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Bamiemy BHUMAHHUIO NpPEIAraeTCs MepBasi 4acTh Kypea JICKIUH 110 JUCIUTLITHE
"MaremMaTnuecKrne MOJEJN SKOHOMUKK', IATAEMOr0 Ha MATEeMATHIECKOM (DaKyib-
TeTe CTYJEHTaM, O0YJAIOIUMCS IO CICNAATH3AIUN ' MAaTeMATHKa SKOHOMUIECKOrO
npoduisa". Bech kype npeanonaraer Tpu dactu: "MaremaTndeckue MOIENN Pallno-
HaJIbHOTO 1oBejieHust morpedurens', "Maremarnueckue Mojiein pannoHaJIbHOTO 110-
Bejlenns npousBoguressa’, "Maremarnueckue Mo B3anMOJIEHCTBUs TIOTpedbuTe-
JIst ¥ TIPOU3BOANTEsT" .

06 opeanusayuu mexcma. Iocobue npejpcrapisier codboit Kypce Jjreknmit. Kaxgast
JIEKITASI UMEET JeJIeHIe Ha IMYHKTEI, KOTOPLIE MOI'YT OBITDH B3SITHI 38 OCHOBY 9K3aMeHa-
IMUOHHBIX ¥ 3a9€THBIX BOIpocoB. Hymepanusa ¢hopMysn B KaxK 10l KUK aBTOHOMHA.,
OpHako TpU CCbLIKaX Ha (POPMYJIbI JIPYTUAX JEKIUH UCIOAb3YeTCs JIBOHAs HyMe-
pamyst: mepBasi udpa COOTBETCTBYET HOMEDY JIEKIMHU, BTOPasi - HOMePY (OpMy.JIb
B Heil. Hauano jgokazaTebeTB mOMEUeHO 3HAKOM >, OKOHYAHHE JOKA3ATEJILCTBA -
COOTBETCTBEHHO 3HAKOM <« .

B KoHIe JieKnuii IpUuBOASATCS BOIPOCHI JIJIsE CAMOKOHTPOJISL.

K pannomy yueOHOMY MOCOOMIO MMEETCsl KOMILIEKT 3a7a9d U METOAUIECKHE yKa-
3aHMsI K UX PELIEHUIO, UCIOJb3yeMble IPU IPOBEICHNN TPAKTHIECKAX 3aHATHH 110
YKa3aHHOW JUCIUATIIINHE.

PGKOMGH,ILyeTCH CTyJeHTaM MaTEMaTUIECKOI'O U1 9KOHOMHNYECKOI'O (baKYJIbTeTOB.

Penensenror:
3aBeyronmit Kadeapoit uHGOPMAIMOHHBIX TEXHOJOIUI U MaTeMaTHIeCKIX METO/I0B
B 9KOHOMUKE, JOKTOP SKOHOMHUUIECKNX HayK, mpodeccop B.B./Iasnuc;
npodeccop Kadeapbl ajiredpbl U TOMOJOIMIECKIX METOI0B aHAIN3a, JTI0KTOP (PUBUKO-
MaTeMaTudecknx HayK B.B.ObyxoBcknii.

[TeqaraeTca B cooTBercTBHM ¢ pemenneM Haydno-meTommyeckoro coeta Bopo-
HEXKCKOI'o rocyHupepcuTera nporokoa Ne 4 or 22 urons 2001 roja.
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Jexuua 1
ITompebumenv u cucmema ezo npednoumerud

1.1. Payuonaavroe nosedenue nompebumenets v Mamemamuieckoe Moodesupo-
sarue

DKOHOMUKA, KaK 00BHEKT MCCJIEIOBAHUs MIPEJICTABIIAET COOOI COBOKYIHOCTDH OJiar
(MaTepraJbHBIX TOBAPOB U YCJIYT), UX pacipejesetus, ooMena u norpedsenus. Co-
OTBETCTBEHHO OCHOBHBIMHU CyObEKTaMK 9KOHOMUKH sIBJISIFOTCst Ipou3BojuTesu (pup-
MbI) U oTpebuTesn (gomalrHue xo3siictsa) osar. IIpomeccsl TpOM3BOACTBA U pac-
pejiesIeHnsl PEryJIupyIOTCS B ONpeJIeIeHHON CTelleHrn rocyJapcTBoM. B moctarouno
Pa3BUTHIX B COIMAIHLHO-TTPABOBOM OTHOIIIEHUN ODIIECTBAX 3aMETHYIO POJIh B ITPOIEC-
cax pacipejiesieHusi UIPAI0T TaKyKe 00beMHeHust TPYAAxcst (11podcotosbl), U 9T0
YUIUTHIBACT IKOHOMUYIECKas HayKa.

PanuonanbHoe moBesienne cyObeKTOB 9KOHOMUKHU 3aK/II0YAETCS B CTPEMJIEHUN K
Hanbosbineil apdexTuBHOCTH (ONTUMATBHOCTH) CBOEH JEATESLHOCTH MTPU OrPaHU-
YEHHBIX BO3ZMOYKHOCTAX. DTOT OOIIWI MPUHIUIT KOHKPETUIUPYETCS Ha OCHOBE (hop-
MaJIM3AIUH CyOBEKTOB, UX IeJeil, YTOUHeHUsT TOHATHSA 3(DMDEKTUBHOCTA U BO3ZMOXK-
HBIX CTTOCODOB €€ TTOBBITIIEHUSI.

[Torpebsienue siBisiercst Bejiyum hpakTopoM B (DYHKIIMOHUPOBAHUU BCEH B3aUMO-
CBSI3AHHON CONMAJILHO-3KOHOMUYIECKON CHUCTEeMBI, 00JIa1aloMeil JOCTATOTHO! cTere-
HBIO CBOOOJIbI CBOMX MPOW3BOJICTBEHHBIX 3JIeMEHTOB. B pedysbraTe Oojiee nin MeHee
OCOBHAHHOIO BBIOOPA IEMEHTAPHBIX MOTPeOUTEeH (JOMAIHUX XO3HCTB), HeificTBY-
IOIIMX B COOTBETCTBUU CO CBOMMHU IIPEJNOYTEHUSIMA U OIO/PKETHBIMU BO3MOXKHOCTSI-
MU, (hOPMUPYETCsl COBOKYITHBIN CITPOC. DTOT CIIPOC UT'PAET POJIb COMMATBHOIO 3aKa3a
JUUTsT pabOThHI TPOM3BOJICTBEHHON MOJICHCTEMBI M TOPTOBJIN, B YACTHOCTH, BHEITHEIKO-
HOMMIECKOro ooMena. OcoDEHHO BayKHO, 9TO MOTPEOUTETHLCKUIT CIIPOC HAPSILY € TEX-
HOJIOTHYECKUMHU BO3MOYKHOCTSIMY TPOU3BOJIUTENCH OMpeIesideT eCTeCTBeHHYO JIJIs
JIAHHON 9KOHOMUKW CUCTEMY TIEH.

[Tosesienne norpedbuTesieil Ha pPhIHKE KOHEUHON TTPOJIYKIIMKA, HA TEPBBIA B3TJIsI,
TpyiHO opmasiuzyemo. JleficTBuTesibHO, UMesi OrpaHUYeHHbIH OI0jKeT, 1oTpedu-
TeJIb YKeJaeT TPUOOPECTH MHOXKECTBO PA3/JIMIHBIX TOBAPOB, MOTPEOUTETHCKUE CBOI-
CTBa KOTOPBIX CUJILHO OTJimdaioTcs. Ho orpanmdeHHOCTD O10/2KeTa JeaeT JTOCTYII-
HBIM JIUIITH BIIOJIHE OTPAHUIEHHOE MHOYKECTBO TOBapoB. V3ydenue TOprooii craru-
CTUKHU TO3BOJUJIO YCTAHOBUTH, UTO B OOJBIIUHCTBE CAYy9YaeB B OTHOCHUTEIHLHO CTa-
OMJIBHOW CHUTYaIly TOTPEOUTENIM MMEIOT JIOCTATOYHO YCTOWYMBYIO CUCTEMY IpEI-
MOUTEHWH MeXKIy HabopaMu Pa3IudIHbIX TOBapoB. lIpm 3TOM palmoHahLHOE TO-
BeJleHue norpeduTesieil yjiajgoch ONUCATh Tak, 4TO UX 3PMEKTUBHDBINA BLIOOD Jaer



MaKCUMYM HEKOTOPO# (pyHKIUU (Ha3blBaeM0171 dyukiuei HOJIGSHOCTI/I) Ha MHOXKe-
CTBE TOBApOB, JIOCTYIHBIX MOTpeOUTENI0. [lepBble pe3yabTaThl B 3TOM HaIpaBJe-
HUM ObLIM mosiydeHbl emie B XIX Beke B paMKax TEOpUU TPeesIbHON TOJEe3HOCTH.
OCHOBBI COBPEMEHHOI BBICOKO MATEMATHU3WPOBAHHOW TEOPUH PAIMOHAJIHLHOTO T10-
Tpebiienust (10TPEOUTEIbCKOIO CIIPOCa) 3aJI02KEHbI KJIACCHYeCKO paboToil PyCCcKoro
maremaruka E.E.Cayikoro (1915). B 40-e rojpl Hamero cTojeTwsi TeOpUs palii-
OHAJILHOTO MOTPed/IeHNsT ObljIa TTePecMOTPEHa B paMKax aKCUOMaTUUIECKONW Teopun
"BBISIBJIEHHOTO TIPENOUTeHNsT B PabOTaX aMEPUKAHCKIX SKOHOMUCTOB-MaTEMaTHKOB
[1.Camysnncona, [ Xayrekkepa. 9Ta Teopusi BOSHUKIIA B CBSA3M ¢ ' IPOOJIEMON HHTE-
rpupyeMocTu', CyIHOCTb KOTOPOii 3aK/TF0IACTCA B U3y ICHUN aHAJTUTUICCKIX CBOMCTB
byHKIMI cripoca, MOPoXKIaeMbIX HEKOTOPO# (DyHKIMEH TT0JIE3HOCTH.

CoBpeMenHast Teopust paluoHaIbLHOTO TOTPEOICHNST CTPOUTCST Ha OCHOBE TOHSITHST
OMHAPHOIO OTHOIIEHUs TMPEINOUYTEHUS Ha MPOCTPAHCTBE TOBAPOB U €ro (hYHKIWUH
MTOJIE3HOCTH (B COBPEMEHHBIX TEPMWHAX - WHIMKATOPA OTHOIICHUS MPEANTOITEHNS ).
[TocTpoenue nHAMKATOPA OTHOIICHUS MPEIOUTEHUs, a TaKXKe pelieHue ooparTHoii
3aJ1a91 ¥ TIOCTPOEHUS B PE3yIbTaTe ee NCCIeOBAHUS WHINKATOPA IIEeH, aJeKBATHBIX
KOHKPETHOMY PBIHKY W BCell 9KOHOMHUKE, TO3BOJIAET (P@PEKTUBHO pPerraTh OCHOB-
HbIE BOIPOCHI aHAJIN3a, ¥ PEryJIMPOBaHUS MOTPEOUTE/ILCKOIO PhIHKA: KAK W3MEHUTCS
CITPOC Ha, TOBApPhl MPU M3MEHEHWM IeH? KaKue IeHbl obecriedar 3aJaHHbIi CIpoc?
OTBeTHI HA 3TU BOMPOCHI HEOOXOIUMBI JIJIs TIPUHATUS PEIIeHUi 110 HAJOT000JI0Ke-
HUIO, JIOTUPOBAHUIO MPOU3BO/ICTBA COIUAIHHO 3HAUUMOM MPOILYKIUU, CYOCHIUPOBa-
HUIO COIMAJIbHBIX MTPOIPAMM, BHEIITHEIKOHOMUYECKOMY OOMEHY.

1.2. IIpocmparcmeo mosapos

OJIHUM U3 OCHOBHBIX MOHSTHI SKOHOMUUECKON TEOPHUU $IBJISIETCS JOMAIIHEe XO-
3s1ficTBO (mOTpEOUTEND). [lo/ OTIENbHBIM TOTPEOUTEIEM TOHIMAETCS HE 0073 TeI b
HO (busMYecKoe JIMIO, a JIIOOOH ydacTHUK SKOHOMHUKMU: 3TO MOXKeT ObITh MarasuH,
dbepmepcKoe X034icTBO, JJoMalllHee X03sicTBO U T.71. [IpobiaeMa palnoHaJ bLHOTO Be-
JIeHNs XO3siCTBa IOTPEOUTE I 3aKJII0UaeTCsd B PEIIeHUH BOIIPOCA O TOM, KaKOe KO-
JIMIECTBO KayKI0TO HAJMTHOIO TOBapa WM YCJIYT OH JOJKEH MPUOOPEcTH Npu 3a-
JIAHHBIX eHaX U (PUKCHPOBAHHOM JIOXO/IE.

[Tox mosapom Oynem moHMMaTh HEKOTOpoe OJiIaro WM yCJIyry, HOCTYIIUBIINE B
IIPOJIaXKy B OIpEJIeJICHHOE BpeMsi B ompejeseHHoM Mecre. [IycTh cyiecTByeT KoHed-
HOE YNCJI0 PA3IUIHBIX TOBApOB .. OO03HAUMM UYepes X; - KOJUIECTBO {—TOoTo OJiara,
npuobpereHHoro norpedbureneM. Tormga HabOpP TOBapOB, TPUOOPETEHHBI TOTpeOUTE-
JIEM, XapaKTepu3yeTcs BEKTOP-CTOI0IOM

X = (T1,Z2,...,2,)".



Byjiem caurarh, 4TO BCe TOBaphl 00/1a/1a10T CBOWCTBOM ITPOU3BOJILHOM JIEJIMMOCTH, TO
€CTh MOYKeT ObITh KYILJIEHO JIF0O0e HeOTPUIATEILHOE KOJMIECTBO KaxXKJI0TO U3 HUX.

IIpocmpancmeo mosapos - 310 MHOKecTBO M BekTOpOoB npocrpancrsa R™ ¢
HEOTPUIATEIbHBIMU KOOPMHATAMMU:

/ .
M= {x=(r1,29,...,2,) |2; >0,i=1,...,n}.
U3 onpenenennst muoxkectsa N ciepyeT, ITO OHO BBIMTYKJIO U 3aMKHYTO.

1.3. Ommnowenue npednoumenus

EcTecTBeHHBIM BBITVISIUT MPEANOI0KEHNE, YTO TOTPEOUTENDb JTeJIaeT CBOil BHIOOD,
MCXOJIsI U3 CBOMX BKYCOB, KOTOPBIE XapaKTEPUBYIOTCS OMHOWEHUEM NPEINOUMEH U,

Ecan gas gannoro norpeduresisi HAOOP TOBAPOB X npednoumumenvhee uisu bes-
pasauven Habopy Y (cnaboe OTHOIIEHUE TPEIIOYTEH s ), TO UCIOIb3YIOT 3alUCh

x>y, x,ye.

Ecaun pis jagHoro norpedburesis HAOOp TOBApPOB X npednoumumenvree HaDOPa, Y
(cuIbHOE OTHOIIIEHUE MPEMOYTEHHsT ), TO UCIOIB3YIOT 3AIHChH

x>y, XY

Ecaun nnig ganHoro morpebuTesisi HabOp TOBapoOB X Oeapassuuer HaOOPY Y, TO
eCTh OHU O0JTAJIAI0T OJIMHAKOBON CTEMEHBIO MPEJINOUTeHUs (OTHOIICHUE SKBUBAJICHT-
HOCTH), TO UCIOJIB3YIOT 3aIHCh

x~Yy, xX,yeM

B ,I];aJIbHeI'/JIHleM 6y,Z[eM npeanojiaraTb BbIITOJIHEHHBIMUW CJIEIYIOIINE aKCUOMBI.

Axcuoma 1. OrHOIIEHHE €IAOOr0 MpEeAIOUTeHs 001 aeT CJICAYIONUMA CBO-
CTBAMU:

(a) juist s1100bIX X, Y € I umeer mecro Jmbo X > Y, b0 Y = X;

(6) must siroboro X € 9N cnpaBeinBO X = X (pedIeKCHBHOCTD );

(B) st m06BIX X, Y,z € M cnpaBemnBo X = YAY > Z2 = X > 7z (TpaH3UTHB-
HOCTb ).

CroiicTBo (a) 03HAYAET, YTO OTHOIIEHHE C1abOro MPENOUTEHNs SBJIAETC COBEP-
HIEHHBIM, TO €CTh B MPOCTPAHCTBE TOBApOB Bce Habopbl "cpasuumbl". Eciau orHO-
meHne 00/1a1aeT CBOMCTBOM PeIeKCUBHOCTH W TPAH3UTUBHOCTH, TO €0 HA3bIBAIOT
MOJTY yOPsII0YeHHOCTRIO. Takum 00pasom, akcnoMa 1 03HavaeT, 4TO OTHOIMIECHHUE CJia-
OOro MPEJITOUTEHNsT SBISIETCS COBEPINEHHO MOy yTOPSII0UYE€HHOCTBIO.



Ymeeporcdernue 1. OrHotrenne 6e3pa3niust siBASIETCsS OTHOIIEHUEM SKBUBAJICHT-
HOCTH, TO €CTh

(a) mua 3amansoro Habopa X € 9 cupaBeyIuBo X ~ X (pedIeKCUBHOCTD );

(6) juist 3ajiaHHBIX HAOOPOB X, Y,z € I BhiNONHAETCS yeJIoBHe X ~ YAY ~ 7z =
X ~ 7 (TPaH3UTUBHOCTD);

(B) muist 3aanubix HAOOPOB X,y € 9N orHOmeHne X ~ Y o3Hadaer Y ~ X (cum-
METPUIHOCTD ).

> JlokazaTenbeTBO.

(a) Tak kak oTHOIIEHKE CaOOr0 MpeAnodTeHnst pedIeKCUBHO, TO X =~ X, OTKY/Ia
110 OLPEJIEICHUIO OTHOUICHUS Oe3pas3inuusa UMeeM X ~ X .

(6) Ilycrs mas 3aganbix HAOOPOB X, Y,z € M mmeer mMecto X ~ YAY ~ z.
Torna 10 onpeaeaeHnio OTHOLIEHSI ODe3pa3InIns (X ~YANY >~ X) A (Y ~ZNZ > Y)
win (X = YAY = z2)A(z = YAY > X), OTKy/ia B CUJIy TPAH3UTHBHOCTH OTHOIICHMUS
ciaboro npenouTenns (akcuoma 1), cieyer X = Z Az = X, 94T0 U O3HAUAET X ~ Z.

(B) Ilycrs mis samannbix HAOGOpOB X,y € 9N oTHOUIEHHE X ~ Y O3HAYAET, UTO
Xx=YAY>=x.Torgay = XAX > Y, 9T0 o3Ha49aeT Y ~ X. <«

OrHotlenne 6e3pa3/uuns Mojpas/ie/isieT MIPOCTPAHCTBO TOBapoB M Ha KJacChl
9KBUBAJEHTHOCTU — TTONMAPHO HElepeceKarolmecs: MoJMHOXKecTBa, [, — MHoocecmea
be3pasaumug, KayKi0e 13 KOTOPBIX COCTOUT U3 TeX U TOJBKO TeX HaDOpPOB, KOTOpbIE
Oe3pa3nyuHbl HAOOPY TOBapOB X

BBejieM B paccMoTpenne npednoumumensioe MHOMCECMEo — MHOXKeCTBO P, co-
crosilee U3 Tex HabOPOB, KOTOPbLIE MPEANOUTUTENLHBI WM Oe3pasjndnbl Habopy
xeM

P, ={yeMm|y = x},

U HENPEINOYMUMENDHOE MHOACECTNE0 — MHOXKECTBO N, cocTosIee 13 Tex HabOPOB,
JIJIsT KOTOPBIX HAOop X € 9N npepnoururesien nin Oe3pa3anien

N, ={yeMx>=V}.

Axcuoma 2. OrHomenne c¢aboro npeanouTeHnsl HEIPEPbIBHO, TO €CTh MHOMKe-
crBa P, u N, gBJIAI0TCA 3aMKHYTBHIME [TOJMHOXKECTBAMU IIpocTpancTBa I s Jiio-
ooro nabopa x € M.

U3 onpejiesienusi mpeanouTUTEIbHOTO U HEITPEJANOITUTETHHOIO MHOYKECTRB CIeTY-
€T, 4TO

P,AN, =1I,.



Axcuoma 3 (nenacviugenus). st nByx 3ajanubix Habopos X, Y € M
(a) x > Y (toects x; > y; Vi=1,...,n) Baeder X = Y;
(6) x >YAX#Y Bieder X =Y.

Akcroma HEHACBHIIEHNs TPEJINOIATAeT, ITO eCJii HAabOp X COJEpP!KUT TOBaphI B
KOJIMYECTBE, MEHbIIIeM, ueM Habop Y, To HabOp X mpearnodyTuTenbHee, yem Habop Y .

Axcuoma 4 (cmpozoti evinykaocmu). s pasnuaabix Habopos X,y € I Takux,
aro X = ¥, u ancia A € [0; 1] umeer mecro AX+(1 —A) ¥ = x, e Ax+(1 — )y —
Habop, cocrosmmit uz Ax; + (1 — A\)y; equuunn, i—roro rosapa.

1.4. Brodotcemmoe mmootcecmaeo

C kaxx1biM HabOpoM X € I Mbl CBA3BIBAEM YIIOPsI0YCHHBI HAOOP MOJOKUTEI b
HbIX duces P = (p1, P2, - .-, Pn), i€ Uepe3 p; 0603HaueHa TIeHa {—T0 TOBapa.
CkaJisipHOe POU3BEJICHIE BEKTOPOB X U P, TO €CTh YNCIIO

n
PX = Z DiZi,
=1

HA3BIBAIOT CMOUMOCTBIO HAOOPQ X .
3aduxcupyem nekoropoe unciio b. Muoxecrso nabopos By, croumoctu He boJee
b mpu 3aJJaHHBIX [IeHaX P HA3BIBAIOT 0M00MHCEMHBIM MHONCECTNEOM

By, ={xeMpx<b}.

Ymeeporcdernue 2. BromkeTHoe MHOXKECTBO BBINYKJIO, OTPAHUIEHHO U 3aKHYTO.

> JlokazaresibCTRO.

Boinykiocrs. Ilyers X, ¥ € By, aucio A € [0; 1]. ITockonbky Px < b, Py < b,
o 1 APX+(1 = A\)PY < b. Torma P(AX+(1 — AY)) < b, nostomy Ax+(1 — \)y
IPUHAIIEXKUT B p, 9TO O3HAUAET BBIILYKJIOCTH MHOXKECTBA By .

Orpannuennoctb. OO03HAUUM Yepes py = miin pi. Ecm x € B3, To s 1106010

i=1,2,...,n cupaBeJIMBO HEPABEHCTBO X; < b/pg, 4TO 0O3HAYAET OrPAHUIEHHOCTD
MHOXKeCTBa B p.

¥ snementos muokecrsa By crpe-

BamkuyrocTb. [lycrh nociepoBaresbHOCTD X
Mmurcst K anementy X° . Torma u nociegosarensuocts Px¥ — Px’. B cuny Hepa-
BerctB PxF < b, crpasemmsbix npu seex k, nmeem Px? < b, torma u XV € B,

4TO O3HAYACT 3aMKHYTOCTh MHOXKECTBA ‘B, j. <



Jexuus 2
DynruuA NoAE3HOCMU

2.1. Onpedesernue pynryuu nosesnocmu

[Ton dynryued nosesnocmu O6ygem nonumarb Gyskmuio u : M — R, ynoBje-
TBOPSIOIIYIO YCIOBHUSIM:

(a) u(x) > u(Y) Torma u TosbLKO TOTMA, KOIjA X >~ V;

(6) u(x) > u(Y) rorma u TosbKO TOrIA, KOrgA X > Y;

(B)u(x) = u(y) morma u ToIBKO TOT/A, KOT/IA X ~ Y .

Teopema (Hebpe, 1954). Ecin muoxecrBo M cBsA3HO, & OTHOIIEHUE TPETOUTE-
HYsl HEIPEPBIBHO, TO CYIIECTBYeT HenpepbiBHasA (ByHKIUsA (MogesHocTr) .

U3 onpepenenns: GpyHKIMKE HOJE3HOCTH BUHO, 9TO OHA HPUHUMAET HOCTOSIHHBIE
3HAUYCHUs] Ha KaXKJOM KJIACCe SKBUBAJEHTHOCTH, [TOITOMY €€ MOXKHO NPEJCTAB/ISTD
cebe, Kak QPYHKIHIO, " MePeCUNTHIBAIONLYIO " KJIaCChl 9KBUBAJEHTHOCTH B CTOPOHY BCE
OOJIBIIIErO TIPEANoUTeHNsT HaOOPOB TOBAPOB.

Bamernm, 4T0 (DYHKIUSA MOJE3HOCTH %(X) Ompeensiercs HeogHo3HauHo. Eciu
f(u) Bospacraomas dynkinusa, To Gynkuusa f(u(X)) rakxke spisercsa yHKIpeh
noJjie3HocTu. [yiaBHoe TpeboBanue, NperbsBisgeMoe K (PYHKIUN [TOJE3HOCTH TOTPe-
OuTesisi — OHA, JIOJKHA OTPaXKaTh CUCTEMY ero MPeAoITeHui.

2.2. Ceoticmea pynrkuyuu nosesnocmu

OcHoBHBIE CBOHCTBa (PYHKIUU TMOJE3HOCTH ONPEJETAIOTCS ee MOIYUNHEHHOCTHIO
cUCTEeMe IPeJNOYTCHUN.

1°. Ecin u(x) nenpepoisuo auddepennupyemast GyHKIMst, TO U3 AKCUOMbI HEHa-
CBITIEHNS CIeyeT TMOJOKATETLHOCTD €€ MEPBBIX YaCTHBIX TTPOU3BOIHBIX

ou

6)_CCZ‘(X)>0 (i=1,2,...,n), (1)

TO €CTh B JI0OOI TOYKE MPOCTPAHCTBA TOBAPOB BO3pacTaHue MOTpedsIeHust J1F0O0ro
TOBapa MPH MOCTOSTHHOM TTOTPEOJIEHNH OCTAJIBHBIX TOBAPOB TPUBOIUT K YBEJIMICHUIO

TOJIE3HOCTH. 5 5 5
u u u
Bekrop gradu(x) = | =—(x), =—(X),..., = | (X) B Teopun nosesHocT 060-
ox, 09 ox,
ou .
3HAYAIOT Yepe3 — (X) U HA3BIBAIOT BEKTOPOM NpedesvHuly noae3Hocmet, TacTHYO
x

!Debreu G., Theory of Value, Cowles Foundation Monograph, 17, New York, John Wiley and Sons, Inc., 1959



ou .
POU3BOJIHYI0 —— (X) HA3BIBAIOT NPEJeabHOl NOAESHOCTLIO T—20 MOBAPA.

&ci

2°. HebosbIioe yBeuueHne ¢ —Toro ToBapa IIpH ero mepBoHavaIbHOM OTCYTCTBUAK
PE3KO YBEJUYUBAET €T0 MOJIE3HOCTh, TO €CTh

ou
lim —(x) = oc. (2)
z;—0 0x;
3°. IIpm ouenb GOIBITOM KOJIMUIECTBE {—TOTO TOBAPa €ro JgaJibHeilnee yBeandeHne

HE€ IIPpUBOJUT K YyBECJINYCHUIO ITOJE3HOCTHU, TO €CTh

ou
lim —(x) =0. 3
A () (3)
4°. Eciu u(X) pBax bl HenpepblBHO juddepernupyemast GyHKIUs, TO U3 aKCH-
OMbI CTPOI'O# BBIIIYKJIOCTH CJIEJYeT, 4TO MaTPUILA BTOPbIX POU3BOJHBIX (DYHKIUN

u(x) (marpuna lecce) gomkHa OBITH OTPUIATETHHO OTPE/IEIEHA

( @(X) —82u X —82u X
ox? 0x102 T 0x0%y,
, 0%u . 0%u () 0%u N
o“u A A a2 R =Y
[ — @(X) _ | 0z90x; 0x; 0x20x,
0%u 9%u 0%u
\ 0x,071 ) 02,07 () - G_:C?l(x) /

1

B ugacTHOCTH, MMeeT MecTo 3aKOH ['occena: mpejie/ibHas MOJIE3HOCTD JIFOOOTO TO-

Bapa yMEHbIIIAETCs 110 Mepe TOro, Kak MPOJYKT MOTpebJisiercs, TO ecTh

53(x) <0. (4)

2.3. pumepor pyrryud nosesrnocmu

[TpuBejiem HekoTOpbIe NMpUMEPHl PYHKIUI M0JIE3HOCTH, 00J1aJIaf0IIUX TTepPeIrc-
JICHHBIMU BBIIII€ CBONCTBAMU:
(a) crenennas aIUTHBHAS

u(x) = Zaix?i, a; >0, 0<a; <I; (5)
i=1

Toccen — Hemenkwuit sxonomuct XIX Bexa

10



(6) creneHHas MyJIbTUIIMKATUBHAS
n
u(x) = H:Uf‘, a; >0, Zozi <1 (6)
/ i=1

(B) sorapudmutieckast

u() =Y a;ln(1+bz;), a;>0, b>0; (7)

1=1

(I) TOCTOSTHHON HIACTHIHOCTH 3aMEIICHHST

n —p/p
i=1
(IL) MIPOTIOPIIMOHAILHAS
U(X) = mln%, k; >0 (9)

IIpumep. ITpoBepum, 4T0 PYHKIUS TOJE3HOCTH

n n
ZHZC?i, a; > 0, ZO{Z'<1
1=1 1=1

obmasaer coiicrBamu 1° — 4°.
Pewenue. 1°. Haiinem BekTOp HnpejesbHBIX TOJE3HOCTEH, JIJIsi 3TOI0 BHIYUCIUM
JaCTHBIE NPOM3BOAHBIE PyHKIMK U(X)

i#]
Tax xax mo ycaosuio o; > 0, x; > 0 mpu Bcex ¢ = 1,2,...,n, TO

ou a1 o T Uy T
1 : 2 ; n

8—(}(): — ||z, —Hxla,,— x| > 0.

x x x x
Lot L noi=1
2°. Beraucanm gist kaxkgoro j = 1,2,...,n

0
lim —u(x lim — on” = hm ozj H:L‘aZ = 00,

x:i—0 ax z;—0 25
! J ! J =1 i#]
n
TaK KaK 110 ycnoBrio »  a; < 1, otkyma a; — 1 < 0.
i=1

11



o] y
3°. Boerunciium st kaxxgoro 7 =1,2,....n

0 ;- |
lim —U(X) = lim ajz;’ 1fo‘ =0,

200 0 oo

n

TaK KaK [0 yQIOBHIO Y a5 < 1, orkyua o — 1 < 0.
i=1
4°. Haiijiem dacTHbIe IPOU3BOJAHBIE BTOPOIO OPSIKA,

0*u aj(; — 1) 1 o
5.2 (%) = %H% <0,
J J i=1

TaK Kak «; — 1 < 0 mpu Beex 2 =1,2,...,n.
Marpuia l'ecce B janHoM ciydae mmeer BUJI

n n n
( aj(a; — 1) o, Q109 a; a1y a; \
3 _
=1

%2 55 1¥n 30y
n n n
a0 0, o —1) o a0y, o
U=—(x)= 281 5 2 i=1 2%n 55
8x2(

n n
Q00 , Qv 009 , oo, — 1 )
[+ [ D

2 1
\ ol 3y o2 30y Tn i=1 )

2.4. Tosapvi-3amenumenu

Ioseprrocmvio (aunuetd) 6e3pasauvus HASBIBAIOT MHOXKECTBO HabDOPOB X, st
KOTOPBIX
u(x) = const,

uian B JuddepennnalibHoii popme
du = ——dz; = 0. (10)

[TosepxHoctb 6e3paz/inuns €CcTh He YTO UHOE, KaK IOBEPXHOCTH YPOBHS Jijist (DYHK-
mmn u(X). MHOXKeCTBO JIMHWH Oe3pasiniusa HA3bIBAIOT kapmoti npednoumenud.
Yenosue (10) o3radaer, 9To KacarebHas K TIOBEPXHOCTH OE3PA3INIUsT TIEPICH -

ou ou ou ou
KyJISIpHA BEKTOPY MPeJesibHbIX nojiesHocreii — (x) = | —(x), =— (%), ..., =—(X)

ox

12



C ToukM 3peHusi NOTpeOUTEIsT HAJUINE MHOXKECTBa HabOPOB TOBAPOB, 00JIa1a-
IOIIUX OJINHAKOBOH TOJIE3HOCTHIO, O3HAYAET BO3MOXKHOCTH 3aMEHBI OJHOI'O TOBapa
JIDYTHUM.

[TycTh B mpocTpaHcTBe JIByX TOBApPOB (PYHKIUS TTOJE3HOCTU TOTPEOUTEIST UMEeT
Bu (T, To) = x1x9. Sadukcupyem junuio 6espazauanst M N. [lycrs norpeburens
nmeeT nabop Tosapos X° = (2¥, 2Y). Eciu nepsriit Topap yMeHbImaacs na Az eu-
HWII, TO €r0 MOXKHO KOMIIEHCHPOBATH YBEJIMIEHNEM BTOPOTO ToBapa Ha ATy eJWHMNIL
TaK, 4T0ObI 110JIE3HOCTH HabOpa He u3MeHuJIach. KoMmieHcalius 03Ha4aeT, 4To HOBbIi
nabop x! = (z1,2d) = (29 + Az, 25 + Azs) umeer Ty e nennocTh, UTO M HAGOP

x0.

Pucynok 1

Ornotenne |Azy/Axy| nokasbiBaer, CKOJILKO €JMHUIL BTOPOIO TOBapa j06aBOIHO
MOTYT KOMICHCHPOBATL YMEHBIICHUE TIEPBOTO TOBAPA Ha CINHHUILY.
13 pasencrsa (10) nmeem

dzy  Ou/0xy
dry  Ou/dxy
9 d.%’g o o
Ornomenne M{ = T HA3BIBAIOT NPedenvHoti Hopmoti 3ameHnsv. TIEPBOrO TOBAPA,
L1

BTOPbBIM.
Taxum obpazoM, mpejiebHass HOpMa, 3aMeIeHHsI Mf 1—ro ToBapa k—TbIM paBHA
OTHOIIEHNTO PEJIEJIbHBIX MOJE3HOCTEN STHX TOBAPOB

dzy  Ou/0z;
Mk = — — , 11
! dz;  Ou/0xy (11)

Daacmunmocmvio (uau xospduyuenmom) samewenus EF Topapa x; ToBapOM T
HA3bIBAIOT BEJNUNHY

A
B — Jim - D%/
Az;—0 AZL‘Z/Z'Z
nJjin i
M
EF = — (12)

13



Taxum obpasom, 1% ymenblienus Topapa X; KOMIICHCUDYETCs YBEJMYCHUEM Ha,
Elk IPOIIEHTOB TOBapa T.

Ipumep. g creneHHoit MyJbTUILTUKATHBHON (DYHKINK TIOJE3HOCTH (CM. 11.3)
HalTH

(a) npesesbhble HopMbl 3amemenus MF, ik =1,2;

(6) amacTuunocts samemenns EF, ik =1,2.

Pewenue.

(a) Jljist naxoxaenust npeeabHoil nopMbl samemennst MY i-ro rosapa k-bim Boc-
nosb3yemcs dbopmydoii (11)

n n
ou/0x; o o QU H o QT
== X . ﬂfj = T .
ap T

Mk— — . .
t J
X Z; X
8u/8 k Zj 1 kj 1

(6) duist HAXOXKJI€HUST IPEJIEJIbHON HOPMbI 3aMEeIIeHUs EF i-ro rosapa k-bim BoC-
nosb3yeMcs dbopmydoii (12)
Lk Q; Tk Ty Q;

EF=pMF-[ZE) = : : =
X ap T T o Qg

Hasmaue niist ToBapa x; ToBapoB-3aMeHUTENCH (HAPUMED, TOBApa T, MO KOTO-
pPOMY IpejiesibHasd HOPMa 3aMelleHUs Mik HE CTOJIb MaJia) OUeHb CyNeCTBEHHO, T10-
CKOJIbKY IIPH MOBBIIIEHUH [IEHbI Ha, HErO MOTPeOuTe/Ih YMEHBIINUT ero norpedjieHue u
yBeJIM4uuT 1norpebdseHue ToBapos-zamenuTesieir. Hanpumep, xopoiiuM 3amenuTeiem
Kode fABJIsIeTCs Yail miau Kakao. B To BpeMs Kak Ha OEH3UH XOPOIINX 3aMeHUTeei
HeT.

Bonpocwv, daa camoxonmpons

1. ChopmyaupoBaTh akCHOMBI cjiaboro npeanodrenus. Ilyctb [, - MHOXKeCTBO
Oespasziuuugd, Y € I,. [lokaxkure, urto I, = I, u x ~Y.

2. JlaTb onpenesienre (pyHKIUK 10Je€3HOCTU. IIpuBecTn 9KOHOMMYECKYIO MHTEP-
peTanio CBOWCTB (DYHKINWK TMOJE3HOCTH. [IpOBEpHUTH BBHIMOJIHEHWE 3TUX CBONCTB
auist pyHkiuu u(X) = PX = p1x1 + poa + -+ - + ppTy,. Haitru Hopmbl 3amenienusi u
9J1aCTUYHOCTD 3aMeIeHns].

3. Uro osnagaer Tepmun "gmHun 6e3paziauuuns"? [ocrpours Kapry mpejnodre-
Huit gy Gynxipn u(X) = min{2xy, o }. Haiitn npejenbHbie Moje€3HOCTH U HOPMBI
samertenns B roukax (1;5), (3;2), (1;2).

14



Hexuua 3
Modeav nosedenus nompebumens

3.1. Ilocmanoska 3adavu payuonasvioz20 nosedenus nompebumens

[Torpeburesib, mMest HEKOTOPbI (PUKCUPOBAHHDIN JIOX0/1 b, 2Kejraer ero noTpaTuThb
1, €CTeCTBEHHO, ¢ MAKCUMAJILHON TTOJb30i ¢ TOUYKHN 3PEHUd ero MpeArouTeHUu (I/IJII/I
bYHKIUH TOIE3HOCTH ).

Badava payuonasvrozo nosedenus nompebumens (usu 3adavwa nompebumens-
CK020 60l00pa) 3aKIIOUALTCS B BBIOOPE TAKOTO HAOOPa X* 13 GIO[XKETHOTO MHOXKECTBA,
B, p, 9TO

x"=x, VxeB,,,

WM B OTBICKAHMHU TAKOIo HabOpa TOBApoB X', Ha KOTOPOM (DYHKIIMS IIOJE3HOCTH
JOCTUTAET CBOET0 HanOOJIBIIEro 3HaUeHUA Ha OI0/I?KEeTHOM MHOXKeCTBe ‘B, TO eCTh

X" — max u(X). (1)
xX€Bypp
Habop x* = (x7, 23 “) i
px* = (a3, x3,...,2), KOTOPBIH jJaer MakcuMyM (QYHKIMU MOJE3HOCTH TIPU

3aJIAHHBIX OrPAHNYCHUSX, HA3LIBAIOT A0KAANOHOIM DUIHOYHLM PAGHOGECUEM NOMPE-
oumens.

Ymeeporcdenue 1. Ecin dynkuus nosesnocrn u(X) norpeburessi HempepbiBHA,
TO pelierne X* 3aJ1a4n palMoHaJLHOrO noBeenust norpeburess (1) cymecrsyer u
JIE?KUT HA I'paHulle OI0/IPKeTHOIO MHOXKECTBA Jpp, TJ1€

Jpp={xeMpx=0>}. (2)

MuozxectBo J,p HasbIBaIOT 610dorcemnoti sunued.

> JlokazaTeabCTBO.

Brokernoe Muoxkectso By, OrpaHITIeHo U 3aMKHYTO (CM. YTBEDXKJICHUE 2 JIeK-
nun 1), dyskms nonesHocTn u(X) HeNpepbiBHA, TO9TOMY U B CHJly TeopeMbl Beii-
epirpacca Gynkuus w(X) jgocruraer Ha MHOXKeECTBE B, j ¢BOEro HanbOJIbIIEro 3Ha-
deHusi, OITOMY pelierue X* 3agauu (1) cyuiecrsyer.

[Tokaxewm, aro xX* € J,;. B npeanonoxennn nporusroro X* ¢ J, ;. Ho X* € B,
nosromy PX* < b, a, 3HauuT, 1oTpEOUTEL UMEET HEUCIIONb30BAHHOE KOJIMYECTBO
JeHer b — PX u MO)KeT TpUOOpecT Ha HUX JIONOJHHUTEIbHBLIH HaboOp TOBapoB Y, a
B IIPeJIoJIOyKeHn 6e3rpanndHoil gequmoct ToBapos uMmeeMm Y > 0. Paccmorpum
Habop z = X"+ Y. Tak kak PY < b, To Y € B, }, IpuveM B CUILy aKCHOMbI HEHACHI-
mwenns w(Y) > u(X*), 4ro NpOTHBOPEUUT ONTUMAJBHOCTH TOYKH X' . «

15



Pucynok 2

Hanomunm, uro dbyskius 4(X) Ha3bIBAIOT CTPOrO BBILYKJIOH, eciiu

uAXH(IT =AN)Y) > du(x) + (1= Nu(y), 0<A<L1.

Ymeeporcdenue 2. Ecnn dynkius ©(X) crporo BbllyKJast, TO pelieHne 3a/1a49u
(1) exuncrBeHHO.

> JlokazaresibCTBO.

B mpeanosokerny MpOTUBHOIO CYHMIECTBYIOT JBa ONTHUMAJBHBIX Habopa X,Y €
B, npudem u(x) = u(Y), 170 ecth 06a HabOpa MPUHAJIEKAT OJHON KPHUBOii Ge3-
paznuunsi. B cuny yrBepxkaenust 1 nmeem papenctBo PX = PY = b. Ilycrs nabop
Z = %X—I—% Y, roria Pz = p(%X"—% Y) = b, 10 ecrb HAOOP Z TaKXkKe HPUHAJIE
KT MHOXKECTBY Jpp. B cuiy cTporoit BeImykiIocTH (DYHKIUN TOJE3HOCTH MMeeM
u(z) > su(x) + su(y) = u(x) = u(Y), 4T0 IPOTHBOPEUUT IPEIIONOKEHHIO 06 OITH-
MaJIbHOCTHU TOYEK X,V . «

Urak, ecin GyHKIHS TOJTE3HOCTA HEMPEPHIBHA U CTPOTO BBIMYKJIA, TO 321244 110~
TPEOUTENIHLCKOTO BBIOOPA CBOJIUTCS K UCCAEOBAHIIO Ha YCIOBHBIN 9KCTpeMyM (PyHK-
[IUW TTOJIE3HOCTH

u(x) — max. (3)

3.2. Pewenue 3adanu nompedbumenvbcrkozo 6vb0pa

Pacemorpum 3a1a1y (3) paliioHAIBLHOTO TTOBEICHUST TOTPEOUTEIsT, KOTOPBIi HMe-
er auddepennupyemyro GyHKIMO moje3noctn u(x). s ee pemenus 3ajadu BOC-
noJsibayemcsi metojiom Jlarpan:ka nccienoBanust gudpeperimpyeMoit pyHKINT Ha,
YCJIOBHBIN 9KCTPEMYM.

CocrapuM ¢yuKIHIO Jlarpanxa

L(x1,29,. .., Ty, A) = u(x1,29,...,2,) — ANp121 + p2vo + - - - + ppy — b).

16



Bocnojib3yeMesi HeOOXOMMbIM YCJIOBUEM CYIIECTBOBaHUs SKCTPpeMyMa (DyHKIUU
MHOI'MX MEepeMEHHbIX: ecyin (X, A*) - onTuMasibHasi TOYKa, TO B Heil BCe YaCTHBLIE
mpousBojiHbie (hyHKIuu L paBHbl HyJ0. lasee, He oroBapuBas 310 0c000, C IETHIO
yIpoleHust 3anucu Touky (X, A*) 6ygem onyckars. Haiijiem yacTHbie 1pOU3BOJIHBIE
dbyskuyun £ u npupaBHsieM UX HYJIO

oL  Ou
_— = — 7/ g 3 ) f— 1 9 2’ s ey 9
9z, or Ap; =0, 1 n

[Tonyunmu cucremy (n + 1) ypasuenuit ¢ (n + 1) neusBecrHbiMu. VIcKiouast
HEM3BECTHBII TapaMerp A\ U3 NePBLIX 7 YPABHEHU, MOJYIaeM COOTHONICHUS

ou, ,. Ou, , .
%(X):%(X):pi:pj, i,7=12,....n. (5)
i j

Cootrotrenne (5) HazbBaOT 3akonom owcesonca. OHO O3HATAET, ITO TOTPEOUTEID,
CTPEMSICh MAKCUMU3UPOBATH TOJE3HOCTH JOCTYITHBIX €My HaDOPOB TOBAPOB, MPUOO-
peraer Takoit HaboOp, JJIsi KOTOPOIO OTHOIIEHUE MPEJIEIbHBIX MOJIE3HOCTEH OT/1e/1b-
HBIX TOBApPOB MPOIOPIHOHAILHO OTHOIIEHNIO UX PBHIHOYHBIX IEH.,

Tak kak orromenne (Ou/0x;) : (Ou/O0x;) ecTh NpeeIbHAS HOPMa 3AMEHBI {—TOT0
TOBApPA j—M B TOUKE JIOKAJbHOTO PHIHOYHOTO PaBHOBeCHs norpeburesisi X*, 1o u3 (5)
CJIEJIyeT, UTO 3Ta MpeebHas HOpMa 3aMeIleHns] paBHa OTHOIICHUIO PHIHOYHBIX IIeH
HA 9TU IPOIYKTHI.

; ou , ou , .
M} = 8_:L'(X) : 87(){) =pi:pj, 4J=12...,n
i j

Onrumanbablil MEOXKHUTETL Jlarpan:ka A*, paBHBI OTHONIEHUIO TIPEIETHHO MO~
JIEBHOCTHU K IIeHe

. ou, .\ (1
Y=o

U3MepsAeTCsd B ITIOJIESHOCTH € JUHUIIbI TOBapa 7;, ,I];GJIGHHOﬁ Ha KOJINYECTBO JCHEXKHBIX

)

eJIMHUI Ha eJINHNILY TOBapa %, YTO O3HAYAET MOJE3HOCTH TOBapa Ha OJIHY JEHEKHYIO
equnuiy (Hanpumep, jgojuiap, pyoun). [loaromy mMuOXKHTETH A* Ccotejryer uHTEpIIpe-
TUPOBATh KaK TIPEJICJIBHYIO MOJIE3HOCTH JOOABOTHOIO JOXOIA

] ©

KOTOPY1O HAa3bIBalOT npede,/rbuou" noae3nocmbvlo denee.
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Teomerpudecku pemenne X* = (7§, x3)
3a/1a91 PAIMOHATHLHOTO TOBEICHUST TT0-
TpebuTesIsi B CIydae JIBYX TOBapOB
MOXKHO WHTEPIPETUPOBATH KAK TOUKY
KacaHusl JiMHUKM Oe3paszyinuunst (PyHK-
UK TIOJIE3HOCTH U (T, Tg) € OHOJIZKET-
HOW JIMHUEH P11 + paxeo = b, Tak Kax
KacaTeJbHasi K KPUBO# Oe3pas3 st B
ONTUMAJILHOW TOYKE MMEET, COTJIACHO
3akony JlxKeBonca, TOT Ke yros Ha-
KJIOHA, (v, 9TO ¥ OI0JKETHAsT JIMHUST
ou ou P Pucynok 3

t T Y () = 2
ga 8x1($1’x2) 8932(3517%'2) D

B npejnonioxkennn oTpuiiaTesbHON OnpeieIeHHOCTH MaTpulibl ['ecce st pyHK-
MU TIOJIE3HOCTHU YCJOBUS BTOPOI'O MOPsiJIKA, JIJIsl JIAHHOM 3a/1auu BbinoJHsoTcs. [To-
9TOMY YCJIOBUS

— —Ap;=0, i=12,...,n,
ox; T ' " (7)

p1x1 +paxo + -+ ppx, =0

SIBJISTIOTCST HEOOXOIMMBIMU U JOCTATOTHBIMU.
3.3. Qynrxuuu cnpoca

13 ypasuenusi (7) corsiacHO Teopeme 0 CyIIeCTBOBAHUM HEsIBHOI (DyHKIMU HEU3-
BECTHBIE ], L5, . .., Ly, A* MOYXKHO Pa3pelnTh OTHOCUTEJILHO TTapaMeTpoB P1, P2, . . -
Pn, b, eciin Marpuia kobu cucrembr (7) UMeeT HEHYJIEBO ONMpPEIEINTEb.

Marpuna Akobu st cucrembl (7) — 910 MaTPUIA BUJIA

( 0%u 0%u 0%u \
2% man™ v aner, ™ P
1 10X2 10Ty
0%u 0%u 0%u
o ) g™ g, ) TP U —p
J: —
p 0
R
0x,071 02,07 022 Pn
\ D1 D2 Dn 0 /
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Buech vepes U oboznauena marpuia Lecce juist ynkipun u(X), yepes P — BeKTOp-
CTpOKa IleH, P’ — BeKTOp-cTonber e .

[Tokaxkem, uTo mMaTpuna J uMeeT oOpaTHYIO, a 3HAUUT €€ OIPEJIeIUTe/b OT/INICH
ot uyJssg. Marpuna I'ecce U orpuniaresibHO onpejiesieHa, U IOTOMY UMEET HEeHYJIeBO
OLPEJICJIUTEb, MATPULA J UMeeT OJIOUHbBL BUJI, 109TOMY OODATHYIO MAaTpuly J '
OyJileM UCKATh B BHJIE

Vo d
J =
Biech yepes V' obosnavena KBajparTHasi MaTpUIa MOpsijika n X n, depe3 4 = (q1, qo,
-, Qn) - BEKTOD, Y€PE3 L4 ~CKAJISAP.

Haitnem V, 4, p u3 yenosus JJ ' = I,,.1, te 1,41 - eJUHAYHAS MATPUILA T10-
psjka (n+1) X (n+1). Obosnaunm yepes I, - eJMHUUHYIO MATPHILY TOPSIKA 7 X 1,
0, = (0,0,...,0) - HyJIeBOI N-MEPHBIH BEKTOP, TOI/A

Uu —p vV q I, 0,
JJ ! = =
p 0 —q u 0, 1

Shve) MaTpHU4YIHOE YpaBHEHNE SKBHBAJICHTHO CHUCTEME

Uv +pva=1,,
Ud —-p'pu=20,,
pV =46,,
pqd =1,

13 KOTOPOW HAXOJIUM
V =UYI, -1 q),
qQ=pupU, (8)
p=1/PU'P),

e depe3 U~! obosnadena marpuia, obparnas marpuie Lecce U. Taknm obpaszow,

marpuia fkobu jisi cucrembl (7) UMeeT HEHYJIEBOI ONPEEIUTEN b, TO9TOMY pellie-
HUE 3aJI1a9 IOTPEOUTEIHLCKOIO BhIOOPa MOXKET ObITh MOJIYyUYeHO B Buje (PYHKIUN ee

x* = x*(p, b),
{ A* = A\*(p,b), (9)

KOTOpbIE, B CUJIy TEOPEMbI O CYyIIECTBOBAHUU HESIBHOW (PYHKIIMU, UMEIOT HElpPepPbhiB-

napameTpoB

HbIe YaCTHBIC ITPOU3BOJHBIE IEPBOTO TTOPSJIKA.
Oynkiun X* (P, B) HA3bIBAIOT GYHKUUAMU CNPOCE HA KaXKbIE IIPOJLYKT, OHU Xa-
PAKTEPU3YIOT KOJUYCCTBEHHBIC 3HAYCHUS CIIPOCa KaK (DYHKIMIO OT IEH Ha BCE TO-
* X s
Bapbl 1 joxoja rf = xi(p1,p2, .-, 0n,0), 1=1,2,... n.
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OrmMeTrM 0JIHO BayKHOE CBOMCTBO (DYHKIUI CIIPOCA — OJHOPOJHOCTD HYJIEBOH CTe-
MIeHW OTHOCHUTEJBLHO BCeX IeH 1 J1oxoja. [[ocKombKy MponopnuoHaJbHOe W3MEHEHNE
BCEX IeH U J0XO0/Ia He BIUeT Ha OI0KeTHOe MHOXKECTBO U 3HaUeHue (PYHKIUN MOJIe3-
HOCTH, O9TOMY y1I00HO BBIOpATH HEHy Ha KaKoi-HUOy b ToBap (MJIK J0XO0JL), HAIPH-
Mep, P1 3a €IMHKILY CUeTa U BBECTH KO3 (DUIMEHT MPonopuuoHagbnocr o = 1/p;
M pacCMaTpuBaTh 3aBUCHMOCTL crnipoca xf = xi(1,pa/p1,...,pn/P1,b/P1), @ =
1,2,...,n OT OTHOCUTEJILHBIX LEH Po/P1, - .., Pp/P1 ¥ PeasbHOro joxoaa b/py.

n
B kauecrBe v unoryia y106HO BIOUpATh BeJMUnHy, paBHyio 1/ > p;.

=1
IIpumep. Haiitn dpyHKIMKU cpoca Ha TOBAPHI L1, To, €CJM (PYHKIMS [TOJE3HOCTH
norpeburens u(xy, ro) = r1x2, BEKTOp 1eH (P = p1,pa), a JOX0/ paBeH b ejnHuIl,
Pewenue. Bocronbsyemes: 3akonom JIxkeBoHca u OIOKETHBIM paBeHCTBOM (7),
OJIY IUM
L2 - X1 = P1 - P2, OTKY A LaP2 = T1P1,
p1r1 + pex = b, p1T1 = pax = b/2.
3 nepBoii CTPOKM CHCTEMBI MMOIYyIaeM, 9TO KOJIUIECTBO JIEHET, 3aTPaduBaeMbIX Ha
oba OJiara, JOJI2KHO ObIThH OJIMHAKOBO.

Haitnem ¢ynkmuu cripoca

b b

x b)=—, = b) = —.

1(p17 ) 2p17 1(]?27 ) 2p2
Taxum obpaszom, pacxoj Ha Karkjioe 0Jiaro CocTapJsieT MOJOBUHY ODIIIEro J0X0/1a
norpeduressi. QyHKIUKE CIIPOca Ha KaxK bl TPOILYKT B JIAHHOM [IPUMePe He 3aBUCST

OT IeH Ha JIPYToil MPOJIYKT.

Bonpocw, daa camorornmponn

1. Yro osnaugaror Tepmunbl "OrokerHoe MuoxkectBo", "kapra npegmourennii',

"jlokaJsibHOE phIHOYHOE paBHOBecue norpeburess"? Halitu TOUYKy JIOKAJIBHOIO Pbi-

HOYHOI'O paBHOBECHSA B 3ada4€ /XT1T9 I%&X 6.
1’1+ ro=—

2. Harb onpenenenue ¢gpyuknuit cripoca. Haiitu dynkuum cripoca B 3ajiade 1mo-

TPEOUTEHLCKOIO BBIOOPA /T1Xo —  Mmax
p1271+p272=b

3. Paccmorpum aguTuBHy0 PYHKIUIO TTOJE3HOCTH, TO €CTh (DYHKIUIO BUJIA
u(x1, xe) = ui(x1) + uz(xe). Haiitu ciipoc na Kaxkibiii ToBap.

4. JlokayKuTe, 9TO B TOUKE JIOKAJTHHOIO PHIHOTHOI'O PABHOBECH OIO/IKETHOE OT'pa-
HUYEHWE BBIMTOJHACTCS KaK PABEHCTBO.

5. IlpuBesuTe reoMeTpUUIECKYIO WHTEPIIPETAINIO PEIeHnsT 3ajad1 TOTPeOnTe b
CKOI'0 BbIOOpA.
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Jexuua 4

3adaya nompedumesvbcrozo 8ul00pa A4 HEKOMOPwLLT GYHKUULG NoAE3-
HOCTU

4.1. Modeav Cmoyna

[TycTh a; — MUHUMAJIBLHO HEOOXOAUMOE KOJIUUIECTBO ¢—TI0 0J1ara, KOTopoe Mmprood-
peraercs moTpebuTesieM U He sBJAeTCd IpejiMeToM Bbibopa. Ilosromy mpu 3ajaH-
HbIX LeHax P = (p1,Pa, ..., Pn) J0X0J b jlosKeH ObITh DOJIbIIE KOJINIECTBA JIEHEr
n

bp = > pia;, HEOOXOUMOTO JIjIisl TPHOOPETEeHNsT MUHIMAJIBLHO HE0OXOIUMOT0 Habopa
i=1

a=(a,as,...,an,).

[Tycts uncna a; > 0 XapaKTepu3yioT IHEHHOCTb ¢—TI'0 0Jiara JJis MOTpeOUTeI.
Torna yHKIUS TOJE3HOCTH MOXKET OBITH 3aIllUCAHa B BHUJIE

n
u(x):H(xi_ai)ai, ai, a; >0, 1=1,...,n. (1)
i=1

Baiaty moTpebUTETIHCKOTO BIOOpa /7tst hyHKINK mose3nocTu (1), To ecTh

n

u(x) = [ [ (i — @) = max, (2)

. px=b
=1

HA3bIBAIOT Modeavto Cmoyna.
Haiinmem dyukiun crnipoca st mogean Croyna. s 9Toro BeIUNCIUM YacTHBIE
npou3BojiHbe PyHKIMU U(T)

M Y T w—a) =~ ufa).

8acj I‘j — CLj i1

Bocrnonbsyemest paBercTBamu (7) U3 .2 JIEKIUA 3, TOJTYIUM CUCTEMY

Oéj .
——u(x) = Ap; =0, j=1,2,...,n,
Tj— aj ’ (3)
p171 + pexo + - - - + ppxy, = 0.

Cucrema (3) onpegenster dhyHKIUN cnpoca T; Kak GYHKIUE HeH p; 1 j1oxoa b.
Boipasum u3 nepsbix n ypasHenuit cucrembl (3) GyHKIUUM X j, IOy UMM DABEHCTBO

a; u(zr) |
ri=a;+— -—=, 7=12,...,n. 4
j j b A J (4)
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VYMHOXKUB KaK/10€ 13 paBeHcTB (4) Ha Ap; 1 npocyMmupoBas nux o j = 1,2, ..., n,
IOJIYIUM PABEHCTBO

AY pjrp =AY pja;—ulz) Y a; =0,
j=1 j=1 j=1

n

13 KOTOPOTO, ¢ y4eToM GIO/ZKETHOrO OTPAHUICHUS Y |, P;jT; = b, IPUXOANM K COOT-
J=1

b— > pja,
u(x) j=1

= é%‘ : (5)

HOIIE€HUTIO

A

I[TogcTaBum mosydentoe B (5) COOTHOIIEHHE JITs B dyuknuu crpoca (4),

torga pyHKIEKE cripoca B Mojesn CToyHa TPUMYT BH/I
n
aj- | b—2_ pia;
1=1
n
i
1=1

Oyuknun cnpoca B Mojiesin CToyHa MMEIOT CIEYIONIYI0 SKOHOMUYECKY WHTEp-

wj:aj—l— s jIl,Q,...,TL. (6)

nperanuio. BHadase nprobperaercs MUHUMAJIHLHO HEOOXOIMMOE KOJIMIECTBO KasK JI0-
n

ro Gyara a;, 3aTeM OCTABINAsCS YaCTh JIOXOAA, TO ecTh by = b — Y p;a;, pacmpe-
i=1
n
n n,: , _
JensieTcs mponoprnonaibno "kosddunnentam nennocrnj—ro toBapa oj/ Y .
i=1
PaszjequB ocrapiieecss KOJMYECTBO JeHer Ha ero neny ¢ yderoM "koaddurnmentam

[EHHOCTH'" j—T'0 TOBapa, IOJIYIUM JIONOJHUTEIHLHOE KOJUIECTBO Jj—I0 Ojara, Mmpu-
obperaeMoe CBepx HEoOXOJMMOT0 MUHMMYyMa. B 4YacTHOM ciiydae, KOrjia BCe TO-

Bapbl UMEIOT PaBHYIO HEHHOCTb [ MOTpPeOUTeNd, TO eCTb ; = «j, JJId BCEX
1,7 =12,...,n,a; =0, To byHKuu crupoca OyJayT UMETb BU/]I
b
zi(P,b) = —. (7)
npi
Boraucianm 3/1acTUIHOCTD CIIPOCa, HA ¢—ThIi TOBAP 110 I[eHE j—TOr'o TOBapa
gl 0% m _ [0, i=]
Z . - . _ .
8pj pj _17 t=17

TO €CTh CHPOC Ha —Toe OJaro majaer ¢ pOCTOM IEHbl Ha HEro ¢ 3IaCTUYHOCTHIO,
paBHO# -1 ¥ He 3aBUCUT OT POCTa 1IEH Ha JIpyI'ue TOBaPbI.
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Boraucanm 3/1acTUIHOCTD CIIPOCA, HA ¢—ThIi TOBAP 10 JIOXOJLY

E.j:axi'ﬁ: I b _q
’ ob b np; b-np;

TO €CTh CIPOC Ha i—TBI TOBAP C YBEJUUYEHHEM JOXOJa PACTET C 3IaCTUIHOCTDLIO,
paBHoii 1.

Y

4.2. Oynrxuyuu Topnreucma

Paccmorpum B IPOCTpaHCTBE JIBYX TOBApPOB CJIEAYIONIYIO 33/1a9y MOTPEOUTE b
CKOI'0 BLIOOpA,

w(ay, zo) = 2z “ (1 +f—a)”—  max | (10)
P1&1+poro=b

rie o, [3 -HeKOTOpbhIe TTapaMeTphI.
st naxoxjienust pyHKIUI cripoca BocHojib3yeMcest 3akoHoMm JlxkeBonca u 0610/1-
YKEeTHBIM OI'PaHUYEHUEM, TIOJyIUM CUCTEMY JIBYX YpaBHEHUI

1 Ou(wi ) 1 Ou(wy, x)

b1 Ox; P2 Oy 7 (11)
p1%1 + paxo = b.

Haiizem wactable mponsBoHbie (DYHKIMA MOI€3HOCTH, onpeaesnentoii B (10),

ou(zy,12) [« 0] o Ou(xy,x9) B«
8331 N <ZC_1 B xr1 + ﬁ — Oé) U(SL’), (9562 N i) u(x)

1 [IOJICTABUM TOJIyYeHHbIE BbIDAXKEHHsI B iepBoe ypaBHenue cucrembl (11), a u3 Bro-
pOro ypaBHEHUdA BBIPA3UM CHaYaJa T 4epe3 To, MPUJEM K CACTEMe YPaBHEHU

1 (a_ I6; )_1 8-«
ORIECERNE m+B-—a) p a2
Ty = — - (b—pir1),
P2

PEIuB KOTOPYIO, MOJIYIUM (DYHKIIMIO CIIPOCA Ha TEPBLI TOBap

ab

Ecnu caurath nenbl huKcupoBaHHBIME (B 00IIEM CJIydae mapaMeTpbl &, [ MOTyT

xl(pla b)

3aBUCETD OT ueH), TO rpadUKOM 3aBUCUMOCTH CIIPOCA OT JIOXOJa OyIeT JacTh BETBU
afp

b>0 epboJIbl T = o — ———,
(mpu b > 0) rumepbostsl bt O

nMeroleid TOpU30HTAIbHYI0 aCUMIITOTY
I — Q.

23



EcrecrBeHHO  MHTEpPHIpETHPOBATH
sapucumocth (12) Kak cmpoc Ha
"Topapnl mepBoil HeobxommmocTH'",
HAIPUMEpP,  JelIeBble  NPOJLYKThI
IUTAHKSA, CIIPOC HA KOTOPLIE PACTET
C POCTOM JIOXOJa U He 3aBUCHUT OT

Pucynok 4 IIEH Ha JIpyT'ue TOBaphl.

Temepb BbIpasuM BO BTOpOM ypaBHeHHU cucteMmbl (11) xo uepes xq, mogydnwm

(1 (oz o] )_ 1 B—«

P \71 21+ 0 —« py @y
1

I1=—'(b—p2$2)7

L b1

13 KOTOPOi HaXOJUM (DYHKIIMIO CIIPOCA Ha BTOPOI TOBAp

b(b+pi(8— a))
p2 (b+DP13)
Byaem, Kak ¥ Bbllle, CUUTATH IIeHbl (PUKCHPOBAHHBIME. 1IoCKOMBKY (DyHKINA

CUCTEMY

(I0) ¢

To(p1,p2,b) = (13)

CIIPOCa MOXKET NMPUHUMATh JUIIb HEOTPUIATEJbHbIC 3HAYEHUsA, €CTECTBEHHO TPe/I-
HOJIOXKUTDH, 4TO (PYHKIMs CIIPOCa Ha BTOPOI ToBap OyjeT UMeTh BHU/L

0, 0<b<pi(a—p),
22(p1,p2,0) = b(b+pi(B — Q) (14)
mbing o PeTOsh

Ob6paTuM BHUMaHUE HA TO, YTO €CJIN JIOX0J1 b MEeHbIIIe HEKOTOPOH (DUKCUPOBAHHO
BEJINUYMHbBI, IPONOPIMOHAJBHON 1IeHe Ha TOBap MEepBOil HEOOXOJUMOCTH, TO BTOPOIl
ToBap He mpuobpetaetcs. [loaTroMy crmpoc Ha Takoil TOBap WHTEPHPETUPYIOT KaK
CITPOC Ha, TIPEJIMETHI POCKOIIIH.

Tak kak npejies1 PyHKIUU

. b+ 7
Yo (b + 3)’

rne v1 = p1(B — a), 72 = p2, 13 = p13, pasen +00 npu b — +00, TO OHA UMeeT

y(b) =b
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HAKJIOHHYIO aCUMIITOTY, ypaBHEHUE KOTOpoit y = kb + m, rje

b 1
k= lim =—= = lim l:—>5;
botoo b botooya(b+ ) e

1
m = lim [y(b) — kb] = lim [b-M——-b]:
72

b—-+00 b—+00 (b+73) 72
b b — b —
:lim—-[ N —1]:hm [71 V3 ]:71 LY
b—too Yy | Y2(b+ Y2) b—too | Yo b+ 3 Yo
=7 _pmb—pia—P1f _ p
TaK Kak = = ——<0.
V2 D2 D2
TakuMm 06pa3oM, ypaBHEHHE ACHM-
nrorbl K rpaduky dbyHknuun Ta(b)
umeer Buj x(b) = —b — b,
D2 D2
I'paduk saBucumocru (14) npes-
CTaB/IeH Ha PUCYHKE.
DOyHKINU, ONPENeNsONHe  CIpOC
Ha TOBapbl MEpBOil HEOOXOAUMOCTH
(12) u npeamerst pockomm (14) Ha-
Pucynok 5

3BIBAIOT Pyrryuamu Topnreucma.

4.83. 3adawa nompebaenus ¢ sunetino 00nopodnoti Gyrryuet noseznocmu

[Tycrs pynkuus nosesnocru u(x) obsagaer CBORCTBOM JIMHEHHON 0HOPOHOCTH,
TO €CTh

u(tr) = tu(x) Vt>0. (8)

[Tpomuddepennuposas pasencrso (8) mo t B Touke ¢ = 1, nosydum paBeHCTBO
Ditnepa

Jluneitno opnopoanas QyHKIUS MOJE3HOCTH HE SIBJSIETCS CTPOrO BBIIIYKJION, ee
maTpuia lecce Bopoxkaena. Vcenenopanue 3a1auu noTpebaenus s JUHEHHO OJI-
HOPOJHON (DYHKIIMHU ITOJE3HOCTH MPOBOJUTCS METOJAME BBIIYKJIOIO IPOIPaMMUPO-
BaHUS M aKTyaJbHO IS COBPEMEHHOi Teopuu crnpoca. CBOMCTBO MuMHEHO OnHO-
pogrocTH (8) obecrmednBaer MPOMOPIUOHATLHOCTE 3HAUEHUH (DYHKIINY TOJE3HOCTH
MacTady HOTpedJIeHrs, ¥ 9TO IO3BOJIsIeT CYMTAThL €r0 CKAJSPHLIM H3MEPUTEIEM
KOJIMYECTBA TOTPEOJISIEMbBIX TIPOJYKTOB X = (1, X2, ..., Ty).
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Hexuua o
Ypasnenue Cayurozo

5.1. Hcenedosanue sasucumocmu cnpoca om doxoda

Uccnenyem 3aBUCMMOCTD PellleHtst 3a/lauk OTPeOUTE/IbCKOIO BhIOOpa OT ee ma-
paMeTpPOB IyTeM CPaBHEHUsI MOJOXKEHIA ONTUMYMa 70 U MOCIe M3MEHEHHUs ee Imapa-
METPOB.

Paccmorpum cucremy ypashenuii (cm. dopmyity (3.7)), Koropasi HESIBHO Onpe/ie-
asier gynkuuu crnpoca X* (P, b) n onTuMaibHbIi MHOXKATEND Jlarpamxka A (D, b)

ou , i} B -
81,2(}{ <p7b))_p2)‘ (p7b)_07 2_1727"'777‘7 (1)

mxi(P, B) + paxs(P,b) + -+ + puai (P, b) = b.

PaccMoTpuM BusiHie H3MEHEHUsI JI0XO0J1a Ha, CIIPOC, JIJIs 9TOro mpoanddepeHiim-
pyeM KaxKJoe W3 ypaBHEHWH CHCTEMBI TI0 TTapaMeTpy b, MOJIyIuM CUCTEMY

(. Q% ox’ ON*
(P, b))—=2L(p,b) — pi—(P,b) =0, i=1,2,...,n,
2P =1
\ j=1 J (%
ox; I\
HepenumeM STy CI/ICTeMy ypaBHeHI/Iﬁ OTHOCUTEJILHO HpOI/ISBO,ILHbIX %, % B MaT-
PUYHOM BHUJIE, UCIIOJIB3YS NPeXKHIEe 0003HAUCHNU T (CM. .3 B JIEKIIUU 3),
ox* ON*
vl _p =0,
p X
o

MarpuIia 3Toif CHCTeMbI ecTh MaTpHlia J, obpaTHas eif MaTpnia J | cymecTyer
(eM. 1.3 B JieKIu 3), 109TOMY DEIeHUe CUCTEMbI (3) MOXKHO 3alUCATh B BUJIE

ox*

— -1/
—p (P:b) =pU™ P, "
ON* !

[TepBoe paBeHCTBO Olpe/jie/isieT YyBCTBUTEIbHOCTh CIIPOCa X Ha BCE TOBAPHI K U3Me-
Henuto 610/keTa b. Bropoe paBeHCTBO, €CJIi BCIOMHUTD, 9TO MHOXKUTE/b Jlarpanxka
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MHTEPIPETUPYETCst KAK TIPeJIeibHas T0J€3HOCTD JleHer u paseH du/db (cm. dhopmy-
y (3.6)) mo3BOMISIET MPEICTABUTH TTAPAMETD [t KAK CKOPOCTH YOBIBAHUSI TIPEJIEJILHOl

[TOJIE3HOCTHU JICHET.
N 0 (ou\ u . .
L= = 5 (%) = o @ (P,0)).

5.2. Heeaedosanue 3asucumocmu cnpoca om uer

Uccnenyem Biansinne nu3MeHeHUsT IeHbl k-TOro TOBapa Ha CIpoC, JJIsT TOrO MPOo-
auddepenimpyeM Kaxjoe 13 ypapHenuii cucrembl (1) 10 napamerpy pg, HOSy9IUM
CUCTEMY

* *

851:] Opk Opk:

2% (5)
x;;(p7 b)?

o

371eCh Uepes d;; obo3HatdeH cumBos Kponekepa.
[Tepenuiiem cucremy (3) B MATPUIHOM BUJIE, UCIOIB3Ys MPEXKHIE 0003HATCHNU S,

U 8_X_p’ai:)\*]m
an* (P, b)

— = — X

op ’

Vcnonbsya obparnyio MaTpuiy J ', Kak U B IPEABIAYIIEM CIydae, HOTydacM
pellleHue CUCTeMbl B BU/IE

ox*
— )\*U [In . ,up/p U—l] o ,U/U_lp/ X*, (7)
aop
oxi(p,b) "
TO €CTh MATPUILY 8— , OIPEJIEJISIIONIYI0 9YBCTBUTEIHHOCTH CIIPOCA Ha,
Pk ik=1

Kaxk bt ToBap x;(P, b) K [eHaM BCex TOBApOB Dy
5.8. Hamenenue cnpoca npu usmenenuu yenv ¢ Komnencayued

7151 SKOHOMUYIECKOTO aHAJIN3a IPEJICTABIACT HHTEPEC TaKOi PeXKUM U3MEHEHUsT
IIeH, IIPU KOTOPOM OJIHOBPEMEHHO MEHsIeTCsl OF0/2KeT MOTpedUTEIsl TaK, UTO YPOBEHb
norpebIeHnst COXpaHsieTcst (He MEHsIeTCsl OJIE3HOCTD ), TO €CTh MPOUCXOJUT KOMNEH-
cuposanmnoe uzmenerue yen. Ipu arom Giogker b(P), onpejensemMmplii oCTOAHCTBOM
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JIOCTHXKUMOTO yPOBHST MOTPEOJIEHUST, HA3BIBAIOT KOMNEHCUPYOW UM 010021Ccemom, a,
COOTBETCTBYIOIIUI €My CIIPOC KOMNEHCUPOBAHHBIM CIPOCOM.
[TockonbKy MmOIE3HOCTD IPU KOMIIEHCHPOBAHHOM M3MEHEHHUH IeH OCTAeTCsA Hen3-
MEHHO, TO
du(x*(P)) = 0, nosromy
n * *
ou(x*(p)) Oz,
. =0. (8)
Opr;

1=1

[Tapa (z*(P), A*(P)) yaosierBopsier cucreme (1), mosromy

%Zm)_pi)\*(p):@, 1=1,2,...,n. (9)

Qu(x*(P))
8952-

[TogcraBum u3 (9) B ypaBuenue (8), moayunm

}:mx a@ 0. (10)

B cuny nonoxurensuoct A*(P) us ypasuenusi (10) mosydauMm ypaBHEHHE st

}:m &% 0, (11)

HA3BIBAEMOE YCA0GUEM NOCTOAHCTEA NOAE3HOCTIAL.
[Ipomuddepennupyem pasercrsa (9) o pg, (k=1,2,...,n), noaydum

[IPOU3BOJILHOTO Pj

Ou(x*) 0ry I\
- Ox;0x; Opr,  Opy

= M0, i k=1,2,....n, (12)

rie 0;.— cumbos Kponekepa.
Ypasrenus (11), (12) oObeuHAIOTCSH B CUCTEMY

ox* ON*

P I =\,
op pap ’
ox*(p)

p o 0,

WJINn B MaTpU4IHOM BUJIE

(¢ 5)-(")

Peliienue nocsieHeil cucreMbl MOXKHO BBIINCATH, UCHO/Ib3Yd Marpully J 1, B Buje
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oxr*
- = \XU' (I, — up'pU). 14
lﬁp]comp ( Iup b ) ( )

or*
311ech [— XapaKTepU3yeT U3MEHEHUE CIIPOCa, €CJIA yBeJIUUeHUe HeHbl k-
comp

op

TOro TOBapa Ha dpjy KOMIeHcupyercs yBesndeHueM joxojaa Ha db = xidpy.
5.4. VYpasuenue Cayurozo

11 SKOHOMUYECKOTO aHAJIM3a TPEJICTABISIET HHTEPeC TaKOW PEyKUM N3MEHEHUS
eH, TPU KOTOPOM OJHOBPEMEHHO MeHsIeTCsI OI0/[PKeT MOTpeOuTe s TaK, 9TO YPOBEHD
norpebieHnst COXpaHsieTcst (He MEHsIeTCsl OJIE3HOCTD ), TO €CTh IPOUCXOUT KOMNEH-
cuposarnoe uzmenerue yen. Ipu arom Giojzket b(P), onpeensemMblii MoCTOAHCTBOM
JIOCTHXKUMOTO yPOBHSI MOTPEOJIEHUS, HA3BIBAIOT KOMNEHCUPYIOW UM 010091Ccemom, a,
COOTBETCTBYIOIIUI €My CIIPOC KOMNEHCUPOBAHHM CNPOCOM.

[TockoIbKY 10JIEBHOCTH MPU KOMIIEHCHMPOBAHHOM M3MEHEHWW [I€H OCTACTCsl HEeU3-
MEHHO, TO
du(x*(P)) = 0, nosromy

Z ou(x*(p)) . ox} _9 ®)

1 Ox; Opr,
[Tapa (z*(P), A*(P)) ymosaersopsier cucreme (1), mosromy
Ou(x"(P))

u3 (9) B ypaBuenue (8), noaydnm

sz)\*

B cuny nosnoxurenbnocru A*(P) uz ypashenust (10) nosydum ypaBHenue st

[loxcraBuMm

(9%-

>{<

= 0. 10
apk (10)

MIPOU3BOJILHOTO Pj

sz 61% 0, (11)

=1
Ha3bIBaEMO€ YCAO0BUEM NOCTMOAHCNEA NOACIHOCITNU.

[Iponuddepernupyem pasercrsa (9) mo p, (k= 1,2,...,n), noryanm

) ox; N
= N0y, ,k=1,2,...,n. 12
Z &EZ@:L’] 8pk apk koot " (12)
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Ypasuenus (11), (12) oObeuHAIOTCSH B CUCTEMY

oxr* %
U— —p — = AT,
o Y op
8 ES
")
op
NnJIN B ManI/I‘{HOM BI/I,ZLe
U —p N1,
P 0 ~\ 0 ' (13)

Peliienne nocsieHeil cucreMbl MOXKHO BBIINCATH, UCHO/Ib3Yd Marpully J 1, B Buje

Ox*
— =AU (L, —pP'PU). (14)
ap comp
ox*
311ech 8_1) XapaKTepusyeT U3MeHEeHHe CIPOca, €CJIU yBeJUudeHue 1eHbl k-

comp
_ *
TOro ToBapa Ha dpj KOMIeHcupyercs yBesndeHnueM joxozaa uHa db = xdpy.

5.5. Tunwv mosapos

PaccMoTpuM paBeHCTBO, mojiydaeMoe B pesyJbrare JaudpepeHnupoBanns OrO/I-
n

YKETHOTO paBeHCTBa Y p;x; = b mo goxojy b,
i=1

i 85172-(]@, b) o
;MT =L (16)

B Teopun moTpedUTENHCKOrO CIPOCa €ro HA3bIBAIOT YCAO0BUEM G2Pe2atut, JHze-
a8 1. TIoSCHEM ero SKOHOMHYECKHil CMBICI.
Toaphbl, CrIpoC Ha KOTOPbIE PACTET C POCTOM JIOXOJa MOTPEeOUTEIsA, TO eCTh

8@- (p, b)
ob

JIOX0J1a, TIOTPEOUTEIsI, TO eCTh

> 0, HA3BIBAIOT UeHnbimu. TOBAPHI, CIPOC Ha KOTOPHIE TAJaeT ¢ POCTOM
ox; (p, b)
ob

IIEHHOT'O TOBapa MOXKET ObITh, HAIIPUMEP, CJIMBOYHOE MAaCJO, a MaJOIEHHLIM — Map-
rapuH.

< 0, HA3BIBAIOT MasouehHvLMu. IIpumepom

Yenosue arperanuu (16) mokasbiBaet, 9To B JII000# cucTeme mpeIodTeHuii, onpe-
nessieMoii ynkipedi nosesnocty u(x) (WK MpecTaBIgeMbIM €10 OTHOIIIEHUEM IIPe/I-
MOYTEHUsT =) 00sI3aTeJHHO JOJKHBI OBIThH IEHHbIE TOBAPbL. DTOT (GakT ObLI ycTa-
HOBJIEH DHI'€JIeM Ha OCHOBE SMIIMPUIECKOIO aHAJN3A.,

19urenns Jpuer (1821-1896) — HeMenKHil SKOHOMUCT, CTATHCTHK
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(9xi(p, b)
Ipi
3bIBAIOT HOPMAALHMU. B IPOTUBHOM ciiydae (CIpoc Ha TOBAP MPOJIOJIZKAECT PACTH C
POCTOM Ha HEro IeHbl) ToBap HasbIBaT mosapom upgduna. dddext M'udduna na-
ostrotadica B konre XIX Beka B Upnanguu. B To Bpems kaprodesb cauTasics OJHIM

ToBappl, Ui KOTOPBIX CIPOC MaJgaeT ¢ POCTOM IeHbI, TO €CTh < 0, Ha-

13 OCHOBHBIX MPOJYKTOB TuTaHusi. Ho 1mo mepe yBejqnueHunsi a0xoja moTpeduTeh
peJIouuTall MOKyIaTh MeHblle kaprodesst, HO bosibiie Msica. Ho ¢ yBejmuenuem
IIEeHBI Ha, KApTOMETh peaJbHbIH JOXO0/ MOHU3UICS Ha CTOHKO, UTO IOTPEOUTENIN HE B
COCTOSTHUM OBIIN TIOKyTIaTh MSICO Ha TpexkHeM ypoBre. TaknM obpazom, kaprodenn
CTaJl 3aMEHUTEEeM MsiCa W ero rnorpedsieHne, HeCMOTPsl Ha MOBBIIIEHNE TEHBI, BCE
PaBHO YBEJMIHIOCK.

OueBujiHO, 4TO TOBapbl ['MdbuHa ABIAIOTCA MaJONEHHLIMUA TOBaPAMMU.

Sddekr Mudduna npossuiaca u B coppemennoit Poccun L. Tak, B 1990 romy
OTHOIIIEHUE CPEJIHUX PHIHOYHBIX 1ieH Ha Kaprodesb (0,3 pyb/kr) u msca (5 py6/kr)
coctasuiio 0,06. B uone 1996 roja cpeaue meHbl cTaqm cooTBeTcTBeHHO 2250 py6 /KT
u 13750 py6/kr, a ux ornorenue coctaBuio 0,16. Takum obpazom, oTHOCHTETbHAST
nena kaprodesist (K Msicy) Boipocia B 2,7 pas. B 1o ke Bpemsi norpebiieHue Msica 3a
9TOT cpoK cokparuiaoch na 20 %, a norpebaenne kaprodens Bospocio Ha 15 %.

Bonpocv, daa camorxornmponn

1. Kakasi dynkius naswiBaercs Hesipaoi? Cdopmynupyiite Teopemy O HesiB-
HOM (byHKIUY, onpejenennoii ypapuennem F(xi,x9) = 0; F(x1,29,...,25,y) =
0; F(x1,22, .-, Tn;Y1,---Ym) = 0. BeiBegure dopmyty i TPOU3BOHON HESBHOL
byukunn 2.

2. Haittu pazmep KoMmIiieHcaluu Jijisl 3a/ladu 10TPednuTeIbeKoro Bhibopa

Xr1T9 0 méax 60’ €CJIU TIeHa Ha BTOPOI TOBAp YBEIUUHIACH JIO { JIEHEXKHBIX €J11-
1 1+ Z‘QS

HUII, & [[€Ha Ha, IePBbIi TOBAp HE M3MEHUJIACD.
3. Boimmucars ypasuenne CyIkoro jjis 3aja4u IOTPeOUTEILCKOTO BHIOOpa,

x{z§ —  max . fABagroTcsa M TOBapbl B JJAHHON MOJEJN TEeHHbIMU !
p171+p2w2<b

4. Haiiru dyukuuio cnpoca jyisi quneinoi dpyunkunu u(x) = kx. Wccnemyiite
ciiydait, korja k =P

5. Moxuo i cunmtarh ToBaphl B Mojenn CToyHa TOBapaMy POCKOIIH WMJIU TO-
BapaMy MEpBOil HEOOXOJUMOCTH C TOUYKH 3PEHUsl 3aBUCHMOCTU CIIPpOCA Ha HUX OT
Joxoa”?

L Conmanbro-skoroMuueckoe nosozkenne Poccnn (auBapb-monb 1996 1.). — Mocksa, [ockomctar PO, 1996
2@uxrenronsm I.M. OcHoBBI MaTeMaTIIecKoTo anann3a.-M.:Hayka, 1968.
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Hexuus 6
Caedecmeua ypasrenus Cayyrozo

6.1. Yeaosue azpeeavuu Kypro

Vzy4um cBoiicTBa MaTpUIbl
H=U"'(l,—pP'pU"), p>0, (1)

OIIPeIEJISTIONIEH ¢ TOTHOCTBIO JO MHOXKHUTEIsE A > () m3MEeHEeHne KOMIIEHCHPOBAHHOTO
*

CIIpoca %—Xp (em. dopmyay (5.14)).

Ymeeporcdenue 1. Marpuna H cuMMerpuyiHa U OTPHUIATE]BHO OIpeeaeHa, TO
ecThb Jiyist Jitoboro BekTopa z € R™ umeer MecTo HEpaBEeHCTBO

2H7 <0, (2)

[IpUYeM PABEHCTBO HYJIIO BBITTOJHACTC JJIsl HETPUBUAJBHBIX Z TOTJIa U TOJBKO TOrJA,
Korja z = «P npu Hekoropom o € R .

> JlokazaresibCTRO.
1. Paccmorpum citydaii, KOrjia BEKTOP Z IIPONOPIMOHAJIEH BEKTOPY IEH, TO €CTh
z = a P npu nekoropoMm « # 0. [Ipeobpasyem

2H7 = (apP)H(ap) =a* - (pU 'Y —upU P PU D).
Tak kax PU D' = 1/p (eM. pasencrso (8) B sieknuu 3), To
ZHZI _ a2(p U—l p/_pU—l p/) — 9/7

rie 0 — n—MepHbBIil HyJIeBO# BEKTOP-CTONOEIL.
2. [Iycrs Tenepnb z # aP npu Beex a € R,. [IpeacraBum HEeTpUBHATILHBINA BEKTOD
Z = P+ V, rjie HeTPUBUAJLHBIA BEKTOP V U YUCIO (¢ VJIOBJIETBOPAIOT YCJIOBUIO

vU D =0, (3)

NJIn
(z—aP)U'D =20 'D —apU D =0.

Tak xak PU D = 1/p, toa = puzU D .
Paccmorpum

zH7Z =vHY =vU 'V —uvU p'pU V.
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3J1ech B IpaBoil YacTu B cuity yciosus (3) Bbrauraercs HyJib. [lockosibKy MaTpuia
U~!, kak u marpuna U, orpuiarenbso ompenenena, To u vU 'v' < 0, orkyma
rH7 <0. <

Caedcmeue 1. HyBCTBUTEIBHOCTH KOMIIEHCHPOBAHHOI'O CIIPOCA Ha JIF0OOH Ipo-
JIYKT K COOCTBEHHO IIeHe OTPUIaTe]hHaA, TO €CTh

Oz} (P)
—— < 0. (4)
Opi
> JlokazaresibCTBO.
Ecin B KauecTBe Z B3sITh BEKTOP-CTPOKY, BCE JEMEHTHI KOTOPOM HYJIH, KpOoMe

i—ro, KoTopblil pasen 1, To ecth z = (0,0,...,1,...,0), To
zH7Z = hi < 0,

TO €CTh BCE JMarOHAJLHBIE 9JIEMEHThI MaTpullbl H oTpuiaresbHbl. <«

C 9KOHOMUIECKO TOUYKHU 3PEHUsT HEPABEHCTBO (4) COOTBETCTBYET 3GKOHY CNpPOCa
Kypno, To ectb peaxius cripoca Ha Jil0OOI TOBap MpPU KOMIIEHCUPOBAHHOM M3MeEHe-
HUU IIeH BCEria HOPpMaJIbHAs.

Ypasuenue CIIyIKoro ¢ moMoIbio (4) mO3BOJIsIeT BBIIEJUTH KJIACC TOBAPOB, YJI0-
BJIeTBOPSIONIMX "3akony crnpoca''n B obmeM ciaydae, 6€3 KOMIEHCHPYIOIEro U3Me-
HEeHUs OIo/KeTa.

PaccMoTpuM mpOnM3BOILHBIA IHATOHAJILHBIA 3JIEMEHT CHCTEMBI

Ox;(P,b)  0xf(P) O
op;  Op b (5)

Tosap, cupoc Ha KOTOPBII ¢ POCTOM IE€HBI MaIaeT, Ha3bIBAIOT HOPMAALHBLM.

Caedemeue 2. Llennble ToBaphl BCera HOpMaJjbHEBIE.
D70 BbITEKAET HEIOCPEJCTBEHHO U3 ciiejcrBust 1 u cucrembl (5).
Caedecmeue 3. Tosapsol ['ndduna MoryT ObITH TOJBKO MAJIOIEHHBIMHU.

B camowm jene, TtoBap I'mpdpuna xapakrepusyercs aHOMaJbHBIM CIIPOCOM, TO €CTh

(9xi
8pj

> 0, yero He MOxKeT ObITb JIJIsI IIEHHBIX TOBAPOB.

6.2. Baaumosamenaemocmop biaaz

JIBa TOBapa Ha3BLIBAIOT 63AUMOJONONHAEMbLMU, €CIIM KOMIIEHCUPOBAHHBINA CIIPOC
Ha OJINH TOBAP MaJAET ¢ POCTOM IEHbI JPYyroro, To ecThb

oxr*
Li < 0.
8]9]'
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JIBa ToBapa Ha3BLIBAIOT 63AUMO3AMEHACMBIMU, CCIIA KOMIICHCUPOBAHHBINA CIIPOC
Ha OJWH TOBAp PACTET ¢ POCTOM IICHBI JAPYTOTO, TO €CTh
ox*

L > 0.
8]9]'

Ymeeporcdernue 2. B m10060it cucreme npeanovdTenuit st gd0it hyHKIUM moses-
HOCTH U(Z) CyHECTBYIOT B3aMMO3aMEHIEMbIE TOBAPDI.

> JlokazaresibCTBO.
Yuu0oKuM pasenctso (5.14) wa P > 0, momyum

IOx*(P
—81(> Jpr = Uy —pU P pU P =0,
tak Kak PU 1D = 1/p (em. neknmio 5).
Hns moboro t = 1,2, ..., n nmeeM
— 0z;(P)
Z ij =0, (6)
=1 b
o, oz} (P)
u B cuity (4), HeOOXOMMO TP HEKOTOPOM j # i Oyjier 9 > 0, TO ecTh TOBAPDI
Dj

1 ¥ j — B3auMo3aMmensemble. <«
6.3. Ceolicmeo saacmuinocmu cnpoca

Ypasuenune CIyIKOro MO3BOJISIET YCTAHOBUTH BaXKHOE CBOWCTBO JIACTUIHOCTEH
cripoca Ha JII0O0O! ToBap OTHOCUTEJIbHO BCEX (DAKTOPOB.

Hamomuum, 4T0 ssacmuymnocmsvio cnpoca ma mosap i 0MHOCUMEALHO UEHDL MO0-
6apa ) Ha3BIBAIOT BEJWINHY

i Ox;(P,b) T;
dp; ;i

, (7)

?

IAACTNUYHOCITNDIO CNPOCa OMHOCUIMENBHO brodotcema - BECJINYNHY

0 __ ) L
E; = 0 (8)

Ymeeporcdernue 3. Cymma spacTUIHOCTE clipoca Ha JIF0O0M TOBAap OTHOCUTEIBHO
BCex (PaKTOPOB paBHa HYJIIO

Zn:Eg' = 0. (9)
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> JlokazaresibCTBO.
B coorserctun ¢ pasencrsamu (7), (8) nmeem

—~ ;1|0 i
R Oui 4 9%y (10)
, T; p

3 ypasraenust Ciykoro nMeeM paBeHCTBO

dr; Ox; Ox;

op;  Op; b

VMHOXKAsL 9T PABEHCTBA Ha Pj, CKIAbIBAsT PE3YJIBTATHI I UCIOIB3Ys paBencTso (6)
n

1 OIOJIPKETHOE OTpaHndIeHne y |, p;&; = b, monyInm
J=0

i=1,2....n

8xz (%:Z
Z Tipj = 5% —b.

oz,
ij

[Toncrasnsis nomydennsiit pesyabrar B (10), npuxogum K paserctsy (9). <

6.4. Teomempureckan unmepnpemayus KOMNEHCUPOBANHO20 USMEHEHUL UeHD

[Tycrh nepBoHAYAJILHO EHbI HA TOBapbl (X1, Tg) Obliu (P1, P2), & JOXOJ COCTABUIL
b equnnt.
[IycTh HaYaIbHOE PHIHOYHOE PABHOBECHE IIOTPEOUTENA HAXOAMIOCh B TOUKE X' =

(z1, 2d) — mouke kacanus kpusoit Gespasmruns L1 u 610mkernoit annum Jt,

Pucynok 7

35



[Ipu BO3pacTanuy IEHbI Ha HEPBBIA TOBAP C P1 JCHEXKHBIX CIUHUI 38, €IUHUILY
TOBapa /10 ¢ JICHEXKHBIX €IMHUI] 38, eIMHAILY TOBAPa TOUKA MepecevdeHms HOBOM 0101
xkernoft mannn J2 1 ocu 021 U3MEHUTCSA, 1 HOBOE PLIHOYHOE PABHOBECHE TTOTPEOUTEs
YCTAHOBUTCSL B TOUKE X2, KOTOPasl SBJISETCH TOUKOf T1epecederns 010 KeTHON JIMHIH
32 u apyroit kpusoit 6e3pazinuus L2,

[Tposesem Bernomorarenbuyio gunuio J° napajieasno muaun J2 (To ecTh mof TeM
e yrioMm o = tg —qi /po.) Touky nepeceuenns munun J° u kpupoit 6espasinans L'
0603HaUMM uepes XU .

Ecin MbI XOTHM KOMIIEHCHPOBATDH MOTPEOUTENIO TIOTEPIO OJIArOCOCTOSHUST B CBSI-
3W C M3MEHEHHEM IIeH, TO HeOOXOJMMO YBEJUIUTh €ro JIOXOJ TaK, UTOObI KacaHue
6roKeTHOi JmHun JY, COOTBETCTBYIOMIEH STOMY JIOXO/LY, TPOU3OIIIO Ha MCXOLHOM
KpuBoil 6espaszinuns L1, 4robbl nose3Hocrs norpeduTes He N3MEHUIIACh.

Bekrop x! x" nokazbiBaer "apdexT 3amens " Ipu pocTe HEHbI, TO eCTh H3MEHeHne
CTPYKTYPBI CITPOCA MIPYU YCIOBUH MOIAEP>KAHUS TTPEXKHEr0 YPOBHST OJIArOCOCTOSTHIS.

Bexrop x” x? orpazkaer "addext goxona’, To ecTh U3MEHEHHE HOTPEOUTEIHCKOIO
CIIpoca MpU COXPAHEHUH COOTHOIIEHWS TeH OJIar U U3MEHeHUN YPOBHsI TOXOA.

Bekrop x! x? orpazkaer obuuii pesy/bTaT pocta neHb! (IPH OTCYTCTBUM KOMIIEH-
calm).

B sannom ciyudae (em. Pucynok 7) nepsblii ToBap siBiisiercs

1) mepBbIil TOBAD SABJISAETCS MEHHBIM, TaK KaK MDY CHIKEHUHN JIOXOJIa COKPAIACTCS
crpoc (Touka X2 JIexKUT JieBee TOuKH X°);

2) HepBblii TOBAP SIBJISETCS HOPMAJIBHBIM, TaK KaK PU CHUYKEHUH [IEHbI CIIPOC Ha

Hero yMeHblaercs (TouKa X2 JIeKHUT JieBee TOYKM X').

3) ToBapbI ABJIAIOTCS B3aMMO3aMEHACMbIME (TOUKa X° JIEKUT BbIIIE TOUKH X ).

Bonpocwv, daa camoxonmpons

1. lokazarsb ciejcrsue 2.

2 b
2. Ilycrs cnpoc z1(p1,b) = 3 LQ_ Hcnonwsyst ypasuenue CIyIkoro, HaiTu
b1
8[61
apl comp

3. dusi zajaum u(ry, T2) = £1T2 —  mMax _ JlaTh N€OMETPUUYECKYIO UHTEPIIPe-
10$1+2$2§60

TAIMI0 KOMIIEHCHPOBAHHOIO M3MEHEHMs IEHbI, eC/U IeHa Ha 1-bIif TOBap yBEJIUUN-
jgach J10 20 JeHeKHBIX eIUHUIL!
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