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BCTYII

B ocHOBY HaB4YaJIbHOI'O MOCIOHMKA MOKJIAJIEHO OaraTopiuHMid 10CBII Kadeapu
€KOHOMIYHOI KiOepHeTHKH Ta 1H(opmauiiuux texHonorii JIBH3 «HI'Y» 3
aucIuIuTiH - «MoOJCNIOBaHHS ~©KOHOMIKW», SKa BHKIATAEThCS Kadeaporo,
BIIMOBIIHO JI0 HABYAJIBHOTO IUIAHY IIJATOTOBKM OakalaBpiB 3 €KOHOMIYHOT
KiOepHeTHKH Ha yeTBepToMy Kypci (ExoHoMiuHa kibepHeTHKa - 6.030102).

3MiCT HaBYaJIbHOTO MOCIOHMKA BIANOBiAa€ BUMOTaM rajy3eBUX CTaHIApTIB
BUIIIOI OCBITH YKpaiHM Ta Mporpami HaBYAIbHOT JUCHUIUTIHM «MojentoBaHHs
E€KOHOMIKH».

lNomoBHa 1inb MOCIOHMKA — HAJAaTH JOCUTH TMOCTIJOBHUM OIMUC PSAY
3arajJbHUX MOJIENICH, SKi B OCTaHHIN Yac OTpUMAJU IIHMPOKE PO3MOBCIOKEHHS Ha
NOPAKTHUII TPU BUPIIIEHH] EKOHOMIYHUX 3a7a4.

[lociOHMK ckiIanaeTbecs 3 IIECTH PO3JAUTIB. Y BHUCHOBKY Cc(hOpMYIbOBaHI
BUMOTH JI0 HEOOXIIHMX YMIiHb CTYyJAEHTa TICJIS BHBYEHHS KOXXHOTO 3 PO3/LIIB
NoCiOHMKA 1 IO IKUM MOKHA CYIUTH MPO CTYIIHb TOCATHEHHS y4OOBUX LILIEH.

B nepiiomy po3aiini mociOHUKa pO3TISHYTI 3arajibHi MUTAHHS MOJCITIOBAHHS
00’€kTiB, 30KpeMa MaTeMaTHYHOTO MOJCIIIOBAaHHS CKOHOMIUHUX  SIBHIII.
CrnermianbHO BBEICHO JAPYTHH pO3JUI, Y SKOMY CTHUCIO HaJlaHl TEOpeTHYHI
BIJIOMOCTI MPO METOJM ONTUMI3allii, SKi 3aCTOCOBYIOTHCS IMOTIM YIPOJOBXK YChOTO
nociOHUKA. Y TPEThOMY PO3JIUII PO3TISHYTI TEOPis CIIOKUBAHHS, 30KpeMa QyHKIII1
nonuTy, (yHKIIT KOPUCHOCTI Ta IMONIYK TOYKH PIBHOBAard 3a JOTIOMOTOIO
NaBYTUHOMOAIOHIA Mojeni puHKYy. YeTBepTuil po3Ail MPUCBIYIYETHCS Teopii
BUPOOHUIITBA. Y HBOMY HaBeAeHI BHPOOHWYI (YHKINT, PO3MJISTHYTI IUTAHHS
KOHKypeHItii. [T’ atuit po3ain MiCTUTh B 001 BIIOMOCTI PO MIKrajy3eBui OajaHc.
B ocTtanHbOMY po31aisTi pO3TIITHYTa OJHOCEKTOPHA MOJIENh €KOHOMIUHOI JUHAMIKH
(muckpetnuii anaor mojaem Coioy).

Texkcr CynmpoBOIKYEThCS TMpUKIaAaMU. Y  KIHII PO3JUTIB  HaBejeHI
IHAWBINYadbHI 3adadvl JJIi CaMOCTIHHOTO BHWBYEHHS, YacTHUHA 3 SKUX Oyna
po3pobJsieHa 3a ydYacTiO J-pa TeXHIYHMX Hayk, npodecopa B.A. Boponosa,
3aCHOBHUKA JUCHMILTIHU «MojenoBanHs ekoHoMikn» Ha kadeapi EKIT.
BukoHaHHS IMX IHIWBiTYyadbHHX POOIT HEOOXIMHI JJI1 OTpUMAaHHS HABHUYOK Ta
yMiHHS OakanaBpa 3 eKOHOMIYHOI KIOEpHETHUKH.

Y mociOHMKY € choemiasibHa TMMO3Hauka ¢ - TIO3HaYKa 3aBEpIICHHS.
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1. MOJEJI I iX BUJIH

1.1. MopeaoBauHs i ioro BUIu

Po3BUTOK Haykud TICHO TMOB'SI3aHUKA 3 MOOYJOBOIO 1 BUKOPUCTaHHSIM
pi3HOMaHITHUX Mojenei. HuHi iX 4Ymcio AyXke BeIuKe, HOTro Ba)XXKO HAaBITh
ominutu. Ilpore moHATTSI '"Momens" HOCI HE Mae 3araJbHONPUUHATOTrO
dbopmynoBaHHsI. 3a  OCTaHHI M'SATAECAT POKIB I[edl  TepMiH  MoYaau
BUKOPHUCTOBYBATH yCi: XIMIKH, JIIHTBICTH, JIOT1KH, 010JI0TH, FOPUCTH, EKOHOMICTH 1
HaBITb KYypHATICTH (POTOMOAECID).

baraTto nocnmigHUKIB MPOTMOHYIOTh BU3HAYHMTH "MOJENB" SIK iHCTPYMEHT B
NOLIMPEHOMY METO/I1 IOCI1I>)KEHHS, 3BaHOMY ""MOJIeTTIOBaHHS "

MojemtoBaHHS - 11e¢ BUBYEHHS O0'€KTIB JOCIIKCHHS HE O€3MOCepe/IHbO, a
HENPSIMUM IUISIXOM, 32 JIOIOMOTOI0 JEAKHX JOMOMDKHUX 00'€KTIB, SIKi IPHHHITO
HA3WBAaTH MOJICIISIMHU.

MogentoBaHHsl K CHoOciO BIAA3EpKAJICHHS JIMCHOCTI 3apOAMBCS 1€ Y
AHTUYHOMY CBITi, KOJIHM 3'IBHJIOCS HAYKOBE TTI3HAHHS.

Icaye Garato crnoco6iB kimacudikailii MeToaiB MojeatoBaHHs. Po3risHemo
knacudikamii 3a 3acobaMu MOJCIIOBaHHS, a caMe€ MaTepiaibHe 1 iJealbHe
MOJIETTFOBAHHS.

MarepiajibHe MOJENIOBAaHHA - TaKe MOCIIOBAHHS, KOJH JIOCHTIIKEHHS
BEJIEThCS HA MOJENAX, 3B'I30K SKUX 3 JOCHIIKYBAaHUMHU OO'€eKTaMU Mae
MmaTepianbHui xapaktep. [lpukianu: 1) makemu piznomanimuux munié (MakeT
KUTJIOBOTO MAacCHUBY B apxiTekTypi); 2) i3uuni modeni, TPU3HAYCHI A
BIITBOPEHHS JAWHAMIKHA MPOIECiB B 00'€KTi, 110 BHUBYAETHCA. B IbOMYy BUMAAKY
bizmyHa mpupoma o0'ekTy 1 MoOAEdl OJHAKOBI, HANPHUKIAI, MOJEIb
T'IpOEJIEKTPOCTAHIII] - BETUKA CTIOpy/a.

3) Ananoeose moodentosanus, KOIW MOAEHbL 1 00'€KT MarOTh Pi3HY (i3UUHY
IpPUPOJy, ajie TPOIeCH, IO BiAOYBAIOTHCS B MOJIEINI, OMHUCYIOTHCS THMH XK
MaTeMaTUYHUMH CITiBBIIHOIICHHSMH, 110 1 B 00'€KTI, IIT0 BUBYAETHCA. SIK MPHUKIIA
MOXHa TIOCTIATUCSI Ha BHUBYCHHS MEXaHIYHMX KOJWBAaHb 32 JOTIOMOTOIO
CJEKTPUYHOT CHUCTEMH, IO OMHUCYETHCS TUMHU K PIBHSIHHSAMH, IO 1 MEXaHIUYHA
cuctema. SICKpaBUM TPHUKIAJAOM TaKOTO THUITY MOJICTIOBAHHS € MOJICTIOBAHHS Ha
aHajJoroBux oOuHucIoBaIbHUX MamuHax (AOM). IeBuakomis AOM 3HaYHO
HUK4a, HDK y cydacHux [[OM. Tomy AOM HHHI TOpakTHYHO HE
BUKOPHUCTOBYIOTHCH.

IneansHe  MojmentoBaHHsS. BOHO  NPUHIMIIOBO  BIAPI3HSAETHCS  Bif
MaTepialbHOTO MOJICTIOBAHHS, OCKUIBKM TPYHTYETHCS HE Ha aHajorax o0'€KTy i
MOJICIISAX, & Ha 1/1eaTbHOMY, MUCIMMOMY 3B'SI3Ky MK HUMH. MeETOU 11eaqbHOTO
MOJICTIOBaHHSl TOCUTh YMOBHO MOKHAa pO30UTH Ha JiBi rpymnu: ¢opmanizoBaHi 1
HedopmaizoBaHl MOACI.

Y dopmanizoeanomy mooenosanui MOJICISIMU CIY>KaTh CUCTEMH 3HAKIB a00
o0pa3iB, pa3oM 3 SIKMMH 33JIal0ThCSl 1X MpaBWJia MEPETBOPEHHS 1 IHTEpIpeTallii.
Sxmo sk Mojeni BUKOPUCTOBYIOTHCS CHCTEMH 3HAKIB, TO TaKe MOJICTIOBAHHS
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HA3MBAalOTh 3HAKOGUM. 3HAKOBI CHUCTEMH pI3HI: KPECIEHHs, rpadikd, CXeMH,
dbopmynu 1 Tak gaini. (3a JOMOMOTOK CXEMU, 1110 300paXy€e CTPYKTYPY YIpPaBIiHHS
¢ipMoro, siKka 3riJHO 13 CKa3aHUM € MOJEJUII0, MOXHA BHUPINIYBATH MHUTAHHS
paioHaAJIbHOI CTPYKTYPH YIpaBiiHHA.) MepexkeBuil rpadik NpoeKTyBaHHS AESKOi
CIIOPYIH — MOJIEITb TIPOIIECY BUKOHAHHS IPOEKTY.

HaiiBaxnuBimiiM BHJOM 3HAKOBOTO MOJICNIIOBAHHS € Mamemamuyine
mooenioganns. IIpu BUKOPUCTAHHI IIOTO BULY MOJIEIIOBAHHI MOJIEIb 3aMUCYEThCS
y BUIUIA1 CYKYNHOCTI (pOpMyJl, MEPETBOPEHHS SIKUX 3IIMCHIOETbCS HA OCHOBI
MPaBUJI MaTEMAaTUKH 1 JIOTiKW. Poh MaTeMaTHYHOTO MOJICITIOBAHHS, SIK B PO3BUTKY
HAyKH, TaK 1 IPaKTUYHIN I1SUIbHOCTI BEJIUYE3Ha.

JloC/iJPKeHHsT €KOHOMIYHUX TIPOIIECIB 1 SIBUIL MPOTITOM JOBTOro dYacy
IIPOBOAMIIOCS TUTHKM Ha OCHOBI TAKUX HEBU3HAYCHUX MPEJICTABIICHD (X 1€ MOYKHA
Ha3BaTu sikicHuMH). HuHi aHamiz Hedopmali3oBaHUX MOJENel 3aJuIIaeTbCs
HAWOLIBII TMONIMPEHUM METOJOM EKOHOMIYHOTO JOCHKeHHs (y Hayll 1 Ha
npakrtuili). Bceska moawHa, 10 TOpuiMae  pilmieHHS 0e3  BUKOPUCTAHHS
MaTEMaTUYHUX MOJCJICH, BHMYIIEHA KEpyBaTUCA THM a0O0 IHIIUM OITUCOM
CUTYallil, 3aCHOBAaHOMY Ha JIOCBiJli (cBoeMy a00 uykoMy) 1 Ha 1HTYIli. OCHOBHHMI
HEJOJIK IBOTO IMJIXOMY SBISETHCA TE, MO0 pPIMICHHI MOXE BHUSBHTHCS
MajoeeKTUBHUM a00 HABITH NMOMUJIKOBUM. Y OYJICHHOMY KHUTTI Taka MOMMJIKA
MOKe OyTH JIOIMYCTUMOIO, aji€ MpPHU YXBAJICHHI €KOHOMIUYHUX PIlllEHb BEJIHUKOIrO
MacmTaly BTpaTh MOXYTh BUSBUTHUCS BEIUKUMHU.

BukopucrtanHs BHUKIIOYHO HE(OPMalli30BAHOTO MOJIEIIOBAHHSA CTPUMYE
PO3BUTOK E€KOHOMIYHOI HayKd, OCKUIBKM OJHa 1 Ta 3 MOJEIb pPI3HUMHU
JTOCIITHUKAMHU MOXE PO3YMITHUCA MO-PI3HOMY 1 NPU3BOJUTHA HE JHIIE A0 HE
CIIBMAIAI0YNX, aje Majo HE 10 IPOTHIIC)KHUX BUBO/IIB.

Cka3zaHe He MOXXHa PO3yMITH TakK, IO MOTPIOHO MOBHICTIO TEpPEeHTH Ha
3aCTOCYBaHHS MaT€MaTUYHUX MOJENe s yXBaJeHHS EKOHOMIYHUX PIIlEHb.
[IpyunHn  KpUIOTBCS B HEMONIKaX MaTEMaTHMYHUX MOJeNiel: CydacHHH
MaTEMaTUYHHI amapaTt He BCEMOTYTHIM, METOJAN MAaTEMAaTHYHOTO MOJICIIIOBAHHS HE
3aBXJIM MOXYTh KOHKYpPYBaTH 3 HedopMmari3oBaHUMU METOJAMH IO IMIBUAKOCTI,
JETKOCTI 1 JEeMIeBU3HI JOCHIDKCHHS, CyYacHHM MaTeMaTUYHUN amapaT He
J03BOJISIE BpaxyBaTh OaraTo YHWHHHKIB, IO BpaxoByioThcsi OIIP (ocoboro
MPUIMAIOYOI0 PIIIEHHs), alieé IO moraHo (opMmami3yroThcs. B 3B'I3ky 3 mum
3ralaéMoO TEOpil0 HEYITKUX MHOXKHH, SKa J03BOJIsA€ (QopMamizyBaTu JesKi
He(opMalbHI MPeICTaBICHHS JTIOIHHH.

TakuM 4YmHOM, HHWHI MaTeMaTHYHE MOJCIIOBAHHSI B €KOHOMIIIl MO>KHA
PO3TIIAIaTH SK BOKJIMBUN 1 B MEPCIEKTUBI HE3MIHHHUM IHCTPYMEHT, IO J03BOJISE
npuitMaT OUTkIIIe OOTPYHTOBAHI PIlIEHHS, 3HIKYE 1 3HAYHO PU3UK TTOMUJIIOK.

[TomiTumo, mo0 HedopMmali3oBaHE MOJEITIOBAHHS JIO3BOJIIE  TAKOX
KOHTPOJIIOBATH PE3yJbTaT MATEeMATHYHOTO MOJICIIOBAHHS, 3HAXOAUTH 1 yCyBaTH
MTOMUJIKH.

Takum 4MHOM, B Cy4acH1# €KOHOMII[I MOXHA TOBOPUTH MPO OaxkaHO XOPOIIIe
MOETHAHHS METO/IIB MAaTEMATHYHOTO 1 HE(hOPMaII30BAaHOTO MOJICTFOBAHHS.
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1.2. PamnioHajibHe rocrnojgaprOBaHHs i BeJleHHA € KOHOMIKH

OCHOBHUMM 3aBJaHHSIM €KOHOMIKH € pallioHaJlbHE TOCHOJapIOBaHHS,
panioHallbHa AIUIbHICTH (€cOnomizing), TOOTO PO3MOLTT OOMEKEHUX PECYPCIB IS
JOCSITHEHHSI MOCTaBJIEHUX IUieid. BHaAcHiIoK OOMeXeHHs pecypciB JTIOBOJMUTHCS
BUOMpaTH TOM ab0 IHIIMI BapiaHT iX BUKopucTaHHA. /[0 3aBaaHb, MOB'SI3aHUX 3
palioHaJIbHUM TOCHOJAPIOBAHHIM BIIHOCSTh, HANPUKIIAJ, PO3MOAUI JOXOAY Ha
METl CHOXXKHMBaHHS 1 30epexeHHs, pO3MOJAUIM 3arajlbHOi CyMHM BHTpaT Ha
CIIO’KMBAHHS MIX PI3HUMU BUJIaMH TOBAPIB 1 MOCHYT.

ExoHoMika B LUJIOMY € CYKYMHICTIO NMEBHUX IHCTUTYTIB, KOXEH 3 SIKUX
BUPINIYE 3a/Jady paIliOHaJbHOTO TOCTIOAAPIOBAHHS, IIO CTOITh mepen HUM. Jlo
YKCJIa TAKKX IHCTUTYTIB BXOJISATh:

CnoxuBadi (gomaimrHi rocrnoaapctna): okpemi ocobu abo rpymu ocid 13
3araJbHAM JJOXOJIOM, III0 BUTPAYAETHCS HA CIIOKUBAHHSL.

®dipmu: mignprueMcTBa (0THOOCIOHA BJIIACHICTh, AYKI[IOHHA CYCIUIBCTBA), 10
BUPOOJITIOTH TOBAPH 1 MOCTYTH.

[IpodeciitHi cnuiku: TPynu 0N, 10 TPALIOI0Th O HAaliMy, OpraHi3oBaHi
JUISL TOTO, 100 YKIJIaIaT 3 MiANPUEMIISIMU KOJICKTUBHI JOTOBOPU a00 BUKOHAHHS
NICBHUX 3aBJIaHb.

YpsanoBi opraHizaitii: MOJITUYHI YCTaHOBU, IO YacTO MAarOTh BaXKJIMBI
€KOHOMI14YH1 PyHKIIIi.

ExoHoMmiky MoOXHa po3risgaTH SK HAayKy IpO 3aCTOCYBaHHS METOJIB
palioHaJbHOI TISUIBHOCTI TOCIOAAPCHKUX 1HCTUTYTIB. TakuM YMHOM, €KOHOMIYHA
HayKa PO3TJSIaE PO3NOAiT OOMEXEHUX PecypciB B JOMAIIHHOMY TOCIOJIApCTBI,
¢bipMi 1y psl IHITUX IHCTUTYTIB.

Orxe, U1 yCiX TEpepaxoOBaHUX IHCTUTYTIB Moke OyTH BKazaHa (DyHKIIiS
MeTH, 3aco0u (IHCTPYMEHT) yIpaBJIiHHSA, OOMEXEHHS Ha pPecypcHu 1 HOpMaTHBHI
paBuja, PETyIIOYi, HAPUKIIA, PO3MOJILT JOX0AY MK TOBapaMH 1 IOCITyTaMH.
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2.  ONTUMIBAIIMHI METOJIH B EKOHOMIII. EJIEMEHTH
TEOPII

3arajapHUN BUTJIA 3a/1a491 ONITAMI3ALIT;

f (x)— min,
gi(x)sbi,izl,...,m,}’ 1)

X1

1€ X - N-MipHUN BEKTOp, X =

f (X)- dynkiis mety,
g, (x)- niBa yacTHHA I-r0 OOMEKCHHH,
b. - B eKOHOMIYHHUX 3a/a4aX HassBHICTH KIIBKOCTI I-TO pecypcy.

B (2.1) g,(X)- mMae kibKicTs pecypcy | -ro BHIy, ske Tpeba BUTPATUTH, 00

BUPOOUTHU MPOYKIIT B KUTBKOCTI X .
Oynkuis (2.1) € 3aranbHUM BUIJISIOM  3a7ayl  ONTHMI3AIlli, OCKUJIbKHU
pimeHHs 3agaui MakcuMizamii  f(X) — max cmiBmamae 3 po3B’sA3KOM 3ajadi

minimizamii — f (X) — min .
Axmo B 3amaui (2.1) BimcyTHI OOMEXEHHsS, Taki 3aadyl Ha3WBaIOTHCSA
3a/1a9aMu Ha O€3YMOBHMM MIHIMYM, 1HAKIIIE — 3aJja4aMy Ha YMOBHUN MIHIMYM.

2.1. 3anadi Ha 6e3yMOBHUIT MiHIMyM
3aranbHHI BUTIIS 3a/1a4l HA 0€3YMOBHHUIN MIHIMYM:
f (X) > min

[cHyBaHHS pilIeHHS 3a4adi ONTUMI3aIlli 3aJa€ThCsl TAKOK HA3BAHOIO
HEOOXITHOIO YMOBOIO MIHIMYMY, SIKYy BU3HAYAIOTh 3a JIOMOMOTOIO TPaJi€HTA.
I'padienmom ¢ynxyii (moznaunmo oro VFf (X)) HAa3UBAETHCS BEKTOD:
[ of (X) |
0X,

Vi (x) = (2.2)

of (x)
OX

n

fioro kommoHeHTamu € mpuBatHi moxigai f(x) mo X,...,X,.
I'paodienm ¢ynxyii BKazye HANPSIM HAUIIBUIIOTO 3pOCTaHHs (YHKIII.
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Anmuepadienm ¢ynxyii — Vi (X) BKa3ye HampsiM HAWUIIBUIIIOTO YOyBaHHS
byHKIIi1.

Jlist po3yMiHHSI T€OMETPUYHOIO CEHCY I'pa/ilEHTa PO3TISTHEMO JIiHII PIBHOTO
pisus f(x).

Jlinii' pienoco piens — 1€ Taki JiHIT A7 TOYOK, B SIKUX 3HAYECHHS (QYHKII]
onHakoBe. BoHM BHXOASATH mepepi3oM (QYHKIII IUIOUIMHOKO fKa mapajeiabHa
KOOPJAWHATHIN IUIONIUHU, TUB. puc. 2.1.

(%), l

><V
N

X

Puc. 2.1. Ilpuknaz miHiA piBHOTO PiBHS JUIS OJHOI 3MIHHOT

Jlns BUMMaAKy 2-X 3MIHHUX JIiHIT pIBHOTO PiBHS MOXKYTh MaTH BUTJISI:
X, A
max

2paouerm B

max

/

[
»

X

Puc. 2.2. Ilpuxnaz jiiHid pIBHOTO PIBHS ISl BUMAJIKY 2-X 3MIHHUX

10
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I'panienToM QyHKIIT B €K1 TOYLI € HOpMaJlb 0 AOTUYHOI JIHII PIBHOTO
PIBHS B LM TOYIII.

['panieHT € HanPsAMOM HAWIIBUAIIOTO 3pOCTAaHHS (DYHKIIII.

HeoOxigHoto ymMOBOIO MIHIMYMY B 3a7audl Ha O€3yMOBHMI THIl SIBISETHCS
PIBHICTH HYJIO IpajileHTa ¢ yHKIII.

Vi(x)=0,, (2.3)
ne O, — N-MipHUN HYJIBOBHI BEKTOP.
3 ¢popmynu (2.3) oTpUMy€eMO:
of (X) o,
OX,
of (X) 0
OX,

2.2. 3anadi Ha yMOBHUI MiHiMyM

Taxki 3agaui MaroTh BUrIAL (2.1).
PosristHemMo oOkpeMmii BUTNAJOK, KOJHM B 3aJadi 3HAXOAUTHCSA TLIbKH
PIBHICTb.

2.2.1. 3apaui onTuMmizamii 3 00MeKeHHAMHU-PIBHICTIO

oyl

[IIo6 oTpuMaTu HEOOXiIHY YMOBY MiHIMyMYy, 3BEJIEMO 3aJ1adi ONTUMI3aIlii 3
OOMEKEHHSMH-PIBHICTIO 110 3amadyi 0e3 oOMexeHb 3a J0moMoror ¢GyHKIil
Jlarpanxa:

L=10)+A4(0,(x) =b)+4,(9,(x) =b,) +... + 4, (g, (x) =b,) =

u (2.4)
=f (X) + Zﬂﬁ (g| (X) - bi)!
i=1
ne 3MiHHl A,,..., A, — MHOXHHKH Jlarpamxa.
HeoOxigHi yMOBH AJ11 MiIHIMYMY
L(X,4,...,4,) > min, (2.5)

11
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A=]:
A

m

Oynkuig Jlarpanka 3anexuTh Bil BEKTOPY X U A .
Heob6xinHot0 ymMoBOIO MiHIMYMY 3aj1adi (2.5) Oyne:

\4 X,A L=0im
I3 3a/1aHOT YMOBH BHXOJIMTH I'PyIia YMOB:
oL )
=0,
oX,
: : (2.6)
AL _y
oX,
A _o
oA,
: 1 (2'7)
AL g
oA,
Cnpoctumo (2.7):
gl(x) - b1 =0,
: . (2.7a)
9,(x)-b, =0

V3sBim nmoxiaHi o MuHOkHUKax Jlarpanxa (2.7), orpumanu (2.7a).

Hpuxaan
Hexaii € 3anaua:
f(x)=x>+x>— min,}
9,(x)=x +x, =1,
3HaiiieMo HeoOX1aH1 yMOBH MIHIMYMY JUTS TTi€1 3a1adi.
L=x>+X5+ A, (X + X, —1) = min

ﬁ:2xl+ﬂb1 =0,
OX,
a—L=2x2+A1 =0
oX,

3Bigcu cimigye X, + X, —1=0.

12
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BupasuBmm A, uepes Xq:

A =—2X,.

[lincTaBuBIIA Ay Y CUCTEMY PIBHSIHB, OTPUMAJIH:

2X2 - 2X1 = O,
X+ Xo —1=0.
3BIICH CITITYE

X, — X, =0,
X, + X, =1,
X]_ = 0,5,
Xo = 0,5

PimenHsi Bka3aHOi CHUCTEMHU pIBHAHBb 3 TpbOMa HEBIIOMHMH MOXE JaTu
TOUKY, B SIKiil 3HAXOJIUTHCA MIHIMYM.

Tomi

2.2.2. Bunaaku, KoJIM € 00MesKeHHsI HePiBHOCTI

Oynkuis Jlarpamka mis 3amadi 3 oOMeXeHHSIMU-HepiBHOCTIMU (2.1) Mae
BUTJISIL

L= f(x)+>A[g,()~b,] - min, (2.4)

HeoOximHa ymoBa MIHIMyMY [JIs 3ajadl ONTHUMI3alii 3 OOMEKCHHSIMHU-
HEPIBHOCTSMHU CKJIQJIAIOTHCS 3 JIBOX YACTHH: MEpIlla YACTUHA — 11 YMOBH MIHIMyMY
¢bynkmii Jlarpamka (2.4) mo X, 1i yMOBM MarwTh BUIIAA GyHKIIT (2.6), apyra
JacTHHA Ma€ YMOBH:

ﬂ'l Zo,ﬂllgl(X)—bIJ:O, i:l,...,m, (28)

VY BIAMIHHOCTI BiJl BUIIQJKY, KOJHM B 3a7adi ONTHUMI3allii € OOMEKECHHIMU -
PIBHICTh B JaHOMY BUTAJKY 3HaK MHOXHUKa Jlarpamka mae OyTu HE B’ €MHUM
3rigHo (2.8).

SIkmo A =0—>0,(X)—-b =0, e O3Hayac, oI -uit pecypc
BUKOPHUCTOBYETHCS TIOBHICTIO.

A >0->09,(x)—b, =0, me o3Hagae, MO pecypc BUKOPHUCTOBYETHCS
MOBHICTIO, 11iHA HE HYJIbOBA.

A =0, g, (x)—b =0, g,(x)<b, e o3Hauae, 1110 BUKOPUCTOBYBAIIN
MEHIIIC, HIXK €.

13
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2.3. Ertanu pimenHs 3aaaui onTumizamii

Ilepwuii eman. EKOHOMIUHA MMOCTAHOBKA 3aja4i.

Ha wnpoMy erami nOpuUBOOUTHCA CIIOBECHE (OPMYINIIOBAHHS KPUTEPIO 1
0OMEKEeHb, AKIIO BOHU €. BKa3yeTbcs 3a paxyHOK 3MIHU SKUX BEJIMYUMH MOXKHA
Ha0yTH ONTUMAIBHOTO 3HAYCHHS QYHKIII METH (MAKCUMYM a00 MIHIMYM).

lpyeuri  eman.  @opmaimizaiis  mocTaBieHOi  3adadl  (po3poOka
ONTUMI3aIIHHOT MaTeMaTUYHOI MOJIEI).

Heo06xi1HO BUKOHATH TaKi poOOTH:

2.1) BuOIp mIyKaHUX 3MIHHUX

2.2) 3anuc Gopmya oOuuciaeHHs (QYHKIII METH, HOBUX YaCTHH OOMEKCHb.
BuszHnaueHHs mpaBUX 4acTUH 0OMeEXeHb (KUTBKICTh HASBHUX PECYPCIB).

2.3) 3anuc nporpam obuMcieHHs QYHKIII METH 1 JIIBUX YACTUH OOMEXEHb B
KOJIaX, BHUKOPHUCTOBYBaHMX NPOTPAMHUX TPOMYKTIB, Hampukman, s Excel mi
POrpaMy MUIIYTHCS Y BIIMOBITHUX OCEpPEIKaxX poOOYOro JIUCTA.

2.4) yucenpHe PIICHHS Ha KOMIT'FOTEPI.

Bunaaku, konu BiACyTHE a00 € pilIeHHS 3a/1a4i ONTUMI3allii.

B nuisx ynpaBiiHHS pO3TIIsTHEMO BUIIAJ0K, KOJIU € JIB1 3MIHHI X; 1 Xp, TOOTO

N=2 TakoX B LUIAX CHPOIICHHS BBAXKATUMEMO, IO (PYHKI[iSI METH 1 JIIB1 YaCTUHU
oOMexeHb JiHIMHI QyHKIIIT X .

PosrnssHemo Bumaaku, SKi MOXYTh OyTH B TIpOIleCi pIIICHHS 3ajadi
OINTUMI3aIli:

1)  Oynkuis MeTH HeoOMekeHa (mparHe 10 +oo abo -o0). HamOymosa
Towyk piwenns BUIA€ MOBITOMIICHHS: «3HAUCHHE 1IEJIEBOM STYEHKU HE CXOIATCS.

Pe3yneTarkel NOMCKA pPEWEHHWA Kl
FHAYEHKA LENEEOH AYEAKH HE CXOAATCA,
Tun oT4eTa
PezvneTaTtel & |
% {COxpPAHMTE HaHAEHHOE PEEHKME ¥CTOHYMBOCTE
................................................................................. ; anﬂEﬂb'
i BOCCTAHOEMTE MCXOAHEIE SHAYEHKA ""I
] I JTHMEHA COXpaHMTE CUEHAPHH, .. _MpaskKa I

Puc. 2.3. Bikno HanOynosu Iloutyk piuienms

{06 BupimmMTH 3a7a4y, B IIbOMY BHITaJIKy, HEOOXITHO BBECTH OJHE a0o
JeKiTbka oOMexxeHb (nuB. puc. 2.4.). Ha HboMy HaBeneHo nBa ooMmexenHs (1, 2),
Kl YTBOPIOIOTH 00JIAaCTh JIOMYCTUMHUX PIII€Hb, 3aBASKHU SIKIM MOKJIIMBO, TaKOX
3HAXO/PKEHHS MAaKCUMAJIBHOTO 1 MIHIMAJIbHOTO 3HAYEHHS (YHKIIIT II1T1.

14
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Puc. 2.4. I'padiune 300pakeHHs] oNTUMI3aIIHHOT 331241

2)  Jonyctuma o6nacts (J10) He icuye. [ToBimomnenns [Towyk piuienns:
"ITouck HE MOXKET HANTH MOAXOSIIIETO pelieHus".

Pe3yneTarTbl NOWCKAa pEWeH A Hl
MOMCK HE MOMET HIMTH NOAXOLALLEND PEWEHKA,

THN OTHETa
PezvneTaTtel . |
¥WCTOHYHEOCTE
Mpeaene

. BOCCTAHOEHTE MCXO0AHEIE 3HAYEHHA ""|

K I JTMEHS COXpAHMTE CUEHAPKHA, .. _Npaeka |

Puc. 2.5. Bikno Hanoynosu Iloutyk piwienns

3rigHo (puc. 2.4) nuas Toro, mood He OysI0 JOIMyCTUMOi 00J1acTi JOCTATHBO
3MIHUTH 00sacTi 1ii oOMeXeHb Ha MpOoTWiexkHI. A mo0 3'sBUiacs JOMyCTHMa
007acTh HEOOX1THO, HATIPUKJIIA, 30UIBIIUTH MTPaBy YaCTUHY JAPYTOTO OOMEKEHHS.

S0 mepeBepHyTH OOMEXEHHS 2 mapajieabHO caMoMy co0i, Tak 1mo0 BOHO
3aiHsAI0 mojiokeHHs 2a, Toai JIO 3'sBuThes (nuB. puc. 2.6.).

3 EeKOHOMIYHOi TOYKHM 30pYy Taka i O3HAYae: PEecypc, M0 3aTAEThCS
oOMexkeHHAM 2 - 30utbmenuid. [ToTiM Moske OyTy 3HaIEHHIA pecype PillICHHS.

15
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Puc. 2.6. I'padiune 300pakeHHs onTUMI3aIIiHOT 331241

3) VYV pasi, KoM ONTHMAaJIbHE PIIICHHS OTPUMAaHE, MA€MO MOBIIOMJICHHS
Towyky piwenns: "Pemenue HaiineHo. Bee yciioBus onTUMaIbHOCTH BBITIOTHEHBI "
(puc. 2.7.).

Pe3ynbLTaThl NOWCKa peeHHA Kl
PeweHHe HaRAeHD, BCe OrpaHHYEHHA M YCNOEHMA
ONTHMANEHOCTH BEINOAHEHEI, THN OTYETS
PesvyneTaTel - |
YWCTOAYHEDCTE
Mpeaenel
i BOCCTAHOBHTE MCXOAHEIE 3HAYEHKHA "l
K I JTHMEHA COxpaAHMTE CLEHAPHH. .., i_MpaEka |

Puc. 2.7. Bikno manOynosu llowyx piuienus

4)  Skmo € moBimomuieHHs: "Pe3ymbraT coBHmAmaeT C  TEKYIIHM
pemieHreM", TO OTPUMAHO PIMICHHS 3HAXOMUTHCA B JOMYCTUMINA 00s1acTi, TOOTO
3aJI0BOJIBHSIE YCIM OOMEXXEHHSIM, TIPOTE PIIICHHS - HE ONTUMAJIbHE.

2.4. bBaraTokpurepiiiHa onTumizaunis

PosristHemMo B MISX CIIPOIIEHHS 3a/1a49y 3 JBOMA KPUTEPISIMHU:

f,(X) > min, f,(x) —> min .

[TpuknagoM ABOXKPUTEPIHHOTO 3a/1adi € BUMAJOK, KOJIH MEPIIANA KPUTEPIi
03Haya€e MIHIMYM COOIBapTOCTI TOTOBOI MPOAYKIIii, IPYTUNA - MIHIMYM IIKIJJTUBUX
BigxoniB BupoOuwmirtBa. Lli kputepii f,, f, cymepewnusi, ockiibku MiHIMyM -
Oo3Hayae coOIBapTICTh TOTOBOI MPOJYKIIii, Bele A0 30UIbIIECHHS MKIIJIUBUX

16
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BIJIXOJ1IB BUPOOHUIITBA, TOMY IO 3MEHILEHHS LMX BIAXOJIB BUMAarae BUTpaT Ha
YCTaTKyBaHHS JIJIs OYUIIICHHS BIIXO/1B.

PosrnstHemo fgetanbHille ceHC OaraTOKpUTEpiiiHOT ONTUMI3allii, KOJIU €
TUIBKU OJIHA He3ajiexkHa 3MiHHa. Ha puc. 2.8. mokazanuii BUNagoK, KOJIU KpUTEPli
HE CyTNepewInBI.

fix) (%)

|

f(x) 1

v

>
[S)
>

Puc. 2.8. baratokpurepiiiHa onTuMi3allis 3 He CyNepeuwIMBUMH KPUTEPIIMHU

Jlns Bumaaky Ha puc. 2.8, KOAM KpHUTEpil HE CyNEpPEewIMBi, SKIIO
nocsiraetbest Min gynkmii f,(X,) B ToUIi Xg, TO B Lili )K€ TOYIlI BEJIMYMHA 1HIIOTO

kputepiro  fo(X) Takoxx Oyme min. Omxke, kputepii He cynepewnuBi. Ile
JBOXKpHUTEpIiHA 3a7ja4a BUpa3WiIacs B OMHKPUTEPIHY 3a1a4y.
PosrissHeMo BHIAI0K, KOJIU KPUTEPIi cynepewinsi (auB. puc. 2.9)

f(x) 1

»

f1(x) fa(x)

.
»

X1 X2 X

Puc. 2.9. baratokpurepiiiHa onTUMI3aIlisl 3 CYNMEPEWINBUMHI KPUTEPISIMU

17



ONTUMIBAUIVHI METOAW B EKOHOMILI. ENEMEHTU TEOPII

Lt e EL g e EL g e EL

VYci 3HaueHHST X MEHILIE X;, IPU 3MEHILEHHI X MOTIplIyBaTUMYTh OOU]BA

kputepil (i Kputepii 301UTbIIyBaTUMYThCS, @ MU IIIyKaEMO MIN), Taka X KapTHHA i
Ui yCi1X X, SIK1 30UIBIIYIOTH X, .

PosrisiHeMoO  Bimpizok X, X,| - TyT 3HaxXomMmThCA, Tak 3BaHi He
MOJIMIIYBAaHHI PillIeHHs. SIKII0, HApHUKIaA, pyXaTHCS Bl TOYKM X, YIPaBoO, TO
BEJINYMHA IepUIOro KpUTEPIIO 30UTbLITYBaTUMETHCH, a JIPYroro
3MEHIIYBATUMEThCS.

AmnanoriyHa KapTuHa OyJie, SKIIO0 pyXaTHCs JIBOPYY BiJl TOUKH X, - B LILOMY
BUMAJKY JAPYIMM KpUTepill MOJIMIIyBaTUMEThCS, 3aTe€ MepUIud KpuTepii
HOTIPIIYBATUMETHCS.

Binpizok [Xl, Xz], 7€ 3HAXOAAThCS He MoJinuyBaHHI (e(eKTuBHI,
ontuMalbHi 1o [lapeto pilieHHs ), Ha3UBaKOTh JOTOBIPHOIO JIIHIETO.

3acTOCOBHE PILLIEHHS ABOXKPUTEPINHOT 3a/1aul X, HAJIEKUTh [Xl, Xz].

Bubip emunoro ontumanbHoro mo IlapeTo pimeHHs, TOOTO BU3HAYEHHS
TOUYKH PIllIEHHS HA JOTOBIPHIM JIiHIT B 3arajlbHOMY BUTNIQAKY oBUHHA pooOutu OIIP
(ocoba, 110 mpuiiMae pilIeHHs ).

PosristHemo BUManOK, KOJU € /1Bl IIYKAHUX 3MIHHUX: X; 1 X,.
Ha puc. 2.10 npuseneni kpuBi piBHoro piBHs i ¢yskmin f (X,X,) i
fZ (Xl’ XZ) "

Puc. 2.10. Kpusi piBaoro piBus ans ynkmin f (X, X,) 1 f,(X,X,).

BararokpurepiiitHa 3a/1ada BiIpi3HAETHCS BiJl OMMHOKPUTEPIHHOT THM, 11O
Ma€ HECKIHYEHHY KUIbKICTh PIILICHb.

PosriistHeMo npuHIUM pilICHHS ABOXKPUTEPIMHUX 3a7a4.

€ nBa MiAXOAHW 0 PIIICHHS TaKUX 3a]1a4:

1. [linxin momsirae B ToMy, IO OOMIBAa KPUTEPii 3rOpTarOThCS B OAWH
(BUXOJIUTH OJIUH KPUTEPIii).

18
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f1(x)+ rfo(x) — min
gi(x)<b;,i=1,...,m

ae I > 0- xoedilieHT 3ropTKH, BiH MPUBOJUTH IPYTHI KPUTEPii 10 MEPIIOTO.

, (2.9)

KoxxHoMy 3HaueHHI0 I B 3a7a4i (2.9) 3a meBHUX yMOB BIJANOBIIaTUME OJHE
pimienHs ontumanbhe [lapeto.
2. [Tigxiq Ha3UBAa€THCS METO TOCTYIIOK.
B upomy Bunagky Apyruii Kpurepii 0OMexKyeThCs.
Buxoauts 3agaua.
f, (x) — min
f,(x)<A (2.10)
gl (X)S bl ,I :l,...,m

3minoroun A B (2.10) MOKHa OTpUMATH Pi3HI PIllICHHS 3a7a4i ONTUMI3aIlil
no I[lapero. Ileli MeTon 3acCTOCOBYETHCS, KOJM MOXHA BUIAUIMTH TOJIOBHHM
KpUTEPIil.
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2.5. ImpuBigyaabHe 3aBaanHsa Nel
Bu3zHavyeHHsI ONTMMAJILHOIO IUIAHY BHUIYCKY NMPOAYKUilI KOCMETHYHOIO
dipmoro.

CryaeHT NOBUHEH PO3B’S3aTH HaBEACHY HIDKYE 3a/a4dy, BUOpaBIIM JaH1 JJIs
po3paxyHKiB (3 Ta0. 2.1) 32 CBOIM HOMEpPOM Y KypHajl Ipymu.

BusnaunTu ontuManbHy BUPOOHUYY MIpOrpamy.

BuBuuty mnOpuHOMNM 1 METOAU pPO3pPOOKHM EKOHOMIKO-MaTeMaTUYHUX
MOJeNell 3 BUKOPUCTAHHSIM METOJIB HENiHIMHOI onTuMmizamnii. HaBuuTtucs
BUpIIIYBaTH 3a7adi Takoro kiacy B Excel 3a gomomororwo ¢ynkuii "Ilomryk
pimeHHs".

2.5.1. llocranoBka 3axauvi. [linnpuemenp IMOOPTYyE TPOSIHAOBY OJIit0, SIKY
BUKOPUCTOBYE JJi1 BUPOOHMIITBA Kpemy i 3arapy asox BuniB K; 1 K,. Ilina
NpOJaXy KpPEeMiB 3aJIeKUTh Bijl KUIBKOCTI BUpOOJeHoro kpemy. [lozHaunmmo: X 1
X» KUIBKOCT1 KpeMiB y (Kr.) BignoBigHo Buny K, i K,.

Tonai winu 1 kr kpemy y rpH. OyayTh Taki:

pl = al - Xl, 0< Xl < al (erM Kl)’ pz = a2 —X2, 0< X2 < a2 (erM KZ)

CoGiBapricTs BupoOHHITBA ¥ (IpH.) X; (KT) Kpemy K, i X, (kr) kpemy K,
oGuncmoersest o hopmyi: C(Xq, Xo ) =byXq +0oXy + by X Xs.

[Tpunyctumo, 1m0 NONUT Ha KpeMU 000X BUJIB HEOOMEKEHUH.

CkinpkH KiIOrpaMiB KpeMiB 000X BHUIIB Tpeba BUpoOUTH, 100 MPUOYTOK

OyB MakcuManbHUK? Bu3HAUMTH IiHU Tpojax KpeMiB. JaHl mjig po3paxyHKiB
HaBeseHi y Tabm. 2.1.

Tabmuus 2.1.
Po3paxynkoBi gani
Ne BapianTy a ay by b, byo
1 120 150 1,2 16 1,4
2 125 155 1,25 17 1,45
3 130 160 1,3 18 1,5
4 135 165 1,35 19 1,55
5 140 170 1,4 20 1,6
6 145 175 1,45 21 1,65
7 150 180 1,5 22 1,7
8 155 185 1,55 23 1,75
9 160 190 1,6 24 1,8
10 165 195 1,65 25 1,85
11 170 200 1,7 26 1,9
12 175 205 1,75 27 1,95
13 180 210 1,8 28 2
14 185 215 1,85 29 2,05
15 190 220 1,9 30 2,1
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Ne Bapianty aq ap by b, byo
16 195 225 1,95 31 2,15
17 200 230 2 32 2,2
18 205 235 2,05 33 2,25
19 210 240 2,1 34 2,3
20 215 245 2,15 35 2,35

Peanizanis B Excel.

1. CrBoputu Tabnuiro 3 GopmyiamMu, [kl MOB'A3YIOTh IJIaH, OOMEXKEHHS 1
TBOBY (DYHKILIIO.

2. 3amyctutH niporpamy llowyk piwens xomannow /fawi / Ananiz / [lowyx
piwmenns (B Excel 2007) Cepsic / [owyk piwenna (B Excel 2003 1 nuxue). B
noJsix Bemanosumu yinbogy Komipky, 3minioouu ocepeoxu, OomedicenHs: BBOIUMO
BIANOBIAHI aapecu ocepenkiB. HartucHytu KkHONKy Bukowamu 1 'y BIKHI
Pezynomamu nowyky piwennus BUBECTH 3BIT Mo criiikocti. [IpoBectn anami3
JaHUX. 3pobutu BHCHOBKH.
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2.6. ImpmBigyajbHe 3aBAaHHs Ne2
BuzHayeHHsT ONTHMAJBHOIO IUIAHY BHIYCKY HPOAYKUII TipcbKo-
30aravyBajibHUM KOMOIHATOM.

CryaeHT NOBUHEH PO3B’S3aTHU HABEACHY HIDKYE 3a/1auy, BUOpaBIIM AaH1 JJis
pPO3paxyHKiB (HaBeaeH1 y Tabi1. 2.2) 3a CBOIM HOMEPOM Y >KypHaJIl TPYIIH.

2.6.1. IloctanoBka 3agavi. 3 MeTOI NIABULIEHHS €(EKTHUBHOCTI PoOOTH
ripcbko-30arayyBajibHOr0 KOMOIHATy HPOBOJSATHCS CHEliaibHI AochipkeHHs. Ha
mijicTaBl 310paHOr0 CTATUCTUYHOTO MaTepiaiy, MOJaHOro B Ta0J. 2.2, ais pi3HUX
BapiaHTiB, HEOOXITHO 3HANTH:

® ONTUMaJbHUN OOCST MPOJIaXKiB KOHLEHTPATY (TUC. TOH)

® [[iHy KOHLIEHTpaTy (TUC. T'PH./TOHA)

e npulyTOK (TUC. TPH.)

e 3araibHi BUTpATH (TPH.) P MAKCUMAJILHOMY MPUOYTKY.

2.6.2. MeronuuHni BkasiBku. Hacamnepen, 3a manumMu Tabm. 2.2
3HAXOIATHCS 3B'SI3KM MK IiIHOW C 1 00caroMm mnpoaaxiB Y, a TaKOX MIXK
BuTpatamu | 1 00csarom mpojaxiB y BUA1 pIBHSHb perpecii:

C=a,+ay (2.11)
| =b, + b,y +b, y*+b, y° (2.12)

Jlami Mozienb onTuMizailii OyIyeTbCs B TAKUM cociO.
3HAXOAUTHCS TOXOI

D=Cy (2.13)
1 IpuOyTOK
P=Cy-1=(a,+ay)y—b, —by-b, yz_b3y3 (2.14)
OuyeBUIHO, ONTUMATIBHUM 00CAT MPOAAXKIB 3HAXOAUTHCS 3 PIBHSIHHS

dpP
gy =% +2a,y—b —2b,y-3b, y’
a, —b, +2y(a, —b,)-3b, yZ:O.

Hexaii e 3Ha4eHHA Y.

Toni onTumanbHa IiHA, BUTPATH, JOXOJ 1 MPUOYTOK MOKHA BU3HAYUTH
IiCTaHOBKOIO Y~ BiAmosizHo y Gpopmynu (2.11)-(2.14).

Ta0numg 2.2
PospaxynkoBi gani
OO6csr npogaxiB Y Iina C Burtparu |
Ne m\n THUC. T. THUC. TPH. TpH.
BapuanTt Nel
1 25,569 2,431 2,61
2 23,424 4,576 1,87
3 24,634 3,366 2,27
4 25,391 2,609 2,54
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OO6csr npogaxiB Y Iina C Burparu |
Ne m\n THC. T. THC. I'PH. I'PH.
3) 24,995 3,005 2,40
6 25,399 2,601 2,55
7 23,653 4,347 1,94
8 25,913 2,087 2,75
9 23,508 4,492 1,90
10 25,219 2,781 2,48
11 26,218 1,782 2,87
12 23,417 4,583 1,87
13 24,455 3,545 2,21
14 26,954 1,046 3,18
15 23,030 4,970 1,76
16 24,598 3,402 2,26
17 24,709 3,291 2,29
18 24,718 3,282 2,30
19 25,333 2,667 2,52
20 25,028 2,972 2,41
Bapuant No2
21 26,186 1,814 2,85
22 23,073 4,927 1,77
23 24,787 3,213 2,32
24 24,706 3,294 2,29
25 24,370 3,630 2,18
26 25,085 2,915 2,43
27 24,506 3,494 2,22
28 24,435 3,565 2,20
29 21,353 6,647 1,31
30 25,420 2,580 2,55
31 22,738 5,262 1,67
32 27,538 0,462 3,44
33 21,694 6,306 1,40
34 26,121 1,879 2,83
35 23,800 4,200 1,99
36 26,464 1,536 2,97
37 24,856 3,144 2,35
38 26,654 1,346 3,05
39 23,146 4,854 1,79
40 23,368 4,632 1,86
Bapuant Ne3
41 24,959 3,041 2,38
42 25,838 2,162 2,12
43 22,684 5,316 1,66
44 26,704 1,296 3,07
45 25,835 2,165 2,71
46 24,245 3,755 2,14
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OO6csr npogaxiB Y Iina C Burparu |
Ne m\n THC. T. THC. TPH. T'PH.
47 23,231 4,769 1,82
48 26,992 1,008 3,20
49 24,013 3,987 2,06
50 25,248 2,752 2,49
ol 24,171 3,829 2,11
52 23,997 4,003 2,05
53 23,169 4,831 1,80
o4 24,164 3,836 2,11
55 22,905 5,095 1,72
56 24,507 3,493 2,22
o7 26,667 1,333 3,06
58 23,218 4,182 1,81
59 23,999 4,001 2,05
60 25,583 2,417 2,62
Bapuant No4
61 24,063 3,937 2,08
62 21,292 0,708 3,33
63 25,363 2,637 2,53
64 24,938 3,062 2,38
65 23,932 4,068 2,03
66 21,317 6,683 1,31
67 23,138 4,862 1,79
68 26,113 1,887 2,83
69 24,501 3,499 2,22
70 24,563 3,437 2,24
71 24,478 3,522 2,21
72 25,356 2,644 2,53
73 27,209 0,791 3,29
74 21,814 6,186 1,43
75 25,634 2,366 2,64
76 24,026 3,974 2,06
77 22,643 5,357 1,65
78 24,074 3,926 2,08
79 24,371 3,629 2,18
80 26,346 1,654 2,92
Bapuant Ne5
81 22,854 5,146 1,71
82 24,804 3,196 2,33
83 25,322 2,678 2,52
84 25,280 2,720 2,50
85 25,166 2,834 2,46
86 25,047 2,953 2,42
87 25,258 2,142 2,49
88 24,623 3,377 2,26
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OO6csr npogaxiB Y Iina C Burparu |
Ne m\n THC. T. THC. I'PH. I'PH.
89 26,397 1,603 2,94
90 25,201 2,799 2,47
91 24,038 3,962 2,07
92 22,467 5,533 1,60
93 23,178 4,822 1,80
94 24,748 3,252 2,31
95 26,743 1,257 3,09
96 24,604 3,396 2,26
97 24,841 3,159 2,34
98 24,854 3,146 2,35
99 23,573 4,427 1,92
100 24,982 3,018 2,39
Bapuant Ne6
101 23,925 4,075 2,03
102 24,058 3,942 2,07
103 25,475 2,525 2,57
104 24,766 3,234 2,31
105 23,898 4,102 2,02
106 25,304 2,696 2,51
107 24,579 3,421 2,25
108 24,929 3,071 2,37
109 24,678 3,322 2,28
110 25,311 2,689 2,51
111 25,441 2,559 2,56
112 25,771 2,229 2,69
113 24,398 3,602 2,19
114 27,218 0,782 3,30
115 22,595 5,405 1,63
116 24,959 3,041 2,38
117 25,882 2,118 2,73
118 24,382 3,618 2,18
119 26,022 1,978 2,79
120 25,475 2,525 2,57
Bapuant Ne7
121 26,352 1,648 2,92
122 26,710 1,290 3,07
123 23,338 4,662 1,85
124 25,723 2,277 2,67
125 25,973 2,027 2,77
126 27,324 0,676 3,35
127 26,427 1,573 2,95
128 24,782 3,218 2,32
129 24,292 3,708 2,15
130 23,904 4,096 2,02
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OO6csr npogaxiB Y Iina C Burparu |
Ne m\n THC. T. THC. TPH. T'PH.
131 25,640 2,360 2,64
132 23,097 4,903 1,78
133 25,309 2,691 2,51
134 26,923 1,077 3,17
135 26,961 1,039 3,18
136 24,853 3,147 2,35
137 23,262 4,738 1,82
138 25,092 2,908 2,43
139 25,554 2,446 2,60
140 22,215 5,785 1,53
BapuanTt Ned
141 22,472 5,528 1,60
142 23,837 4,163 2,00
143 24,367 3,633 2,18
144 22,107 5,893 1,50
145 24,822 3,178 2,33
146 26,192 1,808 2,86
147 24,996 3,004 2,40
148 24,068 3,932 2,08
149 25,536 2,464 2,60
150 26,701 1,299 3,07
151 27,198 0,802 3,29
152 24,022 3,978 2,06
153 24,022 3,978 2,06
154 24,156 3,844 2,11
155 25,079 2,921 2,43
156 24,108 3,892 2,09
157 24,320 3,680 2,16
158 25,460 2,540 2,57
159 23,092 4,908 1,77
160 24,086 3,914 2,08
Bapuant Ne9
161 24,643 3,357 2,27
162 23,032 4,968 1,76
163 26,640 1,360 3,04
164 25,932 2,068 2,715
165 22,632 5,368 1,64
166 24,761 3,239 2,31
167 24,853 3,147 2,35
168 25,360 2,640 2,53
169 24,839 3,161 2,34
170 25,146 2,854 2,45
171 24,413 3,587 2,19
172 24,862 3,138 2,35
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OO6csr npogaxiB Y Iina C Burparu |
Ne m\n THC. T. THC. I'PH. I'PH.
173 23,263 4,737 1,83
174 23,642 4,358 1,94
175 24,818 3,182 2,33
176 25,184 2,816 2,47
177 25,417 2,583 2,55
178 25,591 2,409 2,62
179 27,134 0,866 3,26
180 26,287 1,713 2,90
Bapunant Nel0
181 25,459 2,541 2,57
182 25,168 2,832 2,46
183 23,888 4,112 2,02
184 24,949 3,051 2,38
185 23,548 4,452 1,91
186 25,118 2,882 2,44
187 23,808 4,192 1,99
188 24,904 3,096 2,36
189 23,377 4,623 1,86
190 25,276 2,124 2,50
191 26,312 1,688 2,91
192 22,669 5,331 1,65
193 23,274 4,726 1,83
194 25,784 2,216 2,69
195 25,343 2,657 2,52
196 25,940 2,060 2,76
197 23,916 4,084 2,03
198 25,537 2,463 2,60
199 25,940 2,060 2,76
200 23,432 4,568 1,88
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2.7. InpuBigyanbHe 3aBaaHHs Ne3
CriajaHHA ONTHMAJIBHOIO IHBECTHIIMHOIO MOPT(esIi0o HiHHKMX Nanepis
B YMOBAaX HEBM3HAYECHOCTI

CryneHT MOBUHEH PO3B’s3aTH HABEJICHY HIDKYE 3aJ1auy, BUOPABIIM JaH1 JJIs
po3paxyHKiB (3 Tabi. 2.3) 3a cBOIM HOMEpPOM Yy JKypHali Ipynu. B yuGoBomy
NMOCIOHMKY [2, po3ai1 9] HABOAUTHCS MaTepiall PO PSAIU POMOILTY.

2.7.1. lloctanoBka 3axadvi i meron BupimenHs. Hexaii inBectop mae P
rpH. BiH xoue BkiacTu iX B HiHHI mamepu ABox BuIiB 1=12. Jloxix 3a pik Bix
ONIHIET aKIli € BHIAJKOBa BEJIMYMHA, HAa 5Ky BIUIMBae Oarato (axTopis.
[MosHauumo X;, 1=1,2 wuacrtuny xomrie P, ska #ine Ha npuabaHHs akmiit 1 -ro
BUYy. TakuM YUHOM,

Xp+X=1 0<x <1 i=12. (2.15)

[TozHaurmo moxia Bif 1 TpH. KOMITIB, 110 BKJIAJICHI B aKIlii MEPIIOro BUIY
E;, a apyroro - E,. OOuzaBi 1i BeIMYMHM 3TiAHO 31 CKAa3aHUM BHILE €
BHIMAIKOBUMH. 1X cepellHl 3HaueHHs BiAmoBiAHO Ry 1 R,. YBech mpubyTox Bif
BKJIAJI€HHS KOIITIB B aKIIii:

D =(xP)E; +(x2P)Ey,
Jie B Ay)KKaX M03HAYEHO KUTBKICTh IpOIleH Ha MPpUI0aHHS aKIlii: (XlP) - TIEPIIIOTO
1 (X2 P) - IPyroro BUIB.

Bennunna D e BumagkoBor. ko i1 MOAUIMTH Ha JeTEPMIHOBaHY
BenMuuHy P, To oTprMaemo 10Xia Ha 1 TpH. KOIITIB BKJIaCHUX B aKIIii:

d =xE, + X,E,, (2.16)
ned=D/P.

Bemnuuny d Tpeba MakcuMmizyBaTh. AJle Taka ITOCTAHOBKA 3aJadi HE €
KOPEKTHOI0, ToMy 110 O - BHIIAJKOBa BeJIMYHHA, siKa Bapitoe. Tomy motpedyemo,
mo6 cepenns BennunHa O Oyira He MeEHIIE BEIMYUHM C - MIHIMalIbHOIO
npuOyTKy, KU 1HBECTOp BBaXkae s cebe mpuiHATHHM. [lo3HaunMo cepemHto
Benmunny d sk M {d }, ne M { } - CUMBOJI MaTEMaTUYHOTO OUYIKYBaHHS (CepeHbO1

BenuunHM). 3 (2.16) orpumyemo:

M{d}= xR, + X,R,. (2.17)
BpaxoByroun oomexxennst Ha M {d }, 10 OTpedy€e IHBECTOP, BUTIKAE
X R, +X,R, >cC. (2.18)

[le oOMexeHHsI BBOAMTBCS 3-3a TOro, IO BUMagkoBa BenudmHa O He
3aBK/IU 3a10BOJIBHSIE HEPIBHOCTI (JIesAKi 11 peaizallii MOXKyTh OyTH MeHIIIe C)
d=xE; +x,E, >cC. (2.19)
Ouesuano, unm menme D{d} - nucmepcis d, Tum Ginbme iMoBipHiCTE
TOTO, 10 HEpiBHICTH (2.19) Oyne BukonyBatucs. B igeani, skuio D{d } =0, ymoBa
(2.19) Oyne 3aBk/11 BUKOHYBATHCS.
Takum 4MHOM, BUOEPEMO YaCTHUHU KOIITIB X{ 1 X2 Tak, 1100
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D{d} — min . (2.20)
BusHaunmo y SIBHOMY BUIJISAI 3aJIEKHICTD D{d} BI X; 1 Xp. MoxHa
MoKa3aTu, cruparoduck Ha hopmynu (2.17) 1 (2.19), mo
D{d}=M {(d —M{d}) }: X'KX=GZX{ + 261, XXy +G5%5.  (2.21)
VY dbopmymni (2.21) npuiiHsITH Taki MO3HAYEHHS:

X 2
BEKTOp X = {Xl} Matpuis po3MipaocTi 2x2 K =M {(E _ R)2 }:{0'1 6122} ‘
2 012 02

Tyt Bextopu E :{El} , R :{Rl}. Marpunss K 3BeThcsi koBapialliiiHoo
E; 2

MaTpHIIEI0 BUIMAKOBOTO BEKTOpa JM0XOAiB Bia oxuoi akuii E. Ii enementu maotsh

TaKUI CEHC:

0'12 - IUCHepCis BUMAIKOBOTO BIIXWUJIEHHS PIYHOTO M0XOAy Bix 1 rpH., 110

BKJIaJICHA B aKIlii IEPIIOro BUY, BiJl HOTO CepeIHbOI BEIMUUHH,

0'22 - T€ % came JIJIsl OJIHOI aKuii JPyroro BUAY;

01p - KOBapiallisg plYHUX JOXOAIB Big | IpH., 0 BKJIaJeHa B akilii 000x
BU/IIB, XapaKTEepPU3Yy€ Yy SKIM CTymeHl 3MiHM JOXOJIB BiJ JBOX BHJIB aKIIii
OB’ s13aH1 APYT 3 IPYTOM.

Buxoasuu 31 ckazaHoro cpopMysroBaTH ONTUMI3AIINHY 3a1a4y BU3ZHAYCHHS
BEJIMYMH Xq 1 X, Ta BupimmTH ii B Excel 3a nonomoroto Ilowyky piuienns.

Ta0mung 2.3
Po3paxynkoBi gani
Ne Ry Rz c ot o5 012
BapiaHTy
1 0,06 0,02 0,03 0,09 0,06 0,02
2 0,07 0,03 0,04 0,09 0,07 0,03
3 0,08 0,04 0,05 0,09 0,08 0,04
4 0,09 0,05 0,06 0,09 0,09 0,05
5 0,1 0,06 0,07 0,09 0,1 0,06
6 0,11 0,07 0,08 0,09 0,11 0,07
7 0,12 0,08 0,09 0,09 0,12 0,08
8 0,13 0,09 0,1 0,09 0,13 0,09
9 0,14 0,1 0,11 0,09 0,14 0,1
10 0,15 0,11 0,12 0,09 0,15 0,11
11 0,07 0,04 0,05 0,09 0,09 0,06
12 0,1 0,08 0,09 0,09 0,1 0,07
13 0,11 0,06 0,1 0,09 0,12 0,09
14 0,12 0,08 0,11 0,09 0,13 0,1
15 0,08 0,04 0,06 0,09 0,08 0,05
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HeoOxiqHo 3HalTH ABa BapiaHTH PILLICHHS:
1) yci enementu Matpuni K MaroTh enemMeHTH, 10 HaBeeHi y Tabm. 2.3;
2) enement matpuili K o, =0, pemra ii ennemeHTiB Taka, sk y Tadmn. 2.3.

[ToTiM mOTP16HO 31CTAaBUTH PIILIEHHS 1O 000X BapiaHTaX. 3pOOUTH BUCHOBKH.
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3. TEOPUS CITOKUBAHHSA
3.1 IIpocTip ToBapiB

[loBeninka crokuBaya, IO PO3IIIANAETHCA 3 TOUYKH 30pY PalliOHAJIBLHOTO
rocrnofaproBaHHs, MaTEMAaTUYHO BUPAXAETHCS Y BUOOPI AESIKOT TOUKU 3 IPOCTOPY
ToBapiB. [1ix1 ToBapom po3ymiTuMEMO Jesike 61aro abo Mmociyry, 1o MOCTYIUIU B
MpoJaXx B MEBHUI yac y BU3HaueHOMY Micll. [IpunycTtumo, icHye KIHIEBE YUCIIO
TOTIBKOBUX TOBapiB N, KUIBKOCTI KOXHOTO 3 HHX, CIHOXHUTI CHOXXHBauyeM,
XapaKTepU3yrThCs HAOOPOM TOBAPIB X,

X, |

X = :XZ , (3.1)

)

e Xj, J=1,n - KiIBKICTB | -ro Gi1ara mpua0aHOIO ASSIKUM CIIOXKHBAUEM.

3 METOI0 CIPOIICHHS BBAXaTHMEMO, 110 MOXKe OyTH KyIuleHa Oynb-sKka He
BiI’éMHA KUIbKICTh Onara (TtoBapy). Tomi yci MoxJiMBI Habopu TOBapiB €
P - +_J,. n
BeKkTOpamu npocropy toBapis N = Ry, To6ro X € C, Ry =x:x20,xeR" .
Taxum unHoM, C - HEBix €eMHUI OPTaHT B N -MipHOMY MPOCTOPi (3aMKHYTa 1
OITYKJIa MHO>KHMHA).

3.2 BigHoueHHs BilJlaHHA NepeBaru

Bubip cnoxxuBaueM Jeskoro HaOOpy TOBapiB YaCTKOBO 3aJICKHTHh BiJl HOTO
cMakiB. BoHu xapakTepu3yoTbCs CIa0KUM BiTHOIICHHSIM BiIIaHHS TiepeBaru, abo
cnabuM BiIJaHHAM TiepeBard: '"mpuiHATHINIE 4yuM" abo "piBHOIIHHHE'", sKe
3aIUCYETHCS JIAJll K «>=»,

OTxe, 3amuc

X>==Y, 3.2)
e X iy - mHabopu ToBapiB (Touku mpoctopy C), 03Hauae, Mo JaHUK CIIOKHBAY
Biljae mepeBary Habopy X mepea HabopoMm Y, abo HE pOOUTH MIXK HUMU
BIIMIHHOCTEHN: X, IPUHANMHI, TaK CaMO XOPOIIHM, IK 1 Y .

Busnaunmo tenep monsTTs OaiimyxHocti. HaGopu ToBapiB X 1 Y Oaiimyxi
JUIS criokmBada (X ~Y) Tomi 1 TUTBKM TOMdI, KOJM KOXXEH Mae€ IepeBary abo
0aiimyXuii Mo BiTHOIIEHHIO J0 1HIIOTO, TOOTO:

X ~'Y, AKIIO 1 TUTBKH KO X >=Y 1 Y >= X (3.3)

CrnioxxuBau Bimmae mepeBary HaOopy Haj X Habopom Yy (X>VY), Ko i
TUIBKH SIKIIO X BiAjae mepesary abo Oailmyxuil Yy, a Y He BigAae mepeBaru ado
He Oalyxuil X:

X > Y, SKIIO 1 TUIBKHU SAKIIO X >= Y, a BigHOIIEeHH Y >= X HeBipHO (3.4)
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BinHomieHHss B mpOCTOp1 TOBApIB HA3UBAETHCA OOCKOHANUM GIOHOUIEHHSM,
AKINO 17151 OyAb-aKuX HabopiB ToBapiB x 1 Y i3 C cmpaBeanuBo:

abo X>=1Y,ab0 Yy >=X,a00 (X>=Y u Yy >=X ognouacuo) (3.5)

CuiBBinHomenns (3.5) osnadae, mo B C Hemae "mpomyckiB", B SKHX
nepeBarv He ICHYE.

BigHomenHs HA3WBAETHCS MpaH3UMUBHUM BIOHOWEHHAM
(nanisenopsiokoeanum), SKIO, g OyAb-IKUX TphoX HabopiB, y 1 z 3 C
BUKOHYETHCS yMOBA!

AKIIO X >=VY, Y>=2,T0 X >=Z (3.6)

BigHomeHHS! HA3UBAETHCS pehieKCUBHUM GIOHOULEHHAM, IKIIO X <= X.

BinHomieHHs: HA3UBAETHCS CUMEMPUUHUM BIOHOULEHHAM, SIKIIO X ==Y TATHE
y <= X.

PosristHemMo /1Bl OCHOBH1 aKC10OMH PO CJIa0Ke BIAHOLIECHHS MepeBart.

Axkcioma 1. Cnabke BIiTHOIIEHHS BIIJaHHS TIEpPeBard € JOCKOHAJIOHO
HaIIBBIOPSAIKOBaHICTIO TIpocTOpy ToBapis C.

Axcioma cTBepKye, 10 sl JoBUTbkHUX X 1 Y B C cmpaBeanusi popmynu
(3.5), (3.6). 3 akciomu 1 MoxHa HaOyTH HACTYIHI BJIACTUBOCT1 BITHOIICHHS
eKBiBaJICHTHOCTI. Lle BigHOIIEHHS:

® TpPAaH3UTHUBHE: KO X~ VY,Y~Z,T0O X~ Z,

e peduekcuBHe: X ~ X (Oynp-skuii HaOip TOBapiB €KBIBAJCHTHUMA caM c001);

e cUMETpu4yHE. X ~ Y O3Hayae Yy ~ X.

BinHomenHs OaiigykHOCTI JiiuTh npoctip ToBapiB C Ha Kiacu
€KBIBAJICHTHOCTI, 3BaH1 0€31144t0 OalTyKHOCTI, KOXKHE 3 SIKHX CKIQJA€ThCS 3 yCiX
HaOOpiB, OalayKUX 3a7aHOMY HAbOpy X .

CkazaHe MOHa 3aMycaTi Tak: 0e37id 0aiTy>KHOCTI JJIsl TOBapy X :

Iy ={y:y~xxyeC} (3.7)

BBenemMo TOHSTTS MHOMCUH AKUM 8i00aEMbCs nepesaza i makux, AKUM He
giddaemucs nepesaza.

MHuoknHa, SIKid BiIa€Thbcs TepeBara — I€¢ MHOXHWHA, IO CKIIAA€ThCSA 3
HaOOpIB TOBAPIB, SKUM BIJIAETHCS TIepeBara abo 0an yKicTh, 3aJaHIM HAOOPOM X.

P, ={y:y>=x,xeC,yeC} (3.8)

MHoxuHa, K1 He BIIAEThCS MepeBara - MHOKHUHA, sIKa CKJIAJA€ThCsl 3 TUX
Ha0OpiB TOBAPIB, K1 BIIAIOTH MepeBary BEKTOPY TOBapiB x abo Oalyxi 10 HHOTO:
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NP, ={y:x>=y,xeC,yeC}. (3.9)

Axcioma 2. CriaOke BiTHOIICHHS BiJIaBaHHs NiepeBaru Oe3rnepepBHeE.

3riHO 3 aKCciOMOK 2 BIJHOIICHHS BiJJaBaHHs TepeBard Oe3NepepBHE,
TOOTO MHOKMHHM SIKUM BIJIA€ThCA MEepeBara i Takl, SKUM HE BIIJAEThCS NepeBara €
3aMKHYTUMH MHOXXMHaMu B mpoctopi C, TOOTO MICTATh CBOI TpaHUYHI TOYKH.
ITpuuomy

I, =P, (1NP,. (3.10)

®opmyna (3.10) o3Hayae MEpeTHH MHOXXUHM SIKiM BIIJA€EThCS IMepeBara 3
MHOKHMHOIO SIKIl HE BIJJIA€EThCS TIEpeBara.

3 JBOX OCHOBHHUX aKCIOM JOCKOHAaJ0l HAamiBBIOPSIAKOBAHOCTI 1
0e3MepepBHOCTI, BUTIKAE, IO ICHYE Oe3nepepBHa (PYHKI[II BEKTOPY TOBAapiB X, AKY
no3Haunmo U (X). @ynkuis U(X) HasuBaeThcst QyHKIiE KOpucHOCTI. st Hei

CIIPaBeINBO:
U(X) >U(Y), AKiIo i TUTbKH, SKIIO X >=Y. (3.11)

Beaxxatumemo U (X) Takoro, mo au(epeHIoeThCs 1 TaKOK, 0 T'Pai€HT
¢dynukii U(X) HO3UTUBHMIA:

_%_
0%,
u
VU(X)=| o, [>0 (3.12)
o
| OX,, |
. . ... 0U(x)
CriBpinHomrennst (3.12) o3Hadae, mo yci mMpuBaTHI IMOXIiTHI 3 >0,
Xi
i=1n, TO6TO 3i 3GLIBMICHHSM KUIBKOCTI TOBapiB, (YHKIS KOPHCHOCTI
. . ou(x) . —
30uThIyeThCs. [lpuBaTHI MOXiTHI x I =1,N, HA3UBAIOTHCS ZPAHUUHUMU
X

|
KOPUCHICMAMU.
Jam po3risiHeMo akciomy cmpoeoi onykiocmi. Hexait X 1 Y - pi3Hi HabopH

toBapiB B C, mpuuomy Y >= X, TOxi

ay+l-a)x>==x, O<a<l. (3.13)
3rigmo (3.8) ta (3.13) ay+(l-a)xeP,.
Ha puc. 3.1 3006paskeHo MHOkHMHA TiepeBar Py, 110 3a10BOJBHAE 11l aKcioMi
BIiOmoBixHO Wit N=1, 2.
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Puc.3.1. MHoxuHa nepesar Py

Touka 1 BusHawaeTbes BupaxeHHsM oy + (1—a)x, Touka 2 - BUPaKEHHSM

ay® +(1-a)x.

Ha puc. 3.1 mexxa mHOxkuHM Py - € MHOXKMHA OaiiyxocTi |, sika € kpusoro
oatioysxcocmi. SIx BunHO, 3 puc. 3.1 MHOXkuHA Py - cTtporo omykina. Toni MoxHa
ITOKa3aTH, 1110 MHOKHHA

P, ={U(X)>a, xeC }, (3.14)
TaKOX OMyKJIa JUIsl OyIb-IKOTO PEYOBOTO a.

Posrnsinemo sik mpukian puc. 3.2. Ha Hbomy 300paskeno aiist N =1 (poctip
TOBapiB - OJHOBUMIPHMI) MHOXHHa P,, sKa € 3alITPUXOBAHOK YaCTHHOIO

4yucaoBoi oci (oci X-iB). 3 puc. 3.2 BUIHO, 10 MHOXXMHa P, onyxia ans Oynb-
SKOTO a.

u(x)

‘_____________.
v

Puc.3.2. MuoxuHa P, 1 0IHOMIPHOTO POCTOPY
Jlist utrocTpanii BUAy MHOXUHU P, B ABOBUMIPHOMY BUIAAKY (PO3MIPHICTb
IIPOCTOPY TOBapiB N =2) HaM 3HAAOOUTHLCS MOHATTS JIHII pieH020 pieHs PYHKIT
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U(x) ¢ umcmom aprymentTiB Gimbure oupumii. ITOSCHHUMO I TOHATTS, KOTH Y

(GyHKLIT € ABA apTyMEHTH.
Po3zrnHatuMeMo 110 QYHKIIIO IUIOMIMHAMH, HapajelbHUMH KOOpPAWHATHIN
mromuHi X 0X . Cropoekryemo miHil mepeTnHy ¢QyHKOIl 3 IUIOM[MHAMH Ha

KOOpJMHATHY IUIOIIMHY, AUB. puc. 3.3.

X2 a

Uy Us

U,
U;

v

X1

Puc.3.3. Bux MHOXUHM P, B IBOBUMIPHOMY BUMAJIKY

Ili mpoekIii Ha3WBaKOThLCS JIHIAMHU PiBHOTO piBHA. Ha KOXKHIM Takii miHii
3HaueHHs (yHKIIT KopucHocTi omHakoBe. Ha puc. 3.3 mpuBemeHi KpuBi s
3navenb U (X): U;,U,,U;U,.

Kpuga Gaiigyxocti € JjiHi€ro piBHOTO piBHA aisa QyHkiii U (X) be3 BrpaTn
CHUIBLHOCTI BBaxkaTuMeMo, 1o U; = a, ne Bennuuaa a dirypye y dpopmymi (3.14).
Uepe3z BIACTUBICTH CTPOroi  OIMYKIIOCTI U(X) Ma€e MiClle HACTYITHUMH
HepiBHocTsimu U; >U, >U,; >U,. MHoxuna P, 1e 3amTpuxoBaHa Ha puc. 3.3.
obnacth. Ak BUAHO, 1151 00J1aCTh — OMYKJIA.

[Ipunyctumo, mo U(X) — nBidi OesmepepBHO AudepeHIitoeMa GyHKIIA 1
Matpulsd ii apyrux moximHux (matpuns ['ecce) H Bim’emHO Bu3HaueHa. lle
O3HayYae, 1o JUIsi OyAb-IKOTO HEHYJIHOBOTO N - MIPHOTO BEKTOPY X BUKOHYETHCS
HepiBHICTh: X'Hx<0. Big’emHo mneBHO Bu3HaueHa MaTpuiisi H  wacto
no3Havaetses Tak: H < 0. B Hamomy Bunanky, matpuiit ['ecce H - mae Burssia:

U U U |
oxZ OxOX,  OXOX,
o°u ouU ol

H=|ox,0x a2 ax,ox |<0.

U U U
| OX, 0% OX.0X,  OX)

n
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Martpuuss H — cumerpuuna. Bin’emHa Bu3HaueHicTh MaTpuui H paszom 3
ymMoBo10 (3.14) o3Hauae, 110 U(x) CTpOro BOTHyTa (yHKIiSl. 3B1ICH BUTIKAE, 1110
eJIeMEHTH Ha roioBHiNA miaro”amni H - Bix’emni, ToOTO

o (ou) ouU
ox \ ox ) ox

3 ¢hopmynu (3.15) oTpumyemMo, 110 BUAKICTh 3MIHM MEPIIOT MOX1IHOT u(x)
- TPaHUYHIN KOPUCHOCTI — Bia’emMHa. Takum unHOM, dopmyna (3.15) o3Hauae, 110
IrpaHUYHA KOPHUCHICTh OYyJb-IKOTO TOBapy 3MEHIIYEThCA Yy MIpy TOro, SK
30UIbIIYEThCS MOro CrHoKMBaHHA. JlonmyleHHs MNpo BT €MHY BU3HAYEHICTH
matpuili H, sike tarue (3.15), HasuBaethest nepuum 3akonoM 'occena (K. T'occen
— HIMelbKUM ekoHoMIcT XIX cTopivys, SIKUil MiAMITUB 1Ie¥ 3aKOH Ha MPAKTHUII).

AxcioMaTHUHUN TIAX1A A0 MOOYAOBH (PYHKI[IT KOPUCHOCTI € HEJOCKOHAIUM
y 3B’S3KYy 3 BaXKICTIO NEPEBIPKUM HABEJEHUX BHILE MPUIYIICHb Y pEaTbHUX
yMOBax YW, HaBiTh, OJM3BKUMH J0 HUX. TOMy B €KOHOMIYHHUX JIOCHIJIKEHHSX
BUKOPUCTOBYIOTh KOHKPETHI BHAM (YHKIIH KOPUCHOCTI B 3aJ€kKHOCTI BIA
peanbHuX (haKTIB Ta CIIOCTEPEIKEHb.

<0,i=1n. (3.15)

TTpukinaagu dVHKIINA KOPUCHOCTI.

1)  Ksaapartuuna:
U(x)=a'x+%x'Bx, VU(x)=a+Bx'>0,B<0,acR", xeR",

ne a'- TpaHCIIOHOBaHMU BEKTOp a; @, B- 3amani Benuuuuw.
2)  Jlorapudmiuna (beprysri)
a; > 0,

n N P
U (x) :Zaj log(x; —X;); X; >X; >0,

=l .

]=1,...,n,

e aj, X_j, j=1,...,n- 3a1aHi BEJIUYNHM.

3)  TlocriiiHOT €TaCTHYHOCTI:

a; > 0,
na; — b O<b, <1,

U(x) = L o(xi—x,) 1
j=1...,n

Bennuunau a i b i Xj - 3aJ1aHi.

3.3 Sanaqa OIITUMAJIBHOI'O CITIO’KUBAHHA

BBenemo OroxeTHEe 00MEXKEHHS, sIKe 03HAYae, 110 TPOIIOBI BUTPATH HA
TOBapH 1 MOCIYTYd HE MOXKYTh MEPEBUIILYBATH IPOLIOBOTO J0X0ay. [lo3Haunmo
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Py
. . Py | . .
BEKTOD LIIH TOBapiB: p=| .° |. Moro koMnoHeHTa p; - iiHa OAMHHULI | -FO TOBAapy
L Pn |
(i=1n).
[loznauumo | - rpomoBuil goxin. Tak siK 3arajbHiI BUTPATH HE MOXYTb
MEePEeBUILYBATH J10X1/1, TOA1 OI0JI’KETHE OOMEKEHHS:

px<lI. (3.16)
3ajaya ONTUMAJBLHOTO CIIOKMBAaHHS TMOJISITA€ B HACTYIHOMY: HEOOXIIHO
3HaWTH BEKTOP X, AKHUIA € PO3B’A3KOM 3a/1a4i:
U,(x) — max, } | (3.17)
p'x<1, x>0,
ne U (X) - CTPOTO BOTHYTa (DYHKIIIS.
Panime Oyno npuiiHATO TOMYIIEHHS NPO T€, IO MATPUIA APYTUX MOXITHUX
U(x) - Bi1’eMHO Bu3HaueHa. JliBa yacTuHa oOMekeHHs B 3anadi (3.17) - miniiiHa

byHKIIA NpU 3aaHUX MiHax. ToMmy BoHa - omykja (yHKUiS X. TakuMm 4YUHOM,
obmexxeHHs B (3.17) mae onykiny pomyctumy obnacte. Otxe, (3.17) - nmpeacrasise
3a/1a9y MaKCHUMI3allii CTpOro BOTHYTOI (YHKIIIT HAa omykIiii MHOKUHI. Taka 3amada
Mae e€auHe pimeHHa. ToMy, 3rigHo 3 Teopemoro Kyna-Takkepa, HEoOXimHi 1
J0CTaTHI YMOBU MaKCUMYMY:

VU(X)-Ap=0,, } (3.18)

A(l-p'x)=0, 120,

ne VU(X)- rpagient U(x), A- mHOxHuK Jlarpamxka, O, - HymboBH# N -MipHHii
BEKTOP.

Bupimumo (3.17), BuxopucroBytoun (3.18). Hexaii A=0, Tomi 3 (3.18)
VU (x)=0,,, mo cynepeunth npunyiienuio (3.12). Toxi A>0. Omxe, 3 (3.18)
| - p'x=0.

TakuM 9MHOM, pimeHHS X 3agoBoibHAe yMoBi: | — p’X” =0, BoHO
Bu3Ha4yae Touky B C. L[ TouKa HA3UBAETHCS TOYKOIO TIOTHUTY.

Hpukaan 3.1. Hexait n=2, toxi 3 (3.18) orpumyemMo:

oU

ax P

8Ul 10 BiMOBIZA€ TIepIIoMy piBHAHHIO B (3.18)
= p, =0,

oX,

| — p1Xg — p2Xp =0 - npyre piBasHHES B (3.18).
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Koopnunatu (X;, X,) TOYKH MOMHUTY X € PO3B’SA3KOM IPUBEICHOI CHCTEMH

piBHAHb. ['€OMETpUYHO pIMIEHHS 3HAXOAUTHCA B TOYLI AOTHUKY OIOJKETHOIO
MPSIMOIO 1 KPUBOIO OalAy>KOCTI (JIiHIi pIBHOTO PiBHSA), AUB. puc.3.4.

X,
Xz*
0 . X
* 1
X1
Puc. 3.4. I'padiune po3B’si3aHHS 3a/1a4i
Ha HbOMY TOYKA MOMUTY X - TOYKA JOTHKY IPSMOIO | — PyX; — PoXy =0 i

KpuBOIO Oaitinyx)octi Uy — pimeHHs.
OnrumanbHU MHOKHUK Jlarpanixka

a :% >0 (3.19)

HA3MBAECTHCA TPAHUYHOIO KOPHCHICTIO JIOATKOBOTO J0X0oxay. IHoni HasuBaoTh A
IPaHUYHOI0 KOpHUCHICTIO Tpomei. 3rigao (3.19) A" - kimekicte, Ha sKy
30UTBIIUTHCS ONTUMAJIBHUM Pi1BEHb KOPUCHOCTI, KO AOXiJ 30UTBIIUTHCS HA My
BEJIMYUHY.

Pimennst (3.17), Moske OyTH mpeacTaBiaCHO y BUIIAAI GYHKINH KoedilieHTiB

X =f(p,I),

J1BOT YaCTHHH 1 MPABOi YACTHHHU OOMEXKEHHS, TOOTO

A =y(p1)

ne f(p,1) —Bexrop-dynkmis: f(p,l)=

fn(io,l)

[lepmri BekTOpHI piBHSHHS pimeHHs 3a7a4i (3.17) MOXHA 3amucaTy Tak:

X = fi(PyPores Posl), P=10. (3.20)

L1i piBHSHHSA Ha3UBAIOTHCA yHKYiAMU nonumy Ha | -i ToBap.
BaxnuBa BracTuBICTh (DYHKIINA MOMUTY - iX OJHOPIAHICTH HYJIHOBOI MipU
BITHOCHO BCIX IIiH 1 1oxoay. Lle o3Hauae, mo

f(Ap,A1)=2"1(p,1)=f(p,1), (3.21)
ne A =const.
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BnactuBicte (3.21) BuTikae 3 moctaHoBkM 3anaui (3.17). Skmo oOunBi
yacTUHU oOMexxkeHHs B (3.17) momHOXuTu Ha A, TO pimeHHsa 3anayi (3.17) He
3MIHUTBCS, OCKUILKH HE 3MIHUTHCS 11 0OMEKCHHS.

Uepes BraactuBicTh (3.21) monut 3aneXuTh BiJl BigHOIIEHHS IiH. [lokaxxeMo

ne. Hexaii B (3.21) A= % , ToJIi orprMaeMo 3 (3.20) 1 (3.21)
1

= f — £ P2 %7/ | i —1n
X = .(Be Pyrees P ) f,(1,Al,..., pl,%)l),. in.

n
MoskHa takox BuOparn A=1/1 i A =1/ > p;.
i=1

Kopotxke pesrome: U(X) - yBirnyTa (yHKIis, Mae JiHii pisHoro pisasa. Touka
NONMUTY - €IrHA. Toyka MOMUTY 3HAXOAMTHCS Ha JOTUYHINA O KPUBOi PIBHOTO

piBHS, SIKa B TOM XK€ Yac € KpUBOIO Oaii1y>KOCTi, BelMUMHA (YHKIII KOPUCHOCTI
JUTSL YCIX TOYOK Ha Il KpUBIH OJHAKOBA.

3.4 3piBHSJIbHA CTATHKA CNOKUBAHHS

V mnonepeaHboMy po3fiai Oyao BCTAHOBJIEHO, IO TOYKH IOMHUTY X
. * . .
3a10BOJIbHsE piBHAHHIO | — p'X =0. BoHo BuTikae 3 apyroro piBasaas B (3.18).

Ane x" NMOBHMHHO 3aJ0BOJILHATH i IEPUIil yMOBi 3 IBOX HEOOXITHUX i JOCTATHIX

yMoB MakcuMyMy (3.18). Takum unHOM,
VU(X")-A"p=0,,
| - p'x* =0.

[Ipencrasise iHTEpEC BU3HAYEHHS YYTIAMBOCTI X 1 IPAHUYHOI KOPHCHOCTI

A" 1o 3miEu win i goxoxy. L[f0 YyTIMBICTE BMMIPIOBATHMEMO 3a JOIOMOIOO
NPHUBATHUX MOXITHUX IIUX BEJIMYMH. BBE1eMO MaTpHITIO:

opy 9P P
a1 | X %) OX5
=l s (3.23)
op 1 OP2 Pn

Ko Oy O

_apl 5P2 apn_

[i posmipaicTs Nx N,

YUyTnuicTh A° 70 3MIHM 1[1H BU3HAYAETHCA TPAAIEHTOM A 3a IIHAMH:
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P,

oA
VpA' = . 3.24
Y op, ( )
oA
K
[Ticns Bu3HayeHHS x M A° BaX/IMBO 3HAUTH KOMNEHCOBAHY 3MIHY UYiHU,
TOOTO TaKy il 3MiHY, SIKa KOMIIEHCYEThCSI TAKUM YMHOM, 1100 (YHKI[IS KOPUCHOCTI

He 3MmiHuiacs. lle o3Haudae, 1m0 CroKMBay HIYOTO HE BTPATUTH BiJl 3MIHU IIiHH,
ockinbku ii GpyHkiis kopucHocTi U (X) He 3MinuThes. Ilpy 1{bOMY BETHYHHH, IO

XapaKTEPU3YIOTh YyTIUBICTH MOMUTY X JO BEKTOPY I[iHU P, a caMe MaTpHIs

ox”

— | 1 rpadieHT, TOBUHHI IOPIBHIOBATH JICSIKUM BEJIUYHMHAM

op
ox” ox” . .
= == . VPA = (VPA) comp
op op comp
ox” ) # ) - : o
1€ MaTpuls | —— i BekTop (VPA') gomp HEBiNOMI 1 iX HEoOXinHO 3HAHTH.
comp

. . .o . ES
Bu3HaYMMO Temnep 4y TIUBICTH TOUKH IONUTY X' i TPAHUYHOI KOPUCHOCTI A
710 3MiHH J1ox0ay / 3a JOTIOMOTOI0 BUPA3iB:

ol
ox” aﬁ . o . *
8_I: a1 | - N-MipHHii BeKTOp (uymnuBicte x* 1o 1);
OX;,
L ol
ail (aytmuBicte A" 1o ).
Ipuxaan 3.2.

CrioxxuBa4y MOXe MPUAOATH JBA TOBAPH Y KUTBKOCTI X; 1 X, . Moro ¢yHKIisa

koprucrocTi U (X) =X, X5, ge X= % . Bektop miH ToBapiB P = P1 . Jloxon
X2 P2
nopiBaroe | . HeoOxigHO Bu3HauuTH (YHKIII TOMUTAa CIIOXWBada Ha OOWABA
TOBapH.
Pimienns.
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Jns  Bu3HaueHHs (QyHKLII MONUTa HEOOXITHO pPO3B’sA3aTH  3aaavdy
U(x) =xZxf — max, | — p'x=0.

Taka 3amadya mae enuHe pimeHHs. Tomy 3rimHo Teopii Kyna-Takkepa
HEOOXIJHI Ta TOCTaTHI YMOBU MaKCUMyMa:

VU (X)-Ap =0,
A(1-p'xX)=0, 1>0|"
ae VU(X)- rpagient U(X), A- muHoxHuk Jlarpamka, O, - Hyn1bOBUH N-

MIpHHH BEKTOD, J¢ « » - I03HAYa€ CUMBOJI TPAHCIIOHYBaHHS.
Cknagemo byHKI11I0 Jlarpanxxa TUTS JTAHOTO IpPUKIIATY:

U (X, %;,4) = U(X)+/1(| — PiX— pzxz): Xlxg + Al = Ap X, — AP,y X,

3 Hel OTpUMAaEMO HACTYNHY CUCTEMY PIBHSIHb:

U
Z— = X5 —Ap, =0, ;
axl X3 = APy, = A=x/p,
——=3x%; —Ap, =0, = 3xX; =4p,, = A=3xX51p,.( =
5UZ | PXy + PoX, = 1.
— =1 = pyX — PoX,.
Py P1X; — P2X;
X5/ pp=3%Xs/ Py, = X, =3%, P,/ Py, TOM X, =X, P, /3P,
B piBHsiHHS P, X, + P,X, = | migcTaBuM Bupas Iy X; Ta OTPUMAEMO:

P, X, . 4p, . 3l
o} +X,Pp, =1,3B11KH X, —==1 = X,=—-.

3p; 3 4p,

« |
TakuMm jxe YNHOM 3HAUAEMO X; = —.
4p,
Lle pimennst X : (X, =—— Ta X, =——) € TOYKOI MonuTa. ToYKa MomnuTa
1 P2

3aleKUTh Bim IIH 1 goxomy ((PYHKISE KOPUCHOCTI € HE3MIHHOK TOMY, IO
PO3TIIAIAETHCS OKPEMUN CHOXKHMBa4). TakMM YMHOM, TOYKA TOMUTA € (YHKITISA
MOTINTA CIIOKKBaya Ha oOuBa ToBapu. ¢

BenuuuHM, 110 XapakTEPU3yIOTh YYTIMBICTH IIONATY X 1 TIPaHUYHOL
kopucHOCTI A 10 3MiHM LiHM P 1 jgoxomy | BHM3HAYAIOTECS OCHOBHHM
MaTPUYHUM PIBHSIHHSIM Teopii KopucHOCTI. Hakpecnumo nuisixu Horo BU3HAYCHHS.

Busznaunmo nudepenian ¢hyHKIii KOPpUCHOCTI:

du(x)=[vU (x)] dx.
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U
ox, dx,

Tyr VU(x)=| : |, dx=| :
a_U an
| OX, |

ne VU (X)- rpagieHT ¢pyHKIII{ KOPUCHOCTI.
3 (3.18) maemo
VU(x)=Ap.
Tomi
dU (x)= Ap'dx .
[Ilo6 dU (X) =0 (dbyHKIIE KOPHUCHOCTI HE 3MIHIOETHCS), OTPUMAEMO 3
MOTIEPETHHOTO PIBHAHHS
p'dx=0,
ocKuTbku A >0,
3 npyroro piBHsHHS B (3.18) MaeMo
| - p'x=0,
ockitbku A >0.
3Bijacu
dl = p'dx + x'dp.
Ockinbku pP'dx =0 orpumaemo

di :(dp)'x = x,dp; + X,dp, +---+ X, dp,,_

3 maHoro piBHsHHA, audepeniiroroun (3.22) mo p Ta | orpumyemo
MaTpUYHE PIBHSIHHS:
. O O LA v
{ 0 | —p } o P T (k) o,

ol op op comp '

ne H(X) - MaTPUI APYTUX MOXITHUX U(X).

BBeaemo HacTymHI O3HAYCHHS [T MaTPHIIb:

_ﬁ (V l*), (V ﬂ*)'com ; '
L o' H(E*)}:A; o [ax*] {ax*] i [oll(ﬂ),(|)flllzc
ol 6p 8]0 comp

ae matpuus A mae p_o3Mipl (n+1)x(n+1), marpuust B —(n+1)x(2n +1), marpums
C—(n+1)x(2n+1)=2n? +3n+1.

Takum unHOM, (3.25) MOKHA KpPaTKO 3aIMCaTH TaK:
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AB=C. (3.25a)

VY (3.25) HEeBiIOMUMU BUCTYMAOTh HACTYITHI BETHYUHHU:
: : {6x* } {ax* }
marpuni posmipy(nxn): | —|, | — :
ap ap comp

BekTOpH po3mipy (N x1): % : (Vpl* )Comp VA, (3.26)

*

CKaJI}Ip: E

3arajgpbHe 4MCIO HEBIJOMHX - €JIEMEHTIB BKa3aHUX MATPHUIb 1 KOMIIOHEHT
BEKTOPIB: 2n? +3n+1.

BBaXarOThCsl BiZIOMHMH BEIMUYMHHM x i A, T06T0 C - MaTpuis B mpasiii
gactuHi (3.25) i, 3po3ymino, p i H(X) B miBiii wactuni (3.25). Uncio eneMeHTiB B
matpuill B - npyriii MaTpuill B mpaBiil YacTHH1 (BOHU HEB1IOMI):

(n+D@2n+1)=(2n°* +n+2n+1)=2n*+3n+1.

Ile ymcno - yuciao piBHSAHB IJIA BU3HAUCHHS HeBimoMux B (3.26). Bono
piBHE, 3TIAHO 13 CKa3aHWUM, YHCIY HEBIIOMHX €JIEMEHTIB MATPHIb 1 KOMIOHEHT
BeKTOPIB B (3.26).

-p" H(X")
- HeBUpOJKeHa. Tojai MOXKHA OTpUMAaTHU €auHE pileHHs piBHAHHA (3.25), TOOTO

Bu3HaunTH BenuumHu (3.26). JlilicHo, B mpoMmy Bumaaky maemo 3 (3.25a):

B=A"C, to6T0

S RS

* . O -p’
Sxkmo marpung H(X') Bix’eMHO BU3HaUeHa, TO MATPHUIA Az{ P }

o

0 -p -1 (X) Oy

1
AN Ll o
é comp |

ol op op

Horo mpaBa dactuHa € JOOYTOK ABOX MaTpHIlb, CIEMEHTU SKUX BiIoMi. Y

Horo JIiBi YACTWHI 3HAXOIUTHCS MATPULA 3 HEBIIOMHMH 2n% +3n+1
eJIeMEHTaMHU.
30kpeMa, 3 pilleHHSI MEePETBOPEHOTO PiBHSIHHSA (3.25) BUXOMUTH PIBHIHHS

Ciynpkoro:
{QH%} _ ey (3.27)
op op comp ol
3BiJIcH TSI KOKHOTO TOBApy 1 IIIHU MAEMO
OX; OX; ox: ..
A== ——Xx"i,j=12,---,n, (3.28)
op; op; comp ol
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OX; :

e —~ - 3aranbHuii eeKT 3MiHU MONUTY HA | -Mil TOBAp BiJ 3MiHHU LiHU Ha i -Uii
i
oX;" o - .
TOBAp; 'y - BIUIMB KOMIICHCOBAHOI 3MIHM I[ONMUTY Ha |-WM TOBap 13-3a
p i comp
*

. . . o axj * . - o

3MIHM {IHU HA [ -U¥ TOBAp; | — p X; | - BILIUB 3MIHM JOXOAY Ha IIONUT HA | —UH

TOBAp 3aJIEKHO BiJ] OMUTY HA i -UM TOBap.
Takum 4MHOM, MOKHA 3aIUCATH:

3arajibHuii €heKT  _  BIUIMB KOMIIEHCOBAHOI , BIUIHB 3MIHU
3MIHU TTOTTUTY 3MIHHU I[1HA JIOXO1Y
OX] ) . )
Marpuriis 8_ 3HaXOJUThCS 3 HACTYIHOI CHUCTEMH piBHSIHb, OTPUMAHOI 3
pj comp
(3.25), sixmmo 1 emp Ax3 cmp B=Cq3 ta 2 cmp Ax3 cmp B=Coyg
ox”
— P=0,, nx],
op
comp (3.29)
’ *
. OX .
—P(vpﬂ,)comp-FH— /1Jn,n><n
P comp

PiBustab N+ n%. Hesimomux n’ +n.

*

. OX .
MoskHa 1MoKa3aTH, 1110 MaTPUIIS BIUIUBY 3aMiHU | —— CUMETpPHUYHA 1
comp
., | ox” .
Bil’€MHO BH3Ha4ye€Ha, TOOTO Z 20 z<0 nns moBiTbHOTO BeKTOpY. Z # O,
P Jdcomp
(maramaemo, mo O, - HyIbOBUH N -MipHUI BEKTOP).
ox*
3 YMOBH BiJl’€MHOCTI MaTpHIIi 8_ BUXOJIUTH, 110
| P comp
ax* . R
— <0, i=1n. (3.30)
opl
comp
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Ile o3Hauae, m10 KOMIIEHCOBAaHE 3POCTAaHHA WIHM TOBapy HPHUBOJIUTH 0
3MEHILECHHS TONUTY Ha HBOrO: I[iHA 3pocia, 00 KOPUCHICTh HE 3MIHWIIACH,
NOTPIOHO KymyBaTH MeEHIIE ToBapy. (A 100 KOMIEHCYyBaTH HeCTadyy TOBapy
MOTPIOHO KyIyBaTH TOM TOBap, Ha KU 11HA 3MEHILIUIACH).

3 (3.28) Mmaemo aiist | -ro TOBapy i IiHU HA HBOTO.

k k k
Xy _| 2 I
o | |op; o
comp
3B1acHu
ox; .| |[oX OX;
ox Exj < 3. <0, ecmm 8_I<O’
a—JSO, KOJIH ¢ Pi Jcomp
P ox: X
—150, ecnu —L>0.
ol ol

VY 3arajJlbHOMY BHITaJIKy KOKCH TOBap MOXE OyTH BiTHECEHHH JO OJHI€T 3
TpbOX KaTeropii (tabm. 3.1):

Tabmumsa 3.1
3araibHHUI pO3MOIIT TOBAPIB 3a KATETOPIIMHU

BruuB 3minu joxony
BIutiB 3MiHH [{iHH ox] o OX; o
5_|>0 (uinHi TOBapM) E<O (manoninHi TOBapy)
HopmaibHi ToBapu _j <0 Hanpuiciaz, maciio Hanpuknan, maprapux
op; RS
i heyi oxj CyOnpoayKTH s
Tosapu I'ippina —L >0 — yonpoayk
op; Mas03a0e3neyeHnx

[TpukitajoM HOpMaJIBLHOIO IIIHHOTO TOBAPY € MAcCJIO: SAKIIO I[iHA HAa HHOT'O
3pocTae Horo KyIUISIOTh MEHIIIE, a TIPH MiABUINCHI 10x0ay — Oinbmie. 1o
CTOCYEThCS MaprapuHy (HOpMajabHOT'O MAJIOIIHHOTO TOBAPY) HOT'O KYIUISIFOTh
MEHIIIC SIKIIO TiABUIIYETHCS Ha HBOTO I[iHA, ajie 31 30LIBIICHHSIM JOXO0Iy HOT0
KYIUISIOTh TEK MEHIIIE, TOMY 110 Y CITO)KMBada BUHUKAE MOKIIMBICTh KYITyBaTH
OLIbIIIE Macia.

Ilpuxaanx 3.3.

BukopucroByroun nani, a TakoX (YyHKIII TOMUTY CHOXKMBaya Ha O0OHUABa
TOBapH, HaBEJACHI B MpUKIaal 3.2, HEOOXITHO BU3HAYMTH 1X YYTJIMBICTh K I[IHAM 1
noxony. Hamucatu Ta BukoHatu aHaini3 piBHIHHS CIyLbKOro.
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Pinienns.
Marour TOYKY TMONHTY 3 MONEPEAHbOrO npukmamy: X @ (X, =4— Ta
P1
* 3' o . *
X5 :T) 3HANJEMO TPaHUYHY KOPUCHOCTI A :
2
OO ) SN 1) S - A0 SO 0 G 1110 i A Sl
P, 64p,p; 64 pp; P, 64p,p; 64 p,p;

Bu3HauMMO YyTJIMBOCTI X 1 IpaHWYHOI KOpHCHOCTI A° 10 3MiHM WiH i
JOXOLYy.
, X 1 ox;, 3 ,
1 _ . 2 _
OckUTbKM —— = >0; = >0, To 00uBa TOBapH € IIHHUMHU.

4_p1 o 4p,

B 3aranpHomy Burisiai piBHsSHHS CIOylnbKOTO Ma€ HACTYNMHUN BUIJISI:

[ ox* ox” %) S . .
=| — ———(Xx")'. ng xoXHOrO TOBapy 1 IIHA  MaeMo
comp

op op ol

X X ox; ..

- | = __Xillljzlizl

op; op; ol
L comp

oX] . , . . . : .
A€ — - 3araJibHUH e(i)eKT 3MIHH IIOIIUTY Ha j -1 TOBAp B1J 3MIHHU IIIHU HA [ -HH
i
ox;’ o o ,
TOBap, a— - BIIIMB KOMIICHCOBAHO1 3MIHHU IIOIIMTY Ha j-I/II/I TOBAP 13-3a
p .

I lcomp

%k
OX. )
l_x* | - BruuB 3MiHU J10X01y Ha IIONUT Ha | — 15044

o

3MIHU IIIHK Ha [ -UH TOBap; | —

TOBAp 3JICKHO BiJ] IOMUTY HA i -Ui TOBap.

Hamumewm piBHsiHHA CIyIIbKOTO B 3arajlbHOMY BWTJISIZII BITHOCHO JPYTOTO
TOBapy:

ox” ox” ox" | ox” ox" | ox"
= —— X, abo — =l | T = Xz

_8p2_ op, omp ol op, omp op, ol

o | _,, 1 81 _ 31

P2 Jeomp 4p, 4p, 16p,p,

| 3,3 8 __ 3 {axl} -0 {aﬁ} o

_apz Jcomp 4p;  4P; 4P, 16p; P comp P comp

Lle o3nauae, 1m0 NepuIuii 1 APyruil ToBap B3aEMO3aMIiHHI.
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Ipuxkaan 3.4.

CnoxuBay MOXxe MpuAOaTH ABa TOBAPHU y KUIBKOCTI Xx; 1 X, . Moro ¢pyHkuisa

kopucHocTi U(X) =X, +3X,, e X= :1 . BexTop 1iH TOBapiB p = :;(()) . Jloxon
2

nopiBHioe 60. Hexaii Tenep 1ina apyroro ToBapy crana 22. HeoOxiqHO BU3HAYUTH
KOMIICHCAIIII0 JOXOMY.

Pimenns.

Touka momuty Oyna (0, 3), 1 MakcUMaJlbHa KOPHUCHICThH JOpiBHIOBaJa 9.
Tenep Touka momnury € (60 + dl)/ 22 . Po3mip KoMIieHCaIlii BU3HAYAETHCS 3 YMOB
PIBHOCTI MONEPEIHBOI 1 TENEPIITHBOT KOPUCHOCTI, TOOTO 9 = 3(60 +dlI )/ 22 . Takum

YUHOM PO3Mip KOMIIEHcallli JOPIBHIOE 6.

3.5. PiBHoBara nonuTy Ta NPONO3MILii.

CraH pUHKY, TIpY SKOMY TOTHT JIOPIBHIOE TPOIO3UIIi € pigHOBANCHUM, A
[iHa, TpU SKiii JAOCATHEHAa piBHOBara TOMUTY Ta TPOIO3HUILL € PiBHOBANCHON
YIHOMO.

Teopema. Hexail ¢GyHKUIl NONUTY Ta MPOMO3MINT HENepepBHI 1
D(p,)> S(p,) mpu nesikiit mini p,; Toxi icHye cTaH piBHOBArHy.

Jloxasz. Tak gk mpu P —> oo D(p) yOyBae 110 HyIO, a S(p) 0e3MekKHO
3poctae, 0 D(p’)< S(p’) npu aesixomy p’> p,. Bennuuna He3a 0BiNBHO HOIUTY
Z(p)=D(p)-S(p) mpuitmae ma kimusx Binpisky [p,, p’| 3Hauenns pismoro
3HaKa, a TaK K BOHA Oe3mepepBHa, TO 3a Teopemoro bonbmano-Komri 3HaiiaeThCs
Touka P~ Bigpi3Ky [po, p'], B SKOMY BOHAa JOPIBHIOE HYJIO, TaKUM YHHOM
D(p*)z S(p*). [lapameTpy  piBHOBarW  IIO3HAYalOTh  3HaKoM  "*":
p*, D" = D(p*): S(p*)z S*. 3asBuuaii camy TpiliKy (D*, p*, S*) TaKOX 3BYTh
PIBHOBAroxo.

BBaxkaemo, 1m0 ¢yHKIII NOMMTYy 1 MPOMO3WINT  3aJ0BOJBHSIOTH
OPUMYHIEHHSAM TpO HHUX. B cuily yMOB HakiIageHWX Ha (YHKIIH, pIBHIHHS

D(p)=S(p) Mae enmme pimenns p° i tpiiika (D%, p’,S") e
D* = D(p*): S* = S(p*) € €IMHUI CTaH PiBHOBArW.

AJie &S TPEBENCHHS I[BOTO TPOIECY 10 CTaHy pIBHOBard HEOOXIiIHO
JOTPUMaHHS NesKuX yMoB. Hampukinan, skmo (QyHKIil nomurty D(p)z a—bp ta
nponosuuii S(p)=—C+dp mimifini, To mIA 36DKHOCTI HEOOXIAHO i HOCTATHEO

BUKOHaHHSA yMOBU O <D, TOOTO JiHIsA MOMUTY MOBHHHA OYTH OLTBII MOXKUIIOK0, HIXK
JiHiA mporno3ulii. B 3aranpHOMY BUMaAKy, TOOTO /ISl HEMHIAHOT (PYHKITIT MOMTUATY

Ta MPONO3ULlii, Xo4a 6 MOOAM3y PIBHOBAXKHOI LIiHM P MOBMHHA BUKOHYBaTUCS

yMOBa S'(p*)< ‘D'(p*)‘ . SIkmio
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SKu1o B J€AKOMY OKOJII PIBHOBa)KHOI LIIHM IPOLEC iTepauiid CXOAUTHCS 10
CTaHy PIBHOBAaru npu OyAb-sSKOMY MOYAaTKOBOMY 3HAY€HHI LIHM 3 LIOTO OK1Ja, TO
CTaH pIBHOBAru Ha3UBAETHCSA cmilKuM. SIKIO 7K, HABMAKH, ICHYE OKLI pIBHOBaYKHO1
IIHA Takuid, 00 npu OyAb SAKiM iTepalii HE CXOIUTHCA O CTaHy PIBHOBAru, TO
TaKUW CTaH PIBHOBarv Ha3MBA€ThCS HECTIMKUM. [Ipu miHIHHUX QYHKIISX TOMUTY 1
NPOTO3UILii CTaH piBHOBAru criikwmid, sikio d <D, 1 Hecrilike, skmo b <d .

Hpukaan 3.5. 3HalTH CTaH piBHOBArU JUIsl JTIHIMHUX (YHKIIII HONUTY

D(p)=a—bp Ta nponosuuii S(p)=—c+dp.
Pimenns.
JlopiBHIOIOYHM (YHKIIII, OTPUMAEMO

a-bp=-c+dp, p*=(a+c)/(b+d), D" =(ad-bc)-(b+d)=S".

I'padiune pimenns 306paxeHo Ha puc. 3.5.

D, S

D

0 P P
Puc. 3.5. Cran piBHOBaru Jis JiHIMHUX (QYHKIIIH TOMUTY Ta IMPOIIO3HILI.

3.5.1. IlaByTuHOMmoAiOHA MO/IEe/Ib PUHKY.

B nmicHOCTI 3HAxXOJPKEHHS PIBHOBAXKHOI IMHHM 3IICHIOETHCS JOCIITHUM
(IOCBiTYEHNM) TIUIAXOM 32 JOTIOMOTOI0 MOCHIIOBHUX HaOmmwkeHb. Llg mporeaypa
oTpuMasa Ha3By MaBYTHHOMOIOHOT MOJiei puHKY. BOHa 3aCTOCOBY€THCS B TOMY
BUTAJIKY, KO (PYHKIIIT TOMUTY 1 Tpomno3ullii abo ckiramHi, ab0 B3araji HEBIOMI.
PosrissHeMo OinbIn JeTadbHO MOCTIAOBHICTH JiH SKI BUKOHYIOTBCS Y I MOJei
JUTSl HAXOJ/PKEHHSI PIBHOBAKHOI IiHU. (IMB. puc. 3.6).

1. Ilpu3HauvaeTbcsa BUXIJHA ILIHA TOBapy P, Taka, 100 nomnut OyB OiuiblIe

npono3uiii, Tooto D, > S,. lle o3nauae, mo 1uiHy MokHa 30UTbIINTH 10 P;. [Ipn

IbOMY OYIKYETBCS, 1[0 MOMUT YyIaje, a MPONO3ullis 30LIbIITUTHCS.
Jlanuii eran OyzieM Ha3UBaTU HYJIbOBUM KPOKOM.
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2. 30UIbIIMMO IIIHY TaKUM YHHOM, WI00 TOMUT CTaB JIOPIBHIOBATH
MPOIO3HUILIlI HAa HYJIBOBOMY KpOKYy, TOOTO pobumo mnepummii kpok. [lpu npomy
D, =S,.

BusnHayaemo mpomno3uiio Ha bOMY KpoKy S;. O4eBUAHO, 110 MPU LIOMY
BUSABHUTHCS, 1110 IPOIO3HULIid OUIblIE TONUTY, TOOTO S; > D .

[IepexoauMo 10 HACTYITHOT'O KPOKY.

3. Ha npyromy Kpoky 3MEHIIYyeEMO I[IHY TakuM uuHOM, 1mo6 D, =S;.
3HaxoaAuMO S, . MpoIeaypa NOBTOPIOETHCS 3a aHAJOrIE 3 1, 2 1 3 M. JOTH, TOKH
[[iHa P; HA i-OM KPOKY HE CTaOLII3YEThCS, TOOTO MepecTaHe ICTOTHO 3MIHIOBATHCS.

VY mnHamomy Bumanky Mu OyJeMO Jomaratucs TOro, o0 mepecTaiu
3MIHIOBaTHUCS MBI Tepil uudpu micias KoMu (TOYkH). SIK TUIBKU 1€ TPamUThCH,
NOILIYK NMPUNUHAETbCS. OCTaHHE 3HaYEHHS P; 3 TOYHICTIO IO APYTOro 3HaKa Micis

KOMH MIPUIUMAETHCS B IKOCTI PIBHOBAXKHOT TOUYKHU.

s,D 1 D S

- - - =% - —— -

v

o
o
o
=)
N

P, P

Puc. 3.6. IlaByTuHomoai0Ha MOACIIH PUHKY
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3.6. InmauBinyaabHe 3aBaaHHsa Ned
BaacTuBocTi pyHKIil KOPHUCHOCTI

CTyneHT MOBHHEH PO3B’s3aTH HABEJCHY HIDKYE 3a7ady, BUOpABIIN AaHi s
pO3paxyHKiB (3 Tab. 3.2) 32 CBOIM HOMEPOM Y KypHaJl IpyIu.

3.6.1. IlocTanoBka 3amaui. 3alaHO TOBApHHI MPOCTIp Po3MipHOCTI N=8.
Posrnsinaersest pyHKILiS:

U(X) =aq-In(x; —by) +a, - In(x, —by) +az - In(x3 —b3) +...+ag - In(xg —bg),

e a;,b;,i=1...,n - BimoMi koedimienTH, 3amani tadbu. 1 (mapamerpiB QyHKIii
KOPHCHOCT1);
X;,1 =1...,n - 3MiHHi (aprymeHTH QyHKIIi), IKi € KUTBKICTIO TOBapiB y | - TOMy

Habopi X; >10.

HeoOxigHo mepeBipUTH MOXKJIUBICTh BUKOPHUCTAHHS 3a3Ha4y€HOi (PYHKIT B
AKOCT1 (PYHKIIIT KOPUCHOCTI.

3.6.2. MeToauuHi Bka3iBku. OyHKIIIS KOPUCHOCTI MMOBUHHA OYTH IO HE
yOyBa€e 1 BOTHYTOIO.

[TepeBipka dyHkIi, 10 He yOyBae€, 3AIUCHIOETHCS O 3HAKY YCIX MEPIIUX
NPUBATHUX MOX1THUX.

[TepeBipka yBIrHYTOCTI 31HCHIOETHCS TIO BiJI’€MHIM BHU3HAYEHOCTI MaTpPHII
I'ecce.

Tabmumsa 3.2
Po3paxynkoBi gaHi

Ne Im’st Ne mapamerpis
BapHaHTa | KOeQIIi€HTIB 1 2 3 4 5 6 7 8
1 a; 10 4 5 6 2 3 4 2
b; 2 3 1 5 6 7 8 3
) a; 11 3 4 5 3 6 7 8
b; 3 4 5 4 3 2 2 1
a; 4 7 3 2 5 6 3 9
3 b; 5 6 3 3 2 6 3 4
4 a; 3 2 5 3 2 5 6 7
b; 3 4 5 6 1 2 5 4
. a; 2 3 5 6 7 8 9 3
b; 5 8 6 3 5 3 4 7
6 a; 4 3 4 3 2 3 5 6
b; 3 8 7 6 8 7 3 1
7 8 5 6 3 2 1 6 2 3
by 2 3 7 8 4 4 9 2
8 a; 3 8 4 5 6 7 1 2
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Ne mapamerpis
4

1
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BapuaHTa | Koe(Illi€HTIB
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11
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3.7. InauBinyanbHe 3aBaaHHsA NeS
BuznayenHns pyHKuii mONuUTy i 4YyTJIMBOCTI A0 IiH i 10XO01Y.

3.7.1. MoctanoBka 3anaui. CrnoxuBau MoOXxe MNpuaAOaTH JBa TOBapH Y

KinmpKocTi X, 1 X,. Jloxom nopieHioe |. ®ymkuis xopucHocTi U(X)=XXs, e
X : . P1

X= . BexTop 1iH ToBapiB p = :
X2 P,

HeoOxigHo Bu3HauuTh (PyHKIIIT MONMUTY CHOXKMBaya Ha 0OMABa TOBapH 1 iX
YYTJIMBOCTI O IIH 1 monuTy. Jis KOHKpeTHOi miHu P; 1 P, (auB. Tabdm. 3.3)

3HaTH PyHKIio nonuty. HaBectu rpadiuHe piteHHS.

3.7.2. MeTonnuHi Bka3iBku. /{71 BU3HaueHHS (QYHKI[IT TOMUTY HEOOXITHO
pos3B’szati 3amadqy U(X) = X" XéB —max, | —p'x=0. Taka 3amaya Mac €auWHE
pimenns. HeoOxigHa 1 pgoctatHs ymoBa Mmakcumymy: VU(X)—Ap=0, ,
| — p'x=0.

['eomeTpuuHe pimieHHS — B TOYIl JOTHUKY OFOJKETHOI MPSIMOI Ta KPHUBOIO
Oaiiry»ocTi i ToBapy X~ (TOYKH HOIMTY (Xf : X;)), nuB. puc. 3.4.

YymIMBOCTH X [0 3MiHM ILiH 1 JOXOAYy BH3HAYACTHCA 34 JOMOMOIOKO
MPUBATHUX MOXITHUX ITUX BEIUYUH:

o0 | o
X" _|op,  ap, a 8_)(*: ER .
op Xy 0% ol | Xy

| 9Py O, | ol
Taomuna 3.3
Po3paxynkoBi gaHi

Ne BapianTa o B P, P,
1 1 2 10 8
2 3 3 10 20
3 1 4 15 21
4 1 5 11 22
5 1 0,5 12 27
6 1,5 2 14 30
7 1,5 3 13,5 29
8 1,5 4 9 30
9 1,5 5 8 19
10 1,5 1 12,5 20,5
11 2 3 16,5 30,5
12 3 4 16 18
13 2 5 11,3 19,5
14 2 4 7,8 29,5
15 1 1,5 15 31
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3.8. InmauBinyaabHe 3aBIaHHA Ne6
BuzHauuTH BIVIMB KOMIIEHCHPOBAHOI 3MIHHM IIONIMTY HA OCHOBI
piBHsiHHA Ci1ynbKOro.

CryaeHT NOBUHEH PO3B’S3aTH HaBEACHY HIDKYE 3a/a4dy, BUOpaBIIM daH1 IS
po3paxyHKiB (3 Tab. 3.3) 3a CBOIM HOMEPOM Y KypHaJi IPYIIH.

3.8.1. loctanoBka 3anavi. Bu3HAUMTH BIJIMB KOMIIEHCOBAHOI 3MIHU
MOMUTY Ha OCHOBI piBHAHHSA CIyIIPKOTO, BXiTHUMH JaHUMH JI1 3aBJaHHS €
¢GyHKIIi TOMUTY, IO OTPUMMAaHI y TMONEPEAHbOMY 3aBJIaHHI BIAMOBIAHO IS
oOpanoro Bapianty. HaBectu anani3 piBHsHHS CIylbKOTO.

3.8.2. MeTonuuHi Bka3iBku. UyTnuBicTh A° 10 3MIiHU IiH BH3HAYAETHCS
IpajiiEHTOM A* 3a miHamu:
_8_1*_
op,
or
9P _

B 3arajJibHOMYy BI/IFJISIJIi piBHSIHHSI CHYIIBKOI‘O Mae HaCTyrIHI/Iﬁ BUTJIA.

VpA' =

ox” ox” ) S . .
— == ———(x")'. ng KoXHOrO TOBapy 1 IIHK MaeMo
op op ol
L Jdcomp
X X ox; ..
— | =| < __Xillljzlizl
op; op; al
L comp
X; . , L . . : .
1e — - 3arajbHUN e(eKT 3MiHM TMOMUTY HA | -Wii TOBAap B 3MIHH I[iHH HA i -Uii
i
ox;’ o o ,
TOBap; e - BIUTUB KOMIICHCOBAHOi 3MiHHM TONHUTY Ha |-Wil TOBap i3-3a
P i lcomp
%k
. . . o axj * . - o
3MIHHM IIHU Ha [ -Hii TOBaAp; | — pr X." | - BIUIUB 3MIiHH JIOXO/ly HA IONHWT Ha | — Ui

TOBAp 3JICKHO BiJ] IOMKUTY HA [ -U¥ TOBap.

Hamucate piBHsHHS ClymbKOTO B 3arajlbHOMY BUIJISIAI BITHOCHO JPYTrOTO
TOBapy.
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e

3.9. ImmuBinyanbHe 3aBaanHsi Ne/
IHomyk TOYKHM piBHOBarm 3a J0NOMOIOI NABYTHHONOAIOHOI MojaeJii
PMHKOBOI'0O TOBApY.

CryaeHT NOBUHEH PO3B’S3aTH HABEACHY HIDKYE 3a/1auy, BUOpaBIIM JdaH1 IS
po3paxyHKiB (3 Ta0. 3.3) 32 CBOIM HOMEPOM Y KypHaJi IPYIIH.

3.9.1. HocranoBka 3amaui. [loTpiOHO BIAIIYKaTH pPIBHOBAXHY IIIHY,
KOPUCTYIOUMCh NaBYTHHOMOJIOHOI MOJIEIUII0 PHUHKY, (QYHKIIT monuTy 1
MPOIO3HUIIIT IKOTO MOXKYTh OyTH 3a/1aH1 PYHKIISIMHU:

D(p) =(9° -3g°u’ +3g°u® —g°u®)- p>* +(g® —29°u® + g*u®)- p** +a—bp (1)
S(p)=(9°-3g%u® +3g%u’ —g°u®)- p"® +(9” ~2g°u* +g°u’) - p** ~c+dp (2)
HeoOxian1 3HaueHHs koedimieHTiB BupaxkeHs (1) 1 (2) (mapamerpu 3amayi)

Ta MOYAaTKOBA TOYKA po 3a/1aHi B Tabmwmili 3.3.

Tabmuns 3.3
Po3paxynkoBi gaHi

Ne [TapameTpu

BapiaHTy g a b C d u Po
1 10 20 2 4 1 1 5
2 15 21 3 7 1 1 4
3 11 22 3 8 2 1 2
4 12 27 3,5 4 2 1 2
5 14 30 5 2 3 1 1,5
6 13,5 29 6 6 1 1 2
7 9 30 5 6 1 1 2,5
8 8 19 3 6 2 1 2
9 12,5 20,5 3,5 4,5 1,5 1 2
10 16,5 30,5 5 6,5 2 1 2,2
11 16 18 3 8 1,5 1 2,5
12 11,3 19,5 4 9,5 3 1 1,5
13 7,8 29,5 6 9,5 2 1 1,7
14 15 31 3 2,5 2 1 4
15 16 24 3,5 4 2 1 4
16 13 28 4 5 1,5 1 2,5
17 14,3 29,5 3,5 6 2 1 2
18 12,5 25 3 5 1,5 1 1,7
19 11 24 2,5 3 1 1 3
20 9,5 20 2 2,5 1 1 2
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4. TEOPISI BUPOBHUIITBA

Mu po3risHyau Mojeni cnoxkuBaHHS. [lepeiimemo Temep A0 poO3Tisny
Mozeneld BUpoOHUITBA. JlJig 1UX Mojeneil BaxiauBuUM € NOHATTS "¢gipmu”. Tlin
@ipmoio B MIKpOEKOHOMIYHIA Teopli MAeThCs Ha yBa3l Jesika opraHizalis, 0
BUTpavya€e €KOHOMIUHI YUHHUKU (PECYPCH), TAKUX SK 3€MJIs, Ipallsd 1 Kamitaji, A
BUTOTOBJIEHHSI MPOAYKIli 1 MOCIYr, sKI BOHAa MpPOAA€ CHOKMBAuYaM 1 I1HIIUM
bipmam.

4.1. BupoOHu4a QpyHKUinA

[Ipunyctumo, mo ¢ipma BHpPOOJA€ TUIBKM OJAMH BUJ MPOIYKIIi,
BUKOPUCTOBYIOYM JIeKUIbKa BHJIB BUTpAT (pecypciB). B mpomy Bumaaxky dipma
MOBMHHA BUOPATH TOYKY B MPOCTOPi pecypeiB. SIKINO MO3HAYMUTH Xj- KUIBKICTE | -

ro BUAY pecypciB, j =1 N, To BEKTOp pecypcis:

X, |
X
X=| (4.1)
REW
[puuomy, Xel, ne | - nesim’emunii oprant (1 =R, ), To6T0. X>O, -

IPOCTIp pecypciB, KOXKHIN TOYIIl SKOTO BIATOBIAAE €IUHUNA MaKCUMaIbHUN BUITYCK
IMPOJIYKIIT MPU BUKOPHUCTAHHI ITUX PECypciB. 3B'I30K MDK BUITYCKOM MPOMYKIT 1
pecypcamu 3aJ1a€ThCsl BAPOOHUYOK0 (DYHKITIEHO:
q=f(x), (4.2)

ne ( — o0cAr BUMYCKY MPOAYKIIIi.

Sk 1 mpu CTBOPEHHI MOJIEJ CIIOKMBAHHS BUKOPUCTOBYIOTH JIB1 aKCIOMH JIJISI
MOJIeNi BUPOOHHIITBA.

Axkcioma 1. IcHye MiIMHOXHHA MPOCTOPY PECYPCIB, 3BaHA EKOHOMIUHOIO
oonacmio E, B Akiil 30UIbIIeHHST OyNb-IKOTO BUIY PECYpCiB HE MPU3BOIUTH [0
3MEHIIICHHS BUITYCKY MPOAYKIIii, TOOTO:

XY >x@(x® x?P eE)= f(xP) > f(x?), (4.3)
ne X%, x? - touky B exoHOMIiuHiif 061acTi E, mpuIoMy
vi(x)>0,, xeE (4.4)
qu
A 5o, j=in (4.5)
OXj

Ile BupaxeHHsI O3HA4Ya€, MO 13 30UTHIIICHHSM BUKOPHUCTAHHS | -TO PECYpPCy

BUITYCK MPOJIYKIIIl HE 3MEHIITYETHCSI.
Akcioma 2. Icaye migmHoxkuaa () € E | sKa € omykioro 1 s sIkoi MaTpHIls
apyrux noximaux Gyskiii f(X) (matpuig ecce) Bia’eMHO BU3HAYEHA.
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2t | .. — . )
Takum umaOM, MaTpunsg ['ecce: H(X)=| ——= 1, 1, J,=1,n i ausa Hei mae
8Xi8Xj
MICIIE CITIBBIIHOIIIEHHS:
H(x) <0, xeQ. (4.6)
3 (4.6) cminye:
2 —_—
%<O,j:1,n,x6£2. 4.7)
X 4

j
Bupaxenns (4.7) - 3akoH ybysarouoi siooaui (yoysaiouoi npubymrkosocmi):
13 30UIbLIEHHSM KUIBKOCTI PECYpCiB, IIO0 BHUTPAYaIOThCA, IIBUIKICTH BHUIIYCKY
OPOAYKIli 3MEHIIIYEThCSI.

Ipukaan 4.1. BupoOHUIITBO 3epHA Ha JUISHIN 3eMJl (pIKCOBAHOI IIOINII
obmexxeHe. Ilicist AOCSTHEHHS MEBHOrO 00'eMy BHUPOIIEHOTO 3€pHA, J10JAaTKOBE
BUPOOHUIITBO 3€pHA MajaTUMe MpH 30UIBIICHH] YUCa 0 MPAIOTh BHACTIIOK
BUYEPIIaHHS MOMJIMBOCTI CHeliaii3aiii MpamoduX 1 y 3B'13Ky 13 30UIbIIEHHAM

3riJHO 3 IBOMa aKCIOMaMH ICHY€ MHOKHHA
R={x:Vf(x)>0,, H(x)<0, xeE}, (4.8)
sIKa Ha3UBA€ThCS 0COOIMBOIO 00J1ACTIO.
[lepetineMo 10 po3TAny HEIKUX BUPOOHWYMX (QYHKIIH. Ase panime
HaragaeMo MoHATTa enactuunocti pynkuii f(x), X eR", mo audepenuiroerses,
o { -1i 3MIHHIMN:

_oF()-x% _af(x)

e (X) = = : 4.9
R T 49)
X
PosrnssHemo nesiki BupoOHUY1 DYHKITIT 1711 TBOX BUIIB PECYPCIB.
1. JlinitiHa QyHKITIS:
q=a,X +a,X,, (4.10)

ae a,,a,- KoedilieHT, X;, X, - 00'eMu pecypcis.
2. Oynkiis Ko66a-/lyrnaca:
q = byX x5,
ne b,b, - koedimieHTH enmacTUYHOCTI BUIYCKY MO BiJHONICHHIO JIO MEPILIOTO i
Jpyroro BuaaM pecypci. HaramaeMo 3MicT MOHSATTS €1aCTUYHOCTI (PYHKITII.
BaxxnuBoro BiacTuBicTIO BUPOOHWYOI (yHKIIT € i1 OMHOPIAHICTH MEPIIOTOo
crynento. Hampukman, ¢ynkiis tphox 3minaux f(X,Y,z) Oyme omHOpiaHOIO,

SAKIIO0
f(Ax, Ay, Az)=Af (x,y, ).

Ipukaang 4.2. Josectu, mo skmo b +b, =1, to BuUpoOHMUA byHKIIS

Ko66a-/lyrnaca q = boX1bl X§2 € OJTHOP1THOIO MEPIIOro CTYIEHIO.
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Piwenns. st byHKIi1 Ko66a-/Iyrnaca MaeMo
q=bg(Ax )bl (A% )b2 =Dy A0+, Xfl ng =Abg Xfl ng . Takum uymHOM 11 QyHKIS

OJIHOpIJHA. ¢
Posrnsinemo exoHomiuHuN ceHC omHopinHocTi PyHKuii Kobb6a-Jlyriaca 3
JIBOMa BHJIaMH PECYPCIB: X{- OCHOBHI 3aC00M, X2 - TPYAOBI pecypcH. Sk BUAHO 3

npukiany 4.2 mpu oJHOYACHOMY 30UIbIIeHHI (DOHIIB 1 TPYJOBUX pecypciB B A
pasiB, BUIMYCK TEX 3pOocTe B A pasib.

4.2. Teopis ¢ipmu

Braxxatumemo, mo mera ¢ipMu - Makcumiszailis IpuOyTKy HUISXOM BHOOPY

BHTpAT pecypcis npu 3axauii BO i 3agannx mini Bumycky p € R' i minax pecypcis

Wl
W2 n
w=| .” leR". [TpubyToK:
_Wn _
I1=D-C, (4.11)
ne D - piunwmii noxin, C - BUTpaTH BUpOOHUIITBA (BUTPATH, COOIBAPTICTS).
Maemo
D = pqg= pf(x), (4.12)
n
N =) wx =wx, (4.13)
i=1

Bupimyrwoun doscocmpokosy 3adawy niamysanus (Ha OIUH PIK 1 OUIBIIE),
dbipma BUIbHA Yy BHOOpPI OyIb-SIKOTO BEKTOPY BHTpaT, TOMYy IIf 3ajada
chopmyIroeThCS Ha OCHOBI BupasiB (4.12) 1 (4.13).

IT = pf(x)— wx — max,
x>0, '

s 3amaya € 3a7a4a HENMIHIKHOTO MTPOTrPaMyBaHHS.
JIJ1st KOPOTKOCTPOKOBOT 3a/1ayi MIaHyBaHHS, HAMPUKIA Ha PIK, HEOOX1THO
BpaxyBaTh OOMEXEHHs Ha peCypCH, TAKOTO BHIY:

g(x)<b, (4.15)
ne g(x) - m-mipHa dpyskuis X R", be R™, to6To0

(4.14)

9,(x) b,
g(x)=| : |, b=|:
9 (%) b,
BBaxxaemo, mo ¢(X) m b — Bimomi, TOAi KOPOTKOCTPOKOBa 3ajada

IJIaHYBaHHS poOOTH (GIpMHU MaTUME HACTYITHUM BUTJISIA:
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I1(x) = pf(x)— w'x — max,
g(x)<b, (4.16)
X=0,
3agaqa (4.16) € 3ajaueio HEMIHIAHOrO MPOrpaMyBAaHHS B 3aralbHOMY
BUrysifl. Ii pimenns GyHKIig mapaMeTpiB - MIH P 1 W
X" =g(p,w)eR" (4.17)
Le BupakeHHS HA3UBAETHCS PyHKYiclo nonumy Ha pecypcu. BoHa n-MipHa:

x| [epw)]
e P2 o) (4.18)
_X;:_ _(Pn(p:W)_

[lincrapnsitoun ¢yukyito nonumy Ha pecypcu y BUPOOHHUY (YHKIIIIO,
OTPUMYEMO PYHKYII0 NPONO3UYIT BUNYCKY '

q” = f(x") = f(e(p,w)) (4.19)

4.3. Henockonaja KOHKypeHIlisi. MoHOMOTisi i MOHOTICOHIs.

[Tonepenuiii po3ain OyB moOyq0BaHMM Ha KIIACHYHOMY MPUITYIISHHI MPO
JIOCKOHAJy KOHKYPEHIIito, TOOTO, 10 3a/JaHi IiHa MpOAyKIli 1 miHu pecypcis. Lli
I[IHA HE 3ajieXxaTh BiJ oOcATy BUPOOHMIITBA (hpipMH, BOHA HAa HUX HE BIUIMBAE.
[IpoTe y GaraTthox Bumaakax ¢ipMa Mae IESIKy MOHONOI}0 YAHUTH BIUIUB HA IIHY
NPOAYKIlli, & MOHONCOHIA YMHUTH BIUIMB HA I[IHU BUTPAT (MOHONCOHIA Ma€ MICIIE,
KOJIM € OJIMH MOKYTEIb AEIKOT MPOIYKIIii).

MoHoMoJIICT BIUIMBAE Ha I[IHY MPOAYKIlI IIJIIXOM BapilOBaHHS BHUITYCKY
POJTYKITIi.

p=p(a). (4.20)

VY 3aranpHOMY BHMAJKy (hipMa MOKE MOHHU3UTH I[iHY, 00 mpoaaTu Oiibiie
MPOIYKIlii, TOMY:

dp <0. (4.21)
dg

3aranbHuil noxiy 3rigHo (4.12)
D(a)=p(a)-q (4.22)

MoHonosicT MOX€ BIUIMHYTH Ha I[IHY pecypciB, TOOTO Ha BUTpPATH,
BapIIOBAHHIM CBOIX 3aKYITIBEIIb.

wj =w;(X;), j=1n (j- Bux Butpar)
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Bzarami ¢ipma, Moxxke KynyBaTH OUIbIy KUIBKICTh LBOTO peCypcy,
3aMpONOHYBABIIH BUILLY IUIATY 32 HHOTO:

—>0, J=1n,
OX j
ajyie MOXYTb OyTH 1 3HM)KKH, SIKILIO TOBAP B HAJUIUIIKY, TOAI
—<0, J=1n.
OX

3amada GpipMu B yMOBaAX HEOOCKOHANOI KOHKYPEHYIL:

P(@)g - D w;(x;)x; — max,
j=1

q=f(x,....x,), 1 (4.23)

X;20, j=1n.

7ie MaKCUMYM OepeTbest o ( 1 pecypeam X, ..., X, .

Cdopmymnroemo HEOOXiTHI yMOBU MakcuMyMy Jutst 3aaadi (4.23). st uporo
HeoOx11HO chopmymtoBaTu GyHKIIIO Jlarpanka 1iei 3aayi.
Oyukiis Jlarpanxa

L= p(q)q—iwj(xj)xj AT O %)) = 1),

ne A - MHOXHUK Jlarpanxka.
Heo06ximH1 yMOBU MakCUMyMY:

oL d
&= p(@)+ B0,
aq dqg
oW, (X. _
i=—Wj(xj)—ﬂxj+ﬂ,8f(x1’XZ""X”)=0, j=1Ln,; (4.24)
OX; OX; OX;
q=f(x, X%...,X,),
X, 20, j=1n.

[To3snaunmo pimenHs 3amadi (4.24) q* i x’;, j=1...,n, nupuvomy,

q = f(XI,X;,...,X::). 3 (4.24) maemo

« dp@@) ~ d(p(q)q) _dD(@") .
A= + = «=—=2 1=1...,Nn,
P+ @ =g e g ]
RV * oodws(G)  dws ()X dC: (X;
/Iﬁf(Xl,XZ,...,Xn):Wj(Xj)_i_ J( J): ( J( J) J)l = J( j),
OX; dx; dx; Xj=Xj dx;

] J ] J

j=1...,n,
ne C j (x j) - CyMapHa BapTiCTh BUTPAYCHOTO | -T'O PECypCy 3a Mepioj] IIaHyBaHHS

Toni
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dD(@") 6F (X4, Xp,.... x5) _ AC;(X])

dq aXJ dXJ
Ane
dD(q) _ d(p(a)q) _ dD(a) dq _ dD(q) of (xq,Xp,..., Xn) 1.
dXJ aXJ dq 8XJ dq 8XJ , R
OCKiNbKY 3rimHO (4.24) q = f (X, X5,..., Xp).
3 OCTaHHIX JIBOX PIBHOCTEWU OTPUMYEMO
"y dCi(X;
dd(q) _ 9C;(x;). j=1....n. (4.25)
de dXJ
Cenc (4.25): mpu onTUMaTbHOMY JOXOJI JJISi MOHOIOJICTa TPaHUYHHIA
. . dD(q’) ,. . . .
JO0X1Z MO | -My pecypcy Tax (j=1,...,n) nopiBHIOE TpaHWYHIil BapTOCTI
X.

]
IILOTO PECYpCy.

Ile popmyitoBaHHS € YMOBOIO PIBHOBAr JJIsi MOHOIIOJTICTA.
3 (4.25) maemo:

dD(q") =dC;(x}), j=L....n.

Lle#t Bupa3 MOKHA TPAKTyBaTH TakK: MPHUPICT BAPTOCTI pECypCy, BUKIMKAHUN
30UTBIIEHHSIM 00'eMy HOTO BHUKOPHUCTaHHS, JOPIBHIOE TPHUPOCTY BEIUUUHU
ONTUMAJIBHOTO JJOXOAY, 00YMOBICHOMY IIUM 30UTBIICHHSIM.

4.4, KoukypeHuis cepea HeGaraTbox. OQJIironoJiis i oJIironcoxis.

PunkoBuMif MexaH13M, KOJIU Ji€ TPOoXH (ipM, HA3UBAETHCI KOHKYPEHYIs ceped
Hebaeamvox. Bumagok, KoM € JeKiabKa MpOAABIIB MPOAYKIli, HA3HUBAETHCS
onieonoJiero, a KOJIU € JEKUIbKa MOKYIIIIB TIEBHOTO BUAY PECYPCY - 0J1icOnCoHiel.
Bu3HauanbHOIO BIACTHUBICTIO KOHKYpPEHIII cepex HebaraTboX € Te, IO YCI
KOHKYpYro4l (pipMu MOXYyTh BIUTMBATH HA I[IHU MPOAYKIii abo pecypciB. Takum
YUHOM, MPUOYTOK KOKHOI (DipMHU 3JICKUTH BiJl MOJITHKU IHIIUX KOHKYPYHOUHUX
¢bipm. Tomy mis Toro, o6 BU3HAYUTH CBOIO ONTUMAJIBHY TOJITHKY, KOXKHA (hipMa
MOBMHHA BPaxOBYBAaTH HE JIMIE CBid MPSMUN BIUIUB HA PHUHOK MPOMYKIIT 1
pecypciB, aje 1 HeMpsIMHUIA BIUTUB Y€Pe3 B3a€EMO/III0 CBOiX KOHKYPEHTIB.

VY pa3i OBOX KOHKYPEHTIB KOXEH BHUPOOISIE MPOIYKIIIO BiAMOBIIHO 110
BUPOOHUYOT QYHKITIT:

¢ =f(x), g,="1(x), (4.26)
ne X, X, - N-MipHi BEKTOPH BUTpAT.

Iina npoayxkuii 3anexuTsb Bix 0;,0,:

p=p(,q,) (4.27)

Y Oyononii (OKpeMuii BHITaJIOK OJIIrOIMOJIl) ICHYE TUIBKM JBa IPOAaBIIi
TOBApY, WOr0 3araJibHUK BUITYCK:
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q=0,+0, (4.28)
Hexail niiHa Ha MPOAYKIIIIO 3aJI€KUTH JIIHIAHO BiA i1 KIJIBKOCTI:
p=a-b(g;+0,),a>0,b>0. (4.29)
3arajgpHy BapTICThb BUTPAT peCypciB (BUTpATU BUPOOHUITBA) KOMXKHOIO
(bipMoOI0 BBa)KaTUMEMO JIIHIITHOIO QYHKIIEI0 BUMYCKY. Toi
c,=cq,+d, c,=cq,+d, ¢c>0, d>0, (4.30)

ne C - rpaHuuHi BUTpatu (CQ,i CQ, — YMOBHO 3MiHHI BHUTpaTu mepuoi i Ipyroi
¢ipm), d - yMOBHO MOCTii{HI BUTpATH.

Takum uymHOM, nependayaeTbes, MO Yy (GIPpM OJHAKOBI YMOBHO-3MIHHI
BUTPATH Ha OJMHHULIIO MPOJAYKILII 1 YMOBHO-TIOCTIiHI BUTpatu. Lle, 6e3ymoBHO, €
cupouleHHsM. Take cropoleHHss o3Hayae, 1o oOuasi ¢ipMu ONM3BKI 3a
TEXHOJIOTIE€I0 1 OpTraHi3aIli€l0 BUPOOHUIITBA.

[TpuGyToK i-01 GpipMu Mae OyTH MaKCHMAITLHUM:

11, :[az—b(ql +q2)]qi —cq; —d > max, i=12. (4.31)

Makcumizyemo ii no ¢;,1=12. HeoOXximHy yMOBYy Makcumymy misi 000X
3a1a4 B (4.31):

oI, oq; - o
g~ 2P+l -bg b te =0 1j=12 ixj,  (432)

oq i
ne s BUITYCKY TIPOIYKIi I -01 pipMU Ha BUITYCK MPOAYKIIIT j -01 QpipMH.

aa
Ananiz oyononii Kypro 3acHOBaHWN Ha TEepeAyMOBi, IO TPH IJIaHYBaHHI
CBOEi pOOOTH KOXKEH YOIIOJIICT BBa)Kae, MO 3MiHA B MOT0 BJIACHOMY BHITYCKY

IPOJIYKIIli HEe BIUIMHE Ha KOHKypeHTa. Tomi ctpareris KypHo mojsirae B pilieHH1

3agaui (4.32) ms % =0. B 11poMy BHNIaIKy OTPHUMYEMO:

a—b(g,+q,)—bg,—c=0, i=12 (4.33)
EiY
a->b —bg,-c=0,
(0, +0,) —bay } (4.30)
a-b(q, +0,)—bg, -c=0.
3BiICH OTPUMYEMO:
ba, —bg, =0, ¢ =0, (4.35)
[lincraBuBmu ¢, =0, B (4.34), oTpuMaemo:
a—C_C
h=02=—— (4.36)

3b

[e cniBBiIHOUIEHHS HA3UBAETHCA pigHOB8azo0 KypHo.
Toal miHa HAa TMPOAYKINIO 1 11 3arajJpbHUM BHUITYCK oOoMa (ipmaMu 3rigHO
(4.28)1(4.29)
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a-+2c 2(a—c)
== g=="""_" 4.37
P=—3 2 (4.37)
[eii pe3ynbrat y3aranbHumo Ha Bunajaok N ¢ipm :
a—c_C .
qi = I = ) )
(N +1)b, (4.38)
_a+Nc __ N (a-¢)
N+1° N+1 b
VY mexi, komu N — 0o (ducio ipMm HaGIMKaeThes 10 o0 ) MaeMo 3 (4.38):
-0 p—c q— %

ExoHOMIUHMI CEHC: OCKIIBKH I1HA HE 3aJICKHUTh Bl 00CATY BUPOOHUIITBA
(xo)xHa (ipmMa BHUPOOJISIE HECKIHYEHHO Majly KUIBKICTh MPOJYKLII 1 TOMYy He

BIUIMBAE Ha I[IHY TOBapy), To pu N — oo pignosaza KypHo npazne 00 pignosazu 8

MO8I 00CKOHANOI KOHKYDEHYII.
PosrnstHemo auHamiky BUIYyCKy mnpoaykiii mpu migxoni Kypao, ToOTO

npolec nepexoay A0 crany piBHoBaru (4.36), 3anucaBiiy Horo Tak:

_a-c-bg
T
OCKIUIbKH 01 = o monepeaHeE BUPAXKCHHA MOXHA 3allMCaTU TAKMM YHHOM:
_a-c-ba,
R

JlonyctriMo, 110 B JEIKWN TEpPioj] yacy oOCSATH BUPOOHHUIITBA 000X (ipm
q,(t) i q,(t) He cniBmamaroTe. B 1bOMY BHIAAKY TpPUBEICHE BUPAKEHHS IS

obcsary BUpoOHUIITBA Tiepinoi GipmMu nmpuiiMe BU:

Gut+]) =25 ;E %), (4.392)
AHAJIOTTYHO MAaEMO JJIsl IPYTroi hipMu:
Qo (t+1) = %;’ql(t) (4.396)

Bupasu (4.39a) 1 (4.390) € cucremoro JIHIWHUX PI3HUIEBUX PIBHSIHB
nepuioro mopsaaky. Buxmouumo 3 (4.39a) 0,(t). Jlns mporo mizcTtaBUMO IiO

BenuurHY 3 (4.390) 1 OTpUMAaEMO TICIS TPOCTOTO IEPETBOPEHHS
1 a—c_C
qu(t+2) 4<11(t) T (4.40)

Ile BupaxxeHHS € JTIHIWHUM PI3HUIICBUM PIBHSAHHIM APYroro mopsaky. Jlis
aHamizy pimenas (4.40) BBememo omepatop 3CyBy B yaci Bmepen E:
Eq,(t) =q,(t +1), E?q,(t) =0, (t +2) i Tak mami.

OnnopinHe  pi3HUIIEBE pIBHSHHA, BianoBigHe (4.40), oTpumaemo,
MPUPIBHSBIIN HOTO TPaBy YaCTHUHY HYIIIO:

1
q(t+2) _qu(t) =0.
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BukopucToByroun mpuBelIeHI CHIBBIAHOIICHHsS Juis omnepatopa E,
Haruemo (4.40) B onepaTopHOMY BHII:

(EZ _%j%(t) =0.

3Bifcu y 3B'I3Ky 3 THM, 1m0 (,(t) TOTOKHO He JOpIBHIOE HYIIO (iHAKIIE
nepiia ¢ipMa 0 He iCHyBaJla), MAEMO 3 TIOTIEPEIHHOTO BUPAKEHHS

P-t_o
4

Lle#t Bupa3 Ha3UMBAETHCA XAPAKTEPUCTUYHUM PIBHSHHSAM JJI PI3HULIEBOTO
piBHsiHHS (4.40), KO0 pO3risiAaTH y HhOMY E He sik omeparop, a sK HEBiOMY

1

BeJIMYMHY. PinieHHs XapakTepucTuiHe piBHAHHA (oro kopeHi) E, =E, = >

Kopeni xapakTepuCTUYHOTO PIBHSHHA JIHCHI 1 32 a0CONIOTHOIO BETMYUHOIO
MeHIle onauHull. ['0BOpsATh, 10 B LOMY BHIIAJKy BOHU JIeXKaTh YyCEepeauH1
OJIMHUYHOTO KOJIa Ha TUIOINIMHI, 10 300pakye MIMCHI 1 KOMIUIEKCHI yncia. Tomy
3TiHO TeOpii pI3HUIEBUX JIHIHHUX PIBHIHB pimieHHs (4.40) criiike.

[MpuBaTHUM po3B’s3koM (4.40) € KOHCTaHTA

a—cCc
qpl(t) _qpl o 3b '
ockinbku npu migcranoBui 0y (t)=q, (t) B (4.40) ue piBHAHHS 3BEpTAETHCS B

TOTOXKHICTB (TYT 1HIEKC P - mepia OykBa ciioBa particular - mpuBaTHUR).

Yepes crilikicts ¢ (t) - pimenns (4.40):

a—C_C
3b
HiATBEPIKYE CTIMKICTh AMHAMIuHOi cuctemu (4.39a) 1 (4.390).

IIpu cxmapmimnéi crparterii  QipMu, BpaxOBYEThCS MOXKIIMBA PEaKIIis
KOHKYpEHTa, TOOTO JIOMYCKAEThCA 3MIHA BHUITYCKY KOHKYPYHOYOK (HipMOIO
3aJIeKHO BiJI BUMYCKY JTaHOIO (DipMOIO.

[Tpuknagom cnyxuthb aunaniz Cmekenvbepea, Konu ogHa abo oounBi Gpipmu
BBAXKAIOTh, 1110 BIUIMB BUITYCKY OJIHI€T (hipMH HAa BUMYCK 1HIIOT (hipMHU BiICYTHIH.

PosrnstHemo cutyartito, Kooy mpu TUlaHyBaHHI ¢ipmMa | BpaxoBye BIUINB
BJIACHOIO BUPOOHHMITBa (}; Ha BHUIYCK apyrotoo ¢ipmoro (,, a ¢ipma 2 He

q,(t)—>q, =

BpaxoByBaTHME BILJIUB CBOr0 BHpOOHHWITBAa (, Ha BUpoOHUUTBO ¢(ipmu 1 (,

T00TO B (4.32): %, =0, o =0.

o aq,
Tonui 3 (4.33) st 1 =2 maemo:
a-c—bg oG
= —=08(4.32 4.41
Sp) o pu 20, B (4.32)) (4.41)
3Biacu 8q—2 = l
qu 2
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IliicTaBUBINM IO TIOXiAHY Y popMyiy (4.32), orpumaemo ausa 1 =1, j =2

oll, bg,
—=la-b -b ——c=0.
o, [ (0 +0y)]—ba, + 2
3BiICH OTPUMYEMO:
a—c-ha, oq,
- 2 2240 4.42
“=" 20 (mpu 20, ) (4.42)

Sxmo ¢ipma 2 HacmpaBal He BpaxoByBatMMe BIuMBH ¢ipmu 1 Ha ii
BUPOOHUIITBO, TO 11 BUITYCK BU3HAYATUMEThCS 1m0 opmyii (4.41).
PiBusinnas (4.41) 1 (4.42) yTBOPIOIOTH CUCTEMY 3 JIBOX JIIHIWHUX PIBHSHB 3
JIBOMa HEB1JOMUMU. Bupimmmo iX miJIcTAaHOBKOIO.
[TincraBuBmu (4.41) B (4.42), orpuMaemMo:
a—c_C

2~ 4.43
Os b (4.43)
[TincraBuBiIN 11€¥ Bupas B (4.41), oTpruMaeMo:
a—=_C
=— 4.44
2 b (4.44)

VY npaniil cutyanii gipma 1 oTrpumye npuOyTOK OUThIIME, HDK (ipma 2.
Bupaxenns (4.43) 1 (4.44) nazuBaetbcs pignogazoro Cmexenvbepea Onisi nepuioi
@ipmu. AHAIOT1YHO MOXHA 3amucaTy piBHoBary Ctekenb0Oepra 1ist Apyroi GpipMu:

_a-c

L

~a-—¢c
0. b
PosrnssHemo Ttemep iHImIY cHTyamiro: HacmpaBai apyra  Qipma He
KOPUCTYEThCS piBHOBarow KypHo, a BpaxoBYy€ BIUTUB BUITYCKY MPOAYKIIII MEpIIoi
¢bipMu Ha BUMYCK CBO€I mpoaykiii. [Hakme kakydu, KokHa (pipMa HEmpaBHIHLHO
npuInycKae, mo iHma (ipma He BpaxoOBY€ BIUIMB Ha CBId BUIYCK BHUPOOHUIITBO
MPOAYKIli KOHKYypyrodoto ¢ipmoro. Lle o3nauae, mo nepma ¢ipma, K 1 paHirie,
BUITYCKa€ CBOIO MPOAYKIIito 3TigHO (4.42), a ¢dipma 2 BUIIyCKA€ CBOIO MPOIYKIIIIO

0 AHAJIOTIYHOMY BHUPAKEHHIO:

; (4.45a)

(4.456)

:a—c—b%
2= "@n

Bupimumo cucrtemy niHiiiHuX piBHAHB (4.42), (4.46) BimHOCHO (; 1 O,

(4.46)

METOJIOM IIiJICTAHOBKH.
[TincraBuBmm BupaxxkeHHs (4.46) B (4.42), oTpuMyeMoO:
_a-c
%= (5/2)b "
[TincraBuBiy 11eH Bupas B (4.41), oTpumaeMo:
_a-c
=5

(4.47)
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TakuMm YuHOM
a—=_C
(5/2)b

Lle BupakeHHs Ha3uBaeThcsl HepiBHOBara CrekenpOepra, npu sikomy oOHJIBI
(GipMH OTPUMYIOTH MEHIIMH NMPUOYTOK, 4uM Tpu piBHOBa3l Kypno. g curyanis
OUIBIIIE BIAMOBITAE MTPAKTHIILL.

VYci MOKITMBI cUTYyallli IPEeACTABICH] Y BUIJISA1 MaTpulll B Ta0. 4.1.

0,=0,=

Tabmunsa 4.1
Martpuiis peakiii
dipma 1 ®ipma 2
Peakuis KypHo Peakiis Crekennbepra
Peaxitis KVbHO PiBaoBara Kypho PiBnoBara Crexensbepra ass 2-0i
A BYP (4.36); (4.36) bipmu (4.45a); (4.456)
Peaxirist PIBHOHB:?;T(;?GSEQSGP ra HepiBaoBara CrekennOepra
Crexennbepra 21( 4.43);(4 f 4) (4.47); (4.47)

s Tabmumst € MaTpUIEd peakiliii KOHKYpeHTIB Yy BIINOBiAL Ha
nependadyBaHui XiJg cynpoTHBHUKA. Ll curyaris mMoxxe OyTH poO3TiIssHyTa 3
MO3UIIIH Teopii irop.

OxkpiM TIpUBEICHUX, MOXKYTh OyTH 1 iHII pimeHHs. [Ipunyctumo, mo dipmu
IPUAIIUIA A0 YTroJAW MaKCHUMI3yBaTH 3arajibHuUi mpuOyTOK (rpymoBa 3moBa). Toi
3arajibHuK NpuOyTOK, BUIHCIeHUH 3rigHo (4.31),

=11, + IT, =[a—b(q, +q,)]- (4, + d,) —c(q, +0,) —2d  (4.48)
Hexaii dipmMu nmparHyTh MaKCUMi3yBaTH 3arajJbHUN MPUOYTOK:

I1=11(g,,q9,) > max,
Heo0xinna ymoBa Makcumymy:

oll, dll,
o0, o0, [ (o Cb)] (0 +d,)
3BIJKH CITITYE:
a—=C_
g, + 0> b ( )

TakuM YwHOM, HEMa€e OJHO3HAYHOTO PIMIEHHS: YCI BHITYCKH, IIIO
32JI0BOJILHSIOTH (4.49), onTrMaibHI 3 TOYKH 30py BHOpaHoro kpurtepiro (4.48). Sk
TPAaKTyBaTH TaKe PIlIeHHS, TUB. pucC. 4.1.
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of

Puc. 4.1. I'padiune TpakTyBaHHS pillICHHS 3aa4i

JIinii piBHOTO piBHA IpUOYTKIB 000X (pipM - KpUB1 APyroro nopsaxky. Touku
iX JOTHKY JI)KaTh Ha MPIMIH, 1[0 CIOJyYae TOYKH MAaKCUMYMY MPUOYTKIB KOKHOI
dipmu. Li Touku (Ha TpsAMI) - HEMOJINIIYBAaHHI: 3MEHIICHHS MPUOYTKY OJHIET
dbipMu  Beme A0 3MEHIIEHHA NPUOYTKY IHIIMHA. Taki TOYKM HA3HUBAOTHCS
ONTUMAJIbBHUMH piteHHsIMU 110 [lapeTo aBoXkpuTepiitHoi 3a1ayi:

I, ->max, 11, - max,

Komu obunsa xputepii (00uaBi (pipmMu) piBHOIIHHI, iX MOXXHA 3TOPHYTH B
oIMH KpuTepid, sk B (4.48). IlomiTUMO, 110 PIBHOIIIHHICTH KPUTEPIiB MOMKIHUBO
PO3IIISAAATH K PIBHOIIIHHICTE (ipM.

IIpsmy Ha puc. 4.1 n1edxi aBTOPHM HA3UBaKOTh JOTOBIPHOKW (4UH
KOMITIPOMICHOI0): (pipMHU, TIILKH JIOMOBHUBIIUCH, 3MOXKYTh BU3HAYUTH OOCST CBOTO
BUPOOHUIITBA.
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4.5. InauBinyajbHe 3aBaanHst Ne8
BuzHayeHHs ONTHUMAJBLHUX 32TPAT CHPOBUHHU Ta BUIYCKY MPOAYKIil
dipmoro.

CryaeHT NOBUHEH PO3B’S3aTHU HABEACHY HIDKYE 3a/1auy, BUOpaBIIM JaH1 s
pO3paxyHKiB (3 Ta0. 4.2) 3a CBOIM HOMEPOM Y KypHaJl IpyIu.
45.1. TlocranoBka 3amaui. @PipmMa mnpu 3acTocyBaHHI M=3 BUIIB
CHUPOBUHH BUPOOIsie N =2 BHUIIB MpOoAyKIii. Bumyck mpoaykiii i cupoBuUHa IS
Hel 3B’ A3aH1 (opMyIaMu BUPOOHUUYUX (PYHKIIN

ai = AXS xS x], i=12 (4.50)
ne ; - 06’eM BUITYCKY | -ro BHIY IPOAYKIi, i =1,2; X j - KUIbKICTb CMDOBHHH | -
ro Buay, j=1,23.

Koedimientn BupoOHHMUYMX (GYHKIIH B 3aJIeKHOCTI BiJl HOMEpPY BapiaHTy
HaBeleH1 y Taoun. 4.2.

Tab6auig 4.2.
Po3paxyHkoBi gaHi
Howmep Koe(biuiem.l./l HCpHI(.):.l' Koe(biuiQHT"I/I npyro}’.
) BUPOOHUYOT PYHKITI] BUPOOHUYOT PyHKIIIT
PRI T oy 2 71 ) a; B 72

1 3 0,23 | 0,41 0,9 1,7 0,02 | 0,28 | 0,92
2 2,7 0,58 | 0,81 | 0,09 1,8 0,86 | 0,46 | 0,68
3 4 0,39 | 0,24 | 0,69 3,5 0,82 | 0,13 | 0,27
4 3,4 0,48 | 0,04 | 0,24 7,5 0,28 | 0,78 | 0,22
5 9,2 0,13 | 0,99 | 0,35 8,4 0,94 | 0,23 0,3
6 8,4 0,47 | 0,76 | 0,06 57 0,46 | 0,39 | 0,63
7 2,9 0,22 | 0,91 | 0,75 8,2 0,16 | 0,66 | 0,86
8 51 0,04 | 0,46 | 0,69 5,2 0,1 0,31 | 0,17
9 3,4 0,14 | 0,02 | 0,27 7 0,54 | 0,98 0,4
10 54 0,96 | 0,34 | 0,01 9,8 0,02 | 0,06 | 0,88
11 2,5 0,71 | 0,64 | 0,17 7,2 0,33 | 0,06 | 0,26
12 3,8 0,99 | 0,88 | 0,28 9,9 0,4 0,76 | 0,89
13 5,2 0,4 0,22 | 0,99 6 0,51 | 0,53 | 0,12
14 1,3 0,69 | 045 | 0,72 9,6 0,87 | 0,23 | 0,19
15 8,1 0,49 | 0,73 0 9,4 0,38 | 0,58 | 0,64
16 6,5 0,06 | 0,85 0,3 8,1 0,29 | 0,61 | 0,74
17 7,1 0,87 | 0,06 | 0,17 9,8 0,61 0,2 0,47
18 7,9 0,67 | 0,05 | 0,43 1,5 0,02 | 0,79 | 0,02
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Koediuientn nepmioi Koediuientu apyroi

BUPOOHUYOT QyHKIIIT BUPOOHUYOT PyHKIIIT
Ay 2 P 71 ) a; B2 Y2
19 5,7 0,71 | 0,05 | 0,53 6,5 0,81 0,7 0,66
20 9,6 0,08 [ 0,25 | 0,88 5 0,16 0,5 0,84
21 9,4 0,6 0,83 | 0,31 6,4 0,39 | 0,67 | 0,56
22 6,6 0,22 | 0,26 | 0,46 7,9 0,27 | 0,94 | 0,07
23 3,1 048 | 0,83 | 0,59 2,2 053 | 0,13 | 0,34
24 2,6 045 | 0,76 | 0,82 5,7 0,4 0,56 | 0,32

Howmep
BapiaHTy

25 5 0,14 | 0,38 | 0,09 1,5 0,45 | 0,06 | 0,23
26 7,9 0,06 | 0,12 | 0,08 4,5 0,76 | 0,45 | 0,31
27 5 0,29 | 0,16 | 0,03 5,4 0,73 | 0,04 | 0,48

28 3,9 0,83 0,9 0,41 5,7 0,85 | 0,64 | 0,37
29 7,4 0,17 0,4 0,5 8,3 0,35 | 0,22 | 0,32
30 9,8 054 | 0,92 | 0,42 1,9 0,19 | 0,06 | 0,38

Bexropu 1in 1 T nmpoaykmii P 1 CHpOBUHM W y THC. TPH. TaKi:

10,2
2,21

p= ,w=| 21
15

8,7

Heo06xigHO BU3HAUUTH 00’ €M BHUITYCKY 000X BHIB MPOAYKIlii, Ta CHPOBUHU
TPHOX BHUJIIB, III0 HEOOXIIHI ISl OTPUMAHHS MaKCHMaJIbHOTO IPUOYTKY.
4.5.2. MetoauuHi Bka3iBkH. [Topsg0k BUKOHAHHS pOOOTH TaKHH.

1. Po3poOutu ontumizaniiHy Mojenb, A€ IIyKaHUMH 3MIHHUMH € (j,
1=12; Xj j=123.
2. BupimuTu 3agagy ontumizariii 3a qonomororo MS Excel.
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5. MIKTAJIY3EBUM BAJIAHC

Iness mixkramy3eBoro OanaHcy Bmepiie Oyina 3ampornoHOBaHa Yy poOoTax
paAsSHCBKUX €KOHOMICTIB y 1920-X pokax, a moTiM OTpuMaia po3BUTOK B MpalsX
aMepukaHcpbkoro BueHoro B.B. JleontseBa. B mnogansmomy wmozens B.B.
JleontneBa Oyina y3aranbpHeHa J[>xonoM o Heltmanow.

5.1. Moaean JleoHTHEBA.

[IpunyctuMm, mo Bech BUPOOHMYMI CEKTOp MOJAUIEHO Ha N - ramys3ei
(eHepreTrka, MaIlIMHOOYIBHUIITBO, CLILChKE TOCIOIAPCTBO Ta 1HIIIN).
[To3HauMMo X; - BHIYCK |-TO TPOAYKTY, Cj - KIiHIEBHH MONHUT Ha IEH

MPOJIYKT, &; - KUIBKICTh | -TO IPOJYKTY, IO #/le Ha BAPOOHHIITBO | -rO MPOIYKTY.
Hexail € ycboro N mpoaykTiB, sKi BUPOOJIAIOTHCS PIZHMMH Tany3sMu. BBememo

Matpuip A= [aij ], I, ] =1,n po3mipHOCTi (NXN) i N-MipHi BEeKTOPH X 1 C:

81 & A X G
a dop -+ A X c
A= 21 22 2n Cox= ‘2 o= ‘2 ’
any an2 ann Xn Cn
7€ X - BEKTOP BUITYCKY, C - BEKTOP KiHIIEBOTO MOMUTY.
Toxmi n-mipamit BekTOp AX - BEKTOp BHUIYCKIB TPOAYKTIB, SKi

BUKOPUCTOBYIOTHCS ISl BAPOOHUIITBA THIINX MPOTYKTIB.
BekTop Bunycky
X=AX+C (5.1)
®opmyna (5.1) Mae Takuii ceHc.

Bexrop npoaykTiB s
= BUPOOHHUIITBA IHITUX +
POJYKTIB

BekTop KiHIIEBOTO
MOTTUTY

EBGKTOp BUITYCKY
[IpoyKTiB

Pipustnus (5.1) - pisuanns Jleonmoesa. 3 (5.1) cninye:
J,—A)x=c,
ae J, - oIMHUYHA MAaTPHIS N -TO MOPSAKY.
3BiIKH BEKTOP BUITYCKY
x=(J,—A"c.
Lle pimenns icuye, skiio matpuis (J,, —A) Mae 3BOPOTHIO.
Matpuns  (J, — A)™'  HasHBAETBCA MAMPUUHUM — MYIMUNLIKAMOPOM,

OCKIJIBKM 3MiHa KiHIEBOrO MPOAYKTY Ha AC BHKIMKAC 3MiHY BUIIYCKY:
Ax=(J, - A "Ac
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Pozrnsparoun moaens JIeoHTheBa 3p0OMMO HACTYIHI IPUITYLIEHHS
® HE3MIHHICTb TeXHOJNOrI] BUpoOHMUTBA (MaTpuust A=|3; ], i,j=1n
MOCTINHA);
® JTHIMHICTh ICHYIOYMX TEXHOJOTIH (VIS BHIYCKY |-I0 Tally33i0
nponykilii 06°eMy X HEOOXiTHO XD @; - Pecypcis);
|

® He BiJ’€MHICTh MaTpHIl, siKa 3agae Mojenb JIeoHTheBa (3riHO 3
CKOHOMIYHHM CEHCOM).

Ipukaaxg 5.1. Hexailh wmarpuiero
P 1/3 1/2

JleonTbeBa. 3HaWTH OOCAT BHPOOHMIITBA, L0 3a0€3Meuye BEKTOP CIOKUBAHHS

=y

Piinenns.

_(1/2 1/4

] 3adaHa MOJACJIb

BunHo, 1m0 MaTpuils MOJEN HEBUPODKEHA 1 CyMa €JICMEHTIB, HalPUKJIa]
NEPIIOTO psjika, MeHme oauHuIi. OTKe, MOACIb NPOAYKTHBHA. 3HAHIEMO
MaTpHIlI0, 3BOPOTHIO /10 MaTpulli E — A (Hampukiiam, METoI0M MIHOPY):

1/2 -1/2 1/2 -1/3 1/2 1/4 3 3/2
- - — .
-1/2 1/2 -1/4 1/2 1/3 1/2 2 3
Otxe, 3BOPOTHS MaTpHIl 3HaAWeHa, 3aJMIIWIOCS MOMHOXUTH i1 Ha C.
Maewmo:

2 M)

12
3HaiiIeHni BEKTOp BUPOOHHIITBA: X = [12].

5.2. Moxaeanr Heiimana.
5.2.1. 3arajbHi BiToMoOCTIi.

Buime posrnsgaBcs nuine OAWH UK BUPOOHUIITBA-CIIOKHBaHHS. s
JOCIIKCHHS] €KOHOMIKH, 10 MIHSETHCS B Yaci MOKHAa BUKOPHUCTOBYBATH OUIBIII
3arajbHy MOJENb - MoJesb Helimana.

PosristHemMo eKoHOMIiKY, IO OMUCYETHCS MAPOI0 (C, K), ne C - mpocrip

ToBapiB, K - MHOXWHA BUPOOHWYHMX TIPOIECIB, M0 MEPEPOOISIIOTH MEsKi
KUTBKOCT1 TOBapiB B IHIII KUIBKOCTI THX k€ ToBapiB. [Ipum mpomy mij TOBapoM
(IpOaYKTOM) PO3YMITUMEMO SIK MEPBUHHI YUHHUKU BUPOOHUIITBA (3€MJIs, Mpals),
cupoBuHy (HadTa, BYyruwis), Tak 1 KIHIEBlI NPOJYKTH BUPOOHUIITBA, MOCIYTU 1
TOMY TI0/110HeE.

Hexait TtoBapiB ycwkoro N, tomi C € HEBim eMHHII OpPTaHT N - MIPHOTO
mpoctopy. MHuokuHa K BHpOOHMYHX IIPOILIECIB Ma€ y CBOi OCHOBI KiHIIEBE
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apcno mpouecie (Q; ,...,Q,, ), AKi Ha3mBaroThcs OasucHuMH. KoxeH GasucHuit
TPOLIEC € TApOK0 BEKTOPiB Q) =(Aj, Bj) 3 C. (Bekropu A;, B, - e BexTopu-
CTOBIIII], aJie B LUISIX EKOHOMIi MICIS 3alMCYBaTUMEMO iX psAJKamMu.) 3MICTOBHUHN
cec mpouecy Q; Takuii: BIH BUTpavae BEKTOp A, :(aij) 1 BUIycCKae

BEKTOP B; =(bij), T00TO nepepobisie Bektop A; y Bektop B;. Ilo cency yci

BEKTOPHU Aj , B J. HE B1JI’ €MHI. [To3HauuBLmIN

A=(A A,...,A,), B=(B,,B,,...,B,) oTpumyemo, W0 TEXHOJOTiS HaIIOI
MOJENI 3a/Ja€ThCcsl Mapol He BixX eMHuX wmatpuis A, B, marpuns A -
HA3MBAETbCS MaTpullelo BUTpaT, B - martpuuero Bumycky. Kombinyroun 6a3ucHi
npolecy, MOXKHa OTpUMaTH HOBI mpouecd. Tak, Bi3bMEMO HE BiJI'€MHI YHUCIa
i, j=(@...,m) i Bu3HauumMo HOBUH BUPOOHMuMii mponec ,Q; +...+2,Q,, y

m m
AKOMY BHTDATH € BEKTOp .Z jAj, a BUIIYCK € BEKTOP >z ijBj; oTpumaHmit
j=1 j=1

BUPOOHUYHUHN MpPOIIEC KOPOTKO IMO3HAYMMO Yepe3 (AZ, BZ). BekTop-cToBnenp
Z =(ZJ-) HA3UBAETHCS BEKTOPOM iHmeHcusHocmet. lupiry MHOXKHHY TPOLECIB,
110 Buiiiia, no3Haunmo K.

MokHa mnoMiTHTH, O B TOW dYac, sik OasucHi mpouecu Q,...,Q. ,

BIJIMOB1/1al0Th, B3arajli KakKy4dd, peaJlbHUM Tally3sM, 3aBojiaM, ¢haOpukaMm, KOKEH
eJIEMEHT (X,Y)eK € JeSKHM mpollec, M0 ONMHWCYE TMEBHUU PEXUM CIUIbHOI
pobotu 1ux ramysel, 3aBojiB, ¢adpuk. Ilpu nmbomy X € BekTop BUTpaT, Y -
BEKTOP BUITYCKY.

II 5.2. Hexait Q 23 Q L2 Z ! 0 i
pukgan 5.2. Hexait Q, = : = , L= - 1Ba 6a3uCHI
Tl2 4) 27 2 3 3) "
IPOIIECH 1 BEKTOP IHTEHCUBHOCTEH. 3HAWTH BEKTOPU BUTPAT 1 BUITYCKY.
Pimenns.
Tvr A 2 1 5 3 2 : £ o6
= , B= CHUTHHOT pOOOTH €
T2 2 4 3 P
AZ, BZ)= :
( ) 8 13
. 5) . (9
OTxe, BEKTOPU BUTPAT 1 BUITYCKY € N i 13/

PosrmsnyTa panimie Mojaenb JIeoHTheBa AIMCHO € OKpeMHUI BUMAA0K MOENi
Hetimana mpu n=m, B=E. OcHoBHa BimmiHHicTh Mojeni Heiimana momsrae B
TOMY, 110 BCAKWMWA Oa3WCHHUI TpolleC MOXXE BUITYCKaTH HE OJWH ToBap. SICHO
TaKO0K, 1110 MoJieiIb HeliMaHna niH1iHAa.
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[lepeitnemo tenep no omucy auHaMiku Mmoxeni Heiimana. Posrmstnemo T
NepioJliB Yacy, HaNpUKIad, poKiB. Y KOXHUHM, t - ¥ mepion s BUPOOHULITBA
MPOJYKUIi 3aCTOCOBYETHCA OJIMH 3 MPOILECIB MHOXKUHU K, 110 XapaKTepU3yeThCA

. o t
BEKTOPOM IHTEHCUBHOCTEMN yAS

5.2.2. 3amkHyTicTh MojeJi Helimana.

OxpiM JIHIHHOCTI, NPUIYCTUMO IIe, o Monaenb Helimana 3amkHyTa. lLle

o3Hauae, o s BupoOHuurBa B (t+1)-i nmepiox (t,t+1) MoxHa BuTpayarn
JUIIe T1 ToBapH, siki Oyiu BupoOsieH1 B monepeanin t-it mepioa. OCKUIbKH BUITYCK
B { -il mepiox piBHUH B—Z(t), a BUTpaTu B (t+1)—y”1 nepiosi piBHI AZ(M), TO
MaTEMaTUYHO, MPUIYUIEHHS NPO 3aMKHYTICTh Mojeni HeliMana 3ammcyeThcsi y
BUTJISAJII cepli HEPIBHOCTEI:

AZY <

Az <Bz® | T-1
Bektop S € BekTopoM 3amaciB, HasBHHX Ha IOYATOK YChOTO ILJIAHOBOTO
nepioay [O,T]. [TocnimoBHICTH BEKTOPIB Z(l),...,Z(t), 0 3aJ0BOJILHAIOTH
BKa3aHUM BWIIC HEPIBHOCTSAM HAa3WBATHUMEMO (IOMYCTUMHUM) IJIAHOM 3 ITOYATKOM
S 1io03HauaTH {Zt}.

IHpukaan 5.3. Ilepekonaemocs, mo B Mojeni Helimana 3 monepeaHbOro

: : 6 @ 1 (2) 2
NpUKIaNy 3 TMOYAaTKOBUM pPIiBHEM 3amaciB S = 9 wian Z;” = 3]’ Z57 = 3
JIOITYCTUMHUH.
Pimenns.

Ilepesipumo BrkoHanHs HepiBrocTeii: A-ZW <S5 1 A-Z@ <B.zO,

. S5) (6) (7 9
Bonu HacnpaBii BUKOHYIOTBCS: < : < :
8) \9) (10) (13

5.2.3. [IpaBW10 HYJILOBOIO 10XO/Y i iiOr0 TPAKTYBaHHS.

ITpu pocmipkeHH] MIaHiB B Mojen HeiimaHa KOpHCHO BBECTH IMOHSATTS ITiH
Ha TOBapH.

Hexai pEt) - 1[iHA OJIHi€l OAMHMIN | -ro ToBapy B t -ii mepioa. BigmosigHwuii
Bektop wiH B € Bexrop-pamox. Bemmumna By ;)B;—PyA; Bupaxae moxin
nporecy Q; 3a t -it mepiox. Takum YWHOM, Ha MOYaTKy t-ro mepiogy Ha
3aKyYIIBJIIO CHPOBHHH y KUILKOCTI A; BUTPauaroThCs 3aco0H 3a 1iHamu By, 11p0ro
nepiofy, moTiM BUpOOneHa mponykuis B; mpomaetecs Bxke 3a nimamm P,y
HACTYITHOT'O Mepioy. 3BUYANHO, BEKTOPH I[1H HE Bl €MHI.

72



o o A A A o A A A

OcHOBHE TPUIYIICHHSI BIHOCHO IIIH MPU AOCHiKeHHI Mozeni Heiimana
MOJISITAa€ B HACTYITHOMY: HISIKUHM 3 MPOIIECIB HE MPUHOCUTH MO3UTUBHOTO JOXOMY:
P(t+1)BJ_ (t)AJSO’ J:].,...,m; t:].,...,T_l

a6o PoA>P. B, t=1..T-1 (5.2)

MokHa MO-pi3HOMY BIIHOCUTUCS 10 3MICTOBHOTO TpPAaKTyBaHHS IbOTO
NpUNYLIEHHs. [HOAl TOBOPATH, IO LIHU € JIMIIE MAaTeMaTHYHUM IHCTPYMEHTOM
npu Joka3i (akTiB BIAHOCHO wi€i moaeni. Toni, 3BUYaiiHO, BIJHOCHO I[iH MOXHa
poOutn OyAb-SKI MNPUIYIIEHHS, KOpPUCHI Juisi noxaneuoro. IIpore MoxHa
crpoOyBaTh HaJaTh BENMYUHAM By, 3MICTOBHHMIA CEHC, TPAKTYIOUM iX SIK peajbHi

[[iHU 1 TIIyMAQYUBIIM OTPUMaHI MaTeMaTuyHl (aKTH MPO HHUX, K PEKOMEHJIAII0
PO pallioHaNIbHY CTPYKTYPY LIIH Ha TOBapH.

Hageneny Bumie ymoBy (5.2) 4acTo Ha3HBaIOTh NPAGUIOM HYIbOBO2O
0oxoody. Ha mepmmii mornisig, BOHO BUIJsJae napajnokcanbHo. Hacnpasai, sikuid
CEHC MIANPUEMIIIO 3/11IHCHIOBATH BUPOOHUIITBO, SIKIIIO BOHO HenpuOyTkose? [Ipote
el mapajoKe 1Mo 37a€Thes. Pid y TomMy, 1110 BETUYUHU JJOXOTY P(t 1) B i~ P(t)Aj J-

ro TPOIECY BIIHOCATHCA IO PI3HUX MOMEHTIB 4Yacy. J[OmycTHMO, IO BJIACHHK
¢bipmu Mmae kamitan R Ha mouatky t -ro mepiogy. Ha 1o cymy BiH 3aKymnoBye
CUPOBHHY, BUPOOJIsie TOBapH 1 mpoxaae ix. [Ipu HyJIbOBOMY J0XO/Ii BiH 3HOBY Mae
kamitan R. [IpoTe miHM MOXYTh CTaTH IHIIMMH, HapHUKIad, Hwk4de. Tosl Ta kK
cyma R matume Oinblly KyIiBeJIbHY CIPOMOXKHICTh. Y Mojeni Helimana cripaBa
HJie caMe Tak.

Moskna 6yno BBaXkaTH, 110 MPUOYTOK KOKHOTO IMPOIIECY OOMEKEHUMN 3ropu
OJIHUM 1 TUM € YHCIIOM, 3araJIbHUM JIJIsl YCiX raixy3eil. Ase 11e 1 € OCHOBHHUIA 3MICT
IpaBWJia HYJIHOBOTO JOXOIY: MAaKCHUMAaJIbHO MOKIIUBUN MPUOYTOK B YCIX ramy3six
onHakoBui. Ilpw Takili TPaKTOBIIl MPAaBUJIO HYJBOBOTO JTOXOIY € JIUIIE IHIIA
¢dopma 3HameHuToi rinote3n Anama Cmita nmpo TEHACHIIIO BUPIBHIOBAaHHS HOPMU
npuOyTKYy B PI3HUX Tally3sX HAapOJHOTO T'OCIOJApCTBa MPH HOTro HOPMAJIbLHOMY
(G yHKITIFOBaHHIO.

5.2.4. Crauionapui Tpaexkropii B mojei Heiimana.

Iosepremocst 10 wiH. Ix mocminosuicts Py, t=1...T, mo 3agoBomnbHse
cuctemi HepiBHOCTEH (5.2), HA3UBATUMEMO MPAEKMOPIEI YiH 1 TIOZHAYUMO {P(t) }

Tenep HanmuIIeMo Take MPUITYIICHHS, [0 3arajbHa Maca I'pOIICH HE 3MIHIOEThCA 1
ITOCTIHO € B 00iTy:

P,AZY =P, ,BZV t=1..T -1 (5.3)

TOOTO TPOMYKINI MPOJAETHCA PIBHO HA CTUIBKH, HA CKUIBKH OyJIO KYIJIEHO
CUPOBHHHM (HaramaemMo, 1o mpoayKIilis, BupobieHa B t -My mepiofi, mpogaeThes 3a
[[IHAMU HACTYITHOTO (t+l) -r0 Mepiony), a ycsi BUpYYKa BIJ MPOJAXy MPOTYKIIii
We Ha npua0aHHs CUPOBUHH B HACTYITHOMY MEPiO/ii:

P(t+l) BZ(t) — P(t+1)AZ(t+1) ’t :1’_“’T _1 (54)
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BaxxnuBy posb npu BUBYEHHI TPAEKTOPIN IHTEHCUBHOCTEH {Z © } 1 IIH {P(t)}
IpalOTh HAWNPOCTIIIl 3 MOXJMBUX JUHAMIYHUX TPAEKTOPIM, Tak 3BaHi
CTalllOHAPHI.

TpaekTOpisi IHTEHCUBHOCTEM {Z © } HA3MBAETHCS CTAL[IOHAPHOIO, SIKILO ICHYE
) _yz® 260, mo Te x came, ZW =v1zW t=1..T.

ITo3nauaTumemo ii {V, Z}, ne Z = yASE

take uuciio V>0, moZ

CeHc cTallOHapHOI TPAEKTOPIi Ay’X,e€ MPOCTUN: IHTEHCUBHICTh HACTYIHOI'O
nepioay B OJIHE 1 T€ * YHUCJIO pa3iB abo Ha OJIHE 1 T€ * YHCJIO BIACOTKIB OUIbIIIE
IHTEHCUBHOCTI I[bOTO MEPIOy.

JUis Ttoro, mo0 mnocaigosHicte Z® :v(t_l)Z(t) Oyna CTalllOHapHOIO
TPAEKTOPIEI0 IHTEHCHUBHOCTEHW, HEOOXIHO 1 JOCTAaTHbO, 11100 BUKOHYBajlach
HepiBHiCTh VA-Z < B-Z.

HiiicHo, 3aMKHYTICTh Mojeni Heiimana BHUpakaeTbCsi HEPIBHOCTAMHU

AZ D < BZ(t), i gxkmo Z®Y=yz® To 1l (HeoOxigHi!) HEpPIBHOCTI
BUKOHYIOThHCH. Hagsnakw, SIKIIIO VA-Z<B-Z TO, BBaKAr0UH
Z0D —yz® =y7® orpumaemo cramioHapHy TPaeKTOPiI0 IHTEHCHBHOCTEIL.

Hassemo TpaexTopito 11iH {P(t)} CTaI[lOHAPHOIO, SIKIIO ICHY€E Take yucio i >0, mo

1Py =Py um u Py =P, ne P =Py . llosnauatumemo ii {P, 4}

Ak 1 y pa3l cralioHapHUX TPAEKTOPIA IHTEHCHBHOCTEH, MOXHA
NEepPEeKOHATUCS, 10 TOCIIIOBHICTh  IIiH P(t) =P/ ,ut_1 Oyne cTaiioHapHOI
TPAEKTOPIEIO L1H TOA1 1 TUTBKH TOA1, Ko tPA> PB.

CeHc cTaIfioHapHOi TpaekTOpii Ay»Ke MPOCTHH: IIHKW NAJal0Th BiJ MEpiogy
710 TIEP10Ty B OJTHE 1 T€ 3K YMCJIO pa3iB ab0 Ha OJHE 1 T€ YK YUCIIO BiJICOTKIB.

Jlns cramioHapHUX TPAEKTOPIM IHTEHCUBHOCTEH {V, Z} 1 IiH {P, ,u} PIBHOCTI

(5.3) i (5.4), mo BHUpakarOTh MPHUIYIICHHS PO HE3MIHHICTh 3arajbHOI MacH
rpomield 1 Te, 0 BOHM YCI 3HAXOIAThCS B 00Iry, MarOTh HACTYIHHN BHIJISI:

LPAZ =PBZ 1 vPAZ =PBZ.

5.2.5. lunamiuna piBHoBara B mojeJi Heilimana.

I'oBopsATh, moO Momens Helimana 3HaXOAWTBCA B CTaHI JUHAMIYHOI
piBHOBarH, sika 3anaethcs napamerpamu (4,Z,P), e A - nosurusse uucno, Z,P -
HE BiJI’€MHI1 HEHYJbOBI BEKTOPH, SKIIIO BUKOHAHI YMOBH:

AAZ <BZ
APA> PB (5.5)
APAZ = PBZ.

Bemuuuna PBZ, € BapTicTh BUIYCKY B cTaHi piBHOBaru mozeni Helimana.
Bona nmoBuHHa OyTH HEHYIHOBOIO. Bigmitumo, mo P 1 Z moxHa mpoHOpMYBaTH,
HaIpUKIIAaJl MOXKHA BBa)KATH, 110 KOMIOHEHTH KOXHOTO 3 IUX BEKTOPIB B CyMi
JAl0Th OJIMHUILII0, TOOTO BOHU 33J]al0Th CTPYKTYPY BEKTOPIB IHTEHCHBHOCTEH 1 I1H.
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3a sKMX yMOB iCHYe piBHOBara B mojeni Helimana? Heiiman 3HailioB Taki
YMOBH, aj€ BOHM HE JOIMYCKAIOTh XOPOIIl €KOHOMIYHI IHTEpPHpEeTalii 1 3roJoM
Oynu 3aMiHEH1 OUIblEe COPUSITIMBAMHM YMOBaMH IHINUMH AociigHukaMu. Ochb
TUIIOBA TEOpPEMA, 110 BIAOUBAE 1IN HAIPSIM.

Teopema. Hexaii B MaTpuiii A HeMae HyJIbOBHX CTOBIILIB, @ B MaTpulll B
HEeMae HyJIbOBUX PsAAKiB. Toxdl icHye pimeHHs cucteMu (5.5), TOOTO AMHAMIYHA
piBHOBAra, 1110 Ma€ HaCTYIHI BIACTUBOCTI:

1) PBZ >0;
2) la,Z <b,Z - p, =0; (5.6)
3) APjA>P,B—1z,=0;

ne a,, b, - k-ipsaku, A, Bj - ] -1 croBmui Matpuiie A, B.

YMOBU TeopeMH JOMYCKalOTh EKOHOMIYHE TpakTyBaHHA. Bumora
BIJICYTHOCTI HYJIBOBUX CTOBMIIIB B MaTpuIlll A oO3HaYae, 110 HEMa€ MPOIIECIB, SKi
HIYOr0 HE BHUTpayaroTh. Bumora BIJCYTHOCTI HYJIbOBUX PANKIB B Marpulll B
O3HAYae€, 110 BCSAKUA TPOAYKT BHUPOOJISETbCA B PO3MVISIHYTIM MOJENI, IO TEX
IPUPOIHO Yepe3 11 3aMKHYTICTh.

3yMUHUMOCS TENEP Ha EKOHOMIYHOMY CEHCI1 1 CYTi AUHAMIYHOT pIBHOBAru:

e skmo PBZ >0 1ie o3Hauae, 110 CTaH PIBHOBAard He BUPOJIKEHHUH, TOOTO IO
BapTICTh BUITYCKY HEHYJIbOBA;

o Ao, <Z<bZ o3navae, mo K-ii mpomykT BHUpPOOISETHCA B OUIBIIIN
KUIBKOCTI, YUM BHKOPHCTOBYETbCS, 3HAUUTh, € 1 HAKONMHUUYYIOTHCS HOro
3aJIMIIKY 1 TOMY L[IHa P, Ha HHOTO JIOPIBHIOE HYIIIO.

Sxmo x APA; > PB;To j-ii npouec cnioxuBae Oinble TOBapiB 3a BapTICTIO,
YMM BHUPOOJISIE, OTKE, BIH HEBUTIIHMA 1 IHTEHCUBHICTb HOTO 3aCTOCYBaHHS Z

JIOPIBHIOE HYIJIIO.
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5.3. ImmuBinyanbHe 3aBaanHst Ne9
BuzHayeHHss mia”Hy i BHPOOHM4YOI mIporpaMu uHexiB mo OajJaHCOBIi
MoJeJIi NiANPUEMCTBA.

CryaeHT NOBUHEH PO3B’S3aTHU HABEACHY HIDKYE 3a/1auy, BUOpaBIIM JdaH1 IS
pOo3paxyHKiB (3 Taba. 5.1) 3a CBOIM HOMEPOM Y KypHaJl IpyIu.

5.3.1. IlocTtanoBKka 3aaa4i. XiMIYHE MIANPUEMCTBO CKIIAJJAETHCSA 3 BOCBMHU
1eX1B, KO)KHUM 13 SKMX BHUIIyCKa€e CBIM BUA mpoaykuii. ¥ Tabmuui 1 3a3HayeH1
BUIATKOBI KOC(IllI€HTH @;, OTUHHMIL MPOAYKILT 1 —T0 1eXy, BAKOPUCTOBYBAHUX SIK
cupoBUHA (TIPOMDKHUEN MPOAYKT) /Il BUITYCKY OJMHHUI MPOAYKIlii K-To 1exy, a
TaKOX KUTBKICTh OMHUIb NPOAYKINT Y; |-T0 1exy, MpU3HAYSHUX JJIs peasizaiil
(xiHUEBMM PoAyKT). BuznaunTu:

1. TInan BUMyCKY TOTOBOT MPOAYKIIT AJIT KOKHOTO LEXY X = (XX, -+ Xg) -
2. OOcsr BUIYCKY MNPOAYKIli BHYTPIIIHbO3aBOICHKOTO CIIOKUBAHHS
X = (XX, -+~ Xg)

Tabmumsa 5.1
Po3paxynkoBi gaHi
Bunatkosi koediiieHTH

Kinnesuit

Llex 1 2 3 4 5 6 7 8 | mponykT y;i
1 0,1 0,05 | 0,02 0,2 0 0,3 0,1 0 200
2 0,01 | 0,02 | 0,05 0,2 0,1 0 0,01 | 0,05 300
3 0,2 0,2 0,08 0,08 | 0,05 0 01 | 0,2 488
4 0,01 | 0,02 | 0,05 01 |05 (0,18 | 0,19 0 688
5 0,2 0,01 0,5 0,08 | 0,1 | 0,15 0 0 255
6 0 0 0,2 0 0 0 0 0 135
7 0,3 0 0 0,3 0 0 0 0 258
8 0 0,1 0,2 0 0 0 0 0 132

5.3.2. MeToanuHi

BKa3iBku. bamancoBa Mojenp IMMINPUEMCTBA, IO
BiIOMBa€E B3a€EMO3B'SI3KY MIXK IIeXaMH, Ma€ BUI:

VY matpuuHiii popmi OamaHCOBa MOJEITH PEKOMEHIYETHCS
X—-AX =Y, ne

X — (X, +@j%, +...+QigXg) = Y, ne i=1,2,3,...,8

A - MaTpuIg BUIATKOBUX KOE(DIIIEHTIB, 110 OyAYETHCS IO TAOJIMII TaHUX;
Y = (yl Yo... yg) - BEKTOpP KIHIIEBUX MPOAYKTIB KOXKHOTO IIEXY.
HeBakko ojeprkaTH IJ1aH BUIYCKY TTPOTYKITIi:
X =(E- A)_lY , ie E - omuHnuHa mMaTpuis.

OueBHIHO, 1[0 BUpOOHMYA ITpOrpaMa BU3HadaeThest Bupazom: X' = AX
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5.4. ImpmBinyanbHe 3aBaanHs NelO
Buznauyenns 00'emiB pecypciB 1Ji BUKOHAHHSA BUPOOHMYOI IPOrpaMu

CryaeHT NOBUHEH PO3B’S3aTH HABEACHY HIDKYE 3a/1auy, BUOpaBIIM AaH1 JJIs
pO3paxyHKiB (3 TabJ1. 5.2) 32 CBOIM HOMEPOM Y KypHaJli IPYIIH.

5.4.1. TlocTanoBKAa 3aJaui. BukopucTtoByroun pe3ysbTaTh
1HAUB1NYyanpHOrO 3aBaHHsa Ne9 1 nani Tabiuill 5.2 BU3HAYUTH:

1. CymapHy BUTpaT CUpOBHHH, MAJIUBA 1 TPYAOBUX PECYpPCIB HA BAKOHAHHS
BUPOOHHUYOT IPOTrPaMU;

2. Butpaty naiauBa, CHpPOBHHH 1 TPYIOBUX PECYpPCIB MO LIeXaX;

3. BupoOnwuui BuTpaTu (y IpH.) IO LIeXax 1 Ha yCI0 BUPOOHUYY IpOrpamy
3aBOJLY;

4. BupoOHHMYI BUTPATH HA OJMHHULIIO KIHLIEBOI MPOAYKIIIT

Tabnuus 5.2
Po3paxyHkoBi gaHi
[Tamuso | Ilpans
Homep CupoBuna 1 | CupoBuna 2 | CupoBuHa 3
uexy HOpMa BUTpaT |HOPMa BUTPAT|HOPMa BUTPAT HOpMa HopMa
BUTpAT | BUTpAT
nex | 0,11 1,37 0,59 1,38 16,98
nex 2 0,93 0,35 0,99 0,43 15,04
nex 3 0,74 0,49 0,33 2,34 14,54
nex 4 0,16 2,36 1,22 1,09 17,60
nex 5 0,90 1,83 1,18 0,46 10,82
nex 6 0,38 2,05 0,12 2,32 17,82
nex 7 0,15 1,51 1,54 2,41 10,27
nex 8 0,87 1,14 1,53 2,51 17,35
Bapricth 5 12 16 2,5 2,5

[Topsmok BUKOHAHHS POOOTH TAKHiA.

1. TlocranoBka 3amaui

2. Pospaxynox 3agaui y Buai nokymenta Excel i3 nokiagaumMu
KOMEHTapsIMU X0y BUKOHAHHS poOOTH

3. BucHoBKH 10 po6OTI.

OdopmuT 3BIT y BU1 €IEKTPOHHOTO JOKYMEHTA
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O[OHOCEKTOPHA MOJEJIb EKOHOMIYHOI AVHAMIKW/ (QUCKPETHWN AHATNOI MOZESI CONOY)

o oy, A " oy, A " oy, A " oy, A " oy, s

6. OJJTHOCEKTOPHA MOJEJb EKOHOMIYHOI JTUHAMIKHA
(IUCKPETHU AHAJIOT MOJIEJI COJIOY)

6.1. IMobGynoBa moaeJti

Conoy 3amnpomnoHyBaB Oe€3NEepepBHY IUHAMIYHY MOJEIb, IO aJeKBaTHO
ONMKCY€E HAWBAXJIMBIII MOKA3HUKHU MPOLECY PO3LIUPEHHS BUPOOHULTBA. Y LBOMY
METOJAMYHOMY MOCIOHUKY MPUBOAMUTHCS AUCKPETHUI aHanor Mozeini Cooy.

BBaxxatumemo, 110 CTaH €KOHOMIKH 3aJaHUK HACTYITHUMH BEIMIMHAMH, IO
€ TUCKPETHUMHU (PYHKI[ISIMU Hacy:

Y- 00'eM KIHIIEBOI'O IPOIYKTY;

Ct- ¢onp Oe3nepepBHOrO CIIOKNUBAHHS;

St - BasioBM (DOH]T HAKOTIUYEHHS;

L; - o6'eM TpymoBuX pecypcis;

K¢ - 00'eM ocHOBHUX (DOHAIB.

IlepenbauaeTnes, mo pecypcu K;, L; BHUKOPHUCTOBYIOThCS IOBHICTIO B
nepioja yacy t.

3aaemMo 00'eM KIHIIEBOTO MPOAYKTY Y BUTIISAI BUPOOHUYOT PYHKITIT:

Yi =F (K¢, L), (6.1)
[Tpuyomy,
Yi =C¢ + S, (6.2)
@DOH]T HAKOITMYEHHS TIPE/ICTABIIAE YACTUHY KIHIIEBOTO MPOJIYKTY:
S, =sY, (6.3)

ne S =const - Hopma HakonuueHHs, 0 < S <1.

YucTuii mpupicT OCHOBHUX (HOH/TIB:

Ky — Ky = AK;.

BraxatuMmemo, 1m0 BeauuynHa BHOYTTS OCHOBHUX (DOHIIB MpOMOpIIiiiHA iX
o0'eMy 3 TMOCTIHHUM B dYaci koedimieHToM . TakuM YUHOM, TWiAJIATAE
BITHOBJICHHIO B 1 -my mepioni i K ocHoBHUX (QoHIiB. OTXKe, POH] HAKOUYEHHS
JIOPIBHIOE

St =K — Ky + 4Ky, O< <1, pu=const (6.4)

PiBHsiHHS nHaMIKH POOOYOi CHJIIM OTPUMAEMO, BHUXOJSAYH 3 yMOBH, IO
pHUpicT poOOYOi CHITM MPONOPIIIHHMM 11 00'emMYy:

La—L =gl g=const (6.5)

Huxde posrismaroThest BUpOOHWY! (PYHKINIT JIHIAHO OZHOPIAHI TpH yCiX
K¢, Lt. LIa BracTuBicTs mosArae B ToMy, o A Oyas-sxoro a>0 mae micue
CHiBBITHOIICHHS:

F(aK,,aL)=aF(K,,L,).

3 ypaxyBaHHSM BJIACTUBOCTI JIIHIHHOI OJHOPIAHOCTI BUPOOHMUOI (PYHKIIIT
oTpumyemo 3 (6.1):

Yo = F(KiL) =L f ko), (6.6)
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K : : : :
ne Ky =—X - donmno036poenicts mpari. Oyukmis f(K) BCTAHOBIIOE 3aTeKHICTS
t

00'eMy KIHIIEBOTO MPOJYKTY Bil POHI0030POEHOCTI.

Jns Bupo6Hu40i Gpyrkuii Ko66a-/yrnaca f (k) = Ak (O<a<l).

s Bupo6HUyoi ¢yukiii CES (constant elasticity of substitution - moctiiina

(24

enactuuHicThb 3amimienns) f (k)= (ak_ﬂ +b) P

Bupobunua ¢ynkuis Ko66a-Jlyriaca - okpeMuid BHUIAJOK BUPOOHUYOI
¢ynxuii CES.

PizHuieBe piBHSHHS 111 ONUCY 3MIHU K; B 9aci Ma€ HACTYITHUH BHUTJISIA:

1+ 9)kpyg + (e =Dk =sf (ki) (6.7)
3Bijcu npupicT GOHA0030POEHOCTI:
Kea — ke = —OKpyq — 2K+ (kp).

Hexait k; = kK o t>0  (cuctema pO3BUBAETBHCS 3 MOCTIMHOIO
boHm10030poeHICTIO). 3 11€1 YMOBHU 1 PI3HHUIIEBOrO pPiBHAHHA (6.7) OTpUMyEMO
PIBHSTHHS /ISl BUSHAUCHHS k™

nk = sf (k), (6.8)
ne n=9+u. Tyr g - xoediieHT BUOYTTS OCHOBHUX (DOHIIB; KOe(ilieHT (
XapaKTepu3ye 3pOCTaHHs pOOOUOT CHIIH.

IcHyBaHHs pinieHHs piBHSHHS (6.8) BUZHAYAETHCS HACTYITHOIO TEOPEMOIO.

Teopema 6.1. Sxuio U af (k)
S dk |-

. *
, TO icHye eauHe 3HadeHHs K >0, mas

sKoro ki = K mst t>0.
Pimenns piBusaHs (6.8) imoctpye puc.6.1.

Ty
Flo 1 S

o
?\_‘IV

Puc. 6.1

Hnst Bupobrmuoi Qynkiii Ko66a-/yrnaca pimenns piBasHHSA (6.8) mis

k >0 matume BUTIIS;
1

k* :(l)“‘l.
SA
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6.2. XapakTepuCcTHKM CTALIOHAPHOI TPAEKTOPII.

Cmayionapna mpaekmopis - 3MIHa MaKpOEKOHOMIUYHUX XapaKTEPUCTHUK B
yaci npu NocTiiHINA GOHA0030pOEHOCTI.
ITin xapakTepucTUKaMHu po3yMieTbes: 00'eM ocHOBHUX (onaiB K, 00'em

TPYAOBUX pecypciB L, , 00'eM KIHLIEBOTO MPOAYKTY Y. 3MIHA IIUX XapaKTEPUCTHK
B yacl, IO 3aJa€TbCs BIANOBLAHO AUcKkpeTHMMH ¢(ynkuismu K, LY, omucye
CTalllOHApHY  TPAEKTOPIIO. s TPa€EKTOPIs BIJINIOB1/IA€ MOCTIWHIN
b oHI0030pOEHOCTI kt* =k”,t=0,1 2.

Bemuunna K- - pIlIEHHS PI3HULIEBOTO PIBHSAHHS AUCKpeTHOI Mojeni Conoy,
3HaXOAUTHCA 3 pilieHHsT piBHsSHHA (6.8). 3 BuzHaueHHS (HOHIO0030POEHOCTI 1 3
ypaxyBaHHSM TOTO, III0 BOHA € TIOCTIHHOIO B Yaci BETUYUHOIO, CIIIYE:

ko =k = Ko ,
Lo
ne K, - ¢oHmoo30poeHicTh mpali B MOYATKOBUIT MOMEHT Hacy; Lg - 00'em
TPYAOBUX pECypCiB B OYATKOBUI MOMEHT 4dacy; K - 00'eM OoCHOBHUX (OHIB B
MOYaTKOBUI MOMEHT 4acy.

3 piBHsAHHA (6.7) BUXOAATh HACTYNHI BUpa3u Ui pyHkuin Ky, Ly, Y.

O06'eM TpyIOBUX PECYPCIB:

Ly =Lo+9)' t=012 (6.9)
ne Ly - o0'eM Tpy10BUX pecypciB B IOYAaTKOBUII MOMEHT 4acy;

O06'eM ocHOBHUX (HOH/TIB:

K =Ko@+9)", (6.10)
ne K - 06'eM 0CHOBHUX (POH/IIB B TOUYATKOBUH MOMEHT 4acy.

O06'em KiHIIEBOTO MPOIYKTY :

Yen =Yo(+9)", (6.11)
ne Yp - 00'eM KiHIIEBOrO IPOAYKTY B IOYATKOBUI MOMEHT 4acy.

VYci BkazaHi XapaKTePUCTUKH POCTYTh 3 MOCTIHHUM TEMIIOM 3pOCTaHHS
(1+ g). Ilpu upomy MOCTIiHI:

CepeHs MPOAYKTUBHICTH Mpaili L_t = f (k*) ,
t

Y _ *
cepenHs GOHIOBIIIAYA K—t —k7Lf (k).
t
) o .
donx cioxuBaHHA Ha | 3alHATOTO C = T =@Q-9)f(k).
t

s TpaekTOpis € CTIMKOIO, 110 3aTBEP/IKYETHCS B HACTYIHINA TEOPEMI.
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Teopema 6.2. [Ipu Oynb-saxiii BenuurHi POHA0030POEHICTh B MOYATKOBUI
momeHnT vacy t=0, kp >0, kg £k, pimenns pisuus (6.7) Kt —k” mpu
t — oo0. 301KHICTH MOHOTOHHA, TUB. pUC. 6.2

Kt A
k* \
O >

Puc. 6.2

6.2.1. OnTuMmizanissi  npouecy PO3BUTKY €KOHOMIYHOI  CHCTEMH.
OnTuMajabHA MOCTiHHA HOPMA HAKONIMYeHHS.

* o .. . . .
Benmunaa Kk - mocTiiiHOT OHI0030pPOEHOCTI 3alIeXKHUTh BiJ TapaMeTpiB
S, g, i, IO UTFOCTPY€E PUCYHOK 6.3.

4 mk
7K sf(K) 7,k
$f(K) : 100
K' KK
Puc. 6.3

Hexail Bapiro€ThCsi OMMH TapameTp - HOpMa HAKOMWYCHHS S. 3HaWaeMo
ONTUMAJbHY BEJIMYUHY S. SIK KpUTEpii ONTUMAIBHOCTI BUOEPEMO CIIOKMBAHHS Ha
OJIHOTO MPAIIOI0YOro C. 3 1€I0 METOK BUPIIIMMO 337a4y

c=f(k™(s)) -7k (s) - max. (6.12)
Heob6xinna ymoBa Mmakcumymy aiist 3aja4i (6.12):
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dc

o

3 dpopmyn (6.12) 1 (6.13) otpumyemo:
dec df(k (s)) dk™  dk'(s)

ds gk ds T ds

VY 3B'SI3Ky 3 TUM, 110 POHI0030POEHICTD 3AJIEKUTH B1l HOPMU HAKOITMYEHHS,

0, (6.13)

0.

%7&0. Tomy
ds

df k() _, 614
g 1=0 (6.14)

* -~ .
3nauenHs K =K, mo 3ag0BoabHSA€E piBHSIHHIO (6.14), 3HAXOIUTHCS 3 1HOTO
PIBHSIHHSI TIPU MiJICTAHOBIII B HHOI'O KOHKPETHOI'O 3HAYeHHS BUPOOHMYOT (DyHKIIIT
f (k). 3rigao (6.8) i (6.14) onTuManbHe 3HAYEHHS S, BIAMOBIIHE ONMTHMANbHIH

. * '
bonm0030poeHocTi K =K , BU3HAYAa€THCS TAKUM YHHOM:

df (k" (3)k

so K ___ dk (6.15)
fk') f(k(s)

.~
ne k (S)=k.

Po3risiHEMO €KOHOMIYHHM ceHc S. 3 I€0 METOK BBEIAEMO MOHSITTS
€aCTUIHOCTI (PYHKIII.

Xy

. : X2
Enactuunictio ¢gyukmii n 3minaux Y= f(X), me Bekrtop X=| |, mo

Xi

3MIHHIA Xj Ha3UBA€THCS BEIMUYMHA
of (x) X
= (), % (6.16)
ioox,  f(x)

Busznaunmo enacTudHicTh BUPOOHMYOI (QYHKIIII, fKa 3a7a€ 00'eM KiHIIEBOTO
npoaykty Y =F (K, L), nus. (6.1), 3a 06'emom kamitanbHux BKiaaaeHb K . 3rimHo

(6.16) s BenmuuMHa:
oF (K, L) K
oK F(K,L)

VY 3B'I3Ky 3 TUM, 10 B IIbOMY METOJUYHOMY MOCIOHHKY PO3TIISAAIOTHCS
BupoOHMYi ¢yHKII miHIHO omHopimai mpu ycix K,L 3rigno (6.6) maemo
F(K,L)=Lf(k). 3Bincu

8F(K,L):Ldf(k):df(k) K _ kL _ k
oK dK dk " F(K,L) Lf(k) f(k)

Ok (K, L) =

82



3 ocTaHHIX 1BOX BUpa3iB 1 (6.15) oTpumyemo
IF(K,L)=5,
ne K=K,L=L raxi, mo K/L=k"(§)=kK .
Juin  BupoGHmuoi dymkuii Ko66a-Hyrmaca F(K,L)=AK*LY% a6o
f (k) = Ak“. 3Bincu 3rigno (6.15)

S=a.
Omxe, mtst wiel GyHKIT QE (K,L) =« : enactnunicth BUpOOHUYOI (YHKIIIT
10 OCHOBHUX (POHJAX TOPIBHIOE ONTUMAIbHIA HOPMi HAKOTTMYEHHS.
Onucanuil Mmiaxig 10 ONTUMI3allli HOPMHU CIIOKWBAaHHS 3allPOTIOHOBAHUM
3. @enrncoM 1 BiIOMUH SK "30710T€ MPaBUiIo" eKOHOMIYHOTO 3POCTAHHS.
Ha puc.6.4 rpadiyHo moka3zaHuil CEHC BU3HAYEHHS ONTUMAIbHOI HOPMU
HAKOMUYECHHSI.

v

Puc.6.4
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6.3. InauBigyanbHe 3aBJAAaHHSA Nel1OauHceKTOpPHA MO1€eJIb
€KOHOMIYHOI AMHAMIKH (AUCKpeTHUI aHaJor moaei CoJioy)

CryaeHT NOBUHEH PO3B’S3aTH HABEACHY HIKYE 3a/1auy, BUOpaBIIM AaH1 JJis
pO3paxyHKiB (HaBeaeH1 y TabJ. 6.1) 3a CBOIM HOMEPOM Y KypHaJl IPyIu.

6.2.1. IToctanoBka 3agavi. BuszHauutu (HOHI0030pOEHICTH MOCTIHHY B
yaci, sika € po3B’si3koM Mozeni Cooy.

6.2.2. MeTtonnuHi BKa3iBKH. Monenb Conoy Mae BUTJTISL

1+ 9)keyq + (1 —Dky = sf (ky) Dynxuis Ko66a —lyrnaca f (k)= Ak®.
Bupimutu pisnuuese piBHgaHHs (Mogens Conoy) 3a gqonomororo Excel mmns

ko = 0,1*N, nme N - HOMep cTyaeHTa 1O XypHany, t 3miHioerscs Bixm 1 mo 30,
Bupasus Ki+1 3 (Mogaeni Comoy). [ToOyaysatu rpadik GyHKIIii.

Tabmuis 6.1
Po3paxyHkoBi gaHi
g- - KoeilieHT S - HopMa
Bapi | 3poctanus BUOYTTA HAKOTIHYE [TapameTp BUPOOHUYOT
aHT poOouoi OCHOBHHX HHS byHKIIT
dbonmiB
CHIIN 0< <1 O<s<1
1 0,1 0,8 0,4 Ko66a-/{yrnaca, A=16 a=0,2
2 0,4 0,7 0,9 Ko66a-/{yrinaca, A=20 a=0,9
3 1,3 0,2 0,1 Ko66a-/{yrnaca, A=8 a=0,6
4 2,0 0,3 0,2 Ko66a-/{yrnaca, A=12 a=0,4
) 0,5 0,8 0,8 Ko66a-/{yrnaca, A=18 a=0,5
6 0,9 0,9 0,6 Ko66a-/{yrinaca, A=14 a=0,2
7 1,2 0,5 0,5 Ko66a-/lyriaca, A=10 a=0,7
8 0,8 0,1 0,3 Ko66a-/{yrinaca, A=16 a=0,3
9 0,3 0,8 0,2 Ko66a-/lyrnaca, A=16 a=0,9
10 1,5 0,4 0,7 Ko66a-/lyrnaca, A=20 a=0,6
11 1,9 0,6 0,6 Ko66a-/[yrnaca, A=12 a=0,2
12 1,0 0,5 0,1 Ko66a-/[yrnaca, A=8 a=0,5
13 0,2 0,1 0,3 Ko66a-/[yrnaca, A=18 a=0,2
14 0,8 0,2 0,8 Ko66a-/[yrnaca, A=6 a=0,8
15 2,1 0,7 0,9 Ko66a-/[yrnaca, A=20 a=0,5
16 0,3 0,5 0,4 Ko66a-/Iyrnaca, A=14 =0,4
17 0,5 0,3 0,5 Ko66a-/[yrnaca, A=16 a=0,3
18 2,0 0,6 0,7 Ko66a-/Iyriaca, A=12 a=0,7
19 15 0,6 0,2 Ko66a-/lyriaca, A=12 o=0,8
20 0,3 0,2 0,3 Ko66a-/lyriaca, A=20 o=0,9
21 0,6 0,5 0,8 Ko66a-/Iyriaca, A=10 a=0,5
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BUCHOBOK

VY 11bOMy HaBUaJIbLHOMY MOCIOHUKY PO3TJISHYTI:
3arajbH1 IINTAaHHSI MOJCIIOBAHHS 00’ €KTIB;
MTUTaHHS MATEMATUIHOTO MOJICITIOBAHHSI €KOHOMIYHUX SIBHIIL;
MUTaHHS PalliOHAILHOTO TOCIIO/IaPIOBAHHS 1 BEJICHHSI €EKOHOMIKH;
3a/1ayl Ha 6e3yMOBHI/II/I MIHIMYM;
3aja4i Ha YMOBHHI MIHIMYM;
3a/1a4i ONTHMI3aIlil 3 00MEKCHHSIMH-PIBHOCTAMU;
3aJ1a4i ONTUMI3allii 3 0OMEXEHHS HEPIBHOCTSIMU;
eTarnu pileHHs 3aa4l ONnTUMI3aIlii;
3a/1a41 0araTOKpUTEPINHOT ONITUMI3AII;
3a/layi BM3HAYCHHS OINTHMAJLHOTO IUIAaHYy BHITYCKY TPOAYKIIii TipChKO-
30arauyBajbHUM KOMOIHATOM;
+ 3aJ]a4l BU3HAYCHHS ONTUMAJILHOTO IUIAHY BHITYCKY MPOJYKIIT KOCMETHYHOIO
¢bipmoro;
+ 337241 CKJIa/IaHHs ONITUMAJILHOTO 1HBECTHUIIITHOTO MOPT(EIIIo IIHHUX NanepinB
B YMOBaX HEBU3HAYCHOCTI;
BEKTOPH MPOCTOPY TOBAPIB;
aKCIOMHM BIJTHOIIICHHS Bi/IJIaHHS TIepeBary;
matpuus [ 'ecce;
(b yHKIIIH KOPUCHOCTI;
3a/laya ONTUMAJILHOTO CIIOKUBAHHS;
3pIBHSJIBHA CTaTHMKa CIIOKHUBAHHS,
3a/1a4a MepeBipku PyHKITIT KOPUCHOCTI;
IIPUHITUIT 3aCTOCYBAHHS IMABYTHHOMOM1I0HOT MOJIEII PUHKY;
¢ TIOIIYK TOYKH pPIBHOBAru 3a JOTOMOTrOK TABYTHHOIOMIOHIA Mopeni
PUHKOBOT'O TOBapy;
+ BH3HAYECHHS IUIaHY 1 BUPOOHHMYOI MporpamMu IexiB mo OalaHCOBi Mojei
iATIPUEMCTBA;
BHU3HAYCHHS 00'€MIB peCypCiB JIJIi BAKOHAHHS BUPOOHUYOT MPOrpamMu;
mapaMeTp BUPOOHMYOT PyHKIIIL;
aKCiOMU JUTsl MOJIETT BHp06HHuTBa
pIlIEHHS JOBTOCTPOKOBOi Ta KOPOTKOCTPOKOBOI 3ajay IUIAHYBAaHHS [IJIs
bipmu;
MATAHHs HEJOCKOHAIO KOHKYPEHILii;
MUTaHHS MOHOIIONIS 1 MOHOTICOHIS;
KOHKypeHum cepen He0araThox;
OJIITOTIOJIS 1 OJIITOTICOHIS;
+ THMOBI METOAW BHW3HAYCHHS ONTHUMAJIBHUX 3aTpaT CHUPOBHHU Ta BHITYCKY
MPOIYKIIii (blpMOIo
+ MDKrany3eBuii OanaHc;
+ OJTHOCEKTOPHA MOJIeTIb €KOHOMIYHOI JTUHAMIKU (IUCKPETHUN aHAJIOT MOJEII
Comnoy).

*® & & 6 6 6 O o o o

* & & O 6 o oo o

* & o o

* & o o

3 onoporo Ha MaTepiajl HABYAJIbHOIO MOCIOHMKA CTYJEHT MOBUHEH YMITH:
+ (QopmymnoBaTH 3aJayy ONTHUMAJIBLHOIO CHOXXHBAHHS JUIsl PI3HUX (YHKIIHA
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KOPHUCHOCTI;

+ JIaBaTH €KOHOMIYHE TPAKTYBAHHS PE3YJbTATIB PIIIEHHS 3a7a4 ONTUMAIbHOIO
CIOKMBAHHS;

+ BHpILIYBaTH 33Ja4y ONTUMAIbHOIO CIIOKUBAaHHS;

+ PO3YMITH BIJHOILIECHHS BIJJaHHS Iepesar 1 0aly>KoCTi, IPUCTOCOBYIOUYHU 10
KOHKPETHHX CHTYalliif;

+ posymitn HepiBHiCTE CiyI[bKOTO;
posymirtu cenc Qynkiii Kobba-/lyrnaca;
BU3HAYATU BETMYMHY €ACTUYHOCTI (DYHKIIIT 1 pO3YMITH CEHC LIbOTO MOHATTS;
(dopMyIroBaTH 3a/1auy IJIaHyBaHHS BUPOOHUIITBA;
dopMynroBaTH MOAEII JJIsl PI3HUX PUHKIB CUPOBUHHM 1 TOTOBOT MPOAYKIIIT;
CKJIACTH IMHAMIYHY MOJI€NIb BUITYCKY MPOAYKLIi npu niaxoai KypHo;
MOSICHUTHU CYTh aHalizy CTekennoepa;
TPaKTyBaTH TIpYNOBY 3MOBY JUIA JIBOX bipM, SK JBOX KpHUTEpiabHY
ONTUMI3allIHY 3a]a4y;

+ TPAaKTyBaTH OCHOBHI MOHATTS MDKIally3eBOro OamaHcy;
MOSICHUTH CKOHOMIYHY CYTb IIaBY THHOIIOAI0HOT MOziei;
HABOJIUTH TIPUKJIA/TH 3aCTOCYBAHHS MDKTaJTy3eBOro Oanamncy;
CKJIQJaTH JIIHIMHI TUHAMIYHI MOJEJI 3 TUCKPETHUM YacoM;
OILIHIOBAaTW TPHUIATHICTb BUKOpPUCTaHHSA Moneni Heilmana nns BupimeHHs
3a/1a4 MaKpOEKOHOMIKH;

* & & 6 o o

>

L4
L4
L4
L4

Coopmynvosani euwe yub0o6i wuini oarwomev 00'cKMUGHY MONCAUGICHY
00HO3HAYUHO CYOUmMU NPO MIPY 00CAZHEHHA IX AK NPU CAMOKOHMPO.Ji, makK i npu
308HIUIHbOMY KOHmpoini 3AC60CHHA yub08020 mamepiainy.
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NPEIMETHHA MOKAKYNK

Ananiz gyonomii KypHO ........ocoveiiiicinnn. 62
Ananiz CTEKEIBOCPTA ..ooevvveeiivieiiiieeiee 64
AHTUTPATIEHT QYHKITIT..eevvveeeieeecieeeee 10
BararokpurepiiiHa ONTUMIZALIA .............. 17
BUpoOHMYA PYHKITIS ..o 56
Bupo6nnua ¢ynkuis Ko66a-/yrnaca ...... 57
I'pamieHT QYHKIIT. ....covvviiiiiiiiiic e 9
['paHUYHI KOPHCHOCTI ..o 33
I'paHnYHA KOPUCHICTD TPOIIEH................. 38
JloBroctpokoBa 3ajJaya MJIaHyBaHHA ........ 58
JIOCKOHAITE BITHOIICHHS . ..vvvvvvvvvvevvennnnnnnnns 32
D1 0] 1 (01 1 SO RPN 61
EKOHOMIYHA OOJIACTD .vvvvvvveeeeriiiiiiiiieeeenen, 56
ExoHOMIYHa MOCTAHOBKA 3a/]aUl............... 14
3a1a9a MAKCUMIBAIIT . ..cvuveivrnieernreernneeennnees 11
3anaya Ha 0€3yMOBHHUM MIHIMYM ................ 9
3aaya Ha YMOBHUM MIHIMYM .........cceennee. 11
3a1a9a MIHIMIBAIIT .evuveereeieieeerneeerneeenneens 11
3anaui ontumizanii no Ilapeto................. 19
3akoH ['0CCEHA......cvvviiiiiiiieeeie, 36
KoMmeHCcOBaHAa 3MIHA [IHM .....cvuveevnnerennnnes 40
KonkypeHiiis cepeq HeOaraTboX............... 61
KpuBa OaliTyIKOCTL. .vvvvvvveeeeeeiiiiiiiieeeeennn 34
JIHIT PIBHOTO PIBHS . .vvvvvveeeeeeesiiiiiireneeeenns 10
Matpuirst ['ecce.......ccuvvvvvviieeiiiiiiiiiiiiieenn, 35
MHOXHUKH JIarpaHKa ..........oovvvvvvneenennnn. 11
MOHOTIIOITIS . 59

MOHOTICOHIS .. vveeeeaniiieeeeeiiie e e e e 59
HanGynoBa [Tomryk pitieHHS ........vveennee.. 14
HeBi’eMHHI OPTAHT........cvvveeeiiiieeeeiiiaene 56
HenockoHana KOHKYPEHITIA: ......c..vvvernvnnens 60
OJITOTIOIIES ..t 61
OJITOTICOHIS .ttt e 61
[puknaan GyHKIIH KOPUCHOCTI . .............. 36
TIPOCTIP TOBAPIB.....cevvveeiriieiiiiieniie e 31
PedieKCUBHE BITHOIICHHS ......vvvvvveeeeennnns 32
PiBHOBara KypHO ........ccooocvvieiiiiici, 62
PiBHSHHS JIGOHTBEBA.......co o 70
PiBHOBara CTeKembOepra.........ocvvveerrunnne. 65
PiBHAHHS CIYIIBKOTO .o 43
CHUMETPUYHE BITHOTIEHHS «..vvvvveeeeersneeenee 32
CTPOTa OMYKIIOCTI .vvveeeiireee e e 32
ToBapu I'pPiHA......ovvviiiiii 45
TpaH3UTHUBHE BITHOMICHHS ......evveeeeneenee 32
VOyBat0Ua BIIIATA ..vvvvveeeeeeiiiiiviniiaeaeenannns 57
YOyBaroua IPUOYTKOBICTD........vvvveerienne. 57
DIPMA ..o 56
dopmarizairisi TOCTaBICHOT 3a/1a4i ........... 14
DYHKITIS TIOTTATY +vvvvveeeesiiniivvrreeeeeesssnnnnnnnns 38
DYHKITIS TIOTTATY HA PECYPCH vovvvreerrnneenee 59
OyHKII JIarpaHKa........ccvvvvieiieeeeeiiie, 11
DYHKITIIO TPOTO3HUIIIT BUITYCKY ... 59
UyTIUBICTD TOYKU TTOTIUTY ...vvvvvvverieneensnns 40
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OCHOBHI ®OPMYJIA

2. ONTUMIBALIMHI METOJIM B EKOHOMILII. EJIEMEHTU TEOPII

3aranbHui BUrMaA 3aaadi onTumisadii:

f (x)— min, }

g:(x)<b;,i=1,...,m, (2.1)

['pagieHT doyHKuii:
[ of (x) |
0%,
Vi(x)=|: 22)
of (x)
| OX, |
HeobxigHoto yMOBOI0 MiHiMyMy B 3adadi Ha 6e3yMOBHUI TUM:
v (x)=0, 23)
OyHKLUii [larpaHxa:
L=f(X)+4(9:(%)=b) +2,(92(X) =b;) +...+ 2, (9, (X) =b,) =
m
= )+ 4(9;(x) b)), (2.4)
i=1
HeobxigHi ymosw gns MiHimymy
L(X, A,..., A4y) > min,
Z
A=|: (2.5)
ﬂ’m
HeobxigHot yMoBoro MiHiMyMmy 3aaavi (2.5) byae:
vx,/1 L= On+m
I3 3a1aHOT YMOBM BUXOANTL rpyna yMOB:
&y
o
: 2.7)
A g
0An
YMOBM 41151 pileHHS 3agadi onTuMiaLlii 3 06MEXEHHAMM HEPIBHOCTAMMU:
ﬂ“l Zo,ﬂllgl(X)—bIJ:O, |:1,,m (28)
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[MpUHLMN pilleHHs ABOXKPUTEPINHUX 3adau.
O6wuaBa KpuTepii 3ropTatoTbCs B OAMH:

f,(x)+ rf,(x) — min
g;(x)<b,i=1...m (29)
MeTog nocTynok:
f,(x) — min
fZ(X)S A (2.10)

gI(X)S bl’l :1,...,m

3anexHicTb Mix LiHow C v obcarom npopaxis Y:

C=apta,y (2.11)

3B’A30K Mix BUTpaTamut /i 06carom npogaxis y BUAi PiBHSHL perpeci:

| =b, +b,y+b, y*+b, y’ (2.12)
Hoxon:
D=Cy (2.13)
[MpubyTok:
P=Cy-1=(a,+ay)y—-b,—by-b,y"—b,y’ (2.14)

ObMmexeHHs ans onTUMI3aLlinHOi 3agavi:
Xp+Xo=1 0<x <1 1=12 (2.15)

[oxig Ha 1 rpH. KOWTIB BKNageHUX B aKuji:
d =xE, +X,E,

(2.16)
MartemaTn4yHOro o4ikyBaHHs d-
M{d}= xR, + X,R, (2.17)
ObmexeHHst Ha M{d}:
%R +X,R, = ¢ (2.18)
ObMexeHHs Ha d:
d=xE +xE,>cC (2.19)
Minimisauis aucnepcii d:
D{d} — min (2.20)
D{d}=M {(d —M{d})? }: X'KX = 62X + 2615 Xy Xo + G5X5 (2.21)
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3. TEOPUA CIIO)KMBAHHA

Cnabke BigHOLIEHHS BiaAaHHs nepesar:

X==Y (3.2)
MonsaTTsa BGangyxocti. Habopu ToBapis Xi Y 6angyxi ans cnoxusaya:
X~ Y, AKLWO i TiNbKA fKWo X >=Y i Yy <=X (3.3)
X > Y, AKWO i TiNbKW AKWO X >=Y , @ BiJHOLLEHHA Y >= X HEBIPHO (3.4)
[lockoHane BigHOLIEHHS:
abo X >=Yy,abo Yy >=X,abo (X >=Yyu Yy >= X 04HO4aCHO) (3.5)
BigHOLWEHHS Ha3MBaETbC TPAH3UTWBHUM BIQHOLIEHHAM, SKIWO, AN Oyab-skuX TPbOX
HabopiB X, Y i z i3 C BUKOHYETLCS YMOBA: (36)
KO X~ =Y, Yy~ =Z,TOX™=2Z '
Beaniu 6angyxHoCTi 4ns ToBapy X:
I, ={y:y~xxyeC} a7
MHOXWuHa, SIKi BigaeTbCs nepesara:
P, ={y:y>=x,xeC,yeC} (3.8)
MHOXWuHa, SIKi He BigaeTbCs nepesara:

NP, ={y:x>=y,xeC,yeC} 9
®opmyna (310) o3Havae NepeTUH MHOXWHI SIKIM BIiLOAETHCA NEpeBara 3 MHOXUHOK SKi He
BifaETbCA Henepesara.

|, =P, NNP,. (310)
dynkuist U (X) HasmeaeTbes hyHKLieto kopucHocTi. [ns Hei cnpaseanueo: o
U (x) >U(y), sikwo i Tinbk, sikwo X == Y. G179
Beaxatumemo U (X) Takoto, Wo AndepeHLioeTbes i Takot, Wwo rpagieHT dyrkuii U (X)
NO3NUTUBHWNA:
oU
0%,
oU
VU (x)= ox, | >0 (3.12)
U
| OX,, |
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Axcioma cTporoi onykrocti. Hexalt X i Y - pisHi Habopu ToBapis B C, npudomy Y >= X,

Toqi
ay+(l-a)x==x, O<a<l. (3.13)
OnyknicTb MHOXUHK Ang 6yab-KOro peyoBoro a:
P ={U(x)>a, xeC }, (3.14)
Martpuus ecce: ) .
U U U
OX> OX0X,  OXOX,
U U U
H=| ox,0x, ox; 0x,0% [<0 (3.14a)
oU ol oU
| OX, 0% OX,OX, Xy |
lNepmm 3akoHOM [occeHa:
0 [ oU oU
=—= <0 (3.15)
X, \ OX OX i=1n
MosHaummo | - rpowwosuit goxia. Toai GromkeTHe 0OMEXEHHS:
px<I. (3.16)
3agaya Makcumisauii CTporo BrHyTOl OYHKLT HA ONYKMiN MHOXWHI:
U (X) > max,
px<I, x>0, (3.17)
ne U (X) - ctporo BrHyTa thyHKLis.
3rigHo 3 Teopemoto KyHa-Takkepa, HeobXigHi i 4OCTaTHI yMOBU MaKCUMyMy:
VU(X)-Ap=0,,
A(1=p'X) =0, 2>0, (3.18)
ne VU (X)- rpagient U (X), A - mHoxHuk Narparxa, O, - HynboBuit n-MipHmii
BEKTOP
OnTumanbHWiA MHOXHMK JlarpaHxa
. OU(XY)
= >
A=—g >0 (3.19)
Ha3WBAETLCA rPAHNYHOK KOPUCHICTIO JOLATKOBOTO AOXOAY
PiBHAHHS yHKLUiT nonuTy:
1n (3.20)

% =fi(P,Psr-os Pyyl), P=10
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Baxnnea BnacTuBiCTb (DYHKLii NONMKTY - iX OQHOPIAHICTb HyNbOBOI Mipy. Lle o3Havae, wo
f(ap,41)=2F(p,1)=f(p.1), 20
ne A =const.

Touui nonuty X" NOBWHHI 3a0BONBHSITY ABI HEOBXiaHi | ocTaTH YMOBU MaKCcumymy:

VU(X)-4p=0,, (322
| - p'x* =0.
YytnueocTi x* i rpaHnuHOi KopucHocTi A” [0 3MiHM LjH | A0X0Ay BUMIpIOBAaTUMEMO 3a
[0NOMOrOI0 MPUBATHUX MOXIAHNX LIMX BENNYMH:
op1 9Py OPn
x| | O O (3.23)
op | | %P1 P2 OPn
| Op1 0P OPn |
PoamMipHicTb MaTpuyi N x N.
YyTnueicTb A* [0 3MiHM LiiH BU3HAYaETLCS rpagieHTom A 3a LjHamu:
_8_/1*_
op,
oA"
x| A 3.24
V,A' =| op, (324)
on
| op, |
3 nonepeaHboro piBHsAHHS i audepeHuitoloun (3.22) P Ta | oTpumyemo matpuuHe
PIBHSAHHS: ) )
' _f(Vﬂv)f(Vl)comp g ro
0 — ! p ! p ; * !
B B e R I Op 1 A3, 1 4,
_8I op|i|op comp |

ne H (X) - MaTpuLst Apyrvx noxigHux U (X)
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B (3.25) HeBiZoMUMYM BUCTYNAIOTb HACTYMHI BETUYUHU:

, . | ox” ox” |
MaTpuIl po3MIPy (n X n). {a—pj|, |:a—p} )
comp

*

BEKTOPH PO3MIpY (n X 1) ; % : (V pﬂ,* )

comp '’ Vv pl !
o

ol

CKaJp .

J

(3.26)

3 pilLieHHs NepeTBOPEHOTO PIBHAHHS (3.25) BUXOAMTb PiBHAHHSA CriyLbKOro:

ox”* ox” %) S
— = = ——(x7)".
op op comp ol

(3.27)

3BiACY ANS KOXHOO TOBapY i LiHA MaEMO

(3.28)

OX OX’ oX: . . .
) — v __Jx;kili,j:l’zl..‘!n’
op, op; comp ol

OX;;

Matpuus | —2- 3HaX0AUTLCS 3 HACTYMHOI CUCTEMM PiBHSHb,
P;
comp

Q
=]
3
o
~

(3.29)

KomneHcoBaHe 3poCTaHHs LiiHy TOBapY NPUBOAUTL 40 3MEHLUEHHS NONKUTY Ha HbOTO:

%k
§§¥ <0, i=1n.
opl

comp

(3.30)

4. TEOPIS BUPOBHULITBA

BekTop pecypcis:

(4.1)
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x>0,

BupobHuya gyHkLis:
q=f(x) (42)
[Bi akciomu ans mogeni BUpobHMLTBA.
Akcioma 1.
X >x@(x® x?P eE)= f(xP) > f(x?) (4.3)
x® x@ o ,
ae d - TOYKM B eKOHOMIuHIN obnacTi E, npuyomy
Vi(x)>0,, xeE (4.4)
of (x . —
Mo, j=in 45
&j
Akcioma 2. cniBBiAHOLEHHS:
H(x)<0,xeQ. “6)
3akoH ybyBaroyoi Biggaui:
O f (x . — (4.7)
g)<QJ:Ln
OX]
Ocobnwnea obnacte:
R={x:Vf(x)>0,, H(x)<0, xeE}, (4.8)
Enactunicts dyrkuii T (X), X e R", wo audepenLjioetses, no i -it sMikHil:
of (X)- . of (x :
()= 200% 20 (49)
;- T(x) f(x).ﬁ
X
TMiHiNHa byHKLUiS:
=, X, +a, X,,
N Q| 1%+ 2% (4.10)
fe ay, a, - koedilieHTn, X, X, - 06'eMn pecypcis.
MpunbyTok:
T=b-C, 411
ne D, - piynuit poxig, C - Butpati BUPOBHMLTBA (BMTPATH, COBIBAPTICTS). @11
Maemo
D= pg=pf (¥) 1)
- n
N =D wjx; =w'x (4.13)
i=1
[loBrocTpokoBa 3afaya nnaHyBaHHS:
IT = pf(x)—w'x — max,
pf (x) } (4.14)
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OB6MeXeHHs Ha pecypcu Anst KOPOTKOCTPOKOBOI 3afaui NnaHyBaHHS:

9(x)<b, (4.15)
ne g(X) - T-mipHa dyHkuis X € R", b e R™.

KopoTkocTpokoBa 3afaya nnaHysaHs po6otu dipmu npy sigomux g (X)i b:
I1(x) = pf(x)— w'x — max,
g(x)<b, (4.16)
x>0,

PileHHs 3aaavi HeniHIMHOro nporpamyBaHHs (OYHKLS napameTpis - iH P i W):

X" =g(p,w)eR" (4.17)
®yHKLiA NONUTY Ha pecypeu:
x; | [ e(pw) ]
S
X @2 (P, W) 4.18
x= 2= T = o(p,w) 1
_X:;_ _(Dn(p,W)_
OYHKLis NPONO3nLLT BUNYCKY:
q"=f(x")=f(p(p.w)) (4.19)
MoHononicT BNnMBae Ha LiHy NPOAYKLil LISIXOM BapitoBaHHS BUMYCKY NPOAYKLT.
p=p(a) (4.20)
Y 3aranbHOMy BMNaaKy ipMa Moxe NOHW3NTH LiHy, Wob npogaTy BinbLue npoayKuii, Tomy:
d
9P g (4.21)
dq
3aranbHuin goxig 3rigHo (4.12):
D(a) = (@) q 42

3apava hipmm B yMOBaX HELOCKOHANOI KOHKYPEHLii:

N

P()g — D w;(x;)x; — max,
j=1

q="f(x,.... %), (4.23)
X; 20, j=Ln.
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HeobxigHi ymoBu Makcumymy:

oL dp(a) ,
- -A=0,
5 P+ b
OW. ) -
§E=_wﬂa)——J£i%ﬁ+ﬂa”‘“““”“)=a j=1in,; (4.24)
an axj an
q=f(x, X...,X,),
X; >0, j=1n.

Mpn onTUManbHOMY [OXO4i ANS MOHOMOSICTa rpaHUYHWMA [oxig no j-My pecypcy

dﬁiq ) (] =1,...,n) ROpiBHIOE rpaHMYHiit BAPTOCTI LbOTO Pecypey:
j
"y dCi(x;
dD(q’) _ dC;(x;) j=1...n. 2
dx; dx;

] ]

Y pasi 4BOX KOHKYPEHTIB KOXeH BMPOONSie NpoAYKLito BiANOBIAHO A0 BUPOBHUYOT PYHKL:

g ="F(x) a,= f(xz)’

(4.26)
ne Xq, X5 - n-MipHi BEKTOpM BUTpAT.
Llia npopykuii 3anexwtb 8ig 0y, .
P = p(c,d) (4.27)
Y pyononil icHye Tinbku ABa NpogasLi TOBapy, NOro 3ararnbHUM BUMYCK:
Q=01 +0 “2)
Hexal LjHa Ha NpoayKLito 3anexuTb MiHIMHO BIf 1T KifIbKOCTI:
p=a-b(gq +q,),a>0,b>0 (4.29)
3aranbHy BapTiCTb BWTPAT pecypciB  (BUTpaTK BUPOOHMLUTBA) KOXHOK  (hipMOIO
BBaXaTKMEMO NiHINHOK PYHKLiE0 BUNYCKY. Tog
c,=cqg,+d, c,=cq,+d, ¢c>0, d>0, (4.30)

MpubyToK i-0i chipmm Mae ByTI MaKCUMaNbHUM: i3
IYi:[a_b(ql"‘%)]qi_qu_d—>maX, i=12. (4.31)

HeobxigHa ymoBa makcumymy ans obox 3agady B (4.31):

_ aq;
I _la-b(g, +a,)]-bg, ~b= gy —c=0, i,j=12 i ]
oq; .
ae i - BNMVB BUMYCKY NPOAYKL;i i-0f (ipMu Ha BUMYCK MPOZyKLii | -Of doipMu.
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Topi ctpareris KypHo nonsrae B pilleHHi 3aBaaHb (4.32) ans i =0:

oq;

a—b(gy +9)—bg; —c=0, =12 (4.33)
a_b(q1+CI2)_bq1_C:0’
a—b(q, +d,) —ba, —c=0. (4.34)
bg, —bg; =0, g =0 (4:35)
PisHoBara KypHo:
a—C
=0, =— 4.36
G =0 % (4.36)
LliHa Ha npogykuito i i 3aranbHuiA BUnyck oboma dipmamu:
p_a+2c q_Z(a—c) (4.37)
3 3b
Y3aranbHeHa LiHa Ha npoayKuito i Ti 3aranbHuiA BUNycK Ha Bunagok N dipm:
g=—"° j=1N,
(N +1)b, (4.38)
_a+Nc q= N (a-c)
N+1° N+1 b
O6csr BupobHMUTBa NepLUoi dipmu:
a—c—baq,(t)
t+1)= 2 4.39a
qu(t+1) b ( )
O6csr BupobHuLTBa ApYroi ipmu:
a—c—bo(t
qo(t+1) = aze-ba(®) (4.396)
2b
JTiHINHe pi3HMLEeBe PIBHSHHAM 4PYroro nopsiaky:
1 a—c
t+2)— =g, (t)=—— 440
0y ( ) 4 g (t) b (4.40)
Akwo dipma 2 Hacnpaeai He BpaxoByBaTUMeE BnMBM ipmn 1 Ha ii BUpOBHMLTBO, TO i
BMNYCK BU3HAYaTUMETLCS MO opmyIii:
_a-c-bg (441)
Qo =—"7F—
2b
OTtpumyemo:
_a-c-bg,
0 = 32)b (4.42)
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PisHoeara Ctekenbbepra:

_a-c
b= (4.43)
a—=cC
— (4.44)
%=
HepisHoBara Ctekenbbepra:
_gq . a=C (4.47)
3aranbHuid NpubyToK:
=11, + IT, =[a~b(q, +0,)]- (0, +d,) —c(d +0,) —2d (4.48)
BupobHuyi doyHKuUin:
di = AXTIXY x5, =12
ne Q; - o6’em sunycky I -ro sy npogykuii, i =1,2; X j - KINbKICTb CPOBMHH (4.49)
j-rosugy, ] =1,2,3.
5. MDKI'AJIY3EBUI BAJTAHC
PiBHAHHSA JleoHTbEBA:
X=AX+C (5.1)
OCHOBHE NpuNyLLEHHS BIZHOCHO LiH Npu AocnigpxeHHi mogeni Henmana:
P(t+l)BJ_P(t)AJSO’ J:1,...,m; t:].,...,T_l (52)
a6o P(t)AZ P(t+1)B’ tzl,...,T_l '
MpunyLLeHHs NPO Te, Lo 3aranbHa Maca rpoLei He 3MIHIOETLCS | NOCTINHO € B 00iry:
t t 9.3
P,AZY =P ,BZOt=1..T -1 (53)
YMOBM N4 CTaHy AMHAMIYHOI piBHOBarK Mogeni Heilmaxa:
AAZ <BZ
APA>PB (5.5)
APAZ = PBZ.

BnactusocTi AMHamivHOI piBHOBaru:
1) PBZ >0;
2) Aa,Z <b,Z — p* =0;
3) AP;A>P,B—z;=0;
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6. OJIHOCEKTOPHA MOJIEJIb EKOHOMIUYHOI IMHAMIKU (JUCKPETHUI

AHAJIOI MOJIEJIT COJIOY)
O6'eM KiHLEeBOro NpoayKTY y BUrNSAL4I BUPOOHUYOT (hyHKLii:
Yi = F(K¢, L) (6.1)
O6'eM KiHLLEBOrO NPOAYKTY:
®OHA HaKOMMYEHHS NPEACTABNSAE YaCTUHY KiHLEBOrO NPOAYKTY:
S; =9Y,
(6.3)
ne S =const, - Hopma HakonnueHHs, 0 <S <1.
®oHA HAKOMUYEHHS! AOPIBHIOE:
S; =Ky — K+ K, 0<u<l, u=const (6.4)
PiBHSIHHS AnMHaMikn po6o4oi CUNK OTPUMAEMO, BUXOLSYM 3 YMOBM, WO NpupicT poboyoi
CUNW NPONOpLiAHKA T 06'emy: 65)
Loi—L =gl g=const -
BupoGHuyi chyHkuii niHiiHo ogHopiari mpu yeix K., L :
Yo = F(KL) =L f(k),
K
ne k, = Tt - (hOH0036POEHICTb NpaLY. (6.6)
t
PisHuLieBe piBHSHHS Anst onuey 3MikM K, B uaci Mag HacTynHuit BUrns: 67)
L+ 9)kesg + (1 =Dk =sf (k;) '
Hexait K, = k™ ana t>0. 3 ujei ymoBM i pisHMLEBOrO piBHSAHHS (6.6) OTPUMYEMO
PIBHSHHA 4115 BU3HAYEHHS k™
nk = sf (k), (6.8)
pen=g9g-+u.
Ob6'em TpyaoBuMX pecypcis:
Ly =L(1+0),t=012, 69
ne Ly - o6'em Tpy#oBuMX pecypcis B NOYATKOBMIA MOMEHT Yacy.
O6'emM 0CHOBHUX hOHAB:
Kia=Ko(+9)", (6.10)
ne K0 - 06'eM OCHOBHWX (DOH/IB B MOYATKOBWIA MOMEHT Yacy.
3agava onTuMisaLii CNoXVWBaHHA Ha OAHOMO NPALIKOYOrO C: 612

c=f(k'(s)) —nk (s) - max
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HeobxigHa ymoBa Makcumymy:

dc

—=0. 6.13
ds (6.13)
3anexuTb hoHA0036POEHOCTI Bid HOPMU HAKOMUYEHHS:
df (k"(s))
———-n=0 (6.14)
a7
OnTuManbHe 3Ha4eHHs HOPMU HAKOMNYEHHS: N
df (k* (3))k
~_ 1K dk”
S = o~ * 6.15
) (k) G o)
e k' (8)=k .
EnactuyHicTb doyHKuii:
S ) % (6.16)
ook f(x)
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BUMOI'M 10 O®OPMJIEHHSA

Buxonyrotscs BignoBigHo a0 cranaapty JACTY 3008 — 95. JlokymeHTaris.
3BiTH y c(epl Hayku 1 TexHiKUM. CTpyKTypa 1 mpaBuia 0QOpMIICHHS.
B omumci BupilieHHs KOXHOTO 3aBJaHHS TOBHMHHI OyTH 4YITKO BUIUICHI
YOTUPU CKJIAJ0B1 YACTUHU:
® [OpPSIIKOBUIM HOMEp, SIKUI BIAMOBIa€ HOMEPY BapiaHTa,
® [IOCTaHOBY 3aBJaHHS,
e [ioro pillleHHs 1 aHaJI3,
® BIJIIOBIJb.
[TocnimoBHICTh PO3paxyHKIB KOXHOTO 3aBJaHHS B 3BITI 3aaeTbes il
NOPSAIKOBUM HOMEPOM 1 MOBUHHA CTPOTO BIJMOBIAATH MOCTIAOBHOCTI 3aBJaHb.
Pimenns, siKk mpaBuiio, Ma€ CKJIAJIaTUCS 3 IBOX YACTHUH:
1) xim po3paxyHKIB pIlI€HHS B 3arajbHOMY BHUIJIA1 SIK TMOCIHIJOBHICTb
MIpKyBaHb 1 HOpMYI;
2) po3paxyHKH 3a BHUXIIHUMHU JaHUMH, 3 BHUKOPUCTAaHHSM HAJO0YyJOB Ta
BOYIOBaHUX (YHKIIINA €TEKTPOHHUX TAOJIUIIb.
Binmosine 3anexHO BiJ (QOpPMYNIOBaHHS 3aBAaHHS MOXE OYyTH YHCIIOM,
rpadikom abo piBHAHHIM (PopMyII0I0).
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KPUTEPIi OLIHIOBAHHS THJIMBIIY AJIbHUX 3ABJAHB

OuiHroBaHHS piBHSA 3HaHb 3IACHIOIOTH 3a 3arajbHUMU KPUTEPISIMHU,
MPEeACTaBICHUMHU Y TaOIUIIL.

Tabnuus — 3aranbHi KpUTEpPIi OLIHIOBAHHS PIBHS 3HAHb

PiBensn
3HAHb

OriHka,
B Oajtax

Kputepii

B8IOMIHH
uu

5

® JIEMOHCTpaIlisi BCEOIYHOrO, CHCTEMHOTO 1 TJIUOOKOro
3HAHHS MPOrPaMHOT0 MaTepiaiy;

e 3acBoeHHs 1HQopmaulii 3  JeKUIHHOro  Kypcy 1
7a00paTOPHOrO MPAKTUKYMYy, a TaKoX 3HAaOMCTBO 3
OCHOBHOIO 1 JIOaTKOBOIO JIITEPATYpOIO;

® YiTKE BOJIOJIHHS MOHATIHHUM amapaTroM, METOJIaMHU Ta
THCTpYMEHTapieM, iepe10adyeHUMHU HaBYaJIbHOIO MPOTPamMoro;
e 3arajbHa Ta npodeciiina rpaMOTHICTb, JIAKOHI3M 1 JIOT14HA
MOCIIIOBHICTh BUKJIAJly MaTepiany.

0obpuii

® JICMOHCTpAIlis 3HAaHb OCHOBHOTO TIPOTPaMHOTO MaTepiany;
® 3acBOeHHA 1HopmMmalii 3  JIGKHIMHOTO  Kypcy 1
1a00paTOPHOTO MPAKTUKYMY;

® JOCTaTHE BOJIOJIHHS OCHOBHHMM TIOHSTIHHUM amaparom,
METOJIaMH Ta iHCTpyMEHTapieM, epeadadyeHIMH HaBYAIbHOIO
IPOTPamMoro;

e BMIiHHA BHUKOPHUCTOBYBATH 3HAHHS [UIS  BHPIIICHHS
TUTIOBUX CHUTYyaIlid, JOIMyCKAalOYd OKpeMi HEIMPHUHIIUIIOBI
TIOMUJIKH.

3a008611
bHUU

® JIEMOHCTpAIIisl 3HaHb OCHOBHOTO ITPOTPAMHOT0 MaTepiany;
® HEMNOBHE 3aCBOEHHS iH(PopMaIlii 3 JIEKIIHHOTO KypCy;

® JIOCTaTHE BOJIOJIHHS OCHOBHUM IOHSTIHHUM amaparom,
METOJIaMH Ta THCTpyMEHTapieM, epen0adyeHIMH HaBYAIbHOIO
IPOrPaMolo;

® HEJOCTaTHE BMIHHA BUKOPUCTOBYBATH iX JUIsl BUPIIICHHS
TUTIOBUX CHTYallild, JOMYCKalOYM OKpeMi JOCHUTb CepiHo3HI
TTOMPJTKH.

He3a00
8LIb-
HU

® JICMOHCTpAIIiSl 3HAYHHUX IMPOTAIHMH Yy 3HAHHAX OCHOBHOTO
IPOrpaMHOI0 MaTepiany;

® BOJOAIHHA  OKPEMHMH  TOHATTSAMH, METOJaMH 1
IHCTpYMEHTapieM, JONMYyCKAalUW TMpPU iX BUKOPUCTAHHI
TPUHITAIIOB] TOMUJIKH,

® BIJICYTHICTb NMPAaBUJIBbHUX BIAMOBIACH HA TUTAHHS.
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Hasuanvne suoanus

Kopxin Apuosbn CamyinoBud
TypuaninoBa [una IOpiiBHa

MOJAEJIOBAHHSA EKOHOMIKH
Hasyansunii mociOHUK

Penakrop

[Tigmucano 10 BUAAHHS
Enextponnuii pecypc. ABT. apk. 2,5.

[TinroTOBIEHO 10 IPYKY Ta BUJAHO
y Jlep>kaBHOMY BUIIIOMY HaBYaJIbHOMY 3aKJIadl
«HanioHanbHUI TIPHUYHI YHIBEPCUTETY.
CeinontBo mpo BHeceHHs A0 JlepxkaBHoro peectpy K Ne 1842,
49600, m. JuinporerpoBchk, nmpocn. K. Mapkca, 19.
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