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OFIUA-fl XAP;\KTEPI4CTI4KA PAEO'IbI

AnTya.rruHocTb TeMbI. 3a,qaua pacqeTa ABI4XeHI',I{ 'IBepAofo TeJIa B fa3o-

nOfr cpe4€) uMeeT I{cKJIIor{I4TeJIbHo o6-"p"Oe npI4nOXeHI{e B TeXHuKe' Jfto6oe

ABT4XeHIIe B aTMOC$epe aBTOMO6I4JIS, CzIMOJI9Ta' paKeTbI' CHap{Aa ecTb ABI4x(e-

HI4eBfa3l]BoficpeAe.CroAa)Ke]VIoXHooTHecTvI3a\aqyoABuXeHIlI4Manopa3-
MepHbIXTBepAbIxqacTuuBHecyueMfa3eunvI)KyIIKocTlI'cB'3aHHyIocTeXHo-
JroruqecKIIMI4 IIpoUeccaMH rI4ApOa6pa3I'{BHofi u necKocTpyfiHofi o6pa6orrv p:e-

TaJrefr, npoqeccbr paooTbr IIopIIIHeBOfo KoMnpeccopa, ryp6I{HbI' IIHeBMOIIpIII4H-

Apa u T. rI. BapuaH:rbl pelueHl4t AaHHoft zagauu QB{3aHbI c pa3pa6oTKofi npo-

fpaMMHbIl( KoMTIJIeKCOB MOAeJIHproBaHr4tr Qr{srauecxux upoqeQcoB', cotlpoBoxAa-

rorrll4x ABl4XeHI4e TeJIa I'1 fa3oBofi cpeAbl'

B n:acrosilIee BpeMt pa3pa(SoraHo H IxI/IpoKo llcllon:b3yeTcq 6olb[Ioe qi{c-

no yHI4Be]]caJIbHbIX npo|paMMHbI]K KoMIIIIeKcoB I4MI4TaIII4orHHofo MoAenl4poBaEufl,

Qusuuecxl{x npoqeccoB pa3;1l{rlHofi nplrpo4bl - TelJIoMe]KaHI{KH' BHyTpeHHeit' vr

sHexruefi 6atnucruKr{, ra3oBofi Aunaur4K?r, MexaHI{KI{ AedJopMupyeMoro rBepAo-

fo TeJra. Paspa6oraHo 6OJIb[roe q[I4CJIO NIOUIHbIX yHI4BepCiuIbHbIX IIaKeTOB' TaKHX

rar ANSys, sonaworks, ro3BOIqIOq?tx He ToJIbKo IIpoBoAI4Tb I',IMI'ITaUHOHHOe

MoAenI4p0BaHI4eIIIlIpoKofoKJIacOafa3o,[I4HaMHI{ecKI4X3a!.a1q,Ho14o.{HoBpeMeH-
HO pean'3oBaTb Co[ptXeHHbIe perueHl4fl cMe)KHbIX 3aAaq M€XaHI'IKH 4e$Oprr'rUpy-

eMofoTB|3pAofoTeJIa'TenJIonpoEoAHocTI{,aKycTHKuvIAP.
OII C BN,IHbIMI4 II C) JI OXI4TE JI bHbIMI4 MOM EHT AMVI', yHV BepcaJIbHOCTb

Hapr4y c orIeBnAHbIMI4 IIC)JIOXI4TeJIbH-bIMI4 AtrLrlvrslar4rvLrr) J rrrrDvyvwr

rraKeTa, ptMeeT I4 orrpeAeJleHHble HeAocTaTKH, cB{3aHHbIe c Tpe6oBaHHeM AocTa-

TOr{HO BbICOKOft r<earir,r$Hx aI\kIIr IIOJIL3OBS.T elef4, HeOe;XOAI4MoCTbro oueHKoit

npueMneMocTl,I Bbl6paHHofi MaTeMaTIIqecKofi trloAella ,ttnt otll4cal{l4fl' COOTBeT-

crayroute:fo ol43r4.{ecKofo npoqecca, 3HaqI4TeJIbHbIX BbIrlI{cJIllTeJIbHbIX pecypcoB

3BM. Bce sro npr4BOAr4T K roMy',, iITO B Hagro.rglee BpeMt B IIpoeKrHbIX OpIaHI4-

3arlr,rf,x, HaptAy c I4CIIOJIb3OBaHIZIeM yIIOMtHyTbIX yHI4BepcalIbHbIX [aKeToB npo-

rpaMM, I4CIIOJIb3yeTCI 6OnbIIIOe qucJlo IIpOrpaMMHbIx pa3pa6oroK' B ToM rlucrte I4

peanI43yIOlIII4Xfa3oAI{HaMI{t{ecKI4epacr{eTblBpex(I4Me]1I]MI4TAI\IdOHHO|OMOAeJIH-

po"un"" 3ru pa:pa6omu opI{eHrI4poBaHbI Ha pelxeHl{e orpeAeneHHofi y3Koi

fpyrrrrbr 3akaq, cBr3aHHbrx c oyHKrIr{oHIIpOBaHI4eM cooTBeTcTByIoIIIHX TeXHI4rIe-

.*" yctrpoficTB, KaK [paB]IJIo, 0 oAHoBpeMeHHbIM MoAe'IIupoBaHI{eM conpflXeH-

HbrX [poqeccoB, cB.fl3aHHbIX c oIIeHKofi TepMoIIpOqHOcTIlt, yqeToM nepeMeIIIeHHit

TBepAbIx TeJI n T.[. OrpaHl4qeHue o6racru npI4MeHeH?I{ ]:Io3BoJI'[eT o6OCHOsaHHCr

"ur6put" 
Br4A MaTeMaTr4rrecKofi MO.4ejiII4, COOTBeTCTByFOIIIefr aHaJII43HpyeMoM)/

npoqeccy, 3Har{I4TeJrbHo ylpocTnTb ee [porpaMMHyro peuurl43alluro, elr6paB co-

oinercrnyrorlrdfi e S 0 eKrr4BHbrfi v ailp oSup o B aHHbIfr u eroA p e IrIe HIar'

O;Tnofi us o6nacrefi [pIIMeHeHI4f cIIequaJII43HpOBaHHbIX IIporpaMMHbD(

KOMIIJIeIiCOB tBJIfleT Cfl. I4MhITaIII{OHHOe MO.{enI4poBaHI4e C)OlptxeHHbIX 3aAaq fa-

3OBOfr .II{HaMI{KI{ I4 MSXaHI4KI{ ,IBI,IX9HI4g TBepAOro TeJIa' lloAo6nue npoqeccbl

coilpoBcrxAaror pa6ory nopruHeBgfo ABI4; ATeIrfl, Typ6hHbI' BbICTpen aprqnJle-

praficr<oii r4rrr4 crpeJrKoBofi cucreMbr, crapr nHporexHl4qecKofo 3JIeMeHTa. llpo-
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fpaMMHbre pa3pa6orKr4, peanl43ylolIlue MOAeiII4poBaHUe AaHHbIX IlpoqeccoB',

AonXHbI o6ecuequBaTb peIxeHIIe coIIpflXeHHbIX 3aAatl' KaI( nO QUSUueCTOfi rlpu'

pOAe (ra.ec,nax ALIHaMuKa - ABI4x(eHI4e TBepAoro rela), TaK I{ nO CTeneHI4 AeTaIIn-

,uq"t (uynlllepHat lepMoAl4HaMl4r{ecKaf, MoAeJIb - MHot'oMepHaq 3aAaria ra3o-

Bofi AI,IHal7-Krrt, 1,pLI ]3ToM conpffKeHl{e pe11leHlag o6ecnetl}IBaerc.s cooTBeTcTBy-

TOIIII4M COIrprxeHHeM HaqarbHblx u rpaHurrHblx ycnoBHfi'

Tpa4urgoHHbrfi rroAXOA K peIIIeHHIO noAo6HbIX 3aAarl - IOCJIeAOBarenbHoe

aBToHoMHoeMoAeJILlpoBaHI{eoTI[eJIbHbIK3TaIIoBHeBceIEaBo3MoxeH'HaIIpI4-
Mep, ecJIH TeJIO [epeMeIIIAeTAg. B HecTaII[OHapHoM fa3oBoM IOTOKe I',I OKa3bIBaeT

BJII4SHI4e tla cTpyKTypy TerIeHI4t. Peureune AaHHofi 3?[a:rt4 Tpe6yeT IIpoBe'qeHHt

pacqeTa fa3o.qHHaMI4rIeCKOfO Ter{eHu{ c yqeToM nepeMeHHbIX fpaHI{rIHbIX ycno-

Brti4VIHa.;tII:lnfl,IIOABIIlrHrIX fpaHI'III TBetr)AOfO TeJIa' @arropOM' OcJIolI(HflIotIII4MI4

peIxeHIIe AaHHofi 1A21A1LI, flB1IfleTcfl' HeO6XOAI{MocTb yqella MaJIIIX yrJIoBbIX ne-

pataufant;4iI T)IIA, He OTO6paXaeMbIX B ciIeTHOfi 3OHe' IIpI{ I4CIOJIb3OBaHI4I4 
^By-

MepHOfr NIOAeJII4 Ia3OAI4HaMI'IqeCliofo TerIeHI{s' Bce 3To Tpe6yeT HcIIoJIb3oBaHI4q

cleurraJrbHbrx TTOAXOAOB K npofpaMMH0fi peanI43aIIVrI4 V!'MI4TaIII4OHHOfr MOAeIII

npoueccauonpeAeJlgeTaKTyaJIbHocTbTeMbIAIIccepTaI]'I|II.
Bce cKasaHHoe no3BOJIter coopMyJll4poBarb IIeJrb AaHHofi pa6oTbl: pa3-

pa6orKa MareMaTI,IqecKpIX MoAeJIefi 14 IIporpaMMHoIo ofiiecneqeHlls'

rrlef o I4MI4TaIII{OHHOe MOAeJIUpOEaHI4e IlpoqeccoB' co[po]Box{Aaloqptx

TBep.4ofo reJla B ra3oBoM noroKe cnoll(Hofi crpyKTypbl'

3Aecr r.{ AaJree noA fa3oBbIM TIOTOKOM CJIOXHOfr CrpyxTypbl MbI

Hr,rMaTb HecTaIIUOHapHbIe I4 CTaU I4OHapHbIe Ter{eHI4q C HeOAHOpOAHbIM

JIeHI4eMr.a3oAI{HaMIIqecKI,IXnapaMeTpol}BIIpocTpaHcTBe.
ocirercrorvr rrccJreAoBaHHr HacTotlqefi pa6oTbr .'IBJI']OTC' MaTeMaTIIT{e-

cKr4e MOItenI{ lpoqeccoB, conpoBoxAaloqllx ABI4XeHI{e TBepAofo TeJIa B fa3oBoM

noroKe ciloxHofi cTpyKrypbl.
Ilpegrvrer uccJIeAoBaHI{fi - €uropurMbl I{ nporpaMMbl' peaJIII3yIo[II4e pa3-

pa6oraHr{bre MaTeMaTprqecKHe MOAeIIU E} BI4Ae BbIIII4CJII{TeJIbHO|O 3KcnepnMeHTa'

B cooreeTQTB14VI C qenbrc pa6oTbl 6]I,tttu cQoprrayll4poBaHbl cneAyloIIIHe

3anaqu IrccJreAoBaH Hfl :

1. Paspa6orya MareMarr.rqecKl,Ix MOAenefi conyrcrByloql4x npoueccoB'

COIIpoBoKAaISUII4X ABIIXSHI'Ie TeJIa B ra3OBoM IIoToKe cJIOlKHofi cTpyKTypbl'

2. Paspa6orxa [porpaMMHOfO KOMIIJIeKCa HMI4TaqI{oHHOrO MOAeJII4pOBa-

peaJlu3yro-

ABI4XeHI4e

6yAeu no-
pacnpeAe-

AII' [epeMeHHbI]:
rpaHuII TBepAbI>l

HI4gllpoqeccaHecTaIII4oHapHofOra3oAI4HaMI{IIecKofoTeqeHH'
rpaHuqHbrx ycnoBr{fr c.{erHofi :lonu u:" HaJIIZI{VTH IIoABI4}KHbIX

TEJI.

3. Pa^:pa6oTKa anropl4TMa, pacqe'Ia cI'IJIoBoro Bo3,4eficTBkI1 Ha TeJIo' [epe"

Meruarcrqeec.rr B 3OHe HecTarII4OHapHO|o fa3oAI'IHaMI4r{ecKofo Ter{eHI4q CnoxHoii

crpyKrypbl.
pa3pa6oraHHo|o rporpaMMHOfO KOMNJIEKCA.4. TecuapoBaHl4e pa3p a0oraHHolo [polpaMMHor u numrrJ rsr\vo'

5 . OqeHxa BO3MOXHOCrr4 MCrrOJrb3O BAHpIfl, pa3pa6 oTaHHOf O IIpOfp aMMHOf O

o 6 e cre.t e Hvlfl. I^IIfl, p elxe HI4t pa3nl I'IrIHrIX. np LIKJI aAH blx 3 aAar{'
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O6rqaq MeroAIrKa l{ccJreAoeaHufi '
Paslla6arbrBaeMble B Aplcceprallllvl MoAenu 6asupyrorcr Ha $yH4aMeH-

TaJrbHbrx oooTHoIII e:H]?lflX MexaHl4l(I',l ABUXeHpIfl TBepAbIx TeJI' Ia3O' I4 TepMoAI{-

HaMUKLT, HX rrpofpaMMHaf, peaJrlr3alluq flpoBoAl4nacb c Llctlollb3oBaHueM esQex-

THBH'IX I4 a[p;6upoBaHHbIX rII'I.JI'HH'IX MeroAoB peIxeHI4)t 3a*'" MexaH]IKI4'

Ha;ruHan HoBI{3Ha Pa6orbl'
1. Paspa6oTaHa KOMrrJreKCHaf, MaTeMaTUrIecKaf, MoAe.[b llpoqeccoB' ollpeAe-

rqrorlnx ABr{x(eHr{e reJra B fa3oBoM IIOTOKe CnoxHofi cTpyKTypbl'

2. Ha ocHoBe rrrograsnX A!|[IV MeroAa KpyuHbIX qacrI4II pa:pa6oraH aJlro-

pr4TM paC,:IeTa OI4JIOBOTO eOSAefiCTB:|1g' Hll TeJIO' [epeMeIIIa]OUIeeCt B 3OHe HeCTa-

rlr4oHapHoro Ia3OAI4HaMI4rIeCKorO TeqeHuf, cloxHofi cTpyKTypbl' yr{HTbIBaIoUI{fr

IIepeMeHHble|paHI4tIIIbIeycJIoBI4'I14BIIufl]F{]/.4eHaIIapaMeTpbIABllx(eHuflyfnoBblx
,r.paraut,3Hl4fi TeIa, He oro6paxaeMblx B cqerHofi o6na<;rl{ AByMepHoro peue-

HI4f, ra3olu4HaMur{ecrofr 3al.A'sl4.

3. F'a:pa6oraH uporpaurrlHrrfi KOMIIJIeKc, pe€il[Il3y'rorquft I'IMIITaIIUOHHOe

MOAeJII4pOBaHI{e I{3yr{aeMbIX IIpoqeccoB'

ocrronrrue IIoJIo}KeHHq' BbIHocIlMbIe Ha 3auIIITy :

1. ](ouulexcHaf, MaTeMaTLlqecKa[ MOAenb ilpolleccoB' onpeAentrcIIll4x

ABI4XeHLIe reJla B fa3oBoM TIOTOKe CJIOX'FIOfi CrpyKTypbl'

2. A.nropr{TM pacqeTa CI4JIOIIO|O Bo3Aeitctsufl' Ha TeJIO, [epeMelIlarcqeect B

3oHe Hecralll4oHapHofo ra3oArrHaMl4rrecKofo rerreHl4q croxHofi crpyxrypbl' oc-

nonannufi na vroAIaouKar\vr4 MeloAa KpyrlHbrx qacrl4lr'

3. IlporpaMMHr,rfi KOMIIJIeX:C, peaJTH3yIOIIIUfi VTMVTT?IIJkIOHHOe MoAenI4pOBa-

HUe U3yq.aeMbIX npoueccoB.

4. PesynrTaTbr TecTHpOB aHzts. pa3pa6oTaHHOrO [pory)aMMHOfO KOMIIJIeKCa'

5. F,eayltTarbr aHaJrr43a o6:racru ilpaKTuqecKoro [punoxeHl4f, pa3pa6oras-

HOfo [pofpaMMHOfO KOMIJIeKCa

Il;parcruuecKaq 3HarrIrMOCTb pa6oru. PaspaooraHHble npofpaMMHble)

apa4at"ii o6ecue.IllBalor rlpoBerAeHkre aHurr43a [apaMe'rpoB ABI'I)KeHHx reJla r]

peXI4Me vIN{vTa\vIoHHoro MOAen:I4po BaII] 'Lfl' IIpOUeCca, 9T'o O6ecUe'InBaeT oIIeHK)/

Blrr4flHufl, yKa3aHHbrx xapaKTepr{cTl{K Ha 3QQeKT?IBHOCTE, n 6esonacHocrb Qysr-

rlr4oHrlpoB ailr4fl.pa3rHrlHblx TeXHI'IIIeCKHX ycrpofi crn'

illrorpu*MHbrfi MOAynb pacqeTa HecTaIII4OHapHOfo f€l3oAHHaMur{ecKof0

Ter{eHIIg [pI,I HaJrI{rrI4U IIOABI'IX(EIbIX TeJI B C'IerHofi 3oHe nonyrlHn CBI4AeTeJIbCTBO

focyAapcrBeHHofi pefr{crparll4ll rporpaMMbl Ans 3BM Ns 2017614602 Poccrafi-

cxaq @eAepallllf,.
Pa6ora BbrrroJrHeHa rIpH QraHauconofi uoAAepxKe I')(DOl{ (npoer<r }|e16-41-

710663).
PesylrraTbr Ar4CCepTaquosnofi pa6orH BHeApeI{bI n yue6nHfi npoqecc

.ry4.nlo" OfEOy BO <<T'ynrcrraft ro-cy{apctseHHuft yHl4Bepcl4rer) IIo

HanpaBJIeHI,Irc IIOAI'0ToBKI'I MaII{cTpaTyptt 24'04'03 <EruJII4crHKa I4 r}lApoa3po-

Ar4HaMr4Ka)) npII npoBeAeHr4l4 neKIII4OIIHbIX' [paKTI',IqecI(HX ra na6opaTopHblx 3Ut-

ttst vtir. rt o A H c II H rI JI II H e << O c H o s LI 6 antmctwKu H a3p o [HE:t&MuKvt>>'
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!.ocronepHocTbHayqHblx'IloJlo}KerrufioBbIB0A0Bl|peKoMeHlaqufi
o6yclonreHacolocTaBJleHueM11,y,4oBneTBopI4TeJIbHbIMCOfiIaCOBaHI'IeMpe3yJlb-
TaToB Mo,n;eJrr{po BA'UflrrpoqeccoB' [olyr{eHHblx c ucnoJlb:]oBaHl4eM paspa6orau-

HbIXIIpofpaMMHbIXcpeAcTB'cI,I:}BecTHI,IMII3KcnepI4MeHTaJIbHbIMLlAaHHbIMI4I4
pe3ynbTaTaMlapelxeHl{gqacTHblx3aAaq'[oIyIIeHHbIxApyr]HMI{aBTopaMH.

Anpo6auuR Pa6orst'
A;iilffi. ;;;rrarbr Hcc rre,qonanufi AoKrraAbrB arr r.Ic b u o6 cyx4arruob Ha

. ltfi,- ^E -^, ,r r ^n6rrrr 
q TTLI{^-

BcepoccHfi cruxHayqHo-rexHl'1'lrecK":i?"9-tp:1,1T:'#::::Y#"tJ"t"X%;::
ff "ffi"#dffi"r;, i;;;;- zi I q, zor o rr., "Hayra. rrpov*rrurreHHocrb. 06o-

,, rr^- ^^--^-.^^r, 1A1( r rzT-exnuKa XXI eefa fJIa3alMU MOJIOAbIX yrIeHbIX I'IXXI
pOHa", HOSOCU6I4pCK, 2015 t., <T'eXUUKa X)1I BeKa lJIa3alvII4 lvrt''JrvADr^ J LvLLvL" '^

cneu'aJrr.t:croB)), iynu, 2016 r., .Bcepoc;cnficrofi rou$epeHrrr{H no 6allucture,

Canrcr-IlereP6YPr, 20t6 r'
ilyfi.nurcaqnu. OcnosHrte pe3ynbTaTbl AI'IccepTaII?lI4 ony6nr'rrcosaHu s 10

neqarHbD< pa6orax, B TOM rrlrcJre s 5 crarssx B pelreH3l4pyeMoM :x3AAIJ',tr4, peKo-

MeHAoBatlHoM BAK.
J[vr.rHHfi BKJraA. BCe npe;lcTaBJIeHHbIe B AI4CCepTaIIUI{ p$yJIbTaTbI llccJle-

AOBaHr4-fl [oqrtreHbr JIHqHo aBTOp()M. zg cosN'IecTHbIX Uy6::ruraquit's [uccepTaUl'1]O

BKJrrorreHbr ToJrbKO pe3yJIbTaTbI coI4CKaTeJUI, cBfl3aHHble c pa:pa6o*ofi MaTeMa-

TUqecKI,D( trloAenefi u uxilporpaMMUOfi pearllIsaullefi '

Cr:pyrrypaIIo6renrpa6orlr..{racceprallH'cocToI{TI,l3BBeAeHI4fl,qeTbl-
pex rJraB, 3aKrrorreHl4s 14 ocHr)BHbrX BbIBoAoB' cllllcx:a JII4TepaTypbI vl3 lli'

Har'MeHC)B auuitt. O6ter'r AI'ICC.pTaqI{I'I coOTaBJIfleT 146 c'' BKJIIotIat 39 pucyurorl

u 15 ra6nraq.

OCHOBHOII COAEPXAHI{E PAEOTbI'

B rl n seAeH n n_o6 ocHoBaH a aKryanbHocrb reMbl A I'ICCep TaI\vIrL c Q opMynl4 -

poBaHaqeJlbI{ccJIeAoBailv.Ifl)npeAcTaBJIeHbIocHoBHbIeiloJIoXeHI{',BbIHocuMbI|3
Ha 3aIqI4:Ty.

B uepnoff rrase [poBeAeH aHurvs IoAXOAOB K perueH]IIO 3aAar{11 O ABI4-

xeHI4I4 tteJla B r€I3oBoM rloroKe cloxnoft crpyKTypbl'

PracctrlarpllBapTcs cyulecrBylou{I4e IIoAxoAbI I4 IIprolpsMMHbIe paspa6orrlt'

cBr3aHptble C Mo.qeJII{poBaHI4eM H9CTaIII{OHapHbIX f€l3OAI4HaMur{eCKI{X TeqeH6it' s

MHOfoM.epHofi nocru"ouna, u oolacru [pI4MeHeHHf, yKa:]aHHbIX 3aAaq'

lloKasaHo, qTo An{ paccMaTpl4l}aeMoro KJIacca 3aAaq qelecoo6pa3Ho I40-

rIoJIb3OBarb pacqer Hecrarlr4oHapHofo reqeHufl B AByMepHoM BapuaHTe c l{o-

rroJrb3oBaHr4eM anpo6npoBaHHofo I4 XOpOIIIO Ce6r.aapeKoMeHAOBa-BIrIefo MeTOIa

KpyrrHbrx rracTr4rl, peaJrr43oBaHHoro Ha. perynspHofi opT0roHaJlrsofi cerKe' vqer

HeCI,IMI\[eTpnqHOfO nOSAefiCfBI'ie Ha T'eJIO' CBt3aHHOfO C HaJII4IIUeM Ue6OluuUX

yfJroBbl:x [epeMerrl eguitB npoqecce ABI4XeHI4fl, BO3MOXiHO yrlecTb c HCIIOJIb3OBa-

HLIeM 3raBl4cl4Mocrefi a3poAI4HaMI4qecK oro p acqera'

J\tts O6eCne.IeHHq KOMIIII9KOHOT9 MOAenI'lpoBAHufl' IlpoqeacoB' fIoMI4I\[o

ocHoBEroro 6rora pacqera ra3oAr4Har\rr.rqecKoro ,a"annt", ueo6xo4nrrao paspa6o-



TaTb BcIIoliIoraTeJIbHbIe aBToHOMHbIe [pOrpaMMHbIe MOAyIII4' O6eC[eqI4BaIOIII4e

pacqer rrpoqecca ABuxeHIIq JlerareJlbHot'o arrapara (nA) B IIycKoBofi ycraHon-

xe (f[v), trpeABapr{renbHbrfi aspoAI'IHaMHqecKI''Ifi pacqer r pacqeT IIapaMeTpoB

ABr4xeHr4, AJ' Bap[arrra ABr{xeHrrs JIA c 6o*uruMLI yrnoBbIMH rIepeMeIrIeHI'It-

MI4.

B xcl nqe fJr aBbr Q oprraynrapylorcs 3 aAaq I'I LIC C JIeAoB ATIprfi"

Bo nropofi fJraBe pa6oGr paocMaTpvBaeTQfl' pa:pa6orKa KoMIIJIeXCUOfi

MaTeMaTn,{eCKOfi MOAeJII4 IIMUTaIII4OHHOI'O MOAenI{pOBaHvr'fl' ABIDKeHI'I{ TeJIa B ra-

3OBOM rroltoKe cJroxHoft cTpyKTypbl. B3aI4MOCBfl3b BbIrtucJTUTeJIbHbIX r'ro4ylefi u

nepeAaBaeMble napaMerpbl I4JlJllocrpl'lpyer pracyHox 1'

[nn:. o-ilvcail:|Is, npoqecca B Ify HCIIOJIb3OB?JIOCE' TepMoAlIHaMUqecKoe

upra6nnxeHlle, BKJIIoqaIoUee ypaBHeHus 6ata:Hca Maccbl p{ 3HeprHI{ I{ AOIIOIIHI4-

TeJrbHbIe :/paBHeHI4t, oIII4CbIBaIOUII4e fa3onpl4xoA IIp!I fopeHHI4 TOnJII{BHbIX SJIe-

MeHTOB. J?accrraarp vrBuraab o6o6.qeuHarr MoAenb rIpOqeCCa' CoorBercrByloulat

aKrr{BHo-peaKrI{BHoMy crapry I43 3aKpblrofi fIY, npn roropofi' B llpoqecce fope-

Hr,It MeTaTeJIbHOTO 3apg.Aa, BO3MOXHO l{ar{alo pa6orrt peaKTLIBHoro ABI'IraTeJIs

(PA). flc,Ao6sas MoAenb coorBercrByer HaqalbHoMy srany ABH)KeHHS Anfl

6omurun crBa paccMarpl{BaeMblx I43AeJIlIfi '

PUCynOrr: 1 - Bgau1dgcBt3b MaTeMaTI4rIeCKIlX MOAeJIefi u n;epe4aBaeMble [apaMeT-

pbr

B raqecrBe MoAerrI4 HeCTaIIpIOHapHofo fa3oAnHa\dl4rlecKofo TeqeHldfi' Iln.tl

BbrAeJregHofi o6nacTl4 I4cnoJIb3OB€UIacb cI4cTeMa ypaBHeHI'Ifi 3fuepa' peaJII{3o-

BaHHa-'I B AByMepHoM BaplraHTe - oceci4MMeTpI4qHOM I',I IIJIOCKOITA. Ha neBofi rpa-

Hr4rle pagqeTHofi o6laCrq 1lpeAycMaTpuBanocb 3a.qaHue nepeMeHHbIX OT BpeMeHII

fa3oAuHiaMI,IqeaKI4XIIapaMeTpoB'BbIlII4cJI'eMbIXI43napaJIJIeJIbHofopeIxeHH'cI4-
creMbl pIa$SepeHIIHaJIbHbIX ypaBHe Hr4i4, oDVcbIBaIouIux rpoqecc n IIV' Ha upa-

BOir. vBepxHefi fpaHprqax o6nacru 3aliaBu]trcb ycJIoBHf OTKpbIrofi fpaHI4IIbI' AnjI

Cr"ilon0e
B03Ieii'ICTBIIe

Hit .lT-q,

h'Io.qern
HecTat["IoHilFHOrcl

rn 3 o.II'IHAn'trFl eclt0 I:o

TETICHI"I'I

flepenter*ue
ycnoBlul HA

rpflHl"trIe Bgl|Ba

h'Io.u;arn

q)oqeccil
B lJl"

lklo.qqrn
,qtsHlIi€HI'Ifl

,r-t{

Ilqreueul€sue,
-'[A s cilerHoti

3oHe

Ha.tarrot*Ie
yeIIoBI.Ifl

TB}I]IiCH}UI "IIA
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Hr4XHefi fpaHI{IIbI OCeC?IMMeTpuqIJofo BapI{aHTa 3aAaBaJIOCb ycnoBl4e HeIIpoTe-

KAHV}'^, a A.rrfl,rrJrocKofo clyrra{ - ycJIoBI4e OTKpbITofi rpauuqst.

,,{lr uuclesuofi peaJII{3aIII{II MaTeMaTI4qecKOfi tuOAenu M9TOAOM KpyIIHbIX

r{acrrrl ucrroJrb3oBaJracb perynrp}raf, cerKa c nptMoyroJIbHbIMI4 qqefiKaMu. Kar

r,r3BecTHo, IlcrloJlb3yerrlrrfi qItcJIeH[IbIfi rrleroA [peAnonaraeT MoAenHpoBaHVe 3a-

KOHOB COXpaHeH nfl,, garIVcaHHbIX A;1t f,tleeK efileponofi', u paqJryenJleHl{e Sueuue-

cKofo rrpoqecca Ha M€UroM BpeMeHHOM IIIafe Ha 6onee 3JIeIlIeHTapHbIe flpoqecQbl'

3aronH coxpaHeHu{ Maccbl: r4MnyJlbca I4 3HepftIvl Anfl' srleeK ceTKu 3AIII-

[ryTcq B B]nAe:
A-F

L^r 
I pd.w - --! ov 'idS ;

u'w s

(1)

(2)

(3)

1l onow - -{@h/ .nds - I s,oapdw;otin, s w

(4)

K lausuM ypaBHeHI4tM ue66xo4ravro Ao6anLITb ypaBHeHI4e I43MeHeHHt co-

OTHOIIIeHII{ Mex(Ay KOMIOHeHTaIyIH ragoBofi Sa-:rr, XapaKTepl43yeMoro I43MeHe-

HHeM rloKa3are ns. a[ua6arbl ra3orlofi cuecu

t-J.fi I p MW = -lfp E(v 'fi) + p (v 'O)WS.otfu s

a.
* Ikpdw = -f kpl 'nds ,

u'W 
.S

r{ ypaBHel{I4e cocro flHlrfl.

e-E-(rr'+v'112; P-(k-I)Pe' (5)

B l,panHeHl4.gx (1)-(5) rpl{r{trbl cJleAyloque o6osHaqeHnn'i P, P,E - Aar.-

JreHrre, rrJlorHocrb, IroJIHat yAeJIbHat eueprux; V - BeKTop cKopocrl4 c KoMrro-

HeHTaMr4 U,t ) /'eexrop HopManI4 K IIoBepxHocTV; e - BHyTpeHHflfl yAenbHafl'

oHeprl4fl; ft - norasareJlb arua6atl.;'.
Peurenue paccMaTpueaeN4ofi 3AIiA.qf[. OCJIOXHTeT npucyTcTBl{e n c'{erHofi

3OHe IOABI{X{HbIX rpaHI4II TBepAbIX TeJI.

Ans BapIIaHTa pIcIIoJIb3oBaHkIs. perynxpuofi cerKl{ c rptMoyroJIbHbIMH

sqefir<aug 6ul [peAnox{eH cnerlr4artrnrrfi anropl4TM, I4cK'rlrot{arouluft nepecrpofi-

Ky crreTHofi soHrr Ao MOMSHTa nepeMeIIIeHI4{ TeJIa Ha pi}ccToflHv1e, paBHoe pa3-

Mepy rpilHI,I ;lueirr<u, vI, oAHoBpeMeHHo, yql4TblBaloufufi Ae$OpMaLII4Io trqeeK'

KoHraKrptpFoIqux c tloABl4xuofi rpauur\efi'.

,{aHugfi aJIropHTM MoXHo IIo{cHI4Tb cneAyIoUI4M Oopa3oM.

fly'crr TeJro nepeMerrlaeras. B noJroll([TeJIbHOM HanpaBneHHI4 BAOJIb OCII

oX co cKopocrbw tr/. 3a urar rlto BpeNfesu Lt [poucxoAl{T CMeIrIeHI4e rpaHI4U

TeJIa Ha BenHrIr4Hy A/ , upra groM [purpaHl{qHble q'aeirxu c ra3oM' HaxoAtlrll4ect

cnpaBa (:xuefirta Tv.r.iraA) 6ygyr cmr4Marbcf,, a HaxoAtlul4ecf, CneBa (xuefiru rlllra'

BI- pacTtfl{BaTblfl,. YueurrueHl4e pa3Mepa tqeeK rLIila A neAer K Ha'p}rueHl{rc
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ycTofrr{r4BocTr4 cxeMbr, TIO3TOMy B HarIaJILHbIfi MoMeHT AJItt qqefiKl4 TI4IIa A UpU-

tt*u.t pa3Mep M A =z!x, a rilfl'flr{eeK rula B M B - L*'

,,{nr yuera nepeMeIIIeHI4t TeJIa B Knaccl4rlecKylo CXeMy MeTOAa KpyIIHbIX

qacTnrl BBr)AlrM rrpeABapHrenrsrtii 3TaII, [peAIIOJIafarcuI4ffi pacrler fa3oAI4HaMI4-

qecKpIX napaMeTpgB B IIpI4rpaHHqnIbIx s'IefiKaX npl4 IlX 4erfOpvtltpoBaHl4l'I Ha Be-

nuqr4Hy A/ c ucuoJrb3oBaHr{eM cneAyIOIltHX COOTHOIUeTtui't' (Hu4erc (H) O6O3Ha-

qaeTHaqa[bHble,aI{HAeKc(K)).I(oHeIIHbIe3HaIIeHI4gfa3OAIaHaMI4I{ecKI4xI4feo-

Merpuqecl(zx lapaMerpoB n ruefilce):

pk = prM, t' Lxpi pk = pr(Mnl Milk ;

PuMuuu -uk =-:- -uu, l)1, =ly) EP

Pt<tvk

pk ,'20*'l=---nft-l) 2 )

rAe Bennrluust Lxp v M, onpeAeJlf,Tct

- .Iln:f, fr{eeK rula A:
Mk=ZLx-Ll?r,

- .[JH {qeeK rula B:

Nr, =ZLx - Llr;

Aa KpynHl;IX qacTnII MI{HI4MaJIbHbI:

- Hit sfirepoBol\{ 3rane BMeoro pa3Mepa rpaHl4

rroJrb3oBa'rb Mt , npl4 pacqere lilpoMexyror{Hofo

Ll P =' A,l, + VLt ;

Llp - Ll, +VLt .

s\eirxu Ax Heo6xoAHMo I4c-

3Harre.F{I4fl nolHofi yAenluofr

Mk = Lx + Ll1r, Lr, = Lr + Llr;
IrlgUenerU{f, B pacqeTHblx 3aBI4cI{I\tOCTsx AJIf, IIOcJIeAyIoUII4X 3TanoB MeTo-

3HeprLII4 tla IIoABIlNrrofi rpaHIIIIe seo6xoAuMo ycJIoBI4e HenpoTeKaHI4s I4CIIoJIb-

3oBaTb B Br4Ae urp =V , iro o6ec'e.IuT oAHoBpeMeHHo aBToMaT''{ecrcnfi y'IeT

pa6oru ilo nepeMeuleHulo noABl4xHofi rpanzqrt;
- Ha nafpaHxteBoM grarle, npu Bblr{uclrenvlpr o6teua gqeiarcu I4 rloroKoB'

seo6xoAllMo BMecTo pa3Mepa rpaHn q'{efiKla Ax ucuolb3oBaTb pa3Mep Lx k '

Ilpra nepeMeIIIeHI{u TeJIa IIa paccTo flHvIe A'l p 6ott"sruree Ax , o6ecneuuna-

Jrocb I43M:eHeHHe rOHsurypaquu cqerHofi 3oHbI I{ nepecTpofiru IIpHfpaHI4rIHbIX

.fiqeeK. llpu srou s.Iefiia t"ttu B pal.Uenfi;1a;b Ha ABe oAI4:HaKoBrre qqefirv Cpa3-

MepoM i,*k=Ax,:naue1vrfl fa3c)AI4HaMI4rrecKI4x napaMerpoB B 9TI4x sqefirax ne

r43MeHIpI,;r. -fl.qefix A TurIA A C sOuepOla i O6le,4unrJlaCb Co AMe)I(HOfi sqefiroft

i+1,eE:osofisqefireAnunofiMk=Z'LxocpeAHeHHbIe3Har{eHI4qra3oAlrHaMI'I-
qecKuxilapaMeTpoBBbIrIucJI.gJIHCbI{CXOA{I43ycnoB[qooxpaHeHnqMaccblI'IM-

IIyJIbCa H sHepfllpl.
ll.4o6Hrrfi aJrropr.rrM rro3BoJrser r{cKrloql{Tb 3HarII4TeJIbHbIe ocqrInJItIII4I4

ra3oAI4H€tMHrIecKI{X lapaMeTpog B nparpaHllrlHblx gqefiXaX UO CpaBHSHI4IO c

noAXoAOM, KofAa ABI'IXeHHe IIpOI4CXOAI4T nOcpeAcTBOM AI4CKpeTHO|O nepeMe-

uIeHI4t Tr3ra Ha BeJII4qraHy Ax .

3a4a.{a onpeAeneH:11s. C]/^r(rBOrO nO34efiCrBVrfl. Ha TeJIO B 3OHe fa3oAl4HaMll"

irecKofo TeqeHI,Ifl paccMaTpllBaJlacb B AByX BapI4aHTaX - c yI{eToM BJI.flHI/.fl' TeJIet

Ha napar\{erpbr reqeHr{{ u 6eg yqera AaFrHofo Br'rvrflHr4fl.
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flpu yuer e BrrvflHkrt TeJIa I{a [apaMeTpbl TerIeHI{t ]tIoJlafallocb' rITO TeJIO

ABrrXeTCf, B 3OHe TetIeHHq C MaJIbIMI4 yrnaMll ATAKV I{ CKOJI6Xe1l4fl" '{fff 4affHOfi

3apatryrpa(lcMaTp[B€Ull4cb BapuaHT JIA c xtecTKI'IM I4 CJIOXeHHbIM cTa6uJlll3aTo-

poM' 
- ^w^\y,ayr,'.'^r .-r,6rrrrrre^TonoM 3I - culrt X onpe-

ftfl JIA co cJrox(eHHbIM AT1L'ALU3aTOpOM 3HaqeHI4e OCeBOU I

ASJI{JIOCb I43 peIIIeH;grtI ra3g.n4HaMnqecKgfi 3aAar{u qepe3 pacnpeAeJleHl4e AaBne-

Hr4r rro noBepxHocrn Kopryca JIA'

llprzr oupeAeJIeHI{I4 HopMaJIbHofi cl'urt

Mocrb ee KO3OSLIIIHeHTa or yrna araKu C y

ToB KopM,cBbrX .racTefi 3HarreHl4e [poH3BoAHofi, Ctr onpeAensJlocb I{3

TeJrbHofo agpoAHHaNII4qeCKOrO pacrleTa V 3aAaBUUIOCb ra61u'1Hoi1'

qllcJra Mexa c$ = c7 (M *) .

r4c[oJlb3oBallacb nv]Heirrc'afl' 3aBVrQVr-

- Cg d , rre rpoll3BoAuan Cl nPu

ra3o.[uHaMI{qecKoM pacqere

-0,93 . fitrx APYrI{x BaPHaH-

rrpeABap14-

Qyurcquefi

TAHfA)KA

o6rerasun JIA co c.fopoHbr KoplMbr, r4Merorqefi sopMy III4JII4HApa c IIJIOCKIIM

ToprIoM (c no:rr,roxnoc$ro ne6oirruroro cy)Ke .'ufl'), a raK xe KoM6lrHaIII4ro III4-

jrr,rHApoB lla3''llqHofo AI4aMeTpa' [pI4HI{MaJIacb paBHofi 3HarIeHI'IIo xoe$Sr.Uueu-

Ta oceBofi cI4JIbI C t, ilonyqeHHoro rIpI4

C1 = k yC x' c noilpaBorlHblM xo:rS0uqneHroM k y

llpa onpeAeneHl,II4 r<os$$raurleHra MOMCHTA

ffi z = *? a - CX C au, noss$IEU,HeHr UeHrpa AaBJIeHI4t 'C d oilPeAen{nct Llepe3

KoopArrHrlry r{eHTpa AaBJI€HI4.[, Koropas coorBercrBoBaJlal IIeHTpy rsx{ecrl'I StIIo-

p", ,ropranruofi L*"*u1gtttefi cnlrt, 4eficrnyroUefi no 6oxosofi noBepXHocTI'I

JIA, oup er.qenreu ofi H3 p errreHllt lf a3 oAI4H aMI4q e CK oi4 SaIiutu.

IJILJIA c )KecrKr{M Cra1u.nusaropoM cr4JIOBOe SOSAefiCrBI4e OlpeAeJIf,JIOCb

cyrrauoft cI{JIoBbIX eos4eficrsufi Ha KopIIyc JIA n ua cra6unl'I3arop' llpu :rou

cHJIOBOe eOsAeficrBl{e Ha cra6HrtIasaTop orrpeAentnocb ilapaMeTpaMl4 ra3OAI4Ha-

Mr.rqeCKOtrO TeqeHI4t B 3OHe cpe.4Hefi Xop,qbl KoHcoJII4 cra6uttuzaTopa u a3po[Ll-

HaMr4qec.Kuruu roe$suqueHraturm C'ta6I4iII43aTOpa, [OJIyr{eHHbIMPI npeABapI4TeJIb-

HbrM pacqeroM.
PaccnorpeHnrtfi IISAXSA Iri oIIpeAeJIeHI'Ilo cI4JIoBbIll [apaMeTpoB' AeHCTBy-

roulr4x sa JIA B 3OHe HecTarluoHapHofo fa3OAUHaMI{qecKOfo Ter{eHut' rIo3BOJIfleT

yr{ecTb, I(aK IIapaMeTpbI caMoro TeqeHIIfl, c yr{eToM BlIvrflHufl' Ha HuX JIA, rax u

M€rJIbIe yfnoBble cMelIIeHI4r JIA, ne Oro6paxaeMble e Cqe'rHofi 3oHe' B CsOIo oqe-

peAb 3TO O6ecner{HBaeT BO3MOXHOCTs paCqeTa [apaMeTpOB IIpOCTpaHcTBeHHorCl

ABuxeHrIs JIA.

.4Jrr napnaHTa pacqeTa napaMeTpoB AB]IXeHI{' Teila 6es yrera efo BJIpIflHI4tt

Ha napaMeTpbt TerreHr,rs cHJroBOe noa.4eficrnne onpeAQJItJIOCb rlepe3 cI4CTeM)/

a3poAI4HaMI{r{ecKuX roe$Sraql4eHToB, KoTopble 3aqaBulvIcb B QyutcUnn rII4cJIiI

Maxa u npocTpaHcTBeHHOfO yf.rra aTaKvI.llpu erovr AoIIycKaIIacb BO3MO)I{HOCTI'

u3MeHelltl{e yfJra aTaKil B npeAeJlax 0-180o, uro coorBercrByer Hecra6I4nLI3I4pO-
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BaHHoMy I(BI4xeHI4Io JIA. ,[nr onpeAeJIeHI4s aspoAI4HaMI{r{ecKI'IX rOsSSUUueu-

roB 6brJr piBpaooTaH IIpOrpaMMHbIfi MOAy'nb' I4Cnonb3yIOUIHfi I43BecrHbIe AaHHbIe

a3p oAI{H aNlHr{ecKI4X rlp oAyB o K'

BrraqecrBeMaIeMaTI'IqecKuxMOAeJIefiAeI{NeHI4gTeJIaI4CfIOJIb3OBaJI]ICb

ABa Bapr4aHTa MOAeneft - MOAenb ABUXeHI',Ifl TeJIa IIo TpaeKTOpI'IlI c Ma[ofi KpI',I-

Br43HOil I4 MzurbrMr4 yfJraMr{ araKtl 14 MOAenb ABr,rxeHr4fl,rrptlHaJrvtlvru 3HaqI{TeJIb-

HbIX yfJIOB aTaKU r4 cKoJIbx eily}fl' BKJI]Oqaf, pexl/IMbl HecTa6znI43lIpOBaHHOIO

ABI4XeHut. ^1_-_---^., nr,^TAr

!,nr [epBOrO BapuaHTa ucnoJlb3oBaJlacb o6rtqnalt C]IcTeMa ypaBHeHI4H

rpocrpaH,rr".""lri ;;;;r"" I,A, 
B Koropyrc BBoAHncs AoronHl4renbHblfr yqer

Nlaccoeoft u aspoAI4HaMI4rIecKoI4 acuMM eTpv1\ nocpeAOTBOM 3aAaHHt AOIOJIHI4-

TeJIbHbIXHaqaJIbHbIXyfJIoBATAK:1ILICKOJIb}K)HI4LaTax:xeAoloJIHI4TeJIbHbIX
MoMeHToI}, cBfl3aHHbIX c SKcIIeHTI)I4cI4Te.foM IIpI{no}KeHuf, [IpoAonruofi OIIJIbI.

|.II.runapnaHTaco3HaI{I4TeJIbHbIMI4yfnaMl4aTaKI4lI](pI4BI{3HofiTpaeKTopI4I4
ucrroJlb3o"-o.u Oo[yUeHI4e o6 oceeofi cuyuerpuu JIA' VpanHeHl{f, npocrpaH-

CTB9HHOTO ABI4XSH vIg gA11vlQtIBtUIllCb B IIpOSKIIVTfrX HA OOU CBt3ansOfi CI4CTSM6I

KOOpAr4HrrT, r4CrroJrb3oBUUII4Cb KI'IIIeMaTI',IqeoKI4e ypaBHeHI4r 3filepa Anf HaIIpaB-

Jrgroql4x KOCHHyco B,3arrHQaHHbIe e soprure llyaccoHa'

B ,rp*to.fi fJIaBe pa6orrr paccMarpllBalorcq BoIIpOcbI IIpofpaMMUOfi pea-

rrr43arllrn " 
r.rt"po iut ipa:pa6 oraHHbIX MareMarllrrecKl{x trloAenefi '

Patpa6oraHHble MaTeMaTnqecKI{e MOAeJII4 6sttu peaJII43OBaHbI B BI4Ae IIpO-

lpaMMHOfo KoMrrJreKca GDMB, pealll43ylolllero I4MpITaIII{OHHOe MoAenupoBaHHe

ABr{xeHr4:r TeJra B HecTauI4OHapFIOM IIOTOKe cJIOXHOfi CTpyKTypbI', v AOIIOJIHI4-

reJrbHbrx aBTOHOMHbTX rrpofpaMruHbrx vo4ynefi: MOAynf START, npeAHa3HarIeH-

Horo Anfl pacqera [apaMeTpoB EHyTpI{6anJII4CTI4qecKofo llpoqecca upl4 aKrI4BHo-

peaKTLIBHoMcTapTeLI3saxprtrofi|I}',vo4ynaAER'peaJll43yloqefopacqel.
€r3poArlHaM"'r.r*i* roeSsuu?IeHroB, I'1 MoAynn 

-W: -l^:T-Tt**ero 
pacqel

[apaMerpoB ABrrxeHr{f TeJIa B CraIInoHapHoM IIOTOKe c'[oxHoft crpyKrypbl npH

H[r]HqyTvtyqacTKa uecra6ull{3l4poBaHHofo ABI{XeHI4{' ilporpauusrtfi KOMIIJIeKO

(ru() peaJrr43yer corpsxeHnHfi pacqe'I AByMepHoIo fa3oAllHaMl4rlecKofo reqe-

Htl{ MHOfoKoMnoHeHTHOfo HeB[3KO|O fa3a I{ ABI{XeHU{I' T}IIA B CqeTHOfi gone t:

oAHOBpeMeHHbIM BLIqpIcJIeHueM I43MeHeHI4f, ra3oAI4HaMI4qecKI{X [apaMeTpoB H;a

fpaHplUe cqergOfi 3OHbI (e aoue BAyBa rasa), CI4JIOBoTO nosgeficrBnfl' Ha TeJIo 14

napaMelpoB efo ABI/I)KeHI4.f,, B ToM III4CJIe' c yqeToM BO3MOXHOfi gecutvtMeTpl{la

o6iexar'us, Bbr3 BaHHofi ManbIMI,l yrn o B'IMI IIep e M elrle HII'MI4'

I4urep$e fioFas. qacm fIK o6ecnequBaer yAo6creo r<ouQrarypl4poBaHl4fl

c.rerHoii 3oHbr perxeHrir ra3oAriHaMnqecrofi 3arar'pri 3aAaHr4e r<oHsurypa\ufr'

TeJI, fa:iouur^ o6nucreft, rpaHI4r{HbIX ycJIOBI4fi C'{erHofi sonH, BI{3ya[bHOe [peA-

craBJreHr,re pe3yJrb'aroB pacqera napaMerpoB Hecrarrr4:oHapHoro Ter{eHus'" v.tt-

repseficHafl qacTb flBJIqeTct Bo MHO|OM TI{IIOBOi',t u, v 3ToM IIJIaHe' o6ecnequnae:r

HeKoTolpbre BO3MO'KHOCTII H3BeCTHbIX IIK, TaKHX Ka'K BO3MOX(HOCTb 3aIIUCId

6rn"*ir, o6ecnequBaloulero rl'ocMorp pa3Burr4fl' rlpoUecca ra3oAuH-aY"l::::.:

TeqeHr{,r B rIBeTHoM, rlld6o " 
:nap"o-6elot't BapI{aHTe, pa3MelqeHl4e B cr{erHol'I
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3OHe AaTr{lrKoB, surcupyrcqux I'l3MeHeHI4e fa3oAI4HaMI{qecKI4X napaMeTpoB Bo

BpeMeHr4 rd r.A. O.4naro, 11pl4KnaAgofi xaparTep pa3pa6arusaeNaoro IIK HaJIoXI4JI

HeKoropbr., otrr"uo]tKl4 Ha'I4HrepSeficuylo qacrb' cBg3aHHbIe' HarlpuMep' c 3aAa-

HI4eM KoHrillryp a\uit rBepAbIX reJI I4 iu'o""t* o6nacrefi ro roqKaM KoHrypa c

UCnOJrb3orlaHlIeM r{uCJIOBOTo BBO.n,a KoOpAI4HaT (a ue Urtulrofi' KaK B H3BeCTHOM

raKeTe GDT), 
"rrron"roBaHl4e 

Qafinono;o BBOAa - B6180A1I [apaMerpoB', CB{3aH-

Hbrx c pacireroM ABr{xeHr4 fl. Terra, I{ napaMerpoB, pefl'tcrpllpyeMblx BHpryarIbHbI-

MU AaTqr.,IKaMr4, c rleJrbro ),AO6Crea I4X tIocJIeAyIO[Iefo AOI(yMeHTVrpoBaHvIfl' a vlc-

rroJlb3oBal rr4fl) aTaK xe rpaSuuecxofi o6pa6ou<u'

Asr:oHoNaHbre npolpaMMHble MOAy',nu paclxllpfiIoT BO3MOX{HOCTII fIK u t',tc-

nonb3yloTct Anfl pelxeHl',lq cneAyIOULIX 3aAarl :

- olirpeAe rreufifl. ra3oAuHaMI4rIecKI4X [apaMeTpoB TeiqeHz4fl HA Cpe3e ITV u

KI4HeMaT?FIecKI4X [apaMeTpoB ABI.4x(erru'I JIA B MoMeHT BbIXoAa ras |IV;

- rrpeABapprTeJlbHofo pacqeTa a3poAI'IHaMI4qecKux rroesQulll4eHroB', OIIpe-

AeJrrroqzx aspoA?IHaM[qecKoe Bo3,{eficrnue Ha JIA Ha' yqacTKe ABI'l)KeHVIfl c

6olrrunv:H YTJIaMI{ a:taKl4;

-o[peAeJIeHI4flTpaeKTopHl'IXnapaMeTpoBJIAnpuABI{XeHI4LIB3oHecTa-
IILIO HapH rlf o TerreH vfl' 3A!:A]HrclO fr c;Tpymy'p rt'

B rtBolo 
"t"p.o" 

IlK GDMB' IICTMI4MO 3AAAq{vr pacqeTa [apaMerpoB ABI4-

xeHrlr TeJra npo"ruonblrofi ron{ruryp aI\r4VI B HecTaIIUOHapHoM IIOTOKe' IIO3BOnfl-

eTpelxaTbpa3[HI{HbIeTpaAI4III4OHHbIe3aAal{u'cBf,3aHHb]tecpacqeToMIIapaMeT-
poB fa3o,4l';IHaMl{r{ecKoro reqeHl,Itr B AByMepHoM BapI{aHTe'

Tecrupon aHI4e ilK GDMB [poBoAI4nOCb IIOCpeAOTBoM OnpeAenellvIs' cv"

JIOBO;O SOS4efrCrByrt1 Ha TeJIo np14 cTaqI4oHapHoM o6reraHu14 V cpABHeHI4s pe-

3yJrbTaToBcl43BecTHbIMI4sKCII9pI4MeFITaJIbHbIMI{AaHHLIMLl',aTaKXeoqeHKl',t
npaBI4JIbHocTI,IOTpa)KeHI{{ocHoBHbIXSJIeMeHTOBHecTaII[OHapHofoTeqeHl4f,Hit
cpese ll'y'.

Pesylrrarbr orrpeAeileHl{f, roes$uq v1e]Hra npoAonl;Hofi cnnH llocpeAcrBol\{

Br{pryanbnofi upo4y.BKI4 c I4CIIOJIb3OBaIII4eM paapa6oraHl{Ofo IIK Als reJI IIrIoxo-

o6reraeuofi QopMbr, XapaKrepnblx Ant KopMoBbIX 'Iac'refi JIA', 4aror XOpOIIIeT3

coBnaAeHl4ecSKcIIepI4MeHToMI4a3pOAuHaMI,IqecKI{MpacqeToMnoI43BecTHbI}{
MeToAI4](aM. |Ipnr 3ToM, IIpH HaJlI4tII,tI,l KoHI4qecKI,IX .IoBepxHoctefi, qerrecoo6pa^:.

Ho BBe.4eHI4e cofJlacylouero xoessulll4eHTa k1:0,9, )/qI,ITbIBaIoUIefo 3aBbI[Iej-

Hr4e pffyJrbTaTa, cBq3aHHOe c annpoKcl4Malll4efi ronrypa TeJIa IIeJIbIMI',I sqefrrar

MI4.

Perylmarbl pacqeTa KoopAlIHaTbI IIeHTpa AaBJIeHI',It IIo [peAnoxeHHOI4

MeroAuKerloKa3€Urr{xopolueecoBnaAeHr,rec3KCrrepI,IMeHTOM_UpulpoAyBKeuII-
nEHApa c rurocKr,rM ToprIoM yI LDfl,IIOJIHOfO KOHyca. !,ru roru6ILHA:qJ/,Lr KoHyc uI{-

JrlrHAp rrorperxHocTb oIIpeAeJIeHI4f, IIeHTpa AaBIIeHI{t HecKoJIbKo BbIIUe (e cpe;r-

neng%b). llpu erou yKa3aHHat [ofpeluHocTb cBs3aHa, B OCHOBHOM' C OIpeAeJIs-

Hi,reM KOOpAUHaTbI IIeHTpa AaBJIeHI4fl B OKpecTHOCTtX :eyronofi TOqKI4' qro o6's-

flcH'eT|]{' IO-BI4AI4MoMy, [ofpeIIIHocTqM}I, cBfl3aHHbIMI4 c ucnonb3oBaHl4eM M0-

AenU Hr3Bf3KOfO fASa'
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Hecrrnorp fl HA 3T'O, B IIeJIOM IIoJIyqeHHble pe3yJIbTaT'bI [oATBepA!IJII4 BO3-

MoxHocrb trcrroJrb3o Bailvrfl, pa:par6oraHHoro IIK AJIfl orlpeAeneHHf, cI4JIoBoro

eos1eficrBl4{ Ha TSJIO npl4 erc ABHXSHI4I4 B 3oHe HeCTaIIlloHapHofo TeqeHl4f,

cIIOxtHofr crpyKrypbl.
Tecr:upon a:Hue aJIrOpI4TMa pacqeTa IIapaMeTpoB TerIeHLIfl' Vr cvnoBofo Bo3-

/IefiaTB|4fl'HanoABlIxHbIeTeJIau'".'"ofisoHeIIpoBoAI,Inocbnop:1]:]i:1Y
pe[reHl,Is MoAeiIbHo it sa;1a'1u pacqeTa ABI41x9H1aq AByX re;1 III4nI{HApuqecKoI4

$opnn HaBcrpeqy Apyr Apyry (puc' 2)'

I ,:,..1

.-;.",

Pucyuor 2 -VlzveseHHe AaBIeHI{q n cqersofi 3oHe: a- I\BA III4nI4HApa ABI4Xy-

rrlr4xcr HaBCTper{y Apyf Apyry B HeIIOABI4XHOM fa3e; 6 - senoAelaxHrtfi uH-

JII,IHAp, o6irexaeltrrfi uoroxoM rzt:a'

Perylrrarbr pacqeTa IIOKAIaJII4 XOpOUee coBnaAeHl{e pac[IpeAeJleHuf AaB-

JreHr4.g B CqeTHofi gOne Ant paCCMaTpHBaeMOrO vI KOIltTponbHOrO BapI'IaHTOB'

Ha6nro4aeMoe BbItIoJrHeHr4e cuMMerpul4 Teqe'vrfl' flBlrfl'erc{ .qoloJIHI4TeJIbHbIM

KoHTpoJIbHbIM TeCToM IIpaBI'IJIbHOCTII BbITIIICJIeHUfi' CpanHI'ITeJIbHbIft' anattnz sa'

pr4aHTOB pacqeTa IlOKa3bIBaeT' qTo Ing' BapvraHTA C HeIIOIIBI4X{HbIM TeJIOM fpaHu-

qa yAapllofr sonHst 6olee pa3MbITa, qTo yKa3bIBaeT Ha 6onee 6rrcrpyro cxoAl4-

MocTbI{JIyI{ueeMoAeJILlpoBaHI,IeIlpoueccaBcnyqae[oABLDI(HofoTeJIalqTC
IIoATBep:KAaeTcqpe3ynbTaTaMHpacqeTaocenoficIIJIbI(puc.3).

.D,lu oueuKpr [paBI4JIbHOCl]I4 IIpeAcTaBJIeHI{t cTpyKTypbl HecTaIIHOHapHofc)

TeIIeHn{IIpoBoAI4nocbcpaBHeH]4eoTpaXeHI,Igpacl{eTHo|oonpeAeneHl4flocHoB"
Hbrx 3JreMeHToB TerIeHI{s (pacnlle.4eJleHl{e rpaAI{eHTa IIJIOTHO CtU' UZOlpaXeHHe

cnpana) c TeHeBblrrara $ororpaSurruu Har{aJlbHoro 3TaIIa [poqecca HcTeqeHutt

Bo3Ayxa I43 KaHaJIa uycronofi ycraHoBKI'I'

cpanHnrelrssrfi aHaJII43 pe3yIIbTaToB pacqeTa I,I SKCIIepI',IMeHTa floKa3allll

xopouer3 oTpalKeHlle BoJIHOBOfi Crpyrrypbl npoqecca I/I OCHOBHbIX 3IIeMeHTOll

TeqeHI4t. Xopouro rlpocMarpl{BilloTct ytrap:nafl' BoJIHa, 3OHa yulorHeHfifl' 3a \lzrc-

rou Maxa, Kocble cKaqKI4 ynJIOTHeHI{fl, OrpaH[tII4BaIOllI4e 3oHy I43O3HTpo[I4r{e-

cKofo TeqeHr4fl, 3OHbI BI4XpeBofO TerleHuq na nepnQ epvvl', AHCKa Maxa'

* al t',
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x,
KH

60

0,0 0,5 1,0 1,5 ,MC

Pucyuox 3 - I,IsivrerleHl4e OCeSCrfi CI4JIbI B [Ip0qecce ycTaHOBJIeHI4s TerIeHI4'[:

BapI4aHT(a))cilo,{BI4)I(HbIMTeJIoM;---HeIIoABI4)I(Hoetelo,<<6>>

Tec;ruPoBa.Hv|e[po|paMMFlofoMoAyJI{START[poBoAlIIIocbIIocpeA-
cTBoMcpaBHeHl4flpe3ynbTaToBpacr{eTacI,I3BeQTHbIMI4pe3yJIbTaTaMI4pacqeToB
napaMeTpoB BHyTp?IlatXucrutlec;Koro [poUecca' noJIyqeIIHbIMI'I ApyrI{MI{ aBTo-

paMr4, a vtoAyJlfl VNB nocpeAcTBoM pelxeHl'Ifl MoAeJIbHbIX 3aAaq' B upoqecce re-

it"p o u u" us'- 6sttru rolyr{ e HbI yAo Bn erB opl4Ten bHbI e p e3yn brarbl'

B .rereeprofi r.rraea pu6ottt paccMaTpI4BaIOTCf, npLIMepbI peuIeHl4t HeKO-

TopbIX[pI4KJIaAHbIX3aAaI{,cB'3aHHbIXcpacqeToMnapaNleTpoBABI,IXeHI,I'TeJIB
fa3oBoM'roToKe croxnoft cTpyKTypbI,u' Bapr4aHTbI npI4MeHeHW'pazpa6oTaHHoro

lporpaMh4Hofo KOMrrJreKc a /{nl,p eIxeHI4s sa/ia]q- I{3 CMexH.stx o6lacrefi '

llepnrrrvr npr{MepoM qBItLOCb MOAeJI}lpOBaHI4e ABHXeHHe JIA B 3OHe He-

cTar{HoHirpHofo TeqeHl4f, Ha cpe3e lIV. Elrnpl paccMoTpeHbl pa3[I4r{Hble BapI4aH-

rrr xou(r uryparyufi, KopMoBbIX ILI HoCOBbIx r{acTefi JIA' a TaK >re pa3JIIlr{HbIe

HarrarbHbre cKopocTritrxABHX{eHu{ B 3OHe TerIeHI{.t{ (puc' 4)' llonyueHbl OIIeHKI'I

r{3MeHeHI,l{ CI{JIOBOTO SOsAefiCTBI4fl Ha JIA I4 KI4HeMaTI{t{ecKIIx napaMeTpoB ABH-

xeHn{ B paccMaTpI'IBaeMoM rleprloAe'

Analug pe3ynbTaToB pacqeToB noKa3aJI' qTo Becb llpoqecc ABI'IxeHI4s JIA'

MOXHO PA3AEJIHTb HA ABA TIACTKA 
_ 

YI{ACTOK I{HTEHCI4E|HO|O CI{JIOBO|O EOSACfi-

crBr,rr ua JIA " 
y"uator. uetra6l{ill{3l4poBaHHoro ABLIxeHH'fl B 3oHe re'{eHlaq' 3rcl

rro3BoJrHJro rrpa4noxr4Tb npu6nnxeHHylo MeToAI{Ky pacq:eTa I43MeHeHI4q KI4HeMa"

Tr{rrecKlrx napaMeTpoB ABU)KeW]I1rt IIA, upI4roAHyIO AJI' pacqeTa vx cTaTIdCTI{qe-

cKl/rx xal)aKTepucTl4K MeTOAOM CTaTI4CT t',tqecKofo MoAeJII4pOBaHvIfl"

PaccvrorpeHnpi,lMepoilpeAeJleHllflcTpyKTypblTeqeHugBoKpyfIIOABI,IX-
HOfo HocHreJrf,, iloKa3aBUUfi Ueo6xo4rlMocrb yqera [aplaMerpo" "o:*_yT-t:l:::]
TeqeHI4t. npl{ cTapTe c I.,{BI{XHO'O HOCUT.JItr, ABl{falom'efoct co cBepx3ByKoBO]'I

cKopocT,bro, [pr4 pao[oJIO]K eHw'[.lIV s soHe 6nuerofi t< MUAeJIeBOMy CeqeHI4IO'
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Pucynon 4 - PacupeAeJIeHI4e AaBJIeHIIt s c'IetHofi 3oHe B pa3[I4r{Hble MoMeHTbI

BPeMeHII uPn o6reraHuu JIA

llpune4en npHMep pacrleTa llpoqecca aKTI4BHO - peaKrI4BHOfO cTapra I43

sarpurofi IIV c ropo'rrofi turrpu"n"roq€fi, IIoKa3aBIIIufi upeuuyqecrBa noAo6-

HO|O cTapTa c TOTIKI{ 3peH[fl yBenil4r{eHklfl, HaqaJlruofi cKopocTl4 I{ CHI'IXeHVIfl' Ckr-

JroBofo sogAeficrBafl, Ha lIV, u [pl4Mep pacrIeTa IIapaMeTpoB ABI{xeHVfl' tlpla

cTapTeciloABI,IXHorOHocI4TeJItr[I4poTeXHI4IIecKofoSJIeMeHTanpl4pa3nI4I{HbIX
ycnoBHtx, [oKa3aBruufi BO3MOX{HOCTb OIIeHKI4 OIIaCHbIX' O TOr{KI4 3peHl{q cToJIK-

HOBCHI4' C; HOCIIT€JICM' BAPI4AHTOB CTAPTA.

pac,crrlorpeHa Bo3MolrHocrr; r4crroJrb3oBa1krfl. pa3paSoraHHoro nporpaMM-

Hofo KoMtrJreKc a Anfl. MoAeJrrdpoBal:ng. pflAa TIpI4KJIaAHbIX 3aAaq, HarIpI'IMep' ra3o-

AI4HaMI4q€)cKoIo[poueccaBnoJIocTI4I4MnyJIbcHofonop]xHeBofoKoMnpeccopa
(puc. 5). 14: pr4cyHKa BT4AHO [peI{MyIIIeCTBO llpeAJlafaeMoro BapvIaHTA yrleTa no-

lnuNHofi lpaHI4IIbI TBepAoro TeJIa, I4cKIIoqaIouIee ocqunntqurc peIxeHI'Is'

a

hdI'

r *ru**il,|lltttl,'qlidl
,,,J,|t,lill

t, Mc

Pucyuox 5 - Pac.reTHOe I{3MeHeHI{eycunp\fl. Ha IIOpIIIHe I{MnynbcHofo IIOpIUHeBO-

ro KoMnpeccopa: a -- pacqer c AI4cKperHbIM IIepeMeIIIeHHeM [oplxH-fl; 6 - aHalo-

rr4qHb1fr pacr{eT c I{cIIoJIb3OBalIUeM CXeMbI geQOprr'rnpyeMblx Apo6untx flrleeK

F,
HH

30

20

10
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B K€rqecrBe Bo3MoxHoro ilpr4noxeHl4fl pa3pa6oraHHoro rlporpaMMHoro

o6ecne.reHrafl MoxHo rrpuBecrr 3a)Iaqr4 pacqera re'renuit cnoxHoil crpyKTypbl B

ycnoBr4.rrx .H9II9ABI4)I(H6IX TpaHIIII: BAyB :1OIIJIIIBOBO3,{yIIIH0ft CtueCU B UI4JIHHAp

ABr4rareJrfl BHyrpeHHero cropaHl.t, QbpnarapoBaHl4e KpynHoMacIIrra6HbIX BI'IXpe-

BbrX CTpyKTyp npI,I B3al4to,q.ftatuwu crpyi'tHblx rerle[I4i4' a x(ecTKofr noBepxHo-

crbro tpt.. 6i orleleHue JIA or HocI4reJI{ B Bo3Ayxe I4 HeKoropblx Apyrl4x'

PlrcyHor o - flons
B III4IHHAp rlepe3

AaBJIeHI4f, Ans IrpoqeccoB: a - BAyB TOIJII4BOBO3AyIITHOfi CUeCU

KnarraH; 6 - sga[N,roAer-rcTBlle AByX CrpyrlHrrx TeqeHufi c xecT-

Koil [oBePXHocrbIo

B sla r(Jrrcq eH r{ r{ npr{BeAeHbl o cHoBHbIe pe3ynbTaTbl paooTbl.

ocHoBHbIE BbIBOAbI

1. Ira^:pa6oraHa KoMrrneKclraq MareMarur{ecKafl Moi[eJIb rlpoqeccoB' ollpe-

ASJIqIOIIII4X [apaMeTpbl TeqeHvIfl' 14 ABI{XSHI{'[ TeJIa B ra3oBoM IIOToK9 cnoNsofr

crpyKrypbl.
i ttpaanoxeH uUrrOpI4TM pacqeTa cI4JIoBoro Bo3.{effcrBvr' Ha reJlo' nepe-

yglqalollleecg B 3oHe HecTaIIuoH:apHofO fa3oAl{HaMl4qecKoro TeIIeHI4g cloxrrofi

CTDVKTYPbI.

I .' naspa6oTaH nporpaMMHblfi KOMIIJIeKC I4MHrauI4oHHOfO MOAeJIHpOBaHT4fl'

upoqeccaiH€CT€lIIHoHapHOrofa3oAl4HaM[4qecKofoTeqeH}I'I'Anfi,nepeMeHHbIX|pa-
Hr4rrHbIX yClonrafi cqerHofi 3oHbt: Lr HaJruqr4H rrepeMelqarcIIll4xcf, TeJI B CrlerHofr

3OHe, a TaK Xre BcrroMofaTeJrbHbre aBToHOMHbIe npofpaMMHble MOAynI4, O6ecne-

quBarcrqr,re pacqeT Har{uurbHbrx ycnoBl4fi rA UapaueTpoB AI}I',IXeHpu TeJIa'

4. TeCrrapoBaHrre uporpar\{MHoro KoMrIJIeKca I4MI4TaIrploHHoro MoAenHpo-

BaHVfl.ABI{XSHI{{ TeJIa B r€BoBoM IIOT9Ke cloxnOfi cTpyKTypbl noKa3iulo yAoBne-

TBopureJrbHoe oTo6paxeHl4e crpyKTypbl I4 ocHoBHbIX 3.rteMeHroB HecraIILIoHap-

Hofo rer{eHl4-f, - yAapHoft eoltHu r4 KoHTaKTHofi rpaHI4IrbI, a raK x{e Bo3MoxHocrb

r4crroJrb3o BaHVrs.pe3y JrbraroB pacqera ra3oAHHaMlrqecKofo reqeHl',Is B AByMepHofi

ocecr4MM:erpuuuofi rocTaHoBKe iqJIfl pacr{eTa IIapaMeTpoE CI{JIOBOfO Bo3AeftCreur:
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Ha reJlo, o6ecnequsarcuuX rrocneAyloqraft alalru.e ero [pocrpaHcrBeHHoro ABI4-

xteHl4q.
5. fl.pe4noxgHHl'Ifi arlropurM pacqeTa cIIJIOBOfo sogAeficrBvlfl' HA TeJIO' IIe-

peMeu{arcxtreecs B CTIeTHOfi gone l)elueHHfl ra3oAl',lHaMra'{ecrofi SA AqVl' noKa3aJI

yAoBJrerBopr4TerrbHoe onpeAeJreH'e rrapaMerpa rerreHr,rr r4 .fiapaMerpoB cr{JroBoro

sogAeftcr B.?rfl. cHe3HarrrrerrbHblM ypoBHelu rynbcauu" 
-p:-:i]: 

B npeAeJIax2o/o'

6.TecflapoBaHr4eaBTOHOMHbIXBCIIOMO|aTeJIbHbIXNIOAylefi',o6ecneql4Ba-

roulr4x pacireT HarraJIbHbIX ycJIOBI4.[ ra naparrleTpoB ABI4XeH]Ifl' T1IIA' IIo pe3ynbTa-

TaM cpaBH eHI4fl.C I,I3BeCTHbIMI4 peIIIeHLI{NII4 I4 KaTIeCTBeHHOfO AH?'JIVr,A OrO6paNe-

Hr,Ifl lrp oq€) c ca, [oKa3 aJIO yAo BJIeTI]OpI{TeJrbHbI e p e3ynbTaTbl'

7 . Vlctrorr"rouurr"a parpa6omHHofrf, IIpofpaMMHOfO KOMIIJIeKca Anfl aHurl4-

3acTpyKTypblTeqeHI{fBoKpyfIloABI,lXHofoHocI{TeJIfl'IlepeABl,lfalolIlefocf,c
pa3Jrr4qHoil crcopocTblo, [oKa3aJIO neo6xoAuMocTb yrlera cnoxnofi cTpyKTypbl

reqeHur An" ruap"r"y*o"oro o6r:eranvtrrlpklcTapTe JIA e 3oHe 6IUSrOfr K MI4-

AeJIeBoMy..".rr"ro.AJIqocrarlbHblxBapI4aHroBcrlp-l1',:i1""::"Ao3ByKoBoe
O$reranrae, TOJIIIII4Ha CJIS{' coOTI}eTcTByIoqeIo BO3MyIqe.nsOfi 3OHe' He IIpeBOC-

xoAI'IT [O:ro BI4HbI p a[vy c a MI4Ae JIeBof o c eqe HI4t'

8. llponeAeHHble I'IJIJIIOCTpaTLIBHbIe pacqeTbl IIOKil]alII{ BO3MOXHOCTb I4C-

rroJrb3oBaHlrfl pa:pa6orarrHofo [rpotpaMMHgfo o6ecueqenrag I4MIITaIrI4OHHOIo

MoAeJII{pOBaHI4fiABI{XeHI{'TeJIaAnflpel[eHv1fl'pfl'Ila[pI4K:JIaAHbIx3aAaa{'cBfl3aH-
Hbrx c orlenrofi u3MeHeHI'U [apaMeTpoB ABI'IXeHI'Iq JIA [pI'I ABI4XeHVIkT B 3OHe

oKonoAyJIbHOrO Ter{eHl4fl, a TaK xe olpeAeJIeHI4{ ycnonuii cTapTa IIHpoTexHI4qe-

cKI'IX 3JIeMeHTOB, HCKJrro.ranuII4X BO3MOXHOe r{x coyAapeHl4e o noABlIxHbIM HO-

ttttnt#'uo3MoxHbre 
AorroJrH'rreJrbHbre o6nacru rpr{MeHeHufl pa3pa6oransoro

ilpo|paMruHoroKoMIIJIeKca.M0AenI4poBaHHenpoqeccoBoTAeJIeHI{'HocI4TeJI'
or JIA; ra3oAr'HaMlrqecKofo ,,poqecca B [oJIocrLI I4MrtyJlbcHoro floplxHeBoro

KoMnpeccopa;Ilpouecca3aIIOJIHeHI4'IIoJIocTllqunuHApaABHraTenqBHyTpeHHe.
ro cropa'rax; $opuupoBaHl.e Kpy'IHoMacrura6.nrtx BI'lXpeBbIX cTpyKTyp np?I u'a'

rauogefrc,rBr{Lr cTpyfisrtx ta"a"rfi c xeoTKOfi nonepxHocTblo; oueHKa nocneA'

crsr4ft Bo3Mox{Hoft reppopucruuecrofi araKr4 c LlcrIoJIt$oBaHueM B3pblBqarbl}:

BeulecrB B 3aKpbITbIX rIoMeIrIeHI4sX'

lCr.I4cnoJIb3oBaHIIeBu3yan.[I3a|\L|nra3oAI,IHaMI{qecKI4Xllpoqeccoeo6ec-

rreqr4Baer rrrnpoK'e Bo3MoxHoc,rr4 rrpr{Me'eHr4fl. pa3pa6c,rassoro nporpaMMHoro

o6ecue.{ent" u 
"poqecce 

o6yueuraa cTyAeHroB' IIOCpeAOTBOM I4MII1ITAuJJOHHO|O

MOAenI4l)o BaHr4fl.fa3oAI4HaMI',IqecKI4X npoueacoB B TI4IIOEbIX SJIeMeHTax MaIIII4H 14

ycrPofic,rn.

o c HoB FIbIE PE 3 y JIb TA TbI AI4C C EPT Nnil4 OrIyE JII{K oB AHbI

B PAEOTAX:

l,IpasenoB.M.Pacqer.[apaMeTpoBABH}KeHnqMI{HbIB3oHeoKoJI0.
AyJrbHoro reqelrllq / B.M. rpnsen, c.B. [r.n"t"no llvlsB;ecrrq Ty"rrrY' Tex-

Hnrrecx:ue HayKrr. _ 2014.- Bsrn. 12.'q'.1. - c' 250'253'
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2. I;rnren, B.M" Parpa6orKa IIpOIpaMMHOTO KOMIIJIeKCa MoAeJIUpoBa-

Huq BHyTpu6a;r.rrucTHrIecKI{x r1pOqecCOB IIpII aKTI{BHO-peaKTI{BttOU Crapre /

B,M.Ipn:en, M.C. BOporu.rrun, H.B. NIOru.nrHI{KOBt o'A' Qorunqesa ll vl}'

BecTr{fl Ty.nIY. Texnu.recKl{e HayKII. '2016. - Butu' 13' - q'1' - c' 3 - 7 '

3. f paren, B.M. Pac.Ier [apaMeTpOB ABH?KeHI{fl T'BepAoro TeJIa B 3OHe

HecrarluoHapHoro ocecrrMMerpr{qHoro reqeHl{ff cJror(n0fi crpyKTypbl / B'M'

Ipn:en ll lhssecrr,rn Ty.rrIY. TexnuqecKHe HayKH' '2016' - Brtn' 12',-q'2' '

c. 85 - 90.
4. f'pnsen, B.N[. MoquQuKaIII{fl MeTOAa KpyIIHbtx qacTI{II IpIIMeHII-

TeJrbHo K pacqeTy reqenufi c II6ABII?KHbIMI{ IpaHI{UaM[ TBepAbIx TeJI / B'M'

fprren, li.B. MLru.,rruHKoB ll Vls',ecrna Ty.nfV' TexHnqecKre HayKu' -

20t7. - Br,tn. L. - rI.1. - C' 258 '264'
5.r'palen,B.M.Hercoropble[pI{JIo}KeH[q3aAaqupacqeTafa3oAHHa-

MrrqecKor.o TerreHr{fl B ycroBnqx IIOABIII(HbIX fpaHHII TBepAbIx re'rr / B'M'

Ipor.r, 1fl.8. Moru.usnnKoB ll vlcsecrur TynfY' TexHI{qecKIIe HayKI{' -

ZOtl.- BbIr. 4. - rI.1. - C' 102 - 108'

6. r'pasee, B.M. Ouenra u3MeHeHI'Lfl IIapaMeTpoB ylnoBoro AB!I)I(eHIdI' Mvr-

Hbr B 3oHe oKoJroAynr,Holo reqeHrt / B.M. fpraen ll Hayrca' llpovrtuuleHHocrb'

o6opona: Tpygu xvl Bcepoccltficrofi HTK. - Honocu6rapcr: I4gA-so HfTy',

2015. - c,236-238.
7. I-pxeee, B.M. ArruBnO-peaKTUBHlri crapr [upoTexHLIrIecKoIo v3n{envIfl'

r43 Hape3'ofi nv / B.M. fpxsen il @yuRaMeHraJrbHbre ocr{oBsr 6a'ucrl4rrecKoro

[poeKTr4p,OBaHr4.fl: v Bcecolo3Hafl Har,IHO-rexH. rou$', canrr-llercp6ypr', 27

LrroH{ - 1 urols 2016 r.: c6. Marep. / Banr. foc. rexH' yH-r' - cll6': 2016' - c'

1 13-1 14.

8. Jlpxren, B.M. OupegeleHlle aspoAuHaMuqecKl{x xapaKrepllcrl{r< IIE npu

crapre c noABlrxHofo HocLIreJIr{ / B.M. fpxsen // xI\/ Bcepoccl'tficxax HTK

<<Texgur,a XXI BeKa fJra3aMH MoJroAbIX yqeHbIX I{ cneIIHaIIltcToB>): MarepI{aJIbI

AoKrIaAoI]. - Tyna: I4sA-eo TynfV, 2016' - C' 132 - 136'

9. llporpaulrHrrfi MoAynb pacqeTa HecTaIII4OHapHOfo fa3oALIHaMI4tIecKofo

TeqeHI4g npl4 HaJII4TIUI4 IOABHX{HbIX TeJI B C'IerHofi 3oHe: cBI',l'qeTeJIbCTBO foc' pe-

r'rcrpaqrrH rrporpaMMHbr rns oIlM l\b 2017614602 poc. @eAepar\vn / Mo'am-

Hr4KoB H.B., fprsen B.Nt.; 3asBI4reJIb t4 llpaBoo6raAarenr (DEfoy BO <Tym-

crufi looyAapcrseHHrtfi yHl4Bepcl4rer)'- ftln ZO 17611558; aarnn 27 '02'17; roc'

ott"tTo.'3"0r1il". 
KoHrlenryarrbHbrx uo4enefi $u:nuecrcrlx nBrIeH uir' unpouec-

COB QyrrfUraOHIIpOBaHutt |a3OAI4HaMI4rIeCKI'IX LIMIIyJIbCI{bIX CI{CTeM: OTqeT II0

HI4p. J,1b roc. p.r. eeaA-Al 6-116042010052-6. fpanr p(Dol4Ne16-41-710663;

pyr<. BoporI,IiII{H M.C.; ucnolH':fpt3eB B'M' [ra an'l' - Tyla' TynfY' - 2016' '

87 c.


