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BCTYII

CyvacHuil €KOHOMICT TOBUHHUM 3HATH 1 BMITH BUKOPUCTOBYBATH B IIO-
BCSIKJICHHIM pOOOT1 HOBITHI €KOHOMIKO-MaTEMaTHYH1 METOJIH 1 MOJIEIII.

Tpaauiiinuii croci0 BUBYEHHS €KOHOMIKO-MaTEMaTUYHUX MOJIENICH Io-
JSITaB Y BU3HAUEHHI IXHBOTO MPU3HAYEHHS 1 CyTl, B OCBOEHHI TEXHIKH “pPydYHOI”
peamnizarii. [11o6 3podutu qoctymHoro "pydny" peanizaiito, 06’emM 00poOIIOBa-
HUX JIaHUX JOBOJMIIOCS MAaKCHUMaJbHO CKOPOYyBaTH. 3 OJTHOTO OOKY, i€ Haifua-
CTiIIe BiAaassie MoOyq0BaHy MOJIEIb BiJl PEAIbHOCTI, a 3 THIIOTO OOKY — 3HIKYE
e(eKTUBHICTh 3aCTOCYBaHHS JOCTIIKYBaHUX METO/IIB.

BuxopuctanHs KOMI'TOTEPHUX TEXHOJIOT1H 3BUIBHSE €KOHOMICTIB BiJl HE-
OOX1JTHOCTI CIIPOIIYBaTH €KOHOMIUHI MOJIENI, PATYE iX BIJ PYTMHHOI OOYHUCITIO-
BaJIbHOT pOOOTH 3 peaiizallii MaTeMaTUYHUX METO[IIB, J03BOJIIE CKOHLIEHTPYBa-
TH yBary He Ha aJIrOpUTMI OOYMCIIEHHS, a O€3MOCcepeIHbO HA aHalli31 pe3ysIbTa-
TiB MoJentoBaHHs. OUeBHUIHO, 1110 €(EKTUBHICTh BUBUYEHHS MpPEIMETa CTaE€ ic-
TOTHO BHIIE, SKIIO B €KOHOMICTA € MOXJIMBICTh CAMOCTIHHO IIBUAKO '"Tporpa-
TH" BapiaHTH MojeJeH, 3MIHUTH iXHI MMapaMeTpu, MOPIBHIBIIM B TpadiuHiil 1
YHUCIIOBIA (PopMi pe3yabTaTh BUKOPUCTAHHS JIEKITBKOX METO/IB.

OnHak »Ko/lIHa KOMI'IOTEpHA TEXHOJIOTIS HI B JAaHUN Yac, Hi B JJOCTYITHOMY
IUIsL OTJIsiAy MailOyTHbOMY HE B 3MO31 BUPIIIUTH JOBUIBHO C(POPMYIIBOBAHY 3Mi-
CTOBHY 3a/1auy 3 sIKoro 0 Hi OyJIo po3/aily MaTeMaTUKH, €EKOHOMIKH 200 TEXHIKH.
s mpouenypa dopmanizanii 3aj1a4i 1 € TBOpYa CKJIaJ0Ba MPOLIECY PO3B’I3aHHS
OyIb-KO1 3a/1a4i, 10 B JaHUH Yac JOCTYITHA TUIBKU JTFOIUHI.

Tomy nanuit yaboBUM MOCIOHUK TOOYTOBAHO HA HACTYITHHUX MPUHITUTIAX:

— BHUKJIQJ KOPOTKUX TEOPETUIHUX BiIOMOCTEH, HEOOXITHUX ISl PO3yMiH-
Hs nporecy dhopmaizarii 3a1a4 JiHIHHOTO MporpaMyBaHHS.

— po3rs npolecy (Gopmanizanii Ajisi BU3HAYEHUX KIJIACiB 3ajay y 3ara-
JHLHOMY BHTJISIZI 1 HA KOHKPETHUX MPUKIIAIAX.

— IHMBIyaJibHI 3aBJIaHHS ISl CAMOCTIMHOI pOOOTH CTYACHTIB.

— 3arajibHI MPUHIANH 1 TPUKIATA BUKOPUCTAHHS PI3HUX KOMI'TOTEPHUX
TEXHOJIOT1H JIJIs1 O3B’ si3aHHA (POpMasi30BaHUX 3a]1ay.

B npomy mnociOHUKY 3amaul po3B’SA3YIOThCS 3a JIONOMOIOK Iporpam
Maple, Excel for Windows i MathCad.



Y JoaaTky A po3rJIssHYTI ITpaBWJia Ta KOMaHAu podotn y makeri Maple.
Jlyist Ko’kHO1 TabopaTopHOi poOOTH HaBENEHO MPUKIIAA PO3B’si3aHHs 3amayi. [le
JIOTIOMO>K€ OBOJIOJIITH OCHOBaMHU POOOTHU 3 TTAKETOM.

Y Jlonarky B posrisHyTi mpaBmiia Ta komaHaud poboru y Excel for
Windows. [1yis koxHOI jJab0opaTOpHOT POOOTH HABEACHO MPHUKIIAN PO3B’S3aHHS
3ajadi.

Y Jdomatky B posrisHyTi mpaBuia Ta KOMaHIA POOOTH y TaKeTi
MathCad. /Ins xoxHOT 1abopaTopHOi pOOOTH HABEJACHO MPHUKJIA] PO3B’S3aHHS

3aadui.
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1 HPEAMET "MATEMATUYHE IPOI'PAMYBAHHA"

B exkoHOMIYHIM MPaKTHIll JOBOJI1 YaCTO BUHUKAIOTh TaKl MATAHHS:

SK OpraHi3yBaTH BHUPOOHHUIITBO MPOAYKIi, 00 OTpUMATH MaKCUMAJlb-
HUW MPUOYTOK, y TOU K€ Yac HE MepeOUTBIINTH 3aTPAaTH ICHYIOUUX PECYPCIB;

SK 3 MIHIMAJIPHUMU 3aTpaTaMy 3 HASBHHUX BHIIIB CUPOBHHH OJCPKATH
IUISIXOM 3MIIIYBAaHHSA HOBUI NMPOAYKT (HANPUKIAJ, OCH3WH, METaJIEBUM CILIaB
1 T. 1H.) 13 33JJaHUMHU TEXHIYHUMU U 1THIIUMU XapaKTEePUCTUKAMU;

SK OpTaHi3yBaTH JIOCTAaBKy TOBapiB YM CUPOBUHHU B JCKLIbKA MYHKTIB 3
HalMEHIIIMMU 3aTpaTamMu Ta MOA10Hi.

TakuM YMHOM y TIPAKTHUIl EKOHOMIYHOTO TUTAHYBaHHS Ha OyIIb-SIKOMY HO-
ro piBHI BUHHUKAE HEOOXIIHICTh BUOOPY ONTHMAJIBHOTO BapiaHTa cepejl PiI3HUX
BaplaHTIB IJIaHY.

OnHak, sIK IpaBUJI0, IHTYIIIA 1 IOCB1 IJIAaHYBAHHS BUSBIISIIOTHCS TYT He-
noctaTHiMU. Tomy B IUITaHYBaHHI HEOOX1/IHI TOYHI METOAM, WO JAIOTh MOXKJIH-
BICTh 3ICTABJISITH PI3HI BapiaHTH IUIaHy 1 BHOMpaTH ONTUMAJIbHUN BapiaHT.
OpauH 3 MeTo1B, IO MOJIETHIYE Mepedip ONTUMAIbHUX BapilaHTIB IJIaHy, L€ TaK
Ha3WBaHE MAaTEMaTUYHE MPOTPaMyBaHHSI.

Mamemamuune npocpamyeanusa — po3ail MaTeMaTHKHU, IO PO3pOOIIsE
TEOPII0 1 YUCETbHI METOJIM PO3B’sI3aHHA 33]1a4 Ha eKCTpeMyM (YHKLII Oararbox
3MIHHUX 3 OOMEXEHHSMU Ha 00JIaCTh 3MIHU IIUX 3MIHHUX.

TepMmin «mporpamyBaHHs» (Bl aHTIIHACBKOrO «programming» — CKJia-
JaHHS T1aHy abo mporpamu i) TyT Tpeda pO3yMITH SIK «IIONIYK HaWKpariux
IUTaHIBY», HA BIIMIHY BiJ] TOTO TIIYyMau€HHS, SIKE IPUNHATE CIeIialicTaMu 3 TIPo-
rpaMHOT0 3a0e3nedueHHs — ckinaaanns nporpam 1t [IEOM.

[Ipu BUBYEHHI MaTEeMaTUYHOTO MPOTPaMyBaHHs MOTPIOHE 3HAHHS 3aralib-
HOTO KypCy BHIIOi MaTeMaTHKH, MAaTEMATHYHOI CTATUCTHKHA 1 MAaTEMaTUIHOTO
amapary JJisi po3B’sI3aHHS 3a/1a4 €KOHOMIKH 1 MJIAaHYBaHHS, a TAKOXK BMIHHS KO-
puctyBarucs [TEOM. Ockinbky Leld HaBYaJbHUN MOCIOHMK OPIEHTOBAHMM Ha
CTYJICHTIB 1 acmipaHTiB €KOHOMIYHUX CIEIIaTbHOCTEH, K1 Y CBOId MisUTBHOCTI
3YCTPIYalOThCS 3 MaTeMAaTUYHUMHU METOJIaMU SIK KOPUCTYyBayi, Jaii OyayTh Ha-
BEJICHI TUTHKM KOPOTKI TEOPETUYHI BIIOMOCTI, a OlIbIIIe yBAaru MPUIiJIEHO TIPAK-
TUYHUM 33J]a4aM.

OCHOBHI OHATTS, IKUMH ONIEPY€E MaTeMaTUYHE NPOrpaMyBaHHsI, TaKI.
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DyHKII10, €KCTpEMaJIbHE 3HaYEHHS SIKOT TpeOa 3HAWTH B yMOBaX 3aJaHUX
€KOHOMIYHHMX MOJKJIMBOCTEH, HA3MBAIOTh IUJIHOBOIO (DYHKIIIED a00 KpUTEpiEM
ONTHUMAJIBHOCTI.

ExoHOMIYHI MOKJIMBOCTI 3aUCYIOThCS ((POpMaNi3yIOThCs) Y BUTIISAIL CH-
CTEMHU OOMEKEHb.

CyKyIHICTh HEBIJOMUX BETUYHH (X, ..., X,), 3MIHIOIOYH 5IKi, MOKHA BJIO-
CKOHAJTFOBATH CUCTEMY, HA3WBAIOTh TUTAHOM 3aJ1ayi.

[TpuBeneHi BUIIe TOHATTS CKJIAIAI0Th MAaTEMATUYHY MOJICITb 3a/1a4i.

Mamemamuuna moodenb — BinoOpaXeHHS PEATBHOI0 €KOHOMIYHOT'O MPO-
recy abo 00’exTy 3acodamu maremaTuku (y BUIJISAl (QyHKLIA, PIBHAHb, HEPIB-
HOCTEH 1 T. iH.).

B 3aranbHOMY BUTJISII MaTEMaTHIHA MOJICTb 3aIIUCYETHCS TaK:

3uaiitn mman X = (X, ..., X,), AKMH JOCTaBIsC EKCTPEMAlbHE 3HAYEHHS

1I0Bo1 QyHKIT F, TOOTO

F=F(x,..., X,)

MPU 33JIaHUX OOMEKEHHSIX

@ (X, ... X){<=2b, i=1l.m

3a3Buuai, 13 EKOHOMIYHUX MipKyBaHb X; >0, j=1.n.

3amaul MaTEeMaTUIHOTO TTPOrpaMyBaHHs KIACU(IKYIOTh B 3aJIEKHOCTI Bij
0CcO0JIMBOCTEN LLTLOBOT DYHKIIIT 1 CHCTEMH OOMEKEHbD.

Sxmo ninbosa ¢pyukuis F(x) i pynkuii @; (X), 1=1..M e ninifiaumu, 10 e
3aiayva JiHiitHoro nporpamyBanns (JIIT).

SAkiio xoua 6 ogHa 3 PYHKIIIH, 1110 BXOAATh B MaTeMaTuuHy Mojenb (F(x),
¢; (X)) HenmiHiMHA, TO IIe 3a/1a4a HeqiHiiHOro porpamyBanHs (HJIIT).

Axmo xoya 6 oHA 13 3MIHHUX 32 YMOBOIO 3aJa4l MOBMHHA OyTH LUIUM
YHCIIOM, TO 1€ 3a/1aya IIoYrcioBoro nporpamysanus (LII1).

Skio napamerpu 1UTLOBOT PYHKITT 1/a00 cucTeMu 0OMEXEHb 3MIHIOIOTb-

Csl y 4aci, TO Taki 3aj1a4i BUPIIIYIOTh 3a JOIMOMOTOI0 METO/IIB IMHAMIYHOTO MPO-

rpamyBanHs (I1).
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Metoau po3B’s3aHHs HaBEACHUX BHUIIE 3a7a4 OMEPYIOTh 3 JETEPMiIHOBA-
HUMU MaTEMaTUYHUMU MOJEISIMH, K1 BIIOOPaXKYIOTh MOBEAIHKY 00’ €KTY 3 TO-
3MILI1 TOBHOI BU3HAYEHOCTI Y CY4YaCHOMY 1 MaiilOyTHBOMY.

Sxmo mapaMmerpu, IO BXOIATh Yy IUILOBY (yHKIIO abo ¢yHKIi-
OOMEXEHHS, € BUIAJIKOBUMH BeIMYMHAMHU, a0 Tpeba npuiMaTu po3B’si3aHHS B
yMOBaX HEMOBHOI 1 HEOCTOBIPHOI iH(pOpMAIIii, TO TOBOPSTH MPO CTOXACTUIHE
nporpamyBanHs (CIT).

3anaui, y sKuX TpeOa 3HAUTH pO3B’A3aHHS 32 KUIbKOMA LUIbOBUMH (YHK-

IISIMH, HA3WBAIOTh 33/1auaMK 0araTOKpUTepiaibHOI ONTHMI3allii.
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2 JIHIMHE MIPOTPAMYBAHHSI

JInst movyaTKy po3riasHEMO pO3/11 MaTEMaTUYHOI'O MPOrpaMyBaHHs — JIi-
HiliHE MporpaMyBaHHs, /i€ PO3IISIAAIOTECS TUIBKU JHIWHI QYHKIlI, IO CIpo-
Iy€ 3HAXO/KEHHS PO3B’ SI3aHHS.

VY 3arasibHOMY BUIJIA[l CYTHICTH JIHIMHOIO NpOrpaMyBaHHS  MOXHAa
chOopMyITIOBATH B TaKUH CIIOCIO:

€ n 3MIHHUX X3, X2, ..., Xn. BU3HAUUTH MakcuMyM (44 MiHIMYM) HaCTyITHO1

THIAHOT (QYHKII, Ky Ha3UBAIOTh IUILOBOIO (PYHKITIEIO, ITUX 3MIHHUX:

n
F:Zcixi =CX, +C,X, ++--+C X (1)
i=1

[Ipu pimieHH1 3a1a4l HA MAKCUMYM €KOHOMIYHMM 3MicT PyHKIIi F Moxe
OyTH TaKUM:

Xj — KUTbKICTb BUPOOIB, 1110 BUITYCKAIOThCS, 1-T0 BUAY, 1 = 1,..,Nn;

Ci — IliHa OIMHMII BUpOOY i-ro BUaY, 1 = 1,..,N;

F — cymapna 1iina BupoOiB, 1110 BUITYCKAIOThCS.

[Tpu pilieHH] aHAJIOTIYHOI 3a7]a4l Ha MIHIMYM: C; — BUpOOHMY1 BUTpATH (Y
IpOILIOBOMY BHMpa)K€HH1) Ha OJUHUIIO BHUPOOY, L0 BUITYCKAETHCS, 1-TO BUY,
I=1,...n; F — cymapHi BuTpaTH.

[Tomyk ekcTpeMyMy HiJIboBOi (hyHKINT F 3B'sS3aHMI 3 HEOOX1THICTIO MiHI-
MI3yBaTH BUTpaTH (IPOIIOBI, CUPOBMHHI) YM MAaKCHUMI3yBaTU NPUOYTOK, Bap-
TICTBH 3p00JsieHO0T MpoayKIii 1 T. 1. [Ipu 1bOMy MOBUHHI 330BOJILHATUCS HACTY-

ITH1 YMOBH, 110 HA3UBAIOTHCS CUCTEMOIO JiHIHHNX oOmexeHb (CObB) 3amaui.

a X +aLX, +..+a, X, <h,

) 81X 855X, + ..+ 8y X, <D,

(2)

m!

Ay X+ A X, + oA X, <D
x>0 (i=1,..n).

YMmoBu COB (2) B1100paxyt0Th OOMEXEHICTh HAsIBHUX pPECYpCiB (MaTepi-

TbHUX, TPOIIOBUX, YACOBUX, BUPOOHUYUX MOTYKHOCTEH 1 T. 11.).
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Bektop X = (X, X5,.., X,), KOMIIOHEHTH SIKOTO 3aJOBOJBHSIOTH OOMe-

KEHHSAM 3a7adi, OyJAeMO Ha3MBaTH IUIAHOM ab0 MPUITYCTUMHUM PO3B’SI3aHHIM
3a/1a4l JIIHIHOTO MPOTpaMyBaHHS.

VYci mpunycTuMi po3B’si3aHHS YTBOPIOIOTH 00JIAaCTh PO3B’SI3aHHS 3ajadi
JTHIAHOTO TIPOrpaMyBaHHS.

[Ipunyctume po3B’si3aHHS, M0 MaKCUMI3Yy€e (MIHIMI3ye) HUIbOBY (DYHK-
11110, HA3UBAETHCA ONTUMAIBHUM IIJIAHOM 3a/ayi.

Po3B’s13aHHA Takoro pojy 3a/ady 1 CKJiajiae npeameT JiHIHHOro mporpamy-
BaHHA. TepmiH "miHiliHE NMporpaMmyBaHHsA" BKa3ye, 110 PO3B’S3aHHS MOJArae y
BU3HAYCHHI ONTUMAIBHOTO TUIaHY, IPUYOMY B MAaTEMAaTUYHOMY BUPAKEHHI ITUX
3a1a4y QIrypyroTh TUIBKY JIHIAHI PIBHAHHS 1 JIIHIMHI HEPIBHOCTI.

Po3B’si3anHsa  3amadi JiHIKHOTO TIPOTpaMyBaHHS CKJIAMA€THCS 3 TPHOX OC-
HOBHUX €TaIliB:

a) CKJIaJIaHHd MaTeMaTH4HO1 Mozenl (hopManizallis 3aaayil);

0) po3B’s3aHHS hopMaIi30BaHOI 3a/1a4i;

B) aHaJi3 OTPUMAHOTO ONTUMAIILHOTO PO3B’I3aHHS.

Dopmanizayia 3a0aui TOYNHAETHCS 3 BUOOPY 3MIHHUX, CYKYIHICTh YHC-
JIOBUX 3HAY€Hb SIKMX OJIHO3HAYHO BU3HAYA€ OJUH 3 BapiaHTIiB IuiaHy. [Ipu 1po-
My BapTO MaTH Ha yBa3i, 0 B OUIBIIOCTI BUMAAKIB BlJ BIAJIOr0 BHOOPY LHMX
3MIHHHUX 3QJICKHUTH MIPOCTOTA MOJIEII 1, OT)KE, 3pYUHICTh MOJAATBIIOTO ii aHai3Yy.
[Ticns BUOOpPY 3MIHHUX HEOOXIJHO CKJIACTH 3a TEKCTOM 3a/iayl CUCTeMY oOMme-
KEHb, AKIN 111 3MIHHI TTIOBUHHI 33J0BOJBHATU. [Ipy 1IbOMYy MOTPIOHO CTEXKHTH,
100 y Mozenb OyJiM BKIIFOUEHI BCl 0OMEXYBallbHI YMOBH i B TOHM e 4yac He Oy-
JI0 HI OJHOI'0 3alBOro OOMEKEHHS a00 OOMEKEHHS, 3aIlMCAaHOIO0 B HEaJIeKBaT-
Hiit popmMi (To6TO He ciig mucatu B COD 3Hak "<" 3aMicTh “<” 1 HAaBMaKu).

Hapemri, cknanaeTscs minboBa (QyHKISA, 0 y MaTeMaTU4Hii Gopmi Bi-
n00paxkye KpuTepii BUOOPY Kpaloro BapiaHTa.

Meton po3B’si3aHHs (popmanizoBaHOl 3a/1a4l 3aJ€XKUTh BiJl il pO3MIPHOCTI.
SIKII0 KUTBKICTh 3MIHHUX JOPIBHIOE ABOM (n = 2), TO 3a7a4a HA3UBAETHCS TUIOC-
KO0 1 MOKe OyTH BupimieHa rpadiuHo. KoHTposib MpaBUIILHOCTI PO3B’SI3aHHS B
JTAaHOMY BHUTIQJKy BapTO MPOBOAUTH, BUpiNTyroun 3aaaqy Ha EOM. [Ins Garato-
MipHHUX 3a1a4 (N> 3) rpadiuauil MeTO1 PO3B’sA3aHHSA HE MOYKHA 3aCTOCOBYBATH.
VY upoMy BHUMAJKY 1 pO3B’sI3aHHS 3a/1a4l, 1 KOHTPOJIb IPABUIIBHOCTI PO3B’ SI3aHHS

BUKOHY€ETHCS 3a gornoMoror [IEOM.
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3 MATPUYHHUM 3AIIUC 3AJAYI JIHIHHOT O
IMPOTPAMYBAHHS

3amavy NHIKHOTO MIPOrpaMyBaHHsSl 3pYYHO MOJATH B MATPUUHIN GopMi.

Bu3znaumMo OCHOBHI ITOHSTTS.

a1 A2 ... X{p
A = dp1 dpo ... dop
Marpuiis = — Ta0IHIIs, O CKIAIAE€ThCI 3
mxn -
aml am2 cee amn

M PSAIKIB 1 N CTOBMIIIB; M X N — pO3MIPHICTH MATPHIII.
Xl

Bekrop X=]-] = CTOBIIELH 3 N €JIEMEHTIB, HOI0 MOKHA I10JaTH K Ma-

tpumo X (Nx1).

Jeaki 0ii nao mampuuamu:
1 Tpancnounysanusn

TpancronoBana MaTpuIlst A’ OTpHMaHa 3 MaTpMIli A 3aMiHOIO PSIKIB Ha

CTOBIILIL:
a1 a21 ... am
AT |32 422 - @m2
nxm
a.ln a2n e amn
Martpunus-psaok (yl yn) MOK€ OyTH NOJIaHa K TPAHCIIOHOBAHUI
BEKTOP-CTOBNECHb — YT= (yl yn).

2 Hopisnuannsa mampuyp
[TopiBHIOIOTHCS MaTpPHILIl OJHAKOBOI PO3MIPHOCTI.

JIBi MaTpuIll Ha3UBAIOTHCS PIBHUMHU, SKIIO B HUX PIBHI BIMOBIIHI €JIeMe-

HTH: A = B, K10 aj; = bjj.
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Martpurss A He Oinbmie matpuii B (A<B ), SKII0 1S BCiX €IEMEHTIB
MaTpHIb BUKOHYETHCS HEPIBHICTB aj; < ;.
3 MHuoowcenna mampuus

Ckansipauii 10OyTOK BEKTOPIB:

. . n
Y5 X =yiX + YaXo 44 YnXn = 2 ViXi -
i=1

MHOXEHHSI MOXKIIMBE JIMLIE JUIsI MaTPHILb, 110 MAlOTh HACTYIHY BJIACTH-
BICTh: KUIBKICTh CTOBIIIB MEPIIOi MATPHUIIl JOPIBHIOE KIIBKOCTI PANIKIB JPYroi

marpuni: A- B = C .
NxXpP pxm nxm

EnemenT MaTpumi cjj — CKaJIIpHUMA 1OOYTOK I-0r0 psinka MaTpumi A Ha |-if
CTOBIICIIb MaTpHUIl B.

Ha ocHOB1 LMX MOHATH 3alMIIEMO 3aJady JIHIHHOTO MPOrpaMyBaHHS B

MaTPUYHOMY BUTJISAIL.

JlaHa 3ajaya:

n
F =2 CiXj =C1X +CoXp +--+CnXp (max);
i=1

1X +d92Xo +...+ Xy < b_l_’
an1X +aooXo +...+ Ao Xy < bz,
ﬁ

X, >0 (i=1,..n).
Yy MaTpUIHOMY BI/IFJIH,[[i 4 3aa4a 3allMIIEThCA TaK:

=C". X (max).
X <B,

>

x| > T
ol
IN
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3.1 llpuxkaan 3anucy 3aja4i JiHiliHOT0 MporpaMyBaHHsl B MATPUYHO-
MY BUTIJISATI

Jana ¢popmanizoBaHa 3a7ayda JiHIHHOTO IPOrpaAMyBaHHS.

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

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

[Tepmr HiXXK TEPEXOAWTH 0 MATPUYHOTO 3aIHCy, MEPETBOPUMO 3aaady
TaK, 00 y cucTemMi 0OMeXeHb yC1 HEPIBHOCTI OyiIM OAHOrO 3HaKa. SIKIo s
ITbOBOT (PYHKIIIT IIYKalOTh MaKCUMyM, TO OOMEXEHHsS MOBHHHI MaTH 3HaK

«<»,

Ti HEpIBHOCTI, y SIKUX 3HAK «>», TOMHOXXUMO Ha (-1). Onmepxxumo 3amauy:

F =5x; +3X, — X3 (max).
X, +2X, <3,

{— 3X; + X, +4X5 <=9,

X, 20,%,20,X320.

Bunmmemo BekTOpu 1 MaTpHIIIO:

X, 5 0
_ _ _ 3 1 2 0) —
X=|x,| C=| 3| B= = 0=(0
-9 -3 1 4
Xs -1 0

Y MaTpu4yHOMY BUTJISI1
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4 TEOMETPUYHHUM 3MICT 3AJAUI JIHIMHOTO
IMPOTPAMYBAHHS

VY Bumanky, Koiu B 3amadi GIrypyroTh TUTBKH JIB1 3MiHHI, 3a/1a4a JiH1#-
HOT'0 MTPOrpaMyBaHHs MOKe OYTH BUpIIlIEHAa TEOMETPUIHUM CITOCOOOM.

JlaHo cucTeMy m JiHIMHUX HEPIBHOCTEH 13 ABOMA HEBITOMHUMHU X1, Xo:

a‘11)(1 + a‘12)(2 < 11

a. X +a, X, <h,,
<211 2272 2 (3)

A% Fa,X, < b

o
JlaHo miHIlHY (QYHKIIIIO:

F=c X +¢C, X,, (4)

[Ipuuomy
X =0, X,=0. (5)

[ToTpiOHO cepen ycix pimieHb cucteMu (3), (5) 3HAWTHU Take, KOTpPEe Mak-
cumizye GyHKIo (4).

Cucremu odmexenb (3) 1 (5) 3a1al0Th Ha TUIOUIMHI OMMYKJIUNA OaratokyT-
HUK M, npudomy ymoBH (5) CBiI4aTh MPO T€, IO BiH PO3TAIIOBAHUN y TEPIIIiii
yBepTi (puc.l). et 6araTokyTHUK Ha3UBA€ETHCS 00JACTIO PIIIEHb 3a/1ayl.

3ayBa)XE€HHSA: IpU HEOPAaBWIBHO c(hOpMyIbOBaHId 3amadl  00JacTh
PO3B’SI3aHHS MOK€ BUSBUTHUCS TTOPOKHBOIO 400 HEOOMEKEHOIO.

Otxe, 3a7a4a MOxe OyTH c(hOpMyJIbOBAHA TaK: CEpel yCiX TOUOK 00J1acTi
M 3HaiiTu TaKy, KOOPJIMHATHU SKOI MaKCUMI3YIOTh QYHKIIIO F.

JoBeneHo, 1mo QyHkIist (4) He MOXKE JOCSATaTH EKCTPEMATIbHOIO 3HAYEHHS
B JKOJHIN BHYTpIITHINA TOYIl oOmacti M, 3HaUWTh pO3B’si3aHHA 3amadi (4) mpu

ymoBax (3) 1 (5) BapTo nIykaTtu Ha rpaHulll miei 06acTi.
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Xo A

\ >
Pucynox 1 — Obracmo po3s’saszanusn cucmemu IiHIIHUX 0OMeEHCEHb

SAxio nopiBHATH BUupakeHHs 1ia QyHkiii F skuit-ueOyap nocriitauii C:
C, X +C, X,=C, (6)

TO OACPKUMO PIBHSHHS TPSIMOI JIiHII, y Toukax sikoi GyHkiis F npuiimae Te
came ¢ikcoBane 3HaueHHs C.

Binomo, 1o 3HaueHHs GyHkuii F 3pocTaroTh y HanpsIMKy BEKTOpa Ipajiie-

HTAa:

—_ (oF oF
radF=| —,— | =(c,,c
g ox, ' ox, (1 2),

1 ClIaIar0Th y HAMPSMKY, TPOTHIICKHOMY HAIPSMKY TpaJli€HTa.

Buxonutb, ocTaHHs TOYKa 00JIacTi, IO NIepeTHHAE mpsiMa (6) Tpu pyci B
HanpsIMKY Tpaji€HTa, € Toukor Makcumymy ( T.K Ha puc.2).

OcranHs TOYKa 00JacTi, IO mepeTuHae mpsiMa (6) mpu pyci B HANPSM-
KY, IPOTHJISKHOMY HaIPsMKY TpajliEHTa, € TOYKO0 MiHIMyMY (T.N Ha puc.2).

Koopaunati onTuManbHOI TOYKH 3HAXOIUMO, BHPIITYIOYH CUCTEMY PiB-

HSIHb MPSIMUX, 1110 TIEPETUHAOTHCS B 11 TOYIT.
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X2

C1X1+C2X2=Crnax

C1X1+C2X2=Cin

\ C1X1+CoXo=C

N

N \ X1,

Pucynok 2 — 3naxoooicenns maxcumymy i MiHimymy yinooeoi Qyukyii epagiunum

Memooom

4.1 Pi3Hi BUNagKy, 0 3yCTPiYaAKOTHCS NPHU pillleHH] 3a1a4 JiHIiHOTO
nporpaMyBaHHA

[TepenbauaeTnces, mo obnacte D, o0ymosinena CObB, He mopoxHsi.

1 Oonacme D oomexncena. Po3e’azanns icnyce i eOune.

max

Grad F

Y

Pucynox 3
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2 Obaacme D neoomesrxcena. Poze’azannn (max) icnye i eOune.

max

GradF _|

Y

Pucynox 4

3 Obaacme D oomerncena, cpadienm nepneHOUKYIAPHUIL CHODPOHI
M:M,. ¥ uvomy eunaoky icuye neckinuenna 6e3niu piwiens, ujo cK1a0arOmob-

ca 3 Koopounam mouok eiopizka [M1,M,].

A

Grad F
M1

M

Y

Pucynok 5

4 Obnacmov D neobmedricena, yinvosa pynkuia Heobmexicena.

Po3é’azanna He icHyE.
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A Grad F

Y

Pucynox 6

5 Ocobaueguil 6unadok cknadaoms max HA3UEAHI NO2AHO 00YMOG/IEHI
3a0aui, koau npama F=c1X;+CyX; maiiyce cnienadae 3 00Hiel 3i cmopin 6aza-
mokymnuka. Tooi naiimenua nozpininicme y 6u3HayeHHi Koegiyiecnmie npu-

600umb 00 Oyce 8eUKOT nOZPiHoCmI Y 8i0N06IOL.

Grad F

Y

Pucynok 7

[cHylO0TH crienianbHi aNrOpUTMH JUIsl PO3B’sI3aHHS NOTaHO OO0YMOBJIEHUX
3a1a4. J{ns mepeBipku, UM HE € Ballla 3ajiada MoraHo 00yMOBJICHOIO, IMOTPIOHO
BUPIIINTH i 1Bi4i: oauH pa3 3 ii koedimienramu C=(Cy, Cy, ..., C,), @ APYroro pa-
3y 3 KoedirieHTamu, 3ierka 3mineHumu, C=(Cy+e;, Cr+ey, ..., Ci+ey,). Skimo 3a-

Ja4ya He € MoraHo 00yMOBJIEHOIO, TO 3MIHHM Y BIIMOBIAI TOTO K MOPSIAKY, IO 1
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tst koedirieHTiB (Hanmpukinan, ~1%). SIkmmo x 3amada moraHo oOyMOBJIeHA, TO
3MIHMBIIIM B YMOBI Cj Ha KUJIbKa B1JICOTKIB, OJIEP>KMMO BIJIMOBI/Ib, IO BiAPI3HS-
€ThCST B1J BUX1JHOI'O Ha JECATKH a00 HABITH COTHI BIACOTKIB.

3ayBa)K€HHS: Y BUMAJKY 3a/1a4yl TPhOX 1 OLIbIIE HEBIIOMUX 13 MPUHIIUATIO-
BO1 CTOPOHU CIIpaBa 0OCTOITh 30BCIM TaK CaMoO, K Yy BUIAJKY JBOX HEBIJOMUX.
Opnnak BXe B 3-MIpHOMY BUIIAJKY, SK IMPAaBWIO, TEOMETPUIHE TAYMAdYCHHS 3a-
Jadi He MOKe OyTH OCHOBOIO JUIsl ii pO3B’si3aHHs. Y KpaloMy BUITQJIKy BOHO Bi-
Jirpae JONOMDKHY poiib. OJHaK SKICHO KapTHHA HE 3MIHIOETbCA, TOOTO
PO3B’sI3aHHS 3a7a4l MOKEe OyTH €IMHUM, 3ajladya MOXE MAaTH HECKIHYEHHY 0e3-

74 pilieHb, PO3B’sI3aHHA 3a7a4l MOXe OyTH HEOOMEKEHUM.
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5 ABOPATOPHA POBOTA 1. TPA®IYHE PO3B’sA3AHHS
3AJTAYM JIHIMHOTO NPOTPAMYBAHHSA

Tema. 3anuc 3amadi JIHIHHOTO TPOTpaMyBaHHS B MaTpU4HIN QopMi.
I'padiune po3B’sa3aHHA 3a1a4i.

Mema nabopamopmnoi pooomu

Matrote O6yTu nipua0aHi HACTYNHI @MIHHA. 3alUC 3aj]a4l JIHIKHOTO MPO-
rpaMyBaHHA B MaTpuuHiid (opmi; BUOIp METOLy po3B’s3aHHs (HOpMaI30BaAHOL
3aayl; moOymoBa 00JIaCTI MPUITYCTUMUX DIlIEHb; 3HAXO/KEHHS 3a rpadikoMm
ONTUMAJIBLHOI0 3HAYEHHS L1JIbOBOT (YHKIIII.

Matoth OyTH 3aCBOEH1 HACTYIIHI HOHAMMA. ONTUMATBHUN IIJIaH, IPUITY-
CTHME PO3B’s3aHHs, 1JIbOBa (YHKIISI, CUCTEMa 0OMEeXeHb, 00JIaCTh MPUITYCTH-
MUX pIlIEHb, J0OPE 1 MOraHo 00yYMOBJIIEHI 3a/1a4l.

Po6ora po3paxoBaHa Ha 8 TO/IMH.

5.1 lIpuknan rpadiunoro po3p’sizanHs GpopMaTizoBaHOT JBOBUMIPHOL

3ajad4i JiHIHHOTr0 MPOrpaMmyBaHHS

[Tepmn HIX pO3TISHYTH TPUKIAT T'padidyHOTO PO3B’sA3aHHS 3ajadi JIiHIHN-
HOr'O NIPOrpaMyBaHHs, PO3IJISTHEMO I'padiuHe po3B’A3aHHS HEPIBHOCTI 1 CHCTEMHU
HEPIBHOCTEH.

I'paghiune po3e’azanns nepienocmi

Ilpuknao 1

Hexait nana HepiBHICTb X + 2Xp < 4. Bupimmmo 110 HepiBHICTh rpadiu-
HO.

1 IloOynyemo Ha IUIOLIMHI PIBHAHHS MPAMOI, 110 BIJMNOBIIA€ HEPIBHOCTI
X1 +2Xp =4. JInst noOyaoBU MpsIMOi TOCUTh 3HATHU JIBi IOBUIBHI TOYKH, IO Ha-
JeXaTh 1IA npsaMii. 3HaHAEeMO 111 TOYKH.

Jlis 1bOro Bi3bMEMO JOBUIbHE 3HAUEHHS Xq, Hampuknan, X, =0 Ta mizac-
taBuMO y piBHSIHHA. Toai 0+ 2Xy =4 = Xo =2. [lepua Touka (O; 2). BizeMeMmo
apyre Xq, Hampukiaa, X;=4 Ta niAcTaBUMO |y piBHAHHA. Tonl
4+2X9 =4= Xy =0. [Ipyra Touka (4; O). Maemo J1B1 TOUKM Ha KOOPJMHATHIN

TUIONTWHI, Yepe3 sIKi TPOBOUMO TpsimMy (puc.8).
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X1 X2

0 2

4 0
X2 y
2

X1

1|||4!\

Pucynox 8

2 Tlpsima po3OuBae TUIOIIMHY HA JIB1 HAIIBIUIOMIMHY. PO3B’A3aHHSAM HEpi-
BHOCTI € OJiHa 3 HamiBIUIOmMH. [liiIcTAaBUMO B HEPIBHICThH JAOBUIBHY TOYKY ILIO-
mHY (HainpocTime, Touky (0; 0)). SIKmo HepiBHICTH BipHA, TO PO3B’SI3aHHSIM €
HAIIBIUIOIIIMHA, IO MICTUTh IF0 TOYKY. SKIIO HEpIBHICTh HEBIpHA, TO
PO3B’SI3aHHSM € 1HIIA HamiBILIOMKMHA. Ha puCyHKy HamiBILIOIIMHY-PO3B’ I3aHHS

MOKa3yIOTh MTPUXYBAHHSM (puc.9).

X2

B

| | | X1
1 4'1\

Pucynox 9

[TlincraBumo B Hamry HepiBHICTH Touky (0; 0): 0<4 — BipHO. 3HAuYUTH
PO3B’sI3aHHIM HEPIBHOCTI Oy/ie HaIIBIUIONIMHA, 1110 MICTUTh I[I0 TOUKY.
Tenep BupimuMo rpaiyHo CUCTEMY HEPIBHOCTEN

JlaHo cucTeMy HEpiBHOCTEH:
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X, +3X, = 6,
X% +10x, <70,
4x, —5x, = —20,
X, =0,
X, > 0.

Jlst Toro, mo0 BUPIIUTH rpapigyHO CUCTEMY HEPIBHOCTEH, MOTPIOHO BU-

pitmuTH rpadidHO KOKHY HEpiBHICTh. [IpoHyMepyeMo HEPIBHOCTI:

X1 +3Xy > 6 2),
7% +10x, <70 (2),
4x —5%x9 2-20 (3),
X >0 (4),
X9 20 (5).

HepiBnocTi (4) 1 (5) moka3ytoTh, 10 00JacCTh PIlIEHh CUCTEMH 3HAXO-
JUTHCS B TIEPIIIi YBEPTI KOOPIMHATHOI TUTOITUHHU.

Bupimmumo rpadiuno HepiBHocTi (1), (2) 1(3). OO6nacTtio pillieHb CUCTEMU
HEpIBHOCTEH Oyjie Ta 00JaCTh TUIOLIMHY, Y SKIHA MePEeTUHAIOTHCS HAIlIBILUIOMIHHU
pillieHb KOKHOI HEPIBHOCTI. Y HalIOMY IpPHKIaAl 00JIacTIO pO3B’sI3aHHS CUCTE-

MU HepiBHOCTEH € OaratokyTHuk ABCDE (puc.10).

1 X{+3Xo=6
X1 | X
0 |2
6 |0

T.(0;0) =0 > 6 — HeBipHO.

2 7X1 +10X2 =70

X1 X2
0 7
10 | O
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T.(0;0) =0 < 70 — BipHO.

3 4X1 — 5X2 =-20

X1 X2
0 4
5 8

T.(0;0) =0 > -20 — BipHO.

10 § 3)

Pucynok 10 — I[lobyooea obnracmi po36’sa3anus cucmemu HepigHOCmel

5.2 I'paghiune po3e’azanns 3a0aui 1iHilIHO20 NPOZPAMYBAHHS

Ilpuknao 2
Hexail HEOOX1AHO 3HANTH (Xl, X5 ), Ipu sSKUX QyHKIis F =2% + Xy 10-

csira€ MakCUMyMY, IIPUYOMY Xq, X9 IOBUHHI 3aJ0BOJIBHATH HACTYIHINA CUCTEMI

oomexens (COB):
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X1 +3Xo 2 6,
7% +10xo <70,
4x1 —5Xy = =20,
X1 =0,
X9 > 0.

Po3é’azanna:
1 Bynyemo o0nacTh pilieHb cucTeMu ooMexkeHb. OOsacTh pilieHp — Oa-

rarokyTHHK ABCDE, nmoOymoBa sikoro BifOynacs panime. (puc. 11).

1432

10 - (3)

Pucynok 11 — Ilpuknao epagiunoeo po3s’si3ants 3a0ayi AiHIIHO20

npocpamy6arHs

. . oF  oF
2 3uaxoaumo rpagient ¢pyukuii F: = gradF = (— ; —J =(2,1)
X, OX,

byayemo Bektop 3 mouarkom y Toulli (0; 0) 1 kiHueM y toui (2; 1).
[TpumiTka: BEKTOp MOKHA 30UTBITYBaTH, YU 3MEHIIYBAaTH MPOMOPIIHHO:

gradF =(2;1)=(8; 4)
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3 bByayemo mpsimy, nepneHANKYISpHY BEKTOpY TpazienTta. IlepecyBaemo
10 NIPSIMY B HAINpPSIMKY, 3a3HaU€HOMY BeKTOpoM. OcTaHHS TOYKa o0acTi, 110
NEepETUHAE MPsIMA 1 € TOYKOI0O MAaKCUMyMYy. Y JaHOMY BHUIMAJIKY 1ie Touka D.

4 3HaxoIMMO KOOPJMHATU TOYKM MakcUMyMmy Ll Touka j1eXuTh Ha nepe-

TUHaHHI NpsAMuX (2) 1 Xp =0. Bupimyemo cuctemMy piBHSHB!
X, =0, X, =10,
=
7x, +10x, =70 X, =0

Onepxamt: XImax =10; Xomax =0 .

5 BuzHaunmo MakcUMaibHE 3HAYEHHS [UIOBOT (PYHKIIII:

Frax =2-10+0=20.

Bianosiae: MmakcumansHoro 3HadeHHs F=20 minboBa (QyHKIliS Aocsrae B
toutti (10; 0).

PosrnstHemo iHmIy 3aga4y:

F=2% +Xp, (min)

X, +3X, 2 6,
7%, +10x, <70,
4x, —5x, = -20,
X =0,
X, 2 0.

3agava BIAPI3HIETHCSA BIJ] MOMEPEAHbOI TUM, III0 HEOOXITHO 3HANTHU TaKl
(Xl, X2 ), npu skux QyHkiis F nocsarae MiHiMyMy TIpH 1aHii cucTeMi 0OMeKeHb.

Po3B’s13aHHST TOBTOPIOE TIOTIEPEHE, KPIM HACTYIMHOTO MOMEHTY: MPSMY
NePEeCyBAIOTh y HAMPSAMKY, IPOTUIIEKHOMY 3a3Ha4YE€HOMY BEKTOPOM.

JI71st IbOTO MPUKIIATy MIHIMYM JOCSTAa€Thes B Tourl A. L5 Touka mexuTh

Ha neperuHanHi npaMux (1) 1 X =0. Bupimryemo cuctemy piBHSHb:
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X =0, X =0,
=
X, +3X, =6 X, =

Onepxani: X{min =0; Xomin =2 .

Buznaunmo MiHIMalIbHE 3HaY€HHS I[1JIbOBOT (DYHKITIT:

Fup=2-0+2=2.

BianoBings: MiHiMaabHOTO 3HaYeHHs F=2 misboBa (QyHKINS J10CATA€E B TO-
qrii (0; 2).

5.3 Po3p’s13aHHsA 3a/1a4i JdiHiliHOT0 nporpamyBaHHs y naketi Maple

Ilpumimrxa. KoManau BUALIEHI HANMIBKUPHHM LIPUPTOM, IMOSICHEHHS
3MICTYy KOMaHJ — 3BHYalHUM WIPpUPTOM, pEe3ysbTaTH BUKOHAHHS KOMaHJ —
KYPCUBOM.

[Tobynyemo crouatky obnacts pimers COB.

Komanna ouniieHds nam'siti:
> restart:
Beoaumo ¢yskuito ta HepiHocTi 3 COb
>F:=2*Xx1+X2;
F:=2x1+x2
>0l :=x1+3*x2>=6;092:=7*x1+10*x2<=70;9g3:=4*x1-5*
X2 >=-20;
gl =6<x1+3x2

g2 :=7x1+10x2<70

g3 :=-20<4x1-5x2
KoMannu nmigkiroueHHs 610110TeK pO3MIUPEHOI Fpa(iKu:
> with (plots):

Komanna noOymnoBu 001acTi pillieHb:
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>risl:= inequal({gl,92,93, x1>=0, x2>=0}, x1=0..10, x2=0..10,
optionsexcluded = (color = white )):

>risl;

PesynbraT BUKOHaHHS 111€1 KOMaHIU — Ha puc. 12.

107

0 2 4 6 g 10

Pucynox 12

[Tpumitka. s BipHOro Macmrady Tpeda BUILIUTH rpadik Ta HATUCHYTH

KHOIIKY Ha naHenl iIHCTpyMeHTIB Maple

3HaiiIeM0o TOUYKY MaKCUMyMY LUTbOBOI (DYHKIIII.
Komanpaa migkimtoueHHs: 610J1I0TEKH CUTIEKC-TIPOTrpaM:
> with(simplex):
Warning, new definition for maximize
Warning, new definition for minimize
Komanna po3s’sizanns 3agaui JIII curiekc-metoom:
> maximize(F, {g1,92,93} union {x1 >=0, x2 >=0});
{x1 =10, x2 =05}

Komanau npucBOeHHS 3MiHHHUM X 1,X2 3HaWICHUX 3HAYCHD:
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>x1:=10: x2 :=0:
Komanna oOuncneHHsl 3Ha4€HHsI [UIbOBOI (PYHKIIi Ta 3HA4€Hb CUCTEMH
OOMEXEHb B TOYIlI MAKCUMYMY:
>F_max :=F; g1;02; g3; x1 :=’x1’: x2 :=°x2’:
F _max =20
6<10
70<70
-20 <40
BianoBigs: MakcuMaabHOTO 3HaUYCHHS IIboBa (yHKIsS F=20 mocsrae B
toutli (10; 0). Lle cniBmagae 3 “pydHum’ po3paxyHKOM.
[TpumiTka: MiHIMYM 3HAXOJIUTHCS BIAMOBIIHO:
> minimize(F, {91,92,93} union {x1 >=0, x2 >= 0});
{x1=0,x2=2}
>x1:=0:%x2:=2:
>F _min:=F; gl;02; g3; x1 :="'x1": x2 :="'x2":
F _min:=2
6<6
20<70
-20<-10

3ayBaxkeHHs. Ilicnms po3B’si3aHHs 3a7a4i, MOKHA Ha OJHOMY MAJTIOHKY
nodynyBatu po3B’s3aHHa cucteMu COBb, rpamieHT ¢yHKIII, TpsAMy B TOuYII
MaKCHUMyMa Ta MiHIMyMa.

Komanna noOynoBu rpadika uimboBoi Qyskuii: (Ilpumitka.  Skiio

nineoBa dyukiis F = 2X; +X, y Touni makcumymy mopisrioe 20, TO LiIbOBA

npsiMa, 110 MPOXOIUTH Yepe3 TOUKY MaKCUMYMYy, Ma€ piBHSHHS: Xx2=(20-2x1)/1.

>ris2 = plot((20 — 2 * x1)/1,x1 = 0..11, x2 = 0..11, color = black,
thickness = 2):

Komanna nmoOynoBu rpagieHTy:
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> ris3 := plottools[arrow] ([0,0], [8,4], .1, 0.6, .1):

KoMaHja nianucy Touku MakCUMyMy 3 KoopauHataMu x 1=10, x2=0:

> ris4 ;= textplot([10,0,'max’], align = {ABOVE, RIGHT}):

>ris5:=plot((2-2*x1) /1,x1=0..11,x2=0..11,color=Dblack,thickness=2):

> ris6:=textplot([0,2,"'min'],aligh={ABOVE,RIGHT}):

Komanna nmoOymoBu Ha OAHIM MalOHKY OOJIacTi pillleHb, T'PAICHTY 1
rpadika iIb0BOT (YHKITIT:

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

Pe3ynbraT BUKOHAHHS 111€1 KOMaHIU — Ha puc. 13.

=

Pucynox 13

5.4 3aBnanns 10 JabopaTopHoi podoru 1

Bupimmutu rpadiuyno ¢opmainizoBaHy 3agady JIHIKHOTO MPOrpaMyBaHHS

(tabn. 1). 3anucaru 3aga4y B MaTpuuHii Gopmi.
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Tabauysa 1 — Inousioyanvui 3a60ants 00 1abopamoproi pooomu 1

Bapianum 1
-X1+x2<3
Sx1+3x2<97
X1+7X2=77

f=3x1+4x2 (max).

Bapianm 2
10x1-x2>57
2x1+3%x2<53
6x1-7x2<15
f=5x1+x2(max).

Bapianm 3
-4x1+5%x2<29
3x1-x2<14
ox1+2x2>38

f=3x1+2x2 (max).

Bapianm 4
-3x1+14x2<78
oXx1-6x2<26
x1+4x2>26
f=5x1+7x2 (max).

Bapianm 5
x1+4x2<53,
x1-x2<3,
TX1+3x2>71;

f=9x1+2x2 (max).

Bapiaum 6
3x1-x2>9,
2x1+x2<50,
-X1+4x2>19;
f=x1+5x2(max).

Bapianm 7
6x1-5x2 >17,
X1+2x2<34,
-4x1+9x2>17;

f=5x1+3x2 (min).

Bapiaum 8
11x1-3x2>24,
Ox1+4x2<110,
-2X1+7%x2>15;
f=9x1+2x2 (min).

Bapianm 9
2X1-x2 >4,
x1+3x2<37,
-4x1+9x2>20;

f=4x1+3x2 (min).

Bapianm 10
-X1+x2 <3,
5x1+3x2<97,
X1+7x2>77;

f=7x1+2x2(min).

Bapiaum 11
-X1+x2<4,
5x1+3x2<92,
X1+7Xx2>76;

f=3x1+4x2 (min).

Bapiaum 12
10x1-x2>47,
2x1+3%x2<51,
6x1-7%2<9;
f=5x1+x2 (min).

Bapianm 13
-4x1+5x2<33,
3x1-x2<11,
5x1+2x2>33;

f=3x1+2x2 (max).

Bapianm 14
-3x1+14x2<81,
o5x1-6x2<21,
X1+4x2>25;

f=5x1+7x2(max).

Bapianm 15
x1+4x2<52,
X1-x2<2,
Tx1+3x2>64;

f=9x1+2x2 (max).

Bapianm 16
3x1-x2>6,
2X1+x2<48,
-X1+4x2>20;
f=x1+5x2 (max).

Bapiaum 17
6Xx1-5x2 >11,
x1+2x2<33,
-4x1+9x2>21;

f=5x1+3x2 (max).

Bapiaum 18

11x1-3x2>13,
Ox1+4x2<101,
-2X1+7x2>17;

f=9x1+2x2(max).

Bapianm 19
2X1-x2 >2,
x1+3x2<36,
4x1+9x2>24;

f=4x1+3x2 (min).

Bapiaum 20
-X1+x2 <4,
5x1+3x2<92,
X1+7X2>77;
f=7x1+2x2 (min).

Bapianum 21
4x1-x2 >6,
9x1+8x2<157,
-3x1+11x2>16;
f=x1+x2 (min).

Bapianum 22
3x1-x2>9,
2x1+3x2<50,
-x1+4x2 >19;
f=6x1+x2 (min).

Bapianum 23
10x1-x2>57,
2X1+3x2<53,
6x1-7x2<15;

f=2x1+3x2 (min).

Bapianm 24
11x1-3x2>24,
9x1+4x2<110,
-2X1+7x2>15;
f=7x1+x2 (min).
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IIpooosoicenns mabnuyi 1

Bapianr 25
4x1-x2>6,
9x1+8x2<157,
-3x1+11x2>16;

f=8x1+5x2 (max).

Bapianr 26
-3x1+14x2<78,
5x1-6x2<26,
X1+4x2>26;

f=x1+8x2 (max).

Bapiant 27
2X1-x2 >4,
x1+3x2<37,
-4x1+9x2>20;

f=x1+3x2 (max).

Bapiant 28
6x1-5x2>17,
x1+2x2<34,
-4x1+9x2>20;
f=x1+9x2 (max).

Bapiant 29
-4x1+5x2 <29,
3x1-x2<14,
5x1+2x2>38;
f=3x1+x2 (max).

Bapiant 30
x1+4x2 <53,
x1-x2<3,
TX1+3x2>71;

f=x1+7x2 (max).

36im npo 1adopamopny pooomy nOBUHEH MICHIUMU:

1 Temy poOoTu, 3aBaHHS.

2 3anmc 3aa4l B MAaTpUIHIN Gopmi.

3 I'padiune po3B’s3aHHs 3amayi.

4 BUCHOBKH.
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5 MOJABIMHICTH Y JIHIHHOMY NPOTPAMYBAHHI

5.1 lMousiTTa moaBiliHOCTI

KoxHilt 3a1a41 J1HIMHOTO NpOrpaMyBaHHsS MOXKHA TOCTABUTH Y BIJNOBII-
HICTh JCSIKY 1HIIY 3aJady JIHIHHOTO MPOrpaMyBaHHs, Ky Ha3UBAIOTh 060icmoi
CTOCOBHO IIEPIIO].

[inpoBa (yHKIIA 1 cucTeMa 0OOMEXeHb JBOICTOI 3a1aul IIIKOM BU3HAYa-
I0TBCSl YMOBOIO TPSMOI 3a/1aul.

Buxiagna 1 nBoicTta 3ajgaul yTBOPIOIOTH Mapy B3a€EMHO JBOICTHX 3ajady, 1
KOXKHY 3 HUX MO)KHA PO3TJISAaTH K BXIAHY (IpsAMY) 3aaauy.

BusBnserbcs, 1110, BUPIILYIOUM OAHY 3 337a4, MU TUM CaMHM BUPILIYEMO 1
apyry. Teopist TOABIMHOCTI 103BOJISIE, TAKUM YHHOM, PO3LIUPHUTH YHCIIO 33]1a4
JIHIMHOIO MpOrpaMyBaHHS, PO3B’S3aHHS SKUX MPEACTABISAE€ TEOPETHUUHUHM 1
NPaKTUYHUHN 1HTEpec.

Haityacrime 1BOICTI 3a1a4l BUKOPUCTOBYIOTBCS ISl IEPEBIPKU MPABUIIb-
HOCTI1 pO3B’sI3aHHS NPAMOI 3a7a4l, a TAKOXK JJIs1 aHAII3y PO3B’SA3aHHS 1 BUXITHUX

JTaHUX.

5.2 Tunu 3aaa4 JiHiHHOT0 MporpaMmyBaHHsI

VY niHiifHOMY MporpaMyBaHHI 3aJia4l B 3aJIEKHOCTI Bl BUJLy CUCTEMH 00-

MEXEHb TAPO3IIISIOTHCS HA TPU TUIIH:

1 Cmanoapmmna 3adaua:

n n
F=Yc; x; (max). F=ZIC, X;  (min).
j=1 1=
n 6 n
Zau X; <b, i=1..m, abo Zay x;jzb, i=1..m,
= Jj=1
x,20, j=L..,n x;20, j=1..,n

37



TakuM YMHOM y CTaHJIapTHOI 3a7a4l BC1 OOMEXKEHHSI — HEPIBHOCTI (= un <

y 3aJIeKHOCTI BiJl IUTbOBO1 (PyHKIIIT) 1 BC1 3MiIHHI HEB1JI’ €MHI.

2 Kanowniuna 3aoaua.

n

TakuM YMHOM y KAaHOHIYHOT 3aJ1a4l BC1 0OMEKEHHS — PIBHOCTI 1 BC1 3MiHHI1

HEBIJI €MHI.

3 3acanwvna 3a0aua:
VY 3aranbpHil 3a1a4il IeaKi OOMEXKEHHsI — PIBHOCTI, JA€sSKI — HEPIBHOCTI, a

TaKOX JEsIK1 3MIHHI MOXKYTbh TPUIAMATH JOBUIbHHI 3HAK.

n
F=2c;-x; (max).
j=1

n
ZaIJXJ:bI, i:].,...,l;
j=1

n
ZaIJXJSbI, i:|+1a"'1m;
j=1

| <m;

X >0, j=1..,k k<n

OcTaHHIO HEPIBHICTh BAPTO PO3YMITH TaK: 3MiHHI Xy, ..., Xk HEBIJ €MHI, a
3MIHHI Xg+1, Xk+2, ---» Xn MOXKYTh INPHUMATH JOBUIBHHMA 3HaK (TOMY L0 HISKHX
YMOB Ha iXHI 3HaKH B 3aJ1aul HEMaeE).

Y MaTpu4HOMY BUTJISA/I 3arajbHy 3a7aqy M0JaTH HE MOYKHA.
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5.3 Aaroputm nodya0Bu JABOICTOI 3a/1a4i 10 3a1a4i CTAHJAAPTHOT O
BUY

VY 3aranbHOMY BUIJISI/II 3aITUIIEMO:

IIpsma 3agava: JIBoicra 3anaya:
n n .
F:Zlcj-xj (max). G=iZbi-yi (min).
J:
n m
2.0, X, <b, i=l..,m, 2.8y =¢;, j=Ll..n,
=l i=1
x; 20, j=1..,n v, 20, i=1..,m
n . m
F=Z:10J X; (min). G=>hb-y, (max)
= i=1
D x;=h, i=1.,m, D>a; -y <c;, j=1..n,
j=1 i=1
x;, 20, j=1l..,n v, 20, i=1L..,m

Copmynrwemo anzopumm nodyoosu 06oicmoi 3adaui 00 npamoi 3adaui
CIMAHOAPMHO20 6UOY 8 C/106eCHIll (hopmi

1 KinbkicTh 3MIHHMX JBOICTOI 3a7adi JOPIBHIOE KITBKOCTI OOMEKEHBb
MPsIMOI 3a/1adl; KUIBKICTh 0OMEXKEHb JBOICTOI 3a/1aul JOPIBHIOE KIJIBKOCT1 3MiH-
HUX MPsIMOT 3a/1a4i.

2 BingpHI 4JIeHU CUCTEMU OOMEXEHb MPSAMOI 3a1a4i CIyXaTh KoedirieH-
TaMU LUIb0BO1 (YHKILII ABOICTOI 3a/4a4l, a KOe(iIEHTH HUIOBOI (PYHKUII Mpsi-
MOI 3a7a4l — BUILHUMHU WICHAMH CUCTEMH OOMEXEHD IBOICTOI 3a1a4l.

3 Makcumizaris (MiHIMI3aIls) HUTHOBOT PYHKINT MPsSMOT 3a/1a4l 3aMiHs-
€THCS MiHIMI3AITIEIO (MAaKCUMI3alli€r0) MUTLOBOT QYHKIIIT BOICTOI 3a1a4i.

4 Marpuiero cucTeMr OOMEXKEHb JIBOICTOI 3aadl CIYKUTb MaTpHIIA,

OTpUMaHa TPAHCIIOHYBAHHSM MaTPHUILIl CHCTEMH OOMEXEHb MPSIMO] 3aa4i.

5 Vci 3MiHHi aBoicToi 3anaui HeBix emHi: Yj = 0, 1=1...m
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5.4 AnropuTm nodya0BH ABOICTOI 3a/1a4i /10 3a/1a4i KAHOHIYHOT0 BH-
ny

VY 3arajibHOMY BUTJISI/II 3aITUIIIEMO:

IIpsma 3amayqa: JIBoicra 3agaya:
n m .
F=>c;-x; (max). G=>Db-y; (min).
j=1 i=1
n m
Zaij-ijbi, i:].,...,m, Za”yIZCJ, j=l,...,n,
j=L i=1
Xj > O, J :1, ,n

Copmynroemo anzopumm nodyooeu 0goicmoi 3adaui 00 3a0aui KaHo-
HIYHO020 6U0Yy 6 C/106eCHill hopmi

JIBoicTa 3a/1aua 10 3a/1aui KAHOHIYHOTO BUY OYAY€ETHCS 3a TUM K€ aJiro-
PUTMOM, 110 1 JBOICTa J0 3a7a4l CTaHAAPTHOTO BUY, BIIMIHHICTh B OCTaHHBO-
MY IyHKTI:

5  Vci 3minHI ABOICTOI 3a/ma4i MOBUILHOTO 3HaKa (HIIKUX OOMEXCHb

Ha 3uak smigaux Yir» 1 =1...,M e naknamaerses).

5.5 Aaroputm nmodyaoBu ABOICTOI 3a/1a4i 10 3a7a4i 3arajibHOT0 BUILY

AJroput™ moOyJI0BH ABOICTO1 3a7adl O 3ajadi 3arajlbHOro BUJY 30ira-
€THCS 3 AITOPUTMOM TMOOYIOBU JIBOICTOI 3a7adi /10 3a/1a49i CTAHIAPTHOTO BHUY B
nyHkTax 1-4. [TyHKT 5 aJiropuT™My 3MIHFOETBCS 1 CTAE TAKUM:

5  KoxxHOMYy 00MEXEHHIO — HEPIBHOCTI MPSAMOI 3a7a4l BIANOBIJAE HE-
BiJI’€MHA 3MIHHA J[BOICTOI 3ajJlaul, a KO)KHOMY OOMEXKEHHIO — PIBHOCTI MPSIMOT
3aJa4l BIAMOBiZa€ 3MIHHA [OBOICTOI 3ajadl OOBUILHOrO 3Haka. KokHIA He-
BiJI'€MHIM 3MIHHIA TPsIMOT 3a7a41 BiAMOBiAaE 0OMEKEHHS — HEPIBHICTD JIBOICTOT
3a/1a41, a KOXKHIM 3MIHHUN JOBUIRHOTO 3HaKa IMPsSMOi 3ajayl BiAMOBigae oOMe-

’KEHHS — PIBHICTH JIBOICTOI 3a/1a4i.
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5.6 IIpukaaa noOya0BH ABOICTOI 3a1a4i AJ1s1 3a/1a4i 3arajJbHOr0 TUITY

Jlana 3aja4a JIiHIHHOTO MTPOrpamMyBaHHS:

F= 2X1 + 4X3 — 5X4 (max)

3% +5Xy + X4 <12,
X9 —6X3 —3X4 =8,
X| +3Xp —2X3 =9,
Xo >0,
X3 2 0.

[Tepu Hixk OyayBaTH ABOICTY 3a7a4dy, IEPETBOPUMO BXIJIHY 3a1ady. Tomy
10 [UTHOBA (PYHKITIST MAKCHUMI3YETHCS, TO BCl 0OMEKEHHSI—HEPIBHOCTI MOBHHHI
MaTH 3HaK <. ToMy apyre oOMeKeHHs OTPIOHO MOMHOXKUTHU Ha —1. Onepxumo

cHUCTeMY OOMEXEHb BUIY:

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

Bunuiemo MaTpuIo Koe@iieHTIB CUCTEMH OOMEKEHb A, BEKTOpP Bilb-

HuX wieHiB B 1 BekTop koedimieHTiB 10801 GpyHKIi C:

2
3 5 01 12
A=/0 -1 o6 3|, B=|-8| C-=
1 3 -2 0 3)

bynyemo nBoicTy 3a1auy 3a IyHKTaMHu:
1 KinbkicTh 0OMEXEeHb IPSIMOI 33/1a4l JOPIBHIOE 3, TOMY KIJTBKICTh 3MiH-
HUX JIBOICTOI 3a7a4l JOPIBHIOE 3 — Y1, Yo, Y3; KUIBKICTh 3MIHHHUX MPSIMOI 3a/1a4i

TOPIBHIOE 4, TOMY KUTbKICTh OOMEKEHB JIBOICTOT 3a/1a4i JOPIBHIOE 4.
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2 BinbHI 4JIeHU CUCTEMU OOMEXEHb MPSAMOI 3a7avi CIyKaTh KOe]iIieH-
TaMH 1IJIbOBOI (DYHKINT ABOICTOT 3a1a4l (KoehImiEHTH MUTbOBOI QYHKINT IpsMoi
3a/1a4ul — BUIbHUMU 4YJ€HaMU OOMeXeHb JIBOicTOol 3ahaul). OTxe, 1uiboBa (PyHK-

11151 IBOICTOI 337124l Ma€ BUI:
G=B!.Y =12y, -8y, +5y3 ;

3 Makcumizariis 1iIs0Boi (YHKINT IPSAMOI 3a/1a4l 3aMiHSE€ThCS MiHIMI3a-

I€10 [UTLOBOT (DYHKIIT IBOICTOI 3a/1a4i:
G =12y; -8y, +5y3 (min).

4 Martpurero KoedimieHTIB CUCTEeMH 00MEXKEHb JIBOICTOT 3a/1a4i CIIYXKUTh

MaTpHUILIs, OTPUMaHa TPAHCIIOHYBAHHAM MaTpUIl CUCTEMU OOMEXEHb MPSMOT 3a-

nadi:
3 0 1
. |5 -1 3
10 6 -2
1 3 0
3anuiiemMo JiBy 1 MpaBy YaCTUHU CUCTEMHU OOMEXEHb JBOICTOI 3aaui.
JliBa yacTuHa (AT -Y_): Tpasa uactuna (C):
3+
Sy, =y, +3y; 0
6y, =2y, 4
i +3y, =3
Mix 7iBOIO 1 TPaBOIO YACTHHAMU MOTPIOHO BCTABUTHU 3HAKH BiTHOCHH (=,
< >

—

5 BcranoBuMo Burisj BimHocuH. KoXHIM HEBil €MHIM 3MIHHIM TIPsIMO1
3a/1a4i BIJMOBIIa€ OOMEXKEHHS — HEPIBHICTh JIBOIiCTO1 3a7a4i. ToMy 110 3MiHHI X,

1 X3 — HEBI €MHI, TO oOMexkeHHs 2 1 3 — HepiBHOCTI. KoxHi# 3MiHHINA TOBUIBHO-
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ro 3HaKa MpsiMoi 3ajadi BiAMOBIgaE OOMEXEHHs — PIBHICTH ABOicTOl 3axayi. To-
MY II10 3MIHHI X; 1 X4 MalOTh JIOBUIbHI 3HaKH, OOMexxeHHs 1 14 — piBHOCTI.

VY 3agaui MiHiMi3allii OOMEXEHHS - HEPIBHOCTI MalOTh 3HAK =>.

BcTranoBumo 3HaKM 3MIHHUX JBOICTHH 3amadi. KoxXHOMY OOMEKEHHIO —
HEPIBHOCTI NPsIMO1 3aa4i BIJTIOB1Ia€ HEBIJ €MHA 3MiIHHA ABOICTOI 3a7a4il. Tomy
10 oOMeKeHHs mpsMoi 3aaa4i 1 1 2 — HepIBHOCTI, TO y; 1 Y, — HeBix emHi. Kox-
HOMY OOMEXEHHIO — PIBHOCTI MPSIMOT 3a/1a4i BIJNIOBIIa€ 3MIHHA JIBOICTOI 3a1a4l
JOBUIBLHOTO 3HaKa. ToMy 1110 TpeTe 0OMEXEHHS MPsIMO1 3a/1aul — PIBHICTh, TO Y3
Mae€ IOBUILHUI 3HAK.

Cucrtema oOMexeHb JIBOICTOI 3a7a4l Oy/1e TaKo:

(3y1 +Y3= 2,

Sy1— Y2 +3y3 20,
6y, —2y3 24,
y1+3y2 =3,
y1=0,y, >0.

Onepxanu MaTeMaTUYHY MOJENb ABOICTOT 3a/1aui:

G =12y1 —8y2 +5y3 (min)

3y, +Y;=2,

< Sy, — Y, +3Yy3 20,
6y, -2y, 24,
Y1 +3Y, =5,

y,; =0,

y, >0.

5.7 OCHOBHI TBepI:KeHHS MPO B3a€EMHO JABOICTi 3a1a4i

5.7.1 Ilepma TeopeMa noaABiHHOCTI

JIns B3a€EMHO IBOICTHX 3aJa4 MOXKJIMBUM OJMH 13 B3a€MOBHUKIIOUHUX BH-

IMaJIKIB:
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1 SIxmo mpsiMa 3a7jadya Ma€e ONTUMaIbHE PO3B’sI3aHHS, TO 1 IBOICTa 3a7a4a
Ma€ ONTHUMAJIbHE PO3B’SI3aHHS, MIPU [IbOMY 3HAYEHHS LUIbOBUX (DYHKIIIN HA OI-
TUMaJLHUX PO3B’sa3aHHsAX 30iratoThes: F=G.

2 Slkmio B mpsiMiii 3a71a4i 00J1aCTh IPHUITYCTUMA PIllICeHb HETIOPOXKHS, a I1i-
npoBa (QyHKIIA Ha Hil He oomexena (F — oo wm F — —o0 ), To B aBoicToi

3aj1a4i Oyjie MOpOXKHS 00JIaCTh PO3B’A3aHHHI.

5.7.2 Ipyra Treopema noaBiitHoCTi

SKi110 32 ONTUMAILHUM TIJIAHOM TPSMOI 3a7adi SIKUICh 1-i pecypc BUKO-
PHUCTOBYETHCS HE IUIKOM, TO BiJIIOBIJIHA 3MIHHA JIBOICTOI 3a7ad4i JOPIBHIOE HY-
o (y*; = 0); sKmo >k 3MiHHA JIBOICTOI 3aj1auil, 1110 BIAMOBIAAE pecypcy 1-To BU-
Iy TIO3UTUBHA, TO B PIIIEHHI MPsAMOI 3a/adi Il pecypc BUKOPUCTOBYETHCS 1I1JI-
KOM.

k1o j-a 3MiHHA NPSAMOI 3a/1a4l Ma€ NO3UTUBHE 3HAYEHHS, TO BIAMNOBIIHE
OOMEXEeHHS JBOICTOI 3a7a4i MICsi PO3B’si3aHHS Oy/ie BUKOHYBATHUCS SIK CTpOra
PIBHICTh. A SIKIIIO X j-a 3MIHHA TMPsAMOI 3a7a4i JopiBHIOE 0, TO BIAMOBIIHE j-€
OoOMeXeHHs JIBOICTOI 3ajaul Micis po3B’si3aHHs Oyae BUKOHYBaTHCS SIK CTpora

HEPIBHICTb.

5.8 ExonoMmiuHu 3MicT ABOICTOI 3a1a4i

Tak camo sK mpsMa, JBOiCTa 3aJadya Ma€ EKOHOMIYHHUM CeHC 1 ii
PO3B’sI3aHHS] BUKOPUCTOBYETHCS IS ICSIKUX 3a/1a4 B EKOHOMIYHOMY aHai31.

3 eKOHOMIYHOI TOYKH 30py PO3B’sI3aHHS MPsAMOi 3ajadi MJIaHyBaHHS BU-
pOOHUIITBA (BU3HAUECHHS ONTHUMAJIBHOT'O AaCOPTUMEHTY) JO3BOJISIE OJIEpKATH OIl-
TUMaJIbHUU IJIaH BUMYCKY NPOAYKIIi, a pO3B’s3aHHS IBOICTOI 3a/a4l — ONTHMAa-
JBHY CUCTEMY YMOBHHX OI[IHOK BUKOPHUCTOBYBAaHUX PECYPCIB.

3 piieHb NpsAMOoi 1 ABOICTOI 3a/1aul TUIaHYBAHHS BUPOOHUITBA BUIUIMBA-
I0Th TaKl BJACTUBOCTI:

Bracmueicme 1. 3B's130Kk 3HaYeHb HUIBOBUX (PYHKIIN mpsmMoi 1 ABOICTOT
3a1ayl.

3HavyeHHS NUTHOBUX (PYHKIHN MpsiMOT 1 ABOICTOT 3a1a4 PiBHI: Frax = Gnin.
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Bracmusicme 2. Po3B’s13aHHA K Mipa BIUIMBY Ha IUIbOBY (PYHKIIIIO.
Hexaii, Hanpukiazn, BeHMYUHA PECYPCY, OIIHKA SIKOTO Yj 30UIBIINTHCA Ha

k oquauue (bitk). Ilopaxyemo 3miny Bennuunu GyHKuii G:

AG =Gy3pen — Guexoo = zbjyj+(b+k)y|+ Z bjyj ijyj+b|yl+ Z bjyj

j=i+1 j=1 j=i+1
i—1
_Z_:lbj)’j m m
= J_i_l +HG+k)yi-biyi)+| X bjyj- X bjyj |=ky
-y ijj J=1+1 J=1+1
j=1

Taxum ynHOM, 3HAYEHHS LUTHOBOI (YHKIIT TBOICTOI 3a7a4i 301IBIINUIIOCS
Ha Ky;. Ane 3Ha4YeHHS LIIbOBOI (PYHKIIIT MpsMoi 3a1a4i TaKoXK 30UIBIIUIIOCS Ha
Kyi, Tomy 1m0 Frax = Gin.

[HImIMMU cioBaMu, 3MiHA HUTEOBOT PYHKINT Fmax TIpH 301IbIIIEHH] BUIBHO-
ro wieHa b; Ha BeIWYMHY K MOXHA BU3HAYUTH, BUKOPUCTOBYIOUM CITIBBIJHO-
meHHS AFpa = Kyi.

Benuyuna nBOICTOT OLIHKK TOTO YM IHIIOTO PECYPCY MOKa3ye, HACKUTbKU
3pocio 6 MakCUMallbHE 3HAYEHHS IIIbOBOI (DYHKIIII, sSIKOU 00CAT TaHOTO pecyp-
cy 30uIbImKBCs 0 Ha oauHUIIO. OHaK BapTO MAaTH Ha yBa3i, IO JBOICTA OIIHKA
J03BOJISIE€ CYAUTH MPO €PEKT MOPIBHAHO HEBEIUKUX 3MIH 00CSTY pECypCIB.

HaiiGinpmriii BeuunHI OLIHKK BapTOCTI PECypCiB BIANOBIAAE HAMOLIBII
nedinuTHUM pecype. HenedinurHomy pecypcy BiANoOBigae oifiHka, pisHa 0.

Bracmueicme 3. OuiHKY y;j sIK Mipa 1ePIIUTHOCTI PECypCiB.

Uum BHUIIlE BEIMYMHA OIIHKH, THM TOCTpiIie AehIIUTHICTD pecypcy.

Bracmusicme 4. OIHKY yj SK Mipa BUT1IHOCTI BUITYCKY IPOIYKIIi

Akimo oxHe 0OMEKEHHS JIBOICTOI 3a7a4l BUKOHYETHCS SK CTpOra HEpiB-
HICTh, 116 O3Hayae€, L0 OLIHKA PECypCiB, BUKOPUCTOBYBAHUX HA BHUPOOHUIITBO
BIJIMTOBITHOTO BUPOOY BUIIE I[IHU ITHOTO BUPOOY, 1, OTXKE, BUITYCKATH HOTO HEBU-
rigHo. SIKIo oOMEKeHHs JIBOICTOI 3a/laul BUKOHYETHCS K PIBHICTH, 1€ O3Ha-
qae, 10 OI[IHKUA PECYPCiB, BUKOPHUCTOBYBAHOTO I BUPOOHHUIITBA OJWHMIII Bif-
MOBIJTHOI'O BUPOOY piBHE B TOYHOCTI iXHIM IiHaM. ToMy BHUITyCKaTH 1€l BH]I
MPOJYKIli €KOHOMIYHO JOIUIBHO, IO Oy/A€ BUAHO 3 PO3B’sI3aHHS MPSIMOT 3aja-
i.
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6 JABOPATOPHA POBOTA 2. BUBHAYEHHSA
OIITUMAJIBHOTO ACOPTUMEHTY

Tema. 3anaya BU3HAYEHHS ONTHUMAJIBLHOTO aCOPTUMEHTY. [IoNBIMHICTD Y
3a/1ayax JIHIHHOTO MPOorpamMyBaHHS.

Mema nabopamopmoi pooomu 2

MatoTs Oyt npuadaHi HACTYIHI @MIHHA: CKJIaJaHHS MaTeMaTUYHOI MO-
Jieni 3a/1aul BUpOOHUYOTO TJIaHYBAaHHS; OJICp>KaHHS JBOICTO1 3a4a4l.

MatoTe OyTH 3aCBO€HI HACTYIHI HOHAmMmA: MaTeMaTudHa Moaenb ((op-
Majizaiis); B3a€MHO JBOICTI 3ajaui; Tunu 3anay JIII: cranmapTHa, KaHOHIYHA,
3arajJbHOTO BUAY; aHAJII3 PO3B’I3aHHI.

Po6ota po3paxoBana Ha 4 TOJIUHH.

6.1 3axaya BU3HAYEHHS] ONTHMAJBHOI0 ACOPTUMEHTY (IJIaHYBAHHA
BHPOOHHIITBA)

JlaH1 n BUIIB pecypciB y KUIBKOCTSX pP1, P2, ---, Pn, 11O MOXKYTh OyTH BH-
KOPHUCTaHi JUI1 BUTOTOBJICHHS m BUp0OiB. 3amaHo matpumio A = [a;], ne ajj xa-
paKTepu3ye HOPMHU BUTPATH 1-TO pPecypcy Ha BHPOOHUITBO J-ro BHpoOy (i =
1,..n, j = 1,..m). BapTicTh OAMHHUIII j-TO BUPOOY XapaKTEPU3YEThCSA MOKA3ZHUKOM
Cj.

BusHauuT miaH BUpPOOHHIITBA, MpPH SIKOMY CyMapHa BapTiCTh HaOyBae
HaANO1IBIIIOr0 3HAYCHHS.

[lnan BUpOOHHIITBA — 1€ BEKTOP X = (X1, X2,...Xm), IO TIOKA3YE, SIKA KiTb-
KICTh KOJKHOT'O IIPOAYKTY Oyzie BUpoOJIeHa; X; — 3MIHHI 3a/1a4l.

[{inpoBa (yHKLIS — MaKCUMajabHa BAPTICTh MPOIAYKLIi, [0 BUIYCKAETh-

Ci:

m
F=2cj-xj (max). (7)
j=1
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3 yMOBH OOMEKEHOCTI pecypciB, 3 OJHOr0 OOKy, 1 CyMapHHX BUTpaT pe-
CypCIB JIJIsl BUKOHAHHS TJIaHY BUPOOHUIITBA, 3 THIIOTO OOKY, OyAy€eThCS cUCTEMa

00OMEXEHD:

m

aijxj < pi,izl,...,n;
=1

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

(8)

Opepxanu MaTeMaTUYHy MOJIETb 3a71adi.

3ayeancenns 1. KpiMm 3a3HaUeHUX 0OMEXEHb 10 pecypcax, B YMOBY 3ajia-
4i, a OTXe, 1 B 1i MaTeMaTUYHy MOJENb MOXYTh BBOJUTHUCS J0JIaTKOBI OOMe-
KEHHS Ha TUTAHOBAHHI BUITYCK MPOAYKIIT (OOMEXEHHS 10 aCOPTUMEHTY, YMO-
BU KOMIUIEKTHOCTI 1 T.1.). Hampukiasa, KUIbKICTh MEPIIOTro MPOAYKTY BABiUl Oi-
I, HIXK KUTBKICTh JPYTOTrO MPOAYKTY, TPETHOTr0 NPOAYKTY He MeHII 120 onu-
HULG 1 T.]I.

3aysasicenns 2. Marematuuna mojensb (7) - (8), xoua 1 BimoOpaxye roJo-
BHI PHUCH PEAJIbHOT'O BUPOOHUIITBA, € 1/1€aTi30BaHOI0. Y HIW, HAMPUKIAJ, HE
BpaxoBaHi JIMHaMiKa BUPOOHMIITBA, PUTMIUHICTh MOCTa4YaHb 1 JAEsK1 1HII Biac-

THUBOCTI PEAIbHOT'0 BUPOOHHIITBA.

6.2 3aBaaHHs 10 J1a60paTOPHOI podoTH 2

dopmarnizyBaTd 3aJaHy 3ajady JIHIHHOTO IporpaMyBaHHS. Bupimutu
3aja4y rpadiuyHUM METOJIOM. 3a3HAUYUTH €KOHOMIYHHUHN 3MICT IUIbOBOI (DYHKIT
1 cucteMu OOMEXEHb. 3amucatv 3anady B MarpuuHid ¢opmi. Ilepeittu mo
JIBOICTOI 3a/iaui. Bupimutu JBOICTY 3aja4y 3a JOMOMOIOK OJHOTO 3 MAaKeTiB.
[IpoananizyBatu BiAMOBiAl MPSMOI 1 JBOICTOT 3a1a4.

3aoaua 1

Jlnst BUpoOHULITBAa BOX BUIIB BUPOOIB A 1 B BUKOPHUCTOBYETBCS TpHU
TUMKA TEXHOJIOTIYHOI'0 yCTaTKyBaHHsA. Ha BHpOOHUIITBO OAMHUII BHPOOy A
YCTaTKyBaHHS TEPIIOTO THIYy BUKOPUCTOBYETHCS al TOmWH, YCTaTKyBaHHS
JApYroro TUIy — a2 TOAWH, TPEThoro — a3 roauH. Ha BUpOOHUIITBO OIMHMII
BUpoOy B ycrarkyBaHHS TIEpIIOTO THIY BHKOPHUCTOBYEThCS bl rommH,

YCTaTKyBaHHS JIpyroro Tumy — b2 rtomuH, Tperboro — b3 rogumn. Ha
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BUTOTOBJICHHA  yCiX BHUpPOOIB aAMIHICTpallisl MiANPHUEMCTBA MOXE HaJIaTH
yCTaTKyBaHHSI TEPIIOro TUMY HE OuTbIN, HIXK Ha tl roaWH, ycTaTKyBaHHS
JAPYroro TUIy — He OUTbLI, HIXK Ha t2 TOMH, YCTaTKYBaHHS TPEThOrO TUILY — HE
O17bIII, HDK Ha t3 TOJUH.

[Ipubytok BiJ peanmizaiii OAWHHUIN TOTOBOro BUpPOOYy A ckiamae rl
IPOILIOBUX OJAMHHUILIb, BUPOOU Y — 12 TPOILIOBUX OJIUHUII.

Cxiact 1jaH BHUIYCKY BHpOOiB, 10 3a0e3nedye MaKCHUMaJIbHHM

npUOYTOK.

3aoaua 2

Jlnst BUpOOHUIITBA NTIBOX BUIIB BUPOOIB A 1 B BUKOpPHCTOBYEThCS TpHU
BUJIU CUpOBUHU. Ha BUpPOOHHMITBO OAuHHUII BUPOOYy A MOTPIOHO 3aTpaTUTH
CUPOBHHHM TIEPIIOTO BUIY al KT, CHPOBWUHU IPYroro BUAY — a2 KT, TPEThOTO —
a3 kr. Ha BupoOHHMIITBO oauHMII BUPOOY B moTpiOHO 3aTpaTUTH CHPOBUHU
nepumoro BuAy bl Kr, cupoBHHHM Apyroro Buay — b2 kr, Tperboro — b3 Kr.
BupoOuuntBo 3abe3reueHe CHPOBHHOIO MEPIIOr0 BHIY B KUIBKOCTI tl KT,
JAPYroro BUAY — Y KUIbKOCTI t2 KT, TPETHOT0 BUAY — t3 K.

[TpubyTox Bix peamizamii OAMHMII TOTOBOro BUpoOy A ckiamgae rl
IPOIIOBUX OJMHHIIb, BAPOOU Y — 2 IPOLIOBUX OAUHUILb.

CkrnacTd TMJaH BUIOYCKY BHUpPOOIB, W0 3a0e3mneduye MakCUMallbHUN

pUOYTOK.

36im npo 1adopamopuy poéonty

[ToBUHHMY MICTUTH TaKi PO3/ILIN:

1 VYmoBa 3anaui.

2 dopmanizariis 3aaadi.

3 I'padiune po3B’s3aHHS 3amadi.

4 3amuc 3ama4i B MaTpuaHii Gopmi.

5 Po3apyk po3B’si3aHHs 3a7adi.

6 dopmarizarrist ABOICTOI 3a1a4i.

7 Po3apyk po3B’si3aHHs IBOICTOI 3aa4i.

8 ExoHoMiuHUi1 aHami3 pe3yapTaTy.

Ipumimka. Tlpuknagu po3B’s3Ky 3amadi y makerax MAPLE, Excel,
Mathcad naBeneno B Jlomatkax A, b, B BigmosigHo.
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6.3 llpukiaan BUKOHAHHS Ja00pPaTOPHOI podoTH 2

Jlns BUpOOHUIITBA TPHOX BUIB BUp0OiB (A, B, C) BUKOPUCTOBYETHCS TPU
PI3HOMaHITHUX BUAM pecypciB. HopMu BUTpaT KOXKHOrO 3 BUIIB PECYPCIB Ha
OJIMHUIIIO MPOAYKIIT KOXKHOTO BHUIY, 3aMacy pecypciB 1 MPUOYTOK BiJl BUITYCKY

OJIMHMII TTPOYKIIiT TPUBEICHI B TAOIUIN 2:

Tabnuys 2
Hopwmu Butpar Ha 1 Bupi6
Bun pecypcis THUITY 3anacu pecypciB
A B C
Tpyn, moa-r 4 2 1 180
CupoBuHa, KT 3 1 3 210
VYcraTkyBaHHA, TOJIUH 1 2 5 244
[TpubyToK, Tp.oI. 10 14 12 —

BusnaunTy 1UtaH BUIMYCKY TPOAYKINi, TPH SKOMY CyMapHHA MPHUOYTOK
MAaKCHMaJbHUM.

Po3¢’azannsn

[To3HaumMoO KUIBKICTh OJWHUIL BHPOOY A, 00 BUITYCKAETHCS
MIAPUEMCTBOM, Yepe3 X;, BUpoOy B — X,, Bupody C — Xs.

Busznaunmo mpuOyTok Bif BUMYCKY BHpoOiB. [IpuOyTok Bim BUITyCKY
oJiHOTO BUPOOY A ckianae 3a ymoBoro 10 rp.oa. Ilnan Bumycky BUpoOiB A — X
on. IlpuOyroxk Big BuUIlycKy BUpOOIB A 3a 1uiaHoMm ckiane 10x; rp.om.
AHanoriyHo BU3HAYaeMO NPHOYTOK BiJl BHUITYCKY BUpoOiB B — 14X, rp.oxd. i
Bupo6iB C — 12X3 rp.on. CymapHmii mpuOyTOK Bii BHIIYCKY YCiX BHpPOOIB
ckimanae (10x;+14X,+12x3) rp.og.

Tomi minpoBa ¢yHkmis mae Buia: F = 10X;+14X,+12X3 — cymapHwii
npuOyTOK 1 Ma€e OyTH HaWOUIBIIUIA.

CkiaieMo cucteMmy 0OMeKeHb.

1 OOMexxeHHs Ha BUKOPUCTAHHS PECYPCY «IIpaLs»

Ha Bumyck omunuii BupoOy A BUTpadaeTbcs 4 JIOAUHO-TOIUH PECYPCY

«TIparsi», Ha X; OJIMHUITL BUPOOY A BUTpadaeThes 4X1 TOJIUH PECYPCY «IIparish».
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Ha Bumyck X, Bupo6iB B BUTpadaeThcs 2X; JIOA-T PECYpCy «IIpaiisi»; Ha BUIYCK
X3 BUpoOiB C BUTpauvaeThcs 1X3 JMHOA-T pecypcy «Ipams». YCbOro Ha BHITYCK
BUPOOIB BUTPAYAETHCS PECYpCy «Irparsn (4x;+2X,+X3) MIOA-TO, 110 32 YMOBOIO
He niepesutrye 180 moa-rox. OOMexeHHS Ha pecypc «ampari»: 3X;+2X;+X3<180.

2 OOMeXeHHS Ha BUKOPUCTAaHHS CHPOBUHU

Ha Bunmyck onunuii BUpoOy A BUTpadaeTbCsi 3 KI CHUPOBHMHHU, Ha X;
OUHUIb BUPOOY A BuTpayaeTbcs 3X; Kr cupoBUHM. Ha Bumyck x, BupoOis B
BUTPAYAETHCS 1Xy KT CUPOBHHHM; Ha BUITYCK X3 BUPOOIB C BUTpadaeTbest 3X3 Kr
CUpPOBMHHM. YCBHOIO Ha BHITYCK BHUPOOIB BHTpayaeThCsi (3X1+Xp+3X3) Kr
CUpPOBMHM, IO 3a YMOBOW He mnepeBumye 210 xr.  OOMexeHHS Ha
BUKOPHUCTAHHS CUPOBUHU: 3X;+X,+3X3<210.

3 OOMexXeHHsI Ha BUKOPUCTaHHS yacy poOOTH yCTaTKyBaHHS

Ha Bunyck oaunuii BupoOy A BUTpadaeTbcs | roluH ycTaTKyBaHHS, Ha
X1 OOUHMIL BUpPOOYy A BUTpayaeTbcs X; TOAMH ycTaTKyBaHHSA. Ha Bumyck X;
BUpOoOiB B BuUTpauaeThcs 2X; TOAMH YCTaTKYBaHHSA;, Ha BUIYCK X3 BHpOOiB C
BUTPAYa€ThCcsl S5X3 TOJMH YCTaTKyBaHHS.  YCbOrO Ha BHIYCK BHpOOIB
BUTpAYa€ThCS (X1+2X,+5X3) TOAMH yCTaTKyBaHHS, 1110 32 YMOBOIO HE TIEPEBUIILYE
244 ronun. OOMeXeHHs Ha TOJUHY POOOTH yCTaTKYBaHHS: X1+2X,+5X3<244.

Tomy mo x1, x2 1 x3 — BUIycK BUpOOiB, TO BOHU HEBII'€MHI.

Oneprkayin MaTeMaTUYHY MOJICNb 3a]1a4i:

F = 10x;+14x,+12X5 (max).
4X1 + 2X9 + X3 <180,
3X1 + X2 +3X3 < 210,
X1+ 2X5 +5X3 < 244,

X120, X>0, X3>0.

Po3B's3aBmm 3amady 3a momomororo oxHoro 3 maketiB (MAPLE, Excel,
Mathcad), onep:xanu 3HaueHHs 3MiHHEX: X1=0; X,=82; X3=16; Fmax=1340.

Haragaemo, 1o po3B’s3aHHs 3a7a4l JIHIHHOTO NpOrpaMyBaHHS MICTUTh Y
co01 He TUTbKU (opMaTizallito 1 MaTeMaTUYHE PO3B’sA3aHHS, aje i eKOHOMIUYHUM

aHaJi3 OTPUMAaHUX PE3yJIbTaTIB.
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6.4 EXOHOMIiYHMA BUCHOBOK

Jlnst onep>kaHHs MakCHUMallbHOro mpuOyTky B po3Mmipi 1340 r.o. man
BUITYCKY TPOIYKIi Mae OyTH TakuMm: BUPIO A — HE BHUITYCKA€THCS, BUITYCK
Bupodby B — 82 omununi, Bupoobu C — 16 oaunune. Ilpu mpomy, BUTpaTH
pecypciB CKIaayTh:

«rpans» — 180 moa-t npu 3amaci 180 mroa-r. ;

«cupoBuHay - 130 xr mpu 3anaci 210 kxr (3anumok - 80 Kr);

«yCTaTKyBaHHsI» — 244 4 mipu 3anaci 244 roauH.

HannuimkoBuM € pecypc «CHpPOBUHA», HEAOCTATHIM — «IIpams» 1

«yCTaTKyBaHHSI.

6.5 IloGyaoBa aBOiCTOI 3a1a4i 10 3a/1a4i MJIAaHYBaAHHSI BAPOOHMITBA

[lepen moOya0BOIO JABOICTOI 3a/1a4l 3aUIIEMO 3a7a4y B MaTpUuHIi op-

Mi. Bunuiiiemo BeKTOpH 1 MaTPHIIFO:

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

X > T

\VARRN
x|

ol A
o

bynyeMo nBoiCTy 3a/1a4dy IO IMyHKTaX:

1 KinbkicTe oOMexeHb NpsiMOi 3a/adl JOPIBHIOE 3, 3HAUYUTh KUIb-
KICTh 3MIHHMX JIBOICTHH 3a7a4l JOPIBHIOE 3 — Vi, Yo, Y3; KUIBKICTh 3MIHHUX TIpS-
MO1 3aJ1a4l JOPIBHIOE 3, 3HAUUTh KUJIBKICTh OOMEXKEHb JBOICTOI 3a]1a4l JOPIBHIOE

3.
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2  BinpHI wieHH cUCTEMH OOMEXEHb MPSAMO] 3aadi CIyX)aTh Koediri-
€HTaMH LUIbOBOI (PYHKLII JBOICTOI 3a7aul (Koe(ilieHTH HIIb0BOI PYHKIIT nps-
MOi 3a/1a4i — BUIBHUMH 4J€HAaMH OOMEXKEHb JBOICTOI 3amadi). OTxke, IiIb0Ba
dyHKIig 1BOicTO1 3a1a4i Oyae Takoro: G= 180y;+210y,+244y;.

3 Makcumizanis 1iI0B0i (PYHKIIT IpsAMOi 3a7adil 3aMIHAE€ThCS MiHi-
Mi3alfi€ero nipboBol GyHKIi aBoicToi 3amadi: G= 180y;+210y,+244y; (min).

4 Marpurner koedillieHTiB 00MeXeHb JBOICTOI 3a7a4l CIyKUTh MaT-

pulls, OTpUMaHa TPAHCIIOHYBAHHSIM MaTpHIll OOMEXEHb IPSIMOi 3a1ayi:

>

-

[l
~ N B
W R, W
(& 2 I \ G Ry NN

5  VYci3miHHI aBoicTOl 3aa41 HeBiL eMHI: Yi>0.

Y matpuuHiii popmi ABOICTa 3a/1a4a:

G=B"-Y (min).
AT.Y >C,
Y >0

VY koopauHaTHIN Hopmi ABOICTA 3a7a4a Ma€ BUTIISI:

G=180y,+210y,+244y; (min).
4y1+3y,+Y3>10,
2y1+Y,+2y3>14,
y1+3y2+5y3>12,

Y120, y»>0, y3>0.

JIBoicTa 3a7a4a 3a TUMH K BXITHUMU JAHUMHU (HOPMYITIOETHCS TaK.
[Tpunyctumo, 1o miANIPUEMCTBO 3a JESIKHUX OOCTaBUH BUPILIWIO peai-
3yBaTH HasBHI peCcypcH, HE BUITYCKalOuMd roTOBY Mpoaykilito. HeoOxigHo BcTa-
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HOBHUTH ONTHUMAJIbHI LIIHU HA PECYPCH Y1, Yo, Y3, IO 3aI0BOJIBHSIIM O yMOBaM: 1)
MIIIPUEMCTBO, 0 3aKYyMOBYE JIaH1 peCypcH, IMparHe, o0 3arajibHa BapTICTh
npuadaHuX pecypciB Oyna MIHIMAIIBHOIO; 2) 3a KOXEH BHUJ pecypciB Tpeba
CIUTATUTHU HE MEHII TI€i CyMH, Ky MOKHA OZIEp>KaTH MPH MepepoOIli CUPOBUHU
B TOTOBY MPOAYKIIIIO.

BinmoBigHo 10 mepinoi yMOBH 3arajibHa BapTiCTh CUPOBUHHU BUPA3UTHCS
BenuuuHoro G = 180y;+210y,+244y; (min). BianoBigHO 10 Apyroi BUMOTH,
BBOJIITHCSI TaKi OOMEXKEHHS: Ha OJWHUIIIO MEPIIOro BUIY MPOAYKI A BUTpa-
4aroThCa 4 ONMHUIIL PECYPCY «IIpals» LIHOKW Y1, 3 OAUHULI PECYpCY «CHUPOBH-
Ha» IIHOIO Y, 1 1 oAMHUIA pecypcy «yCTaTKyBaHHS» LIHOK ys. BapTicTh BCix
pecypciB, 1110 BUTPAYAIOTHCSI HA BUPOOHULTBO OAMHULI MPOAYKIIT A, JOPIBHIOE
4y,+3Yy,+Y3 1 moBuHHA cKiacTH He MeHI 10, To0TO 4y1+3Y,+Y3 >10.

VY pe3ynbTaTi aHAJOTIYHUX MIPKYBaHb 11010 BUPOOHUIITBA MpoAyKIlii B

1 C cuctema HepiBHOCTEH HAOy/1e BUTIISAY:

2y1+y2+2y3214,
y1+3y2+5y3212,

[{inu pecypciB, IPUPOTHO, MAIOTH OYTH HEBIJl EMHI:

ylzoi y2201 Y320

Onepxain mapy CUMETPHYHMX B3a€EMHO JIBOICTHX 3aJ1a4, 1 KOJKHA 3 HUX
MOXK€ PO3TIISIATHCS K BX1THA.

[Ipssima 3apayva:

F = 10x;+14x,+12%3 (max).
4x1+2X,+X3<180,
3X1+X,+3X3<210,
X1+2X+5X3<244,

X120, XzZO, X320.
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JIBoicTa 3agaya:

G = 180y, +210y,+244y; (min).
4y,+3y,+Yy3>10,
2y1+Y,+2y3>14,
y1+3Y,+5y5>12,
y:1=0, y»>0, y5>0.

Po3B’s3anHs npsamoi 3a1a4i Ja€ ONTUMAIbHUNA ITUTAH BUPOOHUIITBA BU-
po6iB A, B, C, a po3B’si3aHHs ABOICTOI 3a7a4i — ONTUMAJIbHY CHUCTEMY OIIIHOK
pecypciB, 110 BUKOPUCTOBYETHCS JIJII BAPOOHUIITBA ITUX BUPOOIB.

Po3B’s13aHHs nipsiMoi 3a1adi:

X1=0, X,=82, x3=16, F=1340.

[TepeBipka BUKOHaHHS OOMEKEHB MPSAMOT 3a1a4i:

4-0+2-82+16=180 (mpartis, JTH0IMHO-TOJIMH);
3:0+82+3°16=130<210 (cupoBuHa, kr); 210-130=80;
0+2-82+5-16=244 (ycTaTKyBaHH4, 4).

Po3B’sa3aHHs ABOICTOI 3a1aui:

y1=5,75, y¥»,=0, y3=1,25, (G=1340.

[lepeBipka BUKOHAHHS OOMEKEHb JIBOICTOT 3a/1aui:

4-5,75+3-0+1,25=24,25>10,
2-5,25+0+2-1,25=14,
5,25+3-0+5°1,25=12.
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3 po3B’si3aHHS TPSIMO] 3a7a41 BUTHO, 110 ONTUMAIBHUM TUIAHOM BHPOO-
HULTBA BUPOOIB € TaKui, MPHU SIKOMY BUTOTOBISAETHCA 82 oaMHULL BUpoOy B 1
16 oguaMI Bupody C. [Ipu nanomy 1utani BUPOOHMIITBA 3aJTUIIIAETHCS HEBUKO-
puctanum 80 KT CHPOBHHH, a 3arajibHa IliHa BUpoOiB gopiBHIOE 1340.

3po6uMO BUCHOBKH 3a O3B’ I3aHHSAMH IIPSIMOI 1 IBOICTOT 3a/1a4i 3TiHO 3
HABEJICHUMHU B TEOPETUYHIN YACTUHI BIACTUBOCTSIMU 1-4:

1 3HaueHHs HUTBLOBUX (YHKIIIH MPsAMOT 1 IBOICTOT 3a71a4 PiBHI:

Frax = Gmin (1340 = 1340).

2 36unbmieHHs QoHy Yacy poOOTH (pecypc «mparllsi») Ha | 4 mpuBene 10
TOT0, IO 3'IBUTHCSI MOKJIUBICTh CKJIACTU HOBUM ONTUMAJILHUN TJIaH BUPOOHUII-
TBa BUPOOIB, MPU SKOMY 3arajbHa I[iHa BUTOTOBJICHOI MPOYKIIii 3pocTe Ha 5,75
onuHMIlh 1 ctane piBHOI 1340+5,75 = 1345,75 onununp. TouyHo Tak camo 30i-
JpIIeHHs Ha | 4 yaci poOOTH ycTaTKyBaHHS JO3BOJUTH 3HAWTH HOBHIA ONTHMAa-
JBHUHN IJIaH BUPOOHMIITBA BUPOOIB, MPHU SKOMY 3arajibHa I[iHa BUTOTOBJICHOI
npoaykiii 3pocte Ha 1,25 ogunub 1 cknage 1340+1,25 = 1341,25 onunuirs.

HynboBa ormiHka, oTpuMaHa I PECypCy «CHPOBHUHA» O3HA4ae, IO,
OCKUJIbKH CUPOBHHA BUKOPUCTOBYETHCSA HE LIJIKOM, TO 301IBIIEHHS HOT0 3araciB
HE BIUTMHE HA ONTUMAIBHUHN TUTaH BUITYCKY TIPOYKIII 1 3araibHy IiHY BUTOTOB-
JIEHOT TTPOJTYKIIIi.

3 3miHHl y; = 5,75, Y, =01 y3 = 1,25 BU3HaualOTh YMOBHI OILIIHKU OJ1H-
HUIll PECYPCIB «IIpalls», «CUPOBHHA» 1 «YCTaTKyBaHHs» BiIMOBiAHO. OIHKU
«TIpars» 1 «ycTaTKyBaHHs» BIIMIHHI Bif 0, BIATOBIHO 10 APYroi TEOPEMH IO-
JABIMHOCTI BIAMOBIHI PECYPCHU BUKOPHUCTOBYETHCS I[UIKOM IPU ONTUMAIBHOMY
11aHl BUpOOHUIITBA IPOAYKIIi, TOOTO € nediuuTHUMHU. J[BoicTa OLlIHKa pecypcy
«cupoBuHa» nopiBHioe 0. Lleit Bua pecypcy He LUIKOM BUKOPUCTOBYETHCS MpU
ONITHUMAJILHOMY TIJIaHI BUPOOHUIITBA TPOYKIII.

Uum BuIIe BEIWYWHA OIIHKHA, THM TOCTpimie AedIiIUTHICTh pecypcey:

«aparish» Outhn gedinuTHa, YuM «ycTaTkyBaHH: (Y1 = 5,75) > (Y3 = 1,25).
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4 Tlpu miaCcTaHOBI JBOICTUX OIIHOK y CHUCTEMY OOMEXEHb JBOICTOI 3a-

74l OJIEPIKYEMO:

23+1,25>10,
11,5+2,5=14,
5,75+6,25=12.

[Tepuie oOMexeHHs ABOICTOI 3a/1aul BUKOHYETHCS K CTPOra HEPIBHICTbD.
Ile o3Hauae, 110 OIIHKA PEeCypCiB, BAKOPUCTOBYBAHUX HA BUPOOHHIITBO OJHOTO
BUpOOY BUly A BUIIE ILIIHHU I[LOTO BUPOOY, 1, OTXKE, BUITyCKaTH BUPOOY A HEBU-
rigHo. Jlpyre 1 TpeTe oOMEXKEHHs JIBOICTOI 3a/iladyli BUKOHYIOTBCS SIK PIBHOCTI.
Ile o3Hayae, 110 OIIHKK PECypcCiB, BUKOPUCTOBYBAHOTO It BUPOOHUIITBA O~
HUIll BimoBiiHUX BUpoOiB B 1 C piBHI B TOYHOCTI iXHIM IiiHaM. TomMy BUIyCKa-
TH 11 JBa BUJIW MPOAYKII €EKOHOMIYHO JOIUIBHO, IO 1 BUJAHO 3 PO3B’SA3aHHS

psIMOi 3a/1au4i.

6.6 Po3p’s13anns 3a1a4i 3a jonomororo nakery Maple

Jl71st moyaTKy po3B’si3aHHS MPSMOI 3a/1a4l

> restart:

> with(simplex):
Warning, the protected names maximize and minimize have
been redefined and unprotected

> F:=10*x1+14*x2+12*x3;
F:=10x1+ 14 x2 +12x3
> gl:=4*x1+2*x2+x3<=180; g2:=3*x1+x2+3*x3<=210;
03:=x1+2*x2+5*x3<=244,
gl :=4x1+2x2+x3<180
g2 :=3x1+x2+3x3<210
03 :=x1+2x2+5x3<244
> maximize(F, {91,92,93}, NONNEGATIVE);
{x1=0,x3=16,x2=82}
> x1:=0: x2:=82: x3:=16: F; {g91,02,93};
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1340
{180 <180, 130 <210, 244 <244}
Po3B’s3anns 1BOiCTOI 3adadi:
> restart:
> with(simplex):
Warning, the protected names maximize and mini-
mize 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;

dl:=10<4yl+3y2+y3

d2:=14<2yl+y2+2y3

d3:=12<yl1+3y2+5y3
> minimize(G, {d1,d2,d3}, NONNEGATIVE);

5 23
{y2=0,y3=1,y1=7}

>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 }

6.7 InguBinyajabHi 3aBIaHHA 10 JJa0OOPATOPHOI podoTH 2

Tabauys 3 — Inousioyanvhi 3a80anus 00 1abopamopuoi pobomu 2

Bapianr 1 Bapiant 2 BapianT 3

al=5 bl1=3 t1=750 al=6 bl=2 t1=600 al=4 Dbl1=3 t1=440
a2=4 b2=3 t2=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=5 r2=6 r1=6 r2=3 r1=6 r2=5
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IIpooosocenns mabnuyi 3

Bapiant 4

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

Bapiant 7

al=8 Dbl=2 11=840
a2=6 b2=3 t2=870
a3=3 b3=2 t3=560
ri=6 r2=2

Bapianr 10
al=2 Dbl1=3 t1=428
a2=3 b2=6 t2=672
a3=2 Db3=8 t3=672
r1=3 r2=8

BapianT 13
al=4 bl=3 t1=480
a2=3 b2=4 t2=444
a3=2 b3=6 t3=546
r1=2 r2=4

Bapianr 16
al=4 bl1l=3 t1=440
a2=3 b2=4 t2=393
a3=3 b3=5 t3=450
r1=6 r2=5

Bapiant 19
al=7 b1=3 t1=1365
a2=6 h2=3 t2=1245
a3=1 b3=2 t3=650
r1=6 r2=5

Bapiant 5
al=2 bl=1 t1=438
a2=3 b2=6 t2=747
a3=3 b3=7 t3=812
r1=7 r2=5

Bapiant 8
al=5 bl=2 t1=505
a2=3 b2=3 t2=393
a3=2 b3=3 t3=348
ri=7 r2=4

Bapianr 11
al=3 bl=2 t1=273
a2=3 b2=3 t2=300
a3=2 b3=5 t3=380
r1=4 r2=5

Bapiant 14
al=5 b1=3 t1=750
a2=4 b2=3 t2=630
a3=3 b3=4 t3=700
r1=5 r2=6

Bapiant 17
al=2 bl=3 t1=428
a2=3 b2=6 t2=672
a3=2 b3=8 t3=672
r1=3 r2=8

Bapiant 20
al=8 bl=2 t1=840
a2=6 b2=3 t2=870
a3=3 b3=2 t3=560
r1=6 r2=2
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Bapianrt 6
al=4 bl=3 t1=480
a2=3 b2=4 t2=444
a3=2 b3=6 t3=546
r1=2 r2=4

BapianTt 9
al=6 bl=2 t1=600
a2=4 b2=3 t2=520
a3=3 b3=4 t3=600
r1=6 r2=3

BapianT 12
al=7 bl=3 t1=1365
a2=6 b2=3 t2=1245
a3=1 b3=2 t3=650
r1=6 r2=5

Bapianr 15
al=5 bl=2 t1=505
a2=3 b2=3 t2=393
a3=2 b3=3 t3=348
ri=7 r2=4

Bapiant 18
al=2 bl=1 t1=438
a2=3 b2=6 t2=747
a3=3 b3=7 t3=812
r1=7 r2=5

BapianT 21
al=5 bl1l=3 t1=750
a2=4 b2=3 t2=630
a3=3 b3=4 t3=700
r1=5 r2=6



IIpooosocenns mabauyi 3

BapianT 22
al=6 Dbl=2
a2=4 b2=3
a3=3 b3=4
r1=6 r2=3

Bapianr 25

al=2 bil=1
a2=3 b2=6
a3=3 b3=7
r1=7 r2=5
BapianT 28
al=5 Dbl=2
a2=6 b2=3
a3=3 b3=2
r1=7r2=2

t1=600
t2=520
t3=600

t1=438
t2=747
t3=812

t1=505
t2=870
t3=560

BapianT 23
al=4 Dbl=3
a2=3 bh2=4
a3=3 b3=5
r1=6 r2=5

Bapianr 26
al=4 bl=3
a2=3 b2=4
a3=2 b3=6
r1=2 r2=4

Bapiant 29
al=2 bl=3
a2=3 b2=6
a3=2 b3=8
r1=3 r2=8

t1=440
t2=393
t3=450

t1=480
t2=444
t3=546

t1=428
t2=672
t3=672
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BapianT 24
al=3 bil=2
a2=3 b2=3
a3=2 b3=5

t1=273
t2=300
t3=380

r1=4 r2=5

Bapiant 27
al=8 bl=2
a2=3 b2=3
a3=2 b3=3
r1=6 r2=4
Bapiant 30
al=7 bl=3
a2=6 b2=3
a3=1 b3=2
r1=6 r2=5

t1=840
t2=393
t3=348

t1=1365
t2=1245
t3=650



7 IABOPATOPHA POBOTA 3. OITUMAJIBHA CYMIII

Tema. 3agava nipo ontumanbHy cymiml. HeoOMmexkena obiacTh mpumyc-
TUMHUX PILLIEHb.

Mema nabopamopnoi pooomu

MaroTs 6yt npuaOaHi HACTYIHI éMIiHHA: CKJIaJaHHS MaTeMaTUYHOI MO-
Jiei 3a7a4il Mpo ONTUMAJIbHY CYMII; €eKOHOMIYHUNA BUCHOBOK 13 PO3B’SI3aHHS
3aja4l.

Po6ota po3paxoBana Ha 4 TOJIUHU.

7.1 Teopernuni BizomocTi

3amaya BU3HAYEHHS ONTUMAIBHOTO CKIIAy CyMillll BUHUKAE TOJ1, KOJIU 3
HasiBHUX BHJIB CHPOBUHU HEOOXITHO OJIepKAaTH IUIAIXOM 3MIIIYBAHHS HOBUU
MPOAYKT (HampHKiIad, OCH3WH, METaJICBUU CILIAB 1 T.1.) 13 3aJJaHIMHU TEXHIYHU-
MU ¥ IHIIUMH XapaKTepUCTUKaMH, a00 CKIIACTH PalllOH Xap4yyBaHHS, MAOuH 3a-
3HaueHl npoaykTu. [Ipu oMy noTpidHO, MO0 BapTICTh TAKOI CyMilll OyJa Mi-
HiMaJbHa.

[IpunycTumo, Mo cymill MOTPiIOHO CKJIACTH 3 N PI3HUX BUIIB CUPOBUHH,
KOXKHHUM 3 SIKMI MICTUTh M BHUJIIB IIKaBJISIYMX HAC PEUOBHH.

Hexan aj, I=1,...m, j=1,...,n, 11 KUIbKICTb i-01 PCYOBUHHU B OJUHHUIII |-
ro BUAY CUPOBUHU.

Bapricts cupoBunu ¢;j, j = 1,...,n. [lozHaunmo uepe3 b; HaliMeHIy npu-
IIyCTUMY KIIBKICTb 1-01 pEUOBHHH, 4epe3 dj - 3armac CHpOBHHU J-TO BULY.

Hexaii X; — KUIBKICTb CHPOBUHH ]-T'O BHLY, 5IKy HEOOX1JTHO BUKOPHCTOBY-
BaTU JJIs CKJafaHHs cymimi. Toxal nimpoBa (yHKIIS - BapTICTh CyMill - JIOPiB-

HIO€!

n
F=2c;-x; (min).
j=1

OOMexeHHs Ha BMICT HEOOX1AHUX PEYOBHUH Y TOTOBINA CyMillIi:
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n
Yay % 20, i=1..m
j=1

OOMexeHHs Ha 3aracy CUPOBUHMU:

Xj de, j:].,...,n.

Tomy mo xj - KinbKicTs cupoBuHy, X;20, j = 1,...n.

Opneprxanu MaTeMaTUYHY MOJIENb 3a/1a4l PO CyMILII:

n
F=>c;-x; (min);

7.2 3aBnaHHs 10 1a00paTOPHOL podoTH

dopmanu3yBaTy 3a7aHy 3aJady JIHIHHOTO MPOTPaMyBaHHS. 3a3HAYHUTH
€KOHOMIYHHM 3MICT IUTLOBOT (DYHKIIIT 1 CUCTEMU OOMEKEHb. 3aIlucaTH 3aj1ady B
MatpuuHiii popmi. Ilepeittu qo ABoicTOI 3axaul. Bupimmtu npsMy 1 JBOICTY
3a/iaul 3a JOMOMOTO0 OJHOrO 3 makeTiB. [IpoananizyBaTul BiAMOBIAI TIPSIMOT i
JIBOICTOI 3a/Ja4.

JlikyBanpHa Jli€Ta KOHTPOIIOETHCSA 32 KOMIIOHEHTaMu: a) Oinmkamu; O)
BYIUICBOJAMU; B) *KupaMu; T) BiTamiHaMu. OOcAT HEOOX1THMX KOMIIOHEHTIB y

MOBCSAKICHHUX TNPOJYKTaX XapuyBaHHs 1 IIHU MPOAYKTIB 3a3Ha4YeHI B TaOJIHII
4.
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Tabnuys 4

[Iponykru

Cknan, on

1 2 3 4
binku s11 | s12 | s13 | s14
Byrnesoau s21 | s22 | s23 | s24
Kupu s31 | s32 | s33 | s34
Bitaminu s41 | s42 | s43 | s44
Iina 1 xr rl r2 r3 r4

Ckiactu maH HaOUIbII JIEMIEBUX 3aKYIIBENb MPOJYKTIB, IO 3a0e3redye
MIETUYHI BUMOTH.

36im npo nadopamopuy pooomy
[ToBUHEH MICTUTH:

1 VYmoBa 3anaui.

2 dopmamizaris 3aaadi.

3 3anmc 3aga4i B MaTpUuHIid Gopmi.

4 Po3apyk po3B’si3aHHS 3a7a4i.

5 dopmamnizarris ABoicTOl 3a1a4i.

6 Po3apyk po3B’si3aHHs IBOICTO1 3aa4i.

7 ExoHOMIYHUH aHaji3 pe3yybTary.

7.3 llpuknaa BUKOHAHHS JJa0opaTOpHOi podoTu 3

[Ipu cknananHi JOOOBOro palioHy rojiBii XyJ00u MOXKHa BUKOPHUCTOBY-
BaTu CcBIke ciHO (He Outhin 50 Kr) 1 cuioc (He Outbi 85 kxr). Y Tabnuii 5 npu-
BE/ICHI JaHl PO BMICT 3a3HaYEHUX KOMIIOHEHTIB y | KI' KOKHOrO MPOJYKTY Xa-

pUYBaHHsI, MOKUBHICTh pallloHy (MIHIMAJIbHI HOPMH) 1 BAPTICTh NPOAYKTIB.
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Tabnuys 5

_ IIponyxr
[ToxxuBHI pe4OBUHH [To:XUBHICTH paIlioHy
Csixe cino | Cuiioc

KopmoBi ouHuili 0,5 0,5 30 oaguHUILL
Binok, r/kr 40 10 I xr
Kanpimi, r/kr 1,25 2,5 100 r
docdop, r/kr 2 1 80r
BapricTs, rp.oa. 1,2 0,8 —

CknacTu paiioH, 10 3aJ0BOJIbHSIE BUIICBUKIIAJICHUM BUMOTaM 1 MiHIMa-
JHLHUM 32 BapTICTIO.

Dopmanizauia 3a0aui

Hexaii x;, KI — KUIBKICTB CIHA, a X, KT — KUIBKICTh CHJIOCY, SIKUHA HEOOX1/I-
HO BUKOPUCTOBYBATHU B pauioHi. Tozal nuiboBa (GyHKIISA — BapTICTh MPOIYKTIB —

JIOPIBHIOE
F=1,2x,+0,8X, —min.

CkrnaaemMo cucteMy OOMEKCHb.

1 OOMmexxeHHsI Ha BMICT y pallioHi KOPMOBUX OAMHUIL — HE MeH 30. B
OJTHOMY KiJIorpami ciHa 1 cuocy MicTUThCS 1o 0,5 KOpMOBUX OJUHUIL. Y CHOTO
B parttioni 6yne (0,5x;+0,5X,) kopMoBUX ofauHULb. Buxoauts, 0,5x;+0,5X; > 30.

2 OOMexeHHs Ha BMICT y palioHi Oiika — He MeHi 1 kr. B onHomy Kino-
rpami ciHa mictutbea 40 1 Oinka, y 1 kr cunocy — 10 r 6inka. Ilepeitnemo 10
oJHi€eT po3MipHOCTI — Kr. Ycboro B parfioni oyae (0,04x;+0,01x,) kr Oinka. Bu-
xoauth: 0,04x,+0,01x, > 1.

3 AHaJOriyHO MIPKYIOUH, CKJIAJIEMO OOMEXKEHHS Ha BMICT KaJbllil0 — HE
ment 0,1 kr: 0,00125x,+0,0025x%, >0,1.

4 Bwmict dochopy — He menm 0,08 kr:  0,002x,+0,001x, > 0,08.

5 3a ymoOBOI0, 3aKyIiBJISI CiHA HE TTOBMHHA mepeBuiyBatu 50 Kr, a cuiio-
cy — 85 kr. Buxoauts, x1;<50 1 x,<85.

Tomy 110 X; 1 Xy — KUIBKICTh MIPOJIYKTY, TO X1 1 X HEBIJ €MHI.
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Opeprxanu MaTeMaTUYHy MOJIENb 33/1a4l PO CyMIIi:

F=1,2x,+0,8x, (min).
0,5%;+0,5%;, > 30,
0,04x,+0,01x, >1,

0,00125x,+0,0025x%, >0,1,

0,002x,+0,001x, > 0,08,

X150,
Xo<85,
X1 >0,
X5 >0.

Po3B'si3aBmm  3amady 3a JOMOMOTOI0 TAKETy, OJAepXald 3HAYCHHS
sMmiHHUX: X1 = 20; X, =40; F,i, = 56.

ExoHOMIuHMI BUCHOBOK: Yy 1000BOMY pallioHi Mae OyTu ciHa 20 Kr i cu-
nocy 40 kr. BapTicTk Takoro parfiony ckianae 56 rp.o.

[ToXUBHICTB paIlioHy CKJaje:

Kopmosux oaunuis — 30 ox. mpu HopMi 30 of.;

binok — 1,2 xr npu HOpMi 1 KT;

Kanpwiii — 125 r npu Hopmi 100 1

dochopy 80 r mpu HOpMmi 80 T.

7.4 TloOynoBa aBOICTOI 3aa4i 10 3a/1a4i NP0 ONTUMAJIbHY CyMIilll

dopmaizoBaHa 3a/1a4a Ipo CyMilll Ma€e BUTIISL;

F=1,2x;+0,8x, (min).
0,5%;+0,5x%, > 30,
0,04x,+0,01x, >1,

0,00125x,+0,0025x, >0,1,

0,002x,+0,001x, > 0,08,

X150,
X,<835,
X1 >0,
X, >0.
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[Tepen moOymoBoOO MBOICTOI 3a7adi 3aMUIIEMO TPSIMY 3a7ady B MaTpU4-
Hiit ¢popmi. [IpuBesemMo HEPIBHOCTI CHCTEMH OOMEXEHb 10 OJHOTO BUY (3HAK
>):

0,5x;+0,5x, > 30,
0,04x,+0,01x, > 1,
0,00125x,+0,0025x%;, > 0,1,
0,002x,+0,001x, > 0,08,
-X; > -50,

-X, > -85.

Bunuiiemo BEKTOpH 1 MaTPHLIIO:

30 0,5 0,5
1 0,04 0,01
_ [X1] _ (1,2) _ 01 0,00125 0,0025 — [OJ
X=|"] C=|""| B= A= |
X, 0,8 0,08 0,002 0,001 0
-50 -1 0
-85 0 -1
Y MaTpuuHOMY BUTJISIIL:
F=C"-X (min).
A-X >B,
X >0.

Tomy 110 KUTBKICTH OOMEKEHb MPSAMOi 3a/1a4i — 6, TO B IBOICTIH 3a1a4i —
6 3MIHHHUX.
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Y1
Yz

7 yg, AT:(O’5 0,04 0,00125 0,002 -1 Oj-
Y, 05 001 0,0025 0001 0 -1
Ys
Ys

JIBoicTa 3ajaua B MaTpUYHOMY BUTJISIL:

G (max).

B™.Y
.Y <C,
0.

< >
\V4

¥ koopauHaTHIN Hopmi ABoicTa 3a7a4a Ma€ BU/;

G = 30y;+Yy,+0,1y3+0,08y,-50y5-85yg  (max).
0,5y1+0,04y,+0,00125y5+0,002y,-ys < 1,2,
0,5y;1+0,01y,+0,0025y3+0,001y,-ys < 0,8,
Y120, ¥220, y320, Y420, ys0, ys = 0.

7.5 Po3B’si3anns 3aj1a4i 3a tonomoro nakery Maple

Jl1st moyaTKy po3B’si3aHHS MPSMOI 3a/1a41

> restart:
> with(simplex):
Warning, the protected names maximize and mini-
mize have been redefined and unprotected
> F:=1.2*x1+0.8*x2;
F:=12x1+.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;
gl1:=30<.5x1+.5x%x2
g2:=1<.04x1+.01x2
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g3 :=.1<.00125 x1 +.0025 x2
g4 :=.08 <.002 x1 +.001 x2
05 :=x1<50
g6 :=x2 <85
> minimize(F, {91,02,93,04,95,96}, NONNEGATIVE);
{x2 =39.99999996, x1 = 20.00000004 }
> x1:=20: x2:=40: F; {91,92,03,04,05,96}; x1:="x1": x2:="x2":
56.0
{.1<.12500, .08 <.080, 20 <50, 40 <85,30<30.0,1<1.20}

Taxk sik 3a71a4a € TBOBUMIPHOIO, MOJHA BUPIIIUTH IpadivHO:

> with(plots):
Warning, the names changecoords and display have been re-
defined

> inequal({g1,92,03,04,95,96,x1>=0,x2>=0}, x1=0..100,x2=0..100,
optionsexcluded=(color=white));

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

100

80
60
4CI'_

ECI'_

0 20 40 60 a0 100
Pucynok 14

Bupimmmo npoicty 3agady:

> 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*y06;
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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:=.5yl+.04y2+.00125y3+.002y4 -y5<1.2
d2:=.5yl1+.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}

7.6 InguBinyajabHi 3aB1aHHA 10 JJaOopaTOpHOI podoTu 3

Tabauys 6 — Inousioyanvhi 3a80anus 00 1abopamopuoi pobomu 3

Bapiant 1
2 12 10 1

S - 12 0 0 4
1 8 3 0[,R=(46,273).
2 2 4 6

OOMexXeHHs:

o11kH — He meHie 20;

BYIJIeBOAM — He MeH1e 30;

xupu — He MeHIe 10 1 He O 50;
BiTaMiHU — He MeHiIe 40.

BapianT 2
3 11 10 2

5 11 0 0 4
1 8 0 3|,R=3,7,21)
2 1 4 6

OOMeXeHHS:

OUIKH — He MeHIe 18;

BYTJIEBOJIM — HE MEHILIE 27;

*Kupu — He MeHIe 11 1 He Ouabi 55;
BiTaMiHM — HE MeHIe 41.

BapianT 3
1 12 12 2

S 10 1 0 4
2 7 3 0(,R=(1,2273)
3 0 4 6

OOMexeHHS:

OLIKK — He MeHIe 21;

BYIJIEBOM — HE MeHIIE 33;

KUpHU — He MeHIe 12u He Outbi 65;
BiTaMiHH — HE MeHIIIe 34.

BapianT 4
1 12 10
11 0 1
1 8 O
2 0 4

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

OOMeXeHHS:

OLJIKM — He MeHIIe 24;

BYIJIEBOJY — HE MEHIIIE 32;

KUpU — HEe MeHIe 15 1 He Ounbir 45;
BiTaMIHU — HE MeHIe 37.
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IIpooosocennus mabauyi 6

Bapiant 5
2 11 10 2

|12 0 0 4

|1 7 3 0], R=(4,86,5,3).
2 1 4 6

OOMexeHHSs:

o11KH — He MeHuie 20;

BYIJIeBOAM — He MeHIe 30;

xupu — He MeH1e 10 1 ve Ourpi 50;
BiTaMmiHK — He MeHIe 40.

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

O171KH — He MeHIe 15;

BYIUIEBOAM — HE MeHLIE 25;

xupu — He MeH1e 10 1 He Outpi 50;
BiTaMiHK — He MeHIe 30 .

Bapiaunt 7
2 12 8 0

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

OOMexeHHS:

O11KM — He meHnIe 30;

BYIJIEBOJIH — HE MeHILe 40;

x)upu — He Mente 20 1 ve oubm 70;
BiTaMiHM — He MeHIe 35 Tx.

Bapianr 8
1 11 10 2

|10 2 0 4

|1 8 0 3| R=@3,5,2 1)
2 0 4 6

OOMeXeHHS:

OUIKHM — He MeHIe 20;

BYIJIEBOJY — HE MeHIIE 34;

KUPHU — HEe MeHIe 15 1 He OuIbI 65;
BiTaMiHU — He MeHie 40.

BapianTt 9
2 12 10 O

s _ 13 0 0 4
1 6 3 0,R=(2,3,2,3).
3 2 4 6

OOMeKeHHS:

O11kM — He MeHme 21 ;

BYIJIEBOJY — HE MeH1Ie 31;

)upu — He MeHtne 11 1 e 6ubm 51;
BiTaMiHM — He MeHIe 41.

BapianTt 10
3 7 10 4

S 13 0 0 2
1 8 0 3| R=(31,21).
2 0 4 6

OOMexxeHHS:

OLIIKM — He MeHIIe 22;

BYIJIEBOJY — HE MEHIIE 32;

KUpHU — HEe MeHIe 12 1 He OutbiT 52;
BiTaMiHM — He MeHIIe 42.
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IIpooosocenus mabauyi 6

BapianT 11
2 12 10 1

|12 0 0 4

|1 8 3 0|, R=(46223).
2 2 4 6

OOMexeHHS:

O11KH — He MeHiie 20;

BYIJIEBOJIM — HE MeHIie 30;

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

BapianT 12
3 11 10 2
|11 0 0 4
|1 8 0 3
0 1 468) p-3721
OOMmexeHHS:

O171KU — He MeHIe 18;

BYIJIEBOJIM — HE MeHIIE 27;

*KUpU — He MeHIue 11 1 He Ounbi 55;
BITaMIHU — HE MeH1Ie 41.

Bapianr 13
1 12 12 2

|10 1 0 4

|2 7 3 0|,R=Y2223).
3 0 4 6

OOMexeHHs:

0171KH — He MeHe 21;

BYIJIEBOJIM — HE MEHILIE 33;

XKUpU — HE MeHIe 12 1 He OuibI 65;
BiTaMIiHM — He MeHIIe 34.

Bapiant 14
1 12 10 2

110 1 2

|1 8 0 3| R=3214).
2 0 4 6

OOMexeHHs:

OLIKK — He MeHlle 24;

BYIJIEBOJIM — HE MEHILIE 32;

KUPU — HE MeHIe 15 1 He Oubi 45;
BITaMiHU — HEe MeHIe 37.

BapianT 15
2 11 10 2

S 12 0 0 4
1 7 3 0|,R=(4653)
2 1 4 6

OOMEXKCHHS:

o11kH — He meHie 20;

BYIJIEBOIH — HE MeHIe 30;

*upu — He menie 10 1 ve 6ubi 50;
BiTaminu — He MeHIe 40.

BapianT 16
3 9 10 2

|10 0 2 0
0 8 1 3| R=@3,321).
2 1 4 5

OOMexeHHs:

OLIKM — He MeHIIe 15;

BYTJIEBOIM — HE MeHIIIe 25;

x)upu — He meHine 10 1 ve 61abm 50;
BiTamian — He MeHtre 30.
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IIpooosocenns mabauyi 6

Bapiant 17
2 12

S =

o O b~ O

8
0
3
4

o +— ©
N 00 DN

, R=(2, 6, 2, 3).
OOmexeHHS:
outku — He menme 30;
BYIUIEBOIM — HE MeHIe 40;
xupu — He MeHie 20 1 He 6ub 70;
BITaMIHU — HE MeHIIe 35.

BapianT 18
1 11 10 2
|10 2 0 4
|1 8 0 3
2 0 46 , R=(3,5, 2, 1).
OOMeKEeHHS :

011ku — He MeHme 20;

BYIJIEBOJY — HE MEHLIE 34;

XKUpH — HE MeHIe 15 1 He Outbi 65;
BiTaMiHU — He MeHIe 40.

Bapianr 19
2 12 10 0O

S - 13 0 0 4
1 6 3 0| R=(23,203)
3 2 4 6

OOMeKeHHS :

O171KU — He MeHIe 21;

BYIJIEBOJIM — HE MeHIie 31;

*upu — He MeHIe 11 1 e 6inbi 51;
BITaMIHHU — He MeHIe 41.

Bapiant 20
3 7 10 4

S 13 0 0 2
1 8 0 3|,R=G3,1,21).
2 0 4 6

OOMeXeHHS:

O1IKH — HE MeHIIe 22;

BYI'JIEBOJIM — HE MEHILIE 32;

KUpU — He MeHIe 12 1 He Oubi 52;
BITaMiHU — HE MeHIe 42.

BapianT 21
2 12 10 1

|12 0 0 4

|1 8 3 0|, R=(4,6,23).
2 2 4 6

OOMeKeHHS:

o11Ku — He meHiie 20;

BYIJIEBOJIH — HE MeHIe 30;

xupu — He MeH1e 10 1 ve Oubi 50;
BiTaMiHU — He MeHIe 40.

BapianT 22
3 11 10 2

|11 0 0 4

|1 8 0 3|,R=3,7,21)
2 1 4 6

OOMexeHHS:

OLJIKK — He MeHIIe 18;

BYI'JIEBOJIM — HE MEHILIE 27;

x)upu — He MeHtne 11 1 e Ourbi 55;
BiTaMiHU — He MeHIe 41.
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IIpooosocenus mabauyi 6

Bapianr 23

1 12 12 2

10 1 0 4
12 7 3 0

30 4 6] po1,2203)
OOMexeHHS:

O11KM — He MeHIe 21 ;

BYIJIEBOJY — HE MeHIIe 33;

XKupH — He MeHIne 12 1 He 6ubIr 65;
BITaMIHU — HE MeHIIEe 34.

Bapiant 24

1 12 10 2
S 11 0 1 2

1 8 0 3

20 4 5 R=,2,1,4.
OOMeXeHHS:

O171KU — HEe MeHIe 24;

BYIJIEBOJY — HE MEHIIE 32;

KUpU — HE MeHIe 15 1 He Oubi 45;
BiTaMiHM — He MeHIe 37.

BapianT 25
2 11 10 2

(12 0 0 4

|1 7 3 0|, R=(4,6,5,3).
2 1 4 6

OOMexeHHS:

O11KH — He MeHiie 20;

BYIJIeBOAM — He MeHuIe 30;

xupu — He MeHIe 10u e Oubi 50;
BiTaMIHU — He MeHie 40.

Bapianr 26
3 9 10 2

S 10 0 0
0 8 1 3| R=(3 32 1).
2 1 5

OOMeKeHHS:

OLIKK — He MeHie 15;

BYIJIEBOAM — HE MeHLIE 25;

xupu — He MeHiue 10 1 He 6utbi 50;
BiTaMiHU — He MeHie 30.

Bapiant 27
2 12 8 0

S 9 2 0 4
1 8 3 0| R=(26,23)
0 2 4 6

OOMeKEeHHS:

o11KkH — He meHiie 30;

BYIJIEBOAM — HEe MeHuIe 40;

xupu — He MeHIe 20 1 He 6u1b1 70;
BITaMiHM — HE MeHIIIe 35.

Bapianr 28
1 11 10 2
|10 2 0 4
|1 8 0 3| R=352 1)
2 0 4 6
OOMeKeHHS:

O11KH — He MmeHie 20;

BYIJIEBOJIM — HE MEHIIIE 34;

KUpH — HE MeHIIe 15 1 He OibIr 65;
BiTaMiHU — He MeHie 40.
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IIpooosocennus mabauyi 6

BapianT 29
2 12 10 O
|13 0 0 4
|1 6 3 0| R=(23223)
3 2 4 6
OOMeXeHHS:

O171KH — He MeHme 21;

BYIJIEBOAY — HE MeHlIE 31;

xupu — He MeHe 11 1 He Outbw 51;
BITaMIHU — He MeHIe 41.

BapianT 30
3 7 10 4

S 13 0 0 2
1 8 0 3|,R=3,1,2,1).
2 0 4 6

OOMexeHHs:

OLJIKM — He MeHIIe 22;

BYIJIEBOJIM — HE MEHILIE 32;

KUpHU — HEe MeHIe 12 1 He Oubi 52;
BiTaMiHM — HE MeHIIIe 42.
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8 TPAHCIIOPTHA 3AJAYA JIHIHHOTO MPOTPAMYBAH-
HSA

TpancnopTHa 3a7a4ya — 3aja4a Mpo HAHOUIbII OIIAJJIMBUN IJIaH MEepeBe-
3€Hb OJTHOPITHOTO YU B3a€EMO3aMIHHOTO BaHTAXY 3 MYHKTIB BiJIIPABJICHHS B ITy-
HKTH CIIO)KMBAaHHS — € HAWBaXXJIMBIIIOK YaCTKOBOIO 3aJlaueto JIHIHHOIO Mpo-
rpaMyBaHHsI, 1[0 MAa€ BEJUKE MPAKTUYHE 3aCTOCYBAHHS HE TIIBKU JO MPOOIEM
TpaHcHopTy. TpaHCHOpTHA 3a/ladya BUJIUISETHCA B OKpEMY 3a/Jady JIHIHHOTrO
nporpaMyBaHHs BU3HAUYEHICTIO €KOHOMIYHOIO 3MICTy ¥ OCOOJIMBOCTSIMU MaTe-

MAaTUYHOI MOJIEI.

8.1 3arajibHe popMyTIOBAHHS TPAHCIOPTHOI 3a1ayi

OpnHOpiAHUI BaHTaX, 30CEPEIKEHUM Yy m MYHKTaX BIAIPABICHHS B KiJb-
KOCTSX 8; = 0 y KO)KHOMY 1-My ITyHKTI BianpaBiaeHHs 1= 1,...,m, HEOOX1AHO J10-
CTaBUTH B KOXKHMH 3 N MyHKTiB NpU3HAYEHHS B KimbkocTsax Dj=0, j=1,...,n.
BapTicTb nepeBe3eHHsI OJUHUII BaHTAXYy 3 1-T0 BUXIAHOT'O MYHKTY B j-i MyHKT
NPHU3HAYEHHS JOPIBHIOE Cjj .

Hexaii Xjj — KIJIBKICTb BaHTaXy, IIEPEBE3EHOrO 3 IIYHKTY BIANPABIEHHSA 1y
IYHKT IPU3HAYEHHA ].

[ToTpiOHO cKiacTH IUIaH MEpPEBE3EHb TaK, 11100 TPAHCIOPTHI BUTpaATH OY-
JIU MIHIMaJIbHI.

Jlns HaO"UHOCTI 1aHi 3a7a4i 3aBeeH0 OPOpMIIATH Y BUI1 Tabui 7.

Tabnuus 7
IlyukTn [IyakTH npu3HaAYEeHHA
4 3amacu Y P
BiAIIpaBICHHS B, Bj B,
Ay a1 X1 | cu Xij |y Xin | Cin
Ai a Xi | Ci Xi | cj Xin | Cin
Am dm Xm1 ‘ Cm1 ij ‘ ij Xmn ‘ Cmn
[Motpedu by b; by

OCKUTBKH PO3TISIAETHCS OAHOPIIHUN BaHTAXK, MOTPEOU MYHKTY MpPU3HAYCH-

HJA MOXYTH 3aA0BOJIBHATHCA 3a PAXYHOK 6y,ZII>-SIKI/IX BI/IXiI[HI/IX HYHKTiB.
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Po3pi3HsA0Th 1Ba THUMM TPAHCTIIOPTHUX 33Jau: 3aKpUTI, Y SIKUX CyMapHHI

m n
TOTUT JIOPIBHIOE CyMapHUM 3amacaMm, To6to » a; = > b;, i Bimkputi, y sxux
i=1 j=1
m n

CyMapHHUH MOMUT MEHIIIE CYMapHUX 3amaciB, TOOTO dYaj= >, b j-

ny:

i=1  j=1

Jlamo MareMatuyHe (pOpMYITIOBAHHS TPAHCIOPTHOI 3a7ayl 3aKPUTOrO TH-

[{impoBa QyHKIIIS — BapTICTh NEPEBE3CHbD:
F=>2¢-% (min).

OOMekeHHs Ha 3amacH (BC1 3amacy MOTpiOHO BUBE3TH):

n
> X;j =a;,i=1,...,m.
J=1

OO6mexxeHHst HA OTpedu (BCi MOTpedU MOTPIOHO 3a10BOIHLHUTH):

m .
lel-j :bj,] :1,...,7’1.
1=

Tomy 1m0 Xjj — KIIBKICTh IIEPEBE3EHOr0 BAaHTAXKY, TO Xij = 0.

Onep>kanu MaTeMaTUYIHY MOJIENTb 3aMKHYTOI TPAHCIIOPTHOT 3a/1a4i:

F :izn:cij “Xij (min).
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Jlnst BimKpWTOi 3a7adi  MaTeMaTHYHA MOJENIb OyIYEThCS aHAJIOTIYHO,

m n
KpiM OOMEKEHb Ha 3amacu (Ko > a; > > b j ):
i1 j=1

n
> x; <a,i=1..,m
j=1

8.2 3amaui, 0 3BOASITHCS 10 TPAHCTIOPTHUX

[Tpu po3ris/l TpaHCIIOPTHOI 3a7ja4i BKa3yBajIocs, 10 10 CXEMHU TPAHCIIO-
PTHO1 337241 BIIHOCUTHCS OUTBII MIMPOKE KOJIO 3a/1ad, YUM BJIACHE TPAHCIIOPTHI
3ajayl.

Po3ristHeMo KOpOTKO 3a1a4i, MOZEINI SIKAX MO10H] 3 TPAHCTIOPTHO.

8.2.1 3agaua npo yKJaJaHHs KOHTPAKTIB

VYeakuil pa3, KoM oprasizaiii moTpioHO ojepaTu TOBapH 3 MPUBATHUX
JDKepel1, BUpOOHHUKH ITUX TOBapiB O€pyTh y4acTh y CKJIa/JlaHH1 KOHTpakTiB. Bonu
IPOIOHYIOTh CBOT YMOBH, Y SIKUX YKa3yIOTh:

a) I[IHy OJIMHUIII TOBapY;

0) MakCHMaJIbHY 1 MiHIMaJbHY KUIBKICTh KOXKHOTO TOBapy, IO MOXYThb
OyTH NOCTABJICHI 3a 3a3HAYEHOIO 1I1HOIO;

B) 1HIII YMOBH.

3anpornoHOBaHl YMOBH BIJJOMBAIOTh OakaHHS BUPOOHUKA JICTaTH NPUOY-
Tok. Oprasizailisi MOBUHHA YKJIACTH KOHTPAKTH TakK, MI00 3arajibHi BUTpaTH 0y-
T MIHIMaJIbHI.

[Ipu 1bOMy BpaxOBYIOTHCS TPAHCIOPTHI M 1HII BUTPATH, 3B's13aHI 3 KOXK-
HOIO TIPOTO3UIIIEI0.

Po3rnsiHeMo npocTy 3a1ady Mpo YKOMIUIEKTYBAaHHS CKJIa/IiB.

€ m nocravyagbHUKIB, FTOTOBUX B3ATH Y4acTh B YKOMIUIEKTYBAaHHI N CKJia-
niB. KokeH mocravaabHUK TOTOBHM MOCTaBUTH MPOAYKINT B KUIBKOCTSX 8> 0,

(i= 1,...m). KoxHomy ckmaagy mnorpiObHO mponykuii B KimbkocTsax D> 0,
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(j=1,....,n). [IpuabanHs i TOCTaBKa OJMHHMII MPOAYKIIII Bifl 1-TO MOCTa4YaIbHU-

Ka Ha J-Uii CKJIaJl JOPIBHIOE Cjj .
Hexaill Xjj — KIIBKICTh IPOIYKIIII, IEPEBE3CHOIO BlJ| 1-TO MOCTa4aJbHUKA

Ha j-¥ CKJIa.
[ToTpiOHO cKIACTH IJIaH MEepeBE3EHb TakK, 100 BUTPATH OYyIU MIHIMAJIbHI.

JIist HAOYHOCTI JIaHi 3a/1a4l 3aBeIeHO OPOPMIISITH y BUTIISAAI TaOImIIi 8.

Tabnuys 8
Ilocravans- Cxiagu
3anacu
HUKH B, Bj B,
A a1 xu | cu Xy | cy Xin | Cin
Ai a Xa | ci Xj | i Xin | Cin
Anm am Xm1 ‘ Cm1 Xmj ‘ Cmij Xmn ‘ Cmn
[MoTpebu b, bj b,
Jlamo MaTtematndHe (GOPMYITIOBAaHHS 3a/1a4i:
m n ;
(min).

IinkoBa PYHKIis — BAPTiCTh KOMILIEKTALl: F = ZZCu "X
i1 j-1
OOMexeHHs Ha 3amacu: MOTpiOHO 3aMOBUTH NPOAYKIIi HE OUTBII, HIXK € B

3araci:

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

J=1
OOmexxeHHS Ha TOTpeOu: Ha CKIIAJl MOTPIOHO OfepKaTH HEOOXITHY HO-
PMY TPOJTYKIII:

m .
ZIXU ij,] =1,...,n.
=

Tomy 1o Xjj — KIIBKICTB IpogyKLli, TO Xjj = 0.
Opneprkanu MaTeMaTUYHY MOJIENb, 1IEHTUYHY MOAEN TPaHCIOPTHOT 3a/1a-
ui.
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8.2.2 3amauya po3noaisly ycTaTKyBaHHS

[IpunycTiMo, Ha MIANPUEMCTBI € M BEPCTATIB PI3HOI IMOTYKHOCTI a;
(1=1,..,m), Ha AKKX MOXKE BUTOTOBIIATHCS KOXHE 3 N BUJIIB BUPOOiB. Bigomi
BUTPATU Cjj y TPOLIOBUX OJMHUIAX HAa BUTOTOBJIEHHS OAMHUIIL J-TO BUPOOY MpH
BUPOOHUUTBI HOro Ha 1-OMy BEpCTaTri, a TaKOX B1IOMa INPOAYKTUBHICTB Pijj
(on/rom) i-ro BepcTaTa pu BUPOOHHUIITBI j-ro BUpoOy (] = 1,...,n ). Bimzomo ma-
HOBE 3aBJIaHHs 110 BUPOOHUITBY BUpoOiB bj (] = 1,...,n).

[ToTpi6HO PO3NOAITUTH BUPOOHHUIITBO BUPOOIB Ha PI3HUX BEPCTATax TakK,
100 MiHIMI3yBaTH CyMapHI BUTPATH MIPH BUKOHAHHI TJIAHOBOT'O 3aBIaHHS. .

[Tomamo ymoBY y BurJIs1 Tabmnumii 9.

Tabnuys 9
Bepc- Pecype, Be- Burpatu Ha onuHUIIO BUPOOY
TaT pCTaTo-TOoI. B, ) Bj . B,
A a Xu | pu | cu Ixy [py ey [-o [Xn [P | Cmn
Ai ai Xa [ Pin |G |- [ X |Pi [ci [.o [ X [Pin [ Cin
Am dm Xm1 ‘ Pm1 ‘ Cm1 | --- ij ‘ pmj ‘ ij Xmn ‘ Pmn ‘ Crmn
IMotpebu b, .. bj .. b,

Yucina Xjj — 9ac, BIPOAOBXK SIKOrO 1-i BepCcTaT 3ailHATHIA BUPOOHHULITBOM J-
ro BUPOOY.

Jlamo marematnuHe (OpMyYJTIOBaHHS 3a/1a4l

Hexaii xjj — 4ac, BIPOJOBXK SKOI0 i-i BepcTaT 3aliHATUI BUPOOHULITBOM |-

ro BupoOy. Toxi ninpoBa (QyHKIISI — CyMapHi BUTPATH:

F= iicij “Py - X (min).

i=1 j=1

OOMeXeHHsI Ha pecypcu BepCcTaTiB (BUTpPATH PeCcypcy KOXKHOTO BepcTaTa

Ha BUPOOHUIITBO HE OLIbIIIE HASIBHUX):

n
> xj<aj,i=1...,m
Jj=1
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OOMeXeHHs Ha BUKOHAHHS IUTAHOBOTO 3aBJIaHHs (BUITYCK BUPOOIB HE

MEHIIIE IJIaHY):

m
Zpl]xl] ij,jzl,...,l’l.

i=1

Tomy 1o Xjj — 9ac poboTH BepcTaTiB, TO X;j=0.
Opepxanu MaTeMaTU4YHY MOJENb 3aJadl PO3NOAUTY YCTaTKyBaHHS, aHa-

JIOT1YHY TPAHCIIOPTHOI MOJIEII:

F = izcij . pij . Xij (mln)

i=1l j=1

n
i=1

Z; P - X; by, J=1...,n,

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

Tema. TpancnopTHa 3aj1a4ya (BIAKpUTA 1 3aMKHYTA). 3a/1a4l, 10 3BOASTHCS
710 TPAHCIIOPTHOI (3a7a4a Mpo 3aKJIaJACHHSA KOHTPAKTY, 3a/1a4a PO3MOALTY yCTaT-
KYBaHHS).

Mema nabdopamopnoi pooomu

Matots OyTu nipuaOaHi HACTYIHI 6MIHHA: BUSHAYCHHS 3MIHHUX JJISl Tpa-
HCIIOPTHOT 3aJ1a4l; BU3HAYCHHSI TUITYy TPAHCIIOPTHOI 33/1a4l; EKOHOMIYHUHN aHai3
0COOJIMBOCTEN BIIKPHUTOI 1 3aMKHYTOI 3a1a4.

Matotb OyTH 3aCBOEH1 HACTYIIHI HOHAMMA: BIIKPUTA 1 3aMKHYTa 3a/1a4i.

Po6ota po3paxoBana Ha 4 TOJIUHU.

9.1 3aBmanus 10 1adopaTopHoi podoTu 4

3anucatu YMOBY 3aj1a4i y BUTIIsAA1 Ta0nuii. dopmanizyBatu 3amady. Bu-
3HAYUTH €KOHOMIYHUHN 3MICT LUJIBOBOI (DYHKII 1 cucTeMu oomexenb. [lepelitu
110 1BOicTOi 3a7a4l. BupimuTu npsmy 1 JBOICTY 3a/adi 3a JOMOMOTO0 OJHOTO 3
naketiB. [IpoanamizyBaTu BIANOBiAl TpsMOi 1 aBoicToi 3agad. OTpumane
PO3B’sI3aHHS MPAMOI 3a71a41 OPOPMHUTH Y BUIJISAL TAOIUII ISl IEPEBIPKHU BUKO-
HaHHS OOMEXEHb. 3POOWTH MOPIBHSIHHS 3HAYEHDb IUIHOBOI (DYHKINT 3aMKHYTOL
3anayl F3aMmk 13 3HaueHHsAM 11JIbOBOI PYHKIIT BIAKpUTOL 3a1aui FBinkp. 3pobdu-
T €KOHOMIYHUI BUCHOBOK.

Ha nBi 6a3u Al 1 A2 HaniiioB OJHOPIAHUIN BaHTaX y KUIbKOCTI al T Ha
06a3y Al 1 a2 1 Ha 6a3y A2. OTpuMaHHil BaHTaX NOTPIOHO MEPEBE3TU Yy TPU MY-
Hktu: bl Ty nyskt B, b2 T y myakr B2, b3 Ty nynkt B3. Biacrani mix my-
HKTaMM BIJIpPaBJICHHS 1 NYHKTaMU MPU3HAYEHHS 3a3HaueHl B Marpuii R.
CkinacTv TUTaH TIepeBE3€Hb 13 MIHIMAaIbHUMH BUTpaTaMu. BapTicTh ogHOTO
TOHHO - KIJIOMETPa NPUIHATH 32 OJUHHUIIIO.

1 BupimuTu 3amady mpu 3aaHux 3amacax i morpedax.

2 36upmutH 3anacu Ha 10%. JlomaTkoBa KUIBKICTH 3alaciB JOBLIHHO
posnoauiuTu Mixk nmyHnktamMmu Al 1 A2. Tlorpebu 3anuiaroTbest 6e3 3MiH. Bu-

PIIIUTH 3a7]a4y 3 HOBUMU YMOBaMHU.
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36im npo nadopamopuy pooomy

[ToBruHEH MiCTUTH:

1 VYwmoBa 3anaui.

2 ®opmamizairis 3a1a4i.

3 3amuc 3a1a4i B MaTpUIHIK (GopMmi (SKILO 1€ MOXIIUBO).
4 Po3apyk po3B’si3aHHS 3a7a4i.

5 dopmamnizarris 1BoicTol 3a1a4i.

6 Po3apyk po3B’si3aHHs IBOICTO 3a1a4i.

7 ExoHOMIYHUY aHai3 pe3ybTary.

9.2 llpukyiaa BUKOHAHHA JadopaTopHOi podoTu 4

9.2.1 Po3B’si3aHHs 3aMKHYTOI TPAHCIIOPTHOI 3a1a4i

Hexaii unciio myHKTIB BIJIMPABICHHS 1 YKCJIO MYHKTIB IPU3HAYCHHS JIOPI-

BHIOE 2 (N=2, m=2). 3anacu, moTpeOu 1 BapTiCTh NEpeBE3CHb 3a3HAUCHI B

tadyumm 10.
Tabnuys 10
[Iynktn  B1aDI- anacy IlyHKTH IpU3HAYEHHS
paBJICHHSA B B,
A1 100 X11 4 X12 2
A2 150 X12 3 X22 6
[ToTpebu 120 130

Hexail Xjj — KUIBKICTh BaHTaXYy, IIEPEBE3EHOr0 3 IyHKTY Aj 10 IYyHKTY B;.

[TepeBipuMO BIAMOBIAHICTH 3amaciB 1 MOTPeEO:
100+150 = 250 = 120+130 = 250.

3anava 3amkHyTa. [{impoBa dyHkiis F qopiBHIOE BapTOCTI BCIX IEpeBe-

3CHb:

F= 4x11+2X12+3X21+6X22 (min)'
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Cucrema 0OMeXeHb BU3HAYAETHCSA HACTYITHUMHU YMOBAMM:

a) KIJTBKICTh BaHTaXIB, 110 BUBO3ATHCS, JIOPIBHIOE 3aIrmacam:

X11 + X12 = 100,
Xo1 + X2 = 150,

0) KUIBKICTh YBE3€HHUX BaHTaXIB JIOPIBHIOE NOTpEOaM:

X11 + X1 = 120,
X12 + X22 = 130,

B) KUIbKICTh BAHTAXIB, 110 BUBO3SITHCS, HEHETATUBHO:
X11 >0 ; X12 >0, Xo1 >0; Xoo >0.
Oneprxanu GpopMasizoBaHy 3aaqy:

F = 4X11+2X1513X51+6X5, (mMin).
X11 + X12 = 100,
Xo1 + X2 = 150,
X11 + X1 = 120,
X12 + Xgp = 130,
X11 20, X312 20, Xp1 20, Xz, >0,

3anuiieMo 3aa4y B MATPUIHOMY BUTJISII.

Bunumemo piBHAHHS, 110 BIAMOBIAI0Th CUCTEMI OOMEKEHb:

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

X, + Xpq = 120,
X, + X,, = 130.

Bunuiiemo MaTpHIo 1 BEKTOpH:
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1100 100 X1 4
0O 01 1] _ [150 — | Xy _ |2
A= , B= , X = , C=|_|
1 010 120 Xy 3
0101 130 Xy 6
Y MaTpuIHOMY BUTJISII:
F=C"X (min)
AX =B,
X>0
CxrnagemMo ABOICTY 3a7auy.
Bumnuiemo MaTpHIIo i BEKTOPH:
1 010 100 A 4
1 00 1| - 150 _ |V, _ |2
AT = y B = y Y = f C =
0110 120 A 3
01 01 130 Y, 6

[Ipsma 3aaua — 3a1aua KaHOHIYHOTO TUITY, BC1 OOMEXEHHS — PIBHOCTI. Y
JBOICTIH 33724l BC1 3MIHHI JIOBUJILHOTO 3HAKA.

Y MaTpu4HOMY BUTJIAIL:

Bunumemo ¢opmanizoBany 3agauy:

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

Y.+ Y3

Y+ Y4
Yo + Y
Y, + Y4

IANIN N IA
o w N A
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Po3B’43aBmim 3aga4y 3a JOMOMOIOI0 MAKETY, OJCPHKAIIH:
X11=0; X1,=100; X,,=120; X,,=30; F= 740.

MiHiManpHa BapTICTh nepeBe3eHHs BaHTaxy — 740 rp.ox. Ilepemimenns
BaHTAXY BiJI IMOCTAYaJbHUKIB JI0 CIOXKHBa4iB O(POPMHUMO y BHUTJISII TaOIHUII

posnoziny (tadm. 11).

Tabnuysa 11
. [TynkTH Samac [TyHKkTH TpU3HAYECHHS
BIIMPABJICHHS B, B,
A 100 0 100
A, 150 120 30
[Totpebu 120 130

3a TabnuIero BUIHO, 10 BCl MOTPEOU 3aJ0BOJIEHI 1 BCI 3alacy BUBE3EHI.
Po3B’s3anHs qBoicTOl 3a0a4i: y; = -4; Y, = 0; Y3 =-3; Y4 = 6; G = 740.
[impoBi (GyHKIT MpsMOi 1 JBOICTOT 3a7a4 piBHI, TOOTO 3a/1aya BUpIIICHA

BIPHO.

9.2.2 Po3B’si3aHHA 3aMKHYTOI 3aj1a4i 3a 1onomoroiw nakery Maple

JIns moyaTky po3B’si3aHHS NPSMOi 3aa4i:

> restart:
> with(simplex):
Warning, the protected names maximize and minimize have
been redefined and unprotected

> Fi=4*x11+2*x12+3*x21+6*x22;
F:=4x11+2x12 +3x21 + 6 x22
> g1:=x11+x12=100; g2:=x21+x22=150; g3:=x11+x21=120;
04:=x12+x22=130;
gl :=x11 +x12 =100
g2 :=x21 +x22 =150
g3 :=x11+x21 =120
g4 :=x12 +x22 =130
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> minimize(F, {91,02,03,04}, NONNEGATIVE);
{x11=0,x22 =30, x12 = 100, x21 = 120 }
> x11:=0: x12:=100: x21:=120: x22:=30: F; {91,92,93,94};
740
{100 =100, 150 =150, 120 =120, 130 =130}

Po3B’s13aHHA ABOICTOI 3a/1a4l:

> restart:
> with(simplex):
> G:=100*y1+150*y2+120*y3+130*y4;
G:=100y1l+150y2+120y3+130y4
> 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});
{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}

9.2.3 Po3B’si3aHHs BiIKPUTOI TPAHCIOPTHOI 3a1a4i

Hexaii ynciio myHKTIB BIANPABIEHHS 1 YUCIO MYHKTIB NPU3HAYEHHS 0Pi-

BHIOE 2 (N =2, m=2). 3anmacu, moTpebu 1 BapTICTh MepeBE3€Hb 3a3HAYCHI B

Tabmmmi 12.
Tabnuysa 12
[TyHKTH [IyHKTH IpU3HAYEHHS
: 3amnacu
BIINIPaBJICHHS B, B,
A1 120 X11 4 X12 2
A, 180 X12 3 X2 6
[ToTpebu 120 130
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Hexaii Xjj - KUIBKICTb BaHTaXy, I€PEBE3EHOIO 3 IMYHKTY Aj 10 IYHKTY
B;. IlepeBiprMo B1AOB1AHICTH 3amacis 1 norped: 120+180=300 > 120+130=250.
3amaua BigKpuTa.

[{inmsoBa dynkis F mopiBHIOE BapTOCTI BCIX MEPEBE3CHb:

F = 4Xq1+2X15+3X21+6X20 (mm)

CucremMa 0OMeXEHb BUZHAYAETHCA HACTYTHUMHU YMOBaMU:

a) KITBKICTh BaHTaXIB, IO BUBO3ATHCS, HE O1NIBIIIE 3aI1aciB:

X171 + X120 < 120,

Xo1 + X9 < 180,

0) KUTbKICTh YBE3E€HUX BAaHTaXIB JOPIBHIOE MOTpedOaMm:

X11 + Xp1 = 120,

X12 + X2 = 130,

B) KIJIbKICTh BaHTaXIB, III0 BUBO3STHCS, HCHETaTUBHO:

X11 >0 ; X12 >0, Xo1 >0; Xoo >0.

Onepxanu GpopmalizoBaHy 3a1ady:

F = 4X11+2X15+3X01+6X5, (Min).
X11 + X120 <120,
Xp1 + X2 < 180,
X11 + Xz = 120,
X12 + X = 130,

X11 =0, X120 20, Xo1 20, X5 >0.
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Bunumemo cuctremy oOMexeHb, 3MIHUBIIN 3HAK HEPIBHOCTI B TIEPIITIOMY

1 ApyroMy OOMEXeHHI:

=X T Xy > —120,
- X, — X, 2= -—180,
X
X, + Xpq = 120,
X, + X,, = 130.
Bunwuiemo MaTpUItO 1 BEKTOPHU:
-1 -1 0 0 -120 X141 4
o 0 -1 -1} _ |-180 — | X — |2
A = ' B = ’ X = 2 ) C = .

1 0 1 O 120 X5y 3
0O 1 0 1 130 X5y 6

VY MaTpuyHOMY BUIJIAI 33Jadyy HE MOXHa MOJATH, TOMY IO II€ 3ajada
3arajpHOrO BULY.
CkuiaieMo BoiCTy 3aja4y:

Bunwumemo MaTpuIfio 1 BEKTOpH:

-1 0 10 ~120 Y, 4
-1 0 0 1| _ [-180]| _ |y,| = |2
A’ = . B-= . Y=|"%] C=
0 -1 10 120 Y, 3
0 -1 0 1 130 Y, 6

IIpsima 3aaua — 3a7a4a 3arajabHOro BUAY. Y HpsIMiM 3a7adi nepiie 1 apy-
re OOMEXEHHsI — HEepIBHICTb, Y JBOICTIN 3a7aul y1 =01y, >0, a y31 y; — J0BI-
JbH1 3HAKU.

Bunumemo ¢opmanizoBany 3agauy:
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G =-120y, —180y, +120y, +130y, (max).

-y, + VE < 47
Yt Yo < 2
Y, Y < 3
-y, + Y4 < 6
y, =20,
y, >0

Po3B’s13aB1mu 3a/1a4y 3a TOIOMOTO0 TAKeTy, oAepkainn: X1 = 0; X1, = 120;
X1 =120; X5, = 10; F = 660.

MiHiManpHa BapTICTh NepeBe3eHHs BaHTaxy — 660 rp.ox. Ilepemimenns
BAaHTAXXY BiJI MMOCTAYaJbHUKIB JIO0 CIOXKHBa4iB O(POPMHUMO y BUIJISII TaOIHUII

po3noauty (tadmn. 13).

Tabnuys 13
. [TynkTH Janac IlyHKTH IpU3HAYEHHS SarTHIIOK
BIINIPABIICHHS B, B,
Ay 120 0 120 0
A, 180 120 10 50
[ToTpebu 120 130

3a TabnuIIer0 BUIHO, 110 BC1 TOTPEOU 3aJ0BLIILHEHO.
Po3B’s3anns qBoicToi 3agaui:y; = 4; ¥, =0; y3=3; Y4 =6; G = 660.
[inpoB1 GyHKIIIT IPsIMOI 1 ABOICTOI 3a/1ayu piBHI, 3HAUUTH 3a/laya BUpIIIE-

Ha BIPHO.

3ayeaocenns. Ilpu ogHakoBux norpedax 1 Tapudax nepeBe3eHb, BAPTICTh
NepeBE3CHHS ISl BUIKPUTOI 3a7a4yi MEHIIE HIXK Ui 3aMKHYTOl (660<740). Lle
NOSICHIOETBCS TUM, 1O MPHU HAJUIMIIKY 3aMaciB 3'IBISE€THCA BOJISI MAHEBPY, TOO-

TO BaHTaXX MOXHA MEPEBAYKHO BUBO3UTH 3 THX ITYHKTIB, Jie OLIBIII JCIIeB] TapH-

bu.
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9.2.4 Po3B’si3aHHA BiKpHUTOI 3a1a4i 32 qonomororo nakery Maple

Jyist movyaTKy po3B’si3aHHS MPSMOIT 3a]1ayi:

> restart:

> with(simplex):

Warning, the protected names maximize and minimize have
been redefined and unprotected

> Fi=4*x11+2*x12+3*x21+6*x22;
F:=4x11+2x12 +3x21 + 6 x22
> gl:=x11+x12<=120; g2:=x21+x22<=180; g3:=x11+x21=120;
g4:=x12+x22=130;
gl :=x11+x12 <120
02 :=x21 +x22 <180
g3 :=x11+x21 =120
g4 :=x12 +x22 =130
> minimize(F, {91,92,93,94}, NONNEGATIVE);
{x11=0,x22 =10,x21 =120,x12=120}
> x11:=0: x12:=120: x21:=120: x22:=10: F; {91,92,93,94};
660
{120 <120, 130 <180, 120 =120, 130 =130}

Po3B’s13aHHs ABOICTOI 3a/1a4i:

> restart:
> with(simplex):
> G:=-120*y1-180*y2+120*y3+130*y4;
G:=-120y1-180y2 + 120 y3+130 y4
> dl:=-y1+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
d4 :=-y2+y4<6
> maximize(G, {d1,d2,d3,d4,y1>=0,y2>=0});
{y2=0,y1=4,y3=3,y4=6}
>yl:=4:y2:=0: y3:=3: y4:=6: G; {d1,d2,d3,d4};
660
{-1<4,3<3,6<6,2<2}
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9.3 InauBinyajabHi 3aBIaHHA 10 JJaOopaTOPHOI podoTH 4

Tabnuys 14 — Inousioyanvri 3a60auns 00 1abopamoproi pobomu 4

Bapianr al a2 bl b2 b3 R
12 15 21
1 200 | 150 | 190 | 100 60 14 8 15
8 20 7
2 150 | 200 | 140 | 100 | 110 EYERT:
3 150 | 150 | 100 | 100 | 100 2039
14 10 12
13 7 16
4 250 | 250 | 150 | 170 | 180 20 9 6
20 17 13
5 220 | 200 | 150 | 100 | 170 6 10 9
12 5 16
6 200 | 230 | 190 | 100 | 140 14 10 8
6 11 10
7 200 | 300 | 140 | 150 | 210 17 & 4
6 1 7
8 200 | 250 | 190 | 150 | 110 13 4 9
14 6 4
9 150 | 250 | 180 | 120 | 100 17 10 9
10 250 | 200 | 180 | 100 | 170 12 8 21
13 4 15
11 200 | 280 | 180 | 170 | 130 12 21 10
13 15 13
12 200 | 200 | 170 | 120 | 110 28 12 7
15 14 12
13 210 | 220 | 130 | 140 | 160 7 3 9
34 10 12
14 150 | 180 | 110 | 120 | 100 34 10 12
6 5 14
15 160 | 280 | 180 | 120 | 140 6 13 14
25 14 7
16 260 | 240 | 170 | 160 | 170 4 7 8
15 11 21
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IIpooosowcenns mabauyi 14

BapiauTt al a2 bl b2 b3 R

17 250 | 270 | 150 | 170 | 200 9 16 10
12 18 12
18 250 | 200 | 175 | 125 | 150 5 13 18
6 10 15

9 15 35

19 250 | 200 | 140 | 160 | 150 15 35 12
13 9 5

20 230 | 250 | 180 | 170 | 130 14 5 19
15 21 14

21 100 | 150 90 110 50 8 17 11

8 20 8

22 150 | 150 | 110 90 100 4 14 12
20 13 15
23 200 | 190 | 130 | 160 | 100 14 10 20
13 7 16

2 2 11 1 1

24 50 00 0 90 50 20 9 6
10 17 13

25 220 | 280 | 150 | 170 | 180 6 10 9
11 5 16

26 230 | 200 | 180 | 150 | 100 14 10 8
6 11 12

27 230 | 320 | 200 | 180 | 170 17 6 4
9 6 17

21 1 12 12 1

28 0 30 0 0 00 13 4 9
14 6 14

29 150 | 140 90 110 90 17 10 9
12 8 21

30 220 | 130 | 100 | 120 | 130 13 4 15
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10 3AJAYA MI’KTAJY3EBOI'O BAJIAHCY

[IpumnycTumo, 1110 MaTepiaabHe BUPOOHHUIITBO MOJLISETHCS HA N Tary3en.
[InanoBuil oOcsr BajaoBOI MPOAYKIIT KOXKHOI raiy3i MO3HAYUMO Xi, Xp, ...,Xp.
KoxHa 3 ramyseit 1151 BUpOOHHIITBA CBOET MPOJIYKINT YaCTKOBO BUTPAYa€ BIIACHI
KOIIITH, & YACTKOBO BUKOPUCTOBYE KOIIITH, OJEp>KaHi Bij IHIINX Tany3ed. 3aoa-
ya midiceany3eso2o banaxcy TIONATaE B TaKOMY IUIAaHYBaHHI BUPOOHHUIITBA, 1100
3a0€3MeUYnTH MAaKCUMAJIbHUN CyMapHUN MPUOYTOK T10 BCIX Taly3sX.

Butpatu i-0i ramy3i Ha BUpOOHUIITBO OJWHHMIN MPOAYKITi j-0i ramysi 3a-

JAI0ThCS MATPUIIEIO KOe(II[IEHTIB BUTpPAT:

ayy ajp o ay

a a e a
A| 921 a2 2

apl 4p2 - dpp

EnemeHTH @jj MaTpuLll A MOXXYTh MaTH MOJBIHHUI CEHC:

1 & — BUTpaTH NPOAYKIUII 1-0i raiy31 Ha BAPOOHUITBO OJWHMIII ITPO-
JYKIIii j-0i ranysi (baptep).

2 @jj — po3Mip KamiTaloBKIaJeHb 3 (POH/IB HAKOIMMYEHD 1-01 ray3i Ha
BUPOOHMILITBO OAMHULI IPOAYKLII J-01 ranmysi.

[{iH Ha OTMHHUILIIO TPOAYKIIi KOKHOI raly31 3a/1aHi:

Po3B’s13aHHS 3a1a4i 3a71€KUTh Bl 3MICTY MaTpuIn A.
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10.1 3apavya Tumy 1:  a;; — BUTpAaTH NPOAYKUIi

Dopmanizauia 3a0aui

Hexaii x; — BanoBu#l BUMycK 1- rany3si, 1 = 1,...,n... Ha BnacHe BupoOHU-
TBO 1-5 ramy3b CIIOXKHUBAE a11X; 3p00JIeHOT HEero mpoayKiiii. Ha BUpoOHUIITBO X;
TOBapiB 2-i raimy3i mijie a;pXp NpoaAykIli 1-i ramysi, 1 T.1., @ HA BUPOOHUIITBO X,
TOBapiB N-il Tamysi mige ai,X, mpoAykiii 1-il ramys3i. Pazom Oyme BuUTpaueHo

n
>y jXj 3pobneHoi mpoaykuii. KiTbKiCTh MPOAYKIL, 110 3aTHIIMIACS IS PO-
j=1

naxy, Oyze TOpiBHIOBATH:

AHQJIOT1YHO BHU3HAYAETHCS KiHI[EBA KUIbKICTh MPOIYKIIT JJIsi KOXKHOI Ta-

Ty3i:

n
Kl :Xl_zaljxj’ i:].,-..,n-
j=1

Bennuunu K; Ha3uBaroThcs KiHIEBUM MPOYKTOM 1-01 ramysi.

[inboBa ¢GyHKIISA — 11 I1iHA BCIET TPOIaHOT MPOAYKIIIT:

F= Zn:CiKi (max)
i1

Cucrema oOMeKeHb 3azlaqi BHU3HAYA€THCA HACTYITHUMU YMOBAMU:

1  OOmMexeHICTIO BUPOOHHYUX MOTYXHOCTEH, TOOTO OOMEXEHHS Ha
BaJIOBUH BUITYCK MPOIYKIIIT X;.

2 OOMEXEHICTIO pUHKOBOTO TIOMHUTY, TOOTO OOMEXKEHHS Ha KIHIIEBUN
mpoaykr K.

3  AcoprumentHuMmu oomexxeHHsMH Tuny K; @ K; =1 : 4 (Hanpuknan,

710 OTHOT'0 aBTOMOO1JISI — YOTUPH KOJIeca).
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4 HeBix’ eMHICTIO BEIMYMH KiHIIEBOTO MPOAYKTY, TOMY IO HE MOYKHA

BUTPATUTH OUIbIIE, YUM 3POOJICHO.

10.2 3apaya Tumy 2:  aj; — BUTPaTH B rpOILIOBOMY BHPAKEeHHI

Dopmanizayia 3a0aui
Hexait x; — BajmoBuil Bumyck 1-i ranysi, 1= 1,...,n... ¥ naHomy BUIAIKY
KIHIIEBUM MPOYKT 301ra€ThCs 3 BAJJIOBUM MPOAYKTOM Ki=X;. AJjie BiJl BUTOPTY CiX;

I-0f ray3i BiJl MpoJaxxy 3pO0JIEHOTO MPOAYKTY MOTPIOHO BIAHITH CYMH, BUTpa-
n

YeHi Ha BUPOOHMIITBO TOBApiB ycix ramyseil » a jXj - Tomy mpuOyroK i-oi ra-
j=1

Ty31 Oyne JOpiBHIOE:

n
R ::COQ-_:E:aUXj’ i==1,“.,n.
j=1

[{imboBa GyHKIIIS — 1€ IiHA BCi€T MPOJAaHOT TPOTYKITIi:

F= n P (max).
=1

Cucrema oOMeKeHb 3a/1a4i 2 BU3HAYAETHCS TUMU K oOMekeHHsaMu (1-4),
110 1 i 3ajaa4i 1, ane 3'IBisIETbCS J0IaTKOBE OOMEXKEHHS, 3B's13aHe 3 po3Mipa-
MU (OH/IIB HAKOMUYEHHS Tany3en Dj:

Burpatu Ha BUpPOOHMUTBO HE MOXKYTh MEPEBUUIYBAaTH PO3MIpiB (POHIY

HaAKOIIM4YCHHA:
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11 JABOPATOPHA POBOTA 5. 3AJAYA MIKTAJY3EBOTI'O
BAJTAHCY

Tema. 3agava Mi>XKrairy3eBoro oOanaHcy.

Mema nabopamopnoi pooomu

Matots 6yt npunOaHi HACTYIHI @MiHHA: CKJIAJaHHS MaTeMaTUYHOI MO-
Jieni 3a7a4l MIXKrajly3eBoro Oajiancy Juisi IBOX THUIIB 3aja4: MaTpuls Koedirie-
HTIB BUTpAaT — BUTPATH MPOJYKIIi, MATPHUIl KOE(IIIEHTIB BUTPAT — PO3MIp Ka-
MITaIOBKJIa/ICHb.

Matoth OyTH 3aCBO€HI HACTYIIHI HOHAMMA: 33a]ladya MIXKTaITy3eBoro Oana-
HCY; MaTpHULIsl KOEPIII€HTIB BUTPAT.

Po6ota po3paxoBana Ha 4 TOIMHMU.

11.1 3aBaanus 10 1adopaToOpHOL podoTH 5

dopmanizyBaTu 3a7aqy. 3a3HAUYUTH €KOHOMIYHUN 3MICT LUIbOBOI (PyHK-
1ii 1 cucremu oomexenb. [lepelitu 10 ABOiCTOI 3aaui. Bupimmru npsimy 1 1BO-
icTy 3a;adi 3a JOMOMOTOK0 OJHOTO 3 makeriB. IIpoaHamizyBaTH BiAIOBiAI Mpsi-
MOi 1 IBOICTOI 3a/1a4. 3pOOUTU €KOHOMIYHUIN BUCHOBOK.

€ Tpuramy3eBa OalaHCOBa MOJIEIb 13 MATPHIICIO KOE(IIIEHTIB BUTPAT

dp dp a3
A=lay ap ay

dz; dzp Az

1€ ajj — BUTPATH 1-0M raiy3l Ha BUPOOHMLTBO OJMHMII MPOAYKLII j-OH
rainys3i ( y ToBapHOMY a00 B TpPOIIOBOMY BUpakeHH1). MDOHIIM HAKOMMYEHHS
ranysei 3ajiani unciaamu d1, d2, d3.

BupoOHudi moTyXHOCTI raixy3eii oOMeXyIoTb MOMJIMBOCTI ii BaJIOBOTO
BuIycky unciamu rl, r2, r3. LliHa oguHMIN KiHIIEBOTO NpoaykKTy 1, 2 1 3 ramy-
3eil BIMOBIIHO JOPIBHIOE : cl, ¢2, c3.

BusHaunty onTUMaabHHUA BaJlOBUM BUITYCK YCIX Taly3ed, IO MaKCHMI-
3y€ BapTiCTh CyMapHOr0 KIHLIEBOI'O MPOAYKTY, SIKIIO HA KIHIIEBUN MPOJYKT Ha-

KJIQJIA€ThCA JIEAK] OOMEKEHHS.
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36im npo n1adopamopuy pooomy
[ToBuHEH MICTUTH:

1 YwmoBa 3amaui.

2 ®dopmarizarris 3amayi.

3 Po3apyk po3B’si3aHHS 3a7adi.

4 dopmatizaliis JBOICTOT 3a7a4i.

5 Po3apyk po3B’si3aHHs IBOICTO 3a1a4i.

6 ExoHOMIYHUI aHam13 pe3yJbTary.

11.2 lpukjaaxg BUKOHAHHS Ja0OpaTOPHOI podoTH 5

11.2.1 puxaan 1 (aj; — BATPATH B rPOIIOBOMY BHPAsKEHH])

€ nBoranmy3eBa OajaHcOBa MOJENIb 13 MaTpUIC0 KOEQIIIEHTIB BUTpaT

01 0,2
o022 015)7¢ @i — BHTpaTH i-off rajgy3i Ha BHPOOHHUIITBO OJWHHII

MPOAYKLII J-i rary3i B pOIIOBOMY BHpa3i.

®donan HakomuueHHs ramyseid 3amani: d; =400, d;=200. BupoOHuui
MOTYKHOCTI1 rajly3eu, 1o 0OMeXyITh MOXKJIMBOCTI IXHBOTO BaJIOBOT'O BUITYCKY
3amani yucnamu: ;= 350, r,=280. I[liHM oAWMHUII KIiHIIEBOT'O MPOAYKTY 1i-i
rajxysi 3aJiaHi UyuciaMmu: c; = 8, ¢, = 7.

Busznaunty onTuMaibHUIM BaJOBHUI BUITYCK YCIX Tay3e, 0 MaKCUMIi3ye
BapTICTh CYMapHOTO KiHIIEBOI'O MPOAYKTY, SIKIIO HA KiHIEBUH npoaykT K; I-oi
rary3i HakiamaeThes oomexkenns Ky : K, =3 1 4.

Dopmanizayia 3a0aui

Hexail x;j — BanoBuil Bumyck i-l ranysi, 1= 1,2. ToMmy 1o Ha BiacHe
BUPOOHHUIITBO, a TaKOXX Ha BUPOOHUIITBO MPOAYKINI 2-i Taiy3i Iepiia rairy3b
3po0JIeHy MPOAYKIII0 HE BUTpadae, CyMapHUU KIHIIEBUU NPOIYKT JOPIBHIOE
3pobenoi mpoayxkirii: Ky = X;.

Vst 3pobiiena nmpoaykiiis Oyze npojiaHa 1 BUTOPT CKIIAJIae C1X.

[IIo6 Bu3HaumTH npUOYTOK 1-i ramysi, 3 OTPUMAHOIO HEK BUTOPTY
NOoTpiOHO BIMHATH CYMH, BUTpadye€Hl HAa BUPOOHMITBO MPOAYKIi 1-i 1 2-i

Faﬂy3eﬁi P,= C1X1-(8.11X1+3.12X2).
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Amnanorigno s 2-of ramysi Ky = X, P2 = CoXo-(221X11822X5).

[TimcraBnsaroun 4MCIOBI 3HAYEHHS, OJEPKUMO BHJ MPUOYTKY 1-if 1 2-i
ramyseit: Py = 8x;-(0,1x;+0,2X;), P> = 7X,-(0,22%,+0,15x%5).

CymapHuii mipuOyTok o0'eqHaHHs nopiBHoe Pi+P,.  Ormxke, miapoBa
byukiis 3amaui Taka:  F = 8x3-(0,1%;+0,2X,)+7X,-(0,22%,+0,15%,)  (max).
[TpuBiBmn momiOHI wieHH, ofaep:kumo: F = 7,62X,+6,45x, (max).

OOMexeHHd 3a1a4l.

1) 3a ponnamMu HaKONTUYEHHS

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

2) 3a xommuektHicTio: K;:K;=3:4. Ilga ymoBa nopiBHIOE YyMOBI1

3 3

K].:ZKZ,TO(STO}/MOBi X :ZXZ abo Xl_ZXZ =0

3) 3a BUpOoOHUYMMH MTOTYXKHOCTAMU: X3 < 350, X, < 280.
4) Bunyck npoayxkitii: x>0, X,>0.

dopmaizoBaHa 3a/1aya Ma€ BU:

F=7,62x,+6,45x, (max);
0,01x, +0,2x, <400,
0,22x, +0,15x, < 200,
% _%XZ =0, X120, X,>0.
X, <350,

X, <280,

11.2.2 Po3B’s13aHHs 3a71a4i 32 qonomoror nakery Maple

> restart:

> with(simplex):

Warning, the protected names maximize and minimize have
been redefined and unprotected

> F:=7.62*x1+6.45*Xx2 ;
F:=7.62x1+6.45 x2
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> 01:=0.01*x1+0.2*x2<=400; g2:=0.22*x1+0.15*x2<=200; @3:=x1-
3/4*x2=0; g4:=x1<=350; g5:=x2<=280;
gl :=.01 x1 +.2 x2 <400
g2 :=.22x1+.15x2 <200

g3 ::x1—§x2:0

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

> maximize(F, {91,92,93,94,95}, NONNEGATIVE);
{x1=210.,x2=280.}

> x1:=210: x2:=280: F; {91,92,93,04,05};
3406.20
{0=0,58.10 <400, 88.20 <200, 210 <350, 280 <280}

11.2.3 IIpukaaa 2 (aj; — BUTPATH NPOAYKILii)

€ nBoramyszeBa OallaHCOBAa MOJIETh 13 MATPHUIEIO KOEQIIIEHTIB BUTPAT
01 0,2 . . .
:( ), i€ @jj — BUTPATH 1-1 rayry3l Ha BUPOOHHMLTBO OAMHUII IPOLYK-
0,22 015
111 j-1 raixy3i B TOBAPHOMY BUPAKEHHI:

BupoOHHMYl MOTYXHOCTI rany3ell OOMeXYIOTh MOXJIMBOCTI ii BajJOBOro
BUIycky unciamu: 1= 350, r,=280. I{iHM OaUHHUII KIHIIEBOT'O MPOIYKTY 1-i
rajxysi 3aJlaHi YuciiaMmu: c; = 8, C; = 7.

BusHaunty onTuManbHUA BAaJOBHUM BUITYCK YCIX Tay3e, 0 MaKCUMI3ye
BapTICTh CYMapHOT'O KiHI[EBOI'O MPOAYKTY, SKIIO HA KiHIeBUH NpoaykT K; i-oi
rary3i HakiamgaeThes oomexxenns K, <50.

Dopmanizayia 3a0aui

Hexaii x; - BajoBmii BUIycK i-i ranysi, 1 = 1,2. Ha BmacHe BUpOOHUITBO
1-a ramy3s BUTPATUTh a11X; 3p00JIeHOT HErO MpoayKiii. Ha BUpoOHUIITBO X, TO-
BapiB 2-0i raily3i mijie a;pXp Npoaykiii 1-oi ramy3i. Pa3om Oyjae BuUTpaueHe
a11X1 + a12Xp 3pobiteHoi mpoaykitii. KimbKicTh MpOAyKINii, IO 3aJIMIINAIACS IS
npoaaxy, oyae popiBHioBaTH: Ki = Xi-( @11X; + a12X2).

AHaNOTIYHO BU3HAYAETHCS KIHIIEBA KUIBKICTH MPOMYKIII 2-01 Tamysi:
Kz = Xo-( 821X1 + a22X2).

[lincTaBasitoud KOHKPETH1 YUCIOB1 3HAUEHHSI, OJICPKUMO:
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K]_ =X1- (0,1X1+0,2X2),
K2 =X - (0,22X1+O,15X2).

[impoBa yHKIIS - 1€ iHA BCi€l MPOAaHOl MPOMYKIIII:
F=cK;+ Ky (maX).

[TincraBnsaroun B ocTaHHiO (HOpMYIy 3HAYEHHS €1, C; 1 BUpasu Kj, Koy,

OJIEPKYEMO BUPA3 JIJIsl LLIbOBOI (PYHKIIIT:

F = 8(x;-(0,1x,+0,2X,))+7(X,-(0,22%,+0,15x,)) (max).

[TpuBiBIM moaiOHI wieHu, ogepxkumo: F = 5,66x;+4,35x, (max).
OOMexeHHs 3a1aul:
1) 3a KIIBKICTIO KiHIIEBOTO MpoaykTy (ooMexenHs K, <50).

YmMmoBa K, <50 o3naugae: Xp-(0,22x;+0,15%,)<50, 1m0 nae
-0,22x,+0,85%,<50.

2) 3a BUpOOHUYMMH MOTYKHOCTAMU: X3<350, X,<280.

3) Po3wmip kinmeBoro npoaykTy HeBig'emna: K;>0, K;>0;
X1 - (0,1x;+0,2x%,) >0; X, - (0,22x,+0,15x%;) >0;

o pae: 0,9x1-0,2%, >0; -0,22x%;+0,85%, >0.

4) HeBia’eMHMit BUIycK npoAykiii: x>0, X,>0.

dopmasizoBaHa 3aja4a Ma€e BUI:
F =5,66x,+4,35x, (max);

—0,22x, +0,85x, <50,

X, <350,

X, < 280, X120, X2>0.
0,9x, —0,2x, >0,

—-0,22x, + 0,85x, =0,
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10.2.4 Po3B’si3aHHsI 3a/1a4i 3a JonmoMororw nakery 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 +4.35x2
> 01:=-0.22*x1+0.85*x2<=50;92:=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
05:=0<-22x1+.85x%x2
> maximize(F, {91,902,93,94,95}, NONNEGATIVE);
{x2 = 149.4117647 , x1 = 350.0000000 }
> x1:=350: x2:=149.41: F; {91,92,93,94,95};
2630.9335
{49.9985 <50, 350 <350, 149.41 <280, 0<49.9985,0<285.118}

10.3 InauBigyanbHi 3aBAaHHS 10 J1a00paTOpPHOI podoTH 5

Tabnuys 15 — Inousioyanvri 3a60auns 00 1abopamoproi pobomu 5

BapianT 1 BapianT 2
0.200.030.50 0.100.300.09
A =| 0.040.050.30 A =|0.240.150.03

0.300.010.05
0.300.000.05

TOBApHUX OAWHHUIIb.
I'poImroBUX OJHWHUIIb. k1k2 . k3 =143

klk2 =1:2; k3<100; R = (320, 400, 200), C = (5, 3, 2).
R = (300, 200, 400), C = (3, 2, 4),

F = (200, 400, 350)
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IIpooosocenns mabauyi 15

BapianT 3
0.050.120.50

A =|0.320.010.15
0.200.050.00

rpomroBUX OJHWHHUIIb.

BapianT 4
0.000.320.11

A =(0.400.010.25
0.250.180.04

TOBAPHUX OAWHHUIb.

k1:k2 = 1:3; k3>10; kLk2:k3 = 2:1:3;

R = (400, 200, 300), C =(2, 3, 5), R = (350, 230, 300),
F = (250, 340, 250) C =(1, 4, 6).
BapianT 5 Bapianr 6

0.030.200.51
A =[0.230.100.00
0.140.500.30

I'POIIOBHX OJMHMIIb.

k1:k2=3:2; k3<50;

R = (420, 200, 300), C = (2, 1, 3),
F = (400, 200, 550).

0.210.070.12
A =] 0.060.030.15
0.200.140.03

TOBapHUX OAUHUILIb.
k1l:k2:k3 =2:1:2;
R = (240, 420, 230), C=(2, 4, 3).

Bapianr 7
0.150.230.60

A =|0.300.000.08
0.400.050.11

T'pOOBHUX OAWHUIIb.

Bapianr 8
0.100.300.00

A =|0.400.310.25
0.050.280.04

TOBAPHUX OAWHHUID.

kl:k2 = 2:3; k3>15; kl:k2:k3 =1:1:3;

R = (300, 250, 420), R = (400, 340, 300),
C=(3,2,5), F=(320, 320, 250). C=(4,3,6).
BapianT 9 Bapiant 10

0.200.350.09
A =|0.000.210.15
0.240.100.23

T'pOOBHUX OAWHUIIb.

0.200.030.10
A =] 0.400.000.05
0.070.140.24

TOBAPHUX OAWHHUID.

k1:k2 = 3:1; k3<80; k1:k2:k3 = 3:4:1;
R = (500, 300, 400), C = (5, 3, 4), R =(400, 350, 280),
F = (300, 450, 350). C=(4,273).
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BapianT 11
0.200.030.50

A =|0.300.000.05
0.040.050.30

I'POIIOBHMX OJMHMIIb.

k1: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 OJWHHIIb.
kl:k2:k3 =2:1:2;
R = (240, 420, 230), C=(2, 4, 3).

Bapianr 13
0.100.300.00

A =|0.400.310.25
0.050.280.04

I'pomroBUX OJHWHUIIb.

BapianT 14
0.050.120.50

A =|0.320.010.15
0.200.050.00

TOBApHUX OJWHHUIb.

kl:k2 =1:3; k3>10; kl: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).
Bapiant 15 Bapianr 16

0.200.350.09
A =] 0.000.210.15
0.240.100.23

rpomroBUX OAWMHHIIb.

0.030.200.51
A =|0.230.100.00
0.140.500.30

TOBApHUX OJWHHUIb.

k1l:k2 = 3:2; k3<50; k1l:k2:k3 = 3:4:1;

R = (420, 200, 300),C = (2, 1, 3), R = (400, 350, 280),
F = (400, 200, 550). C=(4,?2,3).
Bapiant 17 Bapianr 18

0.100.300.09
A =] 0.300.010.05
0.240.150.03

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

0.150.230.60
A =|0.300.000.08
0.400.050.11

TOBAPHUX OJWMHHID.
kl:k2:k3 =1:4:3;

R = (320, 400, 200),
C=(5,3,2).
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BapianT 19
0.000.320.11

0.400.010.25
0.250.180.04

A:

rpomroBUX OJHWHHUIIb.

Bapiant 20
0.200.030.10

0.400.000.05
0.070.140.24

A =

TOBAPHUX OJWMHHIb.

k1:k2 = 3:1; k3<80; k1:k2:k3 = 2:1:3;

R = (500, 300, 400), C = (5, 3, 4), R = (350, 230, 300),
F =300, 450, 350). C=(1,4,06).
BapianT 21 Bapianr 22

0.150.230.60
0.300.000.08
0.400.050.11

A =

FpOH_IOBI/IX OJIWHUIB.

k1:k2:k3 =1:4:3;

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

0.100.300.09
0.300.010.05
0.240.150.03

A =

TOBapHI/IX OJIHWHUIB.
kl:k2 = 2:3; k3>15;
R = (300, 250, 420),
C=(@3,205).

Bapianr 23
0.200.350.09

0.000.210.15
0.240.100.23

A —

I'pOIIOBUX OAWHHUIID.

k1:k2:k3 = 2:1:3;

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

BapianT 24

0.000.320.11
0.400.010.25
0.250.180.04

TOBAPHHUX OJWHUIIb.
kl:k2 = 3:1; k3<80;
R = (500, 300, 400),
C=0(,3,4).

A —

Bapiant 25

0.200.030.50
0.300.000.05
0.040.050.30

I'poOIIOBUX OAWHHUIIB.

k1:k2:k3 = 2:1:2;

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

A =

BapianT 26

0.210.070.12
0.060.030.15
0.200.140.03

TOBAPHUX OOWHHUID.

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

C=(3, 2 4).

A —
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Bapianr 27

0.050.120.50
0.320.010.15
0.200.050.00

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

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

A —

BapianT 28

0.100.300.00
0.400.310.25
0.050.280.04

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

A —

Bapiant 29

0.030.200.51
0.230.100.00
0.140.500.30

Ir'pomroBUX OJHWHUIIb.

k1:k2:k3 = 3:4:1;

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

A =

BapianT 30
0.200.030.10

0.400.000.05
0.070.140.24

A:

TOBapHI/IX OJIWNHUIIb.
kl:k2 = 3:2; k3<50;
R = (420, 200, 300),
C=(21,3).
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11 3AJAYA HEJIHIHHOTO MIPOTPAMYBAHHS

11.1 TeopeTnuni BizomocTi

3ajaya MaTeMaTHUYHOrO MpOorpamMyBaHHS y fAKid LUIboBa (PyHKIIsA 1/a00
0OMEKEHHS HEJIIHIMHI, HAa3UBAETHCS HENTHINHOIO.

Il 3amaui cki1agar0Th BEIUKHHM Kjac HACTUIBKY CKIIAJHUX 3a]ad, IO A
HUX JIOCI HEMA€E yHIBEPCAIbHUX METOIB TOYHOTO PO3B’si3aHHS. AJe € METOIH
JUTSL OKPEMUX CHeliaIbHUX KJIaciB.

OpHuM 3 TakMX KIIAciB € 3a7a4a, y SKO1 HIboBa (PYHKIIISI Ma€ KBaapaTuy-
HY CKJIQJIOBY, a OOMEXeHHs — JiHIMHI ¢yHKIi. Taka 3amadya BIIHOCUTHCS 10
KBaIPaTUIHOTO MPOTPaMyBaHHS.

VY SKOCTiI OCHOBHOI PO3IJISIAl0Th 3a7]a4y MiHIMI3aIlli:

n n n
F = Z Cj -Xj +_Z Z dinin (min);
=1 1=1j=1

Sxio B 3a/1a4i KBaJpaTUIHOTO MPOTPaMyBaHHS 1IJTbOBA (QYHKITIS MaKCH-
MI3Y€ThCs, 400 B CUCTEM1 OOMEXKEHb € 3HaK >, TO iX 3aBXIU MOXKHA 3BECTH JI0
BUIIIEHABEICHOT ()OPMH.

VY BUMaAKy HEMIHIHHOrO MporpamMyBaHHS METOAM PO3B’S3aHHS 3a/1aul 30-
BCIM BIJIMIHHI BiJl METO/[IB PO3B’sI3aHHS 3a/a4 JIIHIHHOTO MIPOrpaMyBaHHSI.

Haranmaemo, 1o 3HaueHHs QyHKIIil f(A) HA3UBAETHCSI MAKCUMYMOM (Mi-
HIMYMOM) (QYHKITIi f(X), SKII0 BOHO € HAOUIbIIUM (HAMMEHIITUM) B JIESIKOMY
OKOJIOTI TOUKH A. BinmoBigHe 3HaUeHHS apryMEHTy A Ha3MBA€TbCA TOUYKOIO Ma-
KcumMyMmy (MiHIMyMy). MakcumMymu Ta MIHIMyMH (QYHKIIi Ha3UMBarOTHCS €KCT-
pemyMamMu QyHKI1, @ TOYKH MAKCUMYMY B MIHIMyMY — TOYKaMU €KCTPEMYMY.

OnHak eKCTpeMyM He 3aBXKJIU € HaWOUIhIINM (HAMMEHIIIUM) 3HAYCHHIM

GyHKIIT B JedKiid 001acTi, a B 3a7a4l MaTEMaTUYHOTI'O0 MPOrpamMyBaHHs Tpeda
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3HAaWTU caMe Haii0uiblie (HalMeHIe) 3Ha4YeHHS MUTbOBOI (YHKIII B 00jacTi
PO3B’sSI3aHHS CUCTEMH OOMEKCHb.

Ha Biaminy Bia 3agaui JIII, y sikoi onTuManbHe po3B’si3aHHS 3aBXK/IM 3HA-
XOJIITh Ha TpaHUIll 00JIaCTI PIIEHb 3a/1a4l, IITh0Ba (DYHKIIIS 3a/1a4l HEeJTTHIHHO-
ro NporpaMmyBaHHsS MOKE MAaTHU €KCTPEMYM SIK Ha TpaHUIIl, TaK 1 y cepe/iuHi Oa-
raTOKYTHHKA PIlIEHb.

PosrasiHemMo anropuTM HaxXOKEHHS HaWOLIBIIOro 3HaueHHsS (YHKIT B
neskii ooaacti COB, (HaliMeHIIIe 3HaUeHHS 3HAaXOAUTHCS aHAJIOTIYHO).

1 3naxonumo 6e3ymoBHME excTpeMyM ¢yHkiii F. [lepeBipsiemo, uun 3Ha-
XOIUThCS Touka ekctpemyMmy B COD. fIkmio ,,Tak” — 3amaM’ TOBYEMO 1I KOOp-
JUHATH Ta 3HAYCHHs (QYHKITIT B 11 TOYIII.

2 3HaxoAMMO YMOBHUM ekcTpeMyM (yHKINT F Ha KOXKHIM rpaHuIill 00IacTi
BianoBigHO. [lepeBipsiemo, yu 3HaxoAUThCA Touka exkctpemymy B COb. ko
,,Taka” — 3aramM’ATOBYEMO ii KOOPJMHATH Ta 3HAYeHHS (PYHKIIIT B 11 TOYIT

3 3HaxonuMMo 3HaueHHA (QYHKIIIT y BCIX KYTOBUX TOYKaX 0OJACTi.

4 TlopiBHsIEMO BCi 3HaiAeHHI 3HaYeHHS QyHKIL. OO0upaeMo HaOUIbIIE
3HaueHHs. BiamnoBigHa Touka M OyjJe TOYKOK MakKCUMyMy B 3adaHiid obJjacti
O0OMEXEHb.

Ilpuknao. Po3riasHeMo 3aaady, B SKiM 1i1boBa (PYHKIIIS HEMiHINHA, a CHUC-

TeMa 0OMEXEHb 3aaHa JIIHIMHUMU (PYHKIISIMH.

U= X12 + xg —2%1 —3Xp (max)

X1 +2X9 <20
X1 +Xo 213

3X1 + X2 <39
X1 20, X0 20.

[ToOymyemo rpadik pireHb cucTeMnu 0OMeXeHb (puc. 15).
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Pucynox 15

3HaXOAUMO I10 uep3i:

1 be3ymMOBHMI1 €KCTpEMYM — HE MOMaJIae B 00J1aCTb.

2 YMOBHHM €KCTPEMYM SIKIIO X, +2X, = 20:

X, =4.2,X, =7.9 U(4.2;7.9)=47.95 — He nonajae B 00J1acTh.

3 YMOBHHMI €KCTpEMyM SIKIO X + Xo =13:

X1 =6.25, X5 =6.75U(6.25; 6.75)=51.875 — nonayiae B 06;1acTb.
4 YMOBHUH €KCTPEMYM SIKIIO Npu 3% + Xp =39

x1 =11.35,X, = 4.95U(11.35;4.95)=115.775 — He nonajae B 0671acTb.

X1 + 2%y =20
Lo = =6,xp =TU(6;7)=52.

5 Po3B’s3yemo cuctemy
X1 +Xp =13

6 Po3B’s13yemo cuctemy X +2Xp = 20, X1 =11.6, X9 :4.2U(11.6; 4.2):116.4.
3X1 +Xo = 39
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X, + X, =13

7. PO3B’s13yeMO cHCTEMY {3)( o g ¥ =18%=0 U(13; 0)=143.
1 2 =

Bunmcyemo Touku, siKi momnajau B 00JacTh:

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

Ax 6aunmo, HaOLTBIIUM 3HaYeHHSAIM (QyHKUII U npu ymMOBI BUKOHaHHS
cucTeMu oOMeskens, 6yne X; =13,Xo = 0U(13; 0) =143,

IIpy BHBYEHHI BHUINOI MaTE€MaTUKH PO3TJISJAINCh METOAM MOIIYKY E€KCT-

pemyMmiB (yHKII OaraTboX 3MIHHUX. AJie MU OyJeMO BUPIIIYBAaTH 3a7ady He-

JiHIHOTO TporpaMyBaHHs 3a gonomoroto nakery Maple (Joodamok A).

11.2 llpukaax po3B’A3aHHS 3a/71a4i HeJIiIHIITHOr0 MPporpaMyBaHHs B
nakeri Maple

3HaliTH MakcuMalibHe 3HaueHHs QyHkuii F Ha obmacti, 3amanor0 cucre-
MOIO OOMEKEHb.

F =9x; +2Xy —xl2 —x% (max),

) X1 + 4X2 < 52,
X] — X9 <2,
X1 +3Xo = 64.

Po3zé’azannsa

Po3B'sskemo 3agauy 3a nornomororo nakery MAPLE.

> restart:

> readlib(extrema):

> F:=9*x1+2*x2-x1*X1-X2*X2;
F:=9xl+2x2—x12-x22
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> l:=x1+4*x2; b1:=52;

gl:=x1+4x2
bl:=52
> (2:=x1-x2; b2:=2;
g2 :=x1-x2
b2 :=2
> 3:=7*x1+3*x2; b3:=64;
9g3:=7x1+3x2
b3 :=64

> 509:={gl<=bl,q2<=b2,93>=b3};
00 :={x1+4x2<52,x1 -x2<2,64<7x1+3x2}

> inequal(sog,x1=0..18,x2=0..14,optionsexcluded=(color=white));
Pe3ynbTaT BUKOHAHHS KOMaHIU — Ha puc. 16.
144

124

10

Pucynok 16

KomaHnja noiryky 6€3yMOBHOTO €KCTPEMYMY:

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

!

N ©

{{xl1=;x2=1}}

KomMana nepeBipku cuCTeMU 0OMEXEHb JIJIsl 3HAHIEHOTO PO3B’ I3aHHS:
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> x1:=9./2;x2:=1.;Fex:=evalf(F,4); x1:=9/2: x2:=1. ql<=bl; g2<=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 ekcTpeMyMy Ha FpaHHili, 3aAaHiil 1-M oOMeXKeHHIM:

> extrema(F,{q1=b1},{x1,x2},'s");s;
-1531

191 120
{{x2 =47 X :?}}

Komanpa nepeBipku cucTeMu 00OMeXeHb JIJIs1 3HalAEHOTrO PO3B’sI3aHHS:

>  x1:=120./17;x2:=191./17; Fex:=evalf(F,4); ql<=bl; q2<=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 noiyky ekcTpeMymy Ha TpaHuIll, 3aaHii 2-M 00MEKEHHSIM:

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

161
{75}

{{x2 :Z, x1 :145}}

Komania nepeBipku cHCTEMH 00MEXEHb JIJIs 3HAHACHOrO PO3B’ SI3aHHS.

> x1:=15./4;x2:=7.14; Fex:=evalf(F,4); ql<=bl; g2<=b2; q3>=Db3;
x1:="x1": x2:="x2"
x1 :=3.750000000
x2 :=1.750000000
Fex:=20.13
10.75000000 <52
2.000000000 <2
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64 < 31.50000000

Komanja nomryky ekctpeMymy Ha rpaHuili, 3afaHiil 3-M 00OMeXeHHSIM:

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

232

293 935
{{x2 =116 x1 :m}}

Komanpga nepeBipku cucTeMu 0OMEKeHb JIJIsl 3HAHIEHOTO PO3B’ I3aHHS:

> x1:=935./116; x2:=293./116; Fex:=evalf(F,4); ql<=bl; q2<=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

Komanza nomryky po3s’si3aHHs CUCTEMH 13 1-10 1 2-ro piBHSHHS:

> 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.

Komanpa nomryky po3B’si3aHHSI CUCTEMH 13 3-T0 1 2-T0 PIBHSIHHS:

> solve({q3=b3,g2=b2});

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

Komana nomryky po3B’si3aHHS] CUCTEMH 13 3-TO 1 1-TO pIBHSIHHS:

> solve({q3=b3,q1=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.

JI71s1t 3pydHOCTI aHaIi3y OTPUMaHUX PIllIeHb 3BEAEMO iX B Ta0HIO 16:
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Tabnuys 16

No Tun [linroBa Cucrema
[Inan .
n/n EKCTPEMYMY byHKLIA 00OMEKEHb
9 H
1 besymoBHUit xl:=5 x2:=1 Fex :=21.25 ©
BUKOHYETHCS
Ha rpanwm,
p_u H 120 191
2 3agaHii 1-m xLi==o Xx2:=~— Fex :=-90.06 Bukonyerbcs
O0OMEKCHHSIM
Ha rpanum,
p. B 15 7 He
3 3aJaHld 2-M x1:= 0 X2 = a Fex :=20.12
BUKOHYETBCS
0OMeEKEeHHSIM
Ha rpanwui,
935 293 H
4 3adaHii 3-m x1:= 116 X2 := 116 Fex := 6.246 ©
BUKOHYETHCS
OOMEXKECHHSIM
T
g | OTANCPEIHEY | o _10,x1=12} | Fex 1.2 :=-116. | Buxomyerscs
npsamux 112
Touka nepeTnH
6 P . Y1 pe=5x1=7} F_ex 2 3:=-1. | Bukonyethcs
npsamux 3 12
Touka mepe
7 ARATEPETIY | fx2=12,x1=4} | F_ex_2.3:=-100. | Buxonyerscs

npsimux 113

Po3B’s13anHs SHAXOOATb CCpCA THUX, I SKHX BHKOHYETBHCA CHCTCMaA

oomexenb. Lle po3’szanus 2, 5, 6, 7. Haitbinpme 3Hauenns F =—1 minboBa

(yHKLIA npuiimMae y Todni Xq = 7,

Bucnoesox

Koopannatu onTuMalibHOI TOUKH (TOUKHM MaKCUMyMY): Xq =/,

X2 =5,

X2 =5,

[Ipu npomy 1LILOBA (QYHKLIS MPUKMae HAOUIbIlIE 3HAaUeHHS F =-1,
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12 JABOPATOPHA POBOTA

6. HEJIHINHE IMPOT PA-

MYBAHHA

Tema: 3agada KBaJpaTUUHOTO MPOrPAMYBaHHS.

Mema nabopamopmnoi pooomu

[ToBuHHI OyTH mpuAOaHI HACTYIHI @MiHHA: TIOIIYK PO3B’sA3aHHS 3ajayl

KBaJpaTUYHOr0 IPOrpaMyBaHHs.

Po6ora po3paxoBaHa Ha 4 rOJIUHU.

12.1 3aBnanus 10 JadopaTopHoi podoTu 6

Bupimutun  dopmanizoBaHy 3ajady KBaApaTUYHOIO IPOrpamMyBaHHS.

3poOUTH BUCHOBOK.
36im 3 1abopamopnoi pobomu
IToBrHEH MICTHTH:
1 YwmoBa 3amaui.
2 I'padik obmacti 0OMEKEHb.

3 Poznpyk po3B’si3aHHA 3a/1adi.

4 HamamoBatu Ha rpadiky 001acTi 0OMeXeHb BCl 3HANIEHI TOUKU

5 AHami3 pe3ynbprary.

12.2 InauBinyanbHi 3aB1aHHs 10 Ja00paTopHOI podoTH 6

Tabauys 17 Inousioyanvhi 3a80anus 0o iabopamophoi pooomu 6

BapianT 1
F =3x, —2x, —0.5x% — X + X,X, (max),
2%, + X, <2,
X, +2X, <2,
X, =20,%, >0.
BapianTt 3
F=—4x, +8X, — X} 15X} +2%,X, (max),
X, + X, <3,
X, — X, <1,
X, 20,%x, 20.

Bapiaat 2
F=3x, —2X, —0.5%/ — X2 + X, X, (max),
2%, <3,
X, <6,
X, 20,%, >0.
BapianT 4
F =—4x, +8X, — X/ —15% +2x,X, (max),
- X, +X, <1,
X, <4,
X, 20,X, 20.
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Bapianr 5 Bapianr 6
F=—4x, +8X, — X/ 15X +2x,X, (max), F=3%, —2X, —0.5%/ =X + XX, (max),
3X, +5x, <15, — X, +2X, <2,
X, — X, <1, 2%, — X, £ 2,
X, 20,%, 20. X, 20,%, 20.
Bapiaut 7 Bapianr 8
F=-X, +6X, — X} —3X7 +3%,X, (max), F=-X, +6X, — X/ —3X7 +3%,X, (max),
4x, +3x, <12, X, + X, <3,
- X, +X, <1, —2X; + X, £2,
X, 20,x, 20. X, 20,x, 20.
BapianTt 9 BapianT 10
F=-X, +6X, — X/ —3X7 +3%,X, (max), F =6x, — %/ —1.5x5 +2x,X, (max),
X, — X, <0, 3X, +4x, <12,
X, <5, — X, +X, <2,
X, 20,x, 20. X, 20,%x, 20.
BapianT 11 BapianT 12
F=6x, — %/ —1.5%5 +2x,X, (max), F =6x, — %/ —1.5x5 +2x,X, (max),
- X, +2X, <2, 3X, +4x, <12,
X, <4, — X, —2X, £-2,
X, 20,%, 20. X, 20,%x, 20.
Bapiant 13 Bapiant 14
F=8x, +12x, —x7 —1.5x} (max), F =8x, +12x, —x7 —1.5x? (max),
—2X, — X, <-4, — X, +2X, <2,
2X%, +5x, <10, X, <6,
X, =0,x, >0. X, =0,x, >0.
Bapiant 15 Bapianr 16
F=8x, +12x, —x7 —1.5x} (max), F=3%, —2X, —0.5%/ — X2 + XX, (max),
—3X, +2X, <0, — 2%, — X, <=2,
4x, +3x, <12, 2%, +3X, <6,
X, =0,x, >0. X =0,x, 0.
Bapiant 17 Bapianr 18
F =—4x, +8%, — X/ —1.5x2 +2x,x, (max),
X, +X, <3, F =—4x, +8X, — X2 —15% +2x,X, (max),
X, — X, <1, - X, + X, <1,
X, 20,%, 20. X, <4,
X, =0,x, 0.
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IIpooosowcenns mabauyi 17

Bapiaut 19 Bapiaut 20
F=—4x +8X, — X/ —15%X; +2x,X, (max), | |F=3% —2%, —0.5%/ — X7 + X, X, (max),
3X, +5x, <15, — X, +2X, <2,
X, — X, <1, 2%, — X, £ 2,
X, 20,%x, 20. X, 20,%x, 20.
Bapiant 21 Bapiant 22
F=-X +6X, — X} —3X7 +3%,X, (max), F=-X, +6X, — X} —3X7 +3%,X, (max),
4x, +3x, <12, X, + X, <3,
- X +X, <1, —2X; + X, <2,
X, 20,%x, 20. X, 20,%, 20.
BapianT 23 BapianTt 24
F=-X +6X, — X/ —3X7 +3%,X, (max), F=6x, — %/ —1.5%5 +2x,X, (max),
X, — X, <0, 3, +4x, <12,
X, <5, — X, +X, <2,
X, 20,%, 20. X, 20,%, 20.
Bapiant 25 Bapiant 26
F =6x, — %/ —1.5x5 +2x,X, (max), F=6x, — %/ —1.5%5 +2x,X, (max),
—X; +2X, <2, 3, +4x, <12,
X, <4, — X, —2X, <=2,
X, 20,%x, 20. X, 20,%x, 20.
Bapiaut 27 Bapiant 28
F=8x, +12x, —x7 —1.5x} (max), F=8x, +12x, —x7 —1.5x} (max),
—2X, — X, <-4, — X, +2X, <2,
2X, +5x, <10, X, <6,
X, =0,x, >0. X, =0,x, 0.
Bapiaut 29 Bapiant 30
F=8x, +12x, —x7 —1.5x} (max), F=3%, —2X, —0.5%/ — X2 + XX, (max),
—3X, +2X, <0, — 2%, — X, <=2,
4x, +3x, <12, 2X, +3X, <6,
X, =0,x, >0. X =0,x, 0.
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13 CAMOCTIMHA POBOTA

Tema. BuzHaueHHs TUIY 3ajadi JIHIMHOTO MporpamMyBaHHs. Po3B’s3aHHs
npsMoi (TIpu HEOOX1THOCTI — JIBOicTOl) 3aaadi. [HTepmpeTallis pe3yabTariB po3-
pPaxyHKIB.

Mema camocmiiitnoi pooomu

Matots OyTy mpunOaHi HACTYIIHI 6MIHHA: IPABWIHHE BU3HAUCHHS THUITY

HedopMasi30BaHOi 3a/1a4l, 3aIUC ii MaTeMaTUHIHOT MOJIEIII.

13.1 3aBaaHHs 10 caMoCTiiiHOT po6oTH

Bumozu 00 euxonanns 3aeoanns 1.

BupimuTu 3anauy aiHIHHOTO IporpamMyBaHHS.

36im nOGUHHUIL MICHIUMU.

1 VYmoBa 3aaui.

2 ®opmaiizaris 3a1adi.

3 I'padiune po3B’s3anHs 3amayi (ams 3aBAaHHS 1).

4 3amuc 3a1a4i B MaTpU4Hiid popmi (SKILO MOMKIHUBO).
5 Poznpyk po3B’si3aHHS 3a1adi.

6 dopmanizarlis qBoicToi 3a1a4i.

7 Po3npyk po3B’si3aHHS IBOICTOI 3a/1a4i.

8 ExoHomiuHU# aHai3 pe3yabTary.

13.2 InauBigyaJbHi 3aBJaHHSA 10 CAMOCTIITHOT po0oTH

Bapiant 1

3aeoannn 1

3 nmyHKTY A B yHKT B 1101HS BiANPaBIsSIOTHCS MACAKUPCHKI 1 MIBUIKI
noiznu. Y Tabnuii 18 3a3HaueHW HasSBHUM MapK BaroHIB Pi3HUX THIIB, 13
KOTpUX WIOAHS MOXKHa (OpMyBaTH J1aHl MOi3/1a, 1 KUIBKICTh MACAXKHUPIB, IO

BMIIIIAIOTHCI B KOYKHUI 13 BarOHiB.
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Tabnuys 18

Ioi Baronu
01311

baraxunii [TomrroBuit [Tnaukapr | Kyneiauii | M'saxuit
HIBuakuit 1 1 5 6 3
[Tacaxxupchbkuii 1 — 7 2 1
KIHBKICTI') . B B 58 40 32
MACaKUp1B y BaroH1
[Tapk BaroHis 14 8 91 72 33

BusHauuTu onTMManbHy KUIBKICTh MIBHJIKMX 1 MACaXUPChKUX TMOI3AIB,

MIPH SIKUX KUTBKICTh MEPEBE3EHUX MACAKHUPIB MAKCUMATIBHO.

3asoannsa 2

Jlo ckjamy paiioHy TOIBIlI BXOJSATh TPU MPOAYKTHU: CIHO, CHIJIOC 1
KOHIIGHTPATH, 110 MICTSTh >KMBWIbHI PEUOBUHU: OUIOK, Kajblliii 1 BITaMiHU.
YTpumaHHS KUBUIBLHUX PEUYOBHH y rpamMax Ha 1 Kr BIAMOBIAHOTO MPOIYKTY
XapyyBaHHS 1 MIHIMajdbHO HEOOXIJHA HOpPMa iXHBOTO CIIOKMBAHHS 3ajaHa

tabnurero 19.

Tabnuysa 19
IponykTi ' >KI/IBI/IJILH.i peYOBMHM
binox Kanemi Bitamian
Cuiioc 20 4 1
KoHueHntpatu 180 3 1
Cino 10 6 2
Hopwa 2000 120 40
CTHIOYKHUBAHHS

BuznaunT onTUManbHUI parliod TOIBII 3 YMOBU MiHIMAJIBHOI BapTOCTI,
AKIIO I[iHa 1 Kr MpOJYKTY Xap4yBaHHS CKIIAJa€: CHIOC — 2, KOHIIEHTPAaTH — 5,

ciHo — 3 1. 0. BxirounTu B 3aa4y YMOBY: BIIHOIIEHHS CIHO:KOHIIEHTpaTH = 5:1.

3aeoannsa 3
Konrocn Moke OCisSTH )KHUTO, MIIESHUIIIO 1 SUMiIHb HA YOTUPHOX JIIJISTHKAX,
o1l KoTpux BiAnoBiaHo piBHi 500, 400, 600 1 500 ra. € B HaIBHOCT1 HACIHHSI

KUTA, MIIECHUI 1 sYMeHst 715 ociBy Ha muiomti 250, 1400 1 350 ra BiAMOBIIHO.
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BpoxaiiHicTh KOXXKHOI KyNbTypH Ha KOXHIM 3 AUISHOK 1 I[IHM 3a3Ha4eHi B

tabymi 20.
Tabnuys 20
3epHOBa BpoxkaiiHicTh Ha BIJITOBIIHIHN TUTSHIT ian
KYyJbTypa | ] i v
Kuro 22 25 20 18 7
[Tmenuns 30 32 25 28 6.5
Suaminb 31 28 25 23 4.3

CklacTd IUIaH TOCIBY 3€pHOBHX KYJbTYp (3 ypaxyBaHHSM POJIOYOCTI

JUISTHOK), 1[0 MaKCHUMI3Y€e MPUOYTOK.

Bapiaur 2

3asoannsa 1

3aBoj BUPOOIIsi€ 1Ba BUPOOU HA E€KCHOPT 3a JOMOMOTO0 MamuH M; 1 My.
Makcumanbanii yac podotu mammHu M; — 10,6 1., Mmamuan M, — 142 1. y

no0y. Burpara yacy poOOTH MallluH Ha OJWH BUPIO mogaHa y Tabmuii 21.

Tabnuys 21
Maimunu, ToauH
Bupi6
M; M,
A 1.3 2.5
B 1.8 2.1

Bantotauii mpuOyTOK BijJ MPOJaXy OAMHUII BUPOOY A ckianae 4 qonapa,
a BupoOy B - 3 nonapa. Po3paxyBatu BupoOHMUMI TIIaH Ha J00y MpH

MaKCHUMYMI MPUOYTKY, KO BUpoOiB B Tpeba BUITyCTUTH HE MeHIIIe 2.

3aeoannsn 2
Tpurany3eBa 0ajaHCcOBa MOJENb y BapTICHOMY BUPa3i XapaKTEPU3YETHCS

MaTpHUILIe0 KOoe(Dili€HTIB MPSIMUX 3aTpaT
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02 0 01
A=/01 04 0.1].
0.1 02 0.2

Busnauntyn onTUManbHUN  BUITYCK MPOIYKIIIi, o 3abecneuyroe
MaKCUMaJIbHUN MPUOYTOK, SKIIO PO3MIPH KamiTaJOBKJIAICHb Y BIAMOBIIHY
rany3b oomexkeni yuciamu 100, 50, 60 rp.oa., a BapTOCTI OAUHUII KIHIIEBOTO
OPOAYKTY BiAMOBiAHO piBHI 1, 5, 4 rp.og. KpiM 1poro BUMyCK MPOIYKIIii
oomexeHn yuciaamu 100, 200, 150 omuuuub, Ta KIHLEBUI MNPOAYKT MEPIIOi

rajy3i MOBWHEH CKJIajaTu He MeHIl 10 oguHUIIb.

3asoannn 3

Tpu 6a3u, y SKUX 30UParOThCS HAIJIMIIKK KapTOIUIl B JAHOMY PETioHI,
MOCTayaroTh ii B 4OoTUpU MicTta. J[oOoBa morpeba MICT y KapTOIJIi CKJIaJIae
BianosigHo 120, 80, 2401 160 1. ba3u moxyTth goctaButu 200, 2701 130 1
KapTOIUIl BiAMOBIAHO. BurpaTu Ha mepeBe3eHHs 1 T KapTormii A0 KOXHOrO 3

MICT 3aJal0ThCs MATPUIICIO

4 7 9
Z= 8 12
11 6 4 3

Po3paxyBatu 1uiaH mepeBe3eHb, MPU SKOMY 3BOIATHCS A0 MIHIMYMY

TPAHCIIOPTHI BUTPATH.

BapianT 3

3asoanna 1

Ha xonautepcekiit hadpuili BupoOsieTbes aBa Buay kapamem K1 u K2.
Jliist BUpOOHUIITBA Kapamelll MOTpiOH1 IyKOp, MaTOKa Ta MOBUJIJIO0. 3anacu Cupo-
BUHU, BUTPATH CUPOBHUHU HAa BUPOOHHUIITBO KapaMesl Ta MPUOYTOK, OTPUMAHHMA

BIJIl TpoJaxy 1 T Kapamerni, HaBeIeHO B Ta0IuI 22.
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Tabnuys 22

Burpartu cupoBuHu
CupoBuna 3anacu
K1 K2
I{yxop 0,7 0,5 700
ITaToka 0,3 0,2 300
[ToBuaio 0,1 0,3 150
[TpubyToxk, Tp.ox. 10 11,2

Ckuactu maH BUPpOOHHULITBA Kapamell, IO J1a€ MaKCUMaIbHUI IpUOYTOK,

K10 BUpOOHHUIITBO Kapameni K1 mae 0yt He menHme 150 T.

3asoannsa 2

Ho nmopty kopabmi npuBesnu 6000 T wyaByHa, 4000 T 3amizHOi pyau 1
3000 T amarutiB. Po3BaHTakeHHsS KOpaOiB MOXe OyTH 3AIHCHEHO JBOMa
3acobamu.

a) 0e3nmocepeIHbO Y BaroHu;

0) Ha CKJIaau.

[Tepmum 3acobom Tpeba posBanTaxkutu 8000 T, 3amumok (5000 T)
NPUIACTHCS HANpaBUTH Ha CKIaja. BapTicTe po3BaHTakeHHsS 1 T ToBapy
Oe3nocepeIHbO y BaroHu ckiagae BignosigHo 4,30; 5,25 1 2,20 r.o., a npu
BizmpaBieHH1 Ha ckian — 7,8; 6,40 13,25 r.0. Sk crmanyBaTé pO3BaHTAXKEHHS 3

MIHIMaJIbHUMH BUTPATaMU?

3asoannsa 3

[linnpueMcTBO Ma€e TpPU CKIAIOBI 4YacTUHU Aj, Ay, Az, 1O MOXYTh
ocTa4aTUCs 3 YOTUPbOX CHPOBHHHUX TO4YoK C;, C;, Ci, C4 Tpancmopthi
BUTpaTH Ha OJMHUIIO CUPOBUHU B AaHl B Marpuull B. BupoObHuui noryxHOCTI
0a3 B oguHumio 4dacy ckiagarote 100, 160, 140 1 120 oguHUIL CHPOBHHHU.
BupoOGHuYl MOTYHOCTI CKJIQJIOBUX YaCTHH MIANPUEMCTBA B OJUHUIO Yacy

cknagae 150, 250 1 120 oguHUIB CUPOBUHH.

18 2

3 4 8
B =

4 5 6

12 7 11



[IpubyTok Bim mepepoOKH KOXKHOI OJMHHIN 0e3 ypaxyBaHHS
TpaHCTIOPTHUX BUTpAT ckiamae 30 rp.oj. Ha KOKHY BaroBy OJWHUITIO CHPOBUHH,
mo mnepepobnsieThesa. Po3paxyBath miIaH mocTadaHHS, MmO 3abe3medye

MaKCUMaJIbHUI MpUOYTOK MiANPUEMCTBA.

Bapianr 4

3asoanna 1

XmibomnekapchKui 11eX BUIIKA€e qBa Buau ximiba — A 1 B. Ha BupoOHuUIITBO
1 T xmi6a A notpiono 700 kr myku; xiib6a B — 820 kr. Burpatu pobGodoro vacy
OCHOBHOT'O YCTAaTKyBaHHS Iiexy Ha 1 T xmi6a A i1 B Bigmosimarots 1,2 1 2,2
roauH. Ilex Bomomie 3amacom Myku y KiabkocTi 14340 xr. PesepB pobouoro
yacy yctaTkyBaHHs — 36,1 ronun. [lpuOyTok Bij peanizailii ofHi€l TOHHH XJ110a
A — 22 rp.ox., xmiba B — 30 rp.ox. CrutanyBatu poOOTy I1ieXy Tak, 1100
npuOyTOK OyB MakCUMalbHUH, SKIIO BUMYCK XJi0a B Mae Oytu He MeHue 12

TOHH.

3aeoanns 2

3 TppOX BHU[IB CHUPOBHMHHM HEOOXITHO CKJIACTH CyMIII, JO CKIAIy SKOI
MMOBUHHI BXOJHUTH HE MeHIe 26 oguHuIlb XiMidHOI pedoBuHU A, 30 OAuMHUIIB
peuoBunu B u 27 onununes pedoBuHu C. KigbKiCTh OAUHUIL XIMIYHOT
PEYOBUHHU, IO YTPUMYETHCS B 1 KI' CHUPOBHHHM KOXXHOTO BHIY, 3a3HAYCHO Y
tabnuii 23. V Hiil ke npuBeaeHa 1iHa 1 Kr cupoBUHM KOKHOTO BUay. CKiacTu

CyMiIll MOTPIOHOTO CKIIay, 10 Ma€ MiHIMAIbHY BapTICTh.

Tabnuys 23
K-Tb oivHALIb pe4OBHHU B | KT CHPOBUHU
PeuoBuna
Cuposuna 1 CupoBuna 2 CupoBuna 3

A 1 1 —

B 2 — 3

C 1 2 4
[ina 5 6 7
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3agoanns 3

Jlyis 00irpiBy MnomemikaHb BUKOPUCTOBYIOTh YOTHPU arperaTd, KO>KHUHI
13 IKMX MOXX€ MpalIOBaTH Ha OyJb-IKOMY 13 TPhOX COPTIB IaJIMBa, HASIBHOMY B
kutekocTsax 70, 80 1 150 1. [lorpeba B manuBi KOXKHOTO 3 arperaTiB BiJMOBITHO
nopiearoe 80, 120, 40 i 60 T. TerIOTBOpPHA CHPOMOXKHICTB I1-TO COPTY MaJIHMBA

IIPY BUKOPUCTAHHI WOT0 Ha |-My arperari 3a1a€ThCs MaTPHIICIO
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3HaliTH Takuil PO3MONIT TMajMBa MDK arperaram, TpH SKOMY

YTBOPIOETHCSA MaKCUMAJIbHA KIJIBKICTB TEIIIa BiI[ BUKOPHUCTAHHA BCHOT'O ITAJIMBA.

BapianT 5

3asoanns 1

Kopa6ens npusiz 6000 T waByny 1 4000 T 3ami3HOi pyau. Po3BanTaxeHHs
MO>Ke OyTH 311CHEHO JIBOMA 3aCO0aMHu:

a) 6e3rmocepeIHLO y BaroHu;

0) Ha CKJIaau.

[Tepmum 3acobom Tpeba pozBanTaxkutu 7000 T, 3aNHUIIOK BaHTAXY
NPHUIIETECS HANMpaBUTH Ha CKjiIaa. Bapricte po3BaHTakeHHS 1 T ToBapy
Oe3mocepenHb0 y BaroHu ckinagae BignosimHo 4,3 1 3,6 rTp.om., a mpH
BiMpaBlieHHI Ha ckimagu 3,6 1 5,1 rp.ox. BignoBigHo. CrutaHyBaTH
pPO3BaHTAXEHHS 3 MIHIMAIBHUMHU BHUTpaTaMy, SKIOIO Yy BaroHu Tpeda

po3BaHTaxkuTu He MeHII 2000 T yaByHy.

3asoannn 2

MexaHIYHUM 3aBOJ TPU BHUTOTOBJICHHI TPhOX PI3HMX THIIB JeTaneit
BUKOPUCTOBYE TOKapChKi, (ppe3epri i crpyrampHi  Bepcratu. [lpm mpomy
OTMpAIfOBaHHS KOXKHOI JeTalli MOKHa BECTH TpboMa 3acobamMu. Y Tabiuii
243a3HaveHi pecypcu (y CTaHKO-TOAHMHAX) KOXHOI TPYIH BEPCTATiB, HOPMHU

BUTpaTH 4Yacy MpHU OMpAIfOBaHHI JETall Ha BIAMOBIIHOMY BEpCTaTi 3a JaHUM
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TEXHOJIOTTYHUM 3ac000M 1 TMpHOYTOK BiJ BUIYCKY OJWHHII JeTalli KOKHOTO

BULY.
Tabnuys 24
Herami
1 2 | 3
Bepcratu - Pecypcu vacy
TexHiuyHM 3aco0H
1 2 1 2 3 1 2 3

Toxapuuii 0,4 0,9 0,5 0,3 — 0,7 — 0,9 250
dpesepuuit 0,5 - 06 | 02 |05 | 03| 14 - 450
CrporayibHuit 0,3 0,5 0,4 15 0,3 - 1,0 0,5 600
[TpubyTok 12 18 30 -

CkacTvl ONTUMAJILHUN TUIAH 3aBaHTAKECHHS BUPOOHWYHUX MOTYKHOCTEH,
10 3a0€e3MeUyI0Th MAaKCUMAJIBHUH TIPUOYTOK. Bupimuru 3amady, SKIIO AeTaml

2-T0 1 3-T0 TUMIB MOBUHHI BUITYCKATUCS B KOMIUIEKTI 2:3.

3aeoannsn 3

Burorosnena Ha 4OTHPHOX LET€ILHUX 3aBOAAX IIErjia HAIXOAUTh HA TPHU
o0'extu. Y Tabnuill 25 3a3HavueHe BUPOOHUIITBO IIETJIM HA KOKHOMY 3aBOJ1 B
THUCSIYaX OJWHUIIb, MOTPEOM B IIETJIi Ha O00'€KTax y THUCAYAX OAWHUIIb, IIiHA

nepeBe3eHb 1 TUCSYM OMHULB LETIU Bl KOKHOTO 3aBOJY /10 KOKHOTO 00'€KTa.

Tabnuys 25
3ason 1BapTICTB r;epe]sez,eHb3 BHPOGHULTEO
I 8 7 5 240
I 13 8 10 360
Il 12 4 11 180
AV 14 6 12 120
IToTpeba 230 320 350 —

CknacTu miaH JOCTaBOK LICI'VIN 3 MIHIMaJIbHOIO BapTiCTIO IICPCBC3CHb.

BapianT 6

3aeoanna 1

Ha 3BipodepMi MOXYTh BHUPOIIYBATH YOPHO-OYpHIX JIMCHIL 1 TECIIB.
Jns ~ 3abe3medyeHHs]  HOPMAJIBHMX  yMOB  iXHBOTO  BHUPOIIYBaHHS
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BUKOPHUCTOBYIOTBCSL TpPU BHUAM KOPMIB.

KinbKicTh ONWHHIL KOPMY,

BUTPAYAIOTHCS HA OJHY TBApWHY, 3alacy KOpMIB 1 miHa 1 mMIKypKu 3a3Ha4yeHl y

1o

Tabmuii 26.
Tabnuus 26
Kin-1b 0. Ha 1 TBapuny 3arajipHa KUIb-
Bun xopmy .
Jucnns [Teceun KICTb KOpMY
I 2 3 180
] 4 1 240
Il 6 7 426
Baprictb 16 12 —

BusHnaunutH, CKUIBKM JIMCHIL 1 TECIHIB HEOOXITHO BHUPOIIYBATH, II00

OJIep>KaTH MAKCUMAaJIbHY IIHY Bi/l MPOJAXKY IXHIX IIKYPOK.

3aseoanns 2

3 4OoTHPHOX BH/IB OCHOBHHX MaTepiamiB (Miab, IIUHK, CBUHEIb, HIKEIIb)
CKJIaJIaf0Th TPU BUJM CIUIABIB JIATYHI: 3BUYAHUN, CHICIIaTLHUAM 1 JIJIs1 XYT0KHIX
BUpoOiB. L[iHM omuHUINI Baru Mifi, IMHKY, CBHHINO 1 Hikemo ckiangaroTts 0,8;
0,6; 0,4; 1 rp.oxa., a oMUHMII Baru CIuiaBiB 2; 3; 5 rp.oJ. BiTMOBIIHO.

CrnaB 1151 XyJ0’KHIX BHPOOiB TOBUHHUN MicTuTH 6% Hikemo, 50% mimi
1 30% cBuniio; cnemianbauil — 10% nikenro, 60% wmiai, 10% nuaky 1 20%
CBUHLIO. Y 3BHYAIHMI CIJIaB KOMIIOHEHTH MOXYTh BXOAUTH MOPIBHY.

BupobHrua MOTYXHICTh MIAMPUEMCTBA JO3BOJISIE BUITYCKAaTH HE OUIBII
400 ox. Baru 3BU4aitHOTO cIjiaBy, He Ouabie 700 of. Baru creniajbHOro CIUIaBy
i1 He Ouren 100 of. Barw CcruiaBy i XyJI0KHIX BHPOOiB.

Cxiactv BUpOOHMYMN TUIaH, MO 3abe3nedye MaKCUMaJIbHHUM MPUOYTOK.

3aeoannsn 3

Ha Tphox ckiamax ontoBoi 06a3u 30CEpEKEHUN OIHOPIIHUNA BaHTaAX Yy
kimbkocTsx 180, 60 1 80 oguauIs. 1lei BaHTa) HEOOXITHO MEPEBE3TH y YOTUPHU
MmarazuHa. KojkHuif 13 Mara3uHiB TOBUHHHU ojaeprkatu BianoBiaHo 120, 40, 60 i
80 omuHuIe BaHTaxy. Tapudu mepeBe3eHb OIWHUIN BAHTAXy 3 KOXXHOTO

CKJIJly B YC1 Mara3uHu 3a/1al0ThCSl MaTPUIICIO
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CkacTv miaH NMepeBe3eHb, BAPTICTh SKUX € MiHIMAIBHOIO.

BapianTt /

3asoannsa 1

[linmpueMcTBO BUIyCKae NPOAYKINO aBox BuaiB — II; 1 Iy,
BUKOPHUCTOBYIOUH TMPHU 1IbOMY TpHU BUAM cupoBuUHU — Cy, C,, C3, 3amacu sikoro
oOMexeHl. BuTpaTta CHpPOBMHHM KOXXHOT'O BHAY IPU BUPOOHHIITBI OJUHUII
npoaykuii IT; 1 Il, 3amaerbcst Tabmuuero 27; y HIA 3a3HadyeHi NPUOYTKH

MIAPUEMCTBA BiJT MPOJAXKY OAUHUII TOTOBOT POYKITT KOKHOTO BHTY.

Tabauys 27
: CupoBuHa [Tpubyrox BIJT
Hponyxuiz Cs C, Cs TPOAYKITIi
I1, 1 3 4 7
I, 2 2 6 8
3arajpHi 3amacu 10 18 36 -

Cknactd mjiaH BUITYCKY TPOJYKIli KOXKHO,I'0 BUIY TaK, IM00 MpuOyTOK

MiAOpUEMCTBA OYB MaKCUMaIbHUH.

3aeoanns 2

JI1st MATPUMKA HOPMAJIbHOL AKUTTEAISUIBHOCTI JIFOJUHI MIOAHS HEOOX1THO
cnokuBatu He MeHme 118 r OinkiB, 56 r kwupiB, 500 T ByrieBomiB, 8 r
MiHepalbHUX coneil. KUIbKiCTh >KMBWIBHMX pEYOBMH (B rpamax) y 1 kr
MPOAYKTIB i MiHa 1 KT MPOAYKTIB 3a3HadeHi y Tabmuiri 28.

CkrnacTu JeHHUN pallioH, IO MICTHTh HE MEHIIE MIHIMAJIbHOI J0OOBOI
HOPMH IIOTPeOM JIIOJUHM B HEOOXIAHUX JKUBHIBHUX PEUYOBHHAX IIPH

MiHIMaJIbHIA BapTOCT1 CIOKMBAHUX MPOTYKTIB.
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Tabnuys 28

XKusunpHui OO0cHr )KUBWIBHUX PEYOBUH
peYOBUHHU M'sco Puba Mounoko Omnis Cup Kpyna | Kapromus
binku 180 190 30 10 260 130 21
Kupu 20 3 40 85 310 30 2
Byrnesonu - - 50 6 20 650 200
Min.comi 9 10 7 12 60 20 10
Lina 1,8 1,0 0,28 3,4 2,9 0,5 0,1
3agoanns 3

Bupobunue o0'enHanHs Mae y CBOEMY ckiaai Tpu (imii, mo poOisTh
OJTHOPITHY MPOIYKIIiI0 B KUIbKOCTSAX, piBHUX 50, 30 1 10 oguHUIE BiATOBIIHO.
[{ro mpoAyKITit0 OJIEPKYIOTh YOTHPH CIIOKUBAY1, PO3TAIIOBAHI y PI3HUX MICIISX.
IxHi motpe6u Bixnoiano pisHi 30, 30, 20 i 10 oguuuues. Tapudu nepeseseHb

OJIMHULI TOPOAYKUIi BiJ KOXHOI 3 (UIHA KOXHOMY CHOXHBady 3aJal0ThCs

MaTpPULIEIO
1 2 41
C=l2 3 15
3 2 4 4
Ckiacty MJIaH TPUKPIIUIEHHS  OAEp)KyBaylB  MPOAYKIIT Jgo0 1l

MOCTaYaJIbHUKIB, TIPU SIKOMY BapTICTh MEPEBE3EHb € MIHIMAJILHOIO.

BapianT 8
3asoanna 1
VY nBoramyseBidi mojeni 3amadi po3Mipu ¢GoHmy HakomwmueHHs 60 1 50

I'p.0J. 1 MaTpuld KOedii€HTIB MOBHUX KaIliTAJIbHUX BUTPAT
04 01
A= :
025 0.8
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1e ajk SBJIIE COOOI0 PO3MIp KaIliTajJoOBKIACHb 13 ()OHIY HAKOMHMYCHHS I-01
raiy3i Jyisi 30UTbIIeHHsT Ha | o, BUITyCKY KiHIIEBOI Tpojaykilii k-oi ramysi.
Bu3HaunTty onTUManbHUMN TUIAaH PO3BUTKY BHUPOOHUIITBA 3 YMOBH OJICP>KaHHSI
MaKCHUMaJIbHOTO CYMapHOr0 MPUPOCTY KIHIIEBOI MPOMYKII TpPU J0JIaTKOBii
YMOBI, IO OPHUPICT KIHIEBOro MOpoaykty 1-i 1 2-i ramy3ed 3HaXOAUTHCA Y

crhiBBigHOIIEHH] 1:3.

3asoannsa 2

MebneBa (abpuka BUITYCKA€ CTONH, CTUIBI, OOPO 1 KHIKKOBI madw.
[Ipu BUTOTOBJIEHH] LIMX TOBAPIB BUKOPHUCTOBYIOTHCS JIBA PI3HOMAHITHUX THITH
JIOIIOK, TIpu YoMy (pabpuka mMae B HagsBHOCTI 1500 M momnok 1-ro tumy 1 1000 m
JIOIIOK 2-TO THITY, KpIM TOTO 3aJiaHi TPYJA0Bl pecypcu B KiibkocTi 800 wom. Y

Tabnuil 29 mnpuBeAeHI HOpPMAaTHUBM BHUTPAT KOXHOTO 3 BHUIIB PECypciB Ha

BUTOTOBJICHHSI OJIHI€T OMWHUINI BHUPOOIB 1 TPUOYTOK HA OMHY OJIUHUIIIO
BUPOOIB.
Tabnuysa 29
Bupobu Burparu na 1 ox.

Pecypcu Cromu | Crinbui bropo | Kumxk.mada

Jlomku 1-ro Tuny,m 3) 1 9 12

Jlowiku 2-ro Tumy,m 2 3 4 1

TpynoBi pecypcu 3 2 5 10

[TpubyToK, Tp.ox. 12 5 15 10

3HaliTH TUTaH BUPOOHHWIITBA, IO MAKCHUMI3ye€ NPUOYTOK, 3a YMOBH, IO

KOMIUIEKTHICTh CTUIBIIB 1 1m1ad gopiBHIOE 6:1.

3asoanna 3

Jlnst OynmiBHUUTBA TPHOX AOPIT BUKOPHCTOBYETHCA IpaBidl 13 YOTHPHOX
Kap'epiB. 3amacy rpaBil0 B KOXKHOMY 3 Kap'epiB BIAMOBIIHO JAOPIBHIOIOTH 120,
280 1 160 ymoBHux oguHuupb. [loTpebu B rpasii ayig OymiBHUUTBA KOXHIN 13
nopir BignosigHo piBHI 130, 220, 60 1 70 ymoBHUX omuHUIL. Tapudu
NepeBe3€Hb OHIET YMOBHOI OJMHULII TPABIIO 3 KOXKHOTO 3 Kap'epy 10 KOXKHOI 3

MYpPOBaHUX ﬂopir 3aal0ThCA MAaTPULCIO
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CkJ1acTH MjiaH NepeBe3eHb, BAPTICTh AKUX € MIHIMAJIBHOIO.

BapianT 9

3aeoannn 1

o cknaay paimioHy TOMIBII BXOASATh JBa BUAM MPOJYKTIB — CIHO 1
KOHIIGHTPATH, IO MICTATh >KUBWIbHI PEYOBUHU: OUIOK, KaJbIliid, BiTaMiHH.
YTpuMaHHs KUBWJIBHUX peuoBHMH (y Tpamax Ha | kiiorpam) BiJIOBITHOIO
MPOJYKTY XapuyBaHHS 1 MIHIMaJIbHO HEOOXIHI HOPMH iXHBOT'O CIOKHBAHHS

3agaui Tadmunero 30.

Tabnuys 30

IpoxyxT ' KuBuiibHi peYOBUHU
buioxk Kanpmn Bitaminn

CiHo 65 6 1

KoHueHntparu 200 4 2

Hopmu cnioxxnBaHHs 2500 120 42

Bu3HauuTH ONTUMaJbHUN pallioOH TOJIBII 3 YMOB MIHIMAJIBHOI BapTOCTI,
AKIIO I[iHAa | Kr TIPOJYKTY XapdyBaHHS BIAMOBIIHO CKJIaAa€: CiHO — 5 TP.Om.,
KOHLIEHTPAaTHU — 7 I'P.OJ.

BxutrounTu B 3a/1a4y yMOBY OOMEKEHOCTI PECypCiB Ha OJIMH pallioH: CiHa

— He OuTbIe 25 Kr, KOHIIEHTPATIiB — He OibIie 20 Kr.

3aeoannsn 2

[Ipoaykiii€ro MICBKOIO MOJIOKO3aBOAY € MOJIOKO, Kedip 1 cMmeraHa,
po3dacoBani B misimiku. Ha BupoOHmurBo 1 T momoka, kedipy 1 cmeTaHu
notpibHo BignmoBimHo 1010; 1010; 9450 xr momoka. Ilpu 1poMy BuUTpaTH
pobodoro yacy mpu po3nusi 1 T Mosoka 1 kedipy ckmanawts 0,18 1 0,19 mam-
roja. Ha po3dacyBanHl cMeTaHM 3alHATI ClielliadbHI aBTOMATH MPOTATOM 3,25

rOJWH. YChOro AJie BUPOOHUUTBA MPOAYKI[I 3aBOJI MOXE BUKOPUCTOBYBATH
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136000 xr wmosnoka. OCHOBHE YCTaTKyBaHHS MOXXE€ BHUKOPUCTOBYBATHUCS
npotsirom 21,4 mami-ron, a aBTomMaTd 3 po3(dacyBaHHS CMETaHU — IPOTITOM
16,25 ronun. Ilpubytok Bix peamizamii 1 T Mornoka, kedipy 1 cMmeTraHu
BinnoBigHO AopiBHIOE 30, 32 1 136 rp.oa. 3aBog MOBUHHUMN HIOHA POOUTH HE
Menire 100 T mosoka, po3(acoBaHOTO B IUISIIIKH.

CxiacT IIaH BUIYCKY MNPOAYKLIi, [0 3a0e3meduye MaKCHUMalbHUMN

pUOYTOK.

3aeoannsn 3

JInst OyAIBHULITBA TPhOX 00'€KTIB BUKOPUCTOBYETHCS 1IETJIa, BUTOTOBJICHA
Ha YOTHPHOX 3aBoAax. IllomHs KoxHU 13 3aBoaiB Moke Burorosutu 100, 150
1 50 ymoBHuMX onuuuIlb neriaud. IlllomenHi moTpedbu B 1eryii Ha KOXHOMY 3
00'exTiB BiAMOBIAHO piBHI 75, 80, 60 1 85 ymoBHuX onuHuub. Tapudwu
nepeBe3eHb 1 yMOBHOI OJWHHMII HETJM 3 KOXKHOIO 3 3aBOJIB JIO KOXKHOTO 3

00'€KTIB 3aJ]al0ThCSI MATPUILICIO
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CkacTvl miaH NepeBe3eHb, BAPTICTh SKUX € MiHIMAJIBHOIO.

BapianT 10

3asoanns 1

BupoOHMLITBO TOAUIAE€ThCA Ha 1Bl Tany3i. Martpuus KoedilieHTiB
03 04

MartepianbHUX BUTpaT B = 02 06/ 1e bix — BUTpaTu mpoayKIiii i-oi raay3i Ha

BUPOOHUIITBO OJMHUIN Tpoaykiii k-oi ramysi. Ilinn Ha KIHIEBUH TPOTYKT
rany3eit C;=5 r.0., C,=4 r.0. BU3HaUUTH ONTUMaJIbHUI BAJIOBUNA BUITYCK KOMKHOI
rajy3i y BapTICHOMY BHUPaXEHHI, SKIIO BUPOOHWYI MOMKIIMBOCTI Taiy3eit

oomexeni po3mipamu 200 1 300 onuHUIE TPOIYKIIIT, IITO BUITYCKAETHCS.
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3aeéoannsn 2

Ha Tkanpkiéi (haOpuili ajis BUTOTOBJICHHS TPhOX apPTHUKYJIIB TKAaHUHU

BUKOPUCTOBYIOTHCSI TKAllbKI BEPCTAaTH JBOX THUIIIB, Mpsika 1 6apBHUKUA. Hopmu

BUTpaT PECypCiB Ha BUTOTOBJIECHHS | M TKaHUH,

pecypciB 1 BUIIYCK TKaHUH 3a3HaudeH1 B Ta0uil 31.

mHa 1 M TKaHWH, 3aI1acu

Tabnuys 31
Pecypcu 1 ‘ HOpMHZBHTpa‘T 3 3anacu
CraHKH, CTaH-TOJ
1-ro Tumy 0,02 - 0,04 200
2-TO THUITY 0,04 0,03 0,01 500
[psoka, Kr 1,0 15 2,0 15000
bapBaukm, Kr 0,03 0,02 0,025 450
Iina , rp.ox. 5 8 9
Bunyck, m

MiHIMaJILHUN 1000 2000 2500
MakciMalbLHUH 2000 9000 4000

Cxiactv 1jiaH BUITYCKY TKaHWH, Takuid, 100 Oyna 3po0sieHa MOXKIMBO

OUTbIIA KUTBKICTh TKAHUH 13 MAKCUMAJIbHOIO BapTICTIO.

3aeoanna 3

Ha tprox xom6OinaTax mjomus Bupooaserses 110; 190190 T myku. ILle

OOpOIIHO CIOXXKHUBAETHCSI YOTUPMA XJ11003aBOJIaMH,
piBHi BiamosigHo 80; 60; 170 1 80 T.

KOMOIHATIB Ha KOKHHU XJ11003aBO/T 3aJ1aI0THCSI MATPHIICIO.
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IIOJICHHI TIOTPEOM SKUX

Tapudu nepesezenp 1 T GopormHa 3

Ckiactu Takuil TUIaH JIOCTaBKHM OOpOIIHA, IPHU SIKOMY 3arajibHa BapTiCTh

repeBe3eHb MiHIMaJIbHA.
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BapianT 11

3asoanns 1

Ha mBeliHiii ¢aOpuii 1 BUTOTOBJIEHHS ABOX BHIB BUPOOiB (A 1 B)
BUKOPUCTOBYETHCS] TKAHMHA JABOX apTUKYJIB Ta 1HII BUTpaTu. Hopmu BuUTpatu
TKaHWUH BCiX apTUKYJIIB Ha MOIIUTTS OJHOTO BHPOOY, 3araJIbHUi 3amac TKaHUHU

1 11iHa oJTHOTO BUPOOY MpuBeaeHI B Tabmui 32.

Tabnuysa 32
Pecypcu HopMmu BuTpar TKaHWHU Ha
OJIUH BUPIO BUIY, M 3arajapHHM 3amac TKAHUHHU, M
A B

Tkanuna 1 1 150

Tkanuna 2 3 2 210
[a.BuTpaTH 7 8 560

[{ina 8 6 -

BuznauutH, ckiibku BUpOOIB KOKHOT'O BUIY ITOBUHHA 3po0OuTH (hadpuka,

1100 11iHa BUTOTOBJICHOT MPOYKIIiT OyJia MAKCUMAJIbHOIO.

3agoannsn 2
Jlis BUTOTOBJIEHHS TIEBHOIO CIUIaBY 31 CBHHIIO, IMHKY W OJlOBa
BUKOPUCTOBY€ETHCSI CHPOBUHA Y BUJ[I TAKUX I'SITHOX CIUIABIB 13 TUX € METAIIB,

110 BiAPI3HAIOTHCS CKIIaioM 1 BapricTio 1 kr. Li mani HaBeaeHi B Tabmui 33.

Tabnuys 33
CKJ1a10Bi Bwmicr B crutaBax, %
| I 1T WY, v
CBuHElD 10 10 20 50 30
[{uHk 10 30 50 30 50
OnoBo 80 60 10 10 =0
BapricTth 4 4.5 58 5 75

BuzHaunutH, CKUIBKM TOTPIOHO B3ATH CIUIABY KOXHOTO BHUIY, 11100
BUTOTOBHUTH 3 MIHIMAJIBHOIO COOIBapTICTIO CIUiaB, 1m0 MicTuTh 20% cBHHIIO,

30% uumnuky 1 50% omnoBa.
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3aséoanna 3

VY Tpbox CXOBHWINAX MHaJbHOrO IOAHS 30epiraetbes 175; 125 1 140 T
Oensuny. lleli OeH3WH IIOAHS ONEPXKYIOTh YOTHPU 3alpaBHI CTaHLIi B
KUTbKOCTAX, piBHUX BianoBigHo 180; 110; 60 140 T. BapticTh nepeBe3ens 1 T

OCH3MHY 31 CXOBHIIl JI0 3alpaBHUX CTAHIIIN 3aJal0ThCSI MAaTPULICIO

Ckimactu Takuii IUIaH NepeBe3eHb OCH3MHY, MpH SKOMY 3arajbHa

BapTICTh MIEPEBE3CHh MIHIMAJIbHA.

BapianT 12

3aeoanna 1

[TigmpueMCTBO MOKE MPAIIOBATH 34 IBOMA TEXHOJIOTIYHUMH TIPOIIECAMH,
OPUYOMY KUIBKICTh OJHMHHIIb TPOJYKIN, IO BHUIYCKAETbCS 3a PI3SHUMHU
TEXHOJIOTIYHUMH MPOLIECAMU 32 OJMHUIIIO Yacy BiAMOBiIHO qopiBHIOE 300 1 250.
Burpatu BUpOOHMYMX YMHHUKIB 32 TEXHOJOTIYHUMHU TMPOIECAMHU B OJUHUIIIO

yacy 1 pecypcH, 3a3HaueHi B Tabnuui 34.

Tabnuys 34
YUuHHMK 1Hp0uecz Pecypcu
CupoBuHa 12 10 544
Enexrpoenepris 0,2 0,1 8
3aprmuiata 3 4 204
Haxknagni Burparu 6 5 300

Ck1acTy 11aH MaKCUMaJIbHOT'O BUITYCKY MTPOYKITII.
3aeoanns 2

€ Tpurany3eBa 0ajaHCcOBa MOJEIb 13 MAaTPUILIEIO KOE(DILIEHTIB TPOIIOBUX

BUTpPAT
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BupoOHMYl MOTYKHOCTI rainy3edl OOMEXYyHTb MOKJIMBOCTI il BaJOBOIO
sunycky unciaamu 300, 200, 500. Bekrop 1iH Ha KiHmeBHii mpoaykr: (2, 5, 1).
Buznauntu onTuUManbHUIl BaJOBUM BUIYCK YCIX Taly3ei, 110 MaKCHMI3ye
BapTICTh  CYMAapHOI0 KIHUEBOIO IMPOAYKTY, SKIIO Ha KIHLIEBUH NPOAYKT
HAKJIaJIAl0ThCA Takl OOMEXKEHHS: MEepUIMid BIAHOCHTBCSA 10 TpeThboro, sk 1:2,

apyroro - He 6inpiie 100.

3asoannsn 3

Ha tprox ckiamax onToBoi 6a3u 30CepemKeHO OOpPOITHO B KUIBKOCTSIX
140; 360 1 180 T BignmoBigHO. I{e GopoITHO HEOOX1THO MEPEBE3TH B 5 Mara3uHiB,
KOXKHUH 13 IKUX MOBUHHUU onepkatu Bignosimao 90; 120; 230; 180 1 60 1. 3
MEPIIOro CKJIaay OOpOITHO HEMOXKIIMBO MEPEBO3UTH B 2-i 1 5-ii Mara3uHH, a 3
APYroro CKiaxy B TpeTiit Marazun Mae Oytu 3aBe3eHo 100 T GopormrHa.

Tapudu mepeBeserp 1 T GoporrHa 3 KOXKHOTO CKJIay B YCl MarasmHu

3aJ1al0ThCA MaTpULCTO
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CkJtacTu T1aH epeBe3eHb, BAPTICTH SIKUX € MIHIMAJIBHOIO.

BapianT 13

3asoanns 1

CronsipHa MalicTepHsI BUITYCKAa€e CTOJNM 1 CTUIbII. [Ipy BUTOTOBIEHHI IUX
TOBapiB BUKOPHUCTOBYIOTHCS IBa PI3SHOMAHITHMX THIM JOIIOK, MPUYOMY € B
HassBHOCT1 450 M nomok 1-ro tumy 1 240 m gomiok 2-ro Tuny. KpiMm Toro 3amaHi
TpynoB1 pecypcu B KutbkocTi 330 mron.-r. Y Tabnuii 35 npuBeieHl HOpMaTUBU
BUTPAT KOXXHOTO 3 BUJIB PECYpCIB HA BUTOTOBJICHHS OJHIET OAMHUII BUPOOY 1

MpUOYTOK Ha OJIHY OJAWHUIIIO BUPOOY.
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Tabnuys 35

Burpartu
Pecypcu Cronu Crinbii
Jomiku 1-ro Tuny, M 5 3
Jlouiku 2-ro Tuny, M 1 2
JlroaceKi pecypcH, JTH0-TOJ 3 2
[TpuOyTok 10 6

MakcumizyBaTd mnpuOYTOK TIpU yMOBax, IO HAaKIAJAlOThCS Ha

ACOPTUMEHT: CTOJIIB - HE MeHIEe 15 mTyK; CTUIBIIB - He MeHIe 80 mTyK.

3asoannn 2

Ha cynno BantaxomigiiomuicTio 2000 T 1 emkictio 3080 M noTpiOHO
BinBaHTaXuTU Tpu ToBapu A, b, C. OO6’emH1 Koe]iIlieHTH TOBApy CKIAIAI0Th
Bimmosizeo 2,1; 1,2 i 2,3 m°/1. Ha moproBomy ckiami € 900 T ToBapy A i
nocTaTHRO Benuka KiabKicTh ToBapy C 1 b. ToBapu b, C mae Oytu HazgicnaHi B
HaJIEKHOMY  BIJHOIICHHI, TOOTO KUIbKICTH TOBapy C He TMOBHHHA
MEPEBUILYBATH MOJIOBUHU KUIBKOCTI ToBapy b. Jloxoxa Bij mepeBe3eHHs OAHIET
TOHHH TOBapy ckianae BianoBigHo 80; 75; 70 r.0. SIKy KUIBKICTH OKpEMHUX
TOBapiB BapTO BIJBAHTAXKUTU HAa CYJIHO, 1100 OJep>KaTH MaX MPUOYTOK BIJ

TepEBE3CHHSI.

3asoannsn 3

Ha tppox 3amizHnuHux BiacTosIX A, A, Ajz 3i6pamocs 120, 110 i1 130
HE3aBaHTa)XeHUX BaroHiB. Lli BaroHm HeOOXIJHO NEpEerHaTh Ha 3aJII3HUYHI
cranmii By, B, Bz, Bs, Bs. Ha koxHii i3 mux crasmiii morpeda y BaroHax
BinoBiaHO popiBHIoe 80, 60, 70, 100 1 50. 3 orysimy Ha Te, 10 3 BIACTOIO A,
HEMOXXJIUBO TIEPETHATH BaroHW Ha cTaHIio B, 1 By, 1 3Haroum, mo Tapudu

IMCPCTOHOK OJHOI'O BaroHa BU3HAYAOTHCSA MATPHUIICTO
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CkrnacTy Takui IUTaH TIEPErOHOK BaroHiB, 100 3arajibHa BapTiCTh Oyia

MIHIMAJIBHOIO.
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BapiaunT 14

3asoanna 1

Ha npomuciioBoMy minpHeEMCTBI BUTOTOBIIAIOTH J1Ba MPOAYKTH - Aj 1 Ao.
L{s1 mpoayKInisi BUTOTOBISETHCS 3a JIONMOMOTOI yCTaTKyBaHHA Y, Y, Y3, 10
MpOTSITOM JIHS MOke mpairoBatud BianoBigHo 24000, 32000, 27000 cekyHn.
Hopmu wdacy, HeoOXigHOrO mJjis BHPOOHWIITBA OJWHHWII TPOAYKINI 3a

JIOTIOMOT OO BIJIMIOBIIHOTO YCTaTKyBaHHs, AaH1 y Ta0mnuii 36.

Tabnuys 36
YcraTkyBaHHS
Bupi6 7
V4 Vo, Vs,
Ay 3 8 9
A, 6 4 3

[TpuGyTok Biag BUPOOHUIITBA MEPIIOro BUpoOy - 23 rp.oi., apyroro - 12
rp.o.
CrnnanyBaTd BUPOOHHUITBO Tak, W00 OJEpKaTh MaKCUMalIbHUUN

npuOyTOK, KO BUPOOIB 2 Mae OyTu Bunyiiene He Mexie 1000.

3asoannsa 2
[TapomaB Moxe OyTH BUKOPUCTAHUMN i niepeBe3eHHs 11 HaliMeHyBaHb

BaHTaXYy, Maca, 00CsT 1 I[iHa OAMHUIII KOXKHOTO 3 SIKUX HaBeJleH1 B Ta0uii 37.

Tabnuys 37
[Tapamerpu Howmep rpysy
OAHHII 12|34 5|6 |7/|8/]09]1 11
BaHTaXY
Maca,t 80 | 62 | 92 | 82 |90 | 60 | 81 | 83 | 8 | 65 | 83
06’eM, M° 100 | 90 | 96 | 110120 | 80 | 114 | 60 | 106 | 114 | 86
ina 44127132128 127]28|33/35[37|39]4,0

Ha mapommaB moxe Oyt 3aBaHTaxkeHO He Outbmie 800 T BaHTaxy,
3arajibHUM 00’eMoM He mnepeBulryrounm 600 M, BusHauuTtH, CKIJIBKUA OQUHULIL
KOXXHOT'0 BAHT@XXy BapTO IMOMICTUTH Ha MapoIuiaB Tak, 100 3arajibHa BapTiCTh
PO3MIIIIEHOT0 BaHTaXy OyJia MAKCUMATbHOIO.
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3aeéoanna 3

Ha TekcTuibHOMY MIANPUEMCTBI € TPU TUIMK TKAIbKUX BepcrariB. Ha

BEpCTAaTax KOXKHOIro 3 THITIB MOXYTb BI/IpO6J'ISITI/IC$I YOTHPHU BUJIU TKAHUH. IIOBK,

Os13b, CHUTELbL 1 CATHH.

TKaHWH, 3a3HaueH] B Tabmuil 38.

[IponyKTUBHICTH KOXXHOTO BepcTara 1 coOIBapTiCTh

Tabnuys 38
Tun [IpoaykTuBHICTH, M/T CoGiBapricTs,$-M/ronun
pepetata IoBk | bsa3p | Cuteny | Catun | [lloBk | base | Curenn | Catun
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 ormsay Ha Te, mo (oHA poOOYOro yacy KOXKHIM 13 Tpyn TKaIbKHUX
BepcTaTiB BiAMoBiAHO nopiBHIOE 90; 220; 180 BepcTaTo-TOAMH, CKIACTH TaKUMA
IJIaH iXHBOTO 3aBAHTAXKEHHS, MPHU SIKOMY 3arajibHa cOO1BapTICTh TKaHUH, IO
BUITycKatOThCs y KUTbKOCTIX 1200 M moBky, 900 M 65131, 1800 M cutirio 1 800 m

CaTUHY € MIHIMAJIbHOIO.

Bapiant 15

3aeoannsn 1

Jns romiBii MiAMOCHIAHOI TBApWHM i HEOOXIAHO JaBaTH IMOJIHSA HE
MeHiie 15 ox. ximMiuHOI peuoBuHM A; (BiTamiHy abo aeskoi comi) 1 15 on.
ximMigHOI pedoBUHH A,. He Matoun MOXIMBOCTI JaBaTu peuoBUHY A abo A, y
YUCTOMY BH/Il, MO’KHA HaOyBaTu peduoBuHHU B; 1o 1 rp.oxa. a6o B, mo 3 rp.ox. 3a
1 xr, npuuoMy KoxHUMU Kinorpam B; mictuts 1 on. Aj13 on. Ay axr B, -6 o
A]_ 12 on. Az.

3anacu pe4oBUH Ha ckiani: By - 7 kr, B, - 9 kr.

Buznaunty onTumanbHy 3aKkymiBiai0 pedoBuH B; 1 B, ans monenHoro

parliony.
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3asoanns 2

MexaHluHMil  3aBOJl TpU  BUTOTOBIEHHI JIBOX THUIIB JeTajleu
BUKOPHCTOBYE TOKapChKe, (ppe3epHe i 3BaproBaibHE ycTaTKyBaHHsA. [Ipu 1ibomy
00poOKy KOXXKHOi JIeTali MOXKHa BECTH 3a JIBOMAa PI3HOMaHITHUMH
TexHoysoriyHuMHu 3acobamu. KopucHuii ¢oHa yacy poOOTH KOXKHOI TpyHu
yCTaTKyBaHHS (CTaHKO-TOJIMHHU), HOPMH BHUTpPATH 4Yacy NpU OOpoOIli KOXKHOI
JeTajal Ha BIJNOBIIHOMY YCTaTKyBaHHI 3a JaHUM TEXHOJIOTTYHHUM 3acO00M 1

npuOYTOK BiJl BUIYCKY OJMHMIII I€Tajl KO>XKHOI'O BUAY HaBeJlleHl B Ta0auii 39.

Tabnuys 39
Heramni
YcerarkyBaHHs L ‘ P 2 donn yacy
TexHomnoriyHi 3acobu
I 1 I 1
dpesepHe 2 2 3 0 20
TokapHe 3 1 1 2 37
Capoune 0 1 1 4 30
[TpubyTox 11 6 9 7 .

CkrnacTd ONTUMAaJbHBIN TUJIAH 3arpy3Kd YCTaTKyBaHHs, 110 3a0ecredye

3aBOJly MAKCUMaJIbHUW MTPUOYTOK.

3aeoanns 3

€ Tpu JIUISHKA 3€MIIl, Ha SKUX MOXYThb OYTH TMOCISHI KyKypyad3a,
MIIIEHUIIS, TYMIHB 1 poco. [1noma koxHoi nusHku gopiBHioe 600, 180 1 220 ra
BIJIMOBITHO. 3 YypaxXyBaHHSIM HAsSBHOCTI HACiHb, KYKYPYI3010, TIICHHIICIO,
SUMEHEM 1 MpocoM BapTo 3aciatu BiamoBimHo 290, 180, 110 1 420 ra.

BposkaifHiCTh KOXKHOT 13 KYJIbTYp JUIsl KOXKHOI TUISTHKY 33Ja€THCSI MATPHUIICIO.

40 45 50
30 28 22
18 22 14|
24 18 16

Y =

BuzHaunTtH, CKIJILKU TEKTAPIB KOXKHOT KYJITYPH Ha KOXHIM JUISHII BapTO

MOCISATH, 100 OJIepKaTu MaKCUMaJIbHUI 301p 3epHa.
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3AJIAYI JJISI THAUBIAYAJBHOI POBOTH

HacrymnHi 3agaui copmymroBaTu K 3ajadi JiHIKHOrO IIporpaMyBaHHS U

pO3B’sA3aTH IX.

BapianT 1

Kommnanis poObuts moyuill jjis BaHHMX KIMHAT JBOX po3MipiB — A 1 B.
ATeHTH B cnpaBax MPOJa)xy BBaXKAIOTh, IO B TIKIEHb HA PUHKY MOXE OyTH
peanizoBane 10 550 monuib. s KoxkHOT monuill Tumy A moTpioHo 2 M° MaTe-
piany, a st noauul tuny B — 3 M Mmatepiaity. KoMmnaHist Mmoxe oaepkaTu 10
1200 m? Marepiany B THXKAEHb. JIJIsi BUTOTOBJICHHS OJIHIET MOJUI TUITY A TIOT-
piOHO 12 XBWIMH pOOOTH yCTAaTKyBaHHS, a JJI1 BUTOTOBJICHHSI OJHIET IOJIMII
tunty B - 30 xBuiauH. YcTaTKyBaHHS MOXHa BUKOpHUCTOBYBaTH 160 roauH Ha
THXKJEHb. SIKII0 MprOYTOK BiJl MPOJAXy MOJHUIL A CTaHOBUTH 3 TPH., a MOJIHUIIb
Tury B - 4 TpH., TO CKIJIBKH MOJHUI TpeOa BUITYCTUTH B THXKICHB, OO TICTATH
MaKCUMaJIbHUI PUOYTOK?

Sk 3MIHUTBCA BUpPOOHMYA IpOrpaMa, sIKII0 PUHOK HE 3MOXKE NpUIMATH B
THKJeHb Ounbiie 450 monuns? Skuil B boMy BUMAAKy Oyae MakCHMalbHUN

npuOyTOoK?

BapianT 2
BupoOHHK €neMEeHTIB IEHTPAILHOTO OIAaJeHHS BUTOTOBJISE PaaiaTOpPU
4OTUPbOX Mojenei. OOMexXeHHSI Ha BUPOOHHUIITBO OOYMOBJICHI KUIBKICTIO PO-

0040l cuau W KUIBKICTIO CTaJeBUX apKYIIIB, 3 SKMX BUTOTOBJISIOTH PadlaTOpH

(tabm. 40).

Tabnuys 40
Mopnens pamiatopa A B C D
Heob6xigHa KuIbKiCTh poOouoi cuiu, droauHo- | 0,5 1,5 2 1,5
TOJIUHU
Heo6xiHa KiTbKiCTh CTaNEBOro apKyIIa, M° 4 2 6 8
[IpubyToK BiJ MpoJaxy OAHOrO pajaiaTopa, IpH.. |5 5 12,5 |10
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KinbkicTh crazeBoro apkyma — He Giabime 2500 M, KiIbKICTB JTIOIHMHO-
rogud — He Outeie 5000. 3HaiiTi MPUOYTOK MANPUEMCTBA. K 3MIHUTHCS TIPU-
OYTOK MIAMPUEMCTBA, SKIIO NPUOYTOK BiJl MPOJAXKY OJHOrO paaiaropa KOXHOi
MojieNl 30UThIUThCA Ha 5%, a 3arajgbHa KUTbKICTh CTAJICBOTO apKyIlla 3HU3UTHCS
Ha 10%?

BapianT 3

®ipma pobuts Tpu Buau npoaykuii (A, B, C), ang BUIyCKy KOXHOTO 3
AKUX TOTpiOHE MeBHUN Yac podoTH Ha BCix yotupbox npuctposx (I, 11, 1IL, IV)
(Tabu. 41).

Tabnuys 41
Bua npo- Yac 06pobku [TpubyToK,
JyKLIT | ] Il IV TPH..
A 1 3
B 6 1 3 3 6
C 3 2 4

Hexaii yac pobotu Ha IPUCTPOSIX BIAMIOBIIHO - 84, 42, 21 142 rogunu. Bu-
3HAYUTH, AKY OPOAYKULIIO ¥ y AKUX KUIBKOCTSIX BapTO BUTOTOBISATH. PUHOK 30Yy-
Ty JUIsl KOKHOTO MPOAYKTY HE 0OMexeHHI. Sk 3MIHUTHCS TPUOYTOK, SIKIIO Yac

00poOKkH KokHOro Npoaykty I 1 IV mpuctpoem 30ubmmTucs Ha 7%?

Bapianrt 4
®dipma BUTOTOBIISIE J1Ba MPOAYKTH A 1 B, puHOK 30yTy SIKHX HE oOMexe-
Huil. KoxHu# npoyKT MOBUHEH OyTH 00poOIeHU KOKHO0 3 MamuH M1, M2 i

M3. Yac 06po6ku i1 koskHOro BUpoOy A 1 B HaBeneHi B Tabmuii 42.

Tabnuys 42
MIl M2 M3
A 0,5 0,4 0,2
B 0,25 0,3 0,4
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Yac poboru mamuu M1, M2 1 M3, Bianosinno, 40, 36 1 36 ronuH Ha TH-
x1eHb. [I[pubyToK Bim BHPOOIB CTAHOBUTH, BIAMOBIAHO, 5 1 3 rpH. DipMi HEOO-
X1JIHO BU3HAYUTH THKHEBI HOPMHU BHUIYCKY BUPOOIB A 1 B, siki MakcuUMI3ylOTh

npuOyTOK. SK 3MIHUTHUCS TMPUOYTOK, SKIO Yac pOOOTH MAIIMH 3MEHIIUTHCS Ha

15%7?

Bapiant 5
[TpubyTok Bia nmpogaxy BupooOiB A, B 1 C craHoBuTh BiNOBIAHO 3, 4, 5
rpH. [l koxHOTO BUpOOY MOTpiOeH yac BUKOpUcTaHHs BepcTaTiB Bl 1 B2, ski

JOCTYTIHI, BIAMOBIIHO 12 1 15 roauH Ha JeHb.

Tabnuysa 43
A B C
B1 2 3 3
B2 4 1 2

3HANTH ONTUMANbHUI IJIaH BUPOOHUUTBA. SIK 3MIHUTHUCS IUIaH BUPOOHHU-

IITBA, SIKIIO JOCTYITHUM YaC BUKOPUCTAHHS BepCTaTIB 301IbITUTH HA 20%?

Bapianrt 6

JBa Bupo6u B1 1 B2 nocnioBHO 00po0isitoThest Ha BepcTaTax Nel, 2, 3,
4, 5. MamuHHUN Yac Ha OJAMHMINIO BUPOOIB HA KOXKHOMY BEpCTaTi 3a3HAYEHO B
tabauil 44. Tyt xe HaBeeHUN MPUOYTOK BiJl KOXKHOTO BUPOOY, MPUUOMY OOCST
BUpPOOHMIITBA APYroro BUAY NPOAYKLIi He MoBUHEH nepesuiryBatu 40% 3ara-

JIBHOT'O BUITYCKY.

Tabnuys 44
Howmep namiBgat- Howmep pobodoro miciist [TpubyTOK,
pUKaTy 1 2 3 4 5 I'pH../O1I..
1 3 2 3 1
2 2 0 6 5 4 1,5
TwxHeBHI GoHT 352 240 330 420 400
po0Oovoro yacy, XB.
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BusHauuTu ontUMalibHy Nporpamy BHUIYCKY, IO 3a0e3leuye MakcuMma-

JHHUN TPUOYTOK.

Bapiant 7

Ha nmignmpuemMcTBI MOXKYTh BUTOTOBJISTH Ba Buau npoxykuii I11 1 [12. Ha
BUITYCK oauHMI npoaykiii [11 Burpavyaerbest 3 oquHUII pecypcy, a Ha OJNHU-
1o npoaykrty [12 — 1 onuHuIg TOTO X pecypey. Y IIaHOBOMY IEpiojl B pO3Mo-
psamkenHi mignpuemcTBa € 300 onuHULb UBOTO pecypcy. OOMEXEHHs Ha BHU-
MyCK MPOYKIIii MepIoi il BUIOT KaTeropii SKOCT1 BUTIIAIAIOTH y TaKUi crocio:
—3x, +4x, <0. IIpu npoMy motpiOHo, mo6 mpoxykmii I11 Oyno BumymeHo He
Meniie 40 onunuilb. [lignpueMcTBo O0axkae MicTaTH MaKCUMaIbHUN MPUOYTOK.

Koxnuit Bupi6 Buay I11 gae 3 rpH. npubyTKy, KoxxkHuii Bupi6 Bumy [12
nae 4 rpH. IpUOYTKY.

BapianT 8

Hepenuka ¢dipma BUTrOTOBIISIE 1Ba BUAM MIIIIUMIHUKIB A U B, KoXHMIT 3
SAKUX TOBHHEH OyTH 0OpoOJieHHI Ha TPhOX BEpCTaTax, a caMe TOKapChKOMY,
nutgyBaibHOMY ¥ cBepUIMIIbHOMY. Yac, HeoOX1AHUM JIsl KOJKHOI cTaii BUPO-
OHMYOTO Tpoliecy, HaBeACHHU I B Ta0uI 45.

®dipma xoTiyia O BUTOTOBJIATH MiAMIMITHUKK B KITBKOCTI, sIKa MAaKCUMI3Yye€
npuOyTOK. SIK 3MIHUTHCS BUPOOHULITBO, SKIIO TOBHUM MOXIIUBHI 4ac poOOTH B

THXKJIEHb KOXKHOT0 BepcTaTta 30utbmTH Ha 15%, 20% 1 25% BiamoBigHO?

Tabnuys 45
Howmep namiBpabpukary Howmep pobodoro micuis [IpuoyTOK,
1 2 3 4 IpH.,/IIT.
1 3 2 3 0 1
2 2 0 6 5 4 1,5
TwxHeBnit pona podo- | 352 | 240 330 420 400
4Oro 4acy, XB.
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BapianT 9

VY nexy € 6 TumiB podounx Micik. BimoBiIHO 10 ONTUMAIbHOI BUPOOHU-

40i IPOrpaMH Ha HACTYITHOMY THXHI B LI€Xy TOBUHHI BUTOTOBJIATHA 7 THUIIIB Ha-

niBpadpukarie. BUpoOHUIITBO OJMHUII KOXKHOTO HamiBhaOpukaTy 30UTbIIyeE

doH MaTepiaJIbHOrO 3a0X0ueHHs. Po3Mip npuOyTKy Bif OAMHHII KOKHOT'O BH-

ny HamiBhaOpuKaTy, Jac, 0 BUTPAYAE€THCS HA BUTOTOBJIEHHS KOXKHOTO HAITiB-

dabpukaTy Ha KOKHOMY poOOYOMY MiCIli, THXKHEBUN (POHI poOOUOro vacy Ha

KO)KHOMY poO0ouOMy Miclli 3a3HaueHi B Tabnuili 46.

Bumnyck namiBdabpukatiB NeS He moBuHeH Oytu meniie 25%, a No7 - He

oinbie 7% Bija 3araibHOrO 00CSATY BUPOOHUIITBA. BU3HAYNTH onTHUMalIbHY NP O-

rpaMmy BUITYCKY TIPOYKIIii, 1110 3a0e3neuye MaKCUMaIbHUN MPUOYTOK.

Tabnuys 46

Howmep naniBpabpukaty

Hopmu pobGodoro yacy

[TpudyToK Bif

1 2 3 4 5 6 oJ1. HammiB(hao-
pHUKaTy, THUC.
TpH. /IIT.
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
TwxkueBuit ¢ponx podouoro | 21 18 27 116,8 18,6 | 24

4acy, TUC. XB

BapianT 10

[ToOynyiTe €KOHOMIKO-MaTeMaTUYHy MOJIeNb 11 HACTYITHOI CHUTYaIIii.

®dipma BUTOTOBIISIE TPU BUAM MPOAYKIIli, BAKOPUCTOBYIOUH JJIsl IbOT'O JBA BUIU

pecypciB. TexHonoriyHa MaTpuils 3ajaHa B Tabnuii 47. @ipma Mae y CBOEMY

posnopspkenHi 20 oquHullb 1-ro pecypcy 1 25 onuHUIL 2-T0 pecypey; IiHu, 3a
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SKUMH TPUITyCKa€E peanizyBaTH CBOIO MPOAYKLI0 GipMa nopiBHIOOTH 15, 20, 30
THC. TpH. 3a 1-H, 2-i1, 3-i ToBap BiAMoOBiNHO. Dipma Oaxkae oepKaTU MaKCUMa-

JIbHUM TOXOJ.

Tabnuys 47

IIponykr 1 | Ilpoxaykr 2 | Ilpomykr 3
Pecypc 1 1 2 0
Pecypc 2 2 3 1

Jlns BUKOHAHHSI 3000B's3aHb HEOOX1JIHO BUTOTOBIATH IpuHaiMHI 30

MpOAYKTIB Tumy 1. SIK 1151 1oAaTKOBAa BUMOTra BIUTMHE Ha JOXO MiAIpUEMCTBA?

BapianT 11

3aco0u OUHMIIEHHS MiIJIOTH OLIHIOIOTH 32 HACTYMTHUMH IMOKa3HUKAMHU:

A) 3aco0u, 1110 OYHIITYIOTb;

b) ne3indikyroui 3acoom;

B) npariBuuii BIIUB Ha HIKIPY.

Ko)xHui1 13 1IMX MOKAa3HUKIB 3MIHIOETHCS 3a JIHIHHOK mKaiow Big 0 1o
100.

[TponyKT Ha pUHKY OBUHEH MaTH MpUHAWMHI 60 OJJMHHIIb BJIACTHBOCTEH,
[0 OYHUIIYIOTH 1 TpuHANMHI 60 OaUHUIE Ae31H(DIKYIOYUX BIACTUBOCTEH 3a Bij-
noBiAHOI miKanow. [Ipu 1poMy apaTiBHUN BIUTUB Ha MIKIPY MOBUHHHMA OyTH
MiHIMaJIbHUM. KiHUEBHI NPOAYKT MOBMHEH OYTH CYMILIIIIO TPhOX OCHOBHUX
OYMCHUKIB, XapaKTEPUCTUKH SIKUX MPUBOJATHCS B TaOmuII 48.

ChopmymntoBaTu 3aady 3HAXOMKEHHS ONTUMAJIbHOI CyMIIIl SIK 3a7ady

JTHIAHOTO IPOTPaMyBaHHS ¥ BUPIMINUTH ii.

Tabnuys 48
OuncHuk BnacruBocti, mo | [Je3ingikyroui | [paTiBHi
OUMIIAIOTh BJIACTMBOCT1 | BJIACTHBOCTI
A 90 30 70
B 65 85 50
C 45 70 10
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BapianT 12
dipma criemani3yeTbCss Ha BUPOOHUIITBI MEOIB IS KUTIOBUX IPHUMI-
1ieHb. BoHa MOXe BUTOTOBHUTH TpU THIH MeOsieBUX rapHiTypis A, B, C, mio Bu-

Marae pi3HHX BUTpAT Ipaill Ha KOXKHIii cTajili BupoOHuITBa (Tadi.. 49).

Tabnuys 49
BupoOHuua ninsiHka Burtparu npatii, Jitoj.-TOaUH
A B C
Jliconunka 1 2 4
CrJta1ajgapHui 1ex 2 4 2
O31061I0BATHHUIA 1 1 2
1ex

BrponoBx THXHS MOXKHA IJIaHYBaTH poOOTY Ha Jiiconuiili Ha 360 o, -
TOJIMH, Y CKJIaJIJaJIbHOMY LIeXy - Ha 250 Jto1.-rouH, B 03400II0BAIBHOMY LEXY -
220 moa.-roguH. [IpuOyTok Bif mpomaxky KOKHOro Tuily raphitypis A, B, C
CTaHOBUTH, BiANOBIIHO, 900, 1100 1 1500 rpH.

BuszHaunTy HaIUIIOK JTFO.-TOAUH POOOTH HA JIICOMMIIII, Y CKIadaIbHO-
MY IIEXY, B 03/I00JTFOBAJIbHOMY IIEXY.

Jlns BuKOHaHHS 3000B's13aHb 110 OpraHizalli iHTep'epy roreaiB HeoOXiTHO
BUTOTOBJATH TipuHaiMH1 40 rapHiTypiB Tumy C moTHXHS. K 18 J0JaTKOBA
BHMOTa BIUIMHE Ha TUTaH BHPOOHMIITBA? SIK MpHU IIbOMY 3MIHUTHCS PO3MIp TIPH-

OyTKy mianpuemcTBa?

Bapianr 13

®dipma Buroroniisie Ha (aOpuill YOTUPU COPTH BUPOOIB. BUpoOHUIITBO
JIMITY€THCS YaCOM BHKOPUCTAHHS BEPCTATIB 1 KUIBKICTIO KOMIUIEKTYIOUHUX BHU-
po6iB. Bigomo Takox, 110 CyMapHU Yac BUKOPUCTAHHS BepcTaTiB - 90 TouH y
JI€Hb, @ KOMIUIEKTYIOUHX BUPOOIB MOKe OyTH mocTaBieHo He Ouibliue 80 y AeHb.

Busznauntu BUpoOHUYY mporpamy Uisi OJep>KaHHS MaKCHUMAaJIbHOTO MPHU-

OyTKYy.
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Tabnuys 50

BupoOHudi xapakTepucTUKU Brpio

2 3 4
Yac BUKOpUCTAaHHS BepcTarta, roj. 1 3 8 4
KibKiCTh KOMITIEKTYIOUUX BUPOOIB 2 2 1 3
CobiBapTicTh BUpOOY, TPH.. 20 25 40 85
Jloxon Bix mposiaxy, TpH.. 30 45 80 45

dipma Moxke 30UTbIIUTH Yac pobotu BepcratiB 10 100 rox, mpu ubomy
cO0IBapTICTh KOXKHOTO BUPOOY BCIX YOTHPHOX THUIIIB 30UIbIIUThCA Ha 10 TpH.
Axuii Oyae npuOyTok pipmMu B IboMy BUNMAAKYy? Uu 3MIHUTECS BUPOOHUYA TPO-
rpama?

besznaansg Ha 3aBOA1 OJHOIO 31 CIOKMBAYIB NPUBOAATH 10 TOTO, L0 JECH-
HUIl BUITYCK BUPOOY 4 ckopoueHuil Ha 15 onuuuik. Sk 1€ BIUIMHE Ha TUTaH BU-

pOOHUIITBA 1 po3Mip IPUOYTKY Gipmu?

BapianT 14

®ipma, 1110 BUITYCKA€ TPUKOTAXKHI BUPOOU, BUKOPUCTOBYE JJI1 BUPOOHUII-
TBa MPOAYKIIi Ba BUIM CHPOBUHU. Bcl HEOOXimHI maHi HaBeneHi B Tabmuii S1.
Po3paxyBaTu yMOBHU BHITyCKY T'OTOBOI MPOIYKIIIi, SKIO CUPOBUHA BUKOPHUCTO-

BYETHCS IOBHICTIO, & MPUOYTOK NOBUHHUI OYTH MaKCUMaJIbHHUM.

Tabnuysa 51

3amac cu- | ButpaTu Ha OMHHUINO MPOTYKITT
CupoBurHa

POBMHH, KI' | CBETp IITaHH KOCTIOM
Yucra BOBHA 160 0,4 0,2 0,8
Cuon 60 0,2 0,1 0,2
[TpubyTok 3a o11. BUpoOyY 16 15 22

BapianT 15

Ilex Burorornsie Bupodbu M1 1 2. 3a 3miHy HEe MOke OyTH BUKOPHUCTAHO
oinbuie 540 ox. ycraTtkyBaHHs, Outbie 550 on. cupoBuHHM 1 611bIe 450 of. ene-

KTpoeHeprii. Butpatu pecypciB Ha onuH BupiO 3a3HaueHuid y tabmwmii 52. Bin
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peamizarttii BupoOy M1 npubyrok cranoButs 80 TpH., Bupody U2 - 70 rpH. SAxuit

MOBUHEH OYTHU MIHIMAJIBHUN BHUITYCK NPOAYKIIi, 1100 3a06e3neynT mpruOyToK He

MeHi 2800 rpH.
Tabnuysa 52
p Bupooby
ecypcu
P I 2
VYcrarkyBaHHS 2 3
CupoBuHa 1 4
EnexTtpoenepris 2 1,5
BapianT 16

VY ToproBenbHOMY 3ajli HEOOXITHO BUCTABUTHU Il mpoaaxy ToBapu T1 1
T2. Pobounii yac npojaBiiiB HE MepeBuUILye 36 TONMH, a MO TOPrOBEIBLHOIO
3aiy, IKy MO>Ha 3aiiHATH, HEe nepeBuiye 120 m’. Kosxua peasizoBaHa OJUHUIIA
TOBapy MPUHOCUTH PUOYTOK, BiANOBIAHO, 50 1 80 rpa. Hopmu Butpat pecypcis
Ha OJIMHUIIIO MPOJAHOT0 TOBapy HameneHl B Tabmuui 53. BuszHauutu ymoBw,
SIKUM TIOBMHHA 3aJIOBOJILHATH CTPYKTYypa TOBapooOiry, 1o 3abesneuye npuody-

tok He MeHII 40000 rpH.

Tabnuysa 53
Pecypen ToBapu
T1 T2
PoGouwnii yac, u 0,4 0,6
[Tnoma, M’ 0,2 0,1
Bapianr 17

KoMraHisi BUTOTOBJISIE pi3HI TUMKA MEOIIB Juisl KaOiHeTiB. BoHa poOuTh
cronu Tpbox TUMIB (1, 2, 3). O6csaT poboTH, HEOOXIAHOT 71T KOXKHOI oreparti,
OPUBOJIUTHCS B TabmuUIl 54.

Maxkcumym oOcsry poOIT B THXKACHb CTAHOBUTH 360 JIO.-TOMH Ha BUTO-
TOBJICHHS YacTHH cToia, 240 aro/1.-rouH - Ha 300pky i 180 mro/.-rouH Ha 110-

nipyBaHHs. PUHOK 30yTy pO3IIMPIOETHCS, alie BIH HEOBTOBIUHUMN, a MOKIIUBOC-

146



Ti 30epiranas 0OMexyroTh BUpoOHUITBO 170 cTtomamu B TwxieHb. [Ipubyrox
BiJl MpoAaXy CTONIB Tumy 1, 2, 3 cTaHOBUTH, BiANOBIAHO, 15, 22 1 19 rpH. Bu-

3HAYUTh ONTUMAJILHUM ILJIaH BI/IpO6HI/II_[TBa.

Tabnuys 54

O0'eM poOOTH, JTFO/.-TOJIMHA.

Omnepanii
e 1 2 3

Burorosnenns yacTud 2 3 2
300pka 1 2 3
1 1 2

[TonipyBaHHs i iepeBipKa

Sk 3MIHUTHCS ONTUMATBHUYN TJIaH BUPOOHUIITBA, SKIIO JIJIST 337]0BOJICHHS
noTped MIHHOTO KJIiEHTAa HEOOXiAHO BUITycKaTH He MeHIn 30 cTomiB Tumy 3 Ha
TKICHD?

Sk 3MIHATHCS ONTUMAJIBHUN TUTAaH BUPOOHMIITBA, SKIIO Yepe3 Oe3mamais
Ha JIUISHI{I BUTOTOBJICHHSI YaCTUH CTOJIa OOCST POOIT y THUXKIEHb CKOPOTUTHCA

BABI4l?

BapianT 18

dabpuka BUTOTOBIISIE JIBA OCHOBHUX TUMNH ToBapy. BupoOy tumy T1 mot-
piOHO 3 OAMHUILI CUPOBHHH A U OAMHMI cUpOoBUHU B. BOoHO mpHHOCHUTH Npu-
O0yrok 3 rpH. Bupo0Oy tuny T2 moTpiOHO 4 OguHUIN CUPOBUHU A WU 3 OJXMHUIN
cupoBuHH B. BoHO nprHOCHTH NpUOYTOK B 2 TpH. 3HANAITh ONTUMAJIbHUN TJIaH
BHPOOHUIITBA, SAKIIO AOCTYITHI BChboro 20 oauHUIL CHpOBHHU A 1 10 oguHUIB
CUpPOBUHHU B.

SK 3MIHUTUCS ONTUMAJIBHUN TUIAH BUPOOHMIITBA, SIKIIO BUSBUTHCS J1OC-

TYITHOIO I1I€ OJIHA OJIMHMII CUPOBUHM A, a MOTIM 1 II[¢ OJ{HA OJUHUIISI CHPOBUHU
B?

BapianT 19
[ToTpiOHO BM3HAYWTH TIJIAH BUITYCKY YOTHUPHOX BHUIIB mpomykmii I11, T12,
13, I14, nys BUTOTOBJICHHS SIKMX HEOOXIJIHI PECypCH TPhOX THIIIB: TPYAOBI, Ma-

TepianbHi, (piHaHcoBl. HopMu BUTpaT pecypcy, KUIbKICTh KOKHOI'O BUAY pecyp-
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Cy 3a3HadeHi B Tabnuii 55. Buxonsuu 3 BUMOTr MONUTY, 3a/1aHl HIDKHI i BEpXHI
TPaHMIll BUIYCKY KOXKHOT'O BHAY Ipoaykilii. Ha miacTaBi HaBeeHUX BUXITHHX
JAHUX CKJIACTH MaTeMaTUYHY MOJIEIb JIJIi BU3HAUCHHS IJIAaHY BHUITYCKY MPOTYK-

I1ii 3 METOIO O/ICP’)KaHHSI MaKCUMAJIbHOT'O TIPHOYTKY.

Tabnuys 55
Buna npoaykiii KinpkicTe
Pecypcu
IT1 112 I13 114 pecypcy
Tpynosi 1 2 3 40
MartepianbHi 6 3) 4 3 110
diHaHCOBI 4 6 8 12 100
| HKHA 1 5 2 3 -
['pann
BEpXHS - - - 3 -
[Tpubyrox 60 70 120 130
Bapiant 20

®ipmi oTpiOHO Byruuis 3 BMicToM Gochopy He Outbe 0,03% 1 3 qomi-
mkoro noneny He oubine 3,25%. HoctynHi Tpu coptu Byruuist A, B, C 3a nHa-

CTYIHUMU 11iHaMU (32 TOHHY) (Tabi1. 56):

Tabnuys 56
Copt Bwmict nomimku ¢oc- | BMicT goMiliku morie- Iixa,
BYT'LLIIS dopy, % 1y, % T
A 0,06 2,0 30
B 0,04 4,0 30
C 0,02 3,0 45

Sk ix BapTo 3MimarTH, o0 3a0BOJTLHUTA OOMEKEHHS Ha JOMIIIKI M Mi-

HIMI3yBaTH LiHY?

BapianT 21
dipma 3aliMaEThCs CKIIAJAHHIM JIETH, IO MICTUTh npuHaiiMHI 20 onu-

HuUllb O11KiB, 30 oguHUIE ByriieBoaiB, 10 oguHulb xupiB 1 40 oquHULL BiTaMi-
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HiB. SIK JemieBIIe MbOro JOCITTH MPHU 3a3HA4YCHHUX y Tabmui 57 miHax Ha 1 KT

(a6o 1 1) m'sTi HasIBHUX MPOIYKTIB?

Tabnuys 57
X116 Cos Cymena puba | @pykru | Monoko

binku 2 12 10 1 2
Byrnesoau 12 0 0 4 3
Kupu 3 0 4
Biraminu 6 2
[ina 12 36 32 18 10
BapianT 22

Pawion roaiBii KopiB Ha MOJOYHIA (epMi MOXKE CKIaJaTUCA 13 TPbOX
MIPOJYKTIB - CiHA, CUJIOCY ¥ KOHIIEHTpaTiB. L{i MpOayKTH MICTAThH KUBWIBbHI pe-
YOBUHU - OLJIOK, KaJbIlli 1 BiTaMiHu. YncenbH1 JaHi npeacTaBieHi B Tadbuuii 58.
3 po3paxyHKy Ha OAHY KOPOBY JOOOBI HOPMH CIIOKMBaHHs OiJIKa W KaJbIliIO
ctaHoByATh He MeHI 200 1 210 r, BiamoBigHOo. CrioXKHUBaHHS BiTaMiHIB CTPOTO
JI030BaHE i MOBUHHE JOPiIBHIOBATU 87 MT Yy 7100Y.

CxkrnacTy HaWenIeBIIUA pallioH, SKIIO BapTICTh 1 Kr CiHA, CUJIOCY 1 KOH-

LEHTpPATIB AOPIBHIOE, BIAMOBIIHO, 1,5 TpH. 5 IpH. 12 IpH.

Tabnuys 58
XuBninbpHI peqoBUHU
Ipoxyxtn . — —
oO110K (T/KT) KaJblii (T/KT) BITaMiHM (MI/KT)

Cino 50 10 2
Cuoc 70 6 3
Konuentpatu 180 1

BapianT 23

CnoxuBad BUpIIIYE TMUATAHHS PO MpUAOaHHS HAOOpPy 13 IBOX BHUIB TO-
BapiB. KopucHICTh 0uHUIII TIepiioro ToBapy AopiBHIOE 100 oguHUIb, APYTOTO -

250 onuuunpk. ChopmylroiTe 3a1auy CroKuBaya, SKIIO I[IHA Ha TOBApH CTaHO-
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BIATh 500 TpH. 1 700 TpH., BIAMOBIAHO, CIIOXUBAY BUIUIMB HA MPHUI0AHHS TO-
BapiB 2 THC. TPH.., 1 QYHKIIIS KOPUCHOCTI JIHIITHA.

BubepiTh 3 nux HaOOPiB HalKpalui 3 MOTJIsAy MAKCUMYMY KOPUCHOCTI.

Sk 3MIHUTBCS PO3B’sI3aHHSA 3ajaul CHOXKMBaya, SKIIO J0XOJ CIIOXKKMBaya
3pocte Ha 10%7?

Sk 3MIHUTBCS PO3B’sI3aHHA 3a/1a4i CIIOKMBAaYa, SKIIO I[iHA IPYroro ToBa-

py 3pocte Ha 10%?

BapianT 24
[lepen mpoekTyBabHUKaMU aBTOMOO1JIA MMOCTaBJIeHa 3a7a4a CKOHCTPYIO-
BaTU HAWJEUICBIIMN Ky30B, BAKOPUCTOBYIOUM JMCTOBUM METaJ, CKJIO W IUIACT-
Macy. OCHOBHI XapaKTEpPUCTUKHU MaTepiajaiB MpeCcTaBiIeH] B Ta0auIll 59.
3arajibHa TIOBEPXHS Ky30Ba (pa3oM 13 JiBepuMa 1 BIKHAMH) TTOBMHHA CTa-
2 2 . - 2 : .
HOBUTU 14M°, 3 HUX He MeHII 4M~ 1 He OuIbIe SM” Tpeba BIABECTH IIiJI CKJIO.
Maca ky3oBa He noBuHHa nepeuilyBatu 150 kr. CkuUIbKM MeTanly, cTekia i

IJJACTMACH MOBUHEH BUKOPUCTATU HAWMKpaIIUi POEKT?

Tabnuys 59
Marepianu
XapakTepUCTUKHU
MeTas CTEKJIO macTMaca
Bapricts (rpH. / M%) 25 20 40
Maca (kr/ M%) 10 15 30
BapianT 25

OO6'eqnanus «Hopa» BUTOTOBIISE€ XOJOAWIBHUKH, Ta30B1 IJIUTH, MOPO3HU-
JpHI madu U enekrpornedi 3a 1miHoro 200, 180, 250 1 100 rpomoBux OJUHHUIIB,
BianoBigHO. [locTiiiHuM QakTopoM, 10 0OMexye 00ciarn BUPOOHUIITBA, € (iK-
COBaHa BeIMYMHA TPynoBUX pecypciB — 12000 J1roguHO-TOMH Ha MicAIlb. 3'Cy-
BaJIOCs, OJTHAK, IO B HAMOMMKYUN Micsib aedinuTHOi Oyae i JUCcToBa CTalb
JUIsl KOPIYCIB 3a3HAYEHUX BUPOOIB, OCKUIBKM MOCTaYalbHUKU 3MOXKYTh 3a0€3-
neunt suure 7000M° poro Marepiaiy.

[ToTpiOHO cKkJlacTH MJIaH BUPOOHUNITBA HA AaHU MICALb AJISL TOTO, 11100
MaKCHMI3yBaTH BapTiCTh BUMYIIEHOIT MPOAYKIlii. BimoMo, 1110 /7151 BUTOTOBIEHHS

. 2 . [N
XOJIOANJIbHHUKA HOTp16HO 2 M” THUCTOBOI cTam ¥ 3 JIYOA4.-TOJJUH. PobGouoro qacy,
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JUIS Ta30BO1 IUIUTH — BIANOBIAHO 1,5 M™ 1 3 mroA.-roguHa., AJIsi MOPO3UIIBHOL

2. . 2.
macdu — 3 M”14 T10/.-TOIMHA., AJIA eleKTpornedl — 1 M~ 1 2 T0/1.-TOANHH.

BapianT 26

VYuacHuk ekcnienuilii «[liBHIYHUM MTOMIOC» CKIIAJa€ PIOK3akK, 1 HOMY IOT-
piIOHO BUPIMINTH, 5K MOKJIACTH MPOIYKTU. Y HOTO PO3MOPSKEHHI € M'SCO, 00-
POIITHO, CYX€ MOJIOKO ¥ IIYKOp. Y PIOK3aKy JUIsl MPOAYKTIB 3aJIUIIIIOCS JUIIe 45
oM 06'eMy i mOTpiGHO, 106 CyMapHa Maca MPOAYKTIB HE MepeBepiyBana 35
kr. Jlikap excrenuiiii pekoMeHyBaB, 100 M'sca (1o maci) Oyino Oinblie, HiX
OopolrHa TpuHAWMHI y JIBa pa3u, OOpOIIHA HE MEHIIIE MOJIOKa, a MOJIOKa MpHU-
HaWMHI y BiciM pa3iB OiibIle, HK MyKpy. CKUIBKY 1 K1 TPOYKTH MOTPIOHO TTO-
KJIACTH B PIOK3aK, JIJIsi TOrO 100 CymMapHa KaJopiMHICTh MPOJYKTIB Oyia HaiOi-

Jp11010? XapaKTepUCTUKHU NPOAYKTIB HaBe/leH1 B Ta0aui 60.

Tabnuys 60
XapaKTEepUCTUKHU [IponykTn
M'CO OOpOILITHO MOJIOKO LYKOp
O6'eM (xM°/kr) 1 1,5 2 1
KanopiiHicTh (KKaJ/Kr) 1500 5000 5000 4000
BapianT 27

Ha 3Bipodepmi MOXKYyTh BUPOLTYBATHUCS IECII1, YOPHO-Oypi JIMCHIIL, HYTpIi
i HOpku. [l IXHBOTO XapuyBaHHS BUKOPUCTOBYETHCS TPU BHUAM KOPMiB. Y
Tabnuii 61 HaBeneHi HOPMHM BUTPATH KOPMIB, iXHIM pecypc 3 pO3paxyHKy Ha
JIeHb, & TAKOK MPUOYTOK BiJl peasizallii OHI€T MIKypKHU KOXKHOTO 3Bipa.

BuzHaunuth, CKIIBKHM 1 SIKMX 3BIPKIB BapTO BHUPOIIYBaTH Ha depMi, 1100

npuOyTOK BIJ peaii3anii MKypoK OyB MaKCUMaJIbHHUM.

151




Tabnuys 61

Hopmu BuTpatu kopmy (Kr/1€Hb) Pecypcu kopMiB
Bug xopmy .
mecelp | JIUCHIA | HyTpis | HOpka | (KT)
Kopwm 1 1 2 1 2 300
Kopwm 2 1 4 2 0 400
Kopwm 3 1 1 3 2 600
[Tpu6
PHBYTOK 6 12 8 10
JI0J1./TIIKypKa

Bapiant 28

3aB0JT BUTOTOBJISIE KOPITYCa XOJIOAMIBHHUKIB 1 KOMITJIEKTYE iX YCTaTKyBaH-
HSIM, 1110 MTOCTABJISAIOTH 0€3 00MEKEeHb 1HII MmianpueMcTBa. Y Tabmwmii 62 3a3Ha-
YeHl HOPMU TPYAOBUTPAT, BUTPAT MaTepiaiiB JJisi BUTOTOBJIEHHS KOPIYCIB, 00-
MEXEHHS TI0 [UX pecypcax 3 po3paxyHKy Ha MICsIb 1 MpuOyTOK Bif peanizaiii
XOJIOAWIHHUKIB 110 KOXHIN 3 T'ITU MapoK.

3HaANTH MICSYHUN TIIaH BUIYCKY XOJOJUIBHUKIB, SIKUA MaKCHUMI3Y€ MPHU-

OyTOK.
Tabnuys 62

Mapxku X0710IUIBbHUKIB O0'em

Pecypcu .
JHonbac | Mincek | Craiire | Oxa | Hopx | pecypey

TpynoButpatu 2 3 5 4 9000
Merai (m°) 2 2 4 5 0 8500
IlnacTuk (M°) 1 3 2 4 4000
dapba (kr) 1 2 3 3 2 5000
[TpubyTox (TpH..) 40 70 120 | 120 | 50

BapianT 29

Posnoaumiru rpynu npodisiepo3MipiB IpoOKaTy MK BepCTaTaMU TaKUM

YUHOM, 1100 cO0IBapTICTh MPOAYKINI Oyia MiHIMaIbHOK. BUXimHI AaHl: I'ATh
rpyn npogdiiepo3MipiB MpoKaTy OJIEPKYIOTh Ha Tpbox BepcraTax. @oug podo-
yoro vacy BepctatiB B1, B2 1 B3 nopiBaroe Bianosigao 7200, 8000 1 7500. Ixmti

J1aHl HaBeaeHl B Ta0uml 63.
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Tabnuys 63

' [IponykruBHicTh Bep- | CoO01BapTICTh MpOKa-
['pynu npodine- | [lnanose ,
o CTaTiB, T/TOJ Ty, THC. TPH. /T
pO3MIpiB 3aBJIaHHS
31 32 33 31 32 33
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

KommaHist BUrotoBisie cBepiniibHI BepcTatu Tpbox BuAie D1, D2 1 D3.
Kosxuuii Bua IpuHOCUTD, BiamoBiaHo, 10,10 1 30 mon. mpubyrky. KinbKicTh Be-
pCTaTiB, 110 MOXKE OYTH BUTOTOBJIEHI BIIPOJIOBXK THXKHS, OOMEXKEHO IMOCTaBKaMHU
KOMIUTIEKTYI0unx BHpoOiB Al, A2, A3, ne mia DI morpibno 1 mryka Al, 4
mTykd A2 1 2 mryku A3, qis D2 - 2 mryku Al, 3 mtyku A2 1 3 mtyku A3, a
st D3 motpiono 10 mtyk Al, 10 mryk A2 i 8 mtyk A3. H{oTHXHS KUIBKICTb
noctymHux BupoOiB Al, A2, A3 ctaHOBHTB, BiIIOBIIHO, 650, 850 1 650 mTyK.

BusHaunTth MakcUMalbHUW MPUOYTOK, SKUM MOXHA OJEpPkKAaTH B THXK-
JIeHb. SIKy KUTbKICTh BEpCTAaTIB BUT1HIIIIE BChOTO BUTOTOBIISITH?

Komnanis 3BepTaeThcss B KOMICIIO 13 IIH 3a J03BOJIOM IiJIBUIIUTH I[1HU
HACTUIbKHU, 1100 BOHM JaBanu 25%-He 30UIbIICHHS TPUOYTKY BiJl BCIX MOJIEICH.
PosrnsHyBIIM nUTaHHS, KOMICisl J03BOJIsi€ 30UIbIIEHHS I1IH Ha Bepctatu DI 1
D2, ane Hanonsrae Ha Takiil oprasizauii HiHK Ha Bepcrat D3, npu sikomy npu-
OyTok Bix nmpoaaxy Bepcrata D3 3menmmBcs 6 Ha 10%. Yu BapTo KOMIaHii mo-
rOJKYBAaTHUCS 3 BaplaHTOM, 3alpoOnoHOBaHUM Komiciero 13 1iH? Illo B ibomy Bu-
MaJKy BIAOYAEThCS 13 MPUOYTKOM?

KepiBHunTBO KOMIMAaHIi 3B's13aHE yroJ1010, 110 3a0e3neuye 3aiHATIcTh 300
POOITHUKIB. SIKIIIO MOMIJIMBOCT1 BUPOOHUIITBA JO3BOJISIIOTH OTHOMY POOITHUKOBI
BIIPOAOBX THXKHA 3pooutu 1 Bepcrar D1 1 1 Bepctat D2, a m'sitTi poOITHUKOM -
1 BepctaT D3, To sik 1151 yroJia BIUIMHE Ha HOBE pO3B’si3anHs? Skuii Oyae npuly-

TOK Y IbOMY BHUIAJIKy?
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BapianT 31

YaepozBaxkyBanbHa (haOpuka Bumyckae daii copty «TpaBueBuit» 1 «ba-
JIBOPICTHY 3MINIYIOUYM TPHU IHTPENIEHTH: 1HAIMCHKUI, TPY3UHCHKUN 1 KpacHOAap-
ChKMiA. Y Ta0nuil 64 HaBeleHI HOPMU BUTPATH IHIPEIIEHTIB, 00'€M 3amaciB KO-
KHOTO 1HrpellieHTa ¥ mpuOyToK Bij peanizamii 1 ToHHu yaro coptiB «TpaBHe-
BHI» 1 «bagbopicThy.

[ToTpiOHO CKJIACTH IJIaH BUPOOHUIITBA 13 METOI0 MaKCUMI3aIlli MPUOYTKY.

Tabnuys 64
[HrpemienTH Hopwmwu BuTpatu (T/1) O6'em 3amacis (T)
[amiliceKkui yain 0,5 0,2 600
I'py3uHCHKUH Yait 0,2 0,6 870
KpacHonapcekuit yait 0,3 0,2 430
[MpuGyToK Bin peamisamii 1 T garo (i) 320 290

Bapianr 32

[Tinmpuemenp 30upaeThess poOUTH cIias, mo Bminrye 30% cBunIto, 30%
uuHKy 1 40% onoa. IIpunyctumo, mo Ha puHKy € cmiasu A, B, C, D, ...,
CKJIaJ M LIHM Ha 5Kl HaBeJleHl B Ta0IuII65. SIKy KUIBKICTh CIUIaBy KOKHOI'O TH-
Iy BapTO 3aKyMHUTH Ha KOXKHHUK KI' BUpOOJIeHIM cymimni? SIKy KUTBKICTh CILIaBY
KOXKHOTO TUITY BAPTO 3aKyMHUTH HA KOKHUU KT BUPOOJICHIM CyMillll IpU MIHIMa-

JBbHUX BUTpATax?

Tabnuys 65
Heo0OxigHa
Cmaz | A | B | C | DI|IE|F |G | H |1 |5
cyMiIn
% ceummio | 10 | 10 | 40 | 60 | 30 | 30 | 30 | 50 | 20 30
% manxy | 10 | 30 | 50 | 30 | 30 | 40 | 20 | 40 | 30 30
% omosa | 80 | 60 | 10 | 10 | 40 | 30 | 50 | 10 | 50 40
—
PHETE3A 1 14358160 7675736973
KT, i

154



BapianT 33

HeobOxinHo 3HalTH ONTHUMAIbHUN IUIAH PO3BUTKY METaIypriiHUX Miam-
PUEMCTB JJ1s1 33JI0BOJIEHHS MOTped palioHy B copToBoMy mpokati. [Torpeda mpo-
Kary 3amana B guHamini (Ha 1995, 2000, 2005 pp). Po3pobieno tpu BapiaHTH
po3BuTKy | 1 mo aBa Bapiantu aud Il 1 [II mianpuemcts. BapianTu po3pi3HsIOTh-
Csl CTPYKTYPOIO 1 TUHAMIKOIO 00CSTY BUPOOHHIITBA MO POKAX IJIAHOBOTO TEpio-
1y, @ TAKOX MPUBEJICHUMH BUTPATAMHU Ha iXHE 3A1MCHEHHSI.

OnTuMizalis miaHy noysrae y BuOOopi 3 BiIOMHUX BapiaHTIB PO3BUTKY KO-
KHOTO TIAIMPUEMCTBA TaKUX, peajizailis SKUX J03BOJIAE€ 3a0€3MEeUUTH 3aJaHy
noTpedy B COPTOBOMY IPOKATI MO poOKaxX IUIAHOBOTO TMEPIOY 3 MIHIMAIbHUMHU
CYKYITHUMH TIPUBEICHUMH COPTaMHU.

JI71s1 KOX)KHOTO MiAMPUEMCTBA MOKEe OyTH 00paHO He OlIbIlle OJHOTO Bapi-

aHTa PEKOHCTPYKIUIi i PO3BUTKY.

Tabauys 66 - Bapianmu po3sumky nionpuemcme i nompeba 6 copmogomy

NpOKami no poxKax

= 2 B
< - =os
< H BapianTtu po3BUTKYy o £
X T = a8
a =t 1 2 3 1 2 1 2 S E
X < A
S H o
a S ©
1995 Benukwii 200 | 200 | 450 | 300 | 600 - - 500
Cepenniit 250 | 250 | 250 | 1000 | 500 | 600 - 1800
HpiOHuii 250 | 850 | 850 | 150 | 650 - 600 | 1000
2000 Benukuii 800 | 800 | 1300 | 300 | 600 - - 1100
Cepenniit 600 | 1000 | 1100 | 800 | 600 |1200| - 1800
Hpi6Huit 250 | 850 | 1150 | 400 |1100| - |1100| 1250
2005 Benukuii 800 | 800 | 1300 | 900 |1050 | - - 1700
Cepenniii | 1000 | 1000 | 1500 | 800 | 1000 | 1650 | - 3200
HpiOHuii 700 | 1200 | 1600 | 1300 | 1100 | - |1600| 2500
[IpuBeneHi inTerpa-
apH1 BUTpaTt, mitH.. | 450 | 510 | 836 | 531 | 630 | 302 | 288 -
I'pH.
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BapianT 34

Ha xiHenp m1aHoOBOTO Mepioly B EKOHOMIYHOMY paiioH1 JJIs 33 I0BOJICHHS
noTped 1bOro pailoHy B mpokaTi HeoOXximaHo 3podutu 1100 Tuc. T TUCTOBOrO i
1000 Tuc. T coproBoro npokary. BupoOHUIITBO MPOKaTy HA TPHOX MIAMPHUEMCT-
Bax, JJI KOKHOT'O 3 SIKMUX PO3pOOJIeHI MO JiBa BApPIAHTU IXHbOI PEKOHCTPYKILI,
10 PO3PI3HSIOTHCS K BUTPATaMHU Ha TXHIO peajlizailito, Tak 1 CTPYKTYPOIO BUPO-
onurnra. Kpim Toro, yctaHoBJI€H1 JIIMITA Ha CIIOKUBAaHHS PECYPCIB ABOX BUJIIB
(Tabmn. 67).

Heob6xigHo BHOpaTH Jj1s KOXKHOT'O IMANPUEMCTBA TaKUi BaplaHT PEKOHC-
TPYKIi, NpU AKOMY 3a0€3MeUyeThbCsl BUPOOHUIITBO JUCTOBOITO M COPTOBOIO
MPOKaTy Ha TPHOX MIAMPUEMCTBAX Y PO3MIpax, HE MEHIIUX 3aJaHUX, MIPU ILOMY
MIHIMI3YIOThCS CYMapHi MPUBEAEHI BUTPATH HAa BUPOOHUIITBO.

J171s1 KOKHOTO TAMPUEMCTBA Y PO3B’sI3aHHS BKJIIOYAIOTh HE O1JIBIIE OTHO-

ro BaplaHTy PEKOHCTPYKIIIi.

Tabauys 67 - Bapianmu pekoHCmpyKyii niONpuemMcma i oomedcenHs 3a0adi

Buximnai gani I I 11

Bapiantu pexoHCTpyKIii
1 2 1 2 1 2

[Torpeba B mpoaykiiii
JIMITH peCypciB

[Tpomyxiris, Juctouii | 300 | 100 | 1000 | 500 | 600 | 200 15100
THUC. T POKAT
Coprosuit | 250 | 500 | 100 | 500 |- 700 1000
pOKaT
Jlimityemi  pe- | 1-ro Bunay, | 300 | 250 | 500 |400 | 350 | 650 1200
cypcu THUC. T
2-tro Buay, |55 |60 |190 |100 |80 |90 250
THC. T

Burpatnu Ha Bechb BapianT, | 100 | 120 | 190 |160 | 140 | 210 -

MJIH..TPH.
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BapianT 35

Ilex BUITyCKae TpW BUIHU JCTAJICH, K1 BUTOTOBIISIIOTHCS Ha TPhOX BEpCTa-
tax. Ha pucynky 17 nmokazaHa T€XHOJOTYHA CXe€Ma BUTOTOBJIEHHS JAETalll KOXK-
HOT'O BUJY 13 BKa3iBKOIO Hacy ii o0poOku Ha Bepcrarax. JloOoBuii pecypc pobdo-
4oro yacy BepctatiB 1, 2, 3 craHOBUTH, BianoBiaHO, 890, 920 1 840 xBwinH. Ba-
pTICTh OHi€eT perani Buay 1, 2, 3 mopiBHIOE, BiAmoBinHO, 3, 2 1 1 rpH. [loTpiGHO
CKJIaCTH JO0OOBHH IJIaH BUPOOHUIITBA 3 METOI0 MAaKCHMIi3allil BApTOCT1 BUITYIIIe-

HOT NPOAYKIIIi.

Bepcrar 1 Bepcrar 2 Bepcrar 3
~ —» 1xB. > 3 xB. > 1 xB. > Jlerans |
=~
2 — 2xs. > 4 xB. — > Jlerans 2
)
CCE — 1 xs. — 2 XB. » Jlerans 3

Pucynox 17

BapianT 36

Jlnst BupoOHUITBA TphoX BHIB BUPOOIB (A, B u C) BUKOPUCTOBYETHCS
cupoBuHa tumy 31, 32 1 33, mpudyomMy 3akymiBii cupoBuHu Tuny 31 i 32 obme-
KEH1 MOMXJIMBOCTSIMU MOCTAYaJIbHUKIB. Y TaOnuil 68 HaBeqeHI HOPMU BUTpPAT
CHUpPOBUHHU, LIIHA HAa CUPOBUHY ¥ Ha BHUPOOHU, a TAKOXK OOMEXKEHHS IO 3aKyHiBIi
cupoBuHU. [1oTpiOHO ONTHMI3yBaTH TIJIaH BUPOOHUIITBA MPOAYKIIIi 3 METOIO Ma-

KcUMi3allli mpuoyTKy.

Tabnuys 68
Tun Hopmu Butpart cupoBu-
_ OOMexeHHs 110
CUpO i HU Ha OJUH BUPIO (KT) o
[ina 1 xr. cupoBUHU (TPH.) 3aKyM1BJIl CHPO-
O_
P A B C BHUHH (KT)
BUHU
31 2 1 3 A 3000
32 1 4 1 3 -
33 B 6 5 2 3320
[{ina omroro BUpoOy rpH.) | 6B+12 | 5B+22
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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 3anponoHoBaHa HACTyIMHA MPOCTa MOJIENb CLICHKOTOCIOIAPCHKOTO
BUpOOHUIITBA B JlOHEIbKi 001acTi JJi1 30BHIMIHBOTO PUHKY. € TPU OCHOBHHX
KyJIbTYpH, IO POCTYTh Y LIbOMY KJIIMaTi, 1 BUPOLLYBaTUCS BOHH MOXKYTbh Ha OJI-
HOMY 13 JIBOX THUIIIB OpPHUX 3eMeNb. Y Tiei gac 1y oopooku mpumatai 1400000
ra 3emuti Tuny 11 1200000 ra 3emsi tuny I1. Pi3H1 TUIM KyJIbTYp MO-pi3HOMY pO-

CTYTh Ha pi3HUX 3eMJIsX. [lipaxoBaHo, M0 YUCTUH ypoXkaid KyJbTypH | Ha 3eM-

i TUIY | CTaHOBUTH Rjj (Tabm. 70).

Tabnuys 70
! i
J=l J=lI
6 6
88 5
4 5

Bci kynbTypu BUMararoTh J10AaTKOBOT'O 3polieHHs (ipurariiinoro). Hass-
Ha ipuramiiiHa cucrema 3abesmedye 5600000 m° Boxu B pik. {1 OXHOTO Ta Ky-

NBTYpH |, BUpoIeHoi Ha 3emii tuiy J, nht,f Wj; M’y pik (tabm. 71).
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Tabnuys 71

! ol
)= =l
2 3
3 2
3 1

Hacenenns, 3aiiHare B cuibCbkoMY rocrnogapctsi, ctaHoBUTH 700000 4o-
noBik. [1{o6 oxepxxatu Bpoxai 1, 2, 3 3 koxkuux 10 ra 3emuti, AJisi BAKOHAHHS pi-
3HHMX POOIT 3 BUPOIIYBaHHS KYJIbTYp BOPOAOBXK | pPOKy MOTPiOHO, BiAMOBIIHO,
2, 113 4onoBIK.

BusnauuTs, SKi KyIbTypH, Y SKii KIJTBKOCTI i Ha SIKUX 3eMJISIX HEOOX1THO
BUPOIIYBaTH, 100 OJEp>KaTH MaKCUMaJIbHUN ypokai? Skuii po3Mip MakcuMa-

JILHOT'O BpOXKaro?

Bapiant 38

CrannmapToMm mepeadadeHo, Mo OKTAHOBE YUCIIO aBTOMOOUTHHOTO OCH3U-
Hy A-76 noBuHHe OyTH He HUKYe 76, a BMICT cipku He Ounbiue 0,3%. [ns Buro-
TOBJIEHHSI TaKOro O€H3MHY Ha JIMCMYaHCHKOM 3aBOJ[I BUKOPUCTOBYETHCS CYMIII
YOTUPHOX KOMIIOHEHTIB. J[aHi Mpo pecypcu KOMIIOHEHTIB, IO 3MIIIYIOTh, IXHS
cOOIBAPTICTH 1 iXHI OKTAHOBI YMCIIa, & TAKOX JIaHl PO BMICT CIPKM HaBEJEHI B
Tabmui 72.

[ToTpiOHO BU3HAYMTH, CKUIBKM TOHH KOXXHOTO KOMIIOHEHTa BapTO BUKO-
pucratu aus oaepxkanus 1000 T aBromobibHOTO OeH3uny A-76, mob ioro co-

OiBapTicTh Oyia MiHIMAJIbHOIO.

Tabnuys 72
KomnoneHTH aBTOMOO1IBHOTO OEH3UHY

XapakTepuCcTHKa

Nel No2 Ne3 Ne4
OxTaHOBE YUCIIO 68 72 80 90
Bwicr cipku, % 0,35 0,35 0,30 0,20
Pecypcu, T 700 600 500 300
Co06iBapTicTh, AUL/T 40 45 60 90
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BapianT 39

Ha [iIsSSHKY CIIOpYDKYBaHOI ZOPOrH HeoOxiaHo BuBestd 20000 M° kaM's-
HUX MarepiamiB. Y paiioHi GymiBHHITBA € Tpu Kap'epH i3 3amacamu 8000 m°,
9000 >, 10000 wm°. Jliist HaBAHTaXCHHS MaTepialiB BUKOPHUCTOBYIOTHCS EKCKa-
BATOPH, 10 MAIOTh MPOXYKTHBHICTH 250 M° y 3MiHy B Kap'epax 112 i 500 m° y
3MiHy B Kap'epi 3.

[li xap'epu 3a0e3rmedyr0Th KaM'SsHUMH MaTepiajlaMd TaKOX PsIi 1HIIHAX
CHOpYIKyBaHUX 00'ekTiB. Ha HaBaHTa)KeHHS MaTepialiB A1 PO3IJISHYTOL JAUTS-
HKHM BUIUICHUHN JJISI €KCKaBaTOPIB 3arayibHUM JIMIT 60 MallIMHO-3MiH 13 MPaBOM
BUKOPUCTAHHS KOT0 3a PO3CY10M OyI1BEITbHUKIB.

TpancmopTHi BUTpaTh Ha TEPEBE3CHHS MaTepiajiB XapaKTepU3yIOThCS
MOKasHHKaMH: Ui mepeseseHHss 10000 m° marepiamiB 3 kap'epy 1 morpiGHO
1000 aBTOMOO1TIB-3MiH, 3 Kap'epy 2 — 1350, 3 kap'epy 3 — 17000 3min. [ToTpiGHO
3HAUTH ONTUMAIbHUH IJIaH TIEPEeBE3€Hb, 110 3a0e3neuye MiHIMaIbHI TPAHCIIOP-

TH1 BUTPaTH.

Bapiaunt 40
Ilex Bumyckae TpU BUAM JAETalieH, K BUTOTOBIISIIOTBCS HA JIBOX BEpCTa-
tax. Ha puc. 18 noka3zana TexHOJOr14YHa cXe€Ma BUTOTOBJICHHS JieTallell KOKHOTO

BH]1Y 13 BKa31BKOIO 4acy ii 0OpoOKM Ha BepcTaTax.

Bepcrar 1 Bepcrar 2
3 3 XB. — 6 XB. — Jletans 1
-é —> 9xs. » Jlerans 2
(5) —» Axs. —» 3 xB. , Jeraib 3
Pucynox 18

3agaHo 1000BUI pecypc poOodoro vacy KoxHOro Bepcrara: B xB. Jlns
Bepcrara 1, C xB. ayist Bepctata 2 (Tabin. 73). Bapticts oaniei aerami Buay 1, 2,
3 cranoButh 3, 2 1 1 rpH., BianoBigHo. [ToTpiOHO cKitacTH 1O0OOBUH MJIaH BUPO-

OHMIITBA JeTaNiel 3 METOI0 MaKCUMIi3allil BApTOCTI BUITYIIIEHOT MPOTYKIIii.
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Tabnuys 73

A B C A B C
1 3 600 900 11 5 870 900
2 3 960 600 12 ) 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 3) 840 450 16 4 870 450
7 3 660 900 17 5 630 270
8 3 960 510 18 3 600 750
9 4 600 900 19 4 720 900
10 3 780 450 20 4 750 360
BapianT 41

VY nekapHi A BUTITYKYA YOTUPHOX BHJIIB XJ110a BUKOPHUCTAETHCS OOPOIITHO
JIBOX COPTIB, MaprapuH 1 giiis. HasiBHe ycTaTkyBaHHS, BUPOOHUYI IO ¥ TTOC-
TaBKHU MPOJYKTIB TaKi, 10 B 700y MOKHA IepepoOuTH He Oubiie A Kr 6opomrHa
copty 1, B xr 6opomna copry 2, C kr maprapuny, D mtyk seup. Y tabauii 74
HaBeJIEHI HOPMU BUTPATU NPOAYKTIB, a TAKOXK MPUOYTOK BiA mpojaxy | Kr xii-
0a KOKHOTO BU]TY.

[ToTpiOHO BU3HAYMTH JOOOBHMM IJIAH BHUMIYKM XJi0a, IO MaKCHUMI3ye

puOyTOK.
Tabnuys 74

HaitmenyBaHHs mpojy- Hopwmu Butpatu Ha 1 kr x;116a (1o Buaax)
KTy 1 2 3 4
Bopomrno copty 1 (kr) 0,5 0,5 0 0
BoporHo copty 2 (kT) 0 0 0,5 0,5
Maprapus (xr) 0,0125 0 0,12
Siiue (T.) 2 1 1
[IpubyTox (xom.) 14 12 6
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Tabnuys 75

A B C D A B C D
1 250 | 200 60 1380 |11 210 | 180 50 1180
2 290 | 200 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
) 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
BapianT 42

[IpsnuneHa adpuka 18 BUPOOHUIITBA JBOX BUAIB MPSKI BUKOPUCTOBYE
TPU TUIIM CUPOBUHU - YUCTY BOBHY, KallpoH 1 akpwi. Y Tabiuui 76 3a3HaveHi
HOPMHU BUTPATH CUPOBUHU 1 HOTO 3arajibHa KUIbKICTh, SIKY MOXHA BUKOPUCTATH
babpuKko BIPOAOBX POKY, 1 MPUOYTOK Bija peaiizalii TOHU MPSKI KOXHOTO
BUTY.

[ToTpiOHO CKIACTH PIUHUIN IJIAH BUPOOHMIITBA MPSIKI 3 METOI0 MaKCUMI-

3al1ii CyMapHOTro NMpuOyTKY.

Tabnuys 76
Hopwmu BuTpatn cupoBuHH Ha 1 o
) KinpkicTh
Tun cupoBUHU TOHHY MOPsIXKi (T)
CUPOBUHHU (T)
Bun 1 Bung 2
BoBna 0,5 0,2 600
Kamnpon A 0,6 B
Axpui 0,5-A 0,2 C
[TpuGyTok Bi eaizarmii
PrbyIOR BUL petibal 1100 90

npsbki (TpH..)
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Tabnuys 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
3) 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
Bapianr 43

[Tpunyctrmo, 110 3 IBOX CKJIaJiB PO3BO3SITH TOBAPHU IO TPHOX Mara3wHax,
BapTICTh MEPEBE3CHb OJIMHMUIIN MPOAYKIIT 3amana y Burisail Tabmuii 78. [1o0y-
IyWTe TPAHCIIOPTHY 3a/auy, Ko Ha 1-My ckiafl 36epiraetsest 100 oa. mpoay-
Kiii, Ha 2-M - 150 oguHMIpB, B 1-i MaraswH moTpiOHO goctaBuTd 70 OAWHUIIB

MpOYyKIli, B 2-1 - 80, B 3-i1 - 100 oquHUIIb MPOAYKIIii, BIIOBITHO.

TaOmunsa 78
Maraszuu Nel | Maraszua Ne2 | Marasua Ne3
Crkuag Nel 10 18 15
Cxiag Ne2 16 20 10
BapianT 44

®dipma AMUK mnoBuHHa BiAMPaBUTH €KY KUIBKICTh IEPCOHATBHHUX
KOMIT'FOTEPIB 13 TPHOX CKJIAIIB y M'sATh Mara3uHiB. Ha cknanax €, BiANOBiAHO, 15,
25, 20 koMmm'toTepiB, a JUIS I'ATH Mara3uHiB moTpiOHO, BiamosigHo, 20, 12, 5, 8 1
12 xomm'torepiB. BapricTe nepeBe3eHHs oaHOro komm'rorepa (y aonapax) 3i
CKJIaJy B MarasviH MpuBeeHa B Tadmwmii 79.

Sk BapTO CIUIaHYBaTH MIEPEBE3EHHS JIJIs1 MiHIMI3aIlli BapTOCTi?
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Tabnuys 79

Marasunu
Cknan
dokcTpor | beiTTrexHuka [Ipo Marpunss | Oct-Bect
Nel 1 0 4 2
No2 3) 1 3 3
Ne3 4 8 4 3
Bapiant 45

Bu3HauuTh B3a€MO3B'SI30K MYHKTIB MOCTAaBKM i 3aKymiBJl BaroHiB IMpHU

HACTYMHIN XapaKTepUCTUKH TPAHCIIOPTHOI Mepexi (Tad. 80):

Tabnuys 80
[TocTavanbHUKHN Pecypcu Baronis, Bizncranp 10 MyHKTIB 3aBaHTaXEeH-
BaroHiB IIT. HSI, KM
1-i1 120 2 3 1 4
2-i1 65 3 2 4 6
3-i 35 5 3 6 3
[Totpeba y Baro-
ax (10r.) 90 70 40 20
Bapianr 46

[Tpunyctumo, mo B IlonTtasi, Cymax 1 XapkoBi 3HaXOASATHCA TPU KOHCEP-
BHHX 3aBOJH. L{i KOHCEPBHI 3aBOJM MOXYTh POOUTH, BiamoBigHO, 250, 500 1 750
SIIUKIB KOHCEPBIB y JeHb. s peanizaliii mpoaykiii B YKpaiHi € m'sTh CKJIaJIiB
ontoBoi TopriBii: y Kuesi, Jloneupky, JHinmponeTpoBcbKy, 3amopixki i Jly-
raucbKy. Koxnuii cknag moxe npoaatu 0 300 smukiB 3a neHb. DaxiBelp, 3a-
WHATUI pO3MOAUIOM MPOAYKIlIi, X04€ BU3HAUYUTH YMCIIO SIIWKIB, 10 MOBUHHI
OyTH JOCTaBJICHI BiJ] TPhOX KOHCEPBHUX 3aBOJIIB JIO IM'ATH 30yTOBUX CKJIAJIB
TaK, 00 KOXKHUN CKJIaJ] MIr OM OJIep>KaTH CTIIbKH SAIIUKIB, CKUTBKH MOXKE MPO-
JIaTH MIOJHS, a TPAHCIIOPTHI BUTpaTH Oynu 6 MiHIMabHUMH. Y Tabmwmi 81 3a-

3Ha4Ye€Ha BaApPTICTh TPAHCTIOPTYBAHHS SITUKA (IO ).
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Tabnuys 81

ITonraBa Cymnu XapkiB
Kuis 0,90 2,50 0,60
JloHenpk 1,80 1,70 1,80
JIHITTpOTIIETPOBCHK 1,50 1,80 2,50
3anopizoKs 1,00 2,00 1,40
Jlyrancek 2,70 1,80 1,60
Bapiant 47

Komnanis 3aruianyBajna nepemMilieHHs: 0araTboX CIIy»OOBI[IB Ha HOBI I10-
caJi¥l BIAMOBITHO 10 HOBOT'O ITATHOTO po3kiany. CiykOO0BIIl, SKUX 3adirae s
pedopma, MOKYTh OyTH 1O KBami(ikalli i J0CBiLy po3aiieHi Ha m'saTh rpym ['1,
2, 13,14 105, uio MicTsTh, BIANOBIIHO, 2, 5, 4, 8 1 6 ciy:kOO0BIIiB. AHaor14-
HUM YUHOM KOXHY MMOCaJy MOXKHA BIHECTH JIO OJIHI€T 3 HACTYIMHHUX YOTUPHOX
rpym: 11, 12, 13 1 4 - mo 8, 3, 9 1 5 mocan, BianoBiaHo. Y Tabnuili 82 BKa3zy-
IOThCS, SIKI TPYIH CIIYKOOBIIIB MAalOTh JIOCTATHIO KBami(iKaIlito JJIs 3aHATTS Bi-

NIOBIIHUX ITOCAI.

Tabnuysa 82
['pynu
ITocammu
I'l 2 I3 r4 I'5
Jifl + +
12 + +
I3 + +
4 + + + +
Bapiant 48

[ToTpiOHO TpaHCTIOPTYBATH BaHTaX OJIHOTO BHIY, IO MepedyBae y TBOX
noctadanbHUKIB Al 1 A2, 1o Tpbox crioxuBadis, B1, B2 1 B3. Kox#xuii 3 mocra-
YJaJIbHUKIB Mae€ Jieskuil 3amac ToBapis: Al - 100 ogunuip, A2 - 200 oguHULE.
KoxHuit crioxxuBay xapakTepu3yeTbcsi CBOIM MonuToMm Ha ToBapu: Bl - 80 oau-

Hulb, B2 - 130 ogunuipb, B3 - 90 onunuis. MoxiauBi BapiaHTH TPaHCIIOPTY-
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BaHHSA W BapTICTh TMEPEBE3CHHS OJMHMII BaHTAXY (II0OJI.) 3a3HAYCHI B TaOIHII

83.

Tabnuys 83
CnoxuBau
[TocrauanbHUK Pecypc
B1 B2 B3
Al 7 9 2 100
A2 20 15 16 200
[Torpeba 80 130 90

[ToTpiOHO BU3HAUUTHU, AKY KUIBKICTh BAaHTAXXy BapTO BIAMPABUTH B KO-
’KHOT'O TIOCTayalbHUKA KOKHOMY CIIO’KMBAyY€Bl, 1100 CyMapHI TPAHCIOPTHI BU-

Tpat Oyau MiHIMAJIbHUMU.

BapianT 49

VY neBHUl A€Hb MIANPUEMCTBO MO MEPEBE3CHHIO BAHTAX1B MOBUHHE 3a-
Opatu BaHTax1 B m'saThoX Micisx: 1, 2, 3, 4, 5. IlianpueMcTBO Ma€ m'sTh BaHTa-
KIBOK PI3HUX THUITIB. BapTiCTh MepeBe3eHHST OMMHMII BAHTAXY KOKHUM THIIOM
BaHTaXI1BKH /10 MyHKTY MPU3HAYEHHS MpUBe/IeHa B TaOIuIll 84.

VY nynkrax 1, 2, 3, 4, 5 HeoOxiaHO 3a0paTu, BianoBigHo, 60, 30, 100, 50,
40 TonH BaHTaxy. KoXKHMIT 3 TUMIB BaHTa)KIBOK MOX€E TIEPEBE3TU 3a J€Hb, BlJI-
noBiziHo, 40, 60, 20, 30, 20 TOHH BaHTaXYy, BIAMNOBIAHO. BU3HAYUTH PO3MOALT

BaHTaXI1B 10 BaHTaXXiBKaX, 1[0 MiHIMI3Y€E 3arajibHy BapTiCTh.

Tabnuys 84

Tun BanTa- Bapricths nepeBe3eHsb, IpH..
KIBKH 1 2 3 4 5
Tum 1 30 20 40 10 20
Tum 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
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BapianT 50

Kommnanis Bonomaie nsoma padbpukamu @1 1 D2, 110 BUTOTOBIISIIOTH €JIEK-
TPOHHE yCTaTKyBaHHs. PaOpUKHU BIPOAOBK JAESIKOro MepioAy BUIYCKalOTh 16 1
12 Tuc. BupoOiB, BiamosigHo. KoMmanis mocradae Tppox crnokuBadiB 31, 32 i
33, moTpebu SKUX BIPOJIOBXK OJHOTO M TOTO K IMEpPIOAYy CTAHOBJISITH, BIJIMOBII-
Ho, 10, 13 1 7 Truc. Bupo6iB. BapTicTs nepeBe3eHp 1 THc. BUPOOIB CIIOKUBAYEBI 3
(habpuk HaBeaeHa B Tabim 85.

CdopmynroiiTe 3aa4y sSIK TPAaHCHOPTHY ¥ BUPIIIUTH 1i. SIKUM YUHOM He-

O0X1IHO TIEPETISTHYTH TUTaH MepPeBe3€eHb, AKII0 BUPOOHUY1 MOXKIMBOCTI (padpuk

®1 1 D2 3poctyTh, BianoBiaHO, 10 20 1 14 THC. BUpOOIB?

Tabnuys 85
CnoxxuBau
dabpuka
31 32 33
O] 5 4 6
D2 6 3 2
BapianT 51

Kommnanis Bonoxie 3aBogamu A, B 1 C. BignoBigHi o6csru BUpOOHHUIITBA
6000, 3000 1 3000 ommuwmie. KoMmmanis 3000B'13a1acsi MOCTABISATH BIJIIIOBITHO
1500, 2500, 2700 1 3300 onunuis y micta I'l, I'2, '3, T'4. Ilpu 3amanux BapTOC-

TAX IICPCBC3CHb CKJ'IaI[iTB OINTUMaJbHI IJIaHU IICPCBC3CHb.

Tabnuys 86
, BapricTe TpaHciopTyBaHHS, TPH..
Micro

A B C
I'l 1 9 6
2 4 2 1
I'3 1 2 7
4 9 8 3
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BapianT 52

dipma 3anporoHyBasia BIaCHUKaM TPHhOX aBlajiHINA MEepPeBO3UTH OpUraau
(axiBLIB y pi3HI YACTHHM CBITY. BapTicTh mepeBe3eHb y THUC. TPH.. HaBEAEHa B
Tabmmi 87.

AnMiHicTpanis ¢ipMy BUpPIIIWIA, 1110 1HAMBIAYadbHI KOHTPAKTH Ha Iepe-
BE3eHHA OyayTh 3aKirodatvcs i3 BracHukamu JiHid Kui, Xapkis, JloHeupk y
criBBiIHOIIEHH] 2:3:2, 1 MOB1IOMUIIA TIPO 1€ KEPYIOYOro TPAHCIIOPTHUMH TIepe-
BE3CHHSAMH, a TAKOX CIIOBICTHJIA HOTO mpo Te, mo 3 70 HaMiYeHUX Ha HACTYII-
Huil pik nepeBeseHb 10 - B OAD, 15 - na Kimnp, 20 - va Mansty, 10 - y Typeu-

yuHy i 15 - y €runer.

Tabnuys 87
ABianiHis OAD Kinp Manera | Typeuunna | €runer
Kuis-Asia 24 16 8 10 14
XapkiB-ABia 21 15 7 12 16
JloHenbK-aBia 23 14 7 14 20

Sx oMy BapTO PO3MOAUTUTH 1HAWBITYaTbHI KOHTPAKTH HA MEPEBE3CHHS
JUIS MiHIMI3allli 3arajJibHOi BapTOCTI 32 YMOBH 3aJI0BOJICHHS 3alMTIB aJMIHICT-
pauii pipmu? SIka miHIManbHA BapTICTh MEPEBE3EHD, 110 3aI0BOJILHSIOTH HaBe-

JIIEHUM BHIIE OOMEKEHHAM?

BapianT 53
VYpsaoBuii 3aknaj ofep:kaB HacTyIHI npono3uiii Big gipm @1, @2 1 O3

Ha MOKYIKY ¢ipMOBUX NanbTo TphoX po3mipiB X, XL, XXL (tad:ma. 88).

Tabnuys 88
, BapricTe onHOro najabTo, Jii.
®ipma
L XL XXL
d1 110 115 126
D2 107 115 130
@3 104 109 116
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[ToBunHI OyTH yKiaaeHi KOHTpakTH Ha npoaax 1000 mamsto po3mipy L,
1500 maneTo posmipy XL, 1200 manbero po3mipy XX, olHaK 0OOMEXEHICTh BU-
POOHUYMX MOTYXKHOCTEH (PipM MPUBOJIUTH JI0 TOTO, IO 3arajbHa KIILKICTh 3a-
MOBJIEHb He Moxe nepeBepiryBatu 1000 manbro mis pipmu @1, 1500 mansTo
st pipmu D2 1 2500 manbto s pipmu D3. HeoOxigHo, 1100 111 KOHTPAKTH
Oynu yKJajzieH1 3 MiHIMI3aIl€r0 3arajibHOT BAPTOCTI, OJJHAK OOMEKEHHS MMOBUHHI
OyTH po3mojiiieH1 mo gipmax sk MOKHA cIpaBe/jIuBiiIe. Sk BapTO pO3NOALUIUTH

3aMOBJICHHA OJI1 BUKOHAHHA TUX BHUMOT?

BapianT 54

CranemiaBrmiibHa KOMIIaHIsI Mae TpH 3aBoau M1, M2 1 M3, 3xgaTtHi 3pobu-
TH 3a Jeskui mpomixkok dacy 50, 30 1 20 Tuc. ToOHH cTanu, BinoBigHO. CBOIO
MPOAYKLII0 KOMIIaHIA MOCTaBisie YoTHpboM crioxkuBavam 31, 32, 33 1 34, not-
pedu KX CTaHOBIATH, BiAmoBiaHO 12, 15, 25 1 36 Tuc. ToHH craii. BapTicTh
BUPOOHHUIITBA ¥ TPaHCHOPTYBaHHS | THC. TOHH CTajl 3 Pi3HUX 3aBOJMAIB PI3HUM
CIIO’KMBadaM HaBenleH1 B Tabmuill 89.

BusnauuThs MiHIMalIbHI 3arajbHy BapTICTh, 0OCSATH BUPOOHHUIITBA HA KOXK-

HOMY 3aBO/I1 1 TUIaHU NIEPEBE3ECHb.

Tabnuys 89
CnoxuBau Jasor
MI1 M2 M3
31 15 19 14
32 19 18 16
33 19 18 20
34 15 19 18
BapianT 55

Yortupu cranenuBapHux 3aBogu 1, 2, 3 1 4 poOaaTh MIOTHUXKHSA, BIATIOBII-
HO, 950, 300, 1350 1 450 ToHH cTanu neBHOTO copTy. CTaneBi OOIBaHKY MOBUH-
Hi OyTH niepenani crioxuBadam [11, I12, 113, I14 1 I15, moTmwkHEBI 3aMUTH SKUX
CTaHOBJIATH BianoBigHO, 250, 1000, 700, 650 1450 ToHH cTamm.

Bapricth TpancnopTyBaHHS BiJl 3aBOJIIB /IO CIIOKMBa4iB HaBelIeHA B Ta0-

st 90.
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Sxuit mOTpiOHO CKIACTH TUIAH PO3MOAUTY CTaleBUX OOJBAHOK, 100 MiHi-

MI3yBaTH 3arajibHy BapTiCTh?

Tabnuys 90
3asox CnoxuBau
I11 112 13 [14 I15
1 12 16 21 19 32
2 4 4 9 5 24
3 3 8 14 10 26
4 24 33 36 34 49
Bapiaunt 56

VY nesikiil MiclieBOCTI y ABOX MyHKTax A 1 B € morpeba B gogaTkoBoMy
TpaHcnopTi. B myHKTI A moTpibHO 5 momarkoBux aBTOOYCIB, a B MyHKTI B -7.
Binomo, mo 3, 4 1 5 aBTo0yciB MOXKYTh OyTH oTpuMaHni 3 rapaxis I'l, I2 1 I'3.

Sk BapTO pO3MOAUIUTH I1i aBTOOYCH Mk MyHKTamMu A 1 B, mo6 mMiHIMi3y-
BaTH iXHIH cyMmapHuii mpobir? Bijxcrani Bia rapaxiB 10 MyHKTIB A 1 B HaBeneHi

B a0 91.

Tabnuysa 91
Biacranp 10 myHKTIB, KM
lapax

A B
I'l 3 4
2 1 3
I3 4 2

Bapiant 57

3aBoau ¢ipmu posramonaHi B mictax ['1 1 I'2. Bonu nocTaBisioTs ToBapu
Ha ckiaagu micT 31, 32 1 33. Bigcradns MK IMMH MicTaMU HaBeIeH1 B TaOJIHMIIl
92.

3aBon y micti I'l Bumyckae B pik 600 T ToBapis, y micti ['2 - 500 1. Cxnan
31 ymimae 400 T, 32 - 600 T, 33 - 300 T. SIk BapTO TpaHCHIOPTYBATH TOBAPH IS

MIHIMI3aIlii I[IH Ha TepeBE3CHHS ?
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Tabnuys 92

31 32 33
I'l 40 110 190
2 170 100 150

Ha noposi I'l-I'2 BenyThcst poOOTH, 110 MOJBOIOIOTH BAPTICTh MEPEBE3EHD

1o Hiif. Sk Ou BU neperssiHyJv IiaH NepeBe3eHb?

BapianT 58

B ob6nacti € n1Ba 1ieMeHTHUX 3aBOJM W TPU CIOKHMBA4l Ha IXHIO MPOIYK-
1110 - TOMOOYAIBHUX KOMOIHaTH. Y Tabuuii 93 3a3HaueHi 1000B1 00CATH BUPO-
OHMILITBA [IEMEHTY, 1000B1 MOTPeON B HHOMY KOMOIHATIB 1 BapTICTh MEPEBE3CHHS
1 T IEMEHTY BiJ KOKHOTO 3aBOJY /10 KOKHOTO KOMOIHATY.

[ToTpiOHO CcKIacTH MIaH JOOOBHUX MEPEBE3EHb LIEMEHTY 3 METOI0 MiHIMI-

3aIlii TPaHCIIOPTHUX BUTpAT.

Tabnuys 93
3 BupobHunreo nemen- BapricTts nepeBe3enns 1 T ueMeHry (mii.)
aBO/IM
8 Ty (T/1002) Komb6inar 1 | Kombinat 2 Komb6inar 3
40 10 15 20
2 60 20 30 30
I1 0 1
oTpeda B IEMEHTI 50 20 30
(T/mo6a)
BapianT 59

VY MmicTi A HamMi4eHO MPOBECTU MICHKY OJIMIIAAy MO MaTEeMaTHIll Cepe
HIKOJISIPIB, IPUUYOMY OKPEMO IO CiMOX po3aiax. Jlig Hporo KokHa UIIKOJIA Mo-
BUHHA TIPEICTaBUTH HA OJIIMITIaAy MO 7 MIKOISAPIB JIJIsl y4acTi O OJHOMY B KO-
AKHOMY PO3JILIIL.

Koxna mikona Bu3Ha4ymiIa 1mo 7 mMKOISAPiB y komanmy. [Ipudgomy Bigomo,
10 KOKHUH 13 CEMU YYHIB MOJKE 3a BIJIMYIICHUN Yac BUPIIIUTU MPABUIBHO Ha-

CTYIHY KUIBKICTh 3aJ1a4 (Ta0.. 94).
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BusHauuTh, XTO 1 y IKOMY PO3iIi OJIMITia i TIOBUHEH OpaTH y4acThb.

Tabnuys 94
KinbKicTh MpaBUIbHO BUPILIEHUX 33/1a4 110 KOXKHOMY 13 CEMH PO3-
Homep TTIB
y4acHUKaA Homep pozainy

1 2 3 4 3) 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

3) 16 13 22 20 23 34 17

6 13 15 18 14 26 29 18

7 12 11 16 17 17 24 10
BapianT 60

[T'ste criBpoOITHHKIB 3 HOMepamu 1, 2, 3, 4, 5 37aTHI BUKOHATH I1'ITh 3a-
BJIaHb 13 HOMepamu 31, 32, 33, 34, 35. B cuny pi3Hoi kBamidikalli Ha BAKOHaH-
HS [IUX 3aBAaHb iM Oyae moTpiOHO pi3HUM Yac. SIK BapTO PO3MOAUIMTH JIFOACH
10 3aBJaHHAX, 11100 MIHIMI3yBaTH Yac BUKOHaHHS? Yac BUKOHaHHS (y TOJMHAX)

HaBeeH1 B Tadauin 95.

Tabnuys 95
) ) 3aBaHHs

CriBpoOITHUKH

31 32 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
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BapianT 61

Ha noBopiuHOMY Beuopi Oyne NpoBeNeHUN KOHKYPC Cepell TaHIIOBAlb-
HUX mnap. JleB'sTh 1OHAKIB 1 JEB'SITh AiBUAT JaBHO 3HAMOMI OJMH 3 OJHUM 1 3Ha-
I0Th, XTO 3 KHM 1 SK TaHItO€. SIKiCTh BUKOHAaHHS TAaHIIB IapaMH 10
I’ ITUOANIbHIN CUCTEMI B PI3HUX CHOJYYEHHSX MAapTHEPIB OIIHIOETHCA TaK, 5K 1€

mokasaHo B tabmuuii 96.

Tabnuys 96

= Q o, 4= 2 = =

< = aa o S —~ =
["anHa 3 4 5 2 4 5 3 2 5
Inna 4 4 2 4 5 4 5 5 3
INanuna 2 4 3 5 4 5 3 4 5
Hap's 3 4 5 5 3 4 4 3 3
Mapis 4 5 5 3 4 5 3 5 4
Kupa 3 2 3 5 4 5 2 3 5
Ipuna 5 2 4 3 2 5 3 4 5
Jlapuca | 3 3 2 5 4 4 5 5 4
Hina 4 5 2 3 4 4 3 5 4

Ak noTpiOHO CKJIACTH TAHIIOBAIBHI MapH, 1100 Yy CyMl HAOpaTH HANOUIb-

1y KUTBKICTh OamiB?
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IIMTAHHA JJ4 CAMOKOHTPOJIIO

1 [laiiTe BUBHAUEHHS TaKUM TEpMIHAM:
- MaTeMaTU4YHe POrpaMyBaHHS;
- JTiHIWHE Ta KBaJApaTUIHE MPOTrpaMyBaHHS;
- IThOBA (DYHKITIS;
- cucteMa 0OMEKEHb;
- IJ1aH 3a71a4i;
- MaTeMaTUYHa MOJIETIb;
- IPUITYCTUME PO3B’SI3aHHSA 1 ONTUMATIBHUH TJIaH 3a/1aui.
2 Sk 3anmcaTy 3a7avy JIHIHHOTO MPOrpaMyBaHHs B MaTpUUHINA Gopmi.
3 Sk BuOpaTu MeToa po3B’si3aHHS (HopMasIi30BaHOI 3a1a4i.
4 Sk 3HaiiTH 32 rpadikoM ONTHUMAJIbHE 3HAYEHHS LIJIbOBOI (DYHKIIII.
5 Tumm 3amay JIII: crangapTHa, KAHOHIYHA, 3aTajIbHOTO BHTY.
6 Sk oxep:kaTu JBOICTY 3a/1a4y.
7 Sk BU3HAYUTH THUIT TPAHCTIOPTHOT 3a1a4l.
8 ki nBa TUIHK 3a/1a4 MiXKrajay3eBoro 6aiancy Bu 3Haere.
9 IMoHATTS HEMIHIHHOTO POTPaMyBaHHS.
10 ITonsTTS OGaraTokpuTepiaaIbHUX 3a7a9 B €KOHOMIIII.
11 Anroputm noOyayBaHHS JIBOICTO1 3a7a4i A0 3a7a4l KAHOHIYHOT'O BUJLY.
12 I'moGanbHUil €KCTpEMYM, YMOBHHUH €KCTpeMyM, HalOuiblie W Haii-
MeEHIIe 3HaYeHHs (PyHKIII1 B 00JIaCTI.
13 Anroput™m o0y IyBaHHS ABOICTOI 3a/1a4i JI0 3a/1a4i 3arajIbHOTO BH]TY.
14 Anroput™M 3HaXOKEHHS HAWOLIBIIOrO 3HAYCeHHS (PYHKIII B AesKid
obuacTi (HenmiHIHE POrpaMyBaHHS).
15 Anroputm nmoOyayBaHHs IBOIiCTOI 3aja4i 0 3a7a4i CTaHAAPTHOTO BU-
Ay.
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NPUKJIAJIU 3ABJJAHb 3 KOHTPOJBbHOI POBOTH

Bapianr 1

1 TToGynyBaTu ABoicTy 3aaauy 1o 3anayi JIII.

Z=2X%, +6X, —X; — min
X, +4x, <4

X, —9X, +6X;, =5

X, +5X, 29

X, 20

X, 20

2 Ilpwu pimeHHi npsMoi W nBoicToi 3agaui ofepxkanu Fmax = Gmin. o

MO>KHA CKa3aTH IMpo JlaHe po3B’si3aHHs. Ha miacrasi sikoi TeopeMu?

BapianT 2
1 IToOynyBaTu nBoicTy 3amaudy ao 3agaui JIII.

Z=X +X,—4X, - max
X, + X3 +5X, <8

X, = 3X,

3X, —2X; —3X, =26

X, 20

X, 20

Xg 20

2 Ilicns po3B’si3aHHA ABOICTOI 3a/1a4l OJIep>KaJld HACTYIHI OL[IHKH pecyp-
ciB: y1 =0, Y» = 2, y3 = 3. Illo MmoxHa cka3aTu mpo pecypcu npsimoi 3agadi. Ha

M1JICTaB1 SKO1 TeOpeMu?

BapianT 3
1 IToOynyBaTu nBOicTy 3amaudy ao 3agaui JIII.
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Z =3X%, +95X, —6X; — max
X, +X, +X, =6

3X; —4X, +5X; <17

A%, + Xy + Xy + X, 212

X, 20

X, =20

2 Ilicnsa po3B’si3aHHS JBOICTOI 3a7a4l OJIepKajaud HACTYITHI OOMEKCHHS:
2=2,3>2,45=4.5. lllo MOxXHa CcKa3aTH Mpo IJIaH MPAMOi 3a/1adi (SIKi TeXHO-

jorii BurigHi). Ha mijgcraBi sikoi TeopeMu?

BapianT 4
1 TloOynyBaTu aBoicTy 3anaudy mo 3agaui JIII.

Z=X +2X,+3X;, —>min
2X, +X%; =9

X, +3X, —4X; =3

X, =X, +X; <3

X =0

X, >0

2 Ilicns po3B’s3aHHs mpsMoi W aBoicTol 3amadi oxaepkanu Fmax = 50,
y1 =2, Y, = 1. Ilepmmii pecypc 30UIbIIMIM HA 3 OJWHUIN ¥ 3HAWILIA HOBE
po3B’si3anHsa. YoMy HOpiBHIOE HOBE 3Ha4YeHHsS IUIH0BOI (yHKIii? Ha mimcrasi

q0ro?

Bapiant 5
1 TloOynyBaTu aBoicTy 3amauy mo 3agayi JIII.
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Z=2%+3X,+X; > min

X, +2X, +4X; 212
2%, — X, <10

— X +3X, +5%; =1
X =0

Xs 20

2 Ilicns po3B’si3aHHS MPSMOI 3adadi OJiep’Kajlyd HACTYIHI 3HAYCHHS:

X1 =9, X2 =0, X3 = 3. lIlo MOkHa CcKa3aTu MPO BUKOHAHHS OOMEXEHb IBOICTOL

3anmaui. Ha migcrasi sikoi Teopemu?

BapianT 6
1 [To6ymyBaTu aBoicTy 3amauy mno 3agadi JIIT.

Z=X,+X; +X, —>max

X, +4X, =X, +X, <8
3X, +5X, =7
12X, +4X, = X; +X, =8
X; 20

X, 20

2 Ilicna po3B’si3aHHS TpsIMOI 3a7advl OAep Kajdu HACTYNHI OOMEXKEHHS:

25 =25, 43 <45, 55 = 55. [1lo MoxHa cKa3aTH PO JBOICTI OMIHKH pecypciB. Ha

MiJICTaB1 sIKOi TeopemMu?
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JTOJIATOK A MAKET MAPLE

JexoTpi nani npo podory B naketi Maple

[TakeT € KOMaHAHUM TTAKETOM, TOMY IO MPALIOE 3 KOMaHJaMu (OnepaTo-
pamm), siki Tpeba HaOupaTH Ha KiaBlaTypl. BUKOHyeThCs onepatop micisl HaTH-
CKy Ha kiaBimy «Entery». 3amporneHHsM s BBOLY oOlepaTopa € 3HaK [>.
Komanau po3auisioTbesi CUMBOIAMU «:» a00 «;». SIKI0 KOMaHJa 3aKIHYYEThCS
CHMBOJIOM «:», TO P€3yJbTarT Il BUKOHAHHS HA €KPAaH HE BUBOJAUTHCA. SIKIIO
KOMaH/a 3aKIHYY€EThCS CUMBOJIOM <G;», TO PE3YyJbTaT ii BUKOHAHHS BUBOJIUTHCSA
Ha EKpaH.

AbGetrka Maple mictuth OyKBH JaTHHCHKOT a0eTKH OT @ 710 Z U oT A 110 Z,
mudpu ot 0 10 9 m 32 cnemianbaUX 3HaKa. K crieriaabHUM 3HaKaM BiTHOCSTHCS:

+, -, *, [ - 3Haku apudmeTHUHUX onepaniii;

N - 3BeneHHS B CTYMIHB; U T.1H.

Im'st 3MiHHOT MOXe OyTH OyIb-IKOIO MOCIITOBHICTIO OYKB, QD 1 3HAKIB
MIJKPECICHHsI, 10 TOYMHAETHCS 3 OYKBH. DByKBM BEPXHBOTO 1 HHXXHBOTO
PEricTpIB PI3HATHCA B IMEHAX 3MIHHUX: X 1 X - 1€ p13H1 3MIHHI.

Anre0OpaiyHi BUpa3u 3alKCYIOThCS TaK, HaNpUKIIA/,

2 3
ac| 2+ — |=a2*(2+3/sqgrt(b)).
N ( qrt(b))

Komanam «=» 1 «:=». BigMiHa npucBOIOBaHHSA

Komanna «:=» mpuCcBOIO€ 3HAUYCHHS 3MIHHUM, BUpa3 (QYHKIISM U T.iH.
KoMaHga «=» mpocTo BUKOPUCTOBYETHCS B PIBHSIHHSX.

Onepamop npuceorosanis Ma€ BUTIIAA IM’sl 3SMIHHOI := BHPAa3;

Cuctema 30epirae B maM'ati pe3yiabTaTh BCIX KOMaH]I yCiX 3aBaHTaXEHUX
JTOKyMeHTIB. TomMy pe3ylbTaTh OOYHUCICHb Yy MOTOYHOMY JOKYMEHTI MOXYTb
BUSIBUTHCS 3aJIKHUMHU B1J] BU3HAUYEHb, 3pO0JICHUX B IHIIUX JTOKYMEHTaX.

Jlst ckacyBaHHSI omeparlii MpUCBOIOBAHHS MOKHA CKOPHUCTATHCS OTHUM 3

HACTYITHUX CITOCOOIB:
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1) skmo HeoOXiAHO CKacyBaTH MPHUCBOIOBAHHS 3HAYEHb I BCIX TMepe-
MIHHUX, MOKHa BUKOPUCTOBYBaTH KomaHay restart. Ils komanaa ckacoBye Bci
MonepeH1 BU3BHAUYCHHS, CKACOBYE 3aJICKHICTh 3HAUEHb NEPEMIHHUX BIJ] PE3yJib-
TaTiB POOOTH IHIIUX JOKYMEHTIB. li BAPTO 3aCTOCOBYBATH, KOJIH MONEPETHS Ua-
CTMHA KOMaH]I JOKyYMEHTa He BaxJuBa. TOMy LI0 KOMaHJy PEKOMEHAYETHCS
CTaBUTH NEPLIOIKO.

2) ns ckacyBaHHS MPUCBOIOBAHHS KOHKPETHOI MEPEMIHHOI MOXHA CKO-

pHUCTATHUCS ONEpaTOPOM BUIY iM’l 3MIHHOI:=" iM’l 3MIHHOI ';.

Ipuxnao:
> X:=a+tb; y:=x"2;
X=a+b
y=(a+b)?
> x:="X"
> X3Y;
X
(a+b)?

@yukuis kopucryBaya. O04ucIeHHs 3HaYeHb PyHKIIT

DyHKIIIS KOPUCTYBaua 3a/1a€Thes oneparopoM IM's GyHKIIT:=BUpaKeHHS

Hanpukinan:

> yi=xX"N2,;

o0 obuncnuT 3HaYeHHS (QYHKLI] IpHU AESSIKOMY 3HAUY€HHI apryMEHTY,

HEOOX1JTHO apTyMEHTOB1 MPUBIACHUTH 3HAUEHHS 1 BKa3aTH IM'st PYHKITII.
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> X:=Pi;y;

Axmo Maple 3anucaB pe3ynbTaT B aHAIITUYHOMY BUI1 , TO JUJISl YHCEIb-
HOT'O TMPEACTaBJICHHs MOTPIOHO BUKOpUCTOBYBaTu omeparop evalf(y,k); ne y -

BUpaXXEHHS , k - KITbKICTh 3HAYYIITUX [HPDP.

> evalf(y);
9.869604404
> evalf(y,4);
9.872

IloOynoBa rpagika ¢pynkuii

OcHoBHa (YHKIISI CHUCTEMH, MpPU3HAYEHA JJIsi MOOYJOBU JIBOBUMIPHUX
rpadikiB, Mae urisa plot(y, x=a..b, option) .

Tyt y = f(X) - ynkuis, x = a..b - giana3on 3MiH Mo ropu30HTANI, Option -
JOIaTKOBI (PYHKIII].

o6 moOyayBaTH HAa OJHOMY MAJIFOHKY I'padiku AEKUTbKOX (DYHKIIIH, He-
00X1HO MepeaiyuTH NOoTpIOH1 PyHKIIT a00 iXH1 IMEHa, YKJIABIIU iXHIO MOCII0-
BHICTh y KBaJIpaTHI AYXKHU . ¥YCl BUKOPUCTOBYBaH1 (yHKI[Ii TOBHHHI 3aJIeXKaTH
BiJl apryMEHTY, TO3HAYEHOTO OJJHAKOBHUM IM'SIM .

3a 3aMOBYYBaHHSIM TIpadiku 300paKyIOTHCS KOJTHOPOBUMU JIIHISIMHU: Yep-
Bouuii (red), senenuii (green), xostuid (yellow), cuniit (blue) i T.1. Ane npu
PO3IPYKIBIII MaJlfOHKA B YOPHO-O1JIOMY BapiaHTi rpadiku CTalOTh HE MOMITHHU-
Mu. ToMy, JIsi HAOYHOCTI, Pi3HI KPUBI 300pakylOTh PI3HUMH CIIOCOOaMHU, MpHU
IIbOMY KOJIip YKa3ytoTh yopHuii (color = black).

1 JIinii pi3HO1 TOBIIMHU 3a7al0Thcsl TapamerpoMm thickness. ToBiuHa Ji-

HIi MOke OyTH 10piBHIOE 1 (32 3aMOBUyBaHHAM), 2 abo 3.
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>yli=x: y2:=x"2: y3:=x"3:
> plot([yl,y2,y3],x=-1..1, thickness=[1,2,3],color=black);

Pesynprar — Ha puc. A.1.

-1

-1
Pucynok A.1

2 Jlinist 3amaeTbes kpankamu — Style = point. [Ipu nbomy MoxHa 3a/1aBa-

TH BUJ] CUMBOJIIB, 110 300paXKyt0Th Kpamnku rpadika — symbol = s. Moxe npuii-

MaTH OJTHE 3 HACTYIHUX 3Ha4eHb: DOX - KBajpaTHKHU, CrOSS - XpEeCTHKH (3a 3a-

MOBYYBaHHM), circle- kpy>xeuku, point - kpanku 1 diamond - poMOukwu.

>plot([yl,y2,y3], x=-1..1, style=point, symbol=[cross,circle,diamond],
color=black);

PesynbTaT — Ha puc. A.2.
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Pucynox A.2
3 JlomyckaeTbcst KOMOIHAITIST CTHITIB JTIHII:
>plot([yl,y2,y3], x=-1..1, style=[point,point,line],

symbol=[cross,circle], thickness=[1,1,2], color=black);

Pe3synprar — Ha puc. A.3.

-1
Pucynox A.3
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Omuii thickness, color, style, symbol komannu plot MoxxyTh po3TarioByBa-

THUCA B I[OBiJIBHOMy MOPAAKY.

Texcr Ha rpagiky

1 3aronoBok 3agaethes omnuiero title = 'texer’.

2 Komanpa textplot([t_x, t_y, psigok], onii), 1110 BXoauTh y naket plots,
Ja€ MOXKJIMBICTh MOMIIIATH TEKCT Ha rpadiky B 3aaaHiil kpammi. Tyt t X, t Y, -
KOOPJIMHATH KPAIKH , TOYMHAOYH 3 SKOI PO3MIIIAETHCS PSJIOK.

Sk omiyi MOYKHA BKa3aTH:

Font = [ma3Ba _mpudry, cTH/Ib, po3Mmip|.

Ha3Ba 1mpudTy: times, courier, helvetica, symbol,;

CTUJIL: roman, bold, italic, bolditalic;

po3Mip: po3mip mpugry;

align = v -po3MilleHHsl TEKCTY Ha MaJlOHKYy. BennuuHa v npuiimMae 3Ha-
yenHs below (amwkue), right (Bripaso), above (Bumie), left (yniso) .

IMpuknanu  ommiii:  align = below a6o align = {above, right},
font = [times, italic,12].

Cnouaydenns rpadikis i HanuciB

Komanna display([pic_1, pic_2, ...]) cnonyuae rpadiku .

Komanna BuBoguTh pic_1, pic 2, ... HA OAHOMY MAJIOHKY B 3arajbHUX
KoopanHaTax. [Iyis 3acTocyBaHHS I1i€l KOMaHIU MOTPiOHO MPHUBIACHUTH 3MiH-
HUM pic 1, pic_2, ... mii rpadiyHUX KOMaH/I,.

Ilpuknao. Opepxatu  rpadiku  dyskmin  FI(x) =sin(x)-1 1

F2(x) = 1+cos(x). 3podutn Hanuc Ha MajoHKax: F1(x) u F2(x).

> with(plots):
> t1:=textplot({[2,2,"F1(X)'], [2,-2,"F2(X) ]}, font=[ TIMES, BOLDITALIC,

12]):
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> 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));

PesynbTar — Ha puc. A.4.

f1ix)=1+cosx), f2(=sin(<-1

FIfX)

Pucynok A.4

IHoOynoBa rpadiunoro po3s’si3aHHs cUCTEMH HePiBHOCTel

Tpeba po3B’si3atu rpadiqyHO CUCTEMY HEPIBHOCTEM

X1 +3Xo 2 6,
7% +10xo <70,
4x1 —5Xy = -20,
X1 =0,
X2 2 0.

Komanma ouniieHss nam'sri;
bi | 111
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> restart:

BBoauMo HepIBHOCTI

> 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
g3 :=-20<4x1-5x%2

Komanau niaxatoueHHs: 610,110TeK pO3MIUPEHOI Ipadiku:

> with(plots):

Komanga noOynoBu 001acTi pillieHb:

>inequal({g1,02,03, x1>=0, x2>=0}, x1=0..10, x2=0..10,

optionsexcluded=(color=white ));

Pesynbrar — Ha puc. A.S.

10

0 2 4 6 g8 10

Pucynox A.5
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Ilpumimka. J1ns BipHoro macmraly Tpebda BUAUTHTH Tpadik Ta HATUCHY-

TU KHOIIKY Ha TIaHenm 1HCTpyMeHTiB Maple

Po3B’5130K piBHSIHb, HEPIBHOCTEI M CHUCTEM PIBHSHDb i HEPiBHOCTEH

J171st po3B’si3aHHS PIBHSIHB, HEPIBHOCTEH 1 IXHIX CUCTEM B aHATITUYHOMY
BUJII BUKOpUCTOBY€EThCs (yHKIIist Solve(eqn, var).

Tyt eqn - piBHAHHS, HEPIBHICTh a00 cUCTeMa, Var - IMEHa HEBIJOMUX
3MIHHHX, 3HAYEHHS IKUX HEOOX1THO 3HAWTH.

SAxio cucteMa He 3MOrja 3HAWTH PO3B’S3aHHSA , TO B IIbOMY BHUMAAKY
MIPOCTO BUIAETHCS 3AMPOIICHHS BBEICHHS.

SIkiio piBHsHHS B SOIVe ykiaaeHo y GirypHi AyXKH , TO pe3ysibTaT Oye
Npe/ICTaBIIEHUN TEX y JyKKaxX .

st po3B’s3aHHSI CUCTEMH PIBHSAHB IT0JI0 JESKOI KUIBKOCTI HEBIJOMUX,

i cUCTeMa 1 HEB1JIOM1 MOBUHH1 OYTH 3amucaHi y QIrypHUX AYKKaX .

> s:=solve({a*x-y=sqrt(3), 5*x+a*y=1}, {x, y});

_—a+543 (o 23+1
a’+5 ' a’+5

s:={y= }

JI71st 9rCcebHOT0 PO3B’SI3aHHSI CUCTEM PIBHSHB, KOJIM HE BJIA€THCS 3HAUTH
aHAMITHYHE PO3B’sI3aHHA a00 MO 1HITUX PO3YMIHHSIX , MOKHA BUKOPUCTOBYBATU
dynkuito Bugy fsolve( egns, vars) .

JI71s1 monIyKy pilieHb B OKOJIMII SIKOI-HEOY/Ib KOHKPETHOI Kpanku , Heoo-

X17HO 3aJ1aBaTH 1HTEPBaJ MOIIYKY, 110 BKJIIOYAE B ce0e 110 KpamKy
> fi=sin(x+y) - exp(X)*y =0: g :=x"2 -y = 2:

> fsolve({f,g},{x,y},{x=-1..1,y=-2..0});
{y =-1.552838698, x = -.6687012050}
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3HaxX0IKeHHSI MAKCUMYMY (MiHIMYyMY) JiHiHHOI GyHKIIl

Po3B’s13aHHs 3a/1a4 JIHIAHOTO MpOrpaMyBaHHS BUKOHYETHCS 010J110TEKOIO
nporpam «simplex». [linkirodaerbes g 010110Teka komanaow with(simplex):.
Makcumym ab0 MIHIMYM IUTHOBOT (PYHKITIT ITYKAIOTHCS KOMaH/IaMH:

maximize(f, sog 101aTKOBI yMOBH);
minimize(f, sog 101aTKOBI YMOBH);
Tyt f - minsoBa dyHKIis;
S0Q - cucTeMa 0OMEKEHb,
A0JATKOBI YMOBH, BU3HAYAIOTHCS 3HAKAMU 3MIHHUX.
Hexaii, Hanpukiiasn, 1miapoBa QYHKIIS 3aJI€XKUTh BT TPhOX 3MIHHHX X1,
X2, X3. Sxmo Bci Tpu 3MiHHI HeBig'emHi (x1>0, x2>0, x3>0), Toai komaHaa Ha
MOITYK MAaKCUMYMY JTA€ThCS TaK:
maximize(f, sog, NONNEGATIVE);
Axmo HeBim'emHl TUIbKM AB1 3MiHHI (x1>0, X3>0), a x2 moxe OyTu
JIOBUIBHOT'O 3HaKa, TO KOMaH/1a Ha MOIIYK MAKCUMYMY JTA€ThCS TaK:
maximize(f, sog union {x1>=0, x3>=0});
Skio BCl TpU 3MiHHI MOXYTh OYTH JTIOBUILHOTO 3HaKa, TO KOMaHJa Ha
MOITYK MAaKCUMYMY JTA€ThCS TaK:
maximize(f, sog);

s nowtyky MiHiMymy KOMAHOA aHano2iuua 3a CMpYKmyporo.

3HaxoIKeHHs eKcTpeMyMoOB (yHKIii B maketri Maple

[Tepen 3BepHEeHHSAM 10 QYHKIIIT OOUUCICHHS EKCTPEMYMIB, HEOOX1THO 3a-
rpy3utu 0i0moTeky komangoro readlib(extrema).
Jlns momyky ekcTpemMyMmiB B makeri Maple BUKOPHUCTOBY€EThCS  (PYHKITIS
BUY
extrema(dynkitis, oOMexeHHs, 3MiHH, 'S") .
Pesynbrar - 3nadeHHs ¢yHkuii B Touli exkcrpemymy. I[o6 BuU3HAuMTH

KOOpPJIMHATH TOUKH EKCTpEMyMY, Tpeba yka3zaTu napamerp 's'.
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OO6o0B’s13k0BHI TTapaMeTp @yHKyis TOBUHEH OyTH anredpaiyHUM BHpa-
30M.

OOMexXeHHsI MOXKYTh OyTH BUpa3aMH, HEPIBHOCTSIMU, PIBHAHHIMU. K10
OOMEXEHHS 3aJ]JaHO BUPAa30M, TO 1€l BUpa3 JOPIBHIOE HYIIO. KO0 OOMEeXEHHs
BIJICYTHI, TO IIei TapaMeTp 3a7a€ThCs y BUTIISI ITyCTOT MHOKUHH { }.

[TapameTp 3miHHa TTIOBUHEH MICTUTH iMEHA 3MIHHHUX, BITHOCHO SIKHX IITY-
KaeThCsl ekcTpeMyM. LliM iMeHaM He Moxke OyTH IPUCBOEHO HISIKUX 3HAUEHb.

SIKIIO BUKOPUCTOBYETHCS mapaMerp S (4u skach iHIa OykBa), TO iMeHa
3MIHHUX MOBUHHI OyTH yKa3aHi siBHO. B 11bOMy BHMaJIKy pe3yJlbTaT — MHOKHHA
TOYOK €KCTpEMyMY — OyJie MPUCBOEHO BKa3aHiil 3MIHHOM S.

Ilpuknaou:

1. 3uaiitn ekcrpemym GyHkuii f =x?-1 > readlib(extrema):
> extrema(x”2-1, {}, x);
Pesynbrar - 3nHaueHHs QyHKITT {-1}

> readlib(extrema):

> extrema(x~2-1, {}, x,q); Q;

Pesynbrar - 3HaueHHs QyHKIii, Ta TOY- {-1}

Ka EKCTPEMyMY {{x =0}}

2.  3Buaiitm  ekctpemym  ¢ynkuii > readlib(extrema):

f =x+y?, AKIIO y = X > extrema(x+y”2, {y=x}, {x,y});
Pesynbrar - 3HaueHHs QyHKIIT {-1/4}

> readlib(extrema):
> extrema(x+y”2, {y=x}, {x,y}, s);
> S,

Pesynbrar - 3HaueHHs QyHKIIT, Ta TOY- {-1/4}

Ka EKCTPEMYMY {x=-1/12,y =-1/2}}
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JOJATOK b PO3B’SA30K 3AJAY MATEMATHYHOTI O
INPOI'PAMYBAHHSA B ITAKETI EXCEL FOR WINDOWS

Jliis Toro, mo6 y Excel MmoskHa Oyito po3B’si3yBaTH 3ajavi Ha SKCTPEMYM,
HEOOX1THO MiJIKIIFOYUTH T0AATKOBY om0 «llouwiyk po3e’azannsy. JIig uporo y
MeHio «Cepeicy obupaemo xkomaHny «Haooyooeu» 1 momivaemo omiito «lo-

wiyK po3e’azannay. Tenep usg KoManaa 3’ siBUTbCs y MeHio «Cepaicy.

Ilpukaan po3s’sizanns 3aga4i JIII 3 1adbopaTopnoi podoru Ne 1

Posrnsaemo posw’szanns 3anayi JIIT npuknagy 2 3 nabopaTtopHoi po6oTH
No 1.

Hexaii He0OX1IHO 3HAUTH (Xl, XZ), npu Akux pyskuia F =2x; + Xo no-
csira€ MakCUMyMY, IIPUUOMY Xq, Xo MOBUHHI 3aJ0BOJIbHATH HACTYIHINA CUCTEMI

oomexens (COB):

X1 + 3X2 > 6,

7X1 +10X2 <70,

4X1 — 5X2 > 20,
X1 20,xp 20.

Jlis Toro, 100 BUPILIXTH IO 3a/1a4y 3a Jornomororw Excel, Tpeda:

1 Ha poGodomy sucTi 3anvcaty BuxijHi qan#i (puc. b.1).

2 Jlam Ttpeba 3amucaTtd GoOpMyIH, TIO SSIKUM OyIyTh OOYHCIIIOBATUCS I1i-
Jh0Ba (PYHKINIS Ta cUCTEMa oOMexeHb. /[ mboro Tpeba MOMHOXHUTH 3HAYCHHS
3MIHHHUX Ha BIAMOBiAHI KOe(DIIIEHTH Ta CKJIACTH M00yTKH. Kpalie BHKOPHCTO-
ByBatu pyHkuiro CYMMIIPOU3BE/] (puc. B.2).

Jjig moyaTKy 1 BETUYUHH OyyTh 1opiBHIOBATH 0.

3 3poOuTH aKTUBHOIO KJIITUHKY, /i€ 3amucana (popmysa oOYUCICHHS 3Ha-
yeHHs1 1UIb0BOI ¢GyHKINT (C10) Ta BukoHaTu komaHny: «Cepeicy, «llouwyx

PO38’A3AHHA.
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Ctpoku pobouoro nucra Excel

Ctpoku pobouoro nucra Excel

CroBnui po6oyoro nucta Excel

B C D E F
1 x1 X2
2 |KoediuieHTV LiNbOBOT y- 5 1
HKLLT
3
MpaBa uyacTu-{BHa4YeHHs
KoediuieHT cuctemm obmexeHb Ha oOmexeHb (0bmexeHb
4 1 3 >= 6
5 7 10 k= 70
6 4 5 p= -20
7
8 BHaYeHHS 3MiHHNX
9
10 |3nayenns LinboBoi doyHKuii
Pucynox b.1

CroBnui po6oyoro nucta Excel

A B C D E F
1 x1 X2
2 KoediuieHTu -
. 2 1
INbOBOT OYHKLj
3 MpaBa uvac
TMHA  obOme-
KoediuieHTn cnctemmn obmexeHb PKEHb BHayYeHHs 0bMexeHb
4 1 3 Pp= 6 =CYMMIMPON3B($B$8:$C$8;B4:C4)
5 7 10 k= 70 =CYMMIMPON3B($B$8:$C$8;B5:C5)
6 4 5 b= -20 =CYMMIMPON3B($B$8:$C$8;B6:C6)
7
8 3HaYEeHHA  3MiH-
HUX
9
10 |3nauenhst LinboBoi yHkuii FCYMMMPOW3B($B$8:$C$8;B2:C2)

METPU OOYMCIICHHS:

Pucynox b.2

4 3’ aButhes BikHO «[lowiyk po3e’azannay», B skoMy Tpeba 3ajaTu napa-

yKa3aTu MiHIMyM 200 MakcUMyM (GYHKIIT Oy/1eMo IIyKaTH;

nepenTu y BIKOHIIE "3MiHWOWuU KaimuHKu'" 1 BKa3aTU aJpecH KIITH-

HOK, JIe OyyTh 3HaAXOAUThCs 3HaueHHs 3MiHHUX (B8:C8);
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- Jlomatu oOMexeHHs. J[ns 1MpOro KIAMHYTH TO KHOMI «/[odamuy,
3’SIBUThCA BIKHO «/Jooamu oomesxncennsn». Y BikoHui «llocunannsa na
KIimuHKy» BKa3aTH aJpec KIITUHKH, 1€ 3HAXOAUThCSA Ghopmysa o04u-
CJICHHSI OOMEKEHHS, BUOpATH BUJ OOMEXKEHHS, Y BIKOHII «OQ0MerceH-
HA» BKa3aTH aJpec KIITHUHKH, /€ 3HAXOJUTHCS NpaBa yacTUHa oOMe-

xeHHs. Knannyru no kaomii «Jedamuy (puc. b.3).

_CbINka Ha ﬂ_HEﬁH':.-': CrpaHH4eHHE
$F$a =] == | |=sE$4 .t
] A I DTHEHS | A0BAEMTE | _Npaeka
Pucynox b.3

Tak BUKOHYETBHCS JUIsl KOXKHOT'O OOMEXEHHS.

3aranpHUM BUTJISIT BIKHA MTOBUHEH OyTH Takuil (puc. b.4):

| BEINOAHHTE I

YCTAHOEMTE WENEENVHD AUEHEN!

PaEHOR: (% makcvMansHoMy sHaYeHMio {0 3HAYEHHHO: |D

JaKpbITE |
" MMHMMANEHOMY SHAYEHHH
sMEHAA AHEHKH!
|$B$B:$C$Ei j’r_l MpeanonosHTE |
—OrpaHHHEHHA: OapareTpE |
$B$5 >=10 =l JoBaEmTE |
$C48 =10
$F$4 == $E44 [AZMEHMTE: |
$IE$§ {f $E$g BoccTaHOEHTE |
46 »= §E4 i W AANHTE |
CMpagka |
Pucynok b.4
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Knammnyru no xsonii  «Bukonamuy». OTpuUMaeMO Takuil pe3yiabTaT

(puc.b.5):

CroBnui po6oyoro nucrta Excel

A B C D E F
© 1 x1 X2
'cs-b 2 KoediLieHTn LinboBoi yHKUji 2 1
[ 3 MpaBa uvacTn-3Ha4YeHHs
o KoediuieHTn cnctemm obmexeHb Ha obmexeHb |obMmexeHb
g 4 1 3 >= 6 10
o 5 7 10 k= 70 70
8 6 4 5 b= -20 40
e |7
E 8 3HaYeHHS 3MiHHUX 10 0
2 go
=<
O W10  Bayenns LinboBoi dyHKLii 20

Pucynok b.5

I'padiune po3s’sa3anns 3agaqi JIII

VY makeri Excel Hemae MoxmuBOCTI BUpimyBaTH TpadidyHO CHCTEMY
HEpIBHOCTEH. AJie MOXKHA MOOYMyBaTH Ipadiku BIAMOBIIHUX PIBHSIHHb.

Jlnst ubro Tpeba BUPa3UTH X, YEPE3 X'

1
X, :2—§xl
X, +3X, > 6,
7% +10%, <70,= % =~ 5%
4x, — 95X, > =20, 4
X, =44+ =X

CkianeMo TaOnuIo, B KA BBEAEMO 3HAYEHHS Xj, a Xz PO3PAXYeEMO IO

dbopmynaM (TOCTaTHBO JABI TOYKH)
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x1 0 10
(1) 2,00 | -1,33
(2) 7 0
(3) 4 12

[Totim 6yayemo miarpamy. Tpeba BUALIUTH HAlTy MaJICHbKY TaOIHITIO.

Jns OynoBu aiarpaMu BUKOPHUCTOBYETHCS KOMaH/aa
,Bcmaeka—/liazpama” un xHonka ,Maiicmep OJiazpam” Ha TIAHEIH
IHCTPYMEHTIB ,,Cmandapmna”

Ilar 1. OOwupaemo Tun aiarpamu - Toukosa, 3’enHana diHisMu. JAJIL.

Ilar 2. OOupaemo naHi st miarpamu. Skmo Tabmuis Oyna BHIIIIEHA,
naHi 6epytbest aBromaTuaHo. JJAJIL

Ilar 3. 3amgaemo mapameTpu aiarpamu - OCHOBHI JiHiT cetku. JTAJIL

Ilar 4. Poswmimenss piarpamu - Ha Tekymiem aucti. TOTOBO (puc. b.6).

-
=)
\

N\

—o
- -
g —a— (3)

[}

Pucynox b.6
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Ilpukaan po3s’sizanns 3agayi JIII 3 madbopaTopHoi podoTu Ne 2

Jlnst BUpoOHUIITBA TPpbOX BUIIB BUPOOIB (A, B, C) BUKOPUCTOBYETHCS TPU

PI3HOMaHITHUX BUAM pecypciB. HopMu BUTpaT KOXHOrO 3 BHU[IB PECYPCIB Ha

OJIMHULIIO MPOAYKIIT KOXKHOTO BUIY, 3alacy PeCypciB 1 MPUOYTOK BiJl BUITYCKY

OJIMHMII TPOAYKIIT MTPUBE/ICH] B HACTYIHIN Tabuii b.1:

Tabnuys b. 1
Hopwmu Butpar Ha 1 Bupi6d
Bun pecypcis THUITY 3amacu pecypcis
A B C
Tpyn, moa-rogux 4 2 1 180
CupoBuHa, KT 3 1 3 210
YcrarkyBaHHs, TOAUH 1 2 5 244
[IpubyTOK, Tp.0x. 10 14 12 -

Busnaunty miiaH BUIYCKY MPOAYKINI, IPH SIKOMY CyMapHUN MPUOYTOK

MaKCHUMaJIbHUU.
Po3B’s3anHs 3amayi (puc. b.7, 5.8, 5.9, b.10).

Ctpoku poboyoro nucrta Ex-

cel

CroBnui po6oyoro nucta Excel

KinbkicTh BUpOOiB

A B | ¢ | D E F
1 Hopwmu Butpar Ha 1 Bupib THITy
> ’ A B C 3anacy{ pe- 3anaT'I/I
Bun pecypcis CypciB pecypci
3 [Tpym, mooa-t 4 2 1 180
4  |CupoBuHa, KT 3 1 3 210
5 |YcrarkyBaHHS, TOUH 1 2 5 244
6 [[Ipubyrok, rp.on. 10 14 12
7
8

Pucynox b.7 - Pobouuti aucm Excel 3 suxionumu oanumu
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Crosnui po6oyoro nucrta Excel

Ctpoku poboyoro nuc-

CTtpoku pob6oyoro nuc-

A B | ¢ | D E F
1 Hopwmu Butpart Ha 1 BupiO
n TUILY 3amacu pe-
2 Bupn pecypcei A B C cypciB 3arpatu pecypciB
3 Tpyn, moa-r 4 2 1 180 =CYMMMPOWN3B($B$8:$D$8;B3:D3)
4 |CupoBHHA, KT 3 1 3 210 =CYMMIMPOWN3B($B$8:$D$8;B4:D4)
5 [VcraTtkyBaHHs, roauH 1 2 5 244 =CYMMIMPOW3B($B$8:$D$8;B5:D5)
6 [[Ipu6yTOK, Ip.oj. 10 14 12 =CYMMMPOU3B($B$8:$D$8;B6:D6)
7
8 [KinbkicTh BUpOOiB | | | |

Pucynox B.8 - Pobouuii iucm Excel 3 gpopmynamu

Y¥CTAHOBMTE LENEEYHD AYEHEY!

PaBHOM: % MAKCHMANEHOMY SHAHSHHHD

i MHHHMMSNEHDMY ZH3YEHHHD

&

21
| BEINONHHTE I

™ 3HAHEHHHD! ID

SaKpEITE |

3MEHAA AHEHKH]
|$B$8:$D$8 %] MpeanonowTe |
HOrpaHH-EHHA: (apaMeTpbl |
$B45 ==10 =~ AoBaEmTE |
$C38 =0
$D$6 >=0 KEMEHHTE |
igi :::f igﬁ | BOCCTAHOEMTE |
_ ~ ¥AANHTE
$F45 <= $E$5 =l Crpaska |
Pucynox b.9 - Bikno «Ilowtyk po3e’azanusa»
CroBnui po6oyoro nucrta Excel
A B | Cc | D E F
1 Hopwmu Butpar Ha 1 Bupib THITy
3anacu 3arpaTu
2 Bun pecypcis A B C pecypciB | pecypciB
3 [Tpynm, moa-t 4 2 1 180 180
§ 4 |CuporuHa, KT 3 1 3 210 130
L 5 |V 1 2 5 244
m CTATKyBaHHsI, TOJAUH 244
= 6 |[Ipubyrox, rp.ox. 10 14 12 1340
7
8 ‘KiJILKiCTL BHpPOOIB ‘ 0 ’ 82 ‘ 16 ‘

Pucynox B.10 - Poboyuti aucm Excel 3 pezyromamom
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Po3B’s3anHs qBoicToi 3amadi (puc. b.11, 5.12, 5.13, 5.14).

G = 180y, +210y,+244y; (min).
4y1+3y,+Yy3>10,
2y1tY,+2y3>14,
y1+3Y,+5y3>12,

Y120, y»,>0, y3>0.

CroBnui po6oyoro nucta Excel

CTtpoku poboyoro nuc-

A B C D E F
1

g

o 2 4 3 1 10

= 3 2 1 2 14

)

5 4 1 3 5 12

T o

o 2 S

O X

o 6 180 210 244

Q.

< 7

S 8

[oX

5 9

© yl y2 y3

Pucynok B.11 - Pobouuii nucm Excel 3 suxionumu oanumu
Croenui po6oyoro nucta Excel
A B C D E F

1
2 4 3 1 10 |=CYMMMPOW3B($B$8:$D$8;B2:D2)
3 2 1 2 14 |=CYMMMNPOW3B($B$8:$D$8;B3:D3)
4 1 3 5 12 |=CYMMMNPOW3B($B$8:$D$8;B4:D4)
5
6 G 180 210 244 =CYMMMNPOWU3B($B$8:$D$8;B6:D6)
7
8
9 yl y2 y3

Pucynox B.12 - Pooouuii nucm Excel 3 popmynamu
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WCTAHOEWTE LENEEYHY AHEHKY BEINONHHTE |

PagHOH: (' MakcHManEHOMY SHAYEHHH (' sHAYEHMH! |D
JEKpEITE

(¥ MHHFMANEHOMY SHAHEHHHD
MzMeHaA AYefkm;

[$E45: 045 %] Mpeancnowmte |

CIrpaHHYEHHR: MapareTpel
f$B£3 ==10 | A0BAEHTE |

$048 ==0

0§ ==0 HSMEHMTE

igg :;f igig : EoccTaHOEMTE
_ W ASMHTE
$FE4 == $E44 = Crpaska

Pucynok b.13 - Bikno «Ilowyk po3e’azannsny

CroBnui po6oyoro nucta Excel

A B c D E F
1

o

o 2 3 1 10 2425

=

o 3 2 14 14
] 3 12

9 T 12

8 X 5

3 6 G 180 210 244 1340

=

s 7

e

= 8 5,75 0 1,25

© 9

yl y2 y3

Pucynox B.14 - Pobouuii iucm Excel 3 pezyromamom

Ipuxaan po3s’sizannda 3agaui JIII 3 maboparopuoi podoru Ne 3

[Ipu ckimamanHi 10600BOTO parioHy roAiBiIl XyJ00M MOKHA BUKOPUCTOBY-
BaTH CBiXe ciHO (He Outbmr 50 kr) 1 cuinoc (He Outhin 85 kr). Y HacTymHIN Tab-
JIUIIl TIPUBEJICHI JaH1 MPO BMICT 3a3HaUYE€HUX KOMIIOHEHTIB y 1 KI' KO)KHOTO MpO-
OYKTY Xap4yyBaHHS, MMOXKUBHICTh palioHy (MIHIMajbHI HOPMH) 1 BapTICTh MPO-

aykTiB (Tabmn. b.2).
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Tabnuys b.2

[ToxuBHI peuOBUHU Chine cill;[(f)ozlyé{:moc [ToXUBHICTH paIliony
KopMmoBi oguHuiri 0,5 0,5 30 oguHUALE
binok, r/xr 40 10 1 xr
Kanpwiii, r/kr 1,25 2,5 100 r
®docdop, r/kr 2 1 80r
Bapricts, rp.oj. 1,2 0,8 -

CkracTu pariioH, 1o 3aJ0BOJIbHSIE€ BUIICBUKIIAJICHUM BUMOTaM 1 MiHIMa-

JLHUMN 32 BapTICTIO.

Po3B’si3anns 3amaui (puc. b.15, .16, .17, 5.18).

CroBnui po6oyoro nucta Excel

A B | C D E
1
© IToxuBHI  pevYOBH- [Tponykr [oxuBHicTe pa-| [loxuBHICTE pari-
5 2 |nm CBixe CiHO Cunoc IIOHY OHY CKJIala€
E 3 Kopmogi oauHUAII 0,5 0,5 30
d 4 Binok, r/kr 0,04 0,01 1
€ = [ 5 | Kanbuii, t/xr 0,00125 0,0025 0,1
Lg LI% 6 dochop, T/kr 0,002 0,001 0,08
8_ 7 | Bapricts, Tp.ox. 1,2 0,8
S 8
2 9
2 Parion cxnamae
o 10" | He Ginpme 50 85

Pucynox B.15 - Pobouuii nucm Excel 3 suxionumu oanumu

Crosnui po6oyoro nucta Excel

A B | C D E
© 1 | Moxusni pedoBU- IIponykr [MoxxuBHICTH
6L 2 hu CBixe CciHO Cuoc arioHy [To>XMBHICTP palioOHy CKIIagae
E 3 | KopmoBi ouHwuIi 0,5 0,5 30 =CYMMIMPOWN3B($B$9:$C$9;B3:C3)
©| 4 |binok, r/kr 0,04 0,01 1 =CYMMIMPOWN3B($B$9:$C$9;B4:C4)
% 5 | Kawbiwiit, r/xr 0,00125 0,0025 01 —CYMMIPOV3B($B$9:$5C$9;B5:C5)
Lg 6 | ®ocdop, r/kr 0,002 0,001 0,08 =CYMMIPOU3B($B$9:$C$9;B6:C6)
> 7 |Bapricts, rp.on. 12 08 | =CYMMMPOMW3B($B$9:$C$9;B7:C7)
x| 8
o
2| 9 | Pauion cknamae
O 10 | He 6inbme 50 85

Pucynox b.16 - Pobouuii nucm Excel 3 popmynamu
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WCTIHOEHTE LWENEEYHD AHEAKN H0%7 = | BEINoAHHTE I

PSEHOM!  { MAKCHMANEHOMY SHIYEHHED  © SHAYEHHHD: |E| g |
% MMHMMANEHOMY SHAYEHMHD
MsMEHAA AHERKH!
|$B$9:$C$9 :KJ MpeanonoEHTE |
—CIr pAHHYEHR; MNapameTpel |
$C49 <= 4410 -~ JoBaEHTE |
$049 ==0
$EE3 == $D43 =HMEHHTE |
EEE :::f igig EOCCTAHOEHTE |
B Y¥AanHTE
§E46 »=§D46 z = | CNpaEka |

Ctpoku pobouoro
nucTa Excel

Pucynok B.17 - Bikno «Ilowyk po3e’azannsny

CroBnui po6oyoro nucta Excel

A B | C D E
1 | Moxusni peIOBH- IMpomykT [NoxuBHICTH IMoxuBHICTE  pa-
2 |Hu CBixe ciHO Cunoc AI[ioHY [[IOHY CKJIaa€
3 | Kopmogi onunuIi 0,5 0,5 30 29,99999989
4 | Binok, r/xr 0,04 0,01 1 1,200000004
5 | Kanbwuii, r/kr 0,00125 0,0025 0,1 0,124999999
6 | ®ocdop, r/kr 0,002 0,001 0,08 0,08
7 | Bapricts, Tp.oJ. 1,2 0,8 55,99999991
8
9 | Pamion ckamae 20 39,9999996
10 | He 6inbue 50 85

Pucynox b.18 - Pobouuii iucm Excel 3 pezyrvmamom

Po3B’si3anns aBoicroi 3amayi (puc. .19, b.20, .21, 5.22).

G = 30y;+y,+0,1y5+0,08y,-50y5-85ys (max).
0,5y;+0,04y,+0,00125y5+0,002y,-ys <1,2,
0,5y;+0,01y,+0,0025y3+0,001y,-ys <0,8,
y1>0, ¥>>0, y3>0, y4>0, ys>0, y>0.
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CTtpoku po6ouoro

CTpoKu poboyoro
nucta Excel

Crosnui po6oyoro nucrta Excel

nucta Excel

A B C D E F G H |

1 0,5 0,04 | 0,00125 0,002 1 1,2

2 05 001 [ 00025 | 0,001 -1 08

3

4

5 G 30 1 0,1 0,08 -50 -85

6

7

8

9 yl y2 y3 y4 y5 y6

Pucynox b.19 - Pobouuii nucm Excel 3 suxionumu oanumu
CroBnui po6oyoro nucta Excel
A | B | C D E F G | H | |

1 0,5 | 0,04 |0,00125 0,002 1 1,2 ‘=CYMMI'IPOVI3B($B$8:$G$8;B1:G1)
2 0,5 | 0,01 |0,0025| 0,001 1 0,8 FCYMMIMPOW3B($B$8:$G$8;B2:G2)
3
4
5 G 30 1 0,1 0,08 -50 | -85 =CYMMMNPOU3B($B$8:$G$8;B5:G5)
6
5
8
9 yl | y2 | y3 | y4 y5 | y6

Pucynox b.20 - Pobouuii nucm Excel 3 popmynamu

YCTAHOEHTE LENEEYHD AHEHIY EHES % EEINoOAHHTE

PagHoi: (% HAKCHMANEHOMY SHAYEHHHD o IHAHEHKHD: ID
3aKpEITE

rh MHHMMANEHOMY SHAYEHHHD

AsMEHAR AHEAKK!
|$B$E‘:$G$E‘ j‘_] MpeanonoMHTE
O paHHYEHHA! MNapaveTpel

EEEE ==0 = AobaEnTE
Ef8 ==0
$F$E ==10
i?flaj—: $DH$1 BoCcTaHOEMTE
$I$2 <= $H$2 — Y AanMTE

MzmeHMTE

CMpaska

Pucynox b.21 - Bikno «llowyk po3e’azannsy
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Crosnui po6oyoro nucrta Excel

A B C D E F G H |
1 05 | 004 [0,00125| 0,002 1 1,2 12

g 2 05 [ 001 | 0,0025 0,001 -1 038 0,8

T g 3

8 X4

Ssl5] G 30 1 0.1 0,08 -50 -85 56

[

s

Q&7

5 8 0,8 0 0  [400,0000157 0 0
9 yl y2 y3 y4 y5 y6

Pucynox B.22 - Pobouuii iucm Excel 3 pezyromamom

Ipuxaan po3s’sizannda 3agauyi JIII 3 1aboparopuoi podoru Ne 4

Po3B’si3aHHS 3aMKHYTOI TPAaHCIIOPTHOI 3a7a4i

Hexail yuciio myHKTIB BIANPABIEHHS 1 YUCIO MYHKTIB NPU3HAYEHHS J0pi-

BHIOE 2 (n = 2, m = 2). 3amacu, moTpedu 1 BapTICTh MepeBe3eHb 3a3HAUCHI B Ha-

cTymnHii Tabnuii b.3.

Tabnuys b.3
[TyakTH BI- [TyHKkTH pU3HAYEHHS
Iz;;paBneH— 3anacu B, B,
A 100 X11 4 X12 2
A, 150 X12 X22 6
[ToTpebu 120 130

Po3B’s3anns 3amaui (puc. b.23, b.24, b.25, 5.26).
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Ctpoku poboyoro nucrta Excel

CroBnui po6oyoro nucta Excel

A B C | D
1 TlyHKTH Bigmpas- [TyHKTH TpU3HAYCHHS
2 JIEHHS 3amacu B; B,
3 Ay 100 4 2
4 A, 150 3 6
5 Iotpebu 120 130
6
7 Bignosigb
8 BapTictb

NnepeBe3€EHb!

9
10 TlyHKTH Bimpas- ITynxTy npu3HadeHHs
11 JIeHHS 3anacu B, B,
12 Ay
13 A,
14 [MoTpedu

Pucynox b.23 - Pobouuii aucm Excel 3 suxionumu oanumu

CroBnui po6oyoro nucta Excel

Ctpokun pobo4oro nucta Excel

A B C | D
1 TTYHKTH BifTpas- IlyHKkTH npU3HAYEHHS
2 JIEHHS 3amacu B, B,
3 Ay 100 4 2
4 A, 150 3 6
5 [oTpedu 120 130
6
7 Bignosigb
8 BaprTicTb

nepeBe3eHb: =CYMMINPOUN3B(C3:D4;C12:D13)

9
10 IlyHKTH BimIpas- ITyHkTH npu3HaYEeHHS
11 JeHHA 3anacu B, B,
12 Aq =CYMM(C12:D12)
13 A, =CYMM(C13:D13)
14 [ToTpebu =CYMM(C12:C13)=CYMM(D12:D13)

Pucynox B.24 - Pobouuii nucm Excel 3 popmynamu
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¥WCTAHOEHMTE LUWENEEYHD AHEAIY | Ifﬁm =k] BEINDAHMTE I

PagHOM! (7 MAKCHMANEHOMY SHAYEHHHD ™ zHaYEHHHD: IEI

SEKPEITE

v MHHHMMANEHOMY SH3HYEHHHD

EMEHAA AYEFKH:

|$C$12:$D$13 :'i_] MpeanonoxKTE |

—OrpaHHYeHHA: [NapaMeTpel
$B512 = $B%3 > AoBIEMTE |
$E415 = §B44
EEEE if g MZMEHHTE |
$C414 = 4045
$0%12 »=10 | ¥AanHTE |

BOCCTAHOEHTE

I

_NpaEka

Pucynok b.25 - Bikno «Ilowyk po3e’azannsny

Croenui po6oyoro nucrta Excel

A B [ \ D
1 ITyHKTH MpU3HAYCHHS
§ 2 IlyHKTH BigmpaBieHHS 3amacu B, B,
0 3 Ay 100 4 2
© 4 Ay 150 3 6
o 5 [Motpebu 120 130
=
S 6
o / Bignosiab
Q 8 |BapTicTb nepeBeseHb: 740
i 9
8_ 10 [lyHKTH TpU3HAYEHHS
s 11 [TyHKTH BigmpasieHns 3amacu B, B,
8_ 12 Ay 100 0 100
6 13 A, 150 120 30
14 [Motpebu 120 130

Pucynox b.26 - Pobouuii iucm Excel 3 pezyromamom

Po3B’s3anHs nBoicTOil 3amadi (puc. b.27, .28, b.29, 5.30).

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

i + Y3 < 4
y. + Yo < 2
Y. + Vs < 3,
y, + y, < 6.
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Ctpoku pobouoro
nucta Excel

Croenui po6oyoro nucta Excel

A B ¢ D E F G
1 1 0 1 0 4
g 2 1 0 0 1 2
T3 3 0 1 1 0 3
S R[4 0 1 0 1 6
o W 5
o ®©
s 5|6 G 100 150 120 130
s =7
o
= 8 y1 y2 y3 y4
© I
Pucynok B.27 - Pobouuii nucm Excel 3 suxionumu oanumu
Croenui po6oyoro nucta Excel
A B C D E F G
1 1 0 1 0 4  =ECYMMIMPOW3B($B$7:$E$7;BL:E1)
2 1 0 0 1 2 =CYMMMNPOW3B($B$7:$E$7;B2:E2)
3 0 1 1 0 3 =CYMMMNPOW3B($B$7:$E$7;B3:E3)
4 0 1 0 1 6 =CYMMMNPOW3B($B$7:$E$7;B4:E4)
5
6 G 100 150 120 130 =CYMMMNPOW3B($B$7:$E$7;B6:E6)
5
8 y1 y2 y3 y4
9

-F' 1=}

PagHoOH:

YWCTAHOEMTE LENEEYHD AHEHKY

(o MHHMMANEHOMY ZHAYEHKHD

A1ZMEHAA AHERKH!

@ MAKCHMaNEHDMY ZHSYEHHHD

ﬂ

Pucynox b.28 - Pooouuii nucm Excel 3 popmynamu

2%
BEINOAHHTE I

7 3HaHEHHND: |E|

|$B$7:3E47

}J MpeAnNONOEHTE |

—JrpaHHYeHHA:

$5F1 <= 4F$1
$5$2 <= fF§2
543 <= fF3
44 == fFfd

=

= A0BSEHTE |
MEMEHTE |

¥aanuTE

SakpEITE |

[NapameTpel |

BOCCTAHOEHTE |
CNpaeka |

Pucynok b.29 - Bikno «Ilowyk po3e’azannsny
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Croenui po6ouoro nucta Excel

A B C D E F G
1 1 0 1 0 4 -1

g 2 1 0 0 1 2 2

73 3 0 1 1 0 3 3

8 X[ 0 1 0 1 6 6

(o} L 5

Q ©

sG5[6] G 100 150 120 130 740

9 S| 7 -0,76812 |3,231884058 | -0,2318841 | 2,768116

F 8 y1 y2 y3 y4

o 9

Pucynox b.30 - Pobouuii nucm Excel 3 pezyromamom

Po3B’si3aHHS BiIKPUTOI TPAHCTIOPTHOI 3a1a4i

Hexaii unciio myHKTIB BIJIMPABICHHS 1 YKCJIO IMYHKTIB MIPU3HAYEHHS J10PI-
BHIOE 2 (n = 2, m = 2). 3anacu, moTpeOu i BapTiCTh MepEeBE3CHb 3a3HAUCHI B Ha-

ctynHii Tabmuii b.4.

Tabnuys b.4
[TyHKTH Bij- [IyHKTH pU3HAYEHHSA
3amacu
IIpaBJICHHS B, B,
Al 120 X11 4 X12 2
A2 180 X12 3 X292 6
[ToTpebu 120 130

Po3s’si3anns 3amadi (puc. b.31, 5.32, 6.33, 5.34).
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CTpoku po6oyoro nucrta Excel

CroBnui po6oyoro nucta Excel

A B C | D
1 [TyHKTH IpU3HAYCHHS
2 [TyHKTH BifmpaBIIeHHS 3amacu B, B,
3 Ay 120 4 2
4 A, 180 3 6
5 [oTpebn 120 130
6
7 Bignosiab
8 |BaprticTb nepeBe-

3€Hb:

9
10 [lyHKTH IpU3HAaYEeHHS
11 [TyHKTH BifmpaBIIeHHS] 3amacu B, B,
12 Ay
13 A,
14 [HoTpebu

Ctpokun pobo4oro nucta Excel

Pucynok B.31 - Pobouuii nucm Excel 3 suxionumu oanumu

CroBnui po6oyoro nucta Excel

A B C | D
1 TIyHKTH Bimmpas- [lyHKTH TpU3HAYECHHS
2 JICHHS 3anacu B, B,
3 Ay 120 4 2
4 A, 180 3 6
5 [oTpedu 120 130
6
7 Bignosigb
8 BaprTicTb nepeBe-

3€Hb: =CYMMIMNPOU3B(C3:D4;C12:D13)

9
10 IlyHKTH BimIpas- ITyHkTH npu3HaYeHHS
11 JICHHS 3amacu B, B,
12 Aq =CYMM(C12:D12)
13 A, =CYMM(C13:D13)
14 [Motpebu =CYMM(C12:C13)=CYMM(D12:D13)

Pucynox b.32 - Pooouuii nucm Excel 3 popmynamu
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WCTAHOBMTE WENEEYHD AYEHKY

FagHof:

EMEHIA AYEHKH:

(& MK CHMANEHOMY SHIYEHHHD

(R ]

O MHHMMANEHOMY SHIYEHHHD

2l
EEINOAHHTE I

™ zHaveHMH: ID

|$C$12:$D$13 %] MpeanconowrTe |
—OrpaHHYeHHA:

$B$12 <= $B43 - AoBIEMTE |

16413 <= $B%4

$C41Z »=10 ISMEHHTE |

$C413 ==0

$C414 = 3045

40812 == 0 ;l ¥AANKTE |

SakpEITE |

[NapaMeTpel |

BOCCTAHOBHTE |
Cnpaeka |

Ctpoku poboyoro nucrta Excel

Pucynok b.33 - Bikno «Ilowyk po3e’azanusny

CroBnui po6oyoro nucta Excel

A B C | D
1 [TyHKTH NpU3HaYCHHS
2 IlyHKTH BigmpaBieHHsS 3amacu B, B,
3 Ay 120 4 2
4 A, 180 3 6
5 [oTpedu 120 130
6
7 Bignosiaob
8 BapTicTb nepeBeseHb: 660
9
10 IlyHKTH npU3HAaYEeHHS
11 [TyHKTH BiAIIpaBICHHS 3amacu B, B,
12 Ay 120 0 120
13 A, 130 120 10
14 [HoTpedu 120 130

Pucynox B.34 - Pobouuii iucm Excel 3 pezyromamom

-yt
-y

Po3B’s3anns nBoicroi 3agadi (puc. b.35, b.36, .37, b.38).

G =-120y, -180y, +120y, +130y, (max).
A < 4,
< 2,
Ya y,>0,y,>0.
Y, t Y; < 3,
-y, + Y4 < 6!
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CTpoku po6oyoro

Croenui po6oyoro nucta Excel

CTpoku pobouoro
nucta Excel

A B C D F G

! -1 0 1 0 4

2 -1 0 0 1 2
3|3 0 -1 1 0 3
x
w4 0 -1 0 1 6
g5
=
S[6] G -120 -180 120 130
57

8

y1 y2 y3 y4
Pucynox b.35 - Po6ouuit nucm Excel 3 suxionumu oanumu
Croenui po6oyoro nucra Excel
A B C D E F G

1 -1 0 1 0 4  =ECYMMMPOW3B($B$7:$E$7;B1:E1)
2 -1 0 0 1 2 [ ECYMMMPOW3B($B$7:$E$7;B2:E2)
3 0 1 1 0 3 |FCYMMMNPOW3B($B$7:$E$7;B3:E3)
4 0 -1 0 1 6 | FCYMMMPOW3B($B$7:$E$7;B4:E4)
5
6| G -120 | -180 120 130 =CYMMIMPOW3B($B$7:$E$7;B6:E6)
>
8 y1 y2 y3 y4

Pucynox b.36 - Pobouuii nucm Excel 3 popmynamu

YCTAHOBMTE LENEEYHD AUERIy:

[ MHHMMaNeEHOMY SH3YEHHHD

iFds R

PBHOM: (% MaKCMManeHOMY SHAYEHHHO

21
BEINOAHHMTE I

™ sHauerrtro; |0

MameHaA AqerkH:

|$B47:4E47

5

MpeaAnono%HTE |

SO paHMYEHHA:

$EB47 == 0
$C47 ==10
%1 == $F1
$a42 == $Ff2
#0043 == $F$3
$atd == $Ffd

AoSaEHTE

MEHEHHTE

¥AANHTE

3aKpEITE

MapaMeTpkl

BoCCTAHOEMTE

I

CNpaEka

Pucynok .37 - Bikno «Ilowyk po3e’azannsny
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CTpokun po6ouoro
nucta Excel

Croenui po6oyoro nucta 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 2120 -180 120 130 660
7 4 0 3 6
8 y1 y2 y3 y4

Pucynox b.38 - Pobouuii nucm Excel 3 pezyromamom

Ipukaan po3s’sizanns 3agaui JIII 3 1abopaTopHoi podoru Ne 5

3anauva 1 (puc. b.39, 5.40, .41, 5.42).

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

3

xl—sz =0

X, <350
X, <280

CTpoku po6oyoro

Pucynox B.39 - Pobouuii nucm Excel 3 suxionumu oanumu

209

nucTta Excel

X =0
X, 20

Croenui po6oyoro nucta Excel

B c D
i 0,01 02 400
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




CTpoku poboyoro nuc-

Ta Excel

Croenui po6oyoro nucta Excel

A B C D E
1 0,01 0,2 400 =CYMMMNPOWN3B($B$10:$C$10;B1:C1)
2 0,22 0,15 200 =CYMMMNPOWN3B($B$10:$C$10;B2:C2)
3 1 -0,75 0 =CYMMIMPOWV3B($B$10:$C$10;B3:C3)
4 1 0 350 =CYMMMNPOWN3B($B$10:$C$10;B4:C4)
5 0 1 280 =CYMMMNPOWN3B($B$10:$C$10;B5:C5)
6
7 F= 7,62 6,45 [EFCYMMMNPOU3B($B$10:$C$10;B7:C7)
8
9 x1 x2
10

Pucynox B.40 - Pobouuii nucm Excel 3 popmynamu

¥CTAHOBMTE WENEEYHD AYEFIY!

PagHOM:

) MAKCHMANEHDMY ZHAY2HKHD

- MHHMMANEHOMY SHAYEHHHD

3MEHAA AHEHKEH!

" zHaueHMH: |EI

21
BbINanHHMTE |
SaKpeITe

[$B410:4C410

OrpaHHYeHKHA:

E MpeanonoHTE

MapaMeTpbl

$B$10 »=10
$CH10 ==10
$E$1 <= $D§1
$E$2 <= §D$2
$E$3 = 4043
$E$4 <= $Dg4

- AoBaEHTE
MZMEHNTE

BOCCTAHOEMTE

_npaeka

¥ AanKTE
j +4

CTpoku po6oyoro nucra

Pucynok .41 - Bikno «Ilowyk po3e’azannsny

CroBnui po6oyoro nucta Excel

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
LL
7 = 7,62 6,45 3406,2
8
9 x1 x2
10 210 280

Pucynox B.42 - Pobouuii nucm Excel 3 pezyromamom
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Ctpoku pobouoro nuc-

Ta Excel

3anaua 2 (puc. b.43, b.44, b.45, b.46).

CTpoku po6oyoro nucra

Excel

F =5,66x%, +4,35Xx, — max

X, <350
X, <280

X, 20
X, 20

Crosnui po6oyoro nucrta Excel

0,22, +0,85%, <50

0,9x, —0,2x, >0
~0,22%, +0,85%, >0

B C D E
1

-0,22 0,85 50
2 1 0 350
3 0 1 280
4 0,9 0,2 0
5 0,22 0,85 0
6
== 5.66 4,35
8
9 x1 x2
10

Pucynox b.43 - Pobouuti aucm Excel 3 suxionumu oanumu

CroBnui po6oyoro nucta Excel

A B C D E

1 -0,22 0,85 50 =CYMMMNPOWN3B($B$10:$C$10;B1:C1)
2 1 0 350 |FCYMMMPOW3B($B$10:$C$10;B2:C2)
3 0 1 280 |=CYMMIMPOWM3B($B$10:$C$10;B3:C3)
4 0,9 -0,2 0 =CYMMIMPOWN3B($B$10:$C$10;B4:C4)
5 -0,22 0,85 0 =CYMMIMPOWN3B($B$10:$C$10;B5:C5)
6

7 F= 5,66 4,35 =CYMMMNPOM3B($B$10:$C$10;B7:C7)

8

9 x1 X2

10

Pucynox b.20 - Pooouuii nucm Excel 3 popmynamu
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WCTAHOEMTE LENEEYHD AUEHKY | D% 7 % BEINOAHHTE I

PEEHOM: (% MaKCHMANEHOMY SHAYEHHHD ™ sHaueHHHD: |D
= 3AKpbITE

i MHHAMMANEHOMY SHAYEHHHD

MsMEHAA AHERKH!
|$Ei$1EI:$C$1D j’r_] Mpeanono®HTE |
S paHHHYEHHA: MNapaMeTpel |
£B£10 ==10 - AoBAEHTE |
$C$10 ==0
$E1 <= 4041 MEMEHHTE |
igig :f igig BOCCTAHOEMTE |
_ ¥AINHTE
$E§4 >= $D34 ;I = | C_Mpagka |

Pucynox b.44 - Bixno «Ilowyk po3e’a3zannsy

CroBnui po6oyoro nucta Excel

A B C D E
o 1 -0,22 0,85 50 50
E 2 1 0 350 350
= 3 0 1 280 149,4118
2 4 0,9 -0,2 0 285,1176
% T |5 -0,22 0,85 0 50
6
©
(o]
a 7 = 5,66 4,35 2630,941
. 8
3
g 9 x1 X2
10 350 149,4118

Pucynox B.45 - Poboyuti aucm EXcel 3 pezyromamom

Hpuxaan po3s’sizanns 3aga4i HJIII 3 1aboparopHoi podoTu Ne 6

3HaliTi MakcuMaibHe 3HaueHHs QyHkuii F Ha obmacti, 3amanoro cucre-
Moo oomexeHsb (puc. b.46, 5.47, .48, b.49).
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CTpoku pobouoro

Ctpokun po6o4oro nuc-
Ta Excel

2

F =9x1 +2%y — X12 — X5 (max),
X1 +4Xo9 <52,

X1 — X9 < 2,

7X1 + 3X2 > 64.

Croenui po6oyoro nucrta Excel

A B C D E F
1
x1 X2
2
3
4 = 9 2 -1 -1
5
6 1 4 52
7 1 1 2
8 7 3 64

Pucynox b.46 - Poboyuti aucm Excel 3 suxionumu oanumu

nucTa Excel

CroBnui po6ouoro nucta Excel

A B C D E F
1 x1 X2
2 7 5
3
4 F= 9 2 -1 -1 =B4*B2+C4*C2+D4*B2*B2+E4*C2*C2
5
6 1 4 52 =CYMMIMPOWN3B($B$2:$C$2;B6:C6)
7 1 -1 2 =CYMMMPOWN3B($B$2:$C$2;B7:C7)
8 7 3 64 =CYMMMPOWN3B($B$2:$C$2;B8:C8)
9

Pucynox Bb.47 - Pobouuii nucm Excel 3 popmynamu
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lNoMck peweHHA
WCTAHOEMTE WENEEYH AYEHKNY ! & | BlINONHATE I

o
[

PaBHOM: (% MaKcHMansHOMY SHIHEHHHD ™ sHaqEHHH: |E| S |
" MMHHMANEHOMY SHAYEHHHD
MEMEHER AYEAKHK;
|$B$2:$C$2 %] MpeanonowaTs |
—OrpaHHYeHHA! [NapameTpel |
§F$6 <= $DF6 2 AoBaErTE |
$F$7 <= $D47
$F48 == $045 SMEHHTE |
BOCCTAHOEMTE |
;l ¥AanMTE |
CNpaEka |

Pucynok b.48 - Bikno «Ilowyk po3e’azannsny

CroBnui po6oyoro nucta Excel

A B C D E F
1
f‘_’ x1 X2
g 2 7 5
g 3
o
[ .
o _ 4 = 9 2 -1 -1 -1
T o
oS 5
O X
ol 6 1 4 52 27
o 7
§ -1 2 2
9 8 3 64 64
5 9
(&)

Pucynox B.49 - Pobouuii nucm Excel 3 pezyromamom
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JOJATOK B IPUKJIAIM BUKOHAHHSA JTABOPATOPHUX
POBIT 3A JO0ITOMOIOol0O MATHCAD

3arajabHi moJoxxenns nakery MathCad

[Tporpama MathCad € yHiBepcaibHOIO MATEMAaTHYHOI CHCTEMOIO, IO
JI03BOJISIE 3/I1MCHIOBATU Oy/b-sKi OOYHMCIICHHS B IXHHOMY 3BHYHOMY ayire0paiu-
HOMY BUTJIsl. BoHA MIiCTUTB TeKCTOBUH, (OPMYIBHUN 1 TpadiuHmil peJaKkTopH,
IIIJIKOM CYMICHI 3 onepaltiitHoro cuctemoro Windows.

3amyck MathCad 3nilicHIO€TBCS 3a JOIMOMOIOK TOJIOBHOTO MEHIO
Windows a6o Oyap-sSKHM IHIIUM CIIOCOOOM, IO JO3BOJSIE AKTUBYBATU JaHUMN
nporpamMHuil npoaykt. BikHo nmakery (puc. C.1) MICTUTh pSAOK 3arojoBka (Ha-
3Ba mporpamu i iM'st qokymenTa) (1), psaok MeHro, mo kepye (2). YMoBumocH,
10 HyMepallis psAJIKiB BUKOHAHA 3BEPXY BHH3, a MO3MINHN y psAKY — 3JiBa Ha-
npaBo. OCHOBHI IMyHKTH MEHIO QyOJIFOIOTHCS MIKTOrpamMaMu (KHOIKaMu) Kepy-
BaHHs (3, 4-11 pAIOK).

Onmii rosioBHOro MeHto (puc. B.1):

File / ®ajiin — pobora 3 daitnamu (2-1);

Edit / BunpaBaennst — penaryBanus (2-2);

View / Bua — 3miHa BULy 3MicTy poO0OYOro JTIOKyYMEHTa 1 aHesIel KepyBaH-
us (2-3);

Insert / BcraBka — BcTaBKa pi3HUX OO'€KTIB 1 TEKCTY Y BIAKPUTHN J10-
KyMeHT (2-4);

Format / ®opmaTtyBaHHs1 — MICTUTh KOMaHAH (OpMaTyBaHHS BIIKPUTO-
ro JJokymeHTa (2-5);

Math / MaTtemaTnka — kepyBaHHs mporiecoM o04rciieHb (2-6);

Symbolics / CumBoJm — BUOip orepariiii 1 aHATITUIHAX PO3PAXYHKIB
(2-7);

Window / BikHo — kepyBaHHs BikHamu (2-8);

Help / loBinka — BuK/IKK 10BigKoBOI cucteMu (2-9).

Tpertiii psiIOK y BIKHI IpOrpamMu — KHOTIKK IA0JIOHIB MAaTEMaTUYHHUX 3HA-

KiB — TATITP, SIKI MOYKHA TIepEMIIyBaTH:
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(3-1);

Calculator Toolbar/ Ianeas iHcTpyMeHTIB apuMeTHYHUX Onepaii

Grath Toolbar / Taneas incTpymenTiB rpadikis (3-2);

Vector and Matrix Toolbar/ Ilaneab iIHCTPyMeHTIB BEKTOPiB i MaT-

puub (3-3);

5);

Evaluation Toolbar/ [1anesas iHcTpyMeHTiB nesikux 3HakiB (3-4);

Calculus Toolbar/ ITanean iHCTpyMeHTIB MATEMAaTHYHOT0 aHAJTI3Y (3-

Boolean Toolbar/ Ilanesas iHcTpyMeHTiB MaTeMaTHUYHOI JioTikH (3-6);
Programming Toolbar/ Ilanens incTpymMeHTiB nporpamyBanns (3-7);
Greek symbol Toolbar/ Ilaneas cumBoitiB rpenbkoro ajidasiry (3-8);
Symbolic Keyword Toolbar / Ilanesan cumBostiunnx oneparopis (3-9).

{00 mepeHecTH CUMBOJI MAJITPU B MICLIE, TIO3HAYEHE KypCOpOM, IOTpPi0-

HO KJIAIIHYTH O O0paHii majdiTpl, pO3KPUTH 1i 1 KJIAIIHYTH 110 OOpaHOMY 3HAKY.

Kpim Bumiesraganoro, JaHuil psgoK MICTHTh MIKTOTPaMy KepyBaHHS MIpUpTaMu

1 TIOJIO)KEHHSIM TEKCTY B TEKCTOBIH 00J1aCTI.

YerBepTuid paioK — MaHeNb IHCTPYMEHTIB, 1110 BKJIKOYA€E KUJIbKA IPYI MiK-

TOTPaM.

[lepma rpyna — onepaiiii 3 gainamu:

New / HoBwmii (4-1);

Open / Binkpuru (4-2);

Save / 36epertu (4-3);

Print / IpykyBatu (4-4);

Print Preview / Ilonepenniii meperasa (4-5);
Check Spelling / ITepeBipka opdorpadii (4-6).
[pyra rpymna — penaryBaHHs:

Cut / BupizaTu (nepenectu B 0ydep) (4-7);
Copy / KomitoBaTu (B 0ydep) (4-8);

Paste / BcraBuTu (riepeHectu BMicT Oydepa Ha Miciie BcTaBkH) (4-9);

Undo (Redo) / CkacyBanns (IloBTop) ocTanHboi onepamii (4-10, 11);
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Align Across (Align Down) / [likrorpamu BupiBHIOBaHHS 0JI0KiB (4-
12, 13).

Jam #ayTh:

Insert Function / BctaBka pyHkuiii (31 criucky B JiajloroBOMY BiKHi) -
(4-14),

Insert Unit / BcraBka po3MipHux oquHunb (4-15);

Calculate / O6unciauTu BuaijieHe BupaxkeHus (4-16);

Insert Giperlink / BcraBka rinepnocuiann (4-17);

Insert Component / BctaBka komnonenris (4-18);

Zoom / Macmrad ekpana (4-19);

Resource Center / Ilentp HaBuanus (4-20);

Help / Jomomora (4-21).

BHu3y expana po3TamoBaHuii psiAOK CTaHY OPOTPaMH.

Joinkosa cucrema MathCad Bkirouae: crmBarouy ImijgKa3ky Ipu 3yIHH-
Il MOKa)KYMKa Ha KOXHiH 3 mikTorpam; pos3ain Resource Center / ILlenTp Ha-
BuaHHs (4 20) — TOBIIHUK 3 MAaTEMaTUYHUX PO3PAXYHKIB i3 MPUKIAIaMU 3aCTO-
CYBaHHS 1 CAMOBYHTEIIb; po3aiiu goromoru Help / Jlomomora (4-21) — naganus
JOTIOMOT'H 3 yciX po3autniB nporpamu. Komb6inanis kinasim Shift+F1 npu mokax-
YUKy, YCTAaHOBJIICHOMY Ha JIOCIIPKYBAHOMY CJIEMEHTI, JI03BOJISE BiJKPUTH KOH-
TEKCTHY JIOBIAKY TIPO HBOTO.

Bapro BpaxoByBartu, 110 MOCHIIIOBHICTh BiJOOpaKyBaHMX Ha €KpaHi MiK-

TOrpaM Moke OyTH 3MIHEHa KOPUCTYBA4YEM 3a CBOIM PO3CYIOM.
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Pucynox B.1 — Bixno npoepamu MathCad Professional 2001

IIpocTi apudmeTnyuHi 00UYUCTEHHS

KnananHs y Oyab-KOMy MICHI JOKYMEHTA BHUKJIMKA€E MOSIBY Kypcopy Y
dbopMi XpecTrka, 110 BKa3zye Miciie BBeAEHHS Bupa3zy. s BU3HaUeHHS 3MIHHOI
ICJIsl BBEJICHHS 11 IMEH1 CTaBUTHCSI CUMBOJI .= (OMepaTop MPUCBOIOBAHHS) 1 BKa-
3YETbCSI 3HAUEHHS, 110 NMPHUCBOIOETHCS. JIIBOpyd Bijl omepaTopa MPHUCBOIOBAHHS
MOJKE CTOSTHU iM'a mpocToi 3MiHHOI (X), iHAekcoBaHoi 3MiHHOT (X; M X;;), Mat-
puti (M), mepeminnoi 3 BepxHiM inmexcom (X') un dynxuii F(X, Y, 2).

AprymeHToM (PYHKIIM MOXKYTh OYyTH CKaJISIpU, BEKTOpU, MATpHIll. IMeHa
GyHKUIN, 3a1aH1 KOPUCTYBa4yeM, BapTO HAOUpaTH CKpi3b OAHUM mpudToM. Ime-
Ha BOYM0BaHMX (YHKIiH He 4yTTeBi 10 mpudTiB. IX MOXkHA BAPYKOBYBAaTH 4H
BUOMpaTH 31 criucky — kHomka (4-14) f(x) (Insert Function / BctaBka ¢yHnk-
mii).

VY SIKOCT1 eCATKOBOI KOMU BUKOPUCTOBY€ETHCS Kparka. Pe3ynpraT obumc-

JIEHHS BUBOJUTHCS HAa €KpaH Miciisi HAOOPY CUMBOJY =.
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Komanma Math - Automatic Calculation / MaremaTuka - ABTOMaTH4-
He 00YHMCJEHHSI BKIIOYae /| BUKITIOUAE aBTOMATHYHHUIN PEXUM OOYMCIICHHS pe-
3yJbTaTy Mmicjisi HA0opy 3Haka piBHOCTI. [Ipu BiIKITIOUEHOMY pEKUMI aBTOMATH-
YHOrO0 OOYMCIICHHS JUIsl TIepepaxyBaHHs MOTPiOHO HaTuCHYTH KiaBimry F9. Ile-
pepUBaHHS 00YMCIICHb 31MCHIOEThCA KHONKOKW ESC uM kiamanHs mo 3HaKy pi-
BHSIHHSI, 800 TIOBTOpHE HAaTUCKaHHA KiaBinm F9 mpogoBKuTh 00YMCIICHHS.

[Ipu BUSBIEHHI MOMWIKKA BapTO MEPEUTH 10 PYYHOTO PEXKUMY M meper-
JSHYTH TIONEpPEeHI BUPa3H, O MOXKYTh OyTH ii npuunHOor0. J{J11 BUJaTIEHHS BU-
pasy, tabuui, rpadika Ta iH. HEOOXITHO CIIOYATKY BUILIUTH O0'€KT, a TOTIM,
MICJS MOSIBU PAMKU HABKOJIO 00’€KTa, BUKOPUCTOBYBATU OILII0 KOHTEKCTHOTO
MmeHto — Cut / BupizaTu a6o ommito meHio Edit — Delete / PenaryBaru - Buaa-
autu. KomitoBanHs 00'ekta B Oydep 0OMiHY BiIOYBAETHCSI aHAJIOTTYHO 3 BHUKO-
puctannsam ommii Copy / KomiroBarw.

Omneparopu, 1udpu, 3HaKu BUOUPAIOTHCS 3 BIJMOBIIHUX NAMITP (MIKTOT-
pam) psinka 3-9 (puc. B.1) abo BBoasiTBCs 3 KiaBiatypu. Buxin 3-mija 3Haka ore-
paTopa 3AIUCHIOEThCS TEPEMIIICHHSIM Kypcopy 3a 00JacTh IbOTO OIepaTropa
ab0 HaTUCKaHHAM KiaBimii Enter. Imena 3MiHHUX MOBMHHI OyTH BHU3Ha4y€H1 pa-
Hime oneparopa ¢yHkiii. Bupas, mo MIiCTUTh 3HaK =, BIUTUBA€ HA JOKYMEHT
Hk4e 1 mpaBopyu Big cede. Komanna Edit - Select All / BunpaBienns - Bu-
JIJIMTH BCe YU MPOTATraHHA KypcOopy NpU HATUCHYTIN JiBIM KHOMNI MaHIMyJIs-
Topa "muia" dyepe3 JOKYMEHT J1a€ MOXKIIMBICTh MEPEryisaay BUAUICHUX 00Jac-
TeH, 110 He TOBUHHI TTepETHHATHUCS.

Busnaueni 3miHHI (SIKI MalOTh MPUWHSTI 3HAYEHHS 32 YMOBUYAHHSM) MOX-
Ha nepesusHaunt Math — Options / MaTtemaTruka — [lapamerpwu.

3a yMOBYaHHSIM YCTAHOBJICHI:

00 - HECKIHUEHHICTbh, MPUMMAE 3HAYCHHS 10307;

€ - YuCIio e, mpuiiMae 3HadeHHs 2,71828182845905;

T - YKCyI0 T , mpuiiMae 3HadeHHs 3,14159265358979;

i - yaBHA ogMHUIIA, pUKMMAE 3HAYSHHS 11;

] - yABHA OJIMHULISA, IPUUMAE 3HAYCHHS 1j;

% - Bigcorok, npuiimae 3HadeHHs 0.01 (mampukiazn, 20-30 % = 6);

TOL - mpunycTuma norpimHicTh 004nciieHb, npuitmae 3HaueHHs 0,001;

ORIGIN - 3aBmanHs 1HAEKCY 1-TO enemMeHTa MaTpulll (BEKTOpa), MpHUii-

Mae 3HadyeHHs 0.
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Ilpuknao B.1
Po3paxyBaru 3HaueHHs apu(METHIHOrO BHpa3y B Touli x = 3 (BUI J0-
kymenta B MathCad).

X =3

ix — coth (x)3-cos(‘x-sin (xz) — In(x) ‘) = -0.559
e

TaOymoBanus GgyHKuin

s oGuncneHHs 3Ha4eHb (QYHKIIT B IEIKOMY Jlana3oHi 3MiHU apryMeH-
Ty CITIOYATKy HEOOXITHO BU3HAYMTH I TUCKPETHUI apryMEHT.

Hanpukinan, skmo nmotpioHo TadymroBatu dGynkmio Y(t): = sin(t) - cos(t)
npu 3MiHI aprymenty t B inTepBani [-2;2] i3 kpokom 0,5, HEOOXiTHO BHKOHATH
HACTYIIHI JIii:

1 3anmatu aiana3oH 3MiHU 3MIHHOI y BUTJISIL

t=-2,-15..2

ne -2 - miBa Mexa iHTepBaiy; -1,5 - cyma niBoi MeXi 1HTepBaly 1 KPOKY
3MiHu 3MiHHOI [-2 + 0,5 = -1,5]; .. - omeparop, 1110 BCTaHOBIIIOETHCS 3a JOMOMO-

roto nikrorpamu Vector and Matrix Toolbar - Range Variable / Onepanii 3

BekTopamu i maTpunsvu / /liana3on 3miHHOT (KHOMKA ﬂ ); 2 - IpaBa Mexa
1HTEpBaIYy.

2 3amatu GyHkmio y(t): = sin (t) — cos (t).

3 VYBectu t = (Ha expan Oyze BuBeIeHA TaOIHIsS 3HAYCHD t).

4 VYBectu Y (t) = (Ha ekpan Oyze BuBeaeHa TadauI 3Ha4eHb Y (t)).

Tabnuili 3HaueHb, 10 MICTATH B 1 10 10 psiAKIB TaHMX, BUBOJSTHCS Ha
€KpaH IMOBHICTIO. Y TaOJMUIX 3 KUIBKICTIO psiikiB Outbiie 10 Ha ekpaH BUBO-
naThes TUbky nepui 10 psiakis. i neperyisany 1HIIMX 3Ha4eHb He0OX1HO Mic-
7Sl BUAUICHHS TaOJIUIll CKOPUCTATUCS JITHIWKOIO MPOKPYUYyBaHHA. Burisam noky-
menra MathCad:

t=-2,-15 . 2
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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

15 0.927

2 1.325

dopmaTyBaHHSA pe3yJbTaTiB

st Toro, mo0 ycTaHOBUTH (popMaT BUBOY JIaHUX, HEOOX1THO:

1 BuginuTu Tabnuito, KIAMHYBIIN M0 HIH MUIIEIO.

2 Bubparu nmynkT menro Format — Result / ®@opmar - PesyasTat. Oni-
11 BOrO BIKHA JI03BOJISIIOTh BCTAHOBUTU KUIBKICTh JICCTKOBUX 3HAKIB y BUBE-
neanx unciaax (Number of decimal places), Mexxi BUKOpHUCTaHHS CKCITOHCH-

miiHoro 300paxxenns uncen (Exponential threshold) i op.

3 3a 3amoBuyBaHHsaM s Exponential threshold / ITopir moka3znuka
npuiiMaeThbes 3HaueHHs 3. Lle o3Havae, Mo TUIBKK YKciIa, OuIbIi uu piBHI 102,

B1JIOOPaXaIOThCS B €KCITOHEHIIIHHOMY BHUTJISII.

[Ipu 3MiH1 hopMaTy BUCHOBKY PE3YJIbTATIB 3MIHIOETHCS TUIBKH iX 30B-

HIHIA Bursia. Bayrpimse 300paxenns uncen MathCad 3aBxam Mae moBHY

TOYHICTb.

IloOynoBa rpagikiB pyHKIIiH y 1eKapPTOBil cMcTeMi KOOPAUHAT
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MathCad Hanae MOXIUBOCTI TOOYOBH TBOBUMIPHHX TpadikiB y AeKap-
TOBUX 1 TOJIAPHUX KOOpPJIMHATAX, JIHIN PIBHA, 300pakKeHHS MOBEPXHI, a TaKOX
noOyA0BH ALY 1HILIUX TPUBUMIPHUX rpadikiB.

Touku, 3 AKX CKIATAEThCS Tpadik, BUZHAYAIOTHCS TUCKPETHUMH apry-
menramu: MathCad manocuts Ha rpadik OAHY TOYKY JJIS KOXKHOT'O 3HAYCHHS
JTUCKPETHOTO apTyMEHTY.

Jlnst Toro, mo6 modyayBaTH ABOMIpHUHN rpadik y JeKapTOBid CHUCTEMI KO-
opauHat pyHkuii y(t), HeoOXimHO:

1 Knanytu muiero Hokde (tpasimie) Gpopmynu s Y(t) 1 BuOparu
Graph Toolbar - X-Y Plot / I'pagik - X-Y 3a/ie’kHiCTh: KHOIKa % a0o BH-

kopuctatu omnepaniiiHe meHio Insert - Grath - X-Y Plot/BcraBka - I'padik -

X-Y 3anexnicTn). Ha ekpan Oyze BuBeneHuii mabion rpadika (puc. C.2).

Pucynox B.2 — lllabnon 3a0asanns napamempis 011 no6yoosu epagixa

2 Y moni BBEICHHS ITJI BiCCI0O aOCHHC MOTPIOHO BBECTH iM'S 3MIHHOI i,

MMOCTaBUBIIIU, TAKUM YHHOM, Y BIIIOBIJHICTD /IO 111€1 OC1 3MIHHY t.

3 KrnamHyTty B 1Mo HaBIPOTH CEPEANHM OCi OpJUHAT 1 BBECTH iM's QyH-
Kiii 3 00OB'sI3K0BOIO BKa3iBKow ii aprymenty Y(t). ITons, mo 3aauiraroThbes
IMPU3HAYCHUMH JUIS BBEICHHS MEXK Ha OCSIX (MaKCHMaJIbHOTO 1 MiHIMaJIbHOTO
3HA4YCHb, 110 BITKIATAFOTHCS Ha oci). SAkmio 3ammmmth ix mopoxaimu, MathCad

aBTOMATUYHO 3alIOBHUTH iX 32 YMOBYAHHSIM MpU MoOym0B1 rpadika.

4 Tlicns xnanaHHs mo3a rpadikoM BiOyBa€eThCsA MPOIEC HOro MoOya0BH.

[Tig im'ssm pynkmii y (t) 3'1BaseTbest 3pa3ok kpecienHs Jainii. [ToasiliHe KitanaH-
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Hs 110 BiKHY rpadika uu Bukopuctanas Format - Graph - X-Y Plot / ®opmar -
I'pagik - X-Y 3ajekHicTh 103BOJIsI€E TPOBECTH (POPMATYBaHHS 30BHIIIHHOTO

BUTJISY rpadika.

Hianorose BikHO (hopmaTyBaHHS rpadika Mae 4OTHUPU BKIAIKU. Po3riis-

HeMo 1Bi 3 HUX (puc. B.3, B.4).

Formatting Currently Selected X-Y Plot |
H-T Anes | Tran:esl Lahelsl Defaultsl
Hebmls Tl
I LogScale I Log Scale
W Grid Lines vV Giid Lines
W Mumbered v Mumbered
W Autoscale W Autozcale
W Show Markers W Show Markers
[ Auto Grid [T &uto Grid
Murnber of Grids: Murmber of Grids:
= =
Ayesz Style
™ Boxed
& Croszed W Egual Scales
" Mone
Q. OTraena | [l FHEHHTE | Cnpagka

Pucynox B.3 — Bikno ¢popmamysanns epaghixie. Bknaoxa X-Y Axes

Crutan Briaaku X-Y Axes (puc. B.3):

Log scale — ycranoBka nmorapudmiqHOro Macmraoy;
Grid lines — ycranoBka JiHii MacTabHOT CITKY;
Numbered — ycranoBka nu)poBUX JaHKUX IO OCAX;
Auto scale — apromarnuHe 3aBaHHS MacIiTady oceif;

Show markers — HaHeceHHs PHCOK;
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Auto grid — aBTOMaTHYHA yCTAaHOBKA MacIITaOHUX JiHIH;
Number of grids — ycranoBka yucia MaciITaOHUX JIHIHN;
Boxed — pamka HaBKOJIO rpadika;

Crossed — nepeciuHi oci;

None — BiICyTHICTB OCei;

Equal Scales — piBHi macmiTadu.

Mitku Touok (Symbol), tun minii (Line), xomip (Color), Topmuny
(Weight) i tun minii (Type) rpadika MOXKHA 3MIHIOBATH, BHKOPHUCTOBYIOUH

BKJIaJIKy Traces BikHa ¢opmaryBanHs rpadika (puc. B.4).

Formatting Currently Selected X-Y Plot

W Awes  Traces | Lal:ueISI Defaultsl
Legend Label Symbaol  Line  Color Twpe  Weight
trace 1 rone E ok 4
trace 2 hone dot bk lines 1
trace 3 hone dash  blk lines 1
trace 4 (ylal= dadot  mag  lines 1
trace 5 (ylal= zolid cya  lines 1
trace & (ylyl= dot brn lines 1 ll
Itran::e'l Inl:une j Is-:uli-:l j II:qu j Ip-:uints j |4 j
[T Hide Arguments W Hide Legend
ak. OTt4eHa | [l B EHMTE | Cnpaet.a

Pucynok B.4 — Bixno ¢oopmamysanns epagpixie. Bkraoka Traces

Ha onHoMy pHCYHKY MOKHa MOOyayBaTH JieKiabka rpadikiB. Y cepeaHii
KBaJIpaT MO BEPTHKAII BIUCYIOTHCS Yepe3 KOMHU BCi iMeHa QyHKIIi abo TXHi BU-
3Ha4YECHHsI. AHAJIOTIYHO B CEpEAHIN KBaJpaT 0 FOPU3OHTANIbHIM OC1 3aHOCSATHCS
aprymMeHTH (QyHKIII (41 apryMeHT, sIKIIO BiH oAuH). s moOynoBu rpadika He-

00XiHO KJIAIIHYTH MUIIICIO 3a HOro MeskaMu (a00 HaTHCHYTH KiaBimy F9).
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Buninusimm none rpadika myHKTUPHOIO JiHIEK (KIAIHYBIIN OIS HHOTO 1
MPOTATHYBIIN MUIITY, BIIMMYCTUTH KJIABIIY), MOKHA MOTIM MEPEMICTUTH HA HHO-
ro Kypcop, IOMOITUCS MOSIBU "MOJOHBKHU" 1, KJIIALHYBUIM, MEPEMILIATH TOJIE 10
pob6ouomy BikHy. Jlyist Toro, mo0 po3TaryBaTu (3BY>KyBaTH) MexXi rpadika, mot-
P10HO 3aXOMUTH KypCOPOM HEOOXITHY CTOPOHY 1 TEPEMICTHUTH ii.

Omeparrii komitoBaHHS, BUJANCHHS TpadikiB BimOyBalOTHCS AHAIOTIYHO
aisiv 3 iHmuMu o0'ektamu MathCad 1 onmcani panimre. @yHkIii o0y 10BH He-

00X11HO BU3HAYaTH BUILE (JIBOPYY) BiJ MICISl BUBEJICHHS MAKeETa.

Ilpuknao B.2
[oGynysaru rpadiku GyHKmii y (x) = 3 - cos (X°) i f(t) = 2-sin (2-t) Ha
Biapi3Kky [0; 7] 3 kpokoM 3miHM aprymeHTy 7/64.

Bun noxymenta MathCad npuBenenwnii Ha pucynky B.5.

T T

=0 . : .
X=Y8a " 64

vy =3 —cosbd) () = 2:sin(2:1)

X, t

Pucynox B.5 — Pe3ynemam nobyoosu epagikie ¢hynkyiii y 3a0aHomy 0ianazomui
3MIHU apeyMeHmy 6 0eKapmositl cucmemi KoopouHam

TounicTe BigoOpaxeHHs rpadika pyHKIIi 3aJ€XUTh Bl KPOKY 3MIHU ap-

TYMEHTY: YMM MEHIII€ KPOK, TUM OLIbII "riiagkum" Oyne rpadik.
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Ipuxaan po3s’sizanns 3agaui JIII 3 maGoparopuoi podoru Ne 1

Posrnsinemo po3B’sizanus 3anaui JII npuknany 2 3 mabopaTopHoi podoTH
Ne 1.

Hexail HeoOX1qHO 3HaWTH (Xl, Xz), npu skux QyHkuis F =2%; + Xp 1o-
csira€ MakCUMyMY, IIPUYOMY Xq, Xo IOBUHHI 3aJ0BOJIBHATH HACTYIIHIA CUCTEMI

oomexens (COB):

X1 + 3X2 > 6,

7X1 +10X2 <70,

4X1 — 5X2 > 20,
X1 2 0,Xy 20.

Jist Toro, mo6 BupimmTH 110 3agady B MathCad, Tpeba BukoHatu HacTy-
ITH1 Jil.
1. 3anucaru HIBOBY PYHKIIIIO:

F(X1,x2) = 2x1+ X2

2. 3amucaTy TOYaTKOB1 3HAYCHHS 3MIHHUX:
x1=1 x2:=1
3. 3anucaTu cucTeMy 0OMeXeHb:

Giver
X1+3x2> 6

7x1+10x2< 70
4x1 —5x2 > —-20
X1>C x2>C

4. 3anucaTu QYHKIIO MOUTYKY MIHIMYyMY:

o 10
Maximize(F ,x1,x2) = [ 0 ]

OTpumanu BiANOB1Ib Y BUTJISAII BEKTOPY, A€ x1=10, x2=0.
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5.3anucatu omepaTop Ui 3HAXOMKEHHS 3HaueHHs (QyHKLIT B 3HANACHIN
TOYII:
F(10,0) = 204

I'padiune po3p’sizanns 3agaui JIII

VY mnakeri MathCad nemae moiauBOCTI BHpilIyBatu rpadiyHO CHCTEMY
HEpIBHOCTEH. AJie MOXKHA MOOYyBaTH I'padiKy BiIMOBIIHUX PIBHSIHHb.

Jlist ibro Tpeba BUPA3UTHU X, Yepe3 X'

X +3X, 26, = X, :2—%x1,

7%, +10x, <70, = X, = 7—%x1,

4x, —5X, =2 —-20,= X, :4+gx1.

3anucyeMo GOpMyITH IIUX TPHOX MPSIMHUX:

1

f1(x1) =2 - =-x1
3
7

f2(x1) =7-—-x1
10
4

f3(x1) =4+ g-xl

3agaeMo iarna3oH 3MiHM 1 X1
x1:=0..10

bynyemo rpadik nux ¢pyskiii (puc. B.6):
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£3(x1) % N
-——— 3
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1
1 o0 Bk B 4 b b 510 11
1
-1 %1 11
Pucynok B.6

Touky neperuny QyHskiii (2) i (3) MOXKHA 3HAUTH MPUOTUIHO 32 JOTIOMO-

roro oruii Trace... 3 KOHTEKCTHOro MeHio rpadiky (puc. B.7):

- Trace
4 alue Copy #
W alue Copy 'y
Track Data Points Cloze
Pucynok B.7

Tpeba kIanHyTH JIBOK KHOMKOK MUIII Ha MOTPiOHOMY MicIii rpadiky 1y

BikH1 X-Y Trace nobauumo pe3ynbtart (puc. B.8):
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1 X-Y Trace e
11 1l
g
f10=1) 7 J Track Data Points
£ "}’r
2=l 5
f3(=1) -t L
- 3
LT
i
e
"M

5 {0 11

—_

xl

11

Pucynok B.8

Ilpukaan po3s’sizanns 3aga4i JIII 3 madopaTopHoi podoTu Ne 2

Jlnst BupoOHMIITBA TphOX BUJIIB BUPOOIB (A, B, C) BUKOPUCTOBYETHCA TpH

PI3HOMaHITHUX BUAM pecypciB. HopMu BUTpaT KOXKHOTO 3 BUIIB PECYpCIB Ha

OJIMHULIIO MPOAYKI[IT KOXKHOTO BUIY, 3allacl pecypciB 1 IpUOYTOK BiJl BUILYCKY

OJIMHUIII TPOYKIIIT TPUBE/ICH] B HACTYIHIN Tabnuui B.1:

Tabnuys B.1
Hopwmu Butpar Ha 1 Bupi6
Bun pecypcis THUITY 3amacu pecypcis
A B C
Tpyxn, moa-r 4 2 1 180
CupoBHHA, KT 3 1 3 210
YcraTkyBaHHs, TOJIUH 1 2 5 244
[TpubyToK, Tp.OxI. 10 14 12 -
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Bu3HaunTi miaH BUITYCKY MPOAYKILIi, MPHU SKOMY CyMapHUN HpUOYTOK

MaKCUMAaJILHUI.

F(x1,x2,x3) := 10x1 + 14x2 + 12x3
x1=20 x2:=0 x3=0

Giver

4x1 + 2x2 + 1x3 < 180
3x1+ 1x2 + 3x3 < 210
1x1 + 2x2 + 5x3 < 244

x1>0 x2>0 Xx3>0
0

Maximize(F ,x1,x2,x3) = | 82
16

OTpumaiiu BiATIOB1/Ib Y BUTJIAJI BEKTOpPY, 1€ X1=0, x2=82, x3=16.
3HaueHHa PYHKIT y L1 TOYIi:

F(0,82,16) = 1340,

JIBoicTa 3aj1aya

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

4y1+3y,+Yy3>10,

2y1+Y,+2y3>14,

Y1+3Y,+5y3>12,

Y120, y»20, y5=0.

Bua nokymenry MathCad:

G(yl,y2,y3) = 180yl + 210y2 + 244y3]|
yl=0 y2:=0 y3=0

Given
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4yl + 3y2 + y3> 10
2yl +y2 +2y3> 14
yl+3y2 +5y3 > 12
yl1>0 vy2>0 y3>0

5.75
Minimize(G,yl,y2,y3) =| 0 |
1.25

G(5.75,0,1.25) = 1340,

Ipuxnan po3s’sizannda 3agauyi JIII 3 1aboparopHoi podoru Ne 4

Po3é’azanna 3amMKHymoi mpancnopmmoi 3aoaui

Hexaii yncino myHKTIB BIANPaBICHHS 1 YUCIIO MMyHKTIB MPU3HAYEHHS J0pi-
BHIOE 2 (n=2, m=2). 3amacu, moTpedu 1 BapTICTh MEPEBE3CHb 3a3HAUYCHI B HACTY-

mH1d Tabaum B.2.

Tabnuysa B.2
[TynkTn Bi- ITyHKTH npU3HAYEHHS
JIpaBiieH- | 3amacu B, B,
HS
A 100 X11 4 X12 2
A, 150 X12 3 X22 6
[ToTpebu 120 130

Bun nokymenty MathCad:
F(x11,x12,x21,x22) = 4x11+ 2-x12+ 3-x21+ 6-x22

x11=1 Xx12=1 x21=1 X22:=1

Given
x11+ x12= 100
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x21+ x22= 150
x11+ 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,

Po3B’s13aHHs 1BOICTOT 3a/1a4l

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

Y.+ Y3

i+ Ya
Yo T Y3
Y. + Ya

IA IN N A
o w N A

Bua nokymenry MathCad:

G(yl,y2,y3,y4) = 100yl + 150y2 + 120y3 + 130y4
yl=1 y2=1 vy3=1 yd =1

Given

yl+y3<4

yl+y4<2
y2+y3<3

Y2+ Yy4<6
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6
Maximize(G,yl,y2,y3,y4) = 3 '

G(2,6,-3,0) = 7404

Po3é’azanna 6iokpumoi mpancnopmuoi 3aoaui
Hexaii ynciio nyHKTIB BIANPABIEHHS 1 YUCIO MYHKTIB NPU3HAYEHHS J0pi-
BHIOE 2 (n=2, m=2). 3anacu, noTpedu 1 BapTICTh MEPEBE3CHb 3a3HAUYCHI B HACTY-

muid Tadmum B.3.

Tabauys B.3
[TynkTu Big- [TyHKTH TTpU3HAYEHHS
3amacu
MIPaBJICHHSA B, B,
Al 120 X11 4 X12 2
[Totpebu 120 130
Bun noxymenty 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
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120
Minimize(F ,x11,x12,x21,x22) = 120 '

10
F(0,120,120,10) = 660,

Po3B’sa3annsa 1BoicTOI 3a1a4l

G =-120y; —180y, +120y3 +130y, (max).

-y1 + Y3 < 4
— + < 2,
¢ Y4 y120,y, 20.
-Y2 + Y3 < 3
-y + Ya < 6,
Bun noxkymenty MathCad:

G(yl,y2,y3,y4) := —120y1 — 180y2 + 120y3 + 130y4
yl=1 y2=1 vy3=1 yd =1

Giver

-yl+y3<4

~yl+y4<2

-y2+y3<3
-y2+y4<6

Maximize(G,yl,y2,y3,y4) =

D W O b~

G(4,0,3,6) = 660,
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Ipukaan po3s’sizanns 3agaui JIII 3 1adbopaTtopHoi podoru Ne 5
3aoaua 1

F=7,62%,+6,45X, (max);

0,01x, +0,2x, <400,
0,22x, +0,15x%, < 200,

X ——X, =0, X120, X,>0.

Bun noxymenty MathCad:
F(x1,x2) == 7.62x1 + 6.45x2

x1=1 x2=1

Given
0.01x1 + 0.2x2 < 400
0.22x1 + 0.15x2 < 200

3
Xx1-—-—x2=0
4

x1 < 350

x2 < 280
x1>0 Xx2>0

o 210
Maximize (F,x1,X2) =
280

F(210,280) = 3406.2
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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,

X]_ZO, XQZO.

Bun noxkymenty 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

—0.22x1+0.85x2> 0
x1>0 Xx2>0

. 350
Maximize (F,x1,X2) =
149.412

F(350,149.412 ) = 2630.942

Ipukaan po3s’sizanns 3agadi HJIII 3 madopaTopHoi podoTu Ne 6

3amavya KBaJpaTUYHOrO MPOTrpaMyBaHHS.
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F =9x1 +2X%5 —xl2 —xg (max),

) X1 +4Xo9 <52,
X1 — X9 < 2,
7X1 +3Xo > 64.

3ammc y MathCad [TosicHeHHs
f(x1,%2) = 9-x1 + 2x2 — x1° — x2° - LiboBa PyHKLs,
=0 - I0OYaTKOB1 3HAYECHHS 3MIHHUX,
X2 =0
Givel .
X1+ 452 < 52 - 3aIUC CUCTEMH OOMEXKEHD,
XL-xX2 <2
7-x1+ 3-X2 > 64

7
Maximizéf,x1,x2) = (5j

- TOYKA EKCTPEMYMY,

f(7,5) = -1

- 3HAYECHHSI (PYHKIIi B TOYI[l EKCTPEMYMY,
ol w7 - IEpeBIpKa BHUKOHAHHS CHCTEMH OOMe-
X2 =5 JKCHb.
XL+ 452 = 27
X1-x2 =2
7-X1+3-X2 =64

Ipumimka: y nporpami MathCad moxna po3B’si3aTé HE BCi onTUMi3a-
ikHI 3aaa4i. Tak, HanpUKIaa, He BAAIOCS 3HAUTH PO3B’SI3aHHS IS MPUKIIATY 3

nabopatopHoi pobotu Ne3. Ile moB’s3aH0 3 MeToAamMu, BOYJOBAaHUMH B TIporpa-

My.
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