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BCTYII

[Ipodeciitnuii piBeHb Cy4yaCHOr0 MaTeMaTHKa 3HAYHOIO MIPOK BU3HAYAETHCS
BMIHHSIM 3aCTOCOBYBAaTH MaTeMAaTWYHUU amapar Ui aHali3y CKIAIHUX COIliabHO-
€KOHOMIYHMX TPOLECIB, a TaKOXX MNPUUHATTA pIIIEHb Yy BIANOBITHUX cdepax
TISUTBHOCTI.

OnaHyBaHHS OCHOBaMH 3aCTOCYBaHHS MaTE€MaTHYHHUX METOIB y €KOHOMIYHHX
JTOCHIJDKEHHSIX  JIO3BOJIMTh ~ MaOyTHIM  (axiBIsIM-MaTeMaTUKaM  I1JIBUIIUTH
e(eKTUBHICTbH CBOET MPOdECIHHOI AISITBHOCTI Ta PO3MMUPUTH cPepy ii 3aCTOCYyBaHHS.

MeToro BHBYCHHS KypCcy «3acTOCYBaHHS MAaTeMaTHYHOTO amapary vy
€KOHOMIYHMX JTOCHIJKEHHAX» € (POPMYBaHHS IILUTICHOI CHCTEMH 3HaHb 3 0COOJIMBOCTEN
Ta CMOCOOIB 3aCTOCYBAaHHS MAaTEMAaTHYHUX METOJIB y €KOHOMIYHHUX JOCIIIKCHHSX.
3aBIaHHSIMHU JUCIUIUIIHA € O3HAWOMJICHHS CTYJICHTIB 3 OCHOBHHUMH CITIOCOOaMHU
3aCTOCYBaHHS METOJMIB €JIEMCHTApHOI Ta BUINOI MAaTeMaTHKH Yy MPaKTHYHIH
€KOHOMIUHIM JISUTBHOCTI Ta HAYKOBUX JOCHIDKEHHSX 3 €KOHOMIKH, OCHOBHUMU
NPHHIIAITAMH €KOHOMIKO-MaTeMaTHYHOTO MOJICITFOBaHHS, 0COOJIMBOCTSIMH
3aCTOCYBaHHS MaTeMaTHUYHUX MOJICICH Y EKOHOMIYHUX JOCIIDKEHHAX Ha MIKpPO- Ta
MaKpOPIBHAX, BUKOPUCTAHHS MaTEMaTHYHOTO amapary J0 PO3B’s3aHHS MPHUKIaTHHX
CKOHOMIYHMX 3aJa4, CTBOPCHHS OCHOBHM JUIS IIOJAJIBIIIOTO BHBYCHHS KYpPCIiB
MaTEMaTUYHOT'O MOJICITFOBAHHS Ta JOCIIHKCHHS OTepallii.

VY pe3ynbTaTi BUBUEHHS HAaBYAJIbHOI JMUCIUIUIIHM CTYACHT IOBUHEH 3HATH:
OCHOBHI TPHUHIMIMN 3aCTOCYBAaHHS MAaTeMaTHYHOIO amapary y eKOHOMIYHHMX
TOCHIDKEHHSIX, OCHOBHI METOAM €JeMEHTapHOi Ta BHINOi MAaTeMaTUKH, IO
3aCTOCOBYIOTHCS TPHU BUPINICHHI €KOHOMIYHMX MpoOJIeM, OCHOBHI 3aCTOCYBaHHS
€KOHOMIKO-MaTeMaTUYHUX MOJICIICH.

J10 OCHOBHMX BMiHb, SIK1 CTYZICHT TOBUHEH HaOyTH B Pe3yJIbTaTi BUBUCHHS KYPCY
«3acTocyBaHHS MAaTEMATHYHOTO amapaTy y EKOHOMIYHMX JOCTIKEHHSIX)», CIia
BIJIHECTH, BUKOPUCTOBYBATH METOH JIHIMHOT anreOpy Ta aHATIITHYHOT TreoMeTpii s
noOy10B1 0aJaHCOBUX MAaKPOCKOHOMIYHUX MOJICIICH Ta TOCTIKCHHS YMOB PUHKOBOT
TSTTLHOCTI, OyIyBaTH Ta JOCTIHKYBATH MaTEMAaTHYH1 MOJEII €eKOHOMIYHUX 00’ €KTIB
Ta TIPOIECIB 3 JOIMOMOTOI METOJIB MAaTEMaTHUYHOTO aHalli3y, 3aCTOCOBYBAaTH
nudepeHIiaibHl Ta PI3HUIEBI MOJEII €KOHOMIYHUX IPOIECIB IS MPaKTHIHHUX
€KOHOMIYHUX JOCHIIUKEHb.

Mera Ta 3aBIaHHS KypCy BU3HAYAIOTh 3MICT TAHOT'O HABYAIBHOTO MOCIOHUKA. Y
HbOMY CHCTEMAaTHYHO BUKJIAJCHO HABYAIBHHM Marepiaj W00 3aCTOCYBaHHS
MaTeMaTHYHUX METOMIB Yy CeKOHOMIYHUX JIOCHI/DKEHHSX Ta PO3B’sI3yBaHHSA
€KOHOMIYHHMX 3a/lad MaTeMaTHYHUMH MeTonamu. [loCiOHMK BHCBITIIOE HACTYIHI
OCHOBHI TE€MHU: CYTHICTh €KOHOMIKO-MaTEMAaTUYHOTO MOJICITIOBAHHS, 3aCTOCYBaHHS
METOJIB €JIEMEHTAPHOI MATEeMATHKH y €KOHOMIYHUX pPO3paxyHKaX, BUKOPHUCTAHHS
METOJIB JTIHIWHOT anredpu Ta aHAMITHYHOI TeoMeTpii NI MOOYyJOBH E€KOHOMIKO-
MaTeMaTHYHUX MOJICIeH, ONTHMI3aIliiHI MOJENi, IO 3BOJATHCSA JO 3aCTOCYBAHHS
MeTO/IIB Tu(depeHITIaTFHOTO YUCICHHS (DYHKITIN O/THI€T Ta KUTBKOX 3MIHHHX, TO0Y/10Ba
Ta 3aCTOCYBaHHS MaTEMaTHYHHX MOJENIC EKOHOMIYHUX TMPOIECiB Ta CHUCTEM Y

5



BUTJIS1 AU EepEHIIaIbHUX Ta PI3SHUIIEBUX PIBHSAHb. BUKIaq KOXKHOT TEMU HaBUAJIbHOT
JUCIUIUTIHA MICTUTB OMKUC OCHOBHUX HAIPSIMIB 3aCTOCYBaHHS MAaTEMaTUUHHUX METO/1B
JUIsL BUPIIMIEHHS TPOOJeM EKOHOMIKM, METOAWYHI BKa3iBKH IOJ0 PO3B’SA3aHHS
OCHOBHHMX THUINIB 3a/ay, HABEJEHO 3allUTaHHA Ta 3aBAaHHS, NPU3HAYEHI IS
CaMOMIATOTOBKM CTYJEHTIB, a TAaKOX BaplaHTU I1HAMBIAYaJbHOTO JIOMAaIIHBOTO
3aB/IaHHS, SIKE BUKOHYIOTh CTYICHTH Y M€XaX CaMOCTIHHOT poOOTH.

3rifHO 3 BUMOTaMH OCBITHBO-NPO(ECIHOI MpOrpaMu CTYIAEHTH y pPe3yibTaTi
BUBYEHHS JUCUUIUIIHM «3acTOCYBaHHS MaTEMaTHYHOI'O arapary y €KOHOMIYHHMX
TOCIIPKEHHSIX» MOBUHHI HA0YTH TaKUX KOMIIETEHTHOCTEH: 3/1aTHICTh 3aCTOCOBYBAaTH
3HAHHS y TPAKTUYHUX CHUTYyallisiX; 3[aTHICTh YYUTHUCS 1 OBOJOJIBATH CyYaCHUMH
3HAHHSMU; 3JaTHICTh NMPUHUMATH OOIPYHTOBaHI PIIEHHS; 3ATHICTh CIIUIKYBAaTUCS 3
NpeJCTaBHUKAMU 1HIIKUX MPOQPECIMHUX TPYI PI3HOrO PiBHSA (3 €KclepTaMu 3 IHIIHUX
rajxy3ei 3HaHb); 34aTHICTh (POpMYNIOBaTH MPOOIEMU MaTEeMaTUYHO Ta Y CUMBOJBbHIN
(dopMi 3 METOIO CIIPOILIECHHSI IXHBOTO aHAJI3y ¥ po3B’sI3yBaHHS; 3/IaTHICTh PO3POOIATU
1 1OCTIPKYBAaTH MaTeMaTuyH1 MOJIEN1 SIBUIL, TPOLIECIB Ta CUCTEM.

BuBuenHss naucuMiuiiHM mniepeadadae JAOCSITHEHHS HACTYNHHUX pPe3yJbTariB
HABYAHHS: 3HAaTH METOAM MAaTeMAaTUYHOTO MOJENIOBAHHS MPUPOAHUYUX Ta/abo
COILIIAJIbHUX TPOLIECiB; pO3B’A3yBaTH 3a/1a4l NPUIATHUMU MaTeMaTUYHUMU METOJIaMH,
NEPEBIPSITH YMOBU BUKOHAHHS MAaTEMAaTUYHUX TBEPIKEHb, KOPEKTHO IMEPEHOCUTH
YMOBH Ta TBEP/UKEHHS Ha HOBI Kjacu oOO’€KTiB, 3HAXOAUTH ¥ aHali3yBaTH
BIJMOBIJHOCTI MK IOCTABJIEHUMH 3aJa4yaMH Ta BIIOMUMH MOIEIISIMU.

OCHOBOIO ISl BUBYEHHS TUCLUIUIIHU «3aCTOCYBaHHS MaTEMAaTUYHOIO arapary
y ©KOHOMIYHHUX JOCHUDKEHHSIX» € OBOJIOAIHHS CTYACHTaMU JUCHUIUIIHAMU
«udepenmianbui piBHIHHSA», «JIiHIAHA anreOpay, «AHaTITHYHA TEOMETpiT» Ta
«MaTtemaTuHu# aHai3». BuBueHHs 1i€i quciumiiiu GopMye OCHOBY AJIsSi BUBUEHHS
IUCIMILIIH «JloCHiPKeHHsT omepaliil Ta MaTeMaTH4Ha €KOHOMikay, «MaremaThuuHe
MO/ICTFOBAaHHS».



3micToBuii MoayJab 1. 3acTocyBaHHSI MeTO/IB eJ1IeMEHTAPHOI MATEMATHKH y
€KOHOMIYHHMX PO3paxyHKax

Mema 3micmosozco mooyns 1. ChopMyBaTH y CTYACHTIB 3HAHHS Ta HaBUYKU
3aCTOCYBAaHHSI METO/[IB €JIEMEHTAPHOT MAaTEMATUKH Y €KOHOMIUYHUX JOCIIIIPKEHHSIX.

ILnan
1. BukopucTaHHS NPOLIECHTHUX PO3PAXYHKIB.
2. 3apnadi, 1110 3BOJAUTHCS 10 PIBHSAHD Y HUIAX YUCEN.
3. Bukopucranus anre6paiyHuX piBHSIHb Ta CUCTEM.

Knwouosi mepminu ma nowsmms. TPOCTI Ta CKJIAAHI BIACOTKU, 10(aHTOBI
PIBHSIHHSI, CHCTEMHU alNreOpaidHUX PIBHSHb.

1.1. BukopucTaHHs IPOUEHTHUX PO3PAXYHKIB

Y EeKOHOMIYHMX pO3paxyHKaX YaCTHHH BEJIIMYMH TPUHHATO BUPAKATH Y
IpoIeHTax (COTHX YacTKaX BEJIMYMHHU). BUpakeHHS YaCTHH YKCIIA Y OJHUX 1 THX JKe
YacTKaX JIO3BOJISE MIBUAKO MOPIBHATH YaCTUHU BEJIIMYMHH 3 IUIMM a00 M c00010,
CIIPOCTUTH PO3PAXYHKH.

HaiiyacTinie mnpoleHTH BUKOPHCTOBYIOTh NMPH (DIHAHCOBHX pO3paxyHKax, a
TaKOXK TPH JOCIIPKEHHI 3MiH a00 TOPIBHAHHS MDK COOOI0 NMEBHUX E€KOHOMIYHUX
BEJMYUH: OOCATIB BUPOOHMIITBA, PIBHIB BUKOHAHHS TOCHOAAPCHKUX IUIAHIB,
IPOIYKTUBHOCTI TIpalli TOIIIO.

IIpu ¢QinancoBUX po3paxyHKaxX 4YHCIO, IO TIOKa3y€e, CKUIBKH IIPOIICHTIB
npuOyTKY 3a BU3HAUCHMI yac 3a0e3neuye eBHA cyMa KaliTaloBKIAIeHb, HA3UBAIOTh
NPOYEHMHOI0 CMABKOI, A BEIUYUHY TPUOYTKY — npoyeHmuumu cpowuma. Jjs
PO3paxyHKy MPOIEHTHUX TPOIIeH BUKOPUCTOBYIOTH MPOCTI Ta CKIIAJHI MPOICHTH.
SIK1110 TPOLIEHTH HAPaXOBYIOTH MO BIAHOIIEHHIO JI0 TOYaTKOBOI CYyMH, TO TAKUA METO]T
HapaxyBaHHS Ha3WBAIOTh MEMOOOM HNpPOCMUX npoyeHmig. SIKIIO K TPOLEHTU
HapaxoBYIOTh IO BIAHOUIEHHIO JO BEJIMYMHHU, 110 BKJIIOYAE TOYATKOBY CYMYy Ta
IPOIIEHTH, HApaxOBaH1 32 MUHYJIUNA TIEPi0/I, TO TAKUI METOJ HapaxXyBaHHS Ha3WBAIOTh
MemoooM CKIAOHUX NPOYEHMIE.

Hexait B — mouatkoBa cyma BKJIajeHHS, I — mepioa HapaxyBaHHS IMPOIICHTIB
(dac, Mo 3aBEpIICHH] SKOTO0 HAPAXOBYIOTh MPOIEHTHI T'POIli), p — CTaBKa MPOCTOTO
MpolIeHTa (YacTKa BKJIAJACHHS, Ky HAPAXOBYIOTh BKJIAIHUKY MO 3aBEPIICHHIO Yacy t,
T — TepMmiH BUKOPHCTaHHS BKJIaJCHHS OaHKOM, n = t/T — KUIBKICTh TEPIOMiB

HapaxyBaHHs IMPOICHTIB 32 TEPMiH BUKOPUCTAHHS BKJIAJCHHS, S — CymMa BKJIQJICHHS,
o yTBOpmiIacs 1o KiHis tepminy 7. Toxi B- p — mporeHTHI rpoiri 3a OJuH Mepiof
HapaxyBaHHsA, P=B- p-n — mporeHTHi rpoiii 3a BeCh 4ac BKJIQJaHHS KOMITIB (32 N
nepiofliB), S=B(1+pn) — CyMa BKIAJEHHA Ha KiHENb HOro Tepminy (gopmyna
npocmux npoyenmis). 1lg1 dopmyna o3Hadae, MO 3pOCTaHHS CYMH BKJIQJICHHS II0
MPOCTHUM MPOLIEHTaM 31MCHIOETHCS 3a TPaBUIIOM apu(METHIHOI TTPOTpecii, mepInii



YJieH sKOi JopiBHIOE B, a pi3Huus nopisaioe B- p. Ilpu npomy st cramoro p cyma
S =B+ Bpn € muiitHoo QyHkmiero Bix N. Ile cyma, 1mo yTBOproeThes micias N-
Pa30BOr0 HapaxyBaHHS MPOIICHTIB.

Memoo cknaonux npoyenmieé O3Ha4ae€, 110 IMPOLEHTH, OTpUMaH1 3a mepiox t
HapaxyBaHHS MPOLEHTIB, J0JAI0ThCA 10 IOYATKOBO1 CyMU BKJIaAeHHs B 1y HacTynHwMi
nepioJl HapaxyBaHHS MPOLIEHTIB BOHM HApaxOBYIOThCS BXKE HA HOBY CyMY, IO
CTaHOBHUTH S, =B + Bp =B(1+ p). OTKe, Ha KiHElb JPYroro mepiogy HapaxyBaHHS

OpPOIEHTIB CyMa BKIQJCHHI S, = B(1+ p)+ B(1+ p) p= B(1+ p)z. AHaNOr14HO
BU3HAYAEMO, 10 Ha KIHEI[b TPETHOTO nepioay
S,=B(1+p) +B(L+p) p=B(1+p).

Jlo kinus Bcworo Tepminy | =t-N nii BkoagenHs, konu mpoiize N nepioxis t,

CyMa BKJIAJEHHS CTaHOBHUTUME S =3, = B(l—l— p)n. [lro dopmyny Ha3UBaIOTh

popmynoro  cknaonux npoyenmis. DyHkIiis S, = B(l+ p)n € TI0Ka3HUKOBOIO
(GyHKITI€I0 apryMeHTy N.

Hpukaax 1.1 ¥ 6anky BU3HaueH1 HACTYMHI NPOIeHTHI cTaBku: 1) 2% Bix cymu
BKJIQJICHHS 3 IOMICSIYHAM HapaxyBaHHSM IPOIEHTHUX Tpomiei; 2) 6% Bimg cymu
BKJIQJICHHS 32 YMOBH H0r0 30€piraHHs Ha MpoTs3i 3 MicsIiB (1eno3uT Ha 3 micsi); 3)
12,5% Big cymu BKJIAJICHHS 32 YMOBH HOro 30epirants Ha mpoTs3i 6 micsii (Ieno3uT
Ha MIBPOKY); 4) 25% piuHUX 32 yMOBH 30€piraHHs JEMO3UTY Ha MPOTA31 POKY. Y IKOMY
BUIQ/IKy NMPUOYTOK BKJIAJHUKA € MAaKCHUMaJIbHUM, SIKIO BIH HE 3HIMA€ KOIUTH Ha
IPOTS31 POKY?

Po3p’si3anHs. 3 yMOBU 3ajaul BUIUIMBA€, 110 MOTPIOHO BUKOPUCTOBYBATH
CKJIQJTHI MPOIIEHTH, TOMY JIJIsl BCI1X BUMAIKIB €eKOHOMIKO-MaTeMaTHIHa MOJIEb 3a/1a4i

BU3HAYAETHCS PIBHICTIO S = B(1+ p)n , e p HabyBae BianosinHo 3HaueHb 0,02; 0,06;
0,125; 0,25. V mepmomy Bumanky N=12, ockinpku HapaXyBaHHS IPOLCHTIB
3/1iHCHIOETHCS IIOMICAYHO Ha TIPOTA3i POKY, y Apyromy Bumaaky N=4 |y Tperromy —
N=2 ,y gersepromy — 1.

Hexaii S,,S,,S,,S, — BelMYMHYU BKJIaJE€HH MICISA POKY 30€piraHHs Ha JIEMO3MTI
Ha ymoBax 1), 2), 3), 4). BianosinHo maemo:

1) S,=B(1+0,02)" ~1,268B,

2) S,=B(1+0,06)" ~1,2628B,

3) S,=B(1+0,125)" ~1,266B,

4) s,=B(1+0,25)=1,25B.

Haii6inpmoro € cyma Si, ToOTO mepmuii BapiaHT 30epiraHHs JCTIO3UTY €
HaWOLIBIIT TPUOYTKOBHUM JIUIS BKJIQTHUKA.

Hpukaax 1.2. YV pe3ynprari TOJMIMNIIEHHS Opraizamii BUPOOHHUIITBA

MiABUIIEHHS TPOMYKTUBHOCTI mpami Ha mianpueMctBl ckiano a%. Ilogansiie
BIPOBAKEHHS PalllOHATI3aTOPCHKOI MPOMO3HUIIii MIABUIINAIO MPOAYKTUBHICTD Mparll



Ha b%. Ha ckimbkM TpOIEHTIB 3pociia MPOAYKTHBHICTH Tpalli y TOPIBHSIHHI 3
IIOYaTKOBOIO?

Po3p’s13anHs. Hexail moyaTtkoBa NMPOAYKTUBHICTH Mpalll JOPIBHIOE X. 3MiHA
MPOIYKTUBHOCTI Mpalli 32 PaXyHOK MOKPAILLEHHS OpraHi3aiii BApOOHUIITBA CKJIAa1ae X

100
3MiHa MPOIYKTUBHOCTI Mpalli 32 paXyHOK BIPOBAHKEHHS PaI[lOHAN13aTOPCHKO1

,  caMa MPOJYKTUBHICTH Mpalli JOPIBHIOBATUME X + X - a _ x(1+ %)

MPOMO3UIlii CKJIaae x(1+ %j% HoBe 3HaueHHS NPOIYKTUBHOCTI Mpaill

x(1+i]+x(1+ij.izX(HLJ(“L)
100 100,/ 100 100 100

BinHocHe 3011blIeHHS TPOAYKTUBHOCTI Mpalll y MOPIBHSAHHI 3 HOr0 OYaTKOBUM
3HAYEHHSM, BUPAXXEHE y MPOILIEHTAX, JOPIBHIOE

CTaHOBUTDH

a b
X(“looj(“looj_x a b ab
100% =||1+— || 1+—|-1|-100%=| a+b+— |%.
X 100 100 100
OTpumaHuii BHpa3 € EKOHOMIKO-MAaT€MaTUYHOIO MOJCIUII0 IOCTiTOBHOTO

MiBUILECHHS TPOYKTUBHOCTI Mpalli crioyaTky Ha a%, notim Ha b%. Hanpuknan, npu

10'(%0)%:32%.

a=10,b =20, nmponykTuBHICTh mpaili 30LIBIIUTHCS Ha (10 +20+

Tyr, sik i y BUNAAKy CKJIaJHUX MPOIECHTIB, MPOLUEHTH HE IMPOCTO JIOMAIOTHCS
(10% + 20% = 30%), a JOJATKOBO BiAOYBAa€ThCS MI€ HApaxyBaHHsA IMPOLEHTIB Ha

10~20%:2%.

MPOLICHTH:

Ipuxnan 1.3. BusHaunTH, Ky CyMy CIIiJ MOKJIACTH Ha OAHKIBCHKHUM JCTO3UT
npu 3aJaHii npoueHTHiN ctaBii 20% piuHux, 1mo0 vepe3 pik orpumaru 20 TuUCAY
IPOILIOBUX OJIMHUIIb?

Po3p’si3anHs. BBenemMo HACTyNHI TMO3HAYEHHS JUIS 3MIHHHX MaTeMaTHYHOI
Mojeni: Mo— moyaTkoBa cyma IpOIIOBOTO BHECKY, M1— cyma Ha neno3uti yepe3 | pik,
R — pi4Ha POIIEHTHA CTaBKa. 3B’ 30K M’k 3MIHHUMH 3a]1a41 BU3HAYAE€THCS PIBHSIHHAM

M1=MO(1+ij-

100
Lle piBHSIHHS € MATEMaTHYHOO MOJICIUTIO 3a/1a4i. 3 Hel BU3HaYaeMo 3HadeHHs Mo:
M 12
M, = k = 12 =10 (TrcsaY rpoIOBHX OAMHHMI).
100



1.2. 3apaui, 110 3BOAATHCA /10 PiBHAHD Y WIJIMX YHUCIAX

Pi3HOMAaHITHI €KOHOMIYHI1 3a/1a4l 4aCTO 3BOJSATHCA 11O PIBHSHD, Y AKUX HEBIIOMI
3a CBOIM 3MICTOM MOXYTb HaOyBaTH JIMILE IUIUX 3HAYEHb, TOOTO 70 PIBHSIHB y LIUIUX
yuciax. Taki piBHAHHS PO3IIIAAain e y JaBHUHY. Oco0auBo 0araTo 3aiiMaBcs HUMU
JTaBHBOTpelbKUI MaTeMaTHK Ji0aHT, TOMy pIBHSAHHA y LUIMX YUCIaX HA3UBAIOTH 1€
dioghanmosumu piBHIHHAMU. HalimpocTiliuM NpUKIaAOM I10(paHTOBOTO PIBHSHHS €
piBHsHHS axX+by=c ,a,b Tac — samami wimi umcna, npudomy a ta b € B3aeMHO

MIPOCTUMU YUCIIaMH, TOOTO BOHM MalOTh €IMHUI CIUIBHUI JUIBHUK 1, 1 )KOJHE 3 IUX
quces He JOPIBHIOE HYITIO.

. : b .
Hexait ¢=0, ax+by=0. 3Bigcu X=——Yy. Yucnao X € qUIUM JUIIE SKIO Y
a

: . : b
mimuTeest Hamino Ha a. Omke, y=atiteZ. Tomi X=——Yy=——at=-bt. Omxe,
d a

dbopmynu, MO BU3HAYAIOTH IUII PO3B’sS3KM X Ta Y piBHAHHSA ax+by =0, mawoTh
Burisan: X=-bt,y=at,teZ.

Hexaii Tenep C#0. IMokaxemo, 110 IS 3HAXOKSHHS BCiX HITHX PO3B’SI3KIB
piBHSIHHSL ax + by =cC mocratHbo 3HaTH SKUK-HEOYAL OJUH HOTO PO3B’SI30K ( Xy, Y, ) »

I sIKoro ax, +by,=c. Toxmi maemo: a(x—x,)+b(y—y,)=0. [imouncenpH1
PO3B’SI3KM OCTAaHHBOI'O PIBHSAHHS MalOTh BUTIIAA: X — X, =—bt,y —y, =at,t € Z . 3Biacu
3HAXOJUMO PO3B’SI3KH PIBHSHHS ax + Dby =cC y Burmsmi:
X=X,—bt,y=y,+at,teZ.
Cnoci0 3HAxXO/DKEHHS  JESKOTO  I[IJIOUYMCENIBHOTO  PO3B’S3KY  PIBHSIHHS
ax+by=c, ge C# 0, pO3IJIIHEMO Ha TMpuUKIanl piBHAHHA 8x+13y=11.

[TepeTBOpHMMO BiTHOIICHHS 3 Koe(iIieHTIB TIPU HEBIJOMUX PIBHSHHS, 3aIIMCaBIIH

HOT0 y BUTUISIAI CKIHUEHHOTO JIAHITIOTOBOTO JIPO0Y:

g_1_1 _ 1 _ 1 _ 1 _ 1 _
1318 9,5 0 g0t gt g 1
8 8 8 3 1 1
e 1+2 1+§ 1+72
3) 5 2 1+ %
3 3
B 1 B 1
(R PU -
1 1
1+ 1+ ——
1 1
1+ 1+ ——
3 1
el 1+ =
2 2

Mu nopanu 3Bu4aitHui Apiod 3 y BHUTJISIAI CKIHYEHHOTO JIAHITIOTOBOTO JPO0Y.

[Ipu bOMy MU BUKOHYBAJIM MEPETBOPEHHS APOOIB JOTH, MOKU YHUCEIBHUK HOBOI'O
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apoOy 5 He ctaB piBHUM 1. Ilojganbini mepeTBOpeHHS HE MalwTh CEHCy, 00 Ha
HACTYIHOMY €Talll y>Ke He MaTUMEMO Apo0y.
OCTaHHBOIO JAaHKOK OTPUMAHOI0 JIAHIIOIOBOTI'O APO0Y € YHUCIIO0 > Binkunemo

I[}0 OCTaHHIO JaHKY 1 IePETBOPUMO OTPUMAHUM JAHIIOTOBHUM 110 Y 3BUYAMHUIMA.
1 1 1 3

1+ 71 1+ —1 1+ E 5
1 1
1+ —1 1+ >
1+~
1
. . 8 3 8 3 8-5-13-3 1
3HANAEMO PI3HULIO ———. — —— = = .
13 5 13 5 13-5 13-5
Pignicts 8-5-13-3=1 nmomuoxumo na 11 Ta Hanmiemo y BUTJISIIL
8-5-11+13-(—3)-11=11.
[lopiBHSBIIKM OTpUMaHy PIBHICTH 3 piBHSAHHAM 8X +13y =11, 3HaxoAnUMO, 1110

3Ha4yeHHs Xx,=5-11=55, y,=-3-11=-33 € ogHUM pO3B’s3KiB piBHAHHA. Toxl BCl

w

PO3B’A3KU PIBHAHHS MOXHA 3aIUCATH Y BUTJISII:
x=55+13t,y=-33-8t,teZ.
VY 3arajgpbHOMY BHIIAJIKY JUIS 3HAXOKCHHS IIJIOYMCEITbHUX PO3B’SI3KiB PIBHIHHS
ax+Dby =Cc mnorpiOHO pO3KIACTH BINHOMICHHS KOE(DIIIEHTIB MNPHU HEBITOMUX Y

JAHIIOTOBUHM JIpi0, BIJKMHYTH HOrO0 OCTAaHHIO JIAHKY 1 BUKOHATH TEPETBOPEHHS,
aHAJIOT1YH]1 HaBEJEHUM BUIIIE.

Mpuxnan 1.4. J{ns nepeBe3eHHs BEIUKOI KUIBKOCTI KOHTeHHepiB 1Mo 170 kr Ta
190 Kr BUALIEHO MAIIMHU BAaHTAKOMIITHOMHICTIO 3 T. UM MOKHA 3aBaHTAKATA TAKUMHU
KOHTEIHEpaMH MalllMHY TOBHICTIO?

Po3p’si3anns. CkilazieMo MaTeMaTHYHY MOAenb 3adavi. Hexalh x — KUIBKICTB
koHTerHepiB mo 170 kr, y — mo 190 kr. Toxi, 3rigHO 3 YMOBOIO 3aj]1a4i, BAKOHYETHCS
piBHicTh 170X +190y =3000 a6o 17x+19y =300, xeN, yeN. 3naiizemo oauH 3

MO>KJIMBHUX IIJIOYUCETFHUX PO3B’A3KIiB I[LOTO PIBHSIHHS, BUKOPUCTABIIN PO3BUHEHHS

17

BIIHOIIIEHHS E y JIAHITIOTOBUH Jpi0.

17 1 1 1

19 19 1+£ 1+i.
17 17 8 1
2

+

1

BinkvuHYBIIM OCTaHHIO JaHKY 5 y JIAaHIIFOTOBOMY Ap0o0Y, OTPUMAEMO:

_8
5

-

1+

ol ol



3HaX0UMO PI3HHUIIIO:
17 8 17-9+19-(-8) 1
19 9 199  19.9
17-9-300+19-(—-8)-300 = 300.
[lopiBHABIIM OTpUMaHy PIBHICTH 3 piBHAHHAM 17X+19y =300, 6aunmo, 110
X, =9-300=2700, y,=-8-300=-2400. Otxe, 3arajllbHUi DPO3B’A30K DPIBHIHHSA
BU3HavaeTbea popmynamu X =2700-19t,y =-2400+17t,tZ.
3a ymoBoto 3a1a4i X >0, y>0. Tomy oTpuMy€eMO CUCTEMY HEPIBHOCTEMN
t< @
2700-19t >0, 19 '
—2400+17t> 0:> > @
17
Buninusiim ity 4acTUHY Y HENPABUIIBHUX JIpO0ax, Ma€MO:

141i <t< 1423 :
17 19

€auHe 1ine 3Ha4YeHHA t, mo 3amoBombHAE o ymoy, [ =142. ITpu mpomy
3HaueHHl t Xx=2700-19-142=2,y =-2400+17-142=14. O1xe, 00 3aBaHTAXUTH

MalIMHy TOBHICTIO, MOTPIOHO MOMICTUTH Yy Hei 2 koHTeiHepu mo 170 kr ta 14
KoHTeitHepiB 1o 190 kr.

Mpuxnan 1.5. [l nepeBe3eHHs 3epHa MAaEMO MIIIKH, y K1 BXoAITh 60 KT a60
80 kr 3epHa. CKUIbKHM MOTPIOHO MATH MIIIKIB KOKHOTO BUAY JIJIsl 3aBaHTaKEHHs 1 T
3epHa, 00 BCl MiIKK Oy MOBHUMH? SIka HaliMeHIIIa KUIBKICTh MIMIKIB MPH ILOMY
MO3K€e 3Ha00uTUCS ?

Po3p’si3anns. Hexaii x — kutbKicTh MimKiB 1o 60 kT, y — o 80 kr. 3a yMOBOO
3a/1aui oTpuMaemo ii matematuyHy moaenb: 60X +80y =1000 a6o3x + 4y =50. Oxgun

[[UUIOUUCIIOBUM PpO3B’SA30K 3ajadl Jierko miniopartu: X, =—50,y, =50. 3aranpHuii
PO3B’ 30K pIBHAHHS Mae BUrsn: X =—50—4t,y =50+ 3t,t € Z. 3a ymoBoOI0 3a/1a4i x Ta
Y MOXYTb OyTH JIMIIIC HATYPAJIbHUMH YHCIaMHU, TOMY MAEMO CHCTEMY HEPIBHOCTEH:

51
50-4t>1 VST
=0 4 o ieict<12
50+ 3t >1, 49 3 1
tz_?-

OCKIIBKY HAC IKABJIATH JIMIIE 111 3Ha4Y€eHHS 1, TO t € {—16,—15,—14,—13} .

3HaiiieMo X, y Ta 3arajbHy KUIBKICTh MIIIKIB |, 10 BiAMOBimae KOXHOMY
3HAYCHHIO {.

t=—16,x, = -50—4-(—16)=14,y, =50+3-(-16)=2,l, =14+ 2 =16;

t=—15,x, =—50—4-(—15)=10,y, =50 +3-(-15) =5,l, =10+ 5=15;

t=—14,x, =—50—4-(—14)=6,y, =50+ 3-(—14)=8,l, =6+ 8 =14

t=-13,%x, = —50—4-(—13) =2,Y, :50+3-(—13) =111,=2+11=13
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Otxe, 1S 3aBaHTaXEHHS | T mueHuil noTpiOHO B3sITH 13 MIMIKIB, 3 SKUX 2
mimku 1mo 60 kr, 11 mimkiB o 80 kr.

TakuM YMHOM, MM PO3TJISIHYJU aJTOPUTM PO3B’A3yBaHHS PIBHAHHS Y ILUIHX
quce, IKU MOKHA BUKOPUCTATHU MPU PO3B’SI3yBAHHS BEIUKOI KUTBKOCTI MPAKTUYHUX
€KOHOMIYHHUX 3aJ1a4.

1.3. BukopucTanus ajare0paiyHuX piBHSIHb Ta CHCTEM

barato ekoHOMIYHMX 3a/Ja4 MarOTh JOCTATHBHO MPOCTI MAaTEMaTUYHI MOAEIN Yy
BUIJISI/IL JTIHIMHUX YM KBAJPATUYHUX PIBHSAHb YM iX cucTeM. OCHOBHOIO CKIIQJIHICTIO,
10 BUHUKAE MPHU PO3B’sI3aHHI TAKUX 3a/1a4, € MOOYyJ0Ba MATEMAaTUYHOT MOJIEN1 — BUOID
HEB1JIOMOi BEJIMYMHM Ta 3alUC YMOBHU 3ajayl y ¢GhopManai3oBaHOMY BUTJISAL (3aruc
BIIOBIAHOTO ajreOpaidyHoOro piBHSAHHS YW CUCTEMM piBHSHB). Bix Bmanoro BuGopy
HEBIIOMOI BEJIMUMHHU 3aJIe’KaTh BUTPATHU 4Yacy Ha PO3B’sI3aHHA 3aadi, a y ACSIKUX
BUIIAJIKaX — 1 caMma MOXJIMBICTH 11 pO3B’ I3aHHSI.

Ha nmpuknangax po3riasiHeMo noOy 0By HAUIPOCTIIINX MaTEMAaTUYHUX MOJIENei
y BUTJIS1 anreOpaidyHuX piBHSAHb a00 iX CHCTEM Ta PO3B’S3aHHS BIAMOBIIHUX 3a/1a4
€KOHOMIYHOT'O 3MICTY.

Hpukaanx 1.6. [linnpuemens B3sB y opeHay Ha 4 pOKU NPUMIIIEHHS HA YMOBax
IMIOPIYHOI BUIUIATH Y KiHII pOKYy A T.0. Maroun aesikuii MO4YaTKOBUM KariTal, BiH
MOJIBOTB MOTO Yy KIiHI[I POKY Ta OIUIaTUB opeHay. Kamitan, 1o 3ajdumuBcs, BiH 3HOBY
MOJIBOIB Ha MPOTS31 JPYroro poKy Ta CIUIATUB OPEHAY. 3a TaKOK CXEMOI BiH
IpaIfroBaB Bci 4 poku. Y pe3ysbTaTi, B KiHIII Y€TBEPTOTO POKY HOTO JTISIBHOCTI, MMICIIS
OpEHIIM MiAMpUEMEI> MaB KamiTan, y 4 pa3u Outeluii 3a movyatkoBuid. [loOyayBaTu
€KOHOMIKO-MaTeMaTHYHY MO/IEJIb HAKOIMYEHHS KaMmiTalny MiIPUEMIIS Ta BUZHAYUTH
BEJIMYMHY MMOYAaTKOBOTO KaIliTaly, sIKIIO0 cyMa OpeHIU JopiBHIOBana 16 tuc. r.o. 3a
SKOT YMOBH BiOYJeThCS HAKOMWYEHHS KamiTany? Y CKUIBKH pa3iB MOYaTKOBHM
KaImiTaJ IMANpUEMIS TTIEPEBUINYBAaB OPCHIHY ILJIATy?

Po3p’si3anHss. Hexail x — mouyaTtkoBUM Kamitaynm mignpuemira. Tomi micis
IIEpIIOro POKY MisTHHOCTI BETMUYMHA KaIliTay cTaHOBUTE 2X — A, micis apyroro poky
BOHA  CTaHOBUTHME  2(2x— A)— A=4x-3A, miCAs  TPEeThbOr0  POKYy  —

2(4x—3A)— A=8x—T7A, TICIA 4YETBEPTOTO POKY — 2(8x—7A)— A=16x—15A.
OTXxe, eKOHOMIKO-MaTeMaTHIHa MO/JIeh HAKOTIMYEHHS KamiTany K Ha mpoTsi3i 4 pokiB
y 3aJeXHOCTI BiJl BapTOCTI OpeHAM A Ta IMOYATKOBOTO KalliTaly X Ma€ BUIJISI:
K=16x-15A 3a ymoBolo, mns BemmumHa craHOBHTH  4X.  Omxe,
16x —15A=4x, 12x =15A. Ipu A=16 Tuc. r.o. maemo: 12x=15-16, x=5-4=20
(Tuc. r.0.).

Hakonwuenns kamitamy Binoysaetbesa, sxmo K >0, tooro 16x—154>0.
16

: 16
3BijacH A<EX, TOOTO OpeHJHA TUIaTa HE MOBWHHA IEPEBUIYBaTH 15 BEJIMYNHU

MOYaTKOBOTO KaIiTany.
3 pierocti 12x =154 3naxomumo, mo x=1,254, T06TO MOYATKOBHII KariTal
MEpEeBULIYBAB OPEHAHY I1aty B 1,25 pasu.
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Hpuxkaaxy 1.7, [Hopiuni 300pu akUIOHEPIB MIAIPUEMCTBA BUPILIWIH
PO3NOAUTUTH UIOPIYHUHN NPUOYTOK 5,6 MIIH. I.0. HACTYITHUM YUHOM: OUIbIIY YACTHHY
npuOyTKY cOpsIMyBaTH Y GOH PO3BUTKY MIAMPUEMCTBA, 25% 1I€T CyMH BUKOPUCTATH
IUIsl BUIUIATH JAMBIACHAIB akiioHepaM, 15% BHKOpUCTAaTH Ha COLIalbHI MOTPEOH
MpaliBHUKIB. bylio BUPIIIEHO TakoX BUIYCTUTU JOJATKOBI akWii Mg MPOAAXY Ha
OipK1 Ha CyMmy, LIO JOPIBHIOE CyMl BHUIUIAYEHUX JUBIIEHMIB, Yy KUIbKocTi 250
3Buyaiinux Ta 100 npuBuielioBaHux akiii. BapTicTe npuineiioBanux akuiil y 1,5 pasu
OUIbIIIA 32 BapTICTh 3BUYANHUX aKIlii. BusHaUMTH, CKUTBKU KOIITIB OyJIO BUAUICHO HA
KOXXHUI HaNpsMOK Ta BapTICTh aKI[1H.

Po3p’s13anns. Hexali x — yactuHa npuOyTKy, cripsMoBaHa y (OHJ pPO3BUTKY
nignpuemcta, 0,25x crnpsMoBaHO Ha BUIUIATy AuBineHMiB, 0,15x — Ha comianbHi
notpedu. Maemo piBasHHS: X +0,25X +0,15X=5,6. 3Bincu orpumyemo: 1,4x=5,6.

Otxe, ¥=4 MmuH. r.0. cupamoBaHo y (oHJ PO3BUTKY IiJNPUEMCTBA, HA BUILIATY
auBineHaiB capsmoBaHo 0,25x=0,25-4=1 miH. 1.0., Ha comialbHI TOTPeOH —
0,15x=0,15-4=0,6 miH. r.0.

Skuro y — BapTiCTh 3BUYAMHOI akilli, TO BHUKOHYETHCS PIBHICTh
250y+100y-1,5=0,5-1. 3Bimzcu py=1250 r.0. — BapTiCThb 3BUYAWHOI aKIii,
1,5y =1825 r.0. — BapTiCTh NPUBLICHOBAHOI aKIIii.

Hpuxkaax 1.8. HadroBa xomnaHisi MOPIYHO BIAIPABISIE HA CBOT aBTO3aNpaBHi
craniii 120 Tuc. 1 OGEH3MHY Ha KOXHY CTaHI[il0. 3’sCOBaHO, IO Yy BUXITHI AHI
urigdime 4 A3C 3akpuTH, a TPU3HAUYCHUH 11 HUX OCH3UH PO3MOAUIATH MOPIBHY
nomix pemroro A3C. Ilpu nbomy koxkHa A3C 30UTBIIMTE 00CAT peaizallii 0eH3uHYy
Ha 8 THC. JI, MO € iX rpaHnyHoI0 MicTKicTiO. Ckitbkn A3C Mae HadTOBa KOMITaHis?
SIka rpaHUYHA MICTKICTh KOKHOI 3 HUX?

Po3p’si3anns. Hexaii x —kinpkicts A3C HadToBOT KOMmaHii. Togi — — obcsr
X
C . .. 120 .
peaizanii OCH3MHY Ha KOXKHIH 3 3alpaBOK y poOouyi aHi, a — +8 — y BUXIiJIHI JHI.
X
) . 120 C .
OckinbKH y BUX1H1 JH1 He TipaiioroTh 4 A3C, To — o0csr peasizallii Ha KOXKHii
x —_—
3 3aIlpaBoK, 110 MPAIIOIOTh Y BUXIHI JIHI. 3 YMOBH 3a/1a4i Ma€MO:
120 120
—+8= .
X x—4

3BijIcH 3HAXOUMO:
120(x—4)+8x(x-4)-120x=0= x*-4x-60=0,
KopeHi nporo piBHAHHA x, =2—-8=—6 Ta x, =2+8=10. Big’emHi KopeH1 He
MalOTh CEHCY (X — KUTBKICTh 3aIIPaBOK), TOMY MU 3HaWTILH, 110 KomnaHis mae 10 A3C,

. . ) 120 L
IPaHUYHA MICTKICTh KOXKHOI 3 IKHX JIOPIBHIOE E +8= 20(TI/IC. JI) y BUXIJIHI JTHI.

Ipukaax 1.9. Ha npoTs3i poky miHa ToBapy MigBUIYyBajlach Ha OJHY U Ty X
KUTBKICTh mporeHTiB. IloyaTkoBa 1iHa ckmnana 10 r.o. Ilicas apyroro miaBUIIIEHHS
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BoHa jopiBHIoBana 12,1 r.0. Ha CKIIbKM MPOIEHTIB MiABUIIYBajach I[IHA TOBapy
obuBa pazu?
Po3p’s13anHs. Hexail x — KUIBKICTh MPOLIEHTIB MIJABUILEHHSA 1[IHU ToBapy. Toxi

2
10(1+ ioj — I[IHA TOBapy MiCJs NEPIIOro MiJBULICHHS, 10(1+ ﬁ) — Horo miHa

2
micJIsg APyroro maBuiieHHs. OTKe, 10(1+ ﬁj =12,1. 3Bigcu 1+0,01x=11, orxe,

x =10, nina ToBapy mixBHIIYyBanack KoxkHOTo paszy Ha 10%.

Hpuxkaax 1.10. ABrozaBoa BupoOisie aBTOMOOLIl ABOX Mapok (4 Ta B) y
KUTbKOCTI 52 TuC. oauHullb. Ha HacTynmHMM pik 3amjaHoBaHe 30UIbIICHHS
BUPOOHUIITBA aBTOMOOLTIB Mapku 4 Ha 75%, mapku B — Ha 140%. VY pe3ynbrari
BUPOOHUIITBO aBTOMOOUIIB MOBUHHE 30UIbIMTUCA YyABIYl. CKUIBKM aBTOMOOUIIB
KO’KHOT MapKH aBT03aBO/] BUITYCTUB Y IOTOYHOMY POIIi 1 BUTYCTUTh HACTYITHOT'O POKY?

Po3p’si3anHsa. Hexali x — KUIBKICTh aBTOMOOLIIB Mapku A, BHUITYHICHUX
HiAMNPUEMCTBOM Y MOTOYHOMY polli, y — Mapku B. Toxal y HacTymHoMYy polui Oyne
BumyiieHo 1,75x aBTomo0u11B Mapku A4 Ta 2,4y aBTOMOOUIIB Mapku B. 3 yMOBHU 3a/1aui
OTPUMAEMO CHCTEMY:

X+Yy=52, y=52-X, y=52-x, X =32,
= = =
1,75x+ 2,4y =104. 1,75X+2,4(52—X):104. 0,65x = 20,8. y =20.

OTxe, y TIOTOYHOMY POIli 3aBOJI BUITYCTUB 32 THC. aBTOMOOLTIB Mapku A Ta 20
THC. aBTOMOOLTIB Mapku B. Y HacTymHoMy poili BiH Bunyctuth 32-1,75=56 Tuc.
aBToM001iB Mapku A Ta 20-2,4 =48 tuc. aBToM00LTIB Mapku B.

Mpuxnag 1.11. [MpamiBHAULS KOHIATEPCHKOTO IIEXy Ma€ MIOJCHHE 3aBJIaHHS Ha
BUTOTOBJICHHSI TIE€BHOI KUIBKOCTI TOPTIB. BoHa mimpaxyBana, IO KOJIU 3MOXE
BUPOOJIATH HA 1 TOPT 3a roAuHY O1JIbIIIE, TO BOHA 3aKIHUKUTH poOOTY Ha 0,5 rox paHiiie,
SKIO K 3a ToAuHYy Oyae BUPOOIATHCS Ha 5 TOpPTIB OUTbINE, TO 3aBIaHHSA Oyje
BUKOHaHe Ha 2 roa panime. CKUIBKM TOPTIB 3a JIeHb IMOTPIOHO BUTOTOBIISATH
IPAIiBHUII Y 3BUYAHOMY PEKHMI?

Po3p’si3annss. Hexali x —dac, HeoOXimHWUW TpalliBHUIN JUIi BUKOHAHHS
II0JICHHOTO 3aBJaHHS, ) — KUIBKICTh TOPTIB, SIKi MOTPIOHO BUTOTOBUTH 3a roiuHy. Toxi
IIOJICHHE 3aBJIaHHS JJI TIPAIIBHUII TOPIBHIOE Xy. 3 YMOBH 3aja4l BUILJTUBA€E HACTYITHA
cucTema:

><y:(x—0,5)(y+1),:>{x—0,5y=0,5,::> x=0,5(1+y), N x=0,5(1+y),
xy =(x-2)(y+5). 5x —2y =10. 5(1+y)-0,5—2y=10. 0,5y=7,5.

X =38,
=
y =15.

OTxe, MIOJCHHE 3aBIaHHS TNPAMIBHUIIl KOHIUTEPCHKOTO TII€Xy CKJIaaae
xy =8-15=120 TopTis.
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Hpuknaax 1.12. /Iga Gpatu BUpIIWIM 3aHHATUCA 3€MJIEPOOCTBOM 1 B3SJIU Y
OpeHIly AUIAHKY 3eMJil. 3a X po3paxyHKaMu, 0OpoOIstoun iX pa3oM, BOHH 3MOTJIU O
BUKOHATH 110 poboty 3a 12 nHiB. Ilpore y onHoro Opata 3’siBuiach OUIbII IIKaBa
poOoTa, TOMy BiH B3sIBCS OOpOOJIATH JIMILE YETBEPTY YACTUHY iX 3arajibHO1 JUISTHKH.
[Ipaitoroun caMoCTiiiHO, BiH OOpOOMB 1i MEHII HIXK 3a TWXACHb. [HIIKMNA Opar Tex
CaMOCTIMHO 0OpoOUB CBOi TpU uBepTI NUIAHKH. Bea pobora 3aitHsna y OpatiB 27,5
nHiB. CKUIbKK Yacy 3HaA0OMIIOCS KOKHOMY 3 OpaTiB, 1100 00pOOUTH CBOIO YaCTUHY
TUTISTHKU ?

Po3p’si3anns. Hexail x — KUIBKICTh JHIB, MOTPIOHUX mepuioMy Opary ais

00poOKHM BCI€T NUISHKY 3eMIT1, y — IpyromMy opary aist o0poOku Beiel niissHku. Toal —
X

e o 1 -~
— YaCTKa BCI€1 OUIAHKH, AKY O6p06ﬂ51€ 3da ACHb IICPpIINU 6paT, — — BCJIMYHMHA II1€1
y

1 1 1 e
YacTKu JUIsl Apyroro Opara, — + — = T yacTKa BCi€l AUISHKH, 1110 Oyne oOpobieHa
Xy

3a JeHb MpH iX CHUTBHIN mpaii. 3 1HIOoro OOKy, Zx — KUIBKICTB JIHIB, BUTPAUYE€HHUX

3

nepuuM OpaToM Ha 0OpOOKY CBO€T YACTKH JTUISTHKH, 2 Y — LIe# TepMiH IJisi APYroro

1

Opara. 3a yMOBOIO 3aj1a4i, Zx + 2 y=21,5, npu upomy Zx <7, T00TO X <28. Maemo

CUCTCEMY IBOX piBH?IHB 3 JBOMa HeBi,ZIOMI/IMI/I:

1,11 1 11 (1 1 1 12y

Xy 12 e e e F T
=x 12 y =x 12 y = y—-12

%3%:27,5. x+3y=110. |x=110-3y. |x=110-3y.

3 OTpUMaHOi CHCTEMH BHILIMBA€, MO 332 —134y +1320=0. KopeHni nporo
134-46 44  134+46

KBaJPaTHOTO PIBHSHHS Vi T 3 Y, : =30. Toni

x, =110-3y, =110-44=66 > 28, x, =110—-3y, =110-90=20<28. Otxe, Ha
. . 1 20 : .

o0poOKy 3emuli mepmuii OpaT BUTpaTHB Zx = 7 =5 nHiB, Ipyruii Opar —

3 3

—y=—-30=22,5 nnis.

2774

Mpukaanx 1.13. /Ia nianpuemus pazom npuadoanu 50 T ToBapy 3a minoto 10 r.0.
3a 1 T. Ipyruii mianpueMens 3amiaTUB 3a TOBAP, BKIIOYAIOYM BAPTICTh EPEBE3ECHHS,
Ha 112 r.o0. 6unbIme, Hix nepmmwmid. [lepeBeserns 10 T ToBapy KOIMITYBAIO MiAMIPUEMITIM
1 r.0. 32 100 kM mursixy. [pu oMy mepruii mianpueMens Bi3 ToBap Ha Biactanb 600
KM, a npyruii — Ha Bigctanb 800 kM. SIKy KUIBKICTh TOBapy MpHUAOaIu MEPIINil Ta
npyruii  mignpueMenb? CKiIbKM KOINTIB BHTPATHB KOXEH 3 IMANPUEMIIIB Ha
npua0aHHs Ta epeBEe3CHHs ToBapy?
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Po3B’s13anHs. Hexaill x — KUIbKICTh TOBapy, 110 NpUI0aB NEPIIUH MiAITPUEMELLD,
BianoBinHO (50—x) — KUIBKICTh TOBapy, 110 MPUA0aB APYTUd mianpueMenb. Butparu
NEepIIOro MIANPUEMIS Ha MNpUAOaHHS Ta MepeBe3eHHs | T ToBapy CTaHOBIATH

(10 110 fgg) r.0., AaHaJOrI4HI BUTPATH JAPYroro MIANPUEMI CKIAJal0Th

(10 L1 1 800

r.0. 32 YMOBOIO 3a/1a4l Ma€MO:
10

(50— x)(lO L 800) x[lO L 600) 112
10 100 10 100

3Bincu Bu3Hauaemo, mo 21,4x=428, to6T0 x=20. Omxe, mnepmwmii
nignpuemens npua6as 20 T ToBapy, BianosigHo apyruit mixnpuemens — 50—20=30
T ToBapy. [Ipu IbOMy BUTpaTHU NEPIIOTO MIAMPUEMIIS HA TIPUAOAHHS Ta TIEPEBE3CHHS
1 600
10 100
1 800
10 100

Ipuknanl.14. ®@ipma Mo HA BIANPABILE y CBOI Mara3uH 18 X0JIOAUIBLHUKIB
(oTHaKOBY KUIBKICTh HA KOXKEH MaraswH). Y 3B’S3Ky 3 3aKpHUTTSIM 4 MarasuHiB,
KIJIBKICTh XOJOIMJIBHHUKIB, 110 BUAUISETHCS Ha KOKHUM Maras3uH, 301IbIINJIACh Ha 6
onuHullb. CKUIBKA Mara3uHiB 3aduImnioch y ¢GipmMu? CKUTBKH XOJIOAWIBHUKIB BOHU
ovay ofep>KyBaTH?

Po3p’si3anHs. Hexait x — modaTkoBa KiIBKICTh Mara3uHiB. 3 yMOBHU 3ajadi
OTPUMYEMO PIBHSIHHS:

TOBapy CKJIAJIH (10 jzo 212 T.0., aHAJOTIYHI BUTPATH JPYroro

MIIPUEMIIS — (10 j 30 =224 r.o.

18 —E:(S.
x—4 x

3BiICH 3HAXOIMUMO: 18x —18(x — 4) = 6x(x — 4), x = 0, x = 4. Maemo kBazpatHe

piBHsHHA x° —4x—12=0, kopeHi sxkoro 6 Ta —2. OTXe, I0YATKOBA KLIBKICTH
MarasuHiB JopiBHIOBana 6, iX HUHIMHA KinpkicTe 0 —4=2. KoxeH 3 HUX OTpHMY€

18

=9 X0J0AMIBHUKIB.

IuTaHHs AJ51 CAMOKOHTPOJIIO 0 3MiCTOBOIr0 MoayJis 1

1. BkaxiTh €KOHOMIYHI 3aBJaHHS Ta cQepu EKOHOMIYHOI IisIIBHOCTI, e
BUKOPHUCTAIOTHCS MPOIEHTHI PO3PaAXyHKH.

2. [TosICHITP PI3HUIIIO MK POCTUMU Ta CKIAJHUMH BIJICOTKAMH.

3. HaBenite mpukiagn eKOHOMIYHMX TPOOJIEM, IJisi BUPIIICHHS SIKMX MOTPIOHO
PO3B’S3yBaTH Yy IIUTHX YHUCEI.

4, BkaxxiTe anroput™ J1si po3B’ I3yBaHHS PIBHSIHB Y HUTUX YUCEN.

d. HaBenith o3HaueHHs anreOpaiyHUX pIBHSHH Ta CHUCTEM Ta TMPHUKIAIIB

€KOHOMIYHHX 33/1a4, SKi MO’KHA PO3B’s3aTH 3 BUKOPUCTAHHAM anreOpaidHuX piBHSIHB
Ta CHUCTEM.
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3aBaaHHA I CAMOKOHTPOJIIO 10 3MicTOBOro moayJs 1

1. byniBHuuTBO OynuHKYy KowmtyBaio 98 tuc. r.o. 3 HuUX 65% 3amnatwid 3a
Marepial, pemry — 3a npauro. BuzHauure, Ky cymy 3aIlUIaTUIIM 32 MPAL0?

2. [Ticns 3HMMkeHHS 1iHU Ha 5% BapTicTh TOBapy ckiana 38 r.o. Buznaure ioro
BapTICTh 10 3HUKEHHS I1HU.

3. [iny ToBapy 30unb1IMIN HA 20%, TOTIM HOBY 1iHY 3HU3WIX HA 17%. 3HalAITS,
Ha CKUIbKH BIICOTKIB y pe3yJbTaTi 3MIHWJIACA I[IHA Y MOPIBHSAHHI 3 TOYaTKOBOIO.

4. VY pesynbrati IHQIALIT [[IHA HA TOBap 3pocia 3a nepuuil micsaup Ha 5%, a 3a
apyruit Micsiub — Ha 7%. 3HAWAITH 3MIHY IL[IHU 3a 2 MICSILI.

5. [lina Ha ToBap 3miHtoBanacs. Ha kineun 2016 poky Bona ckiana 400 r.o., Ha

KiHEllb YOTUPbOX HACTYMHUX POKIB — BinnosinHo 440 r.o.,462 r.o., 480 r.o. Ta 526 r.o0.
BusHnauits, y skoMy poli TemMl iH(II1ii O0yB HaiBUILKM.

6. [ina Ha ToBap 3pocna Ha 300%. 3HaiiaiTh, IK HTOTPIOHO 3MIHUTH I[iHY, 11100 BOHA
NOBEPHYJIACS /10 MONEPETHBOTO PIBHS.
7. [Ticns pekoHCTpyKIIi 00MaHaHHS HOTro MPOAYKTUBHICThH 3a 3MIHY 3pociia Ha

60%, BuUTpaTu enexkTpoeHeprii 3a 3MiHy ckopoTwiucs Ha 20%, mina 1 xBt-Tox
eJIEKTPOCHEPTrii 3a 4ac PpeKOHCTpYKIii 3pocina Ha 40%. BusnHaute, Ha CKUIbKH
NPOIICHTIB 3MCHIIWIMCS BHTPATH Ha EJIEKTPOCHEPTiI0 y PO3PaxXyHKY Ha OIUHUIIIO
OPOIYKITI.

8. [lens 3a HECBOEYACHY OIIaTy KOMYHAIBHUX MOCITYT HAPaXOBYETHCSA Y PO3MIpi
0,1% Big HecruiaueHOi CyMHU 3a KOXKEH JIeHb 3a00proBaHOCTI. 3HaiaiTh, Ha ckiubku
THIB OyJI0 3aTpUMaHO OIUIaTy, SKIIO Ha 3a0oproBaHicTh y 20 r.0. Oyna HapaxoBaHa
neHs 1 r.o.

Q. [TignpueMcTBO OTpHMao y 0aHKY KpEeauT Ha CyMY 5 MJIH. I.0. TEPMIHOM Ha 5
pokiB. BimcoTkoBa crtaBka 3a kpeautoMm ckianae 10,5% mis meprioro poky, aiis
JIPYyroro poky BoHa 30uibliyeThest Ha 1,5%, miis TpeThoro Ta pemTd poKiB BOHA
3pocTtae Ha 0,75% mopiuno. BusHaunts cymy 0opry, 110 MoBUHHO TTOBEPHYTE uepes 5
POKIB.

10.  3maiimiTe HUHIMIHIO BapTicTh 20 THC. T.0., IKi OyAyTh OTpUMaHi yepe3 4 pOoKH,
SIKITIO TIPOIIEHTHA CTaBKa CKianae 8% piaHUX.

11. Bwusnaure, Ky cyMy HEOOXIIHO MOMICTHTH Ha JIEMO3MT, 100 depe3 4 poKu
oTpuMaTu 4 THC. T.0. IPH MPOIEHTHIH cTaBIll 13% piyHUX.

12.  Tosap mpomatots mo 100 r.o. 3a oguHuIto. Butparn Ha npuaOaHHS OIUHUIIL
TOBapy CKJIaAa0Th 75 T.0. 3HAWITh CyMy MPUOYTKY Ta PEHTAOENBHICTh peatizallii
OJIMHUIII TOBapYy.

13. Bwupyuka Bin peamizamii ToBapy ctaHoBuTh 2550 r.0. BusHaure, BenuuuHy
BUTpPATH, 00 peHTa0ENIbHICTH cKiana 25%.

14.  TIpuOyToK MiANPUEMCTBA CKIAJAE S5 MIH. T.0., peHTa0EIbHICTh JOpiBHIOE 25%.
3HalAITE BUTPATH.

15. Ilepme Ta apyre MOIANPUEMCTBA pPa3oM BUTOTOBWIIM y 2 pa3u OuiblIe
BEJIOCHIIEIIB, HK TPETE, a TMEpIe Ta TPETE pa3oM — y 3 pas3u Ouibiie, HiX JIpyTe.
Busnaure, sixe miAnIpUeMCTBO BUTOTOBHIIO HAHOUIBITY KUTBKICTh BEJIOCHIICIB.

16. BwusnHaure, un MoxHa Habpatu cymy y 1000 T1.0. 3 IOMOMOTOIO KYIIOP
HoMiHaioMm y 1 r.0., 10 r.o. Ta 100 r.0. Tak, mo0 Oyi0 BUKOpHCTaHO piBHO 40 KyTIOp.
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17.  CtyneHt oTpumas 3aBIaHHs, 110 MICTUTH 20 3a7a4. 3a KOKHY BIpHO PO3B’s13aHy
3a/1a4y BiH OoTpuMye 8§ 0ajiB, 3a HEBIPHO PO3B’s3aHy — MiHYyC 5 OaiiB, 3a 3a7ady, sKy
BiH He mpoOyBaB po3B’sizyBath — 0 OamiB. CryaeHT 3arajom otpumaB 13 Oaiis.
3HaiiAITh, CKUIBKY 3a/1a4 BiH HE MPOOYyBaB po3B’sa3aTu?

18.  Kinpka oJlHaKOBUX KOHTEHHEpIB BaxaTh pa3oM 20 T, IpUUOMY KOXKEH 3 HUX
BakKHTh He Owutpme 1 T. Busnaure, sAKk0i HalMEHIIOI KUIBKOCTI MaIlMH 3
BaHTAXXOMIAMOMHICTIO 3 T JOCTAaTHBO, 11100 BUBE3TH 32 OJIUH Pa3 BECh BAHTAXK.

19.  TloBiTpsaHy niHilO, 10 MOB’A3y€e MicTa A Ta B, 00CIyroBylOTh JITaKU TPHOX
tunie. KoxeH JiTak nepumoro, Ipyroro Ta Tp€ThOro TUILY MOXE NPUUMaTH BIAIOBIIHO
240, 110 Ta 40 nacaxxupis, a Takox 27, 12 Ta 5 koHTeiHepiB. Bci mitaku niHIi MOXYTb
OPUMHATH oJlHOYacHO 760 macaxupiB Ta 88 KOHTEIHEPiB. 3HANUAITH KIJIBKICTH JIITaKiB
KOXXHOTO THUITY, SIKIIO X 3arajibHa KIJbKICTh HE MEPEBUINYE 8.

20. 3amizHU4HMI noTAT 3 TWIaTGopmamu 31aTeH nepese3tu 175 aBromoOLIiB. [Ticns
nepeoOiaHanHs IaTGOPM KOKHA 3 HUX CTajia BMIIIATH Ha 2 aBTOMOOLIl OiblIe,
BHACJ1I0K YO0 KUIBKICTh MiaTgopM 3MeHumIach Ha 10 npu nepeBe3eHH] Ha MOTITY
TaKOi K KUTbKOCTI aBTOMOO1I11B. Bu3HauTe, CKUIbKYU TIaT(HOPM 3HAXOAUTHCS Y MOTATY
miciis iX nepeo0IaHaHHs 1 CKUTbKH aBTOMOOLTIB PO3MIIIY€EThCA Ha MIaTdopMi

21. JIBa nexu mianpueMcTBa A BUTOTOBISIOTH mOMicsi9HO 800 OAMHUII TPOTYKITIi.
JIBa aHaymoriyHi LIeXW MIANPUEMCTBA B 3a paxyHOK BHUIOI MPOJYKTHBHOCTI Mpalli
BUTOTOBJISIFOTH MIOMicSIYHO Ha 140 omuHuIb MpOAYKIlii OuIbie. 3HAWIITH, CKIIBKH
OJIMHUIIb TPOJYKIii BUTOTOBISIOTH Yy KOXHOMY IIeXy MianpHeEMCTB A Ta B 3
BpaxyBaHHSIM TOTO, II0 OOUBA LIEXH MIJIPUEMCTBA B MalOTh NMPOAYKTUBHICTH Ipalli
BianoBinHO Ha 30% Ta 10% OuIBITY, HIK aHAJIOTTYHI IIEXH MIAIPUEMCTBA A

22. 3apoOiTHI m1atu poOITHUKA 3a )KOBTEHB Ta JIMCTOIA] BIAHOCUINCH K 9:8, a 3a
JUCTONAj Ta TpyAeHb K 3:4. 3a rpyleHb BiH OoTpuMaB Ha 225 T.0. OuIbIe, HIX 3a
’KOBTEHb, a 3a MEPEBUKOHAHHS KBAPTAIBHOTO TIaHY POOITHUKY HapaxyBalld PEMII0
y po3mipi 20% ioro TpUMICAYHOTO 3apoO0iITKy. 3HAWAITH BEIMYMHY OIUIATH MIpalli
pOOITHHKA Y YETBEPTOMY KBapTaIi.

23. Ha ckmani 3naxommwiock 300 kr ToBapy. Bonu Oynmm mpojaHi y HEpIBHHX
KUIBKOCTSX JBOM oprasizamisMm mo 12,5 r.o. 3a kutorpam. Ilepma opranizamis
NEePEBO3UTH NIpUAO0aHui ToBap Ha BijacTanb 20 kM, a apyra — 30 km. [lepeBesenns 10
Kr ToBapy komrtye 0,5 r.0. 3a 1 kM nuiaxy. 3Har04H, 1110 Jpyra OpraHizallis 3ariaTuia
3a mpuaOaHHS Ta mepeBe3eHHa ToBapy Ha 900 r.o. Ouible, HOK IepIia, BU3HAUYTE,
CKUTBKH KUIOTpaMiB TOBapy mpuadana KoKHa OpraHizallis 1 CKUTbKA BOHA 3aIulaTHiia
3a TOBAp Ta MEPEBE3CHHS.

24. 3a 1 xr mepmoro ToBapy Ta 10 xr apyroro toBapy 3amitatuiau 200 r.o. SAkmo
MIPY CE30HHII 3MiHI IiH EePIINiA ToBap moaopoxkyae Ha 15%, a npyruit — noaemiesmiae
Ha 25%, TO 3a Taky X KUIBKICTh LIUX TOBapiB Oyne cruradeHo 182 r.0. BusHauuth
BapTICTh | KT KOKHOTO TOBapy.

25. Jlesike 3aMOBJICHHSI BUKOHY€ETBCS Ha MANMPHEMCTBI A Ha 3,6 TO JOBIIE, HIXK Ha
mianpueMcTBi B, 1 Ha 10 roguH qoBIIe, HiX Ha mignpueMcTBi C. SIKIIO 3a THX K€ yMOB
mparli manpueMcTBa 4 Ta B 00’ €IHAIOTHCS IS BUKOHAHHS 3aMOBJICHHS, TO TCPMIiH
1oro BUKOHAHHS Oyje TaKUM JKe, SIK y oJHOTro mianpueMctBa C. 3HaHAITh, HA CKUTBKU
roJIMH OLUIbIIE YU MEHIIE OJHOr0 po00YOro MAHS BUKOHYIOTh 3aMOBJICHHS Ha
mianpueMctBl C, SIKIO TPUBATICTh poOOYOTO JHS 7 TOJUH.
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26. IlouarkoBa co0iBapTICTh OJMHULI TpoAYyKLUIi AopiBHIOBada 50 r.o. Ha mpoTs3i
MEePIIOr0 POKY BUPOOHUIITBA BOHA MIJBUIIMIACH HA JIEAKY KUIbKICTh MPOIEHTIB, Ha
MPOTSI31 IPYroro poKy 3MEHIIWIACH HA TY K KUIbKICTh MPOIEHTIB y MOPIBHSIHHI 3
MepIIUM POKOM. Y pe3yibTaTi coOIBapTiCTh MPONYyKIii ckiana 48 r.0. Buznauutu
MPOLIEHT MIJBUIIEHHS Ta 3HUKEHHS CO01BaPTOCTI MPOTYKIII.

27. JlBa mpailiBHUKH OyJIM MPUITHATI HA OJMH 1 TOW e TePMiH BUKOHAHHS C€30HHOT
poOOTH 3 PI3HOIO OMJIATOIO OJIHOTO JHS Mpall KoskHoMy. [lepiiuii npamtoBaB Ha a IHIB
MEHIIE TEPMIHY 1 OTpUMAB I' T.0., APYTHM MPOIpaIoBaB Ha @ JHIB OUIbLIE TEPMIHY 1
oTpuMaB S r.0. Skmo O nepumuii NpaniBHUK MpPaliOBaB CKUIbKU JHIB, SIK JPYTHil, TO
BOHU OTpuMaiu 6 nopiBHy. BuzHaute TepMiH BUKOHAHHS POOOTH.
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3micToBuit MoAy b 2. 3acTOCYBAaHHS JIIHIMHOI AJre0pu Ta aHATITUHYHOL
reoMeTrpii

Mema eusuenns 3micmosozo mooyns 2. ChopMmyBaTH y CTyJAEHTa HaBUYKU
3aCTOCYBaTH amnapara JiHIHHOI anreOpu Ta aHaIITUYHOI T€OMEeTpii MpU BUPIIICHHI
HAyKOBO-TIPAKTUYHUX €KOHOMIYHHUX MTPOOJIEM

ILnan
[Ipoctip ToBapiB. Bektop 1iH.
CratruHa MOJI€NIb MIKTaly3eBOro OanaHcy.
JliniitHa Mozenb 0OMiHY (MIXXHAPOIHOT TOPTIBI1)
METO/11B AaHAJIITUYHOT reoMeTpil
[ToHATTS OIOAXKETHOT MHOXKHHHU

abrwdE

Knrouosi mepminu ma nowsmms:. ToBap, MPOCTIPp TOBAPIB, 1HIEKC CIIOXKHUBUUX
111H, MoJieb JICOHThEBa, MKTaTy3eBU OajaHC, TEXHOJOTTYHA MAaTPHUII, KOS(IIEHTH
OpsIMUX BUTPAT, MPOAYKTHUBHA MATPHI, JiHIHA MOJENb MDKHAPOAHOI TOPTiBII,
pPIBHOBa)KHA I[1HA, TOYKa 0€330UTKOBOCTI, OO/ )KETHA MHOKHUHA.

2.1. IlpocTip ToBapiB. BexkTop 1in

[Ipy 1oOymOBI €KOHOMIKO-MAaTEMAaTHYHUX MOJENIEH YacTO BUKOPHUCTOBYIOTH
MOHATTS TPOCTOPY TOBapiB Ta BekTopy IWiH. Ilim mosapom poO3yMIIOTH NESIKY
NOPOIYKI[i0, 1[0 HAIXOIUTh HA PUHOK JIJIsl TPOJIaXy Y MEBHUN Yac y MEBHOMY MICIIL.

Hexait MmaemMo n pi3HHX TOBapiB, 0OCST i-T'0 TOBApy BIAMOBITHO TOPIBHIOE X;i, i=1,
2, ..., n. Jleskuii HaOip WX TOBapiB MOXKHA 3alMCAaTH Yy BUIIIAI BEKTOPY
¥ =(x,%,,.x,), x,20,i=12,..,n. MHOXHUHY BCiX HabOpiB TOBapiB Oynemo
Has3uBaTH npocmopom mosapie C. KoXHUW TOBap Mae TEBHY JOJAaTHY IliHY.
[To3Haunmo 11iHY i-rO TOBapy pi, i=1, 2,..., n. Bexrop p =( PP, pn) Ha3UBaIOTh

eexmopom yin. Jlna HabOpy TOBapiB X =(x,,x,,...,x,) PO3IJIAHEMO BEKTOP

BIANOBIIHUX LIIH P =( P, P, P, ) Ckansapuuii 100yTOK

p¥ =Y px =C(%)

i=1
BU3HAYaE 1iHy HAOOPy TOBapiB X .
Inoexc cnoowcuguux yin XapakTepusye 3MiHY y 4aci 3arajibHOTO PIiBHS ITIH Ha
TOBApH Ta MOCIYTH, SKI KYIIy€ HACEJICHHS /11 HEBUPOOHUYOTO CTIIOKUBAHHSI.
Hexat g=(q,,d,,....,q,) — BEKTOp 00CATY CHOXKMBYMX TOBApiB YM MOCIYT,

[ ( P11y Pios-es plm) — BCKTOp HIH Yy HOTOYHOMY MICANL, P, = ( Po1s Pozs-ees pOm) -
BEKTOD IIiH Y IMOMIEPETHBOMY MICSIIL. [HOeKcoM cnodicusuux yin y BiICOTKaX HA3MBAIOTh
BEJIMUMHY
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i =219 1000
Po-d

3 wi€l pIBHOCTI BHUIUIMBA€E, IO 100, - =i,P,-q a00 (100ﬁ1—ipﬁ0)-q:0.

OtpumaHa piBHICTE CBIXYHTE, IO IHACKC CIOKUBYMX LIH j MOXHA BH3HAYATH SIK

YHMCIIOBUI KOS(ILIEHT, IIPU SKOMY BEKTOP { OPTOTOHAIBHHMI 10 BEKTOPY 100D, —i, P,

. Innekc 1A 00YUCTIOTh 32 GOPMYJIIOIO:

i:ip—100:100—(p1_p°_) 1,
Po- 9

Hpukaaxy 2.1. Butpatu ¢ipmMu Ha pecypcH, siKi BUKOPUCTOBYIOTH JUIS
BUTOTOBJICHHS OAMHUII MTPOIYKIi, 3a7aH1 y Tabmuii 2. 1. 3HalAITh I{IHY BCIX PECYPCIB,
10 BUKOPUCTOBYIOTHCS AJIE BUTOTOBJIEHHS OAMHMII MPOAYKIII 3 BUKOPUCTAHHIM
METOJly BEKTOpHOi aireOpu. BBenemo BEKTOp BUTpAT pecypciB Ha BUTOTOBJICHHS
OJIMHULII MPOJIYKIIIi Ta BEKTOP I1H 32 OJUHUIIIO BIJIMOBITHUX PECYPCIB

Ta6muusa 2.1. Burpatu ¢ipmu Ha pecypcu, HEOOXITHI JUIsi BUTOTOBJICHHS
OJIMHUITI TTPOJTYKIIIT

Pecypcu KinekicTh [{ina 3a OJIMHUIIIO,
T.0.
CupoBuHa A 200 xr 3
Cuposuna B 500 m? 5
Butpartu npari 0,65 10
JIFOJIMHO-TO/T

BapricTs excruryaranii | 0,7 MammmHO-TO 15
oOJ1aTHaHHS

Po3B’si3anHs. BBenemMo BeKTOp BUTpaT pecypciB Ha BUTOTOBJICHHS OJIMHUIII
IPOIYKIIIT X = (200;500;0,65;0,7) Ta BEKTOP I1iH 32 OJTMHHUIIIO BIJIMOBITHUX peCcypciB
P =(3;5;10;15) .BapTicTh BCiX pecypceiB, 110 BAKOPUCTOBYIOTHCA [JIsi BUTOTOBIIECHHS
OJIMHUIII IPOJIYKIIii, TOPIBHIOE X - p . MaeMmo:

c=Xx-p=200-3+500-5+0,65-10+0,7-15=3117 r.o.

Hpuxknan 2.2. KomepuiiHuii 6aHk, mo ¢QiHaHCye  OymiBHUIITBO
0aratokBapTUpPHUX OyIMHKIB, OTPUMAaB Ha OJIUH PIK KPEAUTH BiJ TphOX OaHKiB. BoHu
Hajanmu Kpeautu y po3mipax 200 Tuc. 1.0., 300 THC. T.0. Ta 400 THC. T.0. MO pivyHI
MpOLIeHTHI cTaBku BignmoBiaHO 40%, 25% Tta 30%. BuzHauuth cymy, Ky MOTpPIOHO
BUILJIATUTH 32 KPEIUTOM 4Yepe3 PiK.

Posp’sizanns. Bekrop kpemutiB X =(200,300,400), BEKTOp NPOLEHTHHUX
CTaBOK p = (1, 4;1, 25;1,3) . CyMa BUIIJIaTH 32 KPEAUTOM CKIIAJAE:

c=x-p=200-1,4+300-1,25+400-1,3=1175 r.o.

Hpuxknan 2.3. BusHaure iHAeKC IMiH Ta 1HAEKC 1HQIAII, pO3paxyBaBIIH
BapTICTh CITOYKWBYOT'O KOIITHKA, IO CKIATAETHCS 3 TPHOX BHJIIB TOBAPIB TA MOCIYT, IS
MIOTOYHOI0 Ta MOMNepeHboro MicsiiB. HeoOxinH1 nani HaBeleHo y Tabuuii 3.2.
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Po3p’si3anns. Bekrop 00csry COKMBYMX TOBApiB { = (3;10;2), BEKTOP ILiH Yy
MOTOYHOMY MICAlll 5, = (4000,2000,4000), BEKTOp IiH y TMONEPEIHBOMY MiCAILI
JIOPIBHIOE B, = (3500,1800,4500).

Po3paxyemo iHAEKC 1IH:
i = ﬂ 100% — 4000-3+2000-10+4000-2 1100% =106, 7%
P, -0 3500-3+1800-10+4500- 2
[aaexc IS ; = i, —100% =106, 7% —100% =6, 7%
Ta6auus 2.2. BapticTh TOBapiB Ta MOCTYT CIOXKUBYOTO KOIIMKA Y TOTOYHOMY
Ta TONEPETHBOMY MICSIISX

Toap OO6csr ToBapy | Llina ogunwMIll TOBapy [{ina onuHMIIl TOBApY
(mocnyra) y MOTOYHOMY MICSII], T.0. | y MONePeTHbOMY MICHII], T.0.
A 3 4000 3500

B 10 2000 1800

C 2 4000 4500

2.2. CTaTH4YHA MOJIeJIb Mi’KTaJIy3eBoro 6anancy (Mojaesib JIeOHTHEBA)

PosristHemo cTaTuuHy JiHIAHY MOJIENb 0araTorany3eBoi eKOHOMIKUA. Y OCHOBY

Ii€1 MOJIETi TIOKJIaICHO HACTYITHI MPUITYIIICHHS.

1. ¥V exoHOMIUHIH cucTeMl, 10 € 00’ €KTOM MOJICIIIOBAHHS, BUPOOJISIOTHCS Ta
CIIO’KMBAIOTHCS N TOBApIB.

2. KosxHa raiy3p BUpOOJIsi€ JUIlle OJWH TOBAp, Pi3HI Tally31 BUPOOJISIOTH Pi3HI
TOBapH.

3. Ilig BUpOOHUYHMM IIPOIIECOM Y KOXKHIM Tally31 pO3yMilOTh MIEPETBOPECHHS JIECSIKUX
TOBapiB y OJAMH TOBAp, MPU IOMY BUTPATH CUPOBUHU HAa BUPOOHHUIITBO OJIMHHIII
TOBapy 3aJUIIAIOTHCA HE3MIHHUMU.

Hexail x, — o0csr BUPOOHHIITBA i-TO TOBapy 3a IUTAHOBHUH Tiepio] (pik), a,, —

KUTBKICTh OAMHHILG |-TO TOBApy, SKY MOTPIOHO BUTPATUTH HA BUPOOHHUIITBO OJUHUII
] -ro toBapy, 1=1,...,n, j=1..,n. BennunHa X, CKIAJA€THCS 3 ABOX YACTHH: 0OCST

BUPOOHMIITBA, III0 BUTPAYAETHCS HA BUPOOHHUI MOTPEOU Ta 0OCAT BUPOOHMIITBA, 11O
BUTPAYA€ThCsl Ha KiHIIEBE (HEBHUPOOHWYE) CIOXKHUBAHHSA. BHUX0msunM 3 TpUITYIIEHB

n
Mozeni 1 — 3, BUpoOHUYE CIIOKUBAHHS | -TO TOBApY BCIMa raxy3siMU JIOPIBHIOE Zaux j
=

, TOMY YHACT€ BUPOOHUIITBO -0 TOBapy, MPU3HAUCHE /I KIHIIEBOTO CIIO>KMBAHHS,
n
CTaHOBUTH X —Zaijxj ,1=1..,n.
i1
SIKo0 TPUPIBHATH YKCTE BUPOOHUIITBO KOXKHOTO |-TO TOBApy Ta KIHIIEBUU
HOIUT Y, Ha Lied ToBap, TO OTPUMAEMO CUCTEMY JIIHIHHUX anreOpaiuHuX pPiBHSHb:

X =Y X =Y, i=1..,n. (2.1)
j=1
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Cuctemy (2.1) HazuBarwTh Mmodennto Jleonmvesa abO cmamuuHow NIHIUHOWO
Mooenno_midxceanyzeeo2o banancy. Bennuunu y, y cucteMi (2.1) € 3a1aHuMH.

Otxe, Mozenb JIeOHThEBA € CUCTEMOIO 3 N JIHIKHUX aNreOpaiyHuX PiBHAHD 3
n HeBigoMuMH. Cymmuicmsb modeni Jleonmvesa nonsicac vy 6UBHAYEHHI _00Cs2i8
6a106020 BUPOOHUUMEA 2AIY3€ll 34 8I00MUM KIHUEBUM NONUMOM HA IX NPOOVKUIIO HA
OCHOBI __OQHUX __NpO __MEeXHOJN02IYHL __MONCIUBOCMI __2aly3ell,
Koedhiyienmax sumpam a, cucmemu (2.1).

8I000OPANCeHUX Y

BukopucrtoByroun Mojienb JIeoHThEBA, MOKHA PO3B’SI3yBaTH TaKOXK 1 00EPHEHY
3a/1a4y: 3a 3aJlaHUMU 00CATaMH BaJIOBOI'O BUPOOHUIITBA KOXKHOT'O TOBApPY BHU3HAUUTH
00CSTH OT0 KIHIIEBOTO CIIOKMBAHHS.

Benuuunu x; Ta y, MO’Ha 3aJaBaTd y BapTICHUX a00 HATypalbHUX OJAMHULAX

BUMIpY. Y BIANOBIIHOCTI 3 LHMM PO3PI3HSIIOTH HATypajJbHUH Ta BapTICHUHN
MDKrany3eBuid 0anancu. Jlami OyaemMo po3riisiiaTi BapTICHUN OanaHc.
BBeneMo HacTyIHI MO3HAYCHHS: x, — KUIBKICTB MPOIYKUID i-i ramysi, mo

BUKOPHCTOBYETBCS JUISI BUPOOHMYMX MOTped y ] -if ramysi, z, — YMOBHO 4KCTa
IPOAYKIList

amoptu3aiito. [[puHIUIIOBa cXemMa MXKranxy3eBoro 0ajaHcy HaBeJleHa y Tabuil 2.3.

Ta6nauusa 2.3. IlpuHnumnoBa cxema MDKTally3€BOro OajllaHCy y BapTICHOMY
BUpasi

J-1 ramysi, mio0 BKIIOYae KiHIIEBE CIIOKMBAHHs, OIUIATy Ipaii Ta

I"amy3i — BUpoOHMKH lNanysi — cnoxkuBadi | Kinnesuii Banoswii
1 2 N | OpOIYKT MPOJYKT
X1 | X2 Xin | N1 X
X21 X22 X2n y2 X2
n an Xn2 v Xnn yn Xn
YMOBHO unCTa MPOAYKIA | Z, | Z, Z, n n
Y=
i1 -1
Banosuii npoykr X\ | X || X, n n
X=X
i1 j-1

PosrnsinyBmim cxemy OanmaHCy MO CTOBOISIM, poOMMO BHCHOBOK, IO CyMma
MaTepialbHUX BUTPAT OyAb-SKOI raimy3i — CrokuBaya Ta ii yMOBHO YHCTOT IPOYKITi{
JIOPIBHIOE BAJIOBIN MPOMYKIIii ITi€T ramy3i:

n
xj :lexij+zj, j=1,2,...,n. (2.2)
AHaNI3yI0un cXeMy MDKTary3eBoro 0anaHcy 1Mo psijakaM, MA 0a4rMo, 10 BajoBa
MPOIYKIliA KOXKHOI Taimy3i — BUPOOHMKA JOPIBHIOE CyMi MaTepialbHUX BHTpAT ii

rajgy3eil — CIIO)KMBadiB Ta KIHIIEBOI MPOIYKINl JaHOI Tamy3i, NMPU3HAYCHOI I
KIHIIEBOT'O (HEBUPOOHHUYOI0) CIIOKUBAHHS:
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X=X +Y, i=1..,n. (2.3)
j-1

®opmynu (2.3) ONUCYIOTh CUCTEMY 3 N PIBHAHD, Kl HA3UBAIOTh PIBHAHHAMMU
pO3MOALTY MPOAYKIII Traily3ed wmaTepiaJbHOrO BHUPOOHHUIITBA 3a HaANpsIMaMH
BUKOPHUCTAHHS.

banancoBuii xapakrep Tabmuii 2.3 MIKramy3eBOro OajlaHCy BUPAXKAETHCS Y
TOMY, III0 BUKOHYIOThCS PIBHOCTI

n n n n
IR EDRIDB TP
i1 -1 i1 j-1

OcHOBY MaTeMaTU4YHOI MOJIEIi MDXKrady3eBoro OajaHCy CKIanae mampuys A
Koeghiyienmie npsaMux eumpam ay; i=1...,n, j=12,...,n. li Ha3uBalOTh TaKOX
mexnoao2iunol mampuyero. KoeQIlieHT MpsMUX BUTPAT a,; MOKa3ye, sika KUIbKIiCTh
OpoAyKIii -1 ramy3l moTpiOHa (SKIIO BpPaxOBYBAaTHU JIMINE MpsMI BUTpATH) IS
BUPOOHUIITBA OJUHHUII MTPOAYKILii | -1 raiysi, TOMy BUKOHY€ETBCS PIBHICTS:

XlJ - -
a =—, 1=1...,n, j=12,..,n. (2.4)
X
i

BuznauuBmm Kkoedili€eHTH TEXHOJOTIYHOI MaTpuill A, MU THM CaMuM

BU3Ha4YaemMo koedimientu mozeni Jleontoera (3.1). Y MarpuuHiit Gopmi 10 MOJEIb

MOJKHa 3alluCatT y BI/IFHH,I[i:
X =AX +Y, (2.5)

e X7 :(Xl,XZ,...,Xn)’ A :(yl,yz,...,yn).
Cuctemy (3.5) MOXHA 3aIllUCaTH Y BUTJISII:
(E-A)X =Y, (2.6)

e E — oguHU4YHA MaTpUILIS.
3 (3.6) MOXHa BU3HAYUTH BAJIOBY MPOAYKITi€I0 X BCIX rajaysei:

X=(E-A)"Y. 2.7)

-1 . .

Tyt (E — A) — MaTpulsl, obepHeHa 10 (E — A)*. Hexail B =(E — A)*. Toxai
(2.7) naOysae Burisimy X =BY , A¢ MaTpuilio B = (E — A) 'Ha3uBaIOTh Mampuyero
nosnux_sumpam, a ii KOMIIOHEHTH b, HA3UBAIOTb KOePiyieHMAamu NOGHUX SUMpam.

Bonu moka3ytooTh, CKUIBKHM BCHOTO TOTPIOHO BHPOOWTH MPOIYKIi i-i ramys3i s
BUPOOHUIITBA OJWHHMII MPOAYKLii J-1 Tramysi, NpU3HAYEHOI JUIA KiHIEBOIO

CIO>KUBAHHS.
[TmanoBi po3paxynku 3a popmynamu (2.7) MarOTh CEHC Y TOMY BUIIAJKY, SKIIO
Il PO3paxyHKH TO3BOJISATH OTPUMATH PO3B’si3aHHs X, >0, 1=1,...,n.

HeBin’emMHy MaTpuito A Ha3UBAIOTh NPOOYKMUBHOK, SAKIIO ICHYE TaKWi
HEB1I’ €eMHUH BEeKTOp X , IO
X >AX. (2.8)
YmMmoBa (2.8) o3Havae, 1m0 I MoJIeli MbKTairy3eBoro 6amancy (2.1) icHye BekTop Y
KIHIIEBOI MPOAYKIIIi 3 JOJaTHUMHU KOOPAHUHATAMHU.
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Js Toro, mo0 martpuusg A nOpAMHX BUTpaT y Mojeni JleoHTbeBa Oyna
MPOAYKTUBHOIO, HEOOX1HO, 11100 BUKOHYBaJacsa xoua 0 0JHa 3 HACTYITHUX YMOB.
1. Marpunis (E — A) € HEBII’€MHO OOOPOTHOIO, TOOTO ICHYE OOCpHEHA MATPHIIs

a1, . .
(E - A) , BC1 €JIEMEHTH SIKOI € HEB1]  €EMHHUMH;

2. Marpuunuii psiax E + A+ A +....+ A+ .= Z A¥ € 301KHUM, TPUYOMY HOTO
k=0
. -1
CyMa JIOpiBHIOE (E — A) ;
3. Haii6inbIue 3a MOylieM BIIacHE 3HAYE€HHS A MaTpulli A€ MEHIIMM 33 OJHHHUIIIO;
4. Bci rojioBHI MIHOPHY MaTpHILi (E — A) € TOIaTHAUMH.

binbi npoctoro , ane nuie J0CTaTHHOI YMOBOIO MPOJYKTUBHOCTI MaTpull A
€ OOMEeXEHHS Ha BEJIMYMHY HAHOUIBIIOI 3 CyM €JIEMEHTIB MaTpulll A Yy KOXKHOMY
CTOBOLI1: AKIIO CyMa €IEMEHTIB KO’KHOTO CTOBIIIISI MAaTPUIl A MEHIIA 3a OJUHULII0, TO
MaTpulsl A € IPOJYKTUBHOIO.

Hsoicmoro 1o moneni JIeonTeeBa X — AX =Y Ha3UBaIOTh CUCTEMY PIBHIHbB JJIs
I[iH HA TOBAPH Tally3€eH:

P-AP=0, (2.9)
Je P’ :(pl,pz,...,pn) — BEKTOp I[IH Ha TOBapu, A — TEXHOJOT1YHA MAaTPHIL,

T . .
O = ((01,(02,...,(0n) — BEKTOP J0/1aHO1 BApTOCTI HA OJMHHUIIIO TOBAPY.

Cuctemy (2.9) Ha3uBaIOTh npubYymMKo60w, KO0 BC1 €IEMEHTH i1 PO3B’SI3KYy —
BeKTOpYy P € HeBin eMHuUMHU. [IpoyKTUBHICTS MaTpulll A 3a0e3nedye npuOyTKOBICTh
cucremu (3.9).

PosrnsiHeMo npukian moOymaoBy Ta 3acTocyBaHHs Moei JIeoHThEBA.

Hpuxnan 2.4. Y tabnumi 2.4 HaBejeHI JaHI MO0 MDKrajay3eBoro OanaHCy
€KOHOMIYHOI CHCTEMH, IO CKIAAAEThCS 3 IBOX Tally3el, 3a OCTaHHIHN PiK y TPOIIOBUX
OJTMHUIISX.

Tadauusa 2.4 Mikrany3eBuil 0ajgaHC YMOBHOI €KOHOMIYHOI CHCTEMH 3 JIBOX
raimyseu

lamysi — I"amysi — cnoxkuBaui | Kinnesuii | Bamose
BUPOOHUKH | A B IPOJAYKT | BUPOOHUIITBO
A 7 21 72 100

B 12 15 123 150

Busznaunt HeoOXigHUN 00CIT BaJIOBOr0 BUPOOHHUIITBA y KOXKHIM Tay3i, sSIKIIO
KIHIIEBE CTIOKUBAHHS MPOIYKIII] ray3i A MOBHHHO 30UTBIITUTHUCS Y/BiUi, a Tany3i B —
3QJMIITUTHICS Ha TIOTEPEHLOMY PiBHI. 3HANTH YMOBHO YHCTY TIPOYKIIIIO TaTy3€i.

Po3B’si3aHHs. 3HaliIeMO €IEMEHTH TEXHOJIOTTYHOT MaTpHIli A — KoedillieHTH

X..
IPSMHX BUTPAT @; = —-. OTpuMyeMmo:
X.

J
a, =1 _007;a,-%2-2 _g14;a, -X2_12 _g19;
x. 100 x, 150 x, 100



a,=X2_-1 _g10.
X, 150

TexHonoriyHa MaTpuus A Ma€ BUTIISIA:

A 0,07 0,14

- (0,12 0,10)
[lepeBipumo 11 Ha MPOAYKTUBHICTD:
a,+a,=0,07+0,12=0,19<1, a,, +a,, =0,14+0,10=0,24< 1.

Orxe, MaTpuls A € IPOAYKTUBHOIO 1 JIJIsl JOBUIBHOTO BEKTOPY Y KIHIIEBOTO

CIIOKMBAHHS MOXKHa 3HAMTH BEKTOP BaJOBOro BHpOOHMUTBA X , 110 3abe3mneuye
JIAHUH BEKTOpP KIHIIEBOT'O CIIOKHMBAaHHS. 3HaiaeMo BekTOop X 3a ¢opmyiowo (2.7):

X =(E-A)"Y
BekTop Y KiHIIEBOTO CHIOXKMBAHHS MA€ BUIJISL:
v :(72-2 =144j.
123
3HaiiIeMO MaTpPHUIIIO TOBHUX BUTpAT B = ( E- A)_l:
E_A_ (1 OJ _[0,07 0,14) :( 0,93 —0,14] |
0 1 0,12 0,10 -0,12 0,9
det(E — A)=0,93-0,9—(—0,14)-(~0,12) = 0,8202.
g__ 1 ( 0,9 0,14j
0,8202\ 0,12 0,93

BexTop X BajioBOro BUpOOHHMIITBA:

160,5
[Ilo6 3HaliTH YMOBHO YHCTY MPOAYKIIIO Trajgy3ed NpHu 3HaAWICHUX o0csrax
BaJIOBOTO BUPOOHUIITBA, 3HAMIEMO HOB1 3HaUCHHSI BAPOOHHYOTO CIIOKHMBAHHS:
x; =ay-x;, 1=12; j=12, x, =a,-%=0,07-179=12,53;
X, =8y, X, =0,14-160,5= 22,47 ; X, =a,, - X, =0,12-179 = 21,48
X,y =8y, - X, =0,1-160,5=16,05.
YMOBHO YHCTy TPOAYKIIO Taimy3ed BHU3HA4YaeMo 3a  (OpMYIOH0:
Z; =X, =X — Xy J =1,2. Maemo:
z,=179-12,53 - 21,48 =144,99 (rpolIOBUX OJAUHHULB);

z,=160,5-22,47 —16,05=121,98 (rpoIIOBUX OJAUHHUILIB).

179,0
X:BY:( j

2.3. Jliniiina Moje/ib 00MiHy (Mi2KHAPOXHOI TOPTiBIi)

3 IOmoMOror JiHIHHOI Mojeni oOMiHy abo Mojeni MDKHApOJHOI TOPTiBIi
MOXHAa BH3HAYUTH, SKUMH ITOBUHHI OYTH CITIBBITHOIIECHHS MK HAI[lOHATBHUMH
JI0X0JaMU KpaiH, 1110 TOPTYIOTh Mik c00010, 11100 TOpriBiis Oyia 30anaHCOBAHOIO.
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PosrnsinemMo Mojens MIXHApOAHOI TOPTiBiAl, Yy sIKiii OepyTh ydacTh N KpaiH.
Hexail x, — HalloHAIBHUI TOX1M i-1 KpalHy, @, — YacTKa HAIIOHATBHOTO HOXOIY j-i

KpaiHH, Ky BOHA BUTPAadae Ha PUAOaHHA TOBApIB i-1 KpaiHW, p, —3arajlbHa BUPy4YKa

BiJl 30BHILIHBOI Ta BHYTPIIIHBOI TOPTiBil AJA | -1 Kpainu. byaemo BBaxkaTH, 10 KpaiHa
BUTpaya€e BeCh CBIM HAIIIOHAIBLHUMN JTOX1]l HA MpUI0aHHS TOBapiB BCEPEIUHI KpaiHU Ta

Ha IMIOPT 3 1HIKX KkpaiH. [{e o3Hauae, mo Zn:aij =1 j=L12,...,n.
i=1

Martpumio A, €IeMEHTaMH SKOi € KOeQIIli€eHTH a; i=1..,n, j=1..,n,
Ha3UBAOTh CcmMpyKmypHorw mampuyero mopeieni. CyMa eIeMEHTIB KOXKHOIO
CTOBIYHMKA I[1€T MATPHUII1 TIOPIBHIOE OJMHMIII.

Hexait Ha mpoTsa3i meBHOro (PikCOBaHOTO MPOMDKKY Yacy CTPYKTypa
MDKHApOJHOI TOPTiBIl HE 3MIHIOETHCSA, TOOTO HE 3MIHIOETHCS MAaTpUIl A, MOXYTb
3MIHIOBATUCS JIUIIE HAI[IOHAJIBHI JOXOAW KpaiH, 10 OepyTh ydacTh Yy TOPTIBIIL.
[ToTpiOHO BU3HAYUTH, IKUMU ITOBUHH1 Oy TH 111 HAIlIOHAJIbH1 JOXOAH, 0O MD>XKHAPOIHA
TOPTIBJISI 3aJIMIIIANIacs 30aIaHCOBAaHO0, TOOTO CyMa BUILIAT YCiX KpaiH JopiBHIOBaja O
CYMapHiii BUpYUIIl BiI BHYTPIIIHKOT Ta 30BHIIIHBOI TOPT1BIIL.

st Oynp-sikoi -1 KpaiHW BUpyYKa Bl BHYTPIIIHBOI Ta 30BHIIIHBOI TOPTiBiIi

n
P, = Zaijx ;» 1=1,..,n.Y 36amancoBaHiil cucTemi MiKHAapOIHOI TOPTiBIi BiCyTHIl
i1

nedimut, To6TO0 P, =X, 1=1...,Nn.
Hexaii X — BEKTOp, €JI€MEHTaMH SKOTO € HAI[OHATbHI TOXOMH X, X,,..., X , @
eJIeMEHTaMH BEKTOPY P € BEIMYHHU CYMapHOi BUPYYKH Py, P,,..., P,. OCKiTbKH

P=A-X, TO BUKOHYEThCS PIBHICTH A-X =X . OTxKe, BEKTOp X € BIACHUM
BEKTOPOM CTPYKTYPHOI MaTpHIll TOPTiBI1 A, SKUH BIANOBIa€ ONMHUYHOMY BIAaCHOMY
sHauennio (piBHicte A-X =A4-X Buxonyerscs npu A=1). 3Bigcu BummuBae, mo
OayaHCc y MDKHAPOJIHIM TOPTIBII1 JOCATAETHCS, SKIIO OJUHMIIA € BJACHUM 3HAYCHHSIM
CTPYKTYPHOI MaTpHIll TOPTiBii, a BEKTOp X — BJIACHUM BEKTOPOM, IO BIAMOBiTa€
IIbOMY BJIACHOMY 3Ha4YECHHIO.

Ipuxnan 2.5. 3HaliTH CHIBBIIHOIICHHS HaIllOHAJBHUX JIOXOJMIB TPhOX KpaiH,
0 TOPTyIOTh MK 00010, y 30alaHCcOBaHIN CHUCTEMi MIKHAPOJHOI TOPTiBII, SKIIO
CTPYKTYpHA MaTPUIIA TOPTIBII TSI IIUX KpaiH Ma€ BUTIISIA:

o NI N~

Wl Wl Wk
NlFE, NIFP MNP

Po3p’sizanns. [lepesipumo, un € A =1 Bracaum 3HaueHHsM MaTpuLi A.
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3 2 4

A-jE-ma-E-| 1 1 1
3 2 2

1, 23

3 4

OcCkUTbKM cyMa JBOX OCTaHHIX PSAKIB OTpUMaHOi MaTtpull A—E JTOpPIBHIOE
NEePIIOMY PSAKY, TOMHOKEHOMY Ha (—1), TO BU3HAYHMK I[i€] MaTPHUL1 TOPIBHIOE HYJIIO,
orke, A =1 € Bnacuum 3Hauennam matpuni A. J{jis 3HAXOMKEHHS BiAMOBIAHOrO oMy
BJIACHOT'O BEKTOPY X PO3B’sDKEMO cucTeMy (A—E)X =0, abo

211

3.2 4y (0

1 1 1

=2 2l |=|0

32 2|17,
3

1, 3

3 4

Mertonom I'ayca 3Hax01UMO pO3B’SI3KHU L€l cucteMu: X, = 2,25x,, X, = 2,5x,,
X, =C — JOBUIbHA J0OJaTHA KOHCTaHTAa. TakuM 4YMHOM, 30a71aHCOBAHICTH TOPIiIBII

PO3IIIIHYTHX TPHOX KPaiH JOCIATAETHCS, KO 1X HAIIOHAIbHI JOXOMIH 3HAXOIATECS Y
criBBigHomenHi 2,25:2,5:1.

2.4. 3acTocyBaHHSI METOAiB AHAJITUYHOI reoMeTpil

PosrisiHeMo 0COOMHMBOCTI 3aCTOCYBaHHS METOJIB AHAIITHYHOI reoMeTpli y
€KOHOMIYHHX TOCTDKeHHAX. OHUM 3 TaKUX MPUKIIAIIB € MOJIC]Ib PIBHOBAaru pUHKY,
110 JTIO3BOJISIE TOCTIIUTH MeXaH13M (DOPMYBaHHS I[IHU TOBapYy.

Hexaii p — 1iina oguHuii ToBapy, S(P) — KiIbKICTh OJJUHHIIL TOBAPY, SIKi IPOIABII
IPOIOHYIOTh HA PHHKY 3a M€K0 MiHOK (@yHuryin nponosuyii), q(P) — KUIbKICTbH
OJIMHUIIH TOBAPY, SAKY MOKYIIII 0a)aroTh MPHI0ATH 3a IIHOI p (GyHryis nonumy).
Buxonsiun 3 €KOHOMIYHOTO 3MicTy (QYHKIIM TMPOMO3UIi Ta TONUTY, MOXKHA

CTBEPI)KYBATH, IO MEpIIa 3 HUX € 3pOCTalovyor0 (PYHKINIEIO, Apyra — crnaaHoro. Lliny
p’, 3a AKOI IONMT HA TOBAp AOPIBHIOE HOTO MPOIO3HUIIii, HA3UBAKOTh PiGHOBAICHOIO

yinoto ToBapy. JUist piBHOBaXkHOT WiHK S( P *) = q( p*) :

SIk1o Ha KOOPAMHATHIN TUIONIMHI 3 TOPU3OHTAILHOIO Biccio Op moOymyBaTH
rpadiku (QyHKIIN TOMUTY Ta TPOMO3UIlI, TO BOHH TEPETHYTHCH y MEAKIH TOUIl
E*( p*,q( p* )) AKY Ha3UBAIOTh MOYKOIO PI6HOBA2U.

Ipukaanx 2.6. 3a ymoBwu, 1o GyHKIIiS TOMUTY HAa ToBap Mae Burisig =40-5p
, bynskis mpono3umii $=7,5p —10, BU3HAYUTH HOTO piBHOBaXKHY ITiHYy. Hexail ypsin
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BCTAHOBUB (PIKCOBAHMI aKIM3HUN MOAATOK 7 3a OAMHUIIO TOBapy. 3’sICyBaTH, 5K
3MIHUTBCS IPU LIbOMY PIBHOBAKHA I[1HA Ta 00CAT peaii3alii ToBapy.

Po3p’si3anHs1. PiBHOBaXKHY IiHY TOBapy p” 3HAXOAMMO 3 yMOBH S( P *) = q( p*)
, T06T0 7,5p" —10=—5p° +40, 12,5p =50, p"=4,q(p")=s( p’)=-5-4+40=20.

OTXKe, To4Ka PiBHOBATH IS IOTO ToBapy £ = (4; 20) :
3a HasABHOCTI AKIM3HOTO MOJATKy I T.0. 3a OJUHUIIO TOBapy, (YHKIIIS
MPOIO3HUIIIT 3MIHUTHCS 1 11 rpadik 3MICTUThCS Ha T OIMHULB ITpaBopyd. MaeMmo:
s(p—T)=7,5(p—T)—-10.
@DyHKI[IS TOMUTY MPH [[bOMY 3JIUIIAETHCS HE3MIHHOIO.
BusHaunmo HOBY 1iHY pIBHOBAaru:

7,5(p—T)—10=—5p+40:> p"=4+0,6T .
BianoBiguuii o6csr peanizailii CTAaHOBUTD:

a(p")=s(p’)=40-5(4+0,6T)=20-3T.
OTxe, HOBa TOYKA PIBHOBArk Ma€ KOOPAMHATH: (4 —0,67; 20 —37).

[Ile oXHMM TPHUKIAAOM 3aCTOCYBAaHHS METOMIB aHAIITHYHOI TeoMeTpii y
€KOHOMIUYHMX JOCIIIJPKCHHSIX € BU3HAUYEHHSI MOuKU Oe330umrxogocmi, TOOTO 00cCATy
BUPOOHUIITBA MPOYKIIiT, IJIs1 AKOTO JIOXOJ ITIMTPUEMCTBA JOPIBHIOE HOTO BUTPATaM.

Hexaii mignpuemMcTBO BUpOOIISiE TIEBHY MPOAYKILIIO 1 TPOJIA€ ii 3a I[IHOKO p T.O.
3a OJIMHUITIO. 3aJIeKHICTh BUTPAT HA BUPOOHUIITBO MPOAYKIIIi BiJ] 00CATY BUPOOHHUIITBA
X OOWHUIb CTaHOBUTH y, =ax-+b (yukyia eumpam), 3aleXHICT JOXORY BiX

peanizamii npoxyKuii Bix ii o0csry y, = px (¢yukyia ooxody). Touky 6e330MTKOBOCTI
JUIE BUPOOHUIITBA JaHOT MPOAYKIIT BU3HAYAEMO, PO3B’SI3aBIIH PIBHSAHHS y1 = Y2 a0o0

*

ax+b=px. 3BiAcCHM BUIUIMBA€E, IO BEJIUYHMHA TOYKU O€330MTKOBOCTI X' =

p-a

Touka 0e330MTKOBOCTI € TOUKOIO MepeTuHy TpadikiB ¢GyHKIIT BUTpaT Ta (YHKIT

noxony. KoopaunHatu 1€l Touku Ha rpadiky (Lb—pJ [Mpubytox Q(x)
p-a p-a

HiAIPUEMCTBA BUSHAYAETHCS K PI3HUI MK 3HAUYEHHIMH y TOUIll X QYHKIIH TOXOTY
Ta BUTPAT: Q(X)=Y,(x)—y,(x). Ipy 0<x<x" Q<O0, rpadix Qynxuii goxomry
MPOXOAUTH HIDKYE Tpadika QyHKIIT BUTPAT 1 MIAMPUEMCTBO Mae 30uTku. [Ipu X > X°
Q > 0 1 miaAnpueEMCTBO OTPUMYE MPUOYTOK.

Mpuknaax 2.7. TpaHcmoOpTHI BUTpaTH ) HA TMEPEBE3CHHS OJWHUII BaHTAXKY
3aJI3HUYHUM Ta aBTOMOOUTAHMM TpPAHCIIOPTOM Ha BIACTaHb X BHU3HAYAETHCS 32

1

bopmynamu:  y,,. = 5% +100 ta y,_, =x+50. BusHauMTH IOUINBHICTBH

BUKOPHUCTAHHS MIEBHOTO BUIY TPAHCIIOPTY Y 3aJI€KHOCTI BiJl Bi/ICTaHI MEPEBE3CHHSI.
Po3B’si3aHHsA. 3HaiileMO 3HAYEHHS X, MPU SIKOMY BUTPATH HA TMEPEBE3CHHSA
KOXXHUM 3 BHJIIB TPAHCIIOPTY CHIBMAIal0Th. OTPUMYEMO:
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%x+100=x+50:>x=100.

Omke, mpu X<100 ¥m y <y . Tyr BurigHille BUKOPHCTOBYBATH

asromoGinbHuit Tpancmopt, mpu X>100 kM p >y | Tomy y npoMy BHmaaky
JOLIJIBHO BUKOPUCTOBYBATH 3aT13HUYHUN TPAHCIIOPT.

2.5. IToHATTH OIOXKEeTHOI MHOKUHU

PosristHemo n-BUMIpHHI TPOCTIp TOBAPiB, €IEMEHTAMU SIKOTO € HA0OPH TOBAPIB
X =(x,,%,,...,x, ), 1€ Xi — KUIbKICTb i-ro ToBapy. Hexaii P — BEKTOp WiH HA TOBApH

n
HAabOpYy, P =(p,,p,.....p,)- Bapricte HaGopy ToBapis X PX = Z p.X;. HaGopu
i=1
ToBapiB X Ta Y € eKBiBaJICHTHUMH ( X ~ Y'), SIKIIO I[iHA [IUX HAOOPiB ofHaKoBa. JlilicHo,
BIJTHOILIEHHS PIBHOI BapTOCTI € BIJIHOIIEHHSM E€KBIBaJEHTHOCTi, OCKUIbKH BOHO €

pednekcuBHM (X ~ X ), cuMmerpuuHuM (X ~Y <Y ~X) Ta TpaH3UTUBHUM (
X~YAY~Z=X~Z), T00TO O3HA4YCHHS BIJHOIICHHS CKBIBAJICHTHOCTI

BUKOHYEThCS. MOXHa 3amporoHyBaTH 1 IHIII BIJHOIIEHHS €KBIBAJEHTHOCTI Ha
IPOCTOPI1 TOBaPIB.

Po3risitHeMo TpocTip JBOX TOBapiB, €IEMEHTaMHU SIKOTO € Habopu (x1, Xx2).
HaGopu ToBapiB 0gHaKOBOT BapTOCTI ¢ YTBOPIOIOTH YACTUHY MPSAMOT L¢ 3 pIBHSIHHAM
pX, + p,X, =, PO3TAIllOBaHy y MEpIIOMY KBaJpaHTI KOOPAMHATHOI IIomKHNA Ox1x>.

Llst npsiMa meprneHAnKyIspHa 10 BEKTOPY WiH. Ko ¢1< C, TO OpsiMa |, mapajesibHa
npsMii L, Ta po3ramosaHa Onurkde 10 modaTky koopauHaT. Hexait Q — komiru, mo

JOPIBHIOIOTH JOXOAY CIOKMBaya. MHOKHMHHY BC1X HA0OPiB TOBApPiB, BAPTICTD AKUX HE
nepesuiye Q, HA3UBAIOTH O AHCEMHOI MHONCUHOTO B.

BropkeTHY MHOKHHY MO’KHA BU3HAYHUTH HACTYITHUM YHHOM:

B(P.Q)={X €C:px + P,X, +...+ P, X, <Q} ={X eC:PX <Q} .

Meoicero  6100xcemnoi MHOJICUHU HA3UBAaIOTh MHOXXHHY HaOOpiB TOBapiB,
BapTICTh SIKUX JOpPiBHIOE Q! G(P,Q)={X eC:PX =Q}.

PosrnssHemMo  reoMeTpuuHy  iHTEpHpeTalifo  OFOHKETHOI MHOXKHUHU Y
JTBOBUMIPHOMY TIPOCTOpi1 OIOPKETHA MHOXKHMHA YTBOPIOE TPUKYTHHUK Y TEPIIOMY
KBaJpaHTi, OJHIEIO 3 BEPIIMH SKOTO € TO0YaTOK KOoopJauHaT. Mexka OromKeTHOT
MHOXXHHH TEPIEHANKYISIPHA 0 BEKTOPY IIiH 1 € BIAPI3KOM MK OCSAMH KOOPJIHUHAT Y
MepImoMy KBaJApaHTi. Y TPUBUMIPHOMY BHIAJKy OIO/PKETHOIO MHOXKHHOIO €
TpUTpaHHa Mipamizia, a ii MeXer0 — MOXuiia TPaHb M KOOPAMHATHUMHU TUIOIIMHAMU Y
MepUIOMY OKTAHTI.

ITuTaHHs AJ151 CAMOKOHTPOJIIO /10 3MiCTOBOT0 MOAYJIsI 2

=

BxkaxiTe gomymieHss s Mmozen JIeonTheBa.

2. HaBenith mnpukimanmu 3acTOCYBaHHS AaHATITHYHOI TEOMETpii y EKOHOMIUYHUX
JTOCJTIJIPKEHHSIX.

3. HaBeniTh BU3HAUEHHS MPOTYKTUBHOCTI MATPHIILL.
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Hagenite kputepii IpOAyKTUBHOCTI MaTPHIII.

Po3kpuiite 3MICT TOHSATTS «CTPYKTYpHA MAaTPUILS TOPTIBI1».

Bxaxith, 1110 Take Touka 0€330UTKOBOCTI Ta K i1 BU3HAYUTH.

Bkaxith, 1110 € eleMEeHTaMH TEXHOJIOTIYHOT MaTpulll y Mojiei JIeOHTheBa.
Hapaiite o3HaueHHs pyHKIIT JoX0ay Ta GYHKIII BUTpAT.

Po3kpuiite 3MICT HOHATTS OXOI)KETHOT MHOKHUHHU.

©CooN M

3aBaaHHSA VI CAMOKOHTPOJIIO /10 3MiCTOBOI0 MOAYJIS 2

1. JiAnbHICTh €KOHOMIYHOT CUCTEMH, IO CKIAJAETHCA 3 JIBOX Tally3ei, Ha MPOTs3i
OCTaHHBOT'O POKY XapaKTepHU3yE€TbCSl HACTYMHUMH JaHUMH, HaBEACHUMHU Y
Tabyuuii (B TrPOUIOBUX OAMHUIX). 3HAWIITh TEXHOJOTIYHY MATpULIO A Ii€i
€KOHOMIYHOI CUCTEMHU.

lanysi- Tanysi- . | BanmoBuit o0csr
CIIOKMBAaYl
BUPOOHUKHU A 5 BUPOOHUIITBA
A 100 | 160 500
B 275 | 40 400
0,2 0,3 0
2. 3’scyiiTe, 9M € IPoAyKTHBHOIO TexHonoriuna matpunsa A= 01 0 0,3
0,6 01 0,2
3. VY Ttabnuiil HaBEeIEHO JaHl MDKrajy3eBoro OallaHCy 3a 3BITHUH Tepiog y

YMOBHHX TPOIIOBUX OAMHUIIX. 3HAUTH HEOOXITHUN OOCSAT BaJIOBOTO BUPOOHUIITBA
JUTSL KOXKHOT raiy3i, SIKIIO 3a TUIAaHOM KIHIIEBE CIOKUBAHHS Yy €HEpPreTHIll MOBUHHO
30UTBIIUTHCS Yy 2 pa3d, a y MalMHOOyJyBaHHI PIBEHb KIiHIIEBOTO CIOKHBAHHSI
noBUHEH 3pocTH Ha 20%.

I"any3i-coskuBaui dakTUUHEe Banoswii
lamysi- KIHIIEBE o0csr
Eneprerux | MamunoOy1yBaHH
BUPOOHUKH . g CIO’KMBAaHH | BUPOOHMIITB
s a
Enepretuka 100 160 240 500
MamHHOSW‘yBaHH 275 40 85 400
: 0,1 0,5
4. 3ajaHo TEXHOJOTIYHY MAaTpUI0 (MaTpULI0 MPAMHUX BUTpat) A= 0.3 0.2

3HaWIITh: a) BEKTOP BaJIOBOTO BUPOOHUIITBA X , 10 3a0e3medye MIaHOBE KiHIICBE

CrOXKuBaHHA Y =

400

; 0) mpupicT AX BaJIOBOr0 BUPOOHUIITBA, IO 3a0e31euye

100

30UIBIIEHHS KIHIIEBOTO CIIOKUBAaHHA HA AY =

50
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5. Ha nnanoBuii nepiof BiIoMi HaBeeH1 y TaOIULl KOEPIUIEHTH NPIMHUX BUTPAT
Ta BEJIMYMHA KIHLIEBOT'O CIIOXKUBAaHHA Y IPOMHCIOBOCTI, CUIIbCBKOMY TOCIIOAApCTBI
Ta IHIIUX ray3aX. BuzHauuTe 00csaru BajaoBOro BUPOOHUIITBA NPOAYKIIIT y TaTy3siX
Ta MDKTaJly3€B1 IOCTaYaHHS.

l"any3i-cnoskuBaui Kinnese
lMany3i-BupoOHUKH . Cinbcbke [H1I1 CIIOKHUBAHHSA
[IpomucioBicTh .
TOCTHOJIApCTBO |  raiysi (r.o.)
ITpomucnoBicTh 0,3 0,25 0,2 56
Ciabcpre 0,15 0,12 0,03 20
roCroJIapCTBO

a1 ramysi 0,1 0,05 0,08 12

6. UucTroro MpoayKii€ro rajiy3i Ha3WBaOTh PI3HUIIIO MIXK i1 BAJOBOIO MPOIYKIIIEIO

Ta MPOAYKIIEI0 BCIX Tajy3ed, BUTPAUCHOIO Ha BUPOOHMIITBO y JaHii ramysi. B

yMOBax MONEPEIHbOI 3aJaul 3HAUAITh YUCTY MPOJIYKLIIO AJIsI MPOMHUCIOBOCTI,

CUIBCHKOT'O TOCMOAAPCTBA Ta IHIIUX rajgy3en.

7. 'Y mpoctopi IBOX TOBapiB 3 BEKTOPOM WiH P =(2;5) BKaXIiTh rpadiuyHo

MHOHHH Ha0O0piB 1iHOIO a) 40 r.0.; 6) He OuTbIIe 60 T.0.; B) HEe MeHmIe 30 r.0. 1 He

oinbie 40 r.o.

8. lns nBox ToBapiB 3’sICYyiTeE, SIK 3MIHIOETHCS OFOJIKETHA MHOKHMHA Ta 11 MeXa,

SKIIO a) 3MIHIOEThCS JIMIIE J0XOM; 0) 3MIHIOETHCS I1HA JIMIIIE OJTHOTO TOBapy; B)

3MIHIOIOTBCS OOMJIBI IIHU, ajie 1X CITIBBIIHOIIEHHS 3aJIMIIAETHLCS CTAINM.

9. V mpocropi TphOX TOBapiB 3 BEKTOPOM IIH P =(2;3;5) BKaxiTh rpadiuxo

MHOXHHHU HaOopiB 1iHOO a) piBHO 40 T.0.; 0) He Mmente 20 r.0.; B) He OutbIIe 60
r.o.
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3micToBuit MoAy b 3. 3aCTOCYBAHHA MAaTEMATHYHOI0 AHAJII3Y Y €EKOHOMIYHHUX
AOCTiZKEHHAX

Mera BuB4YeHHs 3MicToBOro moayast 3. O3HallOMIIEHHA CTYAEHTIB 3
OCHOBHMMM METOJaMU MAaTEMaTUYHOI'O aHaji3y, [0 BUKOPHCTOBYIOTHCS 3
€KOHOMIYHUMHU JOCIIKEHHIMU

ILinan

1. Jleski ¢yHKIIOHANbHI 3aJIEKHOCTI, 1[0 BHUKOPUCTOBYIOTH B €KOHOMIUHHX
JOCIIKEHHSIX.
3acTocyBaHHS MOXITHUX Y €KOHOMIIII
[ToHATTS enacTUYHOCTI Ta ii 3aCTOCYBaHHS
['paHu4H1 BEIMYMHU Y €KOHOMIIII
ExoHnoMmiune 3acTocyBaHHs AU(EPEHIIAIbHOTO YUCIECHHS (PYHKIIH KUTBKOX
3MIHHUX
6. 3acTtocyBaHHSI BU3HAYEHOTO 1HTErpayia y eKOHOMIYHHUX JTOCTIIKEHHSIX

agbswn

Knrwouosi mepminu ma nowsammsa. QyHKUIL NONUTY, (QYHKIIS MPOMO3MUILL,
(GyHKIIIST KOPUCHOCTI, TPaHWYHI TOKa3HUKH, E€JACTUYHICTh, CyMapHl BEJIMYUHH,
cepeHl BeTUYHHHU.

3.1. Jlesaki ¢yHKUioHANBbHI 3aJ1€JKHOCTI, 110 BHKOPUCTOBYIOTHL B
€eKOHOMIYHHMX JOCTiKeHHAX

HaiiBimomimumMu  (QyHKIIIMH, IO iX BUKOPHUCTOBYIOTH [IJII MOJICIIFOBAHHSI
€KOHOMIYHUX MPOLECIB, € QYHKIIT ONUTY Ta PONO3ULIL. Pyukyis nonumy d =d(p)
— ¢ 3aJCKHICTh onuTy d Ha JesIKuil ToBap BiA Horo miHu p. @yuxyis nponosuyii
s =s( p)— L€ 3aJIEKHICTL NPOMO3MILIi S AEIKOro ToBapy Bix Horo uinu. s Gpynxuii
MOMUTY Ta MPONO3ULIl d =d(p) Ta s=s(p) Y EKOHOMIYHUX JOCIIPKEHHSIX YaCTO
BUKOPHUCTOBYIOTh OO€pHEHI QyHKUIT p=p(d) Ta p=p(s), U0 XapaKTepPU3YHOTh
3QJICKHICTD I[IHA TOBApY BiJl HOTO MPOMO3HUIIil YK MOIHTY.

Ipukaax 3.1. Hexaii ¢pynkiis nonuty Ha ToBap mae Burisia: d =150-0,2p.

3HaiiTn oOepHeHy J0 Hei (yHKIIII0, [0 MOJICTIOE 3aJICKHICTh IIIHU BiJl TMOMUTY Ha
toBap. IIpu skiii 11iHI Ha TOBap MONUT HAa HHOTO cTaHOBUTHME 130 OTMHUITH?
Po3B’si3anHs. Bupasumo 3miHHY p uepes 3MiHHY d 3 3a71aH0i QyHKITIT TIOMHATY.
d=150-0,2p=0,2p=150—-d = p=750-5d .
Ao monuT Ha ToBap CcTaHOBUTH 130 oAMHUIIL, TO BIJAMOBIIHA I[IHA TOBApY

CcKiaae 750—-5-130=100 T.o.
Mpukaaxy 3.2. OyHKIL NOONMATY HA TOBAD BU3HAYAETHCS PIBHIHHAM

q=600—-2p, ne q — oOcAr MOMHUTY HA TOBAp y MITYKaX, p — WOTO IIiHA, T.0. DyHKITiA
MPOTIO3HUIIIT IHOTO TOBapy onucyeThes piBHSHHAM S =300+4p, q — oOcsT npomo3uirii
TOBapy, MTYK. BU3HaUnTH TOUKY piBHOBAru Ha pUHKY IIOTO TOBApy.
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Po3p’si3anHs. BuzHauaeMo TOUKy piBHOBAaru Ha PUHKY I[bOTO TOBapy 3 YMOBH
q(p)=s(p) abo 600-2p=300+4p. 3Bincu 6p=300, p=50 r.o. LA wiui

BiAnoBinae oocar Toapy 500 oUHUILS.

I[Ipu  nmocnmimxeHHI  TOBEMIHKA  CyO’€KTIB ~ €KOHOMIYHOi  JISTIBHOCTI
BUKOPUCTOBYIOTh TaKOXX (YHKIIIO KOPUCHOCTL. Dymkyisi KopucHocmi — 1I€
cy0’€KTMBHA KUIbKICHA OI[IHKA CIIO’KMBAYEM KOPUCHOCTI U JIJIs1 HbOTO MEBHOI KUJIbKOCTI
x ToBapy. Oonoaxmopna eupobnuya QyHKyis — 3aJekKHICTb 00CITY BUPOOHUIITBA
NPOAYKIIi MIAMPUEMCTBA BiJl BUTPAT PECypCy, L0 BUKOPUCTOBYIOTH JUJISl LIHOTO.
Dyukyia eumpam — 3aJI€KHICTb BUPOOHUYUX BUTpAT [ BiA KUIBKOCTI BUPOOJIEHOT
MPOAYKIIIi.

Bkazani ¢yHkuii € npukinagamMu (QyHKmii oxniei 3MiHHOI. s moOynoBu
(dopMyI1, 1110 BU3HAYAIOTH 11 PYHKI[1i, BAKOPUCTOBYIOTh CTATUCTUYH1 METOAN OOPOOKHU
PE3YNIbTATIB CIOCTEPEKEHD, 30KpEMA, METO/T HAWMEHILIUX KBAJPAaTiB.

Hexait M — ne 3aranpHa KUIbKICTB rpouiei, V — MBUIKICTH iX 00iry (KUIbKICTh
pasiB, KOJIU IPOILIOBA OJIMHULISL Oepe y4acThb y po3paxyHKax B CEpeIHbOMY Ha piK), Y —
HAI[IOHAJIbHUI MPOAYKT (BapTICTh TOTOBUX TOBApPIB Ta MOCIYT, BUPOOJIEHUX Y KpaiHi),
P —piBenb 11iH (cepeHE 3BaKEHE 3HaUCHHS I[1H TOTOBUX TOBAPIB Ta MOCIIYT, BUPAKEHE
BITHOCHO 0a30BOr0 MOKa3HWKa, MPUHHATOTO 32 OJIMHHULIO. 3B’S30K MDK IIUMHU

: : : P-Y
MOKa3HUKAMU BU3HAYAETHCS pigHAHHAM 00MiHy Diwepa M = EVER [le ocHoBHE
PIBHSHHS KJIACUYHOT KUTBKICHOT Teopii rpoieii. Akmo Benuunnu Y Ta V € cTanumu, To
3 piBHAHHS Diliepa OTpUMYy€eEMO JTiHIHHY (YHKITIIO, III0 BUPAXKa€ 3aJI€KHICTh TPOIIOBOT
Macu M Bin piBHA miH P. JliHIMHY (QYyHKINO, 1II0 MOJCIIOE 3aJIeKHICTh 3arajbHO1
KUIBKOCTI rpomieil M Bii BEIUYMHU HAI[lOHAJIBHOTO MPOAYKTY Y, TAaKOXK OTPUMYEMO
npu ¢GiKCOBaHUX 3HaYeHHAX P Ta V.

Axmo P rta Y € cTanumMu, TO MaEMO 0O€pHEHO MPOTOPIINHY 3aJeXKHICTh MK M Ta
V.

3.2. 3acTocyBaHHS MOXiAHUX Yy eKOHOMIIli

PosrnssHeMO eKOHOMIYHHMET 3MICT TMOXIAHOT Ha MPUKIaAl OJHO(GAKTOPHOI
BUPOOHNYOT PYHKIIIT y = f (X), IO MOJENIOE 3B’ I30K MK 00CArOM Y BUPOOJIEHOI 32
OJIMHMITIO Yacy MPOAYKIIi Ta 00CATOM X BHUTPAYCHOTO HA BUPOOHHUIITBO PECYypCY.
Hexaii Takum pecypcoM € BUTpaTH JIOJACHKOI Tpaili, BUPaXeHl Yy KUIbKOCTI
MpaIiBHUKIB, 10 3afisfHI Y BUPOOHHUIITBI a00 KUIBLKOCTI BIAIPAIlbOBAHUX JIFOJIUHO-
roguH. Hexail Ha ChOTOJHI KUTBKICTH IpaIliBHUKIB JOPIBHIOE a. BHKOpHCTOBYHOYH
TTOHATTS nudepeHiiiany, MOXHa 3anncaTh HaOIMXKEHY PIBHICTb:

f(a+1)= f(a)+ f'(a). KO KUIbKICTH MPALIBHUKIB € BEJUKOIO, TO I HAOIMKEHA

PIBHICTb € IOCTaTHBO TOYHOIO. Y [BOMY BHIAJIKy 3HAUYECHHS MOXIAHOI f’(a) O3Ha4ae
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JIOIATKOBY MPOAYKIIiI0, IKY BUPOOJISi€ 32 OJTMHULIIO YACYy HOBUM MPAIlIBHUK, 3aTy4ECHUM
710 BUPOOHHUIITBA.

Hexail p — niHa oauHMII NpoAYKIii, a V — 3apo0iTHa IIaTa MpaliBHUKA 3a
OMMHUIIO 4Yacy. SKmo p-f'(a)>v, TO HIAOPUEMCTBY TOTPIOHO HAWHITH
JIOIATKOBOTO TIpaIliBHUKA, OCKUIbKU BIH HaJa€ MIANPUEMCTBY OUIBIIMMA JOXOJ, HIK
OTPUMYBaHa HUM IjIaTa 3a poOoTy.

VY po3rigHyTI# cuTyalii NOXiJHY BUPOOHHYOI (PYHKI[IT Y TOUIl a@ Ha3UBAIOTh
2PAHUYHOI0 NPOOYKMUGHICMIO npayi, Ha BIAMIHY Bl CEpeaHbOI MPOJYKTUBHOCTI

: : : f(a)
npaili, O TOPIBHIOE BITHOIIEHHIO —

Posrnstnemo BBeneHi paHimie (yHKIIIl, O[O0 3aCTOCOBYIOTHCA Yy €KOHOMIYHUX
JTOCHIDKEHHSIX Ta 3’5CYyeEMO EKOHOMIYHMM 3MmicT ix moximHuX. IloxigHa QyHKIi
nonuty d =d(p) HaOJIMKEHO JOPIBHIOE 3MiHI MONUTY NPH 30LIBLICHHI [[IHK Ha TOBAp

Ha 1 1.0. OCKUIBbKY (YHKIIIS IOMUTY € CIAJHO, TO aOCOIOTHE 3HAYCHHS ii MOXITHOT
MOKa3ye 3MEHIICHHS MOMUTY Ha TOBAp 3 OOKY CIOXUBAYiB IIPH 30UIbIIIEHHI HOTO I[1HU
Ha | r.0.

[ToximHa QyHKIIT Tpomo3uilii s'(p) HaOJIMKEHO JOPIBHIOE 3MIH1 MIPOMO3UIIIT
TOBapy mnpu 30UIblIeHH] HWoro wiHu Ha 1 r.0. OcCKuIbkH (YHKIIS MPOMO3UIT €
3pOCTAa0Y0I0, TO BEIMUYMHA I[I€T MOXITHOT JOPIBHIOE 30 UIBILIEHHIO MTPOTO3HUIIIT TOBAPY
pu 30UIBIIIEHH] HOTO I1iHU Ha 1 T.0., TOOTO s'(p)>0.

[ToxinHa u’(x) (b yHKII1T KOPUCHOCTI U (x) Hamgae pUOJINU3HY OIIHKY JT0AATKOBOT
KOPHUCHOCTI JIsl CTIO’KMBava BiJl MPUI0aHHS J0IaTKOBOT OJTMHHUIII TOBApY.

VY minoMy moxigHa f'(x) BiI0Opakae MIBUAKICTh 3MIHM 3HA4YeHHS (PyHKIIIT
BITHOCHO 3MIHHM apryMeHTy. baraTto eKOHOMIYHMX 3aJay BHUMAaralroTh BIJIMOBiAI Ha
3alUTaHHSA TPO T€, Ha CKUIBKM NPOILICHTIB 3MIHUTHCS TIEBHHM TMOKa3HUK, IO €

(G yHKITIEIO, SIKIO HOTO apryMeHT 3MIHUThCS Ha 1%. [l BiAMOBiI Ha 1€ 3aMMTaHHS
BUKOPHUCTOBYIOTh XapaKTEPUCTUKY (YHKIIIT, IKy Ha3UBAIOTH 11 €IaCTHYHICTIO.

3.3. IIoHATTSA eJIaCTUYHOCTI TA ii 32CTOCYBAHHS

Enacmuunicms XapakTepusye BITHOCHY 3MIHY €KOHOMIYHOTO TMOKa3HUKa ITiJ
TE0 OMMHWYHOI BIMHOCHOI 3MiHM (aKTOpy, Bil SKOrO BiH 3aJCKHTh 3a YMOBH
HE3MIHHOCTI pemTu (HakTopiB, IO BILTUBAIOTH HA JOCHIKYBaHUH MOKa3HUK. [HITMMU
CJIOBaMH, €JIACTUYHICTh MOKa3y€e, Ha CKUIBKH MPOIEHTIB 3MIHUTHCS JOCITIIKyBaHUI
MMOKa3HUK, SKIIO ()aKTOP, BT SIKOTO BiH 3aJICKHUTh, 30 IBIIUTHCS HA 1%.

Hexait mocmimKyeThest 3a1€KHICTh EKOHOMIYHOTO MMOKa3HUKa Y Bim dakTopy X,
3HAUEHHS SKOTO BIUIMBAIOTh Ha 3HA4YeHHS Y. Po3rinsHeMo BUMAJOK, KOJH
CHOCTEPIraeThest PyHKI[IOHATBHA 3AIEKHICTh y = y(x) . IIBUAKICTH 3MiHU BENUYMHH

dy Ay

Y BiZHOCHO 3MIHM BEIMYMHH X BH3HAYAETHCHA MOXimHOK —— = lim—, mpote ii
dx ax-0 AX

3aCTOCYBAaHHSI Y €KOHOMIUHHUX JOCIHIJIKEHHSIX 3/1€0UIbIIOro € HE3PYYHUM, OCKUIbKH
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BEJIMYMHA TIOXIJIHOI 3aJieUTh BiJ oOpaHuX OoAMHUIL BuMipy X Ta Y. Tomy mus
BHUBYEHHS BIUIMBY 3MIHU BEJIMYMHU X HA BEJIMUMHY Y Yy €KOHOMIL 3aCTOCOBYIOTh HE

a0COJIIOTHI, a BIIHOCHI (ITPOLICHTH1) 3M1HU BEJIMYHH, 10 JOCTIIKYIOTHCS. 3B’ 130K MIXK
3MiHAMU BITHOCHUX BEJIUYMH OI[IHIOIOTH 3a JOMIOMOTOI0 €1aCTUYHOCTI.
Enacmuunicmio GyHKUIT y = y(x) BIZAHOCHO 3MIHHOT X Ha3MBAIOTh IPAHHLIIO

BITHOIIICHHS BITHOCHUX 3MIH BeJIMYUH Y Ta X'

E,(y)= Iim%: |im(ﬂ-§):y'(x).§.

Ax—0 A% Ax—0| AX
(3.1)
®opmyiy (4.1) MokHa 3anTUCaTH y BUTIISIL:
d(Iny)
E =——Z, 3.2
) d(Inx) (3.2)

SKI10 eacTUYHICTh BU3HAYAIOTh HAOIMXKEHO 3a JUCKPETHUM HaOOpOM JIaHHUX,
HAIMPUKJIAJ, 3aJaHUX y BUMIAA1 TaOmauill, To 3aMicTh (3.1) Ta (3.2) mis obuucieHHs
€TACTHYHOCTI Y TOUI (X,,y, ) BAKOPUCTOBYIOTh popmMyy:

Ex(y):yZ_Y1:X2_X1:AY1:AX1_ (3.3)
Y1 X i X
Enactuunicte, oOuucneny 3a Qopmymnow (3.3), Ha3HBAOTh KIHYEBOH
elacCmuUYHICMIO.

Y eKOHOMIYHUX JOCIIKEHHSX BHKOPHUCTOBYIOTH TaKOX cepedHio (0y208))
elacCmUYHICMb .

Yo=Y . XX
E(y)= LY . %X (3.4)
ity X +X
)] G
a TaKOX J102apUphMiuHy eracmudHicms
Ex(y):A(lny):InyZ_Inyl:ln Yo lonl X | (3.5)
A(Inx) Inx,—Inx A X,

3 o3HaveHHs enacTHYHOCTI (3.1) BHUIUTMBAIOTH OCHOBHI BIIACTUBOCTI IIHOTO
MOKa3HHKA.

1. E..(by)=E,(y), TOOTO €IaCTUYHICTh HE 3aJICKUTh BiJl OJWHHIL BUMIPY

ITOKa3HUKIB X Ta Y.

2. EnacTUYHOCTI B3a€EMHO OOEpHEHUX (QYHKIIH € B3aEMHO OOCPHEHHMHU

1
E, (%)
3. Enmactuunicte 100yTKy NBOX (DYHKIIiH JOPIBHIOE CyMi iX €IaCTHYHOCTEH:
E.(u-v)=Eu+EyVv.

BenMurHamu: E, ( y) =
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4. EnacTuuHICTh 4YacTKM (QYHKILIA JOPIBHIOE PI3HULI I1X €JACTUYHOCTEM:

E, (Ej —Eu-Ev.
\Y

5. EmactuuHICTh CymMH ABOX (YHKLIM 3HAXOATh 32 POPMYJIIOIO:

d(u+v) x _(gg+g¥j X _UuEu+v-Ev

E (u+v)=
X( ) dx u+v \dx dx) u+v u+v

Hpukaanx 3.3. 3HalTH €1aCTUYHICTD CTENEHEBOI QYHKIIT y = x*.

k
Po3p’sizanusl. E, (xk ) = d Ej))(( ) X_)T( =kx* . x"* =k.

PosrnsiHeMO OCHOBHI TMOKAa3HUKU €JIACTUYHOCTI, 1[0 BUKOPUCTOBYIOTHCS Y
€KOHOMIYHUX JOCIIIKEHHSIX.

1. Enacmuunicms nonumy 3a yinowo (npsama eracmudHicms) BU3HAYAETHCS 3a

dg
_dq p

(opmysoro E d / i g —, ne P — mina omuuumi ToBapy, ( — BenmuuumHa

NONMUTY Ha HbOTO. BoHAa moka3ye BIAHOCHY 3MIHY Yy BiJICOTKax BEJIMYHUHU MOMUTY Ha
TOBAp MpH 3MiHI I[IHK LBOTO TOBapy Ha 1% Ta XapakTepu3ye peakilito CloK1UBayiB Ha
3MiHY I[IHU TOBapy.

2. llepexpecny enacmuunicms nonumy 3a yYiHON 3HAXOIATH 3a (oOpMyIOIO

dg;
E _ qi _ dql p
p; (q, ) = dV = dp q . Bona IMoKa3ye BI,Z[HOCHy IIPOLCHTHY 3M1Hy BCJIMUUHU (;
J j i
P

ONHUTY Ha i -i TOBap MpH 3MiHI WIHK p, Ha ] -ii ToBap, 110 3aMillly€ YU JOMOBHIOE | -
1 TOBap y crioxuBaHH1, Ha 1%.

3. Enacmuynicmv nonumy 3a 00X000M OOYHUCTIOIOTH 3a (POPMYIIOIO:

dq /
d :

E, ( V d_? —, | — cepemns Benmumma noxomy croxuBauiB. BoHa
XapaKTepu3y€e BITHOCHY TMPOIEHTHY 3MIHY BEIUYMHHU TIIONMUTY HA TOBAp MpHU
30UIBIICHH] TOXOy crokruBaviB Ha 1%. JlomaTHa enacTUYHICTh MOMUTY 3a JI0X0JI0M
CIIOCTEPITaeThCs I HOPMAJbHUX (SKICHUX) TOBapiB, Bil’€MHAa — JJI MaJIOIIHHUX
(HM3BKOSKICHUX).

Re_dr D
4. [linosa enacmuunicms pecypcie Ep R d—R d_ R XapaxkTepusye
/ p
BITHOCHY 3MiHY Y BiJICOTKax BETUYMHN R TMOMHUTY HA MEBHUI pecypc MpH 3MiHI I[IHA
bOro pecypcy Ha 1%.
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5. Enacmuunicme 3amiwenus npu upobHUymei 00HO20 pecypcy IHWUM

dR R, : : : . ,
Eq (R)=-=--—l noxasye, Ha cKinbKu HpOUEHTIB 3MiHUTBCA KiBKICTE R, i-TO
WYY dRR ’ !
j

1
pecypcy mpu 30UTBLICHHI KUTBKOCTI R, J -ro pecypcy Ha 1%, Tak, IO IPU LBOMY
3arajbHUil 00CAT BUPOOHUIITBA HE 3MIHIOETHCA.

Hpukaanx 3.4. 3HaiiTi pIBHOBaXHY LIHY Ta €JACTUYHICTh MOMUTY ¥ MPONO3UIii
3a pIBHOBAXKHOI I1HU, SKILO 3a1aHO (PYHKIIIIO MONUTY q = —p? +10p + 4 Ta NPOMO3HUILIIT
s=2p-16.

Po3B’s13aHHsA. 3HaliIeMO PIBHOBAXXHY LIHY TOBApY, /IS SKOi MOMHUT HAa HHOTO
JOPIBHIOE Mpono3uilii. Maemo:

—p?>+10p+4=2p—16.

3BiICH OTPUMY€EMO KBaJIpaTHE PIBHSHHSA p? —8p — 20 =0, KOPEHSIMU SIKOTO €

3HA4EHHS p, =—2 Ta p,=10. OCKUIBKU B11 €MHUN KOPIHb HE MAa€ €KOHOMIYHOI'O

3MICTy, TO piBHOBaXHa IiHa p =10 T1.0. 3HAYEHHS MONUTY MJs i€l IHU

q(lO) =-10"+10-10+4=4, 3pauenns nponosuuii $(10)=2-10-16 =4 =q(10).

IIpu p =10 3HaueHHs d_q:_2p+1o:_2.10+10:_10, E: 2.
dp dp
EnmactuunicTh monuTy 3a miHOW0 npu p =10 T.0. CTAHOBHTH:
E,(10)=39.P_ 10.20_ 15 5%,
dp ¢ 4
€JaCTUYHICTh MPOTIO3UIIII:
E,(10)=2.P_5.10 59
dp s 4

3.4. I'paHu4YHi BeJIMYMHU Y eKOHOMIILi

Cymapnoro eenuuunolo Ha3UBAKOTL Oyb-iKy OQYHKIIIO F (Xx) HE3AIEKHOI
3MmiaHOi X. [Ipukiagamu cymMapHUX BEJIMYUH Y €KOHOMIIll € JOXO0Jl a00 BUTPATU K
byHKIIT 00CITY BUpOOHUIITBA, OOCAT BUPOOHMIITBA K (DYHKIIISI BUTPAT Ipalli TOIIO.

Cepeonio senuuuny ( AF (x)) BU3HAYAIOTh K BiTHOLNICHHS CYMAapHOi BEIMYMHH

- . F(x — )
110 He3aJIeKHO1 3MiHHOT: AF (x) = Q = F . [Ipukinaau cepeHix BEIMUUH — CEPEIHS
X

BUPYYKa, CEpeIHI BUTPATH, CEPEIHIN JOXOI.
I'panuuna  (mapocunanera) eenuyuna MF (x) BH3HAYAEThCSA SIK MOXiaHA

. : dF . AF
CyMapHOi BeJIMuMHU F (x) 3a 3MiHHOI0 X: MF (X) = i = limoE y BHITAJIKY, SIKIIO

CymMapHa BEJIMYMHA 3MIHIOEThCA HENepepBHO. KO cymapHa BelWYMHA €
JIUCKPETHOI, TO MApXKUHAIbHA BENMYMHA MF (X) BH3HAYAETHCH SK BIIHOIICHHI

3MiHM AF (X) /IO 3MiHH HE3aIEKHOT 3MiHHOT AX: MF (x) = %(X) VY oMy BHIAIKY
X
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Map>KMHAJIbHY BEJIIMYMHY MOXKHA pO3MJISAaTH K 3MIHY CyMapHOi BEJIMYMHH,
BUKJIMKaHYy 3MIHOIO apryMEHTY Ha oAuHUIO. [IpukiianamMu Map>KMHAJIbHUX BEJIMYUH
Yy €KOHOMIIIl € MapKUHAIbHUI NpUOYTOK, MapKUHAIbHI BUTPATH TOLIO.

['pannyHa BenWYMHA, Ha BIAMIHY BIJ CyMapHoi ab0 cepelHbOI BEITUYMHH,
XapaKTEepU3ye HE CTaH, a MPOIEC 3MIHU €KOHOMIUYHOTO 00’ €KTY, TOOTO 1€ JUHAMIYHA
Xxapaktepuctuka. [ panndna (MapKUHaJIbHA) BeJIMYMHA B10Opa)kae MIBUIKICT 3MIHU
MIEBHOT'0 €KOHOMIYHOTO MPOLECY.

Hpukaax 3.5. 3anexHicTh MK BUPOOHUYMMHU BUTpaTaMu Y Ta OOCSATOM X
NPOAYKUIi, 10 BUPOOJISE MIANPUEMCTBO, BHU3HA4aeTbca QyHkuiero Yy=10x+50.
Busznaunt BUpoOHUY1 BUTpATH MIpU 00cA31 BUpoOiaeHoi npoaykuii 100 oguHuIs.

Po3p’si3anHsA. ['paHnuHi BUTpaTu IJsi 0OCATY BUPOOHMIITBA X JOPIBHIOIOTH
y’(x). OCKUTBKM Y HalIOMY BHIIAJKy 3aJIEKHICTh MDK BHUTpaTaMud Ta 0OCATOM

BUPOOHUIITBA € JIIHIHHOIO, TO TpaHUYHI BUTpPATH sl OYyIb-SIKOTO 00CATY
BUpOOHUIITBA, Y ToMy uncii 1 mpu x =100 € cramumu, OCKUIbKH AJisi OyAb-sIKOTO X
y’(x) =10 r.o. Ile o3Hawae, MO BUPOOHHUIITBO JOJATKOBOI OJWUHUI TMPOIYKIIiT
notpedye 10 r.0. 101aTKOBUX BUTpAT.

Ile 3HaueHHs1 MOkHa OyJI0 OTPUMATH IO THIIOMY:

y(lOl) — y(lOO) =10-101+50-10-100-50=10 (r.0.)

VY upoMy npukiaai GyHKIis BUTPAT € JIHIKHOW, TOMY PI3HUIS y(x + l) - y(x)
coiBOajac 31 3HAYEHHSAM IT0XITHOI y'(x) . Y 3arajpbHOMY BUIAQJKYy JJISI HETIHIAHOT
byHKIIil y(x) PI3HHILSA y(x + l) — y(x) JIOPIBHIOE y’(x) Juiie HaOMMKEHO TpH
BEJIMKUX 3HAYEHHSX X.

Mpuxnan 3.6. 3anexHICT, MK BUPOOHMYMMH BUTpPaTaMU y T.0. Ta 00CATOM
BUPOOHUIITBA X T.0. BU3HAYAETHCS PIBHICTIO y =1000x — 4x?. BusHauutu cepenni ta

IPaHUYHI BUTPATH, SKIIO 0OCAT BUPOOHUIITBA CTAaHOBUTH Xx=10 T.0.
Po3p’si3anns. CepenHi BUTpaTH IS 3a1aHOi (YHKIIT BHPOOHUYUX BUTpAT

2
y= F(x) =1000x — 4x* cranonats AF (x)= F(x) _ - 1000x=4x" _ 15004y,
X X
IIpu  x=10 r.0. F(10)=1000—4-10=960 T.0. I'pannuyni  BUTpaTH
dF
MF (x) = P =1000—8x. TTpu x=10 r.0. MF (10) =1000 —8-10 = 920 (r.0.).

3.5. Exonomiune 3acrocyBaHHsi AudepeHUiaJbHOr0 YUCIeHHS (PyHKIii
KIJILKOX 3MiHHUX

PosrnstHemo ocHOBHI (yHKITi KUTBKOX 3MIHHHX, IO iX BUKOPHUCTOBYIOTH Y
€KOHOMIYHHX JOCIIDKCHHIX. [X OJTHOBUMIpPHI aHAJIOTH MU PO3TIISHYJIN y 11. 3.1.
bazamocpakmopna  eupobnuua  @pynkyis y = f(x,X,,...,X,) BHpaKae

3aJIeKHICTh OOCATY y TMTPOAYKIi, Ky BHUPOOJS€ JedKa EKOHOMIYHA CHCTEMA,
BUPAXEHOTO y HAaTypaJlbHUX YM TPOLIOBUX OAMHUILX, BLI OOCSTIB X, X,,..., X, 7

pecypciB, 110 BHKOPHUCTOBYIOThCS JIsi BHUpOOHHWITBA. HalOunpm  BimoMoro
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BUpOOHHYOIO (yHKIIEI0 € BuUpoOHMYa (yHkiis Kob6b6a-Iyrmaca y= AK“L?, ne
A,a, f — HeBin’eMHi KoHCTaHTH, &+ <1, K — o0car BupoOHHUMX (OHIIB Yy
HaTypaJbHOMY YU BapTiICHOMY BUpa3l (BeIWYMHA BKJIAJIEHOTO Y BUPOOHUYMI TIpoLec
Kamirany), L — BeIm4rHa Tpy10BHX PECYpCiB Y HATYPAJIbHOMY UM BapTICHOMY BHpa3ax
(BenMuMHA BKJIAJEHOI mpaii). Y AesSKUX HAayKOBUX Mpalsix 3 €KOHOMIYHOI Teopil y
¢ynukuii Kod6a-/lyrnaca npuiiMatots o + £ =1.

Jlist BupoOHMYOT ByHKIT y = y(K, L) ABOX 3MiHHKX K Ta L BennuuHa | :% -
: : . . K= y
1€ cepeHs MPOJYKTUBHICTD Mpalll y BapTICHOMY BUpa3i, BeIUYUHA K = K cepeHs

dboHa0BIAaYa, BEIUYUHY f:f HA3UBAIOTh oHO0030pocHicmio (1€ BapTICTh

BUPOOHMYUX (HOHAIB, IO MPUXOAUTHCS HA OJMHUIIIO BUTPAT Ha poOody cuily abo Ha
OJIHOTO POOITHUKA).

Jlinii piBHS BUpOOHUYOT (YHKIIT HA3UBAIOTH [30Kéawmamu. J{ns BUpOOHUIOT
¢bynkmii  Ko6b6a-Jlyrmaca  piBHSHHA ~ CIMEHCTBa  130KBaHT  Ma€  BUIJIAJ:
AK“L? =c=const. Jlinii, OpTOroHanbHi M0 i30KBAaHT BUPOOHMYMX (YHKIIIH,
HA3UBAIOTh 130KJIMHATSIMU WX (YHKIIIHN.

Dynkyis Kopucrocmi u=u(X,, X,,..., X,) BII0Opaxae Cy0’€KTHBHY YHUCIIOBY

OIIHKY KOHKPETHOIO 0CO00I0 KOPUCHOCTI U HAOOpy # TOBApIB, Xi — KUIBKICTh OJUHUIID
i-TO TOBapy. Jlinii qu MOBEPXHI piBHS byHKIil KOPUCHOCTI
U=U(X, Xpeeey Xy ) =, € — const, HABUBAKOTh KPUSUMU (NOGEPXHAMU) OATLOYIHCOCII.

Tyt nns nBox HaOOPIB TOBaPiB 3 OJHAKOBOIO KOPUCHICTIO U CTIOKHUBAUY OaiimyKe, SKui
3 HUX BHOpATH.
Dynkyis eumpam [ =1(y,,y,,...,y,) — L€ 3AJEKHICTb BUTpAT [ Bix 00CATIB

Vis Vareewny , N PECYPCIB, IO BUKOPUCTOBYIOTBCS Y IIPOLIEC] BUPOOHUIITBA.
- . : : . P-Y

VY Tteopii ¢iHaHCiB BimoMo piBHAHHS 00MiHy Dimepa M = EVER 10 BUpPaXKae
3QJICKHICTB 3arajbHO1 KITBKOCTI rpomiei M Bij MBUIKOCTI iX 00iry V, HamioHaIbHOTO
nponykry Y, piBHs 1iH P. Benmmunna M e ¢pyukiiero Tppox 3MmiHaux V, Y, P.

PosrnssHeMO €KOHOMIYHUK 3MICT YaCTHHHHMX MOXITHUX (YHKIIH KUTBKOX
3MIHHUX Ha Mpukiaai Bupoounudoi pynkiii Ko66a-/lyrmaca.

3adikcyemMo MOTOYHUHN CTaH MAMPUEMCTBA, 110 XapaKTEPU3y€ETHCS 3HAUCHHIMU
K ta L. Im BignoBimae oOcsir BUPOOHHUIITBA MPOAYKLII y = y(K,L). Hexait L —

KUTBKICTh POOITHHKIB. SIKIIO HAWHSTH 1€ OAHOTO POOITHUKA, TO MPHUPICT 00CATY
BUPOOHMITBA CTaHOBUTUME Ay =y(K,L+1)-y(K,L). lleli 9acTunHMi mnpupicT

HAOJIMKEHO JTOPIBHIOE: AY = %( K, L) ‘AL = (;—3{( K, L), OCKUTBKY TIpUpicT AL =1.

TakuMm YMHOM, YacCTWHHA TIOXiJHA Bix BUPOOHHMYOI (PyHKIII 1o 3MmiHHIA L
(BeIMUMHI TPYIOBUX pecypciB abo mparli) HaOJIMKEHO JOPIBHIOE J0IaTKOBIA BapTOCTI
MPOAYKI[li, BHUPOOJEHOI OJHUM JIOJATKOBO HAWHATUM poOiTHUKOM. Tomy 110
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YaCTUHHY TOXIAHY HAa3UBAIOTh 2panuuHor0 npooykmusHicmio npayi. Jns dyHkiii
Ko66a-]lyrinaca BoHa JOPiBHIOE:

Q _ ay p-1
(K, L) = pAKeL

Sxuro 30UIBIIMTH HA OAWHUIIO BapTICTh BUPOOHMYMX (POHIIB, TO AOJATKOBA
BapTiCTh BUPOOIEHOT IPOAYKIIii cTaHOBUTUME Ay = y( K+1, L) — y( K, L) ~ gﬂK( K, L)
. l{ro yaCTUHHY MOXIAHY

Y (K,L)=aAK=ILS
oK
HA3UBAIOTh SPAHUYUHON (hOHO08I00AYer0.

['paHnyHa MPOYKTUBHICTH Mpalll Ta rpaHUYHA (POHIOBIIAaUYa € AOCOTIOTHUMU
BEJIMYMHAMHU. Y EKOHOMIYHHX JOCHIDKEHHAX Yy 0araTb0X BHIIAJKaX JIOBOIAUTHCS
BU3HAUYATH, HA CKUIBKM MPOLEHTIB 3MIHUTBCS OOCAT BUPOOHUIITBA, SIKIIO KUIBKICThH
MEBHOT'0 BUIY pecypciB 30UTbIUTHCS Ha 1%, TOOTO BU3HAYATH €JIACTUYHICTH 00CATY
BUPOOHUIITBA 32 MEBHUM BHAOM pecypciB. [loHATTS enmacTuyHOCTI Oyno paHimie
PO3IIIAHYTO JUTsl PYHKIIT OJTHI€T 3MIHHOT, € €TaCTUYHICTh BU3HAYaIacs 3a (OpMYJIOk0

. X o . . .
E.(y)=y'(x)-=. Jus GyHKUiH KUTBKOX 3MIHHUX MOXIAHY 3aMIHIOIOTh Ha YaCTUHHY
y

MOXIJHY 3a 3MIHHOIO, JIUIS SIKOI pO3pPaxOBYIOTh €JACTHYHICTh. Tak JUIsi BUPOOHHUOT
¢dynkiii Ko66a-Jlyrinaca enacTHIHICTh 00CATY BUPOOHMIITBA 32 TPAICI0 CTAHOBUTH
L p1 L
B ()= = AR =
oL vy AK 7L
€JIaCTUYHICTh 00CATY BUPOOHHUIITBA 32 MPAIICIO BIAMOBIIHO TOPIBHIOE:
K a4y f K
EL(y):ﬂ-—:aAK“ 1|_ '—aﬁ:a
oK y AK L
OTxe, 3 eKOHOMIYHOT TOUKH 30py MapaMeTpu o Ta f y BUPOOHHUIH (DyHKILIT
Ko66a-/Iyrnaca — 1ie 3HaYeHHS €JIACTHYHOCTI 0OCATY BHPOOHMIITBA BIANOBITHO 32
Ipariero Ta Kamitajaom
JUIs. CIIpONICHHS CKJIATHUX OOYHMCIICHb Ha TPAKTHUIlI 9acTO BUKOPUCTOBYIOTH
JiHeapu3alifo (QyHKIIH KUIBKOX 3MIHHUX. BoHa monsrae y 3amidi QyHKIii

U (X, Xy, X, ) Y OKOJIL TOUKH X =(x1,x2,...,xn) JIHIAHOIO (PYyHKIIIEO

g(xl,xz,...,xn):u(xl*,x;,...,x:)+g—:(xf,x§,...,x:)-(xl—xl*)+

+§—Z(ﬁ,xz,---,X;).(x2 —X;)+---+§7u(xf,XZ,...,X;)-(xn —x:).

n

IIpy  1wpOMy PIBHMOA  U(X, Xy, X, ) — 9 (X, Xp,.0sX,) Y OKOJNI  TOYKH
x' = (xl VXoyenny X ) € HECKIHYCHHO MaJIOI0 BEJIMYMHOIO TOTO K MOPSIKY, IO i BIICTaHb
MK TOUKAMH (X, X, ..., X, ) Ta (Xl Xy gy X0 ) . IIpn nineapu3anii 3a1eKHICTh IPUPOCTY

JiHIMHOT QYHKII, 0 € anmpoKCUMali€ro 3aAaHoi (YHKII, Bl apryMEHTIB MPSIMO
MPOMNOpPLIOHANIbHA MPUPOCTAM BIAMOBIAHUX aprymeHTiB. IIpu mpomy koedilieHTOM
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MPOMOPIIOHAILHOCTI € 3HAY€HHsI BIJMOBIAHOI YACTHUHHOI TMOXIAHOI y TO4YIi
x*z(xf,x;,...,x:).
PozrnstHemMo MOXJIMBOCTI JiiHEapu3alii BHUPOOHMYOI (PYHKIII Ha NpUKIai

BupoOHMUOi1 (yHkuii KobOb6a-/lyrnaca. 3adikcyeMO MOTOYHHMI CTaH MIANPUEMCTBA,
TOOTO 3HayeHHs mpami L, kamitany K, a Takox oOcsr BUPOOHMIITBA y(K,L), mo

BIJIIIOB1Aa€ UM 3HAUYECHHSIM.
[Ipu HEeBenMKUX 3MiHAX KamiTainy Ta npami dK Ta dL 3aMIHUMO 3MiHY 00cAry

ﬂdK +ﬂ
K

BUPOOHMIITBA Ay TOBHHM audepeHmiaiom dy = I_dL, 0 HaOJIMKEHO

oy oy

nopiBHIOE Ay . BennunHa — — 11e TpaHUYHa NPOYKTUBHICTD Mpall, —— — rpaHUYHA
oL oK

. oy . . .

dongoBigaaya. OTxe, &dK — IIe BapTICTh JOAATKOBOI MPOAYKIlli, BUPOOICHOT

JIOJIATKOBUM YHCJIOM POOITHHKIB dL, a é;ﬂLdL — BapTICTh JIOJATKOBOI MPOMYKIIii,

BUPOOJICHOT 32 paxXyHOK 3aTy4eHHS J]0JIaTKOBUX BUPOOHUUUX POHIIB dK .

OTxe, mpu HEBENTUKIM 3MIHI KUTBKOCTI POOITHHKIB Ta KUIBKOCTI BUPOOHHUYUX
¢doH1B 3MiHA BApTOCTI BUPOOIEHOT MPOAYKIlli HAOIMKEHO JOPIBHIOE CyM1 BapTOCTEH
JI0TIATKOBOT MPOYKIIii, BAPOOJICHOT 32 paxXyHOK 3aJy4eHHS 10JJaTKOBUX POOITHUKIB Ta
J0JIaTKOBOI MPOAYKIIii, BUPOOJIEHOT 32 paXyHOK BBOAY B JIif0 JOJIATKOBUX BUPOOHUUMX
donmais. s migpaxyHKiB MOKHA BUKOPHUCTOBYBATH T'PAaHUYHY MPOIYKTUBHICTD Ipalli
Ta TpaHUYHY (OHIOBIAIAYY JJII TOTOYHOI'O CTaHy BUPOOHUIITBA (710 3MIH KUTBKOCTI
POOITHUKIB Ta BUPOOHUYIHMX (POH/IIB).

PosrnssHemo nmudepeHmianbHi BIACTUBOCTI (YHKINT KopHCcHOCTI. DyHKITISA
KOPUCHOCTI U(X,X,,..,X,) 7 3MIHHUX BiZ0Opaxa€e Cy0’€KTHBHY 4YHMCJIOBY OIIHKY

IHIMBIZIOM KOPUCHOCTI U HAbOpy 7 TOBApIB X =(x,,X,,..., X, ), A€ Xi — KUIBKICTb i-TO

ToBapy. bymemo BBakaTu, 1m0 KOXHUN TOBap € OakaHMM, TOOTO 31 3POCTAHHIM
KUIBKOCTI TOBapy MpH HE3MIHHIM KIUIBKOCTI PEIITH TOBapiB KOPHUCHICTH HaOOpy
3pocTae. BBaxkaeMo Takoxk, 0 (YHKIIST KOPUCHOCTI MudepeHIiioBHa 10 APYTrUX

ou

MOX1THUX BKIIOYHO. YaCTHHHY MOXITHY I HA3HBAIOTh 2PAHUYHOIO KOPUCHICMIO [-TO
X.
1

TOBapy. 3 BIACTHBOCTEH ()YHKIIIi KOPUCHOCTI BUILUTUBAE, 110 BCI i1 YaCTUHHI TOXI1JIHI €

) ou ou ou ou
JO0JATHUMMU. BeKTop-rpazueHT = HA3UBAKOThH 8€Km0p0M

oX |\ ox ox,  Ox

2PAHUYHUX KOpUCHOCmell. BUKOpUCTaHHS TPAaHUYHUX KOPUCHOCTEH J1a€ MOXKIIUBICTH
aHai3y MOBEIIHKU Cy0’ €KTIB €KOHOMIYHOT JiSUTBHOCTI.

BaxnmBoro BmacTUBICTIO (YHKIII KOPUCHOCTI € Te, MO 31 30UIbIICHHSIM

CTIIO’KMBAaHHS TOBAPY MOTO TPaHUYHA KOPUCHICTh 3MEHITY€EThCSI, TOOTO APYT1 YaCTUHHI
2

MTOX1THI BUITY v < 0. Lo BracTUBiCTH HA3UBAIOTH nepuum 3axonom loccena.
X

n
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Jlo ¢yHKIINH KOPUCHOCTI BIIHOCATH, HANPUKIAN, QVHKYII0O 6apmocmi

Uu(X,, X, ) = C,X, + C,X,, HCOKIacuuHy QyHkiito U (Xl, X2) = XlaXﬂ , 1€ a, f —HEBI €MHI
craii, Taki, mo o+ f<1.

3.6. 3acTocyBaHHSI BU3HAYEHOI'0 iHTErpaJia y eKOHOMIYHMX JOCTiIKEHHAX

3acTocyBaHHST BHU3HAYEHOrO IHTErpajla y €KOHOMIYHHMX JIOCHIIKEHHSX
IPYHTYETHCSI HA MOJIMBOCTI MOJAHHS 0ararb0OX €KOHOMIYHUX BEJIUYMH Y BHIJISI
IHTerpadbHUX CcyM. PosrisHemMo 3amadyy npo OOYMCIEHHS KUIBKOCTI TOBapy,
BHUPOOJIEHOT0 32 MEBHUM MPOMDKOK 4acy.

Hexaii ¢pynkiis y = f (t) OMKCYE 3MIHY IHTEHCUBHOCTI JIEIKOTO BUPOOHHUIITBA.
3Haii1IeMO KUIBKICTh TOBapy Q, BUTOTOBJIEHY 3a MPOMIXKOK 4acy [O; T ] Jns uporo
po3i6’emo Bigpisok [0; 7| Ha n npomikkis Toukamn 0=t,<t, <t, <..<t _ <t =T.
Kinbkicte ToBapy AQ,, BupoOjeHa 3a MPOMDKOK Yacy [ti_l, ti] HAOIMKEHO MOXHA

sHaiftn 3a Qopmynoto: AQ = f(c)-At, ¢ e[t ] At =t —t_,i=12,...,n. Tonui
n

KUTBKICTB TOBapy Q = ZQI ~ Zf At ITpu maxAt, - 0 orpumyemo:

i I<i<n

T

= lim Zf )AL = [ f(t)dt.

max At; —0 <
0

Mpuxknan 3.7. 3HaiiTh neHHUN o0O0CAT BUPOOHHMIITBA TPOMYKIIi, SKIIO
IIPOJIYKTUBHICTH TTpalll Ha MPOTs31 poOOYOTo JTHS 3MIHIOETBCS Y 3aJIEKHOCTI BiJl Yacy

(y romuHax) 3a (opmyioro f(t)z—O,lt2 +0,8t+10, a TpuBamicth poOOYOro IHS

CcKJIaga€e 8 TOauH.
Po3p’si3anHs. OOcAr BUpOOHUIITBA IPOTYKITIT

T 8

8 3
Q=[f(t)dt=[(-01’ +O,8t+10)dt:(—0,1-%+0,4t2 +10t] ~88,53.
0 0 0

PosrnssHeMo  TmpWKIIamM  3aCTOCYBAaHHS  BU3HAYCHOTO  IHTErpajga MpH
PO3B’sI3yBaHHI JICIKUX 1HIIUX €KOHOMIYHHUX 3a7a4.

Ipukaax 3.8. Hexait Ha cxmani 30epiraioTh AESKW BUTPATHUN MaTepiall.
Butpatu 30epiraHHs OAWHHII IILOTO MaTepialy 3a OJUHHUII0 Yacy JOPIBHIOIOTH N.
Bennunna 3anacy marepiany Ha ckiani € ¢yHkmiero gacy f(t). 3Haiitn BuTpaTH Ha
30epiranHs 3amacy Marepiairy mpH ioro piBHOMipHOMY BuTpadaHHi Bix Q mo 0 3a gyac
T

Po3p’sizanHs. Burpatm Ha 30cpiraHHs MaTepiady 3a 4Yac Big a jgo b
b

OOYKCITIOIOTH 3a JIOIIOMOTOK0 IHTErpaty Ih - f (t)dt. IIpn piBHOMipHOMY BHTpadYaHHi
a

Matepiary 3a yac 7 Bif BenmunHHU 3anacy Q /10 HyIsl piBeHb 3amacy y MOMEHT Jacy t e
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JiHiAHOO (yHKIiEIO, TpruomMy f (O) =Q, f (T) =0. Omxe, y IbOMY BHUITAJIKy MaEMO

t : .
f (t) = Q(l— ?j . Toni BUTpaTH Ha 30epiranHs 3anacy 3a yac 1 CTaHOBJISTh:

Thof1-Dateno.(t- L) —po.(r_T)_her
{h Q(l Tjdt_hQ - 0_hQ (T 2)‘ -

Mpuxnanx 3.9. Hexaii rpanuuHi BuTpaT mignpueMcrsa f (Q) =Q%*+3Q +5.

3HalITh CyMapH1 BUTPATH 32 YMOBH, L0 MOCTIMHI BUTPATH AOPIBHIOIOTH 90 T.0.

Po3B’s13aHHsA. [ paHUYH1 BUTpATH BU3HAYAIOTHCS SIK MTOX1/IHA CyMapHUX BUTPAT
1o o0csry BUpOOHMIITBA, OTKE, JIs1 3HAXOJKEHHSI CYMApHUX BUTPAT MOTPIOHO 3HANUTH
IHTEerpaji no oocsIry BUpOOHHUIITBA Bl TPAHUYHUX BUTpAT:

3 3 2
F(Q)=]f(Q)dQ=](Q’ +3Q+5)dQ:%+%+5Q+C.
OCKUIBKM CTali BUTPATH MalOTh MICIIE 1 MPU BiACYTHOCTI BUpoOHu1TBa (Q =0

), To F (O) =90, o C =90 i cymapHi BUTpaTH MatOTh BUTJISL;

F(Q):%g+3—(2?2+5Q+90.

Otxe, 3aCTOCYBaHHS BH3HAUEHOIO IHTErpajia y €KOHOMIUYHUX JOCHIIKEHBb
IPYHTYETHCSI HA HOTO O3HAUCHHS SIK TPAHUIIl IHTETPATbHUX CyM.

I[uTanusa 1151 CAMOKOHTPOJIIO 10 3MiCTOBOI0 MOAYJisl 3

1. Hapnaiite o3Ha4YeHHS MOHATTS (YHKIIII.

2. SIxi ynkuii HazuBaroTh napHuMu? Ski QyHKIIT Ha3WBalOTh HEMAPHUMU?

HageniTe mpuknay.

3. Ski ¢yHKIii Ha3uBarOTh 0OMexeHUMH? HaBeniTh mpuKIIaIu.

4. Hapailite o3Ha4YeHHsI 3pOCTAOYO0i, CHAagHOI, HE3POCTal4oi Ta HeCcHaaHOi
¢bynkmii. HaBenits nmpukiagy.

5. Hapmaitite o3HadeHHs (QyHKINT, Omykioi Bropy Tta (yHKIII, OMYKJIOi BHH3.
HagpeniTe mpukiay.

6. HaBenitb mnpuknaan (QyHKIIHA, [0 BUKOPHCTOBYIOTHCS Y EKOHOMIYHHMX
TOCIIHKCHHSIX.

7. CdopmymroiiTe o3HAaYCHHS MOXIAHOT PYHKITIT y TOYIII.

8. CdopmymioliTe 03HAYCHHS €aCTUYHOCTI.

9. HaBenitb popmyiny KiHIIEBOT €TaCTUYHOCTI

10.HaBenite hopmynu cepenHboi Ta JorapudmMiaHOT eTacTUIHOCTI

11.Ywu 3a1meXuTh €IaCTUYHICTh BiJl OJIMHUIIb BUMIPY MTOKA3HUKIB.

12.HaBenite hopmyy e1acTUYHOCTI TO0OYTKY, YACTKH Ta CYMHU JBOX IMOKA3HUKIB.

13.BkaxiTh OCHOBHI BHJW €IACTUYHOCTI, IO 3aCTOCOBYIOTBHCS Y CKOHOMIYHHX
JOCTIIKEHHSIX.

14 Hapnaiite 03HaYeHHS CyMapHHUX, CEPE/IHIX Ta TPAHUYHUX BEJIUYUH Y EKOHOMIIIL.
Hagenite mpukimaau.
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15.Bkaxith, SK BHU3HAUAIOTHCS TPAHUYHI BEJIUYMHU Yy HEMEPEpBHOMY Ta
TUCKPETHOMY BUIaIKaX?

16.HaBenite mpukiagM (QyHKUIA KUIBKOX 3MIHHUX, IIO BUKOPUCTOBYIOTHCS Y
€KOHOMIYHUX JOCIIJIPKEHHSX.

17.BkaxiTth, 1110 Ha3UBAIOTh 130KBAHTAMU Ta 130KJIMHAISIMU BUPOOHUUOT (DYHKITIT.

3aBIaHHA ISl CAMOKOHTPOJIIO /10 3MiCTOBOr0 MoayJas 3

[lonut Ha ToBap omucyeThecs piBHAHHAM (= 2400-100p, npono3uuis LUbOTIO
ToBapy — $ =1000+ 250 p, p — uiHa ToBapy. Busnaute napameTpu piBHOBarv puHKy
Ta AKy KUIBKICTh TOBapy Oa)xaloTh MpuUI0aTH 3a ILIHOK 3 T.0. 3a OJMHMUIIIO.
3HaiAITh, IKY KUIBKICTh TOBapy OyJi€ 3alIPOIMIOHOBAHO MPH I[i1H1 5 T.0. 32 OAUHUIIIO.
Hexait s=200p — ¢Qyukuis npomnosuiii. 3HalWaiTh 0OepHEHY (YHKIIIIO, IO
BUpaXXa€ 3aJIeKHICTh I[IHU TOBAPY B BEJIMYMHHU MPOMNO3ULII Ta MpU SKIM 1LiH1
BeMuMHA npono3ullii cranoButume 1000 r.o.

o . . ax
3’acyite, un € oOMexxeHoro ¢yHKIiA TopHKBICTa y:—b, a,b—const , mo
X+

OMHCYE 3JICKHICTh MOMUTY Y Ha MPEIMETH MepIIoi HEoOXiTHOCTI BiJl JOXOIY X
CIIO’KHBava.

ODyHKI[I KOPUCHOCTI TOBWHHA 3a/JI0BOJIBHATH JIBI YMOBH: 1i IepIia IMOXiJHa
NOBMHHA OyTH JOJATHOK, a Jpyra BiJl’€MHOK. 31 3MICTOBHOI TOYKH 30py
KOPHUCHICTh TOBapy IMOBMHHA 3pPOCTATH 31 30UIBIICHHSAM HOTO KILIBLKOCTI, MPOTE
3pOCTaHHS KUIBKOCTI TOBApy, IO CIOXUBAETHCS CYMPOBOIKYETHCS 3MEHIIICHHIM
roro kopucHocti. IlepekonHaiiTech y TOMy, IO HaBeIeHI HIK4Ye (YHKITIT

BIJIMTOB11at0Th IMM YMOBaM (yHKIIIT KopucHocTi: a) Y =InX;0) y = \/; :
3aJIeKHICTh MDK BUPOOHMYMMH BHUTpatamMu Y (T.0.) Ta oOcaroM BHUPOOJIEHOT
npoAyKiii X (T.0.) BUBHAYa€eThCsl PYHKINEIO y =50x —0,05x°. 3HAWUTHU cepe/iHi Ta
IPaHUYHI BUTPATH, K0 00cAT BUpOOHUIITBA cKianae 10 r.o.

DyHKITIS BUPOOHUYNX BUTpAT MIIIPUEMCTBA Mae BUTJIS]
Y(X) =0,1x> =1,2x* + 5% + 250 3HalITh CcepelHi Ta TPaHWYHI BHPOOHUUI

ButpaTi. OOUUCIITH iX 3HAYSHHSI, KO 00CAT BUPOOHUIITBA X AopiBHIOE 10 r.0.
3asiexxHICTh 00cary U (of.) MpoAyKIlii, BUpOOIEHOro Opuraaorw poOIiTHHUKIB, Bif

. 1 :
qacy t (Toj.) BU3HAYAETHCS PIBHICTIO U (t) = —gt3 + ;tz +100t, 0<t <8. 3mnaiinirs

MPOYKTUBHICTH Tpalli Opuraan poOiTHUKIB Ta MIBUIKICTH ii 3MiHU uepe3 | ronuny
MICIIs TOYaTKy poboTH Ta 3a 1 ToguHy 110 i 3aBepIeHHS.
3anexHiCTh MK COOIBapTICTIO OAMHMIII TpoayKIrii Y (T.0.) Ta ii BAIIOBUM 00CATOM

BUpOOHUIITBA X (r.0.) BH3HavaeTbcs piBHICTIO Y =80000—-500x. 3HaimiTh

€IACTUYHICTh COOIBApTOCTI 32 00CATOM BUPOOHUIITBA Il 00CATY BUpOOHUIITBA 60
r.o.
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9. 3anexuicth MK monutoM ( Ta miHOW [} OXMHMIN TPOAYKIII MIANPUEMCTBA

BM3HAYACTHCA criBBigHomenHasM (=18 — /P . 3uaiiniTe enacTUUHICTE MONKTY 3a

LIHOIO Ta 3’ SICYWTE, MPH SIKUX 3HAYECHHAX L[IHU NOMUT € HEUTPAIbHUM, €JIaCTUYHUM
Ta HEEIACTUYHUM.
10. ®yHK11i TONUTY Ta MPOIO3HUIIil Ha ASSIKUNA TOBap MAIOTh BUTJISI:

_p+8
p+2

q , S=p+0,5;

ne P — uiHa oguHUI TOBapy, (] — BenMuMHA MOMUTY, S — NPOMNO3ullii. 3HANAITH LIHY
pPIBHOBAry, sika ypiBHOBa)XXY€ MOMUT Ta MPOMO3UIII0 HA PUHKY; a TAKOXK €JaCTUYHICTb
NOMUTY Ta MPONO3ULIi A i€l HiHu. BUusHauTe 3MiHY NONUTY NpU 30UIBIICHH] I[IHU
Ha 5% y NOpIBHSIHHI 3 LIHOIO PIBHOBAry.

11. 3’gcyiiTe, sk MOB’s3aHI MDK COOOI0 T'paHMYHI Ta CepeAHl MOBHI BUTPATH
HiANPUEMCTBA, SIKIIO €TACTUYHICTh IOBHUX BUTPAT JOPIBHIOE 1.
12.3anan0  yHKUIO y(x) TOBHUX BHUTPAT IIJANPUEMCTBA HA BUPOOHHIITBO

X OJIWHHUIIL TPOAYKI[li. Bu3HauuTe 3B’S30K MDK 3HAUYCHHSIMHU €JIACTHYHOCTI
MOBHUX Ta CEPEHIX BUTpAT.
13. 3anexHICTh MK BUPOOHMUMMH BUTpaTamMu Y (T.0.) Ta 00CATOM BUPOOHHUIITBA X

(r.o0.) € pyHKII€O y =10x — 0,04x°. Bu3Hauute cepeHi Ta rpaHUYHI BUTPATH MIPH

X=br.o.

14. 3anexHicTh MOBHUX BUTpAT Y (T.0.) Big 00csATY BUpOOHHUIITBA X (T.0.) € QYHKIIIEIO
y = x° — 2x? + 96 . 3HAWITH, IPU IKOMY 00CsI31 BUPOOHUIITBA TPAHUYHI Ta CepeIH1
BUTPATH CIIBIAJAI0Th, @ TAKOX €JAaCTUYHOCTI MOBHHMX Ta CEPEIHIX BUTpAT MpPH

1IbOMY 00CsI31 BUAPOOHHUIITBA.
15.3naiiaite enactuuHicTs onuty ( (om.) Ha TOBap mpwm 3amaHii Woro miHi P r.0.,

sk a) 4+10p=50, p=3;6) 5q+3p=70, p=10;B) p?>+ p+4q=26, p=2.

. . ax
16. 3anexxHICT, CHIOKMBAaHHS Y BT OXOJY CIOXXKHMBa4a X MAa€ BUTJIA: y:—b.
X+

ITokaxiTh, 110 €IACTUYHICTL CIIOKMBAHHS 3a JOXOJOM 3aJICKUTh Bid 3HAYCHHS
napameTpa a Ta IpsAMYE J0 HYJIs TP HEOOMEKEHOMY 3POCTaHH1 JJOXOIY.
17.Hexait BupoOHmua ¢yHKIis € BupoOHHUoro QyHkiiero Kob66a-/yrmaca. 11lo6
30UTBIIUTH 00CST BUpOOHHUIITBA Ha 3%, MOTPIOHO 301IBITNTH BUPOOHWY1 POHIU HA
6% abo 4YncenpHICTh POOITHUKIB HA 9%. Y MHHYJIOMY pPOIll OAWH POOITHHK 32
MICAIb BHPOOJAB mpoaykimii Ha 1 MiH. T.0., Bchoro Ha miampuemctsi 1000
poOitHuKiB. OcHOBHI (oHIU OliHIOBaNKCS B 10 Mapa. T.0. 3anumiiTe BUpa3 s
BUPOOHNYOT PYHKITIT Ta 3HAWAITh BEIMUNHY CepeIHbO1T (OHIOBIAIAYI.

18. Jlnsa BupoOunuoi ynkiii Kob6a-/lyriaca y =1000K%L% 3HANAITH CEPEeHIO Ta
rPaHUYHY NPOAYKTUBHICTH TIpalll, CEpPelHI0 Ta TpaHUYHy (QOHIOBIAIAUY,
€J1aCTUYHOCTI 00CSTY BUPOOHUIITBA 32 MPALCIO Ta KaIITAIOM.
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19.lna pynkuii kopucHocTti U ( X X2) = \/Z - \/Z noOyayiTe KpuBi Oal1y>KOCTI1 (JT1H11
piBHA (PYHKILIT KOPUCHOCTI). 3HAaW1ITh BEKTOp rPaHUYHKUX KOpUcHOcTeH. [lepeBipte
BUKOHAHHJ MEPIIOro 3akoHy ['occena.

20. 3HaiiniTh TpaHUYHI KOPHUCHOCTI Il HACTYHNHUX (YHKIIA KOPUCHOCTI: a)
u=3x+5%,;0) u=min{x,2x,}.

21. 3naitnite cymapuuil 1oxo/ R, skuo rpannyanii toxoq MR =9 -6Q .

0,1
22. Busnaute cnoxkusanHs C, skimo rpannuHe cnoxusanaa C, =0,5+ W, PUYOMY

CIIO>KMBAHHSI JIOPIBHIOE 85 T.0., KOJIM HarlioHansHuM 10x07 Y nopisHioe 100 r.0.

23. 3HailaAiTh 3pOCTaHHS 3araJiIbHUX BUTPAT MPH 3pOCTaHH1 BUpOOHUIITBA Bia 6 10 10
OJIMHHULIb MPOAYKIIii, KIIO 3aJI€KHICTh Map>KUHaIbHUX BUuTpaT MF nianpuemctBa
Bij 06cATy X BUPOOHMIITBA BU3HAUYaeThes GyHkiiero MF =—-3x* 4+ 200x + 60.
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3micToBuiit Mmoay.ab 4. HaiinpocTimi ekcTpeMaJibHi 3a1a4i y eKOHOMIYHUX
AOCTiIZKEHHAX

MeTa BUBYEHHSI 3MiCTOBOro MoayJs 4: copMyBaTH y CTYJEHTIB HaBHUUYKU
3aCTOCYBaHHS ONTUMI3ALITHUX METO/A1B MIPU BUPIIICHH] EKOHOMIYHUX POOIIEM.

ILnan
1. OnTumizauist GyHKUIA OAHIET 3MIHHOT Y €KOHOMIYHOMY aHaji31.
2. OnTtumizaiis GyHKIIH KUIBKOX 3MIHHUX.
3. Onrtumizalliss BUpOOHUYOT IPOrpaMH MiANPUEMCTBA

Knrouosi mepminu ma nowamms:. ¢opmyna Biicona, rpaHMYHUN NPOAYKT,
dynkiis Jlarpanika, 3aK0H CIaarodoi Bijaaadi, PyHKIlis TOMUTY Ha pecypc.

4.1. OnTumizanisa pyHKUI OOHI€El 3MiHHOI Y eKOHOMIYHOMY aHAJI31
Jns pocmimkeHHs (QYHKIIN, IO € MOACISIMU PI3BHOMAHITHUX EKOHOMIUHHMX

CHUCTEM Ta IPOIIECiB, ITMPOKO BUKOPUCTOBYIOTH arapaT qudepeHIliaabHOr0 YUCICHHS,
30KpeMa, METOH JOCITIKeHHS (QYHKIIN Ha eKCTpEMyM. 3aCTOCYBaHHS IIUX METO/IIB
Ja€ 3MOTY 3HAXOJUTH ONTHUMAJIbHI MapaMeTpy EKOHOMIUHUX CHUCTEeM, IS SIKUX
(GyHKIIIOHYBaHHS TaKWX CHCTeM Oyae HauOutein edekTuBHUM. OaHUM 3
HAaWUOPOCTIIIUX TMPUKIAIB TAaKOro 3aCTOCYBAaHHA TMOXIAHOI € BHU3HAYCHHS
ONTUMAJIBLHOTO 00csATy BUPOOHHIITBA (ipMu-MOHOMOMICTa. Hexalh MoHoMOIICT,
3HAIOYU (PYHKIIIIO TIOMUTY Ha CBOIO IIPOJYKIIII0, BUPIIITYE, CKUTBKU i1 BUPOOUTH Ta 3a
SKOIO IIIHOIO MpOojaBaTH. SIKIIO MOHOTOJIICT BCTAaHOBHTH IY)K€ BHUCOKY IIIHY, TO
CIIO’KMBaYl 3a MEBHUU TEpioa MPUI0AI0Th Y HbOTO HEBEJIMKY KUIBKICTh MPOMYKIIii.
Sxio BiH BUpOOIATUME OUIBIIE MPOAYKIlii, HOMY JOBEJACTHCS 3HU3UTH I[IHY.

Jlns Toro, mo0 BU3HAYMTH ONTHMAJIbHUM OOCSAT BHPOOHMIITBA IPOMYKIIIi,
MOHOTIOICT MOBUHEH BU3HAYUTH 3JICKHICTh MK MMPUOYTKOM Ta 00CSITOM BHPOOIJICHOT
npoaykuii. Hexai 3anano gpynkuito goxony R=R(q) Ta QpyHKIIO BUTpPAT C =C(q)
.Tomi 3amexuictb npuOyTKy ¢ipMu Big 00cAry BUpPOOHMIITBA 11 MPOAYKIIii
BU3HAYAETHCS PIBHICTIO:

P(d)=R(q)-C(a)=p(a)a-C(a)-

3’sacyemMo, Mg SKOTO 00CATY BUPOOHHUIITBA TMPOAYKII mpuOyTOK (ipmMu €
MaKCUMaJbHUM. J[71 1[pbOTO HAM TOTPIOHO 3HAUTH TOYKY eKCTpeMymy (yHKIIii
npubyTKy. Po3B’s13aHH 1i€l 3a1a4i 31IHCHIOIOTH 3 JOTIOMOT OO MOXiaHO1. Po3ristHemMo
MIPUKIIAI.
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Hpuxkaax 4.1. Ha ocHOBI CTaTUCTUYHHMX AAHUX NPO MOMUT Ha MPOAYKIIIO
(GipMH y MUHYIII pOKH OyJla BCTAHOBJIEHA 3aJI€KHICTh NOMUTY (| BIJ] LIIHU P 33 OJUHUIIIO
ToBapy: =2100000—-200p, ne q — KUIbKICTh OJJMHHULIb TOBApY, L0 PEANI3yIOThCA 32

pik. Butpatu Ha BUpPOOHMLTBO Ta peanizalilo ( OJMHMIL TOBAapy CKIAJAIOTh:
C(q):150000+100q+0,003q2. Pospaxysatu piudmii npuOyTok ¢ipmMu Ta

BU3HAYHUTH HOTO MaKCUMaJIbHE 3HAUCHHS.
Po3B’si3anHs. BupasuMmo 11iHy ToBapy uepe3 BeIUYUuHYy 00CsTy peatizalii:

100000 ¢ q
= — =500-—.
P (q) 200 200 200
2
Bennuuna noxony (06csary npomax) dipmu: R(q)=500q _Zq_OO' Toni piuHuii

npuOyTOK 3HalEMO 3a (HOPMYIIOLO:

P(a)=R(a)~C(a) =5000 - -

2

(150000+100q +0,003q° ) =

=-0,008q> + 400q —150000.
Busznauumo nipu sskoMmy 3Ha4eHH1 00CATY TOBapy ( MPUOYTOK € MAaKCUMATbLHUM.
3uaiinemo P’(q):
P'(q) =—0,016q + 400.
3 piBHOCTI P’(q)=-0,016q + 400 =0 3HAXOJUMO 3HAYCHHS (], II0 € TOYKOIO
ekctpemyMy: ( =25000 oauHMIL TOBapy. 3HAWJEHA TOYKA €KCTPEMYMY € TOUYKOIO
MaKCUMyMy, OCKUIBKU P”(q)=—0,016 <0. MakcumasbHe 3HaYEHHs TPUOYTKY TIpU

boMy cxnage P(25000) =—0,008-(25000)° + 400 - 25000 — 150000 = 4850000 (r-.0.)

Ipuxnan 4.2 (onTumizallisg onoJaaTKyBaHHS HiAnpueMcTBa). Hexait BenuumHa
noxonay R Bim 3ameXHOCTI BiJ KUIBKOCTI X peaji3oBaHOTO TOBapy € (YHKIIIEO

R ( X) =16X — X*, a QyHKLis BUTPAT Ha BUPOOHHUIITBO TOBApY Ma€ BUIsi C (X) =x*+1

. Bu3zHaunTH onTUMaNbHUMA IS OFO/KETY PiBEHB MOJIATKY Ha OJUHHUINIO TPOYKIIIi Ta
pUOYTOK MAMPUEMCTBA IMPU TAKOMY OIOJAaTKyBaHHI.

Po3p’si3anns. Hexaii t r.0. — mojgarok 3 oguHuIl npoaykiii. Toxi cymapauit
MOJATOK 3 X OJWHUIb MPOAYKINi ckmame T =tX r.0. 3ajexHIiCTh MK MPUOYTKOM
MiATPUEMCTBA Ta oOcsirom BUPOOHUIITBA € byHKITI€10

F(X)=R(x)-C(x)—tx=16x—2x*—tx—1. 3naueHHs o6cAry BUPOOHMUTBA, LIO
. . N t
MaKCHUMI3ye MPUOYTOK, BU3HAYAETHCS 3 PIBHOCTI F (X) =0:16-4x-t=0=>x=4- i
[TincTaBuBIIM II¢ 3HAYEHHS X y CYMapHy BEIWYHMHY TOAATKY, OTPUMAEMO:

t 2
T =tx :t(4 — Zj =4t — Z . 3Hargemo t, mis axkoro 7' € MakcuMaabHUM. Maemo:

T'(t)=0=4-7=0=1=8.

50



I[Ipu t=8 r.0. MakcuMmalbHa BEIUYMHA MPUOYTKY JOCATAETHCS MpU

x=4—%:2. Toni F,,, =F(2)=16-2-2-22-8-2-1=7 (r.0.)

m

OnTtumanbHa 3 TOYKH 30py OrO/pKeTy BenmuumHa mojmatky 7 =8-2=16 (r.o.).
IIpu BigcytHocTi omonatkyBaHHa (t=0) BenuunHa npUOYTKY MIAIPUEMCTBA

CTaHOBHTH: F (X) =16x —2x* 1.

Toxai orpumyemo:

F'(X)=16—4X=O:> Xx=4, F = F(4):16-4—2.42 —1=31(r.0.).

Le# mpuknaa CBITYUTD, 1110 3MEHILIEHHS ONMOAATKYBaHHS CTUMYJIIOE 3pOCTaHHS
BUPOOHUIITBA MPOAYKIIIi 1 MPUBOAUTH J0 3POCTaHHS MPUOYTKY MIiANPUEMCTBA BiA ii
peamizaiiii.

3acTocoBaHl y pO3MISIHYTUX MPUKIAAAaX MIPKYBaHHS JieXkKaThb Yy OCHOBI Teopii
onHopecypcHoi ¢ipmu. Hexail ¢ipma BUIycKkae OJIMH TOBAap, BUKOPUCTOBYIOUH IPHU
bOMY JIMILIE OIMH pecypc. KilbKIiCTh TOBapy JIOPIBHIOE V! y =F (x) — BUPOOHMYA

GyHKIISA, 1€ X — KUIBKICTh pecypcy, BUTpAdeHOro y mpoiieci BupoOHuirea. bynemo
BBAXKATH, 110 BUpPOOHMYA (PYHKIlS € AudepeHIifOBHOI Ta 3aJ0BOJIBHIE HACTYITHI
aKCIOMH.

Axkcioma 1. Ha pneskiit yactuni oGnacti BU3HAYEHHS BUPOOHUYOI (DYHKIIIT
(exonomiuniu obracmi) s GYHKILISA € HECTIATHO, TOOTO 30LTBIICHHS BUTPAT pecypcy
HE CHPUYMHSE 3MEHIICHHS 00CAry BUPOOHUITBA. Y EKOHOMIYHIN 00nactTi F'(x)=0.

[{ro moXiIHY HAa3UBAIOTh SPAHUYHUM (MAPAHCUHATLHUM) NPOOYKHOM.
Axcioma 2. IcHye omykia MiIMHOXHWHA S €KOHOMIYHOI 00JIacTi, JIsS SKOi

[MIMHOXXHWHA {xeS F (x)Zc} TaKOXX € ONYyKJIOI IS BCIX 3Ha4eHb C 1 y I

MIAMHOXHWHI JIpyTra MoxigHa BUpOOHNUYOT PYHKIIIT € HEJOIaTHOIO.

PosrasiHeMo ekoHOMIUHMIM 3MICT IUX akcioM. Ilepira akcioma BimoOpakae Toi
¢dakT, 1mo y peanbHii eKOHOMII 30UIBIIIEHHS BUPOOHUUMUX BUTpPAT 3a IHIIUX PIBHUX
YMOB HE MOKE CIIPHUYMHHUTH 3HIKCHHS PIBHS BUPOOHUIITBA MPOayKIIii. EKOHOMIUHMIA
3MICT TBEPDKEHHS IMPO Te, IO JApyra MoXiJHa BUPOOHMUOI (DYHKIIIT HE € J0aTHOIO,
MOJIATaE y TOMY, IO 31 30UTBIICHHSM BUTPAYCHOTO PECypCy, MOYMHAIOUM 3 JIESKOi
BEJIMYWHYU, TPAHWUYHUN TIPOAYKT IIOYMHAE 3MCHINYBAaTHCA. L[0 BIACTHBICTH
BUPOOHUYUX CHCTEM Y €KOHOMIIlI HA3UBAIOTh 3AKOHOM CRA0Ar4oi 8i00aui.

Hexait p — miHa oguHUIN pecypcy, V — IiHa OAUHHII TOBApY, KU BUPOOIISIE
bipma. Benuunna npubyTKy P(x) € QyHKIIEW KUTLKOCTI X PECYPCY, BATPAYEHOTO HA
BUPOOHUIITBO 3a YMOBH, IO I[IHA € CTaJIUMH. ToIi P(x)=vF(x)— px. [ToTpibHO
MaKCUMIi3yBaT (QyHKI[it0 MPUOYTKY P(x) I HEBiI'EMHUMX 3HAYEHb 3MIHHOT X'

P(x)—>max, x>0.
3uaiieMo cranioHapHi TOYKM (YHKUii npuOyTKy 3 PIBHOCTI P'(x)=0.
P

OTtpumyemo: VF’(X)—p:0:> F'(X)z—. Ockinbku  F”(x)<0, TO 3HaljeHUH
VvV

KOPiHB IIOTO PIBHS € TOUKOIO MakcUMyMy. OTKe, KUTBKICTh PeCypCy, SIKHil HE0OX1THO

o1



BUTPATUTH JJI 3a0€3MEUYEHHSI ONTHUMAJIBHOTO O0CSITY BUPOOHUIITBA MPOIYKIIii, IO
3a0e3nedye MakCUMyM IpHOYTKY (ipMHU, BU3HAYAIOTH 3 PIBHSAHHS

F'(x)=2. (4.1)

Po3riissHeMO €KOHOMIYHME 3MICT criBBifHOWICHHs (4.1). BemuunHa F'(x) €
TPAHUYHUM TIPOJAYKTOM, a vF’'(x) — II€ BapTiCTh TIPAHUYHOTO MPOAYKTY, SKUH

JOIATKOBO OTPUMYIOTH 3 OAMHUII pecypcy. OCKUIBKM BapTICTh OJUHHUII PECYpPCY
JOPIBHIOE P, OTPUMYEMO CTaH pIBHOBAaru: IiCJs BUPOOHHUIITBA Ta peamizamii
J0JIaTKOBOi OJAMHUIII TOBapy OTPUMYEMO CKUIBKH K KOILUTIB, CKUIbKM BUTPATHIU Ha
npun0aHHs oauHULI pecypcy. OTxe, 30UTbIIyBaTH 00CST BUPOOHMIITBA JOLIBHO
JIOTH, TIOKA HE TOYHE BUKOHYBATHCS CHiBBIAHOIICHHS (4.1), TOOTO TOKM HEe Oyje
JOCSITHYTA PIBHICTH JOXOAY BiJ peasizallii J0JaTKOBOT OJMHUIIl TPOIYKIIIi Ta BUTpPAT
Ha npuA0aHHs MOTPIOHOTO Ui 1OTO pecypey. Hexalt x =x" — po3B’s130K piBHSIHHS

(4.1). Bin 3anexuTh Bij IiH p Ta V, TOOTO X = X*( p,V). [{ro dyHKIIiIO 111H HA3UBAIOTh

byHKITIEIO nonumy Ha pecypc 3 60ky gipmu. SIKI0 AIFOTh PUHKOBI IIHU p Ta V, TO
¢dipma BU3Hauae HEOOXIAHUN OOCAT MPUAOAHHS PECypCy 3TiIHO 3 i€ (PYHKIIEH

X*( p,V). [lincTaBuBIIN X*( p,V) y BUPOOHHYY QYHKIIIO y = F (x), OTPUMAEMO BUPA3
ISl 00CSATY BUPOOHUIITBA MPOAYKINIT y BUTJISAl PyHKIT iH p Ta V: Y=F (X*( p,v)).

OtpumaHny (YHKITIIO HA3UBAIOTH (YHKYIEI npono3uyii npoodykyii ¢ipmu.
Ipuxaan 4.2. O6car BUPOOHUIITBA JIESIKOTO TOBapy 3alieKUTh BiJ BUTpaT
JIOJICBKOT Tparli X (KUIBKICTh POOITHUKIB), MNPHUOMY IFO 3aJEKHICTH MOXHA

PEeJACTaBUTH BUPOOHMYOK (yHKIIEHO Y =6\/; . Ilina onuuumi ToBapy 40 r.o.,
3apo0iTHa 1y1aTa pobiTHHKA ckiagae 30 r.0. 32 ToAWHM. [HIIN BUTpaTH, KPIM OIUIATH
mpaili, He BpaXxOBYIOThCS. 3HAUTH ONTUMAJIbHY KIJIbKICTh POOITHUKIB, 110 3a0e3Mmeuye
MaKCUMaJIbHUN MPUOYTOK MiAMPUEMCTRA.

Po3B’si3aHHsA. SIKIIO KUTBKICTh POOITHUKIB JIOPIBHIOE X, TO MNPUOYTOK

MiJIPUEMCTBA CTAHOBHTD: P(x)=40-6\/;—30x. 3HaiiieMo0 MakcuMyM (QyHKIi1

npuOyTKY 3a YMOBH, 10 x > 0. [ToxinHa miei QyHKIIi Mae BUTIIANL:

129 30,

P'(x)= X

Po3B’s3aBIM piBHAHHSA P'(x)=0, OTPUMYEMO x =16. IIpu 1bOMyY 3HAUEHHI X

: " -3y 60
Apyra noxigHa P"(x)=-60-x '2 = ———= <0, TOMy 3Ha4€HHA x =16 HaJae NPUOYTKy
X/ x

MaKCUMaJIbHOTO 3HayeHHs. Lleil ke pe3ylbTaT MOXKHA OTpUMAaTH, O€3MOCEepeaHbO
BUKOPHCTABLIN bopmyny (4.6). HiiicHo, TOA1 Ma€EMO
Fr(x)=— =30 Jx=4=x=16.
Jx 40
3actocyemo amapar audepeHIianTbHOTO YUCICHHS IS JAOCTIKEHHS 3B’ 3Ky
MDK TPUOYTKOM (ipMU Ta BETUYMHOIO MOJATKOBUX HAIXOKEHb y JEp)KaBy IMpHU
3ajaHiil cTaBui nojgatky. Hexait y — o0car npoaykiiii, BUpoOJIE€HOI Ha MiANPUEMCTBI, a
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IiHa Ha OPOJYKIIIIO JIHIMHO 3MEHIIYEThCS 31 30UIbIICHHAM 1T 00cary: v(y)=a—by.

3anexHicTh BUTpAT Bl 06CATy BUPOOHUIITBA Y € KBaAPaTHUHOIO: | (Y) = Cy2 +dy+e

, e &, b, ¢, d, e — meski nogatHi KOHCTaHTH. Hexail moiaTok € akiu3oM 3i CTaBKOIO t,
TOOTO 3 KOXHOI MPOAaHOT OMHUIII TOBAPY IJIATATh MOJATOK t I.0., a 3 yChOTO 00CcATYy
ToBapy matiaTh nogatok G=ty. Ilpu upomy ¢ipma orpumye npudyToK

2
P(y)=y(a-by)-cy’—dy—e-ty.
Buznauumo o006csr BUpPOOHMIITBA, IO MakcuMizye mnpuOyTok. s HBOTO
MOBUHHA BUKOHYBATHCh PIBHICTH P'(y)=0. OTKe, OTpUMy€EMO:

P'(y)=a—2by—20y—d—t=0:>2(b+c)y=a—a’—t:>y—_—

BpaxoBywoun, o P"(y)=-2b—2c <0, OTPUMaHE 3HAYEHHs } HAlAa€ QyHKIT

npuOyTKy MakcuMajbHe 3HA4YeHHsA. HasBHICTh aKIM3HOTO TMOAATKY CHPHYUHSIE
3MEHILIEHHS ONTHUMAJIbHOIO 00CATYy BHUpPOOHMIITBA Ta BIANOBIAHOTO MPUOYTKY
HiAMPUEMCTBA.

Jlsiss pOTHO3YBaHHS il YpsiAy IIOJO BCTAHOBIEHHS aKIM3HOTO TOJATKY t,
O00YHUCIMMO MOAATKOBUH JOXO]T JI€PKaBH:
(a—d-t)t

2b+c

TOOTO 1151 GYHKITIS € KBaJPaTUIHOIO BIIHOCHO 1, a 1i rpadikom € mapaboia, TUIKH SIKOT
CHpPSMOBaH1 BHU3. MaKCUMyM NOAATKOBOI'O JOXOJy AOCATA€ThCS MPHU 3HAYEeHHI t, 110

. a—d . )
€ abCIucoro Iiei BepIIMHU, TOOTO t* :T' BiamoBigHe 3Ha4YeHHSI OJATKOBOT'O

2
., (a-d
JI0XOAy OTPUMAEMO, MiJICTABUBIIU II¢ 3Ha4YCHHS  y BUpa3 s G(t): G —( )

8(b+c)’

G=ty=

Jliist boro 3HaueHHs t° onTHMalbHUN 00CAT BUPOOHHUIITBA

. (t*)_ a—-d-t _ (&—d)z
V=) 5oy "16(brc) e

[TpuknagoM 3acToCyBaHHS METOMIB JOCTIDKCHHS (YHKIIM HAa €KCTPEMyM €
Bijloma y Jorictuili popmyna Bincona.

Posrnstnemo poboTy imeanmbHOTO CKIady. Takuil Ckiaa BiIMMyCKae CBOIM
KJII€EHTaM TPOYKITi0, IO 3HAXOJUTKCS Ha 30epiranHi (CHpOBHUHY, MaTepiaiu, 3aMacHi
YACTHHHM TOI[O) PIBHOMIPHO, 31 CTAJIOI0 MBUAKICTIO M OJNWHHIIL TOBApPY 32 OJUHUIIIO
qacy. Hexaii h — BuTpatu Ha 30epiraHHs OJUHUII 3aracy 3a OJMHHUIN0 Yacy, T — Jac,
Ha MPOTS31 SKOTO 3arac MOBHICTIO BUTPAYAETHCSA, TOOTO TMEPioa IUKITY, Ha MPOT3i
SKOTO CKJIaJl BUTpadae 3amac. Ha moyaTtky mukiIy Ha CKJaJ HaJIXOIUTh 3amac, 00csrT
SIKOTO CTAaHOBUTH QQ OJMHUII.

Cxian Mae agMmiHicTpaTuBHI (cTai) BUTpaTu K, BEIMYWHA SKUX HE 3aJICKUTH
Bil BenmuuyuHM 3amacy. [lo wmipi 3MeHIIEHHS 3amacy Ha CKJIaai 3IIACHIOETHCS
oprasizalisg HOBOro ocTayaHHs Ha ckjaj. Yeprosa napTis 3amnacy npuOyBae Ha CKJiaJl
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Y MOMEHT IIOBHO1 BUTPATH MOINEpeAHbOI NapTii. byieMo BBaxkaTu, 1110 pO3BAHTAKEHHS
HOBOI MApTIi 311IICHIOETHCS MUTTEBO.

3aaya nossirae y MiHiMizallii cepeiHiX BUTPAT CKIaay 3a OAUHUIIO Yacy. SAKuio
BEJIMYMHA NapTii NOCTauyaHHA JA0piBHIOE Q, TO TPUBANICTh UMKy BUTPAYaHHS 3amacy

CTAaHOBUTH M a cepelHl 3a OJUHUIIO Yacy aJMIHICTPATHBHI BUTPATHU CTAHOBIATH

K-M : . S
—— T.0. CCpCI[HSI BCJIMYMHA 3aI1aCy Ha CKJaal JOP1BHIOE E , TOMY CE€pEaH1 3MIHH1

BUTpaTH Ha 30epiraHHs 3amacy Ha OJUHULIO Yacy CTaHOBJISATH PR Takum yuHOM,

. . KM h .
3arajibH1 CCPCaH1 BUTPATHU 34 OAUMHUIIO 9aCy CTAHOBJIATH G :—+7Q. 3HaI/II[CMO

BennuuHy Q mapTii mocTayaHHs Ha CKIIaJ, 110 MiHIMIi3ye 3amac. /[ uporo 3HaiiiemMo
KPUTUYHI TOUKU QYHKIIT G (Q):

KM h 2KM
G’ = =0= _
Q)= +3=0=0=Q"= =~
[Ipu Bcix MOXIuBHX 3HadeHHAX Q, y TomMy ducii 1 Q" JIpyra ToXiJaHa
G"(Q)= ZK—M >0, ToMy Ipu Q =Q" dyHKIiA G(Q) Aocarae minimymy. OTixe,

OTPUMAJIM BEJIMYMHY MapTii MOCTa4aHHS, NPH SKIA cepeaHl BUTpaTh 30epiraHHs
3amacy Ha CKJaji € MIHIMAJIbHUMU
2KM

O
®opmyny (4.2) HazuBawTh ¢opmynow Bincona. Ilpm npomy MiHIMaIbHA

BemumHa cepennix sutpat Gy, =v2KMh,

3 dopmynu (4.2) MOKHA OTPUMATH KPUTEPIA ONTUMAIBHOCTI 00CATY maprii
MOCTa4YaHHs: PO3MIp MapTii MOCTaYaHHS € ONTUMAJIBHUM TOJI 1 JIMIIIE TOMI, KOJIH Ha
IPOTS31 IUKITY 30epiraHHs aAMiHICTPATUBHI BUTPATH JOPIBHIOIOTH 3MIHHUM BHUTpaTaM
Ha 30epiranHs 3amacy. JlilicHO, TIpu oNTHMaIbHOMY pPO3Mipi TMapTii MmocTadaHHS

o 2KM
h
30epiraHHs 3amacy 3a IUKI JOPIBHIOIOTh
hQ Q _hQ? h-2KM _
2 M 2M  h-2mM
HaBmaku, 3 yMOBH pIBHOCTI aAMIHICTpAaTHBHUX Ta 3MIHHUX BUTpaT Ha
30epiraHHs 3amacy OTpUMY€EMO:

«_n.Q Q_h¢? oo M
M 2 2M h

TOOTO BEJIMYMHY MAapTii MMOCTAYaHHS, 110 CIIBIAaJae 3 OTPUMAHOK 32 (HOPMYIOIO
Bincona.

(4.2)

aJMIHICTPAaTUBHI BUTPATH 3a IIUKJ JOPIBHIOIOTH K, a 3MiHHI BUTpaTH Ha
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Hpuxnan 4.3. Ha ckimang neMeHT HagxoauTh y Oapxi mo 1500 T.
AnminicTpaTuBHI BUTpaTH J0piBHIOIOTH 2000 r.o. 3MiHHI BUTpaTH 30epiraHHs
eMeHTy oIiHThes B 0,1 r.0. 3a 700y Ha 1 T nementy. KoxxHoi no0u ckian
Biamyckae 50 T ueMeHTy. 3HAUTH BUTpATH Ha 30€pIraHHs LIEMEHTY Ha MPOTS31 [UKITY
30epiranss. BuzHaunTu onTUMalibHUIM 0OCAT apTii MOCTaYaHHS.

Po3B’si3anns. CepeHiil 00CsT IEMEHTY, 1110 30epIraeThecs Ha CKIaIl, TOPIBHIOE

1500

=750 1. OmKe, cepenui 3MiHHI BHTpaTd Ha 30epiraHHs LEMEHTY 3a J00Yy

cranoBsATh (50-0,1=75 r.o. TpuBanicTh LUKy CKIaaae =30 nHiB. OTxe,

3MiHHI BUTpaTu 30€piraHHs 3a IUKI CKIAIal0Th 75-30=2250 TI.0. 3 BpaxyBaHHSIM
aJMIHICTPAaTUBHUX BUTPAT OTPUMYEMO, 1110 3arajibHI BUTpATH 30€piraHHs 3amacy 3a
1k ctaHoBIsITh 2000+2250=4250 (1.0.)
OntumanibHUM 00CsT MapTii mocTayaHHs po3paxyemMo 3a ¢hopmyroro Biicona:
Q_\/ZKM _[2-200-50
h 0,1

~1420 .

4.2. Ontumizanis GyHKIid KiJIbKOX 3MiHHHX
VY eKOHOMIYHUX JOCTIHKEHHAX 3a/1aul ONTUMI3aIlli G yHKI[IH KUTBKOX 3MIHHUX —

e 3a/1a4i, y SAKUX MOTPIOHO BU3HAYUTH, JJIS SKUX 3HAYEHb apryMeHTy (YHKIIIi, 10
MOJICJTIOIOTH TEBHI €KOHOMIYHI BEJIMYMHM (NIPUOYTOK, BUTPATH, OOCIT BUPOOHUIITBA,
KOPUCHICTB TOIIO), JOCSATAIOTh €KCTpeMalbHUX 3Ha4YeHb. HaifuacTimie me 3amavi Ha
yMOBHUH ekcTpemyMm. [Ipukimamom Takoi 3amadi € 3amava omnTuMmizamii BHOOPY
CTIOXKMBAYA.

bynemo BBakaTm, 1m0 I(iHA {-TO TOBapy JOPIBHIOE pi, BEKTOp IliH
P :( Dy Do pn), a JIOXOJ| CIIOKMBaya, SIKUM BIH MOYKE BHTPATHUTH Ha MPHUIAOAHHS

ToBapi, nopiBHe Q. Ha npunbanns Habopy TOBapiB X =(x,x,,...,x, )
x >0,i=12,..,n BIH MOKE BUTPATUTH  KOIIITH, 10 JOPIBHIOIOTH

n
DXt PyX, +ot poX, = in p,=P-X. Omke, cnoxkuBau MoXe NpUAOATH JIHILE
i=1
Takui HaOip TOBapIB, IS SIKOTO BUKOHYETHCSI HEPIBHICTh P - X < Q. MHOXHUHY TaKHX
Ha0OpiB HA3MBAIOTh OrO0XCEemMHOl0 MHOJCUHOI0O B. bBromkerHa MHoXWHA B €
3aMKHEHOIO0 Ta 0OMEKEHOI0. Meoicero 0100xcemHoi MHOJNCUHU HA3UBAIOTh MHOXUHY

G= {)z eB:P-X = Q} . Mexa G e Bigpi3KoM Ha IUIOIMHI y BUNAAKY ABOX TOBapiB,

TJIONTMHOIO y POCTOP1 I TPHOX TOBAPIB, TIMEPIUIONTUHOIO Y POCTOP1 72 TOBAPIB.
CnoxuBay, Maro4yu J0X0JI, 0axkae MOro BUTPATH 3 MAKCHMAIBHOIO KOPUCHICTIO

st cebe, TOOTO Mepel HIM BUHHKAE 3a/aua MakcuMisanii QyHkiii koprcHocTi. Homy

NOTPIOHO BH3HAYMTH HAOIp TOBAPIB X =(x,,X,,...,x,), AKAH MaKCHMI3y€e HOro
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YHKII}0 KOPUCHOCTI u( X ) =U(x;,X,,..., x, ) TIPU BAKOHAHHI OI0JUKETHOIO OOMEKCHHS
P-X <0Q. Orxe, MAaEMO EKCTPEMAJIbHY 33J]a4y Y #-BUMIPHOMY MPOCTOPI:

u ( X ) — max,

X €B(P.Q).

Ockinbkd u(X) € HeNepepBHOI (YHKI€I0, BU3HAYCHOIO HA 3aMKHCHIM

(4.3)

oOMesxeHI OIKETHIM MHOXKHMHI B, TO BOHA JIOCSATa€ Ha Hii MakCUMyMY, TOOTO
po3B’s130k 3anayi (5.3) icuye. [pu ibomy Oyab-sika Touka X~ = (xl VX yeney X ), Ha SKIi
(YHKIIII KOPUCHOCTI AOCIATa€ MaKCUMYMY, J€XKHUTh HAa MeXl G O10J1KETHOT MHOKUHHU.
JiiicHO, TOMYCTUMO, 1110 JIedKa TOYKa MAKCUMyMY Z HE JICKHUTh Ha MEXI1 010/ KEeTHOT
mHoxkuan G. Tomi P-Z<Q. VYV mpoMy BHNAAKy y CIOXKHBAaya 3ajIUIIAEThCS
HEBMKOPUCTAHOK cyMa KomTiB Q—P-Z i Ha Hei MOXHa mpuadaTd J0JaTKOBi
TOBapu, TOOTO OTPUMATH HOBUI HAOIp TOBAp, Y IKOMY KUIbKOCT1 TOBapiB € OLIBIIUMH,
Hix y X . Jlis nporo Habopy 3HaueHHs QyHKIIT KOPUCHOCTI Oy1e OLIbIIMM, HiK I
Habopy Z. OTpuManu OpoTUpIYYsS 3 TBEPIKEHHSIM, 110 Z — TOYKa MAKCUMyMy Ha

OrOKETHII MHOKHUHI.
Teopema. SIkiio (yHKIis u()?) € CTPOro OMYKIIOK Bropy Ha OIOKETHIMH

MHOXHUHI B, TO Ha Iiii MHOXWHI ICHYE€ €IMHA TOYKAa MAaKCUMyMY. 3 KypCy

MaTeMaTHYHOT'O aHaJli3y 3rajgaeMo, 1o GyHKIS # 3MiHHUX U (Xl, Xy yeeey Xn) € CTPOTO

OMYKJIOIO BrOpY Ha JAESKIM MHOXHWHI, SIKIIO JJI1 OyIb-IKUX TOYOK X Ta Y 1€l MHOKUHH

Ta 17151 Oyab-skoi ctamoi 0< A <1 U (ﬂ)? + (1—2,)Y_) > AU ( >?)+ (1— /’t)u (Y_) .
JoBenennsi. Hexait 4 Ta C — 1B TOYKM MaKCUMyMy, TOOTO

u ( X ) <u (A) =Uu (C) TU1s1 Oyb-sIKOT TOukH X OrojKeTHOT MHOKHUHU B. Touku A ta C

€ TOYKaMH MaKCUMyMy, TOMY BOHH pO3TalllOBaHI Ha MeXl1 OFJKETHOI MHOKHHU:

P.A=P.-C=Q. PosrmsHemo Touky £E, TaKky, IO Ez%(2+5). Toni

== 1= /- = : : .
P-E:EP-(A+C)=E %zQ. Otxe, E € B. Ha miii MHOXUHI DYHKITis u(X) €
cTporo omykio0 Bropy, orke, U(E)>u(A)=u(C). Orpumamn nporupiuus 3 Tum,
110 To4kH 4 Ta C € TouKkaMu MakcuMyMy GyHKIIii U ( X ), AK€ JOBOJIUTh TEOPEMY.

Omxe, axkmo (yHKISE KOPUCHOCTI CHOKHMBada CTPOrO OMYyKjia Bropy, TO Y
OIOHKETHIM MHOXKUHI ICHYE i €1MHA TOYKa MAaKCUMyMYy, TOOTO €TMHUI HAOIp TOBaPiB,
[0 MaKCHUMI3y€ KOPHUCHICTh i CrokuBada. L0 €IuHy TOYKy Makcumymy X'
HA3WBAIOTh MOYKOI0 Nonumy CIoKrBaya.

Mu 3’sicyBanu, o TOYKa MOMUTY JISKUTh Ha MeX1 Oro/keTHOT MHOKHUHU. OTXKeE,
JUIS 3HAXOJKEHHS ITi€l TOYKH OTPUMYEMO 3ajady JOCIIKEHHS (QYHKINI 0araThox
3MIHHUX Ha €KCTPEMYM 3a HasiBHOCTI 0OMexeHHsI y (hopmi pIBHOCTI, TOOTO 3amady
Jlarpanxa:
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u(X)— max,
P-X=0.
Po3B’sxeMo 1110 3a1auy MetosioM Jlarpanxka. Cxinanemo gyskiito Jlarpanxa
L(X,2)=u(X)+4(Q-P-X).
BukopucToByoun HEOOX1IHY YMOBY €KCTpeMyMY (YHKIIi KUTbKOX 3MIHHHX,

3HAIEeMO YacTUHHI NOX1AHI (yHKHii Jlarpamka Ta NpUPIBHAEMO iX A0 HYJIS.
OTpumyemMoO cUCTEMY:

(4.4)

i:O,i:1,2,...,n, a—u:ﬂbpi,izl,Z,...,n
OX. = { OX; (5.5)
P.X=0. P.X=0.

3 OCTaHHBOT CHUCTCMH BUIIIMBAE, IO TOYKA HOHI/ITy JICJXKUTH HA Me)Ki 6IOI[)I<CTHOT

MHOXKMHM 1 Yy 1[I TOYIl BEKTOp TPAaHUYHUX KOPUCHOCTEU (

ou ou ou
ox, Ox, o
NPONOPLIAHMI BEKTOPY LiH P, TOOTO y TO4YIi IONUTY BiTHOLIEHHS TI'PAHMYHOI
KOPHCHOCTI Oy/Ib-sIKOTO TOBapy 3 HA0OPY 10 LIHU IILOT'O TOBAPY € CTAJIOI0 BEIMYUHOIO.
OT1xe, B3aEMO3aMIHHUMU € KUTBKOCT1 TOBapiB, 110 MaIOTh OJIHAKOBY 1iHY. CIIO)KHUBauy
HEBUT1JTHO CTIO’KMBATH OJIMH TOBApP 3aMICTh 1HIIIOTO, III0 MA€ TaKy X I[IHY, 1 3SMIHIOBAaTH
CTPYKTYPY CIIOKUBAHHS, OCKIJILKHM TaKa 3Mi1HAa MOKE JIUIIIE MOTIPIIUTH KOPUCHICTD ISt
HBOT'O TOBApiB 3 HAOOPY.

Mpukaax 4.4. 3HaliTH TOYKY MOMUTY CIOXKMBaya 3 (YHKIIIEI0 KOPHUCHOCTI

n

U(Xl, X2) = 1/X1 *4/ Xy, SIKIIO T0XOO CHOYXKHWBava, IKUU BIH MOXXE BUTPATUTH HA TOBApHU

Habopy, HopiBHIOE Q, a BEKTOp IiiH TOBapiB Habopy P = ( D pz).

fe o %

8U: 2 X
ox 2% % 2x,

Po3p’sizannsa. YacTuHHI MOXIIHI 3amnumemMo

cucreMy piBHSHB (5.5):
V% _

20 Apy,
\/Z: \/X72-\/Z_xz_]91 {

o Apy =i20x 2% x p,>

P+ pox, = 0.

DXy = PyXy,

2px, =0.

DX+ pyx, = 0.

xZZ&xl’ x].:g’
P 2p,
19 T 9
X, =—— X, = ——.
2171 2172
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4.3. OnTumizanisa BUPOOHMYOI NPOrpaMu MiINPHUEMCTBA

PozrnstHemo 3amauy mpo OnTHMi3alilo BUPOOHUYOI MPOrpamMu MiINPUEMCTBA,
[0 MpU BUPOOHULTBI TOBapy BUTpadae n BUIIB PECYpCiB 1 BUpPOOHHWYA (PYHKIIS
MiAIpUEMCTBa Mae BUrsa: Y = F (Xl, Xpyeeey X, ), ne y — 00csr BUpOOHUIITBA TOBAPY, Xi
— 00csr BUTpAT i-TO pecypey.

Panime y n. 3.4 po3riasHyTO BUMAA0K, KOJIA MiJNPUEMCTBO BUPOOJISE OJIUH
ToBap. byyo nokasaHo, 1110 301IbIIYBaTH 00CIT BUPOOHUIITBA JOIUILHO JOTH, IIOKU HE
Oyle mocArHyTa piBHICTh JOXOAY BiJ peanizailii 10JaTKOBOI OJMHUIl MPOAYKIII Ta
BUTpAT Ha MPUIAO0AHHS MOTPIOHOTO ISl IILOTO PECYpCy, TOOTO MPHU ONTUMATBLHOMY
o0cary BUpOOHMIITBA TPAHUYHUNA JOXOJ MIANPUEMCTBA JOPIBHIOE MOTO T'PaHUYHUM
BUTpaTaM. AHAJOTIYHUN pe3yiabTaT OTPUMYEMO, SKIIO BUPOOHMYA (YHKIIISA
OiAnpUeMcTBa € (PYHKIIEI0 KUIBKOX 3MiHHUX. byaemo BBaxkaTu, 10 BHUpPOOHHMYA
¢yukmist minnpuemctBa Y =F (Xl, Xy yuens Xn) € HemepepBHO AU(EPEeHIIHOBHO0O, il
YaCTUHHI MOXIJHI € HEBIJI'€MHUMH Yy 1i 00J1aCTi BU3HAUEHHS, a (YHKIIIS € OMyKJIOIO
Bropy y i o0nacTi.

Hexait P = ( D1y Doy pn) — BEKTOp I[1H Ha pecypcH, V — I[IHa OJMHHMII TOBapy,
IO BUIYCKAETHCS Ha MIANPUEMCTBI, BCl I[IHM BBaXarOTbCs cTanmumu. [IpulOyTtox
nianpueMctBa W € QyHKIIi€I0 BUTpAT pecypciB X = (xl,xz,...,xn ) , IPA LIBOMY Ma€MO:

W(X):vy—P-X :VF(X)—P-X.
OTxe, OTpUMYEMO 3a/1a9y ONTUMI3alli]l PyHKIIT KUTBKOX 3MIHHHX
W (X, X,,..., X, ) = Max,

X, >0,i=12,..,n.

BukopucraBmm HeoOXiqHY YMOBY eKCTpeMyMmy GYHKIT KUIBKOX 3MIHHHX
(piBHICTH HYJIIO 11 YACTUHHUX TMOX1IHUX ), OTPUMYEMO:

va—F: p.,1=12,..,n. 4.7)
OX.

(4.6)

* £ * * )
Touka X :(xl,xz,...,xn), KOOpJMHATH $IKO1 BM3Hadaemo 3 cucrtemu (4.7), €

CTaI[lOHApHOIO0 TOYKOIO (GYHKIII MpuOyTKy. OCKUIbKM BUpOOHMYA (YHKIIIS OIMyKja
BrOpy Ha CBOill 00JjacTi BH3HAYCHHs, OMYKJIOK Bropy € u (QyHKIis mpulOyTKy
(momaBaHHs 10 QyHKUIT iHiliHOI QyHKLii P- X He 3MiHIOC XapakTepy ii OIMyKIIOCTI),
TOMY 3HalifieHa cramionapHa Touka X QyHKLi mpuOyTKy € ii TOYKOI MaKCHMYMY.
Koopnuuatu 1i€i TOYKM BH3HAYAIOTh KUIBKICTH pECypciB, TOTPIOHUX IS
BUPOOHHUIITBA ONTUMAJILHOTO OOCSTY MPOMAYKIIii, mo 3a0e3medye MaKCUMalbHUN
pUOYTOK.

Jns 3amadi onmTumizarii BHPOOHMYOi (YHKII KUTBKOX 3MIHHHX BEKTOP

. oF oF oF : "
YACTUHHUX TOXIJIHUX , TOOTO BEKTOP-TPAJIEHT BUPOOHHYO]

ox, Ox,  OX
byHKIIT HA3UBAIOTh SPAHUYHUM BEKMOPOM-NPOOYKMOM ab0o 8eKmopom epanuyHux
npoodykmis. el BeKTOp BimoOpaXkae peakilito 00’ eMy BUPOOHHUIITBA TOBAPY HA 3MIHY
BUTpAT pecypciB. 3 CHIBBIAHOIICHHS (5.7) BUILIUBAE, 10 Y ONTUMAJIbHINA TOUILI1 BEKTOP

n
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IPaHUYHUX MPOJAYKTIB MPOMOPIIOHAIBHUI BEKTOPY LIH, NpUYOMY KOe(DillleHTOM
MPOMOPILINHOCTI € I[IHa OJUHMIN NMpoAYKIli. OnTuManbHuil po3B’sa30K (5.7) equnuit
Ul BCIX JOJATHUX 3HAYEHb LIH Ha pecypcu P, i=12,...,N Ta UiHK V HA OJUHULIIO

ToBapy. TakuM YUHOM, OTPHUMYEMO BEKTOp-QYHKIiI0 X =X *(v,}_’). Lro pyHKIiO

Ha3UBAIOTh QYHKYIEIO nonumy Ha pecypcu 3 00Ky MIANMPUEMCTBA Y 3aJIEKHOCT1 B I1H
Ha HUX Ta L[IHK Ha TOBap, II0 BUPOOJSE 1€ MIANPUEMCTBO. SIKIIO Il LIHU BIAOMI,
BUPOOHUK 3a (YHKIIEI MOMUTY HAa PECYpPCH BH3HAuUa€ OOCAT HEOOXITHUX IS
BUPOOHHUIITBA pECypciB, a MIJCTaBUBIIM 11 3HAYEHHS Yy BHUPOOHHYY (YHKIIIO,
3HAXOJUTh ONTHUMAJIBHUA OOCAT BHPOOHUIITBA, IO 3a0e3neuye MaKCUMalbHUN
npuOyTOK.

N

o0k ow

IIuTanusa 251 CAMOKOHTPOJIIO 10 3MiCTOBOr0 Moay.Jis 4

CdopmynroiiTe HeOOXIHI Ta JOCTATHI YMOBHU €KCTPEMYMY JUJIsl PYyHKIIH OJTHI€T
3MIHHOI.

CdopmynioiiTe HEOOXiHI Ta JIOCTaTHI yYMOBH EKCTpeMyMy Uil (DyHKIIIH
KUTBKOX 3MIHHHX.

Cdopwmymroiite 3a1auy Jlarpanxka Ha yMOBHUM €KCTPEMYM.

Hagenite 3aransuuit Burisia @yskiii Jlarpanxa.

Hagenits hopmyny Bincona.

Sk BU3HaualOTh QYHKIIIIO MTOMUTY HA pecypc Ta (YHKIIIO MPOIO3HIli ToBapy
JUTSL T ApUueMcTBa’?

BkaxiTs, 1110 € eleMeHTaMH BEKTOpa IPAaHUYHUX MPOIYKTIB.

3aBJaaHHs 1JII CAMOKOHTPOJIIO /10 3MiCTOBOro MoxyJis 4

[TinnpueMcTBO TIpaItoe Ha ABOX puHKaX. DYHKINT MONMUTY (3aJICKHOCTI I[IHU
BiJI IONKUTY) JUISl KOSKHOTO 3 HUX MatoTh Burisin: P, =500-Q,, P, =360-1,5Q,
. Cymapna ¢ynkuisa Butpat Mae Burian: C =50000+200Q. 3anpononyiite
I[IHOBY TOJIITHKY MiANPHEMCTBA (SKI I[IHK BOHO TOBHHHO BCTAaHOBUTH IS
MEPIIOTO Ta APYroTO PUHKIB), 00 HOTO MPHOYTOK OYB MaKCUMaTbHUM.
dipma BUpoOIISsiE Ba BUIU TOBapiB, A1 Ta A2, 1 mponae ix mo mini 1000 r.o. Ta
800 r.o. BignmoBigHo. PyHKIiS BUTpaT Mae Bursa: C = 2Q12 +20Q0, + Q22 , JIe
Q1 Ta Q2 MO3HAYAIOTH BIATIOBITHO 0OCATH BUPOOHHUIITBA TOBAPiB, BIMOBIIHO A1
ta A 3Haiinite 3HaueHHA Qi Ta Q2, mpu sKuX dipMa OTpUMyBaTUME
MaKCHUMAaJIbHUI PUOYTOK.

Hexait BupoOHMYAa (yHKIST AESIKOTO TIANMPUEMCTBA Ma€  BUTIIAI:
Q= F(K, L) =4K-L+L°. Hexait Burpats Ha oguHuIio Kamitamy (K) Ta
onuHuIro mpaili (L) craHoBasATh BiAnOBiAHO 1 T.0. Ta 2 r.0. BU3HauTe BeIUYuHy

BUTpPAT Ha KamiTal Ta Mpaiio MpH MaKCUMadbHOMY 00Cs31 BHPOOHHIITBA
MPOAYKIIIi, SIKIIO 3arajibHa CyMa BUTpaAT CTaHOBUTH 105 r.0.
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10.

VY HeBenuKid Temuii HoIHs 30UparoTh BPOKald OTIpPKiB ), 110 3aJE€KUTh BIJ
KUIBKOCTI POOITHUKIB X Y= 4JX +4Inx . 3uaiinits ONTUMAJbHY KUIBKICTh

pOOITHHUKIB, SIKIIO JE€HHA 3apo0iTHa IlaTa POOITHUKA JOPIBHIOE IiHI 4 Kr
OTIPKIB.

3HaliAITh (QYHKIIIO MOMUTY Ha pecypc Ta (YHKIII0O MPOMO3UIlI MPOIYKIi
HIAOPUEMCTBA 3 BUPOOHHUOK (YHKIIIEWD Y :vln(x +1), ae Yy — olcsr
BUPOOHUIITBA, X — BUTPATHU PECYPCY, V — BAPTICTh OJMUHULII IPOIYKIIii, p — IiHA
OJIMHMUIII pecypey, P<V.

AnenbCUHU TpPHUBO3ATh Yy MarasuH Ha MamuHl. [locTiiiHi BuUTpaTu y
PO3paxyHKy Ha OJIHYy Moi3aKy ckianatThb 50 r.0. [llomo6oBo Marazun npogae 2
T anenbCuHIB. Butpatu Ha 30epiranus ckianawTs 0,2 1.0. 32 1 KT anenbCUHIB
3a n100y. 3a dopmynoro Biicona pospaxyiiTe onTUMaIbHUM po3Mip maprii
NIOCTaYaHHs arejbCHUHIB, 3HAWITh MEePIOAUYHICTh X MOCTaYaHHS Y MarasuH,
cepenHi moa000B1 ButpaTu. Ilinmpaxyiite 11l BUTpaTH NpU po3Mipax MmapTii
roctayadus 2 T ta 0,5 T.

[pn uinax P :( )28 pz) Ta gAoxoal Q 3HaWITh TOYKY MOMUTY s (YHKIIIT
KOPHCHOCTI U(X;,X, ) = 2X, + 3X,.

[TignpueMcTBO 32 Micsib BUpoOIIsie mpoaykiii Ha 10 MiH. T.0., 1OTO OCHOBHI
GoHIM KOmTYIOTH Takok 10 MiH. T.0. EKOHOMICTH mMigpaxyBaid, IO JIs
30UTbIICHHST O0CATYy BUPOOHMIITBA HAa 1 MIH. T.0. HEOOXITHO mMpuadaTH
obnagHanHsa Ha 3 MIIH. T.0. Bimomo, 110 BupoOHHUYa GyHKIS TiAIPUEMCTBA €
¢ynkuiero Ko66a-/yrnaca npu « + =1, 4MCEIbHICTh POOITHUKIB TOPIBHIOE
1000 oci6. 3HalaiTh BUPOOHUYIY (DYHKITIIO TiATPUEMCTBA.

OcHoBHI QoHIU (QepMepchKoro rocroaapcTsa KomrTyooTs 10 muH. r.0. Ha
HBOMY TPAITIOITh 9 poOITHUKIB. J[J1s1 301UIBIIIEHHS T0X0y hepMep 3alpOCUB Yy
TOCTIOIAPCTBO 1€ OJHOTO IMpalliBHUKA 1 MO0AYUB, 110 HOTO JT0X0] 301IBIIIHBCS
Ha 8% 1 ckiaB 13 muH. T.0. BUpOOHHUIITBO CUTBCHKOTOCIIOAAPCHKOT TPOAYKITIT y
IIbOMY T'OCITIO/IAPCTBI ONMHUCYEThCS BUPOoOHNYOK PyHKITiero Ko66a-/lyriaca npu
a + =1. 3HaiiaiTe 110 QyHKIIIO.

[TignpuemMerrs BUPIIIMB CTBOPUTH HEBEIUKE aBTOTPAHCIIOPTHE MIAIPUEMCTBO
3 HaJlaHHS TOCTYT HaceldeHHI0. O3HaAMOMUBIINCH 31 CTATUCTUYHUMU JAHUMH,
BiH Mo0ayuB, M0 MPUOJIM3HA 3aJCKHICTh IIOJASHHOI BUPYYKH Bl KIITBKOCTI
aBTOMOOUTIB A Ta KUIbKOCTI mpamiBHUKIB N Bupaxaerbcs ¢HOpMYyIor0

Y =90000- A% : N%. AMopTH3aIliiiHi Ta 1HII BUTPATH HA OJWH aBTOMOOLIb
ctanoBysATh 40000 r.0., II0ICHHA 3apIuiaTa npamiBHuKaM ctaHoBUTH 10000 r.0.
3HalAITh ONTUMATIBHY KUIBKICTh MPAIIBHUKIB Ta aBTOMOOLITIB.
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3micToBuii Mmoayas 5. JludepenniajibHi Moaesi y eKOHOMIYHUX TOCTiIKEHHAX

MeTa BHBYEHHSI 3MICTOBOro MOAyJsi 5: HaOyTTS CTyJE€HTaMHM 3HaHHS MPO
METOAU TMOO0YynOBH OU(EpPEHIIAIbHUX MOJeNIe EeKOHOMIYHUX TpOIeCIB Ta iX
3aCTOCYBaHHI y €KOHOMIUYHUX AOCIIIKEHHSIX.

IMnan

HudepeniiaibHa MOJEIb HACUUEHHS PUHKY.

Mopaenb npupoAHOro 3pOCTaHHS BUPOOHUIITBA MPOAYKILIi.
Mopeni AMHaAMIKM PUHKOBOI I[IHA Ta BUPOOHUYUX (HOH/IB.
Monens ekoHOMI4HOTO 3pocTaHHs Conoy

W

Knrwouosi mepminu ma nonamms:. JOTICTUYHA KpUBA, MOJeNb 3oJ0Taca,
piBasiHHS Depxronbera-llepna, moayns Comnoy

5.1. Indepennianbua Moaeb HACHYEHHSI PUHKY
[ToOynyemMo Mojenb HACHYEHHS PHHKY MPOIYKIIEI IESKOTO MiANMPUEMCTBA.
Hexaii y(t) —o0csar BUpOOHHUIITBA Li€T MPOAYKIIIT y MOMEHT 4acy t. Bynemo Baxary,
110 31 301IbIIEHHSM BUPOOHHUIITBA BiI0YBAETHCS HACUUCHHS PUHKY II€I0 TTPOIYKITIEIO
17l 1iHa p(y) 3MEHIIYETCS 32 JIHIMHUM 3aKOHOM:
p(y)=b—ay,a>0,b>0.

[IIBuAKicTE 3MIHH O0OCSATIB BHUPOOHMIITBA TPSIMO IPOIOPIIHHA JTOXOTY
OiAOPUEMCTBA  Bi — peamizamii  BUpOOJeHOI  MpoAykiii 3  KoediieHToM
IPOIOPIIHHOCTI k :

d
d—i/:k-p(y)-y:k(b—ay)y. (5.1)
Po3B’sxeMo 11e qudepeHitianbHe piBHIHHS, PO3AUIHBIIN 3MIHHI:
_dy —k-dt.
y(b—ay)

[HTEerpyroun JiBy 4aCTHHY IOTO PIBHAHHS 32 3MIHHOIO ), a MPaBy — 3a 3MIHHOIO t,
OTPUMAEMO:

y(t) _ b ° Cebkt
a(Ce™ 1)’
I'padikom orpumanoi ¢pyHkuii y(t) € Tak 3BaHa gocicmuuna kpusa. Ilpn t — +oo
b
t)—>—.
y(t) ==

Mogens (6.1) € nmudepeHIiadbHOI, OCKUIBKM  BOHA  BHUPAXAETHCS
mudepeHianpbHIM piBHIHHEAM. Jlo audepenmianbaoi moaeni Buay (6.1) 3BoauThes
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MoOenv 3onomaca JMHAMIKU PIBHS CYCHUIBHOTO J0OpoOyTy, siKa ONHCYEThCS
nudepeHIiaIbHUM PIBHIHHAM

W ew (A-w), (5.2)

dy
Je W — pIBEHb CYCHIIBHOIO J00poOyTy, k >0, A>0 — BIIOMI CTalll, y — JAOXOJ Ha

nylry HacelieHHs. PiBHAHHS (6.2) Ha3uBawOTh pisHanuam Pepxroavcma-Ilepaa. Voro

. A :
PO3B’sI3KOM € norictuuHa kpusa W (y) = Be M’ e B — crana IHTerpyBaHHs, sKa
+ b€

BU3HAYAETHCA 3 I0YATKOBOI YMOBU W (0)=W,.

5.2. Moneab NpuMpOIHOro 3pOCTAHHS BUPOOHMITBA MPOXYKII
[ToOyayemo Monens AWMHAMIKA BHPOOHMIITBA JESIKOTO BUAY MPOIYKIIi, IO

MPOJAEThCSL HA PUHKY 3a (PIKCOBAHOI 1iHOW p. Hexal q(t) — KUIbKICTh MPOAYKILI],

peali3oBaHOl Ha PUHKY Ha MOMEHT 4acy t. Tojl Ha el MOMEHT BelIMYMHA J0XOAY

Hi}IHpI/IGMCTBa CKJIaga€e p - q(t) HacTtuHa nporo goxony, J (t) = mpq (t) BUTPAYAETHCS

Ha MOJICpHI3AIlII0 Ta PO3UIMPEHHS BUPOOHUIITBA (M =const — HOpMa IHBECTHIIIH,
O<m<1). Slkmo BupoOJEHAa NPOIYKIIS peali3yeTbCs MOBHICTIO, TO BHACHIIOK
PO3IIMPEHH BUPOOHUIITBA Oy/le OTPUMAHO MPHUPICT JOXOAY, YACTUHA SIKOTO 3HOBY
Oyne crpsMoBaHa Ha PO3IIMPEHHS BUPOOHUIITBA. Hexail mBUAKICTH 3MiHU OOCSTY
BUPOOHUIITBA TIPSMO MPOMOPIliiHA 30UTBIIICHHIO 1HBECTUIIIN. ToAl I 3HaXOKEHHS

q(t) OTpUMY€EMO JU(EPEHIIATBHE PIBHIHHS:

d
d—?:a-J(t)za-mp-q(t), (5.3)
ne o =const — KoediieHT MPOMOPIIOHAIBHOCTI, K= -m-p — cTama BeIu4yuHA.
PozninuBinm y oTpuMaHOMY PIBHSHHI 3MiHHI, 3HaXOJIUMO: ] = -dt. 3Bigcu micus
q

: kt .
IHTErpyBaHHs oTpuMyemo: { (t) =Ce", ne c — crana inrerpysanns. Ii Bu3HA4AOTH 3

. : t
MI0YaTKOBOI yMOBH: (0) = q, - 3BIJICK 3HaX0UMO, 1110 { (t) =(,e .
OT1xe, 3acTOoCyBaHHA MU(DepeHITiaTbHOT MOIEI IPUPOTHOTO 3POCTAHHS BUPOOHUIITBA
MPOIYKITii 3BOAUTHCS 10 IHTErPYBaHHS 3BUYAHOTO NU(EPEHINIATIBHOTO PIBHIHHS, Y
SAKOMY MOKHa TOAIMMTA 3MiHHI. [lim TpUpOgHUM 3pOCTaHHAM TYT PO3YMIEMO
30UTBIIICHHS MacIITa0y BUPOOHHUIITBA 33 paXyHOK MPUOYTKY Bij peasizallii ToBapy, o
BUPOOISATHCA.
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5.3. MopneJi 1MHAMiKM PUHKOBOI HiHU Ta BUPOOHU4YNX (OHIB
VY Mozeni AUMHAMIKA PUHKOBOI I[IHM TOBAapy BCTAHOBIIOETHCS 3B’SI30K MIK

3MIHOIO I[IHM p(t) Ta HE3aJOBOJEHUM MOMUTOM d(p)—s(p), d(p)=a—-bp -
BEJIMYMHA NOMHUTY, s(p)=c + Ap — BEIMYUHA IPOIO3HULIIi TOBApY 33 IIHOW p(t),

a>0, b>0, >0, >0 — Bimomi crani. BBaxkaeTbcs, MO MBUIKICTH 3MIHU I[IHU

MPOIOpIIiiiHa HE3aJOBOJEHOMY MOMUTY 3 KOe(iliEHTOM IPOMOPLUIHHOCTI k > O:

L _k-(d(p)-5(p))

IlizcraBuBIIn y N BUpas3 JIHIMHI 3aI€KHOCTI ISk IONUTY d ((p) TA IPOMO3MILiT
s(p), OTPUMAEMO 3BUYaliHE JIiHIMHE HU(epeHiiaTbHe PIBHIHHS MEPIIOTO MOPSIKY:
d
P rk(b+B)p=k(a-a).
dt
Horo 3aranbHuil po3B’sI30K Ma€ BUTIIS:
- a—«o
p(t)=C.e N 2%
b+ p
a—ao
b+ /p
OtpumaeMo nudepeHIiagbHy MOJeNb JWHAMIKM OCHOBHHUX BHUPOOHHYUX

¢onniB Ha mianpuemctBi. Hexait K — BapTicTb OCHOBHHUX BHUPOOHWYHMX (POHJIB
HIANPUEMCTBA, 1 — KOEPILIEHT IXHBOIO BUOYTTSI, TOOTO 3a pik (GOHAM 3MEHIIYIOTHCS
Ha BenmunmHy K. BBaxarouwm, mo BHOYTTS BUpPOOHMYMX (OHTIB BiTOYyBa€eThCS
PIBHOMIpHO, OTPHMAa€eMoO, IO 3a 4Yac AtBOHH 3MEHIIAThCs Ha BenmumHy K -At.
Crami iHBecTHIlii y 00csi31 J 3a pik 30UIBIIYIOTh 32 4aCc At BeJIMYHMHY (OHIIB Ha
pd -At, ne p=const. Orxke, OTpUMYEMO PIBHICTS:

K(t+At)=K(t)—uK-At+ pJ - At,

Ipu t >0 p(t)—

3BIJIKU
K(t+At)—K(t)
At

[lepeitmoBmn y OCTaHHIM PIBHOCTI 10 TpaHUINl MPU At —>0, OTPUMYEMO
3BUYAlHE JiHIHE qudepeHIiagbHe PIBHAHHS MEPIIOTO MOPSAIKY BIIHOCHO HEBIAOMOT

dyHKuil K (t):

=pd —uK.

dK
—=pJ —uK.
at pJI—H
Horo 3aransHuiT po3B 130K Mae BUTIIA
K(t)=C-e”‘t+ﬁ, (5.4)
U

ne C — crana iHterpyBaHHs. PiBHICTH (6.4) XapakTepusye IWHAMIKy OCHOBHHX
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BUpoOHHUNX (oHAIB mignpueMmcTBa. Ctaqy C BH3HAYaKOTh 3 IMOYATKOBOI YMOBH

K(0)=K,- Tomi C =K, - P 1 piBHICTH (6.4) HaOyBae BUTIISAY:
Y7

K(t):(KO—ﬁJ-e‘”%Q.
7 7

5.4. Moaesb ekoHOMiuHOTO0 3pocTanHs CoJioy

Hexail X = F (K, L) —BUpoOHUYA PYHKILiSE T€AKOT EKOHOMIYHOT CUCTEMH, X —
oOcAar BUpOOHUITBA, K — BapTiCTb OCHOBHUX BUPOOHMYUX (POHMIB, L — BUTpaTH Ha
oriary mparii. Jlami po3ryisitHeMO BUIAJOK, KOJIM BUpPOOHWYA (YHKIISI € (YHKIIIEIO
Ko66a — Iyrmaca: X = K- L.

Y moodeni Conoy BBaXaeThCs, 10 WIBUIKICTb 3MIHH (DaKTOpIB BUPOOHULITBA K
Ta L Mae€ BUITIII:

iL (5.5)
_:ﬂ‘- L’
dt

7€ S — YacTKa HaKOIMUYEHHs y JOXOJ1 X BiJ peai30BaHOi MPOAYKIi, A — TEMII
3pOCTaHHS OILIATH IIPaIli.

Hexaii K = T Toni Bupo6Hnua dynkiriss Ko66a-J{yrnaca HabyBae BUTIISITY:

X:K“-L“‘:L-(%j =L-k*. (5.6)
[TincraBuBmu (5.6) y nepie 3 piBHSHBL cuctemH (6.5), oTpuMaeMo:
dK "
—=5-L-k“".
dt

BpaxoByroun, mo K =kL, 3 OCTAHHBOT'O PIBHSHHS 3 BpaxXyBaHHSM JIPYroro piBHIHHSA
cucteMH (5.5), 3HAXOIUMO:

k-L
dk _d(k-L)_ dk dL_ dk

dt dt dt dt dt
3BiJICH OTPUMYEMO, IO C:j—f =s-L-k% = L%+ kAL a6o
%+/1kzs-k“. (5.7)
dt

Pipastnust (5.7) € piBHsHHSAM bepnymmi. [aTerpyroum i#oro 3a J0moMOroro
MIICTAHOBKH Kk = u (t)-v(t), 3HAXOAMMO 3arajibHUi PO3B’A30K (9.7) y BULIIs L
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1
r« K(t
k(t) — e—/lt (ieﬂ(la)t + Clj — ( ) .
A L(t)
OTtxe, 3HalZIeHO BITHOIICHHS (PaKTOpiB BUPOOHUIITBA Y MOMEHT uacy t. Cramy

K(0
iHTerpyBanHs C, BU3HAYaIOTh 3 0YaTkoBoi ymoBu K(0)= K(0) =k,.

L(0)
IuTanHs 1751 CAMOKOHTPOJIIO /10 3MiCTOBOI0 MOIYJIs 5
. BkaxiTts, skl MaTeMaTU4YH1 MOJIEJI1 Ha3UBaIOTh TU(DEPEeHIIAIbLHUMH..

1
2. Hapaiite o3HaueHHs AU(PEPEHIIATIBHOTO PIBHAHHSL.

3. BxaxiTh OCHOBHI THUNH AU(EPEeHILIATIBHUX PIBHSAHD MEPIIOrO MOPSAKY.

4. HapeniTh NpUKIaIU JIHIHHUX TU(EpEeHLIATIbHUX PIBHAHD JPYTOro MOpsaKy.

5. Y yomy nosiirae Mojiesib HACHYEHHSI PUHKY TOBapOM?

6. HaBeniTh piBHSIHHS JIOT'ICTUYHOI KPUBOI.

7. Illo onucye moaens 3omoTaca?

8. Hagenitsb piBasiHHS Depxronbera-Ilepna.

9. VY yomy nossirae MOJeb MPUPOTHOTO 3POCTAHHS BUPOOHHUIITBA MPOAYKIIIT?

10. OxapakrepusyiTe CyTHICTh AU(DEPEHITIATBLHOT MOACII TUHAMIKH PUHKOBOI I11HH.
11. TlosicHiTh, AJiA YOro BUKOPUCTOBYIOTH JU(epeHllanbHy MOJENb IUHAMIKU
OCHOBHUX BUPOOHUYUX (POHJIIB.

12. Bucsitiite cyrHocTi Mozeni Conoy.

13.BkaxiTh OCHOBHI npunyiieHHs mojaeni Cooy.

3aBaaHHs 111 CAMOKOHTPOJIIO /10 3MiCTOBOI0 MOXYJIs D

1. Hexail y (t) - 00csT BUpOOHUIITBA MTPOAYKIIiT IESIKOTO MIAIMPUEMCTBA. 3aICKHICTh
IHK TOBapy Bil 0OCATY BUPOOHHITBA Ma€ BUINIAA: p(y)=b-ay, a>0, b>0.

HIBUAKICTE 3pOCTaHHS O0CITY BUPOOHHUIITBA € 3pOCTaOU00 (YHKITIEO TPUOYTKY.
Bayoi BUpOOHMYI BUTPATH ONUCYIOTHCA 3AIEKHICTIO c(y)=ay+pS, a>0,

£ >0. IloGynyiite audepeHUianbHy MOJIENb A 3HAXOMKEHHS 3aJ€KHOCTI
00csATy BUPOOHMIITBA MPOIYKIII Big Yacy t. 3HaliaiTh QYHKIIO MONHUTY y(p),

SIKITO €JIACTHYHICTH TOMHUTY 3a IIHOIO Ep ( y) =-2.

2. 3HaliaiTh GYHKIIIO TONUTY y( p), SKIIO ETACTUYHICTD MOIMKTY 32 IIIHOKO Ep (Y) =-1
inpu y=2 mina p=10.
3. 3HalIITh PYHKIIIIO, III0 MA€E CTATY €IACTUIHICTD K .

4. 3HaiaiTh (QYHKUII0 MOMUTY y=y(p), AKIIO €JACTUYHICTL ITONMMTY 3a IIIHOK

Ep(y)zy_—loo, p=10 mpu y =90, 0<y<100.
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5. IIBMAKICTH 3HELIHIOBaHHSA 00JIaJHAHHS BHACIIAOK MO0 3HOCY Y KOKHHMM JaHUH
MOMEHT 4Yacy TpOMOpLiiiHa HOro (GakTHYHIA BapTocTi A(t) 3 KOePIiliEHTOM
NPONOPLIHHOCTI  k =const. IlouaTkoBa BapTICTh OONATHAHHA A(0)= A,-
Busnaure GaktuyHy BapTicTh 00JIaIHAHHA Y MOMEHT 4acy t.

6. 3HalifiTh 00CAr peani3oBaHOI NPOAYKLII 3a 4Yac t=10 [HIB, SKIIO MOJEIb
3pOoCTaHHs OO0CSTIB peaiizallii B yMOBaX KOHKYPEHTHOTO PHUHKY Ma€ BHIJISA:
dy
—=y(2-y), y(0)=1.
dt

/. 1IBMAKICTH 3pOCTaHHS 1HBECTHIIITHOrO KamiTalay y MOMEHT Yacy t mpomnopiiiiHa
BEJIMYMHI KamiTany 3 Koe(ilieHTOM MpONOPLIMHOCTI, 10 JOPIBHIOE MPOLICHTHIM
cTaBUl I . 3HaiiAiTh 3aKOH 3pOCTaHHS 1HBECTOBAHOI'O KalliTally, BPaxOBYIOUH
BEJIMYMHY TTOYATKOBOT IHBECTHIIII.

8. Ilina toBapy p(t) € GhyHKIi€w0 Yacy, GYHKUIT MONUTY d Ta MPOMO3MUIlii S JIHIHHO

3aJIeKaTh BT IIHM, WIBHIKOCTI il 3MiHM p’'(t) Ta Temny p”(t). Ilpu upomy
d(p)=p"—p —2p+480, s(p)=2p"+3p’+3p+80. 3HAUIIT IUHAMIKY 3MIHH
HiHK p(t) B yMOBaxX PUHKOBOI piBHOBaru (d ( p) = S( p)), SKILO y MOYaTKOBUH

MOMEHT 4Yacy t=0 IliHa ToBapy JjopiBHIOBaia 120 r.0., a MBUAKICTh ii 3MIHH
nopieHioBana 40.
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3micToBuit Moayab 6. Pi3HHLEeBI Moe/l y eKOHOMIYHUX JOCTIIKEHHAX

MeTa BHBYEHHSI 3MICTOBOr0 MOAYJs 6. OBOJOAITH CTYACHTOM amnapary
PI3HULIEBUX PIBHSIHb Ta BUKOPUCTAHHIM HOT0 y €EKOHOMIYHUM JOCTIIHKEHHIM

IMnan

1. OcHOBHI NOHATTS TEOPIi PI3HULIEBUX PIBHAHD.
2. JlunamiuHa Mojienb JICOHThEBA.
3. Monens CamyenbcoHa-XiKca.

Kniouosi mepminu ma nonsamms. pi3HULEBUN ONEpaToOp, PI3HULIEBE PIBHIHHS,
JiHIAHE PI3HUIIEBE PIBHSAHHS, MOPSJIOK PI3HUIEBOTO PIBHSAHHSA, TUHAMIYHA MOJEIb
JIeonTheBa, Moaenb CaMmyenbcoHa-XiKca.

6.1. OcHOBHI MOHATTA Teopii pi3HMLEBUX PiBHAHb
Piznuyesum onepamopom A Ha3uBalOTh ONEpaTop, U0 IEPEBOAUTH

MOCHIIOBHICTD X, y MOCIIOBHICTb Y, 3a IPaBUJIOM

y,=AX, =X, —X,N=12,... (6.1)
Bupas Ax, Ha3WBAaIOTh pisHuyero nepuioco nopsoky.

Pisnuyesum pienannsam Ha3UBaIOTh PIBHAHHS, 10 MICTUTh HEBIIOMY
MOCJIIIOBHICTG Ta ii pi3HUILL. P036 a3K0M pi3HUYe8020 piéHAHH HA3UBAIOTh OYIb-IKY
MOCJIIIOBHICTh, TIPU TIJCTAHOBII SKOi Yy PI3HHUIIEBE PIBHAHHA JIs JOBLIBHOIO
HATypaJIbHOTO N OTPUMYEMO TOTOXKHICTb.

Piznuyero opyzoeo nopsoxy Ha3uBaloTh BUpa3

A’X, = AX,,, — AX, - (6.2)
OCKUIBKHM AX, =X, — X,y AX, ,; =X, — X,,4» TO
APX, =X, — 2%, + X, - (6.3)
3a IHIYKII€I0 MOXKHA BUSHAYUTH PiZHUYt0 M-20 NOPAOKY:
A"X =A™ — AT (6.4)
BukopucroByroun MeTo MaTeMaTHIHOT 1HAYKITI1, MOYKHA JIOBECTH (DOPMYITY:
m
m m-k ~k
A Xy = Z(_l) men+k . (65)
k=0
BUKOHYETBCSI TaKOXK PIBHICTD:
m
k Ak
Xpom = 2 CaAX, . (6.6)

!
k!(m—-k)!
Jinitinum pisHuyesum pieHsAHHAM Ha3UBAIOTh PIBHSHHS BUAY
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3,(n)A"x, +a,(n)A™x, +...+a,(n)x, = f(n), (6.7)

J€ X — HEeBlAOMa IOCIIJOBHICTh, a,,4,,...,a,, f — 3alaHl QyHKUIi HATypaJbHOrO

m
aprymenTy N. Yucmo m (cTapmivid MHOPSAAOK PpI3HUII) HA3UBAIOTh HOPSAOKOM
pisHuyesozo__pisuanusa. BuxopuctoBytoun ¢opmyny (6.5), miHiiiHE pi3HUIIEBE
PIBHSIHHSI MOYKHA 3aITUCATH Y BUTJISII:

Co(N)Xyim + € (N) Xyiing + oo +Cu (N) X, = F(N)- (6.8)
Sxmo f(n)=0VneN T0 piBHsiHH (6.7) a00 (6.8) HA3UBAIOTH iHIUHUM OOHOPIOHUM

PI3HUYe8UM DIGHAHHAM M-20 NOPAOKY.
PosrnsitHemo  pi3HUILIEBE  PIBHAHHS ~ [EpPUIOTO  MOPSAKY 31  CTaJIUMH
Koe(IliEHTAMU:
Yonta-y,=b, (6.9)
e y,, Y,,, — WICHN HEBIOMOI YACIOBOI OCI10BHOCTI.

Pi3Hu1IEB1 PIBHAHHS € AUCKPETHUM aHAJIOTOM Ju(epeHIialbHIX PIBHIHb, TOMY
MaTeMaTU4H1 MOJIEN, Y SIKUX BUKOPUCTOBYIOTHCS PI3HUIIEBI PIBHSIHHS, BITHOCATHCS /10
TUCKPETHUX Mojeneid. Meroau po3B’si3aHHS JIHIKHUX PI3HULEBUX DPIBHSAHD
aHAJOTT4YH1 METOJIaM PO3B’SI3aHHS JIIHIMHUX JudepeHIiaTbHIX PIBHIHb.

= > 2 1 . o *

3aranbHuUi po3B 30K PIBHAHHA (6.9) OyneMo IyKaTH y BUINIALL: y, =y + Y,

I€ y. — 3arajJbHUi PO3B’SA30K BIANOBIJHOIO OJHOPIAHOIO PI3ZHHUIIEBOTO PIBHSAHHSA
f(n)=0, y, — YaCTUHHUH DPO3B’SI30K 3aJAHOTO HEOJHOPIIHOrO PI3HUIEBOTO

PIBHSIHHS.
(V) 9 : b o e
3aragbHU PO3B’S30K OJHOPIAHOTO PIBHAHHA y° IOIYKAEMO Yy BHUIVIAJL

y;=C-A", 1e C — noBuIbHA cTana. IlincraBuBmm y° y piBHAHHA Y, ,+a-y, =0,
3HAXOIUMO:
C-(A"+a-1")=0=a+1=0=>1i=-a.

Tyt A QakTHYHO € KOpEHEM XapaKTEPUCTUYHOIO PIBHSHHSA A +a =0, OTPAMAHOTO
AHAJIOTIYHO TAaKOMY PIBHSHHIO g AudepeHIiabHOro piBHSAHHA Yy +ay=0 (y

pi3HHLIeBOMY piBHsHHI Y, . 3aMiHoemo Ha A"). Omxke, Yy, =C -(—a)” :

YactuHHHI PO3B’A30K y* HEOZHOPIAHOTO pi3HHUIEBOro piBHAHHA (6.9)
IIYKAEMO 32 BHUITIAZOM MOro mpasoi 4acTuHu f(n). OCKUIbKH y JAHOMY BHIIJIKY
f(n)=b=const, TO y:=A=const. 3HAHIEMO CTaly A, MICTABUBLIA y: = A Y

piBHsAHHS. MaeMmo:

A+a-A=b= A= _y*

Takum 9MHOM, MM OTpUMAII PO3B’ 30K PI3HUIEBOTO PiBHSAHHA (6.9) y BUTISAMI:

o * n b
Yo=Yo+¥,=C-(-a) +—.

PosrnstHemo JmiHIMHE HEOMHOpINHE PIBHSHHS JPYroro MOPSJKY 31 CTAIMMHU
KoedilieHTamMu, 1110 Ma€ BUTJISI:

yn+2 + pyn+1 + qyn = b . (610)
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Tyt p, q Ta b —3axaHi cTai.
CtpykTypa 3arajJlbHOro po3B’si3Ky piBHsAHHA (6.10) Takox BHU3HAYaeThCA
PIBHICTIO y_ =y’ + y' . XapakTCpUCTUYHE DPIBHAHHA Ma€ BHIIAA A° + pAi+q=0.

MoOXIMBHMU € HACTYITHI BUIIAJIKH.
1. Kopeni 4, Ta 4, XapakKT€pUCTHYHOIO PIBHAHHA € JiiicHUMH, A, = A,. Toxl

3arajgbHUI PO3B’A30K BIINOBIIHOIO OJHOPIAHOTO PIBHAHHA y° =C,- A" +C, - AJ.
2. Kopeni 4 Ta 1, XapakTepUCTUYHOIO pIBHSAHHS € IIICHUMH, NPUYOMY

A, = A, = A. 3aranpHuii po3B’ 130K OJHOPIIHOTO PiBHAHHA Y, = (Cln + Cz) AN
3. KopeHi XapakTepUCTHYHOIO DIBHSHHA KOMIUIEKCHI: A, =a =+ Bi. Toxl

Ma€EMO.

y: :(«/az +,BZ) (C,cosnp +C,sinng), o =arg(4,).

YacTuHHMIA pO3B’ 130K HEOJHOPIAHOTO piBHAHHSA (6.10) y BIANOBIAHOCTI 10 HOTO
MPaBOi YACTHHH IIYKA€MO y BUIIISAL: y* = B = const. [lifcTaBuBmy y* y piBHSHHS,

b

— . Orxe, pO3B’SI3KOM PIBHSAHHS
1+ p+q

3Haxogumo: B+ pB+qQB=Db, 3Biaku B=

(6.10) € mocninoBHiCTE Yy =Yy° +1L, Ji€ y° BU3HAYAETBHCH Yy 3aJEKHOCTI Bij
+p+q

BUTJISITY KOPEHIB XapaKTEPUCTUIHOTO PiBHSIHHS.
[lpuxiaqoM E€KOHOMIKO-MAaTeMaTHYHOI MOJENi, [0 TNPUBOJUTECS  JO
PO3B’sI3aHHS JIIHIHHOTO PI3HUIIEBOTO PIBHSHHS, € TaK 3BaHA NA8YMUHONOOIOHA MOOEb

PDUHKY.
Hexaii nesike BUpoOHUYE MiIPUEMCTBO BU3HAYAE MTPOIO3UI[iI0 CBOTO TOBAPY Y
MOTOYHOMY TI€piOZll Ha OCHOBI IIiH, IO CKJIAJIHCS Y TONEpPEIHbOMY IEpIoiil:
s, =s(p,.)- IfonuT Ha TOBAap 3aJEKWUTH BII LiHM TOBApy y MOTOYHOMY MEPIOAL:
d, =d(p,)- byaemo BBakaT QyHKIIT HONUTY Ta NPOTO3MILIT JIIHIAHUMH, TOOTO
s,=m+1-p,,,d =a-b-p,,a>m>0,1>0, b>0.
3HaiineMo wiHY piBHOBaru 3 ymoBu d, =s,. Tomi a-b-p,=m+l-p ;.
3aMiHUBIIN HOMEp (N —1)-TO 4YieHAa MOCTIIOBHOCTI HAa N, OTPUMYEMO JIiHiiHE
HEOJHOPIIHE PI3HULIEBE PIBHAHHS MEPLIOr0 MOPSAKY BIJHOCHO LIHU P, :
b-p,,+1-p,=a—-m.
P03B’s13k0M 1IHOTO JTIHIHHOTO PI3HUIIEBOTO PIBHSHHS € MOCTIIOBHICTD

pnzc-QJJ La-m
b b+l

a—m
3 OTPUMAHOroO pO3B’A3KY BHUIUIMBAE, M0 OpU | <b P, —> P, =——, SAKILO

b+l

N —oco. lle 3HaueHHs p, € LIHOIO PIBHOBAru AJs JaHOro ToBapy. Skuio | >b, TO 3

yacoM LiHa p, Oyde BigmansaTHcd Bl LIHM piBHOBaru p,. s Bumagky |=b
CIOCTEPIra€MO LUKIIYHI KOJMBAaHHA LIHU P, y N-My IepioJl 4acy BIJHOCHO
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3HAYCHHA P, .

Jlinitinoto Ha3UBAIOTh CUCTEMY PIZHUIIEBUX PIBHSHb BIJHOCHO M HEBIIOMHX
HOCIIZOBHOCTEH X, , X x_ (N —HOMep uieHa MoCIiTOBHOCTI):

N2t

Xl,n+1 = ailxl,n + a12X2,n +..+ a1me,n + fl(n)’
Xy = Qg X QX+ + 8, X )+ fz (n)’ (6.11)
Xm,n+1 = amlxil,n + amZXZ,n +...+ amme,n + fm (n)
[TepeitneMo 10 MaTpUYHUX MO3HAYECHb:
. f,(n) a, &, - 4,
n f,(n a, a, .. a
xn: Xz,n ’Bn: 2( ) ,A: 21 22 2m
Xm,n fm (n) aml amZ amm
Toxi cucremy (6.18) MokHa 3amucaTi y MaTpHuHii GhopMi:
X,i=A-X, +B,. (6.12)

3aranbHuil po3B’sa30k cucremH (6.19) Oynemo mykaT y BUraaai: X = X° + X,
, 1€ X° — 3arajbHUH pO3B’A30K BIANOBIJHOI OJHOPIAHOI CUCTEMH, X — YaCTUHHUH
po3B’s130K (6.12). [Ins1 po3B’si3aHH JA1HINHOT OTHOPIIHOT CUCTEMHU PI3HUIIEBUX PIBHSAHD
BUKOPUCTOBYIOTb MemoO Eiinepa, 3TiiHO 3 SKUM (YyHIaMEHTaJIbHY CHCTEMY
pO3B’sA3KiB cucteMu X ., = A- X, HIyKalOTh cepell BEKTOPHUX MOCIIIOBHOCTEH BUAY
X, =D-A", ne D — nedkuit BekTop. IlincraBuBmm X = D-A" y MaTpU4Hy pPiBHICTb
Xy =A- X, , OTpUMYEMO:

D-A"=A.-D-A", (6.13)
3BIKM 3HAXOJIUMO, MO0 A-D=A-D. lle o3Hauae, 1mo BEKTOpHA IMOCIIIOBHICTH
X, =D-A" € pO3B’A3KOM JIIHI{HOI OJHOPIAHOI CUCTEMH pI3HHLEBUX pIBHSAHb
X.,,=A-X, ToAl 1 IuIIe TOAl, KOJIU A € BIACHUM 3HAa4eHHSAM MaTpuui A, a D —

n

BIJIMTOBIIHUM HOMY BJIaCHUM BEKTOPOM.
Brnacui 3HayeHHs MarTpuilli A BU3HAUAIOTHCS SIK KOpPEHI MHOrouseHa
P(A)=det(A—AE), ne E — onuanyHa marpuil. Lleii MHOroO4WIeH Ha3WUBAIOTH

XapaKTepUCTUYHUM MHOTOWIEHOM JUIA CHUCTEMHU pi3HUIIeBHX piBHAHD (6.12), a
PIBHAHHA P(A)=0 — il XapaKTepPUCTUYHUM PiBHIHHAM.

SIkmo Bci BAacH1 3HaY€HHA A, A,,..., A, MaTpull A € JICHUMH 1 pi3HUMHU (BCi
KOPEH1 XapaKTepUCTUYHOTO PIBHAHHS JiMCHI Ta MPOCTi), TO QyHAAMEHTAIBHY CUCTEMY
PO3B’SI3KIB YyTBOPIOIOTh BEKTOPHI MOCHIgOBHOCTI DA", DA}, ..., D _A". Tyt D, —
BIIACHHI BEKTOp MAaTpHili A, IO BiAINOBigae BracHoMy 3HadeHHo A, 1=1,2,..,m.
3arajapHUI PO3B’SI30K JIHIHHOT OJHOPIMHOT CHCTEMH PI3HUIIEBUX PIBHSIHB y IIBOMY
BUIIAJIKy MA€ BUTJISI:

X, =C,DA"+C,D, A4, +...+C_ D, A, -
Otxe, 3arajibHa cxeMa pO3B’SI3aHHS JIIHIMHI PI3HULIEBUX PIBHSAHB 31 CTAIUMHU
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Koe(illieHTaMH aHAJIOT1YHA CXEMI pO3B’A3aHHA IX HEMEPEPBHUX aHAJIOTIB. J{UCKpeTHI
MOJIeN1 MUPOKO BUKOPUCTOBYIOTHCS MIPU MOJEITIOBAHHI €KOHOMIUHOT IMHAMIKH.

6.2. Jlunamiuna moaeab JleoHTbEBa
VYV wmogeni JleoHTbeBa MiKraiy3zeBoro Oamancy X = AX +Y, pO3IJIAHYTIH

paHilie, BCl i eJIEMEHTH BBaXKaJIUCs CTAIMMU, CEPEIHIMU 3a Jeskuil nepion yacy. Ha

IpaKkTULl 00CAT BUPOOHUIITBA Y NEPIOA YaCy n +1 BU3HAYAETHCS 3HAUYECHHAMH X, Ta
Y., mo Oymu AOCATHYTI y mepioai N. ToMy po3risgaeTsCs AMHAMIYHA MOJIENb

JleoHTb€BA y BUTIIAI:

X, =AX, +Y,. (6.13)

Martpuune piBHsiHHA (6.13) € crucTemMor0 7 JHIMHUX PI3HUIIEBUX PIBHSAHD 31 CTATMMU
Koe(illiEHTaMHU.

[ToctanoBka 3amayi: A 3aJaHOTO BEKTOpa KIHLEBOIO CIIOKMBAaHHA Y, Ta

MaTpHIll IPSIMUX BUTPAT A BU3HAYUTH BEKTOP BaJIOBOIO BUPOOHMULTBA X, .
Ipukaan 6.1 BusHauntu BEeKTOp BaJOBOrO BUPOOHMITBA X, y JUHAMIYHIN

. . 0,2 0,3 )
Mojenl JICOHThEBA, SIKIIO TEXHOJIOTIYHA MAaTpUld A = ’ T, BEKTOP KIHILIEBOTO
0,3 0,2
2n
CIIOKHMBaHHSA Y, =
2n

Posp’sizanns. bynemo mykatu po3B 30k cucreMu X, ., = AX, +Y, JHIAHAX
PI3HHMIEBUX PIBHAHB 31 CTAJIMMHM KOE(DIMIEHTAMM Y BUITIAML X, = X'+ X', e X' —
3arajbHUIl PO3B’A30K OJHOPIOHOI CHCTEMH, X' — YaCTUHHHUH PO3B’A30K 3aJaHOI
CUCTEMU. XapaKTEepUCTUYHE PIBHSIHHS MA€ BUTIIS;

0,2-4 0,3
03 02-4
Horo kopeHi A, =-0,1, A,=0,5. 3Halizemo BIANOBIAHI BiacHi Bekropu. Ilpm
A, =-0,1 oTpUMy€eMO PIBHSHHS ISl KOOPAMHAT ¢, Ta , BJIACHOI'O BEKTOpa:
0,3a, + 0,3, =0,
3BIIKU «, = —«,, HanpuKkian, o, =-1, o, =1.
Hus A, =0,5 maeMo:
-0,3¢; + 0,3, =0.
3B1ICH OTPUMYEMO @, = @, =1.
1

Orxe, BaacHi Bektopu D, =
-1

D, = 1 Tomi
D=l ) it
x:=c ! (-0,2)" +C, 1 -(0,5)",
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ne C, Ta C, — IOBUIbHI CTal.
YacTuHHMIA pO3B’A30K 3aJ1aHOT CUCTEMHU OYyJEMO IIyKaTH 3a BUIJIAIOM IPaBoOi

. . a . a . .
yacThHHU wiei cucremu: X' =| ©[.2", X' =| ' |-2". IligcraBuBIuK Wi BUpasu y

n+l
a, &,

3aJ]JaHy HEOJITHOPIJHY CUCTEMY, OTPUMYEMO:
o, 0,2 03)( 2" 0,2c, +0,3c, +1
. — . . + — .
a, 0,3 0,2) \o, 2" 0,3, +0,2c, +1
ITicnst ckOpodyeHHss 000X YAaCTUH i€l piBHOCTI Ha 2, OTPUMYEMO CUCTEMY DiBHSHD
BIJIHOCHO ; Ta &, .
2c, =0,2¢, + 0,3, +1, -1,8ca, + 0,3, =1, 2
= S>o=0,=_.
2a, =0,30, + 0,2, +1. 0,3¢, —1,8a, =-1. 3
%
N 3| n . )
Otxke, X, = y +2", saranpHUMl PO3B’A30K CHCTEMH (BEKTOP BajOBOIO
3

BUPOOHUIITBA) X, Yy PO3IJISHYTIN IUHAMIUHIN Mozenl JIeOHTheBa MaTUMe BUTIIAL;

2
1 n 1 n | /3
X,=C| 7, [ (01 +c,| | (05 + ;
3

3HAYCHHS CTaJINX Cl Ta C2 MO’>KHa 3HaﬁTH, 3HAKO4YH BCKTOP BAJIOBOI'O BI/Ip06HI/IIITBa y

n+l _ n n

2"

TepIIri IBa POKH.

6.3. Moaeanr CamyesibcoHa-Xikca
Mooenv Camyenvcona-Xikca — 1ie TUHaMI4HA MOJEIb, y SKIH €KOHOMIYHUMN

ITUKJT PO3TIIAIAE€THCS SIK HACTIIOK B3a€MO/IIi HAIlIOHAIBHOTO JOXOAY, CIIOKUBAaHHS Ta
HaKONMUUYeHHS KammiTany. OCHOBHE MPUITYISHHS MOJIEIII TIOJISTae y TOMY, IO IMOMHT d

Yy MOMEHT 4acy t = n + 1 JIHIHHO 3aJ1€KUTh BiJ] BEIMYNHH HAI[IOHAJIIBHOTO JOXOAY y Y
monepeaHii MOMEHT Jacy t=n:

d,,=ay, +b.
Mopaens CamyenbcoHa-Xikca MOXXHA TOAATH y  BUIVISAL  JIIHIKHOTO
HEOJHOPITHOTO PI3HUIIEBOTO PIBHSHHS IPYTOTO MOPSIKY

yn+2 :(a-l_a)yml_ayn +ba (614)
Ie «>0 — akcenmeparop abo TeMI MPUPOCTY KAMTATIOMICTKOCTI HAIIOHATBLHOTO

JOXOJy.
3aranpHuil po3B’s30Kk piBHSAHHA (6.14) Oymemo mIykatd y BUTIAIL CyMH
YaCTHHHOI'O PO3B’SA3KY y' HEOJHOPIIHOIO PIBHSHHS Ta 3arajbHOrO pPO3B’SA3KYy Yy~

BIAMIOBIAHOTO OJHOPIOHOTO PIBHSAHHA: y =vy° + vy’ . YacTuHHUHA po3B’s30k (6.15)
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IIyKaEMO Yy BHUITIAAI CTaNoi y’ = A , Ky BM3HA4a€MO IUIAXOM IIJACTAHOBKH Y
PIBHSHHSL:
A—(a+a)A+aA—-b=0.
3BiJICH 3HAXOJUMO YaCTHHHUHN PO3B’ 130K HEOAHOPIAHOTO piBHSAHHS (6.14):
b
%
Yn=77"72-
1-a
XapakrepucTuuHe piBHIHHS A (6.14) mae Burisi:
2
A —(a+a)l+a=0.
Burnsa po3B’si3Ky OJHOPITHOTO PIBHSHHS 3aJI€KUTh BiJl 3HAKY JUCKPUMIHAHTA JJIs
XapaKTepUCTUYHOTO PIBHSIHHS.

Hpukaax 6.2 BukopuctoByroun Mozenb CamyenbcoHa-XiKca, BU3HAYUTH
JAVHAMIKy 3pOCTaHHs HAI[lOHAJIBHOTO JOXOAY Y, , SAKIIO A JaHOI HallOHAJIbHOI

€KOHOMIKH napameTpu moneni a=a =0,5b=>5, y modyatkoBi nepioau 4acy =0 Ta
n =1 HaLllOHAJIBHUN JOXOJ CTAHOBUB BIANOBIAHO y, =10 r.0., y, =20 T.0.

Po3p’si3anns. [lizcraBuBIIM napaMeTpu MOJENi Y pi3HUIIeBe piBHAHHS (6.14),
OTPUMAEMO JIIHIHHE HEOJHOPIIHE PI3HULIEBE PIBHAHHS JIPYrOro MOPSAKY 31 CTaJIuMU
Koe(illiEHTaMU:

Yoz = Yo T O’Syn =3.
3anuieMo Ta po3B’sHKEMO BIIITOBITHE XapaKTePUCTUIHE KBAJIpaTHE PIBHSIHHS
A*—-21+0,5=0.
Horo 1MCKpUMiHAHT AOPIBHIOE —1< O, PIBHSHHS Ma€ apy KOMIUIEKCHUX KOPEHIB

i 1Y (1Y 1
hmgty =g al=lil=|(3) +(3) =5 won -2

TOMY 3araJIbHUH PO3B’ 530K BiAMOBITHOTO OJHOPITHOTO PIBHSHHS MOXKHA 3alIUCaTH y
BUTJISAIL:

:(MQ\)”(Clcos(nargﬁz)+C25i”(nar9%)):(%T(C cos - 4 ;+C Sm%ﬁj

YacTuHHUN pO3B’ 30K HEOJHOPITHOTO PIBHSHHS IIYKAEMO Y BUTJISI1 HEBIIOMOT
KOHCTaHTHU: y* = A. [lincTaBuBIIM 11O CTally y PIBHAHHS, OTPUMAEMO:

A—A+054=5=4=10=y,.
Toni 3aranpHU pO3B’ 130K HEOTHOPITHOTO piBHﬁHHﬂ HaOyBa€ BUTIAY:

1Y Nz
=y +Vy = —= Ccos +Csm— +5.
yn yn yn (\/Ej( 4 4}

3HayeHHs ctanmux C, Ta C, 3HAWJIEMO, BUKOPUCTOBYIOYHM ITOYATKOBI YMOBU

¥,=10, y,=20.1lpu »=0 Ta » =1 BIANOBIAHO OTPUMYEMO:

1 T . 7)) 5 C,
—C +5=10=C =5, y,=——| 5cos—+C,sin— |=—+—-2=20=C, =35,
Yo =0y 1 M1 /—2( 4 2 4J " 2

OTxe, BUpa3 Ui 3aJI€KHOCTI BEIMYMHY HAL[IOHAJILHOTO JOXOY y, BiJ 4acy n
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, III0 MOJIEJTIOE JUHAMIKY HAI[IOHATBHOTO JIOXO/Y, Ma€ BUTJISIA;

n

1 nz . Nz

y,=|—F=| | 5C0s— +35siIn— [+5.
N2 4 4

PosrinsiHyra nuckperHa Mozaenb CamyenbcoHa-XOKca BUKOPHCTOBYETHCSA IIPU

JTOCIIKEeH1 AMHAMIKH HallIOHAJIbHOT €KOHOMIYHOI CHCTEMH 32 BIJOMUX iX ITapaMeTpiB.

IInTanHs 1J1s1 CAMOKOHTPOJIIO /10 3MiCTOBOI0 MOAY.JIs1 6

4. HaBeniTb 03HaUEHHS PI3HUIIL MEPIIOTO, APYTOTO Ta 1 -T0 MOPSIKIB.

5. HaBeniTh 03Ha4€HHs PI3HUIIEBOTO PiBHSAHHS.

6. HaBenith 3aranbHuii BUIIISIA JIIHIKHOTO PI3HUIIEBOTO PIBHSIHHS.

4. Hapnaiite 03HaYeHHS MOPAJIKY PI3HULIEBOTO PIBHSIHHS.

5. ki AiH1MHI pI3HULIEB] PIBHIHHS Ha3UBAIOTh OAHOPITHUMU ?

6. HaBeniTb XxapakTepucTUUHE PIBHSAHHA IS 3arajbHOrO0 BUIJISIAY JIIHIAHOTO
PI3HUIIEBOTO PIBHSIHHS APYTOro MOPSAKY 31 CTATMMH KOE(II[IEHTaMU.

[TosicHITh 3MICT MaBYTUHOMOA10HOT MO/IEI1 PUHKY.

Bkaxite, y uomy monsrae wmeron Einepa po3p’s3aHHS CUCTEM JIHIHHUX
PI3HUIIEBUX PIBHSHbD.

9. BucsiTiiTh 3MICT AUHAMIYHOI Mojenl JIeoHThEBA.

10. Poskpuiite cyrHocTi Mozeni CamyenbcoHna-Xikca.

@ N

3aBIaHHA JJIS CAMOKOHTPOJIIO 10 3MiCTOBOI0 MOIYJisl 6
1. 3amucaBmm pi3HUIIEBE PIBHAHHSA JJI1 TEOMETPUYHOT IpOrpecii, 3HANIITh HopMyITy
11 3araJpHOTO 4ieHa b, .

2. 3HalAITh 3araJlbHUH PO3B'A30K PIBHAHHA X, ., —4X,,, +3X, =0.

n+1

3. UYwucna ®i0oHAYYl BU3HAYAIOTHCSA CHIBBIAHOIIEHHAM X ., = X, + X,, X =X, =1.
3HaiiTh PopMyIy 7 -TO YieHa MOCTIAOBHOCTI.

. . J— —_— [— 2 =
4. Po3s’sKiTh piHsHHS 2Yn ~ Yoa =1+20n-n7 3 =1

5. 3HalAiTh 3araIbHUNA PO3B’A30K CUCTEMH PI3HUIIEBUX PIBHSHbD:

xn+l _ 5 _2 xn

yn+1 3 0 yn
6. 3pocTaHHS MPOIEHTHOTO ACTIO3UTY 3 PETYISIPHUMHU MIOPIYHUMU BHECKaMH A4 Ta
pIUHOIO CTaBKOW p, O O0< p<1, onucyerbcs pI3HULEBUM PIBHSIHHAM
x,,=0Q+ p)x, + A. 3HalaITh CyMy JEHNO3UTY X, Y MOMEHT 4acy 7, SKIIO
MIOYaTKOBUI BHECOK JIOPIBHIOBAB X, I.0.
/. BUKOpPUCTOBYIOUM MaBYTHHOMOAIOHY MOJ€NIb PUHKY, BU3HAUUTE  JUHAMIKY
iHU p, Ta JOCHiAUTE ii MOBENIHKY MpPU 7 —> 00, SKIIO BIJJOMI IOMUT Ha TOBAap

d(p), mpomosuiis s(p) Ta TOYaTKOBAa WiHA p: a) d(p,)=11-p,,
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S( pn—l):1+4pn—1’ p:2’ 6) d ( pn):5_1’2pn ! S( pn—l):1+0’8pn—1’ p:4
8. 3maiiAiTh OMHAMIKy 3pOCTaHHS  HALIOHAJBHOTO JOXOAY 33  MOJEIUII0

Camyenbcona-Xikca yn+2=(a+a)yn+1—ayn+b, akmo: a) a=a=0,5;, b=8,;
Yo =5T.0, »,=6r.0;6) a=0,5; «=3; b=0; y,=10 r.o.,, , =12 r.0.
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3micTroBuii MoayJib 7. CYTHICTh €KOHOMIKO-MATEMATUYHOI'0 MOJACJIHOBAHHSA

MeTta BUBYEHHS 3MiCTOBOI0 MOAYJIsl 7: chOpMYBATH y CTYICHTIB 3HAHHS PO
CYTHICTh €KOHOMIKO-MaT€MaTHYHOTO MOJENIOBaHHS, WOT0 NpPHU3HAYEHHS Ta
0COOJIMBOCTI 3aCTOCYBaHHS.

IMnaun

1. TIpouec eKOHOMIKO-MAaTEMATUYHOTO MOJICJIFOBAHHS.

2. TloHATTS cKIamgHOI CUCTEMU

3. IloHATTS IMITAL[ITHOIO MOJETFOBAHHS

4. CroxaCTH4YHI METOJIM €KOHOMIKO-MAaTEMAaTHYHOTO MOJICTIOBAHHS

Knwouosi mepminu ma nowsmms: MareMaTH4Ha MOJEIb, EKOHOMIKO-
MaTeMaTH4Ha MOJIeJIb, €K30T€HHA 3MIHHA, €HAOTeHHA 3MiHHA, JETEPMIHOBaH1 MOJIEII,
CTOXaCTUYH1 MOJIeJIi, ONTUMI3alliiiHa Moieb, MeTol MoHnTe-Kapiio.

7.1. Ilpouec eKOHOMIKO-MATEMATHYHOT0 MOIETFOBAHHS

OCKUTbKM TIpU TPUUHATTI PIMIEHb y EKOHOMIIl MOXIJIMBOCTI MPOBEICHHS
EKCIIEPUMEHTIB € 0OMEKCHUMHM, TO BaXKJIIMBUM METOJIOM PO3POOKH TaKWX pillleHb Ta
JOCHIPKEHHS] E€KOHOMIYHMX CHUCTEM € EKOHOMIKO-MaTeMaTH4YHE MOJIEIIOBaHHS.
Exonomixo-mamemamuune modentoganHs — 1€ Tpolec MOoO0yIOBM MaTeMaTHUYHUX
MOJIeJIeN EKOHOMIYHUX CHUCTEM, MPOIIECIB Ta sBHII. Moodenb — 11e 00’ €KT, M0 3aMIIye
OpUTIHAJ Ta Bi0Opa’kae HAHOUIBII BaXKIWBI JUIS TAHOTO JOCIIIKEHHS BIACTHUBOCTI
opuriHainy. Mopenb, 10 € CYKYITHICTIO MaTeMaTUYHUX CIIBBIIHOIIEHb (PIBHSIHb,
HEPIBHOCTEH TOIIO), HA3UBAOTh MAMEMAMUYHOIO.

[Iporiec 1OOYIOBM E€KOHOMIKO-MAaTEMAaTHYHOI MOJEIl € TOCHIIOBHICTIO
HACTYITHUX €TaIliB.

1) dopmysroBaHHS MpPeIMETa Ta METH JOCIIKESHHS.

2) Buginenns eneMeHTIB 00’€KTa, BaXJIMBHX JUIS JOCATHEHHS METH

JIOCIIIPKEHHS.

3) BepOanmpHuii  (cIOBeCHHMIA) ONUC B3a€EMO3B’S3KIB  MDK  BHIUICHHMH
eJeMEeHTaMH 00’ €KTa MOJIEJTIOBAHHS.

4) BBeneHHs CHMBOJIIYHUX ITO3HAYCHB JIJISI BPaXOBaHUX XapaKTEPUCTHK 00’ €KTa
MOJIETIIOBaHHs, (OPMYITIOBaHHS B3a€MO3B’SI3KIB MK HUMH Y BHIJISAL
MaTEMAaTUYHUX CITIBBIIHOIIEHD.

5) IlpoBeneHHS po3paxyHKIB 3a MOOYAOBaHOK MAaTEMAaTHYHOI MOJEIUIIO Ta
aHaJi3 OTPUMAHOTO PO3B’SA3KY.

Crnig  po3pi3HSATH MATeMAaTHYHY CTPYKTYpy Mojzeni Ta i  3MICTOBHY
iHTeprpeTaliro. MaTeMaTH4Ha CTPYKTypa MOJECII CKIIAA€ThCS 3 BBEACHUX 3MIHHHUX
Ta TapaMeTpiB, IO BiIOOPaKAIOTH €JIEMEHTH JOCIIIKEHHS, a TaKOX DPIBHSIHb Ta
HEPIBHOCTEM, 10 BiIOOPaKAIOTh 3B’ SI3KH MK HUMH.
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VY Mojeni po3pi3HIIOTh eK302eHHI Ma eHO02eHHI 3MIiHHI. 3HAUYCHHS €K30TC€HHUX
3MIHHUX € 33JJaHUMU, 3HAYECHHSI €HJOT€HHUX 3MIHHUX BU3HAYAIOTh Y X011 pO3PaxXyHKIB
32 MOJEIIIO.

MateMaTu4Hi1 MOZEI1 PI3HUX €KOHOMIYHMX 00’ €KTIB Ta MPOILECIB MOXKYTh MATH
OJIHAKOBY MaTeMaTH4HY CTPYKTypy, aj€ TMpUd LbOMY PI3HY EKOHOMIUHY
IHTEpIIpEeTaLIIo.

[cHytoTh pi3HI cucTeMHu Kiacu@ikalli eKOHOMIKO-MaTeMAaTUYHUX Mojenei. 3a
TUTIaMH OO0 ’€KTIB, 10 MOJEIIOITECA, PO3PIBHAIOTH MAaKPOCKOHOMIYHI  Ta
MIKPOEKOHOMIYH1 Mojieli. Makpoekonomiuni mMooei ONUCYIOTh €KOHOMIKY SIK €JTUHE
i€, MOB’S3YI0YM MDK COOOI0 MOKAa3HUKH, IO XapaKTepU3ylOTh ii CTaH: BaJOBUU
BHYTPILIHIA MPOIYKT, 1IHBECTHUIIIl, CIIOKUBAHHS, 3alHATICTh, OOCAT T'POIIOBOI Macu
Tomo. MikpoexoHoMiyHi  MoOOeni  ONMHUCYIOTh B3aEMOMAII0  CTPYKTYPHUX  Ta
(YHKIIOHAIBHUX CKJIAJ0BUX EKOHOMIKM Ta iX MOBEIIHKY Ha pUHKY. OCHOBHUM
00’ €KTOM MIKpPOEKOHOMIYHOT'O MOJICJIFOBAHHS € TiANPUEMCTBO.

3 TOYKM 30py BpaxyBaHHS 3MIHM E€KOHOMIYHMX CHUCTEM Y 4Yaci pO3pI3HSIOTH
cmamuyHi ma OuHamiyni modeni. Y CTaTUIHUX MOJCIIAX PO3IIISIAAI0Th CTaH 00’ €KTa Y
KOHKPETHUH MOMEHT 4acy, TyT 3MiHHI MOJIeJIi He 3ajeXaTh BiJ yacy. Y JUHAMIYHHUX
MOJIEJISIX BOHU € (DYHKIIISIMU Yacy.

3 TOYkM 30py BpaxyBaHHA il BHUMNAAKOBUX (AKTOPIB  PO3PI3HIIOTH
oemepmino8ani ma cmoxacmuydui modeni. Y NETEPMIHOBAHUX MOJICIIAX 3B’ SI3KU MIXK
3MIHHUMH PO3TIISAAIOTECSA K (PyHKIIOHANBHI. CTOXacCTUYHI MOJIeNl nependayaroTh
HasSIBHICTh J1i BUMAJAKOBUX (DAKTOPIB HA MOKA3HUKH, IO JOCTIDKYIOThCA. Y TaKuX
MOJIETISIX BUKOPHUCTOBYIOTH amapar Teopii HMOBIpHOCTEM, MaTeMaTUYHOT CTaTUCTUKHU
Ta TEOPii BUITAIKOBUX ITPOIIECIB.

Onmumizayitini modeni TiependavyaroTh TMOOYIOBY IUIBOBOT (PYHKINII, 1110
BiI0Opakae pe3yabTaT MISIBHOCTI €KOHOMIYHOI CHCTEMH Ta JOCHIKCHHS i€l
¢GyHKIIIT Ha eKCTPEMYM 3 BpaxyBaHHSIM 0OMEKEHb, HAKJIAJIEHUX Ha 110 CUCTEMY.

7.2. IIoHATTH CKJIATHOI CHCTEMH
OnHuM 3 BaXKJIMBUX 3aBJIaHh CYYacHOI HayKH € po3poOKa Ta BIPOBAIHKCHHS Y

IPAKTUKY METOIIB JOCHIIKEHHS AUHAMIKKA (YHKIIIOHYBaHHS CKIagHUX cucteM. Jlo
TaKUX CUCTEM BIAHOCATH BEJIMKI BUPOOHUY1 EHEPTeTUYHI, TIIPOTEXHIYHI KOMIUIEKCH 3
aBTOMAaTH30BaHUM KEPYBaHHSIM, KOMII IOTePHI KOMILUICKCH, IO € 3ac00aMH KEpyBaHHS
TaKUMH CHCTEMaMHM, a TaKOXX PI3HOMaHITHI COIIaJbHO-CKOHOMIYHI Ta O10JIOTi4HI
cucreMu. CyTTEBY pOJb Yy TaKUX JOCTIDKEHHSX BIIIrparOTh 3arajJbHOCHCTEMHI
MMATaHHS, 10 BITHOCATBCS JO 3arajbHOi CTPYKTYpPH CHCTEMH, Oprasizarii
B3a€MO3B’I3KIB MK 11 €JIeMEHTaMH, B3a€MOJii €JIEMEHTIB CUCTEMH 3 il 30BHILIHIM

CEepeIOBHINEM, KEpYBaHHS MISUTHHICTIO 11 eleMeHTIB Tomo. [li muTaHHS CKIamgaroTh
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CYTHICTh CHCTEMHOTO IIXOIy N0 BUBYEHHS BJIACTHUBOCTEH peaTbHUX CKIIAJTHUX
00’ €KTIB.

Ha cporoani He ICHye€ 3arajJbHONPUUHITOrO O3HAYEHHS CKJIAAHOI CHUCTEMHU.
BinHeceHHs eBHOT0 00’ €KTY MOJIENIIOBaHHS 10 KaTeropii CKJIaJHUX CUCTEM 3HAYHOIO
MIpOIO 3aJIEKUTh BIJ] METHU Ta 3a/1ady ioro moxemoBaHHs. Hanmani Oynemo BBa)kaTu
00’ €KT MOJIETIOBAHHS CKIAOHOI0 CUCEeMOI0, SKIIO HOT0 BJIACTHBOCTI Ta 0COOJIMBOCTI
3a/1a4, 1110 BUHUKAIOTHh MPU MOJCIIOBaHHI IIbOTO 00’€KTY, BUMArarOTh JOCTIIKEHHS
IIOT0 00’ €KTY SIK CUCTEMHU 3 BEJIMKOIO KUIBKICTIO €JIEMEHTIB, 110 B3a€MOIIOB’ 13aH1 Ta
B3a€EMOJIIIOTh MK CO0010, a TaKOX 3a0€3Meuy0Th BUKOHAHHS HEIO JIESKOi 10CTaTHHO
CKJIaJTHOT (D YHKITII.

CyKymHICTh JCSKHX B3a€MOITOB’S3aHUX EJIEMEHTIB, IO BXOJATH JI0 CKJIAay
CUCTEMHU, YTBOPIOE i niocucmemy. IlincucremMu € AesIKUMHU YaCTUHAMHU CUCTEMH, IO
MOXYTh (YHKIIOHYBaTH camocTiiiHo. Hanpuknan, y cucreMi BHPOOHHYOTO
HiIMPUEMCTBA OKPEMHUH 1IeX MOKHA PO3TJISAIATH SIK MIICHCTEMY.

OYHKITIOHYBaHHS CKJIQIHOT CHCTEMHM 3IHCHIOETHCS i BIUTUBOM MiJACHUCTEMHU
kepyBaHHs. [lin kepysanuam cucmemoro po3yMirOTh IIUIECIIPSIMOBAHMIA BIUIMB Ha HEl,
110 3A1MCHIOETHCS 3 METOIO ii MEBHOI 3MIHM a00 MIATPUMKH y icHytouoMy crtaHi. Llei
BILIMB 3JIIHCHIOETHCS TiJACUCTEMOIO KEpyBaHHS.

XapakTepHOI PHUCOI0 CKIAJHOI CHCTEMHU € 11 B3aEMOJisl 3 30BHINIHIM
cepenoBHIleM Ta (GYHKIIIOHYBAaHHS B yMOBAxX Jii BUTIAJIKOBUX 30BHIMIHIX (PaKTOPIB.

O1xe, Hajall CKJIAHOK CUCTEMOIO OyeMO Ha3MBATH CUCTEMY, IO 3AIMCHIOE
NesKy CKIaJHy (QYHKIIIIO0, Ta J0 CKJIaAy SKOI BXOJUTh BEJIUKA KIJIbKICTh €JIEMEHTIB.

Cepen 3anmau, M0 BUHUKAIOTh y 3B’S3KY 3 MOJICTIOBAHHIM CKJIQJHUX CHUCTEM,
MO>KHA BHOKPEMHUTH JIBA OCHOBHI KJ1acH: 1) 3aiadi aHai3y, MOB’ A3aHi1 3 JOCIIKCHHIM
BJIACTUBOCTEH Ta IMOBEMIHKH CHUCTEMH Yy 3JIEKHOCTI BiJl 1i CTPYKTYpH Ta 3HAUYCHb
napameTpiB; 2) 3a1adi CHHTE3Yy, L0 3BOJSTHCSA JI0 BHOOPY CTPYKTYpH Ta 3HA4YCHb
napaMeTpiB y 3aJIeKHOCTI Bijl 3aJJaHUX BJIACTHBOCTEH CHCTEMH.

TunoBumu 3a1a4aMu MATEMATUIHOTO MOJIETTIOBAHHS CKJIATHUX CHUCTEM MOXKYTh
OyTH TMOIIyK ONTUMAJBbHMX a00 OJHM3bKHUX JO ONTHMAJIBHUX PO3B’SI3KIB 3ajad
MiABUIIECHHS 1X €()EeKTUBHOCTI, BU3HAYCHHS iX XapaKTEPUCTHK Ta BIACTUBOCTEH, a
TaK0X BCTAHOBJICHHS B3a€EMO3B’SI3KIB MIXK €JIEMEHTAMH CHCTEMH.

[Ipn mnpoekTyBaHHI CKJIQAHMX CHCTEM, iX MOJEpHI3alii, a TaKOX TMpHU
BU3HAYCHHI ONTHMAIIbHUX DPEKMMIB €KCIUTyaTaIlii, 3ajaqi aHajizy po3TIsgaloTh SIK
3a/1a91 OI[IHKKM MOJKJIMBHX BapiaHTIB cucTeMH. J[JIT KOKHOTO 3 HHMX OOUYHCIIOIOTH
CHUCTEMY TIOKa3HHKIB, IO XapaKTEPHU3yIOTh BIIACTUBOCTI CUCTEMH (€(hEKTHBHICTS,
HafiiHICTh TOMmO). [lopiBHIOIOYM IIi XapaKTEPUCTHKH, BUOWPAIOTH ONTHMAIBHHMA
BapiaHT /IS MPOCKTYBaHHS CUCTEMHU.
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SkicTh (QYHKIIIOHYBaHHS CKJIaAHOT CUCTEMM BHU3HAYalOTh 3 JIOMOMOTO ii
MOKa3HUKIB €QeKTUBHOCTI. [loxasHukom egexmusHocmi CKIAJAHOI CHUCTEMHU
HA3MBAIOTh ii YHUCJIOBY XapaKTEPUCTUKY, 110 BAOOpa)kae CTYIMIHb MPUCTOCOBAHOCTI
CHCTEMH JI0 BUKOHAHHS MOCTABJICHUX MEpe] Hero 3a1a4. be3 BU3HaueHHs MOKa3HUKA
e(eKTUBHOCTI CKJIQJHOI CUCTEMHU HEMOKJIMBO YITKO BU3HAUUTH 11 MeTy Ta 3ajayi. [Ipu
bOMY BHUOIp TMOKa3HMKa €(QEeKTHUBHOCTI CYTTEBO BIUIMBAE HA IHTEPIPETAIIIO
BJIACTUBOCTEHN CUCTEMHM Ta PE3YIbTATIB ii JOCIIIKEHHS.

Hexail cknagHOO CHCTEMOIO € JeIKud BUPOOHMYMH mpolec. 3a MOKa3HHUK
e(eKTUBHOCTI 1I€i CUCTEMH MOXHa BHOpaTu ii MPOAYKTUBHICTh, TOOTO KUIBKICTh
BUPOOIB, BUTOTOBJICHUX 32 OJUHUINIO yacy. OIIHIOI0UN SKICTh BUPOOHUYOTO TPOLIECY
Ha OCHOB IIhOTO KPUTEPif0, MU OyAeMO TPHUIUISITH OCHOBHY yBary (akropam, II0
CIPHSIIOTh JOCATHCHHIO MaKCHUMabHOI MpPOAYKTHUBHOCTI. IIpw 1poMy HemocTaTHs
yBara Oyjie MpUAUIATHCS TAKUM XapaKTepUCTUKAM BUPOOHUYOTO MPOIIECY K BUTPATH
€Heprii Ta maTepiajiB, BUTPATH Ha 3apoOITHY IUIATHIO, SIKICTb MHPOJYKIII TOUIO.
AHaJnoriyHa cuTyaris Ma€ MicIie 1 JJ1sl IHIIUX MOKa3HUKIB epekTuBHOCTI. Le mpuxnan
CBITYHTH, IO BUOIp MOKa3HMKA €(PEKTUBHOCTI (PYHKI[IOHYBaHHS CHCTEMH CYTTEBO
BIUTMBa€ Ha (GOpMyBaHHS MOTO LIJIEH Ta 3ajad.

Jlns Toro, mo6 mokasHUK €(EKTUBHOCTI JOCTATHBO MTOBHO BiI0OpaXkaB SIKICTh
poOOTH CHUCTEMH, BIH MIOBUHEH BPaXOBYBAaTH il OCHOBHI OCOOJIMBOCTI Ta BJIACTHUBOCTI,
YMOBH ii TISUIBHOCTI Ta B3aEMOJIIIO 3 30BHIIIHIM cepeaoBuiieM. OTxe, BiH MOBUHEH
3ajieaTH Bl CTPYKTYpH CHUCTEMHU, 3HAUCHb ii MapameTpiB, XapakTepy B3aeMOJll 3
30BHIIIHIM CEPeJOBHINEM, TOOTO BHOIp TMOKa3HHMKAa €()EKTUBHOCTI BU3HAYAETHCS
XapaKTepoM AISUTBHOCTI CUCTeMU. TOMY MOKa3HUK €(EeKTUBHOCTI CKJIAJIHOT CUCTEMU
MOKHA PpO3MJIAAaTH sSK (YHKIIOHAJ, BU3HAYCHWH HAa MHOXHHI BCIX MOMXJIMBHUX
npoiieciB ii pyHKIIIOHYBaHHS.

VY 3B’S3Ky 3 TUM, IO CKJIaAHI cHUCTeMH (YHKI[IOHYIOTh B YMOBaX BIUIUBY
BUIAIKOBUX (PaKTOPIB, 3HAUYCHHS TaKWX (PYHKIIIOHATIB BUSBIISIOTHCS BUIAIKOBUMU
BeIMYMHAMH. ToMy mpu BHOOpI IMOKa3HUKIB €()EKTHBHOCTI BHUKOPHCTOBYIOTH iX
CepelHi 3HayeHHS (MaTeMaTW4Hl CIOJIBaHHS): CEPeNHA KUIBKICTh BHpPOOIB 3a
OJIMHUIIIO Yacy, CEpeIHs] TPUBATICTh MOI3JKH, CEpeIHil 4Yac OYIKyBaHHS y 4Yep3l.
[HKONM 32 TOKA3HHUK €(DEKTUBHOCTI OOMPAIOTh HMOBIPHICTH JAESIKOI MO/11, HAIPUKIIA,
HWMOBIPHICTB YCIIIIHOT TOCA/IKH JIiTAaKa.

KpiM moka3HukiB €(hEeKTHBHOCTI, MPU OMHCAaHHI POOOTH CKIIATHOI CHCTEMH
BUKOPHUCTOBYIOTb 1 1HIII TTOKa3HUKH, 1110 XapaKTePU3YIOTh 11 BIIACTUBOCTI: HAJIHHICTD,
SAKICTh KEpyBaHHS TOIIO.

PosrnstHemo moOymoBy MOKa3HWKA, M0 XapaKTepU3ye HAMIMHICTH MisITBHOCTI
CUCTEeMHU. 3BHYAWHO Yy Teopii HAIHHOCTI TaKUM TIOKAa3HMKOM € CEepeaHiil dac
0e3BiIMOBHOI poOOTH crucTeMu ab0 WMOBIPHICTH 0€3BIAMOBHOI pOOOTH CHCTEMH Ha
MpoTs3i Aesikoro 3ama”oro yacy. IIporte nnsi 6aratbox CKIIaJHMX CHUCTEM BIIMOBA
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OKpPEMOro €eJeMEHTa 1€ HE O3Haya€ 3YNUHKU pOOOTH CHCTEMH Yy IUIOMY, BOHA
CIPHUYMHSE JUILIE 3HIKEHHS €(PEKTUBHOCTI 11 poOOTH.

[TocTaHoBKa 3a7a4i MPO OIIHKY HAIIMHOCTI CKJIAJIHOI CUCTEMHU 3BOJIUTHCS 10
HacTynmHoro. BBa)kaloThCs BIIOMHMH MOKa3HUKH, IO OMUCYIOTh I1HTEHCHUBHICTH
BIJIMOB OKPEMHUX €JIEMEHTIB CKJIaJHOI CUCTEMM: CEpPEIHs KUIbKICTh BIIMOB 3a
OJIMHUITIO YacCy, 3aKOH PO3MOJILTY IPOMIKKIB 4acy MK MOCIiTOBHUMU BimMoBamu. Lli
XapaKTEPUCTUKU  BU3HAYAIOTHCS  CKCIIEpUMEHTallbHO. Hexalli 3a  MOKa3HUK
e(peKTHBHOCTI CKJIaJHOI CHCTeMHU BHOPaHO neskmii ¢pyHKuioHan R. Moro 3HauenHs
3QJICKUTH HE JIMIIE BiJl CTPYKTYPH Ta MapameTpiB CUCTEMH, ajie W Bl MOKA3HUKIB
HAAIMHOCTI 11 OKpEMUX €JIEMEHTIB.

Hexaii R, — 3nauenHs mokasHuka e(eKTUBHOCTI JJIsl BUMAJKY, KOJU BiAMOBU

eJIEMEHTIB MalOTh IHTEHCUBHOCTI, 1110 Bi/AMOBIAAI0Th 33JaHUM XapaKTepUCTHKaM, R, —

JUIS BUMAJKY BiJICYTHOCTI BiJIMOB ejeMeHTIB. ToJli 3a MOKa3HUK HAJIHHOCTI JAaHOI

CUCTEMH MOJKHAa BUOpaTH BEIUYHUHY ARz‘Rl—R2 , IO TIOKa3ye, HACKUIbKU

3MEHIITYEThCS €(PEKTUBHICTh CUCTEMH BHACIIOK MOXJIMBHUX BIIMOB ii €JIEMEHTIB, Y
NOPIBHSIHHI 3 €(EKTUBHICTIO 11€aIbHOI CHCTEMH, €JIEMEHTH $SKOi € aOCOIIOTHO
HAIMHUMU.

JInst po3paxyHKy MOKa3HUKIB HAMIMHOCTI, KPIM XapaKTEPUCTUK 1HTEHCUBHOCTI
BIIMOB €JIEMEHTIB, 33JaI0ThCS TAKOK XapaKTEPUCTHUKW BUTPAT Yacy Ha BiTHOBJICHHS
iX mpare31aTHOCTI.

7.3. HouATTH iMiTALIIHHOTr0 MOEJTIOBAHHSA
JUist  mocHiKEeHHST TIOBEMIHKM pEATbHUX CHCTEM IIUPOKO 3aCTOCOBYIOTH
cTaTUCTUYHE abo0 iMiTalliifHe MOJCITIOBaHHS 3aCTOCYBaHHS METOIB IMITAI[ifHOTO
MOJICJTFOBaHHS JIO3BOJISIE OTPUMATH 1H(OPMAIIIO MPO TMOBEIIHKY CHCTEMH IUISIXOM
CTBOPEHHsS 11 KOMIT FOTepu30BaHoi mojem. CTaTUCTHUYHE MOJEIIOBAHHS JI03BOJISE
OIiHUTH (YHKI[IOHATBHI XapaKTEPUCTUKU CUCTEMHU, IO € 00 €KTOM MOIETIOBAHHS.
BoHo 3acToCOBY€ThCS y pI3HUX rajy3sx HaykKu Ta TexHiku. [Ipukiamamu 3amad, 1Mo
PO3B’SI3YIOTh 3 JJOTIOMOT'OI0 CTATHCTHYHOTO MOJICITIOBAHHS, € HACTYITHI 3a/1a4i.
1) OGuucieHHs] KpaTHUX THTETPaJIiB;
2) OOuYHCIICHHS KOHCTAaHT;
3) OGepHEHHS MaTpPHIIb;
4) HocnimkeHHs mporieciB nudys3ii;
5) IlpoekTyBaHHS CHCTEM MacOBOTO OOCIyrOBYBaHHS, 3B’S3Ky, yIPaBIiHHS
3armacamu;
6) AHaii3 XIMIYHHX TIPOIICCIB;
7) OriHka TMOBEIIHKMA CIIOXWBAYiB, BH3HAYCHHS I[iH, MPOTHO3YBaHHS isUTBHOCTI
MIAMPUEMCTB,;
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8) JocnimkeHHs TUHAMIKA JeMorpadidHUX MPOIECiB, BIUIMBY €KOJIOTI Ha 370POB’ s
JFOAVHU;

9) 3amaui 0i0JI0Tii Ta MEIUIIUHU;

10) JocnimkeHHs BIICBKOBOT cTpaTerii Ta TAKTHKH.

CyTHICTh CTaTUCTUYHOTO MOJICJIIOBAHHS TMOJSATa€E y IMiTallii BHUIAJKOBUX
BEJIMYMH Ta BHIAJKOBUX TPOIECIB Ta IPYHTYETHCS HAa BUKOPUCTAHHI BUIAJIKOBHX
BUOIPOK. 3aMICTh aHAIITUYHOI'O ONUCAHHS CKJIaJHOI CUCTEMU TYT BUKOPUCTOBYIOTH
IMITaLli}0 BUIMAJKOBOIO MPOLECY 3 BUKOPUCTAHHSAM BUIAJAKOBUX YHCEN. Y pe3yJbTaTl
KOXHOTO pa3y OTPUMYEMO HOBY, BIIMIHHY BiJl ONEPEHBO1, peati3alito BUIIaJKOBOIO
nporecy. Lli peamizamii MO)XXHa BUKOpUCTATH SK cTaTucTudHi pAaHi. [loTpiOHi
XapaKTepUCTUKH CHUCTEMH OTPUMYEMO Yy pe3ynbTaTi ix o0O0poOkM MeToaaMu
MaTeMaTUYHOI CTATUCTHKH.

Haiinpocrimoo ¢opMo0 METOAY CTaTUCTHYHOTO MOJIEIIOBAHHS € METO[
Momnte-Kapno. Po3risHemMo CyTHICTh IIbOTO METOAY Ha MPOCTOMY MPHUKIIAII
OOYMCIIEHHS TUIOINII KPyra, 0OMEKEHOT0 KOJIOM, PIBHSHHS SKOTO Ma€ BUTJISL:

(x=1)"+(y-2)" =25.

CroyaTtky mOMICTUMO IIeH KpyT y KBaJipaT 31 CTOPOHOIO, 110 IOPIBHIOE 11aMETPy
kpyra, To00T0 10 oguuune. CTOpoHM KBajpary AOTHUKAIOThCA M0 koja. Hexail mpu
KUJaHH1 TOYKW HaBMaHHS Y KBaJIpaT MOTPATUIIHHS Y TOUKHU 3 PI3HUMU KOOPMHATAMH,
PO3TalIOBAaHUMU BCEPEIMHI KBAJIpaTy, € pIBHOMMOBIPHUMH TIOIISIMHU.

Hexait BuOipka ckiafgaeTbes 3 1 CIOCTEPEKEHD 32 TOUKAaMM KBaJparta, M 3 sIKUX
noTpanwin y Kpyr. Toxal BIAHOLIEHHS IUIONII Kpyra 10 IUIONII KBaapaTy MOXHa

. . m
HAOJIMKEHO OIIHUTH K BIAHOIIECHHS e

KoopaunaTu x Ta y TOUOK KBaApaTy pO3TIAIAI0THCS SIK pPIBHOMIPHO PO3MOIiICH]

BUITQJIKOBI BEJIMYUHHM 3 MIUTBHOCTSMH PO3IIOJILTY HMOBIPHOCTEH

f(x):%,—4§x§6; f(y):%,—3£ y<7.

[lo3a BKa3aHMMHU MPOMDKKAMHU IMUIBHOCTI  PO3MOALTY HWMOBIpHOCTEH
JOPIBHIOIOTH HYITIO.

Hexait R, Ta R, — pi3Hi BuUnankoBi uucna 3 Bipi3Ky [0; l]. Toni koopauHATH

(x,y) TOYOK KBaJpaTy MOXKHA BHPA3UTH dYepe3 Ii BUIAIKOBI YKCIA Yy HACTYIHOMY
BUTJISI:

x=—4+(6—(-4))R, =-4+10R,
y=-3+(7-(-3))R, =-3+10R,.
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BukopucroBytoun HaBeaeH1 BHIlEe (OPMYIH, MU TE€HEPYEMO BHUIIAJKOBO

. . ] ’ .
posnonineni Toukn (X', y') kBampara ;s koxHoi napyu Bunajkosux uncen (R, Rz)-
Otpumana Touka (X', Y') nmorparuise BeepeauHy Kpyra, SKILIO
(X =1)° +(y'-2)" < 25.
Hampuknan, sxmo R, =0,0589 ta R, =0,6733, orpumyemo:
X'=-4+10R =—4+10-0,0589 = -3,411,
y'=-3+10R, =-3+10-0,6733 =3,733.

OCKUIBKA  BeJIWYMHA (—3, 411—1)2 + (3, 733 — 2)2 =22,46<25, TO TOUKa
(X', y') NOTpaIuisie BCEPEIMHY Kpyra.

Or1iHKa IJI0III KpyTa MOKPAIIy€eThCs 31 30UTBIIIEHHAM KUTBKOCTI 77 T€HEPOBAHUX
TO4OK (00csary BuOipku). I[liABUIIMTH TOYHICTH OOYHMCIICHHS TIUIONII MOYKHA,
3MIACHIOIYH 11 OLIHKY TIpH 7 criocTepexxeHHax N pa3iB, 1 IPUIHABIIM 32 HAOIMKEHE
3HAYEHHS IUIOI1 Kpyra cepennio apupmetuuny N oTpuMaHux pe3ynbTariB. TOUHICTD
IIOTO HAOJMKEHHS [JIs TUIONIl Kpyra 30UIbLIYEThCSA 31 30UTBIICHHSAM O0CATY 7
BUOIPKHU.

Pe3ynpTaT eKCHEpUMEHTY, OB A3aHOTO 3 IMITALIMHUM MOJIEIIOBAHHSM,

HEOOXITHO OTPUMATH y BUIJISA1 JOBIPYOTO IHTEPBATY, IO XapaKTePHU3yE BEIUUHUHY
BiIXWJICHHS] HAOIMKEHOTO 3HAUCHHS MTOKa3HUKA BiJl HOTO TOYHOTO 3HAYCHHSI.

Hexait A — TouHe 3HAUeHHs MOKA3HUKA, 110 oOunciioeThes, A Ta 6° — ioro
cepeaHe 3HaueHHs Ta BUOipkoBa aucnepcis npu N croctepexkeHHsX. Toxl JoBipUnii
iHTEepBaJ Iisl A TIpHU AOBIpUii HMOBIPHOCTI 1— ¢ Ma€ BUTJIA:

~

- O — O
A-—-t, <A<A+—-t, .
JN >Nt N SN
Tyt t, — touka t-po3noainy CTerofeHTa, IO BIAMOBIAAE PIBHIO 3HAYUMOCTI

N-1
2

O Ta KUTBKOCTI CTyneHiB BUTbHOCTI N-1.

VY posrasHyTOMYy BHIE TpukiIani npo miomy kpyra mpu n=10000, N=10,
A=7857cm?, 6=0,47 cm” npu o =0,05 noBipunii iHTepBaN 715 OLIHKK TOYHOTO
3HAYEHHS IUIOLII CTaHOBUTH (8,23 < A<78,9. 3a3Ha4unMo. 1110 TOYHE 3HAYEHHS [LION]

1poro kpyra, okpyriene g0 0,01, cranosuts 78,54 cMm 2

Orxe, cyrtHicTh MeTony Monrte-Kapno monsrae y wactymHomy. Jlis
3HAXOJKEHHS 3HAYEHHS @ JESKOi BEIMYMHU BUOMPAIOTH BHITAJIKOBY BEIUYHMHY X,
MaTeMaTU4YHe CToJiBaHHs sK01 M(X)=a. 3MIACHIOIOTh 1 BUNPOOYBaHb, Y PE3yJIbTaTi
SAKUX OTPUMYIOTH 7 MOXIMBUX 3HaueHb X, J1aml OOYHCIIOITH iX CEpeIHIo

dx

i

apupMETHIHY X = 3a OLIHKY HAOJIMKEHOI0 3HAUECHHS ¢ 4HCIIa @ BUOUPAIOTh X.
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Meton MonTe-Kapino Ha3uBalOTh TAaKOXK METOJOM CTATHCTUYHUX BHUIIPOOYBaHb.
Teopiss bOro METOJy BHU3HAYA€, SK HAWUOUIBII JOIUIBHO BU3HAYUTH BUMAIKOBY
BeJIMYMHY X, SIK 3HAUTU 11 MOKJIMB1 3HAUCHHS Ta OL[IHUTU MTOXUOKY METOY.

Hexaii Ui OTprMaHHS OIHKKA ¢  MaTeMaTUYHOIrO CIOMIBaHHS d BHIIAIKOBOI
BelMuyMHU X OyJio 3M1MCHEHO 7 HE3aJIeXHUX BUIPOOYyBaHbL (TOOTO pO3IrpaHo n
MOXJIMBUX 3HaueHb X) 1 3 iX pe3ynbTaramu Oyja 3HaiieHa BUOIpKOBa cepeiHs X ,
IPHUIHATA Y SKOCTI OMIHKK MaTeMaTHYHOIO CIOiBaHHs, To0TO @ =X . PosrisHemo
3a/1a4y 3HAaXOM)KCHHS BEPXHbOI MEX1 & TOXUOKM Takoi OI[IHKK 3 3aJaHO0
HMOBIPHICTIO (HAAIHHICTIO) !

P(x-al<d)=y. (7.1)

Tyr MaemMo BU3HAUUTH TOYHICTh OIIIHKA MAaT€MaTUYHOTO CIO/1BaHHS
reHEepaJbHOT CYKYMHOCTI 3a BHUOIPKOBOIO CEPEAHBOIO 3 JOMOMOIOK JOBIPUMX
iHTepBaiB. Ll 3amaya po3risgaeTbcss y MaTeMaTHuHii cTtaTucTlll. Bukopucraemo
OTpUMAaHI TaM Pe3yJIbTaTH, & CaM€ PO3TISTHEMO TPU MOKJIMBI BUITAIKH.

1. Bunaakosa BennunHa X Mae HOpMaJIbHUHN 3aKOH PO3MOILITY 1 1i CepeaHe
KBaJIpaTUYHE BIIXUJICHHS O BigoMe. Y IIbOMY BUMAIKY 3 HAIIMHICTIO  BEPXHS MEXKa
OXUOKHU

s=12 (7.2)
Jn
7€ n — KUIbKICTh BUMPOOYBaHb (po3irpaHux 3HaueHb X), { — 3HaYCHHS apryMEHTY

¢bynkii Jlammaca CD(t), JUTSL SIKOT'O @(t)zg, O — BIJIOME cepeaHE KBaJpaTU4yHE

BIIXWIEHHS X.

IMpukaan 7.1. 3 HagiiaicTio ¥ = 0,95 3HANWTH BEpXHIO MEXY MOXUOKHU & , SIKIIO
JUISL OITIHKM MaTEMAaTHYHOT'O CIIOJIBAaHHS BHITQJKOBOI BEJIMUMHHM X, PO3IMOALICHOT 3a
HOPMaJbHUM 3aKOHOM 3 CepeIHIM KBaapaTudHuM BinxwieHHsm o =0,5, Oymo

posirpano 100 MOXXJIMBUX 3HAYEHD X.

Po3p’si3annsi. Maemo n=100, 0=0,5, ®(t):¥20,475. 3a TabiHIeo

3HaueHb QyHkiii Jlammaca 3Haxogumo t=1,96. O1xke, 3a popmymnoro (7.2) BepxHs Mexa

MOXNOKH 5=M=0,098.
100
2. BunankoBa BenmuumHa X poO3MOALICHA 3a HOPMaJIbHUM 3aKOHOM, Ii

CEepeHE KBaJpaTHYHE BIAXWJICHHS HEBioME. Y IhOMY BHIAJKy 3 HAIIHHICTIO ¥
BEPXHsI M&Xa MOXNUOKU BU3HAYAETHCA 32 (OPMYIIOIO
ts
0=—"=. (7.3)

Jn
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Y ¢dopmyni (4.3) n — KUIBKICTh BUNPOOYBaHb, S — BHUIPaBJIEHE BHOIPKOBE
CepellHE KBaIpaTUYHE BIAXUIICHHS

(7.4)

3HauCeHHS t], 3HaxXo4iaTh 3a CTAaTUCTHYHOIO Ta6J'II/II_[€IO 3HAa4YCHb IIbOI'0O ITOKA3HHUKA.

Mpukaan 7.2. 3 HagiiiHicTiO ¥ = 0,95 3HAWTH BEPXHIO MEXY MOXUOKH & , SKIIO
IUIS OL[IHKA MAaTEMaTUYHOTO CITOJIIBaHHS BEIMYUHHU X, PO3MOAIICHOT 32 HOPMaTbHUM
3aKOHOM, 0yJ10 po3irpano 100 ii MOXKTMBHUX 3HAYEHB 1 32 HUMU 3HANJIEHO BUIIPABIICHE
BUOIPKOBE cepeHe KBaapaTuyHe BigxuieHHs $s=0,5.

Po3p’si3annsa. 3a ymoBoro, »n=100, s$=0,5. BuxopucraBmd CTaTUCTUUHY

Tabmumio 3HaveHs 1, smaxoammo, mo mpu y=0,95, #n=100 t =1984. Omxe,
~1,984-0,5

+/100

3. Bunaakosa BennunHa X po3moJIijieHa 32 3aKOHOM, 1110 BIIPI3HAETHCS Bij

o =0,099.

HOpMaJbHOTO. Y IbOMY BHIIQJKYy MpPH JOCTATHHO BEJIMKINA KUTBKOCTI BHUIPOOYBaHb

(n >30) 3 HaAIMHICTIO, 10 HAOMMKEHO NOPIBHIOE y, BEPXHIO MEXY MOXHOKH &

MOKHa 00uYuCIUTH 3a Gopmynoro (7.2), SKIO0 cepeaHE KBaApaTUYHE BIAXUIICHHS
BUIIAJIKOBOI BETUYMHU X BlJOME.

SIkuro BenMuYMHA O € HEBAOMOIO, TO Y popmyny (7.2) 3aMICTh HBOTO MOXKHA
MiCTaBUTH HOTO OIIHKY S, 800 BUKOpUCTATH hopmyity (7.3). 31 3pOCTaHHSIM 71 PI3HULIS
MDK pe3yJjbTaTaMu, OTPUMaHUMU 32 TUMHU (HOPMYIaMu 3MEHITYEThCS, OCKUTBKH MPHU
N — 00 po3noait CTeIoICHTa HAOIMKAETHCS TO HOPMAIILHOT'O PO3IOILTY.

Jlns toro, mo0 3HAWTH HAWMEHIIE YHCJIO BUIPOOYBaHb, SKE 3a0€3MEYUTh
Harepes 3a/1aHy BEpXHIO MEXY NOXUOKH & , MOTPIOHO BUPa3UTH 1 3 popmyi (7.2) abo
(7.3). OTpumaemo:

2 2

n="7 (gopmyna (5.2))
tf 2 (7.5)
n= 7528 (bopmyma (5.3)).

[lepma 3 ux dopmyn orpumana 3 gopmynu (7.2), apyra 3 dopmyn 3 (7.3). L
dbopMyIH Ha TPAKTHIIl BHKOPUCTOBYIOTH I 3HAXOMKCHHS HEOOXITHOI KUTBKOCTI
BUTIPOOYBaHb.
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7.4. CToXacTHYHI MeTOIH €eKOHOMIKO-MATEMaTHYHOI'0 MOJIEJTI0OBAHHSA

Posrnsinemo  ocobnuBOcTi  3actocyBaHHs ~ merony  Monrte-Kapno  go
MIPOEKTYBAHHS CUCTEM MacOBOro OOCIyroByBaHHsA. Po3risiHeMo croyaTKy OCHOBHI
MOHSATTS TEOP1i MAaCOBOr0 0OCIYyroByBaHHS.

[TocnioBHICTD MO, 1110 3’ IBSIOTHCS Y BUMAIKOBI MOMEHTH 4acy, Ha3UBalOTh
nomoxom nodiu. [lpukianamMu NOTOKY MOJIM € HAAXOMKEHHS BUKIUKIB 110 «I1IBuaKOi

JOTIOMOTH», TPHUXIJ KIIEHTIB Yy NEPYKApHIO, MOCIIAOBHICTH BIIMOB €JEMEHTIB
puiaay TOUIO.

Jlo OCHOBHUX BIACTUBOCTEH TOTOKIB MOl BIAHOCSITH CTaI[IOHAPHICTH,
BIJICYTHICTh MICHSIAIT Ta OpJAMHAPHICTh. BnacTuBicTh cmauionaprHocmi monsirae 'y

TOMY, 1110 HMOBIpPHICTH NOsIBU K 110/1ii1 HA Oy Ib-SIKOMY MTPOMDKKY Yacy 3aJIC)KUTh JIUIIIC
B yrcia K Ta TpuBaiocti t mpoMikKy dacy. BractuBicts opounaprocmi o3Havae, 1o

32 HECKIHYEHHO MaJIui MPOMDKOK 4Yacy MOXe 3’SIBUTHUCS HE OuUIbllle OJIHIE€T MOJii.
Biocymuicme nicasadii 03Hauyae B3a€MHY HE3aJICKHICTh MOSIB MEBHOT'O YKCIIa MO Y

IPOMDKKH Yacy, 110 He TIePETUHAIOTHCS Mk c000t0. [10TiK 1Mo/Iii, 1110 Ma€e BIACTUBOCTI
CTaI[lOHAPHOCTI, OPAMHAPHOCTI Ta BIACYTHOCTI MICHS /il Ha3UBAIOTh HAUNPOCHIUUM

abo NyacCoOHIBCbKUM NOMOKOM.

IumencusHnicmio A nomoky nodiil Ha3uBaKOTh CEPEAHIO KUIBKICTh MOJIN, IO

3’ IBIIIIOTHCS 32 OJUHUITO Yacy. IMOBIpHICTh OSIBH K MMOii Y HAUITPOCTIIIIONO MOTOKY
3a yac t BU3Ha4aroTh 3a d)ODMWZOlO HVCZCCOHCZ:
k -t
At) e
p (k)= " . 7.6
(k)= (7.6)

Posrnsaemo CUCTCMY MAaCOBOTI'O 06CJ'IY1“OBYB&HHH, 10 CKJIaAa€ThCA 3 N kaHaiiB

3 BigMoOBaMHu (3asBKa IIOKHJA€ TaKy CHCTEMY, SKIIO BCi KaHaJld BHSBJIATHCS
3aitHsATAMK). Ha Hel HaaxoauTh HAWUMPOCTINHUN TOTIK 3asBOK. Bimoma HIUIBHICTH
PO3MONIUTY IHTEpBANly Yacy 7 MK JBOMA MOCIIJOBHUMU 3aIBKAMU:

f(r):ﬂ,e_’“,ﬁ,>0,r>0. (7.7)

HIinbHICTD (6.2) — MIUTBHICTD ISl TOKa3HUKOBOT'O 3aKOHY PO3IOILTY.

KoxHna 3asiBka HaIXOIWUTh 0 TMEPIIOTO KaHaIy oOCIyroByBaHHA. SKIO BiH
BUTRHUH, TO BiH 00CITyrOBY€E 3asBKY, 1HAKIIE 3asiBKa HAIXOAWTh Ha PYTUi KaHa Ta
00CITyrOBY€EThCSI HUM, SIKIIIO BiH BUTRHUH, 1HAKIIIE TIEPEOIUTH JI0 TPETHOTO KAHAIY 1 TaK
naii. SIKIo BCi KaHAJIM BUSABIIATHCS 3aHATHMH, 3asBKa OTPUMYE BIIMOBY.

3MIACHIOETHCS MAPAXyHOK KITbKOCTI BUKOHAHHUX 3asIBOK Ta KITBKOCTI BIIMOB.

Hexaii motpiOHO 3HAWTHM MaTeMaTW4YHE CIOMIBAaHHS KUIBKOCTI BHKOHAHHUX
3asBOK Ta KUJILKOCTI BIIMOB 3a nieBHUM 9ac 7. J{7s1 po3B’ si3aHHS 1Ti€] 3a71a41 BAKOHYIOTh
n BUMPOOYBaHb, KOKHE TPHUBATICTIO 7. Y KOKHOMY BUIPOOYBaHHI BHU3HAYAETHCS
KUIBKICTh BUKOHAHUX 3a9BOK Ta KUIBKICTH BiJIMOB.
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Hexaii {, — TpuBamicTb 00CIyroByBaHHsS KaHaJIOM 3asBKH, I, — MOMEHT
3BUTBHEHHS i-TO KaHaJy, |, — MOMEHT HaJIXOJDKEeHHS K-0i 3asiBKH, 7, — IPOMDKOK 4acy
MK HagxomkeHHsMU K-oi ta k+1-oi 3asBok, T,,, =T, +7, — MOMEHT HaJIXOIKCHHS

k+1-01 3as1BKH, 1 — KUTBKICTh BUIIPOOYBAHb.
Hexait nmepma 3asiBka Hajaiinuia y MoMeHT yacy 7; =0, Koiu BCi KaHaJIM BiUTbHI.

Bona HaanXoauTh 710 NepIIOro KaHainy i 00CIyroBy€eTbCsS HUM 3a vac 1.
3Mo/1eMI0eMO MOMEHT T, HaJAXOPKEHHS Apyroi 3asBkH. i 11boro BUOGEpemMo
BUIIQJIKOBE YHUCIIO I} Ta PO3IrpaeMo 3HAYCHHs 7,, BPaXOBYIOUHM NMOKAa3HUKOBUIN 3aKOH
pO3MOALTY BHIAAKOBOI BenuuuHM 3 IiibHicTIO f (T) JIIsi  1IbOTO  BHITAJIKY
OTPUMYEMO:
T

Orxe, npyra 3asBka Hagiige y MomeHT dacy [I,=T,+7,=0+7 =7. Sxmo

T, = (7.8)

BUsIBUTBCS, mo t <T,, ToOTO napyra 3asBKa HaJilIUIa Micas TOro, SK 3BUIBHUBCS

NEePIINK KaHal, TO BiH 3aJIOBOJIBHSE IPYTY 3asBKY 1 Y JIYMIBHUK BUKOHAHUX 3asIBOK
noxaetsest onuHuUI. ko t >T,, To mepmmii kaHanm 3aifHATHI 1 3as8BKa HAIXOIUTh
0 JpPYroro KaHajdy 1 BHUKOHYEThCS HHUM, OCKUIBKM pPO3pPaxyHOK II0YaBcsS 3
MPUNYIICHHSIM, 110 BCI KaHAJIM BUIbHI. Y JIYUJIBHUK BUKOHAHUX 3asBOK JOMAETHCS
OJMHUILIL.

SkIo y nesikuii MOMEHT 4acy BCl KaHaJld BHSIBUJIWCS 3alHSATUMH, TO 3asiBKa
OTPUMYE BIZIMOBY 1y JIYUIBHUK BIIMOB JIOJA€THCS OUHULIS.

BunpoOyBaHHs 3aKiHUYETBCS, SIKIO YeproBa 3asBKa HaJilJIe Y MOMEHT 4acy,
1[0 MIEPEBUIIYE MOMCHT 3aKIHYCHHSI BUIIPOOYBaHHs, TOOTO, SIKIo T, , > T .

VY pe3ynbTati 1-ro BUNPOOYBAaHHS y JIIUMJIBHUKAX BUSBUTHCS 7, BUKOHAHMX
3a8BOK Ta 7,, BLIMOB. OIIHKAMHM MaTeMaTHYHUX CIIOAIBAHb BUKOHAaHUX 3asBOK Ta

BIIMOB € BUOIPKOBI CEpEIHI:

n
2m mh
/ — =l

n n

(7.9)

JIist 3HaXO/)KEHHsI HAatMEHIIO KUTbKOCTI BUIIPOOYBaHb, sika 3 HAMIWHICTIO ¥
3abe3nedye 3a7jaHy BEpXHIO MEKY TIOXHOKH O , BAKOPUCTOBYIOTH (hOpMyITy:
2 2
ANl
n= 57 (7.10)

: ) 4 1
TyT 3HaYeHHs MapamMeTpa Z BU3HA4YarTh 3 PIBHOCTI CD( Z) =5 o=—.
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PosrnssHemo oauH 31 cmocoOiB OOYMCIEHHS BH3HAYEHUX IHTErpalliB 3a
JOTIOMOT'OK0  IMITALlIMHOTO MOJIENIIOBAaHHS — METOJ OCEPEIHEHHS MiAIHTEerpanibHOL

byHKII1.
Hexail notpi6HO HaOMM>KEHO OOYUCIUTH BUBHAYEHUHN IHTErpall

| =T¢(X)dx. (7.11)

PosrisitHemMo BHUMAJIKOBY BEIMYMHY X, PO3MOJAUIEHY PIBHOMIPHO Ha iHTEepBali

}/b— ,xe(ab),

IHTErpyBaHHs (a;b) 3 IUIBHICTIO

0, xe(a;b).
Toni MateMaTtnyHe cioiBaHHs (YHKIIIi BUTIAAKOBOI BEJIMUMHU X
b 1 b
M(gp(x)):;[f(x)-go(x)dx:m;[go(x)dx. (7.12)
3BiacH 3HaXOJII/IMO'
jgo =(b-a)M(p(x)). (7.13)

3aMIHUMO MaTteMaThuyHe croxiBa"Hus M ((p(x)) HOTO OIIIHKOIO — BUOIPKOBOIO

CEepPEeIHBOIO 1 OTPUMAEMO HAOIIKEHE 3HAUCHHS 1HTErpaly Y BUTJISIALL

" =b;na _n (%), (7.14)

7€ X, — MOXKJIMBI 3HaYEHHS BUIAJKOBOI BEJIMUMHU X, X, =d + (b - a)rl. , I, — BUMAJIKOBI

quciia.

IIuTaHHs AJ51 CAMOKOHTPOJIIO 10 3MiCTOBOI0 MOAYJIs /
[TosICHITH CyTHICTh €KOHOMIKO-MAaTEMATHIHOT'O MOJICTFOBAHHS.

BrkaxxiTh BUIM €KOHOMIKO-MaTEMAaTUYHUX MOJEIIEH.

Po3zkpuiite 3MICT TOHATTS CKJIaHOI CHCTEMHU.

HapeniTh mpukiaay CKIAJHAX CHCTEM.

Hanatite o3HaueHHS MaTEMAaTUYHOT MOJIEMII.

Bkaxith eTanu nporecy mooyaoBu €KOHOMIKO-MaTEMaTHIHOT MOJISIII.
HapeniTh mpukiaau CTATHIHAMH Ta JUHAMIYHAMHA MOJICIISIMU.
HaBeniTe 03HaY€HHS CTOXACTUYHOI MOIETI.

. Po3kpwuiite 3MiCcT MOHATTS ONTUMI3AI[IHHOT MOJIEII.

10 HapeniTh mpukiaay CKIaJTHAUX CHCTEM.

11.Hapnaiite o3HaueHHS MOKa3HUKA €(EKTUBHOCTI CUCTEM.

©CoNoahrwN B
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3aBaaHHSA I CAMOKOHTPOJIIO /10 3MiCTOBOI0 MOAYJIs /

1. V nesxkié ramy3i 4 MiINpUEMCTBA BUIYCKAIOTh 3 BUIU MPOAYKII. Y MaTpHIll
A(4 X 3) 3a/1aHO 00CSITH BUPOOHUIITBA MPOAYKIIT HA KOXKHOMY 3aBOJI1 Y MEPIIOMY
KBapTaji, y MaTpuili B(4><3) — y JApyromy KapTaii. 3HaWIiTh: a) 0OCsTH
BUPOOHHUIITBA MPOAYKIIIT KOKHOT'O BUIY 3a Meplilue MiBpiuus; 6) mpupicT oOcsriB

BUPOOHHUIITBA MPOAYKIIIT Yy NEPIIOMY KBapTall MOPIBHAHO 3 APYTHMM KBapTalloM,
AKIIIO

3 0
2 4
A=
1 3
1 2

N PN
AN PPN

2. IignpuemctBo Bupobiste 3 Buaum npoxaykuii. Moro BupoGHHYa mporpama
XapaKTEePU3YETHCS BEKTOPOM A=(10O 200 100). [lina peasmizaltii OJUHMII
IPOAYKIIi |-T0 TMIY y | -My PETiOHi 3a7aHa MaTPHUIEIO B(3>< 4) , e b, — uina
peanizauii mpoxykuii I -ro Tumy y j-my perioni. 3uaiigires Marpumo C BUpy4KH
MiAMPUEMCTBA 110 PErioHaM, SKIO

2 315

1 3 2 2

2 4 2 4

B=

3. IlignpuemcTBO BUPOOJsi€e 3 TUMHM MPOAYKIlii, BAKOPUCTOBYIOUM 4 BUIU PECYPCIB.
HopMmu BuTpar |-ro THIy pecypciB Ha BHPOOHHMIITBO OJUHUIN | -TO BHAY
IPOJYKIIi 3a/laHl y MaTpuill BUTpaT A(4><3). Bexrop X Bu3Hauae oGcsaru

BUPOOHUIITBA MPOIYKI(Ii KOXKHOTO THITY. BU3HAUITH MAaTPUIIO S TOBHUX BUTPAT
pecypciB KOKHOT'O BUAY Ha BUPOOHUIITBO BCi€T MPOAYKIIii, SIKIITO

2 5 3

a=|2 18 x—a00 80 110).
131

2 2 3

4. Jlns BUpoOHUIITBA 4 BHAIB TPOIYKINI IMIJNPUEMCTBO BHUKOPUCTOBYE 3 BHUIU
pecypciB. Butpatu pecypciB Ha BApOOHHUIITBO OTMHHUIII IPOAYKITii, 3amac pecypciB
KOXXHOTO BHY Ta MPHUOYTOK BiA peamizaii OJWHUII TPOIAYKIi KOKXHOTO BHIY
HaBegeH1 y Tabmmii. [ToOyayiiTe eKOHOMIKO-MaTeMaTHYHY MOJIETh JIJIsT PO3POOKH
ONTUMAJIBHOTO MJIaHY BUPOOHUIITBA MPOAYKIIII.
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Butparu pecypcis 3amac
Pecypcu Ha OJMHUIIO NPOIYKII] .
Tosap 1 | ToBap 2 | Toap 3 | Tosap 4 pecypels
CupoBuHa 3 5 2 4 60
Pob6ounii yac 22 14 18 30 400
Yac poboTtu obsaHaHHS 10 14 8 16 128
[TpuOyToOK, y.T.0. 30 25 8 16

5. Ha nBox aBTOMaTMYHUX JIIHISIX BUTOTOBJISIIOTH BUPOOU TPHOX THIIIB, JIaHI PO SKI
HaBegeHo y TaOmuii. I[loOymydTe MaremMaTH4YHy MOJIeNb 3aBaHTaXKCHHS
aBTOMATUYHUX JIHIM, 110 MIHIMI3y€ 3aranbHi BUTpaTH. [lnaH moBuHeH OyTH
BHKOHAHMI HE MI3HIIIE, HIXK 3a 15 m10.

[IponyktuBHicTs | ButpaTt Ha poboTy Tan
Bupi6 | minii, oa./000y | niHil, y.r.0./a100y ’
1 2 1 2 o
A 4 3 400 300 50
B 6 5 100 200 40
C 8 2 300 400 50

6. Ha o6po0Oky Haxiinuia maptist 3 150 g01I0K, TOBXKHWHA KOXKHOI 3 SIKMX JOPIBHIOE
7,5M, ISt BUTOTOBJIEHHS KOMILIEKTIB 3 4 nomok. KoskHUIT KOMIIIEKT CKIIaga€ThCs
3 1 JOIIKHM JTOBXKUHOIO 3M, 2 JIOMIOK JIOBXKHHOIO 2M Ta 1 JOIIKH JTOBXKUHOIO 1,5M.
CxknagiTe TIaH PO3MUIIOBAHHS JIOIIOK, III0 MAKCUMI3Ye€ KUIbKICTh 1X KOMIUICKTIB.
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3MmicToBuii MmoayJab 8. MakpoekoHOMIYHI BUPOOHUYI pyHKIil

MeTa BHBYEHHSI 3MiCTOBOro MOAYJsl 8: HajgaTH CTyAEHTaM 3HaHHS MpO
CYTHICTb, IPU3HAYEHHS Ta METOJIU MOOYA0BH BUPOOHMUMX (DYHKIIIH, iX 3aCTOCYBaHHS
JUTsL MOJIETTIOBaHHS BUPOOHUYMX ITPOLIECIB.

IMnan

1. TlonsTTa BUpOOHMUOT (DYHKITII.

2. XapaKTepUCTHUKU BUPOOHMUOT QyHKIIIT

3. OaHopinHi BUpoOHMUY1 (PYHKIIII.

4. BupoOHu41 QPyHKIIT 31 CTAIOK0 €1aCTUYHICTIO.

Knrouosi mepminu ma nonsamms: BupooHu4a QyHKIIs, HEOKIaCUYHA BUPOOHUYA
GyHKIIA, MYyJIbTUIUIIKATUBHA BUPOOHWYA (YHKIIS, TPAaHUYHI HOPMH 3MIIICHHS,
€JIACTUYHICTh BUPOOHMUOT PYHKIIIT, 130KBAHTA, 130KJIIHAIID.

8.1. IlousATTA BUPOOHUYOI PYHKUIT
Bupobnuuorw @ynxyicro Ha3uBaOTh QYHKIIIIO, 1[0 BCTAHOBIIOE B3a€EMO3B’ 30K

MDK (akTopamMu BUPOOHUIITBA (IIpalel0 Ta KamiTajJoM) Ta HOTro pe3ysbTaToM Ha

MIEBHOMY PIBHI €KOHOMIYHO1 JAISJIHOCTI (MAMPUEMCTBO, PUHOK, Tally3b, EKOHOMIKA).

Hexait X — o0csr BUpOOHHIITBA y €KOHOMIUHIM cHUCTeMi, IO € 00’ €KTOM
nociipkeHHs, K — OCHOBHMI Kamitan (iHBeCTHIi y 3acobu BHpOOHHUIITBA), L —
BUTpaTH mnpaii. JisUIbHICTH I1i€] €EKOHOMIYHOI CUCTEMH MOHA OIUCATH 3 JOTIOMOTOIO

BUpOOHUYOT PyHKIii X =F (K, L), sKa y 3arajJbHOMY BHITQJIKy € HEIHIHHOO.

BupoOunuy ¢yHkmiro X = F(K, L) HA3HMBAIOTh HEOKIACUYHOIO, SKIIO BOHA €

TU(dEepeHITIHOBHOIO Ta 3a0BOJIBHSIE HACTYITHI YMOBH:
1) F (O, L) =F (K , 0) =0 — npm BigcyTHocTi xXo4ya O oOmHOrO 3 (haKTOPIB

BUPOOHUIITBA (TIpalli Y¥ KamiTanay) BUPOOHHUIITBO € HEMOXKIIMBUM;

oF oF .
2) 8—K>O,E>O — 3pOCTaHHA OOCSTIB BHPOOHUIITBA CYNMPOBOKYETHCS
3pOCTaHHSIM BUTPAT PECYPCIB,;
O°F  O°F . . : .
3) e <0, P <0 — mpw 30iTBIICHA]I BUTPAT PECYPCIB MIBUIKICTH 3POCTAHHS

BHUPOOHUIITBA CTIOBIILHIOETHCS;

4) limF (K, L)=limF ( K, L) =400 — MpU HEOOMEKEHOMY 3POCTaHHI OJTHOTO 3

K —+0 L—>+w

(dakTopiB BUPOOHUIITBA OOCSAT BUPOOHUIITBA HEOOMEKEHO 3POCTAE;

Bupo6Huuy ¢yHKIIiI0 BULY
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X =A K. L% (8.1)
HAa3HUBaKOTh MVﬂbmunﬂiKamMGHOIO 6MD06HMLIO}O d)VHKLtiGiO.

Koediuient A y (3.1) Ha3uBaIoTh Koe@iuicHmom HeumpanbHo20 MexHiYHO20
npoepecy, o, >0 ta a, >0 — koeiyicnmu eracmuunocmi 8ionogioHo 3a KANIMAIOM

Ta 34 Npayeio.
OxpeMuM BHMAJKOM MYJIbTUIUIIKATUBHOI BUPOOHMYOI (PYHKIT € BUpoOHHYA
¢ynxuisa Kod6a-lyrnaca:

X =A-K?- L. (8.2)

YactuuHi noxigHi BupoOHn4oi pynkmii X =F (K, L) 3a aprymeHtamu K Ta L

Ha3UBAIOTb  2PAHUYHUMU  egheKmusHocmAmMU  axmopie eupobnuymea. BoHu
JOPIBHIOIOTH MPUPOCTY OOCATY BUPOOHHUIITBA HA OAMHUIIIO MPUPOCTY BIAMOBIIHOTO
(dakTopa BUpOOHHUITBA, KamiTany (BUpOOHHYMX (HOHAIB) UM Mparli.

oF

YactuHHa mOX1IHA x 2panuyHa egexmuHicms GUPOOHUYUUX (DOHOIG

(epanuuna gponoosiooaua).

oF

YacTuHHa moxijaHa i 2PAHUYHA NPOOYKMUBHICMb NPAYi.

Jns  MynbTHIUTIKATUBHOI BUpOOHMYOi (PyHKII rpaHuyHa (QOHAOBIAIaYA
al: -1 a, : X -1 a
—=A-q-K®"- L™, cepenns ¢onnoBinmaua — =A-K*"L*. Takum unHOM,
oK K
rpaHuvHa (OHIOBIAIAYa MPOTOpIliiHA cepenHiid GoHAoBIAIAYl 3 KoedilieHToM
HOPONOPIINHOCTI ;. AHAJOrIYHO MOXHa IMOKa3aTH, 110 TPaHUYHA MPOJYKTUBHICTH
mpari  MpomopIiiiHa  CepelHid  MPOAYKTUBHOCTI  Tpalli 3  KoedillieHTOM
nponopiiiHocTI ¢, . Maemo:
oX X oX X
C oo T 8.3)
oK K oL L
3 piBHocreii (8.3) BurumBae, mo npu ¢, <1, a, <1 rpaanyni Biggadi GpaxTopiB MeHIIi,
HIDK CepeHi.
[Mpu o, <1, a, <1 ang MyABTUIUTIKATHBHOT BUPOOHUYOI (DYHKIIIT BUKOHYETHCS
O°F __ O°F
> <0,—;
oL
pecypcy WOro TpaHWYHA Bijjada 3MEHINye€Tbcs. MOXXKHA  JOBECTH, IO
MYJIBTUIUTIKATABHA BUpPOOHWYA (YHKIE Ma€ W 1HII BIACTUBOCTI HEOKIACHMYHOI
¢byHKI1ii, TOOTO BOHA € HEOKJIACUIHOIO.
Po3rnssHeMO e€KOHOMIYHY iHTepmpeTanilo mapameTpiB A, o Ta «,

TPETS YMOBA HEOKJIIACMIHOT () yYHKITI1: <0, ToOTO 31 3pOCTAaHHSAM BUTPAT

MyIbTUTUTIKATHBHOT BUpoOHMYOoi ¢yHKIii (3.1). Koedimiear A >0 neiTpanpHOTO
TEXHIYHOTO TMPOTPECY 3AICKUTh BiJl PIBHA PO3BUTKY TEXHOJOTIA y KOHKPETHIN
ekoHOMI4HIi cuctemi. KoedimieHT «; enacTHYHOCTI BUPOOHHULTBA 3a KamiTaJloM

MOKa3y€ HA CKUIbKHU BIJICOTKIB 3pic 00CSIT BUPOOHUITBA, SIKIIO BapTICTh BUPOOHUUMX
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(donaiB 3pocna Ha 1%, koeIIEHT &, €ITaCTUYHOCTI BUPOOHUIITBA 32 IIPALICIO IIOKA3Y€
Ha CKUIBKM BIJICOTKIB 3pic OOCAT BUPOOHHUIITBA, SIKIIO BApTICTh BUTPAT HA OIUIATY
npaiti 3pocia Ha 1%.
JUid oGuMcneHHs @ Ta ¢, MO>KHa BUKOpUcCTaTH (popmyiny (8.2), 3rigHO 3 SIKOIO

Ma€eMo:

o(InX) o(InX)

alz—:aK’ aZ :—:aL_
o(InK)) o(InL))

Jgxmo o, >a,, TO 3pOCTaHHS BUPOOHUITBA € IHTCHCUBHUM, Ipu Q; <,

CTIIOCTEPIra€ThCsi EKCTEHCUBHE 3pPOCTAHHSI.
PosrnssHemMo Temm 3poctaHHsS 00cATy BHpOOHMITBA y mepiog dwacy t+1
MOPIBHSIHO 3 MEP10JIOM Hacy t:

2

o a
X t+l _ Kt+1 L[+1

Xt Kt L[
ko nigHecTH 00UAB1 YACTUHH IIi€T pIBHOCTI IO CTENEHI —— , TO OyJIeMO MaTH:
a, +a,
1 o oy
ot oyt o ta
Xt+1 v — Kt+1 . . I‘t+1 v
Xt Kt Ll
. o, a,
BBiBIIM MO3HAYEHHS O = , =1-a, oTpumaemo:

o, + a, o + a,
a l-a

t+1 . Lt+1 (8 4)
< ) L
VY mpaBiii yactuHi piBHOCTI (3.4) MaeMO 3BaKE€HY CEpPEIHIO T€OMETPUYHY TEMIIiB
3pOCTaHHS BUTPAT PECYpPCiB, /¢ BaroBUMu KoedimieHTaMu « Ta l1—a € BITHOCHI
.. : : a, a,
Koe(DIIiEHTH eTaCTUYHOCTI (PaKTOpiB Ta .
a, +a, a, +a,

1
X oy +ay K

t+1

X

t

[lpu o, +a,>1 obcar BUPOOHUITBA 3pOCTae MIBUAILIEC, HDK Y CEPEAHBOMY
3pOCTarOTh (haKTOPU BUPOOHHUIITBA:

a l-a

1
X K |2 ﬁ ) Ly

t+1 > t+1

X

Xt Kt L[

TOOTO TeMI 3pOCTaHHS BUPOOHMIITBA OUIBIINN, HIK CEPEIHIA TEeMIT 3pOCTaHHS
daxropiB. Omxke, npu o, +a, >1 BupoOHMYA (YHKIIIS XapaKTepH3ye 3pOCTAIOTY

t

€KOHOMIYHY CUCTEMY.
I30keanmoro BupoOHWYOT pyHKIT X = F(K, L) HA3WBAIOTh JIIHIIO PIBHA i€l

¢ynkiii Ha koopauHaTHiK miomuHl OKL . OTxe, pIBHSIHHS 130KBaHTH Ma€ BUTJISI:
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F(K,L)= X, =const.

JUist MyIbTUIUTIKATUBHOT BUPOOHUYO1 (DYyHKILIIT PIBHAHHS 130KBAaHTH Ma€ BUTJISL:
A-K*%. L% =X, =const .

1
=K = X L”‘1
A L2 A A

OTtpumainu piBHAHHS rirepooIu, aCUMIOTOTAMHU SKOI € OC1 KOOpAUHAT.

3BiACH 3HAXOIUMO:

Kal — XO _&L—aZ

—c.L* =2
al

Jns pizHux 3HayeHb K Ta L, po3TamoBaHMX Ha OJHIM 130KBaHTI, 0OCST
BUPOOHMIITBA € CTalIUM, TOOTO TYT pecypcu K Ta L 3aMiHSIOTH OJIMH OJTHOTO.
Ockinpku Ha i30kBaHTI F ( K, L) = X, =const, To Ha 11iif KpUBiii Maemo:
oF oF
dF —a—dK 8_dL 0. (8.5)

YacTuHHI TOXIIHI 2—:2 >0, Z—E >0, Ttomy y piBaocTi (8.5) nudepenmiamn dK ta dL

MaroTh pi3Hi 3Hakd. Skmo dL <0, TOOTO CKOpOUYYIOTHCS BHTpATH Ipalli, TO JJIs
30epeKCHHsI BUPOOHMIITBA HA CTAJIOMY PiBHI MOTPIOHO, 11100 BuTpaTH Kamitany dK >0
3MEHIIICHHS] BHUTpAT TMpaii Ha BEIUYUHY ‘dL‘ MOBHHHO KOMIICHCYBaTHUCS

30UTBIIICHHSIM 1HBECTHIIIH Y BUpOOHWY1 (DOHIU HA BETMUUHY |dK| .

8.2. XapakTepucTUKH BUPOOHUYOI PyHK T
Binnomennss moxayniB audepeHnianiB  (HakTopiB BHUPOOHHUIITBA HA3UBAIOTh

2PAHUYHOIO HOPMOIO 3aMiuyeHHss OTHOTO (aKTopa IHIINUM:

oF
SK ‘((jj}lf‘ dL 8F/L — I'PaHUYHA HOpMa SaMlﬂleHHﬂ npaul Kal'IlTaJIOM
L oK
oF
‘dL‘ / oK _ rpaHUYHA HOPMa 3aMIIIeHHsI KaIliTaxy Mparero.
S| dK 8F/L

IIpn upomy Sy

s, =1.

3HaiIeMO TPaHWYHI HOPMH 3aMIMICHHS I8 MYJbTUIUIIKATUBHOT BHPOOHUYOT

byHKITII.
g_E:A-Kal .aZ.Lﬂlz—l’ 2_E:Aal Kal_l'l_az .
oF oF
Toni /L ﬁ - A ﬂ_
A S = N ST
5K % /L &,

JIinii HaOIBIIOrO 3pOCTaHHS BUPOOHUYOT (DYHKIIIT HA3UBAIOTH 11 I30KIIHAIAMU.
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OCKUTbKM HampsiM HaWOUIBIIOrO 3pOCTaHHsA (YHKIIT 30ira€eTbCs 3 HAOpPSIMOM il
rpajileHTa, a rpaji€eHT (QYHKIII € OPTOrOHAJIBHUM J0 il JIIHIA PIBHS, TO 130KJIIHANI
BUPOOHHUYOT QYHKIIT € OPTOrOHATBHUMU 0 ii 130KBaHT.

. . oF oF : . .
['panmient BupoOHMYOi (ynkmii grad X = KoL) TO PIBHSHHS 130KJIIHAMI1 Y
nudepeHIiabHIN popMi MOXKHA 3aMUCATU Yy BUTJISAIL
dK dL
= : (8.6)
oF oF
AK oL

3Haii1IeMo 130KJIiHaNIl MYJIbTUILTIKATUBHOT BUpOOHUYOi (yHK1ii. [lincTaBuBmIN
BUpa3u JUIsl YACTUHHUX MOXITHUX

8_F: A-K%.q, L% =q, 5 6_F: A o - KAt L% :al.l
oL L oK K
y (8.6), orpumaemo nudepeHiiianbie pIBHAHHS:
K-dK L-dL
o a,

[HTerpyroun JiBy 4acTUHY pIBHSHHS 3a 3MiHHOIO K, a mpaBy 4acTUHY — 3a
3MIHHOIO L, OTpUMYy€EMO PIBHSHHS 130KJI1HAJIEH y BUTJISIL

2 2
K_a bl cok- A2 sa,
2 a, 2 a,

2 O 2 ) )
e a=K; -—tLg, (KO, LO) — KOOPJUHATH TOYKH, Yepe3 SIKy IPOXOAMTH i30KIiHAb.
2

. . o . . a,
[Tpu a =0 piBHSAHHSA 130KJIIHAII — 1€ PIBHSAHHSA npsiMoi K = [— - L.
aZ
[lepefineMo y MyJNbTHIUTIKATHBHIA BUPOOHWYIN GyHKIIT 70 O6€3po3MipHUX
BenuunH. Hexait X,, K;, L, — 3HaueHHs 0Ocsary BUpOOHHIITBA Ta BUTPAT PECYpCiB
(BupoOHMUMX (akTopiB) y 0OazoBoMy pomi. Toal MYyJIbTHIUIIKATUBHY BUPOOHHUY

G yHKITIIO Y BITHOCHUX MTOKa3HUKAX MOYKHA 3alMCaTH y HACTYITHOMY BHUTJISII:

X (k)Y 6
XO KO LO
X o K - L -~ o
[Moznaummo — =X, — =K, —=L. Tomi piBHicTs (3.7) MOXHa 3amucaTe y
XO KO LO

BUTJISL:
X =K=[*, (8.8)
3HaiiieMo €pEeKTUBHICTh €KOHOMIUHOI CHCTEMH, JISIBHICTh SKOi OMHCYETHCS
BupoOHWYOor0 ¢yHKmiero (8.8). Ilinm egexkmusnicmio po3yMmitOTh BiIHOIICHHS
pe3yNbTaTy J0 BHUTPAT, MOHECEHWX HAa WOr0 OTpUMAaHHsS. Y BHPOOHHUIA (DyHKIT
NPUCYTHI JBa BUIM BUTpaT: BUTpartd mpami L Ta Butparn xamitany K. V
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BIIMOBIIHOCTI 3 IUM PO3PI3HSAIOTH JIBA YACTUHHUX MOKA3HUKHU €()EKTUBHOCTI:

7<1| >
|

gonoosiooaua, % — NPOOYKMUBHICMb NPayi.

VY3araabHEeHUM MOKa3HUKOM EKOHOMIYHOT €()EKTUBHOCTI € 3Ba)KeHa CepeHs
r€OMETPUYHA YaCTUHHUX IMOKA3HUKIB, SIKY HA3UBAIOTh KOeQpiyicHMoM eKOHOMIUHOI

eghexmueHocmi':
X~ [24 X~ 1-a
E =| = | —= y (89)
K L
o, a, : .
e a= , 1-a= . BaroBi koedimienTh o Ta l—o Ha3uBaIOTH
a, +a, o, +a,

BIOHOCHUMU e1aCMUYHOCHAMU.
3a nomoMororw KoedilieHTa eKOHOMIYHOT e(peKTUBHOCTI BUPOOHHYY (DYHKIIiFO
(8.8) MoxkHa 3amKcaTH y BUTJISII:

X =E-K*.[*, (8.10)
VY (3.10) koediuient E He € cranoro BeauunHoo: E=E ( K, E)

ITin macuwumabom supobHuymea M poO3yMIIOTH CEPEAHIO BEIMUUHY BUTPAYCHUX
pecypciB:
M =K. [, (8.11)

3 (8.10) Ta (8.11) BumIMBae, moO oOcCSAT BHUPOOHMITBA X JOPIBHIOE HOOYTKY
koe(dirieHTa eKOHOMIYHOT €()eKTUBHOCTI Ha MacIITabd BUPOOHUIITBA.

8.3. OnHopiani BUpoOHUYi PyHKIi.
Bupobuuuy d¢yakmito X =F (K, L) HA3UBAIOTh OOHOPIOHOIO BUPOOHUUOIO
@yHKyicio_cmenens y , SIKIIO
F(ZK,/IL):/VF(K,L). (8.12)
Hampukman, MynpTHIUTIKATHBHA BUPOOHWYA  (QYHKISL €  OJHOPITHOIO
BUPOOHNYOIO (QYHKIIIEIO CTETIEHS ) = &) + (,, OCKUIbKHU
F (ZK,AL) = ALK B A% L2 = 172 AK L2 = 472 F (K, L) :

OTtpumaemo Bupa3 Ui TPAaHUYHOI HOPMHU S, 3aMIIIEHHS Mpalli KamiTajaoM JJis

OJTHOP1THOT BUPOOHUYOT byHKITI. v IbOMY BUIMAJIKY
F(K,L)=L"- F(%,lj: L' f (k), ne k :% — ounoosbpoenicts, f (k)= F(%,lj.
3HaIeMO YacTUHHI ITOXIIHI — Ta 6—F Bpaxosyroun, mo K =—, 3Haxogumo:
oL oK T PARORYIoTL L’ '
K

(Z_E:y- L (k)= L (k) =L (7 f (k) k- £/(K)),
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F_v. f’(k)-%:LV‘lf’(k).

oK
OTxe, rpaHMYHA HOpPMA 3aMIIIEHHS Ipalll KariTalioM Ma€ BUTJISIAL
aF/
_ oL _7- f (k) _k
=3/ f'(k) : (8.13)
oK
Takum unHOM, TpaHMYHA HOpPMA S, 3aMILICHHS Mpall KamiTajaoM € (yHKII€0 JIHIIe
(b oHI0030pOEHOCTI.
Jist ogHOpIAHUX BUPOOHMYMX (YHKIIA BBOJUTHCS MOHSATTS €IACTUYHOCTI
3aMIIIEHHS Mpalll KariTajoM:
dy
K (8.14)

O, = .
K ds,
SK

s BenmuumHa BKa3ye, Ha CKUIbKM % TOTPiOHO 3MIHUTH (OHI0030POEHICTDH, 1100
JOCSTTA 3MIHU TPAHMYHOT HOPMHU 3aMIlllEHHs Mpalli KamitaioM Ha 1%. AHanoriyHo
BBOJAUTHCS TOHATTS €JACTUYHOCTI O, 3aMillleHHs KamiTany mpaimer. MoxHa

HoKa3aTH, [0 O, =0 =0 .

[Tokaxkemo, 110 711 MYJBTUILTIKATUBHUX BUPOOHUYNX GQYHKIINA o =1. Y oMy
BUITIAJIKy 00CAT BUPOOHUIITBA

X :F(K,L):A-K%-L“z,

8.4. Bupoouuui pyHKIii 3i cTa/1010 €J1aCTUYHICTIO
BupoOuuui GpyHKIIil, 11 SKHMX €JIaCTHYHICTD 3aMIIICHHS € cTaoi ( o =const),

Hi

Ockinbku y UbOMY BUMAIKY o= W =const, TO Ma€MO:

HazuBaTh CES -dyHKIisIMHY.

ds dk
—=——=Ins==Ink+InC. 3 ocranHpoi piBHOCTI 3HAXOIMMO, IO TI'PaHHYHA
s o-k o
1

HOpMa 3aMilleHHs Y JaHOMy BUaky mae Burisis: S=C -k, xe C — craa.
[TincTaBuBmu oTpuManuii Bupa3 miast S y (8.13), snaitnemo Bupas mis CES -

1 . '
dbynkIii. Maewmo: C-ke :w—k. 3BiAcH 3HAXOAMMO, IO f (k) = 17/ .
f (k) f(k) Ck;+k
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[HTerpyroun 0oOWMIBI YACTWHU OCTaHHBOI piBHOCTI, orpumyemo (C, — crana
IHTErpyBaHH):

o-1

o1
Inf=""1n C1£C+k o }

3Biacu Bupas aas | (k) Mae€ BUTIS;

yo
o1 o1

f(k)=C|k° +C

X :
BpaxoBytouw, mo K = T f= T 3HaxouMo Bupa3 st BupooHnuoi CES -dynkiii

y BUTJISAL
ye
o1 %4 o-1
X = Cl[K +CL J :
: l1-c 1 1
BBiBiIM nozHaueHHs p =——, i1 =a <1, Cl(C + 1) p = A, oTpuMyeMO BUpA3 JIs
+
CES -dynkuii yepe3 K ta L y BurIsi:
7
X =F(K,L)=A-(aK” +(1-a)L? ). (8.15)

[Ipu y =1 ta 0 —1 CES-dynkiis npsmye no BupooHndoi Gpynkiiii Ko66a-/lyriaca.
KpiM po3riissHyTOi MYJIBTUILTIKATUBHOT BUPOOHWUYOT (YHKINT Yy €KOHOMIYHHX
JOCJTIJDKEHHSIX YacTO 3yCTPIUarOThCs NiHilHa supodonuda ¢yukyis X =A-K+B-L, a

TaKOX 6UPOOHUYUA PYHKYIA muny «sumpamu-éunycky X =mMmin {X’E}’ ne AtaB -

B1IOM1 KOHCTAHTH.

VBIiBIIM y MyJIbTUILTIKATUBHY BUPOOHUUY (YHKIIiI0 MHOXKHHUK e”, ne A — Temn
3pocTaHHsS (PYHKIIIT 32 paXyHOK IHTEHCUBHHX (DAaKTOPiB (BIOCKOHAJIEHHS TEXHOJIOT1I,
IiABUIICHHS KBadidikaiii MpaiiBHUKIB TOIO), OTPUMYEMO GUPOOHUYUY DYHKYIIO
Tinbepzena: X =A-K*-L”.e*. Ilpu gocnixeHHsAX BILIMBY (haKTOPiB BUPOOHHUITBA
Ha HOTo 00CAT 3yCTPiYatOThCs TAKOXK 1HIIT TUITH BUPOOHUYUX (PYHKITIH.

Buxopucrapmu amapaT BUpOOHHUYUX (YHKITINA, MOKHA OLIHUTHA €(EKTUBHICTH
BUPOOHHUIITBA Ta BIOCKOHAIUTH MPOIIEC TUIAHYBAHHS BUPOOHUYOT TISITHHOCTI.

IuTanusa 151 CAMOKOHTPOJIIO 10 3MiCTOBOI0 MOIYJisl 8
1. ChopmymnroiiTe 03HAYCHHS] BUPOOHUYOT (PYHKITII.

2. BkaxiTh mpu3HaYCHHS BUPOOHWYINX (DYHKITIH.
3. HaBeniTh 03Ha4YCHHS HEOKJIACHYHUX BUPOOHHUNX ()YHKITIH.
4. Hanaiite o3Ha4eHHS MYJbTUTDTIKATUBHOT BUPOOHNYOT (DyHKITI1.

5. 3anumiith BUpoOHuuy dyskuiro Kob66a-/yriaca?
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6. Po3kpuiite 3MICT rpaHUYHUX €(PEKTUBHOCTI (paKTOPIB BUPOOHUIITBA?

7. HaBeniTe popMynu 1151 OOYMCIEHHS IpaHUYHOI (POHAOBIAIAY1 Ta TPAHUYHOL
MPOJAYKTHUBHOCTI IMpalli.

8. Hapenith mnpuknag BUPOOHMYOI (YHKLII, IO XapaKTepU3ye 3pOCTaIOuy
€KOHOMIYHY CUCTEMY.

9. Hapaiite 03HauY€HHS 130KBAHTHU Ta 130KJI1HAIIL.

10. TlosicHiTh, SIK OOYHMCIIOIOTH TpPAaHUYHY HOpPMY 3aMILIEHHS (aKTOPiB
BUPOOHHUIITBA.

11. HaBenith 03HauY€HHS MaciITady BUPOOHHULITBA.

12. TlosicHITb, IK OOYUCHIOIOTH €(hEKTUBHICTh BUPOOHUIITBA.
13. HaBeniTes mpukiiag oAHOPIIHOT BUPOOHUYOT (DYHKITI.

14. Hanaiite o3nauenust CES-¢dyHnkiii.

15. HaBeniTh npukiIaau HEMIHIMHUX BUPOOHUUUX (PYHKITIH.

3aBIaHHA )i CAMOKOHTPOJIIO 10 3MiCTOBOI0 MOIyJisl 8
1. JIns niniiinoi Bupoonuyoi ¢pyukuii X =a-K+b-L, a>0, b>0 nobyxayiite
1300KBaHTH ¥ 130KJI1HAN1. 3HAUTH HOPMHU 3aMIILIEHHS Ipalll KaliTajJoM S, Ta KamiTaiy
npaLero S, .

2. BuzHauuTu rpaHudHy GOHIOBIAAAYY Ta TPAaHUYHY MPOAYKTUBHICTH Mparli y
€KOHOMIUHIM cucTeMi, (PYHKI[IOHYBAaHHS SIKOi OMHUCYETHCS BUPOOHWYOIO (YHKIIIEIO

X =F(K,L)=1500-K**- 1", sKkmo BapTicTh OCHOBHHX BHUPOOHMYHMX (HOHIIB
K =3200 y.r.o., Burpatu Ha ormaty npami L =1000 y.r.o.

3. Jna BupoOHmuoi ¢ymkuii X =1200-K°*.1*° BusHauuTh enmacTHUHICTB

BUPOOHMIITBA 32 TIPAIICIO TA 32 KaITITAIIOM.

4. Bupobunua ¢pyHkiis mae purisin: X = 0,931 K% . 2%

. 3a neskuit mepio
gacy ob6csar BHUpoOHUIITBa 30UtbmuBcs y 4,08 pa3u, ocHOBHI BUpOOHWYI HOHIU — Y
6,62 pa3u, KUIBKICT MpaIiBHUKIB — y 1,79 pa3u. BuzHauiTh, sKa 4acTHHA 3pOCTaHHS
00csTy BUpOOHUIITBA MOSCHIOETHCS 3pOCTAaHHAM HOro Macimrady, a sika — 3pOCTaHHIM
1oro eeKTUBHOCTI.

5. 3amumiiTe piBHSHHA 130KIiHANEH N1 BUPOOHWYOI (QYHKIIIT 3 MONEPEIHBOTO

MIPUKIIATY.
) . . |K L
6. BupoOuuya ynkiris JIeoHThEBa BUBHAYAETHCS PIBHICTIO X = MIN{ —, NE ne
a
a ta b — BiamoBigHa KITBKICTH OMMHUIIG KAIIiTATy Ta OAWHHIIH IIPaIli, HEOOXITHUX JIJIs

BUPOOHUIITBA OMUHHMIN TTpoaykKilii. [loOyayiiTe 130KBaHTH Ta 130KJIiHAII BHPOOHUYOT
¢yuxkiii Jleoutsesa mpu a=>5, b=3.
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