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ITPAKTUYECKOE 3AHATHUE Ne 1

Tema [locTpoeHune MpocTENIINX MATEMATUUECKUX MOJIECIIEH.

Heab padoThI: 3aKpEeNUTh MPAKTUYECKUE HABBIKM IO MOCTPOCHUIO
IPOCTENIINX MATEMATUYECKUX.

Kparkasi Teopus

[TocTpoenne maremMaTH4eCKOM MOJENW Mpollecca, SBICHUS WIM OOBEKTa
HAYMHAETCS C TIOCTPOCHMS YIPOIICHHOTO BapuaHTa MOJACIH, B KOTOPOM
YUYUTBHIBAIOTCSL TOJIBKO OCHOBHBIE 4epThl. B pe3ynbraTe MOpoCIeKuBarOTCS
OCHOBHBIE CBSI3M MEXKJYy BXOJHBIMH MapamMeTpaMu, OrpPaHUYEHUSIMH U
nokazaresieM d(pdekTuBHocTH. OOIIEro MoaxoAa K MOCTPOCHUI0 MOJieNu HeT. B
KOKJIOM KOHKPETHOM CIy4ae MpH MOCTPOCHUM MaTEMAaTHUYECKON MOJAEIH
YUUTHIBAECTCS OOJBIIOE KOJIUYECTBO (DAKTOPOB: I€JIb MOCTPOCHUS] MOJEIHU, KPYyT
pemaeMbIx 3ajlady, TOYHOCTh OIKUCAHUS MOJEIM KM TOYHOCTh BBIIIOJHEHUS
BBIYMCIICHUN. Martemarnueckass MOJENb JOJDKHA OTpa)kaTb BCE CYIIECTBEHHBIC
(akTOpBI, ONpEAEIAIOIINE €€ MMOBEJECHUE, U MPU 3TOM OBbITh MPOCTOM U YJO0OHON
JUISL BOCIIpUSATUSI pe3ylibTaToB. Kakmas wmaremaThuyeckass MOJENb Mpoliecca,
SIBJICHUS WA O0OBEKTa B CBOEH OCHOBE MMEET MAaTeMaTUYECKUN KOJIUYECTBEHHBIN
METO/I.

[IpumMeHeHne  MaTeMaTUYECKUMX  KOJIMYECTBEHHBIX  METOJOB IS
000CHOBaHUS BHIOOpPA TOTO MJTM MHOTO YMPABISAIONIETO PEIICHUs BO BCEX 00IACTSIX
YeJIOBEUECKONW  JESTENBbHOCTH  Ha3bIBACTCA ucciedosanuem onepayuil. 1lensro
HCCIICIOBAHMS OTIEpaIUil SBJISIETCS HAX0XKACHUE C UCTIOIB30BAaHUEM CIIEIIUATBHOTO
MaTeMaTUYECKOTro arrapara peleHusl, yI0BJICTBOPSIONIECTO 3aJaHHbIM YCIIOBUSIM.
Ha camom pene mpu pelieHHMM MpPaKTUYECKH JIOOOM 3amauyu  UMeeTcs
HEOTPAHUYECHHOE KOJIMYECTBO PELICHUMN. MHo0kx€ecTBO peLICHUH,
yJAOBIETBOPSIONMIUX  3aJaHHBIM  YCIOBUAM  (OTpaHUYEHUSIM),  HA3bIBACTCA
JIOTTYCTUMBIM MHOKECTBOM pellieHneM. BbpIOOp M3 MHOXKECTBa JOIMYyCTUMBIX
pEelIeHU1  OJHOTO  pelIeHWs, HAWIydllero B  KakKOM-JIHOO  CMBICTE,
HA3bIBAEMOI'0 ONMUMANbHBIM PEIIEHUEM, U €CTh 3aJja4a UCCIIEOBAHUS ONEepalIUi.

Mooenb — smo mamepuanbHulli UIU UOEANbHBI 00bEKMm, 3AMEHAIOUULL
OpUGUHAN, HAOENIeHHbIU OCHOBHLIMU XAPAKMEPUCMUKAMU (Yepmamu) opueutaia u
NPeOHA3HAUEHHbIU Ol NPOBEOeHUs. HEeKOMOPbIX OeUCmBUll HAO0 HUM C Yelbio
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Puc. 1. Knmaccuduxanus monenei
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Puc. 2. Knaccudukanus MmaTeMaTH4eCKUX MOJIENEH

[Ipy mocTpoeHMM MaTEeMaTUYECKOH MOJAENM HeoOXoaumo  obecrie-
9UTh 0OCMAMOYHYI0 TOYHOCTh ~ BBIYMCICHWNA  (TOYHOCTh  pEIICHUs) U He-
00x00uMyto IOAPOOHOCTh MoJienu. JIrobasi MaTeMaTHdecKasi MOJIeNb BKJIIOYAET B
ce0si OmHucaHue OCHOBHBIX, T. €. HEOOXOOUMbIX JISI WCCIEIOBAHUSI CBOMCTB H
3aKOHOB (DYHKIIMOHUPOBAHUS HCCIETyeMOro o0ObeKTa, mpolecca Wi siBjaeHus. B
CBOCH OCHOBE Kaxaas MaTeMaTH4ecKas MOJENIb HMMEET IeJIeBYI0 (PYHKIIHUIO,
KOTOpasi OMHUCHIBACT (PYHKIIMOHHUPOBAHUE PEAIbHOIO0 O00BEKTa, Ipolecca WU
sSBJCHUA. B 3aBUCUMOCTH OT HCCIeAyeMOro (MOJEIUPYEeMOro) o0ObeKTa, sIBICHUS
WM TIpoIecca yernesas (QyHKyus MOXKET OBITh TpeACcTaBiIcHAa OXHOW (PyHK-
[IUOHAJILHOW 3aBUCHUMOCTBIO, CHUCTEMON YpaBHEHUN (JIMHEWHBIX, HEJIMHEUHBIX,
nuddepeHManbHbIX U T. J.), HA0OPOM CTaTUCTUYECKUX AaHHBIX U T. A. [lpu
pabote ¢ 1eneBor (yHKIMEH HCCIeN0BATENh BO3JEHCTBYET Ha HEE 4Yepe3 Habop
6X00HbIX napamempoe (puc. 3).

Bxonnon napamerp 1 Brixognoit napamertp 1

Bxonnoit napamerp 2 Brixonnoit mapametp 2

Bxonnoit napamerp 3 |Mogens cuctemsl | BoixoaHoit mapametp 3

Bxonno# mapamertp n-|(00bekTa niv|BeixonHo mapamerp m
1 npoiiecca) -1
Bxonnoit napametp n BrixonHoi napameTp m

Puc. 3. O60061ieHHas cxeMa MaTeMaTUYECKO MOzeNn
[To cmocoOy peanu3alu MaTeMaTUYECKUE MOJEIM MOXHO pa3esiuTh
CJIEIYIOIIM 00pa3oM.
1. JInHeiiHOE MpOrpaMMHUpPOBAHHE.
Marematuyeckass MoAelb LETUKOM (1iesneBas (PYyHKUUS W OrpaHUYeHUs)
OMKCHIBACTCSI YPAaBHEHUSAMM TepBoro mnopsaka. JIuHeitHoe mnporpamMmmupoBaHue
BKJIFOYAET B c€0s HECKOJILKO METOIOB pelieHus (3a1a9):

° CUMILJICKCHBIN;

o rpaguuecKui;

° TPaHCIOPTHAs 3a/1a4a;

° LEJIOUYHNCIIEHHOE TTPOrPaMMHUPOBAHUE.

2. HenmmHeliHOE NporpaMMHUpPOBaHHUE.



[leneBast GyHKIMS © OTPaHUYCHHS, COCTABISIONIME MAaTEMATHUYECKYIO
MOJIeNb, COAEPKAT XOTS Obl OJHO HEIMHEWHOE ypaBHEHHE (ypaBHEHHE BTOPOTO
nopsika W BeIIe). HenwHEHOE NporpaMMHUpPOBAaHUE COJCPKUT HECKOIBKO
METOJIOB perieHus (3a1a4):

o rpaduYeCcKui;

o PEryJsipHOTO CUMILIEKCA;

o nedopmupyemoro Muororpanauka (Hemmepa - Muna);
° TpaJlCHTHBIMN.

3. luHaMu4ecKoe NporpaMMHpPOBaHUE.

OpueHTHPOBAHO HA PELICHHE 33/1ad MPOKIIAJKH Marucrpajiei KpaTdyaumum
IyTEM U NIepepacipeacsieHusl pa3InuHbIX BUJOB PECYPCOB.

4. CereBoe MIIaHUPOBAHUE.

Pemaer mnpoGnemy mnocTpoeHuss rpaduka BBIIOJIHEHUS paboT, pac-
Mpe/iesIeHUs MPOU3BOACTBEHHBIX, ((MHAHCOBBIX U JIIOJICKHX PECYPCOB.

5. [lpuHsTHE peMIEHUI U DIEMEHTHI IUIAHUPOBAHUSA.

B stoMm ciyyae u kadecTBe IliefieBOM (PYHKUIMM BBICTymaeT Habop cra-
TUCTHUYECKUX JAaHHBIX WM HEKOTOpbIE JIaHHbIE NPOrHO3a. PemeHuem 3amauu
ABIIIIOTCS PEKOMEHJAIMU O clloco0ax moBefeHus (cTpaTeruu). PemieHue Hocut
pPEKOMEHIaTeNbHBIA XapakTep (MpuONU3UTENbHOE perieHue). Bribop crparteruu
LEJTUKOM OCTaeTCs 3a YEJIOBEKOM — OTBETCTBEHHBIM JIMIIOM, MPUHUMAIOIIAM
peuienue. s npuHATHS pereHus pa3padboTaHbl ClIEAyONIME TEOPUU:

o TEOPUS UTD;

o CUCTEMBI MAaCCOBOI'O 0OCITYKUBaHUS.

3amanue 1. CocTaBUTh MaTEMaTUYECKYI0 MOJENb cieAyroniei 3amaund. Ha
ckiane uMmeercs 300 kr ceippsa. Hago wmsroroButs nBa Buaa npoxaykumu. Ha
M3rOTOBJICHHE TEPBOr0 W3JeNus TpeOyercs 2 Kr ChIpbi, @ Ha HU3TOTOBIICHUE
BTOPOTO u3aenus — S5 Kr. OnpeaesnTs IUIaH BbITYCKA IBYX WU3EIINAMN.

Pemenue.

O6o3HaunM, x| — eguHUIIA TIEPBOTO M3JEIUS, X2 — EIUHUIIA BTOPOTO
n3aenus. Torga coctaBUM MaTeMaThdeckast Moaeib: 2x1+5x2=300.

3apnanme 2. CocTaBUTh MaTEMaTHYECKYH0 MOJENb CIEAYIOIIEH 3aJadM.
[Ipenmonoxkum, 4YTo Uil TPOU3BOJCTBA NPOAYKIMU BHaa A u B MoxHO
UCIOJIb30BaTh Marepuan 3-x copToB. IIpu 3TOM Ha HW3rOTOBIEHHE €AWHUIIBI
u3aenus Buga A pacxoayercsi 14 xr mepBoro copra, 12 Kr BTOporo copra u 8 Kr
TpeThero copta. Ha uzrorosnenue npoaykuuu Buga B pacxoayercs 8 kr mepBoro
copta, 4 Kr BTOPOTO COpTa, 2 Kr TpeThero copra. Ha ckmane dhabpuku umeercs
BCEro Marepuaia nepBoro copra 624 kr, BToporo copra 541 kr, TpeTbero copra
376 xr. Ot peanu3anuy €IUHUIBI TOTOBOW MPOAyKIMK Buma A ¢dabpuka uMeer
npuoObLTL BUAa 7 pyO., a OT peaau3aluu €IUHUIBI TOTOBOW MPOIYKIMK Buma B
dbabpuka umeer npuoOBLLUIL BUaa 3 pyo. OnpenennTs MaKCUMaIbHYO MPUOBLIL OT
peanu3anuu Bcel NpoayKIuu BUIoB A u B.



Pemenne.

CocTaBuM MaTeMaTHYECKYIO MOJICIb 3a1a4u:

[TycTh X1 — equHMIIA TOTOBOM MPOAYKIIMU BUIA A,

X2 - eIMHUIIA TOTOBOM IPOIYKIINHU Bujia B,

[lens (abpuku MONMYINTh MAaKCUMAJIBHYIO MPUOBUIb OT peau3aiiil BCEH
MPOAYKIIMU BUIOB

A u B, Torna:

F =7 x, +3 x, —» max

Cucrema orpaHUYEHUIM:

014x, +8x, <624

lex1 +4x, <541

{ 8x, +2x, <376

x, 20, x, =20 ycrosue  HeompuyamenbHocmu

3aganme 3. CocTaBUTh MATEMaTUYECKYIO MOJECNIb CIEAYIOLEH 3aJayu.
Nmerotcest Tpu MyHKTA MOCTaBKKA OAHOPOAHOTO Tpy3a Al, A2, A3 u nsaTh MyHKTOB
B1, B2, B3, B4, B5 morpebnenuss storo rpy3a. Ha mynkrax Al, A2 u A3
HaXOJHTCS TPy3 COOTBETCTBEHHO B KomuyecTBe 200, 450, 250 TonH. B mynkTe B1,
B2, B3, B4, B5 tpebyercs moctaBuTh cooTBercTBeHHO 100, 125, 325, 250, 100
TOHH Tpy3a. PaccTosiHue MEXy MyHKTaMH MOCTaBKU M MYHKTaMH MOTPEOICHUs
MPUBEJEHO B TaOIULIE:

TTyHKTBI ITynkThI moTpedieHust

MOCTABKH Bl B2 - " —
A > 8 7 10 3
A2 4 2 5 5 5
A3 7 3 5 9 5
Pewenue:

[IpoBepka cOanaHCUPOBAHHOCTH MOJENU 3agayu. Mojenb sBiseTcs
cOamaHCUPOBAHHOM, T.K. CyMMapHBIi 00BbEM 3alacoB CBHIPbS PaBEH CyMMAapHOMY
00BbeMy MOTPEOHOCTH B HEH:

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

[TocTpoeHne maTemMaTH4eCKOM MOJENW — HEU3BECTHBIMM B JTOW 3aJauu

SABJISIETCS 00BEM MEPEBO30K. ITycTh ¥ - 00beM MEPEBO30K Ci-TO MPEANPHUSITHS B |-
ro MyHKT notpebienns. CyMMapHbIE TPAHCIIOPTHBIC PACXOABI - 3TO (PYHKIIMOHA
nom
KauyecTBa (KpUTEPUI LICIIH ): " é%cl,x,, :
e ¥ - CTOMMOCTH NEPEBO3KH €IMHUIBI TPOAYKIHMU Ci-r0 MPEANpPUITHS
B J-i IIyHKTax MOTPeOICHUS.



HewnsBecTHple B 3TOM 3aaud JOJDKHBI YJIOBJIETBOPATH CIEAYIOLIAM
OTPaHUYCHUSIM:

O0beM MepeBO30K HE MOTYT OBITh OTPUIIATEIIbHBIMU;

[TockonbKy Mojenb cOamaHCUpOBaHA, TO BCS MPOAYKIUS JOKHA OBITH
BBIBE3CHA C MPEANPHUATHS, a MOTPEOHOCTh BCEX IMYHKTOB IMOTPEOJEHUS TOJDKHA
OBITH MTOJTHOCTHIO YJIOBJIETBOPEHBI.

Hrak, nmeeM cleayronyro 3a1ady:

4 5
F :ZZCEIX!‘J‘ — min,

Haiitu MuaMMyM QyHKIMOHANA: i= =
I 4
12, %; =100,
0 Ezl
0 —
Déx” =125,
4 5
DZXU. =325, Z x; =200,

H i4=1
12, %; =250,
D izl
13 x, =100,

x, =250,
I[Ipy OrpaHUYEHUSX: = Xi Zo’iell’SJ’jeh’SJ',

-
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3agaHus 15 CAMOCTOSITENIbHON PaboThI

1 BapuaHr.

3agaua 1. CocTaBUTh MAaTeMaTHYECKYI0 MOJIENb CIEAYIOIIEH 3aJauu.
[Ipenmonoxkum, 4YTo il TPOM3BOJCTBA NPOAYKIMM BHaa A u B MoxHO
UCIIOJb30BaTh MaTepual Tpex copToB. lIpu 3TOM Ha W3rOTOBIEHUE E€IUHUIIBI
u3zenus Bujga A pacxoayercs al Kr mepBOro copra, a2 Kr BTOPOro copra u a3 Kr
TpeThero copta. Ha usrorornenue nponykiuu Buga B pacxoayercst bl kr mepBoro
copta, b2 kr Broporo copra, b3 kr Tpersero copra. Ha cxiage pabpuku nmeercs
BCEr0 Marepuajnga TMepBOro copTa cl Kr, BTOPOro copTa c2 KI, TPEThEro
copta c3 kr. OT peanu3anuu €IWHUIIBI TOTOBOM Mpoaykiuu Bujga A ¢adpuka
UMeeT MPUOBLIL BUIA o pyO., a OT peanu3aiuy eJMHUIBI TOTOBOW MPOIYKIIUU BHIA
B ¢abpuka nmeer npubbuts BUaa f pyo. OnpenenuTs MaKCUMaIbHYIO TPUOBLITH OT
peanu3anuu Bcel mpoyKIuu BuaoB A u B.

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

a=3, p=4.

3agaua 2. MIMeOTCA TpH NyHKTa IOCTAaBKA OJHOPOAHOro rpysa Al, A2,
A3wu mare nysaktoB B1, B2, B3, B4, BS5 norpebinenus »storo rpys3a. Ha
nyHktax Al, A2 nu A3 HaxoauTcs rpy3 COOTBETCTBEHHO B KoumuectBe al, a2 u
a3tonn. B mysktet Bl, B2, B3, B4, BS5Tpebyercs mocTraBUTH



cooTBeTcTBeHHO D1, b2, b3, b4, b5 Tonn rpy3a. PaccrosHue Mexay mIyHKTamu
MOCTaBKU M IMyHKTaMK OTPEOIEHNS IIPUBEIEHO B TAOIIHIIE:

TyHKT [TyHKTBI TOTpEOICHUS

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

Haiitn Takoil miaH 3akpervieHWs TOoTpeduTenel 3a MOCTaBIIMKAMU
OJIHOPOJAHOTO  Tpy3a, 4YTOObI OOIIME 3aTpaThl IO IEepeBO3KaM  ObUIK
MUHHUMAJIbHBIMU.

al=300, a2=250, a3=200, g4 8 13 2 77

b1=210, b2=150, b3=120, b4=135, b5=135. D=p9 4 11 9 171
i3 16 10 1 4af

2 BapuaHr.

3agaua 1. CocTaBUTh MAaTeMaTHYECKYI0 MOJIENb CIEAYIOIMIEH 3aJauu.
[Ipenmonoxxum, 4YTro Uil MPOU3BOJACTBA MpoayKiuu Buaa A u B MoxHO
UCIIOJIb30BaTh MaTepuail Tpex copToB. IIpu 3TOM Ha HW3rOTOBIECHUE E€IWHHUIIBI
n3aenus Buna A pacxonyercs al Kr mepBOro copra, a2 K BTOPOTO copTa U a3 KT
TpeThero copta. Ha usrorornenue nponykiuu Buga B pacxoayercst bl kr mepBoro
copta, b2 kr Broporo copra, b3 kr Tpetsero copra. Ha cknane habpuku umeercs
BCEr0 MaTepuajga MEepPBOrO copTa cl Kr, BTOPOTO copTa c2 KI, TPEThEro
copta c3 kr. OT peanu3anuu €IUWHUIIBI TOTOBOM Mpoaykiuu Bujga A ¢adpuka
uMeeT IpUObUTH BUAA ¢ pyO., a OT pean3aiuu eUHUIBI TOTOBOW MPOTYKIIMHA BUIA
B ¢abpuxa umeer npubbUIh Buaa f pyo. Onpenenuts MaKCUMaIbHYI0 TPUOBLIH OT
peanu3anuu Bcell NpoayKIuu BUI0B A 1 B.
al= 14, a2= 15, a3= 20, b1= 40, b2= 27, b3= 4, c1= 1200, c2= 993, c3= 1097,
a=5, p=13.

3agaua 2. MIMerTcs TpU TMyHKTa IMOCTaBKU OJHOpPOAHOro rpys3a Al, A2,
A3wu mare mynktoB B1, B2, B3, B4, BS5 norpebinenus »storo rpys3a. Ha
nyHktax Al, A2 nu A3 HaxoauTcs Ipy3 COOTBETCTBEHHO B KosumuectBe al, a2 u
a3tonn. B mysktet Bl, B2, B3, B4, BS5Tpebyercs aocTaBUTH
cooTBeTcTBeHHO D1, b2, b3, b4, b5 ToHH rpy3a.

PaccTositHue Mexay TMyHKTaMU TIOCTaBKM U IyHKTaMU MOTpeOeHus
IpPUBEACHO B TaOJIMIIE:




TyHKTs [TyHkTBI TOTpEOICHUS

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

Haiitm Takolt TutaH 3akperuieHUsT TMOTpeOHWTeNe 3a MOoCTaBIIUKaAMU
OJIHOPOJAHOTO Tpy3a, dYTOOBI OOINME 3aTpaThl IO IepeBo3KaM  ObUIU
MUHUMAJILHBIMU.

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

b1=170, b2=140, b3=200, b4=195, b5=145. D=(19 17 26 36 36[
37 30 31 39 aif

KoHTpoIpHBIE BONTPOCHI

1. Yto Takoe Mojenb?

2 [IpuBeauTe KnaccuPuKaIMIO MOJIECTEH.

3. Kakwue BbI 3HAaeTe BUIBI MATEMAaTHYECKUX MOJIEJICH?
4 JlaiiTe onpeneneHue 1eaeBoi QyHKITUU.

IMPAKTUYECKOE 3AHATHUE Ne 2

Tema [locTpoeHne npocTeNINX CTATUCTUYECKUX MOJIEIIEH

Heabr padoThI: 3aKpENUTh MPAKTUYECKUE HABBIKM 1O TOCTPOCHUIO
MPOCTEUIITUX CTATUCTUUECKUX MOJICIICH.

1 BapuaHr.

3agaua 1. CocTaBUTh MAaTEMAaTHYECKYI0 MOJEIb CJEAYIOMIeH 3aayu.
[Ipenmonoxkum, 4YTto Uil TPOM3BOJCTBA NPOAYKIMM BHaa A u B MoxHO
UCIIOJIb30BaTh MaTepuail Tpex copToB. IIpm 3TOM Ha HW3rOTOBIECHUE E€IWHHUIIBI
u3Aenus BUJa A pacxoayercs al Kr mepBoro copra, a2 Kr BTOPOTrO copTa u a3 Kr
TpeTbero copra. Ha usrorosienue npoaykiuu Buaa B pacxoayercs bl kr mepBoro
copTta, b2 kr BTOporo copra, b3 kr TpeThero copra. Ha ckmane dabpuku umeercs
BCEr0 MaTepuajga MepBOro coprtacl Kr, BTOPOro coprta c2 KI, TpPEThEro
copta c3 kr. OT peanu3anuu €IUHUIIBI TOTOBOM Mpoaykiuu Bujga A ¢adpuka
“MeeT MPUOBLIL BUA o pyO., a OT peanu3aiuy eJUHUIBI TOTOBOW MPOIYKIIUHA BHIA
B ¢abpuka nmeer npuObLIs Bua  pyo. OnpenenuTs MaKCUMaIbHYIO TPUOBLITH OT
peann3anuu BCel MpoayKInu BUA0B A u B.
al=9, a2= 15, a3= 15, b1= 27, b2= 15, b3= 3, ¢1= 606, c2= 802, c3= 840,
a=11, B=6.

3agaya 2. MiMeroTcs Tpu IMyHKTa IMOCTABKU OJHOpPOAHOro rpysa Al, A2,
A3wu mare mysktoB B1, B2, B3, B4, BS5 norpebinenus »storo rpys3a. Ha




nyHkTax Al, A2 u A3 HaxoguTcsl Tpy3 COOTBETCTBEHHO B KOJWyecTBe al, a2 u
a3tonn. B nynktet BI, B2, B3, B4, BS5Tpebyercs  aocTaBUTH
cooTBeTcTBeHHO D1, b2, b3, b4, b5 ToHH rpy3a. PaccrosHre Mexay IIyHKTaMu
MOCTaBKHU U MyHKTaMU MOTPeOJIeHUs IPUBEICHO B TaOIHIIE:

[lyHKTH [TyHkTbI OTpeOaeHUS

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

Haiitm Takoii Tu1aH 3akperuieHUs TOTpeOUTeNIe 3a TMOoCTaBIIMKaMU
OJIHOPOJAHOTO  Tpy3a, dYTOObI OOIIME 3aTrpaTbl IO IE€pEeBO3KaM  ObUIK
MHHHUMAJIbHBIMH.

al=200, a2=250, a3=200, j28 27 18 27 24]

b1=190, b2=100, b3=120, b4=110, b5=130. D=p18 26 27 32 211
27 33 23 31 34f

4 BapuaHt

3amaya 1. CocTaBUTP MAaTeMAaTHYECKYI0 MOJENb CIEAYIOUIEH 3a1ayu.
[Ipenmonoxkum, 4YTro Uil TPOM3BOJCTBA NPOAYKIMM BHaa A u B MoxHO
UCIIOJIb30BaTh MaTepuaid Tpex copToB. IIpm 3TOM Ha HW3rOTOBIECHUE E€IWHHUIIBI
u3zenus Bujga A pacxoayercs al Kr mepBOro copra, a2 Kr BTOPOro copta u a3 Kr
TpeThero copta. Ha usroronenue nponykiuu Buga B pacxogyercst bl kr nmepBoro
copta, b2 kr Broporo copra, b3 kr Tpetsero copra. Ha cknane dhabpuku umeercs
BCEr0 Marepuana NepBOro copracl Kr, BTOPOro copTa c2 KI, TPEThEro
copta c3 kr. OT peanu3anuu €IUWHUIIBI TOTOBOM Mpoaykiuuu Bujga A ¢adpuka
uMeeT pUObUTH BUAA ¢ pyO., a OT pean3auu eUHUIBI TOTOBOW MPOIYKIIUU BHIA
B ¢abpuxa nmeer npubbUIs Buaa f pyo. Onpenenuts MaKCUMaIbHYIO TPUOBLIH OT
peanu3anuu Bcel mpoIyKIuu BU0B A u B.
al=13,a2= 13, a3= 11, b1l= 23, b2= 11, b3=1, c1= 608, c2= 614, c3= 575,
a=5, p=7.

3agaua 2. VIMerOTCAs TpH NyHKTa IOCTaBKA OJHOPOAHOro rpysa Al, A2,
A3wu mare nysktoB B1, B2, B3, B4, BS5 norpebinenus »storo rpys3a. Ha
nyHktax Al, A2 nu A3 HaxoauTcs Ipy3 COOTBETCTBEHHO B KoyuMuectBe al, a2 u
a3tonn. B mysktet Bl, B2, B3, B4, BS5Tpebyercs aocTaBUTH
cootBeTcTBeHHO b1, b2, b3, b4, b5 TonH rpy3a. PaccrosiHme Mexay MTyHKTaMu
MOCTABKU U MTyHKTaMHU MOTPEOJIEHUS TPUBEACHO B TaOIHIIE:




Tynkrs: [TyHKTBI TOTpEOICHUS

HocTaBicn Bl B2 B3 B4 B35
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HaiitTn Takoil maH 3akpervieHus MOTpeduTeneil 3a MOoCTaBIIUKAMU
OJTHOPOJIHOTO  Ipy3a, 4YTOObl oOOImMe 3arpaTbl 1O NEpeBO3KaM  ObUIM
MUHHMAJIBHBIMU.

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

b1=140, b2=90, b3=160, b4=110, b5=150. D=n49 26 27 18 380
Hae 27 36 40 asf

5 Bapuasr.

3agaua 1. CocTraBuTh MATEMATHUYECKYID MOJECIb CIEAYIOUIEH 3aJadu.
[Ipenmonoxxum, dYro sl NPOM3BOJACTBA NpOoAyKIMHM Buaa A u B moxHO
UCIIOJIb30BaTh MaTepuasl Tpex copToB. IIpu 3TOM Ha HW3rOTOBIEHHE E€IUHULIBI
n3aenus Buaa A pacxonyercs al Kr MepBOro copra, a2 K BTOPOTO copTa U a3 Kr
TpeThero copra. Ha usrotonenue npoaykiuu Buaa B pacxomyercs bl kr nepsoro
copta, b2 kr Broporo copra, b3 kr Tpethero copra. Ha cknane $habpuku nmeercs
BCEr0 Marepuaja NEepBOro copracl/ Kr, BTOPOro copTa cZ KI, TPEThEro
copta c3 kr. OT peanu3anuu €IUWHUIIBI TOTOBOM Mpoaykiuuu Bujga A ¢adpuka
MMeeT NMpUObLIL BUAA ¢ pyO., @ OT peann3aluy eIUHULbI TOTOBOW MPOAYKIIMH BUAA
B ¢abpuka umeer npubdbLib BUaa f pyo. OnpenennTs MaKCUMalbHYI0 TPUObUIL OT
peanu3anuu BCell NpoIyKIMU BUIOB A 1 B.
al=19, a2= 16, a3= 19, b1= 31, b2=9, b3=1, c1= 1121, c2= 706, c3= 1066,
a=16, p=19.

3agaua 2. MeroTcs Tpu MyHKTa IMOCTaBKA OJHOPOAHOro rpys3a Al, A2,
A3 u nare nyskroB Bl1, B2, B3, B4, B5 morpebnenuss storo rpys3a. Ha
nyHkTax Al, A2 u A3 HaxoauTcsl Tpy3 COOTBETCTBEHHO B KOJWYECTBE al, a2 u
a3tonn. B nynktel Bl, B2, B3, B4, B5T1pebyercs  a0CTaBUTH
cooTBeTcTBeHHO D1, b2, b3, b4, b5 ToHH rpy3a. PaccrostHre Mexay MyHKTaMH
MOCTAaBKU UM MMyHKTaMU MOTPeOIeHUs MPUBEEHO B TaOIUIIE:

TTyHKTBI [TyHkTbI noTpebaeHus

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




Haiit Takoli 1u1aH 3akperuieHUss TOTpeOUTeNie 3a MOoCTaBIIMKaMU

OJIHOPOJAHOTO  Tpy3a, YTOOBI OOIIME 3aTpaThl IO TMEpPeBO3KaM  ObUIH
MHUHUMAJIBHBIMU.
al=200, a2=300, a3=250, 20 10 13 13 18§

_ _ _ _ _ D =27 19 20 16 22
b1=210, b2=150, b3=120, b4=135, b5=135. Q26 17 15 21 23

KoHTpoabHBIE BOITPOCHI

1.

2.
3.
4

JlaiiTe onpezaenenue 1neneBoi GyHKIINH.
Yro Takoe 001aCTh JOMYCTUMBIX PEIICHUIN?

Yto Ha3kIBaeTCs AOIIYCTUMBIM PCIHICHHUCM, OIITUMAJIbHBIM pCHICHI/IeM?
Kakue criocoObl pcalin3aliui MaTCMAaTHYICCKUX MOI[CJIGﬁ BBI 3HaeTe?

IIpakTuyeckoe 3ansiTue Ne3

«PenieHne NpoCcTeInX OTHOKPUTEPHATIBHBIX 32121

Ienu 3aHATHS:

l.

HCPABCHCTB C ABYM: IICPCMCHHBIMU.

OtpaboTaTh M 3aKpENUThb YMEHHUS TIpapUUEecKd peniaTb CUCTEMBI

2. OTpaboTaTh M 3aKpENUTh YMEHHUS 3aMKUCHhIBATH B3aUMOCBS3h MMOKa3aTeIeH

3aJa4u B BUC MaTEMaTHUYECKOM MOJICIIH.

MeToauyeckue yKa3aHMsi K BbINOJHECHUIO 32[IaHUH MPAKTHYECKOI0

3aHATUA

Pewenue cucmemvr nepasencms ¢ 08yMs NepeMeHHbIMU 2pAPUYECKUM
MemoooMm 8KaOUAen Clledyroujue Smansi.

1. Ha nockoctn X10X3 cTposAT OpsiMbIE, YPAaBHEHUS! KOTOPBIX MOTYYarOTCS

B PC3yJbTaTC 3aMCHBI B OI'PAHHYCHHAX 3HAKOB HCPABCHCTB Ha 3HAKHM TOYHBLIX

PaBEHCTB.

2. HaXO)IHT IMOJYIINIOCKOCTH, OIPCACIIACMBIC KAXKABIM U3 HCPABCHCTB.

3. CTpOSIT MHOTOYTOJIbHUK PELIEHUN.

IHpumep:

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

Pemenmne:

(a)
(6)

| (8

)
©)
(e)




[llar 1. Crpoum o0jacTh JIOMYCTUMBIX pelIeHuH - obOmacth P, T.e.
r€OMETPUYECKOE MECTO TOYEK, B KOTOPOM OJHOBPEMEHHO YJIOBIIETBOPSIOTCS BCE
orpannuenus 3JII1. Kaxxnoe u3 HepaBeHCTB (a)-(11) cMCTEMbI OIrpaHUYEHUH 3a7a4u
FEOMETPUYECKH ONPEAEIISIET MOMYIUIOCKOCTh COOTBETCTBEHHO C TI'PaHUYHBIMU
MPSMBIMHU:

X, +2-X,=6 (a)
2-X,+X,=8 (6)
X, +0.8-Xg=5 ()
X, +X,=1 (o)
X,=2 (0)

VYcnoBus HEOTPUIATENIBHOCTU MEPEMEHHBIX (€) OrpaHUYMBaIOT 00JacTh
JOMYCTUMBIX pelIeHUuN NepBbIM KBaApatoM. OO0JacTH, B KOTOPHIX BBHIMOJHSIOTCS
COOTBETCTBYIOLIME OTPAHUYEHHUS B BHUJIE HEPABEHCTB, YKAa3bIBAIOTCS CTPEJIKAMM,
HAMpPaBJICHHBIMU B CTOPOHY JOIYCTUMBIX 3HAYEHUN IIEPEMEHHBIX

Pemenne cuctembl — MmHOTOyroibHUK ABCDEF.

X

\

7

6N

D |
4

RN X:

] 9 3

Bapuanr 1

1.  PemmuThb rpadMUYECKH CHCTEMY HEPABEHCTB:
a) X1+ X <5

3X1 -X<3

X1>0, x>0

6) X1+ X<4

BX1+ 2X2> 6

X1+ 5X,>5

X120, x2>0

2. CocTtaBuTh MAaTCMAaTUICCKYIO MOACIIb 3ada491 U HalTH peuIcHuc
CHUCTEMBI OFpaHI/I‘{eHI/II?'I:



YynoyHo-HOCOYHAsE (QupMa MPOU3BOAUT M MPOJAET JABa BHUAA TOBApPOB:
MY’KCKHE HOCKH M JKEHCKHE uyiku. @upMma nonydaet npudslib B pazmepe 10 pyoO.
OT TPOM3BOJCTBA MU MpPOJAXH OJHOW Mapbl 4YyJIOK U B pasmepe 4 pyO. or
IIPOU3BOJICTBA U IIPOJIAYKK OJTHOM Mapbl HOCKOB. [IpOM3BOACTBO KaXXA0ro U3AEIns
OCYLIECTBJISIETCS HA TPEX ydacTKax. 3aTparbl TpyAa (B 4yacax) Ha MPOU3BOJCTBO
OJIHOM mapbl yKa3aHbl B CIAEAYIOIIECH TaOIHIIE 1151 KaKJOr0 y4acTKa:

Y4acTok npou3BOACTBA
Yynku
Hocxknu

1
0,02
0,01

2
0,03
0,01

3
0,03
0,02

PykoBOACTBO paccuuTano, 4To B CIEAYIOIIEM Mecsle (pupMa €xXeTHEBHO
OyJIeT pacroiarath CIeAyIOIUMH pecypcaMu pabodyero BpEMEHU Ha KaKIOM M3
y4yacTkoB: 60 4 Ha yuacTtke 1; 70 4 Ha yyactke 2 u 100 4 Ha ydactke 3. CKOJIBKO
nap HOCKOB M YYJIOK CJEAYET IMPOU3BOAMTH €KEIHEBHO, €CIM (PupMa XOudeT
MaKCHMU3UPOBATh NPUObLIH?

Bapuanr 2
1. Pemnth rpaduyuecku cucTeMy HEpaBEHCTB:
a) X1+ X2<5
3X1-X%X2<3
X1>0, x>0

0) x1-X2<3
X1+ X2<9
-X1+ X2>3
X1+ Xo>3/2
X1>0, x>0

2. CocTaBuTh MaTEMaTUYECKYIO MOJIENIb 33Ja4yd U HAWUTU pEIICHHE
CHUCTEMBI OTPAHUYEHUI:

[Tocne mpennpuHATON pexiaMHON KoMmmanuu pupMa « OTIBIX» UCIIBITHIBACT
POCT CIIpoca Ha JiBa TUIIA MAHTAJIOB JIsl IPUTOTOBJICHUS IALIBIKOB HA OTKPHITOM
BO3JIyX€ — ra3oBble U yroJibHble. @UpMa 3aKiIrOUnIa KOHTPAKT Ha €KEMECSYHYIO
noctaBky B Marazubl 300 yrosbHbIX W 300 ra3zoBbix MaHraioB. [Ipon3BOICTBO



MAHTaJIOB  OTPaHUYMBAETCS  MOIIHOCTBIO  CIEAYIOIIMX  TPEX  YYaCTKOB:
NPOU3BOJICTBA JeTajel, cOOpKM W ymakoBKH. B Tabnuie mnoka3aHo, CKOJIbKO
YeJIOBEKOYACOB 3aTpauMBaceTCsl Ha KaXJAOM Y4YacTKe Ha KaXAyl0 CIUHUILY
POJIYKIIMH, a TAaKXKe MPUBEACH JIOMYCTUMbIN €KEMECIYHBIN 00beM TPy 103aTparT:

Yyactok
Tpyno3aTparsl Ha MPOU3BOJICTBO OJJHOTO MAaHTala, 4
®doH BpeMEHHU, YeJI0BEKOYACHI

YTOJIBHOTO
ra30BOI0
[IpousBoacTBO
5
8
2600
CoOopka
0,8
1,2
400
YnakoBka
0,5
0,5
200
Bapuant 3
1. Pewmnth rpaduyuecku cucteMy HEpABEHCTB:
a) X1+ 3X,>3
“2X1+ X< 2
X1+ X2<5
X120, x2>0
0) X1+ 3X2<9
2X1+ 3X2< 18
2X1-X2<10
X1>0, x>0
2. CocTaBuTh MaTEMaTUYECKyl0 MOJIeNIb 33Ja4yd W HAUTH pElIeHue

CHUCTEMBI OTPAHUYEHUI:

[Ipennpuste pacmoyiaraeT pecypcamMu ChIpbs, pabodyeil Cuwibl U
o0opynoBaHuEM, HEOOXOIUMBIMU JJIsi IPOU3BOJCTBA JIFOOOTO U3 YETHIPEX BHUJIIOB
IPOU3BOJMMBIX TOBApPOB. 3aTPaThl PECYPCOB HA U3TOTOBJICHUE €IMHUIBI KaXKI0TO
BUJIa TOBapa W NMPHUObUIb, MOJyyaemasi MPEJIpUsITHEM, a TaKkKEe 00bEM PECYpPCOB



YKa3aHbI B Ta6J'II/III€. CocTtaBuTh IjIaH BBIITYCKa TOBApOB, ,Z[aI-OHII/Iﬁ MAaKCHUMAJIbHYTO

PUOBLIb.

Pecypcol
3aTpathl pecypcoB Ha 1 ex. ToBapa
O0bem pecypcoB

1

2

3

4

CoIpbe, KT

3

5

2

4

60

Pabouas cuna, geir.

22

14

18

30

400

O6opynoBaHue, CTAaHKO-Y

10

14
8

16

130

[Tpubsuis Ha 1 exn.ToBapa, pyo.

30

25

56

48

Bapuanr 4
1. Pemnth rpaduuecku cucTeMy HEpaBEHCTB:
a) X1+ 3X2>3
-2X1+ X2 <2
X1+ X2<5
X120, x>0

6) X1-X2<3



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

2. CocTaBuTh MaTEMaTUYECKYI0 MOJIeNIb 3aJa4yd W HAUTH peElieHue
CHUCTEMBI OIPAHUYECHUM:

ObpaboTka netaned A U B MoOXeT NpOU3BOAWTHCS Ha TpPEX CTaHKAaX.
[Ipuyem kaxkgass JeTanb MNpPU €€ M3TOTOBJICHUU JOJKHA TOCIEN0BATEIBHO
00pabaTbIBaThCsl Ha KaXJIOM M3 CTaHKOB. [IpuObLIL OT peanuzanuu neraim A —
100 newn. en., neramu B — 160 nen. en. MicxoaHsle JaHHbBIE MPUBEJCHBI B TaOJHIIC.
Onpenenuth MPOU3BOACTBEHHYIO IPOrPaMMy, MAaKCUMU3HUPYIOUTYI0 TPUObUIL MpU
yCJI0BUU: cripoc Ha aetaib A He meHee 300 mT., Ha netans B - He 6onee 200 .

CraHok
Hopma Bpemenu Ha 00paOoOTKy OJHOM JieTanu, 4
Bpewmst paboThl cTanka, 9

A
B
1

0,2

0,1

100
2

0,2

0,5

180
3

0,1

0,2

100

INPAKTUYECKOE 3AHATHE Ne 4

Tema OcHoBbl padoTsl ¢ Math CAD

Mathcad paGortaer c doxymenmamu. C TOUKU 3pEHUS TOJIH30BATENs,
JOKYMEHT - 3TO YHMCTBIH JINCT OyMaru, Ha KOTOPOM MOJKHO pa3MeliaTh 00JIacTh
TPEX OCHOBHBIX THIIOB: MaTEMAaTHYECKUE BBIPAKECHUS, TEKCTOBbIE (DparMeHTHI U
rpadudeckue 00JIacTH.

MartemaTu4eckue BbIpaskeHUs

K OCHOBHBIM »JeMeHTaM MaTeMaTHYeCKuX BhIpaxkeHud Mathcad

OTHOCATCS TUNbI OAHHBIX, ONEPAmopsbl, QYHKYUU U ynpasisaouue CmpyKmypbl.

Tunsl JaHHBIX



K munam Oannvix OTHOCSITCS YHCIIOBBIE KOHCTaHTBI, OOBIYHBIE U
CUCTEMHBIE TIEPEMEHHBIE, MAaCCUBBI (BEKTOPBHI M MATPUIIbI) U JaHHBIE (HaiI0BOTO
THUTIA.

Koncmanmamu Ha3pIBalOT ~ TIOMMEHOBaHHBICE  OOBEKTBI,  XpaHSIIHE
HEKOTOpbIE 3HAYEHUS, KOTOPhIE HE MOTYT ObITh U3MEHEHBI. [lepementble IBISIOTCS
MMOMMEHOBAaHHBIMH OOBEKTAMHU, HMEIOITUMH HEKOTOPOE 3HAUYCHUE, KOTOPOE MOXKET
M3MEHSTHCS TI0 XOAY BBITIOJIHCHHSI POTPaMMEI. MIMeHa KOHCTaHT, MEPEMEHHBIX U
UHBIX OOBEKTOB Ha3bIBAIOT udermugurxamopamu. Unentudpukaropsr B Mathcad
IPEACTaBISAIOT COO0M HaOOP JIATUHCKUX WJIM TPEUECKUX OYKB U LUD.

B Mathcad conepxxutcst HeOobIIas rpyImna 0coOObIX 00BEKTOB, KOTOPHIE
HEJIb3sl OTHECTH HU K KJIacCy KOHCTAaHT, HM K KJIAacCy IMEPEMEHHBIX, 3HAUCHUS
KOTOPBIX OTIPE/ICIICHBI Cpa3y IMOCIIe 3aycKa MporpaMMbl. VX mpaBuUiibHEE CUUTAThH
CUCTEMHBIMH  TIEPEMEHHBIMH, HWMCIOIIMMH  TPEAONPEACICHHBIE  CHCTEMOU
HavyaIbHBIC 3HAUYCHHSI.

OOBIYHBIC TIEPEMEHHBIC OTIUYAIOTCS OT CHCTEMHBIX TE€M, YTO OHH JOJKHBI
OBITh TIPEABAPUTEILHO OIPEACIICHbI MOJIb30BaTENEM, T. €. UM HEOOXOJIMMO XOTS
Obl OJIHAXIHl TPHUCBOUTH 3HAUeHHE. B KkadecTBe omeparopa MNpUCBavBaHUS
UCIIOJIB3YEeTCsl 3HaK :=, TOrJa Kak 3HaK = OTBEIEH JUIsl BBIBOJIA 3HAYCHUS
KOHCTAHThI WJTA TTIEPEMEHHOM.

38 Mathcad PLUS - [Maremaruveckue sopaxenns] M= E3
P EY B Edit Test Math Graphes Symbole Window Books Hep =18 x|
MoumMep | Onpegs nesus NepeMeHHBX ﬂ
820 - NOKANSHOE ONPENENEHUE a+b=3 - BbIAC NErue
b=l - roOansHOE ONPEREensHWE e=2718 - ECTPOSHHEA NEPEMEHHER

n

Npurep 2. Onpeasnesue duHKUMA

sn|b) = 0841 - BCTPOSHHAA PYHKUMA BOSPATHNS 3Havessn sinf1j=0.841

prof 6. y] =2y a - onpaaencHie SPKUHA NOALIOBATENR 10,
SECH X W Y - APrYMEHTE! PYHKLUHK PIO, 3 - NERaETP

pof{5.32) =64 - BBMUC NEHME QUM IO
Mpumep 3 Onpegsnesue Y MCNONE30BaHUE AUCKNSTHOD BRrUMEHTA
222,254 - NEPEMEHHANA 2 NPHAIIZET HAO0D SHaueH4 z - ANA OTOOP AN e SHAUEHMA
or 200 4 c warom 0.5, ana ssoas neotmoguin PEPEMEHHON 2 Heofixoaua
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Pucynok 1. MaremaTuueckue BbhIpakxeHUs
Ecin mepeMeHHOM NPUCBAMBAECTCS HAYAJIbHOE 3HAYCHUE C ITOMOIIBIO
omeparopa:=, TAaKO€ NPUCBANBAHMWE HA3BIBACTCA JIOKAIBHBIM. Jlo aTOro

IMpucBanBaHUA MCPEMCHHAA HC OIPCACIICHA U €€ HCJIb35 MCII0JIb30BaTh. OI[HaKO C



IOMOIIbIO 3HAKA = MOXKHO 00ecneunTh IiiodanbHoe npucBanBanue (cM. [Ipumep 1
Pucynka 1). CymecTByeT TakKe JKUPHBIA 3HAK PaBEHCTBA, KOTOPBIN
UCIIOJB3YETCs, HalpUMep, KakK oleparop MNpUOJMKEHHOIO paBEHCTBA IpU
PELIEHNH CUCTEM YPABHEHHM.

Omneparopsl

Omneparopsl - a3nemenTsl Mathcad, ¢ MOMOIIBI0 KOTOPBIX MOXHO CO3/1aBaTh
MaTreMaTU4eCcKue BbIpaxkeHusd. K HHM, HanpumMep OTHOCATCA  CUMBOJIBI
apu(MeTHYeCKUX Omepalnuii, 3HAKd BBIUUCICHHUS CYMM, IPOU3BEACHUH,
Npou3BOJHOW W uHTerpana u T.1. [locne ykazanusi omnepaHnoB (mapameTpoB
OMEpaTOpOB) ONEPATOPHI CTAHOBATCS HMCIOJHAEMBIMU IO JOKYMEHTY OJOKamu,
Hanpumep, 2 + 5 -omeparop CiIOoXeHUs ¢ AByMs onepangamu. B Ilpunoxxenun 2
JAHHOTO MOCOOUS PUBEICH CIIMCOK HAU0O0JIEE YACTO UCIIOIb3YEMBIX ONIEPATOPOB.

DOyHKUIMHA

B makere Mathcad umeercss MHOXECTBO BCTPOEHHBIX (YHKIMM, T.€.
(yHKUMHA, 3207arOBPEMEHHO BBEIEHHBIX pa3zpadbortuunkamu (cM. IIpunnoxenue 3).
['maBHBIM NpU3HAKOM (DYHKILIMU SIBJISETCS BO3BpAT 3HAUYCHUS, T.€. PYHKIUS B OTBET
Ha oOpalleHre K Heil 10 UMEHU C YKa3aHUEM €€ apryMEHTOB JOJKHA BO3BPATHUTh
CBOE 3HAYEHUE.

BaxxHoi1 0COOEHHOCTbBIO MAKETa SIBISIETCS BO3MOXKHOCTD 3aJaHUsI BHEIITHUX
dbyukiui, uiu GyHkui noas3oatens. CieayeT 0co00 OTMETUTh PA3HUILY MEXTY
apryMeHTamMu U mnapameTpamu (yHkuuu. IlepemeHHble, yka3zaHHbIE B CKOOKax
nocie WMEHH (QYHKUHMH, SIBISIIOTCS €€ apryMeHTaMM W 3aMEHSIIOTCA MpH
BBIYMCIICHUH (DYHKIIMM 3HAaYeHUsIMU U3 CKOOOK. IlepeMeHHbIe B mpaBoil yactu
ompezneneHuss (QYHKIUM, HE YyKa3aHHble CKOOKAax B JIEBOW 4YacTH, SIBISIOTCA
napamMeTpaMi W JOJDKHBI 3aJlaBaTthesl 10 omnpeaeneHust GyHkiuu (cm. [lpumep 2
Pucynka 1).

JAMCKpeTHbIe API'YMEHThI

JluckpeTHble apryMeHThI - 0COObIN KJIacC MEPEMEHHBIX, KOTOPbIM B MaKeTe
Mathcad 3auacTyio 3aMeHsieT yNpaBiSIONIME CTPYKTYPhl, HAa3bIBa€MbIE LMKJIAMU
(0THAKO TOJIHOLEHHOM Takas 3aMeHa He SBIIAETCS). DTU NMEPEMEHHBIE UMEIOT Pl
(PMKCUPOBAHHBIX 3HAYEHHM, JMOO LENOYMCIEHHBIX, JUOO B BHJE YHCEN C

OIIPCACIICHHBIM IIarOM, MCHAIOIMIUXCA OT HAYAJIbHOI'O 3HAYCHUA 10 KOHCYHOTO.



JIuCKpeTHbIE apryMEHThl 3HAUMUTEIbHO pACUIUPSIIOT BO3MOKHOCTHU
Mathcad, 1O03BOJSIT BBIMOJHATH MHOTOKPATHBIE BBIYMCICHUS WM ITUKIBI C
MOBTOPSIOIIMMHUCS BRIUUCIECHUAMHU, (POpMUPOBATH BEKTOPHI U MaTpullsl ([Ipumep 3
Pucynka 1).

MaccuBbl
MaccuB - uMerasi yHUKaIbHOE UMsI COBOKYMHOCTh KOHEYHOTO YHCIa
YUCJIOBBIX WJIA CUMBOJIBHBIX 3JIEMEHTOB, YIIOPSAOUYEHHBIX HEKOTOPHIM 00pa3oM U
UMEIOIIUX OmpesesieHHble afpeca. B makere Mathcad ucnonb3yroTcs MaccuBbl
JBYX HamOoJiee pacrpoCTpaHEHHBIX THUIIOB: OJHOMEPHBIE (BEKTOPHI) U TBYMEPHBIC
(MaTpuIb).

[TopsinkoBBIE HOMEp DJIEMEHTA, KOTOPBIA SBISETCS €ro  aJpecoM,
Ha3bIBACTCSI MHACKCOM. VIHIEKCH MOTYT UMETh TOJBKO IIEIOYUCIICHHBIC 3HAUCHUS.
OHU MOTYT HAYMHATBHCS C HYJS WIA €AUHUIIBI, B COOTBETCTBUM CO 3HAYECHHUEM
cuctemuoit nepemennoit ORIGIN (cm. [Ipunoxenue 1).

BekTopbl 1 MaTpHUIIBI MOKHO 33/1aBaTh Pa3IMIHBIMH CTIOCOOAMM:
. ¢ nomol1bo koManasl Math->Matrics,
. C UCIOJIb30BaHUeM aAuckpeTHoro aprymenta (I[Ipumep 3 Pucynka 1).
TexkcTroBbIe PparMeHTbI
TexcroBbie (PparMeHTHI MPEACTABISAIOT COOOM KYCKHM TEKCTa, KOTOPHIC
MOJIb30BaTeIh XOTeN OBl BHIETh B CBOeM AokyMeHTe. CyIIecTBYIOT JABa BHAA
TEKCTOBBIX (PPAarMEHTOB - TEKCTOBas 00JiacTh (region) ¥ TEKCTOBBIM AHMana3oH
(band). TekcToBble 00JIACTH TpEIHA3HAYCHBI JJI1 HEOOJBIIMX KYCKOB TEKCTa -
MOAMKCEH, KOMMEHTapHEeB M T.M. TEKCTOBBIC TWAINA30HBI MPUMEHSIOTCS B TOM
ciIy4ae, eclii HeoOXoauMo paboTath ¢ ab3aliaMu WU CTPAHUIIAMH.
I'padpuueckne od1acTH
['padrueckne obnmacTu AENATCS HA TPU OCHOBHBIX THUIA - JBYMEPHBIE
rpaduky, TpexmepHble TpaduKu W UMIOPTUPOBAHHBIE Tpaduyeckue oOpasbl.
JIBymepHble U TpexmepHble Tpaduxu crtpositcs camuM Mathcad Ha ocHOBaHuHU
00pabOTaHHBIX JTAHHBIX.
Co3ganne aHMMALMOHHOIO KJIMIIA
Mathcad umeer BcTtpoeHHyro nepemennyro FRAME, 4ybe enuHCTBEHHOE

Ha3HA4YCHHC - YIIPABJICHUC aHUMAlIUAMMU:



. Cospnaiite 00bekT, ueii Buj 3aBucut or FRAME.

. Bribepure Windows->Animation->Create myist BpI30Ba IAAIOTOBOTO
OKHa.

. 3aKII0YNTe B BBIACISIONINN TYHKTUPHBIA MPSAMOYTOJBHUK YacTh

pabodero TOKyMeHTa, KOTOPYIO Hy>KHO aHUMHPOBATh.

. YcranoBuTe HUKHUE U BepxHUe rpanuiibl FRAME.

. B mnone At (Temmn) BBequTEe 3HAYEHUE CKOPOCTH BOCHPOU3BEICHUS
(kazp/cex).

. Bribepure Animate. Ceituac aHuMaIus TOJIBKO CO3AaeTCsl.

. Coxpanute anumanuio kak AV ¢aiin (Save as).

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

Coo0menus 00 ommudkax
[Ipu BBIIONHEHUHM BBIYUCICHUM BO3MOXKHBI omuOKU. CooliieHue 00

omunOke B Mathcad BeIBoAMTCS B KpaCHOM MPSMOYTOJIBHUKE, OT KOTOPOTO OTXOUT
JUHUS, YKa3bplBaromasi Ha mecto omuOku. B [lpunoxenun 4 mpuBeseH CIHUCOK
co001IeHn 00 OIMOKax.

ITopsiIOK BBINOJIHEHUS

3amanue 1. Beruncnurs:

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

OTO W Bce OCTalbHbIE 3aJaHus CHAOJUTh KOMMEHTApUSIMH, HCIOJIb3YS
xoMmanabl Text FO Create Text Region wim Text FO Create Text Paragraph.

Bapanme 2. Inpeaenuts nepemennsie: a = 3.4, b :=6.22, ¢ = 0.149 (npuuem

MEPEMEHHYIO C - TII00aTbHO) U BBIPAXKCHUS:

. BBIYHCIIATH BEIPKCHHUSI.
. C nomompo komauasl Math FO Numerical Format FO Displayed
Precision u3smMeHUThH TOYHOCTb OTOOpaKCHHSI PE3yJIbTaTOB
BBIYUCIICHUS 2/100a1bHO.
3amanue 3.BbiBecTM Ha 3KpaH 3HAYCHUE CUCHEMHOU KOHCMAHMbL P U

YCTaHOBUTH MaKCUMAJIbHBIN (pOpMAT €€ OTOOPaKEHHUS JIOKANbHO.



3analme 4. BEIIOJIHUTH ClIeayromue oncpanu ¢ KOMIINICKCHBIMHA YUCJIaAMM:
=-3+21,|Z|=,Re(Z2) =, Im(Z) =, arg(2) =,

Jz= -5=27=,

Z1:=1+21,22:=3+4i\,Z1+72 = ,Z1 - 72 =,721 722 =, 71/]722 = .

ITPAKTUYECKOE 3AHATHE Ne §

Tema Pemienue ypaBHeHuu

Kak #3BECTHO, MHOTHME YpPAaBHEHHMs U CHUCTEMbl YPAaBHEHUN HE HMEIOT
aHAIUTUYECKUX pelieHuil. B mepByro odepenp 3TO OTHOCUTCA K OOJIBIIMHCTBY
TPaHCIEHJACHTHBIX YpaBHEHH. [[0Ka3aHO TakxKe, YTO HEJb3s1 HOCTPOUTH (HOpMYITy,
10 KOTOPO MOXHO OBbLIO OBl PEIIUTh MPOU3BOIBHOE aNreOpandyeckoe ypaBHEHUE
CTENEHW BbIle yeTBepTol. OJHAKO TaKue YpPaBHEHHS MOTYT pelaThes
UTEPALMOHHBIMU METOIAMH C 3aJJaHHOW TOYHOCTBIO.

WrepannoHHBIE METO/IBI

3agaya HaxoxJeHus KopHs ypaBHeHus f(X) = 0 uTepallMOHHBIMU METOIAMHU
COCTOUT B CJEAYIOIIEM:

. omoeneHue KopHeu - OTBICKAHHE INPUOJMIKEHHOIO 3HAYEHUS KOpHS
(Hanpumep, rpapuecKUM METOJIOM);

. VMOYHeHue KopHell - NTOBEJECHUE UX 3HAYEHWH 10 3alaHHOW CTENEeHHU
TOYHOCTH € .

[Ipu ucnons3oBanuu memooa Hviomona HEOOXOIUMO 3a1aThCSI HAUYATLHBIM
PUOINKEHUEM Xo, PACTIOJIOKEHHBIM JIOCTATOYHO OJHM3KO K TOYHOMY 3HAYEHUIO
KOpHs. MITepalinoHHBIN mpo1iecc CTpouTcs o Gpopmyiie:

) (1
f":xi:" S =0, i=01 )

1 T A

Meton npocmuix umepayuti petienus: ypaBaenus f(X) = 0 coctout B 3amMeHe
MCXOJIHOTO YPAaBHEHUS SKBUBAJICHTHBIM €My ypaBHEHHEM X = | (X) U MOCTPOCHUH
UTEPAIIMOHHOM MOCIIE0BATEIIEHOCTHU 110 (hopMyJIe:

Xi+1 Zj (Xi), 1=I:I,1,m (
2)
I[OCTaTOqHBIM YCJ'IOBI/ICM CXOOANMOCTH paCCMOTpeHHBIX I/ITepaHI/IOHHBIX
HpOHeCCOB SABJISICTCA BBIIIOJIHCHUC HepaBeHCTBa
[t — x| =€ (
3)
Ha KAXKAO0OM ILIare I/ITepaHI/II/I.

until(a, Z) BO3BpaIlacT Z, IoKa BEIPOKECHHE a HE CTAHOBHTCS
OTPHIIATEIILHBIM; a JIOJDKHO COACPKAaTh TUCKPETHBIN apTyMEHT.



2
peanuzaiuu memooa Horo

Pucynox 151

EHathcad PLUS - [Pewenue ypasnenusn] =] E3

JUTIOCTPUPYET  Hcmosib3oBaHue  (yHkium until ms

MOHA.

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

10

fx) 0

- HAYaNEHDE NPHENMKEHHE,
onpegeneHHoe no rpadgiey fx)=0

=1

-1 0
x

2. Y1oYyHeEHME KOpHER

iMeTogorm HetoToHa)

n =100 - NPELNOADHMTENEHDE HHCID __ 1I:I_4 .
D=1on WTEpALME £:= - BANIHME TOYHOCTH BEIMUCIEHHMA
f - BEIMMCNEHHE NEpEOrD
df¢ %) o= d_f(xj " OMPEASNSHHE PYHELHM, i X, =X~ ﬁ APHEAM#EHHA
ax BRMWCAAKLWEN NpoM3Ea0HY T fx] 1 df(xﬂ) no opryne Hirmona
f‘(x_) - PEAAMESALMA HTEPALMOHHOMD NPOLECCa
. =until |x _x | gyt no kEToY HelmoHa & MCNONESOEaHMEN DYHELMK L
i+1 i i—1 M df( ) [ 1 ]
X,
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
0 -
4| | »
Frezz F1 far help. | auto | |MUM | Page 1 o

Pemienne ypaBHeH

Pucynok 1.

uit cpeacreamu Mathcad

Jns npocreiimmx ypaBaenuit Buna f(X) = 0 pereHne HaxXoIUTCS ¢ TTOMOIIBIO

dbyHKIMHU root.

ro

ot(f(z), 2)

[lepBbIil apryMeHT

Bo3sBpamaer 3HA4YECHUE Z, TIpU
KOTOpPOM BbIpakeHHe wuian (yHkiwus f(z)
obopamaercs B 0. ObOa aprymeHtra »ToM
byHKIMHA

@yHKIYS BO3BpALIACT CKAJAP.

JOJDKHBI ~ OBITh  CKaJISIPaMH.

- unu (QyHKIOMS, ONpeAeNieHHas rae-nmudo B pabodem

JOKYMEHTE, WM BbIpaXXE€HHE. BTOpON apryMeHT - UMs NEPEMEHHOM, KOTOpas

HCIOJB3YCTCA B BbIPAKCHHUMU.

OTOW TEepEeMEHHON TMepell HCIOJIb30BaHUEM

dyHKUIMU FOOt HE0OX0IUMO TPUCBOUTH YUCIOBOE 3HAUCHHE.

I[J'ISI HaXO0XICHUA KOpHeﬁ BBIPAXKCHUA, UMCIOIICTO BU/

2
P S S At
H



Jydllle WUCIOoJb30BaTh (GyHKIHIO Polyroots, Hexenu root. B oriauuue ot
GyHkImu root, ¢yskus polyroots ve TpeOyeT HaAYaIbHOrO MPUOMKEHUS U
BO3BpaIllaeT cpa3y Bce KOPHU, KaK BEIIECTBEHHBIC, TAK M KOMIUICKCHEIE.

polyroots(v) BosBparaer KOPHHU HOJIMHOMA CTCTICHH N.
KoaddurmenTs MOJIMHOMA HaXOAATCS B
BEeKTOpe V uiuHbI N + 1. Bos3Bpamaer BeKTOp MIHHSBI N,
COCTOSIIIIAN U3 KOPHEN MOJIUHOMA.

Cucrempl JUHEHHBIX ypaBHEHHl yaoOHO pemaTh C  TOMOIIBIO
¢ynkmuu 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

PucyHok 2. PemieHue cucrteM ypaBHeHHM I

Isolve(M, v) BosBpariaercst BEKTOp perieHus Z Takoi, uto M * z = v.

IIpy pemieHMM  CUCTEM  ypPaBHEHHUM  HCHOJIB3YETCS  CIELMaIbHBIN
BBIYMCIIMTENLHBIA ~ OJIOK,  OTKpbIBaeMbIii  CiIy:)keOHbIM  ciioBoM Given u
OKaHYHMBAIOIINICS BeIpakeHHeM ¢ GpyHkuusamu Find wim Minerr.



Find(z1, z2, .. .) Bo3sBpamnraer TouHOe perieHue CuCTEMbl YPAaBHEHHM.
Yucno  apryMeHTOB  JIOJDKHO OBITh  PaBHO — YHCITY
HCH3BECTHBIX.

Minerr(z1, z2, .. .) Bosppamjaer npuOnMKeHHOE pEIICHHE CHUCTEMBI
ypaBHeHHI. UHCIIO apryMeHTOB [OKHO OBITh pPaBHO
YUCITYy HEU3BECTHBIX.

[Ipumep | Ha PucyHke 2 WIIIOCTPUPYET PELIEHUE CUCTEMBI YPABHEHUU C
ITOMOIILIO0 BEIUHCIUTEILHOrO O0s10Ka Given ... Find.

CHMBOJIBHOE PEIIICHNE YPABHCHUI M CHCTEM YPaBHECHUN

Ecnmu 3amano Hekoropoe BbIpaxkeHue f(X) B oTMeueHa IEepeMEHHas X, TO
komanga Symbolic FO Solve for Variable (PemmnTn OTHOCHTEJILHO
nmepeMeHHOM) BO3BpaIllacT CUMBOJIbHBIC 3HAYCHUS YKa3aHHOW MEPEMEHHOM X, TIpH
kotopoii f(x) = 0.

Ecan Bb1 paboraere ¢ makerom Mathcad
PLUS 5.0, wne 3al0yapTe mpeaBapUTEIbHO
UCIIOJIb30BaTh komany Symbolic FO Load
Symbolic Processor pis 3arpy3ke CHMBOJIBHOTO
npoleccopa.

Ecnu Bel pabotaete ¢ makeroMm Mathcad PLUS 6.0, To cmoxkere pemarsb
CUMBOJIBHO HE TOJBKO YpPaBHEHHs, HO M CHUCTEMbl ypaBHeHWH. UTOOBI penmTh
CUCTEMY YpPaBHEHMH B CHUMBOJBHOM BHJE, HE HYXXHO 3a/1aBaTh HadaJIbHbBIC
npubnuxenus. [Ipumep 2 Pucynka 2 mokas3piBaeT pellieHne CUCTEMbl YpaBHEHUH B
CUMBOJILHOM BHJIE.

[Tops 10K BBITIOJTHEHUS
Baganme 1. Iloctpouts rpaduk  ¢yskmuu f(X) 1 npuOIHM3HTENBHO

OTPEICITUTh OJIMH U3 KOPHEH YpaBHEHUS.
Pemuts ypasaenue f(X)= 0 ¢ Tounoctsio € = 104

. C TIOMOIIBI0 BCTpoeHHOM PyHkiuu Mathcad root;
. MeToz0M HbioTOHA (KacaTeNbHBIX ), UCIONB3Ys GyHKIuto until;
. METOJIOM MTEpallni, UCTIONb3Ysl pyHKIMIo until.

OnpenenuTh YKCII0 UTEPALMA B KAKJIOM METOJIe, ¢ moMoIIbio GyHkiuu last.



Bapuanrtsi 3axanus 1

Ne (x) Ne (x) No (x)
BapUaHTa BapHaHTa BapHaHTa
1 Isin(4x)+035x-32 6 025x* +x-2 |11 Dx? +1.2- cosx -1
e[, 3] x=[0, 2] x=[0,1]
B = B
3+ sl B + pe
re(l, 1s]m][3 & arccos !+ relt, 2]
-X
xc=[2,3]
3 T T 8 Ix-dlnx -5 13 01x2% - xin
iréc[c'us 1; 1m0 xe[2, 4] xEx[l, z]x !
4 _ 2 . o] ¥ _aTF g 14 1-x+sinx-Inl +x
;n'lE[DEI,.-’il]x arcsit x iE [E'i 8 re[0, 2]
5 Ir-ld+e’ -7 -z -tgx 15 g™ - x¥ g
rel 1] xe[0,1] re[0,1]

3aganue 2. /i1 mosmHoma ¢(X) BEIIOJHUTH CIICAYIONIUE ICHCTBUA:

. ¢ momonibio koMauael Symbolic O Polynomial Coefficients co3aarts
BeKkTOp V, conepkamuii Ko3(hPUIIMEHTHI TOJIMHOMA;

. pemmnth ypaBHenue ¢(X) = 0 ¢ momompto Gpyuknuu polyroots;

. pemuTh yYpaBHEHHE CUMBOJIBHO, UCIIOJIB3YSI
xomanay Symbolic FO Solve for Variable;

. pa3NioKUTh ~ HAa  MHOXHUTeNnW,  wucmois3ys Symbolic FO Factor
Expression.

Bapuanrtsl 3axanus 2

Ne g(x) Ne g(x)

BapuaHTa BapuaHTa

1 x4 - 233+ x2-19 x*+ x3- 17x%- 45x - 100
12x + 20

2 x4+ 6x3+x°- 4x - |10 x*-5x3+ x?- 15x + 50
60

3 x4- 14x2-40x - 7511 x4 - 4x3-2x?-20x + 25
xt-x3+ x2- 11x+/12 x*+5x3+ 7x2+ 7x - 20
10

5 x4 - x3- 29x2-/13 x*-7x3+ 7x%- 5x + 100
71x -140

6 XA+ T3+ 14 x4+ 10x3 +36x% +70x+ 75

Ox2+ 13x - 30



7 x*+ 3x3- 23x?%-15 x*+ 9x3+ 31x?+ 59x+ 60
55x - 150

8 xt- 6x3+  4xi+
10x + 75

ITPAKTUYECKOE 3AHATHUE Ne 6

Tema UnTepnoasinus u nNpeacKasanue
AnmpokcuManus  (QYHKIUKA — 3aKIOYaeTcss B MNPUOJMIKEHHOW 3aMEHE

3amanHoi  QyHknuu f(X) HexoTropoit QyHkumei j (X) Tak, YTOOBI OTKIIOHEHHUE
¢dyukmuu j (X) ot f(X) B 3a1aHHO# 00MacTH ObLI0 HAUMEHBITUM. DyHKIHSA | (X) TpH
OTOM Ha3BIBACTCS annpoxcumupyioujeri. TUMAYHOW 3amadeil anmpoKCHMAaIHH
GyHKIMH sBisSeTCs 3amada  ummepnoaayuu. HeoOXoOaUMOCTh unmepnoasyuu
(YHKIMI B OCHOBHOM CBsI3aHA C ABYMSI IPUIHHAMMU:

1. Oyuknus f(X) umeer CJIOKHOE AHATMTHYECKOE OTIFICaHHUE,
BBI3BIBAIOIIEE OIPE/ICIICHHBIC TPYAHOCTH TP €r0 UCTIOIh30BaHUU (Hampumep, f(X)
SIBIIICTCS CHICTI(PYHKITMEH: raMMa-(yHKITHECH, SIUTUNTHYSCKON QYHKITUEH U 1p. ).

2. Ananutnyeckoe onucanue ¢pyHkiuu f(X) HemsBecTHO, T.¢. f(X) 3a1ana
TabimuHo. [Ipu 3TOM HEOOXOIUMO UMETh AHATUTUYECKOE OMUCAaHUE TPUOTMKEHHO
npencrapisitoniee f(X)  (manpumep, Ui BbIYMcIeHus:  3HaveHwid f(X) B
MIPOU3BOJIBLHBIX TOYKAX, ONMPEACIICHUS HHTETPAJIOB M MPOU3BOIHBIX OT f(X) 1 T. 11.)

NnTepnonsiums

[Ipocreitmas 3agavya unmepnonsayuu 3aKI0YAETCI B cieayromeM. Jnd

3a7aHHbIX N + 1 TOYEK Xj = X0, X1, - . -, Xn, ~ KOTOPbIC  HA3BIBAIOTCS V3IAMU
UHMeEPNONAYUU, 1 3HaYCHUH B ITUX TOYKax HEKOTOPO¥t
dyukuuu f(X) = Yo, Y1, - . ., Yo mocTpouts  mosmHOM | (x)  (ummepnonsyuonnvlii

noauHOM) CTETICHH N BU1a
Pl = a,x® +a,_rle 4o+ ay, (
1)
NPUHUMAIOIIMKA B y3J1aX MHTEPHOJISIIUY XiT€ K€ 3HA4eHus Y, 4YTO H
bynxiwms f(x):

Plxg)=Fo. Px)=01 - P5)=0s. j=0,1, ..., N.



2)
I'nobanvnaa unmepnonayus
[IpocTeliiuM BUIOM 27100a1bHOU UHMEPNOAYUY SIBISETCS apaboauyecKas
uHmepnoaayus, Koraa, UCIoJib3ysl ONUCAHHBIE BbIIIE YCIOBUA (2), ISl OTBICKAHUS
HEeM3BeCTHRIX N + 1 kod(durmenTon ao, ai, . . ., ap BeIpaxkenus (1) momydaroT

cucteMy u3 N + 1 ypaBHeHUI:

Xy + .:;rx_le_-',"l +otd X+ dy = Y. (
.aﬂi.rf .4-%_1:{{"1 oI Hd =Y, 3)
&Ky + am_lx:'l Fotd X, =¥,
Hnmepnonayuonnas gopmyna Jlacpanorca:
L(x) = if' [x =g e =)o (% —xpg o= mg ) (X —x
k] 2
= [xi = x,:,j[xi = xlj...[xi = xi_lj[x!- = xi+1j...[xi —4)

Jnst  moctpoenust unmepnonayuonuou ¢gopmynsl  Jlaepanoca 8 Mathcad

yI00HO HCTIONB30BaTh (GYHKIHIO if

if(cond, tval, BosBpamiaer 3nauenue tval, ecam cond otiuden ot 0 (McThHA).

fval) BosBpamiaer 3nauenue fval, eciim cond pasen 0 (J10kb).

Yacto wuHTepnosivpoBaHue BeneTcs s (YyHKUMHA, 3aJaHHBIX TaOJIUYHO
¢ pasnoomcmosiwyumu 3Hauenusimu - aprymenta  (hj = xi+1 - x;= const). Bsexem

IMPpCABAPUTCIIbHO ITOHATUC KOHEUHbIX pa3nocmezl:

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 yueTroMm BBEICHHBIX O0003HAUYCHUM nepsas UHmMepnoarayuonHas Gopmyia

Hvromona nmeeT BUL:

r(r_l}ﬁzynh.. 5)

. . -0 —r+ 1]|E
#l

Bmopas unmepnonayuonnasn ¢oopmyna nmeet BUn:

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




tE+1) 6)

2l
m+£@+ﬂm@+ﬂ—ﬂ

#l
OnHako, UHTCPHOJLINMUA IIpH OOJIBILIOM YHCJIE y3J0B MPHUBOJUT K

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

HEOOXOIMMOCTH paboTaTh ¢ MHOTOYICHAMH BBICOKOHM creneHu (Hampumep, 50-it
win gaxe 100-it), 4To HEMPUEMIIEMO KaK ¢ TOYKH 3PCHUS BBIYUCIICHUH, TaK U U3-3a
CKJIOHHOCTH TaKHWX MHOTOWICHOB K OCIMIIIAIMHU (KOJeOaHUSAM) MEKIY Y3JIaMu
cetku. [1o3TOMy Ha NpaKTHKE YacTO HCHOJIB3YHOT HHTEPIOJSAIUI0 KYCOYHBIMH
MHOTOWICHAMHU (WIIH JIOKALHYIO UHMEPNOTAYUIO).

Jlokansnas unmepnonayus

[pu 10KanbHOU MHTEPTIONIAIMN MEXITY Pa3IMYHBIMH y3JIaMH BBIOMPAIOTCS
pa3IMyHble MHOTOYJIEHBI HEBBICOKOU cteneHu. B cpene Mathcad ects ana storo
UHCTPYMCHTAPHI: CPEICTBA JIUHEUHOU unmepnonsayuu (yukuus linterp)
u unmepnonayuu  cnaatunom (GyHKIus interp) - muuerneiM  (Ispline),
napabommyeckum (pspline) m kyomueckum (cspline). PucyHok 4 moka3biBact

HEKOTOPBIE IPUMEPHI JIOKAIIbHON UHTEPIIOJISALUU.

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)

0.5 0.5

i) 5o
wl "'_'I"l
HEH HEE

| auto [MUM | Page 1 A

Pucynok 4. JlokajgbHast MHTEPIOJISIIIAS



linterp(vx, vy, X) Hcmonp3yeT BEKTOpPHI NAaHHBIX VX U VY, YTOOBI
BO3BPATUTh JIMHEHHO UHTEPIIOIUPYEMOC
3HAYCHUE ), COOTBETCTBYIOIIIEE TpPEeThEMY

apryMEHTY X.

Ispline(vx, vy) pspline(vx, | Bce »3tu  ¢QyHKOMH  BO3BpamalOT  BEKTOP
vy) cspline(vx, vy) KO3 GHUIUECHTOB BTOPHIX IMPOU3BOAHBIX, KOTOPBIM
MbI Oy/IeM Ha3bIBaTh VS. BekTop VS, Hcmoab3yercs

B (yHKIMH interp:

interp(vs, VX, vy, X) Bo3Bpamaer  mHTEpmoampyeMoe — 3HAYCHHE ),

COOTBETCTBYIOIIECE apTyMEHTY X.

IIpenckazanue
Ecnmu  HEoOXomuMO  OLICGHWUTh 3HAUYCHHS (QYHKIMH B TOYKAX HE
MPUHAICKAIINX OTPE3KY [Xo, Xn], Hcionb3yiTe dyHkiuto predict (PucyHok 5).

E Mathcad PLUS - [Mpeackasanue] M=l E3
@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

bi=0,1.20- 1 _t+bd0

Hpt : 10 - rpa¢H'—IECKaF| MpOEBEPE.3 IKCTRAN0NALMI

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

PucyHok 5. kcTpanoassuus GpyHKIUM



predict(v, BosBpamiaer N npeacka3aHHbIX 3HAYCHHI,
m, n) OCHOBAHHBIX Ha M MOCIEI0BATEIbHBIX 3HAYCHHSIX

BCKTOpa JaHHBIX V.

[TopsAIOK BBITIOJTHEHUS
3aganue 1. Boruuciute 3HaueHus 3amaHHou (ynkumu yi = (X)) B y3max
uaTeprioysinun x; =a + hi,rne h = (b - a)/10,1 =0, 1, ..., 10, Ha oTpe3ke [a, b].

BapuaHTtsl 3a1aHuid

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

BapHaHTa

1 gty x 2 [O, 2] 9 % -cosix +1Infl + x3) [l’ 5]

2 cosx 2 [0,2] 10 10-In 221+ x) [1, 5]

3 s [0,5] 11 sinxd -1 [0, 3]

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

5 g-(x*+sinx 12 5] 13 coS(X + e %X [3, 6]

6 U(L+e™[0,4] 14 cos(2x + 11) [0, 1]

7 sin(x+ |[0,3] 15 e ©*? cos x? [0, 2]
g sinx)

8 e 0+ 10 1 3]

3ananme 2. Ilo BeruuciaeHHoi Tabmuue (Xi, Yi) MPOBECTH napaboiuiecKyro
UHMEPNONIAYUIO.

Jns HaxoxaeHuss Ko3(p(GUIMEHTOB MCKOMOTro mnoiauHoMa (1) HeoOxoaumo
COCTaBUTh CUCTEMY JIMHEHHBIX anreOpandeckux ypaBHeHui (3).

CucteMy ypaBHEHHIA PEIIATh MATPUYHO C HCIIOJIb30BaHUeM GyHKIuu ISolve.

[TocTpouTh rpaduk MHTEPHOISIIMOHHOIO MHOTOWIEHA U OTMETUTh HAa HEM
y3JI0BbI€ TOYKH (Xi, Vi)

3aganue 3. /{11 BbIUMCIEHHON TaOIMYHON (YHKIUH COCTAaBUTH (HOPMYITY

MHTEPIOIALUOHHOIO MHOTOWIeHa Jlaepanorca, UCIIOJIB3Ys] OIIepaTOPbI



CYMMHUPOBAHMSI ¥ TIEPEMHOKEHHSI IO JHUCKPETHOMY apryMEHTy, a TaKxke
¢ynknuto if.

[TocTpouTs rpaduk MHTEPHOISIIMOHHOIO MHOTOWIEHAa U OTMETUTh Ha HEM
y3JI0BBIe TOYKH (Xi, Yi).

3ananme 4. [IpoBecTr UHTEPIIONMPOBAHNE 3aJaHHON (DYHKLIHUH C TOMOILBIO
198 y 29 yrepronAnMOHHBIX hopmyn Hetomona.

[TocTpouthb rpaguKu HHTEPIOISIIIMOHHBIX MHOTOUJICHOB M OTMETUTH Ha HEM
y3JIOBBIC TOYKH (Xi, Yi).

3ananme 5. [IpoBectu aunetinyio unmepnonayuio 3afaHHON  GYHKIUA C
MOMOIIIBIO0 BCTPOCHHOM MHTEPIONSIIMOHHON GyHKImu linterp.

[Toctpouts rpaduk GpyHkuuu liNnterp 1 OTMETUTH HA HEM Y3JI0BBIC TOUKH (X;,
yi)-

3ananme 6. IlpoBectu cnratin-unmepnonsayuro ¢ TOMOUIBI0  (DYHKIUI
Ispline, pspline, cspline u interp.

[Toctpouth rpaduk GyHKIUH INtEFP 1 OTMETHTHh Ha HEM Y3JIOBBIC TOUYKHU (X;,
yi)-

3aganue 7. Bbruuciuth 3HaYeHHs 3amaHHOW QyHKuuuU yi = f(Xj)) B TOukax
xi=a+i/10,rne,1=0,1, ..., 10(b - a), Ha otpeske [a, b].

C UCIIOJIb30BaHUEM
¢ynkuuu predict BBIMOMHUTE npedckasanue (Ixcmpanonsayuro) MOJTy4YE€HHOTO
BEKTOpa JaHHBIX Yi B mnocienytonmx 10 Toukax mno mnociegHuM 7 3HauYEHUsIM
GyHKUIUU.

OT00pa3uth rpaduuecku UMEIOUINECs TaHHbIC, MPECKa3aHHbIe TaHHbIC U

UCTHHHBINA Bu GyHKiuu f(X).

ITPAKTUYECKOE 3AHSATHUE Ne 7

Tema: Cumiiekc-MeTo1 pelieHus 3aa4 JIMHEHHOTro MporpaMMHUPOBAHUSL.

Heab: O3HaAKOMUTH CTYJEHTOB C CHUMIUIEKC-METOJIOM pEUICHUS 3a/1ad
JUHEWHOrO0 TMporpaMMHUpoBaHusA. B pesynbrate mnpopabOTKM TeMbl CTYJICHT
JOJKEH OCBOUTH QJITOPUTM METOJIa, YMETh €r0 MCIIOJb30BaTh ISl OTBICKAHUS
ONTHUMAJIbHBIX PELIEHUN IPU MOAEITUPOBAHUU.

AKTyalnbHOCTh TEMBI: CUMILIEKC-METOJ| SIBJIIETCSI OCHOBHBIM JJISI PEILICHUS
3a7a4 JMHEWHOTO MPOrPaMMHUPOBAHHS.

Teopernyeckas yacTb



CuMIIEKC- METOJ, TO3BOJIAIONIMN PEIIUTh JI00YI0 3a7ady JUHEHHOTO
porpaMMHpOBaHus, yHUBEpcalieH. B Hacrosiiee BpemMs OH HMCIOIb3yeTCs s
KOMITBIOTEPHBIX PAcUye€TOB, OJIHAKO HECJIOXKHBIE MPUMEPHI C MPUMEHEHHUEM
CHUMILIEKCHOTO METO/Ia MOXKHO PEeIIaTh U BPYUHYIO.

['eomerpuueckuit CMBICJI CHUMILJIEKCHOT'O METOAa COCTOUT B
MOCJIETIOBATEILHOM TIEPEX0ie OT OJHOW BEPIIMHBI MHOTOTPAHHHKA OTPAaHWYCHUN
(Ha3pIBaeMOM TMEpPBOHAYANIBHON) K COCEAHEW, B KOTOpPOW JuHEHHas (yHKUus
IMpUHUMAET Jydinee (W He Xy/Ilee) 3HaueHue IesieBo (PyHKIMU 0 TeX Top,
MoKa He OyJeT HaiJIeHO ONTHUMAJIbHOE pPEIICHHWE — BEpIIWHA, TJIe JOCTUTAeTCS
ONTUMAJILHOE 3HAYCHHUE ATOW (PYyHKIIMH, €CJI 3a]ja4a UMeeT KOHCUHBIM ONITUMYM.

s peanu3anu CUMILIEKCHOTO METO/a — IMOCJIEA0BATEILHOIO YIIyUIllIeHUS
perieHus — He0OXOAUMO OCBOUTH MPU OCHOBHLIXINIEMEHMA:

- cnocob onpedeneHusi Kako2co-1ubo NepeoHAqAIbHO20 OONYCHUMO20
Oa3uUCHo20 peuleHus 3a0a4u;

- NPABUIo nepexooa K ayduiemy (moyree, He Xyouiemy) peuleHuro;

- Kpumepuii nposepKu ONMUMAILHOCMU HAUOEHHO20 PeuleHUs.

Jlns Hayalma HMCIOJIB30BaHUS CHMILICKCHOIO METOAa 3ajada JIHHEHHOTO
IpOrpaMMHPOBAaHUS JOJDKHA OBITh NpHBEJIEHa K KaHOHHMYECKOMY BHY, T.C.
CUCTEMa OTPaHWYCHUH JOHKHA OBITH MPEACTABICHA C TIOMOIIBIO TOTIOJTHATEIBHBIX
BBITIABHUBAIONMUX (0alaHCOBBIX) TIEPEMEHHBIX B BHJIC YPaBHCHHHA. AJNTOPUTM
KOHKPETHON BBIYMCIUTEIBRHON peaau3alid dTUX D3JEMEHTOB pPAcCMOTPUM Ha
npuMepe.

3agaual.

[lycTte 3amaHa maTeMaTwdeckas MOJACIb B CTaHAAPTHOM BHJIE 3aJlaud
JUHEWHOTO TPOrpaMMHUPOBAHHS:

12X; + 3%, < 264;

4Xq + 9% < 136; (1)

3x1 + 14X, < 266;

X1>0; x2>0.

Z = 6X; + 4x; —» MAX.

Pemienue

Pemum 3amauy cumriuiekc-merogoM. Jlms 3Toro cHavaiia TpUBEAEM
MaremMaTudyeckyro wmozenb (1) K KaHOHMYECKOMY BHIY, KOrja CHUCTEMa
OTpaHUYCHUN WMEeT BHJ YpPaBHCHHH. DTO JOCTHTaeTCs BBEICHHEM B KaKII0€
HEPABEHCTBO JIOMOJIHATEILHBIX HEOTPHUIIATCIIBHBIX IIEPEMCHHBIX

X3> 0; x4> 0; x5> 0. X PKOHOMHYCCKHH CMBICI — HEHCIIOJb30BAHHOE
CBIPhE KaXKIO0TO BHJIA.

[Tomyunm:

123 + 3X; + X3 = 264;

4X, + 5Xo +X4 = 136; (2)

3X1 + 14X, + X5 = 266;

X12>0; x2>0; x3>0; X4 > 0; x5 > 0;



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

Pemum cuctemy ypaBHeHMH MaremaTudecko wMojenud (2), BbIpa3uB
0a3uCHbIE IEPEMEHHBIE X3, X4, X5 UEpE3 CBOOOIHBIE X1 U X2.

X3= 264 — 12X1 — 3Xy;

Xq =136 — 4X,—5X%7; (3)

X5 = 266 — 3X1 — 14X;;

Xj>0;(j=1;2;3;4;5.); U= 6X; + 4, —» MAX.

Cucrema ypaBHeHUN MaTeMaTthyeckod mozenu (3) 3amucaHa B BUJE, KOTa
YacTh MEPEMEHHBIX X3, X4, X5 BBIPAKEHBI YEPE3 OCTABIIMECS NIEPEMEHHBIE X1 U X2,
apisieTcst oommmM perieHueM CJIAY orpanuuenuii (ee pasmep 3x5). [lepemennbie
X3, X4, X5 — Oa3UCHBIC (MCKYCCTBEHHBIN 0a3uc), IEPEeMEHHBIC X1 U X2 — CBOOOTHEIE.
[IpunaBasi cBOOOAHBIM TIEPEMEHHBIM MPOU3BOJIBHBIE 3HAYCHHUS W BBIYUCISAA
0a3ucHbIC TIepeMeHHbIe 1Mo gopmysaM Monenu (3), MOKEM HalTH OECKOHEUHOE
MHOKECTBO JIONMYCTUMBIX (T. €. HEOTPUIATEIbHBIX IUIAHOB). 3aMETUM, 4YTO B
00111eM PEeIIeHUN CUCTEMbl YPaBHEHHUM 0a3MCHBIMU MEPEMEHHBIMUA MOTYT OBITH JJISI
JAHHOW 3amayu JIoOble TPU TEpeMEHHBbIE U3 TATH (X1; X2, X3; Xa; Xs), a
CBOOOJTHBIMH — OCTABIITHECS JBE TIEPEMEHHBIC.

Ecnu cBoOOAHBIE MEpEMEHHBIE TOJIOKHUTh PAaBHBIMH HYJIIO W BBIYUCIIHUTH
0a3ucHbIC, TO TMOJYYHUM JOMYCTUMBINA Oa3UCHBIN IUJIaH, KOTOPBIM Ha3bIBAETCS
omopHbIM: X1 = 0; X2 = 0 ; X3= 267; X4 = 136; X5 = 266. bazucHble IepeMeHHBIC
paBHBI MPU STOM CBOOOJHBIM HJIEHAM, KOTOPbIC TOJKHBI OBITh, CJI€I0BATEIBHO,
HEOTPHUIIATEITbHBIMU.

OnopHulil nian — 3T0 0A3UCHBIN JOIMMYCTUMBIH TIJ1aH, T. €. HEOTPUIIATEIbHBIH
IUTaH, JI7I KOTOPOT'O PaBHBI HYJIKO CBOOOIHBIE TIepeMeHHbIe. KonuecTBO omopHbIX
TUTAHOB KOHEYHO M HE MPEBOCXOJUT KOJMUYECTBA 0a3uCHBIX perieHuil. OHO paBHO
YUCIIy coueTaHui u3 5 o 3 (v o 2):

: oz B TWIW3INLES

T Ty ez

T. €. OTIOPHBIX TUTAaHOB He OoJbie 10,

OcHosHas meopema CUMIUIEKC-METOJAa TOBOPUT O TOM, YTO €CIH ONTH-
ManpHbli maH 3JIII cymecTByeT, TO €ro MOXHO HAWTH Cpeau OIMOPHBIX. DTO
NO3BOJIIET MCKAaTh ONTHMAJbHBIM IUIAaH HE CPEAM BCEX JAOIMYCTHMBIX ILJIAHOB,
KOJMYECTBO KOTOPBIX OECKOHEYHO, a JHUIIb CPEAu OMOPHBIX, YHCIO KOTOPBIX
KOHEYHO U B MPUHIMIIE UX MOXHO MepedpaTh, U CPABHUB MO 3HAYEHUIO KPUTEPUS
ONTUMAJIbHOCTH, BEIOPATh HAMITYUIIHIA.

CyIHOCTh CHMILIEKC-METO/Ia COCTOMT B IIEJICHANpPaBICHHOM mepedope
OTOPHBIX IJIAHOB JUIsl HaxOXIeHHs onTuMmanbHoro. Ilpu sToM He Tpebyercs
HaxXOAUTb BCE ONOpHBIC IUIAHBI, & JOCTATOYHO HAWTH OJMH W3 HHUX M 3aTEM
MEPEXOJIUTH K CIIEAYIONIEMY, HO TaK, YTOOBI pEIICHUE YIy4Ilaioch, T. €. 3HAUCHHE
U yBennumBanoch, U Tak 10 HAXO0KICHHUs IIaHa, IpU KOTOpoM U — MakCUMaJIbHO.



Pemenue 3JII1 cuMIiekc-METOIOM OCYIIECTBIISAETCS C TTIOMOIIBIO CHMILICKC-
tabaui. MaremaTudeckyro Mojenb (3) 3amuiieM B BHJAEC CHUMILIEKC-TaOIuIbl 1.
basucHbIC MepeMeHHbIC IMOMEIacM B JICBBIN cTo0eI, CBOOOAHBIC — B BEPXHIOIO
CTPOKY CO 3HAaKOM «MHUHYC», Iudpoit 1 orMedaem cronbderr cBOOOIHBIX YWICHOB

Tab6mumna 1
b.n
X1 X2
* ................... X3 :
X4 = X5 =
- 6 4

3amemum, ymo 6 mabauye 1 u 80 8cex NOCIEOYIOUUX CUMNIEKC-MAOIUYAX
cmonbey c80000HBIX UIEHO8 He OOJIHCEH CO0ePHCAMb OMPUYAMENbHBIX INeMEHMO8
8 CULY YCI08USL HECOMPUYAMETbHOCTU, 34 UCKTIOUeHUeM, Modcem Obimb, dleMeHma
U-cmpoxu.

Kaowcoas cmpoka mabauywr 1 coomeemcmeyem ypasneHuio mooenu (3).
Kaowcooe ypasnenue mooenu (3) moowcem Ovime noayueno uz mabauysvt 1 ym-
HOJICEHUEeM DJIEMEHMO8 COOMBEMCMBYIOWel CMPOKU HA JJIeMeHmbl  8epXHell
CMPOKU-3A20106KA:

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

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

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

U=0%1-6%(-X1)-4*(-x2).

Honyuennas mabauya 1 nazvieaemcs nepeoiul cumniexc-maoauyetl. Ouna
coomeemcmayem nepeomy ONOPHOMY NAAHY:

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

Ilpu maxom naane npubviie U = 6*x; + 4*X, = 6*0 + 4*0 = 0.

Omom ONopHuIll NIAH He S6IAemcs ONMUMALbHbIM, HA YMO YKA3bleaem
Hanudue ompuyamenvhvix s1emenmos 8 U-cmpoke mabauyv 1

Ilepeiidem k crnedyrowemy onopHomy niawy, 0as 3mMo20 CHayala 6 maobauye
1 8vibepem K0Uesoll d1eMeHm no ciedyroujemy npasuy.

1. Bwibupaem xnouegoli (paspewiarowyuti) cmonbey, OH COOMEEMCmM8Eyem
ompuyamenvromy snemenmy U-cmpoxu (1r060my), ommemum e2o Cmpenkol GHU3y
mabauyvt 1 Yawe u3 Heckorvbkux ompuyamenvHulx siemenmos U-cmpoku
8blOUparOm mom, KOmopwlli Ooabuie no adCOMOMHOU eeiuyuHe. Y Hac 5mo
a1eMeHm

« -6 » 6 U-cmpoxe. Bvibop knouesoco cmonbya eapanmupyem ygeiudenue
(ne ymenvuenue) 3navenus U.



2. Bwibupaem kntouesyro cmpoky, OHa coomeemcmeyenm MUHUMATbHOMY U3
OMHOWEHUN CB0OOOHBIX YNIEHOE K coomeemcmeyrowum noaoAHCUMENbHbIM €=
MeHmMAaM Kilro4iee0o2co cm0ﬂ614a.'

(264 136 166

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

umo yKazvleaem Ha Nepeyro CMpoKy, OMMemuMm ee Cmpeikou cCnpasd.

Bvibop knouegoll cmpoku eapaHmupyem coxXpaHeuue yCl08uUs Heompuya-
MenbHbIX NePEMEHHbIX.

3. Ha nepeceuenuu Kuouegou CmMpoKu U  KIO4e8020  Cmoadbya
ommeyaem Kntouesou snemenm. On pasen 12.

Cmpoum Ho8yI0 cumniiekc-maoauyy 2, cosepuias 00HOKpamHoe 3ameujeHue
Oa3UCHOU nepemMeHHOU Ha C80O0OHYIO.

Tabnuya 2
b.o. -X3 -X2
- X1 = X4 = X5 = 1/12 -1/3 -1/4 Vi 53/4
U= 1/2 -5/2

1. Ilomensem mecmamu 6a3uCHy10 U c60000HYI0 nepemeHHble, CIMoAWUe 8
KII04€801 CMpPOKe U 8 KII0Ye80M CIMoaoye: X3 U Xi.

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

3. Ocmanbhbie s1eMenmobl CMPOKU pa30enuM HA KIH0Ue8oU dNeMeHm.

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

4. OcmanvHvle 371eMeHmMbl KIHOUe8020 CMOIOYA pazoeium Ha Kirouesou
IneMeHm U NOMeHsleM 3HAKU HA NPOMUBONOIOHCHbLE.

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

5. Onemenmoul, He npuHaonexcawjue KIOUYEBOU CMPOKe U KIIOUEBOMY
CMONOYY, LIYUCIUM NO NPABUTY NPAMOY2OTIbHUKA.

Hanpumep, éviuucium snemenm madbauyvl 2, coomeemcmsyoujull 21eMenmy
266 maonuyvr 1. /{na eco naxooicOenus 6 maobauye 1 MblCIeHHO CmMpoum
NPAMOY2OTIbHUK, Y KOMOPO20 HA KOHYAX OOHOU OUA2OHAIU cmosim yucio 266 u
Kmoyesou onemenm 12, a ma xouyax opyeou — uucia 264 u 3. [uacomans,
cooeporcauas Ko4esoll leMenm, CUumaemcs 21aeHou, a opyaas — nobouHou. 13
npousBedeHuUs INeMeHmMOo8 No 2NABHOU OUASOHANU BbIUUMAEMCS NPOU3BeOeHuUe
9NeMeHmo8 HNOOOYHOU OUA2OHANU U 5MA PASHOCMb O0eNUmcs Ha Klouyesou
neMeHm.

(266*12 — 264*3):12 = 200.

Ilonyuennoe uucno 200 enucvieaem 6 mabauyy 4.3 ma mo mecmo, 2oe
cmosino yucao 266 6 madauye 1.



5.10. -X1 -X2

[

Iloocuumaem, kaxoe uucio 6yoem cmosms 8 madbauye 2 6Mecmo Yucia «-4»
6 U-cmpoke mabnuywr 1. Ha pucynke noxazamn npsamoy2onvbHUK, KOMOPHIU Mbl
00.J12(CHbL MbICTIEHHO 8bl0enumsb 6 maobauye 1. I nasnas ouazonanrs npamoy2oibHUKA
coOepocum paccmampusaemvlii nemenm «- 4» u kuouesou s1emenm 12, a
noboyHas ouazoHans — snemeHmol 3 u «- 6». B pesynomame evluucienutl noayuum
yucno, komopoe gnucvigaem 8 U-cmpoxy mabauywl 2:

[ - 4%12 — 3%(-6)] : 12 = (-48 + 18): 12 = -30:12 = -5/2.

Ananoeuuno 3anonmsem ece ocmasuiuecs Kiemxu mabauyvl 2. Ha mecme
yucna 136 uz mabauyer 1 6 mabauye 2 6yoem cmosms Yucio:

(136*12 — 264*4 ) . 12 = 48.

Ha mecme snemenma «0» ¢ U-cmpoke mabauyer 1 6 mabauye 2 3anuuiem
Yucno:

[ 0*12 — 264*(-6)] : 12 = 132.

B nocneonem cmonboye mabauyvl 2 na mecme snemenma «3» oyoem cmosimo
Yucno:

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

Ha mecme snemenma «14» enucvieaem 6 mabauue 2 uucio.

(14*12 —3*3) : 12 = 150/12 = 53/4.

UYmobwr nonyuums OnopHulll NAAH U3 CUMNIEKC-mabauysl 2, noaazaem
PABHBIMU HYIIO C80D0OHblE NEpeMeHHble X3 U Xz, CMOoAWUe 8 8epXHell CMmpOKe.
Toeoa 3HayeHus OA3UCHBIX NEPEMEHHBIX X1, X4 U X5 PAGHbI SHAUEHUAM, CIOAWUM 8
nepeom cmonoye maobauywl 2.

B pe3ynomame svinuuiem 6mopoii OnopHulil niau:

( X1; X2; X3; Xa; X5 ) = (1 22; 0; 0; 48; 200),

npu komopom U = 132. Dmom niau He A61semcsa onmumMaibHuim, m. K. 8 U-
cmpoke mabauysl 2 umeemcs OmpuyamesibHblil J1eMeHm.

Ilepexooum k HosoU, mpemvel cumniekc-maodauye. /[nsa smozo crhauana 6
mabauye 2 8bloepem K4eBoll dieMeHm, NOBMOPUE NPeobLOYUE PACCYHCOCHUSL.

1. Ommeuaem rnrouesou cmondey. OH codepicum ompuyamenbHvill de-
meum U-cmpoku: «-5/2».



2. Ommeuaem Karouegyro CmpoKy, KOmopasi COOmeemcmayem MUHUMAIbHO-
MY U3 NOJLONCUMETILHBIX OMHOUEHUN CB0O0OHBIX UIEHO8 K DJIEMEHMAM KIH04e8020
cmonoya:

umo yKasvieaem Ha 6mMopylo CMpPOK).

3. Ha nepeceuenuu knouegol cmpoKu u Kio4ego2o cmoadoya 6 madauye 2
ommeuaem Kouegou saemeHm «4y.

Ilepexooum k 3anonnenuro cumniekc-madauyvl 3 no npasunam I — 5.

Tabnuya 3

b.m. -X3 -Xa

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

U= 7/24 5/8

Dmoti mabauye coomeemcmayenm onopHoe peuletue:

(X1; X2; X35 Xq; X5 ) = (119; 12; 0; 0; 41).

OHo sgnsiemcs ONMUMAnbHLIM, m. K. 6ce kodppuyuenmor U-cmpoku 6
mabauye 3 neompuyamenvruvl. Makcumanvroe snauenue yenesou gyuxkyuu U max
=162.

Ono oocmueaemces npu x1 = 19; X = 12. Jlonornumenvhvie nepemeHnuvie npu
amom pasuol: x3= 0; X4 = 0; Xs = 41. Omo o3uauaem, umo cvipvbe nepeoo u
8MOPO20 8UO08 UCNONL3YEMCs NOJHOCIbBIO, d CbIPbEe MPEMbe2o 8UOAd OCMAENCsl He
UCNOIL308AHHBIM 6 Kouyecmee 41 ke.

3ameuanue. Ilpu pewenuu 3a0ay CUMNIEKC-MEMOOOM KOAUYECMBO CUMN-
JieKc-maobauy moxcem Oblmb pa3udHbIM. B paccmompennHom pewienuu oHo pasHo
mpem.

Omeem. YT0ObI MOTYYUTh MAKCUMAJIbHYIO NpUOBLIL B pasmepe 162 Toic.
py0., Hy’KHO U3roTOBUTH 19 u3nenuit A u 12 uznenuii B.

3aaHue K NPAKTHYECKOMY 3aHSATHIO:

3amaun BEIOMPAIOTCS B COOTBECTBUH CO CBOMM BapHUAHTOM.

ba3oBblii ypoBeHb:

3ananue 1. PemuTh CUMIUIEKCHBIM METOJOM 3a7auu (Tadu. 1).

Tabnuna 1. BapuaHThl 3a1anmit

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

=X, +AX,+
Z(X) X1 4X2 X3®1’1’18.X, 2X3 ®min,



-ii:ai—:aﬂ+2};£9 -f;g;._—r‘_—;v,:_J
PERE TR X0, j=1,2,3 it iy 26 X°0
2 b M
i=1,2,3

[Tponomxkenue TadaUIIbI 1.

Z(X)=2X1tXo- Z(X)=-3X1-2X2-

Irtxm - 25 mtx, a2l
g+ 2+ 5 57, le+x =2,
e v e = S |
Xz®min, -7 T : X0, ]=1,2,3 2Xs®min, =% T ‘ x0,1=1,2,3
Z(X)=x;- Z(X)=-
gfc‘i-x +2x, +x 26 ’3-{ + oy + I 212,
%z 51 Lo extn =8
b o 4y 22 N 5 IV R
Xo+Xs®max, 5 = " X0, 2X1+8Xp+3Xs®min, <% T T = &
J1=1,2,3 X0, j=1,2,3

Z(X)=6X1+7X,+9X;®min,
fx +2x, + 23 25,

Z(X)=5x3+2X,+X3®max,
6+l +In =4 {om+mtx =1
by — ot =2 .
5 -L‘. x: : Ji':l - 1 Xj30’ J:1)293

Z(X)=5x1+2X2+X3;®max,

;
xntx v, =5

Z(X):X1-8X2-

HELAE NG P A

E - — w4 - . —7 - — - .
S T x70,j=1,2,3 * AT e - =12 X0, j=1,2,3

Bomnpocs! Aj1s1 caMOCTOATEIbHOM padoThI

ba3oBblii ypoBeHb:

1. B 4em 3akimrouaercs JIMHEWUHOTO

CHUMIIJICKC-MCTO 3aJga4dun

MporpaMMHUpOBaHus ?

2. B xkakoit Qopme HEOOXOaUMO caenaTh IOCTAHOBKY 3a7add, €CJIH
MIPUMEHSITD ISl €€ PEIICHUS! CUMILIEKC — METOA?

3. Kak moiy4uTh onopHOe penieHre 3a1auu JUHEHHOTo TporpaMMHUPOBaHUS
JUISL JaTbHEHIIIETO €€ pelIeHUs CUMILIIEKC-METO10M?

4. B 4yeM reoMeTpUYECKHUI CMBICIT CUMILJIEKC-METO1a?

5. Kak ctpoutcs onopnoe pemenue 3JII1 Mmerogom nckyccTBeHHOro 0asuca?



ITPAKTUYECKOE 3AHSATHE Ne 8

Tema YucjieHHoe HUHTEerpupoBanue U (U@ PpepeHuupoBaHue

YucneHHOE UHTETPUPOBAHUE

dopMybl I TPUOIMIKEHHOTO BBIYHCICHUS OIMPEACICHHBIX WHTETPAIOB
IPUMEHSIOTCS] O4eHb YacTo. [[er0 B ToM, 4TO i OOJBIIOTO YUCIIA 3JIEMEHTAPHBIX
GyHKIIUNA TIEpBOOOPA3HBIE YK€ HE BRIPAKAIOTCS Yepe3 dIeMEHTapHbIe (QYHKITUH, B
pe3yJIbTaTe 4YEro HENb3sl BBIYUCIUTH OINPEICICHHBIA HHTErPAT C IMOMOUIBIO
dbopmynbl HetoTona-JIeioHu1IA.

BceTpeuaroTes Takxke W ciaydad, KOTJia NPUXOAUTCs mpuoerath K Gpopmynam
IpUOIUKEHHOTO UHTETPUPOBAHUS JAXKE JUIST TAaKUX HHTETPAloB, KOTOPHIE MOTYT
OBITh HAZICHBI B KOHEYHOM BHJIE, HO TaKOE BBIPAKEHHE OKA3bIBACTCS CIIUIIKOM
cnoXkHBIM. Oco0eHHO BakHBI (HOPMYIIBI MPUOTMHKEHHOTO WHTETPUPOBAHUS TPHU
pElIeHUH 3aa4, CoAepKauX (yHKIMH, 3aJaHHbIE TAOJIUYHO.

Keaopamypuwie ghopmynot

HauGomee PacipoCTpaHCHHBIM IIOAXOJOM K YHCICHHOMY BBIYUCIICHHIO

MHTErpana
5
1= [ flxydr
1)
ABIIAETCS pazOueHue OTpe3Ka [a, b] Ha N paBHBIX
bh—ua
qacte a = xg <x1<...<Xxp = bc maromh= #» |  HHTEPHOJUPOBAHUEC

dyakmuu Y =f(X) Ha ortpeske [a, b] (moayueHWe HMHTEPHOJSAIUOHHOIO

MHorowreHa | (X)) u 3amena B (1) uHTErpaga HHTETPAIbHONW CYMMO:

b H
In = [ 9(dx = > 4 i
a :
=0 oy 1. 2)
CootHotmenust Buja (2) Ha3bIBAIOT K8AOPAMYPHbIMU POPMYIAMU.
B mpocTeimux cirydasx B Ka4eCTBE MHTEPIIOJIAIIMOHHOTO MHOTOuIeHa | (X)
OepyT CTyNCHYAaTylO, KYCOYHO-JTUHCHHYI0 WM KYCOYHO-NApabOIHUECKYFO
Gynkuun, a Takke moimHoM creneHM K=n(j(X) =X m1a  koTophIx

KBajipaTypHbie GopmyJbl mpuHUMaroT Bua (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

PucyHnok 8. YuciienHoe nurerpuposanue u audgepeHuupoBaHue

Gopmyna npsamoy2oibHUKOS:
i

In=h f':xz'—lﬂ:'s . =T, lh
i=1 Ti-12 = il +2 | i = ]_, 2’ 3)

5 N,

Gdopmyna mpaneyuii.

;n=h.[m+”'1 J (
2 =) 4)

1=

@opmyna Cumncona (N - 4€THOE YUCIIO):

h
In =§U’n +4{pL+pa+ Appo1 )+ 2pa +Fat APn-2)-
5)

MemoO  HeonpeoeieHHbIX  KOdghuyuenmos COCTOUT B BBIYUCIICHUU

onpexneneHHoro uHTerpana (1) ¢ momomsio Gopmynsl (2) kod3dduumeHTs! A4;,

KOTOPOI HaxXOSATCS B Pe3yJibTaTe PEIICHUs CJIeTyIOUIEH CUCTEMbI YpaBHEHUM:




.|'.r|:|=.£q.|:|+.£‘l‘11+---+zq.k
=4 +4x+. 0 Az,

6)
Fo=dgzy + Ax + 4,7,

RE+] _ g+l

b
= EF_
R

rIe

Memoo Moume-Kapno

Bo mHOrmx 3amayax HMCXOJHBIE JAaHHBIE HOCAT CIIy4alHBIM Xapakrep,
IIOATOMY JUIl MX PEIICHUS JOJDKEH IPUMEHSTHCS CTATUCTUKO-BEPOSITHOCTHBIN
noaxon. Ha ocHoBe Takoro mnoaxozga M IOCTPOEH METOJX CTAaTUCTUYECKUX
WCTBITAaHUN, HAa3bIBAEMBIN Takke MeToaoM Monme-Kapio.

[Tyctb h - paBHOMEpHO pacmpeneneHHas Ha oOTpe3ke [a, D] cmywaiinas

BEJIINYMHA, .

h—a~
o= 2223 st
n o
i=0 . 7)
Jns  reHepupoBaHMS ~ MOCIENOBATEIBHOCTH  CIYyYalHBIX  4YHUCEN €

HOPMAaJIbHBIM 3aKOHOM pactpezenenuss B Mathcad BO3MOXXHO HCIONIB30BAThH

dyukmuro rnd

r Bo3BpamaeT paBHOMEpPHO paclpeiejiCHHOE CIlydalfHOe YHCIIO

nd(x) mexay 0 1 x.

Hns  peamuzanmmu  meroga  MonTe-Kapimo  ymoGHO — MCIIONB30BaTh

GyHKIMIO Mean

m Bo3sBpamaer cpennee apudmernueckoe 3HaYEHUE DJIEMEHTOB

ean(A) | maccuBa 4.

Yucnennoe auddepeHimpopanme
Yucnennoe ougpghepenyuposanue aHATATAYECKA WIA TaOJIWYHO 3aJaHHOM

¢yukuuu f(X) Ha otpeske [@, b] B Touke x = X3akmowaercs B 3amene f(X)

d p(x) 4" fx)
MHTEPIOJIALMOHHBIM nonuHoMoM | (X), i?iecaiaiua dr™ @™ KOTOpOro

MO>KHO HAaWTH aHAJIMTUYECKU C IMOMOIIBIO COOTBETCTBYIOIIUX q)OpMyJIl



d"flx) dqlx) < (
=SBy
e Z.J ¥
8)
Memoo Heonpedenennvix Kosgpuyuenmos (cMm. Ilpumep 2 Pucynka 8)
MIPEJIIoJIaracT MCIO0Ib30BaHUE B KaUeCTBE WHTEPIIOJISIIIMOHHOTO MHOTO4WIeHA | (X)
nomuaoM creneHn K=n (j (X) = (X - x)¥), a koaduuments! Bi popmynsl  (8)

HaxXOJATCS B PE3YyJIbTATE PELICHUS CIEAYIOMIEH CUCTEMbI YPABHEHHM

Dy=EB,+ B +..+F8

FEl

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

_ » » »
D =EB,xy + Bz + ...+ B,x,,

poeletf k2 gy

rae K= ., N,

CuMBOJILHOE UHTETrpUpOBaHUE U qudPepeHInpOBaHNE

JInsg  BBIUMCIICHUS HMHTErpajioB (WM HAXOXKACHUS MEPBOOOPA3HBIX)
AHAJIMTHYECKU 3aJaHHOM (QYyHKIMU wHcnoib3yercs komanma Symbolic HO
Integrate on Variable (MuTerpupoBaTrh, nmo mepemeHHoii). OHa BO3BpalaeT
CHUMBOJIPHOE 3HAYCHHE HEOIPENEIICHHOTO0 HWHTErpaja o yKa3aHHOH MapKepoM
BBOJIa TEpeMEHHOW. BbIpakeHHe, B COCTaB KOTOPOTO BXOIUT TICPEMECHHASI,
SIBJISICTCS TTOJIBIHTETPAIBHOM (PYHKIIHEH.

Komanma Symbolic KO Differentiate on Variable (IuddepenuupoBars
10 MepeMeHHOIi) BO3BPAIaeT CHUMBOJIBHOE 3HAUYEHUE MPOM3BOTHON BBIPAKCHHS
TI0 TOW MEePEeMEHHOM, KOTOpas yKa3aHa KypcopoM. J[iisi BEIYMCICHHS TPOU3BOIHBIX
BBICIIICTO MOPSAKA HY>KHO MIOBTOPUTH BBIYUCIICHUE HEOOXOAMMOE YK CIIO Pa3.

Pe3ynbTaT CHMBOJIBHOTO MPEOOpa3OBaHMsI MHOTJA COACPIKHUT CHeyudibHbie
@yHKyuu, KOTOPBIC HE SBJISIOTCS Y4acThIO CIUCKa écmpoennblx ¢yukyuti Mathcad.
BoT onpeneneHust HEKOTOPHIX U3 HUX:

g - KOHCTaHTa Jiliepa,

" " sm;(r}

, Si(x) = t[ :

|::|:|s(1.‘]|—1.P
Ci(x) =g + In(x) + t[ !



coshit)— |
Chi(x) = g + In(x) + t[ ' , Shi(x) = r[ '
[TopsAIOK BBITIOJTHEHUS
3aganme 1. Ompenenuty  dyHkiwmro f(X)

3naueHus yi = f(X;)) B roukax xi=a+hi,i=0,1, ..., 8,
h=(b - a)/8 na otpeske [a, b].
Bapuanrtsl 3axanus 1

No f(x) [a, b]

BapuaHTa

1 1/{tg2x +1) [0.4,0.8]

2 cos3xf(1- casdx) 2 [0.8, 1.6]

3 1/(x"<'m) [0.18, 0.98]

4 sin {1 + sinz) [0.8, 1.6]

5 x? lgtx+2) [0, 0.4]

6 x2 arctg(xf3) [0.8, 1.6]

7 e ¥ gin3y [0.4,1.2]

8 cteln f(sin12) 2 [0.8, 1.2]

9 (x + 1) sin x [1, 5]

10 5x + x 1g x [0.2, 1]

11 (2x + 3) sin x [0.4,1.2]

12 cosx(2x +3) [0.4,1.2]

13 /(1 +x +x?) [0, 4]

14 L+ x)f(2+2) [0.4,0.8]

15 ey [0.4,1.2]
3amanue 2. BolunucnuTh UHTETpa ﬁﬂx}dx :

C IIOMOILIBIO BCTPOEHHOI'O 0nepamopa uHmezpuposarus,

5

¥

1o GpopmyJie npsamMoy20IbHUKOS,

o ¢hopmyne Cumncona,

sitthi 1) ;

TaOJIUYIHO,

[c. d]

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

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

BBIYHCJINB



. C TIOMOIIIHIO BCTPOEHHOTO 0nepamopa UHmMe2pUpPoB8aHus N
MHTEPOIsIUeH TaOIMIHOMN byHKIUA KyOUuUeckum

cnaavinom (¢ynkiuu cspline u interp);

. METOJIOM HeOoNnpeoeneHHbIxX K02(hhuyuenmos st YK CIEHHOTO
MHTETPUPOBAHUSL.
[
3aganme 3. BelunciauTe HHTErpal meronoM Moume-Kapno. [ns

ATOr0 HEOOXOIUMO:

. OTIPEIeIUTh IUANa30H CIIy4alHbIX uucel, Harmpumep |: = 0..1000;

. OIPEICTUTh C IOMOIIBIO PyHKIMK Nd paBHOMEPHO pacnpeieIeHHYIO
CITy4JaifHyo0 BeJIM4YHHY h jHa OTpe3Ke HHTeTrpupoBaHus [a, b];

. coznatb BekTop Fj = f(h j);

. C IOMOINBIO PYHKIIMKA MEeaN BEIYUCIUTH UHTETPall.

3aganue 4. Halitn nmepBooOpas3Hyto aHAIMTHYECKH 3ananHoi (yHkiuu f(X),
ucnonb3ys komanay Symbolic FO Integrate on Variable.

3aganue S. BpluuciauTe 3HAYEHUS NEPBOM M BTOPOM IPOU3BOIHBIX
¢dyukmuu f(X) B Touke X = c:

. ¢ moMol1sko oneparopo nuddepeniuporanus Mathcad;

. MemoooM  HeonpeoeyeHHbIX  Ko3(@uyuenmos 1jisi  YUCIEHHOTO
muddepermpoBanusa.  Omnpenenuts  GyHknuio f(X)  TabnMuHO,  BBIYMCIIHMB
3HauyeHus yi = f(X)) B Toukax xi =c +h?i,1=0,1,..,10,h= 0.01 Ha oTpe3ke
[c, d].

3amanue 6.Omnpenenutb CUMBOJBHOE 3HAYEHHUE TEPBOMl U  BTOPOH

npou3BoaHbIX f(X), ncnonp3ys komanmy Symbolic KO Differentiate on Variable.

MNPAKTUYECKOE 3AHATHE Ne 9

Tema: Perienue tpaHCIopTHOM 3a1a4u

Heap padorei: Haiitn HavalibHOE pelIEHHE TPAHCIOPTHOM 3aauu ABYMS
METOJaMH: METOAOM CEBEPO-3aIaHOT0 yIila U METOIOM HAMMEHBILIEH CTOUMOCTH.
Haittn ontumanbHOE pelieHrue TpaHCIOPTHOM 3aa4i METOJIOM MOTEHIUAJIOB.

Kparkas Teopus

CHUMILIEKCHBI METOZ IJsl PELICHUs 3a1ad JIMHEHHOrO IMpOrpaMMHUpPOBAHUS
ABIIIETCS YHUBEPCAIbHBIM, OH TO3BOJISIET PEUIUTh JIIOOYIO 3ajady, HO pEILIeHHUE
MHBIX 3a/1a4 CBS3aHO C TPYJOEMKMMHU pacdyeTaMu. MOKHO BBIACINUTH Kjacc 3a/aad,



KOTOpBIE PElIaroTcsi OoJiee MPOCTHIMU CIICIUATBHBIME MeTofaMu. K 4uciy Takux
3a71a4 OTHOCSITCS TaK Ha3bIBAEMbIC TPAHCIIOPTHBIE 3aJa4H.

Knaccuyeckasi TpaHCTOPTHAs 3a4a4a - O HauOojiee SKOHOMHOM ILIaHE
TIEPEBO30K OJTHOPOTHOTO MPOIAYKTA HIIH B3aUMO3aMEHSICMBIX MTPOAYKTOB U3 ITYHKTOB
OTIIPABJICHUS B TIYHKTHI HA3HAYCHMSI.

Krnaccuueckass TpancmoptHas 3amada (cokpamenHo T3) dopmymupyercs
CJIETYIOIIUM 00pa30oM.

B myHkTax oTmpaBiacHUS 4, 4,,.., 4,, KOTOpPbIE OyIeM Ha3bIBaTh TaKKe

IIOCTaBIIUKAMH, COCPEIOTOYEHBI 3alachkl OJHOPOLHOIO Ipy3a B KOJIMYECTBAX
8;,8,,..., &, COOTBETCTBEHHO. B myHKTHl Ha3HaueHus B,B,,.,B,, uMeHyeMbIe
NOTPEOUTEIISIMU, HAJUIEKUT TIOCTABUTh COOTBETCTBEHHO b, b, ..., b, enuamil rpy3a.
M3BecTeH TpaHCHOPTHBIA TapH( c; - CTOMMOCTD MEPEBO3KU €IMHUILBI IPYy3a U3
MyHKTA 4; B MyHKT B;, i=12..m,j=12,..n. TpeOyercs COCTaBUTL TAKOW ILIaH

MIEPEBO30K TI'py3a, MPH KOTOPOM O0OIas CTOMMOCTh F BceX IepeBOo30K Oblia ObI
HaMMEHBIIIEH, IPH TOM BCE 3asBKH ObLTN ObI BHITTOJIHEHBI.

B Tepmun "TpaHcnopTHbI Tapud" BKIAIBIBACTCA YCIOBHOE TOHHUMAaHUE
CTOMMOCTH €IMHHUIIBI TPy3a - 3TO MOXET ObITh CE0ECTOMMOCTD, PACCTOSIHUE, Tapud,
BpEMs1, pacXo/i TOTUIMBA UJTU DJIEKTPOIHEPTUU U JIP.

[Tycte cymMMmapHBIE 3amachl TPY30B Yy TIOCTaBIIMKOB PaBHBI CYMMAapHBIM
MOTPEOHOCTSIM MOTPEOUTETIEH:

m n
23=25
i=1 j=1
DTO0 ycnoBHUe HazbiBaeTcs yciioBueM Oananca. Ecimu ns T3 ycnoBue Gananca
BBITIOJIHSIETCS, TO MOjJeNb T3 Ha3bIBa€TCs 3aKpBITOM, €CIM YCJIOBHE OallaHCa He

BBITNIOJIHEHO, TO MOAEIb T3 - oTKphITast. COCTaBUM MAaTeMAaTHUYECKYIO0 MOAEIb T3.
ITycTh x;- KOJMYECTBO TPy3a, KOTOPOE IMOCTABINMK 4, OTIPABIAET IMO-

Tpeburemo B; (i=12,...m,j=12,...n) cO CTOMMOCTBIO NEPEBO30K c;. JlaHHbIE

3a1a41 MOKHO IIPECACTaBUTh B BUAC Ta6J'II/H_[BI 1.

Tabmura 1.
[ToTpeburenu
IMTocTaBmukn B 3amacel
B, B, .. n
C C C
Al 11 12 o 1in al
X1 X1p Xin
C C C
4, 21 22 2n a,
Xp1 Xp, Xon
le Cm 2 Cmn
A, . a,
Xml XmZ an
ITotpedbHOCTH u n
P b, b, .. b, 2a=20b
i=1 j=1




ITo CMBICIIy CBOCMY BCJIIMYKWHLBI Xij >0 U OOJDKHBI YAOBJICTBOPATE CICAYIOITHUM

OTPAaHUYEHUSIM:
o N3 nyHkTa 4, Bce 3amachl H0KHBI ObITh BBIBE3EHBI (OIpPaHUUYEHUS 110

pecypcam): > x; =a(i=12,...m);
j=1
o 3asBKM NOTpeOUTENEN B; MOJUKHBI OBITH BBITNOJHEHBI (OrpaHHYEHUs
10 IOTPEOHOCTAM): Y X; =b;(j=12,...,n).
i=1

3arpaThl Ha TEPEBO3KY X; CIMHHUIl IPy3a W3 MYHKTA MOCTABKH 4; B IYHKT

noTpeOIenns B; COCTABIAIOT C; -X; PyOsel; o0mmas e CTOUMOCTb BCEX TIEPEBO30K
m n
X; PaBHA CyMMe€ BCEX TaKUX 3aTpar: F = c; -X; — min
i=1 j=1
Maremarnueckast mocraHoBka T3 COCTOUT B CIEIYIOLIEM:

COCTAaBUTD IINIaH IICPCBO30K X;; , YAOBJICTBOPAIOIINX CUCTCMC OI'PAHNYCHNN

ij !

m

> x;=b,,(j=12,...n)

i=1

D% =a,(=12..m)
1
a, :Zn:bj

i1

S

o

[N

YCIIOBHIO HEOTPHUIATENBHOCTU:  X; =0, i=12,...m,j=12,...n, mpu KOTOPOM

ueneBast QyHKIMS TOCTUTAET CBOET0 MUHUMYMA:
F =izn:cij X — min
i=1 j=1

N3 Marematnyeckod MOAENM BUAHO, 4TO T3 SBIAETCS YaCTHBIM CIIy4aeM
oO11elt 3a1aun JMHEWMHOro MporpaMMupoBanus. B o0mieil Teopuu JTMHEHHOro mpo-
IrPaMMHPOBAHUS TOKA3aHbI CIEAYIOIINE TEOPEMBL:

Teopema 1. Tpancnopmnasa 3aoaua npu 6vlnOJIHEHUU ycao6usa Oananca
6cezoa umeem peuienue.

Teopema 2. Cucmema ozpanuyeHuii mpancnoOpmMHOI 3a0a4u cOOepIHCUm
m+n-1 nunenno-ue3aeucumMsix ypasHeHuil.

[Ipn pemeHnn 3aga4 MPAKTUYECKUM CMBICH TEOPEMBI 2 3aKIIOYAETCA B
CJIEYIOIIEM: YHCIIO HA3HAYEHHBIX NIEPEBO30K paBHO m+n-1.

[Ipouenypa pemrenust T3 Oyaer cOCTOSTh B MOCIEAOBATEILHOM YITyUIIICHUU
OTIOPHBIX UIAHOB U MPOBEPKHU UX HA ONTUMAIIHOCTb.

MeToabl MOCTPOCHUSI HAYAJIBHOIO IJIAHA.

CylecTByeT HECKOJIBKO METOJOB IOCTPOEHHUS NEPBOHAYAIBHOIO OINOPHOIO
maHa T3 (omopHBIA IUIaH - IJIaH, YJOBJIETBOPSIOIIMN CHUCTEME OTPAHUYECHHUN H
YCIIOBUIO HEOTPULATENLHOCTH). PaccMOTpUM TOJNBKO JIBa M3 HUX: METOJ CEBEpPO-
3amaJHoro yria U METOl HAUMEHBLIEH CTOUMOCTH.



Kak y>xe oTMeuanoch, B ONOPHOM IUIaHe He OoJiee ' = M + N - 1 nmepeMeHHbIX
X.

j» OTIMYHBIX OT HyJIsl. EC/v TaKnX NEpEMEHHBIX PaBHO I, TO TAKOH TJIaH HA3BIBAKOT
HEBBIPOKJIEHHBIM, B IPOTHBHOM CJIy4ae - BBIPOKIACHHBIM.

Memoo ceeepo-3anaonozo yena. Haznauenue nepeBO30K HaYMHAEM C JIEBOM
BepxHell KkieTku (ceBepo-3amaigHbiii yroi). CpaBHHMBas pecypchbl MOCTaBIIMKA U
NoTpeOHOCTH MOTPEOUTENS, HA3HAYaeM MaKCHMaJIbHO BO3MOXKHYIO IEepeBo3Ky. Eciu
PECYPCOB MOCTaBIIMKA HEJOCTATOYHO, TO MEPEXOUM K CICAYIOIIEMY MOCTABIIUKY.
Ecnmu pecypcoB y mnocTaBHIMKa JIOCTATOYHO, TO HA3HAYMB HYKHYIO IEPEBO3KY
MEpBOMY TOTPEOHTENI0, TMEpeXoAuM K cieaymoomeMmy norpedurento. [lpu
Ha3HAYCHUW TIEPEBO30K Uil yA0OCTBA 3allMCHIBAEM OCTaTOK pecypcoB (To-
TpeOHOCTEN); €CIM Pecypchl 3aKOHUYMIIUCh WM NOTPEOHOCTH YIOBJIETBOPEHBI, TO
ctaBuM OykBy "K" (koHei). Eciu mnpu Ha3HaYeHHM MEPEBO3KH OJTHOBPEMEHHO
3aKOHYMJIMCh 3arachl PeCcypcoB y IOCTaBIIMKA M YIOBJIETBOPEHbI MOTPEOHOCTH
notpeduresns, To U3 "Urpsl" BBHIBOJUM TOJIBKO OJHOTO YYaCTHHMKA, APYroMy OC-
TaBJISIEM HYJIb 3aI1aCOB WJIM HYJIb OTPEOHOCTEN.

Memoo naumenvuieirt cmoumocmu. BpiOMpaeM KIETKYy C HaWMEHbIIEH
Tapu(pHON CTAaBKOW M HA3HAYa€M MAaKCHMaJlbHO BO3MOKHYIO IepeBO3Ky. Ecim
3amachkl 3aKOHYWIMCh WM MOTPEOHOCTH YJIOBJIETBOPEHBI, TO MOCTaBUIMKA WIIN
notpedurens uckimodaeM. Cpeny OCTaBIIMXCS KJIETOK CHOBA BBIOMPAEM KIIETKY C
HAauMEHBIIEH CTOMMOCTBIO M HAa3HAYaeM MAaKCHMAJIbHO BO3MOJKHYIO IIEPEBO3KY.
Ecnu B pe3ynpTaTe Ha3HAYECHUS IEPEBO3KH 3aKOHUYMIIMCH 3aI1aChl IOCTABIIMKA WU
YAOBJIETBOPEHBI MOTPEOHOCTU MOTPEOUTENS], TO €r0 UCKIIOYAEM U3 AAJIbHEHIIero
PacCMOTPEHHUS.

MeToa NOTEeHIIHAJIOB MOCTPOEHHUS ONTUMAJIBLHOIO IJIaHA.
HaubGonee npocteiM MeTonoM pemieHus: T3 sBiseTcss METOJ MOTEHIUAIOB.

HOTGHHHaHaMI/I Ha3bIBAIOTCs YCJIOBHBIC  4YHCJIa u vV, IIPUIIMCAHHBIC

i i
OTIPE/ICICHHBIM 00pa3oM KaXJ0MYy MOCTaBIIUKY U TOTPEOUTEITIO.

Teopema 3( ycnosue onmumanvhocmu naana). Cymma nomeHuuanios
nocmaguwiuka u nompebdumens pasHa mMapu@roil cmagke 01:A 3AHAMbBIX Kile-
MOK; CyMMA NOMEHUUAN08 NOCMAGUWIUKA U Hnompedumens He npesvluiaem
mapuguyro cmagky 011 c60000HbIX KINE€MOK:

{ui +V,=C;, X 20,

U +v; <¢;,  X%; =0

3ameuanne. ONOPHBIN TIaH T0JKEH OBITh HEBBIPOKICHHBIM.

Anzopumm pewteHus mpancnoOpmHOU 3a0a4u:

CrpouM HayalbHBIE IUJIAaHBI METOJIOM CEBEpO-3aMaJHOr0 yrja W Hau-
MEHBIIIeH CTOMMOCTH, U3 HUX BBIOMpPAEM JTyUIINH.

Haxoaum moTeHIMaibl MOCTABIIMKOB M MOTpeOUTENeH, UCTIONb3Ys MEePBOE
YCJIOBUE ONTUMAJIBHOCTH IUIAHA: U; +V,; =C;



HpOBCpHeM BTOPOC YyCJIOBHEC OINITHUMAJIbHOCTHU ILJIaHA JJIA CBO6OI[HBIX KJIICTOK
U —l—Vj SCij . Ecau ono BBITIOJIHCHO, TO IIJIaH OIITHUMAJICH. Ecnu He BBITIOJIHCHO, TO

yIIy4llaeM IJIaH.

4, VYayunienue miaHa.

a) OpU HEBBINIOJHEHUA BTOPOTO YCJIOBHS ONTHUMAIBHOCTU IUIaHA B
KJICTKY 3aHOCHM HapyIIeHHe U, +V; —C; CO 3HaKoM "+". Takue KICTKH Ha3bIBAtOTCS

ITOTEHIHAIbHBIMU;

Cpeau BCEX MOTEHLHUAIbHBIX KIETOK BbIOMpaeM KIETKY C HauOOJbUINM
HapyILIECHUEM;

CTPOMM JUIsl BBIOpDAHHOW KJIETKM 3aMKHYTBIH KOHTYpP, COCTOSIIIMM U3
BEPTHUKAJIBHBIX U TOPU30HTAIBHBIX OTPE3KOB MPSIMOM, IPUYEM BEPLIMHBI KOHTYpPA
JIeXKAT B 3aHATHIX KJIETKAX, 3d UCKIIOUYECHUEM TOM KIIETKH, ISl KOTOPOU CTPOUTCSA
KOHTYp. BHIBI KOHTYPOB IPUBEICHBI HA PUCYHKE 1;

Puc. 1 Buapbl KOHTYpOB
BEpIIMHBI KOHTypa MOOYEPEAHO mnomedaeMm, 3Hakamu "+"."-"| HaumHas c

KJIETKH, JIsI KOTOPOM MOCTPOEH KOHTYD;

n_n

€) CpeId KIJIETOK, TMOMEUEHHBIX 3HaKOM , BBIOMpaEM HaWMEHBIIYIO
nepeBo3Ky. Ha 3Ty BenuuuHy yBENMYMBAEM MEPEBO3KU B KIIETKAX, MOMEUYECHHBIX
3HakoM "+", M yMeHbIIaeM B KJIETKax, MOMEYEHHBIX 3HAkoM "-". B pesynbrare
MepeHa3HauYeHus IEPEBO30K OCBOOOKIAETCS OJIHA KIIETKA.

5.BHOBB NOJTy4YEHHBIN IUIAH NPOBEPSIEM HA ONTUMAIIBHOCTb.

ITopsiaoxk BBINOJIHEHUS 3aIaAHUN

3amanue. MmeroTcs Tpu MyHKTa MOCTaBKU OJTHOPOAHOTO rpy3a Al, A2, A3
u naTh yHkToB B1, B2, B3, B4, BS norpe6ienus storo rpy3a. Ha mynkrax Al,
A2 m A3 HaxoauTCs I'py3 COOTBETCTBEHHO B KoiuuectBe al, a2 u a3 ToHH. B
nyHkTel B1, B2, B3, B4, B5 tpeOyertcs 1ocTaBuTh cOOTBeTCTBeHHO b1, b2, b3, b4,
b5 TonH rpy3a. PaccrosiHue MKy MyHKTAMH MIOCTABKH U MMyHKTaMH MOTPEOJICHUS
MPUBEJICHO B TaOHUIIE:

IIyHKTBI IIyHKTBI HOTPEOICHUS

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




Haiftn Takoll miaH 3aKperuieHus TMOTpeOuTenel 3a IOCTaBIIMKAMU
OJIHOPOJHOTO  Tpy3a, 4YTOOBl OOIIME 3aTparbl 1O IEpeBO3KaM  ObUIN
MUHHMAaJIbHBIMHU.

al=200, a2=250, a3=200, 28 27 18 27 24
b1=190, b2=100, b3=120, D=[18 26 27 32 21
b4=110, b5=130 27 33 23 31 34

Pemenne.

1. IloctpoMM HayanbHBIM IIAH JABYMsSI METOJAMHU: METOAOM CEBEpO-
3alaJHOro yria ¥ METOJOM HaWMEHBUIEW CTOMMOCTH, M BbIOEpEM TOT ILIaH,
KOTOpbIM OyJleT HauWiaydlluM, TO €CTh I[OJYyYMM MHHHMAJIbHBIE 3aTpaThl 3a
IIEPEBO3KY OJAHOPOIHOIO Ipy3a.

A) CTpouM HauyaJbHBIM IUIAH METOJIOM CEBEpO-3amagHoro yria. CocraBum
Ta0NUIy 3HAYCHUIA:

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

Ywucio Ha3zHAYEHHBIX MTEPEBO30K M+N-1=3+5-1=7, To eCTh HAYATLHBIH MJIaH
X, =190, X, =10, X, =90, X, =120, x,, =40, X, =70, X, =130
HEBBIPOKICHHBIN.

IIpu TakoM 1IaHe cyMMapHbIE TPAHCIIOPTHBIE U3JIEPKKN PABHBI:
F =28-190+27-10+26-90+27-120+32-40+31- 70+ 34-130 = 5320+ 270 + 2340+ 3240 +

+1280+ 2170+ 4420 = 19040(eounuy)

b) CtpouM HavabHBIN IIJIAaH METOJIOM HauMEHbIIeH cTouMocTH. COCTaBUM
TaOIUIy 3HAUCHUI:

[ToTpeburenu B1 B2 B3 B4 BS 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, x
90 110

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

HavaneHrblii miad:
X, =10, X, =120, X, =70, X, =190, X, =60, X; =90, X, =110



[Ipu Takom mIaHe TPaHCIOPTHBIE U3JEPIKKU

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

+1260+ 2970+ 3410 = 15170(eouruy)

CpaBHUBasi TpaHCIOPTHBIE WU3JIEPKKHU, BUJUM, YTO IUIAH, MOCTPOEHHBIN
METOJIOM HAaWMEHBIIEN CTOUMOCTH, JIyUILIUMN.

2. BpiOupaeM Jnydmui TUTaH ¥ HAxXOJWM IOTEHIIMAJIbI IOCTaBIIUKOB U
noTpeduTenei, NCIoab3ys NePBOE YCIOBHE ONTUMAIBHOCTHU IUIAHA: U, +V ;=G

0 UTeNH, V| 21 27 18 25 24
[TocraBmuky, U; B1 B2 B3 B4 BS
o [u = 7 &7 =

1 2 27 2 21
S 130 6 3 60
2L 7w [E e

Hcrone3ysl mepBoe yClOBHE ONTHMAJIBHOCTH IUIAHA, COCTABUM CUCTEMY JIH-
HEWHBIX YPABHEHUM JUIS ONIPEAEIICHUS TOTEHIIUAIOB:

u, +v, =27
u, +v, =18
u, +v, =24
u, +v, =18
u, +v, =21
us +v, =33
u, +v, =31

CucreMa JTUHEWHBIX YPABHEHHUUN COJIEPKUT 7 YpaBHEHUW U 8 HEM3BECTHBIX,
T.€. OHa UMEET MHOXKECTBO pemeHui. Tak Kak Hy>KHO OJIHO peIlleHue, TO JII000H u3
HEW3BECTHBIX 33/1a€M 3HAUYCHUE U BBIUUCIISIEM OCTAJIBHBIE HEU3BECTHBIC.

ITycts u, =0, Torma

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

1.ITpoBepsieM BTOpO€ YCIOBHE ONTHUMAJIBHOCTH IUTaHA IS CBOOOJHBIX
KJIETOK U; +V; <¢c;. Eciu ecTh HapymieHus, TO 3aHOCHM HMX CO 3HaKOM «+». B

pe3yibTaTe MPOBEPKH MOJYUUIIU OJHY MOTEHIUANbHYIO KJIETKy. Takum oOpazom,
HAYAJIbHBIN IJIaH HE ONTUMAJICH.

2.VYny4iieHue miaHa. BeiOupaem KJIeTKy ¢ MakCUMaJIbHBIM HapylIEHHEM U
JUIsl Hee CTPOUM 3aMKHYTBIN KOHTYD.

0 UTEIH, V

[TocTaBuuku, U; B1 B2 B3 B4 BS5
28 27 + 18 - 27 24

Al e
10 120 70
18 26 1 27 ! 32 21
Al 190 i ! 60
A3 27 33 ! 23 31 34




| | - 90 [+ | 110 |

Cpenu KJIIETOK, TOMEYEHHBIX 3HAKOM «-», BBIOMpaeM HaMMEHBIIYIO
IIEPEBO3KY:

g =min(90,120) =90

Ha a1y BenmmuuHy yBeIM4YMBaEM IEPEBO3KHU B KIETKAX, IOMEYEHHBIX 3HAKOM
«t», W YMEHBIIAEM B KJETKAaX, IIOMEUEHHBIX 3HAKOM «-». B pesynberare
[IEPEHA3HAYEHUS [IEPEBO30K UMEEM IJIAH:

0 UTeIH, V| 21 27 18 26 24
[TocraBmuky, U; B1 B2 B3 B4 BS
o " e 57 B
3 A2 igo 26 27 32 gé
5 A3 27 33 ;g ﬁo 34

I/ICHOHI:By}I IICPBOC YCIIOBUC OINTHMAJIBHOCTHU ILIaHA, COCTaBUM CHUCTCMY JIHU-

HEWHBIX YPABHEHUM JUIS ONIPEAEIICHUS TOTEHIIUAIOB:
u, +v, =27
u; +v; =18
Uy +vg =24
u, +v, =18
Up, +vg =21
Ug +Vg =23

uz+v, =31

CucreMa JTUHEHHBIX YPAaBHEHUN COJEPKUT 7 YpaBHEHUN U 8 HEU3BECTHBIX,
T.€. OHa UMEET MHOKECTBO pelieHui. Tak kak Hy>KHO OJIHO pelIeHue, TO K00 13
HEU3BECTHBIX 33J]a€M 3HAUYCHUE U BBIYUCIISIEM OCTaJIbHbIC HEU3BECTHBIE.

ITycts u, =0, Torma

U, ==3, U3=5 v, =21 v,=27, v3=18 v, =26, v5=24

[IpoBepsiem BTOpOE YCIOBUE ONTUMAIBLHOCTH TUTaHA JJI1 CBOOOHBIX KIETOK
U, +Vv; <C;. YCJIOBHC ONTUMAJIbHOCTH BBINOJHCHBI, CJIE[OBATEIBHO, IUIAH,

COOTBETCTBYIOIIHIA TaOIHUIIE, ONITUMAJICH.
X2 =100, X;3 =30, X;5 =70, Xy =190, X,5 =60, X33 =90, X3, =110
F =27-100+18-30+24-70+18-190+ 21-60+23-90+31-110= 2700+ 540+ 1680+ 3420+
+1260+ 2070+ 3410 =15080(counuy)

OtBer: CpaBHMBasi TpU METOAA HAXOXKICHHSI ONTUMAJIBHOIO IUIAHA, JAEJIaeM
BBIBOJl, YTO METOJ IOTEHUWAJIOB HAaXOAUT ONTHMAJIBHBIA IUIAH pELIEHUs
TPAHCIOPTHOM 3aJaud, TaK KakK TMOJYYWIM MHHUMAaJbHbIE TpPAHCIOPTHBIC
u3zepKku paBHbie 15080 enqnuumi.

3agaHus VIS CAMOCTOSITEIbHOM PadoThI

1 Bapuanr.

3apava. VIMeroTcs Tpu MyHKTa NOCTaBKUA OJHOPOAHOTO Ipy3a Al, A2, A3 u
nats nyHkToB B1, B2, B3, B4, BS notpebnenus storo rpy3a. Ha nmynkrax Al, A2




U A3 HaXOAUTCA TPYy3 COOTBETCTBEHHO B KOIMYeCTBE al, a2 u a3 TOHH. B TyHKTHI
B1, B2, B3, B4, BS tpeOyetcst noctaBuTh cooTBeTcTBeHHO b1, b2, b3, b4, b5 ToHH
rpy3a. PaccrosiHue Mmexay NyHKTaMU TIOCTaBKM U IYHKTaMu NOTpeOJieHus
pUBEACHO B TaOJIHIIE:

IIyHKTBI ITyHKkTBI HOTPEOICHUSA

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

Haiftn Takoli 1iaH 3aKperuieHUs IOTpeOuTeNeH 3a IOCTaBIIMKAMM
OJIHOPOJAHOTO  Tpy3a, dYTOOBI OOINME 3arpaThl IO IMepeBo3KaM  ObUIU
MHHHUMaJIbHBIMH.

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

b1=270, b2=130, b3=190, D=150 47 23 17 21
b4=150, b5=110. 35955 27 4

2 BapuaHT.

3amava. lIMeroTcsa Tpy MyHKTa MMOCTaBKU OJHOPOJHOrO rpy3a Al, A2, A3 u
stk myHkToB B1, B2, B3, B4, BS notpebnenus storo rpy3a. Ha mynkrax Al, A2
U A3 HaXOAUTCA TPy3 COOTBETCTBEHHO B Kom4ecTBe al, a2 u a3 TOHH. B TyHKTBI
B1, B2, B3, B4, B5 tpcOyeTcst noctaBuTh COOoTBETCTBeHHO b1, b2, b3, b4, b5 ToHH
rpy3a. PaccrosiHue MeXay IyHKTaMd TIOCTaBKM W TYHKTaMU TOTpeOJeHUs
MPUBEICHO B TaOJIHUIIC:

IIyHKTBI ITynkTel noTpedenns

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

Haiith Takolt maH 3akperuieHus TMOTpeOuTeNel 3a MOCTaBIIUKaAMHU
OJIHOPOJAHOTO  Tpy3a, YTOObI OOIIME 3aTpaThl IO TMEpeBO3KaM  ObUIU
MUHHUMAaJIbHBIMHU.

al=200, a2=300, a3=250,

b1=210, b2=150, h3=120,
b4=135, b5=135.

KoHTpoJibHBIE BONIPOCHI

20 10 13 13 18
D=(27 19 20 16 22
26 17 19 21 23

Kakue 3a1aun Ha3bIBAIOTCS TPAHCIIOPTHBIMU?

B uem cyTh Knaccuueckod TpaHCIIOPTHOM 3a1a4u?

Uto 03HaYaeT TEPMHUH «TPAHCIIOPTHBINA Tapud»?

Kak 3anuceiBaercs ycioBue Oananca?

Kak BbIrIAIUT MaTeEMaTUUYECKas TOCTAHOBKA TPAHCIOPTHOM 3aJaun?
B 4yem cyTh MeTO/Ia C€BEPO-3aIMIaAHOTO yTIia?

No gk owdRE

OcHOBHAsA UaesI METOIa HAMMEHBIIIEH CTOUMOCTH?




ITPAKTUYECKOE 3AHATHE Ne 10

Tema: Haxoxaenue oONTUMaNbHOIO PEIICHUE TPAHCIOPTHOW 3aJayu
METOJOM NOTEHIUAJIOB.

Heab padorepl: HaliTu HavyanpbHOE pEUICHWE TPAHCIOPTHOW 3aJa4yd JIBYMS
METOJaMU: METOJIOM CEBEPO-3aIlaTHOrO yIiia U METOJOM HauMEHbIIEH CTOMMOCTH.
Haiitn ontumanpHOE peleHue TpaHCIOPTHOU 3aJa4M METOAOM MOTEHIUATIOB.

3aaHus I CAaMOCTOSAITEILHON PadoThI

3 BapuaHT.

3agava. IMeroTcs TpU MyHKTA MOCTaBKU OJHOPOAHOrO rpy3a Al, A2, A3 u
itk nyHkToB B1, B2, B3, B4, BS notpebienus storo rpy3a. Ha mynkrax Al, A2
U A3 HaxoAUTCs TPy3 COOTBETCTBEHHO B KoJInueCcTBE al, a2 u a3 TOHH. B MyHKTHI
B1, B2, B3, B4, B5 tpcOyeTcst noctaBuTh COOTBETCTBeHHO b1, b2, b3, b4, b5 ToHH
rpy3a. PaccrosiHue Mexay MyHKTaMU TIOCTaBKM M IYHKTaMH TOTpeOJIeHus
MPUBEICHO B Ta0JIUIIC:

ITyHKTBI ITyHkTBI HOTPEOIEHUSA

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 mjiaH 3aKkpelyieHus NOoTpeduTenel 3a MOCTaBLIMKAMMU
OJIHOPOJAHOTO  Tpy3a, 4TOObI OOIIME 3aTpaThl IO TMEpeBO3KaM  ObUIU
MHUHUMAaJIbHBIMU.

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

b1=140, b2=90, b3=160, b4=110, D=\49 26 27 18 38
b5=150. 46 27 36 40 45

4 BapuaHT.

3amava. lMeroTcsa Tpu IyHKTa IMTOCTaBKKA OJHOPOIHOrO rpy3a Al, A2, A3 u
stk myHkToB B1, B2, B3, B4, BS notpebnenus storo rpys3a. Ha mynkrax Al, A2
U A3 HaXOAUTCA TPy3 COOTBETCTBEHHO B KOM4eCTBE al, a2 u a3 TOHH. B yHKTHI
B1, B2, B3, B4, BS tpcOyeTcst noctaBuTh cooTBeTcTBeHHO D1, b2, b3, b4, b5 ToHH
rpy3a. PaccrossHme Mexay TyHKTaMd TIOCTaBKM U IyHKTaMU TOTpeOJIeHus
MIPUBEICHO B TaOIHUIIE:

IIyHKTBI ITynkTel norpedJenns

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




Haiftn Takoll miaH 3aKperuieHus TMOTpeOuTenel 3a IOCTaBIIMKAMU

OJIHOPOJHOTO  Tpy3a, 4YTOObI OOINME 3aTpaThl IO IMEpeBo3KaM  ObUIU
MHUHHUMAJIbHBIMHU.

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

b1=170,  b2=140,  b3=200, D=|19 17 26 36 36
b4=195, b5=145. 37 %0 89 A

S BapuaHr.

3amava. lIMeroTcsa Tpu IMyHKTa MTOCTaBKK OJHOPOIHOrO rpy3a Al, A2, A3 u
itk nyHkToB B1, B2, B3, B4, BS notpebienus storo rpy3a. Ha mynkrax Al, A2
U A3 HaXOAUTCA TPy3 COOTBETCTBEHHO B KOM4ecTBE al, a2 u a3 TOHH. B yHKTHI
B1, B2, B3, B4, B5 tpcOyeTcst noctaBuTh cooTBeTCTBeHHO b1, b2, b3, b4, b5 ToHH
rpy3a. PaccrosiHme Mexay IyHKTaMd TIOCTaBKM W NyHKTaMU TOTpeOJeHUs
MPUBEICHO B TaOJIUIIC:

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

Haiftm Takoli miaH 3akperuieHUs IOTpeOWTEeNe 3a IOCTaBIIMKAMU
OJIHOPOJAHOTO  Tpy3a, dYTOOBI 0OOIMe 3aTrpaThl 110 IepeBO3KaM  ObLIX
MHUHHMAJIbHBIMH.

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.
KoHTpoJibHBIE BONIPOCHI
1. B 4em cyTh MeTO/1a TOTEHIIUAJIOB?
2. Kakwue kJ1eTKH Ha3bIBAIOTCS MTOTEHIIMATBHBIMU?
3. Kakue BUABI KOHTYPOB BHI 3HaeTe?

INPAKTUYECKOE 3AHSATHE Ne 11

Tema: Pemenne 3amaud HEIMHEHMHOIO MPOrPaMMHUPOBAHUS METOAOM
MHOKUTENEN Jlarpanxa.

Heas padotbl: PemmTh 3a1auy HEIMHEMHOTO MPOrPaMMHUPOBAHUS METOJIOM
MHOXUTENEH Jlarpanxa.

Kparkas Teopus

3ajayaMy  HeJIMHEHOr0 NPOrPAMMHUPOBAHUSI HA3bIBAIOTCS  3a/ayu
MaTEMaTUYECKOr0 MPOrpaMMHUPOBAHMS, B KOTOPHIX HENMHEHHBI U (WJIM) 1esneBas
GyHKUMS, 1 (WIM) OTPAaHUYEHUS B BUJIC HEPABEHCTB WJIU PABEHCTB.

3amaul HEJIMHEHHOro MPOrpaMMUPOBAHUS MOXKHO KIACCU(PUIMPOBATH B
BugoM  ¢yakiuun  F(X),

Pa3MEPHOCTBIO BEKTOPA X (BEKTOPA PELICHUI).

COOTBETCTBUH  C GYyHKUMSIMH ~ OTpAaHUYEHUNH U




B camom o01iem Bujie kiaccudukaius npeacTapieHa B TaOIHIIE.

Bun pynkuun Yucao
Bua F(X) HaszBaHue 3agaun
OrpaHUYEHUH  TMepeMeHHBIX

BeBYCHOBHaﬂ OJIHOITapaMETpUICCKasd

Henuneitnas OTCYTCTBYIOT 1
OINTHUMU3ALHS
besycinoBHast MHOrOnmapameTpuyieckas
Henuneitnas OTCYTCTBYIOT bosee 1
OINTHUMU3ALHS
Hemunueinas
Hemuueitnpie iy
U Boiee 1 YcnoBHas HeIMHEHHAS ONMTHMM3AITHS

JIMHEWHBIE
JIMHEWHAS

OOmux crnoco0OB pelIeHUs, aHAJTOTUYHBIX CHUMIUIEKC-METOAY JIMHEHHOIro
OpOrpaMMUpPOBaHUs, ISl HEJIMHEMHOIO MpPOrpaMMHpPOBAHUS HE CYLIECTBYET.
B kaxmoM KOHKpETHOM ciiydae Croco0 BhIOMpaeTcss B 3aBHCHMOCTH OT BHAA
bynxun F(X).

3ajau  HEJIMHEHHOro MPOrpaMMHMPOBAHUS Ha MPAKTUKE BO3HHUKAIOT
JOBOJIBHO YacTO, KOTJa, HAMpuUMep, 3aTpaThl pPacTyT HE MPONOPIHOHATIHHO
KOJIMYECTBY 3aKYTJICHHBIX WU MPOU3BEAEHHBIX TOBAPOB.

3a0auu Henunelninozo NPOZPAMMUPOBAHUA OTHOCATCS K HMPYOHbIM
BBIUMCIUTENBHBIM 3a7adaM. [Ipu WX pemeHuu 4acTo MPUXOAUTCS MpHOeratbh K
NpUOIMKEHHBIM Memodam onmumu3ayuu. MOUIHBIM CPEICTBOM JIsi pEIIeHUs
3aJa4 HEITUHEHMHOTO MPOrPaMMHPOBAHUSA SIBISIOTCS YHCIEHHBIE MeToabl. OHH
MO3BOJISIIOT HAWTH pElICHHE 33]Ia4M C 33JaHHOW CTENEeHbIO TOYHOCTH.

Oo6mas ¢popmyTUpoOBKa HeJIMHEHHBIX 3a/1a4:

Haiitn nepemMeHHBbIE X1, X2, «.., Xn , YIOBIETBOPSIOIINE CUCTEME YPABHEHUIN

VY (x1,X2,pXn)=hi, 1 =1,
)
2, e, m
U oOpalarone B MaKCUMyM ( MUHUMYM ) HEJNEBYIO (PYHKIIHIO
Z=f(X1,X24 ee0y Xn) (2)
[IpumepoM THUOMYHOM W NOPOCTOM HEIMHEMHOW 3aJayd  SIBISIETCS
CleyIoIas:
JlaHHOEe TpennpusTHe IS MPOU3BOJCTBA KAKOTO-TO MPOJYKTa PacXoyeT JBa

CpEACTBAa B KOJIMYECTBE X1 U X2 COOTBETCTBEHHO. DTO (PAKTOPHI MPOU3BOJCTBA,

HarpuMmep, MAallIMHBI U TPYA, ABa pa3IMYHbIX CBIPbA U T.II., @ BEJIMYHUHBI X1 U X2 —



3arpathl (aKTOPOB MPOU3BOACTBA. DAKTOPHI MPOU3BOICTBA BIIPEAb Oy€M CUUTATh
B3aMMO3aMEeHsIEMbIMU. Ecnu 3TO «Tpya» M «MallUHBD), TO MOXHO MPUMEHSIThH
TaKu€ METOAbl IPOM3BOJCTBA, IPU KOTOPBIX BEIWYMHA 3aTpaT MallWH B
COTIOCTaBJICHUU C BEITWYMHOM 3aTpaT TPyJa OKa3bIBACTCSA OOJbINEC WM MEHBIIE
(Ipou3BOCTBO 00JIEEC WIIM MEHEE TPYIOEMKOE).

O0beM TPOM3BOACTBA (BBIPAXKEHHBI B HATYpaJIbHBIX HJIM CTOMMOCTHBIX
¢IMHUIAX) sBisieTcsd (QyHKIuel 3arpaT mpowmsBojactBa Z = f ((x1, x2 ). DOrta
3aBUCHUMOCTb Ha3bIBACTCS MPOM3BOACTBEHHON QyHKUUen. M3aepxKKu 3aBUCAT OT
pacxoaa 00oux (GakTopoB (X1 M X2) ¥ OT IEeH 3TUX (HakTopoB (C1 u C2). COBOKYITHBIC
U3ICPKKN BBIpakaroTcs Gopmynoit b = €1 x1 + C2 x2. TpeOyercst mpu JaHHBIX
COBOKYMHBIX U3/IEPKKAX OIMPEACIUTh TaKOE KOJUYECTBO (haKTOPOB MPOU3BOICTBA,
KOTOPOE€ MaKCUMU3UPYET 00hEM MPOAYKIUHU Z.

MaremaTndeckass MOJEIb 3TOW 3aJaud UMEET BHJ: ONPEACIHUTh TAKUE

MIEPEMEHHBIC X1 M X2, YJIOBJICTBOPSIOIINE YCIOBUAM
Cix1tCox2=b (3)
X120, x2> 0, (4)
IIPU KOTOPBIX (DYHKITUS

Z=f(x1,x2) (5)

nocturaer Makcumyma. Kak mnpaBuno, ¢yHKius (5) MOXET HMETh
IIPOU3BOJIbHBIN HEJITMHEWUHBIN BU/I.

Hcrmonb3yr0  KIACCHMYECKHE METOABl ONTHUMHU3AIMH, CIACAYEeT YETKO
NPEICTABIATh ce0e paszauuue MEXIY JIOKAIbHbIM DKCTPEMYMOM (YHKIIHH,
2/100anbHbIM DKCTPEMYMOM U YC106HBIM SKCTpeMyMoM. [loHsITHE YCIOBHOTO
SKCTPEMyMa BBOAMTCS IS CITydas, KOTJa YMCIIO TIEPEMEHHBIX N He MeHbIne 2 (n >
2). Bynem momaratb, uro ¢yHkuus Z = f ( X1, X2 5 ..oy Xn ) = T (X) mBaksr
muddepenmmpyema B Touke X* = (x1 %, x2 ¥, ..., xn* ), (X* € D(f)) u B HEKOTOPOI
€€ OKPECTHOCTH.

Ecnu niist Bcex Touek X 3Toit okpectHocTd f (X*) = f(X) nnu f(X*) < f (X),
to roBopsr, 4yto ¢GyHkmus f (X) mmeer skctpemym B X* (COOTBETCTBEHHO

MaKCUMYM HJIA MUHUMYM).



Touka X* , B KOTOpOH Bce YacTHbIE PoU3BoAHbIe PpyHKIMU Z = f (X) paBHBI
0, Ha3bIBAETCSI CTAMOHAPHOM TOYKOM.

Heo0xonumoe ycjioBue 3KcTpeMymMa.

Eciu B Touke X* ¢ynkuumsa Z = f (X) uUMeeT 3KCTPEMyM, TO YaCTHBIE
MPOM3BOHBIE (DYHKIIMU B 3TOM TOUYKE paBHHI O:

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

CrnenoBaTenbHO, TOYKUA dKcTpemMyma QyHKIuu Z = f (X) yAOBIETBOPSIOT
CUCTEME YpaBHEHUI:

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

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

(6)

Jlnsg  mOmydeHHWsT —JOCTATOYHBIX  YCIOBHH  CIEAyeT ONPEACIUTh B
CTallMOHAPHON TOuYKe 3HaK muddepeHimana BToporo nopsuaka. Juddepennnana
BTOPOro mopsaka o0o3Hauaercs d2f (X1, X2 , ..y Xn ) T 'xa (X) Haiitm wacthyro
IIPOM3BOIHYIO TI0 MEPEMEHHOM Xj , TO MOJIYYHM YaCTHYIO IMPOM3BOIHYIO BTOPOIO

HOpsiZIKa MO MEPEMEHHBIM Xi , Xj , KoTopas o0o3HauaeTcs T "xi xj (X). B aToMm ciyuae

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

iml gl

JlocTaToOYHbIE YCJIOBHS IKCTPEMyMa.

JIByX IepeMeHHBIX:

. ecmt A4 > 0 v a1 < 0 (a2 < 0), T0 B Touke X ° QpyHkums nmeer
MaKCUMYM:
ecu A > 0 v a1 > 0 (az > 0),10 B Touke X ° — Mmuanmym (B oTux cayuasx X ° =
X*),

. eciau 4 < (), TO SKCTpeMyMa HET;

. eciu 4 = 0, To BOIIPOC 00 IKCTPEMYME OCTAETCS OTKPBITHIM.

Metoa mHOkHUTeJ el JIarpanika

Crioco6 ompeneneHnss yCIOBHOTO 3KCTpEMyMa HAUMHAETCS C MOCTPOSHUS
BcrioMorarenbHol  (yHkiuu Jlarpanxka, kotopas B 00JacTH  AOMYCTUMBIX
pELIeHNI JOCTUraeT MaKCUMyMa JIJIs T€X )K€ 3HAUYECHUN MEPEMEHHBIX X1, X2, ..., Xn,

4TOo u eJjeBast byHKIIHS Z.



ITycth pemaeTcs 3a1adya onpeesieHns yYCiIoBHOro skcrpemyma GyHkiuu z = f (X)
pH orpaHudeHusx @i (X, X2, ..., Xn ) =0,1=1,2, .., m,m<n

CocTtaBuM (PyHKITUIO

LX) = f(X)+ E b (X)) (7)

i=l

KOTOpasi Ha3bIBaeTCs @ynxyuetl Jlacpansica. X, — MOCTOSTHHBIC MHOYKUTEITH
(mnoorcumenu  Jlacpanoca). OTMETHM, 4YTO MHOXHTEIIM Jlarpamka MOXKHO
NOpuaaTh SKOHOMHYECKHH cmbIicia. Ecmu f (X1, X2, ..., Xn ) — J1oxon,
cooTBeTCTBYyIOIMU MmiaHy X = (X1, X2, ..., Xn ), a QyHKIES @i (X1, X2, ...y Xn ) —
M3EPKKHU 1-TO pecypca, COOTBETCTBYIOIIKE ITOMY IJIaHy, TO X, — IieHa (OIEHKA)
I-To pecypca, XapaKTepHu3yolias U3MEHCHHE SKCTPEMaIbHOTO 3HAYCHUS IEJICBOM
(GYHKIMH B 3aBUCHMOCTH OT H3MEHEHHs pa3Mepa i-ro pecypca (MapruHajabHas
onenka). L(X) — dynkius N + M nepeMeHHBIX (X1, X2, ..., Xn 5 A1y, 42, ey 4n ).
OmnpezencHue CTAllMOHAPHBIX TOYCK ATOH (YHKIMH TPHBOIAWT K PEIICHHUIO

CHUCTEMBI YPAaBHECHUM

BLX) 6 r=12.. .
ar:‘ H A [] r 8)
2D 0 i m (
m‘ ¥ s -

t —

Jlerko 3ametuTh, uto L4 )= AL Taxum oGpasom, samaua HaxOKIEHNS
ycioBHOro skcTpemyma pyuknun Z = f (X) cBoauTcs K HaX0KICHUIO JIOKAILHOTO
skctpemyma (yHkium L(X). Eciaum cranuonapHas Touka HaifiieHa, TO BOIPOC O
CYIICCTBOBAaHMM 3KCTPEMyMa B MPOCTEHIIMX CIydasx peliacTcs Ha OCHOBaHHHU
JOCTAaTOYHBIX  YCJAOBHH OKCTpeMyMa — HCCICJOBaHHMS 3HAaKa BTOPOTO

d?L(X 7
nuddepeHnmrana (X) B cranpoHapHOW TOYKE MPU YCIOBHH, YTO MEPEMEHHBIC

MIPUPALLEHUS AXi - CBSI3aHbl COOTHOIICHUSIMU

Z%ng={},i-].2, s T, 9)

=l 4
NOJIyYeHHBIMU ITyTeM AU(depeHIuPOBaHUS YPABHEHUM CBSI3H.
INPAKTUYECKOE 3AHATHE Ne 12
Tema: Pemenue 3agaud HETMHEHHOTO MPOrPAMMHUPOBAHUS TpapUuyeCKUM

METOIOM.



Hear pabGorbi: Pemunrh 3amadyy HEIMHEWHOTO MPOrPaMMHUPOBAHUS
rpaduyecKuM METOI0M

Pemenue cucreMbl HeJIMHEHMHBIX YPABHEHUH C IBYMSA HEM3BECTHBIMU

¢ nomouublo cpeacrsa Ilouck pewenusn

Hactpoiika Ilouck penieHMsi TO3BOJIIET HAXOJAWUTHh PEUICHUE CHUCTEMBI

HEJIMHEMHBIX ypaBHeHI/Iﬁ C ABYMs HCU3BCCTHBIMMU:

{ fixy)=C

10
fz(x’ Y): C, 10

rae f,(x,y),i=12- HenuHelHast (QyHKIMA OT MepeMeHHbXx X u Y, C,,i=12-

MIPOU3BOJIbHAS TTOCTOSTHHAS.

N3BectHO, uTo mapa (X, Y) sBisieTcs pelleHueM cuctembl ypaBHeHui (10)
TOr/Ia ¥ TOJIBKO TOTJA, KOTJa OHa SIBISIETCS PELICHUEM CIEAYIOIIEr0 YPaBHEHUE C
JIBYMsI HEU3BECTHBIMHU:

(0 y)-CfF +(f(x y)-C, P =0 @Y

C npyro# CTOpoHsbl, pemieHre cucteMsl (10) — 3To TOUKM nepecedeHus AByX
KPHBBIX: fix,y) =Cu
fo(x, y) = C2 Ha mnockoctu XOY.

N3 3TOro cienyer MeTol HaxOKIAEHUS KOPHEHM CHUCTEMBbl. HEJIMHEWHBIX
YPABHEHHIA:

1. OnpenenuTh (XOTS ObI MPUOIMIKEHHO) MHTEPBAJ CYIIIECTBOBAHMSI PEIICHUS
cuctembl ypaBHeHu# (10) nnu ypaBaenus (11). 3aech HE0OX0IMMO YUUTHIBATh BU
yYpaBHEHUI, BXOJSIINX B CUCTEMY, 00JIACTh OTPEACTICHUs KaKI0TO UX YPAaBHEHUH U
T. 1. IHOTr 12 pruMeHsieTcst moA00p HauyaubHOTO MPUOIMKEHHS PEIICHUS;

2.IIporabynupoBarh pemeHue ypaBHeHust (11) mo mepemMeHHbIM X W Y Ha
BBIOPAaHHOM HHTEpBase, 1u00 moctpoutsh rpaduku Gyukimit f1(X,y) = C, u f2(x,y)
= (Cy (cuctema(10)).

3. Jlokanu3oBarh mpeamnonaraeéMpie KOPHU CHCTEMbl YpaBHCHHN — HAUTH
HECKOJIbKO MHUHUMAJBHBIX 3HAYCHWA U3 TaONMIBl TaOyJIUpOBaHUE KOPHEH
ypaBHeHus (11), mubo ompenenuTh TOYKH TEPECEUeHUs] KPHUBBIX, BXOASIIMX B
cuctemy (10).

4. Haiitu xopHU i cucteMbl ypaBHeHuidl (10) ¢ momoIbl0 HaJACTPOUKH

IMouck pemreHus.



ITopsiaoK BBINOJTHEHUS 3aaHUM

3agava. PemuTh cucTeEMY HEJIMHEWHBIX YPABHEHMI:

{(x—l)z +(y+1) =4

SX+4y=2

Pemrenne:

Jlerko BHUAETH, YTO pEIICHUE CUCTEMbl YPAaBHEHUN SIBJISIOTCS TOYKU
nepeceueHusi OKpyXHOCcTH (¢ pamuycom 2 u neHtpoMm (1,-1)) m npsmoit
y =0,5-1,25x.

JIaHHYIO CUCTEMY 3aMEHUM PABHOCHIIBHBIM YPABHEHUEM:

((x—l)2 +(y+1y —4)2 +(5x+4y—2)* =0, U1 KOTOPOTO OYyAE€M HCKATh PEIICHHS C
Iomanbio Haacrpoku Ilouck perenus.

HUcxonass w3 TpaduKkoB YypaBHEHUM, HUHTEpBaN JIOKAIM3AlUK KOpHEH
omnpenenuM B rpanuiax ot -3 1o 3 (puc. 1). SAueiika B3:B43 conepxaT 3HaueHuUs
X. @opMyIIbl 11l TOCTPOCHUS TPaPUKOB:

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|

@_1 Dain  [paska Bua  Brraeka Dopwat  Cepsuc fdanHele OwkHo  Crpaswss - 8 X

P10 XK= TE % - E;Ejv!
53 - i
A|EI|S|E|E|F|E|H|I|“|KT
1 |PELMEHME CHMCTEMbI HENWHENHBILX ¥PABHEHNI
1. |x DEFYIHOCTE MFAKAR
-1 -1 1,78
-0,2765| -1,5245 1,625 .
20,1282 18718 1.5 Mpadiukn ypaBHEHWA CHCTEMEI

1,375

i
|
t
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1125
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lNoToBO Puc. 1. MNpathmueckoe peweHWe cCMCTEMBl HEMWMHEWHbIX YPaBHEHWA

=(2-5*B3)/4




1. TabynupyeM paBHOCHUJIBHOE ypaBHEHHUE Ha oTpe3ke [-3; 3] ¢ marom

0,5 (puc. 2).

B3 Microsoft Excel - Kuural.xls

E_] Dain  Mpaska Bua  Boraeka  ©opuat  Cepeuc JanHele  OwkHo Chpaska BeeawTe Bonpoc - .7 X
(W0 - K& UEEE - m € 5] &v&-ag.j|-q-|@|?5% - E”Eij'
B47 - B =((3A4TAP2+(BE46+1)"2-4 P 24({5*5A4 T +4*B546-2 "2
Al B | ¢ | o [ e | FF [ & [ w [ 0 [ 3 T w [ L [ wm [ w ] =
45 |2
48 0.8 1] 0.5 1 2.5 3
a7 511,063 20| 228,082 225 837.063 202
45 244.5) 285,812 2868,5| 260,313 2405 524,212
48 223,583 180 152,563 145 201,563 441
50 128,5) 100,812 210,5| 325,212
51 81,0825 50| 30,0825 25 158,063 281
52 44.5| 20,8128 8.5 523125 140.5| 289,212
53 23,5825 8| 0,5825 5 148,563 288
ca 145 7.8125 8.5 20,2128 182,5| 208,213
55 15,0825 18| 28,0828 48| 88,0825 148| 237,083 388
56 24.6| 27,8135 5.5 2125 128.5) 209,812 212.5| 456,212
57 43,5825 68| 100,583 252 | 409,583 588
58 745 110,812 188,85 216313 282,65 284,812 520.5| 708,212
58 121,082 170 220,083 205| 400,082 22| 879,062 251
a0 hd
W4 v M Muerl f Tner2 £ Nnce3 / |< >
MoTosa Puc. 2, TabynuposaHue iyHKLHKA ANA HAX0MHOeHWA peleHnA CUCTe bl YpaBHeHMA

Jlokanu3upyem KOpHHU paBHOCUJILHOTO ypaBHEHHUS (puc. 3):
Sueiiku A47:A59 conepkar 3HaueHus X Ha otpeske [-3; 3] ¢ marom 0,5;
Suetiku B46:N46 conepxat 3HaueHus Y Ha oTpeske [-3; 3] ¢ marom 0,5;
dopmyia s stuetiku B47 (konmupyetcs Ha nuana3on B47:N59):
=(($A47-1)"2+(B$46+1)"2-4)"2+(5*$A47+4*B$46-2)"2
dopmyita ans stuekiku B62 (konmupyetcs Ha nuana3on B62:N62):
=MWH(B47:B59)

Ncxons u3 pe3ynbTaToB BBIUMCICHUHN, OMPEIETUM CIIEIYIONUE Maphl

mpeoiaraeMbIX KopHel ypasaenus: (2,5; -2,5), (2; -2), (0; 0,5), (0; 1).

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

@_] ©aitn  [Opaska Buo  Boraska  QopuaT  Cepemc Qandsle OwHo  Cnpasks

: = = = [ ] - - - H - 7

iw - K&y SEEHmEN H-P-A-BiF 9[RS

MNG2 hd fe =IMH{MNAT-NE9)
A|EI|S|B|E|F|E|H|I|..|K|L|II|N|T

45 |2,

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

47 -2 5| 511,082 258| 428,082 435| 454,082 5z2z| 837,082

ag [ -5 saa 5| 295812  zess| zenzqz]  zazs| zmesqz]  ascns| Ezas

42 -2 223 563 180 212] 201,862

50 -1.8 128.5] 100,812 128,812 2108

51 1 £1,0825 50 82| 159,082

52| 0.5 445| 20,8125 5| 84,8125 140,5[ 2

£2 i g 72

54| 0.5 7.8125

25 1 18
s8] 15 27,8125

57 z ]

58 2.5 110,812

58 2 121,083 170] 2

&0

&1 [3.

&2 [Min | T.2128] 0.5] 4] 11.5828] 18,3128 145] 7.8125] 05625 & 225 e48125] 1408288213 O
o4 v WP Tl Tua2 £ va3 / |< >
loToBo Puc. 3. Nlokanusauma KOpHER CHCTEMBl YRaBHEHHA




Haiinem KOpHH paBHOCHIILHOTO ypaBHeHHUs (puc. 4) — Ui 3TOTO IOMECTUM
napbl 3HaUE€HUH Il TIpeIoaraeMblx KopHe B stueiiku D69:E72. B sueiiky G69
BBeZeM (opMyily Ui PaBHOCHIJIBHOTO YpaBHEHHUS (KOMHUpPYyeTCs Ha JAuana3oH
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
nomolipo Hajactporku Ilouck pemenus (B okHe Ilapamerpsl moucka pemieHus
¢naxok JluHeilHas Monenb JODKEH OBbITh CHST) YCTAaHOBMM HEOOXOJUMBIE

napaMeTphl JJ1sl IOUCKA KOPHSI paBHOCWJIBHOTO 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 MOWCE pelweHA ANA 330348 HaXHOeHWA KOpHER CUCTEMBI

3aTeM BBINOJHUM TMOUCK pemeHus. [lponeaypy mnoBTOpuUM JUisi BCex
HMMEIOIINXCS TTap KOPHEH.
Pe3synbraTel noucka pemieHus (puc. 6) mo3BoJSIOT I€aTh BHIBOJ O TOM, YTO

CUCTEMA UMEET 2 PEIICHMUS:



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

Microsoft Excel - Kuuvral.xls

@_1 Daiin  Mpaska Bua  Boraska Dopuat  Cepeuc daHHse
! OkHo Cnpaeka -8 X

€ B Bigia- R - BEi» Bid-H

GT0 fe =((D70-112+(E70+1122-4)22+(5* D70+
Al B | €| b |4ET0-2p2

84 |4

&7 (Mpegnonaragtble 3HAYEHWA KOPHER YPaBHEHNA

a8 ® b ZHELSHUA YOBEHEHNE

89 2,38767| -2,45883 2 58434E-07

70 2,287655| -2,4593 2 42523E07

71 -0,1238| 0.85443 2. 10512E07

72 -0,1237| 0,85458 8,80851E08

T =

M4 v WP neTl S Nucrz fuas /| ¢ >

Puc. 6. PesyneTaTel NOWCKE pEWEHWA ANA HENMHEWHOW CUCTEMBbI Y2aBHEHHMA

3aaHus I CaMOCTOATEIbLHON PadoThI

1 Bapuanr.

3amava. PemnTh cucteMy HEJIMHEMHBIX yPaBHEHUI:
3x° +6y° =4

{ 6x+10y =4

2 BapuaHT.

3amava. Pemnth cucteMy HEJIMHEMHBIX yPaBHEHUI:

4x-1)* +5(y+1)* =12
4x -2y =1

3 BapuaHT.

3agaya. PemuTe cucreMy HETMHEMHBIX yPaBHEHUI:

3x*+y*=3
X+6y=10

4 BapuaHT.

3amgaya. PemuTe cucreMy HEJIMHEMHBIX yPaBHEHUI:
3(x—3)° +5(y +5)° =25
X=12+2y
S Bapuaur.

3apava. Pemnth crucTteMy HETMHEHHBIX YpaBHEHUI:

x> +3y° =4
8Xx+4y=2



KoHTpoJibHBIE BONPOCHI

1. Kakue 3aa4u Ha3bIBAIOTCA 3ala4yamu HEJIMHENHOTO
IpOTrpaMMUPOBaAHUS?

2. Kaxk 3anuceiBaercs o6mras GopMyaIupoBKa HETMHEWHBIX 331297

3. Kak BBITJISIUT KJIaccUpUKAIII 3aja4 HEJIMHEHOTO
IpOTpaMMUPOBaAHUS?

4. B uyeMm cyTh MeTOAa MHOXKUTEINEH Jlarpanxa?

5. Kakue crnocoOsbl penieHns HeTMHEWHBIX 3a7a4 Bbl 3HaeTe?

INPAKTUYECKOE 3AHATHUE Ne 13

Tema Pemienue 00bIKHOBEHHBIX 1M (] (pepeHIHATBLHBIX YPABHEHHUI

Pemenue o0bikHOBeHHBIX Auddepenimanbabix ypasaenuit (OY) mmpoxo
IIPUMEHSIETCA B MIPAKTUKE HAYYHO-TEXHUYECKUX pacdyeToB. XOTA auHerHsle OY
MOTYT HUMETh PEIICHUS B BUJIE CIEUHAIbHBIX (YHKIUN, MHOTHE (PU3HUYECKUE
CHUCTEMbl HEJIIMHEHHBI W OINMCHIBAIOTCA HeauHeHHbIMM OJlY, He HuMernuMu
AHAINTUYECKOTO peleHus. B 3ToM ciiyyae MNpUXOIUTBCA HCIIOIB30BATh
YuCJIEHHbIE MeTObI pemenust O1Y.

Utobpr pemmuts OJIY, HeoOXoAMMO 3HATh 3HAYCHUS 3aBUCHMOM
NEepEMEHHOM W (WJIM) MPOM3BOIHBIX IPH HEKOTOPHIX 3HAYCHUSAX HE3aBUCHMOU
MepEMEHHOU. ECM 3TH JONTOJTHUTENBHBIE YCIIOBUSA 33IAt0TCA IPU OJJHOM 3HAYCHUU
HE3aBUCUMOI MEPEeMEHHOM, TO Takas 3ajada HazbiBaeTcs 3adauei Kowu. Ecnu xe
YCJIOBUS 3aJIal0TCs MPU IBYX WK 00Jiee 3HAUEHUAX HE3aBUCUMOM MEPEeMEHHOM, TO
3a71a4a Ha3bIBACTCS KPAeBolu.

3amaua Kommu

3aoauy Kowu MOXHO ChHOPMYIUPOBATH CICAYIONIUM 00pa30M: IMYCTh JIaHO
0J10%

G s (
1)

¥ HauanpHoe ycioBue F¥0)=Fo.  TpeGyercs mHaiitn  yHkumo 7
yIOBJICTBOPSIONIYIO KaK YKa3aHHOMY YPaBHEHHIO, TAK U HAYAJIbHOMY YCJIOBHIO.

UucnenHoe pemreHne 3amaur Koo COCTOMT B TOCTPOCHHH TaOJIHIIBI
NPUONMKEHHBIX ~ 3HAYCHWH Y1, Y2, .., YnpelleHus  ypaBHeHus Y} B
TOUYKaX X1, X2, ..., Xn. Yame Bceroxi= Xo+ 1h, i =0, 1, ..,n, rtoeh- wmar
IpUpAIIECHHS TEPEMEHHOMN X, N - YHCII0 HHTEPBAJIOB PEIICHUS ¢ I1arom .

PaccMoTpuM 37ech J1Be TPYNIBl YHCICHHBIX METOAOB PEIICHUS 3a1adu
Komm: oonowazosvie u mnocowazoswie.

Oonowazoevie memooni



Oonowiacosvie Memoovl - 3TO METOAbl, B KOTOPBIX HJS HaXOXKICHHUS
cieayroliel Toukd Ha kpuBoi Y = f(X) TpeOyercs nubopmanus Iuiib 00 OJHOM
npeasiaymeM Imare. [IpocTeWmMM W3 OJHOMIATOBBIX METOJOB SIBISETCS METOJ
Ditnepa:

Faa =+ JEIOR 20,1, .01, (

2)

Memoo Diiniepa iMeeT HEBBICOKYIO TOYHOCTS (TTopsika h).

Jlnst mOCTYDKEHHS oomnee BBICOKOM  TOYHOCTH (mopsaxa h*)
UCIIONB3YIOT Memoo Pynee-Kymma 4eTBepTOro MopsIKa:

g+ 2 o+ 20y + i

Fir=F + 5
, IE
= - . . lil':
Fo =7 _f(xz,_}’}!}, k2=h'.f(xi+ﬂryi+_, (
k1=h'f(1'j+§sfi+ kg =h- flx, +hp+0 3)

Mnuozowazoevie memoowt

B mHozowazoebix  memooax oA OTBICKABAaHUS — CIEAYIOMIEH  TOYKH
kpuBoii y = f(X) TpeOyercs mHbOpMaIus boree yem 06 0O0HOU U3 TPEIABITYITUX
TOYEK.

ITycte Haiimensl 3HadeHus *+:-F-2-¥i-1-¥i B yeThIpex MOCIIEHOBATEILHBIX
Toukax. IIpu 3TOM MMEIOTCS TAaK)KE BBIYHMCIIEHHBIE PaHee 3HAYEHUS MPABOU YaCTH

ypasuenust (1) f-37-2-7i1:5i  Torma cxemy memoda Adamca MOKHO TPEACTABHTD

B BUJC:
h 5-h 3-h
Fn=Fith fec A+ Alfic—— AF
2 12 3 ,i=3, 4,8
-1
I'1C¢ KOHCYHBIC PAa3HOCTHU B TOYKC i HUMCIOT BHU .
&= fi ~ fas
M fi=fi-2fa+ fia 5)

ﬂEfz‘ =5-3fa+3fa-fis

Pewenue 3a0auu Kowu cpeocmeamu Mathcad

Nuctpymenrapuii aisa pewenust OY (cuctem OY) paznuuHoro nmopsiaka
B Mathcad npencraBieH HIUPOKUM CHEKTPOM BCTPOCHHBIX (GYyHKIMN, padoTa
omHou u3 kotopbix (rkfixed - meron Pynre-Kyrra (rk) uwerBeproro mopsiaka c
dukcupoBannbiM (fixed) marom uHTErprpoOBaHus) MOKa3aHa 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 moroww s C norow e T ouHOE pELWEHKE
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
000 rkfiked
ood Rkadapt =
i _>IJ
Prezs F1 for help. | auto | | | Page 1 i
Pucynok 9. Pemuenune O/1Y 1-ro nopsigka
rkfixed(y, a, b, Bosppamaer wmarpuiry cp+ 1  cronObmamm wmn+1
n, D) CTpOKaMH  (p - KOJIMYECTBO YpPaBHEHUH WM  MOPSJIOK

ypaBHEHHs, N - YKMCIO IIaroB Ha HMHTepBaine [a,b]) - Tabmuiy
pelIeHU CHUCTEMBbI: TIepBBIM cTONOE - 9TO 3HAYCHUS
apryMeHTa X, a TIOCJCAYIONINE CTOJIOIBI - 3HAUCHHUS OpJIHHAT
pEIICHHUS. Y - BEKTOP  HAYaJIbHBIX  YCIOBHUH  pa3MepHOCTH N.
D(X, y) - GyHKIMSI-BEKTOp U3 N 3JIEMEHTOB, COJEpIKaIlas mepBbie
TIPOM3BOIHBIC HEU3BECTHBIX (DYHKITHIHA.

MoxHo pemuTh 3amady Oosee TO4YHO (Oosiee OBICTPO), €CIIM YMEHBIIHUTh
mrar h tam, e mpou3BoaHAsS MEHSCTCS OBICTPO, M YBEJIUYUTH IIAr Tam, IJIe OHA
BEJIET cebs Oomnee CTIOKOMHO. st 3TOTO IpeIyCMOTpPEHA
¢yukuus Rkadapt (adaption - aganrarust). ApryMeHTBl M MaTpHIla, BO3BpalacMast
¢yukuueit Rkadapt, Takue »xe, kak mpwu rkfixed (cm. Pucynox 9). Pemienue
cuctembl O/1Y nokazano Ha Pucynke 11 (ITpumep 2).

Kpaesblie 3a1aun

Kpaesas 3a0aua bopmynupyercst cieayronaM o0pa3oM: MyCTh Ha OTPE3Ke
[a, b] TpeOyercs HaliTh pemenue AudhepeHINaILHOTO YpaBHEHHS (IS IPOCTOTHI
u3noxxenue Oynem Bectu Ha npumepe OlY BToporo nmopsiaka):



d* ,
- Y
dx , npu IPaHUYHBIX 6)

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

B atom cinyuae Mathcad npemiaraer ucrons3oBath GyHKIHIO Sbval, 4To0b1
HAWTH HEIOCTAIOMIE HAYaIbHBIC YCIIOBHS B TOUKE .

EHathcad PLUS - [PemeHue Kkpacemx 3apay] _ O] x|
E‘l 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= - ZA0AHME HAYANEHBL YCIOEMHH 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 0082 0452
=
Nz 0131 0334 b
KIS _>IJ
| auto | | | Page 1 -
Pucynok 10. Pemrenue kpaeBoii 3a1a4u
Shbval(v, a, b, D, load BosBpariaer BEKTOD, COJICPIKAIIIAI
score) HEIOCTAIOIINE HAYaJIbHbIE YCJIOBUS B TOYKE d.

Bexkrop V 3aaer HavanbHble TpUOTKEHUS, a, b -
rpaHUYHbIC TOYKW WHTepBayia pemenuid, D(X, V) -
(YHKIHSA-BEKTOP C TMEPBBIMH  MTPOU3BOJIHBIMU
Hew3BeCTHbIX (QyHkuuid. load(a, v)- dyHkuus-
BEKTOP, BO3BpallamoNias 3HAYCHHE HAYaIbHBIX
ycioBuii B Touke a. score(b, y) - dpyHkuus-BekTop,
KaKIBIA 3JEMEHT KOTOPOTO COJEPXKHT Pa3HOCTh
MKy HAYadbHBIM YCJIOBHEM 3aJaHHBIM B
TOYKe D, U 3HAYCHHEM MCKOMOTO PCIICHHS B 3TOU
TOYKE.

[Tocne TOrO, Kak 3TU HEIOCTAIOIINE HAavaJbHbIE YCIOBUS OYyAyT MOJYUYEHBI,
MOXKHO pelaTh OOBIUHYIO 3aJady C HadaJlbHBIMH YCIOBHSIMH - 3adauy Kowu,



UCIIOJB3YS JIF0OYI0 U3 pyHKIMH, onucaHHbIX BhIlie (Pucynok 9).I1pumep pemenus
KpaeBoM 3aJauu rokaszaH Ha Pucynke 10.

CuUMBOJIbHOE pellieHre JUHEHHBIX Au(depeHInaIbHbIX YpaBHEHUIM

Jlist monydeHusi aHanuTUyeckoro pemeHus auHedHbXx OJY B Mathcad
HEO0XO0JIMMO BBINOJTHUTH clenytomue aevctsus ([Ipumep 1 Pucynka 11):

Eciu Bbl pabGotaere ¢ maketom Mathcad 5.0, He 3a0ynpTe
OpeaBapUTEIbHO  BBIMONHUTL KoMaHay Symbolic ? Load Symbolic
Processor nist 3arpy3ku CMMBOJIBHOTO Tiporieccopa.. IIpormycture 3ToT
IyHKT, €CJIM BBl paboTaeTe ¢ maketoM Mathcad 6.0.

. Hameuatats  mcXomHOE ~ ypaBHEHHME,  HCIOJIB3YS  OMEPATOPHI
nuddepeHnupoBanus 1 komouHamro kiapum [Ctrl]= mist meyaTn cumBoa =,

. OTMeTHB  HE3aBHCHUMYIO  TIEPEMCHHYIO,  BBITIOJHUTH  MPSMOE
npeoOpazoBanue Jlarutaca Symbolic KO Transforms KO Laplace Transform
(IlpeoopazoBanue Jlanmnaca). Pesynaprar nma OJ[Y Beime 1-ro mopsiaka Oyner
nomerieH B Oydep oomena. BreizoBuTe ero HaxkaB kiaBuiny F4.

. [To pesynbraTam mnpeoOpaszoBanus Jlammaca “BpydHyr0” COCTaBUTH
anreOpanveckoe ypaBHeHWe, npuHsAB obo3nauenus L = laplace(y(t), t,s), Cl =
y(0) u C2 = diff(y(0), 0).

. Pemmute cocraBiieHHOE anreOpandeckoe ypaBHEHHE OTHOCHUTEIBHO
nepemenHoi L, ncnone3ys komanay 0Symbolic FO Solve for Variable (Pemurh
OTHOCHUTEJILHO NePeMEeHHOM).

[ER Mathcad PLUS - [Pewenue 0 1Y] M= B3

_E'!Il File Edit Test Math Graphice Sembolic Window Books Help _|E’|£|

Mpurep 1. CUMEONEHOE pEWEHME d—j.r(tj k(= —
dt

004 1-ro nopagka

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:
--C1- = OTHETHE NEPEMEHHYND £, BRINDAHMM EOMaHIY
Symbolic = Transformz = Inverse Laplace Transform
W Halie BPEMEHHUK 33BUCUMOCTE - PELWEHME S303HHOMD YpaBHEHA!

2
B

(s-1)

domt + O expkth + o R
$ k 'S
Npurep 2. PeWeHye cCHCTEMEL W= 2y cHavaneHerd  ull]=1.5  u(0]=15
004 2-ro nopaoea W= 4v_- 2u YCADEHARM w1=1 w0 =1
L3 | = ul 1 . < OnpegeneHue
<- OnpegeneH1e 2. y"  EEKTOpa
RS u'fdy  EekTOpa ) ¥ NEPERIX M
¥z | HauaneHes DX ¥ 0= ETOpLI
<- () YCADEME ¥3 ¥ NpoMsEOAHER
'::_ 1
1 vi{) doy Ty, | v

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

K1

| auto | |MUKM | Page 1 i

Pucynok 11. Hexkoropsbie Bo3mosxkHocTH pemienust O1Y B Mathcad



. OTMeTUTh MEePEMEHHYIO S U MPOU3BeAs oOpaTHOE NpeoOpa3zoBaHUE
Jlanmaca Symbolic FO Transforms O Inverse Laplace Transform (O6patHoe
npeodpaszoBanmre Jlamuaca) nonyunts pemeHue 3agaHHoro OJlY B Buze
BPEMEHHOM 3aBUCHUMOCTH.

[Tops oK BBINIOJHEHUS

dy

3apanue 1. Pemmmts 3anauy Komm: @ =ﬂx’y}, y(0) =1
¢ maroM h = 0.1 na otpeske [0, 1]:
. METOJIOM Jiinepa,
. mMeTooM Pynee-Kymma (xoadbuiuenTs! K 3agath kak  QyHKIHAK
oT X U Y);
. MeToa0M Aoamca;
. ucnonb3ys ¢pyakmmro rkfixed.
Bapuanrtsi 3aganus 1
Ne f(x,y) Ne f(x,y) Ne f(x,y)
BapHaHTa BapuaHTa BapHaHTa
1 X+y 6 2y -cos 11 2y+3e”
2 X
2 2X2+ 7 y-eX/ 12 y/2-e°*
2y 242
3 e*-3y 8 3y-2 13 y + (cos x) /3
sin X
4 y - sin x 9 ex-y 14 y-4x+5
5 y/3-x2 10 2 15 2x-y/3-e*
sinx+y
3ananue 2. IToctpouth rpaduku peLICHUH, ITOJTy4YE€HHBIX

meTogamu Jinepa, Pynee-Kymma, Adamca v ¢ nomoiisio pynkiuu rkfixed.

Beruncnuth B TOuke X = 1 OTHOCHUTENIBHYIO TOTPEUIHOCTh JUIS KaXKJI0To
METO/1a.

3ananme 3. Halitu ananutuyeckoe (tounoe) peumenue OJY u3 3aganus 1 ¢
IIOMOIIBIO npeoOpa3zoBaHui Jlamtaca
(xomanaer Symbolic O Transforms KO Laplace Transform u Inverse Laplace
Transform).

3amanue 4.Pemmmts 3amauy Komm mnst cucremsr OJlY mnpu 3amaHHBIX
HavaIbHBIX YCJIOBUAX Ha orpeske [0, 2] ¢ marom h = (.2. Pemars ¢ momoripo
dynxiuu rkfixed. IToctpouts rpaduku Gyuxmumii u(t) u v(t).



Bapuanrtsl 3axanus 4

Ne Cucrema OJ1Y HauanwHbie Ne Cucrema OJ1Y HavanwHbie
BapuaHTa yCJI0BUA BapHuaHTa YyCJI10BUA
u(0) ' u’(0) |v(0) v'(0) u(0) |u’(0) | v(0)
1 "= 3y o+ 15 15 1 1 9 W=152 4y 2 0 -1
™= dr - du 4 -utr
2 u"= -y o+ u -1 1 -15| 3 10 FLERT S -1 2 |-15
v -2 LA U .
3 w"=dr -u 1.5 1.5 1 1 11 w'=r-u-tf 1.5 1.5 -1
= dr PEdv tu
4 w" =5y 1 15 0 2 12 W= Sy 4+t -1 15 0
LA S VI 5 Py b
5 u'"sr tutf 05 15 -1 2 13 u'=r +u -0.5 1 -1
v +du-f veEr+tu-f
6 u'=dytu+t 0.5 2 1 2 14 w'=3r -u 0 -2 0
v = dy Ve dw o+ f
7 W= -y +f 5 5 -1 1 15 w'=y - 2f 3 3 -1
™=Ar - Tu ™=+ S
8 u"= v -5u 15 1 3 1
= vt e+t
IIPAKTUYECKOE 3AHSITUE Ne 14
Tema Pemenne aupPepeHUHATBHBIX YPAaBHEHUH B YaCTHBIX
NMPOU3BOJIHBLIX

Ha IMPAKTHUKC YaCTO MPUXOJUTCA CTAJIKHMBATHBCA C 3agadaMM, B KOTOPLIX
HCKOMas BCJIWMYMHA 3aBUCHUT OT HCCKOJIBKHX TIICPEMCHHBIX. B »Tom CiIy4dac

peuracMbI€  ypaBHCHHA  COACPIKAT  YACTHBIC Hn Has3vlearomcH

ouppepeHyuanbHbIMU YpaBHEeHUAMU 8 YACMHBIX Npou3eooHvix. K coxaneHuto,

IMPON3BOAHLIC

O4YCHb MHOT'HUC U3 TaKHUX ypaBHeHHﬁ HC UMCIOT aHAJIMTUYCCKOI'O pCHICHUA, U YTOOBI
peIINTh HX, IIPUXOIUTHCA HpI/I6eFaTI) K YHCICHHBIM MCTOJaM. HHH peUICHUA

auddepeHInaIbHbIX ~ ypaBHEHUH B YACTHBIX  MPOU3BOJHBIX  YHCIECHHO
UCIIOJIb3YETCS MEmOO KOHEYHbIX PAZHOCEl.

MeToa KOHEUHBIX pa3HOCTEN

Yucnennoe pemenne auddepeHuranbHbIX  ypaBHEHUH B YaCTHBIX
POU3BOIHBIX MEMOOOM KOHEUHbIX pA3ZHOCHEl COCTOUT B CIIEIYIOLIEM:

1. [Toctpoenne B 00OJacTH  peIICHUS  PaBHOMEPHOW  CETKH,

cojeprkaiiei N y3noBbix Touek (Pucynok 12).

v'(0)
1
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Pucynok 12. /IBymepHas ceTka

2. HpC,Z[CTaBJ'ICHI/IG IIPOU3BOAHBIX B KOHG‘JHO-paSHOCTHOﬁ (bOpMCI
ﬁﬁ Jf;+l.j_j-!:—l,j ﬁﬁ j;,j+1_ﬂ,j—1
Ax 2h By 21 ]_)
agfﬁ f;+],j - Eﬂ,j + fz‘—Lj a:{fﬁ f;,,r'+1 - zﬂ,j + fz‘,j—l
ax? LS Ay* i
) urT. a.,

rne fi, j,fic 1, j,fi-1, j,fi, J+21,fi, J - 1 - 3nauenus pyukuu f(X, y) B
Toukax (X, j), (Xi+ h, y;), (Xi- h,y;), (i, yj+ 1), (Xi, yj- |) coorBeTcTBeHHO.

Takue pa3HOCTHBIE YpaBHEHHS 3alMCHIBAIOT /IS BCEX Y3JI0B CCETKH H
MOJIy4aroT B Pe3yIbTaTe CHCTEMY U3 N ypaBHEHHUH ¢ N HEU3BECTHBHIMHU.

3.  PemicHre moaydYeHHON CHCTEMBI C IEIIO MOTYYEHUS IPUOIHKEHHOTO
pEIICHHS B y3/1aX CETKH.

['unepOouYecKre YpaBHEHHUS B YaCTHBIX MTPOU3BOIHBIX

[Ipocrenmum BUIOM ypaBHEHUS runepOoIMYeCcKOro THUIA
SIBIISICTCS 601HO60¢ ypasHeHue. K UCCaeI0BaHUIO BOJTHOBOTO YPaBHEHUS TIPUBOIUT
pPacCMOTPEHHE IMPOIECCOB IOMEPEYHBIX KOJeOaHWii CTPYHBI, IMPOIOIbHBIX
KOJICOAHWH CTEP)KHS, DIIEKTPHUCCKUX KOJCOAHHH B MPOBOAE, KPYTHIBHBIX
KoJieOaHuii Baja u T. 1I.

PaccmoTpum  onHOMepHOE  ypaBHeHHE  KoyieOaHMil  CTpyHbl. B
l0=xxl, 0<t=T}

obnactu TpeOyeTcs HalTH pPellieHne YPaBHEHUS:
F o B (2)
i
8t 8x
Wckomast  ¢yHkums U(X, )  1OOmDKHA  YJIOBICTBOPSTH HAUAIbHLIM

VC08UsIM, OTIMCHIBAIONUM HadaiabHyIo (t=0) dopmy cTpyHsl j (X) B CKOpOCTh €€
Touek Y (X):

e (3)
o=
wxh=gi o 0T 0

Y SPAHUYHBIM  YCNIOBUSAM, YKA3BIBAIOIIUM, YTO TPOMCXOJUT HAa KOHIAX
cTpyHbI (x =0 ux = |):



wil. =) wlH=p,{1) 0= =T,
4)
COBOKYITHOCTh HauaJbHBIX M TPAHUYHBIX YCJIOBHM HA3BIBACTCS KPaesvlLMU
VCI0BUAMU.
Jlns mocTpoeHust pa3HOCTHOM CXeMbI pellieHus 3a1a4u (2) - (4) mocTpoum B
0xsl 05027 corey i =ih,i=0, 1,..n, I=hn, t=jt,j=0, 1,
..M, T=t mMu anmpokcuMupyem ypaBHEHHE (2) B KaKIOM BHYTPEHHEM Y3JI€

oOactu

ceTkH Ha 1mabnone “kpect” (Pucynox 13).

T
j+1 L
0, j+17

| () O G
G.4-D

0
i-1 i i+1 I
Pucynoxk 13. . lI1a0J10H 1151 BOJIHOBOI'O YPaBHEHHUA
Ucnonb3ys ajisi anmpoKCUMaIuy YaCcTHBIX MPOU3BOJHBIX BbIpakeHus (1),

MOJIy4aeM CIISIYIONIYI0 Pa3HOCTHYIO alllPOKCUMAIINIO YpaBHEHUS (2):

Ui — 2855+ 3 5 _ 4 Uiy — W5+ U5 (

s h? _ 5)

Pemass ypaBHeHue (6) OTHOCHTEIHHO €IMHCTBEHHOTO HEU3BECTHOTO
u. .
3Ha4YeHUs ~~*!, MOoTydaeM CIICIYIONIYI0 CXEMY:
g1 = 2 ':1 - 1-:' L A ':uz'+l.j + 3‘:z'—]..,;":' — U 1 (
H
l=a®2/M,i=1,..,n-1j=1,..m-1. ©
Cxema (6) Ha3bIBACTCSl MPeEXCIOUHOU TTOTOMY, YTO CBSI3BIBAET MEXKIY COOOM
H-.i‘j .1
3HadyeHus ' pynkuuu U(X, t) Ha TpeX BPEMEHHBIX CIIOSX C HOMEpaMH: | -

T o Td:
1,],] + 1. Cxema (6) siBnsieTcs s6HO1U, T.€. TIO3BOJISIET B SBHOM BHUJIE BBIPA3UTh
yepe3 3HaueHus U C MPEbITyIINX ABYX CIOEB.

u. .

Jlns Havana cueta 1o cxeme (6) HeoOXoauMBbI 3HaueHust = (ynkimu U(X, t)
Ha HyaeBoM (J=0) u mepBoMm (j = 1) BpeMeHHBIX c0sX. OHH ONMPEAEIAIOTCS
HayaJbHBIMU YCIOBUAMM (3) U 3alUCHIBAIOTCS B BUJE:

Y1 —

_ & YK ) =) = W YK
Usg = PL5;) ’ T - 7)
1=0,1, ..., n.

['pannynbie ycioBus (4) TakxKe 3alUChIBAlOTCS B CETOYHOM BUJIE:

dog =tly) thy=baly) j-0 1 m.



8)

Takum oOpazom, pernieHue ucxoauou auddepenmanpaoi 3anaun (2) - (4)
CBOJIUTCS K PEILICHUIO Pa3HOCTHOM 3amaun (6) - (8).

CxeMa yCTOMUYHMBa, €CITH BHIMOJIHEHO ycoBue Kypanra #t/# <1,

[TapaGonuyeckue ypaBHEHHUS B YaCTHBIX TPOU3BOIHBIX

[Tpocreiimmm BUJIOM ypaBHEHUS napaboIUIECKOTO TUTIA
ABIISICTCS YpaGHeHUe Menionpo8OOHOCHU, WIH YypasHeHue Dypve. K
MCCJICIOBAHHIO YPaBHEHUS TETUIOMPOBOIHOCTH, WK ypaBHEHUS Dyphe, TPUBOIUT
PacCMOTPEHHE MPOTIECCOB PACTIPOCTPAHCHHUS TeIlIa, (UIBTPAINH KUIKOCTH U Ta3a
B TIOPUCTOM CpeJie, HEKOTOPHIE BOIIPOCHI TEOPUU BEPOSTHOCTEH.

PaccMoTpum 3amady O pacmpoCTpaHEHWH TeIla B OJHOPOTHOM CTEp)KHE
JUIMHBI |, Ha KOHIIAX KOTOPOTO TOJCPKUBACTCS 3aJaHHBIA TeMIepaTyPHBIH
pexuM. 3ajada COCTOMT B OThICKaHUM (GyHKIuHU U(X, 1), yaoBIeTBOpsIOUICH B
obmactu { V=% =L 02151y yuapHenmo

A A (

SR _atE

8 ax a=0 9)

HAYAIbHOM) YCLI0BUIO

() = gl (
10)

U cpaHUYHbIM YCII0BUAM

wilt) = W (f), ]t = 1L, (1) (
11)

itl —
_ @ j+10)
W) i+1, J)

an ]

1]
i-1 i i+1 i

Pucynok 14. II1adJ10H AJ1s1 ypaBHEHUs TENJIONPOBOJIHOCTH

[loctpoumM B obGnactu {0=x=], 07}

PaBHOMEPHYIO  TIPSIMOYTOJIbHYIO
CeTKy ¢ marom h B HampaBieHuu x u marom t - B HanpasicHuu t (Pucynok 14).
Tormaxi=ih,1=01,...,n,h=1/n;t=jt,j=01,..mt=T/m.
Ammpokcumupyem  auddepenmmanpayro  3amagy  (9) - (11) Ha
YEeTBHIPEXTOUECYHOM IIA0JIOHE, B PE3yJbTaTe TMOIYYaeM AGHYI0O  OBYXCIOUHYIO

PA3HOCMHYIO CXEMY.

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



1=1,2,..,n-1,j=0,1,..., m-1
M0 =95 1=0,1, ..., N,

sy =M1 @y) Ty =Hally) j=0,1 m
, y y Ay ey ! 12)

E

1:

=
b

Cxema ycroiuusa ipu | = 1/2.

DIUIMNTUYECKUE YPABHEHHS B YACTHBIX MPOU3BOIHBIX

K wnccnenoBaHuio Takoro ypaBHEHHsI NMPUBOAUT PACCMOTPEHHE 3a1ady 00
AIEKTPUYECKUX U MArHUTHBIX MOJSAX, O CTAllMOHAPHOM TEIJIOBOM COCTOSIHHH,
3aja4 ruApoauHaMuku, Aubdy3un u T. A. PaccMoTpum penieHus ypasHeHus
Ilyaccona n ero ogHopoiHOM (HOPMBI - ypasrenus Jlannaca.

Pemenue ypaBaenus Ilyaccona Oynem uckaTh B HEKOTOPOW OTpaHUYEHHOM

Sy <y :
obmacti W = (05721, 025 Sa} yanvienernna HesaBHCHMBIX HEPEMEHHBIX X, Y

Mu A B (
o T oy T 13)
I'panuunvie ycnosus:
U(O, y) :ml(y)v U(a, y) = m2(y)’ y I [O’ b], (

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

rae f, mi, my, m3, M4 - 3ananHple QyHKIMK (337a4a, COCTOSMIAS B PEIICHUU
AJUIMITHYCCKOTO ypPaBHEHMsI TPH 3aJaHHBIX 3HAYCHUSAX HMCKOMOM (QYHKIMHM Ha
rpaHulle pacyETHOM 00JIaCcTH, Ha3bIBaeTCA 3adauell Jupuxie.).

[Toctpoum B oGmactu W paBHOMEPHYIO  TPSIMOYTOJIBHYIO  CETKY C
mraramu h u | mo x u y coorBercTBenHo: Xi =i h, i =0, 1,....,n, h=q./
nyi=jlj=0,1,..,mI=q2/m.

AnnpokcumupyeM nuddepenunanbiyo 3agady (13) - (14) ma mabsoHe

“kpect” (Pucynox 13), B pesyibTare TMOJIYyYAEM HESABHYIO  MPEXCIOUHYIO
PA3HOCMHYIO CXEMY:

A Mg+ By g+ Gt g s g g 8t 5 = Fig
1 1 1
R e 1) 15)
i=12n-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 pemenus  ypaBHenus Ilyaccoma B Mathcad wucnonb3yercs
ynkims relax



relax(a, b, c, d, e, f, u, Bo3Bpamaer KBaJapaTHyl0 MaTpUIly PEIICHUS YpaBHEHUS

rjac)

[Tyaccona. 3pmecra ,b ,c, d, e- kBagpaTHBIE MaTpPHUIIBI
OJMHAKOBOTO  pa3Mepa,  cojaepkamme  Kod(pQHUIMEHTHI
ypaBaenust (15);f- xBagpatHas wmartpumna, coaepikamias
3HA4YeHHUsl MPaBOH 4acTH ypaBHeHHs (15) B KakaoW TOYKe IO
obmactu W, B KOTOpOW HILETCA peuieHue; U - KBaApaTHAs
MaTpulla, CoOJepKallas TpaHUYHbIE 3HAUCHHUS pEIICHUS Ha
rpaHuiie 00JIaCTU M HavyallbHOE MPUOIMKEHHE IS PElICHUs
BHYTpH 00sactu; rjac- yucno mexay 0 u 1, koTopoe ynpasisiet
CXOJIMMOCTBIO AITOPUTMA.

[Tpu f = 0 nony4yaem ypaBuenwue Jlamnaca:

My 3 (
—2+—2= I:l
ax* 3y 16)

Ecnu i ypaBuenus Jlamnaca B o0nactu W BBECTH CETKY C paBHBIM IIATOM

0 OCAM X U Y, TO pa3HOCTHas cxema (16) cyniecTBEHHO yIpolaercs
Bp gty Hl g Fla — =10,
i=12. n-1,j=12 m-1 (
1

2":l:l,_i" = I.,L].(:l-"‘?:l, H;u‘;' = IHLE(J”J. :l, j = I:l, 1.??2, 17)
ui,ﬂ = |"L3|:x;i :Ir HLM = |-'L4(xi ), i= D, 1.2

Pemrenne ypaBuenust Jlammaca ¢ momomipio (yHKIMu relax mokasano 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 r

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

1.1 1.1 1.1

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. Pemuenne ypasuenusi Jlamiaca



[Topsinok BBINOJHEHUS
3apanue 1. Pemmuth 3amauy o KoJieOaHUM CTPYHBI €IUHUYHON JJIMHBI C
3aKpETJICHHBIMU KOHIIAMU:
Fu o, Pu
il
ot ax a=1
C HaYaJIbHBIMHU YCJIOBUSIMHU
M emy=0
u(x, 0) = f(x), & ,0=x=1
Y HYJICBBIMU IPAHUYHBIMU YCIOBUAMU
u(0, t) = u(1, t) =0.
Bapuanrtsl 3axanus 1

Ne f(x) a b Ne f(x) ab Cc
BapuaHTa BapHaHTa

1 7. 101 9 xsin(2(x-1))

2 2 01 10 4x3(x-1)

3 4 02 11 y 101 02
4 6 03 12 302 04
5 oo L 8 04 13 504 0.6
6 X(x2-1) 14 706 038
7 sin (px2) 15 0o e 1x 908 o9
8 sin (p X ) cos X

JIng  pemieHuss  3a4a4d = NOCTPOMTH  CETKYy M3 11 y3mnoB
mo X (i=0,1, ... 10) u npoBectn BbiuncieHus s 16 cmoeB nmot(j=0, 1, ... 16).
Beruncnenuss BeimosiHuTh ¢ marom h mo x, paBaeiM 0.1 u marom t mo t, paBHBIM
0.05. OTobpa3uth rpaduuecku pemrenue 3agadu Ha 0-om, 5-om, 10-om u 16-om
BPEMEHHBIX CJIOSIX.

Bapanme 2. Haiitu pemenue U(x, t) 11 ypaBHEHHS TEIUIOMPOBOAHOCTH C
MOCTOSIHHBIMU KO3 (D pUIImeHTaMu:

h ax a=1

C HAYaJIbHBIMU yCIIOBUSIMH

uix,0)=fx)0= x= 1

U TPAaHUYHBIMH YCJIOBUSAMHU

u(0,t) =a, u(l, t) =bh.

Jng  pemeHWss  3aJadd [OCTPOUTH  CETKY W3 11 Y3JI0B
mo X (i=0,1, ... 10) u npoBectu Borumcienus misg 12 cnoes mot (j= 0, 1, ... 12).
Beruncenuss BeimosHuTh ¢ marom h mo x, paBaeiM 0.1 u marom t mo t, paBHBIM
0.005. OtoOpasuth rpaduyecku pemieHue 3aaaur Ha 0-oMm, 4-oM, 8-oM u 12-om
CJIOSIX M TIOCTPOUTHh MHTErPAIbHYIO TTOBEPXHOCTh pachpeiesieHus] TeMIepaTyphl B
cTeprkHe ¢ momolisio komanael Graphics KO Create Surface Plot.

BapuanTtsl 3axanus 2

Ne f(x) a b Ne f(x) a b



BapHaHTa BapHaHTa

1 X(x-1) 0 0 9 (x2+0.5)cos(2px) 05 1.5
2 x3+x2-x 0 1 10 sin(p x) cos X 0 0
3 Xx2(1-x) 00 11 xsin(2 (x-1)) 0 0
4 1-x4 10 12 In(05+x)(x-1) 07 0
5 xsin (2 p x) 0 0.3 13 xsin(4(x-1))-x 0 -1
6 (x-1)sin2x 0 0 14 X €0s (2 p X) 0 1
7 4x%(x-1) 0 o5 |15 xe X (x*-2) 0 -

0.4
8 10x3(x-1) 050

3amanue 3. Halitu cTanMoHapHOE paclpeleiICHUEe TEMIIEpaTypsl B
KB&I[p&THOI?I IIJIACTHUHE CO CTOpOHOﬁ 1, OIIKMCBhIBACMOC YPABHCHUCM Jlarutaca
TR
—2 + —2 = I:l
dx dy

C KpaeBBIMHU YCIIOBHSIMH BH/IA

u@,y) =fuy), (0= y= 1),u(d,y)=f(y), (0= y = 1)

u(x, 0) ="f3(x), (0 = x = 1),u(x,1) =fsi(x), (0= x = 1).

Perrats 3a1a4y ¢ momorisio GyHkuu relax.

Jliis perieHust 3a1a4n MOCTPOUTh ceTKy u3 11 y3moB mo X (1=0, 1, ... 10) u
3 11 y3moB moy(j=0,1,..10). OroOpa3uth TpadUYECKH C ITOMOIIBIO
koMmanael Graphics KO Create  Contour Plot cranmonapHoe —pacrpenencHue

TEeMIIEpaTyphbl B INIACTUHE.
Bapuantsl 3axanus 3

Ne fi(y) fa(y) fa(x) fa(x)
BapHuaHTa

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

2 ev-ey? y 1-x3 X2

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

sin 1)

4 0 y sin x- x3sin 1 X

5 eY+y?(l-e)-1 y 0 X

6 y? cosy+ (3-cosl)y X3 1+ 2x

7 0 y sin x- x3sin 1 G

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

9 -10y?-8y + 6 - 10y? - 30y + 22 x>+ 7x+6 Ox? - 15x - 12
10 -7y?-5y+3 -7y2- 21y +13 6X2 + 4x + 3 6x? - 12 - 9
11 1 y+1 1 1+x

12 1 ey 1 e

13 - y* - 5y 4+ 5y - y* X2 + 3x X2+ 3x+4
14 3-7y 7 -6y 4x + 3 5x - 4

15 0 siny 0 sin X



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

Heas pabGorbl: Pemute mpocredmme 3agayd METOAOM JUHAMUYECKOIO
IPOrPAMMHUPOBAHMS.

Kparkas reopus

JlnHamuyeckoe IIPOTPaMMHUPOBAHNE = METOL ONTUMU3ALNH,
MIPUCTIOCOOJICHHBIN, K 3a7auyaM, B KOTOPBIX MPOILECC MPHUHITHUS PEIICHUS MOXKET
ObITh pa3OuUT Ha OTAENbHBIC OJTambl (marw). Takue 3agaud  HaA3bIBAIOTCS
MHOTOLIarOBBIMH.

XapakTepHble 0OCOOEHHOCTH 33Ja4 TMHAMUYECKOT0 IPOrPAMMHUPOBAHUS:

HeonHo3Ha4YHOCT peleHus.

BO03MOXHOCTB A€NIEHNUST BBIYACIUTEILHOTO IPOLECCA HA ATAIIbI.

OO1mmii KpUTEpHiA — CyMMa YaCTHBIX KPUTEPUEB HA Tamnax.

JlnHaMHu4uecKoe MpOrpaMMHUPOBAHUE MTO3BOJISAET OCYIIECTBISATh ONTUMAIBHOE
IUJAHUPOBAHUE MHOTOIIATOBBIX IMPOIECCOB, 3aBUCAIIMX OT BpeMeHH. [Ipomecc
Ha3bIBACTCs YIIPABIISIEMBIM, €CJIM MOXKHO BIIMATH HA XOJ €TI0 Pa3BUTHA. Y IIPABICHUEM
Ha3bIBACTCA COBOKYITHOCTb PELICHUN, IPUHUMAEMBIX Ha KAKIOM JTare Ul BIUSHUSA
Ha xoj mpouecca. Hayamom nsrama (imara) ympaBiasieMOro Mpolecca CUUTaeTcs
MOMEHT MpPUHATUSA penieHus. llnaHupyss MHOrOmaroBbld MPOLECC, HUCXOIAT W3
MHTEPECOB BCETO IMPOLECCa B LIENIOM, BCETIa HEOOXOIMMO UMETh B BUly KOHEYHYIO
LEb.

MeTon AMHAMUYECKOTrO IPOrpaMMHUAPOBAHMS COCTOUT B TOM, YTO ONITUMAJIBHOE
yIpaBJIE€HUE CTPOUTCS mocreneHHo. Ha kaxmom 2Jrame OnTUMHU3UPYETCs
yIpaBJ€HUE TOJBKO 3TOr0 3Tana, MpPUYEM YIpaBieHUE BHIOUpaeTCs C Y4ETOM
IIOCJIEAICTBUM, T.€. ONTUMAIBHOE YIIPABJICHUE [ JAHHOT'O ATAlla JOJDKHO YUUTHIBATh
BECh MOCJICAYIOLIMN X0 MpoLEcca, AJIs Yero HE0OXOIMMO 3HATh BCE YIIPABJICHUS HA
MoCIeNyOIMX JTanax. [IoCKoIpKy mpolece 3aKaH4YMBacTCsS Ha IOCJIEOHEM IJTalle,
ONTHUMAJIBHOE PEUIEHUE HE JOJDKHO YUHUTHIBAThH MOCIEAYIOIIETO YIPABICHUA. TakuM
00pa3oM, MPOLECC BBIUMCIECHUS MPOTEKAaeT B OOPAaTHOM HANpaBJIeHHWU, OT KOHIA K
Hayay.

ITocTaHoBKa 32124 AMHAMHYECKOr0 IPOrPAMMHPOBAaHHS.

[Iycth S, Sy, S, - COCTOSIHUSI CHCTEMbI HA HA4YaIbHOM, K-0M 1 KOHEUHOM

aTarne, Uy,U,,U, - YIIPaBJICHHUS CUCTEMON Ha HavaJIbHOM, K-om 1 KOHEYHOM JTarax.
VYnpasnenue U, IeEpeBOAUT CUCTEMY U3 COCTOSAHUS S, ; B cocTosiHME S, . [Tokazarens
sa¢pexTrBHOCTH Ha K-0M 3Tane o0o3naunm yepe3 W, (S, ;).

Tak KaK ONTUMH3AIHIO TTOKa3aTesNst 23PPEKTUBHOCTH HAYMHAEM C TIOCTICTHETO
ATamna, To, 3Hasi MAKCUMYM Toka3aTelisi 3p(HEeKTUBHOCTU Ha /1-OM Il1are

*

W03 (8,1) = max, s, .., )

n n-1!*>n

HalJIeM MaKCUMYyM Ioka3arelis 3ppekTuBHOCTH Ha (1-1)- oM 1mare



*

Wn—l (S n-2 ) = nl?ff((\Nn—l (S n-2? u n-1 ) +Wn* (S n-1 )) !

rae W, (S, ,.,u, ) Ha3bIBaeTCs "CHIOMUHYTHO#" BBITO/ION Ha (11-1)- oM miare.

OcHoBHOE (DYHKITMOHATEHOE ypaBHEHHUE JUHAMUYECKOTO TIPOTPAMMHUPOBAHUS
(ypaBuenue bennmana) numeeT BU:

*

W, (Sk—l) = mu?X(Wk (Sk—l » Uy )+Wk*+1(sk ))

[Tpunumn ontumansHOCTH bemiMana MOXHO COpMYIIHMPOBATh CIIETYIOIIUM
00pa3oM: KakoBbI Obl HE ObLIM HAYAJIbHOE COCTOSTHHE U HaualbHOE pElICHHE,
MOCTIEAYIOIEE PEIICHUE IOJKHO OBITh ONTUMANIBHBIM 110 OTHOILIEHUIO K COCTOSIHUIO,
MOJIyYEHHOMY B PE3yJIbTaTe HAYAIbHOTO pellieHus. MIHbIMU ClI0BaMU, PUHITUTT
ONTUMATIBLHOCTH YTBEPKIACT, YTO €CIIM B JaHHBI MOMEHT BBIOPAHO HE HAMITYYIIIEEe
pelieHue, TO MOCIEACTBUSI 3TOTO HEJIb3s1 UCIPABUTH B Oy AyIIEM.

3amaya onpenesieHUst KPaT4YailIUX PACCTOSHUH MO 3aJaHHO CeTH
[Iycth 1aHO KOHEYHOE YUCIO0 TOUeK P, P,,.., P, COEIMHEHHBIX BCEBO3-

MOJXHBIMH OTPE3KaAMU HHHHﬁ, Ha3bIBACMBbIX 3BCHBAMM UJIN CBA3AMMH. Tor):[a
COBOKYIIHOCTBb TOYCK U UX CBSI3eH HA3BIBAIOT ceThi0. CeTh HA3hIBACTCS JOCTAaTO4YHO
CBHB&HHOVI, CCJIK CYHICCTBYCT IIYTh, COCTO?IIHI/Iﬁ n3 3BCHLCB U COCI[I/IHHIOHII/Iﬁ
JIFOOBIC ABC TOYKHU CCTH. HYCTB KaXKIAOMY 3BCHY IIOCTABJICHO B COOTBCTCTBHC
HGﬁCTBHTGHBHOG HCOTPHULATCIIBHOC YHCJIIO |ij - €Iro AJIMHA. H€O6XOIII/IMO

ONPENEIUTh KpaTdaillee pacCTOSHUE IO CETH OT Ka)KOM TOUYKHU J0 BCEX
OCTAJIBHBIX U COOTBETCTBYIOLIUE IMYTH, IO KOTOPBIM, OHU MPOXOLSAT.
[IpoHymepyeM TOUKH CETH B JTH0OOM MOPSAJIKE U YKaKEM JUIMHY KaXKJI0TO 3BEHA.
JIBE TOUKM HA3bIBAIOTCS COCEHUMU, ECIIM OHU HENOCPEICTBEHHO COEIMHEHBI
cBsi3bi0. [lomoxum, I, =1

Jlnst pemienus 3a/1a4u UCIOJIb3YEM METOJ JMHAMUYECKOTO
IPOrPAMMHUPOBAHMS U OTBICKMBAEM KpaTdaillee pacCTOSHUE HE OT
(PUKCHUPOBAHHON TOYKH
710 BCEX OCTAJIBHBIX, @ OT BCEX OCTAJIBHBIX 10 (PMKCHPOBAHHOM YEPE3 COCETHUE
TOukH. CBsI3b, UepE3 KOTOPYIO MPOXOAUT KpaTyailllee pacCTOSHUE, TOCIIE KaKI0TO
iara OTMe4aeM cTpeiakoi. Jis ynoO6cTBa TOUKH ceTh 0003HAUMM KPY>KKAMHU C
HOMEpPaMH TOYEK.

Anzopumm pewenu:

dukcupyemM KOHEUHYIO TOUKY P;, 10 KOTOpOi HEOOXOJUMO paccuuTaTh

KpaTyauliee pacCTOSIHUE OT BCEX OCTAIIbHBIX, U PAIOM C 3TOW TOUKOW 3aIMChIBAEM
HYJb, T.K. pacCTOsIHUE P, OT TOYKHU 70 HEW caMoi paBHO (.2TO YKCIIO, OTIIMYHOE

OT HYJIAA, ISl APYTUX TOYEK, HA30BEM XAPAKTEPUCTUKON TOUKH.
Onpenenum coceHuE TOUKH 10 hopmyie ¢; =0+1; ¥ Ha CBA3X,

COCAUHSAIOIMIMX JTU TOYKH, IOCTABUM CTPEJIKHU, HAIIpaBJICHHbIE B TOUKY P;. Ilocne



9TOIr0 TOYKY Pi OTMETHUM CUMBOJIOM V, 0603HaanOHII/IM, 4TO OII€pallvi Hal HEH
3aKOHYCHBI.

[Tepexonum k 110060 coceqHEl TOUKe, ISl KOTOPOH XapaKTEpUCTUKA yiKe
Haiinena. IlycTs 910 Oyzmer Touka P;. OmnpenenseM COCEAHNE C HEH TOYKH U

TIOJICYUTBIBAEM XaPAKTEPUCTUKK OTUX TOYEK 110 POpMyIIE C; =C; +l ;.

IIpu ompesienieHun ¢ ATt COCETHUX P, MOKET OKa3aThCsl, YTO JUIS He-
KOTOPBIX M3 HUX XapaKTEPUCTHKH C; YK€ U3BECTHBI. B 9TOM cily4yae HOBYIO
XapaKTEPUCTUKY C; CPABHUBAEM CO CTAPOi XapaKTEPUCTHKOM C; .

Ecau c. >c.

i =¢;» TO CTAPYIO XapaKTEPUCTUKY OCTaBJIsAeM 0€3 M3MEHEHUH.

Ecmn ¢ <¢

j » TO CTapyI0 XapaKTEPUCTUKY 3aMEHSIEM Ha HOBYIO,
COOTBETCTBEHHO MPOUCXOAUT UM HE MPOUCXOIUT U3MEHEHHNE HANPABIICHUS.

Touky P, oTMEYaeM CUMBOJIOM V, €CITH COCEHSASA TOUKA, y KOTOPOM

M3MEHWJIaCch XapaKTepUCTHKa, HEe ObljIa paHee oTMedeHa V. Eciu jxe Touka paHee
ObLJIa OTMEUYEHA CUMBOJIOM V, TO MEPECUUTHIBAEM XaPAKTEPUCTUKU COCETHHUX C HEN
TOYEK.

[Iepexonum K IMyHKTY 3.

[Tpouecc nponomkaeM 10 TeX NOp, MOKa He OyAyT OTMEUYEHBI CUMBOJIOM V
BCE TOUYKHU ceTH. OTBET BBIUCHIBAEM B BUE TAOJIULIbI, I7I€ yKa3aHbl KpaTJaiiiiee
PacCTOSIHUE OT BCEX TOYEK 10 KOHEYHOM U ITYHKTHI, YEPE3 KOTOPBIE OHU ITPOXOIAT.

ITopsinoxk BBINOJIHEHUS 3aIaAHUM

3apava 1. /IBym npeanpustusam A u B Ha 4 kBapTana BeigeneHo S, =1000

eauHuI] cpeacTB. Kaxaplil kBapTan npeanpusTiue A moaydaeTr X CpescCTB,
npennpusitue B -y cpencts. [Ipu 5TOM OT BBIIETIEHHBIX CPEACTB MPEANPUITHE A
MoJIy4aeT SX eIMHUIl U ocTaTokK cpeacTB 0,3x eaunuil, a npeanpusatue B - moxon
4y enUHUI] M OCTATOK BbIJeNeHHBIX cpeactB 0,5y equnuil. Heooxoaumo pacnpee-
JIUTH CPENICTBA MKy MPEANPUATHIMHI TMTOKBAPTAIHLHO TAKUM 00pa3oM, YTOOBI 3a
BECh T'oJ1 00a MPEANPUSITHS TOTYyIUITH MAaKCUMAIIBHBIN JOXO/I.

Pemenne. [lepuon Bpemenu 1 ron paznenum Ha 4 kBapTania (4 starma).

BBenem o6o3HaueHus: yepe3 X;, Y, 0003HAYMM BKJIaJl B Pa3BUTHE

npeanpustuii A u B B 1-om kBapraie, W; - moxo 3a I-blif KBapTal, S;- 0CTaTOK

CpEICTB Ha KOHeII I-oro kBapraia, i — 1,2,3,4.

Ne | CocTosinue Bknan Hoxonx | Ocratok
A B

1 So—S,; X, Y W, S,

2 Sl B Sz X, Y> Wz Sz

3 Sz - Ss X3 Ys Ws Ss

4 83 - S4 Xy Y, W4 S4




C y4eToM BBEICHHBIX 0003HAYEHUH COCTABUM TOIPOOHYIO TAOIHITY IO dTAIMaM.

[Ipenmpusarue | 1 kBapTan 2 KBapTan 3 kBaprain 4
KBapTaj
S S S
= = = =
2 S 3 2 | S o 2 | 8 3) 2 o
m 2 | & m = s m | X | & m =
A X, 5x, | 0,3%, [ X, | 5%, | 03X, | X, |5%; | 03%x;, | X, | 5X,
B Yo | 4Y: | 05y, |y, |4y, |05y, | y; | 4y; | 05y, |y, | 4y,
— N (32
> > >
2|3 S8 2|3 3
S | h | < SRR X I S S| %
LN |9 LR | LS | & Y5
o~ I 7 X 1| 7 o~ i 7 o~ 1
o .y i — g N N 2 ™ o 3
I I V) b l= | h h = | h » | =

OTpICKaHNE ONTUMAIIBHOTO YIIPABJICHHS HAYHEM C 4 KBapTaia.

X, tY, :Ssv

W, = maxW, = max(5x, +4y, )=
) ! (5, +47.) {x4=83—y4,83=c0nst

} = max(5(83 - y4)+ 4y4):

= max (58, - y,)= (55, - ¥, ), -0 =5Ss.

0<y,<S;
3 KBapTal.

Xg+Ys=S,, X =S,-Y;, S;=03%x;+
W, = max(W, +W,") = max(5x, + 4y, +5S;) =1+ 0,5y, =0,3S, — 0,3y, + 0,5y, = 0,35, +0,2y,, { =

S, =const
= max (5S, =5y, +4y, +15S, +y, )= max (6,5S,)=6,5S,.
<Y3=3,; <Y3=3;
Tak kak MakcuMyM J10xofa 3a 3-4 KBapTaJbl IOCTOSTHEH MPU JTIO00M
S
pacrmpeneneHnuu CpeCcTB, TO MYCTh X, = ?2 Y, = 72

2 KBapTall.

X, +Y, =95, X, =S, = Y,, S,=0,3x, +

W,", =maxW, +W;,) =max(5x, + 4y, +6,55,)=1+05y, =0,3S, — 0,3y, + 05y, =0,3S, +0,2y,,( =
S, =const

= max (5S, -5y, + 4y, +1,95S, +1,3y, )= max (6,95S, + 0,3y, )=(6,95S, + 0,3y, - 7,258,

0<y,<S, 0<y,<§; y2 =9

1 xBaprai.



X +Y; =Sy,

X1=SO — Y

S, =0,3x, +

W', =maxW, +W,,) = max(5x, +4y, +7,255,)=1+0,5y, =0,3S, — 0,3y, + 0,5y, =0,3S, + 0,2y, ,

0<y,<S,

(71758, + 045y, )

1

=7,6255,

0

S, =const
= max (5S, -5y, + 4y, + 21755, +145y, )= max (7,175S, + 0,45y, )=

0<y,<S,

[To ycnmoButo 3amaun S, =1000 equHwmIl, WlfA =7625 emUHUII, IPH 3TOM OyIeM

HMCTD CJICAYIOIMNC PACIIPCACICHUC CPCACTB 110 KBAPTaAIaM:

Kgapran Pacrnipenensemele Bxuansl

cpelcTBa A B
1 S, =1000 X' =0 y, =1000
2 S, =03% +05y, =500 | X; =0 y; =500
3 S, =03x, +05y, =250 | x; =125 y, =125
4 S, =0,3x; +05y, =100 | x, =100 y, =0

3amaHus I CaMOCTOSATEIbHON PadoThI

1 Bapuanr.

3anaua 1. [Inanupyerca pabota nByX oTpaciieii nmpousBoicTBa A u B Ha 4
roga. KomnuecTBo X CpencTB, BIOKEHHBIX B OTpacib A, MO3BOJSET IMOJIYYUTH

noxon 2x n ymensmaercsa 10 0,6x. KonuyecTBo y cpencTB, BIOKEHHBIX B OTPACIIb
B, mno3Bossier momyuuth aAoxon 3y u yMmenbwmaercs go 0,2y. Heobxomumo
pacrpenenuTb BBIIACICHHBIE PECYpChl B KOJIUYECTBE S, =850 enuHHI] MEXKIY

oTpaciiMHu 110 IrodaM IUIAHHPYCMOI'O IICpHOoda A IIOJYUYCHHA MaKCUMaJIbHOM

MpUOBLUIH 32 BECh MIEPUOI.

3apaua 2. Ilo 3aganHOM cxeme,
KparJaiiiiee pacctosgHue ot 1 Touku 1o 10.

11

2 BapuaHT.

T X

coequusgomer 10 Touek, HaWTH

/Olo

3 4
18
10

)]

3agaua 1. JIsym npennpusitusam A u B Ha 4 kBaprana BwiaesneHo S, =900

eauHul] cpeAacTB. Kaxknapli kBapTan mnpeanpuatrue A TMOJy4yaeT X CPEICTB,

npennpustae B -

y cpeacTs. IIpy 3TOM OT BBIAENEHHBIX CPEACTB NPEANPUATUE A




noyyvaer 4x enuHUI] U ocTtatok cpencts 0,3x enuHuU, a npeanpusTtue B - noxox
Sy equHUIl 1 OCTaTOK BhIENEeHHBIX cpeAcTB 0,1y equnun. HeoOxonumo pacmnpene-
JUTH CPEACTBA MEXKAY MPEANPUATHSIMHU MOKBAPTAIBHO TaKUM 00pa3oM, 4yToObI 3a
BECh IoJ1 00a MPEANPHUATHS TTOTYIHIIA MAKCUMATBHBIA JJOXOI.

3agaua 2. Ilo 3amamHoi cxeme, coemumHsiomeidr 10 Touek, HaWTH

KpaT4aiiiee pacctosiuue ot 1 Touku a0 10.
12
7
/O 11

@\\4 :

4 a
19
12

w

8

KOHTpOJIbHLIe BOIIPOCHI

1. UYrto Ha3pIBaeTCA JUHAMHUYECKUM IIPOTPAMMUPOBAHUEM ?
2. Kakune  xapakrepHple  OCOOEHHOCTM  3afady  JUHAMUYECKOTO

IIPOrpPaMMHPOBAHUS BbI 3HACTE?

3. Uro Ha3bIBaeTCA yNpaBICHUEM?
4. B yem cocTout MeToa AMHAMUYECKOTO MPOTPAMMUPOBAHUA?
5. ChopmynupyiiTe OpyuHUUN ONTUMaIbHOCTH bemnmana?

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

Hear pabGorbl: PemuTh mpocTeilive 3aiadyd METOJ0M JUHAMHUYECKOTO
POrPaAaMMUPOBAHHS.

3apaua 2. Jlana cetp, cocTosimas u3 7 TOYEK, U U3BECTHBI PACCTOSHUSI MEKIY
Toukamu. HeoOxomMo onpenenuTs KpaTdaniiee paccTossHuEe OT JIF000H TOUKH J10
TOYKHU 7.

Pemenmne.



1OV

7V OV

PaccmoTpum Touky 7. PsaoMm ¢ kpykKkoM cTaBUM ( XapakTEpHUCTHKY 3TOU
TOYKH.

CocemquumMu ¢ TOoukoM 7 sgBiIsAroTCA  Touku  6,5,4. Ilogcumraem
XapaKTEPUCTHKM O3TUX TOYEK M YKaXeM HampasiaeHuss. Touky 7 oTMedaeM
CUMBOJIOM V , T.K. ONIEpalliy HA HEW 3aKOHYEHBI.

Paccmotpum Touky 4. Cocennumu ¢ He OynyTt touku 6,3,1,7, Haxomum
XapaKTEPUCTUKU KAXKIOU U3 HUX. XaPAKTEPUCTUKH TOUEK | U 3 — COOTBETCTBEHHO
9 u 12. XapakTepUCTUKH TOYEK 6,7 OCTaNUCh 0€3 U3MEHEHUs, Tak Kak 7+4=11>5,
7+7=14>0. Touky 4 ormerum cumBosioM V. Paccmorpum Touky 6. CocegHumu
ABJISIFOTCSL TOUkU 3,4,7. Jlyist Touku 3 HOBas Xapaktepuctuka 5+2=7>12, moatomy
U3MEHSIEM CTapyl0 XapaKTEpUCTUKY 12 Ha 7, W yKa3blBaéM HOBOE HAIPAaBIICHHUE.
Jlist Touek 4,7 cTapble XapaKTepUCTUKU OCTalOTCs 0€3 M3MeHeHui, T.K. 5+4=9>7,
5+5=10>0. Touky 6 ormeuaem 3HaKoM V. Paccmorpum Touky 5. CocenHss ¢ Hel
touka 1. HoBas xapakrepuctuka 3+3=6<9, mo3TOMy N3MEHSEM XapaKTEPUCTUKY U
HarpaBieHue. Touky 5 ormeuaem cumBosiom V. Touka 1, xapakrepuctuka
KOTOPOM WM3MEHWIACh, SBIsAETCS cocenHer ¢ Touko 4. Touka 4 oTMmedeHa
CHUMBOJIOM V, IOATOMY NMEPECUUTHIBAEM XapaKTEPUCTUKY ITON TOUKU U MPOBEPSEM
cocenHue ¢ Her: 7+5=12>7; 7T+4=11>5; 7+7=14>0. XapakTepucTuku To4eK 3,6,7
ocTaroTcs 0e3 U3MEHEHUI.

Paccmotpum touky 3. CoceqHUMU SIBISIFOTCA TOYKH 2,4,6. XapaKTepUCTHKA
2: 74+3=10, 3anuceiBaeM 3Ty XapaKTEpPUCTHUKY MW YKAa3bIBAEM HAaIpPaBJICHUE.
XapakTepucTuku 6,4 octanuch 6€3 u3MmeHeHus. Touky 3 oTMeyaeM CUMBOJIOM V.

Paccmotpum Touky 2. CocenHUMU SBISAIOTCA TOUKM | 1 3. XapakTepuCTUKH
TOYEK He wu3MeHsorea, T.K. 10+5=15>6, 10+3=13>7. Touky 2 oTMeuyaem
CUMBOJIOM V.

Paccmotpum touky 1. Cocegnumu sBisitoTcss Touku 2,4,5. XapakTepucTuku
TOYEK HE M3MEHWIUCH, T.K. 6+5=11>10, 6+2=8>4, 6+3=9>3. Onepauun HajJ BCEMU
TOYKaMU 3aKOHYEHbI. OTBET 3aMMILEM B BUJIE TAOJIUIIBL.



Howmepa Touek, mexnay |Kparuaiimiee MapupyT, o
KOTOPBIMHU paccTosiHue KOTOPOMY MPOXOJUT
PACCUUTHIBACTCS KpaTJauiiee
1-7 6 1-5-7
2-1 10 2-3-6-7
3-7 7 3-6-7
4-7 7 4-7
S5-7 3 S5-7
6-7 9) 6-7
7-7 0
3 BapuaHT.

3amaua 1. [Inanupyercs pabota AByX oTpacieil mpousBojctea A u B Ha 4
roga. KoinuecTBo X CpencTB, BIOKEHHBIX B OTpacib A, MO3BOJSET IMOJIYYUTH
noxon Sx u ymenbmaercsa A0 0,1x. KonnuecTBo y CpencTB, BIOKEHHBIX B OTPACIIb
B, mnosBomser momyuuth goxon 3y u ymenbmaercs go 0,5y. Heobxomumo

paclpeneuTh BBIIEIEHHBIE PECYpPChl B KomyecTBe S, =1100 emnuHAI] MeEXIy

OTpaclISIMU MO TojJaM IUIAHUPYEMOT'0 MEepHojia i TOJy4YeHUS MaKCUMalbHOM
MPpUOBLIH 32 BECh MIEPUO/I.
3apaua 2. Ilo 3amangHOoM cxeme, coeguHsmomer 10 Todek, HaWTH

KparJaiiiiee pacctosgHue ot 1 Touku 1o 10.
15
3 4 7
/O 12

SN

2

0
11
()

4 BapuaHT.

3amaua 1. J[Bym npennpusitusim A u B Ha 4 kBaprtana BbieneHo S; =750

equHull cpeAcTB. Kaxnaplii KBapTan MNOpeanpusitie A TOIy4daeT X CpeICTB,
npeanpusitue B -y cpencts. [Ipu 3TOM OT BBIJIEIEHHBIX CPEACTB MIpeANpUsITHE A
noiyyaer 4x enuHUI] U ocTatok cpenctsB 0,3x eauHul, a npeanpustue B - noxon

3y eIWHUIT U OCTaTOK BhIACNICHHBIX cpencTB 0,6y enunuil. Heobxoammo pacmpene-



JUTh CPEJICTBA MEXKIY MPEANPUATHIMHU MOKBAPTAIHHO TaKUM 00pa3oM, 4TOOBI 3a
BECh I'0J1 002 MPEAPHUATHS TTOTYIHIIA MAKCUMATBHBIA JOXOI.
3amaua 2. Ilo 3aganHOil cxeme, coemuHsmonieir 10 Touek, HaWUTH

Kparyaiiiee paccrosiue ot 1 Touku 10 10.
11
6 4 7
/O 6
@\\ :

10

%]

2
° 10

0
S BapuaHT.
3anaua 1. [Inanupyerca pabota nByXx oTpaciieii nmpousBoicTBa A u B Ha 4
roga. KomuuecTBo X CpeACTB, BIOKEHHBIX B OTpacib A, MO3BOJSET MOJTYYUTH
noxon Sx u ymenbaercsa A0 0,3x. KonnuecTBo y CpencTB, BIOKEHHBIX B OTPACIIb
B, mno3Bosser momyuuth goxon 6y u ymenbmaercs go 0,ly. Heobxomumo

pacrpenenuTb BBIACICHHBIE PECYpChl B KOJIMYECTBE S, =800 enuHHI] MEXKIY

OTpAC/ISIMU MO TojJaM IUIAHUPYEMOTo TEepuojia IS TMOJy4eHUsS MaKCUMalbHOU
puOBLTH 32 BECh TIEPHO/I.
3amaua 2. Ilo 3aganHOil cxeme, coemuHsionieir 10 Touek, HaWUTH

KpaTyaiuiiee pacctosiaue ot 1 Touku g0 10.
13
7
/O 5

@\\4 ;

4 4
1
12
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KoHTpoJibHBIE BONIPOCHI
1. Yrto Ha3BIBacTCs CETHIO, 3BEHbIMMU?

2. YTo Takoe XapaKTepUCTUKA TOUKHU?



3. OnummuTe alropuTM pELICHHs 3aJayd OINpeleNieHHUs KpaTdailiero

pacCcTOSIHUS 10 3aJIaHHOM ceTu?



OcHoBHasi IMTEpaTypa:

1. OCHOBBI TPOCKTUPOBAHUS KOMIIOHCHTOB aBTOMATH3WPOBAHHBIX CHUCTEM: YyuYeOHOE
nocobue/ T. B. BonkoBa Openbypr: OI'Y, 2016, 226 c¢. To xe [DneKTpoHHBIH pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=471129

2. Hukonos, O. . MaTemaTH4ecKoe MOJICTUPOBAHUE M METOJbI MPUHSITHS PEIICHUN :
yuebnoe nocobue i CIIO / O. Y. Hukonos, C. B. Kpyrnukos, M. A. MexaBenesa ; nox

penakumeit A. A. AcrappeBa. — 2-¢ wuszn. — CapatoB, ExarepunOypr
[IpodobpazoBanue, Ypanbckuii dhenepanpusiii yauepcurer, 2019. — 99 ¢. — ISBN
978-5-4488-0482-3, 978-5-7996-2828-4. — Tekct : 3NMEKTPOHHBIN // DIEKTPOHHO-
OubIMoTeYHAs cucreMa IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/87825.html.  —  Pexum jmocryma: jist  aBTOpH3HP.
[Tonb3oBareneit

3. Mogenu ontTumu3auu. MareMaTudeckoe mporpaMMHUPOBAHUE, UCCIICIOBAHKIE OTIePAIIHiA
: yueOHO-MeTonuyeckoe rnocodue / cocraButenu T. A. benruna, B. I'. Capkucos, JI. H.

CvupHoBa. — 2-¢ m3a. — Camapa : Camapckuil TOCYIapCTBCHHBIH TEXHUYCCKUHN
yauBepeuteT, ObC ACB, 2018. — 156 ¢. — ISBN 2227-8397. — TekcT : 31eKTpOHHBIN
/" DOnektpoHHo-OmOMMoreuynass cucrema [PR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/90633.html. —  Pexum jgoctyma: st aBTOPH3HP.
[Tons3oBarenei

JlonoTHUTEIbHASI JINTEpPaTypa:

1. PynakoB A. TexHojorus pa3pabOTKH MPOrpaMMHBIX MPOAYKTOB: yueOHuk. M3m.Academia.
Cpennee npodeccuonansHoe oopazosanue. 2013 r. 208 cTp.
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