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BBenenue
JIro60it nccremyemplit 0OBEKT WM MPOIIECC XapaKTePHU3yeTcs CBOUMH KOH-
KPETHBIMH TIapamMeTpaMu (pa3MepaMH, CBOWCTBaMH, mokazaTensmu). [Ipu ma-
TEMaTHYCCKOM MOJICIIMPOBAHUY WX OOBIYHO 3alUCHIBAIOT B BHJAC BEKTOpa
X =(%, X9,"+*,Xy) . DTH mapaMeTpsl Bcera ObIBAIOT CBSI3aHHBIMU MEXIY CO-

001 ¥ 3aBUCAT OpYT OT Apyra. B3anMo3aBHCUMOCTH MEXIy ITapaMeTpaMy OMH-
CBIBAIOTCS Pa3HOOOPA3HBIMH YPaBHEHUSIMH, a TPEOOBAaHMS HA OTACIBHBIC TIOKa-
3aTeny OOBEKTA 3aJaf0TCSl HEPABEHCTBAMHM M (PYHKIMOHAIBHBIMH 3aBHCHMO-
CTSIMH.

[Tpn npoexTupoBaHUK padoyero ys3iia KOHKPETHOro 00BbEeKTa, MM MpPU Op-
raHu3aluy U YIpaBiICHUs IPOU3BOACTBEHHBIM IIPOLECCOM, HAC HHTEPECYET
HAWTy4IIUi BapHaHT peuieHus npobsiemsl. Ilokasatens, KOTOpBIH XapakTepu-
3yeT KayeCTBO BBITIOJIHCHUS 3a1a4M, Ha3bIBACTCs LeNIeBOW (pyHKUMEH M KpH-
TepHeM ONTHMalbHOCTH. OOIias 3ajada onTHMH3aIMU (GopMyIHpyeTcs ciie-
AylomuM o0pa3oM: MoJ00paTh HEPEMEHHBIM Xp,Xp,---, X, TaKUe 3HAYCHHUI,

KOTOpbIEC 00ECIeUNBAIOT IKCTPEMyYM IieneBoit Gpynkimu [1].
Ha s13p1ke MaTeMaTHKH 3aJa4ya OIITUMHU3AIIUHU 3alIMChIBACTCA TaK:
HaWTH max (min) (X, Xo,-++, X,) Q)

(X, X2, Xp) =bj, j=1k
Pj(X, X2, %) < (2) bj,  J=k+1m

[IPU YCIIOBHUSX 2

Ecmu neneBas ¢pynknwms (1) u cucrema orpanndeHuii (2) THHEHHBI, TO 3aa-
ya onrummsanud (1)-(2) Ha3pIBaeTCs 3adauetl AUHEUHO20 NPOSPAMMUPOBAHUS
(3JIIT). Ecmu cpean HUX mMeeTcs XOTs Obl 0JfHa HenmuHelHas QyHkws, 1o (1)-
(2) HazpIBaeTcs 3amaveit Heaunelino2o npoepammupoganus (HIII).

B ob6uiem ciyuae 3ajaya JMHEHHOrO MPOrPAMMHUPOBAHHS 3aMHCHIBACTCS
CIIEAYIONUM 00pa3oM:

n
HalTH max (min) f(x) = ¢
i=1
n -
IIPU YCIIOBUAX Zajixi :bj, j=1m;
i=1
n -
2.ajiX% 2 bj, j=m+1my;
i=1
n -
2.ajiX <bj, j=my+1m;
i=1
X =0, i=Ln



CucteMy orpaHM4YeHHMI BUJa HEPABEHCTB BCErJa MOXKHO CBECTH K OrpaHH-
YEHUSIM THIA PABEHCTB C IOMOIIBIO JONOJHHUTEIBHBIX MEPEeMEHHbIX. Toraa,
3ajady JMHEHHOTO MPOTPaMMHPOBAHUS MOXHO IPEICTABUTD B KAHOHUYECKOU

thopwme:

n
HaHTH min f(x) = > ¢iX
i=1

n
IIPU YCIOBUSX 2.ajiX =bj,
i=1

X =20, i=Ln.

B 3amavax JMHEHHOTO NPOrpaMMHpPOBaHHUS  Ciaydaldl  HaXOXKICHHS
max f(Xx) ormenbHO He BbLAENSAETCS, T.K. OH CBOJHUTCS K HaXOXKICHUIO
min[— f (X)], npuyeM

max f (x) = —min[- f (x)].

YHUBepCcaJIbHBIM METOJIOM peIICHHs 3aJa4u JUHEHHOTO IPOTrpaMMUpPOBaHUS
SBJISICTCA CUMIUIEKC-METOJl, HA OCHOBE KOTOPOT'O JIGXHUT MHOTOKpPATHOE perlle-
HHE CHUCTEMbI JHHEHHBIX ajreOpanmdeckux ypaBHeHuil. [Ipocreiinue nsyxmep-
HbIE 3a/lau¥ JIMHEWHOT'O MPOrpaMMHUPOBaHMsl MOTYT OBITh pelieHbl Trpaduye-
CKHM CII0COO0M.

Jnst pemienust 3aqad4 HEIMHEHHOIO MPOTrpaMMHUPOBAHUS HCIOJIB3YIOT pas-
JIMYHbIE UTEPALMOHHBIE MPOLEAYPHl MOUCKA ONTUMYyMa, MOCKOJIBKY Al HHUX
OPSMBIX METOJOB HE CyHIeCTBYIOT [2]. DTH HTepalMOHHBIE MPOLEIYPhI, KaK
TPaBWJIO, MIPEeTHA3HAYCHBI IS pEeIIeHHs 0e3yCIOBHBIX 3a/1a4 (METOJa TpajucH-
TOB, METO]] IOKOOPAMHATHOTO CITYCKa, METOJl HAUCKOPEUIIETO CITyCKa). Y CIIOB-
Hble 33/1a4M TIPEBAPUTEIHLHO CBOJSTCS, HAIPUMEp, NMPH IOMOIIM TpadHBIX
(hyHKIMH, K 3a1a9aM 0e3yCIOBHOM OITHMHU3AIIUH.

Korna uccnenyemslit 00BEKT WM MIPOIIECC XapaKTEPU3yeTCs] HECKOJIBKUMU
HeneBbIMU (DYHKLIMSIMH, BO3HHKAeT MHOI'OKpPHTEpHaJbHas 3anada. MHOTOKpH-
TepHaNbHBIE 33]Ja4l OYEHb Pa3HOOOPa3HBI IO COJIEPKAHMIO, IO 00BEMY U Kade-
cTBY nHpopManuu. CHuTaeTCs, 4TO 0 CUX IOp HET IMpUEeMIIeMOH Kiaccupuka-
LMY MHOTOKPUTEPHUAIBHBIX 33714 U TIOJXO0B K X PELICHHIO.

LeneBble QyHKIMM, KaK MpaBUIIO, OBIBAIOT HPOTUBOPEUYHMBBIMU M TI03TOMY
MHOTOKpHUTEpHabHas 3ajada HE MMEET €JUHCTBEHHOro pelleHus. Pemenune
UILETCS. B BUJE HEKOTOPOrO KOMIPOMMCCHOTO BapHaHTa, TO €CTb HaWIydIleil
anbrepHaTUBbl. OCHOBBIBASICH HA PA3NIMYHBIX ONPENCICHUAX HAUIy4llIed aib-
TEPHATHUBBI, MOJKHO IIPOBECTH HEKOTOPYIO KIACCHU(PHKAIINIO U3BECTHBIX IPOIIE-
Iyp PpeIIeHHs MHOTOKPHTEpHAJIbHBIX 3a/ad. B KauecTBe OCHOBHBIX MOXHO
MIPUBECTH CIIEAYIOIIHE ABA MTOIX0AA:



1. TTocTpoenue MHOXKECTBA ONTHMAIIBHBIX 110 [lapeTo anbTepHaTHB U BBHIOOD
U3 3TOT0 MHOXKECTBAa aJbTEPHATHUBBI HanOoJee MPEIIOYTHTEIBHBIH C TOYKH
3peHwus JHIa, IpuHIMaroero perrenus (JIIIP).

2. AnpuopHbIe TIpoLeAyphl (CBEACHNE MHOTOKPHTEPHAIBHOM 3a1a4d K OJ-
HOKPUTEPUAIBHOH ¢ MOMOIIBI0 KOMIPOMHUCCA H PEIIAIOIIUX MIPABHIT).

Tema 1. MaTeMaTH4eckoe MOAEC/JIMPOBaAHUE

¢ IOMOIIbI0 METOI0B JIMHEHHOT0 MPOrPpaMMHPOBAHUS
MopennpoBaHue MHOTHX NPOM3BOACTBEHHBIX CHTYaIllM CBOJSTCS K pele-
HHUIO ONTHMH3AIMOHHBIX 3amad ¢ JuHeHHbIMH GyHKuusMu [3]. Paccmorpum

HECKOJIbKO IPHMEPOB COCTABICHHUS 3a/1a4 IMHEHHOTO IPOrpaMMHUPOBAHUSL.

1.1. OnTuMu3anus KoJiM4ecTBa y1o0peHuii, BHOCUMBIX B 101
HeoGxonumo ompenenuTs KOJINYECTBO OPTaHMYECKUX M CIOXKHBIX MHUHE-
panbHBIX yHOOpeHui it pasopacsiBanus Ha 20 ra JyromnacTOMIIHBIX yroaui
TakuM 00pa3oM, YTOOBI MOJIHASI CTOMMOCTh BHOCHMBIX YAOOpEHHH ObLIa MUHH-
MasibHOH. CTOMMOCTh ¥ XUMUYECKHH COCTaB yI0OpEHMH IPUBEICHBI B TaOmuIe
1.1
Tabmmma 1.1 — CTOMMOCTD M XUMHYECKHHA COCTaB YAOOPCHHI.

YV 106DeHIe CTouMOCTb, A3or, docop, Kanui,
oo pyo/T KI/T Kr/T KI/T
Opranuueckoe 125 6 15 A
ynoOpeHue
Caontioe yzo0- 6500 250 100 100
peHue

IpeanonaraeTcss BHECTH Ha JIyT HE MeHee 75 Kr/ra a3ota, 25 kr/ra gocdopa
u 35 kr/ra xanus. [Ipou3BOAMTENHLHOCT TPYya IPH pa30dpachkiBaHUH OpraHuye-
CKOTO YHOOpEHUs] MOXET COCTaBIIsITh § T/4ac, a cioxHoro ymobpenus — 0,4
T/4ac.

MaremaTuyeckasi NOCTAaHOBKA 3a1a4H.

O06o3HaYuUM depe3 X, Xp — KOJIMYECTBAa BHOCHMBIX OPIraHMYECKHX U CIIOXK-
HBIX YIOOpeHHH COOTBETCTBEHHO. Torjga CTOMMOCTh BHOCHMBIX yIOOpEeHHI
MOXeT OBbITh 3a/1aHa B Buze 125x; +6500x, .

B 1 T oprannueckoro ynoOpeHust COAEpKUTCs 6 KT, a B 1 T KOMOWHMPOBaH-
HBIX ypoOpenuii — 250 kr a3ora. CnenoBarenbHO, 00IIee KOJIUYECTBO a30Ta,
BHOCHMOTO Ha Yrofibsi, cOCTaBisieT 6X; + 250X, . Tak kak MUHUMaNbHas HOpMa
BHECEHHS COCTaBJIsIeT 75 Kr/ra, a uiomans yroguid — 20 ra, To CyMMapHOE KO-
JIMYECTBO a30Ta He MOJDKHO ObITh MeHbme 75%20=1500 (xr). ITosToMy orpanu-
YEeHUs 110 30Ty MOKHO 3arucarh B BUjie

61 +250%, 21500 .
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[Tono6HBIM 00pa3oM cTposTCst orpaHuYeHust o (GochOopy U KalUEo
15x; +100x, =500,

4)(1 +100X2 >700.

Bpewms s pa3OpachiBaHUS X; TOHH OPraHUYECKOro yIOOPEHHs ¢ MPOU3BO-
JUTEIBHOCTBIO 8 T/4ac COCTaBIseT Xq/8 wac. Jlis BHECEHHS! CIIOKHBIX XHMH-
ueckux ynoOpenuii Tpebyercs X,/0,4 wac Bpemenu. OGiuee Bpems, HEOOXO-
JMMO€ ISl BBIIIOJIHEHHS 3TOI paboThl HE JOJDKHO MPEBBIIIATH

A% o5,
8 04

Takum o0Opa3zoMm, MaTeMaTHyeckas ITOCTAHOBKH 3aJayd OyHET BBITNIAACTDH
CIIEIYIOIIIM 00pa3oM:

HaWTH MUHAMYM LIeJIeBOH (QyHKIUH

F(xq, X2) =125x%; +6500x,

C yYETOM OTpaHHUYCHUH

6% +250%, >1500,

1,5x%; +100x, =500,
4% +100x, =700,
0,125%; +2,5%, <250,
X120, X, 20.

1.2. 3amaya o cocTaBJIeHHH palHOHA (32242 0 CMeCsIX)
HmeroTcs ABa BUJa KOpMa, COJIEpIKAIUX IMUTATENIbHBIC BEIECTBA: BUTAMHU-
HBl B1, B2, B3 (Ttabnuna 1.2). CTOUMOCTs OAHOTO KHMJIOTpamMMa MEpBOTO BHIA
KopMa — 4 py0urst, BToporo — 6 py6ieii. HeoOxoamMo cocTaBUTh JHEBHOU pariu-
OH, MMEIOIUA MUHHMAQJIBHYIO CTOMMOCTb, B KOTOPOM COJIepKaHHE Ka)JOro
BHU/Ia MMTATENILHBIX BELIECTB ObUIO OBl HE MEHEE YCTaHOBJIEHHOTO Ipeiena.

Tabnuma 1.2 — XapaKTepUCTUKH BUIa KOPMOB M HEOOXOJUMBIH MHHUMYM
MTUTATEJIBHBIX BEIIECTB.

. Yucao eIMHULL TUTATEeIILHBIX Be-
ITuraTensHoE Heo0xoaumprit
BEIIECTBO MHHIMYM miecTB B 1 KuimorpaMMe Kopma
K1 K2
Bl 9 3 1
B2 27 4 2
B3 12 1 6




MartemaTndeckasi popMann3anus 3aJa4m.

Ilycts X1,Xo — konudectBa BuAa kopmoB K1 u K2 coorBercrBenno. Torna
CTOMMOCTb THEBHOTO PAIOHA COCTaBUTh 4Xq +6X, pyOneil.

KonnuectBo nuraTenbHOro Bemecrtsa Bl B JHEBHOM paLiMOHE ONpPENENseT-
cs1 popmymoit 3X; + Xo €IUHUI] U TOIDKHO OBITH HE MEHEE HEOOXOAMMOTO MH-
HUMYMa, paBHOrO 9 enunuiaM. OrpaHUYEHUS HA APYTUC BUJBI MUTATCIHHBIX
BEILECTB OMpPENEIAIOTCS aHATOTUYHO.

Takum oOpa3om, MaTeMaTndeckas (OPMYIHPOBKA 3a]aUd IMEET BH/I:

HAWTH MUHUMYM
F(Xl, X2) = 4)(1 + 6)(2
TIPA YCIOBUSIX
3)(1 + X2 >9,
4X1 + 2X2 >27 s
X1+ 6)(2 >12,
X1 > 0, X2 >0.

1.3. 3agaya 06 UCNOIBL30BAHUHT PECYPCOB
NPH M3TOTOBJEHUH U3/1eJ il

Jlnsa m3rotoBieHus AByX BUAOB mpoxykuuu I11 u I12 ucnons3yror deTsipe
Buga pecypcoB P1l, P2, P3, P4. 3anmacel pecypcoB M YHCIO €IUHUI] PECYPCOB,
3aTPayeHHBIX HA M3TOTOBJICHUE OJTHOTO BHJA MPOAYKIUH, TIPUBEACHO B TaOIH-
e 1.3.

Tabmmma 1.3 — 3amacel pecypcoB M UX Pacxo] IPH U3TOTOBICHUU €IUHHIIBI

TIPOTYKITHH.

Bun pe- 3amac pe- UYncio ennHML pecypcoB, 3aTpaueHHBIX Ha U3r0-
cypea cypea TOBJICHHE OJTHOM €IMHMIIBI POIYKIINH
11 112
Pl 18 0,5 3
P2 16 2 1
P3 25 0 4
P4 21 3 0

[pubsLIb, MONyYeHHAs OT peanu3anuu ogHoro mpoxaykra [11 paBHa 2, oT
[12 — 3 ycioBHO# emuauEL. He00X0MMO COCTABHTE TAKOH TIAH MPOU3BOJICTBA
MIPOAYKITUH, TP KOTOPOM MPHUOBLIE OT peann3anny Obljla MaKCHMaJIbHOH.

MaremaTuyeckas popmanusanus 3agaqu.
ITycts Xq,Xp — KonuuecTBa m3rorapiauBaeMoit npoaykuuu I11 u I12 coot-
BETCTBEHHO. Tor/a npubbLIbL OT peanu3alul MOXET ObITh BbIYMCIIEHA 11O dop-
Myne 2X; +3X;.




Pacxon pecypca P1 cocraister 0,5%; +3X, €IUHUL, KOTOPBIHA He JOIKEH

IPEBBIIAT 33IaHHOTO 3amnaca 18. AHAIOTWYHO OIIPEAEIAIOTCS OTPAHIY CHHS
Ha Apyrue BUJpI pecypcoB. CienoBaTeiabHO, MaTeMaTHyecKast popMynupoBKa
3a/1a4y BBIMJIAZIETD TAK:
HaUTH MaKCUMYM
F(Xl, X2) = 2)(1 +3X2
MPH yCIOBUSAX
0,5X1 + 3X2 <18,

2% +Xp <16,
4xy <25,
3x <21,

X120, X5, 20.

1.4. 3apaua 0 HanJIy4lIeM UCTOJIb30BAHUM
pecypcoB NpenpusiTHs

®depmep BoIpanuBaeT a8e KyiabTypbl X u V Ha miomanu 160 ra [3]. Emy He-
00XOAMMO paCIpeNieTINTh 3EMIIIO0, JIFOAEH M TEXHHKY TakUM 00pa3oM, YTOOBI
NpUOBIIH OT peau3anny YPoxkas Ha3BaHHBIX KYyJIbTYp Obllla MakCHMaJbHOH. B
Ipolecce BBHIPAIIMBAHUSA KaKAOW W3 KyJIbTyp HEOOXOOMMO BBIIOJHITE TPHU
oTiepaluy - BCTAIIKY, oceB U yoopky. Huxke, B Tabnuue 1.4, oTu onepauuu u
BpeMs, HEOOXOMMOE JIJIsl UX BBINOJHEHHUS, NaHBl B MIPUBA3KE K YETBHIPEM Pa3-
HBIM IIepHoJaM NMPOU3BOACTBA. TaM ke yKa3aHo BpeMs B Ipeiesax Kaxaoro u3
MEPHO/IOB, KOTOPOE MOXKET OBITh MCIIOJIE30BAHO B 3THX LIENSX.

Tabmmua 1.4 — Bpemsi, Heo6X01uMOoe JUTsl BBITIOJIHEHHSI OTIepaIyi.

N Hoc- Tpebyemoe Bpemsl, u/ra
e_

TYIHOE Kynerypa X Kynerypa ¥V
puoj

BpeMsl, 4| Bcramr | ceB | yOopka | Bcmamika | ceB | ybopka

1 5 0,5 - - - - -

2 10 - 0,3 - 0,5 - -

3 15 - - 0,75 - 0,6 -

4 20 - - 0,75 - - 2,0

MaremaTH4ecKas HOCTAHOBKA 3aJa4M.

ITycts X3 U X4 0003HAYAIOT IIIOLIALY, BBIIEICHHBIE [0 KYIbTYpy X, KOTO-
pBIe yOMpaloT B meproIsl 3 U 4 COOTBETCTBEHHO, U MYCTh ¥ €CTh IUIONIA/lb, BBI-
JlelleHHas o KyupTypy V. Ilnomanu, BelaessseMble NOA KOKIYI0 U3 KYJIBTYp,
OrpaHu4eHbl 00IeH MIIOIMAABI0 YTOIUMH, T. €.

Y1+ X3+ X4 <160.
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Jdnst yOOpKHM KaXIoH KyJbTypbl MOXKET OBITh HMCIOJIB30BaH CaMOXOHBIN
KOMOaifH ogHOrO U TOTO ke THma. [IycTs by ecTh umcio koMOaitHOB, HEOOXOIHU-
Moe 11 YOOpKU. DTO YHCIIO MOXKET OBITh TOJNBKO LEJBIM U HEOTPUIATEILHBIM.
Coopmynupyem orpaHHdeHus 10 00IIMM 3aTpaTaM TEXHUKH Ha YOOpPKY:

nepuon 3:  0,75x3 <15b, ,
nepron4:  0,75%4 +2y < 20Dy .

ITycts ms BCHAIIKY, IOceBa M yOOpku HeoOxoamm Tpaktop. Ilycts b,
€CThb HeOTpHLATeNbHAs IIEeNOYHCIICHHAs INepeMeHHas, 0003HaJyaromas moTped-
HOCTB B TpakTopax. Torxa orpaHH4eHus 10 IEPHOAAM 3aITHIIYTCS TaK:

nepuox 1: 0,5(x3+X4)<5b,,,
nepuon 2:  0,3(X3 +X4)+0,5y<10b,,,
nepuon 3: 0,75x3+0,6y<15b,,,
nepuon 4: 0,75x, +2y<20b,,.

[ToTpeOHOCTH B TPYHOBBIX PECypcax PacCUUTBHIBAOTCS CICIYIOLIMM 00pa-
30M. Bo Bpems Bcnamku u ceBa TpeOyeTcs OJHH YENIOBEK JUIS YIPABJICHUS
TpakTopoM. UToOb!I yOpath KynbTypy X, TpeOyeTcs ABa 4ejoBeKa JUisl yrpasie-
HUsI KOMOAHOM M OJIUH - JUIsl YIPaBJICHHsI TPAKTOpoM. Bo Bpemst yOopkH Kyiib-
Typbl ¥V TpeOyeTcs 10 OJHOMY YeJIOBEKY JUIs yNpaBJICHUS KOMOAHHOM U Tpak-
topom. IlycTs b, ecTs menouncieHHas: nepeMeHHas, 0003HaYaIOIIasl TOTHYIO
MOTPeOHOCTH B JIIOIAX. Torma orpaHuYeHHs MO TPYAY (B Yel.'d) MOXKHO cop-
MYJIHPOBATh CIICAYIOIIUM 00pa3oM:

nepuon 1: 0,5(X3+X4)<5b,,
nepuon 2:  0,3(X3+x%4)+0,5y<10b,,
nepuon 3:  0,75%3+0,6y<15D,,
nepuon 4: 0,75x, +2y<20b,.

KysabTypy ¥ MOXKHO BbIpaIBaTh Ha OJJHOM M TOM K€ I0JI€ TOJIBKO OJMH ToJ
U3 JIBYX, a KyJbTypy X - JBa rozxa u3 tpex. depmep HamepeH BbIpaLIMBaTh HUX
€XKEroJIHO U TI03TOMY J0JIKEH MPEAyCMOTPETh B CBOMX IIaHaX ceBOOOOPOT. DTO

MOYKHO C/IeNaTh C MTOMOIIBIO OTPaHUYCHUIA:
y<160/2,
X3+ X4 <160+ (2/3).
Hoxon, morygaemslii ot KynsTyp X 1 Y, paBeH 2 u 4 ez./ra. COOTBETCTBYIO-
e eXKETOTHBIC 3aTPaThl TpyAa, KOMOAHOB M TPAaKTOPOB paBHHI 15 ex./gen., 3
en/mamr. u 1,5 en./mam. lleneBas ¢pyHkuus (GyHKIUS MONE3HOCTH, noxon) F

(em./rom), KOTOPYHO  HEOOXOAMMO  MAaKCHUMHU3UPOBaTh, HMEET  BHJ
2X3 +2X%4 +4y —15b,, —15b, —3b, .



Taxum 06p2130M, CTaBUTCA clieayromiad 4aCTUIHO-LECJI0OYMCIICHHAs 3a/ia4a Jiu-
HEWHOTO IporpaMMHupOBaHns C INECTBIO HEU3BECTHBIMHU TIE€PEMEHHBIMHU

(X3, X4, ¥, 0,0, b ):
HaUTH MaKCUMYM
F =2x3 +2x4 +4y —15b,, —15b, —3b,
IIpH YCIOBHAX
Y1 + X3 + X4 <160,
0,75x3 <15hy,
0,75x4 +2y < 20D, ,
0,5(x3+X4)<5b,,,
0,3(x3+X4)+0,5y<10b,,,
0,75%3 +0,6y<15bh,,,
0,75x4 +2y<20b,,,
0,5(x3+X4)<5b,,
0,3(x3+X4)+05y<10b,,
0,75%3 +0,6y<15b,,
0,75x4+2y<20b,,
y <80,
X3 + X4 <106,66 ,
X320,%2=0,y>0,b,, >0,b, >0,b, >0.

Pemrenue 3a7a4 JTMHEeiHOr0 NPOrpaMMHpPOBAHUS

€ IOMOIIBI0 3JIEKTPOHHOM TA0IHUIBI

CocraBiieHre TPOrpaMMBbl IJIsI YHCIEHHON peanu3aliy CUMILIEKC-METoa
He COCTaBJsIeT ocoboro Tpyaa. B Hacrosiiee BpeMs cymiecTByeT OOJIbIIOE KO-
JMYECTBO TaKUX IIPOTPaMM, KOTOpPbIEe TOCTYNHBI yepe3 VHTeprer. B cranmapt-
HBIX IPOrPaMMHBIX MakeTaXx O(HUCHOrO Ha3HAYCHMs, KaK MPAaBUIIO, B COCTaBE
ANEKTPOHHOH TaOJIMIBI UIMEETCS IPUIIOKEHHE JIJIsl PELICHHST ONTHMHU3AIIMOHHBIX
3amad. B anexrponnoii Tabmuiie EXCEL ono Ha3piBaeTcs HanacTpoiikoi Iouck
pelIeHust, KOTOPasi BhI3bIBAETCS M3 MYHKTA IJIaBHOTO MeHio JlaHHbIe.

Ecnu B nynkre JlanHble HaacTpoiika Ilonck pemeHust OTCyTCTBYET, TO €€
ClieyeT akTHBU3UpOBath. Jluist aToro mepeiitu mo agpecy Kuomka “Office” —
Mapamerpsl EXCEL — Haacrpoiiku — IlepeiiTi 1 MocTaBUT rajlouKy Ha-
npotus Ilouck pemenus.

Pemmm 3agady 00 onTHMH3aLUK KOJIMYECTBA yJOOPEHUI C MOMONIIBIO HAJl-
crpoiiku Ilonck pemenusi. Kak ObUTO MOKa3aHO BBIIIE, MareMaTHyecKas I10-
CTaHOBKa 3a/1a4¥ UMEET BHI:
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HAWTH MUHUMYM LIEJIEBOH (QYHKIMN
F(Xl, X2) = 125X1 + 6500X2
TIPY OTPaHUYECHUAX
6X1 + 250X2 >1500 ,
1,5x; +100x, > 500,
4X1 +100X2 >700 ,
X1 +20x, <200,
X =20, Xp20.

CocTtaBuM IIA0JIOH [T PEIICHAS JaHHOM 3a/1a4y B 3JICKTPOHHOW TabiwIe u
BBEJIEM HCXOJHYIO YHCIOBYI0 MH(popmarmro. B saeitkn B5:C5 3aHOCsTCS 3HA-
yeHns1 ko3¢ ¢urmeHToB neneBoir pyHknuu. B saeiiku B9:C12 3aHoCATCS KO-
3¢ QUIMCHTHI JIEBBIX YacTeil orpaHNYeHNi. 3HAUeHHS NpaBbIX 4acTel OrpaHH-
YeHUH 3amuchBaroTCs B stueiikax G9:G12 cooTBeTCTBEHHO.

Sueiiku B4:C4 sBnsitoTcsi UBMEHSEMBIMHU, B HUX XPAHSTCS 3HAUCHUS HEU3-
BECTHBIX IIEPEMEHHBIX X1,Xo. IlocpencTBOM H3MEHEHMS 3HAYEHHH B ITHX

syeiikax Hajgctpoilika Ilomck pemenusi OyIeT UCKaTh ONTHMaIbHOE 3HAUYCHHUE
neneBoid pyHkuuu. CamMo 3HaYeHHE 1eIeBOH (GYHKINH OyIeT MOICYUTHIBATHCS
B stuetike G4.

Hanee neobxonumo BBecTH Gopmyisl. LleneByro dynkuuto 125%; +6500%,
MOXHO paccMaTpuBaTh Kak CKaJsIpHOE mpousBeaeHue Bekropa (125, 6500) Ha
BEKTOD ( X1, X5 ). I BEIYHCICHHS CKAISIPHOTO IPOU3BEICHIS BEKTOPOB MOXKHO

Bocriojib3oBarkest pynkuneit CYMMIIPOU3B. Torma B sueiiky G4 HyxHO
sanrcath popmyny =CYMMITIPOU3B($B$5:$C$5;$B$4:$C$4), BuIumcisio-
HIYIO CKaJsipHOE Tpou3sBeieHne BekTopoB $B$5:$CS5 u $B$4:$CH4.

B sueiikax E9:E12 BeraucisioTcs cOOCTBEHHO CaMU JIEBbIE YacTH OTpPaHU-
YeHHH, KOTOpPbIE TOXKE MPEACTAaBIAIOT COOOW NMPOM3BENCHMS JIByX BEKTOPOB:
COOTBETCTBYIONIEH CTPOKM MATPHUIIBI XMMUYECKOTO COCTaBa yIOOpEHHH U BEK-
TOpa HEW3BeCTHHIX. B sueiike E9, oTBemeHHBIN mnms (opMynsl JeBOH 4acTh
TIepBOTO OTpaHUYCHUS, BBE/IEM bopmymy
=CYMMIIPON3B($B$9:$C$9;$B$4:3C$4). B Ttpu apyrue sueiiku rpadsi
«JleBast yacTh» BOJATCS aHAJIOTHUECKHE (POPMYJIBI, HCIIONB3YsI COOTBETCTBYIO-
LIYIO CTPOKY MaTpHIbl KO3 HUIIUEHTOB.

ITocne Toro, kak Bce OPMYJIBI M YHCIIOBBIE 3HAUCHHS BBEJCHBI, B MEHIO
Jaunnble Beioupaem Iouck pemenusi. B mosBuBIIeecs: AMAIOTOBOE OKHO (pHC.
1.1) 3aHOCHM CIIEYIONIYIO HH(POPMALIHIO:

1) B xauecTBe stueHKH, comeprKamieil 3HaUeHHE [eNeBOI (YHKIINH, YKa3bl-
BaeM stueiiky $G$4.

2) IepexmovaTens yCTAHABIMBAEM B MOJNOKEHHE “PaBHON MUHUMAaIbHOMY
3HA4YEeHUIO”, T.K. B HAIlIEM CITydae peraem 3a1adqy Ha MUHUMYM.
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3) B nmosne “usmenss sueiiku” 3anocum $B$4:$C$4.

4) B none “orpannueHs’” HaM HEOOXOIUMO JOOABHUTH BCE HAIIM OrpaHUYe-
Hus. Beionpaem “/100aBUTH” 1 B MOSBHUBIIEECS OKHO 3aIMCHIBAEM JaHHBIC ITEp-
BOTO orpaHmueHus (puc. 1.2)

3

Mounck pewedna

YCTAHOBWMTE LENEEYID AYEHKY: FR= BeINonHKTE

PaBHoi: () MakcMMansHoMy sHadeHmi () aHadeHiro: |0

(@) MAHMMENEHOMY SHAYEHIID
W3MeHAR Aqeiiu:

$B54:5C54

OrpaHH4eHUa: NapameTpel

S8E510 == 55510 - OobaeuTe
SEs511 »=8G511

SESD »= G530 —

I YaanuTe

BoccTaHoBUTb

Cnpaeka

Pucynok 1.1 — Oxno Hagctpoiiku Ilouck pemenus.

I

éﬁ
d [ 11

JoBaeneHne orpaHUYeHnA
Ciblnka Ha A4efky: OrpaHu-eHme:
sE<3 >=  [»]|=scsd
QK ] [ QOTMEHE ] [ﬂDEﬁBHTb ] [ Cnpaeka ]

Pucynok 1.2 — Oxno [{lo0aBiieHue OrpaHuYeHHS.

AHaNIOTUYHO 100aBJISIEM OCTALHBIC OTPAaHUYEHUSI.

Janee HeoOX0aMMO HaxxaTh Ha KHONKY IlapaMeTpbl B yCTAHOBUTH (DIIAKKH
«JIuneitnas monenwy, «HeoTpunarenbHble 3HaUE€HUSA». 3aTeM CJeyeT HaXKaThb
«OK», «BBbINOJHUTBY, MOCIE YEro IMOSBUTCS OKHO Pe3yJbTaTOB PELICHHS
(puc. 1.3)
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2 MepemeHHbie

OpHaHWueckoe CRoMHOE Lenesan
3 yoobpeHne ypobpeHue YHRUMA
4 | HnwuecTBo yoobBpeHuii 111,111 3,333 35555,556
5 |HoadduuMeHTbl LD 125,000 6500,000
6
7 OrpaHHyYeHHA
8 Ho3$MUMeHTbI MNeBaA uacTb|3HaK |MpaBaA yacTb
S |AzoT 6,000 250,000 1500,000 == 1500
10 @ochop 1,500 100,000 500,000 == 500
11 Kanui 4,000 100,000 777,778 == 700
12 MpoMIBOAMTENBHOCTD 0,125 2,500 22,222 <= 25

Pucynok 1.3 — OxHO pe3yNnbTaTOB peLICHHUS.

HckoMble 3Ha4YCHHUS MAPAMETPOB Xq,Xp XpaHATcs B sueiikax $B$4:$CH4.
Kak BUOHO W3 PHUCYHKA, DEIIEHHEM JAHHOW 3a1aud SIBJIAIOTCS 3HAYCHUS
X =111,111 u X, =3,333. Takum 00pa3oM, ONTHUMAIbHBIM KOJIUYECTBOM BHO-

CHUMBIX OpraHmdeckux ynoopenuit cocramser 111,111 T, cnoxHbIX ynoOpeHuit
3,333 1 Ha 20 rexrap miomanu. Torga cTOMMOCTh BHOCHMEIX yIOOpEHHUH co-
craBuT 35555 pyoueii.

JlaHHbII IpUMEDP HATAAHO WUIFOCTPUPYET INPOCTOTY PELIEHUs 3a/1ad TaKo-
ro Kiacca ¢ nomorpo nporpamMmer Microsoft Excel. OcranbHble Bhimienpuse-
neHHble 3a1aun 1.2, 1.3, 1.4 pemarotcs aHaTOTHYHO.

3agaHus K CaMOCTOSATEJIbHOM padoTe
Cthopmynuposats 3amauy ontumuzanuu B suie 3JII1 u pemmts e€ mpu mo-
MOIIIH 3JIEKTPOHHOH Tabuiel EXcel. BapuanTt 3aauu BEIGHpaeTcs Mo HOMEpam
TPYIII U CTYAICHTOB: MN - IBYX3HAYHBIN HOMEp CTYJCHTa, K — HOMep TpyIImsI.

3ananmue 1.1

Omnpenenuts KOJINYECTBO OPraHMYECKUX M CIOXKHBIX MHHEPAIbHBIX YI00-
penmii st pasbpaceiBanust Ha (20+K) Ta TyromacTOUIHBIX YrOqUii TAKMM 00-
pa3omM, 4TOOBI MOJIHAs CTOMMOCTh BHOCHMBIX yIOOpeHHI ObUIa MUHUMAIILHOM.
[Ipennonaraercs BHecTH Ha Jyr He MeHee (80-m) kr/ra aszora, (20+n) kr/ra
¢docdopa u (30+m+n) kr/ra xkanust. [Ipon3BoUTENLHOCTD TPy/a MpU pazdopackl-
BaHMU OPIaHUYECKOTO yI0OpeHHsT MOXKET cocTaBiATh (10+N) T/9ac, a cnoxHoTro
ymobpenus — (0,4+0,1m) 1/4ac.

CronMOCTh M XUMHYECKHH COCTaB yA0OpeHNi IpuBeAeHsI B Tabnuie 1.5.
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Tabsmua 1.5 — CToMMOCTh U XMMHUYECKHH COCTaB YAOOPEHUH.

V106 peHIe CrouMocTs, A3zor, Docdop, Kamuit,
P pyo/T KI/T KI/T KI/T
Opraangeckoe 1254k £ 15 aom
ynoOpeHne
CHO}KHE‘;?‘OW' 6500-10k | 200+10n | 100+5m | 100-5m

3ananmue 1.2

NmeroTest ABa BUIA KOPMa, COMEPIKALIMX MUTATEIbHbIC BELIECTBA: BUTAMU-
uel B1, B2, B3. CTonMOCTh OJIHOTO KHJIOTpaMMa MepBOro Buma Kopma — (4+Kk)
pyous1, BToporo — (6+K) py6ueii.

OrmpeneuTh ONTUMANBHBIA 10 CTOMMOCTH JHEBHOM PAlMOH, COCTOSIIMI H3
JIBYX BHUIOB KOPMa, €CIIM UX CTOUMOCTH cOCTaBisitoT (4+K) py6uns u (6+K) pyo-
Jeil 3a KHJIOrpaMM COOTBETCTBEHHO. UMCIIO eMHUI MUTATENILHBIX BEIIECTB B |
KAJIOTPaMMe KaXI0TO BUIa KOPMOB U X HEOOXOMUMBI MHHHMYM BBIOHPAOT-
cst u3 Tabnuus 1.6.

Tabmmma 1.6 — XapakTepuCTHKH BHAa KOPMOB W HEOOXOIUMBIH
MUHFMYM NUTATEIbHBIX BEIIECTB.
[Turarensroe | HeoOXomuMeIit Yucio equHUL TUTATEIbHBIX
BEILICCTBO MHUHUMYM BEHIECTB B | KUjorpaMMe Kopma
K1 K2

Bl 9+n 3 1+2m

B2 8+m 1+n 2+n

B3 12-m 1 6+m

3ananue 1.3

Haiit onTuManbHBIN IUIaH BBIMYCKA PA3IMYHBIX BUJIOB NMPOAYKIHH, €CIH
npuObLIb, MOJMyYeHHas OT peanusanuu npoaykra I11 paBua (2+K), or 12 —
(3+K) ycmoBHO# exuHMLBL. 3amackl ¥ YHCIIO SOUHHL PECYPCOB, 3aTPAauyeHHbIX Ha
M3TOTOBJICHUE OJJHOTO BHJIA MPOIYKIIMH, 3a]1aHbI B Tabmuie 1.7.

Tabmmua 1.7 — 3anacel pecypcoB M UX pacXoJ IMPH W3TOTOBJICHUN €AWHHIIBI

MPOAYKLIMH.
3anac qI/ICJ‘IO CAUHHUL PECYPCOB, 3aTPAYCHHbIX Ha U3I'0-
Bun pecypca TOBJICHUE OJIHOM €JMHUIIBI NPOAYKIIMH
pecypca
I11 112
P1 18+n 1 3+2m
P2 16+m 2+n 1
P3 5+2m 0 1+m
P4 21-n 3+n 0
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3ananue 1.4

®epmep BoIpammBaet aBe KynbTypsl X u Y Ha miomiaan (160+20m+10n+k)
ra. Pacnpenenenne pecypcoB TEXHHKH, HEOOXOOMMOE IIPH BBIPAIIMBAHHE STHX
KynbTyp 3agaHsl B Tabmure 1.8. Jloxon, momydaeMslit oT KymsTyp X U Y, paBeH
(2+n) u (4+n) en./ra. COOTBETCTBYIOINIHE €KETOMHBIE 3aTPAThl Tpyaa, Kombaii-
HOB WM TPakTOpoB paBHbl (15+m) em./dgen., (3+m) em./mam. u (1,5+0,1m)
en./mam. HeoOxommMo pacipeeniTh 3eMITIO, JIFOACH U TEXHUKY TaKuM 00pa3om,
4yToOBl MPUOBUTL OT peajH3alM YPoskash Ha3BaHHBIX KYJIbTYp Oblila MakcH-
MaJbHOM.

Tabnuna 1.8 — Bpemsi, Heo0X0nuMOoe /7151 BRITIOJTHESHUS OTICPAITHIA.

Ile- Hoc- Tpebyemoe BpeMsl, u/ra
puoAa| TymHOE Kynerypa X Kynerypa ¥V
BpeMsl, U | Bchamika | ceB | yOopka | Bcmamika | ceB | yOopka
1 5 0,5 - - - - -
2 10+m - 0,3 - 0,5 - -
3 15+n - - 0,75 - 0,6 -
4 20 - - 0,75 - - 2,0

Tema 2. TpancnopTHas 3aga4ya

OmHNM M3 pasHOBHOHOCTEH 3aJauyd JMHEHHOTO IMPOTrpPaMMHPOBAHUS
SIBIISIETCA TpaHCTIOpTHas 3amada. Kak mobast 3ajada TMHEHHOTO IPOrpaMMHUpPO-
BaHUS OHA MOXeT OBITh PElIeHa CUMIIIMKC-METOIOM C MTOMOIIBIO 3IEKTPOHHON
tabiuupsl EXCEL. Crnengyer oTMETHTh, YTO B TPAHCIOPTHBIX 3ajjauyax OTrpaHH-
YEeHHUS 3aIMCHIBAIOTCSA B BHJE PABEHCTB, a BCE DJIEMEHTHI MAaTPHIBI K03(duiin-
€HTOB CHCTEMBI OI'PaHMYCHUN PaBHBI €IMHUIE. DTH OCOOCHHOCTH IMO3BOJIIOT
00pa3oBaTh OTAENBHBIN KJIAacC 3ajad, Ul KOTOPbIX Ooyiee paloHaIbHbIM CIO-
c00OM HX PEIICHHS SBIISETCS METO]] TOTCHIINAJIOB.

2.1. OnTuMu3anusi TPAHCTIOPTHHIX MEPEBO30K
Hmeercss M MOCTaBIIMKOB OMPEAEIEHHOTO BUIA MPOAYKIMU. Makcumanb-
HbIe OOBEMBI BO3MOJKHBIX IIOCTABOK 3aJaHbl M PAaBHBI, COOTBETCTBEHHO,
a, (i=12,...,m). Ota npoxykuust ucrnons3yercst N morpedurensimu. O6beMbI

notpeGHOCTEH 3a/1aHbl M PaBHBI, cooTBeTCTBEHHO, Dj, (j=12,...,n). Crou-
MOCTBb TE€PEBO30K €IMHHIBI MPOTYKIMH OT i-TO MOCTABIIMKA K j-My paBHa Cjj .
TpebyeTcs ycTaHOBUTH Takhe 00beMbl IEPEBO3OK Xjj OT KaXKJIOr0 NOCTABIIMKA

K KOXJIOMY IOTpeOHTENto, YTOOBI CyMMapHBIE 3aTpaThl Ha IEPEBO3KH OBLIN
MHUHHAMaJIbHBIMU M TIOTPEOHOCTH BceX NoTpeOuTesel ObUIN yJOBIETBOPEHHI.
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MaremaTuyeckasi NOCTAHOBKA 3a1a4H.

OOmue 3aTpaThl Ha TMEPEBO3KH ONpPEAEIsIETCsT KaKk CyMMa 3aTpaTr 10 BCEM
BO3MOXKHBIM MapmipyTaMm. CyMMapHbIE 3aTpaThl JOJDKHBI OBITh MUHHMAIIbHBI-
MH:

—_— 3 4 -
f(X) = X 2 cjjx; —> min.
i=1j=1
[o ycnoBusM 3aauul Bee Ipy3bl NOIDKHBI OBITH BEIBE3CHBI:
n
Xij =q, (I :1,2,...,m) X
=1
MOTPEOHOCTH BCeX MOTPEOUTENCH JOKHBI OBITh YIOBICTBOPCHEI:
m -
ZXij = b]’ (J :1,2,...,n) .
i=1
Kpome Toro, oOpaTHbIE TepEeBO3KH UCKITIOUAIOTCS:
Xij >0, (I =12.3; j 21,2,3,4).

[Tpumenenune snexkrporHo Tadbmuubsl EXCEL as pemeHus: TpaHCIIOPTHOM
3a/laud PacCMOTPUM Ha IpUMEpe, UCXOAHBIC JaHHBIE KOTOPOTO NPeICTaBICHBI
B Tabnmue 2.1.

Tabauna 2.1 — 3amacel NPOAYKIUH, 00BEMbI MOTPEOHOCTEH U CTOMMOCTHU
TPAHCIOPTHBIX MEPEBO30OK.

TTocraBmnkn 1 2HOTP66I/IT6J'II/13 2 3anacsl
1 5 3 4 2 500
2 1 7 8 10 700
3 4 5 6 9 400
Cripoc 600 200 450 350 1600
noTpeOuTeNns

Maremartnueckas MOJ€CJIb 3TOU 3aJa4u UMECT BU .
HanTu MUHUMYM
f(X) =5X11 +3%12 +4%X3 + 2X4 + Xo1 + TXpo +
+8Xp3 +10X94 + 4X31 +5X30 + 6X33 + X34,
MpH YCIOBUSIX
X11 + X192 + X3 + %14 =500,
Xo1 + Xop + Xog + Xpq =700,
X31 + X3 + X33 + X34 =400,
X11 + Xo1 + X317 =600,
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X13 + Xp3 + X33 = 450,

CocraBuM 11a0JI0H JUIsl PEIICHHs JaHHOH 3a/lauy B 3JIEKTPOHHOU TaOJUIe U
BBE/IEM HCXOJHYIO YHCIOBYIO HH(POPMAIHIO.

B maccuB B3:ES BBeeHbI 3HaU€HHSI CTOUMOCTH NIEPEBO30K €MHUIIBI IPY3a.
B sueiiku B12:E12 BBeneHsl BenmuuuHBI crpoca morpedurenei, B G8:G10 —
3armacoB mocraBmuKoB. Sueliku B8:E10 sBnstoTcst m3MeHseMBIMH, B HUX Xpa-
HSITCSI 3HAYCHNS HEU3BECTHBIX 00BEMOB IEPEBO30K Xjj -

HemeBas ¢pynxnus =CYMMIIPONB(B3:ES5; B8:E10), xotopas oTpaxkaer

CyMMYy HpOI/IBBCZ[GHI/IfI CTOUMOCTH Cij Ha 00BEMBI TEPEBO30K Xij , BBCJICHaA B

sueiiky F11. B maccussl F8:F10 u B11:E11 BBeneHs! eBple 4acTH OrpaHude-
HUMN.

Hanee B meHto Jlannbie BoiOupaeMm Ilouck pemenus. B nosiBuBiueecs aua-
JIOTOBOE OKHO 3aHOCHUM HeoOXxoauMyto uadopmanuto (puc. 2.1).

lNoKck peweHHA | |

YCTAHOEHMTE LENEEYH) AYEHICY!:

PaeHoi:  (C) makcuWaneHoMy sHaqerko () aHadeHdi: |0

B3

BEINONHKTE

3aKpEITE

(%) HHHHMANEHOMY SHAYEHHHD
IAzMEHAR AqErtH:

s esio

OrpaHH-eHHA: MapameTpbl
$E$11$ES11 = $ES12iES12
tEEEESIO ==10
$F$8:$F$10 = $0$8:$GH10

BOCCTaHOEHTE
¥AanKTE

Cnpaska

Pucynok 2.1 — Okno Haxactpoiiku [louck pemenns.

B nuanoroom oxue Ilapamerpsl ycraHoBuM (raxku «JIuHeitHas Moxens»
u «HeorpunarenbHele 3HaueHus». 3ateM cienyer HaxaTb «OK», «Bpimoi-
HUTBY, MTOCIIE YeT0 MOSBUTCS OKHO C pe3yJIbTaTaMu pemeHus (puc. 2.2).
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1

2 CTOMMOCTH MEpEBO30K

3 5 3 4 2

4 1 7 g8 10

5 4 5 5 9

6 DObembl Nepeeo3ok NoTEedMTENAMK

7 1 2 3 4 3anachol

8 1 0 100 50 350 500 500
9 2 600 100 0 0 700 700
10 3 0 0 400 0 400 400
11 600 200 450 350 4500

12 Cnpoc 600 200 450 350 1600

Pucynox 2.2 — OkHO ¢ pe3ynbTaTaMH peleHHs

W3 maccuBa staeex B8:E10 u F11 cunThiBaeM pemieHue MOCTaBICHHON 3a1a-
gyn. Takum 00pa3oM, ONTHUMAITBHBIM SIBJISICTCS CIICAYIOIINH IUIaH MEPEBO30K:
X12 =100, X13 =50, X14 =350, X21 =600, X292 =100, X33 =400.

CyMMapHasi CTOUMOCTb IEpeB030K cOcTaBUT 4900 ycIOBHBIX €IUHULL.

2.2. 3aga4ya 00 onNTUMAJIbHOM HCNOJIb30BAHMH 3eMe/IbHbIX YYACTKOB

HMeroTcst ATk y9acTKOB 3eMIIH JUTs TIOceBa: 1) piku, 2) MIICHUIBL, 3) sTaMe-
Hs, 4) Kykypy3sl. [Inomanm y4acTkoB cooTBeTCTBEHHO paBHEI 270, 250, 200,
350, 430 ra. CTouMOCTb LIEHTHEpPA 3€pHa COOTBETCTBYIOLIMX KYJIbTYpP PAaBHBI
71=5, 2,=8, 73=7, 74,=3 exuHun. YpoxailHOCTb KyJIbTYyp (1/Ta) HA COOTBET-

CTBYIOIIMX y4acTKax 3eMu npezctapinena marpuueit D ={d;; }:

25 20 22 23 20
21 22 20 25 23
14 16 18 21 15
40 50 46 42 48

TpebyeTcs onpeneanTh, CKOIBKO TeKTAPOB 3€MIIH 3aCesITh KAKIOH U3 KYIIb-
Typ Ha KaXKIOM YYaCTKE 3E€MJIH, YTOOBI CyMMapHas CTOMMOCTH COOpPaHHOTO
3epHa OBUIa MAaKCUMAIbHOM, €CIIM M3BECTHO, YTO M3-3a OIPAaHHYCHHOCTH B Ce-
MEHHOM (DOHJIE MOXKHO 3aCeiTh POXKbIO, IIIEHUICH, TIMEHEM M KyKypy30i
cootBeTcTBeHHO 200, 500, 350 1 450 ra.

D=
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MaTtemMaTH4ecKas HOCTAHOBKA 3aJa4M.
O0o3HaunM yepes Xjj — KOJIMYECTBA FeKTAapOB 3aCEsAHHOM i -0#t KyJBTYpOW

3eMIM Ha j-oM ydacTtke. CyMMapHBI Bec COOpAaHHOTO 3epHa B IIEHTHEpax
MOJKET OBITh BBIYHCIICH IO (pOpMyIIe:
4 5
f(X) =2 2 dijx; -
i=1j=1
Tak Kak CTOMMOCTH IIGHTHEpa 3epHa BHIPAIINBAEMBIX KyJIbTYp H3BECTHBI,
YpO’KalfHOCTh MOXKHO XapaKTepH30BATh B SAMHMIAX PyO/Ta. 3HAUEHUS CTOMMO-

CTel LIEHTHEpa 3€pHa IOCESHHBIX KyJIbTYp 3alWIIeM B BUAE JHATOHATHHOMN
MaTpHUIBl S C DJIEMECHTaMH:
Z; i=j;
Rl ’
Sij = ..
0, i# .

[Tpu 3TOM ypO’kalHOCTB KYJIBTYP Ha COOTBETCTBYIOLIMX y4acTKaX 3€MJIH B U3-
MepeHHH «py0/ra» MOXKeT ObITh mpeacTaBieHa Matpuueil C , momy4eHHOH yM-
HO>KeHHeM MaTpuly D Ha MaTpuiy S cieBa:

z17 0 0 0)dy dyp dizg dyy dgs
Co 0 z; 0 0 |dy dyp dyz dp dys
0 0 zzg 0 |d3y d3p d3z d3 dss
0 0 0 z4\dy dgp dyg dyg dgs

Torma cymmapHasi CTOMMOCTh COOPAHHOTO 3€pHA B PYOJIIX BEIYHUCISIETCS MO
bopmye:
4 5
F(X) =X > CijXij -
i=1j=1
Takum o0Opazom, MaTeMaTHdeckass MOZENb 3aJaud IMPUMET CIEAYIOIINH
CTaHAAPTHBIN BUM:
HaWTH MaKCUMYM

F ()_() = Cllxll + C12X12 + C13)(13 + C14)(14 + C15X15 +
+ C21)(21 + CZZXZZ + C23X23 + CZ4X24 + C25X25 +
+ C31X31 + C32X32 + C33X33 + CS4X34 + C35X35 +
+ C41X41 + C42X42 + C43X43 + C44)(44 + C45X45v
NP YCIOBUAX
X1+ X, + X5+ X, + X5 =200,

Xpq + Xpp + Xog + X5, + Xo5 =500,
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Xgq + Xgp + Xg3 + X5, + X35 =350,
Xy + Xgp + Xy3 + Xyy + X5 =450,
X1+ Xpq + X5, + X, = 270,
X, + Xy, + X5, +X,, =250,
X3 + Xp3 + X553 + X,3 = 200,
X4+ Xpq + Xz, + X, =350,
X5 + Xp5 + Xg5 + X, =430,
xj =0, (i=14;j=15).
3agaHus K caMOCTOSATEIbHOM paﬁoTe
CdhopmynupoBats 3amaady ontuMusaiui B Buae 3JII1 u penmrs €€ npu mo-

MOIIY AJIEKTPOHHOI Tabnmuuel Excel. BapuaHT 3amaun BEIOHpaeTcs o HoMepam
TPYIII ¥ CTYICHTOB: MN - TBYX3HAYHBIA HOMEpP CTYICHTA, K — HOMEp TPYIIIIBL

3ananue 2.1
Ha Ttpex 6azax Aj, Ay, A3 HaxoIuTcs OAHOPOAHBEINA IPy3 B KOJIMYECTBE

&y,8y,83 TOHH. DTOT Tpy3 HEOOXOOUMO Pa3BECTH HETHIPEM ITOTPEOHUTENSIM
B;,B,,B3,B4, mnoTpeOHOCTH KOTOPBIX B JAaHHOM TIpy3€ COCTABISIOT
by,by,b3,b4 TOHH cooTBeTCTBeHHO. CTOMMOCTD MEPEBO30K CAMHUIBI MPOTYK-
MU OT i-TO MOCTaBIIMKA K j-MYy MOTPEOHUTEIO Cjj w3BecTHbI (Tabmuia 2.2).
Tpebyercst ycTaHOBUTH Takhe 0OBEMBI IEPEBO30K Xjj OT KAXKAOIO MOCTABIIMKA

K KaXJIOMY IOTPEOHTENI0, YTOOBl CyMMapHbBIE 3aTpaThl Ha INEPEeBO3KH ObUIN
MHHUMAaJIbHBIMU 1 TIOTPEOHOCTH BCEX OTpeOuTeNeil ObUIN YAOBICTBOPEHEI.

Tabnuma 2.2 — 3amacel Tpy3a, 00BeMBI MOTpPEOHOCTEW MOTpeOUTENeH H
CTOMMOCTH TPAHCIIOPTHBIX MEPEBO3OK.

ITocTas [otpebutenn 3anacsbl

IHAKA B, B, B; B4

A 5 8 15 20-n | 140-5m
X11 X12 X13 X14.

A, 7+m 10 4+m ...5 | 160+5m
X21 X22 X23 X24

As 16-n 11+n 19-n ...10 | 200
X31 X32 X33 X34
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IMorpe6 | 180-2n 40+2n 160-3k 120+3k 500
HOCTHU

3aganme 2.2
VIMeroTcs ATk y9acTKOB 3eMIIM AJIS TIoceBa: 1) pxw, 2) MIIeHUIH, 3) sTaMe-
Hs1, 4) KyKypy3bl. [L1ommaan yqacTkoB cOOTBETCTBEHHO paBHBI 270+K, 250+5m,
200+10n, 350, 430 ra. CTonMOCTh IIEHTHEPA 3epHA COOTBETCTBYIOMINX KYIBTYP
paBHBI 2 =5, Z,=8+N, z3=7+m, z,=3 eauHul. YpOKaltHOCTb KyIbTyp (11/Ta)

Ha COOTBETCTBYIOLIMX Y4acTKax 3eMiH npejcrasiena marpuneit D ={d;j}:

25 20 22 23 20
21 22 20 25 23
14 16 18 21 15
40 50 46 42 48

TpeGyeTcst onpenenTh, CKOJIBLKO TEKTAPOB 3€MJIU 3aCeATh KaKIO0M U3 Kyllb-
TYp Ha K&KIOM Y4YacTKE 3€MJIM, 4TOOBI CyMMapHas CTOMMOCTb COOPaHHOIO
3epHa OblIa MaKCUMAJILHOM, €CJIM U3BECTHO, YTO H3-3a OrPAHUYEHHOCTH B Ce-
MEHHOM (POHJE MOXHO 3aCeATh POXKBIO, MILEHHIEH, SUMEHEM M KyKypy3oi
coorBercTBeHHO 200+K, 500+5m, 350+10n u 450 ra.

D:

Tema 3. MaTemaTnueckoe Mo/JeJIMPOBAHNE C IOMOIIHIO
MeTOA0B MHOTOKPHUTEPHATbHON ONTUMU3ALMH U HEJIMHEHHOT 0
NMpPOrpaMMHpPOBAHUSA

[Ipn mpoeKkTHpOBaHMM W AKCIUTyaTalMu pabdodmx Y3JIOB (arperatroB) pas-
JIMYHOTO HAa3HA4Y€HMs, B OTIMYHUE OT 3aJad IUIAHUPOBAHUS M yIPABJICHUS MPO-
M3BOJICTBEHHBIMH CUTYallMsIMH, BO3HHMKAIOT HEJNMHEIHbIE 3anaun. PaccmoTpum
JIBa IIpUMeEpa IOCTAaHOBKU U PEUICHMs JBYXKPUTEPUAIBLHON HEJIMHEHHOU 3an1a-
Yy ONTUMU3ALUY.

3.1. OnpenesieHne ONTUMAJIBLHBIX APAMETPOB IKCIIyaTAlUH
POTALMOHHOI'0 KOHMYECKOIo M04YB000padaThIBAIOLIEr0 Padoyero oprana
PaccmatpuBaeTcst pOTAIIMOHHBIN KOHMYECKHi pabounii oprad [4], npenna-
3HAYCHHBIN JUIs MOBEPXHOCTHOM MyJIbUUpyIoLeid o0padoTku noussl (puc. 3.1).
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Pucynox 3.1 — PoTannoHHBIH KOHMYECKHIA paOOdwii OpraH.

[Ipn sKciutyatanuy JaHHOTO Pabodero opraHa BaXKHBIC 3HAYCHUS MMEIOT
JIBE XapaKTEPUCTHKN — BEJIMYMHA TATOBOTO ycwims F ¥ ckopocTh BpamieHus
KOHMYECKOTO 3eMeHTa @ . OT BEJIMYMHBI TATOBOTO YCHIIMS HAaNPSIMYIO 3aBU-
CHT pacxo]l TOPIOYECMa30YHbIX MaTEePUAIOB Ha 00PabOTKY €JMHHIIBI IIOIIA Y.
[ToaTomy ero HeoOX0JMMO MUHUMHU3HPOBaTh. CKOPOCTh BpalleHUs] KOHHYECKO-
ro pabodero opraHa BIMsSET Ha KauecTBO 00paboTKH mouBsl. OHA TODKHA OBITH
JOCTaTOYHO OOJIBIION, YTOOBI 00ECTIEYNTh HEOOXOIMMYIO CTETIEHb KPOIICHHS.

HeszaBucumpIMy NepeMEHHBIMH WM YIPaBISIOIUMA (pakTOpaMu SBISIOTCS
JIBa KOHCTPYKTHBHBIX IapaMeTpa: Yroi aTakKu ¢ W YTroJl HaKJIOHa OCH Bpallle-
HUA K TopusoHTy [ (puc. 3.2). [IpenBapuTensHBIMH HUCCIICIOBAHMSIMH OBLTH
OTIpezieIeHbl ANaa3oHbl BappbupoBaHus yria ataku ot 20 1o 50, a yria Hakio-
Ha OCHU BpallleHus1 K ropu3oHTy ot 20 10 45 rpaaycos.

g R
8- var
v & - ke
-_—
A
N R
3

Pucynoxk 3.2 — Yruel aTaku @ ¥ HaKJIOHAa OCH BpAILCHUS K TOPU3OHTY [ .

Kpome TorO, TpeaBapUTENbHBIMH WCCIEIOBAHUSMH ObUIa YCTaHOBIICHA
B3aMMO3aBHCUMOCTh MeX1y (QYHKUMSIMH OTKIMKa Fu @ B BuHIe oOpaTHOM
nponopuuu. [Ipu nonbope 3HaueHuii yriioB ¢ u f, odecneynBaroye yBeu-
YeHUE CKOPOCTH BpalleHus1 paboyero oprana, 0J{HOBPEMEHHO IPOUCXOIMI POCT
TATOBOTO YCHIIHS.
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Ha ocHOBaHWU TPOBEICHHOTO IKCICPUMEHTA, PE3yIbTaT KOTOPOrO IpPEe.-
cTaBiieH B Brje Tabmume! 3.1, HEOOXOIUMO OIIPENeNIUTh HAWITYUIIHe 3HAYCHUS
YIJIOB aTaKy M HAKJIOHA OCH BPAIICHUSI K TOPU30HTY, 00SCIICUNBAIOIIIX MHHH-
MaJIbHOE TSATOBOE YCHJIME U MAaKCHMAIIbHYIO CKOPOCTh BpAIl[eHUs] pabodero op-
raga.

Tabmmma 3.1 — PesymeraTtel m3MepeHnit TATOBOTO ycwius F u cxopocTu
BpAIIEHN KOHUYECKOTO IEMEHTA @ .

o, Tpaj B, Tpan F, xH  , 1/cex
20 20 120 19
20 30 92 2
20 40 96 2,4
35 20 98 3,7
35 30 102 55
35 40 108 33
50 20 100 4,4
50 30 98 5
50 40 105 4

MaremaTudeckas gopMaau3anus 3aaadm.
[IpenBapuTenbHO HEOOXOIUMO YCTAHOBUTH (PYHKIIMOHATBHBIE 3aBUCUMOCTH
tsiroBoro yewiuss F =F(a, ) u ckopoctu Bpamenus o= o(a, f) KoHHYe-
CKOTO pabouero opraHa OT KOHCTPYKTHBHBIX ITapaMeTpoB & U f .

C yderoM HeIMHEHHOCTH ()YHKIMOHAJIBHBIX 3aBHCHMOCTEH, MOXHO BBI-
Opath cieayIoluil BUa ypaBHEHUH perpeccun

F :a1+a2a+a3,8+a4aﬂ+a5a2+a6,32, 3.1
@ =by +bya + by B+byof +bsa? +bg B2 (3.2)

3Hauenus koddduunenToB perpeccun ay, b (K :1,_6) OTpeJIe MM METO-

JIOM HauMeHbLIMX KBaaparoB. CoOrjacHO AaHHOTO Meroja, Kod(h(uiueHTam
YpaBHEHHI perpeccur MoJOUpaIOT TaKhe 3HAYCHHS, KOTOpPbIe 00ECIeYHBaIOT
MHUHAMYMbI CYMMBbI KB3JpaTOB OTKJIOHEHHI HKCIEPUMEHTAILHBIX H3MEPEHHI
OT COOTBETCTBYIOIIMX TEOPETHYECKUX 3HAUYEHHH, BBHIYMCICHHBIX C MOMOUIBIO
HCKOMBIX (YHKIHOHANBHBIX 3aBucuMocTed (3.1) u (3.2). Hpyrumu crnoBam,

AJis HaxoxJaeHus kodppuuueHTos a, u bk HE0OX0IMMO HAWTH MHHUMYMBI

CIEIYIONNX (PYHKIIMOHAIOB:

n 2
Z(al +a,a) + a3 +a,0i B +asal +agBP — Fi) — min, (3.3)
i-1
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n 2
Z(bl + bzai + b3ﬁi + b4aiﬂi + b5ai2 + b6ﬂi2 - a)i) — min. (34)
i=1

IIpupaBHUBasg K HyIIO YacCTHBIX HMPOM3BOJAHBIX OT CyMMBI (3.3) mo Heus-
BECTHBIM Kodbdunuenram a,,a,,a,,8,,d,,8, IOJIy4dM CHCTEMY U3 ILECTH
JMHEHHBIX anreOpandeckux ypaBHeHuil (3.5). Ananormdno, auddepeHupys
cymmy (3.4) mo HemsBectHeM b, b,,b,,b,,b,,b, , momyuum cucremy ypasuenmit
(3.6). Pertienne 3THX CHCTEM YpaBHEHHH SIBISFOTCS MCKOMBIMH KO3 QHUIMEH-
TaMH ypaBHeHuil perpeccuu a,,b, (k=16).

Konkperuzammro cucrem ypaBHeHmi (3.5) u (3.6) coriacHo TaHHBIM U3 Tab-
muns! 3.1, a TakKe UX penreHue OyaeM HMPOBOIUTH C TIOMOINBIO JIEKTPOHHOMN
tabmuiel EXCEL. B cpesie 35meKTpoHHO# TaOMUIIBI PELICHAE CHCTEM JIMHCHHBIX
anredpanvyecKknx ypaBHEHUH yIOOHO BBITIOJIHUTH METOJOM OOPATHOW MaTpPHUIIBL.

B cBs3u ¢ 3TuM 3anmmem cuctemsl ypaBHeHu# (3.5) u (3.6) B MaTpuuHOH
dhopme:

C.-A=R1,
C-B=R2.
3necs C — maTpuia Ko3((GUINCHTOB P HEM3BECTHBIX &y, by ; RL, R2 — Bek-

TOpa CBOOOHBIX YJICHOB;

al bl
aZ bZ
a3 b3
A= , B= - BEKTOpa HECH3BECTHBIX.
a'4 b4
a5 b5
a b

o
o

Iocne xoHKpeTH3anuu KOID(DUIMEHTOB ypaBHEHHH C y4eTOM 3HAYCHUI
ai, G, K, o n3 tabmuust 3.1, TU MacCUBbI IPUMYT BUJL!

9 285 300 9500 9975 11400
285 9975 9500 332500 378375 361000
300 9500 11400 361000 332500 480000

9500 332500 361000 12635000 12612500 15200000
9975 378375 332500 12612500 15211875 12635000
11400 361000 480000 15200000 12635000 21660000
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916,7702 31,76

29049,76 998,45

30541,45 1156,6
Rl = , R2 =

9713701 36246

1019129 34545,25

1161775 46922

Pemennst MaTpUYHBIX YpaBHEHUH BBIYUCISIOTCS 110 (OPMYJIam:
A=C71.R1,
B=Ccl.R2,

rie C71 - oOparHas Matpuna MaTpuisl C . Peanmsaums 3THX MATPHYHBIX BBI-
YUCIICHUH J1aeT CleAYyIoIMe 3HaueHus At Kod(pQUIHUeHTOB ypaBHEHHUI per-
peccun (3.1) u (3.2):

a; =169,67; a, =—2,61; ag =—391; a4 =0,031; a5 =0,022; ag = 0,046;

b, =—4,97; b, =0,32; b3 =0,129; b, = 0,0004; b = —0,0038; bg = —0,0024.

CrenoBartenbHO, BIMSHUA YIJI0B @ U 3 Ha TiaroBoe ycuiue F u ckopoctb
BpallleHUs] KOHWYECKOTO 3JIEMEHTa @ MOTYT OBITh ONUCaHbl YPABHEHUSMH PEr-
peccun

F =169,67 — 2,61c —3,915 +0,0313 + 0,022 + 0,046 32 ,

@ =—4,97+0,32c + 0,129 3 + 0,00043 — 0,0038c.> —0,0024 52 .

Takum 00pa3oMm, pacdeT palOHANIBHEIX ITAPaMETPOB SKCILTyaTalldd PoTa-
HOUOHHOI'O KOHHUYECKOI'O HO‘{BOO6pa6aTLIBa}OH.ICFO pa60qer0 opraHa CBOJAUTCA K
pCHICHUTIO cnez(yfomeﬁ ,I[ByXKpPITGpPIaJ'IBHOﬁ 3aJa4y OIITUMU3AllHUN:

HaWTH

minF (e, B) =169,67 — 2,61a — 3,913 +0,031a3 +0,022.% + 0,046 52,
max (e, B) = —4,97 + 0,32 + 01298 + 0,00040,3 —0,00380.2 —0,0024,52 .

IIPU OIPaHUYEHHUAX
20 <50,
20< p<45.

Pemienue 3a5aum onTUMHU3ALMU
JaHHYI0 IBYXKpUTEPUAIBHYIO 33Jadyy MOXHO CBECTH K OJHOKPUTEpHUAJIb-
HOHW, €ClIM B Ka4yecTBE IeJeBON (DYHKIIMHM HPUHATH OTHOLICHHS HMOCTPOCHHBIX
KpUTEPUEB:
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F(a,
O(a, f) = Fla.p)
o(a, B)
Toraa nojay4uM CIeAYIOIIYIO OJHOKPUTCPUANBHYIO 3319y
HalTH
min®(«, ) = (169,67 —2,61a — 3,915 + 0,031 + 0,0220(2 + 0,046,[7’2)/

,
(—4,97 + 0,320 + 0,129 8+ 0,0004¢ — 0,0038c.> —0,0024 %)
MIPU OTPAHUUYCHUAX
20<a <50,
20< <45,

CoctaBuM MIA0JIOH [T PEIICHAS JaHHOM 3a/1a4M B 3JICKTPOHHOW TabiwIe u
BBEJIEM HCXOJHYI0 4HCcIoBYI0 mH(opMarmroo. B smeiikun B7:C7 3amummem mo-
CTPOCHHBIC BBIIIC BBIPAXKCHUS /Uil (PYHKIIMOHAIBHBIX 3aBUCHMOCTEH TSATOBOTO
yeunmus F(a, #) u ckopoctu Bpamienus o(a, ) . 3HadeHue 1eneBoi QyHKIUHI
Oyner momcuuThIBaThCA B sueiike F4 mo dopmyne = $B$7/$CH7. B sueiiku
D11:F14 3amumiem orpaHHYeHHS ONITUMI3AIIMOHHON 3a1a49H.

[yctp sueiiku B4:C4 siBIsroTCss U3MEHSACMBIMU U B HUX XPAHSATCS 3HAYCHUS
HEHM3BECTHBIX YIIOB «, [ . [locpeiIcTBOM NU3MEHEHHS 3HAUCHUHN B 9THX SYCHKax
Hajctpoiika [louck pemeHusi OyneT MCKaTh ONTHMABHOE 3HAYCHHE IENCBOI
GbyHKIMN.

IMocne Toro, kak Bce GOPMYJIBI M OTPaHUYCHHS BBEICHBI, B MCHIO JlaHHbIE
BeiOupaem Ilouck pemieHusi. B mosiBUBIICECsS IHATOTOBOE OKHO 3aHOCHM He-
00xoaumyto uHpopMarwmio (puc. 3.3).

Mowck pewwennna

YCTEHOBWTE LENEBYHD AUEfKy: B BINONHKMTE

PaBHOMA: () MAKCMMENEHOMY SHAHEHMID ) sHaqeHm: |0

@ MMHWMENEHOMY SHAYEHHIO
M3MEHAA AYEMKM:

ssnsces =

OrpaHu4eHIs: MNapameTpel
8854 «= §F512 - LobaeuTe
$844 »= §F511

SC84 »= §F513

- ¥aanute

BoccTaHoBMTE

)
i

Cnpaska

Pucynok 3.3 — Okno HancTpoiiku [louck pemieHus.
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[Janee neoOxonumo HaxxaTh Ha KHOnKy Ilapamerpsl n ydeanutcs oTcyTcT-
BUs (nakka B IyHKTe «JImHeitHas momenby». 3ateM ciemyer Haxath «OK»,
«BBINOTHUTEY.

Hckomple 3HaUEHUS YTIIOB MOSBATCS B siueiikax B4:C4, BeM4HUHBI TATOBOTO
YCHIIHSI 1 CKOPOCTH BpaleHus - B staeiikax B7:C7 (puc. 3.4).

A B C D E F
1
2 MepemeHHble

Yron anga Yron eeta Henesan

3 PyHKLMA
4 42,31 29,21 15,57
5
6 TAroeoe ycuave CKOpOCTb BpawWweHWa
7 61,97 3,98
8
9 OrpaHHuyeHmna
10 MesaAvacte| 3Haw |[IpasaA dacTs
11 5B54 = 20
12 SBS4 <= 50
12 S84 = 20
14 5C54 <= 45

Pucynox 3.4 — OKHO ¢ pe3yapTaTaMy peIeHus

Takum 00Opa3oM, ONTHMalbHOE 3HAYCHHE yIila aTakd COCTaBIsAeT « =42
rpajayca, 3HaU€HHE yIila HaKJIOHAa OCH BpalleHUs K TOPU30HTY - S =29 rpaxgyca.

[Ipu 3ToM oxmmaeMoe TsroBoe ycmiaue coctaBut F=61,97 kH, a ckopocts Bpa-
-1
LIEHUsI KOHUYECKOTro 3JeMeHTa 0=3,98 cek .

3.2. [IpoekTHPOBaHME MOJIOTO BaJIa ¢ ONTHMAJIbHBIMHA
XapaKTepUCTUKAMU
IpoekTrpyeTcst OMbIiA Bl U3 MPOYHOTO METAJLIAYECKOTO CIIaBa ISl TIepeiadn Kpy-
TSAIIEro MoMeHTa. 10 MpakTHUecKnM CcooOpaXKeHHsM, 00YCIIOBIIEHHBIM (DYHKITMOHATb-
HBIMH OCOOCHHOCTSIMH YCTPOHCTBA, MAKCHMATTFHOE 3HAYCHHE Paiyca I He JIOJDKHO TIpe-
Bbiath 0,1 M. Kpome Toro, coritacHO TEXHONOTHYECKAM TPEOOBAHISIM, TOJIIIFHA CTCHKH
Baia t momkHa ObITh He MeHee 0,002 M. JlmmHa Bana coctaeiser L = 0,5 M, Makcu-
MaJTbHBINA Kpy TSI MoMeHT - 7' = 60 H-M. Marepuai criiaBa ©MeeT cieyronme CBot-

CTBA: IIOTHOCTH p = 437 kr/M’; Moy ynpyrocta E= 121-10° HA, mpezen mpou-

HoeTw Ha cxpur S= 0,014 -10° HA, kooddrment ITyaccona 1 =0,3.
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TpebOyertcs BbIOpaTh Takye 3HAYCHHUS ISl pa/yca MONepevHoro ceueHus Baia I u
TOJIIMHBI €10 CTEHKH 1, KOTOpBIE 0OECTIeUMBAIOT HEOOXOMMMYIO TPOYHOCTH NPH HAM-
MEHBIIIEM BECE M HANOOJIBIIIEH KECTKOCTH.

MaremaTudeckas gopmaausanus 3aaadm.
PaccmatprBacMBIil BT MOXKET pa3pyIIATECA JIMOO 0N JCHCTBHEM CABHTOBBIX Ha-
TIPSDKEHIH, MO0 B pe3ylbTare TOTepH YCTOWYMBOCTY TpH KpydeHnn. CIBHTOBOE Ha-
HpsDKEHHE, CO3JaBaeMOe KPYTSAIIIM MOMEHTOM, OLpeielIieTcs 10 hopMyIie:
T

272t
YroOb! Ball He pa3pyLIWICS HOJ AEHCTBHEM CABUIOBBIX HANPsDKCHWH, S.q He

Scd =

JOJDKHO IPEBbIATh MPEACIT IIPOYHOCTH HA CABUT" UCTIOIB3yEMOI'O MaTepuaia:

Seg <S.
Kpome Toro, uto0b! OH He HOTEPSUT YCTOHUMBOCTD IPH KPYUEHUH, JODKHO YIOB/IETBO-
PSITBCS YCIIOBHE
Scd < Skp '

rac Skp - KPpUTUYICCKOC HANPSHKCHUE CABHIA IIPU KPYUCHWH, U1 OIPCACIICHUS KOTO-

POro IPHUBOJISITCS clieayromne Gopmysl [5]:

3
+—J , TIpH E < 7,72\/E :
r t
3
Skp =0,272E (%) , npu %> 7,72\/5.

Jpyroil XapakTeprCTHKON, ONpeesonel padboToCIIOCOOHOCTh W MaTepHAlIoeM-
KOCTB BaJIa, SIBIIETCSI )KECTKOCTh. bonbiime neopmaryyt MOTryT HapyIIHTh HOPMAIBHYIO
paboTy KOHCTPYKIIMH 3310’0 JI0 BO3HUKHOBEHHMSI OTIACHBIX U TIPOYHOCTH HAIpsDKe-
Huid. Hapymast paBHOMepHOE pactipe/iesieHre Harpy3KH, OHU BBI3BIBAIOT COCPENIOTOUCHNE
YCUIMI Ha OTHENBHBIX YYacTKaX JIeTajlei, B pe3yJbTaTe Yero BO3HUKAIOT MECTHBIE, Bbl-
COKHME HaNpsDKEHWsI, MHOTIA 3HAUMTEIFHO TPEBOCXOIAIINE BETHYNHY HOMUHAIBHO-
T'0 HaNPSDKEHUS.

JKecTrocTb - 3TO CIOCOOHOCTH CHCTEMBI CONPOTHBIBITECS JISUCTBUIO BHEITHUX Ha-
TPY30K C HAMMEHBIMH JiehopMariisiMu. JKecTKOCTh OLICHUBAFOT KO3((DHULIIEHTOM >KeCT-
KOCTH, TIPEJICTABIISTFOIM OTHOIIICHHE CHJIBI, TIPIVIOKEHHOMN K CHCTEME, K MaKCHMATbHOM
Jedopmartiy, BeI3bIBAEMON TOH cHtoit. B naHHO 3atade oz nedopmartvieli moHuMaeT-
Cs1 YTOJ 3aKPy4YMBAHKS (B3aMMHOTO TI0OBOPOTa KOHIIEBBIX CEUEHHIA), KOTOPBIH JUTsl CiTyydast
KpY4EeHHMsI Baia IOCTOSHHOTO CEUEHHs OpeIersieTcst (hopMyJIOH:

0=T-L)(G-Ixp).
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rae Jyp - MOMEHT MHEPLWH IPH KPY4eHUH (HOJSPHBIA MOMEHT MHEDLMA CCUCHUS

Bana), G = E/2(1+ u) - Momyis cyBura.

TockonbKy yroa 3akpydrBaHus Gepercs B KauecTBe [eIeBor pyHKIHMH, PU
NOCTaHOBKE 33/1a4d ONMTHMH3AIMH MOYKHO HCIOJb30BATh OTHOCHTEIBHYIO -
(bopmanuro Bana equHUYHOM mmnHel (L =1):

0 T -1+ u)
223t -E

Bec Bama Beruncnsercs GopMymoi:

W =2mtLp .

Takim 00pa3oM, MOKHO C(HOPMYIIUPOBATH CICAYIOIIUM JBYXKPHTCPHAIBHYIO
HeﬂHHeﬁHyIO 3agavy onTUMHU3aluu:

HalTH
T -1+ p)

223t E
W(r,t) =2artLp — min,

a(r,t) = —min,

TIPH YCIIOBUAX
T

27rt

<S§,

Zmztgskp'
r>t,
r<01,

t>0,002.

3agaHus K CaMOCTOATEJIbHOM padoTe

CdopmynupoBaTh IBYXKPHUTEPUAIBHYIO 337ady ONTHMH3ALUH, CBECTH €€ K
3aJjaye HEeJIMHEHHOT0 MPOrpaMMHUPOBAHUS C OJHUM KPUTEPHEM W PEIIUTh NPU
MOMOIIH BIIEKTPOHHO# Tabnuiel Excel. Bapuant 3amauu BeiGHpaeTcs o HoMe-
paMm TPy U CTYASHTOB: MN - IBYX3HAYHBIN HOMep cTyaeHTa, K — mocmennee
YKCJIO HOMEpA TPYIIIIBI.

3ananue 3.1

Ha ocHOBaHMHN IIPOBEIEHHOIO IKCIIEPUMEHTA 10 U3YUYEHHUIO PabOTHI poTa-
IIMOHHOTO KOHMYECKOTo pabouyero opraHa HEOOXOAWMO OIPEIEINTh Hamlyd-
IIMe 3HaYCHUs YIII0B aTaKM U HaKJIOHA OCH BPAIleHUs! K TOPU30HTY, obecredn-
BAIOIMX MHWHHMAJIBHOE TATOBOE YCHJIME M MAaKCHMAJbHYIO CKOPOCThH Bpalle-
HUS. Pe3ysbTaThl 3KCIIEpUMEHTOB ITPHUBE/ICHBI B BUIE TaOIUIb! 3.2,
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Tabmuna 3.2 — Pe3ynbpTarsl M3MepeHui TaroBoro ycuinus F u ckopoctu
BpallleHHs1 KOHUYECKOTO 2JIEMEHTa @ .

o, Tpaj B, Tpan F, xH  , 1/cex
20 20 120+n 1,9
20 30 92 2+m
20 40 96 2,4
35 20 98-n 3,7
35 30 102 5,5+m
35 40 108 3.3
50 20 100+n 4,4
50 30 98 5
50 40 105 4

3aganmne 3.2

TTpoeKTHpyeTCs MOJBIN BaJl U3 IPOYHONO METAUTMYECKOTO CIUIABA VISl IEpe/iatr Kpy-
TALLErO MOMeHTa. [IpH 3TOM MaKCHMabHOE 3HaYeHHe pajiyca I He JIOJDKHO [PEBBIIIATh
(0,2+0,05n) M., TosmimHa creHku Bana t qomkHa 661tk He Menee (0,002+0,001m) m.
Jlmna Bana cocrapmsier L = 0,5 M, MakcuManbHbIi KpyTsimid MomeHT - 7= 60 H-m. Ma-
TepUAT CIITABA MMEET CIIe/yFOIIHE CBOMCTBA: IIOTHOCTh p = 437 Kr/M%; MOMIyIb yIIpy-

ToCTH E=12,1~109 HAL, Tpe/eN MPOYHOCTH HA CIBHT S= 0,014-109 HAv?, k03¢ dH-
mweHt [Tyaccona 1 =0,3.

Tpebyercsi BBIOpaTh ONTUMAaIbHbIE 3HAYEHHS ' 1 HKH 1, KOTOpbIE 00SCTICYMBAIOT He-
00XO0IMMYO TIPOYHOCTH IMPU HAUMEHBIIIEM BECE M HAMOOJIbITIEH )KECTKOCTH.

ITopsinoK BHINOJIHEHHS CAMOCTOSATEIbHON PadoThI

Bo Bpems MOATOTOBKM M BBHINOJIHEHHUS CaMOCTOSITEIbHONW pabOThI CTYAEHT
JOJDKEH:

1) U3y4HuTH METOIBI MaTEMATHYECKOTO MOJIETUPOBAHNS POHU3BOACTBEHHBIX
3a/1a4 B BUJIE€ JIMHEHHOTO U HEJIMHEHHOrO IPOrpaMMHUPOBaHMS;

2) B COOTBETCTBHH C BapHAHTOM, BBIJAHHBIM HPEIOaBaTeNIeM, BBIITOTHUTD
3aJaHle CaMOCTOSITETIHLHOM paboTEhI;

3) 0ohbOpMHTE OTHYET MO BHITIOJTHEHHOMY 3aJIaHUIO CAMOCTOSITENTLHOM pabOThI
1 3aIIUTHTD €T0.

OTueT N0 CaMOCTOATEJIBLHOI padoTe T0/IKEeH COAePKATD:
1) 3ananue;
2) pe3yJbTaThl peLICHHs 3aJa41 C TIOMOLIBIO ANEKTPOHHOM Tabmuusl Excel;
3) aHaNM3 MOJTYYCHHBIX PE3yIbTATOB.
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Bomnpocs! 1J1s1 CAMOKOHTPOJIS M MOATOTOBKH K 3a4eTaM

. ONTHMU3aIMOHHBIE MOJIEIH U UX KIIACCU(PUKAIIHS.
. YcioBHbIE U O€3yCIIOBHBIE 3a/1a9l ONTUMU3AIHN.
. 3agava IMHEHHOTO MIPOrpaMMHPOBAHUSL.
. I'padrueckmii MeTo penieHns 3a0a4l JMHSHHOTO TIPOTPaMMHAPOBAHHS.
. CuMIuTekc-MeTox pelieHns 3a1a4n JIMHEHHOTO IPOrpaMMHPOBAaHNS.
. TpancniopTHas 3agaua.
. MeTon NOTeHNMANOB AT pellieH:s TPAHCIIOPTHOM 3aauu.
. 3a1aua HeTMHEHHOM ONITUMU3AIIHH.
. IIpsiMble METOABI MOKCKA ONITUMYMa.

10. I'pagueHTHBIE METOBI IOMCKA ONTHMYyMA.

11. MeTozp! pemieHus yCIOBHBIX 3aa4 HEJTMHEHHON ONTUMU3AIUH.

12. TlpencraBneHne THUIIOBBIX MPOMU3BOJICTBEHHO-3KOHOMHUYECKHX 331ad B
BUJI€ ONITUMU3AIIMOHHBIX MOJENEH.

13. Hancrpoiika «Ilowck perrermsn anekTporHoi Tadmsr EXCEL.
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