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ITPAKTUYECKOE 3AHSATHE Ne 1

Tema [locTpoeHune npocTeNIMX MaTEMATUYECKUX MOJIETIEN.

Heab padoTbI: 3aKpenuTh MPAKTHYECKUE HABBIKM 110 TOCTPOCHHIO
IPOCTEUIINX MAaTEMaTHUYECKUX.

Kpartkas Teopus

[TocTpoenne maTemMaTHYECKOM MOJENM Tpoliecca, SIBJICHUS WM OOBbEKTa
HAYMHAETCs C TMOCTPOCHMSI YHOPOIIEHHOTO BapuaHTa MOJEIH, B KOTOPOM
YUUTBIBAIOTCS TOJILKO OCHOBHBIE 4YepThl. B pe3ynpTaTe mpOCHEKUBAIOTCS
OCHOBHBIC CBA3M MEXAY BXOJHBIMH MapaMeTpaMy, OrpaHUYCHUSIMU U
nmokazateneMm dddexktuBHOCTH. OOIMIET0 MOAX0a K MOCTPOSHUIO MOJEIN HET. B
KOKJIOM KOHKPETHOM Cllydae IIPpd TIOCTPOCHUH MaTEMaTHYCCKOH MOJIen
VYHUTHIBACTCSI OOJBINIOE KOJIMYECTBO (DAKTOPOB: IENIb MOCTPOCHHS MOJEIH, KPyT
permaemMbIx 3a1ad, TOYHOCTH OIHCAHUS MOJEIW W TOYHOCTHh BBITOTHCHUS
BBIYMCIICHUN. Maremaruueckasi MOJENb JOJKHA OTpa)KaTh BCE CYIIECTBEHHBIC
(bakTophl, OMpEAEIAIONINE €€ MOBEJECHUE, U MPU ITOM OBITh MPOCTON U yJTOOHOU
JUIsL BOCTIpUATUSA pe3ynbTaToB. Kaknas Maremaruueckas MOJElIb MpoIecca,
SIBJICHUS WJIK OOBEKTa B CBOEH OCHOBE MMEET MATEeMaTUYECKUIN KOJIWYECTBEHHBIN
METOI.

[IpumeHnenne  MaTeMaTHYECKUX  KOJMYECTBEHHBIX METOJIOB TUTSI
000CHOBaHUS BHIOOpPA TOTO MJIM MHOTO YNPABJISIFOIIETO PEIICHUS BO BCEX 00JIaCTIX
YEIIOBEUECKONW JEATENHbHOCTH Ha3bIBACTCS ucciedogaruem onepayuti. 1lenbro
WCCJICIOBAHMS OTIEPAIli SIBIISICTCS] HAXO0XKICHHUE C UCIIOJIb30BAHUEM CTICITHATBHOTO
MaTeMaTUYeCKOTO ammapara penieHus, yI0BICTBOPSIONIETO 3alaHHBIM YCIIOBHSIM.
Ha camom gene mnpu pemieHUM NPaKTUUECKH JIFOOOM 3agayMl  HUMeeTcs
HEOTPAHUYECHHOE KOJINYECTBO PELICHUM. MHo0kecTBO pelLIeHUH,
yIOBJIETBOPSIONMINX  3aJaHHBIM  yCIOBUSAM  (OTpaHUYCHUSAM),  HAa3bIBACTCS
JIOTYCTUMBIM MHOKECTBOM peIlIeHHEeM. BBIOOp M3 MHOXECTBa JOMYCTUMBIX
pPEIICHUI OJHOTO pEIICHWs, HAWIY4IIero B KaKOM-JIH00 CMBICITC,
Ha3bIBAEMOTO ONMUMAIbHBIM PEIIEHUEM, B €CTh 3a/1a4a UCCIICIOBAHMSI OTIepaITiii.

Moodenb — smo mamepuanvublili Ul UOEATbHBIUL 00BEKM, 3AMEHTIOUWULL
OpUSUHATI, HAOENIeHHbI OCHOBHbIMU XAPAKMEPUCUKAMU (Yepmamu) opusuHana u
NPeOHA3HAUEeHHbI 011 NPOBEOCHUs. HEeKOMOPbIX OelCcmeull HAO HUM C UYEeabio

nOle"leHUﬂ HOBbIX Ceedeﬂuﬁ 06 opuzuraliie.
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Puc. 1. Knaccuduxkanus moaene
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Puc. 2. Knaccudukanust MmareMaTH4eCKUX MOJIENEH

[Ipy mocTpoeHMM MaTeMaTH4ecKOW Mojaenu Heobdxogumo  olecrie-
9UTh O0OCMAMOYHY}0 TOYHOCTh BBIYUCICHUN (TOYHOCTH PEIICHUS) © He-
00x00umyto oApoOHOCTh Mojenu. JIrobas MaTeMaTHYecKas MOJICTh BKIIOYACT B
ce0sl OmucCaHuUE OCHOBHBIX, T. €. HeoOXoOuMblX JJisl UCCIENOBAHUS CBONCTB U
3aKOHOB (DYHKIIMOHUPOBAHUS HCCIIETyeMOoro o0beKTa, Impoliecca win siBjaeHus. B
CBOEH OCHOBE KaxKaash MaTeMaTh4eckas MOJelNb HMEET IEeNeBYI0 (YHKIIHIO,
KOTOpasi OMHUCHIBACT (PYHKIIMOHUPOBAHHE pEaTbHOr0 OO0BEKTa, Mpollecca WM
SBJICHUA. B 3aBUCHMOCTH OT HCCIETYEeMOTO (MOJAEIUPYEMOT0) OOBEKTa, SIBICHUS
WIH TIpoliecca yenesas QyHkyus MOXKET OBITh TpeacTaBiIeHa OAHOW (yHK-
[IUOHAJILHOW 3aBUCHUMOCTBIO, CUCTEMOW ypaBHEHUU (JTMHEWHBIX, HEJIMHEHHBIX,
muddepeHuanbHbIX U T. J.), HA0OPOM CTAaTUCTUYECKUX AaHHBIX U T. A. [lpm
pabote c 1eneBoit QPyHKIMEH HcCleoBaTeNb BO3/ICUCTBYET HA HEE uepe3 Hadop
6X00HbBIX napamempos (puc. 3).

Bxoano#t napamertp 1 Brixonnoit nmapametp 1

Bxoanoi napameTtp 2 Brixonnoit mapamerp 2

Bxonanoii mapametp 3 |Monens cuctemsl | BeixoaHoit mapametp 3

Bxoxnoii mapametp n-|(00bekTa | BeixogHou mapameTp m
1 mpoiiecca) -1
Bxonnoii napameTtp n BrixonHoi napamertp m

Puc. 3. O600menHas cxema MaTeMaTHIECKON MOJICITH
[To cnocoOy peanu3anuu MaTEMaTUYECKUE MOJIETH MOXKHO pa3/IeTUuTh
CIeAYIOIIUM 00pa3oMm.
1. JIuneliHO€ TPOrpaMMHUPOBAHUE.
Marematnyeckass MOJeNb IETUKOM (1ieneBass (QYHKIHS W OTpaHUYCHUS)
OMKCHIBACTCS YPAaBHCHHSIMU TIEPBOTO TOpsjKa. JIMHEWHOE mNporpaMMHUpPOBaHHE
BKJIFOYAET B c€0sl HECKOJIBLKO METOJIOB pellieHus (3a1a4):

° CUMILJICKCHBIN;

o rpaguIecKuii;

° TPaHCIIOPTHAsA 337a4a;

° LEJIOYUCIICHHOE MPOTPaMMHUPOBAHUE.

2. Henmuelinoe mporpaMMupoOBaHUeE.



IleneBast (GyHKIMS ¥ OTpaHWYEHUS, COCTABIAIOIIAE MAaTEMaTHYECKYIO
MOJIeNb, COAEpkKAT XOTs Obl OJHO HEJIWHEWHOE ypaBHeHHE (YpaBHEHHE BTOPOTO
nopsiaka W Bbime). HenmuHeitHoe mMpOrpaMMUPOBAHHE COACPKHUT HECKOJIBKO
METOIOB peIIeHHS (3a71a4):

o rpaduyeCcKui;

o PETYJISAPHOTO CUMILICKCA;

o nedopmupyemoro MHororpannuka (Henaepa - Muna);
o IPaMEHTHBIN.

3. lunaMuyeckoe mporpaMMHUPOBaHUE.

OpuEHTHPOBAHO HA PEIICHUE 3a7ad NMPOKIAJAKA MArucCTpajiell KpaTdyaulluM
IyTEM U MIepepacipeneieHusl pa3InuHbIX BUJOB PECYPCOB.

4. CeTeBoe MIIaHUPOBAHUE.

Pemaer mnpoGnemy mnoctpoeHus rpaduka BBINOTHEHUsT paboT, pac-
npeieNieHus: MPOU3BOJICTBEHHBIX, (PMHAHCOBBIX U JIOJICKUX PECYPCOB.

5. [IpunsTHE pelieHnii U 3JIeMEHTHI TNIAHUPOBAHUS.

B stoM ciyyae u kadecTBe I1eJieBOM (YHKIIMU BbICTynaeT Habop crta-
TUCTUYECKUX JIaHHBIX WJIM HEKOTOphIE JaHHbIE MporHos3a. PemieHueM 3anauu
SBJISIIOTCSL PEKOMEHJAIMU O crocobax moBejeHus (ctparteruu). PelieHne HOCUT
pEKOMEHIATeNbHBINA XapakTep (mpubnu3uTenbHoe perieHue). Beibop crtpareruun
LEJTUKOM OCTaeTCsl 3a YEJIIOBEKOM — OTBETCTBEHHBIM JHMIOM, MPUHUMAIOIINM
pemienue. s npuHaTUs pemeHus pa3paboTaHbl CIEIYIONINE TEOPUH:

J TEOpUs Urp;

o CUCTEMBI MACCOBOT'O 00CITY>KHBaHUS.

3amanue 1. CocTaBUTh MaTEMATHYECKYIO MOJENb Cleayromei 3agauu. Ha
ckimane umeercs 300 kr celphsa. Hamo wm3rotoBuTh aBa Buja mpoaykouu. Ha
W3TOTOBJICHUE TEPBOTO W3JENUs TpeOyercs 2 Kr ChIpbS, a Ha H3TOTOBJICHHE
BTOPOro uznenus — S5 Kr. OnpenenuTs IUIaH BbITYCKa ABYX U3IEIUM.

Pemenue.

O6o3HaunM, x1 — eauHUIIA TEPBOTO W3NETHUS, X2 — EIAMHHIIA BTOPOTO
n3aenus. Torma coctaBUM MaTeMatudeckass Moaeib: 2x1+5x2=300.

3ananne 2. CocTaBUTh MaTEeMaTHYECKYI0 MOJIETh CIEAYIONIeH 3aaadu.
[Ipenmonoxkum, 4Yro s NPOM3BOJACTBA MpoAyKUMH Buga A um B MoOxHO
UCIIOJIb30BaTh MaTepuan 3-X copToB. [Ipu 3TOM Ha H3rOTOBJICHUE €IUHUIIBI
uzaenus Buga A pacxoayercsi 14 kr mepBoro coprta, 12 Kr BToporo copta u 8 Kr
TpeTbero copra. Ha u3rotoBnenue npoaykuuu Buga B pacxoayeTcst 8 Kr mepBoro
copta, 4 Kr BTOPOTO COpTa, 2 KI TpeThero coprta. Ha ckmane dhabpuku mmeercs
BCEro Marepuana nepBoro copra 624 kr, Broporo copra 541 Kr, TpeTbero copra
376 xr. Ot peanu3anuu eAUHUIBI TOTOBOM NPOAYKIMK Bujaa A ¢dabpuka umeer
npuObUTL BUAA 7 py0., a OT peanu3aluu €IUHUIBI TOTOBOM MpPOAYKIMHU Buaa B
dbabpuka umeetr npuoOBUIL Buaa 3 pyo. OnpeneanTs MaKCUMaIbHYI0 TPUOBLIb OT
peanu3anuu Bcell NpoayKIUU BUI0B A U B.



Pewmenue.

CocTaBUM MaTeMaTU4ECKYIO0 MOJEIb 3a/Jauu:

ITycth x1 — equHUIAa TOTOBOM NPOAYKLMHU BUa A,

X2 - eqMHMIIA TOTOBOM NMPOIyKIuH BUaa B,

Lenbp ¢pabpuku MOTYyYUTh MAaKCHUMaJbHYIO NPUOBUIL OT pealu3allid BCeu
MPOIYKIIMH BUIOB

A u B, Torna:

F =7 X, +3 -x, = max

Cucrema orpaHUYEHUN:

014x, +8x, <624

H]in +4x, <5641

 8x, +2x, <376

X, 20, X, >0 ycaosue Heompuyame/abHOCcMu

3ananme 3. CocTaBUTh MaTeMaTHYECKYI0 MOJIEIb CIEAYIOIIeH 3aaauu.
Nmerorest Tpy myHKTA MMOCTaBKA OAHOPOAHOTO Tpy3a Al, A2, A3 u nsaTh NyHKTOB
B1, B2, B3, B4, B5 morpebnenus storo rpy3a. Ha mynkrax Al, A2 u A3
HaXOJUTCS TPy3 COOTBETCTBEHHO B KosinuectBe 200, 450, 250 TonH. B yHkTs! Bl,
B2, B3, B4, B5 tpebyercs mocraButh coorBerctBeHHo 100, 125, 325, 250, 100
TOHH rpy3a. PaccTosHre MeXIy MyHKTaMH MMOCTAaBKU M IMyHKTaMH MOTpeOJIeHUs
MIPUBEICHO B TaOJIHUIIE:

IIyHKTBI IIynkTel norpedeHus

NOCTABKH Bl B2 - " —
Al 5 8 7 10 3
A2 4 2 5 5 5
A3 7 3 5 9 5
Pemenue:

[IpoBepka cOadaHCHUPOBAHHOCTH MOJCHHM 3adadd. Mojaenb SBISETCS
cOajaHCUPOBAHHOM, T.K. CyMMapHBIi 00BEM 3aIlacoB CHIPhS PaBEH CYMMapHOMY
00beMy IOTPEOHOCTH B HEM:

200+450+250=100+125+325+250+100.

[TocTpoeHre MaTeMaTHYECKOM MOJIEIM — HEW3BECTHHIMH B H3TOW 3aJ1a4u
SBIISICTCS 00BbEM TMEepeBO30K. [IycTh i - 00beM MEPEBO30K Ci-r0 MPEANPHUAITHS B |-

ro nyHKT notpedneHus. CyMMapHbIE TPaHCIIOPTHBIE PACXObI - 3TO (PYHKIMOHAI

KauecTBa (KpUTEpHil Lienn): el

e “i- CTOMMOCTb MEPEBO3KU EIMHHIBI NPOAYKIHMH Ci-rO TPEANpUATHS
B J-if MyHKTaX MOTPEOICHHUS.




HewnsBecTHpie B 3TOM 3a4a4d  JIOJDKHBI  YAOBJIETBOPATH  CIEAYIOIIUM
OTPaHUYCHUSIM:

OO6beM 1epeBO30K HE MOTYT ObITh OTPULIATEIBHBIMH;

[TockonbKy Mojenb cOalaHCHpOBaHa, TO BCS NPOAYKIUS JOJKHA OBITh
BbIBE3€HA C MPEANpPUSTHS, a MOTPEOHOCTh BCEX MYHKTOB MOTPEOICHUS TOJKHA
OBIThH MOJIHOCTBIO YIOBJIETBOPEHBI.

Hrak, nmeeM clienyronryo 3a1aqy:

4 5
B :ZZCHXU — min,

Haiitn MuauMym QyHKIIMOHANA: =i
|] 4
1>, x; =100,
3=
0 -
”Zxﬁ =125,
i
4 D 5
(] X”. :325, DZXU =200,
[ i 0= '

ik I
12 %; =250, 1.} x, =450,
i= 0=

4 5
03" x, =100, 03, =250,
H i=l IFE!

o =>0,i 3. j C
[Ipu orpaHnyeHUSX: x; 20,i€1,3, je[1,5]

3agaHus 711 CAMOCTOSATENIBHOU pabOThI

1 Bapuasr.

3agaua 1. CocTraBUTh MATEMATHYECKYHD MOJEIb CICAYIOUECH 3aJauM.
[Ipenmonoxum, 4YTOo [ MNPOU3BOACTBA MNPOAYKUMH Buga A U B MOXHO
HCIIONBL30BaTh Marepuall Tpex copToB. [Ipu 5TOM Ha U3TrOTOBJIEHUE EIWHHUIIBI
n3aenus Buga A pacxoayercs al Kr IEPBOTO COPTA, a2 KI' BTOPOTO COPTA U a3 KT
TpeTbero copra. Ha usrorosienue nmpoaykiuu Buaa B pacxoayercs bl kr mepBoro
copta, b2 xr Broporo copta, b3 kr Tpetbero copra. Ha ckimane padpuku umeercs
BCEr0 Marepuajia IMepBOro coprta ¢/ Kr, BTOpPOro coprta c2 KI, TPETbEro
copta ¢3 kr. OT peanu3alvyd €IMHMIIBI TOTOBOW MPOAyKIMU Buaa A (abpuka
uMeeT pUObUTL BUA o py0d., a OT peanu3aluy eUHUIBI TOTOBOW MPOIYKIIMKA BUIA
B ¢abpuka umeer npubsLIb BuAa f pyo. Onpenennts MaKCUMaIbHYIO MPUOBLIL OT
peann3anuu BCel MpoayKIMu BUAOB A u B.

al= 19, a2= 16, a3= 19, bl= 26, b2= 17, b3= 8, c1= 868, c2= 638, c3=
853,

a=5, p=4.

3amaua 2. ImMeroTcst TpW TyHKTa TMOCTaBKH OJHOPOIHOTO Tpy3a Al, A2,
A3 u nate mynktoB Bl, B2, B3, B4, BS5 norpebnenuss storo rpy3a. Ha
nyHkTax Al, A2 u A3 HaxoauTcs Ipy3 COOTBETCTBEHHO B KOJIMYECTBE al, a2 u
a3 touH. B nynktel B1, B2, B3, B4, BS5 tpebyercst n1ocTaBUTH



cooTBeTcTBeHHO D1, b2, b3, b4, b5 Tonn rpy3a. PaccrossHre Mexay ITyHKTaMu
IOCTaBKU M MyHKTaMU HOTPEOJIEHHUS PUBEIEHO B TAOJIHIIE:

My [TyHKTBI HOTpEOICHUS

bl IOCTABKHU B1 B2 B3 B4 B5
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiitm Takol 1IaH 3akperieHdus IOoTpeOuTened 3a IMOCTaBIIUKAMHU
OJIHOPOJAHOTO  Tpy3a, YTOOBI OOIIME 3aTpaThl IO MEpeBO3KaM  ObLIH
MUHUAMAJIbHBIMHU.

al=300, a2=250, a3=200, g4 8 13 2 7H

b1=210, b2=150, b3=120, b4=135, b5=135. D=9 4 11 9 17]
A3 16 10 1 4f

2 Bapuanr.

3agaua 1. CocTraBUTh MATEMATHYECKYID MOJEIb CICAYIOUIECH 3aJauH.
[Ipenmonoxxum, 4YTOo [ MNPOU3BOACTBA MNPOAYKUMH BuUga A u B MOXHO
UCIIOb30BaTh MaTepuana Tpex copToB. [Ipu 3TOM HaA HU3rOTOBIEHUE E€OWUHUILIBI
uznenus Buaa A pacxoayercs al Kr mepBOro copra, a2 Kr BTOPOro copTa u a3 Kr
TpeThero copta. Ha usroroienue npoaykimu Buaa B pacxomyercs bl xr mepsoro
copta, b2 kr Broporo copra, b3 kr tperbero copra. Ha ckiage ¢habpuku mmeercs
BCEr0 Marepuaja MepBOro copra ¢/ Kr, BTOPOro copTa c2 KI, TPEThETO
copta c¢3 kr. OT peanu3auuy €IMHMIIBI TOTOBOW MpOAyKUuU Buaa A (abOpuka
MMeeT MpUObLIL BUAA o pyO., @ OT peaan3aluy eJUHULbI TOTOBOW MPOIAYKIIMHA BUIA
B ¢abpuxa umeer npubdsLab Buna f py0. Onpeaenutb MaKCUMalbHYIO TPUOBLITB OT
peanu3anuu Bceil NpoIyKIu BUI0B A U B.
al= 14, a2= 15, a3= 20, b1=40, b2= 27, b3=4, c1= 1200, c2= 993, c3= 1097,
a=5, p=13.

3agaua 2. IMeroTcsl TpU TMyHKTa MOCTaBKUM OAHOPOAHOTO rpy3a Al, A2,
A3 u nate mynktoB Bl, B2, B3, B4, BS5 norpebnenuss storo rpy3a. Ha
nyHkTax Al, A2 u A3 HaxoauTCsA Ipy3 COOTBETCTBEHHO B KoimuectBe al, a2 u
a3 tomdH. B mnyuktet Bl, B2, B3, B4, B5 Tpebyercs JIOCTaBUTb
cootBeTcTBeHHO b1, b2, b3, b4, b5 ToHH rpy3a.

PaccrosiHne MeXay MyHKTaMd TIOCTaBKM M IMYHKTaMd TOTpPEOIeHUs
MPUBEJICHO B TaOJIHUIIE:




TyHEcTs [TyHKkTBI TOTpEOICHUS

frocTaBiu Bl B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HaiiTh Takoil mjaH 3aKpelUieHus MOTpeOuTeneil 3a IMOCTaBIIMKaMU
OMTHOPOJHOTO Tpy3a, dYTOOBI oOOmmMe 3arparbl IO TIEPEeBO3KaM  ObUTH
MUHUMAaJIbHBIMHU.

al=350, a2=200, a3=300, H22 14 16 28 30H

b1=170, b2=140, b3=200, b4=195, b5=145. B=laa 347 26 26 S5l
37 30 31 39 4if

KOHTpOJIBHLIe BOIIPOCHI

1. Yro Takoe moaenn?

2 [IpuBenuTe KIaccuUKaIUo MOICIIEH.

3. Kaxkue BbI 3HaeTE BUABI MATEMATUYECKUX MOJIETCH?
4 JlaiiTe onpeneneHue 1eneBo PyHKIuu.

NNPAKTHUYECKOE 3AHATHUE Ne 2

Tema [locTpoeHune NpOCTENIINX CTATUCTUIECKUX MOJENEN

Heas padoTbl: 3aKpenuTh MNPAKTUYECKUE HABBIKM 10 MOCTPOCHUIO
MPOCTEUILINX CTATUCTHYECKUX MOJENEH.

1 Bapuanr.

3agaua 1. CocTaBUTh MaTeMaTHYECKYH0 MOJEIb CIEAyIOlIed 3aJayu.
[Ipenmonoxum, 4YTOo [Js MNPOU3BOACTBA MNPOAYKUMH Buga A U B MOXHO
UCIIOJb30BaTh MaTepuana Tpex copToB. [Ipu 3TOM HaA HU3rOTOBIEHUE €IUHUILIBI
uznenus Buga A pacxonyercs al Kr mepBoro coprta, a2 Kr BTOPOro copTa u a3 Kr
TpeThero copta. Ha nusroroienue npoaykuuu Buaa B pacxoayercs bl kr nepsoro
copta, b2 kr BTOporo copta, b3 xr tpetbero copra. Ha cknane pabpuku nmeercs
BCEr0 Marepuajga MepBoro copra cl kr, BTOPOro copTa c2 KI, TPEThETo
copta ¢3 kr. OT peanu3anuy €IWHHIBI TOTOBOW MPOAyKIMu Buaa A (abpuka
UMeeT MPUOBLIL BUJA o pyO., a OT peanu3aluy eUHUIIBI TOTOBOW MPOTYKIIUHA BHUIA
B ¢abpuxa nmeer npubbL1s Bua f py0. Onpeaenutb MaKCUMaIbHYIO TPUOBLTH OT
peanu3anuu Bceil NpoyKIuu BU0B A u B.
al=9,a2=15,a3=15, bl=27, b2= 15, b3= 3, c1= 606, c2= 802, c3= 840,
a=11, =6.

3agaua 2. MIMeroTCsS TpU MyHKTa NOCTaBKM OAHOPOAHOTO rpy3a Al, A2,
A3 u nate nynkros B1, B2, B3, B4, B5 notpe6nenus storo rpysa. Ha




nyHkTax Al, A2 u A3 HaxoguTcsl Tpy3 COOTBETCTBEHHO B KosindectBe al, a2 u

a3 TOHH.

B nynkter Bl,

B2, B3,

B4,

B5 Ttpebyercs

JOCTaBHUTb

cooTBeTCcTBeHHO bl, b2, b3, b4, b5 ToHH rpy3a. PaccrosHue Mexay IMyHKTaMH

ITOCTABKH U ITYHKTaMHU HOTpC6J'ICHI/I}I IMPUBCICHO B Ta6HI/IH€:

TyHKTEI [TynkTBI IOTpEOICHUS

HocTaBku Bl B2 B3 B4 B5
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HaiiTh Takoil maH 3aKpeluieHus MNOTpeOuTenel 3a MOCTaBIIMKaMU
OJIHOPOJAHOTO  Tpy3a, dYTOOBI OOIIME 3aTparhl MO TMEpPEeBO3KaM  ObUIH
MUHHMAJIbHBIMU.

al=200, a2=250, a3=200,
b1=190, b2=100, b3=120, b4=110, b5=130.

§28 27 18 27 24f
D =018 26 27 32 21
27 33 23 31 34f

4 BapuaHTt

3agaua 1. CocTraBUTh MATEMATHYECKYHD MOJEIb CICAYIOUIECH 3aaauM.
[Ipenmonoxxum, 4YTO s MNPOU3BOACTBA MNPOAYKUMH Buga A u B MOXHO
UCII0JIB30BaTh MaTepuai Tpex copToB. IIpm 3TOM Ha H3rOTOBIIEHHE E€IUHULIBI
uznenus Buaa A pacxoayercs al Kr mepBOro copra, a2 Kr BTOPOro copTa u a3 Kr
TpeThero copra. Ha usroronenue npoaykimu Buaa B pacxomyercs bl xr mepBoro
copta, b2 kr Broporo copra, b3 xr tperbero copra. Ha cxiane ¢habpuku mmeercs
BCEr0 Marepuaja MepBOro copra ¢/ Kr, BTOPOro copTa ¢2 KI, TPEThETOo
copta ¢3 kr. OT peanu3auuy €IMHMIIBI TOTOBOW MpOAyKUMU Buaa A (abOpuka
uMeeT IpUObUTL BUAA o pyO., a OT peanu3aluy eUHUIBI TOTOBOW MPOIYKIIMKA BUIA
B ¢abpuxa umeer npuodbLibs Buna f py0. Onpeaenutb MaKCUMalbHYIO TPUOBLITB OT
peanu3anuu Bceil IpoIyKIMu BUI0B A U B.
al=13,a2= 13, a3=11, b1=23,b2= 11, b3= 1, cI= 608, c2= 614, c3= 575,
a=3, p=7.

3agaua 2. MIMeroTCS TpU MyHKTa NOCTaBKM OAHOPOAHOTO rpy3a Al, A2,
A3 u mare mynktoB Bl, B2, B3, B4, B5 morpebnenuss storo rpys3a. Ha
nyHkTax Al, A2 nu A3 HaxoauTCs rpy3 COOTBETCTBEHHO B KoiuuectBe al, a2 u
a3 tomdH. B mnynkter Bl, B2, B3, B4, B5 Tpebyercs
cootBeTcTBeHHO b1, b2, b3, b4, b5 ToHH rpy3a. PaccrosiHue Mexmy myHKTaMu

JOCTaBHUTD

MOCTABKU U MTyHKTaMHU MOTPEOICHUS PUBEICHO B TAOJIHIIE:




TynKTH [TyHKkTBI TOTpEOICHUS

focTapKH Bl B2 B3 B4 B5
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiitm Takoll 1u1aH 3akperuieHUs IOTpeOUTeNel 3a IMOCTaBIIMKAMHU
OJIHOPOJAHOTO Tpy3a, dYTOOBI OOIME 3aTpaThl IO MEpeBO3KaM  ObLIH
MHUHUMAJIbHBIMHU.

al=230, a2=250, a3=170, 40 19 25 25 35(

b1=140, b2=90, b3=160, b4=110, b5=150. D=p49 26 27 18 .38]
Hae 27 36 40 45

5 Bapuanr.

3agaua 1. CocTraBUTh MATEMATHYECKYHD MOJEIb CICAYIOUIECH 3aJauM.
[Ipenmonoxxum, 4YTO [ MNPOU3BOACTBA MNPOAYKUMH BuUga A u B MOXHO
UCII0JIB30BaTh MaTepuan Tpex copToB. IIpm 3TOM Ha H3rOTOBIICHHE E€IUHULIBI
u3zienus Buga A pacxoayercsa al Kr mepBOro copra, a2 Kr BTOPOro copra u a3 Kr
TpeThero copta. Ha usrotonenue npoaykimu Buia B pacxomyercs bl xr mepsoro
copra, b2 kr Broporo copra, b3 kr Tperbero copra. Ha cknane pabpuku umeercs
BCEr0 Marepuaja INEepBOro copta ¢/ Kr, BTOPOro copTa c2 KI, TpPETbero
copta ¢3 kr. OT peanu3aluuy €IMHMIIBI TOTOBOW MpOAyKUuU Buaa A (abOpuka
MMeeT MpUObLIL BUAA o pyO., a OT pealn3aluy eJUHULbI TOTOBOW MPOIYKIIMU BUAA
B ¢abpuxa umeer npubdsLibs Buna f py0. Onpeaenutb MaKCUMalbHYIO TPUOBLITB OT
peanu3anuu Bceil NpoyKInu BU0B A U B.
al=19,a2= 16, a3=19, bl= 31, b2=9,b3=1, cl= 1121, c2= 706, c3= 1066,
a=16, p=19.

3agaua 2. MIMeroTcs TpM IMyHKTa NOCTAaBKM OAHOPOAHOTO rpy3a Al, A2,
A3 u nate nmynktoB Bl, B2, B3, B4, BS5 norpebnenuss storo rpy3a. Ha
nyHkTax Al, A2 u A3 HaxomuTcs Ipy3 COOTBETCTBEHHO B KoiM4decTBe al, al u
a3 tonH. B nymkter Bl, B2, B3, B4,
cootBeTcTBeHHO b1, b2, b3, b4, b5 ToHH rpy3a. PaccrosiHue Mexmy myHKTaMu

B5 Ttpebyercs JIOCTaBUTh

IMIOCTAaBKH U ITYHKTaAMH HOTpe6J'I€HI/I$I IIPUBCACHO B Ta6m/1ue:

TTyHKTHI [TyHkThI TOTpEOICHUS

ToCTaBKH Bl B2 B3 B4 B5
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35




Haiitm Takol miaH 3aKperyieHdus IMOoTpeOuTeNned 3a IMOCTaBIIUKAMU

OJIHOPOJHOTO  Tpy3a, 4YTOObI OOHIME  3aTpaThl

MHWHHMAJIbHBIMH.

I10 IICPEBO3KaM ObLIN

al=200, a2=300, a3=250,
b1=210, b2=150, b3=120, b4=135, b5=135.

120 10 13 13 18]
i i

D =27 19 20 16 22[

26 17 19 21 23f

KoHTponapHBIE BOIPOCHI

1.

2.
3.
4

JlaiiTe onpenenenre 1eneBo PyHKITUN.
Yro Takoe 0071aCcTh JOMYCTHUMBIX PEIICHU?

Yto Ha3bkIBaeTCs AOIIYCTUMBIM pCHICHHUCM, OIITUMAJIbHBIM pemeHHeM?

Kakwue croco0sl peanu3alny MaTeMaTHYecKuX Mojiesiel Bbl 3HaeTe?

IIpakTnueckoe 3ansaTue Ne3

«PenieHne npocreifinx OAHOKPUTEPHATBHBIX 3212'D)

Ienu 3aHATHS:

1. Orpaborarb W 3aKpenuTh yMEHUs TIpadUyecKd pelaTh CHCTEMbI

HCPABCHCTB C ABYM: IICPCMCHHBLIMMU.

2. OTpa6OTaTI> " 3aKpCIINTh YMCHHU 3aIlIUCBIBATh B3aMMOCBA3b rokKasaresiei
3aJa4" B BUJC MaTEeMaTH4YECKOM MOACIIHN.

MeToauveckue yKa3aHHsi K BbINOJHEHUIO 33JaHUN NMPAKTHYECKOI0

3aHATUA

Pewenue cucmemol HepaseHcme C 06)/]1/1}1 nepemeHHbiMu 2pad)1/l’-l€CKuM

MemoooM 6KIOYaAem Cﬂedyiou;ue amanasl.

1. Ha mnockoctu X10X5 cTpoAT TpsiMbIe, YPAaBHEHHSI KOTOPBIX MOIYYarOTCS

B PC3yJIbTAaTC 3aMCHBI B OI'PAHHYCHHAX 3HAKOB HCPABCHCTB HA 3HAKHW TOYHBIX

PaBEHCTB.

2. HaXOI[HT IMOJIYIINIOCKOCTH, OIIPCACIIACMBIC KaKJIbIM N3 HCPABCHCTB.

3. CTposST MHOTOYTOJIbHUK PEIICHU.

Hpumep:

Pemuth cuctemy HepaBeHCTB rpad)UueCKUM CIIOCOOOM.

X, +2-X,<6
2-X,+X,<8
| X, +08- X, <5
-X, + Xz <1
X %2

X, >0, X,>0

Pemenne:

>

(a)
(6)
(8)
()
(9)
(e)




[llar 1. Crpoum o00yacTh HOONMYCTUMBIX pelIeHuH - obmacte P, T.e.
Te€OMETPUUECKOE MECTO TOYEK, B KOTOPOM OJHOBPEMEHHO YIIOBJIETBOPSIOTCS BCE
orpannuenus 3JII1. Kaxxnoe u3 HepaBeHCTB (a)-(1) CHCTEMBbl OTPAaHUYCHUM 3a7a4u
TC€OMETPUUYECKU OMNpPEEIsIeT TOIYIIIOCKOCTh COOTBETCTBEHHO C TPaHUYHBIMU

IIPAMBIMUA:

X, +2-X,=6 (a)
2-X,+X,=8 (6)
X,+08-Xg=5 ()
X, +X,=1 (2)
X, =2 ©)

VYcnoBus HEOTPULIATENIBHOCTH TMEPEMEHHBIX (€) OrpaHUyYMBaIOT 00JIACTh
JIOIYCTUMBIX PEIICHUA TEePBBIM KBagpatoM. OOJacTH, B KOTOPHIX BBITOITHIIOTCS
COOTBETCTBYIOIINE OrPaHUYCHUSI B BUJIC HEPABEHCTB, YKA3bIBAIOTCA CTPEJIKAMH,
HaIpaBJICHHBIMU B CTOPOHY JIOITYCTUMBIX 3HAUYECHUN MTEPEMEHHBIX

Pemenue cuctemsr — MmHOroyronsauk ABCDEF.

X

s\

7

6N

(r) »

B o

5

2
\3
iy
A

3 4 X \}\ X-:T

Bapuanrt 1

1. Pemuth rpaduydecku cucteMy HEpaBEHCTB:

a) X1+ X2<5
X1 =X <3
XlZOQ XZZO

6) X1+ X2<4
BX1+ 2X,>6
X1+ 5X,>5
X1>0, x2>0

2. CocraBuTh MAaTCMAaTUYICCKYIO MOACJIb 3aa491 U HaWUTU pCUICHUC

CHUCTEMBI OTPAHUYECHU:



UynoyHo-HOCOYHAsE (upMa MPOU3BOAUT U NPOAAET JBa BHUJA TOBAPOB:
MY’KCKHE HOCKH U KEHCKHE 4ylku. Pupma nonydaer npuodslib B pazmepe 10 pyoO.
OT TPOM3BOJACTBA M MPOJAXKH OJHOM mapbl 4yJoKk M B pasmepe 4 pyO. ot
IIPOU3BOJICTBA U MPOJAXKU OJHOM mapbl HOCKOB. [IpOM3BOACTBO Ka)I0ro MU3AEIUs
OCYULIECTBJISIETCS HA TPEX y4acTKax. 3aTparsl TpyAa (B yacax) Ha IPOU3BOJCTBO
OJIHOM mapbl yKa3aHbl B CIEAYIOLIEH TaOJINLIE ISl KaXA0T0 y4acTKa:

Y4acTok npou3BOACTBA
Uynku
Hocknu

1
0,02
0,01

2
0,03
0,01

3
0,03
0,02

PykoBOACTBO paccuuTano, 4To B CIEAYIOIIEM Mecsle (upma €xXeTHEBHO
OyZner pacnonarath CIEAYIOIIMMH pecypcaMu pabodyero BpeMEHU Ha KaKIOM M3
yuacTkoB: 60 u Ha yuactke 1; 70 g Ha yyactke 2 u 100 4 Ha yuactke 3. CKOIBKO
nap HOCKOB M YYJIOK CIIEIyeT MPOU3BOJUTH €XKEIHEBHO, €CIu (upMmMa XOYeT
MaKCHMHU3UPOBATh NPUOBLIH?

Bapuant 2
1. Pemnth rpaduuecku cucteMy HEpaBEHCTB:
a) X1+ X<5
3X1-X2<3
X120, x>0

6) X1-X2<3
X1+ X2<9

-X1+X2>3
X1+ Xo > 3/2
X1>0, x>0

2. CocTaBUTh MaTeMaTHYECKyI0 MOJENb 33Jauyd U HalTH pelieHue
CHUCTEMBI OTPAHUYECHUI:

[Tocne mpeanpuHATON pekiiaMHONW KoMIaHuu Gupma « OTABIX)» UCTIBITHIBAET
POCT cITpoca Ha JBa THUIa MaHTaJOB JJIsl IPUTOTOBJICHHSI IIANUIBIKOB HA OTKPBITOM
BO3/[yXe — Ta30Bble U yroibHble. Dupma 3aKimouna KOHTPAKT Ha €KEMECTIHYIO
noctaBky B marasunbl 300 yronpabix u 300 ra3zoBsix manranoB. [IpousBoactso



MaHTQJIOB  OTPAaHUYMBAETCS  MOINHOCTHIO  CJEAYIOIIMX  TPEX  YYacTKOB:
NPOU3BOJCTBA JeTaliel, cOOpKM M yHakoBKU. B Tabimile mokazaHo, CKOJIBKO
YeJIOBEKOYACOB 3aTpPauMBaeTCsl Ha KaXJOM YYacTKe Ha KaXAyl €IUHUILY
MPOJYKIMH, a TAKXKE MPUBEJICH JOIMYCTUMBIN €KeMECSUYHbIN 00BEM TPyA03aTpaT:

Yyactok
Tpyno3aTparsl Ha IPOU3BOJACTBO OJJHOIO MaHTala, 4
®doHj BpeMEHHU, YeJI0BEKOUYACHI

YTOJBLHOTO
razoBoro
[TponsBoacTBO
5
8
2600
CoOopka
0,8
1,2
400
YmakoBka
0,5
0,5
200
Bapuanr 3
1. Pemnth rpaduuecku cucteMy HEpaBEHCTB:
a) X1+ 3X,>3
22X+ X< 2
X1+ X2<5
X120, x>0
0) X1+ 3X2<9
2X;+ 3X2, <18
2X1-%X2<10
X1>0, x>0
2. CocTaBuTh MaTEMaTUYECKYH0 MOJIeNIb 33Ja4yd U HAWUTU pelIeHue

CHUCTEMBI OTPAHUYEHUI:

[Ipennpustue pacmoyiaraeT pecypcamMu ChIpbsi, pabouelt Cuwibl U
000opynoBaHuEM, HEOOXOIUMBIMU JUIsI MPOU3BOACTBA JTHOOOTO U3 YETHIPEX BUJIOB
MPOU3BOAMMBIX TOBApOB. 3aTpaThl pECYpCOB HA U3TOTOBJICHUE €AUHUIIBI KaXKIOTO
BUJIa TOBapa U NPUOBLIb, MOJydaeMas IPEeANpUsITHEM, a TaKke 00bEM PecCypcoB



YKa3aHbI B Ta6J'II/II_Ie. CocTtaBuTh IJIaH BLIITYCKAa TOBApPOB, ,ZI&IOHII/IfI MAaKCHMAJIbHYTO

PUOBLIb.

Pecypcol
3aTpathl pecypcoB Ha 1 ea. ToBapa
O6beM pecypcoB
1
2
3
4
CoIpbe, KT
3
5
2
4
60
Pabouas cua, Jeir.

22
14
18
30
400
OGopynoBaHue, CTAHKO-Y
10
14
8
16
130
[Tpubkuts Ha 1 en.ToBapa, pyo.
30
25
56
48

Bapuanr 4
1. Pemuth rpadudecku cucteMy HEpaBEHCTB:
a) X1+ 3X,>3
-2X1+ X< 2
X1+ X2<5
X1 ZO, X2>0

6) X1-X2<3



2X1+ X >3
X1-3X <1
X1>0, X2>0

2. CocTaBuTh MaTEMaTUUYECKYI0 MOJICNIb 3aJauyd U HAWTH pelieHue
CHUCTEMBI OTPAHUYECHUM:

O6pabotka neraneii A u B MoXeT NpOM3BOAUTHCA Ha TPEX CTaHKax.
[IpyueM Kaxkmas JgeTalb IPU €€ M3rOTOBJICHUU JIOJDKHA IOCTIE0BATEIBLHO
00pabaThIBaThCs Ha KaXJAOM M3 CTaHKOB. IIpuOBUIb OT peanuzanuu aetaim A —
100 newn. exn., neranmu B — 160 nen. ex. Micxoauble 1aHHBIC IPUBEICHBI B TAOJIHIIE.
OnpenenuTh MPOU3BOACTBEHHYIO TPOTPAMMYy, MAaKCUMHU3HPYIONTYIO TPHOBUTH TPH
ycioBuH: cripoc Ha netanb A He meHee 300 mT., Ha netans B - He 6osee 200 mT.

CraHok
Hopma Bpemenu Ha 00pabOTKy OJHOM aeTaiu, 4
Bpewms paboThl cTaHka, 4
A
B
1
0,2
0,1
100
2
0,2
0,5
180
3
0,1
0,2
100

INMPAKTUYECKOE 3AHATHUE Ne 4

Tema OcHoBbl pa6oTsl ¢ Math CAD

Mathcad paGoraetr ¢ oOoxymenmamu. C TOYKH 3pEHUS IOJIB30BATEII,
JOKYMEHT - 3TO YHCTBIA JIUCT Oymard, Ha KOTOPOM MOXKHO pa3MeliaTh 00JacTH
TPEX OCHOBHBIX THIIOB: MaTEMaTHUYECKHE BBIPAKEHHUS, TEKCTOBBbIC (PparMEHTHI M
rpadudeckue 00JIacTH.

MaTtemaTH4ecKue BbIPasKeHUsl

K OCHOBHBIM 3JIEMEHTaM MaTeMaTHYeCKuX BbIpakeHuin Mathcad

OTHOCSTCS TUNbL OAHHBIX, ONEPAMOpbL, PYHKYUU U YNPABAiouue CmpyKmypbi.

Tunsl JTaHHBIX



K munam Oannbix OTHOCATCS YHCIIOBBIE KOHCTaHTBI, OOBIUYHBIE H
CUCTEMHBIE TePEeMEHHBIE, MACCHBBI (BEKTOPHI M MATpPHIIBI) U JAaHHBIE (DailioBOrO
THUTIA.

Koncmanmamu  Ha3pIBAalOT  TIOMMEHOBaHHBIE  OOBEKTHI,  XpaHSAIIUE
HEKOTOPbIE 3HAUCHUS, KOTOPhIE HE MOTYT OBITh U3MEHEHBI. [lepemerHule IBIIOTCS
MMOMMEHOBAHHBIMU O00BEKTAMH, UMEIOIITUMH HEKOTOPOE 3HAYCHUE, KOTOPOE MOKET
WU3MEHSTHCS 0 XOAY BBITIOJIHEHHS POTpaMMbl. MIMeHa KOHCTaHT, IEPEMEHHBIX H
HUHBIX OOBEKTOB HAa3BIBAIOT udenmuguxamopamu. nentudukaropsr B Mathcad
PEACTaBISAIOT COO0M HA0OP JJATUHCKUX WJIM TpeuecKux OyKB U 1udp.

B Mathcad coaepkutcst HeOobIIasi Tpymmna 0coObIX 00BEKTOB, KOTOPHIS
HEJb3sl OTHECTH HU K KIJIACCy KOHCTaHT, HW K KJACCy TEPEMEHHBIX, 3HAYCHHS
KOTOPBIX OTIPE/IEIICHBI Cpa3y MOCIIe 3amycKa mporpaMMbl. VX mpaBuiibHee CUUTAThH
CUCTEMHBIMH  TEPEMEHHBIMH, HWMCIOIIMMH  TPEAONPEACICHHBIE CHCTEMOU
HavyabHBIC 3HAYCHMSI.

OOBIYHBIC TIEPEMEHHBIC OTINYAIOTCS OT CHCTEMHBIX TEM, YTO OHH JOJIKHBI
OBITH TIPEIBAPUTEIHLHO OIPECIICHBI MOJIb30BaTeNIeM, T. €. UM HEOOXOAMMO XOTs
Obl OJHaXJbl TPUCBOMTH 3HaueHHWE. B KkadecTBe ormepaTopa NPHCBAWBAHUS
UCIIOJIB3YeTCsl 3HAaK =, TOrJa Kak 3HAK = OTBEICH Uil BBIBOJIA 3HAUYCHUS
KOHCTAHTHI HJTA TIEPEMEHHOM.

2% Mathcad PLUS

[Maremaruseceue supaxesnn]
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Pucynok 1. MaremaTuieckue BhIpaKEHUS
Ecinn mepeMeHHON IIpUCBaMBAeTCsl HAYyajlbHOE 3HAYECHUE C IIOMOILbBIO
omeparopa:=, TaKOoe€ [PUCBaMBaHUE Ha3bIBAaCTCs JIOKaJbHBIM. Jlo 3TOrO

IIpucCBarMBaHUsA IICPEMCHHAA HE OIIPCACIICHA N €€ HCJIb3d HCIIOJIIB30BATh. OI[HaKO C



MOMOIIBIO 3HaKa MOXKHO oOecrneunTs rinodanpHoe mpucBanBanue (cM. IIpumep 1
Pucynka 1). CymecTByeT TakKe JKHPHBIH 3HaK pPaBEHCTBA, KOTOPBI
UCIOJb3YETCsl, HaNpuUMep, KaK OIepaTrop NPUOIMKEHHOTO pPABEHCTBA IpU
PELIEHNH CUCTEM YPaBHEHHUM.

Omneparopsl

Omneparopsl - 35eMeHTsl Mathcad, ¢ mOMOIIBI0O KOTOPBIX MOKHO CO3/1aBaTh
MareMaTh4yeckue BblpaxkeHus. K HHUM, HampuMep OTHOCATCS  CHMBOJIBI
apu(MeTHYeCKUX Olepanuil, 3HAKU BBIYUCIEHUS CyMM, IPOU3BEJICHUH,
MPOU3BOAHOM M MHTerpaiza u T.A4. llocne ykasaHust onepaHmoB (IapaMeTpoB
OTIepaTOpPOB) OMEPATOPHI CTAHOBATCS HCIOJHSAEMBIMH IO JOKYMEHTY OJIOKamw,
Hanpumep, 2 + 5 -omeparop CioXeHus ¢ AByMs onepaHnamu. B Ilpunoxxennn 2
JAHHOT'O MOCOOMS MPUBENIEH CIIUCOK Han0OoJIee 4YacTO UCIOJIb3YEMbIX OIEPaTOPOB.

DOyHKUMHA

B makere Mathcad wmmeercss MHOXECTBO BCTPOCHHBIX (QYHKIUH, T.e.
(yHKUMHA, 32077arTOBPEMEHHO BBEJIEHHBIX pa3zpadoruukamu (cM. [lpunoxenue 3).
['aBHBIM NpU3HAKOM (DYHKLMH SIBISETCS BO3BPAT 3HAYEHUS, T.€. PYHKUHUS B OTBET
Ha oOpallleHre K Hell 10 UMEHM C YKa3aHUEM €€ apTyMEHTOB JI0JKHA BO3BPATUTH
CBOE 3HAYEHUE.

BaxxHoi1 0COOEHHOCTBIO MAKETa SIBJISIETCS BO3MOKHOCTD 3aJ[aHUsI BHELTHUX
dbynkui, uiu GyHkui noas3oatens. CienyeT 0co00 OTMETUTh Pa3HUILY MEXTY
aprymeHTamMu MU napamerpamu ¢GyHkuud. [lepeMeHHble, yKa3aHHbIE B CKOOKax
nocie HMEHU (YHKIHMM, SBISIOTCS €€ apryMeHTaMHd M 3aMEHSIOTCS IpH
BBIYMCIICHUHA (DYHKIIMM 3HAYEHUsIMU U3 CKOOOK. IlepemMeHHble B MpaBoOd 4YacTH
omnpezaeneHuss (YHKIUU, HE YyKa3aHHbIE CKOOKax B JIEBOM 4YacTH, SBIISIOTCS
napaMeTpaMH U JIOJDKHBI 3aJaBaThesl A0 omnpeneieHus Gpynkuuu (cm. Ipumep 2
Pucynka 1).

J{ucKpeTHbIe apryMeHThbI

JluckpeTHbie apryMEeHTHI - 0COOBIN KJTacC IEPEMEHHBIX, KOTOPBIN B MAKETE
Mathcad 3auacTyio 3ameHsIeT yHpaBISIIOLIME CTPYKTYpbI, Ha3bIBa€MbI€ LUKIAMU
(0IHaKO TMOJIHOLIEHHOW TaKas 3aMEHa HE SBJISIETCS). DTH MEPEMEHHBIE UMEIOT Pl
(DUKCHUpPOBAHHBIX 3HAYE€HHM, JUOO UEJIOYUCIEHHBIX, JIMOO B BHUAE 4YHUCET C

OIIPCACIICHHBIM ITAaroM, MCHAIOIIMUXCA OT HAYAJIbHOI'O 3HAYCHUA 1O KOHCYHOIO.



JIucKkpeTHbIE apryMEHTHl 3HAYUTENIIBHO PACIIUPSIOT BO3MOXKHOCTH
Mathcad, mo3BOJIssi BBITOJIHATE MHOTOKPATHBIC BBIYUCICHHUS WU IUKIBI C
TIOBTOPSIFOIIIMMHUCS BBIYHCICHUSIMU, POPMHUPOBATH BEKTOpHI 1 MaTpuilbl ([Ipumep 3
Pucynka 1).

MaccuBbl
MaccuB - uMeIas YHUKaIbHOE MMS COBOKYIMHOCTh KOHEYHOTO YHCIIA
YUCJIOBBIX WJIA CUMBOJIBHBIX 3JIEMEHTOB, YIIOPSIAOYEHHBIX HEKOTOPBHIM 00pa3oM U
UMCIOIUX OIpeJiecHHbIe aapeca. B makere Mathcad ucmonb3yrorcsi MacCHBBI
JIBYX HamOoJiee paclpoCTPaHEHHBIX THUIIOB: OJHOMEPHBIE (BEKTOPHI) U IBYMEPHBIC
(MaTpuIb).

[TopsinkoBBI HOMEp DJIEMEHTa, KOTOPBIA SIBISIETCS €ro  aapecoM,
Ha3bIBaeTCs MHACKCOM. HIEKCHI MOTYT HMETh TOJIBKO IEIOYMCIICHHBIC 3HAYCHMS.
OHU MOTyT HAYMHATBHCS C HYJS WIM €IUHUIBI, B COOTBETCTBUU CO 3HAYCHUEM
cuctemuoit nepemennoit ORIGIN (cm. [Ipunoxenue 1).

BekTopbl 1 MaTpuUIlbl MOXKHO 3a7aBaTh PA3IMYHBIMHU CIIOCOOAMMU:
. ¢ rmomMo1bo koMagasl Math->Matrics,
. C UCIOJIb30BaHueM auckpeTHoro aprymenta ([Ipumep 3 Pucynka 1).
TekcTroBbIe (hparMeHTbI
TexcToBble (GparMeHTH MPEACTABISIOT COOOW KYCKH TEKCTa, KOTOPHIE
MOJIB30BaTENh XOTEI OBl BUAECTh B CBOeM JoKkyMeHTe. CyIecTBYIOT JBa BHUA
TEKCTOBBIX (PparMEHTOB - TekcToBas oOmacth (region) W TEKCTOBBIM JHAIa30H
(band). TekcroBble 00JacTH MpeaHA3HAYCHBI JJIsI HEOOJNBIIMX KYCKOB TEKCTa -
MOAMKCEH, KOMMEHTapHEeB W T.M. TEKCTOBBIC NHUAMMA30HBI MPUMEHSIOTCS B TOM
cirydae, eciii HeoO0xoauMo paboTaTh ¢ ab3ariaMu Wik CTpaHUIlaMHU.
I'pa¢mueckue od1acTu
['padrueckre obOacTu AENATCS HAa TP OCHOBHBIX THIIA - JBYMEPHBIC
rpaduky, TpexMmepHble Tpaduku W UMIOPTHUPOBaHHBIE Trpaduyeckue oOpasbl.
JIByMepHbIC M TpexMepHble Tpaduku cTpositcs camuM Mathcad Ha ocHoBaHuu
00pabOTaHHBIX TAHHBIX.
Co3panne aHMMAaIMOHHOI'0 KJIMIIA
Mathcad umeer BcTpoeHHyro nepemennyiro FRAME, ube equHcTBEHHOE

HAa3HAYCHUEC - YIIPABJICHNC aHUMaAllUsAMU:



. Cosnaiite 00beKT, ueii Buj 3aBucut or FRAME.

. Bribepure Windows->Animation->Create mis BbI30Ba A1aIoroBoro
OKHa.

. 3aKIoYnTe B BBIACHSIONIMNA TYHKTUPHBIM MPSIMOYTOJBHHUK 4YacTb

pabodero TOKyMeHTa, KOTOPYIO HY’KHO aHUMHPOBATb.

. YcranoBute HUKHHUE U BepxHUe rpanuiisl FRAME.

. B none At (Temm) BBeuTE 3HaUE€HHE CKOPOCTU BOCIPOU3BEIACHUS
(kamp/cex).

. Bribepure Animate. Celivac aHUManus TOIBKO CO3/1aeTCsl.

. Coxpanute annMmaruio kak AV daiir (Save as).

. Bocnpoussenute coxpanennyro anumarmo Windows->Animation->
Playback.

Coo0menust 06 ommoKax
[Ipu BBIMOTHEHUM BBHIYUCICHUM BO3MOXHBI OmMOkU. CoobliieHue 00

omubke B Mathcad BeIBoAUTCSI B KpaCHOM MPSMOYTOJIBHUKE, OT KOTOPOTO OTXOIUT
JMHUSI, yKa3biBaromias Ha mecto omuoku. B Ilpunoxenun 4 mpuBeIeH CHUCOK
coo0IIeHui 00 ommoKax.

ITopsAiOK BBINMOJTHEHUSA

3ananme 1. BeruncouTs:

Y100 = |-10| =, 10! =

OTO W Bce OCTajbHbIE 3aJaHusd CHAOIUTh KOMMEHTApHSIMHU, HCIOJIb3YS
xomanel Text FO Create Text Region uinu Text KO Create Text Paragraph.

3apanme 2. Inpegenuts nepemennsie: a = 3.4, b 1= 6.22, € 0.149 (npuyem

MEPEMEHHYIO ¢ - TJI00aIbHO) U BBIPAKEHUS:

_ 2ak + ?A..'rc_
2 e M= site E
a2+ba+r:i_c =E IZIIIS}_;I
. BBIUNCIIUTD BBIPAIKCHHSI.
. C nomorpio komanaesl Math FO Numerical Format KO Displayed
Precision u3sMeHUTh TOYHOCTD OTOOpaKCHHSI PE3yJIbTaTOB

BBIYMCIICHHS 2100A/IbHO.
3anaﬂne 3. BreiBectn Ha 9KpaH 3HA4YCHHUC CUCMEMHOU KOHCMAHMBbI p u

YCTaHOBUTH MAaKCUMAJIbHBIN (hOpMaT €€ 0TOOPaKEHHUS JIOKANbHO.



3ananme 4. BBIOJIHUTH CIEAYIOIINE ONEPALMH C KOMIUIEKCHBIMH YUCIaMHU:
=-3+21,|Z|=,Re(2) =,Im(Z) =, arg(Z2) =,

V2= -5=27=,

Z1:=1+42i,22:=3+4i,21+22 = ,Z1-72 =,21 22 =, Z1/Z22 =.

IMPAKTUYECKOE 3AHATHE Ne 5

Tema Pemienue ypaBHeHMH

Kak wu3BecTHO, MHOrME YypaBHEHUsS W CHCTEMbBl YPaBHEHUM HE HMEIOT
aHAINTUYECKUX pelleHuil. B mepByro odepeab 3TO OTHOCUTCS K OOJBLIMHCTBY
TPAHCLEHJCHTHBIX yYpaBHEHUN. JIOKa3aHO TakKe, UTO HEJb3sI IOCTPOUTH POpMYITyY,
0 KOTOPOM MO>KHO ObUIO ObI PEHIUTH MPOU3BOJIBHOE ANreOpanyeckoe ypaBHEHUE
CTENEHW Bbllle 4erTBepTol. OIHAKO Takue YpPAaBHEHHMS MOTYT peIIaThes
WTEPAlHOHHBIMA METOJIAMH C 3aJaHHOW TOYHOCTBIO.

NrepanrioHHble METOIbI

3amgaya HaxOXIeHUsT KOpHs ypaBHeHus f(X) = 0 uTepaluoHHBIME METOJaMU
COCTOUT B CJIEAYIOLIEM:

. omoeneHue KopHeli - OTbICKaHUE MPUOIMKEHHOTO 3HAUEHUS KOPHSA
(Hanpumep, rpauECKUM METOJIOM);

. VMOYHeHue KopHeli - JOBECHUE UX 3HAUYECHUU 10 3aJaHHON CTEIEHU
TOYHOCTH € .

[Tpu ucnonp3zoBaHuu mMemooda Hvromona HEOOXOIUMO 33/1aThCsl HAYAIBHBIM
IPUOMKECHUEM Xo, PACIIOJIOKEHHBIM JOCTAaTOYHO OJM3KO K TOYHOMY 3HAYCHHIO
KopHs. TepallnOHHBIN MPOIecC CTPOUTCS 10 hopmyJie:

v O Ty Ay (1

f'(xi}’ Flxa=0, 0=01, )

Meton npocmeix umepayuii pemrenns ypapaenus f(X) = 0 coctouT B 3amMeHe
HCXOHOTO YpaBHEHHUS KBHUBAJICHTHBIM €My ypaBHEHHEM X = | (X) ¥ MOCTPOCHHUH
UTEPAIMOHHON TOCIIEOBATEIBHOCTH 10 PopMyIie:

Xi+1 :j (Xi), 1=0.1 (

2)

I[OCTaTOI—IHBIM YCIIOBUCM CXOOAMMOCTU PACCMOTPCHHBLIX HUTCPALIMOHHBIX
IIpoHecCCOB ABJISICTCA BBIITOJITHCHUEC HCPABCHCTBA
g —%ial =2 (
3)
Ha KaXJI0M 1IIare uTepamuu.

until(@, z) Bo3Bpamaer 2z, TOKa BBIpAXCHHE a HE CTAHOBHUTCSA
OTPHIATEIILHBIM; @ JIOJDKHO COAEPIKaTh TUCKPETHBIN apryMEHT.



PucyHox 2 WUIIOCTPUPYET HCIOIb30BAHUE bynknun until - s

peanuzaiuu memooa Hetomona.

[E% Mathcad PLUS - [Pewenue ypastenus] M[=] k3

@ File Edit Test Math Graphice Sembolic ‘window Books Help - |5’ |£|
1. 01aeneHHe KOpHER 5 Zzacns(xjg—x x:=-1,-09.2 ]
1o X, = 1 - HEYSMEHDE MPHENHHKEHME,

fx) 0

onpedeneHHoe No rpaddky =0

-1

2. d1oyHeHue KopHed (MeTonoM Hel ToHS]

a 1 2

X

|

Frezz F1 faor help.

n =100 - NPELNOADHMTENEHDE HHCI0
i=1l.n WTEPALLMEA

d - ONPEQENEHHE YHILLMM, ) -
=2 " iz _ % MpUBSAMAEHMA
dfix) dxf(xj EbMUCAAMILEN NpoMsEaaHyl ot (¥l %1 "% df[:xn) N popryne HeoroHa
f(:,:_) - PEANMSALMA HTEPAUMOHHOMD NPOLECCa
. =until |x —x | gyt no reToly HermoHa © MCNOAESOBAHWEM DYHELMM Len
i+1 i i—1 i I:lf[: ) [ 1 ]
X,
1
L . 0 AEGAT
ji=lastix) - ONpenensHHE YHCNa WTEpalMHi - MTEPaUMOHHEA
i=4 38 KOTOPEIE MTEPSUHOHHEIR NPOUECE COWEACA = | 047917 | NOCASOOESTENEHOCTE
xj—l =072 - KOpEHb YypasHeHun [[x] = 0 067919

. -4 .
g:=10 - BaAHME TOYHOCTH BEHHCAEHME

f‘(xﬂ) - BEIMMCNEHWE NEPEOrD

L I:I B x
r

| auto | [HUM | Page 1 o

Pucynok 1.

Pemenne ypaBHenmii cpencrsamu Mathcad

Jns npocreiimmx ypaBaenuit Buna f(X) = 0 pemenne HaX0IUTCS ¢ TOMOIIBIO

¢yHkuuun root.

ro

Bo3sspamaer 3HA4YEHUE Z, IpU

ot(f(z),z) xotopom BbIpakeHue wiau QyHKUS f(z)

obopamaercs B 0. O6a aprymeHnra 3TOU
GyHKIIMA ~ JOJDKHBI  OBITh  CKJIIPaMH.
DyHKIHS BO3BPAILAET CKAJISP.

[lepBbIii aprymeHT - win (yHKIHS, OmMpeseneHHas Tiae-1mbo B pabouem

JOKYMEHTE, WM BBIpaXX€HUE. BTOpOM aprymMeHT - UMs NEPEMEHHOW, KOTOpasd

UCIIONB3YETCSI B BBIPAXEHUH. OTOM TNEPEMEHHOW Tepell HCIOJIb30BAHUEM

¢dbyHKIIMM FOOt HEOOXO0IMMO IPUCBOUTH YHMCIIOBOE 3HAUCHHE.

J1i1s Hax0XKIeHUs KOPHEHN BBIPAKEHUS, UMEIOILIETO BU/T

» 2
FPuk . +¥ax” + 1y 1), ’



Jydllie MCMOJb30BaTh (GyHKIHIO POlyroots, wexemu root. B ormuume ot
¢byukuu root, ¢yukmus polyroots He TpeOyeT HAYaabHOrO MNPUOIMKCHHS H
BO3BpalllaeT Cpa3y BCe KOPHHU, KaK BEIIECTBEHHBIC, TAK M KOMITJICKCHBIE.

polyroots(v) BosBpamaer  KOpHM ~— MOJMHOMA  CTEIEHH N,
KoahdurmeHTs! HOJIMHOMA HAXOATCS B
BeKTOpe V JumMHBI N + 1. BosBpamiaer BEKTOp JIMHBI N,
COCTOSIIIIMM U3 KOPHEH IOJIMHOMA.

Cuctempl JTUHEHHBIX ypaBHEHUH yaoOHO pemlaTh C  TOMOIIBIO
¢ynknuu Isolve.

EHathcad PLUS - [PeweHue cHCTEM YypaBHEHHHA] =]

[ @ File Edit Test Math Graphice Sembolic ‘Window  Books Help _|5’|5|
Oprrep 1. PeweHKe cMeTeMel UDSEHEHMA © N0MOWE R didHELM Find ﬂ
xl =1 2= =1 - HavansHee nputnxeHHa
Givern

10021 + B2 — 223=100
Bzl + 200-:2 — 10-x3=R00

lxl + 2.2 + 100-:3=500
0.905

Find(xl,x2,%3) = | 3.219
4927

MNpumep &, PelgHKME CUCTEMEl YOaEHEHMA B CHMEQNTEHOM EMOE
[Toneko onA Mathcad Plus 6.0]

- Menonesyire [Chrl]=  anA nevatd clmeona =

Givern
T+ Lmy=a
4+ y=h
(a- 2bo) i ;
— | -Mcnonesytme [Ctrl]. [knaguwa Chrl, conpoBonastan Toukok]
_ -1+ 8m 0.7 MEYETH CHMBONEHOMD SHaKa PaEEHCTES
Find{x, v) = - 1A oTOBpaMEHHA PESYIETATE CHMBOAEHORD NPE0Spa30EaHHA

(-b+da) W ENEHUTE HE MWETOMpatdrd e - |

(-1+8m =
<] | LI_I

| auto | [MUM | Page 1 i

PucyHnok 2. Penienue cucreM ypaBHeHUil

Isolve(M, v) BosBpariaercst BEKTOp perieHus Z Takoi, 9to M * z = v,

IIpy  pemieHMM  CUCTEM  YPAaBHEHUH  MCIIOJB3YETCA  CIIELUAJIBHBIN
BBIYHMCIIMTENILHBIA  OJIOK, OTKpBIBaeMbIi  ciaykeOHbIM cioBom  Given wu
OKaHYHMBAIOIINICS BeIpakeHHeM ¢ pyHkuusamu Find wim Minerr.



Find(z1,z2,...) Bo3Bpaiaetr To4HO€E pelieHne CUCTEMbl YpaBHEHUH.
Yucmo  apryMeHTOB JO/DKHO OBITH  PaBHO  YHCITY
HEU3BECTHBIX.

Minerr(z1, z2, . . .) BosBpamjaer npuOMMKEHHOE pPEIICHUE CHUCTEMBI
ypaBHEeHUH. YHWCIO apryMeHTOB JOJDKHO OBITH PaBHO
YUCITy HEU3BECTHBIX.

[Ipumep 1 Ha PucyHke 2 WIUIIOCTPUPYET PELIEHUE CUCTEMBI YPABHEHUH C
ITOMOIILI0 BREIYUCIIMTENNBHOTO Os10ka Given ... Find.

CuMBOJIBHOE PENICHUE YPABHEHHM U CUCTEM YpaBHCHUM

Eciu 3amano HekoTopoe BoIpaxkeHue f(X) M oTMedeHa MepeMeHHas X, TO
komanga Symbolic KO Solve for Variable (Pemurh OTHOCHTEIBHO
nepeMeHHO) BO3BPAIIACT CUMBOJIBHBIC 3HAUYCHUSI YKa3aHHOW MEPEMEHHOU X, TIpHU
kotopoii f(x) = 0.

Ecmu BBI paGortaere ¢ makerom Mathcad
PLUS 5.0, He 3a0ynpTe mpeaBapUTEIIbHO
HCTIOJIb30BATh komany Symbolic FO Load
Symbolic Processor s 3arpy3kd CUMBOJIBHOTO
npoleccopa.

Ecnu Bel pabotaete ¢ makerom Mathcad PLUS 6.0, To cmoxere pemarb
CUMBOJIFHO HE TOJBKO ypaBHEHHS, HO M CHUCTEMBbI ypaBHEHUI. UTOOBI pemmTh
CHUCTEeMY ypaBHEHHH B CHMBOJIBHOM BHJE, HE HYXHO 3a/laBaTb HadallbHbIC
npubsmxkenus. [Ipumep 2 Pucynka 2 mokas3blBaeT pelieHue CUCTEMbl YpaBHEHUH B
CHUMBOJILHOM BH/IE.

[Topsa10K BBITIOTHEHUS
Baganme 1. Tloctpouts rTpaduk  dysknum f(X) 1 mpuOIM3KUTENHEHO

OTIPEIeIUTh OAWH U3 KOPHEH ypaBHEHMUS.
Pemmts ypasrenue f(X)= 0 ¢ Tounoctero € = 104

. C MOMOIIIBIO BeTpoeHHOH GyHkimu Mathcad root;
. MeTo70M HproTOHa (KacaTenbHBIX ), HCITOB3Ys GyHKIMio until;
. METOJIOM HTepalui, ucnoib3ys ¢pyHkipro until.

OmnpenenuTh YUCI0 UTepaIMid B KAXKIOM METOJIE, C MOMOIIbio GyHkiuu last.



Bapuantsl 3aganus 1

No £(x) Ne £(x) No £(x)
BapHaHTa BapHaHTa BapHaHTa
1 Isin(+x1+035x-32 6 025x%+x-2 11 2t 41 2- cosx -1
xe[2,3] re[0, 3] re[0,1]
2 e L7 -5 12 .m[z]_2 S-m[l_]H_
JL'E[EEl:rls:ltm:3 o arccos 1+ xe ﬂx 2] v
-X
x=[2,3]
3 arccos x - 4f1- 03x° 8 T (13 0.1x% - xinx
re, 1] xE[2, 4] refl, 2]
4 [ 7 . 0 LR 14 I-x+sinx-Inl+x
JrIE[I:IEI,.-’il]Jr arcgin x ie[i 1 rel0, 2]
5 Fr-ld+e¥ -7 10 q.'i—x—tgx 15 PLIR T g
re[l, 3] x=[0,1] xe[0,1]

3aganue 2. [y nomuHOMa §(X) BBITOJIHUATE CIICTYIOIINE JCHCTBHS

. ¢ nmomoeio koMauael Symbolic O Polynomial Coefficients co3aarts
BekTOp V, conepxamuii Ko PUIMEHTHI TOJIMHOMA;

. pemmnth ypaBHenue ¢(X) = 0 ¢ momomipio ¢pyHkmuu Polyroots;

. PENINTD ypaBHEHUE CUMBOJIBHO, UCTIOJIb3YSI
komanay Symbolic KO Solve for Variable;

. pa3IoXKUTh  HAa  MHOXHWTeNnH,  ucnoiasdysa Symbolic FO Factor
Expression.

Bapuauntsbl 3aganus 2

Ne g(x) Ne g(x)

BapUaHTa BapuaHTa

1 x4 - 2x3+ x%- 9 x4+ x3- 17x? - 45x - 100
12x + 20

2 x4+ 6x3+x?- 4x - 10 x4-5x3+ x2- 15x + 50
60

3 x4- 14x2- 40x - 75 11 x4 - 4x3- 2x%- 20x + 25

4 x4-x3+ x2- 11x+ 12 X4+ 5x3+ 7x2+ 7x - 20
10

5 x4-x3- 29x?- 13 x4 - 7x3+ 7x?- 5x + 100
71x -140

6 XA+ T+ 14 x4+ 10x3 +36x% +70x+ 75

9x%+ 13x - 30



7 x4+ 3x3- 23x%-15 x4+ 9x3 + 31x° + 59x+ 60
55x - 150

8 xt- o 6x3+ 4P+
10x + 75

INPAKTHUYECKOE 3AHATHUE Ne 6

Tema UnTepnioasiuus v npeacKasaHue
Anmnpokcumanus (QyHKIME — 3aKiIr04aeTcss B NpHOIMIKEHHOM — 3aMeHe

3aganHoi ¢yHkiuu f(X) HexkoTopoit dyHKIMEH j (X) Tak, 4TOOBI OTKIOHEHHE
¢ynkuunu j (X) ot f(X) B 3amanHO# o6nacTi ObUT0 HaUMEHBITUM. DYHKIHSA | (X) TIPH
OTOM HAa3bIBACTCS annpokcumupyoweu. TUMAYHOW 3amadeld amnmpOKCHMAIUH
GyHKIMA  sBIsSETCS 3amada  ummepnonayuu. HeoOXOomUMOCTh unmepnoasiyuu
(GYHKIMH B OCHOBHOM CBsI3aHA C IByMSI TPHYUHAMU:

1. Gynkmus f(X)  wMeeT  CIOXKHOE — aHAJIWTHUYECKOE  OMHCAHHE,
BBI3BIBAIOIIEE OIPE/ICIICHHBIC TPYAHOCTH TIPH €r0 UCTOIBb30BaHuu (Hampumep, f(X)
ABJISIETCS cIel(pyHKIMENH: raMMa-()yHKIMEH, SJUIMITUYECKON (DyHKIMEH U 1p. ).

2. Ananurryeckoe onucanne ¢pyHkiuu f(X) HensBectHo, T.e. f(X) 3amana
tabauyHo. [Ipu 5TOM HEOOXOIUMO UMETh AHATUTUYECKOE ONMKUCAHUE MPUOTMKEHHO
npencrapistoniee  f(X) (Hampumep, s BeluMcieHus: 3Hadenud f(X) B
MPOU3BOJILHBIX TOYKAX, OMPEICICHUS HHTEIPATIOB U IPOU3BOIHBIX OT f(X) 1 T. 11.)

NuTepnonsuus

IIpocremas 3agaya unmepnoasayuu 3aKIOYACTCS B ciaeayromem. Jis

3aaHHBIX N + 1 TOoUeKk Xi = Xo, X1, . . ., Xn, KOTOPbIC HA3BIBAIOTCS )31aMU
UHMEPNnoaAYUU, 1 3HAYCHUM B ATUX TOYKaX HEKOTOPOU
byukuuu f(X) = Yo, Y1, . . ., Yn IOCTPOUTH MOIHMHOM | (X) (ummepnonsyuonmwiii

noauHOM) CTEIICHU N BUA
Pl =@, X+, 04+ 4T+, (
1)
NPUHAMAIONIMI B y3/1aX HWHTEPIOJALMU Xi TC K€ 3HAYCHHS Yj, YTO W
byukuuns f(x):

Plxg)=Fo. X =F1 . (5 J=Fe. =0, 1, ..., N.



2)
I'nobanvnana unmepnonayus
[TpocTelimmM BUAOM 2100a1bHOU URMEPNOAAYUY SBISICTCI NApadoIUYecKast
uUHmMepnoAYUs, KOr/ia, UCIOJIb3Ys ONMCAHHBIC BBILIE YCIOBUS (2), A OTHICKAHUS
HEU3BECTHBIX N + 1 KO3(POHUIUCHTOB ao, a1, . . ., an BeIpaxenus (1) momydaroT

cucteMy u3 N + 1 ypaBHeHMi:

H n-1

Xy el 15, 1+...+a1x,:,+.::r,:, = ¥ (
H H— _

@ty e, Ay e d A +Hdy = Y 3)
» n-1 _

X, T, &, . H A, Hdy =8, )

Humepnonayuonnas coopmyna Jlacpanrca:

" [x—xg x—m ) [ —xg = K ) (X —x
Lm(x:' = Fi
; (x5 = 2o X =%y} [ = Xy ) = Ta ) [ ~4)
Jlns mocTpoeHust unmepnoasyuonHou gopmyawt Jlacpanxca B Mathcad

yI0OHO HCTONB30BaTh QYHKIHIO if

if(cond, tval, BosBparmiaer 3nadyenwue tval, eciim cond otimuen ot 0 (uctuHa).

fval) Bospamiaer 3nauenue fval, eciu cond pasen 0 (J1oxb).

YacTo MHTEPHOIMPOBAHUE BeACTCS s (YHKIHHA, 3aJaHHBIX TaOJIHYHO
¢ pasnoomcmoswumu 3HadeHusMu aprymenra (hi = xi+1 - X; = const). Beenem

MpEABAPUTCIbHO IOHATUC KOHEUHbIX pa3nocmeﬁ:

Ap =pia—F =01 n-1
ARy =fp g —hp =01 n-D)
Apy =ty - T =00 - B

C yderoM BBeACHHBIX OOO3HAYEHUU nepeas uHmMepnoAYUOHHAs PopMyia

Hvromona nmeeT BUL:

r(r_l)ﬂgynh.. 5)

2
. -1 -+ 1}‘{
#l

Bmopas unmepnonsyuonnas popmyna imeet BUI:

Fa(x) = Bl + 8] = yo + iy, +




6)

D+ a-D
et =

OI[HaKO, HHTCPIIOJALIUA  TIPpU OOJIBIIIOM  YHCJIC Y3JIOB IIPUBOAUT K

HEO0OXOJUMOCTH paboTaTh C MHOTOYJEHAMHM BBICOKOHM cTeneHu (Hampumep, S0-i
nu paxe 100-i1), yTo HenprueMIIeMO KaK ¢ TOYKU 3pEHUs BBIYUCIIEHUH, TaK U U3-3a
CKJIOHHOCTH TaKUX MHOTOWICHOB K OCHWUIALIUU (KOJCOAHHAM) MEXKIY Y3JIaMH
cetkn. [loaTOMy Ha TPAKTHKE YaCTO HCIOIB3YIOT HHTEPIONSINIO KYyCOYHBIMH
MHOTOWICHAMH (WIIH JIOKAbHYIO UHMEPNOTAYUIO).

Jlokanvnan unmepnonayus

[Tpu roKkanbHOl MHTEPIONAIUN MEXKIY Pa3IMYHBIMH y3JaMH BBIOUPAIOTCS
pa3IMuHble MHOTOWIEHBI HEBBICOKOW crenenu. B cpeae Mathcad ects ms atoro
UHCTPYMCHTAPHI: CPEICTBA JUHEUHOU unmepnoasyuu (Gynkuus linterp)
U unmepnonsiyuu  cniaaunom  (GyHkmus interp) - gudedHsiM - (Ispline),
napabommyeckum (pspline) m kyomdeckum (cspline). PucyHok 4 mokasbIBaeT

HCKOTOPLBIC ITPUMCPEL JIOKaJbHOM HHTCPIIOJIAINH.

EHalhcad PLUS - [NoxansHaa uHrepnonayus] [_ (O] =]

_E!ll File Edit Test Math Graphicz Sembolic 'Window Books Help _|5'|5|
NokaneHas MHTERNONALMA TaSNHMYHOE hyHELIAK ﬂ
7 2
flx) =x et - McxogHasa fyHELMA

i=0.5% =1 V¥, = f(vxi) - JapaHue MCHogHOR fyHELMM (=] TagmuHo Ha oTpeske [0,2.5]
2 E B Yz3n0ELIR TOUKSY

z:=0,01.25 +

Opurep 1. MMHERHSA MHTep00na0ME Npmep & MHTepnondum|s
KEUSMYeCkM CRAaHHDM

wg = caplite] v, v

I'z) o= linterpl v, vy, T) ls(z) = interp( vs, vx, vy, )

05 05

=) k(=)
b i
e M

| auto [MUM | Page 1 i

Pucynok 4. JIokajJbHasi HHTEPNOJISIIIUSA



linterp(vx, vy, X) Hcnonp3yeT BEKTOpHI AAHHBIX VX W VY, 9TOOBI
BO3BPATUTH JIMHEHHO HHTEPIIOIUPYEMOC3HAYCHUE

¥, COOTBETCTBYIOILIEE TPETHEMYAPTyMEHTY X.

Ispline(vx, vy) pspline(vx, Bce 5T  ¢QyHkuum  BO3BpaIialOT  BEKTOP
vy) cspline(vx, vy) KO2(PHUITMEHTOB BTOPHIX MPOU3BOIHBIX, KOTOPHIH
MBI OyJieM Ha3bIBaTh VS. BekTop VS, ncnosb3yercs

B GyHKIHH Interp:

interp(vs, vx, vy, X) BosBpamaer  mHTEpmommpyeMoe — 3HAUYCHHE ),

COOTBETCTBYIOILIEE APIYMEHTY X.

IIpenckazanue
Ecniu HeoOXomMMO OLEHWTHh 3HayeHuss (PYHKIMA B TOUKaxX He

HMPUHAIICKAIINX OTPE3KY [Xo, Xn], Bcmionb3yiite Gpynkuuto predict (PucyHok 5).

E Mathcad PLUS - [Mpeackasanue] =]

Ea File Edit Tewt Math Graphics Symbolic ‘Window Books Help — =] %]
MNpedckasaHKe (IKCTRAN0AAUME] dHKLIAM fix] i’
a=0 b:=2 flw] = exp -%)-sin[ W] - McxwoaHan duHELLHA
i:=0.[b=all0 WA+ L y = f(xi)- OnpedeneHite MoXOAHOM PUHE LMK B BMIE
10 BEKTOPa AaHHEI Ha oTpeske [a, b]
p=predict v, 7, 20] - [pEack aSaHKE ZHAYEHMUE DUHELMK (3] B nocnegytowme 20 Togkas
MO AOCASIHAR 7 SHAYEHHAR PYHELMHM
- _t+bl0
b=0,1.20-1 Ky = 5 - [pamyeck.an NpoOEEPK.a 3 ECTRANONALHM

a 1 4 3 4
R~ Ry
— McrogHeE gaHHEE +
202 [peackasaHHelR AaHHEE
—  MCTHHHEIA EH0 PYHKLLIAM ] -
[« | LI_I
| auto [ [MUM | Page 1 v

Pucynok 5. Dxkcrpanojassuus GyHkumui



predict(v, BosBpamiaer N TpeiCcKa3aHHBIX 3HAYCHHM,
m, n) OCHOBAHHBIX Ha M IIOCJIENOBATEIbHBIX 3HAYEHUAX

BCKTOpa TaHHBIX V.

[Tops oK BBITIOTHEHUS
3aganue 1. Beruuciuth 3HaueHus 3amaHHoi GyHKImH yi = f(X;) B y3max
uaTeprioysinun xi =a + hi, rne h = (b - a)/10,1 =0, 1, ..., 10, Ha orpeske [a, b].

BapuaHTtsl 3a1aHuid

Ne f(x) [a, b] NeBapmanTa f(X) [a, b]

BapHuaHTa

1 giry x2 [0’ 2] 9 x-cosix +1nil + x7) [1’ 5]

2 cosx? [0,2] 10 10-1n 2 /(1 + x) [1, 5]

3 s [0,5] 11 sing? -5 412 [0, 3]

4 /(05  [0,2] 12 PR [0, 2]
+ X?)

5 g-(x+sinx) 192 5] 13 Cos(X + e %) [3, 6]

6 U(L+e™[0,4] 14 cos(2x + 12) [0, 1]

7 sin(x+ [0,3] 15 e X7 cos x? [0, 2]
e sinx)

8 e+ 1, 3]

3aganue 2. [lo BeruncienHoi Tadmuie (Xi, Yi) MPOBECTH napaboIuiecKyio
UHMEPNOTAYUIO.

Jliis HaxoXACHHUS KO3(PGUIUMECHTOB HCKOoMoro monuHoma (1) HeoOXoaumo
COCTaBUTh CUCTEMY JIMHEHHBIX alnreOpandyeckux ypaBHeHui (3).

CucreMy ypaBHEHHI PEIIMTh MATPUYHO C UCTIONIb30BaHueM (yHkimu Isolve.

[Toctpouts Tpaduk MHTEPHOIAIUOHHOTO MHOTOWICHA W OTMETUTh Ha HEM
y3JIOBBIC TOUKH (Xi, Yi).

3aganue 3. [[ns BhIUMCIIEHHON TaOMMYHOM (PYHKIMHU COCTaBUTH (POPMYITY

UHTEPIOJISIIIUOHHOTO MHOTOWIeHa Jlazcpanoica, UCIIOJIb3YS orepaTopbl



CYMMHPOBAHHSI W IIEPEMHOKEHHUS TI0 JUCKPETHOMY apryMEHTy, a TakKKe
¢ynkuuto if.

[TocTpouth rpadmk WHTEPHOISIIUOHHOTO MHOTOYICHA U OTMETHUTh Ha HEM
y3710BbIe TOYKH (Xi, Yi).

3aganue 4. [IpoBecTH UHTEPIOIMPOBAHUE 3aIaHHON (DYHKIIUU C TTOMOIIBIO
198y 291 yyTepnonsnuoHHEIX Gopmyn HeiomoHua.

[TocTpouTh rpaduKu UHTEPIIOJIAIIMOHHBIX MHOTOYJICHOB U OTMETUTH Ha HEM
y3710BbIe TOYKH (Xi, Yi).

3ananme 5. [IpoBectu aunetinyio unmepnonayuro 3aJaHHON (QYHKIHHA C
TIOMOIIIBIO0 BCTPOCHHOM MHTEPIOJAIMOHHON GyHKIuu linterp.

[Moctpoutsh rpaduk Gyukiuu linterp u oTMEeTUTH Ha HEM y3JI0BBIC TOUKH (Xi,
yi)-

3aganue 6. I[lpoBectu cumraun-unmepnonayuio ¢ TOMOIIBIO (QyHKINN
Ispline, pspline, cspline u interp.

[Toctpouth rpaduk GyHKIHH INtEFP 1 OTMETUTH HA HEM Y3JI0BBIE TOYKH (Xi,
yi)-

3aganue 7. BeruuciuTh 3HaueHUs 3amaHHON (yHKImH y; = f(X;)) B Toukax
xi=a+i/10,tne,1=0, 1, ..., 10(b - @), Ha orpe3ke [a, b].

C HCIIOJIb30BaHUEM
¢dynkuuu predict BEIMONMHUTE npedckazanue (3Kkcmpanonsayuio) MOJTy4YEHHOTO
BEeKTOpa JaHHBIX Y; B mocienayrwommx 10 Toykax mo mocieqHuM 7 3HAYCHUSIM
GyHKUHUU.

OT00pa3uth rpaduuecku UMEIOUINECs TaHHbIC, MPECKa3aHHbIe TaHHbIC U

UCTUHHBIA Bua QyHKImu f(X).

IMPAKTUYECKOE 3AHSTHE Ne 7

Tema: Cumruiekc-MeTO/1 pelieHUs 3a/1a4 JMHEHHOTO MPOTPAMMUPOBAHUS.

Heab: O3HAKOMUTH CTYAEHTOB C CHMIUIEKC-METOJIOM PELICHUS 3aaa4
JUHEWHOr0 TporpaMMHpoBaHus. B pesynbrare npopabOTKU TEMbI CTYACHT
JOJDKEH OCBOUTH QJITOPUTM METOJIA, YMETh €ro MCIIOJIb30BaTh JJIsI OTHICKAHUS
ONTHUMAJIBHBIX PELIEHUN IPU MOAECITUPOBAHUU.

AKTYyaJIbHOCTh TEMBI: CUMILIEKC-METO/| SIBJIIETCSI OCHOBHBIM JJISI PEILICHUS
3a71a4 JJMHEWHOTO MPOrPpaMMHUPOBAHMUSL.

Teopernyeckas yacrb



CumIiekc- METOJ, TO3BOJISIIOIIMKA pelmuTh Jo0yl0 3aj1ady JHUHEHHOIO
porpaMMHpOBaHUsI, yHUBEpcalieH. B Hacrosiee BpemMsi OH HCIOJb3YeTCsS ISl
KOMITBIOTEPHBIX PAcCUYe€TOB, OJIHAKO HECJIOXKHBIE MPUMEPHl € MPUMEHEHHUEM
CHUMILIEKCHOT'O METO/Ia MOYKHO PeIlIaTh U BPYUYHYIO.

['eomerpuueckuit CMBICIT CUMILICKCHOI'O METO/1a COCTOUT B
MOCJIETIOBATEILHOM TIEPEX0e OT OJHON BEPIIMHBI MHOTOTPAHHHWKA OTPAaHWYEHUN
(Ha3pIBaeMOM TMEpPBOHAYANIBHON) K COCEAHEW, B KOTOpOW JMHEHHas (yHKUIuA
MpUHUMAET Jydiiee (W He XyIlee) 3HaueHue IefieBod (QyHKIMU 10 TeX Top,
MoKa He OyJIeT HalJIeHO ONTHUMAJIbHOE pPEIICHHWE — BEpIIHUHA, TAC JOCTUTaeTCs
ONTUMAJILHOE 3HAYCHHUE ITOW (PYHKIIMH, €CIIU 3a7a4a UMEET KOHCUHBIH ONTUMYM.

s peanuzanvy CUMITIEKCHOTO METOJIa — IMOCE0BATEILHOIO YITYUIIEHUS
penieHust — He0OX0UMO OCBOUTD MPU OCHOBHBIXIIEMEHMA.!

- cnocob onpedenenusi Kaxko20-iubo NepeoHAHAIbHO20 OONYCIMUMO20
Oa3uUCHo20 peuleHus 3a0adu;

- NPABUIo nepexooa K ayduiemy (moyree, He Xyouiemy) peueHuro,

- Kpumepuii NposepKuU ONMUMATbHOCHU HAUOEHHO20 PeUuleHUsl.

Jlns Hadalla HCHOJIB30BaHUS CHMINICKCHOTO METOJa 3aJada JIMHCHHOTO
IporpaMMHpPOBaHUSL JIOJDKHA OBITh IIPUBEJCHA K KaHOHMYECKOMY BHIY, T.C.
CHCTEeMa OTpaHUYCHUM JTOJKHA OBITh MIPEJACTaBIICHA C TTIOMOIIBIO JIOMOTHUTEIBHBIX
BBITTABHUBAIONUX (0aJaHCOBBIX) IEPEMEHHBIX B BHJIC YPaBHECHHH. AJITOPUTM
KOHKPETHON BBIYHCIUTEIBLHON peau3allii 3TUX JJIEMEHTOB PAacCMOTPUM Ha
npuMepe.

3agaual.

[lycTte 3amaHa maTeMaTHdeckas MOJCIh B CTaHAAPTHOM BHAC 3aJ1aud
JUHEWHOTO TPOrpaMMHUPOBAHHS:

12x; + 3x, < 264;

4x1 + 5X2 < 136; (1)

3x1 + 14X, < 266;

X1>0; X2 > 0.

Z = 6X1 +4x, - MAX.

Pemenue

Pemmum 3amauy cumrmuiekc-metomoM. JUIsi 3TOro cHavyajia MOpPUBEIEM
MaTematnueckyro Mozenb (1) K KaHOHHYECKOMY BHIYy, KOrjga CHCTeMa
OTpaHWUYCHUN WMEET BHUJ YpPaBHEHUH. DTO JIOCTUTACTCS BBEACHHUEM B KaXKI0C
HEPABEHCTBO JIOMOJIHUTEILHBIX HEOTPUIIATCILHBIX ITEPEMEHHBIX

X3 > 0; X4 > 0; X5 > 0. IXx 5KOHOMHYECKHI CMBICI — HEHUCHOJIL30BAHHOE
CBIPbE KaKIOTO BUA.

[Tomyuum:

12x1 + 3X, + X3 = 264;

4%, + 5X2 +X4 = 136; (2)

3X1 + 14X, + X5 = 266;

X12>0;X2>0; X32>0; X4 >0; X5 > 0;



U = 6x1 + 4x, - > MAX.

PemmiM cuctemy ypaBHEHWE MareMaThueckod wmojenu (2), BbIpasuB
0a3uCcHBIC IEPEMEHHBIE X3, X4, X5 UEpe3 CBOOOAHBIC X1 U Xo.

X3=264 —12X; — 3X2;

X4 =136 — 4X,—5%2; (3)

X5 = 266 — 3X1 — 14X>;

Xj>0;(j=1;2;3;4;5.); U=06x; +4x; > MAX.

Cucrema ypaBHEHUN MaTeMaTtuueckod Mmozenu (3) 3amucaHa B BHJE, Koraa
YacTh MEPEMEHHBIX X3 , X4, X5 BEIPAKEHBI YEPE3 OCTABIIMECS MIEPEMEHHBIEC X1 U X2,
apisiercst oommm perienueM CJIAY orpanudenuii (ee pazmep 3x5). [lepemenHbie
X3 , X4, X5 — 0a3uCHBIC (MCKYCCTBEHHBIN 0a3uC), TEpEMEHHBIC X1 U X2 — CBOOOIHBIC.
[IpunaBasi cBOOOAHBIM TIEPEMEHHBIM MPOU3BOJBLHBIC 3HAYEHUS U BBIYUCISS
0a3ucHbIe TIEpeMEHHbIe Mo (dopmyiiaM Mojaenu (3), MOXKeM HalWTh OeCKOHEYHOE
MHOKECTBO JIOMYCTUMBIX (T. €. HEOTPHUIATEIbHBIX IUIAHOB). 3aMETHUM, 4YTO B
00IIIeM pPEeIIeHUH CUCTEMbl YpaBHEHUN 0a3MCHBIMU TIEPEMEHHBIMU MOTYT OBITH JIJIsI
JTAHHOM 3a7auu JIIOOble TPU TepeMeHHble U3 maATH (X1 ; X2 ; X3 ; Xa; Xs), a
CBOOOJTHBIMH — OCTABIIIHECS JIBE IEPEMEHHBIE.

Ecnu cB0oOOAHBIE TEpEMEHHBIE MOJIOKUTh PABHBIMU HYJIIO U BBIUHUCIUTH
0a3ucCHbIE, TO MOJYYMM JOMYCTUMBIA Oa3UCHBIM IUIaH, KOTOPBIM Ha3bIBAECTCS
omopHbIM: X1 = 0; X2 = 0 ; X3 = 267; X4 = 136; X5 = 266. bazucHble IepeMeHHBIC
paBHBI MPU STOM CBOOOJHBIM WI€HAM, KOTOPHIE JTODKHBI OBITh, CIEAOBATEIBHO,
HEOTPUIATEIbHBIMU.

Onopmubiil nian — 310 0a3UCHBINA AOMYCTUMBIN TIJIaH, T. €. HEOTPUIATEIbHBIN
TJIaH, JIJI1 KOTOPOTO PaBHBI HYJIIO CBOOOIHBIEC iepeMeHHbIe. KomnuecTBO OnmopHbIX
MJIAHOB KOHEYHO U HE MPEBOCXOAUT KOJIMYECTBA 0a3UCHBIX pelieHuit. OHO paBHO

YHCITy coueTaHui u3 5 mo 3 (v 1o 2):
2 S _I¥2¥3¥4rs

LR Y

GG Ty peavaviv2

T. €. ONOPHBIX JI1aHOB He Oosbie 10.

OcHosHas meopema CUMILIEKC-METOZA T'OBOPUT O TOM, YTO €CJIM OITH-
ManbHbId T1aH 3JIII cymecTtByer, TO €ro MOXHO HAaWTH CPEAM OIMOPHBIX. JTO
MO3BOJISIET MCKATh ONTUMAJBHBIA IUIAH HE CPENM BCEX JOMYCTHMBIX IUIAHOB,
KOJMYECTBO KOTOPBIX OECKOHEYHO, a JIMIb CPEIUd OMOPHBIX, YHUCIO KOTOPBIX
KOHEYHO U B MPUHIUIIE UX MOXKHO MepedpaTb, U CPABHUB 110 3HAYEHUIO KPUTEPHUSI
ONTUMAJIbHOCTH, BHIOPATh HAMITYUILIUH.

CyIHOCTh CHUMIUIEKC-METO/Ia COCTOMT B II€JICHANPABIEHHOM Tiepedope
OMOPHBIX IJIAHOB JJIA HAXOXKJIEHHs onTtumanbHoro. Ilpu sTom He Tpebyercs
HaxOJIWTh BCE OINOPHBIE IUIAHBL, @ JIOCTAaTOYHO HAWTHM OJWH W3 HHUX U 3aTEM
NEPEXOAUTH K CIEIYIOIIEMY, HO TaK, YTOOBI PEIIEHUE YIYUIIaJIOCh, T. €. 3HAUCHUE
U yBeanumnBanock, U Tak A0 HAXOXKJAEHUS TUIaHa, Mpu KOTopoM U — MakcUMabHO.



Pemenue 3JII1 cuMIUIEKC-METOIOM OCYIIECTBIISETCS C IIOMOIIBIO CUMITIICKC-
Tabaui. MaremaTuyeckyro Mojenb (3) 3amuiieM B BUIE CHUMIUIEKC-TaOIuIbl 1.
ba3ucHbIe mepeMeHHbIC MTOMEIaeM B JIEBBbIH cTos0el, CBOOOAHBIE — B BEPXHIOO
CTPOKY CO 3HAKOM «MHUHYCY», ITU(Gpoi 1 oTMeuaeM CTOJIOEI] CBOOOIHBIX YICHOB

Tabmauna 1
b..
X1 X2
‘ ................... X3 :
X4 =Xg =
J= 6 4

3amemum, ymo 6 mabauye 1 u 60 6cex NOCIEOVIOWUX CUMNAEKC-MADIUYAX
cmonbey c860000HbIX UNEHOB He QONNCEH COOEePHCAMb OMPUYAMETbHBIX ITIeMEHMO8
8 CUTLY YCIIO8USI HEOMPUYAMETbHOCMU, 34 UCKTIOYEHUEM, MONCEm Oblmb, dleMeHmd
U-cmpoxu.

Kaoicoass cmpoxa mabnuywr 1 coomeemcmeyem ypasnenuio moodenu (3).
Kaowcooe ypasnenue mooenu (3) moocem Ovimov noayueno uz mabauyvt 1 ym-
HOJICEHUEeM DJIeMEHMO8 COOMBEMCMBYIowell CMpPOKU HA IJAeMeHmbl GepXHell
CMPOKU-3A207106KA:

X3 =264*1 + 12*(- X1 ) + 3*(-x2);

Xq = 136*1 + 4* (-X1 ) + 5* (-X2);

Xs = 266*1 + 3* (-x1) + 14*(-x2);

U=0%1-6%(-x1)-4*(-x2).

THonyuennas mabauya 1 nazvieaemcs nepeoii cumniexc-maoauyeti. Ouna
coomeemcmayem nepeomy ONOPHOMY NIAHY:

(X1: X2; X3; X4; X5 ) = (0; 0; 264; 136; 266 ).

Ilpu maxom naane npubvine U = 6*X1 + 4*X; = 6*0 + 4*0 = 0.

Dmom onopHwill NIAH He AGIAeMC ONMUMATbHbIM, HA YO YKA3bleaem
Haiuyue ompuyamenvHvix dnemenmos ¢ U-cmpoxe mabauywt 1

Ilepetioem k crnedyrowemy onopHomy niary, 01 3mMo20 CHAYala 8 maodauye
1 8vibepem Ktuesoll siemMeHm no ciedyrouwemy npasuy.

1. Bwibupaem knouesoli (pazpewarowuii) cmonbey, OH COOMEemcmaeyem
ompuyamenvHomy snemenmy U-cmpoxu (11000My), ommemum e2o cCmpeaKou 6HU3Y
mabauysl 1 Yawe u3 Heckonbkux ompuyamenvHvix dnemenmos U-cmpoku
8bIOUpalom mom, KoOmopwvili Ooabule no adbCoNOMHOU 6eruyune. Y Hac smo
IeMeHm

« -6 » 8 U-cmpoxe. Bvibop kiouesoco cmoaboya capanmupyem yeeaudenue
(He ymenvuwenue) snaverus U.



2. Bvibupaem xnouesyro cmpoxy, ona coomeemcmaeyem MUHUMALIbHOM) U3
OMHOWEHUN C80O0OHBIX YIEeHO8 K coomeemcmeyrowum noao0HCUMENbHbIM JJle-
MeHmMAM Kilroiee0o2c0 cm0ﬂ6ua:

(264 136 166

mind T 2"l —min {22:34,88.67) = 22
P12 4 3

Umo yKkazvleaem Ha nepayo CMpoKy, OMMemum ee CmpeKol Cnpasa.

Buvibop knouesoil cmpoku eapanmupyem coxpanerue yciosusi Heompuyda-
MeNbHbIX NePEMEHHDIX.

3. Ha nepeceuenuu Kmowegou CmMpoKu U  KIHOYe8020 CMoIOYa
ommeuaem Kaouegou snemenm. On pasen 12.

Cmpoum Ho8YI0 cumMniekc-maoauyy 2, cogepuias 0OHOKpaAmHoe 3ameujeHue
Oa3UCHOU nepemMeHHOU Ha C80D00HYIO.

Tabnuya 2
b.o. -X3 -X2
X1 =Xa=Xs= 1/12 -1/3 -1/4 V4 53/4
U= 1/2 -5/2

T

KAI04e601ll CMpoOKe U 6 KIII4Ye€60M Cm0]l6l4€.' X3 u Xi.

1. Ilomensiem mecmamu 0A3UCHYIO U CBOOOOHYIO NepeMenHble, CMmosuue 8

2. Kniouesoii snemenm 12 samenum uuciom, emy oopamuoim. 1/12.

3. Ocmanvhbie s1emMeHmvl CMPOKU PA30enum HA KIOYeBouU dNeMeHM.

264 :12=22;3:12=1/4.

4. Ocmanvuvie s1eMeHmMbl KIHO4Ue8020 CMONOYA paz0eiumM HaA KIo4egou
IeMeHm U NOMeHseM 3HAKU Ha NPOMUBONOTIOHCHBLE.

-4:12=-1/3;-3:12=-1/4;3: 12 =1/2.

5. Onemenmul, He npunaonedcawue KiOUeB80U CMPOKe U KIHOYEeBOM)
CMONOYY, LIYUCIUM NO NPABULY NPAMOY2ONbHUKA.

Hanpumep, sviuucium snemenm mabauysl 2, coomeemcmeyioujutl d71eMenmy
266 mabnuywr 1. Jna eco HaxooicOenus 6 mabauye 1 mwvicienHo cmpoum
NPAMOY20NbHUK, V KOMOPO20 HA KOHYAX OOHOU OUuazoHaiu cmosm yucio 266 u
Kknouegol snemenm 12, a na konyax opyeou — yucna 264 u 3. Huacouans,
cooeparcawyas Kuroyegol dNeMenm, cuumaemcs 21aeHou, a opyeas — nobounou. M3
npou38e0eHUsi dJIeMEeHMo8 No 21A8HOU OUASOHANU BbIUUMAEMCs Npou3eedeHue
IIEMEHMO8 NOOOUHOU OUACOHANU U DMA PAZHOCMb OeNUMCA HA KIH0Yeol
NeMEeHM.:

(266*12 — 264*3):12 = 200.

Ilonyuennoe uucno 200 enucwvisaem 6 mabauyy 4.3 na mo mecmo, 20e
cmosino yucao 266 ¢ mabauye 1.



5.1. -X1 -X2

Iloocuumaem, kaxoe uucio 6yoem cmosamo 8 madbauye 2 6Mecmo yucia «-4»
6 U-cmpoxe mabnuyvr 1. Ha pucynxe noxazam npsamoy2oibHUK, KOMOPHIU Mbl
00.J12/CHbl MbICTIEHHO 8blOenumsv 8 maoauye 1. I nasnas ouazonans npsamoy2oibHUKa
cooepacum paccmampusaemvlli diemenm «- 4» u kuouesou nemenm 12, a
noOOUHAs OUALOHANL — dNleMeHmbl 3 U «- 6». B pe3ynomame eviuucienutl nomyuum
yucino, komopoe snucvigaem 6 U-cmpoky mabauysl 2

[-4*12 —3*(-6)] : 12 = (-48 + 18): 12 = -30:12 = -5/2.
b.o. -X1 -X2

||i X3 =X4 = X5 =
U= 6-4

Ananocuuno 3anonusem 6éce ocmaeswiuecs kiemku madoauyvl 2. Ha mecme
yucaa 136 uz mabnuywl 1 6 mabauye 2 6yoem cmosmov YUCio:

(136*12 —264*4 ) : 12 = 48.

Ha mecme snemenma «0» 6 U-cmpoxe mabauyvt 1 6 mabauye 2 3anuuem
YuUCno:

[ 0*12 — 264*(-6)] : 12 = 132.

B nocreonem cmonbye mabauyvl 2 na mecme s1emenma «3» 6yoem cmosimo
Yucno:

(5*12 - 4*3) : 12 =4,

Ha mecme snemenma « 14» enucvieaem 6 mabauye 2 yucno:

(14*12 — 3*3) : 12 =150/12 = 53/4.

Umobvl nonyuums ONOPHLIL NIAH U3 CUMNIEKC-Mmabauysvl 2, noaazaem
PABHLIMU HYTIIO C80D00HbIE nepeMeHHble X3 U Xz, cmosawjue 8 8epXHell CmpoKe.
To20a 3nauenusi OA3UCHLIX NEPEMEHHBIX X1, Xa U X5 PABHbL 3HAUEHUSIM, CIMOSWUM 8
nepgom cmoioye mabauywl 2.

B pesynomame svinuuiem 6mopoti OnOpHwlll NAAH:

( X1; X2; X35 Xa; X5 ) = (22; 0; 0; 48; 200),

npu komopom U = 132. Imom niau e A611emcs onmumaivHovim, m. K. 8 U-
cmpoxe mabauywvl 2 uMeemcst OmpuyamebHolll d1eMeHm.

Ilepexooum k Hool, mpemvell cumniekc-maobauye. /[ smoeo cHavaia 8
mabauye 2 evibepem Kiouesoll djieMenm, N08MopuUs npeovbloyiyue paccyiHcoeHus.

1. Ommeuaem knouesoii cmonbey. OHn cooepaicum ompuyamenbHovlil dje-
meum U-cmpoxu: «-5/2».



2. Ommeuaem Kiouesyio CmpoKy, KOmopas cOOmeemcmayem MUHUMAIbHO-
MY U3 NOJLOANCUMETILHBIX OMHOUEHUL CB0OO0OHBIX UIEHO8 K DJIEMEHMAM KII0HUe8020
cmonoya:

YUMo yKazwvleaem Ha Mopyo CMPOKY.
3. Ha nepeceuenuu xnrouesoti cmpoku u Kio4weso2o cmoabya 6 maoauye 2
ommedaem K4egoll dJ1eMeHm «4y.
Ilepexooum k 3anonnenuro cumniexc-madauyvl 3 no npasunam I — 5.

Tabnuya 3

b.m. -X3 -Xa

X1 = 5/48 - -1/16 1/4
X2 = X5 = 1/12 41/48 -53/16

U= 7124 5/8

Omoti mabauye coomeemcmeayem onopHoe peuleHue.

(X1; X2; X35 Xa; X5 ) = (1195 125 0; 0; 41).

OHo s6nsiemces OnMuManbHbiM, m. K. 6ce Koagguyuenmvr U-cmpoku 6
mabauye 3 Heompuyamenvhvl. Maxcumanvroe 3uauenue yenesou @gynxyuu U max
= 162.

Ono oocmueaemcs npu x1 = 19; X = 12. JJononnumenvhsie nepemeHHble npu
amom paeuvi: x3 = 0; X4 = 0; Xs = 41. Omo o3nauaem, ymo cvipbe nepeoco u
8MOPO20 U008 UCNOIL3YEMC sl NOTHOCMbIO, d Cbipbe MPemvbe20 U0d 0Cmaemcs He
UCNONIL308AHHBIM 8 Konuyecmee 41 ke.

3ameuanue. Ilpu pewenuu 3a0au CUMNIEKC-MEMOOOM KOIUYECMBO CUMN-
JieKc-maobauy mMoxcem Oblmsb pa3iudHbiM. B paccmompennom pewienuu oHo pagro
mpem.

Omegem. YToObI MOTYYUTh MAaKCUMaIbHYIO MpHObUTH B pazmepe 162 Toic.
pyO., HY»)KHO M3roToBUTh 19 m3aenuii A u 12 uznenuii B.

3ajaHue K NPAKTHYECKOMY 3aHATHIO:

3agaun BEIOMPAIOTCSA B COOTBECTBUU CO CBOMM BapUAHTOM.

ba3oBblil ypoBeHb:

3aganue 1. PemuTh CUMIUIEKCHBIM METOIOM 3a1aum (Tad. 1).

Ta6nuna 1. BapuanTsl 3a1anuii

B B
3amaua 3amaua
apuaHT apuaHT
Z(X)=-2X1-2X>-

Z(X)=X1+4X2+X3®max, 2x5®min,



—xntintx =4 xtx+in 24,

{3 £, + 2 29 fv, —x+x =12,

Pl +3x, +x 28 Piv +oan +dx 28

B TTEETOX0,)=1,2,3 TSR X0,

[Tponomxenue Tadauib! 1.

Z(X)=2X1+Xo- Z(X)=-3X1-2X>-

P -] Gt 2,
-ixg_+2.1:i+x3£?1 -{.x;__+x5£2,
. E — e = . . E - — . = — .
Xs®min, %~ T ‘ X0, J=1,2,3 2Xs®min, +% T k X0, J=1,2,3
Z(X)=x1- Z(X)=-
dx 42w+ 26 3w, oy +Iw 212,
’—1:+x,—3,J=§ -l::q_+x,:+x3=8i,
b —td 22 I 5 IV R e
Xo+Xs®max, - ET s = 25 X0, 2X1+8Xo+3X3®min, - TS S &
=1,2,3 X%0, j=1,2,3

Z(X)=5x1+2X,+Xs®max,

Z(X)=6X1+7X2+9X3®min,
f_r +2x, + 23 25,

F_ Coae =
o vt =l

H

-x-xtx2-l, X0, j=1,2,3

Z(X):X1-8X2-

Bw, s, 1w 26 xtx b, =5

E - - -+ - .
3xs®max, % 2T EETH x50, j=1,2,3

Bomnpocs! Aj1s1 caMOCTOSTEIbHOM PadoThI

ba3oBblil ypoBeHb:

1. B
MPOTPaMMUPOBAHUS ?

2. B xakoit ¢dopme HeEOOXOAMMO cJeiaTh IOCTAHOBKY 3aja4d, €ClId

4CM 3aKJII049acTCsA CHUMIIIICKC-MCTO/, 3aJa4un JIMHEHHOT'O

MIPUMEHSATH JJIS €€ PEILICHHS] CUMIUIEKC — METOA?

3. Kak noiayyuThs onopHoOe penieHue 3aj1a4i JMHEMHOro NporpaMMHUPOBaHUS
JUTSI TaJTbHENIIETO €€ PeleHUs] CUMILIEKC-METO0M?

4. B yeM reoMeTpUYEeCKUM CMBIC]I CUMILIEKC-MeTo1a?

5. Kak ctpourcsa onopuoe pemenue 3JII1 MmeTonoM uckycctBeHHoro 6asuca?



IMNPAKTUYECKOE 3AHATHUE Ne 8

Tema YucsieHHoe MHTEerpupoBanue u (Mg ¢epeHuupoBaHue

YucneHHOE UHTETPUPOBAHUE

®opmynbl Ui TPUOTUKEHHOTO BBIUKCICHHS OMpPEEICHHBIX HWHTErpajoB
MPUMEHSIOTCSI O4eHb YacTo. J{eso B ToM, 4To AJig OOJBIIOTrO YUCia JIEMEHTAPHBIX
(GyHKIMI IepBOOOpa3HbIE YK€ HE BBIPAXKAIOTCS uepe3 dJIeMEeHTapHbIe (QYHKIINH, B
pe3yJbTaTe 4Yero HENb3sl BBIYUCIWTH ONPEACIICHHBIM HWHTErpal ¢ MOMOILIBIO
dbopmynel HeroToHa-JIeitoHua.

Berpeuatotes Takke M ciydau, KOrJa MPUXOAUTCS MpuoderaTs K GopMyiiaMm
NpUOINKEHHOTO UHTETPUPOBAHUS JAXkKe ISl TAKUX HUHTErPAJIOB, KOTOPHIE MOTYT
ObITh HAWJEHbl B KOHEYHOM BHJE, HO TAKOE BBIPAKEHHE OKA3BIBACTCS CIMILKOM
cnOXHBIM. OCOOEHHO BaXKHBI (POPMYJIbI TPHUOIMKEHHOTO MHTETPUPOBAHUS TPU
pelIeHnH 3aj1a4, coepKaux GyHKIUH, 3alaHHbIe TaOJIUYHO.

Keaopamypuwie popmynvt

HauGomee PacCiIpoOCTpaHCHHBIM IIOAXOJOM K YHCICHHOMY BbIYHCJICHHUIO

WHTETpaia
b
I= [ S
1)
SIBIISICTCSI pazOueHue OTpe3Ka [a, b] Ha N paBHBIX
b-a
gactenl a = xg <x1<...<Xp = bc maromh= »n | UHTCPIIOJIMPOBAHUEC

¢yukuuun y =f(X) Ha otpeske [a, D] (momydeHue HMHTEPHOJSAIMOHHOTO
MHorouwieHa | (X)) u 3ameHa B (1) nHTErpaia MHTErPAIbHON CyMMOIA:
b n
In = [[0()dr = > A pi
a :
i=0 oy 1L 2)
CoorHotrenus Bua (2) Ha3bIBAIOT K8AOPAMYPHBIMU (POPMYIAMU.
B npocreiiimmx ciaydasx B KaueCTBE MHTEPIOJSAIIMOHHOTO MHOTrOWIeHA | (X)
OepyT CTyNCHUYATyI0, KyCOYHO-ITMHEHHYI0 WIM KyCOYHO-IIapabOIMYCCKYIO

Gynkuun, a Takke nomuHoMm cremeHd K = n (j (X) = XX ana  xoTopsix

KBaJpaTypHble GopmyIibl mpuHuMaroT By (cM. [lpumep 1 Pucynka 8):



EHathcad PLUS - [H4CcAEHHOE WHTErpHpPOBdHHME H AHPPEpEHUHPOEaHHE] M=l E3

-

_E!II File Edit Text Mkath Graphice Symbolic ‘window Booksz Help - | & |5|
OnpeneneHude dyHrUHK fix=sin()/x+1) TagnuuHo Ha oTpeske [a.h]
ni=10 i=0.n a:=2 bhi=d po=2o 8
ity x .
i ::% REashi oy ety
Opurep 1. Muterpupoeadude dyHkLMu fix) Ha oTpeske [8.h]
HucneHHoE MHTErpUpoEaHLE | HMHTerpuposaHue o sareHob x)] MpoBepra © NOMOW D
Mo POpkAYne TPaneLME AMHEAHOMN UHTEPNoAAUMER ONERATORE MHTEMPMPOESHKA
4
-1 .
A e . CI
I =h + Z % Iy:= linterpi x, v, 2) de 1+ 1
2 a 2
k=1

I, = 0099635 I, =0099836 [=009917F

MNpuren 2. NuddepeHUHMpoESHHE dUHELMK i) B Toyke X=3

wo=3 . _

n:=0.10 D =n¥"! w -=(x )1
18

in’ T,
B =l1solve W, N
] :=ZB.-5;. D' = -0.256318
141
i

HucneHHoe AHPpepeHUMPOEaHIME
FETO0OM HEOMPEQENEHHER KO3 PRHLMEHT OB

d—f(Xj = 1254318 - [poEepka © NoMOLWER ONEpaTORa AWPPepeHLMpOEaHHA
£

4 .
| LIJ

| auto | |MUM | Page 1

%

Pucynok 8. UucjieHHoe uHTerpupoBanue u auddepennupoBanue

popmyna npamoy2oabHUKOS:
i

In=h} flxicigld o =T l}]
i=1 Yi-12 = %l +2 , i = 1, 2’ 3)

LN

¢opmyna mpaneyuii.

fn”“[w*

s, <

!‘=1 ; 4)
gopmyna Cumncona (N - 4€THOE YHCIIO):

h
In =§U’n +4(p1 + Fa+. AFno1 )+ 2p2 +Pa+. +Fn-2)-
5)

MemoO  HeonpeoeieHHbIX KOIP@uyueHmos COCTOUT B  BBIUKUCICHUU

ompenenenHoro uHTerpana (1) ¢ momomipo Gopmyssl (2) kodpdUIHEHTH A,

KOTOPOW HAXOISATCS B PE3YJIbTATE PELICHUS CICIYIOMIEH CUCTEMbI YPABHEHUI:




fp=dp+ A +..+ A
=8 +dxn+. Ax, 6)
=gy + Ax7 + 0 A,%,

hE+l _ gkl

b
I;;=-|- k=
2 E+1  k

rnc 0,1,...,n.

Memoo Monme-Kapno

Bo MHOrmx 3ajgayax HWCXOJHBIE JAHHBIE HOCAT CIIYYaWHBIM XapakTep,
MOATOMY JUJIi UX PEUICHUSA JOJKEH MNPUMEHSTHCS CTaTUCTUKO-BEPOSITHOCTHBIN
noaxon. Ha oOcHOBE Takoro mnoaxoJa M IOCTPOCH METOJ CTAaTUCTHYECKHUX
UCTIBITAaHUM, Ha3bIBAEMbIN Takke MeTooM Monme-Kapio.

ITycte h - paBHOMepHO pacmpenencHHass Ha oTpe3ke [a, D] ciyuaiinas

BCJIINYMHA, .

[ A= 2203 sengy
i=0 .

7)

Jlng  reHepupoBaHMSA ~ MOCIEAOBATEIBHOCTH  CIYyYaWHBIX YHCEN  C
HOpPMaJIbHBIM 3aKOHOM pacnpenesienus B Mathcad Bo3MokHO UCMONB30BaTh

dyuknuto rnd

r Bo3sBpaiiaer paBHOMEpPHO paclpeleIeHHOE CIy4ailHOE YHUCIIOo

nd(x) mexay O u x.

Hna  peammzanmu  Metona Monte-Kapno ya00HO HCMOJIb30BaTh

dbyHKIIHIO Mean

m B03BpamaeT cpeaHcee apI/I(l)MCTI/I‘ICCKOC 3HAa4YCHHUEC DJICMCHTOB

ean(A) | maccuBa A.

Uucnennoe auddepeHmpoBanmne
Yucnennoe ougpgepenyuposarue aHATUTUYECKU WM TaOJIUYHO 3aJaHHOMN

¢dyukuuu f(X) Ha otpeske [a, b] B Touke x = X 3akmouaercs B 3amene f(X)

d¥plx) _d"fx)
MHTEPIOJIAIMOHHEIM nomiHoMoM | (X), i?iecaiaiua  ax™ @"  KOTOpPOro

MOHO HAaWTH aHATUTHYECKH C IIOMOIIBIO0 COOTBETCTBYIOIMIMX (HOPMYIT:



d"f(x)  d™q(x) Z (
£ = =2 5 ¥
dx™ dx — _ 8)
Memoo neonpeoenennvix rosgppuyuenmos (cm. Ilpumep 2 Pucynka 8)
IpEerojaracT NCIOIb30BAHNE B KA4eCTBE MHTEPIOISIIMOHHOIO MHOTOUICHA | (X)
nomuaoM cterieHd K = n (j (X) = (X - x)¥), a xoaddunuentsr Bi Gpopmyns (8)

HaxXOJATCS B pE3YyJIbTATE PELICHHUSI CIEAYIOIIEN CUCTEMBl YPABHEHNN:

Dy=B,+5+..+E

E

Dy =Byx +Bx+...+EB,x, 9)

_ ] » ®
L, =Bxi+Bx+..+5,x

ROUmR®

D=[x* X g

rac y K= o N

CuMBOILHOE UHTErPpUPOBaHUE U TU(PdhepeHIIMpOBaHNE

JInst  BBIYMCIIEHHMS] HWHTErpajioB (MJIM  HAXOXKJICHUS TEPBOOOPA3HBIX)
AHATMTHYECKN 3aJlaHHOW  (DYHKIIMHM HWCHojib3yercss komanma Symbolic 1O
Integrate on Variable (MuterpupoBaTh nmo mepemenHoii). OHa BO3BpaIacT
CUMBOJIbHOE€ 3HAUYEHUE HEONPEJEICHHOTO0 HHTErpaja Mo YKa3aHHOW MapKepoM
BBOJa TIEpEeMEHHOU. BrIpakeHHMe, B COCTaB KOTOPOTO BXOAWUT TEpEeMeHHas,
SIBJISICTCS TTOJBIHTETPATbHON (DYHKITHCH.

Komanma Symbolic KO Differentiate on Variable (IuddepenuupoBars
N0 TNepeMeHHOIi) BO3BpAIllaeT CUMBOJIBHOE 3HAUYCHHUE MPOU3BOJHON BBIPAKEHUS
10 TOW NIEPEMEHHOM, KOTOpas yKa3zaHa KypcopoM. JlIsi BBIUMCIIEHUS ITPOU3BOIHBIX
BBICIIIETO TIOPSAKA HYKHO MTOBTOPUTH BHIYHCICHUE HEOOXOANMOE YNCIIO Pas.

Pe3ynbrar CUMBOJIBHOTO MpeoOpa3oBaHUsl UHOTIA COACPKUT CHeyudibHble
@yHKYyuU, KOTOPBIC HE SABJSIOTCS YaCThIO CIIUCKA 6cmpoennbix ynxyun Mathcad.
Bot omnpenenennst HEKOTOPBIX U3 HUX:

g - KOHCTaHTa Jiliepa,

. ¥

cos(t)—1 ; sit 1) ;

Ci(x)=g+|n(x)+t[ ' ,Si(x)=h[I ,



" coshit)—1 " sini(t) .
Chi(x) =g + In(x) + = , Shi(x) = I~
[Tops oK BBITIOTHEHUS
Baganme 1. Ompenenuts  dynkiwmio f(X)
3Hauenus yi = f(x;) B roukax xy=a+hi,i=0,1, ..., 8,
h=(b - a)/8 na otpeske [a, b].
BapuanTsl 3aganus 1
No f(x) [a, b]
BapHaHTa
1 1tg2r+1) [0.4,0.8]
2 cos3xfil - cosdx) 2 [0.8, 1.6]
3 1/(x"<'fm) [0.18, 0.98]
4 sin x (L + sinx) [0.8, 1.6]
5 X2 lalx+3) [0, 0.4]
6 x2 aretglx /3] [0.8, 1.6]
7 2% gin iy [0.4,1.2]
ctglx (sin27)
8 2 [0.8, 1.2]
9 (x+ 1) sinx [1, 5]
10 5x + x g x [0.2, 1]
11 (2x + 3) sin x [0.4,1.2]
12 cosxf(2x +3) [0.4,1.2]
13 1/(1 + x + x?) [0, 4]
14 L+ x}f(2+ ) [0.4,0.8]
15 i+ e [0.4, 1.2]
3ananue 2. BIYUCIUTh UHTETpa ﬁﬂx}dx :

C IIOMOLIBKO BCTPOCHHOI'O onepamopa uHmezcpupoB8aHusl,

o GpopMmyiie npsamMoy201bHUKOS,

o ¢popmyne Cumncoua

TaOJIUYHO,

[c. d]

[2,2.1]
[-1, -0.9]
[0.5, 0.6]

[2,2.1]
[1.5, 1.6]
[1, 1.1]
[2,2.1]
[1, 1.1]
[1, 1.1]
[1.3, 1.4]
[0.5, 0.6]
[1, 1.1]
[2,2.1]
[1.5, 1.6]
[0.5, 0.6]

BBIYUCJINB



. C TIOMOUIbIO BCTPOCHHOTO Onepamopa  UHMe2puposawus W
MHTEPOIsIUeH TaOIMIHOMN byHKIIUU KyOUUecKum
cnaavinom (Gyuxiuu cspline u interp);

. METOJIOM  HeONnpeoeleHHbIX Kod@@uyuenmos Ui  YUCIECHHOTO

HHTCTPUPOBAHUA.

i
3apanue 3. BeruuciauTh HHTETpai ﬁﬂx} MetoioM Monme-Kapno. [nsa

3TOTr0 HEOOXOIUMO:

. OIIPEIeNIUTh TUAMa30H CIydaitHbIX yrcent, Hanpumep J: = 0..1000;

. OIPEICTUTh C TIOMOIIBI0 (hyHKIMHU Md paBHOMEPHO pacrpe/elICHHYTO
CITy4aiiHyt0 BelMuuHy h jHa OTpe3ke HHTerpupoBaHus [, b];

. co3nath Bektop Fj = f(h j);

. C MMOMOIIBIO (PYHKITMHM MEaN BBIYUCIUTH HHTETPAJ.

3amanue 4. Haiitn nepBooOpa3Hyro aHAIUTHYCCKU 3aaHHON QyHKImH f(X),
ucnonp3ys komanay Symbolic FO Integrate on Variable.

3aganmue 5. BeIlMCIUTh 3HAYEHUS TIEPBOM M BTOPOM MPOM3BOTHBIX
¢ynkuuu f(X) B Touke X = c:

. C MOMOIIIBIO orepaTopoB auddepennupopanus Mathcad,;

. MemoooM  HeonpeoenieHHblX Kodpduyuenmos s  UYHACISHHOTO
muddepennmpoBanus. Omnpenenuts  QyHkinuio f(X) Tabmu4HO, BHYUCIUB
3HaueHus yj = f(xj) B Toukax xj =c + h?i,1=0,1,...,10,h= 0.01 Ha oTpe3ke
[c, d].

3aganue 6. Omnpenenuth CHMBOJIBHOE 3HAY€HHE TIEPBOM M BTOPOU

npousBoaHbIX f(X), ucmonb3ys komanay Symbolic FO Differentiate on Variable.

NMPAKTUYECKOE 3AHATHUE Ne 9

Tema: Pemienne TpancriopTHOM 3a1a4u

Leap padorei: HaiiTu HayaibHOE pelIEHHWE TPAHCIIOPTHOM 3aJayv ABYMS
METOJAaMHU: METOJIOM CEBEPO-3aIlaIHOrO yIrjia U METOJIOM HaUMEHbIIEH CTOUMOCTH.
Haittn ontumansHOE pelieHre TpaHCIIOPTHOM 3a/1a4l METOAOM ITOTEHIIUAJIOB.

Kparkas Teopus

CHUMIUIEKCHBI METOJ JIJIsl PEIIeHUs 3a7a4 JJMHEWMHOTO MpOrpaMMHUPOBAHUS
ABIIIETCS YHUBEPCAJIbHBIM, OH TO3BOJISIET PELIUTh JIOOYIO 3a/Jauyy, HO pElIeHHUEe
MHBIX 337a4 CBS3aHO C TPYAOEMKHMU pacueTamMu. MOKHO BBIAEINTH KJIAcc 3a1ad,



KOTOpbIe peraroTcsi 0oyiee MPOCTHIMU CHEeNMaIbHBIMU MeToaamu. K uncimy Takux
3a]1a4 OTHOCSITCSI TaK Ha3bIBaeMbIe TPAHCIIOPTHBIE 3a1a4M.

Knaccuyeckasi TpaHcnmopTHasi 3aJada - o Haubosiee SKOHOMHOM IIJIaHE
HIePEBO30K OJTHOPOIHOTO MPOIYKTA HIIH B3aUMO3aMEHSAEMBIX MTPOAYKTOB M3 TyHKTOB
OTIIPaBJICHUS B MTyHKTHI HA3HAYCHUSI.

Knaccuueckast TpancmopTHast 3aaada (cokpamieHHo T3) dopmymupyercs
CJIEIYIOIM 00pa3oM.

B nyHkrax ornpaBieHus Ai, Az,.., An, KOTOpble OyAeM Ha3blBaTh TaKkKe

IMOCTaBIIMKaMH, COCPEIOTOYCHBI 3amachkl OJHOPOJHOTO Ipy3a B KOJMYECTBAX
a,,a,,...,d, COOTBETCTBEHHO. B mnyHKTHI Ha3HaueHus By, B:,..,Bn, HMeHyeMmbIe
MOTPEOUTENISIMU, HAZIJIEKUT JJOCTABUTH COOTBETCTBEHHO D1,b2,..., bn emuHMIT TpY3a.
W3BecTen TpaHCIOPTHBIN Tapu c; - CTOMMOCTD IEPEBO3KM €IMHHUIIBI TPY3a U3
NyHKTa Ai B MyHKT B, i=12,..m,j=12..n. TpeOyeTcst cocTaBUTh TakoW IUTaH

NEPEeBO30K I'py3a, MPU KOTOPOM o00IIasi ctTouMocTh F Bcex mepeBo3ok Oblia Obl
HAaUMEHBIIIEH, IPU 3TOM BCE 3asBKU ObUTH OBl BHITIOJTHEHBI.

B tepmun "TpaHcnopTHbIM Tapud'" BKIaIBIBACTCA YCIOBHOE MOHUMaHUE
CTOMMOCTHU €JIUHUIIBI IPY3a - TO MOXKET ObITH CEOECTOMMOCTD, PacCTOSIHUE, Tapud,
BpEMsI, pacXo/]T TOTLTUBA WIIH AJICKTPOIHEPTUH U JIP.

[TycTh cymMMapHBIC 3amachl TPY30B Y IIOCTAaBIIMKOB PaBHBI CYMMAapHBIM
MOTPEOHOCTSIM MOTPEOUTEIICH:

m

D.a=>0b
i=1 j=1

DTO ycioBuUe Ha3bIBaeTcs yciaoBueM Oananca. Ecinu aiist T3 ycnoBue 6ananca
BBITIOJTHSAETCS, TO MOJENb T3 Ha3bIBaeTCs 3aKpHITOM, €ClM yCJIoBUE OallaHca He
BBITIOJIHEHO, TO MOJENb 13 - OTKpbITast. COCTaBUM MAaTEMATHYECKYIO MOJAEIb 3.

ITycTb x;- KOJNMYECTBO Ipy3a, KOTOPOE IOCTABIIMK Ai OTIPABISIET MO-
Tpeduremo B; (i=12,..m,j=12..n) CO CTOMMOCTHIO TNEPEBO30K c;. JlaHHBIE

3a/1a4ud MOKHO MPEJICTAaBUTh B BUJIE TaOIUIIbI 1.

TabOmura 1.
[ToTpeburenu
[MocTaBimkn B 3armacel
Bl 82 eee n
C Cc c
Al 11 12 1n a]_
Xll X12 Xln
C C C
A2 21 22 2n az
X21 X22 X2n
Am le Cm 2 . le’l am
Xml Xm 2 an
ITorpeGHOCTH o .
P b, b, by, | Da=Yb,
i=1 j=1




ITo cMBICITy CBOEMY BEJIMYUHBL X; >0 M JIOJDKHBI YIOBIETBOPATE CIICYIOIIHM

OTpaHUYCHUAM:

o N3 nyHkTa Ai Bce 3amachl JOJKHBI ObITh BHIBE3CHBI (OrPAHUYCHUS 110

n

pecypcam): > x; =a(i=12,...m);
-1

o 3asgBKM MOTPEOUTENEH B, HOIKHBI OBITH BBIIOIHEHBI (OrpaHUYCHUS

m

10 MOTPEOHOCTAM): D x;=b; (j=1,2,...,n).

i=1

3arpaThl Ha EPEBO3KY X; CIMHMIL IPy3a U3 MYHKTa IIOCTABKU Ai B IYHKT

NOTPEOIIEHNs B, COCTABIAIOT ¢ -X; PYOIeH; o0mas xe CTOUMOCTh BCEX IIEPEBO30K

m n
Xj paBHa CyMM€ BCEX TaKHUX 3aTpar: F= ZZCU “Xij — min
i=1 j=1

Maremarnyeckasi mocTaHOBKa T3 COCTOUT B CIETYIOIIEM:
YJIOBJICTBOPSIOIINX CHCTEME OTPAaHUYCHUU:

ij?

OGTaBUTB IUTAH TIEPCBO3OK X
x =b,(j=12,..,n)
DI
& =a,(i=12..m)
Xij i
| |

: a =ij

n
1 =1

YCJIOBUIO HEOTPULATEIBHOCTH: X >0, i=12,..m,j=12,.,n, IpAu KOTOPOM

i
1eneBast QyHKIUS JOCTUTAeT CBOET0 MUHUMYMa.:
m n
F= chij “Xj — min
i=1 j=1

N3 maremaTnyeckol MOJEIH BHAHO, YTO T3 ABISETCA YACTHBIM CIIy4yaem
oO1el 3a1aun JMHEHHOTO MporpaMMupoBanus. B o0uieil Teopun TMHEHHOTO MPo-
rpaMMHUPOBaHHUS JOKA3aHbI CIETYIOLINE TEOPEMBI:

Teopema 1. Tpancnopmnaa 3a0aua npu bINOJIHEHUU yCc108usa Oananca
6cezoa umeem peuieHue.

Teopema 2. Cucmema ozpanuyeHuii mpaHCnOPMHOU 3a0adu COOePHCUm
m+n-1 nuneitno-ne3asucumuix ypasHeHuil.

[Ipyn pemeHun 3agady MPAKTUYECKUHA CMBICI TEOPEMBI 2 3aKIIOYAeTCs B
CIIEAYIOIIEM: YUCIIO HAa3HAYEHHBIX IEPEBO30K paBHO m+n-1.

[Tpouenypa pemennst T3 OyaeT COCTOSITh B MOCIEIOBATEILHOM YIyUIIICHUU
OTIOPHBIX IJIAHOB U TPOBEPKU UX HA ONTUMAIIBHOCTb.

MeTtoabl NOCTPOEHUS HAYAJIBHOTO IJIAHA.

Cy1iecTByeT HECKOJIBKO METOAOB MOCTPOCHUS MEPBOHAYAIIBHOTO OMOPHOTO
minaHa T3 (omopHBIM IJIaH - IJIaH, YAOBIETBOPSIOUIMNA CHCTEME OTPAHMYECHUN U
YCJIOBHUIO HEOTPULATEIBHOCTH). PacCMOTPUM TOJIBKO JIBa M3 HUX: METOJ CEBEPO-
3amajHoOTOo yrjla U METOJl HAMMEHbIIIE CTOUMOCTH.



Kak y»e ormMedanoch, B OIOPHOM IIJIaHe He Oosiee F =M + N - 1 mepeMeHHBIX

XI] ]

HCBBIPOXKICHHBIM, B IIPOTHBHOM CJIYy4ac - BBIPOXKIACHHBIM.

OTJIMYHBIX OT HYJIA. Ecan takux IEPEMCHHBIX paBHO I, TO TaKOM IJIaH Ha3bIBAIOT

Memoo cegepo-3anadnozo y2na. Haznauenve nepeBo30K HAYMHAEM C JIEBOU
BEpXHEN KJIETKM (ceBepo-3amaaHblii yroi). CpaBHUBasg pecypchl MOCTaBUIMKA U
noTpeOHOCTH MOTPEOUTENISA, HA3HAYaeM MaKCUMaIbHO BO3MOXKHYIO ITepeBo3Ky. Eciu
pPECYpCOB MOCTABLIMKA HEAOCTATOYHO, TO MEPEXOANM K CIAEAYIOIIEMY TOCTABILIUKY.
Ecnu pecypcoB y mocTaBmIMKa JOCTATOYHO, TO HA3HAYMB HYKHYIO IEPEBO3KY
NEepBOMY TMOTPEOUTENIO, TMEpPEeXoauM K cieayromeMy noTtpeourento. [lpu
Ha3HAYEHUU TIEPEBO30K [IJIsi YJAOOCTBAa 3alMCBhIBAEM OCTATOK pPECypcoB (IO-
TPEOHOCTEN); €CIIM Pecypchl 3aKOHYMINCH WMJIU MOTPEOHOCTH YAOBIETBOPEHBI, TO
ctaBuM OykBy "K" (xoHemn). Ecium mpu Ha3HaueHUH TEPEBO3KH OJHOBPEMEHHO
3aKOHYMJIMCh 3aIlachl PECypCOB y TMOCTAaBIIMKAa M YAOBIETBOPEHBI MOTPEOHOCTH
noTpeouTeNsi, To U3 "Urphl" BHIBOAUM TOJBKO OJHOTO YYAaCTHHKA, JPYroMy OC-
TaBJIsIEM HYJIb 3a11aCOB WJIM HYJIb IOTPEOHOCTEH.

Memoo naumenvuieit cmoumocmu. BpiOupaeM KIETKy C HauMEHBIIEH
Tapu(HON CTAaBKOM M Ha3HA4Ya€M MaKCHMaJbHO BO3MOXKHYIO NepeBO3Ky. Eciu
3amachkl 3aKOHYWINCh WM MOTPEOHOCTH YAOBIETBOPEHBI, TO MOCTABIIMKA HWIIU
noTpedutens uckiaoyaeM. Cpeau OCTaBIIMXCSA KIETOK CHOBA BBIOMPAEM KIETKY C
HavVMEHbIIIEH CTOMMOCTBIO M HA3HAYAEM MAKCHMaJIbHO BO3MOXHYIO IEPEBO3KY.
Ecnu B pe3ynbpTaTe Ha3HAUYE€HUS IEPEBO3KH 3aKOHUYMIIMCH 3alachl MOCTABIIMKA WIH
yJIOBJIETBOPEHBI MOTPEOHOCTH MOTPEOUTEINSI, TO €r0 UCKIYAEM U3 JaJbHEHIIEro
PacCMOTPEHHS.

MeToa OTEHIIHAJIOB MOCTPOCHUSI ONITHMAJIBHOIO IIJIAHA.

Haubonee npoctsiM MeToi0oM perieHust T3 sSBISETCS METOJ MOTEHIIMAJIOB.

HOTGHHHHJ’I&MI/I Ha3bIBArOTCs YCJIOBHBIC  YHCJa u;, \Z IIPUIIMCAHHBIC

onpeeeHHbIM 00pa30M KaKI0OMY MTOCTABIIUKY U MOTPEOUTEITIO.

Teopema 3( ycrosue onmumansnocmu nnana). Cymma nROmMeHUUAN08
nocmaguwiuka u nompedumens pagHa mMapu@Hoii cmagke O0nA 3AHAMbBIX Kile-
MOK; CyMMA NOMEHYUAN08 NOCMABUWIUKA U nompedumens He npeevluidem
mapu@guyro cmaexy 0711 c60000HbIX K1EMOK:

[ui+vj =c;, X >0,

Y TV <G, % =0

3ameuanne. ONOPHBIN MJIaH TOJKEH ObITh HEBBIPOKACHHBIM.

Anzopumm pewienus mpancnopmHoil 3a0a4u:

CtpouM HayajibHBIE IUJIAaHBI METOJIOM CEBEpO-3allaJHOr0 yria W Hawu-
MEHBIIIeH CTOMMOCTH, U3 HUX BBIOMpaeM JTyUIIHH.

Haxoaum moTeHIuasnbl MOCTABIIMKOB U MOTpeOUTENeH, UCTIONb3Ys MEepBOe

YCJIOBHE ONTUMAIBHOCTH IUIaHA: U;+V; =C;



[TpoBepsieMm BTOpOE YCIOBUE ONTUMAIBLHOCTH TUTAHA JJISI CBOOOHBIX KIETOK
U+ Vv ;< c;. Ecau oHO BBINOJHEHO, TO IIaH oNTHMAaleH. ECiu He BBINOIHEHO, TO
yJIy4dIllaeM IJIaH.

4. VY nydmenue 1iasa.

d) TpH HEBBIIOJHCHUH BTOPOTO YCJIOBHS ONTUMAIBHOCTH IUIaHA B
KJIETKY 3aHOCHM HapyLIEHUE U; +V; —C; CO 3HaKOM "+". Takue KIeTKH Ha3bIBAIOTCSA

ITOTEHIHAIbHBIMU;

Cpeld BCEX NOTCHLUHAIBHBIX KJIETOK BBIOMpAeM KJIETKY C HauOOJIBIIHM
HapylICHUEM;

CTPOMM JUIsl BBIOPAHHOM KIETKM 3aMKHYTBIH KOHTYpP, COCTOAILIUN U3
BEPTHUKAJIBHBIX U TOPU3OHTAIBHBIX OTPE3KOB MPSIMOM, IPUYEM BEPLIMHBI KOHTYpa
JeXaT B 3aHATHIX KIETKAX, 32 UCKIIOYECHUEM TOW KIIETKH, JJII KOTOPOW CTPOUTCS
KOHTYp. BHUJIbI KOHTYpPOB IIPUBEACHBI HA PUCYHKE 1;

Puc. 1 Buabl KOHTYpOB
BEpUIMHBI KOHTYpa MOOYEPEJHO IMoMedaeM, 3Hakamu '+""-", HaumHasg c

KJIETKH, JUIsl KOTOPOM MOCTPOEH KOHTYP;

€) Cpenu KIETOK, TMOMEUYEHHBIX 3HAKOM -, BBHIOMpAaeM HAWMEHBIIYIO
nepeBo3ky. Ha 3Ty BennuumHy yBeIMYHBAEeM MEPEBO3KH B KIIETKAaX, MOMEUEHHBIX
3HakoM "+", M yMEHbIIaeM B KJIETKax, MOMEYEHHBIX 3HAKOM "-"
NepeHa3HaueHus MePeBO30K 0CBOOOXKAAETCS OHA KIIETKA.

5.BHOBB NOJTy4EHHBIH TUIaH MPOBEPSIEM HA ONTUMATBHOCTbD.

. B pe3ynbrare

ITopsiaoxk BBINMOJHEHUS 3aJaHUI

3amanue. MIMeroTcs TpU MyHKTa NOCTaBKU OJHOPOAHOTO rpy3a Al, A2, A3
u 1At nmyakToB B1, B2, B3, B4, BS noTtpebnenns storo rpy3a. Ha mynakrax Al,
A2 u A3 HaxomWTCs TPy3 COOTBETCTBEHHO B KonudecTBe al, a2 u a3 ToHH. B
nyukTel B1, B2, B3, B4, B5 tpeOyercs moctaBuTh cooTBeTcTBeHHO b1, b2, b3, b4,
b5 TonH rpy3a. PaccrosiHue MexIy MyHKTaMU TOCTABKH M ITYHKTAMHU TOTPEOJICHHUS
MIPUBEJICHO B TaOJIHUIIE:

IIyHKTBI ITynkTel norpedieHnst

NMOCTABKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35




Haiitm Takol miaH 3akperuieHus TMOTpeOuTeael 3a IMOCTaBIIMKAMU
OIHOPOJHOTO  Tpy3a, 4YTOOb OO0mMe 3aTparbl MO MEepeBO3KaM  ObLIU

MHUHHUMAJIBHBIMUA.
al=200, a2=250, a3=200, ( 28 27 18 27 24\
DISIO0, 2100, B30, Pl E 5 GG
b4=110, b5=130. \ )

Pemennue.

1. TlocTtpouMm HauyadbHBIM IUIAH JABYMS METOJAMHU: METOJOM CEBEPO-
3alaJHOro yria M METOAOM HAaMMEHbBLIEH CTOMMOCTH, U BBIOEpEM TOT ILIaH,
KOTOpBIA OyJIeT HawIydyllMM, TO €CThb MOJIYYMM MHHHUMAaJIbHbIE 3aTpaThl 3a
IIEPEBO3KY OJTHOPOJHOTIO IPy3a.

A) CTpouM HaudaJbHBIN IJIaH METOJOM CeBepo-3amajHoro yria. CoctaBuM
Ta0UIy 3HAYCHUIA:

[ToTpeburenun B1 B2 B3 B4 BS 3anacel
IlocTaBmuku
Al 28 27 18 27 24 200, 10, x
190 10
A2 18 26 27 32 21 250, 160,
90 120 40 40, k
A3 27 33 23 31 34 200, 130, k
70 130
[TotpebHOCTH | 190, K 100,90,k | 120, x 110,70, x | 130,k 650=650

Yuciio HazHAYSHHBIX IEPEBO30K M+N-1=3+5-1=7, To ecTh HAYaIbHBIN TIJTAH
Xy =190, X, =10, X, =90, X3 =120, X, =40, X3 =70, Xy =130
HEBBIPOKICHHBIN.

IIpu TakoM IUTaHE CyMMAapHBIE TPAHCIIOPTHBIC U3AEPKKU PABHBIL:
F =28-190+27-10+26-90+27-120+32-40+31-70+34-130 =5320+ 270+ 2340+ 3240+

+1280+ 2170+ 4420 = 19040( edunuy)

b) CtpouM HayanbHBIN MJ1aH METOJOM HauMeHbIel cTouMocTH. CoCcTaBUM
Ta0JIMIly 3HAYCHUH:

[ToTpeburenu B1 B2 B3 B4 BS 3anacel

ITocTaBmmkn

Al 28 27 18 27 24 200, 80,
10 120 70 10, k

A2 18 26 27 32 21 250, 60,

190 60

A3 27 33 23 31 34 200, 90, x
90 110

[Totpebnoctu | 190, k 100,90,k | 120, x 110, x 130,70,k | 650=650

Havansurblii miad:;
X, =10, X3 =120, X5 =70, X, =190, X, =60, X5 =90, X, =110



[Tpu TakoM mj1aHe TPAaHCIOPTHBIE U3AEPKKU
F=27-10+18-120+24-70+18-190+ 21-60+33-90+31-110 = 270+ 2160 +1680 + 3420 +

+1260+ 2970+ 3410 = 15170( edunuy)

CpaBHUBasg TPAHCIOPTHBIE U3JCPIKKHU, BUIUM, UYTO IJIaH, TIOCTPOCHHBIM
METOJIOM HAUMEHBIIEN CTOUMOCTH, JIYUILIUM.

2. BpiOupaem nydmuii miaH W HaXOJWM MOTEHIMAIbl IMOCTABIIUKOB H
HOTPEOUTENEH, UCIIONb3Ys IEPBOE YCIOBUE ONTUMANILHOCTH IUIAHA: U;+V, = C;

0 UTEIH, V; 21 27 18 25 24
IlocTaBmmkm, Ui B1 B2 B3 B4 BS

2 27 1 27 24
0 Al ’ 10 120 70

18 26 27 32 21
S| A 190 60
e T m L

I/ICHOHB?)y}I IICPBOC YCIIOBUC OIITUMAJIbBHOCTHU IlJIaHA, COCTaAaBUM CUCTCMY JIHN-
HEHUHBIX ypaBHGHI/Iﬁ AJIA OIIPCACIICHUA ITIOTCHIUAJIOB!

Ui +vo =27
u, +v, =18
U, +vs =24
uz tVi =18
U, +vg =21
us +v2 =33
u, +v, =31

CucreMa JTUHEHHBIX YPaBHEHUW COJEPKUT 7 YPaBHEHUU M 8 HEH3BECTHBIX,
T.€. OHa UMEET MHOKECTBO pelieHni. Tak kak Hy»KHO OJIHO pelIeHue, TO JH00M u3
HEW3BECTHBIX 3a71a€M 3HAUYCHUE U BBIUNCIISIEM OCTAJIBHBIE HEU3BECTHBIE.

ITycTth u1 =0, ToTHA

u=-3, U;=6, v,=21, v,=27, v,=18, v,=25 v,=24

1.IIpoBepsieM BTOpOE YCIOBHE ONTUMAIBHOCTH TIUIaHA [JIE CBOOOJHBIX
KJIETOK Uu; +Vv; <¢;. EciaM ecTh HapylmeHus, TO 3aHOCHMM MX CO 3HaKoM «t». B

pe3ysibTaTe MPOBEPKH MOJIYUYWINA OJHY MOTEHIUAIBbHYIO KIETKY. TakuM oOpazom,
HayaJbHbIN IUIaH HE ONITHMAJIEH.

2.¥Ynyumienue 1uiaHa. BeiOupaem KJIeTKy ¢ MaKCUMallbHbIM HapylIeHUEM U
IUISl HE€ CTPOUM 3aMKHYTBIN KOHTYP.

0 UTEIH, V
ITocTaBmyku, Ui B1 B2 B3 B4 BS
28 27 + 18 - 27 24
Al I 120 - 70
18 26 27 32 21
A2 190 60
A3 27 33 . 23 31 34




| | - 90 [+1 | 110 |

Cpenn KIIETOK, TOMEYEHHBIX 3HAKOM «-», BBIOMpaeM HaWMEHBIITYIO
IIEPEBO3KY:

g =min(90,120) =90

Ha sTy BenmMunHy yBEIMUMBAaEM NEPEBO3KU B KIIETKAX, IOMEYEHHBIX 3HAKOM
«t», W YMEHbIIAEM B KJETKaX, IIOMEUEHHBIX 3HAKOM «-». B pesynprare
[IEpEHAa3HAYCHU IEPEBO30K UMEEM IIJIaH:

0 UTEIH, V| 21 27 18 26 24
ITocTaBimuky, Ui B1 B2 B3 B4 B5
o [u S P
3 A2 130 26 27 32 éé
5 A3 27 33 :g ﬁo 34

Hcnonb3ys nepBoe yciaoBUe ONTUMAIBHOCTH IIJIaHA, COCTABUM CUCTEMY JIM-
HEWHBIX YPABHEHUU JJI ONIPEACIICHUS TOTECHIUAJIOB:

(U +vp =27
up +v3 =18
Uy +vs =24
uz tVi =18
Uy +v5 =21
Uz +Vv3 =23
Uz +v4 =31

CucreMa JTMHEWHBIX YPaBHEHUNW COJEPKUT 7 YpaBHEHUW U 8 HEU3BECTHBIX,
T.€. OHAa UMEET MHOXECTBO peleHui. Tak Kak Hy>)KHO OJIHO pellieHue, TO JII000H U3
HEWU3BECTHBIX 3a/1a€M 3HAUYECHHUE U BBIUHUCIISIEM OCTAIbHBIE HEU3BECTHBIE.

ITycTth u1 =0, TOoTHA

u=-3, Uz3=5 wv;=21 v,=27 v3=18, v, =26, v5g=24

[IpoBepsieM BTOpOE yCIOBUE ONTUMAIBHOCTH ILJIaHA JJIsI CBOOOAHBIX KJIETOK

U + v ; < ¢; . YCIOBHE ONTUMAIBHOCTH BBINOJHEHBI, CIIE0OBATENIbHO, IUIaH,

=

COOTBETCTBYIOIINI TaOIHIlE, ONITUMAJICH.
X1 =100, X33 =30, X5 =70, Xo; =190, Xo5 =60, X33 =90, X34 =110
F = 27.100+18-30 + 24- 70 +18-190+ 21. 60 + 23-90 + 31-110 = 2700+ 540+1680+ 3420+
+1260+ 2070+ 3410 = 15080( eounuy)

OtBet: CpaBHUBas TP METOJ/Ia HAXOXKJACHHUS ONTUMAJIBHOTO IJIaHa, JeJIaeM
BBIBOJ, YTO METOJ IIOTCHIIMAJIOB HAXOAUT ONTUMAJIbHBIM IUJIaH pEHICHUS
TPAHCIIOPTHOM 3adauM, TaK KaK TMOJYyYWIM MHUHUMAJIbHbIE TPAHCIOPTHHIC
uznepkku paBHeie 15080 equnuil.

3ajanus I CAMOCTOSITE/ILHOM PadoThI

1 BapuaHrT.

3amava. IMeroTcsa Tpu MyHKTa MOCTaBKA OJHOPOAHOTO rpy3a Al, A2, A3 u
nath mynkToB B1, B2, B3, B4, BS notpe6aenus storo rpy3a. Ha mynkrax Al, A2




U A3 HaXOAUTCA TPY3 COOTBETCTBEHHO B KouyecTBe al, a2 u a3 ToHH. B myHKTHI
B1, B2, B3, B4, B5 tpeOyetcst noctaButh cootBeTcTBeHHO b1, b2, b3, b4, b5 TOHH
rpy3a. PaccrosiHue Mexay NyHKTaMW TIOCTaBKA W IYHKTaMU TOTpEOJICHUS
IPUBEACHO B TaOJIHIIE:

HyHKTBI IIynkTsl noTpedaeHust

MOCTABKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HaliTu Takoil IUIaH 3aKperuieHus MOoTpeOUuTenell 3a MOCTABIIMKAMU
OJIHOPOJAHOTO  Tpy3a, 4YTOOBI OOIIME 3aTparbl MO TMEpPeBO3KaM  ObUIM
MUHHUMAJIbHBIMU.

al=200, a2=350, a3=300, ( 24 50 55 27 16)

b1=270,  b2=130,  h3=190, D=|50 47 28 17 21
b4=150, b5=110. \ )
2 BapuaHT.

3amava. iMeroTcsa Tpu IMyHKTa IMOCTaBKHA OJHOPOAHOTO rpy3a Al, A2, A3 u
ATk nyHkToB B1, B2, B3, B4, BS norpebnenus storo rpy3a. Ha nynkrax Al, A2
U A3 HaAXOAUTCA TPY3 COOTBETCTBEHHO B KonuuecTBe al, a2 u a3 ToOHH. B myHKTHI
B1, B2, B3, B4, B5 tpcOyetcs noctaButh cootBeTcTBeHHO b1, b2, b3, b4, b5 ToHH
rpy3a. PaccrosiHue Mexay NyHKTaMW TIOCTaBKA W IYHKTaMU TOTpPEOJICHUS
PUBEACHO B TaOJIHIIE:

IyHKTHI IIyHKkTHI HOTPEOIEHUS

MOCTABKHU B1 B2 B3 B4 B5
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HaiiTu Takoll mulaH 3aKkpemieHduss MoTpeOuTenell 3a MOCTAaBIIMKAMU
OJIHOPOAHOTO  Tpy3a, 4YTOOBI OOIIME 3aTparbl MO TMEpPeBO3KaM  ObUIH
MUHHUMAJIbHBIMHU.

al=200, a2=300, a3=250, (20 10 13 13 18)
b1=210,  b2=150,  b3=120, D=|21 19 20 16 22
b4=135, b5=135. \ /

KoHTpoJibHBIE BONIPOCHI

Kakue 3amaun Ha3bIBalOTCSA TPAHCHOPTHHIMU?

B 4eM cyTh KIacCcM4ECKON TPaHCIOPTHOW 3a1auu?

Uto 03HAYaeT TEPMUH «TPAHCIOPTHBIN Tapud»?

Kak 3anuceiBaercst ycinoBue Oananca?

Kak BbIrmsimiuT MareMaTudeckasi MOCTAaHOBKA TPAHCIIOPTHOM 3a1a4u?
B 4em cyTh MeTOzIa ceBepo-3amagHoro yria?

No ok owdRE

OcHoBHas Uaesl METOJa HAMMEHBIIEN CTOUMOCTHU?




INPAKTUYECKOE 3AHATHUE Ne 10

Tema: HaxoxaeHue ONTUMaNIBHOIO PEIICHUE TPAHCIOPTHOW 3aJa4yu
METOZOM MOTEHIUAJIOB.

Heab padorel: HaliTh HayaiapHOE pEILICHUE TPAHCIIOPTHOW 3aJlaudd JIBYMs
METOJaMU: METOJIOM CEBEPO-3aIlaIHOrO yIrjla U METOJIOM HaUMEHBIIEH CTOUMOCTH.
Haiitn ontumanbsHO€E pellleHre TPaHCIOPTHOM 3a1a4d METOJIOM TOTEHIIUAJIOB.

3ajanns QIS CAMOCTOSITEILHOM PadoThI

3 BapuaHT.

3apaua. IMeroTcs Tpu IMyHKTa NOCTaBKUA OJHOPOAHOrO rpy3a Al, A2, A3 u
nsaTh nyHkToB B1, B2, B3, B4, BS notpebienus storo rpy3a. Ha mynkrax Al, A2
U A3 HaXOAUTCA TPYy3 COOTBETCTBEHHO B KOnu4ecTBe al, a2 u a3 TOHH. B myHKTHI
B1, B2, B3, B4, B5 tpcOyetcs noctaButh cootBeTcTBeHHO b1, b2, b3, b4, b5 ToHH
rpy3a. PaccrosiHue Mexay NyHKTaMW TIOCTaBKA W IIYHKTaMU TIOTPEOJICHUS
PUBEACHO B TaOJIHIIE:

IIyHKTBI IIynkTsl norpedenns

IMOCTABKH B1 B2 B3 B4 B5
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiitu Takoii muaH 3akpelyieHus TMOTpeOuTeNIe 3a IMOCTaBIIUKaAMHU

OJTHOPOJTHOTO

Ipysa,

MHWHHUMAJIBHBIMU.

4TOOBI

3aTpaThl

I10

nepeBo3kaM  ObLIN

al=230, a2=250, a3=170,

b1=140, b2=90, b3=160, b4=110,
b5=150.

4 BapuaHT.

(40 19 25 25 35}
D :‘ 49 26 27 18 38
\

46 27 36 40 45)

3amava. iMeroTcsa Tpu IMyHKTa MMOCTaBKA OJHOPOAHOTO rpy3a Al, A2, A3 u
stk myHkToB B1, B2, B3, B4, BS notpebnenus storo rpy3a. Ha mynkrax Al, A2
U A3 HaxXOJUTCs Irpy3 COOTBETCTBEHHO B KoaudecTBe al, a2 u a3 TOHH. B MyHKTHI
B1, B2, B3, B4, B5 tpeOyetcs noctaButh cootBeTcTBeHHO b1, b2, b3, b4, b5 TOHH
rpy3a. PaccrosiHue Mexay NyHKTaMW TIOCTaBKA W IIYHKTaMU TOTpEOJICHUS
MIPUBEJICHO B TaOJIHUIIE:

IyHKTBI ITynkTel noTpedaeHus

MOCTABKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35




Haiitm Takol miaH 3akperuieHus TMOTpeOuTeael 3a IMOCTaBIIMKAMU

OJTHOPOJIHOTO  Ipy3a, 4ToObl oOmIMe 3arpaThl IO IEpPEeBO3KaM  ObuIH
MUHUMAaJIbHBIMHU.

al=350, a2=200, a3=300, ( 22 14 16 28 30}

b1=170, h2=140, h3=200, D=\é‘~; % %? gg ig
b4=195, b5=145. \ /

S BapHMaHT.

3amava. MIMeroTcsa TpH MyHKTa MOCTaBKUA OJTHOPOAHOTO rpy3a Al, A2, A3 u
itk nyHkToB B1, B2, B3, B4, BS norpe6ienus storo rpy3a. Ha mynkrax Al, A2
U A3 HaXOAUTCA TPYy3 COOTBETCTBEHHO B KoJnuecTBe al, a2 u a3 ToHH. B MyHKTHI
B1, B2, B3, B4, B5 tpcOyetcs noctaButh cootBeTcTBeHHO b1, b2, b3, b4, b5 TOHH
rpy3a. PaccrosiHne Mexay IyHKTaMHd IIOCTaBKU U IyHKTaMU MOTPEOJICHUS
MIPUBEICHO B TaOJIHUIIE:

IIyHKTBI IIynkTsl norpedenns
NOCTABKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35
HaliTu Takodl 1uIaH 3aKpemieHdus MOoTpeOuTenell 3a MOCTABIIMKAMU

OJIHOPOJAHOTO  Tpy3a, 4YTOOBI OOIIME 3aTpaTbl 1O TMEpPeBO3KaM  ObUIH
MUHUMAaJIbHBIMHU.

al=300, a2=250, a3=200, (4 8 182 7)

b1=210,  b2=150,  b3=120, D=3 4 1 5 17|
b4=135, b5=135. \ /

KoHTpoJibHBIE BONIPOCHI
1. B uem cyTh MeTO/a MOTEHIIUATIOB?
2. Kakue k1€TKM Ha3bIBAIOTCS MOTEHIUATBLHBIMU?
3. Kakwue BuIBI KOHTYPOB BBI 3HAcTE?

INPAKTUYECKOE 3AHSATHE Ne 11

Tema: Pemenne 3amaud HEJIMHEHHOrO MPOTPAMMHUPOBAHUS METOJIOM
MHOXUTENEN Jlarpanxa.

Heab padoThi: Pemnth 3a1a4y HEIMHEHHOTO MPOTPAMMUPOBAHUS METOAOM
MHOKUTENEN Jlarpanxa.

Kparkas Teopust

3ajayaMu  HeEJHMHEHHOr0 NPOrPAMMHMPOBAHMSI HA3bIBAIOTCS 3aJa4u
MaTEMaTUYECKOr0 MPOrpaMMHUPOBAHMS, B KOTOPBIX HEJIMHEWHBI U (MJIM) LieJeBas
GyHKUHMS, U (WIK) OTpaHUYECHMS B BUJE HEPABEHCTB WJIM PABEHCTB.

3a7auyn HETUMHEHWHOTO MPOrPaMMHUPOBAHMS MOXXHO KIIACCU(PHUIMPOBATH B
COOTBETCTBUH  C F(X),

Pa3MEPHOCTHIO BEKTOPA X (BEKTOpA PEIICHUH ).

BUJIOM  (PyHKITMH GYyHKIUSIMH ~ OTpAaHUYEHUN U



B camom o0mieM Buje kiaccudukaiys npeacTaBieHa B Ta0IuIe.

Bun pynkuumn Yucio
Bua F(X) HaszBaHnue 3apauu
OrPAaHUYCHUH |MEePEeMEeHHBIX

BeSYCHOBHaﬁ OJIHOIMapaMETpUICCKas

Henuneitnas OTCyTCTBYIOT 1
OITHUMH3ALUI
besyciioBHast MHOTOIMapaMeTpudecKkas
Henuneitnas OTCyTCTBYIOT bonee 1
OITHUMM3ALUI
Henuueiinasa
Hennuelinsie uiu
UIA Bonee 1 YcnoBHAs HEIIMHEHAST O TUMH3 AU

JIMHEHHBIE
JINHEHHAA

OO6mux crnoco0OB pelieHus, aHAJTOTHYHBIX CHMILIEKC-METOY JIMHEHHOTO
MPOTPaMMHUPOBAHUA, JJISI HEJIMHEWHOTO MPOTPAaMMHUPOBAHUS HE CYIIECTBYET.
B kakaoM KOHKpPETHOM cllydae Crnoco0 BBIOMpaeTcss B 3aBUCHMOCTH OT BHJA
byuxiun F(X).

3ajauyd  HEJIMHEMHOrO0 MPOrpaMMHUPOBAaHMS HA NPAKTUKE BO3HHUKAIOT
JIOBOJIBHO 4YacTo, KOrja, HampuMmep, 3arpaThl pacTyT HE MPONOPLUHOHAIBLHO
KOJINYECTBY 3aKYIIJICHHBIX WM MPOU3BEIEHHBIX TOBAPOB.

3a0auu HeENUHENUHO020 NPOZPAMMUPOBAHUA OTHOCSTCS K MPYOHbIM
BBIYUCIIUTEILHBIM 3aauaM. [Ipu uX pemeHur 4acTo MPUXOIUTCS MpudOerath K
MPUOIMKEHHBIM Memoodam onmumuzayuu. MOUIHBIM CPEACTBOM [IJIsi PEILICHUS
3a7a4 HEJIMHEHWHOrO MPOrpaMMHUPOBAHMS SIBJIAIOTCS YHCIEHHbIE MeToAbl. OHHU
MO3BOJISIFOT HAWTH PEIIEHUE 3a/1a4U C 38JaHHON CTEIEHBIO TOYHOCTH.

Oo6mas popMy/TMPOBKA HeJITMHEHHbIX 3a/1a4:

Haiitu nepemMeHHbIE X1, X2 , +..y Xn , YIOBJIETBOPSIOIINE CUCTEME YPABHEHU

Y(x1,X2,..xn)=bhi,1=1, n

2, e, m

¥ 00palnaronire B MaKCUMyM ( MUHHMYM ) IEJCBYIO ()yHKIIHEO
Z=Ff(x1,x2,.c0,Xn) (2)

[IpumepoM THUIIMYHOM U IPOCTOM HEIMHEHMHOW 3aJadyu  SIBIIAETCS
CIEeAYIOIIast:
JlaHHOE mpennpusaThe I IPOU3BOACTBA KAaKOI'O-TO IPOAYKTA PACXOAYET [Ba
CpelcTBa B KOJMYECTBE X1 U X2 COOTBETCTBEHHO. DTO (haKTOphl NMPOU3BOJCTBA,

HallpyuMEp, MAllIMHbI U TPYJ, ABA PA3JIMYHBIX CbIPpbA W T.II., 4 BSJIMIYUHBI X1 U X2 —



3arpathl (aKTOPOB MPOM3BOACTBA. DAKTOPHI MPOU3BOACTBA BIIPEAb OyAeM CUUTAThH
B3aMMO3aMeHsIEMbIMU. Eciu 3T0 «Tpya» U «MallldHbD», TO MOXHO HPUMEHSTh
TaKu€ METOAbl MPOU3BOJICTBA, IPU KOTOPBIX BEIMYMHA 3aTpaT MAIlUH B
COTIOCTaBJICHUU C BEITWYMHOM 3aTpaT TPyJa OKa3bIBAeTCsA OOJbINEe WM MEHBIIE
(Tpou3BOCTBO 00JIEEC WIIM MEHEE TPYIOEMKOE).

O0beM TPOU3BOJACTBA (BBIPAKEHHBIH B HATYpaldbHBIX WIU CTOMMOCTHBIX
eIMHUIAX) sBisieTcs (QyHkmuer 3atpar mpousBoiactBa Z = f ((x1, x2 ). Dta
3aBUCHUMOCTb Ha3bIBACTCS MPOU3BOACTBEHHON (PyHKUUeH. M3aepKKu 3aBUCIT OT
pacxoga 06oux GakTOpoB (X1 ¥ X2) U OT MeH 3THX (PakTopoB (C1 U C2). COBOKYITHBIE
U3ICPKKU BBIpaXaroTcs GopMmynond b = €1 x1 + C2 x2. TpebGyercst mpu JaHHBIX
COBOKYITHBIX U3JEPKKAX ONPEICIUTh TAKOE KOJIUYECTBO (PAKTOPOB MPOU3BOJICTBA,
KOTOPOE MaKCUMHU3HUPYET 00beM MPOAYKIUU Z.

MaremaTuyeckass MOJENb 3TOW 3aJaud HWMEET BHUJ: OIPEIEIUTh TaKUe
NIEPEMEHHBIE X1 1 X2, YIOBJIECTBOPSAIOIIUE YCIOBUAM

Cixi+ C2x2=b (3)
x12>0,x2>0, 4)

IPU KOTOPBIX QYHKIUS
Z=f(x1,x2) (5)

nocturaeT Makcumyma. Kak mpaBwio, ¢yHkmus (5) MoxeT UMETh
MPOW3BOJIbHBIN HEJTMHEUHBIN BU/I.

Hcronb3yro  KIIACCUYECKHE METOAbl ONTUMU3ALMM, CIEAYEeT YETKO
MPEACTABIATh ce0e pazinuue MEXAY JAOKAAbHbIM DKCTPEMYMOM (PYHKIUH,
27100a1bHbIM SKCTPEMYMOM U YC106HBIM SKCTpeMyMoM. lloHsTHE ycmOBHOTO
AKCTpEMyMa BBOJUTCS JUJIS CiIyvasi, KOrga YMCIIO IEPEMEHHBIX N HE MeHblIe 2 (n >
2). Bynem monarate, yto QYHKIUS Z = f ( X1, X2, ...y Xn ) = T (X) mBaxkner
muddeperupyema B Touke X* = (x1 ¥, x2 ¥, ..., xn* ), (X* € D(f)) u B HEKOTOPOI
€€ OKPECTHOCTH.

Ecnu nis Bcex Touek X atoit okpectHocTH f(X*) = f(X) win f(X*) < f(X),
to roBopsr, uto (yHkiusa T (X) mmeer skcrpeMmym B X* (COOTBETCTBEHHO

MaKCUMYM UJIU MUHUMYM).



Touka X* , B KOTOpOi1 Bce yacTHbIE Ipou3BoAHbIE GyHKIUHN Z = f (X) paBHBI
0, Ha3BIBACTCSI CTAIMOHAPHON TOYKOA.

Heo0xoaumoe ycjioBHe IKCTpemMyMa.

Ecmu B Touke X* ¢pynkuus Z = f (X) umeeT 3KCTpeMyM, TO YaCTHBIC
MPOM3BOHBIC (DYHKIIUU B 3TOM TOUKE paBHHI 0:

f'va (X*)=0,1=1,2,..,n.

CnenoBatenbHO, Toukd 3kcTpemyma ¢ynkuuu Z = f (X) ymoenerBopsitor
CUCTEME YPAaBHECHUM!

f'x, x,x%,,...8,)=0

£z, (x,%,5,...%,0=0,

(6)

Jlmst  momydeHus  JOCTATOYHBIX  YCJIOBHA — CJIEAyeT OINPEACIHTh B
CTalluOHapHOM Touke 3HaK Auddepenimana Broporo nopsaka. Juddepenunana
BTOpOro mopsiaka o6o3Hadaercs d’f (x1, X2, ...y Xn ) f 'x1 (X) Haiite wactryrO
IPOU3BOJIHYIO TI0 TIEPEMEHHON Xj , TO TIOJYYUM YacCTHYIO MPOU3BOAHYIO BTOPOTO

HOpsI/IKA 10 TIEPEMEHHBIM Xi , Xj , KoTopas o0o3Hadaercs T "'i xj (X). B aToM ciyuae

dA 30 = Z Z v % (O0) Az Axj

F R |

JlocTaTo4HbIe YCI0BHS IKCTPEMyMa.

JIByX mepeMeHHBIX:

. ecmu 4 > 0 u a11< 0 (a2 < 0), To B Touke X ° pynkuus umeer
MaKCUMYM:
ect A > 0 u a11 > 0 (a2 > 0),10 B Touke X ° — MunuMyM (B 3THX ciaydasx X © =
X*);

. ecnu 4 < 0, To IKCTpeMyMa HET;

. eciu 4 = 0, To Bonmpoc 00 IKCTpeMyMe OCTAeTCs] OTKPBITHIM.

Metoa mHoxkuTes el Jlarpanixka

Crioco6 omnpefeneHns YCIOBHOTO KCTpEMyMa HAYMHAETCS C MOCTPOCHUS
BcrioMorarensHoil (yHkumu Jlarpamka, KoTopas B 0OJacTH  JOMYCTHMBIX
pElIeHU TOCTUraeT MaKCUMyMa JUIsl TeX JK€ 3HaYeHHH TePEeMEHHBIX X1, X2, ..., Xn,

4TOo " LeJieBast byHKIHS Z.



[TycTts pemaeTcs 3aaa4a onpeneieHus yeIoBHOTO dkcTpemyma GyHknuu z = f (X)
IIpH OTpaHUYCHUAX @i (X1, X2, ..., Xn ) =0,1=1,2, ..., m,m<n

CocTtaBuM (PyHKITHIO

LX) = £ + $2,0:08) (7)

i=l

KOTOpasi Ha3bIBaeTCs (hyukyuet Jlacpanoica. X, — MOCTOSTHHBIE MHOKUTEIN
(mHoocumenu Jlaeparnsica). OTMETHM, YTO MHOXKHUTEIISIM Jlarpan:ka MOXKHO
npuaaTh SKOHOMHMYECKMU cmbica. Bcmm f (X1, X2, ..., Xa ) — moxon,
cooTBeTcTBYIOIMI mIany X = (X1, X2, ..., Xn ), a QyHkuus @i (X1, X2, ..., Xn ) —
U3JIEPKKHU 1-TO PECypca, COOTBETCTBYIOUIUE 3TOMY IUIaHy, TO X, — IieHa (OLIEHKA)
I-TO pecypca, XapakTepH3yoIas H3MECHCHHE dKCTPEMaIbHOIO 3HAYCHHUS IICJICBOM
(GyHKIIMM B 3aBUCUMOCTH OT M3MEHEHHUs pa3Mepa 1-To pecypca (MapruHalibHas
omenka). L(X) — ¢dyHKus N + M mepeMeHHBIX (X1, X2, ..., Xn 5 A1, 42, ey 4n ).
OnpeneneHue CTallMOHAPHBIX TOYEK ATOM (PYHKIMH TPUBOJUT K PEHICHUIO
CHUCTEMBI YPABHECHUM

SLY) =0, f=12,.

-31'; 3
170 (ORI (8)
m‘ ¥ e S -

M,

f —

JIerko 3amMeTuTh, 4TO L&) =qX ). Takum oOpa3zom, 3aadya HaAXOXKJICHUS
ycIoBHOTO kcTpemyMa GyHKIuH Z = T (X) CBOIUTCS K HAaXOXIACHHUIO JIOKAJILHOTO
skcTpemyma ¢yakiun L(X). Ecau craimoHapHass Touka HaiijieHa, TO BOIMPOC O
CYIIECCTBOBAHHH IKCTPEMyMa B IMPOCTEHINHMX CIIydasx peniacTcs Ha OCHOBAHHH
JOCTATOYHBIX  YCIOBUH JKCTpeMyMmMa — HCCIICIOBAaHUS 3HAaKa BTOPOTO

d?L(X i

muddepeHmnmana (X) B cTanuMoHapHOW TOYKE MPHU YCIOBHH, YTO IEPEMCHHBIC
MpHUpAIICHUS AXi - CBA3aHBI COOTHOIICHHUSIMH

L

2, _
DAk =0,i=12,..m 9)
=l
MOJTy4YEHHBIMH ITyTeM TP PEPEeHIINPOBAHNS YPAaBHEHUH CBSI3H.
INPAKTUYECKOE 3AHSATHE Ne 12

Tema: Pemenue 3aaun HETWHEHHOTO TPOTPAMMHUPOBAHMS TpadUUECKUM

METOIOM.



Henr paborbl: PemmTh 3a7a4y HEIMHEHHOTO IPOrPAMMHMPOBAHUS
rpaduyecKuM METOI0M

Pemrenue cucremMbl HeJIMHEMHBIX YPABHEHUM ¢ IBYMS HEU3BECTHBIMU

¢ nomouibIo cpeacrsa Ilouck pewenusn

Hactpoiika Ilouck pemeHusi MO3BOJSET HAXOAUTh PEIIEHUE CHUCTEMBI

HEeITUHENHBIX ypaBHeHI/Ii/'I C ABYM: HCU3BCCTHBIMU
[fi(x, y)=C

10
1f2(X|V)ZCz (0

rae fi(x y),i=12- HenuHelHass QyHKIUS OT mepeMeHHbIX X u Y, Ci,i=12-
IIPOU3BOJIbHAS MTOCTOSHHAS.

N3BecTHO, uTO mapa (X, Y) SBISETCs pelieHueM cucteMbl ypaBHeHmid (10)
TOTJa M TOJBKO TOI/A, KOI/Ia OHA SIBJISIETCS] PEIIEHUEM CIIEAYIOLErOo YpaBHEHHUE C
JBYMSI HEU3BECTHBIMU:

(filx y)-C)* + (R0 y)-C) =0 (11)

C npyroii ctopossl, pemeHue cucteMsl (10) — 370 Touku nmepecedeHus AByX
KpPUBBIX: fiixy)=Cmu
fo(x, ) = C, Ha mnockoctu XOY.

N3 3tOoro cienyer METoa HAXOXJICHHUS KOPHEU CUCTEMBI. HEJIMHEUHBIX
YPaBHEHMIA:

1. Onpenenutsb (XOTs ObI TPUOJIMIKEHHO ) UHTEPBAJ CYIIIECTBOBAHUS PEIICHHUS
cucteMsbl ypaBHeHui (10) mnu ypaBHenus (11). 3necb He0OXOAMMO YUUTHIBATH BUJ
YpaBHEHUH, BXOAIIUX B CUCTEMY, 00JIaCTh ONPEEIICHUS KaXK/I0T0 UX YPaBHEHUH 1
T. 1. THOT 12 mpuMeHseTcs moAOOp HaYaJIbHOTO NPUOIVKEHUS PEILICHHUS;

2. [IporaGynupoBath pemieHue ypaBHeHus (11) mo mepeMeHHBIM X W y Ha
BBIOPAaHHOM HHTEpBaJie, 100 mocTpouTh rpaduku ¢pyukuuit f1(X,y) = C, u fo(x,y)
= (, (cucrema(10)).

3. Jlokanu3oBarh mpejmnosiaracMbie KOPHU CUCTEMbl YpPaBHEHUW — HAWTH
HECKOJIbKO MHUHUMAJBHBIX 3HAYeHUH U3 TaOnuibl TaOyJupoBaHUE KOPHEH
ypaBHeHus: (11), n1ub0 ompenenuTh TOYKH TEPECEUCHUS] KPUBBIX, BXOJAINIUX B
cucremy (10).

4. Haiitu xopHu st cuctembl ypaBHeHud (10) ¢ moMoInbio HaaCTPOHKH

IHouck perenus.



IHopsAI0OK BBINOJHEHUS 3aJaHUM
3ajaya. PeminTh CUCTEMY HEJTMHEMHBIX YPaBHEHMIA:
(x=17? +(y+17 =4

SX+4y =2

Pemenme:

Jlerko BHAETH, 4YTO pPENICHHE CHCTEMBl YPABHEHUW SBISIIOTCS TOYKHU
nepeceueHuss OKpyxHoctd (¢ pagmycom 2 u nentpoM (1,-1)) wm mnpsmoi
y =0,5-1,25X.

JlaHHYIO CHCTEMY 3aMEHUM PABHOCUJIbHBIM YPABHECHUEM:

((x—l)2 +(y+1) —4)2 +(5x+4y—2) =0, U1 KOTOPOTO OY/EM HCKATh PEIICHHS C
IUIOIIAIb0 HAaCcTpoku Ilouck pemeHus.

Ucxons w3 rtpadukoB ypaBHEHWH, WHTEPBAT JIOKAIM3alMd KOpPHEH
onpeaenuM B rpanunax ot -3 g0 3 (puc. 1). Sueiika B3:B43 conepikar 3HaYCHHS
X. @opMyIbl U1l TOCTPOEHUSI TPaUKOB:

B sueiike C3:

=-1+KOPEHb(4-(B3-1)"2)

B stueiike D3:

=-1-KOPEHb(4-(B3-1)"2)

B sueiike E3:

E3 Microsoft Excel - Kuura1 = |E|§|

@_1 ©aiin  [Opaska Bua Boraska ®opMaT  Cepsuc  Oaddble  OkHo  Cnpaska -8 X
v - XK EEE|€|E- Midla- R - My BiA-H
a3 - %
Al 8 | ¢ [ o | E | F [ & [ w | 1+ [ J [ K ==
1 |PELUEHWE CUCTEMEI HENMMHEWHEILX ¥YPABHEHWK
2 1. X CKPYAHHOCTE NFAMAR
3 -1 -1 -1 1,78
4 08| -0,3755| -1.82458 1,825 .
5 0.8 01282 18718 1.5 [padrkn ypaBHEHWA CHCTEMEI
8 -0,7| 0,05357| -2,0538 1,375
7 0,8 0.2 -2,2 1,25
g -0,5| 0,22288| -2,2222 1,125
=) -0,4) 0,42528| -2,4283 1
10 -0,2| 0.51887| -2,5199 0,875 ]
11 -0,2 -2,8 0,75 3
12 -0,1 3 0,825
13 ] 1 0.5
14 0.1 1 0,375
15 0.2 3 0,25
16 0.3 5 0,125
17 2.4 [k=) 2
18 2.5 B -0.1328 -4
19 0.8 8 0,25
20 0.7 4 -0,278
21 2.8 99 0,8
23 2.8 =) -0,828
23 1 -2 -0.75
24 1.1 76| -0.87E
25 1,2 9 -1
28 1.3 T4 -1,128
27 1.4 -1,28 3
M4 b W TIn 2 et / |< >
loTos0 Puc. 1. Npafuyeckoe pelWweHWe cUCTEMBl HEMMHENHBIX Y2EBHEHWA

=(2-5*B3)/4



1.  TaOymupyem paBHOCHIBHOE ypaBHeHHE Ha oTpe3ke [-3; 3] ¢ marom

0,5 (puc. 2).

B3 Microsoft Excel - Knural.xls El@lgl

@_1 dain  [paska Bua  Bcraska dopmat  Cepeuc  OaHHele  OwHo  Cnpaska BeeguTe Bonpoc - .9 X

v - KkxulE==HmER| -0 A-EBig 9B - Ml Wi
B47 - B =((5A4T-1)2+({B346+1 242 +(5"5A4 T +4°B546-2 12
Al 8 | ¢ | o | e | FrF [ & [ w [ o 1T 9 1 & | v [ m [ n | —
45 |2
46 -2 a 0.5 1 1.5 2 25 3
a7 -3 794| 879,083 45| 428,083 425| 454,083 522| 837,083 809
48 25 FDi 212 4 I8E.212 288,5( 260,312 IB2F| 222812 440 F| FBg 312
4% -2 438| 351 180| 152,563 145 162,563 212| 301,583 aaq
50 1,5 318,813 2 100,813 78,5| 69,3125 24,5( 128,812 210,5( 339,313
51 -1 28| 189 ED| 20,0825 25| 40,0825 22| 159,083 281
2| 0.5 158,813 1 20,8125 8.5 53125 22,5| 84,8128 140,5| 258,313
53 o 104| 71.58 ] 5825 5| 28,5825 72| 149,583 269
B4 0,5 83,8125 78125 B.E| 20,3128 4B E| 28,8128 1825 208,212
55 1 34| 23,08 18| 28,0825 49| 88,0825 148| 237,063 369
56 1,5 12,8125 37,8125 EB.5| 90,3125 1285 209,813 312,5( 458,313
BT 2 4 11, 88| 100,583 145| 208,583 82| 409, 583 BB
58 2,5 8.8125 110,813 158,65 215,313 282.5( 384,512 530,5| 709,313
59 3 28| 48 170| 230,083 305| 400,083 522| 679,083 821
80 W
M4 b [ Anerl  Muer2 £ vt / < ]
loToEn Puec. 2. Tabynuposanue (hyHELUMA ANA HAXOMOSHWA PEWEHWA CHCTEMEl YPABHEHWA

Jlokanm3upyeM KOPHH PaBHOCHIBLHOTO ypaBHEHUs (puc. 3):

Sueiiku A47:AS59 conepxar 3HaueHusa X Ha oTpeske [-3; 3] ¢ marom 0,35;

Sueriku B46:N46 conepkat 3HaueHus Y Ha otpeske [-3; 3] ¢ marom 0,5;

dopmyna as stueiiku B47 (konupyercs Ha quamnason B47:N59):

=(($A47-1)"2+(B$46+1)"2-4)"2+(5*$A4T7+4*B$46-2)"2

dopmyna mis sueiiku B62 (konupyercs Ha auanazon B62:N62):

=MWH(B47:B59)

Hcxons u3 pe3ynbTaToOB BBIYMCIEHUN, ONPEACIINM CIEAYIOIIUE AP

mpeoiaraeMbIX KopHe# ypaBHenus: (2,5; -2,5), (2; -2), (0; 0,5), (0; 1).

B3 Microsoft Excel - Kuural.xls

E_] ®ain [paska Buo Bcraeka Qopmat  Cepeuc  dadHele  Okno  Cnpaska J=itily npo - -8 X
o oK &g U|SE=EHmERH AW 9@ - M EiA -
G2 - F =MUH(MNATIE9)
A|B|C|D|E|F|E|H|I|.|K|L|II|N|T

45 |2,

48 3 2,5 -1 0,5 i 0.5 1 1,5

47 -2 1097 | 922,082 585| 511,083 455| a7s.082 475| 454,082

4g | 25| 882.213] 7105 | 410,312] 3448]| ze5813] 2esE| 2s0.213]  282.5| 238

43 2 857 528,582 251]| 223,883 180| 152,562
Y50 15[ s01.212] 400.5] 218 187.212]  128.5] 100812 78,5
| = 1 377| 284,082 08 121| 81,0825 50| 20,0825
Wsz| 0s[z77212] 2105 2,5] 78,3128 24,5] 20,8128 8.5
B2 i 197] 144,563 45| 23,8828 8| o.5825
Ve[ oz[123212 26,2125 145] 7.8125 2.5
| == 1 17| 15.0825 12| 28,0825
| IEEE £,3125 24,5] 37,5128 55,5

57 3 25| 43,5838 82| 100,582

25| 2= £| 45,2128 74,5 110,812 168,5] 2

£ E 21| 121,082 170] 230,082

&0

&1 (3.

g2 [Min [ 7.212%] 0.5] 4] 11,5625[ 18,2128 14,8] 7.8125] 05828 =] EHERFEEETE R 2
oMb nerl fnerz 4 nuers / < l
loToEo Puc. 3. Nokanniauma KOpHER CHCTENMBI YRaBHEHHIA




Haiinem xopHU paBHOCUIIBHOTO ypaBHEHUS (puc. 4) — AJisl 3TOr0 MOMECTUM

napbl 3HAUE€HUH JJIs TIpearonaraeMblx KopHe B stueliku D69:E72. B sueiiky G69

BBeleM (OopMylly [JIsi PaBHOCWIBHOTO YpaBHEHHMs (KOMUPYETCS Ha JIMara3oH
G69:G72):
=((D69-1)"2+(E69+1)"2-4)"2+(5*D69+4*E69-2)"2

E3 Microsoft Excel - Knuura1.xls |'._ 'E|E|
5@1 Daiin  Mpaska Bua  Bcraska Dopmat  Cepeuc  JaHHwIS
G69 v fe =((DB9-1)"2+(EFI+1)2-4)"2+{5*DE9+
Al 8 [ c | o [4E6E9-202
58 |4. —
&7 |Mpeanonaraemsie 3HAYEHUA KOPHER YpaBHEHKA
58 ® ¥ FHEUEH R VOSERSH
83 2.5 -2,5
70 2 -2
71 0 0.5
72 0 1 =
Y == W
Y < whamer fnuc2 favaz /< | >

APuc. 4. MogroToBka nueTa paboyel KHAMKM ANA HAX0HOEHWA KOpHER
HEMWHENHOW CHCTEMEl YRABHEHHMA

C
nomolibio HajacTporku Ilouck pemienus (B okHe IlapameTpbl moucka pelieHus
¢naxok JluHeltHas Mojaenb JOJKEH OBITh CHAT) YCTAHOBUM HEOOXOAHUMBIE

napaMeTphI JJIs TIOUCKa KOPHS paBHOCHIIBHOTO YpaBHEHUs (puc. 5),

Mouck pewenua f‘5_<|

YCTEHOBMTE UENEBYHD AYEMRY: _ | BrinonHWuTE |
PaBHoi: MAKCMMANEHOMY SHAYEHMED HAYEHMID! |EI
{:} = ¥ @ = 3aKpEITE

{:} MHHMMENEHOHY SHEYEHMHD
MzMeHaA AYEkM;

|5D569: SES69 [5'5:] [ﬂpennnnuﬁum ]

CrpaHUHEHMA! MapameTpel

OofasnTe

¥aanuTe

BoccTaHoBEMTE

Cnpaeska

Puc, 5. BeEog gaHHBX B OKHO MNMOWCK pelweHWA ANA 38434 HaXoOeHWA KOpHEN CHCTEMbI

3aTeM BBINOJHUM TMOUCK peuieHus. [Ipouenypy mnoBTOpuM s BceX
MMEIOIINXCS ITap KOPHEU.
Pe3ynbraThl moucka peuieHus (puc. 6) mo3BoOJIAIOT JI€7aTh BBIBOA O TOM, YTO

CUCTEMA UMEET 2 PELICHHUS:



(2,3675745729901; -2,45934248863711) wu (-0,123564081639673;
0,654434224216163)

Microsoft Excel - Kuwral.xls

@_1 Taitn  Opasxka Buo  Bocraska TopuaT Cepeuc OaHHEIE
! OkHo Chpaska - & X

e m- Biglo- @ - Bir Bia-H

G70 A& =((D70-1)'2+{ET0+1}"2-4)22+(5"D70+
Al B [ c ]| B |4ET0-2p2

84 |4.

&7 [Mpegnonaraemele 3HAYEHWA KOPHER YPaBHEHWA

88 ® b SHEYSHUR YOSEHEHWE

a1, 2,38757| -2.4583 2, 58434E-07

70 2,28755| -2,4583 2 42523E-07

71 -0,1238| 0,55443 2,10512E-07

72 -0,1237| 0,85458 8,80851E-08

T bl

o4 r W et f Nucrz £ nas /¢ |

Puc. 6. PesyneTaTebl NOWCKA PEWSHHWA ANA HENWMHERHOW CUCTEMBI Y2aBHEHHMA

3agaHus I CaMOCTOATEIbLHON PadoThI
1 Bapuanr.
3amava. Peminth cucTeMy HETMHENHBIX YPAaBHEHUM:
3x% +6y? =4
| 6x+10y =4
2 BapUAHT.
3amava. Pemnth cucteMy HETMHENWHBIX YPAaBHEHUM:
[4(x =1 +5(y +1)° =12
4x -2y =1
3 BapHMaHT.
3amava. Pemnts cucTeMy HENMMHENHBIX YPAaBHEHUM:
X2 +y2=3
| x+6y=10
4 BapuaHT.
3amava. Pemnts cucTeEMy HENTMHENHBIX YPAaBHEHUM:
(3(x—3)" +5(y +5)° =25
Xx=12+2y
5 BapuaHT.

3apava. Pemnth cucteMy HEIMHENHBIX YPaBHEHUM:
(7x2 +3y2 = 4
1 8x+4y=2



KoHTpouabHbIe BONPoOCchI

1. Kakue 3a7a4u Ha3bIBAKOTCS 3aJa4aMu HEJIMHENHOTO
IPOrpaMMHUPOBAHUS?

2. Kax 3anmuceiBaeTcst obmas GpopMyInpoBKka HEIMHEWHBIX 3a71a4?

3. Kax BBITJISAIAT KJacCU(pUKaus 3a/1a4y HEJIMHENHOT 0
IPOrpaMMHUPOBAHUS?

4. B yeMm cyTth MeToga MHOxuUTeNel Jlarpanxka?

5. Kakue criocoObl pelieHrs HEJTMHEHHBIX 3a/1ay Bbl 3HaeTe?

INPAKTUYECKOE 3AHATHUE Ne 13

Tema Pemenne 00b1kHOBeHHBIX AU (epeHINATBLHBIX YPABHEHUH

Pemenue o0bikHOBeHHBIX Auddepeninanbubix ypasaenuit (O4Y) mmpoko
NPUMEHSIETCS. B IPAKTUKE HAYYHO-TEXHUYECKUX pacueToB. XoTs jauHerHble O[Y
MOTYT HUMETh PEIICHUS B BHUJIE€ CHEHHUAIbHBIX (DYHKIUNA, MHOTHE (HU3NYECKUE
CHCTEMbl HEJIIMHEWHBI W ONHUCHIBAIOTCSA HenuHEeHHbIMU OJ[Y, HEe HMEIIUMH
AQHAJIMTUYECKOro pemnieHus. B 3TomM ciydae MPUXOAMUTBCS — HUCIOJIb30BAThH
yuciieHHbIe MeTo bl pemeHust O/1Y.

Yrober pemmts OJY, HeEoOXOOMMO 3HATh 3HAYEHUS  3aBHUCUMOM
nepeMeHHOM W (MJIM) TPOU3BOAHBIX IMPU HEKOTOPHIX 3HAYCHUSIX HE3aBHUCHUMOMU
nepeMeHHou. Eciii 3T TONOJHUTENBHBIE YCIOBUS 3aJJal0TCS TIPU OJTHOM 3HAYEHUU
HE3aBUCUMOI MEpEMEHHOM, TO Takas 3a/aya Ha3bIBaeTcs saoauet Kowwu. Ecnm xe
YCJIOBUS 33JIat0TCs MPU JABYX WK 00Jiee 3HaUCHUSIX HE3aBUCUMOM NEPEMEHHOM, TO
3a71a4a Ha3bIBACTCS KPAeBou.

3agaua Komm

3aoauy Kowu MOXHO cOpMYIHPOBATH CIACAYIOMUM 00pa3oM: MyCTh JIaHO
O4V:

| &

Y o fp) . (
)

¥ HauambHOe ycioBue YY) =Fo. TpeGyercs Haiith  QyHKImio 7
YIOBJICTBOPSIONIYIO KaK YKa3aHHOMY YPaBHEHUIO, TaK M HAYAJIbHOMY YCJIOBHIO.

Uucnennoe pemeHue 3agauu Koiu cOCTOUT B TMOCTPOCHUU TaOJIUIIBI
NPUOMKCHHBIX ~ 3HAYCHWH Y1, Y2, .., YnpelieHus  ypasHeHus 7% B
TOYKax Xi, X2, ..., Xn. dame Bcero xj = Xo + ih, i = 0, 1, ..., n, rme h - mar
HpUpAIICHUS IEPEMEHHOM X, N - YUCI0 HHTEPBAJIOB PEIICHHS ¢ I1arom h.

PaccMoTpuM 31ech JIBe TPYIIBI YHCICHHBIX METOJOB PEIICHUS 3aJadyu
Komm: oonowazosvie v mro2owazoswie.

Oonowazoswvie memoont



Oonowazosvie memoovl - 3TO METOAbI, B KOTOPBIX ISl HaXOXKIACHHUS
cleayroleld Touku Ha KpuBoit Y = f(X) TpeOyercs mHpopMalus JUIiIb 00 OJHOM
npenpiaymeM mare. [IpocteiiuM M3 OHOIIATOBBIX METOOB SIBJISIETCS METOJ
Ditnepa:

.Pi+1=yi+f(xi=yi)h’ 1=0,1,..,n-1. (

2)

Memoo Diinepa nMeeT HEBBICOKYIO TOYHOCTH (Topsizika h).
Jns pocTwkeHuss  Oojiee  BBICOKOM TOYHOCTHU (mopsimka h?)
UCTIOJIB3YIOT Memoo Pynee-Kymma 4eTBepTOro nopsiaka:

ku+2'k1+2'k2+k3

Fir=Fi +
fi , TOC
ku:h.f(xi,yiq}, k2=h-f(1'-+ﬂ };-,_,_'E_c (
H 2’ H :
k1=h-f(x,-+§,y,-+ by =h- flx, +hp, +iy 3)

Mnozowazoevie memoowt

B muocowazosvix memodax s OTBICKMBAHHS — CICAYIOIIEH  TOYKH
KpuBOM y = f(x) Tpebyerca undopmaius 6oree wem 06 0OHOU W3 TPEIBLAYITUX
TOYEK.

[Tycts Haibimensl 3HaucHus *i3Fi-2-Fi-1Fi B yeThIpex MOCIEIOBATEIBHBIX
Toukax. [Ipy 3TOM MMEIOTCS TaK)Ke BBIYHMCICHHBIC paHee 3HAYCHHS MMPABOM YacTH

ypaBuenus (1) Sz S i i Torpa cXxemy memooa Aoamca MOXKHO TPEJICTaBUTh

B BUJC:
h S5-h 3-h
Fea=Fi+ b S o A K N
2 12 8 1= 3, 4,4
I ¢ I
rac¢ KOHCYHBIC PA3HOCTHU B TOYKC " HUMCIOT BH .
&y = i —
M fi=fi- 2+ fia 5)

fff:‘ =f-3fia+3ifia- fis

Pewenue 3a0auu Kowu cpeocmeamu Mathcad

WNucrpymentapuii mis pemenus OY (cucrem OJ1Y) paznudnoro mopsiiaka
B Mathcad mpencraBieH NIMPOKMM CIHEKTPOM BCTPOCHHBIX (GYHKIHWH, paboTa
omHort u3 koropeix (rkfixed - meron Pynre-Kyrra (rk) uwerBeproro mopsiika c
dukcupoBannbiM (fixed) marom nHTErpUpOBaHus) MokazaHa Ha Pucynke 9.



EHathcad PLUS - [Pewenue DY 1-ro nopaagkal M= E3

@ File Edt Text Math Graphice Symbolic Window Books Help - | E’lﬂ
FeweHue ArdrdepeHUMansHOra YaasHeHMA NepEQra Nopanka ﬂ
y' + 10y - = 0 c HAaYaAEHEIMKM yoaoeMard (0 = 0.6
Wy =05 - ZA0AHME H3YANEHOD ZHaYEHWA. [1NA coZ0aHua MHOEKCS HAKMUTE a9y [
D{=.p] =-10py + &= - ONPEQENEHHE PYHKELMM, SA0aH0WEH NpouMsEooHy: Y = =100 + dy
BrMMCIeHME peWEHHA Ha oTpeske [0.1]:
L NorMOLW B L nor0LL B TouHOE pEWEHHE
DYHELHM T figed PYHELMK Rk adapt t:=0.01.1
Z = fied(y.0,1,5.0)  Z1:=FRkadepty.0,1,5.0)  f(t) = b g 2y Lgt0t, L g0t
i =0, rows(Z] - 1 k=0 rows(Z1] - 1 505 4 25
! wooulx)
[0 03
0z 022
04 012
Z =
na 022
0& 0287
|
1 0362
Al L0
L (200 210 ), : :
—  TouHoe peleHuHe
a0 qkfiked
oo [kadapt =
KN _>I_I
Prezs F1 far help. | auto [ | | Page 1 i
Pucynok 9. Pemienune OJ1Y 1-ro nopsaka
rkfixed(y, a, b, Bosppamaer marpuiy ¢ p + 1 crombmamu w n + 1
n, D) ctpokamu (p - KOJMYECTBO ypPaBHCHHW WM  TOPSIOK

ypaBHEHHUs, N - YKCJIO IIAaroB Ha MHTepBayie [a, D]) - Tabiumiy
pEIICHWA CHUCTEeMBI: TIEPBBIM  CTOJOEIl - OTO  3HAYCHHUS
apryMeHTa X, a TOCJIEIYIOUMe CTOJIOIBI - 3HAYEHHUS OPAMHAT
peIlIeHUs. Y - BEKTOP HAyYalbHBIX YCIOBHHA pa3MepHOCTH N.
D(X, y) - pyHKIHA-BEKTOP U3 N 3JIEMEHTOB, COAEpIKaIlast IepBbIC
IPOM3BOIHBIE HEM3BECTHBIX (DYHKIIHI.

MoxHOo pemuTh 3anayy Oosiee TOUHO (Oosee OBICTPO), €Clii YMEHBIIHUTD
miar h Tam, rae mpou3BOHAS MEHSAETCS OBICTPO, M YBEJIUYMTH IAr TaM, IJ¢ OHa
BeIeT  cebs Oomnee CIIOKOWHO. Jst 3TOTO peIyCMOTpPEHA
¢dyukuus Rkadapt (adaption - aganraius). ApryMeHTBI U MaTpHIla, BO3BpalacMast
¢yukuueii Rkadapt, takwe sxe, xak mpu rkfixed (cm. Pucynok 9). Pemenue
cuctembl OJ1Y nokasano Ha Pucynke 11 (ITpumep 2).

Kpaesblie 3anaun

Kpaesas 3a0aua popmynupyercst ciaeayronmM o0pa3oM: MyCTh Ha OTPE3Ke
[a, b] TpeOyercs HaliTh pemenne qudhepeHIMATLHOT0 YpaBHEHHUS (JIJ1s1 IPOCTOTHI
usnoxenue Oyaem Bectu Ha nmpumepe OJ1Y BTOpOTO Mopsiaka):



d’y .
I = f(x?.y :.P }
d pu IPaHUYHBIX 6)

ycioBusix y(a) = A, y(b) = B.

B atom cnywae Mathcad npeanaraer ncnonn3oBars ¢yHkmnuto sbval, aToOsr
HAWTH HEJIOCTAIONINE HAYAIbHBIC YCIOBUS B TOUKE d.

EHathcad PLUS - [PemeHHe KpacBwx 3amay] = O] x|

@ File Edit Text Math Graphicz Sembolic Window Books Help _|5|£|

FeweHue QM hepeHUMaNnEHOro YpaeHeHMA: ﬂ
y'" = 2x + Iy CrpaHudHeIMd yonoedard gili =0, 9017 =1
1. MpectpazoeaHWe KPAEEOH 280849 kK zanade Kownu
Wy o= 1 - cTapToOEOE ZHAYEHME 00A NOMCKA BenHYuHE Y0).

1] - WgEecTHOE Y]
_ v - NEpEaA NPOMIEOOHAA
load(a,w) = - HEMZEECTHOE H3YanEHOE D(x,y7) o= 1
v LW IS
0 ycnoske. JomsHo Geme ¥ x4 3y | - ETOPAA NPOMIE0AHAR
HaMgeHo ¢ norMow e sheal. 0
gootel b,y = ¥y~ 1 - pasHHLa MERDY BEIMUCIEHHEIMH W SE30EHHEIMH SHIYEHWARM 4.

y[0] - HEAOCT AW ME HAYANEHOE YCI0EME,

S =shwall v, 0,1,D,1load, score) 2 =0328 TpEfiyEMOe PuHkLMER tkiived,

2. PeweHye zanadud Kow 0na QMg epeHUMaNnsHOro YoaeHeHMa ETOpOra N0paakxs
g" = Zx + Iy C HaYANEHEIMK YonoeMarid Y0l = 0, g'i0) = 0.388

) a . v - NEepEad NPoOMSENIHaA
v o= - ZA0AHME HAYaNbHBI YCNOEMHEA D(x,y) = 1
0388 S 2x+ 3’[.'3 - ETORaA NPOMSEOLHEA
Z =tkfived(y,0,1,10,10 - BemMucneHHe peweHya B 10 npotesyTouHER TOUka: Ha oTpeske [a.b]
RN P Yl
oo 0388 +
01 0039 0404
02 0082 0452
=
Nz 0131 0334 r
KN _*I_I
| auto | | | Page 1 &
Pucynok 10. Pemienue kpaeBoii 3agauu
Sbval(v, a, b, D, load , Bospparaer BEKTOD, COJICPIKALITHI
SCOI’e) HCOOCTAOIIIUEC HAYaJIbHBIC YCJ'IOBI/ISI B TOYKEC Aa.

BekTop V 3a1aeT HavaigbHble NPUOIMKEHUS, a, b -
rpaHUYHBIC TOYKHA MHTEpBajia pemienui, D(X, Y) -
(YHKIUA-BEKTOP C TEPBBIMUA  TPOU3BOJHBIMU
Heu3BecTHbIX (QyHkimi. load(a, V) - byHkuus-
BEKTOp, BO3Bpallaioniasi 3HAYCHHE HadaIbHBIX
ycnoBuii B Touke a. score(b, y) - dynkus-sexrop,
KaXJIbI 3JIEMEHT KOTOPOTO COJEPXKHUT Pa3HOCTh
MEXy HAYaJIbHBIM YCJIOBHEM 3allaHHBIM B
Touke b, ¥ 3HaYCHHEM MCKOMOTO pEIICHUs B ATON
TOYKE.

[Tocne TOroO, Kak 3TH HEJOCTAIOLUE HaYaJIbHbBIE YCIOBUS OYIYyT MOJIYYEHBI,
MO>KHO pelaTh OOBIUYHYIO 3a/layy ¢ HauyaJdbHBIMU YCIOBUSAMH - 3adauy Kowu,



UCIIOJB3Ys J00YI0 U3 GyHKIMH, onrcaHHbIX BhIlie (Pucynok 9).I1pumep pemenus
KpaeBoM 3a7auu nokaszaH Ha Pucynke 10.

CuMBOJIbHOE pellieHre TUHEHHBIX Tu(depeHInanbHbIX YpaBHEHUN

JIns modydeHus aHaJIUTHUecKoro perreHus nuHeinbix OJIY B Mathcad
HE00XO0AUMO BBITIOIHUTE clieaytomue aeictus ([Ipumep 1 Pucynka 11):

Ecim BBl paboracre ¢ maketom Mathcad 5.0, He 3alyxapre
MPeIBApUTEIIEHO BHIMONHUTE Komanmy Symbolic ? Load Symbolic
Processor asns 3arpy3kud CHMBOJIBHOTO Tporieccopa.. [Ipomyctute 3TOT
MyHKT, €CJIH BBl pabotaere ¢ maketoM Mathcad 6.0.

. Hanewaratp  ucXomgHOe  ypaBHEHHE, HCIOJB3YyS  OINEpaTOPhI
auddepennrpoBanus u KomOouHanuo kinasui [Ctrl]= mig neyatn cumBoia =.

. OTMETHB  HE3aBHCHMYIO  TIEPEMEHHYIO,  BBIIIOJIHUTH  MPSIMOE
npeoOpazoBanue Jlaruraca Symbolic KO Transforms KO Laplace Transform
(IlpeoOpazoBanue Jlamnaca). Pesynprar nius OJLY Bbeimie 1-ro mopsiaka OyaeT
nomereH B Oydep oomeHa. BeizoBute ero HaxkaB kiapuiny F4.

. [To pesynpraTam mnpeoOpazoBanusi Jlammaca “BpydHyr” COCTaBUTh
anreOpanyeckoe ypaBHeHHe, npuHsaB obo3HaueHus L = laplace(y(t), t, s), Cl =
y(0) u C2 = diff(y(0), 0).

. Pemmth coctaBieHHOE anredpanveckoe ypaBHEHHE OTHOCHUTEIBHO
nepeMeHHoi L, ucnonb3ys komanay OSymbolic O Solve for Variable (Pemntsb
OTHOCHUTEJIbHO NePEMEHHOM).

[ER Mathcad PLUS - [Pewenue 0J1Y] M[=] B3

@Eile Edt Text Math Graphice Symbolic ‘window Books Help _|5’|£|

Marmep 1. CUMEONEHOS pEWlEHME i;,r(t) _ key(DEmt -
dt

004 1-ro nopanksa

OTHETHE NeperdeHHYD b, BEINOAHMM KoraHoy Symbolic = Transforms = Laplace Transform
(laplace(yt),t, )-8 — w00 - dolaplace( s t), t, sj=E Beenn ofozHaveHHA
53 L=laplace(wt]t.z], C1=0[0] urdeer:

m
Ls-Cl-kl=— Pewan 310 ypasHeHMe oTHOCHTENEHD L
) 52  NokaW e Earadael Symbolic = Solve for YWarniable nonyyie:

_(_01_E
2
5

(s-K

i.m_ ml + Clexp(kt_:] + mw
k

OTHETHE NEpEMEHHYKD £, BBINOAHMN KakaHay
Symbolic = Transforms = Inverse Laplace Transform
W HaMAEM EPEFEHHYN SSEWCMMOCTE - DELWEHME Sa0a3HHOMD YDAEHEHHA:

2 ]
¥ ¥
Npurtep 2. PewedHe CHCTEME w2y cHavaneHemrad w0l =15 u0)=15
004 ?-ro nopanks wi=dv - Zu YCoBMANM w0 =1 (0] =1
15 ] < ul N1 v OnpegeneHMe
<~ OnpegeneH1e 7. u"  EBEKTOpa
| VF =0y eexTopa . ¥y NepBLIN 1
v o= : HasaneHer DX ¥ 0= ETOpBIR
<- () YCAOBMA T3 Y pOMIBOGHE:X
oy
1 () 4y, -2y, | v

Z =fifived(y, 0,1,5, 00 <-BemMWCcieHWE PEWEHWA B 5 NPOMERITOYHERE TOUKkES Ha oTpeste [0,1] -
KA _>I_I

| auto | |MUM | Page 1 i

PucyHnok 11. Hekotopsie Bo3mo:xkHocTH pemenuss OJ1Y B Mathcad



. OTMeTUTh NEpPEMEHHYIO0 S M MPOU3BeAs oOpaTHOe MpeoOpa3oBaHUE
Jlanmaca Symbolic FO Transforms FO Inverse Laplace Transform (Ooparnoe
npeodpa3zoBanue Jlamiaca) nonyuuTh pemieHue 3agaHHoro OJIY B Buge
BPEMEHHOM 3aBUCHUMOCTH.

[Topsinok BBITIOTHEHUS

dy

3apanue 1. Permmts 3anauy Komm: @ =ﬂx’ﬂ, y(0) =1
¢ marom h = 0.1 na otpeske [0, 1]:
. METOJIOM Jiiiepa,
. MeTosIoM Pynee-Kymma (xoaduruenTs! Ki 3a1ath  kak  QyHKIHAA
oT X U Y);
. METOJI0M Adamca,
. ucnonb3ys ¢pynkmnmro rkfixed.
BapuanTtbl 3aganus 1
Ne f(x, y) Ne f(x, y) Ne f(x, y)
BapHaHTa BapHaHTa BapHaHTa
1 X+y 6 2y - COoS 11 2y+3e*
2 X
2 2X2+ 7 y-eX 12 y/2-e°*
2y 242
3 e*-3y 8 3y-2 13 y + (cos x) /3
sin X
4 y - sin x 9 e2x-y 14 y-4x+5
5 y/3-x?2 10 2 15 2x-y/3-e*
sinx+y
3ananue 2. IlocTpouts rpaduku pelIeHu, MOJTYYEHHBIX

MeTtonamu Diiepa, Pynee-Kymma, Adamca n ¢ momonisio ¢pyakiuu rkfixed.

Boruuciuth B Touke x = 1 OTHOCHUTENBHYIO TOTPEIIHOCTH JJISI KaXKI0Tro
MeTo/a.

3apanue 3. Haittu ananutudeckoe (tounoe) pemenue OY u3 3amanus 1 ¢
MOMOILBIO npeoOpa3zoBaHui Jlannaca
(xkomanaer Symbolic FO Transforms KO Laplace Transform u Inverse Laplace
Transform).

3amanue 4. Pemuth 3amauy Komum gis cuctemsl OY npu 3amaHHBIX
HavaJbHBIX YCIOBUAX Ha otpeske [0, 2] ¢ marom h = 0.2. Pemrate ¢ moMoIIs0

dynkuuu rkfixed. [Toctpouts rpaduxu Gynkiuit u(t) u v(t).



BapuanTsl 3ananus 4

No Cucrema OJ1Y HavanbHbie No Cucrema O/1Y HavanbHble
BapHaHTa yCJ10BUsA BapuaHTa yCJ10BUsA
u(0) «’(0) v(0) v'(0) u(0) u’(0) v(0) v’(0)

1 w'=dr +u 15 15 1 1 9 "SP4y 2 0 -1 1
=y - 2 =4 -u+r

2 w"= -y + 3u -1 1 -15 3 10 = -y +f -1 2 -15 0
™Er-Zu =1?+3u

3 w'=dv -u 1.5 15 1 1 11 'Sy -u-f 15 15 -1 -1
V= dr +u "‘2u+u

4 u" =5y 1 15 0 2 12 u'=Sp+f -1 1.5 0 -2
Er ot dutf "‘31r+u

5 w'Ew bt 0.5 15 -1 2 13 ERUE ST 05| 1 -1 2
e o+ dn - f Sy +u-tf

6 {u"‘2v+u+f 0.5 2 1 2 14 {"‘ v-u 0 -2 0 2
¥ = dy "=y +f

7 w'= -y +f 5 5 -1 1 15 =w - 1f 3 3 -1 1
™=ar-Tu =+ 3u

IMPAKTUYECKOE 3AHATHUE Ne 14

Tema Pemenne auddepeHUHATBHBIX YPABHEHMH B YaCTHBIX
NMPOU3BOJIHBIX

Ha npakTuke 4acTo NPUXOAUTCS CTAJIKUBATBCA C 3ajlauaMH, B KOTOPBIX
HMCKOMasi BEJIMYMHA 3aBUCUT OT HECKOJIbKUX TMepeMeHHbIX. B asToM ciyuae
pelaeMble ypaBHEHHMSI COAEPKAT YacCTHbIE MIPOU3BOJHBIE U  HA3bIBAIOMCA
ouppepeHyuanbHbiMu YpasHeHusIMU 6 YaCMmHbIX Npou3e00usix. K coxanaeHuro,
OYEHb MHOTHE M3 TAKUX YPABHEHUI HE UMEIOT aHATUTHYECKOTO PEIIECHHUs, U YTOOBI
pElINTh WX, MPUXOAUTHCS MpHOEraTh K YUCICHHBIM MeTojaMm. Jlis perieHus
nuddepeHManbHbIX  YpaBHEHUW B YACTHBIX  MPOU3ZBOJHBIX  YHUCIEHHO
UCIIONIBb3YETCS MeMmoO KOHEUHbIX PAZHOCME.

MeTon KOHEUHBIX Pa3HOCTEN

Yucnennoe pemeHne auddepeHuranbHbIX  YpaBHEHUHM B YACTHBIX
IPOU3BOJIHBIX MEMOOOM KOHEYHbIX PA3HOCHel COCTOUT B CIIETYIOIIEM:

1. [loctpoenne B 0o0OjMacTH  pemieHWs]  PaBHOMEPHOW  CETKH,
cojiepkaiiiei N y3noBeix Touek (Pucynok 12).



¥ T
.}?2+I l J’_ F
I
Fi . R
Fi-1
e
xz-—h Xz' Xz'+.r’! X

Pucynok 12. /IBymepHasi ceTka

2.  llpencramieHne MPOU3BOIHBIX B KOHEYHO-PA3HOCTHOU (hopme:
8f firg=firy O HanThian
. 2k, Oy 2
& 2k , , 1)
aﬂfﬁ fong =it fing BF - Jige— 28+ i
ax? 5 3y? [E
uT. .,

:

rmefi, J, fi+d, ), fi-1,j,fi,j+ 1, fij-1-3nauennus pyakuu f(X, y) B
Toukax (Xi, ¥j), (Xi+ h,y;), Xi- h, vy, (X, y;+ 1), (X, y;- ) coorBercTBeHHO.

Takue pa3HOCTHBIC YpPAaBHEHHS 3allUCBHIBAIOT JI BCEX Y3JIOB CETKU H
MOJIY4arOT B pe3yJbTaTe CUCTEMY U3 N ypaBHEHUM C N HEU3BECTHBIMH.

3. Pemienue mosy4eHHOM CUCTEMBI C IEIIBIO MOTYYEHUS TPUOIMKEHHOTO
pEIICHNUS B y3JIaX CETKH.

['mmepOonMueckne ypaBHEHUS B YaCTHBIX MPOU3BOTHBIX

[Ipocreiimmm BUIOM YpPaBHEHHUS runepO0IMYecKOro THIA
ABIIICTCS 80.1HO60€ ypasHeHue. K nccienoBaHNIO BOJTHOBOTO YPaBHEHUS IPUBOIUT
pPacCMOTpPEHHE TMPOLIECCOB IMOMEPEUYHbIX KOJIEeOaHUM CTPyHbBI, HNPOAOIbHBIX
KOJeOaHUl CTEepKHS, DICKTPUYECKUX KoJeOaHWil B TMPOBOJIE, KPYTHIbHBIX
KoJeOaHuii Bajia v T. .

PaccMoTpuM  OgHOMEpHOE  ypaBHEHHE KoJIeOaHMit CTPYHBIL. B
obmacty (05%=1, 0S15T) TpeOyeTcsi HAaWTH PeIIeHUE YpaBHEHUS:

s , B (2)

=G =y

& ax ’

Wckomas ¢yukuusa U(X, t)  [0DKHA  yIOBJICTBOPATH HAUALLHBIM

ycnosusam, onvckiBaromuM HadanbHyH0 (t = 0) dopmy cTpyHBI j (X) U CKOPOCTD €€
Touek Y (X):

h
Elaa i (3)
e ) =o(x), ,0<x |

U CPAHUYHBIM YCIOBUSM, YKa3bIBAIOIIMM, YTO TPOMCXOJUT HA KOHIAX
cTpyHbl (x =0 x =1):



(0 =m® wlO=k, g<t T,
4)

COBOKYITHOCTh HAuYaJbHBIX W TPAHUYHBIX YCIOBHHA Ha3bIBACTCS KPACGLIMU
VCIOBUAMU.
JJist IOCTPOEHUST Pa3HOCTHOM cXeMbl pereHus 3aaaun (2) - (4) moctpoum B

obmacty LX<l 0E<T)

cetrky Xi=1h,i=0, 1,..,n, I=hn, tj=jt,j=0, 1,
..M, T=t mu anmpoxcumupyem ypaBHeHHE (2) B KaXXIOM BHYTPEHHEM Y3IIe

ceTKHW Ha mabione “kpect’”’ (Pucynok 13).

T
jt+1 L
. (5,5+1)

(%) CER G
G40

Y
i-1 i i+l )
Pucynok 13. . IIla6/10H 111 BOJTHOBOTO YpaBHEHUsI
Hcnonp3ys aist anmpoKCHUMaIUM YacTHBIX MPOU3BOIHBIX BbIpaxkeHus (1),
MOJTy4YaeM CIIEAYIOLIYI0 Pa3HOCTHYIO alllpOKCUMAIMIO ypaBHEHHUS (2):
Ui g — 2ty + U _ Uiy — i 5+ Uiy (

T h* . 5)

Pemass ypaBHeHue (6) OTHOCHUTCIIBHO €IMHCTBEHHOTO HEHW3BECTHOTO
u. .
3HAUCHMS ~ ~*'| MOoydaeM CIeIyIOUIyI0 CXEMY:
Uil = 21 -4 Wiyt A ':ui+Lr' + uz’—l._;":' T B 51 (
]
l=¢?2/h%i=1,..,n-1,j=1,..,m-1. 6)
Cxema (6) Ha3bIBACTCSI MPEXCIOUHOU TIOTOMY, YTO CBSI3BIBAET MEXKIAY COOOM
H:‘J —
3HAYEHUS ¢byHkmuu U(X, 1) Ha Tpex BPEMEHHBIX CJOSIX C HOMEPAMHU: | -

. . o T4 -
1,j,] +1. Cxema (6) siBysieTcst 6101, T.€. TIO3BOJISICT B SIBHOM BHUJIC BBIPA3UTh
yepe3 3HaueHus U ¢ IPEAbIYIINX IBYX CJIOEB.

u. .
Jlns Havasa cyeTa 1mo cxeme (6) HeoOX0 UMbl 3HaYCHHS = QyHKIUU U(X, t)
Ha Hys’eBoM (j = 0) u mepBom (j = 1) BpeMeHHBIX closgx. OHHM ONMPEACIIAIOTCSA
HayaJbHBIMU YCIOBUSMH (3) U 3aMUCHIBAIOTCS B BUJIE:

Ujp —Usp
=YK =) =0 + TYX;)

in ':Pl: ::I , T 7)
,1=0,1,...,n.
I'pannunbie yciioBus (4) Takke 3alUCHIBAIOTCS B CETOYHOM BHJIE:

Uy = H1l;) By =HKally) JZO 1, ..., m.



8)

Takum oOpa3om, pelreHre ucxoaHon auddepennuaibHon 3amaun (2) - (4)
CBOJIUTCS K PEIICHUIO pa3HOCTHOM 3amaun (6) - (8).

CxeMa yCTOMUYHMBa, €CITIH BHIMOJIHEHO ycimoBue Kypanra #t/h <1,

[Tapabosrueckue ypaBHEHHUS B YACTHBIX MPOHU3BOTHBIX

[TpocTeiimmm BUJIOM ypaBHCHHUSI napaboIMYECKOro TUIIA
SBISICTCSL  YPAGHEHUe  MenaonposooHocmu, WA  ypaewenue  @ypve. K
UCCIICIOBAHUIO YPABHEHHS TEILIOMPOBOAHOCTH, WM YpaBHEeHUsA Pyphbe, MPUBOIUT
paccMOTpEHHE MPOIIECCOB PACIPOCTPAHCHHUS TEIlIa, GUIbTPAIIMU KUIKOCTH U Ta3a
B IIOPHUCTOM Cpejie, HEKOTOPhIE BOIPOCH TEOPUHU BEPOSITHOCTEH.

PaccmoTpuM 3aiauy O pacHpoOCTpaHCHHMH TeIla B OJHOPOJHOM CTEPKHE
mmaHbBl |, Ha KOHIIAX KOTOPOTO MOAJEPKUBACTCS 3aJaHHBIA TEMIIEPATypPHBIN
pexuM. 3ajada COCTOMT B OThiCKaHMHM (yHKIMH U(X, t), yaoBieTBoOpsioiield B
obmactu {1 =¥ =L 051 21 ypapHenmio

i #u (
—_= —_—.
8t ax*’ ax0 9)
HA4aaIbHOMY YCl106UIO
u(x,0) = 9(x) (
10)

H epaHu4HbIiM YCIA06UAM

u(0,1) = iy (8, 2(LE) = iy () (
11)

i+ 1
" @7+
o %3 i+1,

|

1]
i-1 i i+l )

Pucynok 14. lllabs10H a1s ypaBHEHHUS TENJIONPOBOAHOCTH

[Toctpoum B obmactu (0=xsi, 0stsT} PaBHOMEPHYIO MPSIMOYTOJIBHYIO
CETKY C IaroM N B HampaBiieHHMHM X U IaroM t - B Hampasjienuu t (PucyHok 14).
Tormaxi=1ih,i=01,..,n,h=1I1/n;t=jt,j=01,...,mt=T/m.

AnnpokcumupyeM  nuddepenuuanbayro  3amaay  (9) - (11)  Ha
YETBIPEXTOYCYHOM II1a0JIOHE, B pe3yibTaTe TMONIY4aeM S6HYI0 O08YXCAOUHYIO
PA3HOCIHYIO CXEMY:

By g1 = Adiy + (- 2R by + Ay,



i=1,2,..,n-1,j=0,1,..,m-1
%o=9%) j=0,1,..,n,
o - = [ Y, = [ .
07 Ml':;:" .0 Mz(;),J — O, 1, oy M,
12)
T
A=—
he
Cxema ycroiiunBa mipu | = 1/2.
DITUIITUYECKUE YPABHEHHUS B YaCTHBIX IIPOU3BOHBIX
K uccnemoBanuio Takoro ypaBHEHHUS MPUBOAHUT PAacCMOTpEHHE 3a7ad 00
ANEKTPUYECKUX M MATrHUTHBIX IMOJIAIX, O CTAllMOHAPHOM TEIUIOBOM COCTOSIHUU,
3amady THAPOAUHAMHKH, auddy3un U T. A. PaccMoTpuM pemieHust ypasHemus
Ilyaccona v ero oTHOPOHOM (GOPMEI - ypagHenus Jlannaca.
Pemenue ypaBuenus Ilyaccona Oynem MCKaTh B HEKOTOPOW OrpaHUYEHHOM

<re <y :
obmacti W = 0572a1. 027 233} panvienenna HesaBHCHMBIX HEPEMEHHBIX X, Y

A 5y B (
a2 oy Y 13)
I panuunvie ycnosus:

u(0, y) =mq(y), u(a, y) = ma(y), y I [0, b], (

u(x, 0) = mg(x), u(x, b) = my(x), y 1 [0,a], 14)

rae f, m1, my, m3, My - 3amansbpie QyHKIMU (3a/1a49a, COCTOSIIAS B PEIICHUH
AJUIMITUYECKOTO YPaBHEHMS TMPU 3aJJaHHBIX 3HAYEHUSIX UCKOMOW (YHKIMU Ha
rpaHuIle pacyETHOM 00JIacTH, Ha3bIBaeTCA 3adauell /Jupuxie.).

[Toctpoum B obOmactu W paBHOMEpPHYIO TPSMOYTOJBHYIO  CETKY  C
mraramu h u | mo x u y coorBercTBeHHO: Xj =1 h, 1 =0, 1,..,n, h=q/
nyj=jlLj=0,1,...,mIl=q2/m.

AnmnpokcumupyeM auddepennuansayo 3amady (13) - (14) ma mabione

“kpect” (Pucynox 13), B pe3yabTaTe IMOJIy4aeM HEA6HYIO MPEeXCAOUHYIO
PA3HOCMHYIO CXEMY:

s Mt b, SWiLy O T ':ii.,;"uz'\;"—l TE ;= f;\;

1 1 1 1
TOE o ;= E:'i,j = ;z_gr = sz',_;-‘ = F, 8= -2 (}3_2 + I—z} 15)
i=12. m-1, j=12 m—1

ul:l'u.il. = I..L].I(_}?J:I, I"::ve,h;l' = PLE'IJ"J:L _,F = I:l, 1.??3,
Uip= W3z, ), By = pdix), i=0,1.#

Jlns pemenust ypaBHenus — Ilyaccoma B Mathcad — mcmonbs3yercs
Gyukus relax



relax(a,
rjac)

b, c, d, e, f, u, Bo3Bpamaer KBaapaTHyI0 MAaTpHIly pEHICHUS YpPaBHCHHS
[Tyaccona. 3mecy a ,b ,c, d, e - KBaapaTHbIE MAaTPHIIBI
OJIMHAKOBOTO  pa3Mmepa,  cojaepxamme  KOIPPHUIIUCHTHI
ypaBuenus (15); f - kBagpartHas Marpuia, cozep Kainas
3HAYCHUS MpaBOW 4acTH ypaBHeHHs (15) B KaIOW TOYKE IO
obmactt W , B KOTOpPOH HIIETCs pelieHue; U - KBajapaTHas
MaTpuIla, COJEpJKallias TPaHWYHBIC 3HAYCHHUS PpEIICHHS Ha
rpaHuiie O0JaCTH W HAYaIbHOE NPUONMKEHHUE IS PCIICHHS
BHYTpH 00JacTH; rjac- gucio Mmexxay 0 u 1, KoTopoe yrpaBisieT
CXOJUMOCTBIO AITOPUTMA.

[Mpu f = 0 momygaem ypaBHenue Jlamnaca:
Fu (

=1

a7 9T 16)

Ecnu nns ypaBHenus Jlannaca B o6mactu W BBECTH CETKY C paBHBIM IIaroM

10 OCSIM X U Y, TO pa3HOCTHast cxeMa (16) CylecTBeHHO ynpoIaeTcs

Byl g + Uy 8 g + 8 — =10,
=12 n-1,j=12.m-1 (
uﬂ,j = I-’L]-(J’?J.:I: u?d\jl' = I"Lz(yljl :Ir ..-F = I:L lmr 17)

ui,l:l = |"L3|:x;i ): HLM = |-'L4(x!' :l, i= D, 1. =

Pemenue YPaBHCHUA Jlamnaca ¢ IIOMOIIBIO Q)YHKHI/II/I relax mokasano Ha

Pucynke 15.

E Mathcad PLUS - [Pewenuwe ypagHenun Ilannacal M=l B

@Eile Edit Text Math Graphice Symbolic Window Books Help -2 x|

TDEE'—IETCH HaHTH pacnpedsNeHWE TEMOERAaTYps B KESOPaTHON NNacTHMHE, ﬂ
anAa KEIT':II:I':IH Fda0aHel cnedyiow e rpaHYHEIE Yo NoEMA:
w=0 T=0 y=0 T=100¢x

w=1 T =100 l:|=1 T=1|:||:|:'12 _d T+_d T=
PacanﬂEﬂEHHE TEMNEPATYPE! 302CE OMNMCBIEIETCA YPAEHEHHER .ﬂan.ﬂaca I.'i }CE

BeEger Ha NNACTHHE PAEHOMEPHYKD CETKY C PACCTOAHMEM Mesay ysnard  h =025
i:=0.4 j:=0.4 %, =hi

CeTka cogepsut 20 ysnoe, 6 16 13 KOTOpRIX TEMOEpPATYPA

MSEECTHA COMNAcHD MPAHUYHEIM YCAOE At r

2550 75 100 |
T, 5 =0 T, , =100 +

0
o n oo 100

Ty =100% T4,i:=m':"(xi)2 T=|0 0 oo 100
oo n n 100

0 623 23 34625 100 |

Hosoe sHaueHuHe TemMnepaType B y3ae 1)

FAOHHD H3HTM C NOMOWEKD CRerkl [17]

a,.=1 hi=a ci=a di=a e  :=-4 f =0
1.1 1.1 1.1

23 50 75 100 |
23493 47879 73493 100
21094 44331 71094 100
1635 32058 6635 100
625 25 5625 100

| auta | |MUM | Pagei i

T =relaa, b, c,d, e, f,T,005

JHEYEHWA TEMOSPATYPEI B y3nax ceTk, 1 =

L T e Y s S s e

Pucynok 15. Pemenune ypaBuenust Jlaniaca



[Topsinok BBITIOTHEHUS
3ananme 1. Pemuth 3amauy o KojdeOaHUM CTPYHBI €AMHUYHOW JJIMHBI C
3aKpEIJICHHBIMA KOHIIAMH
Fu 4 Fu
TR )
&t 7% a=1
C HAYQJIbHBIMU YCIIOBHSIMU
L (x,0)=10
u(x, 0) = f(x), # ,0=x=21
Y HYJIEBBIMU I'PAHUYHBIMH YCIOBUSAMU
u(0, t) = u(1, t) =0.
BapuanTsl 3aganus 1

No f(x) alb Ne f(x) ab c
BapuaHTa BapHaHTa

1 Fo 1101 9 xsin(2(x-1))

2 “ 201 10 4x3(x-1)

3 402 11 y 101 02
4 6 03 12 302 |04
5 & Lx 8 (0.4 13 504 (0.6
6 X (x2-1) 14 706 108
7 sin (px2) 15 0 e 1x 908 |09
8 sin (p x) cos x

Jina  pemeHus  3aJayd [OCTPOMTH  CETKY U3 11 y3JI0B
mo X (i=0, 1, ... 10) u npoBectr BbranciaeHus st 16 cioe mo t (j = 0, 1, ... 16).
Bbrurcnenust BbINOAHUTE ¢ maroM h mo x, paBasiM 0.1 u marom t mo t, paBHBIM
0.05. OTobpa3uth rpaduuecku pemieHue 3agayd Ha 0-om, 5-om, 10-om u 16-om
BPEMEHHBIX CJIOSIX.

Bapanme 2. Haiitu pemenne U(x, f) IS ypaBHEHHS TEIUIOMPOBOIHOCTH C
MOCTOSIHHBIMU KO3(pPUIIEHTaAMU:

B 1

=2

ot ax La= 1

C HaYaJbHBIMHU YCJIOBUSIMU

uix,0)=f(x)0= x= 1

Y TPAHUYHBIMH YCIIOBHSIMHU

u(0,t) =a, u(l,t)="h.

Jns  pemieHns  3aJauyd = TIOCTPOUTH CETKY u3 11 y3JI0B
mo X (I=0, 1, ... 10) u npoBectu BorunciacHus 1t 12 cnoesmo t (j =0, 1, ... 12).
Beruncienuss BeImosHUTh ¢ marom h mo x, paBubiM 0.1 u 1arom t mo t, paBHBIM
0.005. Otobpa3uth rpadudecku pemieHue 3agauu Ha 0-om, 4-om, 8-oM u 12-om
CJIOSIX U TIOCTPOUTH MHTETPATbHYIO MMOBEPXHOCTh PACIpe/IeNICHUs TEMIIepaTyphl B
cTeprkHe ¢ momoIbio koman el Graphics FO Create Surface Plot.

BapuanTsl 3aganus 2

No f(x) a b Ne f(x) a b



BapHUaHTa BapHaHTa

1 X(x-1) 00 9 (x2+05)cos(2px) 05 15
2 x3+x2-x 0 1 10 sin(p x) cos X 0 0
3 x2(1-x) 00 11 xsin(2 (x-1)) 0 0
4 1-x4 10 12 In(05+x)(x-1) 07 0
5 X sin (2 p x) 0 -03 13 xsin(4(x-1))-x 0 -1
6 (x-1)sin2x 0 O 14 X €0S (2 p X) 0 1
7 4x2%(x-1) 0 05 15 xe X(x4-2) 0

0.4
8 10x3(x-1) 050

3apanme 3. HaliTu cranmoHapHOe pachpesesieHHe TeMIepaTypbl B
KB&I[p&THOI?I IIJIACTHUHE CO CTOpOHOﬁ 1, OIIMCBIBACMOC YPABHCHHUCM Harmaca
Ay
— + = 0
dxs 3y

C KpaeBbIMH YCJIOBUSMU BUJIA

u@,y)=f(y), (0= y= 1), u(l,y)=f(y), 0= y= 1),

u(x,0) ="f3(x), (0= x = 1),u(x,1) ="f(x), (0= x= 1)

Penrats 3aa4y ¢ momombto ¢pyHkimu relax.

Jnis perieHust 3a1auu mocTpouTh ceTky u3 11 ysmoBmo X (1=0, 1, ... 10) u
u3 11 yamoB mo y (j = 0, 1, ... 10). OroOpa3uth TpapuuecKd C TMOMOIIBIO
koMauabpl Graphics KO Create Contour Plot crammonapHoe pacnpeseieHue

TEMIIEPATYPHI B INIACTHUHE.
BapuanTtsi 3aganus 3

No f1(y) fa(y) f3(x) fa(x)
BapHaHTa

1 y? cosy+(2-cosl)y X3 1+x

2 e¥-ey? y 1-x3 G

3 1-y? y sinx+1-x3(1+ X

sin 1)

4 0 y sin x-x3sin 1 X

5 eV +y?(1-¢e)-1 y 0 X

6 y? cosy+ (3-cosl)y x3 1+ 2x

7 0 y sin x- x3sin 1 G

8 2ey - (1+2e) y* 1 -y 1-x3 X -2

9 -10y? -8y + 6 - 10y? - 30y + 22 9%+ 7x+6 9x2 - 15x - 12

10 -7y?-5y +3 -7y?-21y + 13 6x% + 4x + 3 6x% - 12x - 9

11 1 y+1 1 1+x

12 1 ey 1 gx

13 -y?- 5y 4+ 5y - y? X? + 3X X2+ 3x + 4

14 3-7y 7 -6y 4x + 3 5x - 4

15 0 siny 0 sin X



INNPAKTHYECKOE 3AHATHE Ne 15
Tema: Pemenue 3a1auu TMHAMUYECKOTO IIPOrPaMMUPOBAHUS

Heas paGorbl: PemuTe npocredmme 3aJayd METOJOM JIMHAMHYECKOTO
IPOrPAMMHUPOBAHMSI.

Kparkas Teopus

JnHamuueckoe IIPOIPAMMUPOBAHUE — METO]I ONTUMU3ALH,
MIPUCTIOCOOJICHHBIN, K 3aJa4aM, B KOTOPBIX MPOIECC MPUHATHS PEIICHUS MOXKET
ObITh pa3OMT Ha OTACHbHBIE OdTambl (marw). Takwe 3amaddl  Ha3bIBAIOTCS
MHOTOIIIarOBBIMH.

XapakTepHble OCOOCHHOCTH 33/1a4 JJUHAMUYECKOTO MPOTPAMMHUPOBAHHSL:

HeonHo3HauHOCTH pelieHus.

B03MOXXHOCTB 1€JIEHUS] BBIMUCIUTEIIBHOTO ITPOLIECCA HA ATAITbI.

OO1mmii KpUTEpHii — CyMMa YaCTHBIX KPUTEPHUEB HA 3TAIAX.

JIlnHaMHu4YeCcKOe MpOrpaMMUPOBAHUE TTO3BOJISIET OCYIIECTBISATH ONTUMAIBHOE
IJTAHUPOBAaHWE MHOTOIIArOBBIX IMPOLIECCOB, 3aBHUCAIIMX OT BpeMeHH. [Ipomecc
Ha3bIBACTCS YIIPABIIEMBIM, €CJIM MOYKHO BIIMATH HA XOJ €70 Pa3BUTH. Y IPABICHUEM
HAa3bIBACTCsI COBOKYITHOCTh PELICHUM, IPUHUMAEMbIX Ha KAXKOM 3TaIe I BIUSHUSA
Ha XoJ mpouecca. Hayanom srtama (imara) ymnpapisieMoro mporecca CYUTaeTcs
MOMEHT NOPUHATHUS pelieHud. [ImaHupyss MHOTOLIArOBBIM MPOLECC, UCXOIAT M3
HMHTEPECOB BCEro Mpoliecca B 1IEJI0M, BCerja He0OX0IMMO UMETh B BUAY KOHEUHYIO
LIEJIb.

Meton TMHAMUYECKOTO MTPOTPAMMHUPOBAHUS COCTOUT B TOM, UTO ONTUMAIIBHOE
yIOpaBJIEHUE CTPOUTCS TOCTENneHHo. Ha kaxaom 3Tane ONnTUMU3UPYETCA
yIOpaBJICHHE TOJBKO JTOTO dTara, MpUYeM YIpPaBJICHHE BbIOMpaeTcs C y4€ToM
IIOCJIEICTBUH, T.€. ONITUMAJIbHOE YIIPABIICHUE JJISl JAHHOTO 3Tara JI0JKHO YUYUTHIBATh
BECh IMOCJIEAYIONINHI X0 1 TIPOIIecca, JJIs 4ero Heo0X0IMMO 3HATh BCE YIPABIICHUS Ha
nocaeayronmx sranax. [[oCkoibKy mpolecc 3aKaHYMBAETCS HA MOCJIEAHEM JTalle,
ONTUMAIBHOE PEIICHUE HE TOJKHO YUUTHIBATH MOCIEAYIOUIETO YIIpaBieHus. Takum
00pa3om, MpOoIECcC BHIYUCIICHUS MTPOTEKAET B 0OpPAaTHOM HAMpPaBJIICHUH, OT KOHIIA K
Havaiy.

IHocTaHoBKA 3a1a4U TUHAMUYECKOI'0 IPOrPAMMUPOBAHMS.

ITycts S;,S¢,S, - COCTOSHUS CHCTEMbI Ha HAYaIbHOM, K-0M ¥ KOHEUHOM

aTare, Uo,Uk,Un - YIIPABJICHUS] CHCTEMOM Ha HavajIbHOM, K-om 1 KOHEeYHOM STamnax.
VYrpaBieHue Uk IEPeBOAUT CUCTEMY U3 COCTOSIHUA S,_; B coctosiHue Sk . [lokaszarens
s dexTrBHOCTH Ha K-0Mm 3Tame 0003HauMM yepe3 Wk (Sk-1) .

Tax kak onTUMHU3aIKIO OKa3aTeNst 3PGHEKTUBHOCTH HAYMHAEM C TTOCIIETHETO

aTamna, To, 3Hasi MAKCUMYM TToKa3artesis 3 (HEeKTUBHOCTH Ha 71-OM II1are
W'(S )=max(W (S ,u))
n n-1 n n-1 n

Uy

HaliJIeM MaKCUMYyM ToKa3atesst 3G (HeKTHBHOCTH Ha (71-1)- oM mmiare



W (s =max(W (5 ,u )+w'(s ))
n-1 n-2 Uns n-1 n-2 n-1 n n-1

rae W, ,(S,_,,U, ;) Ha3blBaeTcs ""CHIOMHHYTHOM' BBIr010i Ha (n-1)- oM miare,
OcHOBHOE ()YHKIIMOHATEHOE YPaBHEHHUE TUHAMUYIESCKOTO TIPOTPaMMHUPOBAHHUS
(ypaBHeHUe bennmMana) uMmeeTt BUI:
Wi (s )=max(W (S ,u)+W* (s))
k k-1 k k-1 k+1 k

Uy k

[Tpunuun ontumansHocTH bemiMana MoKHO ¢hOpMyITUPOBATH CIIETYIOIIUM
o0pa3oM: KakoBbI Obl HE ObUIM HayaJIbHOE COCTOSTHUE M HauallbHOE PEIlCHUE,
MOCIIEAYIONIEE PEIICHUE JOIHKHO OBITh ONITUMAIBLHBIM TI0 OTHOIIIEHUIO K COCTOSIHHIO,
MOJIy4YeHHOMY B pe3yJIbTaTe HA4aJIbHOTO peieHust. IHpIMU clioBaMu, TPUHITUTT
ONITUMAITLHOCTH YTBEPIKJIAET, YTO €CJIM B TAHHBIM MOMEHT BBIOPAHO HE HAWITYUIIICe
pelIeHue, TO MOCIEACTBUS ATOTO HEIb3S UCTIPABUTH B OYAYILIEM.

3amavya onpenesieHus KpaTHYaINX PacCTOSTHUI 10 32IaHHOM CeTH
[IycTh 1aHO KOHEYHOE YUCIIO TOYEK P1,P2,..., Pn, COEIMHEHHBIX BCEBO3-

MOJXHBIMHU OTPC3KaAMH HI/IHHﬁ, Ha3bIBACMBbIX 3BCHBAMM WJIN CBA3AMMU. Tor):[a
COBOKYITHOCTBb TOYCK U UX CBsI3€H HA3BIBAIOT CeThI0. CeTh Ha3BIBACTCS JOCTAaTOYHO
CBHB&HHOVI, CCJIK CYIICCTBYCT IIYTh, COCTO?IIHI/Iﬁ H3 3BCHBCB U COGI[I/IHHIOIHI/Iﬁ
JIFOOBIC ABC TOYKH CCTH. HYCTL KaXXI0MY 3BCHY IIOCTABJICHO B COOTBCTCTBHC
HGﬁCTBHTGHBHOG HCOTPHULATCIIbHOC YN CJIO |ij - €TI0 JJINHA. HGO6XOIII/IMO

ONpENEIUTh KpaTyailliee pacCTOSHHE 10 CETH OT KaXKJI0M TOUKH JI0 BCEX
OCTAJIBHBIX U COOTBETCTBYIOIIME ITYTH, IO KOTOPBIM, OHH MPOXOAST.
[IpoHyMepyeM TOUYKH CETH B JTIOOOM MOPSAIKE U YKAXKEM JUTMHY KaKJIOTO 3BEHA.
JIBE TOUKM HA3BIBAIOTCA COCEAHUMHU, €CJIM OHU HETMOCPEACTBEHHO COEIUHEHBI
cBs3bto0. [Tomoxum, I =1;.

JInst pemieHust 3a/1a4u UCIOJIb3yeM METOJ] TMHAMUYECKOTO
IPOrpaMMHUPOBAHMS U OTBICKMBAEM KpaTyalllee pacCTOSHUE HE OT
(UKCHUPOBAHHON TOYKH
710 BCEX OCTAJIbHBIX, @ OT BCEX OCTAJIbHBIX 0 (PMKCHUPOBAHHOM Yepe3 COCETHUE
TOYKH. CBsI3b, UEpE3 KOTOPYIO MPOXOIUT KpaTyailllee pacCTOSIHUE, ITOCIE KaXI0ro
ara otMe4yaem crpenkoi. [l y1o0cTBa TOUKU CeTH 0003HAYUM KPYKKaMHU €
HOMEpPAMH TOYEK.

Anzopumm pewrenu:

dukcupyeM KOHEUHYIO TOUKY Pii, 10 KOTOPOH HEOOXOAMMO PaccUUTaTh

KpaTyauIiee pacCTOSHUE OT BCEX OCTAIbHBIX, U PSIAOM C 3TOM TOYKOU 3aIIUCHIBAEM
HYJb, T.K. pacCTOSIHUE Pi OT TOUYKH J10 HEMl caMol paBHO 0.9TO YKCIIO0, OTIMYHOE

OT HYJISI, Ul APYTUX TOYEK, HA30BEM XapaKTEPUCTUKON TOUKH.
Onpenenum coceTHue TOYKH 110 popmyie ¢; =0+|; U Ha CBA3SAX,

COCANHAOMINX 9TU TOYKH, IOCTABUM CTPCJIKHU, HAIIPABJICHHBIC B TOUYKY Pi. Ilocne



3TOrO TOYKY Pi OTMETHM CHMBOJIOM V, 0003HAUYAIOLIUM, YTO OTIE€paIK HaJl Hel
3aKOHYEHBI.

[lepexoaum K 1r000i cOCeAHEN TOUKE, 111 KOTOPOH XapaKTEpUCTUKA YKe
naizena. ITycte 510 Oyner Touka P;. Onpeznensem CoCeHUE C HEN TOUKU U

TOJICYMTHIBAEM XaPAKTEPUCTHKH STHX TOUEK MO PopMyIie ¢; =c; +l ;.

IIpu onpeneseHuu c; It COCEAHUX P; MOKET OKa3aThCsl, YTO JUIsl He-
KOTOPBIX U3 HUX XapaKTEPUCTUKH C; YIKE U3BECTHBI. B 3TOM citydae HOBYIO
XapaKTePUCTHKY C; CPAaBHUBACM CO CTapOW XapaKTECPUCTUKOH C; .

Ecmu ¢ ;> ¢, TO cTapyro XapakTepUCTHKY OCTaBjIsIeM 0€3 U3MEHEHUH.

Ecmu c; < ¢, TO cTapyro XapakTepuCTHKY 3aMEHIEM Ha HOBYIO,

COOTBCTCTBCHHO IMTPOUCXOIUT UJIK HC ITPOUCXOAUT U3MCHCHHUC HAIIPABJICHUA.
TO‘IKy Pj OTMCYacM CHMBOJIOM V, €CJIN COCCOHsA TOYKA, Y KOTOpOﬁ

M3MEHWIIACh XapaKTePUCTHKA, He ObljIa paHee OTMeYeHa v. Eciin ke Touka paHee
ObIJ1a OTMEUEHA CHMBOJIOM V, TO TIEPECUUTHIBAEM XapPAKTEPUCTUKHA COCETHUX C HEH
TOYEK.

[lepexonum K MyHKTY 3.

[Ipomecc mpomomkaeM 10 TeX Mop, MoKa He OYIyT OTMEYEHBI CHMBOJIOM V
Bce TOUKH ceTH. OTBET BHIMUCHIBAEM B BUIEC TAOJHUIIBI, T/I€ YKa3aHbI KpaTJaniiee
PAcCTOSTHUE OT BCEX TOUYEK IO KOHEUHOM W IMTyHKTHI, 4epe3 KOTOPHIE OHH MTPOXOJISIT.

IHopsaoK BBINOJIHEHUS 3aJaHUM

3agaua 1. JIsym npennpusitusim A u B Ha 4 kBapTana BeiieneHo So =1000

equHuL cpenacts. Kaxaplii KBapTall npeanpusaTue A MoJaydaeT X CPEACTB,
npennpusitie B -y cpeacts. [Ipu 5TOM OT BBIIEIEHHBIX CPEACTB NPEANIPUATHE A
MOJy4aeT SX €AUHHUI] U OCTaTOK cpeAcTB 0,3x equuun, a npeanpustue B - noxon
4y eUHUI] M OCTATOK BbIJeTeHHBIX cpeacT 0,5y enunui. Heodxoaumo pacnpene-
JUTH CPEACTBA MEXAY NPEANPUITUIMH MOKBAPTAIBHO TAKUM 00pa3oM, 4TOObI 3a
BECh 0/l 00a MPeaNPUATHS MOTYYUIIM MaKCUMaJIbHBIN T0XO/.

Pemenue. [lepuon Bpemenu 1 rox pazaenum Ha 4 kBaprtana (4 sTamna).

Brenem o0o3HaueHus: yepe3 X, Yi 0003HAUYMM BKJIAJl B pa3BUTHE

npeanpustuii A u B B 1-oM kBaptane, Wi - 10X0 3a I-bIii KBapTall, Si- OCTaTOK

CpEICTB Ha KOHell i-oro kBaptaina, i — 1,2,3,4.

No | Cocrosinue Bxutan JToxox | OcraTok
A B

1 S0 - Sl Xl yl Wl S1

2 Sl B SZ X2 y2 W2 S 2

3 27 93 X3 Y3 W, S

4 S3 - S4 Xy Ya A S4




C y4eToM BBEJIEHHbIX 0003HAYEHHUI COCTAaBUM MOAPOOHYIO TaOIHILY IO 3TAMaM.

[Ipenmpusarue | 1 kBapTan 2 KBapTan 3 kBaprain 4
KBapTal
g 3 3
= = = =
5 o = 5 | o = 5 | o = = o
S |85 S| 5 |5 S 18 |5 2|8
m =S¢ o) m =S¢ o) m =¢ o) m =S¢
A X, 5%, | 0,3%; | X, 5%, | 0,3%, | X 5%; | 0,3%3 | X4 5X,
B Y1 4y, | 0,9y, | Y, 4y, | 0,5y, Y3 4y, | 0,5y, Y4 4y,
— 9V o
= = =
s a S 3 2|3 s,
- | ¥ | ~ | Y | & o | ¥ | & < | ¥
> — PYY > 3N P > ™ PYY > <
LIS |9 LS |« L3 | ® Y05
|>|< I ‘ﬁ |>|< i ﬁ |>|< i CIDI |>|< Il
o - — — O N N 2 o (92] 3
h 1= | h hl=Z | b hl= |1 hn n o=

OTpICKaHHE ONTUMAIBLHOTO YIIpaBJICHUA HAYHCM C 4 KBapTaJja.

W™ =maxW =max(5x +4y ):[ X, + Y, =Ss, ]=max(5(S —y )+dy )=

4 4 4 4 3 4 4

X, =S; —-V,,S; = const
= max (5S; -y, )=(5S, - yll)‘yi0 =5S,.

0<y,<S;

3 KBapTad.

. . [Xs+ys=S2, Xs=S2-Vys, Sz3=03xs+ |
W* =max(W +W")=max(5x +4y +5S )= -
34 s 4 s s 3 1+05y,=0,3S, —0,3y, + 0,5y, = 0,35, + 0,2y, ¢

S, =const
= max (5S, -5y, + 4y, +1,5S, + y;)= max (6,552) = 6,5S;.

0<y3<S; 0<y3<S;
Tak kak MakCUMyM J0X0/1a 3a 3-4 KBapTaJbl IOCTOSHEH TIPH JIF0OOM
_S _ S,
pacrpezeneHuu CPeICTB, TO MyCTh X, = - y, = >

2 KBapTall.

*

)_(X2+Y2=Sl, X, =S, - V,, Sy =0,3x2 +
,” 4+0,5y,=0,3S, — 0,3y, + 0,5y, =0,3S, +0,2y,,t =
[ S, =const J

W* =max(W +W
2

2-4

)=max(5x +4y +6,55
2 2

3-4

= max (58, -5y, + 4y, +195S, +13y,)= max (6,955, + 0,3y, )=(6,95S, + 0,3y, )

0<y, <5 0<y,<S;

=7,255;

Y, =9,

1 kBapra.



R . X1+ Y1 =So, -S _ S1=0,3x
W =max(W +W"* )=max(5x +4y +7,25S )J LHEYL=20, ¥ =8 -y, 1 1t l_
14 L 2 T .. 4+0,5y, =0,35, — 0,3y, + 0,5y, =0,3S, + 0,2y,,r =
S, =const
= max (5S, -5y, + 4y, + 2175S, +1,45y, )= max (7,175S, + 0,45y, )=
0<y1<So 0<y;<Sp
(7,175S, + 0,45y, ) =7,625S,

Y= So
ITo ycnoBuro 3amaun So =1000 enuHuIl, WL =7625 enuHull, IIPU dTOM 6yz[eM

HMCTD CICAYIOIIHC pACIIPCACICHUC CPCACTB 110 KBapTaJlaM:

Kgapran Pacrnipenensemele Bxnaabr

CpeacTBa A B
1 So =1000 X =0 y, =1000
2 S = O,3x*l+ 0,5y*1= 500 x: =0 y: =500
3 S2 = 0,3X*2+ 0,5y*2: 250 X; =125 y: =125
4 S,=03¢ +0,5y" =100 | X =100 Yy, =

3ajanus I CAMOCTOSATEILHOM PadoThI

1 Bapuanr.

3anaua 1. [Inanupyerca pabota nByX oTpaciei rnmpousBoicTBa A u B Ha 4
roga. KommuecTBo X CpeAcTB, BIIOKEHHBIX B OTpacib A, IO3BOJISIET IOJYYHTh
noxox 2x u yMmensinaercs 10 0,6x. KosmuecTBo y cpeacTB, BIOKEHHBIX B OTPaCIb
B, no3Bosiger nonyuuth goxoa 3y u ymessluaercs ao 0,2y. Heobxoaumo
pacHpeaeuTh BBIACIEHHBIE PECYPCHl B KOJHYECTBE S; =850 €OUHUIl MEKIY

OTpacysiIMU T10 TOJIaM IUIAHUPYEMOTO TIEPHOJIa JUTsl TOJTyYeHHS] MaKCUMaIbHON
MPUOBLIHN 32 BECh IEPHUO/I.

3agaua 2. Ilo 3amanHoi cxeme, coemunsionieid 10 Touek, HaWTH
KpaTyaiiiiee paccrostaue ot 1 rouku go 10.

10
7
/O 12
®\\ 8

3 4
10

11

2 BapMAHT.
3apaua 1. JIsym npennpusitusam A u B Ha 4 kBapTana BbleneHO S,=900
eauHuL] cpeAacTB. Kaxaplii KBapran mnpeanpusarue A MOJdydaeT X CpEICTB,

npennpusitue B -y cpencts. [Ipu 3T0M OT BBIAEIEHHBIX CPEACTB MpEaNpusiaTe A




noiyyaer 4x enuHUI] U octaTok cpeactB 0,3x eaunul, a npeanpusitue B - noxon
Sy eMHHUI] U OCTaTOK BhIAeNIeHHbIX cpeact 0,1y equnun. HeoOxoaumo pacopene-
JUTH CPEACTBA MEXAY MPEANPUITUAMU MOKBAPTAIHLHO TaKUM 00pa3oM, 4TOObI 3a
BECh IoJ1 00a MPEANPUATHS TOJTYIHUIN MAKCUMAIIbHBINA JTOXO/I.

3agaua 2. Ilo 3aganHoM cxeme, coemuHsgronierdn 10 Touek, HalTH

Kparuaiiiee paccrossaue ot 1 Touku g0 10.
12
7
/<> 11

@\?\4 3

4 4
12

w

8

KOHTpOJIbHLIe BOIIPOCHI

1. UYto Ha3pIBaeTCS TMHAMUYECKUM IIPOrPaMMHUPOBAHUEM ?
2. Kakue  xapakTepHble  OCOOCHHOCTM  33Jady  JUHAMHYECKOTO

IPOrpaMMHUPOBAHMUS BbI 3HAETE?

3. Uto HazpIBaeTCs yrpaBieHHEM?
4. B yem cOCTOUT METOJ TUHAMHYECKOIO MPOrpaMMHpPOBaHUS?
5. Chopmynupyiite mpuHIIUI onTUMaibHOCTU bemnmana?

IMPAKTUYECKOE 3AHSITHUE Ne 16
Tema: [IpocTsie 3a1aun TMHAMUYECKOTO IPOTPAMMHUPOBAHUSA

Heab padorbl: PemmTh mpocTeimme 3agadyd METOAOM JUHAMHUYECKOTO
IPOTPAMMUPOBAHUS.

3anaua 2. Jlana cetp, cocTosimast u3 7 TOYEK, U U3BECTHBI PACCTOSHUASI MEKIY
Toukamu. Heo0xoaumo ornpeaenuTs Kpatyaiiiee pacCTOsSHUE OT JIF000M TOUKH 10
TOYKH 7.

Pemenue.



1OV

7V

3V

Paccmotpum touky 7. Psaom ¢ kpyxkkom crtaBuM O XapakTEpUCTHKY 3TOU
TOYKHU.

CocemqunMu ¢ TOYKOM [ sBisirorcss  Toukn 6,54, Tlomcumraem
XapakTepUCTUKUA JTHUX TOYEK M YKaKeM HampaBieHus. Touky 7 oTMmedaem
CUMBOJIOM V , T.K. OII€palliy Ha HEW 3aKOHYCHBI.

Paccmotpum Touky 4. Cocenmnumu ¢ Heil Oynyt touku 6,3,1,7, Haxomum
XapaKTEPUCTUKU KaXJ0M U3 HUX. XapaKTEPUCTUKHU TOUEK |1 U 3 — COOTBETCTBEHHO
9 u 12. XapakTepuUCTUKH TOYeK 6,7 OCTaauch O€3 M3MEHEHHUs, TaK Kak 7+4=11>5,
7+7=14>0. Touky 4 ormetuMm cumBoioM V. Paccmorpum Touky 6. CocenHumu
SBJISTFOTCST TOUKH 3,4,7. Jlnst Toukm 3 HOBas xapakTepucTtuka 5+2=7>12, mostomy
M3MEHSAEM CTapyl XapakTEepUCTUKY 12 Ha 7, M yKa3plBa€M HOBOE HAIIPABJICHUE.
Jist Touek 4,7 cTapble XapaKTEPUCTUKU OCTAIOTCS 0€3 U3MEHEHHH, T.K. 5+4=9>7,
5+5=10>0. Touky 6 ormeuaem 3HakoMm V. Paccmotrpum Touky 5. CocenHsisi ¢ HEH
touka 1. HoBas xapakrepuctuka 3+3=6<9, n03TOMy U3MEHSIEM XapaKTEPUCTUKY U
HampaBieHue. Touky 5 ormeuaem cumBoioMm V. Touka 1, xapakrepuctuka
KOTOPOM M3MEHWIACh, SBJsAETCS coceaHedr ¢ Toukorl 4. Touka 4 ormedcHa
CHUMBOJIOM V, MO3TOMY MEPECUNTHIBAEM XaPAKTEPUCTUKY ITOU TOUKH U MIPOBEPSEM
cocennue ¢ Heu: 7+5=12>7; 7T+4=11>5; 7+7=14>0. Xapakrepuctuku Touek 3,6,7
ocTaroTcst 0€3 U3MEHEHU.

Paccmotpum touky 3. CoceqHuMHu ABISIOTCS TOYKM 2,4,6. XapakTepucTrka
2: 7+3=10, 3anmuceiBaeM OTy XapaKTePUCTHKy W YyKa3blBaeM HarpaBlCHHE.
Xapakrepuctuku 6,4 octanuch 6e3 nsmeHenus. Touky 3 oTMedaeM CUMBOJIOM V.

Paccmotpum Touky 2. CoceqHUMH SIBIISIFOTCA TOYKHU 1 1 3. XapaKTepUCTUKHU
TOYEK He wu3MeHsawTcsa, T.K. 10+5=15>6, 10+3=13>/. Touxky 2 oTMeuyaeM
CHUMBOJIOM V.

Paccmotpum touky 1. Cocennumu SBISAOTCSA TOUKH 2,4,5. XapaKTEPUCTUKHU
TOYEK HE U3MEHUJIUCH, T.K. 6+5=11>10, 6+2=8>4, 6+3=9>3. Onepanuu Hag BceMuU
TOYKaMU 3aKOHYEHBI. OTBET 3aMUIIIEM B BUIE TAOHIIHI.



Howmepa Touek, mexny |Kparuaiimee MapuipyT, 1o
KOTOPBIMU paccTosiHue KOTOPOMY MPOXOIUT
pacCUUTHIBACTCS KpaTyauuiee
1-7 6 1-5-7
2-1 10 2-3-6-7
3-7 7 3-6-7
4-7 7 4-7
o-7 3 o-7
6-7 3) 6-7
-7 0
3 BapHAaHT.

3anaua 1. [Inanupyerca pabota nByX oTpaciieid npousBoicTBa A u B Ha 4
roga. KomuuectBo X CpeACTB, BIOXKEHHBIX B OTpacib A, MO3BOJISIET MOJYYHUTh
noxoJ 5x u ymensiaerca A0 0,1x. KonnuecTBo y cpeicTB, BIOKEHHBIX B OTPACIIb
B, no3Bomnsier nmomyunth goxon 3y u ymenbinaercs go 0,5y. HeoGxomumo

pacrpenenuTh BBIAEIEHHBIE PECYpPChl B KOIMYECTBE So =1100 eAuMHULl MEXIY

OTpACIISIMH TI0 TOaM IIAHUPYEMOT'0 TIEPHO/Ia IS TOJIYYEHUS MaKCUMaJIbHOU
IPUOBLIN 32 BECh IEPUOI.
3agaua 2. Ilo 3amanHoi cxeme, coemunsionieii 10 Todek, HaWTH

KpaTyaiiiiee paccrostaue ot 1 rouku go 10.
15
3 4 7
/O 12

SN

S, = 750

11

10

4 BapuaHT.

3apaua 1. J[Bym npennpustusim A u B Ha 4 kBapTana BbIIEIEHO

equHull cpeAcTB. Kaxnapli KBapTan MNpeanpusTue A TMOJaydaeT X CpPEJICTB,
npeanpusitue B - y cpeacts. IIpu 3TOM OT BBIAEIEHHBIX CPEJCTB MpEaNnpuiaTe A
noiyvaer 4x enuHUI U octaTok cpeactB 0,3x eaunul, a npeanpusitue B - noxon

3y eIMHHUI] U OCTaTOK BbIAeeHHBIX cpenctB 0,0y equnui. HeoOxoaumo pacnpese-



JUTH CPEICTBA MEXTY MPEANPUATUSIMHA MOKBAPTAILHO TaKUM 00pa3oM, 4TOOBI 3a
BECh 01 00a MPEANPUSITHS TIOTYINUTH MAKCUMAIBHBINA JOXO/I.
3agaua 2. Ilo 3aganHoi cxeme, coemumHsgonierd 10 Touek, HalTH

KpaT4aiimee pacctosaue ot 1 touku o 10.
11
6 4 7
[0 .
@\ :

10

w

10 —(s)

5 BapuaHT.

3anaua 1. [Inanupyerca pabota nByX oTpaciiei rnmpousBoicTBa A u B Ha 4
roga. KomuuectBo X CpeACTB, BIOXKEHHBIX B OTpacib A, MO3BOJISIET MOJYYHUTh
noxona Sx u ymenbiaerca 10 0,3x. KoinuecTBo y CpeacTB, BIOKEHHBIX B OTPAaCib
B, no3Bonsger nonyuuts goxoa 6y u ymensinmaercs ao 0,1y. Heobxoaumo
pacrpenenuTh BBIACICHHBIE PECYpChl B KoJMuecTBE Sy =800 eIUHHI] MEXKIY
OTPACIISIMU 110 ToiaM IJIAHUPYEMOT'0 TIEPHOIa JIsI TTOJTyYEHUS MaKCUMalIbHOM
pUOBLIH 32 BECh IEPHO/I.

3agmaua 2. Ilo 3amanHoi cxeme, coemunsiomieid 10 Touek, HaWTH

KpaTyaiiiiee paccrostaue ot 1 rouku go 10.
/O .
7

;

4 4
12

N

8

KoHTpoJibHBIE BONIPOCHI
1. Yto Ha3BIBAETCS CEThIO, 3BCHBIMMU?

2. Uto Takoe XapaKTepUCTUKA TOYKU?



3. Onumwure anropuT™ pelIeHus 3aJa4u ONpeesIeHUs] KpaTJyanIiero

paccTosIHUS 110 3alaHHOMN ceTn?
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