OJIHOBHMIPHOTO HaOmmkeHHs1. [10pIBHIOIOTBCS CiTYACTO-XapaKTEPHCTHYHUI METOA, MeToa ['oxyHoBa i
Metox PomioHoBa. AHami3 pe3ynbTaTiB IOKa3aB, M0 MeTox PolioHOBa 103BOJISLE IPOBOJUTH PO3PAXyH-
KH{ 3 BHCOKOIO TOYHICTIO Ha IPyOHX CiTKax i MBHAKO CXOAUTHCS HPH 3MEHIIEHHI KpoKy ciTku. ITokaza-
HO, 1[0 A1 OTPUMAHHS PillICHHS 3ajaHOi TOYHOCTI MeTO0M Po1ioHOBa MOJKHA IPOBOAUTH PO3PAXYHKU
Ha CiTKax 3 KPOKOM B 3 — 6 pa3siB OLIbIINM, Hi’K METOIOM [ '0lyHOBa, 1110 JO3BOJISIE OTPUMATH BUTpALl y
gaci po3paxyHKy B 10 — 20 pasis.

KumiouoBi ci10Ba: Moziensb Tedil, TiAPOITyIIKa, CITYaCTHH METOM, I'1APOIMITYJIbCHI TEXHOJIOTII.

In this article evaluated the accuracy of the calculations of the hydrodynamic parameters hydro-
cannon different numerical methods. The study was performed in the framework of an ideal compressi-
ble fluid quasi approximation. We compare grid-characteristic method, the method of Godunov's
method Rodionova. Analysis of the results showed that the method Rodionova allows calculations with
high accuracy on coarse meshes and converges rapidly with decreasing mesh size. It is shown that for a
given accuracy of the solution method Rodionova can perform calculations on grids in increments of 3 —
6 times larger than the Godunov method that allows you to calculate the gain in time of 10 — 20.

Key words: flow model, hydraulic gun, mesh method hidroimpulsni technology.
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PE3YJbLTATHI MOJEJIUPOBAHUA COBMECTHOM PABOTHI
CUCTEM YIIPABJIEHUSI 1 HABUT'ALIUN

HpeL[CTaB.TICHBI PpE3yibTaThl MOACIUPOBAHUSA COBMECTHOU pa6OTBI CHUCTEMBI YIpPaBJICHUA JIETATEIIbHBIM
anmnapaTtomM u HHCpHHaJ’[LHOﬁ HaBHUTAI[AOHHON CHCTEMBI. JIJ'IS{ TIOBBIIICHHUsI TOYHOCTH YNPABJICHUSA HC-
I10JIb30BaH METO aﬂFOpHTMI/I‘ICCKOﬁ KOMIICHCAIMH OIIHO0K I/BMCPCHI/Iﬁ HUHCPUHUATIBHBIX TATYUKOB. ITa-
paMETpBl MAaTEMAaTUYECCKUX MoJenen OImboK JAaTYUKOB MOJIYYE€HBI B IIPOLECCE UX KaJ'II/I6p0BKI/I. TToka-
3aHO, 4YTO pa3pa60TaHHHe METOOUKH KaIII/[6p0BKI/[ WHEPUHUAIBHBIX TaTYUKOB Cpe[[Hei’I TOYHOCTH IT03BO-
JIIIOT MOBBICUTH KQ4Y€CTBO MHEPLUHUATIBHOTO USMEPUTEIIBHOTO 0JI0Ka JIO HABUTAIIMOHHOTO.

KumoueBble cJjioBa: UHEpLHUaIbHasg HaBUIrallUOHHAs CUCTEMA, aBTOMAaTHYECKas CUCTEMa yIlipaB-
JICHUSA, aJITOPUTMHUYCCKAad KOMIICHCAIINA, TUPOCKOIL, aKCEJIECPOMETD.

Bgenenue. B HacTosmee BpeMst B a3pOHABUTALMK BEICOKOTOYHOE MO3UIIHO-
HUPOBaHHUE BO3AYIIHBIX MMOJIBUKHBIX OOBEKTOB SIBJISIETCS OJJHOM M3 KJIFOUYEBBIX 3a-
Jlad ynpasiieHusi. Bmecte ¢ TeM, orpoMHOe 3HaueHHe s o0IIecTBa uMeer 6e30-
MIACHOCTh TIOJIETOB, UX yropsipounBanue. CoBpeMeHHas MEXAyHapo/Has HaBUTra-
LI Pa3BUBACTCA B COOTBETCTBHU C ITUMH LENAMH. [ MX IocTKeHUs OblLia
paspabotana konyenyusi Performance Based Navigation (PBN) — HaBuranuu, oc-
HOBAaHHOW Ha XapaktepucTukax [1]. B 3Tolf koHIenIuu paccMaTpUBAIOTCS Xapak-
TEPUCTUKHU BO3IYIIHOTO Cy/HA B LIEJIOM, a HE OTJEIBbHBIX ero MoayJeil (ynpasie-
HUSI, HABUTAILIMN U TOMY T0J100HOE).

Yame Bcero npu MWIOTHUPOBAHUH JIeTaTeNbHBIMU anmnapaTamu (JIA) pazmud-
HOTO KJIacca pelaeTcsi 3ajiada BBIBEJCHUSI 0OBbeKTa B 3aJaHHYI0 Touky. CoBpe-
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MEHHbIE BO3MOKHOCTH BBICOKOTOYHOTO NMUJIOTHPOBAHUS OCHOBAaHBI Ha KOMIIJICK-
CHpOBaHMM MH(OpMaLUK, MOTy4aeMoil OT II00aTbHBIX HABUTAIMOHHBIX CITyTHH-
KOBBIX CHCTEM M MHEPIHMAIBHBIX crcTeM. BMmecte ¢ Tem, B mpouecce GpyHKINOHU-
pPOBaHMS HaBUTALMOHHOW CHCTEMbI HE MCKITIOYAIOTCS CIydal OTCYTCTBUS MH(OP-
MaIMy OT CIIyTHHUKOB. IIpu 3TOM, IiepephIBBI B MOIy4YE€HHH JOCTOBEPHOM CITyTHU-
KoBOH MH(popMauuu 1o oueHkaMm HHpopmanmonHsix nentpos GPS/TJIOHACC,
KOTOpBIE ceiuac PyHKIIMOHUPYIOT, MOTYT MOoCTUTaTh 15 muH. [2]. Takas curyanus
BO3MO’KHA @K€ IIPU IITaTHOM C036€30ull CNymHukog. B 310 Bpems pabota cucre-
MBI aBTOMaTuieckoro ynpasieHus noneroM (CAVII) ocyiecTBiasercss TOJIBKO MO
nH(pOpMaIMK MHEPIHAIbHON mojacucTeMbl. 3 cooOpakeHnii 0€30MacHOCTH Kax-
Jlasi MHTETPUPOBAaHHAs WHEPIMAIBEHO-CITyTHIKOBasl HABUTAILIMOHHAS CHCTEMa 00s-
3aTeNbHO HCCIEAYEeTCsl B YCIOBUSIX aBTOHOMHOHM PaOOTbI, PH OTCYTCTBHU CITyT-
HUKOBO nH(opManuu. [Tomo0HbIe NCCIeI0BaHHS HA3bIBAIOTCS KAIUOPOBKOIL.

AHa/In3 COBPeMEeHHbIX MeTO/10B. lcronp3yemble B aBHalMi HHEPIHATBHBIC
uzMeputensHsle 010ku (MNB) KoOHCTpyHpYyIOTCS HAa OCHOBE JTOPOTOCTOSIIUX Ipe-
LU3UOHHBIX JaTYMKOB, 00CCIIEUMBAIONINX BHICOKOE Ka4eCTBO HABUTAIIMOHHOW WH-
¢dopmaru. B mocnenHee necsiTuiieTHe, B CBA3M C PAa3BUTHEM HOBBIX TEXHOJIOTHH,
YCTaHOBMJIACh TEHACHINS K YACHICBICHUIO MHEPLHAIBHBIX OJOKOB 32 CUET BKIIIO-
YeHHS B HUX JAaTUYUKOB CpeIHEH M HU3KOW TouHOCTH. OHAKO 3aMeHa COCTABIISIO-
mmx VWb Bener kK MOHMKEHUIO €ro TOYHOCTH, YTO BJIEYET 3a COOOM MOHM)KEHHE
TOYHOCTH BbHIpAaOOTKM HaBHTAIMOHHBIX IApaMeTpPOB alrOpuTMOM Oecmatdop-
MeHHOH nHepuuansHoi HaBurannonHou cucrtemsl (BUHC). Onanm u3 3¢ dexrus-
HBIX IyTel MOJy4eHHUs BBICOKOTOYHBIX OIeHOK anroputmMoM BUHC sBisercs an-
ropuTMUYecKas KoMIeHcauus nepBU4HbIX u3MmepeHuil Wb ¢ ucnons3oBaHueM
KaJMOPOBOYHBIX ONPABOK OIIMOOK U3MEPEHUI.

Metoap! KaTuOPOBKH 3a MOCJIEAHEE BPEMS TAKXKe MPETEPIIEIN H3MEHEHUS — C
pa3BUTHEM MAacCOBOTO BBIITyCKa WHEPIHAIBHBIX JATYMKOB MX HWHAMBHIYyalbHas
KaJMOpOBKa cTajia HEBO3MOXKHA. DTO OCOOCHHO aKTYaJIbHO JJIsi HOBOT'O THIIA MHK-
PO-dIEKTPO-MeXaHNYeCKUX AaTdnukoB [3, 4]. IIpouecchl kannOpoBKN yHHUINPY-
1otes [5, 6], u B HacTosIIee BpeMs BBIITYCKAIOTCSI CTEHBI TS IPOBEICHUS KO-
POBKHM MapTHi 1aTYMKOB, BIUIOTh 70 1000 mryk [7]. MaccoBas kanubpoBka He aa-
€T MHIUBUYaJIbHBIX XapaKTEPUCTUK, ONpeAesseT TOIbKO CTaHIapTU3UPOBAHHBII
Ha0Op KOHCTAHT, KOTOPBI MOXET HE yJOBJETBOPSTH B ITOCIEIYIOIIEM COCTaBY
MapamMeTpoB MaTeMaTW4ecKOW MOJENN KomIeHcarun omudok. IlosTomy mepen
HCII0JIb30BAHUEM HMHEPLUUAIIbHBIX JATYMKOB CpeiHed u Hu3kou TouHoctu B UMb
HEOOXOJMMO JIOTIOJHUTEIBHO MPOBOJUTH UX KAINOPOBKY TEMH METOAaMH, KOTO-
pBI€ MO3BOJIAT YTOYHHUTH WM WAECHTH(UINPOBATH HEOOXOAMMBIE ISl JalbHEHIIe-
TO IPUMEHEHHS] HHANBHUyaIbHbIE KAINOPOBOYHBIE MAPaMETPhl KAKAOTO JaTIHKa.
Kpome Toro, Merojipl M TUIaHbl KaTMOPOBOYHBIX SKCIEPHUMEHTOB 3aBUCAT OT CO-
cTaBa JlabopaTopHOro 000pya0BaHMs. AKTUBHO Pa3BUBAIOTCSI METOABI KaJHOpPOB-
KU C HUCIIOJIb30BaHUEM J1a0OPaTOPHOTO 000PYIOBAHMUS HU3KOIM TOYHOCTH, UTO TaK-
ke ynemeisier npoussoactso MNUB.
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Takum 00pa3oM, pacCMOTPEHHE OCOOCHHOCTEH COBMECTHOM pabOThI CHCTEMBI
ABTOMATHUYECKOT0 YIPABJICHUSI U UHEpLIMAIbHONU HaBUranmoHHou cucremsl ¢ UUb
cpelHel M HU3KOM TOYHOCTH SIBJISIETCSI aKTyaJbHBIM B paMKaX COBPEMEHHOU KOH-
neniuu PBN.

MopaenupoBanue padoTbl CHCTEMbl ABTOMATHYECKOr0 YNPABJIEHUS W
BUHC. B HanyoHalbHOM TEXHUYECKOM YHHBEPCUTETE «XapbKOBCKUM MOJIHUTEX-
HU4ecknil HHCTUTYT» (YKpanHa) [7] pa3paOoTaHBl METOABI KAIHOPOBKH MHEPIIH-
QIBHBIX JATYUKOB CPEIHEH M HU3KOW TOYHOCTHU C MCIIOJIb30BAaHHEM J1a0OPaTOPHO-
ro o0opysoBaHUsI HU3KOH TOYHOCTH. J{J1sl TpOBepKH 3P PEKTUBHOCTH MPUMEHEHHUS
MOJYYE€HHBIX KaJIMOPOBOYHBIX ITApaMETPOB pa3paldOTaH MPOTrPaMMHBIA KOMILIEKC
(IIK), momenmpyromuii padory CAVIL. B cocraB I[IK Bxomsar: Oiok cuHTe3a
VOPaBISIOMNX BO3ACUCTBHA, Moaenb nBwxkenus JIA, monmenr WMUb, anroputm
BMHC. Ha pucynke nokazana ¢yHkiuoHanbHast cxema [1K, crpenkamu ykazaHo
MpoxoXkaeHne uH(opManuy o mapaMeTpax coctosHus JIA u mapamerpax ympas-
nerns. CAVYII no3BomnseT KOppeKTUPOBaTh yrpasieHue JIA ¢ y4eToMm OLeHKH pe-
AIBHOTO COCTOSIHUSI OOBeKTa yrpasieHus, ¢opmupyemoe amroputmom BUHC.
BexTop cocTosiHUS BCell CUCTEMBI BKIHOYAeT KOOPAUHATHI, CKOPOCTU U YIJIBI OPH-

entaru JIA: (R,V, A) = (x, Vo Z, X, ¥, Z, ¥, O, j/) .

Kpaggple yeIoEuL

Doprmporane | R+, Vit Cumres ()Y Mogens R, 7 Mogerms 28047 | Amrepuna

3TANOHHO YTIp ABNEHHA B » »

neuskeHns JLA HE BHHC
TP ACKTCPHH BedyLye [ENCTh
IEHReHHT JLA TOUKY
1 R, V)

R, 7, B T RE), TR

WL v et e ROrOrEE)

Pucynok — ®dynknuonansnas cxema [1K.

BxogueimMu ganuesiMu I1K gaBistrores:

— MaccorabapuTHbIe mapaMeTpsl JIA, HeoOXoauMbIe A7 BEIUHCICHAN a’po-
JMHAMHYECKUE XapaKTepucTuku JIA,

— KpaeBble YCIIOBHUS, XapaKTepHu3ylolue coctosHue JIA B Ha4aidbHBIH U KO-
HEYHBII MOMEHTHI BPEMEHH JIBIKCHNS,

— BpeMsI IBHKCHHUSL.

B Onoke 1 ompenensiercst dTaJOHHAs TPACKTOPHs JBIIKEHUS, YIOBIETBO-
psiroInas 3alaHHBIM KpaeBbIM YCJIOBHUSM M 33JJaHHOMY BpEMEHH JBIXeHUs. B Ono-
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Ke 2 B Hauase Kaxaoro takra padotsl CAVII ¢ yuerom Tekymieh uHbopMaiuu o
MOJIO)KEHUH M CKOPOCTH OOBEKTa BBIYMCIISIOTCS TpeOyeMble YIpaBISIOIINE BO3-
aeiictus. biok 3 peanusyer MoJenb IPOCTPAHCTBEHHOTO M YTIOBOIO JIBUKECHUS
JIA. Brok 4 renepupyeT MHEpIHMAIbHbIE JaHHBIE, COOTBETCTBYIOIINE MTOKA3aHUSIM
rupockonoB (I'C) u akcenepomerpoB (AK) B Texymmii MOMeHT aBwxeHus JIA, c
YyUYETOM 33/IaHHOM MOZEJH IOTPELIHOCTH u3MepeHuil. biok 5 ¢popmupyer oneHkn
TeKYIIMX TapaMeTpoB JBIKEHHS JIA, 10 3HaYEHUSM KOTOPBIX KOPPEKTHPYIOTCS
YIPaBISIONINE BO3JCHCTBUS Ha ciemytomeM TakTe padborst CAVIIL

MopenupoBaHue COBMECTHOH pabOThl CUCTEMbI aBTOMaTHYECKOTO YIpaBlie-
uust 1 BUHC nmposonunocs ¢ aanaeivu MUB cpenneit TouHOCTH, 8 IMEHHO: Apeiid
HyJ1s1 BoslokoHHO-ontraeckoro I'C OUYC501 (mpomusBoactso OOO HIIK «Omnro-
muHE» [9], Poccms) cocraBmser 0,3 rpap/a, cmeur mHymst AK (MMAS8451Q,
Freescale Semiconductor Inc (USA, Texas) — 0,005 m/c’. DKcrepUMeHTAIbHBIC
WCCIIeIOBaHNS YKa3aHHBIX IPHOOPOB MO OPUTHHAIBHBIM pa3pabOTaHHBIM METOJIH-
kaMm kamuOpoBku [10, 11] mo3BoMMIM ONPENENNUTh MapaMeTphl MaTeMaTHYECKIX
MoJenel OMmuOOK M3MEPEeHNH YKa3aHHBIX JaTYHKOB. A MIMEHHO, MOJIEJICH 3aBUCH-
moctu apeiida Hyns ['C oT TeMrnepaTypHBIX MapaMeTpoB U BHEIIHETO MAarHUTHOTO
noJist; 3HaueHue casura Hyna AK. Vcnonps3oBaHue alropuTMHUUecKOil KOMIEHCa-
UM W3MEPEHNH MO3BOJIMIO CHU3UTh ypOBEHb OmHMOOK natunkoB: y I'C ocrtarod-
HBIA TOCIIe KOMICHCAINH Jpeid Hyms (VposeHs 80Ccnpou3800umMocmu) COCTaBIII
0,05 rpan/y, caeur Hyns AK — 0,001 m/c’.

Jns uccnenoBanus BnusHus TouyHoct BUHC Ha tounocts CAVII ucnosns-
30BAJICS KpUmepuii mouHOCMu YnpaegieHus, ONpeIelIeHHbIH KaK 01130cTh (GaKkTH-
YEeCKHUX KOOPJIUHAT TOYKU B KOHIIE HHTEPBAIA ABMXCHUS K 3TAJIOHHBIM 3HAYCHHUAM
KoopauHaT. B 3TOM citydae paauaibHOI OIIMOKE YIIPaBICHUS COOTBETCTBYET (Gop-

MyJia
/u: Z(RiR_Ri*)za i:1,2>39

TIe UHASKC « R » 0003HayaeT pPCaIn30BaHHBIC, A « *)» — 3TAJOHHBIC KOOPJAMHATHI
JIA.

Pe3yabTaThl MogeaupoBaHusi. B Tabnuie npuBeeHbI pe3yIbTaThl MOJICITH-
poBaHUSA 9-TH XapaKTEepHBIX YYacTKOB IOJETa MPOAOIDKUTEIHHOCThIO OKono 10
MHUH. KaXIbIH, OTINYAIOMUXCs (OPMOH TPACKTOPUH, CKOPOCTHIO IBHKEHUS U
JIPYTHMHU XapakTepHCTHKaMu. sl KaXI0ro mpuMepa CHHTE3 YIPaBIECHHUS IPOBO-
muics B 5 pexnmax gyskimonupoBaans BUHC, xotopeie mpenycmaTpuBaiu wc-
MOJIb30BaHKE: UICANbHBIX (0€3 MOTPEeIIHOCTH) H3MEPEHHH JaTYNKOB; U3MEPEHUH C
MO/JIEJIIMU NOTPEIIHOCTH, COOTBETCTBYIOIUMHU JAaTUUKaM CPEAHEro Kiacca TOYHO-
ctu (OUYC501, MMAS8451Q); m3MepeHHd C y9eTOM KOMIICHCAIIMH OIIHOOK
Tonpko Osoka ['C ¢ ucmonb3oBaHmeM pa3pabOTaHHBIX MaTEeMaTHIECKUX MOJIEIIEH;
U3MEpEHUil ¢ y4eTOM KOMIIEHCAIIMK ONIMOOK Tonbko Onoka AK; usmepeHnwuii ¢ yde-
TOM KOMIIEHCANus OINO0K n3MepeHnid 06oux OokoB patankoB — ['C u AK.
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Tabnuna — PapyanpHple ommOKK ynpaBieHust OpH paznuaHoii tounoctu MUB

PajnuanbHas omuoKa, M. g
g x
- - g £
e Uzmepe Uzmepe Monnas EEx%
Ne npu- H3zmepenns HU C HUA C 0 23
aJbHbIC KOMIIeHCa- | £ 3 &
Mepa 6e3 KoM- KOMIIEH- KOMIICH- 559
u3Me- . . s wsMe- | 5§ 5§
s MICHCALUH canueit canueit peruii 2 A
p 6noka I'C | Gnoxa AK g a
1 1,7 326 106 300 23 14
2 1,9 490 139 386 35 14
3 5,8 531 147 418 38 14
4 226 1568 941 1718 332 5
5 164 868 872 1380 239 4
6 111 777 451 1009 157 5
7 62 269 177 323 71 3,5
8 384 3770 1079 4470 418 9
9 75 1692 604 1307 200 8,46

CpaBHeHHE BBIZICJICHHBIX [[BETOM CTOJIOIOB B TaOJIUIIE JEMOHCTPHPYET, BO-
NIEPBBIX, HEBO3MOXHOCTb HCIIOJIb30BaHMS JaTUNKOB CPEIHEr0 KJIacca B aBTOMAaTH-
YEeCKHUX CHCTeMaxX NWJIOTHPOBAHMS BCIIEICTBHE BBHICOKOTO YPOBHS OIIMOOK yIpaB-
JICHUSI; BO-BTOPBIX, 3HAYUTEIFHOE CHIDKCHNE OIIMOKU YIpaBJICHHS IOCIE MpHUMe-
HEHUS] KOMIIEHCUPYIOIIUX MOjeliel, Kak MUHHUMYM, B 3 pasa (mpumep Ne7). Pe-
3yJIBTaThl MOJICJIMPOBAHUS TaKKe MOKA3aJlM, YTO CTENEeHb BIMSHHS OMIMOOK H3Me-
peHnii 1 3¢ PEeKTUBHOCTH KOMIICHCAIIMN Ha TOYHOCTH YIPABJICHHS, TAKXKE KaK U Ha
TOYHOCTH CaMO} HaBUrallWH, 3aBUCHUT OT BHAA NBIKEHUs. Tak, HaOIO#aeTCs yme-
HBILIIEHUE paarajIbHON OIMOKK B 14 pa3 mpu ABMKEHHH B TOPU3OHTAIBHOM IIJIOC-
koctu (mpumepsl Nel — 3), ipu ABMXKEHUH B BEPTHKAJIbHOM IIOCKOCTH IOBBIIIIE-
HHE TEPMHHAIBHONH TOYHOCTH Ha MOPSAOK Hike (mpumepsl Ne 4 — 6). IIpu mpo-
CTPaHCTBEHHBIX MaHeBpax (mpumepsl No7 — 9), codeTaromux JABWKCHHS B pa3iInd-
HBIX IIJIOCKOCTSAX, TAKXKe HAO0JaeTCsl MOBBIIICHUE TOYHOCTH, HO YCTOSIBILIEHCS
3aBUCHMOCTH HE HaOJoaeTcsl U3-3a OONBIION M3MEHYMBOCTH JWHAMUKH JIBIKE-
HUSL.

BuiBoasl. [IpuBeneHHbIE JaHHBIE CBUAETENBCTBYIOT O TOM, YTO HCIIOJIB30Ba-
mue UMM cpenHelt TOYHOCTH € NMPHMEHEHHEM IIPEeIBapUTEIbHON KaTHOpOBKH U
HOCJIEIYIOIIEH alTOPUTMUYECKON KOMITEHCAIIMH U3MEPEHUI B OOJIBIIMHCTBE CITy-
yaeB no3BoisieT CAVII B mepuojsl OTCYTCTBUSL JOCTOBEPHON CITyTHUKOBOW HH-
¢dopmarim npusect JIA B 3aJaHHYIO TOUKY C JIOCTATOYHO BBHICOKOH TOYHOCTEHIO.
IlomyueHHass B SKCHEPUMEHTAX TOYHOCTb JOCTHIKEHHS TEPMUHAIBHONM TOYKH
yaoBneTBopsieT TpeboBanusM PBN, HaknanbiBaeMblM Ha TOYHOCTH YIPaBICHUS
MIpY JBMKEHUM MO PA3JIMYHBIM MapIIPyTHBIM TUIIAM.

Takum o00Opa3oM, pa3paboTaHHBIE METOAWKH KaTHOPOBKH WHEPIMATbHBIX
JATYNKOB CPEeJHEH TOYHOCTH Ha HU3KOTOYHOM OOOpYIOBAaHHM MO3BOJISIOT MOBBI-
cuth kauectBo MIMb o HaBurammonHoro u ucnois3oBats ero B CAVII JIA.
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B crathe mpomeMoHCTpHUpOBaHA BO3MOXHOCTH yIpaBieHus JIA mo maHHBIM
THPOCKOIOB U aKCEJIEPOMETPOB CPEIHEN TOUHOCTH, MPUYEM TOUYHOCTh YIPABICHUS
COOTBETCTBYET MEXyHapoJHbIM TpeboBanusiM PBN.
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Pe3y/ibTaThl MO/IEIMPOBAHUSI COBMECTHOW PaGoOThI CHCTeM YNpaBJeHHs W HAaBUrauuu /
H. E. Xaupko / Bicauk HTY «XIII». Cepist: MaTtemMaTnuHe MOACIIOBAHHS B TEXHILl Ta TEXHOJOTIAX. —
Xapkis: HTY «XII», 2013. — Ne54 (1027). — C. 195 — 200. bi6miorp.: 11 Ha3B.

Hanauo pe3ysipTaT MOJENIOBAHHS CIHIJIBHOI pOOOTH CHCTEMH YIPABIiHHS JITAIGHAM anaparoMm i
iHepIiaNbHOT HaBiraniiHOi cucteMu. J{yis MiABUIICHHS TOYHOCTI KEPyBaHHS BUKOPHCTAHO METOJI aJIro-
PHUTMIYHOI KOMITEHCAlil MOXHOOK BUMIpIiB iHepHiadbHUX AaT4UKIB. [lapameTpn MaTeMaTHYHHUX MOJENeH
noxu0OK JAaTYMKIB OTPHMaHi B Iporeci 1x kamiopysaHHs. [loka3aHo, o po3pobIIeHi METOUKH Kasti6-
pyBaHHS iHEpLialbHUX JATYHKIB CEPEIHBOI TOYHOCTI JO3BOJAIOTH IJBUIIUTH SKICTh iHEPIiaJbHOIO
BHUMIpIOBaJIBHOTO OJIOKY JI0 HaBiramiitHOro.

KumiouoBi ciioBa: iHepiianbHa HaBiraiiifHa cucTeMa, aBTOMaTHYHA CUCTEMa KypyBaHHS, aJrOpH-
TMIYHa KOMIICHCAIIisl, TIPOCKOII, aKCETIEPOMETP.

The article presents the results of modeling of collaboration of the aircraft control system and the
inertial navigation system. Despite the fact that the navigation systems necessarily are included in the
circuit of automatic plan control, the are traditionally treated separately, and the relationship between
them performed only at the interface level. The main purpose of research is to develop algorithms of
synthesis of control actions according to the inertial navigation system.

To improve the control accuracy the method of algorithmic error compensation of inertial sensor
measurements is used. Parameters of the mathematical models of sensors errors are obtained by the in-
dividual calibration process. This article demonstrates the possibility of the aircraft control according to
date of medium accuracy gyroscopes and accelerometers, and it must be noted that control precision
complies with international requirements of PBN.

It is shown that the developed calibration techniques of the medium accuracy inertial sensors can
improve the quality of inertial measurement unit up to navigation one.

Key words: aircraft, strapdown inercial navigation system, automatic control system by flight,
terminal'nya exactness, algorithmic indemnification.
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