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AHHOmMayusa: B JAHHOW CTaTb€ PACCMOTPEHBI METOIbI MOJCIMPOBAHUA ISl CO3JIAHUS
00pa3IoB HOBOM TEXHUKH W HCCIICIOBAHMS XapPaKTEPHUCTUK OECIMIIOTHBIX JIETATECIBHBIX
anmapatoB. Beimonnena knaccudukanus bITJIA B 3aBUCUMOCTH OT THIIA PEIIAEMbIX 3a7a4.
[IpyuMeHEeHBI METOABI MATEMAaTHYECKOTO MOJICIIMPOBAHUS, KOTOPhIE Ha OCHOBE
mudepeHIaTbHOr0  HMCYMCICHUS  TTO3BOJISIIOT  PacCMOTPETh  BIMSIHUE — Pa3IMYHBIX
(hakTOpPOB Ha TPACKTOPHIO JBHXKCHUS TMOJIETAa U MPOUYHOCTHBIC XapaKTEPUCTUKN MOJIEIEH.
MeTtonabl co3maHusg KOMIIBIOTEpHBIX 3D-Mozeneil JieTaTeabHbIX YCTPOMCTB MO3BOJISIOT
pa3paboTaTh HOBBIE KOHCTPYKIIMH YCTPOMCTB U OIEHWUTHh BIUSHUE (PAKTOPOB U

BO3MYILAKOIIAX BO3JACHUCTBUUA HA JKCIUIyaTaMOHHBIE XAPAKTEPUCTUKU  MOJCIEH.
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Abstract. The purpose of the work is to integrate modeling methods to create simulation
models of unmanned aerial vehicles (UAVs) with the possibility of varying characteristics.
The relevance of the research is due to the growing demands on the effectiveness and safety
of their use in various fields, including military, civilian and scientific. UAV simulation

models created using generative design, neural network approach, and virtual reality
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technologies make it possible to reproduce flight characteristics, optimize control, and
explore various use cases without the need for expensive and potentially dangerous field
tests.

In the study of the influence of various external influences on the trajectory of the UAV
flight, methods of integro-differential calculus were used, methods of control theory were
used to control the flight of models, generative design methods and appropriate software
environments for modeling were used to create 3D models. The accuracy of the behavior of
simulation models depends on the correctness of the set initial parameters.

The integration of modeling methods for the creation and research of simulation models
during ground and flight tests of samples of promising aircraft allows us to calculate with
high accuracy the impact of external influences on the characteristics of UAVs. The
proposed set of simulation models can be used as simulators for UAV operators.

The creation of simulation models of unmanned aerial vehicles is an important and relevant
process that finds its application in various fields, including military, civil aviation and
scientific research. This paper examines the key aspects related to the development of such
models, as well as their application to solve various problems.

Keywords: unmanned aerial vehicle, control, simulation model, mathematical modeling,
programming environments, information technology
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BBenenue

B cratee paccMOTpeHO WCIONB30BAaHHE METOAOB Maremarhueckoro u 3D
MOJICTUPOBAHUS JUIsl CO3JaHUs MOJieiel OECIMIOTHBIX JieTaTebHbIX anmnapatoB (BILJIA) u
MPOBEJICHUSI MCCIICIOBAHUN WX TOBEJEHUSA B Pa3IMYHBIX CUTyalusax. PaccMoTpeHo, Kak
MaTEMaTUYECKUE MOJEIIM MOTYT ObITh MCIOJIb30BAHBI ISl ONMHUCAHUS TMHAMUKHU MOJIeTa
BIIJIA, a Taxke Kak OHH MOTYT OBITh aJalTHUPOBAHBI JIJISl y4YeTa Pa3iu4HbIX (aKTOpPOB,
TaKMX KakK BeTep, BKJIOYas TYypOyJEHTHbIE WPOLIECCHI, TeMIlepaTypa U Jpyrue
aTMoc(depHbIe yCIoBUs. BasKHBIM acrieKTOM paOOThl CTAHET pacliupeHrue 0a30BOM MOJIENH,
YTO MO3BOJIUT YYUTHIBATH MHOTONPO(PUIBHBIE TPACKTOPHUH MOJIETA, YTO, B CBOIO OUEpEb,
MOBBICUT TOYHOCTh U PEAUTUCTUYHOCTH MOJICIUPOBAHUS.

[{enbro0 JAHHOTO UCCIENOBAHUS SIBISIETCSI HMHTErPALIMS METOA0B MOICIIUPOBAHUS 1JIS
CO3/laHUE MMUTAIIMOHHBIX MoOJIeell OecrnuioTHBIX JieTaTtenbHbix ammapatoB (BILJIA) c
BO3MOXHOCTBIO ~ BapbUpPOBAHMS  XapaKTEPUCTHK.  AKTyalbHOCTh  HCCIIEIOBAHUUN
o0ycloBieHa pacTymuMu TpeOoBaHUsIMH K J(G(OEKTUBHOCTH UM O€30MaCHOCTH UX
WCIIOJB30BaHUs B Pa3IMUHBIX cdepax, BKIIOUas BOCHHYIO, TPAKIAHCKYI0 U HAy4HYIO.
Nmurtanmonusie Mmoaenu BITJIA, co3nanHbIe ¢ MCMIOIB30BAHMEM T€HEPATUBHOTO JU3AiHA,
HEUpPOCETEBOTO  MOJAXOAA, TEXHOJOTHA  BUPTYAJIBHOW  PEAJbHOCTH  IO3BOJISIIOT
BOCIIPOU3BOJAUTH JIETHBIE XapAKTEPUCTUKHU, ONTUMU3UPOBATh YIIPABIECHUE U HCCIEI0BAaTh
pazIuYHbIe BapHaHTBhl UX HCIIOJIb30BaHUA 0€3 HEOOXOAMMOCTH MPOBEICHUS JOPOTUX U
MOTEHIUAIBHO OMACHBIX MOJIEBBIX UCTIBITAHUM.

MeTtoa penieHus 3a1a44 M NPUHSITHIE TONMYLIEHUS
IIpu uccnenoBaHUsAX BJIMSHUS PA3IUYHBIX BHEUIHUX BO3JEHCTBHI Ha TPACKTOPHIO

newxkeHus: mnojera bBIIJIA wucmonbp30Bagock METONbl HUHTETpO-AudPepeHIuaIbHOro



UCYMCIICHHS, JUIsl YIPABICHUS IIOJIETOM MOJEJIEH METOAbl TEOPUHU YIPABICHHUS, IIPU

cozmannu  3D-mozpene  NPUMEHSUIMCh  METOABI  TEHEPATMBHOIO  JM3aliHA U

COOTBETCTBYIOIIME MPOTPAMMHBIE CPEABl I MOJACIUPOBAHUA. TOYHOCTH IIOBENCHUS

MMUTALMOHHBIX MOJIETIEN 3aBUCHAT OT KOPPEKTHOCTH 3aJaHHBIX HAYAJIBHBIX ITAPAMETPOB.
OcHOBHOeE coJep:KaHue CTaTbU

ITpouecc monenupoBanusi BITJIA Bkitoyaer B ce0si HECKOJIBKO 3TaloOB, TaKHE Kak
BbIOOpP METOAOJIOTHH, pa3padoTKa MaTEMATUYECKON MOJIENH, pean3alys U TECTUPOBAHUE
pa3pabOTaHHOIO IPOrPaMMHOI0 OOECIIEUEHUS U aHAJIN3 MOBEACHHS CO3JaHHBIX MOJEIIECH
IpU pPEIIEHUU PA3IU4YHbIX 3anad (puc.l). HavanbHbIMU yCIIOBUAMM SIBISIOTCA: Macca,
pa3mMepsl, MOITHOCTh JBUTATEINA U a3POAMHAMUAYECKUE XaPAKTEPUCTUKNA BHEIIHEN CPEMBI,
KOTOpBIE UTPAIOT LIEHTPAJIBbHYIO POJIb B (DOPMUPOBAHUM MTOBEACHUS MOJIEIH B Pa3INYHbIX
YCIIOBHSX I0JIETA.

OCHOBHBIM HAIIPaBJICHUEM HCIIOJIb30BAaHUS MMUTALMOHHBIX MOJEIEH SBISAETCS
OLIECHKA TMOBEACHUS MOJENM NpH 3agaHHbIX mnapamerpax. [lockombky BIIJIA moryt
BBINIOJIHATh pa3inyHble (PYHKIMHU, TaKU€ KaK pa3Be/Ka, JOCTaBKa I'Py30B WM YyJapHbIC
onepaluy, UIMATAIMOHHBIE MOJENHN NTOMOTAOT BU3YyaJU3UPOBATh U ONTUMHU3UPOBATH OTH
Omepaluy B 3aBUCUMOCTH OT TEKYIIMX TaKTHYECKMX 3anad. Co3JaHWe MMHTALMOHHOU
MOJIETIM HAuYMHAETCs C aHaiu3a TpeOoBaHMi, co3/aloTcs OaHKM JAaHHBIX O MapaMeTpax
MOJEIBHBIX 2JIEMEHTOB, 3aTEM MOACIUPYIOTCS JIEMEHTBI, TAKUE KaK CUCTEMA yIIPaBJICHNUs,
aBUOHMKA M B3aUMOJICHCTBHE C Ha3eMHBIM OOOpPYAOBAHHUEM, MPOBOASATCS HUCHBITAHUS U

Jajiee aHAJIM3UPYIOTCS TOTYYEHHBIE PE3yJIbTAThI.
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Puc. 1 [Iponecc moaenupoBanus BITJIA ¢ ucnons3oBanuem Hotauuu BPMN 2.0

BbIDOp
METOA0NoruK

nosegeHua B
PasnH4HbIX
CUTYaLMAX

NmuTtanmonHble MOAENIM TIOMOTAIOT TMPOBECTU AHAINU3 BIUSHUS Pa3IMUYHbBIX
(hakTOpOB Ha pe3yNbTaT HMCCICJAOBAHUS, TAKUX KaK IOTOJHBIC YCIIOBHS, IMOMEXHU U JIp.
BakHo y4uTBIBaTh, 4TO pazHbie cpeanl mpumeHeHus bITJIA TpeOyroT pa3mnyHbIX TOAX00B
K MOJICJIMPOBAHMIO, OT TOPOJACKHUX YCIOBUH JO OTKPBITHIX MOJIEH, TA€ MEHSIETCS U XapaKTep
BEJICHUS HaBUTAIMU. TakuM 00pa3oM, aAITOPUTMBI afanTalluK ABUKEHUS pa3padaThIBAIOTCS
C YYETOM peajbHbIX yCJIOBHUH, YTO MO3BOJIAET MOBBICUTH JOCTOBEPHOCTh UMUTAIIMOHHOU
MOJIEIH.

Bonpocsl co3zmanus umuTtanuoHHbiXx wmozened BIIJIA mmpoko ocBelieHsl B
JUTEPATyPHBIX MCTOYHHMKAX, MPHU dTOM HHTErparis METOAOB MOJICIUPOBAHUS U BHIOOpA
MPOTPpaMMHBIX cpefl, TpeOyer Ooiiee TIyOOKOro HAy4YHOrO paccMOTpeHMs. BaKHbIM
ACIIEKTOM SIBJISIETCS OIIEHKA TOYHOCTH IIEJIOCTHOM MOJIENH. DTOT MPOLIECC BKIIIOYAET B ce0s
KaKk BepU(]UKaLMIO, TaK ¥ BAIMAALMUIO Pa3padOTaHHBIX MOAYJEH-TOANPOrpaMM, YTOObBI
rapaHTUPOBaTh, YTO UMHUTAIMOHHAS MOJIETb aJ€KBATHO OTPa)KaeT peajbHble (PU3NUECKUe
nporiecchl. KoppekTHble METOAbl BaJMAAIIMH, OCHOBaHHBIE, HAIPUMEP, HA CPABHEHUH C
JTAHHBIMH TIOJIEBBIX HUCIBITAHHUM, TO3BOJISIOT 3HAYUTEIHLHO CHU3UTHh YPOBEHBH OIIMOOK B

MIPOTHO3UPOBAHUH U OLICHKAX.



Co3nanue wumuTanmoHHbIX Mojenei BIIJIA TpeOyeT KOMIUIEKCHOTO IOJIX0/a,
KOTOPBI BKJIFOYACT MaTEeMaTHYECKOE MOJICTUPOBaHWE M (U3HUECKOE OOOCHOBAHWE.
OcHoBHas 331a4a - 3T0 (popMHUpOBaHUE CUCTEMBI AU(depeHIINaTbHBIX YPaBHEHUH, KOTOPast
Oblma Obl CrOCOOHA aJEKBATHO OMHUCATh JMHAMHYECKHE XapaKTEPUCTHKU ammapara B
BO3/yX€, YUUTHIBASI BCE BAXKHBIE ACTIEKThI, BKJIIOUAsl THPOCKOMUYECKHUE MOMEHTBI U BIUSIHUE
BHEIIHUX BO3MyIleHuit [1-15].

Junamuka nsukeHusi BIIJIA onuckiBaeTcs B TpeXMEPHOM HPOCTPAHCTBE, TJE
OCHOBHBIE 3JIEMEHTBHI YIPABJICHUSI BKJIIOYAIOT TATY, YroJ HAKJIOHA M TOPU3OHTAIBHOE
MOJIOKEHUE. DTO MPUBOAUT K HEOOXOJUMOCTH PACCMOTPETh MHOXKECTBO (DAKTOPOB, TAKHX
KaK COMPOTHBIICHUE BO3JyXa, COMPOTUBICHHE CKOJbXKEHHS. MaremaTuyeckass MoOJelb
JIBMDKEHUS JIETAaTENIbHOTO arapara npejcTaBieHa 3aBucumoctsmu (1) - (4).

3aBUCHUMOCTh, MOKa3blBalolllas H3MEHEHUE YyckopeHusi aBwxkeHus bBIIJIA ot

PE3YIbTUPYIONIEN CUIIbI, BO3JCUCTBYIOIIECH HA JIETATEIbHBIN almnapar:

av

M = Ry | (1)

r7Ie m — Macca JIeTaTeJIbHOro arrmapaTa (B JaHHOW MOJENU MPEIoJiaraeTcsi, 4To Macca
YCTpOMCTBa BO BpeMsl TTOJIeTa HE U3MEHA), KT, V - CKOpoCTh ABMKEeHUS JIA (B HaUaJIbHBIN
MOMEHT BpEMEHH, npeanonaraerca, 4ro ckopocte JIA pasna 0), m/c, Fjes
pe3ynbTUpyolias, Bo3AerucTByomas Ha JIA Bo Bpems nosnera, H.

Cuna Ttaru F,.,, CO3/1aBa€Masi IBUTaTEIEM, ONPEICIISIETCS BHIPAKECHUEM:



Fi)es = Emm + Fno6. compoT + Erpeﬂnﬂa (2)
1€ Fi6 conpom — CHJIA JOOOBOTO CONPOTHUBIIEHHS, OOYCIOBJIEHHAs] HEOIHOPOIHOCTSIMH

pactpenenenus nasieHus B cpene, H, Fipeuws — cvia tpenus, H.

YckopeHue ABMKEHHE JIETaTeIbHOTO 00BEKTa, onpeensercs no gopmyinam (3), (4):

Z_‘; =c [(V(t);U(t))] , (3)

rae ¢ — koahdumuent, yuutbiBaomuii hopmy JIA, U(t) — ckopocTh cpeibl, B KOTOPOM

OCYHICCTBIIACT ABUKCHHC .HA, M/C, R— MHACIJICBO CCUCHUC JICTATCIIBHOI'O 00BeKTA.

% = My, COSa cos f —mg, sina cos f + mg, sin 8 (4)

Zv & &- - TIPOEKIMH YCKOPEHHE CBOOOJHOIrO MaJeHHs Ha KOOPJIWHATHBIE OCH, COSOL —
KOCHHYC yTJia J000BOTO COMPOTUBIIEHUS, COSfl — KOCUHYC yTiia CKOJIbKEHUS, Sino — CUHYC
yrJia JJIOOOBOTO COMPOTUBJICHUS, Sinfl — CHHYC yTila CKOJIbKECHHUS.

[Ipounoctubie xapaktepuctuku bIIJIA, onpeaenstoTcs nmyTeM OTHOIICHUSA
pacueTHbIX 3HAYEHUW KpPUTEpPUSI pa3pyILICHUs, [MOKA3bIBAIOIIEIO OTHOIICHUS CHJI,
BBI3BIBAIONINX TOSBIICHUE AehOpMaIMii M TPEIIUH, CTPEMSIIUXCS Pa3pylIuTh OOBEKT K
CUJIe, YACPKUBAIOIINM IIEJIOCTHOCTh O0OBEKTA, TO €CTh CUJIE YIIPYTOCTH.

KitoueBbiMM acmieKTaMu MOJICTMPOBAHUS SIBISIIOTCSA JIMHEApU3alus U pa3padoTKa
YCTOWYUBBIX QJITOPUTMOB, HA OCHOBE KOTOPBIX pEAIU3yeTCsl CICKEHUE 32 00BEKTaMU B

TPEXMECPHOM IIPOCTPAHCTBE. TaK, AJIrOPUTMbI, YYHUTBIBAIOIUC BO3MOKHBIC COCTOSHHA



CUCTEMBbl U IIEPEKPECTHBIC CBA3M MEXKJY paA3JIMYHBIMM 3JIEMEHTaMH, I[OMOTaroT
ontumu3upoBaTh padoty BIIJIA. YncieHHbIE pacyeThl ¢ UCIIOJIB30BAHUEM JTAHHOW MOJIENN
MIPOBOJIMJIMCH ITyTEM JIMHEAPU3ALUHU MOJIYYEHHBIX 3aBUCUMOCTEM, KOTOpbIE 00ECIIEYUBAIOT
TOYHOE YIIPABJICHUE allllapaTaMH B PEAIbBHOM BPEMEHH.

YTOYHEHHE NAaHHOM MOJEIU MPOUCXOAUT II0 Mepe IOCTYIUICHUS JaHHBIX O
NOBEACHUM allliapaTa B pa3jIMYHbIX YCJIOBHAX, YTO ITO3BOJSET YIYUYLIUTh YIIPaBICHUE U
a/IalTalyIo B 3aBUCUMOCTH OT BHEIIHUX (PaKTOPOB.

Metononoruss  co3gaHusl MMUTALMOHHOW MOJENN IPEANoyaracT paspaboTKy
MAaTEMaTUYECKUX 3aBUCHMOCTEN, KOTOPBIE YUYUTBHIBAIOT BCE AaCIEKTHI, B TOM YHCIE U
OTPAaHHUYCHHUS], CBSI3AHHBIE C HAJACKHOCTBIO BBIYMCIUTEIBHBIX CHUCTEM. OTO SBISAETCS
AKTYaJIbHBIM, IIOCKOJIBKY BBICOKAsl CTEIIEHb HAJEKHOCTU U TOYHOCTU COCTABIISIET OCHOBY
¢yuxuuonupoBanust BIIJIA B 3aBucumoctu OT ycioBuil skciuryatanuu. CoBpeMEHHbIE
MCCIICIOBAHNS TIOKA3bIBAIOT, YTO MHTErpals METOJOB YMCIECHHOTO MOJCIMPOBAHUA C
MMPAKTUYECKUMHU MCHBITAHUSAMM TO3BOJSET HAXOAUTh ONTHUMAJbHBIE PEMIECHUS IS
s dpextuBHOrO KOHTpOJsi BIIJIA 1 yBenuuenust BpeMeHH UX aBTOHOMHOCTH [16-25].

BaxHbIM 11aroM SIBJISIETCA TECTUPOBAHKUE MOJIEH HA PA3JIMYHBIX ATanax pa3padoTKH.
JUist 3TOrO OCYyHIECTBIISIETCS BEpU(PUKALMS MU Balugalusi MaTEMaTHYECKOHM MOJEIH C
HCIIOJIb30BAaHNUEM U3BECTHBIX ITAPAMETPOB U CLICHAPUEB MOBEACHUS, YTO IOATBEPKIACT €€
COOTBETCTBHUE pEAJIbHBIM yCI0BUsAM. Hanpumep, npuMeHEeHe UMUTALMOHHBIX MOJENEHN C
HCIOJIb30BaHUEM METOJIOB BUPTYAJIbHOMN U IONOJHEHHON peaibHOCTH B 00pa30BaTeIbHBIX
LEJISX T03BOJISIET C(hOPMHUPOBATH Y OOYHAIOIINXCSI HABBIKA aHAIUTUYECKOTO MBIIIJIEHUS U

MPAaKTUYCCKOI0 PCHICHUA ITOAHNMAIOIUXCSI HpO6HCM.



Takum oOpazom, umuTanoHHele wmozAenu BIIJIA  cTaHOBATCS  BaKHBIM
MHCTPYMEHTOM B U3yUYCHUU JTUHAMUKHU T0JIETA U YIIPABICHUIO OECITMIIOTHBIMU annapaTaMu.
OTO AEMOHCTPUPYET, YTO IPAMOTHOE COYETAHHE TEOPETHUYECKOTrO MOJEIMPOBAHUS U
MPAKTUYECKON PEAIHM3AMU CO3JACT KOHKYPEHTHBIC MPEUMYIIECTBA JJISI COBPEMEHHBIX
TEXHOJIOTHU MPHU pa3zpabOTKe TEXHUKHU sl aBUAIUH.

PaccmMoTpeHMI0O  BUPTYaJIbHBIX ~ MOJEJNEH  JIETAaTENbHBIX  allaparoB M HX
B3aMMOJICCTBHE C pealbHBIMH yCTpOHCTBaMHU NocBsiieHa padora A. A. Kabanosa, 1. A.
®denopoBa. B nanHoi HayuHO# paboTe 000CHOBAHBI MEXaHU3MbI BEPTUKAILHOH (B paMKax
OJIHOM OHTOJIOTHHU Ha Pa3HBIX YPOBHSX) U TOPU3OHTAIILHOU (B paMKax pa3HON OHTOJOTUH
OJIHOTO YPOBHS) MHTErpauu MuGpOBbIX MOJEIECH MPEICTaBICHUN TBOMHUKOB U3ICIHMH,
MPOU3BOJICTB, CHUCTEM TIOCTaBKH, OIpEACNIeHbl 0a30Bble TMOAXOJAbl K pa3paboTke
aApXUTEKTYpPhl ~CHCTEMBI  yIpaBieHUS IUMPOBBIMU  JIBOMHUKAMHU  MPOU3BOJICTBA,
HAaIpaBJICHHbIE HA MPUKIAJHOE HUCIIOJIB30BAHUE B XOJE MPOU3BOJACTBA 3TUX CHUCTEM IS
aBUALIMOHHOM oTpaciu [22].

B nayudHOl cTaTthe ydyeHbIMH POCCHICKON aKaJeMHM PAaKETHBIX U APTHUIIIIEPUNCKUX
Hayk ConnaroBemm A.C., ConnatoBsiM E.C., boromonossiM A.B. (Cankrt-IleTepOyprekuii
®denepanbHBIN UCCIEAOBATEIBCKUI IeHTp Poccuiickoil akajieMuu Hayk) MpejioKeHa
CTPYKTypa NpPOrpaMMHON IIaTGOPMbI CHUHTE3a BUPTYAJIbHOW MOJENIN JIETaTeIbHOTO
amnmapara, COCTOSIIET0 U3 U(PPOBBIX MOJIETIEN €T0 COCTABHBIX YACTE! IyTEeM, PACCMOTPEHO
yrnpasieHre HHPOPMAIIMOHHBIMU TOTOKAMH M MHTETPaIlMell BEIYUCIUTEIBLHBIX PECYPCOB B
(u3uyecKue TMPOIECChl MPOU3BOJICTBA, HCIBITAHUA M JKCIUTyaTallud JIETATEIbLHOTO

anmapara [26].



NMutanimoHHbIE MOJENN OSCHUJIOTHBIX JIETATEIbHBIX aIllapaToB MPUMEHSIOTCS B
pasIUYHBIX 00JIACTAX, BKJIIOYAs BOCHHOE, TPAXKIAHCKOE ©  HCCIEA0BATEIHLCKOE
UCIONB30BaHuEe (puc. 2). DTH MOJENU TMO3BOJSIOT HUCCIAEA0BAaTh M ONTUMU3UPOBATH
MIPOIIECCHI, KOTOPHIE HEBO3MOXKHO TECTHUPOBATH B PEATTbHBIX YCIOBUSX M3-3a UX CIOXKHOCTH

HJIN pUCKa.

Pa3Benxa KoHTposb BbIMONTHEHUS
pabot

Cospanue 3D Momenei
00BEKTOB

BrinonHeHue pa3nuuHbIX
BO3/IYLIHBIX ONEparuii

Puc. 2. [Ipumenenue BIIJIA mist penienns pa3auyHbIX 3a7a4

OIHUM U3 BaXXHBIX HANPAaBICHUN NPUMEHEHUS WUMHUTALMOHHOTO MOJEIUPOBAHUS
saBisieTcs oOHapyxeHue u Hetpanuzanus BIIJIA ¢ moMoIbio pagnoioKaluOHHBIX CUCTEM.
CneunanbHble MOJETM YYUTHIBAIOT MAPAMETPhI, TAaKUE KaK pa3Mep, CKOPOCTb H
MaHEBPEHHOCTh OCCIUIOTHUKOB, YTO IMO3BOJISET OLEHUTHh UX YSI3BUMOCTH K Pa3TUYHBIM
METOJaM TopakeHusi W pa3padoTaTh APdeKTUBHBIE KOHTpMEpbl. COBEPIIEHCTBOBAHKE
TaKMX CHUCTEM TpeOyeT MOCTOSIHHOTO OOHOBJICHHS JAHHBIX M aJaNTalli aJfOPUTMOB B
OTBET HA HOBBIC YIPO3HL.

Hpyroii BaxHbI acnekT ucnoiab3oBaHus BIIJIA 3akmtodaeTcs B MOHUTOPUHIE
OKpY’Karollled Cpelbl, HapuMep, B YCIOBUSAX MPUPOAHBIX KartacTpod. MMurarmoHHbie

MOJCIHN IO3BOJIAIOT INIAHUPOBATE U OIITUMU3HUPOBATH MAPIIPYTHI IMOJICTOB AJIA 6BICTpOFO



pearpoBaHus Ha aBapUH, YTO CYLIECTBEHHO MOBBIMIAET 3PGEKTUBHOCTH CIACATEIbHBIX
onepauuid. [lapameTprl monera, BKIIIOYasi BBICOTY, CKOPOCTh M yTOJ aTakh, MOTYT OBITh
CMOJICIMPOBAHbl JJIi TOrO, YTOOBI TMOMYYUTh MaKCUMalbHYI0 HH(pOpManuio u3
30HAUPYEMOM 30HBI.

B cdepe aspodorochemku BIIJIA Moryr wucCnonb3oBaTbCcs ISl  CO3JaHUS
BBICOKOKAQYECTBEHHBIX KapT M UUEQPOBBIX MoOJieJell MeCTHOCTU. VMuTalmoHHoe
MOJIETMPOBAHUE 3/1€Ch MMOMOTAeT ONTHUMH3UPOBATh METOJbI COOpa JAaHHBIX, HCIOJIb3YS
CJIO’KHBIE€ aJITOPUTMBbI 00PaOOTKU U aHalM3a U300pakeHU. DTO MO3BOJISET 3HAYUTEIHLHO
COKPaTHUTh BPEMsI Ha TOJATOTOBKY JJAHHBIX, YTO OCOOEHHO Ba’KHO B CUTYallUsIX, TPEOYIOIIHNX
ONEPATUBHBIX PEIICHUM.

Taxxe cnenyer orMeruth npumeHenue bITJIA B BoeHHBIX onepanusax. OHU aKTUBHO
UCIIOJIB3YIOTCS ISl TPOBEACHUS PA3BEAKN U MOCTAHOBKM LI€JICyKa3aHUM JUUIsl HA3€MHBIX U
BO3YIIHBIX CHJI. MIMUTaMOHHBIE MOJENH MO3BOJIIFOT PACCMOTPETh Pa3JINUHbIE CLIEHAPUH
004, YYUTHIBasE XapaKTEPUCTUKY MECTHOCTHM M CHEUU(HUKY MPOTUBHHUKA, YTO IMOMOTAET
VIYYIIUTh TAaKTUYECKHE PEIICHUs. JTOT acheKkT ucnoiab3oBanus BIIJIA tpebyer yuera
MHOECTBa (DAKTOPOB, BKJIIOYAas BpeMs pEaKIMH, TOYHOCTb BOOPYKEHHUS U METOHbI
MOCTPOEHUSI ONTUMAJIbHBIX TPAEKTOPHUH.

Nmurtanmonnoe moaenuposanue BIIJIA npenocraBisieT Henblid psl MPEUMYIIECTB,
II03BOJISISL HE TOJIBKO KOHTPOJIMPOBATH CYILECTBYIOIME TEXHOJIOIMH, HO U CO3J]aBaTh HOBBIE
MOJIXO/IbI K MX MCTIONIb30BaHMI0. C yueToM OBICTPO Pa3BUBAIOIIMXCS TEXHOJIOTHM B 00J1aCTH
MCKYCCTBEHHOIO HWHTEJIEKTa U MAIIMHHOTO OOY4YeHHUs, MOTEHLUMANT JIsl YJIydlleHUs
TOYHOCTH U A(P(HEKTUBHOCTH MOJIETUPOBAHMUS MPOAOIKAET pacTtu. DPQeKTUBHbIC

HMHUTAIMOHHBIC MOACIIN MOTYT CbII'PATh KIIFOUCBYIO POJIb B 6YJIYH_ICM KakK JJIs1 BOCHHBIX, TaK



U 1 TPAKIAHCKHUX HpPIMCHeHI/Iﬁ. Pa3pa60TKa HNMHUTAallUOHHBIX MO,Z[CJIefI MOXET

MOCITY>KUTh OCHOBOM JUTsl co3aaHus UPpoBbIX ABOUHUKOB BITJIA.

AHaJIU3 MOJY4YEHHBIX Pe3yJIbTaToB

[IpennoxxenHas WHTETpanus METOJ0B MOJEIUPOBAHUS Ha  OCHOBE
muddepenimanbHoro ucuuciaeHus u cosganus 3D moneneit BITJIA ¢ ucnons3oBaHueM
COBPEMEHHBIX MPOTPAMMHBIX CpEJ MO3BOJSET UCCIEAOBATH MOBEACHUS WMUTALIMOHHBIX
MOJIeJIel MPU HA3E€MHBIX U JIETHBIX HCIBITAHUSAX 00pa3lloB MEPCIEKTUBHBIX OCCIUIOTHBIX
JIETATENbHBIX AaIlllapaTOB, C BBICOKOM TOYHOCTBIO pPACCUUTATHh BJIUSAHUE BHEIIHUX
BO3JeHCTBUM Ha mnoJsieTHble xapaktepuctuku bBIIJIA. ComnocTaBiieHHE MOYYEHHBIX
pPE3yJIbTaTOB C U3BECTHBIMM, ONMCAHHBIMU B JIMTEPATYPHBIX MCTOYHHUKAX ITOKA3AJIM, YTO
MEePCIEKTUBHBIM HAINpPABJICHUE SIBIIACTCS CO3/aHUE HUQPPOBBIX JIBOWHUKOB JIETATEIHHBIX
anmnaparoB, Kak OObEIMHEHUS PAa3IMYHbIX MOJENIed YCTPOUCTBA M MX B3aUMOJICHCTBUE C
peaqbHbBIM OOBEKTOM Ha BCEX CTAAMSAX JKMU3HEHHOTO ITUKJIA YCTPOMCTBA OT 3apOKACHUS
UJIey, MPOCKTUPOBAHUSI, TECTUPOBAHUS 00pa3loB J0 MPOU3BOJICTBA U AKCILTyaTalUMK MPU
PEILICHUY PA3INYHBIX 3a]1a4.

BriBoabl

Co3nanue WMMUTAIMOHHBIX MOJENIe OECHIIOTHBIX JIeTaTeIbHBIX —AaliapaToB
MIPEICTABIISIET COOOM BaXKHBIHM M aKTyaJIbHBIN MPOIECC, KOTOPHIN HAXOIUT CBOE MPUMEHEHUE
B Pa3IMYHBIX 00JACTSX, BKIIOYAs BOSGHHOE JI€JI0, TPAKIAHCKYIO aBHAIMIO M HAyYHBIC
uccienoBanus. B gaHHON paboTe paccMOTpPEHbI KIIOYEBBIE ACHEKThl, CBSI3aHHBIC C
pa3pabOTKOM TaKUX MOJIENeH, a TaKkKe WX MPUMEHEHHUE IS pelIeHUs] pa3IudHbIX 3ajad.

AKTyanbHOCTh JaHHOW TeMbl 0O0ycnoBieHa pactymied ponbto BIIJIA B coBpeMeHHBIX



CUCTEMAaX BO3JYIIHON OOOPOHBI M HEOOXOIUMOCTH MX 3(PPEKTUBHOTO MCIOIb30BAHUS B
PAa3JIMYHBIX YCIOBUSIX.

Coznanne nmutaunoHHbIX Mojenei BIIJIA sBnsiercs ClIoXHBIM, HO KpailHE BaXKHBIM
MIPOIIECCOM, KOTOPBIA TpeOyeT TIIyOOKMX 3HAaHWW B 00JIACTM MaTeMaTHUKH, (U3UKU U
nporpamMmmupoBanus. Pa3paboTka Takux Monenell MO3BOJSET HE TOJBKO IIOBBICUTH
3¢ ¢dekTuBHOCTh Hcmoyb30BaHud BIIJIA, HO M 3HAYUTENBHO YIYyYIIUTh O€30IaCHOCTh
IIOJIETOB.
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