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BBegenue

Hacrosmmmin  cbopuuk 3amad  cOCTaBIEH JOTMEHTOM
A.B.JlebeneBbiM na ocoBe ceMuHapcKuX 3auaTuit B 1998—
2007 rr. mo xypcy mpodeccopa FHO.H.Hepemunix ”MaTe-
MaTHIeCKHe MOIENN DKOHOMUKE [ CTYAeHTOB 4 Kyp-
ca YKOHOMUYECKOT'O TMOTOKAa MeXaHUKO-MaTeMaTHIeCKOro
dakyabrera MI'Y. Tembl 3a1a1 B OCHOBHOM COOTBETCTBY-
10T TIporpaMMe Kypca (¢ y9eToM TPOUCXOJUBIINX B Hel
M3MEHEHNH ).

Co6opuuk cogepxut Gomee 80 3amad, pas eleHHbIX Ha 8
riaB. B madage Kaxkou IaBLI TPUBEIEHEI KPATKIE CBE/Ie-
HUA W3 TEOPUH, HeobXonMMble s peleHus 3anad. Muo-
rue 3ajavqu CoMepKaT PAl ONHOTUIHBIX TONMYHKTOB, 9TO
MO3BOJIAET JydIlle OPraHN30BaTh CEMUHAPCKYIO M JTOMAaIlll-
oo paboty crygenToB. C6opunk cnabken oTBeTaMu, a
TaKkKe KPATKUMU PeleHnAMI 1 KOMMEHTapUAMU, TTO3BO-
JAIOUINME Jy4llle Pa3biACHUTH nU3ydaeMmMyio Temy. HWuTe-
pecHble ClIyYanm TPOWLIIOCTpupoBanbl rpadpukamvu. [Ipn-
BelleHbl TaKKe o6pasllbl BapUaHTOB KOHTPOJIBHBIX PaboT
(mo maTepnaxam 2005/2006 yae6Horo roa), KOTOPbIE MO-
YT OPUTONUTHCA TPENonaBaTerto.

HeobxommumMo oTMETUTDH, 4YTO 3aNav9HUK MpelHa3Ha-
YeH IS CTY/JEHTOB-MaTeMaTUKOB U OTpaxkKaeT B3NJAI Ha
npeiMeT MaTeMaTHKa, a He DKOHOMUCTa. B mocobun pac-
CMOTPEHBI Holee MMUPOKIE KIACChl (DYHKINH MOJE3HOCTH
1 TIPOM3BONCTBEHHBIX (PYHKITNN, HEXKETN PACCMATPUBAIOT-
¢ TpaauinonHo. B "wacTHOCTH, TOCTPOEHBI KOHKPETHBIE
npuMepbl (PYHKIUH MONE3HOCTH, NeMOHCTPUpYIone ¢de-
HoMenbl ToBapoB ['mdppena n "mmskoro xkadecrna’, KOTO-
pble OOBITHO U3JATAIOTCA JUIlTb onrcaTeabro. [Ipu uzydve-
HOU T2y THHOOOPa3HOU MOJENTN PacCMOTPEHLI ee 0600TIIe-
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HUA B TUIaHe HETNHENHOCTH W 3aBUCHMOCTH OT TPOIILIOTO.

[Ipu pemrennn 3ama4 CTYJEHTHI UMEIOT BO3MOKHOCTH
MPUMEHNTH MONyYeHHbIE PaHee 3HAHUA B MaTeMaTHYeCKOM
anaanse, nudPepeHtnarbHbBIX 1 PA3HOCTHBIX ypaBHEHU-
AX, TUHENHOU aiarebpe, TUHEMHOM MPOTPAMMUPOBAHUN I
TEOPUN BEPOSTHOCTEMN.

B saxuaiouenne, aBTop HajeeTCs, YTO €ro TPY MTOMO-
JKeT HOBBIM TTOKOJEHUAM CTYI€HTOB JydlIlle OBIaeTh Bak-
HBIM, aKTyaJbHbIM W WHTEPECHBIM MPEIMETOM — MAME-
MATMULECKOTU IKOHOMUKOU.

ABTOp BBIpaxaeT 6IAT0JAPHOCTH 3aMECTHUTENO [e-
KaHa 110 MaTeMaTHKO-2KOHOMUYIeCKON CIeNNaIn3allun mo-
ety E.B.Henypuny, npodeccopy HO.H.Hepemnnix, ac-
cuctenty A.B.CermBanoBy, a Takxke 3aBeyomneMy Kade-
IPOU TEOPHH BepOsITHOCTEN Lreny-Koppecnongenty PAH
npodeccopy A.H.IMupseny.



1. OcHOBBI TeopuM MOTPEOUTENBLCKOTI'O BEIGOpa

Ilompebumenvcrum nabopom HasbBaeTcas HabOp W3
KOHETIHOI'O 9HCJa TOBapOB B IIPOU3BOJLHLIX HEOTPHIa-
TeIbHLIX KOINIeCTBaX, KOTOPLIE MOXKET MMeTh MOTpebu-
Tenb. lloTpebuTenbckmili Habop ONMUCHIBAETCA BEKTOPOM
= (r1,...,2,) € R].

Dynryueti noaeznocmu u(x) HasbiBacTCS QYHKIHA,
ONUCHIBAIOIIAA TTONE3HOCTD (YI0BOILCTBHE) NS MOTpEeOH-
Texs oT Habopa x. IKOHKpeTHbIE YHCIOBLIE 3HAYEHIS
(PYHKIUE He UMEOT COJepKaTelbHOI'0 CMBICIA, BaikKHO
TOJNLKO OTHOIICHUE MeXK1y HuME (6Omblle, MEHbIIE HIn
paBHo). PYHKIUA MONE3HOCTH UCTIOAL3YETCA S YCTAHO-
BIEHUs OTHOIIEHNs TpeanodarTenmsa: ecan u(x') < u(x"),
TO A1 moTpeburens Habop x” mpeamodITHUTETLHEN, YeM
2’y ecim u(x') = u(a”), To mabopwr pasmoteHHbl. O 1HO
U TO Ke OTHOIIEHNEe IPeAIoYTEeRNnA MOKET OBIThH 3aJaHo
PasIMIHBIME (DYHKINAMIE.

[IpeamoraraeTcsa, 9To (PYHKIUA IIOJE3HOCTH HeEIpe-
pBIBHA 11 06TafaeT ClelyIoMIMI CBOMCTBAMIE:

1. Ecan 2’ < 2" nokomnonenTo, To u(x’) < u(x”).

2. Bce muoxectna {2 : u(x) > ¢} BoIIyKIbL.

BTopoe cBoiicTBO 0O3HaYaET K6a3U602HYMOCMb PYHK-
nn

u(laz’ + (1 —a)2”) > min{u(z), u(z")}, «€][0,1],

KOTOpas CleayeT w3 OObLIMHON BOTHY TOCTH.

[lanee 6y nem mosaraTh I TPOCTOTHI R = 2 U paccMa-
TpuBaTh (PYHKIIUIO B TOJOKUTEILHOM KBaApaHTe MI0CKO-
CTH.



Junuamu  6e3pazaunus Ha3LBAT JUHAN  YPOBHA
(DYHKIINT TOJE3HOCTH. DTH JUHUE BLITYKIBI K Hadaly KO-
opanuaT. Kaxmgas m3 BO3HUKAIOINMX HEABHLIX (DYHKIINN
xg = xa(xy,u) m &1 = x1(xg, u) BHIIYKIA U HE BO3PACTAET
(HoCTaTOYHO TTPOBEPUTH OHY U3 HUX).

B anrepatype dacTo BBOAAT Gojee OrpaHUIUTEIbHEIC
CBOHCTBa. A HMeHHO, IJIA IBaXKIbl AuddepeHnnpyeMon
dbyuRIIN U(Tq, ¥2) TOTATATOT

. Quf0xy >0, Ju/dxy > 0.

2. 9*u/dz} <0, 0*u/dz3 < 0.

3. 82u/8x18x2 2 0.

Uz ycaosun 1’-3" caenyror 1-2, Ho we maobopor. Bo-
Jlee TOro, m3 ABYX (PYHKIWH, YIOBICTBOPAIOMNX 1-2 1 3a-
JAIOMINX OJHO W TOXKEe OTHOIIECHWE MPEeITOYTeHNs, OlHa
MOKeT YIOBIeTBOPATL 1-37, a mpyras mer (Hampumep,
2lnxy + 3lnay w zizy). Takum obpasom, ycaosus 1-2
uMeroT 6oiee QyHIaMEHTAILHLIN XapakTep, U Jajlee Mbl
Oy IeM TP AEepKNBATHCS UX.

Pyuknusa f wazpiBaeTCs 0dnopodnotl cmenenu S, ecin
f(t2) = £ f(2).

Brodxucemuvin  oepanuuenuem HasbIBaeTCA YCIOBHE,
OrpaHMYNBAIONIEEe MHOKECTBO JOCTYIHBIX HOTPEOUTENIO
TOBApOB B CUIAY TOr'O, YTO TOBaphl IIATHLI U UMEIOT Tie-
HEI p, a moTpebuTenh nMeeT Kouednni goxon M. Takum
obpasoM, MoxydaeM YCIoBHE Py + paxy < M. Muoxe-
CTBO TOYEK, 3ajJaHHOE WM, HAZBIBAIOT 0100HCEMNbLIN MHO-
scecmeom. MHOKeECTBO TOYEK, 3aaHHBIX ypaBHEHHEM
pLTy + pexy = M, maswiBaroT 6rodxicemuoti npamoi.

[Ipamas 3agada MOTPeGUTEILCKOTO BBHIGOPA COCTOUT B
TOM, YTOOLI MAKCUMEU3NPOBATE (DYHKITHIO TOJE3HOCTH TIPH



qDI/IKCI/IpOBELHHBIX OeHax 1 NOXOoJe:

u(xy, x9) — max (1)
P11+ para < M

B cury ney6niBamms u HepaBencTBo B (1) MOKHO 3aMeHUTE
Ha PaBeHCTBO.

OnruMaTbible 3HaYeHUs mepeMenubix B (1), 3aBucs-
mye OT HeH U J0XOJa, ONPeNeNsatoT (yHKyUL cnpoca no
Mapwaaay w oboswavgatores x°(p, M) nwan D(p, M).

Kocsennoti dynryuei noaeznocmu v(p, M) waspia-
ercs MaKCUMalbHas BeJUdnHa IOJe3HOCTH, NOCTHKMN-
Mas Tpu Ol0KeTHOM opranmvenun, T.e. ov(p, M) =
u(z°(p, M)). KocBennas QpyHKINS MOIE3HOCTH He BO3Pa-
craeT 1o p, He ybwiBaeT mo M, ommopomna crenenu 0
o (p, M) w xBasuBbIIyKIa (T.e. BBIITYKIB MHOXKECTBA
[ olp. M) < ).

O6parnas 3a1a49a NOTPEONTENILCKOTO BHIGOPA COCTOUT
B TOM, 9TOOBI HAUTH MUHUMAILHBIN JOXOM, IPH KOTOPOM
NOCTVIKIAM 3aaHHbIl yPOBEHD TTOJE3HOCTH:

P11 + pary — min (2)
u(y, x9) = u

OnruMaTbible 3HAYEHUs MepeMeHHbX B (2), 3aBUCA-
ye OT 1eH W yPOBHA MOJE3HOCTH, ONPENeNsatoT Gynkyuu
enpoca no Xukcy u oboswagatorcs x*(p,u) nan H(p, u).

Dynryuei pacrodos m(p,u) Ha3LIBAETCA MUHIMATb-
HBIN JOXO[, TIPU KOTOPOM JOCTHKAM YPOBEHD TTOJe3HOCTH
u, T.e. m(p,u) = p1 Hi(p, u)+p2Hs(p, u). Pynkuns pacxo-
1I0B He yObIBaeT 10 (p,u), BOTHYTa U OJHOPO/IHA CTENEHN
1 mo p.
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BBG,I[GHHBIG qDyHKHI/H/I CBsA3aHBbI €CTE€CTBCHHBIMI COOT-
HOIICHM M

v(p,m(p,u)) =w, m(p,v(p,M))= M.

Baxmyio poab Takike UrparoT CIeayoIme cOOTHOIIE-
HUSA, TTO3BOJATONINE BBIPA3UTh (PYHKIIUH CIIPOCA 9€PE3 KOC-
BEHHYIO (PYHKIINIO TOJE3HOCTH U PAaCXOI0B.

Jemma Hlennapda.

om
— = H;(p,u).
o (p,u)
Toxcdecmeo Poas.
v v
——/ — = D;(p,M).
Opi/ OM (p, M)

1.1. IlpoBepuTh, Kakme u3 CreayOMNUX (PYHKITIMH SBJIS-
0TCAa PYHKIUAMU TOJE3HOCTH:

a) xy +

6) x1 — 9

B) o1 + 23;

) VE+
) _
)

n) min{z,23, 2}
Kaxue u3 mepevncaenubix GYHKIUNT 0JHOPOAHBI (1
KaKol creremt)?



1.2.

1.3.

1.4.

1.5.

1.6.

Oupenernth, TpM KakWX 3HaYeHNAX MapaMeTpOB
crenyromme GyHKINN ABIAIOTCA (PYHKIUAMA MOIE3-
HocTu!:

a) (2§ +5)7;

6) vIn(e*™ + 65902);

B) 29z + 7.

lokazaTh, 910 ecan u(x) — QYHKIUA TOIE3HOCTH I
f(x) — mempepbiBHAsA BozpacTaiolas QPYyHKINA, TO
u*(x) = f(u(x)) Takxe ABIseTCA PYHKINEN TOTE3-
HocTH. BoipasnTh gyHKnum cnpoca no Mapmanry
n XUKCY, KOCBEHHYTO (PYHKIIIIO MOJE3HOCTH U (PYHK-
U0 PAcX0/I0B MpU HOBON (PYHKINU MOJE3HOCTH U
Yepes COOTBETCTBYIONINE (PYHKIINU MPU CTapOu.
Hycrs u(ay, ..., x,) — pyuxmua moresuoct, g;(x),
1 <1 < n, — BoruyTble HeyOBLIBAIOIINE HEOTPUIIA-
reabuble pyHknun. /lokaszaTh, 9TO

u(y, .o xn) = ulgr(®), oy gnla,))

TakKe ABIAeTCA (PYHKINEN MONE3HOCTH.

lokazaTh, 910 ecanm ui(x), ..., uy,(x) — dyHKIIN
noxesroctn, To u(x) = min{uy(x),. .., wy,(x)} spis-
ercs (PyHKIMEN MOJE3HOCTH.

Hantu ¢dyuxnmm cnpoca mo Mapimamny n Xukcy,
KOCBEHHYTO (PYHKIINIO MOJE3HOCTH U (PYHKIINIO pac-
XOJIOB MpH CAENYIONIX (PYHKIUAX MOAE3HOCTH:

a) r1w3;

6) wjxy;

B) zia3.

! TpupmaabHasd (pyHKIHA IOJE3HOCTH, paBHAA KOHCTAHTe, 3Jech
He paccMaTpUBAacTCA.
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1.7.

1.8.

1.9.

1.10.

1.11.

1.12.

Hantu ¢dyuxnmm cnpoca mo Mapimamny n Xukcy,
KOCBEHHYTO (DYHKIWIO TOTE3HOCTH U (DYHKIHIO pac-
XO/IOB TIPU CAEAYIONINX PYHKITUAX TOTESHOCTH:

a) (a7 +23')7%

6) (1”4 a3?)™h

B) Inxy + In @y

r) /T + /2.

Hantu ¢dyuxnmm cnpoca mo Mapimamny n Xukcy,
KOCBEHHYTO (DYHKIWIO TOTE3HOCTH U (DYHKIHIO pac-
XO/IOB TIPU CAEAYIONINX PYHKITUAX TOTESHOCTH:

a) ¥y — 1/ao;

6) x1 + Inay;

B) ¥1 + VT2

Hantn ¢pynxnmm cmpoca mo Mapimamry n KocBeH-
HY10 (DYHKIWIO TOJE3HOCTU TPU CIEAYIONIX (PYHK-
MUAX TOJE3HOCTH:

a) x1(xy + 3)%;

6) x129 + 221 + 3a2.

Hantu ¢dyuxnmm cnpoca mo Mapimamny n Xukcy,
KOCBEHHYTO (DYHKIWIO TOTE3HOCTH U (DYHKIHIO pac-
XO/IOB TIPU CAEAYIONINX PYHKITUAX TOTESHOCTH:

a) day + Hay;

6) min{2xy,3x,}.

[To caemyrormumM KOCBEHHBIM (PYHKITUAM MTOJE3HOCTH
BOCCTAHOBUTDL (PYHKITNU TTOIESHOCTH:

a) 4Mpy py

6) 2TM*py°py

B) 10SM°py2py°.

[To cremytommm GyHKINAM pacXogoB BOCCTAHOBUTD

PYHKINHT MTOTE3HOCTH:
1/3 2/3
a) 3ul/op1p3’?;
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6) 5up2/5 3/5.

)\/_uz 5/6 1/6

2. OdpdexkTH 3aMeHBI U goxoga. Kiaaccel ToBapoB

[Ipeamonoxum, 9TO TeHa Ha HEKOTOPBIM TOBApP BBI-
pocia. JTO MpUBENeT K U3MEHEHUo MOTPebIeHns 3TOro
ToBapa (OOBITHO, K COKPAIIEHNIO), HA3BIBAEMOMY 0O0WU.M
aspdermom OI;. 3Has 570, MBI (TEOPETHIECKH) MOKEM
BBIILIATUTE MOTPEOUTENO NEHEKHYIO KOMIEHCAIINIO, ITO-
6Bl OH CMOT' 3aMEHUTDL TOMOPOKABIINN TOBAp JAPYTUMM.
[Torpebrenne ToBapa U B DTOM ciaydae W3MEHUTCS, HO Ha
IPYTYIO BEIUYUHY, Ha3biBaeMyto addexmon 3amenvt I3;.
Ocrapirytocs 9acThb 061iero >dhdekTa Ha3bBaloT IPder-
mom doroda I]1;. Taxkum o6pazom, TTOTyIaeM pasIoKeHne
appexToB OI; = I3; + I/I;. Ilonarno, 4To oHo 3aBUCHT
OT TOT'O, K&K MBI PACCINTAEM KOMIIEHCAIIIO.

Komnencayus no Xurxcy AH onpenensercsa Tem, IT0-
661 TOTpebuTeNh MOT JOCTUTHYTD MPU HOBLIX IT€HAX TOT'O
Ke YPOBHS TOJE3HOCTH, ITO UMeN BHATATE.

Komnencayus no Cayyxomy AS ompenerseTcs Tem,
9TO6BI TOTPE6UTENL MOT KYNUTDL MPH HOBBIX IEHAX TOT
Ke HabOp TOBApOB, UTO MOKYIAJd BHATAIE.

3aMeTnM, 9TO Ha CaMOM Jlefle TIPU MTOXy IeHIH KOMITeH-
caruu o Cayrnkomy norpeburtens HE zaxoder mokynatn
TOT Ke Habop TOBAapOB, a KYMUT HECKOILKO WHOM.

XoTs mpn JT06LIX KOHETHBIX W3MEHEHUSX MTEeHbI KOM-
nercarnun mo Crynkomy n XWKCYy, a TakiKe COOTBETCTBY-
ore >PPEKTH 3aMeHbl U 0X0Ia Pa3IuIaioTCs, ONHaKO
MpPU MaAAbIT W3MEHEHNSX OHU COBIIANAlOT B MTEPBOM IIPU-
O KEeHN.

IIpedeavuvin sermon HasbBaeTCA Mpee] OTHOIIE-
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Hug >PpdekTa K MaIoMy U3MeHeHUto IeHbl. Hcmonb3yem
ypaenenue Cayyroeo:

dx° Ozt 0z°

T 7 7

dp; ~ Opi OM

o
x;.

B neBon wacTu cTonT npeneabubin obimn >ppeKT, B Ipa-
BOE 9YaCTH TEePBOE claraeMoe JaeT MpeledbHbI d(PdeKT
3aMeHbI, BTOPOE — MPEIeIbHBIN DPPEKT T0X01a.

ToBap HasBIBaeTCA 00bLIKHOGEHHBIM, €CIU €0 MOTpe-
Gaemnme me BoszpacTaeT (OOBIMHO, COKPAIIAETCA) ¢ POCTOM
Hnewsl, U mosapon [ 'uddena, ecim ono pacrer.

ToBap HasLIBACTCA HOPMAALHBIM, €CIU €rO TOTpebe-
Hie He yobBaeT (OOBITHO, pacTeT) ¢ POCTOM J0XONa, 1
MOBAPOM HUZKOR0 KAYECTMEA, €CIN OHO COKPAIAeTCA.

HopMarbHBIT ToBap Ha3bIBaeTCA NPedMemonm pocko-
W, eCan NOJSA NOXOja, BhIjelseMas Ha ero MOKYIKY, pa-
CTET ¢ POCTOM JIOXOfa, U MO6aAPOM NEPE0l HeoOToIUMO-
cmu, eciim OHa COKPAIaeTCA.

3aMeTnM, 9TO BCe BBEJIEHHBIE KATEMOPUN XapaKTepu-
3YIOT He ToBap caM 1o cebe, a OTHOIICHIE K HEMY MOTpe-
O6UTENs, KOTOPOE MONKET OLITH pPasHBIM TPHU Pa3InIHBIX
noxofnax u menax. Takum o6paszoM, oJUH U TOT JKe TOBap
MOMXKeT OBITHL B OJHON cUTyannun ToBapoMm |'ndpena, a B
IPYTron — OOBIKHOBEHHBIM U T.II.

2.1. Beramcants >2¢ppeKxTh 3aMeHEl I [0X04a, KOMIIEHCa-
nun 1o Xukey n Caynkomy, ecau:
EL) u(l’l,l'g) = l’%l’%, M = 607 P = 17 P2 = 27 G = 3a

6) u(xhx?) = 1’11}%, M = 807 P1 = 17 P2 = 17 G2 = 4;
B) u(xhx?) = l’?l‘%, M = 1007 P1 = 17}72 = 27 G = 5;
F) u(xhx?) = l’%l‘%, M = 967 P1 = 27 P2 = 17 G2 = 4;

13



2.2,

2.3.

2.4.

2.5.

m) u(ey, x9) = ey, M =90, pr =1, p2 =3, ¢ = 5
6) u(l’l,l'z) = l’?l‘%, M = 807 P1 = 27 P2 = 17 G2 = 5.
Breraucants npegenbnbie appeKTEL, UCIOAL3Y S TaH-
Oole n3 2.1.

Hantu ¢pymknmm cnpoca mo Mapmmanry mpun pynk-
nnw moaesnocTn u(xy, ry) = min{zia3, 2z, }. Ioka-
3aTh, 9TO B HEKOTOPOU OOGIACTH HapaMeTpPOB OJIIH
3 ToBapoB ABIgeTcsa ToBapoM | 'mdpdena. Ompene-
JIUTH 3Ty 00JacTh.

Hantu ¢pymknmm cnpoca mo Mapmmanry mpun pynk-
nuw nonesnocTr u(xy, v2) = (21 + 1)* + In z,. Toka-
3aTh, 9TO B HEKOTOPOU OOGIACTH HapaMeTpPOB OJIIH
I3 TOBApOB ABIAETCS TOBAPOM HU3KOT'O KadecTBa, a
apyroi — HopMaabHLIM. OnpeeanTs DTy 061acThb.
Hantu ¢pymxknmm cnpoca mo Mapmarry npu creny-
oMUX PYHKIUAX TOTE3HOCTIH:

a) x1 + 31n ay;

6) 2,/T1 + x2;

B) xira/ (21 4+ 1)%

) atad (s 4 3]

OnpenemnTh, Kakme U3 TOBapOB OTHOCATCS K TOBa-
paM IIepBOl HEOOXOANMOCTH, a KaKe — K ToBapaM
BBICOKOT'O KadecTBa (IpejMeTaM POCKOIIN ).

3. AHasu3 XxapakTepUCTHK.

[Iycts xaxabim m3 n ToBapoB obiagaeT m XapakTe-
puctukamu (moxesubivMu cBoricTBaMu ). O6o3HAINM Yepes

a;; colepKaHue 1-Ol XapaKTEePUCTUKHU B eINHHIE J-T'O TO-
Bapa. lIpenmonoxum, 4To PyHKINSA MOJEIHOCTH 3aBUCUT
yiKe He 0T Habopa ToBapoB & = (Xy,...&,), @ OT WX CYM-
MapHBIX XapaKTepucTuk § = (Y1,...,Ym), Y = Ax, rge
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A= (aij).

Moxno ompeneanTh HOBYIO (DYHKIHUIO ITOJE3HOCTH
t(x) = u(Ax) u pemmraTh TPAMYIO 33,19y TOTPEOUTETHCKO-
ro Bei6opa ¢ men. OaHAKO OOBLITHO DTO OKa3bIBAETCA [0~
BOJBHO c10kHO. /Ipyron noaxon 3akaodaeTcsa B TOM, 9TO-
OBl MaKCHMU3UPOBATEL U(Yy) Ha HEKOTOPOM MHOKECTBE B
IPOCTPAHCTBE XapaKTEePUCTUK, BO3HUKAIONEM KaK oOpas

610, 1KE THOT'O MHOYKECTBA TIPU OTOOpaKeHnn #4 y = Ax.

[laree momaraem i TPOCTOTHI m = 2.

Hoctpoum rouxn A; = (ay;M/p;,az;M/pj), 1 < j <
7, COOTBETCTBYIOININE 3HAYEHUAM XapaKTEPUCTUK TTPH TO-
KyIIKe TOJBKO J-I'0 ToBapa Ha Bech moxon M. Torma mmo-
KECTBO MONMYCTUMBIX XapaKTEPUCTUK OKa3bIBA€TCS BhI-
nyKJIon obonouxkon MuoxkecTBa Ay, ... A,. Pemenne pac-
MOJOKEHO Ha €ro ~ ceBepO-BOCTOIHON TI'paHuIle, Ha OIHOM
13 OTPE3KOB WaW B Bepinuie. Kciam Todxa JexunT BHYTpHU
oTpeska ApA; n neauT €ro B HEKOTOPOM OTHOIIEHUN, DTO
o3HavaeT, 9TO HYXKHO MOKYMaTh TOJIHKO TOBaphkl k m [,
pasmenmB MeX Ay HUMU [OXON B TOM Ke OTHOImennn. Fc-
JW TOYKA COBIAJAET C BEPIMHON Ag, TO HYKHO MOKYIaTh
TOJALKO ToBap k.

B ob1miem cayvae mosydaeTcs, 9TO IpU HAIUYIUN m < n
XapaKTEePUCTHK CIeIyeT TMOKyTaTh He folee 9eM m ToBa-
poB. Taxwmm 06pazom, ocTaibHble TOBAPHI BLITECHAIOTCS
C pBIHKA.

3.1. UmeroTcs aBa ToBapa ¢ ABYMA XapaKTEPUCTUKAMU.
Dyukms monesHocTn u(yr, y2) = Y1y2. lpn memax
p1 =1, pp =2 u goxome M = 120 manTtn onTuMain-
HBI TOTPEeOUTEALCKIH Habop, €CIIn:

a) ajp =1, aig =5, ag =4, azx = 3;

15



3.2.

3.3.

3.4.

6) a1 = 1, 19 = 5, o1 = 2, oo = 3,
B) ayp — 1, a12 = 3, a1 — 5, g9 — 3,
F) ajp =1, ayg =6, az = 4, azy = 2.

NmeroTcs nBa ToBapa ¢ ABYMs XapaKTePUCTUKAMU.
XapaKTepuCcTuK mepBoro ay; = 2, dg = 8. PyHK-
s noaesnocTn w(yy, y2) = y1y2. HanTm Bepxmioro
TPAHUITY IEeHbI, 10 KOTOPOU 6y IeT MOKyTaThCs:

a) BTOPOIW TOBap, €CIl d12 = 3, 29 = 4, p1 = 1;

6) MepPBLIN TOBAp, €CIN 13 = D, doz = 3, p2 = 3;

B) BTOPOI TOBap, €CIU d12 = D, dz = 12, p; = 2.
[Ipu ycaoBusax s3agaunm 3.1a Ha pbIHKE MOSABIAETCH
TpeTun ToBap. [IpoBeputh, 6ygeT au on MOKyHIATH-
CSl M KAaK WBMEHUTCS ONTUMATLHLIN TOTpebuTerh-
CKII HabOp, €CJm:

EL) Cl13:2, Cl23:3, P3 = 1,
6) Cl13:3, Cl23:6, p3:2,
B) a3 =3, a;3=1,p3=1.

[Tpu ycaoBmsax
TpeX cIydaen)

IpeabIAYIeln 3ajadn (B Kak oM 13
HalTH BEPXHUE T'PAHUILI TeHbI Tpe-
Thero ToOBapa, NPU KOTOPBLIX OH OyAeT MOKymaThCs

Ha pBIHKE.

4. OcHOBLI TE€OPHUHU OIITHUMHU3IAIIUN IIPOU3IBOJACTBA

IIpouzsodcmeennoi

f(z) waspiBaeTCs

Pynryuet

PYHKIUS, OMUCHLIBAIONIAA BBLINYCK MPONYKINKA B 3aBUCH-

MOCTH OT PacXojlyeMbIX pecypcoB & = (a1, .

c ). Kak

MPABUIO, PACCMATPUBAIOT CIAYIal ABYX MEePEMEHHBIX: 1

(Tpyna) u vy (KammTanra).

K mpomsBomcTBentnon (PpyHKIUE OOBIMHO TIPETHABIA-
oTca Te XKe TpeboBaHmWs, YTO U K (PYHKIUN MTOJE3HOCTH

(ra.1). Pasmmma B ToM, 9TO 3HAYEHUs TPOM3BOICTBEH-
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HOW (PYHKITUH yKe NMEIOT BIIOJIHE CONEPKATETLHBIN CMBICT
(BBIMIYCK TPOAYKINK) ¥ JIOJKHBl ObITH HEOTPULATENb
ubl. FKcTecTBenno Takke MPeANoONOKATEL, 9TO MTPOU3BOI-
CTBO HE MOXKET MPOUCXOJANTH B OTCYTCTBUE PECYPCOB, T.€.
f(0) =0.

H30x6anmoti HasbLIBaeTCs JIUHUA YPOBHSA TIPOU3BOJI-
CTBEHHON (DYHKITUH.

Ilpedeavnvin npodyxmom M P, wmasbiBaeTcs mpemen
OTHOIIEHUS TPUPAIIEHNS TTPON3BOICTBEHHON (PYHKIINNI K
IpUpaIeHnio pacxoa i-ro pecypea, r.e. M P, = df/dx;.

Cpednwum npodyxmom AP, HasbiBaeTcs OTHOIIEHWE
fx) /.

Hpedeavnot mexnuueckot nopmot zamenvy M RTS,, .,
HA3LIBAETCS Tpefesl OTHOIIEHUs PUPAIIeHns Ty K MpPU-
paIlleHuio Ty BAONL W30KBAHTBI, B3ATLIN € OOPATHBIM
3HAKOM. JTa BeIWYWHa COBMANaeT ¢ OTHOIIEHTEM
MP, [MP,,.

Daacmuunocmvio €,(y) BETUYUHDL i 10 BeTUYNHE T Ha-
3LIBAETCS TPeiel OTHOCUTETLHOTO IPUPAIITEHns Y K OTHO-
CUTETLHOMY TPUPAIIEHNIO &, T.€.

o _dy/y_d_yf_dlny
Ay =y Dz diny
de/x dey dnx

Jlorapudpmudeckas dpopma npencTaBIeHUs 31eCh Hau-
6omee ynobHa B cIydae CTEMEHHBIX 3aBUCIMOCTEN.

DAACNUNKOCTIBIO 3AMENBL PECYPCO6 T HABHLIBAETCS DIa-
CTUYHOCTH KallUTAIOBOOPYKEHHOCTH To/x1 1O Mpeeidb-

Hou Texumdeckon Hopme s3amennt M RT'S,, ., Bmoiasb m3o-

1,22
KBaHTBHI.

[Tpubbirs oT mpom3BoCTBA BhIpaKaeTcss GOpPMyIoOn

PR = pof(l'la 51?2) - (pll‘l + pzl‘z),
17



rie pg — IeHa NpoayKTa, p; W Py — IEHLI PECYPCOB.

Moxno cTaBUThL 3aMadn MaKCUMU3AlNn TPUOLLIN
PR — max na doa2ocpounom m Kpamrocpounom npome-
scymre BpeMenn. Pasnnita B TOM, 9TO B IEPBOM CIytae
MBI [IOTTYCKaeM IIPOU3BOILHBIE HEOTPUIIATENbLHBIE 3HaTe-
HUS A Ty, T2, @ BO BTOPOM (PUKCHpYeM Ty (KammTan)® u
MOKEM MeHATH TOABKO ¥y (Tpyn). Takum obpasom, Mak-
CUMYM TPHUOLLIN Ha KPATKOCPOTHOM ITPOMEKYTKE MEHD-
Ie, 9eM Ha JOJTOCPOYMHOM, WM COBMAMAET ¢ HUM. J3aja-
Ya MaKCUMU3AIUN MPUOLLIN MOKET He NMeTh (KOHETHO-
[0) PeIIeHns, eCIn MPON3BOACTBEHHAA (DYHKINA PacTeT
TOCTATOYHO GLICTPO.

Maxcumusupyioruie mpudbLIL 3HAYEHIS TePEMEHHDBIX,
3ABUCSAIINE OT TEH, ONPEIENAI0T GYHKYUY CNPoca Ha pe-
cypevt 1 0603HaTAOTCS ©°(p). DTN PYHKIUNA OJHOPOIHBI
ctertern () o p.

Dynryuei svinycka QQ(p) HasLIBaeTCsA BeAWTNHA BbI-
MycKa MPOAYKITUH TTPU OMTHMATLHBIX 3aTpaTaX pecypcoB
(MakcmMusmpyionmx mpuoblib) Q(p) = f(x°(p)).

Makcnvarnbhas mpubsirs P R(p) onnoponma crenemnn 1
o p.

Jadaua marcumMuzayuu 6uiNYcka npodyryun npu Gur-
cuposanublr uzdepircrar GOPMYIUPYETCA B BUIE

flx1,22) — max
pay+ perg <C 7

(3)

rae O — m3nepxkku. B cury meyOGuiBanus mpom3BoOqCTBEH-
HOW (PYHKIINI HEPABEHCTBO B (3) MOKHO 3aMEHUTDH Ha pa-
BercTBO. llpsmas pyxy 4+ pere = C maswBiBaeTCs u30K0-

?Tpu >ToM B hopMyTe I1A IPHOBLIN CIAraeMoe PaZy He YIHTEL-
BaeTCA.
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emoti. 3anada (3) aHaloTWIHA TPAMON 3a1atde TOTpe6u-
TeTLCKOro Bhibopa (ra.l).

OnruMaibible 3HaYeHus MepeMeHHbx B (3), 3aBu-
cAlMe OT IeH, ONPEeJeNAloT YCA06HblE GYHKYUU CNPo-
ca na pecypevt no Mapwaaay n obosmagaiorcs x°(p, C).
d1u pyuxmun ognoponubl crenern 0 mo (p,C'). Coort-
BETCTBYIOIIaA BEAWINHa MPOM3BOJACTBEHHON (PYyHKIUU B
(3) onpepnenser dynryuio yeaosnozo svinycka Q(p,C) =
f(@®(p, C)).

Junuetii pazsumus @Gupmbl HazHIBa€TCA MHOKECTBO
{z°(p,C),C > 0}. Umeercs B BUIy, 9TO O Mepe PA3BIU-
T (PUPMBI TOUKa, OMUCHIBAIOIIAS PACX0o/ peCypPCOB, JBH-
KeTcs 1o DTON JUHNN.

Jadava munumuzayuu uzdeprcer npu Gurcuposannom
suinycre npodykyuu GOpMyJIUPYETCA B BHE

P11 + paxrg — Min

fla,22) = Q ’ (4)

rjie () — BuIycK. 3agada (4) analormara o6paTHON 3a-
nlade TOTpeGuTerbCKOro Bhibopa (Tur.l).

OnruMaTbible 3HAaYeHUs mepeMeHubix B (4), 3aBucs-
e OT TEeH, ONPENCIAIOT YCAOGHbLE PYHKYUU CNPOCa Ha
pecypevt no Xukey n obozuavatores x*(p, Q). DT GyHK-
un ogaopoanbl creneru () mo p. CooTBeTCTBYyIOMIAs Be-
AUYUHa u3nepKek B (4) ompenenser GuHKyuO yca06HuE
uzdepacex C(p, Q) = pra®(p, Q) +p22°(p, Q), ommopogmyio
cternenn 1 mo p.

Panee MBI pacemarpuBainm TOJLKO TepeMeHHbLIE W3-
NEePKKI, HEMPEPBIBHO PACTYINHE ¢ POCTOM MPON3BOACTBA
1 B €10 OTCYTCTBHUE OOpaIatommecs B Hy b, (O 1HAKO MOK-
HO YUYUTBIBATH TaKkKe MOCTOSHHBIE W KBAa3UIIOCTOAHHDIE
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U3 MepKRKN (TocaeHe paBHbl Hy1i0 Tpn () = 0 1 Moa0K1-
TenbHOl KomcTanTe mpu () > 0). Takum oGpazom, (pyHK-
s C'(()) MOKeT ObITH Pa3pbIBHA B HyJde. JTO MPUBOANT K

TOMY, 9TO B 3aJav9¢ MaKCUMHU3alllll HpI/I6BIJII/I mpu HU3KOU
OEeHe Ha IIPOAYKT IIPOU3BOACTBO HEBLIT'OIHO, I CYIIIECTBY-
€T KPpUTUIE€CKOEC 3Ha9eHnEe HEHBI, Ha9llHasd ¢ KOTOPOI'O OHO
OKa3bIBa€TCsAa BBII'OJHO U 6y,[[6T pacTu.

4.1.

4.2.

4.3.

4.4.

Hantn mpegenbnyio TeXHUYeCKyl0 HOPMY 3aMeHbl
LS CJIe,I[yIOHlI/IX IPOU3BOACTBEHHBLIX (PYHKIHIT®:
a) xf :1;2, a, B> 0;
6) (01:1;1 + ey ™) MY ey ey h >0, 0 > —1;
B) x1(xg + 3)%;
r) (w1 —2)5 (2 = 5)%;
1) —Inf(e + e702)2),
Hantn sracTuIHOCTD 3aMEHBI pECYPCOB IS TTIPOU3-
BogcTBeHHbIX pyukiun w3 4.1. B caywasx, xorma
DIACTUIHOCTDL TepEMEHHA, HAUTHU [UATa30H €€ W3-
MeHeHns.
Hanrru mpegennr pynxnmm n3 4.16 npn
a) o — +o0;
6) a =0, ¢+ =1;
B) o — —1.
Hairu mpomssocTBenuyio dyukimo f(xy, xs), ecan
U3BECTHO, 9TO

)(M)Px1:(1/4)APx17MP$2 (3/4) @2
?C)(M)Pl’l_(1/2)AP1’17MP1’2_(1/3) T2

33neck u nanee ucnoabayerca o6o3HAYEHHE TIONOKUTENLHON Ya-
ctn 4ncaa 4 = max{xz, 0}.
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8) MP,, = (1/6)AP,,, MP,, = (2/3)AP,,,
f(1.8) =2

4.5. llycrs f(ay,2q) = xf:z;g, a, 3 > 0. llpn kakux 3Ha-
YeHUAX TapaMeTpOB pa3pellnMa 3ajada MaKCHMU-
3alluy NpuoLITU Ha:

a) MOITOCPOTHOM MPOMEKYTKE;
6) KpaTKOCPOTHOM TIpoMeKyTKe?.

4.6. Ilycts f(x1,29) = (27 + 23°)™ "> h > 0, a >
—1. llpu kakux 3HaYEHNAX TapaMeTPOB pas3perrmma
3alava MaKCUMU3alluu TpUOLLIN Ha:

a) MOITOCPOTHOM MPOMEKYTKE;
6) KPaTKOCPOIHOM TIPOMEKYTKE.

4.7. PemmTh 3aja4vy MaKCUMU3AlWUU TPUOBLIN Ha MOJ-
TOCPOYHOM MPOMEKYTKE NI CAeAyIONINX TPOU3BOI-
CTBEHHBIX (DYHKITHH:

1/2_1/3
) @y Ty
6) 227"y,
B) 4:1;}/3:1;5/6.
Hairru ¢pynxmmm cmpoca pupMbl Ha pecypcebl, (PyHK-
[0 BhITycKa (GpUPMbI 1 TPUOHLTL. BhraumcanTs sra-
CTUYHOCTHU NMPUOLLIN 1O 1IeHAM.

4.8. PemmTh 3amady MakCuUMusanunm TPUOLLIA Ha [TOJ-
TOCPOYHOM MPOMEKYTKE NI CAeAyIONINX TPOU3BOI-
CTBEHHBIX (DYHKITHH:

a) (a7 +ayt)

6) (min{2x, 3z, )"/,

Hairru ¢pynxmmm cmpoca pupMbl Ha pecypcebl, (PyHK-
IO BBIMTYCKA (PUPMBI I TPUOLLIb.

43 1ech U gadee mpeflonaraeTea, 9TO IepeMeHHAA &1 ONNCLIBACT
PTpyn’, a s CKammTana .
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4.9.

4.10.

4.11.

4.12.

4.13.

22

Pemmmth 3amavy makcnmusanuu npubbLIn Ha KpaT-
KOCPOYHOM TIPOMEXKYTKE A NPOU3BONCTBEHHBIX
yuxmmi n3 4.7. Hantn dyuxmnmm copoca pupMb
Ha pecypcbl U (PYHKIWIO BhITycKa (pupMmbl. Borau-
CINTH DAACTUIHOCTH TPUOBLITHN MO HeHAM.

Pemmmth 3amavy makcnmusanuu npubbLIn Ha KpaT-
KOCPOYHOM MPOMENKYTKe NI CIeAYIOUINX TPOU3BOI-
CTBEHHBIX (DYHKITHH:

a) (i +ay?) 712

6) (min{wy, 22})"%;

Hantn ¢dywkmum ciopoca ¢upMbl Ha pecypebl u
(PYHKINIO BBITYCKa (PUPMBIL.

PemmTh 3amavy MaKCHMU3aIWW BHIMTYyCKa TTPOMAYK-
Uy npu PUKCUPOBAHHBIX M3JepEKKAX JJIsA CAemyro-
IITUX TPOM3BONCTBEHHBIX (DYHKITHN:

a) ate,;

6) 9z,

B) 8:1/'?/3:1;;/6.

Hantn ¢pynxnum ycroBHOTO crpoca Ha PeCcypChl Mo
Mapiraany n ycroBHoro Bbinycka. llocTtponts am-
HUN pa3BUTUA (PUPMbI. BBIYUCINTD 3I1aCTUYHOCTD
BBLIMIYCKa 110 IIeHaM 1 U3 AepiKKaM.

Pemmth 3amaqy MaKcuMU3almy BBITYyCKa TTPOMAYK-
Uuu npu PUKCUPOBAHHBIX M3JepEKKAX M CAemyro-
ITUX TPOM3BONCTBEHHBIX (DYHKITHN:

a) (ap! +ayt)

6) (min{dx, Tz, })%?;

Hantn ¢pynxnum ycroBHOTO cripoca Ha PeCcypcChl Mo
Mapriraany n ycroBHoro Bbinycka. lloctponTs nm-
HUU Pa3BUTHUsS (PUPMBI.

Pemmmthb 3anaqy MuHUMU3annm u3aeprex npu Ppuk-



4.14.

4.15.

CHPOBAHHOM BBLIMTYCKE MPOJYKINHE [ TPOU3BO/I-
crBennubix dyukmunn w3 4.11.  Hantn dynxmnmm
YCJIOBHOT'O CITPOCA Ha PECYPCHI 0 XUKCY W YCIOBHBIX
n3nepxkex. BuraumcanTs 51acTUIHOCTE U3IepKeEK 110
IeHaM U BBITYCKY.

Perruts 3amady MunnMmusanun w3 aepiKek mpu puk-
CUPOBAHHOM BLITTYCKe MPOJAYKIINY JJs TPOU3BOICTB-
ennnix Gpyuxnni n3 4.12. Hantu Gyrkmnm ycroBHo-
T'0 CIpoca Ha PECYPCHI IO XUKCY W YCIOBHBIX W31ep-
Kek.

s crepyromnx pyukimi nzgepxkex C' (0T BbITycKa
IPOAYKINT ()) PermTh 3aady MaKCUMU3auT TPH-
ObLIN:

a) C =4Q*+5 npu @ > 0, C = 3 npu () = 0;
6)C=7Q°+4npu Q@ >0,C =1mnpuQ =0;

B) C =2Q*+ 3 npu Q >0,C =2 npu Q = 0;

r) C=5Q°+7npu Q@ >0,C =4npu Q =0.
Hantn ontumanbiubie 06beMBI BBITYCKa W TPUOLLIN
B BAaBUCUMOCTH OT IIE€HLI TTPOMYKTAa.

5. Crarudeckue MO A€JU PBbIHKA

PaCCMOTpI/IM MOIEJL paclipelcJcHnsa OIBYX TOBapoOB

MeX Iy nByMs norpeburenaimu. llpenmnonaraercs, 9To TO-

Bapbl UMEKTCA B O6HI6M KOJYECTBE a1 U dg, U HOTp66I/IT6—

JU MODYT cBOOOIHO obMeHmBaThCA nMu. O603HaINM Ha-

6op TOBapoOB y TepBoro norpeburens gepes (xy, T3), BTO-
poro — (y1,Yy2), Toraa ¥y + Y1 = a1, T2 + y2 = az. Pac-
Ipefelenre TOBapoB yAOOHO ONUCHLIBATH TOYKOU B IIpA-

moyroasauke [0, a;] X [0, az] ¢ aByMs mpoTHBOHAIDABICH-

HBIMI CHCTEMaMi KoopanmuaT: (1, x9) U (y1,y2). Takoe

npeacraBIcHNE Ha3bIBa€TCA AWUKOM 3()%60]?771@.
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[MoTpebuTenn NOBHITAIOTCA MaKCHMU3UPOBATL CBOU
DYHKINT TTONe3HOCTH Uy (L1, ¥9) U uz(y1,ys). Homsarwo,
ITO DTO HEBO3MOKHO CIEIATh OHOBPEMEHHO, OTHAKO €CTh
TOYKH, TJle 06a MOTPeOUTENS MOTYT YBEIUINThH CBOI yPO-
BEHDb MOJE3HOCTH, a €CTh U TaKue, TJe Helb3s yBeINInTh
OJWH, He yMeHbIB apyroi. Ilocrennnme HaszbIBalOTCA
onmumassuuimu no Ilapemo m o6pas3yIoOT KONMPAKRMHUYIO
aunuio. Joboe mpuemaemoe 11 oTpebuTeNen pacipeie-
JeHne TOBapOB JeKNT Ha Hell.

YpaBHeHre KOHTPaKTHON JUHUNA UMeeT B

8u1/8:1:1 _ 6u2/8y1 (5)
Oui/dxy  Oug/dyy

['padpuaeckn >To o3HaYaeT, ITO JUHAU OE3PasINIAA MO
TpebuTenenl KacaloTca APYyT Apyra B Kak ol TOIKe KOH-
TpaKTHOU JUHNN. ECII MBI IEpexoauM OT JaHHOI MO e/
MEHOBOI TOPTOBIN K TOPTOBIE 3a NEHBIH, OKa3blBaeTCA,
9TO OTHOIIEHNE IeH Ha TOBapbl p;/p; yCTaHaBINBAETCH
paBHBIM OTHOIIEHTTO (5).

PaccmoTpuM 6olee CIOXHYIO MOJENb C ABYMA pecyp-
caMM, IBYMS IPOAYKTaMMI, ABYMSA IPOU3BOINTELIMA U O
nuM norpeburerem. OTYacTh oHa CBOAUTCA K IIPEAbILY-
mell: pecypchl BLICTYHAIOT B KavdeCcTBe PaclpenesseMbIX
TOBApOB, a IMPOU3BOMNTENN — B KadeCcTBe NX MOTpebuTe-
Jell, TOCKOMBKY IBITAIOTCA MaKCHMU3NPOBaTh CBOU IIPO-
W3BOACTBEHHbIE MYHKINT ¢1 (21, 22) U ¢2(y1,y2). [lorpe-
6UTeNb, B CBOIO OYepeh, MaKCUMUBUPYET CBOIO (DYHKIINIO
noaesHocTn u(qy, gz), NOTPebIss Bce TPOU3BEICHHBIE TPO-
TYKTBL

Orobpaxenne (x1,3) — (q1,q2) TEPEBOMUT MTPIMO-
yroabuuk [0, aq] X [0, az] B mexnosoeuueckoe mnomicecmeo
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(KOTOpO€e OOBIYHO TONATAIOT BHLIMYKIBIM ), & KOHTPaKTHYTO
JUHIIO — B~ CEBEPO-BOCTOIHYIO” TPAHUILY DTOT'O MHOKE-
ctBa. Nmenno na weir Mmakcumusupyercs u(qr, gz).

Takum obpazoM, NI pelleHns 3a4a9u caeqyeT HalTh
KOHTPAKTHYIO JUHUIO W3 YCIOBUS

8(]1/8:1;1 _ 8q2/8y1 (6)
8(]1/8:1;2 8q2/8y27

3aTeM ee o6pas ' mpu orobpaxkennu (x1,22) — (¢1,42), 1
pelmTh 3a1ady

u(q1, ¢2) — max
(Q17Q2) el ’

KOTOPYIO MOKHO CIUTATh HEMUHENHBIM 0600IIIeHneM psi-
MO 3ajadn moTpeburenbckoro Beibopa (rur.l). Haiigs
ONTHMAJbHBIE 06 BEMBI BBITTYCKa (¢, ¢3 ), MOKHO HAWTH CO-
OTBETCTBYIOIIIee UM ONTHMAJIbHOE paclpeneleHne pecyp-
con: (a7,23) 1 (47 v3).

Ecau B nannyio Momensb BBOAATCSA TeHBIHM, TO COOTHO-
[Ienne el Ha pecypcebl pi®/ph®® ycranaBImBaeTCs paBHbIM
oTHOIIEHTTO (6) TPU ONTUMATLHOM PACTIPEIETEHIN PECYP-
COB, a OTHOIIIeHNe TIeH Ha TPOAYKTHI ompeneageTcs pop-
MYJION

pr_ Odu/Oq
py Oufdq
IpW ONTUMATBLHBIX 00beMaxX BBITTYCKA.

Pacemorpum Teneps modeav Ippoy-/Aebpe nus poraka
3 JABYX TOBapOB, OJHOU (PUPMBI U ABYX MOTPEOUTENEN.

lesiTenbHOCTL (PUPMBI B DTOU MOJETH OMUCHLIBAETCA

HabopaMu ToBapoB (Y1, Ys), KOTOPBIE PUpPMa MOKET MPO-
m3Bectnn. llpm sTom ecim y; < 0, To ToBap moTpebIA-
eTcs B TPOM3BOJCTBE Kak pecypc (B KoamdecTse y;), a
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ectn y; > 0, To ToBap Boimyckaercs. MmoxectBo Y
BCEX MOCTYHHBIX (pUpMe HaOOPOB Ha3LIBACTCA M ETHOA0-
UNECKUM MHOINCECTREOM. DTO MHOKECTBO TPEIIOTATAET-
S BBIYKJIBIM, 3aMKHYTHIM, Ol DaHIYeHHBIM 1 TTepeCeKaro-
ummM R% Tonsko B Hyie (orcyrersue "pora uzobumins” ).
[pu ¢purcupoBantiom BekTope 1eH p = (pr, py) Ha TOBa-
phl pEpMa CTPEMEUTCA MaKCHMU3UPOBATL CBOKO TPUOBLIL
PR = p1y1 + p2y2, pemras sagaty

P1Y1 + p2y2 — max
(yuyz) ey

Perenne y° = y°(p) »Tol 3aKaqn HA3LIBAETCA NPedaodice-
HUEM TLIH A0KAADHLIM PLIHLOUHBIM PA6HO6ECUEM (PUPMBL.

[Iycts w; — QyHnms momesHocTn 1-ro moTpebure-
asi.  Ilpenmoraraercs, 9TO KaX AL MOTPEOUTEND TONIY-
JaeT 9acTh jgoxona dpupMbel B pasmepe o; PR (a; > 0,
a1 + oy = 1) u pacmonaraeT HEKOTOPHIM JTHKBUIHBIM 3a-
macoM TOBapoB z; = (z1, 2i2). lloTpeburenn MakcuMu3n-
PYIOT cBoU (DYHKITUH MOJE3HOCTH, PETTas 3a  adTy

wi(x1, 19) — max
i+ pexi < i PR A prza + pazia.

Perenne xf = x9(p) >Toll 3a1adi HA3LIBAETCA CRPOCOM

K3
WIW AOKAADHBLM PHIHOUHBLM PAEHO6ECUEM 1-T'0 TTOTPeOuTe-
I
Bexmopon (Pynryueti) uzbvimounoeo cnpoca HasbiBa-
eren mexrop F(p) = 23(p) + 23(p) — y°(p) — 21 — 2.
Cmamuueckum IKOHOMUNECKUM DABHOBECUEM HABHIBA-
eTca nabop us nen® p* = (pi,p}), IpenToKenus GpuPMbI

> Hensl mpeflonaraioTcs HeOTPUIATEILHLIME I HOPMIPOBAHHEL-
ME efnHNIeR (p1 + p2 = 1).
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y°(p*) m cupoca morpebuTenen x§(p*), x5(p*), mpnm KoTO-

phix m3bbITouHb crpoc F(p*) < 0 u BBINOXHEH 32aK0N
Baawpaca (p*, F(p*)) = 0.

[Ipu pemrennn 3amad Ha HaXOXK AeHNe PABHOBECUS CHa-
JaJa BbIpakaioT (mo mpasmay MuoxuTeren Jarpanxa)
BEKTOP Y° TpemtoKeHus (pUpMbl depe3 MoKa HeN3BeCTHRIE
tenbl p. /lanee Berancastor 3navenne npubblin PR u Gio-
KeTHble orpanmdenus norpeburenen. [locae sToro maxo-
ISAT BEKTOPHI ] U 5 W BBIMUCHIBAIOT BEKTOP N30BITOTHOTO
cpoca. Kax mpaBmio, paBHOBECHDLIE TIEHBI CTPOTO MTOJIO-
KUTETLHDI, TO3TOMY U3OBITOYHBIN CIIPOC paBen myao. 13
DTOIO YCIOBUA (C y9eTOM HOPMHUPOBAHHOCTH IEH) HaX0-
ST BEKTOP p*, ¥epe3 KOTOPLIN MOIy9daroT 3HaveHus y°,
x], 5. Ilpm nocrarovyHo cirabbIX NIPEIIIONOKEHUAX DaB-
HOBecHe cyiecTByeT (Teopema Jppoy-/lebpe), mosTomy
eciy ypaBHEHUs He NMEIOT PEIeHus, HYKHO NCKATh ITeHbI
B Buge p* = (1,0), aubo p* = (0,1).

5.1. PaccMmoTpeTh Mogenb oOMeHa ¢ JABYyMs HOoTpebuTe-
JIAMU, €Cam:
a) u1(51?1,51?2) = 1%, Uz(yhyz) = Y1Y2,
a; = 5, a9 = 7
6) u1(:1?1751?2) = 51?151?:2)’7 u2(y17y2) = yfyza
a1 =4, as = 6;
B) w21, 22) = 2123, us(y1,Y2) = Y1y,
a; =3, az = 2;
r) ui(wr, w2) = 2129, u2(y1, Y2) = Yivs,
ay =17, ay =4
/1) u1(:1?1751?2) = 1?13?%7 u2(y17y2) = yfyza
ay =2, ay =8;

2

e) u1($17$2) = 51?11'%7 u2(y17y2) = y?ygv
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a; =6, az = 5.

Hairru xomTpakTHbLIC JUHUN W OTHOIIECHHS IIeH Ha
ToBaphl. OnpeneanTh IMama3oH BO3MOKHBIX OTHO-
IIIeHUT TIeH.

5.2. PaccMoTpeTh Mojelb pbiHKa € JABYMs pecypcami,
MBYMsS TTPOM3BOUTENAMEI W OJHUM TOTpebuTenem,
eCJIm:

a) qi(zy,v2) = (51?151?2)1/37 (Y1, y2) = (y1y2)1/37
U(qh%) = 611%17 ay =2, az = 6;
6) Q1(=’1?1,51?2) = (51?1:1?2)1/47 Q2(y1,y2) = (y1y2)1/4,
( qiqy, ay =7, ag = 3;
)= ($1$2)1/37 @(Y1,Y2) = (y1y2)1/3,
q,q5, ap = 10, as = 5;
F) Q1(=’1?1,51?2) = (51?1:1?2)1/47 Q2(y1,y2) = (y1y2)1/4,
( gy, a1 =4, az = 6;
) = ($1$2)1/37 @ (y1,12) = (y1y2)1/3,
G, Q) = 413, a1 =T, ay = 21;
e) Q1(=’1?1,51?2) = (51?1:1?2)1/47 Q2(y1,y2) = (y1y2)1/4,
u(qr, @) = qiq2, a1 = 3, ag = 12.
Hairru xomTpakTHbLIC JUHUN W OTHOIIECHHS IIeH Ha
pecypchl, ONTUMAIbHbIe OOBEMBI BLITYCKA W OTHO-
HMIeHWs 1eH Ha MPOAYKTHI, ONTHMAaIbHOE pacipee-
JieHne PecypcoB.

5.3. Hautn cratnmdeckoe >KOHOMHUYIECKOE paBHOBECHE B
Mogenn Jdppoy-/lebpe pn 3amaHHBIX TEXHOJOTTYE-
ckoM MHOoxecTBe® Y, (DYHKIIUAX TTOTE3HOCTH U;, JO-
JAX ; U 3aracax 7
a) Y = {(y1,92) + v <0,y < =i}, wi(z) =

Ty Tgy ug(z) = w2l ap = 1/4, ag = 3/4, 1 =

6 Bce Texmonorndeckue MHOXKeCTBa nopeamnoJjgaralTca OrpaHuvIeH-
HBIMH HEKOTOPBIMHI OONBIINME KOHCTaHTAMMI.
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(1/4,1/2), = = (3/4,3/8);
6) Y = {(yi,y2) : v < Liyz < 2uy1/(yr — 1)},
uy(z) = 2iwq, uz(zr) = xi23, a = oy = 1/2,

= (171)7 22 = (172)7
B) Y = {(yiby2) : w1 < Lys < VI—y — 1},
uy(z) = ajry, ux(x) = ajr, ap = az = 1/2,

z1=(1,1/2), 22 = (3/2,1/2);
F) Y = {(ylva) < 17 Y2 S yl/(yl - 1)}7 ul(x) —
Inay + Inay, ug(x) =3Inaey + Inay, ap = 1/3, ag =

2/3, 21 = (1,1/3), 2 = (2/3,2/3).

6. Mojeau TMHAMWUKYN PBLIHOYHBLIX IeH
[IycTh Ha poIHKe IMEIOTCA 1 TOBAPOB ¢ TIEHAMU Py, . . .,
P W CHENUATBLHBIN (HYIeBOI) TOBAp € HEHOW Py, KOTOPHIN
HHTepIpeTHpyeTcsa Kak ~ genbrn’ . Taxmm obpasom, 3a-
Jlas BEKTOP TeH p = (Po, P1, - - -, Pn)-

Hewnopmuposanmwiii npoyecc yen ONUCHLIBACTCA CUCTE-

Mou nudppepennnaTbubIX Y paBHEeHnNT:

dp;
dt

=Fi(p), 0<i<n, (7)

rje pyuxmmn F;(p) HasbBaoTesa Gynkyusmu u36umouno-
2o cnpoca. UmeeTcs B BUIY, 9TO TIPEBBIIIIEHNE CIIPOCA Ha
npenIoXKenreM BefleT K POCTY IIeHbl Ha TOBap, a obpaTHasd
CUTYyalllsi — K ee TMaJeHnto.

OTnocurenbno PpyHKINNT U36LITOTHOTO CIPOCA TIPE-
ToJaraeTcs, 9To O ofHopoaHbl crenenn 0, T.e. F(Ap) =
F(p), A > 0, u ygoBrerBopsaioT 3zakony Bawwpaca:
(p, F(p)) =0, p>0.

[Ipenmonaraercs Takxe, 4TO CyIIECTBYET TOYKA PaB-
HoBecus p* > 0, Takas, aro F(p*) = 0, equncTeentas ¢
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TOYHOCTBLIO JI0 TIOCTOAHHOTO MHOXuTend. llorydaem ayd
pasuoBecus I' = {Ap*, A > 0}.

Baiosoti  zamenumocmovio  HasLIBAeTCA  CBOWCTBO:
0F;/0p; > 0 mpu 1 # j. Cmpoeoii 6ato60i 3ame-
HUMOCMbIO HasbiBaeTcs cBoncTBo:  OF;/dp; > 0 mpu

M-mampuyeii maspiBaeTCs MaTpulla, BCe BHeIHArO-
HaJIbHBIE DJIEMEHTHI KOTOPOH HEeOTpHUIaTelbHbI. M-
MaTpHUIla Ha3bIBACTCA CMpPoeot, eCln Bce ee HemaroHa k-
HBIE DIEMEHTHI TOJOKUTENbHEL.

Beegem matpuny A(p) = (0F;/dp;)? . Torma samo-
Basg 3aMEHUMOCTEL DKBUBaJCHTHa TOMY, 9TO A sABIsercs
M-maTpuren, a B caydae CTPOrol BaJOBOU 3aMEHIMOCTH
oma 6yaeT crporou M-maTpuien.

[Ipocrentmm kpumepuem A0kAAbHOU YCMOUUUCOCU
HEHOPMUPOBAHHOTO TIPOIecca MeH SABIACTCA CIe YOI
ecim A(p*) — crporas M-marpuiia, To TIpolece J0KaTbLHO
YCTOWIHB.

Twobaapnoii  yemotlivusocmspio  HEHOPMUPOBAHHOTO
mpoliecca IeH Ha3blBaeTCA CIeAyiollee CBOUCTBO:  MPH
aobom p(0) > 0 cymecrByer Todka p € I' rakas, 9To
p(t) = p, t — oc.

[Ipocrentmmvu kpumepuimy 2406a4b1ot yemotiuuso-
cmu HEHOPMUPOBAHHOTO TIpoTlecca TeH ABIAIOTCA CAelyo-
me:

1. Ecm (p*, F(p)) > 0 mpu Bcex p ¢ I', To npomuecc
I06ATBHO YCTOMYINB.

2. Ecam Bo Bcex Toukax p > (0 mmeeT MecTO cTporas
BaJOBas 3aMEHNMOCTb, TO MPOIECC TI0OATILHO YCTONIHB.

Hopauuposannviii npoyece yen ONMMCHIBACTCA CUCTEMON
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nuddepeHnnaIbabiX ypaBHeHIH:
dg;
dt
vie ¢ = pi/pon Gi(qry. .. qn) = Fill,qny .oy qn), 0 <0 <
n. 3aMeTHM, UTo dTa Mogerb HE skBuBazenTHa mpemni-

AYIIEH.
s HOpMEUpOBaHHOIO TMpollecca IeH  CYIIeCTBYeT

=Gi(q), 1<i<n, (8)

eJIMHCTBEHHAsA TOYKa paBHOBeCHA (.

Joravnotd yemotiuusocmepio HOPMUPOBAHHOTO TIPO-
recca MeH Ha3bIBaeTCA CAENYIolIee CBOUCTBO: CYIIECTBY-
eT HEKOTOpas OKPECTHOCTL V TOYKE ¢, TaKas, 9TO €CIn
q(0) € V, 10 q(t) = ¢*, t — oo.

Omnpenernm marpuny B(q) = (9G;/0q;)

[IpocTenmmy KpuTepueM JOKalbHOW YCTOMIUBOCTH

.
7,7=1"

HOPMUPOBAHHOT'O TIPOIIECCa HeH ABIAETCA CAeNy Ol eC-
au B(¢*) — M-matpuna n a) det B(¢*) # 0w dGo/dq; > 0,
au6o 6) 0Go/dq; > 0 nast Becex 1 < 7 < n, To mpormecc Jo-
KaJbHO YCTONIWB.

3ameTnm, 910 X0TA pyHKIua (7o He BXOJANT ABHO B CHU-
cremy (8), ona cssana ¢ gpyruvu G, 1 < i < n, 3aKkoHOM
Baabpaca.

Haymunoobpasnoti modeavio MUHAMUKN TI€H Ha3bIBa-
0T MOJedh ¢ MUCKPETHBIM BpeMEHeM W OJHUM TOBapoOM,
B KOTOPOI 3aMaibl GyHKINE cipoca D(p) u mpenioxens
S(p), a meHa ToBapa B TOG0N MOMEHT BPEMEHN YCTAHABII-
BaeTCA TaK, 9TOOLI CIIPOC COOTBETCTBOBAT MPENT0KEHIIO
Ha TIpebIAyIIeM Iare, T.e.

D(pt) = S(pt—1)-

[pennoxaraercs, aro D(p) mMonoTonno ybuBaet, a S(p)
MOHOTOHHO BO3PaCTAET, I CYIIECTBYET MOUKA PAGHO6ECUS
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p* > 0, Takas, aro D(p*) = S(p*). llox ycromauBocThio
TOYKHN paBHOBECHA fajee OyaeM ITOHIMATH €€ JOKAILHYIO
YCTONINBOCTH (T.€. CXONUMOCTL py — p*, t — oo mpn
MaJbIX OTKJIOHEHUAX OT PaBHOBECHS ).

B kraccmaeckoll mayTHHOOOpa3HON MoAe N (byHKIII
crpoca 1 TIPeJIOKEHNA JIHHETHbL:

S(p)=A+Bp, D(p)=C—Ep, C>A,

Torga Tovuka pasuosecus p* = (C' — A)/(B + F). Omna
yeronunBa npu B < F u meycroununsa npu B > E. llpn
B = E npoucxoaT mocTOSHHBIE KoJeOaHus BOKPYT paB-
HOBECHA.

B memmmenmon mayTnnoobpasHol MOAEIH yCTOWYH-
BOCTH 3aBUCHT OT 3HaKa CYMMBI

ds, . dD, .
%(p)ir@(p)-

Ecan ona orpunarenbua, TO paBHOBECHE YCTOUYNBO, €CIIH
MOJOKUTETbHA, TO HEYyCTONINBO.

Moxkmo Takke n3ydaTh 0606IIeHNA Tay THHOOOPa3Hon
MOJZIeNn, B KOTOPHIX TIpe/IToKeHNe 3aBUCUT OT TleH B 6oee
paHHWEe MOMEHTHI BpeMeHN, T.e.

D(pt) = S(pt—lvpt—Qv .- 7p75—7’)'

[Tpn numewHbIxX QYHKIUAX CIpoca U MPENTOKEHUS TOTy-
TaeM JNHENHOEe KOHETHO-PA3HOCTHOE ypaBHEHEE I-T'O TO-
pAnKa. YCTOUINBOCTEH PABHOBECUS MCCAENYETCS COOTBET-
CTBYIOIIUMHU METONaMU.
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6.1.

6.2.

6.3.

6.4.

PaCCMOTpeTB MO €I HEHOPMUPOBAHHOT'O ITponecca
IIeH:

a) Fo(po, p1,p2) = (p1 + 3p2)/po — 5, Fi(po, p1,p2) =
(po + 3}72)/}71 -2, Fz(poaplapz) = (4}?0 +P1)/p2 — 6;
6) Fo(po, pr,p2) = (p1 + p2)/po — 5, Fi(po,p1,p2) =
(4po + p2)/p1 — 2, Fo(po, p1,p2) = (po + p1)/p2 — 2;
B) Fo(po, pryp2) = (p1+ p2)/po — 3, Fi(po,p1,p2) =
(po+5p2)/p1 — 4, Fapo, pr.p2) = (2p0 + 3p1)/p2 —
r) Fo(po, pryp2) = (p1 + p2)/po — 2, Fi(po,p1,p2) =
(po + 2}72)/}71 -8, Fz(poaplapz) = (po + 7]91)/}?2 - 3;

[IpoBepuTs BRImONHeHNe 3aKkona Bambpaca. Hanrtnm
TOYKHU PABHOBECHA, TTPOBEPUTH UX JOKATLHYIO U TJIO-
GATBLHYIO YCTONIHBOCT.

Pacemorpers Momenn HOpMHUPOBAHHBIX IIPOIECCOB
JUHAMUKE TIeH, COOTBETCTBYIOIINE NaHHbM 13 6.1.
Bumucars ¢ynxumn Gi(qr,q2), ¢ = 0,1,2.  Hai-
TH TOYKH DPaBHOBECHUA, MPOBEPUTEH NX JOKAILHYIO
YCTOMIUBOCTD.

Pacemorpers mayTuHOOGpa3HBIE MO/IEIIH:

a) D(p) =10 —2p, S(p) =p — 2;

6) D(p) =15 —p, S(p) =3p — 1;

B) D(p) =7 —3p, S(p) =2p —3;

r) D(p) =32 —5p, S(p) =Tp—4.

HanTu paBHOBECHYTO TIEHY U IPOBEPHUTH €€ YCTONIH-
BOCTb.

Paccmorpers  caemytorine  0GOOIIEHNS Ay THHO-
06pasHON MOIEIN:

a) D(p) =8 —6p, S = 5pio1 + pi—2 — 4

6) D(p) =25 —4p, S = 8p—1 + 3pi—2 — 5;

) D(p) =9 —12p, S =4pi1 — pi2 — 1;

) D(p) =12 —p, S =pio1 + pr—2 — 3;

=

r
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1) D(p) =20 —p, S =3(pi—1 + pr—2) — L.
HanTu paBHOBECHYIO IIeHY U IPOBEPUTHL €€ YCTOUIU-

BOCTb.
6.5. PaccmoTpers mernnennbie may THHOOGpa3Hble MO e~

a) D(p) =55/p—1, S(p) = 2p;

6) D(p) = 26/p, S(p) = 5p — 3;

B) D(p) =150/p =7, S(p) =p — 2;
r) D(p) = 108/p, S(p) = 4\/p;

n) D(p) = 64/p, S(p) = p*;

e) D(p) = 160/p, S(p) = 5p*/?;

x) D(p) =24 —5p, S(p) = p*;

u) D(p) =29 — 13p, S(p) = p* — 1.

Hairtu paBHOBecHyIO TIeHY 1 IPOBEPUTDH €€ YCTONYN-
BOCTBE.

7. IlpocTenime Mogeu MPOU3BOACTBEHHOU Cdephl

[IycTh nMeeTcs m pecypcoB 1 n IPOAYKTOB, KOTOPLIE
MOKHO 13 HIUX mpoussecTr. O603HATINM KOJMIECTBO pe-
cypca 7, IMEOIIerocsa B HallleM paclopAKeHnu, depes b;.
[IpeamonoXuM, 9To pacxol pecypca i Ha IIPOU3BOICTBO
eMUHUIBI TPOAYKTA J COCTABIAET ¢;j CAUHUL, & NOXO
OT MPOAaKM >TON eAUHUILI cocTaBaser ¢; emunut. 06o-
3HAYUM ¥epe3 ; BBITYCK MPOAYKTa j. BBemem BeKTOpDI
z = (x1,..,2,), b= (b1,....0,)T, ¢ = (c1,...,¢,) @
Matpriy A = (a;;).

Torpa 3ajada MaKCHMI3aINU JOXO/1a TPUHIMAET B[

(¢, x) — max

Az <b
x>0
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I TeM CaMBbIM IpeCcTaBIgeT co60l KIaCCHIECKYIo 3anady
JTUHENHOTO MPOrPaMMIPOBAaHIA, KOTOPas PerraeTcs COOT-
BETCTBYIOMINME METOaMIM.

PaccmoTpuM 6olee CIOKHYIO MOJEIb, B KOTOPOU TO-
Baphl He JeIATCAS CTPOro Ha Pecypchbl U MPOAYKTHI, a MO-
ryT mepepabaTblBaThCA APYyT B ApyTa. llycTh mMmeeTcs
n TOBapoB W M npouzsodcmeennviy memodoe. Ilpoms-
BOJCTBEHHBLII METO[ 1, MCHOAL3YEMBI € €IMHUIHON WH-
TEHCHBHOCTBIO, TlepepabaThiBaeT TOBapPhl B KOAMIECTBaX
i1, ..., 0;; B TOBAPLI B KoIndecTBax by, ... ,b;,. [Ipenno-
JTaraeTcs, 9TO MBI MOXKEM 3a,1eliCTBOBATH IIPON3BOICTBEH-
HBII METOJ I ¢ MPOM3BOJLHON MHTEHCHBHOCTBIO 2z; > 0.
Beegem matputer A = (a;;), B = (b;j) n BexTOp 2z =
(21, .. 2n).

Ncxoms m3 Toro, 9To BCe TOBAPHI, PacXoyeMble B JIo-
60l MOMEHT BPEMEHN, JOJKHBLI OBLIN OBITH IIPON3BENEHbI

B IpeJbI YT MOMEHT BPeMeHH , MOXydaeM yCIOBIe

z(n)A <z(n—-1)B. (9)

IIponopyuonasouvim pocmom Ha3bIBAeTCA POCT IIPO-
3BOJICTBa, NPU KOTOPOM BCE MHTEHCHBHOCTH BCEX IPO-
M3BOICTBEHHBIX METO/O0B Ha KaxkAOM IIare MeHAIOTCA B
OIMHAKOBOE KOJIMIECTBO pas, T.e. z(n) = Az(n — 1) mwm
z(n) =AN"z(0), A >0,n > 1.

[lorATHO, 9TO €CIM MBI MOKEM 06eCIeTNTh IIPONOPIIT-
OHAMLHBII POCT MPOM3BOJCTBA, TO KeIaTEIbHO, ITOOBI OH
MPONCXOANI KaK MOKHO 6bicTpee. C ydeTom (9) norydaem

" BosMOKHOE XpaHEHHe TOBAPOB MBI TAKXKe CIMTACM 3a MPOM3-
BOJCTBEHHBIN METO, ITO TMO3BOIAET YINTHBATE COOTBETCTBYIOIIIE
U3 AePKKN.
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OIITUMMU3alMOHHYIO 3aavdy

A — max
z(AM —-B) <0 ,
Az>0

pellenrieM KOTOPOU SABIAETCA MAKCUMAALHBLT TL0KAZATIEAD
nponopyuonaasnozo pocma N\*. BexTop z* omnpemensercs
C TOYHOCTDLIO [0 MOCTOAHHOTO MHOKWUTENS, TIODTOMY €T0
HOPMHUPYIOT JONOJHUTENbLHBIM yCIOBHEM: 27 +...4 25 = 1.
Torma »ToT BEKTOp JaeT HaAM ONMUMAALHOE COOTMHOULE-
HUE NPOUZEOICMEEHHBIT MEMOJ06, TIPT KOTOPOM MTPONCXO-
TUT MAKCUMAALHBLT NPONOPUUOHAABHBLT POCTN.

[onsiTHO, wTO ecam A* < 1, TO MPOM3BOACTBO OKa-
3BIBAETCS HEBBITOMHLIM U OyeT COKPAIIATHCA TayKe Mpu
ONTUMATLHOM YIIpaBienun, a mpu A* > 1 ono MoxeT pa-
CTH.

Cormacno wma2ucmpa.ibnoti meopeme TPU OMTUMUA3A-
IIUU TPOW3BOICTBA Ha MOJTOCPOTHOM ITPOMEKYTKE BpeMe-
HI ONTUMAIBLHBIM SBISETCSI POCT, OIMBKAN K MAaKCHMAIb-
HOMY TIPOMOPIHOHATLHOMY Ha OGOJBINeN YacThH DTO TIPO-
MeKyTKa (KpoMe, MOXKeT ObITh, HeGONBIINX YyIaCTKOB B
Hadaiae u Koute). Takum obpasom, ayv Buga {tz*, ¢ > 0}
nrpaeT poih MarucTpaln pPasBUTHUA IPON3BOICTBA.

7.1. PemmnTtb 3amady JUHEMHOTO MPOTPAMMUPOBAHUS IO
MaKCUMU3alWN M0X0Ma OT MPOU3BONCTBA CO CIely-
OIIUMHU JAHHBIMMA:

a)
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7.2.

Pecypcrr | [IpoaykTer | amac pecypca
1 2
1 1 3 30
2 1 1 15
loxon | 2 3
6)
Pecypcrr | [IpoaykTer | amac pecypca
1 2
1 1 4 80
2 1 2 40
Moxon |1 5
B)
Pecypcrr | [IpoaykTer | amac pecypca
1 2
1 3 1 60
2 1 1 40
Hoxon | 2 1

Hantr onTuMadbHBIN BBIMTYCK MTPOAYKIINM, PACXO]

PeCcypcoB U JOXO[I.

Perruts 3agady aumentnoro mporpaMMEPOBAHUS 1O
MaKCUMU3alNN M0X0Ma OT MPOU3BONCTBA CO CIEly-

MM JaHHBIMM:

a)

Pecypcrr | llponykrer | 3amac pecypca
11 21 3
1 21 1] 3 10
2 31 2] 5 20
Moxon | 15 | 10 | 18
6)
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Pecypcrr | [IpoaykTer | amac pecypca
112 3

1 314 1 260

2 218 6 200
Hoxon |12 1

B)

Pecypcrr | [IpoaykTer | amac pecypca
112 3

1 20 | 8 7 165

2 1319 12 264
Moxon 211 1

Hantr onTuMadbHBIN BBIMTYCK MTPOAYKIINM, PACXO]
PeCcypcoB U JOXO[I.
. Pemmute 3amady awHennoro mporpaMMupOBaHUA IO
MaKCUMU3alNN M0X0Ma OT MPOU3BONCTBA CO CIEly-
OIIUMHU JAHHBIMHA:

a)

Pecypcrr | [IpoaykTer | amac pecypca
112 3

1 201 3 70

2 111 2 60

3 111 1 80
foxon | 10 | 7 9

6)

Pecypcrr | llponykrer | 3amac pecypca
11 2] 3

1 31 2| 1 50

2 21 1] 3 65

3 21 6| 4 130
Moxon | 10 | 11 | 12




7.4.

7.5.

Hantr onTuMadbHBIN BBIMTYCK MTPOAYKIINM, PACXO]
PeCcypcoB U JOXO[I.
Perruts 3agady aumentnoro mporpaMMEPOBAHUS 1O
MaKCUMU3alNN M0X0Ma OT MPOU3BONCTBA CO CIEly-
OIIUMHU JAHHBIMHA:

a)

Pecypcnr [MpoaykTor 3amac pecypca
11 20 3| 4

1 41 2 2] 3 35

2 1 11 2] 3 30

3 31 1] 21 1 40
foxon | 14 | 10 | 14 | 11

6)

Pecypcnr [MpoaykTor 3amac pecypca
11 20 3| 4

1 31 5| 2 4 60

2 22 114 | 18 | 30 400

3 10 14| 8116 128
Moxon |30 [ 25| 8116

Hantr onTuMadbHBIN BBIMTYCK MTPOAYKIINM, PACXO]
PeCcypcoB U JOXO[I.

Kaxpmas enmawnma TpOW3BONCTBEHHOW MOIITHOCTH
cnocobna mpousBecT N eqUHUT TPOAYKIINKA B €11-
HUIYy BpEeMEHU, MPU 3TOM MOIIHOCTL COKpalllaeTcs
Ha goato p. Ha M enwaum npoaykimm MOKHO TTPU-
obpecTn ONHy €IUHUIY TPOU3BOICTBEHHON MOIITHO-
ctu. Hautm onTuManbHOe COOTHOIEHTE TPOU3BO/I-
CTBEHHBIX METOJIOB W MaKCHUMAJIbLHBIN TTOKa3aTeldb
IPONOPUNOHATLHOIO POCTA MPOU3BONCTBA, €CIN:
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7.6.

a) N =27, M =30,p=0,1;
6) N =14, M =20, p= 0, 1;
B) N=19, M =10, p=0,1;
r) N=26, M =40, p=0,2;
1) N=45, M =25, p=10,2;
e) N =36, M =15, p=0,2.

Kax nas mapa kpoankos norpebiaser K eannui] Kop-
Ma B eIMHUTY BpeMeHn u faeT nputiaon B L map. Ot
MpOJakn Maphbl KPOANKOB MOXKHO moxayanTh M emm-
uui KopMa. Hantu onTuMaibHoe cOOTHOIEHTE TPO-
N3BOJICTBEHHBIX METONOB M MAaKCUMAJAbLHBIN MOKa3a-
Telb MPOMOPINOHATLHOTO POCTa MPOU3BOACTBA, €C-
I
a) K =50, L =2, M = 25;

6) K =60, L =3, M = 40;

B) K =80, L =2, M = 20;

r) K =45 L =3, M = 15;

n) K =40, L =2, M = 60;

e) K =25, L =3, M =50.

OnpenennTsd, B KaKUX CIy9dasX pa3BOANTD KPOJIHTKOB
BBITOTHO.

8. DJleMeHTHI Teopuu Urp

[Ipeanoroxmm, 910 €CTh Ba NTPOKa (HampuMep, (pup-
MBI Ha PBIHKE ), KaX bl 13 KOTOPHIX MOKET BLIOPATH Ol

HO U3 HECKOJbKHNX ,ﬂeﬁCTBHfI, Ha3bIBa€MBIX CMpame2uimy

(wuemvimu). VTpokn coBeprmaioT cBOW BBIGOD OJHOBpe-

MEHHO W HE3aBUCUMO JPYT OT Apyra. Kcim mepBuit urpok

BBIOpAJ CTPATEruio 7, a BTOPOU j, TO MEPBBIA MOIydaeT

BBIUI'PBIIL @;;, & BTOPOU —

b;j. Taxum obpasom, 3ama-

HbI MaTpuibl Bumrpbinen A = (a;;), B = (b;;), a urpa
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Ha3BIBAETCA OUMAMPUUHOT.

Touroiti pasnoeecus Haowa 6 wucmoix cmpamezusz Ha-
3BIBAETCS TaKasd Tapa CTpaTernil UrpokoB (ig, jo), 9TO
Qigjo > @ij, AL Bcex ¢ u by, ;o > by ; nng Bcex j. B
Tovuke paBHoBecus Hollla HM 0HOMY UT'POKY HE BBHITOIHO
MEHATH CBOIO CTPATErNIO B OMHOYIKY.

Cuewannot cmpameuti Ha3bIBa€TCA HEBBIPOK JEHHOE
BEPOATHOCTHOE paclipefejeHne Ha MHOKECTBE HUCThIX
crpaterni. OHa MokeT ObITh 3ajaHa BEKTOPDOM T =
(x1,...,2,),vpe ; > 0w ay+...+ 2, = 1. [Ipeamonara-
eTcs, 9TO UT'POK BBHIONPAET CTPATErNIo I ¢ BEPOATHOCTHIO
;.

Cpednum 6bluepviuienm NTPOKa Ha3bIBa€TCA MaTeMaTH-
JecKkoe OXKWAaHNe ero BBINIPHINA B Clydae OCYIIeCTBIe-
HUA CMENIaHHLIX CTpaTerui. A MMEeHHO, IyCTh IepBbIN
UT'POK BHIOMPAeT CMENIaHHYIo CTPaTernio T, a BTOPOH Y,
Torfa uxX cpepuue BuUrpoimm: fi(x,y) = xAy, falr,y) =
xBy.

Touroti paenosecus Howa 6 cmewannviz cmpamezu-
AT Ha3BaeTCA TaKad Ilapa CMeNIaHHbIX CTpaTeruil Nrpo-
koB (2% y°), waro fi(z%y°) > fi(z,y0) masx Bcex x m
Fale®4%) > falro.y) A nees .

B caytwae urper 2 X 2 (y Kax 10ro UTpoka Mo JBe CTpa-
TErui), TOYKY PABHOBECHS B CMEIIAHHBIX CTPATETHAX (€ec-
JU OHa €CTh) MOKHO HAUTH 10 hOpMyTaM:

1’0 . 622 - 621 1’0 . 1 x().
1 — ) 2 — - T Y
b1y — big — by + by
oo — U2
0 __ 0 __ 0
yl - 9 y2 — 1 — yl'

a11 — @12 — ag1 + A2
Ecain xakoe-1um60 13 MOIYYeHHBIX 9HCel OKa3bIBaeTCa OT-
pUllaTeIbLHBIM, UI'Pa He UMeeT pelleHUs B CMeIlaHHbIX
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CTpaTernsx.

BumaTtpuanas urpa 2 X 2 nmeeT au6o OfHy TOUKY paB-
HOBECHS B YNCTBHIX WIU CMEMTAHHBIX CTPaTerusax, 1ub6o Tpu
TOYKW: JIB€ B YUCTLIX U OHY B CMEITAHHBIX.

Koonepamuenot uepoti ma3biBaeTCs WTpa, MpH KOTO-
pOW UTPOKK MOTYT JOTOBAPUBATHLCSA MEXK Iy cOGOM O CBOMX
TEUCTBUAX C METbI0 YBEAUYIEHUsT BLIUTPLIIEn, T.e. 0bpa-
30BBLIBATDL KOAQJIWIIHT.

B sTom cayvae paccmarpuBaeTcs MHoxecTBo F Bcex
BOBMOXKHBIX Tap Bumrpbiiien (fi, f2), mpencrapisioniee
coboll BBITTYKIYTo 060109Ky Todek M;j(a;;,b;;). Ero "ce-
BEPO-BOCTOYHas TpaHWila HasbiBaeTcs epanuyetd [lape-
mo.

Toukroti yepo3er B KOOMEPATHUBHON WI'PE HA3LIBAETCS
mapa cTpaTeruil, ONpeNelsionnX TapaHTHPOBAHHbIE BhI-
UTPBHIIT UTPOKOB 6€3 BCTYILIEHUS B KOAIHUIIHIO, W COOT-
BETCTBYIONTas TOYKa B TIOCKOCTH BHIATpHITEH (f1, f2).

Ilepecosopupbin MHuoxcecME0M HA3BIBAETCA 9aCTh T'Pa-
uutnl [lapero, mexarias omHoBpeMeHHO BBINIE U TIpaBee
Toukn yrposwul. Wrpoxkam me mmeer cmbicia 06CYXIATh
peITentsi BHE MTePEroBOPHOTO MHOKECTBA.

Touxa M* meperoBopHoro MHOXeCTBa, Ha KOTOPOU [0~
cruraeTcs MaxcnmyM sermanasl (f1 — f1)(f2 — f2), BasH-
BaeTcs pewenuen Hrwa xoonepatusnon urpol. Ecim ona
coBIajaeT ¢ OfHOU M3 Todek M;;, To urpoxkam cienyer
IPUIEPKIBATHCA Hapbl cTpaTerni (i,7). Kcim oma Je-
KUT BHYTpH oTpeska M;; My u neimT ero B HEKOTOPOM
OTHOIIEHNH, TO UTPOKK JONKHBI BRIOUpATH Taphl (i,7) n
(k,1) ¢ TeM XKe cOOTHOIIEHTEM BEPOSTHOCTEN.

Hepoii ¢ npupodoii nasbiBaeTcA Urpa, rae B KadecTBe
BTOPOTO UTPOKA BLICTYTAIOT HETPEICKA3yMbIe BHEITHIE
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ob6cToATeNbCTBA (6€3 Kakol-1mbo pasymuon Boam). Mx
UCTOYHUKOM MOYKeT OBbITh KaK IPUpOoa, TaK U MOBeeHne
pbiaka u T.1. [IpenmnonraraeTrcs, 4To ecam urpok BbIOUpa-
eT CTpATEeruto ¢, a MPUPOJa OKaKeTCs B COCTOSHUN j, TO
UT'POK IOXyYIaeT BLIUT'PBIII a;;.

Aomunupyrowei cmpameeuet Ha3biBaeTCA TaKas cTpa-
Ternus 1o, ITO d;,; > @;; IpH BCex ¢, 7. Lenm Takas cTpaTe-
U CYIIECTBYET, TO clefyeT BeIONpaTh ee. B nmpoTuBHOM
clydae MPUMEHAIOTCA NPYTUe METObI.

PazpaboTanbl pasamdnble KpuTepun BEIOOpa B UT'De €
IPUPOIOH.

Kpumepuii Baavda. CTparerus BLIOHpaeTcs Tak, ITO-
661 06ecTednTh HanbOIBITNN BLIUTPLIIT B HAXXY AIEM CIY-
Jae, T.e.

1o = argmax min a;;.
i J

Pucrxom maspiBaeTcs BeImdmna Ty = IMaxdg; — Giy.
7

Puck oTpaxaer pasuuily Mek Ty BLIUTPLIMIEM, KOTOPBIT
MBI TOTYYUAN Obl, 3HAs COCTOSHUE MPUPOILI, W TEM, KO-
TOPBIN MBI TIOTY UM, He 3Has ero.

Kpumepui Co6udnca. Crparterns BolbupaeTcs Tak,
ITO6BI 00ECTIeINTh HAMMEHBITI PUCK B HAUXYAIIIEM CIY-
Tae, T.e.

1o = argmin maxr;;.
; J

Ob6a »Tu KpuTepnst MOKHO Ha3BAaTh ~KpalHe TMeCCIMU-
CTUIECKUMUT .

Kpumepuii IN'ypsuya. Crparernus BoIGUpaeTcs U3 yCIo-
BUS

ip = argmax {’y mina;; + (1 — ) max a”} ,
' J J

K3
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rae v € [0,1] — "koopdpunment meccumuzma”. Ilpu
~ = 1 kpurepun ['ypsuna nepexonnt B Kpurepnn Baibga
("xpanmni meccumuzm” ), ipu ¥ = 0 morydaeM " KpanmHU
ontumuaM” (pacdeT Ha HaWOGOJBIINI BLIUTPLI Ge3 ydeTa
HeGIArOTPUATHBIX BapPUAHTOB).

Bce Tpu kpuTepns MoryT ObITH pacpoCTpaHeHbl 1 Ha
CMEIITaHHble CTPATErUN (€ yIeTOM CPeNHero BLIMTPHIIIA).

Pacemorpum Temepn urpy n awi.  [Ipeamomaraercs,
9TO UTPOKN MOTYT OOPa3OBLIBATL KOAIUINH, OMUCHIBAEC-
mble nogmuoxkecTBamu T C N = {1,...,n} (Bxatodas ca-
Mo N 1 ofHODIEMEHTHBIE MHOKECTBA). H1cio sreMeHToB
MHuOoKecTBa T oboznadum wepes |T'].

Xapaxmepuemuueckas dywryus v(T') onnucpBaeT BbI-
urpei koadutnn 1. Ona moraraeTcs HEOTPUIATETHHOM
u cynepaddumusnot, T.e.

U(Tl U TQ) 2 U(Tl) + U(Tg), T1 N T2 == @

Briurpoii, moaydennbii KOaTuinen, qeInTca MeXK1y ee
yaacTHUKaMu. B mpocretimem cryvae v(7') mpuanmaet
BCero nBa 3Hadenus: | (koanuums BeUTpbiBaeT) 1 0 (Ko-
IS TPOUTPHIBAET ).

Bexmop lenau ¢ = (¢1,...,¢ps) onpenensercsa (hpop-
MYJION

pi= )

TCN,i€T

(7] = D = |T)!

n!

(0(T) = v(T\{}))

U npejcTaBiseT cobol BapUaHT CIIPaBEIINBOTO (B HEKO-
TOPOM CMBIcae) nefeka Beiurpoiima v( N ).

PaccMoTpuM Mozerh KOpIopalui ¢ HECKOMbLKAMHI aK-
mmonepaMu. IlycTh m0boe pelrenne IPUHAMAETCA MPO-
CTHIM GOJBIMMHCTBOM akimil. Torga Koaawmus, IMeroas
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6olee MOJOBUHBLI aKIUil, BEIUIPLIBACT, a UMEIOIIas MEHb-
e (MIu POBHO MOJOBUHY) — MPOUTPBLIBAET. B 5TOM Cary-
gae BexkTop lllemmn mokasbBaeT pealbHYIO 3HAIUMOCTD
KazKJoI'0 aKIMOHepa B IPUHATHN PEIleHUI, KOTOpas MO-
KET OTIMYaTHLCS 0T HOMUHANBLHOW (OmpenenseMon Joaei
aKITHI ).

8.1. ®upwmer A u B umeroT mo nBe cTpaTernn moBeneHus
ma poiake. Hantw Toukm paBnoBecuss Homra B «um-
CTBHIX CTpaTerusx, eCiu BbIUTPHIIN (PUpM 3aaHbl
CHeNYIOMIMMEI TaOIUITaMu:

a)
Bl B2
Ay | (10510) | (-3:15)
Ay | (15:4) | (1;1)

By B,
Ay | (20:20) | (-3:15)
Ay | (25:4) | (555)

B | B,
Ay | (35) | (-L-1)
Ay | (252) | (533)

B, B,
Ay | (557) | (65-5)
Ay | (10:5) | (-5;12)

8.2. Ilpu ycroBusax samadn 8.1. HalTH TOYKH paBHOBE-
cust Hotra B cMeIanibIX cTpaTerusx (Koraa OHu Cy-
MIECTBYIOT) W COOTBETCTBYIOIINE CPEIHIE BBIUTPDI-
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8.3.

8.4.

8.5.

46

II11.
[Tpu ycroBusax zanadn 8.1., B IPenNoIOKEHNN, ITO
BUPMBI MOTYT NOTOBapuUBaTHCA MeXKIY cobOH (KO-
orepaTHUBHAA WT'pa) HAUTH TOYKH YIPO3BI, PEIIEHNS
Houra n cpepiive BRIMTPBITIT (1718 CMEMTAHABIX CTPa-
Terui).

Pupma A mMeeT HECKOALKO CTpPAaTErnil, KOTOpLIE
MOT'YT HPHUHECTH Pa3JUIHbIN BBIATPLII B 3aBUCH-
MocTin oT coctosumsa peika C. Hamrtm omrmmann-
Hble IUCThle CTPATETHH € TOMOIILIO JOMWHIPOBA-
nnsg, xpurepueB Bamabma, CoBmmxka um ['ypBuma c
v = 3/5, ecain BLIUTPBIIT (PUPMBI 3a,JaH CAE Y IOMIHME
TabauIaMMI:

a)

Cl 02 03 04
A1 2 3 5
Ay | 7T 4 4 5
As 13 4 4 1
Ag | 7 4 2 2

6)
Ci Oy (s

A |20 30 15
Ay | 75 20 35
Az | 25 80 25
Ay |85 5 45

C; Cy Cs Oy

A |19 30 41 49
Ay | 51 38 10 20

As | 73 18 81 11

Toprosas pupma 3akymaeT 1ug NPONaKN IBa TOBa-



8.6.

8.7.

pa, Ha Temayio u Xoaommyio morony. llepsorin To-
Bap IpH TEILION TTOroAe NPUHOCHT NpHUOBLLIL a1%, a
mpu xoJoaHon yorIToK by%. Bropon ToBap mpn xo-
JONHONU TOr'ojle MPUHOCHT MpUOBLLTL a9%, a Ipn Te-
o yorTok by%. C nmomombio kpurepns Barbaa B
CMETITAHHBIX CTPATErmsIX HAaUTH ONTUMATbHBIE TOTN
CPe/ICTB, KOTOPhIE ClIelyeT 3aTPaTUTh Ha MOKYIKY
MePBOrO U BTOPOI'O TOBapa, €CJu:

EL) a; = 20, bl == 14, a9 = 16, bz == 18,

6) a1:16,61:9,a2:24,62:6;

B) a1:10, 61:4,a2:14, 62:8

NmeeTca xkoprnopalius M3 HECKOIbKUX aKIMOHEPOB.
JItoboe perrierne npuHIMAETCA MPOCTHIM OOIBIITIH-
crBoM axmuu. OnpenernTsh 3HAINMOCTDL AKITHOHE-
poB ¢ nomorbio BekTopa lllennm, ecan onn mmeror
clleIyTolne Inucia aKIimi:

a) 20, 40, 40;

6) 20, 30, 50;

B) 10, 20, 30, 40;

r) 10, 30, 30, 40.

Baanenen nounoro xkayba obermraer 1000 en. mesiry,
MUAHICTY 1 yaapHuky (urpokn 1, 2 n 3) 3a coBMecT-
HYIO TPy B ero Kiybe. BroicTymienmne nysra meBia
n nnanucTa omneHnBaeTca B 800 en., ynapHuKa n mn-
aamcTta — B 650 en., onmoro nmuanucta — B 300 eg.
[y>T neBet-ynapauk 3apabatsiBaeT 500 en. 3a Be-
9ep Ha CTaHIIWHW MeTpo, meBell 3apadaThiBacT 200 en.
3a Bedep B Kade. YIapHUK ONMH HUYETO HE MOKET
3apaborarb. Kakoe pacupenerenne noxona B 1000
ell. MOXKHO CYUTATh CIPABENTUBbIM, VIUTHIBAsS BO3-
MOKHOCTH UTPOKOB?
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OTBETHI U PEINIEHU®

1. OcHOBBI Teopuu NOTPEOGUTEIBLCKOTO BHIGOpaA

1.1. a) [la; ogmnopoana cremenn 1. 6) Her; onmopo-
wa cremenn 1. B) Her; ommoponma cremenn 2. 1) [la;
oguoponna crenenu 1/2. Dyukumsa BormyTa Kak CyM-
Ma BOrHYTBHIX. 1) [la; meogamnopojana. PyHKIUS BOTHY-
Ta Kak cyMMa BOrHYTHIX. e) [la; meommopomma. Umeem
g = —In(e™ — e™™), ¥y > u; mpomsBogman dry/dry =
—1/(e"™* — 1) MHOTOHHO BO3pACTa€T, TaK 9TO (PYHKIIIS
xo(xy) Bemykaa. k) Her; ogmopoana cremenn 3. Uwe-

eM zy = \/(u—2a3)/x1, 0 < 2y < u'/?; npoussogmasn

drs/dry = —(u + 4o/ (2xy/u — 23) cTpemuTes K —oo
1 1

Kak mpn ¥y — 0, Tak u mpm &y — u'/>

B HEKOTOPOU TOYKE MHTEpBala OHa UMeeT MaKCHMYM, Tie

(bYHKINA MeHseT BBIMYKJIOCTH Ha BOTHYTOCTDL. 3) [la; on-

Hopoana crenenn 3. Umeem zy = u/2? —x1,0 < 21 < u'/?,

dbyuxmma xo(xq) Bomykaa. u) [a; neogmnoponma. Nwmeem

. CaemoBaTternbHo,

xg = yJu/xy upnm a1 € (0,1/u) u 29 = v npn ; > 1/u,
dbyuxIA T3(21) BHITYKIA.

Jlumnn yposus dyuxumn u(xq,x2) B 3agadax 1l.le-m
ans w = 1,2,3 npencraBiaensl Ha puc. 1-4. B nocren-
HEM clIydae MyHKTUPOM ToKa3aHa runepbora xirs = 1,
Ha KOTOPOU Je€KaT TOUYKN U3TOMA.

1.2 a) Jlu6o o, € (0,1],y > 0, mubo o, 3,7 < 0. B
o0IIeM cryvae nMeeM Ty = (ul/w — :1:?)1/5, TTpON3BOTHAA

dl’g/dl’l = —(Oz/ﬁ)x?_l(ul/w _ x?)l/ﬁ—l‘

8 O 3aMEeYeHHBIX OIHI/I6K&X " ornevaTKax Hpoc56a COO6IlIaTI> aBTO-
py!
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X4

Puc. 1: Jlumunm yposus u(xy, x9) = —In(e™ + e72).
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ce 02 04 08 08 10 12 14

: 22 3
Puc. 2: Jlunun yposus u(wy, x9) = x1a5 + a7.



2.0

15+

101

05+

0.0 : :
e.0 05 1.0 15

X4

: _ 2 3
Puc. 3: Jlumnum yposus u(wy, x9) = xixs + 7.
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Puc. 4: Jlunun yposua u(wxy,v3) = min{x 23, x5 }.



U3 ycaosus weyoniBanus u(xy, T9) 1pu v > 0 101KHO GBITDH
a,f >0, anpn v < 0 umeem «,3 < 0. llpu o, €
(0,1] m mpum o, B < 0 momygaem, ato drz/dxr; Bo3pacTaer
(B obmactu 2§ < u'/Y). Ilpm a > 1 okaspBaeTcs, ITO
dxy/dxy yObIBaeT B OKpECTHOCTH HYJIs, U PYHKIHS To(2y)
TaMm BOrHyTa. AHalormano nckarodaem 3 > 1.

6) o, 3,7 <0;8B) o,y >0, 8 € (0,1].

1.3. D;‘(p, M) = Di(pv M)? Hi*(pvu) = Hi(pv f_l(u))v
0 M) = ol M) () = mp, /().

1.6. a) x5 = 2M/(7Tpy), x5 = 5M/(Tpy), v = (4 -
5 /T)Mp*py ", m = T(p1 [2)*7(p2/5)°Tul /T,
v} = (2p2/5p1 )" M7, @y = (5p1 [ 2p2)* T

6) 5 — TM/(10ps), 25 — 3M/(10p)
v = (7733/1010)]\410]31—7]32—37 m = 10(p1/7)7/10(p2/3)3/10u1/10,

— (7p1/3p2)3/10u1/10, x; — (3p1/7p2)7/10u1/10;

B) 2 = 2M/(3p1), 25 = M/(3p2), v = (4/21) M py*p;
mo= 6(p1/4)*(p2/2)PutlC, 2y = (2py [pa)PullC, a8 =
(p1/2p2)*/Pulle.

1.7. a) af = M/(p1 + \/p1p2), 3 = M/(p2 + \/P1P2),
v=M[(p1+ P2)"s m = (pr + P2)*u?, wt = (1 +
\/ P2/ p1)u 12 49 = (14 +/p1/p2)u 1z,
@2=MWﬁV%%@=MWﬁﬁ%%
2ﬂf+mw,m=@%+ﬁﬁw”%@=
((1 + (p2/1 )23 )2, 73 = ((L+ (/2 )2/ ) )M

B) xf = M/(2p1), x5 = M/(2p2 , v = 2In(M/2) —
(Inpy + hlpz) m = 2(up1p2) ) = (upl/p2)1/27 Ty =
(upz/p1)"%;

r) @7 = paM/(p} + p1p2), ©5 = prM/[(p1p2 + p3), v =
(M (ps —I—pz)/(p1p2))1/2, m = p1p2u2/(p1 + p2),
xy = (upa/(p1 +p2))?, 23 = (upr/(pr + p2))*.
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1.8. 3nech u garee HeO6XOMUMO YIUTHIBATD, ITO Pe-
[enne MOKeT OBbITH KaK BHYTPEHHNM (DJaJKoe KacaHue
TUHIE Ge3pasinyua 1 O10KEeTHON MPAMON), TaK W Kpa-
eBBIM (OIWH U3 TOBApOB He TOKYMAaeTcs). YKasaHneM Ha
nocrenHee ABIAETCA, B YaCTHOCTH, BBIXO PEIIeHNA, TTOTY-
qaeMoro MeTonoM Jlarpanxka, n3 obaacT HEOTPUTIATETb-
HBIX 3HAYEeHNN.

a) a} = (M — /pip2)/p1, a5 = \[p1/p2, v = (M —
2y/pip2)/pr ipn M > \/pips; @ = 0, @5 = M/py, v =
—v/P2/pr mpn M <\ /pipa; mo= upy + 2,/pipz, ] = u +

VP2/p1, &3 = \/p1/p2 pm u > —\/pa/p1; ¥} = 0, 25 =
—1/u, m = —py/u npu u < —+/p2/p1;

6) 25 = M/p1—1, 25 = p/pa, v = M/pi+1n(p1/p2) —1
mpu M > pi; @ = 0, 3 = M/py, v = In(M/p2) npn
M < pi;m = pi(u+In(py/p1) + 1), 2} = u +1In(p2/p1),
xy = p1/ps mpm u > In(py/pa); m = pae®, 2} = 0, 23 = ¢"
upu u < In(pi/p2);

B) 23 = M/pi — pi/(4p2), @5 = pi/(4p3), v = M/ps +
pi/(4p2) mpn M > pi/(4p2); @7 = 0, 25 = M/py, v =
VM/p2 mpm M < pi/(4pe); @) = u — pi/(2p2), 25 =
pi/(4p3), m = pi(u — (p1/4p2)) mpm u > pi/(2p2); 23 = 0,
xy = \/u, m = pyu® npu u < py/(2py).

HO,I[O6HBI€ qDyHKHI/II/I IIOJE3HOCTHN Ha3bIBAIlOTCA K6aA3U-
aunetinvipy, VX auaun Gespasimaund HapallelbHbl IpYD
Apyry, HOSTOMy Ha4dnHasd ¢ HEKOTOPOI'O 3HaveHuA OOXO-
na (pu PUKCHPOBAHHBIX TEHAX ) TOTpebIeHne OIHOrO 13
TOBapoOB Il€epecTacT paCcT U CTAHOBUTCA ITOCTOAHHBIM.

1.9, a) 5 = (M -+ 3)/(3pr), 23 = (2 — 3p) [ (3p2).
v=4(M +3p2)*/(2Tp1p3) mpu M > (3/2)p; «§ = M/pu,
x5 =0, v=9M/p; tpu M < (3/2)p,.

54



6) 7 = (M 4 2p> — 3p1)/(2p1), 25 = (M + 3ps —
2p2)/(2p2), w = (M + 3py + 2py)*/(4p1pa) — 6 mpu M >
|2ps — 3p1|; B mpoTuBHOM caydae x5 = M/p, x5 =0, v =
2M/py ipu p2/p1 > 3/2ma] =0, a3 = M/py v =3M/p,
npu pa/pr < 3/2.

1.10. a) @y = M/py, 25 =0, u = 4M/p1, m = up, /4,
af = u/4, a3 = 0 mpu pi/py < 4/5; a7 =0, a3 = M/p,,
u=>5M/ps, m = upy/5, 2} =0, x5 = u/5 npu pi/p> >
4/5; upu p1/p2 = 4/5 umeercsa GecKOHEYHO MHOTO pellie-
unnu. Jluaun 6espasantus 6o mepecexaroTcs ¢ G0 MKeT-
HOW TIPAMON B KPpaWHUX TOYKaX, JI0O0 COBIAIAlOT ¢ HEM.

6) 7 = 3M/(3p1 + 2p2), x5 = 2M/(3p1 + 2p2), v =
6M/(3p1 + 3p2), m = (3p1 + 3p2)u/6, 2} = u/2, 25 =
u/3. BlojgkeTHas npsaMas IPOXOAUT Yepe3 TOYKY U3JIOMa
auEIE 6e3pasandnsa (MMeToIIel BI TPAMOTO yTJIa ).

1.11. Uz ToxmecrBa Pos maxomum (pyHKIHU cpoca
mo Maprmamnry, oTKyja BbIpaKaeM IeHbl U MTOICTABISEM B
KOCBEHHYTO (DYHKIINIO TIoxesHocTn: a) 27z x5; 6) 25627 s;
B) 3125275,

1.12. U3 aemwmbr [enmapaa aaxoqum PyHKIUN CIPO-
ca o XWKCY, OTKY/Ja BbIpakaeM IEeHBI W TONCTABIAEM B
dynxmmio pacxogos: a) 2%/3z2zd; 6) 22/533/52;?/5:1;3/5; B)
55/12:1;?/12:1;;/12‘

2. OdpdexkTH 3aMeHBI U A0X0aa. Tunbl ToBapoB
2.1. a) 0Dy = —16; mo Xukcy: D3y = 24(373/5 — 1),
DI, = 8(1 —3¥%), AH = 60(3*°> — 1); no Cayukowmy:
231 =-9,6, /1, = —6,4, AS = 48;
6) 0Dy = —48; mo Xukey: D3y = 64(47/° —1), D], =
16(1 — 4*%), AH = 80(4*° — 1); mo Caynxomy: D3y =
9,6, D/, = —38,4, AS = 192;
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B) OD; = —48; mo Xukcy: D3, = 60(572/° —1), D], =
12(1 = 5%/%), AH = 100(5*/° — 1); no Caymnxomy: D3, =
—19,2, D1, = —28,8, AS = 240;

r) 0D, = —48; mo Xukcy: D3, = 64(4713—1), D/, =
16(1—4%/%), AH = 96(4*/°—1); no Canyukomy: D35 = —16,
I, = =32, AS =192;

1) 0D, = —48; no Xuxcy: I3, = 60(5~'/3—1), D], =
60(1-52/3), AH = 90(5%/°*~1); no Carymnxomy: D3, = —16,
I = =32, AS = 240;

e) 0Dy = —24; no Xuxcy: D3y = 64(471/% 1), D], =
16(1—4%/%), AH = 96(4*/°—1); no Cayukomy: D3y = —15,
2, =-9, AS = 120.

2.2. Ilpenenbunie oppeKTH: 06NN, 3aMEHbI, T0XO0Ia.

a) -24; -14,4; -9,6; 6) -64; -12,8; -51,2; B) -60; -24; -48,;
r) -64; —21%; —422; 1) -60; -20; -40.

2.3. Jluaum Ge3pasziandus MMEIOT W3JIOMbI BIOIb T'H-
nepOoIbl £123 = 2, OT KOTOPOU MPOIOIKAIOTCS TOPU3OH-
TanrbHo BpaBo (amagormdano puc. 4). Kacamnme ¢ 6101-
KETHOW TPAMON BO3MOKHO JMO0 B TWTaKON (I1€BOM) dacTn
JUHAN 6e3pasndus, Tnb60o B TOYKe W3JI0Ma. B 3aBucnMocTn
OT DTOr0 BO3MOKHBI ABe cuTyanuu. [Ipu M? < 9p,p; oba
TOBaphl OOLITHEIE:

M 2M

° o = —.
? 3p2

1= ﬂv
B obractu M? > 9p; py nomyvaem:
° M—\/M2—8p1p2 ° 2
P1
[lnst mepBoro TOBapa HaXOUM MPOU3BOTHYIO
dxy  M(M —/M? — 8p;p,)
Ip1 2piV/M?% — 8pipy

X

a1

> 0.
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CaenoBaTebHO, TEpBLI TOBap ABIAETCA ToBapom | 'md-
pena. Jlerko mpoBepnTh, YTO BTOPOH TOBAp OOLITHBIN.
Ha puc. 5 npencrasren rpaduk x1(py) npu M = 3,
p2 = 1.
2.4. Ilpu M < p;/2 nokynaercs TOILKO BTOPOU TO-
Bap, Tak 4ro x5 = M/py. B obaacru M > p; /2 noayuaem

. M —pi /M2 2Mp -}
e 2p1

M A py— M2+ 2Mp; — pt
a 2pa '

Y

(o]
Ly

[Torpebaenne nepBoro ToBapa ¢ pocrom M yBerndmBaeT-
¢, TaK 9TO OH HOpMadeH. [lasg BTOPOTO HAXOMUM TPOU3-
BOJHYIO

%:L 1— M+ p < 0.
oM 2p, VM2 +2Mp; — 3

CaenoBaTeqbHO, BTOPOH TOBap HU3KOI'O KadecTBa.
Ha puc. 6 npencrasren rpaduk x5(M) mpu p; = 2,
2.5. a) 2 =0, 25 = M/py mpu M < 3p; w 2] =
M/py — 3, 5 = 3p1/ps nipu M > 3p,. llepsuini ToBap —
npeaMeT pOCKOIN, BTOPOH — IepBON HEOOXONUMOCTH.
6) a5 = M/py, x5 =0mpn M < p3/py w5 = (p2/p1)?,
x5 = M/py — py/p1 ipu M > p2/py. llepsoiii ToBap —
epBOi HEOOXOIMMOCTH, BTOPON — IIPEAMET POCKOIIIN.
B) 27 = 2M/(M + 3p1), 23 = M(M + p1)/(p2(M +
3p1)). llepBuiii ToBap — mepBOW HEOOGXOMUMOCTH, BTOPON
— HpeaMeT POCKOIIN.
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Puc. 6: I'padpuk x3(M) B 3amave 2.4.
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r) @y = M(M +2p;)/(pr(M + 5p3)), w5 = 3M /(M +
bpe). llepBobri ToBap — MpeMeT POCKOIIM, BTOPOUN —
MePBON HEOOXONNMOCTH.

3. AHaiu3 XapakKTepUuCTHUK

3.1. a) (64,28); 6) (0,60); B) (120,0); r) (70,50).

3.2. a) 1. Ilposegem vepes Touky A; aunuio Gezpas-
JWYNA W KacaTelbHyio K Hell. Ecam Touka A, JexuT Bbilie
KacaTelbHOW, TO YacTh oTpeska Ay Ay mim Bech oH JeXKuT
BbIIIIE JUHUN Ge3pasindusa, T.€. MOKHO YIYYIIATH T0Je3-
HOCTL 3a CYeT MOKYNKH BTOPOrO ToBapa. HEcim Todka
Ay mexuT HmKe KacaTeabHon, TO Bce Touknm Ay Az, Kpo-
Me Ap, JexaT HUKe JNHUN Ge3pasaudus, 1 BTOPON ToBap
HEeT CMBICTa TOKYTaTh. TakuM o6pa3oM, TPaHnIHOe TOJ0-
Kenme Todkn Ay — ma Kacareabnon. llomoxum aas mpo-
crorel M = 1, Torga A;(2,8), ypaBHeHne KacaTeabHON
Yo = 16 — 4y, Touxa As(3/ps,4/p2). HoncraBasas koop-
IUHATE TOYKN Ay B ypaBHEHHE KacaTelbHOW, MOXYIaeM
OTBET.

6) 4,6; B) 4.

3.3. TperTuit ToBap MOKyMaeTCA B 3aBUCUMOCTH OT TO-
ro, Je:KUT A To9Ka Az Brire mpamon Ay Ay mwim mer. Ecan
Az eXnuT K TOMY Ke BBIIIE JUHUN Oe3pasIudus, Kacaro-
mencs A Ay, To oKymaeTcsa TOALKO TpeTui ToBap. Kc-
mm Az nexnt Mexny Ay A, n annnen 6e3pasantdns, TO OH
MOKYTIaeTCs COBMECTHO ¢ TOBApOM, 9bs TOoUKa A; jexut
MO JAPYT'YIO CTOPOHY OT TOYKH KaCaHUs (TMOCKOIbKY TacTh
COEIMHSATIONIETO UX OTPE3Ka JEKUT BhIIIE JUHUN He3pasin-
s ).

a) Ilokymaercs Torbko Tperuin ToBap: « = (0,0, 120).
[lepBbiit 1 BTOPOW TOBAaphl BBHITECHSIOTCA € PBIHKA. ©O)
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Tpetun ToBap He MOKyHaeTCs, MOTPeOUTENLCKUN HAGOD
we Mensercsa. B) [lokymaioTces mepBwIll U TpeTuii ToBap,
= (70,0,50). Bropoil ToBap BLITECHAETCA ¢ PHIHKA.

3.4. a) 19/17; 6) 33/17; B) 18/17.

4. OCHOBLI TeOpHUM ONTHUMU3ALMUHU [IPOU3BO/JCTBA

4.1. a) oy /(B1); 6) (er/cz)(wa/w1)F B) (2243)/(221);
r) 2(x2 — 5)/(3(xy — 2)), &1 > 2, &3 > 5; ) €771,

4.2. a) 1;6) 1/(a+1); B) 1 +1/29 € (1,4+0); 1)
1 —6/(5x1) —2/a2 € (0,1), 1 > 2, a2 > 5; 1) (x1e77 +
2= (s 4 ) € (0, o).

4.3. a) (min{z, z})"; 6) x?clxgcz’, B) (171 + caa)".

4.4. a) 5o 1/4 3/4 6) 32! 12, 1/3 8) (1/2)2! 16, 2/3

4.5, )oz—l—ﬁ<1 6)a<1

4.6. a) h < 1; 6)ozh>0ﬂoz€( 1,0),h € (0,1).

4.7. a) 2} = popL p22/144 x5 = popr p23/216
Q = papi°py /72, PR = pSp;°py? /432, e, (PR) = 6,
epl(PR) = -3, €p2(PR) = — 4

6) x5 = (2592/3125)pgpy *p3 !, 5 = (864/3125)p;pi °ps?,
Q = (432/625)p;pi°py ", PR = (864/3125)pgpi p3 !,
epo(PR) = 57 epl(PR) 3 €p2(PR) =4

) 25 = (82297 P 0 = (4:220%19)38pr Vg7
Q = (2:22/%/3)popy *p; 2, PR = (222 )9)pkpy P p; 1P,
€p(PR) =2 ¢, (PR) = 2/3, e, (PR)=—1/3.

4.8.
a) ¥] = po/(4/Prly/PL + v/P2)"), 25 = pi/(4y/p2(y/p1 +
VP2)?), Q@ = po/2(\/pr + /P2)%), PR = p3/(4(y/pr +
VP2)?);

6) x5 = (1/2)(po/(3p1 + 2p2))%%, 3 = (1/3)(po/ (3p1 +
292) %%, @ = (1o s + 2], PR = (/08 31 +
2}72)
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4.9. a) 23 = (po/2p1)223°, Q = (po/2p1)2d”;

6) 2% = (6po/5p1)*/2y%, Q = 2972332 (po /py ) a3,

B) 23 = 8(po/3p1)" 25", Q = 8(po/3p1) 73",

4.10. a) 2§ = 221/ (po/p1)*? = 1, Q = w23/1 — (p1/po)*/?
upu po > p1; 2y =0, ¢ =0 mpu po < pi;

6) 23 = min{(po/3p1)*/%, 22}, Q = min{(po/3p1)"/%, 23/°}.

Ha puc. 7 npencrasiren rpadpuk Q(p1) mpu po = 1,
x9 =1, a ma puc. 8§ — rpadur Q(po) mpu p; = 1, x5 =1
B 3aga<e 4.10a.

B sToM mpumepe mpeicrapiseT HHTepec TOT (PakT,
4TO NpH (PUKCHPOBAHHOI IIeHe IPOAYKTa CYIIeCTBYeT KPH-
THYecKas IeHa TPyJa, BbIIe KOTOPOU MPOU3BOLCTBO He-
BLITO/IHO; U HAao60poT, Npu (pUKCUPOBAHHOW IeHe TPYa
cylIecTByeT KpUTHYecKas IeHa OPoAyKTa, HaduHas C KO-
TOPOI MPOU3BOICTBO CTAHOBUTCS BBII'OHO M pacTeT (CHa-
Yala O9eHb GLICTPO, 3aTeM BCe MeIeHHee ).

4.11. a) 25 =6C/(Tp1), x5 = C/(Tp2),

Q = (36/T)pr*p; PCT wy = 11/6; €, (Q) = -2,
e, (Q) = —1/3, ec(Q) =7/3;

6) x5 =2C/(5p1), x5 = 3C/(5p2),

Q = (9225330 5)p P p Py = (3/2)1; €,(Q) =
—2/5, €,(Q) = =3/5, ec(Q) = 1;

B) 27 =4C/(5p1), x5 = C/(5p1),

Q = (64/5%)pi*py/°C%6; 1y = 11 /4; €,(Q) = -2,
€, (@) = —1/3, ec(Q) = 5/6.

4.12. a) 27 = C/(p1 + /P1p2), x5 = C/(p2 + /P1p2),
Q= CP)(\/pr + /p2)*% w2 = (o1 [p2)

6) x5 = TC/(Tp1 + 4p2), x5 = 4C/(Tp1 + 4p2), Q@ =
(28C/(Tp1 +4p2))*%; 22 = (4/ 7)1

4.13. a) a} = (6po/p1)"TQ%7, @S = (p1/6p1)* QYT
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6) a} = (2p2/3p1)3/5Q, Ty = (3]91/2]91)2/5@7 C=(5-
2—2/537/5) ?/5}7:2))/5@, epl( ) _ 2/57 €p2(0) _ 3/57 eQ(C) _
1

B) 2 = (4p2/p1)PQ, w5 = (p/Ap)*/°Q%°, O = (5-
27%)p 11/5 3 Q% €, (C) = 4[5, €,(C) = 1/5, eq = 6/5.
4.14. a) 27 = (1+4/p2/p)@Q°, 28 = (1 +/p1/p2) Q7
= (\/p_l—l_ \/}7_2)2@3; 6) xy = Q3/2/47 ry = Q3/2/77 C =
(7p1 + 4}72)@3/2/28-
4.15. a) Q = 0, PR = =3 npu p < 4/2; Q = p/8,
PR =p*/16 — 5 npu p > 4/2;
6) Q =0, PR = —1 npu p < 3%/371/3272/3, () =
/p/21, PR = 2p*/3/(3y/21) npu p > 3°/374/3272/3,
B) Q =0, PR=—2mnpu p <22, Q = p/4, PR =
p*/8 — 3 mpu p > 2/2;
r) Q 0, PR = —4 wpu p < 3°/351/3223, ) =
p/15, PR = 2p*/3/(3v/15) npu p > 3°/351/32-2/3,

5. CTaTn4yeckue MoOJeJu PLIHKA

5.1. a) w3 = (7/5)x1; p1/p2 = 7/5;

6) 2o = 271 /(24+4x1); pr/p2 = 9/(2+4x1) € (1/2,9/2);

B) 22 = 1021 /(124x1); p1/pe = 8/(124x1) € (8/15,2/3);

r)ag = 8:1;1/(21 x1); p1/p2 = 8/(21—x1) € (8/21,4/7);

n) xe = 96x1/(2 + 1laq); pi/pe = 24/(2 + 11ay) €
(1,12),

e) vy = (5/6)x1; p1/p2 = 5/6.

B 06H16M cirydae, ecan uy (2, a) = :1;11:1;51, ua (Y1, y2) =
y22yP2 npu a1/ # ay/3; KOHTpaKTHas IUHAN TIpECTa-
BIsET COGON OTPE30K TUNEPOOMBI (BBITYKION WJIN BOTHY-
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TOI?I)7 a OTHOIIcHNe IcH JeXXKHUT B I/IHTepBELJIe Me)K,I[y Y-
cramu (aq1/01)(azf/ar) m (az/B2)(az/ar), orpakarommvn
paSJH/I‘{HBIe B3I‘JI}1,I[BI HOTpG6I/IT6JI€ﬁ Ha H€eHHOCTH TOBELpOB.
[Tpu ozl/ﬁl = ozz/ﬁz KOHTpaKTHas JUHUS CTAHOBUTCS IIP-
MOI?I7 a I/IHTepBaJI IeH CcTAT'nNBaeTCA B TO‘{Ky (BSI‘JI}I,Z[BI CO-
BITAIAIO0T).

Ha puc. 9 mpencrasren rpaduk KOHTPAKTHOW JITHITH
B 3anade 5.16.

5.2 a) 2y = 3ay, pi/pyt = 3, pi"/pt =475, ¢ =
121357213 g = 4.3'/3572/3 o = (2/5,6/5), y* = (8/5,24/5).

6) vz = (3/T)ay, pie/pys = 3/7, pi" /Y = (2/3)"/2,
q; = 21/2211/45—1/27 q; — 33/471/45—1/27 * = (14/5,6/5),
y* = (21/5,9/5);

B) wy = (1/2)xy, pi™/ph™ = 1/2, pi*/pt" = (4/3)'/3,
qF = D537 gx = 3ABE0VPT2/3 ) g = (40/7,20/7),
y* = (30/7,15/7);

r) @y = (3/2)xy, pi=/pys = 3/2, Py /P =37V ¢ =
(3/2)'4, 3 = 33/%271/% o* = (1,3/2), y* = (3,9/2);

n) xo = 3xy, Pi/ps = 3, p/pE = (2/3)Y3, ¢ =
BTV s = 3 7235723 p = (14/5,42/5), y* =
(21/5,63/5);

6) Ty = 43;17 plies/pges = 47 pﬁr/pgr = 27 QT = 2 . (6/5)1/27
@ = (6/5)Y2, 2 = (12/5,48/5), y* = (3/5,12/5).

Ha puc. 10 mpencraBien rpaduk rpaHUIbl TEXHOIO-

*

I'mveCKOoro MHOZKeCTBa (CHJIOHlHaﬂ JII/IHI/I}I) n Kacalomefmﬂ
ee TUHUN 6e3pa3iamyand moTpebuTernd (HyHKTMp) B 3agade
5.26.

5.3. a) p° = (11/21,10/21), y° = (—25/121,5/11),
x8 = (183/484,183/440), 25 = (201/484,201/220); &)
pro=(14/23,9/23), y° = (1 = 3/V7,2 = 2V7/3), 2} =
(13/7 —2//7,13/9 — 2/7/9), 25 = (8/7 — 1/3/7,32/9 —
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WT/9); B) pm = (3/(3 4 2V/I1),2V/TT/(3 4 2V/1T)), y° =

(—2/9,V11/3 — 1), 2% = (38/27,19/(18V/11)),

w5 = (47/54,47/(18V11)); 1) p* = (1/2,1/2), y° = (0,0),
= (2/3,2/3), x5 = (1,1/3).

6. Mojean JUHAMUKHN PBLIHOYHLIX I[eH
6.1. Touxknu paBHOBeCHA ONIPEJENAIOTCA ¢ TOTHOCTHIO
1o moctosuroro Muokurens: a) (1,2,1); 6) (1,3,2); B)
(9,16,11); v) (2,1,3). Bo Bcex cayvasx BBHITOSHAETCS 3a-
KoH Baabpaca, nMeeT MecTo JoKalbHasA 1 IIobalbHas yCTO-
IIBOCTD.
6.2. a) Go(q1,q2) = ¢ +3q2 — 5, Gi(qu,q2) = (1 +
32) /a1 — 2, Galqu, 2) = (4 +q1)/q2 — 6; (2,1);
6) Golq,42) = 1 + @2 =5, Gilqi.¢2) = (4 + @2) [ — 2,
Golq, q2) = (1 +q1)/q2 — 25 (3,2);
B) Go(q1,q2) = 1+ q2—3, G1(q1, q2) = (1 +5q2)/q1 — 4,
Gald1,42) = (2 +3q1) /g2 — 6; (16, 11);
r) Go(q,q2) = @ +q2—3, Gi(qu, q2) = (1+2q2)/q1 — 8,
Galgr,q2) = (1 +7q1) /g2 = 35 (1,3);
Bo Bcex ciydasx mmeeTcs JoKaabHas yCTONIHBOCTD.
6.3. a) 4; ycrontnsa; 6) 3; HeycTONYNBa; B) 2; yCTON-
4nBa; ) 3; HEYCTONYNBA.
6.4. a) l; ycromumBa; 6) 2; meycromumsa; B) 2/3;
YCTOWYNBA; T') H; HEYCTONYNBa; 1) 3; HEYCTOMYNBA.
6.5. a) 5; ycronmumsa; 6) 2,6; meycronumpa; B) 10;
ycrondnBa; T) 9; ycrowdamsa; n) 4; HeycTondma; e) 8;
VCTOWYMBA; XK ) 3; HEyCTOUMBA; 1) 2; yCTONYUBA.

7. IlpocTenime Mogeu MPOU3BOACTBEHHOU cdephl
7.1. a) (75,75), S = 375; 6) (0,20), S = 100; B)
(10,30), S = 50.
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7.2. a) (0,10,0), S = 100; 6) (85,0,5), 5 = 90; »)
(0,4,19), § = 23.

7.3. a) (0,10,50,0, 5 = 360; 6) (5,10,15), S = 450.

7.4. a) (0;5;12,5;0), S = 225; 6) (12,8;0;0;0), S =
384.

7.5. a) (5/8,3/8); 1,5;6) (2/3,1/3); 1.4; B) (1/2,1/2);
1,9; 1) (2/3,1/3); 1.3; n) (1/2,1/2); 1.8; e) (5/11,6/11);
2.

7.6. a) (1/3,2/3); 1;6) (1/3,2/3); 4/3; B) (1/4,1/4);
3/4; 1) (1/4,3/4); 15 n) (1/2,1/2); 3/2; ) (1/2,1/2); 2.

)

Briroamo B crydasx 6), 1), €).

8. DJieMeHTHI TEOPUU UTP

8.1. a) AyBy; 6) AyBs; B) A1By n AyBs; 1) HeT pas-
noBecusi Hora.

8.2. a) wer; 6) Her;

B) 2’ = (1/77 6/7)7 yO = (6/77 1/7)7 fo = (17/77 17/7)7

r) 2 = (7/19,12/19), y° = (11/16,5/16), f° = (85/16,
109/19).

8.3. Touka yrpossl, pemenne Horra, cpegname BEIirpoi-
[T IS CMEINAHubIX cTpaTerui: a) Az By; A1By; 6) AsBs;
Ay By; B) AgBy; P(A1By) = P(A3Bs) = 1/2, f° = (4,4);
r) A1 By; P(AyBy) = 9/14, P(AyBy) = 5/14, f° = (11/14,
15/14).

8.4. a) Ay nomuuupyeT; 6) As IO BCeM KpUTEPUAM; B)
Ay mo xpurepuio Baabna, As mo kpurepusim CoBumaxa u
I'ypsutia.

8.5. a) (1/2,1/2); 6) (5/9,4/9); B) (11/18,7/18).

8.6. a) (1/3,1/3,1/3); 6) (1/6,1/6,2/3);

B) (1/12,1/4,1/4,5/12); r) (0,1/3,1/3,1/3).

8.7. (350,475,175).
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ITPNJIOZKEHUE

O6pa3nbl KOHTPOJBbHBLIX paboT

KonTpoabuas pa6ora Nel

Bapuanwm 1
1. @ynkuus noxesnoctn u(xy, ry) WMeeT BUI:

u(xy, xq) = (9:1;1_1 + 16:1;2_1)_2

Hanrn:

a) dymukiEn cnpoca mo Maprmanry;

6) KOCBEHHYTO (PYHKIINIO MOTE3HOCTH;

B) QYHKINN cipoca o XUKCY;

') QPYHKINIO PacxoioB.

2. dynknma nonesnoct u(wy, v2) = xirs. Hycrs M =
120, p1 = 1, py = 2. Usmennnacs mena na 1-u ToBap, HOBas
meHa: ¢ = 3.

a) Hairru O9;.

Hantn xommencarmm, 931, I/;:

6) mo Xukcy,

B) mo Cayikomy.

Bapuanm 2
1. @ynkuus noxesnoctn u(xy, ry) WMeeT BUI:

u(xy, x9) = (24/x1 + 51/:1;2)2
Hanrnu:
a) dymukiEn cnpoca mo Maprmanry;

6) KOCBEHHYTO (PYHKIINIO MOTE3HOCTH;
B) QYHKINN cipoca o XUKCY;
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') QPYHKINIO PacxooB.

2. dynknma nonesnocT u(wy, v2) = xjrs. Hycrs M =
200, p; = 1, po = 2. Usmenunacs rena Ha 1-u ToBap, HOBast
meHa: ¢; = 5.

a) Hairru O9;.

Hantu xommencanuu, D31, I /1;:

6) mo Xukcy,

B) mo Cayikomy.

Bapuanm 3
1. @ynkuus noxesnoctn u(xy, ry) WMeeT BUI:

u(xy, x9) = 31nay 4+ 7ln ay

Hanrn:

a) dymukiEn cnpoca mo Maprmanry;

6) KOCBEHHYTO (PYHKIINIO MOTE3HOCTH;

B) QYHKINN cipoca o XUKCY;

') QPYHKINIO PacxooB.

2. dynknma nonesnocT u(wy, v2) = xiwy. Hycrs M =
180, p1 = 1, po = 3. Usmenunacs mena na 1-u ToBap, HOBas
meHa: ¢; = 5.

a) Hairru O9;.

Hantu xommencanuu, D31, I /1;:

6) mo Xukcy,

B) mo Cayikomy.
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KonTpoabHas pabora Ne2

Bapuanwm 1

1. /lns mpomsBoacTBenHON GyHKIAN f (21, T0) = (227" +
5251) Y3 pemmTh 3a 129y MaKCHMU3ANIT TPUGHLII Ha, 10/-
TOCPOYHOM MTPOMEKYTKE.

2. s mpowssoacrBennon Gyakunn [y, x9) = :1;}/2:1;%/4
PEIMTE 3a a9y MaKCUMI3AIUN BLITTYCKa () Tpn (PUKCHPO-
BaHHBIX m3jepikKkax C'. Haimw smacTuaHoCTh BBITYCKa O
eHaM pPecypcos.

3. Uanepxxu C = 2Q°+9 npu Q > 0u C = 4 npnu
() = 0. Hantw onTUMAILHBIN BBITYCK B 3aBUCUMOCTH OT
HEHBI TPOAYKTA.

Bapuanm 2

1. /lns mpomsBoacTBenHoN GyrKIHT f (21, 22) = (2] 7+
925 2%) Y4 permmTh 3a 129y MaKCHMU3AIIT TPUGHLII Ha, 10/-
TOCPOYHOM MTPOMEKYTKE.

2. s mpowssoacrBennon Gyakunn [y, £9) = :1;}/3:1;%/4
pEImThL 3aja9y MUHIME3AIN u3aepikek C' mpu PpUKCupo-
BaHHOM BBIMycke (). Halmu sracTuIHOCTH M3AEpKEK O
BBIMTYCKY.

3. Uanepxxu C = 3Q* +4npu Q >0u C =1 npnu
() = 0. Hantw onTUMAaIbHBIN BBITYCK B 3aBUCUMOCTH OT
HEHBI TTPOAYKTA.

Bapuanm 3
1. Jlxa mpoussoacTeennon dynxunn f(r1,z9) = (3z7'+
425 1) Y2 pemmmTe 3a4aMy MaKCHME3AIIN TPAOLLI Ha 10.1-
FOCPOYHOM MPOMEKYTKE.
. 1/2_1/3
2. s mpowssoacrBennon Gynkunn f(y, x9) = ;" a,
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PEIMTE 3a a9y MaKCUMI3AIUN BLITTYCKa () Tpn (PUKCHPO-
BaHHBIX m3jepikKkax C'. Haimw smacTuaHoCTh BBITYCKa O
eHaM pPecypcos.

3. Mapepxxn C =3Q° +8mpu Q@ > 0u C = 6 npn
() = 0. Hantw onTUMAILHBIN BBITYCK B 3aBUCUMOCTH OT
HEHBI TPOAYKTA.

KonTpoabuas pa6ora Ne3

Bapuanwm 1

1. PacemoTpers Momens obMeHa ¢ IByMsA OTpebuTe-
aamm, ecmn: uy (21, T2) = 173, Uz(Y1,Y2) = YiY2, a1 = 6,
ay = 9. Hautn KonTpakTHBIE IUHUN W OTHOIEHTE TIEH Ha
toBapbl. OmpenenrnTs MWana3oH BO3ZMOKHBIX OTHOIIEHITH
IEH.

2. PaccMoTperh Mojenb pbIHKa ¢ IBYMs pecypcami,
OBYMS TPOUBBOIUTENAMEU U ONHUM TOTpeOuTEeIeM, eCiu:
(1, 29) = (51?151?2)1/37 (Y1, y2) = (y1y2)1/37 u(qi, q2) =
qQ145, a1 = 4, ay = 12. HaliTn KORTpaKTHEIE INHUE U OTHO-
IIEHNA TIeH Ha Pecypchbl, ONTUMalbHble 0O beMbl BBITYCKa
U OTHOIIEHNUs 1IeH Ha TPONAYKTHI, ONTUMATbHOE Pacipee-
JeHIe PeCypCoB.

3. PaccMmoTpeTh Monieslb HEHOPMUPOBAHHOT'O TIPOIIecca
IEeH:

Fo(po, p1;p2) = (p1 + 3p2)/po — 5
Fi(po; p1sp2) = (po+ 3p2)/p1 — 2;
F5(po, p1,p2) = (4po + p1)/p2 — 6.
[IpoBepuTs BoImoaHeHne 3akona Baabpaca. Hanmtm Tou-
Ky PaBHOBeCHs, TPOBEPUTH €€ JOKAJIbHYI0 U TI06AIbHYIO
YCTOMIUBOCTD.
4. PaceMoTpeTh HEIWHEMHYIO MayTHHOOOPA3HYIO MO-
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ners: D(p) = 110/p — 2, S(p) = 4p. Haiitu paBmoBecHyio
HeHy 1 IPOBEPUTDH €€ YCTOMINBOCTD.

Bapuanm 2

1. PacemoTpers Momens obMeHa ¢ IByMsA OTpebuTe-
mAMH, ecan: i (T, T2) = 2773, Ua(Y1,Y2) = Yiy2, a1 = 6,
as = 4. Hautn KonTpakTHBIE IUHUN W OTHOIIEHTE TIEH Ha
toBapbl. OmpenenrnTs MWana3oH BO3ZMOKHBIX OTHOIIEHITH
IEH.

2. PaccMoTperh Mojenb pbIHKa ¢ IBYMs pecypcami,
OBYMS TPOUBBOIUTENAMEU U ONHUM TOTpeOuTEeIeM, eCiu:
@iz, 25) = (w122 @y, 42) = (v1y2)'*, wlar, g2) =
q?q;, a; = 14, a; = 6. HallTu KOHTpaKTHbIE IUHUE W
OTHOIIIEHUA [IeH Ha PEeCYpPChl, ONTUMalIbHble 06BEMbBI BbI-
MycKa ¥ OTHOIIEHNUs 1IeH Ha TTPOAYKTHI, OIITUMAJIbHOE pac-
npeneleHne pecypcos.

3. PaccMmoTpeTh Monieslb HEHOPMUPOBAHHOT'O TIPOIIecca
MUHAMUKI 1TeH:

Fo(po, p1,p2) = (p1 + p2)/po — 5;
Fi(po, p1,p2) = (4po + p2)/p1 — 2;
Fy(po, p1,p2) = (po +p1)/p2 — 2.

[IpoBepuTs BoImoaHeHne 3akona Baabpaca. Hanmtm Tou-
KY PaBHOBECHUs, TTPOBEPUTDH €€ JOKATLHYIO U TNI00aTILHYTO
YCTOMIUBOCTD.

4. PaceMoTpeTh HEIWHEMHYIO MayTHHOOOPA3HYIO MO-
ners: D(p) = 52/p, S(p) = 10p — 6. Haiitu paBHoBecHyio
[eHy 1 TPOBEPHUTH €€ YCTONINBOCTD.
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Bapuanm 3

1. PacemoTpers Momens obMeHa ¢ IByMsA OTpebuTe-
aAME, ecar: uy (T, Ta) = T2, ua(y1.Y2) = Yiys, a1 = 14,
ay = 8. Hautn KoHTpakTHBIE IUHUN W OTHOIIEHWE TIEH Ha
toBapbl. OmupenenrnTs NWaNa3oH BO3ZMOKHBIX OTHOIIEHIH
IEH.

2. PaccMoTperh Mojenb pbIHKa ¢ IBYMs pecypcami,
OBYMS TPOUBBOIUTENAMEI U ONHUM TOTpeOuTEeIeM, eCiu:
qi(21,72) = (2122)"°, @(y1,92) = (n92)'?, wlar, ) =
qiq, a; = 20, a; = 10. Hailtm KoHTpaKTHBIE TUHAN WU
OTHOIIIEHUA [IeH Ha PEeCYpPChl, ONTUMalIbHble 06BEMbBI BbI-
MycKa ¥ OTHOIIEHNUs 1IeH Ha TTPOAYKTHI, OIITUMAJIbHOE pac-
npeneleHne pecypcos.

3. PaccMmoTpeTh Monieslb HEHOPMUPOBAHHOT'O TIPOIIecca
MUHAMUKI 1TeH:

Fo(po, p1,p2) = (p1 + p2)/po — 3;
Fi(po,p1,p2) = (po+ 5p2) /p1 — 4
Fy(po, p1,p2) = (2po + 3p1)/p2 — 6.

[IpoBepuTs BoImoaHeHne 3akona Baabpaca. Hanmtm Tou-
KY PaBHOBECHUs, TTPOBEPUTDH €€ JOKATLHYIO U TNI00aTILHYTO
YCTOMIUBOCTD.

4. PaceMoTpeTh HEIWHEMHYIO MayTHHOOOPA3HYIO MO-
ners: D(p) = 310/p — 14, S(p) = 2p — 4. Hanru pasno-
BECHYIO TIEHY U TIPOBEPUTH €€ YCTONINBOCTD.

KonTpoabHnas pa6oTa Ne4

Bapuanwm 1
1. 3aTpaTsl IByX pecypcoB Ha MPOM3BOACTBO €IUHUIIHI
MPOAYKIINY [ TPEX TPOW3BONCTBEHHBIX METONOB COCTa-
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Bustior: 2w 4, 3 m 2, 1 uw5 Hautn onTuMarbuBI TIaH
paboT MIs MaKCUMU3AIUW BBITYCKA TPOAYKIIUN TPU 06b-
emax pecypcos 10 m 15.

2. Kaxgas eqwautia mpon3Bo[C TBEHHON MOIITHOCTH CIIO-
cobHa Tpom3BecTN 9 e NMHNT TPONYKINN B €TTHUITY BpeMe-
HU, IIPX DTOM MOIIHOCTEL cokpamaeTcsa na 10%. Ha 10 equ-
HUII TPOIYKIINN MOXKHO NPUOGPeCcTH ONHY €IWHUIY MPOo-
U3BOJICTBEHHON MoITHOCTH. HanmTm onrumMarbmoe cooTHO-
I[IIeHTe TTPON3BOICTBEHHLIX METONOB U MAKCHMAILHBIN TTO-
KazaTelb MPOMOPIUOHATILHOTO POCTA ITPOU3BONCTBA.

Bapuanm 2

1. 3aTparsl AByX pecypcoB Ha TPOU3BOICTBO €IIMHI-
bl TPOAYKIINY IJs TPeX MPOU3BONCTBEHHBIX METOIOB CO-
craBmsiior: 3 u 8, 2 mw 10, 1 w 15. Hantn ontumanbubii
miraH paboT A1 MaKCUMU3AIWKU BBITYyCKa TTPOAYKIIUN TIPU
obbemax pecypcoB 10 m 25.

2. Kaxgas eqwautia mpon3Bo[C TBEHHON MOIITHOCTH CIIO-
cobHa TPOM3BECTH 7 €IUHUTL TPONYKIINY B € [UHUILY BpeMe-
HU, IIPX DTOM MOIIHOCTEL cokpamaeTcsa na 10%. Ha 10 equ-
HUII TPOIYKIINN MOXKHO NPUOGPeCcTH ONHY €IWHUIY MPOo-
U3BOJICTBEHHON MoITHOCTH. HanmTm onrumMarbmoe cooTHO-
I[IIeHTe TTPON3BOICTBEHHLIX METONOB U MAKCHMAILHBIN TTO-
KazaTelb MPOMOPIUOHATILHOTO POCTA ITPOU3BONCTBA.

Bapuanm 3
1. 3aTpaTsl IByX pecypcoB Ha MPOM3BOACTBO €IUHUIIHI
OPOAYKIINK [JIsi TPeX MPOU3BOICTBEHHBIX METOOB COCTa-
Busiior: Su 4, 4uw 6,3 w9 Hautm onTuMarbubil mian
paboT MIs MaKCUMU3AIUW BBITYCKA TPOAYKIIUN TPU 06b-
emax pecypcos 20 n 16.
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2. Kaxgas eqwautia mpon3Bo[C TBEHHON MOIITHOCTH CIIO-
cobHa Tpom3BecTN 9 e NMHNT TPONYKINN B €TTHUITY BpeMe-
HU, TP 5TOM MOIIHOCTH cokpamaercs ua 20%. Ha 5 enqn-
HUI TPONYKINKA MOXKHO MPUOOpecTn OnHy eNMHUILYy TPOo-
U3BOJICTBEHHON MoITHOCTH. HanmTm onrumMarbmoe cooTHO-
I[IIeHTe TTPON3BOICTBEHHLIX METONOB U MAKCHMAILHBIN TTO-
KazaTelb NPONOPIUOHAIBLHOTO POCTa MPOU3BONCTBA.
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