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BBeneHume

Llenn Kypca :

3HaKOMCTBO C OCHOBaMM CYNePKOMMbIOTEPHbIX
TEXHOMIOTUN B UX MPUNOKEHUN K UHKEHEPHOMY
aHaNn3y

Ha4ad/ibHOe OCBOEHNE COBpPeMEHHDbIX MOAXO0A0B K
pacdeTam MmallnH, MeXxaHU3MOB N CaMblX
pa3HOO6pa3HbIX CNCTem Ha oCHOBe
UCMNOJZIb30BaHNA CYNEepKOMMNbHOTEPOB



CTpYKTYpa Kypca

Pa3spgen 1 — oCHOBHble NOHATUA COBPEMEHHOro
MaTEMATUYECKOro MoAeIMPOBaHMNA N UX CBA3b C
MHXXEHEPHbIM aHA/IM30M M MPOEKTUPOBAHNEM HA
6a3e KoMMNbloTEePHbIX (CynepKoOMMNbIOTEPHbIX)
TEXHONOTUMN.

Paspgen 2 — 3HaKOMCTBO M NepBoOHaYyaabHOE
OCBOEHME BaXKHENLWMX COBPEMEHHbIX NOAX008
KOMMNbOTEPU30BAHHOIO NPON3BOACTBA. TeHAEeHU MM
M NOAXOAbl K NpoLeccy BHeApeHUA U Pa3BUTUSA
KOMMNbIOTEPHbIX (CYyNnepKOMMNbIOTEPHbIX) TEXHONOTUMA
B MPOMbILLIEHHOCTM.



CTpYKTYpa Kypca

Pasgen 3 — npumepbl MeXancumnanHapHbIX
NHXXEHEPHO-TEXHUYECKUX 33434, PELLUEHne
KOTOPbIX MPUHLMNNA/IbHO HEBO3MOXHO He3
601bLUNX BbIYUCAUTENBHbBIX PECYPCOB.

Paspen 4 — BaXKHeuwWwMe 3Tanbl NOCTAHOBKMU
BbIYMCANTENbHbIX 33434 HAa CyNnepKOMMNbloTEPAX.
[Mpobnembl NOCTAHOBKM 33434 UHXKEHEPHOTro
aHaNN3a U NPOEKTUPOBAHUA —HAYA/IbHO-KpPaeBbIE
N KpaeBble 3a4a4aM MaTeMaTU4EeCKoN PU3UKM.



CTpYKTYpa Kypca

Pa3pgen 5 — KnroyeBble 3Tanbl pelleHunn
MACLUTAOHbIX BbIMUCANTENIbHbIX 33434 Ha
cynepKomnbloTepax.

Pa3pen 6 — onncaHune nporpamMmHbIX KOMMJ/IEKCOB
ONA UHXKEeHepHOro aHanms3a n NPoeKTUpPoBaHUA.
Knaccmdpumkauma nporpaMmMHbIX KOMMNEKCOB,
OMUCAHUE NX CTPYKTYPbI U MPAKTUYECKOrOo
NPUMEHEHUNA K MHXEHEPHbIM 33134aM.



PA3EN 1.

OCHOBbl COBPEMEHHOIO
MATEMATUYECKOIO MOZE/IMPOBAHMA U
X CBA3b C MHXEHEPHbLIM AHA/IM30OM U

MPOEKTUPOBAHWMEM



OCHOBbI COBPpeMeHHOro matemaTmnyecKoro
MmoaennpoBaHUA

CoBpemMeHHOe NOHMMaHME TEPMMHA «MaTeMaTUyecKoe

MoAennpoBaHmMe» Havyano GopmmpoBaTbca B KOHUe XIX — Havane
XX BEKOB.

B ero ctaHOBNEHMM BbIAAKOLLYHOCA POJb Cbirpann Tpyabl P. dpelie u
. TunbbepTa, bnarogapa um bblin co3aaHbl HOBble NOAXOAbI B
BbIYUCIUTE/IbHOM MAaTEMATUKE U 3a/I0XKEHbI TEOPETUYECKUE
OCHOBbI COBPEMEHHOIO MAaTEMATUYECKOrO MOAENNPOBAHUA.

B ganbHenwem popMUPOBaHMM PELLAIOLLYO POJIb CbIrpasin HOBbIE
naen B8 GoOpMynnpoBKe 3a4a4 MaTeMaTUYECKoN GU3NKKU B popme
MHTErpasbHbIX TOXAECTB, @ TAKKe MEeTOA, KOHEYHbIX 3/1EMEHTOB.
Poccumnckme yyeHble, NpUHMMaBLLKE y4acTme B GOpMMPOBAHUN
coBpemeHHOU KoHuenumm matemaTM4eCcKoro MoaenmpoBaHuA:
A.A. Camapckmmn, O.M. benouepKOBCKMA 1 ap.



OCHOBbI COBPpeMeHHOro matemaTmnyecKoro
MmoaennpoBaHUA

[MoABNEHWE BbIYUCAUTE/IbHBIX MALLMH NPUBESIO K HOBOMY
3Tany HaY4YHO-TEXHMYECKOM PEBOMIOLUMNM N OKOHYATENIbHO
cAeNano maTemMaTmyeckoe MoaenMpoBaHME BarKHENLLUM
MHCTPYMEHTAPUEM YUYEHbIX N UHXKEHEPOB. 3aMeHa
$bUN3NYECKOro IKCMEePMMEHTA HA BbIYUCAUTENIbHbIN NPUBENa K
PEBONOLMOHHOM CMEHE METOA0/10TUMN.

B TeyeHne XX BeKa matemaTn4yeckoe moaenmpoBaHue
NpPeBpPaTUIOCL B YHUBEPCANbHbIN MHCTPYMEHTAPUMN, C
NMOMOLLLbIO KOTOPOro NPOBOAATCA UCCIEA0BAHMA CAMbIX
C/TIOXHbIX ABIEHUN NMPUPOAbI, CO34AH0TCA MALLINUHbI U CUCTEMDbI
C YHUKANbHbIMU XapaKTEPUCTUKAMMU, N3YYAOTCA COLLMANbHO-
3KOHOMMYECKME npoLecchl B 0buecTse 1 peluaeTca
nogasndatoulee 60NbWKNHCTBO APYrMX 3a/1a4 BO Bcex obnacrtax
4ye/I0BEeYeCKOW AeATEeIbHOCTMH.



CoBpemeHHaa KoHuenuuA
MaTeEMATUYECKOro moaesimpoBaHUA

I 6noKk — CocTtaBneHUe matemaTtuyecKou moaenm
nccnepgyemoro ABaeHuA, npouecca, 3agaum

3aMeHa peanbHoro ABJEHUA ero maTemMmaTu4ecKou
MOAeNnbto, onmcaHme BCeX ero CBOUCTB U
XapaKTEPUCTUK C MOMOLLbIO MaTEMATUYECKUX
COOTHOLLUEHUMN.

Bonpoc TOYHOro onnucaHmsa iBIEHMA C NOMOLLbIO
KONMYeCcTBEHHbIX (MaTemMaTU4YeCcKMUX) COOTHOLLEHUM
— KaK TOYHO Mbl ONMUCbIBAaEM TO UAU UHOE
ABneHune?



CoBpemeHHaa KoHuenuuA
MaTeEMATUYECKOro moaesimpoBaHUA

II 610K — AHanNM3 maTemaTudyecKou

KOPPEKTHOCTU NOCTPOEHHOU MaTeMmaTU4YeCKoun
moaenu

Becb cnekTp npobaem HoCUT cyrybo
MATEMATUYECKNIN XapPaKTeP U 3a4acTyto
UrHopupyeTca uccnegosatenamu. Muorme
OMNMParTCA Ha «4yTbe», cobCcTBEHHOE
npeactaBneHmne o pesynbrate. OAHaKO, TAKOU NyTb
BeCbMa OnaceH, 0CObEeHHO ANA HAYMHAOLWMX, YTO
noaTBepKAaeTca MHOITOYUC/IEHHbIMUM NPUMEPAMU
MMWPOBOMN HAYYHO-TEXHNYECKOW NPAKTUKMW.



[Tpumep 1

Cuctema 1: 1.OX1 _|_()_9)(2 =1.9
0.9x, +0.8x, =1.7

Pewenune: X =X, =1

Cuctema 2: 1.0x, +0.9x, =1.902
0.9x,+0.8x, =1.724

Pewenne: X =3 X, =-1.22



[Tpumep 1

Manoe nsmeHeHune B JaHHbIX (cTonbeL, npaBoi YacTu)

- (0.002
- 10.024
[TpBOAMUT K 3HAUYNTENIbHOMY USMEHEHUIO B peLlleHnmn
2.0
X =
~1.22

[Moyemy 3TO NpomncxoamT?



[Tpumep 1

PeweHune cnctembl AByX JIMHENHbIX
X, =(-1.0x,+1.9)/0.9

X, =(-0.9x +1.7)/0.8

YPaBHEHUIM HAaXOAMTCA KaK TOYKA

nepecevyeHnAa npPAMbliXx

B T T T T T T T T T 3
: 1 ' ' - - %,=(1.9-%, 0.9

T T
%,=(1.902-%, 0.9




PeweHne npobnembl KOPPEKTHOCTU
NOCTaB/IEHHOM 3a4a4u

obocHOBaHMe cyLecTBOBaHNA peLleHmns
(peweHnin) B TOM UM MHOM Kacce (BEKTOpPOB,
bYHKUUMN, LenbliX UK BeLlecTBEHHbIX Yncen u T.4.)

obocHOBaHMe eaANHCTBEHHOCTUN pelleHnA

nccneaoBaHMe YCTOMYNBOCTU peLlleHns no
OTHOLLUEHUIO K BO3MYLLEHMIO NapamMeTpoB 3a4a4u
(8 Mpumepe 1 370 BO3MYLLEHUE NMPABOMN YACTH)



[Tonmep 2

3a,u,aqa MHTEPNnoOAAUNN NO YeTblpeM 3aadHHbIM TOYHKaM

AV

X

YT0bbI 334a4a Obls1a KOPPEKTHA, HEOBXOAMMO BBECTU
NONO/IHNTENbHOE YCNI0BME, HANPUMEP, NPUBINKATb JaHHbIe
NOJIMHOMOM GUKCMPOBAHHOM cTeneHn. U3BecTHO, YTo vepes
YeTblpe TOYKN NPOXOAUT eANHCTBEHHAA Kpueasa v = f(x), rae
f(x) — nonnHom TpeTben cTeneHw.




CoBpemeHHaa KoHuenuuA
MaTeEMATUYECKOro moaesimpoBaHUA

III 6n0K — MNepexoa, oT HeENpepbiIBHOU MaTEMATUYECKOM
Mmoaenu K ANCKpeTHou

BAOK xapaKTepeH AN moaenen, KoTopble ONMCbIBatOTCA
ampdepeHUnanbHbIMU U UHTErPasIbHbIMU COOTHOLLEHUSAMMU

Mpn nepexone oT HENPEPbLIBHOM MOAENN K ANCKPETHOMN
NnPoOMCXoAuUT NogMmeHa UCXOAHOM 334a4M Ha HOBYIO,
XapaKTepPU3YIOLLYHOCA OAHUM NN HECKONBbKMMU
napameTpamm

Mpumep —3aaa4a BbIYUC/IEHMA UHTETPANa C MOMOLLbHO
dopmyn Tpaneunin nam CUMNCcoHa, NapameTp AUCKPEeTU3aLUmu
N (4ynMcno geneHuin UCXo4HOro OTPE3Ka) XapaKTepusyeT
cTeneHb TOYHOCTU AUCKPETHOro NpubanKeHua.



[Tonmep 3

3afaava Koww y'=—y xe[0l]
y(0) =y, =1
1

Pasgenum otpesok Ha N vactein AX = N

X. = AX(1—1)

BbluncnamntenbHana npoueaypa

y(% +AX) — y(X)
AX

y'(X) :Aljinm



[Tonmep 3

NnddepeHumnanbHoe ypaBHeHUe npeobpasyeTcs B

Vi, =Y, @0—AX) i=01.,N-1

C NOMOLLbIO HaYaNbHOTO YCN0BUA NOJlyYaem

1\
yd) =Yy = (1_Nj

-1

yN N —o0 >€



CoBpemeHHaa KoHuenuua
MaTeEMATUYECKOro moae/iMpoBaHUA

IV 600K — AHaNU3 maTeMmaTU4YeCKoOU
KOPPEKTHOCTU AUCKPETHOMU 3a4auM

31eCb BO3HMUKAIOT Te e npobaembl, YTO U B B1OKe
11, K KoTOpbIM fObaBAsETCA €Le OAHA 3a4a4a —
OTBETUTb Ha BONpoc: byaeT M npu napameTpe
N—>o0 (MM AnAa COBOKYMHOCTM TaKMUX NapameTpoB)
ONCKpeTHas 3ada4a, noctpoeHHan B 6noke 111,
CTPEMUTLCA K NCXOAHOUN HEMNPEPDLIBHOM 3a4a4e’?



CoBpemeHHaa KoHuenuua
MaTemaTn4eCroro moaeampoBaHmA
V 600K — HanucaHue anroputma ana ANCKPETHOMU

3a/4a4U U NEepPEeHOoC ero Ha BbIMUCINTE/IbHYIO
cucremy (nporpammupoBaHMe Uam KognposaHue)

VI 6noK — OtnagKa nporpammbl (TecTUpoBaHMe,
noayvyeHune pes3ynbTaTtoB U UX aHaNun3).
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