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0(pHUHANBLHOr0 ONMOHENTA 0 AUCCePTALINH
Adonnna Imutpus Bsidecnasosnua «MeToabl, MOAEIH H AIFOPHTMbI yIPABJIEHHS
POOOTH3HPOBAHHON CHETEMOI 22POAPOMHOIT OYKCHPOBKH BO3JYLIHBIX CY/I0BY,
NpeACTaB/IEHHOH K 3aUIHTe HA COUCKAHUE YUEHOH CTernenu
KAHIHAATA TEXHHYECKHX HAYK 10 HAYYHONH CNeuHaAIbHOCTH
2.3.1. — CucTemHublii anaaus, ynpasienne u 06padoTka HHGOPMALNH, CTATHCTHKA

AKT)’a.ﬂbHOCTL TEMbI HCCTICOOBAHHSI

HAnccepraums JI.B. Abponnna «MeTosibl, MOZENH U alrOpUTMBI YIPaBIEHH PO6o-
TH3HPOBAHHON CHCTEMO# a3poApOMHOI OYKCHPOBKH BO3YLIHBIX CYI0B)» HAIpaBIeHa Ha
pelICHHE aKTyaJbHOW 3a/auM YIpaBIeHUs POOOTU3UPOBAHHBIM OYKCHPOBIIMKOM BO3-
aymsoro cynana (BC). AKTyansHOCTh HCCII€MOBaHUS ONpPENeIseTcs BaKHOCTHIO H CBOE-
BPEMEHHOCTBIO NMPEIOKEHHBIX METOJIOB U MOJIENIEl /1 aBTOMaTU3UPOBAHUS TpoLiecca
TPaHCIIOPTHPOBKH. cnons3osanne paspaboTaHHOro OyKCHPOBILUKA TPUBOIUT K ITOBBI-
IEHNIO OE30MaCHOCTH MpoLecea ABIKEHHS M YBEIHUEHHIO CKOPOCTH MepeMeNeH s o
3anannoMy mapmipyTy. Cosaanue n pa3pa0oTKa aHATUTHYECKHMX MOJIeleil U aJropuTMoB
YNpaBlIeHHst OYKCHPOBIIMKOM SIBJISIIOTCS BayKHBIMH dTaraMy pelleH s TOoCTaBIeHHOI 3a-
AauaMH, HMEIOLIHE BAa)KHOE 3HAYCHHE I NPHKIAJHON 00JacTH aBTOMaTH3ALUKE a3po-
JPOMOB.

JlocTurayras Heis AMCCEPTALIOHHOTO HCC/IEA0BAHMS COCTOSUIA B TOBBIIICHUE
YTIPaBJIsAEMOCTH OCCIUIOTHBIX aBHALIMOHHEIX CUCTEM TOCPEICTBOM CHUKEHHs MOTpell-
HOCTH JBWKEHHs CUCTEMBI OYKCHPOBKH 3a CUeT pa3paboTKH METOMOB, MOJENel, anro-
PUTMOB YIIPABACHUS U HCCICHAOBAHUS (DYHKIMOHUPOBAHUS PACCMaTPUBACMON CHCTEME,
KOTOpBIC 0Oecreyar 3a1aHHy 0 TOUHOCTE H ObICTpOAelicTBIE Mponecca GYKCHPOBKU BO3-
AYUHBIX cynoB. [Tpu pemenny noctasaeHHbIX HAYYHBIX 3a1a4 0c000e BHUMAHHE OBUIO
YACJIEHO oneHKe coctosaHus BAC u anropurmam yrpasieHus, KOTOPBIE [TO3BOIHIN J10-
CTHYB TPeOYeMbIX AMHAMHYECKHUX KAUECTB CHCTEMEI B 3a1aHHO cpelle GyHKIMOHUpOBa-
HHSL.

2. Crenenb 0600CHOBAHHOCTH H IOCTOBEPHOCTH HAYYHLIX 110JI0KEHHIT, BLIBOJOB U
PeKOMeHaAanui AHCCepPTAHOHHON padoThl

[TomydernHbIe pe3ynbTaThl ABIAOTCS 000CHOBAHHBIMU U JOCTOBEPHBIMH, UTO MOJI-
TBEPIKAACTCSA AHATU30M TEOPETHYECKMX M INPAKTUYECKUX JaHHBIX. Pe3ynpTarsl ObLIN
NPEJICTABICHBI HA KOH(EPECHLMAX BCEPOCCHIICKOTO M MEK/[yHapOAHOTO YpoBHeil, orny6-
JIMKOBAHBI B PELEH3UPYEMBIX JKYPHAJIaX, @ TaKKe COITIaCyIOTCS ¢ pe3ylbTaTaMy APYrux
uccaenoBatTesel B 1aHHoM 00acTu. IlpeiokeHHble MEeTOIBI, MOJEH U alrOPHUTMEI Obl-
JIN peaN30BaHbl B MPOTOTUIE OECNUIOTHON aBHALIMOHHOM CHCTEMBI ¢ MOC/EAYIOLIEH
anpobarueil 1 MpoBeIeHIeM YKCIIEPUMEHTOB. ABTOP NIPUMEHIT Pa3HOOOPa3HbIe METO/Ib]
MOIEINPOBAHMA: YHCICHHOE, UMHUTAIMOHHOE U CUMYJISLHOHHOE. MoennpoBanie aBu-
’KECHHA CHCTEMBI 110 33/IaHHOM TPAEKTOPUH /71 Pa3iIMUYHBIX CTpPATeruil yIpaBaeHus, Mo3-
BOJIUJIO CPABHUTH KA4Y€CTBO YIPaBIeHUS OYKCHPOBKOH COTTacHO pa3paboTaHHOMY MHTe-



PanbHOMY MOKA3aTe/II0 U MOATBEPKAACT P PEKTUBHOCTE KOMOMHMPOBAHHOTO YIIpaBJie-
HHUS.

BeiBonel u monoxenus aucceprauuu 001a1al0T HAYYHON HOBU3HOI. OCHOBHBIE
pe3yJIbTaThl, UMEIOLMC HAYYHYIO HOBH3HY CJICAYIOIIHUE.

l. Anamurudeckas Mozenb GeCHMIOTHOW aBUALMOHHON CHCTEMEI OyKCHpPOBKH
BO3AYIIHBIX CYIOB, OTIMYAOIIAsCS KOHQUIYPUPYEMOWH CTPYKTYpOH (YHKLHOHATLHO
B3aUMOJICHICTBYIOIIMX MMOACHCTEM GyKCHPYEMOro CyJHa, CLEMHOIO yCTpOiCTBa, Gechiy-
JIOTHOTO TATa4ya M Y4eTOM BAMAHNSA BHCUIHUX HECTAIIMOHAPHBIX BO3MYINAIOLINX BO3/Ieii-
CTBHII B aBTOHOMHOM pPeKHMe, 00eCIeurBaloIas aHalan3 CBOMCTB H COCTOSIHUIN CHCTEMBI
OyKCHPOBKM B MHOTO(AKTOPHBIX YCJIOBHAX PeaTbHOI SKCILTyaTaLHIL.

2. MeTox cuHTe3a NIaHNPYEeMOil KYCOUHO-TMHERHOM TPaeKTOpHH ABIIKeHNs Gec-
MUJIOTHOTO TArava, peanTn3yeMblil CyNeprosuuisaMy napaMeTpoB TPAeKTOPHH CHCTEMOi
OYKCHPOBKM, OTJMYAIOUINICSA YYETOM PacCUHTHIBAEMBIX MApAMETPOB MHANBHYAIBHO
AT KaXKJ10r0 dTarna OyKCHPOBKM B COOTBETCTBHH C TPAHUUYHBIMU YCIOBUSIME, 06ecreyl-
BAIOIINi Oe30MacHoe 1 TOUHOE IBIKEeHHE OYKCHPOBOUHON CHCTEMBI H3 HAYAIBLHOIO O-
JIOKEHUSI B KOHEUHOE.

3. ANITOPUTM ynpaBleHNs IBIKEHHEM GECIUIOTHOrO TsArada Ha OCHOBE CHHTE3a
MHOMECTBa MApaMETPOB, ONPEelCIAIONX padoTy aJanTHBHOTO PEryJsTopa, OTAMYaro-
LHHCS  HCIIOB30BAHNEM HHTETPAIbHBIX MapPaMeTpOB ABWIKEHMS AT DOPMHPOBAHMUS
KOPPEKTHPYIOLIMX BO3CHCTBHH C YYETOM BOZHHMKAIOUIMX BHEIIHUX (AKTOPOB M obecrre-
UMBAIOLINI MUHHMH3ALMIO OTKIOHEHUS PealbHOH TPAEKTOPUH OT 3alaHHOI oreparo-
poMm.

4. ATOpUTM MO3MUHOHMPOBAHHS BECIIIIOTHOTO TATaYa, OTIHYAIOIIHNCS HCIIOMb-
30BAaHMCM ANUTHBHOIO CHTHANA CHUCTEMBI BH3yaabHOTO KOHTPOJS JUIS OIpeaeleHus
(haKTHYECKOro OTKIOHEHHS CHCTEMB! GYKCHPOBKH OTHOCHTETBHO KOHTPACTHOI JIHHHH,
obecrieunBalONIMI MOBBIIEHHE HANEKHOCTH KOHTPOJIS YHPABIEHHsT OYKCHPOBKOH BO3-
AYIIHBIX CYIOB BO BHEIUTATHBIX CUTYAILIHSAX.

3. CTpyKTypa aMcceprauHoHHol padoTnl

JuccepTanus COCTONT M3 BBEIACHNS, 4 IVIaB, 3aKTIOUCHUSL, Ooubamorpaduueckoro
CTIMCKA M TIPUIIOIKEHHUIH,

Bo BBeeHHM 060CHOBBIBACTCS aKTYaIBbHOCTD TEMBI AMCCEPTALMOHHOTO HCCIE/I0-
BaHUS, (QOPMYJIMPYETCS LEb M 3aJaui HCCICA0BAHNS, HAYYHAS HOBHM3HA M MpaKTHUe-
CKas 3HAYUMOCTH paboTEHI.

B miepBoit rmage npoananm3upoBaHbl CYLICCTBYIOLIME THITBI CPEJICTB TS OYKCH-
posky BC. Ipnsenena knaccudukanms u crpykrypa 060py10BaHus, TPHMEHIEMOr0 s
JIAHHOM 3a71aun. BRISBICHB! NPOG/IEMBI, CAepKUBAIOLINE faibHelilee pa3suTHe GyKCH-
POBOUYHBIX CHCTEM, COCTOALIME B TOM, YTO M3-3a TMOCTOSHHOIO POCTAa aBUANEPEBO3OK, a
TAKIKC YBE/IMYEHUS KOJIMYECTBA CaMOJIETOB, HEOOXOAMMOCTH COBEPLICHCTBOBAHUS JIOTH-
CTHUYIECKHX MPOLIECCOB B adPOINOPTAX 3a CUET MEPEXO/1a K COBPEMEHHBIM pOOOTH3HPOBAH-
HBIM TEXHOJIOTHAM OyKCHpoBKH. OGOCHOBBIBACTC HEOOXOANMOCTD PeLIeHHs TaHHOMN 3a-
Jauyl NyTeM pa3padoTKH aBTOMaTH3HpOBaHHOM OyKkeuposky BC.



Bo BTopoii rnase paspaborana kiaccudukanuns pexxumos apukenus BAC ¢ onpe-
JICTICHUEM YeThIPEX OCHOBHBIX PEKHUMOB, a Takxke cTpykTypa BAC s ocyiiecTBiaeHus
Ha3eMHbIX MaHeBpoB ¢ BC B aBTOHOMHOM peKHMe, KOTOpasi BKIIOYAET OrnepaTopa, Moj-
cucrembl bT, BC, monynas conpsikenus — cuensoe ycrpoitctso (CVY), yrpasisemble
JJIEKTPONPUBOBI, CUCTEMY TII00AJIBHON HABUIallMM, CUCTEMY JIOKAJIBHONW HABUIaIlUy,
CUCTEMY MPOTHBOLEHCTBUS CTONKHOBeHMsM. Taxoke paszpaboTaHa aHATUTHYECKAS MO-
nenb BAC, coctosmas u3 aByx noacucrem: BC u BT.

B tperbeit rnase paspaboran 3akon jBikeHns BAC Ha OCHOBE TEOpUM TEPMH-
HaJBHOIO yrpasieHusa. CHHTE3 KyCOUHO-TMHEHHOH TpaeKTOPHH JBHUKEHUS OCYIIIECTBIIS-
eTCsl TAKUM 00pa3oM, UTO IapaMeTpPhl Ha Kajk[0M JTAIe PaCCUUTHIBAIOTCS MHAMBHIYAlb-
HO B COOTBETCTBHH C I'DAaHMYHBIMH YCIOBHAMHU, 4TO obecrneunBaeT Oykcuporky BC u3
HAYaJIbHOI'0 MOJIOKEHHS B KOHEYHOE € 3alaHHON TOUHOCTBIO U 3a ONpelle]IeHHOe BpeMs.
ITnanupoBanue repemertienus npu repesoge BAC U3 HauaapHOrO TOJOKEHUS B KOHEU-
HOE€ BBINOJHECHO METOMOB CIUIaiH-unTeprnoasunn. Takke paspaboTaHa cucTeMa yrpas-
menust GecrimnoTHeIM TsradoM BT. PacuérHas aHanutiyeckas MOjielb MO3BOJISAET OIpe-
JCJINTh YNPaBJIAIONIEe HANPSKEHNE HA OCHOBE pelleHus oOpaTHOM 3aJaui JUHAMUKH
BAC no mupdepennmanbHbIM ypaBHEHHSIM, MOTYYEHHBIM paHee.

B uerBepToil riaBe BBIMOTHEHO HCCIeI0BaHUE yrpaiseMoro jasmxkenus BAC B
pasaIuuHBIX pekumMax. OCHOBHBIMHU 3ajadaMi, pelIaeMBbIMHU CHCTEMON YIpaBjIeHHs, SB-
JISIOTCS: onpeenienne codeTBeHHbIX koopanHaT BAC, o0paboTka TaHHBIX O MapiIpyTe,
NOCTPOCHHE TPACKTOPUH NBIDKEHUS, - MO3UIIMOHUpOBaHKe oTHOCcHTENsHO BC. obGecre-
UEHHE COBMECTHOIO ABMIKEHUS IO 3aaHHON TpaeKTOpHH. BeIIe/eHB! TpU OCHOBHEIX pe-
JKMMa YTIpaBJeHus: 1) pexxuM MporpaMMHOro yNpasiIeHHs M0 pacueTHON Momaeu; 2) pe-
KM TPaeKTOPHOTO YIIPaBJICHUs M0 OTKIOHEHHIO OT 3a/JaHHON TPaeKTOpuu; 3) peium
KOMOMHMPOBaHHOTO yrpasieHus. ns xontponst nojoxeHuss BAC 0THOCHTENBHO KOH-
TPACTHOH JIMHUU IIPUMEHSETCS ONMTOWIEKTPOHHAS MUKPOCXeMa.

B 3axiroueHnn npHuBeeHbl OCHOBHBIE Pe3yIbTAThl THUCCEPTALMHU, MOJTyYEHHbIE B
pe3yJibTaTe BBINOJIHEHHBIX TEOPETHUECKUX U HKCIEPUMEHTAIBHBIX HCCIEI0BaHuil, a
TAK/Ke NMPEICTABACHE! PEKOMEH AN 1 MEePCIEKTUBEI JabHeleil pa3paboTKH TEMBI.

B uenom, mucceprauust JI.B. AdoHrHa SBISETCS 3aKOHYEHHBIM HCCIIEOBAHUEM,
COJIEPIKUT PELICHHE aKTyaJbHBIX 3aja4, 00bEeIMHEHHBIX 00U HeTpt0 — YBeIUUEHUEM
CKOpOCTH 1 0€30M1acHOCTH aBTOMATH3MPOBaHHOM OykcupoBky BC.

4. T(-EOI)OTH‘IQCK"&H H IIpaRTHYECKRAS 3HAYMYHMOCTL PE3yYJILTATOB ])5160Tbl

Teopernyeckas u npakTHyeckas 3HaYUMOCTD PE3yILTATOB pabOThl 3aK/IIOYAETCS B
TOM, YTO TMOBBILIEHA Y()(MEKTUBHOCTL OYKCHPOBKH MO KPUTEpPHUSM OBICTPOMENCTBHS H
TOYHOCTH aBTOHOMHOI'0 ABMKEHHs OyKcHpa. AHATUTHUUECKHE MOJEIH ¢ YYETOM CHCTEM-
HbIX cBsizeit meskay bT n BC u ynipyro-ssaskux cBoitct Moy/st conpsokenust (CY) u an-
TOPUTM YIIPaBJICHUS, OCHOBAHHBIE HA MOJEIN U KOpPeKTUpYroluX BosaeitctBusax BAC,
obecrieunpatot ynpasienue bT npu Oykcuposke BC ¢ 3aaHHBIME XapaKTEPUCTHKAMHL.

[IpakTHueckass 3HaYUMOCTH MepelesisieTcs pa3pabOTAHHBIMM TEXHHUECKIMH U
TEXHOTOTMYECKUMHU pPEIICHHsAMI, OCHOBAHHBIX Ha MPEUTOKEHHBIX METOAaX M MOJENIX



yIpaBjieHus, BHEIPEHHE KOTOPBIX MOBHIMIAET ) (HEKTUBHOCTH OYKCHPOBKH BO3YLIHBIX
CYJIOB IO 3aJlaHHOM TPaeKTOPUM IBMKEHUSI C yuyeToM rnomex. PazpaboTaHHBIE MHCTpY-
MEHTaJIbHBIE cpeacTBa npoektupoBanus BAC U npoBeseHHe IKCIIepUMEHTAILHON ampo-
Oaumy onpeaensoT 3QGEKTHBHOCTh HX IPUMEHEHHUSI IPU MTPOSKTHUPOBAHUM U KOHCTPYH-
posanun BAC. CosnaHHOe nporpamMmHoe oOecleueHHe IT03BOJUT HA OCHOBE KapThl
MECTHOCTH M TPAEKTOPHH 10 pazMeueHHOMY rpady (popMUpOBaThH YIPABISIONINE CUTHA-
Jibl 21 OECMIOTHOrO GyKCHpa BO3IYIIHOTO CYIHA.

S. 3amedanus u HeJOCTATKH PadoThI

1. Jlna cuHTE3a ynpaBjieHUs HCIONB3YyeTCs craHaapTHeii  moaxon LQR-
ontumusanun (nr.3.3, c. 59-70), co cpeaHeKBaApaTHUYHBIMH KPUTEPUSMH KauecTBa.
DTOT IMOJAXO] CYLIECTBEHHO 3aBUCUT OT TOYHOCTH JHHEAPHU3ALMU, OTCYTCTBUS HEJIMHEMN-
HOCTEH I1pY MEPEKTIOYEHUH COCTOSHUHN, HEBO3MOKHOCTD YUeTa 3arna3AsIBaHHil 1 MHOTHX
APYIHX U3BECTHBIX ocobenHocteill. HeoOxoaumo 0o00cHOBATh a/1eKBATHOCTH BEIOPAHHOIM
MOJE/IH pealbHOM CUCTEME U €€ BCTPOCHHOMY BBIUHCIUTENBHOMY KOMIUIEKCY.

2. B pabore UCroab30BaHa CBEPTKA JBYX KPUTEPUEB — OLEHKH HEBS3KH U 3aTpPaT
Ha ynpasjienue. Taxas (opmanusanus 1Mo3BONIsSET NPUMEHNTH ypaBHeHue Pukkatu, uc-
noab3oBark [I-ynpasienue. B auccepranuu He npopaboTaH BOMPOC, KAaK MOCTYIHTL B
ciyyae, ecinu QYHKIHMOHAIBHBIE OCOOCHHOCTH MOTPeOYIOT BBEACHHE JOTIOJIHUTEIBHBIX
KpUTEPHEB. WK HCMOoIb3oBanue, Hanpumep, [ /I-perynsatopos ¢ TepMUHANBHBIMU KpU-
TEPUAMM, KaK 9TO HanboJiee 4acTo BCTPEeUaeTcsl B MHIKEHEPHOM MpaKkTHKe.

3. JIOKYMEHT COIEepP KHT MHOXKECTBO IMyHKTYaUHOHHBIX omnOok. Hekoropele dhop-
MYJIBI TIJI0X0 BBIYUTAHBL, Hanipumep (¢.89): Fp = ( “e,*U/ai) =al”e+a2”U. (3.28).

BrickaszanHble BBIIIE 3aMeUaHMs He CHIDKAIOT OOIeH, B LEIOM, ITOI0KUTEIbHOM
OLEHKH TpeJIcTaBIeHHON padoTEHI,

6. CoorBercTBHE JHCCEPTALHH KPHTEPHSIM, YCTAHOBJIEHIBIM
IMonoxennemM o npucy:KICHHN YUYCHBIX CTeNeHeid

Hayunele pe3ynbTarel 3aKOHUEHHOIH HayuHO-KBaTM(HUKAIMOHHONW paboTBl OTHO-
caTes K crennanbHocT 2.3.1. — CucteMusblil aHanus, ynpasieHue 1 o6paboTka HHMOP-
MaliH, CTaTUCTHKA.,

ABTOpedepar auccepTanii COOTBETCTBYET COJEPIKAHUIO PabOTBI U JIOCTATOUHO
MOJTHO PACKPBIBAET €€ HAayUHYIO U MPAKTHYECKYIO IIEHHOCTb.

PesynbraTel auccepraninoHHoi paboTel OblH anpoOHPOBAHEI B BEICTYIIEHUIX HA
KOH(pEpeHUHAX M IMyOIMKalMAX B PEUECH3UPYEMBIX H3TAHUIX, COHCKATelh umeer 19
Hay4YHBIX pa0oT, BKIIOYasA 5 €AMHOIMYHBIX PaboT: 3 CBUIAETEILCTBA O TOCYIapCTBEHHON
peructpauny rnporpamm s OBM (B Tom uncne 3 ennnonnuHbelX); 1 nateHT PP Ha
IIPOMBIIIIEHHBIH o0pa3zew (1 eqnHONIUYHEII).

Hucceprauua Aponuna Iyutpus BsueciapoBuua, B HEIOM, TI0 CBOEMY HayuyHO-
MY YPOBHIO, HOBH3HE M INPAKTHYECKOH 3HAUMMOCTH IpPEACTaBIseT 3aKOHYEHHYIO Hay4-
HO-KBAJIM(PULIMPOBAHHYIO palboTy, BBITOJIHEHHYIO JIHUHO aBTOPOM, B KOTOPOI COAEPIKHT-



Cf pELICHHE 3aAa4H aBTOMATHYECKOI0 YIIPABICHU CUCTEMOI a3poIpOMHON BYKCHPOBKH
BO3AYIIHBIX CY0B, UMEIOLIEH BaKkHOE 3HAUeHHE ISl CHCTEMHOIO aHaINn3a.

Huccepranns COOTBETCTBYET KPUTEPHAM, U3JI0KEHHEIM B 11, 9-14 «[TonoxeHus o
NPUCYIKACHUHN YUYCHBIX CTENEHei», yTBep:kaeHHbIM [loctanoBienuem IlpaBuTenscrTsa
P® Ne842 ot 24 centsabps 2013 «O nopsiake IpuCy KIEHHS YUEHBIX CTereHeil», a eé aB-
TOp, Adonnn JImutpuii BauecnaBoBny, 3acmyKHBaeT NPUCYXKIEHHS YYEHOH CTerneHH
KaHIn1aTa TEXHUYECKUX HayK 1o creuuanbHoctu 2.3.1. — CHUCTeMHBIH aHamu3, yrpas-
nenue u 00paboTka UHGOPMALIUU, CTATUCTUKA.

OduuuanbHbIN OMIIOHEHT,

npodeccop kadeaps! «L IuhpoBbIX TEXHOIOr 1
obpaboTtku nanHbIx» PTY MUPDA
IOKTOP TEXHUYECKUX HayK, Mpodeccop

Huxynpues Esrenuit Butansesuy

« 9?‘» anpens 2026 r.

Yuenas crenenb no cneumnansoctn 05.13.01 Cucremublii ananns, ynpasienne 1 o6pabotku nnpopma-
unu (2006)
YueHoe 3Banue; npodeccop no kadeape NpUKIAAHON MaTeMaTHKH U MOZIeTMpoBaHus chctem (2011)
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