Tpyast MAU. Beimyck Ne 115 http://trudymai.ru/

YK 531.56 DOI: 10.34759/trd-2020-115-17
MeToauKka OLEHKH TOYHOCTH OIpeJeIeHus NapaMeTpPoB ABHKEeHUA

BO3IlyIHHOﬁ HEJIU B YCJIOBUSIX CKPBITHOI'O Haﬁ.]'IIO)_ICHI/Iﬂ 3a HeH

3akora A.A.*, E¢panoB B.B.**, 'ynbknna A.C.***
Boennwtii yuebno-nayunwiii yenmp Boenno-6030yuinvix cun « Boenno-6030ywnas
akademusi umenu npogeccopa H.E. Kyxoeckozo u IO.A. ['acapunay, yn. Cmapuwix
bonvwesuxos, 54a, Boponeoic, 394064, Poccus

*e-mail: 500vvs@rambler.ru

**a-mail: efanovs5@mail.ru

***a-mail: volan100@mail.ru

Cmamusa nocmynuna 23.11.2020

AHHOTALUA

CKpBITHOCTh PabOTHl TTACCUBHBIX JIOKAIIMOHHBIX CTAHIMH 00ECTICUMBAET BBICOKYIO
BBDKMBAEMOCTh B OOCBBIX YCIOBHUSX HM3-3a 3aTPyJAHEHHUS MX OOHAPYKECHHUS U CO3JaHHS
noMex. OAHAKO B OTJIMYME OT AKTUBHOW JIOKAIIMU MACCHUBHAs HE TO3BOJISIET MOJYYHUTH
JATBHOCTH 10 00BbEKTa MO JAHHBIM IIPHUEMa CUTHAJIOB TOJIBKO OJHOU cTaHIuu. Pazpaboran
croco0 ompeseneHus mapaMeTpoB ABMIKSHHUS BO3JYITHON 1€ B PEKUME CKPBITHOTO €€
HAOMIOJEHWST Ha OCHOBE MAaHEBPHUPOBAHHS HCTPEOUTENA-TICPEXBATIMKA, aAJITOPUTMBI
ONPEJICIICHUS TTAPAMETPOB ABM>KECHUS L€ IPU PA3TTUYHBIX TUMOTE3aX WX JIBUKCHUA.

[IpoBeneHna OIEHKA TOYHOCTHBIX XapAKTEPUCTHUK AJITOPUTMOB  OMNPEACICHUSA
MapaMeTpoOB  JIBMJKCHUSI LEJIEH HAa  OCHOBE  MOJICJIMPOBAHUS W MNPOBEACHUS

AKCHEPUMEHTATIBbHBIX pa0oT.
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KuaroueBble cioBa: cnoco0 omnpeneraeHus NapaMeTpoB JBHKEHUS BO3AYLIHOM IIEJH,

AJITOPHUTMBI OIMPCACIICHHA ITapaMCTPOB JABUIKCHHA ueneﬁ, TOYHOCTHBIC XapPAKTCPHUCTUKU.

Beenenue

B Hactosiiiee Bpemsi NMpu NPUMEHEHHM AaBUAIIMOHHOW TPYNIUPOBKH B DIIEIOH
MO/IaBJICHUS MPOTUBOBO3AYIIHONW 000poHbI (ITBO) B 00s13aTeIbHOM MOPSIKE BKIFOYAIOTCS
caMoJIeThl, 000pPYIOBaHHbIE CIEIMATBHON anmnapaTypoi paanodJIeKTpOHHON 00pbObI, UTO
MO3BOJISIET 3HAYUTEILHO CHU3UTh, @ MHOT/Ia CBECTH K HYIIO d(pdekTuBHOCTH cpeacts [IBO
[1-5]. st ycTpaHeHus BAUSHUS CPEACTB PAIH03ICKTPOHHOM 00pb0bI (PDB) Ha HEKOTOPBIX
caMoJIeTaX-UCTPEOUTENIIX YETBEPTOrO0 MOKOJCHHUS TMPEIYyCMOTPEH alTOPUTM JCHCTBUS
PUIETFHO-HABUTAIIMOHHOTO KOMIUICKCA B cliydae yTepu HWH(OpMalnuu O JaJIbHOCTH U
CKOPOCTH IIeJIH, TMOJIydaeMOW 1Mo akTUBHOMY KaHany [6]. Tak, B cucteme BOOpYKCHHS
UCTpeOuTENIsI-NIepeXBaTYNKa YETBEPTOr'0 MOKOJICHUS IJisi obecrneueHrs paboThl CHUCTEMBI
yIpaBIEHUs BOOPYKEHHEM B CJIOKHOW MOMEXOBON OOCTaHOBKE, KOTJa HCIIOJIb30BAHUE
BPJIC craHOBUTCS 3aTpyJHHUTEIBHBIM, a HWHOTAA U HEBO3MOXKHBIM, MPEIYCMOTPEHO
OIpe/ie/ICHUe AAJbHOCTH M CKOPOCTH IIEJIM C HMCIOJb30BaHUEM TeIionenenraropa [7-8].
IIpy 3TOM wuCHONB3yeTCs TaKk HA3bIBAEMBIA KHHEMAaTHYECKHM METOJ ONpPEACICHUs
nanmeHoctn (KMOJI) [9-11]. OmHako emy TpHCYII psii HEJOCTATKOB, OCHOBHBIMH W3
KOTOPBIX SIBJISIFOTCS:

- OOoJbIIMEe METOMWYECKHE OIMMOKA B OIPEACIICHUHA MalbHOCTH W CKOPOCTH

CONIMKEHUST UCTPEOUTENS C TENbBIO;
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- nepepacxoj; OOEKOMIUIEKTa M3-32 HEOOXOIUMOCTH IyCKa PAKET IO BO3IYLIHOM
LM, KOTopas, Kak MpeAroaraeTcs, MOKeT HaXOJAUThCA Ha OJHOM M3 JIBYX OMOPHBIX
BBICOT, IIPH 3TOM PEKOMEHAYETCS MPOU3BOAUTH MYCK JIBYX HJIA YETBIPEX PAKET.

Crnoco0 onpenesieHnsi NapaMeTPOB JABUKEHUSI BO3XYIIHbIX HeJieid B YCJI0BHAX
CKPBITHOT0 HA0II0/IeHUs] 32 HUMU

CyTb MeTO/1a 3aKTF0YACTCS B KOCBEHHOM OTIPE/ICIICHUH MTapaMeTPOB ABUKCHUS TEITH
Ha OCHOBE OCYIICCTBICHUS JIUCKPETHBIX 3aCeUCK IICJIM 4Yepe3 pPaBHBIC IPOMEKYTKH
BPEMEHU B MPOIECCE CONMKCHUS JIETATEIBHBIX allllapaToB, BBIICPKUBAHUHU CKOPOCTH
COJIMDKEHUST TIPU OCYIICCTBIICHHH MEPBBIX JIBYX 3aC€UCK, U3BMCHCHH U CKOPOCTH COJIMKEHUS
IpH TPEThEH 3aCCYKH, ONPEJCICHUU 0a30BBIX PACCTOSHUU IPOJICTAEMBIX JICTATCIbHBIM
ammapaToM MEXIy YIJIOBBIMHU 3aC€UKaMH, OTPE/ICICHUN NapaMeTPOB JIBYIKCHUS IICIU Ha
OCHOBE TIOJYYCHHBIX 3aBUCUMOCTEH TPH THUIOTE3€ ABMKCHHUS IETH C IOCTOSHHOM
CKOPOCTBIO, C YCKOPEHHEM, IO KPWUBOJIMHEHHOW TpPaeKTOPHH, OINpPEACICHUH MOMEHTa
BBIJJAYM KOMAaHJbl Ha pa3pelieHHe TPUMEHEHHS OpYXHUS B YCIOBHAX CKPBITHOTO
HaOIOZICHNSI 32 IEbI0 Ha OCHOBE CpPaBHEHUS MapaMeTpPOB CONFKEHUS JIETATEIBHOTO
ammapara ¢ IeJblo ¢ 3aJaHHBIMU 3HAUYCHUSMHU 30H BO3MOXHBIX ITYCKOB Pa3IMYHBIX BHJIOB
opyxkust [12-13]. IIpu 5TOM 0COOEHHOCTD IBMKEHUS LIEIH OMPEAEIIACTCS Ha OCHOBE aHAIN3a
VIJOBBIX TIOJOXKEHUW MENW C 3aJaHHBIMH 3HAYEHUSMHU B JUCKPETHBIE BPEMEHHBIC
uHTepBaIbI [14-17].

MeToauka OLeHKH TOYHOCTH ONpeie/IeHUsl MapaMeTPOB IBUKECHUS
BO3JYLIHON 1[eJIM B YCJIOBHAX CKPBITHOTO HAOJIIOAeHUS 32 Hel

Mertoauka oCHOBaHa Ha MO3TAIHOM OMNPEIEIICHUH OLEHOK MapaMeTpOB TPACKTOPUU

Bo3aymHOM nenu (BL]) u crennanbHON opraHu3anuu mnpoiecca u3MepeHuid. Pe3ynbraTel
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W3MEpEeHHI B TeueHue oTpe3ka BpeMeHu AT oTpabaThIBAIOTCS, ONPEICISIIOTCS apaMeTPhl
npkeHus BlLl, oneHuBaeTcs HX MOTPEIIHOCTb, MPU HEJONMYCTUMOM BEJIUYHUHE

HOrpenrHoCTr oOpadarteiBaeTcs cienytomas rpymmna N, u3smepenuii 3a nepuosa BpeMmenu A7

U T.J. 10 JOCTH>KEHUSI TpeOyeMoil TOUHOCTH ompenesieHus ansHoctu BI .

YkpyrnHeHHas QyHKIIMOHATbHAS CXeMa METOIMKH JJaHa Ha pucyHke 1.

[ HAYAID ]
i
WMMTALIHA ABHIEHWA BY,
-~
I HAMHUTAIMHA MPOIECCA WIMEPEHHA I
ONPEFIEHME ¥ TA0BOH CROPOCTH JTHHHAH
BHIHPOBRAHWH IIETH
OINEARKA SHAMEHHA YTAOBRBOND KOMDHIITHEATA K
TPAEKTOPHM JIRWHEENAA 11O
YTOUHEHHE ONMPEJLETERHONG K 00 @i AHCTTERCHERA
FOPHIOHTAABHON AL IBHOCTH
I ONMPEJEAEHHE ONEHOK NMAPAMETPOR [IRHAEHHH TETH I

I OIMEARKA TAAMACGCTH HETH A MOTFEINHOCTA EE H3MEPERRA I

COMDCTARTEHNHE
AJAHEOA H PACYETHOA NOrMPEIMABOCTE
CHIPEJTEAEAHA JANBHOCTH
LLETH

[ KOHEIL ]

Pucynok 1 — CTpyKTypHO-JIOTUYECKasI CXeMa METOJUKH OIEHUBAHUSI TOYHOCTH
oTpeieNICHHs] TapaMeTPOB JIBMKEHHUS BO3YIITHOW MM MPU CKPHITHOM HAOJIIOICHUU
3a Her
Metonuka oOecrieunBaeT wumuTanuioo aBwxkeHuss BIl — pacder maccuBoB eé

xoopauHat Xyi» Yyir! =4 N, ; umuramio npouecca n3ameperuit — pacuer MaccHBOB TOUHBIX

U COIepXalluX CIIydaifHble MOTPEIIHOCTH 3HaueHuil yrnos menenra .., [, i=LN,;

MPEIBAPUTEIBHOE CIJIAKMBAHUE W3MEPEHUN U OINPENEIICHUE YTIIOBOM CKOPOCTH JIMHUH

BHU3UPOBAHHUA BH, 4TO IIO3BOJIACT HpI/I6J'II/I)KCHHO OoIpCACINTb AHAIla30H BO3MOKHBIX


http://trudymai.ru/

Tpyast MAU. Beimyck Ne 115 http://trudymai.ru/

snauennit K ; unentudukanuio mapameTpoB aABmkeHus Bl npu paznuunbix 3HadeHnsx K
B BBIBJICHHOM JHMAalla30HE W BBIOOP BEIMYHMHBI OICHKH K M0 MUHHMyMY JHUCHEPCUH

HEaJEeKBAaTHOCTU BBIYMCICHHBIX 3HAYEHUN TOPU3OHTAIBHON panpHOCcTH BI[ X ;

ompejeneHue napameTpoB ABvxkeHus ganbHOCcTH BO D mpu BeiOpannom K ; onenky
«IOTPEUTHOCTH» W3MEPeHUs: JaibHOCTH D 1o pa3dpocy pacy€THBIX 3HAYCHUH TpH
pPa3INYHOM KOJIMYECTBE M3MEPEHMI yrja IEJEHra; MOBTOPEHUE LMKJIA BBIYUCICHUN C

yBenndeHrueM Ha N, YHCIIOM HM3MEpeHHH B Ciydae MpEBBILIEHUS pa3dpoca OLEHOK

nanpHOCTH D 3amanHOrO0 3HaueHMs norpenrHocTu e€ onpeeneHus [18].
WcxomHBIMH TAHHBIMH TIPU TIPOBEJICHUHM PACUCTOB SIBJISFOTCS MapaMeTpbl TPACKTOPUH

nswkenus BIl X, Y,, K,V ; BennynHa yCcKOpeHHs HOCHUTENS A ; MHTEPBAJbl BDEMEHH MEKIY
m3MmepeHusiMH At ; unciio usmepenuii B rpynmne N, ; cyMMapHO€ NpeaesbHOE YUCIIO0 U3MEPEHHUH
N , CKO pe3ynbraTtoB usmepenuii nenenra Bl o 5

3ajaya pemaercs Mpu AOMYIIEHUAX W YIPOIICHUSX, TMPHUHATBHIX TpU pa3paboTke

QITOPUTMA CIVIAKUBAHUS PE3YyJIbTaTOB BU3MPOBAaHWS mnoaswkHoro BIl, ¢ oguum muib

pasureM — IBIKSHHE HOCUTEITA MojlaraeTesl paBHOyckopeHHbM (@ > 0) [19].
[Ipu TecTupoBaHuM OBUIO MPHUHSATO, YTO MHTEPBAJ BPEMEHH MEXIAY MU3MEPEHUSMU
At=0.5¢,a0, =0.52pad. Pe3ynbTaThl CriakuBaHuUs MOKA3IIHU, YTO:
-  MHK npumeHnM B JaHHOM ciydae;
- 3HaueHus [, MOJyYeHHbIE B pe3yjbTaTe allpOKCUMAlUH, cabo 3aBUCAT OT
BbIOOpa BeIW4uHBI yrioBoro koddgdunuenta K Ttpaekropun BIl (pucyHok 2), rae

npuBeens 3apucumoctd (1) npu BapsrpoBanuu K oT -4 10 +4 ¥ UCTHHHAS 3aBUCHMOCTD
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Bn ()

- IpU palMOHaJIBHOM BbIOOpe BenmuuumHbl K (B COOTBETCTBUH C yKa3aHHOM
IPOIETYPOi) PAaCXOKAEHHs —aIlpoKCHMaIonHoi 3aBucumoctd  [B(t)m  ucTuHHOM
3aBUCHMOCTH HE3HAYUTEILHEI (PUCYHOK 3);

- MOTPEUIHOCTH ammnpokcuMauuu Af Ha TOPAIOK MEHbIIE MOTPEIIHOCTEN

usMepeHus Af;, (pucyHok 4).

; Yi=5000m, Xy=20000m, V=500m/c
prepac
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Pucynok 2 — Buy 3aBucumocreit f(t) npu Bapsuposanuu K ot -4 10 +4 u

MCTUHHAS 3aBucuMocTh £, (1)
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Prucynok 3 — By pacxoxaeHni anmpokcuMaIimonHoi 3asucumoct S(t) u

WCTUHHOMN 3aBUCHUMOCTHU
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Pucynok 4 — Bus oTHOIIEHUH TOTPEIIHOCTH alllIPOKCUMAIUU A f OTHOCUTEIBHO
HOTPEIIHOCTEN U3MepeHus Af,

Crnenyer OTMETHTb, YTO HHU3KUN YpPOBEHb MOTPEIIHOCTEN MpH CrIaXKUBaHHUU

JIOCTUTAETCSl TPU CYIIECTBEHHBIX BapHaUAX Kod(DPUIUEHTOB anmpoKCUMAaIMOHHON

3aBUCUMOCTH, OOYCIOBJICHHBIX pa3MYMsIMU B pealHu3alusix Mpollecca HU3MEpPeHus,
HETOYHOCTAMU ompeneiacHus kodpduiuenta K u T.1. DTOT (PakT CBHIETEIBCTBYET O
HEBO3MOXXHOCTH HETIOCPEJCTBEHHOTO HCITONB30BAHUS MPEICTABICHHOTO QJITOPUTMA IS
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OLICHUBAHWs IapaMeTpoB TpaekTopuu BIl, HECMOTpPs HA €r0 HECOMHEHHYIO IPUMEHUMOCTh
npu QUIBTpAIUU pe3yIbTaToB uaMepenuii [20].

Pe3ynbpTaThl TECTHMpOBaHHS METOJIMKH IMpeacTaBlieHbl Huxke. Ha pucynke 5
MIPUBEJICHBl PE3yJNbTaThl & peanu3aluii ONpeaeNeHUus JaJbHOCTH NPU INPOBEICHUHU
U3MEpeHu yria Bu3upoBaHUA BIl[ ¢ IOrpemHOCTBIO, XapaKTEpU3yeMOW BEIUYMHOU

30, =9" rpymnamu 1o 10 3amepos. Ckopocth cOnvkenus ¢ BI[ B MOMEHT BpemeHH

cocrasnster t=0, V = 200 m/c, yckopenue a=>5.m/c’, WHTEPBAT BPEMEHU MENKILY
samepamu  At=0.1Cc. Ha pucyHke 6 mNpHUBEICHbI AaHAJIOTHYHBIC [AHHBIC MPH
JOTIOJIHUTEIBHOM ~ CTJIQKMBAHWHM, HAKOIUIEHHBIE K KaKIOMY MOMEHTY BpEMEHH

COBOKYITHOCTH ompesenenus aanbHocTtu ¢ uarepBaioM 1 ¢ (N, =10; At=0.1c;AT =1c¢).
[TorpemHocT &, OLEHOK AANBHOCTH 3TUX CEpUH U3MEPEHUIl INpe/CTaBIECHbl Ha
pUCYHKaX 5, 6.

R, kM
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Pucynok 5 — Pe3ynpratsl peanusannii onpeaeacHus JaJbHOCTH
IIpU IPOBEACHUU U3MEPEHUN yriia Bu3nupoBanusi BO ¢ morpemHocTeo, XapakTepu3yeMon
BeM4MHOM 30, =9’
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PucyHok 6 — Pe3ynbraTsl peanu3amnuil onpenesieHus JalbHOCTH

IIpU JOMOJHHUTCIbHOM CriIa)KMBaHUH
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Pucynok 7 — [lorpemHocTy OEHOK TallbHOCTH U3MEPEHUN NTPU TPOBEICHUH
n3MepeHuil yria BuznpoBanus BO ¢ morpenHocTsro, XapakTepru3yemMoil BETUIMHON
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Pucynok 8 — [orpeniHocTu OLeHOK TaIbHOCTH MU3MEPEHUH ITPU
JIOTIOJTHUTEIIBHOM CIJIaKUBaHUU
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BunHo, 4to mo Mepe yBeIMYEHUS YHUCIa U3MEPEHUN MOTPEIIHOCTh OMpeneseHuUs
JATbHOCTH NANAaeT W JOCTUraeT BeauduHbl OKoyio 10% mpum HMCXOIHOM CTPYKTYpE
anroputMa u Menee 10% npu TONOJHUTEIBLHOM CTaXKHUBaHUU HAKOTUIEHHBIX UTOTOBBIX Ha
KOKIYI0 CEKyHIy Mpoliecca uMepeHuil. CHM)KEHHE MOTPEIIHOCTH H3MEpPEeHui yria

BusupoBanus BIl 1o Benwumubl mopsaka 60, =9' NpUBOIMT K HE3HAYMTEIBHOMY

MOBBIMICHUIO TOYHOCTH OIIEHKH JaJbHOCTH, 4TO WIoCcTpupyrotr pucynke 9, 10. Ilpu
UCIIOJIb30BAHUM  JIOMIOJIHUTEJIBHOTO CTJIaQXXUBAaHHUSI UTOTOBBIX Ha KaXKAYH CEKYHIY
pe3ynbTaToB (PUCYHOK 8) &, =~ 7%.

Haubonee cuibHOE BIMSIHUE HAa PE3YNbTATHI ONPEACICHUs TadbHOCTA OKA3bIBAIOT:
BEJIMYMHA YCKOPEHUS HOCHUTENS & M MHTEPBaJ BPEMEHU MEXIy u3MepeHusmu At (wim
KosmdecTBO u3Mepenuit N) — pucynok 11, pucynoxk 12.

[To maHHBIM 3aBUCUMOCTIM &g(a) M £;(At) MOXHO ONpEAETUTh palOHATbHBIC

npenensl 3HaueHuii aun At.

Pesynbprarel OTpa®OTKM W HCCIENOBaHHUS 0a30BOIO aNTrOpUTMa OICHHBAHHS
JANbHOCTU TOABIKHOTO BO CBUIETENBCTBYIOT O MOBBIIIEHHOM €r0 YyBCTBUTEIBHOCTH K
TOYHOCTH U 00BEMY UCTIONB3yeMol nHpopMmaluu. Ou3nueckor MPUINHOMN 3Toro 3 dexra

CICAYCT CUUTATh OTHOCHUTCIIBHO MaJIbI pPasMCp CHUHTC3UPYCMOT'O MaC]_HTa6H0rO JIMHEUHOTO
T 2

WHTEpBaIA 7Sl JATBHOCTH («IaJIbHOMEPHON 0a3bl»), UMEIOIIEr0 BEIUYUHY TOPSIKaA —

rae | — BpeMst u3MEpEHUsL.
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Pucynok 9 — [lorpeniHocTH OIIEHOK JAJIbHOCTH U3MEPEHUH TIPH
MPOBEICHUH MU3MEPCHHI yTiia Bu3upoBanus BO ¢ MOTpentHoCThI0, XapaKTeprU3yeMOi
BEJIMUYMHOM 60'ﬁ =9’
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Pucynox 10 — IlorpemrHoCcTH OLIEHOK JaJbHOCTH U3MEPEHUM TIPH C MOTPEITHOCTHIO
M3MEPEHHUS YIIIa, XapaKTepU3yeMOo BENMIUHON 60, =9' U I0MONTHUTETbHBIM

CTJIa>KNBAHUEM
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Pucynok 11 — 3aBUCHMOCTb pe3yJIbTATOB ONpPEAETICHUS 1aIbHOCTH
OT BEJINYUHBI YCKOPEHUSI HOCUTEIIA

11


http://trudymai.ru/

Tpyast MAU. Beimyck Ne 115 http://trudymai.ru/

e,%

30 a=5m/c”

L =1 2c

25

20

15

10

5

0

o 0.05 0.1 0.15 Ate

Pucynok 12 — 3aBUCHMOCTbH pe3yJIbTaTOB ONpeeTeHUs TaIbHOCTH
OT UHTEpBaja BPEMEHU MEXTYy U3MEPEHUIMU
C 1enbio MPOBEPKU COCTOSITENBHOCTU MPEIONIOKEHUST & = CONSt ObUIM MPOBEEHBI
npeABapUTEILHBIC  HCCIICIOBAaHUS, B  XOJ€ KOTOPBIX IIyTEM MaTEeMaTHYE€CKOIO
MOJICIMPOBAHMS TI0JIETa HOCUTEJISA, ONIPEACISUTUCH TapaMeTPhl €T0 M0JIeTa MPU BKIIOYCHUH
dopcaxa. Pe3ynbTaThl YMCIEHHBIX SKCIIEPUMEHTOB MPUBEICHBI Ha pucyHKax 13-15 B Buae

3aBUcUMOCTe yckopenus a(t) mnpu BKIOYEHUH TMOJIHOro (opcaka HOCUTENIEM C

BHeIHUMU noaseckamMu 4x P —73+6x P —27 na BoicoTax nonera H = 2000 m, H = 4000
M, H = 6000 m. Ha pucynkax 16-18 mnpuBeseHbl aHaJOTHUYHBIE 3aBUCHUMOCTH TIPH

OTCYTCTBHH BHCIIHHX ITOJABCCOK.

a,
we

Pucynok 13 — Bux 3aBucuMocTelt yCKOpeHHUs MPY BKIIFOYCHUH TTOJTHOTO opcaxka
HOCHTEJIEM C BHEIIHUMHU IOJIBECKaMU Ha BbIcoTax nojera H = 2000 m
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Pucynok 14 — Buj 3aBucuMocTell yCKOPEHHMs PU BKJIFOYEHHUH MTOJIHOTO (opcaxa
HOCHUTEJIEM C BHEIITHUMHM MOJBECKaMHU Ha BbIcoTax monera H = 4000 m

0,
M

)

0
Pucynok 15 — Bua 3aBucUMOCTEN YCKOPEHUS PU BKIFOYEHUU

MOJIHOTO (hopcarka HOCUTEJIEM C BHEITHUMHM TI0JIBECKAMHU
Ha BbIcoTax mnoJjieta H = 6000 m

¢ 0 5 g
Pucynoxk 16 — Bua 3aBucumocTeld yCKOPEHHUS TPU BKIIOUYEHUN
NOJTHOTO (hopcaka HOCUTENIeM 0€3 BHEIITHUX TOJIBECOK
BbIcoTa nosieta H = 2000 m
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0 - i " .

Pucynok 17 — Bun 3aBucuMocTell yCKOpEHUS MPU BKIFOYEHUN
noJIHOTO (hopcaka HocUTeNleM 0€3 BHEIIHUX 0JIBECOK
Ha BbIcoTax nouera H = 4000 m

R T AL AT e
Pucynok 18 — Buj 3aBucuMocTeil yCKOpEeHUs PU BKIIOYEHUH
MOJIHOTO (hopcaka HOCUTeNIeM 0€3 BHEIIHUX T0JIBECOK

Ha BbIcoTax noJieta H = 6000 m

N3 stux JaHHBIX BHJIHO, YTO B CHIIY 3HAYUTEIILHOM TATOBOOPYIKCHHOCTH HOCHUTCIIA

BO3MOYKHO MOJJIEpKaHNe TIOCTOSHHOIO yCKOpeHus a~4-+8m/ ¢ B TeueHHe J0CTATOUHO

MIPOJOJIKUTENBHOIO TIEPUOJA BPEMEHH.

C OCIBbIO BBISABJICHHA 0COOCHHOCTEM Iponccca ouCHNBaHuA JAaJIbHOCTH ITOJABHIKHOI'O

BO npu nHbOpMAIIMOHHOM OOMEHE IMaphl CaMOJICTOB M3JI0’KCHHBIM BBIIIC aJITOPUTM OBLIT

MOAU(PUITUPOBAH COOTBETCTBYIOIINM 00Pa30M M MPOTECTUPOBAH B TE€X K€ YCIOBHIX, YTO U

UCXOAHBbIM. IlOrpemHOCTh W3MEpPEHUs XAPAKTEPU30BAIACH «IPEACIBHON» BEIUYUHON

30, =9"; untepBan Mmexay usmepenusmu At=0.1C; paccrosHue mo (GpoHTY MEKIY

CaMOJIETAMHA-HOCUTENISIMU (JICTAIIMMU TAPaUICIEHO C MOCTOSTHHOM ckopocThio V = 200

14


http://trudymai.ru/

Tpyast MAU. Beimyck Ne 115 http://trudymai.ru/

m/c) AY = 6000 »m . Ha pucynke 19 npuBeeHbl 3HaYCHHUS HCTUHHON Rycm M OLIEHEHHON Rypsy
nansHOCTEN 10 BII B ipouiecce usmepeHui.
BugHo, 4ro B maHHOM ciyyae nanbHOCTH A0 BILI ompenensiercs ¢ BBICOKOU

TOYHOCTHIO. BennunHbl OTHOCUTEIILHOM IIOTPCINHOCTH &L OIPCACIICHUA NaJIbBHOCTH B

3aBUCUMOCTH OT YMCJia U3MEPEHUN MpeAcTaBieHbl Ha pucyHke 20.

R.m
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Pucynoxk 19 — 3HaueHust MICTUHHOM 1 OLIECHEHHOW TaJIbHOCTEN
1o BLI B ipouiecce nuamepeHuu
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Pucynoxk 20 — BetmurHbI OTHOCUTENIBHOM MTOTPEITHOCTH OIPEICIICHUS
JAJIbHOCTH B 3aBUCUMOCTH OT YHCJIA U3MEPEHUM
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W3 »TUX MaHHBIX ClEAyeT, YTO MaKCUMallbHas MOTPEUIHOCTh u3MepeHust okoio 1%, a
yepes3 2 CeKyH/bl N3MEPEHUIN CHUYKAETCS 10 BEMUYrHBI opsaka 0.5%.

ToYHOCTH B ONIPEAEIICHUN JAIbHOCTH U CKopocTh BLI Bo3pacTaer, eciiv yBeIu4UBaTh
yuciio 3aceyek. Ho 3ToT crnocol TpedyeT 3HaUNTENbHOTO yBEIHUEeHUs BpeMeHu 10 20 + 25
C Ha omepanuio pemeHus 3agaur. OgHAKO B HACTOSIIEE BpeMsl MOSBUINCH MACCHUBHBIC
JTATYMKU, KOTOPBIE MOTYT U3MEPSTH yrioBbie KoopauHaTel BO ¢ nHTepBasioM BpemeHu ~1 -
102...0,5 -102c. C yueToM 3TOro MOSBISAETCS BO3MOKHOCTH U3MEPATH MCKOMBIE JaHHBIE
(Yriel) MHOTOKPATHO, UCIIOJIB3YS «ITYHYOK» 3aMEPOB MPU U3MEPEHUU YTIIOB.

BbIBOABI

Bunno, 4To 1Mo Mepe yBEeNWUCHMsI YUCJa U3MEPEHUHN IMOTPEIIHOCTh OIMpe/IeeHUs
JTATBbHOCTH TAJaeT W JOCTUTAeT BeIWYUHBI okoyio 10% mpu HMCXOAHOM CTPYKType
anroputrma u MeHee 10% npu JOMOJIHUTEIFHOM CTJIAXKMBAHUM HAKOTIJIEHHBIX UTOTOBBIX Ha
KOKAYI0 CEKYHY ITPOIECCa U3MEPEHUM.
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TOYHOCTh OINPEACIICHUS NaJIbHOCTH CYIIECTBEHHOE BIIMSHUE OKAa3bIBAIOT BEJIUYMHBI
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Abstract

The object of the study is the system for parameters determining of aerial target
motion under conditions of covert surveillance.

The subject of the study is a technique for accuracy evaluation of indirect target
motion characterization system.

The objective of the study consists in accuracy improving of aerial vehicle motion
characterization based on recommendations elaboration for creating conditions to perform
measuring process and measurement data processing.

In the process of this work execution analysis of existing approaches to target motion
characterization was performed. It revealed that advantage of pseudo-triangulation
technique lies in nonlinear equations reduction to algebraic system of equations. However,
under certain conditions it does not ensure target motion parameters determining. The
approach eliminating this drawback through introduction of the closing-in with aerial target

law is proposed.
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This technique ensures aerial target motion simulation, namely computing its
coordinates arrays; measuring process simulation, i.e. computation of arrays of precise and
containing accidental errors of locating angles values. Besides, this technique ensures
preliminary measurement smoothing and angular velocity evaluation of aerial target
sightline. It allows:

- Define approximately potential value range for approximation dependence
coefficients;

- Perform parameter identification of aerial target motion at various approximation
dependence coefficient values within the established range;

- Select approximation dependence coefficient estimation value by minimum
variance of inadequacy in calculated values of aerial target horizontal range;

- Characterize aerial target range motion with selected approximation dependence
coefficient; measurement error assessment by spread in calculated values at different
number of bearing measurements;

- Computation cycle repetition with increase in number of measurements in the case
of exceeding spread in range estimations of its preset error value.

While computation performing the initial data is aerial target motion trajectory
characteristics; the carrier acceleration value; the number of grouped measurements; total limit
number of measurements, root-mean-square deviation in aerial target bearing measurement
results.

To check capabilities of the said algorithm a series of numerical experiments was

performed.
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It was assumed while testing that the time interval between measurements wass

At=0.5c, ando, =0.5°. Results smoothing revealed the following:

- with rational choice of approximation coefficient value (in accordance with
the specified procedure), discrepancy between approximation and real dependences
was insignificant;

- approximation errors were by an order lower than the measurement errors.

It should be noted that the low error level while smoothing aws achieved at essential
variances of approximation dependence coefficients caused by differences in measurement
process implementations.

With the intent of justifiability check of the supposition on keeping the closing-in
velocity constant, preliminary studies were being performed, during which parameters of
the carrier flight were being determined by its flight simulation at the afterburning turning-
on. This data shows that owing to the carrier considerable thrust-to-weight ratio, constant
acceleration maintaining of a = 4-8 m/s? within quite a prolonged period of time is possible.

The technique testing results revealed that with the measurements number increase
the range determining error fell and achieved the value of about 10% with the initial
structure of the algorithm, and less than 10% at extra smoothing of the stored total data per
each second of the measurement process.

The strongest impact on the results of the range determining is imposed by the carrier
acceleration value and the interval between measurements.

The results of refinement and studies of epy fundamental algorithm for estimation of

aerial moving target range are indicative of its high sensitivity to accuracy and amount of
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information being used. The relatively small size of the synthesized range linear interval
(“range-finding baseline) should be considered as physical reason of this effect.

The aerial target range and velocity estimation accuracy increases with adding to the
number of notches. However, this technique requires significant time increase up to 20-25
sec per problem solution operation. Nevertheless, at present the passive sensors appeared,
which are capable of measuring angular coordinates of aerial target with the time interval of
t~1-10-2..0.5-10-2sec.

With account for this, it is possible to perform multiple measurements of the desired
data (angles) using “cluster” of indications when measuring angles of discrete angles.

Based on these results recommendations for creating conditions to perform
measurement process and measured data processing were worked out. The proposed
technique was employed for developing the method for air ordnance delivery in the

environment of covert target observation.

Keywords: aerial target movement parameters determining technique, , algorithms for

determining target movement parameters, accuracy characteristics.
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