MNATEHTHO BEOOMCTBO HA PEINYBJINKA BbJITAPUA

CTAHOBWULIWE

OTHOCHO: lNpedsapumerHo npoy4ysaHe 3a HO8oCM Ha “XubpuaeH netareneH anapar C ropHo,
OCHOBHO ¥ JOSHO KPUMO KOHCTPYKTUBHO UHTErpMpaHun B 3aTBOPEH KOHTYP C nepudepHn motopu”,
cbenacHo uckaHe ¢ 8x. Ne : CnC-314 om 24.02.2023e.

lpoyuysaHemo e HanpageHo 6b3 OCHO8a Ha MPedCmMaseHomo ofnucaHue, nameHMmMHU
fpemeHyuu U NpuoxeHume KbM Heao guaypu.

OBGekTbT Ha HaACTOALLOTO MNpoyvBaHe € onpedeneH OT efHa He3aBucMMa M ABaunceT
3aBMCMMM NPETEHLMM, CbIMacHO KOMTO, BKMOYBA:!

XubpugeH netateneH anapar ¢ rOPHO, OCHOBHO WM OMNHO KPUNO KOHCTPYKTUBHO MHTErpupaHm
B 3aTBOPEH KOHTYp C nepudepHn MOTOpW, BKMOYBAL, OCHOBEH kopnyc (1). MOHTMpaH Ha OCHOBHO
Kpuno (2), KbM KOeTO ca pMKCMpaHu ECHU POTOPHU Bb3NU (3) U CUMETPUYHO CMPSAMO HaAmbXHaTa oc
Ha ocHoBHUSA kopnyc (1) ca dmkcMpaHn neBn pPOTOpHU Bb3NW (4), xapakrepusupall ce C ToBa, Ye
nesute (4) n gecHute (3) POTOPHM BB3MM Ca MOHTMPaHM B NPOTUBOMONOXHUTE nepudepun Ha
OCHOBHOTO KpuIo (2), Npu KOeTO KbM BCEKM POTOPEH Bb3er ca MOHTUPaHu noHe Aga poTopa (5 n 6), a
FOPHO KpWro (7) € MOHTMPaHO Hag OCHOBHOTO KpuWIoO (2),1ocpeacTBOM CBbp3aHUTe MM nepudepuu,
KaKTo 1 AOMHO Kpuro (8) € MOHTMpaHO Nog OCHOBHOTO KPWMO (2), CbLLO NOCPEACTBOM CBbP3aHUTE UM
nepudepun, Kato BbpXy ropHaTa MOBBbPXHOCT HA FOPHOTO Kpuro (7) € MOHTUPaH ropeH pakeTeH
asuraten (9), CUMETPUYHO Ha Hero, CNpsiMO OCHOBHOTO Kpuro (3), KbM AonHata MOBbPXHOCT Ha
AOMNHOTO Kpwno (8) e MOHTMpaH goneH paketeH asuraten (10), a KbM OCHOBHOTO kpuno (2) ca
MOHTMpPaHN NABO aepoauHamnyHo kopmuno (11) n gacHo aepogMHamMu4HO Kopmuno (12), mbpeu
ABYKaHaneH nsnbrHuMTeneH M3Bog OoT AUCTaHUMOHEH ynpasnssaly, nynT (13) e 6e3XM4YHO ChbednHeH,
CbOTBETHO C YyNpaBnsBall BXOA4 Ha BCAKO OT ABeTe aepoauHamuyHo kopmuna (11 wu 12), BTOpM
MHOroKaHarneH M3nbrHUTENeH n3Boa OT ANCTaHUMOHHKUS ynpasnasaly nynT (13) e 6e3xnYHO CBbp3aH,
C YNpaBfeHCKUTe BXOOOBE Ha CbOTBETHWUTE PpoOTOpHM Bb3NM (11 M 12), U CbC CLOTBETHUTE
ynpaBneHckn BxogoBe Ha pakeTHuTe asuratenu (9 n 10), MbpBK CUrHaneH BXOA4 Ha AUCTaHLUMOHHUS
ynpaengasaw, nynt (13) e 6e3kMYHO CBbP3aH CbC CUrHaneH W3BoA4 OT KOMOWHMpaH AdaTuuk 3a
ANHaMn4HW napameTpu (14); BTOpM cCUrHaneH BXo4 Ha AUCTaHUMOHHUA ynpasngasaw, nynt (13) e
Be3XNYHO CBBP3aH CbC CUrHanNeH U3Bo4 OT KOMOMHMPaH AaTyKK 3a reonokaumoHHuTe napametpu (15)
W TpeTW CurHaneH BXOA4 Ha AuCTaHUuMOHHMA ynpasBnssaw, nynt (13) e 6e3ku4Ho CBbp3aH CbC
CcurHaneH m3Bo4 OT KOMOMHMpaH AaTyvk 3a meTeopornormyHute napametpu (16); kaTo MHOXeCTBO
ynpasnssawum nyntose (13) ca 6e3xMYHO CBbP3aHU C LEeHTbP 3a rpyrnoBo yrnpasBfieHue Ha noneTtute

(17).
[Oeata poTopa (5 1 6), KbM CbOTBETHUSA POTOPEH Bb3er, Ca KOHTPaBbPTALLK ce.
JleBute poTopHM BBL3NU (4) U gecHuTe (3) POTOPHU BBL3NU Ca E€NEKTPOMOTOPHU, YMUTO
enekTpuYeckn BXxodoBe ca KabenHO CBbp3aHn C U3XOAMUTE Ha MOAYMHU eNekTpoakymynaTopm
(18), MOHTUPaHM nog OONHOTO Kpuno (8).
JleBute poTopHM BBL3NU (4) U gecHuTe (3) POTOPHU BBL3INU Ca E€NEKTPOMOTOPHU, YMUTO
eneKkTpUYeckn BXOOOBE Ca KabenHO CBbp3aHW C EeneKTpUYecKnTe M3Xoau Ha BOOOPOAHM
ropmBHU KneTku (19), MOHTMPaHM No4 AONHOTO kpuno (8).
Bbpxy ropHata MOBBLPXHOCT Ha FOPHOTO Kpwuno (7) ca MOHTWpaHW noBe4ve OT €OUH TOPHU
pakeTHW ABuratenu, CUMETPUYHO Ha THAX, CMpPSMO OCHOBHOTO Kpuno (2), KbM ponHata
MOBBPXHOCT Ha AOJTHOTO KpWIo (8) ca MOHTUPaHU NoBeYe OT eAuH AONHU PakeTHN OBuUraTenm.
B paketHute gBuratenu (9 u 10) ca nHTErpmpaH ropuBHUTE UM KOHTEHEPW.
MoaynHuTte enektpoakymynatopu (18) u paketHute asuratenu (9 u 10) ca napaluyTHO
cnyckaemu. .
"opHOTO Kpuno (7) 1 AONHOTO Kpuno (8) ca eQHaKBU C eJHaKBUM HECUMETPUYHN
aepoAMHaAMNYHN NPOMUIIM N Ca MOHTUPAHU YCNOpPeAHo, CPSAMO OCHOBHOTO Kpuio (3).
Enextpunyeckute akymynatopu (18) ca MHOrokpaTHO 3apexgaemMu NUTUEBO-NOHHN.
Bbpxy ropHata NoBbPXHOCT Ha FrOPHOTO Kpuno (7) ca MOHTMpaHW (POTOBOMTAUYHWU NaHenu
(15).

lMonoBMHaTa OT MOAYNMTE Ha eNnekTpudecknTe akymynatopu (18) ca eaAMHMYHO cnyckaemu.
PakeTtHuTe gBuratenm (9 n10) ca cbC Cyxo ropmeo.
[Bata poTopa (5 u 6) ca c egHakBu guameTpu 1 ca ¢ No ABe BUTna.
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"opHOTO Kprno (7) n gonHoTo Kpuno (8) ca oT apmupaH kapboH.

INaBoTo aepoanHaMmyHO KopMuro (11) n AAcHOTO aepoamMHaMnyHo kopmuno (12) nmar
€NePOHHN 1 XOPU3OHTANHWN KOPMUIHN CEKLMM.

MapalwyTHO cnyckaemutTe MOAYMNHW enekTpoakymynatopu (18) ca ycnopegHo enekTpuyecku
CBbP3aHu nomexay cw.

MapaluyTHO cnyckaemuTe MOAYMHWU enekTpoakymynaTtopm (18) ca ¢ BrpageHun akTuBHM
reoniokaLMoHHn mapkepu (20).

B 3agHaTa onaluHa YacT Ha OCHOBHMSA KOpNyC (1) ca MOHTUPaHW LieHTpanHu aepoanHamMmnyHu
KOpMWna v LeHTpanHun aepoamHaMunyHn ctabunmsaTtopm.

B n3HeceHaTa npegHa 4acT Ha OCHOBHMSA KOpNyC (1) € MOHTMPaHO AOMbIHUTENHO KPencepcKo
BUTMO (21) ¢ no-ronam gnamMeTbp OT AMaMeTpuTe Ha ocTaHanuTe BuTna.

YnpaBneHckuTe BXOOOBE Ha LieHTpanHuTe aepoavHaMu4Hn KopmMuna, Ha KpencepckoTo BUTNO
(21), Ha knoYanknTe Ha cnyckaemuTe MOAYIHW enekTpoakymynartopu (18) u Ha knoyankure
Ha cnyckaemuTe pakeTHute asuratenu (9 n 10) ca 6e3Xn4HO CBbP3aHU CbC CbOTBETHUTE
ynpaBreHCKn U3BOAM OT ynpasneHckus nynt (13).

YnpasneHckusaT nynT (13) e nporpamupyeM € U3KyCTBEH MHTENEKT 38 CUHXPOHU3MpaHe
eHeproukoHoMn4HaTa paboTta Ha OTAeNHUTE MOTOpPM.

3agaya Ha HacTosiLoTO M3oGpeTeHue e da ce obeaneun xubpuaeH netateneH anapaT c
TOPHO, OCHOBHO W OOMHO KPWIO KOHCTPYKTMBHO MHTErpUpaHy B 3aTBOPEH KOHTYP C nepudepHu
€neKTPUYECKN U paKeTHW MOTOPU CbC CPaBHWUTENHO HUcka ceBecToMHOCT C huKcUpaHu kpuna u
HeHaKnaHsILWM ce MOTopu, 4a e CbC cneuuanuampadi poTopHU BUTNA, B 3aBUCUMOCT OT pexuma Ha
noneta, Aa € C MapallyTHO Cryckaemu paspefeHu MOAYIMHM eneKkTpoaKkymynaTopu, 3a Mo-rofsm
noneseH ToBap, A4a e C OBYOOKCOBa (OBYKYTMECTa) KOHCTPYKUMSA, B KOSTO camuTe Kpuna ga ca
KOHCTPYKTUBHW €NeMeHTH, C KOeTo Ja ce Hamanu coGeTBeHaTa My MofieTHa Maca v aa ce Hynupat
nepudepHUTE KPUMHW BUXPOBM CbMNPOTUBIEHNMS, 3a YAbMKaBaHe Ha noneta.

Mpy n3BBLPLLUEHOTO NPOYYBaHE ca HaMepeHU OOKYMEHTW, MOCOYEHU B NPUNOXEHWa foknaj,
peneBaHTHU Ha TEXHUYECKOTO peLleHme Ha obekTa OT HACTOSILLOTO NPOyYBaHe, @ UMEHHO:

OokymeHTbT US10124890B2, nybnukyBaH Ha 13-11-2018, paskpuBa Metog 3a
KOHdurypumpaHe Ha 6e3nnnoTtHa cuctema VTOL (BepTuKanHo M3nuTaHe u kauaHe), BKIYBaLLL:
noarotoBka Ha VTOL 3a nomeT, 3akpenBaHe C Bb3MOXHOCT 3a OCBOOOXAaBaHe Ha MbpBa roHgona
KbM [OriHata MOBBPXHOCT Ha MbpPBO KPWIO Ha Oe3nunoTHO neTaTenHo NPeBO3HO CPeacTBO C
HenoaBwkHO kpuno (UAV) 1 3akpenBaHe C Bb3MOXHOCT 3a OCBOOOXAaBaHe Ha BTOpA roHOOMa KbM
AornHaTa NoBbPXHOCT Ha BTOpO kpwuno Ha UAV, npu KOeTo BCsKa OT mbpBaTa M BTOpaTa roHgonm
BKITIOYBA M3TOYHUK Ha eHeprus n noHe eanH VTOL poTop, CBbp3aH KbM U3TOYHWMKA HA eHeprus, u npu
KOeTO BCsika OT NbpBaTta M BTopaTa roHA0NN MOXe Aa ce OTAens OT CbOTBETHOTO KPUIO MO BpeMe Ha
noner;

B US10183741B2, nybnukysaH Ha 22-01-2019, pa3kpuBa pasnuyHun U3NbiHEHNs Ha cuctema
3a u3cTpensaHe W U3BNUYaHe, nognomaraHa OT MyNTUKOMNTep, KoATO Bknwousa: (1) moayneH
MYNTUKONTEP C HAKOSKO poTopa, KOWTO MoXe Aa Obae npukpeneH KbM (M pasrnobsiem oT) camoneT ¢
duKcupaHo Kpuno, 3a ga ynecHU U3CTperiBaHeTO Ha camorneTa C (PUKCMpaHO Kpuno B KPWUNOTO -
OopaeH nonet; (2) cuctema 3a CbXpaHEHME W U3CTpPenBaHe, U3Mon3BaemMa 3a CbXpaHsiBaHe Ha
MOAYNHUSA MYNTUKOMTEP U 3a yNnecHsBaHe Ha M3CTpenBaHeTO Ha camorneTa C PUKCUpaHO Kpumo B
nonet ¢ kKpuno; 1 (3) cuctema 3a 3akpenBaHe, KOATO MOXe Aa Ce M3non3ea (3aegHo ¢ MynTukonTepa
W MbBKaBWsi €NEeMEHT 3a ynaBsiHe) 3a M3BMUYaHe Ha camorieTa C HemnoABMXKHO KpUIo OT MmoneT C
Kpwro.

HokymeHTbT US10196143B2, nybnukyBaH Ha 05-02-2019, paskpuBa MogynHa 6e3nunoTHa
netatenHa cuctema (UAS), koATO mma nbpBa U BTOpa MOMETHA KOHdurypaumss M BKIO4YBa
poouTencku mopyn Ha 6e3nunoteH netateneH anapat (UAV) m MHOXECTBO ObLUEPHUM MOAYNN Ha
UAV. OCHOBHUAT MOoAyn MOXe Aa uma ro3enax, npeaHn 1 3agHu Kpuna, CBbp3aHu ¢ rosenaxa, u
NMbpBO MHOXECTBO YCTPOWCTBA 3a 3agBwkBaHe Ha noneta. [bllepHuTe Moaynu ce oTkaysBaT u
OTAENAT OT NPedHOTO KPWMNo W eauH OT APYr M MOCTUraT KOHTPONupaH MorieT He3aBucumo oT
poauTenckusa Moayn, 4OKaTo ca BbB BTOpaTa KoHUrypauusa Ha noneta. CblLUo Taka e paskpuT MeToa
3a ynpasneHue Ha mogynHata UAS.

HokymeHTbT US2021403168A1, nybnukyBaH Ha 30-12-2021, paskpuBa XubpugHa cuctema
3a 3adBWXKBaHe 3a camoNeT C TUNTPOTOP Ce CbCTOM OT edWH Wnu MoBeye ABUratenu, KouTo
ocurypsiBaTt TAra, Korato camoneTbT C TUNTPOTOP € B MbPBM PEXMM Ha MOMeT Hampen, eavH unu
noBeYye EeneKkTPUYECKU WIM XWAPaBNWYHW U3TOYHMUM Ha €Heprus 1M gBa Wnu noBeye 6Gnoka Ha
nunoHu. Bcekn B6nok Ha NUNOH CbAbPXKa €OUH UIW NOBeYe enekTPUYECKM UK XMOPaBIudHU MOTOPW,
CBbP3aHu KbM €[IMH UMW NoBeYve enekTpUYeckn Nnn XmapasnnuyHu U3TOYHULM Ha eHeprus 1 NpoToTop
Cuctema cbrnacHo npeteHuus 4, npu KOATO efHata WM noBeye [OMbIHUTENHM GaTepuun ca
NOABWXHU MU MoraT fa ce U3XBbprsT.



HOBOCT

Cnen wuvs3BbplleH cpaBHUTENEeH aHanuanm mexgy obekrta, npegmeT Ha
HaCTOALLOTO NpoyyYBaHe M HaMEepPeHUTE Mpu NPoy4YBaHETO LOKYMEHTU, Ce YyCTaHOBW,
4ye He e paskpuT xmbpuaeH netaTeneH anapat C ropHO, OCHOBHO W JONHO KPUI1o
KOHCTPYKTMBHO MHTErpupaHn B 3aTBOPEH KOHTYP C nepudepHM MOTOpU, KOWTO Aa
BKIIOMBA BCUMYKM TEXHUYECKN Npu3Haum Ha obekta oT npoyyBaHeTo. CnegosaTenHo,
00EeKTbT Ha HaCTOSALLOTO NpoyyYBaHe, CbINacHo Taka popmMmynMpaHuTe nNpeTeHumu, e
HOB MO cMucbNa Ha 4n. 8, an. 1 oT 3akoHa 3a naTeHTUTe U perucTpauusaTa Ha
nonesnute mogenu (3rPrMm).
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(57) ABSTRACT

The present disclosure provides various embodiments of a
multicopter-assisted launch and retrieval system generally
including: (1) a multi-rotor modular multicopter attachable
to (and detachable from) a fixed-wing aircraft to facilitate
launch of the fixed-wing aircraft into wing-borne flight; (2)
a storage and launch system usable to store the modular
multicopter and to facilitate launch of the fixed-wing aircraft
into wing-borne flight; and (3) an anchor system usable
(along with the multicopter and a flexible capture member)
to retrieve the fixed-wing aircraft from wing-borne flight.
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10. The multicopter of claim 7, which includes a second
pair of batteries, wherein the first pair of batteries is elec-
trically connected in parallel via a gang circuit to the second
pair of batteries to enable a single charger electrically
connected to at least one of the batteries to charge all four
batteries, and wherein the gang circuit includes an automati-
cally resetting circuit breaker.

11. The multicopter of claim 7, which includes one or
more sensors, and wherein the component is communica-
tively connected to the one or more sensors to perform the
multicopter status check based on data received from the one
OF more sensors.

12. A method of preparing a multicopter for launch, the
method comprising:

responsive to an operator actuation of a switch, switching
a first power circuit from an open state to a closed state
to electrically connect a power source of the multicop-
ter to an electrically powered component of the multi-
copter to power the component in an idle power mode
that enables one or more pre-flight checks to be per-
formed, wherein the first power circuit does not power
a rotor motor of the multicopter; and

afterwards, responsive to the operator electrically con-
necting the power source to the rotor motor to power
the rotor motor, enabling the rotor motor to operate.

13. The method of claim 12, wherein the multicopter
includes a hub and multiple arms attachable to the hub, each
arm including a rotor and a rotor motor drivingly engaged to
the rotor.

14. The method of claim 13, wherein switching the first
power circuit from the open state to the closed state elec-
trically connects the power source to the component without
electrically connecting the power source to the rotor motors.

15. The method of claim 12, wherein the multicopter
includes a hub and multiple arms attachable to the hub, each
arm including a rotor and a rotor motor drivingly engaged to
the rotor, wherein switching the first power circuit from the
open state to the closed state electrically connects the power
source to the component without electrically connecting the
power source to the rotor motors.

16. The method of claim 15, which includes, before the
power source is electrically connected to the rotor motor,
attaching the arms to the hub to electrically connect the arms
to the hub so the rotor motors of the arms are electrically
connectable to the power source.

17. The method of claim 16, which includes, before
attaching the arms to the hub, mounting the hub to a
fixed-wing aircraft.

18. A multicopter comprising:

multiple arms each including a rotor and a rotor motor
drivingly engaged to the rotor;

an electrically powered component;

a power source including two batteries, wherein the
batteries are electrically connected in parallel via a
gang circuit to enable a single charger electrically
connectable to one of the batteries to charge both
batteries:

a first power circuit switchable from an open state to a
closed state to electrically connect the power source to
the component to power the component without elec-
trically connecting the power source to the rotor motor;
and
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a second power circuit switchable from an open state to a
closed state to electrically connect the power source to
the rotor motor to power the rotor motor.

19. A multicopter comprising:

multiple arms each including a rotor and a rotor motor
drivingly engaged to the rotor;

an electrically powered component;

a power source, wherein the power source includes two
batteries electrically connected in parallel via a gang
circuit to enable a single charger electrically connect-
able to one of the batteries to charge both batteries, and
wherein the gang circuit includes an automatically
resetting circuit breaker;

a first power circuit switchable from an open state to a
closed state to electrically connect a power source to
the component to power the component without elec-
trically connecting the power source to the rotor motor;
and

a second power circuit switchable from an open state to a
closed state to electrically connect the power source to
the rotor motor to power the rotor motor.

20. A multicopter comprising;

multiple arms each including a rotor and a rotor motor
drivingly engaged to the rotor;

an electrically powered component configured to perform
a multicopter status check:

a first pair of batteries electrically connectable to the rotor
motor, at least one of the first pair of batteries electri-
cally connectable to the component;

a second pair of batteries electrically connected in parallel
via a gang circuit to the first pair of batteries to enable
a single charger electrically connected to at least one of
the batteries to charge all four batteries;

a first power circuit switchable from an open state to a
closed state to electrically connect the at least one of the
first pair of batteries to the component to power the
component without powering the rotor motor; and

a second power circuit switchable from an open state to a
closed state to electrically connect the first pair of
batteries to the rotor motor to power the rotor motor.

21. A multicopter comprising:

multiple arms each including a rotor and a rotor motor
drivingly engaged to the rotor;

an electrically powered component configured to perform
a multicopter status check:

a first pair of batteries electrically connectable to the rotor
motor, at least one of the first pair of batteries electri-
cally connectable to the component;

a second pair of batteries, wherein the first pair of
batteries is electrically connected in parallel via a gang
circuit to the second pair of batteries to enable a single
charger electrically connected to at least one of the
batteries to charge all four batteries, and wherein the
gang circuit includes an automatically resetting circuit
breaker;

a first power circuit switchable from an open state to a
closed state to electrically connect the at least one of the
first pair of batteries to the component to power the
component without powering the rotor motor; and

a second power circuit switchable from an open state to a
closed state to electrically connect the first pair of
batteries to the rotor motor to power the rotor motor.
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items preceding the term. For example, “A, B, C, or com-
binations thereof” is intended to include at least one of: A,
B, C, AB. AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB,
BAC, or CAB. Continuing with this example, expressly
included are combinations that contain repeats of one or
more item or term, such as BB, AAA, AB, BBC,
AAABCCCC, CBBAAA, CABABB, and so forth. The
skilled artisan will understand that typically there is no limit
on the number of items or terms in any combination, unless
otherwise apparent from the context.

[0046] As used herein, words of approximation such as,
without limitation, “about™, “substantial” or “substantially”
refers to a condition that when so modified is understood to
not necessarily be absolute or perfect but would be consid-
ered close enough to those of ordinary skill in the art to
warrant designating the condition as being present. The
extent to which the description may vary will depend on how
great a change can be instituted and still have one of
ordinary skilled in the art recognize the modified feature as
still having the required characteristics and capabilities of
the unmodified feature. In general, but subject to the pre-
ceding discussion, a numerical value herein that is modified
by a word of approximation such as “about™ may vary from
the stated value by at least £1,2,3,4,5,6,7, 10, 12 or 15%.
[0047] All of the devices and/or methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
devices and/or and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the compositions and/or methods and in the steps
or in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within
the spirit, scope and concept of the invention as defined by
the appended claims.

[0048] Furthermore, no limitations are intended to the
details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the
particular embodiments disclosed above may be altered or
modified and all such variations are considered within the
scope and spirit of the disclosure. Accordingly. the protec-
tion sought herein is as set forth in the claims below.
[0049] To aid the Patent Office, and any readers of any
patent issued on this application in interpreting the claims
appended hereto, applicants wish to note that they do not
intend any of the appended claims to invoke paragraph 6 of
35U.S.C. § 112 as it exists on the date of filing hereof unless
the words “means for” or “step for” are explicitly used in the
particular claim.

What is claimed is:
1. A hybrid propulsion system for a tiltrotor aircraft
comprising:
one or more engines that provide thrust whenever the
tiltrotor aircraft is in a first forward flight mode;
one or more electrical or hydraulic power sources;

two or more pylon assemblies, each pylon assembly
housing one or more electric or hydraulic motors
connected to the one or more electrical or hydraulic
power sources and a proprotor, and wherein all or part
of each pylon assembly is rotatable; and

Dec. 30, 2021

wherein the proprotors provide lift whenever the tiltrotor
aircraft is in a vertical takeoff and landing mode and a
hover mode, and provide thrust whenever the tiltrotor
aircraft is in a second forward flight mode.

2. The system of claim 1, wherein:

the one or more electrical or hydraulic power sources are

disposed within a fuselage;

each pylon assembly is mounted proximate to an outboard

portion of a wing; and

one or more electrical or hydraulic lines are disposed

within each wing connecting the one or more electrical
or hydraulic power sources to the one or more electrical
or hydraulic motors in each pylon assembly.

3. The system of claim 1, wherein:

the one or more engines comprise one or more first

engines; and

the one or more electrical sources comprise a second

engine connected to one or more electric generators, or
one or more batteries.

4. The system of claim 1, further comprising one or more
additional batteries connected to the one or more electrical
motors, wherein the one or more additional batteries are
disposed within a fuselage, each pylon assembly, or both the
fuselage and each pylon assembly.

5. The system of claim 4, wherein the one or more
additional batteries are moveable or ejectable.

6. The system of claim 1, wherein:

the one or more engines comprise one or more first

engines; and

the one or more hydraulic power sources comprise a

second engine connected to one or more hydraulic
pumps, or one or more batteries connected to the one or
more hydraulic pumps.

7. The system of claim 1, wherein the one or more electric
or hydraulic power sources include a reduction gearbox.

8. The system of claim 1, wherein the one or more engines
are connected to the one or more electric or hydraulic power
sources.

9. The system of claim 1, further comprising a proprotor
gearbox connected between the one or more electric or
hydraulic motors and each proprotor.

10. The system of claim 1, wherein each of the proprotors
is a stop and fold proprotor.

11. The system of claim 1, wherein each pylon assembly
further houses one or more weapons, missiles, targeting
devices, lasers, countermeasures, surveillance devices,
detection devices, sensors, deployable drones, or other elec-
tronic devices.

12. A tiltrotor aircraft comprising:

a fuselage;

one or more wings attached to the fuselage;

one or more engines attached to the fuselage or the one or

more wings that provide thrust whenever the tiltrotor
aircraft is in a first forward flight mode;

one or more electrical or hydraulic power sources dis-

posed within the fuselage;

two or more pylon assemblies, each pylon assembly

mounted proximate to an outboard portion of the one or
more wings, each pylon assembly housing one or more
electric or hydraulic motors connected to the one or
more electrical or hydraulic power sources and a pro-
protor, and wherein all or part of each pylon assembly
is rotatable;
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one or more electrical or hydraulic lines disposed within
the one or more wings connecting the one or more
electrical or hydraulic power sources to the one or more
electrical or hydraulic motors in each pylon assembly:
and

wherein the proprotors provide lift whenever the tiltrotor

aircraft is in a vertical takeoff and landing mode and a
hover mode, and provide thrust whenever the tiltrotor
aircraft is in a second forward flight mode.

13. The tiltrotor aircraft of claim 12, wherein:

the one or more electrical or hydraulic power sources are

disposed within the fuselage;

each pylon assembly is mounted proximate to an outboard

portion of a wing; and

one or more electrical or hydraulic lines are disposed

within each wing connecting the one or more electrical
or hydraulic power sources to the one or more electrical
or hydraulic motors in each pylon assembly.

14. The tiltrotor aircraft of claim 12, wherein:

the one or more engines comprise one or more first

engines; and

the one or more electrical sources comprise a second

engine connected to one or more electric generators, or
one or more batteries.

15. The tiltrotor aircraft of claim 12, further comprising
one or more additional batteries connected to the one or
more electrical motors, wherein the one or more additional
batteries are disposed within the fuselage, each pylon assem-
bly, or both the fuselage and each pylon assembly.

16. The tiltrotor aircraft of claim 15, wherein the one or
more additional batteries are moveable or ejectable.

17. The tiltrotor aircraft of claim 12, wherein each of the
proprotors is a stop and fold proprotor.

18. The tiltrotor aircraft of claim 12, wherein each pylon
assembly further houses one or more weapons, missiles,
targeting devices, lasers, countermeasures, surveillance
devices, detection devices, sensors, deployable drones, or
other electronic devices.

19. A method of providing propulsion to a tiltrotor aircraft
comprising:

providing thrust from one or more engines whenever the

tiltrotor aircraft is in a first forward flight mode;
generating electrical or hydraulic power from one or more
electrical or hydraulic power sources;

driving one or more electric or hydraulic motors within

two or more pylon assemblies using the electrical or
hydraulic power;

driving a proprotor on each pylon assembly using the one

or more electric or hydraulic motors;

providing lift from the proprotors whenever the tiltrotor

aircraft is in a vertical takeoff and landing mode and a
hover mode;
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transitioning to or from the vertical takeoff and landing
mode or the hover mode by rotating all or part of each
pylon assembly; and

providing thrust from the proprotors whenever the tiltro-

tor aircraft is in a second forward flight mode.

20. The method of claim 19, wherein:

the one or more electrical or hydraulic power sources are

disposed with a fuselage;

each pylon assembly is mounted proximate to an outboard

portion of a wing; and

one or more electrical or hydraulic lines are disposed

within each wing connecting the one or more electrical
or hydraulic power sources to the one or more electrical
or hydraulic motors in each pylon assembly.

21. The method of claim 19, wherein:

the one or more engines comprise one or more first

engines; and

the one or more electrical sources comprise a second

engine connected to one or more electric generators, or
one or more batteries.

22. The method of claim 19, further comprising one or
more additional batteries connected to the one or more
electrical motors, wherein the one or more additional bat-
teries are disposed within a fuselage, each pylon assembly,
or both the fuselage and each pylon assembly.

23. The method of claim 22, further comprising moving
or ejecting the one or more batteries.

24. The method of claim 19, wherein:

the one or more engines comprise one or more first

engines: and

the one or more hydraulic power sources comprise:

a second engine connected to one or more hydraulic
pumps, or

one or more batteries connected to the one or more
hydraulic pumps.

25. The method of claim 19, wherein the one or more
electric or hydraulic power sources include a reduction
gearbox.

26. The method of claim 19, wherein the one or more
engines are connected to the one or more electric or hydrau-
lic power sources.

27. The method of claim 19, further comprising a pro-
protor gearbox connected between the one or more electric
or hydraulic motors and each proprotor.

28. The method of claim 19, further comprising stopping
and folding each of the proprotors.

29. The method of claim 19, wherein each pylon assembly
further houses one or more weapons, missiles, targeting
devices, lasers, countermeasures, surveillance devices,
detection devices, sensors, deployable drones, or other elec-
tronic devices.
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MAPHUPHO COCAMHEHA ¢ HIDKHEU INTOCKOCTHIO.
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WN3obperenne  HampaBlIeHO  Ha  YIPOITICHHCE
TpaHChHOPMUPOBAHUS KOHCTPYKIMHU. § 3.01. (-JIH,
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FIELD: transport.

SUBSTANCE: invention relates to aircraft
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triplane. Wing transmission drive may be made up of
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OBJIACTb TEXHUKHA

N300peTeHne OTHOCUTCS K AaBUACTPOCHUIO U MOKET ObITh UCMOIB30BAHO TIPHU CO3AaHUU
JeTaTeabHbIX annapaToB (JIA) pa3muyHoON rpy30MOIbeMHOCTH U PA3TMUHOTO HA3HAUCHMUSL.

YPOBEHb TEXHUKHA

ITo Tuny kpsita JIA noapa3nenstoTcs Ha MOHOTUIAHBI, OUTIJTAHBI U TPUTLIIAHBL, KOTOPBIE
00JIaAA0T U MPEUMYIIIECTBAMU, U HEAOCTATKAMMU.

MoHomnIaH OTAUYAETCs BBICOKOM KPeHCepCKoi CKOPOCThIO U 00NaAaeT XOPOLIUMU
SKOHOMUYECKUMHU ToKazaTesiaMu. Jjist obecriedeHus 0e30TaCHOCTH MPU BBITIOJIHEHUH B3JIeTa
U IOCaAKU CKOpocTh JIA He 1o/kHA ObITh OUeHb BBICOKOMN. JJIst CHUXKEHHSI CKOPOCTH Ha
3THUX 3Tamax MmoJjera MpeaHa3HaueHA MeXaHU3alUs Kpblla, BKIIIoYaroIlas B ceos
MPEAKPBUIKH U 3aKPbUIKH, TIPEACTABIAIONINE COOON JOCTATOYHO CIIOKHbIE Y3IIbl, UMEIOIIHE
HeMaJIbli BeC U JOCTATOUHO HeMpocToe ynpasiaeHue. [IpuMeHeHre B KOHCTpYyKiuu JIA
NPEIKPBUIKOB U 3aKPBUIKOB MO3BOJISIET 3HAUYUTEbHO CHUXKATh CKOPOCTh MPH B3JIETE U
MOCAAKE, OOHAKO CKOPOCTh BCE PABHO OCTAETCSA JOCTATOYHO BBICOKOM. [[J1 camoJteToB
cpemHel U OOJIbION IPY30MOBEMHOCTH OHA COCTABIIIET OKOJIO 220-270 KM/U ¥ HEllITaATHBIE
CUTYyallH, BO3HUKAIOLIHUE BO BPEMsI B3JIETa U TIOCAIKU HA TAKUX CKOPOCTSIX, UHOTAA
MIPUBOJAT K Cepbe3HbIM MoJjioMKaM JIA, a uHoraa u k kKatactpodam. s obecrieueHust
0E30TIaCHOCTH TIPU BBITIOJHEHUU B3JIETA U TTOCAIKU HA TAKUX CKOPOCTSIX TpebyeMas AJIMHA
B31eTHO-TIocagouHom nojockl (BIIIT) cocraBnser okono 3000 M. CoBpeMeHHBIH a3poaApOM
HUMeeT, Kak TIpaBujio, oomee ogHoi BIIII. CTpouTenbCTBO M SKCIITyaTalUs TAKUX
A3pOJPOMOB OOXOAUTCA OUEHBb JOPOTO.

B cocTaB KOHCTpYyKIUM OUTIJIaHA MOTYT BXOJAUTb MPEAKPBUIKU U 3aKpbUIKU. KOHCTpyKIus
TPpUIIJIaHA HauboJiee MPOCTa U, KAK MPABWIO, HE UMEET HU TIPEAKPBUIKOB, HU 3aKPBLIKOB.
Bonbinas mioiaab Kpbljia OUTIIIAHOB, U B elile O0JIbllielt CTETIeHU - TPUIIJIAHOB, TIO3BOJISIET
BBITIOJIHSITh B3JIETHI U TTOCAIKU Ha MaJIbIX CKOPOCTSX, TOATOMY Tpebyemas amuHa BIITT anst
Takux JIA 3HauuTEenTbHO MeHblIE, yeM Tpedyemas anuHa BIIIT aist MmonomanoB. OgHako
KOHCTPYKIMU OUTIAHOB U TPUIIJIAHOB UMEIOT JOCTATOUHO OOJbILION KO3 PUIUEHT
JIOOOBOTO COMIPOTHUBIIEHUS, YTO HE TIO3BOJISIET BBITIOMHATh KpeHCepCKUit TTOJIET Ha BHICOKMX
CKOPOCTSX, MO3TOMY B COBPEMEHHBIX YCIOBUSAX JAHHBIE CXEMbI HE HALLIU MACCOBOTO
NIPUMCHECHMUS.

PACKPBLITHUE N30BPETEHHN A

[enbio u3o0OpeTeHus ABETCS CO3AaHUe KOHCTpYKIUU JIA, couerarolieti B cebe CBONUCTBA
MOHOIIJIAHA U TPUILIAHA.

CylLIHOCTb U300PETEHUS 3aKITI0YAETCS B TOM, YTO OCHOBHbIE KpbLIbsl JIA sBIsSIIOTCS
TpaHCHOPMUPYEMBIMU U KAXKI0€ OCHOBHOE KPBLIO COAEPKUT TPU TIOCKOCTU. B clioxkeHHOM
COCTOSIHUM TPU TIJIOCKOCTU KAXAOTO OCHOBHOTO Kpbljla 00pa3ytoT Tpu cjios kpblia (Dur.1),
nipu koTopoM JIA npeacrasnsget codboit MoHomIaH. CpeaHsist ockocTh 1 (Dur.1) aBasieTcst
HECYLIMM CUJIOBBIM 3JIEMEHTOM U eCTKO coeauHeHa ¢ (rozensbkem JIA. BepxHsist
TUTOCKOCTD 2 ¥ HUXKHSAS TNIOCKOCTh 3 (Dur.1) coenMHeHbl APYT ¢ APYTOM MOCPEACTBOM
HECKOJIbKUX CUJIOBBIX TSIT, MPUYEM OJIUH KOHEL Ka)KAOW CHJIOBOM TATH IIAPHUPHO COCIVHEH
C BEpXHEHN TIIIOCKOCTBIO, 4 TPOTUBOIOJIOKHBINA KOHEL CWIOBOW TATH LIAPHUPHO COCIMUHEH C
HWKHEN TTocKocThIo. Kaxknas cunoBas Tsra B CBOeH CpeHel YaCTH MOCPEACTBOM OCH
LIAPHUPHO COEAUHEHA CO CpeAHeN TIIOCKOCThIO. Ha cpeaHeil mIoCcKoCcTH UMEIoTCs
CHeNUATbHbBIC Ma3bl, MPEIHA3ZHAUYECHHBIC I PA3MEILCHUS CUJIOBBIX TST MPU CIIOKEHHOM
COCTOSIHUM OCHOBHOTO KpbUIa. [Ipy MOBOPOTE BCEX CUIOBBIX TAT OTHOCUTENBHO OCel
BpalleHUs] TPOUCXOIUT TpaHCHopMaIUs OCHOBHBIX KPbUIbEB U3 CIIOXKEHHOTO COCTOSHUS B
pasznoxkeHHoe cocTosiHue (Dur.2) u npoucxoauT Tpanchopmaius JIA U3 MoHOIIIaHA B
TpurutaH. OcH BpallleHUs BCEX CWJIOBBIX TST HA OAHOM OCHOBHOM KpBbLIE B TIJIaHE

Crp.: 4



10

15

20

25

30

35

40

45

30

RU 2438926 C1

napaJulebHbI APYT APYTY U PACTIONOKEHBI TIOA OMPEACICHHBIM YIJIOM Y OTHOCUTEIBHO
HOCOBOH KPOMKH CpeaHel TNIOCKOCTH. YCIIOBHO OyIeM CUMTATh MPSAMON IMHHEH HOCOBYIO
KPOMKY CpelHel TIIIOCKOCTH B TUIaHe. YCIOBUMCS, UTO YTOI ¥ B TIaHE 00pa3yeTcs
CIIEYIOIIMM OOPAa30M: OCh BPAIlEHUS CUIIOBOM TATH IIPOIIEBACTCS 10 TIEPECEUSHUS C
HOCOBOM KPOMKOM cpeaHeN IITOCKOCTU U YTOM Y 3aMePAETCA MEXIY JIMHUEH HOCOBOM
KPOMKH CpeIHEH MIOCKOCTH, UCXOIIEH OT TOUKH TepeceueHUs B HallpaBIIeHUH (hIo3eIsKa
JIA, u nuHuel, BAMIoUIeHCS TPOAOIKEHUEM OCU BPALIEHUS CUIIOBOM TATH. YTOI Y MOXKET
OBITH TIPSMBIM, TYTIBIM UJIH OCTPBIM U B 3HAUUTENIbHOM Mepe Pa3HOBUIHOCTh U BEJIUUMHA
yrjia ¥ OyAeT 3aBUCETh OT yIJia CTPESIOBUIHOCTH Kpbuia. [Ipu mpsiMmoM Kpblie yrom v,
BEpOsITHEE BCErO, OYeT MPAMBIM, ITPH MPSIMOM CTPETOBUIHOCTH KPbLIIA - TYIIBIM HIIH
MPSAMBIM, TIPH OOPATHOM CTPEIIOBUAHOCTH KPhLIA - OCTPBIM WM MpsAMbIM. Kaxkmas cumoBast
Tra MoXkeT uMeTh H-oOpasnyro hopmy (Dwur.3). Ilpu Takoit KOHCTPYKIMHM CUIOBOM TATH
KOJIMYECTBO CUJIOBBIX TAT HA OJTHOM OCHOBHOM KPbIIE JOJIKHO COCTABIATD, IO MEHbIIIEH
Mepe, aBe. OgHa napa KoHoB H-oOpa3Holt CHIIOBOI TATH TTOCPEACTBOM IIAPHUPOB 4
COEAMHEHA ¢ BEpXHEH TIOCKOCThIO, & TPOTHUBOIIONOXHAS MMapa KOHIIOB CUJIOBOU TATH
MOCPEACTBOM IIAPHUPOB S5 COeIMHEHA ¢ HUKHEN TIIOCKOCThIo. [lepekiaauna 6 sBisieTcs
ochIo BpaleHus H-oOpa3Hoil cummoBoil Taru, odpasyrolliel ee apHUPHOE COSATUHEHHUE CO
CpeaHel MIOCKOCThIO Kpblia. Ball 7 CUIIOBOM TATH SIBIISIETCS MPOAOIKEHUEM

nepeknaaubbl 6 (Dur.3). PenykTop npuBoaa TpaHchopMayu Kpbiia, peaHa3HauUeHHBIH
JIJTSl TIOBOPOTA CUJIOBOM TATH, PACHOJIOKEH B 30HE YTONIIEHUS CPEAHEr O Kpbllla U
MOCPEACTBOM BpallleHUs Bajia 7 0OeCIIeUMBAET TTIOBOPOT CHIIOBOM TATH OTHOCHUTEIBHO €€ OCH
BpaieHus. [Ipu moBopoTe BceX CUTTOBBIX TAT IIPOUCXOIUT TPpaHCPOpMAIUSI OCHOBHBIX
KPBUIbEB ¢ U3MEHEHUEM UX pa3maxa. B ClI0KeHHOM COCTOSTHUU BCE TPH TNIOCKOCTH MOTYT
OBITH 3a(hUKCUPOBAHBI MEXKIY COOOM 3aMKaMH CIOKEHHOTO COCTOSTHUS OCHOBHOTO KPbLJIA.

CyiecTByeT HECKOJBbKO ¢xeM JIA, KOHCTPYKIHUS KOTOPBIX BKIIFOUAET OCHOBHBIE
TpaHchOpMUpYEMbIe KPbLIbs. PaccMOTpUM noapoOHee MX KHHEMAaTHUECKUE CXEMbI 1
OCOOEHHOCTH KaXKIOM U3 HUX.

CXEMA Nel

KOHOUT'YPAILIUA HA CTOSHKE: durypa 4.

B3JIETHO-TIOCAJOYHASA KOHOUT'YPALIUA: durypa 5.

KPEMCEPCKASI KOHOUT VPALIU A: ¢durypa 4.

OCOBEHHOCTHU CXEMBI Nel: nanHag cxema SBJISETCI €AUMHCTBEHHOM U3
paccMaTpUBAEMBIX HIDKE CXEM, TAE BO3MOXKHO PACIIONIOKEHHE ABYX TYpPOOBUHTOBBIX
JIBUraTeseii HA OCHOBHBIX KPbUIbix JIA.

CXEMA Ne2

KOHOUT'YPAILIMUA HA CTOSHKE: durypa 6.

B3JIETHO-IIOCAJOYHASA KOHOUT'YPALIUA: durypa 7.

KPEMCEPCKASI KOHOUT VPALIU A: durypa 6.

OCOBEHHOCTMU CXEMBI Ne2: nanHad cxema SIBJISETCI eAUMHCTBEHHOM U3
paccMaTpUBAEMBIX CXEM, 71 BO3MOXXHO PACTIONOKEHHUE ABYX WU YEThIpEX
TypOOpeaKTUBHBIX ABUTATENeH HA OCHOBHBIX KPBUTBAX JIA.

CXEMA Ne3.

KOHOUT'YPAILIMUA HA CTOSHKE: durypa 8.

B3JIETHO-TIOCAJOYHASA KOHOUT'YPALIUA: durypa 8.

KPEMCEPCKASI KOHOUT VPALIU A: ¢durypa 9.

OCOBEHHOCTHM CXEMUBbI Ne3: B manHOM cXxeMe Ha KaXXIO0M OCHOBHOM Kpblie JIA
OJHA U3 CWJIOBBIX TIT MEXAHHYECKHU CBA3aHA C OCHOBHOM CTOHMKON IIACCH M1
UCTIOIb30BaHMS CUCTEMbI YOOPKHU-BBINTYCKA I1ACCH B KAYECTBE ITPUBOIA TPAHCMUCCHH KPbLIIA.
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B nanHo# cxeMe Tipolecc YOOPKHU U BBITIYCKA JIEBOM U MPaBOM OCHOBHBIX CTOeK maccu JIA
JIOJDKEH ObITh CHHXPOHU3UPOBAH. BepXHssl MOJIoYKa HUIIU 8§ MOXKET ObITh UCTIOJB30BaHA B
KauecTBe CTOJIMKA OydeTa-KyxHH, T1e 9 - ypoBeHb noja (dur.9). JlanHas cxema SBIASETCS
IPOCTON, HAZIEKHOMN U AELIEBOM.

CXEMA Ne4

KOHOUT'YPALINA HA CTOSAHKE: ¢urypa 10.

B3JIETHO-TIOCAJJOYHAA KOHOUT'YPALIMA: purypa 11.

KPEVICEPCKASI KOHOUTYPAIIMA: durypa 10.

OCOBEHHOCTH CXEMDbI Ne4: nanHast cxeMa OTJAUYAETCA TEM, UTO BEPXHSA U
HWXKHSASA THIOCKOCTH UMEIOT MAKCUMAJIbHO BO3MOXHYIO IUIOLIAAb U BO B3JIETHO-TIOCAAOUYHOMN
KOH(UTYpallUU TPOUCXOAUT NMPAKTUUECKU TPOMHOE YBEIUUEHHUE TIOIAId OCHOBHOTO
KpbLIa, YTO MO3BOJIAET OYEHb 3HAUUTEIBHO CHU3UTh CKOPOCTH B3JIETA U IIOCATKU B
CpaBHEHMH C KJIaccuuecKuM JIA, MMEIOLIUM KPBLIO PaBHOTO pa3Maxa.

CXEMA No5

KOHOUT'YPALINA HA CTOSAHKE: ¢urypa 12.

B3JIETHO-TIOCAJJOYHAA KOHOUT'YPALIMA: purypa 13.

KPEVICEPCKASI KOHOUTYPAIIMA: durypa 14.

OCOBEHHOCTH CXEMBbI Ne5: 0CHOBHBIM TOCTOMHCTBOM JAHHOMW CXEMBI SIBJISETCS
TO, UTO B KOH(UTYpALUU HAa CTOSTHKE JaHHBIHM JIA MMeeT KOMMAaKTHBIN pa3Max OCHOBHBIX
KpbUIbeB. Takoit JIA 3aHUMaeT MeHbllle MECTa Ha CTOSIHKE, JJIsl HETO HY)KEH aHrap
MeHbLIero pasMepa. [lozumuu 10, pacnosiokeHHble Ha KOHCOJISIX HUKHHUX TIJIOCKOCTEH
(Pwur.12), MOTYT OBITh UCIIOJIL30BAHBI B KAUECTBE:

1. JIOTIOTHUTENbHBIX TOTIIMBHBIX OAKOB.

2. EMKoCTEH OJ1s1 XMMHUKATOB.

3. EMKoOCTEH aJ1 BOABI.

4. IToaBeCHOTO BOOPYIKEHUS.

Ja obecrieueHUs MAKCUMAJIbHOTO pa3dMaxa OCHOBHOTO Kpbljia Tipu TpaHchopmaryu JIA
u3 KoHpurypanuu Ha ctosHke (Dur.12) B kpelicepckyro koHpurypaimio (Dur.14) Bce
LIAPHUPHBIE COCAUHEHUS CUIIOBBIX TAT BBITIOJHEHBI ¢ BO3MOXXHOCTBIO IIOBOPOTA CUIIOBBIX
TAr Ha yroj 180+20°, uTo oOecreunBaeT CHATUE JTOMOJHUTEIbHBIX HATPY30K ¢ IIAPHUPHBIX
COCIMHEHUI MPU KpaltHUX TOJIOKEHUIX CUIIOBBIX TAT. JlaHHas cxema JIA ynoOHa ams
Ha3eMHOTro oocnyxuBanus nosunuit 10. B kpeticepckoit KoHPUTypauy TPOUCXOAUT
cMertienue nosunuit 10 ommxke k ¢rozensoky JIA (Dur.14), yTo yiydiiaeT ycToiuuBocts JIA
1o kpeny. [lpu pukcanuu CUIOBBIX TIT HA TPOMEKYTOUHBIX YIilaX TOBOPOTA BCE TPU
TJIOCKOCTH BBITIOJNHSIOT (hyHKIUIO uHTepienTopoB (Pur.15). [laHHas cxema sIBAsETCS caMoi
OTNITUMAJIbHOM U3 PACCMOTPEHHBIX BBIIIE CXEM JJI IPUMEHEHUS B TaJyOHOH aBUAIUH.

BLIBO/J

Koncrpyxius JIA, Bkitouaroinias OCHOBHbIE TPAHC(HOPMUPYEMbIE KPbLIbS, TTO3BOJISIET
BBITIOJIHATH B3JIET U MTOCAAKY HA CKOPOCTSX TPUILIAHA, 4 KPEUCEPCKUM TIOJIET - HA CKOPOCTAX
MoHormtaHa. Takoit JIA obmafgaeT XOpoLUIMMHU SKOHOMUYECKUMU TIOKA3aTENsIMU U, UMest
OOJILIION B3JETHBIN BEC, MOXKET 3KCITyaTUpoBaThes ¢ KopoTkux BIITL. Huskue ckopocTu
B37eTa ¥ nocaaku JIA caMbIM MOJIOKUTENbHBIM 00Pa30M BIIUSAIOT HA 0€30TaCHOCTD
MOJIETOB M CHWXXAIOT AuHamudeckue Harpy3ku Ha BIIII. I1pu BeimonHeHnn B31eTOB U
MOCAI0K HA MAJIbIX CKOPOCTSX 3HAUUTEIBbHO YBEIMUUBACTCS CPOK CITYKObI TTOKPBIIIEK U
TOPMO3HBIX yCTpoicTB JIA. OnuH npocTolt MeXaHu3M TpaHCchOpMallii OCHOBHOTO KpbLa
3aMEHSET Cpa3y TPU JOCTATOYHO CIIOKHBIX MEXaHU3MA MOHOIUIAHA - TIPEAKPBLUIKH,
3aKPBUIKY U MHTeplenTopsl. [1pu Takoi KoHCTpYKIuU JIA MOXHO OTKA3aThCsS OT
JOCTATOYHO CIIOKHBIX CUCTEM PEBEPCUPOBAHUS TATU ABUTATENEH UM UCTIONB30BATh UX
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TOJBKO B Cllydyae KpalHel HeoOXoauMOCTU. MexaHu3M TpaHchopMaluK Kpblia IpeaeabHO
MPOCT U HaJexeH. B naHHoOl KoHCTpyKIMU JIA OTCYTCTBYIOT AOPOTHE ACTAM.
CoBpeMeHHbIe KOMITO3UTHBIE MaTepUasIbl O3 TPOOJIeM TO3BOJISIT CO31aTh TOHKUE U
MPOYHBIE TIIOCKOCTH TPaHCHOPMUPYEMOTO KpbLa.

dopmyna u300peTeHU

1. JIeTaTtenbHBIN anmapaT, BKIIFOUAIOITUN (HIO3eIK U COeIMHEHHbIE ¢ HUIM OCHOBHBIE
KPBUIBS, TIPUUEM KaXKI0€ OCHOBHOE KPBIJIO SABISETCA TPAHCHOPMUPYEMBIM U COACPIKUT TPH
TJIOCKOCTH, OOPa3yIOIIUe TPH CJIOS KPblJIa B €0 CIOXKEHHOM COCTOSHUHU, ITPH KOTOPOM
JIETaTeNbHBIN anmapaT MPeACTaBIsIeT COOOM MOHOIIIAH, TIPH 3TOM CPEIHSS TIJIOCKOCTh
JKECTKO COeTMHEHA C (hIO3eIIDKEM JICTATSIIbHOTO alnapaTa v sIBJITeTCS HECYIITUM CHIIOBBIM
3JIEMEHTOM, a BEPXHSIST U HUKHSS TUIOCKOCTH COSAUHEHBI IPYT C APYTOM MOCPEACTBOM
CUJIOBBIX TAT, TPUYEM OJIMH KOHEI KaXXTOW CUIIOBON TATH IIAPHUPHO COEIMHEH C BepXHEH
TIOCKOCTBI0, a MTPOTUBONOJIOKHBIN KOHEI CUITOBON TATH IMIAPHUPHO COSTMHEH C HUKHEH
TLIOCKOCTBI0, TIPHU 3TOM KaKAas CUIIOBas TATA B CBOEH CpeHel 4acTH TTOCPEACTBOM OCH
MIAPHUAPHO COEMWHEHA CO CpeaHEN MIIOCKOCThIO, U OCH BPAIIlEHUS BCEX CUIIOBBIX TST B MJIaHE
PacCIOIOKEHBI TTO/, YTIIOM OTHOCHUTETBHO HOCOBOW KPOMKM CPEAHEN TNIOCKOCTH C
BO3MOYHOCTBIO TpaHC(HOPMAIMH OCHOBHBIX KPBLUILEB ITPU ITOBOPOTE BCEX CUIOBBIX TAT
OTHOCHUTEIBHO OCEl BPAIICHUS U3 CIIOKEHHOTO COCTOSHUS B PA3JIOKEHHOE COCTOSTHUE TIPU
TpaHchoOpMaIUK JIeTaTeJIbHOTO amnapaTa U3 MOHOIJIAHA B TPHUILJIAH, ¢ BO3MOXHOCTBIO
W3MEHEHUS MIPU 3TOM pa3Maxa OCHOBHBIX KPBLILEB.

2. JleTaTenpHblll aninapat 1o M.1, OTIUYAOIIUNECS TEM, YTO OCH BpallleHUS BCEX CUITOBBIX
TSIT PACTIONIOKEHBI TIO TIPSAMBIM YTJIOM OTHOCUTEIILHO HOCOBOM KPOMKH CpeTHEN MITOCKOCTH.

3. JleTaTenbHbIN anmapaT 0o 1.1, OTIMYAIONIUACST TeM, UTO OCH BPAIlleHUS BCEX CUITOBBIX
TSIT PACTIOJIOKEHBI TIOA TYITBIM YTJIOM OTHOCUTEIBHO HOCOBOW KPOMKH CpeTHEHN TIITOCKOCTH.

4. JleTaTenpHblll aninapat Mo M.1, OTIUYAOIIUNCS TeM, YTO OCH BpAllleHUS BCEX CUITOBBIX
TSIT PACTIOJIOKEHBI TIOJ OCTPBIM YIJIOM OTHOCUTEITbLHO HOCOBOM KPOMKH CpeTHEN MITOCKOCTH.

5. JletaTenpHbIN annapat 0o 1.1, OTIMYarOIUACT TeM, UTO KaXaas CUJIOBas TAra UMeeT
H-o6pa3snyto popMy, mpudeMm ogHa napa KoHoB H-oOpa3Ho#t CUITOBOM TATH IIAPHUPHO
COeIMHEHA ¢ BEPXHEHN TTOCKOCTHIO, a TPOTUBOIIOIOKHAS TTapa KOHI[OB CUJIOBOM TATH
MIAPHUAPHO COSAWHEHA C HUKHEH MITOCKOCTBIO, TIPH 3TOM TIepEKIaINHA IBIISIETCS OChIO
BpaieHus H-oOpa3Hoit CHITOBOI TATH, 0Opa3ylolllell ee MapHUPHOE COSAMHEHUE CO CpeaHei
TLIOCKOCTBIO KPBLIA.

6. JletaTenpHbIll annapat 1o M.1, OTIMYAOIIUNACS TEM, YTO OJJTHA U3 CUJIOBBIX TSAT
MeXaHMUYECKH CBSI3aHA C OCHOBHOM CTOMKOM IIACCH JJIS UCTIOJIb30BAHUS CHCTEMbBI YOOPKH-
BBINTYCKA IIACCH B KAUECTBE MMPUBOA TpaHCPOPMAIMH KPbLa.

7. JleTaTenpHblli aninapat Mo M.1, OTIUYAOIIUNCS TeM, YTO BCE IIAPHUPHBIE COSTUHEHUS
CHUJTOBBIX TAT BBITIOJTHEHBI ¢ BO3MOKHOCTBIO TOBOPOTA CUIIOBBIX TST Ha yroa 180+20° nis
oOecneueHNsT MaKCUMaJIbHOT'O pa3Maxa OCHOBHOTO KpblIa B KpelcepcKoit KOHpUrypamyu.

8. JleTaTenbHbIN anmapat Mo 1.1, OTJUYAIOIIMICS TeM, YTO Ha HUXKHEHN TIIOCKOCTH
3aKperyieH JOTOJTHUTEIbHBIN TOTUIMBHBIN OaK, MM eMKOCTh ISl XUMHKATOB, UJTH eMKOCTh
TS BOJIBI, WJTA TIOJIBECHOE BOOPYKEHHUE.

9. JleTaTenbHbIN anmapart 1Mo 1.1, OTIMYAIOITANCS TeM, YTO TIPU (PUKCAIUN CUJIOBBIX TSAT
Ha TIPOMEXKYTOUHBIX YTJIaX TOBOPOTA BCE TPH TJIOCKOCTH BBITIOHSIOT (DYHKITHIO
WHTEPIENTOPOB.
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H3obperenne 0THOCUTCS K 007IACTH aBUAIMOHHON
TeXHUKH. CBEpX3BYKOBOU CaMOJET ¢ KPBUIbSIMH
3aMKHYyTOoH KoHcTpyKiuu (CCK3K) umeer mnanep
CTIepe/THUM FOPI3OHTATIBHBIM OIIEpEHUEM, /TBA KUJIS,
HHU3KO PACHOJIOKEHHOE TIepeHee KPhIIo, UMEIOITee
KOHIEBBbIE KPBUIBIIIKH, COCAUHEHHBIC IO Jyre C
KOHI[AMH BBICOKOPACTIOIOXEHHOT 0 33, THETO KPhLIA,
KOPHEBBIE YACTH KOTOPOT'O COCTMHEHB! ¢ KOHIAMH
OTKJIIOHEHHBIX ~Hapyxky KuileH, ¢ro3esk U
TYpOOpPEAKTUBHbBIE JIBYXKOHTYpPHBIE JIBUTATENU
(TP J1). CCK3K BBITOIHEH MO a3POTMHAMUYECKOM
cxeMme MIPOAOIBHOTO TpUNIaHa c
pa3HOHANPABICHHBIMUA B IMONEPEYHOU IIIOCKOCTH
CTPETIOBUHBIMHU KPBLIbAMU 3aMKHYTOM
KoHcTpykiyM. IlepeaHrie n 3aaHNe 9acTW TOHJON
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TP cMOHTUPOBAHEI B U3JIOMax O] BHYTPEeHHEH
YACTBIO 3aJHEr0 KPbLIa U HAJl BHYTPEHHEH YaCThIO
crabunuzaropa TepeMeHHOU crpeioBuaHocTy U-
00Pa3HOTO OTIEPEHUS, UIMEIOITIETO Ha JICBOU U TTPaBOi
KOHCOJISIX KaK BHYTPEHHUE PYJIeBble IIOBEPXHOCTH,
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(54) SUPERSONIC AIRCRAFT WITH CLOSED STRUCTURE WINGS

(57) Abstract:

FIELD: aviation.

SUBSTANCE: invention relates to aircraft
engineering. Supersonic aircraft with closed structure
wings (SSACCW) has airframe with front horizontal
tail, two tail fins, low front wing with end winglets
connected along arc with ends of hight rear wing, which
root rear parts are connected to ends of outward
deflected tail fins, fuselage and turbofan engines (TFE).
SSACCW is made with aerodynamic design of
longitudinal triplane with closed structure swept wing
differently directed in transverse plane. Front and rear
parts of TFE nacelles are mounted in fractures under
rear wing inner part and above inner part of stabiliser
of variable-sweep U-shaped fins, having on left and
right arms as internal control surfaces fitted with
internal edges of appropriate nacelles and front and rear

Ctp.: 3

edges. Combined power plant has acceleration cruise
TFE and auxiliary cruise ramjet engine.

EFFECT: invention is aimed at improvement of
natural laminar supersonic flow of wings.
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H300peTeHne OTHOCUTCS K 00JIACTH aBHAITMOHHOM TEXHUKH U KACAETCS CO3IaHUS
PEAKTUBHBIX CAMOJIETOB C PA3HOHAMPABICHHBIMU KPBUIbSIMUA 3aMKHYTON KOHCTPYKLUH,
MepeaHee KPBUTO U3 KOTOPBIX HU3KOPACTIOIOKEHHOE U 3aJHEE BBICOKOPACTIONOKEHHOE KPbLIO
TUNA "Jaika", BBIMTOJTHEHHBIE COOTBETCTBEHHO C MOJIOKUTEIBHBIM U OTPULATEITbHBIM YIIAMU
HX TTIOTIEPEYHOTrO V, UMEIOIIME KOHCOJIH C TIEPEMEHHOM CTPENOBUAHOCTBIO TEPEIHUX U 38 THUX
UX KPOMOK, HIDKHHE U BEPXHHUE KOHIIBI KOTOPBIX C KAXKI0M CTOPOHBI 00bEAMHEHBI KOHIIEBHIMHU
KPBUIBIIIIKAMU, U OCHAIIIEHHbIC TOH0JIAMU PEAKTUBHBIX JABUTATENICH, MEpeIHUE U 3aJHUE
YaCTU KOTOPBIX CMOHTUPOBAHBI B OKPYIJICHHBIX U3JIOMAaX COOTBETCTBEHHO MO 34 IHUM
KPBLIOM THIIA "JaiKa" ¥ HaJ CTAOMIM3aTOPOM C IEPEMEHHOM CTPEIIOBUAHOCTHIO U-00pa3HOTO
OTIEPEHMUSI.

N3BeCTEeH CBEPX3BYKOBOI CTPATETHUYECKHM CAMOJIET-pa3BeIunK Moaen SR-71A ¢upmbl
«Jloxxum» (CILIA), UMEIOITHI KOHCTPYKIHIO TJIAHEPA, BBITTOTHEHHYIO U3 THTAHOBBIX CTLIABOB
U TI0 CXeMe «OECXBOCTKA» C INTABHBIM CONPSHKEHUEM NeIbTOBUIHOIO B IIAHE KPhLTA U
(hrozensika, IMEIOIIETO TIOCKYIO CHU3Y (hOpMY M BIIOJIb BCEH TIepeIHelN ero 4acTu B
MMPOAOJDKEHUE KPbUTA HATUTBIBBI, CMOHTUPOBAHHBIC B KOPHEBBIX YACTSIX KPbLIa, OCHAILIEHHOTO
TpATEUEeBUIHBIMHA KOHIIEBBIMHU YACTSIMHU, 1BA TYPOOPEAKTUBHBIX ABYXKOHTYPHBIX IBUTATETS,
YCTAHOBJIEHHBIX B KPBUIBEBBIX TOHA0MAX, ABYXKUIEBOE OTIEPEHUE, CMOHTHPOBAHHOE HA
MTOCITEHUX, K TPEXOTIOPHOE KOJIECHOE IACCH YOUPATIOIIEeCs C HOCOBOM U TITABHBIMU OTTOPAMH.

[Ipu3Haky COBIMAAAIOIIME - HATMYHUE TOTO, YTO AETBTOBUIHOE B TUIAHE KPBLIO CO
CTPEIIOBHUAHOCTBIO 1O TIepeHer KpoMKe +60°, umeroliee pu ero pasmaxe Ly,=16,95 m

yanuHeHue A=2,1 ¥ TOHKUM TpO(UITh C OTHOCUTEIBHOW TOMIIMHOMN 3,2%, BBITIOTHEHO TIO
3aHEM ero KPOMKE C 00OpaTHOM CTPEIOBUIHOCTHIO U YIIIOM ¥=-10°, OCHAIIIEHO BIepean
KpbUTa HATTBIBAMHU, TUTABHO MTEPEXOSIIIUAMU K (PIO3EIISKY U YBEITMIUBAIOITUMHI HECYTITYIO
CIOCOOHOCTh KOMOMHAIMU «KPbLTO-(PIO3eIK», 4eMy CIIOCOOCTBYET IJIOCKasi CHU3Y (hopma
drozensixa. Koncrpykims mranepa camoiieta Ha 95% COCTOUT U3 THTAHOBBIX CIJIABOB,
BEPTUKAJIBbHOE IBYXKUIIEBOE OTIEPEHUE, CMOHTUPOBAHHOE HA KPbUIBEBBIX TOHAOMAX, UMEET
KWJTH, PACTIOIOKEHHBIE BHYTPb MO yriioM 15°. JIBa TypOOpEaKTUBHBIX TBYXKOHTYPHBIX
nsuratesist (TPJ1J]) CMOHTHPOBAHBI B KPBUTBEBBIX TOHIOIAX U CO3MIAIOT HA POPCAKHOM
peXHUMeE ITIPU B3JIETHOM ero Bece 77,11 T TAroBoopyxkeHHOCTh 10 0,382, 00eCeunBarOT TAKKE
Ha BBICOTE 24,4 KM MAaKCUMAJIBHYIO CKOPOCTB 1oJieta 10 3608...3869 kM/4 U JaTbHOCTh
IIOJIETA OKOJIO 5 TBIC. KM.

[Tpuunnbl, TPenATCTBYIOLINE TTOCTABICHHOM 3a/1a4e: MepBasi - 3TO TO, UTO JAE€AbTOBUIHOE
B IJTaHE KPBUTO 0€3 MOMOJHUTENBFHOTO YITPABIEHUS TTOABEMHON CUIION HE 00ECTIeunBaET
CITOCOOHOCTH MOBBITICHHS A3POAMHAMUIECKON 3PHEKTUBHOCTH BO BCEX OOIACTSIX JIETHBIX
PEXUMOB M, 0OCOOEHHO, YMEHBIIIEHUSI CKOPOCTH B3JIeTa-TIocaaku. Bropas - 310 To, 4TO 1Ba
TP/1 1 CMOHTUPOBAHBI B KPBUIBEBBIX TOHAOAX, UMEIOIIUX TUIOIAIb MUECIIS, TTOUYTH
COTIOCTABUMYIO C TUTOIIAIBIO MUIEITSI IEHTPATBHOM YaCTH (DIO3EITsKa, TAKKE HE CTIOCOOCTBYIOT
YMEHBIIEHUIO A3POAMHAMUYECKOTO COMTPOTUBIICHUS], CHUKEHUIO YASIBHOTO PACX0/1a TOTLIMBA
U YBEJIMUCHUIO JAJIbHOCTH TIOJIETA, & TIPU OTKA3€ OJHOTO U3 HUX YBEJIMUMUBAETCS TAKXKE U
ACUMMETPUYHOCTh TOPU3OHTAJIBHOM TITU. TPeThs - 3TO TO, YTO TPEYTOJbHbIE KOHIEBbIE
YACTU KPbLIA IJIs1 yBEIMUEHUS €0 TTOAbEMHON CUJIbI UMEIOT 3HAUUTENIbHYIO KPUBU3HY U
KPYTKY, YTO CO37AET MPUEMIIEMOE MMPOTEKaHNe KOHIIEBOTO CPbIBA, HO TpeyrojbHas popma
KpbIJIa B TUTAHE YXYIIIAET €CTECTBEHHOE TAMUHAPHOE CBEPX3BYKOBOE OO TEKaHHE eTO PO
Ha BHEITHUX TTOBEPXHOCTSX, TAK KAK TPEYTOIBHOE KPBUIO OOJIBIIIE BCETO PACIIONIOKEHO K
KOHIIEBOMY CpbIBY. UeTBepTasi - 3TO TO, UTO BEPTUKAJIbHOE ABYXKUIEBOE OTIEPEHUE HE
00€eCTIeunBaeT MPOIOIBHO-TIOTIEPEUHON CTAOUITBHOCTH, U JTS YITYUIISHHS 3TOTO (DIO3EIsK
CaMOJIETAa UMEET YBEJIMUEHHYIO JJIMHY, TIOYTH BJIBOE MPEBBIIIAIONIYIO pa3Max KpbLia, 4TO
3HAUUTENIBHO YBEIMUUBAET €T0 MAcCCy.
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N3BeCTeH CBEPX3BYKOBOM CTpaTeruueckuii camosieT moaenu B-70 «Bambpkupus» (CILIA),
UMETOIIUH TUTAHED, BHIMTOJTHEHHBINM U3 TUTAHOBBIX CIIABOB U IO CXeMe «OeCXBOCTKA» C
IIePEAHUM TOPU3OHTAJIBHBIM OIIEPEHUEM U HU3KOPACIIONIOKEHHBIM TPEYTOJbHBIM KPBLIOM,
UMEIOIIUM OTKJIOHSIEMBIE B BEPTUKAIBHOM INIOCKOCTH BHU3 TPEYT OJIBHBIE PA3BUTbHIC
3aKOHIIOBKH, COZIEPIKUT (QIO3ETISK, TYPOOPEAKTUBHBIE IBYXKOHTYPHBIE IBUTATENN (POPCAKHBIE,
CMOHTHUPOBAHHBIE B OOIIEH TOHI0JIE IO/ IEHTPOILIAHOM, IBYXKHJIEBOE BEPTUKATIBHOE
OTIEPEHHE U TPEXOITOPHOE KOJIECHOE ITACCH YOUPATOIIeeCst C HOCOBOM U TJIaBHBIMHU OIIOPAMH.

[TpusHaku coBlagarouiye - HaJu4ue TOTO, UTO TPEYTOJAbHOE B IJIAHE KPHUIO CO
CTPETIOBUAHOCTBIO 110 [IEPEIHeN KPOMKeE +65,6°, uMetolree 1pu ero pasmaxe Ly ,=32,0 M

yamuHeHne A=1,75 u TOHKHIf Tpo(UIIb C OTHOCUTEITBHOM TOIITUHOM 2,5%, OCHAIIIEHO BIIEPEIn
KpbUIa [IEPeIHUM TOPU3OHTANIBHBIM oreperueM (111°0), yBenuuuBarommum HeCyIIy 1O
crrocodHOCTh KoMOUHAIMH «I1T"O-KpblI0», U BBITOIHEHO ¢ OTKIOHSIEMBIMU Ha 65° BHU3 €T0
Pa3BUTBIMM 3AKOHLOBKAMH, YACP>KUBAIOLIUMHU IO KPBLJIOM CBEPX3BYKOBYIO YAAPHYIO BOJIHY.
OTKIIOHEHUE TPEYTOJAbHBIX B INTAHE 3aKOHIIOBOK BO BpeMs I10JIETa BHU3 JABAJIO Cpa3y TpU
addexTa: TOMOTHUTETBHBIE TPEYTOIbHBIE KUJTH, TTOBBIMIAIONINE ITyTEBYIO YCTOWIHUBOCTbD,
IMO3BOJIUJIM YMEHBIIUTD PA3MEPBI BEPTUKAJIBHOTO ONIEPEHHUS], 4 COKPALICHUE IUTOIIAINA 3aJHEN
YACTH KPbIJIA YMEHBINAIO CBOUCTBEHHOE TPEYTOJIBHOMY KPBLTY CMeIeHHe (oKyca ToAbeMHON
CHJTbI Ha3a1 ITPH YBEJTMUEHUH CKOPOCTH, CHIDKASI TEM CAMbIM OATAHCUPOBOYHOE COITPOTUBIICHUE
B CBEPX3BYKOBOM HONETE. M3-3a4 KHHETUUECKOTO HATPEBA ITPU BBICOKOH CKOPOCTH (IIPH YUCIE
Maxa, paBaoM M=3,03, HEKOTOPbIEC YACTH IUTAaHEpaA HAarpeBaauch 10 320°C) camonet B-70
OBLT CKOHCTPYHUPOBAH U3 THTAHOBBIX U CTAJTBHBIX COTOBBIX IMaHene. Jjs yimydinenus: 0630pa
TP 3aXO0I€ HA TTOCAAKY BEPXHSS MTAHEIIb HOCOBOM YACTH €T0 (Pro3elsiKa mepes JJ0OOBbIM
CTEKJIOM oltyckajachk. CuymoBasi ycTraHOBKa ¢ mecTbio TP/, CMOHTUPOBAHHBIMU B 3aHEH
yacTty (rozerspka B 00111el roH101e IO IIEHTPOIUTAHOM, UMeJIa Ha GOPCAKHOM PeXUME ITPU
B3JIETHOM €T0 Bece 236,34 T TAroBOOpYXeHHOCTH n0 0,322 u obecneunBana Ha BeicoTe 23,0
KM MaKCHMAJTBHYTO CKOPOCTB TTosneTa A0 3187 kM/4 ¥ AaTbHOCTB ItoneTa A0 5499 kM. O0mas
TOHO0JIA pa3AelieHa Ha JIEBYIO U IIPABYIO YaCTH TaK, YTO 00pa3yeT ABa IUTOCKHUX
BO3AyX03a00PHUKA, UMEIOIINX HA BEPXHHUX CTEHKAX KAXIOTO U3 HUX PETyTUPyEeMbIe
MTOBEPXHOCTH, OOECIIEUUBATOITUE HEOOXOIUMOE TOPMOKEHHE ITOTOKA BO3IyXa, U IIECTh
CTBOPOK, PETYJUPYIOLIUX CEUCHUE UX IPOXOAA, YeM JOCTUTAIOTCI ONTUMAJIBHBIC YCIOBUS
skcruryatanuu wectd TP/l Bo BceM auamazone uucen M OT TpPaHC3BYKOBBIX 10
CBEPX3BYKOBBIX CKOPOCTEN €r0 IOJIETA.

[IpuurHbI, TPENSATCTBYIOIIME ITOCTABICHHON 3a1a4€: 1IEPBas - 3TO TO, YTO TPEYTOJIBHOE
B IUTAHE KPBUIO C OTKJIOHSIEMBIMU 3aKOHIIOBKAMU TAKKE YXYALIAECT €CTECTBEHHOE JIAMUHAPHOE
CBEPX3BYKOBOE 0OTEKaHMEe TPODIITSI KPBLITA, YTO HE CTOCOOCTBYET 34 CUET MPEKIAEBPEMEHHOTO
CpBIBA MOTOKA C €r0 KOHI[OB MOBBIIMIEHUIO a3POaMHaMUIeCKOM 3(hPeKTHBHOCTH BO BCEX
00aCTSX JIETHBIX PEXKUMOB. BTOpas - 3TO TO, YTO UCIOIB30BaHME 3aKpbUIKOB I11'O mitst
IIAPUPOBAHUS MOMEHTA TAHTAXKA, BOZHUKAIOLIETO IIPU B3JIETHO-IIOCAIOYHOM 3aBUCAHUH
3JI€EBOHOB KpbLIa, IIPEAOIIPEACIIIO IPEXKAEBPEMEHHBIN CpbIB IToTOKa ¢ [11'O mpu ckopocTt
noeta M<0,88 1 naxe 1mpu OTKJIOHEHUM PACIIONOKEHHBIX HA HEM 3aKPBUIKOB U, KaK
CIEACTBUE, IIPUBOMIIO K TOBOJBHO CUIIBHON TPSICKE CAMOJIETA HA MAJTBIX CKOPOCTSIX. TpeThbs
- 3TO TO, YTO OTKJIOHSAEMBIE BHU3 TPEYTONbHBIE KOHLUEBBIE YACTH KPbLIA Al YBEIUUEHUS
KOMIIPECCUOHHON ITOABEMHON ET0 CHUIIBI OCTAETCSA IIPOTUBOPEUMBON TEOPUEH, H HA
ceroaHsinHui eHb B-70 «Banbkupusi» - €AMHCTBEHHBIH CAMOJIET TAKOTO pa3Mepa, Koraa-

MO0 UMEBIINI THAPABINYECKH OTKIIOHSEMBIE YACTH KPbLTA II0INAAbI0 48,39 M2 (c pasmaxom
0ozee 6 M 110 3aJIHEH KPOMKE), KOTOPBIE OBUTH CAMBIM OOJIBIITUM ITOABHKHBIM
A3POAMHAMHYECKUM YCTPOUCTBOM M3 KOTAA-TUOO UCITOIB3YEMBIX, UTO YCIOXKHSIET
KOHCTPYKIMIO U YXYIIIAET HAIeKHOCTh. UeTBepTas - 3TO TO, UYTO HA B3IETHO-TIOCAJOUHBIX
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peXMMAaxX BEPTHKAIIBHOE JBYXKHUIIEBOE OITEPEHUE HE OOECTIEUNBAET MPOI0IBHO-TIOTIEPEUHON
CTAOMIIBHOCTH, U [JIS YITyUIISHUS 3TOTO (PrO3emsik caMoJieTa UMEET YBEIMUEHHYIO JJTUHY,
MOYTH BABOE MPEBBIIAIOIIYIO pa3Max KpbUld, YTO 3HAYUTEIBHO YBEJIMUMBAET €0 MACCy U
MPEIONPEACIISIET BBICOKYIO MOCAA0UYHYIO CKOPOCTD A0 296 KM/,

Haubonee OM3KUM K MIpeamaraeMoMy U300PETEHHUIO SIBIISIETCS CBEPX3BYKOBOM CAMOJIET
npoekTa «Apremuaa» Yausepcutera [lenrpansuoint @aopunsr, T. Opmango (CLIA) [1],
UMEIOIIUI TUTaHEP, BBITIOTHEHHBIN U3 TUTAHOBBIX CILUIABOB, TIEPEAHEE TOPUZOHTAIIBHOE
OTIEPEHME, IBYXKUIIEBOE BEPTUKATIBHOE ONIEPEHUE U CUCTEMY MAPAJIIENIbHO PA3MEILICHHBIX
KPBUIBEB, OO BEAMHSIIOUTYI0 HU3KOPACIOIIOKEHHOE TTEPEIHEE KPBLTO, UMEIOIIEe KOHIEBbIE
KPBUIBIILIKY, COEAUHEHHbIE TIO AYT€ C KOHIIAMU BBICOKOPACIIONIOKEHHOTO 3aJHETO KPbLIa,
KOPHEBBIE YACTU KOTOPOTO B CBOIO OUEPE/Ib COSAMHEHBI C COOTBETCTBYIOLIMMU KOHIIAMH,
OTKIIOHEHHBIMH HAPYKY, BEPTUKAJIBHBIX KUJIEH, COAEPKUT (HrO3emsK, PopcakHbIe
TypOOPEaAKTUBHBIE TBYXKOHTYPHbBIC IBUTATEIM, CMOHTUPOBAHHBIE B TOHAO0JIAX HA KOHIE U
BEpXHEHN dactu Qro3ensika, U TPEXOTIOPHOE KOJIECHOE IaCCH, yOUPATOIIeecs: C HOCOBOM U
[JIaBHBIMU OTIOPAMM.

[Tpusnaku coBnagarouue - HaJU4IUe TOTO, UTO TPEYTOJBHOE B IJIAHE KPBLIO, UMEIOIIEE
npu ero pasmaxe Ly,=19,57 M yanmunenue A=2,1 1 TOHKUA IPOQHIIB C OTHOCUTENBHOM

TOJIIIUHOM 2,5%, OCHAIIEHO BIIEPEON KPbUIBEB EPEAHUM TOPU3OHTAIIBHBIM OIEPEHUEM
(TIT"O), yBeMMUMBAOIIAM HECYIITY IO CIIOCOOHOCTH KOMOMHAINH «I IT"O-KpbUThsi», ¥ BBITOJTHEHO
C CEPIIOBUOHON B IJIAHE 3a0HEH €TI0 KPOMKOM B CUCTEME KPBUTBEB 3AMKHYTON KOHCTPYKIUH
(K3K). Bropoe BeicokopacnonoxenHoe B cucteme K3K crpenoBunnoe Kpbiio, UMeErolee
TAaKXe CEPIIOBUAHYIO B IIAHE 3aHIOI0 €r0 KPOMKY, COBMEILICHHYIO TIPU BU/IE€ CBEPXY C
AHAJIOTUYHOU KPOMKOM TPEYTOJBbHOTO KPblLJIa, CMOHTUPOBAHO TIAPAJUIEIBbHO MOCIEIHEMY
O CXeMe OUTIIaHa C 00 bETMHEHHBIMU X KOHI[AMH BEPTUKAITBHBIMHU KOHIIEBBIMU KPBUTBIIITKAMH,
MOBBIIIAIOLIMMHU TJIOIIA1b HEPA3BUTHIX BEPTUKAJIbHBIX TIOBEPXHOCTEH ABYKUIEBOTO OTIEPEHUSI.
Kpowme Toro, cuctema K3K ¢ moBbillieHHO! TOABEMHOM CUJION TTO3BOJIUT CAMOJIETY CAAUTHCS,
CHU3MB JO MUHUMYMa MOIIHOCTb PEAKTUBHBIX ABUTATEINEH, YTO TTO3BOJIUT COKPATUTD U
ypoBeHb myma Ha 35 memmben. [1pu atom cuctema K3K, TpeyroibHOe U CTPETOBHIHOE U3
KOTOPBIX CITOCOOHBI TAKKE YMEHBITUTh HHAYKTUBHOE COTTPOTUBIIEHUE, UTO TPUBOIUT K
CHUEHUIO pacxo/a TOTUIMBA U BO3MOXXHOCTH TIPU MTPEOAOIEHUN CAMOJIETOM 3ByKOBOTO
Oapbepa ymyudieHus: OecuryMHOCTH nojieta. Cunosasi yctanoBka ¢ asymst TP/,
CMOHTHUPOBAHHBIMHU B JIBYX TOHIOJIAX HA BEPXHEN YACTH U KOHIIE (QrO3esika, TOJDKHA
obecreunTh Ha (HOPCAKHOM UX PEKUME ITPHU B3IIETHOM ero Bece 40823 KT TATOBOOPYKEHHOCTH
110 0,43, 9TO MO3BOJIUT HA BBICOTE 15,5 KM CO31aTh MAKCUMAJIBHYIO CKOPOCTB nojieTa A0 1486
KM/4 1 JaAbHOCTB TtosieTa 10 7800 kM.

[TpuunHbl, TPENATCTBYIONIME TOCTABIEHHOM 3aa4e: MepBasi - 3TO TO, UTO HUXKHEE
TPEYTOJIBHOE KPBUIO C CEPIIOBUNHON B IUTAHE 3aIHEH €r0 KPOMKOM SIBIAETCH HIKHUM KPBLUIOM
B CXeMe OMIIaHa, B KOTOPOU SIPYCHOE PACIIONIOKEHUE PA3HOTHITHBIX KPBIJIBEB YXYAIIAET
€CTeCTBEHHOE JTAMHUHAPHOE CBEPX3BYKOBOE 0OTeKaHUE MTPOQPUIIS KAXKIOTO KPhIJIa, TAK KaK
MEX Y 3TUMHU KPBUTbSIMHU ObLIT MAJIEHBKUM 3230, U OOJIBIIION 00BEM BO3IYXA, MPOXOAs Yepe3
HETO BO BPEMsI MPEOI0IEHHS 3BYKOBOTO Dapbepa, magai 10 YPOBHsI, KOTOPBIM He MOT
00€CTIeunTh COXpPaHEHUE TOCTATOYHOM MO ABEMHOM CHUITBI, YTO HE CIOCOOCTBYET IMTOBBITIICHUIO
aA3pOIMHAMMUYECKON 3(h(heKTUBHOCTH BO BCEX 0OJIACTSX JIETHBIX PEKUMOB. BTopas - 310 TO,
YTO BTOPOE BBICOKOPACIIOIOXKEHHOE CTPEIOBUAHOE KPBLIO, UMEIOIIEE TAKKE CEPIIOBUIHYIO
B IJIAHE 3a/IHIOI0 €70 KPOMKY, CMOHTUPOBAHO MAPAJUIETBHO MEPBOMY HU3KOPACTIONIOKEHHOMY
KpBUTY U, UM€sI MEHBIIIYIO €r0 TUTOIIA1b, HE YIIYUIIAJIO CBOMCTBEHHOE TPEYTOJAbHOMY KPbLTY
OOJTBITIEH TIOIIAIN CMeleHHe PoKyca TOABEMHOMN €ro CHITbI Ha3a 1 TIPH JTOCTHKESHUH
CBEPX3BYKOBOU CKOPOCTH, YXYAIIAsl TEM CAMBIM OATAHCHPOBOYHOE COMMPOTHUBIICHUE B
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CBEPX3BYKOBOM €r0 moJiere. TpeThbs - 3170 TO, uTO hopcakubie TP/ /] pacnonaraiorcs B
TOHAOAX HAa BEPXHEN YaCTH U KOHIIE (QIO3ENSAKA U UX TMIEPESIHUMHU YACTIMU MEXKITY IBYMS
KWJISIMA XBOCTOBOT'O OTIEPEHUSI, YTO 3TO B KAKOH-TO MEPE «U30JIUPYET» MPOUZBOAUMBIN UMU
IITyM, HO PEAKTUBHBIE CTPYH U, OCOOEHHO, Ha (DOPCAKHBIX PEKUMAX UX PAOOTHI HATTPABIECHBI
Ha3a1 ¥ K 3eMJIe, a MapajuIeIbHO PACTIONOKEHHbIC KpbUThs cucTeMbl K3K u kxumm He oTBOASAT
3BYKOBBIC yIaphl, BOSHUKAIOIIHNE B MOMEHT ITPEOI0JICHHS 3BYKOBOTO Oapbepa, Haza.
YetBepras - 3TO TO, UTO HA B3JIETHO-TIOCAOUYHBIX PEKUMAX BEPTUKATBHOE IBYXKUIEBOE
OTIEPEHUE HE 00ECIIEUNBAET MPOI0TBHO-TIOTIEPEUHON CTAOUITBHOCTH, U [T YITYYIIEHHUS 3TOTO
(hbro3emsik caMmosieTa UMEET YBEIMUYESHHYIO JUIHHY, TIOUTH BABOE IMTPEBBIIIAIONIYIO Pa3Max
KpbLIa, YTO BECbMa YBEJIMUUBAET €r0 Maccy.

[TpenmaraemMbiM H300PETEHUEM PEITACTCS 3a71a9a B YKA3aHHOM BBIIIE CBEPX3BYKOBOM
CaMOJIETe MPOEKTa «APTEMUIA» YITYUIIEHUS €CTECTBEHHOTO JIAMUHAPHOTO CBEPX3BYKOBOTO
o0TekaHus TpodUIIs CUCTEMBI KPBUTBEB, paCIoIararoIiei (fopMoif B IIaHe, OAHOTUITHON
(hopMe HIDKHETO KPbLTA, U TIOBBIIIEHUS a3POAMHAMHUYECKOMN 3P PHEeK TUBHOCTH BO BCEX OOTACTSIX
JIETHBIX PEXKUMOB, PEIICHUS Ha CBEPX3BYKOBBIX CKOPOCTSX TIOJIETA TTPOOIIEMbI YBEITHUCHUS
MPOOIBHOTO HAKJIOHA HA TMKUPOBAHUE TP CMEIIEHUH Ha3a] a3POAUHAMUYIECKOTO (DoKyca
KPBUIBEB, 4 TAKXKE YMEHBIIIEHUS COTTPOTUBJICHUS OT OAJTAHCUPOBKH M 3BYKOBOTO yaapa Mpu
MIPEOJOJICHUN CAMOJIETOM 3BYKOBOTO Oaphepa, HO M MOBBIIIEHUs OECIITYMHOCTH TIOJIETA.

OTIMUUTETBHBIMY MPU3HAKAMHU ITPEIATaeMOTO U300 PETEHUSI OT YKa3aHHOTO BBIIIE
U3BECTHOTO CBEPX3BYKOBOTO CAMOJIETA MIPOEKTA «APTEMHIA», HANOO0JIee OIM3KOTO K HEMY,
SIBISIFOTCS] HAJIMYME TOTO, UTO OH, UMEs TTPOAOJbHYI0 KOMIIOHOBKY TPHUILIAHA C
Pa3HOHAMPABIECHHBIMU B TIONIEPEUHOM IJIOCKOCTU CTPEIOBUIHBIMU KPBLUTbSIMU 3aMKHYTOMN
KOHCTPYKIIUU, UMEIOLTMMH HATLIBIBBI U IEPEMEHHBIE CTPEIOBUAHOCTHU MEPEIHUX U 3aTHUX UX
KPOMOK KaK HIDKHETO, TaK U BEPXHETO KPbLIa, KOHCOJIU KOTOPBIX, CMOHTUPOBAHHBIE
COOTBETCTBEHHO C TOJIOXKUTEIBHBIM U OTPULATEIBHBIM YIJIAMHU UX MOTEPEUHOTO V, UMEIOT
C KaX 01 CTOPOHbBI COOTBETCTBYIOLINUE HUKHUN U BEPXHUI UX KOHIIBI, BHITTIOJIHEHHbIE
COOTBETCTBEHHO C OOJIbIIEN U MEHbINEH KOHIIEBBIMU XOPAAMH, 0O BEIUHEHBI CTPEIIOBUIHBIMU
KOHIEBBIMU KPBUIBIIIIKAMU, UMEIOLIMMHU PABHOBEIMKUE XOPAbl C COOTBETCTBYIOLIUMU
KOHIIEBBIMU XOPAAMHU KPbUIbEB, M OCHAILLIEHHBIMU KPYIJIOTO CEUSHUSI TOHAOIAMU ABUTATENEH,
MePEAHUE U 3aJHUE YACTH KOTOPBIX CMOHTUPOBAHBI B COOTBETCTBYIOIIMX U3JIOMAX
COOTBETCTBEHHO IO HU3Y JIEBOTO U MPABOTO OKPYTJIEHHBIX U3JIOMOB 3a/IHETO KPbLIa TUTA
"gaitka" v 11O BEpXY JIEBOTO U MPABOTO OKPYTIIEHHBIX U3IIOMOB cTabunuzaTtopa U-oOpa3Horo
OTIEPEHUsI, UMEIOIIErO HA JIEBOU U MPABOM €r0 KOHCOJSIX KaK BHYTPEHHUE PYJIEBbIC
MMOBEPXHOCTH, Pa3MEIIEHHBIE OT BHYTPEHHUX OOPTOB COOTBETCTBYIOIIUX TOHIOI, TaK U
MIEPEAHIO0 U 33 THIOI0 KPOMKH, KaxXAasi U3 KOTOPbIX, UMesl IEPEMEHHYIO CTPEIOBUAHOCTD OT
BHYTpPEHHEN YaCTH K BHEITHEN C OOBIITNM YIJIOM €€ CTPEIIOBUAHOCTH, PA3MEIICHBI B IUTAHE
napajyieIbHO COOTBETCTBYIOIIUM KaK CKOCAM TIEPEAHUX U 38 THUX YACTEH COOTBETCTBYIOLIUX
TOH0JI, TAK U COOTBETCTBYIOLIMM KPOMKAM 3aIHETO KPbLIa TUIA "Jaika", MEPEAHSIA KPOMKA
MOCTAEAHErO COBMEIIEHA B TUIAHE C 3aJHEN KPOMKOM TIEPEAHErO KPbLIa, TTPU 3TOM C LIEIbIO
YIAYYIIEeHUs ECTECTBEHHOTO JIJAMUHAPHOTO CBEPX3BYKOBOTO OOTEKaHUs TPOQUIIeii TpexX OJIU3KO
PACTIOIOKEHHBIX B MTPOJA0JIbHOM HAMTPABIEHUHM HECYIIIMX TTOBEPXHOCTEMN: ABYX KPBUIbEB U
CTAOUIN3aTOPA, PACTIOIOXKEHHBIX CO CABUTOM U TIO BEPTUKAJIH, M TIO TOPU3OHTAIIA KaK ObI B
"IaxMaTHOM MOPSiAKE", a IEPBbIE ABA KPbLTa, 00pa3yromie Kak ObI CXeMy OUTIIAaH-TaHIEM,
MPEACTABIISIIONTYIO COOOM ITPU BUAE CIIEPEAN JIEBYIO U MPABYIO TPATICIUEBUIHON POPMBI
paMKH, UMEIOIIHE BBICOTY YITOMSIHYThIX BEPTUKAJIbHBIX KOHIEBBIX KPBUIBIIIEK, paBHY10 30%
CpeaHel a’pOAMHAMUYECKOM XOP/e 3aAHETO KPbLIa, OCHAILIEHHOTO B TNIOCKOCTU KOPHEBOMU
€r0 YaCTH HATUTBIBAMU, IIPUUEM YIIOMSIHYTOE BBICOKOPACTIONIOXKEHHOE TIepeaHEe
TOPU30HTAIBHOE ONIEPEHUE, CMOHTUPOBAHHOE C TIOJIOXKUTEIbHBIM YIJIOM MOTEPEUHOTO V=+
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27° mapauteIbHO CPeaHEN TUHUM KOPHEBOW YaCTH 3aTHETO KPbL1a, CHAOKEHHOM B e
IJIOCKOCTH M OT 3aJIHEN €€ KPOMKH OOTEKATEISIMU, U UMEIOIIEE TIOJIOKUTEITBHBIC YTITbI
CTPEJIIOBUIHOCTH O MEPEAHEH U 3aJHEH €T0 KPOMKAM COOTBETCTBEHHO ¥=+72° 1 y=+60°,
00pasyrolHe 3a0CTPEHHOE CYKEHUE eTO 3aKOHIIOBOK, U 0OECITEUMBAOITIM C HATUThIBAMHU
JIBYX KPBLUTBEB U OOTEKATEISIMY 34 THETO KPbLTA, UMEFOIITMMHU COOTBETCTBEHHO MOJI0KUTEITBHYIO
¥=+72°" OTpUIIATEIBHYIO ¥=-48° CTPEIOBUIHOCTH, TPUEMIIEMYIO UX 3(DPEKTUBHOCTD HA
peXKUMAX B3JIETA-TIOCAAKH, YCUJIEHHYIO CYTIEPLUUPKYISLIUCH, TTO3BOJISIOIIEH YMEHBIINTD HOTEPU
Ha OAJTAHCUPOBKY, 4 UCTIONIB3Ys CPEICTBA ABTOMATHKHU JIsI OTKIIOHEHUSI PYJIEBBIX
MmoBepxHOCTEH cTadumuzaTopa U-00pa3HOTO XBOCTOBOTO OTIEPEHMUSI, PEIIATH BOTTPOCHI
YCTOWYUBOCTH M OAJTAHCUPOBKHU TTPH U3MEHEHUU CKOPOCTH C JO3BYKOBOM 10 CBEPX3BYKOBOM
CKOPOCTH TIOJIETA.

Kpome Toro, ¢ nenpro noctmxerusi GopMbl BAXPEBOTO CIEIA U €TO PACTIPEICICHHS
MIEPETEKAHUS OT IMTEPEIHETO KPbIJIa MEHBIIEH IJIOAIU K 3aTHEMY KPbLTY OOJIBITIEH TTOIIATN
U yBeuaeHust 3 PeKTUBHOTO pa3Mepa BAOIb OCH CHMMETPHUH TPATIEIUEBUAHON GOPMBI B
TJIAHE HECYIIeH OOIIel CHCTEMBI KPBUTHEB, BKITFOUATOIIEH HAPSITY C IIEPETHUM CTPETOBUIHBIM
KPBUTIOM pacroararoiee GopMoi B IIaHe 001I1eli CHCTEMBI 3aJHEE TPATIEIUEBUTHOE KPBLITO,
UMEIOIIEE 3aTHIOI0 KPOMKY OOPATHOM IEPEMEHHOM CTPENOBUAHOCTH U IIPEIOTIPEALIISIONIEE
KOHEUHBIE BUXPU, UHTCHCUBHOCTD UUPKYJISIIUA KOTOPBIX COOTBETCTBYET U3MEHECHUIO
[UPKYJISIIAHA CUCTEMBI KPBITBEB, U KOTOPbIE HEOOXOIUMBI TS OCITA0IeHHsI 3BYKOBOTO yaapa,
P 3TOM MIEPEIHEE KPBLUIO, UMEIOIIEE MOJTOKUTENBHBIN YT OJI CTPEIOBUAHOCTH IO TIEPEIHEN
€ro KpOMKe ¥=+48°, BBITTOJIHEHO C YIJIOM MOJOXKUTEIBHON CTPETOBUAHOCTH IO 3aJHEH €r0
KPOMKE ¥=+33°, a 3aJHeE TPAMCUMEBUAHOE B IIAHE KPBUIO, UMEIOLIEE MOJIOKUTEIBHBIN yTOI
CTPEIIOBUAHOCTHU IO TIEPEAHEHN €r0 KPOMKE ¥=+33°, BBINIOJHEHO C YTJIOM OTPULATEIBHON
CTPETOBUIHOCTH IO 3aAHEH €r0 KPOMKE B KOPHEBOM €ro 4acTH x=-18° 1 uMeeT 3aaHui Cpe3
3aKOHIOBOK C YIJIOM OTPHULATEIbHON CTPEIOBUAHOCTH MO 3aAHEH €r0 KpOMKE ¥=-48°.

Kpowme Toro, ¢ 1ebio yImpollieHusi KOHCTPYKLUU CaMOJIET BBITIOJIHEH B BUAE MOHOTLIAHA
C YHOMSIHYTbIM TPAMNEIUECBUAHBIM MAJIOTO YAJIUHCHHUS KPBLJIOM THIIA "YalKa'", UMEIOIUM
MMOJIOKUTEBHBIN YyTOJ CTPEIOBUAHOCTH 1O TIEPEAHEN €r0 KPOMKE Y=+33° U IEPEeaHUI Cpe3
3aKOHUOBOK C YIJIOM TOJIOXKUTENBHON CTPEIOBUAHOCTH MO MEPEAHEH €ro KpoMKe y=+60° u
BBIMIOJIHEHHBIM C YTJIOM OTPULATEIBHON CTPEIOBUAHOCTH IO 3aJHER €r0 KPOMKe Y=-18°.

Kpowme Toro, cunoBasi yCcTaHOBKA, CoaepKaliasi Hapsily ¢ OCHOBHBIMU Pa3TOHHO-
MAapLIEBBIMU MOAKPBUIbHBIMU ABUTATEISIMUA, OCHAILICHA IO OCH CHMMETPHUH B KOPMOBON YaCTH
(hro3emsika MapIeBbIM BCITOMOTATEIBHBIM IMTPSMOTOYHBIM BO3AYIITHO-PEAKTUBHBIM IBUTATEIIEM
(TIBPJ1), cHaO>XeHHBIM CBEPX3BYKOBBIM BO3IYX03a00PHUKOM H COTIIIOM, KOHBEPTHPYEMBIM
B PAa3TOHHBIN ABUTATENH B KOMOWHAIMH C OCHOBHBIMU ABUTATENSIMU, MMEFOIITMMH KAXKIbII
CTETIEHB CXKATHS BO3ayXa (7Ty) HE MeHee 15,0 B CTaTUUECKUX YCIIOBUSX B MX KOMIIPECCOpax

BBICOKOTO TaBJICHUSI, KOTOPbIE OCHAIIIEHBI CHACTEMAMU OTBOA YACTH 00bEeMA CKATOTO BO3AYXa
M JOCTABKM €ro MOTOKA K BcnomorateapbHoMmy 1IBP /I, ucronp3ytomemy mpu B3JIETE €T0
OCHOBHYIO KaMEPY CTOPAHMSI KAK JOTIOTHUTEBHYIO (POPCAKHYIO KAMEPY, 3aTEM TTOCIIE B3JIeTa
CHUCTEMBI OTBOJA CKATOrO BO3AyXa OT OCHOBHBIX ABUTATEICH U €0 JOCTABKU K
BcriomoratenbHoMy [TBP/] mepekpbiBaroTes U, padoTasi 1Ba OCHOBHBIX IBUTATEIS,
00€eCIIeunBaIOT €T0 TOJIET Ha TPAHC- M CBEPX3BYKOBBIX CKOPOCTSIX, TIPH 3TOM 1711 OOECTICUEHUS
OONTBITIMX CBEPX3BYKOBBIX CKOPOCTEH ero moJjieTa Ha BcnomorateinbHoM [TBP/] ycTtaHOBIEH
ABTOMATHUYECKUI PETYISATOP PACX0Aa TOIUIMBA, PEATUPYIOLIUI HA U3MEHCHHUE TABICHUS U
TEMIIEPATYPbI, MPUUEM TOIIUBO, TOAABASICh MPU JOCTUKEHUU COOTBETCTBYIOLIEH
CBEPX3BYKOBOM CKOPOCTH noJjieTa ¢ uncnom Maxa (M) M=1,51, BocminamMeHs1€TCsl ¢ TOMOILIBIO
3armalia ¥ CO3/1aeTcsl Mapinesas Tara BcnomorartenbHoro [IBP/I, obecrieunBarorero
BO3MOXHOCTb UCTIOJIB30BAHUS €T0 B MTOJIETE KAK CBEPX3BYKOBOTO CAMOJIETA CO CKOPOCTSAMM,
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MPEBBIIAIONTMME Juciio M=1,51, u camosieTa ¢ OOIBIITUMH CBEPX3BYKOBBIMH CKOPOCTSIMH,
COOTBETCTBYIOIIUMHU YUCITy M>3,0, COOTBETCTBEHHO MTPU padOTE OJTHOTO BCIIOMOTATEITBHOTO
[1BP/1, umeromniero noaBoq TeMaa B A03BYKOBOM MTOTOKE, U BCEX TPEX ABUTATEIIEH €r0
KOMOWHUPOBAHHOMN CUIIOBON YCTAHOBKH.

Kpome Toro, 94TO C g0 0TBOAA YAAPHOM BOJIHBI OT TyPOOTPAMOTOUYHBIX ABUTATEICH
C OCEBBIM KOMITPECCOPOM U OT UX BO3AYX03a0OPHUKOB UX TOHIOJIBI [IJ1s1 U3MEHEHUS TUTOIIATN
BXO/IHOTO VX TPAKTa BBITIOJIHEHBI C BO3MOXHOCTBIO 00eCIeueHIsI KOMOUHUPOBAHHOTO CKATHS
U AaBTOMATUYECKOTO TIEPEMEIIEHUsI KOHYCOOOPA3HOTO IIEHTPATBHOTO OCECUMMETPUYHOTO
Tela BOEPEA-HA3ad, IPU 3TOM IJIs1 AOMIOJTHUTEIBHOTO BCACBIBAHMS UJIH TIEPETTYCKA BO3yXa
OTKPBIBAKOTCA 34CIIOHKU U CTBOPKH, pa3MELIEHHDBIE B TIEPEAHEN U 3aIHEN YACTH KAXKOON
MMOKPBUTBHOM TOHIOJIbI, UMEIOIIEH U PETYIUPYEMYIO 00eUaiiKy BO3MyX03a00pHHKA,
UCKJTIOYATIONTYIO BO3MOXHOCTh BOZHUKHOBEHHUSI HECTAMOHAPHOTO U aBTOKOJIEOATETHBHBIX
PEXKUMOB TEUCHHUSI, HO ¥ IKEKTOP, padOTAIONTHI C MAKCUMAJIBbHBIM Pa3pEKEHUEM B IOHHOM
00J1acTH, CO3MaBAEMbIM TIPH YTJIE TTOIYPACTBOPA IKEKTOPA 8°, MpUUeM KOPMOBOU
ABTOMATHUYECKH PETYIMPYEMBIH TITOCKUN BO3IyX03a00PHUK BCIIOMOTATETBHOTO IBUTATENS,
obecreunBasi yCTOWIMBYIO €ro padoTy B ITUPOKOM IUATIA30HE CKOPOCTEH U YIIIOB ATAKH,
BBITIOJTHEH C TMTOABUKHOM PaMIION CO LIESIMU [JIS CJIMBA MOTPAHUYHOTO CJ10s1 € €€ TIOCKOCTH
Y UMEET BEPXHIOIO €r0 YACTh € INIOCKOCTBIO JIs1 OTCEUEHUS MOTPAHUYHOTO CIOs BO3AyXa C
(hro3emnspreM, HO M CTBOPKHU ITEPEITYCKa BO3IYXa, IPU 3TOM aBTOMATHIESCKU U3MEHSIS TTOJIOKEHUE
PAMIIBI - U3MEHSIETCS HE TOJIBKO TUIOIIAAb BXOAA BO3AYLIHOTO MOTOKA, HO M CUCTEMA CKAYKOB,
BO3HUKAIOIIUX ITPU CBEPX3BYKOBBIX CKOPOCTSIX HA MEPEAHUX KPOMKAX TIIOCKOTO
BO3AYyX03a00pHUKA U HA OTACIBHBIX YUACTKAX MOABMKHOU PAMITBI, IIPUYEM TTPH TOCTHKCHUN
CBEPX3BYKOBOH CKOPOCTH MOJETA TOABUKHAS PAMIIA, BBITTOJHSIOIIAS POJIb BXOAHOM CTYIICHU
KOMITPECCOPA, U KAXKAOE HEHTPAIBHOE TEI0 ABTOMATUYCCKU CABUTAIOTCS, YMEHBINAS TUIOINAIb
BXO/a BO3AyX03a00PHUKOB COOTBETCTBYIOIINX TOHIOJ, & UCTEKAFOIIHE TIPH 3TOM U3 UX
JIBUTATENEH TPOAYKThI CTOPAHUS HECKOJIBKO OXJTAXKAAIOTCS MOAAUEH MOTOKA BO3AyXa 34 UX
TypOUHBI U HEKOTOPOTO YBEITUUEHUS TATH OJ1aroaaps MpeaBapuTeIbHOMY TTOJAOTPEBY BO3AyXa,
00TEKAIOIIErO COTIIA, U TIOTJIONIAIOTCS TEIUIOCTOUKUMH MAaTEPHUATIAMHU, PACITOIOKEHHBIMU
MTO3a/I1 COTIENT Ha TTOBEPXHOCTSAX CTAOMIU3ATOPA U (DIO3ENsKA COOTBETCTBEHHO OCHOBHBIX U
BCIIOMOTATEABHOTO ABUTATENCH, UMEIOIINX HA KOHLE TETUIOTIOTJIOIIAIOIINE KOKYXH, CHIXKAS
TEIJIOBBIC HATPY3KH HA CTEHKHU COTIE]T, YMEHBIAET HHPPAKPACHOE UTyUCHUE U YPOBEHD
IyMa UCTEKATIOIIUX ra30B.

Bbraronapst HATMUUIO 3TUX TPU3HAKOB OOECTIEUMBAETCS BO3MOYKHOCTbD MPOTPAMMHUPOBAHUS
TSITU ABUTATEIEH KOMOMHUPOBAHHOMN CUIOBOM ycTaHOBKH (CY), CO3MAIONIEH pa3IMIHbIC
PEKUMBI TIOJIETA KAK CBEPX3BYKOBOT'O CAMOJIETA C KPBUIBSIMU 3AMKHYTOM KOHCTPYKLHH,
TBYXKHJIEBBIM U-00pa3HBIM OTIepeHUEM ITpU padoTaIOMUX ABYX OCHOBHBIX TP /] v oqHOM
BcriomoratenbHoM [1BP/I, Tak u camonera ¢ OONBIITMME CBEPX3BYKOBBIMU CKOPOCTSIMH TTPH
pabotaromumx Tpex apuratensx CY. IIpu 3ToM OH BBITTOJTHEH IO A3POAMHAMUYECKON CXEME
MPOAOJABHOTO TPUIUIAHA C PA3HOHAIPABICHHBIMU KPbUIbSIMU 3AMKHYTOM KOHCTPYKLHH,
MEePEAHEE U3 KOTOPBIX CTPEIOBUIHOE B TNIAHE KPBLIO M 3a/IHEE KPbLUTIO TUTA "daika",
MMEIOLINMU TTIEPEMEHHBIC CTPEIOBUAHOCTH EPECAHUX U 34AHUX UX KPOMOK U KOHCOIU
COOTBETCTBEHHO C MOJIOKUTEIBHBIM U OTPULATEIBHBIM YIJIAMHU UX MTOTIEPEYHOTO V, HIKHUE
U BEPXHUE KOHIIBI KOTOPBIX HAPSIAY C TEM, UTO C KAXKION CTOPOHBI MEXKTY COOON 00 BeTMHEHBI
CTPEIIOBUIHBIMUA KOHIEBBIMU KPBUIBIIIKAMHU, BBITTOJTHEHBI C PABHOBEIUKUMU
COOTBETCTBYIOIIMMU KOHLUEBBIMH UX XOPAAMHU, U OCHAILICHHbIMU roHaonamMu TP/, nepenxue
Y 33JHHE YaCTU KOTOPBIX CMOHTUPOBAHBI B OKPYIJICHHBIX U3JIOMAaX COOTBETCTBEHHO O
BHYTPEHHEH YaCThIO 3aJHETO KPbIJIa THITA "Jalika" v Hal BHYTPEHHEHN 4aCThIO CTAOUIN3ATOPA
epeMeHHON CTpelToBUAHOCTH U-00pa3HOTO OTIEpEHUs, UMEIOIIEeTrO Ha JIEBOM M MTPaBON
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KOHCOJISIX KAK KOPHEBBIE PYJIEBbIE TOBEPXHOCTH, TAK U IEPEAHIONO U 33 HIOI0 KPOMKH, KAXKAAsI
U3 KOTOPBIX, UMES IEPEMEHHYIO CTPEIOBUAHOCTD OT KOPHEBOM YACTH K KOHIIEBOM C OOIBIITIM
YTJIOM CTPENOBUAHOCTH, PA3MEIEHA B INTAHE NAPAJUIEIBHO COOTBETCTBYIOIMNM KAaK CKOCAM
MEePEAHUX U 3aIHUX YaCTel COOTBETCTBYIOIIMX FOH/IOJ, TAK U COOTBETCTBYIOIIMM KPOMKaM
3aJHErO KpbUIa TUMNA "Jalka", mepeaHsiss KpOMKA MOCIEIHErO COBMEIICHA B IJIAHE C 3aJHeH
KPOMKOH TIEpeaHErO KPbLIa.

151 €CTeCTBEHHOTO TAMMHAPHOTO CBEPX3BYKOBOTO OOTEKaHUsI Tpoduielt Tpex HeCymx
MMOBEPXHOCTEN: IBYX KPBUTHEB M CTAOUITN3aTOPA, PACTIOIOKEHHBIX CO CIBUTOM U ITO BEPTHKAIIH,
U TI0 TOPU30HTAJM KaK OBl B "IMAXMATHOM MOPsAKE", a IePBbIe ABa KPbLIa, 00 pa3yroIue
KakK ObI CXeMy OWMIUTaH-TAHIEM, TIPEICTABIISIONIYIO COOON C KaXXI0M CTOPOHBI ITPU BUE
CHepeu TPATIEIMEBUIHOM (HOPMBI COOTBETCTBYIOIIYIO PAMKY, UMEIOITY IO BBICOTY YIIOMSIHY ThIX
CTPEIIOBUIHBIX KOHUECBBIX KPBUIBILICK, PABHYIO 30% CpeaHel a3pOoaMHAMUYECKON XOPAE
3aHeTO Kpbuta. [103TOMY TOJBKO Y TaKOU CHCTEMBI KPBUTBEB, €CITH (popMa BUXPEBOTO UX
CIIeZ1a ¥ €T0 paCIpeneeHue TIePEeTeKaHMs U3MEHUTCS TAKUM 00Pa30M, UTO TIOTIEPEUHbBIE
CEUEeHMSI BUXPEBOTO CIeAa MO MPSMbIM YIJIOM K HATPABJIEHUIO BO3AYIITHOTO TIOTOKA BCEraa
nmpuHUMaeT GopMy WM KPbLTA, UITH OJHOTUITHYIO eMy dopmy cuctembl K3K, B koTopoit
TEUET BO3AYX, TO TOJIBKO PA3MEIIEHUE KPBUTBEB B CXeMe OUTUTAH-TAHIEM CO CABUTOM OJHOTO
KpbUIa OTHOCUTEIBHO JAPYTOTO B MTPOA0IBHOM HATPABIICHUHU BIOJb OCU CUMMETPUU TTIO3BOJIUT
TIOCTUYb YITYUIIEHUS] €CTECTBEHHOTO JJAMHHAPHOTO CBEPX3BYKOBOTO OOTEKAHUS TIPODUITS
KaXJI0TO KPbIJIa KAK ObI PACTIOIOKEHHOTO U TTO BEPTUKAIIH, ¥ IO TOPU3OHTAITH B "IIIAXMATHOM
MOPsIAKe" ¥, KAK CIIEZICTBUE, KAK ObI YBETMUUBASI 3230 PbI IO BEPTHKAIIA MEXY KaK MEPBHIM
U BTOPBIM KPBLIOM, TaK U BTOPBIM KPBUIOM M CTAOMIU3aTOPOM, OOECIIEUUT U OONTBIHNI 00BEM
BO3AyXa, TPOXOISAINUN depe3 OO 3a30P C COOTBETCTBYIOIIUMH ITEPEATaMH BO BpEeMsI
MPEOI0IEHHS 3ByKOBOTO Oapbhepa, KOTOPBIN TAKXe 00eCIIEUUT COXpaHEHHE JOCTATOYHON
MOIBEMHOM CHIBI. [0 co3manust Ta30TYpOUHHBIX MPSIMOTOYHBIX ABUTATENIEH U3MEHIEMOTO
[MKJIa BO3MOXHO B3ameH enuHoi CVY uCcronp30BaTh KOoMOUHUpOoBaHHYIO CY, comepxaIiyro
Hapsay C OCHOBHBIMM ABYMsI PA3rOHHO-MapieBbIMU TP/I /], OCHACTUTB €€ BCTOMOTATEIbHBIM
mapiuesbiM [IBP/1, mpu 3TOM mocienHuit, iCoNb3ys MPU B3JETE €0 OCHOBHYIO KAMEPY
CrOpaHus KaK JTOTOTHUTEIBHYIO POPCAKHYIO KAMEPY, MOKET KOHBEPTHUPOBATHCS U B
PA3TOHHBIN ABUTATETH B KOMOMHanu ¢ ocHOBHBIMU TPJ1/1. ITpuuem y IIBP/I, paccautanHoro
Ha OOJIBIINE CBEPX3BYKOBBIE CKOPOCTH TIOJIETA € YUCIIOM M>3, TOPMOXKEHHE TIOTOKA B
BO31yX03a00PHHUKE MMPOU3BOAUTCS 10 JO3BYKOBBIX CKOPOCTEH, T.€. IIOABO TETUIA
OCYLLIECTBIISIETCSA B JO3BYKOBOM MOTOKE.

[Tpenmaraemoe n300peTeHNE CBEPX3BYKOBOTO CAMOJIETA C KPBUTBSIMU 3aMKHYTOM
koHCTpyKImu (CCK3K), nmerolnero cuctemMy U3 ABYX KPbUTbEB U KOMOUHUPOBAHHYIO CHIIOBYIO
yctaHoBKY (CVY), WILTIOCTPUPYETCST OOIIMMH BHIAMH, TTPEACTABIICHHBIMH Ha ¢ur. 1 u 2.

Ha ¢wur. 1 uzo6paxen CCK3K, o01muit B €ro Criepeau ¢ 3aJHUM KPbIJIOM THTA "Jaika”
U IBYXKUJIEBBIM U-00pa3HbIM C Pa3MEIIEHHBIMU HAPYKY BEPTUKATBHBIMU OTIEPEHUSIMHU.

Ha ¢ur. 2a uzobpaxen CCK3K, 061mwuit BUa ero CBepxy ¢ AByMs CTPEIOBUIHBIMU
KPBUTBSIMU 3aMKHYTOW KOHCTPYKIIMU ¥ CTPEIOBUIHBIM cTadumm3zaTopom U-00pa3HoTO
OTIEPEHHSI, UMEIOIIIMMU TIEPEMEHHBIE CTPEJIOBUAHOCTU TIEPEAHUX U 3aJHUX UX KPOMOK.

Ha ¢ur. 26 uzodpaxen CCK3K, o01mit BUI €T0 CBEPXY CO CTPEIOBUIHBIM U
TPaTeUEeBUAHBIM KPBUIbSIMU 3AMKHYTON KOHCTPYKIUHN U CTPEIIOBUIHBIM CTA0MITU3ATOPOM
U-00pa3HoTO OnepeHus, MMEIOITMMH IIEPEMEHHBIE CTPEIOBUIHOCTU TIEPSTHUX U 3aTHUX MX
KPOMOK.

CBepx3BYKOBOM CAMOJIET C KPBLIbSIMU 3aMKHYTOM KOHCTPYKIMU, TIPEACTABICHHBIN HA
¢ur. 1 1 2a, UMEET KOHCTPYKIUIO TJIAHEPA, BHITIOJTHEHHYIO U3 THTAHOBBIX CILIABOB U C
TJIABHBIM COTIPSHKEHUEM HU3KOPACMOI0XKEHHOTO CTPEIOBUAHOIO TEPEIHEro Kpbuia 1 ero
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HAIUIBIBOB 2, UMEIOITUX CTPEIOBUIHOCTD ¥=+75°, 1 (hro3ensika 3, CHAaOKEHHOTO B HOCOBOM
ero yactu crpenoBuaabiM [11°0 4. Beicokopacmonoxennoe I11°0O 4, umerolriee moyIoKuTeIbHbIE
YIJIbI CTPEIOBUAHOCTH IO MEPEAHEH U 34AHEH €r0 KPOMKAM COOTBETCTBEHHO Y=+75° U Y=+
70°, CMOHTUPOBAHO O MPABWITY TUIOIIAACH U C TTOJIOKUTEIBHBIM YIJIOM MONEPEUYHOTO V=+
27° mapaJUIeNIbHO CPEOHEN TMHUM KOPHEBOW YACTH 38 JHETO KPbLIA S, BBIITOJHEHHOTO IO TUITY
"gattka" u ¢ oOTeKaTeassMu 6 0OpaTHON CTPETOBUIHOCTH. HibkHUE U BepXHHUE KOHIIBI
COOTBETCTBEHHO KPBIIbEB 1 U 5 ¢ KaX 00U CTOPOHBI MEXITy COOOM 00BETMHEHBI
CTPEIOBUIHBIMUA KOHIIEBBIMU KPbUIbIIKAMU 7. IlepeaHee kpbu1o 1 ¥ 3aaHee KpbUIO S ¢
HATUIbIBAMU 2, CMOHTUPOBAHHBIE 11O TPABWITY TUIOIIAAEH, UMEIOT IEPEMEHHBIE CTPENOBUAHOCTH
MEePEIHUX U 3aJHUX UX KPOMOK, 4 UX KOHCOJIU, YCTAHOBJIEHHBIE COOTBETCTBEHHO C
TTOJIOXHUTEITBHBIM U OTPUIATETLHBIM YTIIAMHU UX TIOTIEPEUHOTO V, CHAOXKEHBI TPEIKPBUTKAMHU
(Ha cur. 1 1 2a He MOKA3aHbI), 3aKPBUIKAMH HIDKHETO 8 M BEPXHETO 9 KPhIIA C €0
thaammeponamu 10. IToaKpbIIbHBIE TOHAOJBI 11 peaKTHBHBIX ABUTATEICH, IIEPEIHUE U 33 THHIE
YaCTU KOTOPBIX CMOHTUPOBAHBI B COOTBETCTBYIOLIMX U3JIOMAX COOTBETCTBEHHO 1O HU3Y
JIEBOTO U TPABOTO OKPYIJIEHHBIX U3JIOMOB 33AHETO KPbUIA S TUMA "Jaika" v IO BEPXY JIEBOTO
U TIPABOTO OKPYTIIEHHBIX U3JIOMOB cTadmm3atopa 12 U-o6pa3Horo onepenus 13, UMeroIrero
HA JIEBOM U IMTPABOU KOHCOJISIX BHYTPEHHHUE U BHEILTHUE PYJIEBBIEC TOBEPXHOCTH, COOTBETCTBEHHO
Py BBICOTHI 14 1 HanmpaByeHUs 15, HO U TOBEPXHOCTH C TEINIOCTOUKUMHU MAaTEPUATAMMU.
Komounupyemas CY, cogepkainasi OCHOBHbIE pa3roHHO-MapireBbie hopcaxubie TP/,
OCHAIIICHA BCIOMOraTeabHbIM MapiieBbiM [IBP/], CMOHTUPOBAHHBIM IO OCH CUMMETPHH B
kopmoBol roHaone 16. [Tpu stom [1BP/I, ucnosnb3yst mpu B3I€TE €0 OCHOBHYIO KAMEDPY
CrOopaHus KaK JTOTOTHUTEbHYIO POPCAKHYIO KAMEPY, MOKET KOHBEPTHUPOBATHCS U B
PA3TOHHBI IBUTATETH B KOMOUHau ¢ padotoif AByx TPJI/1. B KOHCTpYKIMM TOIKPHUTHHBIX
roHao 11 aist u3sMEHEHUs TUTOIAa¥ TOPiia UX BO3AYX03a00PHUKOB ITPETYCMOTPEHO
MEPEMEITCHUE KOHYCOOOPA3HOTO EHTPAITBHOTO OCECUMMETPUYHOTO Tejta 17 Brepea-Has3ai.
BOmm3u mepegHelt 9aCTH KaXK 104 KPbUThEBOM TOHIOIBI 1 1 4TSI HOTIOTHUTETBHOTO BCACBIBAHUS
WITH TIEPETYCKa BO3AyXa OTKPBIBAIOTCS JOTIOJTHUTENBHBIE OTBEPCTHS (Ha ¢ur. 1 u 2a He
nmokasanbl). KoHCTpyKIus Haadro3easyKHOTO TUIOCKOTO BO3ayX03a0opHuKa 18 obecreunBaeT
ycToiauByto padoTy BcomoratenbHoro [IBP/I B mupokoM auamazoHe CKOPOCTEH U yIIIOB
aTaku. ABTOMATHUECKH PETYIMPYEMBIM BO3yX03a00PHUK 18, BBITTOTHEHHBIN C TTOABHKHOMN
paMIoi CO WEAIMU A CJIMBA MOTPAHUYHOTO CHOS € €€ TNIOCKOCTH, UMEET BEPXHIOIO €r0
YaCTh C IUNTOCKOCTBIO JTS1 OTCEUEHU S TOTPAHUIHOTO CITOSI BO3AyXa C (Qro3esHkeM 3 U CTBOPKHU
epenycka Bo3ayxa. IIpu n3MeHEeHNH MOMOKEHHST PAMITBI U3MEHSIETCA HE TOJIBKO TIOIAAb
BX0/[1a BO3AYLIHOTO MOTOKA, HO U CUCTEMA CKAYKOB, BO3HUKAIOLIUX MTPU CBEPX3BYKOBBIX
CKOPOCTSIX Ha MEePEOHUX KPOMKAX BO3IyX03a00pHUKA 18 U HA OTAEIBHBIX YIACTKAX
MOABWXKHOM paMmbl. [I03TOMY mpy AOCTUXKEHUN CKOPOCTH MOJIETA, COOTBETCTBYIOIIEH YUCTY
M=1,42, moaBux’Has pamIia, BBIMOIHSIONIAS POJIb BXOAHOM CTYIIEHH KOMITPECCOPA, U KAXKI0€
LHEHTPAJTBHOE TENO 17 AaBTOMATUYECKU CABUTAIOTCS, YMEHBINAS TJIOWIAAb BXOAA, OTBOAAT
yOAPHYIO BOJHY COOTBETCTBEHHO OT roHAo  [IBP/] 16 u TP/I/I 11 u o1 ux
BO3ayx03a00pHUKOB. B koMOunupyemoit CY ucrekarorue u3 TP/ v [IBP mpoaykThr
CrOpaHUs HECKOJIBKO OXJIAXKIAIOTCS TMOaadel BO3AyXa 3a UX TYPOUHBI K HEKOTOPOTO
YBEIIMYEHUS TATH OJ1aronaps MOA0TPEBY BO3yXa, OOTEKAIOIIETO COTLIA, U TTOTIOIIAIOTCS
TETUIOCTOWKUMHU MATEPUATIAMH, PACIOJIOKEHHBIMU MO34,11 COTIENT COOTBETCTBEHHO OCHOBHBIX
TP v BcnomoratenpHoro 11BP/], uMerommnx Ha KOHLE TEIUIOMOTIOIIAIOIINE KOXKYXH,
CHW)KAasl TEIJIOBBIC HATPY3KH HA CTEHKHU COTIE]T, YMEHbBINAET HHPPAKPACHOE UBTyUCHUE U
YPOBEHB IITyMa UCTEKAOIMX Ta30B. [1laccu youparoieecst TpeXomopHOE ¢ BCHOMOTATEIbHON
HOCOBOI OTIOPOIf ¥ KoJtecoM 19 youpaeTcst B HAIITY (Bro3elsika 3, TJIaBHBIE OTIOPBI C KOJIECaMu
20 - B UEHTPOIUIAH HUXKHETO KpbLia 1.
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Vupasnenue muorouenesbiM CCK3K npu B3nete-nocaake u npu A03BYKOBBIX U
CBEPX3BYKOBBIX CKOPOCTSX MOJIETa 0OECIEUMBAETCS OTKIIOHEHUEM PYJIEBBIX TTOBEPXHOCTEH
10, 14 u 15. JI;1s1 COOTBETCTBYIOIIETO B3JIETA M ITOCAIKH HA TTIOBEPXHOCTD 3eMJTH (TTATyObl
KopaldJist) uComb3yroTcs koneca 19 u 20 youparorerocs maccu. [1pu 3ToM mogbeMHasi CHta
coszmaetcs I1I'0O 4, xpputoMm 1 ¥ kpeutoM 5 THIA "daiika" ¢ o0TekaTeassMu 6 0OpaTHOM
CTPEIOBUHOCTH, & TOPU3OHTAJIbHAS peakThuBHAA TAra - asyMmst TP/1 11 u oquum [1BP/]
16. IToBepXHOCTH yIpaBICHUS TAHTAXKOM - (hammeponbt 10 ¢ cuH(a3HBIM OTKIIOHEHUEM
pynen 15 ¥ pysu BBICOTHI 14 yIydIIaroT ynpaBiIsieMOCTb COOTBETCTBEHHO MTPU TPAHC- U
cBepx3ByKoBoOl ckopocTu. Cuctema K3K ¢ kpbutoM 1 v KpbIToM 5 ¢ HAIUTBIBAME 2 OOJIBIION
ob1meit momaau B komOuHawu ¢ [11°0O 4 mo3BOIISIIOT TIPH B3JIETE 3HAUUTENIBHO YMEHBIIUTD
ey pasdera. [Tockombky mpupoct moabeMHoM cuibl 0T [11'0 4 Ha pesxxumax B3iteta OyaeT
3HAYUTEIBHO OOJIbINe (IIPUMEPHO B ABA Pas3a) 3a CUeT 00abImoro MOoMeHTa OT I1I'O u
COOTBETCTBYIOIETO €My OOJIBIIOTO OTKIIOHEHHS 3aKPBUIKOB 8 U1 9, TO MpU TpaHC- U
CBEPX3BYKOBBIX PEKUMAX MOJETA PACIOJIOKEHHBIE €381 U C BHELTHUX CTOPOH MOTOTOHIOI
11 nByx TP1J] ropuzoHTanbHbie 12 1 BepTUKaIbHBIE 13 moBepXxHOCTH U-00pa3HOTO OTIEPEHUS
yIIyYIIaoT yCTOWYUBOCTH B MTPOAOJIbHOM KaHaje. Kpome Toro, HambeIBeL 2 1 00TeKaTenu 6
KPBUTHEB | ¥ 5 CO3MAIOT NOTOTHUTEIBHYIO MO TBEMHYIO CHITY U MX 3P PEKTUBHOCTD KaK HECYIITIX
MTOBEPXHOCTEH, TOCTUTAETCS MAKCUMYM B TTOJIETE C OOBIITMMH CBEPX3BYKOBBIMH CKOPOCTSIMH,
KOT/Ia TIOAbEeMHAsI CHUITa TPEOYETCs TIIaBHBIM 00PA30M MIJIsl TOTO, YTOOBI MAPUPOBATH
TEHASHUMIO K YBEIMUCHUIO MPOJOJBHOTO HAKIOHA HA MUKUPOBAHUE MTPU CMELIEHUH HA3a ]
A3POAMHAMMYECKOTO (DOKYyCa U U1 YMEHBIIIEHUsI COTTPOTUBIICHUSI OT OAJTaHCUPOBKH.
JomomHuTenpHas MOABEMHASI CHUITA OT HATUTBIBOB 2 CO3MIA€TCSl y TIepenHeit yacT (rozerspka
3, 3TO TIO3BOJISIET, TTOBBIIIAS A3POIMHAMUYIECKOE KAUECTBO, HE OTKJIIOHSITH BBEPX (hIAIIePOHBI
10 xkpblTa 5,  OCTATOYHO, YMEHBINIAS MOTEPU HA OATAHCUPOBKY, HEOOIBINIOTO OTKIIOHEHHS
BBEPX pyJieit BbicoThI 14. [Tocne B3neTa u Ha0Opa BBICOTHI TPOU3BOIUTCS CO CBEPX3BYKOBOMU
CKOPOCTBIO €r0 IMOJIET, TPU KOTOpOoM padoTaeT B komOunupoBanHuou CVY oxgun I1BP/] v
nsa TP/1JI u myTeBOe ympaBienue obecneunBaercs nuepeHnuabHbIM OTKIIOHSHUEM DY
Hampaienust 15 U-oOpasnoro onepenus 13 (cMm. ¢ur. 2a). [IpogonbHoe U TomepeaHoe
VIIPABIIEHHUE MOXKET OCYIIECTBISATHCSA COOTBETCTBEHHO PYJIEBBIMH MIOBEPXHOCTSIMU - CHH(AZHBIM
OTKIIOHEHHMEM pyJied BBICOTHI 14 (v ¢nanmeponos 10, unm pynedt HammpasieHus 15) u
mudepeHmanbabIM - ranmeponos 10. J1st TOCTHXEHHS HA CBEPX3BYKOBBIX CKOPOCTSIX
0€30IMaCHBIX JIETHBIX XaPAKTEPUCTUK B €TO TUAPABIMIECKON U TOTUTUBHOM CHCTEMAaX
MAaKCUMAJIbHO TPUMEHEHBI MTASTHBIC UX COSAUHEHUS], & TIPU 3aMPABKE CUCTEMBI TOTIMBOM
YOAIISIOT U3 HETO KUCIIOPO/ U B TIOJIETE HAAYBAIOT €r0 TOIUTUBHBIC OAKH a30TOM.

st moBbllieHust CkopocTH nosieta B ero CV Brirouatorcest aa TP/ ¢ IIBP/I, u
MTPOU3BOAMTCS TOJIET HA OOJTBIIINX CBEPX3BYKOBBIX CKOPOCTSAX (C urcmoM M>3). ITockombky
B Takoit CVY yaenbHBIN pacxod TOTUTMBA MOXKET U3MEHSITHCS B 00JIee MTUPOKHX ITPEISNax,
yeMm ioTepu B camoit CVY, TO 3TO 00CTOSITENBCTBO UCTIONIB3YETCS, UTOOBI ONMTUMU3HPOBATH
€€ KOHCTPYKLMIO U YAEAbHBIN pacxod Tommsa. [lotomy uto ams TP/, mpu mpo4Yrx paBHBIX
YCITOBUSIX, YACIBHBIN PACXO TOTUIUBA YBEIMIUBACTCS IPU YMEHBIIICHUU TATH U, OCOOCHHO,
B pasbl IMPH HCITOTB30BAHUH (popcarkHOM KaMepbl. [ToaToMy koHBepTHpYeMOCTH CY TTO3BOJISET
onTuMu3npoBaTh 3 dpexTuBHOCTH Kpeticepckoro nmojiera CCK3K myTemM COOTBETCTBYIOMIETO
nmporpaMmupoBanus Taru: padotarot asa TP/, omqun [TBP/] umu Bce TpH, UCTIOIB3yEMBbIE
B ITOJIETE HA TPAHC- U CBEPX3BYKOBBIX, HO U OOJIBIIIUX CBEPX3BYKOBBIX CKOPOCTSX, OYAYT
padoTaTh Ha pexUMe, OITM3KOM K MAKCUMAJIBHOMY, U, CJIEA0OBATEIIBHO, OyIyT UMETh HU3KUMN
YAETBHBIN PACXO/T TOTUIUBA, 9TO U 0OECTIEUUT OOJIBIITYIO JATBHOCTH CBEPX3BYKOBOTO TTOJIETA.

Taxum o6pazom, muoronenesoit CCK3K ¢ kombunuposannoit CVY u cuctemoit K3K ¢
[1T"O no3Bonsiet, mporpammupysi Tsry CY B COOTBETCTBUU C PEXKUMAMU TIOJIETA, JOCTUTATH
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BBICOKOTO a9POIMHAMUYECKOTO KA4eCTBA U B3JIETHO-TIOCAJOYHBIX XaPAKTEPUCTUK, OOJIBIIIOTO
ypOBHs1 6€30TIaCHOCTH ¥ BBICOKOM CTETIEHH HApaOOTKHU Ha OTKA3 ABUTATENNEH. B KOHCTpYyKIMH
€ro TUIaHEePA IMUPOKO UCTIONB3YIOTCS HATUTBIBBI M OOTEKATENH AJTs 00ECIIeYeHHUS JOCTATOYHOM
YCTOWYUBOCTU M YMEHBITIEHUS] COTPOTUBJICHHUS OT OATAHCUPOBKHU HA PA3IIMUHBIX PEKUMAX
nonera. Kpome Toro, o0peauHeHne a3poaAMHAMUIECKUX 00BOI0OB KOHCTPYKLHH €T0 TIAHEPa
B MHTET PATTBHYIO KOMITOHOBKY C IBYMSI ITOBEPXHOCTSIMH YITPABICHUS TAHTAXKOM U 0OECTIeUeHNUE
€CTECTBEHHOTO JJAMUHAPHOTO CBEPX3BYKOBOTO O0TEKaHUS MPODUITS KAXAOTO KPbLia
MTO3BOJIIOT YMEHBIHUTH HA 30% T060BOE COMMPOTHUBIICHHUE, UTO CO3IAET BOZMOKHOCTD
JOCTIDKEHHSI OOBIINX CBEPX3BYKOBBIX CKOPOCTEH (C uncioM M>3) Ha BBICOTE TIOJIETA HE
Hke 18 kM. B kauecTBe OCHOBHOTO KOHCTPYKIIMOHHOTO MAaTepHasa IJIaHepa MOXKET ObITh
MIPUMEHEH TUTAH U TUTAHOBBIE CTUTIABbI B BU/IE TTAHEEH C COTOBBIM 3amoHUTEIeM. OUEeBUIHO
TO, YTO, BBIMIOJHUB TNIAHEP C MOKPBITUEM €TI0 TOBEPXHOCTEH PAAUOTIOTIOIIAIOIINMUI
MATEPUAIIAMH, 3TO ITO3BOJIUT PEATU30BATh BO3MOXKHOCTD €70 MAJIO3aMETHOCTH B
PAaNOIOKAIIMOHHOM, HH(PPAKPACHOM M BU3YaJIbHOM AMATIA30HAX, HO U TIPEIYCMOTPETH B
OJIOYHO-MOIYJIBHOM €r0 KOHCTPYKIMU BaPUAHThI UCTIOJIHEHUH, HATTpUMED, OCCITUIIOTHOTO
CCK3K-passequuka, omHoMecTHbiXx CCK3K-nepexBatunka u cBepxmaneBpennoro CCK3K.
B CVY nmocneanero ucnonbiyrotcs ocHoBHbie TPI/] ¢ hopcaxnoit kamepoit u YBT,
MTOBBILIAIOINE MAHEBPEHHOCTb, HO TIPH 3TOM CO3IATOIIME U SIBHOE YBEJIMUEHNE HHPPAKPACHOTO
u3ydeHus. B qampHedneM ¢ Co3MaHneM ra30TyPOMHHBIX TPSIMOTOYHBIX ABUTATENICH
U3MEHSIEMOT O UKJIA, KOTOPBIE KAK MUHUMYM Ha 20% 3KOHOMUYHEE COBpeMeHHbIX TP/,
00€eCIeunBAIOINX CBEPX3BYKOBOI TOJIET, TIO3BOJIHUT B MIEPCIEKTUBE UCIIOIB30BATh UX B
MHorouenesbix CCK3K HOBOro nokoJieHus Co CKOPOCTSIMHU, COOTBETCTBYIOLIUMHU YUCTy M=
4,5...5, ¥ ¢ 1anbHOCTBIO mmojeTa a0 12...14 TBIC. KM.

dopmyna u3o0peTeHust

1. CBepX3BYKOBOIf CAMOJIET C KPbUIbSIMU 3aMKHYTON KOHCTPYKLMHU, UMEIOLUH TIIIaHED,
BBITIOJTHEHHBIA U3 TUTAHOBBIX CINIABOB, IIEPEAHEE TOPUZOHTAIBHOE OTIEPEHUE, ABYXKUIEBOE
BEPTUKAITBHOE OTIEPEHUE U CUCTEMY TTAPAIUIETIBHO PA3MEIIEHHBIX KPBIIBEB, 00 BETUHSIOITY IO
HU3KO PACIIOJIOKEHHOE MEPEIHEES KPBLIO, UMEIOLIEE KOHIEBBIE KPBUIBILLIKH, COEAUHEHHDIE 10
Iyre ¢ KOHUAMHU BBICOKOPACIIOIOKEHHOT O 34 JHETO KPbLId, KOPHEBBIE YACTU KOTOPOTO B
CBOIO OU€PENb COSAUHEHDBI C COOTBETCTBYIOIMMU KOHLAMU, OTKJIOHEHHBIMU HAPYXKY,
BEPTUKAJIBHBIX KUJIEH, COAEPKUT (O3NS, POPCAKHBIE TYPOOPEAKTUBHBIE IBYXKOHTYPHBIE
JIBUTATEIA, CMOHTUPOBAHHBIE B TOHIOJIAX HA KOHIIE ¥ BEPXHEM yacTu (hro3emsika, 1
TPEXOTMOPHOE KOJIECHOE LIACCH, YOUPATIOIIEECs: C HOCOBOM U TTIABHBIMU OTIOPAMH,
OTJIMYAIOLLMICS TEM, YTO OH, UMES TIPOAOJIbHYIO KOMIIOHOBKY TPUILIAHA C
Pa3HOHAIPABIEHHBIMU B IMIOMEPEUYHON IUNIOCKOCTU CTPEIOBUAHBIMU KPbUIbSIMU 3AMKHY TON
KOHCTPYKLHH, UMEIOIMMU HATUIBIBBI U IIEPEMEHHBIE CTPEJIOBUAHOCTHU MIEPEIHUX U 3 THUX UX
KPOMOK KaK HMXKHETO, TAK U BEPXHETO KPbLIA, KOHCOIU KOTOPBIX, CMOHTUPOBAHHBIE
COOTBETCTBEHHO C MOJIOKUTEIIbHBIM U OTPULATENBHBIM YIJIAMU UX MOIMEPEYHOTO V, UMEIOT
C KaXI0W CTOPOHBI COOTBETCTBYIOIIUE HUXKHUM U BEPXHUH UX KOHLbI, BBITIOJIHEHHBIE
COOTBETCTBEHHO C OOJIbIIEN U MEHbINEH KOHIIEBBIMU XOPAAMH, 0O BEIUHEHBI CTPEIIOBUIHBIMU
KOHUEBBIMU KPBUIBIIIKAMU, UMEIOLLIUMHU PABHOBEIUKUE XOPIAbl C COOTBETCTBYIOLLUMUA
KOHIIEBBIMU XOPAAMHU KPBLUIBEB, U OCHALLIEHHBIMU KPYTJIOTO CEUEHUsI TOHAOIAMU ABUTATENECH,
MEPEAHUE U 3aJHUE YACTU KOTOPBIX CMOHTUPOBAHBI B COOTBETCTBYIOLIUX U3JIOMAX
COOTBETCTBEHHO 10 HU3Y JIEBOTO U MPABOTO OKPYIJIEHHBIX U3JIOMOB 3aJHETO KPbLIA TUIIA
"gaitka" v 11O BEpXY JIEBOTO U MPABOTO OKPYTIIEHHBIX U3IIOMOB cTabunuzaTtopa U-oOpa3Horo
OIEPEHUSI, UMEIOLLETO HA JIEBOW U IMTPABOM €r0 KOHCOJISAX KAK BHYTPEHHUE PYJIEBBIE
MMOBEPXHOCTH, Pa3MEIIEHHBIE OT BHYTPEHHUX OOPTOB COOTBETCTBYIOIIUX TOHIOI, TaK U
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MIEPEIHIOIO U 33 JHIOI0 KPOMKH, KaXAas1 U3 KOTOPBIX, UMEs IEPEMEHHYIO CTPETOBUAHOCTD OT
BHYTpPEHHEN YaCTH K BHEITHEN C OOBIITNM YIJIOM €€ CTPEIIOBUAHOCTH, PA3MEIICHBI B IUTAHE
MapaIENBbHO COOTBETCTBYIOINM KAK CKOCAM MEPEIHUX U 3aJHUX YACTEH COOTBETCTBYIOLINUX
TOH0JI, TAK U COOTBETCTBYIOLIMM KPOMKAM 3aIHETO KPbLIa TUIA "Jaika", MEPEAHSIA KPOMKA
MOCIIEAHErO COBMEIIIECHA B IUIAHE C 34AHECH KPOMKOM MEPEAHETO KPbLIA, IPU 3TOM C LETBIO
YIAYYIIEeHUs ECTECTBEHHOTO JIJAMUHAPHOTO CBEPX3BYKOBOTO OOTEKaHUs TPOQUIIeii TpexX OJIU3KO
PACIIOJIOKEHHBIX B TPOJOIBHOM HAIPABICHUM HECYIUX TOBEPXHOCTEN: ABYX KPBUIBEB U
CTAOUIN3aTOPA, PACTIOIOXKEHHBIX CO CABUTOM U TIO BEPTUKAJIH, M TIO TOPU3OHTAIIA KaK ObI B
"IaxMaTHOM MOPSiAKE", a IEPBbIE ABA KPbLTa, 00pa3yromie Kak ObI CXeMy OUTIIAaH-TaHIEM,
MPEACTABIISIIONTYIO COOOM ITPU BUAE CIIEPEAN JIEBYIO U MPABYIO TPATICIUEBUIHON POPMBI
paMKH, UMEIOIIHE BBICOTY YITOMSIHYThIX BEPTUKAJIbHBIX KOHIEBBIX KPBUIBIIIEK, paBHY10 30%
CpPEOHEH a3pOAMHAMUYECKON XOPAE 3aJHETO KPbLIA, OCHAILEHHOTO B TNIOCKOCTH KOPHEBOH
€ro 4aCTH HATUIBIBAMU, IPUUEM YIIOMSIHYTO€ BBICOKOPACTIOIOKEHHOE TIEPEOHEE
TOPU30HTAIBHOE OTIEPEHUE, CMOHTUPOBAHHOE C MOJIOKHUTEIBHBIM YIJIOM IMMOMEPEUHOrO V=+
27° mapauteIbHO CPeaHEN TUHUM KOPHEBOW YaCTH 3aTHETO KPbL1a, CHAOKEHHOM B e
IJIOCKOCTH M OT 3aJIHEN €€ KPOMKH OOTEKATEISIMU, U UMEIOIIEE TIOJIOKUTEITBHBIC YTITbI
CTPEJIIOBUIHOCTH O MEPEAHEH U 3aJHEH €T0 KPOMKAM COOTBETCTBEHHO ¥=+72° 1 y=+60°,
00pasyrolHe 3a0CTPEHHOE CYKEHUE eTO 3aKOHIIOBOK, U 0OECITEUMBAOITIM C HATUThIBAMHU
JIBYX KPBLUTBEB U OOTEKATEISIMY 34 THETO KPbLTA, UMEFOIITMMHU COOTBETCTBEHHO MOJI0KUTEITBHYIO
¥=+72° ¥ OTPUTIATENTBHYIO ¥=-48° CTPEINOBUIHOCTH, TPHEMIIEMYIO UX 3D PEKTUBHOCTH HA
peXKUMAX B3JIETA-TIOCAAKH, YCUJIEHHYIO CYTIEPLUUPKYISLIUCH, TTO3BOJISIOIIEH YMEHBIINTD HOTEPU
Ha OAJTAHCUPOBKY, 4 UCTIONIB3Ys CPEICTBA ABTOMATHKHU JIsI OTKIIOHEHUSI PYJIEBBIX
MmoBepxHOCTEH cTadumuzaTopa U-00pa3HOTO XBOCTOBOTO OTIEPEHMUSI, PEIIATH BOTTPOCHI
YCTOWYUBOCTH M OAJTAHCUPOBKHU TTPH U3MEHEHUU CKOPOCTH C JO3BYKOBOM 10 CBEPX3BYKOBOM
CKOPOCTH TIOJIETA.

2. CBepX3BYKOBOM CAMOJIET C KPbLIbSIMU 3aMKHYTON KOHCTPYKIMHU 110 T1. 1, OTJIUYAOIIUICS
TEM, UTO C [EJTbIO TOCTHXEeHHS (POPMBI BUXPEBOTO CIEa U €T0 PACIIPEACIICHUS TIEPETEKAHMS
OT TIEPETHEr 0 KPbIJIa MEHBIIEH TIOIIAAH K 33 THEMY KPBLTY OOJIBITEH ITOTIAIN U YBEITMIEHUS
3¢ hexTUBHOTO paszMepa BAOJb OCH CHMMETPHH TPATICIUEBUAHOM (POPMBI B TTaHE HECYIIIeH
0O01I1Ielt CHCTEMBI KPBLUTHEB, BKITFOUATOIIEH HAPSIAY C MIEPEIHUM CTPETOBUIHBIM KPBUIOM
pacronaratoiriee GopMoii B TUTaHe OOIIIEH CUCTEMBI 3aJHEE TPATICIIUEBUTHOE KPBIIO, HMEFOIIee
3aTHIOI0 KPOMKY OO PATHOM TIEPEMEHHOM CTPETOBUIHOCTH U MTPEAOTIPEACTISIIOIIEe KOHEUHbIE
BUXPH, THTEHCUBHOCTD UPKYJISIIMA KOTOPBIX COOTBETCTBYET U3MEHEHUIO LM PKYISLIMA CUCTEMBI
KPBUTBEB, U KOTOPBIE HEOOXOIUMBI TSl OCITA0JIEHHsI 3BYKOBOTO yaapa, Py 3TOM TIEpeTHEe
KPBLTO, UMECIOLIEE MOTOKUTEIBHBIN yTOI CTPENOBUAHOCTH IO MEPEAHEN €r0 KPOMKE Y=+48°,
BBITIOJTHEHO € YIJIOM MOJIOXKUTEINBHON CTPEIOBUAHOCTH TI0 3aJHEH €ro KpoMKe ¥=+33°, a
3aHEE TPANIEUUEBUIHOE B TIJIAHE KPBLIO, UMEIOLIEE MTOJIOKUTEIBHBINA YTOJ CTPETOBUAHOCTH
O MEPEAHEH €r0 KPOMKE ¥=+33°, BBIITOJHEHO C YIJIOM OTPULATEIBHON CTPENOBUAHOCTH 10
3aIHEHN ero KPOMKE B KOPHEBOM €ro 4acCTH ¥=-18° 1 UMeeT 3aAHUI CPe3 3aKOHLOBOK C YIJIOM
OTPULATEIIBHONU CTPEIOBUAHOCTH IO 3aJHEHN €r0 KPOMKe y=-48°.

3. CBepX3BYKOBOM CAMOJIET C KPBUIBSIMU 3aMKHYTOM KOHCTPYKIHHU TIO T1. 2, OTJANYAFOIIHICS
TEM, YTO C UENBIO YIIPOIIEHUSI KOHCTPYKLUUHU OH BBITIOJIHEH B BUAE MOHOIUIAHA C YITOMSIHYThIM
TPANCUUEBUAHBIM MAJIOTO YAJIUHECHHS] KPBLJIOM THIIA "dalKa", UMEIOIIUM MOJIOKUTEIbHBIN
YTOJI CTPENOBUAHOCTH TI0 IEPEAHEHN €70 KPOMKE ¥=+33° U MTePEaAHUI CPE3 3aKOHLOBOK C YTJIOM
MOJIOKUTENBHOMN CTPEIOBUAHOCTH MO MEPEAHEH €r0 KPOMKE ¥=+6(0° 1 BBITOTHEHHBIM C YTJIOM
OTPHULATEIBHON CTPEIOBUAHOCTH IO 3aHEH ero KpoMKe y=-18°.

4. CBepX3BYKOBOI CAMOJIET C KPBUIBSIMHU 3aMKHYTON KOHCTPYKLHH IO JIFOOOMY M3 T 1-3,
OTJIMYAIOIIUICS TEM, YTO CHJIOBAsI YCTAHOBKA, COACPXKAIIAs HAPSAAY C OCHOBHBIMHU PA3TOHHO-

Crp.: 14



10

15

20

25

30

35

40

45

RU 2591102 C1

MAapLIEBBIMU MOAKPBUIbHBIMU ABUTATEISIMUA, OCHAILICHA IO OCH CHMMETPHUH B KOPMOBON YaCTH
(hro3emsika MapIeBbIM BCITOMOTATEIBHBIM IMTPSMOTOYHBIM BO3AYIITHO-PEAKTUBHBIM IBUTATEIIEM
(TIBPJ1), cHaO>XeHHBIM CBEPX3BYKOBBIM BO3IYX03a00PHUKOM H COTIIIOM, KOHBEPTHPYEMBIM
B PAa3TOHHBIN ABUTATENH B KOMOWHAIMH C OCHOBHBIMU ABUTATENSIMU, MMEFOIITMMH KAXKIbII
CTETIEHB CXKATHS BO3ayXa (7Ty) HE MeHee 15,0 B CTaTUUECKUX YCIIOBUSX B MX KOMIIPECCOpax

BBICOKOTO TaBJICHUSI, KOTOPbIE OCHAIIIEHBI CHACTEMAMU OTBOA YACTH 00bEeMA CKATOTO BO3AYXa
M JOCTABKM €ro MOTOKA K BcnomorateapbHoMmy 1IBP /I, ucronp3ytomemy mpu B3JIETE €T0
OCHOBHYIO KaMEPY CTOPAHMSI KAK JOTIOTHUTEBHYIO (POPCAKHYIO KAMEPY, 3aTEM TTOCIIE B3JIeTa
CHUCTEMBI OTBOJA CKATOrO BO3AyXa OT OCHOBHBIX ABUTATEICH U €0 JOCTABKU K
BcriomoratenbHoMy [TBP/] mepekpbiBaroTes U, padoTasi 1Ba OCHOBHBIX IBUTATEIS,
00€eCIIeunBaIOT €T0 TOJIET Ha TPAHC- M CBEPX3BYKOBBIX CKOPOCTSIX, TIPH 3TOM 1711 OOECTICUEHUS
OONTBITIMX CBEPX3BYKOBBIX CKOPOCTEH ero moJjieTa Ha BcnomorateinbHoM [TBP/] ycTtaHOBIEH
ABTOMATHUYECKUI PETYISATOP PACX0Aa TOIUIMBA, PEATUPYIOLIUI HA U3MEHCHHUE TABICHUS U
TEMIIEPATYPbI, MPUUEM TOIIUBO, TOAABASICh MPU JOCTUKEHUU COOTBETCTBYIOLIEH
CBEPX3BYKOBOM CKOPOCTH TIoJIeTa ¢ uncioM Maxa (M) M=1,51, BOCIUTaMEHSAETCS C MTOMOILIBIO
3armalia ¥ CO3/1aeTcsl Mapinesas Tara BcnomorartenbHoro [IBP/I, obecrieunBarorero
BO3MOXHOCTb UCTIOJIB30BAHUS €T0 B MTOJIETE KAK CBEPX3BYKOBOTO CAMOJIETA CO CKOPOCTSAMM,
MTPEBBIIAIONTMME 9ucio M=1,51, u camouera ¢ OOJIBIIUMU CBEPX3BYKOBBIMH CKOPOCTSIMH,
COOTBETCTBYIOIMUMU YUCITy M >3,0, COOTBETCTBEHHO TIPH padOTE OMHOTO BCIIOMOTATEITBHOTO
[1BP/1, umeromiero moasBoq Temaa B A03BYKOBOM MTOTOKE, U BCEX TPEX ABUTATEIIEH €ro
KOMOWHUPOBAHHOMN CUIIOBON YCTAHOBKH.

5. CBepX3BYKOBOM CAMOJIET C KPBUIbSIMU 3aMKHYTON KOHCTPYKIMHU T1O T1. 4, OTINYAIOIIUICS
TEM, UTO C B0 OTBOIA YAAPHON BOIHBI OT TYPOONPSIMOTOYHBIX ABUTATEIEN C OCEBBIM
KOMITPECCOPOM M OT MX BO3TyX03a00PHUKOB WX TOHIOJIBI TSl U3MEHEHHS TUTOIIAINA BXOTHOTO
UX TPAKTA BBITTOJIHEHBI C BO3MOKHOCTHIO 00ECTIeueHN st KOMOMHUPOBAHHOTO CXKATHS U
ABTOMATHYECKOTO TIEPEMEIIEHUSI KOHYCOOOPA3HOTO IEHTPATBHOTO OCECUMMETPUIHOTO TETa
BIIEPEA-HA3Ad, IPU 3TOM IJIsl AOMIOJHUTEIBHOTO BCACBIBAHUS WU TIEPEMYCKA BO3AyXa
OTKPBIBAKOTCA 34CIIOHKU U CTBOPKH, pa3MELIEHHDBIE B TIEPEAHEN U 3aIHEN YACTH KAXKOON
MMOKPBLUTBHOM TOHIOJIbI, UMEIOIIEH U PETYIUPYEMYIO 00eUaiiKy BO3MyX03a00pHHKA,
UCKJTIOYATIONTYIO0 BO3MOXXHOCTh BOZHUKHOBEHHUSI HECTAIMOHAPHOTO U aBTOKOJIE0ATETHBHBIX
PEXKUMOB TEUCHHUSI, HO ¥ IKEKTOP, padOTAIONTHI C MAKCUMAJIbHBIM Pa3pEKEHUEM B IOHHOM
00J1acTH, CO3MaBAEMbIM TIPH YTJIE TTOIYPACTBOPA IKEKTOPA 8°, MPpUUeM KOPMOBOU
ABTOMATHUECKH PETYIMPYEMBIH TITOCKUN BO3IyX03a00PHUK BCIIOMOTATETbHOTO IBUTATENS,
obecreunBasi yCTOWIMBYIO €ro paboTy B IIUPOKOM IUATIA30HE CKOPOCTEH U YIIIOB ATAKH,
BBITIOJTHEH C TMTOABUKHON PaMIION CO LIESIMU [JIS1 CJIMBA MMOTPAHUYHOTO CJ10s1 € €€ TIOCKOCTH
Y UMEET BEPXHIOIO €r0 YaCTh € INIOCKOCTBIO IJIs1 OTCEUEHUS MOTPAHUYHOTO CIOs BO3AyXa C
(hbro3emnsiKeM, HO U CTBOPKH MEPEMYCKa BO3IyXa, TPH 3TOM, ABTOMATUYECKH U3MEHSISI
MMOJIOKEHHUE PAMIIBI, U3MEHSIETCS HE TOJBKO IIOWIAdb BXOA BO3AYIIHOTO MTOTOKA, HO U
CHUCTE€MA CKAYKOB, BO3HUKAIOIIUX MMPU CBEPX3BYKOBBIX CKOPOCTAX HA MEPEIHUX KPOMKAX
MJIOCKOTO BO3AYyX03a00PHUKA M HA OTAEITBbHBIX YIACTKAX TTOABMKHOM PAMIIBI, ITPUYEM TTPH
JOCTUKEHUU CBEPX3BYKOBOM CKOPOCTH MOJETA TOABUKHAS PAMIIA, BBITOJHSIOIAS POJIb
BXOJHOMW CTYIIEHH KOMITPECCOPA, U KAXKI0E HECHTPATBHOE TEI0 aBTOMATHUECKU CABUTATOTCS,
YMEHbIIAsl TUTOIAAh BXOAa BO3yX03a00PHUKOB COOTBETCTBYIOIIUX TOHIOJ, 4 UCTEKATONINE
IIPU 3TOM U3 UX ABUTATENICH TPOAYKThI CCOPAHUS HECKOIBKO OXJIAXKAAIOTCSA MOAAYEH TOTOKA
BO3AyXa 32 UX TYPOUHBI K HEKOTOPOTO YBEIIMUSHHSI TATH OJ1aroaaps IpeaBapuTeIbHOMY
MMOJIOTPEBY BO3AyXa, OO TEKAIOIIErO COTUIA, M TMOTIOIIAIOTCS TEIUIOCTOMKIMH MAaTEPHATAMU,
PACIIONIOKEHHBIMU TIO3aM COTIEN HAa TTIOBEPXHOCTAX CTAOMIIN3aTOpA U (DFO3EsKa
COOTBETCTBEHHO OCHOBHBIX U BCIOMOTATEIBHOTO ABUTATENEH, UMEIOIIMX HA KOHLE
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TETUTOTIOTIIOIIATONINE KOXKYXH, CHIDKASI TETUIOBBbIE HATPY3KU HA CTEHKH COTIEIT, YMEHBIIAET
MHpPAKPACHOE U3TYUSHUE U YPOBEHD IITyMa UCTEKAOIINX Ta30B.
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We claim:

1. An unmanned aerial vehicle system configured for
VTOL (Vertical Take-Off and Landing), comprising:

an aircraft comprising:

a fuselage;

a first wing connected to the fuselage;

a second wing connected to the fuselage; and

a first propulsion system carried by at least one of the
fuselage, the first wing, or the second wing; and

a removable second propulsion system that includes:

a first nacelle releasably coupled to a bottom surface of
the first wing and detachable from the first wing in
flight;

a second nacelle releasably coupled to a bottom surface
of the second wing and detachable from the second
wing in flight, wherein each of the first and second
nacelles includes a power source and at least one
VTOL rotor coupled to the power source.

2. The system of claim 1 wherein the power source
includes a battery.

3. The system of claim 1 wherein the at least one VTOL
rotor includes a first pair of counter-rotating VTOL rotors
carried by the first nacelle and a second pair of counter-
rotating VTOL rotors carried by the second nacelle.

4. The system of claim 1 wherein each of the first and
second nacelles includes a stabilizing fin.

5. The system of claim 1 wherein the first and second
nacelles each have a center of gravity longitudinally aligned
with a center of gravity of the aircraft.

6. The system of claim 1 wherein the first and second
nacelles each have an attachment mechanism positioned to
releasably attach the corresponding nacelle to the corre-
sponding wing.

7. The system of claim 6 wherein the attachment mecha-
nism includes a bolted bracket.

8. The system of claim 1 wherein each of the first and
second nacelles includes a release mechanism configured to
release the corresponding nacelle in flight.

9. The system of claim 8 wherein the release mechanism
includes an actuator.

10. The system of claim 8 wherein each of the first and
second nacelles includes a deployable, in-flight speed reduc-
tion device.

11. The system of claim 10 wherein the speed reduction
device includes a deployable lifting surface.
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12. The system of claim 10 wherein the speed reduction
device includes a deployable parachute.

13. The system of claim 1, further comprising a structural
connection device connected between the first and second
nacelles, independent of the fuselage, the first wing and the
second wing.

14. The system of claim 1 wherein the first propulsion
system includes at least one of a tractor propeller and a
pusher propeller.

15. A method for configuring an unmanned VTOL, (Ver-
tical Take-Off and Landing) system, comprising:

in preparation for VTOL flight, releasably attaching a first

nacelle to a bottom surface of a first wing of a fixed-
wing unmanned aerial vehicle (UAV), and releasably
attaching a second nacelle to a bottom surface of a
second wing of the UAV, wherein each of the first and
second nacelles includes a power source and at least
one VTOL rotor coupled to the power source, and
wherein each of the first and second nacelles is detach-
able from the corresponding wing in flight;
releasably coupling a first signal communication link
between the first nacelle and the first wing; and
releasably coupling a second signal communication link
between the second nacelle and the second wing.

16. The method of claim 15 wherein the UAV has a first
center of gravity before the first and second nacelles are
attached and wherein the UAV has a second center of gravity
after the first and second nacelles are attached, and wherein
the first and second centers of gravity have the same
longitudinal location.

17. The method of claim 15, further comprising:

in preparation for non-VTOL flight, removing the first

nacelle from the first wing of the UAV, and removing
the second nacelle from the second wing of the UAV.

18. The method of claim 17 wherein removing the first
and second nacelles includes removing the first second
nacelles while the aircraft is stationary.

19. The method of claim 17 wherein removing the first
and second nacelles includes removing the first second
nacelles while the aircraft is in flight.

20. The method of claim 19, further comprising flying the
first and second nacelles to a landing site, independent of the
unmanned aerial vehicle.
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(57) ABSTRACT

A modular Unmanned Aerial System (UAS) has first and
second flight configurations, and includes an Unmanned
Aerial Vehicle (UAV) parent module and a plurality of UAV
child modules. The parent module may have a fuselage,
forward and aft wings connected to the fuselage, and a first
plurality of flight propulsion devices. The child modules
have a corresponding second plurality of flight propulsion
devices. Each child module docks wingtip-to-wingtip with
the parent module or an adjacent edge of a child module
using the docking mechanisms. The child modules undock
and separate from the forward wing and each other, and
achieve controlled flight independently of the parent module
while in the second flight configuration. A method for
controlling the modular UAS is also disclosed.

20 Claims, 4 Drawing Sheets
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ing at about t, in FIG. 3. The method 50 proceeds to step S70
when docking operations are complete.

Step S70 may entail transitioning the UAS 10 to forward
flight at about t; of FIG. 3, which may entail leaving
hover/vertical flight or exiting loiter flight. Thereafter, step
$70 may include controlling the return flight of the UAS 10
to a desired landing destination, typically but not necessarily
the original takeoff point of step S52. The method 50 then
proceeds to step S72.

Step S72 includes commencing landing operations of the
UAS 10 commencing at about tg, as indicated by arrows V.,
and thereafter retrieving the UAS 10. Step S72 may entail
controlling the airspeed and altitude of the UAS 10 as the
UAS 10 approaches the predetermined landing destination,
i.e, by controlling the attitude, speed, and pitch of the
propellers 22F and 22R, the ducted rotors 16 and 160, and
any flight control surfaces of the tail portion 18, aft wing
14A, the forward wing 14F, and linked child modules 20.

Regardless of the particular embodiment, the method 50
as set forth herein enables control of the modular UAS 10 or
any variant thereof having the above-described first and
second flight configurations. In general terms, the method 50
includes linking the first and second distal ends E1 and E2
of the forward wing 14F to the UAV child modules 20 using
the docking mechanisms 45 so as to form the first flight
configuration, and then flying the UAS 10 to the rendezvous
point using flight propulsion devices of the parent module
30, e.g., the propellers 22F and 22R and/or the ducted rotors
16. The child modules 20 are then detached or unlinked from
the forward wing 14F and each other in response to reaching
the rendezvous point, and to thereby form the second flight
configuration. Thereafier, the parent module 30 is indepen-
dently flown using the propellers 22F and 22R and/or ducted
rotors 16 located on the parent module 30, while the UAV
child modules 20 are flown using the flight propulsion
devices contained in each of the child modules 20, i.e., the
ducted rotors 160.

Although the wvehicle architectures described above
include two aerial vehicles, i.e., the UAV parent module 30
and the UAV child modules 20, three or more distinct
aircraft may be used in other embodiments. By designing for
intra-aircraft “modularity”, greater operational flexibility
can be achieved. For example, one child module 20 could be
sized to carry a larger payload 60 than other child modules
20. Such a configuration may be beneficially used by a
package delivery service in order to deliver packages or
parcels of larger sizes when needed. By “rightsizing” the
payload capability of the child modules 20, energy use of the
UAS 10 of FIGS. 1 and 2 can be minimized.

Additionally, there may be advantages to using com-
pletely identical UAV modules 20 and forgoing use of a
distinct parent module 30. That is, because the UAV child
modules 20 and the parent module 30 are unique with
respect to each other, they may require separate tooling and
spare parts. Consequently, it may be possible to reduce
acquisition and maintenance costs if by constructing the
UAS 10 solely with identical vehicles, e.g., as a wing formed
of identical UAV modules 20. Similarly, if a shorter-range
mission is required, the individual child modules 20 may be
able to perform the mission without the need to link with and
be transported by the parent module 30. As a result, the
modular approach disclosed herein provides a wide range of
flexibility for achieving a distributed aerial presence.

The detailed description and the drawings or figures are
supportive and descriptive of the disclosure, but the inven-
tive scope is defined solely by the claims. While some of the
best modes and other embodiments for carrying out the
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disclosure have been described in detail herein, various
alternative designs and embodiments exist within the
intended scope of this disclosure. Furthermore, the embodi-
ments shown in the drawings or the characteristics of
various embodiments mentioned in the present description
are not necessarily to be understood as embodiments inde-
pendent of each other. Rather, it is possible that each of the
characteristics described in one of the examples of an
embodiment can be combined with one or a plurality of
other desired characteristics from other embodiments,
resulting in other embodiments not described in words or by
reference to the drawings. Accordingly, such other embodi-
ments fall within the framework of the scope of the
appended claims.

What is claimed is:

1. A modular unmanned aerial system (UAS) having a
first and a second flight configuration, the modular UAS
comprising:

an unmanned aerial vehicle (UAV) parent module com-
prising:

a forward wing disposed on a fuselage with a first and
a second distal end,

a first docking mechanism disposed on the first distal
end and a second docking mechanism disposed on
the second distal end.

a secondary wing disposed on the fuselage aft of the
forward wing, and

a parent flight propulsion system;

a first and second UAV child module each having a child
flight propulsion system and a child docking mecha-
nism, wherein the docking mechanism of the first UAV
child module is configured to connect to the first
docking mechanism of the UAV parent module, and the
docking mechanism of the second UAV child module is
configured to connect to the second docking mecha-
nism of the UAV parent module, wherein the UAV
child modules form an integral part of the forward wing
and extend the wingspan of the forward wing; and

wherein the first flight configuration comprises connect-
ing the UAV child modules to the UAV parent module,
wherein the second flight configuration comprises
separating the UAV child modules from the UAV
parent module during aerial flight and the UAV child
modules achieving flight independently of the UAV
parent module, and wherein the UAS is capable of
returning to the first flight configuration from the
second flight configuration during aerial flight.

2. The modular UAS of claim 1, further comprising:

a third and fourth UAV child module each having a child
flight propulsion system and a child docking mecha-
nism, wherein the docking mechanism of the third UAV
child module is configured to connect to the docking
mechanism of the first UAV child module, and the
docking mechanism of the fourth UAV child module is
configured to connect to the docking mechanism of the
second UAV child module.

3. The modular UAS of claim 2, wherein the propulsion

devices include propellers.

4. The modular UAS of claim 1, further comprising a fuel
tank positioned within or connected to the fuselage, and
powered using chemical energy from a supply of fuel in the
fuel tank.

5. The modular UAS of claim 1, further comprising a
main battery positioned within or connected to the fuselage,
wherein the propulsion devices are powered using electrical
energy from the main battery.
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6. The modular UAS of claim 1, wherein the propulsion
devices further each include a pair of ducted rotors.

7. The modular UAS of claim 1, wherein each of the UAV
child modules includes a corresponding energy storage
system, and wherein the propulsion devices of each UAV
child module is powered using energy from the correspond-
ing energy storage system.

8. The modular UAS of claim 1, wherein the energy is
electrical energy.

9. The modular UAS of claim 1, further comprising:

a plurality of radio frequency (RF) transceivers connected
to the UAV parent module and each of the UAV child
modules, wherein the UAV parent module and the UAV
child modules are configured to remotely communicate
with each other using the RF transceivers during at
least the second flight configuration.

10. The modular UAS of claim 1, wherein each of the
docking mechanisms includes a probe and a receptacle
configured to engage with a corresponding receptacle and
probe of an adjacent one of the UAV child modules or the
UAV parent module.

11. The modular UAS of claim 1, wherein the docking
mechanisms include a set of magnets.

12. The modular UAS of claim 1, wherein the docking
mechanisms include an actuator device configured to selec-
tively couple with and engage an adjacent one of the UAV
child modules or the UAV parent module.

13. A method of operating a modular unmanned aerial
system (UAS) having a first and a second flight configura-
tion during aerial flight, comprising:

providing a modular UAS comprising:
an unmanned aerial vehicle (UAV) parent module

comprising:

a forward wing disposed on a fuselage with a first and
a second distal end,

a first docking mechanism disposed on the first distal
end and a second docking mechanism disposed on
the second distal end,

a secondary wing disposed on the fuselage aft of the
forward wing, and

a parent flight propulsion system;

providing a first and second UAV child module each
having a child flight propulsion system and a child
docking mechanism, wherein the docking mechanism
of the first UAV child module is configured to connect
to the first docking mechanism of the UAV parent
module, and the docking mechanism of the second
UAV child module is configured to connect to the
second docking mechanism of the UAV parent module,
wherein the UAV child modules form an integral part
of the forward wing and extend the wingspan of the
forward wing;

forming the first flight configuration by connecting the
UAV child modules to the UAV parent module;

forming the second flight configuration by separating the

UAV child modules from the UAV parent module

during aerial flight, wherein the UAV child modules

achieve flight independent of the UAV parent module;
returning to the first flight configuration from the second
flight configuration during aerial flight.

14. The method of claim 13, wherein forming the second
flight configuration includes delivering one or more pay-
loads to a corresponding destination using at least one of the
UAV child modules.
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15. The method of claim 13. wherein the modular UAS
further comprises: a third and fourth UAV child module each
having a child flight propulsion system and a child docking
mechanism, wherein the docking mechanism of the third
UAV child module is configured to connect to the docking
mechanism of the first UAV child module, and the docking
mechanism of the fourth UAV child module is configured to
connect to the docking mechanism of the second UAV child
module.

16. The method of claim 15, wherein the UAV parent
module and the UAV child modules each include a corre-
sponding radio frequency (RF) transceiver, the method
further comprising: communicating with each of the UAV
child modules, via the UAV parent module using the RF
transceivers, while in the second flight configuration.

17. The method of claim 16, wherein docking the first and
second distal ends of the UAV parent module to the plurality
of UAV child modules includes magnetically aligning the
UAV parent module with an adjacent UAV child module
using a plurality of magnets.

18. A modular unmanned aerial system (UAS) having a
first and a second flight configuration, the modular UAS
comprising:

an unmanned aerial vehicle (UAV) parent module com-
prising:

a forward wing disposed on a fuselage with a first and
a second distal end,

a plurality of docking mechanisms disposed on the first
and second distal ends,

a secondary wing disposed on the fuselage aft of the
forward wing, and

a parent flight propulsion system;

a plurality of UAV child modules each having a child
flight propulsion system and a child docking mecha-
nism, wherein the docking mechanisms of the plurality
of UAV child modules are configured to connect to the
plurality of docking mechanisms of the UAV parent
module, wherein the UAV child modules form an
integral part of the forward wing and extend the wing-
span of the forward wing; and

wherein the first flight configuration comprises connect-
ing the UAV child modules to the UAV parent module,
wherein the second flight configuration comprises
separating the UAV child modules from the UAV
parent module during aerial flight and the UAV child
modules achieving flight independently of the UAV
parent module, and wherein the UAS is capable of
returning to the first flight configuration from the
second flight configuration during aerial flight.

19. The modular UAS of claim 18, further comprising a
main battery positioned within or connected to the fuselage,
wherein the propulsion devices are powered using electrical
energy from the main battery.

20. The modular UAS of claim 19, further comprising: a
plurality of radio frequency (RF) transceivers connected to
the UAV parent module and each of the UAV child modules,
wherein the UAV parent module and the UAV child modules
are configured to remotely communicate with each other
using the RF transceivers during at least the second flight
configuration.
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