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AHHOTALIUA

CKpBITHOCTh Pa0OTHI MACCUBHBIX JIOKAIIMOHHBIX CTAHIIUNA O0ECIEeYMBAET BHICOKYIO
BBIKMBAEMOCTh B OOEBBIX YCJIOBHUSX W3-3a 3aTPYAHEHHUS MX OOHAPYXKEHUS M CO3JaHUS
noMex. OJHAaKO B OTJIMYME OT AKTUBHOM JIOKAIMM MACCUBHAs HE IMO3BOJSAET IMOJIYyYUTh
JATBLHOCTH JI0 0OBEKTA IO JaHHBIM ITPHUEeMa CUTHAJIOB TOJBKO OJHOM cTaHlMK. Pa3paboTan
CIIoco0 ompeieNieHrs] TapaMeTPOB JBMKCHHUS BO3AYIIHOW IEIM B PEKUME CKPBITHOTO €¢
HaOJIO/ICHUSI Ha OCHOBE MAaHEBPUPOBAHUS UCTPEOUTENS-IEpEXBATUMKA, aJTOPUTMBbI
ONPENECITICHNS MapaMeTPOB ABHXKEHUS LEJIEW MPU PA3JIMYHBIX TMIOTE3aX WX JIBUKCHUS.
IIpoBenaeHa OLEHKA TOYHOCTHBIX XApPAKTEPUCTHUK AJTOPUTMOB OIPEIECIICHUS MTapaMETPOB

JABHKCHU S ueneﬁ Ha OCHOBC MOACIIMPOBAHUA U IIPOBCACHHUA SKCIICPUMCHTAJIBHBIX pa60T.
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KiroueBble cioBa: croco0 ompeaesieHus MapaMeTpoOB JBHKCHHS BO3AYIIHOW IIENH,
ANITOPUTMBI OTIPE/ICTICHUS TTAPAMETPOB ABUKEHUS 11€JI€H, TOUHOCTHBIE XapaKTEPUCTUKH.
Cocrosinus Bompoca

I[Ton maccuBHOW JOKamued TMOApa3yMeBaeTCs HIACHTU(DUKAIUS OOBEKTOB,
OCHOBaHHasi TJIABHBIM O0O0pa3oM Ha TMpHUEME HUX COOCTBEHHOTO WM OTPaKEHHOTO
U3IyYeHUs] TPU OTCYTCTBHHM H3JIYYCHHUS 3O0HIUPYIONIETO CHTHamIa. JTO TOBBIIIACT
CKPBITHOCTh Pa0OThI MACCUBHBIX JIOKAIIMOHHBIX CTAHIIWN, CYIIECTBEHHO 3aTPYAHSECT HX
oOHapyXeHHEe M CO3JAaHHe ToMeX. VICTOYHMKAaMU H3ITydeHHUs BO3AYIIHO-KOCMHYECKHUX
00BEKTOB MOTYT OBITh KaK COOCTBEHHBIC SJCKTPOMArHWTHBIC TOJISI, TaK M CTOPOHHHUE
PaAMOBOJIHBI, OTPAKEHHBIE OT HHX. [IpUHATO pa3nuyaTh MACCHBHYIO JIOKAIUIO C
MCKYCCTBCHHBIM (paaMoONepeaTdnKi  Pa3IMYHOTO HAa3HAYEHUS) M ECTECTBEHHBIM
(TerioBbIM) u3nyyeHueM [1-3].

B oTyiimume ot akTUBHOM JIOKAITMK TTAaCCHBHAS HE IMO3BOJISIET MOYYUTh JATBHOCTH JI0
o0BbEKTa MO JaHHBIM IPUEMa CUTHAJIOB TOJIBKO OJHOM CTaHIMH. DTO, HECOMHEHHO,
SIBJISICTCSI CYIICCTBEHHBIM HEIOCTAaTKOM. [[J1s1 MOTHOTO BBIYMCIICHHS KOOPAWHAT OOBEKTa
HEOOXOJIUMO HCIO0JIb30BaTh COBMECTHBIE PE3yJIbTaThl HECKOJBbKUX (0oJiee 2) clensimnx
CTaHIMH, yIaJCHHBIX IPYT OT JAPyra Ha M3BECTHOE PACCTOSHHUE, M JIFOOOW M3 M3BECTHBIX
Croco0oB 00pabOTKH: TPUAHTYJISIIMOHHBIN, PA3HOCTHO-IAJILHOMEPHBIA WJIH YTJIIOMEPHO-
pa3HOCTHO-IanbHOMEpHbIN [4-8]. KoMmiuieke maccuBHOM JToKanuyn 00€CIeYMBACT MOJIHYIO
CKPBITHOCTb Pa0OTHI M, CIIEIOBATEIHHO, BHICOKYIO BBI)KUBAEMOCTb B OOEBBIX YCJIOBHSIX.
OpHako MIMPOKOTO PACIPOCTPAHCHHSI TPHAHTYJISAIMOHHBIA METOJA HE TONYYHJ H3-32a

MPUHLIUIHATBHON HEBO3MOXKHOCTH 00€CIeUUTh HEOOXOAMMBIE TOUHOCTh U Pa3peIlICHUE.
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Ha ©Oopry nerarenbHOro ammapara HMEETCS OO030pHO-TIPUIEIbHAS OMNTHKO-
anektpoHHast cucrema (O3C), kotopas pabOTaeT BCEMOTOJHO W KPYIJIOCYTOYHO B
MMaCCUBHOM CKPBITOM pE&XHuMe 0e3 eMaCKUPYIOMIEro M3JIy4eHHs, padoTas B MaCCHBHOM
pexume, ODC cnocoOHa maBaTh IIeJIEyKa3aHUsl JIOKATOPY WJIM WCIOJIb30BATh €T0
Heneykasanus s 0ojee tounoi macHtudukamuu ueau [9, 10]. Cospemennbie ODC —
9TO MHOTO(YHKIIMOHAJIbHBIE CUCTEMBI, KOTOPbIE MOTYT OOHApY>KHMBaTh BO3AYIIHBIE 11EJH
Ha ganpHOCTAX 100 KM M 00JIbIIe, SN TUIA «TAaHK» — Ha TaJIBHOCTIX CBbIIIE 20 KM, I1eJI1
tunma «Moct» — 50-60 kM. OHU yMEIT OJHOBPEMEHHO CONpPOBOXAaTh 15-20 menei,
COXpaHssl TIPH 3TOM PEXUM 0030pa octambHOro mnpoctpanctsa [11-14]. MK-matpuna
dopmupyeT nBa THUMa HWHPPAKPACHBIX H300paKEHWW — BBICOKOTO pa3pericHus s
CONPOBOXKJICHUSI PACIO3HAHHBIX II€JIEl U MEHee YeTKyr — s ynaleHHbIX. OmHako
coBpeMeHHble OOC He oOecreynBarOT peIIeHWEe 3a7aud MPUICIMBAaHUSA, TaK Kak He
OTIPEJICIISAIOT MapaMeTPhl IBUYKEHUS 11eNN (1aTbHOCTh M CKOPOCTb).

N3BecTen kuHemaTuueckuit Merona omnpeaenenus aanbHoctu (KMOJI), xkoTopsrit
UCIIOJIB3YETCs TOJIBKO TIpu padote ¢ oaHoi menbto. KMO/] peanusyer oluH U3 METOJIOB
BOCCTAHOBJICHUSI MH(pOpMAIMU, BCTyNaeT B JCUCTBUE B TOM ClIydae, €Cld HET JPYrux
METOJIOB BoccTaHOBIeHUs wuHpopmanmu [15-18]. Hudopmarus o meau 3amaercs
VIJIOBBIMHA ~ KOOpJMHATAaMM B  BEPTUKAJIBHOM W  TOPHU3OHTAIBHOM  IUIOCKOCTSX,
COOTBETCTBEHHO, U OIIOPHOMN BBICOTOU.

Opnnako pe3ysnbTaThl MOJACIMPOBAHUS IMOKA3bIBAIOT, YTO a0COJIOTHAs oOmmoOKa

N3MCPCHUA AAJIBHOCTU COCTABJISICT OT COTCH MCETPOB OO HECKOJBKHX KHIIOMETPOB U
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TOYHOCTb ONPEENICHUs TaJIbHOCTH MOXKET OBITh JIUIIb YXY/IIIEHA [TPU BBEICHUH B MOJIEITh
BEPOSITHOCTHBIX 32aKOHOB U3MEHEHUS TAPAMETPOB.

Cnoco0 onpeneneHusi napaMeTPOB JIBUKEHHUS BO3AYIIHOM 1eJIU B PeKUMeE
CKPBITHOI'O ee HA0JII0AeHNSI HA OCHOBE MAHEBPHUPOBAHUS MCTpeOUTe -
nepexBaTYUKAa

Croco0 ompeneneHusi nmapamMeTpoB JBW)KEHHUS LIETU B PEXKUME €€ CKpPBITHOTO
HAOJIIOICHUS 3aKITI0YACTCS B:

- O0OHapyKEHUU M 3aXBaTe €M ONTHUKO-3JIEKTPOHHON MPUIIETBLHON CHUCTEMBI TPH
HaXO0KJICHUU €€ B I0JIE 3aXBaTa;

- ONIPEJICTICHNH  YIUVIOBBIX ~ KoopAuHAT BozaymHodM uenu  (BI)  pexwume
CONPOBOKJICHHS ONITUKO-AJIEKTPOHHOU CUCTEMOM;

- pEIIEHUN BEKTOPHBIX YpPaBHEHHI, KOTOpPbHIE CBS3BIBAIOT JAIBHOCTb, CKOPOCTH U
MEJICHT UCTPEOUTENIS C LETBIO.

AJITOPpUTM OmpeeSIeHUs MAapaMeTPOB JABHKeHHsI BO3TYIIHBIX 1eJieil mpu
TUI0TE3e UX IBUKEHHS € MOCTOSIHHOH CKOPOCTHI0

Ilycth 1enb mepememiaercs 1o npsAaMoii Ab ¢ v, =const, a NMEPEXBaTIMK — MO

HpHMOﬁ, COBHaI[aIOHleﬁ C OCBIO Oan . YTIbI aTaK1, KpC€Ha U CKOJIbKCHUA IIEPEXBATUHNKA

OyaeM JiJisi MPOCTOTHI CYUTATh paBHbIMU HYIO. [lonoxenue npsiMoit A6 B pOCTPaHCTBE

OyzeT ompenensaTbess yrilaMu €, U €,. YIOl €, — 3TO yroj, 0Opa3oBaHHbII MpoeKLIueH
TpaekTopuu Ab5 Ha rOPU3OHTAIBHYIO IUIOCKOCTh, U IpsiMoii O, X, , a yroi g, — 3T0O yrou,

00pa3oBaHHBIN NpoeKueld A5 Ha BEPTHKAIbHYIO INIOCKOCTh U ImpsMoit O X, .
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Ha pucynke 1 — npencrasnensl Tpaektopuu BIl un nepexBaTuuka, Jiexkaniue B OJJHOU

IUIOCKOCTH, Hampumep, B BeptukampHod O X Y . C y4eToM NIpPHUHATOM THIIOTE3bI

aBkeHust BLI 4nCiio HOMOMHUTENBHBIX HEU3BECTHBIX M =2 (CKOPOCTH Lein L, = CONst u

yrojl HakjloHa TpaekTtopuu g,). ClenoBaTeslbHO MOTPeOHOE KONIMYecTBO 3acedek BIJ

paBHsieTcs 4. Tak Kak peub B JaJIbHEHUIIEM MOUJIET O «IUIOCKOM» 3a/1aue, TO UHAEKCHI IpH

€ CTaBUTH He OylieM.

Y a

Pucynok 1 — Cxema qBueHUs epexBaTuuKa v LEeJn

I[OHyCTI/IM, 4dTO IICPCXBATYUK, HAXOOACH ITOCICIOBATCIBHO B TOYKaX nl,nz,n3,n4,

UCTIOJIb3Ysl, HampuMmep, temonenenrarop 8§TK, yepe3 uHTepBasibl BpemeHu At =const

3amepsier yrael 3,83,,B,,8, mecra BIl, xoTopas HaxoauTcsi, COOTBETCTBEHHO, B TOYKAX

Yy Yy Yy W Y, . IIpuMeM, 91O Ha ydacTKax NN, U N,N, MEPEXBATIYUK UMEET CKOPOCTH U, , @

Ha y4acTke NyN, — U, , IpHIeM U, <V, . ITO yCIOBHE HEOOXOAUMO, YTOOBI 00CCIEUNTh

n,?

ONHO3HAYHOCTh B omnpeaeneHun pansHocten a0 BLl. Kpome Toro, mpumem, dro

5
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v, <V, <v,. Takum obpasom, Ham wusBecTHbl yrubl [,,[3,,;,3, ¥ mepeMemeHus

nepexsaTynka b, =V, At, Fnz =I7nzAt. HeoOxoquMo ompenenuTs JalbHOCTH IO LEIH
D,,D,,D,,D,, ee ckopocTh v, 1 yrou €.

PaccMatpuBas 4eTBIPEXYTONBHUKU Ny Y,h,, NY,Ush, U NyYyoy,n, , MOKHO 3aIHCAThH

CJIELYIOIYI0 CUCTEMY BEKTOPHBIX YPaBHEHUI:

D, +L,=D,+5,
D, +L, =D, +5, (1)
D,+L, =D, +5,
B ckansproM Buzie cucteMy (1) MOKHO 3amucath B TAKOM BHUJIE:
D,sinB, + L, sine=D,sinp,
D, cospP, + L, cose =D, cosp, + b,
D,sinB, + L, sine=D,sinf, @

D, cosP, + L, cose = D,cosP; + b,
D;sinpB; + L, sing=D,sinf,
D,cospB, + L, cose =D, cosP, + b,

Hpuuss D, = X;; D, =X,; D, =X;; D, =X,; L, sing=X;; L cose=X,, cucremy

(2) 3anuieM B KAHOHUYECKOM BHUJIE:
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Pemast cucremy (3) metogom Kpamepa, Haxoaum:

- OIpEaACINTECIIb CUCTEMBI

0

0
0
0

sin,
cosf,

—sinp,
—Cosf3,
sinp,
Ccosf,
0
0

0

0
—sinf,
—COS P,
sin,
COS 3,

0
0
0
0

—sin,
—C0sf3,

- onpenenuTenb Hem3BecTHbIX X (1=1,2,3,4,5,6)

o ™M o b1 o

>

—sinp,
—C0sf3,
sinp,
cosf,

0

0
0

—sinf,
—COSf3,
sin,
COS 3,

—sin,
—C0sf3,

o rr O O Bk

o r O L O -

sinB, - X, —sinB,- X, +0-X,+0-X,+1- X, +0-
cosf, - X, —cosf, - X, +0-X,+0-X,+0- X, +1-
0-X,+sinB, - X, —sinB,- X;+0- X, +1- X, +0-
0-X,+cosB,-X,—-cosP,- X;+0-X,+0- X, +1-
0-X,+0-X,+sinB,- X, =sinB,- X, +1- X, +0-
0-X,+0-X,+cosp,- X,—-cosB, - X,+0- X, +1-

=, O Fkr O Fr O
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Xs=0
Xe =B,
Xs=0 -
Xe =B,
Xs=0
Xe =5,
0
1
0
1 (4)
0
1
)
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sin, O 0 0 10
cosB, b, 0 0 0 1
|0 0 -sinp, 0 10 (6)
>0 B -cosp, 0 01
0 0 sinp, sing, 1 0
0 b, cosB, -—cospB, 0 1
Amnanornuno Haxomsates A, — A, . C ygerom (4)—(6) Haxomum
A A A A
x1=D1=X1;x2=D2=Xz;x3=D3=X3;x4=D4:X4 (7)
: A A
x5=Lusms=X5,x6=Lucoss=X6 (8)

Pemas coBmecTHO ABa IOCJICAHNUC YPABHCHHWA, HAXO0AUM VM = A—I;: H yIoJ €.

PaccMmoTpeH citydaii, Korja TpaeKTOpPHUM L€ U MEepeXBaTUYMKa HAXOASTCS B OJHOM
IPOU3BOJIBHOM IUIOCKOCTU. B TOM ciydae, Korja TpaeKTOpUM HE JeXaT B OJHOU
IUIOCKOCTH, UMEsl KOOPJMHATHI MPOCKIUN 1M HAa BEPTUKAJIBHYIO M TOPU30HTAIBHYIO
IJIOCKOCTU, MOXHO OMNPEIAEIUTh MO 3TUM KOOpJMHATAM MHapamMeTpbl JBHKEHUSI LEIU MO

cnenyomuM hopmyiam:

D4 = \/ng + Djz Sin2 B42 (9)
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Il], = ([(251 +5,)+ (D, cosB,, — D, c:osBlg)]2 +
L (10)
+[(D465inB4g - DleSinBlg) + (D4zsin[342 - Dlz Sinf’le)]z)z-

bykBel 6 u 2 B dhopmynax (9) u (10) oTHOCATCSA K MPOEKIMSAM Ha BEPTUKAIBHYIO U
TOPU30HTAIBHYIO TIOCKOCTA COOTBETCTBEHHO.

Omnpenenus paccrosiuue ][], — myTh, KOTOPBIA IpoJeTena Leiab 3a BpeMs 3At,

3L

Y Y

3At At

HaxoJuM CKOPOCTHb LCIIN Vu =

®opmyier (4)—(8) mpumenumsl i cioydast € # 0, Tak kak npu € =0 ompenenuTens
cuctemsbl (3) paBHSIETCS HYJIIO U, CIIEI0OBATENIbHO, cUcTeMa (3) HE UMEET PEIICHHUS.
AJITOPUTM ONpe/ie/IeHUsl MAPAMeTPOB ABUKeHHUS BO3AYUIHOM eI PH
rMIoTe3e ee IBUKEHHS M0 KPUBOJIUHEHNHON TPACKTOPUU
[Iycte BILl mnepememaercs B TPOCTPAHCTBE IO IUIOCKOW KPUBOJMHEUHOU
TpaekTopuM paauyca R ¢ yrioBoil CKOpOCTBIO = CONSt, a mepexBaTYMK — IO MPSIMOU

I1.X (pucyHok 2). CuurtaeM, 4TO TPAacKTOPHs LEIH JIEKUT B IIockocTu /1, XY . Pakera,
IOCJIEI0BATEIbHO I€peMEINascy B Touku /1, 11,,...,11, cO CKOPOCTBIO Vu =R =const,
yepe3 UHTepBalibl BpeMeHru At = CONSt u3mepsieT yriaoBbie KoopauHatel B, Haxoasmencs
B Toukax [{,I],,..I[],. Tak xak Vu =const um At=const, To mIMHBI AyT
n,=1,1,=..=1], [] . 3aMeHieM JIUHBl JYI COOTBETCTBYIOIIUMHU IJIMHAMH

OTPE3KOB (XOplamMu), omMOKa MpH 3TOM MOJIydaeTcs He3HauuTenbHou. Hampumep, npu

V, =250 m/ ¢, At=2cu HOPMANLHOH NEpErpysKe Lenu 7, ~ 2 OmHUOKa COCTAaBISIET BCETO
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1%. Kak BuaHO #3 pUCYHKA &, MbI IIOJIYy4a€M BEKTOPHBIE YETBIPEXYTOJIbHUKHU

I11]1], .11, ,, paccMaTpuBas KOTOPBIE, KaK 3TO MOKA3aHO BBIIIE, MBI IOIyYUM CHCTEMY

YPaBHECHUU.
YA 0
AN
W
AN \V‘\ wy=const
= \ 4 R=const
NN
v\
N i/
\ n
=\ N\ 3
\ N
\ AN n-1
\ \
: \H A7
] Hl UZ 3 //
/ /
4 /
— _ = /7 = —
D1 D Ds/ nl/
E I, /
% b _py D e B¢\ a‘/Btl\ ‘\ R
Hl HZ nl X

Pucynok 2 — Cxema nepeMenieHust BO3IyIIHON HEIN M0 KPUBOJIUHEHHON TPaeKTOPUU
OTHOCHUTEJIBHO NEPEXBATUYMKA

HpI/I 9TOM HGOGXOI{I/IMO ONpcACINTb KOJIUYCCTBO 3d4CCUYCK n, HCO6XOI[I/IMBIX I

onpenenenust D, CKOpocTH 11enm V, U yIiioB HAKJIOHA OTPE3KOB ¢, . Pemas oty 3amady mo

METOIMKE, U3JI0KEHHOM BBIIIE, HAXOAUM, YTO 3a/1a4a C TAKUM KOJIMYECTBOM HEM3BECTHBIX
pemennss He umeer. C  yd4eToM TOro, 4ro &, =g +AQ;&, =¢, +2A0,
g, =€ +(N—-1Ap, tne A¢ — yrom moopora paauyca R 3a Bpems At, u umcio
JIOTIOJIHUTENIBHBIX HEM3BECTHBIX B 3aja4e cokpamaercs g0 tpex (V,, &, Ad), ymcio

HEO0OXOIUMBIX 3aceyek 1eau N=5. B 3Tom citydae Mbl OJIy4aeM CUCTEMY YpaBHEHUM:
10
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D,sinB, + L, sing = D,sinf,

D, cosp, + L, cose, = D, cosf, + b,
D,sinB, + L, sin(e, + X¢) = D,sin B,

D, cosB, + L, cos(e, + Ad) = D, cosp; + b,
D,sinp; + L, sin(e, + 2A¢) = D,sin,

D, cosB; + L, cos(e + 2A¢) = D, cosP, + b,
D,sinB, + L, sin(e, +3A¢) = D, sinfq

| D, cosB, +L, cos(e, +3A¢) = D, cosp; + b,

(11)

[ToneiTku pemenuss cucteMbl (11) Tokaszamy, d9YTO BBIPA3UTh HEH3BECTHEIE,
sxozsmme B Hee (D, D, D; D, Lu :Vu -At, g, 1 A@), yepe3 K03 OUITHMEHTH YPaBHCHUM
HEBO3MOYXKHO, T.K. B TPOIECCE PEIICHUS TMPUXOIUTCS CTaJKUBAThCA C PpEIICHUEM
ypaBHCHUH, KaXJI0€ W3 KOTOPBIX BHINIC YeTBepTOM cremeHH. C  ydeToM 3TOro
00CTOSATEIBCTBA PACCMOTPUM PEIICHHS TOJIBKO HEKOTOPHIX YACTHBIX CIIy4acB.

AJITOPUTM ompejiesieHHs TAPaAMETPOB LeJIU MPHU ee nmepexoje u3
NPAMOJINHEHHOT0 10J1eTa B JIeBblii pa3BOPOT

ITycte BII cHagana neuxercs no npsmoi [, /], B minockocth OXZ (pucyHok 3), a
3aTeM B TOYKE [[,, TIOJI0KEHHE KOTOPOM HaM B OOLIEM CIy4ae HEU3BECTHO, IEPEXOAUT B
JEBBIM pa3BopoT no kpusou [{,,1[,...,I{ , IpeICTaBIIOMEN cOO0M 4acTb OKPYKHOCTH

panuyca R =const. bynem cuuTaTh, 4YTO yrjioBas CKOPOCTb IEIM MOCTOSIHHAs M TOTa

JINHEWHAas CKOPOCTh Vu =0, - R Takke BeJIMYMHA MOCTOAHHAsS. Takoe JOIYyIIEHUE BIIOJHE

AOIYyCTUMO, TaK KaK HIpOoAOJIbHOC YCKOPCHHUC HCJIM II0 CPAaBHCHHUIO C IIOIICPCHHBIM

HE3HAYUTCIIBHO.

11
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HpI/IBHaKOM HpHMOHHHCﬁHOCTH TPACKTOPHHU LEIHU MOXCET CIIYKUTb ITOCTOAHCTBO

yrna ¢. Ho xak Toinpko OyneT oOHapyXeHO, 4TO & # &,,, 3TO OOCTOSTEIBCTBO MOXKHO

i+1°
CUHUTATh IIPU3HAKOM TOI'O, YTO HOCJIb HN3MCHHWJIA TPACKTOPHIO. B »tom ciaydac i
OIIpCACIICHUA Di )41 Si MOJXHO BOCIIOJIB30BATHCA CIICAYIOIIUM MCTOJIOM. HYCTB IIOCJIC

TOUKH [], MBI OOHapyXwiu, 4T0 ¢€#¢g,. M3 paccMOTpeHMs YEThIPEXYroJbHHKA

11,1],11.1], cocTaBisieTCs CUCTEMA YPaBHEHHM.

»
'

0 1, 1 I, 1, X

PI/ICYHOK 3 —Cxema ABHIKCHUA OCIIN ITIPU €€ MICPCXOIC U3 HpﬂMOHHHGﬁHOFO IT10JICTA B
JIEBBIN Pa3BOPOT OTHOCHUTCIILHO IICPECXBATUHKA

D,sinB, + LuSinglz D, sinp,
12
D, cosp, + L, cose, = D;COSP; + b, (12)
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IIpu ycnoBun, uto D,u V, Ham M3BECTHBI U3 NPEIBIAYIIETO pacyeTa, Mbl HAXOAUM

D, u g, u3 cucremsl (12):

Elsinﬁs — D4sin(B5 - B4)
L

Y

g, =P, —arcsin (13)

D, — D,sinB, +L,sing,

: s, (14)

3aTeM TMepexoJuM K PpAacCMOTPEHMIO CIEAYIOIIEero JTana HW3MEpeHuH, T.e.

paccMaTpuBaeM 4eTbIpeXyroiabHuk [1 1] 1] 11, . Ilomydynm cucteMy, aHAJIOTMYHYIO (2),
pemas KoTtopyro, nonyuuMm &, U Dg. Ecim okaxercsa, 4ro €, #¢€,, TO IPOAOILKAEM
BbIUMCICHUS Aanblie. Ecnu ke okaxercs, 4To €, =g, TO 3TO OyneT o3Ha4arh, 4o BI]
10CJI€ TOYKHM [[. CHOBa IEpelula Ha IOJIET IO NPAMOJUMHEWHOM TpaekTopuu. Metoanka

ONpENEICHUS MHTEPECYIOINX HAC apaMeTPOB B TOM CIIydae U3BECTHA.
AJITOPpUTM olpeaeIeHUs MapaMeTpoB LeJIH IPHU nepexoje ee u3
KPHUBOJHMHEHHOIO 110J1eTa B IPSAMOJIMHENHbIN
Ha pucynke 4 npezncrasieHa cxeMa Iepexona el U3 KPUBOJIMHEMHOIO IoJIeTa B

Hp)IMOJ'IPIHGfIHBIfI OTHOCHUTCIIBHO IICPCXBATUYHKA.

13
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ZJ\

»
>

o -
0 1 11, 11, 11, ik

Pucynok 4 — Cxema nepexo/ia e U3 KPUBOJIMHEWHOTO MOJIETa B IPSIMOJMHENHBIN
OTHOCHUTEIBHO MEPEXBATYMKA.

[Tycts B mponecce onpenenenus D, D u ¢ uenp Oblia oOHapykeHa B Touke [[;
KPUBOJIMHENHON Tpaekropuu [[, —I],. C y4erom 3TOro o0CTOATENbCTBA pacyeT Oynaem

BCCTH B CJIG,Z[YIOHICﬁ IIOCJIACA0BATCIILHOCTH.

OmnpenensieM MOCIENOBATENBHO YITIOBbIE KOOPAMHATBI Lenu U3 Touek [1, I1,, 11, u

11, . 13 tpeyronbuuka 1],0,,1], Haxoaum

_ Sin(Bz — 81)
0% = Gingp, ) )
Haxomum
1,0, = 1,0, + 0,0, (16)

C yuerom (15) u (16) momyqaem

14
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sin(B, —¢,)
O.=L 2 i ’
lll 13 uSIn(Bz_Bl) cl (17)
sinf3 sinf3
rne ¢ =5K12 s 1 . U3 Ttpeyrompuukos [1,0.11,, I1.O.Il1, u
! ' 1{ Sin(B3—B1) Sin(Bz_Bl)} pey re e

110,11, onpenensieM

1,0, = El'Sin—Bl; 11,0, = ZEl-Sin—Bl; 11,0, = (25, +Bz).Sin—Bl; (18)
sin(B, —pB,) sin(B; —B,) sin(B, —B,)

Haxomnum

H1014 = U1012 + 012014 =L Sln(2 — 81)

“Sin, —p) -

re ¢, = (25, + B,)—P___ 5 Snp,

Sm(B4 _Bl) 1Sin(Bz _Bl) .
M3 tpex nap tpeyronbHukoB 111,11, n 1] 0,,11,, ucrionb3ys TeOpeMy KOCHHYCOB,

I[mojJydacm

Dl2 + 512 - 2DlE1 Cos Bl = U10122 + H2012 - 2[[1012 ’ H2012 COS(BZ - Bl)
D12 + 4512 - 4D151 Cos Bl =1 10123 + H30123 - ZU 1013 ’ H3013 COS(B3 - Bl) (20)
Dl2 + (251 + 5)2 - 2(251 + Ez)D1 COSBl = U10124 + H4014 - 2111014 ) H4014 COS(B4 - Bl)

C yuerom (17)-(19) cucrema (20) mpumeT BHT

15
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DZ + B2 — 2D,B, cosp, = Z—S'n (B =e) | po_ SIN'B
' ' Sm (Bz Bl) lSinz(Bz_Bl)

_ sin, -sin(Bz—gl)- B
2L B, Sin(B, —B.) sin(B, —p.) cos(B, —B,)

2 s
D12+4512—4D151005B1{ o 81)+cl} Y LU

SII’](B2 Bl) 1Sin2(B3 _Bl)
|y sinB,-e) . sinB, _
Z{L SII’](BZ [31) + Cl:| ZEl_sin(Bg _ Bl) COS(Bs Bl) (21)

D? + (2B, + b,)* —=2D,(25, + 5,)cosp, :{ z:gggz ;1; +c2} +

+(25, + B,)’ &—

n’(B, —B,)
ol SIn(Bo—8) |, _ sinf, _
Z{L sin(p, — Bl)+c2} (251+EZ)Sin(B4—Bl) cos(B, —B,)

Bbluntaem W3 mepBOro ypaBHEHHUSI BTOPOE, a U3 BTOPOTO — TPEThEe W, yHpoluias,

MOJIYYUM TOCJIE YIIPOLICHUH CIETYIOIIYIO CUCTEMY:

16
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) _ sinp,cos(B, —B,)
2D,b, cosp, = 2L, sin(B, — 81){251 sin(B, —p,)sin(B, —B,)

_BlSinP12COS(Bz_Bl)_ — G ]l_Blz _ Sin2B1 _
sin (Bz _Bl) Sin (Bz _Bl) sz(Bz _Bl)

. Sinﬁlcos(B3 _Bl) +35.

sin(B; =) ;

. 2
SIN
—Cf— 12—_ . Py +4c¢, b,
sin“(B, —,)
G

2D,5, cosP, = 2L, sin(B, — 81){m

sin B, COS(B3 _Bl) . 7 n
' Sil’l(BZ - Bl)Sin(Bs - Bl) Sin(Bz - Bl)
sin, cos(B, —B,) 2 a2 SINB
Sin(Bz _Bl)Sin(B4 _Bl):| rar 451 Sinz(B3 _Bl) (22)

c SinﬁlCOS(B3 _Bl) - _(25 +5 )2 SinzB1
i Sin(Bs_Bl) ’ . ? sin2(34—51)

+(25, + 5,)

+2¢,(2B, + 5,)- Sing;igs(%_)ﬁl) _4F? 4 (2B, + B,)%;

D? + (25, + B,)* — 2(2B, + B,) D, cosp, {Lﬂ%—_?’lhcz} +
Sm(Bz _Bl)

sin® B, ~
sin”(B, —B,)

ol SIn(B, —&,) __sinB, _B):
Z{L" sin(p, ~p.) “'2}(251 “ 22 ingp, g P

+(2B, + B,)*

Takum 00pa3oM, Mbl MOJYUUIIU CUCTEMY TPEX YpaBHEHUU C TpeMs HEU3BECTHBIMU
D, L, =V, At g,

HansHocTs D, Haxonum no gopmyie

17
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5 sinB, 7 sin(B, —¢,)

2= P in(B, — By sin(B, —p,) (23)

IJI1  OIpeleNneHus nanbHocTM D, M €, mnocrymaem cieayromuMm oOpasom. U3

yeTeIpexyroiabuuka [1,1],1],11, moaydaeM CUCTEMY

D,sinB, + L, sing, = D,sinf,

24
D, cosp, + L, cose, = D,COSPB; + b (24)
Pemas cucremy (10), Haxogum D, u ¢, .
PaccmarpuBas yetelpexyronbuuk [1,1],1],11,, moiry4aeM CUCTEMY
D,sinB, + L, sing; = D,sinf, 25)

D, cosp, + L, cose, = D, cosf, + b,

W13 cucremsl (25) Haxoqum D, 1 €,.

OneHka TOYHOCTHBIX XaPAKTEPUCTHK AJITOPUTMOB HA OCHOBE MO/JeJIMPOBAHNUS
THIIOBBIX YCJIOBHI1 00€BOI0 NPUMEHEeHHUs

JUia  MoJenupoBaHUs BBIOpAaHBl THUIOBBIE YCIOBUS 0OEBOr0 IPUMEHEHUS,

MOJIyYEHHbIE TPAaCKTOPUU JBHKEHHS NPHUBEACHBI HA pUCYHKE 5. JIMCKpeT H3MeHEHHus

BpeMeHH paBeH 5 cekyHl. Ha rpaduke mokasaHsl HOMEpa MOMEHTOB «3aCE€UYEK» YTIIOBOTO

nosioxkeHus: uenr. CKopocTh MoJieTa UCTPEOUTENsE NOCNIe TPEThEro y4acTKa MEHSETCS C

ucxoaaoro 31ayenusa 400 m/c no 300 m/c.

18
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Pucynok 5 — McxoaHble JaHHBIE U TPACKTOPUH JIBHXKEHUSI UICTPEOUTENS U LIETTU

Ha pucynke 6 mpencraBieHbl pe3yJbTaThl BBIYUCICHHUS a0CONIOTHOW OITHOKA
OIPEAEIICHNs JAJbHOCTH J10 LIEJIUM B 3aBUCUMOCTU OT BEJIMYMHBI U3MEHEHHS] CKOPOCTHU Ha
TPEThEM YYacTKe IosieTa. BennuumHa omuOKkM HMeeT HauOoJiblliee 3HAYEHUE NpH

MHUHHUMAJIbHOM U3MCHCHHUU CKOPOCTH ITI0JICTA HA TPCTHCM YUYACTKC.

Pucynok 6 — OrieHka BIUSHUS BEIMYUHBI U3MEHEHHUSI CKOPOCTH HAa TPEThEM y4acTKe
MoJIeTa Ha TOYHOCTH ONPEIEICHUS JAITBHOCTH JI0 LIEJIH
AHanu3 pe3yiabTaToB MOJICIUPOBAHUS TIO3BOJISET CIETaTh CICAYIONINE BHIBOIBI:
- MOTU(UIIUPOBAHHBIM  METOJ OO0ecrneynmBaeT CyYIIECTBEHHO 0Oojiee TOYHOE

BBIYHMCJICHHE JAIbHOCTH JI0 1IEJIH;
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- MakcuMalbHas BeJIMYMHA OLIMOKM JIEKUT HIXKE YpPOBHSA pa3pelaroliei
CHOCOOHOCTH 110 JaJIbHOCTU OOPTOBBIX U3MEPUTENEH JaIbHOCTH;

- TOYHOCTbH OTPEAENCHUS JAbHOCTH 3aBUCUT B OOJIBIIEH CTENEHH OT BEITUYHMHBI, Ha
KOTOPYIO YMEHBIIIAETCSI CKOPOCTh Ha TPETHEM U MOCIEAYIOIIMX y4yacTKax I0JIeTa, IPUYeM
a0COJIIOTHOE 3HAUYECHHE BEJIMYMHBI PUPAILCHHUS] HE UMEET 3HAUEHUS U, CIE0BaTeNIbHO, HE
HAKJIAJbIBACT )KECTKUX OrPaHUYEHUN Ha XapaKTep IMOJIETa;

- peIIeHUE 3a/lauyd OMpEAeNICHUs MaJbHOCTU MPU HAJUYUM TPEBBIIMICHUS IEIH
MOET OBITh BBIMOJHEHO C HCIOJb30BAHUEM TEX K€ PACUYETHBIX COOTHOILIECHUM, HO C

Y4ETOM MPOEKIMHU Ha INIOCKOCTh HOX .

Pucynok 7 — OmmOKy n3MepeHHst TaJbHOCTH ISl Pa3JIMYHBIX BPEMEHHBIX HHTEPBAJIOB
MEKY «3aCeUKaMm»

Takum oOpazom, mpemiaraeMas MOAUWGHUKAIMA METOJa KHHEMAaTHYECKOTO
OIpEeICIICHUS TaJIbHOCTH MOYKET OBITh PEKOMEHIOBAHA JIJISl MPAKTUYECKOW pean3aiii B
BHUJIC MporpamMmel a1 6optosoii [IBM [19, 20].

Ananuz PE3YJILTATOB 3KCIICPUMCHTOB ITIO3BOJIACT CACIATH CICAYIOIMINC BHIBOIbI:

20
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- TOYHOCTh M3MEPEHHUs JaJbHOCTH HMMHUTATOpa OO0BEKTa cocTaBisier oT 2,6 % 1o
26 % B 3aBUCUMOCTH OT yCJIOBUI MPOBEACHUS IKCIIEPUMEHTA;

- U AUCKPETHOCTH U3MEPEHHMsI YTIIOBBIX MOJOXKEHUN umMuTaropa 6omnee 10 cekyna
omrOKa B ONpeAeICHUU JaTbHOCTH cocTaBisieT MeHee 3%;

-IPU  YBEJIMYEHUU CKOPOCTH CONMDKEHHS] OOBEKTOB TOYHOCThH OIpPEACIICHUS
JATbHOCTU BO3PACTAET;

- YBEJIMYECHUE yTJa HAKJIOHA TPAEKTOPUU JBUKYIIETOCS 00bEKTa TAK)KE YMEHBIIIAET
OIIHUOKY B UBMEPEHUH 1aJIbHOCTH.

[Ipn npoBeAeHHM TMOJYHATYpHBIX HWCIBITAHUNA OBUIO  YCTAHOBJIGHO, 4TO
NPEIJIOKEHHBIA METOJ B IEIOM paboTOCOcO0€H, HO CTa0WIBHOCTH B OMPEICICHUU
napaMeTpoB TpaeKTopuu uaMensiercs B npenenax ot 10 % mo 20 %.

Takass HeCTaOUIBLHOCTH AKCIEPUMEHTAIBHBIX JAHHBIX OOYCJIOBJIEHa B OCHOBHOM
JIBYMSI TPUYUHAMM:

- OCTaTOYHO BBICOKOW MHCTPYMEHTAJIbHON MOTPEIIHOCTHIO B ONPEIEIICHUU YIJIOB
Bi;

- MaTpuIa Ko3(QPHUIMEHTOB CUCTEMBI 00aaeT O0IbIION 00YCIOBIEHHOCTHIO, YTO
IpU HAIWYUU WHCTPYMEHTAIBHBIX MOTPEUTHOCTEH MPUBOAUT K PA3IUYHBIM 3HAYCHUSM
OTpe/eICHHBIX TapaMeTPOB.

CnenoBaTenbHO, JJIi TOrO YTOOBI TMOBBICUTH CTAOWUIBHOCTH B H3MEPEHHUH
napamMeTpoB HEOOXOAMMO YCOBEPIIEHCTBOBATh TEXHUYECKUE YCTPOMCTBA 3JIEMEHTOB,
BXOJSIIIMX B COCTaB CHUCTEMbl TMOJYHATYPHBIX UCIBITAHUN, U TPUMEHATH OoJiee

paHI/IOHaJ'IBHI:Jﬁ mponecc BBIUMCJICHUN HCKOMBIX mapaMcTpoOB.
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[IpakTHUeCcKkre pacyeThl MO OINPENEICHHUI0 NATbHOCTH 10 LEIW U €€ CKOPOCTU
MOKA3bIBAIOT, YTO, €CJIM ISl 33/1aud Ha MPSIMOM XOJI€ UCMOJIb30BaTh MeToa ['aycca u He
3a00TUTHCA O PAIlMOHATBLHOM BBIOOPE OMOPHOTO 3JEMEHTa, TO OLIUOKU, BHOCUMbBIE CAMUM
BBIUHUCIUTENIBHBIM  MPOIECCOM, 3HAYUTENBHO BO3pacTalOT M HA00OpOT — TpHU
palMOHAJIBHOM  MOAOOpPE  OMOPHOrO  BJEMEHTAa Ha  KaXJOM  IIare  BIHUSHUE
MHCTPYMEHTAIIbHBIX OTPEITHOCTEN MOXKHO B 3HAUUTEIBHOM CTEMEHH CTIaqUTh.

BriBOALI

B nporecce BeInosHEeHUs JaHHOM paboThl pa3paboTaHbI:

- CIIOCO0  OmpeeieHus] MapamMeTpOB JIBIKEHUS BO3AYIIHOW II€IM B PEKUME
CKPBITHOTO €€ HaOIIOJICHUSI HA OCHOBE MAHEBPHUPOBAHUS NUCTPEOUTEIS-TIEPEXBATIHNKA;

- QJITCOPUTM OMPENEIICHUS] TTapaMeTPOB ABMKEHHUS I1IeJed NMPU TUIOTE3€ JIBUKCHUS
UX MO MPAMOJIMHENHON TPAEKTOPUH;

- QJITCOPUTM OMPENEICHHs NapaMeTpPOB ABMUKEHHS 1€JE€N NPU THIOTE3€ JBUKECHUS
UX 110 KPUBOJIMHENHON TPACKTOPUHU.

[IpoBeneHa OllEHKa TOYHOCTHBIX XapaKTEPUCTUK aJITOPUTMOB OMNpeeIeHUs
MmapaMeTpoB  JBIDKCHHUS IIeJJed Ha OCHOBE MOJCIHUPOBAHMS UM MPOBEACHUS
AKCIIEPUMEHTAJIbHBIX PadoT.
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Abstract

The military aircraft weaponry includes both guided and unguided weapons, radar
and optoelectronic surveying-and-guidance complexes intended for striking both air-born
and ground targets and ensuring aircraft defense.

There are known technique and devices for aircraft weaponry control, which perform
the target detection and capture, determine its parameters, choose the weapons and
perpetrate its preparation and launch.

The disadvantages of the above-described systems consist in the fact that the weapon
control in conditions of the covert target surveillance is not being ensured.

Selection of the channel with the passive type radar means as a leading channel of the
weaponry control system ensures discrete operation mode for the active type radar means
of the slave channel of the weaponry control system. The mode of periodical measuring of
the range on target herewith, being followed by the radar means of the leading channel of
the weaponry control system, with transition to the continuous position finding at achieving
the preset range or by the crew command. It ensures the possibility of covert target attacking

at its capturing.
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Identification of the targets being followed by the radar means of both leading and
slave channels of the weaponry control system is performed, in the absence thereof the reset
mode of capturing by the radar means of the slave channel of the weaponry control system
Is set. By this, the probability of the target tracking and the aircraft interference immunity is
increased.

Targets identification is realized by comparing the absolute value of the angular
coordinates difference of the target viewfinding by the radar means of the leading and slave
channels of the weaponry control system with the preset threshold. With this, exceedance
of the above mentioned threshold is conceded only during the set time interval.

The stealthiness of the passive radar stations operation ensures higher viability under
combat conditions due to the hampering of their detection and jamming.

However, unlike the active detection and ranging, active detection and ranging does
not allow obtaining the object range by the data of receiving signas from the single station.
This is undoubtedly a serious disadvantage.

Analysis of the methods ensuring indirect determining of the targets’ range and
motion speed was performed. It is necessary to utilize the joint results of several (more than
two) tracking stations, removed from each other by the known distance, and any of the

The kinematic distance measurement method (KDMM) being used while working
with only a single target is known. The KDMM is realizing one of the information restoring
methods, and it comes into action if other information restoring techniques are unavailable.
The information about a target is being by the angular coordinates in the vertical or

horizontal planes with the supporting height. The results of the KDMM modeling show that



the absolute error of distance measurement makes up from hundreds of meters to several
kilometers.

The purpose of the work is consists in accuracy increasing of the the range and speed
of aerial target movement determining in the covert surveillance mode.

To eliminate the KDMM shortcomings the method of covert determining the target
motion parameters is proposed. Its essence consists in obtaining the target motion
parameters based on solving the vector equations that associate the range, speed, and bearing
of a fighter-interceptor with a target. To obtain herewith the parameters necessary for the
equations solving the interceptor should perform certain maneuvers.

The modelling results analysis of the proposed method and algorithms realizing it
allows making the following conclusions:

— the method ensures the much more accurate distance-to-a-target computing;

—the maximum error value is below the resolution range level of the onboard distance
measuring devices.

The suggested algorithms for determining the target range and motion speed are
approved with the semi-natural complex composed of the thermal direction finder, target
simulator, microcomputer, interface with the personal computer, and the programmed-
mathematical support.

The technique for evaluating the effect of measuring resolution of the track angle,
flight-path angle, and velocity variation dynamics on the target motion parameters
determining accuracy is suggested.

While semi-natural tests conducting it was determined that the suggested technique

and algorithms are efficient in general. Practical computations on determining the range to



a target demonstrate that the errors introduced by the computing process significantly
increase, if the Gauss method is being used for the task on the forward motion and the
rational selection of the reference element is not accounted for. At the same time, the
instrument errors impact can be significantly reduced by the reference element rational
selection at each step.

A technique for target detection was suggested for the case of decoy flares employing.
The technique consists in

- the airborne target detection,

- selection of angular speed of optoelectronic module (OEM) guidance by the
crosshair superimposition on the target on the screen,

- transferring the OEM to the automatic target guidance mode,

- measuring current target range,

- converting the digital code of range into the video signal, displayed of the screen in
the form of the digital caption.

The following factors are additionally determined:

- angular velocities of the target motion by measuring the time intervals of the target
shifting relative to the preset angular positions;

- angular accelerations of motion by evaluating dynamics of the target angular
velocities;

- dynamics of angular accelerations changing by subtracting the subsequent and
previous values of the angular accelerations of the target.

With this, the following factors are recognized:



- the target tracking, if the values of change in dynamics of the angular accelerations
of the target motion are less than the set value;

- the decoy flare tracking, if the values of change in dynamics of the angular
accelerations of the target motion are more than the set value.

In this case a man-portable weapon complex gunner receives the information

capturing the decoy flare.
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