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3AT'AJIBHI BITOMOCTI

Bupuenns nucrumutian «EKOHOMIKO-MaTeMaTH4HE MOJENIOBAaHHSI) Tependa-
YEHO OCBITHBHO-TIPO(DECIITHOI0 MPOrpamMor0 MiArOTOBKM OakajiaBpa 3a HAIpsIMOM IiJI-
rotoBku 6.030601 - MenemxMeHT. 3MICT TUCUUIIIIHUA IPYHTYEThCA Ha HEOOXI1HOCTI
MiArOTOBKU (haxiBIliB, 110 MAIOTh TEOPETUYHY 0a3y Ta MPAKTUYHI HABUYKU 3 BUKOPH-
CTaHHS MaTEMAaTHUYHHMX METOJIIB OOTPYHTYBaHHS PIllICHb B YIIPaBJIiHHI €KOHOMIYHUMHU
CUCTEMaMHU.

MeToro BUBYEHHSI AUCHMIUTIHU «EKOHOMIKO-MAaTeMaTHYHE MOJICTIOBAHHS) €
dbopMyBaHHS CHCTEeMH 0a30BUX 3HaHb B 00JACTi METOJIOJIOTII TOCTAHOBKH 3aj1a4, I10-
OyZI0BM €KOHOMIKO-MaTEMaTUYHUX MOJENIeH Ta METOJIIB iX pPOo3B's3aHHS 1 aHamizy. B
pe3ynbTaTi BUBUCHHS KypCY CTYJCHTH MOBHHHI OBOJIOAITH MpHUOMaMU 3 MOOYI0BU
€KOHOMIKO-MaTEMaTUYHUX ONTHUMIZALINHUX Ta €KOHOMETPUYHUX MOJENIEH a TAKOX
METOJIaMH PO3B'sI3aHHSA 3a/1a4 P13HO1 CKIATHOCTI.

VY npoueci BUBYEHHSI AUCHUILIIHU « EKOHOMIKO-MaTeMaTUYHE MOJICIIFOBAHHS
CTYJIEHT MTOBUHEH BUKOHATH PO3pPaxyHKOBO-IpadiuHe 3aBJaHHs, 110 MICTUThH JIB1 3a-
naui. Ilepma nonsdrae y po3B’si3aHHI 3ajadi Ha Temy «JliHiiiHE mporpamyBaHHs».
[IponioHOBaHa 3ajaya € HAWMPOCTIIIOW 3aJauet0 BUPOOHUYOro IruiaHnyBaHHs. [Ipu
pO3B’s3aHHI 3a/1a4l Tpeba 3aCTOCYBaTH JIBa METO/M - TEOMETPUYHHI 1 CUMIUIEKCHUH,
CKJIACTH JIBOICTY 3ajJlayy 1 BUSHAYUTH TIHHOBI OIIIHKH PECYpCiB, Aayli HagaTH €KOHO-
MIYHY 1HTEpHpETaLio eJIeMEHTaM pO3B’A3KiB MPSMOI Ta ABOICTOI 3a7a4. Jpyra 3ana-
4a noTpedye moOy 0B eKOHOMETpUYHOI Moeni. [[s ii po3B’si3anHs Tpeba OMiHUTH
BUTJISIT KOPEIALIMHOI 3aJI€)KHOCTI, BUBHAYUTH MapaMeTpu PIBHSIHHS perpecii 1 oxa-
paKkTepu3yBaTU IXHI E€KOHOMIYHUW 3MICT, OIIHUTHU CHIIYy JIHIMHOI 3aJ€XHOCTI 1
BIUTUBY JOCIIIPKYBaHOTO (PaKTOpy, NEPEBIPUTH CTATUCTUYHY 3HAYYIIICTh OTPUMAHUX
pe3yJbTaTIB - BUKOHATU MEPEBIPKY aJEKBATHOCTI MOJIEN] T4 BCTAHOBUTH JOBIPYl Me-
K1 IOMUJIKK anpokcumaritii. Yepes Benukuil o0car o04ucieHs mpu mody0Bi 1 aHamizi
€KOHOMETPHYHUX MOJIETeH PEKOMEHY€ThCSl BUKOPUCTOBYBATH CyYacHI MAaKeTH MpH-
KJIAJHUX cTaTUucTUYHUX nporpam, 3okpema STATISTICA, SPSS, SAS, Econometric
Views, Mesosaur-Econometric, Excel Ta iH.

VY MeToauyHMX BKa3iBKaxX HaBEIE€HI OCHOBHI TEOPETHYHI MOJIOKEHHS 1 PO3TJIsi-
HYTI Ha MPUKJIAJaX XapaKkTepHi €Tanu po3B’si3aHHA 3aBJaHb.

PospaxynkoBo-rpadiune 3aBnaHHs Mae OyTH O(GOpPMICHMM BIAMOBIIHO [0
BCTAHOBJICHUX BHUMOT, OOOB'SI3KOBO BIJINIOBIIATH HOMEPY BapiaHTa, MICTUTH YMOBH
PO3B'SI3yBaHUX 3aj1a4, HEOOXITHI PO3PAXYHKU Ta MOSICHEHHS 1 BUCHOBKH.

Howmep BapianTa BUXIIHHX JTJaHUX HA PO3PaxXyHKOBO-rpadidHe 3aBAaHHS Tpeda
BUOMpATH 32 OCTAaHHBHOIO HU(PPOI0 HOMEpa 3aJTIKOBOI KHUXKKH CTyneHTa. Po3paxyH-
KOBO-TpadiuHe 3aBJaHHs Ma€ OyTH BUKOHAHUM Yy T€PMiH, IPU3HAUYCHUN HABYAIbHUM
rpadikom. Hanmpukinmi po6otu Tpeba HaBecTH JiTepaTypy, SKOI CTYACHT KOPHUCTY-
BaBCsl i1 Yac pO3B’sI3aHHI 3aa4.

Ha tutynsHOMY apkyini TpeOa 4iTKO HamvcaTH Ha3BY AMCLMILIIHY, BapiaHT 3a-
BJIaHHsI, IPI3BUIIE, iIM s Ta MO OATHKOBI CTY/I€HTA, BKa3aTH KypcC, CIELIAIBHICTS 1 (a-
KYyJIbTET.



1 OCHOBHI ITIOJIOXKEHHASA

1.1 Haitnpocrima 3a7a4a BUPOOHUYOI0 MJIAHYBAHHS

Haiinpocrima 3agaya BUpOOHUYOTO TUIaHYBaHHS (3a71a4a Mpo ONTHMAaJIbHE BU-
KOPHUCTAHHS PECypCiB) 3a KiIacu]PiKaii€ro HAISKUTH 10 3a7a4 JIHIMHOTO Mporpamy-
BanHs (3JIII). Marematnuny mMojelnb 3a/1adl JIIHIHHOTO IPOrpaMyBaHHS 3aBXKIU 3a-
NUCYIOTh y ABOX (opmax — y 3araabHiii ¢opmi (33JII1) i kanouiuniii dopmi
(K3JIID).

Haranaemo Bu3HaueHHs:

DyHKI110

LZZCJ'XJ' (11)

HA3MBAIOTh IUIHOBOIO (DyHKIIIE (200 JMiHIHHOI (OPMOIO0) 3a1a4i JIHIHHOTO Mporpa-
myBanHs (3JIIT), a ymoBu

Zapy < by (Flm;j=ln),  x20 (1.2)

- 0OMEXXEHHSIMU 3a]1a4l JIIHIHHOTO NpOrpaMyBaHHS.

3aranpHOIO 337a4€I0 JIHIHHOTO MPOrpaMyBaHHs HAa3UBAIOTh 3aJ1avy, 1110 MOJIs-
ra€ y BU3HA4YCHHI MiHIMaJIbHOI a00 MakcuMaabHO1 BelnunHu GyHKii (1.1) mpu Bu-
KoHaHH1 ymoB (1.2).

Hpuxnanx 1.1. /{11 BUTOTOBIICHHS 1BOX BUIB BUPOOIB 4 1 B BUKOPUCTOBYIOTH
TpHU BUAM cHpOBUHU. Ha BUpOOHUIITBO OAMHUII BUPOOY A MOTPIOHO BUTPATUTH CH-
POBUHH TIEpIIOro TUmy 4 oj., apyroro — 3 oxa. i Tpethoro - 3 oa. Ha BUpoOHUIITBO
OMHUILI BUPOOY B MOTpiOHO BUTPATUTH CHPOBUHU MEPIIOTO TUMY 3 Of., APYTOTrO —
4 on. 1 TpeTboro — 5 oJ. BupoOHUIITBO 3a0€3neueHe CUPOBUHOIO MEPILIOro TUITY B Ki-
apkocti 440 oa., npyroro — 393 oxa., Tperboro — 450 oa. Joxia Bix peanizailli ouHU-
111 TOTOBOTO BUPOOY A JOpiBHIOE 6 I'POIIL.OJA., BUpOOY B — 5 Tpomt.oJ.

CkracTu miaH BUpoOHHIITBA BUPOOIB TaK, MO0 ICTaTH HAUOLIBIINN T0X1]] Bij
peaizarlii BUpoOiB.

YMoBy 3aaaui 3Be1emMo y Tadmuio 1.1.

Taomung 1.1 — Buxigai gagi

Cuposuna A B 3anacu
S, 4 3 440
S, 3 4 393
S3 3 5 450

CkrnageMo MaTeMaTUYHY MOJENb 3ajadi, JJIsl 4OTO MO3HAYMMO KUIBKICTh BH-
po0iB A, sIKy HEOOX1JTHO BUTOTOBUTH, X|, @ BUPOOIB B — X,. 3anacu CUpOBHUHU OoOMe-
KEH1 HEPIBHOCTSIMU

4X1+3X2 < 440,
3X1+4X2 < 393,
3X1+5X2 < 450.

Joxinx Bix peanizariii BUpoOiB 4 1 B BUpa3uMO PiBHICTIO
L = 6x; + 5x, = max.
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Otxe, Tpeba 3HAUTHU Taki X; 1 X,, Kl 33JI0BOJBHSIOTh HEPIBHOCTSIM 1 IEPETBO-
PIOIOTh HA MAKCUMYM LIJIBOBY (PYHKIIIO L.

['eomempuuna inmepnpemayis 3a0aui JiHilHO20 NPOCPAMYBAHHS

VY tomy Bumnanky, koiau 33JII1 MicTUTH 1B1 3MIHHI X| 1 X;, MHOXHUHY 11 NPHUITYC-
TUMHX TIJIaHIB MOKHA 300pa3uTH Ha KOOPJAMHATHIN IUIOMIMHI M JIICTaTH PO3B'S30K 3a
rpadiuauM MetoqoM. ['padiune posp'szanHs 33JI[1 HOCHUTH LTIOCTPATHUBHUM Xapak-
Tep, ajie OCHOBHUH 3MICT 1 TEPMIHOJIOTIS PO3MOBCIOKYIOTHCS Ha 3aj1aul BEJTUKOI po-
smipHocTi. [lapy 3HaueHb 3MIHHHX X; 1 X, 300paXylOTh TOYKOIO 3 KOOPJAMHATAMH
(x1, x2). OCKUIBKH 3MIHHI X|, X, TOBUHHI OYyTH HE MEHIIUMH 32 HYJb, iX MPUITYCTUMI
3HAUEHHSA JIeXaTh TUIbKK Buie oci Oxy, (Ha sKik x, = 0) 1 mpasime oci Ox, (Ha sKii
x1 =0). BiANoOBiAHO 1O OCHOBHUX TEOPEM JIIHIMHOIO MPOrpaMyBaHHs LIJIOBA (PYHK-
1isi L nepeTBOPOETHCS Ha MAKCUMYM B OJHIN 3 BEpLIIMH OaraTOKyTHUKA MPUITYCTH-
MHUX pO3B’s3KIB. Takow BEpIIMHOIO € BEPILMHA, 110 HANOUIbII BiJAajieHa Bl OYaT-
Ky KOOpJIUHAT.

Ipuxnan 1.2. 3BepHemMocs 10 MOJeNl, OTpuMaHoi y npukiaal 1.1 1 molyaye-
MO Ha 1iomuHi x;0x, o6nacts nmpunyctumux pimensb 3JII1 abo nepexkonaeMocs, 110
BoHa He icHye (puc. 1.1). Po3B’s13K0OM KOXKHOI HEPIBHOCTI € HaIIBILIOIIMHA, 110 00-
MEXy€e 0O0NacTh NPUILYyCTUMUX pimeHb 3anayi. [lokmamemo B mepiiomy
piBHSHHI X| = 0, OTpUMAEMO PIBHSHHS NPSAMOI JIiHI1, TIepIa Touka Kol

3x, =440, x,=440/3=147 Mmae koopaunatu (0, 147),
npyra touka 4x; = 440,x; = 440/4=110 Mae koopauHatu (110, 0).
AHaJOTIYHO OTPUMAEMO KOOPAMHATH TOUYOK Jyisi apyroro oomexenns (131, 0) i
(0; 98,25) Ta nnsa Tpetboro oomexenus (150, 0) 1 (0, 90).
A

X2

N
=
i
I |
I

IIIIII\WIIIIIIIII I

v

3 X

Pucynox 1.1 — I'eomerpuuna intepnperaris 3J1I1

OTtprmaHuil 6araTOKyTHHK € 00JIaCTIO MPUIYCTUMHX PILIE€Hb, TOOTO Oy/b-sKa



TOYKa HOro IUIOMIMHM 3aJ0BOJLHAE HEPIBHOCTSAM. li HA3MBAIOTH NMPHILYyCTHMHM
ianoM. Big3Haunmo, 10 HuX pillleHb - HECKIHUEHHA MHOXKHHA, TOMY 1110 Oy/b-sKa
napa 3HaueHb BUIbHUX 3MIHHUX, y3sTa 3 OIIP, 3a10BONbHSE cCUCTEM] HEPIBHOCTEHM.
JUisi BU3HAUYEHHS BEPLUMHU, JI€ LJIboBa (yHKLIS L MEpEeTBOPIOETHCS HA MaK-

CUMYM, T€OMETPUYHUM METOJIOM MOOYJIyeEMO IpaJi€HT LUIbOBOI (DYHKIII - BEKTOP
grad L = ¢{6,5}. Jlanmi noOyayemo JiHit0 piBHSA, 110 Bianosigae L = 0; BoHA MPOXO-
IUTh Kpi3b MOYATOK KOOPAMHAT 1 MEPHEHAUKYIsIpHa BekTopy c. Llto miHil0 Ha3uBa-
I0Th ONOpPHOK ImpsiMoro. [lepemimiyroun ONOpHY NpsSAMYy B HAOpPSIMKY BEKTOPY
¢={6,5}, BU3HAUUMO, 1110 HalB1J1aJICHOIO BEPIINHOIO MHOIOKYTHHUKA € BEpIINHA A, Y
SAK1H IEPETHHAIOTHCA MPsiMi HepiBHOCTEH | 1 2. BusHaunmo ii KoopauHATH:

4x 43x, = 440 X1 = 110-§x2 X, = 110-3*%=83

3x, +4x, = 393}

=
9 7 4

330-2x, +4x,=393| —x,=63, x,=63*—=36
4 4 7
OTxe, sl OIepKaHHS MaKCUMAIBHOTO J0X0/y HEoOXigHO BUpOOUTH 83 BH-

pobu A4 Ta 36 BupoOiB B. L{inmpoBa (yHKIIIS TpU IBOMY JTOCATHE 3HAYCHHS
Liyax =6 %83 +5*36=498 + 180 = 678 rpomr.ox.

Kanouiuna gpopma 3J111

[lepeBaxkHa OUIBIIICTH METOJIB PO3B'SI3aHHS 3aJady JIIHIHOTO MporpaMy-
BaHHS TMpHU3HAYEHA JJIi KAHOHIYHUX 3ajad. ToMy MOYaTKOBUU e€Tam pO3B'sI3aHHS
Oynb-sikoi 3aranbHoi 3JII1 3aBkau MOB'sI3aHUi 3 MPUBEACHHAM ii O €KBIBAJICHTHOT
K3JIII.

KaHoHiuHOI0 Ha3MBaIOTh 3a7ady JIHIKHOTO POTrpaMyBaHHS, IO TOJIATAE
y BCTAHOBJICHHI €KCTPEMAJIbHOTO 3HAYCHHS (DYHKITI

L= ZCij (1 3)
34 YMOB
Zaijxij = bi 1 Xj >0. (14)

bynp-siky 3amauy JniHIHOTO IPOrpaMyBaHHS MOKHA 3BECTU /10 (HOPMH KaHOHI-
gHoi 3amaui (K3JIII). Bigznaunmo, 1mo He € MPUHIMIIOBUM, IO Tpeba IIyKaTh s
ITbOBO1 PYHKINT — MakcUMyM a0o0 MiHIMyM. Bumanok, komu L Tpeba mepeTBOpuTH
HAa MaKCHUMYM, JIETKO 3BECTH JI0 3HAXO/KEHHS MIHIMyMYy, SKIO 3MIHUTH 3HaK L Ha
3BOPOTHUH (MiHIMI3yBaTh He L, a L'= -L), ToMy 110

min f{x, x,...,X,) =max[-f(x, x2,...,%)],
1 HaBITaKH.

Bin yMoB-HEpiBHOCTEN MOKHA MEPENTH 10 YMOB-PIBHOCTEN HUISIXOM BBEICHHS
HOBUX J0JATKOBUX 3MIHHUX. [[puomMy KIIbKICTh JOJIATKOBUX 3MIHHUX JOPIBHIOE Ki-
apkocTi HepiBHOCTeH m. Y K3JIII kibKiCTh piBHSHB m, 110 3a7al0Th MHOXHHY D,
MeHI1a 200 JOPIBHIOE KITBKOCTI 3MIHHUX 71 3a/1a4l (m<n). Y Takiii CUCTeM1 PIBHSHb M
3MIHHHUX Ha3UBaIOTh 0A3MCHUMHU, a pelITl (n-m) 3MIHHUX — BUIbHUMH.

Sxio m piBHOCcTe (1.4) € NHIAHO HE3AIEKHUMU, TO CUCTEMY 3 M JIIHIAHO He-
3QJIEKHUX PIBHOCTEH 3 © 3MIHHUMU (m<n) 3aBXKAU MOXKHA PO3B'S3aTH BIJIHOCHO m

6



3MIHHUX, Ha3UBaHUX 0a3MCHUMH, SKIIO BUPA3UTH 1X Yepe3 1HIII Ak=n- m 3MIHHHUX,
Ha3WBaHUX BUIBHUMHU. BiTbHUM 3MIHHUM MO’KHA Ha/JaBaTu OyIb-sKi 3HAYCHHS, HE
nopyurytouu ymoBy (1.4).
ITman K3JIIT x=(x;, x,,..., X,) Ha3UBaIOTh 0A3UCHUM IIJIAHOM 3ajadi, SIKIIO Ho-
ro KOMIIOHEHTH, 10 BIANOBIIAI0Th Oa3MCHUM CTOBIILAM, IIEPEBULIYIOTH HYIIb (Xj > 0),
a BC1 1HIII KOMITIOHEHTH (HE 0a3KCHI) — JOPIBHIOIOTH HYJIIO.
Haramaemo oCHOBHI TeOpemMu JIHIITHOTO MPOTpaMyBaHHS.
Teopema 1. Skuo nipoBa QPyHKUis L nmpuilMae MakCUMallbHE 3HAYEHHS B Jie-
akii Tounl OIIP, To BoHa npuiiMae 1ie 3Ha4€HH4 1 B 1edKii KyToBii Touni OIIP.
Teopema 2. Koxxuuii npummycTUMHM 0a3uCHUN TUTaH € KyToBOIO Toukoro OITP.
CrpaBennuBe i 3BOPOTHE CTBEPIKEHHS: SKINO TUIAH X=(X|, X2,..., X,) € KyTO-
BO10 Toukoro OIIP, To BiH € MpunycTUMUM Oa3UCHUM ILJIAHOM 3a71a4i.
Mpukaanx 1.3. 3sepHeMocs 10 Mozeli, OTpuManoi y npukiaai 1.1, 1 npusene-
MO 11 0 KaHOHIYHO1 (DOPMHU, SISl YOTO BBEIEMO JIOAATKOBI 3MiHHI X3, X4, X5.
Otpumaemo Ttaky K3JIII: 3navitu x=(x1, X3, X3, X4, X5), IO 38JJOBOJIBHSIOTH CHC-
TeMi PIBHSHb
4X1+3X2 +X3 = 440,
3X1+4X2 + X4 = 393,
3X1+5X2 + X5 = 450.
1 IEPETBOPIOIOTH HA MAaKCUMYM LUTLOBY QYHKITIO L:
L = 6x; + 5x, +0x3 + Ox4 + Oxs= max.
OtpumaHa cuctema piBHSHb MICTUTh TPHU PIBHSAHHS (m = 3) 1 'ATh HEBIJOMHX
3MIHHUX (7 = 5). 3a3Ha4UMO, 110 32 €KOHOMIYHHUM 3MICTOM JIOAATKOB1 3MiHHI € 3a-
JIUIIIKaMH PECYPCIB MEPIIOTro, IPYTroro Ta TpeThbOro TUIIIB BiAMOBIIHO.

CumnnexcHuu memoo

3a CBO€IO CYTHICTIO CUMIUIEKCHUN METO]] € TOCIJJOBHUM MepedopoM KyTOBHX
TOYOK, 32 KM 3HaY€HHS IIb0BOT QYHKIIIT 3pocTae Big OfHiel iTeparii A0 1HIIOl (BiA
OJIHI€1 KyTOBOI TOYKH 110 1HIIO1). KpuTepiil oNTUManbHOCTI B CUMIUIEKCHOMY METO/I1
peani3yloTh NUISXOM BU3HAYECHHS OLIHOK A; JUI1 HE0a3MCHUX BEKTOPIB-CTOBIILIB Ma-
TpUIll A 1010 MOTOYHOTO 0a3uCy (CUMILICKC-PI3HUILG). SKIIO CUMILIEKC-PI3HUIIL TIO-
Ka3yITh HEONTHUMAJIbHICTH TUIAHY, 3[IIHCHIOIOTH MIepeXia 10 HacTymHoro 6asucy. [pu
IIbOMY OJIMH CTOBIICIIb BUBOJATDH 3 0a3HCy, a 1HIIMH BBOJATH. SIKIO € KiJIbKa CTOBII-
I1iB, 1[0 MAIOTh BIJI’€MHI CUMIUIEKC-Pi3HUIIl, Tpeba BUOMpATH, KU 3 HUX BBOJUTH JI0
0a3ucy B IepIry 4epry.

JIitst 3aCTOCYBaHHS CUMIUIEKCHOTO METOIy HEOOXiTHO 3a7ady MOJaTH B KaHO-
HIYHIN Qopmi.

Aneopumm CUMNIEKCHO20 Memooy
1. Bu3zHauuTy MOYaTKOBUI ONMOPHUU ILIAH.

2. CkacTu CUMILICKCHY TaOJIMIIIO.
3. IlepeBipuTH 1m1aH Ha ONTUMAIBHICTb. JIJIsI IbOTO OOYUCTUTH



Li = Xcj*aijj 1 OUIHKU BEKTOPIB A = L; - ¢;.
OnopHuii IIaH € ONTHUMAJIBHUM, SKIIO BCl Aj > 0, 1Hakmie abo 3ajada He
Mae€ po3B'si3aHH, a00 Tpeba MepelTH 10 HOBOTO OMOPHOTO TUIaHY.

4. 11100 3HaiiTH HOBUU ONOPHUM IUIaH, Tpebda BU3HAYMTH HANPSMHI PAIOK 1
cToBIenb Tadbauui. Jlo 6asucy BBOAATH BEKTOD, IJIS SIKOTO JOOYTOK A *0; €
HalOLIBIIMM 3a a0CONIOTHOIO BEIMYMHOIO, A€ ©; — HallMEHILE 3 BIIHOLIECHb
BUTbHUX WICHIB JI0 OJIATHUX KOS(DIIi€HTIB BEKTOPA, 1[0 BBOAATH /10 OA3HCY:

® =min (bl / aij).

5. BusHauntu KoedilieHTH HOBOT'O OMOPHOTO IUIaHy (KoedillieHTH po3Kia-
JaHHS BEKTOPIB A; 3a BEKTOpaMHU HOBOIO 0a3ucy).

6. IlepeBipuTy HOBHII OMIOPHUIA IJIAH HA ONITUMAJIBHICTb.

Ipuxnan 1.4. IloBepueMocs a0 3amadi, ymMoBy sikoi npuseaeHo g0 K3JIII y
npukiasi 1.3. Cuctema oOMeKeHb 3aJ1aul CTAHOBUTH cUCTEMY 3 3 piBHSIHB (m=3) 13 5
HeBiioMuMu (n=5). Taka cucrema Ma€ HECKIHYEHHY MHOXKUHY PIIICHb.

VY miit cuctemi 6a3uc CKIIaalOTh m = 3 €JIEMEHTH PO3B’S3KY, 110 HE JOPIBHIO-
I0Th HYJIIO, @ 1HIII 2 €JIEeMEHTH PO3B’S3KYy JOPIBHIOIOTH HyNI0. JlogaTHui Ga3uCcHMIMA
PO3B’A30K HA3UBAIOTH OMOPHUM IJIAHOM.

O4eBuIHO, 110 OAHUM 3 PO3B’SI3KIB CUCTEMH €

x=1(0, 0, 440, 393, 450),
TaKWH IJIaH BIJIMOBIA€ TOMY, 1110 BUpobu 4 1 B He BunyckaroTth 1 L = 0.

CxiameMo cumIuiekc-taonuito 1.2.

Tao0aunig 1.2 — [ToyaTkoBa CUMILIEKC-TAOIUIIA

mowe | G|t
«A; 0 | 440 | (D 1]0]0
Ay 0 |393] 3 0110
As 0 [450| 3 | 5] 0|01
L | 0olo|0o]0]O0]oO
4; S10101]0

Busnauumo L; = X¢j*aj;:
Li=4*%0+3*0+3*0=0,
L,=3*0+4*0+5*0=0.
Busnaunmo A = L; - ¢;:

A =0-6=-6,
Ay=0-5=-5,
A;=0-0=0.

Ockuibka A; 1 A»<0, 1aH € He ONTUMAJILHUM.
IIeperineMoO 1O HOBOTO OMOPHOTrO IUIaHY. BU3HAUMMO BEKTOP, KU BBEIEMO
1o 6asucy (4, abo 4,). lle noBuHeH OyTH BEKTOP, [UIA SKOTO 100YTOK A; *®; € HalOI-
AbIIKM. 3HanaemMo O; id A;:
©, = min (b; / a;;) = min (440/4; 393/3; 450/3) = min(110; 131; 150) = 110.
Busnauumo ©; nia 4;:



©, = min (b; / a;) = min (440/3; 393/4; 450/5) = min(146,6; 98,2; 90) = 90.

Buznaunmo mnoOytku. s 4, Ay *©; =6 * 110 = 660. g 4, A, *O, =
= 5 * 90= 450. Haitbinpmmii 106yTOoK nopiBHIOE 660, ToMy BBeAeMO 10 Oa3ucy
BEKTOp A;.

3 6a3ucy Tpeba BUBOJUTH BEKTOD, IKOMY BiJIMOBiAa€ HalMEHIIE 3 BiIHOIICHb
BUIBHUX WICHIB JI0 JOJIaTHUX KOE(]IIIEHTIB BEKTOPA, 1110 BBOJATH 10 Oazucy. s 4,
®, = 110, mo Biamoigae nepmomMy psAaky Tadiuii. Buememo 3 6a3ucy BEKTOp As.
CxiraneMo HOBY cuMIuiekc-Tabmuiio 1.3.

Tabmumns 1.3 — IIpomixkHa CHUMIUIEKC-TaOIHISA

C; 6 5 0 0 0
baszuc | Cgas Py | A | A, As | Ay | As
Ay 6 110 | 1 4 /41 0 0
«—Ay 0 63 0 34001 0
As 0 120 O | 11/4 | -3/4] O 1
L | 660 6 |1 6/4 | 0 | 0

Aj 0 éﬁ) 6/4 | 0 | 0

Bexkrop, 1m0 BBOIATE 10 0a3ucy, noBuHeH maTtu koediuientu 1, 0, 0. [lns oxe-
pkaHHS | y TOJIOBHOMY PsIKY HOBOI TaOJNMII PO3ALTMMO BCl KOE(ILIEHTH psjKa,
SIKUW BIATIOBIZa€ BUBEJACHOMY BEKTOpY A3 , Ha 4. 11|06 apyruit enemMeHT BeKTopa A
nopiBHoBaB 0 (pSAI0K, 11O BIATIOBITAE BEKTOPY A4, JICTAEMO 3 MOTO K psJKa y IOIIe-
penHiii TabauIll), TOMHOKHMO TOJIOBHUHN PSAAOK HOBO1 TabyMIll Ha MIHYC 3 1 J0J1aMO
JI0 IPYTOr0 Ps/IKa MONePeaHbO1T TaOIHII:

-330 -3 -9/4  -3/4 -0 -0
393 +3 +4 +0 +1 +0
+63 +0 +7/4 -3/4 +1 +0

-330 -3 -9/4  -3/4 0 -0
450 +3 +5 +0 +0  +1
+120 +0 +11/4 -3/4 +0 +1

Tpetiit psI0K HOBOIT TaOIUIIl IICTAHEMO aHAJIOTIYHO.
OTxe oTpuMany HOBUW ONOPHUI TUIaH:
x=(110; 0; 0; 63; 120),
3a AKOTO (QYHKIIIS IITI
L=6*110+ 5*0= 660 — 3pocna.
[IepeBipuMO MJIaH HA ONTUMAJIBHICTb, JIJI YOr0 3HAAEMO
Lj = ch*ai 1 Aj = Lj —G;j.
Ockutbku Ay=-2/4 < 0, IU1aH HE € ONTUMAJIBHUM.
[lepelimemMo 10 HOBOTO OMOPHOro Iany. s uboro BBeaeMo /10 6a3ucy Bek-
TOp A, OCKUIBKH J1s1 HbOTO Ay=-2/4 < 0.
3 6a3ucy BUBOAMMO BEKTOD, SIKOMY BIJAMOBia€ HaWMEHIIIEC BITHOIICHHS Bijlb-
HUX YICHIB JI0 IOJATHUX KOe(]iIlleHTIB BeKTOpa 4.
©, =min (b; / a;) = min (110/3; 252/7; 480/11) = min(146,7; 36; 44) = 36.
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Busonumo BekTop A4. Cxnanemo HOBY Tabmuiio 1.4.

Tabanis 1.4 — Kinnesa cuMIuiekc-Ta0murs

C; 6 5 0 0 0

Bazuc Cous P; 1 4 1 4 s
A 5 36 0 1 -3/7 4/7 0
As 0 21 0 0 11/28 -44/28 1
Ay 6 83 1 0 16/28 -12/28 0
L; 678 6 5 9/7 2/7 0

4 0 0 9/7 2/7 0

Bexkrop, mo BBOAATH j0 0a3ucy, moBuHHMM Matu koediuientu 1, 0 , 0. s
oJiep>KaHHs | y TOJOBHOMY PSIJIKY HOBOI TaOJHUIIl PO3IIIUMO BCl KOS(DIIIEHTH PsJIKa,
SIKAW BIAMOBIA€ BUBEICHOMY BEKTOPY A4 Ha 7/4. I1[06 npyruii eneMeHT BeKTopa A,
nopiBHioBaB () (pSIOK, 110 BIAMOBi/Ia€ BEKTOPY As, OTPUMYEMO 3 HOTO K PsAIKA B IO-
nepeaHii TaOmIl), TOMHOKUMO TOJIOBHHM PsJIOK HOBOI Tabiuill Ha —11/4 1 mogamo
70 TPETHOTO psiIKa MonepeaHboi Tadbmuir. Jst psjaka, mo BignoBigae A, rOJOBHUN
PATOK TOMHOKMMO Ha MiHyC 3/4:

99 40 -11/4 +3328 4428  +0
120 +0 +11/4 34 40 +I
21 10 +0 1128 44728  +1
27 40 -3/4 49728 1228 40
110 +1  +3/4  +1/A 40 40
+83 1 +0 1628 -12/28 +0

OTpuManu HOBUI ONOPHUH IIJIAH:
x=(83;36;0;0; 21),
3a skoro GyHkig mim L = 6*83 + 5*%36 = 678 — crana 6unpmre. Lle cBiquuTs, mo 3
KO>)KHUM KPOKOM MU HAOJMKAEMOCS 10 ONTHUMAJIBHOTO PillIeHHs, TOOTO MOJIMIIYyEMO
TUTaH.
[lepeBipriMO HOBUH IJIaH HA ONTUMAJbHICTh, BUBHAYMBIIU OI[IHKU ONTUMAab-
HocTl A;. Bei Aj > 0, ToMy oTpMaHHi IUIaH € ONTUMaNbHUM. DyHKIIS D
L. = 678 rporur.og.
[e#t moxim € MakCUMaJIbHUM 1 MOXe OYyTH OTPUMAaHUM, SKIIO BUTOTOBUTH 83
Bupobu A4 1 36 BupobiB B.

Po3B'si3anns 3axa4i 3a nonomoror ¢pyukuii Excel «Ilomyk pimneHns»
BnecTtu BuXi/iHI 1aH1 B KOMIPKHU.

3ape3epByBaTH KOMIPKU JJI 3HAYEHb X 1 X,.

Buectu Bupasu st oOMexxeHb, TOCUIAI0UUCh Ha KITITKH X 1 X;.

Buectu Bupasu 1inb0BOi PYHKIIT, TOCHJIAIOUHUCH HA KIIITKH X 1 X).

BceranoButu Kypcop Ha KIIITKY HUIbOBOI QPYHKIIT 1 B MeHIO «CepBic» 3HAUTH
dbyukiio «Ilomyk pimmenus» (puc. 1.2).

M
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A B C D I} F G H I i)
1 Ceipre A B Sanacet
2 S 4 3 440
3 S2 3 4 303
4 Ss 3 5 450
5 ITeHa 6 5
&
7 Xl= 23 MoMcK pe we HUA @@
2 x2= 36 YCTSHOBMTE LENEEYHD AYSHKY: [iC510 EY BeInonHkTE: |
4 PEEHOM: (% MakcHManbHOMY SHAUSHHID ™ zHaUBHMH |U

= = SaKpREITE
uﬁ”eBﬂﬂ " MMHMMancHOMY SHaYSHAID
10 (l]y]—]]{]_[p[;[ L 678 M3MEHAR AHEAKA!
11 [sE47:4045 ] Mpeanonowme
12 | OrpaHHYeHIST 440 | rQrpannienn: _Oeparemme |
BT ==10
13 393 §B§8 =0 ] Acfaenme
14 423 ﬁggig = zgﬁg VISHEHHTE
<=

15 SCH 4 < Dbt J P BoCCTaHoOEMTE
16 Cnpaeka
17
13

Pucynox 1.2 — Po3B’si3anns 3JII1 3a nomomororo «Ilomryky pirmeHHs»

IIpu3HauenHs pekBi3uTiB Jliamorosoro BikHa «llomyk pilieHHs».

BcraHOBUTH WiTbOBY KOMIPKY - CIIY>)KUTh JUIsl BKa31BKM LIJIbOBOi KOMIPKH,
3HA4YEHHS K01 HeOOX1AHO MaKCHMi3yBaTH, MiHIMi3yBaTH a00 BCTAHOBUTH PIBHUM 3a-
naHomy uuciy. g komipka moBuHHA MICTUTH (hOPMYITY.

PiBHOO - city>kuTh J1s1 BUOOPY BapiaHTa ONTUMI3AIlll 3HAYEHHS L1JIbOBI KOMI-
pKH (Makcumizailisi, MiHiMi3allis ado miadip 3aJaHOro YKcia).

3MiHIOIOYH KOMIPKM - CIY>XUTb JJI BKa31BKM KOMIPOK, 3HAUEHHS SIKHX 3Mi-
HIOIOTHCS B IPOLIEC] MOIIYKY PO3B's3aHHS J10TH, IOKHA HE OyyTh BUKOHAHI1 HaKJIa/1eH1
oOMeXeHHS 1 yMOBa ONTHMI3allii 3HaYeHHs KOMIPKH, 3a3Ha4eHoi B 1ol "BcraHoBu-
TH LLJILOBY KOMIPKY".

IIpunmycTuTH - BUKOPUCTOBYETHCS ISl ABTOMAaTUYHOIO MOLIYKY KOMIPOK, IO
BIUIMBAIOTh Ha (OpMyJTy, IOCUJIAHHS Ha SIKy HaBeAEeHE y MOJi ,,BCTAaHOBUTH LIJILOBY
KOMIpKY . Pe3ynbTaT mouryky BigoOpakaeTbes B Mol "3MiHIOIOYH KOMIpKH'".

OO0OMexeHHS - CIIy)KUTb J1JIs1 BITOOPaXEHHsSI CIIMCKY I'PaHUYHUX YMOB ITOCTaB-
JIEHO1 3a/1aul.

Ilobyoosa ma po3eé ’sazanus 0soicmoi 3a0aui

Jlst moOymoBU IBOICTOT 3a7a4i MOXHA CKOPHCTYBATHCS BJIACTHUBOCTSMH Tapy
CIIOJTyYCHHX 3a]1a4:

1. Skmo npsMa 3amada € 3a7adero Makcumizailii, To JBoicta Oyje 3ajadero
MIHIMI3aI(i] ¥ HABIIAKH.

2. Koedimientu minboBoi GyHKINT npsMoi 3anadi ¢y, ¢y, ..., ¢, CTAIOTh BUIBHU-
MM 4JIeHaMU 0OMEKEeHb JIBOICTOI 3aauli.

3. BinbHi wieHn oOMexeHb NpsaMoi 3anadl by, by, ..., by, CTalOTh KoedimieHTa-
MU IIJTbOBOT (PYHKITIT TBOICTOT 3aa4i.

4. Martpuiro 0OMeXeHb IBOICTOI 3a/1a4l OTPUMYIOTh TPAHCIIOHYBAaHHSIM Mart-
puLil 0OMeKeHb PSAMOi1 3a1a4l.

5. 3Haku HEpPIBHOCTEW B OOMEKEHHSIX 3MIHIOIOTH Ha 3BOPOTHI.
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6. KinpkicTb oOMexeHb MpsMOi 3a7adi JOPIBHIOE KUTBKOCTI 3MIHHUX JBOICTO1
3a/1a4l, a KUIbKICTh OOMEXEHb JBOICTOI 3aJadl JOPIBHIOE KUIBKOCTI 3MiH-
HUX TPSMOI 3371a4i.

3anuieMo 3aj1a4yl B MaTpU4Hiil popmi:

IMpsama JBoicTa
3HaiTH B 3HaiTH o
L( X)=max C" X L'( ) =min Py’ U
mpu A X< Py, X>0. mpu A" U> C, Ux0.

3B'130K MK ONTHUMaJIbHUMH PO3B’A3KaMM MPSMOI 1 JBOICTOI 3a7a4 BCTAHOB-
JIOIOTh HACTYITHI TEOPEMH.
Teopema 3. fkio Xoi U € MPUITYCTUMHUMU PO3B'I3KaMHU MPSMOI Ta JIBOiC-
TOi 3aj1a4, T00TO AKWO L B
A X< P i AT U> C,
TOI1 C’ )Fo < };OT (70 ,
TOOTO 3HAYEHHSI IIIHOBOI (PYHKIIII MPsIMOT 3a7a4l HIKOJIM HE TIEPEBUIIy€ 3HAUYCHD I1i-
160BOI (QYHKIIT ABOICTOT 3a7aui.
Teopema 4. Sxkuo L( )?0) = L"( U,) ms gesikux mianis X, i U, psAMO1 Ta
nBoicToi 3a1a4, To Xp1 U,y — onTuManbHi PO3B'SI3KHM ITUX 3a]1a4.
Teopema 5 (nepia TeopeMa JBOICTOCTI). SIKIIO OAHA 3 ApH JBOICTUX 3a]ad
Ma€ ONTHUMAJILHUM IUIaH, TO W 1HIIA Ma€ ONTHMAJIbHHUI IUIAH 1 3HAYEHHS IUIBOBHUX
byHKIIH JOPIBHIOIOTH OJJHE OJTHOMY
Lmax = L,min-
ko & HUIboBa (PYHKI[S OJHIET 3 Mapu JABOICTUX 3a/Jay He oOMexkeHa (IS
OpsIMOI 3aj1a4l - 3BEpXY, U1l IBOICTOI - 3HU3Y ), TO 1HIIIA 3a/1a4ya B3arajil He Ma€ IUIaHIB.
Teopema 6 (npyra teopema aoicrocti). [lman xo = (x1, X, ..., X,) OpsAMOi 3a-
nadi ta mwiaH uo = (uy, uy, ..., U,) IBOICTOI 3aJ1a4l € ONTUMAJILHUMH IJIAHAMH 1IHX 3a-
Ja4 TOJl ¥ TUTbKHU TOJ1, KOJIM JJI OyAb-sIKOTO j = 1,7 BUKOHYETHCS PIBHICTD

[(D a;x;—b,)<0] > U, =0
i=1

TOOTO SKIIIO B ONTUMAJILHOMY PO3B'SI3KY MPSIMOT 3a/1a4l SIKMICh PECYpC BUTPAUAETHCS
HE TIOBHICTIO, TO HOTO «TiHBOBA I1iHA» JOpiBHIOE (.

Mix onTUMaIbHUMHU PO3B'sI3KaMU MPSMOI Ta ABOICTOI 3a7a4 1 eIEeMEHTaMHU 1H-
JEKCHUX PSAJKIB CUMIUIEKC-Ta0IUIh (IHAEKCHUM — 1€ PAMIOK, Y KU 3aIUCYIOTh 3Ha-
4eHHs L), 10 BIANOBIJAIOTH MM PO3B'3KaM, ICHY€ HACTYITHHI B3a€MO3B'A30K:

1P _ .
aO,n+i =Uopr t = 1’ m,
AB L
Ao = Xjorr ] = Ln,
JIe 1 — KUIbKICTh 3MIHHUX TIPSMOT 3a/1aui;

m — KUIbKICTh OOMEKEHb IPSIMO1 3a/1aui;

7P
aO,n-H'

- (n+i)-i1 eneMeHT OpsIMOT 3aj1aui;
a A5
O.m+j - (m~+j)-1 eeMeHT IBOICTOI 3a/1ayi.

12



Hpuxnan 1.5. Cxianemo aBoiCcTy 3aAa4y 10 Mojeli 3 npukiany 1.1.

IIpsama JIBoicTa
3HANTU TakKi X 1 X,, M0 EPETBOPIOIOTh 3HAWTH TaKl Ui, Uy 1 Uz, 10 MEPETBOPIOIOTH
Ha MakCUMYyM LLIbOBY (PyHKIIO L Ha MIHIMYM L1IOBY QYHKItO L’
L = 6x; + 5Xx, > max L’ = 440*u+ 393*u, + 450*u; — min
1 3aJT0BOJILHSIOTH OOMEKECHHSIM 1 3JI0BOJIBHSIOTE OOMEKECHHSM.
4X1+3X2 < 440, 4*141 + 3*142 + 3*143 > 6,
3x1+4x2 < 393, 3%y, +4*u, + 5S*uy > 5.

3X1+5X2 < 450.
CkopucTaemMocsi 1HICKCHUM PSAIKOM OCTaHHBOI Tabmwuii (Tabn. 1.4) it Bu3Ha-

YUMO PO3B'A30K JBOicTOI 3aaadl. Haramaemo, 1o KUIBKICTh 3MIHHUX HPSAMOI
3amayi n=2.

C; 6 5 0 0 0
Basuc Cous P(; 1 14 0 yy e
A, 5 36 0 1 -3/7 4/7 0
As 0 21 0 0 11/28 -11/7 1
A, 6 83 1 0 4/7 -3/7 0
iHOeKcHUUl

o L |678 6 5 9/7 2/7 0
A 0 0 9/7 2/7 0

) 1P w9

Jicranu: U= Qo = Aoy == 1,286 .
U= Agr, =ag, = % =0,286.

U= a(f;fﬁ = 05,75 =0.
ToOTO onTUMAILHUH IUIAH ABOICTOI 3a1a4l
Uy = (1,286, 0,286, 0).
OO6uucinuMo 3HaueHHS (QYHKINT LI TPYU ONTUMAJILHOMY IIJIaH1 IBOICTO1 3a1a4i
L* =440%1,286+ 393*0,286+ 450*0 = 678 rporr.oz.

AHaniz po36’a3Kie NiHiUHOI Mooei

Sk BUIHO 3 MPUKIaAY, PO3B’sI3aHHs MPSAMOI 3aa4il Ja€ ONTUMaIbHUMN ILJIaH BU-
TOTOBJICHHSI BUPOOIB A 1 B, a po3B’si3aHHS JBOICTOI 3a/1a4yl — ONTUMAJbHY CHUCTEMY
OLIIHOK CHPOBHMHHU, BUKOPUCTOBYBAHOI /I BUTOTOBJICHHSI LINX BUPOOIB.

OnTuManabHUM IJIAaHOM € BUTOTOBJIEHHS 83 BUpOOiB 4 1 36 BUpoOiB B. Busna-
YUMO, YU BCS CUPOBUHA BUTPATUTHCS MPU TAKOMY IUIaHI:

cupoBuHa Si: 4*83 + 3*36 =440 - Oyne BUTpayeHa MOBHICTIO;

cupoBuHa S;: 3*83 + 4*36 =393 - Oyze BUTpaueHa MOBHICTIO;

cupoBuHa S;: 3*83 + 5*36 = 429 - mHe Oyjae BuUTpayeHa IOBHICTIO,

3anumuThbes e 21 on.
3minHi u; = 1,286 1 u, = 0,286 € yMOBHUMH JBOICTUMH OIIIHKAMH OJMHHIII CH-
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poBuHH S 1.5, BinoBiAHO. L1 OlIHKK BIAMIHHI BiJ HYJISI, a CHpOBHHA S 1.5, MOBHIC-
TIO BUTPAYAETHCS MPU ONTUMAIBHOMY IUJIaHI BUTOTOBJIEHHSA BUPOOIB 4 1 B. JIBoicTa
OLliHKa oAHULI cupoBUHU S3=0. Llell Bua cCMpOBUHU HE BUTPAYAETHCS MOBHICTIO IPU
ONTUMAJILHOMY IIJIaH1 BUPOOHUIITBA.

OT1xe, nogaTHy JIBOIiCTY OLIIHKY MarOTh JIUIIE Tl BUJIU CUPOBUHH, K1 TOBHICTIO
BUTPAYAIOTHCS MPU ONTUMAJIBLHOMY IJIaHI BUPOOHMIITBA. TOMY JIBOIiCTI OI[IHKH BH-
3HAYaIOTh A€(PIUTHICTS BUKOPUCTOBYBAHOT MIAMPUEMCTBOM CUPOBUHHU.

Benuuuna nB0icTOT OI[IHKM MOKa3ye, Ha CKUIBKU 3pOCTE MaKCHUMaJlbHE 3HAYEeH-
HS UIBOBOI (YHKIT TIPSAMOI 3a7a4i P 301IbIIEHH] KUJTBKOCTI CHPOBHUHHU BiIIOBII-
HOTO BUJIy Ha OJIMHHUIIIO.

[ToBepHemocs 10 npukiaay. 30UTbIICHHS KITbKOCTI CUpOBUHHU S Ha | ouHU-
ITI0 JI03BOJIUTh BU3HAUYUTH HOBUH ONTUMAIBHUH IUIAH, MPU SIKOMY 3arajbHa BapTiCTh
BUTOTOBJIEHOT NPOAYKLIi 3pocTe Ha 1,286 rpomr.oa. 1 JOpIBHIOBaTUME

678+1,286 = 679,286 rpour.o.

UYwcna, mo CTOSITh y CTOBIMII A3, TOKAa3YIOTh, III0 BKa3aHOTO 30UTBIIIEHHS MOXK-
Ha JIOCSATHYTH 32 paXyHOK 301LIbIIEHHS BUIIYCKY BUpPOOIB 4 Ha 4/7 onuHULI ¥ CKOpO-
YeHHs! BUIYCKY BUpOOiB B Ha 3/7 onuuuui. BHacmiok nboro BUTpaTa CUPOBUHH S;
3MeHIIUTHECS Ha 11/28 oguHuIl.

AHasioriyHe 30UIbIICHHS KUIBKOCTI CHPOBUHHM > Ha 1 OAMHUIIIO JO3BOJIUTH BH-
3HAYUTH HOBHM ONTHUMAIbHHUM TUIaH, TPHU SKOMY 3arajbHa BapTiCThb BUTOTOBJIECHOT
npoaykilii 3pocte Ha 0,286 rpoII.oj. 1 JOPIBHIOBATUME

678+0,286 = 678,286 rpor.o.

Uwucna, 110 CTOSATH Y CTOBIIII A4, TOKA3YIOTh, 110 BKa3aHOTO 301IbIISHHS MOX-
Ha JIOCSTHYTH 32 PaXyHOK 301IbIIICHHS BUIIYCKY BUpPOOiB B Ha 4/7 onuHuUILll ¥ CKOpO-
YeHHSI BUITYCKY BUPOOiIB A Ha 3/7 ogunuii. [Ipuyomy, BUIATOK CHPOBUHHU S3 3pOCTE
Ha 11/7 oguHuIIi.

[lizcTaBuMoO oOmTUMaJIbHI IBOICTI OIIHKHA 10 CHUCTEMH OOMEXEHBH IBOICTOL
3ajayi:

4*1,286 + 3*0,286 + 3*0 =6,
3*1,286 + 4*0,286 + 5*0 =5,
6aurmo, 110 0OMEXXEHHS ABOICTOT 3a7a4l BUKOHYIOThCS K CTpori piBHOCTI. Ile o3Ha-
4ae, 10 JIBOICT1 OI[IHKU CUPOBUHHM JOPIBHIOKOTH B TOUYHOCTI iX IiHaM. ToMy BHITyCKa-
TH Il JBa BUIW MPOAYKIi €KOHOMIYHO JOUUIbHO. (SIKIIO BUKOHYIOTHCS HEPIBHOCTI
THUITY >, BUITYCK IIUX BUPOOIB € EKOHOMIYHO HEJOLIBHUM).
Ha mincrasi gpyroi reopemu aBoictocTi (Teopema 6):

[(Zaij“xj _bi)< O] _)UiOHT :O
i=l

c(hopMYITFOEMO TIPUHIIUTI PEHTA0ETBHOCTI:
KIJIBKICTh NPOAYKIii, BUTPATH HA BHPOOHHUUTBO $SIKOI NEPEeBHINYIOTh
JA0XiJ, B ONTUMAJBLHOMY PO3B'fI3KY JTOPIBHIOE HYJIIO

[(ZaijUi _Cj)>0] _)xjoon :0.
j=1
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1.2 IloOGynoBa KopeasiiiiHOT 32J1€KHOCTI

[ToOynoBa KOpEMSAIIHHOI 3a7€KHOCTI MK PE3yIbTaTUBHOIO 1 (PAKTOPHOIO O3HA-
kamu Y Ta X 1 OIlHKa TICHOTH 3B'SI3KYy MID)K HUMH € OCHOBHOIO METOIO0 KOPEJISIIHOTO
anaimzy. Kopensuiiinuii anasniz 3aCHOBaHUM Ha BUKOPUCTaHH1 PIBHAHHS perpecii.

Haranaemo, 1110 3anexHICTh

) Yy =S, (1.5)
B SIKOI KOXXHOMY 3HAQUY€HHIO X BIAMNOBIJA€ OJHE IE€BHE 3HAYCHHS ), HA3UBAIOThH
(PYyHKIIOHAIBHOIO.

OpnoMy 3Ha4YeHHIO (HDaKTOPHOT O3HAKK X X; MOKE BiJIIOBIJIaTH HU3KA 3HAYCHD
Y: y1,¥2, ..., Yk, 110 3a3BUYall BUKIIMKAHE BIJTUBOM PI3HUX (PAaKTOPIB HA pe3yJbTaTH-
BHY O3HaKy Y a00 MOMMJIKaMH BUMIPIOBaHHSA. Y IIbOMY BHIMAJKY 3aJ€KHICTh Ha3H-
BaIOTh CTATUCTUYHOIO. B Takiil 3a1€KHOCTI JIJI1 KOKHOT'O 3HAUYEHHS X; MOXHA BU3HA-
YUTU YMOBHE CEPEITHE ;.

CTaTHCTMYHOK HA3WBAIOTh 3aJCKHICTh MK X Ta Y, IpU I[bOMY 13 3MIHOIO
dakTopHOi 03HAKH X 3MIHIOETHCS PO3MOALIT Pe3yJbTaTUBHOI 03HAKU Y. CTaTUCTUUHY
3aJIeKHICTh, B SKOT MPHU 3MiHI X 3MIHIOETbCS CEPEAHE 3HAUEHHA Y, HA3UBAIOTh KOPe-
JISALIIHOIO.

Ve = @(x) (1.6)

Perpeciero Y Ha X HazuBaioTh yMOBHE MaTeéMaTU4HE CIOJIIBAHHS BHUIIaJIKOBOT
BEJIMYMHU Y 3a yMOBH, 110 X mpuiiHsAIa 3Ha4YeHHS X;. JIiHIIO, 110 3'€IHYE TOYKHU ),
HA3MBAIOTh JIiHi€I0 perpecii. /{5 anmpokcumariii niHii perpecii aHaIITUHYHAM BHPa30M
BUKOPUCTOBYIOTh PiBHsIHHSI perpecii. Ha mpakrtuii Haifdacrimie BHKOPHCTOBYIOTH
JiH1MHE PIBHSAHHA pErpecii:

Y=p,x+b. (1.7)

Koedinient npu x pyx HazuBaroTh koedinieaTom perpecii.

Memoo natimenwux keadpamie

Jlns BU3HAUYeHHs 3Ha4Y€Hb IIapaMeTpIB Pyx Ta b piBHAHHA perpecii (1.7) 3acTo-
COBYIOTh MeTOJ] HaliMeHmux kBaaparie (MHK), sikuii mo3Bosise mpu BijoMoMy Kiaci
3QJIEKHOCTI  Jx = @(X) Tak BUOpaTu iX 3HAYEHHS, 11100 BOHA MIOHANKpaIlle BigoOpa-
’aja JaHl CIIOCTEPEKEHb.

[Tpu Buxopuctanui MHK BuMmora Halikpamioro y3ropkeHHs Vy = @(X) 3 J10cC-
JITHAMHA JAHUMH 301ra€eThCsl 0 TOTO, MO0 CyMa KBaJpaTiB BIAXHIICHb KPHUBOI, IO
3TJIa/KYE, Bl €KCIEPUMEHTAIBHUX TOYOK 00epTaiacs Ha MIHIMyM:

> 0, —v;) > min (1.8)
i=1

1€ y; — 3HaYEHHs Y, OTpUMaHi B pe3yJIbTaTl CIIOCTEPEIKEHb;
Yip - PO3paxyHKOBI 3HauyeHHsA Y, OTpuMaHi 3 BHpasy KpHUBOI,
10 3TJIAJIKYE ¢ (X).
ko BCl BUMIPIOBaHHS MPOBAIUINCS 3 OJHAKOBOIO TOYHICTIO Ta MOMUJIKU
BUMIPIOBaHb PO3MOJIJICHI 32 HOPMaJIbHUM 3aKOHOM, TO 3HaiJieHa 3aJIeKHICTh Oyje
HAWIMOBIPHIIIOKO 13 BCIX MOXKJIMBUX B IAHOMY Kjacl GyHKITIH.
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3 ypaxyBaHHSM TOTO, IO Vi, = ¢(x;), BUpa3 (1.8) MokHA 3anMCaTH y BUTIIAMI:

Zn:[(p(xi)—y,»] — min (1.9)

Hepigomi mapameTpu NIykaHOi 3ajie’KHOCTI BHU3HAYaIOTh, 3aIlMCABINM i1 HE
TUIBKU 5K (QYHKIIIIO apryMEHTY X, all€ 1 IK (YHKI1I0 HEBIJOMHUX IIapaMeTpIB a;.
2

d.[p(x;,a,.a,,..a,,..a,)=y,] —>min (1.10)
i=1

YMmoBa (1.10) BUKOHY€ETHCS, SAKIIO BC1 YaCTKOBI MOXIAHI CyMU KBaJpaTiB Bij-
XWJIEHb 3a IapaMeTpaMH ¢j JOPIBHIOIOTH Hy0. YacTKOBI MOXiAHI JAIOTh CHCTEMY
m+1 piBHAHB 13 m+1 HEBIIOMUMHU, PO3B'A3aHHS SKOI Ja€ IIyKaHl NapaMeTpH aj, 10
32JI0BOJIbHSIOTH YMOBI (1.9).

Hictanemo mis JiHIAHOTO piBHAHHS perpecii (1.7) 3a MeTonoM HalMEHIIUX
KBaJpaTiB BUPa3 Ul KoedilieHTa perpecii pyx Ta BUIbHOTO WieHa b. J{na nporo mizc-
taBumo 110 (1.10) Bupas (1.7):

n 2
2. [p.xi+b=y,] —> min,
i=l

Js BiAUIyKaHHA MiHIMyMYy Bi3bMEMO IOX1JHI 3a IapaMeTpaMu Py Ta b 1 Jopi-
BHSIEMO 1X JIO HYJISI, ICTAHEMO CUCTEMY PIBHSHB:

2Z[pyxxi+b_yi]*xi :0

i=l1
2Z[loyxxi +b_yl]:()
i=l J

3 SIKOi B pe3yNbTari nepeTBopeHL OTpI/IMaGMO'
x! +b* = z X,y
X, +nb= ’ (1.12)

ny Xy =%, Zyl

P = (1.13)

Y (X

2 % *
YA RED VI Z”l. (1.14)

Y (Ex)
Hpuxnanx 1.6. [y ananizy 3a1exHOCTI 00CATYy croKuBaHHs Y (TPOIL.OJI.) Bif
piBHS oxony X (rpoi.of.) ckiajgeHa BUOIpKa 3a HMIOMICSYHUMU JaHUMU TPOTITOM

poky. Jlani 3BeneHi q0 tabauil 1.5. HeoOXiMHO OMIHUTH BUJ 3aJI€KHOCTI 1 BU3HAYH-
TH TTapaMeTpu PIBHSIHHS perpecii.

, (1.11)

3B1JIKM BUPA3UMO Oy Ta b
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Tabanug 1.5 — BuxigHi gaxi

i 1 2 3 4 5 6 7 8 9 10 | 11 12
x; 107 [109 |[110 [ 113 [ 120 |[122 [123 |128 |136 | 140 | 145 | 150
yi 102 [105 | 108 | 110 | 115 | 117 | 119 [125 |132 | 130 | 141 | 144
J{ns1 BU3HaYEHHS BUY 3aJI€KHOCTI MO0y IyeMo Mojie kopessinii (puc. 1.3).
150
140 - 4 ¢
130 - * o
L 4
120 + . <
110 ~ .. L 4
100 ® ‘ ‘ ‘ ‘ ‘
100 110 120 130 140 150 160
Pucynok 1.3 - Po3milieHHSI CTATUCTUYHUX JIAHUX HA ITOJI1 KOPEsIii
3 pO3MIiIIEHHS TOYOK Ha TOJII KOPEJsAIii MOXHA MPHUITYCTUTH, 0 3aJICKHICTh
TiHIHA:
p=b+p,x.
JI71s1 HAOYHOCT1 PO3paxXyHKIB CKJIAIEMO JTIOMTOMDKHY TaOmuIfio 1.6.
Tabmauusg 1.6 — Po3paxyHKOBI J1aH1
i Xi yi xi X v Vi |yi=P| i)
1 107 102 11449 10914 10404 103,63 -1,63 2,66
2 109 105 11881 11445 11025 105,49 -0,49 0,24
3 110 108 12100 11880 11664 106,43 1,57 2,46
4 113 110 12769 12430 12100 109,23 0,77 0,59
5 120 115 14400 13800 13225 115,77 -0,77 0,59
6 122 117 14884 14274 13689 117,63 -0,63 0,40
7 123 119 15129 14637 14161 118,57 0,43 0,18
8 128 125 16384 16000 15625 123,24 1,76 3,10
9 136 132 18496 17952 17424 130,71 1,29 1,66
10 140 130 19600 18200 16900 134,45 -4,45 19,80
11 145 141 21025 20445 19881 139,11 1,89 3,57
12 150 144 22500 21600 20736 143,78 0,22 0,05
Cyma 1503 1448 190617 183577 176834 1448
Cepenne 125,25 120,67 15884,75 15298,08 14736,17 120,67
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3a ¢popmymamu (1.13) ta (1.14) 3HaAlgEeMO OIIHKK TapameTpiB PIBHSIHHS
perpecii:

~ Xy —x-)y _ .
P, = 2TV 1529808-12525:120,67 _ 9339,

x? —x 15884,75 — (125,25)>

b=y- I[syx X =120,67-0,9339*125,25=3,699.
OTxe, pIBHSIHHS perpecii Mae BUTIISIA:
Y =3,699+0,9339 x.
OTtpumane piBHSHHS perpecii B OyAb-sIKOMY pa3i BUMAarae neBHOI 1HTepIpeTa-
uii Ta aHamizy. Y po3risHyTOMY NIpHKIaAi KoedilieHT O, MOXHA PO3IISIATH 5K

IPaHUYHY CXWJIBHICTh JI0 CHOXMBaHHS. PaKTUYHO BIH IMOKa3ye, HA SKY BEIUYUHY
3MIHUTBCS OOCST CIIOKMBAHHS, SKIIO PIBEHb JOXOAY 30UIBIIMTLCA HA OJUHUIIIO. Bi-
NbHMA 4ieH b BH3HAYa€ NPOrHO30BaHE 3HAYEHHS PiBHS CIOKUBAHHS [IPU HYJILOBO-
My Aoxoii (To0To aBTOHOMHE crokuBaHHs). OfgHAK TyT HEOOXiJlHa OOEPEKHICTh.
BaxxnnBo, HACKIIBKU BIAJAJCHI JaHI CIOCTEPEKECHBb BIJ OCI KOOPAWHAT 3aJIe)KHOI
3MIHHOI, TOMY II[0 HaBiTh NP BAAJIOMY BHOOp1 PIBHSHHS perpecii s AOCTIIKyBa-
HOTO 1HTEpBaJy HEMAa€ TapaHTIi, 10 BOHA 3aJMIIUTHCS CaMe TAKOIO 1 IPU ICTOTHOMY
BiJIaneHH1 BiJ BUOiIpku. Y posrisHyToMy npukinani b=3,699 (rpom.oxn.). Lek dakr
MOJKHA TIOSICHUTH JIJII OKPEMOTO CIIOKMBava (BUTpaTa HAKOMUYCHUX a00 MO3WYCHUX
KOUITIB), OJTHAK [PHU PO3IJISAl CYKYITHOCTI CIIOKMBAYiB BIH BTPAaya€ 3MICT.

Busznauenns micnomu niHitHOL 3a1€H4CHOCMI

JI71s1 OIIHKK TICHOTHM KOPEJISLINHOT 3aJIE)KHOCTI BUKOPUCTOBYIOTh BUOIPKOBMA
KoedilieHT KopeJsiuii:

S)C
e =Py —, (1.15)
y
ne Sy, S, — BHOIPKOBI cepelHl KBaJpaTH4Hl BIAXWJIEHHS 3MIHHMX X Ta Y
B1JIIIOB1IHO.
Jlnst oOuucnenHs koedilieHTa Kopensiii 0e3mocepeiHhO 3a JaHUMHU CIIOCTE-
peKEeHb BUKOPUCTOBYIOTH (hOPMYITY

Py = ——— L . (1.16)
\/ X2 =52 y? =72
BubipkoBuii xoedimieHT kopemsmii npuiiMae 3HadeHHs Bif -1 mo +1. Skmo
re = 0, MHIMHUK 3B'I30K BIACYTHIN, UMM OJMXK4Ye 3HAYEHHS |7,| O OAMHUII, TUM Tic-
HilIe 3B'SI30K, 1 IpH || = 1 BiH cTae QyHKIIOHAIBHUM.
106 oriHuTH, KA YaCTHUHA Bapiarlii 3aJeXHOI 3MIHHOI MOSCHIOETHCS Bapiarli-
€10 (haKTOPHOT 03HAKH, BHUKOPHCTOBYIOTh KoedilieHT neTepMinanii R’:
R=1-Le (1.17)

3ae

[\
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ne (., - 3IMIIKOBA CyMa KBaJpaTiB BIIXWIEHb, IO XapaKTEPU3ye€ BIUINUB
¢akTopiB, SIKi HE BpaxOBaH1 B perpeciiHii Moei:

0., =Zn‘,(yl-—ﬁ,-)2; (1.18)

Q... — 3arajibHa cyMa KBaJIpaTiB BIIXWJICHb CTAaTUCTUYHHX 3HAYCHDb 3aJICIK-
HOT 3MIHHOI BiJ ii cepeTHbpOT

O, =i(y,~ -0, (1.19)

Benuuuna R” npuiimMae 3Hauenns Bix 0 10 1 i xapakrepusye sKiCTh PiBHSIHHS
perpecii.

Mpuxaanx 1.7. J{ns ananizy TICHOTH JIIHIMHOI 3aJI€’KHOCT1, OTPUMAHO1 B MPUK-
naai 1.6, 06uncIuMo Koe(iieHT KOPEISIIii:

- Xy—Xx-y — 184,1625 =0.9914
xy — — S EE——— 9 .
\/xz _ 52 _\/yz _y? 14041323

OTtpumane 3Ha4eHHS Koe]ilieHTa KOpesii 103B0JIsi€ 3pOOUTH BUCHOBOK IPO
CWIbHY JIIHIMHY 3aJIeKHICTh PO3IJISSHYTHX MOKA3HUKIB, IO TAKOX MIATBEPIKY€EThCS
pO3TallyBaHHAM TOYOK Ha MOJII KOPENALIi H[0/10 alpOKCUMYI0UOi IpsiMoi (puc. 1.4).

1100 BU3HAuUWTH, sIKA YaCTHHA Bapiallil piBHS CIOXKHUBAHHS ONUCYETHCS OTPU-
MaHHM PIBHSIHHSAM perpecii, o6uncimmo koedimieHt nerepminanii R*:

R=1-Lu
R2=1—2’93 8 =0,983.
175,7

150 +

140 -

130 - L J

120 -

110 A

100 ‘ ‘ ‘ ‘ ‘ |

100 110 120 130 140 150 160

Pucynox 1.4 - Po3ranryBanHs anpoOKCUMYIOUYOi 3aJI€KHOCTI
1[0/I0 CTATUCTUYHUX JAHUX

Ile o3Hauae, o Bes Bapiarlisi 00CATY CIIOKUBAHHS, 1110 BUKJIMKaHA HEBU3HAUE-

HO BEJIMKHM TiepenikoM (akTtopis, Ha 98,3% 3anexuTh BiJ PiBHSA I0XOAY, 1 TUIBKU
Ha 1,7% Bix iHIMX (HaKTOPIB.
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llepesipka cmamucmuynoi 3Hayywocmi piGHAHHA pecpecii

[TepeBipka 3HAUYIIOCTI PIBHSHHS perpecii 103BOJsi€ BCTAHOBUTH, YH BIJIOBI-

Ja€ MaTeMaTUYHa MOJIENb, M0 BUPAKAE 3aJICKHICTh MK 3MIHHUMH, CTATHCTUIHUM
naHuM. /{71 11bOTO BUCYBAIOTh HYJIbOBY IilmoTe3y

Hy: pyx = 0. (1.20)

[lepeBipka 3HAUYyMIOCTI PIBHSHHS perpecii MpoBaJAUTHCS NUISIXOM JHCHepCiii-

HOTO0 AHAJI3Y, JJI YOTO B 3arajlbHOMY BUNAJKY PO3pPaxOBYIOTh HE3MIIIEHI OI[iHKU

v . . . . . 2
AUCIICPCIN 3aJIC)KHO1 3MI1HHO1, SAK1 BHKIJIIMKAH1 BIIIMBAIOYHUM (1)aKTOp0M, S(])axm , Ta

2 ) ) e o2 2
BIUIUBOM HEBPAaxoBaHUX S ;,, (akTopiB. OmiHku pucnepcit Spum Ta S 54,

MarwTh Y -po3MnoalI 3 m-11n-m CTyIICHAMHA CBOGOI[I/I B1AIIOB1JHO, a4 1X B1IJHOIICHHA

Mmae F-posnonin (po3noain dimepa) 3 THMH CaMUMH CTyTHeHSIMUA CBOOOU. PiBHAHHS
perpecii € 3Ha4yluM, SKIIO CIIOCTEPEKYBaHE 3HAYCHHS [-CTATHCTUKH IMEPEBUIILYE

Ta0JIM4YHE 3HaUYCeHHS Kputepio Dimepa

2
S

F=5>F s, (1.21)

3an

ne F,, ; - Tabnuune 3HaueHHs F-xputepito Pimepa, BU3HAYEHE HA PiBHI 3Ha-

9ymocTi o npu k; = m-11 k, = n-m cTynensx cBo0oau;
m — KUIbKICTh OLIHIOBAaHUX MapaMeTpiB PIBHSIHHS perpecii;
1 — KUIBKICTh CIIOCTEPEKEHb.
Skmo koediuienT gerepMinarii R> BioMuil, TO CIOCTEpeKyBaHE 3HAYCHHS F-
CTaTUCTUKUA MOKHa BU3HAUUTH 32 POPMYIIOIO
B R n-m-1
C1-R* m
OTxe, SIKIIO CIOCTEpPEXKyBaHe 3HAYEHHS F-CTaTHCTHKU OuIblle 3a TabInyHE
3HaueHHs F-kputepito Dimepa, ke BIAMOBIIAE PIBHEBI 3HAUYIIIOCTI & IPU CTYIIEHSIX
cB000/M k| 1 ky, HYJIbOBY TINOTE3Y BIIXWISIIOTh.
JIJIst OIIHKY 3HAYYIIOCTI KOedili€eHTa KOPESIIii BUCYBaIOTh HYJIbOBY TIIIOTE3Y
Hy: 14y = 0. (1.23)
[Ipu nepeBipill HYJbOBOI TNOTE3U BUXOMAATH 3 TOrO, 110 MPH BIACYTHOCTI KO-
PEJISILIIAHOTO 3B'SI3KY CTaTUCTUKA

N1=r?
Mae t-posnofiin CTelojIeHTa 3 n-2 CTyneHsMu cBobomu. ['imoresy H, BiIXUISAIOTH,
SIKIIIO

(1.22)

Ty

] = (1.24)

n—-m-1
>t

B n-m-lLa 9

I"xy

1 = (1.25)

I-r
ne b, 1o - TaOnuuHe 3Ha4eHHs -KpuTepito CThIONEHTA.
Ipuxaanx 1.8. [lepeBipuMo afeKBaTHICTh MOAEII, OTPUMAHOI y npukial 1.6.
3 1i€l0 METOW Ui TEepPeBIpKHM HYJbOBOi Timore3u: Hy: ,5yx =0 o0uuciaumo
F-cratucruky:
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F=_R n-m-1_9646].

1-R? m
3HaiIeMO TaOJIMYHE 3HAYEHHS FF-KPUTEPIIO F(y: m: n-m-1)
F(o,os; 2;9) =4,26.
ITopiBHsIEMO TaOIMYHE 3HAYCHHS 3 eKCTIepUMEHTaTbHUM. OCKIUIBKA
F>F 05,2, 9),
HYJIbOBY TIMOTE3Y BIAXWISIEMO, TOOTO KOe(DIIlIEHTH perpecii € 3HaUyIIMMU.
Ouinnmo 3HAYYILICTh KoepimieHTa KOpeJIALii, TUISL 40ro

00YHUCITUMO ¢-CTaTUCTUKY

ryNn—m—1
VI-R?

3HaifIeMo BIiAMOBiIHE TaOJWYHE 3HAYCHHS f-pO3MOALTY MPU 9 CTYNCHSIX CBO-
0oxu 1 piBHeBI 3HAUYIOCTI 00=0,05 f(nm-1; w2) %9; 0,025=2,262.

= =22 .81.

OCKI1JIbKH ‘l‘ ‘ >tmacn., MOKHA 3pOOUTH BUCHOBOK IPO BIPOT1IHICTH KOedillieHTa

KOpEeJIALli, KU XapaKTepu3ye TICHOTY 3B'A3Ky MDK 3aJ€XKHOI 1 HE3aJIEKHOIO
3MIHHUMU.

Busnauenns 0ogipuux epanuyb NOMUIKU anpoOKCUMAayii

~

PiBHsIHHSA perpecii BU3Hauae MaTeMaTUYHE CIO(IBAHHS 3aJ€KHOI 3MIHHOT ) , a
He Ti (pakTHuHe 3HaueHHS ). Pi3HULSA ) — V' € CTaHJAPTHO IIOMUJIKOK PIBHAHHS, IO
MOPOJKEHA [I€l0 HEeBpaxoBaHWUX ¢akTtopiB. MokHa TMOKa3aTH, IO CTaTUCTHKA

(=2 =M@) vae t-poznoain CterofeHTa 3 k=n-2 crynensmu cBoboau. Jljisi BcTaHOB-
N

v

JIEHHS TOBIPYHX MeX NOMWIKM ampoKCHMalli MOKHa 3 NIEBHOIO IMOBIPHICTIO BCTa-
HOBUTH I'PaHUYHE 3HAUYECHHSI IOMUJIKHM PIBHSAHHS perpecii Ay 1 moOyyBaTu 10BipuMii
IHTEepBaJI JIJI1 YMOBHOI'O MaTeMaTH4HOro crioaiBanHsa M(Y).
Ay =t Sy N1-R?, (1.26)
1€ tpur. — KPUTUYHE 3HAYCHHSA ! IPU 33JaHOMY PiBHI 3HAYyHIOCTI 1 KUIBKOCTI
CTYTICHIB CBOOOIHU k=n-2;
S, — CTaHJapTHA IIOMUJIKA IPYIIOBOI CEPEIHBOI V.
Mpukaaa 1.9. [ToOyxyemo moBip4di MEXi JUIisl pIBHSHHS perpecii, OTPUMaHOTO
B npukiaai 1.6. Ckopucraemocs dopmynorw (1.26), npu 110My Bpaxyemo, Mo s
PIBHAHHS IApHOI perpecii Npy piBHI 3HAYYIOCTI 5% fpur =1,96, TOAI
Ay=1,96* /1757 *1-0,983 =3.4,
10 CTaHOBHUTH 2,82% (3,4/120,67).
OTxe, ocTaTOUHE PIBHSAHHS perpecii Mae BUTIIAL;

¥=3,699+0,9339 x+0,0282 Y .
Hanecemo Ha rpadik nosipui mexi (puc. 1.5).
OtpumaHe pIBHSHHSI perpecii MO)KHAa BUKOPHUCTOBYBATH JJIsi aHANI3y BIUIMBY
3MIHM PIBHS JOXOAY Ha 00CAT CIIOKMBAHHS, JJISI POTHO3YBAHHS OOCATY CIIOKUBAaHHS
IpU BIAOMIM TeHJIEHLIT PIBHS 10XOY.
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150 -
145 -
140 -
135 -
130 -
125 -
120 -
115 A
110 -
105 -

100

100 110 120 130 140 150 160

Pucynok 1.5 - IlonoxeHHsI TOBIpYMX MEXK
IIpocnosysanns pesynomamueHoi o3Haku Y

OriHky mapameTpiB PIBHSHHS perpecii JO3BOJISIOTh BUKOPHCTOBYBATH HOTO
JUTSL TIPOTHO3Y.
[ToMunKy MporHo3y BH3HAYAIOTH 32 (POPMYIIOIO
—\2
S 1+1+ () =) 1.27
m, =8 .. - S
=S S (1.27)
['paHnyHy MOMUJIKY MPOTHO3Y JJIA I’ SITUBIJICOTKOBOTO PiBHS BH3HAYAIOTh 3a
dbopmyIior

Af/p = tma@z 'mj/p , (128)

a JIOBIpYMii IHTEPBAI IPOTHO3Y — 3a popmynow 75 = y s A 5, -

HMpuxnax 1.10. BusnaunMo npor1o30BaHe 3HaUYCHHs 00CATY CIIOKUBAHHS TPH
3poctanHi noxony Ha 20% s moneni 3 npukiany 1.6. OCKUIbBKKM TPOTHO30BaHUMN
JOX1J] CTAHOBHTH X,=x*1,2=125,25%1,2=150,3 rpomr.oz., TO IpOrHO30BaHE 3HAYCHHS
00CsTy CIIOKMBaHHA CKIIage ),=3,699+0,9339%150,3=144,1 rpomr.oxn.

[ToMusika mporHo3y CKI1ajie

_ 2
m, =63- 1+L+ (150,3=125,23) =13,58,
b 12 12*14,67

['pannyna momMusiika MporHo3y, mo y 95% BumnanakiB He Oy/e NMEPEBUILEHOLO,
CKJIaze

A&,, =1,96-13,58=26,6 rpomr.ox.

Busnaunmo 1oBipuHil iHTEpBal IPOTHO3Y
Vs = 144,1-26,6 =117,5 rpourog,.,

7; =144,1+26,6=170,7 rpomr.ox.
Bukonanuii mporHo3 € HanuiitHuM, 3 iMOBipHICTIO p =1—a =1-0,05=0,95
pe3ynbTaTUBHA O3HAKA 3HAXOIUThCS y Mexkax Bin 117,5 rpomr.oa. mo 170,7 rpormr.og.
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2 IHAIBIAYAJIBHI 3ABJAHHS JJI1 PO3PAXYHKOBO-
IT'PA®IYHOI POBOTU

3aBnanns 1

Po3p’s3atu 3amauy NiHIKHOTO TPOrpaMyBaHHS 3a JBOMa METOJaMH - T€OMET-
PUYHUM Ta cUMIUIEKCHUM. [1oOyyBaTn ABOICTY 3aJady Ta 3HAWTH ii ONTHUMaTbHUN
IUTaH, BUKOPUCTOBYIOUM IS IIbOTO OCTAHHIO CUMIUIEKCHY TAaOJUII0 MPSIMOi 3ajadi.
[TosicHUTH €eKOHOMIYHUI 3MICT PO3B’SA3KIB MAPU CIIOIYYEHUX 3a/1a4.

3apava. /[ BUTOTOBJICHHS ABOX BUIB BUPOOIB 4 1 B BUKOPUCTOBYIOTh TPHU
BUM cupoBUHM (Tabia. 2.1). Ha BurotoBnenHs oaunuill BUpoOy 4 moTpiOHO BUTpa-
TUTU CUPOBUHU TNEPILIOTO TUITY @;, APYTOTO — @, 1 TPETHOTO - a3 0j1. Ha BUTOTOBIICHHS
OJIUHUII BUPOOY B MOTPiOHO BUTPATUTH CUPOBUHM MEPIIOTO TUIY b;, IPyroro - b; i
TpeTboro — b; on. BupoOHHUTBO 3a0e3neyeHe CHPOBHHOIO MEPIIOTO TUMY B
KimpKocTi Py, apyroro - P,, Tpetsoro — Ps.

Taomung 2.1 - Buxigai nadi o 3asgansas 1

BapiaHT a; a as b] b2 b3 P] PZ P3 a ﬂ
1 16 8 5 4 7 9 144 929 362 4 4
2 9 7 4 5 8 16 786 151 862 3 2
3 12 10 3 3 5 6 805 670 930 6 2
4 8 7 4 3 6 9 192 156 187 2 3
5 15 11 9 4 5 10 833 459 714 3 2
6 6 5 3 3 10 12 18 611 303 3 9
7 11 8 5 3 4 3 453 241 622 5 2
8 9 6 3 4 7 8 221 611 428 3 2
9 3 4 3 5 8 11 927 200 941 2 5
10 10 5 4 9 11 15 512 943 89 7 9

Jloxin Bia peanizallii OJJUHUII TOTOBOTO BUPOOY A NOPIBHIOE ¢ TPOII.OJ., BH-
poOy B - B rpom.oa. Ckiacty 1iad BUPOOHUIITBA BUPOOIB, 10 3a0€3MeUnTh HANOI-
JBIIUN JOX1]1 Bl peai3altii.

3aBnanus 2

3a TeputopisiMu periony HaBeneHi AaHi 3a 20XX p. (quB. Tadauio). [ToGymy-
BaTH JIiHIMHE PIBHSAHHS MApHOI perpecii ) BiJ X; po3paxyBaTH JIHIHHUN KOEIIiEHT
HapHOI KOPEJALil 1 Cepe/lHIO MOMMIKY alpoOKCUMAallli; OLIIHUTU CTaTUCTUYHY 3Hauy-
IIiCTh MapaMeTpiB perpecii i kopemnsii 3a gomomororo F -kputepito Pimepa i -
kputepito CTbIOICHTa; BUKOHATH MPOTHO3 BUTPAT ) MPHU MPOTHO30BAHOMY 3HAUEHHI
00csaTy BUpOOHUIITBA MPOYKIIi X, 1110 ¢cTaHOBUTH 107% Bif cepeHbOrO PIBHS; OIli-
HUTH TOYHICTH NMPOTHO3Y, PO3PAXyBABIIM MOMUJIKY MPOTHO3Y Ta WOTO JAOBIpYHil 1H-
TepBaJl; HAa OJHOMY Tpadiky No0yTyBaTH BUXIIHI JaHi 1 TCOPETHUHY MPSAMY.
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Taomung 2.2 - Buxigai gadi 1o 3aBgadHas 2

“ndi ‘erern eHLigodes eHHIYO9HIIAI)

161
131

135

147

139
151

135

132
161

159

120

160

10

“Hdi1 ‘oronLeredMRdl 0I0HIO THIY
A WAWIHIN uugodLmkodn ungaomArodHrada)

97

73

79
99
86
91

85

77
89

95

72
115

“ndi ‘erern eHiigodes eHHIYO9HIIAI)

133

139

141

127

154

142

122

135

142

168

124

130

“Hd1 ‘o1onLerEdMRdI 0I0HIO THIY
A WAWIHIN ungodLmxodn nngomAroaHrada)

78

94
85

73

91

88
73

82
99

113
69
83

“Hdi1 ‘erern eniigodes eHHITOIHIAAI)

124

133

146
153

138

159

145

152

168

154

127

155

“Hda ‘oronrLersonmedn 0I0HIIO 9HIY
A WAWIHIN pugoLmxodu ungomAroaHrada)

69
83

92
97

88
93

74
79
105

99
85

94

“Hd1 ‘erern eniigodes eHHITOIHIAAI)

133

125

129
153

140

135

141

152
133

156

124

156

“Hd1 ‘o1onLerEdMRdI 0I0HIO THIY
A WAWTHIW ungodLm¥odn nngomAroanrada)

75

78

81

93

86
77
83

94
88
99
80

112

“Hdi ‘erern eHLigodes eHHITOIHIIAI)

147
133

128

152

138

122
145

141

127

151

129

147

“Hda ‘oronrLersonedn 0I0HIIO 9HIY
A WAWIHIN pugoLmxodu ungomAroaHrada)

92
78

79
88
87
75

81

96
80

102
83

94

“ndi ‘erern eHLigodes eHHIYO9HIIAI)

134

154

128

138

133

144

160

149

125

163

120

162

“Hd1 ‘oxoHLerEIMRdl 0I0HIO 9HIY
A WAWIHIN pugodLmxodu ungomAroaHrada)

79
91

77
87

84
76

84
94
79
98

81
115

“Hd1 ‘erern eniigodes eHHITOIHIAAI)

137

142

128

140

133

153

142

154

132

150

132

166

“Hd1 ‘o1oHLeIEdMRdI 0I0HIO THIY
A WAWTHIW ungodLmxodn nngomAroanrada)

83

88
75

89
85

79
81

97

79
90
84

112

“Hdi ‘erern eHLigodes eHHITOIHIIAI)

123

152

140

142

157

181

133

163

134

155

132

165

“Hda ‘oronrLersonmedn 010HIIO 9HIY
A WAWIHIN pugoLmxodu ungomAroaHrada)

77
85

79
93

89
81

79
97
73

95

84

108

“Hd1 ‘erern eniigodes eHHITOAHIAAI)

122

134

136

125

120

127

125

148

122

157

144

165

“Hd1 ‘o1onLerEdMERdl 0I0HIO THIY
A WAWIHIW ungodMLmxodn nngomAroaHrada)

74
81

90
79
89
87
71
93

70
93

87
121

“ndi ‘erern eHiigodes eHHIYOIHIIAI))

124

131

146

139

143

159

135

152

127

154

127

162

“Hd1 ‘oxonrLereaMedl 010HIO 9HIY
A WAWTHIN uugodLmxodn nugomArodHrada)

81

77
85

79
93

100
72
90
71

89
82
111

BapianT

Anor1dd donwoH

10

11

12

24




Tabmuis F-po3noniny dimepa amns piBusa 3Hauymocti a=0,05 (5%)

Jloparok

1 m
et 2 3 4 5 6 7 8 9 [ 10
1 161 (200 |216 |225 230 (234 |237 |239 |241 |242
2 18,5 (19,0 (192 (19,2 |19,3 |19,3 [19.4 |194 |194 |194
3 10,1 9,55 19,28 (9,20 9,01 |894 |8,89 |8,85 |881 |8,79
4 7,71 1694 659 6,39 6,26 |6,16 (6,09 |6,04 |6,00 |596
5 6,61 |5,79 |[541 |519 |505 495 (488 (482 |4,777 |4,74
6 5,99 5,14 (476 4,53 4,39 (428 (421 4,15 [4,10 |4,06
7 5,59 4,74 (435 4,12 |3,97 3,87 (3,79 |3,73 |3,68 |3,064
8 532 |446 (4,07 |3,84 |3,69 |3,58 (3,50 [3,44 |3,39 |3,35
9 5,12 14,26 |3,68 [3,63 (3,48 (337 |3,29 |3,23 |3,18 |3,14
10 1,96 4,10 [3,71 |3,48 |3,33 |3,22 |3,14 |3,07 |3,02 |2,98
Tabmuus t-posnoainy CTerofieHTa (KpUTUYHI 3HaYeHHS ¢ (al, n-m-1))
Tecr PiBenb 3HauymocTi o
JABooiunmii | 50% | 20% [ 10% | 5% 2% 1% | 0,2% | 0,1%
Opnooiunmii | 25% | 10% | 5% | 25% | 1% | 05% | 0,1 % | 0,05%
n-m-1

1 1,000 | 3,078 | 6,314 | 12,706 | 31,821 | 63,657 | 318,31 | 636,62
2 0,861 | 1,886 {2,920 | 4,303 | 6,965 |9,925 |22,327|31,598
3 0,765 | 1,638 | 2,353 | 3,182 | 4,541 |5,841 |10,214|12,924

4 0,741 | 1,533 {2,132 2,776 |3,747 |4,604 |7,173 |8,610

5 0,727 | 1,476 | 2,015 | 2,571 |3,365 |4,032 |5,893 |6,869

6 0,718 | 1,440 | 1,943 | 2,447 |3,143 |3,707 |5,208 | 5,959

7 0,711 | 1,415| 1,895 | 2,365 [2,998 |3,499 |4,785 |5,408

8 0,706 | 1,397 | 1,860 | 2,306 |2,896 | 3,355 |4,501 |5,041

9 0,703 | 1,383 | 1,833 | 2,262 |2,821 |3,250 |4,297 |4,781

10 0,700 | 1,372 | 1,812 | 2,228 |2,764 |3,169 |4,144 |4,587
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