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BCTYII

Cyd4acHHMIl €KOHOMICT MOBMHEH 3HATH 1 BMITH BUKOPHUCTOBYBAaTHU B IIO-
BCSKJICHHIN poOOT1 HOBITHI €KOHOMIKO-MaTEeMaTHYHI METOIN 1 MOJEII.

Tpaauiiinuii croci0 BUBUYCHHS €KOHOMIKO-MaTE€MaTUYHUX MOJENIEH Io-
JsraB 'y BU3HAYEHHI IXHbOTO MPU3HAYEHHS 1 CYTl, B OCBOEHHI TEXHIKHA «PYUHOI»
peamizartii. [1{06 3poOUTH TOCTYITHOIO «PYUHY» pealtizallito, 00’eM o0pobIroBa-
HUX JaHUX JOBOJIUIOCS MaKCHMAJIbHO CKOPOYYBaTH. 3 OJTHOTO OOKY, II¢ Haiiua-
CTiIIe BiAmassie moOya0BaHy MOJEb BiJl PEATbHOCTI, a 3 1HIIOT0 00Ky — 3HUXKYE
e(eKTUBHICTb 3aCTOCYBaHHS JOCTI)KYBaHUX METO/IIB.

BukopucTtaHHS KOMI'IOTEPHUX TE€XHOJIOT1H 3BUIbHSIE €KOHOMICTIB BIJl HE-
OOX1HOCTI CIPOIIYBAaTH €KOHOMIYHI MOJIEN, PATYE iX BiJ PYyTHHHOI OOYMUCIIO-
BaJIbHOI pOOOTH 3 peanizallii MaTeMaTHYHUX METO/IB, J03BOJII€E CKOHLEHTPYBa-
TH yBary He Ha aJlrOpUTMI OOYHUCIICHHS, a Oe3MoCcCepeTHhO Ha aHali31 pe3yibTa-
TiB MojieNifoBaHHs. OueBUIHO, 1110 €PEKTUBHICTh BUBUCHHS MPEIMETa CTAE 1CTO-
THO BHIIIOIO, SIKIIIO B €KOHOMICTA € MOKJIMBICTh CAMOCTIMHO MIBUAKO «IpOrpa-
THU» BaplaHTH MOJIENEH, 3MIHUTH 1XHI MapaMeTpu, MOPIBHABIIM B TpadiuHiil i
YKUCIIOBIM (POpMi pe3ysbTaTh BUKOPUCTAHHS JIEKLUIBKOX METO/IB.

OpHak o0/THa KOMITIOTEpHA TEXHOJIOT1S Hl B JaHWH Yac, Hi B JOCTYITHOMY
JUISL OTJISITY MalOyTHROMY HE B 3MO31 BUPIIIUTH AOBUILHO CPOPMYIIHLOBaHY 3Mi-
CTOBHY 3a71a4y 3 Oyab-sIKOTO PO3/iTy MaTEMaTUKH, EKOHOMIKA ab0 TexHiku. L
nporeaypa dpopmaizaiii 3a7a4i 1 € TBOPUOK CKJIAJOBOIO IIPOIIECY PO3B’A3aHHS
OyIb-gKO1 3a/1a4l, 110 B JaHUW Yac JOCTYIHA TUIbKU JTIOAUHI.

Tomy naHuit HaBYAIBHUM MOCIOHUK MOOYTIOBAaHO HA TAKWUX MPUHIIAIIAX:

— BUKJIaJl KOPOTKUX TEOPETUYHUX BIJIOMOCTEH, HEOOXIAHUX AJISI PO3YMiH-
Hs TIpolecy ¢popmaiizanii 3a/1a4 JIHIHHOro NporpaMyBaHHs;

— posris nporecy (opmanizarii Ajisi BU3HAYEHUX KIIAciB 3aja4 y 3ara-
JBHOMY BUIJISI 1 HA KOHKPETHUX MPUKIIAIAX.

— IHAWBIAyaJibHI 3aBJaHHS JJI1 CAMOCTIMHOI pOOOTH CTY/ICHTIB,;

— 3arajibHi NPUHIMIHK 1 MPUKIATU BUKOPUCTAHHS PI3HUX KOMITIOTEPHUX
TEXHOJIOTIH JIJIs1 pO3B’si3aHHs (DopMaTi30BaHUX 3a7ad.

Y upomMy moOCIOHHMKY 3ajadi pO3B’A3YIOThCS 3a JIONMOMOIOI0 Iporpam
Maple, Excel for Windows i MathCad.

VY momaTky A pO3TIIIHYTO TpaBHja Ta KoMaHau podbotu B makeri Maple.
JIi1st Ko’)kHO1 1abopaTopHOi poOOTH HABENEHO MPUKIIAJ PO3B’si3aHHs 3anadi. Lle
JIOTIOMO>K€ OBOJIOJIITH OCHOBAMH POOOTH 3 TTAKETOM.

Y nmomarky B posrisHyTo mpaBmia Ta koManau podotu B Excel for
Windows. [{nst koxHOI 1a00paTopHOi poOOTH HABEACHO MPUKIIA] PO3B’SI3aHHS
3aaui.

Y nmomarky B posrisgHyTo mnpaBuiia Ta KOMaHAM pPOOOTH B TaKeTi
MathCad. /Inst koxxHOT 1abopaTopHOi pOOOTH HABEACHO MPHKIIAJ PO3B’SI3aHHS
3a7a4l.



1 HPEAMET «MATEMATHUYHE ITPOT'PAMYBAHHA»

B exoHOMIYHIM MpaKTHUIll TOBOJI1 YaCTO BUHUKAIOTH TaKl MUTaHHS:

SIK OpraHi3yBaTl BUPOOHUITBO MNPOAYKIIIi, 100 OTPUMATH MaKCUMaJIbHUN
NpUOYTOK, y TOM ke yac He MePeOUTBIINTH 3aTPaTH ICHYIOUUX PEeCYPCIB;

K 13 MIHIMQJbHUMU 3aTpaTaMU 3 HasiBHUX BUJIIB CUPOBUHU OJIEp>KATH
[UISIXOM 3MINTYBaHHS HOBHM MPOAYKT (Hanmpukiaa: O€H3WH, METaleBUN CIUIaB
1 T. 1H.) 13 33JaHUMH TEXHIYHUMU ¥ THIIMMU XapaKTEPUCTUKAMMU;

K OpraHi3yBaTh JOCTAaBKY TOBAapiB YW CHUPOBUHHU B JE€KUIbKA IYHKTIB
3 HAWMEHIIIMMH 3aTpaTaMHy Ta iH.

TakuM 4YMHOM, y TPaAKTUI[l €KOHOMIYHOTO IUIAHYBaHHSA Ha OYIb-IKOMY
Horo piBHI BUHHMKA€ HEOOXITHICTh BUOOPY ONTHUMAIBHOTO BapiaHTa cepen pi3-
HUX BapiaHTIB TUIaHY.

OnHak, sIK IpaBUJIO, IHTYIIIA 1 TOCB1 IJIAaHYBAHHS BUSBIISIIOTHCS TYT He-
noctaTHiMu. ToMy B IutaHyBaHHI HEOOXIJHI TOYHI METOJIH, IO JAlOTh MOYKJIH-
BICTb 31CTaBIISITH Pi3HI BaplaHTH IUIaHy i OOMpaTH ONTUMANIbHUM BapiaHT. OauH
13 METO/IiB, 10 MOJIEriIye nepedip OoNTUMaIbHUX BapiaHTIB IJIaHy, 1€ TaK 3BaHE
MaTeMaTUYHE MPOrpaMyBaHHS.

Mamemamuune npocpamyeanns — po3ail MaTeMaTHKHU, IO PO3poOIIsE
TEOPII0 1 YUCENbHI METOJIU PO3B’S3aHHs 33J]a4 Ha eKCTpeMyM (YHKIIIi Oararbox
3MIHHUX 3 OOMEXEHHSIMHU Ha 00JIaCTh 3MIHU IIUX 3MIHHUX.

Tepmin «mporpamyBaHHs» (BiJ aHTIIHACBKOrO «programming» — CKJia-
JaHHs [J1aHy abo mporpamu Jiiid) TyT Tpeda pO3yMITH SIK «IIOIIYK HaWKpauux
IUTaHIBY», Ha BIAMIHY B1Jl TOIO TAYMAau€HHs, sIKE IPUHHATE CHElianicTaMu 3 Mpo-
rpamMHOro 3ade3neueHHs — ckiagaanus nporpam st [IEOM.

[Ipu BUBYEHHI MaTEeMaTUYHOTO MPOTPAMyBaHHS MOTPIOHE 3HAHHS 3aralib-
HOTO KypCy BHUIIOI MaTeMaTHKH, MAaTEMATHYHOI CTATUCTHUKUA 1 MAaTEMaTUYHOTO
amapary JJis po3B’si3aHHS 3aJ1ad €KOHOMIKY 1 IJIaHYBaHHSI, & TAKOXXK BMIHHS KO-
puctyBatucs IITEOM. Ockinbku Iieli HaBYQJIBHUN IIOCIOHHMK OpI€HTOBAHHUI
Ha CTY/CHTIB 1 acIpaHTIB eKOHOMIYHHUX CIICIiaIbHOCTEH, K1 Y CBOIN JISIIbHOC-
Ti 3yCTPIYaIOThCSA 3 MATEMAaTHYHUMH METOJaMHU SIK KOPUCTYBadi, Jaii OyayTh
HaBEJICHI TUIBKM KOPOTKI TEOPETHYHI BIAOMOCTI, a OUIbIIE yBaru MPHUALICHO
MIPAKTUYHUM 33J1a4aM.

OCHOBHI TTOHATTS, IKUMH OIIEPY€E MaTeMaTUIHE TIPOTpaMyBaHHS

DyHKII10, eKCTpeMaJIbHE 3HAaYEHHS SIKO1 Tpeda 3HAWTH B yMOBax 3aJaHuX
€KOHOMIYHHUX MOKJIUBOCTEH, HA3UBAIOTh YLIb060I0 (PYHKUiEW a00 Kpumepiem
ONMUMATLHOCHI.

ExOHOMIUHI MOXJIMBOCTI 3aMUCYIOThCA ((POpMani3yroThes) Y BUTIISL CU-
cmemu 00OMedHceHs.

CyKyIHICTh HEBIIOMHX BeTHUYUH (X, ..., X,), 3MIHIOIOUYH SIKI MOKHA BIOC-

KOHAJIIOBATHU CUCTEMY, HA3UBAIOTh HIAHOM 3A0aUi.
Hageneni Buile MOHATTS CKJIaIal0Th MaTEMAaTUIHY MOJICITb 3a0a4i.
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Mamemamuuna moodens — BinoOpaXKeHHS PEATPHOT0 €KOHOMIYHOT'O TPO-
necy abo o0’ekra 3acodamMu MateMaTuku (y BUIJISAl (YyHKIIN, pIBHSIHb, HEPIB-
HOCTEH 1 T. 1H.).

3anwc 3aralbHOTO BHUTJISIY MAaTEMAaTHIHOI MOJIEII

3nakitn mian X = (X}, ..., X,), AKUH JOCATAC EKCTPEMAJIBHOIO 3HAYCHHS

1iI0Boi yHKIi F, TOOTO

F=F(, ... %)

IIPH 33JIaHUX OOMEKECHHSIX
¢(X11"'1Xn){gl = Z}bi’ i=1..m.

3a3Buyaii 3 ekoHOMiuHKX MipKyBanp X; 20, j =1..n.

3agadyl MaTeMAaTUYHOrO MPOTrpaMyBaHHS KIACU(PIKYIOTh Yy 3aJIEKHOCTI
BiJl 0COOJIMBOCTEH 1IIbOBOT (DYHKIIIT 1 CHCTEMU OOMEKEHb.

Sxmo uinboBa Qyrkuis F (x) i ynkuii @, (X), 1=1..m e niniiiaumuy, To

11e 3a/1a4a JiHiiHoro nporpamyBanus (JIIT).

Skmo xoua 60 omHa 3 (PYHKIIA, IO BXOASATh B MaTeMaTH4YHY MOJECIb
(F (X), 9;(x)), He minHiitHa, TO 1€ 3a1a4a HeliHiiHOrO mporpamyBanus (HJIIT).

Axmo xoya 6 oHA 31 3MIHHHMX 32 YMOBOIO 3aJlayl MOBUHHA OYyTH LIJIUM
YHUCJIOM, TO 1€ 3aJa4a 1ijourcioBoro nporpamysanus (L[IT).

k1o napaMmeTpu HUIbOBOI (PYHKIIIT 1/a00 CUCTEMU OOMEKEHb 3MIHIOIOTb-
sl y 4yaci, TO Taki 3a/Ja4l BUPIIIYIOTh 3a JOMOMOI0OI0 METOAIB AMHAMIUYHOTO MPO-
rpamyBanHs (/I1).

Mertoan po3B’si3aHHA HaBEIEHUX BUILE 3a/1ay ONEPYIOTh 3 JAETepPMiHOBA-
HUMU MaTEMaTUYHUMHU MOJIEISIMU, sIKI BITOOPaXyrOTh MOBEIIHKY 00’ €KTa 3 1Mo-
3MIIIH TOBHOI BU3HAYEHOCTI B CY4aCHOMY 1 MalOyTHHOMY.

Axmo mapaMmerpu, IO BXOAATh Yy IUILOBY (yHKIIO abo ¢yHKIii-
OOMEXEHHS, € BUIMAJKOBMMU BeMYMHAMHU, a00 Tpeda mpuilMaTH po3B’si3aHHSA
B YMOBaX HEMOBHOI 1 HEJIOCTOBIPHOT 1H(pOpMAIlii, TO TOBOPSTH MPO CTOXACTUYHE
nporpamyBanss (CII).

3anaul, y sKuX Tpeda 3HaAlUTH PO3B’A30K 3a KUJIbKOMA LIILOBUMHU (PYHKIII-
MM, Ha3UBAIOTh 3aJa4aMH 0araTOKpUTEpIaabHOI ONTHUMI3allli.



2 JIHIMHE IPOTPAMYBAHHS

JI71st moYaTKy pO3TJIsTHEMO PO3JALT MAaTEMaTUYHOrO MpOorpamMyBaHHS — Jii-
Hil{HE TpOrpaMyBaHHs, € PO3IIISIAIOTHCS TUIBKH JIHIAHI (PYHKIII1, IO CIPOILYE
3HAXOJKEHHS PO3B’sI3aHHS.

CyTHICTb JIIHIHHOTO MIPOrpaMyBaHHs B 3arajJJbHOMY BUTJISL

€ n 3MIHHUX X1, X2, ..., Xn. BU3HAUUTH MakcUMyM (91 MiHIMYM) HaCTYITHO1
TiHIAHOT (QYHKIII, Ky Ha3UBaIOTh IUILOBOIO (PYHKITIEIO, ITUX 3MIHHUX:

n
F:Zcixi:clxl+czx2+---+cnxn_ 1)
i=1

[Ipu po3p’s3aHHI 3a7a4l HA MAaKCUMYM €KOHOMIYHHUM 3MmicT (QyHKIi F
MOX€e OyTH TaKUM:

Xj — KUIbKICTh BHPOOIB, 10 BUITYCKAIOThHCA, 1-TO BUAY, 1= 1, .., N;

Ci — IliHa OIMHMII BUPOOY 1-r0 BUAY, 1= 1, .., N;

F — cymapna niina BupoOiB, 1110 BUITYCKAIOThCS.

[Ipu po3B’s3aHHI aHAJIOTTYHOI 337124l Ha MIHIMYM: C; — BUPOOHUY1 BUTpa-
TU (y TPOIIOBOMY BHPAXKE€HH1) Ha OJJMHUII0 BUPOOY, 10 BUITYCKAETHCS, 1-T0 BU-
ay,1=1, ..., n; F — cymapHi BuTparu.

[Tomyk excTpemMyMmy 1iIb0BOI (DyHKINT F TOB's3aHM 3 HEOOX1AHICTIO Mi-
HIMI3yBaTU BUTpATU (TPOILIOBI, CHPOBHUHHI) YA MaKCHUMI3yBaTu MPUOYTOK, Bap-
TiCThb 3po0JieHOT TpoayKiii 1 T. iH. [Ipu 1IbOMy MOBHUHHI 3aJOBOJBHSATHUCS TaKi
YMOBH, 1110 HA3UBAIOTHCS CUCTEMOIO JIiHINHUX oOMexeHb (COB) 3anaui:

Q1% + 8%, + ot A X, S
Ay X + ayX, + .+ 8, X, <Dy,
<

(2)

QX+ X + o+ 3 X, < b,

x >0 (i=1,.n).

YMmoBu COB (2) B1100pakyt0Th OOMEXKEHICTh HasIBHUX PECYPCIB (MaTepi-
aJIbHUX, TPOIIOBUX, YACOBHX, BUPOOHUUYUX MOTYKHOCTEH 1 T. I1.).

Bektop X =(X,,Xy,...,X,), KOMIIOHEHTH SIKOTO 3aJOBONBHSIOTH OOMe-
KEHHSIM 3ajadi, Oy/eMO Ha3WBaTU IJIAHOM a00 MPUILYCTUMHUM PO3B’SI3aHHAM
3a/1a4l JIIHIITHOrO MpOrpaMyBaHHs.

VYci npumycTumi po3B’s3aHHS YTBOPIOIOTH 00JACTh PO3B’SI3aHHS 3a/adl
JHIAHOTO IPOrpaMyBaHHSI.

[Ipunyctrme po3B’si3aHHs, M0 MaKCUMI3ye (MIHIMI3ye) LUIbOBY (YHK-
1110, HA3UBAETHCSI ONTUMAJIBHUM IUIAHOM 3a]1aul.
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Po3B’s13aHHs Takoro poay 3ajad i CKJIaJa€e mMpeaMeT JiHIHHOTO mporpaMmy-
BaHHA. TepMiH <«JIiHIMHE MpOrpaMyBaHHS» BKa3ye, 10 PO3B’SA3aHHS IMOJATrae
y BU3HAYCHHI ONTHMAJILHOTO IUIAHY, IPHYOMY B MATEeMAaTHYHOMY BHUPAXKEHHI
1uX 3a7a4 QirypyroTh TUIBKY JIIHINHI pIBHSHHS 1 JTIHIAHI HEPIBHOCTI.

Po3B’s3anHs 3a7a4i JIIHIKHOTO MPOTPaMyBaHHS CKJIAJA€ThCS 3 TPHOX OC-
HOBHHX €TalliB:

a) CKJIaJaHHsA MaTeMaTUYHO1 Mozen (dhopmairizaris 3amadi);

0) po3B’si3aHHs (pOpMaJi30BAHOI 3a/1aui;

B) aHaJI13 OTPUMAHOI'0 ONTUMAJIBHOTO PO3B’I3aHHS.

Dopmanizayia 3ad0aui TOYNHAETHCS 3 BUOOPY 3MIHHUX, CYKYITHICTh YHUC-
JIOBHUX 3HAYEHb SKUX OJHO3HAYHO BH3HAUa€ OJWH 3 BapiaHTiB miaHy. [Ipu mpo-
My BapTO MaTW Ha yBa3i, 10 B OUIBIIOCTI BUMAAKIB BiJ BAAJIOr0 BUOOpPY LHX
3MIHHUX 3QJIEKHUTh MPOCTOTA MOJAEII 1, OTKE, 3pYUHICTh MOJAJBIIOTO 11 aHai3Yy.
[Ticns BUOOpPY 3MIHHUX HEOOXIJHO CKJIACTH 3a TEKCTOM 3ajJlayl cucteMy oOMme-
KEHb, AKIN 11 3MIHHI MTOBUHHI 33J0BOJBHATH. [Ipy bOMYy NOTPIOHO CTEXUTH,
o6 y Mozaens Oynu BKIIIOUEHI BC1 OOMEXyBalbHI YMOBH H, y TOHM e yac, He
OyJ10 KOJTHOTO 3aliBOr0 OOMEKEHHSI a00 0OMEKEHHsI, 3aMMCAaHOTO0 B HEaIeKBaT-
Hilt popmi (TobTO He ciin nucatu B COB 3HaK «<» 3aMiICTh « <) 1 HABMAKH).

Hapemri, ckinanaerscs nuiboBa (DyHKIIIS, 0 B MaTeMaTU4HiN Gopmi Bi-
no0paxkye KpuTepiii BUOOPY Kpaloro BapiaHTa.

Meton po3B’si3aHHs (HopMali3oBaHOI 3a1a4l 3aJI€KUTh BiJl il pO3MIPHOCTI.
K110 KiTBKICTh 3MIHHHMX JIOPIBHIOE IBOM (n = 2), TO 3a7a4a Ha3UBAETHCS TIOC-
KOI0 1 MOke Oytu BupinieHa rpadiuno. KoHTposib NpaBUIBLHOCTI PO3B’sA3aHHS
B JIaHOMY BHIIAJIKy BapTO MPOBOIUTH, BUpilIytodH 3amaayy Ha EOM. Jlns Gara-
TOMipHHX 3a1a4 (N> 3) rpadiyHuil MEeTO PO3B’sI3aHHS HE MOXKHA 3aCTOCOBYBa-
TA. Y 1[bOMY BHUIIAQJIKy 1 PO3B’S3aHHS 3a/adi, 1 KOHTPOJIb MPaBUIbHOCTI
pPO3B’sI3aHHS BUKOHYETHCS 3a gonomororo [TEOM.
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3 MATPUYHUM 3AIIUC 3AJAYI JIHIMHOT O
IMPOITPAMYBAHHS

3amavy AHIKHOTO MPOrpaMyBaHHs 3pY4HO MOAATH B MaTpU4HIN (opmi.
Bu3zHaunMo OCHOBHI MOHSATTS.

M1 X2 ... ¥
A = do1 doo2 ... Qdop
Marpuns = — TabnuLs, 1O CKJIAJa€ThCS
mxn
aml am2 N a.mn
3 M psIAKIB 1 N CTOBMIIIB; M X N — PO3MIPHICTh MaTPHIII.
Xl
Bexkrtop X = | — cToBIeIb 3 N ENEMEHTIB, IOr0 MOXHA MOJATH K Ma-
X

tpumo X (Nx1),

Jeaki 0ii nao mampuyamu

1 Tpancnonyeanus
TpancmonoBana marpuisi A" oTpuMaHa 3 MaTpulli A 3aMiHOIO PSJIKiB
Ha CTOBIILII:

A1 d21 ... am
AT |32 822 - @m2
nxm
n aA2n ... Amn
Matpuusa-psgok (Y; -+ Yp) Moke GyTH mojaHa K TPaHCIOHOBAHHIA
BEKTOP-CTOBIIELIb Y_Tz(yl yn).

2 Ilopisuanua mampuys

[TopiBHIOIOTHCS MAaTPHIL OJJHAKOBOI PO3MIPHOCTI.

JIB1 MaTpu1ll Ha3UBAIOTHCS PIBHUMHU, SKIIO B HUX PIBHI BIAMOBIAHI €1eMe-
HTU: A = B, sx1mo ajj = bjj.

Martpuis A He Oinbmie marpuili B (A <B ), ko ais BCiX €JIEMEHTIB
MaTpHUIb BUKOHYETHCS] HEPIBHICTS a;j < bjj.

3 Mmuoowcenns mampuyo
Cxkansipuuii 10OyTOK BEKTOPIB:

_ n
YT X =y + YoXo -4 YnXn = 2 YiX .
i=1
11



MHOXEHHSI MOXKITUBE JIUIIE JJISI MAaTPHIlh, III0 MAlOTh TaKy BJIACTUBICTH:
KUTBKICTh CTOBIILIB TMEPIIOi MAaTPHUIll JOPIBHIOE KUIBKOCTI PSAKIB APYTroi MaTpH-
u: A- B = C .

nxp pxm nxm

EnemeHT MaTpuli cjj — CKaIApHUM 100YyTOK I-0ro psiaka MaTpulli A Ha j-it
CTOBIIELIb MaTpuIll B.

Ha ocHOBI mMX MOHATH 3amUIIEMO 3ajady JIHIHHOTO MporpamMyBaHHS
B MaTPUIHOMY BHUTJISIII.

Jlana 3amaqa:

n
F= ZCiXi =C1X, +CoXo +::-+CnXp (mMax);
i=1
(a]_le +19Xo +...+ Xy = b_|_,

as1Xp +axoXy +...+ Ao Xy = b2,

x>0 (i=1,.n).

Y MaTpu4HOMY BUIJISI 1151 3a]]a4a 3alUIIEThCS TaK:

C' X (max).
. X <B,
> 0.

X > T
I

3.1 llpuxkaan 3anucy 3ajad4i JiHiliHOro0 MporpaMmyBaHHS
B MAaTPUYHOMY BHIJISITi

Maemo gopmaizoBany 3a1a4y JiHIKHOTO TPOrpaMyBaHHS.

F =5x, +3x%, — X3 (max).
X, +2X, <3,
3X; — X, —4X3 29,

X, =20, X, >0, X3 0.

[lepm HDX TEPEXOAWTH 10 MATPUYHOTO 3aMKCY, MEPETBOPUMO 3a7ady
Tak, MO0 y CHCTEMI OOMEXKEHb yCl HEpPIBHOCTI OyJlIM OJHOr0O 3HaKa. SIKIIo
TUTSI TIITHOBOT (PYHKIIIT MTyKalOTh MAKCUMYM, TO OOMEKEHHS TIOBUHHI MaTH 3HAK
«E».
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Ti HEpIBHOCTI, y SIKMX 3HAK «>», TOMHOKHUMO Ha (-1). OmepxuMo 3a1a4y:

F =5x, +3X, — X3 (max).
X, +2X, <3,

{— 3X; + X, +4X5 < -9,

X, 20,X, 20, X3 20.

Bunwumiemo BeKTOpH 1 MaTPHIIIO:

X, 5 0
_ _ _ 3 12 0) -
X=|%| C=| 3| B= A= 0=|0
-9 -3 1 4
Xq -1 0

13



4 TEOMETPUYHHUM 3MICT 3AJIAUI JIHIMHOTO
IMPOTPAMYBAHHS

VY Bumaaky, Koiv B 3a71a4i GirypyrooTh TUIBKY JIB1 3MiHHI, 3a/1a4a JTiHIIHO-
ro MporpamMyBaHHs MOK€ OyTH BHUpIIlI€Ha TEOMETPUYHUM CIIOCOOOM.
JlaHo cucteMy M JIiHIMHUX HEPIBHOCTEH 13 JBOMA HEBIIOMUMU Xi, Xo:

(a,,X, +a,X, <b,
a, X, +a,,X, <h,,

J 3)

a X +a.,X, <b

-
JaHo niHilHY QYHKITO:

F=cX +C, X,, (4)
[Ipnuomy

x >0, Xx,>0. (5)

[ToTpiOHO cepen ycix po3B’si3kiB cuctemu (3), (5) 3HaMTH Take, sIKE€ Mak-
cuMizye GyHKIio (4).

Cucrtemu oomexenp (3) 1 (5) 3a1ai0Th Ha IUIOUIMHI OMYKJIHM OaraTokyT-
HUK M, npuyomy ymoBH (5) cB1IYaTh NPO T€, IO BIH PO3TAIOBAHUN y MEPILIi
yBepTi (puc. 1). Lleit 6araTokyTHUK Ha3UBAETHCS 00JACTIO PO3B’SA3KIB 3a/1a4l.

3ayBaKeHHS: TpU HENpaBWIbHO chopMynboBaHii 3amadi  00JacTh
PO3B’SI3KiB MOYKE BUSIBUTHUCS TTOPOKHBOIO 400 HEOOMEKEHOIO.

OTtxe, 3aga4a Moxke OyTH c(hOpMyJIbOBaHA TaK: CEPe]l YCIX TOYOK 00JIacTi
M 3HalTH TaKy, KOOpAUHATH IKOT MaKCUMI3yIOTh QyHKIIiO F.

JHloBeneno, mo GyHKIis (4) He MOXKE TOCSATaTH EKCTPEMAIIbHOTO 3HAYCHHS
B JKOJ[H1/ BHYTPIIIHIN Toulll o0sacti M, 3HauuTh po3B’s130K 3a7a4i (4) npu ymo-
Bax (3) 1 (5) BapTo LIyKAaTH Ha TPAHMUIII ITi€T 00JIACTI.

SAkio qopiBHATH BUpakeHHs s GyHKIT F saxiii-HeOyap nmocritauit C:

¢, % +¢C, X,=C, (6)

TO OJICP>)KUMO PIBHSHHS MPSAMOI JIiHII, Yy Toukax sikoi ¢yHkiis F HaGyBae Toro
camoro ¢ikcoBaroro 3HadeHHs C.
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Binmomo, mo 3HaueHHs ¢yHKuii F 3pocTaroTh y HampsMKy
rpaJll€HTA:

1 CIIaIaf0Th y HAMPSMKY, TPOTUIICKHOMY HAIMPSIMKY TPaJlI€HTA.

X2 A

0 N N g

Pucynox 1 — Obnacms po36’sa3kie cucmemu JiHIUHUX 0OMENCEHD

BEKTOpa

Buxoauth, ocTaHHs Touka 00JacTi, Ky nepeTuHae mnpsma (6) npu pyci

B HANpPSIMKY Ipaji€HTa, € TOYKoro Makcumymy ( 1. K, puc. 2).

OcranHs TO4YKa 001acTi, Ky mepeTuHae npsama (6) mpu pyci B HAMPSIMKY,
NPOTHJISKHOMY HAIPSIMKY TPaJIi€HTa, € TOUYKOI MiHiMymy (T. N, puc. 2).
KoopnrHaty onTuManbHOT TOUYKU 3HAXOAUMO, PO3B’SI3YI0OUM CUCTEMY PiB-

HSIHb TIPSIMUX, 1110 TIEPETUHAOTHCS B 11 TOYITI.

X2 A

C1X1 + C2X2 = Chin

.
>

~

N\ X1

C1X1 + C2X2 = Crnax

\ C1X1+ CXo=C

Pucynok 2 — 3naxoooicenns maxcumymy i MiHiMymy yinbo80i QyHKyii

epaghiuHuM Memooom
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4.1 Pi3Hi BUnagKku, 1o 3ycTpivyaThesl MPU Po3B’A3aHHI 3a/1a4
JIHIHHOTO MPOTrPaMyBaHHSA

[lepenbavaetnes, mo oonacte D, ooymoBiena COB, He mopoxKHS.
1 O6nacts D — obmexxena. Po3B’s130k icHYye 1 equnmiA (puc. 3).

max

Grad F

Y

Pucynox 3

2 Obnacte D — HeoOmexxeHa. Po3B’s130k (max) icHye 1 enunwnii (puc. 4).

max

Grad F

Y

Pucynoxk 4

3 OG6nacte D — oOmexeHa, rpali€HT — NEPHEHIUKYISIPHUN CTOPOHI
M;M,. V 1npoMy BUIAJKy ICHy€ HECKIHUYEHHA O€3J14 PO3B’S3KiB, L0 CKJajaa-
IOThCS 3 KOOPJIMHAT TOUYOK Bifipizka [My, M;] (puc. 5).

4 O6nacte D — HEoOMekeHa, 1ThoBa (PYHKIIISI — HEOOMEeKeHa. Po3B’ 130k
He icHye (puc. 6).

5 OcobnuBHiA BUNIAJA0K CKJIQJal0Th TaK 3BaHI MOraHO 0OyMOBJIEHI 3a/1adi,
konu npsama F = c1X; + CoX, Maiike CriBMmajaae 3 OJIHIE€I0 31 CTOPIH 0araToKyTHU-
ka. Toxl HaliMeHma moxuOKa y BU3HAYCHHI KOE(IIIEHTIB MPUBOAUTH J0 TYKE
BEJIMKOI MOXUOKH Y BiAMOBII (puc. 7).
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Grad F

M

Y

Pucynok 5

A Grad F

Y

Pucynox 6

Grad F

Y

Pucynok 7

[cHyIOTH crienianbHi aITOPUTMU JUIsl PO3B’SI3aHHS MMOTaHO OOYMOBIIEHUX
3amad. /st mepeBipku, 4M HE € Bala 3a/1a4ya MoraHo 00yMOBIIEHOIO, TIOTPiIOHO
pO3B’s13aTH ii ABIYi: oauH pa3 — 3 11 koedimientamu C = (Cy, Cy, ..., Cy), @ APYTOroO
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pa3y — 3 xoedirieHTamu, 3ierka 3mineanMu, C = (Cy+ €1, Co+ €y, ..., Ch+ €y).
SAxkmo 3amaya He € TOraHo 00YMOBJICHOO, TO 3MIHHU Y BIJIMOBiAI TOTO K MOPSII-
Ky, 110 1 1 KoeiieHTIB (Hanpukia, ~1%). SAkuio x 3aga4ya noraHo 00yMOB-
JieHa, TO, 3MIHUBIIIM B YMOBI C; Ha KUTbKa BIJICOTKIB, OJEPKUMO BIIAMOBIIb, 1110
BIJIPI3HAETHCS BiJ] BUX1JHOT Ha JECATKU a00 HABITh COTHI BIJICOTKIB.

3ayeaoicenns. Y BUNAIKY 3a]1a4l TPbOX 1 OUIbIIIE HEBIIOMHUX 13 MPUHIIUAIIO-
BOi CTOPOHU cIIpaBa 00CTOITh 30BCIM TaK CaMo, SIK Y BHUIIAJKY JBOX HEBIJOMUX.
OpnHak BXKE y BHIQJIKY 3 TPUBHMIPHOIO 3a7a4€i0, SK MPABHUJIO, TEOMETPUYHE
TAyMA4YeHHS 3a/1adi He MOXKe OyTH OCHOBOIO IS i1 pO3B’s3aHHA. Y KpalioMmy
BUITQJIKy BOHO BIJITpPae JOMOMIXKHY poJib. OJIHAaK SIKICHO KapTUHA HE 3MIHIOETh-
csi, TOOTO PO3B’s3aHHS 33/a4i MOXKe OyTH €IMHHUM, 3a7a4a MOXKE MaTH HECKiH-
YeHHY 0e37114 pillleHb, PO3B’sI3aHHS 3a7a4l MOXKe OyTH HEOOMEKEHHM.
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5 JABOPATOPHA POBOTA 1.
I'PA®IYHE PO3B’SA3AHHA 3AJAYI JITHIMHOTI'O
HNPOI'PAMYBAHHA

Tema. 3amuc 3amadi JIHIHHOTO TpPOrpaMyBaHHS B MaTpU4HIM (popmi.
['pacdiune po3B’s13aHHS 3a1a4i.

Mema. nabymu BMiHb 3anucy 3a0a4i JAiHIHO20 NPOSPAMYBAHHS
8 Mampuurit Gopmi; 6ubopy memoody po38 sA3aHHA POPMANI308aHOI 3a0adi;
nooyoosu 001acmi NPUnYyCMUMUX po36 S3KI8, 3HAXO0ONCeHHS 3d 2paghikom
ONMUMANILHO20 3HAYEHHS YLboBoi (QYHKYIl; 3aceoimu maxi TOHSATTS:
ONMUMANbHULL NAAH, NPUNYCMUME pO36 S3AHHA, YITb0o8a (DYHKYIA, cucmema
ooMedicenb, 0baacmb NPUNYCMUMUX PO38 S3Ki8, 000pe i no2ano 00YMOGIeHi
3a0aui.

PoGota po3paxoBana Ha 8 rouH.

5.1 llpuknan rpagiunoro po3s’sizanHs GpopManizoBaHOi JBOBUMIPHOL
3aja4i JiHiHHOr0 NpPOrpaMmyBaHHA

[Tepin HiX pO3TASHYTH TPUKIAT T'padidyHOTO pO3B’sA3aHHA 3aaa4l JiHIH-
HOT'0 MPOTrpaMyBaHHs, PO3TISTHEMO rpadiuHe PO3B’A3aHHSI HEPIBHOCTI 1 CUCTEMH
HEPIBHOCTEH.

I'pacghiune po3e’azanna nepisnocmi
Ilpuxnao 1

Hexaii € HEepIBHICTb X +2Xo < 4.

Po3B’skeMo 1110 HEpiBHICTB TpadivHoO.

1 TloOymyemo Ha IIJIOMIMHI PIBHSHHS MPSAMOI, 110 BIJIMOBIAA€ HEPIBHOCTI
X1 +2Xp =4. Jlns noOyaoBu NpsIMOi TOCUTh 3HATHU JIBI IOBUIBHI TOYKH, 1O Ha-
JexaTh Uik npsamii. 3HalHAeMO 111 TOUKH.

Jlist 1boro Bi3bMEMO JOBUIbHE 3HAUEHHS X{, Hampukian X; =0, Ta mizxc-
TaBUMO y piBHAHHA. Toml 0+ 2Xo =4 = Xy =2. [lepma Touka — (O; 2). Bi3b-
MEMO Jpyre Xq, Hampukiax X;=4, Ta MmJACTaBUMO Yy piBHAHHA. Toxi
4+2%X9 =4 =Xy =0. [pyra Touka — (4; 0). MaeMo 1Bi TOYKM Ha KOOPAWHAT-
Hil IUIONIMHI, Yepe3 sIKi MPOBOAMMO Mpsimy (puc. 8).

X1 X2
0 2
4 |0
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X2

Pucynox 8

2 Ilpsima po30uBae MJIOIIKMHY Ha JIBl HAMIBIUIOIIMHU. PO3B’SI3KOM HeEpiB-
HOCT1 € OfHa 3 HamiBIUIOMKH. [lifcTaBUMO B HEPIBHICTH JIOBUIBHY TOUYKY ILIO-
muHK (Hannpoctime — Touky (0; 0)). SKkiio HepiBHICTH BipHA, TO PO3B’SI3KOM €
HaIMBIUIOIIWHA, IO MICTUTh IF0 TOYKY. SIKIIO HEpIBHICTH HE BipHA, TO
PO3B’SI3KOM € 1HIIIa HamiBIUIONMHA. Ha pHCYHKY HamiBIUIONIMHY-PO3B’ 30K I10-
Ka3ylTh MTPUXYBaHHIM (puc. 9).

X2 A

.

Pucynox 9

[TinctaBumo B Hamry HepiBHICTH TOUKy (0; 0): 0 <4 — BipHO. 3HAYUTH
PO3B’SI3KOM HEPIBHOCTI Oyie HAMIBILJIONMIMHA, IO MICTUTh 1[I0 TOUKY.

Tenep po3B’sxkeMo IpaiuHO CUCTEMY HEPIBHOCTEH.

JlaHo cucTeMy HEpiBHOCTEH:

X, +3X, =6,
7%, +10x, <70,
4x, —5x, 220,
X, =0,
X, > 0.
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s Ttoro mo0 po3B’si3aTé TrpadidyHO CHUCTEMY HEpPIBHOCTEH, MOTPiOHO
po3B’si3atu rpadivyHO KOKHY HEpiBHICTh. [I[poHyMepyeMo HEpIBHOCTI:

Xp +3Xp 26 @,
7% +10xy <70 (2),
4% —5%p 2-20 (3),
X 20 (4),
X9 >0 (5).

HepiBnocTi (4) 1 (5) moka3yroTh, 1110 00J1aCTh PO3B’SI3KiB CUCTEMHU 3HAXO-
JUTHCS B TIEPIIIA YBEPTI KOOPAWHATHOT TUTOIIIHHU.

Bupimmumo rpagiuno "epiBHocTi (1), (2) 1 (3). O6nacTio po3B’sI3KIB CUC-
TEMHU HEpIBHOCTEH OyJe Ta 00JacTh IUIOUIMHY, Y AKIA NEPETUHAIOTHCA HaIlIBII-
JIOIIMHU PO3B’S3KIB KOXXHOI HEpPIBHOCT. Y HAaIIOMYy TMPUKIAIl 00JIacTIo
pO3B’s3KiB cucTeMu HepiBHOCTeH € OaratokytHuk ABCDE (puc. 10).

1 X +3xp =6.
X1 | X2
0 |2
6 |0

T.(0;0) = 0> 6 — HeBipHO.

2 7X1 +10X2 =70.

X1 X2
0 7
10 | O

T. (0;0) = 0 < 70 — BipHO.

3 4X1 — 5X2 =-20.

X1 Xo
0 4
5 8

T. (0;0) = 0 > -20 — BipHo.
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Pucynox 10— Ilobyoosa obracmi po3e ’sa3Kie cucmemu HepigHocmel

5.2 I'pagivne po3B’si3aHHA 3a4a4i JiHIHHOT0 NPOrPaMyBaHHS

Ipuxnao 2

Hexaii Heo6XimHo 3HaiiTh (X1, X ), Ipu Axkux ¢yEKiia F =2% + Xy 10-

CSIra€ MakCUMYMY, IIPUYOMY X1, Xp TOBHUHHI 3aJI0BOJIBHATH TaKiil cuctemi 00-
mexenb (COB):

X1 +3Xo 2 6,
7% +10xo <70,
4% —5X9 = 20,
X1 20,
X9 20,

Poze’sazannusa

1 bynyemo obmacte po3B’sA3KiB cucteMu oOmexxkeHb. OO0macTb

po3B’si3kiB — OaratokyTHUK ABCDE, noOynoBa sikoro BimOymacs panimie
(puc. 11).

oF oOF
2 3HaxoauMo rpajienT ¢pyskuii F:= gradF = (— ; —j =(2,1),
X, OX,
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Bynyemo BekTop 3 moyatkom y touti (0; 0) 1 kiHmem y Tour (2; 1).

1432

10 3)

Pucynox 11 — Ipuknao epagiunoeo po3s’si3ants 3a0ayi JiHIIHO20
npocpamMy8anHsI

Ilpumimra. Bextop MokHa 30UTbIIIYBAaTH YK 3MEHIIYBATH MPOIOPIIITHO:

gradF =(2;1)=(8; 4).

3 Bynyemo npsmy, nepneHANKYISIpHY BEKTOpY rpagieHTa. [lepecyBaemo
L0 NpPSAMY B HalpsIMKY, 3a3Ha4y€HOMY BEKTOpoM. OCTaHHsS TOYKa 00JIacTi, SIKY
NEPETUHAE MPSAMA, 1 € TOUKOI0 MAaKCUMyMYy. Y JaHOMY BHUIAJKY 1€ Touka D.

4 3HaxoaMMO KOOPAMHATU TOYKH MakcumMymy Ll Touka JiekuTh Ha repe-
TUHI IpsAMUX (2) 1 Xo =0. Po3B’s13yemMo cuctemy piBHSHB:

X, =0, X, =10,
=
7X,+10x, =70 X, =0

Onepxanit: X{max =10; Xomax =0.
5 BuzHaunMmo MakcuMaibHE 3HAYCHHS IUTHOBOI (PYHKIIII:

Fmax =2-10+0=20.

BianoBigs: makcumanbHoro 3HadueHHst F = 20 nuiboBa QyHKINS gocsirae
B Touti (10; 0).
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PozrnstHemo iHmny 3amady:

F=2% +Xy, (min),
X, +3X, =6,
X, +10x, <70,
4x, — 95X, = —20,
X, =0,
X, = 0.

3agava BIAPI3HAETHCA BIJ MOIMEPEIHbOI THM, 110 HEOOXITHO 3HAWTH TaKi
(Xl, X2 ), npu skuxX QyHKIis F qocsrae MiHIMyMy Tipu JJaHiid CUCTEMI OOMEKEHb.

Po3B’s13aHHS TOBTOPIOE TOMEPETHE, KPIM TAaKOTO MOMEHTY: TIPSIMY TIepe-
CYBAIOTh y HAMPSAMKY, MPOTHIIKHOMY JI0 3a3HAYEHOT'O0 BEKTOPOM.

JIJis IbOTO MPUKIIAAY MIHIMYM JTOCSITaeThes B Toulll A. Lls Touka JIexKUThH
Ha nepetuHi npsamux (1) 1 X; =0. Po3B’a3yemo cucremy piBHSHb:

Bu3naunMo MiHIMaJabHE 3HAYEHHS IUTHOBOT () YHKITII:

F..=2-0+2=2,
BianoBige: MiHIManbHOrO 3HaYeHHs F =2 minmpoBa (yHKINS gocsrae

B Toutli (0; 2).

5.3 Po3p’si3aHHs 3a1a4i JgiHiliHOr0 MporpamMmyBaHHs B naketi Maple

Ilpumimrxa. KoMaHau BUAIEHI HANMIBKUPHUM LIPUPTOM, IOSICHEHHS

3MICTYy KOMaHJl — 3BUYAWHUM MIPUPTOM, PE3yNbTaTH BUKOHAHHS KOMaH] —
KYPCUBOM.

[ToOynyemo crouaTky obmacts po3B’s3kiB COB.
Komanna ouyniieHss nam'sri:

> restart:
Beoaumo ¢yskiito ta Hepiaocti 3 COb

> F:=2*x1+x2;
F:=2x1+x2
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> gl:=x1+3*x2>=6; g2:=7*x1+10*x2<=70; g3:=4*x1-5*x2>= -20;
gl:=6<x1+3x2
g2 :=7x1+10x2<70
03:=-20<4x1-5x2

Komanau niaxatoueHHs: 610J110TeK po3MMPEHOi Irpadiku:
> with(plots):

Komanna noOynoBu 0651acTi po3BsI3KiB:

> risl:=inequal({g1,92,93,x1>=0,x2>=0}, x1=0..10,x2=0..10,
optionsexcluded=(color=white)):
> risl,;

Pe3ynbTaT BUKOHAHHS 111€1 KOMaHIU — Ha puc. 12.

107
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Pucynox 12

Ipumimxa. [1nst BipHOTO Macmitady Tpeda BUIUTUTH Tpadik Ta HATUCHYTH
kHomKYy [1:1 Ha maHeni iHCTpyMeHTiB Maple

3HaiIeMO TOUYKY MaKCUMyMY IIJTLOBOT (hYHKITIA.
Komanaa nigkimtoueHHs: 610,110TeKH CUTIIEKC-TIPOrpaM:

> with(simplex):
Warning, new definition for maximize
Warning, new definition for minimize
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Komanna po3B’s3anns 3agaqi JIIT curuiekc-meromom:

> maximize(F,{g1,92,93}union{x1>=0,x2>=0});
{x1 =10, x2 =05}

Komanau npucBoeHHs 3MIHHUM X 1,X2 3HAlIEHUX 3HAYEHD:
> x1:=10:x2:=0:

Komanga oGuuciieHHsT 3Ha4eHHs LUIbOBOI (PYHKIIIi Ta 3HaY€Hb CUCTEMU
OOMEXEHb Yy TOUI[l MAKCUMYMY:

>F _max:=F;gl;92;93;x1:="x1":x2:="x2":
F _max:=20
6<10
70<70
-20 <40

BinmoBink: MakcumanpHOTO 3HadeHHsS IthboBa QyHKIis F =20 mgocsarae
B Toutli (10; 0). Lle cniBmanae 3 «pydHuM» pO3paxyHKOM.
Ilpumimka: MIHIMYM 3HaXOJUTHCS BIJIOBITHO:

> minimize(F,{g1,92,93}union{x1>=0,x2>=0});

{x1=0,x2=2}
> x1:=0:x2:=2:
>F _min:=F;g1;02;93;x1:="x1":x2:="x2":
F min:=2
6<6
20<70
-20<-10

3ayeancenns. Ilicna po3B’s3aHHS 3a7adyl MOKHA Ha OJHOMY PHCYHKY
nodynyBatu po3B’sizaHHsa cuctemMu COb, rpagieHT QyHKIIi, TpsAMy B ToOuII
MaKCUMYMY Ta MIHIMyMY.

Komanna mnoOymoBu rpadika uimboBoi ¢yukuii: (/lpumimxa. Sxiio
ninsboBa Qynkuis F =2X, +X, y Touni makcumymy nopisHioe 20, TO ILiIbOBa
psiMa, 110 TPOXOUTh Yepe3 TOUKY MAaKCUMYMY, MAa€ PIBHSIHHS:

x2 = (20 -2x1) / 1.
> ris2:=plot((20-2*x1)/1,x1=0..11,x2=0..11,color=black,thickness=2):
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Komanpaa noOynoBu rpajieHra:
> ris3:=plottools[arrow]([0,0],[8,4],.1,0.6,.1):

KomMaHga minucyBaHHS TOYKM MakcUMyMmy 3 KoopauHatamu X1 =10,
x2 = 0:

> ris4:=textplot([10,0,'max"],align={ABOVE,RIGHT}):
> ris5:=plot((2—2*x1)/1,x1=0..11,x2=0..11,color=black,thickness=2):
> ris6:=textplot([0,2,"min"],aligh={ABOVE,RIGHT}):

Komanna moOy0oBu Ha OJJHOMY PHUCYHKY 00JIacTi pO3BSI3KIB, Tpajll€HTA 1
rpadika niIb0BOi PYHKIII:

> display(risl,ris2,ris3,ris4,ris5,ris6);

Pe3ynbTaT BUKOHAHHS 111€1 KOMaHIU — Ha puc. 13.
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Pucynox 13

5.4 3aBnanns a0 JadopaTopHoi podoTu 1

Po3p’s3aTu rpadgiuHo GopManizoBaHy 3ajady JIHIHHOTO MpOrpamMyBaHHS
(Tabm. 1). 3anucatu 3agady B MaTpuuHii Gopmi.

36im npo nabopamopHy pobomy noBUHeH MICHUMU.
1 Temy pobotu, 3aBaaHHS.

2 3anuc 3a1a4l B MAaTpUUHIN (opmi.

3 I'pacdhiuHe po3B’sI3aHHS 3a/1a4i.

4 BHUCHOBKH.
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Tabauysa 1 — Inousioyanvui 3a60ants 00 1abopamopuoi pobomu 1

Bapianm 1 Bapiaum 2 Bapianm 3 Bapianm 4

X1+ x2<3, 10x1 — x2 > 57, -4x1 + 5x2 < 29, -3x1+14x2 < 78,
5x1 + 3x2 <97, 2x1 + 3x2 < 53, 3x1-x2 < 14, 5x1-6x2 <26,
x1+7x2>77, 6x1 - 7x2 < 15, 5x1 + 2x2 > 38, x1 + 4x2 > 26,
f=3x1+4x2 (max) |f=5x1+x2 (max) |f=3x1+2x2(max) |f=5x1+ 7x2 (max)
Bapianm 5 Bapiaum 6 Bapiaum 7 Bapianm 8

X1 + 4x2 < 53, 3x1-x2>9, 6x1 - 5x2 > 17, 11x1 - 3x2 > 24,
x1-x2 <3, 2x1 + x2 <50, x1 + 2x2 < 34, Ix1 + 4x2 <110,
X1+ 3x2>171, -x1 + 4x2 > 19, -4x1 +9x2 > 17, -2x1 + 7x2 > 15,
f=9x1 +2x2 (max) |f=x1+5x2 (max) |f=5x1+3x2 (min) |f=9x1+ 2x2 (min)
Bapianum 9 Bapiaum 10 Bapianum 11 Bapianm 12

2x1 -x2 >4, X1+ x2<3, X1 +x2 <4, 10x1 - x2 > 47,

x1 + 3x2 < 37, 5x1 + 3x2 <97, 5x1 + 3x2 <92, 2x1 + 3x2 <51,
-4x1 + 9x2 > 20, X1+ 7x2>77, X1+ 7x2 > 76, 6x1-7x2<9,
f=4x1+ 3x2 (min) |f=7x1+2x2 (min) |f=3x1+4x2 (min) |f=5x1+ x2 (min)
Bapianm 13 Bapianm 14 Bapianm 15 Bapianm 16

-4x1 + 5x2 < 33, -3x1 + 14x2 <81, x1 + 4x2 <52, 3x1-x2>6,
3x1-x2 <11, 5x1 - 6x2 <21, x1-x2<2, 2x1 + X2 <48,

5x1 + 2x2 > 33, X1 + 4x2 > 25, 7x1 + 3x2 > 64, -x1 + 4x2 > 20,
f=3x1+2x2 (max) [f =5x1 + 7x2 (max) |f=9x1+ 2x2 (max) |f=x1+ 5x2 (max)
Bapianm 17 Bapianm 18 Bapianm 19 Bapianm 20

6x1 - 5x2 > 11, 11x1 - 3x2 > 13, 2x1-x2>2, X1+ x2 <4,

x1 + 2x2 < 33, Ox1 + 4x2 <101, x1 + 3x2 < 36, 5x1 + 3x2 <92,
-4x1 + 9x2 > 21, 2X1 +7x2 > 17, 4x1 +9x2 > 24, x1+7x2>77,
f=5x1 + 3x2 (max) |f=9x1 + 2x2 (max) |f=4x1+ 3x2 (min) |f=7x1+ 2x2 (min)
Bapianm 21 Bapianm 22 Bapianm 23 Bapianm 24

4x1 -x2 > 6, 3x1-x2>9, 10x1 - x2 > 57, 11x1 - 3x2 > 24,
9x1 + 8x2 < 157, 2x1 + 3x2 <50, 2x1 + 3x2 <53, 9x1 + 4x2 < 110,
-3x1 + 11x2 > 16, |-x1+4x2>19, 6x1 - 7x2 <15, -2X1 + 7x2 > 15,
f=x1+x2(min) |[f=6x1+x2(min) [f=2x1+3x2 (min) |f=7x1+ x2 (min)
Bapianum 25 Bapianum 26 Bapianum 27 Bapianm 28

4x1 - X2 > 6, -3x1 + 14x2 <78, |2x1-x2 >4, 6x1 - 5x2 > 17,
Ox1 + 8x2 < 157, 5x1 - 6x2 < 26, x1 + 3x2 < 37, x1 + 2x2 < 34,
-3x1 + 11x2 > 16, |x1 +4x2 > 26, -4x1 + 9x2 > 20, -4x1 + 9x2 > 20,
f=8x1+5x2 (max) |f=x1+8x2 (max) |f=x1+3x2(max) |f=x1+9x2 (max)
Bapiaum 29 Bapianm 30

-4x1 + 5x2 < 29, x1 + 4x2 < 53,

3x1-x2<14, x1-x2<3,

5x1 + 2x2 > 38,
f=3x1 + x2 (max)

X1+ 3x2>71,
f=x1+ 7x2 (max)
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6 IBOICTICTH Y JIHIMHOMY MMPOTPAMYBAHHI

6.1 [ToHATTH ABOICTOCTI

KoxHniit 3aa4i JIiHITHOTO IPOrpaMyBaHHsI MOXHA MTOCTABUTH Y BiATIOBiI-
HICTh JICSIKY 1HIIIY 3a7a4y JIIHIHOTO MPOrpaMyBaHHs, SIKY Ha3UBAIOTh 080iCmON0
B1JIHOCHO IIE€PIIIOI.

IlinpoBa GyHKIIA 1 cUCTeMa 0OMeXeHb JBOICTOI 3a/1adi IIJIKOM BH3HAYa-
I0ThCSI YMOBOIO IIPSIMOI 3a/1a4i.

Buxigna 1 aBoicta 3amadi yTBOPIOIOTH Iapy B3a€EMHO JIBOICTHIX 3ajad,
1 KOXKHY 3 HUX MOYHa PO3IJISaTH K BXIAHY (MIPsAMY) 3a1a4y.

BusiBnsieTses, 10, BUPILIYIOUM OAHY 13 33J1a4, MU TUM CAMHUM BHPILIYEMO
1 apyry. Teopist JBOICTOCTI JO3BOJISIE, TAKAM YHUHOM, PO3IIUPUTH YUCIIO 3a1a4
JIHIAHOTO MpOorpamMyBaHHS, PO3B’SI3aHHS SKUX MPEACTABISE TEOPETUUHMM 1
MPAKTUIHUHN THTEpEC.

Haiiyacrime nBoicTi 3a/1a4i BUKOPUCTOBYIOTHCS AJIS IEPEBIPKU MPABUIIb-
HOCTI PO3B’sI3aHHS MPSIMOT 3a/1a4l, @ TAKOXK IS aHaTi3y pO3B’A3aHHS 1 BUX1THUX
JaHUX.

6.2 Tunu 3axa4 JiHiliHOr0 MpOorpaMyBaHHSs
VY niHiliHOMY MporpamMyBaHHI 3a/1a4l B 3aJIGKHOCTI BiJI BUAY CUCTEMH 00-

MEKEHb MOJIUIAIOTHCS HA TPU THUIIH:
1 Cmanoapmua 3a0aua:

n
F=>c; X, (max). F:Z‘icj-xj (min).
=1 i=
n abo 1
Zaij-Xiji, i:1,---,m, Zayxj Zbla izla"':ma
= Jj=1
x;20, j=L..,n x; 20, j=L..,n

TakuM YWHOM, y CTaHAApTHIA 3amadi Bci OOMEXEHHS — HEpPIBHOCTI
(> un <y 3aJIeXKHOCTI BiJ IIUTbOBOT (DYHKIIIT) 1 BCI 3MiHHI HEBiJI' €MHI.
2 Kanowiuna 3aoaua:

F=>c,-x; (max).
-1



Taxum uMHOM, y KaHOHIYHIH 3a7a4i BCl 0OOMEXEHHS — PIBHOCTI 1 BC1 3MiH-
H1 — HEBI1J €MHI.

3 3aeanvna 3a0aua

VY 3aranbHii 3a7a4i €Kl OOMEXEHHS — PIBHOCTI, JESKI — HEPIBHOCTI,
a TAaKOX JIesIKl 3MIHHI MOXYTh HaOyBaTH JIOBUTLHOT'O 3HAKA.

n
F=>c;-x; (max).

=1

—

n
zaIJ‘XJSbI, i:|+1,...,m;
j=1

| <m;

X >0, j=L..,k5 k<n

OcTaHHIO HEPIBHICTh BAPTO PO3YMITH TaK: 3MIHHI X3, ..., Xk — HEB1JI'€MHI,
a 3MIHHI Xk+1, Xk+2, -, Xn MOXKYTh HAOyBaTH JIOBUTHHOI'O 3HAKa (TOMY IO HISKHX
YMOB Ha iXHI 3HaKH B 33/1a4l HEMAeE).

Y MaTpuuHOMY BUIJISI 3arajibHY 3aJa9y IOJAaTH He MOJKHA.

6.3 Aaroput™ nodya0BH JABOICTOI 3a/1a4i 10 3a1a4i CTAHAAPTHOIO
BULY

VY 3arajabHOMY BUIJISI/II 3aITUIIEMO:

[Ipsima 3apayva: JIBoicTa 3ajaya:
n m
F:_Zlcj-xj (max). G=>b-y, (min).
]= i=1
n m
lay x;<b, i=1l..,m, Za” Yi>c;, j=1...n,
j= i=1
X; 2 0, j=1..n v, 20, i=1..m.
n m
F=2c;-x; (min). G=>b-y, (max).
j=1 i=1
aij XJ Zbi’ i:].,...,m, Zaij'yi SCJ, j:]'l"'ini
j=L i=1
x. 20, j=1L..,n v, 20, i=L..m

Cohopmynioemo ancopumm nob6yo0osu 08oicmoi 3adadi 00 npsamMoi 3aoayi
CMAaHOapmmuo20 8Udy 8 C108eCHill PopMmi.
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KinpkicTe 3MIHHUX ABOICTOI 3a7a4i JOPIBHIOE KUTBKOCTI OOMEXEHB Tpsi-
MO1 3aj1a4i; KUIbKICTh OOMEXEHb JBOICTOI 3a/a4i JOPIBHIOE KUIBKOCTI 3MIHHUX
psIMOi 3aaui.

BinbHi uieHu cuctemMu 0OMEXEHb MPSAMOI 3a/1a4l CITyKaTh KOedilll€eHTaMu
1IIb0BOI (DYHKINT IBOICTOI 3a1a4i, a Koedlli€eHTH HMUTHOBOT (QYHKIIT IpsSMOi 3a-
a4l — BUIbHUMH YWI€HAMHU CUCTEMH OOMEKEHE ABOICTOI 3aaul.

Makcumizarist (MiHIMI3allis1) MUTBOBOT (PYHKINT MpsIMOT 3a71a4l 3aMiHS€Thb-
csl MIHIMI3al1€10 (MAKCUMI3all€l0) LUIbOBOI (PYHKIIT ABOICTOI 3aaui.

Marpuiero CHCTEMH OOMEXKEHb ABOICTOI 3aJadi CIY)KHTh MAaTPHIIA,
OTpUMaHa TPAHCIIOHYBAaHHSIM MaTPHIll CUCTEMH 0OMEXEHb MPSMOT 3a1a4i.

VYci 3MiHHI JBOICTOI 3a1a4i — HeBix emHi: Y; >0, i=1...m.

6.4 Anroput™ no0y10BH ABOICTOI 3a/1a4i 10 3a7a4i KAHOHIYHOTO
BUIY

VY 3aranbHOMY BUIJISI/IL 3aITUIIEMO:

IIpsma 3agava: JIBoicTa 3ajaua:
n m
F=>c¢;-x; (max). G=>Db-y; (min).
j=1 i=1
n m
>ay-x;=by, i=1..m, Ya;-yi=c;, j=L..n,
j= i—1

Cdopmynoemo ancopumm nobyoosu 0oicmoi 3adaui 00 3a0aui
KAHOHIYHO20 8UDY 8 CIOBECHIU (hopMmi.

JlBoicTa 3amada 10 3a4a4yi KAHOHIYHOTO BUAY OyAYEThCS 3a TUM CaMUM
QITOPUTMOM, IO 1 JBOICTa A0 3adavl CTAHJAPTHOTO BHJY, BIJMIHHICTH
B OCTaHHbOMY ITYHKTI:

5 VYeci 3MiHHI IBOICTOI 3aja4i JOBUIBHOIO 3HakKa (HISKHMX OOMEXEHb

Ha 3HaK 3MiHEEX Y, |=1...,M ne maknanaerncs).

6.5 Aaroputm nodya0BH ABOICTOI 3a/1a4i 10 3a/1a4i 3arajJbHOT0
BUY

Anroput™m nmoOyJ0BU JBOICTOI 3a]1ayl 10 3ajayl 3arajbHOro BUAY 30ira-
€THCS 3 AITOPUTMOM MOOYIOBU JIBOICTOI 3a/1a4i JI0 3a/1a4l CTAHIaPTHOTO BUY B
nyHkTax 1—4. [TyHKT 5 aropuTMy 3MIHIOETBHCS 1 CTAE TAKUM:

5 KoxxHoMy 0OOMEXEHHIO-HEpIBHOCTI MPsAMOI 3ajadi BIAIOBiIae He-
BiJl’€MHA 3MiHHA JBOICTOI 3aj/1a4l, a KO)KHOMY OOMEXEHHIO-PIBHOCTI MPSAMOi 3a-
Jayl — 3MIHHA JBOICTOI 3aja4l JOBLIbHOro 3Haka. KokHIN HeB1a €MHIM 3MIHHIA
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mpsMOi 3a/1adl BIATOBiTa€ OOMEXEHHS-HEPIBHICTh JBOICTOI 3a7adi, a KOXKHIN
3MIHHUH JIOBUIBHOTO 3HAKa MPSMOi 3a7a4l BiJIMOB11a€ OOMEKECHHS-PIBHICTD JBO-
icToi 3amaui.

6.6 IIpukiaaa moOya0BH ABOICTOI 3a1a4i AJ1s1 3a/1a4i 3arajJbHOr0 TUIY
Jlana 3ajaya JIIHIKHOTO IPOrpamMyBaHHS:

F =2% +4x3 -5x4 (max)
3X1 +9%X9 + X4 <12,
Xo —6X3 —3Xg 28,
X| +3Xp —2X3 =9,
Xo >0,
X3 =0.

[Tepm Hixk OyayBaTH ABOICTY 3aj7a4y, IEPETBOPUMO BXiIHY 3a1a4dy. Tomy
IO LUIbOBA (PYHKII MaKCUMI3yEThCs, TO BCl OOMEXEHHS-HEPIBHOCTI MMOBUHHI
MaTH 3HaK <. Tomy apyre oOMexxeHHs MOTPIOHO MOMHOXKUTH Ha —1. Onepxumo
CUCTEMY OOMEXEHb BUTIISINLY:

3%, +5X, + X, <12,
— X, +6X5 + 3%, < -8,
X, +3X, —2X3 =5.

BunuieMo MaTpuiio Koe@iieHTiB CUCTEMH OOMEKEHb A, BEKTOpP BlIb-
HUX 4ieHiB B 1 BekTop koedirieHTiB niiboBoi ¢yHKIii C:

2
3 5 01 12
A=/0 -1 6 3|, B=|-8|, C=
1 3 -2 0 S)

bynyemo nBoicTy 3amady 3a MyHKTaMHu:

1 KuibkicTh 0OMeEXeHb MPsAMOI 3a/1a4l IOPIBHIOE 3, TOMY KUIBKICTh 3MiH-
HUX JIBOICTO1 3a7a4i OPIBHIOE 3 — VY1, Yo, Y3; KUIBKICTh 3MIHHUX MPSMOI 3a7a4i
JOPIBHIOE 4, TOMY KIJIBKICTh 0OMEXEHb JIBOICTOI 3aj1a4i JOPIBHIOE 4.

2 BinpHI YJleHU CUCTEeMHU OOMEXEHb MPSMOI 3a/adl ClIy*,aTh KoedilieH-
TaMH 1IJIbOBOI (DYHKINT ABOICTOI 3a/1aul (KoedimieHTH MUThOBOT PYHKIIIT mpsMoi
3a/1a4l — BUIBHUMHU WieHaMu oOMeXeHb ABOIicToi 3aaadi). OTxe, 1iiboBa QyHK-
i ABOICTOI 3a1a4l Ma€ BUTJISI:
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G=B7.Y =12y, -8y, +5ys.

3 Makcumizaiis HiyiboBOi (QyHKLIT MPSAMOI 3a/a4l 3aMiHA€TbCA MIHIMI3a-
II€10 MTHOBOT (DYHKINT JBOICTOI 3a1a4i:

G =12y; -8y, +5y3 (min).
4 Martpuiiero koe(ilieHTIB CUCTEMH 0OMEXEHb JIBOICTOI 3a/1aul CIIYXKHUTh

MaTpHIlsd, OTpUMaHa TPAaHCIIOHYBAHHAM MaTPHIII CHCTEMH 0OMEXEHb MPSIMOT 3a-
maul:

30 1
s -1 3
o 6 -2

1 3 0

3anuiiemMo JiBy 1 MpaBy YACTUHU CUCTEMH OOMEXEHb JBOICTOI 3aaui.

JliBa yacTrHa (AT -Y_): [TpaBa yactuHa (C ):
3y +;
5y, =y, +3y; 0
6y, -2y, 4
yi+3y, =3

Mix 5iBOIO 1 MPaBOI0 YaCTUHAMHU MOTPIOHO BCTAaBUTHU 3HAKU BiTHOCHH
=S, 2

5 BcranoBumo Buj BigHOcHH. KOXKHIM HEBi €MHIM 3MIHHINA NpsAMOi 3a-
Jadi BiAMOBigae 0oOMEKEHHS-HEPIBHICTh JBOICTOI 3amadi. OCKUIBKM 3MiHHI X, 1
X3 — HEB1J €MHI1, TO 0OMexeHHs 2 1 3 — HepiBHOCTI. KoXH1i 3MiHHIN JOBUTLHOTO
3HaKa MPSIMOi 3a7a4i BiAMOBiIae OOMEKEHHA-PIBHICTH ABOICTOI 3a1a4i. OCKisb-
KM 3MiHHI X1 1 X4 MalOTh JIOBUIbHI 3HaKH, 0OMexeHHs 1 14 — piBHOCTI.

VY 3agadi MiHIMi3al1ii OOMEXKEHHSI-HEPIBHOCT1 MalOTh 3HAK >,

BcranoBumo 3Haku 3MIiHHHX ABOICTOI 3amadi. KoxHOMY OOMEXKEHHIO-
HEpIBHOCTI TPSAMOiI 3aj7adi BIAMOBIJAa€ HEBIJ €éMHA 3MIHHA JBOICTOI 3ajadi.
Ockinbku 0OMeKeHHS IpAMOi 3a1a4i 1 1 2 — HepIBHOCTI, TO y; 1y, — HEBIA €MHI.
KoxHOMy 00MEXEHHIO-PIBHOCTI MPsIMOT 3a71a4i BIJIOBIIa€ 3MiHHA JBOICTOI 3a-
Jadl JOBUIBHOrO 3HaKa. OCKUIBKM TpeTe OOMEXKEHHs IMpsIMOi 3a7adl — PIBHICTb,
TO y3 Ma€ JIOBIJIbHUM 3HAK.
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Cucrema 0OMeXeHb IBOICTOT 3a71a4i OyIe TaKo¥o:

3yp +Yy3 =2,

5y1 -y +3y3 20,
6y2 —2y3 >4,

y1 +3y2 =5,

y1 =0,y 20.

Oneprxalin MaTeMaTUYHY MOJIEIb IBOICTOT 3a/1aul:

G =12y; -8y, +5y3 (min)

3y, +Y;=2,

< 5y, — Y, +3Y3 20,
6y, -2y, 24,
Y1 +3Y, =5,

y1 20,

y, >0,

6.7 OCHOBHI TBep/:KeHHs PO B3a€EMHO JABOICTi 3a1a4i

6.7.1 Ilepma Teopema ABOICTOCTI

JlJis B3aeMHO ABOICTHX 3a/ad MOXKJIMBUU OJUH i3 B3a€MOBHKIIIOUAKOUHUX
BUIIAJIKIB:

1 Sxmo mpsiMa 3a7a4a Ma€ ONTUMAJILHUM PO3B’S30K, TO 1 JBOICTA 3a7a4a
Ma€ ONTUMAJIbHUM PO3B’SI30K, MPU LIbOMY 3HAYEHHS LUILOBUX (PYHKIIN Ha Om-
TUMaJbHUX PO3B’s3Kax 30iratotbes: F = G.

2 SIko B mpsMil 3a7a4i 00J1aCTh MPUITYCTUMHUX PO3B’SI3KIB HE TTOPOXKHS,
a ninbpoBa (QyHKIiA Ha Hili He oOMexena (F — o0 abo F — —o0 ), 1o y aBoicriii
3a1a4i Oy/ie OPOXKHS 00JIaCTh PO3B’SA3KiB.

6.7.2 JIlpyra Treopema ABOICTOCTI

SKmio 3a ONTHMaJIbHUM IIAHOM IMPSIMOT 3aJ1adi SIKUHCH I-i pecypc BHKO-
PUCTOBYETHCS HE IIUJIKOM, TO BiAMOBIIHA 3MiHHA JBOICTOI 3a7a4i JIOPIBHIOE HY-
o (Y*; = 0); sKIIo » 3MiHHA JIBOICTOI 3a/1adi, 10 BIAMOBIAa€ pecypcy I-ro BH-
1y TIO3UTHUBHA, TO B PO3B’s3aHHI MPAMOI 3a7adi el pecypc BUKOPHUCTOBYETHCS
LIUUIKOM.
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SKmio j-a 3MiHHA TPSIMOI 3a/1a4i Ma€e MO3UTUBHE 3HAYCHHS, TO BIIMOBIIHE
OOMEXEeHHs JIBOICTO1 3a/aul Miciisi po3B’si3aHHs Oyje BUKOHYBATUCA SIK CTpOTa
pIBHICTB. A SKIIO X j-a 3MiHHA TpsAMoOi 3a1adi jopiBHIOE 0, TO BIAMOBITHE j-¢
OOMEXEeHHs JIBOICTOi 3aaui MICIs PO3B’si3aHHS OyJe BUKOHYBATHCS SIK CTpora
HEPIBHICTb.

6.8 ExonoMiunmii 3MicT aBoicToi 3aaaui

Tak camo sk mpsMa, JBOICTAa 3a7adya Ma€ CEKOHOMIYHHMM CEHC 1 il
PO3B’sI3aHHS] BUKOPUCTOBYETHCS JJIsI ICSIKUX 3a/1a4 B EKOHOMIYHOMY aHai31.

3 €KOHOMIYHOI TOYKHM 30py PO3B’SA3aHHS MPSAMOI 3a/]adl IUVIAHYBaHHS BHU-
pOOHUIITBA (BU3HAUEHHS ONTHUMAJIBHOI'O aCOPTUMEHTY) JA03BOJISIE OJIEpKATH OIl-
TUMaJbHUH IJIaH BUIYCKY MPOAYKIIi, a pO3B’sA3aHHS JBOICTOI 3a/1a4ul — ONTHUMAa-
JbHY CUCTEMY YMOBHHX OI[IHOK BUKOPHUCTOBYBAHUX PECYPCIB.

3 po3B’s13aHb TPSIMOT 1 IBOICTO1 3a/1a4i TUIAHYBAaHHSI BUPOOHUIITBA BUILIH-
BalOTh TaKl BIACTUBOCTI:

Bracmusicme 1. 3B'430K 3HaY€Hb LUILOBUX (DYHKIIN MpsAMOi 1 ABOICTOL
3aja4i.
3HaveHHs HUTLOBUX (PYHKIIIN MpsMOi 1 ABOICTOT 3a/1a4 piBHI: Frax = Gpin.

Bracmusicme 2. Po3B’s13aHHA K Mipa BIUIMBY Ha IIUIOBY (PYHKIIIIO.
Hexaif, Hampukian, BeIMYMHA PECypCy, OILIHKA SIKOTO Y 30LIBIIMTHCS
Ha K omunaune (b; + K). [Topaxyemo 3miny Benmnunan ¢yHKii G:

46=G, -G, ., =

i-1
U3MeH Ucxo00

m i-1 m
by, +( +K)y; + Dby, - Z;biyi +hy + Y by |=
j=

j=1 j=i+l j=i+l

- .iZl #(0 4Ky by 4| b,y = by =k
_ b,—yj j=i+ j=i+

Taxkum 4MHOM, 3HAYEHHS IIJILOBOI (DYHKIIIT JBOICTOT 3a/1a4i 301IBIIMIIOCS
Ha Ky;. AJie 3HaueHHs I1UTLOBOI (QYHKIIT MpsMOi 3a7adui TaKoX 30UTBIIHIOCS
Ha Kyj, ToMy 1m0 Frax = Gpin.

[HIIMMU cioBaM#, 3MiHA 11ILOBOT QYHKINT Fray TIPU 301TBIIIEHH] BITBHOTO
uieHa bj Ha BenmuumHy K MOXKHA BH3HAYMTH, BUKOPHCTOBYIOUH CITiBBITHOIICHHS
AI:max = ky.

BenuuunHa qBOICTOT OLIHKK TOTO UM IHIIOTO PECYpPCY MOKA3ye, HACKUTbKU
3pociio 0 MakcMMabHE 3HAYCHHS [UTHOBOT (PYHKIIIT, SKOM 00CAT TaHOTO pecyp-
cy 30ubmMBCs Ha onuHuIo. OgHAK BapTO MATH Ha yBasl, IO JBOICTa OIIHKA
J03BOJISIE CYAUTH TIPO eeKT MOPIBHIHO HEBEIMKHUX 3MiH 00CATY PecypciB.
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Haii0inpmriii BenuuuHI OIIHKKM BapTOCTI pecypciB BiAMOBigae Haii-
O1npm gediuutHU pecypc. HemedinurHoMy pecypcy BiANOBia€e OLIHKA, IO
nopisHtoe 0.

Bracmusicms 3. O1iHKH Y; Ik Mipa 1ePiUTHOCTI peCypciB.
YuM BHUIIOIO € BEJIMYMHA OLIIHKH, TUM TOCTpiie AePIIUTHICTb PECypCy.

Bracmugicms 4. OUIHKY Y sIK Mipa BUT1IHOCTI BUITYCKY TIPOTYKIIIi

Skio onHe 0OMeEXKEHHS JBOICTOI 3a/ladyi BUKOHYEThCS SIK CTpOra HEpiB-
HICTh, 1€ O3HAYae€, IO OI[IHKA PECYpCiB, BUKOPUCTOBYBAHUX Ha BUPOOHUIITBO
BIJIMOBIIHOTO BUPOOY, € BUIIOK BiJ ILIHK IILOTO BUPOOY, 1, OTXKE, BUIYCKATH
Horo HeBUTIAHO. SIKIO 0OMEXKEHHS ABOICTOI 3a/7a4l BUKOHYEThCS SIK PIBHICTD,
IIe O3HAYae€, 110 OIIHKH PeCcypciB, BUKOPUCTOBYBAHUX JJIsi BUPOOHUIITBA OU-
HUIII BIJMOBITHOT'O BUPOOY, TOPIBHIOIOTH Y TOYHOCTI iXHIM IiHaM. ToMy BHUIycC-
KaTH 1€l BUJI MPOAYKIli EKOHOMIYHO JOIIILHO, 110 Oy/ie BUIHO 3 PO3B’sI3aHHS
IpsAMOi 3a/1a4i.
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7 JABOPATOPHA POBOTA 2.
BU3HAYEHHA OIITUMAJIBHOI'O ACOPTUMEHTY

Tema. 3amaya BU3HAYCHHS ONITUMAJIBHOTO aCOPTUMEHTY. J[BOicTicTh y 3a-
Javax JIHIHHOTO MPOTrpaMyBaHHS.

Mema. nabymu BMiHb CKIAOAHHA MamemMamuynoi moodeni 3a0avi
BUPOOHUYO20 NIAHYBAHHA, 00ePIUCAHHA O080icmoi 3adaui; 3aceoimu maki
NOHATTS. MameMamuyna mooens (gpopmanizayis); 63aemMHo 08oicmi 3a0aui,
munu 3adau JIII: cmanoapmua, KAHOHIUHA, 3A2ANbHO2O 8UJY, AHANI3
D038 S3aHHSL.

Po6ota po3paxoBaHna Ha 4 TOJIUHH.

7.1 3amaya BU3HAYEHHS ONTUMAJBHOIO ACOPTUMEHTY (IUIAHYBAHHS
BHPOOHUIITBA)

JlaH1 N BUAIB pecypciB y KUIBKOCTSX P1, P2, .., Pn, 11O MOXKYTh OyTH BH-
KOPHUCTaHi [l BUTOTOBJICHHS m BHPOOiB. 3amano Marpuiio A = [a;], 1e ajj xa-
paKTepu3ye HOPMH BHTpAaTH I-TO pecypcy Ha BHPOOHUIITBO J-TO BHPOOY
(i=1,.n,j=1,..m). BapTicTh OAMHMIII J-TO BUPOOY XapaKTEPU3YEThCS TTOKA3HU-
KOM C;.

BusHnauutu miaH BUPOOHMIITBA, MPHU SIKOMY CyMapHa BapTiCTh HaOyBae
HAWOUIBIIIOT0 3HAYCHHS.

[Tnan BupoOHUITBA — 11€ BeKTOP X = (X1, X2,...Xm), IO TIOKA3YE, SIKA KiJIb-
KICTb KO>)KHOI'O IIPOLYKTY Oyze BUpoOjIeHa; Xj — 3MIHHI 3a/1a4l.

[linboBa GyHKINS — MAaKCUMaJIbHA BapTICTh MPOAYKIIi, IO BUMTYCKAETHCS:

Fzgcj-xj (max). (7)
j=1

3 yMOBU OOMEKEHOCTI PECypCiB, 3 OAHOrO OOKY, 1 CyMapHUX BUTpPAT pe-
CYpCIB JiJIsl BUKOHAHHS IJIaHy BUPOOHHUIITBA, 3 THIIOIO OOKY, OyAy€eThCs cUCTEMA
OOMEXEHb:

(8)

m
> a;jX <pi,i=1...,m;
J=1

X >0, j=1...,m.

Opepxanu MaTeMaTUYHy MOJIETb 3a/1aui.

3aysancenns 1. Kpim 3a3HaueHuX 0OMEXEHb 10 pecypcax, B yMOBY 3ajia-
4i, a OT)Ke, 1 B Il MaTeMaTU4YHY MOJI€JIb MOXKYTh BBOJUTHUCS JOJATKOBI OOMe-
’KCHHsI Ha IJITAHOBAHWM BUITYCK MPOAYKIT (0OMEXEHHs 110 aCOPTUMEHTY, YMOBH
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KOMIUIEKTHOCTI 1 T. 1H.). Hampukiaza, KiapKicTh MEPIIOro MPOAYKTY BABIYl Oi-
JbpIIa, HIK KUIBKICTH APYTOro MPOAYKTY, TPETbOr0 MPOAYKTY — HE MEHIIE
120 oguHULb 1 T. 1.

3aysaxncenns 2. Matematnana mojens (7) — (8), xoda 1 BimoOpaxae roJo-
BHI PHUCH pEaJIbHOTO BUPOOHMIITBA, € 17cali30BaHOI. Y HIiM, HaNpUKIAI,
HE BpaxoOBaHl JUHaMIKa BUPOOHUUTBA, PUTMIYHICTh MOCTa4aHb 1 JAEAK1 1HIII
BJIACTUBOCTI peajbHOTrO BUPOOHUIITBA.

7.2 3aBaaHHs 10 JJa00PaATOPHOI podoTH 2

dopmanizyBaTu 3aJaHy 3ajady JIIHIMHOro nporpamyBaHHs. Po3B’sd3aTu
3a1a9y rpadiyHAM METOJIOM. 3a3HAYUTH €KOHOMIYHUHN 3MICT HUIBOBOT (DYHKIIIT 1
CUCTEMU OOMEXKeHb. 3amucaTd 3afgady B MarpuuHidl Qopmi. Ilepeiitu
no naBoictoi 3amaui. Po3B’s3aTu ABOICTY 3amady 3a  JOMOMOTOK) OJHOTO
3 makeTiB. [IpoanaizyBaTtu BiANOBI I MPSAMOI 1 IBOICTOI 3a1a4.

3aoaua 1

JInst BUpOOHMIITBA NBOX BUAIB BUPOOIB A 1 B BHKOpHUCTOBYETBHCS TpH
TUMIM TEXHOJIOTTYHOro ycTarkyBaHHs. Ha BUpOOHMIITBO onuHUIII BUpPOOYy A
yCTaTKyBaHHSI TEPIIOT0 THUIy BHKOPUCTOBYEThCS al TOAMH, ycTaTKyBaHHS
APYroro TUmy — a2 roauH, TpeTboro — a3 roauH. Ha BUpOOHMIITBO OJUHUII
BUpOOy B ycTarkyBaHHs T@epmioro THIy BHUKOPHCTOBYEThCS b1l romawmH,
YCTaTKyBaHHA JIpyroro Tumy — D2 romguH, Tperboro — b3 romuH.
Ha BuroroBieHHs BCiXx BHpOOIB ajMiHICTpallis MIANPUEMCTBA MOXKE HaAaTH
YCTaTKyBaHHSA NEpIIOro TUmy He Ouibiie, HDK Ha tl romumH, ycraTKyBaHHS
APYroro TUIy — HE OUIbLI, HIX Ha t2 roguH, yCTaTKyBaHHSA TPETHOTO THUITY —
He O11bII, HIK Ha t3 roauH.

[IpubyTok BiA peamizalii OJMHUII TOTOBOrO BUPOOYy A ckiamae rl
I'POIIOBUX OJMHUIL, BUpOOY B — I'2 TpOIoBUX OJIMHUIL.

CkrnacTd IJlaH BUIYCKY BHpPOOIB, IO 3a0e3nedye MaKCHUMalbHUN
puOyTOK.

3aoaua 2

Jns BUpOOHMIITBA IBOX BHUIIB BUPOOIB A 1 B BUKOPHUCTOBYETHCS TpH
BUIM cupoBHHU. Ha BUpPOOHMUTBO onMHMII BUPOOY A MOTPIOHO 3aTpaTUTH
CHUPOBUHH TEepuIoro BUAy al Kr, CUpOBHUHH JIPYroro BUIY — 82 KI, TPETbOI'O —
a3 kr. Ha BupoOHuIITBO oauHUINI BUpPOOYy B moTpiOHO 3aTpaTUTH CHPOBUHU
nepmoro Bugy bl kr, cupoBuHHM apyroro Bugy — b2 kr, tperboro — b3 kr.
BupoOHunreo 3abe3nedeHe CHPOBHUHOK TEPIIOr0 BUAY B KiabkocTi tl K,
APYroro BUAY — Y KUIbKOCTI {2 kT, TpeTboro Buay — t3 kr.

[IpubyTox Bix peamizaiii OIMHUIN TOTOBOTO BUPOOYy A ckiamae rl
I'POIIOBHUX OJMHMIIb, BUPOOY B — I'2 rpomoBux OANHUIIb.

38



CkymacTd TmaH BUIYCKY BHPOOiIB, IO 3a0e3nedye MaKCUMallbHUN
pUOyTOK.

3sim npo nabopamopHy pobomy

1 VYmona 3anmaui.

2 dopmanizariis 3aga4i.

3 I'padiune po3B’s3aHHs 3a1adi.

4 3amuc 3a1a4i B MaTpU4Hii Qopmi.

5 PozapykiBka po3B’si3aHHS 3aj1a4i.

6 dopmarizarris ABOICTOI 3a/1a4i.

7 Po3apykiBka po3B’s3aHHsI IBOICTOT 3a/1a4i.
8 ExonoMiuHMi1 aHami3 pe3yapTaTy.

Ipumimka. Tlpukmagu po3s’si3anHsg 3amavi B makerax MAPLE, Excel,
Mathcad naBeneno B nonarkax A, b, B BinnosigHo.

7.3 IlpukJjaaq BUKOHAHHS Ja0opaTopHOI podoTH 2

Jlnia BupoOHUIITBA TPHOX BUAIB BUp0OiB (A, B, C) BUKOPUCTOBYETHCS TPU
PI3HOMaHITHUX BHAM pecypciB. HopMu BUTpaT KOXHOTO 3 BHUIIB PECYpCIB
Ha OJMHHULIO TMPOAYKIII KOXHOIO BHJIY, 3alackd pecypciB 1 MNpUOYTOK
BiJl BUITYCKY OJIMHHUII MPOAYKIIIT HABEeH1 B TaOIHII 2.

Tabnuys 2
Hopwmu Butpar Ha 1 Bupi6 tumy
Bun pecypcis Y B C 3anacu pecypciB
[pars, mroma.-rog. 4 2 1 180
CupoBuHa, KT 3 1 3 210
YcraTkyBaHHsI, TO/I. 1 2 5 244
[TpulbyTok, Tp. ox. 10 14 12 —

Bu3nauuTty 1uiaH BUIyCKY HpPOAYKIIi, MPH SIKOMY CyMapHUH NpHOYTOK

MaKCUMaJIbLHUH.

Po3ze’azannua

[Hozraunmo

KUIBKICTD

OJMHHULID

BUPOOY

MPUEMCTBOM, uepe3 X;, BUpoOy B — X,, Bupody C — Xs.
Buznaunmo mpuOyTok Bif Bunycky BUpoOiB. [IpuOyTok Bim BHITYCKY

A, 1o

BUITYCKAETbCA

ofHOro BUpoOy A ckianae 3a ymoBoto 10 rp. oxa. [lnan Bunycky BupoOiB A —
X;on. Ilpubyrok Big BUIyCKYy BUPOOIB A 3a 1uiaHoMm ckiazae 10X; rp. on.
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AHaNOriyHO BU3HAYa€EMO MPUOYTOK BiJ BHUIYCKYy BUpoOiB B — 14X, rp. om. i
BupoOiB C — 12X3 rp. on. CymapHmii nmpuOyTOK BiJ BHUIIYCKY BCiX BHUPOOIB
cknanae (10x, + 14x, + 12x3) Tp. og.

Toni nimeoBa ynkiris mae Burisa: F = 10x; + 14X, + 12X3 — cymapuuii
npuOyTOK 1 Ma€ OyTU HAUOUIBIIIKNM.

Cknagemo cucteMy OOMEXXEHb.

1 OOMexxeHHsI Ha BUKOPUCTAHHS PECYPCY «IIparis»

Ha Bunyck ogunuii BupoOy A BUTpadaeTbes 4 JMOJIMHO-TOAUHU PECYPCY
«TIpars», Ha X; OJJMHUIIL BUPOOY A BUTpAdaeThCs 4X1 TOJIUH PECYpPCY «IIparisi».
Ha Bumyck x; Bupo0iB B — 2X; mI0[.-TOJ. pecypcy «mparisi»; Ha BUIIYCK X3
Bupo0iB C — 1X3 mroa-rog. pecypcy «mpaus». YcbOro Ha BHITYCK BHPOOIB
BUTPAYAEThCS pecypcy «mpatsi» (4x;+ 2Xp + X3) JIOA.-TOJI., 10 32 YMOBOIO HE
nepesuiye 180 mron.-rox. OOMEKEHHS Ha PECYPC «IIpars»:

3X1 + 2X2 + X3 <180.

2 OOMexxeHHS Ha BUKOPUCTAHHS CHPOBUHU

Ha Bumyck oaunuii BUpoOy A BHUTpayaeThCsi 3 KI' CHPOBHHH, Ha X
oquHUIL BUpoOy A — 3X; kr cupoBuHH. Ha Bumyck X, BupoOiB B — 1X; kr
CUPOBHMHHM;, Ha BUIYCK X3 BUPOOIB C — 3X3 KI' CUPOBUHHU. YCHOTO Ha BHITYCK
BUPOOIB  BHTpadaeThCsi (3X;+ X+ 3X3) KI'  CHPOBUHHM, IO 33 YMOBOIO
He nepeBuinye 210 kr. OOMeXeHHsI HA BAKOPUCTAHHS CUPOBUHU:

3X1+ Xo + 3X3< 210.

3 OOMeeHHsI Ha BUKOPUCTAaHHA yacy poOOTH yCTaTKyBaHHS

Ha Bumyck omununi BupoOy A BuUTpayaeTbcs | rofgumHa ycTaTKyBaHHS,
Ha X; OJMHMIIb BUPOOY A — X; TOJIMH ycTaTKyBaHHsA. Ha BUmyck X, BUpo6iB B —
2X, TOAWH YCTaTKyBaHHS, HA BUMYCK X3 BUP0OiIB C — S5X3 TOMUH yCTaTKyBaHHS.
VYcboro Ha BUITYCK BUPOOIB BUTpAdaeThes (X1 + 2X;, + 5X3) rOAMH yCcTaTKyBaHHS,
0 3a yMOBOIO He mepeBuinye 244 ronqunu. OOMEXEHHS Ha TOAUHY pPOOOTH
YCTaTKYBaHHS:

X1+ 2Xo + BXx3< 244,

Ockinbku X1, X2 1 X3 — BUIYCK BUPOOIB, TO BOHU HEB1JI'€MHI.
Opeprxany MaTeMaTHYHY MOJIETTh 3a/1adi:

F = 10x; + 14x, + 12x3 (max).
4X, + 2%, + X3 <180,
3X; + X, + 3%, < 210,
X, +2X, +5X; < 244,

X1 2 0, Xp 2> 0, X3 2> 0.
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Po3B's3aBmm 3amauy 3a mpomomororo ogHoro 3 makeriB (MAPLE, Excel,
Mathcad), omgepsxanu 3HaueHHs 3MiHHEX: X1 = 0; X, = 82; X3 = 16; Fmax = 1340.

Haragaemo, 1mo po3B’d3aHHs 3ajayl JIHIMHOIO IPOrpPaMYyBAaHHS MICTHUTh
HE TUIBKK (opmMaltizailiro 1 MaTeMaTUYHE PO3B’S3aHHs, ajie W EKOHOMIYHMM
aHaJI3 OTPUMAHUX PE3yJIbTAaTIB.

7.4 EKOHOMIYHHMIA BUCHOBOK

JInst ogep:kaHHd MakCUMalibHOTO mpuOyTKy B po3mipi 1340 rp. ox. mian
BUITYCKY TPOIYKII Mae OyTH TakuMm: BUPIO A — HE BHUITYCKA€THCS, BUITYCK
BupoOy B — 82 rp. ox., BupoO6y C — 16 rp. ox. Ilpu nupomy BUTpaTu pecypcis
CKJIa1yTh:

«apatsi» — 180 mron.-roa. npu 3anaci 180 mrof.-rof.;

«cupoBuHa» — 130 kr mpu 3anaci 210 kr (3anumiok — 80 Kr);

«ycTaTKyBaHHS» — 244 rox. nipu 3amnaci 244 ro.

HammmmkoBum € pecypc «CHpPOBHH@», HENOCTaTHIM — «IIpams» 1
«yCTaTKyBaHHS.

7.5 IloGynoBa aBOICTOI 32/1a4i 10 3a/1a4i MVIAHYBAHHSI BUPOOHUIITBA

[Tepen moOya0BOIO JBOICTOI 3a/1a4l 3aUIIEMO 3a7a4y B MaTpUuHiil Gop-
Mi. BunuiiieMo BEeKTOpH 1 MaTPHIIIO:

X, 10 180 4 2 1 0
X=|x,|, C=/14|, B=[210|, A=|3 1 3|, 0=|0
X, 12 244 125 0

Y MaTpu4HOMY BUTJISAIL:

x| > T
Voo,
x|
ol IA Qll
w
- | ><|

3
3

bynyemo nBoicty 3amauy.

1 KinbkicTh 0OMEXEHb NMPAMOI 3ajayl JOPIBHIOE 3, 3HAYUTh KIIbKICTh
3MIHHHUX JIBOICTOI 3a/1a4i JOPIBHIOE 3 — Vi, Y2, Y3; KUIBKICTh 3MIHHHMX MPSIMOT 3a-
Jadl JOPIBHIOE 3, 3HAUUTh KUIbKICTh 0OMEXEHb JIBOICTOI 3a7a4i JOPIBHIOE 3.
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2 BinbHI 4iieHU cUCTEMH OOMEXEeHb MPsMOi 3ajadi CIyXaTh Koe(ilieH-
TaMU IUIbOBOI (YHKIIT ABOICTOT 3ama4i (KoeillieHTH HiTb0BO1 (PYHKIT mpsaMoi
3a/1a4ul — BUIbHUMU 4YJ€HaMU OOMEXeHb JIBOicTOol 3ahaul). OTxe, 1uiboBa (PyHK-
1isl ABOICTOT 3aAa4l Oy/ie TaKoo:

G= 180y1 + 210y2 + 244y3

3 Makcumizanisi HuIb0Boi (PYHKIIT NpsIMOT 3a/1a4l 3aMIHIOEThCA MIHIMI3a-
II€10 IMTLOBO1 (DYHKITT IBOICTOI 3a1adi:

G = 180y, + 210y, + 244y (min).

4 Matpuiero koedilieHTiB 0OMEXEeHb ABOICTOI 3a/1a4l CAYKUTh MAaTPULIA,
OTpUMaHa TPAHCTIOHYBAHHSM MaTPUIll 0OMEXEHb MPSAMOI 3a1a4i:

>

-

Il
L N B
w = Ww
gl N -

5 VYci 3MiHHI ABOICTOI 3aMa4i HeBia emHil: V> 0.
VY matpuuHiii popmi ABOICTA 3a7a9a Ma€ TaKUI BUTIISL:

Y koopauHaTHIN GopMmi ABOICTA 3a/1a4a M€ BUTIISI:

G = 180y, + 210y, + 244y; (min).
4y, + 3y, + y; >10,
2y, + Y, + 2y; > 14,
y1+ 3y, + 5y; =12,
y1=0, y»20, y;20.

DopmynroeanHns 08oicmoi 3a0ayi 3a MUMU CaMUMU BXIOHUMU OAHUMU

[Ipunyctumo, 1o miamprUEMCTBO 3a AEIKUX 00CTaBUH BUPIIIWIO peajizy-
BaTU HAasBHI pecypcH, HE BUITYCKarO4M roToBoi npoaykiii. HeobxinHo BcTtaHo-
BUTHU ONTUMAJIbHI LIIHU HA PECYpPCH Yi, Y2, Y3, 11O 3aJ0BOJIBHSUIM O yMOBaM:
1) mianpuemMcTBO, 10 3aKYIOBYE JAaH1 PECYpCH, MIparuHe, mob 3araibHa BapTICTh
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npuadaHux pecypciB Oyna MiHIMANbHOIO; 2) 3a KOXEH BHJI PecypciB Tpeda
CIUTATUTH HE MEHIIIE BiJl TIET CYMH, Ky MOXHA OJiep>KaTH MPpHU IepepoOIli CUpo-
BUHH B TOTOBY MPOAYKIIIIO.

BinmoBimHO 10 mepioi yMOBH, 3arajibHa BapTICTh CUPOBUHHM BUPA3UTHCS
BenuuuHoro G = 180y; + 210y, + 244y; (min). BianoBigHO A0 Apyroi BUMOTH,
BBOJISITHCSL TaKi OOMEXKEHHS: Ha OJMHUIIIO MEPUIOro BUIAY MPOAYKII A BUTpa-
YaroThCA 4 OJMHULIL PECYPCY «IIpals» IIHOK Y1, 3 OJUHUIIL PECYPCY «CUPOBH-
Ha» I[IHOIO Y, 1 | OAMHMIIA pecypcy «yCTaTKyBaHHsS» I[IHOIO y3. BapTicTh ycix
pecypciB, 110 BUTPAYAIOTHCSI HA BUPOOHUIITBO OJAMHUII MPOAYKIIT A, TOPIBHIOE
4y, + 3y, + Y3 1 nOBUHHA CKJIacTH He MeHie Hixk 10, Tooto 4y; + 3y, + Y3 > 10.

VY pe3yibTaTi aHAJOTTYHUX MIPKYBaHb 1010 BUPOOHUITBA NpoAyKuii B 1
C cuctema HepiBHOCTEH HAOye BUTIISAIY:

2y1+ Yo + 2y; 2 14,
y1 + 3y2 + 5y3 >12.

L{inu pecypciB, IPUPOJHO, MAIOTh OYTH HEB1JI'EMHUMH
y120, y220, y320

Onepxanu mapy CUMETPUYHHUX B3a€EMHO JBOICTHX 3aj]lay, 1 KOKHA 3 HUX
MOX€e PO3TJISIATUCS K BX1THA.

[Ipsima 3anaya:

F = 10x; + 14x, + 12X5 (max).
4x, + 2X, + X3 <180,
3X1 + X, + 3X3 <210,
X1+ 2X, + 5x3 <244,
X1 =0, X, 20, X3=>0.

JIBoicTa 3ajaya:

G = 180y, + 210y, + 244y (min).
4y, + 3y, + y3 > 10,
2y, + Y, + 2y3 > 14,
y; + 3y, + 5y; >12,
Y120, y,20, y;=>0.

Po3B’s130k mipsiMoi 3amaui 1a€ ONTUMAIBHUHN TIJIaH BUPOOHMIITBA BUPOOIB
A, B, C, a po3B’s130K JBOICTOI 3a/1aul — ONTUMAJIbHY CUCTEMY OIL[IHOK PECYpCIB,
1[0 BUKOPUCTOBYETHCS I BAPOOHUIITBA ITMX BHPOOIB.
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Po3B’s13k1 npsiMoi 3aaaui:
X1 =0, Xo=82, x3=16, F = 1340.
[lepeBipka BUKOHAHHS OOMEKEHb MPSAMO] 3aa4i:

4*0+2*82+ 16 = 180 (npars, JIto1.-rox1.);
3*0+82+3*16=130<210 (cupoBuHa, kr); 210 — 130 = 80;
0+2*82+5*16 =244 (ycrarkyBaHHS, TOII.).

Po3B’a3ku nBoicTOI 3a1a4i:

y1=5,75, y,=0, y;=1,25, G=1340.
[TepeBipka BUKOHAHHS OOMEKEHb JIBOICTOI 3a/1a4i:

4*5,75+3*0+1,25=24,25> 10,
2*525+0+2%*1,25=14,
5,25+3*0+5*1,25=12.

3 po3B’s3Ky MPAMOI 3a/1a4i BUHO, IO ONTUMAILHUM TUTAHOM BUPOOHHII-
TBa BUPOOIB € TakWii, MpU SIKOMY BUTOTOBJIIE€TbCS 82 oauHuul BupoOy B 1 16
onuuulb BUpoOy C. [1pu m1aHoMy TUTaHi BUPOOHUIITBA 3AIMIIAETHCS HEBUKOPHC-
TaHuM 80 K CUpPOBHHH, a 3arajibHa IliHa BUpoOiB aopiBHIOE 1340.

3poOuMMO BHCHOBKHM 3a PO3B’S3aHHSIMH NIPsIMOI 1 JABOICTOI 3a/1adl 3T1IHO
3 HaBEJICHUMH B TEOPETUYHIN YaCTHHI BIACTUBOCTAMU 1—4:

1 3navyeHHs MUTbOBHUX (DYHKITIHM MPSAMOi 1 TBOICTOT 33729 TIOPiBHIOIOTH:

Frmax = Gmin (1340 = 1340).

2 361bieHHs GoHIy Yacy pobotu (pecype «mpailsi») Ha 1 roj. nmpuBeje
710 TOTO, IO 3'SIBUTHCA MOXKJIMBICTh CKJIACTH HOBUW ONTUMAJILHUM TIIaH BUPOO-
HUIITBa BUPOOIB, TIPU SKOMY 3arajbHa I[iHA BUTOTOBJICHOI MPOIYKIli 3pOCTe
Ha 5,75 onuHMIk 1 0yne nopiBHioBatu 1340 + 5,75 = 1345,75 oqununp. Tak ca-
MO 30UIbIIeHHS Ha 1 TO. Yacy poOOTH yCTaTKyBaHHs JO3BOJUTH 3HAUTH HOBUM
ONTUMAJIbHUM TIJIaH BUPOOHUITBA BUPOOIB, IPH SKOMY 3arajbHa IiHA BUTOTOB-
JeHOo1 IpoayKIlii 3pocte Ha 1,25 ox. 1 cknane 1340 + 1,25 = 1341,25 onunuilpb.

HynboBa oIiHka, oTpuMaHa JUisl pecypcy «CHpPOBHUHA», O3Hayae, 1o,
OCKIJTbKA CHPOBHMHA BUKOPUCTOBYETHCS HE IUTKOM, TO 301LTIBIIIEHHS OTO 3amaciB
HE BIUTMHE HA ONTUMAIBHUI TUTAH BUITYCKY TPOYKITII 1 3araibHy IiHY BUTOTOB-
JIEHOT MPOAYKITi.

3 3minH1 y; =5,75, Y, =01Yy3 = 1,25 BU3Ha4at0OThb YMOBHI1 OI[IHKW OJUHHU-
Il PeCcypciB «Ipais», «CHUPOBHHA» 1 «yCTaTKyBaHHS» BiAmoBigHO. OIIHKH
«TIpars» 1 «ycTaTKyBaHHs» BiaMiHHI Bij 0, BIAMOBIIHO 10 APYroi TEOPEMHU JBO-
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icToCcTi BIAMOBIAHI PECypCH BUKOPUCTOBYIOTHCSA LIJIKOM MPU ONTHUMAIBLHOMY
I1aHl BUpOOHHUIITBA NPOAYKIii, TOOTO € AediuuTHUMHU. [[BoicTa OliiHKa pecypcy
«cupoBuHay nopiBHIoe 0. Lleil BuUI pecypcy HE IIIIKOM BHUKOPHCTOBYETHCS
MIPU ONTUMAJILHOMY IJIaH1 BUPOOHUIITBA TPOIYKIIII.

Uum BUIIOIO € BEIWYMHA OIIHKH, THM TOCTpilie Ie(IiIUTHICTb pecypcy:
«TIparsy OuTbIn AeilUTHA, HIXK «YCTATKYBaHHSIY:

(V1 =5,75) > (ys = 1,25).

4 Tpu miICTaHOBII JBOICTHX OILIIHOK Y CHCTEMY OOMEKEHb JBOICTOI 3a/1a-
91 OJIEPIKYEMO:

23 + 1,25 > 10,
115+ 2,5= 14,
5,75+ 6,25 =12.

[lepure oOMekeHHST BOICTOI 3a/7a4ul BUKOHYETHCS SIK CTPOTa HEPIiBHICTb.
[le o3Hauae, 1110 OLIIHKA PECypCiB, BAKOPUCTOBYBAHUX HA BUPOOHHUIITBO OJHOTO
BUpOOY By A, BUIIE BiJl LIIHK LOIO BUPOOY, 1, OTKE, BUIIyCKaTH BUP1O A He-
BurigHo. Jlpyre 1 Tpere oOMeKeHHs JBOICTOI 3a/1a4l BUKOHYIOTHCS SIK PIBHOCTI.
Ile o3Hauae, M0 OLIIHKKA PECYpPCiB, BUKOPUCTOBYBAHMX JIJIi BUPOOHUITBA OJU-
HUIll BiAMOBiMHUX BUPOOiB B 1 C JOpIBHIOIOTH y TOYHOCTI iXHIM IliHaM. Tomy
BUITYCKaTH 11l JBa BUIM MPOAYKIIi EKOHOMIYHO JOUUIbHO, IO 1 BHJIHO
3 pO3B’SI3KY OPSIMOT 3a/1aul.

7.6 Po3p’si3anns 3a1a4i 32 qonomMororo nakera Maple

Po3B’s13aHHA npsiMOi 3a/1a4i:

> restart:
> with(simplex):
Warning, the protected names maximize and
minimize have been redefined and unprotected
> F:=10*x1+14*x2+12*x3;
F=10x1+14x2+12x3

> gl:=4*x1+2*x2+x3<=180; g2:=3*x1+x2+3*x3<=210;
g3:=x1+2*x2+5*x3<=244,

gl :=4x1+2x2+x3<180

g2 :=3x1+x2+3x3<210

g3 =x1+2x2+5x3<244
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> maximize(F,{g1,02,03}, NONNEGATIVE);
{x1=0,x3=16,x2=82}
> x1:=0:x2:=82:x3:=16:F;{01,02,93};
1340

{180 <180, 130 <210, 244 <244}
Po3B’s3aHHs nBOICTOI 3a/1a4i:

> restart:
> with(simplex):
Warning, the protected names maximize and
minimize have been redefined and unprotected
> G:=180*y1+210*y2+244*y3;
G =180yl +210y2 + 244 y3
> d1:=4*y1+3*y2+y3>=10; d2:=2*y1+y2+2*y3>=14;

d3:=y1+3*y2+5*y3>=12;
dl1:=10<4yl1+3y2+y3

d2:=14<2yl+y2+2vy3
d3:=12<yl1+3y2+5y3
> minimize(G,{d1,d2,d3},NONNEGATIVE);
y2=0,y3=2y1=2}
>y1:=23./4; y2:=0; y3:=5./4; G;{d1,d2,d3};
y1 :=5.750000000
y2:=0
y3 :=1.250000000
1340.000000
{10 < 24.25000000, 14 < 14.00000000, 12 <12.00000000 }

7.7 InauBinyaJbHi 3aBIaHHS 10 Ja00paToOpHOi podoTH 2

Tabnauys 3 — Inousioyanwvui 3a80anus 00 1abopamopuoi pobomu 2

Bapianr 1 Bapiant 2 BapianT 3
al=5,b1=3,t11=750, al=6,b1=2,t1 =600, al=4,bl=3,tl =440,
a2=4,b2=3,12=630, a2=4,b2=3,t2=520, a2=3,b2 =4, 12 =393,
a3=3,b3=4,t3=700, a3=3,b3=4,t3=600, a3=3,b3=5,t3 =450,
r1=51r2=6 r1=6,r2=3 r=6,r2=5
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lIpooosorcenns mabauyi 3

Bapiant 4

al=3,bl=21t1=273,
a2 =3,b2=3,t2 =300,
a3 =2,b3 =5, t3 =380,
rl=4,r2=5

Bapiant 7

al =8, bl =2, t1=2840,
a2 =6, b2 =3, t2 =870,
a3 =3,b3=2,t3 =560,
rt=6,r2=2

Bapiant 10

al=2,bl=3,t1=428,
a2=3,b2=6,12=672,
a3=2,b3=8,t3=672,
r1=3,12=38

Bapianr 13

al =4,bl =3, t1 =480,
a2 =3,b2 =4,12 =444,
a3 =2, b3 =6, t3 =546,
rt=2,r2=4

BapianT 16

al =4, bl =3, t1 =440,
a2 =3,b2=14,1t2=393,

a3 =3,b3 =5, t3 =450,
rt=6,r2=5

BapianT 19

BapianT 5

al=2,bl=1,11 =438,
a2 =3,b2=6,1t2=747,
a3=3,b3=7,t3=812,
rl=7,r2=5

Bapiaat 8

al =5, bl=2,tl1=>505,
a2 =3,b2=3,t2 =393,
a3 =2, b3 =3, t3 =348,
rl=7,r2=4

BapianT 11

al=3,bl=21t1=273,
a2 =3, b2=3,t2 =300,
a3 =2, b3 =5, t3 =380,
rt=4,r2=5

Bapiaur 14
al=5,bl=3,tl =750,
a2=4,b2=3,t2 =630,

a3=3,b3=4,t3 =700,
rt=51r2=6

Bapiant 17

al=2,bl=3,t1=428,
a2=3,b2=6,t2=672,
a3=2,b3=8,t3=672,
rt=3,r2=8

BapianT 20

al=7,b1=3,1t1=1365,al =8, bl =2, t1 =840,
a2=6,hb2=3,1t2=1245,a2 =6, b2 = 3, t2 = 870,

a3=1,b3=2,t3 =650,
rt=6,r2=5

Bapiant 22

al=6,bl=2,t1=600,
a2 =4,b2=3,t2=520,
a3 =3, b3 =4, 13 =600,
rt1=6,r2=3

a3=3,b3=2,1t3 =560,
rt=6,r2=2

BapianT 23

al =4, bl =3, tl =440,
a2 =3,b2=4,1t2 =393,
a3 =3, b3 =5, t3 =450,
rt=6,r2=5
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BapianT 6

al =4, bl =3, t1 =480,
a2 =3, b2 =4,1t2 =444,
a3 =2, b3 =6, t3 =546,
rl=2,r2=4

Bapiant 9

al=6,bl=2,t1=600,
a2 =4, b2 =3,1t2 =520,
a3 =3, b3 =4,1t3 =600,
rt1=6,r2=3

BapianT 12

al=7,bl=3,tl=1365,
a2 =6, b2 =3, t2 =1245,
a3 =1, b3=2,1t3 =650,
rt1=6,r2=5

Bapianr 15

al =5, bl =211 =505,
a2=3,b2=3,1t2=2393,
a3 =2, b3 =3, t3 =348,
rt=7,r2=4

Bapianr 18

al=2,bl=1,11 =438,
a2 =3,b2=6,1t2 =747,
a3=3,b3=7,t3=812,
rl=7,r2=5

BapianT 21

al=5,bl=3,tl=750,
a2=4,b2=3,1t2 =630,
a3 =3,b3=4,1t3 =700,
rt1=51r2=6

Bapianr 24

al=3,bl=21t1=273,
a2 =3, b2 =3, t2 =300,
a3 =2, b3 =5, t3 =380,
r1=4,r2=5



IIpooosowcenns mabnuyi 3

BapianT 25 BapianT 26 Bapiant 27

al=2,b1=1,t1=438, al=4,b1=3,11=480, al=38,bl=2,1tl=23840,
a2=3,b2=6,12=747, a2=3,b2=4,12 =444, a2=3,b2=3,12 =393,
a3=3,b3=7,t3=812, a3=2,b3=6,1t3 =546, a3 =2, b3 =3, 13 =348,
ri=7,r2=5 r=2r2=4 rn=6,r2=4

Bapiant 28 Bapiaur 29 Bapiant 30

al=5b1=2,t1=505, a1=2,b1=3,t11=428, al=7,bl=3,tl=1365,
a2=6,b2=3,12=870, a2=3,b2=6,t2=672, a2=6, b2 =3, t2=1245,
a3 =3,b3=2,t3=560, a3=2,b3=8,t3=672, a3 =1, b3=2,1t3 =650,
rt=7,r2=2 r1=3,r2=8 rt=6,r2=5
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8 JABOPATOPHA POBOTA 3.
OIITUMAJIBHA CYMIII

Tema. 3anava npo onTuManbHy cyMiml. HeoOMexxeHa o0iacTh mpuiryc-
THMHUX PO3B’SI3KIB.

Mema: nabymu BMiHb CKIAOAHHS MAMEMAMUyHOi Mooeii 3a0ayi npo
ONMUMANLHY CYMiW, DOPMYNIOBAHHA EKOHOMIYHO20 BUCHOBKY 3 PO38 A3KY
3a0aui.

Po6ota po3paxoBana Ha 4 rOAUHMU.

8.1 TeoperuuHi BitomocTi

3ajaya BU3HAUYEHHS ONTUMAIBHOrO CKJIaAy CyMIlll BUHUKA€E TOJ1, KOJHU
3 HAsIBHUX BUJIB CUPOBMHHU HEOOXIJHO OJIEPKATH LIJISXOM 3MIIIYBAaHHS HOBHI
MPOAYKT (HANpUKIaA: O€H3WH, METAJEeBUI CIUIaB 1 T. 1H.) 13 3aJJaHUMHU TEXHIY-
HUMH ¥ THIIMMU XapaKTepUCTHUKaMH, a00 CKJIACTH PAIliOH XapuyBaHHS, MalO4H
3a3HadeHi nponyktu. [Ipu 1mpomMy moTpiOHO, MO0 BapTICTh Takoi cyMmimrl Oyna
MIHIMAJILHOIO.

[Ipumyctumo, mo cyMminr moTpiOHO CKIAcTH 3 N Pi3HUX BUIIB CUPOBUHH,
KOXKHUM 3 SIKUH MICTUTh M BUJIIB PEYOBHH, 1110 HAC I1IKABJISTh.

Hexait aj; (1=1,...,m,j=1, ..., n) e KUIbKICTb I-0i pEYOBUHU B OJUHHIII
J-TO BUly CHPOBHHH.
Bapricts cupoBunu ¢; (j = 1, ..., n). Ilosnaunmo yepes b; HalimeHmry npu-

MyCTUMY KUTBKICTh i-01 pEYOBUHH, qepe3 dj - 3amac cupoBHHH j-TO BHULY.

Hexaii X; — KITbKICTh CHPOBHMHH |-TO BHIY, SIKY HEOOXi1THO BHKOPHCTO-
BYBAaTHU Ui CKJIaJaHHs cywmimi. Tomi misiboBa QyHKINS — BapTICTh CyMilIi —
JOPIBHIOE:

F= ch -Xj  (min).
OOMexxeHHs Ha BMICT HEOOX1THUX PEYOBUH y TOTOBIM CyMIIIIi:

n -
Z j>b,i=1...,m
OOMeKeHHs Ha 3amacu CUPOBUHU:
Xj de, J :1,...,n.

OCKiNbKH Xj — KUTBKICTb cupoBUHHM, TO Xj=> 0 (j = 1, ..., n).
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Opeprxanu MaTeMaTUYHy MOJIENb 33/1a4l PO CyMIIi:

F= ch -Xj (min);

8.2 3aBnaHHs 10 J1a60paATOPHOI podOTH

dopmanu3yBaTu 3a7aHy 3ajlady JIHIHHOTO MpOrpaMyBaHHA. 3a3HAYUTH
€KOHOMIYHMM 3MICT LIIOBOI (DYHKIII 1 CUCTEMU OOMEXEHb. 3amucaT 3ajavy
B MaTpuuHiii popwmi. [lepeittu 10 aBOICTOT 3aa4i. Po3B’s13aTh nipsimy 1 JBOICTY
3a/1a4l 3a JIOTIOMOI'OK0 OJIHOTO 3 makeTiB. [IpoanamizyBaTu BIAMOBIII MPSMOI 1
ZBOICTOI 3a/1ad4.

JlikyBanpHa Ji€Ta KOHTPOJIOETHCA 32 KOMIIOHEHTaMHU: a) OuIKaMu;
0) ByrjieBojilamMu; B) kupamu; T') BiTamiHaMu. OOCSAT HEOOX1THUX KOMIIOHEHTIB
y TIOBCSIKJIEHHUX TPOAYKTaX XapuyBaHHS 1 IIHUA MPOIYKTIB 3a3Ha4eHi B Ta0. 4.

Tabnuys 4
IIponykTu

Ckian, o 1 5 3 4
binxu s11 | s12 | s13 | sl4
Byrnesoau s21 | s22 | s23 | s24
Kupu s31 | s32 | s33 | s34
Biraminn s41 | s42 | s43 | s44
Iina 1 kr rl r2 r3 r4

CkiacTy m1aH HaOLIbII JEMIEBUX 3aKYIIBENb MPOAYKTIB, 110 3a0e3meuye
JTIETUYHI BUMOTH.

3sim npo nabopamophy pobomy

1 Ywmoga 3anaui.

2 dopmanizariis 3aaadi.

3 3ammc 3amavi B MATpUIHIN (HOpMI.

4 Po3zmpykiBKa po3B’s3aHHs 3aj1a4l.

5 dopmamnizariis 1BOIiCTOI 3a7a4i.

6 Po3npykiBka po3B’si3aHHS JIBOICTO1 3a1a4i.
7 ExoHOMIYHUY aHaji3 pe3yybTary.
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8.3 llpuxkiaan BUKOHAHHSA JabopaTopHOi podoTu 3

[Ipu cknaganHi 70O0OBOrO pallioHy TOJIBII Xy100U MOXHA BUKOPHUCTOBY-
BaTH CBiXe CiHO (He Outbine 50 kr) 1 cuiioc (He Outbiie 85 kr). Y Tabmuii 5 Ha-
BEeZIEH1 JIaHl PO BMICT 3a3HaY€HUX KOMIIOHEHTIB y 1 KI' KO)KHOTO MPOAYKTY Xa-
pUYBaHHs, MOKUBHICTh pallloHy (MIHIMaJIbHI HOPMH) 1 BApPTICTh NPOAYKTIB.

Tabnuys 5
[To>xMBH1 peuOBUHH . HpOHyKT [To>XMBHICTB pallioHy
Csixke cino | Cuioc

KopmoBi oguHuiri 0,5 0,5 30 oguHHLEL
Bbinok, r/kr 40 10 1 xr
Kanp1ii, r/xr 1,25 2,5 100r
docdop, r/kr 2 1 80T
BapricTs, rp. ox. 1,2 0,8 —

CknacTd MIHIMAJIBHHUI 3a BapTICTIO PaIliOH, IO 3aJ0BOJIbHSIE BUIICBH-
KJIQIEHUM BUMOTaM 1.

Dopmanizayis 3aoayi

Hexaii X; (Kr) — KUIBKICTB CiHa, a Xp (KI') — KUIBKICTh CHIJIOCY, SIKHH HEO0O-
X1JTHO BUKOPUCTOBYBATH B parfioHi. Tofl mimpoBa (GyHKINS — BapTICTh MPOIYK-
TIB — JIOPIBHIOE:

F=1,2x;+0,8x, — min.

Cknagemo cucteMy 0OOMEXKEHb.

1 OOMexeHHs Ha BMICT y pallioHI KOPMOBHUX OAMHMIL — He MeHmie 30.
B oanomy kinorpami ciHa 1 cuiocy MICTHThCS 1O 0,5 KOPMOBHX OJIMHHULIb.
Ycworo B partioni Oyae (0,5x; + 0,5X;) KOpMOBHUX OAUHUIIL. BUXOIUTH:

0,5x1 + 0,5x2 > 30.

2 OOmMexeHHs Ha BMICT y paiioHi Oiika — He meHme 1 kr. B oqHoMy Ki-
norpami cina mictutbea 40 r Oinka, y 1 kr cunocy — 10 r Oinka. Ilepeiimemo
710 OAHIET pO3MIpHOCTI — KI. Ycboro B pattioni oynae (0,04x; + 0,01X;) xr Ounka.
Buxonuts:

0,04 x1 +0,01x2>1.

3 AHaNOriyHO MIPKYIOUH, CKJIaJIeMO OOMEXEHHS Ha BMICT KaJbIIIO0 —
He menmre 0,1 kr:

0,00125 x1 + 0,0025 x2 >0,1.
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4 Bwict pocdopy — He menme Hix 0,08 kr:
0,002 x1 + 0,001 x2 > 0,08.

6 3a yMoOBOIO, 3aKymiBJIsl CiHA HE TOBMHHA TiepeBuiyBatu 50 Kr, a cuio-
cy — 85 kr. Buxogurs:

x1<501x2<85.

OCKUTBKH X3 1 X2 — KITBKICTB MPOYKTY, TO X1 1 X HEB1 €MHI.
Opeprkany MaTeMaTUYHY MOJIEITh 3a/1a4l PO CyMIIIIi:

F=1,2x1+0,8x2(min).
0,5x1+0,5x2 > 30,
0,04 x1 + 0,01 x2 > 1,

0,00125 x1 + 0,0025 x2 > 0,1,
0,002 x1 + 0,001 x2 > 0,08,
x1 <50,

X2 <85,
x1 >0,
x2 > 0.

Po3B'si3aBmin  3ajadqy 3a  JIONOMOTOO TIAaKeTa, OJCpXKaluu 3HAYCHHS
sMiHHEX: X1 = 20; X, = 40; Fpi, = 56.

ExoHOMIUHMI BUCHOBOK: Yy J1000BOMY paliioHi Mae OyTu ciHa 20 Kr i cu-
nocy 40 xr. BapTicThs Takoro paiiony ckiajne 56 rp. o.

[To>XMBHICTH paIlioOHy CKIae:

- KopMoBuUX ouHUIlL — 30 oa. nmpu HOopmi 30 ox.;

- 610K — 1,2 KT 1ipu HOpMi 1 KT

- KasbIid — 125 T mpu HopMmi 100 1

- pocdopy — 80 r mpu HOpMi 80 T.

8.4 IloGynoBa aBOICTOI 3a4a4i 10 3a1a4i NP0 ONTUMAJIBHY CyMilll

dopmaizoBaHa 3aja4a npo CyMillll Ma€ BUTIISIAL

F=1,2x1+0,8 x2 (min).
0,5x1 +0,5x2 > 30,
0,04 x1 +0,01 x2 > 1,
0,00125 x1 + 0,0025 x2 > 0,1,
0,002 x1 + 0,001 x2 > 0,08,
x1 <50,
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X2 < 85,
x1 >0,
x2 > 0.

[Tepen moOymoBOO MBOICTOI 3a7adi 3aMUIIEMO TPSIMY 3a7ady B MaTpU4-
Hii (opmi. [IpuBeaeMo HEPIBHOCTI CUCTEMH OOMEXKEHb JO OIHOTO BUTJISIY
(3HaK >):

0,5x1 +0,5x2 > 30,
0,04 x1 +0,01 x2>1,
0,00125 x1 + 0,0025 x2 > 0,1,
0,002 x1 + 0,001 x2 > 0,08,
-x1 > -50,

-X2 > -85.

Bunuiemo BeKTOpH 1 MaTpHIIIO:

30 0,5 0,5
1 0,04 0,01
_ Lxlj _ (1,2} — 01 0,00125 0,0025 — (O]
X=|"] C-= . B= . A= 0= |
X, 0,8 0,08 0,002 0,001 0
-50 -1 0
-85 0 -1
Y MaTpu4HOMY BUTJISAIL:
F=C"-X (min).
A-X >B,
X >0.

OCKUTBKH KUTBKICTh OOMEXEHb IPSAMOi 3a7a4l — 6, To y ABOICTIN 3a1a4i —
6 3MIHHHUX.

Y1

Y,
A AT_(O,S 0,04 0,00125 0,002 -1 Oj

Y, 05 001 00025 0001 0 -1/
Ys
Ys

=<
I
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JIBoicTa 3amaya B MATPUYHOMY BUTJISAIL:

VY koopauHaTHIN Hopmi ABoicTa 3a7a4a Ma€e BUTIISI:

G=30yl+y2+0,1y3+0,08y4—-50y5-—85y6 (max).
0,5yl + 0,04 y2 +0,00125 y3 + 0,002 y4 —y5 < 1,2,
0,5yl +0,01y2+0,0025 y3 + 0,001 y4 —y6 <0,8,
yl>0,y2>0,y3>0,y4>0,y5>0, y6 >0.

8.5 Po3p’si3anHs 3a1a4i 3a 1onmomororo nakera Maple

Jl1st moyaTKy po3B’si3aHHA MPSIMOT 3a]1a4i:

> restart:
> with(simplex):
Warning, the protected names maximize and
minimize have been redefined and unprotected
> F:=1.2*x1+0.8*x2;
F:=1.2x1+.8x2
> g1:=0.5*x1+0.5*x2>=30; g2:=0.04*x1+0.01*x2>=1;
03:=0.00125*x1+0.0025*x2>=0.1; g4:=0.002*x1+0.001*x2>=0.08;
05:=x1<=50; g6:=x2<=85;
gl:=30<.5x1+.5x2
g2 :=1<.04x1+.01x2
g3 :=.1<.00125 x1 +.0025 x2
g4 :=.08 <.002 x1 +.001 x2
g5:=x1<50
g6 :=x2<85
> minimize(F,{91,92,03,04,05,06},NONNEGATIVE);
{x2 =39.99999996, x1 = 20.00000004 }
> x1:=20:x2:=40:F; {91,02,03,04,05,96}; x1:="x1":x2:="x2":
56.0
{.1<.12500, .08 <.080, 20 <50,40 <85,30<30.0,1<1.20}
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OckiIbKY 3a/1a49a € TBOBUMIPHOIO, TO MOXHA PO3B’s13aTH ii rpadivHo:

> with(plots):

Warning, the names changecoords and display have
been redefined

> inequal({91,02,03,04,95,96,x1>=0, x2>=0}, x1=0..100, x2=0..100,
optionsexcluded=(color=white));

Pe3ynbpTaT BUKOHAHHS 111€1 KOMaHIU — Ha puc. 14.

100

20
50
4CI:

ED:

0 20 40 60 a0 100
Pucynox 14

Po3B’siskeMo BOICTY 3aa4y:

> restart:
> with(simplex):
Warning, the protected names maximize and
minimize have been redefined and unprotected
> G:=30*y1+y2+0.1*y3+0.08*y4-50*y5-85*y6;
G:=30yl+y2+.1y3+.08y4—-50y5—-85Yy6
> d1:=0.5*y1+0.04*y2+0.00125*y3+0.002*y4-y5<=1.2;
d2:=0.5*y1+0.01*y2+0.0025*y3+0.001*y4-y6<=0.8;
dl:=5yl1+.04y2+.00125y3+.002y4—-y5<1.2
d2 :=.5y1+.01y2+.0025y3+.001y4-y6<.8
> maximize(G, {d1,d2},NONNEGATIVE);
{y3=0.,y2=0., y4=400.0000000, y1 =.8000000000,y6 =0.,y5=0.}
>y1:=0.8:y2:=0:y3:=0:y4:=400:y5:=0:y6:=0:G;{d1,d2};
56.00
{.800<.8,1.200<1.2}
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8.6 InauBinyajabHi 3aB1aHHA 10 JJadopaTOpHOi podoTH 3

Tabnauys 6 — Inousioyanvhi 3a80anHus 00 1abopamopHoi pobomu 3

BapianT 1
2 12 10 1
|12 0 0 4
1 8 3 0[,R=(4,6,2,3).
2 2 4 6
OOMeKeHHS:

Oou1kH — He MenIre 20;

BYIJIeBOIM — He MeHIte 30;

x)upu — He MenIne 10 1 He Ginbiie 50;
BiTaMIHU — He MeHIe 40.

Bapianr 2
3 11 10 2
B 11 0 0 4
1 8 0 3 L, R=(3,7,2,1)
2 1 4 6
OOMeXeHHS:

OUIKK — He MeHle 18;

BYIJIEBOJIM — HE MEHILIE 27;

)upHu — He MeHIe 11 1 He Oibie 55;
BITaMIHU — HE MeHIe 41.

Bapiant 3
1 12 12 2

- 10 1 0 4
2 7 3 0[,R=(1,2,2,3
3 0 4 6

OOMeKeHHS:

OUIKH — He MeHIe 21;

BYIJIEBOAM — HE MeHIIE 33;

KUpU — HE MeHIIe 12u He Oible 65;
BITAMIHU — HE MeHIe 34.

Bapianr 4
1 12 10 2

S - 11 0 1 2
1 8 0 3(,R=(3,21,A4).
2 0 4 6

OOMeKEeHHS:

O1IKU — HEe MeHIe 24;

BYIJIEBOAM — HE MeHIIE 32;

KUPHU — HEe MeHIe 15 1 He Oible 45;
BITaMIHU — He MeHIe 37.

BapianTt 5
2 11 10 2

S 12 0 0 4
1 7 3 0],R=(46,5,3).
2 1 4 6

OO6MexeHHs:

011ku — He Menie 20;

BYIJIEBOJIU — HE MeHIie 30;

xupu — He MeHIe 10 1 ve Oubiie 50;
BiTaMiHU — He MeHIe 40.

Bapianr 6
3 9 10 2
S 10 O 0
0 8 3 ,R=(3,3,21).
2 1 5
OOMexeHHs:

OLIKK — He MeHIIe 15;

BYTJICBOAM — HE MEHIIIE 25;

xupu — He MeHtre 10 1 ve 6ibe 50,
BiTaMiHU — He MmeHiie 30 .
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lIpooosorcenns mabauyi 6

Bapiant 7
2 12 8 0

S _ 9 2 0 4
1 8 3 0(,R=(2,6,2,3).
0 2 4 6

OOMexeHHS:

outku — e menie 30;

BYIJIEBOIM — HE MeHIIe 40;

xupu — He MeHiue 20 1 He 6ub 70;
BITaMIHHU — HE MEHIIIEe 35 TK.

BapianT 8
1 11 10 2

B 10 2 0 4
1 8 0 3| R=(3521).
2 0 4 6

OOMEXEeHHS:

O11KH — He MeHiie 20;

BYIJIEBOJIM — HE MEHIIIE 34;

XKHUPU — He MeHIe 15 1 He Outbi 65;
BiTaMminu — He MeH1Ie 40.

BapianT 9
2 12 10 O
|13 0 0 4
1 6 3 0(,R=(23,2,3).
3 2 4 6
OOMexeHHS

0171KU — He MeHIe 21;

BYIJIEBOJIU — HE MeHIIe 31;

*Upu — He MeH1e 11 1 He Outbine 51;
BiTaMiHU — He MeH1Ie 41.

BapianT 10
3 7 10 4
S 13 0 0 2
8 0 3| R=(3121).
0 4 6
OOMexeHHs:

O171KH — He MeHIe 22;

BYIJIEBOJIA — HE MEHIIIE 32;

XKUpHU — He MeHIe 12 1 He Oinbie 52;
BITaMIHU — HE MeHIe 42.

BapianT 11
2 12 10 1

S _ 12 0 0 4
1 8 3 0|,R=(46,2,3).
2 2 4 6

OOMexeHHs:

OouIKH — He MeHire 20;

BYIJIEBOJIM — HE MeHIie 30;

xupu — He MeHire 10 1 ve 6inbmre 50,
BiTaminn — He MeHIe 40.

BapianT 12
3 11 10 2

S — 11 0 0 4
1 8 0 3|,R=(B,7,21)
0 1 4 6

OOMexeHHs:

OLIIKK — He MeHIIe 18;

BYIJICBOJIM — HE MeHIIIe 27;

*)upu — He MeHIre 11 1 He Oimbime 55;
BITaMIHU — He MeHIIe 41.
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IIpooosowcenns mabauyi 6

Bapianr 13
1 12 12 2
_ 10 1 0 4
2 7 3 0],R=(1,22273).
3 0 4 6
OOMeXEHHS:

O11Kku — He MeHme 21;
BYIJIEBOJY — HE MeHIIIe 33;

BITaMIHU — HE MeHIIe 34.

KUpHU — He MeHIIe 12 1 He OLibIme 65;

Bapiant 14
1 12 10 2
1110 1 2
1 8 0 3| R=(3214).
2 0 4 6
OOMexeHHS:

O11KH — He MeHIe 24;

BYIJIEBOJIM — HE MEHIIIE 32;

KUpHU — He MeHIe 15 1 He Ounbire 45;
BITaMIHHU — HE MeHIe 37.

BapianT 15
2 11 10 2
112 0 0 4
1 7 3 0|, R=(4,6,5,3).
2 1 4 6
OOMeKeHHS:

o11Kku — He meHie 20;
BYIJIEBOJIH — HE MeHIe 30;

BiTaMiHU — He MmeHnte 40.

»upu — He MeH1e 10 1 e 6ubIne 50;

Bapianr 16
3 9 10 2

- 10 O 0
O 8 3 1R=(313|211)'
2 1 5

OOMeXeHHS:

OLIIKM — He MeHIIe 15;

BYIJIEBOJM — HE MEHILIE 25;

xupu — He MeHie 10 1 ve 6ubre 50,
BiTamiau — He MeHTIe 30.

BapianT 17
2 12 8 0
S 9 2 0 4
|1 8 3 0[.R=(2,6,2,3).
0 2 4 6
OOMeEXeHHS:

ou1kn — He menire 30;

BYIJIEBOAU — HE MeHIe 40;

x)upu — He MeHIe 20 1 He Ouibie 70;
BITaMIHM — HE MeHIIe 35.

BapianT 18
1 11 10 2

g_|10 2 0 4

|1 8 0 3| ,R=(3521).
2 0 4 6

OOMeXeHHS:

O11KH — He meHiie 20;

BYIJIEBOJY — HE MeHIIE 34;

KUPHU — HE MeHIIe 15 1 He OubIne 65;
BiTaMiHU — He MeHie 40.
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lIpooosorcenns mabauyi 6

BapianT 19
2 12 10 O
_ 13 0 0 4
1 6 3 0 ,R=(2,3,2,3).
3 2 4 6
OOMeXeHHS:

O11Kku — He MeHme 21 ;

BYI'JIEBOJIM — HE MeHILIE 31;

)upu — He MeHIne 11 1 He Ouibie 51;
BITaMiHU — He MeHIe 41.

BapianT 20

3
13

10
0
0
4

S:
JR=(3,1,2,1).

D W NN D

7
0
8
0

OOMeKeHHS :

O171KH — He MeHIe 22;

BYIJICBOJY — HE MeHIIIe 32;

XKHUpHU — He MeHIe 12 1 He OibIne 52;
BITaMIHH — HE MeHIe 42.

BapianT 21
2 12 10 1

S 12 0 0 4
1 8 3 0|,R=(4,6,2,3).
2 2 4 6

OOMexXeHHS:

O1u1KH — He MeHure 20;

BYIJIEBOJIU — HE MeHIe 30;

xupu — He MeHIe 10 1 e 6ubire 50,
BiTamiaM — He MeHIe 40.

BapianT 22
3 11 10 2

|11 0 0 4
1 8 0 3[R=(3721).
2 1 4 6

OOMeXEeHHS:

OLJIKK — He MeHIIe 18;

BYI'JIEBOJIM — HE MEHIIIE 27;

*Kupu — He MeH1ie 11 1 He Ouble 59;
BITaMIHU — He MeHIe 41.

Bapianr 23
1 12 12 2
B 10 1 0 4
12 7 3 0ol,R=(,2273).
3 0 4 6
OOMexeHHS:

O171KU — He MeHIe 21;

BYIJIEBOJIM — HE MEHIIIE 33;

XKUPHU — HEe MeHIe 12 1 He OubIme 65;
BITaMIHU — HE MeHIIe 34.

BapianT 24
1 12 10 2
S 11 0 1 2
11 8 0 3/,R=3214.
2 0 4 6
OOMeXeHHS:

O11KM — HEe MeHIe 24;

BYIJIEBOJY — HE MEHIIE 32;

KUPHU — He MeHIIe 15 1 He OuibIne 45;
BITaMIHU — HE MeHIe 37.
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IIpooosowcenns mabauyi 6

BapianT 25
2 11 10 2
|12 0 0 4
1 7 3 0|,R=(4,6,5,3).
2 1 4 6
OOMexeHHs:

OUIKHU — He MeHIe 20;

BYIJieBOAM — He MeHIe 30;

xupu — He MeHtre 10 1 He 6imbie 50;
BiTaMiHU — He MeHIe 40.

BapianT 26

3
10

10

JR=(3,3,2 1).

= 0 O ©
g1 w O N

OOMeKeHHS:

O171KU — He MeHIe 15;

BYIJIEBOAM — HE MEHIIE 25;

xupu — He MeHtre 10 1 ve 6ibie 50,
BiTaMIHU — He MeHie 30.

Bapiant 27
2 12 8 0

S 9 2 0 4
1 8 30 ,R=(2,6,2,3).
0 2 4 6

OOMexeHHs:

O11KM — He meHIe 30;

BYIJIEBOJIU — HE MeHIiie 40;

*upu — He Mentne 20 1 e 6inbie 70;
BITaMIHHU — HE MeHIIe 35.

Bapianr 28
1 11 10 2

|10 2 0 4
1 8 0 3| R=(3521).
2 0 4 6

OOMexeHHs:

O1u1KH — He meHire 20;

BYIJIEBOJY — HE MeHIIE 34;

KUPHU — HEe MeHIIe 15 1 He OuabIe 65;
BiTaMI1HHU — He MeHIe 40.

BapiaunT 29
2 12 10 O
B 13 0 0 4
1 6 3 0 ,R=(2,3,2,3).
3 2 4 6
OOMexeHHS:

O171KH — He MeHme 21;

BYIJIEBOJIM — HE MeHIIIe 31;

*upu — He MeH1e 11 1 e Outbiie 51;
BiTaMiHM — He McHIe 41.

Bapianr 30

3
13

10

JR=(3,1,2,1).

[ERY

O 0 o N
o

o W N b

OOMeXeHHS:

O1IKH — HE MeHIIe 22;

BYIJIEBOJY — HE MEHIIE 32;

KUPHU — HEe MeHIIe 12 1 He OubIe 52;
BITaMIHHU — He MeHIe 42.
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9 TPAHCIIOPTHA 3AJAYA JIHIHHOTO
ITPOT'PAMYBAHHA

TpaHncnopTHa 3aa4ya — 3a7a4a Mpo HAHOUIbII OIIAJJIMBHUI MJIaH MepeBe-
3€Hb OJHOPIJHOTO YHM B3a€EMO3aMIHHOTO BAaHTaXy 3 IYHKTIB BiJIpaBICHHS
B MYHKTH CIOXKMBAHHS — € HAWBa)XIMBIIIOK YaCTKOBOIO 33Ja4€l0 JIIHIMHOIO
MIPOrpaMyBaHHs, 1[0 MA€ BEIUKE MPAKTUYHE 3aCTOCYBaHHS HE TIUIBKU JO TPO-
61eM TpaHcnopty. TpaHcmopTHa 3a/1a4a BUAUTSIETHCS B OKpEMY 3a/1auy JIHIHHO-
ro MporpaMmyBaHHsI BU3HAYEHICTIO €KOHOMIYHOT'O 3MICTY W OCOOJIMBOCTSIMU Ma-
TEMaTUIHOI MOJIEII.

9.1 3arasabHe popMyJIIOBaHHSI TPAHCIOPTHOI 3a1a4i

OnHOp1AHUHI BaHTaX, 30CEPEIHKEHUI y M MyHKTaX BIANPABICHHS B KUJIb-

KOCcTsX @ > 0 y KoxkHOMY I-My TyHKTI Bimnpasienus (i =1, ..., m), HeoOXimgHO
JOCTaBUTH B KOXKHHMH 3 N IyHKTIB MNpPU3HAYEHHA B KUIbKOCTAX bj>0
(j =1, ...., n). BapricTs nepeBe3eHHs OAMHHUIII BAHTAXY 3 1-T0 BUXIJHOTO MYHKTY

B |-} IIyHKT NpU3HAYECHHS JIOPIBHIOE Cjj .

Hexail Xj; — KUTBKICTh BaHTaXy, EPEBE3EHOTO 3 IyHKTY BiANPaBIECHHS |
y IyHKT MIPH3HAYEHHS .

[ToTpiOHO cKJacTH IJIaH MepeBe3eHb TaK, 00 TPAHCIOPTHI BUTpATH OY-
71 MIHIMaJIbHUMH.

JIJ1st HAOYHOCTI JIaH1 3a/1a4l 3aBeI€HO OPOPMIISITH y BUTIISA NI TaOIuIIl 7.

Tabnuys 7
ITyakTHi IIyaxTn npu3HauyeHHS
I 3anacu yH p
BIJIITPaBJICHHS] B . B; .. Bn
A a; X11 ‘ C11 ... Xqj ‘ Cyj e X1n ‘ C1n
A d; Xi1 ‘ Ci1 ... Xij ‘ Cij . Xin ‘ Cin
Am am Xm]_ ‘ Cm]_ cee Xm] ‘ ij oo an ‘ Cmn
[ToTpebu b, ... b; ... b,

OCKUIbKY PO3TISIAETHCS OJHOPIIHUA BaHTaX, MOTPeOU MyHKTY MpHU3HA-
YEHHS MOXKYTh 33JJ0OBOJIBHITHCS 32 PaXYHOK OyIb-SIKUX BUXITHHUX IyHKTIB.
Po3pi3HsA0Th JBa THUMM TPAHCTIIOPTHUX 3aJad: 3aKPUTI, Y IKUX CyMapHHIA
m n
TONHUT JIOPIBHIOE CyMapHUM 3amacam, T00To » & = > b., i Biakpuri, y skux
i=1 j=1
m n
CyMapHHUii IONMT MEHIIIe CyMapHHX 3aracis, To6To 2.8 # >, b j-
i=1 j=1
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Jlamo MatemaTuuHe (OpPMYTIOBaHHS TPAHCHOPTHOI 3a7ayi 3aKpUTO-
ro TUIY.
[{inmpoBa QyHKIIA — BapTICTh NEPEBE3CHbD:

F = ZZCU— X (min).

ObmexeHHs Ha TOTpedH (yci moTpedu MOTPiOHO 3aT0BOJILHUTH):

m

Z .Xfl']' :bj,jzl,...,l’l.

i=1

OCKUIBKH Xijj — KUIBKICTb IIEPEBE3EHOI0 BaHTaXKY, TO Xjj= 0.
Oneprkany MaTeMaTHYHY MOJIETTh 3aMKHYTOI TPAHCTIOPTHOT 3a/1a4i:

JInst BIAKpUTOT 3a7a4l MaTeMaTH4Ha MOJENb OyAYy€eTbCS aHaJOr4yHO, KPIM

m n
OOMEXKCHD Ha 3a1acH (SKIO » aj > 3. b; ):
i1 j=l

n
> ox; <a,i=1..,m
-1
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9.2 3anauyi, 110 3BOASITHCS 10 TPAHCTIOPTHUX

[Ipu po3risai TpaHCIOPTHOT 3a/1a4l BKa3yBaJIOCs, IO JO CXEMHU TPaHCIIO-
PTHOI 3a/1a4l BIAHOCUTHCS OUIBII IIMPOKE KOJIO 3a7a4, HIXK BJIACHE TPAHCIOPTHI
3a1adi.

PosrnssHeMo KOpoTKo 3a7a4i, MOJIeN SIKUX MOAI0H1 IO TPaHCTIOPTHOI.

9.2.1 3anaya npo ykjIaJaHHA KOHTPAKTIB

VYesakuil pa3, KoM oprasizailii moTpiOHO ojepaTu TOBapH 3 MPUBATHUX
JKepen, BAPOOHUKH LIMX TOBapiB OepyTh y4acTh y CKJIaJaHHI KOHTPaKTiB. BoHu
MIPOTIOHYIOTh CBOT YMOBH, Y SIKUX yYKa3yIOTh:

a) LiHY OJIMHMUIII TOBapY;

0) MakcUMaJbHy W MIHIMaJbHY KUIBKICTh KOKHOT'O TOBapy, IO MOXYTb
OyTH TIOCTaBJICHI 32 3a3HAYEHOIO 111HOIO;

B) 1HIIIl YMOBH.

3anponoHOBaHI YMOBHU BiJIOMBaIOTh Oa)KaHHS BUPOOHMKA JICTaTU TIPHUOY-
Tok. Opranizailis MOBUHHA YKJIACTH KOHTPAKTH TaK, 100 3arajibHi BUTpATH OY-
JU MiHIMaJTbHUMU.

[Ipu boMy BpaxoBYIOTbCSI TPAHCIIOPTHI ¥ 1HINI BUTPATH, MOB'sI3aH1 3 KO-
YKHOIO MPOTO3UIIIEIO.

PosrisHemMo npocTy 3amady mpo yKOMIUIEKTYBaHHS CKIIAIIB.

€ M mocrayanbHHKIB, TOTOBUX Y35TH y4acTh B YKOMIUIEKTYBaHHI N CKJia-
niB. KokeH mocTadaabHUK TOTOBHM IMOCTaBUTH MPOAYKINT B KITBKOCTIX @;=> 0
(i= 1,..,m). Koxnomy cxiany norpiOHO mpomykuii B kuipkocTsx Dj=0
(j=1,...,n). IIpuadanus i 1oCTaBKa OJMHUII MPOAYKIIT BiJ I-r0 MocTavasib-
HMKA Ha J-uil CKJIaj JOPIBHIOE Cjj .

Hexail Xjj — KUIBKICTh NPOIYKIIi, MepeBe3eHO0i BiA I-ro MocTavdanbHUKA
Ha |-¥ CKJIaj.

[ToTpiOHO ckJacTH IJIaH NepeBe3eHb TakK, Mo0 BUTpATH Oyau MiHI-
MaJIbHUMH.

JlJia Ha0YHOCTI JaHi 3a7a4i 3aBeileH0 0GOPMIISATH Y BUTIIAA Tabmuii 8.

Tabnuys 8
IToctauanb- Cknagun
3amacu
HUKA B . B; . Bn
Ay a1 X11 ‘ Ci1 Xij ‘ Cij Xin ‘ Cin
Ai d; Xi1 ‘ Ci1 X|| ‘ C|| Xin ‘ Cin
Am dm Xm1 ‘ Cm1 ij ‘ ij Xmn ‘ Cmn
[Torpedu b, b; b,
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Jlamo maTematuyHe (GOpMYITIOBAaHHS 3a/adi:
m n

LlinboBa (yHKIis — BapTicTh KommiekTanii: F =2, 2.C;-X; (min).
i1 1

OOMexeHHsI Ha 3armacH: MoTpiOHO 3aMOBUTH NPOAYKLIi HE OLIbIIE, HIXK €
B 3ariaci:

n
> Xjj <a;,i=1....m.
J=1

OOMexeHHsI Ha MOTpeOu: Ha CKJIajl MOTPIOHO OJIep)KAaTH HEOOX1IHY HOP-
MY NPOAYKIIIi:

m .
.lei]- :bj’] 21,...,1’1.
1=

OCKUIBKY Xjj — KUIBKICTb IPOMYyKLii, TO X;jj= 0.
Onepxanu MaTEeMaTU4YHY MOJEINb, IJCHTUYHY MOJICN TPaHCHOPTHOI
3aavl.

9.2.2 3aiaya po3noaisly yCTATKYBaHHS

[Ipunyctumo, Ha OIANPUEMCTBI € M BEpCTaTiB Pi3HOI MOTYXKHOCTI @;
(i1=1, ..., m), Ha IKUX MOK€ BHI'OTOBIISATHCS KOXKCH 3 N BUIIB BUPoOiB. Bimomi
BUTPATHU Cjj Y TPOIIOBUX OJMHULISAX HA BUTOTOBJICHHS OAMHUIII J-TO BUPOOY NIpH
BUPOOHUITBI Hloro Ha i-OoMy BepCTaTi, a TaKOX BigoMa NPOXYKTUBHICTH Dij
(om./rox.) i-ro BepcTaTa TpW BUPOOHUITBI j-ro BUpoOy (j =1, ..., n). Bizomo
TJIAHOBE 3aBJIaHHS 110 BUPOOHUITBY BupoOiB b (j = 1,...,n).

[ToTpi6HO PO3MOAITUTH BUPOOHHUIITBO BUPOOIB Ha PI3HUX BEPCTATax TakK,
1100 MiHIMI3yBaTH CyMapHI BUTPATH MPU BUKOHAHHI TUTAHOBOTO 3aBJIaHHA..

[Tonamo ymoBY y BUTJIA1 Tabmuii 9.

Tabnuysa 9
Pecypc, Bep- Burpatu Ha oqUHUIIO BUPOO
Bepcrar YP P P A 1 PODY
CTaTO-TO/I. B, ... B; . B,
A ay X11 ‘ P11 ‘ Ci1 | ... | Xy ‘ Paj ‘ Cqj | --- | Xin ‘ P1n ‘ Cin
A a; Xi1 ‘ Pi1 ‘ Ciz | --. | Xj ’ Pij ‘ Cij | ..- | Xin ‘ Pin ‘ Cin
Am am Xmt | Pmi | Cm1 | --- ij pmj ij <+« | Xmn | Pmn | Cmn
[Torpebu b, .. b; . b,
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Yucna xjj — 4ac, BOPOJOBXK SKOTo I-if BepcTaT 3alHATUII BUPOOHHLITBOM
J-ro BHpOOY.

Jlamo MmarematnuHe (hOpMYJTIOBaHHS 3a]1ayi.

Hexait Xj; — 9ac, BIPOMOBXK SIKOTO I-if BepcTaT 3aliHATUI BUPOOHHUIITBOM
J-ro BupoOy. Toxi 1inpoBa QyHKIIIST — CyMapHi BUTpaTH:

F= iznlc., Bi; - X (min).

i=l j=1

OOMexeHHST Ha pecypcH BepcTaTiB (BUTPATH PECypCy KOXKHOTO BepcTaTa
Ha BUPOOHUIITBO — HE O1IbIIIE HASBHUX ):

OOMeXEeHHS Ha BUKOHAHHS IIJIAHOBOTO 3aBJIaHHS (BUITYCK BUPOOIB — HE
MEHIIIE IJIaHY):

Zpl]xUZb =1,.

OcCKUIBKH Xjj — 4ac poOOTH BEpCTaTIB, TO Xjj= 0.
Opepxanu MaTeMaTUYHY MOJIENb 3a7adi PO3MOAUTY YCTaTKyBaHHS, aHa-
JIOT1YHY TPAHCIIOPTHIN MOJENI:

F= iic Py X (min).

i=1l j=1

n
ZXIJ Sal, i =1,...,m,
j=1

iZﬂj ;- X; =by, J=1...,n,

X; 20,i=1...,m; j=1..,n
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10 JABOPATOPHA POBOTA 4.
TPAHCIIOPTHA 3AJAYA

Tema. TpancnopTHa 3aja4a (BiIKpUTa 1 3aMKHYTa). 3a7a4i, 1110 3BOASTHCS
710 TPAHCIIOPTHOI (3a/1a4a Mpo 3aKJIaJIeHHsT KOHTPAKTY, 3a/1a4a po3MoAlly ycTaT-
KyBaHHS).

Mema: nHabymu BMiHb 6U3HAYEHHS 3MIHHUX OISl MPAHCNOPMHOIL 3a0ayi,
BUBHAYEHHT MUNYy MpPAHCnoOpmuoi 3a0aui, 30IUCHIO8AMU EeKOHOMIYHUL AHALI3
ocobausocmeti 8iI0Kpumoi i 3aMKHYmMoi 3a0ay; 3ace0imu MOHATTS 8IOKpUMOi i
3AMKHYMOI 3a0ay.

Po6ota po3paxoBana Ha 4 TOJIUHM.

10.1 3aBaanus a0 JadopaTopHoi podoTu 4

3anucaru yMOBY 3aj1a4i y BUrIsal Tadnuii. dopmanizyBatu 3anauy. Bu-
3HAYUTH €KOHOMIYHUH 3MICT 1iIb0BOT (pyHKIIIT 1 cuctemu oomexenb. llepeiitn
10 ABoicToi 3afa4i. Po3B’s3atu mpsiMy 1 IBOICTY 3a/1a4l 3a JOMOMOI'OI0 OHOTO
3 makeriB. [IpoananizyBaTu po3B’a3kd NpsMoi 1 ABOicTOI 3amad. OTpumanuit
PO3B’SI30K MPsAMOI 3aaa4ui OQOPMHUTH y BUTIIAMI TaOJHI JUIsl TIEPEBIPKU BHUKO-
HaHHS OOMEXEHb. 3POOMTH MOPIBHSIHHS 3HAYEHb IUIHOBOI (DYHKIIT 3aMKHYTOL
3anayl F3amk 13 3HaYEHHSAM LUTbOBOI (DYHKIIII BIAKPUTOI 3a1a4l Feiokp. 3podu-
TH €KOHOMIYHHUI BUCHOBOK.

Ha nBi 6a3u Al 1 A2 HajmiMiioB OJHOPITHUN BaHTaX Yy KUIBKOCTI al T
Ha 0a3y Al 1 a2 T Ha 6a3y A2. OTpumaHuil BaHTaX NOTPIOHO NEPEBE3TH Y TPH
nyukta: bl Ty nyakr Bl, b2 Ty myakr B2, b3 T y nyukr B3. Bigcrani mix my-
HKTaMH BIJIIpaBJIEHHS 1 MyHKTaMU NpU3HAYeHHs 3a3HauyeHl B Matpull R. Ckiia-
CTH TUIaH TEepeBe3eHb 13 MIHIMAJIbHUMHU BHUTpaTaMu. BapTicTh OZHOTO TOHHO-
KUTOMETpAa MPUNHATH 32 OJUHUIIIO.

1 Po3B’s3aTu 3a7a4dy npH 33JaHUX 3amacax i morpedax.

2 36inemuTu 3anacu Ha 10%. JlogaTkoBY KiIBKICTH 3amaciB JIOBUIBHO
posnoAutuTd Mixk nyHktamu Al 1 A2. IloTpebu 3anumaroTrbcsi 0€3 3MiH.
Po3B’si3aTu 3amauy 3 HOBUMU YMOBAMH.

3sim npo nabopamophy pobomy

1 VYmoBa 3anaui.

2 dopmamizaris 3aaadi.

3 3anuc 3aga4i B MaTpUuHIid (Gopmi (SIKIIO 11€ MOKIIUBO).
4 Po3apykiBka po3B’si3aHHS 3a7a4i.

5 dopmamnizarris ABoicTOl 3a1a4i.

6 Po3apykiBka po3B’s3aHHS IBOICTOI 3a1aul.

7 ExoHOMIYHUH aHaJi3 pe3yybTary.
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10.2 llpukJiag BUKOHAHHS JIa0OpPATOPHOI podoTH 4

10.2.1 Po3B’si3aHHS 3aMKHYTOI TPAHCIOPTHOI 3a1a4i

Hexait yncio myHKTIB BiIPaBIEHHS 1 YUCIIO MyHKTIB MPU3HAYECHHS J0Pi-
BHIOE 2 (n = 2, m = 2). 3anacu, noTpedu 1 BapTiCTh NIepeBe3eHb 3a3Ha4YCH1 B Ta0-
muri 10.

Tabnuys 10
[TynkTH BigIpaB- anaci [IyHKTH pU3HAYEHHS
JICHHS B, B,
A 100 X11 4 X12 2
A, 150 X12 3 X292 6
[ToTpebu 120 130

Hexall Xjj — KUIBKICTb BaHTaXy, EPEBE3EHOIrO 3 IyHKTY Aj 10 IyHKTY B;.
[IepeBiprMO BiAMOBIHICTH 3aMaciB 1 HOTPeO:

100 + 150 = 250 = 120 + 130 = 250.

3amava 3amkuyTa. llimeoBa QynHkKmis F mopiBHIOE BapTOCTI BCiX
NepeBe3CHb:

F = 4X3, + 2X35+ 3Xp1 + 6X5p (MiN).

Cucrtema 00OMeEXEHb BU3HAUAETHCSI TAKUMU YMOBaAMU:
a) KUTbKICTh BaHTaXIiB, 1110 BUBO3SATHCS, JOPIBHIOE 3aracaM:

X11 + X12 = 100,
Xp1 + Xz = 150;

0) KUIbKICTh BB€3CHHMX BaHTAX1B JIOPIBHIOE TOTpeOaMm:

X11 + Xg1 = 120,
X12 + Xgp = 130,

B) KUIbKICTh BAHTAXIB, 1110 BUBO3ATHCS, HE MOXE OYTH BiJ]’EMHOIO!
X]_]_ZO;X;LZZO, X21ZO; ngZO.
Onep>xanu ¢popMainizoBaHy 3aj1auy:

F=4x,, + 2X12 + 3X21 + 6X22 (min)'
X171 + X2 = 100,
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Xo1 + Xo = 150,
X11 + Xo1 = 120,
X12 + X2 = 130,
X11 2 0, X1 2= 0, Xo1 2 0, Xop 2> 0.

3anuimieMo 3aa4y B MATPUIHOMY BHTJISII.
Bunumemo piBHAHHS, 10 BIAMOBIaI0Th CUCTEMI OOMEKEHbD:

(X, + X, = 100,
X, + X, = 150,

X, + Xoq = 120,
X, + X,, = 130.

1100 100 X, 4
001 1| _ [150] _ |x,| - |2
A= , B= , X = , C=
1010 120 X, , 3
0101 130 X,, 6
Y MaTpUYHOMY BHIJISIII:
F=C'X (min)
AX =B,
X>0

CkrnazeMo JIBOICTY 3aj1auy.
BunuiieMo MaTpHItO 1 BEKTOPHU:

1010 100 A 4
100 1| - 180 - |Y,| = |2
AT = y B = ) Y = ' C =
0110 120 Vs 3
0101 130 Y, 6

[Ipsima 3amaua — 3aj1aya KaHOHIYHOTO THUITY, YC1 OOMEXKEHHS — PIBHOCTI.
V nBoicTiii 3a7a41 BC1 3MIHHI JTOBUILHOI'O 3HAKA.
Y MaTpuuHOMY BUTJISIIL:

G=B'Y (max).

A'Y <C.
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Bunumemo ¢opmanizoBany 3aaauy:

G =100y, +150y, +120y, +130y, (max).

Y. + Y3 < 4
Y+ Yo < 2
Yo + Vs < 3
y, + y, < 6.

Po3B’s13aBmIn 3a1auy 3a JOMOMOTO0 TTAKeTa, OACPIKAIIH:
X11=0; X12=100; X»;=120; X =30; F=740.
MiHimanabHa BapTIiCTh MepeBe3eHHs BaHTaxy — 740 rp. oa. Ilepemimenns

BAaHTaXy B1J] NOCTAYaJIbHUKIB 10 CIIO’KMBAa4iB OPOPMHUMO Yy BUIJISIA1 TAOIULI PO-
smoauty (tadu. 11).

Tabnuys 11
' [TyHKTH Janaci [TyHKTH IPU3HAYCHHS
BIINIPaBJICHHS B, B,
A 100 0 100
A, 150 120 30
[ToTpebun 120 130

3 TabyuIl BUIHO, 110 BC1 MOTPeOH 3a0BOJICHI 1 BC1 3aI1aCH BUBE3EHI.

Po3B’si3anHs qBoicTOl 3amaui: y1 = -4; Yo, =0; Y3 =-3; Y4=6; G=740.

[HinpoBi (yHKIIT OpsMoi 1 IBOICTOT 3a/1a4 piBHI, TOOTO 3ajJa4a BHUpIIICHA
BIpHO.

10.2.2 Po3B’s13aHHA 3aMKHYTOI 3a1a4i 32 1onmoMoror naxkera Maple
y

Jiist movyaTKy po3B’sA3aHHs MPSIMOT 3a1a4i:

> restart:
> with(simplex):

Warning, the protected names maximize and
minimize have been redefined and unprotected
> F:=4*x11+2*x12+3*x21+6*Xx22;

F=4x11+2x12+ 3 x21 + 6 x22
> g1:=x11+x12=100; g2:=x21+x22=150; g3:=x11+x21=120;
g4:=x12+x22=130;
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gl :=x11 +x12 =100
g2 :=x21 +x22 =150
g3 :=x11 +x21 =120
g4 :=x12 +x22 =130

> minimize(F, {g1,92,93,04}, NONNEGATIVE);

{x11=0,x22 =30,x12 =100,x21 =120}
> x11:=0:x12:=100:x21:=120:x22:=30:F;{91,92,93,04};
740
{100 =100, 150 =150, 120 =120, 130 =130}

Po3B’s3anHs nBOICTOI 3a1a4i:

> restart:

> with(simplex):

> G:=100*y1+150*y2+120*y3+130*y4;
G:=100yl1+150y2+120y3+130y4

> d1:=yl+y3<=4; d2:=y1+y4<=2; d3:=y2+y3<=3; d4:=y2+y4<=6;

dl:=yl+y3<4
d2 :=yl+y4<2
d3:=y2+y3<3
dd:=y2+y4<6

> maximize(G,{d1,d2,d3,d4});
{yl=2,y2=6,y3=-3,y4=0}
>yl:=2:y2:=6:y3:=-3:y4:=0:G;{d1,d2,d3,d4};
740
{2<2,-1<4,3<3,6<6}

10.2.3 Po3B’si3aHHsI BiAKPUTOI TPAHCTIOPTHOI 3aga4i

Hexait yncio myHKTIB BIANPABIEHHS 1 YHCIIO MyHKTIB MpU3HAYECHHS J10-
piBHIOE 2 (N =2, m=2). 3anacu, noTpedu 1 BapTICTh MEpEeBE3eHb 3a3HAUCHI
B Tabmum 12.

Tabnuysa 12
. [TynkTn anaci [IyHKTH pU3HAYEHHSA
BIINIPABIICHHS B, B,
A 120 X11 4 X12 2
A, 180 X12 3 X2 6
[ToTpebu 120 130
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Hexaii Xj; — KUIBKICTh BaHTaXy, IIEPEBE3EHOr0 3 MYHKTY Aj 10 MIyHKTY B;.
[lepeBiprMO BIAMOBIIHICTH 3aIaciB 1 HOTPEOD:

(120 + 180 = 300) > (120 + 130 = 250).

3agayva BIIKpHUTA.
[linpoBa ¢ynkis F qopiBHIOE BApTOCTI BCIX ITEPEBE3CHb:

F = 4X41 + 2Xqp + 3Xo1 + 6X2 (MiN).

Cuctema 0OMeXEHb BU3HAYAETHCS HACTYITHUMU YMOBAMHU:
a) KUTbKICTh BaHTaXIB, 1110 BUBO3SATHCS, HE OUIBIIE 3aIaciB:

X171 + X120 < 120,
Xo1 + X9o < 180;

0) KUIBbKICTh BB€3CHUX BaHTAX1B JIOPIBHIOE TOTpeOaM:

X11 + Xo1 = 120,
X12 *+ X2 = 130;

B) KUIBKICTh BAaHTAXIB, 1110 BUBO3ATHCS, HE MOXKE OYTH BiJ]’EMHOIO!
X11 2 0; X12 2 0, Xo1 2 0; Xop 2> 0.
Onep>xanu popMasizoBaHy 3a1aqy:

F = 4X31+ 2X35+ 3Xp1 + 6X5p (MiN).
X11 + X2 < 120,
Xp1 + X < 180,
X11 + X1 = 120,
X12 + X = 130,
X11 20, X220, X201 20, X0 >0.

Bunumemo cucremy oOMexeHb, 3MIHUBIIH 3HAK HEPIBHOCTI B MEPIIOMY 1
APYroMy OOMEKEeHHSIX

— X T Xy > —120,
— Xy X,, = —180,

X, + X5, = 120,
X, + X,, = 130.
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Bumnumemo MaTpulio i BEKTOPH:

-1 -1 0 0 ~120 X, 4
0 0 -1 -1| _ |-180] _ [x,| = |2
A= , B= . X=| | C="|
1 0 1 0 120 X, 3
0 1 0 1 130 X 6

22

VY maTpuuHOMY BUTJISZI 33/lady HE MOXKHA MOJATH, TOMY IO II€ 3ajaada
3arajbHOTO BUY.

Cknagemo IBOiCcTy 3aiauy.

Burmnumemo MaTpuIlto i BEKTOPH:

-1 0 10 ~120 Y, 4
-1 0 0 1| _ |-180| _ |y,| = |2
AT: , B: y Y: y C: .
0O -1 10 120 Y, 3
0 -10 1 130 Y, 6

[Ipsima 3amava — 3aga4a 3arajgbHOrO BUY. Y MPsIMIN 3a7adl niepiie 1 Jpy-
re 0OOMEXEHHsI — HEepIBHICTb, Y JABOICTIN 3a71a4l y1 =01y, >0, a y31 y4 — J0BI-
JBHI 3HAKH.

Bunumemo dopmanizoBany 3anauy:

G =-120y, —180y, +120y, +130y, (max).

Yt Y3 < 4
-y, * Y4 < 21
—Y, Y < 3
- yz + y4 < 67
y, 20,
y, 0.

Po3B’s13aB1M 3a/1a4y 3a TOMOMOIO0 TTakeTa, oaepkanu: X1 = 0; X1, = 120;
X1 = 120; X5, = 10; F = 660.

MiniMansHa BapTIiCTh mepeBe3eHHs1 BaHTaxy — 660 rp. ox. [lepemimenns
BaHTAXY BiJ] MMOCTAYaJIbHUKIB JI0 CIIOKUBAY1B O(DOPMUMO y BUTIISIAL TaOIHUIIl PO-
snozauty (Tabm. 13).

3 TabyuIIl BUIHO, 110 BC1 MOTPEOH 3a0BLIHLHEHO.

Po3B’s3anns qBoicToi 3amaui:y; = 4; ¥, =0; y3=3; Y, = 6; G = 660.

[{impoBi ¢GyHKITT TPsiMOT 1 ABOICTOI 3a/1a4u piBHI, 3HAYNTH 3aj]a4a BHUPIIIIE-
Ha BIPHO.
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Tabnuys 13

' [TynkTH 3amaci IlyHKTH pU3HAYEHHS SAUIHIIOK
BIAITPABJICHHS B, B,
Ay 120 0 120 0
A, 180 120 10 50
[ToTpebu 120 130

3aysaocicenns. Ilpn omHakoBHX moTpebax 1 Tapudax mepeBe3eHb, Bap-
TICTh TEPEBE3CHHS [JI1 BIAKPUTOI 3ajadi MEHIIe, HDK IS 3aMKHYTOl
(660 < 740). lle MOSACHIOETBCSA THM, IO MPH HAJIAIIKY 3amaciB 3’ SBISETHCS
BOJISI MAHEBPY, TOOTO BaHTaX MOYKHA BUBO3UTHU MEPEBAKHO 3 THX MYHKTIB, /€
OuTbII AemieBi Tapudu.

10.2.4 Po3B’s13aHHs BiIKpHUTOi 3a1a4i 3a 1onomororw nakera Maple

Jiist moyaTKy po3B’s3aHHS MPSIMOT 3a/1a4i:

> restart:
> with(simplex):
Warning, the protected names maximize and
minimize have been redefined and unprotected
> F:=4*x11+2*x12+3*x21+6*x22;
F:=4x11+2x12 + 3 x21 + 6 x22
> 01:=x11+x12<=120; g2:=x21+x22<=180; g3:=x11+x21=120;
g4:=x12+x22=130;
gl :=x11+x12<120
g2 :=x21 +x22 <180
g3 :=x11 +x21 =120
g4 :=x12 +x22 =130
> minimize(F,{g1,02,93,04}, NONNEGATIVE);
{x11=0,x22 =10,x21 =120,x12 =120}
> x11:=0:x12:=120:x21:=120:x22:=10:F;{91,02,03,04};
660
{120 <120, 130 <180, 120 = 120,130 =130}

Po3B’a3anHs qBOICTOI 3a1aul:

> restart:
> with(simplex):
> G:=-120*y1-180*y2+120*y3+130*y4;
G:=-120yl1 -180y2+ 120 y3 + 130 y4
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> dl:=-yl+y3<=4; d2:= -yl+y4<=2; d3:= -y2+y3<=3; d4:= -y2+y4<=6;
dl:=-yl+y3<4
d2 :=-yl+y4<2
d3:=-y2+y3<3
d4 :=—y2+y4<6
> maximize(G,{d1,d2,d3,d4,y1>=0,y2>=0});
{y2=0,y1=4,y3=3,y4=6}
> yl1:=4:y2:=0:y3:=3:y4:=6:G;{d1,d2,d3,d4};
660
{-1<4,3<3,6<6,2<2}

10.3 InguBinyajbHi 3aBJaHHs 10 JJadopaTOpHOI podoTu 4

Tabauys 14 — Inousioyanvhi 3a60antsn 00 1abopamoproi pobomu 4

Bapiant al a2 bl b2 b3 R
1 200 | 150 | 190 | 100 | 60 13:%?&51’
2 150 | 200 | 140 | 100 | 110 31?3115
3 150 | 150 | 100 | 100 | 100 iZZib?iz
4 250 | 250 | 150 | 170 | 180 ;g:g:éa,
5 220 | 200 | 150 | 100 | 170 2?137513’
6 200 | 230 | 190 | 100 | 140 13:?6}2’
7 200 | 300 | 140 | 150 | 210 i%}é:io’
8 200 | 250 | 100 | 150 | 110 ?é}h?é
9 150 | 250 | 180 | 120 | 100 ié:?b?é
10 250 | 200 | 180 | 100 | 170 1%:2:%%’
1 200 | 280 | 180 | 170 | 130 1§:iézig’
12 200 | 200 | 170 | 120 | 110 f?:iﬁjié
13 210 | 220 | 130 | 140 | 160 | 139
34,10, 12
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IIpoooesocenns mabauyi 14

Bapianrt al a2 bl b2 b3 R
14 150 | 180 | 110 | 120 | 100 gfé}ghlz
15 160 | 280 | 180 | 120 | 140 gé}ih}é’
16 260 | 240 | 170 | 160 | 170 ié?ii:21
17 250 | 270 | 150 | 170 | 200 ié}ié}gé
18 250 | 200 | 175 | 125 | 150 g:ig:ig
19 250 | 200 | 140 | 160 | 150 25}25??&
20 230 | 250 | 180 | 170 | 130 12:2:?5
21 100 | 150 | 90 | 110 | 50 ééig}ii4'
22 150 | 150 | 110 | 90 | 100 Z:igjié
23 200 | 190 | 130 | 160 | 100 ig:ig:;g’
24 250 | 200 | 110 | 190 | 150 ;g:g:éG
25 220 | 280 | 150 | 170 | 180 é?ié?éla
26 230 | 200 | 180 | 150 | 100 11:?6}2
27 230 | 320 | 200 | 180 | 170 2}?&:12
28 210 | 130 | 120 | 120 | 100 25?&?;
29 150 | 140 | 90 | 110 | 90 ié:?b}g'
30 220 | 130 | 100 | 120 | 130 }g:i:ié
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11 BAJAYA MIKTAJTY3EBOI'O BAJTAHCY

[Tpunyctumo, mo MarepiaibHe BUPOOHUIITBO MOMUISETHCA HA N Tally3ei.
[InanoBuit oOcCsST BajaoBOI MPOMYKIIT KOXKHOI raiy3i MO3HAYUMO X1, Xp, ...,Xp.
KoxHna 3 ramyseit 1151 BUpOOHMIITBA CBOET MPOIYKIII YACTKOBO BUTpAYa€ BIACHI
KOIITH, & YaCTKOBO BUKOPUCTOBYE KOLITH, OJIEpXkaH1 BiJ] IHIIUX raixy3e. 3aoa-
ya mixceany3eeoeo 6anancy TONATAE B TAKOMY TUTAHYBaHHI BUPOOHUIITBA, 1100
3a0€3MeunT MaKCUMaIbHUI CyMapHUN PUOYTOK MO BCIX rany3sx.

Butpatu i-01 raiy3i Ha BUpOOHHIITBO OJMHUII MPOAYKII J-0i ramy3i 3a-
JAI0ThCS MATPUIIEIO KOe(IIIEHTIB BUTpPAT:

ar a2 - din

a a oo a
A_|%21 a2 2n

Apl Ap2 ° Apn

Enementu ajj MaTpuii A MOXYTbh MaTH MOJBIMHUI CEHC:
1 @ — BuTpaTH NpoAyKIii i-0i raxy3i Ha BUPOOHUITBO OXMHMII NPO-
AyKIIii j-o1 ramysi (6aprep).
2 @ — po3Mip KamiTaJOBKJIAJCHb 3 (OHIIB HAKONMHWYEHb I-0i ramysi
Ha BUPOOHMIITBO OJAMHUII TMPOIYKIIT j-01 ramysi.
[{in1 Ha OJUHMUITIO TPOAYKIIIT KOXKHOI rajy3i 3aaHi:

Po3B’s13aHHs 3a1a4i 3a7€KUTh B/l 3MICTY MaTpulll A.

11.1 3agaya Tuny 1: a;; — BUTPpATH NPOIYKIII

Dopmanizayis 3adayi

Hexait x; — BanoBuii Bumyck i-oi ramysi (i =1, ..., n). Ha Biacue BupoO-
HUIITBO 1-a ramy3b CIIOKHUBAE a;1X; BUPOOIEHOT HEeto mpoaykili. Ha BupoOHUIIT-
BO X, TOBapiB 2-01 raiy3i Mijie ai;pXp IpOoayKIii 1-01 ramysi 1 T. 1., @ Ha BAPOOHH-
IITBO X, TOBapiB N-0i Tamy3i mije a;nX, npoaykmii 1-oi ramysi. Pazom Oyne Bu-
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n
TPAdeHO Y. 3 jXj BUpoOieHOl npoxyKuil. KuIbKicTs MPOAYKIIL, MO 3aIHIIAIIa-
j=1

csl U1 PoJIaxy, Oy/ie TOPIBHIOBATH:

AHAJIOrIYHO BU3HAYAETHCSA KiHIIEBA KUIBKICTh MPOMYKINT IS KOXKHOI
raysi:

n
Kl :XI_ZaIJXJ, i:].,..-,n.
-1

Bennunnu K Ha3uBarThCs KIHIICBUM IMPOTYKTOM I-01 raiaysi.
[impoBa (pyHKIIIA — 11€ LiHA BCI€T MPOAAHOT IPOAYKIIII:

F= iciKi (max).
i=1

Cucrema oOMeXeHb 3aJ1a4l BUBHAYAETHCA TAKUMU YMOBAMM:

1 OOGMexeHICTI0O BUPOOHUYHX MOTY>KHOCTEH, TOOTO OOMEXEHHS Ha BaJlo-
BUM BUITYCK MPOAYKIT X;.

2 OOMEXEHICTIO PUHKOBOTO TOMHUTY, TOOTO OOMEXEHHS Ha KIHIICBHM
mpoaykr K.

3 AcoprumeHnTHuMH oOMexxeHHsmMu tumy Kj: K, =1:4 (Hanpuxnan,
710 OJTHOTO aBTOMOOLJISI — YOTUPHU KOJIECA).

4 HeBin’eMHICTIO BEIMYUH KIHIIEBOTO MPOIYKTY, TOMY IO HE MOXXHA BU-
TpaTUTH OlIbIIe, HXK BUPOOJICHO.

11.2 3apaya Ty 2: @;; — BUTPAaTH B rPOIIOBOMY BHPA’KEeHHI

Dopmanizayis 3aoaui
Hexait x; — BanoBuit Bumyck i-oi ramysi (1 =1, ..., n). Y nanomy BHUIaaKy
KIHIICBUH MPOJYKT 301raeTbcs 3 BaJIOBUM IPOJIYKTOM Kj = X;. AJie Bijg BUTOPTY
CiX; I-01 rayysi BiJ Ipoaaxy BHPOOJCHOrO MPOAYKTY MOTPIOHO BIIHATH CYMH,
n
BUTpaYeHi Ha BUPOOHHMITBO TOBApiB yCiX ramyseil » & jXj - Tomy mpubyToK
=1
I-0f rany3i Oy/e JOpiBHIOBATH:
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n
F)IZCIXI_ZaUX]’ i:].,...,n-
1

[{inboBa QyHKIIIS — 11€ I[iHA BCi€T NPOJAHOI TPOAYKIIIi:

F= n P (max).
=1

CucreMma oOMeXeHb 3a1a4l 2 BU3HAYAETHCI TUMH CaMHUMH OOMEXKEHHIMU
(1-4), mo 1 ans 3agadi 1, ajge 3'SIBASETHCS I0JATKOBE OOMEXKCHHS, IMOB'S3aHE
3 po3Mipamu (OHAIB HAKOMUYEHHs ranyseit D;.

Burpatu Ha BUpOOHHUIITBO HE MOXYTh IMEPEBHUILYBaTH PO3MIpiB (QOHIY
HAKOIUYEHHSI:
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12 JABOPATOPHA POBOTA S.
3AJAYA MIKTAJTY3EBOI'O BAJTAHCY

Tema. 3agava Mi>XKrairy3eBoro oOanaHcy.

Mema:. wnabymu BMiHb CKIAOAHHA Mamemamudnoi mooeni 3a0ayi
Midceany3esoco bOanawcy O 080X Munie 3a0ay. mampuys Koegiyicnmis
sumpam — eumpamu npooyKyii, mampuys Koe@iyicHmie eumpam — pOo3Mip
Kanimanoekiadenv, 3aceoimu WOHATTS 3a0aui MIidC2any3e6020 OAlauCy;
mampuyi koegiyicnmis sumpam.

PoGota po3paxoBana Ha 4 TOAUHHU.

12.1 3aBaanHsi 10 J1adOPATOPHOL podOTH 5

dopmanizyBaTu 3a7a4y. 3a3HaYUTH €KOHOMIYHUN 3MICT IUTLOBOT (DYHKIIIT
1 cucremu odOMexxeHsb. [lepeiiTu 1o nBoicToi 3agaui. Po3B’s3atu nipsiMy 1 J1Boic-
Ty 3aja4i 3a JOIOMOTr 00 OJHOrO0 3 MakeTiB. [IpoananizyBatu po3B’sa3Ku NPsAMOI 1
JBOICTOI 3a/1a4. 3pOOUTH €KOHOMIYHUI BUCHOBOK.

€ TpuranyseBa 0ajaHCOBa MOJIETb 13 MAaTPHUIIEIO KOS(IIIEHTIB BUTpPAT:

a1 Qp g3
A=lay a; agyg|,

dz; dzp daszz

A€ ajj — BUTpaTH I-of ramys3i Ha BUPOOHHLTBO OAMHMII MPOXyKLUii j-of ra-
ny3i (y TOBapHOMY a00 IrpolioBoMy BupakeHH1). DoHIM HAKONMWYEHHS Tainy3ei
3amanl unciamu d1, d2, d3.

BupobHM4i MOTY>KHOCTI raigy3eil 0OMEeXYITh MOMIIMBOCTI il BaJOBOTO
BUMYCKY uuciaamu rl, 12, r3. I{iHa omuHUIN KiHIIEBOTO poaykty 1, 2 1 3 ramy-
3ei MOpIBHIOE BiMMOBIAHO: C1, €2, C3.

BuzHaunty onTUMaabHUM BaJIOBUM BUITYCK YCiX Tay3eH, 1110 MaKCUMI3ye
BApTICTh CYMapHOI'0 KIHLEBOI'O MPOAYKTY, SIKIIO HA KIHIEBUU MPOIYKT HAKjIa-
AIOTHCS €K1 OOMEXKEHHS.

3sim npo nabopamopHy pobomy

1 YmoBa 3anaui.

2 dopmamizariis 3aaa4i.

3 PozapykiBka po3B’si3aHHA 3a]a4i.

4 dopmantizallis 1BOICTOT 3a1a4i.

5 Po3apykiBka po3B’s3aHHs IBOICTOT 3a/1aul.
6 ExoHoMiuHMI1 aHAI3 pe3yabTaTy.
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12.2 llpukjaaxg BUKOHAHHSA JadopaTopHOi podoTH 5
12.2.1 Ilpukaan 1 (aj; — BUTPATH B I'POILIOBOMY BHPA’KEeHHI)

€ nBoraimy3zeBa OajlaHCOBAa MOJIETb 13 MATPHUICIO KOEQIIIEHTIB BUTPAT
( 01 0,2
A=
0,22 015
HPOAYKIIIT |-01 rajy3i B FPOIIIOBOMY BHPaXKCHHI.

®donan HakonmumyeHHs ramysei 3anmani: d; =400, d;=200. BupoOuuui
MOTYXHOCTI TalTy3ei, 0 OOMEXYIOTh MOKJIUBOCTI IXHBOT'O BaJIOBOTO BHUITYCKY,
3amani uncinamu: r;= 350, r,=280. LliHM OAWHUII KIHIIEBOTO MPOAYKTY i-Oi
rajxysi 3aJiaHi YuciaMu: ¢; = 8, ¢, = 7.

BuzHaunutu ontuMaibHUNM BaJOBUN BUITYCK yCIX Tally3e, 110 MaKCUMI3ye
BapTICTh CYMapHOTO KiHIIEBOI'O MPOAYKTY, SKIIO Ha KiHIEBUH NponykT K; i-oi
rany3i Hakiamaerbes ooMmexenHs K K, =3 1 4.

Dopmanizayis 3aoaui

Hexait x; — BanoBuii Bumyck i-oi ramysi (i =1, 2). OckinbKu Ha BIacCHE
BUPOOHUIITBO, a TAaKOK Ha BUPOOHUIITBO MPOAYKINT 2-0i raiy3i mepiia raiys3b
BUPOOJIEHY MPOJYKIII0 HE BUTpaya€, CyMapHUW KIHIEBUU NPOIYKT AOPIBHIOE
BUpOOJeH N npoaykiii: K; = X;.

Vst BupoOsieHa npoaykiis Oyze mpojiaHa 1 BATOPT CKJIajie CiX;.

[Ilo0 Bu3HaumTu TpUOYTOK 1-0i ramysi, 3 OTPUMAHOIO HEI BUTOPTY
NoTpiOHO BIAHATH CYMHM, BUTpadyeHI Ha BUPOOHMUITBO MPOAYKINi 1-oi 1 2-o0i
ranysen:

), A€ @ — BUTpaTH i-0i ramy3i Ha BHPOOHMIITBO OAMHMII

P1 = C1X1— (811X1 + @12X2).
AHaNoOriyHo /15 2-01 ranysi:
Ko =Xp, Py = CoXp — (821X1 + 822X2).

[TincTaBnsitoun YUCIOBl 3HAYEHHS, OACPKUMO BUTIIAN NpUOYTKY 1-01 1
2-01 rany3en:

Pl = 8X1— (O,le + 0,2X2), Pz = 7X2— (0,22X1 + 0,15X2).

Cymapuuii npubyTtok o6'enHanns nopiBHioe P; + P, OTxe, minpoBa
GyHKIIS 3a/1a41 TakKa:

F =8x;—(0,1x; + 0,2%,) + 7x,— (0,22x; + 0,15%;) (max).
[Ticns 3BeieHHs TOIIOHUX YJIEHIB, OJIEPKUMO:

F=7,62x; + 6,45%, (max).
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OOMexeHHs 3amaul
1 3a hongaMy HAKOTTMYCHHS

0,01x; +0,2x, <400,
0,22x; + 0,15x, < 200.

2 3a KOMILJIEKTHICTIO:

Ki:K,=3:4

Is ymoBa nopiBHIOE ymMOBi Kj :% Ky, ToOTO ymOBI X = 2 X, abo
3

X1 ——Xo =0,
3 3a BUpOOHUYUMHU MOTYKHOCTSIMHU: X3 < 350, X, < 280.

4 Bumyck mpoaykii: x; > 0, X;> 0.
dopmanizoBaHa 3ajjaua Ma€e BUTIISA;

F=7,62x; + 6,45x, (max);
0,01x, +0,2x, <400,
0,22x, +0,15x, < 200,

X122 0, Xo 2> 0.

12.2.2 Po3B’sa13aHHs 3a/1a4i 3a Jonomororo nakera Maple

> restart:
> with(simplex):
Warning, the protected names maximize and
minimize have been redefined and unprotected
> F:=7.62*x1+6.45*X2;
F:=7.62x1+6.45 x2
> 01:=0.01*x1+0.2*x2<=400; g2:=0.22*x1+0.15*x2<=200;
g3:=x1-3/4*x2=0; g4:=x1<=350; g5:=x2<=280;
gl:=.01x1+.2x2<400
g2 :=.22x1+.15x2 <200
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g3 ::x1—§x2:0

4
g4 :=x1<350
g5 :=x2 <280

> maximize(F,{91,02,03,04,05},NONNEGATIVE);
{x1=210.,x2 =280.}

> x1:=210:x2:=280:F;{91,92,03,04,95};
3406.20
{0 =0, 58.10 <400, 88.20 < 200, 210 <350, 280 <280 }

12.2.3 Ilpukaaa 2 (aj; — BUTPATH NPOAYKILii)

€ nBorany3eBa OalaHCOBAa MOJENb 13 MaTPHUICI0 KOE(DIIIEHTIB BUTPAT
( 01 0.2
A=

0,22 015
KIIii |-01 ray3i B TOBAPHOMY BHPAKCHHI

BupoOHHMUI MOTYXHOCTI rany3ell 0oOMeXYITh MOXJIMBOCTI ii BajJOBOro
Bunycky uucinamu: r;= 350, r, = 280. [liHM oguHMIII KIHIIEBOTO MPOAYKTY I-0i
rajxysi 3aJiaHi YuciaMu: ¢; = 8, c; = 7.

BuzHaunTu ontuManbHUN BaJOBUN BUITYCK YCIX Tally3e, 10 MaKCHUMI3ye
BapTICTh CYMapHOTO KIiHIIEBOI'O MPOAYKTY, SKIO Ha KiHIEeBHHA mpoaykT K i-of
ray3i HakiagaeThes oomexxenns K, <50.

Dopmanizayisa 3aoaui

Hexaii x; — BayioBuii BuIyck i-oi ranysi (i = 1, 2). Ha BiacHe BUpOOHUIIT-
BO 1-a rayiy3b BUTPATUTh a11X; BUPOOJIEHOT HEto npoaykiii. Ha BUpOOHHUIITBO X;
TOBapiB 2-01 ranysi mige a;,X; mpoaykiii 1-oi ramysi. Pazom Oyme BuTpaueHo
a11X1 + 12X BUpoOIeHoi npoaykilii. KiTbKiCTh IPOIYKIIii, 10 3aJIAITHAIIACS JIJIs
poJaxy, Oyie TOpIBHIOBATH

J, 7€ ajj — BUTPATH I-01 Taiy3i Ha BUPOOHUIITBO OJMHUIII IPOIY-

Ky = Xp—( a11X1 + agoXy).

AHJIOTTYHO BU3HAYAETHCS KIHIIEBA KUTBKICTh MPOAYKIIi 2-01 ramtysi:
Kz = Xo— (@21X1 + a2X2).

[lincTaBisitoud KOHKPETH1 YUCIOB1 3HAYEHHS, OJICPKUMO:

Kl =X — (O,1X1+ 0,2X2),
K2 =Xy — (0,22X1 + 0,15X2).
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[impoBa GyHKINIS — 11€ I[iHA BCi€T MPOIaHOT IPOTYKITIi:
F=cK; + oK, (max).

[TincraBnstoun B ocTaHHIO (PopMysy 3HAUYE€HHS Ci, C; 1 Bupasu Kj, Ky,
OJIEPKYEMO BUPA3 JIJIsl HLIbOBOI (PYHKIIIT:

F=8(x;—(0,1x;+ 0,2%,)) + 7 (X,— (0,22x, + 0,15X,)) (max).
[Ticyist 3BeneHHs MOAIOHMX YJIeHIB TTOI10H1 WICHH, OAEPKUMO:
F = 5,66x; + 4,35%, (max).

OOMexeHHs 3a1aul:
1 3a KIBKICTIO KiHIIEBOrO MpoaykTy (oomexenus K, < 50).
VYmoBa K, < 50 o3naugae:

X2 —(0,22x, + 0,15x%;) < 50,
10 A€ -0,22x, + 0,85x, < 50.
2 3a BUpOOHUYUMU MOTYKHOCTSIMU:
X1 < 350, X, < 280.
3 KinbKicTh KiHIIEBOTO MPOIYKTY HEBI'€MHA:

K:>0, K,>0;
X1 — (0,1x; + 0,2%,) > 0; X, — (0,22%, + 0,15x%;) > O;

IO J1a€ 0,9x; —0,2%, > 0; —0,22x; + 0,85x, > 0.

4 HeBin’eMHUI BUITYCK IPOAYKIii: X3 > 0, Xo> 0.
dopmanizoBaHa 3a/1a4a Ma€e BUTIISI:

F =5,66x,+4,35x, (max);
—-0,22x, +0,85x, <50,
X, <350,

X, < 280,
0,9x, —0,2x, >0,
—0,22x, +0,85x, >0,

X120, XZZO.
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12.2.4 Po3B’si3aHHsI 3a1a4i 3a 1onmoMororw nakera Maple

> restart:
> with(simplex):
Warning, the protected names maximize and
minimize have been redefined and unprotected
> F:=5.66*x1+4.35*x2;
F :=5.66 x1 +4.35 x2
> g1:=-0.22*x1+0.85*x2<=50; g2:=x1<=350; g3:=x2<=280;
04:=0.9*x1-0.2*x2>=0; g5:= -0.22*x1+0.85*x2>=0;
gl =-22x1+.85x2<50
g2 :=x1<350
g3 :=x2<280
g4 =0<.9x1-.2x2
g5 :=0<-22x1+.85x%2
> maximize(F,{91,02,03,04,05},NONNEGATIVE);
{x2 =149.4117647 , x1 = 350.0000000 }
> x1:=350:x2:=149.41:F;{g1,92,93,94,95};
2630.9335
{49.9985 <50, 350 <350, 149.41 <280, 0<49.9985,0<285.118 }

12.3 InauBigyajabHi 3aBJaHHA 10 J1a00paTOPHOI podoTH 5

Tabnuys 15 — Inousioyanvri 3a60auts 00 1abopamoproi pobomu 5

BapianT 1 BapianTt 2
0.200.030.50 0.100.300.09

A =] 0.040.050.30 A =| 0.240.150.03
0.300.000.05 0.300.010.05

FpOH_IOBI/IX OAUHUIB. TOBAPHUX OJWMHHID.

kl:k2=1:2;k3<100; kl:k2:k3=1:4:3;

R = (300, 200, 400), C = (3, 2, 4), R = (320, 400, 200),

F = (200, 400, 350) C=(532).
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IIpooosowcenns mabauyi 15

BapianT 3

0.050.120.50
0.320.010.15
0.200.050.00

A —

rponioBUX OAWMHHIb.

kl:k2=1:3;k3>10;
R = (400, 200, 300), C = (2, 3, 5),
F = (250, 340, 250)

Bapianr 4

0.000.320.11
0.400.010.25
0.250.180.04

A =

TOBapHI/IX OJWHUILIB.
kl:k2:k3=2:1:3;
R = (350, 230, 300),
C=(1,4,06).

BapianT 5
0.030.200.51
0.230.100.00
0.140.500.30
I'POLLIOBUX OJUHULIb.

kl:k2=3:2;k3<50;
R = (420, 200, 300), C =(2, 1, 3),
F = (400, 200, 550).

A =

Bapianr 6
0.210.070.12
0.060.030.15
0.200.140.03
TOBAPHUX OJVHUL.

kl:k2:k3=2:1:2;
R = (240, 420, 230),
C=(2,4,23).

A —

Bapiaunt 7
0.150.230.60
0.300.000.08
0.400.050.11
I'POLIOBUX OJUHMUIIb.

kl:k2=2:3;k3>15;
R = (300, 250, 420),
C=(3,2,5), F=(320, 320, 250).

A —

Bapianr 8
0.100.300.00
0.400.310.25
0.050.280.04
TOBAPHHUX OJVHULb.

kl:k2:k3=1:1:3;
R = (400, 340, 300),
C=(4,3,6).

A:

Bapiant 9
0.200.350.09

0.000.210.15
0.240.100.23

FpOHIOBI/IX OOIWHHUIIb.
kl:k2=3:1;k3<80;:

R = (500, 300, 400), C = (5, 3, 4),
F = (300, 450, 350).

A =

Bapiant 10
0.200.030.10

0.400.000.05
0.070.140.24

TOBapHI/IX OJIWHUIIb.
kl:k2:k3=3:4:1;
R = (400, 350, 280),
C=(4,2,3).

A:
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IIpooosocenns mabauyi 15

BapianT 11
0.200.030.50

A =|0.300.000.05
0.040.050.30

rpomroBuMX OAWMHHUIIb.

kl:k2=1:2;k3<100;:
R = (300, 200, 400), C = (3, 2, 4),
F = (200, 400, 350).

BapianT 12
0.210.070.12

A =] 0.060.030.15
0.200.140.03
TOBapHUX OJIMHUIIb.

kl:k2:k3=2:1:2;
R = (240, 420, 230),
C=(24,)3).

Bapianr 13
0.100.300.00

A =|0.400.310.25
0.050.280.04

rpomroBUX OAWMHHIb.

BapianT 14
0.050.120.50

A =|0.320.010.15
0.200.050.00

TOBApHUX OJAWHHUIb.

kl:k2=1:3:k3>10:; k1 :k2:k3=1:1:3;
R = (400, 200, 300), C = (2, 3, 5) R = (400, 340, 300),
F = (250, 340, 250). C=(4,3,6)
Bapianr 15 Bapianr 16

0.200.350.09
A =] 0.000.210.15
0.240.100.23

rpomroBUMX OAWMHHIB.

kl:k2=3:2;k3<50;
R = (420, 200, 300),C = (2, 1, 3),
F = (400, 200, 550).

0.030.200.51
A =|0.230.100.00

0.140.500.30
TOBAPHUX OJMHULIb.

kl:k2:k3=3:4:1;
R = (400, 350, 280),
C=(4,2,)3).

Bapiant 17
0.100.300.09

A =] 0.300.010.05
0.240.150.03

I'poImroBUX OJHWHUIIb.

kl:k2=2:3;k3>15;
R = (300, 250, 420), C=(3, 2, 5),
F = (320, 320, 250).

Bapianr 18
0.150.230.60

A =|0.300.000.08
0.400.050.11

TOBapHI/IX OJUHUIB.
kl:k2:k3=1:4:3;
R = (320, 400, 200),
C=.(5,3,2).
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IIpoooesorcennss mabauyi 15

BapiaunT 19

0.000.320.11
0.400.010.25
0.250.180.04

A —

I'poIOBUX OJHWHHUIIb.
kl:k2=3:1;k3<80;

R = (500, 300, 400), C = (5, 3, 4),
F =300, 450, 350).

Bapiant 20
0.200.030.10
0.400.000.05
0.070.140.24
TOBapHI/IX OJUHUIB.
kl:k2:k3=2:1:3;

R = (350, 230, 300),
C=(1,4,06).

A:

BapianT 21

0.150.230.60
0.300.000.08
0.400.050.11
FpOHIOBI/IX OOWHUIIb.
kl:k2:k3=1:4:3;

R = (320, 400, 200), C = (5, 3, 2),
F = (320, 320, 250).

A —

BapianTt 22

0.100.300.09
0.300.010.05
0.240.150.03

TOBapHHUX OJIMHUILb.

kl:k2=2:3;:k3>15;
R = (300, 250, 420),
C=(@3,2,5).

A —

Bapianr 23
0.200.350.09
0.000.210.15
0.240.100.23
I'pOIIOBUX OAWHHUIID.
kl:k2:k3=2:1:3;

R = (350, 230, 300), C = (1, 4, 6),
F = (300, 450, 350).

A —

Bapiant 24
0.000.320.11
0.400.010.25
0.250.180.04
TOBAapPHUX OJMHMUIIb.
kl:k2=3:1; k3<80;

R = (500, 300, 400),
C=(5,3,4).

A —

Bapianr 25

0.200.030.50
0.300.000.05
0.040.050.30

IrpomroBUX OJHWHHUIIb.
kl:k2:k3=2:1:2;

R = (240, 420, 230), C = (2, 4, 3),
F = (200, 400, 350).

A =

Bapianr 26

0.210.070.12
0.060.030.15
0.200.140.03

TOBAPHUX OAUHHUID.

kl:k2=1:2;k3<100;:
R = (300, 200, 400),
C=(3,2,4).

A —
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IIpooosocenns mabauyi 15

Bapianr 27

0.050.120.50
0.320.010.15
0.200.050.00

A —

FpOHIOBI/IX OOIUHHUIIb.
kl:k2:k3=1:1:3;

R = (400, 340, 300), C = (4, 3, 6),
F = (250, 340, 250).

Bapianr 28

0.100.300.00
0.400.310.25
0.050.280.04

A —

TOBapHUX OAWHHUIIb.

kl:k2=1:3;k3>10;
R = (400, 200, 300),
C=(2,3,5).

BapianT 29
0.030.200.51

0.230.100.00
0.140.500.30

A —

FpOH_IOBI/IX OAWHUIB.
kl:k2:k3=3:4:1;

R = (400, 350, 280), C =4, 2, 3,
F = (400, 200, 550).

BapianT 30
0.200.030.10

0.400.000.05
0.070.140.24

A —

TOBapHI/IX OJWHUIb.
kl:k2=3:2;k3<50:
R = (420, 200, 300),
C=(21,3).
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13 3AJAYA HEJIHIMHOTO MPOTPAMYBAHHS
13.1 TeopeTnuni BizomocTi

3ajaya MaTEMaTUYHOrO MPOrpaMyBaHHs, y SKIA LUIb0Ba (yHKLIS 1/ab0
0OME)KEeHHSI HEeNIHIMHI, Ha3UBA€THCS HEIIHIHHOIO.

[{i 3ama4di cKJIaar0Th BEIUKWN KJac HACTUIBKU CKJIAIHMX 3aj]ad, 110 JJIs
HUX JI0CI HEMA€E yHIBEPCAIBHUX METOJIB TOYHOTO PO3B’SI3aHHs. AJIe € METOIH
JUISL OKPEMUX CHeliaIbHUX KJIaciB.

OnHuM 13 TakUX KJIaciB € 3aj1aya, y KOl [IIbOBa (PYHKI[IS Ma€e KBaJpaTH-
YHY CKJIaJIOBy, a OOMeXeHHs — JiHiiHI QyHKiii. Taka 3agada BiTHOCHUTHCS
710 KBaJPaTHIHOTO TIPOTPaMyBaHHSI.

VY SKOCTiI OCHOBHOI PO3IJISIAI0Th 337]a4y MiHIMI3aIlli:

n nn

F=2 cj-xj+2 2 dijxixj (min),
J=1 1=1j=1

n -

Z aij °Xj Sbi,l=1,...,m;

Xj >0, j=1,...,n.

Sxmo B 3a/1a4i KBapaTUIHOTO MPOTPAMYBaHHS 1IJTLOBA () YHKITISI MaKCH-
Mi3yeTbcss 200 B CHCTeMi OOMEKEHb € 3HaK >, TO iX 3aBXKIW MOXXHa 3BECTH
710 BUIIIEHABEIEHO1 (hOpMHU.

VY BuUmaaKy HEIiHIMHOrO MporpaMyBaHHS METOJW PO3B’sI3aHHS 3aj/1adl Bi-
JIMIHHI BiJ METOAIB PO3B’sI3aHHS 3a/1a4 JIHIMHOTO MPOrpaMyBaHHS.

Haranmaemo, 1o 3HaueHHs QyHKIIii f(A) HA3UBAETHCSI MAKCUMYMOM (Mi-

HIMyMOM) (YHKIII1 f(X ), SKIIIO BOHO € HAWOUTHIIUM (HAHMEHIIINM) Y JIESIKOMY

HaOJIMKEHHI TOUYKU A. BIIIOBIIHE 3HAYEHHS apryMEHTY A Ha3UBA€THCSI TOUKOIO
MakcUMyMmy (MiHIMyMy). MakcuMymu Ta MiHIMyMH (YHKINT Ha3UBalOThCS €KC-
TpeMyMamMH (yHKIIi, 8 TOUKM MAKCUMYMY i MIHIMyMYy — TOUKaMH €KCTPEMYMY.

OnHak eKCTpEeMyM HE 3aBXIU € HaWOUThIIMM (HAWMEHIITUM) 3HAYCHHSIM
GyHKIT B JIedKiid 001acTi, a B 3a7a4l MaTEMaTHUYHOI'0 MPOrpamMyBaHHs Tpeda
3HAUTH caMe HailOulble (HaliMEHIlEe) 3HA4YeHHs LUIb0BOI (PYHKUIi B oOsacTi
PO3B’S3KIB CHCTEMHU OOMEKEHb.

Ha Binminy Bix 3anaui JIII, y sikiit onTumanbHe po3B’si3aHHS 3aBXK/IU 3HA-
XOJISITh Ha TPaHMIll 00J1acTi PO3B’s3KIB 3a/1a4i, IIThoBa (YHKINIS 3a7a4l HEMiHIH-
HOT'O MPOrpaMyBaHHsI MOXKE€ MaTH €KCTPEMYM sIK Ha TpaHMIll, TaK 1 yCepeauHi
0araToKyTHUKA PO3B’S3KIB.

PosrnsaemMo anropuTM HaxOMKEHHS HAWOLIBIIOro 3HAYeHHS (QYHKINT
B neskii o6macti COb (HaliMeHIlIe 3HaUY€HHsI 3HAXOAUThCS aHAJIOTT4YHO).
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1 3naxoqumo Ge3ymoBHMIt ekcTpemyMm ¢GyHKIIT F. [lepeBipsiemo, un 3Ha-
XOIUThCs Touka ekctpeMyMy B CODb. fkiio «rak» — 3amaM’aTOBYyeMO ii KOOp-
JUHATH Ta 3HAYEHHS QYHKUII B L1 TOYIII.

2 3HaxoIMMO YMOBHHH eKcTpeMyM QYyHKITIT F Ha KOXKHIM rpaHuIli 001acTi
BiAnoBiAHO. [lepeBipsiemo, un 3HaxoauThesi Touka ekctpemymy B COB. fkio
«TaKy — 3aramM’SITOBYEMO ii KOOPJIMHATH Ta 3HAUYCHHS (YHKIIIT B 11¥ TOYII].

3 3naxoaumo 3HaYeHHS (QYHKIIT B yC1X KYTOBUX TOUYKaxX 001acTi.

4 TlopiBHAEMO BCi 3HaijeHH1 3HayeHHs1 QyHKLIi. OOupaemMo HalOUIbIIE
3HaueHHs. BiamoBimHa Touka ¥ Oyae TOYKOIO MaKCHMyMy B 3aJlaHiil 00JyacTi
0OMEKEHb.

Ilpuknao. Po3rnsaemo 3agady, B sIKid 1iIbOBa (PyHKIIIS HETIiHIHA, a CHC-
TeMa 0OMEXEHb 3a/1aHa JIIHIMHUMH (QYHKITISIMH.

U :Xi2 +x§ —2X1 — 3%y (Mmax);
X1 +2Xy <20
X1 +Xo 213
3X1 + X2 £39
X1 20, Xp 20.

[Tobynyemo rpadik po3B’s3KiB cucTeMu 0OMeXeHb (puc. 15).

) \

Pucynox 15
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3HaX0JIUMO 10 Yep3l:
1 be3ymoBHU eKCTpEMYM — HE MTOTPAILISiE€ B 00JIACTb.
2 YMOBHHH €KCTpEMYM, SKIIO X, +2X, = 20:

X =4.2,X, =7.9 U(4.2,7.9)=47.95 — ue notpammsie B 061aCTb.
3 YMOBHUI eKcTpeMyM, SKILO X| + Xo =13:
X1 =6.25, X9 =6.75U(6.25; 6.75)="51.875 — motpamse B 061aCTb.
4 YMOBHUH €KCTPEMYM, SKIIO Ipu 3X] + Xo =39
X1 =11.35, x5 =4.95U(11.35;4.95)=115.775 — He moTpaIise B 061acTh.

5 Po3B’s13yemo cucremy

X1 +2Xo9 =20
X1+ X2 =13 '
X1 =6,X, =7U(6;7)=52.

6 Po3B’s13yemo cuctemy

X1 + 2X2 =20
3% +Xp =39
x| =11.6, X5 =4.2U(11.6;4.2)=116.4.

7 Po3B’s13yemo cucremy

X, +X, =13
3%, + X, =39’
X1 =13,Xo =0U(13; 0)=143.

Bunucyemo Touky, SIKi MOTPAIUISIIOTH B 00J1aCTh:

X, = 6.25,x, =6.75U(6.25; 6.75)=51.875;
X1 =6,Xy, =7U(6;7)=52;
X, =11.6,x, =4.2U(11.6; 4.2)=116.4.
x1 =13,x9 =0U(13; 0)=143.
91



Sk Gaunmo, HaWOIbImIUM 3HaUeHHAM GyHKIIT U npu yMOBI BUKOHAHHS
cucTeMHu oOMexeHb, oyae X; =13,Xo =0U (13; O) =143.

[Ipu BUBYEHHI BHIOi MaTeMAaTHKH PO3TJISAAINCh METOIU TOUIYKY €KCT-
pemMyMiB QyHKIIH OaraTboX 3MIHHUX. AJie MU OyJIeMO pO3B’sI3yBaTH 3a7auy He-
JiHIAHOTO TporpaMyBaHHs 3a jgonomororo nakera Maple (momarok A).

13.2 llpukaax po3B’sA3aHHA 3a71a4i HeJiHITHOTO MPOrpaMyBaHHs
B naxkeri Maple

3HaiiTn MakcuManbHe 3HaueHHs ¢QyHKili F Ha oOmnacTti, 3amaHiii cucrte-
MOIO OOMEKEHb.

F =9% +2X5 _X12 —xg (max),

X1 +4Xo <52,
X] — X9 < 2,
X1 +3Xo =64,

Pose’azannsa
Po3B'sxkemo 3agauy 3a gonomororo nakera MAPLE.

> restart:

> readlib (extrema):

> F:=9*X1+2*X2-x1*X1-X2*X2;
F:=9x1+2x2—x1%-x22

> 1l:=x1+4*x2; b1:=52;

ql:=x1+4x2
bl :=52
> 2:=x1-x2; b2:=2;
g2 :=x1 -x2
b2 :=2
> (3:=7*x1+3*x2; b3:=64;
q3:=7x1+3x2
b3 := 64

> s50g:={gql<=bl, g2<=b2, q3>=b3};
s0g :={x1+4x2<52,x1 -x2<2,64<7x1+3x2}

> inequal(sog, x1=0..18, x2=0..14, optionsexcluded=(color=white));

Pe3ynbTaT BUKOHAHHS KOMaHAW — Ha puc. 16.
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14
124

107

Pucynox 16
Komanza nomryky 6€3yMOBHOTO €KCTPEMYMY:

> extrema(F,{},{x1,x2},'s’);s;

!

{{xlzg, x2=1}}

Komanpga nepeBipku cucTeMu 0OMEKEHb J1JI 3HAWIEHOTO PO3B’ SI3aHHS:

> x1:=9./2; x2:=1.;Fex:=evalf(F,4); x1:=9/2:x2:=1:q1<=bl; q2<=b2;
g3>=b3; x1:="x1":x2:="x2":

x1 :=4.500000000

X2 :=1.
Fex :=21.25

8.500000000 <52

3.500000000 <2

64 < 34.50000000

KomaHa noiyky eKkcTpeMyMmy Ha I'paHulll, 3aJaHiil 1-M 0OMexXeHHsIM:

> extrema(F,{ql=b1},{x1,x2},'s");s;
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(e="1="1

KomaHna nepeBipku cucteMu 0OMEKEHb 7Sl 3HaWIEHOTO PO3B’SI3KY:

> x1:=120./17; x2:=191./17; Fex:=evalf(F,4); ql<=bl; g2<=b2;
g3>=b3; x1:="x1":x2:="x2":

x1 :=7.058823529

X2 :=11.23529412

Fex :=-90.12

52.00000001 <52

-4.176470591 <2

64 <83.11764706

KomaHpa noiryky ekcTpeMyMy Ha TpaHulll, 3a/1aHii 2-M 00MEKEHHSIM:

> extrema(F,{q2=b2},{x1,x2},'s");s;

{gﬁ}

15
X2 = — =
(oe=xa=1
KomaHa nepeBipku cucteMu 0OMEKEHb 1Sl 3HalIEHOT 0 PO3B’SI3KY:

> x1:=15./4; x2:=7./4; Fex:=evalf(F,4); ql<=bl; q2<=b2; q3>=b3;
x1:="x1":x2:="x2":
x1 :=3.750000000
X2 :=1.750000000
Fex:=20.13
10.75000000 <52
2.000000000 <2
64 < 31.50000000

KoMmaHja noiyky ekcTpeMyMy Ha IpaHulll, 3a1aHii 3-M 0OMEKEHHSIM:

> extrema(F,{q3=b3}, {x1,x2},'s");s;
1449

%) 232

(=20 =221
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Komanpa nepeBipku cucteMu 0OMeXeHb JIJIsl 3HAHAEHOT 0 PO3B A3KY:

> x1:=935./116; x2:=293./116; Fex:=evalf(F,4); ql<=b1l; g2<=b2;
g3>=b3; x1:="x1":x2:="x2":
x1:=8.060344828
X2 :=2.525862069
Fex :=6.249
18.16379311 <52
5.534482759 <2
64 < 64.00000001

Komana nomryky po3B’s3Ky CUCTEMU 3 1-T0 1 2-TO PIBHSHB:

> solve({ql=b1, q2=b2});
{x2=10,x1=12}

> x1:=12:x2:=10:F ex 1 2:=evalf(F,4);
F ex 1 2:=-116.

Komanna momryky po3B’si3Ky CHCTEMH 3 3-TO 1 2-TO PiBHSHbB:

> solve({g3=b3, q2=b2});

{x2=5x1="7}
>x1:=7:x2:=5:F ex 2 3:=evalf(F,4); x1:="x1":x2:="x2":
Fex 2 3:=-1

Komanpa nomryky po3B’si3Ky cucteMu 3 3-10 1 1-ro piBHSIHbB:

> solve({q3=b3, ql=b1});
{x2=12,x1=4}

> x1:=4:x2:=12:F ex_2 3:=evalf(F,4); x1:="x1":x2:="x2":
F ex 2 3:=-100.

Jyist 3pygHOCTI aHaJi3y OTPUMAaHUX PO3B’S3KIB 3BEIEMO iX B TabmuIrio 16.

Po3B’si3ku  3HaxXoAsATh cepel THX, IS SKUX BHUKOHYETHCS CHCTEMa
oomexenb. Lle po3p’sizku 2, 5, 6, 7. HaliOinpmioro 3uauennss F =—1 minpoBa
¢yHK1is HaOyBae B Touli Xg =7, Xo =5.
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Tabnuys 16

No . : Cucrema
n/n Tum excrpemymy ITnan Linbosa pynkuis 0OMeXKeHb
9
1 |besymoBHumii X1 = 2. X2= Fex :=21.25 BI/IKOII-I_IYGGTBCH
120
Ha rpanui, x1:= 17
2 lsanamiii 1-m 101 Fex :=-90.06 | Bukonyerscs
OOMEKEHHSIM X2 .= 17
Ha rpanwii, 15 7 He
3 |3amaHii 2-M xli=— X2:= Fex :=20.12
4 - 4 BUKOHYEThCS
OOMEXEHHSIM
o ' 1 = 935
a rpamui, "~ 116 . He
4 3ajmaHiit 3-m 293 Fex :=6.246 BUKOHYETHCS
O0OMEXEHHAM X2 = 116
5 Touka NCPeTUHY | £42 = 10,x1 =12} | F_ex_1 2 :=-116. Buxonyerbcs
npsamux 112
6 Touxa nepetuny {x2=5x1=7} | F_ex 2 3:=-1. |Buxonyerscs
npsMux 312
; |Touka nepernny {x2=12,x1=4} |F_ex 2 3:=-100. | Buxouyerscs
npsamux 113

Bucnosox

KoopavHaty onTUMalIbHOI TOYKM (TOYKM MAakCUMyMy): X; =7, Xo =5.

[Ipu npomy nIbOBa (QyHKLIS HAOYBa€e HaWOLIBIIOrO 3HaUeHHs F =-1.
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14 JABOPATOPHA POBOTA 6.
HEJIIHIHHE MPOITPAMYBAHHSA

Tema. 3anavya KBagpaTUUHOT O IPOrPAMYBaHHS.

Mema:
npocpamy8anHsi.

PoGota po3paxoBaHa Ha 4 TOAMHMU.

14.1 3aBaanHs 10 JadopaTopHoi podooTH 6

HaOymu BMiHb HOWYKY pO368°53K)y 3a0aui KeaopamuiHozo

Po3p’s3atu  (popmanizoBaHy 3agayy KBaJpaTUYHOIO MPOrpaMyBaHHS.

3poOUTH BUCHOBOK.

3sim npo nabopamophy pobomy
1 YmMoBa 3amaui.
2 I'padik obmacTi 0OMEKEHb.

3 Po3apykiBka po3B’si3aHHS 3a7a4i.
4 Haxkpecnutu Ha rpadiky o0acTi 0OMexeHb yCi 3HaNIeH1 TOUYKH.

5 AHami3 pe3ynprary.

14.2 InpuBinyanbHi 3aB1aHHs 10 Ja00opaTopHOI podoTH 6

Tabnuysa 17
Bapianr 1 Bapiant 2
F =3X, —2X, —0.5x> = X> + XX, (max), | |F=3x —2x, —0.5x> = x5 +x,X, (max),
2X, + X, <2, 2x, <3,
X, +2X, <2, X, <6,
X, =20,x, 20. X, =0,x, 0.
BapianT 3 Bapiant 4
F=-4x, +8x, — X7 —1.5xZ +2x,X, (max), | [F =-4x, +8x, — x> —1.5xZ +2x,X, (max),
X, + X, £33, - X, +X, <1,
X, — X, <1, X, <4,
X, =20,x, >0. X, >20,%, >0.
Bapiant 5 Bapiant 6
F =—4x, +8X, —X{ —1.5X; +2x,X, (maX), | {F =3x, —2x, —0.5%7 — x? + x,X, (max),
3x, +5x, <15, — X, +2X, <2,
X, — X%, <1, 2X, — X, £ 2,
X, >20,%, >0. X, >0,x, >0.
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IIpooosocennus maoauyi 17

Bapiaut 7 Bapianrt 8
F=-X +6x, X" —3x, +3x,x, (max), | [F=-x +6x,—x’—3x2 +3x,X, (max),
4x, +3x, <12, X, + X, <3,
- X, + X, <1, —2X; +X, <2,
X, 20,%, =20. X, =0,x, 0.
Bapiant 9 Bapiaut 10
F=-x +6x,—%X =3%x, +3x,x, (max), | [F=6x, —x/ —1.5x7 +2x,x, (max),
X, — X, <0, 3x, +4x, <12,
X, <5, — X, + X, <2,
X, 20,%, 20. X, >20,x, >0.
Bapiant 11 Bapiant 12
F =6x, — X’ —1.5x2 +2x,X, (max), F=6x, — %/ —1.5%X5 +2x,X, (max),
— X, +2X, <2, 3X, +4x, <12,
X, <4, - X, — 2%, <=2,
X, =0,x, 0. X, =20,x, >0.
BapianT 13 Bapiant 14
F =8x, +12x, — x> —1.5x (max), F =8x, +12x, —x? —1.5x> (max),
— 2%, — X, <4, — X +2X, <2,
2x, +5x, <10, X <6,
X, 20,x, >0. X, 20,%, 20.
Bapiant 15 Bapiant 16
F =8x, +12x, — X/ —1.5x5 (max), F=3x, —2x, —0.5x} = X5 + XX, (max),
- 3%, +2X, <0, —2X, — X, <=2,
4x, + 3%, <12, 2%, +3X, <6,
X, 20,%, 20. X, =20,x, >20.
Bapiant 17 Bapiant 18
F=—4x, +8X, — X7 —1.5X; +2x,X, (maX), |[F=-4x, +8x, —x? —15%> +2x,x, (max),
X, + X, <3, — X, + X, <1,
X, — X, <1, X, <4,
X, 20,x, >0. X, 20,x, >0.
Bapiant 19 BapianTt 20
F=-4x, +8X, —x? —15x> +2x,X, (max), | [F=3x —2x,-0.5x? —xZ+x,x, (max),
3X, +5x, <15, — X, +2X, <2,
X, — X, <1, 2%, — X, <2,
X, >0,%, >0. X, >20,%, >0.
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IIpooosocenns mabnuyi 17

Bapianr 21 BapianT 22
F=-X, +6X, —x2 —3x? +3x,X, (max), F=-X +6X, —x2 —3xZ +3x,X, (max),
4x, +3x, <12, X, + X, <3,
- X, +X, <1, —2X, + X, <2,
X, 20,x, >0. X, 20,%, >0.
Bapiant 23 Bapiaut 24
F=—X, +6X, —x? —3x? +3%,X, (max), F =6x, —x? —1.5x5 +2x,X, (max),
X, — X, <0, 3x, +4x, <12,
X, <5, - X +X, <2,
X, =0,x, 0. X, 20,x, 20.
Bapianr 25 Bapiant 26
F=6x, — %/ —1.5%5 +2x,X, (max), F =6x, — X/ —1.5X5 +2x,X, (max),
- X, +2X, <2, 3, +4x, <12,
X, <4, — X, —2X, <=2,
X =0,x, >0. X, =0,x, >0.
Bapiant 27 BapianT 28
F=8x, +12x, —x7 —1.5x; (max), F=8x, +12x, - X7 —1.5x} (max),
—2X, — X, <-4, — X, +2X, <2,
2%, +5x%, <10, X, <6,
X, 20,x, 0. X, 20,%x, 20.
Bapiant 29 Bapiant 30
F =8x, +12x, — x> —1.5x2 (max), F=3x, —2X, —0.5%/ — X2 + X, X, (max),
—3X, +2X, <0, —2X, — X, <=2,
4x, +3x, <12, 2%, + 3%, <6,
X, 20,x, >0. X, 20,%, >0.
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15 CAMOCTIMHA POBOTA

Tema. BuzHaueHHd TNy 3a4a4l  JIHIAHOTO  MPOTrpaMyBaHHS.

Po3B’s13anHs npsMoi (Ipu HEOOXITHOCT1 — IBOICTOI) 3a1a4i. [HTepnperarlis pe-
3yJbTaTIB PO3PaXyHKIB.

Mema: nabymu 6MiHb NpagUIbHO20 BUSHAYEHHS MUNY HegdopManizo-

eanoi 3a0aui, 3anucy ii mamemamuirHoi MoOeri.

15.1 3aBaanHs 10 caMOCTiiiHOT po0OTH

Bumozcu 0o euxkonanusa 3aé0auns 1
Po3B’s13aTH 3a/1a4y JiHIHHOTO IPOrpaMyBaHHS.

36im

1 YwmoBa 3amaui.
2 dopmamizariis 3aaadi.
3 I'padiune po3B’s3anHs 3amayi (nis 3aBAaHHAS 1).

4 3amuc 3a1a4i B MaTpu4Hii Gopmi (SKIO MOKIIUBO).

5 PozapykiBka po3B’si3aHHSA 3a7a4l.
6 dopmarizarrisi ABOICTOI 3a/1a4i.

7 Po3apykiBKa po3B’s3aHHS IBOICTOI 3a1aui.
8 ExoHoMiuHMi1 aHami3 pe3yapTaTy.

15.2 InamBigyaJibHi 3aBJaHHA 10 CAMOCTIITHOI po0oTH

BapianT 1

3aeéoanna 1

3 myHKTY A 70 yHKT B 1moaHs BiAMpaBiIstOThCS MaCaKUPCHKI 1 MIBUAKI
notsru. Y tabauui 18 3a3HaueHUd HAsIBHUM MapK BaroHiB Pi3HUX THUIIIB, 13 SIKUX

mOoHS MOXKHa (opMyBaTu JaHi
BMIIIAIOTHECS B KOKHUM 13 BaroHiBs.

MOTSITH,

1 KUIBKICTh TIaCaXHPIB,

1o

Bu3HaunTi onTHManbHY KUTBKICTh MIBHAKHX 1 MAcCaXUPChKHUX IOTATIB,
IPH SKUX KUTBKICTh NIEPEBE3EHUX MaCAKUPIB Oy1e MaKCUMAJIbHOIO.

Tabnuysa 18
osiru Baronu
baraxuuii | IlomrroBuii | Ilnankapr | Kynednuii | M'akuit

HIBuakuit 1 1 5 6 3
[TacaxxupchKuii 1 — 7 2 1
Kurbricts |- - 58 40 32
nacaKupiB y BaroHi

[Tapk BaroHiB 14 8 91 72 33
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3aeéoannsn 2

Jlo cknaay paumioHy TOAIBIAlI BXOAATh TPU MPOAYKTU: CIHO, CHIIOC 1
KOHIICHTPATH, IO MICTATh JKUBWIbHI PEYOBHUHU: OUIOK, Kajblliii 1 BITaMiHU.
BMiCT >KMBWJIBHMX pEYOBMH y rpamMax Ha 1 Kr BIANOBIZHOTO MPOAYKTY
XapuyBaHHS 1 MiHIMaJIbHO HEOOXIJHA HOpPMa IXHBOTO CIOKMBAaHHS 3a/JaHi
tabnurero 19.

BuznaunTy onTUMaNbHUI paIliod TOIBII 3 YMOBU MiHIMQJIBHOI BApPTOCTI,
AKIIO iHAa 1 Kr MPOAYKTY XapuyyBaHHS CKJIAJIa€: CUIOC — 2, KOHIIEHTpaTH — O,
ciHo — 3 rp. of.

BrurrounTy B 3371a4y YMOBY: BiIHOIICHHS CiHO/KOHIIeHTpaTH = 5/1.

Tabnuys 19
MponykTi . X(I/IBI/IJIB.Hi PCYOBMHM
birok Kanpmii Bitaminu
Cunoc 20 4 1
Konuentparu 180 3 1
Cino 10 6 2
Hopma cnioxxuBanHs 2000 120 40

3aeéoanna 3

Konrocn Moke 1ocisiTi )KUTO, MIIESHUIIIO 1 SUMiHb HA YOTUPHOX JIUISHKAX,
IOl SKUX JopiBHIOIOTH BiamoBigHo 500, 400, 600 i 500 ra. € B HagIBHOCTI
HACIHHS KHWTa, IMIICHMIN 1 suMeHs s mociBy Ha turomri 250, 1400 1 350 ra
BIAMOBIAHO. BpokaifHICTh KOXHOI KYJIbTYpM Ha KOXHIA 13 JUISHOK 1 LIHH
3a3HaveHi B Tabnuii 20.

CkiacTd IUIaH TOCIBY 3€pPHOBHMX KYJIbTYP (13 ypaxyBaHHSM POJIOYOCTI
IUISHOK), 0 MAaKCUMI3Y€ MPUOYTOK.

Tabnuysa 20
BposkaitHicTh Ha BINMOBIAHIN JAUISHII :
3epHOBa KylbTypa | T T W, Hinu

Kuro 22 25 20 18 7
[Tmrennms 30 32 25 28 6.5
Suminb 31 28 25 23 4.3

Bapiant 2

3asoanna 1

3aBoj1 BUpOOIIsie 1Ba BUpOOU Ha €KCTHOPT 3a J0MOMOTror0 Mamud M; 1 Mo.
Makcumanbauii yac po6otu Mamuuau M; — 10,6 roa., mammau M, — 14,2 rog.
y 100y. Burpara yacy poGoTu MamivH Ha OMH BUPiO mogana y tabmuiri 21.
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Tabnuys 21

) Mamuan, ron.
Bupio 2
upi M, M,
A 1.3 2.5
B 1.8 2.1

Bamtotanii mpuOyTOK BiJ IpoJaxy oAuHUIN BUpoOy A ckianae 4 monapu,
a Bupody B — 3 pgomapu. PospaxyBaTu BuUpOOHMYMI IUIaH Ha JA00y
MIPU MaKCUMyMIi IPUOYTKY, SKIIO BUpoOiB B Tpeba BuUmycTuTH HE MEHIIIE 2.

3aeoanns 2

Tpurany3eBa OajlaHcoBa MOJENb Y BapTICHOMY BUPAXXEHH1 XapaKTepu3y-
€THCSI MATPUILICIO KOE(DILIEHTIB NPSIMUX 3aTPaT:

02 0 0.1
A=[01 04 01|
01 02 02

BuzHaunty  onTUMaNbHUM =~ BHIYCK MPOAYKIi, 10 3a0ecmedye
MaKCUMJIbHUN TPHOYTOK, SKIIO PO3MIPH KamiTaJIOBKIAJCHh y BIAMOBITHY
rainy3b oomexxkeni 100, 50, 60 rp. of., a BApTOCTI OAMHMUII KIHIIEBOTO MPOIYKTY
JOpIBHIIOIOTH BigmoBigHo 1, 5, 4 r1p.oa. Kpim mporo, BUIYCK NIPOIYKIIii
oomexxenuit yuciaamu 100, 200, 150 oxummis, Ta KIHIEBUH MPOAYKT MEPIIOL
rajy3i OBUHEH CKJIajlaTi He MeHIe 10 oIuHUIIb.

3aeoannsa 3

Tpu 6a3u, y skux 30MparoTbCs HAUIMIIKKA KapTOIUIl B JIaHOMY PETiOH,
nocTrayaroTh ii B 4oTHpu Micta. JloOoBa morpeba MICT y KapTOILUIl CKIaJae
BiamosigHo 120, 80, 240 1 160 1. ba3u Moxyts gocraButu 200, 270 i 130T
KapToruii BiAMOBiAHO. Butpatnm Ha mepeBeseHHs 1 T KapTomii 10 KOXHOTO
3 MICT 33JIaf0ThCSI MATPHIICIO.

7 9
Z=|5 8 12
11 4 3

Po3paxyBatu miaH mepeBe3eHb, MPH SKOMY 3BOIATHCS JO MIHIMYMY
TPaHCTIOPTH1 BUTPATH.
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BapianT 3
3aeéoanna 1

Ha xonnmurepcrkiit ¢hadbpuili Bupobiserses nBa Buau kapamen K1 1 K2.
Jlns BUpoOHUIITBa KapaMelli MOTPpiOHI IyKOp, TaTOKa Ta MOBUIO0. 3aracu CUpo-
BUHHU, BUTPaTH CUPOBHHU Ha BUPOOHULITBO KapaMeil Ta MPUOYTOK, OTPUMAHMIMA
BiJl Mpoaaxy 1 T Kapameri, HaBeACHO B TaOIuIll 22.

Tabnuys 22
CupoBuHa BHI?i)aTH hp OBHEI; 3anacu
I{ykop 0,7 0,5 700
[TaToka 0,3 0,2 300
[ToBumwio 0,1 0,3 150
[TpubyToK, Ip. 0. 10 11,2

CknacTv miiaH BUpOOHMIITBA KapaMeni, 110 J1a€ MaKCUMaJIbHUN MPUOYTOK,
K110 BUpOOHHUITBO Kapameni K1 mae 6yru He menuM Hixk 150 T,

3aeéoanns 2

o nopty kopabai npuesnn 6000 T uvaByny, 4000 T 3amizHOi pyau 1
3000 T amatutiB. Po3BaHTa)keHHS KOpabOiiB Moke OyTH 3M1lICHEHO JIBOMa
crioco0amu:

a) 6e3rocepeHLO y BaroHu,

0) Ha CKJIaau.

[Mepmum criocobom Ttpeba po3Bantaxkutu 8000 T, 3amumok (5000 1)
MPUIIEThCSI HAMPAaBUTH Ha CKIan. BapTicTh po3BaHTakeHHsS 1T TOBapy
Oes3rocepeHb0 Y BaroHu ckiaaae BianosigHo 4,30; 5,25 1 2,20 rp. ox., a nipu
BiAnmpaBieHHi Ha ckmax — /7,8; 6,40 1 3,25 rp.oxa. Sk cmimaHyBatu
PO3BaHTAXXEHHS 3 MiHIMaJIbHUMU BUTPATAMU?

3aeoanna 3

[linnpueMcTBO Mae TpU CKIAIOBI 4YacTUHU Aj, Ay, Az, 10 MOXYThb
nocTayaTucss 3 YOTUPbOX CHPOBHUHHUX Touok C;, C,, Ciz, C,; TpancnoptHi
BUTPATU HA OJAMHUII0 CUPOBUHU JlaHl B MaTpulli B. BupoOHuui notyxHocti 0a3
B omuHumio dyacy ckiaagaroTs 100, 160, 140 1 120 oawHUIL CHPOBHHH.
BupoOHMUl MOTY>KHOCTI CKJIAJJOBUX YACTUH MIJNPUEMCTBA B OJUHUIIIO YaCy
cknagaroTh 150, 250 1 120 oguHUIG CHPOBUHHU.

18 2

3 4 8
B =

4 5

12 7 11
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[TpuOytoxk Big mepepoOKHM KOXKHOI OAMHMII 0e3  ypaxyBaHHS
TPAHCIIOPTHUX BHUTpaT ckianae 30 Tp.oA. Ha KOXHY BaroBy OJUHUIIO
CHUpOBUHH, M0 TmepepoliseThcs. Po3paxyBaTw TmaH MOCTavaHHS, IO
3a0e3mnedye MaKCUMAJIbHUIA PUOYTOK ITiITPUEMCTBA.

Bapiaur 4

3aeéoanna 1

XmibonekapchbKHi 11eX BUIIKAe aBa BUaAM XJj1i6a — A 1 B. Ha BupoOHHIITBO
1 T xmiba A norpiono 700 kr OopomHa; xiida B — 820 kr. Burpatu po6odoro
4acy OCHOBHOTO yCTaTKyBaHHS Ilexy Ha | T xmi6a A 1 B BiamoBiguo 1,2 i
2,2 ron. llex mae 3anac GopoiHa y kiibkocTi 14 340 kr. Pe3epB pobouoro vacy
ycratkyBaHHsA — 36,1 rox. IlpuOyrok Bing peanizauii oJHI€I TOHHM XJiOa A —
22 tp. ox., xiiba B — 30 rp. ox. CrutanyBaTu poOOTy 11eXy Tak, 100 MpuOyTOK
OyB MakCHMalbHHUM, SKIIO BUMYCK XJ1i0a B Mae Oyt He MeHIMM HiX 12 TOHH.

3aeoanns 2

3 TphOX BH/IB CHPOBHHU HEOOXITHO CKJIACTH CYMII, O CKJIAamy SKOi
MOBHMHHI BXOJWTH HE MEHIIE HiK 206 oauHuIb XiMmidHOI pedoBwHU A, 30
onuHUIL peuoBuHU B u 27 ogunuip peuoBuHu C. KiIbKICTh OJUHUILL XIMIYHOT
pPEYOBHHH, 10 € B 1 KI' CUPOBUHU KOKHOTO BHIY, 3a3HA4eHO B TaOmwmimi 23.
VY HIil xe HaBeleHO MLiHY 1 KI CHpOBMHU KOXXHOro Buay. CKIacTu cymiml
NOTP1OHOTO CKJIAy, 0 MAa€ MiHIMAJIbHY BApPTICTb.

Tabnuysa 23
PeuoBuna KiapKicTh OIMHUIIb PEUOBUHHU B 1 KT CHPOBHHU
Cuposuna 1 CuposuHa 2 CupoBHHa 3
A 1 1 =
B 2 — 3
C 1 2 4
Iina 5 6 7
3aeoanns 3

Jl71st 061rpiBy MpUMIIIEHh BUKOPUCTOBYIOTh YOTUPHU arperaTtu, KOXXHUHU 13
SKUX MOXKE TpaIfoBaTH Ha Oyab-SKOMY 3 TPhOX COPTIB TaJMBa, HASBHOTO
B kKimbKocTsAx 70, 80 1 150 T. ITorpeba B maauBi KOKHOT'O 3 arperaTiB JOPIBHIOE
BignosigHo 80, 120, 40 i 60 T. TemI0TBOpHA CHPOMOXKHICTD I-r0 COPTY MaIMBa
NpY BUKOPUCTAHHI HOTO Ha |-My arperari 3aa€ThCsl MATPHIICIO

7 11
5
11

_|
I
~N O O
o1 0 O

7
8

3HallTH Takuil PO3MONIT TMajlMBa MDK arperaram, TpH SKOMY
YTBOPIOETHCSI MAKCUMaJIbHA KIJTBKICTh TEILJIA Bl BUKOPUCTAHHS BCHOT'O MAJIMBA.
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Bapiant 5

3aeéoanna 1

Kopa6ens npusiz 6000 T gaByny 1 4000 T 3ani3Hoi pyau. Po3BantaxeHHs
MOXe OyTH 371IHCHEHO JIBOMA CIIOCOOAMM:

a) 0e3nocepeHbO Y BaroHu;

0) Ha cKJIaau.

[lepmum criocobom Tpeba poszBanTaxkutu 7000 T, 3aMUIIOK BaHTAXY
MPUIIEThCSI HAMpaBUTH Ha CKIan. BapTicTh po3BaHTaXeHHS | T TOBapy
Oe3rocepeHbO Y BaroHW ckiajgae BianmoBigHo 4,3 1 3,6 rp.oxa., a mpH
BiAnpaBieHHl Ha ckiaagu — 3,6 1 5,1 rp.oxa. BianosigHo. CrulaHyBaTH
PO3BaHTAXXEHHS 3 MIHIMAIBHUMHU BHUTpaTaMu, SKIIO Y BaroHu tpeda
po3BaHTaXuUTH He MeHIIe Hik 2000 T yaByHy.

3aeoanns 2

MexaH1yHUH 3aBOJI TIPW BUTOTOBJIEHHI TPbOX PI3HUX THIIIB JeTajei
BUKOPUCTOBYE TOKapchKi, ¢pe3epHi 1 cTpyrainbHi Bepcratu. llpum mpomy
OTIpaIfOBaHHS KOXKHOI JieTalll MOXKHA BECTH TphoMa 3acobamu. Y tabauil 24
3a3HaveHi pecypcH (y BEpCTaTO-TOJMHAX) KOXKHOI IPyIH BEPCTATiB, HOPMHU
BUTpPATH Yacy MPHU OMPaIfOBaHH1 JeTall Ha BIAMOBIJHOMY BEpCTaTi 32 JaHUM
TEXHOJOT1YHUM crocoOboM 1 mpuOyTOK BIJ BUIIYCKY OJMUHUII JAeTanl
KOJKHOTO BHIY.

Tabnuys 24
Heramni
Bepcratu 1 2 3 Pecypen
Texuiuau 3acobu qacy
1 2 1 2 3 1 2 3
Toxapuwmii 04,09,05/03| - |07 - |09 250
dpe3epHuii 0,5 — 06 1 02,0503 14 — 450
Crpyransauit | 0,3 | 05 | 04 | 15| 0,3 — 1,0 0,5 600
[TpuGyTokx 12 18 30 —

CxyacTi ONTUMAJIHUN TUIaH 3aBaHTAKEHHSI BUPOOHUUYUX IMOTY>KHOCTEH,
o 3abe3nedyye MakcuMmanbHUU mpuOyTok. Po3B’s3aTu 3amady, SKII0 AeTail
2-T0 1 3-r0 THIIB MOBUHHI BUITyCKATHCS B KOMILICKTI 2/3.

3aeéoanna 3

[{erma, BUTOTOBJICHA HA YOTUPHOX IETEIHLHUX 3aBOJIaX, HAAXOAUTh HA TPH
o0'ekTu. Y Tabmuil 25 3a3HaueHI BUPOOHUIITBO IIETJM HAa KOXHOMY 3aBOJI
i moTpebu B LTIl Ha 00'€KTax y TUCSYaX OJUHMIIb, L1HA MepeBe3eHHs 1 Tucs4i
OJIMHUIIb LIETJIN B KOKHOTO 3aBOJIY 10 KOXHOTO 00'€KTA.
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Tabnuys 25

3asor 1BapTICTL r;epeBe3eH53 BupoSHumTEo
I 8 7 5 240
] 13 8 10 360
i 12 4 11 180
\Y/ 14 6 12 120
[Totpeba 230 320 350 —

CkJ1acTu mjiaH AOCTAaBOK LIETJIM 3 MIHIMAJIbHOIO BapTICTIO MEPEBE3ECHb.

BapiauT 6
3aeoanna 1

Ha 3Bipodepmi MOXKYTh BUPOILLYBATH YOPHO-OypUX JUCUIb 1 TiecuiB. Jliis
3a0€3Me4YeHHs] HOPMaJIbHUX YMOB IXHHOIO BHPOIIYBAaHHS BUKOPHCTOBYIOTHCS
Tpu BUIU KOpMiB. KUIbKICTh OJMHHUIL KOPMY, L0 BHUTPAYa€TbCS Ha OAHY
TBAapUHY, 3alack KOpMiB 1 IliHa 1 mKypku 3a3HayeH1 B Tabnuii 26.

Tabnuys 26
Kinekicts on. Ha 1 TBapuHy 3arajibHa
Bun kopmy .
Jucuns ITecenn KUIBKICTh KOPMY
I 2 3 180
1 4 1 240
i 6 7 426
BapricTth 16 12 —

BusHaunTH, CKIIBKM JIMCHIL 1 TECI[iB HEOOXiTHO BUPOIIYBaTH, 100
oJlep>KaTH MaKCUMAJIbHY IIHY BiJl MPOAAXY IXHIX IIKYPOK.

3aeéoannsn 2

3 4OTHPHOX BHIIB OCHOBHHX MaTepiaiiB (Migb, LIUHK, CBUHEIb, HIKEIb)
CKJIaJIal0Th TPU BUJM CIUIABIB JIATYHI: 3BUYAHUN, CHICIIATLHUAM 1 JIJIs1 XYA0KHIX
BHpOOiB. I[iHM omMHMIN Baru Miai, IMHKY, CBHUHINIO 1 HiKeIO ckiaaarTth 0,8;
0,6; 0,4; 1 rp. ox., a oMUHMUII Baru CIuiaBiB 2; 3; 5 rp. 0. BiJNOBIIHO.

CmnaB y1st Xy0’KHIX BUPOOiB TOBUHHUHN MicTuTh 6% Hikemro, 50% wmimi 1
30% cBuHIIO; cremianbHuil — 10% nikemro, 60% wmini, 10% muaky 1 20%
CBUHLIIO. Y 3BUYAlHUI CIJIaB KOMIIOHEHTH MOXYTh BXOAUTH MOPIBHY.

Bupoburua moTyXHICTh TIJIPUEMCTBA J03BOJISIE BUITYCKATU HE OLUIbIIE
Hikx 400 ox. Barm 3BHYAaMHOrO CcIulaBy, He Ouieiie HiX 700 ox. Baru
cremiagpHOro cruiaBy i He Oinbme HDX 100 ox. Barm cruiaBy Aisl XyJTOXKHIX
BUPOOIB.

Ckiactv BUpOOHMYHMH IJ1aH, 1110 3a0e3Mneuye MaKCUMalbHUM PUOYTOK.
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3aeéoanna 3

Ha tppox ckmagax ontoBoi 0a3u 30cepemKeHUIl OJAHOPIIHUN BaHTaX
y kumbkocTax 180, 60 1 80 omuuunp. llelt BaHTax HEOOXiAHO NEPEBE3TH
B 4OTHMpU Mara3uHu. KoxxHu# 13 Mara3uHiB NMOBUHHUHN OJAEpKAaTH BiAMOBIIHO
120, 40, 60 1 80 omuuunps BaHTaxy. Tapudu mnepeBe3eHb OJUHUII BAHTAKY
3 KO)KHOT'O CKJIaJly B YC1 Mara3uHu 3a/1al0ThCsI MaTPHUIIEIO

)
Il

N O DN

= W w

~ - B~

N N W

CknacTH I1aH NepeBe3eHb, BaPTICTh AKUX € MIHIMAJIBHOIO.

Bapianr 7/
3aséoanna 1

[linmpueMcTBO BHIyCKae TpOAyKIi0 1aBox BumiB — II; 1 Iy,
BUKOPUCTOBYIOYHU TIPU I1bOMY TpH Buau cupoBuHu — Cp, C,, Cs, 3amacu sikoi
oOMexeHl. BuTpara CHpPOBMHU KOXHOTO BHUIY TPU BUPOOHHUIITBI OJWHUIII
nponykuii IT; 1 Il, 3amaerbcst Tabnuuero 27; y HIA 3a3HadyeHl MPUOYTKH
NIAOPUEMCTBA B1J IPOAAXKY OJMHHMII TOTOBOI MPOIYKILIIi KOKHOI'O BHITY.

Tabnuysa 27
_ CupoBuna [TpubyTok
I1 .
POAYKILIA C; C, Cs B1JI IIPOAYKII11
1T 1 3 4 7
IT, 2 2 6 8
3araJibHi 3amacu 10 18 36 —

CkiacTv mjiaH BUIYCKY MPOJYKIII KOKHOTO BHUIY Tak, 100 MpuOyTOK
MiAIprEMCTBA OYB MaKCUMATHHUM.

3aeoanns 2

JI1st MATPUMKY HOPMAIbHOL AKUTTEAISUIBHOCTI JIFOJUHI MIOJHS HEOOX1THO
criokuBaTh He MeHme HiX 118 r OuikiB, 56 r kupi, 500 T ByrieBomis, 8 r
MiHepaabHuX cojei. KiabKicTh JKUBMIBHMX pedoBuH (y Tpamax) B 1 Kr
MPOYKTIB 1 IiHAa 1 KT TPOAYKTIB 3a3HadyeHi B Ta0mii 28.

CkiacTd JEHHHUM paIlioH, IO MICTUTh HE MEHIIE MiHIMaJIbHOI J000BOI
HOpPMHU TMOTpPeOW JIIOJMHU B HEOOXIJHUX IKUBWIBHUX PEUOBHHAX TMIPHU
MIHIMaJIbHIM BapTOCTI CIIOKUBAHUX MPOTYKTIB.
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Tabnuys 28

KUBIILHL OO0csr >XKUBWIBHUX PEYOBUH

PEYOBUHU M'saco | Puba |Mosnoko | Omist | Cup |Kpyna| Kaproms
binku 180 190 30 10 | 260 | 130 21
Kupu 20 3 40 85 | 310 | 30 2
Byrnesoau — — 50 6 20 | 650 200
Min. comi 9 10 7 12 60 20 10
[{ina 1,8 1,0 0,28 34 | 29 | 05 0,1

3aeoanna 3

Bupo6uuue o0'eqHaHHS Ma€e y CBOEMY CKiaal Tpu (uii, 110 BUPOOISIOTH
OJIHOPIJTHY TMPOAYKIIII0 B KUIBKOCTAX, 110 AopiBHIOOTH 50, 30 1 10 oguHuULb
BiAMOBIAHO. [[f0 MpOMyKII0 OAEP)KYIOTh YOTHPU CIIOXKHBayl, PO3TAIIOBaHi
B PI3HUX MICIISIX. Ixui noTpebu JopiBHIOWOTH BiamosigHo 30, 30, 20 1
10 omuauie. Tapudu mnepeBe3eHb OAWHUIN MPOAYKINI Bif KOXHOI 3 (imid
KO)KHOMY CITO>KMBAUy 33J1al0ThCSI MATPUIICIO

@]

Il
w NP
N W N
N
A 0P

CxiactT 1IaH TPUKPIUICHHS  OACPXKyBadiB  MPOAYKIT g0 1l
NOCTa4aJIbHUKIB, TIPH SIKOMY BapTICTh MepEBE3€Hb € MiHIMAJIBHOIO.

BapianT 8

3aeéoanna 1

Y nBoramyseBii Mojeni 3amaHi po3Mmipu (oHay HakonuueHHs 60 1
50 rp. oa. i MaTpuLg Koe(ili€HTIB MOBHUX KamiTalbHUX BUTPAT

04 01
A= :
025 0.8
7€ aj sBisge co00I pO3MIp KamiTajaoBKIaJACHb i3 (OHAY HAKOMWYCHHS i-Of
raaysi s 301IbIIeHHs Ha 1 0/1. BUIIYCKY KiHIIEBOI IPOAYKIIiT K-01 ramysi.
BusHaunty oONTHMAanbHWN TJIaH PO3BUTKY BHPOOHHIITBA 3 YMOBU
OJIep)KaHHS MAaKCUMAJIBHOTO CYMapHOrO TIPUPOCTY KIHIIEBOI TPOMYKIIil

IpU JTOAATKOBIA YMOBI, IO OPHUPICT KIHIEBOro MpoAaykTy 1-i 1 2-i ramyseit
3HAXOJWUTHCS Yy CIIBBITHOMICHH] 1/3.
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3aeéoannsn 2

Meb6neBa ¢aOpuka BUIYCKAa€e CTOJIM, CTLIbLI, OOPO 1 KHUXKKOBI mIadu.
[Ipu BUTOTOBJIEHH] IIMX TOBAPIB BUKOPUCTOBYIOTHCS JIBA PI3HOMAHITHUX THITH
JIOIIOK, TIpu YoMy (haOpuka Mae B HasiBHOCTI 1500 M momok 1-ro tumy 1 1000 m
JIOIIOK 2-TO THUIY; KpiM TOTO, 3aJaHl TPYydOBI pecypcu B KiabkocTi 800 wor.
Y rtabmumi 29 HaBeneHI HOpPMATUBU BUTpPAT KOXXHOTO 3 BHJIIB PECypCiB
Ha BUTOTOBJICHHS OJHIET OJUHUII BUPOOIB 1 mpuOyTOK Ha 1 OMMHMITIO BUPOOIB.

Tabnuys 29
Bupobu Burpatu Ha 1 ox.
Pecypcu Cronu Crinbi bropo Kawmxkk. madu
Homku 1-ro Tumy, M 5 1 9 12
Jowku 2-ro Tuny, M 2 3 4 1
TpynoBi pecypcu 3 2 3) 10
[TpubyToK, Tp. 0. 12 5 15 10

3HalTH TJIaH BUPOOHUIITBA, IO MAaKCHUMIi3ye TPHUOYTOK, 3a YMOBH, IO
KOMIUICKTHICTD CTLIBINB 1 mm1ad mqopiBHIOE 6/1.

3aeoannsa 3

Jlnst OymiBHUUTBA TPHOX AOPIT BUKOPHCTOBYETHCA TpaBidl 13 YOTHPHOX
Kap'epiB. 3amacu rpaBilo B KOXKHOMY 13 Kap'epiB JOPiBHIOIOTH BiamoBigHo 120,
280 1 160 ymoBHuMX oaunuilb. [loTpeObu B TpaBii 1y OyAIBHHMIITBA KOXHOT
3 opir nopiBHIOITH BianoBigao 130, 220, 60 1 70 ymoBHHX onuHullb. Tapudu
MepeBE3eHb OJIHIE] YMOBHOI OJMHUII TPaBil0 3 KOXKHOTO Kap'epy A0 KOXKHOI
3 1OpIT, 1110 OYIYIOThCS, 3a1aI0ThCSI MATPUIIEIO
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Cknactu miaH IICPCBC3CHD, BapTiCTI) SKMX € MIHIMQJIHHOIO.

BapianT 9
3aeéoanna 1

Jlo cknaay pamioHy TOMIBII BXOMSATh JBa BUAM MPOAYKTIB — CIHO 1
KOHIICHTPATH, 10 MICTSITh >KUBUJIbHI PEUOBUHU: OUIOK, Kajbllii, BITaMIHHU.
Bwmict xuBuibHUX pedoBuH (y rpamax Ha 1 kiiorpam) BiATOBITHOTO MPOIYKTY
XapuyBaHHS 1 MIHIMQJIbHO HEOOXIJHI HOPMH IXHBOTO CIIOKMBAaHHS 3ajlaHi
tabnuiero 30.
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Tabnuys 30

Mpoxykri ' XKuBnibHi peyoBHHM
bimok Kanemi Bitamian
Cino 65 6 1
KoHueHnrpatu 200 4 2
Hopwmu cnioxuBaHHs 2500 120 42

BusHauuTy onTUMalbHUM PALiOH TOAIBII 3 YMOBU MIHIMAJIBHOI BapTOCTI,
AKIIO IiHa | Kr MPOJYKTY XapuyyBaHHsS CKJIaJa€ BIAMOBIIHO: CIHO — 5 Tp. O,
KOHLIEHTPAaTHu — 7 Tp. OJI.

Brarountn B 3amauy yMOBY OOMEKEHOCTI PECypciB Ha OJHMH pallioH:
ciHa — He OUIbIIe HIXK 25 Kr, KOHIICHTpaTIB — He OLabIe Hix 20 Kr.

3aeéoanns 2

[Ipoxykiriero MICBKOTO MOJIOKO3aBOAY € MOJIOKO, Kedip 1 cMeraHa,
po3dacoBani B miusimiku. Ha BupoOHHMUTBO 1T MOjoka, kedipy 1 cmeTaHu
notpiono BigmoBigHo 1010; 1010; 9450 kr momoka. Ilpu npomy BuUTpaTH
pobouoro vacy mpu posauBi 1 T Mosnoka 1 kedipy ckianarots 0,18 1 0,19 marir.-
rog. Ha posdacyBanHi cMmeTaHW 3aifHATI CHEIIaIbHI aBTOMATH MPOTATOM
3,25roauH.  Ycporo  Jyii  BUPOOHHUIITBA  MPOAYKINI  3aBOJI  MOXKE
BukopuctoByBaTi 136 000 kr momoka.  OCHOBHE  yCTaTKyBaHHS  MOXeE
BUKOPUCTOBYBaTUCS TpoTsirom 21,4 mami.-rox., a aBToMatu 3 po3dacyBaHHS
cMmeTaHu — npotsroM 16,25 ronus. [Ipubytok Big peanizamii 1 T Monoka, kedipy
1 cmeranu BiamoBigHO gopiBHIOE 30, 32 1 136 Tp. oa. 3aBOa MOBUHHHM IOTHS
BupoOsiTH He MeHie HiK 100 T mosoka, po3(acoBaHOro B IUISIIKH.

CkrnacTd TUIaH BHUIYCKY MPOAYKINi, M0 3a0e3neuye MaKCUMaIbHUM
puOyTOK.

3aeoannsa 3

Jlst OyiBHUIITBA TPHhOX 00'€KTIB BUKOPUCTOBYETHCS II€TJIa, BUTOTOBIICHA
Ha 4OTUPHOX 3aBoaax. llloaus koxHui 13 3aBoaiB Moxke Burorosutu 100, 150 i
50 ymoBHuX oguHuUIlb Herau. lloaenni morpedu B 1erii Ha KOXXKHOMY 3 00'€KTiB
NOpiBHIOIOTH BiamoBimHo 75, 80, 60 1 85 ymoBHuUX oauHuIk. Tapudu
nepeBe3eHb 1 yMOBHOI OJIMHMII LETJIM 3 KOXHOTO 13 3aBOJIIB JI0 KOXKHOIO
3 00'€KTIB 3a1aI0THCS MATPHUIICIO

6 7 3 5
C=|4 2 5 6
8 10 2 1

CkJacTu mjaH NepeBe3€eHb, BAPTICTh AKUX € MIHIMAIIBHOIO.
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BapianT 10
3aséoanna 1
Bupobuunrso mnoauiserbcss Ha JABl ramysi. MaTpuis KoegilleHTIB
03 04

0.2 0.6
Ha BUPOOHHWIITBO OJMHHUIN NpOAyKIii K-of ramy3i. IliHm Ha KIHIICBUI MPOIYKT
ranyzed Ci=5 rp.oxa., C,=4 rp.on. BuszHauuTu ontuMagibHUN BaJlOBUI
BUITYCK KOXHOI rayly31 y BapTICHOMY BUPa)XXE€HHI, K10 BUPOOHNUY1 MOKIUBOCT1
raiyseir oomexxeni pozmipamu 200 1 300 oUHUIE TPOYKIIT, 1110 BUITYCKAETHCA.

MarepiaJlbHUX BUTparT B =( j, ne by — BuTpaTu mpomykiiii i-oi ramysi

3aeoanns 2

Ha Ttkanpkiit (aOpuii uisi BHUTOTOBIEHHS TPHOX AapTUKYJIIB TKaHUHU
BUKOPUCTOBYIOTHCS TKallbKi BEpCTAaTHU JBOX THIIIB, Mpsika 1 6apBHuku. Hopmu
BUTPAT pECypciB Ha BUTOTOBIECHHS 1M TkanuwH, miHa 1M TkaHuH, 3amacu
peCypCiB 1 BUIYCK TKaHWH 3a3Ha4yeHi B TaOmwmmi 31.

Tabnuys 31
Pecypcu 1 | HOpMIéI BHTpa‘T 3 3anacu
Bepcrary, BepcTaTo-roguH
1-ro Tumy 0,02 - 0,04 200
2-TO TUTTY 0,04 0,03 0,01 500
IIpsoka, Kr 1,0 1,5 2,0 15000
bapBHUKH, KT 0,03 0,02 0,025 450
Ilina , rp.oJ. 5 8 9
Bunyck, m

MiHIMaIEHUN 1000 2000 2500
MakciMaJIbHUI 2000 9000 4000

CknacTv Takuil TiaH BUIYCKY TKaHMH, 1100 Oyna BUpPOOJEHA MOKIUBO
OlIbIIa KUTBKICTh TKAHHWH 13 MAKCUMAJIBHOIO BapTICTIO.

3aeoannsa 3

Ha tppox kom6GinaTtax mjoaus BupoOisierbes 110; 190 1 90 T Gopomna. Le
OOpOIITHO CHOKUBAETHCS HYOTHUPMA XJ1003aBOAAMH, IMOJAEHHI MOTPeOU SKHUX
nopiBHioOTh BignorigHo 80; 60; 170 1 80 1. Tapudu neperezens 1 T 6opoiiHa
3 KOMOIHATIB Ha KOXHUU XJ11003aBOJ1 33aI0ThCSI MATPHULICIO
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Cknact Takuil MiaH JAOCTaBKU OOpOILIHA, MPHU SKOMY 3arajibHa BapTiCTh

nepeBe3eHb Oyjie MiHIMAIbHOIO.
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BapianT 11

3aeéoanna 1

Ha mBeiinili ¢dabpuili a1 BUTOTOBJICHHS JIBOX BHAIB BUPOOIB (A 1 B)
BUKOPHCTOBYETHCS TKAHWHA JIBOX apTHKYIIB Ta iHII BUTpaTu. Hopmu BuUTpatu
TKaHWH yCIX apTUKYJIB Ha MOMIMTTS OJHOTO BUPOOY, 3arajbHUI 3amac TKAaHUHU
1 I{iHa OJTHOTO BUpOOY HaBeeH1 B Ta0uI 32.

Tabnuys 32
Hopmu Butpar tkanuHu .
Pecypcu . 3aranbpHMIA 3aMac TKaHWHU, M
Ha OJIMH BUPIO BUIY, M
A B

TxanuHa 1 2 1 150

TxanuHa 2 3 2 210

a1 BuTpaTu 7 8 560

Ilina 8 6 -

BusHauntH, CKiTbKH BUPOOIB KOXXHOTO BHAY TIIOBHHHA BUPOOUTH
dabpuka, 100 1iHa BUTOTOBJIEHOT MPOAYKIIIT OyJia MaKCHMAaJIbHOIO.

3aeéoannsn 2

JInsi BUTOTOBJEHHS TIEBHOrO CIUIaBy 31 CBUHII, IIMHKY ¥ 0JioBa
BUKOPHUCTOBYETHCSI CHPOBHMHA Yy BHUTJISAJI TaKHUX I'SATHOX CIUIABIB 13 THX CaMHX
METajiB, 10 BIIPIZHAKOTHCA cKiIagoMm 1 Baprictio 1 kr. Ili mani HaBeneHi
B TaOui 33.

Tabauys 33
Cxi1a108Bi Bwmicrt y crutaBax, %
' I i V; v
CBuHELb 10 10 20 50 20
[{unk 10 30 50 30 50
OnoBo 80 60 10 10 =
BapricTth 4 4.5 58 5 75

BusHauntH, CKUTbKM TOTPIOHO B3ATH CIUIABY KOXHOTO BHIY, 100
BUTOTOBUTH 3 MIHIMaJIbHOIO COOIBapTICTIO CIuiaB, 1o Mictuth 20% CBUHIIO,
30% 1uHKy 1 50% onoBa.

3aeoanna 3

Y TphoX CXOBHINAX MNaJIBHOTO MIOAHS 30epiraerves 175; 125 1 140 T
Oensuny. lleli OeH3MH 1IOAHS OAEPXKYIOTh YOTHPU 3alpaBHI CTaHIII
B KUIBKOCTSX, IO JOpiBHIOIOTH BigmoBimHo 180; 110; 60 1 40 t. BaprticTh
nepeBe3eHb 1T OEH3MHY 31 CXOBHWIN JI0 3alpaBHUX CTaHIN 3aJar0ThCs
MaTpPHIICIO
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CknacTu Takuii IJ1aH MepeBe3eHb OCH3MHY, MPU SIKOMY 3arajibHa BapTiCTh
nepeBe3eHb Oyna O MiHIMAJIBHOIO.

BapianT 12

3aeéoanna 1

[TinnpueMcTBO MOXKE MPaLIOBATH 3a ABOMA TEXHOJOTTYHUMH MPOLIECAMH,
IPUYOMY KUIBKICTh OAWHUIL MPOAYKII, 10 BHUIIYCKAETHCA 3a PI3HUMHU
TEXHOJIOTITYHUMH MPOIECAMH 3a OJUHUIII0 Yacy, MopiBHIO€ BianmoBigHo 300 1
250. Burparn BUpPOOHMYMX YMHHUKIB 3a TEXHOJOTIYHUMH IIpollecaMu
B OJIMHMIIIO Yacy 1 pecypcH, 3a3HaueHi B Tabnui 34.

Tabnuys 34

YUuHHUK 1 Hpouec 5 Pecypcu
CupoBuHa 12 10 544
EnexTpoenepris 0,2 0,1 8
3aprmuiara 3 4 204
Haknagni Butpatu 6 5 300

CxJtacTu miiaH MaKCUMaJIbHOT'O BUITYCKY MPOTYKITiT.

3aeoanns 2

€ Tpuramy3eBa OaJaHCOBA MOJETH 13 MAaTPUIICIO KOE(DIlI€HTIB TPOMIOBUX
BUTpAT

0.1 005 0.2
A=/03 0 0.15
02 04 O

BupoOHudi moTy)HOCTI raigy3el 0OMeXyIThb MOXJIMBOCTI ii BaJIOBOTO
unycky uuciamu 300, 200, 500. BekTop i Ha KiHIeBui npoaykr: (2, 5, 1).
BusHauuTH oNTHMalbHUII BaJOBUU BHUIYCK YCIX Tally3ed, [0 MaKCHUMI3ye
BapTICTh CYMapHOr0 KIHIIEBOTO TPOAYKTY, SKIIO HA KIHIEBUH TPOAYKT
HAKJIaal0ThCsl TaKi OOMEXCHHS. IMEPIIUH BITHOCHUTHCSA JO TPEThoro, sik 1/2,
apyroro — He 6inbine Hixk 100.
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3aeéoanna 3

Ha Tphox cknagax ontoBoi 0a3u 30CepemkKeHO OOpPOITHO B KITBKOCTSIX
140; 360 1 180 T BigmoBigHo. Ile OopomHO HEOOXiAHO MEpeBe3TH a0 5
MarasuHiB, KOXXHHUH 13 SKUX TOBUHHUH oxeprkatu Biamosigro 90; 120; 230; 180
1 60 1. 3 mepmoro ckjiaay OOpPOITHO HEMOXIIMBO MEPEBO3MTH A0 2-TO 1 5-TO
MarasuHiB, a 3 JIpyroro CKjaay 10 TPEThOoro Marazuny mMae 6yru 3apezero 100 T
OopormrHa.

Tapudu nepeBezenb 1 T GopoIIHa 3 KOXKHOTO CKIIATy 10 BCIX MaraswHiB
3aJTaF0THCST MAaTPHUIICIO
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Cknactu miaH IICPCBC3CHbD, BapTiCTI) SKMX € MIHIMAJILHOIO.

BapianT 13
3aeéoanna 1

CronsipHa MalCTepHsI BUITYCKAa€ CTOJU 1 CTUIBIN. [Ipyn BUTOTOBIEHHI MX
TOBapiB BUKOPHUCTOBYIOTHCSI [JIBAa PIZHOMAHITHUX THWIIM JOLIOK, MPUYOMY €
B HasgBHOCTI 450 M momok 1-ro tumy i 240 M gomok 2-ro tumy. Kpim Toro,
3ajaHl TpyaoBi pecypcu B kuibkocti 330 mroa.-rox. Y Ttabnuil 35 HaBeneHi
HOPMATHBH BUTPAT KOKHOT'O 3 BUJIIB PECYpPCIB HA BUTOTOBJICHHS OJHIET OIMHMUIII
BUPOOY 1 MPUOYTOK HA OJHY OJUHUIIKO BUPOOY.

Tabnuys 35
Burpatu
Pecypen Cronn : Crinbin
Jomiku 1-ro Tuny, M 5 3
Jlotiku 2-ro Tuny, M 1 2
JIrosichKi pecypcew, JIFOA.-TO/,. 3 2
[TpuOyTok 10 6

MaxkcumizyBaT MpUOYTOK 3a YMOB, 110 HAKJIAJArOTHCS HAa aCOPTUMEHT:
CTOJIIB — HE MeHIIe HIK 15; cTIIbIIB — He MeHIe Hix 80.

3aeéoanns 2

Ha cynno BantaxomigiomHicTio 2000 T 1 emkictio 3080 M OTpiOHO
BiBaHTaxxutu Tpu ToBapu A, b, C. O6’emH1 kKoe(]ilieHTH TOBapy CKIAIAIOTh
Bigmosiguo 2,1; 1,2 1 2,3 v3/T. Ha noptoBomy ckianai € 900 T ToBapy A i
J0CTaTHBO Bennka KuibKicTh ToBapy C 1 b. ToBapu b, C mMaroTs OyTu HazicnaHi

114



B HaJGKHOMY CIIBBIIHOIIECHHI, TOOTO KUIbKICTh ToBapy C He MOBHHHA
MEPEBUIILYBATH TOJIOBUHU KUTHKOCTI ToBapy b. Jloxom Bin mepeBe3eHHsS OAHIET
TOHHM TOBapy ckiaaae BianmoBigHo 80; 75; 70 rp. oa. Ky KUIbKICTh OKPEMHUX
TOBapiB BapTO BIABAHTAXKWUTH HA CYAHO, IMO0 OJEpKaTh MaKCUMaTbHUI
MpUOYTOK BIJ IEPEBE3EHHHI.

3aeéoanna 3

Ha tppox 3amizHnmuHmMX BiACTOsSX A, A, Az 3ibpamocs 120, 110 1 130
HE3aBaHTaXEHUX BaroHiB. L[i BaroHm HeOOXIJTHO NEpEerHaTh Ha 3aJlI3HUYHI
cranmii By, B,, Bs, Bs, Bs. Ha koxHii 13 mux cradmiii morpeda y BaroHax
nopiBHtoe BifnosiaHo 80, 60, 70, 100 1 50. 3 ornsay Ha Te, IO 3 BIICTOO Aj
HEMOXXJIUBO TIEpETHATH BaroHW Ha CTaHIito B, 1 By, 1 3Haroum, mo Ttapudu
MIEPErOHOK OJTHOT'0 BaroHa BU3HAYAIOTHCS MATPHUIICIO
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CkiiacTu Takuil IJIaH MEPEeroHOK BaroHiB, 100 3arajibHa BapTicTh Oyia
MIHIMaJIBHOIO.

Bapiant 14
3aeéoanna 1

Ha npoMucioBoMy miiImpueMCTBI BUTOTOBJISIOTH JIBa IPOAYKTH — A 1 Aj.
[{st mpoayKilisi BUTOTOBISIETHCS 32 JIOMOMOTOI0 yCTaTKyBaHHS Y, Y, Y3, 10
MPOTSTOM JIHS MO)Ke mpairroBatd BigmorigHo 24 000, 32 000, 27 000 cexyH.
Hopmu wacy, HeoOXiHOrO JJsi BUPOOHMIITBA  OAWHHUINI  MPOAYKIII
3a IOTIOMOT'O0 BiJIOBITHOTO YCTAaTKYBaHHS, HaBeACHI y Ta0mii 36.

Tabnuys 36
Buni6 YcrarkyBaHHs
P yl y2 y3
A 3 8 9
A; 6 4 3

[TpuGyTok Big BUPOOHHUIITBA MEPIIOr0 BUPOOY — 23 Tp. O1., APYroro —
12 rp. ox.

CmnanyBaTd  BUPOOHHUIITBO Tak, W00 OJepKaTh MaKCUMaIbHUUN
MpUOYTOK, SAKIIO BUPOOIB A, Mae OyTu BumylieHo He MeHie Hixk 1000.
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3aeéoannsn 2

[TaporaB Moxxe OyTH BUKOpPUCTaHUU 1Js niepeBe3eHHs 11 HaiimeHyBaHb
BaHTaXY, Maca, 00CsT 1 I[IHa OJWHUII KOKHOTO 3 SIKUX HaBeleH1 B Ta0uIl 37.

Tabnuys 37
ITapamerpu Homep BaHTaxy
oML 1y 2 0314|567 | 8|9 |10 11
BaHTaXy
Maca, T 80 | 62 | 92 | 82 | 90 | 60 | 81 | 83 | 86 | 65 | 83
06’eM, M° 100 | 90 | 96 | 110 120 | 80 | 114 | 60 | 106 | 114 | 86
[ina 44 12713228 |27,28(33|35(37|39]|4,0

Ha maporiaB moxke Oyt 3aBaHTakeHO He Ounbine HiXK 800 T BaHTaxy,
3araJibHUM 00’ eMoM, 110 He nepeBuinye 600 M, BusznauutH, CKUIBKM OIUHUID
KOKHOTO BaHTa)XXy BapTO MOMICTUTH Ha MapoIUiaB Tak, MO0 3arajbHa BapTiCTh
PO3MIIIIEHOr0 BaHTaXy OyJia MaKCUMaJIbHO¥O.

3aeoanna 3

Ha TexkcTuinpbHOMY TMIiANPUEMCTBI € TPU THUIHM TKAllbKUX BEpPCTATIB.
Ha BepcraTax KOXXKHOTO 3 THUIIB MOXYTh BHUPOOJSITUCS YOTHPU BUIU TKAHWH:
IIOBK, 0513b, CUTEIh 1 caTuH. [I[pOAyKTHBHICTH KOKHOT'O BepcTaTa 1 co01BapTICTh
TKaHWH 3a3HauyeH] B Tadnui 38.

Tabnuys 38
Tun [IpoayKTUBHICTh, M/TOJ. Co0iBapTicTh, $-M/ro.
Bepcrata | [[loBk | bsa3p | Cutenp | Catud | llloBk | bs3p | Curens | Catnn
I 24 36 18 42 4 1 3 1
I 12 15 9 21 5 2 4 1
Il 8 10 6 14 6 3 5 2

3 ormsaay Ha Te, MmO (POHI poOOYOro Yacy KOXKHOI 3 TPYH TKAIbKUX
BepcTaTiB nopiBHIoe BiamoBimao 90; 220; 180 BepcTaTo-rOMMH, CKIACTH TaKU
IUIaH iXHBOTO 3aBAaHTAXCHHS, MPH SKOMY 3arajbHa COOIBApTICTh TKAaHWH, IO
BUIycKaloThes y KuibkocTsix 1200 m mosky, 900 M 631, 1800 m cutiro 1 800 M
CaTUHY € MIHIMAJILHOIO.

BapianT 15

3aeéoanna 1

Jlns TomiBmi MiAMOCTIAHOI TBApUHU i HEOOXITHO JaBaTH IMOJIHS HE
MeHIle HiK 15 oja. XiMiyHOT pedoBUHU A; (BiTaMiHy a0o Aesikoi coii) 1 15 ox.
XIMIYHOI pedoBUHU A,. He Marouu MOXKIMBOCTI JaBaTU pPe4oBUHY A; abo A,
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y YHCTOMY BUTJISAI, MOXKHA 3aKyIOBYBaTH pedoBuHH B; mo 1 rp. oxg. abo B;
1o 3 rp. oa. 3a 1 Kr, mpuuoMy KoKHHI Kitorpam B; mictuts 1 ox. A 13 ox. Ay,
alkrB,—6o0m1 A112oxn. A,.

3anacu pe4oBuH Ha ckiaai: B;— 7 kr, B, — 9 kr.

BuzHauntu onTUMalibHYy 3aKyIiBiio pedoBuH B; 1 B, mna momeHHoro
parliony.

3aeoanns 2

MexaHigyHUH 3aBOJI IPH BUTOTOBJICHHI IBOX THITIB JIETale BHKOPUCTOBYE
TOKapchKke, (¢pe3epHe 1 3BaproBajibHE ycTaTKyBaHHA. [Ipu 1bomy 0OpoOKYy
KOXKHOI JieTaji MOXHa BECTH 3a JBOMa PI3SHOMAHITHUMHU TEXHOJIOTTYHUMHU
3acobamu. KopucHuit ¢hoH 9acy poOOTH KOXKHOI IPpyIH YCTaTKyBaHHs (CTaHKO-
TOJIMHU), HOPMH BUTPATU Yacy Ipu 0OpoOIll KOKHOI JieTaji Ha BiAMOBIIHOMY
yCTaTKYBaHHI JaHUM TEXHOJOTTYHUM CIIOCOOOM 1 NPUOYTOK BIJlI BHIYCKY
OJIMHMIII JeTall KOXKHOTO BUAY HaBeJieH1 B Tabui 39.

Tabnuys 39
Heram
YcraTkyBaHHs : | — 2 ®onp yacy
TexHonoriudi crocobu
I I I I
®pesepHe 2 2 3 0 20
ToxkapHe 3 1 1 2 37
3BaproBajbHE 0 1 1 4 30
[Tpubyrox 11 6 9 7 -

CxiactTd  ONTUMANBHBIA IJIaH 3aBaHTAKEHHS YCTaTKyBaHHSA, IO
3a0ecrieuye 3aBO1y MaKCUMAJIbHUI PUOYTOK.

3aeoanna 3

€ Tpu AUISHKK 3eMJli, Ha SKUX MOXYTh OYTH IIOCISIHI KYKypyz3a,
MIIEHUIIS, SYMIHb 1 poco. [1noma koxHoi nusHku popisaioe 600, 180 1 220 ra
BIJIMOBITHO. 3 ypaxXyBaHHSIM HAsSBHOCTI HACIHHS, KYKYPYI30l0, TMIICHHIICIO,
A4MEHEM 1 MpocoM BapTo 3aciatu BiamosimHo 290, 180, 110 1 420 ra.
BpokaitHiCTh KOXXHOT 3 KyJIBTYp JIs1 KOXKHOT TUTSTHKY 33JIa€THCS MaTPHUIICIO

40 45 50

30 28 22
Y =

18 22 14

24 18 16

BusHaunTH, CKUIBKY T€KTapiB KOXKHOI KYJIbTYPH Ha KOXKHIN AUISHII BapTO
MOCISATH, 1100 OJIepKaTH MaKCUMaJIbHU 301p 3epHa.
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16 3AJAYI JJS THAUBIAYAJBHOI POBOTH

Hacrymnni 3aga4i copMymntoBaTu K 3aj1a4i JIHIKHOTO MPOTrpaMyBaHHS ¢
, .
pO3B’sI3aTH iX.

Bapianr 1

Kommanis pobuts moymill JJiss BaHHMX KiIMHAT JBOX po3MipiB — A 1 B.
ATeHTH B cIipaBax IpOJaXy BBaXaloTh, IO 3a THXKACHb HA PUHKY MOXE OyTH
pealtizoBano 10 550 monump. Jis KoXKHOI oL THIy A moTpi6HO 2 M” Mate-
piany, a mrs momuii Ty B — 3 M° Matepiany. KoMmamis Moxe omepkaTi
10 1200 M2 Marepiany 3a THXJeHb. J[Jis BUTOTOBJIEHHSI OJIHIET MOJUII TUILY A
noTpiOHO 12 XBUIIMH pOOOTH yCTaTKYBaHHS, a JIJIi BUTOTOBJICHHS OJHIET MOTHUIT
tunny B — 30 xBunuH. YcTaTKyBaHHS MOKHA BHUKOpHCTOBYBaTth 160 ronuH
Ha TIKJIEHb. SIKI0 NMpUOYTOK BiJ MPOAAXY MOJUIb A CTaHOBUTH 3 TPH, a TO-
muie THNY B — 4 rpH., TO CKUIBKU MOJIHIL Tpeba BUIYCTUTH 3a THXKIEHb, 1100
JCTAaTH MaKCUMAJIbHUNA TPUOYTOK?

Sk 3MiHUTBCS BUpPOOHMYA Tporpama, SKIIO0 PUHOK HE 3MOXKE MpUiiMaTh
B THXJIeHb Ouibie Hik 450 monuib? Skuil y 1boMy BUNIAJKY Oy/e MaKCUMallb-
HUM IpuOyTOK?

BapianT 2

BupoOHMK €IeMEHTIB LEHTPAJbHOIO OINAaJEHHS BUTOTOBISE paaiaTopu
4oTUpHOX Momeneld. OOMEeKeHHS Ha BUPOOHHUIITBO OOYMOBJICHI KUIBKICTIO PO-
0040i CHMJIM W KUIBKICTIO CTaJIEeBUX APKYIIIB, 3 SIKUX BUTOTOBJISIIOTH pajlaToOpU

(Tab6m. 40).

Tabnuysa 40
Mogens pagiaTopa A B C D
Heob6xiaHa KUTbKICTh poO0YO0i CHITH, 0,5 1,5 2 1,5
JIFOTUHO-TOJTMHH
Heo6xifHa KiNbKiCTh CTANEBOr0 apKyIa, M- 4 2 6 8
[TpubyToOK BiJ MPOAAXKY OAHOTO pajaiaTopa, IpH |5 5 125 |10

KinbkicTp craneBoro apkyma — He Ouibiie Hix 2500 M°, KiUIBKiCTD IHOIH-
HO-TonmnH — He Oumbmie HiK 5000. 3HaiiTm mpuOyTOK mMiAIpUEMCTBA. SIK 3Mi-
HUTBHCSI IPUOYTOK MIANPUEMCTBA, SKIIO MPUOYTOK Bif MPOJAXKY OIHOTO pasia-
TOpa KOKHOI MOJeN 30UIbINThCA Ha 5%, a 3arajibHa KUIBKICTh CTaJIEBOrO ap-
Kyma 3Hu3uThbes Ha 10%7?

BapianTt 3

®dipma BupoOsie Tpu Buau mponykiii (A, B, C), aig BUIYCKY KOXHOTO
3 SIKUX MOTPIOHUHM MeBHUN Yac poOoTHu Ha Bcix yotupbox mpuctposix (I, 11, 11,
IV) (Tabm. 41).
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Tabnuys 41

Bun Yac 00pobku [TpubyToK,
IPOIYKLIT I Il Il A\ I'pH
A 1 3 1 2 3
B 6 1 3 3 6
C 3 3 2 4 4

Hexait yac pobotu Ha nmpuctposx BianoBiaHO — 84, 42, 21 1 42 roguHM.
Busznaunty, Ky OpoAyKIUo i y SKUX KUTBKOCTSX BapTO BUTOTOBIISTH. PHHOK
30yTy JUIsl KO)KHOT'O MPOAYKTY HE 0OMEeXeHHH. SIk 3MIHUThCS MPUOYTOK, SKILO
gac 00poOKku KoxKHOTO TIPoayKTy [ 1 IV mpuctpoem 361unbmmThes Ha 7%?

BapianT 4

®dipma BUTOTOBIISIE 1Ba MPOAYKTH A 1 B, puHOK 30yTy SIKHX HE OOMExe-
Hui. Ko>kHult IpoayKT MOBUHEH OyTH 00poOIeHH KOHOI0 3 MamiH M1, M2 i
M3. Yac 06poOku i koskHOro BUpoOy A 1 B HaBenenuit B Tabmnuiii 42.

Tabnuys 42
MI1 M2 M3
A 0,5 0,4 0,2
B 0,25 0,3 0,4

Yac podotu mamuu M1, M2 1 M3 Bianosiguo 40, 36 1 36 ronvH Ha TUX-
neHb. [IpuOyTok Big BUp0OIB CTAHOBUTH BiMOBIAHO 5 1 3 rpH. DipMi HE0OXiTHO
BU3HAUYUTH THUKHEBI HOPMU BUITYCKY BUPOOiIB A 1 B, ikl MaKCUMI3yIOTh NpUOY-
TOK. Sk 3MIHUTbCS TPUOYTOK, SKIIO dYac POOOTH MAIIMH 3MEHIIUTHCS
Ha 15%?7?

Bapiant 5

[TpubyTok Bix mponaxy Bupo6iB A, B i C cTtaHoBuUTh BiAmoBigHO 3, 4,
5 rpH. [Ins xoxkHOTO BHpOOY MOTpiOeH vac BUKOopucTaHHs BepctaTiB Bl 1 B2,
SIK1 TOCTYIHI BimoBigHO 12 1 15 ronuH Ha 1€Hb.

Tabnuys 43
A B C
B1 2 3 3
B2 4 1 2

3HalTH ONTUMAaJIbHUM IIJIaH BUPOOHUIITBA. SIK 3MIHUTHCS TUTAaH BUPOOHH-
IITBA, SIKILIO JOCTYITHUM Yac BUKOPUCTAHHS BEepCTaTIB 3011b1IUTH HA 20%?
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BapianT 6

JBa Bupo6u B1 1 B2 nocnigoBHO 00poOmsitoThCsA HA BepcTaTax 1, 2, 3, 4,
5. MamuHHui 4yac Ha OJMHMINKO BUPOOIB Ha KOXKHOMY BepCTaTl 3a3HAYEHO
B Tabnuii 44. TyT Takox HaBeJEHUM MPUOYTOK BiJ KOXKHOTO BUPOOY, MPUUOMY
oOcsAr BUPOOHHUIITBA JIPYroro BUAY MPONYKINi HEe MOBUHEH nepeBunyBatu 40%
3arajbHOTO BUITYCKY.

Tabnuys 44
Howmep Howmep pobodoro miciis [TpubyToK,
HaniBpabpukary 1 2 3 4 5 I'pH/OJ.
1 4 3 2 3 0 1
2 2 0 6 5 4 1,5
Tiwanesuit QoHA | 955 | 540 | 330 | 420 | 400
po60Yoro vacy, XB.

BuzHaunte onTMManbHy TpOrpaMy BHITYCKY, IO 3abe3medye MaKcuma-
JTHHUN TIPUOYTOK.

Bapianr 7

Ha mignpreMcTBI MOXXYTh BHUTOTOBJIATH JaBa Buam mpoxykmii IT1 1 T12.
Ha Bunyck onunuii npoaykiii [11 ButpadaeTses 3 oguHUIN pecypcy, a Ha Ou-
HULo Tpoaykty 112 — 1 oguHuLs Toro camoro pecypcy. Y miaHOBOMY MHepiofi
B posnopspkeHHi mianpuemcta € 300 oguHUIB 1HOro pecypey. OOMekeHHs
Ha BHUITYCK NPOAYKIIi MepHIoi il BUILOI KaTeropiid sIKOCTI BUIVISIAAIOTh Y TaKHU
cnoci6: —3X; +4X, <0. IIpu pomy noTpidHO, 00 Tpoaykiii [11 6ymo Bumy-
meHo He MeHie Hix 40 oguuuip. [linnpueMcTBO Oa)kae nicTaTd MaKCHUMallb-
HUN TIPUOYTOK.

Kosxuuit Bupi6 Buay I11 nae 3 rpu npuOyTKy, KoxHUM BupiO Buay 12 —
4 rpH npuOYyTKY.

BapianT 8

Heenuka ¢ipMa BUTOTOBISIE JBa BUIMU MIAIMIMIHUKIB A U B, KoXHMI
13 SIKMX TIOBUHEH OyTH 00poOJIeHH HA TPHOX BEpCcTaTax, a caMme. TOKapChKOMY,
nutidpyBaIbHOMY M cBepAIUiIbHOMY. Yac, HeoOXITHUM SISl KOKHOT CTaIii BUPO-
OHMYOTO TMpolIeCy, HaBeeHUI B Ta0mumii 45.

Tabnuys 45
. Homep po6Godoro micust  |IIpubyTok,
Howmep namiBpadbpukaty 1 5 3 4 5 R——
1 4 3 2 3 0 1
2 2 0 6 5 4 1,5
TwxueBui ¢hona podboyoro yvacy, xB.|352 240 330 (420 |400
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dipma xoTia 6 BUTOTOBIATH MIAMIUITHUKA B KUIBKOCTI, SIKa MaKCUMI3y€e
npuOyTOK. SIK 3MIHUTHCS BUPOOHMIITBO, SIKIIO MOBHUN MOXJIMBHI 4ac poOOTH
B TIDKJIEHb KOKHOT'O BepcTarta 30utbmuTH Ha 15%, 20% 1 25% BianoBigHO?

BapianTt 9

VY nexy € 6 tumiB podoynx Micib. BiAmoBiIHO 10 ONTUMAIBbHOI BUPOOHU-
40i IporpaMu Ha HACTYITHOMY THXHI B 11eXy TTOBUHHI BUTOTOBJISITH 7 THIIIB Ha-
niBpadbpukariB. BUpoOHHUIITBO OAMHUIII KOXHOTO HamiBpaOpukary 301LIbIIyE
dboHa MaTepiabHOTO 3a0X04€HHs. Po3Mip mpuOyTKy Bif OAMHHII KOKHOTO BH-
ny HamiBhaOpuKaTy, Jac, 0 BUTPAYAEThCS HA BUTOTOBJIECHHS KOXKHOTO HAIliB-
(dabpukaty Ha KOXXHOMY poOOYOMY MicCIll, THXHEBHUH (OHJ poOOUYOro yacy
Ha KO)KHOMY poO04YOMY MiCIll 3a3HaueHi B TaOiuIl 46.

Bunyck namiBpabpukaTiB 5 He MOBHHEH OyTH MeHIIUM Hik 25%, a 7 —
He OUThIIMM HIXK 7% BiJl 3aTalIbHOTO 00CITY BUPOOHUITBA. BU3HaunTH onTuMa-
JBHY MPOTpaMy BUITYCKY MPOAYKIIii, 110 3a0e31meuye MaKCUMaIbHUN TPUOYTOK.

Tabnuys 46
Howmep Hopmu poGodoro gacy HpI/I-6YTOK BiJI OJ1.
HaniBpabpukary 1 2 3 4 5 6 Hamisgadpukary,
THC. TPH/INT.
1 5 7 15 2 3 14 0,10
2 2 0 6 7 3 2 0,115
3 5 5 4 1 1 10 0,112
4 4 8 7 0 8 5 0,090
5 3 1 7 2 4 0 0,065
6 6 0 4 3 1 8 0,080
7 10| 2 | 1 |11 |10 7 0,160
Twxnenuit Gonn pobo- | 51 | 15 | 97 | 158|186 | 24
9Oro 4acy, THUC. XB.

BapianT 10

[ToOyayiiTe eKOHOMIKO-MaTeMaTUYHy MOJENb JJIs Takoi cuTyarii. dipma
BUT'OTOBJISIE TPU BUJIA MPOAYKIIii, BAKOPUCTOBYIOUH JUIsI IILOTO JIBA BUAH PECYp-
ciB. TexHomoriuaa Matpuils 3agana B Tabmuili 47. @ipma Mae y CBOEMY po3mo-
pskenHi 20 onuHuib 1-r0 pecypey 1 25 onuHMIB 2-TO pecypey; LiHU, 3a SIKU-
MU (ipMa NPUIYCKa€e peali3yBaTH CBOK NPOJYKIIIO, TOpiBHIOWOTH 15, 20,
30 Tuc. rpu 3a 1-i, 2-#, 3-it ToBap BianoBigHO. DipMa OGakae omepKaT MaKCH-
MaJIbHUW T0XOJ.

Jlng BUKOHAHHSA 3000B'si3aHb HEOOXIAHO BUTOTOBISATH MNPUHAWMHI
30 mponykrtiB Tuny 1. Ak 1 gomaTkoBa BUMOTra BIJIMHE Ha JOXOMA MiATI-
puemcTBa’?
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Tabnuys 47

ITponyxkr 1 ITponykt 2 ITponyxrt 3
Pecypc 1 1 2 0
Pecypc 2 2 3 1

BapianT 11

3aco0u OYHIIIEHHS IT1AJI0OTH OLIIHIOIOTH 38 TAKUMH MOKAa3HUKAMMU:

a) OYHMIIAI0Yi 3aC00H;

0) ne3iHdikyroui 3acoou;

B) NOJIPa3HIOIOYMH BIUIMB Ha LIKIPY.

Koxunii 13 1MX MHOKa3HUKIB 3MIHIOETHCS 3a JIHINAHOK mIkainor Big 0
1o 100.

[TpoayKT HAa pUHKY MOBHHEH MaTH MpUHaiMHI 60 OJUHUIH BIACTUBOCTEH,
10 OYMINYIOTh, 1 TpUHAMHI 60 ofUHUIb 1e31H(DIKYIOYMX BIACTUBOCTEH 3a BiJI-
MOBIAHOIO IIKanow. I[Ipy mpboMy MmoapasHIOOUMK BIUIMB Ha IIKIPY MOBHUHHHIMA
Oytu miHiMansbHUM. KiHIIeBMI IPOYKT MOBUHEH OYTH CYMIMIIIIO TPhOX OCHOB-
HUX OYMCHHKIB, XapaKTEPUCTUKH SIKMX HABOJASITHCA B Tabyui 48.

CdopmynroBaTi 3a1ady 3HAXOMKEHHS ONTUMAIBHOI CyMIlIl AK 3aJady
JHIMHOTO IpOorpaMyBaHHs 1 PO3B’A3aTH ii.

Tabauya 48
OYHCHUK Ounarodi Hesindixyroui | Ionpasmroroui
BJIACTHBOCTI BJIACTHUBOCTI BJIACTHUBOCTI
A %0 30 70
B 65 85 50
C 45 70 10
Bapianr 12

dipma cremianizyeTbcsi Ha BUPOOHULTBI MEOJIB ISl KUTIOBUX MPUMI-
1meHb. BoHa MOXe BUTOTOBHUTH TpU THMH MeOJieBUX rapHiTypiB A, B, C, 1o Bu-
Marae pi3HMX BHTPAT Mpalll Ha KOXHIN cTajiii BuUpoOHHITBA (Tabml.. 49).

YpomoBx THXKHS MOXKHA TUIaHYBaTH poOOTy Ha Jicomwiii Ha 360 mrof.-
TOAMH, y CKJIaJaldbHOMYy Iiexy — Ha 250 moa.-ron., B 037400JII0BAIBHOMY —
220 mon.-rox. IIpubyTok Bix mpojaxy KOKHOro Tumy rapsitypis A, B, C cra-
HOBUTH BiammoBigao 900, 1100 1 1500 rpH.

BuzHaunTH HaJUIMIIOK JIOJUHO-TOAMH pOOOTH HA JICOMWIILI, y CKiaaa-
JHHOMY II€XY, B 03700JIIOBAIbHOMY 1IEXY.

JIns BUKOHaHHS 3000B's3aHb III0JI0 OpraHi3allii 1HTep'epy roTeliB HeoO0-
X1IHO BUTOTOBJATH NpuHaiiMHi 40 raphitypiB Tuny C motmwxss. Sk 1 noaat-
KOBa BUMOTa BIUIMHE Ha TUTaH BUPOOHUITBA? SIK MPHU IIbOMY 3MIHUTBLCS PO3MIp
npUOYTKY MiAIPUEMCTBA?
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Tabnuys 49

. Burparu npaiti, J101.-TO.
BupoOHnua ginsHka A B c
Jliconmnka 1 2 4
CkJtamajJpbHUN 1ex 2 4 2
O3npoOmroBanpHui 11ex | 1 1 2

BapianT 13

dipma Burorosisie Ha (pabOpwuii YOTUPH COPTH BUpOOIB. BupoOHUUTBO
JIMITY€THCS YaCOM BHKOPUCTAHHS BEPCTATIB 1 KUIBKICTIO KOMIUIEKTYIOUUX BHU-
poOiB (Tabu. 50). BinoMo Takoxk, 1110 CyMapHUW 4ac BUKOPUCTAHHS BEPCTATIB —
90 roauH y JeHb, a KOMIUIEKTYIOUHUX BUPOOIB MOXKE OyTH MOCTaBIEHO HE OLIb-
e Hixx 80 3a 1eHb.

Busznauntu BuUpOOHMYY mporpamy s OJEpKaHHA MaKCHMAalbHOTO

MPUOYTKY.
Tabnuys 50

Bupio

Bupobuudi xapakTepucTHKN

1
Yac BUKOpHUCTAaHHS BEpCTaTa, rojl. 1
KibKiCTh KOMILIEKTYIOUUX BUPOOIB 2

CobiBapTicTh BUpOOY, TpH 20
Jloxox BiJ IpoIaKy, T'pH 30

|00

2 3

3 8

2 1
25 40
45 80

dipma Moxe 30UTbIUTH Yac poOoTu BepcTaTiB a0 100 roj., npu npbomy
cO0IBapTICTh KOXKHOTO BUPOOY BCIX YOTHPHOX THUITIB 30UIbIIUTHCS Ha 10 TpH.
Axuii Oyne npubytoxk (ipmu B 1pboMy BHMNAAKy? UM 3MIHUTBCS BUPOOHMYA
nporpama?

besnanns Ha 3aBOA1 OJHOrO 31 CHOKMBAUIB MPUBOJUTH JO TOTO, IO JIE€H-
HUN BUITyCK BUPOOY 4 ckopoueHuid Ha 15 oaunuipb. SK 1€ BIUIMHE Ha IJIaH BU-
poOHUIITBA 1 po3Mip IpUOYTKY hipmMu?

BapianT 14

dipma, 1110 BUITYCKA€ TPUKOTAXKHI BUPOOHU, BUKOPUCTOBYE JJIsI BUPOOHUII-
TBa MPOAYKIIi ABa BUIU CUPOBUHU. Y Cl HEOOXIIHI JJaHI HaBeaeH1 B Tabiui S51.
Po3paxyBati yMOBH BHUITYCKY T'OTOBOI MPOMYKIIii, SIKIIO CHPOBHUHA BUKOPHUCTO-
BYETHCSI IOBHICTIO, @ MPUOYTOK MOBUHHUI OYTH MaKCUMAaJIbHUM.

Tabnuysa 51
3amac  |BurpaTty Ha OMWHUINO MPOMYKITIT
Cuposmsa “ip (;(BPHHH’ Csetp [ITanu KocTtiom
Yucra BOBHA 160 0,4 0,2 0,8
Cunon 60 0,2 0,1 0,2
[TpubyTok 3a oj1. BUpOOyY 16 15 22
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BapianT 15

[ex Burorosise BupoOu 11 1 12. 3a 3mMiHy He MOXke OyTH BUKOPHCTAHO O1-
aeie HIK 540 oxa. ycrarKkyBaHHS, Outbiie HiK 550 o7, CUPOBUHU 1 OUTBIIIE HIXK
450 ox. enekTpoeHeprii. Burpatu pecypciB Ha OJlUH BUpPIO 3a3HayeHi B TaOJu-
i 52. Big peamizanii BupoOy I1 mpuOyrok cranoButh 80 rpH, BUpoOy [2 —
70 rpH. SIlkuM noBuHEH OYTH MIHIMAJIbLHUNM BUIYCK MPOYKIIii, 100 3a0e3neuu-
TU pUOYTOK HEe MeHmIe HixK 2800 rpH.

Tabnuys 52
Bupoby
Pecypcu T D
YcraTrkyBaHHS 2 3
CupoBuHa 1 4
EnexkTtpoenepris 2 1,5
BapianT 16

Y TOoproBenbHOMY 3alli HEOOX1THO BUCTaBUTH IS mponaxy ToBapu T1 1
T2. PoGounii yac npoaBIifiB He niepeBuUIrye 36 rojauH, a Moila TOProBeIbHOI0
3aiy, sIKy MOHa 3aiHATH, He niepesuiye 120 m’. Koxua peasnizoBaHa OJUHUIISL
TOBapy NpuHOCUTH NpuOyTOK BianmoBigHO 50 1 80 rpH. Hopmu BuTpat pecypcis
Ha OJIMHUIIIO MPOJAAHOTO TOBApY HaBeleH1 B Tabnuii 53. BusHauutu ymoBH,
SIKMM TIOBMHHA 33JI0BOJILHATH CTPYKTypa TOBapooOiry, 1o 3adesneuye npuody-
ToK He MeHIe Hixk 40 000 rpH.

Tabnuys 53
ToBapu
Pecypcu T1 T
Po6Gounii yac, ron. 0,4 0,6
IImoma, M 0,2 0,1
Bapianr 17

KoMmaniss BUTOTOBIISIE pi3HI THUNU MEOJIB 11 KaOiHeTiB. BoHa poOuUThH
ctonu Tphox TUMIB (1, 2, 3). O6car poboTu, HEOOXITHOT IS KOKHOI orepaii,
HABOIAUTHLCA B TaOmuI 54.

Tabnuys 54

O06'eM poOOTH, JTFOJ.-TO/I.
1 2

Oneparrii

BurorosineHHs 4acTUH 2 3
Ckiramanas 1 2
[TompyBaHHs i epeBipKa 1 1

NIWIN W
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Maxkcumym o0csTy poOIT 3a TIXKACHb CTaHOBUTH 360 JIOA.-TOA. HAa BUTO-
TOBJICHHS YacCTHH cToiaa, 240 mroa.-Toa. — Ha cknagadug ¥ 180 jroxa.-roj1. Ha mo-
nipyBaHHs. PUHOK 30yTy pO3IIMPIOETHCS, ajle BiH HE JOBFOBIYHUM, a MOKJIUBO-
CcTi 30epiraHHsi 0OMEXyIOTh BUpOOHHUITBO 170 cTonamu 3a TwxkaeHb. [IpuOyTok
BiJl MpoAaxy cTojiB Tumy 1, 2, 3 craHoBUTH BiAnoBiaHO 15, 22 1 19 rpH. Buzna-
YTe ONTUMAIbHUMN IJIAaH BUPOOHUIITBA.

Sk 3MIHUTBCS ONTUMATBHUMN TJIAH BUPOOHUIITBA, SIKILO JJIST 330BOJICHHS
noTped LIHHOTO KIIIEHTA HEOOXITHO BUITyCKaTH He MeHIle Hix 30 cTomiB Tumy 3
3a THOKIEHB?

SIx 3MIHUTBCS ONTUMANIBLHUN TUIAH BUPOOHUIITBA, SIKIIO yepe3 Oe3nanjs
Ha JUISHIII BUTOTOBJICHHS YaCTHH CTOJa 00CAT POOIT 32 THKIEHb CKOPOTUTHCS
BJIBI1Y1?

BapianT 18

®abpuka BUTOTOBIISIE JIBA OCHOBHUX TUMH ToBapy. BupoOy tumy T1 moT-
pi6HO 3 oguHUII CUpPOBUHHM A ¥ oguHUI cupoBuHU B. BoHO mpuHOCHTH npu-
O0yrok 3 rpH. BupoOy tuny T2 motpiOHO 4 omuHMIN CHPOBUHU A ¥ 3 omuHMII
cupoBuHH B. BoHo npuHOCHTE NpUOYTOK y 2 TpH. 3HAWAITH ONTUMAIbHUH TUTaH
BUPOOHUIITBA, SIKILO JAOCTYIHI BChoro 20 ogqunuils cupoBuHu A i 10 oguHuULb
CUpOBUHHU B.

SAK 3MIHUTHCS ONTUMAJIbHHUU TJIaH BUPOOHHUIITBA, SIKIIO BUSBUTHCS
JOCTYIHOIO III€ OJHA OJMHUIL CUPOBUHU A, a MOTIM 1 Il€ OJHA OJUHHUIS
cupoBuHu B?

BapianT 19

[ToTpiOHO BHM3HAYMTH IUJIaH BUITYCKY YOTHPHOX BUIIB mpoaykiii 111, T12,
13, [14, nyist BUTOTOBJIEHHS SIKUX HEOOXI1JIHI pECYPCH TPbOX THUIIIB: TPYIOBI, Ma-
TepianbHi, hiHaHcoBl. HopMu BUTpaT pecypcy, KUTbKICTh KOKHOTO BUY pecyp-
Cy 3a3HaueHi B Ta0bnuIl 55. Buxoasuu 3 BUMOT TOMUTY, 3a/1aHl HWXKHI ¥ BEpXHI1
IPaHULl BUIYCKY KOXXHOI'O BUAY Npoaykuii. Ha miacraBl HaBeneHUX BHXITHUX
JAaHUX CKJIACTH MaTeMaTU4YHy MOJIEIb NIl BU3HAYEHHS IJIaHY BUITYCKY MPOTYK-
11i 3 METOI0 OfIEP>KaHHS MAaKCUMAJIbHOT'O MPUOYTKY.

Tabnuysa 55
Bunx npoaykiii KutekicTs
Pecypen Il 12 y;([?, 114 pecypey
Tpynosi 1 2 3 4 40
MarepianbHi 6 5 4 3 110
diHaHCOBI 4 6 8 12 100
Tpasmi Hwxnas 1 5 2 3 -
Bepxns - - - 3 -
[TpubyTok 60 70 120 130
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BapianT 20

®ipmi noTpiOHE Byruwis 3 BMicToM (ochopy He Outbmum Hix 0,03% 1
3 JTOMIIIKOIO Toneny He Oinbine Hix 3,25%. JlocTymHi Tpu coptu Byrijuis A, B,
C 3a Takumu 11iHaMu (32 TOHHY) (Tabi. 56):

Tabnuus 56
Copt Bwmict momiku Bwmict momiiku )
BYTiLIS docdopy, % noneny, % Husa, nox
A 0,06 2,0 30
B 0,04 4,0 30
C 0,02 3,0 45

Sk ix BapTO 3MimIaTH, 1100 3aI0BOJLHUTH OOMEXEHHS Ha JOMIIIKYU U Mi-
HIMI3yBaTH LiHY?

BapianT 21

dipma 3aliMaEeThCs CKIIAJAHHIM JIETH, 10 MICTUTh npuHaiiMHI 20 onu-
HUllb O011KiB, 30 oguHUIE ByriieBoaiB, 10 oguHuLb KupiB 1 40 oquHULIL BiTaMi-
HiB. SIK AemieBIIe I[bOro JOCATTH MPHU 3a3HAYeHUX y Tabmuii 57 miHax Ha 1 kr
(abo 1 1) n'aTH HasIBHUX MPOAYKTIB?

Tabnuys 57
Xm0 Cos Cymena puba ®pykTu | Monoko

binku 2 12 10 1 2
ByraeBonu 12 0 0 4 3
Kupu 1 8 3 0 4
Bitamiau 2 2 4 6 2
Iina 12 36 32 18 10

BapianT 22

Pariion roisii KopiB Ha MOJIOUHIHN (hepMi MOXKE CKIaAaTUCS 3 TPhOX MPO-
IOYKTIB — ClHA, CWJIOCY i KOHUEHTpaTiB. L{I MpOoayKTH MICTSTh KUBUIbHI pedo-
BUHM — OUIOK, KaJbIlii 1 BiTaMiHU. YKCENbHI AaHl MPEJCTaBIICH] B TaOIuUIll 58.
3 po3paxyHKy Ha OJHY KOpPOBY JOOOBI HOPMHU CHOKMBAHHS OlIKa ¥ KaJbIliIO
craHoBiaTh He MeHme HiK 200 1 210 r BignoBimHo. CriokKMBaHHS BITaMiHIB
CTpPOTro JI030BaHe il MOBUHHE JIOPIBHIOBATH 87 MT y 100Yy.

Cxitactv HaWJEMIeBIINKA PaIliOH, SAKIIO BApPTICTh 1 KT CiHA, CHIIOCY 1 KOH-
IIEHTPAaTIB JIOPiBHIOE BiamoBiaHO 1,5; 512 rpH.
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Tabnuys 58

TooIVKTH JKuBuIbHI pEYOBUHU
POAYK binok (r/kr) Kansiit (r/kr) Bitaminu (Mr/kr)
Cino 50 10 2
Cunoc 70 6 3
KonnenTpaTtu 180 3 1
BapianT 23

CnoxuBay BUpIIITye TUTAHHS MPO NMpUAOaHHS HAOOPY 3 ABOX BHUJIIB TOBA-
piB. KopucHicTs onuHuLi nepuoro ToBapy AopiBHioe 100 oguHub, APyroro —
250 oguunnpe. ChopmylroiTe 3a1a4dy CIoKHUBaya, SKIIO IIIHA Ha TOBApH CTaHO-
BiATh 500 1 700 rpH BIAMOBITHO, CIIOKMBau BUAUIMB Ha MPUIOAHHS TOBApIB
2 TUC. TPH, 1 QYHKIIISI KOPUCHOCTI — JIiHIKAHA.

OGepiTh 13 1TUX HAOOPIB HAWKPAIIWHA 3 TIOTJISAY MAKCUMYMY KOPUCHOCTI.

Ak 3MIHUTBCS PO3B’SA30K 3ajayl CIOXKKBaya, SIKIIO JOXOJl CHOKHBaya
3pocte Ha 10%?

Sk 3MIHUTBCA PO3B’SI30K 3aadl CHOXKUBaya, SKILIO I[IHA JPYroro ToBapy
3pocte Ha 10%?

BapianT 24

[Tepen mpoekTyBaTbHUKAMH aBTOMOOUTS MOCTaBJIeHA 3a7a4a CKOHCTPYIO-
BAaTU HAWJEUIECBIIMN Ky30B, BAKOPUCTOBYIOUM JMCTOBUM METaj, CKJIO W IUIACT-
Macy. OCHOBHI XapaKTepUCTUKU MaTepiaiiB MpeacTaBieHi B Tadbauul 59.

3aranpHa TOBEPXHS Ky30Ba (pa3oM i3 IBepuMa 1 BIKHAMH) MTOBHHHA CTa-
HOBUTH 14 MZ, 3 HUX He MeHIIe Hik 4M° i He Ginblie Hixk SM° Tpeba BiaBeCTU
mig ckiio. Maca ky3oBa He moBUHHA nepeBuinyBatu 150 kr. CKUIbKH MeTany,
CTEKJIa ¥ M1acTMacu MOBUHEH BUKOPUCTATH HAWKPAIUNA TPOEKT?

Tabnuys 59
XapakTepUCTUKHA Marepianmu
p p Meran Ckio IImacTMmaca
BapricTs, rpH/M° 25 20 40
Maca, Kr/m° 10 15 30
BapianT 25

OO6'ennanns «Hopm» BUTOTOBISIE XONOAWIHBHUKY, Ta30B1 TUTUTH, MOPO3HU-
npHI madu 1 enekporedi 3a miHow 200, 180, 250 1 100 rpo1oBUx OAUHUI Bi-
nnoBigHo. [loctiiinuM akTopom, 1m0 oOMexye 00CsITH BUPOOHUIITBA, € (IKCO-
BaHa BEeIWYMHA TPyAoBUX pecypciB — 12 000 mroauHO-TOAMH Ha Micslb. 3'sCy-
BaJIOCsl, OJHAK, 110 B HAMOIMXK4Mil Micsup AediUUTHOI Oyae ¥ JTUCTOBA CTalb
JUTSI KOPIYCIB 3a3HaYE€HUX BUPOOIB, OCKUTBKM MOCTAYaIbHUKHA 3MOXYTh 3a0€3-
neunr sumre 7000 M° Horo Marepiany.
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[ToTpiOHO cKIACTH TUTAaH BUPOOHMIITBA HA JAAHUW MICALb AJS TOTO, 11100
MaKCHUMI3yBaTU BapTICTh BUMYIIEHOT TPOAYKIIii. Bigomo, 110 AJis1 BUTOTOBJICHHS
XOJIOJMIBHIKA MOTPIOHO 2 M’ JIMCTOBOI CTalmi W 3 JIHOA.-TOL. poGOYOro yacy,
JUIS Ta30BOI TUIMTH BiAmosixHo — 1,5 M 1 3 JMH0.-TOX., ISt MOPO3HIBHOI Madu —
3 M° i 4 mo1.-Tox., s enexrpornedi — 1 M° i 2 JIFo/1.-TOx.

BapianT 26

VYyachuk ekcneauiii «[liBHIYHUI TOJIIOCY CKIIa/la€ POK3akK, 1 HOMY HOT-
pIOHO BUPILIUTH, K1 MOKJIACTU NPOAYKTU. Y HOro po3MOpsIKEHHI € M'sco, 00-
POIITHO, CyXe MOJIOKO M IIyKOp. Y PIOK3aKy MAJis MPOIYKTIB 3aJIAIIMIIOCS JIHUIIE
45 o o0'eMy, 1 OTpiOHO, OO cyMapHa Maca MPOAYKTIB HE MEPEeBUIyBaIa
35 kr. Jlikap ekcrenuilii peKOMEeH1yBaB, 1mo0 m'sica (1o maci) Oyno OuTbIIe, HiXK
OopoiiHa MpUHAWMHI y JBa pa3u, OOpOIIHA HE MEHINE, HK MOJIOKa, a MOJIOKA
NpUHANMHI y BiciM pa3iB Ouible, HIK IyKpy. CKUTBKH 1 SIKMX MPOAYKTIB MOTPi-
OHO MOKJIACTH B PIOK3AK, JIJISl TOTO 1100 CymMapHa KaJOpIMHICTh MPOAYKTIB OyIia
HaHO1IBIIIOK? XapaKTepUCTUKHU IIPOIYKTIB HaBeaeH1 B TabuIll 60.

Tabnuys 60
[Iponyktu
X
apartepaeTIi M'aco bopomro | Monoko yxop
O6'em, M /KT 1 1,5 2 1
KanopiiiHicTh, KKa/Kr 1500 5000 5000 4000
Bapianr 27

Ha 3Bipodepmi MOXKYTb BUPOLLYBATHUCS TECII1, YOPHO-Oypi JIMCHIIL, HYTpIi
i HOpku. /[ iXHBOro XapuyyBaHHS BHUKOPUCTOBYETHCS TPU BHIU KOPMIB. Y
Tabnuii 61 HaBeAeHI HOPMU BUTPAT KOPMIB, iXHIA pecypc 13 PO3paxyHKy Ha
JIeHb, a TAKOXK MPUOYTOK B1Jl peaizalli OJHI€] MKYPKH KOKHOTO 3Bipa.

BusHaure, CKUIbKM 1 SIKMX 3BIPKIB BapTO BHPOIILYBATH Ha (epmi, 1100
npuOyYTOK BiJl peasi3anii IMKypoK OyB MaKCUMaJIbHHUM.

Tabnuys 61
Bun xopmy Hopwmu BuTpatu KopMy (KI/1€Hb) Pecypcu
[Tecens | JIucuus | Hytpiss | Hopka | KOpMiIB, KT
Kopwm 1 1 2 1 2 300
Kopwm 2 1 4 2 0 400
Kopwm 3 1 1 3 2 600
[IpubyTok, gomn./mkypka | 6 12 8 10
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BapianT 28

3aBOJl BUTOTOBJISIE KOPIYCU XOJOAWIBHUKIB 1 KOMIUIEKTYE iX YCTaTKy-
BaHHSM, IIIO ITOCTaBIIIIOTH 0€3 OOMEKEHb 1HIII MiAnpueMcTBa. Y Tabuil 62 3a-
3HAuY€HI HOPMHU TPYJOBUTPAT, BUTPAT MaTepiajiB NIl BUTOTOBIICHHS KOPITYCIB,
OOMEXEHHS 10 IUX pecypcax 13 pO3paxyHKy Ha MicsIlb 1 MPUOYTOK Bij peasiza-
1111 XOJIOJUIILHUKIB IO KOXKHIH 13 M'SITH MapOK.

3HATH MICSIYHUM IJIaH BUITYCKY XOJOJIWIBHUKIB, SIKUA MaKCHUMI3ye
npuOyTOK.

Tabnuys 62
Pecvici Mapku X010 IUILHHKIB O0'em
yp Honbac | Mincek | Chaiire | Oxa | Hopa | pecypey
TpynoBurparu 2 3 5 4 4 9000
Meran, M° 2 2 4 5 | 0 8500
[lnactuk, M° 1 3 2 0 4 4000
dapba, kr 1 2 3 3 2 5000
[IpuOyToK, rpH 40 70 120 | 120 | 50
BapianT 29

Posznogumtu rpynu nmpodinepo3MipiB MpoKaTy MK BepCTaTaMU TaKUM
YUHOM, 1100 COOIBapTICTh MPOAYKINI Oyina MiHIMaIbHOW. BuUXinHI AaHi: m'STh
rpyn npodisiepo3MipiB MPoOKaTy OIEPKYIOTh Ha TPhoxX BepctaTax. Donm podo-
yoro vacy BepctatiB B1, B2 1 B3 nopiBaroe Bianosigao 7200, 8000 1 7500. Ixmri
IaHl HaBeaeHl B Tadmum 63.

Tabnuys 63
Tpymu namose HponyKTHBchTb Co0biBapTicTh
. .. BEpCTaTIB, T/TOJI. pOKary, TUC. TPH/T
npodiepo3MipiB | 3aBJIaHHS 31 0 33 31 0 3
1 30 20 30 10 80 70 105
2 40 15 15 15 100 96 90
3 100 20 20 18 120 120 120
4 20 15 15 15 85 90 95
5 80 19,5 25 30 120 110 85
BapianT 30

KomnaHisi BUTOTOBIISIE CBEPUTMIIbHI BepcTaTu Tpbox BuAIB D1, D2 1 D3.
Kosxnuit Bug npunocuts BianoBiaHo 10,10 130 mon. npubytky. KiabkicTh Bepc-
TaTiB, 1110 MOXKYTb OyTH BUTOTOBJIEHI BOPOJOBX THXKHsI, 0OMEKEHO OCTaBKaMH
KOMIUIeKTytounx BupoOiB Al, A2, A3, ae nis D1 motpiono 1 on. Al, 4 on. A2
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12 on. A3, nna D2 — 2 on. Al, 3 on. A2 13 on. A3, a nyis D3 motpi6no 10 og.
Al, 10 on. A2 1 8 oxn. A3. HloTHXHA KUTBKICTh AOCTYIHHUX BUpPOOIB Al, A2, A3
craHoBUTH BianoBigHo 650, 8501 650 ox.

BuszHaute MakcuMmanbHUN NPUOYTOK, SIKU MOXKHA OJIEPKATU 32 THXKJICHb.
SIKy KITbKICTh BEPCTATIB BUT1IHIIIE BCHOTO BUTOTOBIISTH?

Kommanist 3BepTaeTbcsi B KOMICIIO 3 ITiH 32 J03BOJIOM IIJIBHUIIUTH I[IHUA Ha-
CTLIBKH, 1100 BOHU naBaiu 25%-He 30UIbIICHHS MPUOYTKY BIJ yCIX MOJCICH.
PosrnsHyBIIM mUTaHHSA, KOMICis J03BOJIss€ 30UIbIICHHS I1IH Ha Bepcratu DI 1
D2, ane nanonsrae Ha Takiii opraHizailii iHK Ha BepcTaT D3, npu sxomy mnpu-
OyTok Bia npoaaxy Bepcrara D3 3menmmBcs 6 Ha 10%. Yu BapTo KoMmaHii mo-
rOJKYBATHUCS 3 BapiaHTOM, 3alponoHOBaHUM Kowmiciero 3 min? 11{o B ibomy Bu-
naaKy BiAOYAEThCS 3 MPUOYTKOM?

KepiBHULITBO KOMIaHii 3B'si3aHe Yroiow, L0 3a0e3reuye 3alHATICTh
300 poOiTHUKIB. SIKIIIO MOXIMBOCTI BUPOOHUIITBA JO3BOJSIOTH OAHOMY POOIT-
HUKOBI1 BIIPOIOBXK THxHA 3pooutu 1 Bepcrar D1 1 1 Bepcrar D2, a n'atu pooiT-
HukaMm — 1 Bepctat D3, To sk s yroja BIUIMHE HA HOBUM po3B’sA30K? Skuil Oyzne
MpUOYTOK y IIbOMY BUIIAIKY?

Bapiant 31

YaepospaxyBanbHa (abpuka Bumyckae daii copty «TpaBHeBuii» 1 «ba-
JbOPICTHY, 3MIIIYIOUU TP IHIPEIEHTHU: 1HIIUCHKUHN, TPY3UHCHKUH 1 KpacHOJAp-
ChbKM. Y Tabnuil 64 HaBeneHI HOPMH BUTPAT IHTPENIIEHTIB, 00'€eM 3amaciB KOX-
HOTO IHIpeJlieHTa i mpuOyTOK BiJ peanizauii 1 TOHHU yaro copTiB «TpaBHEBUI»
1 «baabopicThy.

[ToTpiOHO CKIACTH MJIaH BUPOOHUIITBA 3 METOK MaKCHMI3allli MPUOYTKY.

Tabnuys 64
[arpenienTu Hopwmu Butpatu, 1/1 | O6'eM 3amacis, T

[amiicekuit yait 0,5 0,2 600
I'py3uHCHKUH yai 0,2 0,6 870
KpacHonapcekuit yait 0,3 0,2 430
[IpubyTok Bim peamizamii 1 T daro, 390 290
JTOJI.

BapianT 32

[Tigmpuemenp 30upaeThess poOUTH cIas, mo Bminrye 30% cBunIto, 30%
uuHky u 40% omnosa. IIpunyctumo, mo Ha puHkKy € cmaBu A, B, C, D, .... ,
CKJIaJ] ¥ IIHM Ha 5Kl HaBeJIeH1 B Ta0IUI65. SIKy KUIBKICTh CIUIaBY KOXKHOT'O TH-
Iy BapTO 3aKyNMHUTH HA KOKHUMA KT BUPOOJICHOT cyMimni? SIKy KiTbKICTh CIUIaBY
KO>KHOT'O THUITY BapTO 3aKyMHUTH HA KOKHUM KT BUPOOJIEHOT CyMilll IpU MiHIMa-
JBbHUX BUTpATax?
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Tabnuys 65

Crunas AlBlc|D|E F|G|H| |HeoOximma
cyminr
% CBHHLIO 10 | 10 | 40 | 60 | 30 | 30 | 30 | 50 | 20 30
% 1UHKY 10 | 30 | 50 | 30 | 30 | 40 | 20 | 40 | 30 30
% onoBa 80 | 60 | 10 | 10 | 40 | 30 | 50 | 10 | 50 | 40
Bapricts 3a kr, non.| 4,1 14,3/58(60|76|75/7,3/69]7,3

BapianT 33

Heo0xigHo 3HAWTH ONTHUMANIBHUN IIJIAaH PO3BUTKY METATypridHUX ITiII-
PUEMCTB JJ1s1 33JI0BOJIEHHS MOTped palioHy B copToBoMy mpokati. [Torpeda mpo-
Kary 3amana B auHamini (Ha 1995, 2000, 2005 pp). Po3pobieno tpu BapiaHTH
po3BuTKy s I 1 mo nBa Bapiantu s I 1 I mignpuemcTB. Bapiantu po3pizHsi-
IOTBCS CTPYKTYpPOIO i THHAMIKOI 00CATy BHPOOHHIITBA MO POKaxX IUIAHOBOTO
nepiojly, a TaKOXK HABEJIEHUMHU BUTPAaTaMU Ha iXHE 371iCHEHHS (TabII1.. 60).

OnTuMizalis mwiaHy noysrae y BuOOopi 3 BIIOMHUX BapiaHTIB PO3BUTKY KO-
KHOTO TIIMPUEMCTBA TaKUX, peajizaiis SKUX J03BOJIIE 3a0€3MMeUnTH 3a7aHy
noTpedy B COPTOBOMY IPOKATI MO poKaxX IUIAHOBOTO MEPioy 3 MIHIMAJIbHUMHU
CYKYITHUMU HaBEJICHUMH COPTaMHU.

JI71s1 KOXKHOTO MiAMPUEMCTBA MOXKEe OyTH 00paHO He OIbIlle OJHOTO Bapi-
aHTa PEKOHCTPYKIUIi i PO3BUTKY.

Tabnuys 66
| on 3anana
Poxu | Buxingni gani Bapiantu po3BUTKY norpeda
1 2 3 1 2 1 2 |B mpokari
1995 |Benukwuii 200 | 200 | 450 | 300 | 600 - - 500
Cepenniit 250 | 250 | 250 |1000| 500 | 600 | - 1800
HpiOHuii 250 | 850 | 850 | 150 | 650 - 1600 1000
2000 |Benukui 800 | 800 | 1300 | 300 | 600 - - 1100
Cepenniit 600 | 1000|1100 | 800 | 600 {1200| - 1800
JpiOHuii 250 | 850 | 1150 | 400 [1100| - |1100| 1250
2005 |Benukuii 800 | 800 | 1300 | 900 | 1050 - - 1700
Cepenniit 1000 | 1000 | 1500 | 800 1000|1650 - 3200
HpiOHuii 700 | 1200|1600 | 1300|1100 - |1600| 2500
Hpmpenett INTErpanbil yoq | 510 | g36 | 531 | 630 | 302 | 288 .
BUTPATH, MJIH TPH

BapianT 34

Ha xinens miaHoBOro nepioay B eKOHOMIYHOMY palOHI JJISI 3aI0BOJICHHS
moTped 1pOro pailoHy B mpokaTi HeooXimaHo 3podutu 1100 THC. T TUCTOBOTO M
1000 tHc. T copToBOro npokaty. BupoOHHUIITBO MpOKaTy OpraHi3oBaHE HA TPhOX
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HiATPUEMCTBAX, IS KOXKHOTO 3 SIKUX PO3pOOJIeHi 1O JIBa BapiaHTU IXHBOI peKo-
HCTPYKIIii, 1[0 PO3PI3HSAIOTHCS SIK BUTpATaMU Ha iXHIO peali3allito, Tak 1 CTpyK-
Typor0 BUpOOHULTBA. KpiM TOro, yCTaHOBIIEHI JIMITH HAa CIIOKUBAHHS PECYpCIB
IBOX BUIIB (Tabd. 67).

Heob6xigHo oOpaTu [1sl KOKHOTO MIANPUEMCTBA TaKU BapilaHT PEKOHCT-
PYKLIi, NpU SKOMY 3a0€311e4y€eThCs] BAPOOHUIITBO JTUCTOBOTO i COPTOBOr'O MPO-
KaTy Ha TPbhOX MIANPUEMCTBAX Y pO3Mipax, HE MEHIIUX BiJ 3aJaHUX, IIPU [ILOMY
MIHIMI3YIOTBCSI CyMapHi HaBe[eH1 BUTPaTH Ha BUPOOHUIITBO.

J171s1 KOKHOTO MIAMPUEMCTBA Y PO3B’3aHHS BKIIOYAIOTh HE OUTBIIE OTHO-
r'o BapiaHTy PEKOHCTPYKIIIi.

Tabnuys 67 — Bapianmu pekoHcmpyKyii nionpuemcms i 0OmedcenHst 3a0ayi

L n ] Torpeba
BapiaHT peKOHCTPYKIT | B MPOAYKI1I

Buxiani gasi

U JTIMITH
112 ] 1 2 112 pecypciB
Ipoayxuis, Jlacrosmit 13541001000 | 500 |600(200| 1100
THC. T [IpoKaT
Coprosuit 1554500 | 100 |500 | - |700| 1000
IIpOKaT

PecypcH, 1o Lrosuny, 200 250 500 | 400 |350/650| 1200

JTIMITYIOThCA THC. T
2-r0 BULY,
TUC. T

Burpartu Ha BeCh BapiaHT, MJIH. TPH (100|120 | 190 | 160 | 140210 -

55| 60 | 190 | 100 | 80 | 90 250

BapianT 35

[lex Bumyckae Tpu BHIIU J€TalieH, sIKI BUTOTOBJISIOTHCS HA TPhOX BepcTa-
tax. Ha pucynky 17 mnoka3zaHa TEXHOJIOTIYHA CXeMa BUT'OTOBJICHHS JCTall KOX-
HOTO BHJY 13 BKa31BKOIO Yacy ii 00poOku Ha BepcTaTtax. Jo6oBmii pecypc podo-
4oro yacy BepctatiB 1, 2, 3 cranoBuTh BianosinHo 890, 920 1 840 xBunuH. Bap-
TICTh OJIHIEI netam Buay 1, 2, 3 gopiBHIO€e BiAnoBigHO 3, 2 1 1 rpH. [loTpiGHO
CKJIaCTH JOOOBHII IJITaH BUPOOHUIITBA 3 METOI0 MAaKCHMI3aIlil BapTOCT1 BUITYIIIE-
HO1 MPOAYKIII].

Bepcrar 1 Bepcrar 2 Bepcrar 3
~ —» LXxB. > 3 xs. > 1 xB. > Jlerans 1
~
-E —> 2XxB > 4 xB. — Jlerans 2
)
{E; — 1 xB. — 2 XB. » Jlerans 3
Pucynox 17
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BapianT 36

Jlnst BupoOHUITBA TphOX BHIIB BUPoOiB (A, B i C) BHKOPHCTOBYETHCS
cupoBuHa tumy 31, 32 1 33, mpudyoMy 3akymiBii cupoBuHu THiy 31 1 32 oOMme-
KEH1 MOMXJIMBOCTSIMU NMOCTAYaJIbHUKIB. Y Ta0iuil 68 HaBeleHI HOPMH BUTPAT
CUPOBHHH, I[IHU HA CUPOBUHY W Ha BUPOOU, a TAKOX OOMEKEHHS MO 3aKyIIIBI1
cupoBuHu (3HaueHHs A, B 1 C Opatu y 1a61.69). [ToTpiOHO onTuMI3yBaTH TUIaH
BUPOOHHUIITBA MPOAYKIIIT 3 METOIO MaKCUMI3aIlii MPUOYTKY.

Tabnuys 68
Tum cne Hopmu Butpar cupoBu-|  OOMeKeHHS
[{ina 1 Kr CUpOBUHH, TPH |HU HA OAUH BUPIO, KT 0 3aKyIIBJI1
POBHHH A B C CUPOBUHH, KI
31 2 1 3 A 3000
32 1 4 1 3 |-
33 B 6 5 2 13320
[{ina omHOTO BHPOOY, TpH| 6B + 12 |5B + 22

Tabnuys 69
A B C A B C
1 2 1 17 11 3 3 26
2 2 2 19 12 3 4 26
3 2 3 21 13 4 1 25
4 2 4 23 14 4 1 27
5 3 1 21 15 4 2 26
6 3 1 22 16 4 2 27
7 3 2 23 17 4 3 28
8 3 2 24 18 4 3 30
9 3 2 25 19 4 4 30
10 3 3 25 20 4 4 32

BapianT 37

byna 3anmpononoBana Taka mpocTa MOJAEIb CLIBCHKOTOCIIOAAPCHKOTO BH-
poOHulTBa B JloHenpKii 061acTi A1 30BHIITHEOTO PUHKY. € TpU OCHOBHUX KY-
JBTYPH, IO POCTYTh Yy IOMY KJIIMaTi, 1 BAPOIIYBATHCS BOHU MOXKYTh Ha OJTHO-
MY 3 JIBOX THUITIB OpPHUX 3eMelb. Y Tieit 9ac st oopooku mpumatai 1 400 000 ra
semuti Tamy 111 200 000 ra 3emui tumy I1. Pi3Hi THIIN KyJIbTYp MO-Pi3HOMY pOC-
TYTh Ha PI3HHUX 3eMJIsX. [1igpaxoBaHo, 110 YUCTHH YpOXKail KyJIbTypH | Ha 3eMIi
THITY | CTAaHOBHTH Rjj (Tabu. 70).

Vi KynbTypH BUMararoTh J0/IaTKOBOTO 3poiieHHs (ipuraiiiHoro). Hass-
Ha ipuramiiiaa cucrema 3abesmeaye 5 600 000 m° Bozu B pik. JUist OXHOTO ra Ky-
NBTYpH |, BUpOIIEHOT Ha 3emii THiy J, Tpeba W M’y pik (tabu. 71).
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Tabnuys 70

| Ri

J=1 J=1l
1 6 6
2 88 5
3 4 5

Tabnuys 71

| Wi

J=1 J=1l
1 2 3
2 3 2
3 3 1

Hacenenns, 3aifHare B ciibCcbKOMY Tocnofapctsi, ctanoBuTh 700 000 vo-
noBik. [1{o6 oxepsxaru Bpoxai 1, 2, 3 3 koxkaux 10 ra 3emui, AJ1si BUKOHAHHS Pi-
3HMX pOOIT 13 BUPOLIYBaHHS KYJbTYp BIPOJIOBXK | POKy MOTPIOHO BIAMOBIIHO
2, 113 4onoBIK.

Busnaure, gki KylIbTypH, y KiH KUIBKOCTI i Ha SKUX 3€MJISIX HEOOX1JIHO
BUPOILIYBAaTH, 00 OfepkKaTH MaKCUMaJIbHUN ypoxkai? Skuil po3mip Makcuma-
JIBHOT'O BpOXKaro?

BapianT 38

CrangapToM mnepeadadeHo, 1Mo OKTaHOBE YHCIIO aBTOMOOUIBHOTO OEH3U-
Hy A-76 MOBUHHE OyTH HE HMKYUM HIK 76, a BMICT CIpKM HE OUIBLIMM HIX
0,3%. 1511 BUTOTOBJICHHS TaKOro OeH3MHY Ha JIMCMYaHChKOMY 3aBOJII BUKOPHC-
TOBYETBCSI CYMIIll YOTHPHOX KOMITOHEHTIB. JlaHi mpo pecypcu KOMIIOHEHTIB, 110
3MILIYIOTh, IXHSI COOIBApTICTh 1 IXHI OKTAaHOB1 YMCIIa, a TAaKOX JaHl MPO BMICT
CIpKHM HaBeJeH1 B Ta0IuIl 72.

[ToTpiOHO BU3HAYMUTH, CKUIBKH TOHH KOXKHOTO KOMIIOHEHTa BapTO BUKO-
puctatu s ofepkanus 1000 T aBTomo0uTbHOTO OeH3MHY A-76, m00 HOTO CO-
O1BapTicTh Oyia MiHIMAJIbHOIO.

Tabnuys 72
KoMImoHeHTH aBTOMOOLIIbHOTO OCH3UHY
XapakTepucTuka

1 2 3 4
OKTaHOBE YHCJIO 68 72 80 90
Bwicr cipku, % 0,35 0,35 0,30 0,20
Pecypcu, T 700 600 500 300
Co0biBapTicTh, JOJ./T 40 45 60 90
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BapianT 39

Ha pinsaky cniopymkyBaHoi qoporu HeooxiaHo Buse3tu 20 000 M° Kam'si-
HHX MarepiamiB. Y paiioHi OymiBHHLTBA € TpH Kap'epd i3 3amacamu 8000 M,
9000 m°, 10 000 M°. JIyist HABAHTAKEHHsI MATEpiaTiB BUKOPUCTOBYIOTHCS KCKa-
BATODH, IO MAIOTh HPOAYKTHUBHICTH 250 M y 3MiHy B Kap'epax 1 i 2 i 500 m°
y 3MiHY B Kap'epi 3.

Ili xap'epu 3a0e3MeuyrOTh KaM'sSTHUMH MaTepialaMi TaKOXX Psj 1HIIHX
CHOpYI’KyBaHUX 00'ekTiB. Ha HaBaHTa)KeHHs MaTepialiB JAJI PO3TISHYTOI AUTsI-
HKM BUIEHUHN JJIs1 €KCKaBaTOPIB 3arajibHUM JiMIT 60 MallIMHO-3MIH 13 MPaBOM
BUKOPHUCTAHHS WOTO 32 pO3CYIOM OY/1IBEIbHHKIB.

TpaHcnopTHI BUTpaTh Ha TEPEBE3CHHS MarepiajiB XapaKTepU3yIOThCs
noka3Hukamu: it nepesedeHHs 10 000 M MatepiamB 13 kap'epy 1 moTpibHO
1000 aBTOoMOO1Ie-3MiH, 3 Kap'epy 2 — 1350, 3 kap'epy 3 — 17 000 3min. [ToTpidHO
3HANTU ONTUMAaJIbHUN IJIaH TIEpEBE3€Hb, 110 3a0e3Mneuye MiHIMaIbHI TPaHCIIOP-
THI BUTPaTH.

BapianT 40

Ilex BuIycKae Tpu BUIU JeTalied, K BUTOTOBJISIOTHCS Ha JBOX BepCTa-
tax. Ha puc. 18 nokasana TeXHOJIOr14YHA CX€Ma BUTOTOBJICHHS JeTallell KOXKHOTO
BUY 3 YKa31BKOIO 4acy ii 0OpoOKu Ha BepcTarax.

3amano n000BHUI pecypc pobOYOro dacy KOKHOrO Bepcrara: B xB. s
Bepctata 1, C xB. 115 BepcraTa 2 (tabdn. 73). BapricTs ogniel aerami Buais 1, 2,
3 cranoBuTh 3, 2 i 1 rpH BignosigHO. [loTpiOHO cKiTacTu MOOOBUII MJIaH BUPOO-
HUIITBA JIETAJIEH 3 METOI0 MaKCUMIi3allli BAPTOCTI BUMYIIEHOT MPOYKIIii.

, Bepcrar 1 Bepcrart 2

= 3 XB. — 6 XxB. — Jlerans |

% — 9xs. » Jlerans 2

™ &,  Axs. —» 3 xB. — MHeransb 3

Pucynok 18
Taomuma 73
A B C A B C

1 3 600 900 11 5 870 900
2 3 960 600 12 3) 930 450
3 3 510 750 13 3 720 900
4 4 690 450 14 3 960 420
5 5 660 900 15 4 660 900
6 5 840 450 16 4 870 450
7 3 660 900 17 3) 630 270
8 3 960 510 18 3 600 750
9 4 600 900 19 4 720 900
10 3 780 450 20 4 750 360
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BapianT 41

VY mekapH1 Juisl BUIIKaHHS YOTUPHOX BUAIB XJ110a BUKOPUCTOBYETHCS 0O-
POIITHO JIBOX COPTIB, MaprapuH 1 siii. HasiBHe ycTaTkyBaHHS, BUPOOHWY1 TIIO-
11l ¥ MOCTaBKH MPOJYKTIB TaKi, 10 B 100y MOKHa mepepoOuTu He Ouibline A Kr
6opomHa copty 1, B xr 6opomna copty 2, C xr maprapuny, D mTyk senp.
VY Tabnuui 74 HaBelleHI HOPMH BUTPAT MPOJYKTIB, a TAKOXK MPUOYTOK Bij MpO-
naxy 1 kr xai6a koxHoro Buny. 3uadenus A, B, C, D 6paru y tabi. 75.

[ToTpiOHO BW3HAUUTH JOOOBHI IUIAH BHUIIYKM XJi0a, M0 MaKCHUMIi3ye
pUOYTOK.

Tabnuys 74
. Hopwmu Butpar Ha 1 kr x:116a (1mo Bugax)
HaiiMenyBaHHS POAYKTY
1 2 3 4

Bbopouno copty 1, kr 0,5 0,5 0 0
BbopomrxHo copty 2, kr 0 0 0,5 0,5
MaprapuH, Kr 0,0125 0 0 0,12
Sline, . 2 1 1 1
[TpubyToxk, Kor. 14 12 5 6

Tabnuys 75

A B C D A B C
1 250 1200 60 1380 |11 210 (180 50 1180
2 290 1200 70 1540 |12 260 (190 60 1380
3 350 |200 80 1740 |13 300 |200 70 1560
4 380 |200 90 1880 |14 330 |210 80 1720
5 290 150 50 1280 |15 370 220 90 1900
6 300 |150 60 1380 |16 220 (160 50 1160
7 310 |150 70 1480 |17 270  |210 60 1440
8 330 |150 80 1600 |18 310 190 70 1560
9 400 |150 90 1820 |19 340 |200 80 1720
10 (240 |100 50 1080 |20 390 |180 90 1820
Bapianr 42

[IpsaunbHa habpuka a1 BUpOOHHUIITBA IBOX BU[IIB MPSIKI BUKOPUCTOBYE
TPU TUIM CUPOBHHHM — YUCTY BOBHY, KalpOH 1 akpwil. Y Tabmuii 76 3a3HadeHi
HOPMH BUTPAT CUPOBHUHH 1 ii 3arajbHa KUIbKICTb, SIKy MOKHa BUKOpPHUCTATH (aod-
PHUKOIO BITPOJIOBX POKY, 1 MPUOYTOK BiJ peanizaiiii TOHHH TIPSl KOKHOTO BUIY
(3Hauenns A, B i C O6patu y Tadmn. 77).

[ToTpiOHO CKIACTH PIUHUIN TJIaH BUPOOHMIITBA TPSDKI 3 METOK MaKCHUMi-
3al1ii CyMapHOro nNpuoyTKy.
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Tabnuys 76

Hopmu Butpatu cupoBuHu ..
. KinpkicTh
Tun cupoBuHU Ha | TOHHY NpsIKi, T CHPOBUHIL, T
Bun 1 Bun 2 ’

BoBna 0,5 0,2 600
Kamnpon A 0,6 B
Axpun 0,5-A 0,2 C
[IpubyTok Bim peanizamii Opsxi, 1100 90
I'pH

Tabnuysa 77

A B C A B C

1 0,1 620 500 11 0,2 710 400

2 0,1 730 500 12 0,2 880 410

3 0,1 840 500 13 0,2 810 410

4 0,1 650 510 14 0,2 740 410

5 0,1 760 510 15 0,3 660 300

6 0,1 870 510 16 0,3 690 300

7 0,1 790 520 17 0,3 720 300

8 0,2 920 400 18 0,3 750 300

9 0,2 850 400 19 0,3 780 300

10 0,2 780 400 20 0,3 800 300

BapianT 43

[Tpumyctrmo, 110 3 IBOX CKJIAAIB PO3BO3ATH TOBAPH IO TPHOX Mara3uHax,
BapTICTh MEPEBE3CHb OJMHUII MPOYKIII 3ajaHa y BUIIAAl Tabmuii 78. T1o0y-
IyWTe TPAHCIIOPTHY 3a/a4y, Ko Ha 1-My ckiafl 30epiraetecst 100 oa. mpoay-
Kiii, Ha 2-My — 150 oguaMUIB, ¥ 1-if Marasun notpioHo goctaBut 70 OMUHUIID

nponykii, y 2-ii — 80, y 3-ti — 100 oguHUIE TPOAYKITIT BIATOBIHO.

Tabnuysa 78
Marasun 1 MarasuH 2 MarasuH 3
Ckiaz 1 10 18 15
Ckiaz 2 16 20 10
BapianT 44

dipma AMIK noBuHHA BINPABUTH JIESIKY KUIBKICTh MEPCOHATBLHUX KOM-
M'IOTEPIB 13 TPHOX CKIIAJIB y M'ATh Mara3uHiB. Ha ckmanmax € BignmosigHo 15, 25,
20 xoMI'toTEpiB, a IJIs IM'STH MaraswHiB MoTpioHO BiamoBigHo 20, 12, 5, 8 1 12
KoMM'toTepiB. BapTicTh nepeBe3eHHs 0AHOTO KoMm'toTepa (y gojiapax) 31 CKIaay

B Mara3uH HaBeJleHa B TaOmuI 79.
Sk BapTO CIyIaHyBaTH NEPEBE3EHHS 1711 MIHIMI3a1[li BAPTOCTi?
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Tabnuys 79

C Marazuau
e ®dokctpot | burrexnika ITpo Marpunst | Oct-Bect
1 1 0 3 4 2
2 5 1 2 3 3
3 4 8 1 4 3
Bapiant 45

BusHaute B3a€MO3B'S30K IMYyHKTIB IMOCTaBKM M 3aKyliBJl BaroHiB IpHU
TaKii XapaKTEepUCTHUII TPaHCTIOPTHOI Mepexki (Tab. 80):

Tabnuysa 80
. Pecypcu Baronis, Bincranp 10 myHKTIB
[TocTayalbHUKY BaroHiB
IIIT. 3aBaHTAXCHHS, KM
1-i 120 2 3 1 4
2-i 65 3 2 4 6
3-i 35 5 3 6 3
[ToTpeba y Baronax, mir. 90 70 40 20

BapianT 46

[Tpunyctumo, o B [lontai, Cymax 1 XapKoBi 3HaXOASATHCS TPU KOHCEP-
BHUX 3aBojaM. LI KoHCEpBHI 3aBOAM MOXYTh poOuTH BianosigHo 250, 500 1 750
AIIMKIB KOHCEPBIB Yy eHb. i peanizanii npoayKiii B YKpaiHi € m'saTh CKJIaJliB
ontoBoi Toprieii: y Kuesi, [Jonensky, JHImponeTpoBCchKy, 3amopixoki i Jly-
rancbky. Koxxnuit ckiag moxxe npogaru a0 300 simukiB 3a genb. daxiselp, 3a-
WHATUN pO3MOJLIOM MPOAYKIlli, XOUu€ BU3HAYUTHU UYWCIO SIIUKIB, IO MOBUHHI
OyTH JOCTaBJICHI Bii TPhOX KOHCEPBHUX 3aBOIB JIO I'SITH 30yTOBHX CKJaiB
TakK, 00 KOKHHUM CKJIaJ] MIr Ofep>KaTH CTUIbKH SAIIHUKIB, CKIILKH MOXKE IIPOJIATH
MIOJTHS, @ TPAHCTIOPTHI BUTpaTH Oyiu O MiHiMaTbHUMHA. Y Tabnwuii 81 3a3HadeHa
BapTICTh TPAHCIIOPTYBAHHS SIMKA (0. ).

Tabnuys 81
[TonraBa Cymn XapkiB
Kuis 0,90 2,50 0,60
JloHenpK 1,80 1,70 1,80
JIHIIpOTIETPOBCHK 1,50 1,80 2,50
3anopixoKs 1,00 2,00 1,40
Jlyrancbk 2,70 1,80 1,60
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Bapiant 47

Kommanis 3ammanyBana nepemimieHHs: 0araTb0X CIIy»OOBI[IB Ha HOBI I10-
caJiv BIJIMOBIHO 0 HOBOTO IITATHOrO po3kiany. Ciay>KO0BIl, SKUX CTOCY€EThCS
s pedhopma, MOXKYTh OyTH 1O KBamidikalii i JOCBIY PO3JUICHI HA T'ATh TPy
', 12,13, 14115, mo micTaTh BiamoBiaHo 2, 5, 4, 8 1 6 ciryk00BIIIB. AHaJIOri-
YHUM YUHOM KOXKHY IMOCaJy MOKHA BIJTHECTH JI0 OJHIET 3 HACTYITHUX YOTUPHOX
rpym: 1, A2, 13 1 14 — o 8, 3, 9 1 5 mocan BignoBigHO. Y Tabnwuii 82 BKa3y-
IOThCSI, SIKI TPYMH CIIY’KOOBIIIB MalOTh JOCTATHIO KBaMi(iKalliio sl TOTO, 1100
3100yTH BIJIOB1/IHI MOCA/IH.

Tabnuysa 82
['pynu
Hlocam Il 2 I3 T'4 I's
it + +
12 + +
3 + +
J14 + + + +
BapianT 48

[ToTpiOHO TpaHCTIOPTYBATH BaHTaXX OJIHOIO BHUAY, IO MepedyBae y IBOX
noctadanbHUKIB Al 1 A2, n1o Tprox cnioxkuBadiB B1, B2 1 B3. KoxHxnii 13 mocTa-
JalbHUKIB Mae feskuit 3amac ToBapiB: Al — 100 ogununp, A2 — 200 oaUHUIIS.
KoxHnii criokmBad xapakTepu3y€eThbCsl CBOIM nonuToMm Ha toBapu: Bl — 80 ogx.,
B2 — 130 oa., B3 — 90 ox.. MoxiuBi BapiaHTH TPAaHCIOPTYBaHHSA M BapTiCTh
MepEeBE3EHHSI OJMHUII BaHTaXYy (J10J1.) 3a3Ha4yeH1 B Tabui 3.

Tabnuys 83
[TocTayanpHUK Croxupa Pecypc
B1 B2 B3
Al 7 9 2 100
A2 20 15 16 200
ITorpeba 80 130 90

[ToTpiOHO BM3HAUUTH, AKY KUIBKICTh BAaHTAXy BApTO BIAIPABUTH BiJl KO-
’KHOTO TIOCTaYaIbHUKA KOKHOMY CIIO’KHMBAdY€Bi, MO0 CyMapHi TPaHCIIOPTHI BU-
TpaTu OyJIu MiHIMAJTbHUMHU.

BapianT 49

VY neBHMI IeHb MIANPUEMCTBO 3 TIEPEBE3CHHS BaHTAX1B MIOBUHHE 3a0paTh
BaHTaXl B M'sIThOX Micusx 1, 2, 3, 4, 5. [linnpueMcTBO Mae m'siTh BAHTaX1BOK Pi-
3HHMX THMIB. BapTicTh mepeBe3eHHs] OAMHUII BAaHTAXKY KOKHUM THUIIOM BaHTaXi-
BKH JI0 ITYHKTY NMPU3HAYCHHS HaBe/IeHa B Tabmuil 84.
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VY nynkrax 1, 2, 3, 4, 5 HeobxigHo 3abpatu Bianosiguo 60, 30, 100, 50, 40
TOHH BaHTaxy. KOXXHHUM 13 TUITIB BaHT)XXKIBOK MOXKE TIEPEBE3TH 3a JICHb BIJIMOBI-
nHo 40, 60, 20, 30, 20 TOHH BaHTaX<y BiAMOBIAHO. BU3HauTe po3MO/IiJl BAHTaX1B
M0 BaHTaXIBKaX, 1110 MiHIMI3Yy€ 3arajibHy BapTiCTh.

Tabnuys 84
Tun BapricTh nepeBe3eHb, rpH
BAHTAXXIBKU 1 2 3 4 3
Tun 1 30 20 40 10 20
Tun 2 30 10 30 20 30
Tun 3 40 10 10 40 10
Tun 4 20 20 40 20 30
Tun 5 30 20 10 30 40
Bapiaunt 50

Kommnanis Bononie qsoma adpukamu @1 1 D2, 110 BUTOTOBIISAIOTH €JIEK-
TPOHHE yCTaTKyBaHHsA. PaOpUKU BOPOAOBXK JEIKOr0 MEepioAy BUITYCKAOTh 16 1
12 tuc. BupoOiB BiamoBigHOo. KoMmmaHis mocravae Tppox criokuBadiB 31, 32 1 33,
noTpeOu SIKUX BIPOJOBXK OJHOTO M TOrO CaMOro IMepiofy CTaHOBIATH BiAMOBII-
HO 10, 13 1 7 TuC. BupoOiB. BapTticTh nepeBezeHs | THC. BUPOOIB CMIOKUBAYEBI 3
¢dbabpuk HaBegeHa B TabuI 85.

Cdopmymroiite 3a1auy K TPAHCIOPTHY M pO3B’SDKITH ii. SIKUM YMHOM He-
00X1THO TIEPETJISTHYTH TUTaH MEePEBE3€eHb, KO BUPOOHUY1 MOKIMBOCTI (haOpuK
@1 1 @2 3poctyTh BianosigHo 10 20 1 14 Tuc. BUpoOiB?

Tabnuys 85
Cno>xuBau
dabpuka 3 W 3
D1 5 4 6
D2 6 3 2
Bapianrt 51

Kommnanis Bonoaie 3aBogamu A, B 1 C. BignoBigHi 006csru BUPOOHUIITBA
6000, 3000 i1 3000 oguaunk. KoMnaHist 3000B's13a1acsl MOCTABIATH BiIIIOBIIHO
1500, 2500, 2700 1 3300 onunuis y micta I'1, I'2, '3, T'4. I1pu 3aganux BapToc-
TSAX NiepeBe3eHb (Tabi1.. 86) CKIaAITh ONTUMAJbHI IJIaHU EPEBE3EHb.

Tabnuys 86
. BapricTh TpaHCTIOpTYBaHHS, T'PH
Micto A B C
I'l 1 9 6
2 4 2 1
I'3 1 2 7
I'4 9 8 3
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BapianT 52

®dipma 3anponoHyBasia BIACHUKaM TPbOX aBlajiHId NEpeBO3UTH OpUraau
¢daxiBIliB y pi3HI YaCTUHU CBITy. BapTicTe mepeBe3eHb y THC. TPH HaBeACHA
B Tabnwuii 7.

AnMiHicTpariis ¢ipMy BUPIIIAIA, 110 1HAUBIAYadbHI KOHTPAKTH Ha Tepe-
Be3eHHsA OyAyTh yKiamaTucs 3 BiacHukamu iHIA KwuiB, XapkiB, JloHembk
y criBBigHOMIEHH] 2:3:2, 1 MOBIAOMUIIA MPO 1€ KEPYHYOro TPAHCTIOPTHUMHU T1e-
PEBE3EHHIMHU, a TAKOX CIOBICTHIIA HOro mpo Te, 110 3 70 HaMIYeHUX Ha HACTYII-
Hul pik nepeezeHb 10 — 10 OAD, 15 — na Kinp, 20 — vHa Mansty, 10 — 10 Ty-
peuunHu U 15 — no €runty.

Sk oMy BapTO pO3NOAUIMTH 1HAMBIAYaJbHI KOHTPAKTH Ha MEpPEBE3CHHS
JUISL MIHIMI3allli 3arajlbHOi BapTOCTI 32 YMOBH 3aJI0BOJICHHS 3alUTIB aAMIHICT-
pauii pipmu? Slka miHIMagbHa BapTICTh MEPEBE3EHb, 110 3aI0BOJILHSIOTH HaBe-
JICHUM BUIIE OOMEXEHHIM?

Tabnuys 87
ABianiHis OAE Kinp Manera | Typewumna | €runer
Kwuis-ABgia 24 16 8 10 14
XapkiB-ABia 21 15 7 12 16
JloHenpk-ABia 23 14 7 14 20
Bapianr 53

VYpsigoBuii 3akiian oxepkaB Taki mpomoswiii Big dipm D1, @2 1 O3
Ha KymiBIo GipMoBHX NanbTo TproX po3MmipiB X, XL, XXL (tadm. 88).

[ToBuHHI OyTH yKIaneH! KOHTpakTy Ha npojax 1000 mamnbsTo po3mipy L,
1500 manero posmipy XL, 1200 manbro po3mipy XX, oqHaK OOMEKEHICTh BU-
POOHMYMX MOTYXHOCTEH (pipM MPUBOIUTH JIO TOTO, IO 3arajbHa KIIBKICTH 3a-
MOBJIEHb He Moxe nepeBepiryBatu 1000 manbro mis pipmu @1, 1500 mansTo
st pipmu D2 1 2500 manbro s pipmu D3. HeoOxigHo, 1100 111 KOHTPAKTH
Oynu yKiaZeH1 3 MIHIMI3aIll€0 3arajbHOi BAPTOCTI, OJJHAK OOMEKEHHS TTOBHHHI
OyTH po3mojiiieH1 Mo pipmax sk MOKHA cIipaBe/jIuBiiIe. Sk BapTO pO3NOAUIUTH
3aMOBJICHHS JIJIs1 BUKOHAHHS [IMX BUMOT?

Tabnuys 88
Dipya BapricTs oiHOr0 nanbTO, 101.
L XL XXL
D1 110 115 126
D2 107 115 130
D3 104 109 116
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BapianTt 54

CraneriaBwibHa KoMITaHis Mae Tpu 3aBoau (M1, M2 i M3), 3naTHi BUpO-
OuTH 3a AesSKUi MPoMDKOK Yacy BiamoBigHo 50, 30 1 20 tuc. TouH ctami. CBor
MPOAYKLII0 KOMIIaHIS MOCTaBisie YoTHphoM criokuBavyam 31, 32, 33 1 34, not-
pedu SIKUX CTaHOBJATH BifamoBimHO 12, 15, 25 1 36 Thc. TOHH crami. BapricTh
BUPOOHUIITBA ¥ TPAHCIIOPTYBAHHS 1 THC. TOHHU CTajl 3 PI3HUX 3aBOJIB PI3HUM
CIIO’KMBaYaM HaBe/eHa B Tabmuili 89.

Busnaute MiHIManbHI 3arajibHy BapTiCTh, OOCSATH BUPOOHMIITBA HA KOXK-
HOMY 3aBO/I1 i IJIJAHU NIEPEBE3EHb.

Tabnuysa 89
3aBon

CrioxxnBayu M M2 M3
31 15 19 14
32 19 18 16
33 19 18 20
34 15 19 18

BapianT 55

Yotupu cranenuBapaux 3aBoau (1, 2, 3 1 4) BUPOOISIFOT IIOTYIKHS BiJi-
noBigHo 950, 300, 1350 1 450 ToHH ctani meBHOro copTy. CtaneBi OOJBaHKH
MoBUHHI OyTH nepenani cnoxkuBauam I11, I12, T13, 114 1 T15, moTuxkHeB1 3anutu
SKMX CTaHOBJIATH BiamoBigHo 250, 1000, 700, 650 1450 ToHH cTani.

BapricTe TpaHcnopTyBaHHS BiJ 3aBOJIB JIO0 CIIOKMBAYiB HaBeJI€HA B Ta0-
matti 90.

SAxuii NOTp1IOGHO CKIIACTU TUIAH PO3MOJLTY CTajJeBUX OOJIBAHOK, 1100 MiHi-
MI3yBaTHU 3arajibHy BapTiCTh?

Tabnuys 90
3aBo CnoxxuBau
AT 2 I3 T4 115
1 12 16 21 19 32
2 4 4 9 5 24
3 3 8 14 10 26
4 24 33 36 34 49
Bapiant 56

VY neskiit MiciieBOCTI y ABOX MyHKTaX A 1 B € morpeba B 1ogaTkoBomMy
TpaHCHOPTL. Y MyHKTI A MOTPiOHO 5 JOJATKOBHUX aBTOOYCIB, a B MyHKTI B — 7.
Bimgomo, 110 3, 4 1 5 aBT00YyCIB MOXKYTh OyTH oTpuMaHi 3 rapaxis ', I'2 1173.

Sk BapTO PO3MOAUIUTH IIi aBTOOYCH M1k NMyHKTamMH A 1 B, mo0 mMiHIMI3y-
BaTH iXHI cymapHuii mpooir? BifcTani Bix rapaxis 1o MyHKTIB A 1 B HaBeneHi
B Ta0ymm 91.
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Tabnuys 91

BiacTtanb 10 MyHKTIB, KM
lapax A B
I'l 3 4
2 1 3
I'3 4 2
Bapiant 57

3aBonu ¢ipmu posramoBaHi B mictax ['l 1 ['2. BoHu noctaBisitoTe ToBapu
Ha ckaaau mict 31, 32 1 33. BigcTani Misk UMK MicTaMU HaBeJieH1 B Ta0auIi 92.

3aBox y micti I'l Bumyckae 3a pik 600 T ToBapiB, y micti I'2 — 500 T.
Cknag 31 ymimae 400 1, 32 — 600 1, 33 — 300 T. SIx BapTO TpaHCHIOPTYBATH TO-
BapH JIJIs1 MiHIMI3aIlii 1IH Ha TIEpeBe3CHHS?

Ha noposi I'l-I'2 BenyThest poOOTH, 110 MOJBOIOIOTH BAPTICTh MEPEBE3EHD
1o Hid. Ik Ou BU MeperisHyIu MIaH NepeBe3eHb ?

Tabnuys 92
31 32 33
I'l 40 110 190
2 170 100 150
BapianT 58

B o6nacTi € nBa EeMEHTHUX 3aBOJM U TpU JOMOOYAIBHMX KOMOIHATH —
CIIOKMBaYi IXHOI mpoaykiii. Y Ttabnwmii 93 3a3HaueHi 71000Bi 00CATH BUPOOHHMII-
TBa LIEMEHTY, 000B1 MOTpeOM B HhOMY KOMOIHATIB 1 BApTICTh NEpeBe3eHHs | T
LEMEHTY BiJ KOKHOI'0 3aBO/lY 10 KOKHOIO KOMOiHaTYy.

[ToTpiOHO ckiacTu iaH 10OOBUX MEPEBE3CHb IIEMEHTY 3 METOI0 MiHIMI-
3a1lii TPaHCIIOPTHUX BUTpAT.

Taomumg 93
3aBom BupoOuunreo nemenry | Bapticth nepeBe3enHs | T meMeHry, J107.
A (T/mo6a) Komb6inar 1 | Kom6inar 2 | KomOinar 3
1 40 10 15 20
2 60 20 30 30
ITorpeba B 11eMeHTi, T/100y 50 20 30
BapianT 59

VY MicTi A HaMIY€HO MPOBECTU MICHKY OJIMITIAAY 3 MAaT€MaTHKU CEpell
IIKOJIIPIB, IPUYOMY OKPEMO 3a ciMOMa po3figamu. J[s I[bOro KOKHa IIKOJIa
NOBUHHA MPEACTABUTH HA ONIMMIaAy MO 7 LIKOJAPIB JUIsl y4acTi IO OZHOMY
B KOYKHOMY PO3LIL.
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Koxxna mikona BU3Haumia mo 7 MmWKOJSApiB y KomaHay. [Ipuyomy Bigomo,
10 KOXKHUH 13 CEMHU YYHIB MOKE 32 BIAMYIICHUI Yac pOo3B’s13aTH MPABUIBHO Tie-
BHY KUIBKICTh 3a/1a4 (Tadm.. 94).

Busnaute, XT0 i y SIKOMY pO31Ii OJIIMITIa/ i IOBUHEH OpaTH y4acTb.

Tabnuys 94
KinbKicTh mpaBUIbHO PO3B’A3aHUX 3324 110 KOXKHOMY
Howmep 13 CEMH PO3UTIB
y4acHUKA Homep pozainy
1 2 3 4 9) 6 7
1 11 15 20 16 13 26 11
2 12 13 22 14 16 29 13
3 14 16 24 22 22 32 16
4 14 12 20 19 20 31 15
9) 16 13 22 20 23 34 17
6 13 15 18 14 26 29 18
/ 12 11 16 17 17 24 10
Bapiaunt 60

[T'sTh criiBpoOITHUKIB 13 HOMepamH 1, 2, 3, 4, 5 31aTHI BUKOHATH IT'SITh 3a-
BJIaHb 13 HoMepamu 31, 32, 33, 34, 35. Yepes pi3Hy KBali(iKalio Ha BUKOHAHHS
X 3aBJaHb iM Oyae MOTpIOHWN pi3HMIA yac. SIK BapTO PO3MOIUIHTH JIIOICH
0 3aBJAHHSX, 11100 MIHIMI3yBaTH yac BUKOHaHHA? Yac BUKOHaHHS (y TOJMHAX)
HaBeZeHM y Tabmmi 95.

Tabnuys 95
. . 3aBaaHHsA

CniBpoOITHUKH 31 30 33 34 35
1 10 5 9 18 11
2 13 19 6 12 14
3 3 2 4 4 5
4 18 9 12 17 15
5 11 6 14 19 10

Bapianr 61

Ha HoBOpiuHOMY Beuopl OyJe NMpOBENECHUN KOHKYPC Cepell TaHLIOBalb-
HUX map. /[eB'ssTh FOHAKIB 1 JAEB'ATH AIBUAT JaBHO 3HAWOMI OJIUH 3 OJHHM 1 3Ha-
I0Tb, XTO 3 KHM 1 SK TaHIoe. SKICTb BHUKOHAHHS TaHIB MapaMu
1o I’ ATUOANBHIN CHCTEMI B PI3HMX MOEIHAHHAX NMapTHEPIB OL[IHIOETHCA TaK, K
1€ IOKa3aHo B Tadiaurl 96.

Sk noTpiOHO CKJIACTH TAHIIOBAIBHI MapH, 00 y CyMl HAOpaTH HANO1Ib-
1y KUTbKICTh OaitiB?
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Tabnuys 96
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17 MIUTAHHA AJ CAMOKOHTPOJIIO

1 [JaiiTe BU3BHAUECHHS TAKUM TEpMiHaAM:

- MaTEeMaTHYHE MTPOTrPaMyBaHHS;

- IIHIAHE Ta KBaJApaTUYHE NPOrpaMyBaHHs;

- IJIbOBA QYHKIIIS;

- cucTeMa OOMEXKEHb;

- IJIaH 3a7a4i;

- MaTeMaTUYHa MOJIETIb;

- IPUITYCTUME PO3B’SA3aHHS 1 ONTUMAIBHUM IJIaH 3a/1a4l.

2 Sk 3amucaTH 3a/a4y JiHIHOTO MPOrpaMyBaHHs B MaTpUUHIN Gopmi.

3 Sk obpatu MeTon po3B’si3aHHs (HOopMai30BaHOI 3a/1aui.

4 Sk 3HaiiTH 32 rpadikoM ONTUMaJIbHE 3HAYE€HHS LJIbOBOI (DYHKIIII.

5 Tumm 3amay JIII: crangapTHa, KaHOHIYHA, 3aTaJJbHOTO BHTY.

6 Sk oxeprkaTu JBOICTY 3a/1a4y.

7 Sk BU3HAYUTH THUIl TPAHCIIOPTHOI 3a/1a4i.

8 ki nBa TUIIK 3a/1a4 MiKrajay3eBoro 6anancy Bu 3Haere.

9 I1OHATTS HENIHIHHOrO MPOrpPaMyBaHHS.

10 [TonsTTS 6GaraToKpuTEpiaIbHUX 33/1a4 B €KOHOMIIT.

11 AnroputM moOyayBaHHS ABOICTOI 3aj7adi J0 3aja4li KaHOHIYHOI'O
BU]TY.

12 I'moGanbHUI E€KCTpEeMYM, YMOBHUH €KCTpEeMyM, HalOuIbllie W Haii-
MeEHIIe 3HayeHHs (PyHKIIIT B 00JIacTI.

13 Anroput™M moOynyBaHHS ABOICTOI 3ajaadi A0 3a7ayl 3arajibHOrO
BU]TY.

14 Anroput™M 3HaXOMKEHHS HAWOIIBIIOrO 3HAaYeHHsI (DYHKIII B AesKid
obyacTi (HemiHIMHEe IporpaMyBaHHS ).

15 Anroput™m moOyayBaHHS ABOICTOI 3aj1adl 0 3ajJayl CTaHAAPTHOT O
BUTY.
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18 NPUKJAJHU 3ABJAHb 3 KOHTPOJbHOI POBOTH

BapianT 1

1 [TobynyBatu aBoicty 3amauy go 3anadgi JIIT.

Z =2X%, +6X, —X; = min
X, +4x, <4

X, —9X, +6X; =5

X, +5X%, 29

X, 20

X, 20

2 Ipu po3B’si3aHHI MpsAMOi U ABOICTOI 3amad onepxkanm Fmax = Gmin.
1o MokHa cka3aTH Mpo JaHuil po3B’s30Kk. Ha mincrasi skoi TeopemMu?

BapianT 2

1 [To6ynyBaTu ABoicTy 3amauy mno 3axadi JIII.

Z=X +X,—4X, — max
X, + X3 +5X, <8

X, = 3X,

3X, —2X;, —3X, 26

X, =0

X, 20

X, 20

2 Ilicns po3B’s3aHHS ABOICTOI 3a/layul OAEpKaJld Taki OLIHKU PECypCiB:
y1 =0, Yo =2, y; = 3. [llo MoxHa cka3aTu Ipo pecypcu mpsmoi 3anadi. Ha mimgc-
TaBl sIKOi TeopeMu’?
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BapianT 3

1 TloOynyBaTu aBoicTy 3amady mo 3agadi JIII.

Z =3X%, + 95X, —6X; — max
X, +X, +X, =6

3X; —4X, +5X; <17

A%, + X, + Xy + X, 212

X, 20

X, =20

2 Ilicnst po3B’si3aHHS IBOICTOT 3a/1a4i oJiep Kayid Taki OOMEKeHHs: 2 = 2,
3>2,45=4.5. lllo moxxHa cKa3aTH PO IUIaH MPAMOi 3aaadi (K1 TEXHOIOTii
BurinHi)? Ha miacTasi sikoi Teopemu?

BapianTt 4
1 [lobynyBaTtu nBoicty 3anauy go 3anadgi JIIT.

Z=X,+2X,+3X, = min
2%, + X, =9

X, +3X, —4X, =3

X, —X, + X3 £3

X, =0

X, 20

2 Ilicns po3p’s3aHHs OpsAMOi KW JBOICTOI  3a7ad  OfeprKajiu
Fmax =50, y; = 2, Yy, = 1. Ilepmmii pecypc 30UIbIIMIN HA 3 OAUHUII W 3HAUIILIN
HOBUH pO3B’5130K. YoMy JTOPIBHIOE HOBE 3HAYCHHS ITUTHOBOI (QYHKITIT? BiamoBiap
TIOSICHUTH.
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BapianTt 5

1 TloOynyBaTu aBoicTy 3amauy mo 3agadi JIII.

Z=2%+3X,+X; —>min

X, +2X, +4X; 212
2%, — X, <10

— X +3X, +5%; =1
X =0

Xs 20

2 Ilicns po3B’si3aHHS OPsIMO1 337yl OJiepKalu Taki 3HAYEHHS: X; = 5,
X, =0, X3 = 3. Illo MokHa cKa3aTH MPO BUKOHAHHS 0OMEKEHb ABOICTOI 3a1a4i?

Ha mincraBi sxoi Teopemu?

BapiaHnT 6

1 [TobynyBatu aBoicty 3axauy go 3anadgi JIIT.

Z=X,+X; +X, — max

X, +4X, =X, +X, <8
3X, +9X, =7

2%, +4X, = X; +X, =8
X; 20

X, =20

2 Ilicns po3B’s3aHHS IPSAMOI 33714l OJiepKai Taki oOMexeHHs: 25 = 25,
43 <45, 55=55. Illo ™MoxHaA CcKa3aTd TMPO [BOICTI OI[IHKA pPeCcypciB?

Ha migcrasi sixoi Teopemu?
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TOJATOK A
MAKET MAPLE

1 lexoTpi nani npo podoty B naketi Maple

[TakeT € KOMaHIHUM MAKETOM, TOMY IO MPALIOE 3 KOMaHJIaMu (OMepaTo-
pammu), siki Tpeba HaOupaTH Ha KiaBiaTypi. BUKOHyeThCS onepaTtop micisi HaTh-
CKyBaHHs Ha kiaBimy Enter. ITpono3uiiiero [ BBEACHHS oniepaTopa € 3Hak [>.
Komanay po3auisioTbCsi CUMBOJIAMU «:» a00 «;». SIKIO KOMaHJla 3aKIHUYEThCS
CHMBOJIOM <:», TO PE3yJbTaT 1l BUKOHAHHS HAa €KpPaH HE BUBOAUTHCS. SKIIO
KOMaH/a 3aKIHYYETHCS CUMBOJIOM <;», TO PE3YyJbTaT ii BUKOHAHHS BUBOJIUTHCS
Ha €KpaH.

Aberka Maple micTuth OyKBU JaTHMHCHKOI a0CTKH Bif a 70 Z i Bix A 10 Z,
udpu Bix 0 1o 9 1 32 crienianbHUX 3HAKK. Jl0 crieianbHUX 3HAKIB BiTHOCATHCS:

+, -, *, | — 3naku apudMeTHUHMX omeparliii;

A — 3BejieHHs B CTYIIHB i T. iH.

Im'st 3MIHHOI MOe OyTH OYyIb-SKOIO MMOCIIIOBHICTIO OYKB, HU(p 1 3HAKIB
MIJKPECICHHS, M0 TOYMHAETHCA 3 OykBH. ByKBUM BEpXHHOTO W HHUKHBOTO
PEricTpiB PI3HATHCA B IMEHAX 3MIHHUX: X 1 X — II€ pI3H1 3MIHHI.

AnreOpaiyHi BUpa3u 3aMuCYIOThCS, HATIPUKIIA, TaK:

2 3
a“| 2+ — |=a2*(2+3/sqgrt(b)).
N ( qrt (b))

2 Komanam «=» i «:=». Bigmina npucBooBaHHs

KoMaHga «:=» nNpHUCBOIOE 3HAYEHHS 3MIHHUM, BHpa3W (PYHKI[ISIM 1 T. 1H.
Komanzaa «=» npocTo BUKOPUCTOBY€ETHCS B PIBHSIHHSIX.

Onepamop npuceoroéants Ma€e BUTJIA iM sl 3MIHHOI := BHUpa3s; .

CucreMma 30epirae B maM'ati pe3yJbTaTH BCIX KOMaH][ YCIX 3aBaHTaXEHUX
JTOKyMeHTIB. Tomy pe3ylbTaTh OOYHUCIEHb Yy MOTOYHOMY JOKYMEHTI MOXYTb
BUSIBUTHCS 3aJI©KHUMH BiJl BU3HAYEHB, 3pO0JICHUX B 1HIIUX JOKYMEHTaX.

Jlnst ckacyBaHHSI omepailii MPUCBOIOBAHHS MOKHA CKOPHUCTATUCS OIHUM
13 HACTYITHUX CMOCOOI1B:

1) skmo HeoOXiJHO CKacyBaTH NMPUCBOIOBAHHS 3HAYEHb JJIS BCIX 3MiH-
HUX, MO’KHa BUKOPUCTOBYBaTH koMmaHay restart. 1ls komanna ckacoBye Bci Mo-
Mepe/IHl BU3HAUYEHHS, CKACOBY€E 3aJICKHICTh 3HAYEHb 3MIHHHMX BIJl PE3yJbTaTIB
pOOOTH IHIIMX JOKYMEHTIB. [i BApTO 3aCTOCOBYBATH, KOIM MONEPENHs YaCTHHA
KOMaHJ| JOKYMEHTa HE € BaXJIMBOI. TOMy I[l0 KOMaHAYy PEKOMEHAY€EThCS CTa-
BUTH NEPILIOIO;

2) s CKacyBaHHS TMPUCBOIOBAHHS KOHKPETHOI 3MIHHOT MOYKHA CKOPHC-
TaTHUCS OMEPATOPOM BUTJISY iM sl 3MIHHOI:=" iM’d 3MiHHOI ;.
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Ilpuknao

> x:=atbh; y:=x"2;

X:=a+b
y=(a+h)?
> x:="'X":
>XY;
X
(a+ b)2

3 ®yHkuia kopucryBaya. Q0uncieHHs: 3HaYeHb PyHKUIT

OyHKITISI KOPUCTYBaya 3a1a€THCS ONepaTopoM Im'ss ¢hyuryii: =eupasicenmns ;
Ilpuknao

> yi=x"2,;

y =X

[Ilo6 obuncauTh 3Ha4YeHHS (DYHKINT Mpu ASIKOMY 3HAYEHHI apryMeEHTY,
HEOOX1THO apryMEHTORI IIPUBJIACHUTHU 3HAYCHHS 1 BKa3aTH iM'ss PyHKITIT:

> X:=Pi;y;
X:=7
2

T

SAxmo Maple 3anucaB pe3yabTaT B aHAIITUHYHOMY BU/I1, TO JAJI YACETbHO-
ro TpEACTaBIeHHS TOTPiOHO BHKOpHcTOoBYBaTH omeparop evalf(y,k); ne
Yy — BupakeHHs , K — KiibKicTh 3HauyIux udp:

> evalf(y);

9.869604404
> evalf(y,4);

9.872

4 TloOynoBa rpadika pyHkuii

OcHoBHa (YHKIIISI CUCTEMH, TpH3HAYEHA I MOOYIOBU JBOBUMIPHUX
rpadikiB, Mae Buris plot(y, x=a..b, option) .

Tyr y=f(X) — ¢yskmis, x =a.b — nmiamazon 3miH 1Mo ropu3oHTam,
option — 101aTKOB1 (hYHKITII.
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[I{o6 moOynyBaTu Ha OAHOMY PUCYHKY Tpadikul IEKUTbKOX (PYHKIIIH, He-
00X1HO TepeiyuTH NoTpiOH1 PyHKINT a00 IXHI IMEHa, YKIIABIIU TXHIO TIOCT10-
BHICTh y KBaJIpaTHI IY’)KKU. Y Cl BUKOPUCTOBYBaHI (PyHKIIIi TOBUHHI 3aJ€KaTh
BiJl apTyMEHTY, TO3HAYEHOT0 OJJTHAKOBUM 1M'sIM.

3a ymoBYaHHSAM rpadiku 300paxyrOThCS KOJIbOPOBUMU JIIHISIMU: YEPBO-
Huii (red), senenunii (green), sxostuii (yellow), cuniit (blue) i t. 1. Ane npu po-
3APYKIBI[l PUCYHKAa B YOPHO-01710MYy BapiaHTi Tpadikv CTalOTh HE MOMITHHUMH.
ToMy, nJss HAOUHOCTI, Pi3HI KPUBI 300paKyIOTh PI3HUMH CIIOCOOAMHU, MPHU IHO-
My KOJIip yKa3yroTbh dyopHuii (Color = black).

1 JliHii pi3HOI TOBIIMHM 3aAaroThesi mapamerpoMm thickness. TosmimHa
JiHIT MOXke nopiBHIOBATH | (32 yMOBYaHHSM), 2 abo 3:

> yli=x: y2:=x"2: y3:=x"3:
> plot([y1,y2,y3],x=-1..1, thickness=[1,2,3],color=black);

Pe3ynpTaT — Ha pucyHky A.1.

-14

Pucynox A.1

2 Jlinis 3amaeTbes Toukamu — Style = point. [Ipu oMy MOXkHa 331aBaTH
BUIJISAJ CUMBOJIIB, 110 300paXKytoTh TOYKH Trpacdika — Symbol =s. Moxe HaOy-
BaTM OJHOrO 3 TakKWX 3Ha4eHb: DOX — KBaapaTWku, Cr0OSS — XPECTHUKH
(3a yMoBuaHHsIM), circle — kpyxeuku, point — Touku i diamond — poMOuUKH.

>plot([yl,y2,y3], x=-1..1, style=point, symbol=[cross,circle,diamond],
color=black);

Pe3ynbraTr — Ha pucyHKy A.2.
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Pucynok A.2
3 JlomyckaeTbcsi KOMOIHAIliSl CTUJIIB JITHIT:

>plot([yl,y2,y3], x=-1..1, style=[point,point,line],
symbol=[cross,circle], thickness=[1,1,2], color=black);

Pe3ynbTaT — Ha prcyHKy A.3.

-1

Pucynox A.3

Omnuii thickness, color, style, symbol komanau plot MoXyTh poO3TaIIOBY-
BaTHUCS B JIOBLILHOMY TIOPSI/IKY.
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5 Teker Ha rpagiky

1 3arosoBok 3agacThbed ormiicko title = 'reker'.

2 Komanna textplot([t_x, t y, psagok], onuii), o Bxoauts y naker plots,
J1a€ MOKJIMBICTH MOMIIIATH TEKCT Ha rpadiky B 3amadiil Toumi. Tyt t X, t Y, —
KOOPJMHATH TOYKH, TIOYMHAIOYH 3 SIKOi PO3MIIIAETHCS PSIJIOK.

Sx onrii MOXKHA BKa3aTH:

Font = [ma3zBa _mpudTy, CTUIB, pO3Mip].
Ha3Ba_mpudTy: times, courier, helvetica, symbol;
cTWIb: roman, bold, italic, bolditalic;

po3Mip: po3Mip mpudry;
align = v — po3MillleHHa TEKCTy Ha PUCYHKY. Bennunna VvV HaOyBae 3Ha-
yenns below (amwkue), right (npaBopy4), above (sume), left (miBopyu) .

Ilpuknaou onuii.

align = below a6o align = {above, right}, font = [times, italic,12].

6 Cnosrydyenns rpagikis i HanuciB

Komanpa display([pic_1, pic_2, ...]) noegnye rpadiku.

Komanna BuBonuth pic_1, pic_2, ... Ha OIHOMY PUCYHKY B 3araJIbHUX KO-
opavHartax. [[ms 3acTocyBaHHS I1i€1 KOMaHAW MOTPIOHO MPUBIACHUTH 3MIHHUM
pic_1, pic_2, ... aii rpadiuHuX KOMaH/I.

Ilpuknao
Opnepxatu rpadiku QyHKIIIH:

F1(x) = sin(x)-1 1 F2(x) = 1+c0s(X).
3pobutu Hanuc Ha pucyHkax: Fil(x) u F2(x).

> with(plots):

> tl:=textplot{[2,2, F1(X)'], [2,-2, "F2(X) T, font=[TIMES, BOLDITALIC, 12]):
> f1:= 1+cos(x): f2:= sin(x)-1:

> pic:=plot({f1,f2},x=-7..7, y=-3..3, title=" f1(x)=1+cos(x),
f2(x)=sin(x)-1", color=black):

> display([t1,pic));

Pe3ynbraTr — Ha pUCyHKY A.4.
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flx=1+cos(x), f20=sinix -1
3_

FIiX)

Pucynok A.4

7 Tlo6ynoBa rpagivHoro po3B’i3Ky cHCTeMH HepPiBHOCTEMH

Tpeba po3B’si3atu rpadivHO CUCTEMY HEPIBHOCTEH

X1 +3Xo = 6,
7% +10xo <70,
4x1 —5Xy 2 -20,
X1 =0,
X2 2 0.

Komanna ouyniiienss mam'sri:

> restart:

BBoaumo HEpiBHOCTI:

> gl:=x1+3*x2>=6; g2:=7*x1+10*x2<=70; g3:=4*x1-5*x2>=-20;
gl =6<x1+3x2

02 =7x1+10x2<70
g3 :=-20<4x1-5x2

Komanau miakmtodeHds 610,1i0TeK po3upeHoi rpadikm:

> with(plots):
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Komanna noOynoBu o61acti po3B’sI3KiB:

>inequal({g1,92,93, x1>=0, x2>=0}, x1=0..10, x2=0..10,
optionsexcluded=(color=white ));

Pe3ynbraTr — Ha pUCYHKY A.5.

10

0 2 4 6 8 10
Pucynox 4.5

Ipumimxa. [{ns BipHOro macimrady tpeda BUAUIMTH rpadik Ta HATUCHYTH
kHonky [1:1 Ha maneni iHcTpymeHTIB Maple.

8 Po3B’si3aHHs PiBHSIHb, HEPIBHOCTEH i cucTeM piBHSIHD i HepiBHOCTEH

Jl1st po3B’si3aHHS PIBHSIHB, HEPIBHOCTEH 1 IXHIX CUCTEM B aHATITUIHOMY
BUTJISAI BUKOPHUCTOBYEThCA (yHKIs SOlve(eqn, var).

Tyt eqn — piBHSHHSA, HEPIBHICTh 200 cucTeMa, Var — iMeHa HEBiTOMHUX
3MIHHHUX, 3HAYEHHS SIKUX HEOOX1QHO 3HAWUTHU.

ko cuctema He 3MOTJIa 3HAUTH PO3B 30K, TO MIPOCTO BUIAETHCS TIPO-
IMO3UIIIS BBEAECHHS.

Sxmio piBHHHS B SOlve ykianeHo y (irypHi TyKKH, TO pe3ysbratr Oyje
MIPEICTABICHUN TEX y JyKKaX .

Jlns po3B’si3aHHS CUCTEMU PIBHSHB IIOJO0 JEAKOI KIIbKOCTI HEBIIOMHUX
i cucTeMa 1 HEB1JJOM1 MOBUHH1 OYTH 3amucaHi y QIrypHUX TYKKaX .

> s:=solve({a*x-y=sqrt(3), 5*x+a*y=1}, {x, y});
si={y=- 24543 x-S0

a?+5 ' a?+5
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JIyist 9MCeNnbHOT0 PO3B’sI3aHHS CUCTEM PIBHSIHB, KOJIM HE BIAETHCS 3HAUTH
aHAJITUYHE PO3B’A3aHHS a00 3 THIIUX MPUYKH, MOXKHA BUKOPUCTOBYBATU (PyHK-
wiro Bursany fsolve(eqns, vars).

Jlia momryky po3B’si3KiB B HAOJMKEHHI SIKOi-HEOYAb KOHKPETHOI TOYKHU
HEOOX1THO 3a7]aBaTH 1HTEPBAJ MOIIYKY, 10 BKJIIOYAE B CEOE 1[I0 TOUKY:

>t=sin(x+y)-exp(X)*y=0:9:=x"2-y=2:
>fsolve({f,g}.{x,y},{x=-1..1y=-2..0});
{y = -1.552838698, x = -.6687012050}

9 3naxoakeHHs1 MAKCUMYMY (MiHiMyMY) JiHiliHoT GpyHKIiT

Po3B’A3aHHs 33724 JIHIITHOTO MporpaMyBaHHsI BUKOHYEThCS 010J110TEKOI0
nporpam «simplex». [ligkmtodaerbed g 010110Teka komanaorw with(simplex):.
Makcumym ab0 MiHIMYM ITUTHOBOT (PYHKITIT IITYKAIOTHCS KOMaH/IaMH:

maximize(f, sog 101aTKOBI YMOBH);
minimize(f, sog nonaTkoBi yMOBH);

Tyt f — ninpoBa GyHKIis;
S0g — cuctemMa 0OMEXKEHb;

A0JATKOBi YMOBH BU3HAYAIOTHCS 3HAKAMH 3MIHHUX.
Hexaii, Hanpukmaa, miiboBa (yHKINS 3aJIEKUTHh BiJ TPhOX 3MIHHHUX X1,

x2, x3. Skmo Bci Tpu 3MiHHI HeBix'emHi (x1 > 0, X2 > 0, X3 > 0), Toai komaHaa
Ha TMOITYK MaKCUMYMY JA€ThCS TaK:

maximize(f, sog, NONNEGATIVE);

Axmo HeBig'eMHl TUTbKHM ABI 3MiHHI (x1 >0, X3 >0), a x2 Moxe OyTu
JIOBUILHOT'O 3HaKa, TO KOMaH/ia Ha MOIIYK MaKCUMyMY JIa€ThCS TaK:

maximize(f, sog union {x1>=0, x3>=0});

Sxmo Bci TpU 3MIHHI MOXYTh OYTH JOBUIBHOTO 3HakKa, TO KOMaHJa
Ha NOLIYK MAaKCUMYMY JA€EThCS TaK:

maximize(f, sog);

s nowyky MiHiMymy KOMAHOA € AHANO2IYHOIO 3 CIMPYKMYPOIO.
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10 3naxomkeHHs ekcTpeMyMiB QyHKIil y nakeri Maple

[lepen 3BepHEHHSIM 10 PYHKIIIT OOUHCICHHS €KCTPEMYMIB, HEOOX1HO 3a-
rpy3utu 6i0mioTexy komanaoro readlib(extrema).

s momyky ekcTpeMyMiB y makeTi Maple BUKOPUCTOBYEThCA (DYHKIIIS
BUTIISTY

extrema(dynxiis, oOMexeHHs, 3MiHHa, 'S').

Pesynbrar — 3HavyeHHs QyHKIIT B Toull ekcTpemymy. [l[o6 BuzHaumTH
KOOpPJMHATU TOYKH EKCTPEMYMY, TpeOa BKa3aTh napamerp 's'.

OO00B’A3K0BUIA TTapaMeTp @yHKYis TOBUHEH OYyTH alreOpaidyHuM BUPA30OM.

OOMeXeHHsI MOXKYTh OyTH BUpa3aMH, HEPIBHOCTSIMH, PIBHAHHIMU. K110
OOMEXEHHS 3aJ]JaHO BUPA30M, TO 1€l BHpa3 JOPIBHIOE HYIIO. KO OOMEeXEeHHs
BIJICYTHI, TO IIeH MapaMeTp 33a€ThCs y BUTIISL TycTol MHOXKHHM { }.

[TapameTp 3miHHa TIOBUHEH MICTUTH IMEHA 3MIHHHMX, BIIHOCHO SIKMX IIY-
KaeTbcsa eKkcTpeMyM. LM iMmeHaMm He Moke OyTH MPUCBOEHO HISSKMX 3HAUYEHb.

SIKIIO BUKOPUCTOBYETHCS mapaMeTp S (4u sikach iHIIa OykBa), TO iMeHa
3MIHHUX TTOBUHHI OyTH yKa3aHi sIBHO. Y IIbOMY BUMAJKY PE3YJIbTaT — MHOKHHA
TOYOK EKCTpEMyMY — OyJie IPUCBOEHO BKa3aHii 3MIHHIM S.

Ipuxnaou:

> readlib(extrema):
> extrema(x™2-1, {}, X);

1 3naiitu ekcTpemyM QyHKITIT
f=x%-1
Pesynbrar — 3Ha4eHHs QYHKITI {-1}

> readlib(extrema):
> extrema(x"2-1, {}, x,9); Q;

Pesynbrar — 3HaueHHs QyHKITIT Ta

TOYKa EKCTPEMYMY

2 3HaiiTh ekcTpeMyM (pyHKITIT
f=x+y* axmo Y = X

Pe3ynbprar — 3HaueHHS PyHKIII]

Pesynbrar — 3HaueHHs QYHKIIT Ta
TOYKA EKCTPEMYMY

{-1}
{{x=0}}

> readlib(extrema):
> extrema(x+y”2, {y=x}, {xX,y});

{-1/4}
> readlib(extrema):
> extrema(x+y”2, {y=x}, {X,y}, 9);
> S,

{-1/4}

{x=-1/12,y =-1/2}}
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TOJATOK B
PO3B’SI3AHHS 3AJAY MATEMATUYHOTO
MPOTPAMYBAHHSA B MAKETI EXCEL FOR WINDOWS

Jlns Toro 06 y Excel moxkna Oys10 po3B’si3yBaTu 3a1a4i Ha €KCTPEMYM,
HEOOX1THO MIJIKIIOYUTH J0JNaTKOBY ormiito Ilowyk po3eé’azamnsa. Jns 1poro
B MeHI0 Cepeic obupaemo komaunay Haooyooeu 1 noznavaemo omitito Ioutyx
po3e’azanna. Tenep 1151 KoMaH/1a 3’ IBUThCS B MeHIO Cepaeic.

1 Hpukaanx po3s’sa3anns 3agayi JIII 3 madoparopnoi podorn 1

Posrnstnemo po3B’sizanns 3amayqi JII npukmany 2 3 mabopatoproi podotu 1.

Hexait Heo6XimHO 3HaiTH (X1, X ), TIpu AKuX GyHKIIA F = 2% + Xp 10-
Csira€ MakCUMYMYy, IIPUYOMY X1, Xp TTOBHMHHI 3aJI0BOJIBHATH TaKiil cuctemi 00-
MexeHb (COB):

X1+ 3X2 >0,

7% +10x5 <70,

4x1 —5Xy 2 -20,
X 2 0, X9 2 0.

Jlyis Toro mo0 BUPIIIKTH ITf0 3a71a49y 3a jgonoMororo Excel, Tpeba:
1 Ha poGouomy apkyiii 3amucati BuxifaHi gani (puc. b.1).

CroBnui po6ouoro apkywa Excel

A B C D E F
x1 X2
T KoediuieHTu Uinsosofi 5 1
< byHKUIT
“; 3 MpaBa 4acTuHal3Ha4YeHHs
; KoediuieHTn cnctemm obmexeHb obMexeHb oBMexeHb
3 4 3 = 6
o >=
©
o |[° 10 k= 70
2 |6 _ ]
é 5 b= 20
4 7
s |8
S BHaYeHHS 3MiHHNX
F |9
'
o
10 BHaYeHHS LiNbOBOI OYHKLT
Pucynox b.1
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2 3anucatu GopMynH, 3a SKUMH OyAyTh OOUYHMCIIOBATHUCS LIJIHOBA (PyHK-
it Ta cuctemMa oOMexeHb. JJig 1boro Tpeba MOMHOXHUTH 3HAYEHHS 3MIHHHX
Ha BIJIMOB1IHI KoedIlI€EHTH Ta cKiacTu n00yTKu. Kpaie BukopuctoByBatu ¢y-
ukuito CYMMIIPOU3BE/] (puc. b.2).

JIns moyatky 11 BEMWYMHUA OyAyTh HopiBHIOBATH 0.

3 3poOUTH aKTUBHOKO KJIITUHKY, /1€ 3aMucaHa (popmysa oOYUCIEHHS 3Ha-
yeHHs: 1wiboBoi (QyHkimii (C10) Tta Bukonatu komaunay: Cepeic — Ilouwiyk
PO38’A3AHHA.

Croenui po6oyoro apkywa Excel

A B C D E F

1 x1 X2

2 [KoedpiuieHTK

E OeepILlie o2 1

= LiNboBOT OyHKLi

w3 MpaBa

©

E. yacTuHa

s KoediuieHTn cuctemm obmexeHb obmexeHb [3HavyeHHs1 oOMexeHb

o |4 1 3 b= 6 =CYMMMNPOU3B($B$8:$C$8;B4:C4)
° 5 7 10 K= 70 =CYMMMPOWN3B($B$8:$C$8;B5:C5)
é 6 4 -5 p= -20 =CYMMMPOWN3B($B$8:$C$8;B6:C6)
[<] 7

o

s 8 3HaYEeHHS 3MiIHHNX

o 9

& |10 [3navenns uinbosoi dhyHkuii FCYMMIMPOU3B($B$8:$C$8;B2:C2)

Pucynox b.2

4 3’ saButhcs BikHO Tlowtyk po3e’azanns, y skomy Tpeda 3a1aTi napaMer-

pU OOYHCIICHHS:

- yKaszary, 110 OyJaeMo NIyKaTh — MiHIMyM a00 MakCUMyM (YHKITIT;

- MEepelTH 10 BIKOHLSA 3MiHIOWOYU KAIMUHKW 1 BKA3aTH aIpecH KIITH-
HOK, J1¢ OynyTh 3HaxonuTHcs 3HadeHHs 3MiHHNX (B8:C8);

- noxatd oOMexeHHs. Jlmg 1poro kianmHytd 1o kHomil /lodamu,
3’sIBUTBbCS BIKHO /looamu oomedxncennsn. Y Bikouui Ilocunanms na
KIimuHnKy BKa3aTH aJipecy KIITHUHKH, J€ 3HaAXOAUThCS dopmysa o0uu-
CJICHHSI OOMEKEHHs, 00paTu BUJI OOMEXEHHs, Yy BIKOHUI O0Mmedrcenns
BKa3aTH aJpecy KIITUHKH, /1€ 3HaXOIUThCS NIPaBa YaCTHHA OOMEKEHHS.
KinaunyTtu no kxomnui /fodamu (puc. b.3).

CCRINKS Ha AUerky: OrpaHHYEHHE!

|$F$4 ] == | [=$E$4 =)

OF DTHMEHA | A0AIEMTE | _rpagka |

Pucynox b.3
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BuxonaTu mi nii 17151 KOXKHOTO OOMEXKEHHSI.
3aranpHUM BUTIISI BIKHA TTOBUHEH OyTH TakuM (puc. b.4):

Ifﬂm ="i:] | BEINOAHHTE I

PABHOM: (% MaKCHMANBHOMY SHAYEHHHD " sHaueHHHo: |D
JaKpRITE

i MHHMMaNEHOMY SHAYEHHHD

¥WCTAHOEMTE LWENEEYHD AUy

zMEHAA AYEALHK!
|$B$B:$C$Ei j’r_] MpeanoNoHHTE |
COrpaHHYEHHA: [lapaMeTpEl |
$B4E8 ==10 ~ AoBaEUTE |
$C4E ==10
P44 = $E44 HEMEHHTE |
$E$2 == $E$g BOCCTAHOBHTE |
$F46 »= $E5 ;l ¥AanuTE |
CMpaeka |
Pucynok b.4

Knannytu no knonii Bukonamu. Otpumaemo takuit pe3yibtar (puc. b.5):

CroBnui po6ouoro apkywa Excel

A B c D E F

1 x1 X2
g 2 KoediLieHTn LinboBoi dyHKUji 2 1
'-'; 3 MpaBa uyacTn-3HayYeHHs
3 KoediuieHTn cuctemm obmexeHb Ha obMmexeHb |0OMeXeHb
g 4 1 3 b= 6 10
o 5 7 10 k= 70 70
% 6 5 b= -20 40
lg 7
o
S 8 I3naueHHs aMiHHUX 10 0
g o
'S
o

10 3HaYeHHS LinNboBOi yHKLi 20

Pucynok b.5

2 I'padiune po3p’sizanns 3agaui JIII

VY mnakeri Excel Hemae MOXIHMBOCTI po3B’s3yBaTH TpadiuHO CHCTEMY
HEpiBHOCTEH. AJile MOXKHA MOOYyBaTH IpadiKy BiIMOBIIHUX PIBHSIHb.
Jliig uporo Tpeda BUpa3uTH X, 4epes Xi:
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1

X, :2—§x1
X, +3X, 2 6,
7% +10x, <70, = X: = 1 =75 %
4x, —5X, =20, 4

X, :4+§X1

CximameMo TaOIMIfO, 0 SKOI BBEIEMO 3HAYCHHS Xi, a Xz PO3pPaxyeMoO
3a hopMyJIaMH (JIOCTATHBO JIB1 TOUKH):

x1 0 10
(1) 2,00 | -1,33
(2) 7 0
(3) 4 12

[Totim 6yayemo niarpamy. TpeOa BUIUIMTH HAIly MaJIEHbKY TaOIUIIIO.

Jlns moOynoBM JiarpaMd BUKOPUCTOBYETbCS KoMmMaHna Bcemaeka —»
Miacpama un kHomka Maiicmep Oiazpam Ha TaHENl IHCTPYMEHTIB
Cmanoapmmna.

Kpox 1. O6upaemo tun niarpamu — ToukoBa, 3’enHana giHisMu. JJAJIL

Kpok 2. O6upaemo mani mns giarpamu. SIkmo Tabmwmis Oynia BHUUICHA,

naHi 6epytbest aBromatuano. JJAJIL
Kpoxk 3. 3agaemo napamerpu niarpamu — OcHoBHi JiHiiT ciTku. JIAJIL.

Kpok 4. Posmimenns miarpamu — Ha mpeomy apkymi. ['OTOBO

(puc. b.6).

10 ==

LAY / - .- (2)
< - ——(3)
8

— 7 A
N //

f ~
J 7
~
~
~
~
~
~
2 ~
;_L

-~ >

~ ~
4 — S
1 ~ Y
~ ~ ~ .
8 Y e T
S~
.48 2 3 4 5 6 7 TB~9_10
Pucynox b.6
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3 Ilpukian po3s’a3annd 3aaa4i JIII 3 1a6oparopnoi podoTu 2

Jlns BUpOOHUIITBA TPHOX BUIB BUp0OiB (A, B, C) BUKOPHUCTOBYETHCS TPU

pPI3HOMaHITHUX BUIU pecypciB. HopMu BHUTpaT KOXKHOrO 3 BHUIIB PECYpCIB

Ha OJWHUIN0 MPOAYKIII KOXHOTO BHUIY,

3amacu pecypcis

BiJl BUIIYCKY OJIMHMII TTPOAYKI[li HaBeIEH1 B HACTYMHI#M Tabmuii b.1.

Tabnuys b.1
Hopwmu Butpar Ha 1 Bupi6
Bun pecypcis TUITY 3anacu pecypciB

A B C

Ipans, qroa.-ros. 4 2 1 180

CupoBuHA, KT 3 1 3 210

VY craTKyBaHHS, TOJIMH 1 2 5 244

[TpubyTOK, Ip.OJI. 10 14 12 -

Buznauntu 1miaH BUMYCKY MPOAYKINi, MPU SKOMY CyMapHUN MpUOYTOK
MaKCUMAaJIbLHUH.

Po3p’si3anns 3agaui (puc. b.7, b.8, 5.9, 5.10)

Croenui po6oyoro apkywa Excel

A B | ¢ | D E F
1 Hopmu Butpat Ha 1 BUpiO TUITy 3amacu 3arpatu
a 2 Bun pecypcis A B C pecypciB | pecypciB
g_ 3 [Tpynm, mron-ro. 4 2 1 180
5
o 4  |CupoBuHa, KI' 3 1 3 210
% g 5 |YcrarkyBaHHsi, TO/I. 1 2 5 244
L§- 6 [[Ipudyrox, rp. ox. 10 14 12
S 7
=i
& 8 |KinekicTp BUpoOiB
Pucynok b.7 — Pobouuii apxyw Excel 3 euxionumu oanumu
Crosnui po6oyoro nucta Excel
A B | ¢ | D E F
1 Hopwmu Butpar Ha 1 Bupio
TUILY 3anacu
2 Bun pecypceis A B C pecypciB 3arpartu pecypcis
= 3 |Tpyn, moa-t 4 2 1 180 |=CYMMNPOWN3B($B$8:$D$8;B3:D3)
LI% 4 |CupoBuHa, KT 3 1 3 210 |=CYMMMNPOW3B($B$8:$D$8;B4:D4)
g 5 |Ycrarkysanus, rog. | 1 2 5 244 | =CYMMMPOWN3B($B$8:$D$8;B5:D5)
6 |[IpubyToK, rp. O11. 10 14 12 =CYMMMNPOWU3B($B$8:$D$8;B6:D6)
7
8 |KiJH>KiCTL BUPOOIB | | | |

Psaaku po6o4oro apky-

Pucynok b.8 — Pobouuii apxyw Excel 3 popmynamu
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¥CTAHOBMTE LENEEYH) AYEHKY HESE

PaBHOM: (% MAKCMMANEHOMY SHEHEHMHD

o MHHMMANEHOMY ZHAYEHHHD

Ek

| BEINONHMTE I

2%

O 3HAHEHHRD: |U

SaKpeITE |

izMEHAA AHERKH]
|$B$8:$D$8 %]  nMpeanonowmTe |
O paHHYEHKA! MapaMe TPkl |
$B45 ==10 =l AofaEHTE
FC§8 ==0
048 »=10 HEMEHMTE
igi :i igﬁ BOCCTAHOEMTE |
_ . Y AAMHTE
$F45 <= $E45 =l Crpask |
Pucynox b.9 — Bixno Ilowyk po36’sa3ky
Croenui po6oyoro apkywa Excel
A B | c¢c | D E F
1 . Hopwmu Butpar na 1 Bupi6 tumy 3amacu | 3atpaTm
e 2 Bz pecypeis A B C pecypcis | pecypcis
? § 3 |Tpyn, mroa-roxn 4 2 1 180 180
8 Ll 4  |CupoBuHa, KT 3 1 3 210 130
8_ g 5 |YcrarkyBaHHs, roquH 1 2 5 244 244
s E 6 [[IpubyTox, rp. ox. 10 14 12 1340
T8 |7
o 8 [KimkictoBupo6is | 0 | 82 | 16 |

Pucynox b.10 — Pobouuii apxyw Excel 3 pezyromamom

Po3p’sizanns aBoicrtoi 3aaayi (puc. b.11, b.12, .13, 5.14)

G = 180y; + 210y, + 244y; (min).
4y, + 3y, + Y32 10,
2y1+ Y, +2y3> 14,
y1+ 3y, + 5y3>12,
y12>0,¥,2>0,y;>0.

Crosnui po6ouoro apkywa Excel

A B ¢ D E F
1
o _ 2 4 3 1 10
Q3 3 2 1 2 14
o0 4 1 3 5 12
O
o ® 5
ad [ 6 G 180 210 244
¥ X 7
g &
g° 8
9 yl y2 y3

Pucynox b.11 — Pobouuti apxyw Excel 3 suxionumu oanumu
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CroBnui po6ouoro apkywa Excel

Psagku poboyoro

A B C D E F
1
2 3 1 10 =CYMMMNPOUN3B($B%$8:$D$8;B2:D2)
= 3 14 =CYMMMNPOUN3B($B$8:$D$8;B3:D3)
L>1JL2 4 3 5 12 =CYMMMNPOUN3B($B$8:$D$8;B4:D4)
® | 5
g 6 | G 180 210 244 =CYMMMPOW3B($B$8:$D$8;B6:D6)
a7
©
8
9 yl y2 y3
Pucynoxk b.12 — Pobouuti apxyw Excel 3 hopmynamu
WCTAHOEWTE LENEEYH AHERKY HELE % BEINOAHHTE I
PEHOM: { maKcWManbHomy sHaueHra  © sHademmror |0
JEKPEITE |
(% MHHMMANEHOMY SHAYEHHHD
MzsmeHaA aqetik;
|$B45:3045 %] nMpeanonowwTe |
~OIrpaHHHEHMA! (apameTpEl |
$B45 >=10 =~ AoBaEHTE
$C48 ==10
$048 >=10 AZMEHHTE
$F$2 »=$E$2 BOCCTAHOEHTE |
FF43 == $E43 e
$FE4 == $E44 | Crpaska |
Pucynox b. 13 — Bikno Ilowyk po3e a3ky
Croenui po6oyoro apkywa Excel
A B C D E F
g 1
s 2 10 24,25
a 3 14 14
° 4 12 12
| I —
o 8 5
T x
S w 6 G 180 210 244 1340
o
o 7
=:=[ 8 5,75 0 1,25
a 9 yl y2 y3

Pucynox b.14 — Pobouuti apxyw Excel 3 pezynomamom
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4 Tlpuknan po3s’sizannd 3aaaui JIII 3 1a6opaTopHoi podotu 3

[Ipu cknaganHi 71OOOBOTO pallioHy TOJIBII XyA00U MOXHA BUKOPUCTOBY-
BaTH CBiXe CiHO (He Ot 50 kr) 1 cuioc (He Outbin 85 kr). Y Ttabnuui b.2 Ha-
BEJICHI JIaHi TIPO BMICT 3a3HAYCHUX KOMITOHEHTIB y | KI' KOXKHOT'O TIPOAYKTY Xa-

pUYBaHHSI, MOKUBHICTH pallloHy (MiHIMaJIbHI HOPMH) 1 BapTICTh MPOAYKTIB.

Tabnuya b.2
[ToxuBHI peYOBHHU Chine gggﬂymcpmoc [ToXUBHICTH paIliony
KopMoBi oguH#MII 0,5 0,5 30 oguHULE
binoxk, r/xr 40 10 I xr
Kanpmiii, r/kr 1,25 2,5 100 r
docdop, r/kr 2 1 80r
BapricTs, Tp. ox. 1,2 0,8 -

CkrnacTu pailioH, IO 3aJI0BOJIbHSIE BUILEBUKIIAJICHUM BUMOIaM 1 € MiHi-

MaJbHUM 32 BapTICTIO.

Po3p’si3anns 3aaaui (puc. b.15, b.16, b.17, b.18)

CroBnui po6ouoro apkywa Excel

A B | [@ D E

1 | ToxwueHi ITponykr TloxuBHICTE IToXUBHICTH

2 pe4OBUHH CBiXe CiHO Cuioc pationy parfiony ckiaaae
o 3 Kopmogi oguHUAII 0,5 0,5 30
S G| 4 |binox rixr 0,04 0,01 1
S i [ 5 |Kamni, r/xr 0,00125 0,0025 0,1
o 6 | ®ocdop, r/kr 0,002 0,001 0,08
o 3 -
s > 7 | Baprictb, Tp. 011 1,2 0,8
g 8
o 9 )

Pamion cxiagae
10" | He Ginbie 50 85
Pucynox b.15 — Pobouuti apxyw Excel 3 suxionumu oanumu
Croenui po6oyoro apkywa Excel
A B | C D E
1 . i

@ || lloxusHi : HPOHYKT ToxusHicTs TToKHBHICTH PallioHy CKIajae
3 |2 peyoBHHU CBixe CciHO Cuioc pauiony
E 3| Kopmosi o aummi 0,5 0,5 30  FCYMMMNPOWN3B($B$9:$C$9;B3:C3)
g 4| Binok, r/xr 0,04 0,01 1 =CYMMIMPOW3B($B$9:$C$9;B4:C4)
'6 E 5 | Kanp1iid, r/xr 0,00125 0,0025 0,1 =CYMMIMPOWN3B($B$9:$C$9;B5:C5)
é X6 [ Docop, t/kr 0,002 0,001 008 ECYMMMPOW3B($B$9:$C$9;86:C6)
g_ 7 | BapricTs, Ip. 011 1.2 0,8 =CYMMMNPON3B($B$9:$C%$9;B7:C7)
s 8
4
E 9 | PauioHn cknazae
Q- |10 He 6inbime 50 85

Pucynox B.16 — Pobouuii apkyu Excel 3 popmynamu
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Psagkn poboyoro

WCTESHOBHMTE WENSEYHD AHEAKY !

EeInonHHTE

PaeHoH: 1 makcHmaneHoMy SsHEHEHHHD " 3HaqeHHH:; |E|
JaKpBITE

(¥ MHHMMANEHOMY SHAYEHHHD
A5MEHEA AHERKH!

|$B$9:$C$9 E MpeanonoEHTE |

M pEHHYEHHS; MNapareTpel
$C49 == $C$10 = A0BIEMTE |

$049 ==0

$EE5 == 4043 =HMEHHTE

$E$4 »= §Dg4 BOCCTAHOEMTE
FEFS »= D46 ¥ AanHTE

$E46 == 4040 hd

CNpaEka

apkywa Excel

Pucynox b.17 — Bikno [lowyk po3e’a3Ky

CroBnui po6oyoro apkywa Excel

W

A B | C D

1 ITo>xuBHI ITponykr [ToXuBHICTH TToxuBHICTE

2 | peYOBHHU CBiKe CIHO Cunioc | paitiony paiioHy CKiiaaae
g = | 3 | Kopmosi ogunmii 0,5 0,5 30 29,99999989
z L%’ 4 | Binok, r/xr 0,04 0,01 1 1,200000004
© | 5 |Kanbuii, r/kr 0,00125 0,0025 0,1 0,124999999
8_ 3| 6 |®Dochop, r/kr 0,002 0,001 0,08 0,08
s £| 7 |Bapricts, rp. ox. 1,2 0,8 55,09999991
23 8
o 9 | Pauion cknamae 20 39,9999996

10 | He 6inbue 50 85

Pucynox b.18 - Pobouuii iucm Excel 3 pe3yremamom
Po3B’si3anns ABoicToi 3aaa4i (puc. b.19, 5.20, b.21, b.22)

G =30y, + Y2+ 0,1y3 + 0,08y, - 50ys - 85ys (Max),
0,5y; + 0,04y, + 0,00125y; + 0,002y, - ys < 1,2,
0’5y1 + 0,013/2 + 0,0025y3 + 0,001y4 - Ve < 0,8,

¥120,¥220,y3>0,¥,20,y5>0, s> 0.

CroBnui po6oyoro apkywa Excel
A B C D E F G H |

1 0,5 0,04 0,00125 0,002 1 1,2
2 0,5 0,01 0,0025 0,001 -1 0,8
3

4

5 G 30 1 0,1 0,08 -50 -85

6

-

8

9 yl y2 y3 y4 y5 y6

Pucynox b.19 — Pobouuti apxyw Excel 3 suxionumu oanumu
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Pagku poboyoro

Pagku pobo4oro apkyiua

Crosnui po6oyoro apkywa Excel

A C D E F G H I
1 0,5 | 0,04 | 0,0012| 0,002 1,2
5 -1 =CYMMMNPOU3B($B$8:$G$8;B1:G1)

2 0,5 | 0,01 |0,0025| 0,001 -1 | 0,8 =FCYMMMNPOWU3B($B%$8:$G$8;B2:G2)
ERIE
x
w4
©
3|5 G 30 1 0,1 | 0,08 | -50 | -85 =CYMMMNPOU3B($B$8:$G$8;B5:G5)
£ 6
o
®© 17

8

9 yl | y2 y3 y4 y5 | y6

Pucynox B.20 — Pobouuii apxyu Excel 3 popmynamu

YCTAHOEHTE LENEEYHD AHEHIY EHES % EEINoOAHHTE
PaBHOM: (% MAKCHMANEHOMY SHAYEHHHD " 3HAYEHHHD! ID |
3aKpEITE
" MMHHMANEHOMY SHAYEHHHD
AsMEHAR AHEAKK!
|$B$8:$G$Ei j‘_] MpeanonoMHTE
S PaHHHEHHA; MNapameTpel
$045 ==10 - AoBaEHTE
$E45 5= 0
$FEE ==10 MsHEHHTE
$a$3 »=0 BOCCTaHOEHTE
141 <= $H$1 e
FI$2 == $HEZ .
Pucynox b.21 — Bikno Ilowyk po36 3Ky
Crosnui po6oyoro apkywa Excel
A B C D E F G H |
1 0,5 0,04 | 0,00125 0,002 -1 1,2 1,2
2 0,5 0,01 0,0025 0,001 -1 0,8 0,8
3
4
§ 5 G 30 1 0,1 0,08 -50 -85 56
wi 6
7
8 0,8 0 0 400,0000157 0 0
9 yl y2 y3 y4 y5 y6

Pucynok b.22 - Pobouuii tucm Excel 3 pe3ynemamom
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S llpukaan po3s’sizanus 3agadi JIII 3 nadboparopnoi podotu 4

Po3é’a3anns 3amkuymoi mpancnopmmuoi 3aoaui

Hexali y1cio NyHKTIB BIANPABICHHS 1 YACIO MYHKTIB MPU3HAYEHHS J[0-

piBHIOE 2 (n =2, m = 2). 3anacu, noTpedu 1 BapTICTh NEPEBE3EHb 3a3HAUCHI
B Tabaumi b.3.

Tabnuysa b.3
~ ITynkn 3amaci [IyHKTH pU3HAYEHHSA
BI/INPABJICHHS B, B,
A 100 X11 4 X12 2
A, 150 X12 3 X292 6
IToTpebu 120 130

Psapku poboyoro apkywa Excel

Psapku poboyoro apkywa Excel

Po3p’si3anns 3agaui (puc. b.23, 5.24, 5.25, b.26)

Croenui po6oyoro apkywa Excel

A B [@ | D
1 IIyHKTH npU3HAYEHHS
2 [TyHKTH BiANpaBICHHS 3amacu B, B,
3 Ay 100 4 2
4 A, 150 3 6
5 IoTpedu 120 130
6
7 Bignosigb
8 BapTicTb nepeBeseHb:
9
10 [TyHKTH TpU3HAYCHHS
11 [lyHKTH BigmpaBieHHS 3amacu B, B,
12 Ay
13 A,
14 [MoTpedu

Pucynok b.23 — Pobouuti rucm Excel 3 6uxionumu oanumu

Croenui po6oyoro apkywa Excel

A B C \ D
1 IIyHKTH npU3HAYEHHS
2 | IlyHKTH BinmpaBlieHHs 3amacu B, B,
3 Aq 100 4 2
4 A, 150 3 6
5 IMoTpedu 120 130
6
7 Bionosiab
8 |BapTicTb nepeBeseHs: =CYMMIMNPOW3B(C3:D4;C12:D13)
9
10 ITyHkTH npu3HaYeHHS
11 | IlynkTH BignpaBiIeHHS 3amacu B, B,
12 A =CYMM(CI12:D12)
13 A, =CYMM(C13:D13)
14 [ToTpebn =CYMM(C12:C13) | =CYMM(D12:D13)

Pucynox B.24 — Pobouuii apxkyu Excel 3 popmynamu
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YCTESHOBHTE LENEEYHD AYEHKY!

PaEHOM:  { MAKCHMANEHOMY SHAYEHHHD

[ MHMHHMANEHOMY SHIYEHHHD

[EER

21
| BEINONHKTE I

™ sHauermra: |0

SakpeITE |

—IZMEHAA AYEFKH!
|$C$12:$D$13 %] Npeancnowwme |
SO paHHYeHAA ! MapaMeTpel |
$B$12 = $B43 = AoBaBHTE |
$B413 = $E44
$C412 ==10 KEMEHHTE |
igiii f=$5$5 BoccTaHOEHTE |
§D§12 »= D =l daamre | |
_NpaEKa
Pucynox b.25 — Bixno Ilowyk po3é 'sa3ky
Croenui po6oyoro apkywa Excel
A B C | D
1 [IyHKTH IpU3HAYCHHS
2 [TynkTH BignpaBieHHs 3anacu B; B,
K3 3 Ay 100 4 2
0 4 A, 150 3 6
g 5 HoTpe6u 120 130
>
= 6
g 7 Bignosigb
§ 8 |BapTicTb nepeBeseHb: 740
o
S 9
8_ 10 ITynxTy npu3HadeHHs
S 11 [TyHxTH BinnpaBieHHS 3anacu B, B,
E 12 A, 100 0 100
13 A, 150 120 30
14 [otpebu 120 130

Pucynok b.26 — Pooouuii apxyw Excel 3 pezyiomamom

Po3B’s13anHs aBoicToi 3aaayi (puc. b.27, b.28, 5.29, 5.30)

G =100y, +150y, +120y, +130y,
Y. + Y; < 4
y, + Yo < 2

Y. + Y < 3
y, + y, < 6.
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Psagku pobo4oro apkywa

CroBnui po6ouoro apkywa Excel

A B C D E F G
© 1 1 0 1 0 4
3 2 1 0 0 1 2
s [3 0 1 1 0 3
o 4 0 1 0 1 6
-
9 g s
o) X
Lg w6 G 100 150 120 130
e (7
=
E 8 y1 y2 y3 y4
& 9
Pucynok b.27 — Pobouuii apxyw Excel 3 suxionumu oanumu
CroBnui po6ouoro apkywa Excel
A B C D E F G
1 1 0 1 0 4 |FCYMMIMPOW3B($B$7:$E$7;B1:E1)
2 1 0 0 1 2 =CYMMIPOW3B($B$7:$E$7;B2:E2)
3 0 1 1 0 3 [FCYMMIPOW3B($B$7:$E$7;B3:E3)
4 0 1 0 1 6 |[FCYMMIMNPOW3B($B$7:$E$7;B4:E4)
;8< 5
w6 G 100 150 120 130 =CYMMIMPOW3B($B$7:$E$7;B6:E6)
7
8 y1 y2 y3 y4
9

Pucynox B.28 — Pobouuii apkyu Excel 3 popmynamu

WCTEHOBMTE LENEEYHD AYEMKN EFEE6 % | BEINONHMTE I

PAEHOF! (¥ MAKCHMANEHOMY SHAYEHHKD  ( SHAYEHMHD! |D

i MHHMMANEHOMY SHAYEHKHD

SakpeITE

A1=MeHaA AYEAKHK!
|$B$?:$E$? }J MpeanonosHTE |
—QrpaHHHEHHA! NapareTpkl |
$a$l <= §F$1 2 AoBaEHTE |
a2 == §F$z
$G43 <= §F$3 MEMEHHTE |
$apd <= 434 BOCCTAHOEHTE |
;l ¥AAnHTE |
CNpaeka |

Pucynok b.29 — Bikno Ilowyk po3s’sa3xy
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Crosnui po6oyoro apkywa Excel

A B C D E F G
1 1 0 1 0 4 1
o 2 1 0 0 1 2 2
o _|[3 0 1 1 0 3 3
[«B]
o g4 0 1 0 1 6 6
g s
(3]
S 3 6 G 100 150 120 130 740
s &7 -0,76812 |3,231884058 | -0,2318841 | 2,768116
5 |8 y1 y2 y3 y4
o 9

Pucynok b.30 — Pobouuti apxyw Excel 3 pezyromamom

Po36’a3anns 6i0Kpumoi mpancnopmuoi 3adaui

Hexail unciio myHKTIB BIAMPaBICHHS 1 UACIO MYHKTIB MPU3HAYECHHS J0PI-
BHIOE 2 (n =2, m=2). 3anacu, nmoTpeOu 1 BapTICTh IIEPEBE3CHb 3a3HAYCHI
B Ta0mumni b.4.

Tabnuys b.4
. [TynkTn 3anacu IlyHKTH IpU3HAYEHHS
BIATIPaBIICHHS B, B,
Ay 120 X11 4 X12 2
A, 180 X12 3 X292 6
[Torpebu 120 130

Po3p’sizanns 3axaui (puc. b.31, .32, 5.33, 5.34)

CroBnui po6oyoro apkywa Excel

A B C \ D

1 ITyHKTH TPU3HAYEHHS
_ 2 [TyHKTH BiAnpaBIeHHS 3amacu B, B,
8 3 A 120 4 2
'-'; 4 A, 180 3 6
3 5 IMoTtpebu 120 130
g 6
Q.
g 7 Bignosiagb
o 8  BapricTb nepeBeseHsb:
T
o 9
(o)
8_ 10 ITyHKTH TpU3HAYCHHS
s 11 [IyHKTH BifmpaBIcHHS 3amacu B, B,
O 12 Ay
"3
a 13 A,

14 [Motpedun

Pucynok b.31 — Pobouuti apxyw Excel 3 suxionumu oanumu
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Psaakn po6o4oro apkywa Excel

CroBnui po6ouoro apkywa Excel

A B C | D
1 IlyHKTH npU3HAYEHHS
2 | IynkTH BinnpaBieHHs 3amacu B, B,
3 Aq 120 4 2
4 A, 180 3 6
5 IToTpedu 120 130
6
7 Bignosigb
8 |BaprTicTb nepeBeseHb: =CYMMMNPOW3B(C3:D4;C12:D13)
9
10 [TyHKTH TTIpU3HAYCHHS
11 | Mynkru BianpassieHHs 3anacu B, B,
12 Aq =CYMM(C12:D12)
13 A, =CYMM(C13:D13)
14 [Motpedu =CYMM(CI12:C13) | =CYMM(D12:D13)

Pucynox b.32 — Pobouuii apkyw Excel 3 popmynamu

¥WCTAHOEHTE LENEEYHD A4EHKY Eﬁm & BEINOAHHTE |

PagHOH: { MakcHMansHoMY SHEHEHHD " sHaYEHHHD: |El

SaKpEITE
(% MHHHMANEHOMY 3HAYEHHHD
FzMeHaA AYERkH:
[$c412:4D413 %] MpeancnowTe |
DrpaHHYEHKA: MapaveTpel
16412 <= $B%3 o AoBaEHTE |
$B$15 <= $B44
$C$12 == a MISHEHHTE
$CH13 >=0 BOCCTAHOEHTE
$C414 = $C45 g
40612 5= 0 j ¥AANHTE
CNpaeka

Psagkn po6o4oro apkywa Excel

Pucynox b.33 — Bikuo Ilowyx po38’sa3xy

Croenui po6oyoro apkywa Excel

A B C | D
1 [TyHKTH NpU3HAYCHHS
2 [TyHKTH BitnpaBieHHS 3amacu B, B,
3 Ay 120 4 2
4 A, 180 3 6
5 IMoTpebu 120 130
6
7 Bignosiaob
8 |BapTicTb nepeBe3eHb: 660
9
10 [TyHKTH NpU3HAYCHHS
11 [TyHKTH BiAmIpaBIeHHS 3amacu B, B,
12 Ay 120 0 120
13 A, 130 120 10
14 [NoTtpebu 120 130

Pucynoxk b.34 — Pobouuti apxyw Excel 3 pezynomamom
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Psigku poboyoro

Psipku pob6oyoro
apkywa Excel

Po3p’si3anns aBoicToi 3aaa4i (puc. b.35, 5.36, 5.37, b.38)

G =-120y, —180y, +120y, +130y, (max).

Y * Ys < 4’
-y, + y, < 2,
o ¢ y,>0,y,>0.
Y2 + Y < 3
-y, + Ya < 6’
CroBnui po6oyoro apkywa Excel
A B C D E F G
1 -1 0 1 0 4
= 2 -1 0 0 1 2
&3 0 1 1 0 3
w4 0 -1 0 1 6
©
S5
2| 6 G -120 -180 120 130
Q.
o | 7
8 y1 y2 y3 v4
Pucynok b.35 — Pooouuii apxyw Excel 3 euxionumu oarnumu
CroBnui po6ouyoro apkywa Excel
A B C D E F G
1 -1 0 1 0 4 |FCYMMIMPOWN3B($B$7:$E$7;B1:E1)
2 -1 0 0 1 2 FCYMMMNPOW3B($B$7:3E$7;B2:E2)
3 0 -1 1 0 3 ECYMMMPOW3B($B$7:$ES7;B3:E3)
4 0 -1 0 1 6 | FCYMMMPOW3B($B$7:$ES7;B4:E4)
5
6 G -120 -180 120 130 =CYMMMNPOWN3B($B$7:$E$7;B6:E6)
7
8 y1 y2 y3 y4

Pucynox B.36 — Pobouuii apxyu Excel 3 popmynamu

2x
¥[TAHOBMTE UENEEYH] AHEAY cipgda) % BEINONHHTE I

PaBHOM! (% makcuManbHOMY SHaHeHH  © 3HEYeHHH: |El

X,

3AKpEITE |
7 MHHMMANEHOMY SHAYEHHR
MsmEHAR AYeRkK;
|$B$?:$E$? }J MNMpeAnOnNoHHTE |
SO paHHYEHKA: MNapaMeTpkl |
£BE7 ==10 2 AoBaEHTE |
igﬁ e i |
igig :: EEE = BOCCTAHOEHTE |
$apd <= §F4d k2 i | _Npagta |

Pucynok b.37 — Bixno Ilowyx po36’sa3ky
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Psgku pobouoro ap-

Crosnui po6oyoro apkywa Excel

kywa Excel

A B C D E F G
1 -1 0 1 0 4 -1
2 -1 0 0 1 2 2
3 0 -1 1 0 3 3
4 0 -1 0 1 6 6
5
6 G -120 -180 120 130 660
7 4 0 3 6
8 y1 y2 y3 Z

6 IIpukiaan po3s’sizannsa 3aaadi JIII 3 1a6opaTopnoi podoTu 5

Pucynok b.38 — Pooouuii apxyw Excel 3 pezyiomamom

3anpaua 1 (puc. 5.39, 5.40, .41, 5.42)

Psigku poboyoro

Pucynok b.39 — Pobouuti apxyw Excel 3 suxionumu oanumu

apkywa Excel

F =7,62x, +6,45X, — max

3

X, 20
X, 20

Crosnui po6oyoro apkywa Excel

X, ——X, =
1 2
4

X, <350
X, <280

0,01x, +0,2x, <400
0,22x, + 0,15x, <200

0

B C D
1 0,01 0,2 400
2 0,22 0,15 200
3 1 -0,75 0
4 1 0 350
5 0 1 280
6

7 [F= 7,62 6,45

8

9 x1 x2

10
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Crosnui po6ouoro apkywa Excel

Psapgku pobouoro apkywa Ex-

A B C D

1 0,01 0,2 400 =CYMMIMPOW3B($B$10:$C$10;B1:C1)

2 0,22 0,15 200 =CYMMMPOW3B($B$10:$C$10;B2:C2)

3 1 -0,75 0 =CYMMMPOW3B($B$10:3C$10;B3:C3)

4 1 0 350 =CYMMMPOW3B($B$10:3C$10;B4:C4)

5 0 1 280 =CYMMMNPOWN3B($B$10:$C$10;B5:C5)
BB

7 F= 7,62 6,45 =CYMMMNPOWU3B($B$10:$C$10;B7:C7)

8

9 x1 X2

10

Pucynox b.40 — Pobouuii apkyu Excel 3 popmynamu

YWCTAHOBMTE LENEEYHD AHEMKY ! EEINoNHHTE
PaBHOM: (% MaKCHMaNEHOMY SHIHEHHHD " zHaveHmE: |0
3AKpEITE
7 MMHMMANEHOMY SHAYEHHHD
AsMEHAA A4EHKH!
|$Ei$1III:$C$1EI ji_l MpeAnONO¥HTE
SO pAHMYEHHA: MapaMeTpEl
4610 ==0 A0BaEHTE
$C410 ==0
$E$1 <= $D¥1 KZMEHHTE
igig f;gggz BoCCcTaHOBHMTE
-7 = ¥AANHTE
$E44 <= $D4e | Crpaska

Pucynox b.41 — Bikno Ilowyk po36 3Ky

Croenui po6oyoro apkywa Excel

cel

Psapgku poboyoro apkywa Ex-

B C D E
1 0,01 0,2 400 58,1
2 0,22 0,15 200 88,2
3 1 -0,75 0 0
4 1 0 350 210
5 0 1 280 280
6
7 F= 7,62 6,45 3406,2
8
9 x1 x2
10 210 280

Pucynox b.42 — Pobouuti apxyw Excel 3 pesynomamom
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Psapgku poboyoro apkywa Ex-

cel

3anaua 2 (puc. b.43, .44, b.45, b.46)

Pagkn poboyoro apkywa

F =5,66x, +4,35X, — max
—-0,22x, +0,85x, <50

X, <350

X, <280

0,9x, -0,2x, >0

-0,22%, +0,85%, >0

X, 20

X, 20

\

CroBnui po6oyoro apkywa Excel

B C D E

1 0,22 0,85 50

2 1 0 350

3 0 1 280

4 0,9 0,2 0
g 5 0,22 0,85 0
|6

7 = 5,66 435

8

9 x1 x2

10

Pucynox b.43 — Pobouuti apxyw Excel 3 suxionumu oanumu

Croenui po6ouoro apkywa Excel

A B C D E
1 -0,22 0,85 50 =CYMMMNPOW3B($B$10:3C$10;B1:C1)
2 1 0 350 =CYMMIMPOW3B($B$10:3C$10;B2:C2)
3 0 1 280 =CYMMMPOW3B($B$10:3C$10;B3:C3)
4 0,9 -0,2 0 =CYMMMPOW3B($B$10:3C$10;B4:C4)
5 -0,22 0,85 0 =CYMMMPOW3B($B$10:$3C$10;B5:C5)
6
7 |F= 5,66 4,35 [FCYMMMPOWM3B($B$10:$C$10;B7:C7)
8
9 x1 X2
10

Pucynox B.20 — Pobouuii apkyu Excel 3 popmynamu
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WCTAHOBMTE LLENEEYHD AYUEFKY !

D57

Ek

2l x]

BEINOAHHTE I

3AKpbITE |

PSBHOM: (% MAKCHMANEHOMY SHAYEHHKD € SHAYEHHHD: |D
7 MHHHMANEHOMY SHAYEHHRD
MsMEHAA AHERKH!
|$Ei$1EI:$C$1D j’r_] Mpeanono®HTE |
O paHHHEHHA:
46410 ==0 - Ao0AEHTE
$C410 ==0
igié :: igié zMEHMTE
£5 =2t Y v

MNapaMeTpel |

BOCCTAHOEMTE |
C_Mpagka |

Pucynok b.44 — Bixno Ilowyk po36 'sa3ky

CroBnui po6ouyoro apkywa Excel

A B C D E
o ! -0,22 0,85 50 50
3 2 1 0 350 350
§ 3 0 1 280 1494118
o 4 0,9 -0,2 0 285,1176
§ g L5 -0,22 0,85 0 50
g
S = 5,66 435 | 2630,941
s 8
o
'3 9 x1 x2
o 10

350 149,4118

Pucynok b.45 — Pobouuti apxyw Excel 3 pezynomamom

7 Ilpuxnan po3s’sizanns 3aaa4i HJIII 3 1abopaTopHoi podoTu 6

3HaiiTn MakcuManbHe 3HadeHHS ¢yHKIIi F Ha oOmacTti, 3amaHiii cucrte-

Moo ooMexeHns (puc. b.46, 5.47, 5.48, b.49).

( 2
F=9%+2X =X =X

2

X1 +4Xo < 52,
X1 — X <2,
X1 + 3X2 > 64.
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Psapgku pobouo-

Psakn po6o4oro
apkywa Excel

CroBnui po6oyoro apkywa Excel

A B C D E F
_ 1 x1 X2
8 2
o 3
© 4 |F= 9 2 -1 -1
3 5
<
s 6 1 4 52
5 7 1 -1 2
= 8 7 3 64
Pucynok b.46 — Pooouuii apxyw Excel 3 suxionumu oanumu
CroBnui po6oyoro apkywa Excel
A B C D E F
1 x1 X2
2 7 5
3
4 = 9 2 -1 -1 |=B4*B2+C4*C2+D4*B2*B2+E4*C2*C2
5
6 1 4 52 =CYMMMPOW3B($B$2:$C$2;B6:C6)
7 1 1 2 =CYMMIPOW3B($B$2:$C$2;B7:C7)
8 7 3 64 =CYMMIMPOU3B($B$2:$C$2;B8:C8)
9

Pucynox b.47 — Pobouuii apxyw Excel 3 popmynamu

T

YCTAHOBMTE WENEEYHD AYEHKY

PaEHoH:

[ MK CHMaNEHOMY SHIYEHHHD

r MHHHMMaNeEHOMY SH3YEHHHD

" sHauermo: |0

21
EbINoAHHTE I
SaKpEITE |

EMEHIA AYERKH:
|$B$2:$C$2 ] npeanconowrTe |
O paHHYEHHA; MapareTpel |
$FE6 <= $046 = A0BaEHTE |
tF$7 == $047
$F$E == $D48 [AZMEHHTE |
| BOCCTAHOEHTE |
= ¥aanuTe
—I CNpaEka |
Pucynox b.48 — Bixno Ilowyk po36 'a3Ky
CroBnui po6oyoro apkywa Excel
A B C D E F
1 x1 X2
g _ 2 7 5
28
SE [4F= 9 2 1 1 1
2y
<3 |6 1 4 52 27
= a 7 1 -1 2 2
& © 8 7 3 64 64
o 9

Pucynox B.49 — Pobouuii apkyu Excel 3 pezyromamom
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TOJATOK B

NPUKJAIAN BUKOHAHHA JABOPATOPHUX POBIT
3A JONOMOI'OI0O MAKETA MATHCAD

1 3araasHi mojoxkenus naxkera MathCad

[Mporpama MathCad € yHiBepcaJlbHOIO MaTEMATHYHOK CHCTEMOIO, IO
J03BOJISIE€ 3/I1MCHIOBATU OyAb-sKl OOYHMCIICHHS B IXHHOMY 3BHYHOMY ayireopaiy-
HOMY BUTJIAI. BoHa MicTUTh TeKCTOBUH, HOpMynbHUN 1 TpadiuHmil peakTopH,
IIIJTKOM CYMICHI 3 omeparttiiiHoro cuctemoro Windows.

3amyck MathCad 3nilicHIO€TBCS 3a JOIOMOIOK TOJOBHOT'O MEHIO
Windows abo Oynb-sIKUM 1HIIMM CIIOCOOOM, IO JO3BOJISE€ aKTUBYBATH JTaHHUI
nporpamMHuil npoAykTt. BikHo nakera (puc. B.1) micTuTh psiaok 3aronoBka (Ha-
3Ba mporpamu i iM'st qokymenTa) (1), psimok MeHtro, 1o Kepye (2). YMoBumoc,
10 HyMmepallisi psSAKiB BUKOHaHA 3BEpPXy BHU3, a MO3HINNA Yy PAAKY — 37iBa Ha-
npaBo. OCHOBHI MMyHKTU MEHIO NyOJIIOIOThCS MIKTOrpamaMu (KHOIKaMu) Kepy-
BaHHs (3-i1, 4-i psaaKn).

Omuii ronoBHoro Mexro (puc. B.1):

File / ®@aiin — pobora 3 daiimamu (2—-1);

Edit / Bunpaenenns — penaryBanns (2—2);

View / Buo — 3MiHa BUIIIALY poOOYOro JOKYMEHTa 1 MaHeJIeld KepyBaHHS
(2-3);

Insert / Bcmaeka — BcTaBka pi3HUX O0'€KTIB 1 TEKCTY Y BIAKPUTHI JOKY-
MeHT (2-4);

Format / @opmamysanis — MICTUTh KOMaHIU (hOpMaTyBaHHS BIIKPUTOTO
JIoKyMeHTa (2-5);

Math / Mamemamuxa — KxepyBaHHS IPOIECOM 004UCIICHb (2—6);

Symbolics / Cumeonu — BubOip omnepauniil Ajid aHaJITUYHUX PO3PAXYyHKIB
(2-7);

Window / Bixno — kepyBaHHs BikHamu (2—8);

Help / Jlogioka — BuKIIMK 10BiIKOBOT crctemu (2—9).

Tperiii psiioK y BIKHI IpOrpamMu — KHOTIKU 1IA0JIOHIB MAaTEMaTUYHHUX 3HA-
KiB — MMAJITP, SIKI MO>KHA [TEPEMILTYBaTH:

Calculator Toolbar / ITanens iHCTpYMEHTIB apupMETHIHUX orepartii (3—1);

Grath Toolbar / ITanens incmpymenmis epagixie (3-2);

Vector and Matrix Toolbar | Tlanens iIHCTPYMEHTIB BEKTOPIB i MaTPHIlh
(3-3);

Evaluation Toolbar [ Tlanenb iHCTPYMEHTIB JiesiKUX 3HaKiB (3—4);

Calculus Toolbar / ITanens iHCTpYMEHTIB MaTEMaTHYHOIO aHai3y (3-5);

Boolean Toolbar / ITanens iHCTpyMEeHTIB MaTeMaTH4HOI Jioriku (3—6);

Programming Toolbar | Tlanenb iHCTpyMeHTIB iporpamyBaHHs (3—7);

Greek symbol Toolbar / ITanesns cumBoiiB rperpkoro andasiry (3-8);

Symbolic Keyword Toolbar | Tlanens cumBoiyaux omnepartopis (3-9).
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- Mathcad Professional - [Untitled:1]
@ File Edit “iew Inzert Format Math  Svmbolic:  ‘window Help _Iﬁllll

J|E|,c1uz|[;;;]|x=|jg|<g|gj|aﬁ|-sqH|Nmma| =[rial o =e zr o=
|D-sH|8ky|$=B| o™ mp = |[mx o v|@@|

+

T
1]
I

(Symbolic ______________H|lGreek _ F|
— = Muodifiers ¢ B ¥ & =8 [ Add Line “— sin cos tan In log
float complex  assume no8 L ok kM it otherwise nl il T
solve simplify  substitute ¥ £ o ™ a8 g far while et L (] i
factor sxpand  coeffs T o¢oX W ow break  continue ™7 B 3 /
collect series parfrac A BT A E Z return on error 5 4 5 B
faurier laplace Ztrans Ha I K A M - 1 2 3 +

invfourier invlaplace  inverans N =E OIlIl F = Evaluat _Fd| = n — =
W owts s | TYyexwal T T

— »= fx
Gioph  E| xf xfy ofy
= = > = = ﬁﬂ%
o T @ £

o o

Press F1 for help. IWI_WIFEQT
Pucynok B.1 — Bixno npoepamu MathCad Professional 2001

[Ilo6 mepeHecTu CUMBOI MAJITPU B MicCIle, TO3HAYEHE KYypCOpOM, MOTpio-
HO KJIAIHYTH 1O OOpaHiil MajgiTpi, PO3KPUTH ii 1 KIAIHYTH IO 00paHOMY 3HAKY.
Kpim BuIiesraganoro, JTaHui psaoK MiCTUTh MKTOTPaMH KepyBaHHS MIPUPTaMH
1 IOJIO’KEHHSIM TEKCTY B TEKCTOBIM 00JIACTI.

UYerBepTuii psiioK — MaHedb IHCTPYMEHTIB, 110 BKIIIOYAE KUTbKA TPYI MiK-
TOTPaM.

[Tepura rpymna — omnepartii 3 Qaitnamu:

New / Hoswii (4-1);

Open / Bigkpuru (4-2);

Save / 30epertu (4-3);

Print | IpyxyBatu (4—4);

Print Preview | Ilonepenniit nmeperisiy (4-5);

Check Spelling | Tlepeipka opdorpadii (4-6).

Jpyra rpymna — peraryBaHHs:

Cut / Bupizatu (nepenectu B 0ydep) (4-7);

Copy / KomnitoBatu (B Oydep) (4-8);

Paste / BcraBuTu (meperecty BMICT Oydepa Ha Miciie BCTaBkH) (4—9);

Undo (Redo) / Ckacysanns (IToBrop) octanuboi oneparii (4-10, 11);

Align Across (Align Down) | Tlikrorpamu BHpiBHIOBaHHS OJ10KiB (4—12, 13).

Jam #ayTh:

Insert Function | BcraBka QyHKIIi# (31 CIIMCKY B J1aJIOrOBOMY BikHi) (4—14);

Insert Unit | BcraBka po3mipHux oguHAIB (4—15);

Calculate / O6uuncnutu Buainene Bupaxenns (4—16);
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Insert Giperlink | BcraBka rinepniocuianb (4-17);

Insert Component | BcraBka koMmoHeHTiB (4—18);

Zoom / Macmrab ekpana (4-19);

Resource Center / Ileatp naBuanus (4—20);

Help / lonomora (4-21).

BHu3y ekpaHa po3TamoBaHuil psiIOK CTaHY NPOTPaMH.

JHosigkoBa cucrema MathCad Bximtouae: crinBar4y IMigKa3Ky MPH 3yITHH-
[l TTOKaXX4YMKa Ha KOXKHIN 13 mikTorpam; po3nil Resource Center / llenmp ua-
suannsi (4—20) — NOBITHUK 3 MaTeMaTUYHUX PO3PaXYHKIB 13 MPUKIIAIaMH 3aCTO-
CYBaHHS 1 CAMOBYHTENb; po3aiin gornomoru Help / Jlonomoea (4-21) — nananus
JIOTIOMOT'H 3 YCIX po3autiB nporpamu. KomOinamis knasim Shifi+F [ npu nokax-
YUKy, YCTAaHOBJICHOMY Ha JOCIIDKYBAaHOMY €JIEMEHTI, JI03BOJIAE BIIKPUTH KOH-
TEKCTHY JOBIKY ITPO HHOTO.

BapTo BpaxoByBaTH, 1110 MOCIIIOBHICTh BiJOOpaKyBaHUX Ha €KpaHi MiK-
TOrpam MoKe OyTH 3MiHEHA KOPUCTYBAueM 3a CBOIM PO3CYAOM.

2 IIpocTi apudmeTnyHi 06UncIeHHA

Knananus y Oyap-sKOMy MiCIIl JOKYMEHTa BHUKJIMKA€E TOABY Kypcopa
y opmi xpecTuka, 0 BKa3ye Miclle BBeIECHHs Bupa3y. s BU3HaYeHHS 3MiH-
HOT MICJIsl BBEICHHS 11 IMEHI CTABUTHCSA CUMBOJI «:=» (OIepaTop MPUCBOIOBAHHS)
1 BKa3YEThCSl 3HAYEHHS, 1110 MPUCBOIOETHCA. JIIBOpyY Bij ornepaTopa MpUCBOIO-
BaHHS MOXKE CTOATH iM's mpoctoi 3MiHHOI (X), iHIekcoBaHOI 3MiHHOT (X; UM
Xi;), Matpuni (M), 3MiHHOI 3 BepXHIM iHIEKCOM (X?) un bynkwuii F(X, Y, 2).

ApryMeHToM (DyHKIIIH MOXYTh OyTH CKaJIsipu, BEKTOpH, MaTpulll. Imena
byHKITIN, 3a1aH] KOPUCTYBadYeM, BAPTO HAOWUpaTH CKpi3b OAHUM IpudTom. Ime-
Ha BOynOBaHUX (QYHKIH He uyTTeBi 10 mpUdTiB. IX MOXKHA BAPYKOBYBATH UM
BUOMpATH 31 cicKy — KHomKa (4—14) f(X) (Insert Function / Bcmaska ¢ynkuyit).

VY SIKOCT1 1eCATKOBOI KOMU BUKOPUCTOBYEThCA Kpamka. PesynbpTaT obunc-
JICHHSI BUBOJIUTHCS HAa €KpaH MICJII HA00OPY CUMBOITY «=».

Komanna Math - Automatic Calculation / Mamemamuxa - Aemomamuune
00OuucneHHs BMUKA€E / BUMUKAE€ aBTOMAaTUYHUMN PEKUM OOUMCIICHHS PE3YbTaTy
micias Habopy 3Haka piBHOCTI. [Ipy BiIKIIOUEHOMY peXUMI aBTOMaTUYHOT'O 00-
YHUCIICHHS JJI TIepepaxyBaHHs MoTpiOHO HaTucHYTH Kiaimry F9. IlepepuBanns
o0uHncIeHb 31HCHIOEThCS KHOMKO ESC um kianaHHsIM 10 3HAKy pIBHSHHS,
a00 MOBTOpPHE HATUCKAHH KiaBimi F9 mpomoBkuTh 00UnCIeHHS.

[Ipu BUSIBIEHHI TOMWIKH BapTO MEPEHUTH O PyYHOrO PEKUMY U meper-
JSTHYTH TIOTIEPETHI BUPA3H, IO MOXKYTh OyTH ii mpuunHOI0. J[7151 BUIaIeHHS BU-
pasy, Tabnmii, rpadika Ta iH. HEOOXIJHO CIOYATKY BUAUIUTU OO'€KT, a TOTIM,
IiCJIsl TOSIBU paMKH HaBKOJIO 00’€KTa, BUKOPUCTOBYBATH ONIII0 KOHTEKCTHOI'O
meHto — Cut / Bupizamu abo omiito meHwo Edit — Delete / Peoacysamu - Buoa-
qaumu. KomiroBaHHs 00'ekta B Oydep 0OMiHY BiIOYBAETHCSA aHAJIOTIYHO BUKOPH-
ctanHto omnilii Copy / Konitogamu.
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Omneparopu, 1udpu, 3HAKH OOUPAIOTHCA 3 BIAMOBIAHUX MATITP (MIKTOT-
pam) psanka 3-9 (puc. B.1) abo BBomsThCS 3 KiaBiarypu. Buxin i13-mijx 3Haka
oreparopa 3A1MCHIOEThCS TIEPEMIIIISHHSIM Kypcopa 3a 00J1acTh 1IbOT0 onepaTopa
abo HaTucKaHHAM KiaBimni Enter. Imena 3MiHHMX MOBHHHI OyTH BHU3Hau€Hi pa-
Hine oneparopa ¢pyHkuii. Bupas, 1o MIiCTUTh 3HAK «:=), BIUIUBAE HA JOKYMEHT
HWK4e 1 mpaBopy4 Bia cede. Komanna Edit - Select All / Bunpaenenns - Buoinu-
Mmu 6ce YM TPOTATAHHSA Kypcopa MpH HATUCHYTIN JIBIA KHOII MaHIMyIsATOpa
«MUIIIA) Yepe3 TOKYMEHT J1a€ MOXKIIMBICTh MEperisaay BUAUICHUX 00JacTei, 1o
HE TIOBUHHI TIEPETHHATHCS.

Buznadeni 3MiHHI (SIK1 MatOTh IPUAHATI 3HAYEHHS 32 YMOBYAHHSIM) MOX-
Ha niepeBm3Hauntu: Math — Options / Mamemamuxa — [lapamempu.

3a yMOBYaHHSIM YCTaHOBJICHI:

00 — HECKiHUCHHICTh, HabyBac 3HaueHus 10>

e — uucio e, HabyBae 3HaueHHs 2,71828182845905;

7T — 4ncyo T , HaOyBae 3HadeHHs 3,14159265358979;

i — ysBHa oguHuUI, HaOyBae 3HaYeHHS 11;

] — ysIBHa ofMHUIL, HAOyBae 3HaUCHHS 1j;

% — BificoToK, HaOyBae 3HaueHHs 0.01 (Hanpukian, 20-30 % = 6);

TOL — npunyctuma moxubka oduucieHn, HabyBae 3aauenns 0,001;

ORIGIN - 3aBnanns iHAEKCY 1-TO enemenTa MaTpuIli (BeKTopa), HaOyBae
3HaueHHs (.

Ilpuxnao B.1
Po3paxyBaru 3HaueHHsS apu(PMETHYHOTrO BHpa3y B Toulll X = 3 (BUTJIAL
nokymenta B MathCad).

X:=3

ix — coth (x)3-cos(‘x-sin (xz) — In(x) ‘) = —-0.559
e

3 Ta0yoBaHHs pyHKUii

Jlnst obuncnenHs 3HaueHb (QYyHKII B IEIKOMY JAlana3oHi 3MIHU apryMeH-
Ty CIOYaTKy HEOOX1JHO BU3HAYUTH I TUCKPETHUM apryMEHT.

Hampukian, skiio motpiobHo tabymoBatu GyHkiio y(t): = sin(t) - cos(t)
npu 3MiHI aprymenty t B iHTepBani [-2;2] i3 kpokom 0,5, HE0OXiTHO BUKOHATH
Taki Jaii:

1 3apartu gianazoH 3MiHU 3MIHHOI Y BUTJISIL:

t=-2,-15..2
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7e -2 — JiBa MeXa 1HTepBaiy; -1,5 — cyma niBoi Mexi iHTepBalLy 1 KPOKY
3MiHM 3MiHHOI [-2 + 0,5 = -1,5]; .. — omepaTop, 1110 BCTAHOBIIOETHCS 3a JOIO-
Morot miktorpamu Vector and Matrix Toolbar - Range Variable / Onepayii

3 gexkmopamu i mampuysamu / J{ianazon 3minnoi (KHOTIKa ﬂ ); 2 — mpaBa Mexa
1HTEepBaIy.

2 3Bagatu pynkmiro Y (t): = sin (t) — cos (t).

3 VYBectu t = (Ha ekpan Oyze BUBeACHA TaOJIUIIA 3HAYCHB t).

4  Vgecru Y (t) = (Ha expan Oyje BuBeIcHa TaOIMII 3HAUCHD Y (t)).

Tabnuii 3Ha4YeHb, M0 MICTATH Bil 1 10 10 psiakiB AaHUX, BUBOISTHCS
Ha €KpaH MOBHICTIO. Y TaOJUIAX 13 KUIBKICTIO psaKiB Ouibine 10 Ha expaH BU-
BOASTHCS TUIbKM mepuni 10 pankiB. [{ns nmepersisay iHIIUX 3HAYEHb HEOOX1THO
MICIIS BUAUTEHHS TaOIUIl CKOPUCTATHUCS JIIHIMKOIO MPOKpYyYyBaHHA. Burisn no-
kymeHta MathCad:

t= -2,-15 .2

y (t) := sin(t) — cos (t)
t = y(t) =
-2 -0.493
-1.5 -1.068
-1 -1.382
-0.5 -1.357
0 -1
0.5 -0.398
1 0.301
1.5 0.927
2 1.325

4 dopmaTyBaHHA pe3yJbTaTIiB

st Toro mo0 ycTaHOBUTH (popMaT BUBOJY JaHUX, HEOOX1THO:

1 Buginutu TabiInIo, KIAIHYBIIH 110 HI MHUIIICKO.

2 BubOpatu niyHkT MeHto Format — Result / @opmam - Pezyrvmam. Oniii
IOr'0 BIKHA JI03BOJISIIOTH BCTAHOBUTU KUIBKICTH JECATKOBUX 3HAKIB Y BUBEJE-
Hux uncinax (Number of decimal places), Mmex1 BUKOPUCTaHHS €KCIIOHEHIIIHHOTO
300paxxeHHs uuceln (Exponential threshold) Ta iH.

3 3a ymoBuanusMm miisa Exponential threshold / Ilopie noxasnuxa npuii-
MaeTbes 3HaueHHs 3. Lle o3Hayae, 1m0 TUIBKK Yucia, 10 Okl abo TOpiBHIO-
10Th 102, Bi100pakaroThCsl B EKCIIOHEHI[IHHOMY BUTJISIII.

[Ipu 3miH1 opMaTy BUBEICHHS PE3yJIbTaTIB 3MIHIOETHCS TIIBKHU 1X 30B-
HiHIN Burisaa. Bayrpimne 300paxenns uncen MathCad 3aBxau mae moBHY
TOYHICTb.
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5 [loOynoBa rpadikiB ¢pyHkuiil y nexkapToBiii cucteMi KOOpaAMHAT

MathCad nanae MOXIMBOCTI TOOYIOBH JTBOBUMIpHHX I'padikiB y AeKap-
TOBUX 1 MOJISIPHUX KOOPJAMHATAaX, JIHIA PIBHA, 300pakKeHHsS MOBEPXHI, a TaKOX
MoOY/I0BU PSAlY 1HIITUX TPUBUMIPHHUX IrpadikiB.

Touku, 3 IKUX CKIamaeThes rpadik, BUSHAYAIOTHCS IUCKPETHUMH apry-
mentamu: MathCad nHanocuth Ha rpadik OJHY TOUKY JUIsl KOKHOTO 3HAYEHHS
JTUCKPETHOTO apryMEHTY.

Jliia Toro mo0 moOyayBaTH ABOMipHUI rpadik y JeKapToBii cUCTeMi KO-
opauHat QyHkii y(t), HeoOXiTHO:

1 Knmannyrtn mumero Hwkue (mpasime) dopmyan s Y(f) 1 oOparu

Graph Toolbar - X-Y Plot / I pagix - X-Y 3anesxncnicms. KHOIIKA @ a00 BUKOPH-

cTatu omepariiiine Mento Insert - Grath - X-Y Plot/Bcmaseka - I pagix - X-Y 3a-
nescnicms. Ha expan Oyne BuBeneHuit mabioH rpadika (puc. B.2).

Pucynok B.2 — [llabnon 3a0asanus napamempis 051 no6yoosu paghixa

2 Y 1o BBEICHHS ITiJT BicCIO aOCIMC MOTPIOHO BBECTH iM'S 3MIHHOI i,
MMOCTABMBIIIH, TAKMM YHMHOM, Y BIJIMIOBIAHICTD JI0 ITIET OC1 3MIHHY t.

3 Krnamnyty B momi HaBIPOTH CEpEAMHM OC1 OPAMHAT 1 BBECTH IM'A (yH-
Kiii 3 000B'sI3k0BOIO BKa3iBKow ii aprymenty Y(t). Iloss, mo 3anuimaroTbes
MPU3HAYCHUMU JJIST BBEACHHS MEX Ha OCSIX (MaKCHUMaJIbHOTO 1 MIHIMaJIbHOTO
3HAYEHb, IO BIIKIATAIOTHCS Ha Oci). Ko 3ammmuTy ix mopoxuimMu, MathCad
aBTOMATHYHO 3alIOBHUTH X 32 YMOBYAHHSIM IPH 10Oy 10B1 rpadika.

4 Tlicns xknanaHHs 1mo3a rpadikoM BiOYBa€eThCs MPoIleC HOro mooym0BH.
[Mig im'sm ynkiii y (t) 3'aBiasieTbes 3pa3ok KpeciaeHHs JiHil. [ToaBiiiHe kiaraH-
Hs TI0 BiKHY Tpadika uu Bukopuctanns Format - Graph - X-Y Plot / ®opmam -
I'paghix - X-Y 3anescnicms NO3BOJISIE MPOBECTH (POpPMATyBaHHS 30BHIITHBOTO
BUTJISTY Tpadika.

Hianorose BikHO (hopmaTyBaHHs rpadika Mae 4YOTHpU BKIaAKU. Po3ris-
HeMo 781 3 HuX (puc. B.3, B.4).

Cxnan Brinanku X-Y Axes (puc. B.3):

Log scale — ycranoBka jorapudMiqHOT0 MaciTaoy;

Grid lines — ycTaHOBKa JIiHIA MacIITaOHOI CITKU;

Numbered — yctaHoBKa upoBUX JaHHUX 10 OCSX;

Auto scale — aBromMaTr4He 3aBIaHHS MacIiTady OCEif;

Show markers — HaHeceHHS pUCOK;
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Auto grid — aBTOMaTUYHA YCTAaHOBKA MACIITa0OHUX JIIHIN;
Number of grids — ycTaHOBKa 4nciia MaCIITaOHUX JIHIH;
Boxed — pamka HaBKOJIO rpadika;

Crossed — mepeciuHi oci;

None — BiACYTHICTh OCEHl;

Equal Scales — piBHi Macmiradw.

Formatting Currently Selected X-Y Plot |
A1 Anes | Tran:esl Lahelsl Defaultsl

Fbymia: LT

I Lonfcals I Log Scale

¥ Grid Lines ¥ Grid Lines

V¥ MNumbered W Mumbered

W Autoscale W autoscale

WV Show Markers W Show Markers

[~ Auto Grid ™ Auto Grid

Mumber of Gridz: Mumber of Grids:

= 5

—hwes Style
" Boxed
%" Crossed ¥ Egual Scales
" Mone
k. OTraeHa | [T | Cnpaek.a

Pucynok B.3 — Bikno ¢popmamyesanns epaghixie. Bxnaoka X-Y Axes

Mitku Towok (Symbol), tun minii (Line), xomip (Color), ToBmuHy
(Weight) 1 Tun ninii (Type) rpadika MOKHA 3MiHIOBAaTH, BUKOPHUCTOBYIOYH BKJIa-
nky Traces BikHa (hopmaTyBaHHs rpadika (puc. B.4).

Ha ognomy prcyHKY MOXKHA OOy yBaTH JieKiibKka rpadikiB. Y cepemaHiit
KBaJIpaT M0 BEPTUKaJl BIUCYIOThCS Yyepe3 KOMU BCl iMeHa (yHKIIH abo iXH1 BU-
3HAYEHHA. AHAJOIIYHO B CEPE/IHIM KBaJpaT MO FOPU3OHTAIBHIN OC1 3aHOCATHCS
apryMeHTH (QyHKINT (4 apryMeHT, Ko BiH oauH). Jyig moOynoBu rpadika He-
00X1JIHO KJIAIIHYTH MHUIIICIO 332 HOro Mexxamu (abo HaTUCHYTH KiaBinnry F9).

Buninusmm none rpadika MyHKTUPHOIO JIHIEIO (KJIAIHYBIIHA OIS HHOTO 1
MPOTATHYBIIM MUIITY, BIAMYCTUTH KJaBillly), MOKHA MOTIM MEPEMICTUTH Ha HbO-
ro Kypcop, TIOMOTTHUCS TIOSIBA "MOJTOHBKHU'" 1, KJIAIHYBIIH, MIEPEMIIIATH TIOJIE TIO
pobouomy BikHY. [ TOro, 06 po3TAryBaTu (3BY>KyBaTH) MeXi rpadika, moT-
P1OHO 3aXONUTH KypCOPOM HEOOX1IHY CTOPOHY 1 IEPEMICTUTH ii.

Omneparrii komitoBaHHsS, BUAAJICHHS rpadikiB BIIOYBAIOTHCS aHAJIOTIYHO
nisim 3 1HmuMH 00'ektamu MathCad 1 onmcani paninie. @yHkiii nody10BU He-
00X1JHO BU3HAYaTH BUIIE (JIIBOPYY) BiJ MICISl BUBEJICHHS MAKeETa.
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Formatting Currently Selected -1 Plot x| |

% Awes  Traces | Labelsl Defaultsl
Legend Label Svmbal  Line  Colar Tvpe  Weight
trace 1 hiore i gints
trace 2 hoe dot bk lines 1
trace 3 none dash bk ines 1
trace 4 none dadot  mag  lines 1
trace 5 hote zohd cya  lines 1
trace G hiore diot brn lines 1 j
trace 1 Inu:une j Is::ulil:l j Il:nlk j Ipu:uints j |4 j
[T Hide &rguments ¥ Hide Legend
k. OTtieHa | I EHEEHMTE | Cnpaeka

Pucynok B.4 — Bixno ¢oopmamysanns epagpixie. Bkraoka Traces

IIpuxnao B.2

[TobynyBatu rpadiku ¢yHkmin y (x) = 3 - C0S (XZ) i f(t) = 2-sin (2-t)
Ha BiApi3Ky [0; 7] 3 kpokoM 3miHM aprymeHTy /64,

Burnsan noxkymenra MathCad nHaBenenuii Ha pucyHky B.5.

T i
— . t=0,—..¢

=0 .
X=Y-5a 64

y(x) =3 - cos(xz) f(t) = 2-sin(2~t)

X, t
Pucynox B.5 — Pe3ynemam nobyoosu epagixie ¢hyukyiil y 3a0anomy 0ianaszoHi
3MIHU apeyMeHmy 8 0eKapmogii cucmemi KoopouHam
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Tounicts BimoOpakeHHs rpadika GyHKIT 3aI€KUTh Bl KPOKY 3MiHU ap-
TYMEHTY: YUM MEHIIHUM Oy/ie KPOK, TUM OLIBII «TJIaJIKUM» — Tpadik.

6 Ilpuxaan po3s’sa3anns 3agayi JIII 3 1adopaTtopHoi podoru 1

Posrnsitnemo po3B’szanns 3anayi JIIT npukinany 2 3 maboparophoi podotu 1.
Hexaii Heo6XimHo 3HaiiTH (X1, X ), Tpu Axkux ¢yHKiia F =2% + Xy 10-

CSIra€ MakCUMyMYy, IIPUYOMY X1, Xp TOBHUHHI 3aJI0BOJIBHATH TaKiil cuctemi 00-
mexenb (COB):

X1 + 3X2 > 6,

7X1 +10x9 <70,

4x1 —5Xo = -20,
X 2 0, Xo 2 0.

Jlnst Toro mo6 po3s’sizatu mio 3agauy B MathCad, tpeba Bukonaru Ta-
K1 mdii.
1 3ammcatu nUTLOBY (QYHKITIFO:

F(Xx1,x2) = 2x1+ x2

2 3amucaTy mo4yaTtkoBi 3HaYeHH 3MIHHUX: X1 = 1Xx2 =1
3 3anmucaru cucteMy 0OMEeXeHb:

Giver
x1+3x2>6
7xX1+10x2< 70
4x1 — 5x2 > -20
x1>0x2>C

4 3anucaty QyHKIIIO TOIIYKY MIHIMYMY:
o 10
Maximize(F ,x1,x2) = 0

4 3amucaTu omeparop IS 3HAXOKEHHS 3Ha4YeHHS (QYHKIIT B 3HAWICHIN
TOYII:

F(10,0) = 20,
OTpuManu BiAMOBiAb Y BUTIISAII BEKTOpY, e x1 = 10, x2 = 0.
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7 I'padiune po3p’sizanns 3agaui JIII

VY makeri MathCad nemae MOXJIHMBOCTI po3B’si3yBaTH IpadiuHO CHCTEMY
HEepiBHOCTEH. AJle MOXKHA MOOYyBaTh rpadiky BIANOBIIHUX PIBHSHHb.
Jlist ubro Tpeba BUpPa3UTHU X, Yepe3 X'

X, +3X, 26,= X, = 2—%x1,
5
7% +10x, <70,= X, =7——X,,
10
4
4x, —5X, 2 -20,= X, :4+§X1-
3anucyemo GopMyJid IUX TPHOX MPSIMUX:
1
f1(x1) =2 - g-xl
7
f2(x1) =7-—-x1
10

4
f3(x1) =4+ E-xl

3amaemo miamazon 3minum s x1: X1 = 0.. 10
Bbynyemo rpadik nux ¢pynkuii (puc. B.6):

11 = i
' e
= ’f
(] "
= F
=32 .“’
1(x1) Tl | 7
L T [ F
£2(x1) sl LT
++++++ 4 ’!
£3(x1) 4 y
-—- 3
T
1
T ——
ey
o, T on BB 45 B 5 10 11
1
1 x1 11
Pucynox B.6
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Touky neperuny ¢ynkuiii (2) 1 (3) MoxHa 3HAWTH TPUOITU3HO 32 TOTIOMO-
ror0 omilii Trace... 3 KOHTEKCTHOro MeHro rpadika (puc. B.7):

rI-"l" Trace “‘
VI - Dp_','E“ .........
- alue E
Track D ata Points E
Pucynok B.7

Tpeba KJIALHYTH JIBOIO KHONKOIO MUIII Ha MOTPIOHOMY Micli rpadika i
y BikHI X-Y Trace mobaunmo pe3ynbTat (puc. B.8):

1 H - Trace o
=&
f1(x1) 7 Track Data Pairts
o~ - i
o] '}':f
£2(x1) S
++++++ . ” 1
3= i Y
--- 3
i
1
_1 i op BB A B B 5 1o 11
1
-1 1 11
Pucynok B.8

8 llpukiaa po3s’sizanus 3aga4i JIII 3 1adboparopHoi podootu 2

s BupoOHMIITBa TphOX BHIB BHUPOOIB (A, B, C) BUKOPUCTOBYETHCS TpU
PI3HOMaHITHUX BUIU pecypciB. HopMm BUTpaT KOXKHOTO 3 BHUIIB PECypCiB
HAa OJMHHMINO TMPOAYKIII KOXHOTO BHIY, 3allacH pecypciB 1 MNpUOYTOK
BiJI BUITYCKY OJIMHUIII MPOAYKIlIi HaBeaeH1 B Tabmuuili B. 1.
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Tabnuys B. 1

Hopwmu Butpar Ha 1 Bupi6
Bun pecypcis THUILY 3amacu pecypcis
A B C
Tpyn, 1r0a.-TO/I. 4 2 1 180
CupoBuHa, Kr 3 1 3 210
VYcrarkyBaHHs, TOJI. 1 2 5 244
[TpubyTok, rp. ox. 10 14 12 -

Bu3HaunTH TUTaH BUIYCKY HPOAYKINI, MPH SIKOMY CYMapHUH MPUOYTOK
OyJie MaKCUMAaJTbHUM.

F(x1,x2,x3) = 10x1 + 14x2 + 12x3
x1:=0 x2:=0 x3:=0

Giver
4x1 + 2x2 + 1x3 < 180

3x1+ 1x2 + 3x3< 210
1x1 + 2x2 + 5x3 < 244
x1>0 x2>0 x3>0
0
Maximize(F ,x1,x2,x3) = | 82
16

OTpumanu BIAMOB1Ib Y BUTJIAI BEeKTOpa, e x1 = 0, x2 = 82, X3 = 16.
3HaueHHsa PYHKIN1 y L1l TOYLi:

F(0,82,16) = 1340,
Jlsoicma 3a0aua

G =180y, + 210 y, + 244 y; (min).
4y, +3Yy,+Yy3>10,
2y1+ Yy, +2y3>14,
y1+3VY,+5Yy;>12,

Y120, y,>0, y3>0.
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Burnsg nokymenra MathCad:

G(yl,y2,y3) == 180yl + 210y2 + 244y3|
yl=0 y2:=0 y3=0
Given

4yl + 3y2 +y3 > 10

2yl +y2+2y3> 14
yl +3y2 +5y3> 12
yl1>0 y2>0 y3>0
5.75
Minimize(G,yl,y2,y3) =| 0 |

1.25
G(5.75,0,1.25) = 1340,

9 llpukaan po3s’s3anus 3agayi JIII 3 n1adboparopnoi podotu 4

Po36’azannusa samxknymoi mpancnopmuoi 3aoaui
Hexail uiciio MyHKTIB BIAMPaBICHHS 1 YACIO MYHKTIB NPU3HAYEHHS A0PI-

BHIOE 2 (n = 2, m = 2). 3anacu, noTpedu 1 BapTICTh MepeBE3CHb 3a3HAUYCHI B TA0-

vl B.2.
Tabnuys B.2
IT
[IyHKTH BiATIpaBICHHS 3amacu YHKTH IIPU3HAYCHHSA
Bl Bz

Aq 100 X11 4 X12 2
A 150 X12 3 X2 6
[Totpebu 120 130

Burnsg noxkymenra MathCad:

F(x11,x12,x21,x22) = 4x11+ 2-x12+ 3-x21+ 6-x22

x11=1 x12=1 x21=1 x22=1
Given
x11+ x12= 100
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X214+ x22= 150
X114+ x21= 120
x12+x22= 130
x11>0 x12>0
x21>0 x22>0

100
Minimize(F ,x11,x12,x21,x22) = 120 '

30

F(0,100,120,30) = 740,
Po3é’s3anua 0soicmoi 3a0aui

G =100y, +150y, +120y, +130y, (max).

Y.+ Y3

i+ Ya
Yo + Y3
Y. + Ya

IA IN NN
o w N A

Burisan noxkymenta MathCad:

G(yl,y2,y3,y4) = 100yl + 150y2 + 120y3 + 130y4
yl=1 y2=1 vy3=1 yd =1

Given

yl+y3<4

yl+yd<?2

y2 +y3<3

y2+Yy4<6

6
Maximize(G,yl,y2,y3,y4) = L

0
G(2,6,-3,0) = 740,
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Po3zs’sa3anns siokpumoi mpancnopmuoi 3aoadi
Hexait unciio myHKTIB BiIIPaBICHHS 1 YACIIO MYHKTIB MPU3HAYECHHS J0Pi-
BHIOE 2 (n = 2, m = 2). 3anacu, moTpeOU i BapTICTh MEPEBE3CHb 3a3HAYCHI

B Tabmui B.3.

Tabnuys B.3
. [TynkTu 3amaci IlyHKTH IpU3HAYEHHS
B1ITPABJICHHS B B,
A 120 X11 4 X12
A, 180 X12 3 X22
[ToTpebu 120 130
Burisa noxkymenta MathCad:
F(x11,x12,x21,x22) = 4x11+ 2-x12+ 3-x21+ 6-x22
x11=1 x12=1 x21=1 x22=1
Given
x11+x12< 120
x21+ x22< 180
x11+x21= 120
x12+ x22= 130
x11>0 x12>0
x21>0 x22> 0
0
. 120
Minimize(F ,x11,x12,x21,x22) = '
120
10
F(0,120,120,10) = 660,
Pos3seé’azanns 0soicmoi 3aoaui
G =-120y; —180y, +120y3 +130y, (max).
-1+ y3 < 4
— + < 2,
;N Y4 y1=0,y2 20.
—-Y2 + Y3 < 3
—-y2 + yg < 6,
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Burnsg nokymenta MathCad:

G(yl,y2,y3,y4) = -120y1 — 180y2 + 120y3 + 130y4
yl=1 y2=1 vy3=1 yd =1

Giver

-yl+y3<4

-yl+y4d<?2
-y2+y3<3
-y2+Yy4<6
yl>0 y2>0

Maximize(G,yl,y2,y3,y4) =

o W O b

G(4,0,3,6) = 660

10 pukaan po3B’sizanns 3aaadi JIII 3 1adopaTopHoi pob6oTu 5
3aoaua 1

F =7,62x; + 6,45%, (max);

0,01x, +0,2x, <400,

0,22x, +0,15x, < 200,
3

X, 2 X, =0,

X, <350,
| X, <280,

X12>0, X, > 0.

Burnsan noxymenta MathCad:

F(x1,x2) = 7.62x1 + 6.45x2
x1=1 x2=1
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Given
0.01x1 + 0.2x2 < 400
0.22x1 + 0.15x2 < 200

3
X1-—-—x2=0
4

x1 < 350
x2 < 280
x1>0 x2>0

o 210
Maximize (F,x1,X2) =
280

F(210 ,280) = 3406.2

3aoaua 2

F =5,66x,+4,35x, (max);

—-0,22x, +0,85x, <50,

X, <350,

X, <280,

0,9x, - 0,2x, = 0,

—-0,22x, + 0,85x, >0,
X120, X, > 0.

Burmsn noxkymenta MathCad:

F(x1,x2) = 5.66x1 + 4.35x2
x1=1 x2=1

Given

—0.22x1 + 0.85x2 < 50

x1 < 350

x2 < 280

0.9x1-0.2x2> 0
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—0.22x1 +0.85x2> 0
x1>0 x2>0

o 350
Maximize (F,x1,X2) =
149.412

F(350,149.412 ) = 2630.942

11 puxaan po3s’s3anns 3agadi HJIII 3 madopaTopHoi po6oTu 6

3aoaua xeadpamuuno2o NPoOcPaAMy8aHHs

F =9x; +2Xy —xl2 —x% (max),

X1 +4Xy <52,
X] — X9 <2,
X1 +3Xo > 64.

3ammmc y MathCad [TosicHeHHs

f(X1,X2) == 9:X1 + 232 — 12 — x? - LinboBa yHKIis,

x1:=20 - TOYATKOB1 3HAYECHHS 3MIHHUX,
X2 =0
Givel - 3aIIUC CUCTEMH OOMEKCHb,
X1+ 4-x2 <52
xXL-x2 <2
7-X1+3-x2 > 64

7
Maximizéf, x1,x2) = ( j - TOYKa EKCTPEMYMY,

5
f(7,5) = -1 - 3HAYCHHS (PYHKIIIi B TOYIIi EKCTPEMYMY,
xX1:=7 - IepeBIpKa BUKOHAHHS CUCTEMU
X2 =5 0OMEXCHb
X1+ 4-x2 =27
X1-x2 =2
7-xX1+ 3-X2 =64

Ipumimka. Y nporpami MathCad mosxHa po3B’si3aTh He BC1 ONTUMI3AIliH-
Hi 3a1ay4i. Tak, HaNPUKIIAA, HE BAATIOCS 3HAWTH PO3B’SI3aHHS IS IPUKIIANLY 3 Ja-
6oparopnoi podotu 3. Lle nos’g3aH0 3 MeTo1aMU, BOYIOBaHUMH B MIPOrPaMy.
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