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Meroauueckue ykazaHusl ISl TPaKTHYECKUX 3aHATUM mo auciummHe MJIK 02.03
MaremMaTHuecKoe MOJEIUPOBAHUE COCTABICHBI B cOOTBETCTBHU ¢ TpeboBanusmu OI'OC CIIO.
[IpenHasHaueHsl U1t CTYICHTOB, 0O0yJarommxcs mo crenuanbHocta 09.02.07 MHdopmanmonHbie

CUCTCMBI U ITPOTpaMMHUPOBAHHC.



ITPAKTUYECKOE 3AHATHE Ne 1

Tema [locTpoeHne IPOCTENUIINX MATEMATHYECKUX MOJECIIEH.

eab padoOThI: 3aKpeNUTh MNPAKTUYECKUE HABBIKM MO ITOCTPOCHUIO
MPOCTEHIITNX MATEMATUYECKHUX.

Kparkas reopus

[TocTpoenne maTemMaTHYECKOW MOJENIW MpoIlecca, SBICHUS WIH O0OBEKTa
HAUYMHAETCSI C TMIOCTPOCHMS YNPOIIEHHOIO BapuaHTa MOJIEIH, B KOTOPOM
YUUTBIBAIOTCS TOJBKO OCHOBHBIE 4YepThl. B pe3ynapTare mnpocCieKuBarOTCs
OCHOBHBIE CBSI3M MEXIY BXOAHBIMU IIapaMeTpaMH, OrPAaHUYCHUSIMH U
nokasareneM 3¢ dextuBHocTH. OOIIEro MOoAX0Aa K MOCTPOCHUIO MOJeNU HeT. B
KaXJOM KOHKPETHOM ClIy4a€ TMpH TIOCTPOCHUM MATEMaTHYECKOW MOJAEIHN
YUYUTBHIBAETCSI OOJIBIIIOE KOJIMYECTBO (DAKTOPOB: 11€JIb MOCTPOCHUS MOJEIH, KPyT
pelaeMbIX 3ajlad, TOYHOCTb OIKCAHUS MOJEIM UM TOYHOCTH BBINIOJHEHUS
BBIUHMCJICHUN. Maremarndeckass MOJAENb JIOJDKHA OTPaXaTh BCE CYIIECTBEHHBIE
(bakTopbl, ONMpEACIAIONINE €€ MOBECHUE, U MPU ITOM OBITh MPOCTON U YJI00HOM
1. BOCHpHUATHS pe3ysbTaToB. Kakmas maremaThueckas MOJEIb Ipoliecca,
SIBJICHUS WJIM O0OBEKTa B CBOCH OCHOBE MMEET MAaTeMaTHUYCCKHM KOJUYCCTBEHHBIM
METO/I.

[IpumeHeHue  MaTeMaTUYECKUX  KOJMYECTBEHHBIX  METOJIOB  JUIs
000CHOBaHUS BBIOOPA TOTO MJIM MHOTO YIPABJISIFOLIETO PEIICHUS BO BCEX 00JIaCTAX
YeJIOBEUYECKONW  JIEATENIbHOCTH  HAa3bIBACTCS ucciedosanuem  onepayuti. 1{ennto
MCCIICIOBAHUSI OTIEpaIlUi SIBJISIETCS HAXO0XKICHUE C UCIIOJIb30BAHUEM CIIEIIUATIBHOTO
MaTEMaTHYECKOTr0 anmnapaTa pelieHus, YJI0OBJICTBOPSIONIECTO 3aJaHHbIM YCJIOBHUSM.
Ha camom pene mnpu pemieHMHM MNpPaKTHUYECKH JIO00M 3amauyud  UMeeTcs
HEOTPAaHUYEHHOE KOJINYECTBO pELIEHUH. MHOXkecTBO pEeLIEHN,
YAOBJICTBOPSIOMIMX  3aJaHHBIM  YCIIOBUSIM  (OIpaHUYECHUSIM),  Ha3bIBACTCS
JOMYCTUMBIM MHOKECTBOM pelieHueM. BpIOOp M3 MHOXKECTBA JOMYCTHUMBIX
pelieHuii  OJHOTO  pElIeHWs, HaWIy4llero B  KaKoM-JIMOO  CMBICIE,
HA3bIBAEMOI'0 ONMUMATbHbIM PEIICHUEM, U €CTh 3aJ]a4a UCCIIEAOBAaHNS ONIEPaLIi.

Moodenb — smo mamepuanvhslil UIU UOCATbHLI 00beKmM, 3AMEHAIOWUL
OpUSUHAN, HAOEJIeHHbIU OCHOBHLIMU XAPAKMEPUCMUKAMU (Yepmamu) OpucuHaia u
NPeOHA3HAUEeHHbIU Ol NPOBEOCHUs. HEeKOMOPbIX OCeUCmeUull HA0 HUM C Uelblo

NONYYeHUsl HOBbIX C8e0eHUll 00 OpuUHae.
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Puc. 1. Knaccuduxamus moaenei



MaTeMaTH4YeCKHE MOAENnH
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Puc. 2. Knaccuduxaius MaTeMaTu4ecKux Mojenei

[Ipy nocTpoeHMM MaTEeMaTUYECKOM MOJENIM HeoOoXxoaumo obecre-
YUTh 00CMAMOYHYI0 TOYHOCTh ~ BBIYMCICHUNA  (TOYHOCTb  pEIIEHUs) U He-
00x00uMYI0 TIOAPOOHOCTh MOJeu. JIrobas MaTeMaTH4ecKas MOJIelb BKIIOYAeT B
ce0s1 OmMcaHuEe OCHOBHBIX, T. €. HEOOXOOUMbIX JJIA WCCIEOBAHUS CBOMCTB U
3aKOHOB ()YHKIITMOHUPOBAHUS UCCIEAYEMOro 00BbEeKTa, Ipoliecca Wiu sisjicHus. B
CBOEH OCHOBE KaX/Jas MaTeMaTH4ecKas MOJENIb HMMEET IEJIeBYI0 (PYHKIHUIO,
KOTOpasi ONMHUCHIBACT (PYHKIMOHUPOBAHHE PEATBHOTO OOBEKTa, Mpoliecca WIH
aBieHus. B 3aBHUCHMOCTH OT HcclieqyeMoro (MOAeTupyeMoro) 00ObeKTa, SBICHUS
WIM TIpollecca yenesas @yHKYyus MOXKET OBITh TMpEACTaBI€HA OAHOW (yHK-
UOHAJBHOM 3aBUCUMOCTBIO, CHCTEMON YpaBHEHWH (JIMHEWHBIX, HEIMHEHHBIX,
muddepeHnranbHbIX U T. J.), HA0OPOM CTATHUCTHYECKUX JaHHBIX U T. 1. llpu
paboTe ¢ 1eyeBo (PyHKIMEN HccienoBaTesib BO3JAECHCTBYET Ha HEE uepes3 Habop
6X00HbIX napamempoe (puc. 3).

Bxonnoit napamerp 1 Brixognoit napametp 1

Bxonnou napamerp 2 Brixoanoit nmapametp 2

Bxonnoit napametp 3 |Mogaens cuctembl  |BeixoaHoit napametp 3

Bxonnoit mapameTtp n-|(o0bekTa nid|BeixonHoi mapameTp m
1 npoiiecca) -1
Bxonnoit napameTp n BrixonHol napameTp m

Puc. 3. O0o01ieHHas cxeMa MaTeMaTHYECKOM MOJIETHN
[To cmocoOy peamu3anmuyi MaTEMaTHYCCKUE MOJCIH MOXKHO pPa3JeiHTh
CIEAYIOIIUM 00pa3oMm.
1. JIuneitHOE MpOrpaMMHUPOBAHHUE.
Martematnyeckas MoOJeNlb LEeTUKOM (1ienieBast (YHKIUSA W OTpaHUYCHUS)
OMHCHIBACTCS YPaBHEHUSMH TIEpBOro mopsiaka. JImHeitHoe mnporpaMMHupOBaHUE
BKJIFOYAET B c€0sl HECKOJBLKO METOJIOB pelieHus (3a1a4):

° CUMILICKCHBIM;

o rpaduyeCcKui;

° TPaHCHIOPTHAs 33/1a4a;

° LEJI0YMCIICHHOE TPOTrPaMMHUPOBAHUE.

2. HenuHeliHOE MporpaMMUpPOBaHMUE.



[leneBass ¢GyHKIMS W OTPAHUYCHHUS, COCTABIISIIONINE MATEMAaTHYECKYIO
MOJIeITb, COAEPKAT XOTs Obl OJTHO HENWHEWHOE ypaBHEHHE (ypaBHEHHE BTOPOTO
mopsinka W BbIme). HenuwHellHOe TPOrpaMMHPOBAHHME COICPKUT HECKOJIBKO
METOJIOB penieHus (3aaad):

o rpaduYeCcKui;

o PEryJsipHOTO CUMILIEKCA;

o nedhopmupyemoro MHororpanauka (Hemmnepa - Muna);
° TPaJlECHTHBIM.

3. InHamu4eckoe nporpaMMUpPOBaHUE.

OpHEHTHPOBAHO Ha PEIICHHE 33]a4 MPOKIAJKH MarucTpajieil KpaTdyanmm
MyTEM U NepepacipeiesieHUs pa3IMuHbIX BUJIOB PECYPCOB.

4. CereBoe IUIAaHUPOBAHUE.

Pemaer mnpobnemy mnocTpoeHuss rpaduka BBIIOJHEHHUS paboT, pac-
npeeNeHus MPOU3BOACTBEHHBIX, ((MHAHCOBBIX U JIIOJICKUX PECYPCOB.

S. IlpuHATHE pElICHNUI U 3JIEMEHTHI IJIAaHUPOBAHUS.

B srom ciyyae u kadecTBe IIeJIeBOM (DYHKIIMM BBICTYIaeT HaOOp CTa-
TUCTUYECKUX JAaHHBIX WJIM HEKOTOpbIC JIaHHBbIE NpPOTrHO3a. PemnieHuem 3amauu
SBJISIIOTCSL PEKOMEHJAIMKU O croco0ax moBeAeHus (crpareruu). PermieHue HOCHUT
pEeKOMeHJaTeNbHbIN XapakTep (mpubiu3uTeNbHOe pelieHue). Bribop cTparteruun
LEJTMKOM OCTaeTCsl 3a YEJIIOBEKOM — OTBETCTBEHHBIM JIMIIOM, MPUHUMAIOIIUM
perierue. s npuHSITHS pemeHus pa3paboTaHbl CIeTYIOIINEe TEOPUH:

. TEOPUSL UTD;

o CUCTEMBbI MacCOBOT'0 OOCITYKUBaHUS.

3aganme 1. CocTaBUTh MATEMATUYECKYIO MOJIENb ClEAyromen 3agaun. Ha
ckinaae umeercss 300 kr ceipbs. Hago u3rotoBuTh ABa BUAa npoaykuuu. Ha
W3TOTOBIIGHUE TEPBOTO U3Nenusi TpeOyeTcss 2 Kr ChIphs, a Ha H3TOTOBJICHUE
BTOPOro u3nenus — 5 Kr. OnpeaennTs IIaH BbITYyCKa JBYX U3/IEIIUM.

Pemenue.

O6o03HaunM, x| — eAWHUIIA MEPBOrO U3JACIUS, X2 — EIUHHUIIA BTOPOIO
n3aeand. Torga coctaBUM MareMathnueckas Moaeib: 2x1+5x2=300.

3apanue 2. CocTaBUTh MaTEMAaTHYECKYIO MOJEIb CIEIYIOMEeH 3aaauu.
[Ipenmonoxxum, 4YTo Uil TPOM3BOJCTBA NPOAYKIMU Buaa A u B MoxHO
WCIONB30BaTh MaTepuan 3-X copToB. [Ipm 3TOM Ha HM3rOTOBJICHUE €IMHUIIBI
m3aenus Buja A pacxoxyercs 14 kr mepBoro copta, 12 Kr BTOporo copra u 8 Kr
TpeTbero copra. Ha usrorosnenue npoaykunu Buaa B pacxoayercst 8 Kr mepBoro
copta, 4 KI BTOpPOro copTa, 2 Kr TpeThero copra. Ha cknane dhaOpuku nmeercs
BCEro Marepuaia nepBoro copra 624 xr, sroporo copra 541 Kr, TpeTbero copra
376 xr. OT peanu3alnyy €AUHUIIBI TOTOBOW MpoAYyKIMU Buaa A ¢dabpuka umeer
npuObUTh BUAA 7 py0., a OT pealn3aluy €IUHUIBI TOTOBOM MpOAYKIMU Buaa B
¢dabpuka nmeer npubbUL BUAa 3 pyo. Onpenenuts MakKCUMalbHYIO MPUObUIL OT
peanu3anuu BCceu NpoayKIuu BUIOB A u B.



Pemenue.

CocTaBuM MaTeMaTUYECKYIO MOJIEIb 3a1a4u:

[Tycth x1 — equHMIIA TOTOBOM MPOAYKIIMU BUIA A,

X2 - eAMHUIIA TOTOBOW MPOAYKIIUH BUIa B,

Llens ¢aOpuku MOJYyYUTh MAKCUMaTIbHYIO HMPHOBLUIb OT peaau3aluu Bcel
MPOAYKIMHU BUIOB

A u B, Torna:

F =7 x, +3 x, —» max

Cucrema orpaHUYEHUN:

014x, +8x, <624

H12x, +4x, <541

{ 8x, +2x, <376

x, 20, x, =0 ycrosue  HeompuyameabHocmu

3amanue 3. CocTaBUTh MaTEMATHYECKYIO MOJEIb CIEIYIOMIEH 3aJayd.
Nmerorest Tpy myHKTa MMOCTaBKUA OAHOPOAHOTO rpy3a Al, A2, A3 ¥ 1sITh MyHKTOB
B1, B2, B3, B4, B5 norpebnenuss storo rpy3a. Ha mynkrax Al, A2 u A3
HAaXOJIUTCS TPy3 COOTBETCTBEHHO B KosmuecTBe 200, 450, 250 TonH. B mynkTsl Bl,
B2, B3, B4, B5 tpebyercs nmocraButh cootrBercTBeHHo 100, 125, 325, 250, 100
TOHH rpy3a. PaccTosiHre MeXIy MyHKTaMH MOCTABKU M IyHKTaMH MOTpeOJIeHuUs
PUBEACHO B TaOJIHIIE:

TTyHKTBI ITynkTBI MOTPEOIEHUS

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

[IpoBepka cOagaHCUPOBAHHOCTH MOJEIH 3amadyd. Mojenb  SBISICTCS
cOajaHCUPOBAHHOM, T.K. CyMMapHbI 00bEM 3aIacoB CHIPbS PaBEH CYMMapHOMY
00beMy OTPEOHOCTU B HEW:

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

[TocTpoeHne MaTeMaTHYE€CKOM MOJEIM — HEW3BECTHBIMHA B 3TOM 3aJayd

X

ABJsieTCsl 00beM nepeBo30K. Ilycte i - 00beM MepeBO30K Ci-ro MPEANpPHUSTUS B j-

ro MyHKT norpedsieHus. CyMMapHbIe TPaHCIIOPTHBIE PACXOABI - 3TO (YHKIHOHAI
n m
. F :ZZCI.I.XU
Ka4yeCTBa (KPUTEPHI LIEIIN): = j= ,

C

['me “7 - CTOMMOCTH NEPEBO3KU EIWHMIBI MPOAYKIUU Ci-I'O NPEATPUATHUSA

B j-1 MyHKTax MOTPeOICHHUS.




HewnsBecTHple B 3TOM 3aJaud JIOJDKHBI  YAOBJIETBOPSTH  CIEAYIOLIUM
OrpaHUYECHUSIM:

O0BbeM nepeBO30K HE MOTYT OBITh OTPHULIATEIbHBIMU;

[Tockonbky Moaenb cOajmaHCUpOBaHa, TO BCA NPOAYKUHUSA AOJDKHA OBITh
BBIBE3€HA C MPEANPUATHS, @ NOTPEOHOCTh BCEX IIYHKTOB MOTPEOIEHUS JOJKHA
OBITh MOJHOCTBIO yJI0OBIETBOPEHBI.

Htak, nMeeM cleayrouyo 3a1auy:

4 5
F :ZZCEIX!‘J‘ — min,

Haiitn MuHMMyM (QyHKIMOHANA: i =

I 4

12, x; =100,

0 Ezl

13 x, =125

S, -1z

4 e

1%, =325, ¥ x, =200,

i 04

ik D¢

DZXU. =250, [} x, =450,

0 izl 1 j5:1

13 x, =100, 1Y x, =250,
[Ipu orpaHuveHUsIX: = 0= Xij 20’1‘6[1»3J:J€{1,5J-)

3amanust 1711 CaMOCTOSATENbHON pabOThI

1 Bapuasr.

3agaua 1. CocTraBuTh MATEMATHUYECKYK) MOJEIb CIEAYIOMIEH 3aayu.
[Ipennosioxkum, YTO s NPOM3BOJACTBA MNPOAYKIMKM Buga A u B MoxHO
WCIIOJB30BaTh Marepuana Tpex copToB. IIpu 3TOM Ha HW3TOTOBICHUE E€IWHUIIBI
nu3aenus Buna A pacxonyercs al Kr mepBoro copra, a2 K BTOPOTO copTa U a3 KT
TpeThero copta. Ha usrorosnenue npoaykiuu Bujaa B pacxonyercst b1 Kr mepBoro
copta, b2 xr BTOporo copta, b3 kr Tpethero copta. Ha cknane gpabpuku mmeercs
BCEr0 Marepuaja MepBOro coprtacl Kr, BTOPOro copTa c2 Kr, TpPEThEro
copta c3 kr. OT peanu3anuu €IWHULIBI TOTOBOM MNpoAyKUMH Bujpa A ¢dabpuka
uMeeT NMpUObLTL BUIA o PYyO., a OT peasiu3allii €IUHUIIBI TOTOBOM MPOIYKIIMHU BUJIA
B ¢abpuka umeet npudsLib BuAa S pyo. OnpeaenuTs MaKCUMAIbHYIO TPUOBLIb OT
peann3anuu BCel MpoayKIu BUAOB A u B.

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

a=J, p=4.

3amaya 2. IMeroTcst TpU INyHKTa MOCTaBKM OJHOPOAHOro rpysa Al, A2,
A3u nate nyHktoB B1, B2, B3, B4, B5 morpe6nenuss storo rpys3a. Ha
nyHkTax Al, A2 u A3 HaxoaMTCs Tpy3 COOTBETCTBEHHO B KOJuuecTBe al, a2 u
a3tonn. B nysktel Bl, B2, B3, B4, BS5tpebyercs  g0CTaBUTH



COOTBETCTBEHHO b/, b2, b3, b4, b5 Tonn rpy3a. PaccrosiHme Mexay MTyHKTaMu
MOCTaBKU U MIYHKTaMH MOTPEOICHUS IPUBEACHO B TAOIHUIIC:

Tyt [TyHkTHI TOTpEOIICHUS

bl IOCTABKHU B1 B2 B3 B4 B5
Al DI11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiitm Takoli 1u1aH 3aKkperuieHHsT TOTpeOUTeNe 3a TMOoCTaBIIMKaMU
OJIHOPOJAHOTO Tpy3a, dTOObI 0OIMe 3arpaThl IO IIepeBO3KaM  ObLIU
MUHUMAJIBLHBIMU.

al=300, a2=250, a3=200, j4 8 13 2 7¢

b1=210, b2=150, b3=120, b4=135, b5=135. D=9 4 11 9 17]
i3 16 10 1 4af

2 BapwuaHr.

3agaua 1. CocTraBuTh MATEMATUYECKYK) MOJEIb CIEAYIOMIEH 3aJayu.
[Ipennosioxkum, 4YTO sl NPOM3BOJACTBA MNPOAYKIMKM Buga A u B MoxHO
WCIIOJB30BaTh Marepuana Tpex copToB. IIpu 3TOM Ha HW3TOTOBICHUE EIWHUIIBI
u3zenus Bujga A pacxoayercst al Kr mepBOro copra, a2 Kr BTOPOro copra u a3 Kr
TpeThero copta. Ha usrorornenue npoaykiuu Bujaa B pacxomyercst b1 Kr mepBoro
copta, b2 kr BTOporo copta, b3 kr Tpethero copra. Ha cknane ¢abpuxku numeercs
BCEr0 MaTepuajga TMepBOTO copTa cl Kr, BTOPOTO copTa c2 KI, TPEThEro
copta c¢3 kr. OT peald3anuu €IWHULBI TOTOBOM MNpoayKuuu Bujga A ¢abpuka
uMeeT NpUObLTL BUIA o PYyO., a OT peasiu3allii €IUHUIIBI TOTOBOM MPOIYKIIMHU BUJIA
B ¢abpuka umeet npudsLib BuAa S pyo. OnpeaenuTs MaKCUMAIbHYIO TPUOBLIb OT
peanu3anuu Bcel NpoyKIuu BU0B A u B.
al= 14, a2= 15, a3= 20, b1=40, b2= 27, b3=4, c1= 1200, c2= 993, c3= 1097,
o=35, p=13.

3agaua 2. MIMeOTCS TpH IyHKTa IOCTaBKH OJHOPOAHOrO rpys3a Al, A2,
A3 u nate nyHktoB B1, B2, B3, B4, BS5 norpe6nenuss storo rpys3a. Ha
nyHkTax Al, A2 u A3 HaxoauTcsl Tpy3 COOTBETCTBEHHO B KOJIMYECTBE al, a2 u
a3tonn. B nynktel Bl, B2, B3, B4, BS5Ttpebyercs  ag0CTaBUTH
COOTBETCTBeHHO b1, b2, b3, b4, b5 ToHH Tpy3a.

PaccrossHne Mexay MyHKTaMd TIOCTaBKA W IMYHKTaMH TOTPEOJICHUS
MIPUBEICHO B TaOJIHIIE:




TyHKTs [TynkTBI IOTpEOICHUS

HOCTaBKH 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 1UlaH 3aKpelyieHus NOTpeOuTeNne 3a MOCTaBUIMKAMHU
OJHOPOJHOIO TIpy3a, 4YTOObI 0OLIMe 3aTpaThl IO [EpeBO3KaM  ObuM
MHUHUMAaJIbHBIMH.

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

b1=170, b2=140, b3=200, b4=195, b5=145. D =p19 17 26 36 36[
37 30 31 39 aif

KOHTpOJIBHLIe BOIIPOCEHI

l. Uto Takoe MoAeIb?

2 [IpuBenuTe KIaccudUKaIuo MOJCIICH.

3. Kaxue BbI 3HaeTe BUJIbI MAaTEMaTHYECKUX MOJIEICH?
4 JlaiiTe onpeaesneHue 1eaeBor QyHKIUU.

IMPAKTUYECKOE 3AHATUE Ne 2

Tema IlocTpoeHne NpoCTEUIINX CTATUCTUIECKUX MOJEIICH

Leapr padoOThI: 3aKpENUTh MPAKTUYECKHE HABBIKM IO IMOCTPOCHUIO
MIPOCTEUIINX CTATUCTUYECKUX MOJETIEH.

1 Bapuasr.

3agaua 1. CocTraBuTh MATEMATUYECKYK) MOJEIb CIEAYIOMIEH 3aJayu.
[Ipenmonoxum, 4YTo Uil TPOM3BOJCTBA NPOAYKIMU Buaa A u B MoxHO
UCIIOJIb30BaTh MaTepuaid Tpex copToB. lIpu 3TOM Ha W3TOTOBJICHUE EIWHUIIBI
u3aenus Buaa A pacxoayercs al Kr mepBoro copra, a2 K BTOPOTO copTa M a3 Kr
TpeThero copta. Ha usrorornenue npoaykiuu Bunaa B pacxomyercs bl kr mepBoro
copta, b2 xr BTOporo copta, b3 kr Tpethero copta. Ha cknane ¢pabpuxku umeercs
BCEr0 MaTepuajga TMepBOro coprtacl Kr, BTOPOro copTta c2 KI, TPEThEro
copta c3 kr. OT peald3anuu €IUWHUIBI TOTOBOM MNpoaykKuuu Bujga A ¢abpuka
uMeeT NMpUObLIL BUIA O pYyO., a OT peasiu3allii €IUHUIIBI TOTOBOM MPOIYKIIMHU BUJIA
B ¢abpuka umeet npudsLibs Buaa B pyo. OnpeaenuTs MaKCUMaIbHYIO TPUOBLTH OT
peam3anuu BCer MpOAyKIIMU BUAOB A u B.
al=9, a2=15, a3=15, bl=27, b2= 15, b3=3, c1= 606, c2= 802, c3= 840,
a=11, B=6.

3amaya 2. IMeroTcst TpU INyHKTa MOCTaBKM OJHOPOAHOro rpysa Al, A2,
A3u nate nyHktoB Bl1, B2, B3, B4, B5 morpe6nenuss storo rpysza. Ha




nyHktax Al, A2 u A3 HaxomuTcs Tpy3 COOTBETCTBEHHO B KoJmyecTBe al, a2 u
a3tonn. B nyskte BI, B2, B3, B4, BS5tpelyercs mocTaBUTH
cooTBeTCTBEHHO b1, b2, b3, b4, b5 Tonn rpy3a. PaccrosiHme Mexay MTyHKTaMu
MOCTAaBKH M MMyHKTaMU MOTPeOICHHsI IPUBEICHO B TaOIUIIE:

[yHKTH [TyHnkThI mOTpeOaeHUs

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

HaiiTu Takoil 1aH 3aKpelyieHus NOoTpeduTeNne 3a MOCTaBUIMKAMHU
OJIHOPOJHOTO Tpy3a, dYTOOBI OOIIME 3aTrpaThl 10 IEepeBO3KaM  ObLIH
MUHHMAaJIbHBIMHU.

al=200, a2=250, a3=200, f28 27 18 27 24p

b1=190, b2=100, b3=120, b4=110, b5=130. D =p18 26 27 32 21p
27 33 23 31 34f

4 BapuaHT

3agaua 1. CocTraBuTh MATEMATUYECKYK) MOJEIb CIEAYIOMICH 3aJayu.
[Ipennonioxkum, 4YTO sl TPOM3BOJACTBA MNPOAYKIMKM Buga A u B MoxHO
HCIIOJB30BaTh MaTepuana Tpex copToB. IIpu ATOM Ha H3rOTOBIICHHE €IUHMIIBI
n3aenus Buna A pacxonyercs al Kr mepBOro copra, a2 K BTOPOTO copTa U a3 Kr
TpeThero copta. Ha usrorosnenue npoaykiuu Bujaa B pacxomyercst b1 Kr mepBoro
copta, b2 xr BTOpOoro copta, b3 kr TpeThero copta. Ha cknane ¢abpuxku umeercs
BCEr0 MaTrepuajga MEepPBOTO copTa cl Kr, BTOPOTO coOpTa c2 KI, TPEThEro
copta c¢3 kr. OT peald3anuu €IWHULBI TOTOBOM MNpoayKuuu Bujga A ¢abpuka
MMeeT NpuObLIL BUJIA o PYO., a OT peain3aluy €AUHUIBI TOTOBOM MPOAYKIIUU BHUIA
B ¢abpuka umeet npudsLib Buaa £ pyo. OnpeaenuTs MaKCUMaIbHYIO IPUOBUTH OT
peanu3anuu Bcell NpoayKIuu BUI0B A u B.
al=13,a2= 13, a3=11, b1=23,b2= 11, b3=1, cI= 608, c2= 614, c3= 575,
o=35, p=7.

3agaua 2. IMeroTcs TpW MyHKTa IMOCTaBKU OJHOPOAHOro rpys3a Al, A2,
A3 u nate nyHktoB Bl1, B2, B3, B4, B5 norpebnenuss storo rpys3a. Ha
nyHkTax Al, A2 u A3 HaxoauTcsl Tpy3 COOTBETCTBEHHO B KOJWYECTBE al, a2 u
a3tonn. B mywktel BI, B2, B3, B4
COOTBETCTBeHHO b1, b2, b3, b4, b5 ToHH Tpy3a. PaccrosHue MeXay IyHKTaMu

, B5Tpebyercs  moctaBUTH

IMIOCTAaBKHU U ITYHKTaMU HOTpe6JIeHI/I$I IMPUBCIACHO B Ta6n1/1ue:




TynKrs: [TynkTBI TOTpEOICHUS

HoCTaBKH Bl B2 B3 B4 B5
Al DI11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiitm Takolt 1u1aH 3aKkperuieHUsT TOTpeOUTeNe 3a TOoCTaBIIMKaMU
OTHOPOJHOTO Tpy3a, dTOOBI OOImME 3aTpaTbl 10 TIEPEBO3KaM  ObLIH
MHUHUMAJIbHBIMU.

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

b1=140, b2=90, b3=160, b4=110, b5=150. D =049 26 27 18 380
a6 27 36 40 asf]

S Bapuanr.

3amaga 1. CocTaBUTh MaTeMaTHYECKYI0 MOJENb CIEAYIOLEeH 3a1auu.
[Ipennonoxum, 4YTO A NPOM3BOACTBA MNPOAYKIMH BuAa A u B MoxHO
UCIOJb30BaTh MaTepHasl Tpex copToB. llpu 3TOM Ha H3roTOBIIEHHE €IUHUIIBI
u3zenus Buaa A pacxoayercst al Kr mepBoro copra, a2 KI BTOPOro copra u a3 Kr
TpeThero copta. Ha usrorosnenue npoaykuuu Bujaa B pacxonyercs bl Kr nepBoro
copta, b2 Xr BTOpOro copta, b3 Kr Tpethero copra. Ha ckiane ¢pabpuku umeercs
BCEr0 Marepuana NepBOro copracl Kr, BTOPOro copTa cZ KI, TPEThEro
copta c¢3 kr. OT peald3anuu €IWHULBI TOTOBOM MNpoayKuuu Buga A ¢abpuka
UMEET NMPUObLIb BUJIA o pyO., a OT peain3aliy eIMHUIbI TOTOBOM MPOIYKIUU BUIA
B ¢abpuxa umeet npudbUIs Buaa f pyo. OnpenenuTs MaKCUMaIbHYIO TPUOBLTH OT
peanu3anuu Bcel NpoayKIuu BU0B A u B.
al=19,a2= 16, a3=19, bi1=31,b2=9,b3=1, cl= 1121, c2= 706, c3= 1066,
a=16, p=19.

3agaua 2. MIMeOTCS TpHM IyHKTa IOCTaBKH OJHOPOAHOrO rpys3a Al, A2,
A3 u nate nynktoB Bl1, B2, B3, B4, BS5 norpe6nenuss storo rpys3a. Ha
nyHktax Al, A2 nu A3 HaxoauTcs Ipy3 COOTBETCTBEHHO B KosmuecTBe al, a2 u
a3tonn. B mymktet Bl, B2, B3, B4, BS5Tpebyercs  mocTaBUTH
COOTBETCTBEHHO b/, b2, b3, b4, b5 Tonn rpy3a. PaccrosiHue Mexay MyHKTaMu
MOCTABKU U MyHKTaMHU MOTPEOIEHUSI TPUBEACHO B TaOIMIIE:

TTyHKTHI [TyHKTBI MOTpEOICHUS

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




HaiitTn Takoil mjaH 3akperieHHs MOTpeduTeneil 3a MOCTaBIIUKAMU

OMTHOPOJHOTO Tpy3a, dYTOOBI OOmHME 3aTpaThl

MHWHHUMAJIBHBIMH.

Mo TEepeBO3KaM  ObLIN

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

H20 10 13 13 18H

D =p27 19 20 16 22

f26 17 19 21 23f

KOHTpOJH)HI)Ie BOIIPOCHI

l.

2.
3.
4

JlaiiTe onpeneneHue 1eaeBoi QyHKIUU.
UYrto Takoe 00JaCTh AOMYCTUMBIX PEIICHHIA?

Yto Ha3pIBaeTCS AOIIYCTUMBIM PCIICHUCM, OIITUMAJIbHBIM peHIeHI/ICM?

Kaxkue criocoObl peann3anny MaTeMaTHYeCKUX MOJIeIel Bbl 3HaeTe?

IIpakTnuyeckoe 3ansaTue Ne3

«Pemienue HpOCTeﬁHIl/IX OJHOKPHUTECPHAIBHBIX 3aJa1»

Ienn 3aHATHSA:

l.

HCEPABCHCTB C ABYM:A IICPECMCHHBIMMU.

OtpaboTaTh M 3aKpeNUTh YMEHHUS TpapUUYecKd peniaTbh CHUCTEMbI

2. OTpaboTaTh M 3aKpeNUTh YMEHHUS 3alKUChIBATh B3aUMOCBA3b MOKa3aTeei

3a7a4y B BHJIE MATEMATUYECKON MOJIEIH.

MeToauueckune YKa3aHusd K BbIIIOJHCHHUIO 3aJaHUH MNPAKTHICCKOIo

3aHATUSA

Pewenue cucmemnl HepaeeHcme C aByM}l nepemeHHbiMU Zpa(ﬁuUBCKMM
MemoooM GKIOYAEm Cﬂedyiou;ue amanal.

1. Ha mnockoctn X;0X, CTpOAT NpsiMble, YpaBHEHHS! KOTOPBIX MTOITYYarOTCS

B PE3YyJbTATC 3aMCHbI B OTPAHHMYCHHAX 3HAKOB HCPABCHCTB HA 3HAKM TOYHBLIX

PaBCHCTB.

2. HaXOI[HT IMMOJIYIIIIOCKOCTH, OIPCACIISICMbBIC KAXKABIM U3 HCPABCHCTB.

3. CTposiIT MHOTOYTOJIBHUK PELICHUN.

Hpumep:

Pemuth cucteMy HEpaBeHCTB TpadUUECKUM CTIOCOOOM.

X, +2-X,<6
2-X,+X,<8
X, +0.8-X,<5
X, + Xz <1
X, <2

X, 20, X,20

Pemenue:

(a)
(6)

| (8

)
©)
(e)




[lar 1. Crpoum o0nacTb AOMYCTUMBIX peleHuit - obnacte P, T.e.
r€OMETPUYECKOE MECTO TOYEK, B KOTOPOM OJHOBPEMEHHO YAOBIIETBOPSIIOTCS BCE
orpannuenus 3JII1. Kaxnoe u3 HepaBeHCTB (a)-(1) cUCTEMBbl OTPAaHUYCHUN 3a7auu
TF€OMETPUYECKHA OIPEAEIISIET MOMYIIOCKOCTh COOTBETCTBEHHO C TI'pPaHUYHBIMU
IPSIMBIMHU:

X, +2-X,=6 (a)
2-X,+X,=8 (6)
X, +0.8-Xg=5 ()
X, +X,=1 (o)
X,=2 (9)

VYcinoBus HEOTPULIATEIBLHOCTU IEPEMEHHBIX (€) OrpaHMYMBaIOT 00J1aCThb
JOMYyCTUMBIX PELIEHUI MepBbIM KBagpatoM. O0acTu, B KOTOPBIX BBIIOJIHSAIOTCS
COOTBETCTBYIOIIME OTPAaHUYECHHS B BUJE HEPABEHCTB, YKA3bIBAKOTCS CTPEIKAMH,
HaIlpaBJIECHHBIMHU B CTOPOHY JOIYCTUMBIX 3HAYEHHI MEPEMEHHBIX

Pemenne cucremsl — mHOroyroasHuk ABCDEF.

X

\

7

6N

2

'123‘:\1\0\%\ X,

Bapuanr 1

I. Pemmmts rpaduuecku cucteMy HEpaBEHCTB:
a)X;+x,<5

3X1 - X2 < 3

x1 >0, x>0

6) X1 + X2 S 4

6X1 + 2X2 > 6

X1+ 5X2 > 5

x1>0, x,>0

2. CocTaBUTh MATEMATHYECKYIO MOJIENb 3a1a41 U HAUTH PELICHUE
CUCTEMBI OIPAHUYECHUM:



YynouHo-HOcOuHas (pupMa NPOM3BOAUT M MPOJAET JABa BHAA TOBApPOB:
MY’KCKHE HOCKH U KEHCKUE UyJiku. Pupma mnoiydaer npuoslibs B pazmepe 10 pyoO.
OT TPOM3BOJCTBA WU TMPOJNAXH OJHOW Maphl UyJIOK U B pasmepe 4 pyO. or
MIPOMU3BOJCTBA U MPOJAXKU OJHOM mapbl HOCKOB. [IpOM3BOICTBO KaKa0ro M3AEIIH
OCYILECTBIISIETCS HA TPEX ydacTKax. 3aTparhl TpyJa (B 4acax) Ha MPOU3BOJICTBO
OJIHOM Maphbl yKa3aHbl B CIEAYIOUIEH TabnuIe Ul KaKJ0r0 y4acTKa:

VY4acTok npou3BOACTBa
Yynku
Hockn

1
0,02
0,01

2
0,03
0,01

3
0,03
0,02

PykoBoJICTBO paccuuTalio, 4TO B CIEAYIOIIEM Mecsle (pupMa €KeTHEBHO
Oyzaer pacronaraTh CIEAYIOLUIMMHU pecypcaMu pabo4yero BpEeMEHU Ha KaXKIAOM M3
ydacTkoB: 60 4 Ha yuacTtke 1; 70 4 Ha yyactke 2 u 100 4 Ha ydactke 3. CKOJIBKO
nap HOCKOB M YYJOK CJEAyeT NPOMU3BOJAUTH €XKEIHEBHO, €ClIM (pupma Xouer
MaKCUMU3UPOBATH MPUOBLITH?

Bapuanr 2
1.  Pemmrb rpaduyuecku CUCTEMY HEPABCHCTB:
a) X1 + X2 < 5
3x1-x,<3
x1>0, x>0

0) x;-x,<3
X1+ x,<9
X1+ Xx;>3
X1+X22 3/2
x>0, x,>0

2. CocrtaBuThb MaTEMaTHYECKyH0 MOJEIb 3aJaud W HAUTH pellieHue
CUCTEMBI OTPAHUYECHMIA:

ITocne npennpuHATON pexkaMHOW KOMIAHUU GpupMa « OTABIX» UCIIBITHIBAET
pOCT cIIpoca Ha J1Ba TUIIA MAHIajoB JJIsl IPUTOTOBJIEHMS IIALUIBIKOB HA OTKPHITOM
BO3JlyX€ — I'a30Bble U yroyibHble. PupMma 3aKI0YniIa KOHTPAKT HA €KEMECSIUYHYIO
noctaBky B Marasusbl 300 yrosbHbIx M 300 razoBbix maHraioB. [Ipou3BoacTBo



MaHTaJIOB  OTPAHMYMBACTCS  MOIIHOCTBIO  CIEAYIOIIMX TPEX  YYacTKOB:
MPOM3BOJCTBA JeTajnei, COOPKM M yHakoBKH. B Tabmuie moka3aHO, CKOJIBKO
YEJIO0BEKOYACOB 3aTPAayMBACTCA HA KaXJOM YYaCTKE HA KAXKIAYI0 EIUHHUILY
MPOAYKIINH, & TAKXKe MPUBEACH JOMYCTUMBIN €KeMECSUHbII 00beM Tpya03aTpar:

YuacTok
Tpyno3aTparsl Ha MPOU3BOACTBO OJTHOIO MaHTAJIA, Y
@OH/T BpEMEHH, YEIIOBEKOYACHI

YTOJILHOTO
ra30BOro
[IpounsBoacTso
5
8
2600
Coopka
0,8
1,2
400
YnakoBka
0,5
0,5
200
Bapuanr 3
1. Pemmts rpaduuecku cucteMy HEpaBEHCTB:
a) X;+ 3x,>3
-2X1 + X2 < 2
X1+x2<5
x1 >0, x>0
0) -x; +3x,<9
2x1+3x,< 18
2X1 - X2 S 10
x>0, x,>0
2. CocTaBuTh MaTEMaTUYECKYH0 MOJICNIb 3aJadyd W HAWTH pelieHue

CUCTEMBI OI'PaHUYCHUI:

[TpennpusitTue pacmnonaraeT pecypcamu  ChIpbs, paOouell CWibl U
00opy10BaHUEM, HEOOXOUMBIMU JJIsl MIPOU3BOJICTBA JIIOOOTO M3 YETHIPEX BHUIIOB
IIPOU3BOJAMMBIX TOBApOB. 3aTPaThl PECYPCOB HA U3TOTOBJIEHUE €AMHULBI KaK10TO
BUJa TOBapa M MpUOBLIb, MOJyd4aeMas MPEeIIpUiTHEM, a TaKkke 00BEM pPECcypcoB



YKa3aHbI B Ta6m/1ue. CocTtaBuTh IJIaH BBIITYCKA TOBApOB, I[aIOH_[I/Iﬁ MaKCHMAaJIbHYIO

pUObLIb.

Pecypcer
3aTpatsl pecypcoB Ha | exn. ToBapa
O6bem pecypcoB
1
2
3
4
Coipbe, KT
3
5
2
4
60
Pabouas cuia, gedn.
22
14
18
30
400
O6opynoBaHue, CTAaHKO-4
10
14
8
16
130
[TpubsLns Ha 1 ex.ToBapa, pyo.
30
25
56
48

Bapuanr 4
1. Pemuth rpadudecku cucteMy HEpaBEHCTB:
a) X;+ 3x2,>3
-2X1 + X5 < 2
X1+ Xo < 5
x1>0, x,>0

0) X;-Xx2<3



2X1+X223

X1 - 3X2 < 1
X120, x,>0
2. CocTaBuTh MATEMAaTHYCCKYI0O MOICIIb 3aJa4u H HalTH PCUICHUC

CHUCTEMBI OIPaHUYCHUI:

O6pabotka nerameidi A W B MoXeT HpOM3BOIUTHCS Ha TPEX CTaHKaX.
[IpuueM kaxkmas nAeTaib OPU €€ M3TOTOBJICHUM JOJDKHA TOCJIEIOBATEIBHO
00pabaThIBaThCsl Ha KaKJIOM M3 CTAaHKOB. [IpuOBLIL OT peamusamuu getand A —
100 nen. en., neramu B — 160 nen. en. Mcxoanbie JaHHBIE NPUBEJCHBI B TaOIUIIE.
OrnpenenuTh NPOU3BOJICTBEHHYIO MPOrpPaMMy, MAKCUMU3ZUPYIONIYIO TPUObLIb MPHU
yCJIOBHH: cIipoc Ha AeTtainb A He MeHee 300 miT., Ha neranb B - He 6omee 200 miT.

Cranok
Hopwma Bpemenu Ha 06paOOTKy OJIHOM JeTanu, 4
Bpewmst paboThl cTaHka, 4

A
B
1

0,2

0,1

100
2

0,2

0,5

180
3

0,1

0,2

100

IMPAKTUYECKOE 3AHATHUE Ne 4

Tema OcnoBbl padorsl ¢ Math CAD

Mathcad pabGotaetr c doxymenmamu. C TOYKA 3pEHUS TOJIH30BATEII,
JOKYMEHT - 3TO YHMCTHIN JIUCT OyMaru, Ha KOTOPOM MOKHO pa3MeliaTh 00J1acTu
TPEX OCHOBHBIX THIIOB: MaTEeMaTHUYECKHUE BBIPAKEHUS, TEKCTOBBIE ()parMeHThI U
rpaduyeckue o0JacTu.

MaTtemaTnyecKue BbIPpaKeHUs

K ocHOBHBIM »3yeMeHTaM MaTeMaTHYeCKHX BbIpaxkeHH Mathcad

OTHOCSITCSI TUNbI OAHHBIX, ONEPAMopbl, PYHKYUU U YNPasIAouwue CImpyKmypbl.

Tunsl JTaHHBIX



K munam Oannbix OTHOCSATCS YUCIIOBBIE KOHCTAHTBI, OOBIYHBIE U
CHCTEMHBIC NTEPEeMEHHbIC, MACCHBHI (BEKTOPBHI M MATPHIIBI) U JaHHBIE (HaHIIOBOTO
THUTIA.

Koncmanmamu Ha3pIBalOT ~ TIOMMEHOBaHHBIE  OOBEKTHI,  XpaHSIIHAE
HEKOTOpPBIE 3HAYCHHSI, KOTOPhIE HE MOTYT OBITh U3MEHEHEI. [lepementbie SBIIOTCS
IOMMEHOBAaHHBIMU OOBEKTaMH, UMEIONTUMH HEKOTOPOE 3HAYCHUE, KOTOPOE MOXKET
MU3MEHSATHCS TI0 XOJy BBITIOJHEHHS MporpamMMbl. FIMeHa KOHCTaHT, IEPEMEHHBIX U
HWHBIX OOBEKTOB HA3bIBAIOT udeHmughuxamopamu. Vnentndukaropsr B Mathcad
MIPEACTABISIIOT CO00¥ HAOOP JIATUHCKUX WUJTH TPEYECKUX OYKB U ITUdp.

B Mathcad copepxutcs HeOombias rpymmna ocoObIX 0OBEKTOB, KOTOPHIE
HEJIB3sl OTHECTH HU K KJIACCY KOHCTaHT, HM K KIIACCY MEPEMCHHBIX, 3HAYCHHS
KOTOPBIX OMpEJENIeHbI cpa3y MOcCIe 3ammycKka mporpaMmmel. X npaBuiibHEE CUUTATh
CUCTEMHBIMH  TIEPEMEHHBIMH, HWMEIOIMIMMHU  TPEAONpeesieHHbIe  CHCTEMOMN
HaYaJIbHbIC 3HAUCHUSI.

OObIuHBIC TTIEPEMEHHBIC OTINYAIOTCS OT CUCTEMHBIX T€M, YTO OHU JIOJIKHBI
OBITh TIPEIBAPUTEIIEHO OINPE/ICIICHBI MOJB30BATEIEM, T. €. UM HEOOXOIMMO XOTs
Obl ONHAXIBl TMPUCBOUTH 3HAa4YCHHE. B KadecTBe omepatopa NPUCBAMBAHUS
UCTIOJNB3YeTCsl 3HAK =, TOTrJa KaKk 3HAaK = OTBEACH JUIS BBIBOJA 3HAUYCHWS
KOHCTAHTBI WJIA TIEPEMEHHOM.

38 Mathcad PLUS - [Maremaruveckue sopaxenns] M=k
' EJ Eile Edil Tewt Math Graphics Symbobe Window Books Help =8| x|
Moumep | Onpegs nesus NepeMeHHBX ﬂ
820 - NOKANSHOE ONPENENEHUE a+b=3 - BbIAC NErue
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n

Npurep 2. Onpeasnesue duHKUMA
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Pucynok 1. MatemaTnyeckue BbIpaKEHUS
Ecnm mepeMeHHOM INPHUCBAaMBAECTCS HAYAJIBHOE 3HAYEHUE C IIOMOIIBIO
omeparopa:=, TAaKO€ NPUCBANBAHWE HAa3bIBACTCAd JIOKaIbHBIM. Jlo 3TOro

IIpUCBaWBaHUs IMEPEMECHHAA HEC OIPCACIICHA U €€ HCJIb3A MCIIOJb30BAaTh. O,Z[HaKO C



MOMOIIBIO 3HAKA = MOKHO 00ecreuuTh riodansHoe nprucBanBanue (cm. [Ipumep 1
Pucynka 1). CymectByeT TakKe JKUPHBIA 3HAK PpPaBEHCTBA, KOTOPBIU
UCIIONIB3YETCs, HANpUMEp, KaK OIeparop MNPUOIMKEHHOTO paBEHCTBA TIpU
PELICHUH CUCTEM YpaBHEHUH.

Omneparopsl

Omneparopsl - anemenTsl Mathcad, ¢ mMOMOIIBI0 KOTOPBIX MOXHO CO3/1aBaTh
MaTeMaTu4yeckue BblpakeHUs. K HUM, HampuMmep OTHOCSTCS  CHUMBOJIBI
apuMeTHyecKuX  Omepalnuii, 3HAKd BBIUUCICHHUS CYMM, [POU3BEACHUH,
npou3BOAHOM W uHTerpana u T.4. [locne ykazanusi omnepanioB (mapaMeTpoB
OIIEpaTOpPOB) OMNEPATOPBl CTAHOBATCS HUCHOJIHSAEMBIMU IO JIOKYMEHTY OJIOKaMH,
HampuMmep, 2 + 5 -omeparop CIOXKeHud ¢ aAByms onepannamu. B Ilpunoxenun 2
JaHHOT'O TOCOOMSI MPUBEEH CIIUCOK HanboJiee 4acTo UCIOIb3yEMbIX OIIEPaTOPOB.

DOyHKIUU

B mnakere Mathcad wmmeeTcss MHOXECTBO BCTPOEHHBIX (YHKIMH, T.€.
byHKIMNA, 3a07arOBPEMEHHO BBEJEHHBIX pa3paborunkamu (cM. [lpunoxenue 3).
['maBHBIM mpU3HAKOM (DYHKIIMU SBIISETCS BO3BpAT 3HAYCHUSA, T.€. PYHKIHS B OTBET
Ha oOpalleHne K Hell 10 UIMEHU C YKa3aHHEM €€ apryMEHTOB JIOJKHA BO3BPATUTh
CBOE 3HauUCHUE.

BaxxHOI 0COOEHHOCTRIO ITAKETa SABJISIETCS BO3MOKHOCTD 3aJJaHUSI BHEITHUX
byHkMl, uau GyHKUIMMA mojas3oBarens. Cieayer 0co00 OTMETUTH PA3HUILY MEXITY
apryMeHTamMu u mapameTpamu (ynkuuu. [lepemenHble, yka3zaHHBIE B CKOOKax
mocie uWMeHH GYHKIHWH, SBISIOTCS €€ apryMeHTaMHu U 3aMEHSIOTCS Tpu
BBIYHCIICHUHU (DYHKIIMU 3HAa4YeHUsSIMU U3 CKOOOK. [lepeMeHHble B TpaBoil yacTu
ompeneneHus (YHKIUH, HE YyKa3aHHbIE CKOOKAax B JICBOW YacTH, SIBISIOTCS
napamMeTpamMu U JOJDKHBI 3a/1aBaThCsl 0 ompeneneHus ¢yHkiuu (cm. [Ipumep 2
Pucynka 1).

J{ucKpeTHbIe apryMeHThbI

JluckpeTHble apryMeHTHI - 0COOBIN KJIacC IEPEMEHHBIX, KOTOPHIN B MaKETe
Mathcad 3auyacTyio 3amMeHsIET YIpaBISIIOUIUME CTPYKTYPhI, Ha3bIBa€Mble IUKIAMU
(0HAKO TMOJIHOIICHHOW Takas 3aMeHa HE SBISETCS). DTU NEPEMEHHbIE UMEIOT Pl
(UKCUPOBAHHBIX 3HAYCHHM, JHUOO WENOUYHUCICHHBIX, JHOO0 B BHUIE YHUCEN C

OIIpCACIICHHBIM IAroM, MCHAIOIMIMUXCA OT HAYAJIbHOI'O 3HAYCHUA JO KOHCYHOTIO.



JIuCKpeTHble apryMEHThl 3HAYUTEIBHO PACIIUPSIIOT BO3MOXXHOCTH
Mathcad, 1o3BOJSIE BBINOJHATH MHOTOKPATHBIE BBIYMCICHUS WJIM IUKIBI C
MTOBTOPSFOIITMMUCS BEIYHCICHUSIMHE, POopMUpOBaTh BEKTOPHI 1 MaTpuilsl ([Ipumep 3
Pucynka 1).

MaccuBbl
MaccuB - MMErIIasi YHUKAJIBHOE UMsI COBOKYIMHOCTh KOHEYHOIO YHCia
YUCJIOBBIX MJIA CUMBOJIBHBIX 3JIEMEHTOB, YIOPSAOYEHHBIX HEKOTOPBHIM 00pa3oM U
UMEIOIUX oOmpezeNeHHble aapeca. B makere Mathcad ucmonb3yroTcsi MacCHBBI
JIBYX HamboJiee pacpoCTPaHEHHBIX TUIIOB: OJHOMEPHBIE (BEKTOPHI) U JBYMEPHbBIC
(MaTpuiibl).

[lopsaKkOBBIA HOMEpP DJIEMEHTA, KOTOPBIM SBISIETCA €ro  aJpecoM,
Ha3bIBaETCA UHAEKCOM. MIHIAEKCHI MOTYT UMETh TOJIBKO LIEJIOYUCIECHHBIE 3HAUEHUSI.
OHU MOTyT HAauMHATBCS C HYJS WIM €AWUHUIBI, B COOTBETCTBUU CO 3HAYEHUEM
cuctemHoit nepemenHoit ORIGIN (cM. [Ipunoxenue 1).

BexTopbl 1 MaTpUIlbl MOKHO 33]1aBaTh Pa3IMYHBIMHU CIIOCOOAMMU:
. ¢ momoIbio komanael Math->Matrics,
. C UCIoab30BaHueM auckpeTHoro aprymenra (IIpumep 3 Pucynka 1).
TexcroBbie pparmeHTbI
TexcroBble (PparMeHTHl MPEACTABISIOT COOOM KYCKM TEKCTa, KOTOpPbIE
[OJIb30BaTENb XOTEN Obl BUIAETh B CBOEM J0KymeHTe. CylIecTBYIOT JBa BHJA
TEKCTOBBIX (PParMEHTOB - TEKCTOBas 00jacTh (regiom) W TEKCTOBBIM IMANa30H
(band). TekcroBbie 00nacTH TpeIHA3HAYCHBI NJIi HEOONBIINX KYCKOB TEKCTA -
MOANUCEd, KOMMEHTApUEB U T.N. TEKCTOBBIE AMANA30HbI MPUMEHSIOTCS B TOM
cilyyae, eciii He00X0IUMO paboTaTh ¢ ab3allaMu UM CTPaHUIIAMH.
I'padmueckue obd1acTu
['padprueckne obOnacTu AendATCS HAa TPU OCHOBHBIX THUIA - JBYMEpPHBIE
rpa@uky, TpexmepHble rpadUKd U MMIOPTUPOBAHHBIE Tpaduueckue 00pasbl.
JIBymepHBIE U TpexmepHble Tpaduku crpostcs camuMm Mathcad Ha ocHoBaHuuM
00pa0OTaHHBIX TAHHBIX.
Co3nanne aHNMALMOHHOTO KJIMIA
Mathcad umeer BcTpoennyio nepemennyio FRAME, ube enuHcTBEeHHOE

HAa3HAYCHUEC - YIIPABJICHUC aHUMAIIUAMMU:



. Cosnaiite 00bekT, yeii Buj 3aBucuT oT FRAME.

. Bribeputre Windows->Animation->Create 17151 BbI30Ba J1UaJI0rOBOTO
OKHA.

. 3aKII0UYUTe B BBIICIAIONIMNA MYHKTUPHBIM TIPSAMOYTOJBHUK YacTh

pabouero JOKyMeHTa, KOTOPYIO HY’KHO aHUMHUPOBATb.

. YcranoBute HMKHAE U BepxHHe rpannnsl FRAME.

. B mnone At (Temm) BBequTe 3HAYEHUE CKOPOCTH BOCIPOU3BEIACHUS
(xamp/cex).

. Bri6epute Animate. Ceifuyac aHMMAaIUs TOJIBKO CO3/IA€TCA.

. Coxpanute anumanuio kak AVI daitn (Save as).

. Bocnpoussenure coxpanennywo annmanuio Windows->Animation->
Playback.

Coo01menust 00 ommodKax
[Ipy BBINOJHEHUU BBIYMCICHUN BO3MOXHBI oOmmoOku. CoobuieHue o0

omubke B Mathcad BeIBOAUTCSI B KpaCHOM MPAMOYTOIBHUKE, OT KOTOPOTO OTXOUT
JUHUSI, yKa3biBaroimas Ha mecto omuoku. B Ilpunoxenun 4 mpuBeneH CIUCOK
coo0IIeHH 00 omMoKax.

ITopsiaoK BBINIOJTHEHUS

3aganme 1. Berunciaurs:

Y100 = |-10]=, 10! =.

DTO W BCE OCTaJbHBIC 3aJlaHUSl CHAOIUTh KOMMEHTAPHUSMH, HUCIIOIb3Ys
koMaHbl Text FO Create Text Region niu Text FO Create Text Paragraph.

3apanue 2. [npenenuts nepemenusle: a := 3.4, b :=6.22, ¢ = 0.149 (npuuem

NEPEMEHHYIO C - TJIO0AIBHO) U BBIPAXKEHUS:

. BBIYUCIIUTDH BBIPAXKEHUS.
. C nomomipto koManasl Math FO Numerical Format IO Displayed
Precision nu3meHuThH TOYHOCTh O0TOOpaKEeHUs pe3ybTaTOB
BBIYHCIICHUS 27100AIbHO.
3aganme 3.BbiBecTU Ha DJKpaH 3HAUYCHUE CUCMEMHOU KOHCIMAHMbL P U

YCTaHOBUTH MaKCUMaJIbHBIN (JOpMAT €€ OTOOPAKEHUS TOKANbHO.



3ananue 4. BIMOTHUTH CIIETYIONINE ONEPAIuU C KOMIUICKCHBIMU YHCIIAMH:
Z:=-3+2i,|Z| =, Re(Z) =, Im(Z) =, arg(Z) =,

Ve= -5=27=,

Z1:=1+42i, 22:=3+4i, Z1+22 =, Z1 - 22 =, Z1 722 =, Z1/72 =.

ITPAKTUYECKOE 3AHATHE Ne 5§

Tema Pemienne ypaBHeHHH

Kak w#3BeCTHO, MHOTHE YpPaBHEHHsS U CHUCTEMbl YPAaBHEHUU HE HMMEIOT
aHAIUTUYECKUX pelieHuil. B mepByro ouepenb 3TO OTHOCUTCS K OOJIBIIMHCTBY
TPAHCLIEHJCHTHBIX YpaBHEHUU. JIOKa3aHO Tak¥Ke, UTO HEJb3s IOCTPOUTH POpMYITyY,
0 KOTOPO MOXKHO ObUIO OBl PEMIUTh MPOU3BOJIBHOE AIreOpanvdeckoe ypaBHEHUE
CTeneHu Bbllle 4eTBepTol. OMHAKO Takue YpPaBHEHHMS MOIYT peIIaThCs
WTEPALHOHHBIMA METOJIAMH C 33JaHHOW TOYHOCTBIO.

UrtepanmonHbie METOBI

3amaya HaX0XKJI€HUsI KOpHS ypaBHEHHUs f(x) = 0 UTepalluOHHBIMU METOAAMHU
COCTOMT B CJIEAYIOLIEM:

. omoeneHue KOpHeu - OTbICKAaHWE TMPUOJMKEHHOIO 3HAUYEHUs KOPHS
(Hanpumep, rpaUIECKUM METOAOM);

. YmouHeHue KopHeu - TOBEJEHUE UX 3HAYEHUU [0 3a/laHHOM CTEIEHH
TOYHOCTH € .

[Tpu ucnons3oBanuu mMemooa Hviomona HEOOXOIUMO 331aThCsl HAYATbHBIM
MPUOJIMKEHUEM X, PACTIOJIOKEHHBIM JIOCTATOUYHO OJM3KO K TOYHOMY 3HAYEHUIO
KopHs. VTepalinoHHbIi nporiecc cTpouTes 1no Gopmyiie:

_ Al (1
f":xi:', Jlrp=0. 4201, )

1 T A

Merton npocmuix umepayuti pemieHus: ypasaeHnus f(x) = 0 coOCTOUT B 3aMEHE
WCXOJIHOTO YpPaBHEHHUS DKBHBAJICHTHBIM €My YPaBHEHHEM X = j (X) U TIOCTPOCHHUH
UTEPAIMOHHOMN TTOCJIEIOBATEILHOCTH 110 hOpMyJIe:

xivel =7 (x;), 170L (
2)
I[OCTaTOqHBIM YCIIOBUCM CXOAMMOCTHU PACCMOTPCHHBLIX HWTCPAIMOHHBIX
IpoHecCCOB ABJISICTCA BBIIIOJIHCHHUC HCPABCHCTBA
e — x| € (
3)
Ha KaXXJ10M 1Iarc¢ uTcpanvu.

until(a, Z) BO3BpAIIIACT Z, [IoKa BBIpaXKEHUE a He CTAHOBUTCH
OTPUIIATENBHBIM; @ JTOJIKHO COJIEPKATh TUCKPETHBIN apryMeHT.



Pucynoxk 2
peannzauuu memooa Hovromomna.

EHathcad PLUS - [Pewenue ypasnenusn] =] E3

WJUTFOCTPUPYET

UCHONb30BaHue  (yHKUUU until nis

@Eile Edit Test Math Graphicz Sembolic ‘Window HBooks Help _|E’|£|
1. 01aenEHKHE KOPHER f = &cl:us(xjg— % x:=-1,-09.2 ]

10

fx) 0

-1 0 1 2

X

2. d1oyHeHue KopHerR (MeTonoM HelToHa)

- HAYaNEHDE NPHENMKEHHE,
onpegeneHHoe no rpadgiey fx)=0

=1

|

Frezz F1 far help.

n =100 - NPELNOADHMTENEHDE HHCID __ 1I:I_4 .
D=1on WTEpALME £:= - BANIHME TOYHOCTH BEIMUCIEHHMA
f(xﬂ) - BEIMMCNEHHE NEpEOrD
df %) o= d_f(xj " OMREASASHHE PUHELUH, f X, =R - — ARMEAMKEHHA
ax BRMWCAAKLWEN NpoM3Ea0HY T fx] 1 df(xﬂ) no opryne Hirmona
f‘(x_) - PEAAMESALMA HTEPALMOHHOMD NPOLECCa
v =untidl k- % gyt no kEToY HelmoHa & MCNONESOEaHMEN DYHELMK L
i+1 i i—1 M [ ]
df(xi) 1
L . 0 AEAET
ji=last(x) - ONpeneneHHE YHCNa WTEpaLMHi - MTEPALMOHHEA
i=4 38 KOTOPEIE MTEPSUHMOHHEIR NPOUECE COWEACA = | 047917 | NOCASIOESTENEHOCTE
xj—l =0.6792 - KOpeHb YypasHeHun f(x] = 0 0675919

L I:I B x
r

|MUM | Page 1 o

| auko |

Pucynok 1.

Pemienue ypaBuenuii cpeacrsamu Mathcad

Jlnst mpocTeimux ypaBHeHu# Buaa f(x) = 0 pereHre HaxoauTcs ¢ MOMOIIBbIO

GyHKUMU root.

To BoszBpamaer
KOTOpPOM BbIpakeHHe WM (yHKUM f(2)

ot(f(2), z)

3HAYCHUE Z, IPU

obpamaercs B 0. Oba aprymeHta HToM

byHKIIUN

JOJIDKHBI OBITH CKaJIsIpaMu.

@yHKIYS BO3BpALAET CKAJP.

[lepBbIil aprymeHT - uiau (yHKIMs, ONpeAesieHHas riae-nudo B paboyem
NOKYMEHTE, WM BbIpaX€HHE. BTOpON apryMeHT - uMMs HEPEMEHHOM, KOTOpas

HCIIOJB3YCTCA B BBIPAXKCHHM.

DTOM TNEepEeMEHHOM TMepea  HUCIOJIb30BAHUEM

(GYHKIIUH 700t HEOOXOAUMO MPUCBOUTH YHUCIOBOE 3HAUCHHE.

JIns HaX 0K 1eHUsI KOPHEN BBIPAKEHUS, UMEIOIIETO BU/T

2
P S S At
9



Jy4llle HCIONb30BaTh (PYHKIHIO polyroots, HExenu root. B ornuuume ot
GyHKIMH root, GYHKUIUS polyroots He TpeOyeT HAYaIbHOTO NPUOTMKEHUS U
BO3BpaIIlaeT Cpa3y BCE KOPHU, KaK BEIIECTBEHHBIC, TAK M KOMIUICKCHBIE.

polyroots(v) Bo3sgpamaer KOpHU IIOJIMHOMA CTEIICHH 7.
KoaddummenTs MOJIMHOMA HaxXOATCS B
BEKTOpe vV JuHbl n + 1. Bo3Bpamaer BEKTOp MJIMHBI 7,
COCTOSIILIUN U3 KOPHEH IMOJIMHOMA.

Cucrembl JUHEWHBIX YpaBHEHMM yJOOHO pemarbh C  MOMOIIBIO
bynkuuu Isolve.

EHathcad PLUS - [FemweHue cHMCTEM YypaBHEHHA] M=l E3

I _lel File Edit Test Math Graphice Sembolic ‘Window Books Help - |E‘|5|
Oprep 1. PeweHMe cHETemMel URSEHEHMEA © O0MOWE R daUHELMKH Find iI
=0 x2:=1 == - HavansHele NpMEMMHeHHA
Given

10021 + B2 — 2-3=100
Boxl + 200-x2 — 10-x3=600

lxl + 252 + 100-23=500
0.905

Find(xl,%2,%3) = | 3.219
4937

- Menonezyime [Chl]l=  ana nesar cureona =

HDHMED 2. PeweHHe cMcTEME JpaEHEHWA B CHMEOAEHOM BXOE
[Toneko gna Mathcad Plus 6.0]

Given
i+ 2 my=a
x4 v=h
fa-2bm . .
— | -MHenonesuime [Crl]. [knasuwa Chl, conpoBotaaerdan Touko6]
. -1+ 8m ANA MEYETH CUMBOAEHOrD 3HAKA PABEHCTES
Findix,v) — - 0nA oToSpa#EHMA PESYNETATS CHMEONEHOMD NPE0dpas0EaHMA

(-b+4a) WENKHMTE Ha MUETOrparite - |

-1+ 8m =
<] | _*I_I

| auto | |NUM | Page 1 i

Pucynok 2. Pemienue cucreM ypaBHeHHMH

Isolve(M, v) Bo3sBpataercst BEeKTOp perieHus Z Takot, uto M * z =v.

[Ipy pemeHnn CUCTEM  YpaBHEHHUHW  MCHOJIB3YETCS  CHELUAIBHBIN
BBIUMCIIUTEIbHBIM  OJIOK,  OTKpbIBaeMbIid  CIIy>)keOHbIM  cioBoM Given u
OKaHUYMBAIOIIUICS BbIpakeHUueM ¢ pyHkuusamu Find v Minerr.



Find(z/, z2,...) BosBpaniaet TouHOE pelIeHre CUCTEMbI YPABHEHUH.
Yucio apryMeHTOB [JIOJDKHO OBITh PaBHO  YHCIY
HEU3BECTHBIX.

Minerr(z/, z2, . . ) Bo3sBpamiaer npuOIMKEHHOE pEIICHUE CHUCTEMBI
ypaBHEeHHH. YHCIIO apryMeHTOB JOKHO OBITh pPaBHO
YUCITy HEU3BECTHBIX.

IIpumep 1 Ha PucyHke 2 MIUIFOCTPUPYET PELIEHUE CUCTEMBI YPABHEHUH C
[IOMOIIIbIO BBIYUCIUTENBHOTO O510Ka Givern ... Find.

CHUMBOJBHOE pPEIIEHUE YPABHEHUNA U CUCTEM YPaBHEHHN

Ecnu 3amaHo HEKOTOpO€ BBIPAKEHHUE f(x) U OTMEUYEHa IEepEeMEHHas X, TO
koman1a Symbolic FO Solve for Variable (Pemutsb OTHOCHUTEJILHO
NepeMEeHHOM) BO3BPAIlaeT CUMBOJIBHBIC 3HAYECHUS YKA3aHHOM IEPEMEHHOM X, TIPU
koTopoit f{x) = 0.

Ecnu Bbl paboraere ¢ makerom Mathcad
PLUS 5.0, He 3alyapTe mOpeaBapUTEIbHO
HCMOJIb30BaTh komany Symbolic FO Load
Symbolic Processor mist 3arpy3ku CUMBOJIBHOTO
nporeccopa.

Ecnmu Be1 pabotaete ¢ maketom Mathcad PLUS 6.0, To cmoxere pemiath
CUMBOJIbHO HE€ TOJIBKO ypaBHEHHUS, HO M CUCTEMbl ypaBHEHHH. UTOOBI pemuTh
CUCTEMY YpPaBHEHHMI B CHMBOJBHOM BHJIE, HE€ HY)KXHO 3a/JaBaTh HayaJbHbIC
npubamxenus. [Ipumep 2 PucyHka 2 moka3blBaeT pelieHue CUCTEMbl YpaBHEHUH B
CUMBOJIBHOM BHUJE.

[TopsioK BBIMOJIHEHUS
3apnanme 1. Iloctpouts rpadux  GyHKIMH f{x) 1  TPUOTUZUTETHHO

OIPEIEINTE OJMH U3 KOPHEN ypaBHEHUS.
Pemuts ypasaenue f{x)= 0 ¢ Tounoctsio € = 104

. C TOMOIIIBIO0 BCTpoeHHOM PpyHKkumnu Mathcad rooft;
. MeToa0oM HeroToHa (KacaTeNbHbBIX ), UCTIOJIb3YS (DYHKIUIO until;
. METO/IOM UTEepaIuil, HCONb3Ys (DYHKITUIO until.

Omnpenenutp YUCI0 UTEPALUNA B KAXKIOM METO/IE, C TOMOIIBI0 (QYHKIUU [ast.



Bapuanrtsi 3aganus 1

Ne f(x) No f(x) No f(x)
BapHaHTa BapHaHTa BapHaHTa
1 Fsin(+x1+035x-38 6 n2sx*+x-2 |11 T ST
e[, 3] x=[0, 2] x=[0,1]
e = s
3+ sl B + pe
xE[EI,lS]mG & arccos 1+ xefl, 2]
=X
xe[2,3]
3 =7 8 3x-dlnx-3 13 01x2% - xin
iréc[c'us 1; -0 rE[4, 4] xEx[l,E]x ’
4 o 2 _ : 9 ¥ _at¥ g 14 1-x+sinx-lnl+2x
XIE[DD,.-’il]x arcsin x iE[E'Ia,l] re[0, 2]
5 Ir-ld+e’ -7 10 -z -tgx 15 g™ - x¥ g
re[L, 3] xe[0,1] re[0,1]

3ananme 2. [l moamHOMa g(X) BBIMOJIHUTH CIEYIONTUE ACHCTBUS:

L]
BeKTOp V, copepkanuii kKoahHUIIMEHTHI TOJIMHOMA;
[ ]

. pemuTh YPaBHEHHE

komanay Symbolic FO Solve for Variable;

. pasIOKUTh  HA  MHOXHUTEIH,
Expression.
Bapuanrtsl 3axanus 2
Ne g(x) Ne g(x)
BapuaHTa BapyaHTa
1 x* - 23+ x%-19
12x + 20
2 x*t+ 6x°+x%- 4x-110 x*- 5x3
60
x*-14x?-40x - 75 11 xt-4x3 -
xt-xX+x?- 11x+12
10
5 xt- - 29x%-13 x* - 7x3
71x -140
6 xt+ I+ 14

Ox>+ 13x - 30

CHUMBOJILHO,

¢ nomoupio komauasl Symbolic FO Polynomial Coefficients co3narts

pemuTh ypaBHeHue g(x) = 0 ¢ momoIsio GyHKIUu polyroots;

UCIIONb3YS

ucnons3ysa Symbolic FO Factor

Y+ X3 - 17x%-45x - 100

+x2- 15x + 50

2x?-20x + 25

x*+ 53+ T2+ Tx - 20

+ 7x%- 5x+ 100

x4+ 1023 +36x2 +70x+ 75



7 x4+ 3x%- 23x%-15 x*+ 9x° + 31x% + 59x+ 60

55x - 150
8 xt- 6+ 4%+
10x + 75

ITPAKTUYECKOE 3AHATHE Ne 6

Tema UHTepnonsiuus U npeicKkasaHue
Anmpokcumanus  (QYHKIUN —3aKiIio4aeTcs B NPUOMIDKEHHOM 3aMeHe

3amaHHON  (QyHKIUU f(x) HekoTopod (QyHKIMEH j (X) Tak, 4YTOOBI OTKJIOHEHHE
¢yHkuuu j (x) ot f(x) B 3aAaHHON 00nacTH ObLIO0 HaUMEHbIINM. DYHKIUA | (X) npu
ATOM Ha3BIBACTCS annpoxcumupyioujeti. TUNMHYHOW 3amadeil anmpoKCHMAaIuu
byHKUMNA sBAseTCs 3anada  uHmepnoiayuu. HeoOXoIuMOoCTs unmepnoaayuu
(GYHKIIUY B OCHOBHOM CBSI3aHA C IBYMS IPUIHHAMM:

1. OyHKIUsA f(X) UMEeT CJIOKHOE aHAITUTUYECKOE OIKCaHue,
BBI3BIBAIOIIIEE OINPECIICHHBIE TPYIHOCTH MPHU €T0 UCIOJIb30BAaHUU (Harpumep, f(x)
ABJISIETCS cnelpyHKUMEen: raMMa-(QyHKIMEH, SJUIMITHYEeCKOU (PyHKIMEH u fp.).

2. AHanutudeckoe onucanue GyHKIUU f{x) HEU3BECTHO, T.€. f(x) 3agaHa
tabauyHo. [Ipu 3TOM HEOOXOIUMO UMETh AaHATUTUYECKOE OMUCAHUE TPUOIMKEHHO
npencrasisoniee f{x)  (Hampumep, JUIST  BBIUMCICHUS:  3HA4YeHHH f{x) B
IIPOU3BOJIBHBIX TOYKAX, OMPEACIICHUS UHTETPAJIOB U IPOU3BOIHBIX OT f(X)  T. I1.)

NuTepnonsuus

[IpocTelias 3amava ummepnoaayuu 3aKiodaerca B ciaenyromeM. Jd

3ajaHHBIX 71 + | TOYEK X; = X0, X1, - « -, Xn, KOTOpbIE Ha3bIBAIOTCS Y31aMU
UHmMepnoaAYUU, 1 3HAa4YeHU’ B ITHUX TOUYKax HEKOTOPOM
byukuuu f(x;) = yo, Y1, - . ., Vo HIOCTPOUTh  TOJUHOM | (X)  (unmepnonayuonHuwlii

NnOJUHOM) CTETICHU 1 BUJIA
Pl = a,x® +a,_rle 4o+ ay, (
Y
NPUHUMAIOIIMNA B y371aX MHTEPIOSAIUHN X; T€ K€ 3HAYEHHUd ), UYTO U
byskys fx;).

Plxg)=Fo. PX)=F1 . PN =Fe. [ =0, 1, ..., 1.



2)
I'nobanvnana unmepnonayus
[TpocTeiiuM BUAOM 2100a1bHOU UHMEPNOAAYUY IBISIETCS napaboiuieckas
UHmMepnoAYUs, KOTIa, UCIIONIb3Ysl OMUCAHHBIC BBIIIE YCIOBHS (2), ISl OTHICKAHUS
HEW3BECTHBIX n + 1 KO3 PUIMEHTOB ao, ay, . . ., @, BeIpaxenus (1) mnoiaydaror

cucreMy u3 n + 1 ypaBHeHUN:

Xy + .:;rx_le_-',"l +otd X+ dy = Y. (
a2+ am_le'l oI Hd =Y,
. 3)
ax +a, m e rax, +a =y,
Hnmepnonayuonnas goopmyna Jlacpamnica:
L= ifi [x =g = xy ) [x = xig )X — % ) [x = x,
= [xi = x,:,j[xi = xlj...[xi = xi_lj[x!- = xi+1j...[xi —4)

s mocTpoenus: unmepnoaayuounou ¢gopmynvt  Jlaepanoxca B Mathcad

yI0OHO UCTIONB30BaATh (QYHKIIHIO if

if(cond, tval, Bo3sBpamaer 3nauenue tval, ecnu cond ornuyeH ot 0 (McTUHA).

fval) Bosspammaer 3Hauenue fval, ecnu cond paseH 0 (J10Kb).

YacTo wuHTEpronMpoBaHUE Benercs s (DYHKIMHM, 3aJaHHBIX TaOIMYHO
C pasHoomcmoswuMy 3HaUeHUsIMU  aprymenTta (h; = x;+1 - x;= const). Baenem

MpEABAPUTCIbHO IOHATHC KOHEYHblX paswocmeﬁ:

My =Pa - =01 ,n-1
"I—""z.]"j ="I:'5Pj+1 —J'l'._,l?z-,(.f = D,l,...,]’l— 2}
A= 8 - A =01 0= B

C ydeToMm BBEICHHBIX O0003HAUCHUI nepsas UHMepnoayuoHHas Gopmyia

Hvromona nmeeT BUL:

r(r_l}ﬁzynh.. 5)

. "_'_.fl(.t—l)...(.t—?z+1]|ﬂ
#l

Bmopas unmepnonsyuonnas gpopmyna umeeT BU.

Falx) = By (% +2h) = yy +thyy +




H+1) 6)

2l
m+£@+ﬂm@+ﬂ—ﬂ

#l
OI[H&KO, HHTCPIIOJIOUA  IIpU 60J'ILHIOM qucCJIC VY3JIOB IIPUBOAUT K

%E(X:I:Pﬂ(xn"'ﬂﬂ:yx +‘tﬂy:u—1+ ﬁjh-ﬂ-"

HEO0OXOMMOCTH paboTaTh C MHOTOWIEHAMHU BBICOKOW cremeHu (Hampumep, S0-if
nu paxe 100-i1), yTo HenprueMIIeMO KaK ¢ TOYKU 3pE€HUS BBIYUCIICHU, TaK U U3-3a
CKJIOHHOCTU TaKMX MHOTOWJIEHOB K OCIHWUISAUUU (KOJeOaHUSIM) MEXKIY y3JIaMu
ceTku. [losToMy Ha MpakTHKE YacTO HCHOJB3YIOT WHTEPIONSIHNIO KYyCOYHBIMU
MHOTOWICHAMH (WJTU JIOKANbHYI0 UHMEPNOIAYUIO).

Jlokanvhaa unmepnonayus

[Ipu oxanbroli MHTEPHONAUMN MEXAY Pa3IU4YHBIMU y3J1aMU BbIOMpAIOTCS
pa3ianyHble MHOTOUYIEHBI HEBBICOKOM creneHu. B cpene Mathcad ects nist sToro
WHCTPYMEHTapUA: CPEACTBA JIUHELUHOU unmepnoaayuu (pyHkuus linterp)
U unmepnoaayuu  cnaatnom (GyHKUUS interp) - nuHedHbIM  (Ispline),
napabonuueckuM (pspline) u xyouueckum (cspline). Pucynoxk 4 mnoxasbiBaeT

HEKOTOPBIC IIPUMCEPLI JIOKaJIbHOM HHTCPIIOJIALINHA.

EHathcad PLUS - [MokansHan wHTepnonauMA] [_ (O] =]

_?!II File Edit Text Math Graphice Sembolic Window Books Help = 7] x|
NokaneHas MHTERNONAUMA TESNMIHON dlHELIA ﬂ
7 2
flx) =x i - McxogHana fyHELWA
i=0.5 ke =1 ¥ = f(vx) - 3anaHue UCKOGHOM pyHELMA (3] TatnuyHo Ha oTpeske [0,2.5]

Bb YZENOEE TOYE3H

z:=0,01.25 +

Mpurmep 1. MMHERHSS MHT 2RO00aL9a Mpurmep 2. MIHTepnonagma
EYEBMYECKMM COASiHHOM

wa = capline] v, vy

Iy =lintesp( v, ¥y, ) ls{'Z) = interp( vs, ¥, vy, Z)

N5 N5
2 S
wl Wl
X KX
I} I}
N 1 2z I} 1 2z
T 35 .
4] | L|_I

| auto [MUM | Page 1 A

Pucynok 4. JlokaJbHAsi HHTEPHOJSIIIAA



linterp(vx, vy, x) Hcnonb3yer BEKTOPHI JAHHBIX VX M VY, YTOOBI

BO3BPaTUTh JUHEWHO UHTEPIOJIUPYEMOE
3HAUYCHUE Y, COOTBETCTBYIOIIEE TPEThEMY
apryMeHTY X.

Ispline(vx, vy) pspline(vx, | Bce 3Tu  ¢dyHKIMM  BO3BpamialOT  BEKTOP
vy) cspline(vx, vy) KO3 (UIIUEHTOB BTOPHIX MPOU3BOIHBIX, KOTOPHIi
MBI Oy/IeM Ha3bIBaTh Vs. BEKTOp Vs, UCTIOIB3YeTCsI

B (DyHKIIMU interp:

interp(vs, vx, vy, x) Bo3Bpamaer = MHTEpPHONUPYEMOE  3HAYEHUE ),

COOTBETCTBYIOILIEE APTYMEHTY X.

[Ipenckazanue
Ecniu HeoOXonMMO OUEHWTh 3HayeHUss (QYHKOMM B TOYKaxX HE
IpUHATICKAIINX OTPE3KY [Xo, X,], ucnonb3yiite QyHkiuto predict (PucyHok 5).

E Mathcad PLUS - [Mpeackasanue] [_ (O]

@Eile Edit Text Math Graphice Symbolic ‘wWindow Books Help _|5’|£|

Npeackasadye (BKCTREN0NALMS] doyHELM fix) ﬂ

ax=0 b:=2 fix] ==exp -E)-sin[ i - HowogHasa dyHkLMA
i:=0.[b-al]l0 BT a+ L w= f(:-:i)- [ npegensHHe HoXOLHON PYHELMK B BHLE
i BEKTORa AaHHER Ha oTpeske [a, b

p = predict w,7 .20 - MNpegcrasadve sHAYEHWE dyHELHA f[x] B nocnegyowms 20 Toukas
M0 NOCASAHME 7 EHAYEHUAR DUHE LM

_t+bi10

b:=0,1.20-1 H - - Mpatuyeck.an NpoBEPE.a 3 KCTPANoIALMM

1] 1 2 3 4
K- ¥Ry
= McxoaHelE 4aHHEE +
029 [|peOcKasaHHEIE 0aHHEIE
—  MeTuHHBIR Bua dyHELeAA fx)] -
[« | _"I_I
| auto | |MUM | Page 1 i

PucyHnok 5. dxcrpanosassuus pyHKOuin



predict(v, Bo3ssparaer n npencka3zaHHbIX 3HAYCHHH,
m, n) OCHOBAHHBIX Ha m IIOCJIEAOBATEIbHBIX 3HAYCHUAX

BCKTOpa JaHHBIX V.

[TopsinoK BBINOJIIHEHUS
3aganue 1. Beruncnuth 3HaueHUs 3aJaHHOM (QYHKIHH V; = f(Xx;) B y37ax
uHTepnonsuu x; =a + hi,rtne h = (b-a)/10,i =0, 1, ..., 10, Ha oTpe3ke [a, b].

Bapuantsl 3a1anuii

No f(x) [a, b] Ne Bapuanta [f(x) [a, D]

BapHaHTa

1 sin x2 [0,2] 9 % -cas(x +In(1 + ) [1, 5]

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

3 gt [0,5] 11 sin x? -¢ 2P [0, 3]

4 1/(0.5 [0,2] 12 coslx + cos x| [0, 2]
+x?)

5 e-@rsin0 5] 13 cos(x + e “5¥) [3, 6]

6 1/(1+e™)[0,4] 14 cosfdx + x3) [0, 1]

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

8 e ™ 1, 3]

3ananme 2. [lo BeruucieHHou Ttabmuie (x;, ;) MPOBECTH nApabOIULecKyrO
UHMeEPNOTIAYUIO.

Jns HaxoxaeHus: Kod(p@GUIIMEHTOB MCKOMOro moiuHoMma (1) HeoOxomammo
COCTAaBUTh CUCTEMY JIMHEHHBIX anreOpandyeckux ypaBHeHuu (3).

Cucremy ypaBHEHHUI pelIUTh MAaTPUUHO C UCHIOJIB30BAaHUEM (PYHKIUU [solve.

[Toctpouts rpadmk UHTEPHOIALMOHHOIO MHOTOUYIEHAa U OTMETUTh Ha HEM
y3JI0BbIE TOUKH (X;, ;).

3aganue 3. J[ns BeUMCICHHON TaOMMYHON (YHKIIMH COCTaBUTH (HOPMYILY

HHTCPIOJIATUMOHHOTO MHOTro4jeHa J/ azpaxoaica, HCIIOJIB3Y OIICPaTOpPhbI



CYMMHUPOBAaHHS ¥ TIEPEMHOXKECHHSI TIO JHCKPETHOMY apryMEHTy, a TaKke
byHKIHIO If.

[TocTpouTs Tpadvk MHTEPIOISIIMOHHOTO MHOTOWIEHA M OTMETUTh Ha HEM
y3JI0BbIE TOUKH (X;, ;).

3ananme 4. [IpoBecTn UHTEPNIONUPOBAHUE 3aJaHHON (DYHKIIUUA C TTOMOIIBIO
198y 29 ypTepnoNAMOHHBIX opmyn HbiomoHua.

[TocTpouTs rpaduku MHTEPIOIAIUOHHBIX MHOTOYJIEHOB U OTMETUTh Ha HEM
Y3JIOBBIE TOUKH (X;, V).

3ananme 5. [IpoBectu aunetinyro unmepnonayuro 3afaHHON  (QYHKIUUA C
MOMOIIBIO BCTPOECHHON MHTEPIOISAIMOHHON DYHKIINY [interp.

[TocTpouTs rpaduk pyHKuuuU /interp 1 OTMETUTh Ha HEM Y3JI0BbIE TOUKH (X;,
Yi).

3apanme 6. IlpoBectu cnratin-unmepnonsayuo ¢ TOMOUIBIO  (DYHKIIUI
Ispline, pspline, cspline w interp.

[TocTpouts rpaduk QyHKIUU inferp 1 OTMETUTH HAa HEM Y3JI0BbIe TOUKH (X;,
Yi)-

3ananme 7. BoruncnuTh 3HaueHUs 3amaHHOW (QyHKIuHM y; = f(x;) B TOYKax
xi=a+i/10,rne,i =0,1, ..., 10(b - a), Ha oTpe3ke [a, b].

C UCIIOJIb30BaHUEM
byHKIIMU predict BRIOIHUTD npedckazanue (3KCmpanoaayuio) MOJIYYE€HHOTO
BEKTOpa JaHHBIX y; B mnocieayromux 10 Toukax mno TMOoCHeIHUM 7 3HAYEHUSIM
byHKIINN.

OtoOpasuth rpaduyecKkd UMEIIUEcs JaHHbIe, MPeJCKa3aHHbIC TaHHBIC U

UCTUHHBIN BUA QyHKIUU f(X).

ITPAKTUYECKOE 3AHSATHUE Ne 7

Tema: Cumiuiekc-MeTo1 pelieHus 3a1a4 JUHEHHOTO IPOrPaAMMHUPOBAHHUS.

Heab: O3HaKOMHUTH CTYAEHTOB C CHUMIUIEKC-METOJIOM pEILICHHs 3aaad
JUHEWHOrO MporpaMMHupoBaHusA. B pesynbrare mnpopabOTKUM TEMbl CTYJEHT
JOJKEH OCBOMTH QJITOPUTM METOZA, YMETh €ro HMCIHOJIb30BaTh JIsi OTHICKAHUS
ONTUMAJIbHBIX PELICHUHN IPU MOJEITUPOBAHUU.

AKTYaJbHOCTh TEMbI: CUMILIEKC-METOJ SIBISIETCS. OCHOBHBIM JJISI PEIICHUS
3a/1a4y JIMHEWMHOTr0 MPOrpaMMHUPOBaHUSI.

Teopernueckasi 4acTb



CuMruiekc- METO, TMO3BOJISIONIMKA PENUTh JIIOOYI0 3aaady JIMHEHWHOTO
MpOTrpaMMUPOBaHMs, YHUBEpcalieH. B HacTosiee BpeMsi OH HCIONb3YeTCS IS
KOMITBIOTEPHBIX PAaCUETOB, OJHAKO HECIOXHBIE TPUMEpPHl C TMPUMECHCHHEM
CUMIIJIEKCHOTO METO/Ia MOXHO pPeliaTh U BPYIHYIO.

['ecomeTpudeckuii  CMBIC  CHUMIUIGKCHOTO  METOJa  COCTOUT B
MOCJICIOBATEILHOM TEPEXO0Je OT OJHON BEPIIMHBI MHOTOTPAaHHUKA OTpaHUYCHUMN
(Ha3pIBacMOM TMEpBOHAYAIBHOM) K COCeAHEH, B KOTOpOM JMHEHHas (yHKIUsS
MPUHUMAET Jiydinee (WM He Xy/IIee) 3HadeHUe mesieBod QyHKIUUA A0 TeX Iop,
moka He OyAeT HalJeHO ONTHUMAIbHOE DPEIICHHWE — BEpINMHA, T/€ JOCTUTASTCS
ONTHMAJIPHOE 3HAYCHWE dTOW (PYHKITUH, €CIIH 33/1a4a UMEET KOHEUHBIA ONTUMYM.

Jlist peanu3anuu CUMITIEKCHOTO METOa — MOCIEA0BATEIHHOTO YITYUIICHHS
penieHnuss — He0OX0IUMO OCBOUTD MPU OCHOBHBIXIJICMEHMA.!

- cnocob onpedenenusi KaKo20-1ub0 NEPBOHAUAILHO2O OONYCIMUMO20
OaszuUcHo20 peuleHus 3a0a4u;

- NPasuIo nepexooa K ayuuiemy (mounee, He Xyouiemy) peueHuio,

- Kpumepuii npo8epKu ONMUMAIbLHOCIU HAUOEHHO20 PEeuleHUs.

Jlns Hayajla WCIOJIB30BaHUS CHMIIIEKCHOIO METOAAa 3ajJada JIMHEHHOTO
MPOTPaMMHUPOBAHUS JIODKHA OBITh TPUBEACHA K KAaHOHMYECKOMY BHIY, T.C.
CHCTEeMa OTpaHUYEHUM JTOJHKHA OBITH IIPEACTaBICHA C TIOMOIIBIO JOTIOJHUTEIBHBIX
BBITIABHUBAIONTUX (0aaHCOBBIX) IEPEMEHHBIX B BHJIC ypaBHEHUH. AJTOPUTM
KOHKPETHOM BBIYMCIMTEIBHON pealn3allud 3THX DJEMEHTOB pPAacCMOTPHM Ha
mpuMepe.

3anaual.

[Tycth 3amaHa maTtemaTHYecKas MOJCIb B CTaHJAPTHOM BHJC 3aaqd
JUHEHHOTO TPOTPAMMHPOBAHHUS

12x; + 3x; < 264;

4X1 + 5X2 < 136, (1)

3X1 + 14X2 < 266,

x1>0;x,>0.

/7= 6X1 + 4X2 — MAX.

Pemenue

Pemmum 3amaduy cumiuiekc-merogoM. Jlms 3TOro cHavaia TpHBEACM
MaTeMaTudeckyro wmoxaenb (1) K KaHOHMYECKOMY BHJY, KOTrJa CHCTeMa
OTpaHWUYCHUN WMEeT BHUJ ypPaBHEHHH. DTO JOCTHTaeTCs BBEICHUEM B KaXI0€
HEPaBEHCTBO JOMOJHUTEIBHBIX HEOTPHUIIATEIBHBIX MIEPEMEHHBIX

x3> 0; x4> 0; x5> 0. UX dKOHOMHMYECKUHA CMBICI — HEHCIIOJIL30BAaHHOE
CBIPbE KaXKJOTO BHUJIA.

[Tosyunm:

12X1 + 3X2 + X3 = 264,

4, + 5%y +X4 = 136, (2)

3x; + 14x, + x5 = 266;

X1ZO;XzZO;X3ZO;X4ZO;X520;



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

PemuM cuctemy ypaBHEHMH MaremMaTHdeckol Moxaenu (2), BbIpa3uB
0a3rCHBIC TIEPEMEHHBIC X3 , X4, X5 U€PE3 CBOOOTHBIC X| U X».

X 3=264 — 12x; — 3x»;

X4 =136 —4x,— 5%2; (3)

X5 =266 — 3x; — 14xy;

x;>0;()J=1;2;3;4;5.); U=6x; +4x, — MAX.

Cucrtema ypaBHEHH MaTeMaTH4eCKON Mozenu (3) 3amucaHa B BUJE, KOraa
4acTh MEPEMEHHBIX X3, X4, X5 BEIPAKECHBI YEPE3 OCTABIIKMECS IEPEMEHHBIC X| U X2,
spisieTca oommm pemenreM CJIAY orpanndenuit (ee pazmep 3x5). [lepemenHsbie
X3, X4, X5 — 0a3uCHBIC (MCKYCCTBEHHBIN 0a3WC), MEPEMEHHBIE X| B X, — CBOOOTHBIE.
[IpunaBass CBOOOJHBIM TIEPEMEHHBIM MPOU3BOJIBHBIC 3HAYCHHS M BBIUMCISSA
0a3ucHble TIepeMeHHbIe 1o (Qopmynam mojnenu (3), MokeM HalTu OECKOHEYHOE
MHO>XECTBO JIOMYCTUMBIX (T. €. HEOTPUIIATENbHBIX IUIAHOB). 3aMETHM, YTO B
00I11eM pEeIIeHUH CUCTEMbI YPaBHEHUHN 0a3MCHBIMU TIEPEMEHHBIMHU MOTYT OBITh JJIsI
JAHHOM 3aJauu JII0Oble TPU MEPEMEHHbIE M3 TATH (X X2, X3, X4 Xs5), a
CBOOOIHBIMH — OCTAaBIIIMECS ABE MEPEMECHHBIC.

Ecau cBoOOAHBIE TIEPEMEHHBIC MOJOXUTH PAaBHBIMU HYJIO M BBIYUCIUTH
0a3ucHbIE, TO TOJYYUM JOIMYCTUMBIN Oa3UCHBIA IJIaH, KOTOPBIA Ha3bIBAETCS
onopHbIM: X1 = 0; X = 0 ; x3= 267; x4 = 136; x5 = 266. ba3zucHbsle nepeMeHHbIC
PaBHBI TIPU 3TOM CBOOOJHBIM YJIEHAM, KOTOPBIE JIOJKHBI OBITh, CJIEIOBATEILHO,
HEOTPUIATEIbHBIMHU.

Onopmubiil niaun — 3T0 0A3UCHBIN JTOMYCTUMBIN TUTaH, T. €. HEOTPUIIATEIbHbBIN
TIJIaH, JJIsi KOTOPOTO PaBHBI HYJIIO CBOOOAHBIC TIepeMeHHbIe. KoInuecTBO OmopHbIX
MJIAHOB KOHEYHO U HE MPEBOCXOJUT KOJUYECTBA 0a3UCHBIX penieHuil. OHO paBHO
YUCITy coueTaHuid u3 5 mo 3 (v 1o 2):

: oz B TWIW3INLES

T Ty ez

T. €. OTIOPHBIX TUTAaHOB He OoJibie 10,

OcHogHasi meopema CUMIUIEKC-METOAa TOBOPUT O TOM, YTO €CJIM OITH-
ManbHbld TiaH 3JIII cymiecTByeT, TO €ro MOKHO HAWTH CPEAU OIMOPHBIX. DTO
II03BOJIIET MCKATh ONTUMAJBHBIM IIJIAaH HE Cpeau BCEX JONMYCTUMBIX IUIAHOB,
KOJIMYECTBO KOTOPBIX OECKOHEYHO, a JIUIIb CPEId OMOPHBIX, YUCIO KOTOPBIX
KOHEYHO U B MPHUHIIUIIE UX MOXHO MepedpaTh, U CPAaBHUB IO 3HAUEHUIO KPUTEPHUS
ONTUMAJILHOCTH, BBIOPATh HAMITYUILIUH.

CymHOCTh CHMIUIEKC-METO/Ia COCTOMT B II€JICHANpaBIEHHOM Tiepedope
ONOPHBIX IIJIAHOB JUI HAaxOXAEHWs onTuMaibHoro. Ilpm 3ToM He Tpebyercs
HaXOJWTh BCE OIIOPHBbIC IUIAHBI, @ JOCTaTOYHO HAWTU OJUH M3 HUX U 3aTeM
NEPEXOUTH K CIEAYIOLIEMY, HO TaK, YTOOBI pEIICHNE YIIydIllanoch, T. €. 3HaU€HHE
U yBenmmuuBasoch, U TaKk A0 HAXO0XKACHUSA IIJIaHA, TP KOTOpoM U — MakCHUMasbHO.



Pemenue 3JII1 cuMmiieKc-MeTOI0M OCYILIECTBISETCS C TOMOILBIO CUMILIEKC-
Tabimi. MaTtemaTudeckyro Mozenb (3) 3amuiieM B BHAE CUMIUICKC-TAOIUIbBI 1.
basucHble nmepeMeHHbIE TOMEIIaeM B JIEBBIM CTONOEI, CBOOOIHBIE — B BEPXHIOIO
CTPOKY CO 3HAKOM «MHUHYC», IIUPpoii 1 oTMeyaem ctonder; CBOOOIHBIX YICHOB

Tabmura 1
b.n
X1 X2
PR X3 =
X4 = X5 =
N 6 4

3amemum, umo 6 mabnuye 1 u 80 6cex NOCACOVIOWUX CUMNAEKC-MAOIUYAX
cmonbey c60000HBIX ULEHOB He OOINCEH CO0ePHCAMb OMPUYAMENbHBIX INEMEHMOB
8 CUTY YCIIO8USL HEOMPUYAMETbHOCMU, 34 UCKTTIOYEHUEM, MOdCem Oblmb, dieMeHma
U-cmpoxku.

Kaowcoas cmpoka mabauywt 1 coomseemcmeyem ypasnenuio mooeau (3).
Kaowcooe ypasnenue mooenu (3) moocem Ovimb nonyueno uz mabauysvt 1 ym-
HOJICeHUeM JJIeMEeHMOo8 COOMBEemCcmeyoujeli CIMpoKU HA dleMeHmbl  8epXHell
CMPOKU-3A20108KA:

X3 =264*] + 12%(-x;) + 3*(-x2),;

Xy =136%1 +4%(-x;) + 5% (x3);

X5 =266%1 + 3% (-x;) + 14%(-x,);

U=0%*-6%-x;)-4%-xz2).

Ilonyuennas mabauya 1 Hazvieaemcs nepeoul cumniekc-maoauyet. OHa
coomeemcmayem nepeomy ONOPHOMY NAAHY:

(x1: X2, X3, X4 x5 ) = (0; 0; 264; 136, 266 ).

Ilpu maxom naane npudbviie U = 6*x; + 4%*x, = 6*0 + 4*0 = 0.

Omom onopHulll NiaH He AGNAemcs ONMUMATIbHbIM, HA YMO YKA3bleaem
Haiuyue ompuyamenvbHulx d1emenmos 8 U-cmpoxe mabauywl 1

Ilepetioem k crnedyrowemy onopHomy niauy, OJisi 3mMo20 CHA4aIa 8 mao.uye
1 8vibepem KtUesoll s1eMeHm no ciedyouemy npaguiy.

1. Bulbupaem xnouesotll (pazpewarowyuti) cmoabey, OH COOmMEemcmeayem
ompuyamenvromy snemenmy U-cmpoxu (11000my), ommemum e2o cmpenKoi 6HU3Y
mabauyvl 1 Yawe u3 HeckonbKux ompuyamenbHulx 21emenmos U-cmpoku
8bIOUpalom mom, KOmopbwlll OoNbuie NO aOCONIOMHOU 6eluduHe. Y Hac 2mo
IIeMeHm

« -6 » 8 U-cmpoxe. Bvibop Kitoueso2o cmoadoya capanmupyem yeeiudeHue
(ne ymenvwenue) 3navenus U.



2. Buibupaem karouesyio cmpokxy, oHa COOMEemcmayem MUHUMATbHOMY U3
OMHOWEHUN C60D0OHBIX YNEHOE K coomeemcmeaeyrowum noJI0HCUMENbHbIM IJle-
MeEeHMAam Kiroueeoco cm0ﬂ6ua:

(264 136 166

mind T 2Tl —min {22:34:8867) = 22
P12 4 3

)

Umo yKazwvleaem Ha NepeyIo CMpOKY, OMMemUM ee CmpeaKkol Cnpasd.

Buvibop knrouesoti cmpoku eapanmupyem coxpaweHue yclosus Heompuya-
MenbHbIX NePEeMEHHDBIX.

3. Ha nepeceuenuu Kmouegou CcmpoKku U  KIOYego20  Cmoadbya
ommeuaem Kaouegou snemenm. On pasen 12.

Cmpoum HO8YI0 cumniekc-mabauyy 2, cogepuias 0OHOKPAMHOe 3ameljeHue
OaszuUCHOU nepemeHHOl Ha C80O0OHYIO.

Tabnuya 2
b.o. -X3 -X2
e B X1 =X4=Xs5= 1/12-1/3 -1/4 Y4 53/4
U= 12 -5/2

1. Ilomensem mecmamu 6A3UCHYIO U CB0OO0OHYIO NepemMeHHble, Cmoswue 8
KII04eB0l CmpOoKe U 8 KIIOYe80M Cmoaoye: X3 U Xj.

2. Knrouesoti snemenm 12 3amenum uuciom, emy oopamuoim: 1/12.

3. OcmanvHvie 21eMeHmbl CMPOKU PpA30eIUM HA KIH0UeBOU IIeMeHN.

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

4. OcmanvHvie 31eMeHmbl KI0Ye8020 CMoabya pazoeium Ha KIYesou
NeMeHm U NOMeHsIeM 3HAKU HA NPOMUBONOJIONCHbLE.

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

5. Onemenmvl, He npuHaonexcawue KIOYeBOU CMPOKe U KIIOUEBOMY
CMONOYY, BLIYUCIUM NO NPABUTLY NPAMOY2OTIbHUKA.

Hanpumep, sviuucaum snemenm mabauysvl 2, COOmeemcmeyoujuli d1emMeHmy
266 mabnuyer 1. /{na eco HaxooicOenuss 6 maobauye 1 MbICIEHHO CMPOUM
NPAMOY20NbHUK, V KOMOPO20 HA KOHYAX OOHOU OUA2OHAnU cmosim uucio 266 u
Knovesou onemenm 12, a ma xouyax opyeou — uucaa 264 u 3. [uaecomuans,
cooepacawyas Kiouesoll leMerHm, CUumaemcs 2idaeHou, a opyaas — nobouHou. M3
npou3BedeHUs INeMEeHMO8 NO 2JA6HOU OUASOHANU BbIUUMAEMCS NPOU3BeOeHUe
INeMEeHMO8 NOOOYHOU OUACOHANU U BMA PASHOCMb O0eNUMCcs Ha Klouesou
NeMeHm.:

(266*12 — 264%*3):12 = 200.

Ionyuennoe uucno 200 enucvieaem 6 mabauyy 4.3 ma mo mecmo, 2oe
cmosino yucio 266 ¢ maoauye 1.



5.m. -X1 -X2

H H X3 = X4 = X5=

Iloocuumaem, kakoe uucio 6yoem cmosams 6 mabauye 2 6Mecmo 4ucia «-4»
6 U-cmpoke mabnuywvt 1. Ha pucynke noxasan npamoyeolvbHUK, KOMOPbIU Mbl
OO0JIHCHBL MBICTIEHHO 8bloeums 6 mabauye 1. I nasnas ouazonans npsamoy20ibHUKA
cooepacum paccmampusaemvliit. dnemenm «- 4» u kaouegou onemenm 12, a
nooouHas oua2oHans, — dnemenmol 3 U «- 6». B pesynomame 8bluucieHull NOAYYUM

yucno, komopoe enucvigaem 6 U-cmpoxy mabauywl 2:
[-4%12—-3%-6)] : 12 =(-48+18): 12 =-30:12 =-5/2.

AHnanoeuuno 3anonnsiem 6éce ocmaesuiuecs kiemxku maoauyvt 2. Ha mecme
yucaa 136 uz mabnuyel 1 6 mabauye 2 6yoem cmosmv YUCio:

(136%12—-264%4 ) : 12 =48.

Ha mecme snemenma «0» 6 U-cmpoke mabauyvl 1 6 mabauye 2 3anuuiem
YUCNO:

[0*12 —264%-6)] : 12 = 132.

B nocneonem cmonoye mabauyvl 2 na mecme snemenma «3» 6yoem cmosimo
Yucno:

(5*12-4%3):12=4.

Ha mecme snemenma «14» enucvisaem 6 mabauye 2 yucio:

(14*12—-3%*3) : 12 =150/12 = 53/4.

UYmobvl nonyyumes ONOPHLIN NAAH U3 CUMNIEKC-mabauyvl 2, noaazaem
PABHLIMU HYII0 CB0O0OHblE NEPpeMeHHble X3 U X, CMOosAWuUe 8 GepXHell CMmpoKe.
To20a 3HaueHus 6A3UCHBLIX NEPEMEHHBIX X], X4 U X5 PAGHbI 3HAUEHUSM, CIOAUUM 8
nepgom cmoJioye maobauywl 2.

B pezynemame gvinuwiem émopoti onopuuli niau:

(X1, X2, X3, Xg; X5 ) = (227 0; 0, 48, 200),

npu komopom U = 132. Omom niawu He s61semcs onmumaibHoiM, m. K. 8 U-
cmpoke maoauywvl 2 umeemcs OmpuyameibHulil d1eMeHm.

Ilepexooum k HoB0U, mpemvell cumniekc-maoauye. /s 3mozo cHavaia 8
maoauye 2 vlbepem Kirouegoll I1eMeHm, N0OBMopus npeovioyuue paccyiHcoeHus.

1. Ommeuaem knouesou cmonbey. O cooepaicum OmpuyameibHvli ie-
menm U-cmpoku: «-5/2».



2. Ommeuaem KarOuegylo CmMpoKy, KOmMopdsi COOMEEeMmMcmayen MUHUMAIbHO-
MY U3 HOJONCUMETbHBIX OMHOWEHUI CB0O0OHBIX YIEHO8 K INEMEHMAM KIIOYEB020
cmonobya:

b

4mo yKazvléaem Ha 6mMopyo CMpPOK).

3. Ha nepeceuenuu knouegoll cmpoKu u Kio4ego2o cmoadbya 6 maodiuye 2
ommeuaem Kaouesou s1emeHm «4».

Ilepexooum k 3anonnenuro cumniekc-maoauysl 3 no npaguiam 1 — 3.

Tabnuya 3

b.o. -X3 -X4

X = 5/48 - -1/16 1/4
X; = X5 = 1/12 41/48 -53/16

U= 7/24 5/8

Omoti mabauye coomeemcmayem onopHoe peuletue:

(X1, X2 X3, X4, X5 ) = (19, 12; 0; 0, 41 ).

OHO A6nslemcs ONMUMAbHLIM, M. K. 6ce kodpuyuenmor U-cmpoku 8
mabauye 3 neompuyamenvrovl. Makcumanvroe snauenue yenesou gyuxkyuu U max
=162.

Ono docmueaemcs npu x; = 19; x, = 12. JJononnumenvhole nepemeHHbvle npu
amom pasmuvl. x3 = 0; x4 = 0; x5 = 41. Imo o3nauaem, umo cvlpbe nNepeozo u
8MOPO20 8UO08 UCNONB3YEMC sl NOJHOCIbIO, d CbIPbe MPembe2o 8U0d OCMAEemcs He
UCNOIL308AHHBIM 6 Konuyecmee 41 ke.

3ameuanue. Ilpu pewenuu 3a0auy CUMNIEKC-MEMOOOM KOIUHUECNEO CUMN-
JieKc-maobauy moxcem Oblmb pa3U4YHbIM. B paccmompennom pewenuu oHo pagHo
mpem.

Omeem. YT0OBI MOTYYUTh MAKCUMAJIbHYIO NpUOBLIb B pasmepe 162 Toic.
py0., HyKHO U3rOTOBUTH 19 uznenuit A u 12 uznenuii B.

3aaHue K NPAKTHYECKOMY 3aHSATHIO:

3aaun BIOMPAIOTCA B COOTBECTBUU CO CBOUM BapHUaHTOM.

ba3oBblii ypoBeHb:

3aganue 1. PemuTh CUMIUIEKCHBIM METOIOM 3ajauu (Tadi. 1).

Ta6nuna 1. BapuanTs! 3a1anuii

B B
3amaua 3amaua
apuaHT apuaHT
Z(X):—2X1—2X2—

=x+4x,+
Z(X)=x,+4x,+x3®max, 2x;®min,



[Tponomxenue TadIULbI 1.
Z(X):2X1+X2-

-

Xx3;®min, o Tin =l x;%0, j=1,2,3
Z(X)=x-
gfc‘i-x +ix +x 6
F —x+txtxn=i
X, +x;®max, o dn 24 x;°0,
=1,2,3

Z(X)=5x+2x,+x3®max,

Z(X)=x,-8x%,-
Gx +a,+2n 26,

im+xm+x=94

: — 4.+ - .
3x;®max, - 3o xS x°0,j=1,2,3

Z(X):-3X1-2X2-

+ ®

3,

A
-+

it
|

2

+
||'::|"-.c
[

AT
[

2x;®min, %% T T T x30,=1,2,3
Z(X)=-
B v+ I 212,
F Bt ta =8,

R B PR gt
2x118x,1t3x3®min, = ‘

x;°0, j=1,2,3
Z(X)=6x,+7x,1t9x;®min,
fx +2x, + 23 25,

o Lo —
'E}—:L,E_'!'_XTTJ&E—E_,

o —wtx =2 :
TEoEmTR 20 4502123

Z(X)=5x;1+2x,+x3®max,

Bomnpocs! Aj1s1 caMOCTOSATEILHOM PadoThI

ba3oBblii ypoBeHb:
1. B
IpOrpaMMHUpPOBaHUs ?

qeM 3aKJIII049acTCA

CHUMIIJICKC-METO/,

3alayd = JIUMHEWHOI'O

2. B kakoil ¢opme HeEOOX0AMMO caenaaTh IOCTAHOBKY 3aJadd, €clu
MPUMEHSTH JJIS1 €€ PEUICHUS] CUMIUIIEKC — METO?

3. Kak noiy4yuTh OMopHOE penieHre 3aa4i JUHEMHOTO MPOrpaMMHUPOBaHUs
JUISL AAIbHENIIErO €€ PEeUIEHUs CUMILIIEKC-METOI0M?

4. B ueM reoMeTpHUYECKHI1 CMBICI CUMILIEKC-METOAA?

5. Kak ctpoutcs onopnoe peuierne 3JII1 meTonom uckyccTBeHHOTO O6azuca?



ITPAKTUYECKOE 3AHATHE Ne 8

Tema UuncisieHHoe uHTerpupoBanue u auddepeHurpoBanme

HucneHHOE UHTErpUPOBaAHUE

dopMyibl i NPUOIUKEHHOTO BBIYMCICHUS OINPEACIICHHBIX HHTETPAJIOB
MPUMEHSIOTCS] OYEHb YacTo. /[eno B ToM, uTo /7151 O0IBIIOTO YKCa dJIEMEHTaPHBIX
GbyHKIMNA IEpBOOOpPA3HBIEC YK€ HE BBIPAXKAIOTCS Yepe3 dJIeMeHTapHble (PYyHKIUH, B
pe3ynbTaTe 4Yero HEeb3sl BBIYMCIHUTH OIPEACICHHBId HMHTETpaJl C IOMOIIBIO
dbopmynsl HetoTona-Jleitoamma.

Bcerpeuarores Takke M ciydau, Korja NpUXOAUTCs Mpuoderath K popmyiam
MPUOJIMKEHHOTO UHTETPUPOBAHMS JJaXe NJIl TAaKUX MHTETPaOB, KOTOPHIE MOTYT
ObITh HalJEHbl B KOHEUYHOM BHJIE, HO TAKOE€ BBIPAKEHHME OKA3bIBACTCS CIMILKOM
cloXkHbIM. OCOOEHHO BakHBI (POPMYJIBI MPUOIMKEHHOTO HHTETPUPOBAHUS MPU
pEelIeHUH 3a7a4, CoAepKauX (PyHKIHMH, 3aJaHHbIE TAOJIUYHO.

Keaopamypuwie ghopmynot

Hanbonee pacnpoCcTpaHEHHBIM TMOAXOJIOM K YHCICHHOMY BBIYMCICHUIO

WHTErpasa
5
I= [ fmx
1)
ABJISIETCS pazOueHue OTpe3Ka [a, D] Ha 71 PaBHBIX
bh—ua
gacTte a =xo <x1<...<Xx, = bc marom A= »n HWHTEPIIOJIUPOBAHUE

byakiuu y = f(x) Ha otpeske [a, b] (momydeHHWE HWHTEPHOJAIMOHHOTO

MHOTOWIEHA | (x)) 1 3ameHa B (1) uHTerpana HHTErpaibHOM CyMMON:

b H
In = [ 9(dx = > 4 i
i=0 ,Lo» I 2)

CooTtHotieHus BUaa (2) Ha3bIBAIOT KBAOPAMYPHLIMU POPMYIAMU.

B mpocteiimux cinydasx B Ka4eCTBE WHTEPMOJSIIMOHHOTO MHOTOWIEHA | (X)
OepyT CTymeHYaTylo, KyCOYHO-IMHEWHYI0 WM KyCOYHO-TIapa0OIMYECKYIO
GyHkMM, a Takke mnomuHOM cremeHM k=n(j(x) =x%) na  KoTOpBIX

KBajpaTypHbie popMyiibl mpuHuMaioT Buf (cM. [Ipumep 1 Pucynka 8):



EHathcad PLUS - [H4CcAEHHOE WHTErpHPOBAHHE H AMPPEPEHILHPOBAHHE] M=l E3

X

_?'!'l File Edit Test Math Graphice Swmbolic  Window Books Help - | E’l
OnpeneneHWe dagHKUMK fix)=sin()/(x+1) Ta8nKMUHO Ha oTpeszke [a.b]
ni=ll i=0.n  a=2 bi=d p=2od
sinl 3 .
W) ::% % =at+hi A :=f'(xi)
Oputep 1. MiHTerpupoeadue dyHKLMK i) Ha oTpeske [a.b]
HucneHHoe MHTEMpUPOEaHIHE | HHrerpupoBaHue © sareHol [[x)] MNpoeepra © NorMowE©D
N0 fopkAgne TPaneLMi SMHERHON MHTEpRonAuMHed OMNERATORE WHTEM DHDOESHKA
4
-1 .
A . b _ [ = sn(x) o
It =h + Z W, Il = linterpi =z, v, ) de 1+ 1
2 a 2
k=1
I, =0099635 I =0099636 [=009917

MNaormep 2. NuddepeHUMpOEaHHME thYHELMK fix] B Toyke »=3

Wo=5 .

ni=0.10 D =nd"! w -=(le
n

in n
B =l1solve W, 1N
] :=ZB_-5;. D' = 0256318
1-1
i

HucneHHoe AU epeHUMpOEaHHE
FAETOA0M HEONPELENEHHER KO3 PPALMEHT OB

d—f(X:] =-.25a318 - MpoBepra ¢ NoMoWED oneparopa HdPepeHLHMpOEaHMA
dz

-

w
4| | 5

| auta | [MUM | Page 1

Y

Pucynok 8. UnciienHoe nurerpupoBanme u quddepeHuupoBaHue

G opmyna npamoy2orbHUKOS:

n
JT:I'! = hzl.ﬂ:x!—ljﬂ :Ir x]._].jlg = x!'—]. + lh’
1=

1i=1,2, 3)
K
gdopmyna mpaneyuii:
n-1
P h[¥ J (
i=1 ; 4)

gdopmyna Cumncona (n - 4€THOE YUCJIO):

A
In =§U’n +4{pL+pa+ Appo1 )+ 2pa +pat Arp-2)+
5)

MemoO  HeonpeoeleHHblX — Kod@@uyuenmos COCTOUT B BBIYUCICHUU

onpeneneHHoro uHTerpaia (1) ¢ momompio Gopmynsl (2) kodpdULIHMEHTHI 4,

KOTOPOM HaXOIATCS B PE3YJbTATE PELICHUS CIEAYIOLIEN CUCTEMBl YPABHEHUM:




.|'.r|:|=.£q.|:|+.£‘l‘11+---+zq.k
=4 +4x+. 0 Az, 6)
Fo=dgzy + Ax + 4,7,

RE+] _ g+l

b
I;;=-|-xk= :
a LA ,k=0,1,..., n.

rac

Memoo Moume-Kapno

Bo MHoOrmx 3amadyax WCXOJHBIC JaHHbICE HOCAT CJIy4YallHBIA XapakTtep,
MOATOMY JUISl UX PEUICHUS JOJDKEH MPUMEHSITHCS CTAaTUCTUKO-BEPOSTHOCTHBIN
noaxoA. Ha oOcCHOBE Takoro mnoaxoJa W MOCTPOEH METOJ CTAaTUCTUYECKUX
UCTIBITAaHUM, Ha3bIBAEMBIN TaKkKe MeToaoM Monme-Kap:ro.

[Iycts h - paBHOMEpHO pacmpeneneHHas Ha oOTpe3ke [a, D] ciydaitHas

BEJIMUMHA, :

b
Acde = Jingd

JInst  reHepupoBaHUs — MOCIEAOBATEIBHOCTU  CIyYalHBIX  YHCENI  C
HOpPMAaJIbHBIM 3aKOHOM pachpeneneHuss B Mathcad BO3MOXXHO HCMOIB30BATH

bynakuuto rnd

r Bo3Bpamjaer paBHOMEpPHO paclpeeleHHOE CIIy4yallHOE YHCIIO

nd(x) Mexay 0 u x.

Hns peanuzanmu  meroga  Monte-Kapimo  ynoOHO — MCIOJB30BaTh

byHKUMIO mean

m BongamaeT cpeaHee apI/Iq)MeTI/I‘I€CKO€ 3HAa4YCHHUEC DJJICMCHTOB

ean(4) | MaccuBa A.

Uucnennoe nuddepeHnmpoBanue
Yucnennoe oughghepenyuposanue aHamITUUECKU WIA TaOJMYHO 3aJlaHHOU

¢yukuuu f{x) Ha oTpe3ke [a, b] B Touke x = X 3akmouaercs B 3aMeHe f(x)

d p(x) 4" fx)
MHTEPIOJIAIMOHHBIM MONMHOMOM | (x), i?iecaiaiua dc" @™ KOTOpOro

MOYHO HAaWTH aHAJTUTHYECKHU C TIOMOIIBI0 COOTBETCTBYIOIMIHX (OpMYIT:



d"flx) dqlx) < (
=SBy
e Z.J ¥
8)
Memoo wneonpeodenennvix koap@uyuenmos (cm. Ilpumep 2 Pucynka 8)
IpEeIoJiaraeT UCIOJIb30BaHUE B KaUECTBE WHTEPIIOJISIIMOHHOTO MHOTOWICHA | (X)
nomiHoM creneHu k=n (j (x) = (X-x)"), a xoddpduumuentsr B; popmynsr ()

HaXOJATCA B pC3YJIbTATC PCIICHUA CJ'IGI[YI-OHIGﬁ CHCTCMBI ypaBHCHHﬁI

Dy=EB,+ B +..+F8

FEl

D =Bx+Bx+...+5x, 9)

_ » » »
D =EB,xy + Bz + ...+ B,x,,

IDIS Dﬁ'«:[‘wl =k'Xk_1,k=O, I,... n.

CumMBoOJIbHOE MHTETpUpOBaHuE U AU hepeHITIPOBAHNE

Jnst  BBIYMCIEHHMS UWHTErpajioB (MM HAXOXIEHUS MEepBOOOPA3HBIX)
aAHATUTHYECKN 3aJaHHOW (yHKIMH uUcnonb3dyercs komanaa Symbolic O
Integrate on Variable (MuTerpupoBare 1mo mepemeHHoii). OHa BO3BpamaeT
CUMBOJIBHOE€ 3HAUEHHE HEOINPEIECICHHOIO HHTErpaja I0 YKa3aHHOW MapKepoM
BBOJA IIEPEMEHHOM. BrIpakeHue, B C€OCTaB KOTOPOrO BXOAMT II€PEMEHHA,
ABJISIETCS OJBIHTETPANbHON (PYHKITUEH.

Komanga Symbolic O Differentiate on Variable (IuddepennupoBars
N0 NepeMeHHOI) BO3BpallaeT CUMBOJILHOE 3HAUYEHHE MPOU3BOJAHON BBIPAKEHUS
10 TOW MEPEMEHHON, KOTOpas yKa3zaHa KypcopoM. J[JIsi BBIYUCIEHUS TPOU3BOAHBIX
BBICILIETO NOPSAKA HYKHO MOBTOPUTH BBIYMCIIEHHE HEOOXOAMMOE YHCIIO Pas3.

Pe3ynpTaT CMMBOJBHOTO MpPeoOpa30BaHUsI MHOTAA COACPKHUT CHeYUAIbHblE
@yHKYUuU, KOTOPBIE HE SIBISIIOTCSA YaCThIO CIHCKA 6cmpoennvix ¢hyukyuti Mathcad.
Bort onpeneneHuss HEKOTOPBIX U3 HUX:

g - KOHCTaHTa Jiinepa,

" cosit) -1 ;

Ci(x)=g+In(x) + T[



" coshit) -1 ;
Chi(x) = g + In(x) + t[ !

HOp}I,HOK BBIITIOJIHCHU L

3agaHue

1. Onpenenutsb

h=(b - a)/8 na otpeske [a, b].

Bapuanrtsl 3axanus 1

Ne
BapuaHTa

1
2

N=2= “EE N B - Y B N

11
12
13
14
15

3amanue 2. BolunucnuTh UHTETpa

fx)

1tg2x +1)

cos3xf(l- cos3x) 2

1/(x"9|x3 +4)
sin x /(1 + sinx)
32 1+ D)

x2 arctgxf3)
e sin3x

ctgdx f(sin2x) 2
(x+1)sinx
S5x +xlgx
(2x +3) sinx
cosxf(2x +5)
1/(1 + x + x?)
1+ 2)f2+x)
]

C MIOMOUOIbKO BCTPOCHHOI'O onepamopa urmezcpupoeanusi,

[a, D]

[0.4, 0.8]
[0.8, 1.6]
[0.18, 0.98]

[0.8, 1.6]
[0, 0.4]
[0.8, 1.6]
[0.4,1.2]
[0.8, 1.2]
[1, 5]
[0.2, 1]
[0.4,1.2]
[0.4,1.2]
[0, 4]
[0.4, 0.8]
[0.4,1.2]

o Gpopmyiie npsam0oy201bHUKOS;

o ¢popmyne Cumncona,

dyskmuio f{x)  TabmaM4HO,

3HadeHud y; = fix;) BToukax x; =a + hi,i =0, 1, ..., 8,

[ :

BBIYHCJINB



. C MOMOIIBIO BCTPOEHHOTO onepamopa UHmMe2pUpo8aHus N
UHTEPIOIAIeH Ta0IUIHOM byHKIIUU KyOuueckum
cnaatinom (byHkuuu cspline v interp);,

. METOIOM HeonpeoeleHHbIX K03 uyuenmos nis YUCJIICHHOTO

HHTCTPUPOBAHUA.

3aganme 3. BelunciouTe HHTErpal Jjﬂx}dx metronoM Moume-Kapno. [ns
ATOr0 HEOOXOIUMO:

. ONPEAECTUTh IUaNa30H CydalHbIX yncen, Harnpumep j: = 0..1000;

. ONPENEIUTh C MOMOIIBIO (YHKIMH 71d PABHOMEPHO PacCIpe/IeICHHYIO
CllydaliHy10 BeIMUYUHY h jHa oTpe3ke UHTerpupoBanus [a, b];

. co3nath BekTop F; = f(h ));

. C IOMOIIBI0 PYHKITUU mean BIYUCIUTh UHTETPAJL.

3ananme 4. HaliTu nepBooOpa3Hyr0 aHAIUTUYECKH 3alaHHON (YHKIUU f(x),
ucnoabp3ysa komany Symbolic FO Integrate on Variable.

3amanue S. BbluuMcauTh 3HAYEHHS TMEPBOM M BTOPOMl IMPOU3BOAHBIX
¢ynkuuu f(x) B Touke X = c:

. ¢ moMo1IkIo onepatopos nuddepennrponanust Mathcad;

. MemoooM  HeonpeoeseHHbIX KO3 @uyuenmos sl YUCISHHOTO
muddepenunpoBanus.  Onpenenutrb  QYHKUUIO f{x)  TaONMYHO, BBIYHMCIIUB
3Ha4YeHus y; = fix;)) B Toukax x; =c + h?i,i =0,1,..,10, A= 0.01 Ha oTpe3ke
[c, d].

3aganme 6. OnpenenuTh CHUMBOJBHOE 3HAYEHHUE TIEPBOM U BTOPOH

MPOU3BOAHBIX f(X), ucnonb3ys komauay Symbolic FO Differentiate on Variable.

ITPAKTUYECKOE 3AHSATHE Ne 9

Tema: Pemienne TpaHCIOpTHOM 3a/1aun

Heap padorsi: Haiitn HavyabHOE penIeHHWE TPAHCIIOPTHOM 3aJayu ABYMS
METOJAaMU: METOJIOM CEBEPO-3aIlaTHOIO yIjla U METOJOM HauMEHbIIEH CTOMMOCTH.
Halitn onTuManbsHOE pelieHre TPaHCIIOPTHOM 3a/1a4i METOJIOM IIOTCHIUAJIOB.

Kparkas Teopus

CHMIUIEKCHBII METOJ AJIl pelleHHs 3ajad JMHEHHOrO IMPOrpaMMHUpPOBAHUS
ABIISIETCS YHUBEPCAJBbHBIM, OH IO3BOJISIET PEIINTh JIIOOYI0 3a/ady, HO pelIeHue
MHBIX 33Ja4 CBS3aHO C TPYAOEMKMMH pacdyeTamu. MOKHO BBIIEIUTH KJIACC 3azad,



KOTOpBIE pemaroTcsi 0oyiee MPOCTHIMU CHENUANTBHBIME MeTonaMu. K 4ducity Takux
3a]1a4 OTHOCSITCS] TAK HA3bIBAEMbIC TPAHCIIOPTHBIE 3aa4H.

Kaaccuueckasi TpaHcmopTHasi 3ajada - O HamOojiee DKOHOMHOM TUIaHE
MEPEBO30K OJHOPOIHOTO MPOYKTA UM B3aUMO3aMEHSIEMBIX MPOTYKTOB U3 MYHKTOB
OTIIPABJICHUS B MTYHKThI HA3HAYCHMUSI.

Knaccuueckass TpancnoptHast 3amada (cokpamieHHo T3) dopmynupyercs
CJICAYIOIIUM 00pa3zoM.

B nyHkrtax otnpaBieHus 4,,4,.,..,4,, KOTOpble OyJIeM Ha3bIBaTh TaKkKe

IIOCTABIIUKAMH, COCPEIOTOYCHBI 3aIlachl OJHOPOJHOIO TIpy3a B KOJIHMYECTBAX
COOTBETCTBEHHO. B myHKTBl Ha3HaueHus B,B,,..,B

a,,Qy,..r d ', HMMEHYEMBbIC

m

MOTPEOUTEIISIMU, HAJUIEKUT JIOCTABUTh COOTBETCTBEHHO b,,b, ..., b, SIUHUIL TPY3a.
N3BecteH TpaHCHOPTHBIN Tapud ¢, - CTOUMOCTb MEPEBO3KU €IMHULIBI TPY3a U3
IIyHKTa A, B IIYHKT B, i=12,..m,j=12,.,n. Tpe6yeTc;1 COCTaBUTh TAKOM ILJIaH

MEPEBO30K T'Py3a, NpU KOTOpOoM oOmias crouMoctb F Bcex mepeBOo30K Oblia Obl
HauMEHBILIEH, IPU 3TOM BCE 3aBKU ObLIN ObI BHITOJIHEHBI.

B TepMun "TpaHcHoOpTHBIA Tapud" BKIAIBIBACTCA YCIOBHOE NOHHMAaHHUE
CTOMMOCTH €IMHUIIBI TPY3a - ITO MOXKET OBbITh CE0ECTOMMOCTb, PACCTOSIHUE, TapU(,
BpEMsI, PACXO]I TOIUIMBA I JEKTPO3HEPTUU U JIP.

[Iycte cyMMmapHble 3amacbl I'Py30B Y IIOCTaBIIMKOB PABHBI CYMMAapHBIM
NOTPEOHOCTSIM MTOTPEOUTETICH:

n

m
Zaz- =2.b;
i=1 =1

DT0 ycnoBHe HazbiBaeTcs ycioBueM Oananca. Ecou ms T3 ycinoBue Ganmanca
BBITIOJIHAETCSA, TO MoJieib T3 Ha3bIBaeTCs 3aKpBITOM, €CJIM yCJIOBHE OajaHca He
BBINIOJIHEHO, TO MOZIeNb T3 - OTKpbITast. COCTaBUM MaTEMaTUYECKYIO MOIeIb T3.

Ilycte x,- KOIMYECTBO TIPy3a, KOTOPOE IIOCTABIIMK 4, OTHPABISET IIO-
Tpeburemo B, (i=12,.,m,j=12,.,n) CO CTOMMOCTBIO IIEPEBO30K c,. JlaHHBIE

3a1a91 MOKHO IIPCACTAaBUTb B BUAC Ta6J'II/H_IBI 1.

Tabmmma 1.
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[TorpebroCTH u L
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ITo CMBICJIY CBOEMY BCIMYHUHLI X > (0 ¥ JOJDKHBI YAOBJICTBOPATH CICAYIOIIUM

OI'paHHUYCHUSAM:

o W3 myHKTa A, BCe 3amachl JIOJKHBI OBITh BHIBE3CHBI (OrPAaHUYCHUS T10
pecypcam): ij =a(i=12,.,m);
j=1
o 3asABKU MOTpPEOUTENEH B, NOIKHBI OBITH BBINOJHEHBI (OrpaHMYEHUS
IO MOTPEOHOCTSIM): ix,.j =b,(j=12,.,n).

i=1

3arpaTel Ha MEPEBO3KY x, €AMHMI| TPYy3a U3 IyHKTA IIOCTaBKH 4, B IYHKT

IOTPEONIEHNsT B, COCTABISIOT ¢, -x, PYyOJeH; 00Imas e CTOMMOCTb BCEX MEPEBO30K

m 7
X, PaBHA CyMMe BCEX TaKMX 3aTpat: F =) > c,-x, — min
i=1 j=I

Maremarnyeckast noctaHOBKa 13 COCTOUT B CHEAYIOLIEM:

COCTAaBUTD IINIaH IICPCBO30K X ., YIOBJIICTBOPAIOMIUX CUCTCMC OI'PAHNYCHHU

i

YCJIOBHUIO HEOTPULATENBHOCTH: x, >0, i=12,.,m,j=12,.,n, IPU KOTOPOM

nesneBas QyHKIUS JOCTUTAET CBOETO MUHUMYyMa!
F =izn:cij - X, —> min
i=1 j=1

N3 Marematnueckol MOJAEIMA BUIAHO, 4TO T3 SBISIETCS YaCTHBIM CIy4aeM
oOrIeii 3a1a4l JTMHEHHOTO MPOrpaMMUpOBaHusi. B o01ielt Teopun JMHEWHOTO TIPO-
IPAMMUPOBAHUS TOKA3aHbI CICAYIOLIUE TEOPEMBI:

Teopema 1. Tpancnopmuaa 3adaua npu @vlNOJIHEHUU yCl06usa Oananca
6cezoa umeem peuieHue.

Teopema 2. Cucmema ozpanuyeHuii mpancnoOpmHOI 3a0a4u cooepiHcum
m-+n-1 nuneitno-ne3agucumvix ypagHeHuil.

[Ipn pemeHnn 3agad MPAKTUYECKU CMBICH TEOPEMBI 2 3aKIHOYAETCA B
CJIEIYIOLIEM: YHCIIO HA3HAYEHHBIX IIEPEBO30K PaBHO m+n-1.

[Tporienypa pemmenust T3 OyaeT COCTOSTH B MOCIEAOBATEIIBHOM YITyUIICHAU
OMNOPHBIX IIAHOB U MPOBEPKHU X HA ONTUMAJIbHOCTD.

MeToabl MOCTPOCHUSI HAYAJIBHOIO IJIAHA.

Cy1iecTByeT HECKOJIBKO METOJIOB IOCTPOEHMSI MEPBOHAYAIBLHOTO OIOPHOIO
maHa T3 (OomopHBIN TJIaH - IUIaH, YAOBJICTBOPSIONIUN CUCTEME OTPaHUYEHUU U
YCIOBUIO HEOTPULATENBLHOCTH). PaccMOTpUM TOJNBKO JIBa M3 HUX: METOJ CEBEpPO-
3amaJHoro yria U METoJl HAMMEHBIIEH CTOUMOCTH.



Kak yxe oTMedanoch, B OMOPHOM TUTaHE HE OoJiee ¥ = m + n - 1 mepeMeHHBIX
x;, OTJIMYHBIX OT HyJIs. ECiM TakuX nepeMEeHHBIX PaBHO F, TO TaKOM IUIaH HA3bIBAIOT

HEBBIPOKIACHHBIM, B IPOTUBHOM CJIy4ae - BBIPOKICHHBIM.

Memoo cesepo-3anaonozo yzna. HaznaueHue nepeBO30K HAYMHAEM C JIEBOU
BEpXHEH KJIETKH (ceBepo-3amagHblid yroi). CpaBHUBas pecypchl NOCTaBIIMKA U
NoTpeOHOCTH MOTPeOUTENSA, Ha3HAYaeM MaKCHMaJIbHO BO3MOXKHYIO MepeBo3Ky. Ecmu
pPECYPCOB NOCTAaBIIMKA HEJOCTATOYHO, TO MEPEXOJUM K CIEAYIOIEMY MMOCTABILUKY.
Ecmu pecypcoB y mocTaBUOIMKa JOCTAaTOYHO, TO HA3HAYMB HYKHYIO TIEPEBO3KY
NepBOMY MOTPEOUTEN0, TMEepexoauM K cleayromemy mnotpeourento. [lpu
Ha3HAUEHUM TEPEBO30K JJIsi YJAO0OCTBA 3alMChIBAEM OCTaTOK pecypcoB (IO-
TpeOHOCTEN); €CIIM PecypChl 3aKOHYMIIUCHh WM MOTPEOHOCTH YIOBJIETBOPEHBI, TO
ctaBuM OykBy "K" (koHew). Ecium mnpu Ha3HaYeHHH MEPEBO3KM OJJHOBPEMEHHO
3aKOHYWJIMChH 3arachl PECypcOB y TMOCTAaBUIMKA M YJIOBJIETBOPEHBI MOTPEOHOCTH
noTpeduTesnsi, To U3 "Urpel" BBHIBOAUM TOJBKO OJHOIO YYAaCTHHKA, JIPYrOMYy OC-
TaBJIIEM HYJIb 3aI1aCOB WJIM HYJIb IOTPEOHOCTEN.

Memoo naumenvuieir cmoumocmu. BpiOvpaeM KIETKYy C HaUMEHbIIIEH
Tapu(HOM CTAaBKOM M HA3HAYaeM MaKCHMaJbHO BO3MOXHYIO NepeBo3Ky. Eciu
3amachl 3aKOHYWJINCh WM NOTPEOHOCTH YJIOBJIETBOPEHBI, TO IOCTAaBIIMKA WIH
noTpeduTens uckiaoyaeM. Cpeau OCTaBIIMXCSA KJIETOK CHOBA BHIOMPAEM KIIETKY C
HaVMEHbILIEH CTOMMOCTBIO M HA3HAYa€M MaKCHUMAaJIbHO BO3MOXXHYIO MEPEBO3KY.
Ecnu B pe3ynbTaTe Ha3HAUYCHUS NEPEBO3KU 3aKOHYMIIMCH 3aMachl MOCTABLIMKA WU
yJIOBJIETBOPEHBI MOTPEOHOCTH MOTPEOUTEINSI, TO €r0 UCKIIYAEM U3 JajJbHEUIIero
PacCMOTPEHHS.

MeToa NOTEHIIHAJIOB MOCTPOEHHUS ONTUMAJIBHOIO IJIAHA.

Haubonee npoctsiM MeTonoM permieHuss T3 gBiseTcs METOA MOTEHIUAIOB.

HOTGHHHaﬂaMI/I Ha3bIBAIOTCsA YCJIOBHBIC  4YHCJIa u,, v; IIPUITMCAHHBIC

onpeeIeHHBIM 00pa30M Ka)JI0MY MOCTABIIHUKY U MOTPEOUTEITIO.

Teopema 3( ycnosue onmumanvnocmu naana). Cymma nomenuuanos
nocmaguwiuka u nompedumens pasHa mapuHoil cmagke 07:a 3AHAMbBIX Kile-
MOK; CyMMa NOMEHUUAI068 NOCMAGUWUKA U nompedumens He npegviuiaem
mapuuyro cmagky 011 c60000HbBIX K1€MOK:

{ui +v, =¢;, x; 20,

u,+v, <c;, x,;,=0.

3ameuanue. OMOPHBIN TUTaH TOJDKEH OBITh HEBBIPOXKICHHBIM.

Anzopumm pewieHus mpancnopmHoIl 3a0a4u:

CrpouM HayallbHbIE IIJITaHBI METOJIOM CEBEpPO-3aMaJHOTO yIjla U Hau-
MEHbIIEH CTOUMOCTH, U3 HUX BBIOUPAEM JTYUIIIHH.

HaxonuM moTeHIManbl MOCTaBIIMKOB M MOTpeOUTenel, UCHob3ys NMepBoe

YCJIIOBHEC OIITUMAJIbHOCTH IlJIaHA: u, + v, =¢;



[TpoBepsiem BTOpOE YCIOBUE ONTUMATIBLHOCTH TUTAHA JJISI CBOOOTHBIX KJIETOK
u; +v, <c,;. ECIIlH OHO BBIIOJHEHO, TO IUIaH ONTHMAayeH. ECii HE BBIMOIHEHO, TO

yIIydIiaeMm TiaH.
4. VY nydienue miaHa.
a)  TPU HEBBITOJIHCHUH BTOPOTO YCIOBHS ONTHMAJIBLHOCTH IUIaHA B
KJIETKY 3aHOCHM HapyIIEHUE u, +v, —c, €O 3HaKOM "+". Takue KIETKU Ha3bIBAIOTCS

NOTCHIIMAIBHBIMU;

Cpeld BCEX MOTEHIHUAIbHBIX KJIETOK BBIOMpAaeM KIETKY C HauOOJbIINM
HapylICHUEM;

CTPOMM JJI1 BBIOPAHHOW KJIE€TKH 3aMKHYTBI KOHTYp, COCTOSIIHMHA W3
BEPTUKAJIBHBIX U TOPU30HTAJIBHBIX OTPE3KOB IPAMOMW, IIPUYEM BEPILIMHBI KOHTYpa
JIeXKaT B 3aHATHIX KJIETKAX, 32 UCKIIOUYEHUEM TOM KIIETKH, JIsI KOTOPOU CTPOUTCSA
KOHTYp. BHUIbI KOHTYpOB IIpUBEACHBI HA PUCYHKE 1;

Puc. 1 Buapl KoHTYpOB
BEpIIMHBI KOHTypa IMOOYEPENHO NomedaeM, 3Hakamu '+"."-", HaumHas c

KJICTKH, JIJI1 KOTOPOU MMOCTPOCH KOHTYD);
€) cpeau KIETOK, MOMEUEHHBIX 3HAKOM

nmn

, BBIOMpAEM HaWMEHBIIIYIO
nepeBo3Ky. Ha 3Ty BelMunMHy yBEeIMYMBAaEeM NEPEBO3KU B KIIETKAX, MOMEUYEHHBIX

nmn

3HakoM "+", M yMeHbIIaeM B KJIETKax, IOMEUYEHHbIX 3HaKoM "-". B pesynbrare
nepeHa3zHayeHus IEPEBO30K OCBOOOXKTAECTCS OJHA KIETKA.

5.BHOBB NOJy4YEHHBIN IUIAH TPOBEPSEM HA ONITUMAIIBHOCTD.

IHopsinok BbINOJIHEHHS 3aJAHUM

3amanue. Mlmerorcs Tpyu MyHKTa NOCTaBKM OJHOPOJHOTO rpy3a Al, A2, A3
u 1Atk nyHkToB B1, B2, B3, B4, BS notpe6nenus sroro rpy3a. Ha mynkrax Al,
A2 u A3 HaxomWTCs TPy3 COOTBETCTBEHHO B KoiudecTBe al, a2 u a3 ToHH. B
nyHkTel B1, B2, B3, B4, BS tpebyercs noctaButh COOTBeTCTBeHHO b1, b2, b3, b4,
b5 toun rpy3a. Paccrosinue MKy MyHKTaMH TIOCTaBKU Y MTyHKTAMHU MOTPeOIeHUS

MIPUBEJICHO B TaOIUIE:

IIyHKTBI ITyHKkTBI MOTpPEOAEHUS

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




Haiitn Takoil mnaH 3akperyieHUs MOTpeOuTeNnell 3a IMOCTAaBIIMKAMHU
OTHOPOJHOTO Tpy3a, dYTOOBI OOmMe 3aTparbl 1O TEpPeBO3KaM  ObUIN
MUHHUMAJIbHBIMU.

al=200, a2=250, a3=200, 28 27 18 27 24
b1=190,  b2=100,  b3=120, D=|18 26 27 32 2l
b4=110, b5=130 733 2 3L

Pemennue.

1. TloctpouM Ha4danpHBIA IUIAH JBYMsS METOAAMHU: METOJIOM CEBEPO-
3alagHoOro yriia U METOJOM HauWMEHBIIeH CTOMMOCTH, M BbIOEpEeM TOT ILUJIaH,
KOTOpBIA OyJIeT HauidyyllMM, TO €CTh IIOJIyYUM MHUHUMAaJbHbIE 3aTpaThl 3a
[IEPEBO3KY OJHOPOIHOIO IPy3a.

A) CtpouM HaualbHBIM IJIAH METOJOM CeBepo-3amaaHoro yria. CocraBum
TaOJIUIy 3HAYEHU:

EZZ?:SZLT; B1 B2 B3 B4 B5 Samace!
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
[Torpebnoctu | 190, x 100, 90, 120, 110, 70, 130, 650=650

Yucio Ha3HAYEHHBIX EPEBO30K m+n-I1=3+5-1=7, TO €CTh HaYJIbHBIN TIJ1aH
x, =190, x, =10, x,, =90, x,, =120, x,, =40, x,, =70, x,,=130
HEBBIPOKICHHBIM.

IIpy TakoM IUIaHE CyMMapHbIE TPAHCIIOPTHBIE U3IEPKKU PABHBI:
F=28-190+27-10+26-90+27-120+32-40+31-70+34-130=5320+270+ 2340+ 3240+
+1280+ 2170+ 4420 = 19040(eournuy)

b) Ctpoum HauanbHBIN TJIaH METOJAOM HauMeHbIel crouMoctu. CocTaBuM
Ta0JIUIly 3HAYCHMI:

IT

oTpeduTenn B1 B2 B3 B4 B5 3anacel

ITocTaBmmkn

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

A2 18 26 27 32 21 250, 60, x

190 60

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

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

Havansubiii niiad:
x, =10, x; =120, x,=70, x, =190, x,, =60, x;, =90, x;, =110



IIpy TakOM IUTaHE TPAHCIIOPTHBIE U3AECPIKKU

F=27-10+18-120+24-70+18-190+21-60+33-90+31-110=270+2160+1680+ 3420+

+1260+ 2970+ 3410=15170(eounuy)

CpaBHUBasE TpaHCIOPTHBIE W3IEPKKHU, BUIWUM, YTO IUIAH, IMOCTPOEHHBIN
METOJOM HAauMEHBIIIEN CTOUMMOCTH, JIyUIIHi.

2. BpiOupaeM nydmidii miaH ¥ HaxXOJWM MOTEHIUAIbl MOCTaBIIUKOB U
IIOTPEOUTENEN, UCIIONL3Ys IEPBOE YCIOBUE ONTUMAIILHOCTH IIAHA: u, +V; =¢;

0 UTEIH, v, 21 27 18 25 24
[TocraBmukw, u, B1 B2 B3 B4 B5
28 27 18 27 24
0 Al 10 120 70
18 26 27 32 21
S 190 60
27 33 23 31 34
6 A3 90 +1 110

Hcrone3ysl mepBo€ yCIOBHE ONTHUMAIBHOCTH IUIAHA, COCTABUM CUCTEMY JIM-
HEWHBIX YPAaBHEHUM IS ONIPEACIICHUS TOTEHIIUAIOB:

u, +v, =27
u, +v, =18
u, +vs =24
u, +v, =18
u, +vy =21
u, +v, =33
u, +v, =31

CucreMa JTMHEHHBIX YPaBHEHUW COJNEPKUT 7 ypaBHEHHU W 8 HEM3BECTHBIX,
T.€. OHAa UMEET MHOXKECTBO pelieHui. Tak Kak Hy>)KHO OJIHO pelleHUe, TO JII000H U3
HEH3BECTHBIX 33/1a€M 3HAUYCHUE U BBIUUCIIIEM OCTAJIbHBIE HEU3BECTHBIE.

Ilycts u, =0, Torma

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

1.IlpoBepsieM BTOpO€ YCJIOBHE ONTUMAIbHOCTH IUIaHA JUJIsI CBOOOJHBIX
KJIETOK u, +v, <c,. EcoM ecThb HapylleHus, TO 3aHOCUM MX CO 3HAKOM «+». B

pe3yibTare MPOBEPKHU MOJYUUSIA OJHY MOTEHIUAIBbHYIO KJIeTKy. Takum oOpazom,
HAYAJIbHBIN IJIaH HE ONTUMAJIEH.

2.¥Ynyumenue miaHa. BeibupaeM KieTKy ¢ MakCUMalbHBIM HAPYIICHHEM U
JUISl HE€ CTPOUM 3aMKHYTBIM KOHTYP.

0 UTEIH, V;
[TocraBuky, u, B1 B2 B3 B4 BS
28 27 + 18 - 27 24
Al 10 |1 120 70
18 26 1 27 ! 32 21
Al 190 i ! 60
A3 27 33 23 31 34




| | - 90 [+1 | 110 |

Cpenu KIETOK,
MIEPEBO3KY:
¢ = min(90,120) = 90

Ha 9Ty BCIIMYHNHY YBCIINYUBACM IICPCBO3KU B KJICTKAX, IOMCUCHHLIX 3HAKOM

IIOMCYCHHBIX 3HAKOM <«-», BI)I6I/IpaeM HaNMCHBIITYIO

«t», " YMCHbIIACM B KIICTKAaX, IMOMCYCHHBLIX 3HAKOM «-». B pe3yibTarc
IMEpCHa3HAYCHH: IICPCBO30K NMCCM IIJIAH!

0 UTEIH, V, 21 27 18 26 24
[TocTaBmuKH, U, B1 B2 B3 B4 BS
28 27 18 27 24
0 Al 100 30 70
18 26 27 32 21
3| A2 190 60
27 33 23 31 34

> A3 90 110

I/ICHOJ'II)3y5I IICPBOC YCJIOBUC OIITHMAJIBHOCTHU ILIaHA, COCTABUM CHCTCMY JIH-

HEMHBIX ypaBHeHI/Iﬁ JUIA OIIPEACIICHUA ITOTCHIIUAJIOB!:
uy +vy, =27
u, +vy =18
u, +vs =24
u, +v; =18
uy +vs =21

Uy +vy =23

uz +vy =31

CucreMa TUHEWHBIX YPAaBHEHUM COJIEPAKUT 7 ypaBHEHUW U 8 HEU3BECTHBIX,
T.€. OHa UMEET MHOKECTBO petieHuil. Tak kak Hy»KHO OJHO pellieHHe, TO J00H U3
HEU3BECTHBIX 33J]a€M 3HAUYCHUE U BBIYUCIISIEM OCTaIbHbIC HEU3BECTHBIE.

Ilyctb u, =0, TOorma

u, =-3, uy=5 v, =21, v, =27, v;=18, v, =26, vs=24

[TpoBepsiem BTOpOE YCIOBUE ONTUMATIBLHOCTH TUTAHA JJII CBOOOHBIX KIETOK
u;+v, <c;. YCIOBHE ONTHMAJILHOCTH BBIIOJIHEHEI,

ClIeIOBaTe/IbHO, ILJIaH,

COOTBETCTBYIOIIHIA TaOIUIIE, ONITUMAJICH.
X1, =100, x;3 =30, x;5=70, x, =190, x,5=060, x33 =90, x;, =110
F =27-100+18-30+24-70 +18-190 +21-60 +23-90+ 31-110 = 2700 + 540 + 1680 + 3420 +
+1260 +2070 + 3410 = 15080(edunuy)

OtBet: CpaBHMBasi TpH METOAA HAXOXKIECHUSI ONTUMAJIBHOIO IUIaHA, JAEJIaeM
BBIBOJI, YTO METOJl MOTEHIMAJIOB HAXOAUT ONTUMAJIBHBIA IUIAH pelIeHUs
TPAHCHOPTHOM 3aJaud, TaK KaK TMOJYYWIM MHHUMAaJlbHbIE TPAHCHIOPTHBIC
uzaepxku pasubie 15080 enunuil.

3agaHus I CAMOCTOSITEIbHOM PadoThI

1 Bapuamur.

3agava. VIMeroTcs Tpu MyHKTa NOCTaBKU OJHOPOAHOrO rpy3a Al, A2, A3 u

ATk nyHkToB B1, B2, B3, B4, BS norpebiienus storo rpy3a. Ha mynkrax Al, A2




U A3 HaxoAUTCS TPy3 COOTBETCTBEHHO B KoJinuecTBe al, a2 u a3 TOHH. B MyHKTHI
B1, B2, B3, B4, BS tpebyeTtcst noctaBUTh cooTBEeTCTBEHHO b1, b2, b3, b4, b5 TOHH
rpy3a. PaccrosiHme MexXay NyHKTaMd TIOCTaBKM W NYHKTaMU NOTPeOJCHUS

MPUBEJEHO B TaOIULE:

IIyHKTBI ITyHKkTBI HOTpPEOICHUS
MOCTaBKHU B1 B2 B3 B4 BS
Al DI11 DI2 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35
HaliTh Takoil 1uIaH 3aKkpelvieHus MOTpeOuTeneil 3a MOCTaBIIUKaMHU

OJTHOPOJHOTO TIpy3a, dYTOOBl oOOmMe 3arpaThl MO TEPEeBO3KaM  ObuIH
MHUHUMAaJIbHBIMH.

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

b1=270, b2=130, b3=190, D=50 47 23 17 21
b4=150, b5=110. 030 2Tl

2 BapuaHT.

3agava. lIMeroTcs Tpu IyHKTa ITOCTaBKUA OJHOPOIHOrO rpy3a Al, A2, A3 u
AT nyHkToB B1, B2, B3, B4, BS notpebiienus storo rpy3a. Ha nmynkrax Al, A2
U A3 HaXOAUTCA TPYy3 COOTBETCTBEHHO B KOMYECTBE al, a2 u a3 TOHH. B IyHKTHI
B1, B2, B3, B4, B5 tpeGyeTcst 1ocTaBUTH cOOTBETCTBEHHO b1, b2, b3, b4, b5 TOHH
rpy3a. PaccrossHme Mexay IyHKTaMd IOCTaBKM U IyHKTaMU MOTpeOIeHUs
PUBEACHO B TaOJIHIIE:

IIyHKTBI ITynkTel norpedaeHns
MOCTABKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35
HaiiTu Takoil muiaH 3akpemieHus MoTpeOuTeneil 3a MOoCTaBIIUKaAMU
OJTHOPOJHOTO  Tpy3a, dYTOOBI OOmME 3aTparbl 1O TMEpPeBO3KaM  ObUIN
MHUHUMAaJIbHBIMHU.
al=200, a2=300, a3=250, 20 10 13 13 18
bI=210,  b2=150,  b3=120, b=\27 1920 16 22
26 17 19 21 23

b4=135, b5=135.
KonTposbHbIe BONPOCHI

Kakue 3a1aun Ha3pIBAIOTCS TPAHCIIOPTHBIMU?

B yeMm cyTh Kaccuyeckoi TpaHCIOPTHOM 3agauun’?

Yrto 03HAYaET TEPMHUH «TPAHCIOPTHBIN Tapud»?

Kax 3anuceiBaercs ycnoBue Oananca?

Kak BeITIAIMT MaTeMaTUyecKas IOCTaHOBKA TPAHCIOPTHOM 3a1a4un?

B 4yem cyTh MeTOZA CEBEPO-3aIIaHOrO yria?

NSk Wb =

OcHoBHas nacsa Meroaa HAaUMEHBIIIEH CTOMMOCTH?




ITPAKTUYECKOE 3AHATHE Ne 10

Tema: HaxoxneHne ONTUMAJIbHOIO PEIIEHUWE TPAHCIOPTHOM 3aJa4yu
METO0M MMOTEHIMAJIOB.

Heab padorsi: HaliTu HavanbHOE pelIEHUE TPAHCIOPTHOW 3aJlayd JIBYMS
METOJaMH: METOJIOM CEBEPO-3aaJHOr0 yIriia U METOJIOM HaUMEHbIIEH CTOMMOCTH.
Haiitn ontmanbHOE pelieHrue TPAaHCIOPTHOM 3aJa4i METOAOM MOTEHIUAJIOB.

3ajanus I CaMOCTOSAATEIbHOM PadoThI

3 BapuaHT.

3amava. lIMeroTcs Tpy IyHKTa MTOCTaBKU OJHOPOAHOrO rpy3a Al, A2, A3 u
AT nyHkToB B1, B2, B3, B4, BS notpebiienus storo rpys3a. Ha nmynkrax Al, A2
U A3 HaAXOAUTCA TPYy3 COOTBETCTBEHHO B KONMYECTBE al, a2 u a3 TOHH. B IyHKTBI
B1, B2, B3, B4, B5 tpeOyeTtcst nocTaBUTh COOTBETCTBEHHO b1, b2, b3, b4, b5 TOHH
rpy3a. PaccrosiHne MeXay NyHKTaMd TIOCTaBKM W NYHKTaMH TOTPeOJeHUs
IPUBEACHO B TaOJIHIIE:

ITyHkTBI ITyHkTBI HOTpEOICeHUSA

MOCTABKH B1 B2 B3 B4 BS
Al DI11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiith Takoit miaH 3akperieHus MOTpeOuTeNneil 3a MOCTaBIIMKAMU
OJTHOPOAHOTO Tpy3a, dTOOBI OOIIME 3arpaThl 10 IIepeBO3KaM  ObLIX
MUHHMAaJIbHBIMHU.

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

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

4 BapuaHT.

3amava. lIMeroTcsa Tpu MyHKTa MOCTABKU OJTHOPOJHOrO rpy3a Al, A2, A3 u
nath nynkToB B1, B2, B3, B4, BS notpe6ienus storo rpy3a. Ha mynkrax Al, A2

40 19 25 25 35
D=|49 26 27 18 38
46 27 36 40 45

1 A3 HaxoauTCs Ipy3 COOTBETCTBEHHO B Koiu4uecTBe al, a2 u a3 ToHH. B MyHKTBI
B1, B2, B3, B4, BS tpeOyetcs qoctaBuTh cooTBeTCTBeHHO b1, b2, b3, b4, b5 ToHH
rpy3a. PaccrosHme Mexay MyHKTaMd TOCTaBKM W IyHKTaMU TOTPEOICHUS
MPUBEJICHO B TaOJHUIIE:

IMyHKTHI IyHkTHI HOTPEOICHUS

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




Haiitn Takoil mnaH 3akperyieHUs MOTpeOuTeNnell 3a IMOCTAaBIIMKAMHU

OTHOPOJHOTO Tpy3a, dYTOOBI OOmMe 3aTparbl 1O TEpPeBO3KaM  ObUIN
MUHUMAaJTbHBIMH.

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

bI=170,  b2=140,  b3=200, D=1 172636 36
b4=195, b5=145. 3730 3139 4

S BapuaHr.

3apava. IMeroTcs Tpu MyHKTa MOCTaBKUA OJHOPOAHOrO rpy3a Al, A2, A3 u
ATk nyHkToB B1, B2, B3, B4, BS notpebiienus storo rpysa. Ha nmynkrax Al, A2
U A3 HaxOoAUTCS TPy3 COOTBETCTBEHHO B KoJinuecTBe al, a2 u a3 ToHH. B MyHKTHI
B1, B2, B3, B4, BS tpebyeTtcst nocTaBUTh cOOTBETCTBEHHO b1, b2, b3, b4, b5 TOHH
rpy3a. PaccrossHme Mexay IyHKTaMd IOCTaBKM UM IyHKTaMU MOTpeOiIeHus
IpUBEACHO B TaOJIHIIE:

ITIyHkTBI ITyHkTBI HOTpEOICeHUSA

NOCTABKH B1 B2 B3 B4 B5
Al DI11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HaiiTu Takoil mulaH 3aKperieHus MOoTpeOuTeneil 3a MOCTaBIIUKaMU

OJIHOPOJAHOTO  Tpy3a, 4TOObI OOIIME 3aTpaThl IO IMEpeBO3KaM  ObUIU
MUHUMAaJIbHBIMHU.
al=300, a2=250, a3=200, 4 8 13 2 7
b1=210, b2=150, b3=120, D=9 4 11 9 17
316 10 1 4

b4=135, b5=135.
KonTpoJsbHBIe BONIPOCHI
1. B yem cyTh M€TOJ@a MOTEHIIUATIOB?
2. Kakue KJIeTKU Ha3bIBalOTCS NOTCHIMAILHBIMU?
3. Kakwue BUABI KOHTYpOB Bbl 3HAaeTE?

INPAKTUYECKOE 3AHATHUE Ne 11

Tema:
MHOXUTENEH Jlarpanxa.
Heab padorbl: Peminth 3a/1a4y HETMHEWMHOTO MTPOTPAMMUPOBAHUS METOIOM

Pemienne 3agaum  HEIMHEWMHOTO NPOTPAMMHUPOBAHUS  METOAOM

MHOKUTENEN Jlarpanxa.
Kparkas Teopus
3ajayaMu  HeJMHEHHOr0 MNPOrpaMMHPOBAHMS HA3bIBAIOTCS 3aJa4d

MaTeMaTUYECKOro MPOrpaMMUPOBAHMS, B KOTOPBIX HEJIIMHEWHBI U (WJIM) LeneBas

¢GyHKIMS, U (WIKM) OTpaHUYCHHSI B BUJI€ HEPABEHCTB UM PABEHCTB.
3amauy HEMTUHEHMHOrO MPOrPaMMHUPOBAHUS MOXKHO KIACCHU(PHUIMPOBATH B

GyHKIASIMA

BugoM ¢yHkuuun  F(x), OTPaHUYECHUU U

Pa3MEpPHOCTBIO BEKTOPA X (BEKTOPA PEIICHHUI).

COOTBCTCTBUM C



B camom o61ieM Buze kinaccudukaiys npeacTapieHa B Ta0ulie.

Bun pynkuun Yucao
Bun F(x) Ha3Banue 3aga4uu
OrpaHMYEHUIl  TepeMeHHbIX

BeBYCJ'IOBHaH OJHOITapaMETpUICCKasd

Henuneitnas OTCYTCTBYIOT 1
ONITHMM3ALIUS
besycioBHast MHOrOnapameTpuueckas
Henuneitnas OTCYTCTBYIOT bosee 1
ONITHMM3ALIUS
Hemunueitnas
Henuueiinnie nim
UJIN Boiee 1 YcnoBHAs HenMUHENHAs OIITUMU3AIIUS

JIMHEWHBIE
JIMHEWHAS

OOuux crnoco0OB pelIeHUs], aHAJTIOTUYHBIX CHUMIUIEKC-METOLY JIMHEHHOIO
MPOrpaMMUPOBAaHUs, [JIs HEJIMHEWHOIO0 MPOTrPaAMMHUPOBAHMS HE CYIIECTBYET.
B kax1oM KOHKpETHOM ciyyae crnoco0 BbIOMpaeTcss B 3aBHCHUMOCTH OT BHJA
¢ynxkuuu F(x).

3ajauyn  HEIMHEWHOTo MPOTPaMMHUPOBAHUSI Ha MPAKTHUKE BO3HUKAIOT
JIOBOJIBHO 4YacTo, KOIJA, HaIpHUMeEp, 3aTpaTbl pacTyT HE IPONOPLUOHAIBHO
KOJIMYECTBY 3aKYIUICHHBIX WJIA TPOU3BEIEHHBIX TOBAPOB.

3aoauu HeNUHENH020 NPOPAMMUPOBAHUA OTHOCATCA K MPYOHHIM
BBIYHMCIIUTEIBHBIM 3a1adaM. [Ipu ux peleHun 4acto NMPUXOAMUTCS MpUOerath K
MPUOJIMKEHHBIM Memodam onmumuzayuu. MOIIHBIM CPEICTBOM JUISl PEIICHUS
3a/1la4 HEJIMHEMHOro NpOrpaMMHMPOBAaHUS SBISIIOTCS YUCIEHHBbIE MeTOoAbl. OHH
MO3BOJISIFOT HAWTH PEIICHHE 3aJa4i C 3a/IaHHOM CTENEHBIO TOYHOCTH.

Oo0mas popmyIMpoBKAa HEJUHEHHBIX 32124

Haitt nepemMeHHbIE X1, X2y «.ey Xn , YAOBIECTBOPSAIOLIME CUCTEME YPABHEHUMN

Y(x1,X2y.00Xn) =bi, i =1, |
2, e, m )
¥ o0palarIme B MAaKCUMYM ( MUHUMYM ) TIEJIEBYIO (DYHKITUIO
Z=f(X1,X2, ee0y Xn) (2)
[IpumepoM THUOMYHOM W NOPOCTOM HEIMHEMHOM 3aJayd  SIBISETCSA
CIEQYIOIIAs:
JlaHHO€ mpeanpusiTue IJs MPOU3BOACTBA KAKOTO-TO MPOAYKTAa PacXxoAyeT JiBa

cpeactBa B KOJIIMYCCTBE X7 U X2 COOTBECTCTBCHHO. 910 (I)aKTOPBI IMpOnU3BOACTBA,

HalpyuMep, MAIIMHBI U TPY, ABA PA3JIMYHBIX CHIPbS U T.II., @ BEJIUYUHBI X1 U X2 —



3aTpaThl (PaKTOPOB MPOou3BOACTBA. DaKTOPHI MPOM3BOACTBA BIpPEAb OyAeM CUUTATD
B3anMoO3aMeHsAeMbIMUA. Eciu 3TO «Tpya» M «MallMHBD), TO MOXHO MPUMEHSTH
TakMe METOAbl NPOU3BOJCTBA, IPH KOTOPHIX BEIMYMHA 3aTpaT MallWH B
COMOCTABJICHUU C BEJIMYMHOM 3aTpaT Tpyda OKaszbIBaeTCs OOJbIIE WM MEHbIIE
(Tpou3BOACTBO 00JIee WU MEHEE TPYI0EMKOE).

OO0BbeM TpOM3BOACTBA (BBIPAKEHHBI B HATYpPAJIbHBIX WM CTOMMOCTHBIX
eauHUIax) sABisercss GyHKUMEW 3aTpar npousBojctBa Z = f ( x;, x2 ). Ota
3aBUCHUMOCTb HA3bIBACTCS MPOM3BOACTBEHHOM (pPyHKUMen. V31epKKU 3aBUCAT OT
pacxojia 00oux (GakTopoB (X7 U X2) U OT 1IeH 3TUX (HakTopoB (c7 U ¢z2). COBOKYITHBIE
U3IEPKKU BbIpakaroTcsi popmynod b = c; x1 + ¢z x2. TpeGyercs nmpu naHHBIX
COBOKYIHBIX U3/IEPKKAX OMPEACIIUTh TAKOE KOJUYECTBO (DaKTOPOB MPOU3BOCTBA,
KOTOPO€ MaKCUMU3HUPYET 00beM NPOAYKIUHU Z.

Martematuyeckas MoOJAENb 3TOM 3aJaud MMEET BHJ: OINPEICIUTh TaKHE

MIEPEMEHHBIE X7 U X2, YIOBJIETBOPSIOIINE YCIOBUAM
cixitc:x2=b (3)

IPU KOTOPBIX (DYHKIIHS

Z=f(x1,Xx2) (5)

nocturaeT Makcumyma. Kak mpaBuno, ¢GyHkius (5) MOXET UMETh
MPOW3BOJIbHBIN HEJTUHEWHBIN BUI.

Hcnonb3yro  KIACCMYECKHE METOAbl  ONTUMH3ALMM, CIEAYeT YETKO
NpEeACTaBIsATh ceOe pa3audyue MEXIy JAOKAIbHbIM DKCTPEMyMOM (DYyHKIIUH,
2/100a/1bHBIM DKCTPEMYMOM U YCA08HBIM HKCTpeMyMOM. lIoHsITHE YCIIOBHOTO
AKCTpEeMyMa BBOJMTCS JJIsl ClIydasi, KOria YMCJIO0 MEPEeMEHHbBIX N He MeHbIe 2 (n >
2). bynem nonaratb, 4To QyHKUUS Z = f ( X1, X2 5 «eey Xn ) = f (X) IBOXKIBI
muddepennmpyema B Touke X* = (x1 %, x2 %, ..., X»™ ), (X* € D(f)) u B HEKOTOPOW
€€ OKPECTHOCTH.

Ecnu ns Bcex Touek X 3Toit okpectHOoCcTH f(X*) = f(X) win f(X*) < f(X),
TO TOBOpAT, uTo GyHKIMSA f (X) uMeer 3KkcTpeMyM B X* (COOTBETCTBEHHO

MaKCHUMYM U1 MUHUMYM).



Touka X* , B KOTOpO# Bce YacTHbIE Mpou3BoHbIe PpyHKINU Z = f (X) paBHBI
(0, Ha3bIBAETCS CTAMOHAPHON TOYKOM.
Heo0xoaumoe ycjioBue 3kcTpeMymMma.
Eciu B touke X* dynkuus Z = f (X) uMeeT SKCTpEMyM, TO YaCTHBIE
IPOU3BO/IHbIE (DYHKIIMH B 3TOM TOUKE paBHbI ():
"1 (X*)=0,i=1,2,.., n.
CrnenoBatenbHO, TOUYKH 3KcTpeMyMma (pyHkiuu Z = f (X) yIOBIETBOPSIOT

CUCTEME YPAaBHCHUM:

f a2, u2,,.,x1,) =0

Fle, (2, 2,,.,x2,0=0,

(6)

Jnst  modydeHuss JIOCTATOYHBIX — YCJIOBUM  CJIENyeT ONpeneiuTh B
CTalluOHAapHOM Touke 3HaK auddepennuana Broporo nopsaka. [Auddepennuana
BTOPOTO TIOpsAKa 0003Ha4aeTCs d2f (X1, X2 5 veey Xn ) f "1 (X) HAWTH Y9ACTHYIO
MIPOU3BOJIHYIO MO MEPEMEHHON Xj , TO MOJIYYUM YacCTHYIO TPOU3BOJHYIO BTOPOTO

MOPsIKA IO IEPEMEHHBIM X, Xj , KOTopasi o0o3Hauaetcs f i, i (X). B aTOM cnydae

d=f (3= ZZ f"x,', w20 g A

iml gl

JlocTaTo4HbIe YCI0BHS IKCTpPeMyMa.

JIByX mepeMeHHBIX:

. ecmu A4 > 0 v ain < 0 (axz < 0), 10 B Touke X ? Qpynxuus umeer
MaKCHUMYM:
eciu A > 0 v air > 0 (a2 > 0),10 B Touke X ! — munumym (B o1ux cnyuasx X ! =
X*);

. eciu 4 < 0, To SKCTpeMyMa HET;

. eciu A4 = (), To BOIIPOC 00 IKCTPEMYME OCTAETCS OTKPHITHIM.

Metoa mHOKUTe el JlarpaHika

Croco6 ompeneneHus YCIOBHOTO 3KCTpEMyMa HAUYMHAETCS C TMOCTPOSHUS
BcrioMoraTenbHoil  ¢yHkiun Jlarpanxka, KoTopas B 00JacTH JOMYCTUMBIX
pEelIeHUI JOCTUraeT MaKCUMyMa JIJIsl TeX JK€ 3HAUYCHUN MEPEMEHHBIX X1, X2y «eey Xn,

YTO 51 1eaeBast byHKIMSA Z.



[Tycts pemaeTcs 3aaya onpeaesieHus: YCIOBHOTO 3KkcTpemyMa GyHKIuH z = f (X)
MIPY OTPAHUYCHUSX @ (X1y X2y ooy Xn ) =0, i =1, 2, ..., mym <n

CocTaBUM QYHKIIHIO

LX) = FU0 + S h:(X) (7)

i=l

KOTOpasi Ha3bIBaeTCs hyukyuel Jlacpanica. X, — TOCTOSHHBIE MHOKUATEITH
(mHoorcumenu  Jlaepawnsica). OTMETUM, UYTO MHOXHUTENIAM JlarpaHka MOXKHO
MpUAaTh SKOHOMHUYECKMH cmbica. Ecmu f (x1, X2, w., X» ) — JI0XOf,
COOTBETCTBYIOIIUHN TWIAHY X = (X1, X2y eeey Xn ), @ QYHKIUS @i (X1, X2y eeey Xn ) —
U3JIEP)KKH 1-TO pecypca, COOTBETCTBYIOIIUE 3TOMY IUIaHy, TO X, — IieHa (OICHKA)
1-TO pecypca, XapaKTepHu3yIolllasi U3MEHEHUE PKCTPEMaTbHOTO 3HAYEHUS 1EJIEBOM
(GYyHKIIMKM B 3aBUCHMOCTH OT M3MEHEHHUS pa3Mepa 1-To pecypca (MapruHaibHas
orieHka). L(X) — GyHKUUS n + m TEPEMEHHBIX (X1, X2y evey Xn 5 Aly A2y eoey An ).
OnpeneneHue CTallMOHAPHBIX TOYEK ATOM (PYHKIMM TPUBOJUT K PEIICHUIO

CUCTEMBI YPABHECHUI

AL{X) _ - 12 "
ar:‘ H A [] r 8)
BN 0 i m (
m‘ ¥ s -

JIerko 3amMeTuTh, 4YTO L;i =@ Takum o0pa3om, 3a7ava HaxOXKICHUS
YCIOBHOTO AKcTpemyMa PpyHkuuu z = f (X) CBOAUTCA K HAXOXKIACHUIO JIOKAJTIBHOTO
skctpemyma (yuknun L(X). Ecnu cranmmonapHas Touyka HaiiieHa, TO BOIIPOC O
CYIIECTBOBAHUM HKCTPEMyMa B MPOCTEHIINX CIy4asX PEIIaeTcsi Ha OCHOBAHUU
JNOCTAaTOYHBIX  YCJIOBUM J3KCTpEMyMa — HCCJIEAOBAaHMS 3HAKa BTOPOrO
nuddepennnana d’L(X) B cTAMOHAPHON TOUKE IPH YCIOBHMHU, YTO IEPEMEHHEIE

IMpHUpalCHHA AXxi - CBSI3aHBI COOTHOIIICHUSIMH

Z%M}_:D,I-].z, rean dHy (9)

=1
NOJy4YEeHHBIMU ITyTeM Ju(depeHIIMpOBaHUs YPaBHEHHM CBSI3U.
INPAKTUYECKOE 3AHATHE Ne 12
Tema: Pemenne 3amaun HEIMHEMHOTO MPOTPaMMHUPOBaHUS TpadUUECKUM

MECTOOOM.



Heas paGorbl: Pemmth 3a7a4y HEIMHEHHOTO IPOrPaMMUPOBAHMS
rpauyecKuM METOJOM

Pemienue cucremMbl HeJIMHEHHBIX YPABHEHHUH ¢ IBYMS HEM3BECTHBIMU

¢ nomouibso cpeacrea Iouck peuwenusn

Hactpoiika IloMck pemieHusi NO3BOJISIET HAXOIWUTh PELICHHE CHUCTEMBI

HEJIMHEHUHBIX ypaBHeHI/Iﬁ C IBYMs HCU3BCCTHBIMM:

{fl(x,y)=C1

fz(an’):Cz 10
rne f(x,y),i=1,2- HenmuHeHas (yHKIMS OT MEpPEeMEHHBIX X U p, C,,i=12-
IIPOU3BOJIbHAS TTOCTOSIHHAS.

N3BecTHO, uTO mapa (X, y) SBISETCS pelIeHueM cUcTeMbl ypaBHeHuil (10)
TOr/Ia ¥ TOJIBKO TOTJa, KOTJa OHA SBJSIETCS PELIEHUEM CIEAYIOIIEro YpaBHEHHUE C
JBYMsI HEU3BECTHBIMHU:

(hy)-a)+(hy)-GF =0 an

C npyroi cTOpoHbI, perieHre cucteMbl (10) — 3TO TOUKM mepeceyeHus IByX
KPUBBIX: fixy) =Cmu
fo(x, y) = C, na mnockoctu XOY.

N3 3TOro crenyer MeToA HAaxOKAEHUS KOPHEHM CHUCTEMBbl. HEJIMHEWHBIX
YPaBHEHUHU:

1. Onpenenuts (x0Ts Obl MPUOIMKEHHO) UHTEPBAJ CYILIECTBOBAHUS PELICHUS
cucteMbl ypaBHeHuit (10) unm ypaBuenus (11). 3nech HEOOXOAMMO YUUTHIBATH BU]L
YpaBHEHHUIA, BXOJIAIINX B CUCTEMY, 00JIaCTh ONPEACIICHUS KaKI0TO MX YPAaBHEHUH U
T. 1. UHora npuMmensieTcst nog00p HauyaabHOTO MPUOIMKEHUS pEIICHUS;

2. TlpotabynupoBarh pemieHre ypaBHeHHs (11) Mo mepeMeHHBIM X W Yy Ha
BBIOpaHHOM MHTEpBaJje, JM00 mocTpouTh rpaduxku pyHkuui fi(x,y) = C, u f>(x,y)
= C, (cuctema(10)).

3. JIokanu3oBath MNpENINojaraéMble KOPHU CUCTEMbl YPAaBHEHUM — HaWTH
HECKOJIbKO MHUHUMAJbHBIX 3HAYeHUA U3 TaOnMIbl TaOyJlIUpOBaHUE KOpHEH
ypaBaenus (11), b0 ompenenuTh TOYKH TIEPECEUYCHUs KPUBBIX, BXOMAIIUX B
cuctemy (10).

4. Haiftu xopHu st cuctembl ypaBHeHHi (10) ¢ MOMOIBIO HAJACTPOUKH

IHouck perenus.



IHopsAIOK BBINOJIHEHUS 3aJaHU

3amava. PemnTh cucteMy HETMHEMHBIX YPaBHEHUI:

{(x—l)z +(y+1) =4

Sx+4y=2

Pemenne:

Jlerko BHAETh, YTO PEIICHUE CHUCTEMBl YPABHEHUN SBISIOTCS TOYKHU
nepeceyeHuss OKpYKHocTH (¢ paguycom 2 u uedHtpoMm (1,-1)) u mpsmoi
y=0,5-125x.

JlaHHYIO CUCTEMY 3aMEHUM PAaBHOCUJIBHBIM YPABHEHUEM:

((x— 1) +(y+1) —4)2 +(5x+4y—2)° =0, A7 KOTOPOTO Oy/IeM UCKATh PEIICHUS C
mIomanbo HagcTpoku Ilouck perenus.

HUcxonass w3 TpaduKkoB ypaBHEHUN, WHTEpBaN JIOKAJIM3allMM KOpHEH
omnpenenuM B rpanuiiax ot -3 10 3 (puc. 1). SAueiika B3:B43 conepxaTt 3HaueHuUs
X. @opMyIbl Uil MOCTPOEHHUSI TPaUKOB:

B sueiike C3:

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

B sueiike D3:

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

B sueiike E3:

B3 Microsoft Excel - Kuurat E”E|E|

@_] taiAn  Mpaska Buo Bcraeka DopmaT  Cepeuc  dadHele  OkHo  CnpaBka = @

iv - K|EE=|€ |5 M9 B - Wiy @MiA-4

53 - A

al B | ¢ | o | . E | F | & | W | 0 | J ] & 3§

1 |PEWEHWE CUCTEMEI HEMMHEWHELA ¥YPABHEHWI

1. |% CHFYWHOCTE MFEMAS
- -1 1,75

-0,2756| -1,8245 1,825 .

01282 18718 18 padivEN ypaBHEHWA CHCTEMBI

0,05357

1,375

1,25
1.125
1
0,875
0,75 -
0.825
0.5
0,375
0,25
0,125
a
0,125 -4 -
0,25
0,375
0.5
-0,828
0.75
-0,878
-1

-1.125

dada da da da da s |da | da

[=x]
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1
]
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3
1
a
1
2
<
5
=
]
1
1
2
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loToB0 Puc. 1. MNpathuyeckoe peleHue cHCTEMBl HENMHERHBIX YRaBHEHHA

—(2-5*B3)/4




1. TabynupyeM paBHOCHIBHOE ypaBHEHHME Ha oTpeske [-3; 3] ¢ marom
0,5 (puc. 2).

B3 Microsoft Excel - Kuural.xls E”Elgl

E_] Dain  paska Bua  Boraeka  ©opuat Cepewc JanHeie  OwkHo Chpaska BeeawTe Bonpoc - .7 X

v KK U|SS=H mER|E-O-A-WiGl9- B - My MiA-H

B47 - B =((5A4TAP2+(BE46+1 )24 P24 (5*5A4 T +4*BE46-2 "2
A|EI|C|I3|E|F|I3|H|I|u|K|L|t-.I|N|T
45 |2
48 -1 0.8 a 0.5 1
47 585| 511,083 458 | 428,062 425
45 410,313 344,5| 285813 2868.,5| 260,313
48 281| 223,683 180 152,583 145
50 187,213 128,5) 100,812 78,5| 89,2125
51 121| 81,0825 50| 30,0825 25
52 75,3125 44.5| 20,8125 8.5 523125
53 45| 23,5825 8| 0,5825 5
ca 28,2125 145 7.8125 8.5| 20,2125 48.5| 99,8125 182,5| 208,213
55 17| 15,0825 18| 28,0628 48| 88,0825 148| 237,063 388
58 €.2125 24.5| 37,8125 £8.5| 90,2125 128.5) 209812 312.5| 456,213
57 25| 43,5825 68| 100,583 588
58 45,3125 74.5 110,813 188,5| 2 08.213
58 81| 121,082 170 220,083 251
a0 b
M4 v M Mnerl f Tner2 £ Nne3 / | < >
MoTosa Puc. 2, TabynuposaHue (iyHKLHK ONA HAX0MOeHWA peleHnA CUCTe bl YRaBHEeHWA

Jlokanuzupyem KOpHU PaBHOCWIBHOTO ypaBHEHUs (puc. 3):
Sueiiku A47:AS59 coneprkar 3HadueHus X Ha oTpeske [-3; 3] ¢ marom 0,5;
Sueiiku B46:N46 conep:xat 3HaueHust Y Ha otpeske [-3; 3] ¢ marom 0,5;
dopmyna mis siueiiku B47 (konupyetcst Ha auana3zoH B47:N59):
=(($A47-1)"2+(B$46+1)"2-4)"2+(5*$SA47+4*B§46-2)"2
®opmyna qs sueiiku B62 (konupyercs Ha auana3zoH B62:N62):
=MIH(B47:B59)

Hcxons U3 pe3ysbTaToB BBIUMCIECHUH, ONMPEAEINM CIEIYIOUIUE Maphbl

MpenoaraeMbeIX KopHer ypaBaenus: (2,5; -2,5), (2; -2), (0; 0,5), (0; 1).

B3 Microsoft Excel - Kuural.xls E| @| E|

@_] ©ain [paska Buwa BcTaBka QopmaT CepBuc  JadHeie  OkHo  Crpaeka BeeawTe sonpoc -8 X
i - K & U E=E=E € S H- &-év!ialq ARG I E b EE_’T'
MNG2 > e =MUH{MNAT-E9)
Al 8 [ ¢ T o T e T F [ [ v [ 0 [T 0 [ w [ [ wm | nw | =
45 |2,
a8 -2 2.5 -2 -1,5 -1 0.5 0 0,5 1 1,5 2 2,5 3
a7 2 1097| 932,082 794| 879,083 585| 511,083 45g| 425 082 425| 484082 £22| 837,082
48 | -2,5| 852,312  710.5] 591,812 482,5| 410,213| 2445| 255813 28685[ 280,212 282.5| 339.813|  440,5| 594,312
42 2 657| 528,563 436| 351,583 281| 233,862 180| 152,563 145] 182,563 212] 201,563
50 1,6] 501,313 4005 216,812 248,5]) 187,213 128,5| 100,812 78,5] 89,2128 24.5[ 128,812 210,5] 338,213
51 1 277 284,083 225| 169,083 121] 81,0825 50| 20,0835 25| 43,0828 g2| 158,083
52 | 0.5| 277.212| 210.5] 188,812 112,5| 75,2125 44 8| 20,8125 85| 523125 5 140.5] 252
53 [ 197| 144,582 104| 71,5828 45| 23 E828 8| o.5828 5| 28,5825 72| 149,583 8
54| 05| 132,313 225| 83,8125 42,5| 28,3125 145| 7.8125 85| 20,2125 43 5| 99.8125 182.5| 208.212
55 1 81| £2,0825 34| 23,0825 17| 15,0825 18| 28,0825 48| 58,0825 148| 237,082
58| 1,5| 42,2125 22,5] 13,8125 12,5| 18,2125 245| 27,8125 58.5| 90,2125 128,5| 209,812 2125
| 57 2 17| 45825 4| 11,5825 25| 43,5825 £8| 100,582 145| 208,583 252| 408,582
l 58 25| 7.3125 05| £.813E 22.5( 452128 745[ 110,812 166,56| 215,313 282.5) 284,812 530.5] 708,213
| IEE 2 17| 14,0825 28| 49,0828 21] 121,083 170] 230,063 208[ 400082 522| 679,083
60
I 61 (3.
&2 [Mmin | T.2128] 0.5] 4] 11.5828] 18,3128 145] 7.8125] 05625 & 225 e48125] 1408288213l O
M 4 v Wb Jnerl  ua2 £ Mucs / < >
loTos0 Puc. 3. Nokanusauwma KopHeR CHCTeMbl YPAaBHEHKHA




Haiinem kopHU paBHOCUIILHOTO ypaBHEHHS (puc. 4) — IJI1 3TOr0 MOMECTUM
napbl 3HAYCHUM JUIsl IpeAnoaraeMbix KopHen B siueiiku D69:E72. B aueiiky G69
BBegeM GOpMyITy Ui PaBHOCWJIBHOTO YpaBHEHHs (KOTHMPYETCS Ha Uala3oH
G69:G72):

=((D69-1)"2+(E69+1)"2-4)"2+(5*D69+4*E69-2)"2

E3 Microsoft Excel - Kuura1.xls =] E|

5@1 ®ain  Mpaeka Buo  Bcraeka ®opmar  Cepeuc  JaHHble
G69 v e =((DB9-1)'2+(ERI+1112-4)12+{5*DEI+
Al B [ € | D |4F692p2

88 |4. —

=7 (Mpeanonaraemble 3Ha4YeHUA KOPHEA YpaBHEHWA

88 ® ¥ ZHEUSHUR VOSEHEHE R

&9 2.5 -2,5

70 2 -2 <

71 a 0,5 0,5825

72 a 1 5

|1 |

==
Y« whmerl fuc2 fvaz /< |

IPuc. 4. MNogroToska NMeTa padoden KHUMM ONA HAXOMOEHWA KOpHER
HEMWHEAHOA CHCTE MBI YRABHEHHA

v

C
noMoIelo Hajctpoiiku Ilouck pemenus (B okHe Ilapamerpsl moucka perieHus
¢bnaxok JluneliHass Mojenb MOMKEH OBITH CHAT) YCTAaHOBUM HEOOXOJIUMBIC

napameTpbl JJI MOMCKA KOPHS PaBHOCHIJIBHOTO ypaBHEHUs (puc. 5),

lMouck pewenns [5_(|

YITEHOBWTE LENEEYHD AYERKY: BeInonHKMTE
PasHol: MEKCHMMENEHOMY SHAYEHHID aHaueHmi: |0 |
O = ¥ @ = JaKpEITE

{:} MHUHMMANEHOMY SHEYEHMID
M3MeHAR AHEfkM:

|5D569: SE A0 ER [I'Ipe.nnnnnﬁmb ]

OrpaHu4eHKaA: [MNapameTpel

OoBaEnTE

¥YoanuTe

BoccTaHoBMTE

Cnpaska

Puc. 5. BBog gaHHelx B okHO MNOWCK pelweHrA AnA 33434 HaxodeHA KOpHEeR CUCTEMBI

3aTeM BBINOJIHUM TNOUCK pemieHud. [lponenypy mnoBTOpUM [Isi BceX
MMEIOIIUXCS MTap KOPHEU.
Pe3ynbTaThl oucka pemieHust (puc. 6) mMo3BoJIAIOT JIeN1aTh BBIBOA O TOM, YTO

CHUCTEMA UMEET 2 PEUICHUS:



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

Microsoft Excel - Kuuvral.xls

@_1 Daiin  Mpaska Bua  Boraska Dopuat  Cepeuc daHHse
! OkHo Cnpaeka - @ X

€ B Bigia- R - BEi» Bid-H

=70 = =((DT0-1n2+(ET0+1)2-4)2+(5*D70+
Al B | €| b |4ET0-2p2

80 |4,

=7 |MpeanonaracMbie 2HA4YEHWA KOPHER YPAEHEHHHA

&8 ¥ ¥ ZHEUEHWA YPEEHEHNR

89 2 387ET| -2 4583 2 FEa%4FE.07

70 2368765 -2,4583 2 42523E-07

71 -0.1228( D.8E443 2. 10812E407

T2 -0,1227| 0,854E58 2, 80851E-08

T2 hd

M4 v WP neTl S Nucrz fuas /| ¢ >

Puc. 6. PesyneTaTel NOWCKE pEWEHWA ANA HENMHEWHOW CUCTEMBbI Y2aBHEHHMA

3amaHus 11 CAaMOCTOSATEILHON padoThI

1 BapuaHur.

3agavya. PemmTh cucteMy HETMHEVHBIX YPABHEHHM
3x* +6y° =4

{ 6x+10y =4

2 BapuaHT.

3amavya. PemmTh cucteMy HETMHEVHBIX YPABHEHHM:
Hx—-1)7 +5(y+1)7 =12

{ 4x-2y=1

3 BapuaHT.

3agavya. PemmTh cucteMy HETMHEWHBIX YPABHEHH:
3x*+y* =3

{ x+6y=10

4 BapuaHT.

3apava. Pemnth cucteMy HETMHENHBIX YPaBHEHUIA:

3(x—3) +5(y+5) =25
x=12+2y

S Bapuaur.
3amava. Pemnth cucteMy HETMHEMHBIX YpPaBHEHU:

Tx* +3y* =4
Eqx+4y=2



KoHTpobHBIE BONPOCHI

1. Kaxkue 3a1a4u Ha3bIBAIOTCS 3a7a4yaMu HEJINHENHOT 0
MPOrPaMMHUPOBAHUSA?

2. Kaxk 3anuceiBaercsa obmas GpopmMyInpoBKa HENTMHENHBIX 3aaa4?

3. Kak BBITJISUT KJIacCUpUKaIsA 3a1a4 HEJIMHEMHOTO
MPOrPaMMUPOBAHUSA?

4. B uem cyTh MeTo1a MHOXUTENEH Jlarpanxa?

5. Kaxkue crocoOs! perieHus HeMTMHEWHBIX 3a/1a4y BBl 3HAeTe?

INPAKTUYECKOE 3AHATHE Ne 13

Tema PemeHne 00bIKHOBEHHBIX AU (depeHInATbHBIX YPABHEHUI

Pemenue o0bIkHOBEHHBIX Au(depeHuunanbabix ypasHenui (OY) mmpoxo
IPUMEHSETCS B MPAKTUKE HAYYHO-TEXHUYECKUX pacueToB. XoTs JuHeiHsle OY
MOTYT UMETh PEIIECHUS B BHUJE CHEUUAIbHBIX (PyHKUIMHA, MHOTHE (U3HYECKUE
CUCTEMbl HEJIMHEHHBbl M ONUCHIBarOTCA HenuHeiHeiMu OJlY, He umeromumu
AHAJIUTUYECKOr0 penieHuss. B 3ToM  ciydae TNPUXOIWUTHCS —HCIIONb30BaTh
YyucIIeHHbIE MeTO bl petenus O/1Y.

Yrober pemmts OJY, HeoOXoAMMO 3HATh 3HAYEHUS 3aBUCUMOM
MEePEMEHHON W (WMJIM) MPOU3BOAHBIX MPU HEKOTOPHIX 3HAYEHUSX HE3aBUCUMOMU
IEpEMEHHON. ECIIN 3T TONOHUTENBHBIE YCIOBUS 3aJaF0TCS TP OAHOM 3HAYECHHUH
HE3aBUCUMOM MEePEMEHHOM, TO Takas 3a/iaya Ha3bIBaeTcs 3adaueu Kowwu. Ecnu xe
YCIIOBUS 33JIal0TCS MPH ABYX WK OoJiee 3HAUECHUSIX HE3aBUCUMON NepEMEHHOM, TO
3a/1aya Ha3bIBAaCTCS KPAEBoU.

3agaua Komm

3aoauy Kowu MOXHO CHOpMYITHUPOBATH CICAYIOIMIMM 00pa3oM: MyCTh JaHO
Oo5V:

G s (
1)

M HauaneHOe ycuosue F*o)=Fo.  Tpebyercs Haiitm QyHKImI0 FO)
YIOBIIETBOPSIONIYIO KaK YKa3aHHOMY YPaBHEHHIO, TaK U HAYAJIIbLHOMY YCJIOBHIO.

Uucnennoe pemieHue 3agauu Kol COCTOUT B TOCTPOCHUU TaOJHUIIbI
MpUOJIMIKEHHBIX  3HAYCHWH ), ), .., YnpCIICHUS  ypaBHEHUS yx) g
TOYKaX X1, X, ..., X,. dame Bcerox;= xo+ th, i =0, 1, ..,n voeh- mar
pUpaIieHus IEPEMEHHOM X, 7 - YUCJIO MHTEPBAJIOB PELICHUS C I11aroM /.

PaccmoTpum 371ech JBE TPYIIBI YUCIAEHHBIX METOJOB PEIICHHS 3aJaud
Komm: oonowazoevie u mnocowazosuvie.

Oonouiazosvie memoonvt



Oonowiazosvie mMemoovl - 3TO METOMbl, B KOTOPBIX [JIs HAXO0XICHUS
cleayrolel TOUKM Ha KpuBoH y = f(x) Tpebyercs nHdopmanus Iunib 00 OJHOM
npeapiaymeM mare. [IpocTedmmM w3 OIHOIIArOBBIX METOJOB SIBIISETCS METOJ
Ditnepa:

Fin=Fi v x50 p =01, n-1. (

2)

Memoo Diuinepa uMeeT HEBBICOKYIO TOYHOCTD (TTOpsiiKa /).

Jns JTIOCTHKEHUSI oosee BBICOKOM TOYHOCTH (nopsinka 1)
UCTIONB3YIOT Memod Pynee-Kymma 9eTBepTOro MOPsIKa:

g+ 2 o+ 20y + i

Fin=F; + 5 e

k-=h. LFs A s
A T By =k flx b p (
k1=h'f(xi+§r}:i+_: k3=h-f(xi+h,yi+kg}3)

Mnozowazoevie memoowt

B mnozowacosvix  memooax nusi  OTHICKMBAHHUS — CICAYIOIICH  TOUYKH
KpuBOH y = f(x) TpeOyercst uHbOpMaIUs Ooree Yem 06 0O0HOU U3 TPEIbLIYIINX
TOYEK.

[Tycth HaligeHbl 3HauYeHus Yi-3-Fi-2-Fi1:Fi B geTBIpeX MOCIEIOBATCIBHBIX
Toukax. [Ipy 3TOM MMEIOTCS TaK)Ke BBIYMCIICHHBIC paHee 3HAYCHHS MPaBOM YacTH

ypasreHns (1) Je-3-Ji2-fi1-5i | Torma cxeMy memooda Adamca MOXKHO TPeCTAaBUTh

B BHJIC:
h 5-h 3-h
Pia=Fi+h Ff +§'ﬁﬂ +H'ﬁzfi +T'f’—"‘~3ﬂ .
s 1= 39 494)
vy =1,
I'1C¢ KOHCYHBIC PAa3HOCTHU B TOYKC A HUMCIOT BHU:

&y = i — fas

ﬂ2ﬂ=ﬂ—2ﬂ-1+ﬂ-z, 5)

ﬂEfz‘ =fi—3fia+3fia- fis

Pewenue 3a0auu Kowu cpeocmeamu Mathcad

WNucrpymentapuii qis pemwenus OY (cuctem OY) paznuuHoro nopsjaka
B Mathcad npencraBieH HIUPOKMM CHEKTPOM BCTPOCHHBIX (QYHKIHN, pabora
oHOM W3 KOTOpwIX (rkfixed - meron Pynre-Kyrra (rk) derBepToro mopsiaka c
(dbuKCHUpOBaHHBIM (fixed) MaroM WHTErPUPOBAHUS) TTOKa3aHa Ha Pucynke 9.



EHathcad PLUS - [Pewenwe 011Y 1-ro nopaakal M=l E3

_Eill File Edit Tewt Math Graphice Swmbolic indow Books Help - | E‘lﬂ
PeweHWe AMdbdeieHUWENEHOMD URESEHEHMA NeREDrD NopanKs, ﬂ
y'+ 10y - 4x = 0 c HadaneHeIMKM yonoeuarK Yl = 05
y =05 - 331AHME HAYANEHOr 0 3HaYeHHA. 1A cO31aHMA MHOEKCa HakmWTe Kaasuwy [
Dle.p]=-10-p + 4 » - OMpeneneHHe fyHKLMKM, Saaiowel nporssogHyi: y' = 100 + 4u
BremucneHye peweHa Ha orpeaske [01]:
L norow ko C noroLw ko ToyHoE peLweHUE
DyHELMM rhfiged dyHELMW Fkadapt t:i=0.01..1
Z:=kiwed(y.0.1,5.01 | 21 :=Rkadapt(y.0.1.5.0]  f1)=2hy 2 Lot L oot
=0 rows[ 2] - 1 k=0 rows{Z1] - 1 505 2 5
' £ ulxl
[0 03
02 022
04 018
7=
Da 022
0.2 0287
]
1 0382
A0 <0
L2 )21, - :
—  To4HOE pEWEHHE
00d fkfiked
ood Rkadapt =
i _>IJ
Prezs F1 for help. | auto | | | Page 1 i
Pucynok 9. Pemienue OJ1Y 1-ro nopsinka
rkfixed(y, a, b, BosBpamaer wmatpuity cp+1 crombmamu  un + 1
n, D) CTpOKaMH  (p - KOJMYECTBO YpaBHEHUW WU  TOPSIOK
YpaBHEHMUS, 1 - YUCIIO IIAroB Ha WHTEpBale [a, b]) - Tabuuiry
pelIeHUd CHUCTEMBI: TEPBBbI CTOJIOELl - OTO 3HAYCHUS

apryMeHTa X, a TOCJEAYIOIINe CTOJOIBI - 3HAYEHUS OpAWHAT
pEIICHMS. ) - BEKTOp  HAYalbHBIX  YCIOBUHW  Pa3MEpPHOCTH 7.
D(x, ) - QyHKIIUS-BEKTOP U3 71 DJIEMEHTOB, COAEpIKaIiasi mepBbie
MIPOU3BOIHBIC HEU3BECTHBIX (DYHKITHIA.

MosxHo pemuTh 3amady Oosee TOYHO (Oosiee OBICTPO), €CIM YMEHBIIHTH
miar 4 TaMm, rje Npou3BOAHAsT MEHSETCsl OBICTPO, M YBEJIWYMTH IlIar TaM, IJI€ OHA
BEJIET ce0st oosee CIIOKOMHO. st ATOTO peayCcMOTpeHa
byukuus Rkadapt (adaption - anantauus). ApryMeHTbl M MaTpHIla, BO3Bpalniaemas
byukuuen Rkadapt, Takue xe, kak nmpu rkfixed (cm. Pucynok 9). Pemenue
cuctembl OJ1Y nokaszano Ha Pucynke 11 (Ilpumep 2).

Kpaesble 3anaun

Kpaesas 3aoaua popmynupyeTcst CleayomuM o0pa3oM: IMyCTh Ha OTpPE3Ke
[a, b] TpeOyeTcs HaiiTh pemenue nudGepeHITMATBPHOTO YpaBHEHUS (1711 TPOCTOTHI
u3noxxeHue Oyaem Bectu Ha mpumepe OJ1Y BTOporo mopsaka):



d*y
- = f(x,y,y'}
dx” pu IPaHUYHBIX 6)

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

B stom cimygae Mathcad npennaraet ucrnonb3oBaTh GYHKIUIO shval, 4TOOBI
HaWTH HEJOCTAIOIIUE HadaIbHBIC YCIIOBHSI B TOUKE d.

EHathcad PLUS - [PemeHue Kkpacemx 3apay] _ O] x|
@ File Edit Text Math Graphice Swymbolic  Window Books Help - | E‘lﬂ
FeweHue O depeHUHMaNEHOro URaeHeHIMA: ﬂ

g = 2+ 3y CrpaH|WdHEIMA yonoedarid gill =0, gi1) =1
1. MpecEpazoeaHye KpaeEoH Ia0ad9 K zanade Kowu
Wy oS 1 - cTapToOEOE ZHAYEHME 007 NOMCKa BenHYuHe u0).

1] - UgEecTHOE Y[o]
. ¥ - NEPEaA NPOMSE0LHAA
load(a,w) = - HEMZEECTHOE H3YanEHOE D(x,v) = 1
v LW =
0 yonosue. donHo Sert ¥ x4 3y | - ETOPAA NDOKSE0AHAA
HafMgeHo © noow e shyval. 0
gootel b,y = ¥y 1 - pasHHLa MEXQY BEIMMCIEHHEIMM M S303HHEIMM SHIYEHHARMM Y,

w[0] - HEAOCT AW ME HAYANEHOE YCNOEME,

& =shwall v, 0,1,D,lo0ad, score) A =0388 TPEfyEMae PyHkUMeR kived,

2. PeleHHe sanadK KowW and AdhepeHUMaNnsHOrD YoagHeHMA ETOROCD N0pa0Ks

= 2w + Iy C HaYaneHeIMK yonoexarid gl = 0, g'i0) = 0.388

) a . v - NEpE&adA NpoOMSENLHAA
¥ o= - BA0AHUE HAYANEHEL YCNOEME D(x,y) = 1
0382 ¥ Tx4 5’.3'3 - ETOPaA NpoM3E0aHaA
Z =riived(w,0,1,10,10 - BemuvcneHwe peweHia B 10 npomMexyTouHer: Todk ax Ha oTpeske [a,b]
% wixl ]
oo 038R +

01 0039 0404
02 0022 0452

=
N3 0131 0334 i
RN _>IJ
| auto | | | Page 1 -

Pucynok 10. Pemienune kpaeBoii 3agaum

Sbval(v, a, b, D, load , Bo3ssparaer BEKTOD, COJIep KAl

score) HEJOCTAIOIMEe HayalbHbIE YCIOBUS B TOYKE d.
Bekrtop v 3amaer HauanbHble TPUONMOKEHUS, a, b -
IrpaHUYHBIE TOYKW HMHTEpBana pemeHui, D(x, V) -
(GYHKIUS-BEKTOp C€ TICPBBIMH  MPOW3BOIHBIMH
HEU3BECTHBIX (YHKIUHU. load(a, Vv)- QyHKUMS-
BEKTOp, BO3Bpalllalomiasi 3HAYCHHE HadaJbHBIX
ycloBHil B Touke a. score(b, y) - GyHKUUA-BEKTOD,
KaXIbI AJIEMEHT KOTOPOTO COJEPKHUT Pa3HOCTh
MEXIY HayalbHbIM YCIOBHEM 3aJlaHHBIM B
TOYKE b, U 3HAUEHHEM MCKOMOTO pEeLIEHUsl B 3TON
TOUKE.

[Tocne Toro, Kak 3TH HEJOCTAIOUIME HAYaJbHbIE YCIOBUS OYIyT MOJYYEHBI,
MOXXHO peniaTh OOBIYHYIO 3aJladyy C HadaJbHBIMU YCJIOBUSIMU - 3adayy Kowu,



UCIIOJB3YS JTI00YI0 U3 QPyHKIMIA, onrcaHHbIX Bbilie (Pucynok 9).Ilpumep pemenus
KpaeBoM 3a/1auu noka3aH Ha Pucynke 10.
CuMBOJIBHOE pelieHre TUHEHHBIX T depeHInaTbHbIX YpaBHEHUN
Jlng monydeHus aHanuTuyeckoro pemieHus guHedHbix OIY B Mathcad
HEOOXOAMMO BBIOJIHUTH caeayrouue nercteus (Ilpumep 1 Pucynka 11):
Ecnu BBl pabGortacte ¢ maketom Mathcad 5.0, He 3a0ynpte
MpPEBAPUTENILHO  BBINOJHUTL KoMmaHay Symbolic ? Load Symbolic
Processor 1 3arpy3kd CUMBOJBHOrO Mporeccopa.. [Ipomycture 3TOT
MYyHKT, €cJIH BBl pabotaere ¢ maketom Mathcad 6.0.

. Hamewarath  uMcXogHO€ ~ ypaBHEHHME,  MCIOJB3YS  OINEPATOPHI
muddepentmpoBanus U koMOuHanuio kinapuil [Ctrl]= nis nedyatu cumBosa =.
. OTMeTHB  HE3aBUCUMYIO  TIEPEMEHHYIO,  BBINOJHUTH  IPSIMOE

npeobpazoBanue Jlamnaca Symbolic KO Transforms FO Laplace Transform
(IlpeoopazoBanme Jlanmnaca). Pesynprar mma OY Beime 1-ro mopsiaka Oyner
noMmelieH B Oydep oomeHa. BrizoBute ero HaxkaB kiasuiny F4.

. ITo pesynbraTam mnpeoOpazoBanus Jlamnaca “BpydHyr0” COCTaBUTH
anredpanyeckoe ypaBHEHUE, TpUHIB oOo3Hauenus L = laplace(y(¢),t, s), Cl =
¥(0) u C2 = diff()(0), 0).

. Pemuth cocraBiieHHOE anreOpandeckoe ypaBHEHHUE OTHOCHUTEIBHO
nepeMeHHou L, ucnons3ys komanay 0Symbolic FO Solve for Variable (Pemntnb
OTHOCHUTEJIbHO NEePEeMEHHOM).

[ER Mathcad PLUS - [Pewenue 0 1Y] M= B3
_E'!Il File Edit Test Math Graphice Sembolic Window Books Help - |E’ |i|
Hpurep 1. CHMBONEHDE pEWEHKWE  d _ =
004 1-ro nopagka aﬂﬂ - ky(t)=mt -

TMETHE NepereHHY b, BEINDAHMM KoraHay Symbolic = Transforms = Laplace Transform

(laplace sy th,t, 81 5 — w007 — -laplace sy th, t, sj=ﬂ Beenn ofozHaveHHA
53 L=laplace(wt]t.z], CT=0[0] Hreem:
Ls-(l-kl=2 Pewan 310 ypasHeHMe OTHOCHTENEHD L
o 53 C NoMOW e KoraHoel Symbohc =+ Solve for YWanable nonyyira:
- ( 1 - —) OTHETHE NEPEMEHHYND £, BRINDAHMM EOMaHIY

2 Symbolic = Transformz = Inverse Laplace Transform

B

W M HaMEM BREMEHHYK SAEMCHMOCTE - PEILEHME S30a3HHOMD YDAEHEHHA:
LI Cl-exp( k£ + o BRCEY)
$ k 'S
Opurep 2. PEWeHWE CUCTEMEl  u'=2v cHadaeHerd 0] =15 W0 =15
004 2-ro nopaoea W= 4v_- 2u YCADEHARM w1=1 w0 =1
15 ] = ufd) . 1 v OnpegeneHme
| = Onpeneneriue 2y u" EeKTOopa
_ 15« u'fdy  EekTOpa __ 4 NEPERIX M
vE| HavaneHel LY = ETOpLIX
<- () YCADEME ¥3 ¥ NpoMsEOAHER
- '|I|'I n
1 )] 4y, -2y, | v

& =tkied(w, 0,1, 5,00 <-BeMMcieHWE PEWEHKA B 5 NPOMERYTONHER TOYkaR Ha oTpeske [0,1] =
I _*I_I

| auto | |MUKM | Page 1 i

Pucynok 11. Hexoropsie Bo3moskHocTH pemienuss QY B Mathcad



. OTMeTHTh TMEepEeMEHHYIO S U TPOU3BeAs OOpaTHOE MpeoOpazoBaHuE
Jlarutaca Symbolic FO Transforms IO Inverse Laplace Transform (O0partHoe
npeodpasoBanmne Jlamaca) nonyuuth pemieHue 3agaHHoro OJIY B Buue
BPEMEHHOU 3aBUCUMOCTH.

ITopsimoK BBITOTHEHUS

¥ _
3amanue 1. Pemmts 3amauy Komm: drc ﬂx’y}, y0)=1
c maroM /2 = 0.1 Ha otpeske [0, 1]:
. METOJIOM Jiiiepa;
. MetoaoM Pyrnee-Kymma (koabdunmenTs! k; 3a1aTh  Kak  QyHKIIAA
OT X U ));
. METOJIOM Aodamca,
. ucnoiib3ys QpyHkiuto rkfixed.
Bapuanrtsi 3apanus 1
Ne fx, y) Ne fx, y) Ne fx, y)
BapuaHTa BapuaHTa BapuaHTa
1 Xty 6 2y-cos 11 2y+3e"
2x
2 2x%+ 7 y-e¥/ 12 y/2-eF
2y 242
3 e’ -3y 8 3y-2 13 y + (cos x) /3
sin x
4 y -sin x 9 e’* -y 14 y-4x+35
5 y/3-x? 10 2 15 2x-y/3-¢”
sinx +y
3ananue 2. Iloctpouth rpaduku pELIEHNUI, MTOJTYYEHHBIX

Meronamu Dilepa, Pynee-Kymma, Adamca v ¢ momotbto GyHKIUuU rkfixed.

Bbruncnuth B TOUKe X = | OTHOCHTENBHYIO MOTPEUIHOCTh JJIsi Ka)JA0ro
MeToAaA.

3amanue 3. Halitu ananutuueckoe (Tounoe) pemenue OY u3 3aganus 1 ¢
MOMOILBIO npeoOpa3zoBaHui Jlanmaca
(xomanzasl Symbolic FO Transforms FO Laplace Transform u Inverse Laplace
Transform).

3aganme 4. Pemuth 3amauy Komm gns cuctemsl OY npu 3agaHHBIX
HayalbHBIX ycHnoBUsAX Ha orpeske [0, 2] ¢ marom 2 = 0.2. PemaTe ¢ noMOIIbIO
byukiun rkfixed. Iloctpouts rpaduku QyHKUNN u(t) U V(1).



BapuanTsl 3ananus 4

No Cucrema O1Y HavanbHpie Ne Cucrema O/1Y HavanbHbie
BapI/IaHTa YCJ'IOBI/ISI BapI/IaHTa yCJIOBI/ISI
u(0) | u’(0) [v(0) v'(0) u(0) 1u’(0) | v(0)
1 u"=dv +u 1.5 1.5 1 1 9 w"=1r2 +y 2 0 -1
= dr - du 4 -utr
2 u"= -y +3u -1 1 -1.5 3 10 u"= v +f -1 2 -1.5
v -2 LA U .
3 w'=dvr -u 1.5 1.5 1 1 11 w'=v -u-f 1.5 1.5 -1
e+ PEdv tu
4 u"=av 1 1.5 0 2 12 "=y +f -1 1.5 0
LA S VI 5 Py b
5 u'"sr tutf 0.5 1.5 -1 2 13 u'=y +u -0.5 1 -1
v +du-f veEr+tu-f
6 TR T, 0.5 2 1 2 14 u'= Iy -y 0 -2 0
¥ = Ay WAy +f
7 L' -y +f 5 5 -1 1 15 u"=y - 2f 3 3 -1
™=Ar - Tu ™=+ S
8 u"= ¥ -5u 1.5 1 3 1
LRI TS §
IIPAKTUYECKOE 3AHSTHUE Ne 14
Tema Pemenue audepeHuMATIBLHBIX YPABHEHMHM B YaCTHBIX
HpOI/I3BOI[H])IX

Ha mnpakThke 9acTO NPUXOIUTCS CTAJIKMBAThCA C 3aja4aMH, B KOTOPBIX
UCKOMasi BEJIMYMHA 3aBHCHT OT HCCKOJIBKHUX IIEPEMEHHBIX. B 3TOM ciyuae
peliacMble  YpaBHEHHS COJEpKAT YacTHbIC IIPOM3BOJIHBIC M HA3bIBAIONMCS
ouppepeHyuanbHbiMu YpasHeHUAMU 8 YACMHBIX Npou3soousix. K coxaneHuto,
OYEHb MHOTHE M3 TAKMX YPABHEHUH HE MMCIOT aHAJTUTHUECKOTO PEIICHUS, H YTOOBI

pPEUINTh HX, MNPUXOAUTHCA HpI/I6CFaTB K YHMCJICHHBIM MCTOJaM. I[JISI peuICHUA

muddepeHManbHbIX  YpaBHEHUW B YaCTHBIX  MPOU3BOJHBIX  YHMCICHHO
UCIIOJIB3YETCS MemOoO KOHEUHbIX PAZHOCE.

MeTo KOHEUHBIX pa3HOCTEMN

Uucnennoe pemenue audepeHNUanbHbIX YpaBHEHUH B YaCTHBIX
MIPOU3BOJIHBIX MeMmOoOOM KOHEUHbIX PA3ZHOCHIel COCTOUT B CIETYIOLIEM:

1. [ToctpoeHue B 007acTH  pelieHUss  PaBHOMEPHOM  CETKH,

cojiepkaiiie n y3noBbix Touek (PucyHnok 12).

v'(0)
1



Y i "
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Pucynok 12. /IBymepHas ceTka

2. [Ipencrapiienre MPOU3BOJHBIX B KOHEYHO-PA3HOCTHOM (hopme:
ﬁﬁ Jf;+l.j_j-!:—l,j ﬁﬁ j;,j+1_ﬂ,j—1
x 2k 2y 24 1)
2 2
agfﬁ f;+],j - Eﬂ,j + fz‘—Lj a:{fﬁ f;,,r'+1 - zﬂ,j + fz‘,j—l
gx* i ay* i
, Y UT. 1.,

taefi j,fi+ 1, j,fi-1, j,fi, j+1,fi j - 1 - 3Hauenus ¢pynkuuu f(x, y) B
TOUKaX (X;, ¥;), (xi + h, y;), (xi- h, y;), (xi, y; + 1), (x;, ¥;- [) COOTBETCTBEHHO.

Takne pa3HOCTHBIE YpPAaBHEHMS 3alUCBHIBAIOT JUII BCEX Y3JIOB CETKU MU
NOJIYYArOT B PE3YJITaTE€ CUCTEMY U3 71 YPABHEHHUU C 7 HEU3BECTHBIMU.

3.  PenieHue nosiy4eHHOM CHUCTEMBI C LIEBIO MOTyUEHUs MPUOIMKEHHOTO
pELIEHUS B y3/1aX CETKH.

['unepOosinyeckre ypaBHEHHUS B YACTHBIX MTPOU3BOAHBIX

[Ipocrenimmm BUJOM YpPaBHEHHUS runepOoIMYecKoro THANA
ABIISIETCS 80IHOB0€ ypasHeHue. K nuccieqoBaHUI0 BOJTHOBOTO YPaBHEHUS TPUBOJUT
pPacCMOTpPEHHE TMIPOLIECCOB TMOMEPEUYHbIX KOJEOAHUH CTPYHBI, TPOJIOJIbHBIX
KOJIeOaHUI CTEp)KHS, DJICKTPUUECKUX KOJeOaHW B TMPOBOJAE, KPYTHIIBHBIX
Kose0aHui Bajia u T. II.

Paccmorpum  onHOMEpHOE — ypaBHEHHWE  KojeOaHuUW  cTpyHbl. B
l0=xxl, 0<t=T}

obnactu TpeOyeTcs HalTH pPellieHne YPaBHEHUS:
Fu K R (2)
8 ax*
b
Uckomass  dyHkums u(x, f)  JODKHA  YJIOBJETBOPSTb HAUANbHBIM

YC08usM, OTIMCHIBAIONTUM HadaiabHyI0 (£ = 0) dbopmy CTpyHBI j (X) U CKOPOCThH €&
TOYEK Yy (X):

o 3)
o=
wxh=gi 2 0T 0

U 2PAHUYHBIM  YCI08UAM, YKa3bIBAIOIIMM, YTO TIPOMCXOJAUT HA KOHIAX
cTpyHbl (x =0u x = [):



wl. =) wlD=p {8 0= ¢<T
4)

COBOKYIHOCTh HaYaJIbHBIX W TPAHUYHBIX YCIOBUU HA3BIBACTCSA KPAEGbIMU
VCIOBUAMU.
J{nst mocTpoeHust pa3HOCTHOM cXeMbl peleHus 3aaayu (2) - (4) moctpoum B

0GIIACTH {0=x=], 0£t<T}

cetky x; =i h,i=0, 1,..,n, I=hn t,=jt,j=0, 1,
..,m, T=t mWu anmpoKCUMHUPyEM YypaBHEHHEC (2) B KaKJIOM BHYTPCHHEM Y3JI¢

ceTkd Ha mabmone “kpect”’ (Pucynok 13).

T
j+1 L
0, j+17

| () O G
G.4-D

0
i-1 i i+1 i

Pucynok 13. . [I1a6.,10H 17151 BOJTHOBOTO YPABHEHHS
Ucnionb3ys mJisi anmpoKCUMAIMM YaCTHBIX MPOU3BOJHBIX BbIpaxkeHUs (1),
MOJIy4YaeM CJICIYIONIYI0 Pa3HOCTHYIO allMpOKCUMAIIUI0 ypaBHEHUs (2):

Ui — 2855+ 3 5 g Maly — W+
J J —

3 n : 5)

Pemass ypaBHeHue (6) OTHOCUTEIBHO €OUHCTBEHHOTO HEU3BECTHOTO
3HaueHus 1 [oNyuaeM CleyIoIylo CXEMY:

By g1 = 20— A g+ Aty + 0050 - E«‘z',,;-'-1, (

l=a®2 /R, i=1,.,n-1,j=1,..,m-1. ©

Cxema (6) Ha3BIBACTCS MPexcioUHOU TTIOTOMY, YTO CBSI3BIBACT MEXKIY COOOM
3HaueHusd "+ QyHKUMM u(x, f) Ha TpeX BPEMEHHBIX CIOSX C HOMEpAMH: j -

1,/,7+ 1. Cxema (6) sBnseTcs 56101, T.€. HO3BOJIAET B SBHOM BUJIE BBIPA3UTH o/
yepe3 3HaYEHUS U C MPEAbIIYIINUX ABYX CIOEB.

Jlnst Hayana cyera 1o cxeme (6) HeoOXOAUMBI 3HAUEHHs “+ (yHKIMH u(X, f)
Ha HyneBoM (j=0) u mepBoM (j=1) BpeMeHHbIX cioaXx. OHM ONpeeIsIOTCs
HaYaJIbHBIMU YCIIOBUSIMHU (3) U 3aIIUCHIBAIOTCS B BUJIE:

Yi1 — Y
- ————— = YLK =l =0+ T )
uz‘,lil - ':F'(xi:' T " 7)
5
,i=0,1,.., n
['pannynbIe ycinoBus (4) TaKkKe 3alUCHIBAIOTCS B CETOYHOM BUJIE:

= b P = b, .
By Ml(;), Yo “‘3(.?:',]20, I,..., m.



8)

Takum 00pazoM, perieHrne ucxoaHon nuddepennuanbHon 3anaun (2) - (4)
CBOJIUTCA K PEIICHUIO pa3HOCTHOM 3a1aun (6) - (8).

Cxema yCcTOWYHMBA, €CITU BBIIOIHEHO ycinoBue Kypanra at/h <1,

[Tapabonuyeckre ypaBHEHHUS B YaCTHBIX TPOU3BOIHBIX

[Ipocrenmmm BUIOM ypaBHEHUSA napaboJInuecKoro TUTIA
ABJISICTCS ypaBHEHUe Menionpo8ooOHOCMU, WIH ypasHeHue Dypwe. K
UCCJIEIOBAHUIO YPABHEHUS TEIUIONPOBOJHOCTH, WM ypaBHEHUSI Dypbe, TPUBOIUAT
PAcCMOTPEHHUE MPOIIECCOB PACTIPOCTPAHECHUS TeIlIa, (PUIBTPALMY KUJIKOCTU U rasa
B MIOPUCTOM CpeJie, HEKOTOPHIE BOMIPOCHI TEOPUU BEPOSTHOCTEH.

Paccmotpum 3amady O pacmpOoCTpaHEHWH Tella B OJHOPOJHOM CTEp>KHE
JUIMHBI /, Ha KOHI[AX KOTOPOTO TIOMJAEPKUBACTCS 3aJaHHBIA TEMIEPATYPHBIN
pexuM. 3ajada COCTOMT B OTBICKAHMM (YHKUMH u(X, f), yAOBIETBOPSIOLIECH B
obmactu {1=x=L 051 2T yuapgennio

Au  Au (
— = a_,
8t ax' axl 9)
HAYaNbHOMY YCAOBUIO
u(x,0) = ) (
10)

H epanudHbiM YCIA0BUAM

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

itl —
_ @ j+10)
W) i+1, J)

an ]

1]
i-1 i i+1 i

Pucynok 14. I11a6,10H AJ151 ypaBHEHUS TENJIONPOBOIHOCTH

[MoctpouM B  o6aacTu {0=x=], 07}

PaBHOMEPHYIO TIPSMOYTOJIEHYIO
CETKy C IIIaroM /4 B HAMpaBJIeHWHW X U 1Iarom t - B HampaiieHuu ¢ (Pucynok 14).
Tormax;=ih,i=0,1,...,n,h=1/nt;=jt,j=0,1,...mt=T/m.
Anmnpokcumupyem  auddepeHunanbayro  3amaay  (9) - (11) Ha
YETBIPEXTOYECYHOM I1a0JIOHE, B PE3YJIbTATE€ TMOJIYYaeM SA6HYIO  O8YXCAOUHYIO

DA3HOCMHYIO CXEeMY:

L 1 = Al + (1= 2000 5 + gy g,



i=1,2,.,n-1,j=01,..,m-1
Mo =00 j=0,1, ..., 1,

E“:I:I.L;"=|-1'1|:*"%~;":' um.j:l-l'ﬂ'::j:' ]:O 1
s s 5 Ly eee 12)

E

1:

=
b

Cxema ycroiuuBa ipu | = 1/2.

DIIMOTUYECKUE YPABHEHHS B YACTHBIX MPOU3BOIHBIX

K uccnenoBaHuio Takoro ypaBHEHUS NPUBOJUT PACCMOTPEHHUE 3a1ad 00
ANEKTPUYECKUX W MArHUTHBIX IIOJIAX, O CTAllMOHAPHOM TEIIOBOM COCTOSIHHH,
3aja4 TUIPOAUMHAMUKHU, AUPQY3un u T. 1. PaccMoTpum peuieHus ypasHenus
Ilyaccona v ero omHOPOIHOM OPMEI - ypasHenus Jlannaca.

Pemenue ypaBuenus Ilyaccona Oynem MCKaTh B HEKOTOPOW OrpaHMYEHHOMN

obnactu W = 02x2a1, 055 202} yavenenns He3aBUCHMBIX NEPEMEHHBIX X, ):

My Au ~ (
o a7 D) 13)
I panuunvie ycrosusi:
u(0, y) =m(y), u(a, y) = m(y), y 1 [0, D], (

u(x, 0) = ms(x), u(x, b) = ma(x), y 1 [0, a], 14)

rae f, m;, mp, ms, My - 337aHHbIe PYHKIMU (3a/1a4a, COCTOSINAs B PEUICHUU
AIUTMTITUYECKOTO YPaBHECHMsI TIPW 3aJlaHHBIX 3HAYEHUSX HCKOMOW (PYHKIIMU Ha
rpaHulle pacyETHOU 00J1aCTH, Ha3bIBAETCA 3adayetl /[upuxie.).

[Toctpoum B obOnactu W paBHOMEPHYIO  MPSIMOYTOJIBHYKO ~ CETKYy €
maraMu A v [/ o x 1 y COOTBETCTBEHHO: X; =i h, i =0, 1
n,yi=jlLj=0,1,..m I=q,/m.

Anmnpokcumupyem auddepenimanbayo 3anady (13) - (14) na mabnone
“kpect” (Pucynox 13), B pe3yibTare TMOJIYyYAEM HESABHYIO  MPEXCIOUHYIO
PA3HOCMHYIO CXEMY:

s ey 1, h=q/

A Mg+ By g+ Gt g s g g 8t 5 = Fig

1 1 11
e 4y =By g G sy By =T [;z_”f_?} 15)
i=12.n-1, j=12.m-1

o ;= Wyl 1,y =p2(y;) j=01.m,
I'J:!',I:I = |"L3|:x;i :Ir uLm = |-'L4|:x!' :l, i= D, 1.2

Jns  pemenuss ypaBHeHuss Ilyaccoma B Mathcad wucnonb3yercs
byHKIUs relax



relax(a, b, ¢, d, e, f, u, Bo3Bpamaer KBagpaTHY0 MAaTpUIy pEIICHUS YpaBHEHUS

rjac)

Ilyaccona. 3mecba ,b ,c, d, e- KBampaTHbIE MAaTPHIIBI
OJIMHAKOBOTO  pasMmepa,  coiepkamme  KodhPHuImeHTs
ypaBHeHus: (15); f- KBampaTHas MaTpuIa, CoHepKaras
3Ha4YEeHUsl MpaBOM 4yacTu ypaBHeHHUs (15) B Kaxgoll TOYKe MO
obnmactu W, B KOTOpOW HILETCA pEUICHUE; 1 - KBaJpaTHAs
MaTpHIla, COJEpKallas TpaHUYHbIC 3HAUYCHUsI PEIICHUs Ha
rpaHuilie 00JIaCTU W HadyaJlbHOE NPHUOIMKEHUE I PEIICHHUS
BHYTpH 00J1acTH; rjac- ynucno mexay 0 u 1, kotopoe ynpasisieT

CXOJUMOCTBIO aJTrOpUTMA.
IIpu /= 0 nonyyaem ypaBHenue Jlammnaca:
2 2
8_1; + 3_1; =10 (
x* 3y 16)

Ecnn HJI1 YPaBHCHUSA Jlannaca B o61actu W BBecTH CCTKY C paBHBIM IIaromM

10 OCSIM X U ), TO pa3HOCTHas cxema (16) cylecTBeHHO yIpoIaeTcs
Bp gty Hl g Fla — =10,
i=12 . n-1,j=12 m-1 (
b
g =WVt =p20y) F=01.m, 17)

0= W3(%), u, =pd(x), i=01l.n

Pemenue ypaBuenust Jlamiaca ¢ momomipto (QyHKIUU relax moka3aHo Ha

Pucynke 15.

@ File Edit Test Bath Graphicz Sembolic ‘Window Books Help

EHathcad PLUS - [Pewenue ypasHenun flannacal H=]
2] x|

TpegyeTcad HARTK pacnpeldeneHHMe TEMOSPATYNE B KESOQSTHON ONAcTMHE

414 KOTopoR S405HE CAS0YIOWHE MPEHWYHEIS YCNoBMHa;
x=0 T=0 y=0 T=100x

Besgert Ha NNAcTHHE PABHOMEPHYND CETKY C PACCTOAHKEM Mexay ysnamd b =025
Il i=0.4 j:=0.4 =x:=hi

CeTka cogepwut 20 ysnoe, 6 16 13 kOTOpeIM TEMOEPATYPa
W3BECTHA COMNACHD MPAHMYHEIR YCI0EMAR

Tj,u =0 T, , =100 +

o . 2
Ty =100% T, ;=100 (x] T

25 50 75 100 ]
0 0 0 100
0 0 0 100
0 0 0 100
625 25 5625 100 |

Hogoe sHaueHue TemnepaTypel & y3ne T
FADEKHD HAMTH © NarOWER cherbl [17]
a,., =1 bi=a ci=a di=a e ,:=-4 f =0

J.i 1.1 e

T =relada b, e, d, e, £, T,095

[ S e T s R s [

23403 ATETO O T3403 100
21094 44531 71094 100
1635 3803 6835 100

JHAYEHMA TEMNEDATYPEI B ySnas ceTkd: T =

[ B e N s N

2 2
k=1 T=100]y=1 T =100 d_T+d_T=|:|

PHDI'IDE:.IJ.E.I'IEHHE TEMNSPATYPRl S0ECE ONMCBIEIETCA YPAEHEHKER Nannaca d XE d Yz

25 30 75 100 ]

6.25 25 3625 100 |

-

ol

| auto | [MUM | Page 1

2

Pucynok 15. Pemienue ypasuenus Jlamiaca



[Topsnok BBIOJTHEHUS
3aganme 1. Pemuth 3amauy o KoneOaHWM CTPYHBI €AWHWUYHOW JJIMHBI C
3aKpETUIEHHBIMU KOHIIAMU:
Fu o, Pu
= o
¥ oa=1
C Ha4YaJIbHBIMU YCJIOBUSIMHU

M em=o
u(x, 0) = fix), & ,0=2x=21
Y HYJICBBIMUA T'PAHHUYHBIMHU YCIOBUSIMHU
u(0, 1) = u(l, t) =0.

Bapuanrtsl 3axanus 1

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

BapuaHTa BapHaHTa

1 I 101 9 xsin(2(x-1))

2 2 0.1 10 4x3(x-1)

3 4 02 11 y 1 01 02
4 6 0.3 12 302 04
5 oo L 8 04 13 504 0.6
6 x(x2-1) 14 7 0.6 0.8
7 sin (px2) 15 0o e Ix 9lhg 0.9
8 sin (px)cosx

Jnga  pemeHuss  3ama4d = OOCTPOUTH  CETKY W3 11 y3JIOB
nmox (i=0,1, ... 10) u npoBectu Bbrumcienust mias 16 cinoes mo ¢ (=0, 1, ... 16).
Bbluucienus: BBINOJHUTH C IIaroMm / mo x, paBHeiM 0.1 W marom t mo ¢, paBHbIM
0.05. OTtobpa3uth rpaduuecku peimieHue 3agadu Ha 0-om, 5-om, 10-om u 16-om
BPEMEHHBIX CIIOSIX.

3apnanme 2. Haiitu peuienue u(x, f) 1yl ypaBHEHUS TEIJIONPOBOJHOCTH C
MOCTOSIHHBIMU KO3 puririeHTamu:

[ e

it

at ax ,a=1

C HAYAJIbHBIMU yCIIOBUSMH

ulx, 0)=fix)0= x= 1

Y TPAaHUYHBIMH YCIIOBUSIMU

u(0, 1) =a, u(l, t) = b.

Jnga  peweHuss  3amadyd IIOCTPOUTH  CETKY U3 11 y3JI0B
nmox (i=0,1,...10) u npoBectu BhruncieHus s 12 cioes mo ¢ (j= 0, 1, ... 12).
Bbluucienus: BBINOJHUTH C IIaroM 4 mo x, paBHeiM 0.1 W marom t mo ¢, paBHbIM
0.005. OtoOpasuth rpaduvecku pemreHue 3anadu Ha 0-om, 4-om, 8-oM u 12-om
CJIOSAX W MOCTPOUTH MHTErPAJbHYIO0 MMOBEPXHOCTh pacHpeeleHUusl TEMIIEpaTyphl B
crepkHe ¢ nomolnbio komanasl Graphics O Create Surface Plot.

BapuanTsl 3ananusa 2

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



BapraHTa BapuaHTa

N QN O AW N -

x(x-1) 0 0 9 (x2+0.5)cos(2px) 0.5 1.5
x3+x?-x 0 |1 10 sin( p x) cos x 0 0
x2(1-x) 0 0 11 xsin(2(x-1)) 0 0
[ -x* 10 12 In(05+x)(x-1) 07 0
x sin (2 p x) 0 -03 13 xsin(4(x-1))-x 0 -1
(x-1Dsin?x 0 |0 14 x cos (2 p x) 0 1
4x2(x-1) 0 05 |15 xe *(x*-2) 0 -
0.4

10x3(x-1) 050

3aganue 3. Halitm cranpoHapHOE paclpelesieHHe TEMIIEpaTypel B

KBaJpaTHOM IUIACTHHE CO CTOPOHOM |, onmceiBaemoe ypaBHeHMeM Jlaraca

o Fu_y
ar? a3yl -

C KpaCBbLIMH YCJIIOBUAMHU BHA

u(0,y) =A(), (0= y = 1), u(l,y) =fa(y), (0= y= 1),
u(x, 0) =f3(x), (0 = x = 1), ulx, 1) =fa(x), (0 = x = 1).

Pemiats 3a1auy ¢ momoieio GyHKIUU relax.
Jlnst pemienust 3aga4u oCTpouTh cetky u3 11 y3noB mox (i=0, 1, ... 10) u

3 11 y3moB moy(j=0,1,..10). Ortobpasurh Trpaduuecku ¢ MOMOIIIO
komaH bl Graphics FO Create Contour Plot cranimonapHoe pacnpeseieHue

TEMIIEPATYPHI B IJIACTUHE.

Bapuanrsl 3axanus 3

Ne fiy) 1) S(x) Ja(x)
BapHaHTa

1 »? cosy+(2-cosl)y x° 1+x

2 e’ -ey? y 1-x° x?

3 1-5? y sinx+1-x3(1+ X

sin 1)

4 0 y sin x- x* sin 1 x

5 e’ +y*(1-e)-1 % 0 x

6 »? cosy+(3-cosl)y x’ 1+ 2x

7 0 y sin x- x° sin 1 x?

8 2ey - (1+2e) 1 1 -y 1-x° x-2

9 -10y?-8y+6 -10y% - 30y + 22 O?+7x+6 Ox? - 15x - 12
10 -7y -5y +3 -7 -21y+13 6x> +4x +3 6x*-12x -9
11 1 y+1 1 1+x

12 1 e’ 1 e’

13 -y? -5y 4+ 5y -y? x? + 3x x> +3x+4
14 3-7y 7 -6y 4x+3 Sx-4
15 0 sin y 0 sin x



HNPAKTHYECKOE 3AHATHE Ne 15
Tema: Pemienue 3a1a4u JUHAMUYECKOTO IIPOTPaMMUPOBAHUS

Heas pabGorbi: Pemuth mpocrediime 3ajaydl METOJAOM JTUHAMUYECKOTO
IPOrpaMMHUPOBAHHS.

Kparkasi Teopus

JlnHamuueckoe IpOTrpaMMHUPOBAHUE - METOJ OIITUMHU3AIINH,
PUCIOCOOJICHHBIN, K 3a/layaM, B KOTOPBIX MPOLECC MPUHATUS PEIICHHUS MOXKET
ObITb pa3OUMT Ha oTAenbHble JdTanbl (11aru). Takue 3amauyum  HaA3BIBAIOTCS
MHOT'OILIIar OBBIMH.

XapakTtepHble 0COOEHHOCTH 33]]a4 AMHAMUYECKOTO POrPAMMHUPOBAHUSI:

Heonno3HauHOCTE pemieHus.

B03MOXXHOCTB JE€IEHNS BBIUUCIMTEIBLHOTO IIPOLIECCA HA ITAIBI.

OOt KpUTEpHii — CyMMa YaCTHBIX KPUTEPUEB HA dTarax.

JlnHamMuyeckoe nporpaMMHUPOBAHUE ITO3BOJIIET OCYILECTBIISITH ONTUMAIbHOE
IUIAHUPOBAHWE MHOTOIIArOBBIX IIPOLIECCOB, 3aBUCAIIMX OT BpemeHu. lIponecc
HA3bIBACTCS YIPABJISAEMBIM, €CJIM MOYKHO BJIMSTH HA XOJI €r0 Pa3BUTHA. Y IIPaBICHUEM
HA3bIBAETCSI COBOKYITHOCTh PELICHHI, MPUHUMAEMBIX HA Ka)KJIOM JTale NI BIUSHUS
Ha Xoja mpouecca. Hagamom srtana (mara) ynpaBiiieMOro IpOLIECCAa CUUTAETCS
MOMEHT NpUHATUA pelleHus. [lmaHupyss MHOroOmaroBbld IIPOLIECC, UCXOIAT W3
MHTEPECOB BCETO MpoIiecca B LEJIOM, BCerzia HeOOXOAUMMO UMETh B BUYy KOHEUHYIO
LEJIb.

Meroa TMHAMUYECKOTO IPOrPAMMUPOBAHUS COCTOUT B TOM, YTO ONTUMAJIBHOE
YIOpaBIEHHE CTPOUTCA mnocTeneHHo. Ha Kkaxaom Jrarne ONTUMHU3UPYETCS
yIOpaBJiI€HUE TOJIBKO 3TOr0 H3Tama, MpUYeM YIpaBlIEHUWE BbIOMpaeTcss ¢ Y4ETOM
MTOCJIEAICTBUM, T.€. ONITUMAIBHOE YIPABIEHUE IS JAHHOTO JTara JIO0JKHO YUYUTHIBATh
BECh MOCJICAYIOIIMNA X0 MpoLecca, AJIs 4ero HeoOX0IMMO 3HaTh BCE YIPABJICHUS Ha
IocJIeAyomux dranax. [IoCKoIbKy Ipouecc 3aKkaH4YMBAaeTCs Ha ITOCJIEIHEM JTarlle,
ONTUMAJIPHOE PEIICHHE HE JOJDKHO YUHUTHIBATH MOCIEAYIOIIErO YIPaBICHUs. Takum
00pa3oM, MPOIECC BHIUUCIICHUS MPOTEKAeT B OOPaTHOM HAMpPAaBICHWU, OT KOHIIA K
Havay.

IHocTaHoBKA 3aJa4U AMHAMMYECKOI0 NPOrpaMMHPOBAHUS.

[Tycts S,,S,,S, - COCTOSHHSI CHCTEMbI HA HAYAJIBHOM, k-0M 1 KOHEUHOM

aTane, u,,u,,u, - yIpaBICHUs] CHCTEMON Ha HAYaJIbHOM, k-0M ¥ KOHEUHOM dTarax.
VYnpasienue u, IepeBOUT CUCTEMY U3 COCTOSIHUS S, , B coctosiHue S, . [Tokaszarennb
3¢ deKTUBHOCTHU Ha k-om 3Tane 0003HauuM uepe3 W, (S, ;).

Tak Kak ONTUMH3ALIMIO TOKA3aTeIIs 3(1)(1)6KTI/IBHOCTI/I Ha4YMHACM C ITOCJICAHETO
oTaria, To, 3Had MAaKCUMYM I1OKa3aTCIIA 3(1)(1)6KTI/IBHOCTI/I Ha 7-OM 11arc

Wn* (Sn—l ) = n’lllaX(Wn (Sn—l b un ))

HalieM MakCUMYM ToKazatesi 3PEeKTUBHOCTH Ha (71-1)- OM 11are



Wn*—l (Sn—Z ) = max (anfl (Sn—Z > un—l )+ Wn* (Sn—l ))9

Uy

rae W, (S, ,,u, ) Ha3bIBaeTCsl "CHFOMUHYTHOM" BBITO/ION Ha (71-1)- OM 1iare.

OcHoBHOE (DYHKITMOHAIbHOE YpaBHEHHE JUHAMUYECKOTO IPOrpaMMUPOBAHUS
(ypaBHeHue bennmana) umeeT BU:

w, (S/H ) = I%?X(Wk (Sk—l Uy )+ W, (Sk ))

[Tpunuun ontumanbHOCTH bemiMana MOXHO COpMYIHPOBATh CIIETYIOIIUM
00pa3oM: KakoBbI Obl HE ObLIM HAYAJIbHOE COCTOSTHHE U HauyalbHOE PElIeHHE,
MOCTIeAYIONIee PEIIEHUE I0JDKHO OBITh ONTUMANIBHBIM 110 OTHOILIEHUIO K COCTOSIHUIO,
MOJYYEHHOMY B pe3yJibTaTe HauaJbHOTO pelieHns. IHbIMU cJI0BaMu, MPUHIIUTT
ONTUMATIBLHOCTH YTBEPKIACT, YTO €CIIM B JAHHBI MOMEHT BHIOPAHO HE HAMITYYIIIEe
perieHue, TO MOCIEeACTBUSI 3TOTO HEJIb3s1 UCIPABUTH B OyAyIIIEM.

3amaya onpenesieHUs KpaT4YailInX PaAcCTOSHUH MO 3aJaHHO CeTH
[IycTh 1aHO KOHEYHOE YUCIIO TOYEK P, P,,..., P, COEIUHEHHBIX BCEBO3-

MOKHBIMU OTPE3KAMM JIMHUM, HA3bIBAEMbIX 3BEHBSIMU WJIU CBSI3sIMU. Toraa
COBOKYITHOCTh TOUEK U UX CBS3EH HA3bIBAIOT CEThIO. CETh HA3bIBAETCA TIOCTATOYHO
CBSI3aHHOM, €CJIM CYIIECTBYET MYTh, COCTOSIINMN U3 3BEHbEB U COCTUHSIOIIUN
mo0bIe JIBe TOUKU ceTH. [1ycTh Kaxk1oMy 3BEHY ITOCTaBJICHO B COOTBETCTBUE
JENCTBUTENBHOE HEOTPULIATENILHOE YUCTIO /; - ero amuHa. Heobxoxaumo

ONpENEeIUTh KpaTyailliee pacCTOSHUE MO CETH OT KaXKIO0M TOUYKHU J0 BCEX
OCTAJIBHBIX U COOTBETCTBYIOIIME ITyTH, IO KOTOPBIM, OHU MPOXOAT.
[IpoHymepyeM TOUKH CETH B JTFOOOM MOPSAJIKE U YKAKEM JUIMHY KaXKJI0TO 3BEHA.
JIBE TOUKM HA3bIBAIOTCS COCEHUMHU, ECIIM OHU HENOCPEACTBEHHO COEINHEHBI
cBs3b10. [lomoxum, 7, =1,.

Jlns pereHus 3a1a4m UCTIOJIB3YEM METO AUHAMHUYECKOTO
IPOrpaMMUPOBAHUSA U OTBICKMBAEM KpaTyallliee pacCTOSHUE HE OT
(UKCHUPOBAHHON TOUYKH
710 BCEX OCTAJIbHBIX, a OT BCEX OCTAJIbHBIX A0 (PUKCUPOBAHHOW YEPE3 COCEIHUE
TOYKHU. CBA3b, YEPE3 KOTOPYIO NPOXOAUT KpaTyanilee pacCTOSHUAE, IOCIIE KK I0TO
miara OTMe4aeM cTpeiakoi. Jis ynoO6cTBa TOUKH ceTh 0003HAUMM KPYKKAMHU C
HOMEpPaMH TOYEK.

Anzopumm pewsenun:

DuKCUpPyeM KOHEUHYIO TOUKY P,, 10 KOTOPOU HEOOXOUMO pacCUuTaTh
KpaTyauliee pacCTOSHUE OT BCEX OCTAIIbHBIX, U PAIOM C 3TOW TOYKOW 3aIMChIBAEM
HYJIb, T.K. PACCTOSIHME P, OT TOYKH J10 Hei camoii paBHO 0.9TO 4HMCIIO, OTIUYHOE

OT HYJISl, ISl APYTUX TOUEK, HA30BEM XapaKTEPUCTHKON TOUKH.
Onpenenum coceHre TOYKH 110 GOpMyIe ¢, = 0+/, U Ha CBA3SX,

COCAUHAIOIHNX O3THU TOYKH, IIOCTABUM CTPEIIKHU, HAITPABJICHHBIC B TOUKY PI . Ilocae



9TOIr0 TOYKY Pl OTMCTUM CHMBOJIOM V, 0603Ha‘{aIOH_II/IM, 4TO OoIICpaly Haq HEU
3aKOHYCHHI.

[Tepexoaum k mr000M coceHel TOUKE, I KOTOPOM XapaKTEPUCTHKA YKe
Hainena. Ilycts 510 Oyner Touka P,. OnpenenseM coceHUE C HEH TOUKU U

TIOJICYMTEIBAEM XAPAKTEPUCTUKH STHX TOYEK IO (GOpMyIIe ¢, =c, +1,.

IIpu onpenenenuu c, Aas COCCIHUX P, MOXKET OKA3aThCs, YTO JJIs He-
KOTOPBIX U3 HUX XapPaKTEPUCTHKU ¢, YK€ U3BECTHBL. B 3TOM cilyyae HOBYIO
XapaKTEPUCTHUKY ¢, CPABHUBAEM CO CTAPOi XapaKTEPUCTHKOM c;, .

Ecmu ¢, > ¢;, TO cTapyro XapakTepUCTHKY OCTaBJIsIeM 0€3 U3MEHEHUI.
Ecmu ¢, <c¢;, TO cTapyro XapakTEpUCTHKY 3aMEHIEM Ha HOBYIO,

COOTBETCTBEHHO ITPOUCXOAMT HUJIM HE MPOUCXOIUT U3MEHEHHE HAIPABIICHUS.
Touky P, oTMEYaeM CHMBOJIOM V, €CIIM COCEIHAA TOUKA, Y KOTOPOM

HU3MCHWJIACH XAPAKTCPUCTHUKA, HC Obl11a paHec OTMCUYCHA V. Ecau xe Touka paHec

Obl1a OTMEUYEHA CUMBOJIOM V, TO IICPCCUUTBIBACM XAPAKTCPUCTUKU COCCAHHUX C HEH
TOYCK.

[lepexoqum K IMyHKTY 3.

[Ipouecc npomomkaeM 10 TeX MOp, MOKa HE OYAyT OTMEYEHbI CHMBOJIOM V
BC€ TOUKHU ceTH. OTBET BBIMKUCHIBAEM B BUJE TaOJIUIIbI, [JI€ YKa3aHbl KpaTyaninee
PAcCTOSIHUE OT BCEX TOYEK /10 KOHEYHOM U ITyHKTHI, YEPE3 KOTOPBIE OHU MPOXOJIAT.

ITopsAIOK BBINOJIHEHUS 3aJaHUI

3apmava 1. /Isym npennpusitusam A u B Ha 4 kBapTana Beiaeneso S, =1000
equHuL cpeacts. Kaxaplii KBapTall npeanpusaTue A Mmojaydaer X CpeACTB,
npennpustie B -y cpencts. [Ipu 3TOM OT BBIIETIEHHBIX CPEACTB NPEATIPUATHE A
MOJy4aeT SX €AUHHUI] U OCTAaTOK cpeAcTB 0,3X enquHul, a npeanpustue B - noxon
4y eqMHUII U OCTATOK BbIJENEHHBIX cpencTB 0,5y enqunui. Heobxonumo pacnpene-
JUTH CPEACTBA MEXAY NPEIIPUITUIMH TOKBAPTAIILHO TAKMM 00pa3oM, 4TOObI 3a
BECh I0J] 00a NpeAnpUsATUS TOTYUMIA MAKCUMAIbHBIA JOXO/I.

Pemenne. [lepuon Bpemenu 1 ron paznenum Ha 4 kBapTana (4 stamna).

BBenem o0o3HaueHus: uepe3 x;, y, 0003HAUMM BKJIA] B Pa3BUTHE

npennpustuii A u B B 1-om kBapTtane, W, - 10X0[ 3a 1-blif KBapTal, S,- OCTaTOK

CpEACTB Ha KOHeI[ 1-0ro kBapTana, i— 1,2,3,4.

Ne | Cocrosinue Bknan Joxon | OcraTtok
A B

1 Sy =5, X Y1 w S,

2 S, -5, Xy V2 w, S,

3 S, =S, X, Vs w, S,

4 S, -8, X, Va w, S,




C yueToM BBEeI€HHBIX 0003HAYEHHI COCTABUM MOAPOOHYIO TAOIHILY TIO STaram.

[Ipennpusitue | 1 kBapTan 2 xBapTan 3 kBapTan 4
KBapTaj
S S S
=t = =t =t
=g | = |8|g s |g 8|8 |§8 ¢
2 S 3) 2 | S 3) 2 | B 3) = | 8
= H | & m | o) m | K|S = =t
A X, 56, 103x, | x, |[5x, |03x, | x; |5x; |03x; | x, |D5x,
B )1 4y, | 05y, | », 4y, | 0.5y, | », 4y; | 0.5y; | v, 4y,
~ N o
- |2 e o |2 .
AR SR A
i |5 ®ol T Bl y L
S § ~ ~ § N N g e o g
o) ol ol ol ol ! ol

OTpICKaHNE ONTUMAIIBHOTO YITPABJICHHS HAYHEM C 4 KBapTaia.

X, +y, =8,

W, =max W, = max(Sx4 +4y4):{ }: max(S(S3 —y4)+ 4y4)=

x,=8;,-y,,8; =const

= max (5S3 _J’4): (5S3 _J’4Xy4:0 =58;.

0<y,<8;
3 KBapTal.

x3+y3:S27 X3:S2—y3, S3:0,3x3+
W, , =max(W, +W,) = max(Sx3 +4y, +5S3)= +0,5y, =035, - 0,3y, +0,5y, =0,3S, +0,2y,,( =
S, = const
= max (55, -5y, + 4y, +1,55, + y,) = max (6,55,)=6,55,.

0<y;<S, 0<y;<S,
Tak kak MakcuMyM J10xo7a 3a 3-4 KBapTaJbl IOCTOSTHEH MPU JTIO00M
S2 SZ
pacrpeneneHun CpeACTB, TO MYCTh x; = > h=
2 KBapTall.

x2+y2:S1a x2=S1—y2, S2=0,3x2+
W,y =max(W, + W) =max(5x, +4y, +6,55,)=1+0,5, =0,35, =03y, +0,5, =035, +0,2y,,1 =
S, =const

= max (55, =5y, +4y, +1,958, +13y,)= max (6,958, +0,3y,)=(6,95S, +0,3y, o <7258,
<y,<S, <1258 Y2 =0

1 xBapTan.



X+, =S8, x=S5-y, 8=03x+
W, =max(W, + W, ) =max(5x, + 4y, +7,258,)=1+ 0,5y, =0,3S, — 0,3y, + 0,5y, =035, +0,2y,,( =
S, =const
= max (55, =5y, + 4y, +2,175S8, + 1,45y, )= max (7,175S, + 0,45y, )=
<N=S, <=8y
(7,175, +0,45y, =7,625S,
» =35
ITo ycnosuro 3anaun S, =1000 eauHull, Wl:‘ =7625 eAUHUIL, TIPU ITOM Oy1eM

HMCTD CJICAYIOIUC PACIIPCACICHUC CPCACTB I10 KBAPTaIaM:

Ksaprain Pacnpenensemeie Bxnanpl
cpelcTBa A B

1 S, =1000 x =0 y; =1000
2 S, =03x; +0,5y, =500 | x, =0 ¥, =500
3 S, =0,3x, +0,5y, =250 | x; =125 yi =125
4 S, =03x; +0,5y; =100 | x; =100 y, =0

3agaHus I caMOCTOATEIbLHON PadoThI

1 Bapuamur.

3anaua 1. [Inanupyerca pabota nByX oTpaciieii nmpousBoicTBa A u B Ha 4
roga. KoinuectBo X CpeACTB, BIOKEHHBIX B OTpacib A, MO3BOJSET IMOIYYUTH
noxoJ 2x u ymensiaerca A0 0,6x. KomnuecTBo y CpeicTB, BIOKEHHBIX B OTPACIIb
B, mosBomser momyuuth goxon 3y u ymenbmaercs go 0,2y. HeoOxommumo
pacupeneinTh BBIACICHHBIE PECYpPChl B KoaudecTBe S, =850 e€OUHHUI] MEXIY
OTpACIISIMU [0 ToJaM IUIAHUPYEMOTO MEPUOJa I TOJIYYEHUS MaKCUMalbHOU
pUOBUTH 32 BECh TIEPHOI.

3apaua 2. Ilo 3amanHOM cxeme, coeauHsmomer 10 Todek, HaWTH
Kparyaiiiiee pacctosaue ot 1 Touku 1o 10.

10
3 7
/O 12
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4
18
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2 BapHuAaHT.
3amauya 1. /IBym npennpusatusm A u B Ha 4 kBaprana BbiaeneHo S, =900

eauHul] cpeAacTB. Kaxknapli kBapTan mnpeanpuarue A MOJy4yaeT X CPEICTB,

npeanpusatrue B -y cpencts. [Ipy 3TOM OT BBIAEIEHHBIX CPEACTB MpEANpUATHE A




noiyyaer 4x enuHUI] U ocTatok cpenctB 0,3x eauHul, a npeanpustue B - noxon
Sy eIuHMI] U OCTaTOK BhIJieNeHHbIX cpeAcTB 0,1y enunuil. Heo6xonumo pacnpene-
JUTh CPENICTBA MEXKYy IMPEANPUSTUIMHU MOKBAPTAIBHO TaKUM 00pa3oM, YTOOBI 3a
BECh Iroj] 00a MPEANPUATHS TOJTYIHUIN MAaKCUMaJIbHBIN JOXO/I.

3amaua 2. Ilo 3aganHOil cxXeme, coemuHsmonieir 10 Touek, HaWUTH

Kparyaiiiiee paccrosaue ot 1 Touku jo0 10.
12
7
/O 11
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KoHTposabHbIE BONIPOCHI

1.  Yro Ha3bIBaeTCS TMHAMHYECKUM IPOrPAMMHUPOBAHUEM?
2. Kakme  xapaktepHble =~ OCOOCHHOCTM  33Jay  JMHAMHUYECKOTO

IPOrpaMMUPOBAHUS Bbl 3HAETE?

3. UYro Ha3pIBaeTCA yIpaBICHUEM?
4. B yeM cocTouT MeTO TMHAMHUYECKOTO TPOrpaMMUPOBAHUA?
5. ChopMynupyiTe IPpUHIIAN ONTHUMaIbHOCTH bemnmmana?

INPAKTUYECKOE 3AHSATUE Ne 16
Tema: [IpocTeie 3a1aun AMHAMUYECKOTO POTPAMMUPOBAHUS

Heas padorbl: PemmTh mnpocTeuimve 3agayd METOJIOM JIHMHAMHYECKOTO
MPOrPaAMMUPOBAHUS.

3anpaua 2. Jlana cetb, cocTosinasi u3 7 TOYEK, U U3BECTHBI PACCTOSIHUSI MEKIY
ToukamMu. HeoOXomMMo onpenenuTh KpaTdaniinee pacCTOSHUE OT JIF000H TOUKH 10
TOYKH 7.

Pemenue.



1OV

7V OV

Paccmotpum touky 7. Psaom ¢ kpyxkkoMm ctaBuM O XapaKTEpUCTHUKY STOU
TOYKHU.

CocequumMu ¢ TOoukoM 7 sBIsAOTCA  TOoukd 6,54, IlogcumTaem
XapaKTepUCTUKUA ITHUX TOYEK M YKaXKeM HampasieHus. Touky 7 oTMeuaeM
CUMBOJIOM V , T.K. OTIEpalluy Ha HEW 3aKOHYEHBI.

Paccmorpum Touky 4. Cocemnumu ¢ Heit Oyayt touku 6,3,1,7, Haxomum
XapaKTEPUCTUKU KAXION U3 HUX. XapaKTEPUCTUKHU TOUYEK 1 U 3 — COOTBETCTBEHHO
9 u 12. XapaktepucTuku To4ek 6,7 octaiuch 0e3 U3BMEHEeHHs, Tak Kak 7+4=11>5,
7+7=14>0. Touky 4 ormeTum cumBojiOM V. Paccmorpum Touky 6. CocenHuMu
SABJISAOTCS TOUKU 3,4,7. Jlyist Toukn 3 HOBasg XapakTepucTtuka S5S+2=7>12, nosromy
M3MEHSAEM CTapyl XapakTEpUCTUKY 12 Ha 7, W yKa3plBaeéM HOBOE HaIIPaBJICHHE.
Jist Touek 4,7 cTapble XapaKTEepUCTUKU OCTalOTCs 0€3 U3MEHEeHUM, T.K. 5+4=9>7,
5+5=10>0. Touky 6 ormeuaem 3HakoM V. Paccmotrpum Touky 5. Cocennsisa ¢ Hel
touka 1. HoBas xapakrepuctuka 3+3=6<9, no3TOMy U3MEHSIEM XapaKTEePUCTUKY U
HarnpaBiieHne. Touky 5 ormewaem cumBoiioM V. Touka 1, xapakrepuctuka
KOTOpOW W3MEHUJIACh, SBISETCA coceaHeld ¢ Toukod 4. Touka 4 oTMeudeHa
CHUMBOJIOM V, MO3TOMY NEPECUYNTHIBAEM XAPAKTEPUCTUKY ITOM TOUKU U TIPOBEPSIEM
cocennue ¢ Her: 7+5=12>7; 7T+4=11>5; 7+7=14>0. XapaktepucTuku To4ek 3,6,7
OCTaroTCsl 0€3 U3MEHEHUI.

Paccmotpum touky 3. CoceqHUMU SIBIISIFOTCS TOUYKH 2,4,6. XapaKTepuCTHKA
2: 7+3=10, 3ammcbiBaéM 3Ty XapaKTEpUCTUKY U YKa3blBAEM HaIpaBJICHUE.
Xapakrepuctuku 6,4 octanuch 06e3 n3MeHeHus. Touky 3 oTMedaeM CUMBOJIOM V.

Paccmotpum Touky 2. CoceiHUMU SIBISAIOTCS TOUKH | 1 3. XapaKTepuCTUKH
TOYEK He wu3MeHstorcs, T.K. 10+5=15>6, 10+3=13>7. Touky 2 oTMedaem
CHMBOJIOM V.

Paccmotpum touky 1. Coceguumu sIBIISIFOTCS TOUKU 2,4,5. XapaKTepUCTUKU
TOYEK HE U3MEHWJIUCH, T.K. 6+5=11>10, 6+2=8>4, 6+3=9>3. Onepanuu HaJl BCEMU
TOYKaMU 3aKOHYEHBI. OTBET 3aMMIIEM B BUJIE TAOHUIIHL.



Howmepa Touek, mexxny |Kpardaiimee Mapupyr, 1o
KOTOPBIMH paccTosiHue KOTOPOMY ITPOXOIUT
PACCUUTHIBACTCS KpaTyauniee
1-7 6 1-5-7
2-7 10 2-3-6-7
3-7 7 3-6-7
4-7 7 4-7
5-7 3 5-7
6-7 5 6-7
7-7 0
3 BapuaHT.

3anaua 1. [Inanupyerca pabota nByX oTpaciieii nmpou3BoicTBa A u B Ha 4
roga. KomuuecTBo X CpeACTB, BIOXKEHHBIX B OTpacib A, MO3BOJSET MOIYYUTh
noxoJ 5x u ymensiaerca Ao 0,1x. KomnuecTBo y cpencTB, BIOKEHHBIX B OTPACIIb
B, no3Bonsier monyuuth goxon 3y U yMenblmaercs 1o 0,5y. HeobGxomumo

pacupencinuTh BBIICICHHBIE PECYpChl B KOJHYECTBE S, =1100 €OUHHUIl MEXKIY

OTpaciasiMM IO ToJaM IUJIAHUPYEMOTO TEproja i IOJYy4YeHUS MaKCHUMAaJbHOU
pUOBUTH 32 BECh TIEPHUOI.
3amaua 2. Ilo 3aganHO#il cxeme, coemuHsionieir 10 Touek, HaAWUTH

Kparyaiiiee paccrosiuue ot 1 Touku a0 10.
15
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4 BapuaHT.

3amavya 1. /IBym npennpusatusim A u B Ha 4 xBaprana BeiaeneHo S, =750

eauHul, cpeAactB. Kaxaplid KBapTan mnpeanpusitue A ToJy4daeTr X CpEICTB,
npeanpusitue B -y cpencts. [Ipu 3TOM OT BbIJIENIEHHBIX CPEACTB MpEANpUsTHE A
nosyyaer 4x enuHuI] U octatok cpencts 0,3x enuHul, a npeanpusTtue B - noxon

3y eIMHMUI] U OCTATOK BhIJIeJIeHHBIX cpeAcTB 0,6y enunuil. Heo6xonumo pacnpene-



JUTH CPEACTBA MEXKAY MPEANPUATHSIMHU TOKBAPTAITHHO TaKUM 00pa3oM, 4TOOBI 3a
BECh roj 00a MPEANPUATHS TOJTYIHUIN MAaKCUMAJIbHBIN JOXO/I.
3agaya 2. Ilo 3amamHoi cxeme, coemumHsiomeidr 10 Touek, HaWTH

KpaT4aiiee pacctosiuue ot 1 Touku a0 10.
11
6 4 7
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S BapuaHT.

3amaua 1. [Inanupyercs pabota AByX oTpacieit mpousBojctsa A u B Ha 4
roga. KomnuectBo X CpeAcCTB, BIOKEHHBIX B OTpacib A, MO3BOJSET IMOIYYUTh
noxoJ 5x u ymensiaerca A0 0,3x. KonnuecTBo y CpencTB, BIOKEHHBIX B OTPACIIb
B, nos3Bonsier monyuuth goxon 6y u ymenblmaercs g0 0,1y. HeoOGxomumo

pacupeneinTh BBIACICHHBIE PECYpChl B KoauyecTtBe S, =800 eTUHHUI] MEXIY

OTpaciasiMM IO ToJaM IUJIAHUPYEMOTO Teproja JJis TMOJYy4YeHUS MaKCUMaJbHOU
MpUOBLIH 32 BECh MIEPUOI.
3apaua 2. Ilo 3agmanHOM cxeme, coeauHsmomer 10 Todek, HaWTH

KpaT4aiiiee pacctosiuue ot 1 Touku a0 10.
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KoHTpoabHBIE BONPOCHI
1. Yo Ha3pIBaeTCsA CETHIO, 3BEHBIMU?

2. Yto Takoe XapakTepUCTUKA TOUKH?



3. OnummTe aJIrOpuTM PELICHUS 3aJayd OINpEeNeSICeHHs KpaTdailiero

PaCCTOAHUA 110 3aHaHHOﬁ cetu?
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