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yveH oft creu es vr KaH4.LT lar a S u s zx o - M are M arr4q e cKr{x H ayK rr o
I .2 .2 - MareMarr4 r{ecKo e M oAenl4 p oB aHr.I e, r{r4 cJIeHHbre MeroAbr r.r

KOMrrJreKCbr rrp orp aMM

Bgsrounacrl4rlecKl4e Marepr4uurbr orHoc.rrrc,rr K HeHbroroHoBcKr,rM cpeAaM,
KoTopble [po.fiBn.f,roT ceoficrna )KLIAKocrpI rlo AocTI4 )K eHvr7 olpeAeJreHHofo
BHyrpeHHefo KacareJlbHofo Halpfl)KeHlflflj Ha3brBaeMofo npeAenoM TeKyrreQTr4,
HLIXe Koroporo Marepvan I4crlblrblBaer nr4rrrb ynpyrr4e 4e$opMarlr4tr r4 BeAer ce6s
KaK TBepAoe reJlo. Onu I4cllonb3yrorctr B pa3nI4r{HbIX orpacn.rrx xr4Mr{rrecrcofi,
neQr,xuofi, nuulenoft [poMbllxneHHocrra, MeArrrlr4He Lr r.L., a MareMar14r{ecKoe
MoAenI4poBaHI4e HeycraHoBl{BlrrLrxcfl. reqeuufi TaKkrx cpe.q r4Meer 6olrruoe
IIpI4KnaAHOe 3HaqeHI4e I.nfl OIITI{MI,r3A\r4Vr pa3nzqHbrx TexHoJrofrrr{ecKr,Ix
ilpoqeccoB. llpu rerreHl{Ia B.f,3KorrracruqecKr4x cpe,u o6pa:yrorcfl ABa rr4tra 3oH:
3oHa rerreHl4f,, rAe cpeAa rlpoflBn.ser cBoficrna sssxofi )KraAKocr1r kr 3oHa, rAe cpeAa

.BeAer ce6x KaK TBepAoe reno. 3ru 3a1aqr4 orHoc.flr K MHoro$asnbrM 3aAarraM Tkrra
CreQaHa, vr LIMeHHo tloBeAeHue fpanlru pa3Aena Su. il.peAcraBnfler 6orsurofr
I4HTepec B rlpr4KnaAHbrx 3aAarrax. Heo6xoAr,rMo yr{r4TbrB arb) rrro l.nfl HeKoropbrx
B{3KOIIJIaCTI4TIeCKLIX MaTepkIiUIoB pa3pylxeHr{e cTpyKTypbr rrpoucxoAr4T rrpr4 oAHoM
IlpeAene TeKyrIecTkI, a BOCCTaHOBJIeHIIe npz ApyfoM, 3HarII4TeJIbHO MeHbIIIeM, VI

I.nfl OIITHMLI3aIJVkT Pfl!.a reXHonorHrIecKI{X [poqeccoB rpe6yerc.a pasBkITue
no4o6uux MareMarl4r{ecKl4x tuoAelefi Tuna MoAenr4 Ctu6apa - fIacnas,. Taxxe
cneAyer yrlecrb Bo3Mo)KHOCTb pe3Kof o r43MeHeHr4s, conporvrBrreHvrfl, rlplr
oIIpeAeJIeHHbIX CKOpOCT.f,X ABI4)KeHrIt V CKOJrblKeli^Lrfl, )KrrAKocTr4 BAOnb TBep.qbrx
creHoK, rrro B rlpeAcraereHHofi pa6ore BbIrroJrHeHo Ha ocHoBe r14nore3br H.lI.
llerpona. llpegcraBJl.f,er I4Hrepec pa3Br4rr4e MeroAoB perxeHkr.r KpaeBbrx 3aAarr B

o6lacr.sx c HeI43BecrHbIMI{, Ir3MeH,arculzMkrcfl. Bo BpeMeHr4 rpaHrrrla.y1Lr pa3Aena
3OH TCIIEHI4.g.

CleAonareJlbHo, TeMa Al,Icceprarlr{oHnofi pa6orrr flBilnemcn oKmyanuruo f,t

u coomaemcmtyem cileul{aJrbHocrr4 I.2.2 Mareuarzr{ecKoe MoAenr{poBaHr4e,
qI4 CJIeHHbre MeTOAbI I,r KOMfIJI eKCbI Irp Ofp aMM .

Anroponr rrpeAno)KeHa MareMarr{rrecKa.fl MoAenb
vrnoroQa3Hblx TerreHI4fi essxolracrr4r{ec zx cpe L Ha ocHoBe

HeycTaHoBr{Brrruxgfl

MoAenu Ctu6apa -



fIaclag,, orJrl4r{arcqaflcfl or r{3BecrHbrx aH€ulofoB yrreroM Bo3Mo)KHoro

(npocK alrb3brBantrfl>> cpe4u Bronb rneproit creHKu. flperno)I(eH Meror
III{CJIEHHOIO MOACNI{POBAHI4tr ANfl PEIXEHI4fl 3ATA\ HCYCTAHOBI{BIIIE|OCfl TEIIEHI{.f,

B,rr3KorIJIacrI,IqecKI4x cpeA, Ha ocHoBe oro6pax eHvrfl. o6racrz c TIoABI,I)KHoft

rpauzqefi Ha HenoABpr)KHyro o6racrr, npkrMeH eHvrfl, Ar4cKpervrcar\vv rro

He3aBlrcuuofi rpocrpaHcrBeuuofi nepeMeuuofi Ha ocHoBe rrpoeKlll4oHHoro MeroAa

faneprvHa vr A€urbHefimero r{r4cJreHHoro r4HTerpvrpoBaHnfl, IIo BpeMeHI4 3atra.r,.v

Koruu p.nfl cur creMbr o6srxuoBeHHbrx ara$SepeHrlr{a^rrbHblx ypaBHesuit. Merol
rro3BoJrser orrpeAeJrrrrb rroJro)KeHr4e rpaHI4IIbr paAena $as reqeHl,Lf, vr ero

lpr.rMeHr{Mocrb Ha Bcex srbnax KoMrrbrorepHoro MoAenl{poBaHrl.f, (pa:nurue
TerreHr{.r, nepexoAHbre orarrbr, BoccraHoBJreHr4e crpyKTypbl). flo pe3ynbraraM

cpaBHeHvrfl, c HafiAegHbIMLr rorIHbIMI4 aBToMoAenbHbIMI,I pelxeHrl flMvr IroK€BaHa

BbrcoKaq rorrHocrb MeroAa. All- KoppeKruofi nocraHoBKl4 3araq,v pasBprrvrfl,

Ter{eHI4g rrg cocrof,Hvrfl. troKo.fl, KofAa Bo3Hr4Karoulatr o6racrr rerleHl{.g

xapaKTeprl3yerc.fl 6ecroser{Ho uanofi [porffKeHHocrblo B HaqaJlbsuft MoMeHT,

rrpeAno)KeHo r4crroJrb3oBarb MeroAbr acr{Mrrrorr{rrecKoro I4HTerpl4poBaHr4fl, B Iualofi
oKpecrHocrr{ oco6ofi TorrKr4. Pa:pa6oraH Lr peanr{3oBaH rrporpauuuufi KoMTIJIeKc

MoAenr{poBaHI4.rI HeycraHoBr4BIIrvxcfl, re.reHr,rfi Btr3Korlracrl,IqecKplx cpe.q c

rroABrDKHbrMrr fpaHrauaMu pa3Aena 0a:. Als 3araq c ruI crepe3ncorvr .qe$opMarJur4 vr

Bo3Mo)KHbrM (rrpocKaJlb3brBaHneM)) BAonb rBepAofi creHrcu Ha ocHoBe rll4creHHofo

MoAenr4poBaHraf, 14 ccneAoBaHo ABr4)KeHr{e rpaHr4 rlbr pa3Aena Sas. I4ccte4oBaHo

BrrvflHkre ([pocK€Llrb3brB anvrfl>> cpeAbr BAonb rnep.uofi creHKLI Ha [apaMerpbl

TEIIEHI{fl, HA OCHOBC PAZPA6OTAHHOIO KOMIIJIEKCA NPO|PAMM. B STOIVI 3AKIIIOqAETQfl,

. HayqHon HoBusHa npeAcraBneHHofi pa6oru.

focmonepHocmb rrorryr{eHHbrx pe3ynbraroB o6ecueqlaBaerct Koppexrsofi

MareMarlaqecrofi ilocraHogKofi 3aAar{, a.{eKBarHo olll4cblBaroqefi

paccMarpr{BaeMbre Qzsu.recKr{e rrpoqeccbr, [prIMeHeHI{eM aupo6upoBaHHbIX

MeroAoB KarrecrBeHHoro v qpIcJIeHHoro analrvr3a MareMarI4rIecKuIX tuoAelefi Lr

IIOATBep)KAaeTCt paCrIeTAMI4 Ha OCHOBe TIUCIeHHO|O MOAenI4pOBaHVg,, A TaruKe

cofJracoBaHr4eM [onyqeHHbrx pe3ynbraToB c AaHHbrMr4 3KclepI,IMeHTaJIbHbIX 14

qr4creHHbrx uccneAosaHlafi Apyrl{x aBropoB.

TeopemuqecKa.fl gHaquttocmb cocrol4T B ToM, trro pa3BI4 Ta reopl4{,

rrpoBeAeHa rrocraHoBKa 3a1aLr, pa:pa6oraHbr MareMarl4r{ecKue MoA en:a I4 MeroAbI
rrlrcJreHHoro MoAenl{poBaHrz fl, B 3araqax Hecrarlr4oHapHbrx MHoroSasnbIX TerI enuit

B.rr3Kolracrr4rrecKr{x cpel c rroABr{)KHbrMr{ rpaHvrr\aMvr. llpone4eHHat pa:pa6orKa

trBJrtrercs ocHosofi p.nfl AaJrbHefiurero pa3Br,rrr4.rr MeroAoB rII4cJIeHHoro aHuru3a Lr

KoMrrbrorepHoro MoAenr4poBaHnfl, rnfl HarraJrbHo-KpaeBblx 3arau rvlrra CreQana c

rroABlr)Knofi rpaHlrrlefi, n roM rrlrcJre vr 1.nfl. cpe,q c 6oree oJIo)KHbIMI,I cBoficrnauu.

Anropona ronyqeHo cBr{AereJrbcrBo o rocyAapcrsenHofi perl4crparJkrvr

pazpa6oraHHoro [porpaMMHofo KoMnJreKca, rrro [oArBep)KAaer npaKmuqecKyu)

3HAqUMOCmb rrpeAno)KeHHbrx MeToAoB 14 Bo3Mo)KHocTb vIx I4CIIOJIb3OBaHI4q rIpI4



IIpOeKTr4pOBaHI4I4 14 MaTeMaTr4rlecKoM MOAeII{pOBaHVLI TeXHOJIO|I4TIeCKI4X

lpoUeccoB B pa3nuqHbrx [polr3BoAcrBax, raKl{x KaK Ao6rI'ra ne0ru 14 ropQa,

r{3roToBjreHr{e ueMeHTa, rrJracrMacc, creKJIa, pa3IIUqHbrX [uuIeBbIX TIpOAyKTOB,

rrpoKaT MeT€LIIJIOB I{ T.A.

OcHosHoe coAep)K anue pa6oru I{3JIo)KeHo B 13 ny6nux awrflx B

peueH3lrpyeMbrx kr3raHr4flx, vr3 Hr{x 3 B vr3raHkrflx, peKoMeHAoBaHHbIX BAK Po
(ase Kareropus,K}I{ oAHa Kareropvr K1).

[uccepral\r4fl, cocror4T kr3 BBeAeHI4f,, qerblpex rJIaB,3aKrroqeHvrfl',

6ultuorpaSu.recKoro crrlrcKa vr [pr{no)K e:e^ufl. Ona HarrLrcaHa flcHbIM vr

TeXHI4IIecKI4 fpaMoTHbIM hsHxoN,I , T4 OTJII4qAETCfl IIOCIIEAOBATEJIbHOCTbIO,

I Of I{TIH O CTbIO I,I C OAEP)K ATEJIb H O CTbIO I43 JI O )K EHI4fl. M AT EP U UIA,

B nepnofi rJraBe rrpr{BoAarrcfl. o6aop pa3nr4rrHblx peo.norl{r{ecKl4x MoAet;refi,

B,rr3KolJracrrarrecKr{x cpeA u o6ocHoBbrBaerctr nu6op MoAenI,I Ctulapa - lIacJrafl' B

KaqecrB e ocHoBbI Anfl rI o crpo eHr4fl, M areM arl,IqecKofi u oAenl4 H eycraH oBI4BIrII4xct

vruoroSa3Hblx re.IeHr,Ifi Br3Korrrracrr{qecKr{x cpe,U c yrreroM rl4crepe3uca

ae6opvr awr4 rrpr4 Harpyxr eHvrr4 vr pa3rpy3Ke. Paccuarpl4Baercn s00exr

Bo3MoxrHoro ([pocKarrb3brB a:anfl>> BAonb rnepAofi creHKI4 vr Anfl ero yrrera B

MoAenr4 rrpeAnaraercs r4cfroJrb3oBarb rIoAxoA, aHalrorzqHrtfi rl{rlore3e H.lI.

Ilerpona Anfl n.flsrofi )KurAKocrr{. llpzno4 flTcfl. cBeAeHI4s o rporpanrluuofi

pearrr43 arJkrtr upo6neMHo-opueHTr,rpoBaHHoro KoMrIJIeKca I;rfl MoAerlnpoBaHl4fl

HeycTaHoBI4BIrrvrxcfl. ntroroSa3HbIX re.{eHlafi Bf3Korlracrl4rlecKux cPe,q c

rroABI4)KHIIMII rpaHLIq awu pa3Aena Sa:.
Bo nropofi fJraBe rrocraBrreHa kr pelxeHa 3aAaqa o MoAenHpoBaHI'II4

HeycraHoBl{Blrrefocr ((3arra3AblBaroulero)) TeqeHI4g B.x3KolrJracrl,I'Iecroft xI'IAKocrI4

ro HaKJroHsofi rrJrocKo crvr c yqeroM s$Qexra np[creHHoro cKoJIb)KeHufl..

flpe4no)KeH MeroA rrr4cJreHHoro I{HTerptrpoBanr4s.3allaLrtr rurla CreSaua c

loABr,r)Knofi rpauuqefi Ha ocHoBe oro6paN etvrfl. Ha o6lacrr c He[oABuxsofi

rpauuqefi, Ar4cKperarca\vr4 rro He3aBr4cul,rofi [pocrpaHcrBessofi nepeMensofi Ha

ocHoBe 11poeKrlr{oHHoro MeroAa fanepxvrHa vr AanbHefiruero qucneHHoro

r,rHTefp LrpoBal:zfl, rro BpeMeHr4 3a aqv Kourn rnfl ckl creMbl o6rtrsoBeHHblx

Ar,rQQepeHrlr{aJrbHbrx ypaBHetrufi,. Als KoppeKrsofi rIocraHoBKI4 3al.aqv pasBvrrvrs'

TEIIEHI{tr IPI{MEH fl.TTCfl. MCTOA ACI{MIITOTI'IqCCKOIO I'IHTEIPVTPOBAH]I1^fl, B TTNAIOfi

oKpecrHocrr4 oco6ofi TorrKtr. llo4po6no rpeAcraBJIeHbI pe3ynbrarbl

KOMIIbIOTepHO| O MOAeIIUpOBaHkIfl, BCeX BO3MOXHbIX sTafIOB TeqeHl4.f, .

B rperrefi fJraBe rrocraBJreHa vr pelxeHa 3ag.aqa o MoAenI4poBaHI'ILI

HeycraHoBr,rBlrletocf, (3ala3AblBaroqef o)) Ter{eHI,Ifl B.f,3KorlJlacrl4'IecKofi xI{AKocrI4

B HefroABr4)KHofi rpy6e xpyrnoro cer{eHuf, rroA Aeficrsl4eM rlepelIaAa AaBneHrx's' c

yrreroM s00exra [pr4creHHoro cKoJrb)KeHkrs.. Alx ee peIxeHI4.[ IIpl{MeHflIrvcb

MeroAbr, rlpeAno)KeHHbre Bo nropofi rJraBe. PaccvtorpeHbl Bce Bo3Mo)KHbIe STarIbI

TCIIEHI{fl , IIPI{B EAEHbI P E3YNbTATbI KOMIIbIOTEPH OTO M OAENI4P OB AHUfl"



B qerBeprofi rJraBe rtonyqeH ps.q aBToMoAenbHbrx perueuzft [nfl 3aAar{

HeycraHoBr{Brrrerocfl ((3arra3AbrBarouero)) TerIeHI4.f, Bt3KorlJlacrl{qecxofi xI4AKocrI4

rro HaKrroHsofi [nocKocrr4 v B HerroABraxsofi rpy6e Kpyrnoro cerreHllfl. trls
npoBepKr4 KoppeKTHocTV rrvrcJreHHbrx aJrfoprrTMoB aBToMoAenbHbIe peueHr4fl, Anfl

orana pa3roHa cpeAbr vro4raSr{rlr{poB arrvrcb raK, .rro6rI yqecrb BIrr4flHvre

paclpeAeJreHHbrx rro o6renry BHerrrHrrx cr{Jr B rrJrocKorlapanneJlbHoM cnyqae Lr

rpaAr,reHTa AaBreHkr.fl B ocecr4MMerpr4rrHoM. llo pe3ynbraraM Tecrl{poBaHl4fl

rroKa3aHa BbrcoKafl eQQexrkr BHocrb npeAno)KeHHbrx arrropl4TMoB rrl4creHHoro

MOAeJrrrpoBaHHf,.

flo Aucceprauuosuofi pa6ore Mo)KHo cAenarb cneAyrouue suMeqaHu.r:

1. Crporo roBops, OopMyna (2.24) Ha crp. 38 cnpaBeArlkIBanpv z:I.
2.fIpu SuxczpoBaHHoM 3HaqeHvrv BpeMeHI{ BbIpa)KeHI4.e (3.38) Ha crp. 70

rrpeAcraBJrf,er co6ofi ronLrHoM Bropofi creueHkr orHocI4TeJIbHo npeo6pagosaHHofi

rrpocrpaHcrBeusofi KoopAr{Harbr, rrro Aaer Bo3Mo)KHocrb npeAcraBurrb B

alaJrkruaqecrofi Sopue HarruurbHbre ycnoBllt p.nfl cl4creMbl o6rtruoBeHHblx

Ar.rQ$epeHur4 arrbHblx ypaBHerruir, (3 .43), (3 .44), (3.48).

3. CneaoBurrro 6rr noscHlrrb, r{ro n Sopuyne (4.98) Ha crp. 113 ucnonb3ylorct
rlr{nr4HApuqecKr.re Qynxqrau BecceJr,f, MHr4Moro apryMeHra, a B Qopnayne (.99) -
qunr,rHApr{rre cKn e SyuKIII,I 14 MaxAoH €ulbAa.

Buecre c reM, 3aMerranvrfl, He BJrr4flror Ha nucorufi uayuuufi ypoBeHb

Alrcceprar\r4kr, r{ Kacarcrcx oQopMneHux pa6orbl nu6o HanpaB IreHvrs, A€ulbHefiuux
r{ccneAosaHLrfi.

3arc.nroqeHHe. fucceprarJtrfl, CaQponr{I4K M.I4. .tlBJltercs HayrrHo-

. KB€Lrrr4$r,rxaqvousofi pa6orofi, B Koropoft co4ep>Kr4Tcfl, perreHl4e HayqHofi, zagauu,

BKrroqarouefi rrocrpoeHze MareMarur{ecKr4 x uoAerefi u KoMIIbIorepHoe

MoAenr4poBaHl{e HeycraHoBrrBrrrkrxcfl, reqeHzfi B;r3Korr racrurrecKl4x )Kl4AKocteit, a

TaKXe pa3BI4Tr{e MeTOAOB rrr4CJreHHOfO aHanlr3a [nfl HaqaJIbHo-KpaeBbIX 3a aLr

Tr4rra CreQana c rroAsr.rxHofi rpaHrarl eit, u r{Merouefi cyuecrBeHHoe 3HarreHtre [nfl.
MareMarl4rlecKofo MoAenupoBaHr,rs vtroro0a3Hblx reqeuufi B.f,3KollnacrurlecKl4x

cpel. [ucceprar\vrfl, BbrrroJrHeHa caMocrorreJrbHo Ha BbIcoKoM HayrrHoM ypoBHe I{

qBJrflerc.r 3aKoHrreusofi HayrrHo-rnanzSrlKauuousofi pa6orofi. flonyueHHbIe

aBTopoM pe3ynbrarbr AocroBepHbr, BbrBoAbr v 3aKJIroq enkrfl. o6ocsoBaHbl.

AnropeQepar 14 ony6nuKoBaHHbre pa6oru coorBercrByer ocHoBHoMy

c oAep)K aH r{ro ALI c c epTaIII{ I4 .

[ucceprarlr4 oHnas, pa6ora CaSpoHrrr4K Mapraz VItsusuLIHbI Ha reMy

<Mareruarl4r{ecKoe MOAenr4poBaHkr e HecTarlr{oHapHof o TEIIEHI4'

(3arr€I3AblBaroqux)) Bf,3KollJlacrr4rrecKr4x cpe,q 6v srauoBcKof o rklRra c yrreroM

eQserra (rpucreHHoro cKoJrbx(eHr4.f,) Ha 6ase peonorl4rlecKofi vroAe nu Ctu6apa-
flacna.s) coorBercrByer rraclopry clerlr{€ubHocrl4 1.2.2 - MareMarl4rrecKoe

MoAenr{poBaHr4e, rlr4cleHHbre MeToAbr vr KoMrrJIeKcbI npofpaMM u orBerraeT

rpe6onala:z^flv. rr.rr. 9-11 , 13, 14 <lloroxeHnfl. o rpucy)KAeHl4u yrreHblx creneuefi>>,



yrBep)KAeHHoro llpau4reJlbcrBoM Poccraficrofi Oegeparlr4u or 24 ceurs6px 2013
r. Ilb 842, [peAbf,BJrfleMblM K Al4cceprallrlflM Ha cor4cKaHue yueuofi crerreHr4
KaHAr4Aara S usLr Ko -MareMarr4rrecKr{x H ayK.

c'ruraro, rrro aBTop Ar,rcceprarlr4oHnofi pa6oru
r4trcunuqHa 3acnylKnBaer rrpzcpK reHkrfl, yueuofi crerreHra
MareMarr4qecKr,Ix HayK fro clerlr4 arrbHocrz I.2.2
MO.4enUpOBaHI4e, qrIcJIeHHbre MeroAbr 14 KoMIrJreKCbr [porpaMM.

oQuqzzurruufi o[rroHeHT, AoKrop rexHr{rrecKr.rx HayK,

AorIeHr, upoQeccop raQe4pu
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A4pec: Pocczq , 127994, fClI -4, r. Mocxna,
yl. O6pa3rloBa , 19, crp. 9
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Ter. +7 495 681- 13-40
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