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ILnan
[Ipoctip ToBapiB. Bektop 1iH.
CratruHa MOJI€NIb MIKTaly3eBOro OanaHcy.
Jliniitna Mozens 0OMiHY (MIXHAPOAHOI TOPT1BII1)
METO/11B AaHAJIITUYHOT reoMeTpil
[ToHATTS OIOAXKETHOT MHOXKHHHU

abrwdE

Knrouosi mepminu ma nowsmms:. ToBap, MPOCTIPp TOBAPIB, 1HIEKC CIIOXKHUBUUX
I11H, MoJie b JICOHThEBA, MIKTAITy3€BUN OajaHC, TEXHOJOTTYHA MAaTPUIIL, KOS(IIIEHTH
OpsIMUX BUTpAT, MPOAYKTUBHA MATpPHI, JiHIMHA MOJENb MIKHAPOJIHOI 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 WiH. Ilim mosapom poO3yMIlOTH 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=1,
2, ..., n. Jleskuii HaOip WX TOBapiB MOXKHA 3alMCAaTH Yy BUIIIAI BEKTOPY
¥ =(x,%,,.s,), %, 20,i=1,2,...,n. MHOKUHY BCiX HabOpiB TOBapiB Oynemo
Has3uBaTH npocmopom mosapie C. KoXHUW TOBap Mae TEBHY JOJAaTHY IliHY.
[To3Haunmo 11iHY i-rO TOBapy pi, i=1, 2,..., n. Bekrop p :( PP, pn) Ha3UBaIOTh

eexmopom yin. Jlns Habopy TOBapiB X =(x,,X,,...,x,) PO3IJIAHEMO BEKTOD

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

p-¥=2 px =C(X)
i=1

BU3HAYAE 1iHy HAOOpy TOBapiB X .

InOexc cnoowcueuux yin XapakTepusye 3MiHY y 4aci 3arajibHOTO PIiBHS IIIH Ha
TOBApH Ta MOCIYTH, SKI KYIIy€ HACEJICHHS /11 HEBUPOOHUYOTO CTIIOKUBAHHSI.

Hexai g=(q,,q,,...,q,,) — BEKTOp 00CATY CIOXHBYHX TOBAPIB YW MOCIYT,

P, = ( P11y Pizs--s plm) — BCKTOp HIH Yy IIOTOYHOMY MICAI], P, = ( Po1s Pogs-ees pOm) -
BEKTOD IIiH Y IMOMIEPETHBOMY MICSIIL. [HOeKcoM cnodicusuux yin y BiICOTKaX Ha3MBAIOTh
BEJIMUMHY



i =219 10006.
Po-d
3 wmi€el piBHOCTI BHILIMBAE, IO 100, -§=i,P,-g a00 (1OOEl - ipﬁo) -0 =0.
OtpumaHa piBHICTE CBIXYHTE, IO IHACKC CIOKUBYMX LIH j, MOXHA BH3HAYaTH SIK
YHCITOBUH KOCDILIEHT, IPH SIKOMY BEKTOp { OPTOrOHaIBHHUIL 10 BEKTOPY 100, —i, P,
. Inpexc 1A 00YnCTIOTh 32 (OPMYJIIOH0:

(ﬁl _1_70)'57
Po-q

Hpuknaax 2.1. Butpatu ¢ipMu Ha pecypcH, siIKi 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 ainreOpu. BBenemo BEKTOp BUTpAT pecypciB Ha BUTOTOBJICHHS
OJIMHULII MPOJYKIIIi Ta BEKTOP I1H 32 OJUHUIIIO BIJIMOBITHUX PECYPCIB

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

i=i,~100=100

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

BapricTs excruryaranii | 0,7 MammmHO-TO 15
oOJ1aTHaHHS

Po3B’si3anHs. BBeneMo BEKTOp BHUTpAT pecypciB Ha BUTOTOBIICHHS OJUHHILI
HOPOAYKINii X = (200;500;0,65;0,7) Ta BEKTOP I1iH 32 OJTMHHUIIIO BIJIMOBITHUX peCcypciB
P =(3;5;10;15) .BapricTh BCiX pecypcis, M0 BUKOPUCTOBYIOTHCS JJIsi BUTOTOBJIEHHS
OJIMHUIII IPOIYKIIii, TOPIBHIOE X - p . MaeMmo:

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

Hpuxknan 2.2, Komepuiiauii 6aHk, mo ¢QiHaHCye  OymiBHUIITBO
0aratokBapTUpPHUX OyIMHKIB, OTPUMAaB Ha OJIUH PIK KPEAUTH BiJ TphOX OaHKiB. BoHu
Hajanmu Kpeautu y po3mipax 200 Tuc. r.0., 300 THC. T.0. Ta 400 THC. T.0. TIA PiUHI
MpoLeHTHI cTaBku BignmoBiaHO 40%, 25% T1a 30%. BuszHauuth cymy, sIKy mOTpiOHO
BUILJIATUTH 32 KPEIUTOM Yepe3 Pik.

Po3p’sizanust. Bekrop kpemwutiB X =(200,300,400), BEKTOP MPOLEHTHUX

CTaBOK p =(1,4;1,25;1,3). Cyma BUIIATH 3a KPETUTOM CKIIA/Ia€:
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 CITOKUBYOT'O KOIITHKA, IO CKIATAETHCS 3 TPHOX BHJIIB TOBAPIB TA MOCIYT, IS
MIOTOYHOIO Ta MOMNepeIHbOro MicsiiB. HeoOxinH1 naH1 HaBeneHOo y Tabmuii 3.2.



Po3p’si3anns. Bekrop 00csry COKMBYMX TOBApiB { = (3;10;2), BEKTOP ILiH Yy
IOTOYHOMY MiCAIl  p, = (4000,2000,4000), BEKTOp LiH Y MONEPEAHBOMY MicsIll
JIOPIBHIOE B, = (3500,1800,4500).

Po3paxyemo iHAEKC 1IH:

i - @ 100% — 4000-3+2000-10+4000-2 -100% =106, 7% -
P, -0 3500-3+1800-10 +4500- 2
Iapexe bW ; =i, —100% =106, 7% —100% = 6, 7%

Ta6auusa 2.2. BapticTb TOBapiB Ta MOCTYT CIOXKUBYOTO KOIIMKA Y TOTOYHOMY
Ta MONEPEAHLOMY MICSIISIX

Toap OO6csr ToBapy | Llina ogunwMIll TOBapy [{ina onuHMII 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. CTaTH4HA MOJIeJIb Mi’KTaJIy3eBoro 6anancy (Mojaesib JIeOHTHEBA)

PosristHemo cTaTuuHy JiHIAHY MOJIENb 0araTorany3eBoi eKOHOMIKUA. Y OCHOBY

Ii€T MOJIETi TIOKJIaICHO HACTYITHI MPUITYIICHHS.

1. YV exoHOMIUHIH cucTeMl, 10 € 00’ €KTOM MOJICIIOBAHHS, BUPOOJISIOTHCS Ta
CIIO’KMBAIOTHCS N TOBApIB.

2. Kosxna raiy3p BUpOOJIsi€ JUIle OJWH TOBAp, Pi3HI Taly31 BUPOOJISIOTH Pi3HI
TOBapH.

3. Ilig BUpOOHUYHMM IIPOILIECOM Y KOXKHIM Taiy3i po3yMit0Th IEPETBOPEHHS JEIKUX
TOBapiB y OJAMH TOBAp, MPU LIOMY BUTPATH CUPOBUHU HAa BUPOOHHUIITBO OJIMHHIII
TOBapy 3aJUMIAIOTHCA HE3MIHHUMU.

Hexail x; — oOcsir BAPOOHHIITBA i-r0 TOBapy 3a IUIAHOBUM Iepiox (pik), a,, —

KUTBKICTh OAMHHUILG |-TO TOBApYy, SIKY MOTPIOHO BUTPATUTH HA BUPOOHHUIITBO OJUHUII
] -ro toBapy, 1=1...,n, j=1..,n. BenuunHa X, CKIAJA€THCS 3 ABOX YACTHH: 0OCST

BUPOOHMIITBA, IO BUTPAYAETHCS HA BUPOOHHUI MOTPEOU Ta 0OCAT BUPOOHMIITBA, 11O
BUTPAYAEThCsl HAa KiHIIEBE (HEBHUPOOHWYE) CIOXKHUBAHHSA. BHUXomsunM 3 TpUITYIIEHb

n
Mozeni 1 — 3, BUpoOHUYE CIIOKUBAHHS | -TO TOBApY BCIMa raixy3siMU JIOPIBHIOE Zaijx j
i

, TOMY YHACT€ BUPOOHUIITBO -0 TOBapy, MPU3HAYCHE /I KIHIIEBOTO CIIOKHBAHHS,

n
CTaHOBUTH X —Zl“aijxj , 1=1...,n.
J:

SIKo0 TPUPIBHATH YKCTE BUPOOHHUIITBO KOXKHOTO |-TO TOBAapy Ta KIHIIEBUUN
HOIUT Y, Ha Liel ToBap, TO OTPUMAEMO CUCTEMY JIIHIHHUX anreOpaiuHuX pPiBHSHb:

xi—;aijszyi, i=1..,n. (2.1)
=

3



Cuctemy (2.1) HazuBarwTh Mmodennto Jleonmvesa abO cmamuuHow NIHIUHOWO
Mooenno_midxceanyzeeo2o banancy. Bennaunu y, y cucteMi (2.1) € 3a1aHUMH.

Otxe, Mozenb JICOHThEBA € CUCTEMOIO 3 N JIHIKHUX aNreOpaiyHuX PiBHAHD 3
N HeBigoMuMH. Cymuicmsb moodeni Jleonmvesa noasicac vy 6UBHAYEHHI _00Cs2i6
6a106020 BUPOOHUUMEA 2AIY3€ll 34 8I00MUM KIHUEBUM NONUMOM HA IX NPOOVKUIIO HA
OCHOBI __OQHUX __NpO __MEXHOJNO2IYHI __MONCIUBOCI __ 2aNy3el,  8i000pANCEHUX
Koedhiyienmax sumpam a, cucmemu (2.1).

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.

Bennuunau x;, Ta y, MOXHa 3a7aBaTu y BapTICHUX a00 HAaTypaJlbHUX OAMHULAX

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 BUPOOHMYHMX IOTped y ] -if ramysi, z, — YMOBHO 4KCTa
OpOAYKIis J-1 raimy3i, IO BKJIIOYA€ KIHIIEBE CIOKMBAaHHS, OIUIaTy TMpaii Ta

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

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

I"amy3i — BUpoOHMKH lNanysi — cnoxkuBadi | Kinnesuii Banoswii
1 2 ... | n | OpomyKT MPOJYKT
Xll X12 s Xln yl Xl
X21 X22 s XZn y2 X2
n an Xn2 e Xnn yn Xn
YMOBHO 4uCTa MPOAYKITIA | Z; Z, |...|z n n
Y=
i1 -1
BanoBuit mpoykr X, X, || X, n n
X=X,
i1 -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:

X; :Zn:xij+zj, j=12,..n. (2.2)
i=1

AHaNI3yI0un cXeMy MDKTrary3eBoro 0amaHcy 1Mo psiakaM, MA Oa4rMo, 10 BajoBa
MPOIYKIliA KOXKHOI Talmy3i — BUPOOHMKA JOPIBHIOE CyMi MarepialbHUX BHTpAT ii
rajgy3eil — CIIO)KMBadiB Ta KIHIIEBOI MPOIYKINl JaHOI Tamy3i, NMPU3HAYCHOI IS
KIHIIEBOT'O (HEBUPOOHHUYOI0) CIIOKUBAHHS:



X =D %+, i=1..n. (2.3)
j=1

®opmynu (2.3) ONUCYIOTh CUCTEMY 3 N PIBHAHD, K1 HA3UBAIOTh PIBHAHHAMMU
pO3MOALTY MPOAYKIII Trajmy3ed wmaTepiaJbHOrO BHUPOOHHUIITBA 3a HaNpsIMaMH
BUKOPHUCTAHHS.

banancoBuii xapakrep Tabmuii 2.3 MIKIamy3eBOro OajlaHCy BUPAXKAETHCS Y

TOMY, III0 BUKOHYIOThCSI PIBHOCTI
n n n

n
Zyi :sz’ in :ij :
i S i1
OCHOBY MaTeMaTU4HOI MOJEII MIKIaay3eBOro OalaHCy CKIamae mampuus A
xoegpiyienmie npamux eumpam a, 1=1..n, j=12,..,n. [i HasuBaOTH TakoX

MEexXHOI02TUHOI0 mampuyero. KOG(I)IL[ICHT [IpAMHUX BUTpAT &; ImokKasye, ska KUIBKICTD

OpOoAyKIii -1 ramgy3i moTpiOHa (SKIIO BpPaxOBYBAaTHU JIMILIE MpsSMiI BUTpPATH) IS
BUPOOHUIITBA OJUHHUII TPOAYKILii | -1 raiysi, TOMy BUKOHY€ETBCS PIBHICTS:

a =2 i=1..n, j=12,..n. 2.4)

ij
X.
j

BuznauuBmm Kkoedili€eHTH TEXHOJOTIYHOI MaTpuil A, MU THM CaMuM
Bu3Hauaemo koedimientr momeni JleontreBa 3. 1). Y marpuuniii popmi 110 MOAEIb
MO>KHA 3alUCcaTH Y BUTJISIIL:

X =AX +Y, (2.5)
ne X' =(X1,X2,...,Xn), ' =(y1’ Yoo Yn)-

Cucremy (8.5) MoXHa 3anucaTu y BUTIISAII:

(E-A)X =Y, (2.6)

e E — oguHU4YHA MaTpUILIS.
3 (2.6) MO’KHA BU3HAYUTH BAJIOBY MPOYKIIE€I0 X BCIX rajy3ei:

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

-1 . .

yT (E - A) — Mmarpuiis, obepreHa 10 (E — A)¥. Hexail B = (E — A)*. Toxi
(2.7) nabysae Burisimy X =BY , 7¢ MaTpuiio B = (E — A) 'Ha3uBalOTh Mampuyero
noenux_sumpam, a i KOMIIOHCHTH b, HAa3HBAIOTb KOCQIYICHMAMU NOGHUX GUMPAN.

Bonu moka3yiooTh, CKUIBKH BCHOTO HOTp16H0 BUPOOUTH TPOAYKI i-1 ramys3i amns
BUPOOHMUIITBA OJWHHMII NPOAYKLii J-1 Tramysi, NpU3HAYEHOI JUIA KiHIEBOIO

CIO>KUBAHHS.
[TmanoBi po3paxynku 3a popmynamu (2.7) MarOTh CEHC Y TOMY BHIAJKY, SKIIO
Il pO3paxyHKH TO3BOJISATH OTPUMATH PO3B’si3aHHs X, >0, 1=1,...,N.

HeBin’emMHy MaTpuito A Ha3UBAIOTh NPOOYKMUBHOK, SAKIIO ICHYE TaKui
HEB1’€eMHUH BEeKTOp X , IO
X >AX. (2.8)
YmMmoBa (2.8) o3Havae, 1Mo I MojIelli MikKramy3eBoro oamancy (2.1) icaye Bexktop Y
KIHIIEBOI MPOAYKIIIi 3 JOJJaTHUMHU KOOPAHUHATAMHU.
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Js Toro, mo0 martpuusg A mOpAMHX BUTparT y Moneni JleoHTheBa Oyna
MPOAYKTUBHOIO, HEOOX1HO, 11100 BUKOHYBaJacsa xoua 0 0JHa 3 HACTYITHUX YMOB.
1. Matpuist (E — A) € HEBIZI’€MHO OOOPOTHOIO, TOOTO ICHY€ OOEpHEHA MaTpHUIlA

= . .
(E - A) , BC1 €JIEMEHTH SIKOI € HEB1] €EMHHUMHU;

2. Marpuunuii psiax E+ A+ A2 +....+ A +...= Z A € 30DKHUM, TPUYOMY HOTO
k=0
. -1
CyMa JIOpiBHIOE (E — A) ;
3. Haii6inbIe 3a MOyJieM BIIacHE 3HAYEHHS A MaTpulli A€ MEHIIMM 33 OJHHHUIIIO;
4. Bci rojioBHI MIHOPHY MaTpHITi (E — A) € TOIaTHUMH.

binbi npoctoro , ane auie J0CTaTHHOI YMOBOKO IPOAYKTUBHOCTI MaTpuLl A
€ OOMEeXEHHS Ha BEJIMYMHY HAHOUIBIIOI 3 CyM €JIEMEHTIB MaTpulll A Yy KOXKHOMY
CTOBOLI1: AKIIO CyMa €JIEMEHTIB KO’KHOTO CTOBIIIISI MAaTPUIl A MEHIIA 3a OJUHUIII0, TO
MaTpulsl A € IPOJYKTHUBHOIO.

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

P-AP=0, (2.9)
ne P’ =(p1, pz,...,pn) — BEKTOp I[IH Ha TOBapH, A — TEXHOJIOTIYHA MATPHUL,

O = (gol, (pz,...,(z)n) — BEKTOp JI01aHOT BAPTOCTI HA OJIMHUITIO TOBApPY.

Cuctemy (2.9) Ha3uBaIOTh npubymMKo60w, K0 BC1 €IEMEHTH i1 PO3B’SI3KYy —
BeKTOpYy P € HeBin eMHUMH. [IpoiyKTUBHICTH MaTpulll A 3abe3nedye mpuOyTKOBICTb
cucremu (3.9).

PosrnsiHemo npukian moOymaoBy Ta 3acTocyBaHHs Mojei JIeoHThEBA.

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

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

Busznaunt HeoOXigHUN 00CST BaJIOBOr0 BUPOOHHUIITBA y KOXKHIM Tairy3i, sSIKIIO
KIHIIEBE CTIOKUBAHHS MPOIYKIII] ramy3i A MOBHHHO 30UIBIIUTUCSA yIBIYi, a Taly3i B —
3QJMIITUTHICS Ha TIOTEPEHFOMY PiBHI. 3HANTH YMOBHO YHCTY TIPOYKIIIIO TaTy3€i.

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

X..
NPAMHUX BUTPAT &; = X—” OTtpuMyeMmoO:
i
—014; a,=X2-12 _q13;
X

7 . x, 21
Q" _0,07;8,=-2

x, 100 X, T 150

6

lamysi — I"amysi — cnoxkuBaui | Kinnesuii | Bamose

BUPOOHUKH | A B IPOJAYKT | BUPOOHUIITBO )’ = H’
A 7 21 72 100 123
B 12 15 123 150

)


User
Карандаш

User
Карандаш

User
Карандаш

User
Карандаш


_X 15 4.

X, 150
TexHoNmor14Ha MATPUIL A Ma€ BUTIIS:
0,07 0,14

[0,12 o,1oj'

[lepeBipumo 11 Ha MPOAYKTUBHICTD:

a,+a,=007+012=0,19<1, a, +a,, =0,14+0,10=0,24< 1.

Otxe, MaTpulls A € TIPOJYKTUBHOIO 1 JIJIsE TOBUIBHOTO BEKTOPY Y KIHIIEBOTO
CHOKMBAHHS MOKHA 3HAWTH BEKTOpP BaJlOBOTO BUPOOHHUITBA X , 10 3abe3neuye
JIAaHUH BEKTOpP KIHIIEBOTO CIOXHMBAaHHS. 3HaiaeMo BekTop X 3a ¢opmyiow (2.7):

X =(E-A)"Y

BekTop Y KIHLIEBOI'O CIIOUBAaHHS MA€ BUTJIS!

y_ 72.2 =144
a 123 '

22

1
3HaiiIeMO MaTpPUITIO TIOBHUX BUTpAT B = ( E- A) ;

E_A:(l oj_(o,m 0,14}(0,93 —0,14)_ 6,=03

0 1) (012 010) |-012 009 -
8)3= D12
det(E -~ A)=0,93.0,9-(-014):(-0,19= 08202 g "_
0,9 014 u= 0,14
B _ 1 ) ) B -
0.8202\ 0,12 0,93)° 22 =0, 9
BekTop X BaloBOro BUPOOHHUIITBA:
179.0
X = BY = |
160.5

[Ilo6 3HaWTH YMOBHO YHCTY MPOAYKIIIO Trajgy3ed NpHu 3HaAWICHUX o0csrax
BaJIOBOTO BUPOOHUIITBA, 3HAMIEMO HOB1 3HaUCHHSI BUPOOHHYOTO CIIOKMBAHHS:
x; =a; %, 1=42; j=12, x, =a,-% =0,07-179=12,53;
X, =8, X, =0,14-160,5=22,47; X,, =a,,-x, =0,12-179=21,48,
X,, =8, X, =0,1-160,5=16,05.
YMOBHO YHCTy TPOAYKIIO Taimy3ed BHU3Ha4YaeMo 3a  (GOpPMYIOH0:
Z, =X, — X — Xy j =1,2. Maewmo:
z,=179-12,53 - 21,48 =144,99 (rpOIIOBUX OAVHMUIIb);

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

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

3 IOmoMOror JiHIHHOI Mojeni oOMiHy abo Mojeni MDKHApOJHOI TOPTiBIi
MOXHAa BH3HAYUTH, SKUMH ITOBUHHI OYTH CITIBBITHOIIECHHS MK HAI[lOHATBHUMH
JI0XOJaMU KpaiH, 1110 TOPTYyIOTh Mik c00010, 11100 TOpriBiis Oyiia 30anaHCOBAHOIO.
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PozrnstHemo Mozenb MIKHApPOJHOI TOPTiBial, y sKid OepyTh ydacTb N KpaiH.
Hexail x, — HalliOHAIBHUI TOX1M i -1 KpaiHH, a, — YaCTKa HAL[IOHAIBHOTO JOXOMY J-i

KpaiHH, Ky BOHA BUTpayae Ha PUA0aHHA TOBApIB i-1 KpaiHW, p, — 3arajibHa 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 IMIIOPT 3 1HIKX kpaiH. [{e o3Hauae, mo Zn:aij =1 j=12,..,n.
i=1

Martpumio A, €IeMEHTaMH SKOi € KOeQiIli€eHTH a; i=1..,n, j=1..,n,
Ha3UBAOTh CcmMpyKmypHow mampuyero mopeieni. CyMa €IeMEHTIB KOXKHOI'O
CTOBIYMKA I[1€T MATPHUIL1 TIOPIBHIOE OJMHMIII.

Hexaii ©Ha mpoTsa3i meBHOro (PiKCOBaHOTO MPOMDKKY Yacy CTPYKTypa
MDKHApOJHOI TOPTiBJl HE 3MIHIOETHCSA, TOOTO HE 3MIHIOETHCS MAaTPUI A, MOXYTb
3MIHIOBATUCS JIUIIE HAI[IOHAJIBHI JOXOAW KpaiH, 10 OepyTh ydacTh Yy TOPTIBIIL.
[ToTpiOHO BU3HAYNTH, IKUMU ITOBUHH1 Oy TH 111 HAIlIOHAJbH1 JOXOAH, 00 MI>XHAPOIHA
TOPTIBJISI 3aJIUIIIANIacs 30aIaHCOBaHO0, TOOTO CyMa BUILIAT YCiX KpaiH JopiBHIOBaja O
CYMapHiii BUpYUIIl BiI BHYTPIIIHKOT Ta 30BHIIIHKOI TOPT1BIIL.

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

n
P, = Zaijx ;» 1=1,...,n. VY 36anancoBaniii cucTemi MixKHapoaHOI TOPTiBIIi BiACYTHil
j-1

nedimut, T06TO0 P, =X, 1=1...,Nn.

Hexali X — BEKTOp, €1€MEHTAMHU SIKOTO € HAI[IOHAJIbHI JOXOAHU X, X,,..., X, &
€JIEMEHTaMU BEKTOPY P € BeIMYMHU CyMapHOi BUPYYKH P, P,,..., P,. OCKUIBKH
P=A-X, TO BUKOHYETbCS PIBHICTH A-X =X . OTxe, BeKTop X € BJIaCHUM
BEKTOPOM CTPYKTYPHOT MaTpHIll TOPTiBIi A, SKUH BIANOBIa€ ONMHUYHOMY BIACHOMY
sHauenHio (piBHicth A-X =A1-X Buxonyersca npu A=1). 3incu Bummmsae, mo
OayaHCc y MDKHAPOJIHIM TOPTIBII1 JOCATAETHCS, SKIIO OJUHMII € BJACHUM 3HAYCHHSIM
CTPYKTYPHOI MaTpHIll TOPTiBii, a BEKTOp X — BJIACHUM BEKTOPOM, IO BIAMOBinae
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 ISl IIUX KpaiH Ma€ BUTIISIA:

O NIk NP

Wik Wk Wik
NP DNIPFP DI

Po3p’sizanns. [lepesipumo, un € A =1 pnacaum 3navenHam matpuii A.
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3 2 4

A-iE=A-E=| + 1 1
3 2 2

1, 3

3 4

OcCkUTbKM cyMa JBOX OCTaHHIX PSAKIB OTpUMaHOI Marpullli A—E JOpIBHIOE
NEePIIOMY PSAKY, TOMHOKEHOMY Ha (—1), TO BU3HAYHMK I[i€1 MaTPHUI1 TOPIBHIOE HYJIIO,
orke, A =1 e Bnacnum 3navennam matpuni A. J{jis 3HAXOMKEHHS BiAMOBiAHOTO oMy
BJIACHOT'O BEKTOPY X PO3B’sDKEMO cucteMy (A—E)X =0, abo

2 11
3 2 4
0
o1 o1 ||
= = = lx|=|0
32 2 (||,
3
1 4 23
3 4

Mertonom I'ayca 3HaX0IUMO pO3B’SI3KU LI€T cUCTEMHU: X, = 2,25X,, X, = 2,5X,,
X, =C — JIOBUIbHA JOJAaTHA KOHCTaHTA. TakuM 4YMHOM, 30aJaHCOBAaHICTb TOPIiBIII

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

2.4. 3acTocyBaHHSI METOAiB AHAJIITUYHOI reoMeTpil

PosrisiHeMo 0COOMMBOCTI 3aCTOCYBaHHS METOJIB AHAIITHYHOI reoMeTpli y
€KOHOMIYHHX TOCTDKeHHAX. OTHUM 3 TaKUX MPUKIIAIIB € MOJIC]Ib PIBHOBAaru pUHKY,
110 JTIO3BOJISIE TOCTIAUTH MeXaH13M (JOPMYBaHHS I[IHU TOBapYy.

Hexaii p — 1iina oguHuii ToBapy, S(P) — KiIbKICTh OJJUHHIIL TOBAPY, SIKi IPOIABII
IOPOIOHYIOTh HA PHHKY 3a M€ MiHOK (@yuryin nponosuyii), q(P) — KUIbKICTbH
OJIMHUIIH TOBAPY, SAKY MOKYIII 0a)aroTh MPHI0ATH 3a IIHOI p (GyHryis nonumy).
Buxonsiun 3 €KOHOMIYHOTO 3MicTy (QYHKIIM MPOMO3UIi Ta TMOMUTY, MOXKHA
CTBEPIXKYBATH, IO MEpIIa 3 HUX € 3pOCTalovyor0 (PYHKINIEIO0, Apyra — crnaaHoro. Lliny
p’, 3a AKOI IONMT HA TOBAp AOPIBHIOE HOTO MPOIO3HUIIii, HA3UBAKOTh PiGHOBAICHOIO

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

SIko Ha KOOPAMHATHIN TUIONIMHI 3 TOPU3OHTAILHOIO Biccio Op moOymyBaTH
rpadikn QyHKIIM TOMUTY Ta TPOMO3UIll, TO BOHH TEPETHYTHCH y MEAKIH TOUIl
E*( p*,q( p* )) Ky Ha3UBaIOTh MOYKOI PIBHOGALU.

Ipukaanx 2.6. 3a ymoBwu, 1110 GyHKIlIS TOMUTY HAa ToBap Mae Burisig =40—-5p
, bynskis mpono3umii $=7,5p —10, BU3HaUUTH HOTO PIBHOBAXHY I1iHY. Hexaii ypsina

Eb
F" P
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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*)
, TOOTO 7,5p" —10=-5p* + 40, 12,5p" =50, p* =4, q( p*) = s( p*) =-5.-4+40=20.

OTKe, TOUKA PiBHOBATH ISl 11bOT0 ToBapy £ = (4; 20) :
3a HaAsABHOCTI AKIM3HOTO MOJATKy I T.0. 3a OJUHUIIO TOBapy, (YHKIIS
MPOIO3HUIIIT 3MIHUTHCS 1 11 rpadik 3MICTUThCS Ha T 0IMHULB ITpaBopyd. MaeMmo:
s(p—-T)=7,5(p—T)—-10.
@DyHKI[IS TOMUTY MPH [[bOMY 3JIUIIAETHCS HE3MIHHOIO.
BusHaunmo HOBY 11iHY 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 TOUKA PIBHOBArM Ma€ KOOP/IMHATH: (4 40,677; 20 —37').

[Ile oXHMM TPHUKIAAOM 3aCTOCYBAaHHS METOMIB aHAIITHYHOI TeoMeTpii y
€KOHOMIYHMX JOCIIJPKCHHSIX € BU3HAYEHHSI MOuKu Oe330umxogocmi, TOOTO o0cCATy
BUPOOHUIITBA MPOYKIIiT, IJIs1 AKOTO JIOXOJ IiIMTPUEMCTBA JOPIBHIOE HOTO BUTPATaM.

Hexait mignpuemMcTBO BUpOOIISiE TIEBHY MPOAYKILIIO 1 TTPoJIa€ ii 3a I[IHOKO p T.0.
3a OJIMHUITIO. 3aJIeKHICTh BUTPAT HA BUPOOHUIITBO MPOAYKIIii BiJ] 00CATY BUPOOHHUIITBA
X OJWHUIb CTAaHOBUTH y, =ax-+b (@yuxyis eumpam), 3aneKHICTH TOXOLY Bif

peanizamii mpoxyKuii Bix ii o0csry y, = px (¢yukyia doxody). Touky 6e330MTKOBOCTI
IUIE BUPOOHUIITBA JaHOT MPOAYKIIT BU3HAYAEMO, PO3B’SI3aBIIM PIBHSAHHS y1 = Y2 a0o0

ax+b=px. 3BiAcHM BUIUIMBA€E, IO BEJIUYMHA TOYKU O€330MTKOBOCTI X' = b .
p—a
Touka 0€330MTKOBOCTI € TOUKOIO MepeTuHy IpadikiB GyHKIIT BUTpaT Ta (YHKIT
- : b b
noxony. Koopaunatu 1ii€l Touku Ha rpadiky (_;_p . IIpubyrox Q(x)
p-a p-a

HiAIPUEMCTBA BUSHAYAETHCS K PI3HUI MK 3HAaUYCHHIMH y TOUIll X QYHKIIH TOXOTY
Ta BUTPAT: Q(X)=Y,(x)—y,(x). [Ipu 0<x< x° Q<0, rpadik QyHKIIi q0XO0TY
MPOXOAUTH HIDKYE Tpadika QyHKIIT BUTPAT 1 MiAIPUEMCTBO Ma€e 30UTKH. [Ipu X > X°
Q > 0 1 miaAmprUeEMCTBO OTPUMYE MPUOYTOK.

Ipuknaax 2.7. TpaHcmOpTHI BUTpaTH ) HA TMEPEBE3CHHS OJWHUII BaHTAXKY
3aJI3HUYHUM Ta aBTOMOOUTAHMM TpPAHCIIOPTOM Ha BIACTaHb X BU3HAYAETHCS 32

1 L
bopmymamu:  y, =—x+100 Ta y _ =x+50. BuzHauuTH JOULIBHICTH

2
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 BHKOPUCTOBYBATH
aBromoOinbHuit Tpancmopt, mpu X>100 kM y >y | ToMy y npomy Bumamky
JOLIJIBHO BUKOPUCTOBYBATH 3aT13HUYHUIN TPAHCIIOPT.

2.5. IloHATTH OIOXKEeTHOI MHOKUHU

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

n
Habopy, P=(p,,p,.....p,)- Bapricte Habopy ToBapis X PX = Z p.X;. Habopu
i=1
ToBapiB X Ta Y € eKBiBaJCHTHUMH ( X ~ Y'), AKIIIO [iHA [IUX HAOOPiB oHaKoBa. J{ilicHO,
BIJTHOILIEHHS PIBHOI BapTOCTI € BIJIHOIIEHHSM E€KBIBaJEHTHOCTi, OCKUIbKH BOHO €

pedekcuBHM (X ~ X ), cuMmerpuuHuM (X ~Y <Y ~X) Ta TpaH3UTUBHUM (
X~YAY~Z=>X~Z), T00TO O3HA4YCHHS BIJHOIICHHS CKBIBAJICHTHOCTI1

BUKOHYEThCS. MOXHa 3amporoHyBaTH 1 IHIII BIJHOIIEHHS €KBIBAJEHTHOCTI Ha
IPOCTOPI TOBaPiB.

Po3rasitHeMo TpocTip JBOX TOBapiB, €IEMEHTaMHU SIKOTO € Hadopu (x1, X2).
HabGopu ToBapiB 0gHaKOBOT BapTOCTI ¢ YTBOPIOIOTH YACTUHY MPAMOT L¢ 3 pIBHSIHHAM
pX, + p,X, =, PO3TAIllOBaHy y MEPIIOMY KBaJpaHTI KOOPAUHATHOI I1omuHu Ox1xo.
Llst mpsiMa MeprneHANKYIsIpHA 0 BEKTOPY WiH. KO ¢1< C, TO OpsiMa |, mapajesibHa

npsMii L, Ta po3TamosaHa Onurkde A0 ModaTky koopauHaT. Hexait Q — komru, mo

JOPIBHIOIOTH JTOXOAY CIIOKUBaya. MHOKHMHHY BC1X HAOOPiB TOBApPiB, BAPTICTD SAKUX HE
nepesuiye Q, HA3UBAIOTh O AHCEMHOI MHONCUHOTO B.

BropkeTHY MHOKHHY MO’KHA BH3HAYHUTH 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 SKUX JOPiBHIOE Q! G(P,Q)={X eC:PX =Q}.

PosrnssHemMo  reoMeTpuuHy  iHTEpHpeTalifo  OFOHKETHOI MHOXKHHU Y
JTBOBUMIPDHOMY TIPOCTOpi1 OIO/PKETHA MHOXKHMHA YTBOPIOE TPUKYTHHUK Y TEPUIOMY
KBaJpaHTi, OJHIEI0 3 BEPIIMH SKOTO € TO0YaTOK KOOpAWHAT. Mexa OromKeTHOT
MHOXXHHH TEPIEHANKYISPHA 0 BEKTOPY IIiH 1 € BIAPI3KOM MK OCSAMH KOOPJIHUHAT Y
MepImoMy KBaJApaHTi. Y TPUBUMIPHOMY BHIIAJKy OIO/PKETHOIO MHOXKHHOIO €
TpUTpaHHa Mipamizia, a ii MeXEr0 — MOXUiia TPaHb M KOOPAUHATHUMHU TUIOIIHHAMU Y
MepUIOMY OKTAHTI.

ITuTaHHs AJ151 CAMOKOHTPOJIIO /10 3MiCTOBOT0 MOAYJIsI 2

=

BxkaxiTe gonymieHss s Mmozen JIeonTheBa.

2. HaBenithb mnpukmanmu 3acTOCYBaHHS AaHATITHYHOI TEOMETpPii y EKOHOMIUYHUX
JTOCJTIJIPKEHHSIX.

3. HaBeniTh BU3HAaUEHHS MPOTYKTUBHOCTI MATPHIIL.
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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
Tabyuil (B TPOUIOBUX OJUHUIAX). 3HAWIITh TEXHOJOTIYHY MATpULIO A i€l
€KOHOMIYHOI CUCTEMHU.

lanysi- Tanysi- . | BanmoBuit o0csr
CIIO’KMBAaYl
BUPOOHUKHU A 5 BUPOOHUIITBA
A 100 | 160 500
B 275 | 40 400
0,2 03 O
2. 3’scyiire, 4K € MPOAYKTUBHOIO TexHonoriuna marpuigs A=| 0,1 0 0,3
a4 lCTs 5, 06 01 0,2

VY Ttabnuiil HaBEeIEHO JaHl MDKrajy3eBoro OallaHCy 3a 3BITHUH Tepiog y
YMOBHHUX TPOIIOBUX OJWHUIAX. 3HAUTH HEOOXITHUN OOCAT BajJOBOTO BUPOOHHUIITBA
JUIS KOYKHOT Taiy3l, SIKIIO 3a IJIaHOM KIHIIEBE CTIOKUBAHHS y €HEPreTHIll MOBUHHO
30UTBIIUTHCS Yy 2 pa3d, a y MalMHOOyJyBaHHI PIBEHb KIiHIIEBOTO CIOKHBAHHSI
noBUHEH 3pocTH Ha 20%.

I"any3i-coskuBaui dakTUUHEe Banoswii
lNamysi- KIHLIEBE oocsr
Eneprerux | MamunoOy1yBaHH
BUPOOHUKH . g CIO’KMBAaHH | BUPOOHMIITB
s a
EnepreTtuka 100 160 240 500
MamHHOSW‘yBaHH 275 40 85 400
: 0,1 0,5
4. 3ajaHo TEXHOJOTIYHY MaTpUI0 (MaTpULIO MpAMUX BUTpat) A= 0.3 0.2
3HANIITh: a) BEKTOP BaJIOBOTO BUPOOHHUIITBA X , 10 3a0e3medye MIaHOBE KIHIICBE
400
CHOXUBaHHS Y = 500 ; 0) mpUpicT AX BaJOBOr0 BUPOOHUIITBA, 110 3a0e3meduye
: : 100
30UIBIIEHHS KIHIIEBOTO CIIOKUBaHHA 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 rpadiuHo

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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