis ['ecce; X° — BEKTOP-CTOBITYHK TOMKTY Ha
TOBapH; A — MHOXHHK Jlarpamxka; u = — (pU ' p’) ' > 0, iHmexc n 3a qyKKamu

OLIs1 MaTpHIIl O3HAYAE, 1110 B3ATO il #7-11 CTOBITYHK.
[IpoananizyeMo 3MICT CKJIAIOBUX, IO BXOMASTh y piBHSHHS (1.28).
3mina nonumy 3a 30inbwenHs YiHu 3 KomneHcayicto 0oxody. Hexait moxin croxu-
Baya 30UIBIIMBCS HA TaKy BENWYUHY dM, sika KOMIIEHCY€ CIOKMBa4yeBl 301bIICHHS
I[IHK Ha n-U ToBap (0s1aro) Ha dp,,.
301IbIIEHHS LIHH 3 KOMIIEHCALIEI0 TOXOAY MPUBOAUTH 10 TAKO1 3MIHH MOIHUTY:
ox
o I =4 (uU ™' p' pU™ +U ™), dp, . (1.29)

comp

Tobto apyra ckiagoBa y mpaBiii yacTuHi piBHAHHSA (1.28) — 11e 3MiHA TOMUTY,
SIKIIIO 3POCTaHHS IIHU 1-TO TOBapy Ha dp, KOMIICHCYEThCS 30UTBIIICHHSIM OXOIY Ha

dM = x:dpn .
3mina nonumy 3a 3miHu 00x00y. SIKIO 10Xi]a
i = am
oM
e
6)(?* -1
—=—uU"p". 1.30
oy MU (1.30)

06’ ennyroun Bupasu (1.28), (1.29), (1.30), orpumaemo piBHsHHS CIyIIBKOTO, SIKE €
CEpIIEBUHOIO T€OPii KOPUCHOCTI:

o (') o
oy \op, ), oM "

comp

%

(1.31)

OCKUIbKY BUBYA€THCS 3MiHA TIOMMUTY 3a 3pOCTAHHS I[IHU HA n-H TOBAp, 1110 HE KOM-
MIEHCYETHCS MIIBUIIIEHHAM JI0XOy, TO Apyra ckiaaora B (1.31) (3 Bigx’eMHUM 3Ha-
KOM) 3HIMa€ MTYYHUN MPUPICT MOMUTY, 110 BUKIMKAHUNA KOMIIEHCYIOUMM 3pOCTaH-
HSIM JIOXOJY.

Egexm 0oxoody nonsrae y 3MiH1 CIIOKUBaHHS BHACIIJIOK 3MIHH PEaJIbHOTO JOXOdY,
sIKa BUHUKJIA Yepe3 3MIHY LH.

Egexm 3amiwenns nonarae y 3MiHi CIOKUBaHHS BHACIIOK 3MIHH BITHOCHUX ITiH.
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Mooeni nogedinku eupooOHUKIe

MogeJii onITHMAJIBHOTO (PaliOHAIBLHOI0) BUOOPY BUpoOHUKa (pipmu). Hexaii
BUpOOHNYA (ipMa BUITYCKAE OJMH MPOAYKT (UM Oarato MpoIyKTiB, ajie 3 MOCTIHHOIO
CTpyKTypo10). [lo3Haunmo piyHUI BUIYCK y HaTypaJbHO-pedoBiit popmi yepe3 X —
KLIbKiCMb 00UHUYb NPOOYKMY 00H020 6Udy, BEKTOP-CTOBIUYUK MOXIMBUX OOCSTIB
BUTpAT PI3HUX BUJIB pecypciB uepe3 x = (xy, ..., X,)’. Toni TexHomoris GpipMu BU3Ha-
JaTUMEThCS i1 BUPOOHHYOI (DYHKITIE€IO, sIKa BUPAXKA€E 3B’ 130K MK BUITYCKOM 1 BUTpa-
TaMH PeCypCIB:

X = F(x).

[Tpumnyckaetbes, mo F(x) ABiul HemepepBHO mudepeHIliiioBaHa, HEOKJIACHYHA 1
MaTpuls i1 APYTrUX MOXIJTHUX € BiJI’€MHO BU3HAUYCHOIO.

Axo w = (wy, ..., w,) — BEKTOP-PSIOK IIIH PECypcCiB, a p — IliHA MPOAYKIIi, TO
KOXXHOMY BEKTOPY BUTpPAT X BIANOBIAA€ MPUOYTOK:
1(x) = pF(x) — wx. (1.32)

VY (1.32) R = pX = pF(x) — BapTicTh piuHOT0 BUMYCKY (hipMu abo ii piuHul TOXi,
C = wx — BUTpaTH BUPOOHULTBA YU BapTICTh BUTPAT PECYPCIB 3a PIK.

SIK110 HE BBOAUTH 1HIIMX OOMEXKEHb, KpIM HEB1I’€MHHUX OOCSTIB BUTPAT PECYPCIB,
TO 3a/1a4ya 3HaXOKEHHSI MaKCUMyMy IpUOyTKYy HaOepe BUTIIALY:

mfg)([pF(x)—wx]. (1.33)

Ile 3amada HENIHIMHOIO MPOrpaMyBaHHS 3 7 yMOBaMHU HEBiJ €MHOCTI: x; = 0, 1
=1,..., n. HeoOXxiqHMMHN yMOBaMH i1CHYBaHHs ekcTpeMyMy € ymoBu Kyna—Takkepa:

oIl oF oIl oF :

i
ij ; axj 8xj

SIKI0 B ONTHMAaIBHOMY PO3B’SI3Ky BUKOPHCTOBYIOTHCS BCi BHJIHM PECypciB, TOOTO
x, >0,i=1,.,n, TO yMOBH (1.34) MAaTUMyTh BUTJISI;
OF (x)
p—x:wj, j=1 .., n, (1.35)
ox ;
J
TOOTO B ONTHMAaJIbHIN TOYIlI BApPTICTh TPAHUYHOTO MPOAYKTY AAHOTO PECypcCy MOBH-
HHa JIOPIBHIOBATH MOTO ITiHI.
PosrisHeMo 3amady 3HaXO/KEHHS MaKCHMYMY BHITYCKY 3a 3aJJaHOTO OOCSTY BH-
TpaT

max F(x), wx<C, x2>0. (1.36)

Lle 3amaya HeNiHIKHOTO MPOrpaMyBaHHS 3 OAHHUM JIIHIMHUM OOMEXKEHHSIM 1 yMO-
BOIO HEB1J eMHOCTI 3MiHHUX. [ToOynyemo ¢dynkiito Jlarpamka

L(x, A) = F(x) + A (C— wx),
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1 3HaieMo 1i MaKCUMyM 3a YMOBH HEBIJ €MHOCTI 3MiHHUX. {151 IbOTO HEOOX1HO,
mo6 BuKoHyBajuch ymoBu Kyna — Takkepa:

oF oF
— = Aw. <0, | —=Aw; |x; =0, x, >0, j=1,...,n . 1.37
axj J [axj Jj J J J ( )

Sk 6aunMo, SKIO MOKIACTH ﬂ,:l, ymoBH (1.37) 36iratotrbest 3 ymoBamu (1.34).

AHaJii3 peakiii BApOOHUKA HA 3MiHY LiH BUIIYCKY i pecypciB. Po3risinemo cu-
creMy 3 n piBHsIHB (1.35):
OF (x")

8xj

—wj=0, j=1..,n

[s cucteMa mMae po3B’sI30K:
x*:x*(p,w) abo xj-:x;(p,w), j=1, ..., n. (1.38)

Cmissinnomenss (1.38) 3amatoTh ¢hyuxyito nonumy Ha pecypcH, 10 BU3HAYAETHCS
mMoaetio moBeninku Gipmu (1.33). BiamoBigno QyHKIisS mpono3utlii (BUpOOHHUIITBO)
TOBapiB (MOCIIyT) —

X (p,w)=F[x (p, w].

[Toni6Ho mo piBHsAHHSA CIyIPKOTO, aHAJOTIUHI PIBHSHHS ONHUCYIOTh PEAKIii0 BU-
poOHUKa Ha 3MiHY LIiH BUITYCKY 1 PECYPCIB.

3a yMOBHM 33/IaHUX IIiH p, W TIOBEIHKAa BUPOOHNKA BU3HAYAETHCS TAKUMH CITIBBIJI-
HOIIICHHSIMH (YChOTO (7 + 1) CIiBBITHOIICHB):

X (p,w)=F[x" (p,w)].
oF _ «
p—[x (p,w)]=w.
ox
Peaxkyisa eupobnuka na sminy yinu eunycky. Iloznaanmo

O*F(x")
Ox; - Ox

9

*o

oF (oF OF
Oox

= ) — BEKTOP-PAJIOK,
ox, ox J PP

n

!

n

> op

ap_

* * *
ox ox, ox
— BEKTOp-CTOBIYUK.

Toni piBHSIHHS
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1 9F) | 0 .
ox ap* =| (oF (1.39)
0 pH) | B

OIMHCY€E peakiilo BUPOOHUKA (3MiIHY BHUIYCKY 1 3MiHY MOIUTY Ha PECypcH) Ha 3MiHY
[[IHU BUITYCKY p.

Peakyia eupobnuxa na 3miny yin pecypcis. Hexait 3MiHWIHCS IIHA PECypCiB Wy,
k=1, ..., n. Ilo3Haunmo:

ox* (ax" ax*  ax') a |ax
ow (ow’ ow, " ow, ) ow |ow,|
TOJ1 PIBHSHHS
1 oF X 0!
o |l v :( J (1.40)
0o pH)| % | Uy
ow
sBJsie COOOK0 peakiliro BUpOOHHKA HA 3MIHY IIIH pecypciB (0, — BEKTOP-PSJIOK, 1110

CKJIQJIAETHCS 3 1 HYJIB, I, — OJWHAYHA MATPHIIS).

Peakyia eupobruxa na oonouacHy 3miny yinu eunycky ma yiun pecypcis. lloeqnan-
Hs piBHAHB (1.39) Ta (1.40) mae oCHOBHE MaTpUYHE PIBHSHHS TEOPii Gipmu:

1 oF P ow "
o || B Tl=] (oF : (1.41)
0 H | ox ox - =1 1,
p - Ox
dp Ow

SIK€ TIOKA3ye€ PEaKIlif0 BAPOOHUKA HAa OJJHOYACHY 3MIHY I[IHU BUITYCKY 1 IliH PECYPCIB.

*

Po3B’s3yroun (1.41) BITHOCHO 3MIHU BHIIyCKY o X

, —— 1 3MIHM TIOTIUTY Ha
op ow

* *

ox Ox : : ) ) )
pecypcu a—, a—, OTPUMYEMO CHUCTEMY PIBHSHb (DipMH BIJHOCHO 3MiH BHIIYCKY i
), %

TIOITUTY Ha PECYPCH:
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ox” _la_FH—l(a_Fj
op p Ox ox )’
ai*: _lH—l(a_Fj ,

op p ox

—aX* :la_FH_la

ow p Ox

ai*_l]_[—l.

ow p

Mooeni 83aemo0ii cnoixcusauis i 6upoOHUKIG

IcHye HM3KA MOenel BCTAHOBJICHHS! PIBHOBAXKHOI IIIHM HAa PUHKY OJIHOTO TOBapy.
Posrnsiemo, 30xkpema, moniens EBaHca 3 HerepepBHUM 4acoM Ta MOeNIb Banbpaca.

Mooenv Eganca. Po3risiHeMO pUHOK OZHOTO TOBapy. Yac 7 BBa)KaTuMeMO Herie-
pepBaUM. [To3Haunmo uepes d = d(t) = @[p(?)], s = s(¢t) = y[p(¢)] iHTETpOBaHUI TIO-
MIUT 1 MPOMO3HUIIII0 B MOMEHT £, a uepe3 p(f) — IiHy TOBapy B 1€l MOMEHT.

Y Mojemi mOCTYIOETHCS, 10 TOMUT 1 IPOIIO3UIIS € TIHIMHUMU QYHKIISIMU I[IHU:

O(p)=a— bp,a>0, b> 0 (monuT 31 3pOCTAHHSM I[IHU CIAJAE);

y(p)=o+ Pp,a>0, >0 (mpono3utris 3i 3pOCTAHHSIM I[iHH 3POCTAE).

KpiM mporo, ciaynrHo BBaXkaTH, IO @ > o (32 HYJIBOBOI IIHU TOMUT MEPEBHUIIYE
MIPOTIO3HIIIIO).

OcHogHa einomesa MOJENI TOJSITae B TOMY, 110 3MiHa LIHM MPOMOPIiiiHa Pi3HHULI
MOTHUTY 1 MPOTIO3UIIIi:

Ap =7 (d—s)At,y> 0.

BukopucToByroun 3po0JIeHI MPHUITYIICHHS, MOXKHA MPUUTH JI0 TaKOoro aud)epeH-
I[IHHOTO PIBHSHHS MO0 I[IHU:

d,
==+ pp+a=a), pO) = po. (1.42)
: : : dp
e piBHSIHHS Ma€ CTaliOHAPHY (PIBHOBAXKHY) TOUKY p° (KOJIU E: 0):
0o a—a
= >0.
P b p

Po3B’s130k piBHsHHSA (1.42) Mae BUTIIS:

Nz o7 GBI L AT b B
p()=py " 'B[ ]
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3 Bupasy (1.42) Oauumo, 1mo 3a p, < pO oXiHa %> 0, a3a py> p0 oX1/1Ha

dp . . .0 . .
— <0, KpIM TOrO, lim p(l‘)—p . O1xe, Yy ONCpmioMy BHUIIAJIKY I1HA OOCATA€ PIBHO-
t—

dt
BaXHOTO 3HAYECHHsI, 3pOCTAI0YH, a B APYrOMy — CIaJal0uH, Ipy IIbOMY PIBHOBa)KHA

mina p° He 3aNEKHTH BiX MOYATKOBOI Do - PIBHOBa)XHa I1iHa € aOCIIMCOI0 TOYKH Iie-

pPETHHY MPSAMUX MOMUTY 1 MPOMO3UIli, TOOTO 3a TaKOI LIHU MOMUT JOPIBHIOE MPOIIO-
3UIi.

JuckpetHuit ananor mojen EBanca nogano Ha puc. 1.14, ne 300paxkeHi mpsimi iH-
TerpoBaHoro nonury d = @(p) 1 mpono3utii s = Y(p) Ta MOKa3aHO MEXaHi3M MoOy-
JIOBU TIOCTIIOBHOCTI p,, 0 MOHOTOHHO 3pOCTAl0YH BiJl MOYATKOBOI HEPIBHOBAXKHOI
LIHU P, (3a SIKOi MOIUT HE JOPIBHIOE NMPOIO3ULIIT) NPSAMYE A0 PIBHOBAXKHOI L[IHU pO.

Yac nozisieHo Ha piBHI iHTepBaIn Af, 1 I[iHA B MOMEHT ¢, = nAt JOPIBHIOE:

Pn =Pna +7/At5n—1’ 5n—1 :(a_a)_(b+ﬁ)pn—l'

Ad, s

D(p)

po pv P2 P p

Puc. 1.14. luckpetnuii ananor mozeini EBanca

Mooenv Banvpaca. CydacHa po3BUHYTa €KOHOMIKA CKJIQJA€ThCS 3 YACIEHHUX TO-
CHOJIAPCHKUX OJMHHUIL Ta CIOXuBadiB. KOXXHWI 3 yJacHHWKIB PHHKY JOCKOHAJOi
KOHKYPEHIIIi Ma€e CBOT I11J11, BHACHIIOK YOTO BUHUKAIOTh KOH(MIIIKTHI CUTYyaIli. Y Mo-
neni Banmbpaca, 10 BKJIIOYa€ CKIHUEHHY KUTBKICTh CIOKHMBA4iB 1 BUPOOHUKIB, TakKe
BUPIMICHHS KOH(MIIKTY JOCATAETbCA 4Yepe3 KOHKPETHUW PUHKOBUH MeXaHi3M, IO
I'PYHTYETHCS Ha PETYJIIOKYiH 71T CUCTEMHU ITiH.

VY Moneni Banbpaca posrisgaerbesi ekoHoMika 3 [ cnokuBadamu (i = 1, ..., [), m
BupoOHuKamu (k= 1, ..., m) 1 n Tumamu ToBapiB (j = 1, ..., n). Uepe3 p = (py,..., p,)
MO3HAYaTUMEMO BEKTOP-PSIIOK IIiH HA TOBapH, a 4epe3 x = (X, ..., X,)’ — BEKTOp-

CTOBITYMK OOCSTIB TOBapiB. Y JaHI{ MOJEN IiJ TOBAPOM MAaIOThCS HA yBa3i 1 MPOIy-
KTH TIpaIii, 3acO0M mpaili Ta IepBUHHI PECYPCH.

Koxen cnoxkuBau BoJyofie moxoaom K(p) 1 Mae CBO€ moJjie mepeBar o0 ToBa-
piB, AK€ MOXe OyTH 3a7aHe y BUIJISAL QYHKIIT KOPUCHOCTI u(X). SKIIO MO3HAYUTH
gepes X ( p) = { x:xeX, px <K( p)} MHOXHHY JIOITYCTUMHUX HAaOOpIB TOBApiB, IO €
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JOCTYITHUMH CIOKMBAYeBi 3a IiH p, X — o01acTh BU3HAYCHHS u(x), TO QYHKIIS MO-
IUTY CIIOKMBaya MOKe OyTH 3a/laHa TAKUM YHHOM:

D(p) ={x* : u(x*) = max u (x)},
xeX(p)
T0OTO (DyHKIIIST TOMUTY — Ti€ Takuii HaOip (Habopwu) TOBAapiB 3 MHOXKHUHU JOITYCTH-
MUX HaOOpiB TOBApiB, AKUI MaKCUMI3y€ KOPHCHICTH CIIOKHMBaya 3a 33JaHOTO PIBHA
iH p. OTKe, KOKHUM CMOXKMBAaY XapaKTepusyeTbes GyHkieto nonuty d;(p) 1 noxo-
oM K;(p). IlpumyckaeTbes, Mo JOX1A KOXKHOTO CIIOKHMBaya CKIAAA€ThCA 3 JBOX Yac-
TUH: 3 10XOAY pb; Bi MpoAa)Ky MOYaTKOBOTO 3amacy ToBapiB b; Ta noxoxay /;(p) B pe-
3yJIbTAT1 Y4acTi CIOKUBa4Ya y BUPOOHUIITBI, TOOTO

K;(p)=pb; +1;(p).

Koxxen BupoOHUK (ipma) hopMamizyeTbCcsi CBOIMU TEXHOJIOTTYHUMU MOYKJIMBOC-
Tsamu. [lo3HauUMO yepe3 y, =(y,,, ., »;,) BEKTOP-CTOBMYMUK BUTPAT — BHUITYCKY K-IO BU-
poOHUMKA: OAAaTHI KOMIIOHEHTH LbOTO BEKTOpa 3a/aloTh BUIMYCK (ipMH, BiJ €MHI
KOMIIOHEHTH — BUTpaTH. TOMYy CKaJsipHUN JOOYTOK py; € mpudyTtkoM ¢ipmu. Tex-
HOJIOT1YH1 MOXJIUBOCTI (PipMU BHU3HAYAIOTHCS SIK MHOKHMHA BCIX JOMYCTHMHX BEKTO-
piB BUTpAT — BUITYCKY: Y} L[10 MHOXXHHY Ha3UBAIOTb MHONMCUHOIO BUPOOHUYUX MOHC-
Jaugocmel.

ITin pynkuiero npomno3utiii GpipMu po3ymirOTh OAWH YM KiJIbKa BEKTOPIB BUTpaT —
BUITYCKY, KOTP1 3a 3aJIaHUX I[IH p MAaKCUMI3YIOTh IPUOYTOK:

Vi (P)=1¥x : pyy = max pyk}-
Vi €Y
BBaxaetncs, mo Y mns Oyab-sIKoro k € 3aMKHYTOH MHOXHHOIO 1 0 € Y}, ToOTO
dbipMa MOXKe HEe BUITYCKATH MPOIYKIIO Ta HE pOOUTH BUTpAT.
BekTop BUTpaT — BUITYCKY /Ji BCi€l €EKOHOMIKM BHU3HAYAETHCS SIK CyMa BEKTOPIB
BUTPAT — BUITYCKY JIJIs1 BC1X BUPOOHMKIB:

y:Z)’k-
k=1

VY pesynbrari y BEKTOp ) YBIWAYTH 3 JOJATHUM 3HAKOM JIMAIIE KIHIEBI MPOIYKTH
(KIHIIEBHI BUITYCK), a 3 BiJl’EMHUM 3HAKOM — IEPBUHHI PECYPCH.

BekTop y HaOyBae nMeBHUX 3HAYEHD 13 CYKYITHOT TEXHOJOTTYHOT MHOKUHU (3arajib-
HOEKOHOMIYHOI MHO>KMHU BUPOOHUYUX MOKIHUBOCTEH):

Y= y:y:Zyk, yviel,, k=1, ..., m
k=1
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!
Cyma 1o BCiX CIOKMBa4yax MOYaTKOBUX 3aIaciB TOBApPiB b:Zbl- CTaHOBUThH C)-
i=1
KYNHY NOYamKo8y 61acHicms. Y TIOHATTS TOYATKOBOI BIACHOCTI MOXKYTh BXOJIUTH HE
JMIIE CHOXHUBYI TOBapH, a ¥ MPOMDKHI MpoAykTu. MHoxuna {b} + Y sBise coboro
MHOICUHY CYKYNHOI NPONO3UYIL.

OcHoBHA (PYHKITiSI €KOHOMIKH HE3QJIKHO BiJl TOTO, € BOHA IIEHTPATI30BAHOI0 YU
JEIICHTPATI30BaHOI0, TOJSTae B PO3MOILUT CYKYITHOTO BUPOOHHUIITBA MK BUPOOHU-
KaMH 1 BUPOOJICHUX MPOAYKTIB — CepeJl CIIOKUBAUIB.

[Tix criabHUM PO3MOJISIOM BUPOOHUIITBA U CIIOKMBAHHS MAalOTh HA YBa3i TaKHi

HaO1p BEKTOPIB CIIOKUBAHHS 1 BEKTOPIB BUTPAT — BUITYCKY
(X5 coos Xjy ey Xps Viseews Vies ooes Vi)s X, €Xiy Vi €Yy,

JUTS SIKOTO CYKYITHUM TOIUT 301Ta€ThCS 13 CYKYITHORO IMPOTIO3HUITIER0, TOOTO

i=l k=1
Habip (xf - x;k, yf ) oo y;, p*) 3a/1a€ KOHKYPEHTHY piBHOBary B Mojeli Bab-
paca, SIKIIO:
x: ed,; ) , =1, ..., 1,
. (p 3 (1.43)
ykeyjk(p )9 kzla"am
I * l *
Dy +b2> x;, (1.44)
k=1 i=1
% i * * ! %
p Zyk +b|=p le-. (1.45)

TyT p’ Ha3UBAIOTb 6EKMOPOM KOHKYPEHMHUX YiH.

CmisBinnomenss (1.44), (1.45) imeHyrOTh 3akoHoMm Banvpaca y wiupoxomy po3y-
MinHi, sko X y (1.44) mMae miciie piBHICTb, — II€ 3aKOH Banvpaca y 8yzvkomy po3y-
MIHHL.

OTXK€, KOHKYpPEHTHA PIBHOBAara siBjisie COOOI0 CyMICHUI PO3MO/ia BUPOOHHUIITBA Ta
CHOKMBAHHS, a CyKYIMHUI MOMHUT y I[bOMY pa3i He MEePEBUIIY€E CYKYIHOI MPOMO3HULIii
(1.44). Bapricth CYKYMHOTO MOMHTY B KOHKYPEHTHHX iHaX I[OpiBHIOC BapTOCTI Cy-
KYITHOT ITPOTIO3HITIT B TUX camux minax (1.45), ne KoXXHUH 13 CIIOKMBAYIB MAKCUMI3Y€E
CBOIO KOPHCHICTb y IiHaX p , a KOKHHIA i3 BUPOOHHUKIB — CBiii MPHOYTOK y THX ca-
mux 1iHax (1.43). O1xe, iCHyBaHHS KOHKYDPEHTHOT pIBHOBArv O3Hauyae iCHyBaHHs Ta-
KOi CHCTEMH PiBHOBAKHHX (KOHKYPEHTHHX) IiH P , 32 SIKOI Y3rOKYIOThCS KOHIIIK-
THI IHTEPECH CIIOKHUBAYIB 1 BUPOOHUKIB.
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Tema 7. Moaean MiKraay3eBoro 0ajgancy

IIpunuunoBa cxema Mizkrasaysesoro oajsancy (MI'b) BupooHunTBa

Ta PO3MOALLY NPOIYKIil

Mixrany3eBuii OamaHCOBUN METOJ| 3a0e3edye CKiIalaHHs 30aTaHCOBaHUX, BHYT-
PIIIHBO Y3TrOJKeHMX TUTaHiB. Ha 6a31 MIKramay3eBOro MeToy po3pOOJISIFOTHCS MaT-
pPHUYHI €KOHOMIKO-MaTeMaTH4HI MOJIEIII.

Ipunyunosa cxema migiceanyzesoeo oanancy (MI'b) HaBenena B Tabmn. 1.2, ae pos-
TJISHYTO 3BITHMM OanaHc 3a OJMH PIK y BapTicHOMY BHpaxkeHHI. CyTHICTH Mojeni
MI'b nossirae y ToMy, 10 KOXHa raiay3b Oepe y4acTb, 3 OAHOTO OOKy, SIK CIIOKHBa4
NEBHOTO BUY MPOAYKIIii, 3 IHIIOTO — SIK BUPOOHUK.

Buokpemmiorots yotupu yactua MI'b, ski MaioTh pi3HHN €KOHOMIYHUHN 3MICT 1
Ha3UBAIOTLCA K@aopanmamu oanancy (Ha CXeMl KBaJ[paHTH IO3HAYEHI PUMCHKUMU

nudpamn).

Tabnuys 1.2

HNPUHIUITIOBA CXEMA MIKTAJIY3EBOI'O BAJTIAHCY (MI'B)

) l"anmysi-cioxuBayi Kinnesuii Baosuit
["amy3i-BUpOOHUKHU
11213 |..|n MPOIYKT MPOAYKT
1 X11 | X12 | X13 | -+ | X1n Y, X
2 X1 | X2 | X23 | ... | X2p Y, X5
3 X31 | X32 | X33 cee | X3p Y3 X3
I 11
n Xnl | Xn2 | Xn3 coo | Xnn Yn Xn
AmMopTu3aris Ci1G |G ...|C,
Omnara mparti vi | v | vy [T v, 1Y
Yuctuii goxig mp | my | my| ... | my
Banoswmii mponykr | X; | Xo | X5 | ... | X, X=X,
i=1 j=1

Iepwuii kéaopanm MI'5 — ne Tabnuis MiKrany3eBUX NOToKiB. IlokasHuku x;; €
oOcsiraMi MIKrajdy3eBHX MOTOKIB MPOAYKIIii, / Ta j — BIAMOBIAHO HOMEPU ramxy3en
BUPOOHUKIB 1 CIIO’KMBAYiB.
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Y opyeomy xeadpanmi momaHo KIHIIEBY TMPOIYKIIIIO BCIX Taidy3ed MaTepiaabHOTO
BUPOOHUIITBA, TOOTO MPOAYKIIiIO, 110 BUXOAUTH 31 chepd BUPOOHHUIITBA B KIHIIEBE
BUKOPHUCTAHHS.

Tpemiti keaopaum MI'H xapakTepu3ye HalllOHAJIBHUI J0X11 3 00Ky HOro BapTic-
HOTO CKJIaly — sIK CYMYy YHCTO1 MPOIYKIIi i aMOpTH3allii; 9uCTy MPOAYKIIIO TIyMa-
4aTh K CyMy OILIATH IIPalll Ta YUCTOro Joxomy ramysed. O0csar amoprusanii (C)) Ta
4uCToi MpoaykKuii (v; + m;) AesIKol radys3i Ha3UBalOTh YMOBHO YHCTOI IPOIYKII€0 i
NI03HAYar0Th Yepes Z;.

Yemeepmuii keadpanm BiAoOpakae KIHIICBUN PO3MOILT 1 BUKOPUCTAHHS HAIlOHA-
JBHOTO J0X0ay. B pesynbTaTi mepepo3mnojiay CTBOPEHOTO HAIliOHAJIBHOTO JOXOIY
YTBOPIOIOTHCA KIHIIEB1 TOXOAM HACETICHHS, MiIPUEMCTB, AEPKABH.

Beimuunn x; B1100pakaroTh BapTiCTh 3aC001B BUPOOHUITBA, IO BUPOOJIEH] i-TOO
rajgy33io Ta CIIOKHTI j-F0 Taly33l0, a BEIMYUMHH X; (X;) — BadoBUM NPOILYKT j-i (i-i)
ramysi.

3anuieMo JBa CHiBBIIHOIICHHS, 110 BioOpaxkaroTh cyTHICTH MI'b Ta € miarpys-
TAM MOro €KOHOMIKO-MaTeMaTH4yHO1 mojelni. [lo-nepuie, BajgoBa MPOIYKINS OYIb-
SKOT rajy3i-Clo)KrBayda JOPIBHIOE CyM1 MaTepiaibHUX BUTpPAT Ili€l Tay3i Ta il yMOB-
HO YHCTOTO MPOAYKTY:

X =) x;+Z;, j=1, .., n. (1.46)
i=1

Ilo-0pyee, BanoBa NPOYKIIisl Oy/Ib-SIKOi Tay31 JOPIBHIOE CyMi MaTepiaJbHUX BU-
TpaT rajy3e, Kl COKUBAKOTh ii MPOAYKIIIO, 1 KIHIIEBOT MMPOAYKIIT JaHOT ramy3i:

X =D x;+Y, i=l, ., n. (1.47)
j=1

[TincymyBaBmm 3a j cucremy piBHsHB (1.46) Ta 3a i cuctemy piBHsIHb (1.47), oTpu-
Ma€EMO

n n
2.Z;=2.Y.
=1 i=1

Lle piBHSIHHS MOKa3ye, M0 B MDKTaTy3eBOMY OallaHCl BUKOHYETHCSI IPUHLIUII €KBi-
BaJICHTHOCTI MaTePiaJIbHO-PEUOBOTO Ta BAPTICHOTO CKJIay HAIlIOHAIBHOTO TOXOY.

Exonomiko-mamemamuuna mooenv mMixczany3eeo20 0aniancy

bamancosa mozens B. B. JIeoHTheBa 6a3yeThCs Ha TAKUX MPUITYIIICHHSX:

1) ramys3i, Ha sIKi pO30MTO BUPOOHUYNI CEKTOP KpaiHH, BBXKAIOThCS wucmumu. Te-
PMIH «4HCTa TaTy3b» O3HAuae, M0 MPOAYKIlS KOKHOI Taly3i € OJHOPIAHOI, TOOTO
rajy3b BUIIyCKa€ MPOAYKIIIO TUIBKU OJHOTO THUITY 1 Pi3HI rajy3i BUITYCKAIOTh Pi3HY
MPOYKIIIIO;
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2) pO3MIISINAE€ThCA cmamu4ta, TOOTO Taka, MO HE 3MIHIOETHCS MPOTITOM MEBHOTO
MPOMIXKKY Yacy, TEXHOJIOT1sl BUpOOHUIITBA. Llei mpomMI>KOK 4acy MOKe JOpPIBHIOBATH
OJIHOMY KaJIeHJIapHOMY Tepioay (HampuKiIaa poKy);

3) Mae Mmicue npsamo nponopyitina, ToOOTO JIiHINHA 3aJI€XKHICTh MK TTOTOKAMH TIPO-
IyKI1i 3 OJHIET raly3l B IHILY X; Ta 00CATaMH IPOTyKIi X;:

X;j :al-ij, i,j=1,..,n, (1.48)

fe a; — Koe(ILiEHTH MPOMOPLUIHHOCTI, SIKI HA3UBAIOTh KOCDIL[IEHTAMH MPSIMUX Ma-

TepianbHUX BUTPAT (a; 2 0).

3 mpunymiess B. B. JleoHTheBa BUILIMBAE, 110 KOE(DILIEHTH @,;, AKI XapaKTepu3y-

ij°
I0Th CTPYKTYpY BHUTpAT, MOCTIIHI:

Xij ..
=——=const, i,j=1,..., n.
X

J

i

KoeoimienTn npsMux maTepialbHUX BUTPAT MOKAa3yIOTh, AKY KIJIBKICTh MPOAYKIIii
i-1 Tary31 HEOOXITHO BUTPATUTH, JUIsI BUPOOHUIITBA OJAMHUILII BAJIOBOI MPOIYKINT j-i
raiysi, SIKIIO BpaxoByBaTH JiuIiie npsami BuTpatu. KoediieHTH npaMux MaTepiaib-
HUX BUTpAT YTBOPIOIOTH KBaAPATHY MATPHUIIIO

a an ey,

a21 a22 a2
A= ",

anl anz ann

Ky Ha3UBAIOTh Mampuuery Koegiuicnmie npamux mamepianvHux seumpam, ado
TEXHOJIOTTYHOIO MATPHUIIEIO.

3 ypaxyBanHusaMm dopmyiu (1.48) cuctemy piBHsSHB OanaHcy (1.47) MoxHa 3amnuca-
TH Yy BUTJISIIL:

X, = aX;+Y,i=1, .., n. (1.49)
j=1

[TozHaunMo 4epe3 X BEKTOP-CTOBIMYMK BaJIOBOI MPOIYKIli Ta depe3 ! BEKTOp-
CTOBITYMK KIHIICBOT MPOAYKITIi:

X h

X Y.
xX=|"7%1, r=| |,

Xl’l Yl’l

TOJ1 y MaTpu4Hiil hopmi cuctema piBHAHG (1.49) MaTuMe BUTTIS;
X=A4X+Y. (1.50)
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Cucremy piBHsHB (1.49), yn y matpuunit popwmi (1.50), Ha3UBAIOTH eKOHOMIKO-
MAMEMAMUYHOI0 MO0 Midicealy3e6020 banancy (mooennio Jleonmvesa, mooeno
«8UMpamu — GUNYCK»).

Cuctema piBHsHB (1.49) € mOYaTKOBUM IyHKTOM PO3PaxXyHKIB y po3pobJieH] Oana-
HCIB Ha IJIAaHOBHM Tiepio. SKIio B Mojieni 3a/1aHi 00CSATH KiHIIEBOI MPOYKIIil BCiX ra-
ny3eit (Y;) Ta icHye maTpuil, ooepHena g0 marpuii (E — A4) (matpuns (E — A) He-
BUPOJIKEHA), MOYKHA BU3HAYUTH OOCSTH BaJIOBOT MIPOAYKIlT KOXKHOI ranysi (X;):

X=E—A'Y. (1.51)

To3HaunBmm yepes B: B = (E — A) ', cucremy pisasub (1.51) y MaTpuuwiii popmi
MO’KHA 3aIliCaTH:

X=BY, (1.52)

abo
n
X; :Zbl-ij, i=1,..,n,
j=1

1€ 4yepes b; MO3HaYEeHO €IEMEHTH MaTpulll B, KOTpl MOKa3ylTh, CKUIbKM HEOOXI1IHO
BUPOOUTH BAJIOBOI MPOAYKIi i-1 Tamy3i IJis BUMYCKY y cdepy KIHIIEBOTO BUKOPHC-
TaHHS OAMHHULI mpoayKuii j-i ramy3i. Ha BinMiHy Bix Koe(ili€eHTIB IPSIMHUX BHUTpaT
a;, KoeIIEHTH b; HA3WBAIOTh Koe@iyicHmamu NOSHUX MAMepialbHux eumpan,
OCKUTbKM BOHU BKJIIOUAIOTh y ce0e MpsAMi TAOTIOCEPEIKOBaHI BUTPATH BCIX MOPSAKIB.

Ilpooykmuenicme mampuyi npAmMux mamepiajibHUX eumpam

Martpunst kKoeilieHTIB NPAMUX MaTepiaJbHUX BUTpAT A Mae Taki OCHOBHI BJjac-
THUBOCTI:

e Koe(iIlieHTH MPSIMUX MaTeplalbHUX BUTPAT 32 BU3HAUYCHHSM € HEBIJ €EMHUMH,
0T)Xe, MaTpHIls A B IUVIOMY € HEB1JI'€MHOIO: A > 0);

® IPOIIEC BIATBOPECHHS HE MOXHA Oyyio O 3iHCHUTH, KO O AJIT BIACHOTO BiJ-
TBOPEHHsI B rajy3l BUTpayaBCsl OUIBIINI 00CAT POIYKTY, HI’)K CTBOPIOBAaBCS. 3BiJICH
OYEBHUIHO, 1110 JIIarOHaIbHI €JIEMEHTH MaTpulll 4 MEHIIII 32 OMHUIIO: a; <1,i=1, ...,
n.

Os3navennsa. HeBin’eMHy mMaTpuillo A Ha3MBATUMEMO MPOAYKTUBHOIO, SIKILO ICHYE
TaKWil HEB1J EMHHI BEKTOP X, 1110

X> AX. (1.53)

OueBuHO, 1110 YMoBa (1.53) o3Haua€e iCHYBaHHs HEBI1JI’ €EMHOTO BEKTOpa KIHIIEBOI IIPO-
nykiii (Y= 0) aist mogen mikramy3eBoro 6amancy (1.50).

o0 maTtpuis koe(ili€HTIB NpsIMUX MaTepiaJbHUX BUTpaT A Oyna MpOIyKTHB-
HOI0, HEOOX1HO 1 JOCTAaTHHO, a0 BUKOHYBANACS O/IHA 3 MEPeNIIYeHNX HUKUE YMOB:

l)matpunst (E — A ) mae OyTu HEBIJ €MHO OOEpHEHOI0, TOOTO TTOBHHHA 1ICHYBaTH
o6eprena marpus (E— A) ' > 0;
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o0
2)Marpuannii pag E+ A+ A* + A2 + ... = Z A" wmae 36irarucs, IprU4IoOMy
k=0

S A =(E-a);
k=0

3) HaWOLIBIIMIA 32 MOJYJIEM PO3B’S30K (BJIAaCHE 3HAYCHHS A) XapaKTEPUCTHIHOTO
piBHSIHHS ‘ AE—A ‘ = 0 mae OyTH CTPOTO MEHIITNM BiJ OJIMHHIII;

4)yci ronoBHi MiHOpU MaTpuili (E — A) nmopsanaky Bix 1 1o n MaroTh OyTH A01aT-
HUMMU.

Moougixkayii ocnoenoi cxemu mixczany3ee020 danancy

BaxmBUMU aHANITUYHUMU MOKJIMBOCTSIMH MiXKTally3€BOI'0 METOAY €, 30KpeMa,
BU3HAUYCHHSI NpAMUX [ NOBHUX sumpam npayi Ta po3poOJIeHHs Ha MiJACTaBl 1bOro Oa-
JTAHCOBHX MPOJYKTOBO-TPYAOBUX Mojieneld. BUXigHOIO MOAEIUIIO TYT BUCTYIIA€ 3BIT-
HUI MDKIPOITYKTOBUH OajlaHC y HATYpaJbHOMY BUPaKEHH.

ITo3HaunMo BHTpATH >KMUBOI Ipalll Ui BAPOOHUIITBA j-IO POAYKTY yepes L;, a 00-
CAr BUPOOHHMIITBA I[LOIO NMPOAYKTY (BaJOBHMH BUIIYCK), sIK 1 paHime, yepes X;. Toxi
OpsiMi BUTPATH Tpalll Ha OJUHUINO j-TO BUAY MPOAYKIIi, K HA3UBAIOTh KoeiyicH-
mamu npamoi mpyoomicmkocmi, MO’KHa TIOJIaTU (OPMYJIOIO:

L, .
tj:?’ _]:1, ceey N (154)
J
yBeI{eMO TAaKC IMOHATTA, K NOBHI eumpamu npaw — CyMa IIpAMHUX BUTPAT ()KI/IBO'I'

mpalli) Ta BUTPAT ypEUEBJICHOI Mpalll, Kl MEPEHOCATHCS Ha MPOAYKT Yepe3 BUKOPHUC-
TaHi 3aco0M BUPOOHUIITBA. SIKIO MO3HAYUTH BEIWYMHY TOBHUX BUTpAT Tpari Ha
OJMHHIII0 MPOAYKIIi j-ro BULy uepes 1 (koepiyienmu nosnoi mpyoomicmkocmi), TO
100yTKu a; T; BinoOpakaroTb BUTPATU ypEUEBIICHOI Mpalli, IEPEHECEHOI Ha j-i Mpo-
JTYKT 4epe3 i-il 3aci0 BupoOHuITBa. [IpumyckaeThes, 1m0 KoedilieHTH MPSIMUX MaTe-
plaJbHUX BUTPAT @; BUPAKEHI B HATypaJIbHUX OJUHULAX. Toxl MOBHI TPyIOB1 BUTpPa-
TH Ha OJWHHUIIIO j-TO BUIY MPOIYKIIil JOPIBHIOBATUMYTh:

T,=> a;T,+t;, j=1, .., n. (1.55)
i=1

YBeaemo 10 po3riisiIy BEKTOP-PsIIOK KOeDIIIEHTIB MPsIMOT TPYIOMICTKOCTI
l‘=(t1, Iyy wen tn)
1 BEKTOP-PsI0K KOe(illi€HTIB TOBHOI TPYAOMICTKOCTI
=", T, .., T, .
BukopucTtoByoun MaTpuiio KoeQilieHTIB NPSIMUX MaTepiadbHUX BUTpaT 4 (y Ha-

TypalbHOMY BUP)KEHHI), SIKYy PO3IJIIHYTO BHILE, CUCTeMY PiBHSAHB (1.55) MokHa mo-
JaTH B MATPUYHOMY BUTJISIL
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T=TA+t.

3poOuBIIM BIANOBIIHI MaTEMATHYHI IEPETBOPEHHSI, OTPUMAEMO CITiBB1IHOIICHHS

T(E-A)=t,

a00 BUKOPUCTABIIN PaHiIlle BBECHE MMO3HAYEHHS /ISl MAaTPUIIl IIOBHUX MaTepialbHUX
BUTpar (£ —A)_1 =B:

T=t(E-A)" =1B. (1.56)

ko no3HauuTH Yepe3 L BENMYNHY CYKYITHUX BUTPAT JKMABOI Mpaili 32 BciMa BUIaAMU
MPOYKIIii, To 3 ypaxyBaHHsM (1.54), (1.52), (1.56) matumemo:

n n
L=)L;=>1,X;=tX=TY. (1.57)
Jj=1 j=1

PiBusiaas (1.57) € ocHOBHUM OaJlaHCOBHUM DPIBHSHHSIM y TE€OPii MIXKramy3eBoro Oa-
naHcy Tpai. Mloro eKoHOMIYHMIA CeHC TIONATae B TOMy, 10 BapTicTh KiHIEBOT IPOTy-
K111, SIKa OIlIHeHAa 3a TTOBHUMHU BUTpATaMH Mpalli, TOPiBHIOE CYKYITHUM BUTpATaM KH-
BOI1 TIparfi.

OcHoBHa (0a30Ba) MOJETh MIKIajly3eBOro OajaHCy OTpHMalia PO3BUTOK TaKOX
3aBMIKM BKJIIOYCHHIO B HEl MOKa3HUKIB (POHIOMICTKOCTI MpOAyKIii. B HalmpocTi-
IIOMY BHUIIAJKy MOJIEIh JOTIOBHIOETHCS OKPEMUM PSIAKOM, SIKAU MMOJA€ Y BapTiICHOMY
BUPa)KEHH1 00cAry BUpoOHMUNX (poHniB @;, 3an1IHUX y KOKHIN j-i ramysi (j =1, ...,
n). Ha mijgcraBi nyux gaHuX Ta 0OCATIB BaJIOBOT MPOJIYKIIii BCIX rajgy3eid BU3HAYAIOThCS
Koe]ilieHTH MPIMO1 poroomicmkocmi IPOAYKITIT j-1 ramys3i:

fj:g, j=1, .., n.

X

KoedimieHT npsMoi poHAOMICTKOCTI BijloOpaskae oOcsr BUpoOHUUNX GoH/IIB, O€3-
MIOCEPETHBO 3aIISTHUX Y BUPOOHUIITBI JaHOT Tay3i y po3paxyHKy Ha OJMHHMIIIO ii Ba-
JoBoi mpoaykilii. Ha BigMiHYy BiJl IbOTO MOKa3HUKA KOE(PIIIEHT MOBHOI (JOHIOMICT-
KocTl F; Xapakrepusye o06car GoHIIB, HEOOXIJHUX Y BCIX raldy3sX Ui BUILYCKY OJH-
HUII KIHLIEBOI MPOAYKIi j-1 ramy3i (j = 1, ..., n). s koedinieHTiB MOBHOI (HOHIOMI-
CTKOCTI CIIpaBeAJIMBOIO OyZie pIBHICTb, aHAJIOT14HA piBHOCTI (1.55):

Fi=Ya;F;+f;, j=l..n. (1.58)
i=1

SIKI10 BBECTH 10 PO3TISAY BEKTOP-PSIOK KOEQIIieHTIB MpsAMOi (POHAOMICTKOCTI
f=Un, f25 s f,) 1 BEKTOp-pAAOK  KOE(QILIEHTIB MOBHOI  (OHAOMICTKOCTI
F=(F, F,,..., F,), To cucTeMy piBHsHb (1.58) MokHa moatu B MaTpu4Hil popmi:

F=FA+ f.

3BiZICH aHAJIOTIYHO TOMY, SIK OTPUMAaHO criBBigHOMEHHS (1.56), MOXHA OTpUMAaTH
MaTPUYHE CITiBBITHOIICHHS
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F=fB,

ne B=(E — A) ' — matpurs koedillieHTiB MOBHUX MaTepialbHUX BUTPAT.
Tema 8. Tpaguuiiini MakpoeKkoOHOMIYHI Moei
Knacuuna mooenv punkoeoi ekonomiku

Knacuuny monens puHKOBOI €KOHOMIKH MOKHA PO3TJISAATH SIK CHCTEMY B3a€EMO-
OB’ sI3aHUX MOJIENEH, KOXKHA 3 SKUX BioOpakae MOBEIIHKY OJHOTO 3 TPHOX PHHKIB:
po6oUoi cuiu, Tpolei, ToBapiB.

Mopens HaiO1IbIIIe TIAXOIUTh JJISI OITMCY €KOHOMIKHU 3 IOCKOHAJIO KOHKYPEHIIi-
€10. B yMoBax QyHKIiOHyBaHHS MOHOTIOJI BOHA HE MPAITIOE.

Punox pobouoi cunu. 1le¥t puHOK, 5K 1 1HII, ONMUCYETHCS 32 JOTIOMOTOI0 TPHOX 3a-
JexKHOCTeN: PYHKIIIT HONMUTy, PYHKIIIT TPOMO3UIlii Ta YMOBHU PiBHOBAaru. ¥ KJIacH4HIN
Mozeni GYHKIS MTOMUTY Ha poO0Yy CHITY BUBOJAUTHLCS 3 TAKUX JBOX T1MOTE3:

1) mignpuemMcTBa ((ipMH) MOBHICTIO € KOHKYPEHTHUMH 3a HAsIBHOCTI MPOIO3ULIT
TOBapiB 1 HaltMy po0OOUOi CHIIH;

2) 3a pelTy pIBHUX YMOB IPaHUYHUN MPOAYKT Mpalll 3HWKYETHCA 31 3pOCTaHHAM
00csriB po60U0i CHIIH.

[Tporno3urist po6040i CHIIM TaKOX € (PYHKIIIEIO Bl peasbHOI 3apOOITHOI TIaTH.
[TpuiimaeTbcss moCTynaT: 4yuM Ounblio OyAe peadbHa 3apoOiTHA MaTa, TUM
O11BII00 OY/Ie 1 MPOTNO3uIIisl pOOOYOi CHUIIH.

Punox epoweri. Teopist monuty Ha rpoli (HE BpaxoBYKOUH 1HII BUAM (HIHAHCOBUX
aKTUBIB) Y KJIACHYHINA MOJIEJ IPYHTYEThCS Ha TIMOTE31, 32 KO CYKYITHUI MOMUT Ha
rpomti M © € (DyHKII€I0 IPOIIOBOTO JOXOIY, IPUUOMY I (BYHKIiS — JiHilHA i mpsi-
MO TIPOTIOPIIiifHA TPOIIOBOMY JOXOY:

MP=kYp,

ne Y — BajnoBuid BHYTPIIIHINA MPOAYKT Y HATYpadbHOMY BUpaXeHHI; p — I1iHa. [Ipo-
To3uIIis Tpoeii M ° po3rismaeThes K GiKCOBaHA BEIMUMHA, €K30T€HHO 33/[aHa.

Punox mosapis. Ilonut Ha ToBapu — 1€ CyMa MOMUTY HAa CHOXHBYI Ta 1HBECTHU-
iiai ToBapu £ = C + L.

VY KJIacu4yHI MOAENi MPOIMO3HUllis HAa TOBapU € (PYHKIIEIO PIBHS 3alHITOCTI, IO
BH3HAYAETHCSA HA PHHKY pobouoi cum Y = Y (L°).

YMOBa piBHOBATH MONSTAE Y TOMY, IO pono3uiis Tosapis Y (L") nopisHioe momu-
Ty Ha ToBapu £ = C(r) + I(r).

06’eonana (3acanvua) moodensb. OO0’ €IHYIOUN PIBHSHHS Ta YMOBH, IO OMHUCYIOTH
PUHOK po0O0YOi CHIIM, TPOIIEH 1 TOBapiB, OTPUMAEMO KJIACUYHY MOJENb Yy TOBHOMY
o0cs3i:

Punox pobouoi cunu:

rs=r5| Y| P12 | ¥,
P P
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w

s Z] |=1P =70

p p

Punoxk epoweu:
M*=M° MP =kpY,

M®>=M"=kp"Y.
Punoxk mosapis:
Y=Y, E=Cr)+1(r),
YL =C(i)+10°)=Y".
KoxeH prHOK 3a/1a€ThCsl KPUBUMU TOMHTY 1 MPOIO3UIIIT Ta TOYKOIO piBHOBArd. 3a-
3HAYMMO, 110 KOJIM OJIMH 13 PUHKIB BUXOAUTH 31 CTAHy PIBHOBAru, TO M pellTa puHKIB

TaKOX BUHIYTH i3 I[LOTO CTaHy 1 MPSIMYBaTHMYTh J0 SIKOTOCh HOBOTO CTaHy JTUHaMid-
HO1 PIBHOBAaru.

Mooenw Keitnca

Knacuuna Monenb 1OCHIKye pIBHOBAry B €KOHOMIII 32 YMOB MOBHOI 3aiHSTOCTI.
VY mogeni KeitHca po3misiiaeTsesi piBHOBara, KOJiM €KOHOMIKAa XapaKTepU3y€eThCs Ma-
COBHUM 0e3p00ITTsIM.

OcHoBHi HoBarii Moneni KeliHca MOpiBHSHO 3 KIACUYHOIO MOJEIUTIO TOJISTAI0Th Y
TaKOMY:

1) piBHOBara Ha pUHKY TOBapiB JIOCSATAETHCS 32 PIBHOCTI MPOTHO30BAHOTO MOMUTY 1
(aKTUYHOT TPOMO3UIIIT;

2) aKTUYHHM MOMUT HA POoOOUyY CHITY BU3HAYAETHCS Y CIIBBIIHOIIEHHI 3 (DaKTHY-
HO 3alUTyBaHUM IMPOTYKTOM, a OTXkeE, pIBHOBara Ha pUHKY po0O040i CHIIM MOXeE JO0Cs-
raTucCh TOJ1, KOJIU PUHOK TOBApiB nepedyBae y piBHOBA3I.

ITosnaunmo L,(r) — monut Ha oOiramnii 3aJe)HO BiJ CTaBKH BifcoTka. Tomi mo-
Oenv Ketinca 3anucyeThest y BUTVIS1 HACTYITHUX PIBHSHb.

Punox pobouoi cunu:

5 =5\ Y|, 12 =Y.
p

Punoxk epoweu:

dL
M>=M>; M" =kpY+L,(r), d—" <0,
r

MS5=MP. (1.59)

Punox mosapis:
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dC dl
Y=Y(L), E=C(Y)+I(r), — >0, — <0,
(L) N+1(r), — 0

Y=E (1.60)

Tema 9. lunamMiuHi HeJIiHIHHI MOJeJIi MAKPOEKOHOMIKH

Mooens Conoy

MarnocekTopHi HETiHIHI MO/ETl BUKOPUCTOBYIOTHCS Uil BUBUCHHSI JTOBFOTEPMi-
HOBHX TEHJCHIIM 1 YMHHHUKIB PO3BUTKY (TpaHchopmarii) ekoHomiku. HeBenmka ki-
JBKICTh CEKTOPIB JJA€ MOKJIMBICTh aHATITUYHO TOJIATH M MpoaHaTi3yBaTH Ha MOJENI
PO3BUTOK €KOHOMIKH 3 aJIeKBaTHUM ypaxyBaHHSM HENIHIMHUX 3aJIeKHOCTEH OOCHTiIB
BUITYCKY CEKTOPIB BiJl OOCSTIB pecypciB 3a Pi3HUX 3HAYEHb €K30I€HHUX MapaMeTpiB 1
Ha Mi/ICTaBl [OTO OTPUMATHU JESKY y3aralbHEeHy KapTHHY €eKOHOMIYHOTO 3pOCTAHH.

Monens Cosoy € OHOCEKTOPHOIO MOCIITI0 €eKOHOMIYHOTO PO3BUTKY. Y Hill €KO-
HOMIYHA CHUCTeMa PO3TIISIAETHCS SIK €IMHE I1iJIe, BUPOOISIOUH JIUIIE OJUH y3arajib-
HEHUI TPOAYKT, KOTPUH MOKE 1 CIOKMBATUCh, 1 1HBECTYBaTHUCh. MOJENb TOCHTH
aJICKBaTHO BIJI0MBA€ HAWBaKJIWBIII MaKpOEKOHOMIYHI aCIIeKTH IPOIIECY BIATBOPEH-
Hs1. EKCIIOpT — iMIIOPT y SBHOMY BHIJISIII HE BPAXOBYIOThCS .

Cran exoHoMiku B Mozeni Colloy 3aaeThbes I sIThMa €HJOTEHHUMH 3MiHHUME: X
— BanoBuit cycninbHul npoaykT (BCII), C — dhona HeBUPOOHUYOTO CIIOKUBAHHS, [
— iHBecTHIIii, L — KUIBbKICTh 3aiiHATHX, K — BuUpoOHU4YI (houau. KpiM mporo, B Mo-
neni GIrypyroTh Taki €K30TeHH1 (0 334aI0ThCS 1033 CHCTEMOI0) MMOKa3HUKH: V — Pi-
YHUW TEMI MPUPOCTY YUCEIBHOCTI 3aMHITHX, || — YaCTKa BHOYJIHMX MPOTIATOM POKY
OCHOBHUX BUPOOHUYUX (POHJIIB, @ — KOEQIIEHT IPAMUX BUTPAT (YaCTKa MPOMIKHO-
ro TPOAYKTY y BaJlOBOMY BHYTPIIIHBOMY MPOIYKTOBi), p — HOpMa HAKOIUYCHHS
(uacTka BajoBux iHBecTHIiil y BBII). Mexi ek30reHHIX mapameTpis:

—l<v<l,
O<u<l,
O<ac<l,
0<p<l.

PoGuTbcs mpumyieHHs, 10 €HIOT€HHI 3MiHHI 3MIHIOIOTBCS B 4Yaci. Ex3oreHHi
3MIHHI BBa)KalOThCS MOCTIMHUMH B Yacl.

TakoXk TPHITYCKAETHCS, 110 PIYHUI BUITYCK Y KOXXE€H MOMEHT 4acy BHU3HAUYA€ThCS
JHIAHO-0THOPITHOIO HEOKJIACHYHOI0 BUPOOHMUIOIO (DYHKITIEIO B IBOX 3MIHHUX (pe-
cypciB) K ta L.

X=F(K,L).

O1xe, B aOCOMIOTHUX MOKA3HUKAX OTPUMAEMO TaKy modenb Conoy:

5 Konemaes B. A. MaTtemaThuecKas S5KOHOMHUKA: Yueb. st By30B. — M.: JOHUTH, 1998.
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L= Loe"; j—K:-umpa—a)X, K(0)=K,;
t (1.61)

X=F(K,L;, I=p(l-a)X; C=(1-p) (1-a)X.

Ha puc. 1.15 naBeneHna cxema (hyHKI[IOHYBaHHS €KOHOMIKHU 3TigHO 3 Mojeto Co-
J10Yy.

I=p(l-a)X
I X = FK.D) X ).C=(1—P)(1—a)))f
T aX

Puc. 1.15. Cxema dyHKIIOHYBaHHS eKOHOMIKH 3a CoJioy

SIK110 BBECTH BIAHOCHI IMOKa3HUKU: k = K / L — $oHm0030po€eHICTh, X = X / L —
HApOIHOTOCIIOAPChKa MIPOYKTUBHICTh Tipari, i = [ / L — mmTomi iHBecTHIIil (Ha OJI-
HOTO 3aiiHATOr0), ¢ = C/L — cepeaHbOAyNIOBE CIIOKUBAHHSA (HA OJHOTO 3aHATOrO),
To Mojiens Conoy HabyBae Takoi (popmMu B TUTOMUX (BITHOCHUX ) MMOKA3HUKAX:

‘h_,%+palﬂﬂm,z u+v, k(0)=k, I,
x = f(k); (1.62)

i = p(l-a)f(k);
c=(1-p)(-a)f(k).
Haromocumo, 1mo koskeH aOCOFOTHHM YM BITHOCHUM MMOKA3HHUK 3MIHIOETHCS B Yaci,
TOOTO MOKHa BECTH MOBY IIPO TPAEKTOPII0 CHCTEMH B aOCOJIFOTHMX YHM BiJTHOCHUX

MOKa3HUKax. TpaeKkTopil0o HA3WBAKOTh CMAYIOHAPHOIO, SKIIO TOKAa3HUKH HE
3MIHIOIOTHCS B Yaci:

k=k" = const, x = x0 = const, i = i = const, ¢ = ¢® = const.

Ak HeBaxko momitutu 3 Gopmyi (1.62), BcranoBieHHsS HOHI0030POEHOCTI HA Jie-
AKOMY TIOCTiHHOMY PiBHi A’ IIPHBOIHUTH JI0 BUXOJy Ha CTAL[iOHAPHY TPA€EKTOPIIO.
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Iepexionuii pescum y mooeni Conoy

3a3HaunMo: AKIIO ko = k°, TO eKOHOMiKa Bxke mepebyBae Ha CTALiOHAPHiH Tpaek-
TOpii i MOKe 31WTH 3 HEl JIMIIe 3a 3MIHU 30BHIIIHIX YMOB.

Skmo ko # &, To B eKOHOMIIIi BiIOYBaTUMeThCs TIEPEXiaHMIl mpoliec, KOTpHii (Ti-
MOTETHYHO) 3aBEPIINTHCS BCTAHOBICHHIM CTalioHapHOTO pexumy. IIpoTsrom mnepe-
X17THOTO pexuMy (HOHI0030POEHICTh 33/I0BOJIBHSE PIBHSHHS

%:—ﬂw pl-a)f(k), k(0)=k,. (1.64)
Hudepeniroroun (1.64) 3a yacom, 3Haii1eMo, 1110
d’k _ dk
—=—/|pl-a)f'k)-1]. 1.65
=g LP-a)k)=4] (1.65)

k1o no3HaunuMo vepes £ — KOpPiHb PIBHSHHS p(l - a) f '(ﬁ): A, TO BIANOBIAHO
70 (1.65) oTpuMy€eMO TpH THITH TIEPEX1THOTO MPOTIeCy 1010 GOHT0030POEHOCTI:

1) sxmo k&, < £ — CIIOYATKy Ma€ MIcCIle MTPUCKOPEHE 3poCcTaHHs (HOHI0030POEHOC-
Ti, sIKE ITCJISA JOCSATHEHHS 3HAUCHHS  3MiHIOETECS CHIOBiTEHEHNM 3pOCTaHHSIM;

2) SIKIIIO0 E< ko < k° — cniosinbHeHe 3pocTaHHs (POHI0030POEHOCTI;

3)sakmo k >k — crosinbHeHE 3HIKEHHS ($hoHI0030pOEHOCTI («IIPOiTaHHD)

dboHiB).
Ha puc. 1.16 nmokazani yci Tpu TUIIU Tiepexoay (HOoHI0030pPOEHOCTI 10 CTaIllOHAp-
HOTO 3HaueHHs k° (kpuBi 1-3 BigmosigHO).

Puc. 1.16. Tunu nepexoay /10 CTalllOHAPHOTO CTaHY

«3onome» npaeujio HaAaKonu4enni

CyTHICTB «30JI0TOTO» IMpaBHJia HAKOIMYECHHS TIOJISITa€ B TOMY, 1110, 0OMparoyu Ha-
JeKHUM YUHOM HOPMY HAKOMHWYEHHS, MOKHA MaKCHMI3yBaTH CEpEIHbOIYIIOBE
CIOKMBaHHS B CTAlllOHAPHOMY PEXHUMI, a OTXKe, 1 4yepe3 BIAHOCHO HEBEJIUKHHA Mpo-
M1KOK 4acy Micis TOTOYHOTO MEePEeXiTHOTO MPOIIeCy.
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Crpasni, konu BupoOHnya QyHkiis € pynkuiero Ko66a — Jlyrnaca:
1

F)= Ak, K= [P(%“)A} e,

a OTXKe,

(1.66)

e

1
(1-a)4 -« I-a
B:[ﬂ,—“} , glp)=p"(1-p) %

HeBaxko MOMITHTH, IO CEPEIHBOAYIIOBE CIIOKUBAHHSI IIIKOBUTO BU3HAYAETHCS
byHKITI€O g(p) (OCKUJIbKU B HE 3aJICKUTH BII O ).

dg:( p jaa—p
dp \l-p) p

de®
d_>0 KO p <,

Maemo

TOMY

0
c
—<0, sgkmo p > a.
dp

OTxe, HalOLIbIIE CEPEIHBONYIIOBE CIIOXKHBAHHS IOCSITaTUMEThCS TOAl, KOJIH

* . .
p = o, TOOTO HOpMa HAKONIMYEHHs NTOBUHHA OYTH PIBHOIO €JaCTMYHOCTI BUITYCKY 3a
donnamu. Sk cBimuaTh IaHi, HAa MPAKTULl HOPMA HAKOMTMYCHHS 3aBXK/I1 € MEHIIOIO 32
CBO€ ONTUMAJIbHE 3HaUCHHS (p < o), TOOTO Mae Mictie HemoHakonuyeHHs (puc. 1.17).



co(p)ﬁ

0 ; . >
Jinsauka @ JlingHka yo,
HEJOHAKOIMYCHHS  II€PEHAKOIUYEHHS

Puc. 1.17. CepenHpbomyioBe ClIOKMUBAHHS B CTAI[IOHAPHOMY PEXUMI

56
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PO3A1LJI 2. MOAEJIIOBAHHSA EKOJIOT'TYHUX, BIOJIOT'TYHUX 1
COLIAJIBHUX ITPOLIECIB

Tema 1. IIpo mogesti eKOJIOTIYHHUX, 0I0JIOTIYHUX TA COMIATBHUX SIBUII

CropoieHi Bepcii peajbHOT0 SBHINA HA3UBAIOThCA MonensMu. Mojenb, sK
IPaBHIIO, BKJIIOYA€E B ce0e MPOCTIp 1 Yac, B AKMX BOHA MOOY/I0BaHa, 1 OCHOBHI KOMIIO-
HEHTH, SIKI BBAXKAIOTHCS 1ICTOTHUMH JIA 1 3arainbHOro ¢yHkiionyBanus. [licis toro,
SIK TIPABUJIBHO BU3HAYEHO EKOCHCTEMY, EKOJIOTIYHY CHUTYAIlIf0 Y1 COHlaJIBHy mpoOJe-
My 1 BCTaHOBJICHO ii MeXi, MU BUCYBAEMO JIOCTYITHY JUIst MEePEBIPKH TIMOTE3Y YU
cepito rinore3. J{ami aHaMI3yIOTHCS 1 BUBYAIOTHCS 3alPOMIOHOBAHI TITOTE3H.

[lepmie 3acTocyBaHHS KOMIT IOTEPHOTO MOJENIOBAHHS B COLIAJIBHUX HayKax
naTyeTbes movyatkoMm 60-x pokiB MUHYNOro ctoiitts. Lle Oyno moaentoBaHHs Juc-
KPETHHX IO a00 MOJICIIFOBaHHS, 110 IPYHTYEThCS HA CUCTEMHIN JTUHAMIII

MareMaTuyH1 ONUCAHHS €KOJIOTTYHUX CUCTEM MOKHA PO3JIUIUTH Ha JIB1 TPYIIH:
OMHCaHH, K1 POOIATHCS IS MPAKTUYHUX IIJIeH, 1 OMUCaHHs, Ki MalOTh YUCTO TEO-
petuyHe 3HaueHHs. OnMCaHHS [Js MNPAKTUYHUX IIJIe Ha3UBalOTh 1MITAIlISIMU.
[{inHIiCTh 1MITaIlMl OYEBU/IHA, aJie iX MOYKHA BUKOPUCTOBYBATH T'OJIOBHUM YHMHOM JIJIs
aHaJi3y OKpeMHuX BHUIAJKIB. YuM Kpalle sSKach IMITaIlisd 3a0BOJIBHSAE Ti KOHKPETHI
111, 3apajiy SIKUX BOHA CTBOPEHA, TUM BaXkue€ y3arajdbHHUTH il BUCHOBKH Ha 1HII BH-
mu. ToMmy 1uisi BUSIBIICHHSI 3arajIbHUX 3aKOHOMIPHOCTEH TOBOJUTHCS BIAABATHUCS [0
JIPYTOro poAy MaTeMaTUYHUX OINMCaHb, KI 9aCTO HA3UBAIOTh SKICHUMHU MOJICIISIMH.

SxicHI MOAEII Taf0Th BIAMOBIIh HA MATAHHS PO MOXJIMBICTH TOTO YH 1HIIOTO
apuina. [Ipu 3miHi IKOroCch mapameTpa (IKoroch (akTopa CUCTEMHU) B PIBHIHHSIX BU-
HUKHE TICBHE siBUIIE. Taki MUTaHHS MarOTh CBOIO I[IHHICTb. J{esKi MUTaHHS SKICHOTO
XapaKTepy B €KOJIOT1i BJAETHCS PO3B’A3aTH 0€3 MaTeMaTUYHUX Mojelel. Ale 3acTo-
CyBaHHS Mojesieil gae 0TI YITKY 1 3MICTOBHY (hOpMY; BUHHKAIOTh HOB1 €()eKTH, SIK1
HE MOXKHa OyJIO TTIOMITUTH 1 Ha SIK1 HE 3BEPTAIOTh yBary.

3ayBakUMO, 1110 €KOJIOTH 1 010J0TH Y4acTO 3aCTOCOBYIOTH TaKOX '€KOJIOT14HI
mozeni" (B TexHimi — "HarypHi"), TOOTO Mojenmi, SIKi CTBOPEHI B jaboparopisx i3
CITpaB)KHIX OpraHi3MiB.

OCKUTbKM B €KOJIOTTYHUX MOJENSAX TICHO MEPEIUIITaloThCs MUTaHHSA (i3UKH,
ximii 1 OioJorii, TO 3aCTOCyBaHHs MaTeMaTHKU BKpail HeoOximHe. MaremaTuka Bu-
CTYIIA€ SIK METOJ] KITbKICHUX PO3PAXyHKIB 1 IK METOJI IKICHOT'O MUCJICHHS.

3aranmbHa cxemMa MOJIEIIOBAaHHS, SIK METOTy, CXeMaTHYHO MOKe OyTH MojjaHa y
BursiAi puc. 0.

CTBOpEeHHS MaTeMaTUYHHX Mojelieil 00’eKTiB MOB’s3aHO 3 (hopmarizaiiero ix
OTMCAaHb 13 BUIJICHHSIM CYTTEBHX PHC EMITIPUYHOT CUTYaIlii, SIKa PO3TJISIIa€ThCS.

MareMaTi4H1 MOJENl JAar0Th BIAIIOBIIL HA 3B SI30K JIESIKAX SBHIL COIIAIBLHOTO
a00 010JIOTTYHOTO XapaKTepy 13 3aKOHAMU MEXaHIKH, TEPMOAUHAMIKH, TEOpli KOJIu-
BaHb, TEOPIi KepyBaHHS (perytoBaHHs). MeTou JOCHIKEHHSI BKa3aHUX BHUILE MO-
JieJiel YaCTKOBO 3allO3MYCHI 3 1HIIUX JUCHUIUIIH, HAPUKIIAM, 13 XIMIYHOI KIHETHKH,
Teopii KepyBaHHS, sIKICHOT Teopii AudepeHItiaTbHUX PiBHIHB, TEPMOAUHAMIKH, TEOPIi
KOJIMBaHb.
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MO/ICITIOBaHHS
> OLIIHKA JJAHUX »| PEAJIIBALILS
MOIAEJb
s (ITAPAMETPIB) MOJEJII
A Y
abcTparyBaHHS
30ip JaHUX
META, L{JIb S 315[3/1;?11111
Puc. 0

@di3uyHI 3aKOHH 3aJIMINAIOTHCSA ICTHHHUMH 1 B €KOJIOTII 1 B COIllOJIOrii, ane Ji-
I0Th BOHHM Yy CHEHH(IYHUX YMOBAX, SIKI PIAKO 3yCTPIYAIOThCS Yy HEKUBIM MPHUPOI.
[InunHicTh 6araThoX (PI3MYHUX MPOIECIB B €KOJOTIT BUSABISETbCS HECTiiKoro. | 11e
SIBUIIE B €KOJIOTIT BIIrpae BaXXJIUBY pojib. Y (i3uIll HECTIHKICTh MpOoLIeCY po3Triisia-
€ThCS K Mapa3uTHE, HeOakaHe SBUIE. Y KUBUX CHUCTEMaXx SIBUIIE HECTIMKOCTI BU-
KOPHUCTOBYETHCS IUIECIPSIMOBAHO; OLIBII TOTO, HECTIHKICTh — OJJHA 3 HAWBAXKJIMBI-
IUX PYIIAHUX CHJI €BOJIOIT. MaTeMaThuuHi MOJIesl TITbKA TOA1 MPAaBUIBLHO OIMUCY-
I0Th MOBEAIHKY PEIBHOTO €KOJIOTIYHOTO 00’ €KTa, KOJIU BOHHU "CTiKi" BIIHOCHO Ma-
JUX 3MIH TlapaMeTpiB AudepeHIliaJbHuX PIBHSAHD, K1 BIOOpaKarOTh Maji 3MIHU CH-
cremu. CaMme Taki CUCTEMH 3a TEPMIHOJIOTIEI0 AHAPOHOBA HA3UBAIOTh 2PYOUMU.

3ayBakMMO, IO B €KOJIOTii BHKOPUCTOBYIOTHCS JICSIKI METOIU (HANIPHUKIIA, Me-
TOJW KepyBaHHS), 1[0 HE MAaIOTh aHAJIOTIB y TexHimi. L{s Teopis 1me He JoCUTh po3BU-
HEHa.

Po3paxynku, mo 6a3yroThcsi Ha MOJENIIOBaHHI COIIaTbHUX MPOLECIB 3 ypaxy-
BAHHSIM KOMILIEKCY €KOJIOTTYHUX, EKOHOMIYHUX, COI[IaJbHUX MPOOJEM, MOKa3YIOTh,
110 3a0e3MeYeHHs €KOJIOTIYHOI pIBHOBArM MOYJIMBE JIMIIIE HA NUISIXY MEPEX0y BUPO-
OHHUIITBA HAa MAJIOBIIXOJHI TEXHOJOTIi MpH cTadLIi3aIii YUCEIbHOCTI HACEICHHS 1
3M1MCHEHHS PEXKUMY €KOHOMII B CIIOKMBAHHI PEeCYpPCiB.

3ayBa)XUMO, 1[0 BCSKA €KOJIOT1YHA 1 coIlialbHa CUCTEMa 3HAXOJUTHCS y TEB-
HUN Yac B JIEAIKOMY MPOCTOPI, TOMY 3 TOUKH 30pYy JAPYroro 3aKOHY TEPMOJMHAMIKU
Taka CUCTEMa BIAKpUTA. Y MOJENSIX TaKUX CHUCTEM Tpeba BpaxOBYBaTH PEUYOBHHY 1
SHEepTrilo Ha BXOM1 1 BUXOJi. Ayie y 06araTboX BUNAJKaX PO3TJISAIAl0Th TaK 3BaHI 130-
JHOBaHI cUCTeMH. MoJIesi TaKuX CHCTEM € JOCHTh HAOIMKEHUM OIHUCOM TPUPOTHUAX
SBUII. Y [IBOMY BHUTAJKY JJIS CKJIAQJaHHS BIATOBIIHUX PIBHSHH BUKOPHUCTOBYIOTH
JWIIE TEePIINi 3aKOH TePMOJUHAMIKU — 3aKOH 30epekeHHs eHeprii. [licas Toro, sk
OTpUMaHi NeBHI MaTeMaTU4HI PIBHAHHS a00 3aJIe)KHOCTI, 3aCTOCOBYEMO BiJIOMHI Ma-
TEMaTUYHHU arapar.

Moneni MOXyTh OyTu Makpo- abo MikpopiBHeBi. O0’€IHaHHSA MIKPOPIBHEBUX
MOJIeNIel CKJIaa€ MaKpOPIBHEBY MOJeIb. SICHO, MO JyIsi OTPUMaHHS MaKpOPiBHEBOI
MOJIeJIl TOBUHHI BPaXOBYBAaTHUCS MEBHI 3B’ SI3KU MK MIKPOPIBHIMU.

Yac y mozaemsix Moxke OyTH SIK HETIEpEPBHUM, TaK 1 JUCKPETHUM. BiamoBimHO
JI0 1IIbOTO MOJIE1 Ha3WBAIOTHCS HEMEPEPBHUMHU 200 TUCKPETHUMH. XapaKTEPUCTUKU
MOJIEJI MOKYTh OyTH JIeTepMIHOBAaHUMH a00 MaTH BUITAJIKOBUU XapakTtep. Bix Toro,
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AK1 (YHKIIOHAIbHI 3aJIe)KHOCTI MK BU3HAYAJIbHUMU BEJIMYMHAMH MOJENI, PO3TJIsi-
JAI0Th JIIHIMHI Ta HETiHIMHI Mojei. Mojeni MOXKyTh OyTH CTaTHYHUMU a00 AUHAMI-
YyHUMU. J{MHaMI4H1 MOJIeN TIIAThCS Ha TudepeHItianbHi Ta pi3HUIEBI. SICHO, 110 pi3-
HUIIEB1 MOJIEN1 HAJISXaTh J0 TUCKPETHUX.

Tema 2.0a1H0BHI0BI MO/1€JIi i30J1bOBAHUX MOILYJISIIiM

Haiimpocrima Moaens pocTy MiKpooprasi3mis, 3arpornoHoBana [l.bepnymi
(1760), Mmae Burmsn
X = px, x(o):xoa (D
€ X — KUIbKICHA XapaKTEepHUCTHKA IMOMYJALil, W - KOe(Iili€eHT MPONOPLIHHOCTI B
pPO3paxyHKy Ha OJIHY OCOOMHY 1 € PI3HHUIICIO0 MIXK KoedimieHTaMu HapOoHKyBaHOCTI B 1
cmeptHocTi D: p=B-D.
Po3B’s130k piBHsHHS (1) npu g=const, piBHUI
x(t) = x,e”,
2)
BIJIOMHUH K 3aKOH €KCIOHEHI[IaJIbHOTO POCTY YHCe-
JBHOCTI momyJiAlii (HapoJOHACENeHHs) B HeoOMe-
0 KEHOMY B CMHUCII pecypcy cepemoBuiili abo 3aKoH
Manbtyca (1795). [11]. Lleit 3akOH MOSICHIOE CIIOH-
p<0 TaHHUH PICT BIpYyCiB, MIKPOOPTaHi3MiB, TMUYUHOK KO-
JIOpaACHhKOro XyKa Toio. BiH mae micuie Ha oOme-
> KEHUX NpoMikkax dacy. [loBemiHka KpHBOi mIpH

u>0

Puc 1 n2 0 nokasana Ha puc. 1. ITpu £>0 MaeMo Tak 3BaHy
J-KpHuBY. 3 pUCYHKa BHJHO, IO MpHU g=const MOIy-
Js1ist abo BMHUpae, abo HeoOMeXeHo 3pocTae. B 111 Mojieli He BpaxoBaH1 BHYTPIIIHI
mimityroui pakropu. Takumu pakropamMu MOXKYTh OyTH Xapd, CBITJIO, IIPOCTIP, 1HIII
OpraHi3Mu TOLIO.
[{poro HemoiKy mo30aBiieHa MOICIb, 3anponoHoBaHa BepxronbsctoMm (1838)

X=rx 1—: =x(r—7x),
3)

-------------------- sKa Ma€ TPaHULI0 Hacu4YeHHs. Moenb 3a mporo-
3UIII€I0 CaMOT0 aBTOpa HA3WMBAIOTh JIOTICTUYHOIO
Mozemno. B Hill r — ManpTy31aHCHKUN Koe]illi-
€HT, Y — KOE(ILI€HT, 1[0 BPaXOBY€E BHYTPILIIHBO-
X0 BUJIOBY KOHKYPEHIIIIO (CaMOOOMEKEHHS) TOIy-

i, g = ¥ - EMHICTh cepeioBuIa. Po3B’s130k

piBHSHHSA (3) Mae BUTIISIA

Puc. 2 rt
(1) = rx,e

yx,(e" —1)+r
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4
IPUYOMY X (1) —q Tipu f—>o0. Takuii po3B’sA30K Ja€ KPUBY 3 HACUUCHHSM, MOBEIHKA
SIKO1 ITOKa3aHa Ha puc. 2. BinoBigHa KpuBa Ma€e Ha3By S-KPHUBOI.
Jlo KpuBOi 3 HACHUYEHHSIM MPUBOAUTH TAKOXK JIIHIHHA MOJEIb BULY
x=—u(x—q), x(0)= X,, (5)
3 pO3B’SI3KOM
x(O)=q+(x,—q)e™, (6)
1e (1 ¢ — cTani.
Sxio B piBHAHHI (1) mokmactu w(x)=r—yx, orpumaeMo piBHsHHS (3). [Ipu am-
pokcumarii Benuauau 4(X) B (1) s—hyHKII€0 MpHiineMo 10 piBHAHHA TUIy OJIi.
[Hun y3aransHeHHs piBHSAHHA (1): KoediieHTH r U Y € GyHKUISIMHA yacy. Toxi
Take piBHSAHHS (piBHAHHS bepHysii) MaTuMe po3B’ 30K

X, exp[f l’(n)dﬂJ
X(t) — ; 0 £ . (7)
1+ x, [ 7(8)| exp [ r(n)dn WE
0 0

Y Bunaaky r=const

rt
X,e

x(?) = t . )
1+ x, [ v(E)e™dE
0

Sxuio BenuynHa y(f) 3MIHIOETHCS MEPIOAUYHO O17Is ASSIKOTO CTAJIOTO 3HAYEHHS ¢ Ta-
KUM 9HHOM, IO

Y(O)=q:tPsinax, 9)
JIe ® — YacTOTa 30BHIMIHBOTO 30yKEHHS, 3 — aMIUTITy1a, TOMI BeJIWYMHA X(f) MpH
JOCUTH BETTUKUX ¢ M€ BUTIIS
r

x(t) = . : (10)
7 Sin O — ® COoS of
ql 1+ B 2 2
r-+o
VY 3arajgpHOMY BHITAIKy MOJIETh OJHOBUAOBOI ITOMYJIAIIT Ma€ BUTJIIST
x=wx)x, x(0)=x,, (11)

1e [(x) — ManbTy31aHCchbKa PyHKIA. SKIIO0 4(X) HeOAHO3HAYHA PYHKIIiSA, TOAl B TaKii
MOJIEJIi MOKJIMBI TaK 3BaH1 KOJMBAHHS pellakcariiinoro tumy [16].

SIKI10 MWBUIKICTH POCTY MOMYJIALIT 3aI€KUTh Bl YMCETBHOCTI MONEPEIHIX MMO-
KOJIIHb, TO HAWIPOCTIIIa MOJIENb, 10 MO0y J0BaHa HA BUKOPUCTaHHI piBHSAHHS (1) Ta
3anponionoBana XardincoHoM (Hutchinson G.E., 1948, [18]), 3anumierbest y BUTIISII

x(t) = mx@)[1-y,x(t-1)}, >0, an
X(t) = f(t)a te (—T,O),
7€ 7— 4Yac 3ai3HeHHs; HUM MOXe OyTH, HAIPUKJIIA, CEPEIHS TPUBATIICTh KUTTS OJI-

HOTO MOKoJIIHHA. OCOOMHU MOTEPEeIHIX MOKOJIIHb HEraTUBHO BIUIMBAIOTh Ha Koedirri-
€HT TIPUPOJTHOTO MPUPOCTY.



61

VY3aranbHeHHAM piBHSAHHS Bepxtonbera (3) 3 ypaxyBaHHSAM 3ami3HEHHS € piB-
HaHHA bpannoka (Braddoc, 1980)

3(1) = ()1 - ye(e) -y x(e - )b (13)
x() = f(1), t(-7,0).

B piBastHHsX Ty (12), (13) MoxHa BpaxyBaTH KiJIbKa 3alli3HEHb. 3aIli3HEHHS
MOJKe OYTH JDKEpENIOM IIIKaBUX MAaTeMaTUYHHX SIBUII, SKUX HE Oyi0 B Mojaensx 0e3
3aMi3HeHHS, HAMpHUKIad, TPaHUYHUX [HMKIiB, MOHOTOHHMX a00 TepioAMYHUX
PO3B’SI3K1B, HECTIHKOCT1 pO3B’SI3KIB TOIIIO.

PosrnsHyTi BUllle Mojieni nependadaroTh, 10 Taki MOJIEIN ICHYIOTh 130JIbOBaHO
B HECOOMEKEHOMY B CMHCHI xapuy mpoctopi. Jlam mokakeMo, SIK y3arajibHIOIOThCS
TaKi MOJICJI1 Ha BUITQJIOK ICHYBAHHS JIBOX aHTarOHICTUYHMX IOITYJISIIIN.

Tema 3. Konkypyroui momyJsinii 3 HeoOMe:KeHUM pecypcoM

JlJis 1BOX KOHKYPYIOUMX MOMYJIAIiN THIY "XMKak—KepTBa' 3 KUIbKICHUMH Xa-
pPaKTEpUCTUKAMHU KEPTBH X 1 XMXKaKa ) MOJENb, U0 0a3yeThCsl HA BUKOPUCTAHHI Pi-
BHsHHA bepnyini (1), 3anucyeThes y BUrisial piBHsab B. BoasTeppa (1931)

x = x(uy —y120)
¥ ==y —v21%) (14)
x(0) = x9, ¥(0) = yp,
ne >0, y;>0 — nesxi cranl BEIMYMHY, TOJAHOK X) BPAXOBYE BILIMB OJHIET MOITYJIs-
1ii Ha 1HIIYy a0o0, TaK 3BaHy, MDKBHIOBY KOHKYpeHIlito. Cucrema piBHSIHb Ma€ JIBl TO-

uku pisaosaru (0,0) i (‘11 = %21 = /Yuj

JlineapuzoBani piBHsiHHS BosbTepa B okoii Touku (035 0) MarOTh BUTIIS
X =X,

Uit 2
XapakrepucTuuHi uncna Ay =p; >0, Ay =—py <0. OcobauBa Touka — CiJ10
— HeCTilKa 0c0o0JIMBa TOUKA.
B oxomni Touku (qq, g, ) liHeapru30BaHa CUCTEMA PIBHSIHb MA€ BUIJIS]

U=-uiyppv, v=ury21u4,
Jie u 1 v — 30ypeHHS BEJIMYMH X 1 ¥ B OKOJII TOYKH PIBHOBAru. XapakKTEPUCTUUYH] YHC-
Ja, K1 BA3HAYAIOTHCS 13 PIBHIHHS

A +pay12Y21 =0,

OyayTh komruiekcHuMU. OcobnauBa Touka — 1eHTp. LlenTp — cTiiika ocoOnuBa Touka,
ajie aCUMITOTUYHO — HECTIiiKa (cucrteMa piBHIHB "Tpy0a"). [HTerpanpHi KpuBi — 3a-
MKHYT1 KpHBI, B miepiioMy HaOJmkeHi — enincu Bonbreppa. Cama cuctema piBHSHD
3a TEPMIHOJIOTi€I0 AHIPOHOBA 2pyba. le o3Havae, Mo SK TITLKA OJHY MIBBICH €IIiNca
3MIHUMO Ha JIeSKYy BEIMYHUHY, TO 300pakyloun ToYka y Ga3zoBOMy IPOCTOPi mepeiie
Ha 1HIIY 3aMKHYTY TPA€EKTOPIIO, SIKa TaKOXK OyJe CTIMKO0, aje HE aCHUMITOTHYHO.
MeTtoauka qOCTiIKEHHS 0COOIMBUX TOYOK Oy/ie 1mojaHa B 11.6.
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SAx BumgHO 13 (14) pu BiACYTHOCTI XMKaKa y ®KEPTBA 3pOCTAE O HECKIHUCHOC-
Ti. [I{o6 mo30yTHcs Takoro Henodiky, ['ay3e mianpaBuB Mojenb (14), BBIBIIM y Mep-
II€ PiBHSHHS BHYTPIITHHOBHIOBY KOHKYPEHIIIIO JKEPTB X:
x = x(u — Y120 - v11%),
¥ ==y —y21%)
[Ipu BiACYTHOCTI X¥MKaKka MepIie piBHSIHHS PIBHOCHIIbHE PIBHAHHIO Bepxtombc-

Ta (3): ToOTO MOMyJIALIS )KEPTB MAa€ MEXY HaCHUCHHS. 3alporoHOBaHa CUCTEMa PiB-
HsHB oTpuMaiia Ha3By JloTki—Bomnbreppa. L{s monens mae Tpu Touku piBaoBaru (0,0),

(l’l / ,O), H2 , H1Y12 TH2Y21 | Ocranms Touka € CTIHKOKO TOUKOK piBHOBarm.
Y11 Y21 Y12Y21

VY3aranpHeHHAM JoTicTHYHOI (3) momyssiii Ha cucTteMy "XmKak—kepTBa' €
noBHa cucTeMa piBHsIHHb JloTki-Bosbteppa (1925)
X =x(U —Y11X—Y120)s
y==y(12 —Y21X ~V22)), (15)

x(0) = xp, y(0)= o,
Ll cucremMa MOXKe MaTH Y€ YOTUPHU TOUKH piBHOBaru. Hacmigku KOHKYpEeHT-
HO1 OOpPOTHEOM 3aJIeKaTh BiJ CIIBBIJHOIIEHHS KOE(ILIEHTIB 44 U ) (1UB. 11.6).
Bynu i iHIIl y3araabHEHHS JIOTICTUYHOTO PIBHSHHS AJIS1 TBOBHIOBHX IOITYJIS-
mid. Tak, A. JI. bazukid mpoBiB TOCTIIKEHHS MOJENI

X =x Sl_yllx_yuy i
1+Bx
(16)
. Y21X
=—yl &y + +E
Yy=-y €2 TY22) 1+Bx

VY it Mmozxeni QyHKIIA B3a€MOIT MOMYJISIIN 3aJa€ThCsl Y BUIIISIAL TinepOoin
BIJIHOCHO 3MIHHO1 X. JlaHa cucTemMa MOKe MaTH JI0 I’ ATH TOYOK piBHOBaru. Bce 3a-
JIE)KHTH B1J CIIBBIIHOIIEHb MK ITapaMeTPaMH CUCTEMH 4, ¥j, . 301IbIIyeThCA 1 pi-
3HOMAaHITHICTh (pa3oBux nmoptpeTiB. O/HA 13 CTAIllOHAPHUX TOYOK MOXKE OyTH HECTIH-
KUM (POKYCOM, SIKMI1 OOMEXEHUN CTINKUM IrPaHUYHUM ITUKIIOM.

JlochimkeHHs 3a/1a4l PO B3a€EMOJIII0 IBOX AHTArOHICTUYHUX BUAIB TUIYy XH-
JKaK—KepTBay 3arajJlbHoMy BHNaaky nposeneHo A. M. Kosmoroposum. Lls monens
Ma€ BUTTISI

% = 0 (X)x —v(x)y,
y=a(x)y, , (17)
x(0) = xg, ¥(0) =y,
ne a(x), ar(y) — KoediieHTH NPUPOJHOrO MPUPOCTY KEPTBU 1 XMKaKa BIAMOBI-
HO, v(x) — Tpodiuna pynkuis. KoxHa 13 uux QyHKIII HaiJeHa TIEBHUMH BJIaCTUBO-
CTSIMHU.
[HOMI 10 TBOBUAOBUX MOMYJISIINA BITHOCATH MOMYJISIIIIO 3 00MEXEHOI0 KiTbKi-

CTIO peCypcy, KM 3MIHIOETHCS TIPU BXKUBAHHI HOTO IMOMYJIAIIER0. 3araJbHUN BUTIIA
MaTeMaTUYHOI MOJIEJI MOMYJIALI MOXKe OyTH TTOJaHUN Y BUTJTISII
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R=0-V(R,x)x,

x =—ux+yV(R,x)x,

x(0) = xg, R(0)= Ry,
ne R — KiTbKICTh pecypey, X — KiIbKICHA XapaKTepucThKa nomyJsiii, V(r,.x) — tpodi-
yHa (PYHKIIISI, IIBUAKICTH CIIOKUBAHHS PECYpPCy OJHIEI0 OCOOMHOIO MOMYJIAIIT X, ¥ —
YacTHHA pecypcy, 10 ijie Ha BIIHOBJIEHHS MOTOMCTBA, 4 — KOE(DILIEHT CMEPTHOCTI,
Q — MBUIKICTh HAIXOKEHHS pecypcy B cucrtemy. Tpodiuna GyHKIisS B OUIBIIOCTI
BUTAKIB Mae Taki BimactuBocti: V=V(R), V(0)=0, V'(R)>0, dyukmis V(R) mae acu-
MITOTY. HassBHICT, acHMIITOTH BKa3ye Ha Te, MO NPHU BEIMKOMY OCTaTKy Xapdy

po30uTH Ha ABa Kiacu : a) omykii BBepX ("mypHuil xmwkak") 1 6) s-monibH1 ("po3ym-
HUN xuxKaK").

Mopeni ABOBUIOBUX MOMYJIAIiHN, SKi OOPIOThCA 3a CHUTbHY 1KY 1 KIJIBKICTH ii
oOMexKeHa, 3aMUCYIThCS Y BUTJISAI

x=x(g, —v,F(x, ),

y=yle, ~1.F(x,)),

x(0) =x", p(0)=y’,
ne g, >0 — koedilieHT NPUPOCTY MOMYJALIM, Y,— XapaKTepUCTUKa MOTpeOu B ixki
nonysiii, F(x,y)— QyHKIA, M0 BUpakae MBUIKICTb CIIOKHBAHHS 1K1, IPUUIOMY
F(0,0)=0; F/>0, F/>0.

OcTtaHHs cucTeMa Mae MepIni iHTerpal

"5 0 Y2

Y2

IIpy ®>0 1 £ - c© mMaeMo — oo [Ipu 0OMeXeHUX MOMYJIALIAX 1€ MOXK-

Y

y
auBo jutie ipu  y = 0. 3Bigcu MaeMo: 13 TBOX O10JIOTIYHHUX BHUJIB, IO OOPIOTHCS 3a

CHUTbHY 1KY, BU, Y SKOTO BIIHOIIICHHS % MEHIIIE, BAMUPAE.

Tema 4. MopeJi cycniyibHUX 0COOMH

Ha ocHOBI JOTICTUYHOT MOJEN MOKHA MOSICHUTH CTPATETiI0 AiM CyCHiIbHUX
komax. Hexaii ciM’s Mypamiok mae onHe mkepeno xapuy. IloBeminky Takoi cim’i
MOJKHa omucatu piBHAHHAM (3). Bimomo, 1o neska gacTuHa Mypamiok He MPUHOCHTD
DKy, a IIyKae HOBI JpKepesa xapdy, HOBI JOpOTH ToIlo. Y piBHsAHHI (1) HE0OXiaHO
BpaxyBaTH IIF0 YaCTUHY KOMax-pO3BiTHUKIB y BUTIIAAI AofaHka —Bx. Moxaens ma-
TUME BUTJISAT

x =rx(1 —yx) —Bx, x(O) =X,. (18)

[le TakoX JIOTICTUYHE PIBHSHHA 3 MalbTy31aHCHbKUM Koe(ilieHToM r-f 1 3 KO-

edilieHTOM KOHKypeHlIi y. B 1pomy BuUmajgky TpaHHIsl HAaCUYEHHS OyJie 1HIIOIO
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r—p

ry

Hexaii Ha ogHakoBil BiACTaHI BiJ pO3MIIIEHHS CiM’i MypaIiok 3 /N ocoOuH
3HAXOMATHCA B JHKepen Xapdy. Toai KoMaxu AUIATHCS Ha TPYIH X;, SKi JOCTABISIFOThH
Xapu 13 Jpkepena i. B mponeci poboTH 1ii Mypamok nepeposnogursitoreca. Hexai, y;;
— Koe(ilieHT MBUIKOCTI KOMax IpynH i, siKi 100yBaloTh 1Ky 13 [kepena j. Marema-
TUYHA MOJENb A1l 0COOMH CIM’1 3 ypaxyBaHHSM WIEHIB —[;X;, Kl 3HAXOIATHCS y

q:

MMOIIyKaXx HOBUX IKCPCII K1 Ta HOBHX IIIJIHXiB, Ma€ BUITIAA

n
x,-:(N—xl—x2—...—xn)z~y,-jxj—[3,-x,- (i=1,ﬁ). (19)
j=1
Ile omHa 3 HaWMOPOCTIIMX MOJEICH MOBEAIHKM CYCHIIbHUX KOMax. B MOHO-
rpadii [12] gocnimkeHo cucremy piBHSIHB (19) mpu pi3HUX KUTBKOCTSX JKEpEs Xap-
qy. OGYHCIIEHO Yac MOBHOTO MOiJaHHs JEsIKOT KUIBKOCTI Xapuy MpH pi3HUX Koedili-
€HTAX Y; 1 pI3HUX KIJIBKOCTAX JKEPEI Xapuy.

Tema 5. 3agaua npo ajJbTePHATUBH

Hexaii rpyna 13 /N 0coOMH Ma€ JiBl aJbTepHATUBH, TPUIOMY CTYIIHb NMPHUBAOJIUBO-
CT1 KO>KHOI 3 HMX JIOpiBHIOE «;. [lo3HaunMo depes x — yuciao ocoOuH, 10 BUOpaiu

anpTepHatuBy I, yepe3 y — Ti, o BuOpanu anprepHaTuBy 2. OnHak "Bce Tede, Bce
3MiHIOETBCA". Uepes nesaKkuil yac 4ucio 0COOMH aibTepHATHBHU I 3MIHIOIOTH CBiii BH-
Oip Ha aJIbTEpHATUBY 2, MPOMOPIIIHHO YKCITY X 1 BIJIHOCHIM MpUBaOIMBOCTI BUOOPY
Q,
a, +a,

2, siKa TOPIBHIOE . AHanorigyHo st 0COOWH, 10 3MIHIOIOTh aJbTCPHATHUBY 2

Ha 1.
PiBHsiHHS GanaHCy JuIsi 3MIHHOT X Ma€ BUTJIS

: o a
X=NnXx L x- 2 Y. (20)
ap +an ap +an
. : : - o, N
3aMIHUBIIY B IbOMY PIBHSHHI y Ha N — X 1 BBIBIIM [TO3HAYEHHS Y, = , IPUX0-
,

JIMMO JI0 JIOTICTUYHOTO PiBHSHHS (3), pO3B’S30K SKOTO MPH ¢ —> 00 MPAMYE J0 BEJIH-
YUHU ¢ =1 /Y,. AHAJIOT14HO IICTAEMO PE3yIbTATH AJISl BEJIMYUHU y .
3anpornoHoBaHa METOJIMKA y3arajabHIOEThCS Ha K anbTepHATHB:
x; =rx;(1-v;x;),

K N.o.. K _
v,=3 Ll , N=YN, (i=1,K), 21)
j:] (le +(121 +...+(ij j:1

ne N; - cybnomynsuii momynsuii NV, o; — KOCQILIEHTH IPUBAOIMBOCTI, X; Xapak-
TEPU3y€e MUTTEBMH CTaH Momysnsuii. Bennunnu N; 3a10BONBHAIOT PiBHAHHS THITY

(21). IloBeniHka CHCTEMH PIBHSAHB 3aJICKUTH BiJl XapakTepy CIIIBBIJHOLICHD O; 1 X;.
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Tema 6. Iloporogi ssiBuma

[Toporosi siBHIlIa 3yCTPi4arOThCS B MEXaHIIl CYIIJIBHUX CEPE/IOBHUII, Pali0TEX-
HiIli, 61i0J10T11 1 exosorii. JlocaiguMo 61070TIYHY MOJIEIh IMYHHOI CUCTEMH, SIKIM Bjia-
CTHBE BKa3aHE SBUIIIC.

PosrissHemMo OCHOBHI BJIACTUBOCTI KJIITHH-YOUBIh. IMyHHa cucTteMa XpeOeTHUX
TBApHH MOCTABJISIE OPTaHI3My 3acO0M MPOTHUIIT YY>KOPITHUM XBOPOOOTBOPHUM PeUO-
BUHAM. BOHM mOCTynaioTp B OprasisM, BHPOOJSIOTH B KICTKOBOMY MO3KY
HeaudepeHIiioBaHl BUXIJIHI 3apOAKOBI KMTHMHU. B pesynbrari momasbuioi
mudepenmianii i KITHHM mepeTBOprooThcs B P-  a6o  T-mimdormTu’.
3yCTpiqa}0qHCL 3 Y9Yy>KOP1THOIO PEUOBHHOIO (aHTHTEHOM) PB-KIITHHH TiIJAI0THCS
nomaneinii  audepeniiamii y OLnbIIl KIITHHM, SIKi MPONiepyroTh 1 BHALIIIOTH
XiMiuHi pe4OBHHH, 110 3aTHI HEHTpaTi3yBaTH aHTHUTEH. [X HA3MBAIOTH AHTHUTIIAMM.

3 inmoro 0oky, T-KIITUHU TCHS MOAANBINOI AUdepeHIialii, ska MPOXOIUTh B
TI/IMyci7, PeryJoIoTh Jit0 B-KIITHH, MACHIIOI0YA a00 TOMABISIOUN 1X JiSJIbHICTD.
Kpim Toro, BoHu OepyTh y4yacTh B IMyHHHUX BIAMOBIASAX, sIKI BUKJIMKaHI Oe3mocepe/-
HbO KJIITUHAMH, OCOOJIMBO PAaKOBUMHU a00 UYKOPITHHUMH, K 1€ OyBae, HAIIPUKJIIA,
NpHU mepecailll TKaHUH a00 opraHiB. [HII KIITHHHI PI3HOMaHITHOCTI IMYHHOI CUCTe-
MU THITy MakpodariB MaroTh Mo1i0HY (PYHKIIIIO, IKY Ha3UBAaIOTh IMTOTOKCUYHOKO aK-
tuBHicTIO (LluTO Bix rpenpkoro — kimiTuHA). Makpodar - 11e KIITHHHE 3’ €HYBaIbHOI
TKaHWHYU B OPTaHi3Mi, K1 37JaTHI 3aXOIUIIOBATH 1 TIEPETBOPIOBATH CTOPOHHI OpraHi3-
My YaCTHUHKH.

Hexait X — ryctuna nomysanii npomidepyrounx KIITHH (HampuKIaz, 3710KICHOT
NyXJIMHU), ¥, — rycTUHA BUIBHUX LIUTOTOKCHUYHUX KIITHH. 3T1JHO 3 €KCIIEpUMEHTa-
JBHUMH JJaHUMU KIITUHU Y, pO3Mi3HAIOTh KIITHHH X, QIKCYIOTh IX y BUIVIAII KOM-
nnexcy ¥, X i Hajani 3xiiicHioroTs nizuc’ npu auconianii’ kommuiekcy Y.

Taky MOCIHiIOBHICTh cTaaii (Hi3UKO-XIMIYHMX MEPETBOPEHb MOYKHA 3alUCaTH y
BTl [12]

X—2-52X (mpoumideparis), (22)
Y, +X——>Y—->Y, + P (3B’s3yBaHHs Ta Ji3KC).

[puitmemo, mo nix yac npouecy KoHKypeHuii Mix ¥, 1 X, akuil po3risiiaeTbes,
CTaH IMyHHOI CHUCTEMH MO’KHA BBa)KaTH CTallilOHAPHUM MPAKTUYHO y BCiX BiJHOIIEH-
Hax. Lle o3Hauae, mo nMoBHA T'ycTHHA Y, MOMYJSLii BIIbHUX 1 3B S3aHUX IMYHHHUX

kmitul (Y, =Y, +Y ) 3anumaerses cranoro 3a 4acoM. [lami mpuiiMeMo CIpOLIeHUi
OTIUC, 3TIHO SKOMY KiHETHKa 000X CTajiil B IPpyromy i3 piBHSAHB (22) MOXKE BBaXa-

6 JTimdporur — oA 3 HOPM JICHKOIKTIB, GLINX KPOB’SHHUX TLICLb JTIOIHHA 60 XPeOCTHIX TBAPHH; BOHH BUKOHYIOTb B
oprasi3Mmi 3axucHy QYHKIIIO. ).
7 LenTpanpHuii opras iMyHHOI cuctemu xpeGernux. [IpuiiMae yuacTs y GopMyBanHi imyHitery (Bupo6ise T-

aimMpounTh).

¥ Jlisuc — noBibHe, MOCTYNOBE MOCIAGICHHS IPOSBIB XBOPOOH, 3HIKCHHS TEMIEPATypH 10 HOPMAILHOI, PO3UHHEHHS
KJIITHH M1 BIVIABOM KHCJIOT, ()EPMEHTIB, OCHOB, COJICH.
? JTucomianist — (J1at. — po3’€IHYI0) — PO3Ma MOJIEKYI Ha KiJIbka IIPOCTHX MOIEKYJI, aTOMIB, pajiKaiiB a0 i0HiB.
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TUCh HEKOOIEpaTUBHOIO (TOOTO 0e3 3BOPOTHHX 3B’A3KiB), MPUHANMHI B 00JacTi ma-
paMeTpiB, K1 pO3TIIAIAI0THCA (X04a Bif I1i€1 yMOBH MOYKHA BIIMOBUTHUCH).
[Ipu mepepaxoBaHUX YMOBaX PiBHSHHS OaJlaHCY MarOTh BUTJIS [ 12]

X =AXx(1 —5) ~kYpX, (23)
q

YO = —k1YOX+k2Y,
ne A, k,, k, — koe(IiLI€EHTH CUCTEMH, ¢ — EMHICTb CEPEAOBHUIIA, B IKOMY IPOXOJUThH
KOHKypeHTHa Oopotbba. IIpu ¥, =0 BimHOCHO 3MiHHOI X MaeMO JIOTICTUYHE piB-
HSIHHS, B SIKOMY ¢ — BepxHs Mexa 3HaueHb X . [lonanok k¥ X mnoxkasye 3MeHIICH-

HS IIBUJKOCTI YTBOPEHHS MPOiepyrodnX KIITHH MPU HASBHOCTI BIIBHUX ITUTOTOK-
CHUYHUX KJITUH. B mepiioMy piBHSHHI BpaxOBaHO BHYTPIIIHbOBUIOBY Ta MI>KBHJIOBY
KOHKYPEHLIIO.

OCKUIBKY JTI3MC TTIOBUHEH MPOTIKATH 3HAYHO MIBUIIIE 1HIIUX CTafIiH, IS PiB-
HSHHSA (23) MOXHa CKOPHUCTYBaTHCh KBa3iCTalllOHApHUM HaOmmwkeHHAM. [lokmaBim

Y, =0, Y, =const, 3HzaxX011MO

Y
¥, =——. (24)
1+—+X

2
[TincranoBka 3HaueHHs Y, B nepiie piBHAHHSA (23) nae BIIHOCHO 3MiHHOI X pi-

BHSTHHS
: kY, X
leX(l—E)—#. (25)
7 Ry
2
BBeneMo HOBI BETUYHHA
k k kY
=X, a=—2, B=—-=, T=M. (26)
k, kq A
PiBHstHHS (25) B X 0€3p03MIpHUX BETMYUHAX MA€ BUTJIS
d
o -ag- P 27)
dt 1+z

OcraHHIl 10JaHOK B IIbOMY DPIiBHSIHHI € Bigoma Qopmysna Mixaemnica-MeHTeH,
npu B=0 Maemo JIOTiICTUYHE PIBHSIHHS.

JlocaiauMo TOYKU piBHOBaru piBHSAHHS (27). OueBUAHO, IO PIBHSAHHSA Mae
cranioHapauii po3B’s30k g =0 . JlineapuzoBaHe piBHSHHS (27) B 0KoJI1 TOUKH z = 0

dz

—=(1-P)z

dt
HE 3aJeXWUTh BlJ MapaMerpa o . TakuM YMHOM, OpPH JOBLIBHUX 3HAUCHHSIX O
PO3B’sA30K piBHAHHSA cTikuil npu 1-B <0 1 Hectiiikui npu 1->0.

[cHyBaHHSI HEHYJIPOBHUX CTAaI[lOHAPHUX PO3B’S3KIB BIJIOBIIA€ MyXJIMHHOMY CTa-
HY TKaHWHU (oprany). I3 piBHAHHS
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l—az—izo (28)
I+z

3HAXOJMMO HEHYJIbOB1 TOUKH PIBHOBAaru

1 r—
3, =——(-ax+yD),
T 2o

1+ a)’ ()
D=(l+a) ~4oB=4a(B ~B) B ="
o
3HaueHHA z,, MaroTh ceHc npu D >0, T0o06TO 1MpH
Bct B<PB,, ne B, — moporoBe 3HAUEHHS BEIUYUHU f3.
- 3alleXHICTh BEIMUUHYU [3, Bl IapaMmerpa o IMOKa-

3aHO Ha puc. 3. 3 OioJOTiYHOI TOYKM 30py Tpeda
PO3IIISIIATH JHIIe 3HaYeHHs z, > 0. AHasi3 KopeHiB

I (8) mokasye, 10 HE MPU BCAKUX 3HAYCHHSIX Mapame-
a TpiB @ 1 B ICHYIOTh TOUYKM piBHOBaru g, = 0. Tak,

’ i > mpu O<a<1 kopieb z, icHye npu B, >, AKIIO

! 2 oa>1,Tompu B>1.IIpu oo — 0 BenmuuHa z, — ©.

Puc. 3 Kopiab z, Mae OlonoriuHuil cMuci uuie npu o> 1,

B>1.

Jlinepuzyemo piBHSHHSA (27) B OKOJII HEHYJIbO-
BUX CTalllOHAPHUX TOYOK Z,. OCKUIbKH

dF d
—=—(-0z —ﬁ)zl—Zocz—L2 :
dz dz I+z (1+2)
TO JIIHEAPU30BAHE PIBHAHHSA B OKOJI1 CTalllOHApHOI ToukU g, (i=1,2) Mae BUrIsg
d
X (1-2az, —Lz)u, (30)
dt (I+z)

ne u=z—z,,i=1,2.

CriiikicTh 200 HECTIMKICTh pO3B’sA3KIB piBHAHHSA (30) BU3HAYAETHCS 3HAKOM Be-
maunan F'(z,): nmpu F'(z,)< 0 monoxeHHs piBHOBaru z, cridike, npu F'(z,)>0 —
HEeCTiiiKe. YMOBa mepexoay Bij CTIHKOrO 10 HECTIMKOIrO CTaHIB BU3HAYAETHCS 3 PiB-
Hocti F'(z,)=0.

Tax, npu a=0,45, B=1,1 mMaemo nBa mojaTtHi KopeHi g, =1 (cTiiikuii),
z, = 0,22 (HecTiHKMii) 1 HyIbOBUH KOpIHb g, =0 (CTIHKHI).

[cHyBaHHS HEHYJBOBOTO CTAIlIOHAPHOTO PO3B’SI3KY JUIS Z BIJNOBIAE HASIBHOCTI
NyXJIMHHOTO cTaHy TKaHuHW. [1[00 Takuii cTaH JIKBiAyBaTH, HEOOXITHO, IIOO
cTallioHapHa To4yka Oyia HECTIUKOIO.

Takum 4MHOM, MIATBEp/KEHA peajlbHa MOXJIMBICTh ICHYBAaHHS JABOX CTIMKHX

CTaHIB TPUTE€PHOI CUCTEMHU. B 3aekHOCTI BiJ 3HaU€Hb MapaMeTpa o MOXYTb BUHH-
KaTH JB1 KICHO PI3H1 CUTYallii, sIK1 TOKa3aH1 Ha puc. 4.
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B toum gz, =1 3anexHICTh MIX mapa-
MeTpamu o 1 3 Mae BUTJIA;

B=2(1-a), (31)
npuaoMy o <1. YMoBa HecTIMKOCTI B IIH
TOYIIl

1-2a.—B/4>0,

(32)
nae HepiBHicTe B <4(1-20) abo B>4/3.
Hanpuxnan, napa BEJINYUH
a=1/4, B>3/2 3an0BonbHAC K PiBHICTH
(31), Tak 1 HepiBHICTH (32). B ibomy Bunan-
Ky TaKOX MaeMO JiBa PO3B’SI3KM Z, =1 1

z,=0. YmOBa NOBHOrO  3HUUICHHA
(TIpUTHIYEHHS ) MyXJIMHU 3BOAUTHLCS JI0 TOTO,
[0 B TpOIleCl IMyHHOI BIJMOBiAI BEJIMYMHA
B moBuWHHA MepeBUIYBaTH OAWHUIIIO. [Ipu

o<1 mepexii MDK NyXJUHHUM 1 HE MyX-
JMHHUM CTaHaMHU 3B’s3aHI 3 SIBUILEM OIiCTaOIBHOCTI, SIKE MAa€ MICIE B TPUTEPHUX
cuctemax. Bume mu mokaszanu, mo B obmacti 1<B <[, iICHYIOTb OJHOYAacHO [Ba
cTiiikux cranu (g =0, z=1). MaOyTb, nepexig M’k IUMU CTAaHAMH 3B’ A3aHUH 3 MPO-
necamMu Hykiiearlii (nucleus jat. — si7po), TOOTO 3 MpollecamMu 3B’ A3aHUMH 3 MTOJIIJIOM
snep 1 oominoM pedoBuH. [Ipu a > 1 nmyxnmHa icHye nume npu B < 1.

SIK1I0 MOYaTKOBUM CTaH BIANOBIJAE€ MYXJIMHI, TO 1l NPUTHIYEHHS TMpHU
3pocTaHH1 3 MoOxJMBe Jinnie npu yMoBl 3>, . SIxk BUIHO 13 cHiBBIOHOLIEHB (20),
napaMeTp B 1o cyTi onucye eheKTUBHICTh IMyHHOI cUcTeMHU. TOMY ISl TaHOTO eTa-
ny B obnacTi a<1, 1<B <[, B 3ae)KHOCTI BI NEPEICTOPI TKAHMHU MOXKJIUBA SIK
HOpMaJIbHAa, TaK 1 MaTOJIOT1YHA CUTYAITis.

Metoau DOCHIKEHHS TPaeKTOpid AudepeHIiaibHuX PIBHSIHL JOCHTH TTOBHO
onucaHi. YncelnbHI €KCIEPUMEHTH MOKa3yl0Th, 1[0 BETUYMHA Z(T) MpU PI3HUX 3HA-
yeHHsx z(0) 1 B=2, a=2 npsamye ao z=0 npu t1—>0 (puc.5a). Bxe mnpu
B=11; o =0,45 Take sBuiie MoxiauBe He pu Besikux z(0) (puc. 5.6)
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\ 4

Puc. 5

Tema 7. locaimkenns moaeai Jlorki-BoabTepa

Sk BKazyBaJoCh BWINE, cucTeMa audepeHIliaibHuX piBHIHB (15) Moxke Matu
10 4 TOYOK PIBHOBAru B 3aJIEKHOCTI BiJl CIIBBIHOIICHHS KOSPIIIEHTIB 4, 1 V-

JI71s1 AOCIIIPKEHHS] TOUOK piBHOBAru piBHsHHSA (15) 3anuiemMo y BUTIsiai

. X
xzulx(l———L), (33)
91 D
. X
y=—u2y(1———i),
P2 92
I (S
ol U2 ol H2
Qi=—>qr="pP1=—,Pr="" . (34)
Y11 Y22 Y12 Y21

Bennunny ¢; Ha3MBalOTh EMHICTIO CEPEAOBUIIA I, pi— BIAHOCHA EMHICTh CEPEIOBHUIIIA.
Touku piBHOBar# (CMoOKoO0) BU3HAYAIOTHCS 13 cUCTeMH piBHSAHD (X =0, y = 0):

x(1--2y=o, (35)
9 D1
X
yi->-Yy-o.
P2 42
3Biscu orpumaemo poss’sasku (0, 0), (0,45 ), (q1, 0), (§1.4>), 1e
~ q, — P ~ P2 — 94
§=qp.— " h=qp— . (36)
9.9, — P\ D, P1P2 — 1142

[Tpsmi (y Bigpi3kax Ha oci)
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Rl A (mpsima A), (37)
71 D

XY (npsima B),

P2 92

SIK1 € HacHiAKOM cuctemu (33) B mepuioMy KBaJpaHTi IJIOMIMHU (X, ¥) MOXKYTh MaTu
pi3He B3aemMHe po3MilieHHs (puc. 6—10). Skio TOUkM mepeTuHy NPSIMUX HE ICHYE
(mpsimi mapanenbHi) (puc.6.6) abo BOHA JIGKUTHh 3a MEXaMU TEPIIOTO KBaJApaHTa
(puc. 6.a, 6.B), TO Taka TOYKa HE Ma€ OIOJIOTIYHOTO CMHUCIY, 00 BETHMYMHU P;,{q;,q;
NOBUHHI OyTH HEB1A €MHUMH. TakuM 4MHOM, SIKIIO IPsIMI HE NEPETUHAOTHCS B IEp-
IOMY KBaJpaHTi, MaeMo Tpu Touku pisHoBaru (0,0), (0,4,), (¢,,0).

Yy A Yy A Y A

B, A

B, A
B, A

v
v

s 4

Puc.6

SIKIo mpsAMI HE NMEPETHHAIOTHCS 1 IpsMa B nexuTh Bulle npsMoi A, TO Bcl
TPAEKTOPII NPSAMYIOTh B TOUKY ¢,, ToOTO Touka (0,q,) — cTiliKa TOYKa, y BHIAJKY,
KOJIM IpsiMa A JIeXUTh BULIE NpsaMoi B, To ctilikoro Oyne Touka (g,,0). Tomy momi-
HY€ Ta MONMYJfAlisA, EMHICTh AKOI OliblIe iI BiIHOCHOI €EMHOCTI cepenoBuina. B
NepIIOMY BUNAAKY (MpsMa B jexuTh BUIIE NpsAMoi A) ¢, > p,; B IpyrOMY BUIAAKY
q, > p,. OcobauBi Touku Ha puc. 7—10 BigmideH1 "Kpyxedukamu'.

JHocmanmo Touku piBHOBaru cuctemu Jlotki-Bombrepa.
Touka (0, 0). JlineapuzoBana cuctema piBHSIHb (33)

X=ppx, y=-Hyy
Mmae BiacHl yucna (A =p; >0,A» =—py <0) — miiicHi 1 pi3HEX 3HaKIB. OcobinBa

Touka — cijo. Ile Hecriiika ocobimnBa TouKa.
Touxka (0, ¢, ). [loknanemo

X=X,y=v+q) (38)
1 miacTaBuMo B piBHsAHHS (33). JliHeapu30BaHi piBHSHHS MAOTh BUTJISI:
x=v12(P1 —42)x, 39)
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y=uapy ().
P2 92
BitacHi 3Ha4eHHS 111€1 CUCTEMU PIBHSIHB
M =v12(P1 —92),
Ay =py >0. (40)

SAxmo Ay >0, To ocobnMBa TOUKa HECTIMKUNA B304, IpU A, <0 Maemo CiAJIOBY TO-
YKy, sIKa TAKOXK HECTIHKa.

Touka (qp, 0). 3amina xX=u+q;, y=y Oae JHEAPU30BaHy CUCTEMY pIB-
HSIHb:

i=—py(u+Ilyy, v =—yy 1+,
P1 P2
XapaKTePUCTUUHI KOPEH1 K01

7~1=—!~l1<0,7»2=—721(1—Z—1)=—u2(p2—m)- (41)
2

Tomy npu A, <0 (p, > ¢q,) Maemo CTiiIKUH By304 a00 cimyio mpu A, > 0.
Oco0auBa To4ka (47, ¢» ). [loxnagemo

X=q1X1, V=401, 1= (42)
Cuctema piBHsHB (33) puiiMe BUTIISIA
dx
o (1-x) —ay), (43)
dt
dy

——=—cy(I=bx; - yy).
dt
B piBusnHS (43) Tenep BXOAATh TPHU MapamMeTpu

a=2 p-01 . _H2 (44)
D1 P2 Hi
OcraHHI TapaMeTpu € BigHONICHHSM cTaymx B piBHAHHAX (33). Tomy mepexin 1o

3MIHHMX X[, y],T 3MIHIOE JIMIIE MacluTad, aje He 3MIHUThH AKICHY XapaKT€PUCTUKY
piBHsHB. TOYKa pIBHOBAaru CUCTEMH PIBHSAHB (43):

pPL=—= s P = =

= = ) (45)
q l—ab q> l—ab
[3 ocTaHHIX CHIBBIAHOLICHb BHILIMBAE, mo p, >0, p, >0, Toni, ko a i b oqHOYAC-

HO a00 OUIBII OAMHUIN, a00 MEHIII OJUHMUIN 1 ab # 1. 3HaueHHs1 mapaMmeTpiB a 1 b,
IpU SKUX MOJJIMBE iCHYBaHHS Py1 P, NoKa3aHe Ha pucyHky 11. Jlocaimumo xapak-

Tep TOUKH ( Pi, Po). s boro nokimamgemMo
X|=u+py yy=v+p. (46)
3ayBa)xMMO, IO # 1 v — 11e 30ypeHHsI BiTHOCHO MOJIOXKEHHS piBHOBaru ( Py, pr). Ilin-

ctaBUMO (46) B piBHAHHS (43), ONyCTUMO HEJIHIMHI YWIEHU 1 BAKOPUCTAEMO PIBHSHHS
piBHOBaru (37). OTpuMaeMo CUCTEMY PIBHSAHb
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ﬂ_ a—1

= u+av), 47
dt 1-ab ( ) 47
ﬂ=—c b-1 (bu +v).
dt 1—ab
Po3B’s130k cuctemu piBHSIHB (47) y BUTIIAL
xzem, yze)”t (48)
PUBOJUTH 10 XapAKTEPUCTUIHOTO PIBHIHHS
(1- ab)k.2 —[(@a-1)—c(b-DA-c(a-1)(b-1)=0. (49)
Tom
[(@a-1)—c(b-1)=* \/[(a —1)+c(b- 1)]2 —4abc(a—-1)(b-1)]
Mo = (50)

’ 2(1—ab)
3BificH BUIIHO, III0 3HAIOUW TPU MapaMmeTpH 4, b, ¢ B 3araibHOMY BHUMAJAKY Ta-
KOX B&XKO CKas3aTH, IKUMH OYyIyTh KOpeHi A 5. AJe, AKIIO IapaMeTpy 4, b Bigowmi,

T00TO BigoMi psiMi A i B (prc. 6) Jerko KocmiuTi KOpeHi Ay 5 13 CIIBBIAHOIICHHS
(50).

[ToBepHEMOCS 10 pUCYHKA 7.

Tak st npAMUX, 110 TOKa3aH1 Ha pUCYHKY 7, BUKOHYIOTHCSI HEPIBHOCTI

. Y11
P> 415 q2>1’1;:>a>1’ %12>1

P2 <925 41> P25 p>1; 72% >1.
Y21

Takum ymoOBaM 3aJ0BOJIBHSIOTH, HANpPUKIAA, BEIWYMHM ¢ =2,5, p; =3,

q»> =3,5, P> =2.
Tomi §; =0,92, §> =1,9, p; =0,54, P, =0,54, a=1,17, b=1,25 (a>1, b>1),

[0,17 —0,25¢ + J (0,17 +0,25¢)% —0,25¢]

A =
b275 0,46

Jliist AificHUX KOpEHiB MOBUHHA BUKOHYBATHCh YMOBA
(0,174+0,25¢)* - 0,25¢ >0 =
6,25¢2—-16,5¢1+2,89 >0 =
(c—0,19)(c—2,44) >0.

Taxum unHOM, KOpeH1 Aq,A, AiiicHi pu ¢<0,19 1 ¢>2,44, sxmo 0,19<c<2,44
— KOpeH1 KOMIUIeKCcHI. HaBiTh, SKIIIO KOpeH1 AilCHI, TO MOTPIOHI 1€ TOMOMIXKHI J0-
CIIIJPKEHHs, 1100 BIANOBICTU HA MUTAHHS: KOPEHI Aj,A) OJHOIO 4YM Pi3HHUX 3HAKIB;
SIKIIIO OJTHOTO, TO JIOJAaTHI YU B1JI’ €MHI.

Tax, Hanpuknazn, npu ¢=0,15 maemo Hectilikuii By3o0a (A =0,2, A, =0,08);
npu ¢=2,0 — criiikuii pokyc (A,, =-0,361£0,22i); npu ¢=4,0 — criiikuii By301
(A =-0,3,A, =-1,5).

Crilika oco0iMBa TOUKa BKa3y€ Ha MOXKIIMBE 1ICHYBaHHs 000X MOMYJISALIHN.

3ayBaxenHs. [Ipu 0,19<¢<0,68 maemo HecTiHikuit (oOKyc.
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Pucynok 8. IIpu nnpomy maemo

. Y11
9 > p1; ¢I2>P2;:>a>1’ Azd
91> P25 q1<P15 p>1; 727 <1
Y21

Ipuxnan:
q> =3,5, 91 =3, D1 =15, D2 =1
= q, =0,68, g, =1,16, p; =0,22, p, =0,33 a=2,33, b=3,00 (a>1, b>1),
1
5599 [-1,33+c¢-2+ \/(1,33 + 20)2 —74,37c] = *-18,59¢+0,44>0, (c-
0,03)(c-18,57) >0.
Kopeni A,A» miiicHi npu ¢<0,03 1 ¢>18,57 1 xommuiekcHi npu 0,03<¢<18,57. Toxi

Mo =

pu ¢=10
A, =-157T£1,42i.
Kopeni koMIIeKkcHI 3 BiJi’€MHOIO MIMCHOIO YaCTUHOIO, OCOOJIMBA TOYKA — CTIAKHIA
doxyc. IIpu 0,03<¢<18,57 moxMBe iICHYBaHHS 000X BH/IIB.
— +14
=20, My 5 = 38,67 87
’ 11,98

A =—4,47<0,Ap =-1,99<0.

b

9,

Puc. 7

Maewmo criiikuii By30i1. Takox MOJIMBE ICHYBaHHS 000X BH/IIB.
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Pucynok 9.
. . a<l1; Yo <1
pl>q2’ q1>p1,:> i 12 >
q > P,s 4, <P, b<1; Yo >1
21
A
Y a y
3
D
2
9,
B
1
A
pZ »
® > X
1 2 g, 3
Puc. 9 Puc. 10
[Tpuknan:

q1=25,9,=15, p1=2, pp =35>

a=0,75,b=0,71, §| = 1,35, §» =0,95, B; = 0,68, jr =0,63 =
1

0,94

M =——[-0,25+0,29¢ £ J (0,25+0,29¢)% - 0,15¢] =

0,5 + 14,49i
_— =
16,82

[TigkopeneBuii BUpa3 3aBXKIM 10AaTHUN. MaeMo NIHCHI KOPEHI.
[Ipn ¢=0,5 maemo

Mo = ﬁ[—O,ZS + 0,145+ /0,16 — 0,08 = 0—194(—0,16 +0,29)

b 9

8,41¢:-0,5¢+6,25%0 = ¢| 5 =

KopeHi pi3Hux 3HaKiB, 0COOJIMBA TOYKA CIJIJI0O — HECTIMKA TOYKA.
SIxmo ¢=2, To

194 (0,25 + 5,8+ 36,60 — 0.3) = —— (5,55 % 6,02)

Ay o =
1,2 0,94

0,
SIK 1 paHime, ocoOIMBa TOYKa CiIJI0 — HECTIMKa TOYKa.
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Pucynok 10. BukoHyroTbcst HEpiBHOCTI

PL>41. P2 > 2. P> G2 Py >q) = a<l,b<1, Y1 122 54

Y12 Y21

HMpuxaan

q1=92=L5 pi=pr=3 =
51 =§2 =1, ﬁl =52 =0,67, a=b=0,5 =
M2 :%[O,S(C—l)iO,S (1+¢)? —c]

9
[TinxopeneBuii Bupas3 3aBxau nonatHi. Kopeni Ay, A, aiiicHi.

ITpu ¢=0,5 maemo
Mo = %(0,25 +0,60).

Kopeni pi3HHX 3HAKIB — HECTIHKa TOUYKa — CIJIO.
Sxmo ¢=2,0,

1
Ay =—(0,5£2,65).
1,2 1,5( )

Kopeni nogaTtHi, Touka piBHOBarv — HECTIMKHM By301.

3ayBakeHHs. 3aMICTh BHUITQJIKIB, 110 33JIal0ThCS pUCyHKaMu 7—10 MOXKHaA po3-
risiaaTy npsimi A 1 B B koopauHartax xp 1 yq. Tonai ains 3HayeHb a 1 b OyaemMo maTtu
JIMIIIE JIBA MOXJIMBUX PO3MIILIEHHS MPSMUX, 1110 TTOKa3aH1 HA PUCYHKY 12.

MosxHa chopmyaroBaTH TBEpIKEHHA. SIKIO MpsMi MepeTUHArOThCs (puc.7—
10), To Touka ((q,,0) criiika npu ¢, > p,, Touka (0,q,) cTiiika npu ¢, > p,, TOUKa
(¢,,4,) aCUMITOTUYHO CTiliKa, SKIIO HaXWJI NpsMOi A OLIbII KPYTHH, HIK HaXWI
npsamoi B.

Tema 8. TpuBuaoOBi nNomyJIALil

Y mopensx, PO3IVISHYTHX BHIIE, BBAXKAIOCK, 10 HasSIBHICTh pecypcy MaeThest
B JIOCTaTHIN KUTbKOCTI. J{aii po3ristHeMo MOJEIb 3 YpaxyBaHHSIM BUTPAT 1 OHOBJICH-
HSl OCHOBHOT'O pecypcCy, HamlpuKIaI, 3amaciB ki (xapay, KopMmy) IJis kepTB. byaemo
OyayBaTh MOJENl TPUBHAOBUX MOMYJALIN, BUXOAsIun 13 Mozeneit Manbryca 1 Bep-
XFOJIBCTA.
A. Cucrema piBHSIHB, IO TPYHTYETHCS Ha MOJelli MalbTyca, Ma€e BUTIIS
X =x(u —v129) —Y13R,
y==y(2 —v21%) (1)
R=p3R-y3)x.
B piBHSHHSX, SIK 1 paHillle X — KUIbKICHA XapaKTePUCTHKA KEPTBH, y— XIKa-
Ka, R— pecypcy, W — MaJbTy31aHCBKI KOC(ILIEHTH POCTY BHAY i, Y;— KOC(ILIEHT
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B3a€MHOTI'O BIUIUBY BHUIY [ Ha BUN J, [7] .

Tak Biomo [13], 1110 3a KUIBKICTIO MOMYJIAIINA OJICHIB 1 BOBKIB, 110 BOASTHCS B
micax Kanaau, yxe Oijibllie IBOXCOT POKIB BEAYTHCS CIOCTEPEKEHHS (BiloMa TaKOX
yKpaiHChKa MpUTYa PO MEePEBE3CHHS B YOBHI BOBKA, KO3H 1 KallyCTH 3 OAHOTO Oepera
pIYKM Ha 1HIHWHN Tak, MO0 B YOBHI OyJ0 HE OLIBII JBOX OO’€KTIB, 1 HIXTO HE MIr
3’ictu iHmoro). Lle Bka3dye Ha Te, 110 TPUBUIOBI AHTArOHICTHYHI MOMYJIAIIi MalOTh
MICII€ 1 B IPUPO/II.

Touku piBHOBaru CHUCTEMU PIBHSIHD (51): A(0,0,0) 1
By o1 _ Yai B i -
B —, (Y13Y31 — HiM3)s . OnuH 0co0yMBHI HANPSAMOK B OKOJI1 TOYKH
Y2 W3Y¥is Y13 M3
A A, =-¢, <0, 1HII ABa BU3HAYAIOTHCA 3 PIBHSAHHS

A - (g + R)A + (g —¥3,Y13) =0
1 BIJIMOBITHO IOP1BHIOIOTH

1
Aoy = 5 [(Hl +us3) £ \/(ul —p3) +4y375 |- (52)
3BiJCH BUJHO, IO A,, A, AlMCHI, aje MOXYTh MaTu pi3Hi 3Haku. Tak A, >0,

Ay >0 mpH pypy > Vi5Y5
OcobnuBa Touka A Moxe OyTu By3JIoM (A; — ogHOTO 3HaKa) abo cimmom [10].
JlocnipKkeHHsT IHTETpadbHUX KPUBUX B 0COOJMBIN Toulll B MPOBOIUTHCS CIIO-
coOoM sk TToKa3aHo B 11.7. CriouaTky 3HaXO0JauMO PIBHSHHS JJis 30ypeHsb. [am moci-
JDKY€EMO JIiHeapu30BaHi 30ypeHi piBHsIHHS. ToOTO MoKIaaemMo

X =u,+u,
Yy=YotV, (53)
R=r,+r

1€ Uy, y,,F, — 3HAUCHHS BEJIUYMH B TOYL PIBHOBAru, MiACTaBUMO B piBHAHHA (1) 1,

BpaxyBaBIIM YMOBH PIBHOBAru, BIAKHAAaeMO HeNiHIMHI wienu. JlineapusoBaHa cuc-
TeMa MaTHUME BUTJISI

u=pu—y,(uy+vyu)—vy;r,
V=—W,v—7,(uyv +v,u), (54)
F=HRar =73 U.
JI71si BU3HAUEHHS BJIACHUX 4YKCeNl cUCTeMU (3) OTpUMaEMO PIBHSHHS (3aCTOCY-
emo metoy Eitnepa 3 nudepeHiialbHUX pIBHSAHD JJIs TIHIMHOT CUCTEMU)

B —A—v, ~ Y12l — Y13
—Y21% — Yol — Wy — A 0 |=0. (55)
— Y31 0 M3 —A

Maemo kyOiuHe piBHSHHS BiTHOCHO A. Jlani TpeGa mpoBeCcTH JOCHIIKEHHS KY-
O14HOTO PIBHSIHHS TNPHU PI3HUX TapamMeTrpax CHUCTeMH. Y MOIMepeIHbOMY Maparpadi
MOKa3aHo, 10 HasABHICTH MapameTpiB (iX KUIbKICTh B JIBOBUIOBIN MOJIeJI JIOPIBHIOE
6) IPUBOANTH O BETUKUX TPYIHOIIIB. YaCTKOBO 3MEHIIUTH IXHIO KUTbKICTh MOXKHA
BBEJICHHSM IHIIMX MacmITallB 1 IIJITXOM 3aJaBaHHs JESKUX IMapaMeTpiB KOHKPETHH-
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MU BeIMYMHAMHU. Jlaii BCTAaHOBIIOEMO TUIT TOYOK PIBHOBArW MpH TUX ab0 1HIIUX Ta-
paMeTpax 1 poOMMO BiMOBIIHI BACHOBKH PO MOBEAIHKY CHUCTEMH.
B. V3araabHennss moaedai (1). 3amicts BenuuuH y;R, y;, R MOXHa BBECTH

nofaHku y13XR, y3;xXxR BIANOBIOHO, sIK 1€ 3pobieHo B Moaeni Bosnbreppa. ToOTo
BHUKOPHCTOBYETHCS TiII0TE3a 3yCcTpiuel Ta eKBiBaJeHTIB [5]. Monesns MaTuMe BUTIIST
X =x(h =Y —¥13R),

y==y(H, —Y2X), (50)
R= R(p; —v5,%).
Touku piBHOBaru cuctemu piBHsHB (0,0), [l»l_3, 0, ad J, [Hz R ad ,O,j .
Y31 Y13 Y21 Y12

[Tpu BimcyTHOCTI momyJswii x, pecypc Oyae HeoOMexeHo 3poctaTu. LL[o6 nporo ne
CTaJIOCS MOXHA TpeTe PiBHAHHA (56) TOIaTH y BUTIISII

R= R(py +g—-v31x), 1€ g— TPAHULSl HACUYCHHS
C. BpaxyBaHHs BHYTPIIIIHLOBUIOBOI 1 MI»KBHJI0BOI KOHKYpEHIIii (y3arajibHeH-
Hs Mozeni Bepxronbcra). Sk BKkazyBanocs Buille Mojieib BepxionbcTa BpaxoBye KpiM
MDKBHJIOBOI, 11I€ ¥ BHYTPIIIHHOBHUIOBY KOHKYPEHITif0. Taka MOJEh Ma€ BUTIIS

X =x(W =YX =YV = Vi3R),
V==Y =YX = Y20))s (57)
R=R(p; —y3x— 5 R).
3aMiCTh TPETHOTO PIBHSHHSI MOKHA BUKOPUCTATH PIBHIHHS TUITY (AuB.(5) 1m.1)
R=—Rp;+q-y;Rx (58)
SIK€ TIPU BIACYTHOCTI kepTBH (X = 0) Mae rpanuiro HacuueHHs ¢. [logatkoBa ymoBa
s pecypey R: R(0) = R,.

3anac pecypcy Moxe Oytu ctauMm R = Q = const. ToJi B niepiiomy piBHSHHI
cuctemMu Tpeba BUKIIIOUUTH PeCypc.

JlocmikeHHsT TOYOK PIBHOBArd MPOBOJUTHCS SIK Y BUIMAJAKY JIBOX DPiBHSHB.
[IpaBna, y 3B’s13Ky 3 OUIBIIOI0 KIJIBKICTIO MapaMeTpiB Ta OUIBIIUM MOPSIKOM aude-
pEeHIlaIbHUX PIBHSAHB, TOCIIKEHHS 1X Ma€ BEJMKI TPYAHOIIII.

[ToBeninky po3B’s3KiB PIBHSHb MOXKHA JOCHIIATUA 3HAXOKEHHSIM YUCEITHHUX
PO3B’s13KiB nU(epeHIianbHUX PiBHIHD.

TakuMm 4MHOM, TBOBUIOBI MOMYJIALIX 3 PECYpPCOM MOYXHA MOAATH y BUTJISAIL
R=0-V(x,y,R)x,
x=y1V(x,y, R)x -V (x,y, R) y — 1 x, (57)
V=12V (x,y,R)x—pyy,

ne Q — MOTIK POCIUH 3a EBHUH Mepiof yacy (Hampukiaj, 3a pik), V— tpodiuni dy-

HKIII, 4 — ManbTy3laHchbkuil koedimieHT. [lim R MoXHa po3yMiTH 3pOCTaHHS POC-

JIUMHHOCTI (MPOYIIIEHTIB), X— PO3BUTOK TBapHuH-GITO(DAriB, y — XWKaKiB. 3alluc Mo-
JieNi y TAKOMY BHUTJISII HATJISIIHO TMOKa3ye iICHYBaHHS TPO(IUHUX JIAHITIOT1B.



