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ANrOPUTM U NPOrPAMMHASA PEAINTU3ALINA
HAYAJIbHOU BbICTABKU MHEPLIUAJIbHOM
CUCTEMbI HA KAHAKOWEMCA OCHOBAHUU

Crpeabuona U. A.l, IBapt T. E.2
(Apzamacckuit nonumexnuueckuit uncmumym, Apzamac)

B Oannou pabome paccmampusaemcsi npoyecc asmOHOMHOU HaA-
YANbHOU BbICMABKU CUCTEMbL OPUEHMAYUU, HANPAGIEHHbI HA
CHUdICEHUe BpPeMeHU NPeOnoemHOl NOO02OMOBKU UHEPYUATbHOU
cucmemsl camonema, 6Oazupyrouje2ocs Ha KOPAOIAX pasIuyHbIX
munos. Paspabomanvl ananumuyeckue u BbIYUCTUMENbHbIE AN20-
pummbl, HeobXooumvle O Peanu3ayuu HAYaibHOU 6bICMABKU HA
Kauarowemcs ocnosanuu. IIpogedeno mamemamuieckoe MoOeaupo-
8aHUe U NPOAHATUIUPOBAHBI PE3VIbMAMbl PAdOMbl NPOSPAMMHOSO
MOOYIAL.

Kurouesrie citoBa: HWHCPUHUAJIbHBIC CUCTEMbI, HauaJIbHAaA BbICTAaB-
Ka, 6CCHJ'IaT(1)0pMeHHa$I CHUCTCMA OPpUCHTAIUU.

1. BeedeHue

B cBsi3u ¢ pa3zpaboTKoil pa3IMYHBIX CUCTEM BOOPYKECHHS BO3-
HUKJIa HEOOXOJMMOCTh BBIIIOJNHATh MOJITOTOBKY HHEPIHAILHOM
CHUCTEMBI Ha OOBEKTaX, JBWXKYIIUXCS OTHOCHUTENbHO 3emin [2].
IIpumepamu Takux OOBEKTOB SBISIFOTCS JIETATENBHBIC aIllapathl,
Oasupytomuecs Ha O0pTy KopaOmei.

1
. HUpuna Anexcanoposua Cmpenvyosa, cmyoenm-
xa(irina_strelcova_@list.ru).

2

Tamvana  Eecemvesna  Jeapm,  doyewm,  Kawoudam  @usuxo-

mamemamuueckux Hayk (t.zhilina@bk.ru)
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JItoOo#t neTaTenpHBIN anmapar UIMEEeT CHCTEMY PE3epBHBIX IpH-
00poB, 00ECTIeUNBAIOIIYI0 MMIOTHPOBAHNE JIETATEIbHBIX allapaToB
B CIIy4ae OTKa3a OCHOBHBIX MUJIOTAKHO-HABUTAIIMOHHBIX CUCTEM.

Oco0eHHOCTBI0 TaKOW CHCTEMBI SBISETCS HAUMEHbBINEE BPEeMs
mpolecca HadyanbHOH BhICTAaBKU. [IpH 3TOM BBIIEISIOT BBICTABKY WH-
TErPUPOBAHHON CHCTEMBI PE3EPBHBIX PUOOPOB, KOTOPask OTHOCUTCS
K PE3CpPBHBIM CHCTEMaM H3MEPCHHS U WHAMKAIMH, 00CCIICYMBArO-
MM THIOTHPOBAHKME B CIydyae OTKa3a OCHOBHBIX MHJIOTA)KHO-HABU-
TallMOHHBIX CUCTEM.

[ToHsiTHE «BBICTABKA» MOYKHO OMNPEICIHTh KaK OPHUEHTAIUIO
OCEi, CBA3aHHBIX C MHEPIHAIbLHBIMUA U3MEPHUTEISIMU, OTHOCUTEIILHO
HEKOTOpOW 0a30BOM CHUCTEMBI OTCYETa, KOTOpas BHIOMpAETCS U3
coobOpaxeHuii yao0cTea. ba3zoBoii cucTeMoii 0TcueTa, OTHOCUTEIILHO
KOTOPOW JOJDKHA OBITh BBICTABJIEHA CHCTEMa, CBSA3aHHAs C MHEPIIU-
aJIbHBIMU M3MEPUTEIISIMHA, OOBIYHO MTPUHUMACTCS reorpauuecKas.

HezaBucumo oT Bua CHCTEM KOOPAMHAT OMIMOKA BRICTABKH BCE-
rIa npejcTaBisieT co0oi HexelaTeIbHOE YIIIOBOE PacCoriacOBaHUe
MEXIY OCSIMH, )KECTKO CBA3aHHBIMU C MHEPLUATBHBIMA H3MEPUTEIISIMH,
1 ocsiMU 6a30BOM CHCTEMBI KOOPIUHAT.

Pemienue 3a1aun BBICTABKH CBOJUTCS K CICAYIOUIUM TPEM
OCHOBHBIM (pakTopam:

—AHaJIN3 CUCTEM KOOPJIUHAT U UX MPeoOpa3oBaHue;

—AHaINU3 U3MEPEHUH OCYIECTRISIEMBIX YYBCTBUTEIIBHBIMHU
3JIEMEHTaMH, BXOISAIIUMH B KOHKPETHYIO HHEPIIUAIIBHYIO CHCTEMY

—Amnanu3 uHhOopMaI|K, TOCTYIAOMIEH OT BHEIIHUX U3Me-
PHUTEIBHBIX CHCTEM.

CylI1eCcTBYIOT pa3jiMuHbIe METOJbI PEIICHUS 33Jla4d BBICTABKH,
OOJBITUHCTBO W3 KOTOPHIX OCHOBAaHO HAa HWCIOJH30BAHUHM H3ME-
PEHUA, IPOU3BOAUMBIX CAMUMHU MHEPIMAJIbHBIMUA U3MEPUTEIISIMA —
aKceJepoOMeTpaMH U TMPOCKONAaMU. DTHU YyBCTBUTEIbHBIC 3JICMEHTHI
PEKOMEHIyeTCsl WCIOJIB30BaTh B TPOIECCE HAYaIbHOW BBICTABKH,
MOCKOJIbKY OHM HEOOXOIUMBI M I HABUTallMHU, U JIJIs YIPaBICHHS.
AKceJIepOMeTphl U THPOCKOIIBI Jal0T BO3MOXKHOCTHh OCYIIECTBUTH
BBICTaBKY OTHOCHTEIbHO 3€MHOM CHCTEMBI KOOPJUHAT, TaK KaK OHHU
MO3BOJISIIOT ONPEAC/IUTh BEKTOP YCKOPEHHUS CHJIBI TSIKECTH ( H
BEKTOpP YTIIOBOM CKOPOCTH CYTOYHOT'O BpaIeHus 3eMiu W. ITH Bax-
HbIC BXOJIHBIC BEJIMUNHBI 3HAYUTEIBLHO NCKAXKAIOTCS IBUKCHHEM
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00BEKTa, HECYIIEr0 MHEPIHUANBHYIO CHCTEMY. 3ajada BBICTABKH Ha
MOJIBMDKHOM OCHOB2HHH BO3HHMKAET TOT/A, KOTJIAa HWCKaKEHHE, BbI-
3bIBAEMOC JIBIDKCHHEM OOBEKTa, CTAHOBUTCSI HACTOIBKO CYIICCTBECH-
HBIM, YTO OCYIIECTBIISITh BBICTABKY METOJIaMH, Pa3pabOTaHHBIMH JUIs
HETIOIBHYKHOTO OCHOBAHHSI, HEBO3MOXHO.

B namHo# paboTe IPOBOIUTCS aHAIN3 OCHOBHBIX OIMMOOK BBI-
CTaBKM WHEPIMAIbHBIX CHCTEM Ha KAdaloleMCsl OCHOBAHHHU, KOTO-
phle MOKHO pa3JIeIuTh Ha JIBE TPYIIBI: ONIMOKH, BHI3BIBACMBIC
MOTPEIIHOCTAMH HM3MEPUTENILHBIX YCTPONCTB, M OINUOKH, BO3HU-
Kalolye BCICICTBUE BIMSHUS JBM)KCHHS OCHOBAHWS Ha U3Mepsie-
MBIC BETMYMHBI M CaM MPOIecC U3MEPCHHH.

3nech Mo/ IBMKEHHUEM OCHOBAHUS MOJPA3yMeBaETCs HE TOIHKO
nepeMenieHne 00beKTa OTHOCUTENLHO 3eMITH, HO W MepeMelleHuE,
CBAI3aHHOE C HEXKECTKOCTBIO €ro KOHCTPYKIUH. PaccmarpuBaeTcs
BO3MOXHOCTh HMCCJIECJIOBAHUSI 3TUX OCHOBHBIX OINMMOOK OJMHAKOBBI-
MU METOJIAMH HE3aBHCHUMO OT TEXHHKH U3MEPCHHMU, MPOU3BOTUMBIX
npy  BBICTaBKe. [IpOBOAMTCS aHATU3 OTHOCHTEIBHOTO BIIMSHHUS
MOTPEIIHOCTEH YYBCTBUTEIBHBIX 3JIEMEHTOB U JIBUKCHHUST OCHOBAHHUSI
Ha OOINYI TOYHOCTh HAYAILHOW MOJTOTOBKH, KOTOPBIA MOMOTracT
OMpeNIeNUTh TPeOOBAHUS K MPUOOpPAM B 3aBUCUMOCTH OT JBHIKCHHS
OCHOBAaHWUSI, SBJISFOIIETOCS] BO3MYIIICHUEM.

2. Cmpykmypa, xapakmepucmuka u nozpewHocmu
6ecnnamgopmeHHOU cucmemMbl opueHmayuu

BecriarhopMeHHBIMU HAa3BIBAIOTCSI CUCTEMbI OPUEHTAIINH, YyB-
CTBHUTENIbHBIC 3JIEMEHTBI KOTOPHIX (THPOCKOIBI, YIIIOBBIC aKCEIepo-
METPBI) YCTAHOBJICHBI HA KOPIyCE JICTATENILHOIO armapara, a ero
MOJIOKECHNUE OTHOCHTEIBHO OCEH OMOPHOW CHUCTEMbI KOOPAWHAT
BBIUUCIISICTCS QHAJTMTHYECKA HAa OCHOBE H3MEPEHHH OTICITbHBIX
YIJIOBBIX TAPAMETPOB JABIIKCHHS JIETATSILHOTO armapara Mpu Mo-
CJIEJYIOIIeM WHTETPUPOBAHHUU TMOJNYYCHHBIX CUTHAJIOB WM UX TIpe-
obpasoBanuu [6].

B GonbuivHCTBE citydacB OecriaTOPMEHHBIC CHCTEMbBI OPUCH-
taruu (BCO) BXoAT B cocTaB OecrmiaT(hOPMEHHBIX HHEPIHATBHBIX
HABUTAIIMOHHBIX CHCTEM M O0OCECIEYMBAIOT PEUICHUE 3a7[aud OpPHCH-
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TaIuM, 3aMeHssl cO00N MHEPIHAIbHYI0 KypCOBEPTHKAIh WIIH THPO-
CTaOWIM3UPOBaHHYIO 1athopmy [1].

becutarpopmennas cucremMa OpHEHTANMH, CM. puc. 1, mpen-
CTaBiIsIeT co0ol ONMOK YyBCTBHUTENBHBIX 3neMeHToB (BUD), cocros-
LIMI U3 TPEX aKCEIEpPOMETPOB U TPEX NATYUMKOB YIIOBOH CKOPOCTH
(AYC), ' BBEIYHCINTEb.

o,

A

Puc. 1. Cmpyxmypunas cxema 5CO (1 — 6aox damuuxos yano-
eoti ckopocmu (JIVC); 2 — 6ok npedsapumenvHoii 06pabomku
ungpopmayuu  J[YCos; 3 — 610K nunelnvix akcerepomempos, 4 —
610K npedsapumenvholl 06padomKu UHGOPMAYUL AKCENEPOMEMPO8;
5 — bnok snewnen ungopmayuu u HA4AILHLIX OAHHBIX, 6 — GblUlC-
Jumenv)

IIpu nocTpoeHUM MaTeMaTUYECKOW MOJENIN JATYMKOB BBIJIEIIS-
0T CJIe/IyIolMe MHCTpyMeHTalbHbie morpemHoctd BCO: cucrema-
THYECKOE CMEIICHUE HYJIEBOIO CHUTHAJIA; HECTAOMIbHOCTh HYJIEBOTO
CUTHajIa U HECTaOMIIBHOCTh MacIITaOHOro Ko HUIIMCHTA.

YckopeHHe M0 OCSM aKCelepOMETPOB 3alMIIEeTCs CIeIyHo-
UM 00pa3oM:
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COOTBETCTBYIOIIMX TUpOCKonos; &, & &~ — ClydaiiHble yXObl
X y 7

COOTBETCTBYIOIINX IT'MPOCKOIIOB.
3. OnucaHue u Mamemamu4eckasi MOOeJsIb KayKu

JIBrmkeHne cy/nHa Ha B3BOJTHOBAHHOM MOpE — €ro Kadka — Ipe-
cTaBiseT co00il CIOKHBIM KOJIeOaTENbHbIN MPOIECC, COBEPIIaeMBbIi
CyJTHOM OTHOCHUTEIFHO MOJIOKEHUSI PAaBHOBECHS, KOTOPBIH MOXHO
paccMaTpuBaTh KaK COBOKYITHOCTH KOJEOAHH, OTBEUAIOIINX KaK-
JIOM W3 IIECTH CTereHel cBobomsl TBepaoro tena [4]. B ocHOBHOM
KayKa BO3HHMKAeT I0J ACHCTBUEM THAPOAMHAMHUYECKUX CHI, 00Yy-
CJIOBJICHHBIX BO3MYILAIOIIMM 3(P(EeKToM BETPOBOIO BOJIHEHHUS.
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OCHOBHOH NPUYNHONW KAa4YKW CyAHA SBISIETCS OJHOBPEMEHHOE JeH-
CTBHE Ha HETO BOJIH, CUJI IUIABYYECTU M YCTOMYMBOCTH.

PasnuyaroT nBa Bua KoiiebaHMid CylHA HA KadKe: CBOOOIHBIE,
KOTOpbIE TPOUCXOAAT MO0 MHEPLUHU IOCJE MPEKPAIlEHUs] CHUJ, BbI-
3BaBIIMX HX, U BBIHY)KICHHbIE, KOTOPHIC BBI3BIBAIOTCS BHELIHHMH
NEPUOJUUYECKU TPUIOKEHHBIMU CHJIAMM, HAallPUMEP MOPCKHM BOJI-
HEHHEM.

B 3aBucumocTH OT HampaBiieHHS KOJeOaHWA CyJHa OTHOCH-
TEJIBHO YCTOMYHMBOIO TOJIOKEHHSI PABHOBECHS PA3JIMYAIOT TPH BHUIA
Ka4yKi: OOPTOBYIO, KWIEBYIO U BEPTHKAJIBHYIO.

Paznuunble THOBI KONMEOaHUH PeNKO BCTPEYAOTCA OTHEIBHO.
OOBIYHO CYZHO BBINOJHAET HAa BOJHEHUHU CIIOKHBIC JBIDKCHUS,
KOTOpBIE 3aCTaBJIIOT €ro B OOJBILICH MM MEHBLICH CTENECHH M3Me-
HATH IOJIOKEHHUE M YIrpoXKaroT ero OesomacHocTd. IIpu nBmkeHHH
MOJI KaKUM-JIN0O YTJIOM K TpeOHSM BOJH CYJHO OOBIYHO OIHOBpE-
MEHHO TIOJ[BEpraeTcs Kak OOPTOBOH, Tak M KHJIEBOW Kaduke. VIMeHHO
Takasi KOMOMHUPOBaHHAs KauKa M pacCMaTpUBAeTCs B IaHHOH pabo-
Te.

J1st mocTpoeHust onpeaeneHHON MOIEN OBIKEHHUS KOpaliis Ha
BOJIHEHHHU 32 OCHOBY NPHHHMAeM HKCIIEPHUMEHTAJIbHO IOJyYCHHBIE
napamMeTpsl Kauku aBuaHecyuiero kpeiicepa. Ilockoneky aBuaHocen
uMeeT OoublIne radapuTsl U MaccCy, TO BOJHEHUS BOABI CKa3bIBACTCS
Ha HEM HE3HAYMTENIbHO, II03TOMY KauKy Kpeiicepa MOXKHO paccMart-
PHUBaTh KaK CHHYCOHMJIAJIbHBIN IpoOLecC.

[lepeHocHble YCKOpEHHUs, OOYCIOBICHHBIE KAdKOW KOpaodii,
BO3MYUIAIOT cucTeMy HaudanbHOM BbicTaBku BCO. [lns cunresa
ITOPUTMOB HAYaJIbHOW BBICTABKH HEOOXOJMMO YUMTHIBATh CaMBbIi
CIIOKHBIA CiTydaid, KOTOPBIA HACTyINaeT MPH MaKCUMaJlbHOM Iepe-
HOCHOM YCKOpEHMH. MakcuMalibHOe IepeHOCHOEe yCKOpeHHe Oyner
NpY Kauke KopabJiisi Ha BOJHEHUH B 6 0asios.

VYcKkopeHHsi 1O CBSI3aHHBIM OCSIM  KOpabiisi, 00yCIIOBIIEHHBIE
KauyKOH, UMEIOT BUJI:

U, =a,R,-&,R +o0R, +00,R, -o/R, -a:R,,
Q) U,=o,R,-o,R, —o0,R, +o,0,R, —wfRy —a)ZZRy,
U,=oR, -o,R, +0,0,R +0,0,R, —oR, - olR,.
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rle w,,®,,®, — yraoBble CKOPOCTH KaYKH KopaoJIs;
o, =, -Sin2z f, -t,

@y =y, -sin2z f, -t

o, =m,,-sin2rx f, -t;

a, a)y,a) YTJIOBBIE YCKOPEHHUS Ka4Ku; RX,Ry,RZ — KOOPIHUHATHI

MECTOTIOJIOKECHIS 00BEKTa OTHOCHTEIHLHO IIEHTPa Macc KopaoJis.

PaccmaTtprBas kauky Kak CHHYCOMAAINBHBIA MPOIECC, MOXKHO
HECKOJIBKO YTPOCTUTH €€ MonenupoBanme. llpu 3TOoM mporecc
ocTaercsi OJIM30K K pealbHBIM YCIOBHUSM, OJarofaps 3TOMY MOXHO
OIICHUTh TOYHOCTH M BpEMs HadaJbHOW MOJTOTOBKH HHEPIHAIBLHON
CHCTEMBI C TIOMOIIBI0 pa3padaTsiBaeMoro anroputMa. HauanpHas
BBICTaBKa PE3E€PBHBIX MPHUOOPOB JOKHA OCYIIECTBISTHCA He Oolee
yeM 3a 60 ¢ ¢ Tounoctsio 0,5 rpan.

4. Anzopumm HavanbHOU 6bICMAaeKu Ha Ka4daroujemcsl
OCHO8aHuu

B Hacrosiiee BpeMsi H3BECTHO OOJBIIOE KOJIWYECTBO METOJIOB
HAYaIbHOW BBICTABKM MHEPLUHUAIBHBIX CUCTEM Ha ITOABHXHOM OCHO-
Bauuu [3,5].

OnbIT NPOEKTUPOBAHMS HHEPLUHUAIBHBIX CHUCTEM IOKa3bIBAET
1es1eco00pa3HOCTh MCIONIBb30BaHUA B 3ajade HadaJbHOH BBICTABKH
¢uneTpa Kanmana, koTopslil npencTasisier co0oi Hauboee pa3Bu-
TBHIM ¥ YHUBEPCAIbHBIA MaTEMATUYECKHUH anmapar.

[IpeumymectBom punbrpa Kanmana sBisiercst To, 4TO OH mpea-
CTaBNsieT cOOOHM Jierko peanusyemblii Ha DBM anropurtMm, mo3Bo-
nsroIMi popManu3oBaTh NPOLEAYPY PEIICHHs yPaBHEHUH OLICHKH U
o0ecreynBaOUIMi pe3yabTaThl MapaMeTPOB AWHAMHYECKOH CHCTe-
MBI OJTM3KUE K ONTUMAIIbHBIM.

IIpn npoexkTupoBaHNM AITOPUTMA HAYAIbHON BBICTABKH MOYHO
UCIIOJIb30BaTh IPHEM ammnpokcuMmanuu Kod3hduuueHtos ¢uibrpa
Kanmana mpoctoit ¢pynkuueid. lanHblid npreM MO3BOJIHUT U30€KaTh
pelieHns ypaBHEHMsI PUKkaTH B peaqbHOM BPEMEHH, OTPaHUYUTH
YHUCIIO MapaMeTpoB, BIUAIOUIMX HA MPOIECC, CAENaTh AHAIN3 BBI-
CTaBKH 00Jiee POCTHIM U TOCTYITHBIM.
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IlpumeHuTENBbHO K 3a/ladye HavYaJbHOW BBICTABKE alllOPUTM,
peanm3yrommii TucKpeTHbI ¢mnpTp Kanmana, ormncaH BO MHOTHX
paboTax OTEUeCTBEHHBIX M 3apyOeXHBIX aBTOPOB, HO HamOoJjee
mopoOHO cxema paboThl GpuiapTpa ommcana B [5].

Jns nmpumenenns GpuibTpa uccaemyeMast CucTeMa TOJKHA OBITh
OMHCaHa IUCKPETHBIMH YpPaBHEHUSMH COCTOSHHUSI W H3MEpPEHH.
KoMmmoneHTaMu 3THX ypaBHEHHMH SBISIOTCSA: BEKTOP COCTOAHUA X,
BEKTOp M3MEpEHUH Z, mepexoHas MaTpHIa COCTOSHUSA @, MaTpHuIa
m3Mepernii H, Bextop Bo3mymierns W, BekTop ommOOK W3MEpEeHHH
V.

Xy =D - X+ W, ,
(4) k+1 k+1,k k k

Zk+l = Hk+l ’ Xk+1 +Vk+l'

[ mpoBeAeHUsT MaTeMaTHYECKOTO MOAETMPOBAaHUS ObUT pas-
paboTaH MPOTrpaMMHBIN MOJYJIb, TO3BOJISIONIMIA HMCCICIOBATh Xa-
PaKTEpUCTUKH alrOpUTMa HAYaIbHOM BBICTABKH B 3aBHUCUMOCTH OT
BHYTPEHHHMX BO3MYIICHUH U XapaKTEPHCTHK JIBU)KEHUS 00BEKTa, Ha
KOTOPOM ITPOBOJIUTCSI BHICTABKA.

Hnst toro, 4toObl Oojiee HAMITHO OTOOPAa3UTh pealn3yeMblid
AITOPUTM, €r0 MOKHO TIPE/ICTABUTh B BUJIE CIIEAYIOUICH CTPYKTYPHOM
CXEMBI, CM. puc.2.

Biok rupockonos

Pacuer A
MaTpHUIbl
OpHMEHTALUU

Koppexkius s KpeH

MAaTPHIIBI bIUUCIIE- 7
—> opuenra- HHE YIJIOB
U

!

TaH-

rax 6

Brok akcenepomerp
i

A 2y, 8y, 8z g g 2 [ dumrp x0 92

dopmuposa- Asos

HHUE MaTPHUIbI
JO0BOpOTa

A Kanmana
) $

Puc. 2. Cmpyxmypuas cxema aneopumma Ha4anvpHoll 8biCMABKU
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BxomHBIME TTapaMeTpaMu AJIsl JaHHOTO MPOTPaMMHOTO MOJIYJIS
spistorcss m3Mmepenus bUD. Tlokasanus TUPOCKOTOB (QOPMHUPYIOT
MaTpUILy OpUEHTAINHA KOPaOIIs.

ITokazaHus akcemepoMeTpOB MEPENPOSKTUPYEM B reorpadmde-
CKYIO CHCTEMY KOOpJIMHAT B COOTBETCTBHH ¢ MH(opmanueH, BeIpa-
OotanHOM TIpH POPMUPOBAHUH MATPHUITEI OPHUCHTAITHH.

J1a olleHKHM TIONMy4YeHHBIX YCKOpEeHMi B reorpadudeckoil cuc-
TeMe KoopauHar mnpuMmeHsieTcs ¢GuibTp Kammana, BBISBISIONIHIA
OIINOKY OPUEHTHUPOBAHUS TOPU3OHTAIBHBIX KaHAJIOB ITyTEM CpaBHE-
HUS YKa3aHHBIX YCKOPEHUH C ATATIOHOM, KOTOPBIM B JAHHOM CITydae
BBICTYIIA€T BEKTOP YCKOPEHUS CHUJIIBI TSKECTH { .

Ha ocHoBe BBISIBICHHBIX (QHIBTPOM MOMEX (GopMHpyeTcs Mart-
pHIla JOBOPOTAa HA BEJIMYMHY ITHUX OIMIMOOK. 3aTeM IMOIydaeTcs
HepexoaHasi MaTpHIa OT 0a30BOM CHCTEMBI KOOPIMHAT K MPOMEKXY-
TOYHOW W ONPENeNsIIOTCS WCKOMBIE YIIIBI OpUEHTanuH (KpeHa M
TaHTaXa).

Ha ocHOBaHmm pa3pabOTaHHOTO AJTOPUTMA B CpeZe MPOrpam-
mupoBaHuss Borland C++ Builder Opua co3mana mporpamma,
BKJIIOYArONIass (GyHKIUU BBIYHCICHHUS YTJIOB, (JOPMHUPOBAHUS U IIO-
clietyronieli KOppeKIMy MaTPHIl OPHEHTALMH U pean3aliii padoThl
¢unbTpa Kanmana, a taxxke ee Bapuanuu i ¢uiabTpa Kanmana c
MTOCTOSTHHBIM KO3((PUITEHTOM.

Ha navyanpHOM 3Tare padoThl MPOrpaMMbl TOSBIISETCS TIIaBHOE
OKHO — «MojenupoBaHue HayajdbHOW BBICTABKM Ha KadKe», CM.
puc.3.

e e
‘ o aBensHan CK
e —
Hacrpaiess [ CamoneTHas CK :
| I
]
MpuBopHaa CK.
PaciatHan CK :
Kerusrocum 1 |
Korwnrosaes 2 T

Puc. 3. I'nasnoe okno npocpammol
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B neBoif yacT OKHa OTOOpa)KaroOTCs IO I BEIBOAA Tpadu-
KOB. B mpaBoii yacT OKHa MOXHO HaOIIOMATh MPeoOpa3OBaAHM
MaTpHIl OPUEHTAIUM CHUCTEMbI KOOPJWHAT M YTJIOB OPUCHTAINH B
X0JIe Tpolecca MojenupoBanus. [Ipyn Haxkatuu Ha KHomky «Ha-
CTPOWKH», TIOSBIISIETCS OKHO HACTPOCK, CM. pHc.4.,B KOTOPOM OCY-
HIECTBIISICTCS] BBOJ, YUCIIOBBIX 3HAYEHUH MCXOJHBIX JAHHBIX, 3HAUC-
HUW BXOJIHBIX ITapaMEeTPOB, BEIOOP criocoba GHUIbTPaIIHH.

#f Hacrpoica _ = | B i
Otien. M4 oT TOUKM EPAWLEHHA MorpewHocTe ARKC Morpewnocts JUC -
[ HE o o, mg HE no oou, rpiuac [Bpera mogenposarus, c
T Rewm | 30 HC no ocn %, mg 0| |HC o oo, rpeuac an Epenta mogemposari, c | 180
3 30
= = | H G rameit Al ’—l] HC no ocu ', rpduac
. 1 HC no ocu Z, rpduac 30 FPunerp Kanmana
BT ’—15 HC no acu Z, mg 1] R 500.05
g rcnepcua wyka 150 F 0.0029
Owwtika MK X, % 1] v ’W P =
Yrnosaa ckop. kopatina LHcnepcra wytda 0 1000,0001 45
DuweabE v,z | 0| [wenepomuwaz | 150
lannumyna kaww X | 1,2537
Oumtika ME. 2 % 1] Duwnitra MK % % ’—l] Beiiop uneTpa
IAmnmmyna kaukn Y o - " Punetp Kanmana
Owntika ME Y, % 1]
lannumyna kawn Z | 1.2537 Orkn. camonera no kypcy Oumtra ME, 2. % 0 ™ Punetp Kanmana c noct K
T ,— ¥ 0
Mepran KeHki X, o 8 Ha4ankHeli yran
2
Mepuog kauwku 'Y, © 1} ez
Yron HaknoHa Npye. A0CKH
Tatram 3 CoxpaHuTb
|l INepuoa kawnZ, ¢ | 8 | & 0 T ’—l]
I—= —

Puc. 4. Oxno nacmpoex
McxonHeIMu JaHHBIMH AJIS [IpOLIECca MOJENMPOBAaHUS Havallb-
HOW BBICTaBKU SBIIETCS Kayka CyJHa, KOTOpas B JAHHOM Ciydae
NPUHSATA C aMIUIMTYAOH 2 2pad. v nepruosioM § ¢, YTO COOTBETCTBYET
6 Gautam.
Ha pucynkax 5 — 8 mpencraBieHbl pe3yibTaTsl MOACIUPOBa-
HUSI IPOLIECCOB HaYallbHOM BBICTABKU MPH HAJTMUWHU KadKH KOpaois.
[Ipu 5TOM Ha puc.5 Kauka 3a1aHa IPH BOJIHEHUHU 6 0ayuIoB, Ha pHC.6
— TpH BoJHEHUH 5 Oamnsos, Ha puc.7 — 4 Oamna, Ha puc. 8§ — npu 3
Oayutax. 'opU30HTANBHBIMU JTMHUSMH Ha PUCYHKaX yKa3aHbl TPaHU-
bl AONYCTHMBIX 3HaUYCHWH OLIMOOK YIJIOB, TO €CTh OTKJIOHEHHS
YTJIOB HE JAOJKHBI BEIXOAMTD 3a MIPEENbI 33JaHHOTO MHTEpBaIa.
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Ownira kpena (Bonsenue & Gannoe)
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Puc. 5. Mooenuposanue npoyecca HauanbHoU 8bICMABKYU NPU BOHE-

Huu 6 bannoes
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Puc. 6. Mooenuposanue npoyecca HauanibHOU 8bICIMABKU NPU

goanenuu 5 bannoes
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OwwGka kpexa (BonHenne 4 Ganna)
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U3 prcyHKOB BUJIHO, 4TO Mporiecc BricTaBkH coctaniseT 20 — 30 ¢. u
HE MEHSETCS B 3aBUCUMOCTH OT BOJTHEHUS MOPSI, aMIUIATY 14 OITHOKHI
nanaet ¢ 18 yen. mun (0,3 epao.) npu 6 6amnax mo 1,2 yer. mun (0,02
epao.) ipu 3 damnax. Bo Bcex ciydasx HadalbHas BBICTABKa CHCTE-
MBI HAUUHACTCS € 2 2pad., painyc BEKTOP HAXOXKICHHUS 00BhEKTa Ha
HOCHUTEJIE COCTABIIAET [30; 10; 15]][/1. TectupoBanue

Pa3paboTaHHOTO IMPOrPAMMHOIO MOJYJIS MOKAa3ajlo ero padoTocmo-
COOHOCTb M TIPUTOJIHOCTH JUIS UCIIOJIBb30BaHUSI B PEATbHBIX YCIOBH-
SX.
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ALGORITHM AND SOFTWARE IMPLEMENTATION OF
THE INITIAL ALIGNMENT
OF INERTIAL SYSTEM ON A ROCKING BASE
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Nizhny Novgorod State Technical University, Arzamas, graduate
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Abstract: This paper describes the process of autonomous initial
alignment of the orientation system, aimed at reducing the time of
the preflight preparation of the aircraft inertial system, based on
different types of ships. The analytical and computational algo-
rithms required to implement the initial alignment based on the
rocker. Mathematical modeling was carried out and analyzed the
results of the software module.

Keywords: inertial systems, initial alignment, strapdown system
orientation.
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