


1. Pa3pa60TaHa MeTO,ll,I1Ka rl16pl1,ll,Horo ID-3D MO,ll,eJmpOBaHI15I

rl1,ll,pO,ll,I1HaMWIeCKl1X TeqeHI1H, OCHOBaHHa5I na l1TepaQI10HHOH npouenype 06MeHa

06rn;I1MI1 rpaHl1qHbIMI1 YCJIOBIDIMI1 Me)l()J;Y pa3HOMaCIIITa6HbIMI1 06JIaCT5IMI1 C yaerov

BOCCTaHOBJIeHIDIKapTI1HbI pa3BI1TOrO TeqeHIDI B TpexMepHoH 06JIaCTI1.

2. Bnepasre npennoxea 11 peaJIl130BaH aJIrOpl1TM «xacxazmoro cfiopa

rJI06aJIbHOrO ypOBH5I» MHorOCeTOqHOrOpemarens CJIAY, rr03BOJI5IIOmI1HYCKOpl1Tb
rpexuepnoe MO,ll,eJIl1pOBaHl1erl1,ll,pO,ll,I1HaMl1qeCKl1XTeqeHI1H B BblcOKOrrapaJIJIeJIbHOM

pe)KI1Me.
3. Pa3pa60TaHbI nonyaarmpn-recxae MaTeMaTl1qeCKl1eMO,ll,eJII1rl1,ll,paBJIl1qeCKI1X

3JIeMeHTOB,COCTaBJImorn;I1XTOrrJII1BHbleCI1CTeMbIMaHeBpeHHblx CaMOJIeTOB.
4. COCTaBJIeH MI1HI1MaJIbHbIH 6a3l1c aaztax nepadnncauaa 11 npasezreasr

pe3YJIbTaTbIBepmpl1KaQl111paspafioraaasrx MeTO,ll,OB11aJIrOpl1TMoB.
IIOJIyqeHHble aaropoxr pe3YJIbTaTbI, 6e3YCJIOBHO, rrpe,ll,CTaBJI5IIOT60JIbiliOe

TeOpeTI1QeCKOe11npaxnazmoe 3HaQeHl1e.
~ocToBepHocTb H 060cHoBaHHocTb nonyseansrx B ,ll,I1CCepTaQI1I1TeOpeTI1QeCKl1X

pe3YJIbTaTOB06eCrreQI1BaeTC5IKOppeKTHbIMnpaaeaenaesr MaTeMaTI1QeCKOrOanrrapara,
I1CrrOJIb30BaHHoro ,ll,JIR rrOJIyqeHIDI 3Tl1X pe3YJIbTaToB. OQeHKY 060cHoBaHHOCTl1 11
pa60Tocrroc06HOCTl1 paspafioranasrx QI1CJIeHHbIX aJIrOpl1TMOB zraror pe3YJIbTaTbI
npoaeneaasrx BbIQHCJII1TeJIbHbIX3KCrrepI1MeHTOB, a raioxe conocrasnenae 3Tl1X
pe3YJIbTaTOB C I1MelOrn;HMHCR({3TaJIOHHbIMI1»,ll,aHHbIMI1, B KaQeCTBe KOTOPbIX B
nexoropsrx CJIYQaRXnsrcrynaror rrOJIYQeHHbleaHaJIHTI1QeCKl1epenreaaa sanan JIl160
3KCrrepl1MeHTaJIbHbIezramnae npyrnx aaropoa.

Ilpaxrauecxaa 3HaQHMOCTb nonyaeansrx pe3YJIbTaTOB, npexcte scero,
3aKJIlOQaeTCRB rrpoaenenasrx pafiorax rro C03,ll,aHl1lO11 pa3BI1TI1IOOTeQeCTBeHHblX
nporpasoansrx KOMrrJIeKCOB«FlowDesigner» 11 «JfOf'Of:», B KOTOPbIX ,ll,I1CCepTaHT
rrpl1HI1MaJI nertocpeztcraeanoe y-racrne. B QaCTHOCTI1,C rroxronrsro nporpasoraoro
KOMrrJIeKCa«FlowDesigner» 6bIJIH nposezteasr ycneurasre pac-rernsre I1CCJIe,ll,OBaHI1R
TOrrJII1BHbIX CI1CTeM JIeTaTeJIbHbIX armaparos, npoeicrnpyexsrx IIAO «KoMrraHIDI

«CYXOH» «OKE Cyxoro». IIporpaMMHbIH KOMrrJIeKC«JIOroc» raioxe ,ll,OCTaTOQHO
IIII1POKO I1CrrOJIb3yeTC5I rrpe,ll,rrpIDITIDIMI1 POCCI1I1 ,ll,JIR peurenas Pa3JII1QHbIX
rrpOMbIIIIJIeHHbIXsanas.

Ba)KHO rarose OTMeTI1Tb, QTO rrOJIYQeHHbIe B ,ll,I1CCepTaQI1I1pe3YJIbTaTbI
I1CrrOJIb30BaJIHCbB HeCKOJIbKl1XPOCCI1HCKl1XrrpOMbIIIIJIeHHbIX 11 I1CCJIe,ll,OBaTeJIbCKl1X
npoexrax.

06JIaCTb HCCJIe.LJ;OBaHHH ,ll,I1CCepTaQI1I1cooraercrsyer rrYHKTaM3, 4, 5 nacnopra
naysnoa crreQl1aJIbHOCTI105.13.18 - «MaTeMaTI1QeCKOeMO,ll,eJIl1pOBaHl1e,QI1CJIeHHble
MeTO,ll,bI11KOMrrJIeKCbInporpasoa».

06w.aH xapaxrepacrmca .LJ;HCCepTau.HH. IIOJIHbIH 06'beM ,ll,I1CCepTaQHI1
COCTaBJIReT153 CTpaHHQbI,BKJIIOQaR82 pl1CYHKa1111 Ta6JIHQ. ,[{I1CCepTaQIDICOCTOI1T113
BBe,ll,eHIDI, xersrpex rJIaB, 3aKJIIOQeHIDI, cnacxa JII1TepaTypbI, conepxcaurero 106
HaI1MeHOBaHI1H,11ztnyx rrpI1JIO)KeHI1H.

Bo BBe.LJ;eHHH 060cHoBbIBaeTC5I aKTYaJIbHOCTbI1CCJIe,ll,OBaHI1H,rrpOBO,ll,I1MbIXB
paurcax ,ll,I1CCepTaUI10HHOHpa60TbI, rrpI1BO,ll,I1TC5I0630p uayxaoa JII1TepaTypbI rro
IByqaeMoH npofinexie, Q:>0PMYJII1PYIOTCRQeJIb, aaaaxa, nayxaaa HOBl13Ha 11
rrpaKTI1QeCKaR3HaQl1MOCTbrrpe,ll,CTaBJIReMOHpa60TbI.

IIepBaH rrraaa nocnamena MeTO,ll,I1Ke r116pl1,ll,HOrO MO,ll,eJIl1pOBaHI1R
fl1,ll,pO,ll,I1HaMWIeCKl1XTeQeHI1HB I1H)KeHepHbIxrunpocacreaax, TaKoH nonxon 5I:BJI5I:eTC5I
OrrTI1MaJIbHbIMnpa npoaenenna QI1CJIeHHbIXpaCQeTOBPa3JII1-qHbIXBI1,ll,OBl1H:tKeHepHbIX

2



3

rlILJ:pOCIiCTeM, COLJ:ep)Ka~IIX OLJ:HOBpeMeHHO cers pa3BeTBJIeHHbIX Tpy6orrpOBOLJ:OB
LJ:OCTaT01:JHOHrrpOT.SI)KeHHOCTIi II 3JIeMeHTbI CO CJIO)KHOH reOMeTplI1:JeCKOH

xomparypauaeti, fII6plILJ:Ha51 MOLJ:eJIbrrpeLJ:CTaBJI5IeTC060H MOLJ:eJIbflILJ:pOCIiCTeMbIB
OLJ:HOMepHOMrrpII6JIII)KeHIIII, B KOTOPOHBbILJ:eJI5IeTC5IOLJ:IIHIIJIII HeCKOJIbKOY1:JaCTKOB,
rlILJ:pOLJ:IIHaMll1:JeCKlieXapaKTepliCTIiKII KOTOPbIX OQeHIIBalOTC5IC novomsto MeTOLJ:OB

TpeXMepHOfO1:JIICJIeHHOrOMOLJ:emlpOBaHll5I.
,lJ,JI5Iofiecnexenaa JIY1:JIIIeHCXOLJ:IIMOCTIIIITepaQIIOHHOfOnponecca B OLJ:HOMepHOH

06JIaCTII, B OTJIII1:JlIeOT Y)Ke cymecrsyromax rrOLJ:XOLJ:OB,npeztnaraercs pemars 06~ylO
CIiCTeMY JIIIHeHHbIX anreopansecxax ypaBHeHIIH (CJIAY) OTHOCIITeJIbHOLJ:aBJIeHIIHII
paCXOLJ:OBB Y3JIaX MOLJ:eJIlipyeMoHrlILJ:pOCIiCTeMbI.TIpeLJ:JIO)KeHHbIH1:JIICJIeHHbIHMeTOLJ:
pemeaaa CJIAY rr03BOJI5IeTHaHTIi eLJ:IIHCTBeHHOepeurenae HeLJ:OOrrpeLJ:eJIeHHbIXCJIAY
IiOLJ:H03Ha1:JHOBbI5IBIITbCJIY1:JalI,npn KOTOPbIXCJIA Y 51BJI5IeTC5IHeCOBMeCTHOH.

CB5I3b OLJ:HOMepHOHII TpeXMepHOH MOLJ:eJIeHOCHOBbIBaeTC5Ina OpraHII3aQIIII
06MeHOB rpaHlf1:JHbIMI1YCJIOBII5IMIIMe)KLJ:Ypa3HOMaCIIITa6HbIMIi 06JIaCT5IMIi rro XOLJ:Y

rrpOBeLJ:eHII5Ipacsera.
Bropas rnaaa rrOCB5I~eHa sonpocy YCKopeHll5I paC1:JeTOBB TpeXMepHOH

rrOCTaHOBKeC IICrrOJIb30BaHlieM MHorOCeT01:JHbIXTeXHOJIOfIiH. KaK rrpaBIIJIO, npn
rrpOBeLJ:eHIII1f1I6pllLJ:HbIX paC1:JeTOBcp1I31I1:JeCKOeBpeM51MOLJ:eJIlipOBaHll5I06JIaCTeH B
TpeXMepHOHrrOCTaHOBKeBOMHoro paa rrpeBOCXOLJ:IITBpeM5I,Heo6xoLJ:IIMOeLJ:JI5Ipacnera
OLJ:HOMepHbIX06JIaCTeH. TI03TOMY saztaaa rro YCKopeHlIlO MOLJ:eJIlipOBaHII5ITpeXMepHbIX
06JIaCTeHrrpa rrpOBeLJ:eHIIIIf1I6plILJ:HbIXpacseroa 51BJI5IeTC5Iocorienao aKTyaJIbHOHLJ:JI5I
LJ:OCTII)KeHll5IMaKCIiMaJIbHOH3cpcpeKTIIBHOCTliII COKpa~eHll5I 06~efO BpeMeHII pacnera.

B LJ:aHHOH rnane rrpIIBOLJ:IITC5I onacanae MHOfOCeTOqHOrO MeTOLJ:a C

IICrrOJIb30BaHlieM anropnrva «KaCKaLJ:HOfO cfiopa fJIo6aJIbHOrO ypOBH5I»,
rrpeLJ:JIO)KeHHOfOII peaJIII30BaHHoro LJ:IICCepTaHTOMB pasrxax rrporpaxnruoro KOMrrJIeKCa
«JIOfOC», a TaK)Kepe3YJIbTaTbInepadinxanaa II IICCJIeLJ:OBaHII5I3cpcpeKTIIBHOCTliMeTOLJ:a
na cepIIII qlICJIeHHbIX 3KcrrepIIMeHTOB. TIo pe3YJIbTaTaM rrplIBeLJ:eHHbIXqlICJIeHHbIX
3KcrreplIMeHTOB MO)KHOCLJ:eJIaTbBbIBOLJ:,qTO IIpeLJ:JIO)KeHHbIHLJ:IICCepTaHTOMaJIrOplITM
rr03BOJI5IeT3HaqlITeJIbHO YCKOPIITb ofimee BpeM5I penreaas 3aLJ:a1:JII, II OCHOBHoeero
npeasrymecmo Ha1:JIIHaeT IIP05lBJI5ITbC5I C YBeJIII1:JeHlIeM 1:JIICJIa npoueccopos,
IICIIOJIb3yeMoro LJ:JI5Ipacsera TpeXMepHbIX 06JIaCTeH.

B TpeTbeH r naae IIPIIBOLJ:IITC5I orracaaae IIpOfpaMMHOfO KOMIIJIeKCa
«FlowDesigner», OCHOBaHHoro aa MeTOLJ:IIKe,IIpeLJ:CTaBJIeHHOHB rtepsoii rnaae, 11
npezmaanaxemroro LJ:JI5IMOLJ:eJIlipOBaHll5IrlILJ:p0LJ:IIHaMlIqeCKllXTeqeHIIH B IIH)KeHepHbIX
rlILJ:pOCIiCTeMax.Pa3pa60TKa LJ:aHHOrOrtporpavernoro KOMIIJIeKCa IIPOBOLJ:llJIaCbnpn
OIIpeLJ:eJI5IlO~eMY1:JaCTIIIILJ:IICCepTaHTa.TaK)Ke B rnaae IIpeLJ:CTaBJIeHbIpe3YJIbTaTbI
nepadiaxauaa pasparioranaoro npcrpajomoro KOMIIJIeKCa aa npanepe TIIIIlIqHbIX

3aLJ:a1:J,B03HIIKalO~IIX npn MOLJ:eJIlipOBaHIIII IIH)KeHepHbIX rlILJ:pOCIiCTeM. PaC1:JeT
TpeXMepHbIX 06JIaCTeH r1I6plILJ:HbIX MOLJ:eJIeHIIPOII3BOLJ:IITC5IC IICIIOJIb30BaHlieM
nporpaseanoro KOMIIJIeKCa«JIOfOC».

B qeTBepTOH rnaae IIpeLJ:CTaBJIeHbIpe3YJIbTaTbI ycnennroro IIpaKTl1qeCKOrO
IIpI1MeHeHII5Ipaspafiorannoro nporpaasnroro KOMIIJIeKCa«FlowDesigner» LJ:JI5IpeIIIeHll5I
rrpOMbIIIIJIeHHO-OplIeHTl1pOBaHHbIX sanas MOLJ:eJIlipOBaHI151pa60TbI TOrrJIIIBHbIX 11
rlILJ:paBJIlIqeCKllXCIiCTeMMaHeBpeHHbIXCaMOJIeTOB,npoexrapyeusrx IlAO «KOMrraHII5I
«CYXOH» «OKE Cyxoro», TIOJIY1:JeHHbIepe3YJIbTaTbI XOPOiliO comaCYlOTC5I C
IIMelO~IIMI1C5IaHaJIl1TlIqeCKllMIi II sxcnepaaearansasnor LJ:aHHbIMIi.
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B 3aKJIIOqeHHH npasenensr OCHOBHble pe3YJIbTaTbI .n;l1CCepTau,110HHOrO
I1CCJIe.n;OBaHl15r,xoropsre COOTBeTCTByroT OCHOBHbIM rrOJIo)KeHl1.SIM,BbIHOCI1MbIM na
3aI.U,l1Ty.

PeKOMeHJ.-aU;HH no HCnOJlb30BaHHlO pe3YJlbTaTOB J.-HccepTaU;HH. Pe3YJIbTaTbI
.n;I1CCepTau,110HHOHpa60TbI A.B. .5IJI030 MoryT 6bITb ycneumo npaveaeasr .n;mr
IfMIfTaU,lIOHHOrO Mo.n;eJIIfpOBaHIf51 pa60TbI TOIIJIIfBHbIX CIfCTeM CaMOJIeTOB, qTO
nozrraepzctaercs rrOJIO)!(l1TeJIbHbIHonsrrov 11 nnaaaxra zransrrekmero l1CrrOJIb30BaHl151
nporpaxomoro KOMrrJIeKCa «FlowDesigner» B ITAO «KOMrraHl1H «CYXOH» «OKE
Cyxoro» npn paspariorxe nepcnexrasnsrx 06palU,OB JIeTaTeJIbHbIX armaparon.

Aaroperpepar .n;l1CCepTau,Ifl1 coorsercrayer ee conepzcaamo If rr03BOJIHeT
nony-nrrs 0 HeH .n;OCTaTOQHOrrOJIHOenpencrasnenae,

03HaKOMJIeHl1e C TeKCTOM zmccepranan A.B. .5IJI030 BbI3bIBaeT cJIe.n;YIOI.U,l1e
3aMeqaHHH rro ee cozrepacaamo.

Ilpeaczte ncero, cnenyer OTMeTl1Tb, QTOnpennoacenasrrt .n;l1CCepTaHTOMaJIrOpl1TM
xacxannoro ctiopa .n;JIHYCKopeHl1H Mo.n;eJIl1pOBaHl1Hrpexsrepnsrx 06JIaCTeH, cyzts rro
pe3YJIbTaTaM npaeertemrsrx '1l1CJIeHHbIX 3KCrrepl1MeHTOB, ztaer oI.U,yTl1Moe
rrpeIfMYI.U,eCTBO na CeTO'1HbIX Mo.n;eJIHX, coztepscautax .n;eCHTKl1 MJIH. H'1eeK. Ha
cero.n;H5IIIIHl1H zrens, HeCMOTpH aa pal Bl1Tl1e cynepxoxmsrorepnsrx TeXHOJIOrl1H,
Mo.n;eJIl1pOBaHl1eTe'1eHl1H C l1CrrOJIb30BaHl1eMTaKl1.X CeTO'1HbIX Mo.n;eJIeHHe HBJIHeTCH
IIIl1POKO pacnpocrpaaenaoii npaxraxoa. ITpe.n;CTaBJIeHHbIH aJIrOpl1TM MO)!(HO
paccaarpnaars KaK nepcrrexmansnt rrozrxozt .n;JIH6y.n;yI.U,l1Xl1CCJIe.n;OBaHl1H,xorna, B
CBH311C .n;aJIbHeHIIIl1M paamrrnesr cynepxoansrorepnsrx TeXHOJIOrl1H, fiyzter IIIl1POKO
pacnpocrpaaeno xrozrenapoaaaae Te'1eHl1Haa CeTO'1HbIXMo.n;eJIHX,conepacamnx .n;eCRTKl1
MJIH.R'1eeK1160JIee.

Ilaparpadi 1.1 .n;l1CCepTau,l1l1 HOCl1T naaaanae «Merozi o.n;HoMepHoro
Mo.n;eJIIfpOBaHl1Rrl1.n;pOCl1CTeM,06eCrre'1l1BalOI.U,l1Hneasnyro CBR3bpacxozt- ztasncane na
yposae 06I.U,eH CJIAY». TepMl1H «HeRBHbIH» B .n;aHHOM cnysae npeztcrasnaerca
Hey.n;a'1HbIM,TaK KaK sanasa rro CYTIf CBoeH cTau,110HapHaR,XOTR l1HTyIfTl1BHORCHO,'1TO
asrop l1MelOT B Bl1.n;y.

ITPl1 sanaca ypaanennii .n;Bl1)!(eHl1HBR3KOH)!(l1.n;KOCTl1B rrporpasouroa KOMrrJIeKCe
«FlowDesigner» OTCYTcTByeT cnaraexoe, conepzcamee MaCCOBble Cl1JIbI. ITPl1
Mo.n;eJIl1pOBaHl1l1rl1.n;pOCl1CTeMMaHeBpeHHblx JIeTaTeJIbHbIXannaparos, xoropsre MoryT B
rrpou,ecce csoero .n;Bl1)!(eHl1HMeHRTb rrOJIO)!(eHl1e B npocrpancrae, OTCYTcTBl1e ysera
MaCCOBbIXCl1JIMO)!(eT npnaecra K cYI.U,eCTBeHHbIMrrorpeumocrxxr.

B TeKCTe ztacceprauaa l1MeeTCHyraepaoteaae: «3a C'1eT l1CrrOJIb30BaHHH06I.U,eH
CJIA Y .n;JIR pacxonos 11 .n;aBJIeHl1H KOJIl1'1eCTBOirrepauajt no saztarmoro ypOBHR
CXO.n;l1MOCTl1MeHbIIIe, '1eM npa OT.n;eJIbHOMHaXO)!(.lJ:eHl1l1pacxozta 11 .n;aBJIeHl1R».3TO
yrsepaczrenae Hl1KaK He 060CHOBaHO B TeKCTe, 11,crporo rosopa, cnopao. He rr05lCHeHO,
QTO03Ha'1aeT «CXO.n;HMOCTbsaztaxa».

3aKJIIOQeHHe 0 COOTBeTCTBHH J.-HccepTaU;HH KpHTepHHM IIoJloJKeHHH 0

nopanxe npacyacaeana YQeHbIX creneaea. OTMe'1eHHble He.n;OCTaTKl1He BJIl1HIOTna
06I.U,yro rrOJIO)!(l1TeJIbHYIOoueaxy .n;l1CCepTau,110HHOHpa60TbI. ,nl1CCepTau,l1ROTBe'1aeT
ncesr Tpe60BaHl1RM «ITOJIO)!(eHl1H0 rrpacyzeneaaa Yl1eHbIX creneneji», yraepzcnenaoro
rrOCTaHOBJIeHl1eMrrpasrrrenscraa P<I> N2 842 OT 24.09.2013 r. Testa zmcceprauaa H
nony-reaasre pe3YJIbTaTbI cooTBeTcTBYIOT rracnopry cneuaansaocra 05.l3 .18 -
«MaTeMaTI1'1eCKOe Mo.n;eJIl1pOBaHHe, '1l1CJIeHHble xreronu 11 KOMrrJIeKCbI nporpaxoa»
(cp11311KO-MaTeMaTl1'1eCKl1eHaYKl1).



5

CBe~eHUH 06 opraaaaauaa: IIy6JIH'fHoe axunouepnoe 06lll,eCTBO «ABl1al(110HHhIH KOMnJIeKC
11M.C.B. I1nhIOWI1Ha» (IIAO «I1n»); 125190, POCCI1HCKa}(<l>e~epal(I1}(,ropon Mocxsa, JIeHI1Hrpa~CKI1H
npocnexr, ~OM45 'T"; TeJIe<p0H:+7 (495) 000-00-10; 3JIeKTpOHHa}(no-rra: info@ilyushin.org.

'/ Ampeposa E.B.

IIAO «I1JI»
Azipec: 125190, r. Mocxsa, JIeHIIHrpa,l(CKIIH np., .n. 45 'T"
Tenedion: +7 (499) 943-81-85
e-mail: Krugl yakovaO V@ilyushin.org

Kpyrnsxona Onsra BaneHTIIHoBHa

3aMeCTlfTeJIb rJIaBHOrO KOHCTPYKTopa IIAO «Hn»
no a3pO,l(IIHaMIIKe, .nIIHaMIIKe nOJIeTa
II CIICTeMe ynpaBJIeHII5I CaMOJIeTOM,

KaHi1l1.l1aT TeXHH<-IeCKHX aayx a

,l(HccepTaUHOHHa51pafiora 51JI030 A.B. H ,l(aHHbIH OT3bIB 06cY:>K,l(eHbIH O,l(06peHbI
na HayqHOM ceuanape OT,l(eJIaa3pO,l(HHaMHKHIlAO «ABHaUHoHHbIH KOMrrJIeKCHM. C.B.
11JIbIOIIIHHa» (rrpoTOKOJI N2 01 OT 17.03.2020 r.).

OT3bIB rrO,l(rOTOBJIeH 3aMeCTHTeJIeM fJIaBHOrO KOHCTpYKTopa IlAO «11m> rro
33pO,l(IIHaMIIKe, ,l(IIHaMIIKe nonera II CIICTeMe yrrpaBJIeHIDI CaMOJIeTOM, KaH,UII,UaTOM
TeXHlIqeCKHX nayx KpyrJI5IKOBOH OJIbrOH BaJIeHTHHoBHOH.

51JI030 AH,l(pe51 BJIa,l(HMHpOBHq 3aCJIY)l<HBaeTrrpHCY)l(.l(eHH5IeMY yseaoa creneua
xaanaaara CPH3HKO-MaTeMaTHqeCKHX nayx rro CrreUHaJIbHOCTH 05.13.18
«MaTeMaTHQeCKOe MO,l(eJIHpOBaHHe,qHCJIeHHble MeTO,l(bIH KOMrrJIeKCbInporpaxot».
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