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1. Monein 3KOHOMHMYECKOT0 PABHOBECHSI
[ToTpeOuTenb, UM Ha PHIHOK (Mara3uH, MaCTEPCKYIO U T.J.), IPHOOpPETaeT TaM He-

KOTOpBIC TOBaphl (YCIYrd TOKE MOXKHO CUMTATh ToBapoMm). IIycTh Ha peIHKE UMEETCS B
HaJIMYUM BCEro n BUAOB ToBapoB — ToBap Nel, toap Ne2, ..., toBap Ne n. IlycTh mo-
TpebuTemnto mpeiaraeTcss Habop TOBapoOB, B KOTOPOM IEPBBIM TOBap OyIeT B KOJIUYECT-
BE X,, BTOPOl — B KOJIMYECTBE X, , ..., 1 -blii TOBap OyJIeT B KoIUUYecTBE X, . Torma 3ToT
Ha0Op MOKHO MPEICTAaBUTH B BUJIE BEKTOPa-CTOJIOIA

X = (XX, X550 X, )

OueBugHO, uT0o Vi x; >0 (B gampHeHIeM 3To OyaeT 0003Ha4yaThes Tak: X = 0).

KoHeuHo, MHOTHE TOBapbl MOKHO MPHOOPECTH TOJIBKO IEITMKOM — HEJIb35 KYITUTh
1,3 aBTomoOms. OIHAKO, ISl HIXKECIEAYIOIeH Teopur Oy1eM CUUTaTh, UYTO BCE TOBA-
pblI 0€3rpaHUYHO AETUMBI, TO €CTh X; MOTYT IPUHUMATBH JII00ble HEOTPULIATEIbHbIEC 3HA-
YeHHs. DTO MO3BOIUT B IajbHEHIIIEM HCIIOIB30BaTh anmnapaT audepeHnnansHOro uc-
YHCIICHUS.

[Tycth moTpeburento mpeanaraeTcs 1Ba Habopa ToBapoB X u ¥ . B kauecTBe ak-
CHUOMBI TIPEJIIOJIATaeTCsl, UTO MOTPEOUTENh, CPAaBHUBAS AT HAOOPHI, BCET/1a MOXKET CKa-
3aTh OJHO U3 CICAYIOMIUX YTBEPKICHHIA:

1. HaGop x He xyxe Habopa ¥ (3TO 0003HAYAETCS TaAK: X > J );

2. HabGop x nyuie (nmpeamnoutuTenabHee ) Habopa y (X > 7);

3. Habopsl X 1 y Ang noTpeOUTeNst 5KBUBAJIECHTHHI (X ~ ¥);

4. HabGop y nyudie Habopa X (> X);

5. HabGop y He xyxe Habopa X (y>X).

B kadecTBe akCMOM MPUHUMAIOTCS CIIETYIOIINE CBOWCTBA TOTO OTHOIICHHUS :

I. x>x;

2. X=JAY-Z>X>Z.

Onpenenenue. OTHOIICHUE MPEANOUTEHUS Ha3bIBACTCS HETIPEPHIBHBIM HA HEKOTO-

POM MHOK€ECTBE X , €CIIM MHOXKECTBO {(X,7): X € X, ¥y € X, X > J} SBIAETCSA OTKPBITHIM

MOJIMHOXECTBOM JE€KapTOBa MPOU3BEACHUA X &® X .
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ConepskaTenbHO 3TO ONpeIeNIEHUE 03HAYAET CIIENYIOIIEee: €CIIU JUIsl HEKOTOPOTO
HaboOpa TOBAPOB X U VBEPHO X > ¥, TO [P MAJIOM U3MEHEHNHU KaXJ0T0 U3 ITUX
HaOOpPOB OTHOILEHUE > COXPAHIETCA, TO €CTh €CIIU X U ¥ ONU3KH K X U J; COOTBET-
CTBEHHO, TO X > J.

Onpenenenune. yHkuus u(X) Ha3pIBaeTCsA QYHKIMEH MOIE3HOCTH IS OTHOIIIE-
HUA >, €CIIH.

l. x>y uXx)=2u(@);

2. X>=youlX)>u(y);

3. X~y ulx)=uly).

OcHOBHOM TeOpeMO sIBIsieTCA TaK Ha3biBaeMas Teopema Jleope.

Teopema 1.1. (Jlebpe) Ecnu mHOXKECTBO X CBSI3HO, @ OTHOIIIEHUE MPEANTOUYTEHUS
YIIOBJIETBOPSIET CBOMCTBAM

I. x>x;

2. X=JAY-Z>X>Z.

3. OTHOILIEHHE > HENmPepbIBHO HA X ,

TO JIJISL 3TOTO OTHOIICHUS CYIIECTBYET (DYHKITUS TOJIE3HOCTH 1(X).

Teopema 1.2.

1. Ilycte f(¢) ecTb CTPOro MOHOTOHHO BoO3pacTaromas (QYHKIUS U u(X) eCTh
¢byukusa nonesHoctu. Torma v(x) = f(u(x)) ecTh Taxke QPyHKIUSA TOIE3HOCTH.

2. Ecmm u(x) m v(x) ecThb aBe (PYHKIIMH MOJE3HOCTH IS OJHOTO M TOTO JKE OT-
HOIIIEHUSI TPEANOYTEHHUs, TO CYIIECTBYET TakKas CTPOr0 MOHOTOHHO BO3pacTarolias
ynxums £(1), 410 v(x) = f(u(x)).

Mps1 Oynem mipeAnonarath B JadbHEHIIeM, 4T0 QYHKIMS ©(X) SBIACTCS TBAXIIbI
muddepeHupyeMoit pyHkimei. B skoHomMuke Ha QYHKIINIO MOJIE3HOCTH HAKJIAIbIBAIOT

HEKOTOPBIE JOIIOJTHUTCIIBHBIC Tpe6OBaHI/I$I, XapaKTCPHBIC MMCHHO IJII SKOHOMMKH. Pac-

CMOTPHUM HX.

Lovix Mo

Oox;

910 YCIIOBHUEC O03HAYACT, YTO YEM OoJIbIIIE Ka)Xaoro ToBapa, TCM JIy4dlic.



2. lim — =+
xl—>08xl
3. Vi=Ln lim -0
x—>+ooax

D710 TpeboBaHNEe HOCUT Ha3BaHME 3aKOHA yOBIBAIOIIEH TTOJIE3HOCTH.
4. Ilycte p>x.Torma Voo 0<o <1 ecTecTBeHHO TpeOOBaTh, YTOOBI
oy +(1-a)x >x. (1.1)
DTO NPUBOAUT K CICAYIOIIEMY OIPaHUYEHUIO HA ©(X):
u(oy +(1-a)x) = min(u(x), u(y)). (1.2)
DyHKIHUA, YIOBIETBOPSIONIAS 3TOMY TpeOOBaHUIO, HA3bIBAETCS KBAa3UBOIHYTOM.
B nanpHeiiem Mbl, 4J1s1 yIpOILIEHUs: TeOpru, OysieM TpeOoBaTh, YTOOBI u(X) ObLIa
BOTHYTOM, TO €CTh
Va 0<a<l u(oy+ (1-a)x)>ou(y)+ (1-a)u(x), (1.3)
WJIM JJaXK€ CTPOro BOTHYTOM, TO €CTh
Va 0<a <1l u(ap+(1-o)x)>ou(p)+(1-o)u(x). (1.4)
3ameTuM, 9TO BCsSIKask BOTHYyTast (yHKIHUS OJJHOBPEMEHHO M KBa3uBOTHYTa. OOpaTt-
HO€E, BOOOIIE TOBOPSI, HEBEPHO.
Paccmorpum matpuny U(X) = H“u” C DJIEMEHTaMH
B 0%u
i = Ox;0X ; '

(1.5)

B sxoHomuKe 3Ta MaTpuiia Ha3biBaeTcs matpunie ['ecce. s ctporo BoruyTon yHK-

UM OTa MaTpula OTpUIATCIbHO OIIPECACIICHA. OTCIO,I[&, B YaCTHOCTH, CIICAYET, UTO

P

6xi2

Vi=TIn <0. (1.6)

[TpuBeaem npumMepsl PyHKITUH TOJIE3HOCTH.

1. ®ynkuus CroyHa
n
U(.X:):H(xi—xi)ai, xl'>7l'20, Cli>0.
i=l1

OT0 BBIpAXXEHHE YaCTO JIOTapu(MUPYIOT U OEpyT B BUIC



u(®) = Ya - In(x - x,).
i=1

2. CDYHK]_[I/IH MMOCTOSIHHOM 3J1aCTUYHOCTH

- - a. —\1-b
u(x)= —(x,—-X,) 7,
215

x,>X,20,a,>0,0<bh <1.

3. u(xp,xy) =x'xy4(x +b—a)?, b>a.

BBeném teneps 1ieHbl Ha ToBaphl. 11ycTh ¢, ecTh ieHa equHULBI /- T0 TOBapa, TaK
4TO

c=(c,,cy, ... ,cn)r

€CThb BEKTOP-CTOJIOEII 1IeH.

[TycTh mokynatenb UET Ha peIHOK UMes KanuTtan K . [Ipuobpetas Habop TOBapoB
X=(X],X9,...,X, )T OH, €CTECTBEHHO, JKEJIAET 3a CBOM JCHbI'M UMETh MAKCUMYM MOJIE3-

HocTH s ceOs1. [loaToMy MmoBeeHHEe pa3yMHOTO MTOTPEOUTEINS BRITJISIUT KaK PEIICHUE
3a1a4u

u(x;,x,, ... ,xn):>qu s

X

Sex <K, (1.7)
i=1

x,20,i=1n.

OTO — TUNIUYHAA 3aJ]a4a HEJIMHEITHOTO POrpaMMUPOBaHUS. 3aMETUM, YTO 00JIaCTh J10-
MyCTUMBIX 3HAYEHUN X BBIMYKJIA U 3aMKHYTA.

Teopema 1.3.

1. Jlns BorHyTOM (PYHKITMH, OTIPEeIEHHON Ha BBITYKJIOM 3aMKHYTOM MHO>KECTBE,
0001 JIOKaJIbHBI MAaKCUMYM SIBJIIETCS TT100aTbHBIM.

2. Jlng ctporo BOTHYTOW (YHKIIMU TJIOOQIBHBIA MaKCUMyM JOCTUTAETCS B €IUH-
CTBEHHOM TOYKE.

BriBenem ypaBHeHHE AJ1s1 TOUKKM MakcuMyMa u(X), o003Hayas ee uepe3

* ok

- =% L Lk
X =(X,%,%,. ..,xn)T . st aToro cocraBuM (yHKIMI0 Jlarpamka

L()?,k):u()?)+k(icixi—K], (1.8)

i=l1



H 3armmuieMm HCO6XOI[I/IMBIG YCIIOBUA DKCTPEMYMaA

Lo i=1n,
ox;

1

oL

5 =0 (1.9)

HonyqaeM, YTO B TOYKEC MAaKCUMyMa UMCIOT MECTO COOTHOIICHMA

Qgil_wq —0, i=in,

*i (1.10)
ZCix; -K =0,

i=1

*
rac 4epes A 0003HAYEHO 3HAYCHUE MHOKUTEIIS Harpacha, COOTBETCTBYIOIICC TOUKE

%
MaKCHUMyMa X .

3aMeTI/IM, YTO B TOUYKEC MaKCHMMYyMa BBIMMOJHACTCA COOTHOIICHUEC

Dex =K, (1.11)
i=1
TO €CTh NOTPEOUTEINb TPATUT HA PHIHKE BECh CBOM KamuTal. Tak Kak
Ao ) (1.12)
¢, Ox
TO MPH ONITUMAIBHOM BbIOOpE MOTPEOUTEIIS UMEIOT MECTO COOTHOILICHHS
1 — % 1 — % 1 — %
1) 1 A 1 ) (L.13)
¢ O c, Ox, c, Ox,

Benwunny Ou/Ox; Ha3pIBaIOT MpeaeIbHON IOJIE3HOCTBIO I-T0 ToBapa. Takum oOpa-
30M, B TOYKE ONTUMAJIHHOTO BHIOOpA MIpeAeTbHBIE TIOJIE3HOCTH MPOTIOPIIMOHAIBHBI I1e-

HaM Ha TOBap.

U3 5TOr0 7K€ COOTHOIIEHHs clieyeT, uTo A" > 0, TaK KaK LeHbl OTPULATENLHBIMU
OBITH HE MOTYT.

[ToHsITHE KOMITIEHCUPYIOLIETO J0X0/1a UK MPOCTO KOMITEHCAIIUK MPOIIE BCETO I0-
HSATh U3 PACCMOTPEHUSI TPUMeEpA.

Ipumep. ITycTs uMeeTcs Bcero JUIIb JBa BUJIa TOBApOB — TOBap HoMmep 1 u ToBap
HOMED 2 ¢ LIEHaMHU 3a €JIMHUILY TOBapa ¢, U ¢, COOTBETCTBEHHO. [IycTh KONHMUecTBa
npUoOpeTaeMbIX TOBAPOB PAaBHBI X| U X, M (PYHKUHUS MOJE3HOCTU UMEET BU]L
u(xy,xy)=xy -x,. Torga, umMes kKanutayn K , IOKYINaTeb JOJKEH PELIUTD CIIEIYIOIIYIO

3a1a4vy:



X, - X, = max,
cex, +e,x, =K, (1.14)

x,20,x,20.

Cocrapnsem ¢yHknuio Jlarpamka
L(x;,x,,A) =x,-x, —A(c,x, + ¢, x, —K) .

3anuiieM HeoOXOAUMBIE YCIOBUS SKCTpEMyMa

a—Lzo, X, —Ac, =0,

ox,

a—Lzo, x,—Ac, =0, 1.15
1 2

ox,

oL

a:o, cx, +co,x,—K =0,

OTHOCHUTCJIBHO IIEPEMCHHBIX X{,Xy U A . Perrenne 3Toi cUCTEMBI HMEET BU]JT

K K
*:—; *:—_ 1.16
g 2¢, % 2c, ( )
[Ipu aTOM
2
max u(x,,x,) =u(x/,x,)=——. (1.17)

dec

172

Ecmm, nanpumep, K =120, ¢,=10, ¢,=20, To xf=6, x; =3. IIpu sTom u(xik ,xS )=18.

[TocTanoBka 3amaun. [TycTh Temeps MOKYIATEIO MpeIaraoT YBeJIUYUTh 1ICHY 3a
niepBbIi ToBap ¢ 10 g0 15 3a equHMIY TOBapa, HO IMPU 3TOM 00CIIAI0T KOMIICHCHPOBATH
YBEJIMYCHUE €r0 PacX0J0B, BO3HUKIIEE 3a CUET ITOTO YBEIMUCHHS IIeHbI. Onpeaennm
pa3Mep KOMIICHCAUK. BeanamHa KOMIIEHCAITUN TTOTy4aeTCs U3 TOTO YCIOBHS, YTO I10-
CJIe I3MCHEHMS IIeH U TTOTyYeHHs KOMIIEHCAIIMH MaKCHMaIbHOE 3HaUCHHE ()YHKIIHH
[IOJIE3HOCTH JOJKHO OCTATHhCSI HEM3MEHHBIM.

[Iycts koMnieHcanys paBHa AK ¥ HOBBIE LIEHBI €CTH ¢/, c,. Torma 10 KoMneHcauuu

K2
max u(x,,x,) = , (1.18)
4c,c,
a I[I0CJIC KOMIICHCAallnuun
K+ AK)?
maxu(x],xz):# (1.19)
4cc)

I[OJ'DKHO BBINIOJIHATBECS paBEHCTBO



K*  (K+AK)

, 1.20
4cc, 4cich ( )
OTKYyAa JCTKO IIOJIYYUTh, YTO
AK =K-| |92 _1]. (1.21)
CICZ
B npumepe
Ak =120-| 12220 1107, (1.22)
10-20

TO €CTh KOMIICHCALIHS TOJDKHA COCTABUTh 27 ¢IMHHIL.

OTMeTHM, YTO MPU U3MEHEHHH IIEH Ha TOBaPhI IPOUCXOIUT U3MEHEHHE CTPYKTYPHI
noTpeOseHns. B 3ToM U3MEHEHHH CTPYKTYPhI OTPEOICHUS OTHOBPEMEHHO CKa3bIBaIOT-
cs nBa adekra:

- I3MCHEHHUE COOTHOIICHUS IIEH MEX Y Pa3IMYHBIMU TOBApAMHU;

- I3MCHEHUE (PMHAHCOBOW CHUTYAIMH JIJIs TIOKYIaTeIs.

[ToHsITHE KOMIICHCAIIUH TTO3BOJIIET UCKIIOUNTH BTOPOi 3((MEKT U BBIACIHTH (-
(eKT BIUSHUS U3MCHCHHUS COOTHOIIIECHHUS [IEH MEXIy TOBapaMH Ha MX IPHOOpEeTEeHHE B
YHCTOM BHU/IE.

3AJTAHUE

1. ITycTe nMeeTcs 1Ba BUAA TOBApOB € LIEHAMH, ¢, U ¢, . DyHKIUA MOJIE3HOCTH
UMEET BUJL:
u(x,,x,)=dx’ +d,x,” +d.xx,.
Nmeromuiica B HAIMYMK KanuTal, paBeH K. Kakoe KOJIM4YeCTBO TOBAPOB JOJDKEH IMpH-
oOpecTu mOTpeOUTeNb, Il MAaKCUMU3AUUMU (PYHKIUU TOJIE3HOCTU. 3HAYECHUS ¢, C,,
d,, d,, d,, K IpUBEJICHbI B Tabnuile. PacyeT BBIMOJHUTH CHadasla Ipu d, =0, 3aTeM I

TOr0 3HaY€HUs d,, KOTOpPOE NMpUBEAEHO B Tabauue 1.1.

2. Ilycth 1leHa ¢, yBenuuuiach Ha 2y.e. Paccunrath komneHcauuio AK Uil Karu-

Taja IMpH TCX K€ MCXOIHBIX TAHHBIX, 00ecIIeynB IIpHU 5TOM IIPEKHECEC 3HAUCHHUC (1)YHK]_[I/II/I

nosie3HocTH. 1Ipu 3TOM mapameTp d, MPUHATH PaBHBIM HYIIIO.
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Tabnuua 1.1.

n/n ¢ c, d, d, d, K

1 40 50 2 2 1 1000
2 5 10 1 1 0,3 200
3 10 30 1 2 1 600
4 40 20 4 2 1 700
5 10 20 1 1 0,4 500
6 12 24 1 1 0,1 100
7 35 22 2 3 0,5 600
8 30 20 4 1 0,4 400
9 5 15 2 1 0,8 750
10 20 30 2 1 0,5 250
11 20 25 1 4 1 800
12 40 50 2 1 1 1200

2. IIpousBoacTBeHHBbIC QPYHKIIUT

PaccMoTpuM OCHOBHBIE TMOHATHS M TEOPEMBI ISl MPOU3BOACTBEHHBIX (DYHKUUMH,
KOTOPBIE UCHOJIB3YIOTCA B KQYECTBE MOJEIEH MAKPOSKOHOMUKU U MOJEIEN MHKPOIKO-
HOMHUKH (HampuMep, B Ka4eCTBE MOACTH (QUPMBI).

ITycTh: Y > 0— Ba;moBO# MPOAYKT, K > 0— OCHOBHBIC ()OHIBI, L > 0— TPYAOBHIC pe-
cypcol. Torma ¢ynknus F(K,L)>0, onpeaenstonias 3aBUCUMOCTh BaJIOBOTO MPOIYKTa
OT OCHOBHBIX ()OHJIOB U TPYIOBBIX PECYPCOB, T.€.

Y=F(,L), (2.1)
HasbIBaeTcsl mpous3BoAcTBeHHOU (yHkimeit (I1dD), a aprymentsl K u L— dakropamu
MIPOU3BOJCTBA.
Ecmu nnsgt A >0 u y >0 UMEEeT MECTO CBOMCTBO
F(AK,AL) = 2 F(K,L), (2.2)

to II® F(K,L) Ha3zwpiBaeTcsa omgHopomHou IIdD co cremeHpo OOHOpOAHOCTH ¥ . Ecnm
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y =1, T0o onHopoaHas [I® F(K,L) Ha3pIBaeTCs TMHEHHO-O0HOPOAHOM [1D.
Teopema 2.1. (Teopema Diinepa). Ecniu F(K, L) siBnsiercs onHopoaHou [1® co cre-

INEHBIO OAHOPOAHOCTH ¥ , TO CIIPABCIIIMBO PaBCHCTBO

(K, L) =

OF(K,L) ., OF(K,L) 2.3)
oK '

[I® F(K,L) Ha3piBaeTcs Heoknaccuueckou 1D, ecnu st K >0 u L >0 OHA YJIOB-

JETBOPACT YCIOBUAM!

10) 6_F >0, 8_F >0;
oK OL
2
2y &0 EF
(2.4)
3 1 oF RE oF
%9361( oA ’
oF oF
0.
) lim 7 =0 lim =

IIycth 4>0,0<a <1, 0<pB<1, a+ B =1, oraa I[1® Buga
F(K,L)= AK*LP
Ha3zbiBaetcs [1d Ko66a—/[yrnaca.
Teopema 2.2. Ilycte F,(K,L),i= 1, N, SIBISTFOTCS ogHopoaHou [Id co crenenamu
OHOPOJHOCTH ¥, , Torna [1d

FK,1) = [ (K. 1) 2.5)

i=1

ABIAIOTCA 0qHOpoAHOM [1D co cTeneHpr0 OAHOPOTHOCTH
N
y =27 (2.6)
i=1

PaccMOTprM OCHOBHBIE SKOHOMHUKO—MATEMAaTHYECKUE XapaKTEPUCTUKHU.
CpenHeit mpou3BOAUTEILHOCTHIO TPY/la HA3bIBACTCS BEIMYHMHA
y=F(K,L)/L, (2.7)
T.€. y — 3TO KOJUYECTBO BAJIOBOI0 MPOAYKTA, IPUXOAIIETOCS Ha €UHHUILY TPYIOBBIX
peCypCoB.
Cpenneii poHm00THaUCH HA3bIBACTCS BEIIMUMHA

s=F(K,L)/K, (2.8)

12



T.€. z— 3TO KOJIMYECTBO BaJOBOTO MPOAYKTA, TPUXOISIIETOCS Ha €IMHUITY OCHOBHBIX
($hoHIOB.
DOHIO0BOOPYKEHHOCTHIO TPY/Ia HA3bIBAETCS BETUYMHA
k=K/L, (2.9)
T.€. k— 3TO KOJIMYECTBO OCHOBHBIX (POHIOB, TPUXOASIICECS HA €UHUILY TPYIOBBIX pe-
CYPCOB.

[IpenenbHOM MPON3BOIUTENBHOCTHIO TPY/Aa UM HOPMOM MPUOBLIN C TPYAOBBIX pe-

CYpPCOB Ha3bIBAETCS BETUIMHA

v=0F(K,L)/0L, (2.10)
T.€. v — 3TO IPUPOCT BAIIOBOTO MPOIYKTA, MPUXOAAIIUNCS HA €AUHUILY TPUPOCTA TPY-
JIOBBIX PECYPCOB.

[IpenensHOM poHIOOTIAUEH HIIM HOPMOUM MPHUOBLIA C OCHOBHBIX (JOHIOB HA3HIBA-

€TCs BEJIMUMHA

r=0F(K,L)/ oK , (2.11)
T.€. 7 — 3TO MPHUPOCT BAJOBOTO MPOIYKTa, IPUXOISIIIUNACA Ha €TUHUITY OCHOBHBIX (DOH-
hi(0):

[Tycth mpu 3amanHOM K TPUPOCT TPYIOBBIX PECYPCOB, PaBHBIM AL , BRI3BIBAET
MPUPOCT BAJIOBOTO MPOJYKTa, paBHbIA AF . Torna, cornacHo (2.4), v=AF/AL. IlycTth
MIPY 33JaHHOM L TIPUPOCT OCHOBHBIX (DOHIIOB, paBHBIN AK , BEI3BIBAET MPUPOCT BAJIO-
BOT'O MPOAYKTA, paBHbIN AF . Torma, cornacHo (2.11), » = AF/AK . Takum oOpasom,
HSKOHOMHMYECKHH CMBICT MTApaMeTPOB v U 7 OYEBHJICH.

OueBHUIHO, YTO

gy, 2 2.12)

Y, =
K™ ok oL

SIBJITFOTCS] COOTBETCTBEHHO JI0X0JIaMH, TIOJTYY€HHBIMU C OCHOBHBIX (DOHIIOB M TPYAOBBIX
pecypcoB. Toraa nns auHenHo-oaHopoaHou 1D, cornacuo (2.11), (2.12), cnexyet, uyto
F(K,L)=Yx +7Y, .
TakuMm o06pazom, Teopema ditnepa Ais IuHeHo-oHopoAHas [IdD gaet nmpencras-
JICHHE BaJIOBOT'O IIPOAYKTA B BUJIC CYMMBI Vi U Y, .

KOC—)CI)CI)I’IL[I/IGHTOM 3JIACTUYHOCTH I10 (bOH,Z[aM Ha3bIBACTCA BECIINYHHA
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OF (K, L K
o= FED , (2.13)
oK F(K,L)
T.C. aa— 9TO HpOHeHTHBIﬁ IIpUPOCT BAJIOBOI'O IIPOAYKTA, HpI’IXOI[HH.[I/IﬁCfI Ha OOUH IIPO-
LICHT IpUpocTa OCHOBHBIX (bOHJIOB.

KOC—)CI)CI)I’IL[I/IGHTOM OJIACTUYHOCTHU 110 TPYAOBBIM peCypCaM Ha3bIBACTCs BEJIUMYHNHA

OF(K,L) L

== FaD

(2.14)

T.€. 8 — ATO MPOLIEHTHBINA MPUPOCT BAJTOBOTO MPOAYKTA, TPUXOAAIIUNICST HA OJUH MPO-
LIEHT MPUPOCTA TPYIAOBBIX PECYPCOB.
CrpaBe ;JIMBOCTH CIICAYIOMHX ABYX (hOpPMYJT OUCBHIHA
a=rlz, B=v/y. (2.15)
Teopema 2.3. Ilycts F(K, L) siBasroTcs JTuHeHHO-oqHOpoaHas 1D co ctenenpro
OAHOPOJHOCTH ¥ , TOTJIa UMEET MECTO CBOMCTBO
a+pB=y.

IIycts F(K,L) — onHopoaHas [1® co cTenenbro 0JHOPOIHOCTH y . Toraa COOTHO-

meHuto F(AK,AL) = 2 F(K,L) SKBUBQJICHTHO COOTHOIIICHUE

y=U""f k),
rne y=Y/L, k=K/L — COOTBETCTBEHHO CpEIHSSI TPOU3BOAUTEIHLHOCTD TPYyAa U (HOH-

JIIOBOOPYKEHHOCTh TpyAa, a f(k)>0 misd k >0 UMEET BUI

f(k)y=F(k,)).
OueBUIHO, YTO HEOKJIACCUYECKHUE YCJIOBUS Ui f(k) UMEIOT BUJ (3/1€Ch U Jlajiee IITPH-
XU, KaK HpaBBIe BerHI/Ie HUHAOCKCHI, O3HA4YAT HpOI/IBBOI[HLIC COOTBGTCTBYIOI_[IGFO HOpHI[—
KaTo k)
1% f(k) > 0;
2%) f"(k) < 0;

3%) lim /' (k) = o;
k—0

4%) lim /'(k) =0.

k—o0

Teopema 2.4. Ecniu F (K, L)— ognopoanas [1® co cTenenbo 0JHOPOJHOCTH ¥ , TO

F(K,L) n f(k)cBa3aHbl COOTHOIICHUSMU
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F(K,L)=1L"f(k).
Teopema 2.5. DKOHOMUKO—MaTEMAaTHYECKHUE TTApAMETPHI z, v, F, ¢, B I OJTHO-
ponuoii [1d onpenenstores popmynamu
z=(URL ™ f(h),
v=L""ly f()~K"(K)],
r=L7 ),
a=k[f"(k)/ f(k)],
B=y—kLf'(k)/ f(K)].

Ecnu F(K,L)— nuneitHo-oaHopoaHas 1D, To » sBnsercs yObIBarouie, a v — BO3-
pacraromeid pyHKIHeH GOHI0BOOPYKCHHOCTH f .

Eciam xoTs Ob1 ouH U3 KO3(D(PHUITMEHTOB 3JaCTUYHOCTH o JUOO S HE 3aBHCHUT OT
(OHIOBOOPYKEHHOCTH k , TOo TuHEHO-oaHOpoaHas [1D sBnsercs [1D Ko66a—/lyrnaca.

Pccmotpum mapaMeTphl 2IaCTUIHOCTH 3aMEHBI (DAKTOPOB.

[Tycte dhakTop K momyuni npupamenne AK . CTaBUTCS BOIIPOC: Ha KaKyHO BEJH-
YUHY AL JOKEH YMEHBITUTHCS GakTop L, YTOOBI BETWYMHA BaJIOBOTO MPOAYKTa HE
n3MeHunack. CripaBe B U 0OpaTHBIN Borpoc. TakuM 00pa3oM, OCHOBHOE COOTHOIIIC-
HUE JUTSl PEIICHHsI TTIOCTaBJICHHOTO BOIIPOCa 3aMEHBI OHOTO (haKTOpa MPOU3BOICTBA

IPYTUM UMEET BUJ

AY:M(K,L):§M+%AL:O. (2.16)

B npenene nonyuaem

OF(K.L) .. OF(K.,L)
oL

dL=0. 2.17
e (2.17)

[IpenensHBIE HOPMBI 3aMEHBI TPYIOBBIX PECYPCOB OCHOBHBIMHU (OHAAMH Sy U OC-
HOBHBIX ()OHJIOB TPYOBBIMH peCypcaMu S; ONPEACIIIOTCS KaK

K o __dL

KT A Ttk

dL’
U BeIpaXkarotcs popmynamu

_OF(K,L)/OL _v o _OF(K.L)/OK _r

K~ ork,Ly/ok v " eF(K,L)/oL v

HpOI/I?)BeI[eHI/IC npeacabHbIX HOPM 3aMCHBI paBHO €IMHUIIC, T.C.
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SKSL = 1 .
Ecnu [1® sBngeTcsa 0fHOPOAHOM CO CTENMEHBIO OMHOPOJHOCTH ¥ , TO UMEIOT MECTO

(hopMyIIBI

PO NP & o W
/') o ()~ k' (k)

DNacTUYHOCTHIO 3aMeHBl o (hakTopa L QakTopoM K Ha3bIBaeTCS MPOIEHTHOE
U3MeHeHHne (GakTopa K, BBI3BIBAIOIIECEC U3MEHEHHE MPEAeTbHON HOPMBI 3aMEHBI S Ha
OJIMH TIPOIICHT. DJIACTUYHOCTHIO 3aMeHBI o; (akTopa K (PakTopoM L HaA3BIBAETCS MPO-
[IEHTHOE M3MEHEHUE (aKkTopa L, BRI3BIBAIOIIECE U3MEHEHHUE TPEIeTbHON HOPMBI 3aMEHBI
S; Ha OIUH IPOLEHT.

Cornacnao Onpe€aAcIICHUIO

o _(dse k)

S \dk s, )
o _(_ds kY _(ds kY
g dk S, dkt's, )

Jnsa onHopoanoit [1®D co creneHbpro OAHOPOAHOCTH ¥ UMEET MECTO CBOMCTBO

ox =0, =0, KOoTopas ornpeaensercs Gopmymnoit

By SB-KK]
K =D (R)* =y f(k) ()]

Teopema 2.6. [Ins Toro, 4T00bI HOpMa 3aMEHBI Sy MO0 S; JIMHEHHO-OJHOPOAHOMN

[1® He 3aBucena oT GOHAOBOOPYKEHHOCTH k , HEOOXOIUMO U JOCTATOYHO, YTOOBI OHA
ObLIIa TUHEHHOM, T.€.
F(K,L)=AK +BL, f(k)=Ak+B.

PaCCMOTpI/IM cnyqaﬁ IIPOU3BOJBHOI'0 YHCIIA (baKTOpOB IIPpOMU3BOACTBA. Ecan

x; 20, i=1n, aBrus0oTcs paKTopaMu MPOU3BOJCTBA, TO QYHKUUSA F(x|,x,,...,x,) =0, On-

peaensomas BaloBO MPOoAyKT Y uyepe3 (haKTophl MPOU3BOICTBA, T.€.

Y =F(x|,%5,...,%,) ,

Ha3bIBACTCS TIPOU3BOJICTBEHHOW (YHKITHECH.

Ecmu nnsgt A >0 u y >0 UMeEeT MECTO CBOMCTBO

F(ZXI,){Xz,...,/’an) = lyF(xl,xz,...,xn) )
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10 II1® F(x},x5,...,x,) Ha3biBacTCs ogHOpoaHoU [ID co crenensro oqHOpogHOCTH ¥ . Ec-
mu y =1, To ogHopoaHas [1d HazpiBaeTcst TMHEHHO—OHOPOAHOU [1D.

Teopema 2.7. (Teopema Ditnepa). Ecnmu F(x;, x,,...,x,) sSBiaseTcs oqHopoanoi [1P
CO CTEIEHbIO OJTHOPOJHOCTH ¥ , TO UMEET MECTO CBOMCTBO

* oF
Yy F(x,X9,..0,%,) =), —X; .
i=1 0%

1D F(x,x,,...,x,) Ha3plBaeTCsA Heokyaccuueckout 11D, ecom miig x; >0, i =1;n, OHA

YIOBIICTBOPSIET YCIOBUSIM

0 OF (x,,%,,...,X,) S 0;
oX;,
O*F(X,,X, ..., X
20) ( 1 22 n) <0,
oX;
. F(x,,%,,...,
3) Jj T etete) _ g,
XI-A)O axl
. F(x,,%,,...,
40)11m6 (x] x2 xn) — 0
P ox,
IlycTe KOHCTAHTHBI 4, ¢;, i = I,_n , TAKHE, UTO

n
A>0; 0<a; <1; Do =1.
i=1

Torma I1® Buna

aj

a a
F(x1,%0,00%,) = Ax 1, x0 2 ,0,x, "

Ha3zbeiBaetcs [1d Ko66a—/[yrnaca.

CpenHeil Mpou3BOAUTENBHOCTBIO (PAKTOpPA Xx; HA3bIBACTCS BEIUYMHA

:F(xl,xz,...,xn)

; , i=Ln,
X

T.€. y;,— 3TO KOJMYECTBO BAJIOBOTO MPOIYKTa, MPUXOIALIETOCs Ha eAUHULLY (aKTopa x;.

qDOHI[OBOOpY)KCHHOCTBIO q)aKTOPa X OTHOCHTCIIbPHO (baKTOPa X; Ha3bIBACTCA BC-

JIMYHUHAa

i =

l
)
Xj

T.€. 1; — 9TO KOJIMYECTBO (haKTopa x;, MPUXOAALIETOCS Ha eAUHHUIY paKkTopa x; .
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[IpenenpHOM MPON3BOAUTENBHOCTHIO (PaKTOpa x; WM HOPMOU MpUOBLIH ¢ PakTopa
X; Ha3bIBa€TCs BEIMYMHA
_OF(x,%5,...,%,)
v; =
Ox;

1

b

T.€. L;— 3TO MPUPOCT BAJIOBOTO MPOAYKTA, IPUXOIALINICA HA €AUHUITY TPUpOCTa (ak-
TOpA X;.

OueBHUIHO, YTO

_OF(x,%5,...,%,)
Ox;

1

Yi X;

SBIISIETCSI I0XO/I0M, MOJIYYeHHBIM 3a cueT (pakTopa x;. Toraa ans nuHERHO-0AHOPOAHAS

[1®, cipaBeaIMBO PaBEHCTBO
n
F(x1,%3,000,X,) = 2. Y; 5
i=1
T.€. JUIsl TUHEHOo-o1HOpoaHOM [1D Teopema Ditnepa gaeT npeacTaBiIeHUE BaJOBOTO

IIPOYKTA B BUJIE CYMMBI V.

KOC—)CI)CI)I’IL[I/ICHTOM 3JIACTUYHOCTH I10 (baKTopy X; Ha3bIBACTCs BCININHA

. :6F(x1,x2,...,xn) X;

b
! ox; F(x1,%5,...,X,)

1
T.€. @;— ATO MPOLEHTHBIN MPUPOCT BaJOBOTO MPOIYKTA, MPUXOSIINNCS HAa OJUH MPO-
LEHT MpupocTa (hakropa x;.

Teopema 2.8. Ilycte F(x,x5,...,x,) ABIsgeTCA onHOpoaHOM 11D co cTrenensio onHO-

pPOAHOCTH ¥ . Torga nMeeT MECTO CBOMCTBO

n
2% =7
i=1

Teopema 2.9. Ilycthb

X, X X. X. X
1 2 -1 1 _
F(—,—,.. /1,4, ..,—2)=
X X X. X, X.

1 1 1 M

R AT AR I S 8 T A O

Tornma

F(xl’x2"'-’xn) :xiyfi(')a
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vi=x""1£0),

- 9410)
v; =x; 1[7/fi(')_j§ikj,i ok, 1,

-1 Of;

J ok ;; ’

oy 9O 1
a; =Yy jzil.kj’l akj’i f;() ’

j B A—

ok fiO)

IIpenensHol HOpMOK 3aMeHbI S, ; (hakTopa x; (HaKTOPOM X; HA3BIBAETCS BEIHUYH-
Ha

ornpenensiemas Gopmynon

6F(x1,x2,...,xn)/6xj v
DL O (xy, Xy, x,) OX; U

i

HpeI[GJ'ILHaH HOpMa 3aMCHBI UMECT ITPEACTABJICHUC

g ofi(-)/ Ok ;
ij = ()
0= S 2

m,i

IIponsBeieHne NpeaeIbHBIX HOPM 3aMCHBI S; ; U S ; PaBHO €JIMHHUIIE, T.C.

Sl,ij,l = 1
3AJTAHUE

1. ITycts F(K,L) saBnsetcst mpon3BocTBeHHOM dyHkiueit Kooba-/lyrnaca, T.e.
F(K.L) = AK°L”,

A>0,a>0,>0,a + f=1.

- IIposeputs, uto 11® Buaa (1) ABisIeTCA HEOKIACCUYECKOM.

(2.18)

- [Tokazatp, uro I[1® Buna (1) spuserca nuHelHO-0HOpOAHOM 1D, T.€. y= 1.

2. Ilycts F(K,L) siBnsiercst onnopoanou [1®. /foka3aTe cBOWCTBO
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a+p=vy, (2.19)
rae au S — KodPOUIHESHTHI 3J1aCTUIHOCTH.
3. Ilycte F(K,L) siBnsieTcst TuHeHHO-01HOpoAHOM T1®D. Jloka3zaTth cBOMCTBA
y>v,z>r. (2.20)
4. Ilycte F(K,L) sBnsietcst nunerino-oqHopoarou [1®D. [lonyunts GyHKIIMOHATH-

HBIC 3aBUCUMOCTH

a=¢(rz,p=w(vy), (2.21)
y = y(krv), z =0(krv), (2.22)
a=(r/z),=v/v;y=rk+v,z=(v/k)tr. (2.23)

5. llycte F(K,L) sansiercsa [1D Kobba-/yrnaca.
- [lokasaTh, 4To MapaMeTpsl @ ¥ B B IpeACTaBICHUN (DYHKITUHU SBIISIIOTCS COOTBET-
CTBEHHO KO3(phUIIMEHTaAMH AIIACTHYHOCTH 1O (POHIaM B TPYIAOBBIM pecypcaM. Haii-
TAZ, V, T
- [TokazaTtb, 4TO
y=Ak% ;v = By, r =cez. (2.24)
- Haiitn s5xoHOMHKO—MaTeMaTHYSCKHE MMapaMeTPhl Ha OCHOBE TIpeacTaBieHus flk) =
A k% n mokasaTh, 4TO MOJIy4eHHBIE POPMYIIBI COBIIANAIOT C HAMEHHBLIMU BhIpaKe-
HUSMH Ha ocHOBe F(K L) = AK*LP.
6. Ilycts F(K,L) siBnsiercst onHopoHoi I1d. [Tokazats, 4to
y=L"fk), (2.25)
F(K,L)y=L" f{k). (2.26)
7. llycts F(K,L) siBnsietcst onHopoaHoi [1d. [Tokazats, 4to

=1 % v=L"Tyf (k) = kf"(k)],

, , (2.27)
o, am k@ g LB

, i
S (k) S (k)
8. loka3ath, 4TO JiJ1s1 TOrO, YTOOBI HOpMa 3aMEHBI Sk WIH S; JIMHEHHO-0THOPOAHAS
I1® we 3aBucena ot k, HEOOXOAUMO M JOCTATOYHO, YTOOBI OHA ObLIIa TUHEHHOM, T.C.

F(K,L) = AK+BL, fik)= Ak+B. (2.28)
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3. Teopusi neHooOpa3oBaHus

PaccmoTpum cHauana mpocTeiinyio nayTHHOOOpa3HyI0 MOJIETb.
B ocHOBe 11eHBI Ha TOBap JIGKAT ABE KPUBBIC: 3aBUCHMOCTh CIIpoca D OT IIEHBI TO-

Bapa C (D(C)) u 3aBUCUMOCTb NMpeJIoxKEeHUs (MPOU3BOJCTBA) ToBapa S OT TOM XkKe Iie-

Hbl C, X crangapTHBIN BUA M300pakeH Ha puc. 1.

D5

D(C)

S(C)

|
|
|
c C
Puc. 3.1. 3aBucuMocTH crpoca U MpeaaoKeHus

PaBuoBecHas mena C, KOT[a CIOPOC PaBEH MPEIIOKEHUIO, ONPEIEIIAETCS ypaBHe-

HUEM
D(C)=S(C). 3.1)

Onnako 3Ta IIeHa 3apaHee HUKOMY HE M3BECTHA M yCTaHABJIMBAETCS B MpOILIECCe
TOPTOBJIM U MPOU3BOJICTBa TOBapa. Hike paccMaTpuBaeTcss HECKOJIBKO MOJIENIEH TaKOTo
npolecca yCTaHOBJIGHHS IieHbl. [IpocTelimas, Tak Ha3biBaemas MayTMHOOOpa3Hask MO-
JIeb, TMOJy4aeTcs U3 CIeayIuX cooopaxeHuil. Pa3o0béM BCIO OCh BpEMEHHM Ha paB-
HbIe MPOMEXYTKU U npoHymepyem ux 0,1,2,3,...,¢,... bynem cuutarh, 4TO UIUTEIb-
HOCTb ATUX MPOMEXYTKOB paBHA JIJTUTEIbHOCTH IMKJIa TPOU3BOJCTBA MU JOCTaBKHU TO-
Bapa (ckaxem, Henens, Mecsi). Ha wuHTepBane ¢ mpojaercs ToBap, MPOU3BEIACHHBIN

(wnu pgoctaBieHHbIN) HA uHTEepBane f—1. Ha untepBasie 1 —1 ero ObUIO MpOM3BEIECHO

S(C, ). Ho Ha uHTepBane ¢ ero npojasanu yxe 1o nese C, u crpoc 011 D(C,). Cun-

TasA, 4TO CIIPOC paBCH MPCAIO0KCHUIO, ITIOTYIYHUM OCHOBHOC COOTHOIICHHE

D(Ct) = S(Ct—]) * (32)
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OHoO No3BOJISET, IO KpaliHEel Mepe B MPUHIIUIIE, TOCTPOUTH BUJ TPACKTOPHI LIEHBI

Ijt B 3aBUCUMOCTH OT BPEMCHHU . A UMEHHO

D(C) = S(Cy),
D(Cz) = S(C])a
D(G) = S(C),

Ortcrona, 3Has C,, n Haxomates C,,C,,.... M3-3a xapakTepHoro rpaduka U3MeHEHUs

IEHBI (CM. puc. 2), 3Ta MOJIENb | MOTy4YHIa Ha3BaHHE Ay THHOOOpa3HOH MOIEIH.

D s
D(C)
s(c)
DC,) siC 1)/
- s(ey) -
| ““-\_\_\
|
|

C

Puc. 3.2. I'padudaeckas numrocTpanus mayTMHHOBOW MOJIENH 1IEHO00Opa30BaHUs
JIns TeopeTU4ecKoro MCCEeI0BaHUs PACCMOTPUM CJy4yad, KOrJa B OKPECTHOCTHU
paBHOBECHOM 1leHb C KpuBble D(C) ¥ S(C) MOXHO allIpOKCUMHPOBATEH MPSIMBIMH JIU-

HHUsAIMHN

D(C)=a-a-C, a>0, a>0, (33)
S(C) =p+b-C, B>0,b>0.
ITo cMmeIcy, TIepen koadduimenToM a (cuutast a > 0 ) TODKEH CTOSITh 3HAK MH-
HYC.
Tornma paBHOBECHAs IIeHA OMPEACIUTCS COOTHOILIEHUEM

a—a-C=B+b-C,

OTKYyJa

Ql
R
|
=

34

1N}
+
S

VYpaBHenue (3.2) npuMeT BUJ

o—-a-C=B+b-C_,,
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HIIn

c-%=P o (3.5)
a
Ilocnennee ypaBHeHue npeactaBuM B Buae C, = AC,_; + o,

e A=-2uo=-%=F
a a

B0O3MOXHBI ClIEIYIOIIUE CITyYau.
1. 0<|A|<1. B atom cimy4ae (—b/a)t — 0 npu t —> o u nodromy C, —C Tpu

t — o0. Ho 3ToT npouecc HocuT KonebareabHbIi XapakTep — eHa C, KoJIebJIeTcst OKOJIO0

PAaBHOBECHOM LIEHBI, MPUOIMKAsCh K HEMl.
t
2. |A]>1. B otom ciyuae (—b/a) — oo npu ¢t — oo u C, PACXOAUTCS IIPU ¢ —> oo.

Bpﬂ):[ JIA 3TOT cnyqaﬁ HUMECT MECTO B XKHU3HU.

3. |2|=1. ITocTpouts 3aBUCUMOCTb C, OT ¢ .

[lepeiinem K pacCMOTPEHHIO MOJENIH [IEHOOOpa30BaHUs C 3ama3ibiBaHueM. Ecnu
MPOJIaBIbl CYUTAIOT, UTO COXPAHHUTCS IIEHA MPEABIIYIICTO MEPHOJIa, TO OHU TO U JACIIO
Pa304yapoBBIBAIOTCS B CBOMX OXHUAaHUAX. Ho Hala Moaellb MCXOIUT W3 MPEAIMOCHUIKH,
YTO MPOJABIBI HUYEMY He Haydnianuch. OqHako €€ MOKHO PacIIMpHUTh Ha CIIydai, Korja
OKHMJIaHHS TIPOJIABIIOB 3aBUCST U OT MPEANISCTBYIONINX HHTEPBAIOB BPEMEHHU.

Ilycts B mepuon ¢ —1 uena Ovuta C,,, a B nepuoa ¢ —2 oHa 6pa C,,. [lycts B
MepuoJ ¢ IIeHa, Ha KOTOPYIO pacCUMTHIBACT MpojaBell (okuaacMas UM IeHa), OyaeT
C,=C,-p(C.,-C.), (3.6)
riae p — HEKOTOPBIA KoddduimeHT. OOBIYHO B TAKUX CHTYAIIUSIX IMPHUHATO CUYUTATH, YTO
P YAOBJIETBOPSET yCiaoBUIO 0<p <1, HO MOXXHO paccMaTpUBaTh U CUTYyallUH, KOTJa P
MIPOU3BOJIHHO.
Torma B mepuoj ¢ mpojaBell MPor3BeAET NPOAYKIIUIO B COOTBETCTBUHU C OXKHJIae-
MOM 1IEHOM, TO €CTh
S=8(C)=8(C_-pC_-C_)) (3.7)
1 OCHOBHOE€ YpaBHEHHE, OTIPEACIIAIONICe JUHAMUKY 1I€HbI, MMPUMET BHU]T
D(C)=S(C,_,—-p(C_-C.,)). (3.8)
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B ciyuae, korma D(C) u S(C) anmpoKCUMUPYIOTCS NMPSIMbIMU JUHUSAMH (3.3), 3TO ypaB-

HEHHEC UMECT BU:

a—aC, =B+b(C,_, —p(C,_,—C,.,)). (3.9)

PaBHOBeCHas I[eHA MOJIYYUTCS, €CIM B 3TOM ypaBHeHuu cuutath C, =C,_ =C, _,=C #
OyzeT TOM ke, UTO U paHee.

2+ 2y(1-p)+yp =0. (3.10)

I/I3y‘{I/IM MOJICIb HGHOOGpaSOBaHI/IH IIpYU HAJIWU4YUU 3aIl1aCOB. HYCTL TENEPb KPOME
HpOI’ISBO)II’ITCJ'ICﬁ NpoaAYKIUHU U HOKYHaTeHefI HMCIOTCA HECKOTOPBIC MOCPECAHUKHU (OHTO—

BUKH), co3Jaromue 3anacel O U ycraHaBnuparomue IeHbl. IIycte O, ecTb 3amachl B
KOHII€ MHTepBana t. Torma
AO, =0,-0,,=S8-D,, (3.11)
€CTh yBEJIHWUYCHHE 3aIlacOB Ha MPOTSHKEHUU MHTEpBaia ¢ (MpUpallCHUE 3allacOB PaBHO
WX TIPOU3BOACTBY MUHYC MTPOJaXKa).
Bo3MOKHBI pa3nu4Hbie MOJEIN YCTAHOBJICHHUS 1I€H MTPY HAJIMUUM 3aMacoB.
C,=C_i—p-AQ,, (3.12)
re p — MOJOXUTEIbHAs BeauurnHa. CMBICT OYEBUJICH: MPHU YBEIWYEHUU 3aI1acOB IIEHBI

HaJI0 CHI)XKaTh
Jlanee, mycTh, KaKk ¥ paHpllIe
D, =a-a-C,, S, =p+b-C,,

1 TIO3TOMY

AQ, =S, ,—-D, =B+bC,  —a+aC,_ =B-a)+(a+b)C,, .
[TogcTanoBka 3TOro cootHomenus B (3.12) gaér

C C_,+pla—B)—-pla+b)C,_, =
p(a—B)+ [1 —pla+ b)] C_,.

PaBHOBecHas 11eHa onpenenseTcss ypaBHEHUEM

C =pla-p)+[1-pla+b)C,
otkyna cioa C = (a — B)/(a+b).

Bo3MoxxHBI CICAYIOIIHNEC BapUAHTHI.

lI. 0<1l-p(a+b)<l,TOECTD 0<p<

a+b
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B 3TOM Citydae MOHOTOHHBIH ycTOiuuBbIiA. [Ipu ¢ — 0 C, — C TIpH ¢ — o0 TaKKe

MOHOTOHHO.

2. —1<1-p(a+b)<0,TO ecTh <

a+b

B sTom cliy4dac nmpu ¢ — o0 UIMEEM MECTO 3aTyXaromue KoyeOaHusl.

3. I-p(a+b)<—1,T0ecthb p> .
a+b

B 3TOM cniydae meHss 3HaK, lIeHa CTPEMUTCA K 0 NpU ¢ — . LleHa Heycronunsa.

3AJTAHUE

1. I[TycTh GyHKIMU MPEATIOKESHHS U CIIPOCA aMPOKCUMHUPYIOTCS JIMHEHHBIMHU 3a-

BUCHMOCTSIMU. 3HaU€HUs NapaMeTpoB a,a, B, b C, B34Th U3 Tabnuip! 3.1. IToctpo-
uTh rpapuxk u3MeHeHuss C, i MAyTHHOOOpPA3HOM MOJeENU LEeHOOOpa3oBaHUs MPHU

m3MeneHuu ¢ ot 0 go 15. IlpoBepuTh yclioBue yCTOMYMBOCTH MOJIENU 1IEHOOOpa3o-

BaHU:.

2. qDYHKHI/II/I NpEAIOXKCHUA U CIIPOCa alllIPOKCUMHUPYIOTCA JIMHEWHBIMU 3aBHUCH-

MOCTSIMHU. 3HaU€HUs apaMeTpoB o, a, B, b, p, C, B34Th U3 Tabnuusl 3.2. [Toctpouts
rpaduk usmMeHnenuss C, Uis MOJEIH LIEHOOOPa30BaHuUs C 3ama3bIBaHUEM IPU U3Me-

Henuu ¢ oT 0 mo 15. [IpoBepuTh yciaoBHe YCTOMYUBOCTH MOJETH IIEHOOOPA30BaHUSI.

3. qDYHKHI/II/I NpEAIOXKCHUA U CIIPOCa alllIPOKCUMHUPYIOTCA JIMHEWHBIMU 3aBHUCH-

MOCTSIMHU. 3HaU€HUs MapaMeTpoB o, a, B, b, p, C, B34Th U3 Tabnuusl 3.3. [locTpouts
rpaduk u3MeHeHust C, 15 MOJAETH LIEHOOOpa30BaHus ¢ yueToM 3amacoB (¢ ot 0 1o

15). IIpoBepuTh yciaoBHe YCTOWYMBOCTU MOJETH LIEHOOOpa30BaHMs C y4EeTOM 3aria-

COB.
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Tab6nwuua 3.1.

n/n a a B b C,

1 70 1,5 20 1 1

2 65 1,3 18 1,1 2

3 55 1,2 22 1,2 1,4

4 75 1,1 16 1,6 2,5

5 80 1,5 25 1,6 1,2

6 84 1 28 1,4 3

7 72 1,5 20 1 1

8 63 1,3 18 1,1 2

9 55 1,5 22 1,2 1,4

10 72 1,9 18 1,4 3,5

11 80 1,5 25 1,6 3,2

12 64 1 28 1,4 1,8

Tabnuma 3.2.

n/n a a B b C, p
1 70 1,5 20 1 1 0,25
2 65 1,3 18 1,1 2 0,9
3 55 1,2 22 1,2 1,4 0,7
4 75 1,1 16 1,6 2,5 0,55
5 70 1,5 25 1,6 1,2 0,9
6 94 1,4 28 1,5 3 0,45
7 72 1,5 20 1 1 0,35
8 63 1,3 18 1,1 2 0,78
9 55 1,5 22 1,2 1,4 0,46
10 62 1,4 19 1,4 2,5 1,2
11 80 1,5 25 1,6 1,2 1,1
12 67 1,8 29 1,4 1,8 1,8
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Tabmuna 3.3.

n/n a a B b C, p

1 700 3 200 1,1 3,5 0,2
2 650 2,5 250 1,0 2,5 0,25
3 720 2,6 220 1,3 3,6 0,18
4 680 3,1 210 0,9 1,5 0,22
5 770 3,6 250 1,1 2,5 0,2
6 760 2,9 220 1,0 3,1 0,21
7 730 2,5 178 1,3 1,8 0,2
8 810 2,6 190 0,9 2,7 0,27
9 820 3,1 180 1,2 3,6 0,26
10 685 1,9 245 1,0 1,5 0,29
11 675 2,8 220 1,3 3,1 0,19
12 | 715 3 170 1.9 3.2 0,24
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4. MexorpacJieBoi 6ananc. Mogeanb JleontbeBa

B monenu JleonTheBa npuHUMaeTcs ciaeayromas uaeanusanus. Bes skoHoMuka co-
CTOWT U3 1 OTpAaClield, KaXkJas U3 KOTOPBIX MPOU3BOAUT CBOM BUJ npoaykuuu. [Ipoayk-
LM CUUTAETCS] JHOCTAaTOYHO OJHOPOJHOW (Hampumep, 3JEKTPOIHEPrUs, Yrolib, yepHas
METAJUTypTUsl U T.]I.), YTOOBI €€ BBIITYCK MOXKHO OBIJIO OLIEHWUTh B HATypaldbHOU (opme
(KOTM4YECTBO KMJIOBATT-4AaCOB JIEKTPOIHEPTUU, TOHH YIJIsl, TOHH YyT'yHa M CTalu U T.].)
WM B ICHEXKHOUW opme. B mepBoM citydae roBopsT 0 HaTypaibHOM OanaHce, BO BTOPOM
— 0 CTOMMOCTHOM.

ITycTe MBI IOABOJUM UTOTH PabOTHI, CKaxeM, 3a rof. IIycts v; 910 00mmii 00bEM
HNPOAYKIMH (BaJIOBOM BBINYCK) I -i oTpaciu. YacTs 3TOM NpOLyKIMH, paBHAs ¢;, OILIA

Ha MoTpebieHne B HEMPOU3BOACTBEHHOH cdepe. Kpome Toro, mpoaykius [ -if oTpaciu

noTpebnsanack u Apyrumu orpaciaamu. O0o3Ha4YnMM 4epes3 B, 00bEM MPOAYKIHH I -i OT-

paciu moTpeOnEHHON j - oTpacibio. Torga 3TH TaHHBIE MOXKHO NMPEACTaBUTh B BHUJIC

CIEAYIOIIEeH TaOIHIIbI:

Tabnuma 4.1.
oTpacib | BaJoBOM | mOTped- noTpebiIeHre B APYrux OTpacisax
BBIITYCK JIeHHe
1 Vi | By, B, B, B,
2 V2 ) B, B, B B,,
n Vn Cn Bnl Bn2 Bn3 Bnn
OueBUIHO, YTO CIPABEIJIMBO CIEAYIOIIEEe COOTHOILICHHE:
n —
vl.=cl.+ZBlj,l=1,n. 4.1
j=1

®opmyna (4.1) Ha3pIBaeTCsl ypaBHEHUEM OajiaHca.

Bennunnel 4, = B/ Vv, MPEACTABISIOT CO00H 00BEM MPOLYKINH  -if OTPACIH, He-

O6XOI[HMBIﬁ AJIL MIPOU3BOJACTBA €AMHUIBI ITPOAYKIITNHN ] -i oTpaciiu. Onu Ha3BIBAIOTCA
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Kod(puImeHTaMu IPSIMBIX 3aTpaT M UTPAIOT B JABHEHIIIEM U3JI0KECHUN KITFOYCBYIO
pOJIb.

OueBnaHo, uto Bee ¢; 20 uBce 4, 20.

[IpencraBum cede, 4TO MbI IUIAHUPYEM MTPOU3BOJICTBO MPOAYKIIMU HA CIEAYIOIINAN
roJl U XOTUM 3aIUIaHUPOBATH I - OTPACIH BBITYCK MPOAYKINH B 00bEMe x,. Crenaem
JIBA BAXKHBIX MPEANOJIOKEHUS ISl COCTABJIECHUS TAKOIO TIJIaHA.

1. TexHomorus MpOU3BOJICTBA B CIECAYIOMIEM TOAY HE MOTEPHUT CYIIECTBEHHBIX
W3MEHEHUN. DTO MPOSBUTCS B TOM, UTO B CIICAYIOIIEM TO1y KO3 PHUITUESHTHI MPSIMBIX 3a-

Tpart Al] OCTAHYTCA TCMH K€ CaAMbIMHU, YTO U B OTOM I'OAY.

2. TexHomorusi MpoU3BOJICTBA OOJIaaeT CBOMCTBOM JIMHEHHOCTHU. DTO O3HAYAET,

YTO €CJU j - OTpaciiv 3aIlUIAHUPOBATh BBITYCK MPOIYKIMH B 00BEME X ;, TO IS TOTO
MOTpeOyeTCs U3pacxoa0BaTh Aij *X; IPOIYKLUH i - oTpaciu.

ITycTh x; — IIIAHUPYEMBIN BBIIIYCK POAYKLMHU i - oTpacau U C,, — INIAHUPYEMBIN

00BEM TOTPEOICHUS ATOM OTpaciv B HEMIPou3BOACTBeHHOM chepe. Toraa, mo aHaioruu
c (4.1), MOXHO 3amucaTh CIEAYyIOIIEe YCIOBHE OanaHca
n
x,=C,+ ) Ax,. (4.2)
j=1
[lepeiinéM Kk BEKTOPHO-MATPUUYHBIM 0003HaueHUsM. [1ycTh
= T
X=(X,%5,...,X,) ,
~ T
Cl'[ - (CHUCnZ"'"Crm) 2
A=|4,
y

, L, j=1n.

Torna ypaBHeHue O6ananca (4.2) npuMeT BUJ
¥x=C + A% (4.3)
DTa MOJielb YKOHOMUKH U Ha3bIBaeTCsl MOAEbI0 JIeOHThEBA.
[IponyktuBHOCTH MOzenu JleoHTheBa. IlycTh OCHOBHBIM B HallleM IJIaHUPOBAHUU
ABIAeTCA Oynymuii 00bEM TOTpeOIeHNs B HEMTPOU3BOACTBEHHON cepe ¢ M HaM HeoO-
XOJUMO 3HaTh, KAKO€ MPOU3BOJCTBO MPOIYKIIUU IO OTPACIIM HEOOXOIUMO 3arIaHupo-

BaTh )11 obecrieueHus 3Toro norpednenus. [lepenumem (4.3) B Buje

(4.4)



OTKYyaa IIoJ1y4dacM, 4ToO
i=(E-4)"C,, (4.5)

Tac E - CAWHUYHaA MaTpula pasMEpHOCTHU n X n.

Ho TyT BO3HHMKAaeT OJHa YHUCTO MaTeMaTH4ecKas TPyAHOCTh. OYEBHIHO, YTO
C, =20 (Vi=1n). O4yeBuIHO, YTO BEKTOpP X TAKKE JOJDKEH yIOBIETBOPSATH dTOMY JKE

OTPaHUYCHHUIO, TO €CTh JOJKHO ObITh X > (), TaK Kak BBIMTYCK OTPHUIIATEILHOTO 00BEeMa
MPOAYKIIMU OTPacibio HeBO3MOkeH. HeoOxoaumo, yToObl pemienue (4.5) yaoBIeTBopsi-

710 GBI ATOMY YCIIOBHIO.
Onpenenenune. Ecnu mist mo0oro BekTopa ép >(0 BekTOp X :(E—A)'] Cp TaKxke

YIOBJIETBOPSIET YCIOBHIO X >0, TO TOBOPAT, 4TO MOJeiab JIeoHTheBa MPOAYKTHUBHA
(MaTpwuIa IpsIMBIX 3aTpaT A MPOAYKTHUBHA).

YcnoBus mpoAyKTUBHOCTH Mojienu JIeOHTheBa cHOpMyIHpyEM CIIETYIONTUM 00pa-
30M:

Mogenb JIeoHTheBa TPOAYKTHBHA TOT/Ia U TOJIBKO TOT/A, KOrjaa A, <1.31ech A,
MaKCUMAaJIbHOE MOJO0KUTEIbHOE COOCTBEHHOE YHMCIIO MATPHIIHI A.

DTO yTBEp)KACHUE U TaET HEOOXOIUMOE U JOCTATOYHOE YCIOBUE MPOTYKTUBHOCTH
Mojenu JICOHThEeBa.

N3noxxenHnas Beile MoJieb JIeOHTheBa HEYAOBIECTBOPUTENILHA B TOM CMBICJIE, YTO
OHa HE YYUTHIBACT OTPAHMYCHHM, KOTOPhIE HEN30E€KHO HMEIOT MECTO B PeaIbHOM KH3-
HU. OTHUM W3 TaKUX OTPAaHUYCHUN SBJISIOTCS OTPAHUYCHUS HAa TPYJOBBIE PECYPCHI.

Ilycts R, ecThb 3aTpaThl TPYJIOBBIX PECYPCOB (M3MEpPsIEMBbIE, HAIPUMED, B YEIOBEKO-

yacax) B i -l OTpacyiv Ipu MPOU3BOJCTBE €AUHUIILI MPOAYKIIUU. BekTop

R=(R,R,,...,R,)" MBI OyaeM Ha3bIBaTh BEKTOPOM TPYAOBBIX 3aTpat. Toraa, ecny Iuia-
HOBBIH BBIITYCK B i -ii OTPAacCId PaBeH X;, TO CYMMapHBIil 00bEM TPYAOBBIX 3aTPaT OyIET

paBeH
n
S
ZRl.xl. =R'Xx. (4-6)
i=1
B xauecTBe orpaHn4eHus Ha BCE MJIAHBI 1OJKHO BBITIOJHATHCS OTPAHUYECHUE HA TPYAO-

BBIC PECYPChI B A

, (4.7)
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rae L — UMEIOIMIACS B HAIllEeM PaciopsHKEeHUN 00bEM TPYIOBBIX PECYPCOB.

B sTom ciydae, oueBHIHO, HENB3s TPEOOBAThH JOCTHKMUMOCTHU JTIOOOTO BEKTOPA IO~
Tpebnenus C.. IlycTh BekTOp NOoTpebneHus K 3a1aéT He KOHEUHBIH CIpoc, a JUIIb ero
ctpykrypy. Toraa norpebnenue paBHo zK .

Torz[a CCTCCTBCHHO 3a1a4y INNIaHUPOBAHUA S9KOHOMHKH 3aIIMCAaTh B BUIC

X—Ax > zK, (4.8)

KOTOpas sIBJISETCS TUTIOBOM 3a7a4yeii TMHEHMHOTO porpaMmMupoBanusi. CMBICIT IEPBOTO
OTpaHUYCHUS OYCBUJICH — HA MOTPEOIICHUE JOJKHO OCTaThCS HE MEHBIIIE, YeM TPeOyeT-
Cs CTPYKTYpoH noTpebieHus, onpeaeiasieMoil BeKTopoM zK . BTopoe orpanudeHue yqu-
THIBA€T OTPAHUYECHHOCTh TPYAOBBIX pecypcoB. HanucanHas BbIlIE 3a/1a4a U HA3bIBAETCS
MO/1eJ1bI0 JIEOHThEBA ITPY OTPAHUYEHUSIX HA TPYAOBBIE PECYPCHI U €€ CMBICJ, B YaCTHO-

CTH, COCTOUT a pallMOHAJIBbHOM paCIIPCACICHNN TPYAOBEIX PECYPCOB.

3AJTAHUE

1. BEIMOJHATS MJIaHUPOBAHHUE BAJOBOTO BBITYCKA IO OTPACIISIM. 3HAUCHUS MaTPH-
bl B B3aWMOMOTPEOICHHS 1O OTPaCisIM, BEKTOp MOTpebieHrus C M BEKTOp IUIaHUpYe-

MOro mnoTpebOsienuss Ha Oynyuwi ron C, mpuBelaeHbl B Tabnuue. [lpu mumanupoBaHuun

MIPOBEPUTH MATPHUILy NMPSIMBIX 3aTPAT HA TPOAYKTUBHOCTD.
2. BeINOJHUTH MIJIaHUPOBAHUE BAJIOBOTO BBIITYCKA MO OTPACHISIM MPU OTPAHUYECHU-
X Ha TPYJOBBIE PECYpChl. 3HAUCHUSI MATPUIbI B B3aMMOMNOTPEOJEHUS MO OTPACISIM,

BEKTOP CTOMMOCTEW TPYAOBBIX PECYPCOB MO OTPACisM R, CTPYKTYPHBIA BEKTOpP IO-

Tpebnenust K mpuBesieHsl B Tabnue. O6beM TpyaoBbIX pecypcoB L =3000.
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n/n | Marpuriia B3aumorio- Bexrop Bexrop mna- | CTpyKTypHBIi Bextop crom-
TpeOeHus moTpeOIeHus HUPYEMOT O BEKTOp MOCTeH Tpymo-
10 OTpacisaM moTpeOyieHus | moTpeOIeHus BBIX PECypCOB
10 OTPacisM
1 [50 16 120 [ 60 | [ 60 | 6 [3]
B=|35 10 170 C=|100 C =|110 K=|9 R=|2
115 14 140 | 90 | | 96 | 5 5
2 [60 16 120] [ 60 | 70 ] 6,5 [2]
B=|45 20 20 C=|100 C, =100 K=|3 R=|3
|15 14 140 1100 105 4 1]
3 [20 18 105] [ 80 | [ 85 ] 3 [2]
B=|25 25 30 C=]120 C =122 K=|5 R=|2
135 22 100 1110 1120 7 3]
4 (30 24 100 ] 70 ] 75 ] 53 [4]
B=|45 12 40 C=| 96 C, =100 K=| 4 R=
|55 28 112 120 125 2]
5 [30 24 110] 80 | 88 ] 7 1]
B=|55 12 50 C=| 90 C =92 K=|8 R=|2
165 30 122 120 125 ] 4 4]
6 [50 40 100 ] 70 ] 77 ] 5,7 [2]
B=|50 10 40 C=| 82 C =| 84 K=|3, R=
138 30 110 1120 1120 | 5 5]
7 [30 35 110] 65 60 6 [3]
B=|50 15 55 C=|55 C =57 K=|8 R=|4
165 30 120 90 93 5 5]
8 [50 25 120] [ 60 | [ 60 | 6,2 [2]
B=|25 10 150 C=|110 C =103 K=| 4 R=|3
|15 12 140 | 55 | | 65 | 4 4
9 [60 16 120] [ 60 | 70 ] (6] [3]
B=|45 20 20 C=|100 C =|95 K= R=|2
|15 14 140 1100 1106 7] 3]
10 [30 23 150] [ 80 | [ 85 ] [9] 5]
B={26 22 40 C=|110 C =120 K= R=\|4
136 20 100 | 1120 | 1110 | 5] 3]
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5. BzaumopeiicTBue ABYX (pUpM Ha PBIHKE OHOI'0 TOBapa

Cnyyaii, Korja CymecTBYeT HECKOJIBKO MPOU3BOAUTEINEH (MPOJABIIOB), HA3bIBACTCS
onurononuen. Cirydait, KOrjaa UMEIOTCS J1Be (PHUPMBI, BBITYCKAIOIIUE OJHOTUITHYIO IPO-
JTYKIIMIO, Ha3bIBACTCS TYOIOIUEH.

Paccmotpum crpareruto KypHo B3aumopeiictBus aByx ¢upM. Ilycts x, — 0603Ha-

YaeT KOJWYECTBO BBIMYCKaeMOro ToBapa i — ol ¢upmoit, Cp; — ceOeCTOMMOCTh MPOU3-
BOJICTBA OJTHOM eTUHUIIBI i-T0 ToBapa. [Ipon3BenenHbIi 00enMu pupmMamMu TOBap MOCTY-
naetr Ha oOmwMil peiHOK. bynem npeamnonaratb, YTO B COOTBETCTBUU C SKOHOMHYECKOM
TEOpHUeH, IieHa Ha TOBap OyJeT yMEHbIIATHCA B 3aBUCHUMOCTH OT TIOCTYMAIOIIETO Ha PhI-
HOK OOIIEro KoJIMYecTBa TOBAPOB X = x| + xp. byneM takxke npeanonarars, 4To LieHA TO-

Bapa JIMHEHMHO 3aBUCHUT OT X:

Cx)=a—bx (a>0, b>0). (5.1)

Breraucaum npuObLIb i -0f (YUPMBL:

W (x,,x,)=x(a—bx)—C,x, = bxl.[(% —x)- %] .
OKOHYATETBHO MOJIYYUM:
W.(x,,x,) =bx,(d, — x), (5.2)
rae
g, =%
l b

Crpaterus ynpasnenus KypHo 3akiiodaercsi B TOM, 4T0 00€ pUpPMBI 3HAIOT 00bEeM
BBITTyCKa MPOAYKINH Kaxa0u ¢pupmbl. Toraa kaxaas pupma MOKEM MAaKCUMH3UPOBAThH
CBOIO NMPUOBLIb. J[J151 3TOT0 HEOOXOIUMO PEIIUTh ABA YPABHEHUS

AW (x,,x,) -0 dw,(x,,x,)
dx, ’ dx,

=0.

KopHu 3TuX ypaBHEHHMI AaayT HAM ONTHUMAaJIbHBIA 00bEM BBINYCKA AJIA KaX10i (GUPMBI.
BpINosHUB COOTBETCTBYIOLIME MATEMATUYECKUE PACUYETHI, OJIYUNM:

x,:%, xzz%. (5.3)
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Hccnenyem auHamuky mporecca ymnpapieHus pupmamu mo Kypuo. Jlns atoro mo-
MOJIHUTENHHO OyJIeM MpearnoaraTh, 4To 00e GUPMbI UMEIOT OJMHAKOBYIO MPOJIOJIKH-
TEJIBLHOCTh IIMKJIa TPOU3BOJICTBA TOBAapa, KPOME TOro, OyAeM Mpearonararb, YTo HUKIbI
MPOM3BOJICTBA TOBapOB B 00ewX (pupMax HauWHAIOTCS OJHOBpEeMEHHO. BBegem B pac-
CMOTpEHHUE AUCKPETHOE BpeMs Ipouecca £ = 1,2, ..., OIUH TaKT KOTOPOI'O COOTBETCTBYET
OJTHOMY IOJIHOMY IIUKJTy IPOM3BOJCTBA TOBapa OT Havaja 1o KOHLa. PeanbHO AMHaAMMKa
ctparerun KypHo OyaeT peann3oBbIBaThCS HE MO ypaBHEHUsIM (5.3), a B COOTBETCTBUU
CO CIEAYIOLMMHU YPaBHEHUAMMU:

x (£) = d, —x;(t—l)

, X,(0)=x,,, (5.4)

, %,(0) =x,,, (5.5)

() = d, —xé(t—l)

rue x,, x, — HadyalbHble 3HAUEHHUS BBITYCKOB TOBapoB ais ¢upm. Hccrnenyem stu

ypaBHEHHUS Ha YCTOMYUBOCTD. /{151 aTOro mpeoOpaszyem ypaBuenus (5.4), (5.5) k Buny
1 d
x(0) = —Exz(f—1)+?',

1 d
X,() = —=x,(t-1)+=2,
»(1) 2x1( ) 5

Y TIPEJICTAaBUM UX B BEKTOPHO-MAaTPUIHON (hopme

2(t) = Az(t-1)+d , (5.6)

a=[ 0 RN
__% 0 92(0_ x2 ’ _dTZ'

Brraucinum coOCTBEHHBIE YHCIIA MaTpubl A, AJIA OTOTO OIIPEACIUM KOPHH YPaBHCHMUA

rae

det{4-1E}=0,

rae E — eIMHWYHAsA, A — nepeMeHHas. B pesynbprare nomyyum.

1
2

det{A—kE}:det{(_k _i]}zxz ~1-0. (5.7)

Kopuu ypaBuenus (5.7) A, =1, A, =—1 aBastoTCs COOCTBEHHBIMU YUCIAMU MATPULIBI A .

B cuny Toro, 4to 00a cOOCTBEHHBIX YMCIA [0 MOJYJIIO MEHbIIE 1, TUHAMUKA CTpATETUU

Kypno Bcerga ycroiiumBa U CXOAUTCA B COCTOSIHUSI YCTOMYMBOTO paBHOBecusa. Hailigem

34



TouKy KypHO — 3HaYeHUs X| U X, , COOTBETCTBYIOIINE PABHOBECHOMY COCTOSIHUIO. JlJist
3TOr0 HEOOXOJUMO PELIUTh CUCTEMY ypaBHeHuUM (5.3). B pesynbprare nonyunm:

=G, o 20nd (5.8)

3nech x ¥ xi — koopauHaThl TOYKH KypHO. OCYIIECTBUM aHaIN3 YKOHOMHUYECKHUX I10-

kazareneil ctpareruu KypHo B ycTounBOM coctossHuu. s ympoineHus OyaeM cuu-

TatTh, 4YTO d, =d, =d . Torga koopaunatsl Touku KypHo OynyT ciegyromiue:

Boruucium npubsiib B Touke Kypao W' u W), B pesynbraTe moaydum:

K _ K _ K K K _bd2
VV] _VVz _bxi (d_(x] +x2))_ 9 .

Cymmapnast npuObLIb A1 cTpareruu KypHo paBHa

2bd’
wh=wr+wk = -

141 HAKOHCI[, YCTAaHOBUBIIAACA LICHA HA TOBAP paBHA:

_ 2bd
.

Cf=q

PaccmoTpum ciydaii korja ogHa U3 GUPM 3Hasi, YTO KOHKYPEHT BBIOpA CTPaTErHIO
KypHno, nefictByeT He 1o ctpareruu KypHo, a UCIONIb3yI0s 3Ty HHGOPMAIIUIO BEIOMpaeT
cebe npyryto ctpateruto. Takast cTpaTerusi Ha3biBaeTcsl cTparerueit Crakenboepra. s

MPOCTOTHI OyAeM CUMTaTh, uTO d, =d, =d . [lycTs mepBas ¢pupma qaeT BO3MOKHOCTD y3-
HaTh CBOM XOJ X|, TOT/Ia BTOpas ¢upma BBIOUpAET CTPATETHIO

¥, :(d;—"'). (5.9)

Ho nepBas ¢upma Oyaer aeiicTBOBaTh TaHO IO JAPYTOMY C YYE€TOM 3HAHUS CTpATErHdu
BTOpoi (pupmel. [loacTaBum B popMyny i IpHOBLIN MEpBOM (PUPMBI 3HAYCHHUE X) ,
onpenensiemoe popmynoii (5.9), B pe3yabTaTe MOIydnM:

d—x,
2

W, =bx,(d —(x, +x,)) = bx,(d — (x, + ) =bx,(d —x,).

Torga pemuB ypaBHEHHE:

.
dx,
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Haiinem ontuManpHOE 3Hau€HHUE x,, COOTBETCTBYIOIEe cTparernu CrakennOepra, B pe-

3yJIbTAaTC IMOJTYUYHUM:

xf:%.

[ToacTaBuB 3710 3HaUeHUE HOPMYITY (8) MOTYyUNM:

=L
4

OO0muii BEITyCK TOBapoB Mo cTpaternu CTakenb0epra paBeH:
3d

¥ =xl X =

Beruncnum npusuta Gupm, B pe3yibTaTe MOTyIuM:
2

W=l (@ = (3 ) = 2> W

bd’®

W = b} (d = (] o)) == <
Cymmapsas npu6bLis 1o CTakenboepry paBHa:
s =222
16
YcTaHoBHBIIIasICS 1IeHA HA TOBAP paBHA
3bd

Csza—b(x,s+xf)=a—T.

Kak BumHo, mena Ha ToBap B ciydyae Ctpareruu CrakenpOepra MeHbIIE, YeM B
ctparerun KypHo, T.e. ctparerus Ctakenpoepra A moTpeOuTess BEITOTHEHN, YeM CTpa-
terust Kypno. Mtak, Mbl BUAMM, 4TO MPUOBLIL MepBOM pupmbl BozpacTtaeT. Ho 3meck 06e
(GbupMBI MOTYT TIOTIACTH B JIOBYIIKY, €ClId 00€ HauyHyT JeHWCTBOBaTh 1Mo ctpareruu Cra-
kenbOepra. Toraa ux mpuObLTE OyIeT YMEHBIIATHC. DTa CTPATETHs ONacHa it PupM.

OupMBI MOTYT OOBbEIMHUTHCS B MOHOTIOJHMIO WM 00pa30BaTh KapTesb (3TO TaHHBIHI
CTOBOp ABYX (DMPM C IETBIO MOICPKaHUSA 3aJaHHOU IIeHBI). PaccMoTpuM ero moapo0-
HEW B MPEANoJIOKEHUU, 4To d,=d,=d. B 3TOM ciaydae cymMmapHas npuObUIb JIBYX
¢bupm paBHa:

W=W +W,=bx(d—x)+bx,(d —x)=bx(d —x).

MaKCI/IMYM HpI/I6LIJ'II/I JOCTUTACTCA IIPH BBIITYCKEC!
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PaBHOBecHas 11eHa OyIeT Cienyromei:

C" =a-b(x" +x2M)=a—%.
Jna o6benuuenus GpupMm B GopMe KapTems UMeeM:
2
x]C:xzczi, VV]C:VVZC:bd ]
4 8

I/ITaK, M3 pacdy€TOB BHUJIHO, IJIA HOTpe6I/ITeJ'I$I HauoOoJiee BBII'OJHA CTPATCTUA Cra-

KCJ'IB6CpFa 1 HAUMECHEC BBIFO)IHOﬁ ABIACTCA CTPATCTUA MOHOIIOJINHA WJIW KapTCIIA.

3AJTAHUE

1. [Insa 3amaHHBIX 3HA4eHWM napamerpos a, b, C,, C,, x,(0), x,(0) ImOIXYy4uThH

rpaduku TUHAMUKH U3MEHEHHs 00bEMOB BBIMMyCKa GUPM, TUHAMUKA U3MEHEHUS TpH-
ObuTel GUpPM M IWHAMHUKH W3MEHEHHS lieHbl s ctpareruu Kypno. [loctpouts ¢azo-
BB TOPTPET, HaiiTH Touky KypHO, ycTaHOBUBIIHMECS 3HaUeHUs MpUObLUIeH GupM, 00be-

MOB BBIITYCKAa U YCTAHOBHUBINYIOCA IICHY. I/ICXO)IHBIG JaHHBIC ITPUBCICHLI B Ta6J'II/II_[e 5.1.

Tabmuma 5.1.
n/n a b C, Cop x,(0) x,(0)
1 15 1,1 1,1 1,4 7,0 4.5
2 17 1,2 1,05 1,5 5,0 4,7
3 20 1,1 1,2 1,3 6,5 4,2
4 19 1,3 1,2 1,1 5,6 55
5 21 1,3 1,2 1,3 6,5 4,7
6 13 1,4 1,1 1,7 7,6 4,5
7 24 1,0 1,2 1,5 4,5 6,2
8 20 1,3 1,08 1,2 6,2 6,2
9 15 1,0 1,4 1,2 6,0 4,5
10 20 1,1 1,2 1,3 6,2 4,8
11 15 1,6 1,3 1,4 5,0 6,5
12 25 1,35 1,4 1,3 6,5 5,2
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6. IlmnamMmuyeckue Mmoaeau pupmbl

PaCCMOTpI/IM MOJCIIb IIPOU3BOACTBA n BHJOB TOBAPOB B YCIIOBUAX PBIHKA. BGKTOp

COCTOSIHUA x(k) MpeAcTaBiIeH KOMIIOHEHTaAMU:

[ z,(k) |
vi(k)
z,(k)

=" 6.1

z,(k)
v, (k)
L w(k) |

rae z,(k) — KOIU4eCTBO TOBAPOB i -I'0 BHUJA Ha PBIHKE; v,(k) — KOJIUYECTBO TOBAPOB i -T'O
BHZIA y IOTpeOuTens, i =1,n; w(k) — IPHOBIIB.
Marematuueckas MOJiesib JMHAMUKA U3MEHEHUSI KOJIMYECTBA TOBAPOB y MOTPEOU-
TeJIel U Ha PBIHKE, a TaK)Ke MPUOBLIA MOYKET OBITh 3allicaHa B CICAYIOIIEM BUJIC:
zi(k+1)=(—-k,)z,(k)—s,(k)+u(k),
vi(k+1) =1-k,)v,(k)+s,(k),
z,(k+D)=(1—-k,)z,(k)—s,(k)+u,(k),

v, (k+1) = (1=ky )v,(K) +5,(k),

z,(k+1)=(~-k,)z,(k)~s,(k) +u,(k),
v, (k+ 1) = U=k, v, (0) +5,(8)
w(k +1) =w(k)+cs,(k)+c,8,(k) +...+¢,s, (k) = ky z, (k) —ky,z, (k) — ...
—k;,z, (k) — cou, (k) — cpyu, (k) — ... — ¢y u, (k) , (6.2)
rie u (k) — KOJIMIECTBO TOBAPOB, BHITYCKAEMbIX 3a OIUH TaKT, i =1,n, k, — Kod(QuIm-

€HTHI IIOTEPH, k,. — KO?3 HUIIHUCHTHI IIOT eOnenus; k., — CTOUMOCTh XpaHEHUS CANHUIBI
2i > 3i

TOBApOB; ¢, — CE0ECTOUMOCTH; s,(k) — KOJMYECTBO NMPOJAHHBIX TOBApOB i-TO BHJA B

OJIUH TaKT, i = l,l’l . qDYHKHI/II/I IIpogax OIpECACIAIOTCA I10 Q)OpMyHaM:
Si(k) =n, exp(_cj)(l_vi(k)Yi_])Zi(k) D (63)
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n, — KO3 HUIUEHTH! NPOAAXK; ¢, — LIEHbl Ha TOBAPHI, i =1,n; ¥, — MOTEHUHUAIbHBIN CIIPOC

JUIsl i -TO BUJa TOBapa (00beM phIHKA IS i -T'O BUJA TOBApa).

Mogens (6.2), (6.3) MoxkeT OBbITh MpeACTaBiIE€HAa B CIEAYIONIEM BEKTOPHO-

MAaTPUYHOM BHJE:
x(k +1)= Ap(x(k)) + Bu(k),
TJI€ BEKTOP ¢(x(k)) CIETYFOLLIHIA:

z, (k)
v, (k)

z, (k)
v, (k)
w(k)
v, (k)z, (k)
v, (k)z,(k)

o(x(k)) =

LV, (K)z, (k) ]

Marpuna fuHaMUKH A Il JAHHOTO 0ObEKTa UMEET BU/I;

i a 0 0 o 0 0 0 Ao 0
4 4y 0 o 0 0 0 Ao 0
0 0 0 a,, 00 0 0
0 0 0 Gy Gy 0 0 0

_a2n+],] 0 Gz " Dy ona 0 1 Donz Dnions

IJIe 21€MEHTBl MATPUIIBI OMPEIEISAIOTCS 10 (POPMYNIaM:
ay, =1=ky —n exp(-c,),

_ nexp(—¢,)
1,2n+2 Y] )

a,, =n, exp(—¢,),

a, =1-k,,

n, exp(—c¢,)
Dropa =~ : =,

Y,

a2nf],2n7] = 1 - kln - nn exp(_cn )7

_n,exp(—c,)
a2n—],3n+] - Y s

n
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(6.4)

Gz |
a2n,3n+]

U Gz |




a2n,2n71 = nn exp(_cn) bl

=1-k

a 2n 9

2n,2n

a _n, exp(—c,)
2n3n+1 Y )

n

a = _k31 +on exp(_c1 )a

2n+1,1

Arpiz = _ksz +c,n, exp(—cz),

a2n+l,2n—l = _k?m + cnnn eXp(—cn), ,

__¢nexp(=¢)

a2n+],j_ Y 59 j=2l’l+2,3l’l+l,i=l,_n.

i

Marpuua B uMeeT BUI:

1 0 0 o - 0
0 0 0 0O - 0
0 1 0 0O - 0
0 0 0 0O - 0
B=| 0 0 1 0O - 0
0 0 0 0 1
0 0 0 0 0
L=Co1 %2 3 “Cua " TCu

PaCCMOTpI/IM MOJCJIb IMMPOU3BOJACTBA ABYX BHUJ0B TOBAPOB B YCJIOBHUAX pPbIHKA. Bek-

TOP COCTOSIHUS x(k) COCTOMUT U3 IISATH KOMIIOHEHT:

(k)] [x (0]
vi(k) || xy(k)
x(k) =| z,(k) |=| x,(k)
v(k) || %, (k)
L wk) | [ x5(k) ]

: (6.5)

rae z,(k), z,(k) — KOJIMYECTBO TOBAPOB 1-r0 U 2-ro BUJA Ha pIHKE; v,(k), v,(k) — KOJIH-
YECTBO TOBApOB 1-ro u 2-ro Buaa y notpedutens, w(k) — npuObLIb.

Marematuueckas MOJiesib JMHAMUKA U3MEHEHUSI KOJIMYECTBA TOBAPOB y MOTPEOU-
TeJIe W Ha PBhIHKE, a TAK)KE MPUOBLIA MOXKET OBITh 3allMCaHa B CIEIYIOIIEM BUJIE:

z(k+1) = (1=K )z (k) = s,(k) +u, (k) ,
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v(k+1)=(1—-ky,)v,(k)+s,(k),
z,(k+1)=(1-k,)z,(k)—s,(k)+u,(k),
v, (k+1)=(1—ky)v,(k)+s,(k),
w(k +1) = w(k)+¢,s,(k)+c,s,(k) —k;,z, (k) — ky,z, (k) —

—couy (k) = cootty (k) (6.6)
rae u,(k), u,(k) — KOTMYECTBO TOBApOB, BBHIMTYCKAEMBIX 3a OJWUH TaKT; k,,, k, — KO3(-
(UIUEHTHI TIOTEPD; &, , k,, — KOdpuHeHTs MoTpeOneHus; k., , k,, — CTOUMOCTh Xpa-
HCHMsI €AUHMIIBI TOBAPOB, ¢y, Cj — cebectoumocTy; s,(k), s,(k) — KOJIUYECTBO MPOJIaH-
HBIX TOBapoB 1-ro u 2-ro BUAa B OAMH TakT (QyHKUMU mpoaax). PopMynbl s s,(k),
s,(k) IMCIOT BU:

5,(k) = n, exp(—c )=, (k)Y )z k), (6.7)
s,(k) =n,exp(—c,)(1-v,(k)Y, )z, (k) , (6.8)
n,, n, — KOd(pPUIHEHTHI MPOJaXK; ¢,, ¢, — IIEHBI Ha TOBAphI; Y,, Y, — MOTCHIIMAIbHBIN

CIIpOC Ha ToBap 1-ro Buja U 2-ro BUjA.
B BEKTOpHO-MaTpUYHOM BHUJI€ MOJAENb CICAYIONIAA:

x(k +1) = Ap(x(k)) + Bu(k), x(0)=x,, (6.9)

B (6.9) BexTop ¢(x(k)) mpencTaBiasieTCsl B BUJE:

x, (k)
x,(k)
x;(k)
o(x(k)=| x,(k) |. (6.10)
x5(k)
x,(k)x, (k)
BACRZACIY

Marpuia tuHaMuK A 1J1s1 JAHHOTO OOBEKTa UMEET BUJI;
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_l—lql—nlexp(—cl) 0 0 0 o new) 0

¥
nep—c) -k, 0 0 0 %{1) 0
1
A= 0 0 l-k,-nmexp(<c) 0 0 0 %ﬂ)
2
0 0 nep(—c) -k, 0 0 %{2)

dyrenenq) 0 hotemepe) 0 1 -SHEHG) GnORC)

Matpuiia B 1 BEKTOp yNpaBIeHUS CIEIYIONTUE:

0
0

I
0 k
B=| 0 1 ,u(k){”‘( )}.
u, (k)
0 0

| =€ —Cn |

3AJTAHUE

1. [ns monenu ¢upmbl, Mpou3BOIALICH 1Ba BuAa TOBapoB (6.6)—(6.8) BHIIOIHUTD
MOJIETMPOBAHUE JUIS CIAEAYIOIIMNX 3HAYCHUH [TapaMETPOB:
u, =60, u, =65 — KOJIMYECTBO TOBAPOB, BBHIMYCKAaeMbIX (GUPMON 3a OJUH TakKT;
n, =195 n,=18 — KO2(D QUIIMEHTHI TTPOIAK; ¢, =2,5y.e., ¢, =1,5y.e. — ICHBI Ha TOBA-
phL; ¢, =1,0y.€., ¢,, =0,9y.e. — cebectonmoctH; ¥, =Y, =1000 — MOTEHIHATIBHBIA CIIPOC
(o6weM peiHKa); k, =0,15, k,=0,13 — kod>pduuuenTs noreps; k,, =0,1, k,, =0,055 —
KO3 PUIIMEeHTH TTOTpeOICHNS; ks, =0,002y.e., k;, =0,001 y.e. — CTOUMOCTH XPaHCHHUS

€UHULBI TOBapa 3a OJMH JICHb.
MogenupoBanue BBIIOJIHUTH Ha nHTepBaie BpeMeHu ot 0 1o 140 (oguH TakT COOT-
BETCTBYET | JIHIO) JIs CIEAYIOIIMX HAaYaJbHbBIX YCIOBUMA:
z,(0)=150, z,(0)=300, v,(0)=250, v,(0)=170, w(0)=w,y.€.
[ToctpouTs rpaduku npoieccoB (BelIUYMHA w, pUBeAeHa B Tabmuie 6.1).
2. VccnenoBaTh BAUSHUE PA3IMYHBIX CTpaTEruil yrnpapieHus GupMoi Ha MOITydeH-

HYIO NIPUOBLIB.
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Crparerus 1. YBenuuuTh 1ieHy 2-ro BUJa ToBapa ¢, 10 Beau4uHsbl 2,3 y.e. [IpuBec-

TH B OTYET rpadukud U3MEHEeHUs NMpUObLIH. OnpeaenuTs TpUObUTh B MOCIECIHUN JCHb

uccienyemoro mnepuonaa (w,,). OLEHUTh BO3MOXHOCTh pealbHOM peanu3alu 3TOH

CTpaTCruu. CI[GJ'IaTB BBIBO/IBI.

Crparerus 2. YBenuuutb K03QGUIUEHT NpoAax n, 10 BEIUUYUHBI 3,2 (yBEIUUCHUE

3TOoro Kod(h@UIMEeHTa MOXHO OCYIIECTBUTH, PEaM30BaB PEKIAMHYI0 KOMIIaHWI0). B
MOJEJIM YUECTh 3aTpaThl Ha peKiIamMy B 2y.e. B TedeHuu nepBbix 10 qHei. 3atem 3TOT Ko-
3G UIMEHT TOJKEH YMEHBIAThCS TI0 THHEHHOMY 3aKOHY B TeueHue 60 gHei 10 mepBo-

HayvaJbHOM BEIUYUHBI n, =1,8. 3aTeM onAThb NPOBECTH PEKIAMHYIO KOMIIAHHIO B TCUC-

gue 10 guen.
[Toctponth Tpaduku u3MeHeHUs MpUObLIH. OnpeaeauTh NPHOBLIL B IMOCICTHUN

IeHb ucciiexyemoro nepuona (w,,, ). Cnenatb BBIBOJBI.

Crpaterus 3. YBenIW4uTh NOTEHIUATBHBIN cipoc (00beM PBIHKOB AJisi 1-ro U 2-10
BHJIa TOBapoB). B Mozenu ydecTh 3aTpaTbl Ha pacIIMpEHHE pPhIHKA B 8y.e. B TEUCHUU

nepBbix 60 nHeil. [Io OKOHYaHMM 3TOrO MEpUojAa 3HAYEHUs Y, U Y, NPUHATH PaBHBIMU

2000 (yBenuueHHE ITUX MapaMETPOB OCYILECTBISACTCS MOCPEACTBOM PACIIUPEHUS PHIH-
Ka B TCUCHUU MepBBIX 60 IHEH, HaIIpUMep, CO3/1aB HOBBIC TOPTOBBIC TOYKH B HOBOM pe-
THOHE).

[TocTpouts rpaduku nsmeHenus npuObLTH. CaenaTh BEIBOIBI.

3. HpI/IMCHI/ITB MCTOJ IMOKOOPAWHATHOTO CIIyCKa O MAKCHUMM3allMKM KPUTCPHI

J(u,,uy) =w,, (mpuOBLTN GUPMBI B MOCIEAHUNA JI€Hb), TPUMEHUB METOJ JEJICHUS IIara

nomnoJjiaM. HayanpHo€ 3HaueHUE mara IIPUHATH paBHBIM 10. OIITUMHU3AINIO OCYIICCTBUTDL

CHauaJa Mo MepeMeHHoOH u,, 3aTeM 0 epEMEHHOH u, .

[TpoMexxyTouHbIE pe3yabTaThl OPOPMUTE B BUe Tabnuibl. [IpuBectu B oTueTe om-

THUMaJIbHbIC 3HAUEHHUS 00BEMOB IMPOU3BOJACTBA U OIITUMAJIbBHOC 3HAUYCHHC HpI/I6BIJ'II/I.

4. Haiitu onTUMaibHbBIE 3HAYEHHS O00HEMOB IMPpONU3BOJACTBA U HpH6BIJIH C y4€TOM

OTrpaHWYEHUl (BEeNWYMHA u,, TpUBEIEHA B Tabnuue 6.2):

X

u+u,<u, .
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Tabmuna 6.1.

n/n 1 2 3 4 5 6

W, 10 25 30 0 45 50
n/n 7 8 9 10 11 12
W, 35 15 40 55 65 70

Tabmuma 6.2.

n/n 1 2 3 4 5 6

U, 20 25 30 35 40 45
n/n 7 8 9 10 11 12
U, 15 28 38 32 42 50
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