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BBEJEHUE

CoBpeMeHHbIE METOAbl 00pabOTKU U300paKEHUM TMONYYHSIA IMPOKOE
NPUMEHEHUE TPU CO3JaHUU BBICOKOTOUHBIX CHCTEM HAaBEIEHUS OeCHUIOTHBIX
nerarenbHbIX anmaparoB (BJIA). OcoOblil nHTEpeC MPEACTABISIOT KOPPEISIIMOHHO-
skcTpemanibible  cucteMbl (KOC), koropble o0ecneurBaiOT penieHue 3aaad
OJTHOKPATHOTO BHYTPHUKAJIPOBOI0 OOHAPYKEHUs, ITOMCKA, PACIIO3HABAHUS, & TAKKE
MOCJIEI0BATEIHHOTO MEXKKaAPOBOTO aBTOMAaTHUYECKOTO COIPOBOXKICHHUSI
HEMOJBWKHBIX M JBUKYIIUXCS Ha3€MHBIX OOBEKTOB Ha (DOHE MOBEPXHOCTH 3EMIIU.
[Mpuamun  paboret KOC 3akimrodaercs B TMOMCKE MaKCMMyMa B3aUMHOU
koppensiuuonHoit pyukiuu (K®) npyx mzolOpaxeHuit — HaOII01aeMOro 00OBEKTa
u omopHoro. B Takux cucremax wuHpopManus O HAOMIOIAEMBIX OOBEKTax
dbopmupyetcst ontuko-iokanronHon cucremoit (OJIC) B Buje mocnenoBaTenbHOCTH
KaJpoB, a OMOPHOE H300paxkeHhe (POPMHUPYETCs ONEepaToOpoM B MOMEHT BbLAAYU
neneykasanus. Hanuuue ClH0KHOrO M HEOJHOPOJHOrO (JOHA B COBOKYIHOCTHU
¢ n3oMOopGhHBIMU NMPeoOPa30BAHUAMHU TEKYIIET0 U300paKeHHs 00beKTa (M3MEHEHUs
YPOBHS SPKOCTH, MaclTaba, CABUTAa U TOBOPOTAa HM300PaKEHHsS] OTHOCUTEIHHO
opueHTalu BJIA 1 momexamMu ecTeCTBEHHOTO M MCKYCCTBEHHOT'O MPOUCXOXKICHHUS
NPUBOJUT K HEOOXOIMMOCTH aJIallTUBHOTO (D)OPMHUPOBAHUS OMIOPHOI'O U300pAKEHUS
C YYETOM U3MEHSIOMIEHCS IPKOCTH B TIPOIECCE HAOTIOACHHUSI.

[Ipocreiimum ~ crocoOoOM  aganTUBHOTO  (DOPMHUPOBAHUSI  OMOPHOTO
U300paKeHUs SIBIIICTCSl TOKaApoBas CMeHa. MeXIy TeM HEeNoCpeICTBEHHOE
UCTIOJIb30BaHUE H300paKeHUsI OOBEKTa B KadyecTBE OIMOPHOTO Hedh( HEKTUBHO
Y IPUBOJUT K €ro UCKaXXEHUIO, YTO CIIOCOOCTBYET OBICTPOMY HAKOILIEHUIO OIIHMOOK
U3MEPEHUs] KOOPAMHAT M CPBIBY CONPOBOXIEHUSA. B KadecTBe peleHus
npeajaraeTcsi HICIojab30BaTh JIJISl OLIEHKU SIPKOCTU B Ka)KIOM MTUKCEIIE U3MEPUTETTb,
B OCHOBE KOTOPOTO JISKUT SKCIIOHEHIMAIbHOE CIIIaKMBAaHUE B BUjE aib(a-Oera
¢unbTpa. OIHAKO SKCIOHEHIMAIBHOE CriaXHMBaHUE HE TO3BOJISIET JOCTUYb
NpUEMJIEMON TOYHOCTH M3MEPEHUS APKOCTH NPU HAOIIOACHUH Ha3€MHBIX 0ObEKTOB
JBIKYILUXCS HA CJIOKHOM M HEOAHOPOAHOM (POHE BBHUIY TOr0, 4TO SIPKOCTb
B TaKMX YCIIOBUSX MOXET H3MEHSIThCS CKayKOOOPa3HO B CIIy4YailHble MOMEHTBI
BPEMEHH.

Takum o00pa3om, auMccepTalMoHHass padoTa TMOCBAIICHA IOBBIIICHUIO
3¢ (GEeKTUBHOCTH  (PYHKIMOHUPOBAHUS KOPPEIALHUOHHO-IKCTPEMAJIbHBIX CHCTEM
BJIA, nyreM yBeIWYEHUsS BPEMEHU YCTOWYHMBOIO COINPOBOXKIACHUS HA3EMHBIX
OOBEKTOB, JABMXKYIIMXCS Ha CJIOKHOM U HEOJHOpOAHOM (oHe 3a cyer
aJanTUBHOrO (OPMHUPOBAHUS OIOPHOTrO H3o0paxkeHms. Jlims storo B pabote
NPEeIJIo)KeH CHoco0, OCHOBaHHBIM HA TMPUMEHEHHH B KaXJAOM ITMKCEIe
n300pakeHnss OOBEKTa U3MEpPUTENS] C DKCIOHEHUUAJIbHBIM CIVIAKUBAHUEM.
OddexTuBHOCTH  pa3paboTaHHOrO  crnocoba MOATBEPXKIEHA  pe3ysbTaTaMu
MaTEMaTUYECKOT0 MOJICTMPOBAHUS U TIOJYHATYPHBIX UCTIBITAHUIA.



OBIIAA XAPAKTEPUCTUKA PABOTbBI

CBsi3b padoThl ¢ HAYYHBIMHU NPOrPaMMamMu (IPOEKTAMM), TEMAMU

Tema guccepranMy BKIIIOYEHA B YTBEP)KACHHbIEC IUIAHBI HAY4YHOM pPabOTHI
yupexaeHus oOpasoBanHusi «Boennas akagemuss PecnyOnuku  bemapych»
U COOTBETCTBYET IlepeuHr0 NEpPCHEKTUBHBIX HANPABICHUW IHUCCEPTALMOHHBIX
uccnenoBanuii Boopyxennbix Cun Pecniyonuku benapych B o0nactu aHanuza
NPOIIECCOB OOHApYKEHUs, pacrmo3HaBaHus (pa3judeHuss W Kiaccuduxaun),
pa3pelieHusi CHUrHajgoB (IOMEX), M3MEpPEHUs HUX MapamMeTpoB U pa3padOTKu
npemioxkeHnii mo ux ontumuzanuu (1. 289). CopepkaHue aucCepTAlMOHHON
paboThl cooTBETCTBYET [lepeyuHio MPUOPUTETHBIX HANPABIECHUN HayYHOU, HAYYHO-
TEXHUYECKOW M MHHOBALIMOHHOM AesTenbHocTH B Pecnyonuke benapyce Ha 2021—
2025rr. B obOmactu  1M@POBBIX  MHPOPMAIMOHHO-KOMMYHHKAIIMOHHBIX
U MEXJIUCUUIUTMHAPHBIX TEXHOJIOTHI, OCHOBAHHBIX Ha HUX MPOU3BOACTBax (1. 1),
MAIIMHOCTPOCHMSI,  MAIIMHOCTPOUTENBHBIX  TEXHOJOTUH, MNPUOOPOCTPOEHUS
Y MTHHOBAIIMOHHBIX MaTepuajoB (II. 4).

Pe3ynpTaThl UccienoBaHU, IPEICTABICHHBIE B JUCCEPTALIMHU, MOTYT OBITh
UCMOJIb30BaHbl MpU pa3padOTKe MYJIbTHUCHEKTPAIbHOW ONTUKO-3JEKTPOHHON
CUCTEMBI ISl pa3BeIbIBATEIbHBIX OECHMIOTHBIX JIETATENIbHBIX allapaToB; IS
O00OCHOBaHHUSI TAKTUKO-TEXHUYECKUX TpeOOBaHMI K MOACHUCTEME ONTHUKO-
ANIEKTPOHHOM  pa3BeAKWM  MOJIYJsS  pa3BEIKH CHUCTEMbl  MPOTHUBOAECUCTBUS
MajorabapuTHeIM OecUIOTHBIM JieTaTenbHbiM annaparam (HUP  «/lepOHuk-
2022»); nns  yaydilleHWs ToKaszaTelled KayecTBa MOHUTOPUHTAa Ha3eMHOM
00CTaHOBKH C MOMOILIbIO BuaeokaMepsl Bokpyr PJIC manoii ganbHOCTH.

I_[e.m,, 3aJgavuum, 00bEeKT U npeamMeT UCCJIcI0BaHusl

Ilenp — moBbimieHHEe OS(PPEKTUBHOCTU  COMPOBOXKICHUA  (BpEMEHH
YCTOMYHMBOTO  COMPOBOXKAEHUSA) HA3EMHBIX OOBEKTOB B  KOPPEJSIIIUOHHO-
AKCTPEMAIBHBIX CHCTEMaX JBMKYIIUXCS Ha CI0KHOM M HEOJTHOPOJIHOM (hOHE.

JI71s1 AOCTHKEHMS TTOCTaBJICHHOM 11€JIM ObUTH PeleHbI CIEAYIONINE 3a/1auu:

1. TlpoBemeH aHAMWTHYECKWH  0030p  MyOJWKAIUii, TTOCBSIIICHHBIX
pelIeHn0 3ajlayd  aBTOMATHUYECKOI'0 COMPOBOXIAEHHUS HA3MEHBIX OOBEKTOB
pa3BebIBaTCIbHBIMUA OCCIMIIOTHBIMK JieTaTeNbHbIMU amnmaparamMu (BJIA) mo ux
U300paKCHUSM.

2. PaccMoTpeHbl =~ MaTeMaTHYeCKHe  MOJENM  SIPKOCTH  THUKCeJeH,
NpPUMEHSEMBbIE ISl OMUCAHUS H300pakeHuid, (POopMUPYEMBIX KOPPEISIIMOHHO-
AKCTpeMaJIbHOM cucTemol. IIpoBeaeHbl UCCIeAOBaHUS CTAaTUCTUYECKUX CBOMCTB
SPKOCTH  W300paKEHUM HA3eMHBIX OOBEKTOB, JABMXKYIIUXCS Ha CIOKHOM
¥ HEOJTHOPOJHOM (pOHE.

3. CHHTE3UPOBAHO YCTPOWCTBO MHOTOTHIIOTE3HOIO HU3MEPEHUsl SPKOCTHU
MUKCENSl C MEXKKaJIpOBOM MaMSATHIO THUIMOTE3 JJIsI U300paKE€HUW Ha3eMHBIX
00BEKTOB, ABWXKYIIMXCS HAa CIOXHOM M HEOJHOPOJHOM (oHe, yduTBaroliee
Cly4yailHOE CKauK00Opa3HOE M3MEHEHUE 3HAUEHUN IPKOCTH OT Kajpa K Kajapy.
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4. Metonom MaTE€MaTU4ECKOro MOJIETTUPOBAHUSA IPOBEAECH
COTIOCTABUTEIBHBIN aHAJU3 CIOCOOOB aAanNTHBHOTO (HOPMUPOBAHHS OMOPHOTO
U300pa)KEHUsI C YYETOM H3MEHSIOLIEHCS SIPKOCTH, OCHOBAHHOTO HA MPUMEHEHHUH
CHHTE3MPOBAHHOI0 YCTPOWCTBA MHOTOTMIIOTE3HOTO M3MEPEHUS SPKOCTU MUKCEIA
C MEXKaJApOBOW IMAaMATHIO THUIIOTE€3 IO CPABHEHUIO C U3MEPUTEIEM SIPKOCTH
IIUKCEIS,, B OCHOBE KOTOPOTO JIEKUT SKCIHOHEHIMAJIBHOE CTIIaXKMBAHUE OIIOPHOIO
n3o0paxkeHus.  Pe3ynpTarbl  MOJENUPOBAaHUS  MOATBEPXKAEHBI B XOJIE
MOJIYHATYPHBIX UCIIBITAHUH.

OOBeKT wucclenoBaHUs —  KOPPEISIHUOHHO-DKCTPEMAJIbHBIE  CUCTEMBI
COMPOBOXK/ICHUSI HA3EMHBIX 00bEKTOB.

[Ipeamer uccnenoBaHusi — COCOOBI aTANTUBHOTO (POPMHUPOBAHUS OTIOPHOTO
U300paKEHUSI C YYETOM W3MEHSIONMICHCS SPKOCTH THKCeIed u300pakeHui
HA3eMHBIX OOBEKTOB.

Hay4yHast HOBU3HA

1. Cnoco0 omucaHus IpKOCTH MHUKCENEH, N3MEHSIOIIENC OT Kaapa K Kajapy,
OCHOBaHHbLI HA TPUMEHEHUHM MapKOBCKOM MOJENU 3aJalolero BO3JEHUCTBUS
C KOHEYHBIM YHUCJIOM COCTOSSHUM W HENpPEPBIBHBIM BPEMEHEM, umoO NO360Jisem
y4eCcTh CKauyKoOoOpa3HOe M3MEHEHUE 3HAYEHHUH SPKOCTH B CIIy4ailHbIE MOMEHTHI
BPEMEHU 32 CUET ONMCAHUS AaHAIM3UPYEMbIX 3HAUYEHUI B TpeAenax HHTepBajia
CTAI[MOHAPHOCTU MOJIMHOMUAIBHOM Mozenbio 0-ro u 1-ro mopsiika, TeM cambIM
NOJTY4YUTh BBIMIPBII OT 18 10 37 % mo cpaBHEHHIO C MOJTMHOMHUAIBHOW MOJENBIO
1-ro nopska.

2. PazButue METo/a CTaTUCTUYECKOIO CHUHTE3a YCTPOMCTBA
MHOT'OT'MITIOTE3HOI'0 M3MEPEHUS ¢ MEXKKAIPOBON MAMSATHIO TUIIOTE3, OCHOBAHHO20 HA
MUHUMH3AIANA aIlOCTEPHOPHOTO PHUCKA OIIMOKH M3MEPEHHS C Y4eTOM ampHOPHON
HEOIPEEIEHHOCTH OTHOCUTENILHO MOJIETM M3MEHEHHUsI 3HAYEHUN SPKOCTU OT Kajpa
K KaJpy, 4mo no36oisiem yIy4dllUTh OKa3aTel KayecTBa (POpMUPYEMBIX OLIEHOK.

3. Tomxom k amanTuBHOMY (OPMHUPOBAHUIO OIMOPHOTO HM300paKEHMUS,
omauyarowuticss (OPMUPOBAHMEM JUISI KaKIOTO TMHKCENs H300pakeHus1 OO0BhEKTa
OLICHKU SIPKOCTH TMpPHU TMOMOIIM YCTPONCTBA MHOIOTHUIIOTE3HOTO W3MEPUTENS C
MEXKAJIPOBOM TaMSATBIO THUIIOTE3, UuMO N0360Jsem TIOBBICUTH KO3 UIIUEHT
NPOBOJIKM MPHU COMPOBOXKACHUHM HA3EMHBIX OOBEKTOB, ABMXKYIIMXCS HA CIIOKHOM
¥ HEOTHOPOIHOM (hoHe.

HOJ’IO)KCHI/IH, BBIHOCHMMBbIC HA 3aIIUTY

1. MareMartuueckas MOJIeNIb HM3MEHEHHUS SIPKOCTH TMHKCENIsl OT Kajapa
K Kaapy, OmIudanowasacs Y4eTOM CKadyKoOOpa3HOro Iiepexojia U3 OJHOTO
WHTEpBaja CTAIMOHAPHOCTHU B IPYrOil B CIIy4YallHbIE MOMEHTHI BPEMEHH, COTJIACHO
MapkoBCKOM MOJICJIM C KOHEYHBIM YHCJIOM COCTOSIHAM, a TaKX€ NMPUMECHEHHEM
MOJIMHOMHAJIBHBIX Moaenedl 0-ro u 1-ro mopsaka mpu OMUCAHUU PETYIAPHOU
COCTaBJISIFOIIEH 3aJalOlIEr0 BO3JCUCTBUS SPKOCTM B MPEAEIaX HWHTEPBAJIOB
CTAlMOHAPHOCTH, Ym0 NO360.1U/10 TIOBBICUTH TOYHOCTb OMMMCAHUS IPKOCTH MTUKCEIIS
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OT KajJpa K KaJpy 3a CYET YMEHBIICHHS BEIMYHUHBI CPEIHEKBAJIPATUUECKOTO
OTKJIOHEHUS SIPKOCTU OT PEryJsipHOM 4yacTu 3ajaroiero Bosjaeiictus B 1,2 — 1,5
paza MO CpPaBHEHUIO C MOJENbIO SPKOCTU TMHKCEIS, OMUCAHHOM MMOJIMHOMOM
3a/1al0IIEro BO3JEHUCTBUEM 1-TO MOpsiKa U OCHOBAHHOW Ha CTAllMOHAPHOCTH Ha
BCEM MHTEPBajIe HAOIIOICHHUS.

2. CTaTUCTUYECKUH CHHTE3 YCTPONCTBA MHOTOTHMIIOTE3HOTO HW3MEPEHUS
SPKOCTH TIMKCENS C MEXKKaJIpOBOM MaMSAThIO THUIOTE3 HAa OCHOBE KpUTEpUs
MUHUMYyMa aroCTEPUOPHOTO PHUCKA, OMAUYAIOWULCS YYETOM  alpUOPHOMN
HEONPEICIICHHOCTH OTHOCHUTEIILHO MOJIENH U3MEHEHUSI  PEeryJIsIpHOU
COCTaBJISIIOIIEH 3aJalOIIEr0 BO3JCHCTBUS SIPKOCTH THUKCEISA, YmoO HNO360JUNLO
YMEHBIIUTh BEIUUYUHY CYMMapHOW OMMUOKH (JUHAMUYECKON U (hIyKTyallMOHHOM)
u3MepeHus sipkoctu B 1,53 — 3,11 pa3a mo cpaBHEHUIO ¢ UBMEPUTENEM SIPKOCTH
ITUKCENISl, B OCHOBE KOTOPOTO JISKUT IKCIIOHEHIIMATbHOE CTIaKMBAaHUE HA OCHOBE
anbda-6era pumpTpa.

3. YCOBEpIIEHCTBOBAHHBIA  CHOCOO  aJdanTHBHOTO  (OPMUPOBAHUS
OTMOPHOT'0 M300paKEHUS HAOII0JaeMOro O0BEKTa, JBWKYILIETOCsS Ha CIO0XKHOM
U HeomgHopomHoM  GoOHE, omauuarwulics  TPUMEHEHHEM  yCTPOMCTBa
MHOTOTHIIOTE3HOI0 M3MEPEHUsI APKOCTU C MEXKAAPOBOM MaMATHhIO THUIOTE3 IS
OLICHKU SIPKOCTH KaXKJOrO TMHUKCEJs, 4YmMO NO360JUN0 TOBBICUTH KOIDOUIIUEHT
NPOBOJKU TIPH COMPOBOXKICHUU OOBEKTOB KOPPEIAIUOHHO-IKCTPEMATBLHBIM
merogoM B 1,14 — 1,47 pasa 1mo CpaBHEHHUIO C aHAJOTMYHBIM CIIOCOOOM
aganTUBHOTO (OPMHUPOBAHHUS OMOPHOTO HM300pa)XKEHWS, OCHOBAaHHBIM Ha
OPUMEHEHUM JUIsl OIEHKM SPKOCTH B  KaXKIOM IHKCEIEe HU3MEpUTENs
C DKCMOHEHIMATBHBIM CIUIQXKUBAHUEM.

JIMYHBIA BKJIAX COMCKATEJs YYEHOH CTelmeHH B Ppe3yJabTarbl
AUCCEPTANMHU C OTTPAHUYEHHEM HX OT COABTOPOB COBMECTHBIX HCCJIEI0BAHMI
U NyOJIMKanuu

Couckarenp JMYHO:

1. VcraHoBun xapakTep HU3MEHEHHs SIPKOCTH TMHUKceled u300pakeHui
Ha3eMHBIX OOBEKTOB, JBWXKYIIMXCA Ha CIO0XXHOM W HEOJHOPOAHOM (oHe,
BBIPQXKEHHBIN B CIy4ailHOM CKauKoOOpa3HOM WM3MEHEHHM 3HAUYE€HUN SIPKOCTH OT
Kazapa K Kaapy.

2. CuHTe3upoBajl yCTPOMCTBO MHOI'OIMIIOTE3HOTO H3MEPEHUsl SPKOCTH
IUKCENd C MEXKKAaApOBOM MAaMATBIO TUNOTE3 10 KPUTEPUID MHUHHUMYyMa
aIlOCTEPUOPHOI0 PUCKA C YYETOM alpUOPHOU HEONPENEIECHHOCTH OTHOCUTEIBHO
MOJCIA WU3MEHEHUs pEryJISIPHOW COCTABIIAIOLIECH 3aJaOILEr0  BO3JACHCTBHUS
SIPKOCTH.

3. YcoBepuIeHCTBOBaI CIIOCOO aJaNTUBHOIO (POPMHPOBAHUS OIMOPHOTO
U300pa)KE€HUsl, OCHOBAHHBIM HAa TMPUMEHEHUU MJI OLIEHKU SIPKOCTH B KaXKIOM
IIUKCEIIE U3MEPUTEIS C DKCIIOHEHIUAIBbHBIM CTIIA)KUBAHUEM, 34 CYET IIPUMEHECHUA
CUHTE3UPOBAHHOI'O0 YCTPOWCTBA MHOIOTMIIOTE3HOIO M3MEPEHHUs SIPKOCTHU IMUKCEIA
C MEXKAJIPOBOU MaMSTBIO THIIOTES.



4. Tlposen COIOCTaBUTEIILHBIN aHaIu3 c1toco00B aJIalITUBHOI'O
dbopMHUpPOBaHUS OIMOPHOTO H300paKEHUST W WX BIUSHUS Ha 3(PPEKTUBHOCTH
CONIPOBOK/ICHHS HA3EMHBIX O0BEKTOB.

OCHOBHBIM COAaBTOPOM MYOJIMKAIIMKM SIBISIETCSI HAyYHBIA PYKOBOIAUTEIH —
KaHIUJaT TEXHUYECKUX Hayk, JnoueHT CosoHap A.C., KOTOpBIN OINpenessul e,
CTaBWJI 3aJlaud MCCJIEJAOBaHUN, NPUHUMAJ Yy4yacTHE B BBIOOpPE METOOB
UCCJIEOBAaHUM, INTAHUPOBAHUM PaOOT U 00CYKIEHUH UX PE3YIbTATOB.

CoBmecTtHO ¢ XMapckuM [1.A. 06cyknamuck pe3yiabTaThl TUCCEPTAIIMOHHBIX
UCCJIEJIOBAaHMM, a TakKe pa3pa0O0TaH TPACKTOPHBIA H3MEPUTENh KOOPAMHAT U
napaMeTpoB JBW)KCHHUS HAa3€MHBIX OOBEKTOB MO JaHHBIM OOpPTOBOM OMNTHKO-
nokarmoHHo cuctembl. CoBmectHo ¢ P.A. T'yieBsiM, A.A. ApedbeBbiM
pa3paboTaH KOMIUIEKC MOACIUPOBAHUS U SKCIIEPUMEHTATBHBIX UCCIEAOBAHUM IJIsI
OIICHKM TTOKa3aTeliel KauyecTBa paboThl KOPPEIAIUMOHHO-IKCTPEMATbHON CUCTEMBI
CONPOBOXJECHUSI  Ha3eMHbIX 00bekTOB; coBmecTHO ¢  A.C. ConoHapowm,
A.A. Muxankoeckum u  B.C. MBaHiok pa3paboTraHa CTPYKTypa OITHKO-
JIOKAIIMOHHOT'O KOOPJMHATOPA, (YHKIIMOHUPYIOIIETO B YCIOBUAX CI0KHOU (POHO-
neneBoit  obcranoBku; coBmectHo ¢ JI.C. Hedbémosbm, A.Jl. [ly3anoBbIM
MPOBEJCHBI TMOJYHATYpPHBbIE WCIBITAHUS, B XOJ€ KOTOPBHIX OBUIM TOJYYEHBI
BUJICO3AMIUCH  HA3E€MHBIX OOBEKTOB, HCHOJb3yEMbIE JUIsI  MOATBEPKIACHUS
pe3yJabTaTOB MAaTEMAaTUYECKOI0 MOJACIUPOBAHUA. Pe3ynbTarbl, MOJy4YEHHBIE
COaBTOpaMU MyOJIMKALIUM, B JUCCEPTAIMIO HE BOIILIH.

AnpobGauuss gucceprauud W uHpopManuss 00 HCHOJb30BAHUU
ee pe3yJbTaroB

OCHOBHBIE pE3ylbTAThl JTUCCEPTALMU JIOKJIAJbIBAIMCh HA  CIEAYIOIINX
kor(pepenmmsix: VII, VIII MexnyHapogHoit HayIHO-TIPAaKTUYECKON KOH(pepeHImn
«AKTyallbHbI€ BOIPOCHl HAYKH M TEXHHUKHU B cdepe pa3BuUTHs aBHaluu» (r. MUHCK,
2017, 2018); «XI1, XII, XIV Mareposckue ureHus» (r. Buredcek, 2017, 2018, 2020);
XX PecnyOnukaHckol HaydyHOW KOH(EPEHIMH CTYAEHTOB M acnupaHToB «HoBbie
MaTeMaTH4YeCKUe METOAbl M KOMIIBIOTEPHBIE TEXHOJOTMM B TPOEKTHUPOBAHUMU,
NPOM3BOACTBE MW HayuHbIX HccienoBanuwsx» (1. [omens, 2017); XXV
MexnynapogaHori HayuHor koHbepeHmmu «ICINS» (r. Cankr-IletepOypr, 2018);
Il MexxayHaponHOW Hay4HO-TIPAKTUYECKON KOH(EpeHINH «AKTyalbHbIE MPOOIEMbI
U TepCHeKTUBbl pa3BuTusa aBuaimu» (r. Munck, 2018); VIII MexnynapoaHoi
HaY4YHOU KOH()EPEHLMH 110 BOEHHO-TEXHUUYECKUM IpodiieMaM, rpodiemam 000pOHbI
1 0€30MacHOCTH, WCTIOIB30BAHUIO TEXHOJIOTUH JBOWHOrO MpUMEHeHus (r. MHUHCK,
2019 ); MexyHapoaHON BOeHHO-Hay4YHOM KoHpepeHinu «IIpobnembl obecrieueHus
BOCHHOW 0€30MaCHOCTH rOCYJapCTBa B COBPEMEHHBIX yCIOBUSIX» (I. MuHck, 2019);
Hayuno-texnuueckoit ~ koHdepenmmn  «MHpOpManmoHHble  pajilOCUCTEMbI
U paguorexHonorun» (r. Munck, 2022); PecryOJMKaHCKOM HayYHO-TPAKTUYECKOM
ceMuHape «AKTyallbHbIE BOMNPOCHI Pa3BUTHUSA CHUCTEM, aBTOMATUKH, PAJHOJIOKAIINH,
U TPUEMO-TIEPENAIOIIUX YCTPOUCTBY; MeXTyHapoaHOH Hay4dHOH KoH(]epeHIru
«BoenHoe 00pazoBaHue 1 HayKa B YCIOBUSX IIU(PPOBOI TpaHCPOPMAITIH 3HAHHID.



Hcnonb3oBaHue pe3ysbTaTOB JAUCCEPTALMU TOJATBEPKIACHO 2 CHpaBKaAMHU
0 BO3MO>XHOM IMPAKTHUYECKOM HCITOIb30BaHUMU.

Ony0ukoBaHue pe3yJIbTATOB IUCCEPTANMH

[lo pe3ynpTaTam BBINIOJHEHHBIX MCCIENOBAHUN ONMyOnMKOBaHO 19 Hay4HbIX
pabor obmuM o6beMoMm 5,3 aBTOpcKoro ymcra. M3 Hux 6 crareir oobemom 3,3
ABTOPCKOTO JINCTA B HAYYHBIX U3/IaHUSIX, COOTBETCTBYIOIIMX MyHKTY 19 [lonoxenus
O NPUCYKICHUM YYEHBIX CTENEHEM M NPUCBOCHUM YYEHBIX 3BaHMM, 9 craren
B cOOpHHMKaxX MaTepuaioB KoHpepeHImii oobeMom 1,7 aBTopckoro yiucrta, 4 craren
B COOpHHUKaX TE€3UCOB JIOKJIaJ0B KOH(pepeHI it oobeMom (0,3 aBTOPCKOIo JIMCTA.

CrpykTrypa 1 00beM JUCCEPTALIUM

PaGora cocrout u3 BBemeHMs, OOIIEH XapaKTEpUCTUKU palbOTh, 4 TIaB,
3aKJIFOUEHUS, CIHCKa HCIOJIb30BAHHBIX HCTOYHHKOB, S5 mpuiokeHnid. Crnmcok
UCTOJB30BAaHHBIX ~ MCTOYHUKOB  BKJIIOYAaeT  Oubnuorpauyeckuii  CIUCOK
u3 104 HauMeHOBaHMW M CHHUCOK MyOJUKAIlMi COUCKATeldsl YYEHOW CTEleHH
u3 19 naumenosanuii. O6mmit 06pem — 149 crpanuil, B Tom uncie 36 pucyHKOB Ha
17 cTpanunax, 7 Tabnuil Ha 9 cTpaHuiax, S5 NPUIOKEHUH Ha 34 cTpaHHIIAX.

OCHOBHAA YACTb

B mepBoii riaBe gucceprainuu NpoBeaeH 0030p, MOCBAIIEHHBIN criocodam
MOCTPOCHUSI CHUCTEM AaBTOMATHYECKOTO COMPOBOXKIICHUS HA3EMHBIX OOBEKTOB,
yCTaHaBIMBaEeMbIX Ha O00pTy pasBeabiBaTeNbHbIX BJIA. M3 Bcex paccMOTpeHHBIX
anmapaToB 0cOObI MHTEpeC MpeAcTaBisaioT bJIA ¢ onTruueckuMu ycTpoicTBaMu Ha
TUPOCTA0MIM3UPOBaHHBIX MaTGopmax. Vcronb3oBanne rupocTaOuIn3upOBaHHbIX
wiatopM C  ONTHYECKUMU  YCTPOMCTBAMH  TMO3BOJIAET  PEIIUTh  3ajady
ABTOMATUYECKOTO COMNPOBOXACHUS B YCIOBHSIX H3MEHEHUsi opueHTtauuun bJIA
U COOCTBEHHOI'O JIBIKCHMsI HaOomaeMbIx OOBEKTOB. Takasi cucrema Ha OOpTy
BJIA Ha3piBaeTcsi ONTHUKO-TOKAMOHHBIM KoopauHaTopoM (OJIK), koTOpBIit
(GYHKIIMOHUPYET B  YCJIOBHUSX CJOXKHOM (POHO-IIENEBOM  OOCTAHOBKH, UTO
CYIIECTBEHHO BIUSET HA Ka4yeCTBO BhIJaBaeMOW HWH(POpPMAIMA W TOYHOCTH
camonaBeneHusi bJIA. Tlox cnoxxHol (GoHO-1IENIEBON 0OCTAHOBKOM IMOHWMACTCS:
HaJIU4YUe OJJTHOBPEMEHHO HECKOJIbKUX MOXO0XKUX OOBEKTOB B KaJipe (MHOTroleIeBast
CUTYyaIusi), TEOMETPUICCKUX UCKAKCHUU M300paKeHHUS M HEOOXOIUMOCTh ydeTa
BJIUSIHUSL HEJIMHEHHBIX MepecueToB M OMHOOK, BHOCUMBIX aarunkamu OJIK.
B pesynbraTe Obuta mpemsioxkeHna HoBasi ctpykrypa OJIK, mpencraBienHass Ha
pucynke 1. HoBas ctpykrypa BkitouaeT B cedst OJIC ¢ BugeonatyukoM u 6JI0KOM
BHYTpuKaapoBoi 00padboTku (BKO), 610k MexkanpoBoi 06padorku (MKO), 6110k
BbIOOpa MPUOPUTETHOM 11enu, KoHTyp ympaBienus OJIC, a Takke HE0OXOIUMBbIE
0JI0OKHU Tiepecuera.
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By Eynp A9|<+1( ) A8 ()
Pucynok 1 — O606menHas ctpykrypa OJIK ¢yHKIIMOHUPYIOIIETO
B aBTOMaTHYECKOM PEKUME

OJIK B3auMoOAEHMCTBYeT € aBTOMAaTU3UPOBAHHBIM pPabOYUM MECTOM
omeparopa bJIA, OmoxkoM BBIPAaOOTKM KOMaHJ W OOPTOBBIM KOMIUIEKCOM
HaBuranuu W ympaBieHuss  BJIA.  Jlna  obecnedeHuss  BO3MOXKHOCTH
¢yaxuuronuposanus OJIK B yciaoBusix ciokHo# (poHO-11e51€eBOM OOCTAHOBKH B €0
coctaB BxoasaT 0ok BKO m ycrpoiictBo MKO. B 610ke BKO mnpousBoasiTcs
OpOIEAyphl  JIMHEWHOTO KOHTPACTUPOBAHUS, GWIBTpAllMM U JACHHUMAaIldU
U300paXeHU, a TakkKe pealu3yloTcsl JTanbl OOHApYXEHHs, H3MEpPEHUs
KOOpJIMHAT, pacrno3HaBaHusi HaOmogaemMbix 00bekToB. B G10ke MKO pemaercs
3ajaya  BTOPUYHOM  00pabOTKM  MH(OpMaLMu, KOTOpas  3aKIoyYaercs
B O0BEIMHEHUU BO BPEMEHHU €IMHUYHBIX PEIICHUH O HAJIMYMUU WIH OTCYTCTBHUHU
00BEKTa B KaJpe M €ro Kiacce, YTO YIy4dlIaeT XapaKTEPUCTHKU OOHApyX eHus,
U3MEPEHUSI U PacIiO3HaBAHMU.

O030p CyIIECTBYIOIIUX METOJOB BBbIACNICHUS HW300paKeHU OOBEKTOB
MOKa3ajld, 4YTO KOPPEISIIMOHHO-OKCTPEMANbHBIE METOAbl O00JagaroT BBICOKOU
MOMEXO0YCTOWYUBOCTBIO, HU3KOW YYBCTBUTEIBHOCTHIO K YPOBHIO (DIyKTyaIuid
U pasMepaMm u300pakeHUss HaOmogaeMoro o00bekTa. ONTHUKO-JTOKAIMOHHbBIE
CUCTEMBI, B KOTOPBIX pEAIN30BaHa KOPPEISLMOHHO-IKCTpEMalibHas 00paloTKa,
Ha3bIBAIOTCS KOPPENAYUOHHO-IKCMPEMATbHIMU CUCMEMAaMU, a TIOBBILIEHUE HX
3¢ (HEKTUBHOCTH MOXKET OBITh JTOCTHUTHYTO JBYMS MYTSAMHU: 32 CUET YMEHBIICHUS
BIUSIHUS (OHOBOM COCTaBJISIONIE HAa TOYHOCTbh OIPEIEICHUS KOOpPJIWHAT
O00BEKTOB WJIM aJaNTUBHOIO (POPMHUPOBAHUS OMOPHOTO H300paX)KEHUsi C Y4ETOM
U3MEHSIOLIEHCS APKOCTH OT KaJpa K KaJapy. AHAJTUTHUYECKH 0030p JHUTEpaTypbl
nokasaj, uyTo Haubosiee 3¢p(EKTHBHBIM CIIOCOOOM aJanTUBHOIO (POopMHUpPOBAHUS
OMOPHOTO M300paKEHUs 3aKIIOYaeTcsl B MPUMEHEHMU i1 KaXKAO0ro (i j)-ro
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MIUKCENST MU3MEPHUTENS SPKOCTH, B OCHOBE KOTOPOTO JICKHUT IKCIOHECHIMATHHOE
crimaxxuBanue B Buie anbda-Oera Quibrpa. Crmocod MO3BONSET OTCICKHUBATH
OCHOBHbIE M3MEHEHHS B OMOPHOM H300pa)KEHUHU, TaKUE KaK Pa3Mephl, SPKOCTh
U KoH(purypauuo. OgHako npu HaOIIOIEHUN 00bEKTOB ABMKYIIMXCS HA CI0KHOM
U HEOJHOPOAHOM (OHE OSKCIOHEHIHMANIbHOE CIVIAKMBAHHWE  OKAa3bIBACTCS
HETOCTaTOYHO J(P(EKTUBHBIM BBUIY TOrO, YTO SIPKOCTH MOXKET HM3MEHSTHCS
CKayKoOOpa3HO OT KajJpa K Kaapy B CclaydyailHble MOMEHTHl BPEMEHHU,
a MaTeMaTu4ecKas MOJIellb, JIeKalllas B OCHOBE DKCMOHEHIIMAIBHOTO (UIbTPA, HE
MIO3BOJISIET a/IEKBAaTHO OIKCATh TaKOM MmpoIiecc.

Bo BTOpoii rjaBe paccCMOTpeHbl MaTeMAaTUYECKUE MOJAEIU SIPKOCTH
MUKCeNeH, UCTI0JIb3yeMbIe TIPU pa3padO0TKe alrOPUTMOB 00PabOTKU M300pakeHUM
B KOC. B Bunmy cayuailHOro xapakrepa TMOCTymamomed wuHdopmamu o0
U300paKEHUSAX HA3EMHBIX OOBEKTOB, Hambojee MOAXOJAIed MaTeMaTUYeCKOn
MOJIETIBIO CUUTAETCS MOJIEIb CIYy4alHOI O IIPoLiecca BUIA:

f((lfztl)i i= H“gﬁ)ﬂ)i it Wéﬁ)ﬂ)i o (1)
rue f((lfll)ij — BEKTOp HabMIONAEMBIX TapameTpoB ¢ HomepoM (i j) B IBETOBOM
KaHaje (C) c= {r =1,0=2,b= 3}; H — cratnueckas matpuna nepecyera BekTopa
COCTOSIHUS agﬁ)ﬂ)ij ; “E?ﬂ)ij — BeKTOp cocTosnus mukcen ¢ Homepom (i j) Ha (K +1)-
M KaJipe; Wéﬁ)ﬂ)i ; — HEKOPPEIMPOBAHHbIE OTCUETHI (IIyKTYaLlHii APKOCTH;

[IpoBeneHHbIE  WCCIEMOBAHMS  CTAaTHCTHYECKHMX  CBOWCTB  SIPKOCTH
n300pakeHNH HA3eMHBIX O0BEKTOB IMOKA3ajId, YTO IPH HAOIIOACHUHU JBIKYIITAXCS
O0OBEKTOB Ha CIOKHOM U HEOZHOPOAHOM (OHE SPKOCTh HW3MEHSIETCS
CKauykoOOpa3HO B CIIy4ailHIe MOMEHTHI BpEeMEHH. Pe3ynbTaTbl MpOBEASHHBIX
UCCJIeIOBAaHUM, MOKa3aIH, 4To 74% muKcenael BceX pacCMOTPEHHBIX U300paKeHu
SIBJISIFOTCSL  HEeCTAIlMOHAPHBIMU (PUCYHOK 2, a), a JUIMTEILHOCTH HWHTEPBAIOB
CTallMOHAPHOCTH PACIIPE/ICIICHBI 0 MMOKa3aTeIbHOMY 3aKOHY (PUCYHOK 2, 0).

Pe3yabTaThl OLICHKH JUHAMUYECKOIl YCTOHYHBOCTH Pacnipenesienne MHTEPBAIOB CTAMOHAPHOCTH BCeX
SIPKOCTH BCEX aHAJTU3UPYEMbIX MUKceeil 042 AHAJIM3HPYEMBIX IUKCEJIEH
100
I HecraunoHapHblie rukcesu, % I [Toka3aTesbHOE paclpeeeHne
90 i I Crauuonapuble nukceny, % 0] | W I10 OnbITHRIM JaHHBIM
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a 0
a — pe3yJIbTaThl OLIEHKH TUHAMUYECKON YCTOMYUBOCTH;
0— OLCHKA PAaCHIpCACICHUA ﬂHHTCHLHOCTeﬁ HHTCPBAJIOB CTAIUOHAPHOCTHU
PucyHok 2 — Pe3ynbTaThl OLIEHKH JUHAMHYECKON YCTOMUUBOCTH SIPKOCTHBIX
CpE30B IMKCEJIeH BO BpEMEHU
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[Tony4yeHHble pe3ynbTaThl MO3BOJIWIM CAEIATh BBIBOJA O BO3MOXHOCTH
NpUMEHEHHsT MapKOBCKOM MOJEIM € KOHEYHBIM  YHCIOM  COCTOSIHUAU
U HENpEepbIBHBIM BpeMeHEeM. TakKoll MOJAXOJl Ha3bIBACTCA MNOJAYMAPKOBCKUM W
AKTUBHO NPUMEHSIETCS MPH MOCTPOCHUHM MOJEICH NBWKECHUS MaHEBPUPYIOIINX
1eJIeH 10 JaHHBIM PAANOIOKAIMOHHON HH(POPMAIIUH

off)sy; = Baf + Sy, + ) @

rne B — nunamumueckas marpuiia nepecuera BeKTopa cocTosiHus ¢ K Ha (k +1)—171
Kaap, S — Marpuiia JIMHEWHOro MpeoOpa3oBaHMs HajJ OTCYeTaMH Oeloro

Cc ..
rayCoBCKOro myma, n§kll)ij — OTCYETHI Oenoro rayCoBCKOro myma 1Jisd (I j)'FO

c ..
IMUKCCJIA, ugkll) — ACTCPMHUHUPOBAHHOC 3HAUYCHHUC APKOCTHU (I j)'FO ITUKCCJLA.

ij
)

C
3HayeHus SAPKOCTU ugk ‘1)ij A1 DIyOMHBI 1Bera 8 OUT H3MCHSIOTCS

B JIMArna3oHe pﬁﬁ)ﬂ)ij €0...255 B ciay4yallHbIE MOMEHTBI BPEMEHH, OIPEIEIIEMbIEC

IIyaCCOHOBCKUM TIOTOKOM COOBITUHA. BBuay ampuopHOl HeoNpeaeTeHHOCTH

OTHOCHUTCIBHO BCIIMYMHBI "’EE)H) MOXHO CYHUTATb PABHOBCPOATHBIM IIOABJICHUC

ij 2
KaXJ0ro M3 BO3MOXHBIX 3HAYEHUMN pﬁ)ﬂ)ij €0...255, a ee pacrpeneneHue

PaBHOMCPHBIM. MoOMeHTBI BpEMCHN MCKAY COCTOAHHAMU l,lg) Ha3bIBAKOTCA

C
k-+1)ij
MHTEPBAJIAMHU CTallMOHAPHOCTH Atn(s +1)> paclpeielieHHe KOTOPBIX ONUCBIBACTCS

MOKA3aTeIbHBIM 3aKOHOM.

[TpoBepka aneKBaTHOCTH MaTeMaTW4YeCKOH Monenu (2) mpoBOIWIACH IO
N300paXEHUsAM pEabHbIX Ha3eMHbIX 00BEKTOB. CpaBHUBAJINUCH paclpereseHUs
UHTEPBAJIOB  CTAIMOHAPHOCTH M  AHAJIM3UPOBAIUCH  ABTOKOPPEISIIMOHHbBIE
bysakiun (AK®D), nmonydeHHbIE 110 IKCIIEPUMEHTATBHBIM JIAaHHBIM U B PE3YJIbTaTe
MaTEMAaTHYECKOI0 MOJEIUPOBaHUs. Pe3yapTaTbl MPOBEPKU aJIEKBATHOCTH MOJEIU
NpUBECHBI HA PUCYHKE 3.

PacnpegeneHue MHTepBanoB CTaLMOHAPHOCTH
0.1 T T
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WHTepBan ctaumMoHapHoCTH, C
a

ABTOKOppensiunoHHasa yHKUnsA

= DKCMEepUMEHTalbHbIE AaHHbIe
— — — PesynbTaThl MOOENNPOBAHUSA

BeposTHOCTb

SKCI'IepI/IMeHTaJ'IbeIe AaHHble |

0.8 T T T
—_—— ——— Pe3yJ'IbTaTbl MoaennpoBsaHuUA

0.6
0.4
0.2

Koadpdp.

koppenauum

|
2 25 3

05 1 15
Bpewms, ¢

0
a — OLICHKH paclpe/ie]ieHHe HHTEPBAJIOB CTAIIMOHAPHOCTH; O — onleHka AKD
PucyHok 3 — Pe3ynbraTsl cpaBHEHUS paclpeeleHN HHTEPBAJIOB
CTAllMOHAPHOCTH U aHAJIN3a aBTOKOPPEISILIMOHHBIX (YHKIMI METOI0M
MAaTEeMAaTUYECKOr0 MOJIEIUPOBAHUS U TIO KCIIEPUMEHTAIBHBIM TAHHBIM
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Pacnpenenenne uHTepBanoB cranuoHapHocTH W AK®, mnomyyeHHbIE MO
pe3yibTaTaM MOJIEIMPOBaHUS C JOBEPUTENBbHON BeposTHOCThIO He Hike 0,9
COrJacylTCsl C OJKCIEpUMEHTaIbHBIMU (pUCYHOK 3, a, 0). OIlleHKa TOYHOCTHU
ONMCAHNsA 3aKOHOMEPHOCTEHM W3MEHEHUS SPKOCTH MHMKCENs MPOBOAWIACH 10
pe3yabTaraM CPpaBHUTEIBHOTO aHajlu3a MOJIYyMapKOBCKON monenu (2) u mopenei
3aaatomero BozaeicTeus 0-ro u 1-ro nopsiakos. [lokazarenem kauecTBa BhiOpaHa
BenuunHa CKO spkocTH Kak KOpEeHb KBaJApPAaTHBII W3 CYMMBbl KBaJpaTOB
OTKJIOHEHUN SPKOCTU TUKCENIS OT OLIEHKH MAaTEMAaTH4YECKOro OXHUAaHUS Ha
MHTEPBAJIE CTALIMOHAPHOCTH. Pe3ysbTaThl CPABHUTEIBLHOIO aHAIN3a NTOKA3aJIH, YTO
BoUrphill B 3HadueHMM CKO spkocTH IpU MCHOJIB30BAaHUU IOTYMAapKOBCKOMN
Mozenu (2) B 3aBHCHMMOCTH OT YCIIOBHH HAOJIOACHHUS, 10 CPaBHEHUIO
¢ MapKoBCKOM MOJENBI0 3aJal0lIEr0 BO3ACHUCTBUSA, y KOTOPOW pEryJisipHas
COCTaBJSIFOIIAS NIPEACTABJICHA IOJMHOMUAIBHOM MoOAENblo 1-ro  mopsakxa,
coctaBwi oT 18 1o 37 % u B cpegnem 25 % wiu yBenmuuwics B 1,2 — 1,5 pa3za
U B cpeaHeM B 1,4 pasza [3-A].

B Tperbel ri1aBe jguccepranMud  IPOBENEH CTATUCTUYECKUM CUHTE3
YCTPOMCTBA MHOT'OTMIIOTE3HOIO M3MEPEHMS SPKOCTH IHKCENId C MEXKAaIApOBOU
NaMAThI0 TUNOTE3. B KaduecTBe KpUTEpUS CHUHTE3a YCTPOMCTBA HCMOJIb30BAJICS
MUHHMYM allOCTEPUOPHOIO PUCKA U3MEPEHUS BEKTOPA COCTOSIHUSA C KBAIPATUYHON
¢yHkuuu norepb. B coorBercTBUM ¢ 00IIel METOAMKOM CTAaTUCTUYECKOTO CHUHTE3a
B YCIOBHMSX MApaMETPUYECKON alpUOPHOM HEONPEAECIIEHHOCTH OTHOCHUTEIBHO

MOZENM  BXOmHOro  Bosdeicteus Yy, | =1, Ny HA (k +1) KaJIpe,
KOHKPETU3UPOBAaHHOW JUIS 3ajad M3MEPCHHS, OKOHYATCIIbHOE BBIPAKCHHUC IS

5(¢)

OLICHKH BEKTOpa COCTOSIHUSL Ol /1 MUMEET BU/I:

&@ Z p(Y ‘fk(ﬂ) k+1( I), (3)

rae &(kcll(w) — YCJIOBHAs OLIEHKA BEKTOpa COCTOSIHUS (YCIIOBHOE MAaTEMaTUYECKOe
OKUJIAaHUE), BBIYUCISIEMass B MPEINOJOKEHUH CIPABEIIMBOCTH  TUIIOTE3bI

Y1 (y, ‘fk +1) — aToCTePHOpPHast BEPOITHOCTh | -if rHIIOTE3B! 0 MOZIEIM H3MEHEHUS
peryiaspHON COCTaBISIOMICH 3a/alONIEro BO3JACHCTBHSA SPKOCTH MHKCENS IPH

= £
YCJIOBUU IPUHATHS COBOKYIHOCTH peanuzanmii f,\;].

[TomydeHHOE BBIpAKCHHE IS OICHKH BEKTOpa cocTosiHUs (3) sBIseTCs
ONTHUMAJIBHBIM U YYUTBHIBAET BCE MOJEIN U3MEHEHUS PETYJISPHON COCTABIIAIOLLEH

3a/IA0IIETO BO3JEHCTBHS APKOCTU nukcens N, , KOTOpbIe MOTYT BO3HHMKHYThH Ha
(k +1) kazape. Jins BO3MOXKHOCTH (PU3HMYECKOH peann3alii TaKoro H3MEpHTEs,
YKCJIO TUIMOTE3 O MOJENHM BXOIHOTO BO3JEHCTBH orpanudeHo no tpex (N, =3),

YTO MO3BOJIWIIO MEPEUTH K KBA3UONITUMAIIBHOMY YCTPOMCTBY, CTPYKTYpa KOTOPOTO
npuBeneHa Ha pucyHke 4. Takoll M3MEpUTENb HA3bIBAETCSI MHOIOTMIIOTE3HBIM
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U3MEpUTEIEM C MEXKO0030pHON (MexkaapoBoil) mamsTeio runores (MUMIID),
a B 3apyoexkHbix myonukausax IMM (Interactive Multiple Model).

§(©)

a fi)l (Yl ) R (k°+)1 (Yl)

oy

k+1 V
_; d)manpI)_l(l)(Fz)a:;l:/:(ZHa 0-ro I—(kCJBI (Yl ) p (Yl ‘f k(ﬂ )‘
L@l (v2) Y ~ (c
> > B f (C) a k41
o—;d)man?-lcl)(s;-lﬁl\:;Ha e Ak+1(Yz) (kzl( ) Bblqmgﬁgmg p(yz‘ k+1)= BsBelueHHoe T
BEpPOATHOCTEN , R
> Lul(ys) - p(%‘fk(ﬂl cymmmpoBanmne| M | 1
@ c i 0 c \ o Bbidaémcs no
= o | @ (ra) [REL (1) " ] Bordacmen o
] ; ! -
‘ t3 = At(k+1) ‘
&(k(C))(Vl) % (r,) [a(vs)
() RO PR ) ¥R o) 1R )

KoppeKuusa ycnoBHbIX OLLEHOK

Pucynok 4 — CTpykTypHas cxema yCTpOHCTBa MHOT'OTUIIOTE3HOT O U3MEPEHUS
SAPKOCTH IMUKCEIS ¢ MEKKAIPOBOU NAMSITHIO THUITOTE3

CrpykTypa HOJIY4EHHOTO M3MEPUTENSI YYUThIBAeT TpU rumores3bl. [lepBas
rUrnoTe3a 7Y, 3akiIo4yaercss B TOM, 4YTO MOJENIb 3aJarOLIEro BO3JEUCTBUSA

MpCaAcCTaBJACT coOoH IMOJIMHOMHUAJIBHYIO MOJICIIb 0-ro ImopAaKa, a BTOpas 'Yz -

Mozaenb 1-ro mopsiaka. Mcnonb3oBaHue MOJIUMHOMUANBHBIX mozaened 0-ro m 1-ro
NopsA/Ika B Ka4eCTBE THIIOTE3 O MOJIEIH 3aJIal0IIEero BO3JEHCTBUS OOYCIOBIECHO
pe3yJibTaTaMu HCCJIEAOBAHUM, MPEACTABICHHBIX BO BTOPOM TJIaBE JIMCCEPTALIMH.
JInss  ymeHbIIEHHs BIUSHUS IEPEXOAHBIX mporeccoB B coctaB MUMIID

JOTIOTHUTENBHO BKItOUaercst Y3 — ¢unbTp Cunrepa 0-ro nmopsaka. Ilon kaxmyro
TUIIOTE3y O MOJIEIIN 33a1aI0LIEero BOo3ercTBHS B cTpykTrype MUMIII npumensiercs
OTJIEBHBIN QUIIBTP.

[Tpoepka appexruBHOCTH MUMIIT poBeneHa myTeM OLEHKH CyMMapHOH
OLIMOKH (JMHAMHUYCCKOH U (ITyKTyal[HOHHOM) H3MEPEHHUSI SIPKOCTU Ay

c 1 Nogen 1 Ng c

A(np) — \/ @(C) @(C )Z AZ = _ZA(np) , (4)
Naxcn Nd n=1

PI(S ®$$) OTCUET perynﬂpHoﬁ COCTaBJISIIONIEN 3aJal0IIETO0 BO3JCUCTBUSA

(ncTuHHOE 3HaueHue), A, BEJINYMHA OTKJIOHEHHS PE3yJIbTaTOB W3MEPEHUS

SIPKOCTH OT MUCTHHHOT'O 3HA4YCHWS, A(ﬁp) — yCpelHEHHas BEIWYWHA OTKJIOHCHMS
A, 110 BCceM TUCKpeTHBIM oTcyeraMm N=1..N,.

[TapameTpamMu BXOAHOTO BO3JCUCTBUS SIBISIOTCS HMHTEHCHBHOCTH CMEHBI
Mozenen 3agaromero Bosaenctsus A, 1 CKO Bo3MyInaromero Bo3IelCTBUA Oy

HurencuBHOCTE A, M3MeHsANach B npeaenax A, =0.1...0.9, a CKO o, =5...15.
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MNHTEHCUBHOCTD 7\'11 BJIMACT Ha 49aCTOTY CMCHBI MOZCIIM 3aAar0Iicro BO3I[€I>1CTBPI§I,

a CKO BO3MyIIaOLIEro BO3AECUCTBUSA G, XapaKTEpU3yeT OOIIMN ypOBEHb LIyMa,
Ha (oHE KOTOpOro HabmomaeTcsi O0OBEKT (IIyMbl MUCKpETH3anuu, (GIykTyanuu
TIUKCENeit).

B kauectBe mpumepa Ha PHUCYHKE S5 TPUBEIEHBI PE3yibTaThl (PUIIBTpAIH
BXOJHOTO  BO3JIECWCTBUSA, IMOJIYUYEHHOTO B  pe3yJbTaTe MaTeMaTHYeCKOro
Monenuposanus ¢ mapamerpamu A =0.1u A, =0.9, 6, = 5. Ha unrepnanax
PE3KOr0 M3MEHEHHUsI APKOCTH HAOIIOJAETCAd POCT CyMMAapHOW OIIMOKU MU3MEpEHUs,
YTO XOpOILIO BHJIHO Ha rpadukax S, 0, 1. DTO CBA3aHO C POCTOM JUHAMHYECKOU
OIMUOKHM, KOTOpBIM HaOmrojgaeTcss B OOJNbIIEH CTEIEHHM y  U3MEpUTENs
C 9KCTIOHEHITUATbHBIM CTJIQ)KHBAHUEM.

BxoaHoe Bo3aeicTBME M pe3ynbTaTbl MU3MEPEHUS APKOCTN BxopgHoe Bo3aencTBUE M pe3ynbTaTbl U3MEePEeHUs APKOCTH
< = 200
[
g 1o0f '5'{"!"”"'\& g A A A
o ,
= . ﬁ!—
§140 nd P'J\ £ 150 AW M-»hrv
= Prit ' = 4 AW |
£ 120 T—" axo,que BO3aeucTeue £ 100 Il — — — BxogHoe Bo3nelicTene
) BRI KOS @ ElREh GOERTIERIEE Q : /3MepuTenb C 3KCN. CriaxuBaHneMm
e} =eme= MAMIT o
2 2 === MMM
o 100 t T i | S 5o !
K 0 100 200 300 400 500 ® 0 200 400 600 800 1000
Homep kagpa Howmep kagpa
a r
CymmapHas olwn6Ka UsmepeHus ApKoCTU CymmapHas owmnbka namepeHuUs APKOCTH
= I 1 L 1 60 T =
S — — — BxogHoe Bo3aeiicTaMe = ~ ~ ~ BxogHoe BoagelicTene
3 V13MepuUTEsNb C 3KCM. CrNax1BaHueM 5 M3mepuTens ¢ aKen. crnaxuBaHnem
§ 10 2 =====MUMI"
[= =
- c
) -
5 8
2 3
é. - Wk YT k8 vl Y , 4
Fo . — " o [fi (L iLia TN [ A
0 100 200 300 400 500 X 1000
Howmep kagpa Homep kaapa
YcpenHeHHas cymmapHas ownbka usmepeHus ApKocTn YcpeaHeHHas cyMMapHas olwnbka u3mepeHus ipkocTu
<20 : : : ] 20 T ]
[ — — — BxogHoe Bo3gencTeme E — — — BxoaHoe Bo3geiicTene
8 15F— M3mepuTenb € aKCn. CrnaxuBaHuem I 13MepuTenb ¢ 3KCM. CriaxmBaHem
S === MUMII £15 M === MUMNC
E 10— ' i I ‘ = !
4 a4 |
5 se - 510 |
= J P SR (SN S [ W <
[oN 0 [oN \~\-uw'r-l-,u* L AN A AP Y T S AL e A A LN
BN 0 200 400 600 800 1000 ® 50 200 400 600 2;00 1000
Howmep «
omep kaapa Howmep kagpa
B €

a — BXOJIHOE BO3JICUCTBUE U PE3YIbTAThl U3MEPEHUS IS A, =01, o, =5; 0 — cymmapHas

omuOKa U3MEpPEHUs IPKOCTH; B — yCPEHEHHAs CyMMapHas omuoOKa n3MEepeHus IPKOCTH; T —
BXOJIHOE BO3JICUCTBHE U PE3YJIbTAThl U3MEPEHUs 11 )\, =0.9, o, =5; 1 — CyMMapHas omunoKa

HU3MCPCHUA APKOCTHU,; € — YCPCAHCHHASA CyMMaApHas omnoKa HU3MCPCHHUA APKOCTU

Pucynok 5 — Pe3ynbpTaTsl MaTeMaTHYECKOr0 MOJEIUPOBAHUS JUIsl TAPAMETPOB
BXoJHOro Bo3aencTeus A, =0.1u0.9, o, =5

B pesynbrare npu ucnons3oBannu MUMIIT cymmapHast ommlOka u3MepeHHst
spkoct (4) ymenpmmiach B 1,53 — 3,11 pa3a no cpaBHEHHIO C HM3MEPUTEIIEM
SAPKOCTU THKCENsI, B OCHOBE KOTOPOT'O JIGKHUT SKCIIOHCHIIMAJIBHOE CTIaKUBaHUE
B BUJIe anbda-Oera GuibTpa.
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B d4erBepToii Ti1aBe TMPOBEICH CONOCTAaBUTEIBHBIA aHAIW3 CIIOCOOOB
ajanTUBHOrO (opMUpOBaHUS OMOpPHOro u3o0paxkeHus. [{ns comocraBieHus
BbIOpaHbI JiBa croco0a — MOKaJApoBas CMEHAa U SKCIOHEHIMAIbHOE CIIIaKUBAaHUE.
ConocraBineHre OCYIIECTBIIIIOCh NPH TOMOIIM KOMIUIEKCA MOJAEIUPOBAHUS,
pa3paboTtanHoro Ha 0ase kpoccmiatdhopMeHHoro rpaduueckoro apmwkka Unity3D
(pucyHOK 6). Mmwurarus JBHXKCHUS Ha3eMHBIX OOBEKTOB B CIICHE IO 3aJaHHOW
TPAGKTOPUU OCYILECTBISIETCS. B OJIOKE MOJEIMPOBAHUS HA3eMHBIX OOBEKTOB,
a noner BJIA — B Oynoke MojenupoBaHHs JIeTaTeNbHOro ammapara. biok
MOJIETTMPOBAHUS KaMepbl MPEICTaBIseT COOOM OTIAENbHBIN 3IEMEHT U ONpEeAesieT
o0acTh B TPEXMEPHOM MPOCTPAHCTBE, KOTOpas OTOOpaxkaeTrcsi B KaJpe.
B pesynbrare ¢ 610ka GpopmMupoBaHusi U300paKeHUs MOCIEI0BATEILHO BO BpEMEHU

IMOCTYIIAaOT CHHTC3UPOBAHHBLIC KaAPbI flgi)l Hn AajIcc 1nmoJaroTCsa B Ka4C€CTBC BXOAHOI'O

BO3ICMCTBHS Ha YCTPOMCTBO KOPPENSIIIMOHHO-IKCTPEMAIbHON 00pa0OTKHU.

________________________________________________________ -
UmutaTop BXoaHOro Bo3aeicTaua Ha Unity3D ! :Ycr 0CTBO KOPPENALMOHHO-IKCTPEeMaNnbHOK 06paboTku

Bnok Konmpacm+ocme,
dopmupoBaHusa | ocseweHue, mymaH
OKpysKatoLen
cpeapl

{"B/IOK U3Mepenmsa | @&021 BAOK BblAeNeHns f|£

H M

i APKOCTU MUKCENEN ‘ugg n3obpaxeHus
n3o6paxeHuna obbekTa

OnopHoe
usobpaeHue

ocg(k+1) = éﬁc)

Y BekTtop HabnoaeHns
obbekta B CK

n3obpaxeHus

0fk11) R (s1)

: |
|

: |
|

| |
: |
|

| |
: Bnok ae BAoK B3aumHasa :
| | moaenuposarma k+1 | bopmuposaHua KoppenAyuoHHas |
| |
| |
| |
| |
: |
|

: |
|

| |

n3o6paxkeHus

1 a9/IC
Bbnok GPS k+1
o k+1 Bnok

Ha3eMHbIX >
obbekToB

mampuya

R

) Bnok Bbluncnenna Bnok BbluncneHna
Q- KO PPENSALYMOHHOMN KoopauHaT
MaTpULbl obbekTa
Budeo kadpei

Bnok nepecyerta
KoopAuHaT

A

Mo/ZenMpoBaHmua
P»-| MOAENMPOBAHUA
neTatenbHOro L BekTop

annapara HaboaeHns

__________ e il obbekTa B
BekTopbl coctoaHua BJ1A, OJ1C n koopauHaT HopmanbHoii CK

Ha3emMHoro o6beKTa B HopmanbHou CK (-:’F’Sk+l’(,VO-HCk+l’(,“6 k+1
(1), Re(m)

Pucynoxk 6 — CTpykTypHasi cxemMa KOMILIeKca MOJISTMPOBaHUs Ha 0ase
KkpoccmiatgopMenHoro rpadguueckoro apuxka Unity3D

Kamepbl

Jis  mpoBeAeHHsT MaTEMaTHYeCKOro  MOJEIMPOBaHUS  C(HOPMHUPOBAHBI
TUMOBbIE BXOJHBIE BO3JCHCTBHSA, Ha KOTOPBIX H300paKEHBI aBTOMOOWIIH,
ABWKYIIMECS Ha (oHe MAOpPOXKHOro MOKpbITHS. Ilo KaxgoMy TUIOBOMY
BO3ACHCTBUIO TMpoBepsiaach 3PQPEKTUBHOCTb COMPOBOXKACHHUS TMPU TMOMOIIU
00O0OIIEHHOT0 CHCTEMHOTO IMOKa3aTessl, ONpPEIeNIeMOro SKCIEPUMEHTAIbHO —

Koadumenta nposoaku K, u ero cpennero 3sHadenust K, :

> — 1
Kn = NZe ! Kn :N— |E-I(H(k)’ (5)

OKCIT

rae N, ~— CYMMapHOE YHCJIO KajJpOB yCTOHYHBOIO CONPOBOXNK/ICHHS HA3EMHOIO
o0BbeKTa; N, — CyMMapHOE YHCIIO KaJpOB, B KOTOPBIX HAOJIOIAIICS Ha3eMHBIN

00BeKT; N, — OOIIee YUCIO MOACIBHBIX IKCIIEPUMEHTOB.

OKCIT

B kauectBe mpumepa Ha pHUCYHKE [ TPEICTaBIEHBI PE3ybTaThl
MOJAEIUPOBAHUSA OAHOTO W3 THIOBBIX BXOAHBIX BO3JACHCTBUM B  BHJE
OPSIMOJIMHEWMHOTO  JABWXKEHUs C mnoBoporamu. OlLEHHBaIACh YCTOWYHUBOCTH
CONPOBOXKJICHUS MPU COBEPIIICHUU MaHEBPA B BUJIe moBopoTa Ha 90°. Kak BuaHO U3
pUCYHKa /,a TIpM TIOKQJPOBOW CMEHE OIOPHOTO HW300paXEHUs CPbHIB
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COMPOBOXACHMUSI HACTYNMaeT Ha TMEpPBOM JK€ [OBOPOTE€ AaBTOMOOWIISA, YTO
CBUJICTETILCTBYET O HHM3KOM 3(PQPEKTUBHOCTH ITAaHHOTO Croco0a TpU HATUYUAU
MaHeBpa (pucyHok 7, 0). B 1aHHOM citydae CpbIB CONPOBOXKICHHUS BBI3BAH PE3KHM
YBEJIIMYEHUEM CYMMApHON OIIMOKH W3MEPEHHs KOOpPAMHAT (PUCYHOK [, B), U3-3a
HECOOTBETCTBUSl HM300paKeHUH HAOII0JaeMOro o0O0BEKTa U €ro  OINOPHOTO
n3o0paxenus. [Ipu s3KCIIOHEHIIMATBEHON (PUIIBTPAIK, 10 CPABHEHHIO C TTOKAIPOBOU
CMEHOM, BpEMsl YCTOWYMBOIO COIPOBOXAECHHS BO3pPACTAET, HO C YBEIMYEHUEM
BPEMEHM HAOJIOJICHUSI BEPOSTHOCTh CpbIBA OCTAE€TCSl JOCTATOYHO BBICOKOM.
[Tpumenenne MUMIIT™ nmo3BosnI0 yCTOMYUBO COMPOBOKIATH OOBEKT JIJISl TAHHOTO
TUIOBOI'0 BO3/JICHCTBUS NPAKTUYECKH HA BCEM MHTEpBase HaOII0ACHNUS.

PesyanaTbl conpoBoXxaeHua obbekTa CpepHee 3HavyeHue Ko3adhcuumneHTa NpoBOAKMU Kn

3641 1
I MokagpoBast cMeHa

0.8/ DKcroHeHuManbHoe criaxueaHne
Hl Mmnr

[ L.

363

| CpbIB CONpPOBOXAEHUSA

o
o

0.95

N
s

0.67

w
[
]

— VicTuHHas TpaekTopus
——NokaapoBol cmeHa

CpepHwii koadd. npoBoaku
o
N

_
B
= OKCMOoHeHUManbHoe criaxusaHue
Q 361 - --MUMMOr o
3 0
x 360 60 CymmapHas owmnbKa n3smepeHus KoopavHat
2 — lNokaapoBoii cMeHa
359 I | I I I I " g OKCMOHEHLManbHoe CriaxusaHne
4 5 40 1 - - -MuUMNr
CpblB CONPOBOXAEHMUS 'y ° Epuis
) s COMNpoOBOXAEeHUA
358 " Koney | | [ I g i
Houano & T %
357 ‘ ‘ | ‘ ‘ | ‘ J o
6170 6180 6190 6200 6210 6220 6230 6240 6250 0 200 400 600 800 1000 1200 1400 1600
Z, BOCTOK (M) Howep Kaapa
a B

a — pe3ysbTaThl COIPOBOXK/ICHNS HA3EMHOI0 00bEKTa; O — AnarpamMma CpeHuX 3HaueHui ko3 hu-
IIEHTA MTPOBOIKU; B — CyMMapHast OIIMOKa H3MEPEHHsI KOOPIUHAT
PI/ICYHOK 7 — PGBYJII)TEITI)I MAaTEMATUYICCKOI' O MOOCIIMPOBAHUA JIJIA
HpHMOHHHCﬁHOFO ABHUIKCHUS C ITIOBOPOTaMHU

ConocTaBUTENbHBIA ~ aHaNW3  MOKa3aj, 4TO CHOcCOo0  aJanTUBHOIO
dbopMuUpOBaHUS OMOPHOTO M300paKEHMUs, OCHOBAaHHKIN Ha pumeHennn MUMIIT,
MO3BOJIMJT  OOUTHCA 3HAUYeHUW KO3 UIMEeHTa TMPOBOJKH, BBIYUCISIEMOTO
corsiacHo BeIpaxkeHuro (5) paBubix 0,94-0,98, uro B 1,18-1,42 pa3a Gomnbiie, yeM
JUTSI 9KCTIOHEHIIMAJIHOTO CTIIaKUBAHMSL.

J7is IOATBEPKASHUS TMOTYYCHHBIX PE3YJIbTaTOB MPOBENCHBI MONTyHATYpHBIC
UCIBITAHMSI C UCTIOJIb30BAHUEM BUAECO3ANKUCEN, TOTydYeHHBIX ITpHu nomoiu BJIA DJI
Phantom 4.B pesynbrare npumenenus bBJIA Phantom 4 Obuin mOdydYeHBI
BUICO3aMMNCH HA3eMHOH (OHO-1IeNIeBOM OOCTAaHOBKHM, Ha KOTOPBIX H300pa)KeHBI
JIETKOBBIE M TPY30BbIe aBTOMOOWIM. [l OICHKM TOKa3aTelie KadecTBa
COMPOBOXKJICHUSI TOCIIEIOBATEIBLHO HA BCEX 3aMMCSX BBIACISIUCH M300paKeHUs
TeX 00BEKTOB, YbM TPAECKTOPHUH JBIKEHUS COOTBETCTBOBAIA THUIIOBBIM BXOJHBIM
BO3JICHCTBUAMHU. B XoJe TONyHATypHBIX HCHBITAHUW YCTAaHOBJIEHO, YTO
ucnonb3oBanue MUMIII™ no3Bosnsier moBbICUTH KO3 PumeHT npoBoaku a0 0,91—
0,98, uro B 1,14-1,47 pa3a Oomble, 4eM IJIs CIOoco0a 3KCIIOHEHITUAIBLHOTO
CTJI&KUBaHMSI.
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3AK/TIOYEHHUE
OcHoBHbIC HAY4YHbIE Pe3yJIbTATHI AUCCEPTALUN

1. TlpoBeaen aHamuUTHYECKUW  0030p  MyOJaWKaIUid, ITOCBSIICHHBIX
pelIeHrI0 3ajlaud  aBTOMAaTHYECKOr'0 COMPOBOXKIACHHUS HA3MEHBIX OOBEKTOB
pasBensiBaTeabHbiIMU  BJIA.  OTMedeHo, YTO OJHMM H3 MNEPCHEKTHUBHBIX
HANpaBJICHUM  HWCCJIEAOBAHMM  sABJISETCS  TOBBINIEHHE  3(P(HEKTUBHOCTH
ABTOMATHYECKOTO COMPOBOXKAEHUS Ha3eMHbIX 00bekTOB B 00pTOBBIX OJIK 3a cuer
IPUMEHEHUST KOPPEISIIIMOHHO-3KCTpeMaabHOH 00paboTku Ha sTanme BKO [1-A;
2—-A; 6-A; 8-A-10-A; 17-A].

2. PaccMoTpensl crocoObl MOBBIMICHUS] 3P(GHEKTUBHOCTH KOPPEISAIIMOHHO-
AKCTpEMabHOM 00pabOTKM 3a CYET aJanTUBHOIO (OPMUPOBAHMS OIMOPHBIX
N300paKEeHNN OOBEKTOB C YYETOM HM3MEHSIONMIEHCS SPKOCTH OT Kajapa K Kaapy
[11-A; 12—-A]. Hau6Gosee 3¢ heKTHBHBIM CIIOCOOOM aJalTUBHOTO (POPMHUPOBAHHMS
OTOPHBIX U300paKeHUW SBJSETCS CHOCOO, OCHOBAaHHBIM Ha MNPUMEHEHUU
U3MEPUTENSI C DKCIOHEHIMANIbHBIM criiaxkuBaHueMm. OJHAKO MPOBEICHHbBIC
UCCJICIOBAHUSA CTAaTUCTHUYECKMX CBOMCTB SAPKOCTU M300paKEHUN HA3eMHBIX
O0OBEKTOB TMOKa3alid, YTO TMPUMEHEHUE W3MEPUTENs C HKCHOHEHIMATbHBIM
CTJIQKMBAHUEM OKa3bIBAE€TCA HENOCTAaTOUYHO H(G(PEKTUBHBIM BBUAY TOTrO, YTO
MPOIIECC M3MEHEHHUs SIPKOCTH HOCUT HECTaIlMOHAPHBIA XapakKTep, BbIPAKEHHBIN
B CJIy9aliHOM CKa4K0O0Opa3HOM e¢ H3MEHEeHH BO BpeMmeHHu [3—A; 14—-A; 15-A].

3. TlpemnoskeHa MareMaThdecKkas MOAEIb SIPKOCTH mukcens [13-A; 18-A],
OCHOBaHHasi Ha TPUMEHEHUM MAapKOBCKOM MOJEIM C KOHEYHBIM YHUCIOM
COCTOSIHUM Y HENPEPBIBHBIM BPEMEHEM. BBIMIpBIII NPU HCIOJIB30BAHUU TAKOU
MOJICJIM B 3aBUCHUMOCTH OT YyCJIOBUHM HaOmroaeHus yBenuuwics B 1,2 — 1,5 pa3a
[3-A] mo cpaBHEHHIO ¢ MOJEIBIO SPKOCTH IHUKCEIS, OMMCAHHON ITOJIMHOMOM
3a/1al0IIEro BO3JeHCTBUEM 1-TO MOpPsKa U OCHOBAHHOW Ha CTAllMOHAPHOCTH Ha
BCEM MHTEpBaje HAOIIOICHMUS.

4. TlpoBeneH CTaTUCTHUYECKUW CHUHTE3 YCTPOMCTBA HM3MEPEHUS SIPKOCTHU
oxHoro nukcens [19-A]. B kadecTBe KpuTeprs CHHTE3a MCITOJIb30BAJIC MUHUMYM
aroCTEpUOPHOTO PUCKA C KBaApaTUYHOW (PyHKIMU morepb. CHHTE3 TPOBOIUICS
B YCIIOBUSIX alPUOPHOM HEOMNPENEIECHHOCTH OTHOCUTEIIBHO MOJEIHU BXOIHOTO
Bo3aeicTBua. OcyniectBieH nepexoa k MUMIIL, npu ucnosib30BaHUU KOTOPOIO
yaloCh JIOCTUYh YMEHBIICHUS BEIWYMHBI CyMMapHOW OIIMOKM H3MEPEHUS
spkoct B 1,53 — 3,11 pa3a meHbllle MO CPaBHEHUIO C H3MEPUTENIEM SPKOCTH
MUKCEJs,, B OCHOBE KOTOPOTO JIEKUT AKCIOHEHIIMATbHOE CIUIA)KMBAHUE HA OCHOBE
anbda-oera puabTpa [4-A].

5. VYCOBepIIEHCTBOBAH CHOCO0 adanTUBHOTO (OPMHUPOBAHUS OMNOPHOTO
U300pa)KeHUsl, OCHOBAHHBIM HAa TMPUMEHEHUHU /I OIEHKU SIPKOCTH B KaXKIOM
MUKCEJIE HU3MEPUTENsl ¢  OKCIOHCHIMAIbHBIM  CIUIQ)KMBAHMEM, 3a  CYET
ucrnonb3oBanuss MUMIID nis kaxxaoro nmukcenss u3o0pakeHus ooObekTa. OleHka
ero 3p(GHeKTUBHOCTH MPOBOAMUIIACH TIO PE3YJIbTaTaM COMOCTaBUTEIHHOTO aHANM3a
METOAOM  MaTEeMaTUYeCKOr0  MOJICIUPOBAHMS MPU  TMOMOIIM  KOMILIEKCa
monenupoBanus [7—A; 16—A]. DdPexTUBHOCT, COMPOBOXKACHUS OICHHBAIACH
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npu nomorm koddduimenra nposoakn K, u ero cpemmero 3Hauenus K .

B pesynbrare MareMaTH4EeCKOro MOJAEIHUPOBAHUS YCTAHOBJIIEHO, YTO CIIOCOO
aganTUBHOTO  (HOPMUPOBAHMS  OMOPHOTO M300paKEHHsS, OCHOBAHHBIM  Ha
npuMmeHeHun MUMIIIL, no3Bosnsger 1o0uThes 3HaUeHUN Kod(h UIIMEHTa TPOBOJIKH
0,94-0,98, uro B 1,18-1,42 pa3a Oonble, 4YeM i1 DSKCIIOHCHIIUAIHHOTO
crinakuBanus [5-A].

6. Ilomydyennsie pe3yJbTaThI MTOATBEPIKICHBI MOJTYHATYPHBIMHU
VCIIBITAHUSIMH, B XOJI€ KOTOPBIX YCTAaHOBJICHO, 4TO Ucnonb3oBanne MUMIIL miis
aJanTUBHOTO (OPMUPOBAHMS OIMOPHOIO HW300paKEHHUsI TO3BOJIIET TOBBICUTH
ko3 umment mposoaku 10 0,91-0,98, uro B 1,14-1,47 pa3a Gomnbiie, yeM s
HKCIOHEHIIMATIBHOTO CrilaKuBaHus [5—Al.

PexomMmenganuu mo IMPAKTHYC€CKOMY HCIIOJIB30BaAHUIO PE3YyJIbTAaTOB

[IpencraBneHnpie B pabOTe€ pPE3yJbTAaThl HCCICHOBAHMA CTATHCTHUYECKUX
CBOMCTB SIPKOCTH THMKCeNed H300paKeHU Ha3eMHBIX OOBEKTOB, IMO3BOJIWIH
NPUMEHUTh ~ MapKOBCKYIO  MOJeTh C  KOHEUYHBIM  YHCIIOM  COCTOSIHHM
U HENpPEpPHIBHBIM BPEMEHEM, TEM CaMbIM II03BOJUB YYE€CTh CKAaYKOOOpa3zHOe
U3MEHCHHE SIPKOCTH MTUKCEIEH BO BpEMEHH NMPU HAOIIOEHUN HA3eMHBIX 00bEKTOB
Ha CJI0KHOM M HEOJTHOPOJIHOM (poHE.

[IpennoxxenHass B paboTe MOJENb SPKOCTH MOXKET OBITh UCIOJIb30BaHA IS
CUHTE3a YCTPOMCTBA MEKKAIPOBOTO U3MEPEHHUS €€ 3HAUCHUH 1T OTHOTO TTUKCETIS
M300payKeHU BO3AYIIHBIX 00BbEKTOB, HA0IIOJaeMbIX Ha (DOHE 00JIAKOB PA3TUUHON
CTPYKTYpBI, B  3aJadyaX pPEKOHCTPYKIMH JUHAMHUYCCKUX  HM300paKCHHM
UCTIOJIb3YEMBIX B MEIHIINHE, OXPAHE OKPYKAIOIICH CPebl U JPYTHX.

[IpuMeHeHne CHHTE3UPOBAHHOTO YCTPOMCTBA MEXKKAJIPOBOIO HW3MEPCHUS
SIPKOCTH TIO3BOJIMJIO TOBBICUTH KAa4eCTBO (DOPMUPYEMBIX OTMOPHBIX HM300PaKECHHIMA
JUIi HA3eMHBIX OOBEKTOB, TE€M CaMbIM IIOBBICUB KO3(G(UIIMEHT IPOBOJKHU
B KOPPEIAIMOHHO-DKCTPEMAIBHBIX CHUCTEMaxX COMPOBOXKICHUS Ha  JTare
BHYTPHUKAJAPOBON 0OpabOTKH, YTO B CBOIO OdYepelb MOBHIMAET 3(HPEKTUBHOCTH
MEXKaJIpoBOW 0OpabOTKM TIpH aBTOMATHUYECKOM COINPOBOXKJICHUM HA3E€MHBIX
00BbEKTOB pa3BeabiBaTebHbIMU BJIA.

JlanbHeiiliee pa3BUTHE TEMATUKH JUCCEPTAIMOHHONW pabOThl MOXKET
3aKTI0YATBCS B CHHTE3€ YCTPOWCTB MEKKAJAPOBOTO M3MEPEHUS pPa3MepoB
HA0JIF0TaeMbBIX O0BEKTOB U (hOPMHUPOBAHUH OMOPHBIX M300paKEHUH, aIallTUBHBIX
K U3MEHSIOIMMCS pa3MepaM 00bEKTOB B IIpOIlecce HAOIIOICHHUS.

[Tomy4yeHHbIC pEe3yIbTaTHI JTUCCEPTAIMOHHBIX WCCIICTOBAHUM
MOJITBEPKACHBI: CIPABKOM O BO3MOXKHOM IPAKTUYECKOM HCIIOJIb30BAHUU TPU
pa3paboTKe  MYJIbTUCIEKTPAJIBHONM  ONTHUKO-DJICKTPOHHOM  CHUCTEMBI IS
pa3BenbIBaTEIbHBIX OCCHIJIOTHBIX JieTaTelnbHBIX anmapatoB B YO «BAPBy;
CIOPaBKOM O BO3MOXHOM IPAKTUYECKOM MCIOJIB30BAHUM JUISl  YIIYUIICHHS
MoKasarejell KadecTBa MOHUTOPHWHTAa HA3eMHOHW OOCTAaHOBKH C TTOMOIIBIO
Busieokamepsl Bokpyr PJIC manoit nansHoctu B OAO «Kb Pagap».
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P331I0MD
Lynpeix Csapreit BikrapaBuu

AnanrteiyHae (papMipaBaHHe allOPHATra MAJIOHKA Ba YMOBaX 3MeH/IiBall ApKacui y
KAPJIALBITHA-3KCTPIMAJIBHBIX CICTIMAX CYyNPABAKIHHA HA3eMHBIX a0'eKTay

KiarouaBbist CJIOBBI: KapaJsbliiHA-dKCTpIMaJIbHAS cictoMa
CyNpaBaJKIHHSA, alopHbl MalIOHAK, Naymapkayckas MaJdib sApKacii, (UIbTp
Kanmana, mmMaTrinmoT?3Hbl BBIMAPAJIBHIK 3 MIDKKaJpaBall MNaMSIIIO TiMoTI3,
OecMUIOTHBI JIATAJIbHBI anapar.

M»sta mnpanbl: mnaBblPHHE JGEKTHIYHACII CyMNpaBaKIHHSA  (dacy
ycToiyiBara  CympaBa/DKIHHS)  Ha3eMHBIX  ab'ekTtay y  KapdJsibliiHa-
HKCTPIMATIBHBIX CICTAMAX SIKisl PyXarolllla Ha CKJIaJaHbIM 1 HeaJHApOAHBIM (OHE.

Metaasl faacjiefaBaHH i BBIKAPLICTOYBaHAasi amapaTrypa. MeETaJbl
MaTsMaThluyHAra MaJdJIsiBaHHs 1 ayHaTypHara 3KCIepbIMEHTa.

ATpbIMaHbIA BBIHIKI 1 iX HaBi3HAa: mnOpaBeA3eHbl AHATITHIYHBI aTJIS]
nyOJTiKalbli, MPHICBEYAHBIX BBHIPAIIDHHIO 337a4bl ayTaMaThluHara CynpaBaKdHHS
HA3eMHBIX a0'eKTay ma iX MajlloHKaM, a Takcama aHajli3 MaTdMAThIYHbIX MaadJIsy,
AKisl amiCBaIOIb 3MSHEHHE sIpKacill Y KOXHbIM mikceni. [lazHauanasi mpabiema
pranizalpll ayTaMaTblyHara paKbIMY CYNpPaBaKAHHA, sKas 3BA3aHa 3 Hi3Kai
SAKACII0 BBUIYUDHHS MaJloHKay ab'ekTay, AKis pyxarolma Ha CKJIaJaHbIM
1 HeamHaponHbIM (Qone. Jlmg ayramarbizanbli  IpalpCy  CyMpaBaKIHHS
npanaHyenia KapaisibliiHa-dKCTpIMalibHbl MeTan. dapMipaBaHHE amopHara
MaJIFOHKA Mparna”yernia aXbIIIayIsaib UsIXaM aldHKI sIPKacill ¥ KOXKHBIM IKCeTl
MaJlOHKa  HazlpaHara  a0'ekra. BripabiieHsl CTaThICTHIYHBI CIHT?3
KBa3ialThIMaJbHAra TPHICTACABAHHA  MEXKKaJpaBara BBIMAPIHHS  SPKACII,
praiizaBaHara Ia CXEME MHararifmori?3Hara BbIMSApalbHIKA 3 MSDKKaJpaBaii
naMsLLIO TIN0T33. Y CKJIaJ MHArarinoT33Hara BbIMspalibHIKa YKIIOYaHbl (LIBTPHI
Kanman 0-ra 1 1-ra mapanky a tak cama ¢inetp Cinrap 0-ra mapanky. [lepaxon na
MHararifnoTI3Hara BbIMSAPAIbHIKY aXKBIIISYIsSea I35KYyUbl MoJyMapKaycKan
MajdIIi, TparaHaBaHaW IJisl amicaHHS SPKacCIli MIKCENIy MaFOHKay Ha3eMHBIX
ab'exTay, sAKis pyXarolllla Ha CKJIaJaHbIM 1 HeaJHAPOIHBIM (POHE.

Prkamenaanpli ma BhIKAPbICTAHHI: BBIHIKI MATa3rOJHA BBIKAPHICTOYBAIlb
Ipbl pachparoyisl airapbiTMay ayTamMaThbluHara CynpaBa/pKdHHA ab'ekTay Ha
MaJIOHKax, a TIITaK >ka Npbl BbIKAHAHHI HaBYKOBa-Jacleq4blX 1 JOCJIEIHA-
KaHCTPYKTAPCKIX pabOT Ba YCTaHOBAX, SKis 3aliMAlOIa pacmparoykai i ONThIKa-
JaKalbIMHBIX CICTAM, a TakcaMma IMpbl NAAPBIXTOYIBl 1HXKBIHEpAY ajraBeaHara
npodiito.

Bobaacub ykbIBaHHSI: OapTaBbis OINTHIKA-JAKAIBIMHBIS CICTAMBI IS
pa3BeBANIbHBIX OCCIIJIOTHBIX JISTAIbHBIX anaparay.
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PE3IOME
Hynpux Cepreit BuktopoBuu

AnantuBHoe (POPMHPOBAHME ONIOPHOT0 U300paKeHHUs B YCJIOBHAX
U3MEHAIOLICHCH APKOCTH B KOPPEJIALMOHHO-IKCTPEMAJIbHbIX CUCTEMAaX
CONPOBOKICHUS HA3eMHBIX 00BEKTOB

KiaroueBbie CJI0Ba: KOPPEJALMOHHO-3KCTpEMAIbHAS cucrema
COINPOBOX/ICHUS, ONOPHOE H300pakeHUE, MOJyMApKOBCKash MOJENb SPKOCTH,
¢unbTp KasiMana, MHOTOrMmoTe3Hbld H3MEPUTETh C MEXKAIPOBOW MNaMSTHIO
TUMNoTe3, OCCIUIOTHBIN JIeTaTeNbHBIN anmapar

Heab padoTbi: mnoBbiieHHE 3PPEKTUBHOCTH COMPOBOXKACHUS (BpEeMEHU
YCTOWYMBOIO  CONPOBOXAEHUS) HA3eMHBIX OOBEKTOB B  KOPPEISALMOHHO-
IKCTPEMAIbHBIX CUCTEMAX JIBIKYIMXCS HA CII0KHOM U HEOAHOPOJHOM (POHE.

Metoabsl ucceOBaHUSI W MCHOJb3yeMas anmaparypa. MeTO/bl
MaTEMaTUYECKOI0 MOJIEIMPOBAHUS U NIOJTYHATYPHOI O SKCIIEPUMEHTA.

IlonyyeHHble pe3yjbTaTbl W HX HOBHM3HA: IPOBEJICH aHAIUTUYECKUN
0030p nyONUKanui, TMOCBSIIEHHBIX PEHICHUIO 3aJaud  aBTOMAaTHYECKOTO
COINIPOBOX/ICHNUS HA3€MHBIX OOBEKTOB IO MX HM300paXEHUSMHM, a TAKXKE aHAIU3
MaTEMaTUYECKUX MOJENE, OINUCHIBAIOIINX M3MEHEHUE SIPKOCTH B KaXIOM
nukcene. (OO6o3HaueHa mpobiieMa peaau3aldd  aBTOMATUYECKOTO pexuma
COMPOBOXKJICHUSI, CBSI3aHHAsI C HHU3KUM KAadeCTBOM BBIIENCHUS H300paKeHH
OOBEKTOB, JABWXKYLIMXCS Ha CIOXHOM W HeogHopogHoMm  ¢one. [lns
aBTOMAaTH3allMd IIpOILlEcCa CONPOBOXKIEHUS IMPENaraercsi KOpPpeIsiuOHHO-
AKCTpeMalbHbI MeTo[. POopMUpOBaHUE OMOPHOTO M300paKEHHUS MpEIIaraercs
OCYILECTBISATh IyTeM OIIEHKH SPKOCTH B KaXKIOM MHUKCENEe H300paKeHHs
HaO0JII01aEMOT0 00BeKTA. [IpousBeneH CTAaTUCTUYECKUI CUHTE3
KBa3WONTUMAJIbHOIO  YCTPOMCTBA  MEXKAJPOBOI'O  U3MEpPEHUA  SPKOCTH,
pEAIM30BAaHHOIO II0 CXEME MHOI'OTMIIOTE3HOTO M3MEPUTEN C MEKKAIPOBOU
naMsAThIO TUIOTE3. B cocTaB MHOTOrMMOTE3HOT0 U3MEPUTENS BKIIOYEHBI (PUIIBTPHI
Kanmvana 0-ro u 1-ro mopsiaka u ¢unsTtp Cunrepa 0-ro mopsinka. Ilepexon
K MHOTOTMIIOTE3HOMY HW3MEpPUTENI0 OCYIIECTBJIEH Ojarojapsi MOoJIyMapKOBCKOM
MOJIETIM, MPEMIOKEHHOW JIsi OIMCAaHUSA SIPKOCTH IHKCENIed HW300paKeHUun
Ha3€MHBIX O0BEKTOB, JIBUKYIIUXCS HA CI0KHOM U HEOAHOPOJHOM (hoHe.

PexoMenganmum 1o  MCHOJB30BAHUIO:  PE3YJbTaThl  LIEIECOOOPA3ZHO
UCIIONIb30BAaTh IPH  pa3padOTKE aIrOPUTMOB ABTOMATUYECKOrO COMPOBOXKICHHUS
O0ObEKTOB Ha U300paKEHUSX, TPU BBINIOJHEHUH HAYYHO-MCCIEI0BATENBCKUX
U ONBITHO-KOHCTPYKTOPCKUX PabOT B YUPEXKICHHUAX, 3aHUMAIOLIUXCS pa3pabOTKON
U ONTUKO-JOKAIMOHHBIX CHUCTEM, a TakkKe MNpuh TOATOTOBKE HHKEHEPOB
COOTBETCTBYIOIIETO MPOpUIISL.

O0sacTh mpuMeHeHHUsi: OOPTOBBIC OINTHUKO-JIOKAIMOHHBIE CHCTEMBI IS
pa3BenbIBaTEIbHBIX OCCITMIIOTHBIX JIETATENIbHBIX allapaToB.
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SUMMARY
Tsuprik Sergei Viktorovich

Adaptive formation of a reference image under conditions of varying
brightness in correlation-extreme tracking systems for ground objects

Keywords: correlation-extremal tracking system, reference image, semi-
Markov model of brightness, Kalman filter, Interactive Multiple Model, unmanned
aerial vehicle

Purpose of the work: improving the efficiency of tracking (time of
sustained tracking) of ground objects in correlation-extreme systems moving
against a complex and heterogeneous background

Research methods and equipment used: methods of mathematical
modeling and semi-natural experiment.

The results obtained and their novelty: an analytical review of
publications devoted to solving the problem of automatic tracking of ground
objects by their images, as well as an analysis of mathematical models describing
the brightness change in each pixel, is carried out. The problem of implementing
the automatic tracking mode is identified, associated with the low quality of
highlighting images of objects moving against a complex and heterogeneous
background. A correlation-extreme method is proposed to automate the
maintenance process. It is proposed to form a reference image by estimating the
brightness in each pixel of the image of the observed object. A statistical synthesis
of a quasi-optimal device for inter-frame brightness measurement, implemented
according to the scheme of a multi-hypothesis meter with inter-frame hypothesis
memory, has been performed. The multihypothesis meter includes Kalman filters
of the Oth and 1st order and Singer filter of the Oth order. The transition to a multi-
hypothesis meter was carried out thanks to the semi-Markov model proposed to
describe the pixel brightness of images of ground objects moving against
a complex and heterogeneous background.

Recommendations for use: The results should be used in the development
of algorithms for automatic tracking of objects in images, as well as in the
implementation of research and development work in institutions involved in the
development and optical-location systems, as well as in the training of engineers of
the corresponding profile.

Scope: onboard optical location systems for reconnaissance unmanned aerial
vehicles.
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