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Mansie Gecrunorbie
neTaTensHble annaparei:
TeopwA u npakTAka

Mepeson c wenicroro
AW femomoss
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TexHocgpepa, 2015.—- 312 c.

WU3naHwne, Boimeawee B cepumn «Mup
pannoaIeKTPOHUKN», afpecoBaHO

TeM, KTO 3aHumaeTcs 6ecrnniioTHbIMU
JieTaTtesibHbIMU annapatamMmu. AKL|eHT

B KHUre geslaetcs Ha CUCTeMbI
MOBbILIEHNS YCTOWYUBOCTU YrIpPaBIeHUsS
STUMU MUHNATIOPHBIMU BO3A4YLIHbIMU
cyaamu, npeaHa3Ha4YeHHbIMU riaBHbIM
06pa3om AN NPUKIagHbIX LeJe.
Apyrux nagaHnii, KOTOpble OXBaTbIBaIN
6bI BONPOCHI MOAEINPOBaHNSA ANHAMUKN
Takoro knacca 6ecrnuioTHUKOB,

OL|eHKU UX COCTOSIHUSI U MepPCNeKTUB,
pacy4éra TpaekTopuu nonérta, no
MHEHUIO rOTOBUBLLINX KHUTY K nevaTu,

B HacTosLee BpeMs HET.

KnrouyeBsbie ciioBa: Masibie 6ecrinioTHbIe
JietaresibHble aririaparsl, MogesinpoBaHue,
KnHemarvka, anHaMmuvka, aBTonuioT,
yrnpasseHve, HaBurauus, cepa
TNPUMEeHeHVs.
|
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SHTY3Ma3MOM FOBOPSI, 4acTo BCye, 6e3

JIOJKHOTO TTUETeTa, O COBPEMEHHOM

JIETAIOIIEN TEXHUKE U COMTPOBOXKIAI0-
el e€ panuodJIeKTPOHUKE, MBI MMOPO HE
yTpyXaaem ce0s1 00513aHHOCTbIO CO3HABATH T
HOBEIC (TTOMYAC PEBOTIOMMOHHBIC) CMBICITHI,
KOTOpBIE 3Ta MPOTPecCUpyrolias cpeaa npu-
BHOCUT B Hallly XXU3Hb. Ho uaMeHus0Ch
M BecbMa KapJAnHaIbHO yXe MHoroe. M kHura
Poanpana buapaa u Tumoru MaxkJIsiiHa — To-
My IpeKpacHas wunoctpaius. [Ipuyem 3aecey
COBCEM He HyXXHa, TToJIaraeM, TpaIulIMOHHas
peleH3usl, YTOObl OObSICHUTD WJIU MOSICHUTD,
no4yeMy IOArOTOBJIEHHbBI 3TUMU aBTOpaMu
y4eOHMK (TaK OHU caMU Ha3bIBAlOT CBOI Ha-
YUHBIH TPY) KaXKETCS HACTOIBKO «CaMOTOBO-
pAILIMM», 4YTO HE HYXIAeTCS B CTOPOHHUX
TOJIKOBATEJISIX.

Ha Ham B3misin, npeacraBieHUe O KHUTE
BITOJIHE JTAIOT JIBA OTKPBIBAIOIIUX €€ SJIEMEH-
Ta — MpPEeIucIoBUE peJaKTopa mepeBoja
U MPenNCIOBUE HEMOCPEICTBEHHO aBTOPOB,
¢dparMeHTHl U3 KOTOPBIX, COOCTBEHHO, 1 3a-
MEHST HaM OOBIYHYIO PEeLIEH3UIO.

% % %

a3BUTHE COBPEMEHHBIX TEXHOJIOTUM

B 00J1aCTH a3pOAMHAMUKU, KOMIIO3UT-

HBIX MaTepHaloB, WHEPIMATbHBIX
W CIIYTHUKOBBIX HaBUTAIIMOHHBIX CHCTEM,
JIOCTVKEHUS B 00JIACTU DJIEKTPOHUKH, a TaK-
K€ pa3BUTHE POOOTOTEXHUKHU U KOMITbIOTEP-
HBIX TEXHOJIOT Ui TTO3BOJIUIIM BBIMTH Ha Kaye-
CTBEHHO HOBBI YPOBEHb B CO3IaHUM OECTIH-
JOTHBIX aBuannmoHHBIX cucteM (BAC). bec-
MUJIOTHBIE JIeTaTeAbHbIE allllapaThl KaK 4acThb
BAC yxe Hanum cBoe MecTo B COBpeMEHHOM
nesarenbHOCTH. Cpely MPUOPUTETHBIX Ha-
MnpaBJieHU — 000POHA U criacaTeJIbHbIE OIle-
pauuu, IpaBooXpaHUTEbHAsI U MPUPOJ0OX-
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paHHas AeSITeTbHOCTh, HAyYHbIE UCCIIEN0BA-
HUS 1 DKOJIOTUYECKUIT MOHUTOPUHT. Bece 60-
Jiee aKTyaJlbHbl OCBOeHME APKTUKHU, paboTa
0 OXpaHe OKPYXaIIIeH Cpe/Ibl.
becnunotHele neTaroie poooThl BXOAAT
B aBapuUiHbIE SiIepHbIE PEAKTOPHI, TOTHUMA-
IOTCS B BEPXHUE CJIOU aTMOC(EpBbI, CITyCKal0T-
¢4 B XepJia ByJIKaHOB, 3(D(hEeKTUBHO MaTPyJIu-
PYIOT CYXOITyTHbI€ U MOpCKHUe pyOeku. MHbI-
MU CJIOBAaMM, Pa3BUTHUE TEXHOJIOTU1, HOBbIE
BO3MOXHOCTH B 00JIacTh G€30MacHOCTHU TO-
3BOJISIIOT YEJIOBEKY BCE aKTUBHEE OTIIPABIISITh
OeCnUIOTHBIE anmapaTbl-poOOTHl BMECTO
ce0s1 B caMble TPYTHOJOCTYITHBIE MECTA.

KHnura, nepeBoa KOTopoii 31ech mpencTaB-
JIEH, 3aMHTepecoBaia pefakTopa mepeBoaa
Mpexe BCero TeM, UYTO B Hell 000OIIEHHI,
JIOXOTYMBO PACKPBITHI U IIUPOKO MPeacTaB-
JIEHBbI O0BEMHBIE 3HAHUS B 00J1aCTU CO3IaHUS
OECIIIOTHBIX aBUALIMOHHBIX CUCTEM.

PackpbITie 3aKOHOB 1 aJITOPUTMOB YITpaB-
JIEHUST OECITUIOTHBIMU JIeTaTeIbHBIMM arlra-
paTamMu, MpoLEecc CO3MaHusl aBTOMUJIIOTA,
MOCTPOEHUE MOJIETHBIX 3aJaHUI COCTABIISIIOT
OCHOBHbIE LIeJIU U 3aJa4i KHUTH.

B 31011 KHUTEe MOAPOOHO pPaCcKPHIBAIOTCS
3HAHUS, HAKOIIJIEHHbIE KaK B 00JIaCTU CUCTE-
MOTEXHUKM, a3POJAUHAMMUKHU, CUCTEM yITpaB-
JIEeHUS1 aBBTOHOMHBIMU CUCTEMaMU, TaK U B 00-
JIACTU ITPOTPAMMUPOBAHUS 1 POOOTOTEXHUKH,
HauYMHAs C apXUTEKTYypbl OECIUIOTHON aBUa-
LIMOHHOM CUCTEMBI, TMHAMUKM YIIPABJICHUS,
MPOEKTUPOBAHUS U TIPOrPaMMUPOBAHUS aB-
TONWJIOTA, CO3JAaHUS TOJETHOTO 3alaHus,
HaBUTAIlMU C TTOMOUIbIO OMTOAJEKTPOHHBIX
YCTPOMCTB 1 3aKaHUYMBasl IPOrpaMMUPOBAHU -
eM B Simulink.

Heo6xonmmMo OTMETUTD, UTO OMBIT, MTPU-
obopereHHbit OAO «HIIIT «Pamap mMMmc»
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B TeUCHNE HECKOIBKNX ACCATUIICTUIA, B TOM
yucjae B 00JacTu pa3pabOTKU U Mporpam-
MUPOBAHUS MOJETHBIX 3a0aHW, OBLT 3(-
(GEeKTUBHO MCMOJNB30BaH M B 00JIacTH
ONBITHO-KOHCTPYKTOPCKUX PadOT P CO-
30aHUU OCCIMIOTHEIX JIETATeIbHBIX aIllla-
paToOB ¥ KOMITJIEKCOB KaK CaMOJIETHOTO, TaK
1 BEPTOJETHOTO TUTIOB.

B OAO «HIIIT «Pagap MMmc» B pe3yiib-
TaTe PsIIa OMBITHO-KOHCTPYKTOPCKUX PaOOT
CO3JaHBI 0ECITMIOTHEBIC JIeTaTeIbHBIC aTlTia-
paThel camosieTHOro Tuna «Ctepx», «ABUC»
¥ pa3MepHBIN psiI 0€CITUIIOTHBIX JIETATeIThb-
HBIX alllIapaToB BEPTOJECTHOTO THUIIA B3IIET-
HoIf Maccoit oT 5 mo 500 kr. Bce 6ecimmoT-
HBIE CUCTEMBI pa3paboTaHbl ¢ IMTOMOIIBIO
3D-ipoeKTUPOBAHUSA C TPUMEHEHUEM
COBPEMEHHBIX KOMIIO3UTHBIX MaTECPHUAJIOB,
OCHAIIeHBI COBPEMEHHBIMHU aBTOIMMJIOTAMU
W TIPOTPaMMHBIM 00eCcTIeYeHEM COOCTBEH -
HOI pa3pa®OTKM, a Ha3eMHBIC CTAHIINK
yIIpaBJeHMs, BXOIOSIINE B COCTaB OECITM-
JIOTHBIX KOMIIJIEKCOB, OCYIIECTBIISIOT IO -
TOTOBKY ITIOJICTHBIX 3aJaHWI, YIIpaBJICHUE
MMOJIe3HBIMU HaTpy3KaMM, TAKUMH KaK OII-
TO3JIEKTPOHHBIEC YCTPONCTBA C BUICO- U TS~
IJIOBU3NOHHBIMU KaMepaMU, AETECKTOPHI
pagualu, JeTEKTOPHI pa3INUIHBIX Ta30B,
CUCTEMBI JOCTaBKMA U cOpoca rpy30B pas-
JIMYHOTO Ha3HAYCHUS.

KHura MoxeT ObITh MOJie3HA KaK CTy-
IeHTaM, TaK M WHXeHepaM, paboTalouM
B 0o0jacTu co3naHus OECMUIOTHBIX JeTa-
TEeTBHBIX aIlllapaToB.

T'enepasibHbIil AMPEKTOP — reHePATbHbIN
koHcTpyKTOp OAO «HIIII «Pagap mmc»,
KAHAMJAT TEXHUYECKUX HAYK

I.B. AHIIEB




CnyTHUE 2

0 BCEM MUPE OECITMIOTHBIC JIETaTeIb-

Hele anmapatsl (BJIA) urpamT Bce

OOJIBIIYIO POJIb B OOOPOHHBIX MPO-
rpaMmax 1 00OpOHHOI cTpaTteruu. TexHom0-
ruYeckue JOCTMKECHUS Iajli BO3MOXHOCTh
pa3BUTHIO KaK KpyMHbIX (Hampumep Global
Hawk, Predator), Tak 1 MaJIbIX OECITMIIOTHBIX
JIeTaTeIbHBIX aImapaTtoB (Hampumep Wasp,
Nighthawk) co Bce Bo3pacTaroniMu BO3MOXK-
HocTamu. Kak rmokaszajim rmocieHre BOGHHbIE
KOHMJIUKTHI, 17151 OCCITMIIOTHBIX JIETaTeIbHBIX
anmnapaToB CYIIECTBYET MHOXKECTBO BOCHHBIX
obJiacTeil mpuMeHEHM ST, BKJTIOUasi peKOrHOC-
LIMPOBKY MECTHOCTU, HaOJIOICHNE, OIICHKY
TTOBPEKICHUI B pe3yJIbTaTe 0051 1 peTpaHCIIsI-
LIUIO CBSI3U.

IpaxxmaHckoe 1 KOMMepUecKoe ITpUMeHe-
HUE OCCIMIOTHBIX JeTaTeIbHBIX amllapaToB
(BJIA) emre HemOCTaTOUHO XOPOIIIO Pa3BUTO,
XOTsI 00JIaCTh ITOTEHIIMAIBHOTO IIPUMEHEHUS
BJIA BecbMma oOIIMpHA U BKIIIOYAET B ceOs
MOHUTOPHUHT OKpYKaloIeil cpeabl (MOHUTO-
PVHT 3arpsi3HeHUI, HaOJII0IeHNE 3a TTOTOA0M
U pelleHre HayYHBIX 3a7ay), MOHUTOPUHT
JIECHBIX ITOXKapoB, 00ecIeYeHEe HAllMOHAIb-
HOI1 6€30I1aCHOCTH, MaTPYIMPOBAHUE TPAHUII,
MPeTnsITCTBOBAaHME BBO3Y HapKOTHKOB, BO3-
IYITHYIO pa3BedKy M KapTorpadupoBaHUe,
a TakKXe KOHTPOJIb JOPOXHOTO JABMXKCHUS,
TOYHOE 3eMJICAe/INE, OKa3aH1e TIOMOIIY MPHU
CTUXUMHBIX OCACTBUSIX, CIICIIMATU3UPOBaH-
HBIC CEeTU CBSI3U, MCCIECIOBAaHUS B 00J1aCTU

® MWP TPAHCIMOPTA, Tom 14, N2 5, C. 266-271 (2016)

Jopory yeuauT netaimvmn

CryTHUE 3
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CryTHuE 4

CEJIbCKOTO XO3SI1CTBA U CIIAaCEHME TTOCTPaIaB-
mmx. J1ist obecrneye Hus HEOOXOIMMOTO YPOB-
HsI pelleHUsI MHOTUX M3 BBIIIEyKa3aHHBIX
3a71a4 TPpeOYIOTCS MOBBIIICHNE HAACKHOCTHU
OCCIMIOTHBIX aBUAIIMOHHBIX KOMIIJIEKCOB
(BAK), manpHeiilee pa3BUTHE ITOTEHIIMATA
BAK, BJIA, noBbIlIeHNE TPOCTOTHI DKCIITya-
TallK U CHIDKEHUE CTOMMOCTHY TaKUX KOMII-
JiekcoB. [ToMUMO 3THX TEXHUYECKUX U KO-
HOMUYECKHUX TTPOOJIEM TIPEACTOUT EIIe IPeo-
JIOJeTh aIMUHUCTPATUBHBIC TTPOOJIEMbI MH-
Terpalny OeCIMIOTHBIX JIeTaTeIbHBIX CPEIICTB
B HaIIMOHAJIbHOE ¥ MEXKTyHAPOIHOE BO3IYIII-
HOE ITPOCTPAHCTBO.

TepMuH «OeCITUIOTHBIE ABUAIIMOHHBIE KOMIT-
nekcbl» (BAK) oTHOCHTCST HE TOJTBKO K CaMUM
JIeTaTeJIbHBIM arrapaTtaM, HO TakKe KO BCeMY
BCIIOMOTaTeIbHOMY 000PYIOBaHMIO, UCTIONb3Y-
€MOMY B CHCTeMe, BKITIoYasl TaTYMKU, MUKPO-
KOHTPOJUIEPHI, MPOrpaMMHOE oOecTicueHNUe,
KOMITBIOTepbI Ha3¢MHBIX CTaHIIMM, TTOJIb30Ba-
TeJIbCKKE MHTePdEChI U anmapaTHbIe CPeICcTBa
CBsI3U. B 3T0lt KHMTe aKIIeHT JeaeTcs Ha caMu
JieTaTe/IbHbIC alapaThl M UX yIIpaBIcHUE, HaBU-
TalMIo 1 TIOACUCTEMBI yIipaBieHus1. becrior-
HbIe JeTaTeJbHbIe amnmapatsl (BJIA) MoxHO
B1ICJIOM Pa3IeINThb Ha IBE KATeTOPUH: C HEU3Me-
HSIEMOM TeOMETPUEH KpbLIa U BUHTOKPBLIbIE
JieTaTesIbHbIC armapaThl. O0a TUIIa JIeTaTeTbHBIX
arrnapaToB MMEIOT OTJIMYUTEIBHBIE OCOOEHHO-
CTH, KOTOPBIC 3aTPYIHSIOT pacdeT MX aBTOHOM-
HOro TIoBeeHs. B kHure obpalaercs BHUMA-



HMe UCKITIOUMTETbHO Ha JIeTaTe IbHbIE arlaparhl
C HeM3MEHSIeMOI reoMeTpHelt Kpblla, KOTOpbIe
MOXHO B TIEPBOM MPUOIIKEHUN pa3oUTh Ha
KaTeropuu 1o ux pasmepam. B kHure Oyner uc-
MOJIb30BaThCsI TEpMUH «Masible BJIA» B OTHOLLIE-
HMM KJTacca arrapaToB ¢ HEeM3MEHSIEMOI TeoMe-
TpUel Kpblia C pa3MaxoM KpbuibeB OT 5 10 10
dytos (ot 1,5 1o 3 MeTpoB). Masbie BJIA 06bI4-
HO paboTaloT Ha OEH3MHOBOM JBUTATENe U Hy-
JKIAIOTCSl BO B3JIETHO-TIOCAJIOUHOM TIOJIOCE ISt
BasieTa u ocaaku, Xotst BJIA ScanEagle komma-
HUU «BOMHI», UCTIOJIB3YIOIIMIA KAaTamy BTy JIJIsT
B3JI€Ta U «KPIOK-TTOBEC» LTSI 3aXBaTa 1 TIOCAIIKH,
SIBJISIETCST 3aMETHBIM MCKIIIOUeHHeM. Maiibie
BJIA 006bIYHO npeTHa3HAYEHbBI 151 BBITTIOJTHEHUST
M0JIETOB NPOAOJIKUTEBHOCTBIO OT 10 10 12 yacoB
TPY TPY30IIOTBEMHOCTH OT PUOIA3UTENTBHO 10
110 50 pyHTOB (0T 5 110 23 KT).

TepmuH «MmuHuatOpHbiii BJIA», B OTHO-
IIEHUU KOTOPOTO OyJeT NCTIOIb30BaThCs CO-
kpaieHue MuHu-bJIA (MBJIA) u kotopoe
Oyznet 0003HaYaTh KJaccC JIETaTeIbHbIX arlna-
paToOB C HEM3MEHSIEMOI TeOMeTpHreld KpbLia,
pa3Max KpbUJIbeB KOTOPBIX HE TPEBBIIIAET
5 dytos (1,5 m). Munu-bJIA (MBJIA) 006b1u-
HO paboTalOT Ha 3JIEKTPUYECKOM JIBUTATEIIC
(akkymyJsaTOpax), 3aIycKaloTcs ¢ PyKH OIle-
paTopa, OCyIIECTBIISIOT ITOCANKY Ha (DIO3EISIK
U TTO3TOMY He HYXIAIOTCSI BO B3JIETHO-ITOCA-
IoYHOU mmojioce. OHU MpeaHa3HAYSHBI JIJIst
paboThl (BBIMOTHEHUS TOJIETA) B TeYEHUE
orpee/leHHOTo nepruojaa BpemeHu ot 20 Mu-
HYT JI0 HECKOJIbKMX YacoB. Jlnara3oH rpy3o-
MOIbEMHOCTHA COCTABJISIET OT HECKOJBKUX
YHIIUI 10 HECKOJbKUX (YHTOB (OT COTEH
rpaMM JI0 HECKOJIbKUX KuyiorpamMm). Majast
TPY30TOABEMHOCTb CHJIBHO OTPAaHUYMBAET
repevyeHb TaTINKOB U TUTT BBIYUCITUTEIEHOTO
YCTPOICTBA, KOTOPHIE MOTYT OBITh yCTAHOBJIE-
Hbl Ha 60pTy MUHU-DBJIA (MBJIA). OTH orpa-
HUYEHUS CTaBSIT Mepela pa3zpaboTYnKamu
WHTEPECHBIE MPOOJIeMBI TTO TPOEKTUPOBAHUIO
ABTOHOMHBIX PEXMMOB paboThl. B TO BpeMst
Kak OOJIBIIMHCTBO KOHIEIIINI, OTTMCAHHBIX
B 9TOI KHUTE, TPUMEHUMBI KaK K 00Jiee KpyTI-
HBIM OECITUJIOTHBIM JIeTaTeJIbHBIM aIliiaparam,
Tak U K ele 0oJiee MaJeHbKUM MUKpPO-DBJIA,
OCHOBHOE BHUMaHUE B KHUTE yJeJIEHO TPOo0-
JieMaM, KOTOpbIe TIPUCYIITN YITPaBICHUIO Ma-
JgbiMu BJIA v MmuHu-bBJIA ¢ orpaHnyeHHOMI
TPY30MOABEMHOCTHIO.

OTOT yueOHUK ObLT BIOXHOBJIEH XeJTaHUEM
CO31aTh ISl CTYIGHTOB MarucTpaTyphbl U ac-
IMMPAHTOB KypC, KOTOPBIiA ObI TOATOTOBUII UX
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K paboTe B 00JlacT 0ObEIUHEHHOTO yIpaB-
JICHUSI OCeCITMIIOTHBIMU JIETaTeJIbHBIMU allIia-
pataMu. boJbIas 4acTh CTYICHTOB IPUXOIUT
¢ 6a30BbIM 0O0pa3oBaHUEM B 00JIACTU DJIEKTPO-
TeXHUKHU, KOMITBIOTEPHOU TEXHUKH, Mallll-
HOCTPOCHUSI MU MHGOpMATUKU. JIUIb
HEMHOTHE M3 HUX ITOJYy4aloT IMOATOTOBKY
B 00J1aCTU a3pOAMHAMUKHN; CTYHAECHTHI, ITOJTY-
YUBIIIVE ITOATOTOBKY B 00JIACTH 3JICKTPOHNKHI
¥ KOMITBIOTEPHOI TEXHUKH, OOBIYHO HE MMe-
JOT TIOATOTOBKHU 10 KWHEMATHKEe, TMHAMUKE
WM MeXaHWKe XUIKUX CPell, OTHAKO 0OJIb-
IIasi 9aCTh CTYAEHTOB ITPOIILIA ITOATOTOBKY 110
M3yYEHUIO YIIPABIICHUS B TEXHUIECKUX CHUC-
TeMax, CUCTEM YIIPaBJICHUS ¢ 0OPATHOM CBSI-
3b10, POOOTOTEXHUKU Y MAITMHHOTO 3PEHUS.

OnHo# U3 xapaKTEepHBIX 0COOEHHOCTEI
3TOM KHUTH SIBIISIETCS TTOIKJTFOUEHHE OITBITHO-
KOHCTPYKTOPCKUX pazpadboTok. Kypc paccun-
TaH Ha TTOCTETICHHBIN ITePEXO0/I OT JOMAIITHIX
3aIaHUI, KOTOPBIE MOXXHO BBITIOJIHUTH C TT0-
MOIIBIO KapaHIallla 1 6yMaru, K 3aJaHusIM 110
KOMITbIOTEpHOMY MojeupoBaHuto. O0Hapy-
KHJIOCh, YTO CTYIEHTHI B OOJIBIIEHT CTCIIEHU
3aMHTEpPEeCOBaHbl B M3YYCHUN MaTepHala
W CTapaloTCs ero JIyJIle MOHITh, KOTIa OHU
MIPUMEHSIOT ONpeaeieHHbIe KOHICTIINN
B KOMITBIOTEPHOM MOJEINPOBAHNM.

B mporiecce uzydyeHus aToro Kypca cry-
JIIEHTBI pa3pabaThIBalOT KOMIUIEKCHBIN MMM~
TaTop I10JIeTa, KOTOPBIA MMEET PCATCTUUHYIO
JIWHAMUKY IT0JIeTa, MOAEIA JaTYNKOB, MOZIEITh
aBTOTIMJIOTA M PACUYET TPAeKTOPUU ITOJIETA.
K koHI1ly 00y4yeHUs IO TOMY KypCy OHU YK€
MOTYT IIPUCITOCOOUTD KaXKIbIi 3JIEMEHT MO-
3aMKU W TTO3TOMY ITOHUMAIOT, KaK BCE BTH
9JIEMEHTBI CKJIabIBaloTCs BoeanHo. Kpome
TOTO, CTYIEHTHI YK€ IIOHUMAIOT BHYTPeHHHE
MeXaHM3MBbI TOBOJIBHO CJIOXKHOTO ITaKeTa MO-
JIeJIMPOBAaHUS MOJIETA, KOTOPBI MOXKET ObITh
WCTIOJIb30BaH B UX OyIYIINX UCCIIeN0BATEb-
CKHMX IPOEKTaX.

Panpan Y. BUAPI,
Tumorn MaxJIDIH

* % %

Kax euoume, 6cé ckazarno, ymobvl noHsmb,
umo denams danvuue. Cye2o HAUUHAMb YUMAMb,
Kakue opueHmupul cebe cmasums. /Jpesnue
eogopunu: «Jopoey ocurum udywuit». Ham
enopy amom aghopusm nepeurauums: «Zopozay
yeuoum nemauuil>. Ynpasasemvlii ¢ 3emMau Ma-
aenviuil 6ecnusomuuk. C nepedamuukom Ha
oopmy. ®




THE FLYING WILL SEE THE ROAD
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SMALL
UNMANNED
AIRCRAFT
Theory and Practice

MMosnmPonﬁ

Pon. B, RANDAL W. BEARD
v TIMOTHY W. McLAIN

ABSTRACT

The book, published in
the series «World of Radio
Electronics», is addressed to
those involved in unmanned
aerial vehicles. The empha-
sisin the book is on systems
for increasing the sustain-
ability of control of these
miniature aircrafts, designed
primarily for applied pur-

Biard R., McLain T. Small unmanned vehicles: theory and practice / Trans. from English. Moscow, Tech-

poses. Other publications
that would cover the issues
of modeling the dynamics of
this class of unmanned air-
crafts, assessment of their
state and prospects, calcula-
tion of the flight trajectory,
according to the authors who
prepared the book for publi-
cation, are currently not
available.

scope of application.

Speaking enthusiastically, often in vain, without
due respect, about modern flying equipment and the
electronics accompanying it, we sometimes do not
bother ourselves with the duty to recognize those new
(sometimes revolutionary) meanings that this
progressive environment brings to our lives. But much
has changed very radically. And the book of Randal
Biard and Timothy McLain is an awesome illustration.
And here it is not necessary at all, we suppose, to
make a traditional review to explain or clarify why the
textbook prepared by these authors (as they call their
scientific work) seems so «self-speaking» that it does
not need third-party interpreters.

In our opinion, the concept of the book is fully
provided by two opening elements - the foreword of
the translation editor and the foreword of the authors
themselves, the fragments of which, in fact, will
replace our usual review.

* % %

The development of modern technologies in the
field of aerodynamics, composite materials, inertial
and satellite navigation systems, advances in
electronics, and the development of robotics and
computer technology have made it possible to reach
a qualitatively new level in the development of
unmanned aerial systems (UAS). Unmanned aerial
vehicles as part of UAS have already found their place
in modern activities. Among the priorities are defense
and rescue operations, law enforcement and nature
protection activities, scientific research and
environmental monitoring. The development of the
Arctic, work on environmental protection are more
and more acute.

Unmanned flying robots enter emergency nuclear
reactors, ascend to the upper atmosphere, descend
into the vents of volcanoes, effectively patrol land
and sea boundaries. In other words, the development
of technology, new opportunities in the field of
security allow people more and more actively to send
unmanned robots instead of themselves to the most
inaccessible places.

The book, the translation of which is presented
here, has interested the editor of the translation, first
of all, in that the volume knowledge in the field of
creation of unmanned aerial systems has been
comprehensively disclosed and widely represented
in it.

Disclosure of laws and control algorithms for
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unmanned aerial vehicles, the process of creating an
autopilot, and the construction of flight assignments
constitute the main goals and objectives of the book.

This book details the knowledge accumulated
bothin the field of system engineering, aerodynamics,
control systems of autonomous systems, and in the
field of programming and robotics, starting with the
architecture of an unmanned aerial system, control
dynamics, designing and programming an autopilot,
creating a flight task, navigation with the help of
optoelectronic devices and ending with programming
in Simulink.

It should be noted that the experience acquired
by JSC NPP Radar mms for several decades,
including in the field of developing and programming
of flight tasks, was also effectively used in the field of
research and development in creation of unmanned
aerial vehicles and complexes of both aircraft and
helicopter types.

As a result of a number of research and
development works, at JSC NPP Radar mms
unmanned aerial vehicles «Sterkh» Avis and a range
of unmanned aerial vehicles of a helicopter type with
take-off weight from 5 to 500 kg were created. All
unmanned systems are developed with the help of
3B-design with the use of modern composite
materials, equipped with modern autopilots and
software of in-house design, and ground control
stations that are part of unmanned systems, prepare
flight missions, manage payloads such as
optoelectronic devices with video and thermal
imaging cameras, radiation detectors, detectors for
various gases, delivery and discharge systems for
various purposes.

The book can be useful to both students and
engineers working in the field of creation of unmanned
aerial vehicles.

General Director — General Designer of JSC

«NPP» Radar mms»,
Ph.D. (Eng.) G.V. ANTSEV

Throughout the world, unmanned aerial vehicles
(UAV) play an increasing role in defense programs
and defense strategies. Technological advances have
enabled the development of both large (e.qg. Global
Hawk, Predator) and small unmanned aerial vehicles
(e.g. Wasp, Nighthawk) with increasing capabilities.
As the recent military conflicts have shown, for
unmanned aerial vehicles, there are many military



areas of application, including reconnaissance of
terrain, observation, assessment of damage resulting
from combat, and retransmission of communications.

Civil and commercial use of unmanned aerial
vehicles (UAV) is not yet well developed, although the
field of potential application of UAV is very extensive
and includes monitoring of the environment ( pollution
monitoring, weather monitoring and scientific
research), monitoring of forest fires, ensuring national
security, patrolling borders, preventing the import ot
drugs, aerial reconnaissance and mapping, as well as
traffic control, accurate land-use, disaster relief,
specialized communications networks, agricultural
research and rescue of victims. To provide the
necessary level of solution for many of the above
problems, it is necessary to increase the reliability ot
unmanned aerial complexes (UAC), further
development of the potential of UAC, UAV, increase
the ease of operation and reduce the cost of such
complexes. In addition to these technical and
economic problems, it is still necessary to overcome
the administrative problems of integrating unmanned
aerial vehicles into national and international airspace.

The term «unmanned aerial complexes» (UAC)
refers not only to the aircraft itself, but also to all the
auxiliary equipment used in the system, including
sensors, microcontrollers, software, ground station
computers, user interfaces and hardware means of
communication. In this book, the emphasis is on the
flying machines themselves and their control,
navigation and control subsystems. Unmanned aerial
vehicles (UAV) can be broadly divided into two
categories: with invariable wing geometry and rotory-
wing flying devices. Both types of aircraft have
distinctive features, which make it difficult to calculate
their autonomous behavior. The book focuses
exclusively on aircraft with the unchanging geometry
ofthe wing, which can be broken down into categories
by their size in the first approximation. The book will
use the term «small UAV» for a class of vehicles with
an unchanging geometry of the wing with a wingspan
of 5to 10 feet (1.5 to 3 meters). Small UAVs usually
operate on a gasoline engine and need a runway for
take-off and landing, although Boeing’s ScanEagle
UAV, using a take-off catapult and a hook-and-hold
to grab and land, is a notable exception. Small UAVs
are usually designed for flights lasting from 10 to 12
hours with a carrying capacity of approximately 10 to
50 pounds (5 to 23 kg).

The term «miniature UAV>», in respect of which a
mini-UAV (MUAV) acronym will be used, and which
will designate a class of aircraft with an unchanging
wing geometry which wingspan does not exceed 5
feet(1.5m). Mini-UAV (MUAV) usually operate on an
electric engine (batteries), run from the operator’s
hand, land on the fuselage and therefore do not need
arunway. They are designed to work (perform a flight)
for a certain period of time from 20 minutes to several
hours. The range of lifting capacity is from several
ounces to several pounds (from hundreds of grams
to several kilograms). Low load capacity severely
limits the number of sensors and the type of
computing device that can be installed on board of
the mini-UAV (MUAV). These limitations pose
interesting problems for developers to design
autonomous operation modes. While most of the
concepts described in this book are applicable to
both larger unmanned aerial vehicles and even
smaller micro-UAV, the book focuses on problems
that are inherent in the control of small UAV and mini
UAV with limited load capacity.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

The flying will see the road

Satellite i Satelh@

Satellite 1

Satellite 4

Receiver

This textbook was inspired by the desire to create
for master programs students and Ph.D. students a
course that would prepare them for work in the field
of the unified control of unmanned aerial vehicles.
Most of the students come with a basic education in
electrical engineering, computer engineering,
engineering or computer science. Only a few of them
receive training in the field of aerodynamics, students
who have received training in electronics and
computer technology usually do not have training in
kinematics, dynamics or mechanics of liquid media,
but most of the students have completed training in
the study of control in technical systems, control
systems with feedback, robotics and machine vision.

One of the characteristic features of this book is
the connection of development works. The course is
designed for a gradual transition from homework,
which can be performed using a pencil and paper, to
tasks on computer modeling. It was found that the
students are more interested in studying the material
and try to understand it better when they apply certain
concepts in computer modeling.

In the process of studying this course, students
develop a complex flight simulator that has realistic
flight dynamics, models of sensors, an autopilot
model, and a flight trajectory calculation. By the end
of the training on this course, they can already adapt
each element of the mosaic and therefore understand
how all these elements are put together. In addition,
students understand already the internal mechanisms
of a rather complex flight modeling package, which
can be used in their future research projects.

Randal W.BIARD, Timothy McLain

* k *

As you can see, everything is said to understand
what to do next. With what to begin to read, what
reference points to put. The ancients said: «The road
will be mastered by the going». We can correct this
aphorism: «The flying will see the road». A small
unmanned aerial vehicle controlled from the ground.
With the transmitter on board. ®
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