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1. O003Ha4YeHUs1 M COKPAIIEeHUS

Tabmuma 1. Ilepeuenb cokparieHui.

Cokparenne Pacumdposka
ACY ABHaIMOHHAS CUJIOBAsl yCTaHOBKA
BAC becnunotHas aBuanioHHas cucTeMa
BBC becnminoTHOE BO3AYIIHOE CYyTHO
BILJTA becnunoTHeIi JieTaTenbHbIA annapaT
BK beckosnekTopHbIi
BBC BoO€HHO-BO3AYIIIHBIE CHIIBI
Bo1II BunT QukcupoBaHHOro mara
BO BeprukansHoe onepeHue
BIIIIT BsnerHo-nocano4nas nosuoca
BIIX B3nétHO-n0Ca104UHBIE XapAKTEPUCTUKU
I'JIOHACC ['mo0apHas HABUTAIMOHHAS CIYTHUKOBAs CHCTEMA
o T"'opuzoHTaIBEHOE ONlEepeHne
JOCAAD Jo6poBosibHOE 001IECTBO COJICHCTBUS apMuH, aBuaiun U oty Poccun
ABC JlBuraTenb BHYTPEHHETO CTOPAHUS
XKP]] JKunkocTHBIN pakeTHBIN ABUTATEIh
nc HNHurerpanbHas cxema
Kb KonctpykTopckoe 6ropo
KILJ Koaddumment noneznoro neiicTpus
KITH KoHCTpyKTHBHO-TIPOM3BOICTBEHHBIH HEAOCTATOK
JIA JleraTenbHbIl annapar
JITX JIéTHO-TeXHUUECKUE XapAKTEPUCTUKU
JIDI JIunus snexTponepenaun
Iro Ilepennee ropu3oHTaNBbHOE ONIEPEHHE
I1K IToneTHbIN KOHTPOJLIIED
110 [TporpamMmmMHOe obecieueHme
POb PagnosnextponHas 6opbda
CAX Cpenusis adpoauHaAMUYecKas Xopaa
CBBII CaMoseT BepTUKAJIBHOIO B3JIETa U OCAJIKU
TP TypOopeakTHBHBIN IBUTATETH
TP TypOopeakTHBHBIN JBYXKOHTYPHBIH TBUTATENH
TTT TakTuko-TexHuIecKre TpeOOBaHUS
HIro [1enpHONMOBOPOTHOE TOPU30OHTAIBHOE OIIEPEHUE
ucC UpesBblyaiiHas CUTyal s
MM IupoTHO-uMIyIbcHast MOAYIsiMs (0T aHri. pulse-width modulation (PWM))
OTX OKCIUTyaTallMOHHO-TEXHUYECKHUE XapaKTEPUCTUKHU
AUVSI Or anrn. Association for Unmanned Vehicle Systems International —
MesxayHapogHast acCOMalisi OECIMIOTHBIX TPAHCIIOPTHBIX CUCTEM
BEC Or anru. Battery Eliminator Circuit — cxema oTkiroueHus 6arapeu
ccw Or anrn. Counterclockwise — mpoTHB 4acoBO# CTPEJIKH
CR OTUaHl"JI. Close Range — kiacc taktndeckux BITJIA GnmkHero paanyca
JeicTBHS
Cw Ot anri. Clockwise — mo yacoBoii cTpenke
DEC Ot anrn. Decoys — knace BIUIA «r1oXHBIE 1TETTHY
ESC ot aurJ. Electronic Speed Controller — anexkTpoHHbIH KOHTPOJLIEP CKOPOCTH




[Iponomxenue Tadaums 1.

Coxkpaienue Pacmmndposka
EURO UVS Or anrn. European Association for Unmanned Systems — EBpomnetickast
accolmanys 1o OecUIOTHBIM CHCTEMaM
EXO Or anri. Exo-stratospheric — kiacc sk3ocTpatocdepsx BITIIA
FPV Or anri. First Person View — BuJ1 OT IEpBOTO JIMIA
FC Or anra. Flight Controller — nonerHsiii KOHTpOILIEP
GPS Ot anra. Global Positioning System — cucrema rino6ansHOTO
HO3ULIMOHUPOBAHHUS
HALE Or anra. High Altitude Long Endurance — kiracc ctparern4eckux BHICOTHBIX
BILJIA c Gombloii NpoJ0IKUTELHOCTHIO MOJIETa
IMU Or anrn. Inertial Measuring Unit — uHepIranbHblil K3MEPHUTEIBHBIH 00K
L ADP Or anri. Low Altitude Deep Penetration — ximacc manossicotasix BITIA mus
NPOHUKHOBEHUSI B [NTYOUHY 000POHBI IPOTHBHHUKA
LALE Or anra. Low Altitude Long Endurance — kiacc manoBsicoTHbIX BITJIA ¢
0OJIBILION MPOIOIKUTEILHOCTBIO MOJIETa
LBEC Or anri. Linear Battery Eliminator Circuit — nuueiiHas cxemMa OTKIIOUEHHS
OaTapen
LET Or aura. Lethal — knace BIUIA neranbHOro neicTeus
LiPo Or anru. lithium-ion polymer battery — nutuii-nosaumepHsie 6atapeu
MALE Or aurn. Medium Altitude Long Endurance — kiace cpenseBbicoTHbix BITIA ¢
00JIBLION MPOIOIKUTEIBHOCTIO MONETA
MR OTVaHFJ'I. Medium Range — kiacc taktudeckux BITJIA cpeanero paanyca
JCUCTBUS
MRE Or anrn. Medium Range Endurance — kiacc taktudeckux BITJIA cpemrero
paauyca AeicTBUs ¢ OONBIION MPOIOIKUTEILHOCTHIO MOJIETA
OSD Or anrn. On Screen Display — oToOpaxeHue Ha SKpaHe
PDB Or anrn. Power Distribution Board — ruiata pacnpesesieHus HUTaHUs
PID Or anru. Proportional-integral-derivative — npomnopunoHanbHO-HHTETPaIbHO-
G hepeHInP YOI
RX Or anrn. Receiver — nmpueMHHK
SBEC Or anri. Switching Battery Eliminator Circuit — ummysscHas cxema
OTKITIOUCHHsI OaTapen
SR Or anri. Short Range — knace Takrudeckux BITJIA manoro paauyca aeicTus
STRA Or anra. Stratospheric — kiacc crpatocdepusix BITJIA
X Or anrn. Transmitter — nepegaTyuk
UART Or anrm. Uniyersal"Asynchronous Receiver/Transmitter — ynuBepcanbHbIit
ACHHXPOHHBII NPUEMOTIEpEIAaTINK
UBEC Or anri. Universal Battery Eliminator Circuit — yauBepcaipHas cxema
OTKJIIOUCHHS OaTapen
UCAV Or aHru. Unvmanned Combat Aerial Vehicles — 6ecrimnoTHblii 60eBoit
JieTaTeNbHBIN anmapaT
USB Or anrn. Universal Serial Bus — yHuBepcanbHasi moclieioBaTesbHas IIMHA
VTOL UAV Or anrn. Vertical Take-off and Landing UAV — BITJIA ¢ BepTHKaIbHBIM

B3JIETOM U IIOCAagKOU







3. UcTopusi aBTOHOMHBIX I10JIETOB

C nauwanom XXI| Beka neratomme BIIJIA u HazemHBIE POOOTHI CTPEMHUTEIHLHO
BOPBAJIMCh B TPAKIAHCKYIO XU3Hb M Jaxe B ObIT yenoBeka. Omnako uctopusi BILIA
HAYMHAJIACh KaK Cyry00 BOCHHAS MTPAKTHUKA.

MupHoe Haya10

Uctopus BIIJIA naumnaercs B 1783 rony, xorga 5 utons Oparbs OtheH U XKozed
Mosnronb(be MOMHSIN B BO3IYX Iap, HAMOJIHEHHBIA IbiMOM (puc. 1). Jlmamerp Hecymei
obonouku ObLT 3,5 MeTpa, a Bec Bcero ammapara — 154 xkumorpamma. [llap mpoaepsxancs B
BO3/yX€ OK0JIO 10 MUHYT, IIPX 3TOM OH MOAHSJICA Ha BbICOTY 1o4YTH 300 METPOB U MpOJIETEN
okoJio kuimomerpa. Hauano ObUIO MOJIOKEHO, OpaThs 3aAyMaluCh HaJ Pa3BUTHEM IPOEKTA.
Bropoii 3anmyck B ceHTA0pe TOro e roja ctai 06osee 3peMiIHbIM: K Iapy Obliia MPUKpEIUieHa
KOp3WHA, B KOTOPOW MOMECTHJIUCH IIEPBbIE MACCAXHUPbl OECHHJIOTHOIO JIETATENIbHOIO
ammapara: 0apaH, yTka u netyx. [loneT amuicst § MUHYT Ha TUCTaHIIMHU OKOJIO 4-X KHUJIOMETPOB.
BoznymHbie mapsl, BIIOCICICTBUU HA3BaHHBIC JUPWKAOISAMH, CHITPAIH OOJBIIYIO POJIb B
HCTOPUHU aBUALMM, HO MMEHHO OECHUJIOTHBIE JIETaTeJbHbIE almapaTbl CTald HACTOSIIEH
HaXOJIKOI B BOGHHOM JieJIe.

e ‘
-  Spamsis llowson
e e

o R

Xozed n 3TbeH (rpastopa XIX B).
Puc. 1. bpatbst MoHronbs(be 1 UX BO3AYIIHbIN O€CIIUIOTHBIN 1Iap

ITepBblii 60eBOI OecIMIOTHBINM JieTaTelbHbIN annapar: 6om0apaupoBka Beneuun B
1849 rony

Hauanom BoenHnoit uctopun BIIJIA moxxHO cuutath MTanbsHckyto peBostonnio 1848
— 1849 romoB. Ilockonbky MecCTHBIE YCIIOBUSI penbeda HE MaBaal BO3MOXKHOCTH IS
¢ dekTHBHON pabOThl apTUIUIEPUH, KOMaHAOBAaHWE AapMHUU 3aIyCTHJIO HaJl BOCCTaBIINM
rOpoJIOM JIBa a’pocTaTa, HAaYMHEHHBIX OoMOamu. BozmymiHbple mapsl OBUTH OCHAIIIECHBI
MEXaHW3MaMH JJII aBTOMaTU4YeCKOro cOpackiBaHusi OoemnpumnacoB. I xoTe 6GoMmOapampoBka
0c0o00T0 ycrexa He pUHECTa, BEHEIIMAHIIbI ObLIN B TAHKKE, a IeHb 12 utons 1849 roga Bomen
B UCTOpHIO, Kak JieHb 00eBbix BITJIA.



Hukouaa Tecsia u mepBasi JioAKa HA pagHuOyNPaBJIeHUH

Konen XIX Beka mpumiesncs Ha oTkpbiThs B OBIIJIAcTH 351ekTpryecTBa u paino4acTor.
N3BecTHbI hu3uk, nHKeHep u n300perarens Hukona Tecna (puc. 2) B 1898 romy Ha BeICTaBKe
B Mbmucon-cksep rapmene (Hpio-Hopk, CIIIA) IeMOHCTpHpYeT IEpBYIO JOAKY Ha
paauoyIpaBICHUH.

Puc. 2. Hukomna Tecna

Hecmotps Ha yaauHble ONBITHI, BTOPHIM OOEBBIM PaJiMOYIIPaBISIEMbIM OCCIMIOTHBIM
anmnapaToM CTaHOBUTCS HE CYAHO, a BOEHHBIH camoner. AMmepukanen Yapnb3 Kerrepunr B
1917 rony co3nmaer «ietatonryro 6omMOy». 1o 3ambicity n3o0OpeTaTesns, camoJieT, HAaYNHEHHBIN
B3pBIBYATKOM, YITPABIISIETCS HE MUJIOTOM, a YACOBBIM MEXaHU3MOM. B 3apaHee onpenenéHHbIi
MOMEHT BpEMEHHM OH cOpachIBaeT KpbUIbS U KaMHEM IajiaeT Ha rojoBy Bpara. Maes Harmia
nopaepxky B mpaButenscTBe CIIA. IlpoexT momydnmn ¢uHaHCHMpOBaHHE, HO HECKOJIBKO
HEYJauHbIX «OOMOapAMPOBOK» MPUBEIU K TOMY, YTO MPOU3BOJICTBO «OECIUIOTHBIX OOMO»
OBbUIO MIPHOCTAHOBIIEHO ellie 10 Havyana [lepBoit MupoBoit BOWHBI.

Queen Bee: pogonauanbnuk Bcex BILJIA

[IpopeiBOM a1 panuoymnpaBisieMblX OecnuIOTHHUKOB cTan 1933 rojx, koTopblit
opUIMATBEHO CUMUTAETCS] POJOHAYAIbHUKOM BCEX JallbHEHIINX pa3paboTok. VIMEeHHO B 3TOT
roJi cujiaMu MHXeHepoB BennkoOputanuu 0w pazpadbotan nepsbiii BITJIA MHOroKpaTHOTrO
ucnonbs3oBanus. [Ipoekt momyunn vazsanue DH.82B Queen Bee (pa3pabotuuk [xeddpu ne
Xoswmnenn (27.07.1882 — 21.05.1965)) u npeacrasisii co00l OTPECTaBPUPOBAHHBIC MOJICITH
6uranoB Fairy Queen, KOTOPBIMH JMCTAHIIMOHHO YIIPABIISIIN ¢ KOpaOuis Mo paanocuryany. 1
MMEHHO 3TOMY OECITUIIOTHUKY OBIJIO CY>KJIEHO CTaTh CAMOJIETOM -MHILIEHBIO JJIs1 OYIYIIMX aCOB
n 3eanTunkoB. DH.82B Queen Bee (puc. 3) ciyxun BBC ee Bemmuectsa ¢ 1934 rona mo 1943.



Puc. 3. bectiunotuslii paguoymnpasisiembiit camonér DH.82B «Queen Beey»

C nauanom Bropoit MupoBoii 6ecriuIoTHbIE JIeTaTelbHbIE almnapaTsl A HYXK1 apMHUH
CTalli BbIycKaThcsi MaccoBo. OnHM U3 OcHOBHBIX Bororommx cropoH (CCCP, CIIA u
I'epmanusi) He pa3 oOpamanuch K yciayraM OecHUIOTHOM aBUAIlUMH, OIIyIIas €€ SBHOE
MPEUMYIIIECTBO Ha/l MUJIOTUPYEMBIMHU anapaTaMu:

e CIHA B 1939 roay maccoBo BeITycKaroT (Oojee 14 ThIC. SIK3EMIUIIPOB) paaUoOIIIaH
tuna Target — monenb QQ-2, KOTOPHI MPUMEHSIICS B KAUECTBE MUIICHU PU 00y4EeHUU
MTUJIOTOB,;

e [I'epmaHus mpoekTHUpyeT W HUcCHonb3yeT pakerel Pay-1 m Pay-2 (mepBas B mMupe
OayucTHYECKasl pakeTa), paaunoynpasisiembie 60MObl Henschel Hs 293 u Fritz X;

e CCCP B 1941 rogy ucnomnbp3yeT TspKenblii OecnuioTHbIM OomOapaupoBmuk Th-3

(6oee 750 K3eMILISPOB).

ITocne Bropoit MupoBoii BolHBI GECCIIOPHBIM JHJIEPOM B pa3paboTKe U MPUMEHEHUH
BIUJIA cuntatotcst CIIIA. Tak, 6ecnuioTHbIE JeTaTebHbIE aIlMapaThl YK€ MHOTO JIET CTOST
Ha BOOPYKEHUU aMEPUKAHCKOW ApMHUH HapaBHE C NMUJIOTHUPYEMBIMH aNIapaTaMH.

I'paxknanckue BIIVIA

WcTopus pa3BuTus rpakJaHCKUX OECIUIOTHBIX JIETATEIbHBIX allIapaToB OEpET OTCUET
¢ Hayaia XXI| Beka, Korja noixy4usiu mupokoe npumeHenre FPV-cucremsl 1 BugeochEMKa ¢
kBazapokonrtepos. Ilomynsaprocts sToro Buga BIIJIA 3acTaBuina npaBUTENbCTBa MHOTHX CTPaH
3aJlyMaTbcs O 3aKOHOAATEIBbHOM PETYJINPOBAHUM UX IPUMEHEHHUS. YIKe ceiluac MpakTUKYeTCs
noctaBka BIIJIA rpy3oB, c6op pa3nuuHoil HHGOpMALUU Ha OOJBIIMX TEPPUTOPHUAX, adPO- U
¢dorocremka. Bo3MOKHOCTH OECHMIIOTHBIX JIETATEIbHBIX allapaToB BCE €Ile MU3y4yaroTcs, a
caMH armaparbl — COBEPIIEHCTBYIOTCS.

3.1. llosiBIeHHEe MUKPOCXEM

Uctopus coznanus unterpanbHbix cxem (MC) 6ep€T cBoE Hauano co BTOPO MOJOBHHBI
YXOMAAIIEro cTojeTs. VX mosiBieHHe OBLI0 OOYCIOBICHO OCTPOW HEOOXOAUMOCTHIO
MTOBBIIICHUS HAAEKHOCTHU alapaTypbl 1 aBTOMAaTH3aI[MH TTPOILIECCOB U3TOTOBJICHUS U COOPKH



AIEKTPOHHBIX cxeM. COopka ammapaTypbl B TO BpeMs Oblia NMPEUMMYLIECTBEHHO PYYHOH —
BeCbMa TPYHOEMKOH, JUIMTENbHOM M OYEeHb IJIOXO MOAJAIOIIEICs aBTOMAaTHU3ALUU.
MHOroKpaTHO YBEJIMYMUIIOCH YUCIIO MEPEKIIOYAIOIUX IPUOOPOB B IIM(PPOBOM 000PYAOBaHUH,
0co0eHHO B KOoMIbIOTepax. [Ipr 3TOM pe3ko CHU3MIIACh HAAEKHOCTh U BpeMsi HapaOOTKH Ha
otka3. Tak, kommbiotep Tuna CD1604, BbmymenHsiii B 1960 r. amepukanckoil ¢upmoit
Control Data Corp., cogepxan okono 100 Tbic. 1MOI0B M 25 THIC. TPAH3UCTOPOB U MOT
0e30Tka3HO paboTaTh HE Oojee 2—3 YacoB.

Hpyroi npuunnHoit coznanust MC crana TexHosornyeckass BO3MOKHOCTh pa3MeIeHUs
Y COEMHEHUS MEXKAY CO00M MHOXKECTBA AJIEKTPOHHBIX KOMIIOHEHTOB: JHOO0B, TPAaH3UCTOPOB
Y IPOYMX Ha OAHOM IUIaCTUHE MOJYIMPOBOAHHKA.

Konnenuus MC 6Obuta mpemiokeHa 3afoiro J10 MOSBJIECHUS TPYIMIOBBIX METOJIOB
W3TOTOBIICHHS TIOJYIPOBOAHUKOBBIX TpuOOpoB. B 1952 romy Ha KoH(epeHIHMH IO
JJIEKTPOHHBIM KOMIIOHEHTaM, IIPOXOAMBIIEW B BammuHrrone, corpyaHuk bpuraHckoro
KOPOJIEBCKOTO PaHOIOKallMOHHOT0 yipasienus B Mansepue [xedhdpu Jammep npencrasun
JOKJaJ O HaA&KHOCTH JJIEMEHTOB PAJUOJIOKALIMOHHOM —amnmaparypsl, COAEpKaBLIEH
npopoueckoe yrepxkiaeHue: "C mosiBaeHueM TpaH3ucropa U pabor B obIIJIAcTu
MIOJyIIPOBOJITHUKOBOM ~ TEXHUKHM BOOOLIE MOXXHO cebe MpenCcTaBUTh  AJIEKTPOHHOE
o0opyZoBaHuE B BUJE TBEPAOro 0JI0OKA, KOTOPOE HE CONEPKUT COCIMHUTEIBHBIX MTPOBOJIOB.
OH MOXET COCTOSATh H3 CJIOEB HU3O0JIMPYIOIUUX, IPOBOASINMX, BBIIPAMISIOIUX U
YCWJIMBAIOIUX MAaTEPHAJIOB, B KOTOPBIX OIpEIEIEHHbIE YUACTKH BbIPE3aHbl TAKUM 00pa3oM,
9TOOBI OHM MOTJIM HEMOCPEJCTBEHHO BBITIOIHATE dJIEKTpUIecKre GyHKInu".

[Tepsrie B Mupe MC Obutn pa3paboTanbl U U3roToBieHb! B 1959 rony amepukanuaMmu
Jbxekom C.-K. Kunbu (dpupma Texas Instruments) u PoGeprom H. Hoiicom (Fairchild
Semiconductor) He3aBUCUMO APYT OT Apyra.

B mae 1958 r. xex Kunbu nepemén B pupmy Texas Instruments (TI) u3 dpupmel
Centralab — B Heil OH BO3MNIABISUT NPOrpaMMy IO pa3pabOTKE CIYXOBBIX AaIapaToB, IS
KOTOpbIX (upMa co3jaja HeOONbIIoe MpeInpuaTHe IO CO3JaHUI0 TepMaHHEBBIX
TpaH3ucTOpoB. Y>ke B utone 1958 r. Kwnbu npumuia B ronoBy unpes coszganus WMC. U3
MOJTYTTPOBOTHUKOBBIX MaTEPUAIOB YK€ YMEIH M3TOTaBIUBATh PE3UCTOPHI, KOHACHCATOPHI H
TpaH3ucTOphl. OCTaBAIOCh TOJBKO HAYYHTHCS CO37aBaTh TAaKHE IEPEXOIbl B MOHOJIUTE
KpeMHHA. B HacTosiee BpeMsi TE€pMaHUEBBIE TPAH3UCTOPHI MPAKTUYECKH TTOJHOCTHIO
BBITECHEHB KPEMHHEBBIMH, WMEIOIIMMHU JIydlIHe XapPaKTEPUCTHKH W TEMIIEPaTypHYIO
CTaOMIIBHOCTb.

Kunbu pazpaboran u npoBepui GyHKIHOHUPOBAHUE UHTEIPAIILHONW CXEMBbI, Jajiee OH
MOCTaBUII Iepe]] co00it 3a1auy pa3paboTaTh TPUITEDP, UCHOIB3YS MpeIblIyle HapaboTku. B
Hayvasie OKTs0pst 1958 r. oH Hauayn co3laBaThb KOHCTPYKIMIO TPUITE€pPa HAa OAHOM KYCOUKe
MOHOJIMTHOTO TepMaHusi. J[is ero mM3roTtoBieHHs] ObT MPUMEHEH METO]l (POTOrpPaBHPOBKH,
KoTopbIM Biagena gupma TI. B nauane 1959 r. rakas "tBépaas cxema" Obl1a U3rOTOBJICHA, a
B Mapte 1960 r. mpencraBieHa Ha BBICTABKE aMEpUKaHCKOro MHCTUTyTa paiMOVHKEHEPOB.
Kun6u nogan 3asBky Ha Bbinauy nateHta. Mapk lledepn, Torna Bune-npesuaeHt pupmsl T1,

10



OTMETHJI JJaHHYI0 padoTy Kunbu "kak HamOoliee 3HAYUTENBHYIO pa3paboTky dbupmbl Texas
Instruments co BpeMEH BbIITycKa KPEMHHEBOTO TpaH3UCTopa'.

OpHako, HECMOTpPSi Ha IIMPOKOE OCBELIEHUE IPECCO, ITO TOCTUKEHHE OBLIO
BCTPEUCHO BEChbMa CKENTHYECKH, XOTS OOJBIIMHCTBO KPUTHYCCKHX 3aMEUaHUU ObLIU
BEpPHBIMU:

® OrpaHWYCHUs, CBS3aHHbIE C MHTErpauudei (mapameTpsl  HMHIMBHAYaJIbHBIX
koMroHeHTOB VC Helb3s ONTUMU3HPOBATH);

e Brixod rogaeix MC osu1 menee 10%:;

e JIOPOTOBM3HA TOTOBOM MaTpuIiibl-oopasma MC;

® HEBO3MOXKHOCTb B MOCIIEAYIONIEM BUIOU3MEHSTh U J0padaThIBaTh CXEMY.

Muorue HenoctaTku "TBEPABIX cxeMm" ObLIN ycTpaHeHsl no3aHee Podeprom Hoiicom.
C smBapsa 1959 ropa, 3anumasice B ¢upme Fairchild Semiconductor (FS) uccnenoBannem
BO3MOXXHOCTEH IJIaHAPHOTO TPAH3UCTOPA, OH BIUIOTHYIO 3aHSJICS BBIABHHYTOM UM wujeeit
CO3/IaHUS WHTETrpabHbIX AU(G(GY3UOHHBIX WM HaMbUIEHHBIX Pe3UCTOpoB. Bckope Oblia
M0/IaHa COOTBETCTBYIOIIAs 3asBKa HA MATEHT, U pa3pabOTYMKU JIEMEHTOB B TECHOM KOHTAKTe
co creuuanucramu no ¢oronurorpadun Havyanu paboTaTh HAJl BOMPOCAMH COCIUHEHHS
1 Py3MOHHBIX PE3UCTOPOB M TPAH3UCTOPOB HA KPEMHHUEBBIX IIACTHHAX.

Pa3zpabotku UC cranu nponsuratsest OpicTpeiMu TeMnamMu. @upma FS npurnacuna B
KayecTBe paszpaborumka cxem Pobepra Hopmana u3 ¢upmsr Sperry. Podbepr Hopman Obin
3HaKOM C pE3UCTOPHO-TPAH3UCTOPHOM JIOTUKOM, BERIOPAHHOM B KaU€CTBE OCHOBBI JIJIs O yAyIen
cepun UIC — Micrologic. Dto 6bU10 Ha4aI0 HOBOII APHI.

3.2. KpaTkuii HCTOPUKO-TEXHHYECKHUI 0UYePK Pa3BUTHA CAMOJIETOB.

[Mporecc pa3BUTUS caMOJIETOB OOYCIIOBIICH B3aUMOCHCTBHEM MEXKIY HEMPEPHIBHO
PasBUBAOIUMUCH HayKOfI, IMPOU3BOJACTBOM U BKCHHyaTaHI/Ieﬁ, X B3aUMHBIM BJIMSIHUCM.
ITocTosiHHO YBCIMYUBAIOTCA CKOPOCTh U AAJIBHOCTD HOHéTOB, IIOBBIIIACTCA 3HAYCHUC HeHeBOﬁ
Harpy3KH, YJIY4IIarTCs XapaKTePUCTUKHU JIBUTATENICH, BO3pacTaeT Yuciio (yHKIMH OOPTOBOTO
000py/IOBaHUS.

Kaxxnoe u3 cBOMCTB camoieTa MpONOpPLUUOHAIBHO Macce BEIIECTBA, 3aTPauye€HHOro Ha
(dbopMHpOBaHKE TAaHHOTO CBOWCTBA, a KO3()(PULIMEHT MPONOPLIUOHATBHOCTH OTPaXKaeT YPOBEHb
pa3BUTHUS HAyKM M TEXHUKU. OTO MO3BOJIIET B KauyecTBE KPHUTEPUEB MJIsi HCTOPHUKO-
TEXHUYECKOr0 aHallu3a Pa3BUTHS CaMOJIETOB BBIOMpATh 3HAUYEHHS OTHOCHUTEIBHBIX Macc
arperaToB U yacTell camMoJIeTa, TaK Kak OHM HEMOCPEJCTBEHHO CBSA3BIBAIOT BCE €r0 CBOMCTBA €
YpOBHEM Pa3BUTHUS HAYKH U TEXHUKH.

Pa3zButne 0Te4eCTBEHHOM aBHUAIIUM MOKHO YCJIOBHO pa3ACInTh HA IICCTh IEPUOIOB.

Mepuon 1 (mo 1904 r.) xapakrepusyercss NOMBITKAMH MHOTHX HCCIeAO0BaTeNIeH
MOCTPOUTH ammapar TsDKeJee BO3AyXa M Ha HEeM MOAHAThCA B BO31yX. McTokM 3TOH uieu
YXOJAT BriyOb BEKOB. MI3BECTHO, UTO 3Ty HJEI0 pa3pabaThiBaji B cpeaHue Beka JleoHapno na
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Bunuu, 3arem yxe B 18 cronerurn M.B. JIoMOHOCOB, MOCTPOUBIIMI ¥ UCOBITABIINNA MOJIETH
npoobpaza Beprosnera. OnHako ToiabKO B 1881 . Haml COOTEUYECTBEHHUK AJIeKCaHAP
®enopoBud MoKaliCKUM TMOMYYUII NMATEHT, a 3aT€M IOCTPOMJI M HCIBITAI JIETATEJIbHbBIN
anmapaTt, UMEBIINI MPAKTUYECKH BCE AJIEMEHTHI COBpeMeHHOro camonera (puc. 4). Jary
WCIBITAHUS JTOTO CaMOJIETa C YEIIOBEKOM Ha OOpPTY MPUHSATO CUMTATh HAYAIOM Pa3BUTHUS
aBHaNMU. JTO OBLI IEPBBIA B MUPE CAMOJIET, B KOTOPOM OBUIN MPAKTUYECKH YAOBICTBOPEHBI
YCIJIOBUS CYLIIECTBOBAHUS CAMOJIETA.

Puc. 4. Camonér A.®. Moxkaiickoro

Iepuoa 2 (1904 — 1914 rr.) xapakTepu3yeTcsi FOCMOICTBOM 3MITUPHYECKOTO TOX01a
K CO3/IaHUIO caMoJjieTa Ha 0a3e MeTOJ0B MPSIMOI U KOCBEHHOW aHAJIOTHi, YTO OTPa3swiIoCch B
BUJIOBOM MHOT000pa3uyl CaMOJIETOB, OTCYTCTBUM YCTOWYMBBIX 3HAUEHUH OTHOCHTEIBHBIX
Macc. [laneHme 3HaueHHs «OTHOCUTENBHOM Macchl IutaHepa» ¢ 0,6 no 0,4 cBs3aHO C
HAKOIUICHHEM OIbITa IOCTPOMKM CAMOJIETOB M INUPOKHM HCIOJIb30BAaHUEM METOJMOB,
MaTepUajIoB M  KOHCTPYKTUBHBIX pemeHuid w3  apyrux  obllJIAcreit  texHuku
(kopabirlecTpoeHue, aBTOMOOWJIECTPOCHHE, MOTOCTPOCHWE W  T.J1.). YMCHBIICHUE
«OTHOCUTENBHONU Macchl cuiioBoil yctaHoBku» ¢ 0,31 mo 0,25 cBsi3aHHO ¢ NMpUMEHEHUEM
JBUTATENC BO3AYIIHOTO  OXJAXJEHUS, COBEPIIEHCTBOBAHMEM CIOCOOOB  BOJISIHOTO
OXJIaX/IEHUs], TIOBBIIIEHHUs 4KciIa 000pOTOB JIBUTATENEd, CO3AaHUEM CIEIHATU3UPOBAHHbBIX
aBHALIMOHHBIX MOTOPOB Ha 0a3e aBTOMOOMIIbHBIX.

[ToTpebHOCT,  coBepiieHusi 0Ooyiee  MPOJOIDKUTENBHBIX TOJETOB, a TaKXkKe
WCIONIb30BAaHUs JIBUTATENC C BO3AYIIHBIM OXJaKICHHEM, CHIKAIONIMX H3-3a OOJBIIEro
COTIPOTHUBIICHUS a’pOJMHAMUYECKOE KadecTBOo camosieta (pasgen 4.13), orpasmiock Ha
YBEIIMYCHUN «OTHOCHUTEIBHOW MAcChl TOTUTNBAY.

[Tepuon 2 xapaktepuszyeTcs yBEIMUEHUEM TIOJIE3HOM OT/IaYM «OTHOCHUTEIHLHON MacChl
1IeTIEBOI Harpy3KW» B CBSI3M C TPEOOBAHNEM UMETh Ha OOPTY BTOPOTO WICHA dKUIIaXa (MUI0Ta-
HaOII01aTeNs ), YCTAHOBKH OPYXKHUsl Ha OOpTy M OOEMPHUIACcOB sl BEACHHS BO3AYIITHOTO 0Osl.
Cpenu KOMITIOHOBOYHBIX CXEM ATOTO MEPHOa — MOHOIUIAHKI C TSHYIIIUM BUHTOM HOPMaJIbHOM
CXEMbI, OWIUIAaHBI C TOJKAIOUIUM BHHTOM, PACIOJIOKEHHBIM TMO033JH KPBUIHEB, OHUILIAHBI C
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TSHYOIAM BHHTOM ¥ XBOCTOBBIM OIICPEHHEM, CBSI3aHHBIM C KPBUIBSIMH TIPH TIOMOIIH
CTEP)KHEBBIX (hepM.

[Tnanep camosera npeAcTaBiIsil cOO0M AEpeBSHHBIN (PepMEHHBIA KapKac, OOTSIHYTHIHA
MOJIOTHSHOW OOINMBKOW C IIMPOKUM HCIONB30BaHUEM pacuanok. Jleranm kapkaca iaubo
CKJICUBAIMCh MEXY COOOM, TINOO CKPEIUITUCH METAJUIMYECKIMH HAKIIaJKaMH.

[lepuon 2 — 3TO mepUOJ CTAHOBJICHUS SKCIIEPUMEHTAIBHON 0a3bl a9pOANHAMHYECKON
HAyK{, TIEpUOJ] HAKOIUIEHUS MAaTepHajoB O CIOCO0aXx M METoJaX KOHCTPYHPOBAHHUSA U
IIPOEKTUPOBAHUS CaMOJIETOB. DTOT MEPUOJ CBSA3aH C IJIOJOTBOPHOW EATEIBHOCTBIO TAKUX
yuenblX, kak Hwukomait Eropowu XXykosckuii (17.01.1847-17.03.1921, puc. 5) u ero
yuenunku: Cepreit AnekceeBndy Yamasirun (05.04.1869-08.10.1942), Bnagumup IlerpoBuy
Beruunkun (29.06.1888-06.03.1950), bopuc Huxonaesuu FOpbes (29.10.1889-14.03.1957),
Annpeit Huxonaesuu Tynosnes (10.11.1888-23.12.1972) u np., yTBEpAMBIIMX HPUOPUTET
PYCCKMX YYEHBIX B pPa3pabOTKE MHOTHX BOIIPOCOB AaBUAIIMOHHOW HAYKH W TEXHHUKH.
[TocTpoiikoil caM0JIeTOB 3aHMMAOCh TOTJAa MHOIO DHTY3MAacCTOB. 3aciy’KMBalOT BHUMAaHUE
pabotsl  [Imutpus [laBmoBuuya ['puroposmua (25.01.1883-26.07.1938), Bacunus
Annpuanosuua CriecapeBa (05.08.1884-23.07.1921), SsIlkoBa MogaecroBuya ['akkess
(30.04.1874-12.12.1945), MWrops WBanosuua Cukopckoro (25.05.1889-26.10.1972),
0COOEHHO YEeThIPEXMOTOPHBIE 60MOapANpOBLIMKH «Pycckuii BUTA3b» 1 «Wibst Mypomeny». U3
MHOCTPAaHHBIX CaMOJIETOB B CepUHHOM Mpou3BoAcTBe B Poccum Torzna ObLIM caMoJIeThl
«®apman», «Byasen», «Hpronop», «Mopan», «biaepuo» u p., KOTOPHIE BBIIYCKAINCh Ha
Pa3IMYHBIX NPEANPUITUIX TakuX, Kak «AO Jlykey», «Anatpay, «Jlebenes» u T.x1.

Puc. 5. H.E. XXykoBckuit

Iepuoa 3 (1914 — 1935 rr.) ompenenser Hayajao MPAKTUYECKOTO HCIOIb30BAHUS
aBHallUMd B MHTEpecax YJOBJIETBOPEHHUs MoTpeOHocTel obmiectBa. IlepBas mMupoBas BoiiHa
BBISIBIJIA BO3MOXKHOCTH €€ YCIIELITHOT'O MCIIOJIb30BaHMsI B BOCHHBIX IiensiX. Onpeaenuiucsy u
Hayaiau OBICTPO COBEPLICHCTBOBATHCS TaKWE THUIIBI CaMOJIETOB BOCHHOTO Ha3HAYCHMs, KaK
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pa3BeAUUKHU, UCTPEOUTENH, OOMOAPAMPOBIINKHN, TPAHCIIOPTHBIE. DTO TEPHOJ] NaTbHEUIIETO
pasBUTHSI ~ DKCICPUMEHTAIBHON  a’pOJMHAMHKH, COBEPIICHCTBOBAHHS  JIBUTATEICH,
KOHCTPYKIIUH, pa3pab0OTKH METOJIOB IIPOCKTHPOBaHUs Ha 0ase repecuera KO3 PpHUIMEHTOB HITH
METOJIOB MPOTOTUIHPOBAHUS. Y BETUUYCHUE HCIIOIH30BAHUS aBUAIIUU CBSI3aHO C IIEPEX0JIOM OT
JICPEBSIHHBIX KOHCTPYKIIMI K CMEIIAHHBIM, & 3aTEM U K IIeIbHOMETAIUTMYECKUM. B 1epeBIHHBIX
KoHCTpyKuusx npeoblJIA nanu ¢pepMeHHO-pacyaiouHbie (DIO3EISIKA U KPBUIbS C OOITUBKON
HOCOBBIX YacTei Jimcrtamu (anepsl. [l CMENIaHHBIX KOHCTPYKIIMIA XapakTepHbI ()epMEHHBIE
CBapHBIC KapKackl (CTalbHbBIC TPYObl OKA3aJIUCH JICIICBIIC U IPAKTHYHEE JACPEBIHHBIX OPYCKOB
U IJJAHOK, OCOOCHHO MPHU MHOTOYHMCIICHHBIX y3J1ax) U (paHepHbIe OOIIMBKH IO KapKacy U3
METAJUIMYECKHUX U TIOPATIEBBIX TPYO.

B nepBoit monoBuHe 1930-X IT. MOSIBUIKCH IHEIbHOMETAIIMYECKUE CAMOJIETHI C
KECTKOI MeTaJuTmuecKoi ropprupoBanHoi o0mmBKoi. llaccu, B ocHOBHOM, HeyOupatromieecs
c cucremMou oOTekaTenei, IIHYpOBOM PE3WHOBOW M IJIACTUHYATOM aMOpTHU3AIUEH.
Bospactanne ObUT0 00YCIOBICHO YAOBICTBOPEHUEM TPEOOBAHMIA, JIETaTh OBICTPEE H BBIIIIC.
XapakTepeH mepexoj Ha BhICOKO0OOpoTHBIE MOTOPEI — 0T 1400...1700 06/MuH BO BTOpOIA
nosioBuHe 1920-X rr. 1 10 2400 06/MuH B niepBoii mojoBuHe 1930-x TT.

Puc. 6. llenbHOMeTammnueckuii camoner AHT-2

B 3T0 BpeMs HauMHAIOT MCIIOJIB30BaTh BO3YIIHbIE BUHTHI C IEPEBIHHBIMHU JIONACTSIMH,
a 3areM c JopaleBbIMU ¢ (ukcupoBaHHbIM marom (BOII). [lns ykazanHoro mnepuoaa
XapakTepHa HEKOTopas CTaOWJIBbHOCTb 3HAUYEHUM, YTO OMNpENENseTcs, ¢ OJHOW CTOPOHBI,
BO3pacTaHHeM TpeboBaHM K o0ecrieyeHnto 6osee MpoI0JHKUTENBHOTO MOJIETa, a C IPYroil —
CHIDKEHHEM XapaKTEpUCTHK YJENbHOIO pacxoja TOIUIMBA JBUraTened. BBuay Ttoro, 4ro
YBEIUYMBAIOLINECS 3HAUYCHHS JIETHO-TEXHIUUECKUX Xapakrepuctk (JITX) camonera yxe camu
no cebe MOBBHIMIAIT ero 3PQPEKTUBHOCTb, OBUTH HECKOJIBKO CHUIKEHBI TEMITbl OCHAICHHS
CaMOJIETOB CHENMAaJIbHBIM aBUAIIMOHHBIM BOOpYKeHHEM. Bce 3To oTpasuiock B kojeOaHHUIX
BenuuuH. [{enecooOpasubiMu i1 pa3BuTHs aBuanuu B Poccun B Havanme 20-X roloB cTtainu
pelieHrds O CO3JaHMM B CTpaHE MOUIIHOIO BO3AYIIHOTO (IioTa, 3akiloYaroliuecs B
O00BEIMHEHNN MEJIKMX aBUANPEINPUSITUA U OpraHu3allyuu MEepBbIX KOHCTPYKTOPCKUX OIOpo
A.H. Tynonesa nu H.H. ITonmnkapnosa, B co3ganuu L{eHTpanbHOro a3poruapoanHaMu4ecKoro
uHctutyta (LIAIT'M) u psna yd4eOHBIX BY30B M aKaJeMHUH Ui MOATOTOBKH CIIELUAIHCTOB
Bo3zaymHoro ¢iora u mpoBeieHUs HAyYHBIX UCClIeA0BaHMM. J[J1s1 3TOr0 neproja xapakTepHBI
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OMTUTaHBI KJIACCUYECKOM 0aTaHCUPOBOYHOM CXEMBI 1 CBOOOTHOHECYIITE MOHOIIJIAHBI, a TAK)KE
MOSIBJICHHE U IMIHPOKOE MCTIoIb30oBaHue ruapocamoiieToB. Camonersl A.H. Tymonesa AHT-1,
MepBbIi  1ebHOMeTa/uMYeckuii camosier AHT-2 (puc. 6), mepBblidi B MHUpE TSDKEIBIN
JIBYXMOTOpPHBII 6omOapaupoBimuk Th-1 cBo6ogHOHECYIIEH MOHOTUIAHHON CXEMBI, CAMOJIEThI-
uctpeourenu H.H. ITonukapriosa, yueOusiii camoner V-2 (ITo-2) u passemguuk P-5 (puc. 7),
cmeHuBIIMid camonet P-1, uctpeburtenn u ruapocamonetst [.I1. I'puropoBuua — Bce 3TO
caMOJIEThl TOTO IIEpHOJia, KOT1a Halla aBUAllMOHHAs IPOMBIIIEHHOCTD Ji€jiajla CBOU IIEPBbIE
maru. 13 3apy0exHbIX caMOJIETOB, UCIIOJIB30BaBIINXCS B Poccru B 3TH TOJIbl, — «HBIOTIOPHD»,
«HOHKEPCHI», «(POKKEpb» U Ap.

Puc. 7. Camonér-pazpenuuk P-5

IMepuox 4 (1935 — 1950 rr.) xapakrepusyercss OOpb0OOI 3a a’pOJAUHAMHYCCKOE
COBEpPIIEHCTBO CaMOJIETA, 3a YBEJIIMYEHHE MOLITHOCTEN MOTOPOB I POCTa CKOPOCTH U BHICOTHI
II0JIETA; CO3/IaHUEM CAMOJIETOB C 3apaHee 3aJaHHBIMU CBOMCTBAMH, IIPUJAHUEM UM CBOMCTB
00€eBOI1 JKUBYYECTH U HAJECKHOCTH; COBEPIICHCTBOBAHUEM CXEM CaMOJIETOB IIPH MEPEXOJE C
MOPIIHEBBIX HA ra30TypOMHHBIE JABUraTead. Y 00pKa 1IacCH MO3BOJIMIIA MOBBICUTH CKOPOCTb
nosera Gonee yem Ha 50 km/4. C poCcTOM YAENbHOW HArpy3ku Ha KpbLJIO HaMETUIIHCh
TEH/ICHIINH K PE3KOMY YXYALICHHUIO B3JI€THO-I10CaJOUHbIX XapakTepucTuk (BIIX), ocHoBHBIMU
napaMeTpamMH KOTOPBIX SIBJISIOTCS CKOPOCTh OTPBIBA, CKOPOCTh MOCA/IKH, CKOPOCTh 3aX0/1a Ha
MOCaJIKy, JJIMHA pa3dera, JuiMHa rnpo0era, B3JeTHas IUCTaHIMS U Apyrue. [[ns komneHcauun
HaJ0 ObUIO YBEIMUYMBATH HECYIIYIO CIOCOOHOCTH Kpbliia — KO3 GUIIUEHTHI TObEMHON CHUJIIBI
Ha B3JIETE U MOCaJKe. JTO IOCTUraloCh MEXaHHU3aIMel 3aHeil KpOMKH KpbLia (IogpoOHee o
MEXaHHM3alUKi KpbUTa ToBecTBYyeTCs B paszaene 4.4, puc. 29). T1osBISIOTCS MIUTKH, MPOCTHIC
3aKpBUIKY, IeneBble, 3akpbliku Daynepa. [Iporcxoaut nepexon or oOMMBKY TUNA TOOP K
cMelaHHoi (rogp, cBepXy MOKPHITHIN MOJIOTHIHOM JINOO (haHepHOH OOLIMBKOI), a 3aTeM U K
LEJIMKOM TJIa/IKOH MeTaJUTMYecKoi 00IIMBKe, o0ecTieunBaroeil rmaakocTb 00Bo10B. [npoko
UCTOJIB3YIOTCS 3aKJICNKU ¢ TOTAaHBIMM TOJIOBKaMH, JIMKBHUJIAIMS YCTYIOB, BMATHH U T. 1. B
KOHCTPYKLUU (Pro3essiKei cTpeMsTcsl n30exkaTh OOJIbIINX BHIPE30B, OpPOHS OOEBBIX CaMOJIETOB
BKJIIOYAETCS B OOINYI0 CHUJIOBYIO CXEMY, JIMKBUAUPYIOTCS Ppa3InyHbleé KOHCTPYKTHBHBIE
HAJCTpOMKHU, TOsBIsIOTCS (GoHapu KaOWH  KaruieoOpazHoil  (opMbl, pa3BUBaeTCs
KaloTUpOBaHUE JBUTaTesnel (KalmoTUpOBaHUE JBUTATe]ed BBINOJIHAETCS C  LENbI0
YMEHBIIIEHUS JIO00OBOIO COMPOTHUBIEHUS M CO3JaHUS HEOOXOAMMOH KOH(UTypanuuu
BO3/1yX03a00PHUKOB M BBIXJIOMHBIX YCTPOWCTB). YBEIUUECHHE MOUIHOCTH JBHTaTeNeil OBLIO
O0yCJIOBJIEHO  yBENMYEHHUEM 4YHCIa IMJIMHAPOB, HCHOJIb30BAHUEM  LEHTPOOEKHBIX
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HarHeTaTenei padodeit cmecu, TypobokommpeccopoB. Hampumep, coperckue uctpedurenu M-
15 u U-16, npousBoguBiuecs BO BTOpod mosioBuHE 30-X roJ0B, CEPUHHO OCHAIIAIHCH
MoauuKausaMu amepukanckoro asuratens Pait "Lukmon" R-1820F-3 MomntHoCThIO 625 J1.C.
[lepBpie OTEYECTBEHHBIC MOTOPHI SBJSUIMCH KOMHUSMHU OIKMCAHHBIX OOpa3IOB U UMENU
obo3Hauenne M-25. B nanpHeiimem, mocie A0pabOTOK U HEOAHOKPATHOTO (OPCHUPOBAHUS
yJ1aJ0Ch CYIIECTBCHHO YIYYIIUTh XapaKTEPUCTUKU JBHUTaTEINs, U B BapuaHtax M-62 u M-63
JIOBECTH €ro B3jieTHYI0 MOIIHOCTh 0 1000 u 1100 n.c. cooTBeTCTBEHHO. /151 MOBBIICHUS
KIIJl BuHTa HayMHAIOT MPUMEHATH BUHTHI m3MeHsemoro mara (BUII). Ha camonerax c
MOPUIHEBBIMU JIBUTATENISIMU HCIOJB3YIOT PEAKTHUBHBIM BBIXJION, TYHHEJIBHBIE pPaguaTOPbI.
OpHako BO3MOYKHOCTU IO YMEHBUICHHUIO YJEIbHOW MAacChl MOPIIHEBBIX IBUTATENeld ObLIN
ucYepnaHbl, JAIbHEHUIIEro pocTa CKOPOCTEH 3a CYeT YBETUYEHHS MOUIHOCTH MOPUIHEBBIX
aBUAJBUTATENICH YK€ HENb3sl OBLJIO MONYyYUTh, 3TO MPUBEIO K HEOOXOJUMOCTH TIepexo/ia Ha
TypOOpEeaKTUBHBIC IBUTATEIM. 3HAYCHHE YBEIMYMBAJIOCH CHaydaja M3-3a OIEPEkKAIOIIEro
pOCTa MOIIHOCTEW MOPITHEBBIX ABUTATEIICH M0 OTHOIIEHUIO K CHIYKCHHIO YIEIbHBIX PACX0JI0B
TOIUIMBA, a 3aTEM CTajJO PE3KO BO3PACTaTh C MEPEXOJ0M Ha TypOOpPEaKTHUBHBIC JIBUTATCIIN

(TPJD).

[lepBrle ucnonp3yemble Ha camojieTax TPJl umenu ouyeHb BBICOKHE 3HAYCHUS
yIEIbHOTO pacxofa TOIUIMBA, I[MO3TOMY Ja)Xe IpPU YMEHBIICHWU MOJETHOTO BpPEMEHU
MOTPeOHBIN 3arac TOMIUBA pe3Ko Bo3pacTan. C oAHON CTOPOHBI, pOCT 3HAYEHUH, U HE MOT HE
MPUBECTH K CHMKEHMIO JOJM 1ieneBoil Harpy3ku. C Jpyroil CTOpOHBI, 3aMETHO BO3pocia
3¢ (HEeKTHBHOCTH BOOPYKEHUS, © MOKHO OBLIO YMEHBIITUTH €r0 MacCy Ha CaMOJIETe.

CxeMbl caMoOJeTOB 4-TO MEpHOJa — MOHOIUIAHBI KJIACCHYECKON CXEMbl — TMOYTH
MOJIHOCTBIO BBHITECHUJIM caMoJIeThl OuriaHHbIx cxeMm. KomnonoBka nepBbix TP/l (nBurarenu
MOMEIAIM B HWKHEH 4YacTu (ro3enska) NMPUBOAWIA K MU3MEHEHHUIO OOlIe KOMIIOHOBKU
camosieta. Kpbuto pacrosarajgoch HajJ BO3AyX03a0OpPHHUKOM (JBHUTaTeneM), JJUHA CTOEK
IIaCCH M3-3a OTCYTCTBUSI BHHTA COKpAallajach, HAMETWIACh TEHACHLMS K INPUMEHEHHIO
TPEXONOPHON CXEMBI C HOCOBBIM KOJIECOM BMECTO T'OCIHOJICTBYIOIIEH 10 3TOTO TPEXOMOPHON
CXEMBI C XBOCTOBBIM KojiecoM. [IpunsaTeie nepen HavanoM Bennkoit OTedecTBEHHON BOWHBI
Mepbl M0 YIYYIIEHUIO Ka4eCcTBa M YBEIMYEHHIO YMCICHHOCTH MapKa CaMOJIETOB MPHUBEIN K
CO3JJaHUI0 HOBBIX KOHCTPYKTOpPCKHX Oropo moja pykoBojactBoM A.C. SxomneBa, A.M.
Muxkosina, C.A. JlaBoukuna, [1.0. Cyxoro u ap. YdeHble B T€ TroJibl YCHELIHO peIIaju
BOIIPOCHI, CBSI3aHHBIE C 00ECIIeUeHUEM MTPOYHOCTH aBUAIMOHHBIX KOHCTPYKIUI (pa3paboTka
METOZOB pacueTa CBOOOJHOHECYLIET0 KpbUIa C JKECTKOM OOHIMBKOHN), YiIydIlIEHHEM
a’pOJMHAMUYECKUX XapaKTepUCTUK camoisieta, OoprOoil ¢ (¢iarrepoMm, co3laHUEM U
yilydiieHnrem xapakrepuctuk TP/I, mo3BonsBimux noselcuts JITX camonera.
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Puc. 8. burutan 1-153

Cpenu camoJieToB 3TOrO INepuoja: npeaBoeHHsle ucrpedurenu 1U-15, U-16 u N-153
(puc. 8); 6ombapaupoBiuky Th-3 — nepBbie B MUpe 4E€ThIPEXMOTOPHbIE CBOOOTHOHECYIIINE
MOHOILIaHbl, OMpPEAEIUBIINE PAllMOHAIBHYIO CXEMY Takoro tuma camoiera, Tb-4 u Th-5;
camoisietbl AHT-25, na xortopeix skunaxu B.I1. UkamoBa m M.M. I'pomoBa coBepumim
peKOpHBIE IO AabHOCTU TepeneThl B CeBepHyr0 AMEpPHUKY; caMOJIeThl BOGHHBIX JeT: k-1,
k-3, k-7 (puc. 9) u Ax-9; Mul'-1 u Mul'-3; 3HameHuTHIll OpOHHPOBAHHBIN IITYpMOBUK Mi1-
2, Un-10; JIa-5 u Jla-7; Ile-2 u Ty-2. BonpIMHCTBO M3 3THX CAMOJIETOB MPEBOCXOIUIO IO
CBOMM KauecTBaM CaMOJIEThI IPOTUBHUKA.

Puc. 9. Camonér BoeHHBIX JeT k-7

B 1942 r. Gb111 BiepBBIE OCYIIECTBIICH MOJIET Ha peakTuBHOM Hctpedutene bU ¢ XKP/I.
K camosnieTam 3T0ro nepuoja OTHOCATCS TaKXkKe MOCIIEBOCHHBIE IEPBbIE PEAKTUBHBIE CAMOJIETHI
Ax-15, Mul-9, Jla-15 (puc. 10), Un-28 u ap.
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Puc. 10. PeaktuBHsii camonér Jla-15

Iepuon 5 (1950 — 1965 rr.) xapakTepusyercs pa3BUTHEM CKOPOCTHBIX CaMOJIETOB C
TPJl; Gopnr0oil 3a yMEHBIIEHHE a’pPOJUHAMHUYECKOTO COIMPOTHBICHUS U oOecreyeHue
YCTOMYMBOCTH M YIPABISEMOCTU MpHU MOJETe Ha OOJBIIMX OKOJIO3BYKOBBIX CKOPOCTSIX;
MEPEX0/IOM K KpPBUIbSIM MalbIX Y/UIMHEHUH, TPEYrOJbHBIM U CTPEJIOBHJHBIM C MaJlod
OTHOCUTEIIFHOW  TOJIMHOW, K  (ro3espkaM ¢ YBEIMYEHHBIM — YIJIMHEHUEM, K
LIEJIbHOTIOBOPOTHBIM ~ CTAaOMIIM3aTOpPaM. YMEHBIIEHHE 3HAUYEHUI BBI3BAHO YBEIMYCHHEM
yIEJIbHOM Harpy3kd Ha KpbLIO, BBIOOPOM MAaTepHajoB C JIYUYHIMMU XapaKTepUCTUKAMU
YIEIbHON NPOYHOCTH, OTCYTCTBHUEM H3JIMILHUX 3allaCOB IPOYHOCTH B CBSA3M C YTOUHEHUEM
pacyeToB Ha MIPOYHOCTH, IPUMEHEHUEM TPEYTOJIbHBIX KpbUIbeB, OBIIJIA naromux npu npounx
PaBHBIX YCIOBHUSX, B TOM YHUCIIE U 1O MPOYHOCTH H YKECTKOCTH, MEHBIIIEH Maccoil, BLIOOpOM
Oosiee palMOHAIBHBIX KOHCTPYKTHBHO-CHJIOBBIX CXEM arperaToB IuUlaHepa W T.1. B sTom
nepuoje HAET AaKTUBHOE IPHUMEHEHUE TEePMETHYHBIX KaOUH C BBICOKMM H30BITOYHBIM
JaBJICHUEM, TOHKHMX CTPEJIOBUIHBIX KpPbUIbEB, PA3BUTOM CHUCTEMbl MEXaHU3ALUMU 3aTHEN
KPOMKHM KpbUTa. Takke TpPOUCXOAUT HAKOIUIEHHE OMbITa pPa3paboTKH, CO3/MaHUS U
skcrryatauuu  TPJ[, cHMkeHMs MX YAEIBbHOM Macchl BCIEACTBHE YIIYULIECHHS CXEMBI,
MaTepualioB M KOHCTPYKIIMM, TOBBILICHUs 3HAYEHWH MapaMeTpoB pabodero mporecca,
IpPUMEHEHHsT 0oJiee COBEPILEHHBIX PETyIUPYEMbIX BXOAHBIX M BBIXOAHBIX YCTPOMCTB,
CHIDKAIOIIMX TOTEpU TArW. B 3TOT mepuon ycHmemHo NpoAOIKalT padoTaTh CO3JAaHHbBIE
KOHCTpYKTOpCcKHE 010po. VX mpoayKIus — nepBblii peaKTUBHBIN Maccaxupckuii camoner Ty-
104 (puc. 11), typOoBHHTOBBIE maccaxkupckue camonersl Wn-18, Ty-114 s
MEXKOHTHHCHTAJIBHBIX TO0JeTOB, AH-8 um AH-10, Bcenmoromueri wucrpedburens Sk-25,
6ombapaupoBmuk Ty-16, ncrpedurenn Mul'-15 u Mul'-17, cepx3BykoBbie Mul'-19 u Mul -
21 u npyrue camoi€eTHI.
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Puc. 11. PeaktuBHblil naccaxxupckuit camonér Ty-104

Ilepuon 6 (¢ 1965-x rr. 10 HACTOsSIIIEr0 BPpeMeHH) XapaKTEPU3yeTCs MOMBITKAMU
AQHAJIMTUYECKOTO PELIEHUS 3aJad ONTHMAJIbHOIO IIPOEKTUPOBAHUS, Pa3BUTUEM CHCTEM
aBTOMATHU3MPOBAHHOTO MPOEKTUPOBAHUSA U KOHCTPYUPOBAHHUA C IIMPOKUM HCIOJIb30BAHUEM
3JIEKTPOHHO-BBIYUCIUTEIBHON TEXHUKH ITPU Pa3pabOTKe U CO3/1aHUH CaMOJIETOB. DTO MEPUO/]
JAJIbHEHIIEr0 MOBBILICHUS] BECOBOWM OTAAYu CaMoOJIeTOB. JIOCTM)KEHUS HAayKM U TEXHHUKHU
MO3BOJISIIOT HCIIONIb30BaTh: HMHTETpajbHBbIE (OPMBI IUIAaHEpa C HECyHmuM (ro3erspkeM u
MEHbUIEH IUIOMIA/IbI0 Kpblja; aKTUBHBIE CHCTEMBl YIpPaBJICHUs IJI1 YMEHBUICHMs 3aracoB
YCTOMYMBOCTH M  YMEHbBILEHUS, BCIEJACTBUE JTOro, MOTEPb Ha OalaHCHUPOBOYHOE
COIIPOTHBJICHUE, IIOBBIIICHHE AadPOJUHAMHUYECKOIO KadyeCTBa M YMEHBUICHHME IUIOIIAIU
ONEpeHus. ODTH K€ CHUCTEMbl NPUMEHSIOTCA Ul CHIDKEHUS OOJITAHOYHBIX HEeperpysox.
Vcnonb3oBaHue mepenHero onepeHus (cxema «yTka», puc. 51) uiaM TpuIIaHa MO3BOJIMIIO
CHM3HUTh IUIOLIA/b KpbUIla. BbIONHEHHE «mpaBuia IUIOMAAEH» oOecreunBaeT caMoJeTy
MUHUMAaJbHOE BOJIHOBOE COINPOTHUBIIEHUE, Ooyiee BbICOKOE KadecTBO. Bpibop Oonee
palOHaIbHBIX 3HAUEHUH MTapaMeTPOB KOHCTPYKIIMH KPbUIA U ONEPEHUS], UX KOHCTPYKTUBHO-
CHJIOBOM CX€MBbI MO3BOJISIET CHU3UTh a’dpoJuHaAMUYecKoe 3HaueHue. Vcrnonb3oBaHue cucteM
YIOpaBiIeHUS LUPKYISIIUEH MOXKET cAenaTh MPAKTUYECKH HEHYXHOW MEXaHM3alMIo KpbLIa.
CHuzutb MoxHO U BIIJIArogaps npuMeHEeHHIO aJaiTUBHOTO KpbLia JUIsl IepepacipeieeHus
Harpy30K Ha HEro U yMEHbIICHHsI BCIIEACTBHUE 3TOI0 U3TNOAIONIMX MOMEHTOB. Vcrionb30BaHme
B KOHCTPYKLUU QJIFOMUHHEBO-IUTHEBBIX CIIJIABOB, a TAKKE KOMIIO3UIIMOHHBIX MaTEPHAJIOB —
HOBBIX KOHCTPYKLMOHHBIX MAaTE€pPHAIOB C IOBBILICHHBIMU XapaKTEPUCTUKaMH YIEIBHON
IIPOYHOCTH U yHENbHOM  KecTKocTu. IloBbllleHME  cTeneHu  ABYXKOHTYPHOCTHU
TypOOpEakTUBHBIX  JOBYXKOHTYpHbIX  aurareneid  (TPJI/J) mo3Bonser  ymydmuTh
XapaKTepUCTUKU WX YAENbHOM Maccel W yaenbHoro pacxona. Ilepexon Ha
BUHTOBEHTHJIATOPHBIE ABUTATENIH Ja€T BO3MOKHOCTD €I1le 00JIbIlIe CHU3UTh YAEIbHBIN Pacxo
n3-3a 0Oojiee BBLICOKOM DKOHOMHYHOCTH JTHX ABUrareiieii. lMcmonb3oBaHHe JBUTATENEH C
U3MEHSEMBIM pabouyuM TPOLIECCOM CIOCOOCTBYET YIYULICHHIO UX XapaKTEPUCTHK.
HenocpencTBenHoe yrnpaBieHne TOIbEMHOM U OOKOBBIMU CHUJIAMHU PACHIMPSAET BO3MOXKHOCTH
MaHEBPEHHBIX CaMOJIETOB U MOBBIMIAET 3P(PHEKTUBHOCTh X MCIIOIB30BaHUS IS TPAXKAAHCKUX
CaMoOJIETOB, M TMPHUBOJUT K TIOBBIICHUIO WX TOIMJIMBHOM 3((deKkTuBHOCTH — paloThI,
MIPOM3BOIMMOM CaMOJIETOM Ha €MHUILY MacChl 3aTPauy€HHOr0 TOIUINBA, SBJISIOLUIETOCS OJHUM
U3 BaXHEHIIMX IIOKa3aTesied, OMNpeAeNsSonMX 1elnecoo0pa3HoCcTh (C  TOYKH 3pEHHs
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3¢ (HEeKTUBHOCTH M MaTEpUANbHBIX 3aTpaT) MPUHUMAEMbIX KOHCTPYKTHBHBIX pPEUICHHH NpHU
pa3paboTKe CaMOJIETOB IpaXkIaHCKOM aBHAIMK. BosbIoi yiepd pa3BUTHIO BOCHHOW aBUAIIUN
B Hayase 60-X roJoB HAHECIO HENpPaBUJIbHOE OMpeJesieHne MPUOPUTETOB B PAa3BUTUU
pa3NUYHBIX BUJOB 00eBOW TexHUKU. OJHAKO BCKOpE TOCTE HUCHPABICHUS IOIMYIICHHBIX
OIMOOK HACTYMHJ TEPHUOM, C KOTOPHIM CBSI3aHBI HAWOOJBIIHME TOCTHIKEHHUS B PAa3BUTHH B
CTpaHE TOYTH BCEX BHJOB BOCHHOH M TPaXJaHCKOW aBUAIMM, — IMOSBICHHE U
COBEpIIICHCTBOBAHHWE  CaMOJIETOB  CBEPX3BYKOBOW  BCEMOTOAHOW  HUCTPEOUTEITHHOM,
HUCTPEOUTEIIBHO-00MOApAMPOBOYHON 1 OOMOapIUpOBOYHOM aBuanuu (camoneTsl Mul'-21,
Cy-7, Mul-23 u ux mHorouuciennsle Mmoaupukanuu, Mul-25, Mul-27, Cy-15, Cy-17, Ty-
22 u Ty-160; camonerst Mul™-29 u Mul-31, camoner Cy-27 (puc. 12) u ero mogudukanuu,
[0 CBOMM MaHEBPEHHBIM U (PYHKIIMOHAIBHBIM BO3MOXXHOCTSIM BO MHOT'OM IPEBOCXOJSIINE
3apyoexubie anajgoru F-15 u F-16).

Puc. 12. Uctpebutens Cy-27

K sTomy neprony OTHOCHUTCS CO3/1aHUE MATYOHBIX CaMOJIETOB BEPTUKAJILHOIO B3JIeTa
u nocaaku (CBBII) Sk-36, SIk-38 u ap., a TakKe caMOJIETOB BOEHHO-TPAHCIIOPTHOM aBUAIH
Nn-76, An-124 u camoro Oosblioro camosiera B mupe AH-225 «Mpus» (puc. 13). Ot
CaMoJIEThI IO CBOMM TPAHCIOPTHBIM XapaKTEPUCTUKAM MPEBOCXOAST 3apyOeKHbIE aHAJIOTH.

Puc. 13. Camplii 605161101 camMoIéT B Mupe AH-225 «Mpusi»

20



Cpenu macca)kMpCKUX CaMOJIETOB — XOPOIIO 3apeKOMEHOBABIINE ceOs caMOJIeThI
Ty-154, Ty-134, 5Ix-42, Un-86 u npumenmme uM Ha cMeny camonetsl Ty-204, Wn-96 (puc.
14) u mogudukaruu Sk-42.

Puc. 14. Camonér 1n-96

OctaBuJ cBOM ciiesl B UCTOPUHU U CBEPX3BYKOBOM naccaxkupckuii camonet Ty-144 (puc.
15).

Puc. 15. CBepx3ByKoBO# naccaxupckuii camonet Ty-144

JIOCTUTHYTBI B CTpaHE BBICOKMN HAYYHO-TEXHHYECKUH YPOBEHb OBLI HCITOJIb30BaH
TaKXXe H MPH CO3aHNU BBICOKO KOHKYPEHTOCTIOCOOHBIX CIIOPTUBHBIX caMolieToB (Sk-50, fk-
52 (puc. 16), SIx-55, Cy-26 u np.).
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Puc. 16. CnioptuBHsIii camonér SAk-52

19 mast 2008 . coBepIIMII CBO NEPBHIi MOJET OIMKHEMArUCTPAIbHBIN TACCAKUPCKUNA
camosier Cymnepxer-100 (puc. 17). B KOHCTpyKLMH peann30BaHbl JOCTUTHYTBIE K 3TOMY
BPEMEHHU HOBAI[MM HAYKH U TEXHUKHU.

Q

Puc. 17. bamxxHemaructpanbHblil maccaxxupckuit camonér Cynepaxer-100

28 mas 2017 r. coBepmi cBOM NEPBBIN NOJIET CPEAHEMATUCTPAIbHBIN ACCAXKUPCKUN
poccuiickuii camosner MC-21 (puc. 18) xoprioparuu «MpkyT», 0COOEHHOCTBbIO KOHCTPYKIIUH
KOTOpOTro sBisgeTcs ucnoap3oBaHue 10 40% wusgenuii U3 KOMIO3UTHBIX MaTEpHAJIOB H
HOBEHIINX JTOCTHKECHUN HAYKH M TEXHUKH NOCJIEIHUX JIeT. JlanpHelnme nepCrneKTuB6l — B
UCCIIEIOBAaHUSIX M HUCIOJIb30BAHUM KOMIIO3UTHBIX MATEPHaJIOB B CaMOJIETOCTPOCHUU M
BO3MOKHBIHN BbIxo MC-21 B uaepsl MUPOBOTO YPOBHS MTACCAXKUPCKOMN aBUAIIUH.
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Puc. 18. CpenqnemaructpalibHbIi maccaxupckuii camonér MC-21

PaboTbl cTyaeHYeCKHX KOHCTPYKTOPCKHX OHOpO ABHALMOHHBIX HHCTUTYTOB
BHECJIM OIIPEJEJICHHBII BKJIaJl B pa3BUTHE OTEUECTBEHHOIO camojieTocTpoeHus. Tak, B Hauasne
1930-x r1r. B XapbKOBCKOM AaBHALIMOHHOM HHCTUTYTe OBUI IMOCTPOEH MAaCCAKHPCKUI
cemuMecTHbIH camoneT XAU-1. B okTs10pe 1932 r. cocTosics nepBblii OJIET 3TOIO CaMoJIeTa,
co3aHHoro cryaeHraMmu XAMW mox pykoBoAcTBOM mpodeccopa, INIaBHOTO KOHCTPYKTOpa
camoutera M.I'. Hemana. Oto 6b11 nepsbliit B CCCP camorer ¢ youparommmces maccu — OIUH
13 HEMHOTUX B Mupe B Havasie 1930-x rr. CamoseT uMes MakCUMaJIbHYIO CKOPOCTh 324 kM/4,
KOTOpasi IMpeBbIlIaJla CKOPOCTh MHOTMX BOEHHBIX CaMoOJIETOB TexX JjeT. CaMojeT CTpouscs
CEpUIHO | KCILTyaTUPOBAJICS HA JTUHUSAX IPAXKTAHCKOT0 BO3IymHOTo (irota 10 1940 r.

B koHcTpykTOpcKOM OlOpo cnopTuBHOM aBuanuu KazaHCKOro aBHallMOHHOIO
uHctutyta B 1960-x rr. ObUIM moctpoeHbl minaHepsl KAM-11 u KAW-12, xotopsie
BBIITYCKAJIUCh CEPUMHO M HECKOJBKO JECATHICTUH OHKCIUTyaTUPOBAIUCh B adpOKIydax
JNOCAA®. Pexopansie mutanepsl KAN-14 n KAN-19 umenu ornuunsle JITX u npesocxoauim
3apyOeKHbIe aHaJIOTH JIAHHOTO Kjacca, OHU BBITyCKaduCh Mainoi cepueil. Pykooaun Kb
cnoptuBHoi aBuanuun M.II. CumoHOB. Y4eOHO-TpeHHPOBOUHBIA camoieT «Jlugep» ¢
OTJIMYHBIMU JIETHO-TEXHUYECKUMH XapaKTePUCTUKaMu Obul mocTpoeH B 1985 1. mon
PYKOBOJCTBOM TJIaBHOTO KOHCTpykTtopa II. Ambmyp3una B cryneHueckom Kb
KyiObIIIIeBCKOTO0 aBUAIMOHHOTO WHCTHTYTA. TaM e OBLI TOCTPOCH PSIJT CBEPXJIETKHX
CaMOJIETOB, OTBEYAIOIIMX COBPEMEHHBIM TPEOOBAHUSAM K JIETATEIBHBIM armaparam 3TOTO
KJIacca M BBITIOJHEHHBIX HAa YPOBHE JIYUIIHNX 3apyOeKHBIX 00pa3IioB.

B 1977 r. coBepmmn NEpBbIA BBUIET CIPOEKTUPOBAHHBIM M IOCTPOEHHBIN B
crynenyeckoM Kb MOCKOBCKOT0 aBHaIlMOHHOTO HHCTUTYTA SKCIIEPUMEHTAJIbHBIA CHOPTUBHO-
nuIoTaxHbIN camoineT «KBant». Ha camornere Obliia mpuMeHeHa CUCTeMa HEMOCPEICTBEHHOTO
yOpaBi€HUs! TMOABEMHOM CHJIOW KpbUIa, PACHIMPUBINAS MAHEBPEHHBIE XapaKTEPUCTUKU
camouieta (Hay4HbIi pykoBoauTenas TeMbl C.M. Erep, riiaBHbIi KOHCTpYKTOp camoneTa K.M.
Kunosenkuii, pabora BBINOTHEHA CTYJACHTAMHU-TUIJIOMHUKAMHU W BBITyCKHUKaMu MAN).
Camonet «KBanT» (puc. 19) ycraHoBWI 1isATh MUPOBBIX pekopaoB. B crynenueckom Kb MAU
mox pykoBoactBoM K.M. JKumoBemkoro ObUIM  TTOCTPOCHBI  OKCIEPUMEHTATbHBIC
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TUCTAaHIIMOHHO TrtoTupyeMblie JIA «Onbd-I» u «2nbd», ynpTpanerkuii camoneT «tOHuop»,
KOHCTPYKLHS KOTOPOTO IO3BOJIsIa HMCIOJB30BaTh MaTrepHallbl U TEXHOJIOTHH OOBIYHOTO
CaMOJIETOCTPOCHHM. 37eCh XK€ OBLI CO3/JaH OJAHOMECTHhIH camosier MAM-89, xoTopeiii B
ctpykrype AO «ABuaruka» BIIJIAronapsi cBoUM BBICOKMM TE€XHOJOTMUECKUM, MTHUIOTAXKHBIM
U JKCIUTyaTallMOHHBIM XapaKTePUCTUKAM CTajl BBIIYCKAThCS KPYIHOW CepUe U HUMel
OonpIION crpoc 3a mpeaenamu crpaHbl.  [llupokoe pacmpocTpaHeHHE MONY4YalOT |
MHOTOUHCIeHHbIe Monupukanmu camonera MAUN-89. KoHedHo, 3TO maneko HE TMOIHBIN
MepevYeHb JOCTHKEHUN cTyneHuecknx Kb aBuallMoHHbIX By30B.

Puc. 19. Camonér «KBaur»

4. A3poauHaAMHUKa JIeTaTeJIbHbIX aNNapaToB, IMHAMUKA I0JIeTa MOTOPHBIX
anmnapaTos

Aspoounamuxa — 53TO HayKa, H3ydaloollas JBHXEHUS NOTOKOB BO3AYyXa W HX
BO3JEHCTBUS Ha TBepAble Tena. SBisgercs mnoapasneiaoM THAPO- M Ta30AMHAMUKH.
Uccnenosanus B 3ot obIIJIAcTH BOCXOAST K I1yOOKOH JPEBHOCTH, KO BPEMEHU N300peTEeHUs
CTpeid ¥ IUIAHUPYIOIIMX KOMNUi, MO3BOJSBIINX Jalbllle U TOYHEE MOChUIaTh CHAPS B LEJb.
OpHako MOTEHLMAN a3pOJUHAMHUKHU TOJHOCTBIO OBLI PACKPBIT C M300pPETEHHEM alnapaToB
TsDKeJIee BO3/yXa, CIIOCOOHBIX JIETAaTh JINOO MJIAHUPOBATH HA 3HAYUTEIbHBIE PACCTOSHUS.

OTKpbITHE 3aKOHOB a’poaMHaMHKM B 20 Beke CrocoOCTBOBAJIO (haHTACTUUECKOMY
ckauky Bo MHOruX obIIJIAcTax Hayku M TEXHUKH, 0COOEHHO B TpaHCHOPTHOI cdepe. Ha ee
JOCTUKEHHUSAX CO3/1aHbl COBPEMEHHBIE JIETATEIbHBIE allaparbl, IO3BOJIMBIIME CHAEIATh
O0IIE0CTYTHBIM (PaKTHUECKH JIF0OOH YroJOK IIaHeThl 3eMII.

OcHoBarens ruapoguHamMuku  Jlanumn  bepnymmm  omumcan B 1738 romy
(yHIaMEHTAIbHYI0 B3aUMOCBSI3b MEXAY JIaBJI€HHUEM, IUIOTHOCTBIO U CKOPOCTBIO JUIS
HEC)KMMAaEeMOI'0 TIOTOKA, M3BECTHYIO CEroJHs Kak MNpUHIMN bepHy/iM, KOTOphI Takke
MPUMEHHUTEJIEH K pacueTaM CHJIBI adpoJIMHaMuYeckoro noasema. B 1799 roxy cap xopmx
Keiinu cran nepBbIM 4eTOBEKOM, KOTOPBIA MACHTU(ULIMPOBAT YETHIPE adpPOAMHAMHUYECKUX
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CHJIBI 1OJIeTa (BeC, MOABEMHYIO CHILY, COITPOTUBIICHHE U TATY), a TAKXKE OTHOILIECHUS MEXIY
HUMU.

B 1871 rogy ®panucuc I'epbept YaHaMm co3man mepByrO a’dpoaMHAMHYECKYIO TPYOy,
MO3BOJISIFOIIYI0 TOYHO M3MEPATH a’pOJUHAMUYECKUE CUibl. HeolleHMMble HaydHBIE TEOPUU
paspabotansl XKanom Jle Pougom [lamambepom, I'ycraBom Kupxrodom, nopaom Paneem. B
1889 rony Yapins3 Penapn, hpaniry3ckuii ”HXXEHEp 110 a3POHABTHUKE, CTAJl IEPBBIM YEIIOBEKOM,
KOTOPBI HAYYHO PACCUUTAT MOIIHOCTh, HEOOXOAUMYIO JJIsl yCTOMYHUBOTO TOJIETA.

B 19 Beke wm300perarenu B3MJISHYJIM HA KPBUIO C HAYyYHOH TOYKHU 3pEHUS, U
BIUJIAronaps uccienoBaHusSIM MEXaHHM3Ma IOJieTa NTHUI] ObUla M3y4eHa a’poAMHAMUKA B
JeICTBUH, KOTOPYIO MO3KE MPUMEHUIIH K pa3padaThIBa€MbIM JIETATEIbHBIM allllapaTaM.

Oco60 B HMccneqoBaHUAX MeXaHUKU Kpbuia npeycnen Otro Jlwimenrans. Hemenukum
aBUAKOHCTPYKTOPOM CO3/IaHO M UCHBITaHO 11 THUIOB IUIaHEpOB, B TOM yuciie Ouruiad. MM xe
COBEpIIIEH MEPBBIH MOJET Ha alnmnapare TsxKeslee Bo31yXa. 3a OTHOCUTENIBHO HEIONTYIO JKU3Hb
(46 ner) on cosepum nopsiaka 2000 mMoaeTOB, MOCTOSHHO COBEPIIEHCTBYS KOHCTPYKIIHIO,
KOTOpasi CKopee HallOMHMHaJla JeNbTarjaH, 4eM camojer. OH nmorud Bo BpeMsl OUYEpEIHOIO
nosnera 10 aBrycra 1896 rona, craB U mepBONPOXOJLEM a’3POHABTHKHU, U MEPBOM KEPTBOM
aBuakaracTpodsl. KcraTu, oguH M3 IUIaHEpPOB HEMELKHMH H300peTarenb JIMYHO Iepenal
IIMOHEPY B U3YYEHUH a3poAuHaMUKU camoiieToB Hukonato Eroposuuy XXykoBckomy.

H.E. XXykoBckuif HEe IMpPOCTO 3KCHEPUMEHTUPOBAI C KOHCTPYKLHUSMHU CaMOJIETOB, B
OTJIMYME OT MHOTHX SHTY3MAacTOB TOTO BPEMEHH, IPEXKE BCETO OH pacCMaTpUBall IIOBEJCHHUE
BO3JYIIHBIX IMOTOKOB C Hay4yHOW TOukH 3peHus. B 1904 rony oH ocHoBasl mepBblif B Mupe
a’poauHaMuyecknii THCTUTYT B Kaunno moxg Mocksoit. C 1918 romga no camoii cmeptu 17
Mmapta 1921 rona Bosrnasisut HAI'U (LenTpanbHblil a3poruApogMHAMUUECKUNA HHCTUTYT).

BIUJTAronaps a3poinHaMuKe 4eI0BEK CMOT TOKOPUTH HEOO. bes ee n3yueHus ObL10 Obl
HEBO3MOXHO CTPOUTH JIeTaTeJIbHbIE annapaThl, CTAOUIBHO MEPEMEIIAONINECS B BO3TYLIHBIX
notokax. [IepBblif camosieT, B IPUBBIYHOM HaM MOHUMAHHUM, U3TOTOBUIIM U TMOJHSIIM B BO3AYX
7 nexabps 1903 rona Oparbst Paiit, Yunbep u Opsuina (puc. 20). OgHako 3TOMY COOBITHIO
IpeJIIecTBOBala THIATENbHAs TeopeThyeckass paboTa. AMEpUKaHILbI MHOTO BpPEMEHH
MOCBATWJIA OTJaJKE KOHCTPYKLHHU IUIaHEpa B a’pOAMHAMHUYECKON TpyOe COoOCTBEHHOMN
pa3paboTKHu.

25
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Puc. 20. Camonér 6patbeB PaiiT

4.1. OcHOBHBIC MOHATHSA

Aspoounamuxa BIIJIA (npuknaonas aspoounamuxa) — pas3en NPUKIATHON MEXaHUKH,
Cly)Kalluid Hay4yHbIM (YHIAMEHTOM [Uld a’poAuHaMuyeckoro mnpoektuposanus BILJIA.
Asponunamuka BIIJIA onupaercs Ha 3aKOHBI TEOPETUYECKOW a’POAMHAMMKU — MEXAHUKH
CIUIOIIHBIX CPEJl, ONUCHIBAIOIINX TEUEHUE KHUAKOCTEN U ra30B (MPEUMYLIECTBEHHO BO3/1yXa),
a TaKKe MEXaHWYECKOE€ M TEIJIOBOE B3aUMOJIEHCTBUE MEXAY KHUJIKOCTBIO WM ra3oM M
JIBUKYIIUMUCS B HUX TeJIaMU.

YUTo0bI paccuuTatb CaMOJICT Ha MNPOYHOCTb, HCCICAOBATH €TI0 YCTOI\/’I‘II/IBOCTB,
OIPCACIIUTL JICTHBIC CBOﬁCTBa, HeO6XOI[I/IMO 3HATb aA9pPOAWMHAMUYCCKHUE CUJIBI U MOMCHTHI,
KOTOPLIC BO3HUKANOT IPHU IOJICTC CaMOJICTA. TonbKko ¢ HOSBICHHEM AOpOJUHAMUKH CTAJIO
BO3MOXHBIM PAlIMOHAJIBHOC KOHCTPYHUPOBAHUC CaAMOJICTOB.

B 3aBucHMOCTH OT MeTOJa M3y4YEHMsS a’pPOAVMHAMMKY ACIAT HAa TEOPETHUYECKYIO U
SKCIIEPUMEHTAIbHYI0. B TeopeTnueckoi aspoguHaMuKe Ui U3y4eHUs SBJIEHUN UCIOJIB3YIOT
cpeactBa MatemMaTukd. CIOXKHBIE  SIBIEHHMS  CXEMATH3UPYIOTCS M YIPOULIAOTCS.
DKcriepuMeHTalIbHAs a’pOoAMHAMHMKA H3ydaeT Te JK€ SBJICHHS Ha OCHOBE HaONIOJCHUH,
HaTypHBIX OKCHEPUMEHTOB WM MOJCIHUPOBAHMS SIBICHUH B  ad3pOJMHAMHUYECKHX
nabopatopusx. O6a HampaBiIeHus: 000TaIIAl0T U JOTOJHAIOT APYT APYyra, U CIy>KaT OCHOBOH
JUIA pacueTa caMmoJIeTa.

UranpsaHckOMy yuyeHOMY U XyAOXKHUKY JleoHapao na BuHum mpuHamiexaT mnepBble
TPyZbl O CONPOTUBICHUH XKUJIKOCTU. OH K€ BHEPBBIC 3aAyMalicd O CO3JaHUU MOJBEMHOMN
CWJIbI, YpaBHOBEUIMBAIOLIEH Bec NTULBI. BO3MOXHOCTH MoJjieTa JIeTaTeNLHOTO ammapaTa
TsbKesee Bo3ayxa oTBepr Mcaak HBIOTOH, KOTOPBIM MpU ONPEAECTICHUN MOABEMHOW CHIIBI
MPUMEHUIT KOPIYCKYJISIPHYIO «YIAapHYIO» TEOPHUIO CONPOTUBIIEHUS CpEAbl, CIPaBEAIUBYIO
TOJIBKO TIpU JIBJKEHUH Tel B CHJIBHO pa3pekeHHoW artmocdepe. Brepsrie nokasan
BO3MO’KHOCTb I0JIETa MAIIUHBI Tskenee Bo3ayxa M.B. JlomoHocoB. OH mpOBOMIT OIBITHI 11O
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KOHCTPYHPOBAHUIO IEPBOrO B MHUpPE BepTojieTa (TeIMKONTepa), MpeIHa3HAuYeHHOro s
HAYYHBIX IIEJIEH.

OCHOBONOJIOKHUKAMH a3POJIMHAMUKN CUUTAOT 4IEHOB POCCHICKON akaJeMHH HayK
Jleonapna Diinepa u Jlanuuna bepuymmu. B cBoem Tpyne «OOImme MPUHIMIBI ABHKCHUS
xunkocrei» JI. Diinep BbIBenl OCHOBHBIE UG (EpeHIUAIbHBIE YPaBHEHHUS IBMIKCHHS
WICATbHOM  KUIKOCTH. JI. bepHymuM BbIBET OAHO W3 BAXKHEUIIMX YpaBHEHUH
THIPOAIPOUHAMUKY, JAKOIIee NPOCTOe OOBSCHEHUE OO0pa3oBaHMs IMOABEMHON CHIIBI.
Bonsmyro paboty Hag mpoOiemamu asdpoauHamuku npoxenan .M. Menaenees. Ilo ero
naunuatuee B 1880 romy B Pycckom TexHWYEcKOM 0O0IIecTBe ObLT CO37aH CIelHaTbHbII
Bo3ayxoriaBarenbHbii otAen. Jlo xkonna XIX Beka a’poarHaMuKa pa3BUBaIach KpailHe
MEJJIEHHO, T.K. HE HaX0/InJjIa IPAKTUYECKOTO IPUMEHEHUS.

C pasBuTHMEM aBHAIMM BO3HHKIA mpoOiema moabeMHOW cwibl. Ee pemmn H.E.
XKyxosckuii, kotoporo B.M. Jlenun Ha3zBan «oTHoM pycckoil aBuanum». OH cyMen pacKpbITh
pupoay 00pa3oBaHuUs MOJbEMHON CHJIBI U CO3/1aTh METOJ €€ onpeeneHus. B nanpHeimem
pelieHue 3Tor 3a/1a4u ObLIO MPOJIOJKEHO €r0 YUEHHMKOM, BIOCIEACTBUM akajgeMukoMm, C.A.
YamneiruaeiM. Huxonait Eroposuu JKykoBCKHMI — TaJaHTIMBBIM y4Y€HBIH, MPONAraHAMCT
aBUALMOHHOM HayKH, 3aMeYaTeIbHbIM YUYUTENIb U HACTABHUK MOJIOEKU. OH cO31aJ1 BUXPEBYIO
TEOPHIO KpbUIa U BUHTA, paboToi «O mapeHuH NTHULD» 3aJ0XHJI OCHOBBI AMHAMHUKH I0JIETA,
3aHUMAJICS MpoOJIeMaMH YCTOMUMBOCTU M YIIPABISEMOCTH CaMOJIeTa, pa3BHUBal OCHOBBI
JKCIIepUMeHTanbHOU a’poauHamMuku. B 1904 r. nmon pykooxctBom H.E. JKykoBckoro B
Kyunno Obu1 co3nan nepsbiii B Poccun AspoauHaMuyeckuid UCCiieoBaTeIbCKU HHCTUTYT. B
MocileAyouue ToAbl B psiie  CcTpaH  ObUIM  OpPraHM30BaHbl  T'OCYJApPCTBEHHbIE
uccinenonarenbckue MHCTUTYTH. B 1918 r. mo mnunmaruse H.E. JXykoBckoro cosmaercs
HenTpaneuelii asporuapoannamudeckuii ”HCTUTYT (LIATU). C.A. Yannbirua onyOiauKoBa
O0JIbIIIOE KOJIMYECTBO pabOT MO TEOPETHUECKOM a’poJuHaMUKe. 3aJ0Jro 10 MOSBICHUS
CKOPOCTHBIX PEakTHBHBIX caMoiyieToB C.A. YalulbIrMH UCCIIEOBall IBHKEHUE BO3JyXa IpU
OOJIBIINX J03BYKOBBIX U CBEPX3BYKOBBIX CKOPOCTSAX M 3aJ0XHJ OCHOBBI HOBOW HayKu —
razoBoil nuHamuku. B.H. IOpbeB eme B 1922 rony omybiaukoBan paboThl O MeToJax
ONpeAeNIeHUsI CKOca MOTOKA 3a KPhUIOM M pacyeTa MpoJ0JIbHOM CTaTUYECKON YCTOMYMBOCTH
camoznerta. Eme B 1912 rony KOpbseB moctpounn nepBblii B MUpe TeTUKONTEp. 3a TPYAbl 1O
TeOpUH BO3AYIIHOTO BUHTA (1943 1) ¥ 110 TeOpUH U KOHCTPYHPOBAHUIO BepTOIETOB (1946 T)
ynoctoeH ['ocynapcrBennoit mpemuu CCCP.

C umeneM KoncrantnHa OpyaproBuda L[MOIKOBCKOTO CBs3aHAa MCTOPHUS Pa3BUTHS
pakeTHO# TexHUKH. OH 000CHOBaJI BO3MOXKHOCTb MCIIOJIb30BaHUS PaKeT JJIsl MEKIUIAHETHBIX
COOOIIEHNH, BBIBENl 3aKOHbI MX JBIKEHHS, MPEATOKHI HJE0 MHOTOCTYIEHYATBIX PakKerT.
Wutepecst  L{nonkoBckoro  odeHb  pa3sHooOpasHbl. OH  3aHUMaiCcs  Teopued u
KOHCTPYUPOBaHHEM JUPHKa0IIeH, IPOBOAMI PAcUEThI TapaMeTPOM CaMOJIeTa — MOHOIUIAHA,
noctpousi nepByto B Poccum asponnHamuyeckyro TpyOy. bBosnbiioll Bkimag B pa3BUTHE
a’poJMHAMUKHM ObUI clenaH 3apyOexxHbIMH HccienoBarenssMu  Otro  Jlunuentanew,
Jlrogsurom Ilpannriaem, OcOopHom PeitHonbacoMm u np. Mcropus pa3BUTHS a3poIMHAMUKU
HACUUTHIBAET YyTh OoJiee CTa JIeT, HO 3a 3TH I'oJibl HayKa HAKOMMJIA TaK MHOT'O 3HAHWMH, YTO
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COBpCMCHHAas aspoAWMHaAMHKa IMOAPA3ACIILACTCA Ha HECKOJIBKO CaMOCTOATCIBbHBIX JacTe B
3aBUCHUMOCTH OT TeOpeTquCKOﬁ CXEMBI BO31yXa.

1. Tuopoaspoounamuxa — 5TO HayKa, H3YyYaloIlas 3aKOHBI JBIDKCHHUS Ta30B Ha
HC6OJ'IBI_HI/IX JO3BYKOBBIX CKOPOCTAX, HAa KOTOPBIX BO3AYX BCACT C66$I KaK )KUJIKOCTb.

2. lazo6as Ounamuka — 3TO HayKa, HM3y4arollas 3aKOHbI JBI)KCHUS BO3/ayXa Ha
OKOJIO3BYKOBBIX CKOPOCTSIX, HA KOTOPBIX MPOSBISETCS CKUMAaEMOCTh BO3]IyXa.

3. Cynepaspoounamuxa — 3TO HayKa, W3y4Yarollas JBIKCHHE BO3JyXa Ha OOJBIINX
BBICOTAX, IJIe BO3IyX OYCHb Pa3pPEIKEH.

4. ['unepaspoounamuxa — 3TO HayKa, M3y4Yamoolas IBI)KEHUE BO3JyXa Ha CKOPOCTSX,
MPEBBIIIAIOIINX B 5 1 00JIee pa3 CKOPOCTh 3BYKA.

5. Maecnumoaspoounamuxa — 3TO HayKa, W3ydYarollas IBM)KEHHE BO3JyXa Ha OYCHBb
60J'II)HII/IX TUIICP3BYKOBBIX CKOPOCTAX, Ha KOTOPBIX IMPOHUCXOJAUT HOHU3AIHUA H
TMCCOIMAIUS MOJIEKYJ BO3yXa U BO3/IyX CTAHOBHUTCS TJIA3MOM.

4.2. Ctpoenne atmocdepsbl

[ToneTsl neTaTeNbHBIX aNMapaToOB IPAKIAHCKONW aBUAIIMHM MPOUCXOAST B atMocdepe
3emiin, MOATOMY IPU UX CO3JAHUU U IKCIUTyaTallMd HEOOXOJMMO YUUTHIBATH CTPOCHHUE U
napameTpsl aTMocheps (aBIeHue, INIOTHOCTh, TEMIIEPATYPY).

Ammocghepa — 310 Ta3000pa3zHas 000JI0UYKa, OKpYXKaromias 3eMII0 M Bpalllarouascs
BMecTe ¢ Hell. MccnenoBanue cOCTOSIHUSL aTMOC(EphI MPEICTaBIseT OONBIION UHTEpEC IS
aBUAIUU, T.K. OT COCTOSHUS aTMOC(epbl 3aBHCAT JICTHO-TEXHHUYECKUE XapaKTCPUCTHKHU
camouietoB. [{o BeicoThl 100 kM cocTaB atMocdepbl HE MEHSETCS, TaK KaK pa3/eleHUIO ra30B
MPEISITCTBYET HEMPEPhIBHOEC TYPOYJICHTHOE IBHKCHHE BO3JyXa. JTOT CJIOH HAa3bIBACTCS
roMocdepoit (0AHOPOAHBIN). HemocToSHHBIM SBISETCS TONBKO COAEPIKAHHUE YTIEKUCIOTO
raza, BOJsSHOro napa u neuid. CopepikaHue YIIeKUCIIOro ra3a B HIDKHUX CIOAX aTMoc(hepsl
MOCTOSIHHO YBETUYMBAETCS 32 CYET CIKUTAHMS TOIIMBA U JKU3HENEATeNbHOCTH (ayHbl. [1bi1h
MocTymnaeT B atMoc(epy U ¢ MOBEPXHOCTH 3€MITU (3aBOJIbI, CTETH, MYCThIHU, BYJIKaHbI) U U3
kocmoca. KocMmudeckast mbeiib 0Opa3yeTcsl TJIaBHBIM O0pa3oM MpPH CTOpAaHHH METEOPOB.
ExenneBno Ha 3emsie Brimanaer 1000 T kocMuueckoi meutd. Beimie 100 kM pacmosioxeHa
rerepochepa (HEOTHOPOIHBIN cIoil). 3AeCh MO JACUCTBUEM YyIbTpadUOIETOBON pajaHaIiiu
CorHIa MOJIEKYITBI Ta3a pacIIeTUIIOTCs Ha aToMbl. CocTaB BO3/yXa IO BBICOTE 3HAYUTEIHHO
n3Mensiercs. JlaBneHue u MmIoTHOCTh BO3/AyXa C BHICOTOM OBICTPO YMEHBIIAIOTCS.

Atmocdepa umeer cioucroe crpoenue (puc. 21). Ilo pemennro MexyHapOIHOTO
Te0JIe3NYECKOT0 | Treorpaduyeckoro coro3a, mpuHsAtoro B 1951 romy, armocdepa 1o
XapakTepy HM3MEHEHHUs TeMIepaTypbl C BBICOTOM M JAPYrUM (U3NYECKUM CBOHCTBaM
MO/Ipa3IeIAeTCs Ha 5 CIIOEB:

1. Tponocdepa;

Tponocghepa (oT Tped. tropos — MOBOPOT, M3MEHEHHE) — cIoi arMocdepsl,
HEenocpeACTBeHHO npuJeratonuii k 3emie. Ee BricoTa konebneTcs B mpeaenax ot 7
KM Haj momrocamu 0 16—18 kM Ham skBatopom. CpemHsss BBICOTA TOTO CIIOS
cocrasisieT 11 kM. B Tponiocdepe cocpenoroueno oxono 80% Bceit Macchl Bo3ayxa
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atMocdepsl. B aTom cioe Temneparypa nonmxkaercs Ha 6.5°C Ha kaxasie 1000 m.
E€ wnaspBatoT "(abpukoil moronpl", T.K. TOJBKO B 3TOM CJ0€ HAOJIIOIAIOTCS
MeTeoposiorndeckue siBineHus. Cepbe3Hyl0 OMACHOCTh Ui IOJIETOB caMoJieTa
MIPEJICTABISIOT Takue atMocdepHbie siBieHwus, Kak obIIJIAuHOCTB, OCaiKu, TPO3BI,
oOyie/ilecHeHne, TOPBIBUCTBIE BETPbI, NbUIbHBIE Oypu. OHHM MOTYT BBI3BaTh
«0ONTaHKY», ONAacHble BUOpalMM CcaMoJieTa, HAPYIIUTh €ro YCTOWYMBOCTh M
yIPaBISEMOCTb.

. Ctparocdepa;

Cmpamocgepa (0T nar. stratum — cJIOi) mpocTUpaeTcs 10 BbICOTH 50-55 kM. B
cTpatocdepe cocpenoroueHo okoio 20% maccel Boznyxa atmocdepst. JJo H = 20—
25 xM Temmeparypa ocraércs nmoctossHHor — t = -56.5°C, a 3aTeM moBbIIaeTCs Ha
1-2°C na xaxnaplii kM. lloBblmieHHe TeMmepaTypbl OOBSCHSAETCS aKTUBHBIM
o0Opa3oBaHMEM O30Ha IOJI BIUSHUEM YyibTpaduoneroBoi pamuanuu ComHna. B
ctpatocdepe Het obIIJIAuHOCTH, OCAZIKOB U OTCYTCTBYET OIMACHOCTH 00JICICHECHUSI.
CrpyiiHble TeUYeHHS IUPUHON B COTHU KUIIOMETPOB, MMerole ckopocts 150-500
KM/4, HaONIOAalTCs TOJIBKO B HIDKHUX CIOSIX. B BEpXHHMX CIOSX HWHOTAA
oOpa3yroTcs nepinamyTpoBbie obITJIAxka.

. Me3zocdepa;

Mesocgepa (ot tped. MeSOS — cpenHuil, MPOMEKYTOUYHBIN) pPacHoNiOKeHa Haj
crpatocdepoit U mpoctupaercs 10 BbicoThl 80 kM. Temmeparypa B 3TOM cjoe
yMmeHbInaercss B cpegHeM Ha 3°C yepes kaxaplil kuiiomerp. Ha BepxHell rpanuie
oHa craHoBHTCS paBHOH -75°C. B wme3octhepe HabOmrOmaOTCs KpacHBBIC
cepebpucteie obITJIAka, cocTosimue U3 JeITHBIX KPUCTAIIIOB.

. Tepmocdepa;

Tepmocghepa (0T Tpeu. terme — TEIUIOTa, Kap) — cioi atMocdeps! oT 80 10 800 kM.
Temneparypa 37ech noBbilaercss ¢ BblcoToM mpumepHo Ha 10°C Ha Kaxblid
kusoMeTp: Ha BbicoTe 200 kM t> 500°C. Ho Tak Kak IMJIOTHOCTh BO3JyXa Ha 3THX
BBICOTaX OYEHb Majla, TO BBICOKHE TEMIIEpaTyphl HE BBI3BIBAIOT HarpeBaHUs
Haxojgmierocss TaM Tena. Mzmyuenme ConHIa BBI3BIBAET HOHM3ALUIO U
JMCCOLIMAIIMIO MOJIEKYJI BO3TyXa B BEPXHEM CJI0€ TepMOC(Eepbl, IOATOMY 3TOT CIOU
Ha3bIBAIOT HOHOC(Epoil. B noHOChEepe mponucxoasaT NoIsIpHbIE CUSHUS.

. DK30cdepa.

Ok3zocgpepa (0T Tpeu. X0 — BHE, HapyXy) — cdepa paccerBaHus, Mepexosiias B
MEXIIJIaHEeTHOE MpocTpaHcTBO. OHA Majo M3y4yeHa, BEpXHA €€ TpaHulla TOUYHO He
YCTaHOBJIEHA. Y CJIOBHO 3a BEPXHIOIO I'paHuIly NpuHATHI BbICOTHI 2000-3000 kM, rae
IIOTHOCTH BO3ayXa B 16-10Y pa3 mensmre, uem y 3emmu. TemmepaTypa 3zmech
Bo3pactaet 10 20000°C.
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Puc. 21. Ctpoenune atmocdeps! 1 rpaduk H3MEHEHHS TEMIIEPATYPhI OT BHICOTHI

Atmocdepa MIaBHO MEPEXOAUT B KOCMHYECKOE MPOCTPAHCTBO. MeEXIy CIOSIMH B
aTMocdepe CyIIECTBYIOT MEPEXOAHbIC CIIoOM B 2—3 KM, Ha3bIBaeMbIe May3amu (TpoIoraysa,
cTparomnaysa u Tak jaiee). Haubonpiuit mHTEpeC UIs aBUAIIMU PEACTABISIOT mponocgepa
U cmpamocgepa.

4.3. Mosioxkenue JIA B Bo3ayxe U cHCTEeMbI KOOPAMHAT

[Tono>xeHue neTaTesbHOTO anmnapaTa B IOTOKE BO3yXa ONpeAeseTcs IByMsl yIiIaMHu:
0. — YTOJI aTakH, B — yros ckoybxeHus (puc. 23).

Yenom amaxu o HazpIBaeTCs yroi Mexay MpPOJOJIbHON OChIO caMOJIETa U MpOeKLIHen
BEKTOpa CKOPOCTU MOTOKA Ha IMJIOCKOCTh CHMMETPUH JIETATEIBHOTO aIlapara.

Yenom cronvorcenus B HA3bIBACTCA YroJl MCKAY HAIMPAaBJICHUEM IMOTOKA U IMJIOCKOCTBIO
CUMMCTpPUM JICTATCIIBHOIO arlrapara.

[TonoxeHune JseraTeNpbHOrO ammapara B TPOCTPAHCTBE XapaKTEepPU3YyeTCs YyIilaMu
TaHraxa, KpeHa, peIcKanbs (puc. 22).

Taurax Kpen Pbickanue

Puc. 22. Tanrax, KpeH, ppICKaHbe.
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Yenom manearxca 9 HaspiBaeTcs Yroa MeExXay HpOI[OJ'IBHOfI OCBhIO JICTATCIBHOI'O
arrapara 1 TOpu30HTOM.

Yenom xkpena y Ha3zpIBaeTCsl yroia MeXIy BEPTHKAJIbHOW IJIOCKOCTBIO, IIPOXOJSIIEH
yepes MPOJI0JIbHYIO OCh JIETaTeIBHOTO alapara, 1 HOpMaJbHOM MIIOCKOCTHIO.

Yenom pwickanvs ) Ha3bIBaeTCA yrojl MEXIy MPOCKUHMEH TPACKTOPUU M MPOCKIUEH
IIPOJOJILHOM OCH JIETATENBLHOTO aniapaTa Ha TOPU30HTAIBHYIO IJIOCKOCTb.

Puc. 23. MexnaynapoaHas cucrema koopausar JIA (a), riae u — CKopocTs, o — yroi artaku (0),
B — yron ckonbxeHus (B)

MexayHaposiHas cucreMa KoopauHar (puc. 23): x — KOOpAWHATa, HamlpaBieHHas
BJIOJIb XOpAbI, Kpblda, Y — KOOpAMHATA, HAmpaBleHHass BAOJb pa3Maxa, Kpblia, Z —
KOOpJMHAaTa, NEPIEHUKYIIIpHas IOBEPXHOCTH KpbLIa.

B CCCP u Poccuu npuHsTO BAOI KpbLIa pacroyiaratb och z, a NeprneHANKYISIPHO ero
MOBEpXHOCTH OCh Yy . COOTBETCTBEHHO, OTIMYAIOTCS W OOO3HAYCHHSI CHJI M MOMEHTOB,
neiictBytomux Ha BIIJIA. Mexnynaponnsle ob6o3HaueHus: L — nmogsemuas cuna (lift), D —
cuna conporusnenus (drag). OteuecTBeHHble 0003Hauenus: F, nm Y — noabeMuas cuna, Fy

i X — cuna COIMPOTUBJICHHUA ABHUIKCHUILO.
Cucrembl KOOpAUHAT

[Ipn a’ponMHAMHMUYECKUX pacyeTax M HU3YYEHUM [IMHAMHMKU [0JETa CaMOJIETOB
HCIIONB3YIOTCA PA3JIMYHBIE CHCTEMBl KOOpAMHAT. Yamie BCEero MCHOJIb3YOTCS CBSI3aHHas,
CKOPOCTHAsl, HOpMaJIbHasl U TPAEKTOPHAsI CHCTEMBI KOOPIMHAT.

Cesazannas cucmema koopounam 0XYZ ecTko cBsizaHa C caMOJIETOM (OTCIO/Ia €€
Ha3BaHue). Hauao 3Toi crucTeMbl COBIAIAET C IIEHTPOM Macc camonéra (puc. 24).
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Och 0X nexxut B 6a30BOM TUIOCKOCTH CaMoJjIeTa, OHA HAIpaBjieHa B CTOPOHY HOCOBOM
yacTU. DTa OCh HA3bIBAETCS NPOAO0IbHONU ochlo. Ock 0Y ToXE s1ekUT B 0a30BOM IIIOCKOCTU
camoJieTa, py 3TOM OHa nepreHAuKysspHa ocu 0X u HampaBieHa K BEpXHEH 4acTu caMoJieTa.
Ona Ha3zwpIBaeTCsi HOpMaiabHOM ochio. Ock 0Z mnepneHauKysipHa 0a30BOM IJIOCKOCTH
caMoOJIeTa U HaIlpaBJIEHAa B CTOPOHY IIPaBOIrO IMOJIYKpbLIA. DTa OCh HA3bIBAETCSl IONEPEUHOMN
OCBIO.

v A

Bazosas
MIOCKOCTE
camoJsera

Puc. 24. CBs3aHHas cucteMa KOOpIMHAT

Cropocmuas cucmema xoopounam 0X Y, Z, cBs3aHa C BEKTOPOM CKOPOCTH JIBUKCHHUS

LIEHTpa MacC CaMoOJeTa OTHOCUTEIBHO BO3IYIIHOW CpEJIbl Vv (puc. 25), ee Hauano TaKxke
MmoMeniarT B 1eHTpe macc camoiiera. Ock 0X,; B CKOPOCTHOM cUCTEME KOOpPJMHAT BCETaa
COBIAJAET C BEKTOPOM CKOPOCTM M Has3blBaeTcs CcKopocTHOM ocero. Ocp  0Y,
MEePIEeHIUKYIIPHA BEKTOPY CKOPOCTH, JISKHUT B 0a30BOM TIOCKOCTH CaMoOJeTa M HalpaBlieHa
K BepxHel yactu camosieta. OHa Ha3bIBaeTCs OChIO MOAbEMHOM cuiibl. Och 0Z, MPOBOJAT TaK,
yT0OBI OHa jgononHsuia ocu 0X, u 0Y, 10 mpaBoil cucTeMbl KOOPJMHAT. JTa OCh HAa3bIBACTCS
OOKOBOH OCBIO.

JIns onmucaHus B3aMMHOTO TIOJIOKEHHMSI OCEH CBS3aHHOW W CKOPOCTHOM CHCTEM
KOOPJAMHAT MCIOJB3YIOTCS YroJl aTaKU M YroJl CKOJIbKEHHUs. YTJIOM aTaKy & Ha3bIBAETCS YroJl

Mexkay ocblo 0X CBSI3aHHOW CHCTEMBI KOOpPAMHAT W MPOEKIMEW BEKTOpa CKOpocTH V' Ha
0a30ByI0 TIOCKOCTH camolieTa — Vygy . YTJIOM CKONBXKEHUS [5 Ha3bIBACTCS Yroll MEXIY

BEKTOpPOM CKOpocTH V m 06a30BOil TIIOCKOCTHIO camoieTa. JIeTko 3aMeTUTh, YTO €CIH
cKosbkeHue otcyrcTByeT (B = 0), To ompezeneHue yria aTaku yNpoIAeTcs: yroll a Oynaer

R
paBeH yIily MKy IPOJ0JIbHOM ocklo BekTopa 0X u BekTopom ckopoctu V.
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Bazosas
ILIOCKOCTD
caMojiera

[lnockocTh, NepreHauKyIspHas 0azoBoi
W coaepskaruas V

Puc. 25. CxopocTHas cuctema KOOpAnHaAT

Hopmanenas — cucmema  koopounam 00X Y,Z, wWCHONB3yeTCs Ui ONHCAHUSA
IIPOCTPAHCTBEHHOI'O IIOJIOKEHUSI CaMoOJjeTa OTHOCUTENbHO NoBepxHocTH 3emiuu. Hawano
KOOpJIUHAT 3TON CHCTEMBI COBIAAET C LIEGHTPOM MacC camoJjeTa, T. €. C HauaJOM CBSI3aHHOMN
cucteMbl Koopauuar (puc. 26). Ocek 0Y,; Bcerna HanpasyieHa BBEPX 110 MECTHOM BEPTUKAIH, a

Hanpasiienue ocert 0X, u 0Z, BoIOMpaeTcs B COOTBETCTBUH C PENIAEMOM 3a/1aueH, TP 3TOM
mwiockocTh X;0Z, BCeria pacrosiokeHa rOpu30HTaIbHO. YOI MEXIY 0Cbio 0X 1 poeKiuei
ocu 0X Ha rOpU30HTAIBHYIO INIOCKOCTh X X402, HA3bIBACTCA YITIOM PHICKAHUS U o0o3Hauaercs
Y. Yrom Mexy npogoibHON 0Chio 0X W TOPU3OHTAIBHON TIOCKOCTRIO X ;02 Ha3bIBaeTCs

yIJIOM TaHraxa u oOo3Hauaercs 9. Yron mexay nomnepedHoil ockio 0Z U ropu30HTAIBHOM
WI0CKOCThIO Xy 0Z; Ha3bIBAETCA YITIOM KPEHA M 0003HAYAETCS Y.

Ay, MecrHas
, [0) 4
Y\ vy /Bep’ruka.nb
"'\\ Mecrhas
™ BEPTHKAbHAA
LR TIOCKOCTh,
i coaepakaman
och 0X
4
::::.~
- L
— ™~
— — 1-5 "'-..
\\ X
a
\\
Z L L]
— S -
Nz
\U
MecTHas rOpH3OHTaNBHASA Y,
g

IJIOCKOCTE

Puc. 26. HopmanbHas cucreMa KOOpIHHAT
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Tpaexmopnas cucmema xoopounam 0X Y, Z, WCTHOIB3yeTCs TJIaBHBIM 00pa3oM B
JUHAMUKE TI0JIeTa JIsl OTIMCAHUS ABUKEHUS CaMOJIeTa OTHOCUTEILHO MOBEPXHOCTH 3emiid. B
o0IIeM ciyyae CKOpOCTh I0JIeTa OTHOCUTENIFHO BO3AYIIHOW CPeAbl MOKET HE COBIAAATh CO
CKOPOCTBIO TIOJIETa OTHOCUTENIBHO 3eMITH, T.K. B pealbHOI aTMoc(depe MouTH BCeraa uMeeTcs
JBUKEHHE BO3IYIIHBIX Macc, TO €CTh JBHKEHHE BeTpa. Berep okasbiBaeT BO3JEHCTBUE Ha
CaMoJIET, MMOITOMY CyMMapHasi CKOPOCTh €r0 JIBUKEHHSI OTHOCUTEIHHO MOBEPXHOCTU 3eMIIU
V.. (3eMHas ckopocTh) OyaeT paBHa:

— -

V.=V+W,

-
raec: V- CKOPOCTBb CaMOJIETAa OTHOCUTCIIbHO BO3AYITHON CPEABI;

<!

— CKOPOCTb B€Tpa OTHOCUTCIILHO 3emnn.

—

TpacekTopHas cucTeMa KOOpJIMHAT CBsi3aHa C BEKTOPOM 3eMHoU ckopoctu V. Havaino
KOOPJMHAT 3TOM CHCTEMBbI COBIIJIA€T C HAYaJOM CBA3aHHON CHUCTEMBbI KOOPJMHAT (CM. pHC.
27). Ocp 0X, coBmagaer C HANpaBICHHEM BEKTOpAa 3EMHOH CKOPOCTH VK) . Ocp 0Y,
pasMelaeTcs B BEPTUKAIBLHOU IJIOCKOCTH, MPOXoasiiei yepe3 ock 0X, U HampaBieHa BBEPX
ot 3emu. Ock 0Z, 0Opa3yer mpaByro CUCTEMY KOOpAUHAT. TpaeKTopHasi CHCTEMa KOOPIUHAT
MOJKET OBITh MOJy4eHA U3 HOPMAIBHOM MyTEM MOBOPOTA MOCJICIHEH HA yrodl myTu & U yroi

HaKJIOHA TPaeKTOpHH 6.
rk o e Meemas
BCPTHKAIIb
| —

Ins MecThas
\\\ BCPTHKANBLHAA
,.-3‘\\ IUIOCKOCTD,
11 N\ copepikam@n by
s
iy
A
S Bkh‘h‘ .
-~ oy i"
b — .
ZI\ \“\.._ ‘\ 1 Yh‘
T i o - B
_— h -
R — !’" . :
/ 13 kX0,
MecTHas ropH30OHTANIBHAA \
TUIOCKOCTE X}

Puc. 27. TpaekTopHas cucTeMa KOOpAHHAT

-
Yeon nymu & — yron mexay mpoekinuel BekTopa V, Ha TOpU30HTAIBHYIO TIOCKOCTh
XQOZg U OCBIO OXg.
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Veon naknona mpaexmopuu 6 — 3TO yroin Mexay BEKTOPOM 3e€MHOH cKopocTd Vi u
MECTHOW FOPU30HTAIIBHOM IIIOCKOCThI0 X 0Z .

4.4. Y37bl JIeTaTeJbHOI0 annapara

V3nul nemamenvroco annapama — 310 nepe4eHb HEOOXOUMBIX 3JIEMEHTOB, BXOISAIINX
B COCTaB paboOThl M SKCIUlyaTalluu camoiera. B ocHOBHyro 0a3y arperaToB camoJjera
OTHOCATCSI KPBUIO, (IO3EIDK, TOPU30HTAIBHOE U BEPTUKAIBHOE ONEPEHUs, MACCH, a TaKXKe
oprassl ynpasieHus (puc. 28). B peanuszanuio JeTaTeapHOro ammapara caMoJIETHOIO THUIIA
BXOOAT (1)10361151)1(, a TaK)KC ABUT'aTCIbHBIC YCTAHOBKHU C OpraHaMu YIIPaBJICHUS.

rOpHZGHTﬂHBHDE
onepeHue

Cunosas
YCTAHOBKA

Beprukanbhoe
onepeHue

Drozensik,

[laccu Kpsbuio

Puc. 28. O0Gmuii BUI THIOTHPYEMOTO JIETaTeIbHOrO anmnapara caMoJIETHOTO TUTIA

Drozenside — KOPIyC JIETATeNbHOTO ammapara, CIyKallui JUis pa3MelleHuss KaOuHbI
9KHIIaXa, MacCaXUpoB, TPY30B U 00OPYIOBaHUS, a TAK)KE JABUTaTelIed U TOIIMBHBIX 0AaKOB;
CBSI3BIBAET MEXY COOOM KPBLIO, OTIEPEHHE, NHOT/A IIACCH U CUJIOBYIO YCTaHOBKY.

Kpovino — Hecymas NMOBEpPXHOCTh, MMEIOIIAS B CEYEHUH 110 HAIPABJICHHUIO IOTOKA
npodunupoBaHHylo (GopMy U TpeqHa3HadeHHas JUIs  CO3JaHMsl  a’pOoJMHAMUYECKON
nmoAbeMHOM cuitbl. Kpplio camosieta MOKET UMETh pa3nyHylo (hopMy B IUTaHE, a IO pazMaxy
— pa3nuuyHylo (GOpMY CEYEHMH B IUIOCKOCTSX, MapauIeNbHbIX IUIOCKOCTH CHUMMETPHUU
CaMoJIETa, & TAKXKE Pa3JIMYHbIE YIIIbl KDYTKU CEUEHUN B YKa3aHHBIX MIOCKOCTSX.

lI'opuzonmanvnoe  onepenue  o0ecreduBaeT  MPOJOJIBHYIO  YCTOWYHMBOCTD,
yIpaBJIsieMOCTh U OajdaHCUpOBKY. ['OpH30HTaIbHOE ONEpPEeHHE COCTOUT U3 HEMOIBMIKHOU
MOBEPXHOCTHU (TaKXKe CYIIECTBYET IEIbHOMOBOPOTHOE TOPU3OHTANIbHOE oneperue — LINII0) —
cTrabuian3aTopa M I[IAPHUPHO TMIO/BEIIEHHOTO K HEMY pYJis BBICOTHL. Y CaMOJETOB,
pa3paboTaHHBIX MO0 «HOPMAJIBHON» CXeMe, TOPU3OHTAJIbHOE ONEPEHHE YCTaHABIUBAETCS B
XBOCTOBOH yacT — Ha (ro3eisnke win Ha Bepxy kst (T-oOpasHas cxema).

B cxeme «yTka» (puc. 51) onepenue pacronaraercsi B HOCOBOM 4acTH caMoJieTa epes
KpblIoM. Bo3Mo)kHa KOMOMHMpPOBaHHAs CXeMa, KOT/Ia y caMoJieTa C XBOCTOBBIM OINEpEeHHEM
CTaBUTCS JIOTIOJIHUTENBHOE nepeaHee onepenue — cxema ¢ [1I'O (mepenHee ropu3oHTaIbHOE
OIlEepeHNne), MO3BOJISIONIAs HMCIOIb30BaTh NMPEUMYIIECTBA 00eHX yKa3aHHBIX cxeM. CXembl
«OECXBOCTKA», «IETAIOIEe KPbUIO» FOPU30OHTAIIBHOIO ONEPEHMsI HEe UMEr0T. HenoaBukHbIH
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D1%8E%D0%B7%D0%B5%D0%BB%D1%8F%D0%B6
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BB%D1%8C_(%D0%B0%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A3%D1%82%D0%BA%D0%B0_(%D0%B0%D1%8D%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%85%D0%B5%D0%BC%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B4%D0%BD%D0%B5%D0%B5_%D0%B3%D0%BE%D1%80%D0%B8%D0%B7%D0%BE%D0%BD%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B4%D0%BD%D0%B5%D0%B5_%D0%B3%D0%BE%D1%80%D0%B8%D0%B7%D0%BE%D0%BD%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D1%85%D0%B2%D0%BE%D1%81%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%82%D0%B0%D1%8E%D1%89%D0%B5%D0%B5_%D0%BA%D1%80%D1%8B%D0%BB%D0%BE

cTabuan3aTop 0OBIYHO UMeeT (PMKCHUPOBAHHBIA YrOJl YCTAHOBKH OTHOCHUTENIBHO MPOJIOJIBHOMN
ocu camonera. MHorma mpeaycMaTpuBaeTcsi peryjiMpoBKa 3TOrO yria Ha 3emuie. Takoit
cTaOuian3aTop Has3biBaeTcsl ImepecTaBHbIM. Ha TskEnpix camonérax MAisi MOBBILICHUS
3¢ (HEeKTHBHOCTH TPOAOIHHOTO YIPABICHUS YroJl YCTAHOBKH CTAOMIM3aTOpa C TOMOIIBIO
JIOTIOJTHUTEIHFHOTO MPUBO/IA MOXKET U3MEHSATHCS B TOJIETe, OOBIYHO HA B3JIETE W TOCAIKE, a
TaKKe JUisl OaJaHCUPOBKM caMoOJIeTa Ha 3aJaHHOM pexume nojera. Takoil crabuimuzaTop
HA3bIBAETCS TOJBIKHBIM. Ha CBEpX3BYKOBBIX CKOPOCTSIX MOnéra 3(h(HEKTHBHOCTh PYIIs
BBICOTHI pe3Ko nagaer. [IoaToMy y CBEPX3BYKOBBIX CaMOJIETOB BMECTO KJIACCHUECKON CXEMbl
I'O ¢ pynem BBICOTHI NpUMEHsETCs ynpaBisgemblid ctabunuzatop (LIIIT'O), yron ycraHoBku
KOTOPOTO PEryJlUpyercs JIETYUKOM C TOMOIIBIO KOMAaHIHOIO pbld4ara IpoJ0JIbHOTO
yIOpaBieHUs WIM OOpPTOBBIM KOMIBIOTEPOM caMoyiéTa. Pynp BBICOTBI B 3TOM cllydae
OTCYTCTBYET.

Bepmuxanvnoe onepenue (BO) obecrnieunBaeT camoiieTy IYTEBYIO YCTOWYMBOCTD,
YIPaBIIEMOCTh M OallaHCUPOBKY OTHOCHTEIBHO BEpPTHKAIbHOW OCH. OHO COCTOMT U3
HETOBM)KHOM MOBEPXHOCTH — KWJISL U HIAPHUPHO MOJIBEHICHHOTO K HEMY PYJIsl HalIpaBJICHHUS.
IlenpHonoBopoTHOe BO  mpumensiercss BechbMa  peako  (Hampumep, Ha  Ty-160).
O¢dextuBHOCTE BO MOXKHO MOBBICUTH ITyTEM YCTAaHOBKU (DOPKMIIS — MEPEIHEr0 HaIUIbIBa B
KOPHEBOM 4acTH KHJISA, UM JJONOJHUTEIbHBIM 101(I03eDKHBIM IpedHeM. [Ipyroii criocob —
IIPUMEHEHHE HECKOJIBKUX (00BIYHO He Oosiee IBYX OMHAKOBBIX) Kuiieil. HemponopiioHansHO
OO0JIBIIION KWJTb, WIIM JBA KHJISL — YaCTO MPHU3HAK CBEPX3BYKOBOT'O CaMOJIETa, JJIsi 00ECTICUCHUS
IIyTE€BOM YCTOMUMBOCTH HA OOJIBIIMX CKOPOCTSIX.

Asuayuonnas cunosas ycmanoeka — SHEPTETUYECKUN KOMIIOHEHT BO3AYIIHOTO WIN
BO3YIIHO-KOCMHYECKOTO JIETaTEIbHOTO armmapara, NpeAHa3HaYeHHBIH [UIS peau3aliu
pacrojaraeMoil CHIIbl TSTU U oOecrieueHusl HaJeKHOM paboThl ABUTaTeIe Ha BCEX peKuMax
nonera. ACY obbeaunser coboil:

® BCe YCTaHOBJIEHHbIE Ha JaHHOM JIA aBuallMOHHBIE JBHUraTeian (MaplIeBbIE,
o/IbEMHbIE, KOMOMHHPOBAHHBIE, BCIIOMOTaTeIbHbIE);

CHCTEMbI KpeIJIeHUs JBUraTeneil kK KoHcTpykiuu JIA;

CHCTEMBI ¥ YCTPOWCTBA pealN3allii CHJIBI TATH U PETYIIMPOBAHUS €€ BETMYNHBI;

cUCTeMbl oOecrieueHus: 0e30TKa3HOM M Oe3aBapuilHONW pabOTHI JBHUraTeseld Ha BCeX

peXUMax moJera.

Ulaccu nemamenvHo20 annapama — CHCTEMa OIOpP JIETATEIBHOTO ammapara,
o0ecrneunBaroIas ero CTOSHKY, MepeABIKEHNE TI0 adpOAPOMY WIIH BOJIE MIPH B3NIETE, MOCATAKE
U pylneHud. Pa3nmuyaroT TpU BUAA IIACCH IO pacmoyiokeHuto. C XBOCTOBBIM KOJECOM
(mByxcToedHoe maccu). [ 1aBHbIe OMOPHI WIIK OTIOpa PACTOI0KEHBI BIIEPEAH LIEHTPA TSHKECTH
camosiéra, a BcrioMoraTenbHas (xBoctoBasi) — no3amu (Douglas DC-3, An-2). B kauectBe
XBOCTOBOH ONOpBI paHee YacTo MPHUMEHSUIH «KOCTBUIbY» — KOHCTPYKIMIO Oe3 Koieca,
paboTaronlyl0 Ha CKOJBXEHHE TI0 TPYHTy (a’poapombl Obud TpyHTOBBIE). [lo3ke B
KOHCTPYKIIMIO KOCTBUIA BBEIH MaJeHbKOE IEIbHOMETAIMYECKOe KOJECUKO  (IUist
JKCIDTyaTallid Ha a’poJIpOMax C TBEPABIM IOKPBITHEM), 3aT€M CTaId HCIOJIb30BaThCS
XBOCTOBBIE OTOPBI C HEOONBIIUM MHEBMATHYECKHUM KOJIECOM — «IyTHKOM». C meperHum
KosiecoM (Tpéxcroeunoe maccn). [lepeanee (HOCOBOE) KOJIECO PACHOIOKEHO BIEPEaAN LIEHTpa
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https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%B0%D1%8D%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%85%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A6%D0%9F%D0%93%D0%9E
https://ru.wikipedia.org/wiki/%D0%A8%D0%B0%D1%80%D0%BD%D0%B8%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D1%83-160
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BA%D0%B8%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D0%BB%D1%8B%D0%B2_%D0%BA%D1%80%D1%8B%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BB%D1%8C_(%D0%B0%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%90%D1%8D%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B3%D1%80%D0%B5%D0%B1%D0%B5%D0%BD%D1%8C
https://ru.wikipedia.org/w/index.php?title=%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%88%D0%BD%D1%8B%D0%B9_%D0%BB%D0%B5%D1%82%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%88%D0%BD%D0%BE-%D0%BA%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%B5%D1%82%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%82%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%82%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D1%8D%D1%80%D0%BE%D0%B4%D1%80%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%92%D0%B7%D0%BB%D1%91%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0_%D0%BB%D0%B5%D1%82%D0%B0%D1%8E%D1%89%D0%B5%D0%B3%D0%BE_%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D1%83%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A5%D0%B2%D0%BE%D1%81%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/Douglas_DC-3
https://ru.wikipedia.org/wiki/%D0%90%D0%BD-2

TSDKECTH, a TJIaBHBIC OMOPHI TI03aH IIEHTpa TsokecTu. Ha cToiiky B HOCOBOM yacTu (ro3emsika
o0bruHo mpuxonutcs 10-15 % wmaccel. [lomyunnu pacnpoctpanenue B mnepuoia Bropoit
MHUpPOBOM BOWHBI M B IIOCIIEBOCHHBIE TOAbI, Hampumep, Boeing 747, Ty-154. Unoraa Ha
HekoTopeix JIA (Mn-62, Ty-114) nomonHsieTcs BBIIBMKHOM TOTIOMHHUTEIBHOW CTOWKOW B
XBOCTE€ JJIi NpPeJoTBpalleHUsl omnpokuisiBaHus JIA Ha XBocT Ha a’poipome Ipu
HENPAaBWJIBHOM IEPEMEIICHUH IacCaXUPOB MO CAIOHY (CMEIIEHMM LIEHTPOBKH). MHorue
TsokEnbie JIA ¢ TpEXCTOSUHBIM IIACCH B XBOCTOBOM YacCTH (PrO3eIisKa MMEIOT YOHpaeMyr B
MoJIETE KOHCTPYKIUIO JIJIs IpeoTBpanieHus kacanus ¢ro3ensbkeM nokpbitis BIIT npu B3nére
U TOCajKe, TaK Ha3blBaeMas IPEIOXPaHUTENIbHAs XBOCTOBas msrta (Hampumep, Ty-144).
Benocunenuplii TUI: J1B€ TJIaBHbIE OMOPBI PACIONOKEHbI B (Pro3eisike, BIEpend U IM03a1U
LEHTpa TSDKECTH armapara. /[Be OOKOBbIE MOJAEPKHUBAIOIINE OMOPbI KPEMmATcs 1Mo Ookam
(0OBIYHO HaA 3aKOHIOBKaxX Kpbuia). IlpuMmensiercs st ynajeHuss TOHION ISl LIACCH U
JIBUTaTeJICH Ha KPBIJIE, TO €CTh CO3IaHUS «adpOJANHAMHYECKH YMCTOT0» Kpblia (Hanmpumep, M-
4 u Mscumies 3M, Boeing B-47 Stratojet, Boeing B-52 Stratofortress, Lockheed U-2, 5Ik-25, -
27, -28). CrencTBHeM TaKOTO PACIIONOXKCHHUS SIBISICTCS YCIOKHCHHAs TEXHUKA TOCAIKU
camMon€Ta U 3aTpyJHEHHE MOAECPHU3ANUNA OOMOOOTCEKOB, a TAKXKE HCIIOIb30BAHUS BHEIIHEH
MIOJIBECKH BOOPYKECHHSI.

K opranam ynpasienust JIA OTHOCST pyau, 27epomsl, npeoKpbliKu, 3aKPbLIKU U M.O.
(cm. puc. 29).

Puc. 29. Mexanuzauus Kpbuia

PaccmoTpum noapoOHee 31eMeHTHI, U3 KOTOPBIX COCTOUT MEXaHHU3alus Kpbuia.

1. 3akomnyoexa (unenem) — HEOOIBIION TOTIOIHUTENBHBINA HIEMEHT Ha KOHIAX KPBLIHEB
camMon€Ta B BHJE KPBUIBIINIEK WIW IUIOCKHX Imaii6. CmyxkaT s yBETUYCHUS
3¢ (}eKTUBHOIO pa3Maxa Kpblla, CHIDKAasg HMHIYKTUBHOE COINPOTUBJICHHE M, Kak
CIIEJICTBUE, YBEIMUNBas MOABEMHYIO CUTTY.

2. Dnepon — adpOIMHAMHYECKUI OpTaH YIpaBJICHUsI, CAMMETPHYHO PaCIIOJIOKEHHBIE Ha
3aJHEW KPOMKE KOHCOJIEW KpbUIa y CaMOJIETOB HOPMAaJIbHOM CXEMBI U CaMOJETOB
cxeMsbl «yTkay (puc. 51). [IpenHasHaueHsl Uit yIpaBIEHUS YIIIOM KpeHa.

3. BBICOKOCKOPOCTHOM 31IEPOH.

4. banku 3aKpbUIOK.
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https://ru.wikipedia.org/wiki/%D0%92%D1%82%D0%BE%D1%80%D0%B0%D1%8F_%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B2%D0%BE%D0%B9%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D1%82%D0%BE%D1%80%D0%B0%D1%8F_%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B2%D0%BE%D0%B9%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/Boeing_747
https://ru.wikipedia.org/wiki/%D0%A2%D1%83-154
https://ru.wikipedia.org/wiki/%D0%98%D0%BB-62
https://ru.wikipedia.org/wiki/%D0%A2%D1%83-114
https://ru.wikipedia.org/wiki/%D0%A2%D1%83-144
https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BD%D1%82%D1%80_%D0%BC%D0%B0%D1%81%D1%81
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BD%D0%B4%D0%BE%D0%BB%D0%B0_%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D1%8B%D0%BB%D0%BE_%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C-4_(%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82)
https://ru.wikipedia.org/wiki/%D0%9C-4_(%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82)
https://ru.wikipedia.org/wiki/3%D0%9C
https://ru.wikipedia.org/wiki/Boeing_B-47_Stratojet
https://ru.wikipedia.org/wiki/Boeing_B-52_Stratofortress
https://ru.wikipedia.org/wiki/Lockheed_U-2
https://ru.wikipedia.org/wiki/%D0%AF%D0%BA-25
https://ru.wikipedia.org/wiki/%D0%AF%D0%BA-27
https://ru.wikipedia.org/wiki/%D0%AF%D0%BA-27
https://ru.wikipedia.org/wiki/%D0%AF%D0%BA-28
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0_%D0%BB%D0%B5%D1%82%D0%B0%D1%8E%D1%89%D0%B5%D0%B3%D0%BE_%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0_%D0%BB%D0%B5%D1%82%D0%B0%D1%8E%D1%89%D0%B5%D0%B3%D0%BE_%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%B0

3akpuinku — 3TO OTKJIOHSEMbIE MOBEPXHOCTH, CUMMETPUYHO paclOJIOKEHHbIE Ha
3aJJHel KpoMKe, Kpbula. Mcrnonb3yroTes Aiis ylydlleHns Hecylleld ciocoOHOCTH Kpblila
BO BpeMmsl B3i€Ta, HaOopa BBICOTHI, CHUKEHUS M IOCAIKH, a TAKXKe NP MOJETEe Ha
MaJbIX CKOPOCTSIX.

5. Ilpeokpuvinok Kpioeepa — sneMeHT MeXaHU3aIMH TEepeIHEH 4acTH Kpblla camMoyéra.
VYBenuuuBaeT NOABEMHYIO CUITY Kpblila Ha OOJIBIIMX yIJIax aTaky.

6. IlpeOkpvlaku — OTKIOHSEMBIE TOBEPXHOCTH, YCTAHOBJICHHBIE Ha IMEpeIHE KPOMKE,
Kpblaa. OCHOBHAs pOJIb NMPEIKPBIIKOB 3aKJIIOYAETCS B YBEJIMUEHHUHU JAOIYCTUMOTO yria
aTakH, TO €CTh CPbIB IIOTOKA C BEPXHEH IIOBEPXHOCTH KPbLIa IPOUCXOIUT IPHU OOJIbLIEM
yrJje aTakH.

7. BHyTpeHHME TpEXILENIEeBbIE 3aKPBLIKH.

«©

Bremnue TpéxiueneBble 3aKpbUIKH.

9. Unumepyenmopuwl (cnotinepsl) — OTKIOHSAEMbIE UM BBIITYCKa€Mbl€ B IOTOK TOPMO3HBIE
KOHCOJIM Ha BEPXHEH IIOBEPXHOCTH KpPbLIa, KOTOPBIE YBEIMYHUBAIOT a3POAMHAMUYECKOE
CONPOTHUBIICHNE U YMEHBIIAOT IOABEMHYIO CUITY.

10. Snepon-unmepyenmoper — NONONHEHHUE K 3iepoHaM. Vcroabp3ytoTcss B OCHOBHOM JIJIst

YIIPaBJICHUS 110 KPEHY.

Ocnosnas HaepysKa pyﬂeﬁ — BO3JAyHiHad aspoJWHaMHUYCCKasA, BO3HUKAKOIIass IMPpU
63.J'IaHCI/IpOBKe, MaHCBPHUPOBAHHUH CaMOJICTA WJIX IIPH ITOJICTC B HECIOKOMHOM BO3yX€.

Bocnpusitue KpyTamero MOMEHTa pylisi 00eCleuMBaeTCsl 3aMKHYTHIM KOHTYPOM
OOIIMBKH, KOTOPBI B MECTax BBIpe3a IMOJ KPOHIITEHHBI KPEIUICHUS 3aMBIKACTCS CTEHKOW
JIOH)KE€pPOHA. MaKCUMaJIbHbII KPYTSIIUA MOMEHT JEHCTBYET B CEUEHHMM KabaHUYuKa
yIpaBieHus, K KOTOPOMY IMOJAXOJAUT TAra yrnpasieHUs. MecToM pacrnosiokeHusi kabaHyuka
(Tsirm yripaBiieHHs ) IO pa3Maxy pyJisi MOKHO CYLIECTBEHHO BIUAThH Ha JeOopMalliy pyist IpU
KpY4ECHHH.

K grozensocy BIIJIA OTHOCAT BEPXHIO M HWKHIOIO JIEKH, JIyYH, a TaKKe CUCTEMBI
KPEIUIEHUsI MOTOPOB U YIPABJIEHUS UX TOJIOKEHUEM.

Bepxusisi u nuoicsisi Oexu (cM. puc. 77) — KOPIYCHBIE AETalM BOCIPUHHMAIOIIHE
BEPTUKAIbHBIE M TOPU3OHTAJIbHBIE HArpy3Kd, a TaKKe KPYTAIIUE MOMEHTBI OT pabOThI
nBuraresneil. SABIAIOTCS CBA3YIOIKMMU 3JIEMEHTaMU KOHCTPYKIMHU Ul pa3MEIIeHUs CUIOBOI
4acTU MYJBTUKOINTEPA, MOTOPHOM TPYIIIbI, a TAK)KE€ CUCTEMBbl YIPABIEHUS U JaTUUKOB.
Berpeuarotcst BOCHOBHOM B BUJIE IIJIOCKHUX M3/1€HH, BBIPE3aHHBIX U3 LIEJILHOTO JINCTa KapOoHa
WINA CTEKJIOBOJIOKHA, OJTHAKO CYIIECTBYIOT U BAPHAHTHI CIIOKHBIX (DOPM, MIPUMEHSIOIIUXCS B
CIEIMAIBHBIX U3EHSIX.

JIyu —qacTh (pro3enska, SBISIOMINECS OCHOBHBIM MECTOM KPEIJICHHs] BAHTOMOTOPHOM
IPYIIIBL, @ TAKXKE Y3J7I0B TIOBOPOTHBIX MEXAaHU3MOB, HEOOXOAUMBIX /IS peain3alui H3MEHEHUs
yria ataku B ouxonrepax (puc. 52), pukontepax (puc. 53), a Takke KOHBepToIIaHax. Yarie
BCCTO IMPOU3BOAUTCA U3 LHEJIBHOI'O JINCTA Kap60Ha, YTO OA€T BBIMI'PHIII B TOJIIIWHE paMbl, BECE
U TIPOYHOCTH, IO CPAaBHCHUIO C HU3IOTOBJICHHUEM H3JACIIHMA M3 IJIACTUKOBBIX 3JICMCHTOB. B
IIPOMBINIJIICHHBIX OECIMIIOTHBIX JIE€TaTEIbHBIX arrmaparax UCIIOJb3YHOTCA Kap6OHOBI)Ie pr6KI/I,
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KOTOpBIE TAK)KE 3aIIUIIAIOT OT MOMaJaHus Bjaru CUJIOBbIE IPOBO/A U PETYISTOPHI 0O00POTOB
BIUIA.

4.5. 'eoMeTpUYecKHe XapaKTEePUCTHUKH KpbLia

C reomeTpHyeCcKON TOUKH 3PEHUS KPBUIO XapaKTepU3yeTcs:
1. Dopwmoii npoduis;

N

®dopmoil KpbuIa B IIJIAHE;
3. Bupgowm kpsiia criepenu.

Ipoduiab kKpbLIa

Ilpoguns — 3T0 ceueHHe KpbUIa IUIOCKOCTbIO, NEPHEHAMUKYISIPHOM JMHUU XOpA.
[Tpodwunu OpIBarOT:
1. /lo3BykoOBbIE: IUIOCKO-BBINNYKJbIE, S-00pa3Hble, CHMMETPUYHbIE U HECUMMETPUUYHbBIE
JIBOSIKOBBIITYKJIBIE;
2. CBepx3BYKOBBIC: KIMHOBUHBIE, YEUEBUIIEOOpa3HbIEC, POMOOBHTHBIE.

1 Z

X 7
B T ;//”jW
T
9 e Z

Puc. 30. [Ipodunu kpeiaa

Paccmotpum pucynok 30. Ot ¢dopmbl mpoduis 3aBUCIT €ro a’poJWHAMHUYECKHUE
xapaktepuctuku. Cummempuunvie npogpuiu (1) ¢ Manoil OTHOCHTENBHON TONIIMHOW
NPUMEHSIOTCSI Ha KPBUIBSX CBEPX3BYKOBBIX caMoJeToB. Hecummempuunwviii npoguns (2).
Buinykno-6ocnymuie Ha COBPEMEHHBIX caMoJIeTaX He MPUMEHSIOTCS, HO Ha B3JIeTe U MOCaIKe
takas (opma oOecreynBaeTCs OTKIOHEHHEM 3aKpbUIKOB. [Liockoswvinykivie npoguiu (3)
MpOCTBl B TPOM3BOACTBE M MOTYT TMPUMEHSATHCS Ha HECKOPOCTHBIX CaMOJeTax.
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Heosikosvinyrnvie npoghunu (4) HanboIee MUPOKO MPUMEHSFOTCS HA COBPEMEHHBIX CaMOJIeTax.
S-o6pasnvle (5) IpoduIN MPUMEHIIOTCS Ha caMoJIeTax CXeMbl «0ecxBocTkay (puc. 51). Onu
caMmoycToiumBbl. Jlamunusuposannvie (6) TPoOUIN NPUMEHSIOTCS HA CKOPOCTHBIX
J03BYKOBBIX caMoJieTaX. Y Takux Npoduieid MakcHMMaiabHasl TONIIMHA CMEIEHAa K CepeInHe
npoduins, 3a CcYeT UYero YUIMHSCTCS JIAMUHApHAas 4YacThb MOTPAHHUYHOTO  CIIOS.
Yeuesuyeobpasmvle (1), pombosuonvie (8) u deromasuonwvie (9) npogunu ¢ ocTpoit nepeaHei
KPOMKOW MPUMEHSIOTCS Ha CBEPX3BYKOBBIX CAMOJICTAX.

OcHOBHbIE T€OMETPUYECKHUE FTIEMEHTHI TPODUIISA Kpbliia TOKa3aHbl Ha pucyHke 31.

b | CpenHss THHUS TTPOGHIIS

[

Y

Puc. 31. [Tapametpsl mpodwis KpbLia

Xopoa npoguns (b) — oTpe30K NpsSMOM, COCAMHSIOMIMI IBe Hanbojee yaaaéHHBbIC
TOYKH Tpoduist. Xopaa IeauT Npopuiib Ha BEPXHIOK U HIDKHIOK YacTH.

Maxkcumanvnas monwuna npoguns (C) — paccTOSHHE MEXIY KacaTeIbHBIMH K
BEPXHEMY M HUKHEMY KOHTYPY MPOdHUIIsL.

Ommuocumenvnas monwuna npoguisi (Cyry) — OTHOIIEHUE MAaKCUMAIBHON TOJIIAHBI
C x xopze, BeIpaXEeHHOE B IMporeHTax. OTHOCUTENbHAS TONIIMHA COBPEMEHHBIX Npoduiteit
n3mensiercs ot 3—4% no 20-25%. €y, <8% — tonku# npopuns; Cypy= 8-12% — cpennuii,
Cor>12% — ToncThiii mpoduIIh.

Cpeonss nunus npoguis — TMHUS, TPOXOASILAs Yepe3 CepeIUHbl OpAUHAT MPOPHIIS.

Kpususna unu 6oenymocmse npoghuna f — MakCUMaJIbHOE PACCTOSHUE MEXTy XOPIOH
cpeanet nuHue. OTHOLIEHNE KPUBHU3HBI NMPpoduist f K Xop/e, BhIpa)KeHHOE B MPOLEHTAX,
Ha3bIBAETCS] OTHOCUTEILHOW KPUBU3HOMN MPOGUIIS.

Yronm Mexay XopJoil Kpblla W HAaOETaIIMM Ha HErO MOTOKOM Ha3bIBACTCS YIJIOM
ataku o (puc. 32). YToJ aTaku CYuTaeTCs MOJOKUTEILHBIM, €CJTH MOTOK HaberaeT Ha HUKHIOIO
MMOBEPXHOCThH KPbIJIa.

40



\3(0 PAA NPOPUARA

T

T

==

Puc. 32. Yron araku npoduiis
KpsLio B 1ane

KpBIJ'IOM B IUIAHC HA3bIBACTCA MPOCKIHUA KpblIa HAa TOPU3OHTAJIBHYIO IMOBEPXHOCTH,

BKJ/IO4Yas HO,H(i)IOSGJ'IfI)KHy}O 4acCThb.

Puc. 33. ®opMsI KpbLia B IIaHe

41



KpbL10 B maHe MOKET HMETh pasHyro Gopmy (puc. 33):

1. IlpsimoyromnbHbie KpbuUibst (1) co3maroT OOJBLIYIO MOABEMHYIO CHILY, HO U OOJIBILIOE
1000Boe compoTuBieHue. Ha coBpeMeHHbIX caMOJE€Tax OHU NPUMEHSIOTCS KpaiiHe
penKo.

2. TpaneuueBuaHOE KPBUIO (2) MPUMEHSETCS IIMPOKO HAa HECKOPOCTHBIX CAMOJIETAX.

3. DnnuncoBuaHoe Kpbuto (3) cumraercs Hanbojiee a’pOJMHAMUYECKH COBEPIICHHOMN
¢dopMoii KpblTa A1 HECKOPOCTHBIX CaMOJIETOB, HO HM3-3a CIIOKHOCTH NPOM3BOJCTBA
OHO I1OYTH HE IPUMEHSETCS.

4. CtpenoBuaHbIC KPbUIbA (4) IIMPOKO UCIOIB3YIOTCS HA CKOPOCTHBIX U CBEPX3BYKOBBIX
caMoJéTax.

5. TpeyrosbHOE KpBUIO (5), TPEYroibHOE ¢ HATUTBIBOM (6), roTudeckoe (7) U 0)KMBAITBHOE
(8) mprMeHSIOTCS Ha CBEPX3BYKOBBIX CAMOJIETaX.

K ocHOBHBIM mapaMeTpam, OmpeACIISIONIAM pa3Mephl KpbLUIa B TUTAHE, OTHOCSTCS:

1. [Inomane kpbuta S.
IInowaos Kpviia — MPOEKIUS MOBEPXHOCTH KpbLIa Ha TOPU3OHTAIBHYIO IJIOCKOCTb,
BKJTIOYast MOI(DI03EISKHYIO YacTh.

2. Pazmax .
Paszmax — paccTossHHE MEXIy IBYMS IUIOCKOCTSMH, IapaJlIeIbHBIMU 0a30BOM
TUIOCKOCTH CaMOJIeTa U TIPOXOSIIUMHU Yepe3 KOHIIBI KPhLIA.

3. LlentpanbHas (kopHeBas) by U KOHUEBAsA byqy, XOPABI KPbLIA.
Llenmpanvhas xopoa kpwlia — XOpAa Kpbula B 0a30BOM IUIOCKOCTH JIETATEIBLHOTO
arrapara.
Konyesas xopoa kpuvina — xopJia Kpbljia B €r0 KOHIIEBOM CEYCHHH.

@opMa Kpblla B IUIAHE XapaKTEPU3YETCS TAKKE YJUIMHEHUEM U CY)KEHHUEM, YIJIOM
CTpenoBUIHOCTHU (puc. 34).

YI[J'II/IHeHI/Ie A XapaKTECPU3yeT CTCICHb BBITAHYTOCTU KpbLIa BJIOJIb pasMaxa H
ompenenseTcs mo Gopmye:

lZ
A=§

JIJis KpBUTBEEB JJO3BYKOBBIX CAMOJIETOB A = 6—12, CBEpX3BYKOBBIX A = 2—3.

Yeon cmpenosuonocmu y — yron mexay quaueit poxycos (0.25b) u nepneHAUKyIIpOM
K TUIOCKOCTH CHMMETPHH CaMoJIeTa.
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Puc. 34. ®opma kpblia B IIaHe

Cyoicenue Kpwiia 1| — OTHOILIEHUE LIEHTPAIbHOM (KOPHEBOI) XOP/IbI K KOHIIEBOI

bKOpH

77=b

KOHIJ,

Benuuuna cyxenus usmensiercss ot 1 mo oo. g mpsiMOYroJIbHOTO KpbUIa CYKEHUE
PaBHO eIMHUIIE, & I TPEYTrOIBHOTO — OECKOHEUYHOCTH.

4.6. A3poauHaAMHYeCKHe CUJIbI

Ionnas aspoounamuyeckasn cuia R, — 3T0 cymMa BceX cuil (CWJI JAaBICHHUS U CHII
TPEHUs), BOSHUKAIONIMX MpH 00Tekanuu Tena (puc. 35).

) —
Y, R,

P

I
H X

a

Puc. 35. IonHas a’ponuHaMudecKast CHta o IpOQIITIO Kpblia

Llenmp Oaenenus (y.0.) — TOUKA TMPUIOKEHHUS TTOTHOW adPOTMHAMUIECKON CHIIBI R,
JIPYTUMHU CJIOBaMH, TOUKA IEPECEUCHUs TUHUH JACHCTBUS MOJHON a3pOIMHAMUYECKON CHITBI C
xopaoi. YacTh MONHON a’poIWHAMUYECKOW CHIIBI, TMEPHEHANKYISIpPHAs K HampaBICHUIO
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—
moJiéTa, TOYHee, K BEKTOPY CKOPOCTH HAOETAIOIIETro MOTOKA, SBISICTCS MOAbEMHON CUITON Y, .

YacTh MOJIHOM adpOIMHAMHYECKOH CHITBI X ;, TapalljielibHas BEKTOPY CKOPOCTH HA0ETa0IIero
MOTOKA, SIBJISIETCS CUIION JJ000BOTO COMPOTHUBIICHUS.

Mexanndeckoe BO3JCHCTBHE HaOeraromero MOTOKAa Ha CaMOl&T CBOJAUTCA K
Harpy3kaM, HENpPEpPhIBHO paCIpeAesiEHHBIM IO €ro IMOBEPXHOCTU. DTU pacupeeiaEHHbIC
Harpy3Ku OPUBOJAST K Pe3yJbTUPYIOIIEH cuiie, IPUJIOKEHHOW B LIEHTPE Macc camoliéra, —
a’POJMHAMUYECKON CHJIe, @ TaKKE MOMEHTY BOKPYI ILEHTpa MacC, KOTOPbIA Ha3bIBAETCA

a’poIMHAMUYECKUM MOMEHTOM U 00o3Hauaercss M (puc. 36).

Puc. 36. ABpO,[[I/IHaMI/I‘-ICCKaH cujia U aBPOI[I/IHaMI/I‘leCKI/Iﬁ MOMCHT, Z[eﬁCTBYIOHlHe Ha CaMOJIET
Ipu €ro 00TCKaHUU Ha6eFaIOI_I_[I/IM IIOTOKOM

TeOpeTI/I‘leCKI/IC U OKCIICPUMCHTAJIBHBIC HMCCICIOBAHUA II0KAa3ajiv, YTO BCIUYHNHA

a’pOJMHAMUYECKON CHIBI MPSAMO IMPONOPIHOHAILHA CKOPOCTHOMY HAIOpPy HAOEraroIero

v? o
IIOTOKa pT Y XapaKTEPHOM TJI0maau o0TeKkaeMoro Tena S':

rac Cp — KO3(1)(1)I/II_[I/ICHT aBpOI[HHaMquCKOﬁ CHIJIBI.

AdpoArHAMMYECKUH MOMEHT TakKe MPSMOMNPONOPIHMOHATIEH CKOPOCTHOMY Hamopy
2
pT, XapakTepHOM IIIoIaan S U XapaKTepHOMY JIMHEHHOMY pa3Mepy o0Tekaemoro tena

_ V&
M = mpTSl,

rae m — Ko3(QPUIMEHT a3poAMHAMUYECKOTO MOMEHTA.
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3a XapakTepHYIO IJIOIAb U XapaKTepHBIA pa3Mep OepyTcs IUIOIMIAM U pa3Mephl TeX
yacTeld JIETaTeIbHOrO amfmapara, KOTOpPbleé BHOCSAT OCHOBHYIO JIOJI0 B CO3JIaHUE
paccuuThIBA€MON CHIIBI HJIM MOMEHTA.

—

Pa3noxxuM a’poauHaMHUUECKYIO0 CUy R, Ha COCTaBISIOLIME IO OCAM CBSI3aHHOW U
CKOpPOCTHOM CHCTEM KOOpAMHAT. B cBsA3aHHON cucTeMe KOOpPAMHAT 3TU MPOCKIUU
0003HAYaIOTCs U HAa3bIBAIOTCA CIEIYIOIIUM 00pa3oM:

N
X — adpOoJMHaMHUYCCKas IIpoa0JIbHasd CHJia,

-
Y - adpoJMHaMHUYECKass HOpMaJibHasd CHJia,
N

Z — a3poJMHaMUYecKas IorepeyHast Cuia.
B ckopocTHOI cucTemMe KOOpAUHAT:

X, — cuiia 1060BOTO COMPOTUBIICHUS;
Y, — aspoarHamMuueckas nobEMHas CUIa;

—

Z, — a3poJMHaMu4ecKas OOKOBasl CUIa.

—
Ha pucynke 37 nokasaHbl IPOSKIIUH a3pOJMHAMUYECKOH CHIbl R, Ha OCH CBSI3aHHOMN
U CKOPOCTHOW CHCTEM KOOPIHMHAT IIPU OTCYTCTBUH CKOJIBIKEHHS.

Puc. 37. Pa3noxxeHue adpoAMHaAMHUYECKON CHITBI TTO OCSIM CBSI3aHHOM W CKOPOCTHON CHCTEM
koopauHart rpu § = 0 (CKOJIbKEHHUE OTCYTCTBYET)

Cuna 1000BOrO CONPOTUBIIEHUS JIETATEJIBHOIO almapara CKJIaJbIBA€TCS U3 CUII
J000BOT0O CONPOTUBJIEHUS (rO3€NsKa, Kpblaa, ONEPEeHUs U JAPYI'HX 4acTed JIeTaTeIbHOIo
anmapara. 3a XapakTePHYIO IUIONIa/Ib Yalle BCETO NPMHUMAIOT TIOIA b Kpblia Sy

— pV?

Xa = Cxaq TSKp'

7€ Cyq — KOG UIIHEHT JIOO0BOTO COMPOTUBIICHHUS.

B co3nannu noabEMHOM CHJTBI JIETATENIBHOTO arapara OCHOBHYIO POJIb UTPAET KPbLIO,
M0ITOMY B KAY€CTBE XAPAKTEPHON OEPETCsI TIOIIA/b Kpblia Sy
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— pV2
Y, = Cya TSKP,

TJI€ Cyq — KOOGGUIUEHT MOABEMHOM CUIIBL.

AspoauHamuueckass OoOkoBas cujla B OCHOBHOM OIpPEAENSeTCS BEPTUKAIbHBIM
ornepeHneM Hu (ro3eskeM, 3HAUUTEIbHO MEHBIINHI BKJIaJ B CO3/IaHUE ITOW CHIIBI BHOCST
KpBLIO, TOPU3OHTAIBHOE ONEpEeHHE U JApyrue 4yactu camonéra. IIockonbKy BepTUKaIbHOE
OTIEpEHUE SIBIISICTCS OCHOBHBIM JJIEMEHTOM IPHU CO3/JaHUU OOKOBOW CWIIBI (OHO JUIsI 3TOTO
MpeAHa3HauYeHO), TO €ro oAb Sgo U MPUHUMAIOT 32 XapaKTEPHYIO:

— pV2
Zq =Czq TSBO:

rIie C,q — K03 puureHT 60KOBOM CHITHI.

Tak kak a’pOJMHAMUYECKHUE MOMEHTHI, ACHCTBYIOIIME Ha JIETATEJIbHBIA amnmapar,
pacCUUTHIBAKOTCS B OCHOBHOM OTHOCHUTEJIBHO CBA3AaHHBIX OCEMl KOOPAMHAT, HAWJEM NMPOECKIUU

>

MoMeHTa M Ha OcH CBSI3aHHOU CHCTEMBI KoopauHar (puc. 38).
vA

P

z M, X

Puc. 38. COCTaBJ'IHIOH_II/IC A3pOAUHAMHUYCCKOTI0O MOMCHTA B CBSI3aHHOM CHCTEME KOOpAUHAT

Momenm kpena — adpoAMHaMU4ecKUii MOMEHT BOKpYyr ocu OX. OH ompexaensiercs
CHJiaMu, HeﬁCTByI-OHIHMPI Ha KpI)IJ'IO caMoJI€eTa U Ha BepTI/IKaJ'IBHOC nu FOpI/I3OHTaJIBHOG
OTEPEHUSI:

pV?

Mx = mxTSKlep,

rae m, — KodpQpHUIreHT MOMEHTa KpeHa.

Momenm puvickanusi — a3poJUHAMUYECKMM MOMEHT BOKpYr ocu OY. OH co3pmaércs
chuJjiaMu, )IefICTByIOIIII/IMH Ha BEPTUKAJIBHOC OIICPCHUEC U (1)IO3€.]'I${)K. OTOT MOMEHT BBIUHCIIAETCS

o cienyromieit hopmyre:
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pV?

M, =m, TSBOLBO:
rae my, — Ko3(QQUIHEHT MOMEHTA PICKAHHUS,
Sgo — ILIOIIA/b BEPTUKAIBHOTO OIEPEHH
Lgo — IUIe40 BEPTUKAIBHOTO ONepeHus (PAacCTOSHHE OT TOYKH IIPHIOKCHHS

a’POIMHAMUYCCKOW CHJIbI, BO3HUKAIOIICH Ha BEPTHKAIBHOM OIEPEHUH, JI0 IICHTpAa Macc
JIeTAaTEIBHOTO anmnapara).

Momenm maneadxca — a’3poJMHAMUYECKHMNA MOMEHT BOKpyr ocu OZ. OH co3maércs
CWJIaMU, JICHCTBYIOIIMMH Ha KPBLIO, TOPU3OHTAIBHOE OnepeHne u (ro3esik. BepTukanbHOoe
OMEpPEeHHUE TMPAKTHUYECKH HE Y4YacTBYET B CO3JaHUM MOMEHTa TaHTaka. MOMEHT TaHTaxa
BBIUUCIISIETCS 110 clieytolen hopmye:

pV?

MZ =m, TSKpba'

rae m, — Kod((GUIIMEHT MOMEHTA TaHTaXa,
Skp — TUIOIIA/Ib MPOEKIMK KPbUIA Ha 6a30BYIO IIOCKOCTh KPbLIA,

ba_ XO0pAda YCIOBHOTO IPAMOYT'OJIbHOT'O KpbLIa, paBHOI'O 10 IJNIOMAAN paCCMaTpuBacMOMy
1 UMCIOIICTO TAKUC K€ aOpOJUHAMUYCCKHUEC XapaKTCPHUCTUKH.

4.7. YeTbipe OCHOBHBbIE CWJIbI, eiicTByIOIINEe HA JIA B moJiere

EcTh HECKOTBKO OCHOBHBIX CHJI, BO3HHKAIOLINX B MOJIETE:
® TAra,
e JI000BOE CONTPOTUBIICHHE;
e nogbEMHAS CUIIA;

® BCC.

Korna peYb HUAET O IOHATHH CHJIbI, MBI TIOJIPA3yMEBACM HpOCTeﬁmee TOJIKAaromee Ui
TAHYLICC Bo3zAeHcTBUE. Eclin 3T BO3AEHCTBUS C6aHaHCI/IpOBaHBI — CHIJIa, I[eﬁCTBYIOHIaH B
OIHOM HaITpaBJICHHUHU paBHa CUJIC, ,Z[eI\/'ICTBYIOIJ_IeI‘/’I B ITPOTHUBOITIOJIO)KHOM HAITPaBJICHHUU — 00BEKT
HenoaBmkeH. Ecnu cuibl He C6aHaHCI/IpOBaHBI, 00BEKT YCKOPACTCA B HAIIPpABJICHUN OoJIbIIIEH
CHIJIBI.

47.1. Tara

Cuna mseu cunosoi ycmanosxku (uiu npocmo msea) P — 3To cuna, TeUCTBYOIIas Ha
CaMoJIET CO CTOPOHBI CHIIOBOI YCTAaHOBKH B pe3ylibTaTe € (yHKIIMOHUPOBaHMs. TsAra — 3TO
MEXaHUYeCKas Cujia, KOTopas IepeMellaeT JieTaTelbHBIM ammapaT B Bo3ayxe. JBuxeHue
MOXKET OBITh CJEICTBUEM pabOThl ABUTATENCH, MPOMEIIEPOB, PAKETHBIX YCKOPUTENEH,
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MYCKYJIBHOUW CHJIBI (B CiTydae MTHI]) JUO0 HEKOW MHOW JBUTATEIHHOW yCTaHOBKU. Eciu Tsra
00J1b11Ie, 4YeM JT0O0BOE CONIPOTUBIIEHUE, CKOPOCTh CAMOJIETa YBEIMUUBACTCSI.

Puc. 39. 3aganue cuiibl TATH B CBA3aHHOW CHCTEME KOOPAUHAT

BekTop Tru cuinoBoil ycTaHOBKH (B HOpMaJIbHOM TOJIETE) HAXOAUTCS B BEPTUKAIBHOM
IUIOCKOCTU CUMMETPUHU CaMOJIeTa, U HalpaBlieHHe P 3ajjaeTcsl yriioM yCTaHOBKM JIBUTATEINs B
9TOM IJIOCKOCTH P> T-€. YIIIOM MEKITY nponoabHoi ocklo OX (nmm CAX Kpbuia) U OCbIO

neuratens (puc. 39). a, — yron artaku peakTHBHOH CuIbl. V — HampapjieHHE BO3IYLIHOH

ckopocTd. TeM caMbIM TsTa CHJIOBON YCTAHOBKH 33/1a€TCSl B CBS3aHHOM CUCTEME KOOPIUHAT.
4.7.2. Jlo60BO€ COMPOTHBJIEHHE

JIro6oi 00BEKT, MBMKYLIUICS C TPOU3BOIBHONH CKOPOCTHIO, OYIET HCIBITHIBATDH
HEKOTOpOE JIOOOBOE COMPOTHBIICHHE, YBEIUYHBAIOIIEECS C POCTOM CKOPOCTH. BoT mouemy
CaMOJICTHI, CIIOPTUBHBIC MAIIUHBI, IOKOMOTHBEI HMEIOT 00TEKaeMyr0 JOpPMY — 3TO MO3BOJISET
BO3/IyXy CBOOOJHEE OOTEKATh NBIKYIIUICS OOBEKT, YMEHbIAsl JI0OOBOE COMPOTHUBIICHUE U
noBbIIas 3PPEKTUBHOCTD.

Cuna 1060BOTO CONPOTHUBIICHUS CKIIAIbIBACTCS U3 CHJI, AEUCTBYIOIIUMX HA BCE YacTU
camosieTa, oOOTekaemble TOTOKOM. PaccMoTpum cumity J1000BOrO  CONPOTHBIICHUS,
BO3HUKAIOIIYIO HA KpblIe caMmoJieTa. B kauecTBe XxapakTepHO! Iomaau OyieM UCIoab30BaTh
wiomaabs Kpbuta. Cuina 1000BOr0 CONMPOTHBIEHUS KPbUIa CKIIAABIBACTCS U3 CHUJ Pa3IMUHON
npupoasl. B obmem ciyyae cuiay J1000BOrO CONPOTUBICHUS MOXHO HPEICTaBUTh B BUME
CJIEIYIOLEN CYMMBI:

Xq =Xan+Xaa+Xai + Xasn

rze: Xq p — CUJIA CONPOTHBIICHUS TPEHUS (BO3HUKAET M3-3a BA3KOCTH BO3/1yXa);
Xan
JEHCTBYIONIMX Ha HOCOBYIO M XBOCTOBYIO YacTH 00TEKaeMOro Teja);

Cujia COIIPOTHUBJICHUA JAaBJICHUA (BO3HI/IKaeT H3-3a PA3HOCTH )IaBJ'IeHI/II\/’I,

X, ; — CWJIa UTHAYKTUBHOTO COMPOTHUBIICHHUS (TOSBISETCS TOTAa, KOTIa Ha KpbUIe caMoiIETa
BO3HUKAET OJABEMHAS CUJIA);

X gn — CHJIa BOJTHOBOTO COIIPOTHUBIICHHS (BOSHUKAET MPH MOJETaX HA OKOJO3BYKOBBIX U
CBEPX3BYKOBBIX CKOPOCTSIX).

4.7.3. loxbeMHast cuJia
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lloovemnas cuna, MPOTUBOJIEHCTBYIOIIAs BECy, — 3TO a’3poJWHAMHUYECKas CHIIa,
KOTOpasi yAEp>KUBAET JIETATEIbHbIN anmnapar B Bo3ayxe. B ciaydae ¢ KppulaTbIMU anmapaTamy,
MOJBEMHAS CUJIa BOSHHUKAET NMPpU 00TEKaHUU BO3IyXOM 00BbeMHOro rpoduiis kpbuia. Bo3ayx,
O0TeKaroImuii BEpXHIOI 4acTh, KpbUIA, IBUXKETCS ObicTpee (Oosiee paspspkeH), OTYEro Hajl
KpBIJIOM 00pa3yercsi 30Ha HU3KOro naBieHus. [1o KpbUtoM BO3AyX NIBHKETCS MEIJICHHEE,
o0pa3yst 30Hy BbIcOKOro aaBiieHus. bIIJIAronaps pasHuile naBIeHUN BOSHHUKACT MOJIbEMHAs
CuJla, HAIPABJICHHAs] CHU3Y BBEPX U YACPKUBAIOLIAs caMoJIeT B Bo3ayxe. [[ns 3aBucanus B
BO3JlyX€ WM TOPU3OHTAILHOIO IOJeTa MOJbeMHasl Cuia JOJDKHA ObITh paBHA Becy; IS
Habopa BBICOTHI MOJbEMHAsI CHJIa IOJKHA MPEBHIIIAThH BEC.

IMoxbemuas cuaa Pesyabrupyromas
cnia

Hanpagae-
HHe nojera

h| :‘OJI ATaKMH!

Bosaymmbii

. NOTOK
O6aacTh BLICOKOTO JABJCHUS

Puc. 40. [TogpemHas cuna Kpblia

TIloovémunas cuna (puc. 40) — 3TO COCTaBIAIONIASA TOJHON a’dpPOJIUHAMUYECKON CHJIBI,
MEPIEeHIUKYIIpHAs BEKTOPY CKOPOCTH IBMKEHHsI Tela B IOTOKE >KUIKOCTH WJIM Trasa,
BO3HHUKAIOIIAs B pe3yJbTaTe HECUMMETPUYHOCTH OOTEKAHHS TeJia TIOTOKOM:

V2
Y=, pTS ,
rae Cy, — KodpHUIMEHT NOIBEMHOM CUIIBI;
p — IJIOTHOCTh BO3/1yXa;
V — mnotoka Bo3ayxa;
S — xapakTepHas II0IIA/Ib.

4.7.4. Bec wjin rpaBUTALMSA

Bec — 210 cHiia, ﬂeﬁCTByIOUlaH Ha 00BEKT IO MMPUYINHE HAJIUYIUA epasumayuul. O6TJCKT,
KOTOpBII\/II JICTACT UJIM 3aBUCACT B BO3AYXC, HAXOJUTCA B COCTOSAHUH HEIIPECPBIBHOI'O OajnaHca
CHJI, IpCoaoJICBasd I'paBUTAlHIO. FpaBI/ITaI_[I/ISI HEyMOJIMMAa — JaXX€ KpPaTKOCPpOYHaA IMOTECps
HO)I’I)eMHOI\/II CHUJIBI IPUBOJUT K MOMCHTAJIbHOMY ITAJICHUIO JICTATCJIBHOI'O aIlapara.
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Cuna TspxecTH G SIBIISI€TCSl PABHOAEUCTBYIOLIEH CHII HbIOTOHOBCKOI'O MPHUTSKEHMS
(rpaBUTAaIIMOHHOW CHJIBI) M BHEUIHEW HEHTPOOEKHOW CHIIBI, OOYCIIOBIEHHOW BpalleHHEM
3emuin. OHa YUCIIEHHO paBHa Becy camoiieta G =mg.

% A

0, -

Z, Ag
G

Puc. 41. 3aganue crIIbI TSHKECTH B 36MHOW CHCTEME KOOPJIMHAT

Cuna TspKecTH OOBIYHO 3aJaeTcsl B 3€MHOM cucrteme kKoopauHat (puc. 41) m ee
MPOEKIIUK Ha OCH 3TOW CHCTEMbI KOOPJIMHAT OMPEACISIFOTCS M0 CIeIyomuM Gopmyiam:

Gy, = 0;
Gy, = —G;
G,, = 0.

4.8. OcHOBHDBIE MOHATHSA U NMOKAa3aTeJaN HaJACKHOCTH, 0€30MacHOCTH U KUBYYIECCTH
caMoJIeTa

B uuncne BaxkHENMX OSKCIUTyaTallMOHHO-TEXHHYECKMX Xapakrepuctuk (OTX),
onpenensomux 3PHEKTUBHOCT, caMoyieTa, o0co0oe MeCTO 3aHMMAlOT I[OKa3aTeNH
HAJEKHOCTH, OE30MaCHOCTH U KUBY4YeCTH. B TakTHKO-TexHMueckux TpedboBanusax (TTT) Ha
MPOEKTUPYEMbIE CAMOJIETHI 3HAUCHHUS TTOKa3aTese Hae)KHOCTH, 0€30MaCHOCTH U KUBYUECTH
3a[Ial0TCs TaK Ke, KaK M JIeTHO-TexHu4eckne xapakrepuctuku (JITX): rpy3omnoaseMHOCTb,
Kpeucepckas CKopocTs, ainHa BIII, MakcumanbHas 1anbHOCTb, TOYHOCTh HABUTallMK U J1p. B
cootBeTcTBUM ¢ ['OCT 27.002 - 83 «HanexHocTh B TeXHHKE. TE€PMHUHBI U ONPEIECICHUS»
MPUBEIEM CIICYIOMINE OTIPEICTICHHUS:

Haoeoxxcnocms — CBOWCTBO caMoOJeTa COXPaHATh BO BPEMEHM B YCTAHOBJIEHHBIX
mpenensax 3HA4YeHHs] BCEX MApaMeTPOB, XapaKTEPHU3YIOIIMX CIIOCOOHOCTH BBINOJIHAThH
MIOJIETHBIE 33JaHMSI B PACUETHBIX PEXKHMMAX M YCIOBMSX 3KCIUIyaTallUH, TEXHUUYECKOTO
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00CITy’KMBaHUs, PEMOHTOB, XpaHEHUSI U TpaHCHOPTHUpoBaHUs. Takum o0pa3oM, HaJEKHOCTb
SIBJIIETCSL CJIO’KHBIM CBOMCTBOM CaMOJIeTa U COCTOUT U3 COUETaHUIl CBOICTB: O€30TKa3HOCTH,
PEMOHTONPUTOTHOCTH, AOJITOBEYHOCTH U COXPAHIEMOCTH.

be3zomkasznocms — CBOMCTBO caMoOJIeTa HENPEPBIBHO COXPAHATH PabOTOCIOCOOHOE
COCTOSIHME B TE€UEHHE BPEMEHU BBIIIOJIHEHHUS [10JIETHOTO 3a/1aHuU.

Pemonmonpuzoonocmu — CBOICTBO camoJera, 3aKJIF0YA0IIEecs B
MIPUCIIOCOOJICHHOCTH K MPEAYIPEKICHUIO 1 OOHAPYKEHUIO TPUYKUH BO3SHUKHOBEHHS OTKAa30B,
MOBPEXJICHUM M NOJJEP)KAHUI0, BOCCTAHOBJIEHHUIO Pa0OTOCIOCOOHOIO COCTOSHUS IyTEM
IIPOBE/ICHUS] TEXHUYECKOIO OOCIYKHBaHHUS M PEMOHTOB. PEeMOHTONPUIOAHOCTh BXOJUT B
Oonee  oOmee  CBOMCTBO  caMojeTa —  OJKCIUIYaTallMOHHYIO  TE€XHOJOIMYHOCTb.
OKCIUTyaTallMOHHAs TEXHOJOIMYHOCTh XapaKTepU3yeT NPUCIOCOOIEHHOCTh camoJieTa K
BBIIIOJTHEHUIO BCEX BMJIOB pabOT MO TEXHUYECKOMY OOCITYKMBAaHUIO M PEMOHTaM, BKIIIOYas
3alpaBKy, CHapsDKEHUE, TOTPY3KY M BBITPY3KY, T.€. ONEpaTHBHOE OOCITY)XHBaHHE, HE
CBSI3aHHOE C OTKa3aMHM U NOBPEXKACHUIMU.

/Jlonzoeeunocms — CBOWCTBO CaMOJI€Ta COXPaHATh PabOTOCHOCOOHOE COCTOSHUE 0
HACTYIUUICHUS] TPENEIbHOIO COCTOSHUSA TMPU YCTAHOBJICHHOW CHUCTEME TEXHHYECKOTO
oOcinyxkuBaHUSI M peMoHTa.  JlONrOBEYHOCTh  XapakTepuU3yeT  IKOHOMHUYECKYIO
11e1eco00pa3HOCThb IKCILTyaTal[ii caMoJIeTa J0 MPeIeIbHOro HaleTa KaJeHAapHOro CpoKa

Coxpansemocms — CBOHCTBO CaMOJIETa COXpaHATh 3HAYEHUs IIOKa3aTelen
0€30TKa3HOCTH, JOJTOBEYHOCTH M PEMOHTOIPHUTOJHOCTH B TEUEHHE W IIOCIIE XPAaHCHUS U
TPAHCIIOPTUPOBKH.

HanexxHocTh camosera sIBISI€TCS OJJHUM U3 CBOICTB COBOKYITHOCTH, OIpEEsIOIeH
ero kauectBa (3(pPeKTUBHOCTD). B 3Ty COBOKYITHOCTH CBOMCTB BXOAT TaKXke 0€30MacHOCTh U
KUBYYECTD.

bezonacnocms — CBOHCTBO caMoJjieTa HCIIPEPBIBHO B TCEUYCHHUC BPCMCHU II0JICTA
COXPAHATH pa6OTOCHOCO6HOCTB T€X CHUCTEM H arperatrtoB, KOTOPHBIC o0ecreuynBaloT
3aBCPUICHUC TIOJICTA 0e3 JIETHOTO MMpOUCIICCTBUA. Iloxg 0C30ITaCHOCTBI0  CaMOJICTOB
IMIOHUMAETCS CBOMCTBO KOMILIEKCA (SKI/IHa)K — CaMOJICT, HA3CMHOC o0ecIieueHHE U YIipaBJICHUC
BO3YIIHBIM I[BI/I)KCHI/ICM) BBIIIOJIHATH ITOJCTHI 0€3 JIETHBIX HpOPICHIeCTBPIfI.

/Kusyuecmv — CBOWCTBO camolieTa COXpaHATb PAaObOTOCHOCOOHOE COCTOSHHUE IpH
BO3JICUCTBUU MOPAXAKOLUX CPEICTB M HEPACUETHBIX HArpy30K, a TAKXKE NPH HAJTUIUHU
HaKONMMBIIMXCA MOBpexaAcHU. IlepeuncieHHble CBONCTBA CcaMoOJIeTa MPOSIBISAIOTCS B
IIPOLIECCE DKCILTYyaTallu IIPU ONPEIAECICHHOM BO3IAECHCTBUM BHEIIHEH CPEbl, 3aBUCAILEM OT
PEXKUMOB II0JI€Ta, KIMMATUYECKUX YCIIOBHUM, MHTEHCUBHOCTH BO3JEHCTBHUS HEPACUETHBIX
YCIOBUH M TPH KOHKPETHBIX CII0OCO0aX TEXHUYEeCKOro obcmyxuBaHus. I[lostomy oHM
Ha3bIBAIOTCSA  OKCIUIYaTallMOHHBIMU M ONPENEIAIOT  3HAYEHUs  DKCILIyaTallMOHHBIX
xapaktepuctuk (OTX) camonera. Tounslie oneHkn DTX MOXKHO MOTYYUTH TOJBKO MOCIE
JUTUTENILHON AKCILTyaTalluy OOJIBIIOrO YHCIA CaMOJIETOB JAaHHOTO THIIA.
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CBoIiCTBO camoJjeTa BBIIONHATH IOJIETHBIC 3aJaHus 0e3 ydera SKCIUTyaTallMOHHBIX
CBOMCTB HAa30BEM UCXOOHOU 3¢phexmusrnocmuio. OHa ONpenessieT IPUTroJHOCTh caMoJIeTa s
UCIIOJIb30BAHUS 110 HA3HAYCHUIO B 3aBHCUMOCTH OT €T0 JIETHO-TEXHUYECKHX XapPaKTEPUCTHK.
B nporuiecce AnuTeIbHOM SKCIUTyaTaIl[l CAMOJIET, €r0 CHCTEMBI U arperaTbl MOT'YT EPEXOAUTh
u3 ogHoro coctosHust B apyroe. I'OCT 27.002 - 83 mpeagycMaTpuBaeT MSTb BO3MOKHBIX
COCTOSIHUHM 00bEKTa!

1. McnpaBHOE COCTOSIHME, TPH KOTOPOM OH COOTBETCTBYET BCEM TPEOOBaHHIM
HOPMAaTHBHO-TEXHHYECKOH U KOHCTPYKTOPCKOM JOKYMEHTAIUH;

2. HeucripaBHoe cocTosiHUE, P KOTOPOM OH HE COOTBETCTBYET XOTSI ObI OJHOMY W3
TpeOOBaHNH HOPMATHBHO-TEXHUYECKOW M KOHCTPYKTOPCKOW JTOKYMEHTAIHH;

3. PaboTocmocobHOEe cocTOsHME, NpU KOTOPOM 3HAYEHHS BCEX IApaMETpPOB,
XAPaAKTCPUIYIOIIUX CHOCOOHOCTH BBIMIOJIHATL I10JIETHBIE 3agaHus, COOTBCTCTBYIOT
TpeOOBaHUSAM HOPMATUBHO-TEXHUYECKON U KOHCTPYKTOPCKOM JOKYMEHTALIUH;

4. HepaboTocrocoOHOE COCTOSIHUE, TPH KOTOPOM 3HAUYEHHUE XOTsl ObI OHOTO IMapaMeTpa,
XapaKTCPHU3YIOLICTO CIIOCOOHOCTD BBIMIOJIHATE I10JIETHBIE 3aaaHus, HC COOTBCTCTBYIOT
TpeOOBaHUSIM HOPMATUBHO-TEXHUYECKON MII KOHCTPYKTOPCKOW JTOKYMEHTAINH;

5. IIpenenbHOE cocTOsHUE, ITPU KOTOPOM €r0 JaybHelIee MPUMEHEHHE 110 Ha3HAYCHUIO
HEJIOMyCTHMO WJIM HelenecooOpa3Ho, JU00 BOCCTAaHOBJIECHHE €ro HMCIPAaBHOTO WM
pPabOTOCTIOCOOHOTO COCTOSHHS HEBO3MOXKHO MJIH HELIEJIeCO00pa3HO.

Ilepexon camoisiera M €ro 4acred M3 OJHOTO COCTOSHUSA B JPYroe IHPOUCXOIUT
BCJIEJICTBHE COOBITHH, Pa3INYAIOIINXCS IO UX TIOCIECTBHSM.

HoepeofcdeHue uiu HeucnpaeHocms — CO6I)ITI/I€, 3aKIIIOYaromeecss B HapyIICHHUU
HCIIPAaBHOI'0 COCTOAHUA CUCTEMBI CaMOJIETAa IMTPHU COXPAHCHHUU pa6OTOCHOCO6HOF0 COCTOSAHHA.

Omka3 — coObITHE, 3aKII0Yarolieecs B HAPYIICHUU padOTOCIIOCOOHOTO COCTOSHUS
CHCTEMBI CaMOJIETA.

Asuayuonnoe npoucuwecmeue — coObITHE, CBA3aHHOE C IKCIUTyaTaleil camosera u
MIPOU30IIE/IIee B MEPUO HAXOXKICHHUS Ha ero OOpTy SKMIaXa WIN MAacCaXHUPOB C LENbIO
BBINOJIHEHUS T10JIETa, MPU KOTOPOM IPOM3O0ILIO MOJHOE paspylieHHe WIM MOBPEXICHHE
caMoJjieTa, KOTOpO€ HEBO3MOXKHO YCTPAHHUTh B IKCILIYaTAal[MOHHOIN OpraHU3aluy, C THOEIBIO
nin 06e3 rudenu Koro-audbo U3 yKa3aHHBIX JIMI. ABHAIlMOHHBIE MPOUCIIECTBUS JAEIATCS Ha
JIeTHbIE M Ha3zeMHbIe. K JIETHBIM OTHOCSTCS MPOMCIIECTBUS, MPOUCXOAAIINE B IOJIETE, a K
Ha3eMHBIM IPOUCIIECTBUS JI0 U TIOCTIE TIOJIETA.

B 3aBHCHMOCTH OT TSKECTH NMPOUCIISCTBUH JIETHBIE IPOUCIIECTBUS MOIPA3ACISIIOTCS
Ha TPU BHUJA: MOJOMKH, aBapuu u karactpodsl (FOCT 18340 - 73).

Ilonomka — 31O HE MPpUBOAAIICE K ru0eIu YICHOB DKUITaKa WIIH MMacCaxnupoB JICTHOC
MMPOUCIICCTBUC, IOCJIC KOTOPOro BOCCTAHOBJICHUC CaMOJICTa MPOU3BOJUTCA PCMOHTHBLIM
NpeaAnpUATUEM, U OH MOXKCET OBITh JOMYIICH K SKCILTyaTalluu.
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Aeapuﬂ — 3TO HE IMPUBOAANICC K ru0eny 4IeHOB SKHIIAXKa TN MMacCaXxrupoB JICTHOC
IIPOUCIICCTBUEC, ITOCIIC KOTOPOI'0 CaMOJICT HE IMOJJIC)KHUT BOCCTAHOBJICHUIO.

Kamacmpogha — 310 neTHOE MPOUCIIECTBHE, KOTOPOE MPUBOAMUT K THOEIN XOTS ObI
OJTHOTO JIIIA U3 COCTaBa FKUIAKa UITH TACCAXKUPOB IPH IMOJIHOM HIIM YACTUYHOM Pa3pyLICHUN
camoJera. JIeTHOe MpoOUCIIECTBHE KIIACCU(PHUUUPYETCsl Kak KaTacTpoga, eclIi CMepTh JIIoAeH
OT paHEHM, IOJIyYUEHHBIX B IoJieTe, HacTymaer B TedeHue 10 cyrok mocie Hero. K
KaTacTpo(aM TakKe OTHOCATCS ClIydad MPOINaXu CaMoJIETOB O3 BECTH BO BpeMs IOJIETa.

Upessviuaiinoe npoucuiecmsue — COObITHE, CBA3AHHOE € HKCILTyaTallMeld camoiera, Ho
HE OTHOCSIIEeCs K AaBHALMOHHBIM IIPOMCILECTBHUSM, IPU KOTOPOM HACTyIaeT OJHO U3
CIIEAYIOIIMX TOCIEACTBUNA: pa3pyllleHHe WU IMOBPEXKACHUE C HAPYLIEHUEM IPOYHOCTU WU
U3MEHEHHEM JIETHO-TEXHMUYECKMX XapaKTepPUCTHK; paHeHHe WM rubenp Jtonei; rubenb
HaXOJUBIIMXCS Ha OOPTY JIt0o/Iel MOCIIe BBIHYKACHHON MOCAKU CAMOJIETA OT TOJI0a, HKaXK/bl,
X0JI0/1a U JApyrux npuyuH. K JETHBIM NPOMUCIIECTBUSAM OTHOCAT BBIHYKICHHYIO MOCAIKY
caMmoJieTa Ha TaKOW IUIOINAAKE, OTKyJa OH HE MOXET OBITh DBAKYHPOBaH, HE3aBUCHMO OT
CTENeHN ero moBpexzacHus. [Ipomaxa camonera 0e3 BECTH Takke KIacCU(DUIUPYETCS Kak
JIETHOE ITPOUCILIECTBHE.

4.9. KosimuecTBEeHHbIE TOKA3aTeJIH HaJCKHOCTH, 0e30MacCHOCTH U KUBYYCCTH
CaMoJI€Ta

bezomkasnocmes camonera Hanbosiee MPOCTO MOXKET OBITh KOJMYECTBEHHO OIICHEHA
TaKHMM IIOKa3aTeJIEM KaK HaJICT Ha OTKa3 CHUCTEMBI, BBI3BaBIIICH HEBBIIOJTHEHHE ITOJIETHOTO
3amanus T,, [4ac], KOTOPBIA onpenensiercs o popmye:

tS
T, =—,
nn
rac ts - CYMMapHBIﬁ HAJICT TIIapka CaMOJICTOB JOaHHOT'O THIIA 3a paCCManI/IBaCMHﬁ

KaJIeHJAApHBINA MEepHOJ] 3KCILTyaTaluu (Harnpumep, rof);
N, — CyMMapHO€ KOJINYECTBO OTKA30B CUCTEM ITHX CAMOJIETOB 3a TOT K€ KaJICHAAPHBIN
MIEPHUOJ] IKCIUTyaTalll!, BbI3BABIINX HEBBINIOJHEHHE MTOJIETHOTO 3a/1aHHUS.

ITpu pacuerax 6€30MaCHOCTH CUCTEM U CaMOJIeTa B 1I€JIOM IIUPOKO MOJIB3YIOTCS TAKUM
MoKa3zaTesieM, Kak TapaMeTp MOTOKa OTKa30B W, [l/4ac], KOTOphIi SBISETCS BEIMYUHOU,
obpatuoit T,, . OH TpeACTaBIsSIET KOJIMYECTBO OTKA30B, MPUXOJANIMXCS Ha dYac HaleTa
CaMOJIETOB.

B kagyectBe moka3zarenss O€30TKa3HOCTH MpPUMEHSETCS TaKKe BEpOSTHOCTD
0€30TKa3HOI pabOTHI 32 BpeMsI BHITTOTHEHHS 3a1aHus — P(J) 1 BEpOATHOCTh OTKa3a CHCTEMBI
camoJieTa 3a BpeMsl BHIIIOJIHEHHUS TI0JIeTHOTO 3aaHus — Q (J), BBI3BABILIETO €0 CPBIB.

PCMOHTOHpI/IF OJHOCTb CaMOJI€Ta MOXKET OBITh KOJHUYECTBECHHO OIICHCHA TaKHUM
KOMINIJICKCHBIM ITOKa3aTeCjIEM, KaK BCPOATHOCTH T'OTOBHOCTH K BBIIIOJHCHUIO ITIOJICTHOTO
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3amanus. J[Is  yCTaHOBUBIIETOCS pEXMMa OJKCIUTyaTalldd ATOT TMOKa3aTeidb Ha3bIBAIOT
K02()PUITMEHTOM TOTOBHOCTH:

t
Kr:;)

t
rac ; — OTHOCHUTCIIbHOC BPEMsL Hpe6BIBaHI/I$I CaMOJIETOB B COCTOSIHHNHU I'OTOBHOCTH K IIOJICTY U B

ITIOJICTC.

Ha 3nauenue ko3 dumrernTa roTOBHOCTH CaMOJIETOB JAHHOTO THITa OOJIBIIIOE BIHMSHUE
OKa3bIBaCT OpraHU3allvs CHAOKEHUS 3alacHBIMU JICTAISIMH, HCIIOJIb30BAHUE TEXHUYECKOTO
cocTaBa Ha BCIOMOTAaTENbHBIX paboTax, a Takxke Jpyrue (QaKTopbl, HE CBS3aHHBIC
HETOCPEJICTBEHHO C OCOOCHHOCTSIMH KOHCTPYKIIMHM JAaHHOTO camojera. [loaTtomy Ha sTame
MPOCKTUPOBAHUS M B TPOIECCE HAYaJIbHON AKCIUTyaTallid OOJIBIIOE PACIPOCTPaHCHHE
MOJyYMJT TI0Ka3aTeNib JKCIUTyaTAllMOHHONW TEXHOJIOTUYHOCTH — YJICNIbHAs CyMMapHas
TPYAOEMKOCTh TEXHUYECKOTO OOCHyXHBaHHs camojera — Kp , ompexpenseMas Kak
TPYJOEMKOCTh BCEX BHJIOB TEXHHUYECKOTO OOCTY)KUBAaHUS M PEMOHTA B MIPEJIEIax pecypca 0
MIEPBOTO PEMOHTA, MPUXOJIAIIASCS HA Yac HAJIeTa.

[Toka3zaTensiMu JOJNTOBEYHOCTH CAaMOJIETa SIBJISIFOTCS 3HAUYEHHUS PECYPCOB M CPOKOB
ciyx0. Paznuyaror Tpu BH1a HAa3HAYEHHBIX PECYPCOB:

1. Ilonnwiti pecypc — 3T0 HapabOTKa, MpU JOCTUKEHUH KOTOPOM caMoOJIeT HE MOJICHKHUT
JaIbHEUIEeH SKCIUTyaTallid U PEMOHTY;

2. Pecypc 0o nepsoco pemonma — 3TO HapaOOTKa, MPU JOCTHIKCHHH KOTOPOH caMoJIeT
MIOJUIEKHUT HATPABJICHUIO B TIEPBBIA PEMOHT;

3. Mesicpemonmmuiil pecypc — 3TO HapabOTKa Ha MEPHOJ IKCIUTYaTaI[H CaMOJIeTa MEXTY
JIBYMsI MocieioBaTeNIbHbIMU peMoHTaMu. Hanpumep, Ty-154 umeer MeKpeMOHTHBIH
pecypc 6000 nérapix yacos, Mi-86 — 3500, Sk-24 — 5000.

HpI/I O6CJ'Iy)KI/IBaHI/II/I CaMOJICTOB IO TCXHUYCCKOMY COCTOSIHUIO UCIOJIB3YHOTCA TOJIBKO
JIBa ITOKa3aTeiIs JOCTUraeMon (baKTquCKOﬁ JIOJITOB€YHOCTH — IIOJIHBIN pecypc u MIOJIHBIN CpOK
CJ'Iy>K6BI KaKI0ro 9SK3eMIUIsIpa CaMOJICTa. Bwmecto pecypca 0 TMTECPBOro pEeMOHTaA
YCTAHABJIMBACTCHA Ha3HAa4YCHHBIN peMOHTHHﬁ OUKI — HOpcacibHasA Hapa60TI<a, 0 KOTOpOﬁ
COBCPHIAKOTCA BCC H€O6XOI[I/IMI>IC JJI KQKA0T0 OK3EMILIAPAa CaMOJI€ETa pEMOHTHBIC pa6OTBI 1o
HacTsM.

Pecypcel arperatos n camosieTa BBIPDAKAIOTCA B 4acax HAJETA, KOJIMYECTBOM IIOJIETOB
WIM TOCAJ0OK ¥ 0003HAYAIOTCA COOTBETCTBEHHO tn , tj, tyy, . Hapany ¢ pecypcamu
JI0JITOBEYHOCTh CaMOJIETa U3MEPSIETCSI COOTBETCTBYIOIIMMHU CPOKAMH CITYKObI — KaJleHIapHOM
MPOAOIDKUTETLHOCTBIO AKCIUTyaTallK B rogax. Hampumep, cpok ciry>k0bl 710 TEpBOr0 pEMOHTA
— 3TO KaJIeHJapHasl MPOJOHKUTENBHOCTD HKCILTyaTallui CaMOJIETa, IPU JOCTHKEHUH KOTOPOH
OH TOMNJIEKUT HANpaBlICHUIO B TeEpBbIi peMoHT. (OO0o03HAYalTCd CPOKH CIIYXKOBbI,
COOTBETCTBEHHO, Ty, Tj, Tpnp. CaMoOJIET HAPABIACTCS B MEPBBIA PEMOHT WIIM B PE3yJibTaTe
BBIpAOOTKHU pecypca 10 MEepBOr0 PEMOHTA MJIM MO MPOIIECTBHH CPOKa CIYXkKObI 10 MEPBOTO
pEMOHTa.
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[TokazareneM COXpaHIEMOCTH CaMOJIETa CIY)KUT CPOK COXPAHAEMOCTH — Tiox B TO/IAX.
[Tpu KOIMYECTBEHHOW OLIEHKE OE30MacCHOCTH CIEIyeT pas3iindaTh OE30MAaCHOCThH IIOJICTOB
camojiera W 0€30IacCHOCTh caMmoJjieTa. be30macHOCTh caMoJieTa 3aBUCHUT TOJBKO OT
0COOCHHOCTEH ero KOHCTpYKIMH. Be30macHOCTh MOJETOB 3aBUCHT KakK OT OE30MacHOCTH
camoJieTa, Tak U OT MPOo(eCCHOHATBHOM MOITOTOBKH SKUTAXKa U PYKOBOAMTENCH TIOJIETaMu, a
TaKXKe OT TEXHUYECKOTO OCHAIIECHUS M OPTaHU3alMOHHOW CTPYKTYPBI CHUCTEMBI YIPABICHHS
BO3IYIIHBIM JBWXKeHHEM. [Ipu olleHKe 0e30macHOCTH IMOJICTOB CaMoJjieTa JaHHOTO THIIA
YUUTBIBAETCSI OOIIIEe YUCIIO JICTHBIX MPOUCIIECTBHI 1O BCEM NMPHUYMHAM 3a ONpPEICIICHHBIN
KaJICHIAPHBINA TIEPUO/T KCILTyaTalllu.

[Ipu omenke O€30MACHOCTH caMmoJIeTa YYUTHIBAETCS YHUCIO TOJBKO TEX JIETHBIX
MPOUCILIECTBUIM, KOTOPBIE MPOU3OILINA U3-3a KOHCTPYKTUBHO-TIPOU3BOICTBEHHOI'O HEJOCTATKA
(KITH). B kadectBe mokasareis 0€30MacHOCTH CaMoJjeTa HauOOJbIIEe PacTpOCTpaHEHUE
MOJYYHJI HAJIET HA JIETHBIC MPOUCIIECTBUE — T, KOTOPBIN ONPENEACTCS KaK:

IZI€ N,;; — CyMMapHOe 4ucio JeTHeIX npoucmectsuil no KIIH Ha Bcem napke camoneToB
JAHHOT'O TUIIA 33 PACCMATPUBAEMBII KaJICHJApHBII IEpUOJ IKCIUTyaTalluH.

Kak yxe ormeuanoch, JETHbIE MPOUCIIECTBUS ICNATCS HA IOJOMKH, aBapuu H
karactpodsl. [lokazaTenem 0e€30MacHOCTH CamoJeTa, YYUTHIBAIOUIUM Haubosee TKeble
JIETHBIE TIPOUCILIECTBUS, ABJSAETCS HaleT Ha KatacTpody — T, [4ac]:

ts

TKaT = )
nKaT

A€ Ny, — CYMMApHOC YHCIIO KaTaCTpO(l) mo KITH =Ha Bcem IMapKe CaMOJICTOB IaHHOT'O THUIIA 34
paCCManI/IBaeMHﬁ KaﬂeHI[apHLIﬁ IEPHOJI DKCILTyaTalluu,

t; — CyMMapHbI HaJeT IMapka CaMOJIETOB JaHHOTO THIA 3a paccMaTpUBaEMbIN
KaJIeHAapHBINA MEePHO/ dKCILTyaTalluu (HampuMmep, Tox).

OOBIYHO UCHONB3YIOTCS OOpaTHBIE 3HAYEHHS VYKA3aHHBIX BBIINIE IOKa3zaTesei
6e3omacHocTH: K, — 9mcio jeTHbIX npoucuiecTBuil Ha 100 Teicsay yacoB Hanera win Ha 100
TBICSY TIOCANOK. J[JIsl MacCcaKMpPCKUX CaMOJIETOB CaMOCTOATENbHOE 3HAYCHHE MPHOOpen
MOKa3aTeslb 0€30MacHOCTH, YYUTHIBAIOIINN BMECTHUMOCTh CaMOJIETa M TSHKECTh KaTtacTpod.
Takum mokaszatenem sIBISETCS 00beM MACCAKUPCKUX TEPEBO30K, MPHUXOISIIUICI HA OJHOTO
norudmero naccaxupa A, [macc.xm]:

N
1
An =— ninacclipeﬁc'

i=1

TJI€ Njjacc — YACITO MACCAXKHUPOB B 1-TOM perice;
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Lipeiic — HAJIET B KWIOMETPAx B 1-TOM peiice;

N, — CYMMapHOE€ YHUCJIO MOrHOHIMX MacCaXUPOB 3a paccMaTpUBAEMbIN IEPHOJ B
pe3ynbrate Katactpod camoneToB ganHoro tuna mo KITH.

N — 4ucno peiicoB Bcex CaMOJE€TOB JAaHHOIO THUIIA 33 PACCMATPUBAEMBIM IEPHOJ
JKCIUTyaTaluy;

KonnyecTBeHHBIE IOKA3aTEIN JKUBYUECTH OTPAXKAIOT PA3JINYHYIO CTEIIEHb YSA3BUMOCTH
camoJieTa:

1. BepoaTHOCTb cOXpaHEHHUs PaOOTOCIIOCOOHOCTH IOCIE BO3AEUCTBHS MOPAXKAIOIIUX
cpeactB — Py, XapakTepu3yeT CIIOCOOHOCTh CaMOJIETa BBIMOJIHUTH TOJIETHOE 33aJaHHe
U HOPMaJIbHO BO3BPATUTHCS HA a3POJIPOM;

2. BeposITHOCTb BO3JEMCTBUS HA CBOIO TEPPUTOPUIO MOCIE BO3ACHCTBUS MOPaKAOIIMX
cpeacTB — P,,; OLIEHUBAET BO3MOYKHOCTh BO3BPAILIEHUS CaMOJIeTa Jjayke C aBapUIHBIMU
MOBPEKICHUSMU U BBIHYKJICHHON MOCAIKOM;

3. BeposITHOCTD BBKMBAHUS SKUIAXKA U ITACCAKUPOB MOCIIE BO3ACHCTBUS OPAKAIOIINX
cpeactB — Py, OUeHHBaeT A(PQPEKTUBHOCTh CPEACTB 3alIUTHI W ABAPUHHOTO
nokuanus. OLeHka rnokasaTesei >KUBy4eCcTH IPOEKTUPYEMOI0 CaMoJIeTa MOXKET ObITh
BBIIIOJIHEHA HAa OCHOBE MOJEIUPOBAHMUSA YCIOBHM IOpPaXEHUS M OCOOCHHOCTEH
KOHCTPYKILIUU CaMOJIETA.

4.10. [ToHsiTHE LEHTPA TABJIEHUS

Lenmp oasnenus (I[J]) — TOYKa, B KOTOPOW JMHUS JEHCTBUS paBHOAEHCTBYOMICH
MIPUJIOKEHHBIX K MOKOALIEMYCS WU JBUKYILIEMYCSl T€Ny CHJI IABJICHHS OKPY’KaIOIIEH Cpe/Ibl
(>KMJIKOCTH, Ta3a), MepeceKaeTcsi ¢ HEKOTOPOU MPOBENEHHON B TeJe TUIOCKOCThI0. Hampumep,
JUT Kpblaa camoiiéTa (puc. 42) HEHTpP JaBJICHUS ONPEACSIOT KaK TOUKY MePECeUCHHs TNHUH
JENUCTBUS a9POIMHAMUYECKON CHIIBI C TNIOCKOCTRIO XOP/I KpbUla; IJIs Tela BpamleHus (KOpIyc
paKkeThbl, TUPUKaO0JIsg, MUHBI U JIp.) — KaK TOUKY MEPECeUEHUs a’pOIUHAMUYECKON CHIIBI C
IJIOCKOCTBIO CUMMETPHUH TeNa, MEPIEeHAUKYIIPHON K IUIOCKOCTH, MPOXOASAIIEH depe3 oCh
CUMMETPHUU U BEKTOP CKOPOCTHU LIEHTPA TSHKECTH Tea.

[Tonoxxenune 1eHTpa aBIeHUS 3aBUCUT OT (OPMBI TeJla, a Y ABMIKYIIETOCS Tea MOXKET
emeé 3aBUCETh OT HAIMpaBICHUS MABMXKEHHUS M OT CBOMCTB OKpyXaromiei cpensl (eé
ckuMaeMocTH). Tak, y Kpbuta camos€Ta, B 3aBUCHMOCTH OT (hopM ero mpoduis, MOI0KEeHHE
LIEHTpa JABJIEHUS MOXKET U3MEHATHCS C W3MEHEHUEM YIJla aTaku o, a MOXKET OCTaBaTbCs
HEU3MEHHBIM («poduib ¢ moctosHEbM 1JI»); B mocmennem cimydae X, = 0,25b. Ilpu
JBIKEHUU CO CBEPX3BYKOBOM CKOPOCTHIO IICHTP JaBJICHUS 3HAYNTEIHLHO CMEIIAETCS K XBOCTY
M3-3a BIUSHUSA CKUMAaeMOCTH BO3/IyXa.
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Puc. 42. TlonoxeHue eHTpa JaBiICHUs MOTOKA HA KPbUIO: b — XOop/a; oo — yroJ aTaku; v —
BEKTOP CKOPOCTH IIOTOKA; X;;; — PACCTOSHUE LEHTPA JaBJICHHUS OT HOCUKA TeNa

V3MeHeHue MoyioKeHus EHTpa AaBICHHS y IBHKYIIUXCSI 0OBEKTOB (CaMOJIET, paKeTa,
MHHA U JIp.) CYHIECTBEHHO BJIMSET Ha YCTOMYUBOCTh UX BHKEHUS. UTOOBI X JBUKEHHE ObLIO
YCTOMYMBBIM IIPH CIIy4aiiHOM U3MEHEHHUH yIJla aTaKH 0, LEHTP JABICHUS JOJIKEH CMECTUTBCS
TaKk, 4TOOBI MOMEHT a’pPOJAMHAMHYECKOW CHIIBI OTHOCHTEIBHO IIEHTPA TSKECTH BBI3BAI
BO3BpallleHUEe OOBEKTa B MCXOJHOE IOJIOKEHHE (HAampuMep, IpHU YBEJIWYEHUH O LEHTP
JaBJICHUS] TOJDKEH CMECTHTBCA K XBOCTY). st obecneueHus! yCTOMUMBOCTH OOBEKT YacTo
CHa0XaIOT COOTBETCTBYIOIIUM XBOCTOBBIM OIIEPEHUEM.

4.11. IlonsiTHe LEHTPA Macc

IlenTp Macc yneraTenbHOrO anmnapara — Touka MPUIIOKEHHUS] paBHOAECHUCTBYIOIIEH CHI
BECa BCEX YacTel caMoJiieTa, €ro CUCTEM, 000PYI0BaHMsl, 1aCCAXKUPOB, IPY30B.

Aspoounamuueckuti goxyc — touka (Ha CAX KpbuUla) TPUIOKEHUS MPHUPAIICHUS
MIOJIHOM a’pOJMHAMHYECKON CHIIBI IETATeNLHOTO ammapara.

IEHTP MacC Ytl ) HCHTP JAaBJICHUS

Mz0

T adpoAMHAMHYCCKHI (OKyC

Puc. 43. Touku IMPUIIOKCHUA ICHTPA MACC, HCHTPA AABJICHUSA U A3pOJUHAMUYCCKOT'O (I)OKyCB.

HpOCKTHOC IMMOJIOKCHUEC LICHTPA MACC caMoJI€Ta IOJDKHO obecreunBaTh HCO6XOI[I/IMYIO
YCTOﬁqHBOCTB " YIIPAaBJIACMOCTL Ha BCEX PCIKUMAX mnoJera.

[TpomonbHas yCTOWYMBOCTH CAaMOJIETA ONpEACNSETCS B3aMMHBIM PaCIIOIOKEHUEM
IeHTpa Macc u GoKyca JieTaTeIpHOTo amnmaparta (puc. 43).

Bo03MOKHBI TpH cilyuasi pacloIoKeHUs LIEHTpa Macc U Qokyca:
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1. IlenTp mMacc pacnoyioxeH Briepeau Gokyca.
2. IlenTp macc coBMeNI€H ¢ POKyCcOM.
3. Lentp macc pacnosnoxeH mo3aau Gokyca.

LJenmposka — paccTosiHHEe OT HOCKa cpeaHel aspoaunamuueckoit xopasl (CAX) mo
LIEHTpa Macc caMoJIETa, BEIPAXKEHHOE B MpoIeHTaxX OT BeanunHbl CAX:

_ X
X, ==L -100%
ba
Tlomoxenue OCHTpa Macc CaMOJ'IéTa, da 3Ha4uT, €ro H€HTPOBKHU 3aBUCUT OT:

1. 3arpy3ku camoi€Ta U U3BMEHEHHUS YTOU HArpy3Ku B MOJIETE;
2. pa3MelIeHHs MacCcaXUpoB U BHIPAOOTKH TOILIUBA.

IIpn ymeHbUIEHMM UEHTPOBKU YBEIMYMBACTCS YCTOWYMBOCTH, HO YMEHBIAETCA
yopasisieMocTb. [Ipy  yBelnMYEHMM LIEHTPOBKM  YMEHBINAETCA  YCTOMYUBOCTb, HO
YBEIIMYUBACTCS YIPABISIEMOCTb.

4.12. Ileperpy3ka

Heperpy31<0171 Ha3bIBACTCsA CyYMMa BCKTOPOB BCEX CHII, HeﬁCTBYIOIHHX Ha CaMOJICT,
KpOME CHUJIbI TAKCCTH, ACJICHHAA HAa BCJIMUUHY CUJIBI TSXKCCTH. B nonere MEeperpy3ka paBHa:

P+R,
n=——,
mg

rae P — cuna TAru CujaoBOM yCTaHOBKH;
R, — noyiHast a3poiMHAMUYECKas CUJia;
mg — cuiia TSDKECTH.

Kakx Bugno u3 dopmynbl meperpyska — BenuuuHa Oe3pasmepnas. [leperpyska —
BeMuMHA BekTopHas. EE HampaBieHue coBHAJacT C HANpPABJICHHEM pPAaBHOJCHUCTBYIOIIEH
MOBEPXHOCTHBIX cWi. Ha mpakTuke OOBIYHO TONB3YIOTCS HE TOJHOM Meperpy3koil, a e
MMPpOCKIHAMHU HAa OCU CUCTEMbI KOOpAWHAT.

4.13. llonsiTHE 2a3POAMHAMHUYECKOT0 Ka4yeCcTBAa.

Aspoounamuneckum Kauecmeom Kpblia HA3bIBAETCS OTHOIIEHUE IOIBEMHOM CHIIBI
KpbLIa K CHJIEe JOOOBOTO CONPOTHUBIIEHHS MJIM OTHOILEHUE COOTBETCTBYIOIIUX K03 (HUIIUEHTOB
Ha JJAHHOM YTJI€ aTaKH:
Yo  Cya

K=—= .
Xa Cxa

ABpOIMHAMHMYECKOE KadeCcTBO SBJISIETCS OJHOM W3 Ba)XXKHEMIIMX XapaKTEPUCTHK,
OTpaXKaroIUX TEXHUYECKOE COBEPLICHCTBO caMosera. Hampumep, oT a’poauHaMHUYECKOro
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KadyecTBa B 3HAUHWTCIBHOM CTEIICHW 3aBUCHT JaJJbHOCTH IIOJICTA. HOBTOMY npru COo3JaHuun
caMoJiera, 3aJaBasCh BEJIMYMHOM HO,H"beMHOfI CUJIbl, CTPCMATCA YMCHBIIUTDH J1000BOE
COITPOTUBJICHHC, YTOOBI YBCIUWYUTH KA4Y€CTBO.

OmnpenpensiromuMu pakTOpaMu, BIUSIOUIMMA Ha a3pOAMHAMUYECKOE KaueCTBO, KPbLIa,
SIBIISIFOTCSI:
® YroJl aTaky;
e (opma npoduns;
® OTHOCHTENIbHAS TOJNIIMHA U KPUBHU3HA MIPOQUIIS;
e (opma Kpblia B IJIAHE;
® COCTOSIHHE TIOBEPXHOCTH KpBbLIA.

<

|

|

I

!

:
A
2

T — p— , S —

LEHTP
AABAERHA

e e —— S S S .

Xa

Puc. 44. CocraBnstomyue MoxHON a3poIMHAMUYECKON CHITBI KpbLia

Ha pucynke 44:
® a — yroJj aTaku;
e 0 — yrox Ka4yecTna;
e Y, —noxvéMHas cUIa;
e X, — cuia J000BOTO COMPOTUBIICHUS;
e R, — moJHAas adpOAMHAMHYECKAs CHIIA.

ITo pucynky 44 BUAHO, YTO OTHOIIEHHME IOABEMHOM CHIJIBI K CHJIIE JOOOBOTO
conpoTuBiieHUs paBHO ctg(8). [TosToMy yron 6 Ha3bIBalOT yIJIOM KauecTBa:

Y

K =ctg(@) = Y
a

W3 BeIpaxkeHust ciiefyeT, 4To 4yeMm OOoJjbllle Yroa KayecTBa, TEM MEHbILE KauecTBO
Kpbula. BennunHa a’poauHaMHUYECKOro KadecTBa BO MHOI'OM 3aBHCHT OT N€OMETPHYECKHUX
XapakTepucTUK Kpbuia. C yBeTUYEHHUEM OTHOCHUTEIHHOW TOJIIMHBI U KPUBHU3HBI PO
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Ka4eCTBO €r0 YMEHBIIIAETCS, TaK KaK KO PHUImeHT 1000BOT0 CONMPOTHRIICHHS PacTeT ObICTpEe
KoddunreHTa moapeMHoN critbl. @opMa Kpblia B IUIaHE BIMSET HA BETMYMHY WHAYKTUBHOTO
conpotuBiieHUs. C yBEIMYCHUEM YAJIMHCHUS KpbUIA WHAYKTHBHOE CONPOTHBIICHHE €ro
YMEHBIIIAETCS, YTO MPUBOJIUT K MOBBIIICHUIO a3POJUHAMUYECKOTO KaueCTBa KPbLia.

5. BIUIA

Jlnama3oH CyIIECTBYIOIIUX H pa3padaThIiBa€MbIX OCCHMIOTHBIX allllapaToB OYEHBb
LIUPOK: OT MUKpO- U MUHU-BIIJIA 10 TsXkKesbIX MHOTOTOHHBIX almaparoB, a Takke BITIA,
CIIOCOOHBIX BBIMIOJHATh CBEPXJAJbHUE W CBEPXBBICOTHBIC TIOJIETHI JUIMTEILHOCTHIO B
HECKOJIbKO MecsileB. Haznauenne coBpeMeHHbiX BIIJIA He orpaHnymBaeTcsi TOJIbKO BOCHHOH
obITJIAcThr0. CTpeMHUTEIIBHO paciIupseTcs u cepa uxX rpakKJIaHCKOTo MPUMEHEHHS (B TAKUX
oTpacisiX, Kak HedTerazoBas IPOMBIIUICHHOCTb, TPAHCIOPT, CTPOUTEIBCTBO, CEIBCKOE
X035HCTBO, CBSI3b U JIP.), YTO MPHUIAET JONOJTHUTEIbHBIE UMITYJIbCHI PA3BUTHIO OCCITMIIOTHOM
aBHAIIMOHHON TEXHUKH.

5.1. BecnuyI0THBI# JieTaTeJbHBII annmapart, 0CHOBHbIE ONpeieIeHUsI

becnunomnoe mobunvnoe cpeocmeo — 3TO HCKYCCTBEHHBIM MOOWIBHBIH OOBEKT
MHOI'OpPa30BOI0 MJIM YCJIOBHO-MHOIOPa30BOIO HCIOJIb30BAaHUS, HE HMEIOIMHA Ha OopTy
SKMNaxa  (4eloBeKa-NMHJIOoTa) U CHOCOOHBIH  CaMOCTOATENBbHO  IEJIEHAIPABICHHO
nepeMeIaTbcsi B MPOCTPAHCTBE JUIS BBINOJHEHHUS DPA3IUYHBIX (DYHKIMA B aBTOHOMHOM
pexxume (C TOMOIIBI0 COOCTBEHHOM YIPABIAIOMIEH MPOTpaMMbl) KM IOCPEICTBOM
IVCTAHIIMOHHOTO  YIpaBleHWs  (OCYIIECTBISIEMOTO  YeJIOBEKOM-OIIEPaTOpOM  WJIH
JUCTIETYEPCKUM IIEHTPOM).

Henb3st cuntaTh OECIUMIOTHBIME MOOMIIBHBIMU CPEJICTBAMU T€ OOBEKTHI, KOTOPhIE HE
HUMEIOT COOCTBEHHBIX SHEPreTUUECKOi moacucTeMsl U ABmxuTensa. Hanpumep, Oykcupyemsbiid
3a KopalJieM Ha Tpoce MCCie10BaTeIbCKUIM 30H ] Hellb3s CUUTATh OSCTIUIOTHBIM MOOMIIBHBIM
cpeactBoM. Ilo 3Toif ke mnpuuMHe He sBJsETCS OECHMIOTHBIM MOOMIIBHBIM CPEJICTBOM
METEOPOJIOTHYECKUI 30H]1, CBOOOAHO Apeidyromuii B atMochepe. He ABIAIOTCS TaKOBBIMH U
pa3iauyYHble YCTpPOICTBa, NpUKpEIUIsieMble K MOOWJIBHBIM OOBEKTaM U CIIy)Kallue IS
crnexxenus 3a HuMa (mpumep — GPS-Tpekepsr), T.K. B 3TOM cllydae OTCYTCTBYET BO3MO>KHOCTb
CaMOCTOATEJIBHOTO ITEPEMELIEHUS U YIIPABIICHUSI IBH)KECHUEM.

Becnunomuwiti  nemamenvuwiti  annapam (BIIJIA) — 5TO IJeTaTeabHBIA ammapaT
MHOTI'OpPa30BOr0 MJIM YCJIOBHO-MHOTOpPA30BOTO HCIMOJIb30BAaHUS, HE HMEIOMMNA Ha OopTy
KMMaxa  (4eNOBEeKa-MIIIOTa) M CIOCOOHBIM  CAMOCTOSITENFHO  IEJICHAINPaBICHHO
MepeMenaThCsl B BO3yXe JUISl BBITIOTHEHHS Pa3IMUHBIX (QYHKIH B aBTOHOMHOM pexXHMe (C
MIOMOIIIbI0 COOCTBEHHOM YIpaBIAIOLIEH MpPOTrpaMMbl) WJINM TOCPEICTBOM TUCTAHIIMOHHOTO
yrpaBieHus (0CYIIECTBIEMOr0 YeI0OBEKOM-0IIEPATOPOM CO CTALIMOHAPHOTO UITH MOOUIIBHOTO
MyJbTa YIPaBJICHUS).
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3ameTtuM, uto K BITJIA He OTHOCSATCS BCe pakeThl, CHAPSABI, OOMOBI (HE3aBUCUMO OT

TOTO, YIpaBJIIeMble OHM WM HET), a’pocTaTbl Oe3 ABUrartesied U apyrue 0e3MOTOpHbBIE
JeTaTeNbHbIC aNlapaThl: MIIAHEPHI, IebTallIaHbl, napariansl. Ho 6ecniuinoTHble quprkadiu,

MOTOpHBIE JIeJIbTAIUIaHbl M MaparyiaHbl B COOTBETCTBUU C JIAHHBIM OIPE/ICJICHUEM BIIOJTHE
MoxHO otHecTH K BITJIA.

5.2. Cnoco0bI 3anycka u ynpapiaenus BIIJIA

5.2.1. Cnoco0wb1 3anycka BIIJIA

Bsner sBnsercs HanOoliee OTBETCTBEHHBIM 3TAIllOM IIOJIETA JIOOOT0 JIETaTEILHOIO

anmnapata. Ha cerogusiHuii AeHb NIMPOKO MPUMEHSIOT CIEAYIONINE CIIOCOObI B3JIeTa/3amycKa
BILIA:

1.

2.

3amyck ¢ pyk (puc. 45).

B 0cHOBHOM J1aHHBIN METOJI IPUMEHSIETCS JUIs JIETaTeJIbHBIX aIlapaToB, Ybs Macca He
npeBbimaer 5 kr. OCHOBHOE JTOCTOMHCTBO 3aKIIOYAETCSl B OTCYTCTBHM KaKHX-JIMOO
MEXaHU3MOB, YTO MMPUBOAMT K IMOBBIIICHUIO HAIEKHOCTH M IIPOCTOTE 3aITycKa, HO, IPH
3TOM, CYLIECTBEHHBIN HEJOCTATOK 3aK/II0YAETCsl B HU3KOM YPOBHE O€30IaCHOCTH, TaK
KaK IIpY 3aITycKe ABUraTesb paboTaeT Ha MaKCUMAIIbHBIX 000pOTaXx, M yAepKaTh TaKOH
anmapar MOXeT ObITh CJIOKHOH 3a7a4yeil, He TOBOPS O PUCKAX JJIs 310POBbSL.

Puc. 45. 3anyck BITJIA c pyk

3amyck ¢ TOMOIIBIO B3JIETHON TOJIOCHI.
JlaHHBI MeETOJ 3amycka XapakTepeH Uis KPYMHBIX JIeTaTeNbHBIX amapaTos,
obIJTAjarorux BHYIIMTEIBHBIMU, Macca-rabapuTHBIMU XapakTepucTUKamu. B
KauecTBE MPUMEPOB OECHIIOTHUKOB, KOTOPBIM JJIsl 3allyCka HEOOXOJMM TaKOM
croco6, moskHo mpuBectu: Poccuiickuit BITJIA «Opuon» (puc. 46), Kuraiickuit «CH-
4, Amepukanckuii «MQ-1 Predatory.
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Puc. 46. BIIJIA «Opuon»

3amyck ¢ TOMOIIbIO KaTanyabThl (puc. 47).

Jlis B3nmeTa Majo- U CpeAHepa3sMepHbIX OECHMJIOTHBIX JIeTaTeNbHBIX allllapaToB
LIIMPOKO HCIIOJIb3YIOTCA IYCKOBBIE YCTPOWCTBAa THUIA KaTallyJbThl, I1O3BOJISIOLINE
obecnieunTh OBICTPBIH U A(P(HEKTUBHBINA B3JIET C CHJIOBOW YCTAHOBKH CPaBHHUTEIHHO
HeOOJIBIIION MOITHOCTH. B31€T ¢ KaramymbThl — 93TO caMasi MOMYJIsIpHas cHcTeMa
3armycka BIIJIA B cBsi3u ¢ Tem, 4TO ero paboTa MPOUCXOAUT, B OCHOBHOM, B MECTaxX
HEOOOpY/ZOBaHHBIX  B3JIETHO-TIOCAJOYHON  monocod. 3amyck wMoxenu  BIUIA
OCYILIECTBIISIETCS C NOMOULIBIO KaTaIlyJIbT Pa3IU4HbIX CUCTEM U METOJOB IOJIY4YEHHUs
IIyCKOBOM 3Hepruu. BeiOop THMa KaTanyabThl 3aBUCUT OT Macchl I1aHepa, TpeOoBaHUI
K B3JICTHOM IUIOIIAJKE ¥ BPEMEHU IOJTOTOBKHU K B3JIETY.

KaranynbTbl OBIBalOT TPEX OCHOBHBIX BHJOB — ITHEBMaTHUYECKHE, MEXaHUYECKHUE U
AJIaCTUYHBIE.

Puc. 47. BIIJIA, ycTaHOBJICHHBIN Ha KaTamyabTe

st ocymectBienus: mycka mozenei BITJIA maccoit ot 15 go 50 xumorpamm, garie
BCETO,  WCMOJB3YIOT  THEBMATHUYECKHE  WJIM  MEXaHMYECKHE  KaTallyJbThl.
[TaeBmaTnyeckue  karamyiabThl  OBIIJIAmaroT  OTHOCHTENBHO  HEOONBIIMMH
rabapuTHBIMU pa3MepaMy W BecoM. Takoi THUM KaTamyJabT Pa3TOHSET JETaTeIbHBINA
anmapaT C IOMOIIBIO CKAaTOro Bo3Ayxa. MeXaHMYecKue KarTamyjiabThl MOTYT
UCIIONIb30BaTh DHEPrHI0 TMANaloliero Tpysa, JeOeMOUHbI MpUBOA THOO Apyrue
YCTPOWCTBA.

62



CaMbIMH pacpOCTpaHEHHBIMH CHCTEMaMH 3aIycKa SIBJISIFOTCS 3JIACTHYHBIE CIIOCOOBI
KatanynpTupoBaHus. [IpuHuun ux paboOThl 3aKIIOYAeTCsl B CHIIE, MOJIYYCHHOU B
pe3ynbTaTeé aMOpPTU3alMM  3JaCTUYHOIO, Yallleé BCEro PE3MHOBOIO, IIHYpA.
KoHcTpykIuss KaramyiabThl BBIIOJHSAETCS MOJYJIBHOM, YTO IIO3BOJIAET CHHU3UTh
rabapuTHbIE pa3Mepbl B TPAHCIIOPTUPOBOYHOM COCTOSIHUM M OOECHEYUTH OBICTPYIO
cOOpKYy Ha MECTe MPOBEIECHUS 3aIlyCKa.

OcHOBHBIE TIPEABSABISEMBIC K KaTalyabTaM TPeOOBaHU 3aKIIOYAIOTCS B HAJICKHOCTH,
KOTOpasi 3aBUCUT OT pabOTOCIIOCOOHOCTH MEXaHU3Ma MPHU PA3TNYHBIX KIMMATHYECKIX
YCIIOBHSIX; HMCKJIIOUEHUU MOBPEXKICHUS TOPOTOCTOAIIEIO JIETATEIbHOIO anmnapara;
SPrOHOMUYHOCTH, CBSI3aHHOW C MHUHUMH3ALMEH MaccorabapUTHBIX XapaKTEPUCTUK,
IIPOCTOTOM  HCIOJNB30BAaHUS; MHUHMMAQJIbHOM  BPEMEHEM  pa3BEPTHIBAHUSA U
CBEPTHIBAHUS; BBICOKMX AKCIUTYaTallMOHHBIX KayeCcTBaXx.

5.2.2. Cnoco6s1 ynpasiaenus BIIJIA

B HacTosiuit MOMEHT pa3nuyaroT Tpu crnocoba ynpasiaeHus bITJIA:
1. ABTOMATHYECKHI;
Pyunoi;
3. CwmelIaHHBIH.

N

[Ipu aemomamuueckom ynpaenenuu BIIJIA npuHUMaeT pemIeHUsS O TPACKTOPUH
JBAKEHUS U ONEPALMAX, POU3BOJAUMBIX IIOJIE3HOW HArpy3KOW, CaMOCTOSITEIbHO, COTJIaCHO
3QJI0KEHHOM B HETO IporpaMMe M IOKa3aTeslsIM OKpYKarollel cpenbl. JlaHHBIM IPUHIUI
PEryJIupoBaHMsl CII0KEH B pealn3alii U3-3a ObICTPOMEHSIOIIUXCS OOCTOSTENbCTB ABHKEHUS
BILTA B mpoctpancTBe. Takxke HEMaTOBAXHOM SABJISIETCS] MOJIENIh MUPA, 3aoxeHHas B BITJIA.
K npumepy: BIUVIA 11t MOHUTOpUHTraA MOMELIEHUH HE 0053aH UMETh CHCTEMY TJ100aIbHOTO
MMO3ULIMOHUPOBAHUS, IIOCKOJIBKY IIEPEKPBITUS COOPYKEHUS HE ITO3BOJIAIOT IPOXOJAUTH CUTHAILY
CIyTHUKOB, OJHAKO CHUCTEMa KOMIIBIOTEPHOIO 3pE€HUs JOJ/DKHA IIPUCYTCTBOBATH IS
Oe30macHoro nepemenieHus B npocrpaHctBe. C MHON CTOPOHBI MOXKET BBITVIAAETH pELIeHHE
nozumonnpoBanus BIIJIA B 3amayax HampHUX MOPCKHMX NEPEBO30K, IZI€ HET JOCTATOYHOTO
KOJIMYECTBA OPHUEHTUPOB — BCIEACTBHE 3TOrO, JMIIb HajJuuyue Ha OOpTy NPUEMHHUKOB
GPS/TJIOHACC Mo3eT 03BOJIUTH C IOCTATOYHON TOYHOCTBIO COBEPIIATH ME€PEIBHIKEHUS.

Pyunoii cnocob ynpasnenus peanusyer kKoHTposib noBenenust BIIJIA omepatopom.
JlaHHBIN TPUHIATI TTO3BOJISIET OPTraHU30BBIBATh PA0OTY B 3apaHee HEM3BECTHBIX YCIOBHSX.
OnHako JaHHBIM METOJl HE MO3BOJSET B IMOJHOM Mepe pa3BUTh MOTEHIMATI CHUCTEMHOIO
obecnieuenus BIIJIA, mOCKONbKY HEBO3MOXKHO OTKa3aThCS OT OIIMOOK THIOTa WU
OrpaHUYEHHON JanbHOCTU curHana ynpasieHus. BITJIA ¢ pydyHbIM NpUHIMIIOM YHpPaBIICHUS
4acTO MPUMEHSIOTCS B KHHOChEMKE, 00CIIeIOBAHUH HEU3BECTHBIX MECT U T.J.

OO0bequHEHNEM TEepBOTO M BTOPOrO MPUHIMUIIOB SBISIETCS CMEUAHHbIL Memoo
ynpasnenus. Ilpu ero peanuzanuu nuioT uMmeet ynpasieHue Hag BIUIA, ogHako GopToBas
CHUCTEMa OCYIIECTBJISIET MOMOIIb B MPUHATHU PEIICHUH OmepaTopoM MU peanusyer ux. K
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MpUMepy: TaHHOM cucTeMoi 000pyAOBaHbI OOJIBIIMHCTBO COBPEMEHHBIX KBaJIPOKOITEPOB —
OHAa TMIOMOTAEeT PeaIn30BaTh yJepKaHUEe TOPU30HTA B IOJIETE, & TAK)KE OPraHu3yeT BO3BpaT B
TOYKY B3JIeTa MpU MOTEPE CUTHAIIA.

IpuHuun nojera u ynpasjenus bIIVIA

Beinenum nBa Buaa KBaIpOKONTEpoOB: kiaccudeckud u FPV. Pasnmuuarorcs oHu
YIIPaBICHUEM U CIIOCOOOM BU3yalbHOTO KOHTPOJIS.

Jlia ynpasnenus crangaptHbiM BIIJIA ucnonb3yercs crnennanbHblid mynsT (puc. 48),
gyepe3 KOTOPBIH KOHTPOIUPYETCs MOJET, a TakkKe CMapT(POH WM IJIAHIIET, KyJa BEIBOJUTCS
n300pakeHUe ¢ KaMephl U JaHHbIE O MOJETE.

AHTEHHa
Pyuka ynpasneHua
IKpaH @ ABUKEHMEM
YRpasACHUA Bnepéa/Hasan
Ynpasnenue (taHraxk) u
CKOPOCTbIO Bneso/snpaso (KpeH)
@ @ ®aun
(nosopor
Ha 360°)
o
Tpummep
Bkn./Bbikn.

®

' KHonka
Pyuka ynpasneHua o -
oboporamu geurartens
u passopoT BoKpyr  [1epeksitoyaTens KHonka seeaeHuA
cBoei ocu (pbicKaHbe) pexxumos @ AAHHBIX

Puc. 48. Ilynst ynpasnenust BITJIA

FPV (om anen. First Person View — 6uo om nepsoeo auya) — 370 CHCTEMA YIPABICHUS
MoJNIETaMU OT «IEPBOTO JHUIa». Tak ke, kKak u B kiaccudeckom BIIJIA, mis ympaBneHus
UCIOJIb3YETCs MYNbT, HO KAPTUHKA ¢ KaMephl KBaJIPOKOITEPa MPUXOAUT yXKe HE Ha cMapT(OH
WM TIJIAHILET, a Ha CHeHalIbHbIE OUKH.

Pexumbl moaéra BILJIA
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Knaccuueckuii KBaipoKOINTep UMEET IBA PEXKUMA MOJIETA:
1. CrangapTHBINA PEXKUM.
Boiensior cienyromue BUIbI CTAaHAAPTHBIX PEKHUMOB:
e PexuM no3unnoHupoBaHusiM (P-pexum).
OcHoOBHasl €ro CyTh — JIET€Th CTaOUJIbHO, TUIABHO, 00XO0/sI MPEMSTCTBUS, YTO
no3sossier GPS.
P-pexum nyume Bcero pabotaer mnpu cuinbHoM curHaine GPS. BITJIA
ucnonb3yer monyiab GPS, cucrembl mepegHero W HIDKHEro o03opa s
OINpPEENICHUsI CBOEr0 MECTOIOJIOKEHUS, aBTOMAaTUYECKON CTa0WIM3aluu U
HaBUTALUU MEXKTY MPENATCTBUSIMHU.
e CropTuBHBII pexuM (S-pekum).
[IpennazHaueH nans nOpenenbHbIX ckopocred mnoneta. GPS  mponmomkaer
noMoratbe B no3uuuoHupoBaHun bBIIJIA, HO onTuyeckwe HATYMKHA B 3TOM
peXHUMeE yKe He paboTaroT.
e Pexum opucHTauu (A-pekuMm).
B stom pexxume GPS otxitouen. g yaepxanus Boicotsl BIIJIA ncnons3yer
BHYTpEHHUI OapomeTp. 3aBUCHYTh B OJHOW TOYKE CAMOCTOSITEJILHO B TaKOM
pexXHUMe KomTep yxe He MoxeT. [Ipu Hanuuuu BeTpa OECIMIOTHUK HE CMOKET
yIEepPKUBATh CBOE MOJIOKEHUE U MIEPEMECTUTCS B CTOPOHY €0 HAIpPaBJICHHUS.
2. VHTemneKTyalbHbBIN PEeXUM.
B knaccuueckue BITJIA BcTpoeHbI MporpaMMbl yIpaBiIeHUs C TOTOBBIMU CIIEHAPUSIMU
CbEMKU. OJTO U €CTh HUHTEIUIEKTyaJbHble pexuMbl. Hampumep, mnpecienoBaHue
JBIDKYIIETOCS O0BEKTa, OONET 1O opOuTe, CIEAOBAaHHE IO 3apaHee 3aJaHHOMY
MapuIpyTy M Jaxe IOJHOCThIO aBTOMaThyeckas ChbEMKa OOBEKTa, KOTOPBIN
BBIJIETISIETCS B IPUIJIOKEHUH Ha cMapT(doHe.

PexxnMsbl nos1eToB KBagpokonrepos FPV:

1. Pexum Angle (pexum crabunmsanuu). BITJIA aBroMaTW4yeckd BO3BpAIlacTCs B
TOPU3OHTAIIBHOE MOJIOKEHUE — ONPEIEICHHBIN Yroil, OrpaHUYECHHBIA HACTPOUKAMH.

2. Pexum Horizon (pesxum crabunmsanuu). JlocTyreH aBToMatuueckuii Bo3spar BITJIA
B TOPU30HTAJIBHOE IIOJOXKEHUE. YTIOBOEC [BUKCHHE OIPAaHUYEHO HE IOJHOCTHIO,
MIO3TOMY MYJIbTUKONTEP MOXKET CIEJIATh IEPEBOPOT.

3. Pexum Acro (pexxum 6e3 crabunusaruu). [Ipu TakoM pekuMe TpeOyeTcss pydHOM
Bo3BpaT BIIJIA B ropusoHTasbHOE MOJOXKEHHUE. YTOJI HAKJIOHA MYJbTUKOITEPA MpHU
JBWKEHHUH onpenensiercs ckopocTsio BpanieHus bIIJIA Bokpyr ocu.

5.3. Knacenpuxanus BIIJIA no Ha3HaYeHUIO

Bo muorux knaccudukamusx mo HasHaueHHio BIIJIA pasnensioT Ha BOCHHBIE U
rpaxmanckue. OmHako Oosee ITOTUYHBIM SIBISIETCS Kiaccudukaius, B Kotopoit BIIIA
MOAPA3ACIAIOTCS BHAYaJle MO YKPYIMHEHHBIM c(epaM HCIOJIb30BaHUSA, a WMEHHO — IS
HAaY4YHBIX LEJeH U I NPUKIAIHbIX LEIeH; nocieaaue xe noapasnensatorca Ha BIIJIA ms
BOEHHOTO Y TPAKJAHCKOTO MPUMEHEHHSI.
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Cdepsnl ucnosibzoBaHus BIIJIA

B nayunoii cgpepe BIUJIA ncnonb3yroTcs Aisl MOJIy4eHHUs] HOBBIX 3HAHUM, IpUYeM He
MMeeT 3HaueHus To, u3 kakoil obIIJIActu 3T 3HaHUA U TAe OHH MOTOM OyIyT MPUMEHEHBI.
3TO0 MOryT OBITh WCHBITAaHHS HOBOM TEXHUKM (B T.4. HOBBIX INPHHLMUIOB IIOJETA) WU
HAOJIOACHNS 32 IPUPOJIHBIMU SIBJICHUSMHU.

Ipuxnaonas obll/IAcms ucnionb3oBanus BIIJIA mpencraBiser co0oii 1Ba OCHOBHBIX
HaIlpaBJICHUsI — BOCHHOE U IPAKJAHCKOE.

Boenunvie BIIJIA 1m0 (GyHKIMOHATHPHOMY HA3HAYEHUIO MOXKHO KIACCU(MUIIMPOBATH
CIIEAYIOIIAM 00pazoMm:

e HaOmroaaTeIbHbIC (MOTYT UCIIONB30BATLCS, B YACTHOCTH, JUISI KOPPEKTHPOBKHU OTHS Ha
nosie 00s1);

® pa3BebIBATEIIbHBIC;

e ynapHble (JUIS yIapoOB MO HA3EMHBIM IIEJISIM ITOCPEJICTBOM PAKETHOTO BOOPYIKCHHS);

® pa3BeIbIBATEIbHO-YAAPHBIE;

e OoMOapaUPOBOYHBIC;

e ucTpeOUTENbHBIC (TSI YHUUTOKCHHS BO3IYIITHBIX TIEIICH );

® PaJAMOTPAHCISAIMOHHEIE,

e BIUIA POB (s ueneit paaunosiaeKTpoHHOM 00phObl);

® TPAHCIOPTHBIC,

e bBIIA-MumeHu;

e bIUJTA-uMuTtaropsl ueu;

e wMuoroinenessie BITJIA.

I'pascoanckas obIlJIAcmv npumenenus bII/IA Becbma oOmmpHa. OTpaciu u
MOTPEOUTENN YCIyT, TpeaocTaBisieMbix ¢ momoribio BITJIA, Takxke cambie pasHbie: OT
CEJIbCKOTO XO35HCTBA U CTPOUTENLCTBA IO HEPTETA30BOTO CEKTOPA U CEKTOpa 0€30MacHOCTH,
a TaKXke peKJlaMHble KOMITAaHWHU, CPEJCTBA MacCOBOM MH(OPMALIMU U OTIENbHbBIE TPaXkIaHe.
Paccmorpum crnenyromue obIIJIActu npumenenust BITJIA B rpaxkaaHCKuX LEsX:

1. AspodoTtochémka;
2. Teonesus u kaprorpadus;
3. Hedrerazosas orpacis;
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4, CennCKoe XO03SHCTBO;

5. DKoJjorus ¥ Npupoa0NoIb30BaHNUE;
6. besomacHOCTE;

7. DneKTpO’HEPreTUKa;

8. CTpouTENbCTBO M ApPXUTEKTYPA;
9. TopHoe neno;

10. Tpaucnopr;

11. CBs3p;

12. 3npaBooxpaHeHue;

13. KynbTypa u nocyr;

14. Jlorucruka.

Aspodorocbémka

OcHoBHbIM HamnpaBiaeHueMm padotr BIIJIA Ha [gaHHBIE MOMEHT MOKHO CUMTATh
a’po(hoTOChEMKY. AIpOPOTOCHEMKY MOKHO MO MPaBy CYUTATh OJHUM U3 CTAPEUIIIUX THUIIOB
paboT, CBS3aHHBIX C TOKOPEHHEM BO3AYIIHOTO MPOCTpaHCTBA. Yxke B 1858 1. ppaniy3ckuii
¢dotorpad @.TypHaIoH NEpBBIM B MUPE BBIMOIHUI (OTOCHEMKY MECTHOCTH C BO3YLITHOTO
mapa. B Poccuun nepByto oTochemMKy ¢ BO3aymIHOro mapa mpoussenu 18 mast 1886 r., u B
9TOM K€ TOJy co3/ajiu nepBbiid B Poccuun doroanmapart, npeaHa3HaAuYECHHBINA AJI BO3AYIIHON
(hOTOCHEMKH.

Jlo HegaBHEro BpeMeHHU BCE MOJ00HBIE anmapaThl ObUIA JOCTATOYHO MAaCCUBHBI, U UX
BpAJl JIM TIOJYYHJIOCH Obl YCTAHOBHUTH Ha JIOCTATOYHO KOMIIAKTHBIE CHCTEMBI, M JI0 Haudaja
JIBAJIIIATh TIEPBOTO BEKa BCSI CheMKa MPOU3BOIUIIACH MIPU MTOMOIIN CAMOJIETOB.

Ho kpomMe camux ycTpoicTB, KOTOpBIE MPOU3BOASIT CHEMKY, UMEITUCh OTPAHUYCHHS U
CO CTOpPOHBI 00OpabOTKHU MONy4YeHHBIX MaTepuasioB. Tak kak BIIJIA u3-3a manoro Beca u
pa3MepoB HE OYEHBb YCTOWYMBEI B BO3/IyX€, a JIJIsl CO37aHusI KapT HeooxoauM «addext 3D», To
€CTh COCEJIHHE CHUMKH JIOJDKHBI MMETh TMEPEKPBHITHE (3TO YaCTH CMEXHBIX CHHMKOB, Ha
KOTOPBIX 0TOOpa)keHa OJHA U Ta )K€ MECTHOCTh), COCTAaBJISIOIIEe B KilacCudeckoM Meroe 60-
70%. 1 u3-3a ocobennocreit BITJIA u mamnoii BeicoThl monieta 3t 60% npepamatorcs B 90%,
YTO MPUBOIMT K O'POMHOMY KOITMUECTBY CHUMKOB. Ha 06bexT mnomansio 1 kv, ITomydaercs
oko1o 2000 cHUMKOB, 00pabOTaTh TAKOE KOJIMYECTBO CHUMKOB BPYUYHYIO U B pa3yMHOE BpeMsl
SIBJISIETCSL TPYJAOEMKHUM TipoueccoM. W 37ech Ha MOMOIIb NPHILIM aBTOMAaTU3UPOBAHHbBIE
ANTOPUTMBI 00pa0OTKH (POTOCHUMKOB ¥ HEHPOHHBIE CETH, KOTOPHIE MTO3BOJIMIIN MTPAKTUUECKU
MOJIHOCTHIO aBTOMATU3UPOBATh Mpoliecc 00paboTKH.

I'eonesus u kaprorpapus

B macrosmmee BpeMs IS T€OJE3MUECKMX M3BICKAHWK W KapTorpaduuecKoit
NeSITeIbHOCTH TPEOYIOTCS COBPEMEHHBIE METO/IbI cOOpa MH(GOPMAITUU O 36MHOM MOBEPXHOCTH.
TpaguionHele MeETOIBI TOMOrpauuecKoil ChEMKH C WCIOIB30BAaHUEM DJICKTPOHHBIX
taxeoMeTpoB U [JIOHACC-npreMHUKOB 3aHUMAIOT OOJIBIIIOE KOIWYECTBO BPEMEHU U HE
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B€3/Ie MOTYT OBITh MPUMEHHUMBI BBHUY CIOKHOTO peibeda MECTHOCTHU, OTCYTCTBUS JOPOT,
OIACHOCTH BCTPEYHU C IUKUMU KUBOTHBIMHU.

BIIUTA — addexTuBHBIA MHCTPYMEHT MpPOBEAEHUS a’pO(OTOCHEMKH MJIsI CO3JTaHHS
BBICOKOTOUHBIX KapTorpauueckux MaTepuajoB 3a KpPOTKHH MNPOMEXYTOK BPEMEHHU.
JlocTOMHCTBA BBINMOJIHEHUS Toriorpadudeckoi adpodorocheMku ¢ momombio bBC:

1. Hwuskue ¢puHAHCOBBIEC 3aTPATHI;
2. BwIcokas mpou3BOIUTENBHOCTH — 10 100 KM? IIOLIAAHON CheMKH 3a | momnéT;
3. B03MOXXHOCTH MOJTYYCHHS] CHUIMKOB C TUTAHOBOM TOYHOCTBIO JIO 5 CM U JeTalu3aiuen

JI0 2 CM/TIUKCEIb;

4. B03MOXHOCTb ChEMKH TPYAHOJOCTYITHBIX U YAAJICHHBIX YYaCTKOB MECTHOCTH;
5. OmnepaTHUBHOCTD MOJIyYEHUS MaTEPUAJIOB.

OcHoBHOe mpenmymiecTBO Hcnonb3oBaHus BITJIA s Tomorpadguueckoll ChEMKH
nepes Ha3eMHOW WHCTPYMEHTAIbHOW CHEMKOW — SKOHOMHS BPEMEHH W JICHET, a mepen
KOCMUYECKOW ChEMKOH — B pa3bl JydIiasi TOYHOCTb M JeTAIN3aIIHS.

[To nmaHHBIM a’poOTOCHEMKH C TIOMOIIBI0 (hOTOrpamMMeTpuyecKor 00paboTKH
CHMMKOB CO3JIAIOTCS MaTepHalibl, KOTOPHIE CIIy>KaT OCHOBOW IJISi CO3/1aHHS U OOHOBIICHUS
TororpaMuecKux KapT U IJIaHOB MacuTabHoro psaa ot 1:500 u menbye.

Hedreraszosas orpacib

TpancnoptupoBka HeTH M raza Mo MarucTpalbHbIM TPYyOONPOBOAAM BBI3BIBAET
HE00XO0IMMOCTh B 00ECIIEUeHUHN HaJIeKHON paboThl TPyOOIIPOBOAHBIX cucTeM. BHemTaTHble
CUTYallMU Ha JTMHEHHBIX 00bEeKTaX HE(PTEra30BOM OTpacau MOTYT HAHECTH HE TOJIbKO OOJIBIION
SKOHOMMYECKUH yiepO H3-3a MOTepb MPOAYKTAa M HapylIEHUs HEMpPEephIBHOIO Ipoliecca
MIPOU3BOJICTBA B CMEKHBIX OTPACIISIX, HO MOTYT COITPOBOX/IAaThCS 3arPSA3HEHUEM OKpY Karole
Cpelpl, BO3HUKHOBEHHEM TMOXApOB M Jaxe ObIThb yrpo3od >ku3Hu Jrojed. [lpu
TPAHCHOPTHPOBKE OONBIIMX O0BEMOB HE(PTH M Ta3a BHICOKOTO JaBJIEHHUS HEOOXOAMMO
o0ecreynBaTh Ha/IeXKHOCTh MAaruCTPaIbHBIX TPYOOIPOBOIOB.

EcrecTBeHHOE cTapeHHe TpyOOIpOBOIOB U 3HAUMTEIBbHOE MOBBIIIEHHE TPeOOBaHUN K
UX DKOJOTMYECKOW O€30MacHOCTH — XapaKTepHbIE OCOOEHHOCTH YCIOBHM pabOTHI
TpyOOIPOBOJHOIO TPAHCHOPTa. DTH MOMEHTHl U OMNPEAEISIOT OCHOBHBIE HAIpaBlICHUS
COBEPIICHCTBOBAHUS CUCTEMBI NPEAYNPEKACHUS U JIMKBUAALNN YPE3BBIYANHBIX CUTYyallull B
orpaciu. K onHOMY M3 Takux HallpaBJIEHUH OTHOCAT BHEIPEHHE CUCTEM MOHUTOpPUHIA
TEXHUYECKOIO COCTOSIHMSI MarucTpalibHbIX TpyOOmpoBOIOB U uX 00bekToB. IIporeccs
B3aUMO/ICHCTBHS ra30MPOBOIOB U HE(TENPOBOAOB C OKPYXKAIOIIEH cpeioil uayT Ha OOIBIINX
Tepputopusax. OnepaTuBHO OLIEHUTh MX MAacIITaObl U COCTOSHHE MOKHO JIUIIb Ha OCHOBE
MPUMEHEHUs] JIUCTAaHIMOHHBIX, B TEPBYI0 OuYepellb, aIPOKOCMUUYECKHMX METOOB,
MO3BOJISAIOIIMX IOJIy4aTh MPUHLIUIHAIBFHO HOBYIO 110 KaueCTBY M MOJHOTE MH(OPMAIUIO HE
TOJILKO B KOHTPOJIBHBIX TOYKAX, HO, YTO OCOOEHHO BaXHO, 110 BCEH Tpacce B LEJIOM.

HpI/IMeHeHI/Ie OEeCIUIOTHBIX ABHAIIMOHHBIX CPEACTB IO3BOJIACT  OICPATHBHO
OCYHICCTBIIATD MOHUTOPHUHIT MHTCPECYROIHX 06’BeKTOB, C HCJIBIO ITOJYUCHUA aKTyaHLHOﬁ
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nHpopManuu ©, Kak ciuenctsue, 3(PGEKTUBHOTO IUIAHUPOBAHUSA pPalOT, palMOHAILHOTO
WCIIOJIb30BaHUSI PECYPCOB M OOHApY)KEHUsS TMPOTUBONPABHOW M HECAHKIIMOHHUPOBAHHOU
JESITeTbHOCTH Ha MOJKOHTPOIBHBIX TEPPUTOPHSIX.

Ceabckoe X0391CTBO

Hcnonp3oBanne OECIHIOTHBIX JIETATEILHBIX arnmaparoB B CCJIILCKOM XO3SUCTBE
HO3BOJISICT:
1. Co3naBarp 1aHOBO-KapTOrpauIECcKyto OCHOBY;
2. OcymecTBiIsATh MOHUTOPHHT COCTOSIHUS PACTCHUH 110 BEreTallly;
3. OoOecrieunBaTh KOHTPOJb BBINOJIHEHHS TEXHOJOTMYECKUX OIEpanuii, B TOM 4HCIE B
LENSX IpecedeHus] HEPAaBOMEPHOH JIESTEIbHOCTH.

Jlnis co3maHMs IUIaHOBO-KapTorpaduyeckoil OCHOBBI U MOHUTOPHMHIA BBIIIOJIHEHUS
psana TexHoiormueckux onepanuii npumenstorcs BIIUJIA ¢ ¢oroammapatoM W TOYHBIM
r€0/Ie3MYECKIM TPUEMHHUKOM, C MOMOIIBI0O KOTOPOTO TPOM3BOJAUTCA OONET C/X Yroaui u
aspodorocheMka. B pesynbrare CBHEMKH IOJIYYalOTCS: OPTO(GOTOIUIAH C  TOYHOH
reoJIe3nYeCcKON MPUBA3KON U UPPOBas MOJIEIb MECTHOCTH.

JUis MOHWUTOpUHIA pa3BUTUS PpACTEHUM IO BEreTallud M BHIIOJHEHHUS psaa
TEXHOJIOTMYECKUX  ONEpalMii  IPUMEHSIOTCS BIUIA ¢ MYJIbTUCIIEKTPAIIBHOU
(TUTIepCIIeKTpaIbHON) KaMEepOM, ¢ TIOMOIIBI0 KOTOPOTO MPOU3BOAMUTCS OOJIET ¢/X YrOAawil U
CHEeKTpalibHasi CheMKa. MyIbTUCHEKTpalbHble (THIEPCHEKTPalbHbIE) KaMmephl Ul
MOHHUTOPHHTA COCTOSHUSI PACTUTEIHHOCTH UCIOJB3YIOT MIPEUMYIIeCTBEeHHO Auana3on ot 400
1o 1100 um. IIpu MynbTHCHEKTpalIbHON CheMKe M300pa’keHHE MOTy4aeTcsl B AUCKPETHBIX
KaHayax, KOTOpble MOTYT OBITh KaK IIMPOKO, TaK U Y3KOMOJOCHBIMH, IPU 3TOM, «CIIEKTP»
o0bekTa He Bocmpou3BoAauTcs. [Ipu cheMke TrumnepcrneKkTpaIbHOM Kamepou, M300pakeHHe
¢dopMupyercssi B Y3KHX CHEKTPaJbHBIX I10JIOCaX, OJAHOBPEMEHHO I10 BCEMY JMAIa30HY,
¢ukcupyeMomMy KaMepou, TakuM 00pa3oM (GopMUpPYETCs CIEKTpalbHas XapaKTepUCTHKA
00BEKTa BO BCEM JHAara3oHe.

JKOJIOTHS M IPUPOAOIIOIL30BAHNE

AKTyallbHOCTh TPHUMEHEHUs OECTUIIOTHBIX aBHUAIMOHHBIX KOMILIEKCOB B paMKax
OTIEPaTHUBHOTO U €KETHEBHOTO MOHUTOPUHTA 32 COCTOSTHUEM MPUPOTHBIX PECYPCOB CBSI3aHA C
WCIOJIb30BAaHUEM  KOHTPOJBHO-U3MEPUTENBHOTO 000pYJIOBaHMS i HAOMIOACHHS 3a
MOKa3aTeasiMM  KOMIIOHEHTOB  OKpYXaroled mnpupomHol  cpensl.  Ih(HEeKTUBHOCTh
OecNUIOTHOM aBUallMU C IUCTAaHIIMOHHBIM YIIPAaBIEHUEM ONPEENIIECTCS TAKUMU ITapaMeTpaMu
KaK MO6I/IJ'H)HOCTI) ABHUAITNMOHHBIX CpC}ICTB, MI/IHI/IMaJ'II)HI:Jﬁ HpOMe)KYTOK BpeMeHI/I y
HeO6XOHHMBIﬁ JIs1 MOATOTOBKU U SaHYCKa BO3,ZIYHIH01"0 CYJIHa, a TaAaKXE BO3MOXHOCTH
ucrions3oBanusi bBBC B croxubIx MeteoycnoBusix. [lomoOHBIE OCOOEHHOCTH TIO3BOJIST
CBOEBPEMEHHO 00€CMeYUTh peIlleHHe 3aJayd IO BBITOJHEHUIO KOHTPOJIBHBIX (YHKIUN B
cdepe panroHaATBHOTO TPUPOIOTIONL30BAHUS M OXPaHbl IPUPOJIHBIX PECYPCOB, @ HMEHHO:

1. Wsyuenwue paauaniuoHHON 0OCTaHOBKU M KOHTPOJIb TPOU3BOICTBEHHON 0€30MaCHOCTH.
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KOHTpOIb KOHLIEHTpalMM 3arpsA3HAIOIIMX BEIIECTB B KOMIIOHEHTaX OKPYXKaroLIeH
IIPUPOJHOM CpeaBbl.

KoHTposs 3a cocTosiHHEM 3eMenb JECHOro (hoHIa U 0c000 OXPAaHAEMBIX MPUPOIHBIX
TEPPUTOPUIL.

[Touck n oOHapy)eHHe HECAHKIIMOHUPOBAHHOTO Pa3MELICHHUSI OTXO0B IPOU3BOJICTBA
Y TOTpeOIeHUSI.

MOHUTOPHHT JIECHBIX TI0)KAPOB U YPE3BBIYAHBIX CUTYallUi HA 3eMJISIX JIeCHOTO (poHa.
AHTHUKpPU3HCHOE YIpaBJI€HHE B MEPUOJ MaBOJAKA U OLEHKA yiiepOa, NpUUUHEHHOTO
UMYILECTBY TPETHUX JIHILL.

MOHUTOPHHT ¥ KOHTPOJIb 0OBEKTOB )KUBOTHOT'O MUPA, MIEHTH(PUKALNA U yueT ocoOeil.
boppba ¢ HECaHKIMOHMPOBAHHOW JOOBIYEH BOJIHBIX OHOpPECYpCOB M OOBEKTOB
KUBOTHOTO MHUpa.

Be3zonacHoctn

Hcnosnp3oBanue GECIIMIOTHONU aBUALIMU B L)X o0ecreueHus 0e30MacHOCTH B JIH000€e

BpeMsl CYTOK II03BOJISIET CHU3UTh yllepOd NpH JUKBUJALUM CTUXUMHBIX O€ACTBUIA,

npeaynpeauTb HCIIPABOMEPHYIO HACATCIIBHOCTL B 30HAX OTBETCTBCHHOCTH, OIIOBECTUTDH
HacCCJICHUC O ‘lC, IMpOBOAXUTH OIICPATHUBHOC KOOPAUMHHUPOBAHUC HeﬁCTBHﬁ Ha3€MHBIX CJ'Iy>K6.

ok wbdE

Takue OecruIOTHBIC JIETATENbHBIC arnapaTbl IPUMEHSIOTCS JIJIS:
MoHuTOpHUHTa TEPPUTOPUIL B TF0O0E BPEMSI CYTOK;

OmoBeUIeHNUS U ITIOUCKA JIIOIEN;

OO6Hapy>keHus1 HECAaHKIIMOHUPOBAHHOM JAESITEILHOCTU U OXpaHa 00BEKTOB,;
Koopaunaruu neiicTBuil Ha3eMHBIX TPYII,

MounuTopHHra paguaoHHOro QoHa,;

OO6HapyxeHus yTedek rasa.

DJIeKTpPOIHepreTuKa

becninnornas ceemka JIDII cymecTBeHHO cokpaliaeT BpeMsi Ha IOUCK MOBPEXKIACHUM

npu Hx aBapHﬁHOM OTKIIFOYCHHUH, YBCIUYUBACT CKOPOCTb KOHTPOJI IIO CPABHCHUIO C
TPpaAUIIUOHHBIM CII0COOO0M O6CJ'ICI[OBaHI/I$I C 3CMJIM.

OcHOBHBIE BO3MOXXHOCTH JUCTAaHIIMOHHOI'O 30HAUPOBAHUSA 00BEKTOB

AIEKTpO3HepreTHky npu nomouy bITJIA:

1.

OneHka OOIIEro COCTOSIHMS TPAacChl: XapakTep PACTUTENBbHOCTU BJOJb TPACCHI,
HaJIM4YHUeE [0’KapHOT0 MyCOpa, CTPOEHUH, COCTOSIHUE NIEPECEUEHNN C APYTUMH JIMHUSAMU
WM aBTOJIOPOTaMH, HAJIMYUE MOATOIIICHUH, 3a00JI0U€HHOCTE! U T.1.

OneHka cocTosiHUSI Onop (TpaBepChl, CTOWKH, OTTSDKKH, (YHIAMEHTHI): HM3THOBI,
MOJIOMKH HEKOMILIEKTHOCTb.

Or1eHKa COCTOSTHUSI TTPOBOJIOB, U30JIATOPOB M KOHTAKTHBIX COCIMHEHUM (00U B,
JIOKQJIbHBIE TIEPErPEBbI, MECTa MEPEKPBITUS U T.1I.).

OmnpeneneHne TEOMETPUUYECKUX IApaMETPOB: KOOPJAMHAT YYaCTKOB OXPaHHBIX H
canuTapHbIX 30H JIDII; koopaunat u BeicoT onop JIOII; nnun nponeros JIDII; Bennunn
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CTpel TMpoBeca IPOBOJOB; ONIPEACICHHE MECTOIONIOKEHHS TIEPECEeUeHHus C
MOCTPOHKaMH, OOBEKTaMH JIOPOXKHON CeTH W ruaporpaduu; onpeneneHne rabaputoB
10 0OBEKTOB.

5. OmepatuBHOE co3naHue MUGPOBON MOJEIH MECTHOCTH, a Takke mu(ppoBoil MoaeIn
penbeda (0e3 ydera pacTUTEIBHOCTH, 3/JaHUM, WHXEHEPHBIX OOBEKTOB H T.1.),
UG POBBIX OPTOPOTOIIIAHOB, IJIAHOB U KapT.

6. BrIcokas MpOU3BOIUTENBHOCTD — OT JECATKOB JI0 COTEH KWJIOMETPOB B IEHb Ha OJTHOM
BO3/IyIITHOM CY/THE.

7. 3HAuUUTENbHOE CHIDKCHHE LEHBl 110 CPAaBHEHHIO C KIACCHYECKUMH METOJIaMH
JIMCTAaHIMOHHON THAarHOCTUKH C 3eMIIH.

CTpouTeIbCTBO M APXUTEKTYpa

BIUUIAromaps 1OBCEMECTHOMY PpAaclIpOCTPAaHEHHMIO TEXHOJOIMM aBTOMATHU3alUU
(oTorpaMMeTpHUECKHX IPOLIECCOB, O0COO0E MECTO B CTPOMTEIBHOM OTpAaciId 3aHUMAET
UCIOJb30BAHUE CPEACTB OECHMJIOTHOM aBHALMU C TEOAEe3MYECKUM OOOpYyJOBAHUEM B
IPOEKTUPOBAHUHU U CBOCBPEMEHHOM KOHTPOJIE 32 COOMIOICHUEM CPOKOB HCIIOJIHEHHS paboT
MOAPSAAHBIX OpraHU3aLuil.

CoBpeMeHHbIE OECHMJIOTHBIE KOMIUIEKCHI, IPEJAOCTaBICHHBIE B pacHOpsKEHHE
3aCTPOMIIMKA, TO3BOJISIFOT 3aMETHBIM 00pa30M COIKOHOMHUTH BpeMsi U (DMHAHCOBBIC U3JIEPIKKU
C Y4eTOM MOHHUTOPHUHIa M3MEHEHHH OOBEKTOB CTPOMIUIOMIAJKA HAa BPEMEHHOH IIKale U
MOJIYYUTh pacdyeT OOBEMOB BBIEMKH W HCIIOIB30BAaHHS MAaTEpHUATIOB Ui COOPYKEHUS U
Pa3BUTHUS COMYTCTBYIOIIEH HHAPACTPYKTYPHI C KOHTPOJIEM TPAHCIIOPTHOM 3arpy3KHu.

JlaHHBIE IUCTAHIIMOHHOTO OO0CIeoBaHUs, cOOpaHHBIE C Hcmoib3oBaHueM BILIA,
MO3BOJISIIOT BBISIBUTH CKPBIThIE Je(DEKThl W OMPENENUTh MAacCIITad MOJIOKHUTETbHBIX U
HEraTUBHBIX HM3MEHEHHWH. Bu3yanuzanus coOpaHHBIX MAHHBIX OCYIIECTBISIETCS C Y4E€TOM
nocrpoeHuss HUQPOBBIX Mojeneld penbedha W MECTHOCTH, a Takke MOJITOTOBKOMN
MH(POPMAITMOHHON MOIENN 3JaHUH U 00BEKTOB HHPPACTPYKTYPHI C OTPeIeTICHUEM CTOUMOCTH
JKCIUTyaTalliy ¥ BO3MOXXHOCTHIO OTIEPATUBHOM KOOPAMHAIIMH MPOEKTUPOBAHUS.

IIpoBeneHNE KOHTPOJIBHBIX U3MEPEHUN B LIENIAX CONOCTABICHUS JAHHBIX ITPOCKTHOMN
JOKYMEHTAIMH U PEeaJbHBIX ITOKa3aTeseil BO MHOIOM OIpeAeseT crelu UKy UCTI0Ib30BaHUS
BBC npu ocyuiecTBlIeHUH CIEAYIOMINUX MEPOIPUATHI:

1. TennoBHU3MOHHAs ChEMKA C LIEIbIO OLIEHKH TEIJIONOTEPh 3JaHUM U COOPYKEHH.

2. Co3pganue TOYHBIX M (OTOPEATUCTHYHBIX 3D MoJIeneit MECTHOCTH IS HCCIICI0OBAHMUS
ITOBEPXHOCTH.
[IpoBeaeHue nCNoOIHUTENBHOM Teoae3nueckor cheMku ¢ bBC.
Tounoe kapTorpadupoBaHue ¢ U3y4eHHUEM CIIEU(PUKN KOHKPETHOTO JaH madra.
IToncuer 06beMOB BHIEMKH U HACHIIH ¢ KOHTPOJIEM 3€MIISIHBIX padoT.
MOHMTOPUHT COOIIOIEHUSI KOHTPOJIBHBIX CPOKOB BO3BEJICHUSI COOPYKEHHUS.
Nnentudukanuss COCTOSHHUSI KOHTPOJBHBIX OOBEKTOB C ONpPEIEICHUEM CTEIEeHU

No Ok w

Hn3HOCA.
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I'opHoe aeso

CGFOI[HH KPYIIHBIC FOpHO,I[O6BIBaI-OH_II/I€ NpeanpusaTusd aKTHBHO IIPHUBJICKAIOT
TEXHOJOTUYCCKUE PCIICHUA JIA aBTOMaTHU3allWu IIPOLECCOB U TpaHC(bOpMaHI/II/I oTpaciin €
MOSIBJIGHHMEM HOBBIX BO3MOXKHOCTEH I MPOBCACHUA OLICHKU U paCiYCTOB HA MCCTOPOKIACHUH.

[TpuBneuenue cpeicTB OSCIUIOTHON aBHAIIMU TTO3BOJISICT PEIIUTh 33]auH, CBSI3aHHbIC
C TUIAHUPOBAHUEM TOPHBIX PabOT IO UTOTaM MPOBEICHUS CICTYIOIINUX MEPOTIPUSTHH:

1. KaprorpadupoBanue MECTHOCTH, U3y4eHHUE penbeda, OOHAPYKEHUE U BU3YATH3AIIHS
€ro U3MECHEHUN.

2. Pacuer 00beMOB 110 TOOBIUE ITOJE3HBIX UCKOIAEMBIX.

3. Tlonmydyenwe TomorpadM4YecKnx MaHHBIX C HCIIOJB30BAHUEM adpO(POTOCHEMKH B
TPYAHOJOCTYITHBIX MECTaX.

4. TludpoBu3anusi TONYYCHHBIX JAHHBIX Ui TIOCTPOCHUS TPEXMEPHBIX MoJIeNei
MECTHOCTH U OOBbEKTOB HHBEHTAPU3AIIH.

5. TlomyyeHue omepaTHBHBIX JAHHBIX O BO3MOXHOCTSIX W 3arpy3Ke TPaHCIOPTHOMN
HHOPACTPYKTYPBI, HEOOXOJUMOCTH MOJICPHHU3AINH U ITPOITYCKHOW CITIOCOOHOCTH.

Tpancnopr

becniunoTHBIM  TpaHCHOPT OTIMYAET, MpPEeXJIE BCEro, CUCTEMA ABTOHOMHOIO
yIpaBieHUs, KOTJa ONepaTop TEXHUKU HAXOAUTCS BHE CPEACTBA MEPEABMIKEHUS WM y4acTUe
YeJI0BeKa BOBCE HE NpPEAyCMOTpeHo. B Omwkaiimiee necatuieTue 3KCHEPThl OKUAAIOT
MaccoBO€ PacIpOCTpaHeHHE OECIMIIOTHBIX TEXHOIOIui B Poccun u mupe.

Pa3BuTHe OecnMIOTHBIX aBTOMOOMJIBHBIX NEPEBO30K OYIET OCYLIECTBIATHCS MO 2
HaIPaBJICHUSM:

e BHEJpPEHHE ABTOMOOUJIBHBIX I'PY30BBIX MEXIYTOPOJHHUX IEPEBO30K Ha KIIFOUEBBIX
maructpaniax. K 2024 rogy mumaHupyercs 3amycK IMEpBBIX NMPOEKTOB OECHMIOTHBIX
aBTOMOOMJIBHBIX TPY30BBIX NEPEBO30K Ha Tpacce M-11,;

e pa3BUTHE I'PY30BBIX U NMACCAKUPCKUX NEPEBO3OK B KPYMHEHUIINX arjioMepanusx.

PaCHpOCTpaHeHI/IC ABTOHOMHOI'O BOJHOI'O  TpaHCIIOpPTa 6yzLeT CO BpPCMCHEM
MMPOUCXOAUTH KaK B IMMACCAKUPCKUX, TAK U I'PY30BBIX IICPCBO3KAX.

B MmanoHaceneHHBIX U TPYJHOAOCTYIHBIX paiioHaX MCIOJb30BaHHE OECIUIOTHUKOB
MO3BOJIUT OBICTPO M KaUECTBEHHO OKa3bIBAaTh MOYTOBBIE M Kypbepckue yciayru. [loBeimeHue
Ipy30I0TbEMHOCTH  CHELUAIU3UPOBAHHBIX  OECNUJIOTHUKOB B COBOKYIIHOCTH C HX
YACIIEBICHUEM CTAHET CTUMYJIOM K COKPAILIEHUIO PACXO0B HA CTPOUTENBCTBO U COACPKAHHE
CeTH a’pOJIPOMOB Ha YAAJIEHHBIX TEPPUTOPHUSAX U WHOM TPaHCHOPTHOW MHPPACTPYKTYpHI, a
TaKKe MPUBENET K CYHIECTBEHHBIM U3MEHEHUSIM Ha PBIHKE 3JIEKTPOHHOM TOPTOBIIN.

CBa3b
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Cpenu paznuunbix obIIJIActelr ucnons3oBanus BIIJIA ux mpuMeHeHHE B KauecTBE
PETPAHCIISTOPOB B CUCTEMAX OECIPOBOIHON KOMMYHUKALIUU SIBISETCS OJHUM U3 BaXKHEHUIIINX

(puc. 49).
/ | M\\

Puc. 49. I[Ipumenenne BITJIA ns peTpaHCIsuy CUrHaIa

Cucrtemsl cBsizu, ucnonbiytomue bITJIA, oBITJIA naroT BaxkHEHIITUM MPEUMYIIECTBOM
— B OTJIMYHE OT HA3EMHBIX CUCTEM PETPAHCISIIIUH CUTHAJIOB, NX (DYHKIIMOHUPOBAHHE HE MOYKET
OBITh 3aTPYJHEHO 3aTEHEHHWEM TOPOJCKOW WM TOPHONW MECTHOCTBIO MJIHM MOBPEXICHHEM
MHPPACTPYKTYPHI CBSI3M, BBI3BAHHBIM NPUPOAHBIMH KatacTpodamu. CTOMT OTMETHUTH, YTO
noMuMo  ucnoib3zoBaHus BIIJIA  anpTepHaTWBHBIM  pemieHHMeM Uil oOecreueHHs
0ecrpoBOIHONM KOMMYHUKAIUU SBJISIETCS IPUMEHEHHE HHBIX 00OBEKTOB, TAKUX KaK, HAIIpUMED,
BO3YyIIHbIE Mapbl. OObIYHO OHU (YHKLMOHUPYIOT, HAXOSCh B CTpaTocdepe, 4To MPUMEPHO
B JecATKax KWUJIOMETpOoB HaJa 3eMHOW mnoBepxHocThio. Opnako BIIUJIA  (06braHO
(YHKIMOHHUPYIOUIHE Ha BHICOTE, HE MPEBBIIIAIOIICH HECKOIBKHX KHJIOMETPOB) UMEIOT Pl
MIPEUMYIIECTB TI0 CPABHEHHUIO C MOAOOHBIMH CHCTEMAaMU M MX Ha3eMHBIMU M CITyTHUKOBBIMU
aHasioraMd. Bo-niepBbIX, IPUMEHEHUE CBSI3aHO C MEHBIIMMM MaTepUalbHBIMU 3aTpaTamMHu U
Oonmee OBICTpOM  TMOATOTOBKOM, 4YTO JeNaeT WX MOAXOASIIMM  BapUAaHTOM  JUISt
KpaTKOBPEMEHHOT0 Uctnoyib3oBaHus. Kpome Toro, skcrutyaranus BITJIA mis nogo0HbIX 1eneit
gacTo oOecrieynBaeT NpPSAMYI0 BUIUMOCTh 00beKTOB cBs3M aisi BITJIA, uyTo mpuBOoIuT K
MOBBIIIEHUIO KaUyeCcTBa CBsI3U. BpIcoKast cTerneHb MaHEBPEHHOCTH MOJJOOHBIX alIapaToB TaKXke
oTpakaercs Ha ynyunieHuu cBsi3u BIIJIAromapst BO3MOKHOCTH aJlaliTallud K OCOOCHHOCTSIM
MECTHOCTH, B KOTOPOW OHM JIeHCTBYIOT. bojee Toro, Bo3MokeH BapuaHT (QyHKIIMOHUPOBAHUS
BIUTA, npu KOTOpOM KauecTBO CBSI3U MOXKET OKa3bIBaTh BIMSIHHUE Ha OCOOEHHOCTH Ipolecca
ux nonera. Hanpumep, npu Hanmmuuu cTaOUIBHON CBSI3U C HA3€MHBIMU O0BEKTaMU CKOPOCTh
roJieta arnrmapara OyJeT YMEHbIIAThCA, YTOOBI 00ECTIEUUTh Mepeaaqy OOJBIIEro KOJIM4ecTBa
nanHbix. BIUJIAromaps panabiM mnpeumymectBam  bBIIJIA Moryr crarte BaxkHeHIIUM
KOMIIOHEHTOM CHUCTEeM OecIpOBOIHOM KOMMYHHUKAIIMH B OyayILEM.

3npaBooxpaHeHune

B cdepe 31paBooxpaHeHUsT MOXKHO BBIIEIHUTH CIEAYIOIIUE MPUMEPBI HCIIOJIb30BAHUS
OECIMIOTHBIX JIETATEIbHBIX alllapaToB:
e JlocTaBKa KpOBHM, MEIUKAMEHTOB, aHAJIM30B, a TaK)KE OpPraHOB IOCPEACTBOM
OeCIMIOTHBIX aBHAIIMOHHBIX CHCTEM.
e lcnons3oBanue BITJIA B kauecTBe MeaAULIMHCKOTO 00opynoBanus. Hampumep, BITJIA-
nepudpuATop.
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e (OO0paboTKa aHTUCENTUYECKMMHU U JE3UHPUUUPYIOLIMMU CPEICTBAMU MOTEHLIUAIBHO
3apaKEHHBIX TEPPUTOPUHL.

e  MOHUTOPHHI MECT MACCOBOI'O CKOILJICHUS JIFOIEH, KADAHTUHHBIX 30H.

e [lepeBo3ka nanueHtos nocpeacrsoM bBIUIA.

KyabTypa u nocyr

Haubonee oueBngnoe npumenenue BITJIA — chéMka 3eMHOM mOBepXxHOCTH. MHOTHE
noJsib3oBarenu npuodpetaroT BITJIA nns Toro, 4ToObl CHUMATh MacIITAOHBIC WK yIalEHHBIS
o0bexThl. Kamepa BITJIA no3BosisieT moiieTeTh K J0CTONPUMEYaTeIbHOCTH U 3aieyaTiieTh e€.
Taxoke HeKOTOpBIE MOIB30BATENN MPEATIOUUTAIOT CHUMATD CeOsl.

Kpome storo, BITJIA M0HO KCIONB30BaTh AJISl MAHOPAMHBIX ChbEMOK CHOPTHBHBIX
MepornpusaTuid. [Ipu 3ToM 3penuiHo OyaeT BBITISAIETh MPaKTUUECKU 1000 BUI criopTa: OT
ronbda 10 opmyssl 1.

BITJIA 4acTo npuMEHSIOT TPU ChEMKE IPOMOPOJIMKOB, PEKJIAMHBIX KAMITAHUH, a TAK)KE
HA TOPKECTBEHHBIX [IEPEMOHUSAX, PA3JIMUYHBIX MEPOIPUATHSIX.

Ucnons3oBanue BIIJIA B kuHemaTorpade Mo3BOJISET COKPAaTUTh OOLIMM OrOIKeT
KapTUHBI 32 CUET OTKAa3a OT A0POrocTOsIUX ChEMOK ¢ BepToiéTa. C nomouibto BITJIA moxHO
CHUMAaTh KpacuBbI€ KaJlpbl Ha Oojee HU3KOW BbICOTE. BhICOKass MaHEBPEHHOCTh MO3BOJSET
OECHWIOTHUKY BECTH 3aIMCh C TAKMX PAKypCOB, KOTOPbIE HEBO3MOXKHBI JJIs JIFOOOH ApYyroi
TEXHUKH.

Jloructuka

besycnoBHo, omHO u3 Hauboliee TPEHAOBBIX HCIOIB30BAHUN OECHMUIOTHBIX
JIeTaTeNBHBIX almnapaToB — 3TO B JIOTUCTHUYECKHUX IEJSAX, TEM CaMbIM CO3/1aBasi HOBYIO CPEIy
KOHKYpPEHIIUH aBTOMOOWJIBHBIM TPAHCIOPTHBIM KommaHusiM. 3xaech mnpeobllJIAparoT
HECKOJIbKO OCHOBHBIX HAIpPaBIEHUS: KYPhEPCKOE, JUIsl JOCTAaBKH «IOCIETHEH MUY,
a’POTaKCH JJIsI TPAHCTIOPTUPOBKHU JIFOJICH, M BHYTPUIIPOU3BOJACTBEHHOE, TO €CTh CKJIAJICKHE
BIUIA, cnocoOHble CUMTHIBATH IITPUX-KOJBI C YMAaKOBOK M MPOBOJUTH TEXHOJIOTHUYHYIO
WHBEHTapU3aLHIO.

5.4. Knaccupuxkanusa BIIJIA no npuHumnny mouaéra

[To npuHIMNy moJsiéra paznuyarot cienyromue Buabl bITJIA:
BITJIA camonéTHoro TUma;

BIJIA ¢ ruOKuM KpbLIOM;

BIUTA BepTonérHoro tumna;

BIUTA ¢ Mamymumm KpbliioM;

BIUTA aspocTatnyeckoro TUa.

ok wbd

PaccmoTtpum Gomee moapoOHO Kak bl U3 TIpeacTaBiIeHHBIX BUI0B BITJIA.
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5.4.1. BIIJIA caMo0JIéTHOIO THUIIA

DTOT THI annapaToB U3BecTeH Takxke Kak BIIJIA ¢ skectkum kpbiom. [logbemuas cuia
y JTHX aIlllapaToB CO3JacTCs a’pOAMHAMHUYECKMM CIIOCOOOM 3a CYeT Hamopa BO3/yXa,
HaOEeTaloIIero Ha HEMOIBIKHOE KPbLTO. ATMaparhl TAKOTO THITA, KaK MPABHIIO, OTINYAOTCS
OOJIBIION INTEIBHOCTBIO IIOJETa, OOJIBIION MAKCHMAJIbHON BBICOTOM IIOJETa W BBICOKOH
CKOPOCTBIO.

CymectByer Oombinoe pasHooOpasue moarunoB bBIIJIA camoneTHoro Tuma,
paznuyaromuxcs no gopme Kpbuia U Qrozensika. [IpakTuueckn Bce CXeMbl KOMIIOHOBKHU
camMojieTa M TUIBl (IO3ENsHKEH, KOTOpBhIE BCTPEYAOTCS B MUJIOTUPYEMOU aBUAIUH,
MIPUMEHHUMEBI ¥ B OSCITUIIOTHOM.

Bce JIA camoneTHOoro THHa MOXHO KIAacCU(UIUPOBATH MO  CIEAYIOLUIUM
KOHCTPYKTHUBHBIM MPU3HAKAM:
® [0 YKCIY U PaCHOJIOKEHUIO KPBLUIbEB;
e 10 TUILY (PrO3eNsKa;
e 110 (hopMe U PACIIONOKEHHUIO OTICPEHHS,;
® [0 THILY, KOJTUYECTBY U PACIOJIOKEHUIO JBUTATENICH;
® [0 THUILY ¥ PACHOJIOKEHUIO IIACCH.

[To xonmuuecTBY KpbuibeB JIA moapa3nenstoTcss Ha MOHOIUIAHbBI (C OJTHUM KPBUJIOM) H
OurIaHsel (C IByMS KPBUIbSIMH, PACIIONOKEHHBIMH OJHO HAJ APYTUM).

ITo pacnonoxeHWI0 KpblIa OTHOCHUTEIBHO (ro3eishka pasziaudyaroT HHU3KOIUIAH,
CpeIHeIuIaH U BelcokoIruial (puc. 50).

|

OX]

6unnaH
\ P U
HU3KoNNaH cpeaHennaH BblCOKONNAaH

Puc. 50. bumnnaHn © MOHOILJIAHBL: HU3KOIIJIaH, CPCAHCIIIIAH 1 BBICOKOIIJIIAH

@dro3eNsKH, He HECYILMEe ONEepPEeHusl, Ha3bIBaloT roaoaamMu. OnepeHue B 3TOM cllydae
MOJ/IEPKUBACTCS IBYyMs OaikaMmu, U JIA Tipu 5TOM Ha3bIBAIOT IBYXOAIOYHBIMH.

B 3aBHCHMOCTH OT pacrnosioskeHUsI XBOCTOBOI'O ONEPEeHUs paznuyaroT (puc. 51):
e JIA craHAapTHOI CXE€MBI, Y KOTOPBIX CTAOMIN3aTOP U KUJIb Pa3MELIaloTCs B XBOCTOBOM
qyacTu (ro3ensika;

e JIA cxeMmbl «yTKa», Y KOTOPbIX FOPHU30HTAJIBHOE OINEPEHHME PACIIOJIOKEHO BIEPEIU
KpbLIa;
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e JIA tuna «0ecxBoCTKa», y KOTOPBIX TOPU30HTAIBHOE ONEPEHHE OTCYTCTBYET.

Puc. 51. Cxemsl JIA B 3aBUCUMOCTH OT PacHoIOKEHHUSI XBOCTOBOT'O ONIEPEHUS: CTaHJapTHAs,
«OECXBOCTKA», KyTKa»

BonbmmacTBO coBpeMeHHbIX BITJIA camo€THOTO THIIa BBITIOJIHEHO 10 MEPBOM cXeMe,
KOTOpasi UMEET CIIEYIOIIUE KOHCTPYKTUBHBIE Pa3HOBUAHOCTHU:
® OJHOKHJIEBOE OIEPEHHUE;
® Pa3HECEHHOE BEPTUKAILHOE ONEPEHHUE;
e V-00pa3Hoe onepeHue;
e T-oOpa3Hoe ornepeHue.

Ilepennee pacrnosiokeHHE TOPU30HTAIBHOTO ONEPEHMS IIPU HCIIOJIB30BAHUU CXEMBI
«yTKa» TOBBIMAET ero 3(pQeKTHBHOCTh, MCKIIIOYash €ro 3aTCHEHWE BIEPEAN HaXOJSAIIUMCS
KPBUIOM.

B3auMHoe mnpocTpaHCTBEeHHOE pacrnojioxeHue dvactedt JIA u ero o60pyaoBaHUs
HasbiBaeTcsi KOMNOHOBKON BIIJIA. B Hacrosiiee BpeMsl CIOKWIHCH JIBE OCHOBHBIE CXEMBI
komroHOBKH BITJIA camonerHoro tuma: craniapTHas (KJIacCU4ecKas) U «IETaoIIee KPbLIoy.
Pexe ncnonb3yroT cxemy «0ecXBOCTKay.

K ocHoBHBIM an1eMeHTaM BITJIA camMo1€THOrO THIIa OTHOCSTCS: IIJIaHEP, BKIIFOYAIOIIUI
B ce0s1: KpBLJIO, (Pro3elisik U XBOCTOBOE ONEPEHUE, IBUTATelb ¢ TOIUIMBHON CUCTEMOM, CUCTEMY
ymnpasiieHus JIA ¢ aBTonuiaoToM, maccu u crernobopyaoanue. MIHoraa MoxxHo oboiftuce 6e3
maccu. B atux cnydasx JIA 3amyckaroTcsi ¢ pyK WIM C MOMOIIBI0 KatamynbThl. Haubomee
JIOPOTOCTOSIIIME AJIEMEHThl — CIEe000pyJOBaHNE, aBUOHHUKA, IPOrpaMMHOE 00OecreueHue.
JBuratens JIA MOXXeT OBITh TMOPIIHEBBIM WK JJIEKTpUUecKuM. [lpuuem, mnopirHeBOn
JIBUTATEIb BHYTPEHHETO CropaHus odecrnieunBaeT Oosbliee nojeTHoe BpeMsa. OaHako Takon
MOTOp CJIO’KEH, MEHee Ha/le)KeH U TpeOyeT O0JbIIero BpeMeH! [l NoAroToBKU JIA K B3JeTy.
[TopiHeBoii 6€H3MHOBBIN IBUTATENb BHYTPEHHETO CropaHus Ha JIA nMeeT CMBbICI TPUMEHSTh
B TeX Cllyyasx, Korja HeoOXxoauMa Oojblias AaJbHOCTh MOJeTa. DIEKTPUYECKHH MOTOp,
HaINpOTHUB, OYEHb HETpeOOBATENICH K YPOBHIO KBAJIM(UKAIIUK 0OCITYKMBAIOILIETO MEepCcoHaa.
BaxnbiMu coctaBimsiromnmu BIJIA gBisitoTcs cuCTeMBl yIpaBiIeHHUs, HABUTALMUA U CBSI3H.
ABTONMWIOT — ¢ UHEPLUUATbHON CUCTEMOM — HanboJiee BasKHBIM AJIEMEHT CUCTEMBbI YIIPaBIECHUS
JIA. B KOMIUTEKT aBTONMIIOTa, KPOME MOIIHOT'O IIPOLIecCOpa, BXOAAT TPEXOCEBBIE THPOCKON U
aKceJrepoMeTp, MPUEMHHUK CIIyTHUKOBOM HABUTALIMOHHON CHUCTEMBI, TaTYUK JABJICHUS, TaTYUK
BO31yIIHOU ckopocTu. C Takoi aBUOHMKOM JIA cMmoxkeT sieTeTh cTporo no nporpamme. B JIA
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MMEeTCS PaAoOMOJIEM IS TOTYUYEHHUs YIPABISIONIUX KOMaHJI U OTHPAaBKUA COOOIIEHWUH Ha
3EMITIO TEJIEMETPUUYECKUX JAaHHBIX O MOJIETE M TEKYIEM MECTOIOJIOKEHHUH.

ITo cpaBHeHuto ¢ BepToseTHbIM TUIIOM BITJIA camoneTHOro Tna UMErT CIEAYIOIUe
IIpEUMYyILECTBA:
® CKOpOCTb IIOJIETA;
® paauyc ICUCTBUS;
® TIPY30I0JBEMHOCTD;
e (osee npocTasi KOHCTPYKLUS.

Jlj1g anmapaToB caMOJIETHOTO THIIa OOBIYHO HE00X0[MMa B3JIETHO-TI0Ca0YHAas 10JI0ca
(BIIIT). 15t HEKOTOPBIX TUIIOB MPHU B3JIETE MCIOJIB3YIOT CTAPTOBBIE KaTaynbThl. ECTh Takke
camonietnble BIIJIA nerkoro kimacca, 3amyckaemsle "c pyku". Ilpm mocagke Moxer
npumensTbes B, nmapamtor unm cniennanbHble YIOBUTENU (TPOCHI, CETKH, PACTSKKH).

B3snets! u nocanku tpaguunonssix BIIJIA camoneTHoro tumna — nmpouece 10cTaToqHO
TPYAOEMKHUI U 3aTpaTHbINA, TPEeOYIOIMHA HAIWYMS CHEIHAIbHBIX BCIIOMOIAaTENIbHBIX CPEACTB
(BIIII, ycTpoiicTB 3amycka M MOCaJKH), IOITOMY pa3pabOTYMKK HOBOW TEXHHUKM BCE Hallle
o0pamiaTcs K HETPaAUIMOHHBIM cxemMaMm camoieTHelx BIIJIA, mo3BosstomuMm co3nath
6e3aspoapomusie BAC. Peub uzer, mpexnae BCEero, 0 caMoJIeTax BEPTUKAIBHOIO B3JE€Ta U
nocajaku (CBBII). Ha cerogusmHuii 1eHb CyIIECTBYET MHOIO Pa3HOBUAHOCTEH ammaparoB
CBBII, xotopbIM B 060bllIel CTENEHU IPUCYIIH CBONCTBA CAMOJIETA, YEM BEPTOJIETA, OOBIYHO
UMEIOT B KauecTBE JBUKUTEN PEAaKTUBHBIA JBUTATElb, MMIIEIUIEp WIM HEOONIbIIUE IO
pasmepy mponesuiepsl. FIX ycl0BHO MOXKHO pa3JesIuTh 10 MOJIOKEHUIO (ro3esisika MpH B3JIETe
U [TOCAJIKe Ha anmnapaTthl C BEpTUKAIBHBIM MT0JIOKEHHEM (pro3esisika (TIHICUTTEpHI) U annapatsl
C TOPU3OHTAIBHBIM MOJIOKEHUEM (ro3essIKa.

Oco060lf pa3sHOBUIHOCTHIO THMICUTTEPOB MOXKHO CUMTATh Koabyeniausvi (UM
KOJIEONTEPHI) — JIETaTeJIbHBIE alllapaThl ¢ KPHIJIOM, UMEIOIINUM ITPH BUJIE CIIEPEIN MTPABHIIbHYIO
KOJIbLIEBYIO (OpMY. BHYTpEeHHSs 10JI0CTh KOJBLIEBOT0 KpbLIa 001yBaeTCsl BO3AYILIHON CTPYEH,
orOpachlBaeMON  JIByMS ~ COOCHBIMH  BHHTAaMH  IPOTHBOIIOJIOKHOTO  BpPALIEHHUS,
PAacIioyoKEHHBIMHU Ha BXOJI€ B KPBLJI0. XBOCTOBOE ONIEPEHHE B KOHIIE KOPOTKOTO (Dr03eishKa U
YIOPaBISIOLIUE 3JIEPOHBI, YCTAaHOBJIEHHBIE HA JBYX MPO(UIMPOBAHHBIX MUJIOHAX, KPEMSAIINX
KOJIBIIEBOE KPBUIO K (PIO3EISIKY, HAXOASTCS B 30HE MHTEHCUBHOI'O 00/1yBa CTpYEN OT BUHTOB,
YTO MOBBIMIAET UX 3PPekTuBHOCTE. B 1959 Bo ®panuuu ¢pupmoit SNECMA Obut octpoeH
9KCIIEPUMEHTAJbHBIA TMUJIOTUPYEMBIM KOJIbLIEIIAaH C TYpOOpEaKTHBHBIM JBUTATEIEM U
IIPOBEJIEHBI €70 UCIIBITAHUS B BEPTUKAIBHO MOJIBENIEHHOM COCTOAHMHU. [Ipn nmoneiTke nepeitu
K TOPU30HTAJILHOMY TOJIETYy MPOU3OILIO KPYIIEHHE, W IMOCIEe 3TOTr0 MPOEKT OBbLT 3aKPHIT.
OnHaKo B HAIM JTHU KOJIbIIETIJIAHbI MOJIYYMJIM HOBOE PAa3BUTHE, HO yXKe B BHJIe OECITMIIOTHBIX
anmapartoB. KoJblieBoe 3aMKHYTO€ KPBIJIO UMEET CBOM NMPEUMYILECTBA (HET CPhIBAa MOTOKA IO
KpasiM, JOMYCKalOTCSd OYeHb OOJIbLIME YIJIbl aTaku, OOJbllIas MaHEBPEHHOCTb, OOJbIIas
MIPOYHOCTh U MEHbINIAas Macca Kpblja, XOpolllee COOTHOLIEHNE MAcChl MOJIE3HOM Harpy3kH K
oO1meit Macce amnmapara).
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5.4.2. BIIA ¢ THOKUM KpPbLIOM

OT0 JenieBble 1 SKOHOMUYHBIE JIETaTENIbHbBIE alMapaThl a3pOINHAMUYECKOrO THIA, B
KOTOpPBIX B KayecTBE HECYILEro KpbLIa HCIOJIb3YyeTCs HE JKecTKas, a TuOkas (Msrkas)
KOHCTPYKIIUSA, BHIIIOJIHEHHAS U3 TKaHH, 3JIACTUYHOTO MOJIMMEPHOTO MaTepuaia Wil yupyroro
KOMITO3uTHOTO Marepuaina, obI1IJIA naromiero cBoiicTBOM 00paTUMOii JedopMaruu.

B stom kitacce BITJIA M0XHO BBIIEIUTH OCCIMIIOTHBIE MOTOPH30BaHHbIE TTaparuIaHsbl,
nenbTamianbl U BIJIA ¢ ynpyro nedhopMupyeMbIM KpBUIOM.

Becnunommuwiii momopusoeannvlii napanigx — anmapar Ha OCHOBE YIIPaBIISEMOTO
MapanoTa-Kpbuia, CHa0KEHHBIA MOTOTEJIEKKON C BO3AYIIHBIM BHHTOM JUIsi aBTOHOMHOTO
pa3bera u caMOCTOSATENBHOTO Mmoyiéra. Kpeuio 00bIYHO MMeeT (opMy IPSMOYTOJIEHUKA HIIH
aunca. Kpeiiio MOKeT OBbITh MSATKUM, UMETh JKECTKHH WM HaJayBHOW Kapkac. [Ipumep —
pa3paboTKu aMepuKaHCKOW ¢upMbl Atair Aerospace, KOTOpas MpEUIOKHUIA CEPUI0
OecnuioTHBIX MaparuianoB moj obuum Ha3BanuemM LEAPP (Long Endurance Autonomous
Powered Paraglider — aBToHOMHBII TIaparial ¢ JTUTEIbHBIM CPOKOM CITy:KObI). IX 0OCHOBHOE
JOCTOMHCTBO — 3KOHOMUYHOCTh. OHU CHA0XCHBI JIBUTATEISIMU BHYTPCHHETO CTOPAHHUS U
CIIOCOOHBI JUIMTEIBHOE BpEeMsi MEUICHHO OappakhpoBaTh HaJl OOBEKTOM, IPOU3BO/I,
HanpuMep, BUICOCheMKy. JlJis 3amycka TpeOyeTcs TUIOIIaKa JUIMHON 2-3 M JJIT KOPOTKOTO
pa3bera. HemocrarkoM OECHUIOTHBIX MOTOPHU30BAHHBIX TapaIlJIaHOB SBISETCS TPYIHOCTH
yIpaBJICHUS] UMM, TaK KaK HABUT'AIIMOHHBIC JATYMKH HE MMEIOT JKECTKOW CBS3H C KPBUIOM.
OrpaHnyeHHE Ha MX NMPUMCHEHUE OKa3bIBACT TAK)KE OYCBHJIHAS 3aBUCHMOCTH OT TOTOIHBIX
YCIIOBHH.

Becnunommuwiii momopuzogannwviii 0enomannan — 3TO annapaT Ha OCHOBE MSATKOIO
Kpblla JeIbTaBUAHONM (opMbl. Takoe KpbUlO TMpeACTaBiIsieT COO0OW TpHU IKECTKUE
HaNpaBJSIOIIUE, COCAUHEHHBIE MEXAy CcoO0OW B IepegHed Toduke U o0Opasyroolue B
TOPU30HTAILHON IJIOCKOCTU Beep, ¢ yriaoM Mexay Tpydamu 90-140 rpagycoB. Mexny
TpyOaMu HaTsHyTa NMpoYyHas TKaHb. J[Be OOKOBbIE HANpABISIOMIME U 3aHSS KPOMKA TKAHU
00pa3yloT MpU BHUJIE CBEPXY MOYTH TPEYroJbHUK. KpbUI1o KpenuTces: Ha TeNexXKy, Ha KOTOpOor
CMOHTHPOBAHBI IBUTaTeJ b C BUHTOM (TSHYILUM WX TOJIKAIOLIMM) U annapaTypa. Y mpaBieHue
MOJIETOM OCYIIECTBISIETCSI OOBIYHO C IOMOIIBIO JOMOJIHUTENBHBIX a3pPOJIUHAMHUYECKHUX
JIEMEHTOB, HEOOJBIION AedopManuy KpbUla MIM C IOMOILIBIO IEPEMEIIAEMOro LIEHTpa
TsKecTH. CKOPOCTh COBPEMEHHBIX JEIbTAINIaHOB cocTaBisieT oT 25 km/4 go 100-130 xm/y,
BBICOTA MOJIETOB OCTUTAET 6 KM U Oostee. I1o cpaBHEHUIO ¢ 6€CIMIIOTHBIMY MOTOIIApAIIaHaAMU
MOTO/Ie/bTAIIaHbl 3HAYUTENBHO Ipolle U cTabuiabHee B ynpasienuu BIIJIAronaps nannumio
KECTKUX CBSI3€l KpblUIa ¢ OCTAJIbHOM KOHCTpykuuei. IIpenmyiiectBo MoToAeNbTaIIaHA 110
oTHomeHHI0 K JapyruM BIIJIA 3akmrouaeTcss B NPOCTOTE M HAAEKHOCTH KOHCTPYKLUH,
JICIIeBU3HE M KOMIAKTHOCTH B CJIO)KEHHOM BHJE, MUHHMAaJbHOH HEOOXOJUMOHN JJIHMHE
TUIOLIA/IKH /171 B3JIETA U MTOCAIKH, OECIIYMHOCTH, OTCYTCTBHIO BIMSIHUS BUOpAIUii OT poTopa
HECYIIEro BUHTA Ha a3pOAMHAMHYECKHE JIEMEHThI KOHCTPYKLUH.
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BIIJIA ¢ ynpyeo oeghopmupyemvim Kpvliom — anmapar, KpPbJI0 KOTOPOTO BEITIOTHSIETCS
13 KOMIIO3UTHOTO MaTepuaia ¢ OOJbIION CTENEHBIO YIIPYTOCTH. DTO MO3BOJISIET CBOPAYUBATH
KpbLIO 0e3 onaceHust noTepsTh ero popmy. OHO TakkKe XOPOIIO MPOTUBOCTOUT COYAAPEHUSIM
C 3eMJICH U IPETIATCTBUAMH.

5.4.3. BIJIA BepTO/J€éTHOT0 THNA

OTOT TUIl annapaToB U3BecTeH Takke Kak BIIJIA ¢ Bpamaronmes kpbuioM. HYacTo ux
HaspiBatoT Takke VTOL UAV (Vertical Take-off and Landing UAV) — BIUIA ¢
BEePTHKAIBHBIM B3JIETOM U Tocankoi. [locrnennee He coBceM KOPPEKTHO, Tak Kak B 0OIIeM
cllydae BEPTUKAJIbHBIN B3JE€T U nocaaky Moryr uMerb U BIIJIA ¢ HEmoABMIKHBIM KpbLIOM
(manpumep, kak B CBBII —3a cuet peakTHBHOIO COIUIA, IPH B3JIETE U ITOCAAKE HAIIPABIIIEMOTO
BEPTUKAJILHO BHU3).

IlogwemHuas cuia Yy anmnaparoB 3TOIr0 TUIIAa TAKKC CO3MACTCA adpOJUHAMUYCCKH, HO HC
3a CUYCT KPBLJIbLECB, a 3d CYCT BpallatOIIUXCA JjonacTeu HECYIICTO BUHTA (BI/IHTOB). KpBIJ'ILSI §19%(e10)
OTCYTCTBYIOT BOBCC, 1100 HUI'PparOT BCIIOMOT'aTCIIbHYIO POJIb. O‘ICBI/II[HBIMI/I npeumMmynieCTBaMunu
BITJIA BCPTOJICTHOI'O THIIA SBJIAIOTCA CIIOCOOHOCTh 3aBHCAHHUSI B TOYKE M BBICOKAs
MaHCBpPCHHOCTD, IIO9TOMY HX 49dCTO UCIOJIB3YHOT B KAY€CTBC BO3AYIIHBIX pO6OTOB.

CYH_IGCTByeT MHOXCECTBO CXCEM IIOCTPOCHHA allllapaTOB BCPTOJICTHOI'O THIIA. Bce
pacCMaTpUuBaCMBbIC 1aJICC CXEMBbI ITIOCTPOCHUA BEPTOJICTOB CBCACHELI B Ta6J'II/II_[y 2.

Tabnuma 2. Cxemsl noctpoenus: BITJIA Bepronérnoro turma.

HazBanwue Onucanue Cxema

OIHOBUHTOBAS CXEMa.
910 JIeTaTeILHBIN
amnmapar ¢ MPUBOIHBIM

HECYIIUM BHHTOM,

KOTOPBIN npu

Knaccuueckast MOABEME amnmnapara

OJIHOBMHTOBAs CXE€Ma | BpallaeTcs B
C XBOCTOBBIM TOPU30HTAIBLHON

PYJICBbIM BUHTOM IIJIOCKOCTH. BepToneT

JOBUKETCA
TOPU30HTAIIBHO 3a
cUuér HaKJIOHAa

IIJIOCKOCTH BpallCHUA
BUHTA.

[Ipopomxenne TaOIUIIbI 2.

HasBanue Onucanue
JIByXxBHUHTOBAs JByXBUHTOBas
rorepevHast IornepeyuHas cxema.
cxeMa BEpPTOJIETHl HMMEIOT JiBa
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HECYIIHX BUHTA,
YCTaHOBJIEHHBIX 1o
Ookam  (ro3emspka  Ha
KOHCOJIAX Kpbllla MWK
bepmax. PeaktuBHBIC
MOMCHTHI
YPaBHOBEIIUBAIOTCS
MPOTHUBOIOJIOKHBIM
HarpaBJICHUEM
BpaIICHUS BUHTOB,
KOTOPBIC MOI'YyT HUMCTb

MIEPEKPHITHE npu
KOJIMYCCTBE JionacTei
MeHee 4-X.

JlocTouHCTBa CXEMBI:
a’pOIMHAMUYCCKAs
CUMMETPHS CXEMBI;
HEOOJIBIIINE

WHIyKTUBHBIC TTOTEPH Ha
peKIMe
TOPU30HTAILHOTO
MoJIeTa, YTO TOBBIIIACT
KOHOMHYHOCTb u
IaTbHOCTh THoJIeTa;
OTHOCHTENBHO  BBICOKAS
TPY30MOABEMHOCTb.
Henocrarku CXEMBI:
CIIOKHOCTh KOHCTPYKITUH
CHCTEMBbI YIPABICHUS |
TPaHCMHUCCHH,
HE00X0JIMMOCTb
CHHXPOHU3AINN
BpaLICHUS BUHTOB,
JOTIOJTHUTEIbHAS Macca U
71000BO€ CONPOTUBIICHUE
bepmsl,
MOIEPKUBAOIIEH
KPBLIO.

[Ipopomxenne TaOIUIIbI 2.

\ HasBanue \ Onncanue Cxema
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CxeMma c
IIEPEKPELINBAIOLLINM
UCSl HECYIIIMMU
BUHTaMH

Cxema ¢ mepeKkpenuBaroIIMUCs
HECYLTUMHU BUHTaMU
(cunxponTep). N TaKUX
BEPTOJIETOB  HECYIIWE  BHHTHI
PacoJIOKEHBI no O0okam
(bro3ensoKa, a UX OCH HAKJIOHEHBI
Hapyxky. M3-3a HakiIOHa BHHTOB
pEaKTUBHBIE MOMEHTBI
YpaBHOBEUINBAIOTCS TOJILKO
OTHOCHUTEJIbHO BEpTUKAJIbHON OCH,
a HMX MPOEKIUH OTHOCUTEIHHO
MOTIEPEYHON OCH CKJIAIbIBAIOTCH,
o0pa3ysi MOMEHT TaHTa)xa, 4TO
HEOOXOMMO  YYHUTHIBATh  IPHU
pacuere IPOJOIBHOM
YCTOWYHBOCTH.

JIOCTOMHCTBOM CXEMBbI SIBJISIIOTCS
Maible rabdapuThl BepTojeTa, a
HeJoCTaTKaMu — HE0OXOJIUMOCTh
CHHXPOHH3AIHH BpaIeHus
BHUHTOB, CIIO’KHAs cucTema
TpaHCMMCCHUHU, OOJIBLIONW YPOBEHb
BUOpanuu, BO3HHUKHOBEHUE
MIPOOJIBHOTO MOMEHTA,
YCIOXKHSIOIEro  0aJaHCHPOBKY
BeprosieTa. Beproner xopormo
MPUCIIOCOOIIEH TUIS
BEPTUKAJIHHOTO TMIOAbEMA IPY30B.

Bepronérsl ¢
KpBUIOM

Pocr CKOpOCTH BEpTOJIETA
OTpaHMYEH CpPBIBOM IIOTOKAa C
OTCTYHNAIOIIEH JIONACTH HECYIETO
BHHTA. J{711 yBETMYEHUS CKOPOCTH
1ojieTa HeoOXOAMMO pa3rpy3uTh
HECYyIIMH BHUHT. OTO MOXKET
OCYILECTBIATBCS ~ IOCTAHOBKOM
Kpbljla Ha BEPTOJIET.

[Tponomkenne TaOIUIBI 2.
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Hazsanue

Onucanue

Cxema

JIByXBUHTOBAas
COOCHas cxema

JIByXBUHTOBas COOCHas cxeMma:
BEPTOJIETHI UMEIOT JIBA HECYILIUX BUHTA,
pacHoJIOKEHHBIX Ha OJHOW OCH, C
IIPOTHUBOIIOJIOKHBIM HaIlpaBJICHUEM
BpalleHusi, 3a  CYeT  Yero W
KOMIIEHCUPYIOTCSI pEeaKTUBHBIE
MoMeHThl.  [limockoctu  BparieHus
BUHTOB YAAJ€Hbl ApPYr OT Jpyra ais
PEIOTBPALLICHUS CXJIECTBIBAHUS
JonacTell HUKHETO M BEPXHETO BUHTOB
Ha BCEX PEKHUMax IOJIETa.
JIOCTOMHCTBOM CXEMBI SIBJISIFOTCS] MAJIbIe
rabapuThI.

Henocrarku cxeMmsbl: ClOXHas cucrema
TPaHCMHUCCUHU u yIIpaBJICHMUS,
HEJ0CTaTOYHasl MyTeBas yCTOMYMBOCTH
Ha aBTOPOTALIUH.

JIByXBUHTOBas
IIPOJIOJIbHAS CXEMa

I[BYXBI/IHTOBaH npoaoJjbHad CXEMad. Yy
TaKHUX BCPTOJICTOB peaKTHBHLIﬁ MOMCHT

KOMIICHCHUPYCTCA 3a CyeT
IMPOTHBOIIOJIOKHOT'O HaIIpaBJICHUS
BpalCHusA BHUHTOB, KOTOPBIC

PAaCTONIOKEHBI OJIUH 3a JIPYTUM BJIOJb
¢rozensxka. Hecymue BHUHTBI
pacmoJiararTcs c MIEPEKPBITHEM,
npuaeM 3aTHAN BHHT UMeeT
NpEBBIIICHHE,  YTOOBl ~ YMEHBIIUTH
BpPEIHOE BIMSHHE Ha HEro TMOTOKa OT
MepeTHETO BUHTA.

JIOCTOMHCTBO CXEMBI — 0OJIBIIONH 00BEM
rpy30BOil KaOUHBI.

Henocratkamu — SBISIOTCS  CIIOKHAS
CHUCTEMa TPAaHCMHUCCHH, HEOOXOIUMOCTh
CUHXPOHM3AIMKM BPAIICHUS HECYIINX
BUHTOB, OOJBIIINE WHAYKTUBHBIC TIOTEPH
Opyd  TOPU3OHTAJIBHOM  TMOJIETE U
MEPEeMEHHbIE HAarpy3Kd Ha HECYIINX
BUHTaX, a TaK)Ke CIIOJKHAs MOCaKa pU
ABTOPOTAIIHH.
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[Tponomxkenne TaOIUIBI 2.

Hazsanue

Onucanue

Cxema

PeakTrBHBIE BEPTONETHI

v TaKUX BEPTOJIETOB
MEXaHUYECKUI IPUBOJ
HECYyIIeT0  BHUHTAa  3aMEHEH
PEaKTUBHBIM. CymmapHbIi
KpYTSIIMI MOMEHT Ha BTYJKE
HECYIIETO BUHTA OJIM30K K HYJIIO,
TaK KaKk MOMEHT HECYIIIeTO BUHTA
OT CWJI COIPOTUBJIEHUS BO3AYyXa
YPaBHOBEIIMBAETCS MOMEHTOM,
C03/1aBa€MbIM TAroMN
PEaKTUBHBIX JBUraTeiel wWiu
CONeJ,  YCTAaHOBJIEHHBIX  Ha
KOoHIax Jjonacred. IIpum sTom
OTIIaaeT HEOOXOIUMOCTh B
MOIIIHOM  PYJIEBOM  BHHTE.
PeakTuBHBIN IIPUBOJA HECYLIETO
BUHTA MOXET OCYIIECTBISATHCS,
HallpuMep,  YCTaHOBKOM  Ha
KOHIIAX JIONACTed pPEaKTUBHBIX
JIBUraTeneil pazjnyHOro THIIA,
TOIUIMBO K KOTOPBIM IIOJaeTcs
4yepe3 BTYJIKY U JIONMACTH BUHTA.
JlocTonHCTBaMU BEPTOJIETOB C
PEaKTUBHBIM MIPUBOIOM
SBJISIIOTCA ~ TIPOCTasl  CUCTEMa
TPAaHCMUCCUHU u BBICOKas
BECOBAs OTJaya.

K HenmocTaTkaM cienyeT OTHECTH
CJIOKHYIO KOHCTPYKILIMIO BTYJIKHU
M JIOTIACTH HECYIIEro BHHTA,
TPYIHOCTh CO3/1aHU
CIelaIbHbIX JIBUTATEJIEH,
paboTaromux B oJjie
[EHTPOOEIKHBIX CHJI, OOJBIION
pacxo]l TOIUIMBA, a TaKXe IIyM
oT MPSIMOTOYHBIX u
MyJIbCUPYIOLIUX BO3J1yIIIHO-
PEaKTUBHBIX JABUTATEIICH.

[Ipopomxenne TabIUIIbI 2.

‘ HasBanue ‘

Onucanue ‘

Cxema
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BuHTOKpPBLIBI

Hns YBEIIUYEHUS
CKOPOCTH I0JIETA Y 3TUX
anmnaparoB UCIOJB3YIOT
KPbUIbsI u
JIOTIOJTHUTEIIbHBIE
TAHYILUE  JBUIATEIHU.
IlogbemHass cwia Ha
peXUME BEPTUKAIBHOIO
oJieTa co3zaercs
HECYIIUM BHUHTOM, a Ha
pexxuMe
TOPU30HTAJIBHOTO
nojieTa — KpbBUIOM C
JIOTIOTHUTEIbHBIMU
TAHYIIUM (umu
TOJIKAIOIIMM) BUHTOM.
B mnonére Hamuuwne
KpbLIa u
JIOTIOJIHUTEIIbHBIX
JIBWJKHTENEH, Kak Yy
camoJji€Tta, II03BOJSET
emy pa3BUBaTh
JOCTAaTOYHO  OOJBIIYIO

CKOpOCTb o
CPaBHEHUIO c
AHAJIOTUYHBIM
BEPTOJIETOM, 4TO
SIBJISICTCS OCHOBHBIM
MPEUMYILECTBOM. B
TOPU30HTAIBHOM

MOJIETE HECYIIUA BHHT
BUHTOKpBLIa paboTaeT B
peXHME  aBTOPOTAINH
(w1 o4YeHb OJIM3KUM K
HEMY), KaK y aBTOXHPA.
HenocratkoM sBisieTcsa
CII0’KHOCTh
KOHCTPYKITHH.

[Ipopomxenne TabIUIIbI 2.
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Hassanue

Onucanue |

Cxema

I'uGpuHbIE BAHTOKPBUIBIC allapaThl

ABTOXHUPBI

ABTOXUD (npyrue Ha3BaHUs:
THPOKOIITEp, THUPOIUIAH, pOTaIUIaH,
aHTJIOSA3BIYHBIC: autogiro, gyrocopter,
gyroplane, rotoplane) - cxema,
nonobHass camMon€Ty, Yy KOTOpOro B
KauyecTBe Kpblia (WIH B JOMOJIHEHUE K
HEMY) YCTaHOBJICH CBOOOTHO
BpAIllalOIIUACS BUHT.

BoNbIIMHCTBO aBTOXKUPOB HE MOTYT
B3JIETaTh  BEPTHUKAIBHO, HO WM
TpeOyercst ropa3go Oosiee KOPOTKUI
pazder mms B3n€ra (10-50 ™M, c
CHUCTEMOM TPEIpacKpyTKu pPOTOpa),
yem camousiétaM. [louT Bce aBTOXKHUPHI
CIocoOHBI K Mocajke 6e3 mpodera uimm
¢ mMpoOeroM BCEro HECKOJIbKO METPOB.
[Io MaHEBpEHHOCTH OHHM HaXOJIATCS
MEXIy CaMOJETaMU U BEPTOIETAMH,
HECKOJIBKO yCTymasi BepToiEéTraM u
aOCOIOTHO TPEBOCXOMASl CaMOJETHI.
ABTOXXHUPBI TTPEBOCXOIAT CAMOJETHI U
BEPTOJIETHI MO 0€30MacHOCTH MOJIETA.
Camonéry omacHa motepsi CKOpPOCTH,
MOCKOJIbKY OH CBAJINBAETCS IIPU 3TOM B
HITOMOP.  ABTOXHp MpH  TOTEpe
CKOpPOCTH HauyuHaeT CHuxkarbcs. [Ipm
OTKa3e MOTOpa aBTOXHp HE MaJaeT,
BMECTO  JTOTO  OH  CHIDJKaeTcs
(mmanupyet), ucnoib3ys 3¢ dext
aBTOPOTALUH (Hecymmii BHUHT
BepTONETa TMpU OTKa3e JIBUTATENA
TaKXKe  [EPEeBOJAUTCS B  PEKUM
aBTOPOTAIlMM, HO Ha 3TO TepseTcs
HECKOJIBKO CEKYH]I U Ma/IaloT 000pOTHI
poTOpa, BaKHBIC TPU BBIHYXICHHON
nocanke). [Ipu mocaake aBTOXHpYy He
TpeOyeTcs rmocao4Has 1oJyoca.
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[Tponomxkenne TaOIUIBI 2.

Hazsanue

Onucanue

Cxema

KonBepronnansl

KonBepromian — sietaTenbHbIi anmnapaT ¢
IOBOPOTHBIMM ~ BHHTaMM, KOTOpble Ha
B3IETE M INpU IMocajke paboTalT Kak
HObEMHBIE, @ B TOPU30HTAILHOM MOJIETE —
KaKk TAHymme (Ipu 3TOM B IOJETE
noabpEMHAs cujia 00eCIeuuBaeTCss KPbUIOM
camonérHoro tuna). Takum obpazom, 3TOT
ammapar BeJeT ce0s Kak BepTOJieT IpH
B3JIETE M MOC3JKEe, HO KaK CaMOJIET B
TOPU30HTAJILHOM T1ojieTe. bonblne BUHTBI
KOHBEpPTOIlJIaHA  IIOMOTAal0T €My IpHu
BEPTUKAJIBHOM  B3JIeTe,  OJHAKO B
TOPU30HTAJILHOM I10JIETE OHU CTAHOBSTCSA
MeHee 3((EKTUBHBIMU IO CPAaBHEHHIO C
BUHTAMU MEHBIIIETO Iuamerpa
TPaZMLIHOHHOI'O CaMOJIETA.

B HEKoTOpBIX KOHCTPYKLMSIX HCIONb3YIOT
HE OTKpBITHIE BHHTBI, a HUMIIEIUIEPHI.
Nmnemnep obIIJIAgaer o4eHb BBICOKOM
CKOpPOCTBIO OTOPAChIBAEMOr'0 BO3TYLIHOI'O
[OTOKA, YTO IO3BOJISIET OOOHTHCH OYEHb
MaJIeHbKUMH  KpbUIbSIMH, oOOecreyuBas
BBICOKYIO KOMIIAaKTHOCTh KOHBEPTOILJIaHA.
Cpenu KOHBEPTOIJIAHOB MOKHO BBIJEIUTH
TPU TPUHIMIHAAIGHO  PA3TUYAIOIIIXCS
HoJKjacca: ammaparbl € IOBOPOTHBIMHU
BUHTAMH, C TMOBOPOTHBIM KpBUIOM H CO
CBOOOTHBIM KPBUIOM.

MHOrOBHHTOBBIE
BEPTOJIETHI
(MyJIBTHKOTITEPHI)

MHOroBUHTOBBIE BEPTOJIETHI
(mympTukontepsl). K = atoit  rpymme
OTHOCATCSL BEPTOJIEThI, UMEIOLUE OObIIe
JIByX HECYLUIMX BHHTOB. PeakTuBHbIE
MOMEHTHI ypaBHOBEIIMBAIOTCS 32 CYET
BpallleHUsl HECYIIMX BUHTOB IIONApHO B
pa3Hble CTOPOHBI WM HAaKJIOHAa BEKTOpa
TATM  KaXJO0ro BHUHTA B  HYXHOM
HaIpaBJICHUU. becniunorHele
MYJBTUKONTEPHI, KaK MPaBUIIO, OTHOCSTCS
K KJlaccaM MMHH- U MUKpO-BIIJIA.
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5.4.4. BIVIA ¢ Mamyuium KpbLioM

BIUJIA ¢ mMamrymuMm KpbUIOM OCHOBaHbI HA OMOHMUYECKOM IPUHIMIIE — KOIMPOBAHUU
JBWDKEHUM, CO3/7aBaeMbIX B IOJIETE JICTAIOIUMMHU JKUBBIMM OOBEKTAMH — HNTHLAMH U
HaceKoMbIMU. XO0Ts B 3ToM kiacce BIIJIA moka HeT cepuilHO BBIITYCKAaeMBIX allllapaTroB, U
IIPAKTUYECKOr0 IPUMEHEHHs OHU II0Ka HE UMEIOT, BO BCEM MUPE IPOBOJATCS UHTECHCHUBHbIC
uccnenoBanust B 3toii obIlJIActu. B mocnennue ronasl MOSBUIOCH OOJBIIOE KOTUYECTBO
pa3HbIX UHTEPECHBIX KOHLENTOB MasbiX BIIJIA ¢ mamymum Kpeuiom.

['maBHBIE MpeuMyIIecTBa, KOTOPbIE UMEIOT NTHUIBl U JIETAIOIINE HACEKOMBIE Iepes
CYUIECTBYIOIIMMU THIAMH JIETaTEIbHBIX almapaToB — 3TO HMX HHEprodd(ekTUBHOCTH U
MaHeBpeHHOCTh. Ecmm paspaborumkam "mamymux" BIIJIA ynmactcs 1o mokazareisMm
9HEprod(pPeKTUBHOCTH U MAHEBPEHHOCTU MPUOIIU3UTHCA K TOMY, YTO YK€ UMEETCS B KUBOM
MPUPOJIC, TO TOT/Ia UX YCHIUS OyayT HE HANPacHBIMH, U MOXKHO OKHIATh, YTO ITOT KJIACC
anmapaToB HAYHET HaXOJUTh CBOE PUMEHEHHE.

Bunael BIUIA ¢ mamymmm Kpbuiom:

1. Opnumonmepvr — neraTenbHBIC anmaparbl, OCHOBAHHBIE HA MMHTAIMH JBYKCHUI
ITHIL.
ITpu coznanuu BIUIA, uMuUTHPYIOIIMX ABMKEHHSI MTUL, MHOI'O BHUMaHUS YAeseTCs
MEXaHUYECKOMY IPUBOJY KPbUIbEB. MexaHUUYeCcKue Nepeauu 10JKHbI 00ecieunBaTh
HEOO0XOAUMBIA HAaOOp JBMXKEHUH M MpHU 3TOM ObITH NMPOCTBIMU M JierkuMu. Kpome
MaxoB BBEPX/BHH3 C HYXHOH 4YacTOTOH, CHCTEMa YIpPaBICHHS JBIKCHUEM B
MOJIXOASAIINE MO BHEIIHUM YCIOBHSM MOMEHTHI JIOJKHA DPEaTH30BBIBATH PEXKHM
MapeHust A TOro, yToObl ammapaT MOT MakKCHUMajibHO 3(PPEKTUBHO HCIOIb30BATh
Haberarolme U BOCXOAIINEe NOTOKH BO3TyXa.

2. Dumomonmepbl — JNeTaTENbHBIE aNIapaThl ¢ MAIIYIIUMH KPBUIbSIMH, IMATHPYIOIINE
JIETAIOLINX HACEKOMBIX.
BIUUIA, wuMuTHpyIOIME JBM)KEHHUS JIETAIOUIMX HACEKOMBIX, YCIOBHO MOXKHO
MOJIPA3/IeIUTh HA UMUTATOPBI YETHIPEXKPBUIBIX U UMUTATOPHI IBYKPBUIBIX HACEKOMBIX.
YeTsIpeXKphlible (CTPEeKO3bl, 6a00uKK) coBepLIatOT 0oJiee CIOXKHBIE JBHKEHUS, YEM
IBYKPBLUIbIE, U BO3MOXKHOCTEH yIPaBIIEHHS ITOJIETOM y HUX TOpa3Io OOJbIIe.

5.4.5. BILJTA a’pocTaTM4eckoro Tuna

BIIJIA aspocmamuyeckoeo muna — 310 0co0blit kiacc BITJIA, B koTopoM moxbeMHast
CUJIa CO3/aeTCsl MPEUMYIIIECTBEHHO 3a CUYET apXHUMEJOBOM CHUIBI, JEHCTBYIOIIEH Ha OaJuioH,
3aIOJIHEHHBIH JIETKUM ra3oM (Kak MpaBUiIo, reyiieM). DTOT Kilace NMpeACTaBleH, B OCHOBHOM,
OECTIUIIOTHBIMU TUPKAOIISIMH.

Jupusxcabne — netatenbHBIA amnmapaT Jierde BO3/yXa, MPEACTaBISAIOMUNA coOoM
KOMOWHAIIMIO a’pocTara ¢ JBIKUATENEM (OOBIYHO 3TO BHHT (MpOMEiep, UMIIEIUIEp) C
anekTpuyeckuM asurateneM win JIBC) u cuctemsl yrpaBieHust OpueHTalue.

[To xoHCTpyKuIMM IUpHKAOIU MOAPA3NEISAIOTCS Ha TPU OCHOBHBIX THUIIA: MSTKUH,
MONYKECTKUM M KECTKUN. B nupmxkalisix MArkoro M moiy>KECTKOTo TuUma o0oJiouKa st
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HECYIIEeTO Ta3a MArKas, KoTopas mpuooperaer TpedyeMyro (opMy TOJBKO TOCIE 3aKauyKh B
He€ HECYIIEro Ta3a I0oJ ONpEACIHEHHBIM JaBJCHHEM. B IHpPMKaOIaX MITKOrO THIIA
HEM3MEHSIEMOCTh BHEIIHEH (OPMBI JIOCTUTACTCS M30BITOYHBIM JABJICHUEM HECYIIETO Tasa,
MOCTOSIHHO TOAJICP)KUBACMBIM OajUIOHETAMH — MSTKUMHU EMKOCTSIMH, PaCIOI0KEHHBIMU
BHYTPU OOOJIOUKH, B KOTOPBIC HArHETAETCS BO3AYX. BajNIOHETHI, KpOME TOTO, CIy>KaT IS
pPETYJIIUPOBaHMS MOABEMHOW CWIJIBI M YIIPaBJICHHUS yrioM TaHraxa (muddepeHnmpoBaHHas
OTKauYKa/3aKayka BO3/lyXa B OA/NTIOHETHI IPUBOIUT K U3MEHEHHUIO IIEHTPA TSKECTH armapara).
Jluprkadiy MoTy)KECTKOTO TUTIA OTIMYAIOTCS HAIMYHEM B HUDKHEH 4acTh 000JI0UKH JKECTKOU
(B OONBIIMHCTBE CIIy4acB Ha BCHO JUIMHY 000704kH) (epMbl. B kECTKUX AUpHKAOIIX
HEU3MEHIEMOCTb BHEITHEH (POPMBI 00€CIIeUnBaCTCS )KECTKUM KapKacoM, OOTSHYThIM TKaHbIO,
a Ta3 HaxXOIUTCS BHYTPHU KECTKOTO Kapkaca B OaJUIOHAX M3 Ta30HENPOHUIIACMON MaTepHH.
XKectkue qupuxadau B OSCIMIOTHOM UCIIOJHEHUH ITOKA MTPAKTUYECKH HE TIPUMEHSIOTCS.

5.5. Knaccudurkamus BIIJIA mo JéTHBIM XapaKkTepUCTHKAM

Paccmorpum crenyromue kinaccudukannu BITJIA o néTHEIM XapaKTepuCTUKaM:
1. Knaccudukamus UVS International,
2. Poccuiickas yHuBepcanbHas KiaccuuKarms.

5.5.1. Knaccupuxanus UVS International

Kpome mpunnuna noneta, ansa kinaccudukanuu BIIJIA moxxer ObITh HCMOIB30BaHO
00JbIIOE KOJIMYECTBO OOBEKTUBHBIX KPUTEPHEB: B3JIETHAs Macca, JaIbHOCTh, BhICOTa U
MPOJOJKUTENBFHOCTD MOJIeTa, pa3Mephl anmnapara 1 T.1.

MexnyHaponHoit accounanueit no 6ecnmnotaeiM cuctemam AUVSI (Association for
Unmanned Vehicle Systems International, no 2004 ona Ha3bBanach EBpomeiickoit
acconuanueit mo 6ecnmiotHeiM cucteMaM — EURO UVS) Gbina npeioxkena yHuBepcanbHas
knaccudukanus BIIJIA, o0benuHstonas MHOTHE U3 Ha3BaHHBIX KpUTEpUEB (cM. Tabmuiy 3).

Tabnuua 3. YHuBepcanbHas kinaccudpukanus BITJIA no nétasim napamerpam.

r a Kareropus Banérnas JanbHOCTh Bricora [IpoomxuTENEHOCTD
T
124 Pyc. Anr. macca, Kr MOJETA, KM MOJIETA, M noJs€Ta, 4
M EIUIA Hano-BITJTA Nano <1 100 1
e Mutkpo-BILIA Micro <5 <10 250 1
Hano-BITJTA —
Munu-BITJTA Mini 5-150* <10 150-300* <2
Jlerxkue BITJIA mns Close Range
KOHTPOJISI IEPETHETO (CR) g 25-150 10-30 3000 2-4
Kpast 000pOHEI
TakTuueckue Jlerkue BITJIA ¢ manoii | Short Range 50-250 30-70 3000 3.6
JaJbHOCTBIO MOJIeTa (SR)
Medium
BITJTIA 150-500 70-200 5000 6-10
Cpenite Range (MR)
[IpoomkeHue TabauLbI 3.
Kareropus Banérnas JlaneHOCTb BeicoTa IIpomomxuTensHOCTD
I'pynna N N ..
Pyc. | AHTIL Macca, KT nonéra, KM nonéra, M monéTa, 4
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Cpemuue BITJIA ¢ Medium
bonbmoft Range 500-1500 >500 8000 10-18
TPOIOIKUTEIBHOCTHIO Endurance
moJjiera (MRE)
Low
oo B it
s - gHH N Deep 250-2500 >250 50-9000 0,5-1
Y o Y pa Penetration
MIPOTUBHUK: (LADP)
T
aiTHeckne Manossicotusie BITJTA L.OW
SOnbIofi Altitude
© DOIBIIO Long 15-25 >500 3000 >24
HpOL[OJ'DKI/ITeJ'ILHOCTLIO
Honera Endurance
(LALE)
CpCZ[HeBLICOTHBIe Medium
Altitude
BIIJIA ¢ 6 %
© DOTBIIOH Long | 1000-1500 | ~ >500 | 5000-8000 24-48
HpO,I[OJ'DKI/ITe.TILHOCTB}O
HosteTa Endurance
(MALE)
High
BLICO;:L:IEEHA c Altitude
. Long 2500-5000 >2000 20000 24-48
HpOI[OJ'DKI/ITeJ'H)HOCTI)}O
Hoxera Endurance
C (HALE)
IpaTequecm/Ie Unmanned
BoeBrie (ynapHbie) Combat
ynap Aerial >1000 1500 12000 2
BITJTA .
Vehicles
(UCAV)
BIIJIA, ocHallEeHHBIE Lethal
00€BOI YaCTBIO (LET) <150 300 4000 3-4
(meransHoro neiicreus) | (Offensive)
Decoys
BILJIA - 150-500 0-500 50-5000 <4
CrienanbHOro JIOPKHBIE He (DEC)
Ha3HA4YECHUS CrparocdepHbie Stratospheric
> > > >
EIDTA (STRA) 2500 2000 20000 48
Dk3ocTpatochepHbie Exo-
TEHJI A P stratospheric - — > 30500 -
(EXO)

* — 3aBHCHUT OT OTpaHUYCHUH, IPHHATHIX B KOHKPETHOH CTpaHe

5.5.2. Poccuiickasi yHuBepcaibHasi KJaccu(puKanus

Poccuiickas knaccuukanus oriauuaercs ot npeaioxkeHHo UVS International mo
psiy mapaMeTpoB — HEKOTOpbIE KJacChl 3apyOeKHOW KiIacCU(pHUKAIMU OTCYTCTBYIOT B PO,
nérkue BIIJIA B Poccuu MMEOT 3HAYUTENBHO OOMNBIIYIO NaidbHOCTh M T. A. CoriacHo
poccuiickoil kiaccu(uKaluy, KOTopasi OpUeHTUPOBaHA NMPEUMYILECTBEHHO MOKa TOJIBKO Ha
BOCHHOE Ha3HaueHue anmnapatos, BIIJIA MOXXHO cucTeMaTH3UPOBATh CIEAYIOLUIMM 00pa3oM:

1. Mukpo- u munu-bBIUUIA GnmxHero pagmyca nedcTBUS — B3JETHAs mMacca 10 S5 KT,

TaTbHOCTH AercTBUS 10 25-40 kM.
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2. Jlérkme BITJIA mamoro pamuyca nedictBus — B3n€THas macca 5-50 kr, maabHOCTH
nercteust 10-70 kM.

3. Jlérkume BITJIA cpennero pamuyca nedictBust — B3n€tHas macca 50-100 kr, 1aapHOCTh
neiicteus 70-150 (250) kM.

4. Cpennue BIIIA — B3nérnas macca 100-300 kr, gansHocTh nevictBust 150-1000 km.

5. Cpennersokénsie BITJIA — B3nérnas macca 300-500 kr, mansHOCTH AeiictBus 70-300
KM.

6. Tsxénpie BIIJIA cpemnero pammyca nerctBusi — B3i€THas Mmacca Oosee 500 kr,
naabHOCTh nerctus 70-300 kM.

7. Tsxénpie BITJIA Gonblioi mpoaoKUTEIHFHOCTH TT0JIETA — B3NIETHAs Macca 6omee 1500
KT, JaJIbHOCTh JeHCTBHA 0K0JI0 1500 kM.

8. becnuiorHsle 60eBBIE CAMOIETEI — B3JIETHAS Macca 0osee 500 Kr, TaIbHOCTBIO OKOJIO
1500 kM.

5.6. MonokonTep

Monokonmeper — 3TO TUI OECUIIOTHBIX JIETATENbHBIX AMlapaToB, Yy KOTOPHIX €CTh
TOJIBKO OJIMH JIBUTaTellb, U C MOMOILBIO OJHOIO JABUraTessl Mbl MOkeM nepememiats BIIJIA
TOJIbKO BBEPX M BHHM3. JTa OCHOBHAs KOHIEMIMS MCKJIIOYAeT MOHOKONTEpPHl W3 psijia
noHoueHHbIX BITJIA, mockoibKy HEBO3MOKHO CO3/1aTh PA3HOCTb MOTOKOB BO3JyXa IS
ynpasnenus BITJIA. Annapar Oyzaer B3jeTaTh U JIET€Th, HO U3MEHEHHUE €ro JIBUKEHUS I10
Pa3IMYHBIM OCSM KOOPAMHAT HEBO3MOKHO.

5.7. My.IIbTI/IROHTepr. Pazanunble cxeMbl MMOCTPOCHUSA MYJbTHKOIITEPOB

CYH_ICCTByCT HCCKOJIBKO paSHOBHHHOCTeﬁ MYJIBTHUKOIITCPOB, Pa3JIMYAONINUXCA
KOJIMYCCTBOM U PACIIOJIOKCHUCM JBHUTATEIICHl OTHOCUTEIBHO HOCHTpa arrmapara.

Buapl MynTbTUKOTITEPOB:
buxontep;

Tpuxontep;
KBagpoxkornrep;
I'excakornrep;

ok wbdE

Oxroxkomnrep.

buxonmepwv uMeroT nBa 3nekTpoaBUrarens (puc. 52), OAMH U3 KOTOPBIX BpaIaeTcs 0
gacooii ctpernke (CW), a apyroit nmpoTtus yacoBoii ctpenku (CCW). YrpaBieHue 10CTUraeTcs
3a CUET HE3aBHUCUMOI'0 H3MEHEHHS CKOPOCTH KayKJI0T0 pOTOpa JUIsl CO3/1aHUs JKeTaeMoi o01ei
Taru. [loMecTuB LIEHTp TSATH, KaK B MONEPEYHOM, TaK U B MPOJIOJIbHOM HalpaBiIeHUH, MOKHO
CO3/1aTh >K€lTaeMbIil OOHIMI KPYTAMMI MOMEHT WIM CHUJy TOBOPOTa, M3MEHSS CKOPOCTh
Kaxxgoro portopa. IIpomnemiepsl Ha GuKonTepe BpallalOTcsi B 0OpaTHOM HaIlpaBJIEHUU JPYT
OTHOCHUTEJIBHO Jpyra. OTH Tapbl MpoOINeuiepoB OyayT co3laBaTh MOABEMHYIO CHIY, HE
Bpallasch B OJHOM HampasieHUU. Kaxaplii poTOp IeHEpUpPYeT MOILMHOCTb M KPYTALIUN
MOMEHT BJIOJIb CBOEH OCH BpalllEHUs, a TAKXKE CUJIy CONPOTHBIICHHS B HaIlpaBJICHUH,
IIPOTUBOIOJIOKHOM  TPAaeKTOpPUM  IOJIETa  TPAHCIOPTHOTO  cpeAcrtBa.  UucCThId
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a’pOIMHAMUYECKUH KPYTSIIUA MOMEHT U YIJIOBOE YCKOPEHHUE 110 OCU PHICKaHUS paBHBI HYJIIO,
€CJIM BCE POTOPHI BPAIIAIOTCS C OIMHAKOBOM YIIIOBOM CKOPOCTHIO.

ccw cw
(a )

Puc. 52. Cxema 6ukonTepa

Tpuxonmepvlr UMEIOT TpHU IeKTpoABHUraTesns (puc. 53). OHM MOTYT JeTaTh B 0OJIbIIEM
KOJIMYECTBE HAINpPaBJICHUM, 4eM OMKOINTEpHI, a TAKKE MOTYT HECTH 3HAUUTEIbHBIA Ipy3. Y
TPHUKONTEPOB €CTh Y- WK T-KOH(QUTYpaluu, IpUYeM SJIEKTPOJBUTATENIN PACIIOJIOKEHbI B
YAQICHHOW 4acTH Jiydeil. Eciy B3sSTh B pyKM TPUKONTEDP, TO MOKHO 3aMETUTh, UTO OH UMEET
ropaszio 00JbIIYI0 YCTOMYMBOCTb, YEM OMKOINTEP, U3-3a JOMOJIHUTEIBHOrO IIponeiepa. XoTs
Ja)ke TpU JIETKOM BETPE YIpaBJIEHUE TPUKONTEPOM MOXKET CTaTh HecTaOwibHbIM. Ilo
CPAaBHEHMIO C KBaJPOKONTEPOM, y TpUKONTepa O0jblle BO3MOKHOCTEH MO PHICKAHMIO, YTO
03HA4aeT, 4TO, KOI/la KBAaJPOKONTEP WJIN IE€KCAKONTEP JBHMIKETCS 10 PBICKAHBIO, IIOJOBUHA
IBUTATENEeH 3aMeluIsieTcs, a Jpyras IIOJIOBUHA Yyckopsierca. Ecim xonTep JeTUT Ha
MaKCUMaJbHOW CKOPOCTH (BCE MOTOPBI BKJIIOUEHBI), €MY HPUIETCS 3aMEMJIUTHCS, YTOOBI
noctuyb pbickaHuss. C  Apyroil CTOPOHBI, TPUKONTEP HCHOJB3YET CEPBONPUBOJ IS
JOCTH>KEHMS PBICKAHMS, [I09TOMY OH TEPSET MEHBIIIE TATU B TOH K€ CUTYallUH.

ccw ccw
2 1
ccw
E 2

ccw

Puc. 53. Cxema Tpukonrepa

Kesaopoxonmep — camplit monynsipHblii MyabTHKONTED (puC. 54). Bee mpeamnounrtarot
KBaJIPOKOIITEPHI, Oy/Ib TO TH0OUTENHN WK TipodeccruoHanbHble pousBoauTenu bITJIA, notomy
YTO OBLJIO MPOJIEMOHCTPUPOBAHO, YTO YETHIPE — 3TO ONTHUMAJIbHOE YMCIIO AJIEKTPOABUTaTEIeH
1t OanaHca IeHbl, TPOU3BOIUTENBHOCTH, CTAOUIBLHOCTH U BpeMeHH mnosera. KBaapoxonrep
— 310 MHOrOopoTopHbiii BIIJIA ¢ 4-ms snekTpoaBuUraTesnsiMu, JETAlOMIMK MO BEpTOJIETHOM
cxeme. 1ot BIIJIA crabunusupyer CBOW MOJNET C MOMOIIBIO DJIEKTPOHHBIX JAaTYUKOB M
cHCTeMBbl yrpasieHus. ECTh Tpu Tuma KBaJpOKONTEPOB — KBaJIpoKomnTep B (opMme IIroca,
KBaJIpOKONTEP KpecTooOpa3zHoit hopMbl U KBaapokonTep Gpopmsl B Buae OykBol H (ogpoduee
onucaHo B paszzaeine 5.8.5). Bce ¢popmbl cTaOuibHBI B IPSMOM MOJETE, HO KBaJPOKONTEPY
TpeOyeTcsl yrpaBlieHue pbICKaHHEM B MpsiMOM mosiete. [IpuHIuUIBl yrpaBiieHus: pblICKaHHEM
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UICHTUYHBI JUIsI BCeX KOH(UTypaluil, HO NMPUHIUIBI YIPaBICHUS IO TAaHTaXy U KpEeHY
pas3IuyHBbI B cirydae nornepeunoit kondurypamuu. BITJIA ¢ H-o6pa3Hoii pamoii ObLTH IEpBHIMU
U caMbIMU NOMyJsipHbIME. OHU MOTYT paboTaTh ¢ OosbIUM KondecTBoM FPV-cHapsikenus,
pabotas ot LiPo Gatapeu. Y Hux 60jee MIMPOKOE OCHOBAHKE, YTO OOSCIICYNBACT YCTONIHBOE
nepenskenue. barapeu mis BITJIA ¢ H-o0pa3Hoii pamoii, kak mpaBuio, CIyKaT AOJbIIE,
MOCKOJIBKY WX PacIoIOKEeHUE IPEIOTBPALIAET JETKOE MOBPEXKACHUE. DTO TAKXKe JTydllas pama
U1l TOHOK, TIOTOMY YTO B HE MHOT'O MecTa JUIsl JIETKOH cOOpKHU.

Puc. 54. Cxema kBazipokorrepa

T'excaxonmep uMeeT 1IeCThb AeKTpoaBUraTeneii (puc. 55). B HIbKHEH YacTH MalIuHbBI
€CTh Tapa OIop, KOTOPBIE MO3BOJIAIOT €ii 0€301macHO MpU3eMIISAThCS Ha 3emitio. M3-3a cBomx
IIECTU AIEKTPOABUTaTENIeH FeKCAaKONTep sBISETCS 00Jiee MOIIHBIM JIETaTeIbHBIM afapaToM,
4YeM KBaJpPOKOITEp, U MOXET HEecTH OoJibllle MOJE3HOW Harpy3Ku. Y Trekcakonrepa ecTb
CYILIECTBEHHOE IPEUMYIIECTBO, 3aKIIFOYAOIIEECs B TOM, YTO AAXKE €CJIM OJMH U3 PONEIIEPOB
OTKa)KeT, anmnapar Bce eme MoxeT jerarb bIIJIAromaps npyrum msatu. 9TO O3Ha4aer, 4To,
€CJIM OJIMH U3 MponesuiepoB BeliiaeT u3 ctposi, bIIJIA He ymaaeTr Ha 3emit0. Y CTpPOMCTBO HE
CMOJKET JIETaTh, €CJIN JIBa IPOIEIUIEpa BBIMAYT M3 CTPOs, HO OHO OCTAHETCS JOCTATOYHO
YCTOWYMBBIM, YTOOBI O€30MacHO MPU3EMIIUTHCS. ['eKcakonTep MOXET JIeTeTh ObIcTpee U
JOCTUTaTh OOJIBIIMX BBICOT, 4eM KBajapokonTtep. IIockonbKy rekcakonrepsl 00j1ee 10porue,
OHHU OOBIYHO HCHONB3YIOTCS [UId TEPEBO3KM 0ojee ILEHHBIX TPy30B, KOTOpPbIE HEIb3s
YHUYTOXXUTH B ciay4yae aBapuu. OHU Takke KpylHee U cloXHee B COOpKe U XpaHEHUH, YeM
KBaJIpOKOITEPBHI.

Puc. 55. Cxema rekcakontepa

Oxmokonmep — 310 BIIJIA ¢ Bocembio mpormemiepamu (puc. 56), OH 3HAUUTEIBHO
MOII[HEE  KBAaJgPOKONTEpa WM TekcakonTepa. [lo cpaBHEHHIO C  TPEIBIIYIIMMHA
MYJBTHKOIITEPAMH, OHH MOTYT JIETaTh BBIIIE, JABUTAThCS OBICTpEE M HECTH 0oJiee TSIKETYIO
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MOJIE3HYIO HArpy3Ky. OKTOKONTEP TAKKE YPE3BBIUAWHO YCTOMYMB B BO3/1YXE, YTO MO3BOJISIET
CHUMATb KaJIpbl C BHICOKOKaueCTBEHHOM IpadvKoil 1 MUHUMAIbHBIM JIpoxkaHueM. Korna peusb
uner o BbIOOpe kauecTBeHHOTo BIIJIA, oHM cyMTalOTCS JTy4YIIMMU U3 JYYIIUX H3-32 UX
BBICOKOHW MPOU3BOIUTEIBLHOCTH. OHU UCTIOIB3YIOTCS IS Y3KOCIIEHUATM3UPOBAHHbBIX 3aj1ay,
KOTOpBIE MOTYT MOTPeOOBATh MEPEMEIICHUN MO JOKIEM WU CHIBLHBIMH MOPHIBAMH BETpa.
[TpoyHOCTH MAaITMHBI TO3BOJISIET €1 BBIJCPKUBATH CYPOBBIC MOTOIHBIC YCIOBUS, HE COMBAsCh
¢ Kypca. Jlaxe eciu ABa-TpH nponesiepa BeIayT U3 crpost, BIIJIA nponomkur nerars. Korga
JIEJI0 JOXOJUT A0 IPHUKPEIUIEHHS TOPOroCTOSAIIMX Kamep WM Xpynkoro rpys3a k BIUIA,
OKTOKONTEP — JIYYIIMH BapHUAHT, IMOCKOJIbKY OH HMMEET HAWJIy4dllUMe IIaHChl COXPAaHUTh
MOJIE3HYI0 HAarpy3ky B O€30MacHOCTH U BBINOJHHUTH padoTy B CpoK. OKTOKONTEp YacTo
UCIOJIL3YIOT B (pUiIbMax U TeJeIoy, TPEOYIOUINX CbeMKH ¢ 00JIbII0M BBICOTHI. [I0CKONIBbKY 3TO
000pyZ0BaHUE HACTOIBKO OTPOMHO, IEP>KaTh €0 B IOME MOXKET OBITh CllokHO. Kpome Toro,
CJelyeT MPOSIBISTH OCTOPOKHOCTh mpu nepeBo3ke BIIJIA B aBTomMoOuie uiam rpy30BHKE,
9TOOBI H30€KaTh MOBPEKAeHUH. [I0CKOIBKY OKTOKONITEp MOTPEOIISIET MHOTO SHEPTHUH, OH HE
MOXET OCTaBaThCS B BO3IyX€ OUEHD JIOJITO, MIPEXKJIC YEM EMY MOTPEOYETCs MPU3EMIIUTHCS IS
nepe3apsanku. Eciu Bbl XOTUTE MCHONB30BAaTh OKTOKOINTEP, UMEWTE 3amacHble OaTapeu Ha
ClIydaii, €Clii anmnapatr U3pacxoayeT CBOM 3apsij 10 TOTo, Kak paboTa OyaeT 3aBepiieHa.

Puc. 56. Cxema okTokonrepa

5.8. O6s13aTeIbHBII COCTAB KOMIIOHEHTOB KBaIPOKONTEpPa

B coctaB GecnuiIOTHOTO JIETATENBHOIO amnmnapara BXOAST CIEAYIOIIME KOMIIOHEHTHI

(puc. 57):

1. DnextponBurarens;
[InaTa pacnpenencHus NUTaHUs;
[Iponemnep;
[IpuéMHUK paguocursaia;
Pawma;
Perynstopsl 000pOTOB 37€KTpOABUTATENEH;
AKKyMyJATOD;
[TonérHblii KOHTPOJLIED.

N GR~WDN
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5. Pama
1. SnekTpoasuratens
s ‘ ¥ s
2. MNnata pacnpeaeneHnn 4§ Y ‘_§6. Perynstop obopotos
nUTaHnA y 5 7] 3neKTpoABuratenen

3. Mponennep 6‘ y 7. AkKkymynaTtop

AL 3. Nonéthbiii KOHTpOANep

.

—’

4. MNpuémMHUK pagnocurHana %

Puc. 57. CocraB 6eciMjIOTHOIO JIETATEIbHOIO annapara

PaccMoTpuM KakIpIii M3 TIPEICTaBICHHBIX KOMIIOHEHTOB OoJ1ee opo0HO.

5.8.1. DaekTpoaBUraTe N

OnHa W3 caMblIX TIJIaBHBIX 4YacTell KBajJpoKonTepa — 21eKmpoogueamein.
DJNEeKTPOABUTATENN KBAZAPOKOIITEPOB IOAPA3ACISAIOTCS HA KOJUIEKTOpHBIE (IIETOYHBIC) WU
OeckoiiekTopHble (Oecmérounsie). B manHoM pasnmene OyayT pacCMOTPEHBI MX OCHOBHBIC
OTJIINYMSA, TPCUMYIICCTBA U HEAOCTATKH, a TAKKC KPUTCPHHU, 10 KOTOPBIM CJIICAYCT BI)I6I/IpaTI>
ANIEKTPOIBUraTENb IS JICTATEILHOTO alapara.

YCcTpoiicTBO U NPUHLMI AefiCTBUSA MIETOYHOI0 (KOJJIEKTOPHOI0)
jektpoasuraressi bIIJIA

KoiekropHble dieKTpogBUraTenu (puc. 58) UCIONb3yIOTCS,, B OCHOBHOM, Ha JIETKHX
JIeTaTeNbHBIX allapaTax Ha4aJbHOTO YPOBHs, a Yalle BCEro — Ha urpymkax. IIpuunna B Tom,
YTO OHU HE MOTYT pa3BUBATh 3HAUUTENIbHbBIE 000POTHI U MOLTHOCTD, YTO MIPUBOJIUT K Pa3BUTHIO
Majiol MoAbEMHOM cuibl. Takoi THII MOTOPOB CKJIOHEH K MOJIOMKAaM, TaK KaK y HUX OoJiblie
TPYIIUXCS KOMIIOHEHTOB.

[MpuHIIMT pabOThI KOJUIEKTOPHBIX 3JIeKTpoaBUrateneii (puc. 59): MOTOp COCTOHT W3
KopmyCa, BHYTPU HETO HAXOAATCA MArHvTbl — INUIIOC U MHUHYC, KOPIIYC HCIIOABHUXKCH, a4 B
JIBUKCHHE TPUBOAUTCA POTOP C OOMOTKOH C TOMOIIBIO MIETOK, KOTOpPbIE TMOJAIOT
ANEeKTpUYecTBO Ha OOMOTKY. OH HEMOJBIKEH U HMMeEeT METOYHO-KOJUIEKTOPHBIN Y3ell.
Komnnekrop npezacrasinser coboit HAOOp KOHTAKTOB, KOTOPHIE PACIIONIOKEHBI Ha BPAIIAIOIIEMCS
anemeHnte (porope). Ll[€Tka — CKONMB3SIIMK KOHTAKT — PACMOJOXKEHAa Ha HEMOIBUKHOM
aneMeHTe (cratope). B IBMKEHHE NPUBOAUTCS POTOP C IMOMOIIBIO MIETOK, TOJAFOIINX
MOCTOSIHHBIN TOK Ha 00MOTKY. HarnpasieHnue BpalieHus 3aBUCHT OT MOJIIPHOCTH.
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Konnektop

nepxarens

Puc. 58. YcTpoicTBO MIETOYHOTO AIIEKTPOABUTATEIS

fikopb

Puc. 59. Cxema ycTpoiicTBa KOJUIEKTOPHOTO AJIEKTPOBUTATEIS

JlocTOMHCTBA TaHHOTO TUIIA SJIEKTPOABUTATENIA:
Maunebiit Bec u rabapuTHBIE pa3MepHI;

Huskas niena;

[IpoctoTa peMmoHTa U 0OCITYKUBaHUS.

HenocraTku jaHHOTO THIIA ABUTATENS:
Huzkuit ko3 puirieHT monae3Horo AecTBus;
Manast CKOpoCTb BpallleHNUs;

CKJIOHHOCTB K TEpPErpeBy;

XpyHKOCTb;

Hebomnsmoit pecypc.
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YeTpoiicTBO M NPHHIKI IeiCTBHS 0eCIIETOYHOr0 (0eCKOIJIEKTOPHOI0)
3JIeKTPOABUIaTe sl

Becimérounsiii 3J€KTPOABUIaTENIb COCTOUT M3 CIEAYIOMINX 3JIeMeHTOB (puc. 60, 61):

e Crarop. Cratop — 3T0 0OMOTKa JIEKTPOJBUraTess, cocrodmas u3 3 ¢a3 JUIMHHBIX
TOHKHX TPOBOJIOB, KOTOPBIE 0OMAaTBIBAIOTCSI BOKPYT cepiedHuKa. [IpoBoia MOKPHITHI
IMAJIBIO/TAKOM, YTOOBI PEAOTBPATUTH KOPOTKOE 3aMbIKaHHE B 0OMOTKe mpu padoTe.
Yro mno3BosisseT JBUraresnto paborarh Aaxe nox Boxo. Ecim BCOOMHHUTB Kype
IIKOJIbHOM (U3UKH, TO H3BECTHO, YTO TOK, MPOTEKAIOIIMH IO IMPOBOAY, CO3HAET
marauTHoe noje. Korza nmpoBos 0oOMOTaH BOKPYI KAKOT0-TO OOBEKTa, 3TO MPUBOJUT
K YBEJIMYEHUIO MarHuTHOro nois. Yem GoJblle TOK, T€M OOJIbIIE CHUIa MAarHUTHOIO
1oJs U 0oJblle KPYTAIUNA MOMEHT y ABuratens. OgHako 00JbIIMe TOKU MPUBOIAT K
CHJIbHOMY HarpeBy OOMOTKH, OCOOEHHO €CIIM MCIOJIb30BAJIUCh TOHKUE MPOBOja. B
TAKOM CIJly4ae 3allUTHas 3Majlb MOKET OIUIaBUTHCS, UYTO NPUBEAET K KOPOTKOMY
3aMbIKaHUIO, U JBUTaTENIb CTAHET HEPAOOUUM.

e HeonumMoBble MAarHUTBHI. DT MarHUThl U3 PEAKO3EMENbHBIX METANIOB T€HEPUPYIOT
(¢uKcrpoBaHHOE MarHUTHOE 11oie, oHu obI1JIA naroT ManeiMu pasmepaMu, HO CO3AI0T
OUYEHb CWJIBHOE MAarHUTHOE I0Jie. DJIEMEHThl NMPUKIEEHBl AMOKCUIHON CMOJION Win
UAHOKPUJIATOM K KOPILyCYy MOTOpa, a TOYHEE K €r0 KOJIOKOILY.

e Kopnyc aBurare/si 3alyIlaeT MarHUTbl U OOMOTKY. OOBIYHO OH M3IOTOBJIEH W3
JIETKOTO MeTajula Takoro, Kak aJloMUHUN. bosiee MpoaBUHYTHIE NBHUTaTEId UMEIOT
KOpITyca, KOTOpbIE CIENaHbl KaK BEHTUISITOPHI, T.€. IPU BPAIlEHUH HATOHSIOT BO3YX
Ha OOMOTKY CepACUHHUKA, YTOOBI OXJIAXKaTh €€.

e BaJj MoTOpa )eCcTKO NPUKPEIUIEH K BepXHeH yacTH. 1o pabounii KOMIOHEHT MOTOpa,
KOTOPBIN ITEpeAAeT KPYTALMNA MOMEHT Ha IPOIEIUIEPHI.

CMeHa HampaBJIeHUs BPAIIEHUs TPOU3BOIUTCS IyTEM CMEHBI MOJIAPHOCTU (MEHSIOTCS
MecTaMH JBa KOHTakTa U3 Tpéx). Takue snexrponpuBoasl obIIJIAxaroT pasHeIM unciIOM
MIOJIIOCOB, M 4eM HX Oojbllle, TEM MEAJICHHEE, HO CO 3HAUUTENIBHBIM YCHIIMEM, OyAeT
BpAILaTLCSA POTOP.

CTATOP (OBMOTKA) BAA

KoPMmycC

HEOAMMOBBIE MATHMTbI
Puc. 60. Becmérounsii 2I€KTPOABUTATENH
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[utanve

),

Puc. 61. Cxema ycTpoiicTBa OECKOIIIEKTOPHOTO 3JEKTPOBUTATENS

[lpuHuMn AEWCTBHSA 3aKIOYaeTcs B TOM, YTO MAarHUTBI M OOMOTKa 0OO0pa3yroT
JBIDKYILYIO CHILY BBUJY B3aUMOJEHCTBUS M CO3JAaHUS MarHUTHOTO IOJI MEXIY HUMH. DTO
npoucxoaut BIIJIAroxaps nogade NOCTOSHHOTO TOKa Ha KOHKPETHYIO OOMOTKY (TpH (ha3bl,
COOTBETCTBEHHO, TPH OTIENBHBIX MPOBOJAa Ha OOMOTKe). TOK IMOCTymaeT M MpeKpamaer
MOCTYIaTh Ha KOHKPETHBIE 0OMOTKH KPaTKOBPEMEHHO, 3aCTaBIIsIs BPAIlaThCs BEPXHIOIO YacTh
C MarHuTaMy. 3a JaHHBIA MPOLECC OTBEYAIOT PETYISATOPHl 00OPOTOB 3JIEKTPOJBUTATENICH
(ESC), xoTopsie onpeneNsioT MOMEHT Havaia ¥ MPEKpaIleHHs MOAaYl TOKa ONpeAeIEHHON
9aCTOTHI.

,Z[OCTOI/IHCTBa JaHHOTI'O THUIIA ABUT'AaTCIIA:

e bombiast ckopocTh BpallleHus;

e lI3HOCOYCTONYMBOCTB;

e (CTOWKOCTb K BHEHIIHUM BO3JIEHCTBUSM;

e Bricokoe 3HaueHne K03 (puLmeHTa noae3Horo AeHCTBYS;

e MeHnbmnil ypoBeHb HarpeBa BO BpeMsi padOThl MO CPaBHEHHUIO C KOJIJIEKTOPHBIMU
JIBUTATEIISIMU;

e Menbuil ypoBeHb IiIyMa Ipu paboTe MO CPAaBHEHUIO C KOJIJIEKTOPHBIMH IBUTATENISIMU;
e MeHbmui BeC 110 CPAaBHEHUIO ¢ KOJUIEKTOPHBIMU JIBUTATEIISIMH.
e Bonpmmii pecypc paboThI [0 CPaBHEHUIO C KOJIJIEKTOPHBIMU JBUTATEIISIMHU.

HenocraTtku:
e Bricokasd 11eHa;
e Cl0)XHOCTbh PEMOHTA.

DNEeKTpOABUTATEIM  TAKOTO  THUMA  OTJAUYAIOTCA  OOJBIIMMH  MOIIHOCTSIMH,
3HAYUTEIILHBIMU TATOW U KOJMYECTBOM OOOPOTOB, JTOJITOBEYHOCTHIO 32 CYET MUHUMAIHLHOTO
KOJINYECTBA JBIKYIIUXCSA YacTeH.

MapkupoBKa MOTOPOB JIEKTPOABHIaTe el
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B cooTrBercTBUM C OOLIENPUHATHIME HOPMaMH, MapKHpOBKa 3JIEKTpOJBUraTenen
cTpouTcs cieayromum oopazom: A2212/15T, rue
o [lepBas OykBa ompezesseT Kjacc IPUBOAA, U OTOOpaKaeT KaueCTBO U3TOTOBICHMSL:

o cepus «V» — Tak 0003HAYAKOTCSl JIEKTPOABUraTEIN MYJIbTUKONTEPOB TOHOYHOTO
WIA MPEMUAIBHOTO CErMEHTa, M3rOTOBJIEHHBIE M3 HAWIY4IIUX MaTepUalIOB C
BBICOKOM TOYHOCTBIO COOPKH;

o cepusa «X» — cepus DIIEKTPOABUTATEIIE MYJIBTUKOITEPOB CPEAHEN LIEHOBOU
KaTeropuu COOTBETCTBYIOLIETO KayecTBa U COOPKHU;

O  cepus «A» — ANEKTPOJBUTATENN OIOKETHOTO CETMEHTA.

e UYetsipe nudpsl 0003HAYAIOT MapaMeTpbl MarHUTonpoBoa. [lepBrie 1Be UQPHI — 3TO
auaMeTp (B MHJUIMMETpax), JIB€ CIEAYIOIINe — TOJIIKWHA Habopa (B MHJUIUMETpax).

e [locne 3Haka apoOU yKa3bIBAIOTCS MUQPPHI, 0003HAYAIONINE KOJTUIECTBO BUTKOB.

o [locnennss OykBa OTBEYAeT 3a TUIl HAMOTKHU.

Paccmorpum npumep: A2212/15T, rae
e A — 3JIEKTpPOJBUTATEIb, OTHOCSIIUNCS K OI0DKETHOMY CETMEHTY:;
e 22 — MarHMWTOIPOBOJ AUAMETPOM 22 MHJUTUMETPA;
e 12 — rommmna Habopa 12 MUILLTUMETPOB;
e 15— 15 BUTKOB;
e T — (MHOTI2 MOXKET BCTpEUaThCsi 0003HaUeHUE A) — TUII HAMOTKH «TPEYTOJIEHUKOM).

Taxke B MapKHpPOBKE MOXET YKa3bIBaThCsl KOJMYECTBO OOOPOTOB B MHHYTY Ha
enununy Hanpsokerus (BoasT) — KV.

14 marHuTOB

P - marHuThl

Puc. 62. Mapkuposka N/P

B omnmcaHusX 31€KTPOMOTOPOB MOT'YT IIPUCYTCTBOBAaTh 3HaueHUs BHja: «12N14Py.
Hudper mepenx «N» 03HAYAIOT YKCIO SJIEKTPOMArHUTOB B cTaTope, a mepen «P» — ymcio
MOCTOSTHHBIX MarHUTOB B poTope (puc. 62). YV pa3HbIX THUIIOPAa3MEPOB DJICKTPOJBHraTeiei
pa3HOE YHCIIO IOJIIOCOB, KOTOPOE ONpPENENsIeT NUCTAHIMI0 MEXAy HUMH. bombiiee uucio
TUTIOCOB 00€CTIeYnBAaET IMJIAaBHOCTh BPAIIEHUs, MEHbIIIEee — 00JIee BBICOKYIO MOIITHOCTb.

Kpurepuu Bb160pa 3/1eKTpOMOTOpPA
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1. Bec.
Uem menbmmM BecoMm obIIJIAmaer nBurarenb, TeM Jier4ye €My pacKpydHMBaThCH,
ClIeIOBAaTENIbHO, YeM OOJIBIIUM, TEM OH MOIIHEe, HO MeJUIeHHee packpyuuBaercs. s
HOBUYKOB MWJIOTUPOBAHUS OOJIbIlIe TMOJOMAYT MACCHUBHBIC 3JIEKTPOJABUTATENH,
KOTOpPbIE TPY BO3SHUKHOBEHUH aBapUMHON CUTYyallMH HE MoBpeasTcs. Jis roHok Oosee
MOAXOIAIINMH  SIBJITFOTCS  AJICKTPOJBUTATENIM TOTsDKeNee, a s Qpucraiima —
JIETKOBECHBIE. 3/1€Ch BAYKHO COOJIIOIATh OaJlaHC COOTHOLIEHHUSI MOLTHOCTH K BECYy.

2. Pa3mep pambl 1 IpONEIIEPOB.
PasmMep ¥ MOIIHOCTH AJIEKTPOABHUraTeNCil OINMpenenstoTcss rabapuTamMyd BbIOpaHHOM
pambl BITJTA. [Ist mpaBuiibHOTO BEIOOPA CIIEAYET OTBETUTH HA CIICIYIOIIHE BOMIPOCHL:
e Kakue rabaputsl OyayT y NUIOTUPYEMOTO amnmapara?
e Kaxkoro pa3zmepa OyayT nmponesuiepsl, yCTaHaBJIHMBaeMbIe Ha pamy?
e Kakoii Tl aKKyMyJIsTOpOB Oy/I€T UCIIOIb30BaH?

Ecim munot xoder coOparh TOHOUYHBIA OCCHWIOTHUK, TO paMy CIIEyeT BBIOMpPATH
HeOobIyI0 U yeunieHHyo. Ecnu ke BITJIA Oyzaer neraTs Ha AanbHUE AUCTAHIUU, TO
eMy MOHaA00UTCS MaJblid (PrO3eNsK U JUIMHHBIE Y4, Ha KOTOPBIX KPEMATCS MOTOPHI.
B omucanum pambl MpOJaBIbl OTMEYAIOT JOMYCTUMBIE Ta0apuThl MPOMNEIIEPOB,
MPUMEHSIEMbIE C JAHHOW paMOii, a TaKK€ Ha3HAYEHUE MCIOJIb30BaHU.

Ha Ta6J'II/II_Ie HHIKC MPCACTABJICHBI PCKOMCHAOBAHHBIC XapPAKTCPHUCTUKU )IBPIFaTeJ'Ieﬁ B
3aBHUCUMOCTH OT pa3Mcpa paMbl U IIPOIICIIICPOB.

Tabnuua 4. PekoMeH10BaHHbBIE XapaKTEPUCTUKH JIBUTATENIEeN B 3aBUCIMOCTH OT pa3Mepa
pambl ¥ IIPONEIIIEPOB.

Pasmep Pasmep Pexomennyemsblii pasmep | Munumanss | MakcuMaibHbBIN
IIPOIEILIEPOB, .
paMbl, MM . craropa bt KV KV
JIOUMBI
<100 2 1102 — 1204 — 1303 4500 15000 — 19000
100 — 140 1306 3000 4000
140 — 250 4 1806 2600 2800
190 — 220 5 2204 — 2206 2300 2600
230 — 270 6 2204 —2208 1960 2300
280 — 350 7 2206 — 2210 1450 1600
360 — 450 8 2212 1000 1200
450> 9 2214 - 2216 900 1000

3. Tsara nsurareinei.

B onuncanuu k SJICKTPOABUTATCIIAM 00BIYHO YKa3bIBACTCA MAKCHMAJIbHAA TATa. Tsara
WIM [OoAbEMHAsS KOTOpBIfI MOXKET IOOHATH

QJICKTPOABUTATCIIb C YCTAHOBJICHHBIM Ha HCTO HNPOICIIIICPOM. O)IHaKO, JETKUi

CuJjia, IIOKa3bIBA€T TOT BEC,

OECIUIIOTHUK C JIBUTATENIMH, Y KOTOPBIX Majasl TAra, B BO3/1yXe MOXET IMOBECTU cels
TaKUM ke 00pazoM, KaK U TSDKEIBINA KBaIPOKOITEP C 3JIEKTPOJBUTATEIIMHU C OOIBIION
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Tsaroi. [losTomy ropasno Oosiee BaXKHBIM SIBISIETCS MTOKA3aTelb COOTHOILIECHUS TATU K
BECYy.

CoorHorenue Taru u oomiero Beca BITJIA.
OO0ree MpaBUIIO IO COOTHOIIECHUIO BBITJISAUT CICTYIOITIM 00pa3oM:

Tsdara 1 JJIEKTpOoABUTATEIIA

_ Bec 6ecnuJIOTHUKA * 2
/ KOJIMYECTBO 3JIEKTPOABUTATEIEH

[IpeBblmieHHE TSATW BABOE — TOT CAMbIi MUHHMYM, KOTOPBI HEOOXOAUM Ui TOTO,
qTOOBI anmnaparoM ObLJI0 KOM(BOPTHO YIPABIATH IPHU 3aBUCAaHUU. Eciu Tsra clmmkoM
Maia, To OECIMIOTHUK OyIeT TOBOJIBHO IIJIOX0 pearupoBaTh Ha KOMaH bl YIIPABICHHUS,
a TaxKe OyIyT CIOKHOCTH C B3IETOM. B 11e1oMm, uem 6osible 3T0 COOTHOMIEHHUE, TEM
JydIIe KBaJPOKOITEP yIPABISIETCS U YCKOPSIETCSL.

Taxk, mis MeUICHHON a’poOTOCHEMKH MOXKET OBITH JIOCTATOYHO COOTHOmeHus 3:1,
1100 4:1. J{71st TOHOYHBIX OECTIMIIOTHUKOB MPEIINOYTUTEIBHO COOTHOIIeHHE &: 1.

Pasmep nBurarenei.

["aGapuThl OECKOJIIEKTOPHBIX JIEKTPOIBUTATENICH 00BIYHO 0003HaYar0TCs 4 Tudpamu,
NepBbIE IBE — JHAMETP CTaTopa (B MIJUIMMETPax ), ABE CIEAYIOUINE — BHICOTA CTATOpPa
(B MuummMeTpax). Uem Ooibllie BBICOTa CTaTOpa, TEM OH 00JIee MOIIHBIA Ha OOJBIINX
obopotax. Uem Oomblie auaMeTp, TeM OoJblle KPYTSAMIMA MOMEHT IMPU MalbIX
oboporax.

KonudecTBo 000poTOB B MUHYTY Ha eanHHMIly Hanpspkenus (KV).

KV — konndectBO 00OpPOTOB B MHHYTY Ha €AMHHUILY HANpsHKEHHsS. DTO BaKHBIH
napameTrp OeCKOJUIEKTOPHBIX 3JEKTpOJBUTaTeNel, KOTOpBIA TOKa3bIBaeT, Kak
YBEJIMYUTCS KOJIMYECTBO OOOPOTOB 3JIEKTPOMOTOpA ¢ mMojaueil HampsbkeHus 1B Oes
nponemwiepa. K mpumepy, KV 8000 Oyner o3Hauath, 4YTO e€ciM MOJAATh Ha
anektpoasuratens 1 Bonbt, To oH OyneT kpyrutbes co ckopoctbio 8000 000poTOB B
MuHyTy. [lpm ycTaHoBKe mporemiepa KOJIMYecTBO OOOpPOTOB CHHU3UTCS BBUIY
conpotuBiieHus: Bo3ayxa. [lpuBoxabl ¢ Oonee BbicokuM KV OyayT packpyuuBaTh
npornesuiepsl ObIcTpee, MOTpedIsis MpH 3ToM OosblIMii ToK. [ToaToMy pekomeHayercs
yCTaHaBJIMBATh OOJIbIINE MPOTEUIEPhl Ha MOTOPHI ¢ MasibiM KV, a koMIakTHbIE NErKHe
npornesuiepsl — Ha JBUTaTeNu ¢ BBICOKUM KV.

CJ'IC,Z[yeT 3allOMHHTD 061].166 MpaBUJIO: YCM TAKCIICC HJ'IaHI/IpyeMHﬁ JIeTaTEeIbHBIN
arrmapar, TEM MCHBIIC 3HAUYCHUC KV ero 3J1€KTpOI[BHTaTCJle/'I, a Ha HEOONBIINX
OCCITMIIOTHUKAX MNPUHATO UCIIOJIB30BATh MOTOPBI C OUCHBb OoubimM 3HaueHueM KV.

[Tpsimoe nnm oOpaTHOE BpallleHHEe MOTOPOB.

HampasneHnue BpaiieHHs MMeEET 3HAUEHHE JUISl JIEKTPOJBHUraTeslel KOJUIEKTOPHOIO
THUIA, TTOCKOJBbKY IETKH CTUPAIOTCS JIOBOJBHO OBICTPO MPHU BpalleHHUH B OOPATHYIO
CTOPOHY. DJIEKTPOIPHUBOIBI OECKOIJIEKTOPHOI'O THIIAa 3Ta MpobiieMa He 3aTparuBaer.
Ha snexTpoaBurarensix, NpeaHa3HAYEHHBIX MJII MYJIbTHKONTEPOB, MPHUCYTCTBYET
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o6o3nauenwus HanpasiaeHus Bpamenus CW (ot anrit. Clockwise — mo 4acoBoii cTpenke)
u CCW (or anri. Counterclockwise — mpoTHB 4acoBO#i CTPEIKH).

Perynsaropsr o6opotoB motopa (ESC).

ESC — Electronic Speed Controller — perymnsrop xoaa unu ckopoctr. OH npegHa3HaveH
JUIL peryimpoBaHusi ckopoctu BparieHus. ESC momydaer curHan oT MOJNETHOTO
KOHTpOJUIEpa U yIpaBiseT OECKOJUICKTOPHBIM JIBUTATEIeM MYyTEM W3MEHEHHS €ro
CKOPOCTH BpallleHHUs TIOCPEICTBOM yIpaBieHus: MOITHOCTRIO. [Ipu Bei6ope ESC BaxHO
YUYUTBIBATh €0 pa3Mep U BEC, MAKCUMAJIbHBIN TOK, HAIIPSHKCHUE TUTAHUS, TIPOLIHBKY,
MIPOLECCOP, UCIOJIB3YEMBIE IIPOTOKOJIBI, AKTUBHOE TOPMOXkKEHHUE U anmaparHbiii [HINM.

OddextuBnocts (KII/ — korddutimeHT moae3Horo qeiHCTBU).

O¢ddexkTuBHOCTE M3MEpseTCS B TpaMMax/BaTT U MPEICTABISETCS Kak Tpedyemas
Tsra/montHOcTh. KIIJ[ pgBurarenst BiMseT Ha BpeMsl IOJETa, CPOK CIYKOBI
aKKyMyJISITOpa M Ha IajieHue HalpsbkeHus B mosere. MneanbHbld fBUTaTenb — 3TO
KOrJa Bce napameTpsl 3 (peKTUBHBI P JTHOOBIX 000POTax JBUTATENs, @ HE TOJIBKO IPU
CaMbIX BBICOKMX. AKKYMYJISTOp JOJDKEH YMETh OTAaBaTh OOJbIINME TOKH, 3TOT
napamerp ykasbiBaercs 0ykBoit C (TokooTaua). MajgeHbKHe aKKyMYyJIITOPbl C HU3KUM
3HA4YE€HUEM MapaMeTpa TOKOOTAAYH HE CMOTYT Pealn30BaTh BHICOKYIO 3(p(peKTUBHOCTD
nsurarens. Hanpumep, akkymynarop ¢ 90C mokpoer HNOTpeOHOCTH NPaKTUYECKU
JTrOOBIX ABHUTATENCH /Uisl (PpUCTAiisia U TOHOK.

KIIJ] paccuntbiBaeTCs 1Mo cieayromen hopmyie:
P

—I
V3Ulcosg
rae: P — HomuHanbHasi MOIIHOCTH JJIEKTpOABUTATENST (Oepercst M3 MaclopTHBIX

T]:

JAHHBIX 3JIEKTPOJBUTATENS);

U — HoMmuHanbHOE HampshkeHHe (HampspKeHHe, Ha KOTOpOe€ MOJKIHYaeTcs
AIIEKTPO/IBUTaTENb );

I — HoMuHanbHBI TOK 3yeKTpojaBHUratens (Oepercst U3 MacloOpTHBIX JaHHbBIX
AIIEKTPOJIBUraTelNs, a IPU UX OTCYTCTBUH OIPENEISAETCS] pACUETHBIM ITyTEM);

cos@ — KoaumeHT MOImHOCTH — OTHOILIEHHUE aKTHBHOM MOIIIHOCTH K ITOJIHOM
(mpunumaercs ot 0,75 10 0,9 B 3aBUCUMOCTH OT MOIIIHOCTH 3JIEKTPOABUTATEIS).

5.8.2. IInara pacnpenenenus nutanus (PDB)

PDB (Power Distribution Board) nepeBoauTcsi kKak miiata pactpeieieHus MUTaHUs.

Kaxk npaBwiio, »To HEOOBIIas TI71aTa Pa3MEPOM C MOJIETHBIM KOHTPOJUIEp, Ha KOTOPOU €CTh 5

KOHTaKTHBIX IJIOIMAI0K (TUTFOC U MUHYC) (puc. 63). Ha oy Mmiommaaky mpunanBaeTcs pa3beM

AJIA TOAKITIOYCHUA aKKYMYJIATOpa (‘—IaCTO O9TH KOHTAKThI BHIBEICHbI B CTOpOHy), Ha OCTaJIBHBIC

4 (ecnu BBl coOupaeTe OOBIYHBIN KBAJIPOKOITEDP) MPUIIANBAIOTCS KOHTAKTHI OT PETYISTOPOB

o6opotos (ESC), To ecTb, IPOCTHIMU CIIOBAMH, 3Ta I1J1aTa paclpeiensieT TOK OT aKKyMyJIsaTopa
I10 BCEH CUCTEME KBAJPOKONTEPA.
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Puc. 63. [Inara pacnpeesieHus TUTaHMS

bonpmmucTBO PDB  comepkar perynsaTopbl HAaNpsDKEHWS Ui IOJKJIIOYEHUS
nepudepun. Kak npasuio, nepudepusi, B TOM YHCIe U MOJIETHBIA KOHTPOJUIEP, paboTaroT Ha
5V, a akkymynsaTop KBajpokomnrepa — 3To o0bruHO 12-16V. Hekotopsie PDB moryt
COJIEp’KaTh U IMPOYUE KOMIIOHEHTBI, KOTOPBIX HET B IIOJIETHOM KOHTPOJUIEpE, HauYMHas OT
anekTpudeckux (uibTpoB u 3akan4ymBas OSD (cuctema OTOOpa)KCHUs JOMOJHHUTEIbHON
uH(OpPMAIHH O MMOJIETe HA YKPaH).

OcHoBHast 3amaya PDB — 3T0 mepemaBaTh TOK OT aKKyMyJATOpa peEryJsiTOpaM
o6oporoB (ESC) u nutate moneTHI KOHTPOILIED.

Ectp nBa THIA perynsaTopoB HanpskeHus Ha PDB:

IlepBoiit TN — 310 BEC (pecynsmop nepexniouenus). PaboTaeT OH 1O HPUHIMITY
OBICTPOTO BKITIOYCHHUS M OTKIIFOUYCHUS MHUTAHUS C aKKyMYJSTOpPa, TAKUM 00pa3oM, TOCTUTAs
0oJiee HU3KOT 0 HaNpsHKEHHUs1, HallpUMep, €CIIM BXOJJHOe HanpsbkeHue 16V, To perynstop Oyzaer
nenatb Oojiee JOJTHE MPOMEKYTKH MEXIY OTKIIOYEHMSMH, Jajnee APYrod KOMIIOHEHT
«CTJIQKHUBAET» 3TH CKAuykKd HampspKeHus, 4ToObl mepudepun yxe 1o okosno 12V (kak
IIPaBUJIO, ITO 3HAUeHUE KoJiebsercs B npenenax 0.5V). Takue peryastopbl oueHb 3 PEeKTHBHBI
Y MEHBIIIE HaIPEBAIOTCH.

Bropoit Tum perynatopoB — saurelnwlii pecynsmop. PaboTtaer kak pe3ucTop s
«CIKUTAHHUA» H30LITOYHOTO HAIpsKCHUA U nepepa60TK1/I €ro B TCIIJIO, OCTAaBJIAA HYXHOC
HanpspkeHue ais nepudepun. [lpuMeHseMoe CONMpPOTHBIEHUE 3aBUCUT OT aKKyMYJISITOpa U
Harpy3kd KOMIOHEHTOB MOoTpeOaeHus. Takoil peryasarop oObIYHO MPOU3BOAUT OYEHH MHOTO
TeIJla ¥ CUJIBLHO TPEeTCsi, 0COOCHHO €CNIM K HeMY MOJKIIIOUEHBbI YHEPrOEMKUE KOMIIOHEHTHI,
TaKue KaKk BUACONepeIaTUMK. ITO CaMblii MPOCTOM U JIEHIEBbIN TUI PETyISITOPOB.

5.8.3. llponesiep

HpOHCHHCpBI HYXHbBI JId TOTO, YTOOBI CO3MaTb NMOABCMHYIO CHJIIY C TIOMOIIBIO
QJICKTPOABUTATCIIAA, OHU HEMIOCPCACTBCHHO BJIMAIOT HAa TO, KaK ce0s 6YI[CT Bectu BIIJIA B
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Bo3ayxe. UToObl MakcUManbHO 3P (EKTUBHO HCIONb30BaTh JIETATENbHBIN ammapar, Hy»KHO
3HATh HEKOTOPHIE OCHOBHBIE MOMEHTHI O MpOoIIeIiepax.

[Tpu BbIOOpPE MPOTEIIEPOB, HY’)KHO YUUTHIBATh 4 OCHOBHBIX MapaMmeTpa:
Pazmep;

Iar;

Kondurypanus ponacrei;

Marepuair.

obhdRE

MapkupoBka NpoOIEUIEPOB COCTOMT M3 3 uwucen, cieaywomero Bujpa: 5045 u
DP5x4.5x3V, rae 5045 — 310 cokpamenHas udpa oomeil MapkupoBku. O0IIas MapKUpPOBKa
— DP5x4.5x3V: nepas mudpa o3HadaeT pa3Mep, B MPEACTABICHHOM CIydyae COCTaBIISACT 5
JTIOUMOB, 4.5 — 3TO IIAar WM yroj HakJOHA JIOMACTed, KOTOpPhIH 0003HAYaeT pacCTOsHUE,
KOTOpOE Tporeuiep mpoiaet 3a 1 mosHbIi 00opot mo cBoei ocu. Tpetws mudpa (3) — 3to
KOJIMYECTBO JionacTel Ha nmponemsepe. Ha pucynke 64 mpenctaBieH npornesiep ¢ TAKUMH Ke
TEXHUYECKUMHU XapaKTePUCTUKAMMU:

5XA5X3V15

Puc. 64. Ilponemuteps! ¢ mapamerpamu DP5x4.5x3V

MapkupoBKa MpoIeEIepOoB UMEET CIAeAYIOLMi BUI: pa3mep (B aroiiMax) X mar (B
mroiiMax) X KOJMYECTBO JIOMACTEH.

Paccmotpenue cnepyromux TpEX, HE MEHEE BaXHBIX, KPHUTEPUEB M0oJ00pa
MIPOIEIIIEPOB:

1. Ctunp nonéra.
Y CI0BHO MOXKHO BBIJIENUTH 2 CTUJS TIONETa — 3TO TOHKU U CheMKa. J{J1s ChEMOYHOTO
BITJIA Hy>XHBI OOMNBIIHE U IIHUPOKUE MPOMEIJIePhl, UM HE HY)XHa OOJNbIIasi CKOPOCTh
BpallleHUs] U PEe3KU pa3roH. (s TOHOK HY)XKHBI HEOOJbIIIME U TOHKHUE MPOIEIIEPHI,
4TOOBI OBIJIa BO3MOKHOCTH OBICTPOTO YCKOPEHHUSI.

2. Tun pamsl.
OObIYHO, B HA3BaHWUU NPOIEIUICPOB MHUINYT JJIsI KAKOW paMbl pa3pabOTaHbl 3TH
npomneepsl. Hanpumep, nponemiep pazpadotan s 250 paMbl, 5TO O3HAYAET, YTO OH
MOIXOUT AJISL pambl pazMepoM 250 MUIITUMETPOB. MOKHO UCTIONB30BATh MTPOTIEIUIEPHI
pa3MepoM HEMHOTO OOJBIINM WM MEHBIINM, HO TEXHHYECKH PaMbl MPOEKTUPYIOTCS
TaK, YTOOBI Kpail TomacTu ObLIT BCETO B HECKOIBKUX MUJUTUMETpax OT (pro3ersika.
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3. Tun nBurarens.

Jis cnaboro gBurarens He MOAXOASAT OIPOMHBIE M LIMPOKHE IPOIENJIephbl, OH HE
CMOXeET HX OBICTPO PA3rOHATH M IOJJIEPKUBATh BpalllEHUE, B MUTOre MOTOp Oynaer
neperpeBarbcs 1o/ OOJBIION HArpy3KOH, YTO MPUBEAET K €ro OBICTPOMY BBIXOIY U3
ctpos. Hanpumep, ecnu y Bac neurarenu 2205 2300KV, To Bam no1oiayT nponeiepsl
5045. Takue qBUTATENN CTABAT HA MAJIOTO pa3Mepa KBaapokonTepsl ¢ pamamu 210-250
mMm. Kaxnpiii npousBoautens apurateneid s BIIJIA BbInogHSET MHOrO pa3HbIX
TECTOB M COCTaBJSET CHEHMATIbHYK TaONHMIly, IJle YKa3bIBAaeT KaKHE IpOIeIephl
HOJOWIYT UMEHHO JUIsl 3THX JBUraTelseil Ha OCHOBE MCII0JIb3YEMbIX aKKYMYJISTOPOB U
PEryJIsTOPOB 00OPOTOB.

Huxe mnpencraBinena Ttalnuia, Ha KOTOPOW JIEMOHCTPUPYETCS MapKHUPOBKa

npomneiepoB s ABurareneid Racerstar 2306 BR2306S.

Tabnuma 5. MapkupoBka nporeiiepoB st apurareneid Racerstar 2306 BR2306S.

KV Hanpsietiiie Tun Tox Tsara | MomHocTh | DddeKTHBHOCTH Komwiectso Bec
Monens (oGopoTel/ | akKymyssTOpa momemtena | HATPY3KA ) (Br) (+/B1) PERSS )
BOJIBT) V) P P (A) aKKyMyJIsITopa
11.1 23.7 660 250 2.6
24 4
00 14.8 5045 33.0 980 458 2.1
11.1 16.5 480 175 2.7
BR2306S 200 148 4045 245 760 345 22 2-4S 335
11.1 5045 25.0 705 262 2.7
14.8 35.0 1070 490 2.2

IIar u pa3mep npomnejiepa

[Tox wazom (puc. 65) TOHUMAIOT PACCTOSHKIE, KOTOPOE MPOIEILIEP MOXKET MPEOI0IICTh
3a OJIMH 00OPOT, B HEKOH MJIOTHOW cpene (Hampumep, /Uid MPOCTOTHl MOHUMAHHUS MOKHO
BCIIOMHUTh LIYpyH, U TO, KaKk OH BKPYYMBaeTcs B JOCKYy). Bemmumna mara y jomactei

KBaJIPOKOIITEPa 3aBUCUT OT yTJIa aTaku Jionacteit (puc. 66). [Ipomemiep ¢ OoibIUM yriioMm

aTakyd MOJHUMAET arapaT BBEPX 3a OJUH 000pOT Ha OoJsblliee 3HAYCHHUE, HO, TPU ITOM,

CHJIbHEE Harpyxaet Motop. [l pa3roHa 1 MaHEBPEHHOCTH HY>KE€H MEHEE dHEpPro3arpaTHbII

yroi arakd. YMeHbIIasg AJIUHYy Jiyda T[poreiuiepa M yBEIUYMBasl IIar,

CHHMIXXACTCs

COIMPOTUBJICHHUEC BO3[1yXa W IOBBIIIACTCA CKOPOCTH IMMOABEMaA OccrimmoTHrKa. Ecim CIciIaTh
HaO60pOT, TO AWHAMHUUYCCKHEC XaPAKTCPUCTUKU BITJIA CHMIXAIOTCA, HO IOBBIIIACTCA €TI0

Irpy30InoAbEMHOCTD, CTaOUIIBHOCTh IOJIETA.
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H - war BuHTa
H = 2nR * tga

Puc. 65. lllar BunTa

Tsira cuntaeTcs CUIBLHOM, KOTIa BAHTOMOTOPHAsS TPYIINa IepeMeniaet 00bIIoi 00bEM
Bo3ayxa. [lpu yBenw4eHWH [JIMHBI, pa3Mepa JIONACTH WM KAaKOro-TO OJHOIO0 M3 ATHUX
mapaMeTpoB IIpU HEeU3MEHHOU CKOpPOCTH BpallCHUA, TiAra HPONCIIJICPOB YBCINYUBACTCA.
BwmecTe ¢ aTiM 00pasyercs TypOyJIeHTHOCTD 32 CUET YBEIIMYCHHUSI CONPOTUBIICHNS Bo3ayxa. U,
KaK CIJIeJICTBUE, OOBIION panuycC MPOIeiepa U YroJl HaKJIOHA JIONAcTeH, moTpedyeT 00IbInuX
3aTpar 3HEPTuH, 3a CUET Yero Oy/IeT YMEHBIICHO BpeMs MOJIETa.

Bbicokui war Huskun war

Puc. 66. Illar BunTa

Pasmep mpomnemsiepoB HampsiMyro CBs3aH C TATOM, OT3BIBYMBOCTHIO M TEM, KaK OH
«IETUIIETCS» 32 BO3AYyX. boibiioit mpornesuiep OyaeT npoTaakuBaTh OO0 00JIbIle BO3ayXa U
OyJneT TpaTUTh MHOTO PHEpruu ajsi BpaimeHus. OH OyneT YCIOXKHSATh PEe3Koe H3MEHEHHE
CKOpOCTH BpalleHusi nBurareneil, nmotomy uto obIlJIAmaer OonbmmMu pasmepamMu U
MTOBBIIIIEHHBIM BECOM, CJIEIOBATENHLHO, TOBBIIIIEHHON HHEPTHOCTHIO. [IpenmMytiecTBo OOIbIIHX
MIPOIEJIePOB 3aKitouaeTcst B xopoiuen tsare bBITJIAronaps 6GonbIoi miomaan JonacTei, on
OyZeT Jyulie AepKaTh ammapaT B BO3AyXe.

HpOHCHHCpBI MaJioro pasmepa 6BICTpee pPearupyroT Ha UBMCHCHHUEC CKOPOCTH BpalliICHUS
JIBUTaTesIeH. Onu MMPOTAJIKUBAKOT YCPE3 cebs1 MEeHbIIIe BO3/1yXa, COOTBCTCTBCHHO TPATAT
MCHBIIC SHCPIrUr Npu USMCHCHUU CKOPOCTU BPAILICHUS. HeOonbmne IMPOICIUICPBI CTABAT Ha
TOHOYHLIC KBAaAPOKOIITCPHI, yTOOBI MTHOBCHHO MEHSTH CKOPOCTh BpalllCHUA IlBHFaTeHefI,
COBCpUIATH 6I)ICTpI)Ie naacHusA, KOTOPBIC HC IMOJIy4dYaTCsa Ha OOIBIIHNX mporneuicpax Mm3-3a
IJIaHUPOBAHUSA, U 6BICTp0 HN3MCHATH HAITPABJICHUE ITOJICTA.
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[Iporenyepsl JOMKHBI COOTBETCTBOBATh 3JIEKTPOABUIATEINSIM, IMOTOMY YTO, €CIH
YCTaHOBUTH 3-X JIOWMOBBIE ITPOIIEIJIEPHI HA JBUTATENb, KOTOPBIM paCCUMTaH Ha 5 JIOMMOBBIE
Iporeiiepsl, TO O3TO TPHUBEIET K YPE3BBIYAHHO BBICOKMM 000pOTaM H  OOIbLIOMY
NoTPeOICHUIO YPHEPTUH U3-3a MAIIEHBKOM HATrpy3KH, IIPU 3TOM TsAra OyaeT HeOombIIas. ITO He
TOJIBKO HEA(PPEKTHUBHO, HO M OUEHBb OBICTPO BBIBEJET JIEKTPOIBUTATENb U3 CTPOS (IIOMYTHO
MPUBE/S K MOJIOMKaM PEryJiIsaTOpoB 00OPOTOB), TaK KaK OH HE pacCUMTaH padoTaTh Ha TaKHX
obopoTax.

Haubonee mnomymsipHbIM TPOMEILIEPOM CUUTACTCA S-AIOWMOBBINA, IS KOTOPOTO
MOJXOAAT ABUTaTeN B quanazoHe pasmepon 2204-2307.

Kondurypanus npomnesniepa
Ilo xonm4ecTBy JlonmacTel MpomesuIepsl NOAPA3ACIAI0TCA Ha!

e JIByxnonacrusle (puc. 67);

Puc. 67. JIByxionacTHO# nponesnsep

3-nonactHeie (puc. 68);

Puc. 68. TpexnonactHoii mponesiep
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e A-nonactusie (puc. 69);

+X
%“F

Puc. 69. UetppéxiionacTHON mpomeuiep

e 5-nonacthsie (puc. 70).

*

Puc. 70. [IaTrmonactHO# mpormesiep

Konguaypayus nponennepa — 3T0 KOJINYECTBO JIONACTEH, UCHOJIB3YIOIUXCA B HEM.
VBenndyeHne 4YMciaa JIONACTed  KOMIEHCHPYET pa3Mep Ipomemiepa, OcoOE€HHO B
MHUKpOCOOpKax, Tak Kak €clIi Ha MajeHbKuH annapat Ha pame 100 MM MocTaBUTh 2-JI0MACTHBIE
Iponesuiepsl, OH Bpsij Jin OyJeT aJeKBaTHO pearupoBaTh Ha KOMaH/bl YIPABICHU, a TaKXKe
9TO MpHUBEJET K OONBIINM 000pOTaM JBUraTenei, a, clieJoBaTeNIbHO, K UX neperpeBy. IMeHHO
MI03TOMY B MHUKPOCOOpKAX Yalle BCEro MCIOJb3YIOTCs 4-0onacTHele mponeiepsl, a B BITJIA
OoubLIero pa3mMepa — TPEXIIONACTHBIE.

N3-3a cnoxxHOW (PU3UKK U adpOJMHAMUKY yBEIWYCHHE KOJIMYECTBA JIONMACTEH HE TaK
3¢ (deKTHBHO, Kak yBenudeHune pazmepa. [Ipomnemnnep ¢ yIBOSHHBIM KOJIMYECTBOM JIOMIACTEH HE
Oyzet paboTaTh Tak k€ XOPOIIO, KaK C YABOSHHBIM pa3MepoM, HO OH 00ecTieurnBaeT OONbIIYIO
TATY 3a CYeT OOJIbIIe MOIIMHOCTH. YBEJIMYEHHE KOJIMYECTBA JIOMACTeH TPUBEIET K
YBEIMYCHUIO TATH W CICIUICHWS B BO3JyXe 3a CYET OT3BIBUYMBOCTH W YBEITUUYCHHS
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notpebsiemoit sueprun. Ecim mpoextupyercs BITJIA, Ha koTopoMm OyeT coBepmaTbCsi MHOTO
MOCTOSIHHBIX M PEe3KMX H3MEHEHUH HampaBieHHs B IOJETe, TO HYXKHBI IPOIEUIephl C
YBEJIMUYEHHBIM KOJIMYECTBOM JIOMACTEH.

MeHbI1Iee KOJIMYECTBO JIONACTEH MPEAIOYTUTENbHEE, ec Tpedyercs 0ojee ObICTpPhIN
OTKJIMK JIBUTATeNs, a TAra He TaKk BakHa. IIpodeccnoHanbHble TOHIIMKH C COBPEMEHHBIMHU
CBEpPXJIETKMMH TOHOYHBIMH PaMaMH JJOBOJIBHO YaCTO UCTOIB3YIOT 2-JI0MACTHBIC MPOTIEIIIEPHI,
MOTOMY 4TO pamMa HAcTOJNbKO JIerKas, 4To Tpedyemas Tsira HAMHOTO MEHbIIE, H,
CIIeZIOBAaTENbHO, MOXKET OBITh pean30BaH 0oJiee OBICTPBIN OTKIIHK JIETKUX U MEHEE «TSAHYILUX)
IPOIIEIIIEPOB.

B naumbonee pacnpoCTpaHEHHON KaTeropuu 5 JIONMOBBIX TPOMEILIEPOB MPUHSITO
CUMTaTh, YTO TMPOMEIJIEPHl C TpeMsl JIOMACTSIMHU OOECIIeUMBAIOT HAWIy4YlIud OanaHc
3 (HEKTHBHOCTH, TATH U CLCTUICHHS.

Baxwnpiii  (akrop, KOTOPOMY YacTO HE YACISIIOT MJODKHOTO BHHMAHUS —
J0JATOBEYHOCTH. BO BpeMs 110J1€TOB, 0COOEHHO €CIIH MIJIOT HAYMHAIOIIHH, Oy1eT 04eHh MHOTO
aBapuil M MaJeHuil, MOATOMY MPONENJIepbl CTaHYT pacXoJHbIM MarepuasioM. Ho ecnu
UCIOJIb30BaTh 2-JI0NACTHBIE IPONEIUIEPH], TO JIOMaThcs OHU OyayT MeHblue. /leno B ToM, 4yTo
KOI'Jla arnmapar ¢ TPEeXJIONACTHBIMU IpOIeUIepaMu MajaeT, ABe U3 TPEX JIoNacTel B JIH000M
ciyyae ypapsarcs o0 3eMilo, B TO BpeMs Kak JABYXJIONACTHOH, HauOoyiee BEpOSATHO,
IIPOBEPHETCSI U HUYETO HE CIIOMAET.

MarepuaJua npomneJiiepa

Bri6op momacteit st 6€CHMIIOTHOTO JIETATENBHOTO ammapara siBISETCS HEeMpPOCTOU
3amadeii. Yarie Bcero B Mara3uHax BBICTaBJICHBI HA TIPOAAXKY MPOIEIIephl U3 MOJIHKapOoHara,
obIIJIAgaromiero miacTUYHOCTBIO M BBICOKOM MPOYHOCTHIO. Takke MIMPOKO MpPEeCTaBIEHBI
npomnesepsl U3 yriaepoaHoro BosiokHa U AbC-mnactuka. Yrneponnoe BojaokHO oBITJIA naer
BBICOKOW KECTKOCThIO KOHCTPYKIIMH, JIETKOCTBIO, MOJAaeTCs OaJaHCHPOBKE W HE TepsieT
dbopmy. ABC-mmacTuk — 3TO TOXKE OYEHBb MPOUYHBIN Marepuai, HO UMEIONUNA HEIOCTAaTOK B
Bujie xpynkoct. Otiune ABC-miactruka ot moJmkapOOHATHBIX MPOTEIIIEPOB B TOM, UTO MPHU
yaape nomacth u3 ABC-miactuka, ckopee BCero, CJIoOMaercs, a U3 MoJuKapOoHaTa MpPOCTO
MOTHETCSI, MPUYEM OTY JIOMACTh MOKHO BBIIPSIMUTH, HO 3TO YPEBATO BO3HUKHOBEHHEM
BUOpallMM H3-3a HapylleHHOH OamaHcupoBkU. CyIIECTBYIOT MPOMEUIephl M3 IUIACTHKA,
KOTOPBIA apMHPOBAH CTEKJIOBOJIOKHOM — 3TO mpornesuiepbl, obIIJIA naronire BHyIIUTEIbHBIM
[OKA3aTeJIEM )KECTKOCTH KOHCTPYKLIHMH.

Br16op matepualna mpomnemiepoB TakKe 3aBUCUT U OT BpeMeHU roja. [lmactmaccsr s
MPONEJUIEPOB TEPMOIUIACTUYHBI, TO €CTh, MX JKECTKOCTb M IUIACTUYHOCTH 3aBUCHUT OT
temneparypbl. Eciii 1ONETBI OCYIIECTBISAIOTCA B 3UMHUN NEPUOM, TO JIy4dllle CTaBUTh
nponesieps! u3 AbC-miacTrka, Tak Kak mojJrukapOOHAT Ha X0JI0/1e TyOeeT M CTAHOBUTCS OoJiee
xpynkuM. Eciy mon€Tel OCYMIECTBIAIOTCA B JKAPKUW NEPUOA, TO JIy4IIe HCIOJIb30BaTh
MPONEJUIEPhl, APMUPOBAHHBIE CTEKJIOBOJIOKHOM, IJII XOpPOWIEH KECTKOCTH, Tak kKak ABC-
TJIACTUK U MIOJTUKApOOHAT OYIYT CTAHOBUTHCSI MATKHUMHU IO IEHCTBHEM BBICOKUX TEMIIEPATY]
OT COJIHIIA, YTO MOYET MPUBECTHU K MOTEPE TSTH.
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[TonmukapOoHaTHbIN Tiporiesuiep oTimyaercs oT AbC-TuracTuka mpo3padyHoCThIO (pHC.
71).

Puc. 71. Marepuan nponeiepos: cieBa — ABC-utacTuk, cripaBa — mojmkapOoHaT
CxeMa yCTaHOBKH MPOINeIJIEPOB

Ha cxemax WHCHOJB3YIOTCS ClEayole O003HAUCHUS HAMPABJICHHUS BpPAIICHHS
npornesiepos (puc. 72):

e CW —crangapTHas cucrema ¢ paboToi 110 YaCOBOM CTpeEIIKe.
e CCW — BpauieHue jionacreil mpoTHUB YaCOBOM CTPEIKH.

CW CCW

Puc. 72. MapkupoBka HarpaBJIeHHsI BpaIlleHHs POIIEIIIEPOB

Jlst Toro 4Tto0bI ONpeNenuTh, s KaKoro HampaBlieHUs BpallleHUsl MOJ0MAeT Kakon
MIpoMNeIIEp MOKHO MO MOJHATON KPOMKE JIONACTH Ha HEM. DTa 4acTh JIETaJIM HAIIPaBJIsETCS B
CTOPOHY BpaLIEHUSI.

[Ipexxne, yem ycTaHaBiIMBaTh MPOMEUIEPHl HAa KBAJAPOKONTEP, CIEAyeT Y3HATh, B
MIPABWJIBHYIO JIU CTOPOHY OYIyT KPYTUTHCS MOTOPHI. BONBIIMHCTBO KBaJIPOKONITEPOB JIETAET
Ha KoHurypanuu Multiwii, cxema KOTOpPOU IIPeJICTaBICHa HA PUCYHKE 73.
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3 1

Puc. 73. Koudurypamus Multiwii

Kpacnas cmpenka — 310 HanpapiieHHe N0JIETA KBaJipokonTepa. JKenTble cTpeiaku —
HaIlpaBJICHUsl BPAILEHUs MPOIENIepoB. MOXKHO JIErKO 3allOMHHUTh B KaKyl0 CTOPOHY KaKOM
JIBUTATENIb KPYTHUTCS: JBA MEPEIHUX MOTOpPa KPYTATCS B CTOPOHY Kamepbl, a JIBa 3aJHUX
MOTOpa KpPYTATCS OT KaMmephl (IepeiHue BHYTPb, 3aJHUE Hapyxky). EcTb emie peBepcuBHas
CX€Ma, 3TO KOI/Ia epPEeJHUE BPAIIAOTCS HApYXKy, a 3aJlHUE BHYTpb. Takas cxema 1o3BOJIseT
M30aBUTHCSA OT JICTSIICH TPSI3U B KaMepy M3-3a BPAIICHUS TPOTIEIUIEPOB BHYTPb.

Jns  OGomee CHOXHBIX KOHOQUTYpaluii OECMIOTHBIX JIETATENFHBIX —aIlaparoB
HCIOJIb3YIOTCSl CIEAYIOLME CXEMbl HAIllPaBICHUN BPAILLEHUS MOTOPOB, MPECTABICHHBIE HA
pucyHke 74.

TriCopter
‘ ||\ /

QuadCopter
/ '\ }

XCopter

Y4Copter
( o ) ;

- ButterflyCopter @

(. S & %
( - o
‘ = \ TP
| Q TwinQuadCopter 9
® g
e 2 aé 2
2

Puc. 74. CxeMbl HanipaBJIeHUs BpallleHUs MOTOPOB MPH pa3InyHbIX KoHpurypanusx BITJIIA
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5.8.4. [IpuéMHMK paguoCUrHaIa

B o61mem ciyuae anmnaparypa paauoynpaBieHHs COCTOUT U3 MYJIbTa PallOyIpaBICHUS
(nepenatuuka) u npueMHuka. OCHOBHBIMU MapaMeTpaMu SBJISIOTCS MPOTOKOJI KOJUPOBAHUS
CUTHaJa M KOJIMYECTBO KAaHAJIOB Ilepeaauu KomMaHA. B Hacrosiiee BpeMmsi IPaKTUUYECKH BCS
anmaparypa padoraet Ha yactote 2.4 ['T1. IIpoTokon KoarpoOBaHUs CUTHAJIA 03HAYAET CIIOCO0,
KOTOPHIM KOMAaHJIbI, TOJyYEHHBIC C OPraHOB YIIPABJICHUS MYJIbTA, «YIMAKOBAHBI» B TOTOK
JaHHBIX, IPOXOAAIIMX M0 paauokaHany. [Ipu pa3paboTke NMPOTOKOIOB PYKOBOJCTBYHOTCS
MMOMEXO0YCTOMUYMBOCTHIO U IJIOTHOCTBIO TMOTOKa MH(popmauuu. [Iporokon mepenatuvka u
MpUEeMHHUKA paguoCUrHalla  JOJDKHBI  ObITh  OAMHAaKOBbIMU. [lapamerp, KOTOpBIit
MPUHLMITUATIBEHO BaKEH, — KOJIMYECTBO KaHAaJOB. J{J1s1 ynpaBieHUs KBaAPOKONTEPOM MX HYKHO
MUHUMYM YeThIpe:

e 00mmii ras;
e TaHrax,
® KpcH;

® pBICKaHbE.

Ha camom pnene storo Mano. Bo-mepBbIX, HYXHBI KaHalbl Ul YHPaBICHUS
BKJIFOUEHUEM CEHCOPOB U PEXHUMOB IIOJETHOrO KOHTpoJuiepa (yAep)KaHHE BBICOTHI I10
O6apoMeTpy, BKIIIOUSHHE/BBIKITIOUEHHE KOMITAca, YAepKaHUe IMO3UIIH WM BO3BpAT JIOMOM 1O
GPS). Bo-BTOpBIX, MOTYT MOHAI00UTHCSI KaHAJIBI TSl yIIPpaBIeHHUsE OOPTOBOM BUACOKAMEPOiA,
OOpTOBBIMH OTHSMHU WJIM BKJIFOUYEHHUS CHCTEMBI IMOMCKa ymapmiero ammapara. KomdoprtHoe
yIpaBlieHHUEe KBaJPOKONTEPOM HAYMHAETCS NMpU BOCbMM U Oonee kaHanax. KomnuecTtBo
KaHaJIOB IPUEMHUKA U MepejaTyiKa He 0053aTeNIbHO JOJKHO COBIAIaTh, €CIIH Balll IPUEMHUK
MOJEPKUBAET 8 KAHAJIOB, a IEPEJaTUUK 12, TO 3HAUUT y Bac B PACMOPSIKEHUH 8 KaHAJIOB.

5.8.5. Pama

Pama onsa keadpoxonmepa — 3TO pama, KOTOpas CIYXHT >KECTKHM KapKacoM,
pa3MenanIuM Ha cebe pa3IMYHbIe KOMIIOHEHTHI U ABUTATENH (pHc. 75).

Puc. 75. Pama OecrimjioTHUKA
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IMeHHO OT paMbl 3aBUCHT, C KaKMMHU TIOCJIEICTBUSMU TMEPEKUBET JeTaTEIbHBIN
annapat mnaaeHue. EE€ MOXHO U3roTOBUTh CAMOCTOATENIbHO JUOO KynuTh. [J1aBHBIE
COCTaBJISIOUINE paMbl — KpeCTOBHHA (Te€J0) U JIyuH. B 1ieHTpe pacrosaratoTcsi «Mo3r» B BUE
MOJIETHOTO KOHTPOJUIEPA, a Ha JTydax «Cep/ia» KonTepa — ABuraresin. Kopiyc u3roraBiuBaroT
W3 Pa3IMYHOTO CIEKTPAa MATePUANIOB: AFOMHHHM, IacTMacca, KapOOH, JEPEBO, a TaKKe

danepa.

Cy1iecTByeT 2 OCHOBHBIX THIIA PAMBI:

1. [enpHas — Korja BCe JIydd U KPECTOBUHA BBIMOJIHEHBI U3 IEJIBHOTO KyCKa MaTepuaia
(3ayacTyro TakKMM MaTEpPHAIIOM SBJISICTCS KapOOH).

2. CoopHasi — KOTJia JIy9d U KPECTOBUHA COOUPAIOTCS IPYT C APYTOM.

Taxke CyHmeCTBYIOT paMbl, B KOTOPbIE MHTETPUPOBAaHA 3allUTa KamMepbl U IPOYUX
35IeMEHTOB (puc. 76).

MECTO Al
KAMEPBI

BEPX

CTOVKW

TOLLAZKA AJidl
MOTOPOB

nrm

Puc. 76. Pama GecniuioTHHKA ¢ OCHOBHBIMH 3JIEMEHTAMHU KOHCTPYKIIUU

WNneanbHas pama s kBaapokonTepa nokHa OBIIJIAnaTte ABymMsSt OCHOBHBIMH
XapaKTePUCTHKAMU: JIETKOCTHIO U MPOYHOCTHIO; HO 9TO TpeOyeT )KepTB, Hanpumep, B OanaHce.
KoHctpykuus u MmaTepuan paMbl ONPeNessiioT, HACKOIbKO OHA YCTOWUYMBA K aBapusiM. Kpenkue
pambl, OOBIYHO, TSKEIbIEe, HO 0oJiee CTAOMIIBHBI B BO3/AYyX€, B TO BpeMsl Kak Jerkue, Hao0opoT,
obITJIA 1aroT MOBEIIIIEHHON MOOUIBHOCTBIO.

Jlerkas pama mo3BOJISIET JIOJIbILIE JIETaTh, 32 CUET COKPALIEHUS PACXOAO0B SHEPIUHU Ha
yaepKaHHe TSKEJIOoro Beca, ObICTpee pearupyeT Ha KomaHnabl M ObicTpee yckopsiercs. Ho
CYIIECTBYET HEMPUITHBIA HEAOCTATOK — JIETKHE PaMbl TI0JIBEPKEHBI MOBBIIIICHHOW BUOpAIN
1 THOKOCTH, 3TO MOXET BIIUATH HA TOJICTHBIA KOHTPOJUIEp M HAa €ro HacTpouKy. Takxke y
JIETKUX paM, 0OBIYHO, OTCYTCTBYET KaKasi-TMOO 3aIiuTa KOMIIOHEHTOB JIJIsi CHUKEHUS Beca.

Pama oxaswiBaer OTPOMHOC BJIMAHUE Ha JICTHBIC XapaKTCPUCTUKKU TAKHE, KakK:
aSpoJuHaMuKa, paclpeaciICHUC BECa, JKECTKOCTE U IPYTrUc.

Marepuan pamMmbl KBaJpoKonrTepa

Kak ormeuanocs panee, pama Al KBaJIpOKONTEpa MOXKET OBITh clelaHa M3 JHObIX
MaTepHalioB: JIEPEBO, IIacTMacca, CTEKJIOBOJIOKHO, alfoMUHUH, 1 Aaxe [IBX-TpyObr. CaMbiM

112



MOMYJISIPHBIM, IO PEKOMEHAALMSIM MOKYITHBIX paM, MaTepUaIoM CUYUTaeTCs KapOOH, OH JIETKUI
Y NpoyYHbIH, a Takke obIIJIA1aeT ymepeHHO# 1IeHOH.

JocTonHcTBa KapOOHOBOM paMBbl:

e Manbii Bec. s roHoyHoro MynbTUKOonTepa BaxHO OBIUJIAnmare oTauuHON
MaHEBPEHHOCTbIO M MallbiM BecoM. [locinenHuii mapaMmerp TakXe MO3BOJIAET
YMEHBILIUTh CUITY yJlapa, OTHOCUTENIHO TaKOH K€ paMbl 110 Ta0apUTHBIM pa3Mepam, HO
BBIMIOJTHEHHON U3 MaTepuaia 6ojiee TSKeIoro.

e IIpounocts. KapOoH siBIsieTCS] KPENKUM U JJOJITOBEYHBIM MaTEPUAIOM.

e JKecrtkocTh. )KecTKOCTh OUEHB BaXKHA U1 CTAOMILHOCTH U 3((EKTUBHOCTH IOJIETA.

Henocratku kapOOHOBOM paMbl:

e KapOoH SBISIETCS AJICKTPONPOBOISIIAM MaTepUaIoM. IJTOT HEJOCTATOK WIpacT
BaXHYIO POJIb, €CITU B COOPKE MPUCYTCTBYIOT OrOJIEHHBIE IPOBO/IA, TAK KAaK 3TO MOKET
MPUBECTU K KOPOTKOMY 3aMBIKaHHIO Yepe3 pamy.

e KapOon Omnokupyer pamuouactorhl, Hampumep, 2.4 ITu u 5.8 ITu. Ilostomy
CIpsITAHHBIE aHTEHHBI B KOpITyce OyayT padoTaTh MeHee 3(h(PeKTUBHO, ClIe0BATENBHO,
UX HY’KHO BBIBOJHUTH HAPYKY.

CrtpoeHue pambl

Pamy mu1st MynibTHKOIITEPAa MOYKHO Pa3AEIUTh HA 2 YAaCTH: TEJO (3JIEMEHTHI Tela HHOTAA
HA3bIBAIOT JEKaMHU — BEPXHSS M HIDKHSSA JEKH) W Jydd (JIydd elle Ha3bIBalOT pyKaMu, OT
AHTJIMICKOTO CJI0Ba arm — pyKa, a aHrIMiACcKas ab0peBrarTypa jgyda pambl — arm).

Puc. 77. Pama OGecrmyioTHUKA

B Tene pambl pazmemiaroTcss 3JNEKTPOHHBIE KOMIIOHEHTBI, BKJOYas IOJETHBIN
koHTposiep, PDB, xamepy u mpoume ycrpoiictBa nepudepun. OOBIYHO TEJIO COCTOUT W3
HIDKHEH M BepXHeH MIAaCTUHBI M HEKOTOPBIX MIPOMEXKYTOUHBIX MaJeHbKUX IIaCTUH. OOBIYHO
TEJIO CKPEIUISETCS BEPTHKAIBLHBIMUA CTOMKAMHU Ha BUHTaX (puc. 77).

JIyuu — 3T0 MECTO, Ky1a KPETsITCs ABUTATEIH U PEryIsITOpbl 000poToB. JIyun, 00bI4HO,
JIEAOTCSl U3 TOJICTOTO CIOCHOTO KapOoHa OT 3 70 4MM, 3TO HEOOXOAMMO ISl IPOYHOCTH U
JOATOBEYHOCTH. B HacTosee BpeMs mociaeHue MOJIENIH BCe Yalle UMEIOT JIyYd TOJIIMHON
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SMM U 0oJiee, MOTOMY YTO CKOPOCTb M MOIIHOCTh MYJIbTHKONTEPOB MMEET TEHACHIIMIO Ha
yBEJIHYCHUE.

Pa3mep pambi

Pasmep pambl mpencrtaBisier coOOW JIMHY MO AWATOHAIN OT OJHON TOYKU IEHTpa

MECTOITOJIOKEHHUS IBUTATENS 0 IPYroi, CYMTACTCs B MIULTUMETpax (puc. 78).

Puc. 78. Pazmep pambl OecIHIIOTHHKA

P asMEp pamMbl HAIPAMYRK BJIMACT HaA PA3SMEP TAKUX KOMIIOHCHTOB U IIApaMCTPOB

6CCHI/IJ'IOTHI/IK8., KakK:

Pa3mep npornennepos;

Pa3mep aBurarenei;

KonnuecTBo, THI 1 MOJ0XKEHHE PETYIATOPOB 0O0OPOTOB JIBUTATENS (pa3iebHbIE UITH B
KOHTPOJIIEPE);

CoBMECTUMOCTb C OIpeeIEHHBIMU KaMepaMH;

ConpoTHuBieHNE BO31yXa;

WNuepuus;

Bec.

PasMep paMbl ONPCACIIACT BLI60p mo4YTh BCCX KOMIIOHCHTOB, KOTOPBLIC 6y,ZLYT

HCIIOJIb30BATHCH IPU c6op1<e. I[JISI MOIITHOI'O KBAAPOKOITECpa Tpe6yeTC$1 OoJibIast pama, YTOOBI

MO>KHO OBLIO UCHOJIB30BaTh OOJbINIKE MPOMNEIIEPHl U MOIIHBIE IBUTATEH, B TO BpeMsI KaK Ha
MaJIeHbKUX pamax Takoe o0opynoBaHue He mocTtaBullb. OT pa3Mepa paMbl 3aBUCUT pa3Mep
npomneiepoB. Hanmpumep, pambr pazmepoMm 210 MM Ha3bIBalOT «S5-TH IIOWMOBOM pamoii»,
MIOTOMY YTO caMble OOJIbIIINE MTPOIEIEPhI, KOTOPhIE MOYKHO HCIOIb30BATh C 3TOM paMoil — 3TO
MponeJiepsl HA 5 TIOIMOB.
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JlBurarenu Ha pamy CTaBST Ha caMOM Kparo JIydei, TaM HaxOISTCS OTBEPCTHS IS
KperuieHus. Yem paiplie ABUTaTeNu OT IIEHTPa, TeM OO0JIbIlIe MOMEHT HHepiuu. B ocTampHOM,
4eM MEHbILIE paMa, TeM pe3Bee ceOs BeIeT KBaJPOKONTEP, TaK KaK MAJICHBKYIO paMy IpoIIe U
ObICTpee HAaKJIOHATH/MIOBOpaYMBaTh. Taike, y OOJBIION pambl OOJBIIE COMPOTHUBICHHE
BO3/yXa U 0OJIbIIIC 3HAYCHHUE MAPYCHOCTH 3a CUeT Ooubliei riomaau (puc. 79).

6” 265mm 5” 210mm 4~ 180mm 3 150mm

Puc. 79. CpaBHeHHE pa3MepHOH JIMHEHKH KBaIPOKOIITEPOB

Tabmuua 6. PekoMeHm0BaHHBIE pa3Mephl MPOMEITIEPOB OTHOCUTEIBHO pa3Mepa pambl BITJIA.

Pa3mep pambl, MM Pa3mep nponennepa, nronm
280+ 7
220 - 280 6
180 — 220 5
150 - 180 4

Tun pamsl u Jgy4ei

dopma pambl ompenenseTcs TeM, Kak Jy4un coeauHeHbl ¢ tenoM (puc. 80). DT1o He

TOJILKO BIIMSICT HA BHEIIHWW BHJI, HO W HA JICTHBIE XapaKTepHCTUKU. Ha ceroqHsmHuil 1eHb
TIOTYJISIPHEI CIIeTYIOIIne OPMBI pam:

e H —o6pa3nas;

e X — obOpa3Has;

o Tubpug X;

e BriTsanyTheIil X;

e KgaapartHas (kopoOka);

e [lmoc-oOpa3zHas.

Bompoc o BiusHuM GOpMBI paMbl Ha TOJETHBIE XapaKTEPUCTHUKU SBISETCS
JTMCKYCCHOHHBIM. OIHO3HAYHO KOHCTATUPYETCs (PaKT, YTO MPH KaXJI0i popMe pambl, anmapar
B NOJIETE BE/IET Ce0sl MO-CBOEMY.
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Puc. 80. Tumbl pam KBapoKONTEPOB

PaccMoTpuM OCHOBHBIE TUITBI paMm:

Pama H-o0pasnas. OTo camMble mepBble paMbl, KOTOpbIE HAYaJd HCIIOJIb30BAaTh Ha
KBaJIpOKOIITEpax. Y HUX MHOTO MECTa JUIsl KOMIIOHEHTOB. JIyun coelMHEHBI Ha Tele B
dbopme OykBbI «H», 3TO AaeT npocToe u OOJIBIIOE TENO, B KOTOPOM yI00HO pa3MeniaTh
U PEMOHTHPOBATh 3JEKTPOHUKY. Kamepy M akKyMynsTop MOXKHO pacHoJIOKUTh B
BEpPXHEH IJIOCKOCTH, BEC paclpeiesseTcs MO OJHOMY HAalpaBiIeHHIO, YTO HE OYEHb
BITJTAronpusTHO BIUSIET HA MHEPIMIO 110 TaHTaXy. T.e. BIIpaBO-BJIEBO anmapar Oynet
JIETKO HAKJIOHATHCS, a HAKIIOH BIepel-Ha3aja OyJeT 3aTparuBaTh HEMHOTO OOJIbIIIe
SHEpPruu U cuibl. B 3TOM 3akitodaercst oTiinyue oT 0ojiee HOBBIX paM X-00pa3HBIX.
Pampl H-o0pa3Hble mpeanounTaroT MUJIOTHI JUIs Oojiee MJIaBHOIO MOJeTa, a He s
CJIOKHOTO (hpHCTaiiyia MM TOHOK.

Pama X-o0pa3nas. B takoii pame Jiyun BcTpeuaroTcs Ha TeJe paMbl B CAMOM LIEHTpE,
o0Opazyss ¢opmy OykBbl «X». Temo MakCUMalbHO KOPOTKOE, a KOMITOHEHTHI
pasMelarTcss pOBHO MOCepearHe, YToObl ObUla MakCHMalbHas IIEHTPOBKA Beca IO
pame. OTLEHTpUpPOBaHHAs Macca Ha TAKOW paMe IO3BOJSAET COKPAaTUTh HHEPLUIO
MYJIBTUKONITEPA B IOJIETE, YTO OYEHb BAXKHO s FPV-roHok, B 3TOM 3akitodaercs
OCHOBHOE€ TpEeUMYyIIecTBO X-00pa3Hoit pamsl Haj H-oOpasnoit. Pambr X-o0pa3sHsie,
3ayacTyro, obIIJIAa0T MEeHbIIUM BecOoM, Tak Kak IMpH €€ MOCTPONMKE HMCIIONIb3yeTCs
MeHbIle Mateprana. Ha Takoil pame cioxHee pa3MecTuTh nepudepuro, Tak Kak Bce
pacrosaraeTcs B IEHTpE, BKIII0UYasi KAMEPY M aKKyMYJIATOP. DTOT TUIl TAK)KE HAa3bIBAIOT
«Hactosmmii X», 4ToObI OTIMYUTH 3Ty paMy OT THOPHJIOB.
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e Pama tuna I'n6pua X. ['uOpumneie X paMbl HMEIOT TUIT COCTUHEHHS JTy4eH, KaK y X-
00pa3HOH, HO TEJI0 UMEET yIUTMHEHHYIO popMy, kKak y H-oOpa3Hoii pambl. Kak roBopsr
NWIOTHI, N0 JIETHBIM XapaKTEPUCTHKaM OHHM HHYEM HE OTIMYaroTcs OoT Tumna H-
00pa3HbIX, TAK KaK Macca pacnpezeneHa oauHakoBo. Ho Hazo Bce xe yuuThIBaTh, Kak
nepeAaeTcs HarpysKa ¢ JIy4el Ha Teso, Kak rnepenaercs BUOparysl.

e Pama yuiuHéHHasi (BbITAHYTas)) X-oOpa3Hasi. BHelmHuil BUJ OYEHb IOXO0X Ha
«HacTosmmii X», HO J1ydn pacioioKeHsbl OJInxkKe IpYT K APYTY €334 U CIIepein, CMbICI
B TOM, YTO TaK yJIY4IIAOTCsA IOBOPOTHI B TOHKaX U CKOPOCTHBIX nosieTax. CMemeHHoe
pacrojokeHUe IMEPEeIHUX IPOIEUIEPOB OT 3aJHUX MCKIIYAaeT BO3HUKHOBEHHE
TypOYJIEHTHBIX 3aBUXPEHHA, UITH, KAK MUHUMYM, 3HAYUTEIHHO UX COKPATHT, ITIO3BOJISIS
MYJIbTUKONTEpY JeraTh Oonee crabunbHO. Onu obIlJIApator OosbliuM BecoM
oTtHOcuTeNnbHO «HacTosmero X», Tak Kak UCIONb3yeTcs OObIe MaTepuana.

e Pama tuna KBagpar (kopodxa). KBagpaTnas pama MoxxeT ObITh cenana u3 pam H-
oOpa3HblX uiau  X-00pa3HbIX, C JONOJHUTEIbHBIMU peOdpaMu  KECTKOCTH,
COCAMHAIOMMUX Jydn. TakuM o0pa3om, IMOJy4aeTcss OYeHb KECTKas KOHCTPYKLUS,
KOTOpass peako somaercs. OIHAKO, YBEIMYEHHE TAKUM CIIOCOOOM pambl, BEAET K
MOBBILIEHHOMY BO3J1YIIIHOMY CONPOTHUBIICHHUIO U yBEJIIMYMBAECT o0wmuii Bec. Pama s
HOBMYKOB, YTOOBI IPU YACThIX MaJEHUSX HE BBIBECTHU U3 CTPOS DJIEKTPOHUKY WIN
CBECTH K MUHUMYMY ITIOBPEKICHUS.

e Pama mmoc-o0pasHasi. DTO HHTEpPECHAs, HO HE OYEHb NOMyJspHas pama. [[Ba myua
pacIoioKeHbl POBHO BIIEpe//Ha3a OT TeJia paMbl 10 X0y JABMKeHHs U BOOK. Takoi
TUIl HMMEET CYILECTBEHHOE JOCTOMHCTBO, KOTOpPOE 3aKIIIOYaeTCsl B OTCYTCTBUHU
TypOyJIGHTHOCTH JIBUTATeJIeH, TaK KaK OHU BCE BPALIAIOTCA JJOBOJIBHO JTAJIEKO APYT OT
JIpyra. A HEIOCTaTKOM SBJIAETCS MEPEAHUM ABUTATENb C JIy4OM, KOTOpBIE, BEPOSITHO,
OyayT momajaTh B IoJyie 3peHus kamepsl. J[ns perieHus mpoOsieMbl ¢ MOMaJaHHEeM
JIBUTATENS B M0JI€ 3pEHMSI KaMephl, AU3aiiHephl yIITMHWIN NepeAHUH U 3alHUM JIy4H,
CO3/1aB THUII paMbl «Y JUIMHEHHBIN TLTFOC.

HenbHbIe paMbl

Pama MoxxeT OBITH CHPOEKTHpPOBAaHA TaKUM OOpa3oM, YTOOBI JIETAaTENbHBIA ammapar
MO>KHO OBIJIO HEOJJHOKPATHO pazOupaTh/coOMpaTh, MOJIEPHU3UPOBATE KOHCTPYKIUIO, OBICTPO
peMOHTHpOBaTh. J1Ji ’TOro He0OX0IMMO CIIENATh BCE JIEMEHTHI Pa300PHBIMHU, YTO MPUBOIAUT
K TMOBBIIIEHUIO Beca TaKOW paMbl, OTHOCUTENIBHO ILEJIbHOM, TaK Kak MOSBIISIIOTCS
JIOTIOJIHUTENbHBIE 3JIEMEHTHI B BUJIE BUHTOB, T'a€K, 1aii0 u T.1I.
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Puc. 81. llenbHast u cOOpHAst paMbl KBaIpOKONITEPOB

N36exarh JHIIHErO Beca MOMOXKET IelibHas pama (MOHOpama), TAC JIydd U Tello —
enuHas ulacThHa. Takas paMa He TOJBbKO Jierde, HO M 3HAYUTEIbHO YIPOIIAET U YCKOPSET
coopky. Ho B ciydae mojloOMKH Kakoro-to 3JieMEHTa, HalpuMep, Jiyda, MEHATh oTpedyeTcs
BCIO [UTACTHHY, TOTOMY JICIICBIIC IOMEHSATh OJIUH JIyd B COOPHOM pame, a He IETMKOM MEHSTh
IUIACTHHY, Ja €lle W TMEPEeHOCUTh BCIO OJICKTpOHUWKY. Jlns Hadana mon€roB Oosee
NpCANOUYTUTCIbHBIM BApUAHTOM ABJISICTCS UCIIOJIL30BATh C60pHy10 pamMy, K YUCJ1y JOCTOMHCTB
KOTOpOﬁ MOKHO OTHCCTH U MOBBIICHHYIO JKXCCTKOCTb KOHCTPYKIHUHU OTHOCUTCIIBHO HCHBHOﬁ
(puc. 81).

TouammHa pamMsbl

Bonpuiass tommuHa marepuana M3rOTOBJIEHHS IOBBILIAET KECTKOCTh UM IPOYHOCTH
paMbl, a TAaK)Ke MOBBIIIACT BeC. B CBSA3M € TeM, YTO JTyyu MPUHUMAIOT Ha ce0si OCHOBHOM yap,
TO WX MPUHATO JEJaTh TOJIIE TEJIA PAMBbL.

Hanpumep, 5-u qio0iiMoBbIe pamMbl OOBIYHO J€NIal0TCS U3 KapOOHa TOJIIMHOK OT 3 10
6MM TommuHy. VneallbHBIM 3HAYCHHEM TOJIIUHBI CUYUTAETCsS 4MM, Takas pama Oyner
obIIJIAnaTh yMEpEeHHBIM BECOM U JIOCTATOYHON KECTKOCTHIO JIJISl BBITIOJHEHUS OOJIBIIMHCTBA
3a/1a4.

ITocme IMOKYIIKH HOBOH paMbl HJIN CcOOCTBEHHOI'O HU3TOTOBJICHUS, PCKOMCHIAYCTCA
MOJITOTOBUTh €€ K MOCIEAYIOIIEH AKCIUTyaTallii: TMPOTEPETh OT OCTAaTKOB MaTepuayia u
YAQIATH Pa3IM4HbIC 3ayCEHIIbL. ECIIM Ha paMe IPUCYTCTBYIOT OCTPBIE Kpast, TO PEKOMEHLYETCS
oOpaboTath X HaapuiaeM. IT0O HEOOXOAUMO Ul TOTO, YTOOBI HE MEPETEPIUCH IPOBOAA UITU
UHBIE DJIEMEHTHI.

5.8.6. PeryasiTopbl 000pOTOB 3JIeKTPOABUTaTe €l

Pezynamopusl 060pomos — B aHTTIOA3BIYHOM cO00IIECTBE Ha3biBatoTCs — Electric Speed
Controller (3;1eKTpOHHBIN KOHTpOJUIEp CKOpocTH) UK cokpaiieHHo — ESC. OcHoBHas 3a1aua
ESC — nepenaua sHeprun ot akKyMyJasTopa K 0ecKosseKTopHoMy MoTopy. [ToTpedHOCTD B MX
NIPUMEHEHUH BO3HMKJIA BCIEACTBUE HEKOTOPhIX ocobeHHocTel BK — MoTopa. AkkymyssTop
OTJAeT MOCTOSHHBIN TOK, @ OECKOIIEKTOPHBIN MOTOP IMpPUHUMAET TpeX(a3Hbli MepeMEeHHbIN
TOK.

IHpuHuun padorsl

Ha Bxon ESC mnopmaercss HampspDKeHHE € aKKyMyJsiTOpa W CHUTHQJIBI OT IIOJIETHOTO
KOHTpOJIJIepa, a Ha BBIXOJ PETYIATOpP OTHACT YIpPaBJISoIlee HalpsOKCHHWE U TPUBO/IA.
COOTBETCTBEHHO PETYJISTOP J0JIKEH 00€CIIeYMBaTh:

e COBMECTUMOCTD C MOJICTHBIM KOHTPOJLIEPOM.

e MakcUMaJIbHBIH TOK JUIi MOTOpa (paccYMThIBaETCS W3 CHenuHKANUid MOTOpa U

nponestepa miroc 20 — 30%).
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e [loTpebiieHre TOKa MEHBIIIE, YeM TOK, OTJIaBaEMbIi aKKyMYJIATOPOM ITOJICJICHHBIN Ha
komnyectBo ESC.

BEC n UBEC

JIOOTHUTEIPHO K OCHOBHOM (DYHKIMH, PETyJIATOpPbl OOOPOTOB MOTYT TakKKe
nepenaBaTh nuTanue Kk apyruM ysnam BIIJIA: moneTHOMy KOHTpouiepy, CEpBONPUBOIAM U
TaK aayee. DTO JOCTUTAeTCs BHEAPEHUEM B perysaTop OJ0ka ucKiroueHus 6arapen — Battery
Eliminator Circuit (BEC).

Wcnons3oBanne BEC 3nauntensHo ynpomaer koHcTpykuuto BITJIA, onHako Takas
cxema obIlJIAnaer psgom MuHycoB. biok uckitoueHHns 6arapen MOXKET MeperpeBaThes Mpu
O0JBIINX TIepenaax HaupsHKeHUs U O0obIHX Harpy3kax. Perymstopsr o6oportos ¢ BEC, kak
IIPABUJIO, CTOSIT JJOPOXKE, YEM PETYIIATOPhI O€3 HEro.

[IpaBunsHee u agemeBne ObLI0 ObI chaenath oTaenbHO ESC m otnensHo onun BEC.
Takoe peICHUC €CTb M HA3bIBACTCA OHO y'HI/IBepcaIILHHﬁ 0JIOK MCKIIOUYEHUS 6aTapeI/I —
Universal Battery Eliminator Circuit (UBEC).

IIpeumymecrsa UBEC

UBEC noaxmrouaercs HapsiMylo0 K akKyMYJISITOpY M nUTaeT HykHbIN y3en BITJIA.
[Ipenmy1iecTBa Takoro moJIXxo/1a BECbMa CyII€CTBEHHBI:

e PerynsaTopsl 000pOTOB OYIyT MEHBIIE IMEPErpeBaThCs, MOCKOJIbKY W3 HUX OyneT
uckioueH BEC.

e UBEC obIlJIAnatoT 60nbmuM K03(pGUIUEHTOM HOJIE3HOTO AEUCTBUS;

e CrenoBareinbHO, U3 npeaplaymux AByX nyHkToB UBEC criocoben otaaBath 60mbIINiA
TOK C MEHBILIUM PUCKOM.

e OrcyTrcTBHE NEeperuiathl 3a Heckoabko umHuX BEC, pacnonararomuxcs 8 ESC. [lns
HEKOTOPBIX MOJIETHBIX KOHTPOJUIEPOB KpaiiHe HE PEKOMEH1YEeTCsI OJIKIII0YaTh OOJIbIIIe
onHoro ESC BEC.

e MeHblIM BEC PETYIIATOPOB.

Buasl BEC u ux npeumyuiecrna
BEC 6wiBaroT 1Byx BunoB: nuHelinbie (LBEC) n ummynbcubie (SBEC).

JIuHeitHbII TpeoOpa3yeT SHEPTHUIO B TEIIO, a IPH MeperpeBe OTKIovaeTcst. YTo MokeT
MIPUBOJUTH K HEMPUATHBIM PE3yJIbTaTaM: B JIYUILIEM CIy4ae KONTEP HE CMOXKET B3JIETETh, a B
XyAlIeM — HeKOHTposupyemoe majaeHue. IlosTomy cranm mpuMeHSATbCS B cOOpke ¢
CEepBONPHUBOAMH, KOTOPBIE, B CBOIO OUEPE/Ib, HE TOTPEOIISIOT MHOTO TOKA, HE MTO3BOJISS OJIOKY
IeperpeBarbCsl.

NMIynbCHBIM perynupyeT HampsiKeHHe OBICTPBIM BKJIIOYEHHEM M BBIKIIOYEHHEM
IMATAHUsI, TAKOW MOJAXOJ UCKIIFOUNJI TIEPETPEB, MOBBICHII BBIXOJHYK) MOIIHOCTB, U MTO3BOJIUI
nocturatb KIIJI 90%, a taxke umnynbcHble BEC BbIMTpBIBalOT y JHUHEHHBIX B Bece.
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Bo3Hukatonue B 1end TMOMEXH, KOTOpblE OTPHUIATENBHO CKa3bIBAlOTCS Ha padbore
paauvoanmnapatypsl, HCKItoyaroTcs nodasienueM LC-punbTpa.

IIporpammuoe odecneuenune ESC

[TockonbKy perynsTop 000pOTOB BBIIOIHSIET HEKOTOPHIE IPe0Opa30BaHusl C BBICOKOH
9acTOTOW M MOXET OBITh HACTPOCH HA Pa3IMYHBIE PEKUMBI PaOOTHI, IJISI HEro IHIIYT
OTJIEIbHOE TPOrpaMMHOE oOecreueHue, Ha3biBaeMoe MpomuBKOiH. Co BpeMEHEM BBIXOJST
OOHOBJICHHUS, TO3BOJISIFOIIME HCIPABIATh MPOIUIBIC OMMOKK B alTOPUTMAax YIpPaBIeHUS,
co3/1aBaTh Oojiee COBEPIICHHbIE TPOIIMBKY (M, TEM CaMbIM, HallpUMEpP, YMEHbIIATh PACXO/Ibl
aKKyMYJIATOpa Ha CpellHEM Ta3y) U MPOU3BOIUTH THOKHE HACTPOHKU. B KonTepax M3BECTHBIX
komnanuii, HarpuMmep, DJI cmena [10 peryinsitopa mporCcCXOIUT aBTOMAaTUYECKHU MTPY MOMOIIHN
MOJIETHOTO KOHTPOJUIEpa.

Buumanue! Ilepesanuce 110 0nsa pecynsimopos ckopocmu Moxcem nosiedv 3a cobou
nonomku BITJIA paznuunoco xapakmepa, a maxace CHAMuUE ¢ 2apaHmuiiHo20 00CayHcueanus!
Ilomnume, umo 6v1 denaeme 23mo Ha c80U cMpax u puck!

CMeHa MpOrpaMMHOI0 ofecnedeHust

CMeHUTh IporpaMMHOE 00eCIieYeHHEe PEryIATOpa MOKHO HECKOJIBKUMHU CIIOCOOAMHU:
e Hcrnonb3ys crielMaibHYIO TUIaTy YIPaBIEHUS;
e Hcnosb3ys NOJNETHBIN KOHTPOJLIED;
e lcnone3yst ASP mporpammarop.

Tpetuii BapuaHT Mpolie U B HACTOALIEEe BpeMs aKTUBHO BHEPSETCS B HOBbIE MOJIEIH.
Be10op peryasitopa o0opoTos

Hcxons u3 Bcero BhIIETIEPEUNCIEHHOT0, MOXKHO BBIJIEIUTh 0COObIE KPUTEPUU BBIOOpA
perymnsitopa 06opotoB st BITJIA:
e (CoOBMECTUMOCTh C TIOJIETHBIM KOHTPOJUIEpOM. [lONETHBIN KOHTpOJUIEp TOJDKEH
noanepxuBatb BEC u npomsky ESC.
e COBMECTUMOCTH CO CIIEHU(PUKAIUIMU MOTOpPA U aKKyMYJISITOpA.
e Hamuuue win orcyrcreue BEC u ero tun (LBEC unu SBEC).
e TemiooTBOA U TEPMETHYHOCTD.

5.8.7. AkkymyJasaTop

OmHUM W3 OCHOBHBIX TEXHOJIOTUYECKHX JIOCTHKCHHU, OOYCIOBUBIIHMX B3JIET
nonyJsipHocTy Tpaxaanckux BITIA, cramu nutuit-noaumepusie (LiPo — lithium-ion polymer
battery) 6atapen. Becbma cxojHbIe 10 YCTPOMCTBY ¢ OarapessMu JUIsi CMapT(OHOB, JINTHIA-
MOJTUMEPHBIE OaTaper HMEIOT HAMHOTO OOJIbIIIee COOTHOIICHUE «EMKOCTB/BEC)» TI0 CPABHEHHUIO
¢ Hukenb-kagMueBbiMH (N1CD) u Hukens-metamaruapunasivu (NiIMH) Garapesmu. Takoe
n30aBJIeHUE OT JIMIITHETO Beca MOMOIJIO OeCTIUIOTHBIM arapaTaM 0TOPBaThCs OT 3EMIIH.
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Jlns paccMOTpeHusT OCHOBHBIX MAapKUPOBOYHBIX JAHHBIX BO3BMEM aKKyMYISTOD

Infinity 1500mAh 4SP1 kak 0HOTO M3 CaMbIX JOCTYITHBIX:

Infinity — ToproBoe Ha3BaHKe aKKyMyJIATOpA.

1500mAh — 510 éMKOCTh aKKyMYJIATOpa, KOTOPast H3MEPSAETCS B MUJLTHAMIIEP-4ac, 4eM
BBIIIIE EMKOCTb, TEM JI0JIbINE OyIET JIeTaTh KBaJPOKONTEP, HO TAKXKE YBEITUUUBACTCS U
BEC aKKyMYJIATOPA.

4S — KOJHWYECTBO AJIEMEHTOB B aKKyMYJSTOpPE, B MPEACTABICHHOM Cly4yae TaKHX
as1eMeHTOB 4. Kaxkplii 21eMEeHT uMeeT HanpshkeHue npumepHo 3.7B, a B cymme Bce 4
CEeKIIMH BbIIaIOT TOK 14.8B.

1P — xonmmyecTBO GJI0KOB B COOpKE, B IIpeICTaBICHHOM citydae 1 61ok. Eciu Hanmucano
2P, To 3TO0 03Hayaer 2 Onoka B cOope. Jns mpocToTel moHuMaHus 2P o3Hadaer, 4To
Oepercst 2 akKyMyJIaTopa, MpoBOJia MPHUMAsSHbI MapauiebHO (TUTFOC K IUIIOCY, MUHYC K
MHHYCY), CII€J0BaTeIbHO, TMOJydaeTcss akkymyssatop Eémkoctbio 3000 mAh, wHo
BbIJaONIMHN HanpsbkeHue 14.8B.

70C — TokoOTHAYA.

MeTtoa BbIOOpa aKKYMYJIATOpPa

['maBHBI KpuUTepuil TMpH BHIOOpPE AaKKyMyJsTOpa 3aKIl4YaeTcsi B IEJIEBOM

UCIIOJIb30BAHUH OECIIMIIOTHHKA. B 3aBHCHMOCTH OT TOTO, COOMpaeTcs I annapaT AJ1sl ChbEMOK,
JIOJITOTO U JIAJIbHETO IMOJIETA WM FOHOYHBIHN, TOJOUPAETCS] COOTBETCTBYIOLINM aKKyMYJIATOD.
Cwemounslii annapar oblIJIAnaer GonpmyMu rabaputraMy, MOBBIIIEHHBIM BECOM U MaJloi

MaHéBpeHHOCTBIO, OTHOCHUTCIBHO 'OHOYHOTO.

Ecnu cobupaetcsi TOHOUHBIN JIeTaTeNbHBIN anmnapar, TO He0OOX0AUM aKKyMYJISATOP CO

CJIEIYIOIMMHU XapaKTEPUCTUKAMHU JIJIsl HanOoJsiee 3 (HEKTUBHBIX MOJIETOB:

KonnuecTBo 371€MEHTOB B aKKyMYJISITOPE:

o 180-220 MM u 220-250 mMm — 4S, 5S u 6S LiPo.

o 150-180 MM u 120-150 mMm — 2S, 3S u 4S LiPo.

o 90-120 mm — 1S, 2S u 3S LiPo.
MaxkcumanbHbli TOK paspsiaa — He MeHee 80C.
EMKOCTh aKkkyMynsTopa pPEeKOMEHIyeTCs HCIoib30BaTth He Oosnee 1800MAh s
anmapatoB ¢ pamoi oT 210 no 250 MM, Tak Kak akKKyMyJIsSTOpbI OoJblled EMKOCTH
O0ynyt obIlJIAnaTte U30BITOYHBIM BECOM, OECIMIIOTHUK OyAE€T MEHEe MaHEBPEHHBIM.
PekomeHnyeMble €MKOCTH aKKyMYyJIITOPOB B 3aBUCHUMOCTH OT pa3Mepa pambl
MpEJICTaBJICHbI B TAOJIHIIE HUXKE.

Tabnuma 7. Pekomennyemasi EMKOCTb aKKyMYJIATOPA B 3aBUCUMOCTH OT pa3Mepa pambl.

Pazmep pambl OeciyioOTHUKA, MM [TapameTpsbl akKyMyJATOpa
180 LiPo 1000-1300mAh 3S/4S
210 LiPo 1000-1500mAh 3S/4S
250 LiPo 1300-1800mAh 3S/4S
280/290 LiPo 1500-3300mAh 3S
330/360 LiPo 2200-3200mAh 4S
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400 LiPo 3200/3300mAh 4S

450 LiPo 3300mAh 4S

500 LiPo 3300-5000mAh 4S

540 LiPo 5000-5200mAnh 4S
550/650/750 LiPo 5000-8000mAh 4S/5S/6S
800 u Oosee LiPo 8000-30000mAh 6S

Hanpumep, npu wucnons3oBanuu akkymynstopoB LiPo 4S 1300 u 1500 mAh
OLIYIIAETCS pa3HUIA B TOBEJACHUU OCCIMIOTHHKA B CBA3M C YBEIWMYMBIICHCS Maccoi
anmapata, IIpy 9TOM, Pa3HUIA BO BPEMEHHU I0JIETa COCTABIIET HE OoJiee 2-X MUHYT.

XapakTepucTHKA aKKyMYJISITOpa

Emxocms — 3TO BMECTHUMOCTD AKKYMYJISATOpA, — HU3MEPACTCA B aMIICp-dHacax HIIN
MUJJIMAMIICp-dacax.

Ipumep: barapes emxoctbio 1000 MAY roBOpUT O TOM, YTO OHA OyJeT OT/IaBaTh B
Harpy3ky Tok, paBHbli 1000 MA nnu 1 A B Teuenue yaca. Bpemst pa3psiia HanpsiMyro 3aBUCUT
OT CHJIBI TOKA B LIETIH, €CJIHM K TaKOi 6aTtapee MOIKIIOYUTh JIaMIIOUKY, KoTopas motpebiser 100
MA uin 0.1 A, To ona O6yzaer cBeTuth axk 10 yacoB u, HA00OPOT, — €CIM MOJKIIOYUTH MOTOD,
KOTOpBIN MOTpediisieT 6 A, TO 3TOr0 aKKyMyJsITOpa XBaTUT Bcero Ha 10 MUHYT pabOThI TAKOTO
MOTOpa.

Bpemst paboThl MOKHO BBIUMCIINTG, Pa3lAeilB €MKOCTh Ha TOK Harpy3KH, U3 puMepa
BbIlIe; MBI UMeeM Oatapero 1 Au u Harpy3ky 1 A — 1 Au, nenum Ha 1A = lyac, T=C/I, T —
Bpems paspana, C — EMKOCTh akkymyJsiTopa, | — Tok Harpysku. [Ipumep ¢ nmamnoukoit 1Au
nenuM Ha 0.1 A=10 4 u ¢ motopom 1 Ay nenum Ha 6 A =0.16 1 — 10 MunyTt. CTOUT OOpaTUTH
BHHUMaHUE Ha TO, YTO HE JIF000M aKKyMYJIITOp CIIOCOOEH pa3psiKaTbCs C TAKOM CKOPOCTHIO, KaK
C MOTOpOM M3 npumepa (6 A), HeKoTopble O0aTapeu MpU TaKOM OBICTPOM pa3psjie BHIAAYT U3
cTpos. /111 TOro 4To0bl TAKOTO HE CITYYMUIIOCh HA aKKYMYJISITOpax, MUIIYT eI1e OAWH Mapamerp.

Toxoomoaua — 3TO JONYCTHMas CKOPOCTh pa3psijia JaHHOTO aKKyMyJsTopa, Ha
Oarapesix WM OJIMHOYHBIX JIEMEHTaX OHa 0003HaYaeTcs «4ucio u 0ykBa C», 3TO yKa3bIBaeT
Ha TO, YTO JaHHas Oarapes MOXKET OTJaTh BCIO HAKOIUICHHYIO DHEPTHIO 32 BpeMs, KOTOpOe
oTpeeNsieTcs, KaKk OJMH Yac pa3aenuTh Ha uncio nepex "C", To ecth, Bo3pbMeM OaTapero 1Ay,
e€ Tokootnava paBHa 10C, 3T0O 3HAYUT, UTO OHA MOXKET OTJATh BCIO DHEPTHIO 3a 14, nenum Ha
10C = 0.14, TO ecTb 6 MUHYT, MOJY4Yae€TCs, YTO MOTOP M3 IPUMEPA BBILIEC HE MOBPEIUT €€,
paspsanuB 3a 10 MuHYT, 10O 3TO MO BpeMEHU Ha 4 MHUHYTHI JOJbIIE, YeM MaKCHUMaJlbHas
CKOPOCTH paspsia B 6 MUHYT, 710 €€ MOJTHOTO pa3psia. Tak MBI BEICUMTAIN BPEMS, 32 KOTOPOE
MOXKHO paspsiauTh OaTapero 0e3 Bpeda €€ 3A0pOBBIO, a PAacCUMTATh MaKCUMAaIbHBIA TOK,
KOTOPBIN OHA BBIAAET, MOKHO MOJIYYHTh, YMHOXKHB €€ eMKOCTh | AU Ha YKCJI0, YKa3aHHOE KaK
tokooTaada "C" 1 Aux 10C =10 A.

[Tpumep: becnunoTHeI camoneT moTpediseT Ha MakCHUMalbHbIX obopoTtax 10 A, a
aKKyMYJISITOp UMeeT EMKOCTh B 2 A4, 3TO 3HAYUT, YTO CAMOJIET Pa3psauT 3Ty OaTapero 3a
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2/10=0.2 g — 12 MuHYT, a TeNeph y3HAEM KaKOE I 3TOr0 MOTPeOyeTCsl 3SHaYEHUE TOKOOTIaun
"C". TokooTaa4y MOKHO BBIUUCIIUTH TaK: 14ac pa3ieuTh Ha BpEeMs, ITOJTYYEHHOE BBIIIIE, /IS
yno0cTBa yac pa3o0bEéM Ha MUHYTHI, U Tak 60/12 = 5 — mosy4aercsi, yTo s 12 MUHYTHOTO
noJ€Ta eMy OHAJ00UTCS AKKyMYJISITOP €MKOCTBIO 2 A4 1 TokooTaaden SC.

Crout oOpaTuTh BHUMaHHUE HA TOT (PAKT, YTO TOKOOT/Ia4a HUKAK HE BIMSET HA BpeMs
10JIETA B IaHHOM cilydae. M0>XHO B35Th OaTapero ¢ ToH ke EMKOCTbIO U TokooTnauei 100C,
BpeMs I0JIETa OCTaHeTcs 12 MMHYT M HMKaK MHaue, IOTOMY KaK Ha BpeMs paboThl MOJEIH
BJIMSIET TOJIBKO EMKOCTh Oarapeu, 4acTO HOBHYKHM BBHIOMparoT OaTtapeto ¢ rurantckum "C" u
IIPaKTUYECKH HE CMOTPAT Ha €MKOCTb. Hampumep, eciu Mbl BO3bMEM Ty € MOJAEIb U3
ONMCaHUs BbIIIE U YCTAaHOBUM TyAa akkymyssaTop 500 MAu u Tokootnauyeit 60 C (MblI yxe
3HaeM, 4TO OHa Ha 2AY aKKyMYyJsATOpe JETUT 12 MUHYT), TO BelcuMTaeM Bpems nonera — 0,5
Ay nenum Ha Tok Harpy3ku 1 0A = 0,05 4 — 3 MUHYTBI, U 3TO IIPU TOM, UTO OaTapelika y Hac
60C. A ckomnbko xe "C" Ham moTpedyeTcs A TPEXMUHYTHOTO 1OJIeTa Ha Takoi Oarapeiike?
60/3=20 C, tak 3aueM ke TOr/Ia neperiadnBarh 3a jguiraue 40 C, eciu Bpemst TojieTa y Hac He
n3menusioch xotb 20 C, xots 60 C Bce paBHO 3 MUHYTHI.

Hanpsisicenue — Bce NUTUH-TIONIMMEpPHBIE OaTapew il JTOCTHXKEHHUS HYKHOTO
HanpsDKeHUs (OPMHUPYIOTCS W3 TOCIEHI0BATEIbHBIX COCAMHEHHBIX OJWHOYHBIX SYEEK,
KOHCTPYKTUBHO OOBEAMHEHHBIX B OJ0K. HoMHHaNBbHOE HampspkeHHe Kakaol sueiiku 3.7 B
(4.2 B nmpu nosnHOM 3apsizie). ITO 03HAYaeT, 4TO B HALLIEM IPUMEpe HOMUHATIbHOE HAIPSKEHHUE
coctaBuT 3-3.7 =11.1 B u moxer gocturnyts 3* 4.5 = 12.6 B npu nomHom 3apsie.

5.8.8. IToaéTHBII KOHTPOJLIEP

IMonerusiit koutposep (IIK, FC — Flight Controller) — 310 Mo3r neratenbHOrO
anmapara. [lo cBoeii cyru IIK — 310 miata ¢ GOJIBIIMM KOJMYECTBOM pa3IMYHBIX JaTYHKOB,
KOTOpasi OTCJIKHUBAET MOJOXKEHUE JIETaTeNbHOrO ammapaTa U KOMaH/Abl OT MOJIb30BaTEls.
Hcnonb3ys NOdydYeHHBIE 1aHHBIE, OHA YIPaBJIIe€T CKOPOCTHIO BpAIllEHUs] MOTOPOB JUIsl TOTO,
YTOOBI OECHUJIOTHUK JABHUrajics TakK, Kak 3adyMal MWIOT. Y BCEX MOJETHBIX KOHTPOJJIEPOB
nMeeTcs 0a30BbIM HAOOP JAATUYMKOB: TUPOCKONBI (Gyro) M akcenepoMeTpsl (acc); HEKOTOPhIE
MIPOJBHHYTHIE KOHPUTYpAIlMH MUMEIOT TakXke OapoMeTp (IaTuuK, H3MEpSIONINi JTaBICHHE
Bo3ayxa, BIIJIAromapst KOTOpoMy MOKHO H3MEpATh BBICOTY IOJIe€Ta) U MarHUTOMETP
(xommac). ITK — aTo Tarxke Touka nmojkitodeHus Bcei nepudepuun tuna GPS, cBeToaunonos,
coHapoB Hu T.1. Kontpomiepsl s roHouHslx BITJIA oueHb OBICTPO 3BOIIOLMOHUPYIOT:
CTaHOBSITCS MEHbIIIE, UMEIOT BCE Ooiee OBICTPBIE MPOLIECCOPBI, 00JIee COBPEMEHHbIE TaTUNKU
1 Bc€ OOIbINe BCTPOCHHBIX (hyHKIMIT (puc. 82).
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20x20mm  16x16mm

OcobeHHOCMU
<

Puc. 82. DBonronust moNETHRIX KOHTPOJLIEPOB

Ha pucynke 83 mpezacraBieH mnpumep MHOIKIIOYCHHS pPa3IUYHONW mepudepuu K
MOJIETHOMY KOHTPOJILIEpY.

E5C Signal

ESC Signal 6 1X £5C Signal

Runtam
Model: Micro Swift 3

cere

Puc. 83. Ilpumep noaxmoueHust nepu(epruitHbIX YCTPOMCTB K MOJETHOMY KOHTPOJUIEPY

Ilepughepuss — nomoHUTENBbHBIC BHENIHUE ycTpoicTBa. Hampumep, GPS, bluetooth,
wi-fi, OSD, nartyvku TOKa, HANPSKCHUS U Ipyrue. PaccMOTpUM HEKOTOPBIE U3 JJIEMEHTOB
nepudepun:
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GPS — Global Positioning System — crmyTHHKOBasi CHCTEMa HaBHTAllMH, KOTOpas
M03BOJISIET OECITUIIOTHHKY JIETaTh Ha aBTONMIIOTE 10 3a8JaHHBIM MapIlpyTaM W BO3BPAIaThCs
B TOUKY TTOCAJIKH.

Cucmema nepedauu sudeocuenana. Yanie Bcero mpuMeHsieTcss B popmare MOJIeTOB
FPV (First Person View — Buj OT epBOIro JIKI{a), KOr/Ia IMHJIOT B PEKUME PEalbHOTO BPEMEHHU
ynpasiisier BITJIA. [lonp30Barens OpUEHTHPYETCS 0 N300paKEHUIO C KaMephl JIETaTeIbHOTO
anmapara. BuieomnoTok TpaHCIMpyeTcsi Ha MOHUTOp, IUTaHIIET, cMapT(oH TuOO Ha SKpaH
CTELUAIBHOTO YCTPOHCTBA, TAKOTO KAK IIUIEM I OYKH.

OSD — On Screen Display — cucrema oToOpa)xeHus JOTOJIHUTEIBHON HHPOPMAIIMU O
HOJIeTe Ha DKPaH.

[IpommBKa MOJETHOTO KOHTPOJLIEpa

[Tomumo pa3nuumii B xkene3e, UMEIOTCS PAa3JIMYMs U B IPOLUIUBKAX, KOTOPbIE paboTaroT
Ha MOJETHBIX KOHTpoiepax. [IpommBKM TakKe pealv30BBIBAIOT pPa3HbIA (PYHKIMOHAN U
paccuntanbl Ha pa3Hbie OBIIJIActu mpumenenus. Hampumep, iNAV paspaborana s
ucnosb3oBanus ¢ GPS, a KISS — npeanasnadena a1 roHOK.

Betaflight — aTo koHUTYpaTOp ¢ OTKPBITHIM HCXOJHBIM KOJOM, pa3padaThIBacTCs
MOJIIEP>)KUBACTCSI COOOIIECTBOM €IMHOMBIIUIEHHUKOB. Y He€ Oouiblias MOJIb30BaTENIbCKas
0a3a, 4TO MO3BOJSET JAOCTATOYHO ONEPATUBHO MOJYYHTH OTBET HAa BO3HHMKAIOIIMI BOIPOC.
Taxoxe oHa moIEePKUBAET OOIIMPHOE YUCIIO MOJIETHBIX KOHTPOJLIEPOB. [lpyrue monyssipHbie
npommmBky s FPV-anmaparos — sto FlightOne n KISS. VX ncxomHblii KO 3aKpEIT, a )KeJIe30
¥ CaMH TPOIIMBKH TIOJICP>KUBAIOTCS TOJIBKO TPOU3BOIUTENSIMH, YTO PUBOIUT K TOMY, UTO
KOJINYECTBO MOJETHBIX KOHTPOJUIEPOB, MOJIEPKUBAEMBIX 3TOM MPOIIMBKON, OTpaHUYEHO.
Taxum oOpa3oM, Ipu BEIOOPE MOJETHOTO KOHTPOJLIEpa CcaelyeT U3yUUTh IPOLUIUBKY, KOTOpas
MOJIIEP>)KUBAET UMEHHO €ro.

CoBpeMEHHbIE TIPOIIMBKU JJIsl TOJETHBIX KOHTPOJUIEPOB MOXHO HAacTpauBaTh,
UCMOJb3Ysl CHEIMATIbHbIE MPOTrPaMMBbl, YCTAaHOBJICHHbIE Ha KOMIBIOTEP WM CMapTQOH; UIIH
IpsMO C MyNbTa yIpaBieHUs. Y KaXIOH NPOIIMBKM CBOM IOJIb30BaTENbCKUN MHTEpdeiic
YIPABIICHUS, IIPU IIOMOIIY KOTOPOI0 MEHSIOTCS HACTpOKH. HekoTopble MporpaMMbl UMEIOT
CXOKUU IW3aiH, HO YCTAHOBKA OJHUX M TEX K€ TapaMETPOB B Pa3HBIX IIPOIIMBKAX MOKET 1aTh
COBEPILIECHHO Pa3HbIN pPe3yJIbTar.

MuKpOKOHTpOJLIEP

B HacTos1ee BpeMs cyniecTByeT 5 OCHOBHBIX TUIIOB npoueccopos: F1, F3, F4, F7 u
H7. B 0CHOBHOM OHM OTJIMYAKOTCS PAa3MEPOM IaMATH U BBIYUCIMTEIBHBIMUA MOIIHOCTAMU. B
TabJnile HUKE Mpe/ICTaBIeHbl 3HaYeHHs] 00bEMa MaMsATH U TAKTOBOM YacCTOTHI IMPOIIECCOPOB.

Ta6J'II/ILIa 8. 3HaueHMs TAKTOBOM YaCTOTHI M IAMSTH IpouecCOpoB MUKPOKOHTPOJIJICPOB.

Tun

F1 F3 F4 F7 H7

XapaKTepuCTUKHU
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TakroBas yactora, MI 11

72

72

168

216

480

O0BEM mmamMsITH

128 xb

256 kb

128 xb

KoaudecTBO KAHAJIOB MOJETHOIO KOHTPpoOJIIEpA

MunumanbHOe TpeOoBaHHE
MCTOJIB30BATHCS ISl yIpaBieHus 4-Ms1 oCHOBHBIMU (yHKuusMu BITJIA:

MUHUMYM 4 KaHana,

MOCKOJIBKY OHH OydyT

e Kanai ra3za — oTBeuaeT 3a yMEHbIIICHUE U yBeIHUeHHEe 000poToB aurarenei bITIA;

e Kanan TaHTra)ka — OTBEYAET 3a HAKIIOH arrapara BIepea U Hasal;
o Kanan KpCHa — OTBCYACT 3a HAKIIOH OECIMUIIOTHHKA BJIEBO U BIIPaBO,

o Kanan PBICKAaHU — OTBCYACT 34 BpAIlllICHUC allllapaTa BOKPYT CBOEH ocH.

UART (mocsienoBartesibHbIe HOPTHI)

UART (ot anra. Universal Asynchronous Receiver/Transmitter — yHuBepcaIbHBbIi
acuHxpoHHbIN npuémonepenatunk). UART — anmapartHblii mocieqoBaTeIbHBI HHTEPPEIIC,

KOTOPBIN MO3BOJISIET TOAKIIOYUTH Pa3HbIe BHEITHUE YCTPONCTBA K MOJETHOMY KOHTPOJUIEPY.

Hanpuwmep, npuemank GPS-curnana, texemerpuro, TpaHCHOHIEP Ui TOHOK, YIpPaBIICHHE

BUACONCPCAATUUKOM U T.[. VYV KaxJI0ro mociaeaoBaTeIbHOIO mopTa JiBa KOHTAKTa: TX — ms

nepenaun AaHHblX, RX — nng npuema. Cnexyer 3amoMHUTh, 1X Ha mnepudepuitHom

yCTpOMCTBE MoakitouaeTcs k RX Ha 1mojeTHOM KOHTpOJIIEpe U HA00O0pOT.

KoauuecTBO nMocjeaoBaTeJbHbBIX MMOPTOB B MMOJIETHOM KOHTPOJLJIEPE

KonuuecTBO mOpPTOB 3aBUCUT OT Ju3aiiHa IJaThl U MCIOJIb3YEMOIO IpOIeccopa.

Hamnpumep, Ha monérHoM koHTposiepe tumna F1 o0sruHo TObKO 2 TIopTa, y F3 1 F4 Mmoxer

ObITb 0T 3 10 5,2y F7 — 6 vuu 7.

Tabmuna 9. KonmuecTBo mocie10BaTeNbHBIX TIOPTOB B 3aBUCUMOCTH OT TTPOIIECCOPa

KOHTpOJIIEpa.
Tun mpoueccopa F1 F3 F4 F7
Komuuecto
MOCIIEIOBATEIbHBIX 2 3-5 3-6 67
MOPTOB

HNHBepTHpOBaHue CUTHAJIA MOCJIE10BATEIbHOIO NOPTA
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[Ipoueccopsl F3 u F7 MoryT nHBepTHpOBAaTH CUTHA BCTPOCHHBIM UHBEPTOPOM, a F1 u
F4 — ner. Curnanet SBUS u SmartPort sBIsSFOTCSt ”HHBEpTHPOBAaHHBIMH, TTOATOMY BJIaICIIbIIBI
MONETHBIX KOHTpOJuiepoB Tuna F3 u F7 npuHuMaroT Takue curHaibl 6e€3 mpoosiem.

Opnnako, Oonee crapble mporeccopbl, Tuna F1 u F4 TpeOyroT HalMuus BHEUIHETrO
WHBEPTOpa CUTHANIa, KOTOPBIM IMOAKIIOYAETCS K COOTBETCTBYIOLIEMY IOCIIEOBATEILHOMY
nopty. s ynoOCcTBa moab30BaTeNIel HEKOTOPBIE MOJIETHBIE KOHTPOJUIEPHI Ha F4 yxe nMeroT
cxembl Jisi mHBepcuu curHaioB SBUS u SmartPort, Tak 4TO NpuUEeMHHUK MNOJKIIOYAETCS
HaMpPsIMYIO K KOHTPOJLIepy. Eciiu BCTpOGHHOTO HHBEPTOpA HET, TO HEOOXO0IMMO HUCIIOIB30BATh
OJTHO W3 OOXOJHBIX PEIICHUH, HAMPUMEP, MPOrPAMMHYIO SMYIISIHIO MOCIEI0BATSILHOTO
nopta (soft serial) mim HaliTH HEMHBEPTUPOBAHHBIN CUT'HAT HA IPUEMHHKE.

Ecnu mopToB He XBaTaeT, MOXKHO UCTIOJIB30BATh MPOrPAMMHYIO AMYJISIIHIO (Soft serial),
9T00BI «co37aaTh» emE Oombine mopToB. CleayeT MOMHHUTB, YTO SMYJIUPYEMBIE IMOPTHI
paboTaroT MeJUIEHHEE aIapaTHBIX (HEJb3sl BHICTABUTH OOJIBIIYIO CKOPOCTH) M HE HOAXOJST
IUIsl BOXKHBIX 3a1ad, rae TpeOyercs ObICcTpas peakuus, HalpuMmep, OHH HE HMOAONIYT aJs
paboTel ¢ mpueMHHKaMHu. EmE omHMM HemocTaTkaM MPOTPaMMHON ASMYISIUS SBISETCS
OO0JIBIIIOE UCTIONB30BAHUE PECYPCOB MTPOIIECCOPA.

I'mpockonsl (Gyro), nnepunanbuas Hapuranusa (IMU)

[{enb 1aTYMKOB HA MOJETHOM KOHTPOJUIEPE 3aKIF0UAETCs B ONPEAEICHUN OPUEHTALIUN
JIeTaTeJIbHOrO ammnapaTa B IPOCTPAHCTBE M OTCIEKMBAHUM €ro JIBHXKEHUsA. MHUKpocxema ¢
narunkamu (IMU — Inertial Measuring Unit — uHepuuanbHBIA H3MEPUTEIbHBIA OJIOK)
COJIEPKUT KaK TMPOCKOIIbI, TaK U aKCelnepoMeTpal. K caMbIM 4acTO UCIIOJIb3yEMBIM ITOJIETHBIM
pexumam  Betaflight moxHO oTHecTH Acro (akpo win py4dHoil pexum) u  Angle
(camoBbIpaBHHMBaHKE). B pydHOM pexuMe MCHOJNB3YIOTCS TOJIBKO T'MPOCKOMNBI, a B Angle u
TUPOCKOIIBI, U aKceaepoMeTprl. B cBs3M ¢ Tem, yTo O6oabmMHCTBO MuiaoToB FPV-annaparos
JIETAIOT B PYYHOM PEXHME, TO aKCEIEPOMETPHI 4acTO OTKJIIOUaoTCs B HacTpoiikax Betaflight,
YTO II03BOJISIET COKOHOMHUTH BBIUMCIHUTENbHBIE pecypchl. [lo 3Tol ke mNpuuMHE MOf
MHEepLHUAIbHOW HaBUTAllMEe OOBIYHO MOApPA3yMEBaIOT TOJIbKO TUpockonsl (gyro). Haubonee
MOTYJISIPHBIE TUPOCKOIIBI, UCTIOJIb3YeMble B OECITMIIOTHUKAX, IpeAcTaBieHsl B Tabaue 10.

Ta6muua 10. [Tepedens MOMyISIPHBIX THPOCKOTIOB.

Crioco6 moKIrouYeHus MaxkcumMasnbHas 4acToTa
HaumeHoBanue rupockomna
(mmHa) omnpoca, kIt
MPUG000 SPI, i2c 8
MPUG050 i2c 4
MPUG500 SPI, i2¢c 32
ICM20689 SPI, i2¢c 32

VY IMU ecTb AB€ OCHOBHbBIE XapaKTEPUCTUKU: MaKCUMaJIbHasl 4aCTOTa OMpoca AaTyuKa
1 3alIyMJICHHOCTh TIOJYYCHHBIX JAHHBIX (MEXaHUYECKUMHU BHOPAIUAMH U DJIEKTPUUECKHUMH
nomMexamu). B Hacrosiee BpemMsi 04eHb 4acTO UCTOIB3YyI0T MuKkpocxemy MPU6000, kotopast
nojaepkuBaer vacrory ompoca n0 8 kl'm m obIIJIAgaer xopoiieil yCTOWYHMBOCTBIO K
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pasnmuuHbBIM ITymMaMm U nomexam. JKemarenbHO crapathes uzberatb MPU6500, xoTs y Hero
0oJb11e paboyas yacToTa, HO ¥ YPOBEHb IIIYMOB TaK)K€ 3HAYUTENBHO BbllIe. ClieyeT y4ecTb,
4yTO pa3Hble cepuu rupockonos [CM umerot pasneie xapakrepuctuku. Hanpumep, ICM20689
— OJIMH M3 HAaWMEHEE MPEANOYTUTENIbHBIX BapUaHTOB, JIETKO BOCIPUUMYHUB K IIYMY, C
HaJICKHOCTHIO BOZHUKAIOT MPOOJIEMBI.

B nocnenanee Bpems nosiBisiercsa BcE Ooiblle M OOJBIIE MOJETHBIX KOHTPOJUIEPOB C
THPOCKONIAaMH Ha OT/AEIBHOM IJIaTe ¢ aHTUBUOPAIIMOHHOMN MPOKJIAJAKOH.

Inna noak/I04YeHus

i2c mu SPI — »To Ha3BaHMs MIMH IS TOJKIIIOUYEHHUS THPOCKOIOB K IIPOIIECCOPY.
BoiOpannasi 1mMHa MOET OrpaHMYUTh YACTOTHI OIMpoca TUPOCKOmNoB. Jlydiie Bcero
ucnonbs3oBath SPI, Tak kak oHa Mo3BoisieT pabOTaTh C OONBIIMMH YacTOTaMH, YeM i2c, y
kotopoil ynumMuT B 4 kl'm. IlpakThuecku Bce COBpPEMEHHBbIE MOJETHBIE KOHTPOJIEPHI
ucnonb3yroT SPL

THIbI IPUEMHUKOB

[IpueMHUKHN Takke UrparoT BaXHYIO poib B ynpasienun BIUJIA. Hwuxe npuseneHsl
HauboJjee pacnpoCTpaHEHHbIEC TUIIBI TPUEMHUKOB:

e [Ipuemuuku PMW.
PMW — 510 ycrapeBmiuii THI NIPUEMHUKOB, OHU HCIOJB30BAINCH HA MPOTSKEHUU
JECATUIICTUM, U JUIsl HBIHEIIHEW BOJIHBI TEXHOJOTUNA C HUMH CIHMIIKOM MHOTO XJIOIOT,
HE roBops yke 00 ux pazmepax. B PMW ucnosns3yroT oa1H IpoBOJI CEpBONPUBOIA AJIs
onHOro KaHana. Eciu Bbl BeiOepeTe 9-M KaHaJIbHBIM NEpEeaTUMK WM BBIIIE, BaM
IPUJETCS MOAKIIOUNTE 9 K 6osee MpoBooB. Takas cloKHas U TsDKeask IPOBOAKA
IIPUBEJET K MOBBIIICHUIO MACChI JIETATEIBHOTO anmnapara.

e [Ipuemuuku PPM min CPPM.
DT BUABl NPUEMHUKOB HOBEE, OHM IIOCIIEJOBATEIBHO OTIPABISIOT HECKOJBKO
curdainoB PPM o ognomy npoBoay. Ilo ogHOMY MpOBOAY MOKHO MOAKIIOUUTH 10 8
KaHAJIOB, YEro JOCTaTOYHO Il OOJNBIIMHCTBA mojbk3oBareneid. Jlo cux mop PPM
UCIOJIB3YIOT B OOJIBIIMHCTBE MYJIbTUKONTEPOB.

e [Ipuemnuku SBUS.
SBUS moxox na PPM. D10 mocnenoBareabHOe COCIUHEHHE, KOTOPOE TMEpPEeaacT BCe
YIPaBJISIOUIUE CUTHAIIBI TOJIBKO 110 OJJHOMY ITPOBOAY, HO HAMHOTO ObIcTpee, uem PPM.

o [Tpuemuuku DSM2 / DSMXx.
DSM2 nmn DSMX ycTOWYMBBI K NOMEXaM M MOTYT NEPEKIHYaTbCsi HA pa3HbIC
YacTOThI, YTOOBI OJAEPKUBATH CUTHAI MEXAY IPUEMHUKOM U MepeaaTyuKoM.

Tenemerpus

Tenemempus — 370 nepeaada (PU3NYECKUX MapaMeTPOB KONTEPA Ha MyJIbT yIPaBJICHUS.
OTO0 MOXeT OBITh MECTONOJIOKEHHME, IPOLEHT 3apsia Oaraped, BBICOTA, CKOPOCTb,
notrpeOieHne TOKa W Apyrue 3HaueHus. s TeneMeTpuu MepefaTyuk JOJDKeH HMETh
npomnBKy Open TX.
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KpenJienne KoHTpoJLIepa K pame

B monere KOHTPOJUJIEP HUCIIBIThIBACT BI/I6paI_[I/II/I " IIYMBI. OtH BO3HCﬁCTBHH HEraTuBHO
BJIMAIOT HA IIOKa3aHHsA HEKOTOPBIX JAaTYHUKOB. Hx mokazaHus HCKaXaroTCsA, U 3TO MOXKCT
BBI3BAaTh CCPBE3HBIC HpO6J'IeMBI npu 1OJICTEC. HOBTOMY KOHTPOJIJICPp OOJIKCH HMCTb
CMATYAIOIIUE MTPOKIAJOYHBIC MaTCpUallbl B MECTAaX KPEIJICHUSA K paMe.

5.9. Hacrpoiika BIIJIA

[Tocne cOOpKM Bcex KOMIIOHEHTOB KBaJIPOKOIITEPA, HY’)KHO YCTAHOBUTH MTPOTrPAMMHOE
o0OecrieueHWe HA TIOJNETHBIM KOHTPOIJIEp M PEryIsSTOpbl 000POTOB  CHEIUATBHBIMU
nporpammamu — 310 Betaflight u BLHeli.

¥YcranoBka nporpaMmMHOro odecniedenust Betaflight na noJsiernslit konrposuiep u ESC
BLheli na peryasitopsi 060poToB

Kesaopokonmep — 3TO CIOXHOE YCTPOMCTBO, COCTOSIIEE W3 MHOTMX KOMIIOHEHTOB,
KOTOPBIMH HEOOXOTUMO YIPaBIATh. [ 5TOr0 OBIIO MPUIYMaHO POTPAMMHOE 0OECIIeUeHHE,
YCTaHABJIMBAEMOE B MOJIETHBIN KOHTPOJIEP C TOMOIIbI0 Kabenst microUSB u korduryparopa.

Kounghueypamop (Configurator) — 310 nporpamMmma, KOTopasi 3arpykaeTt mporpaMmMHOe
o0ecrieYeHre B MOJICTHBIN KOHTPOJIIEP, a TAK)KE MTO3BOJISIET €r0 HaCTpanuBaTh. I lomysipHOCTHIO
MOJIB3YIOTCS 2 OCHOBHBIX KOH(UTYypaTOpa:

e Betaflight Configurator;
e CleanFlight Configurator.

st yeranoBku 110 Ha kBagpokonTep HEOOXOIUMO ClIeYIONIEE:
e KBagpokonTep ¢ MOJETHBIM KOHTPOJIIIEPOM, KOTOpbIi noanep:xusaet Betaflight;
e MicroUSB ka0eib;
e KowmmsroTep;
e lHTepHerT.

Tenepr HeoOxomumo yctaHoBuTh KoHduryparop, ¢ MNOMOIIBIO KOTOPOTO
yctanaBnuBaercs [10 Ha moJeTHBIN KOHTPOIUIEP KBaIPOKOITEPA.

IloaxaroueHne KBa/IpOKONTEPa K KOMIIBIOTEPY

Jliig Toro utoObl yctaHoBUTH [1O Ha moJeTHBIH KOHTpOJIIEp, HEOOXOUMO 3aKaTh U
YAEpKUBaTh KHONKY «Boot» Ha IjaTe MOJETHOrO KOHTPOJIEPA, W B ITOT KE MOMEHT
MIOACOCIUHUATL €ro K KoMIbroTepy. IIpm HaxaTuM Ha KHOIIKY 3aIlyCKaeTCs pexuM
«Bootloader», TO ecTb MONETHBI KOHTPOJUIEP TEPEBOAMTCA B PEKUM OOHOBJICHUS
nporpammHoro obecnedenus. [locne noaxmouenust USB-ka0enst K KOMIBIOTEPY U MOJIETHOMY
KOHTPOJLIEPY JOJIKEH TOPETh TOJBKO OJUH CBETOAUON. Eciii BTOpOil CBETOAMO MUTAET, TO B
HacTpOMKax JomyiieHa omuoka. [TocTosSHHO 1oIKeH TOPeTh CHHUN CBETOIHO/I.

YcranoBka I1O Ha moJIeTHBINH KOHTPOJLIEP
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[lepexonum K mpoiieccy yCTaHOBKH.

ITepexoaum Bo Brianky Betaflight Configurator «Firmware Flasher» (1), Haxumaem
KHOIMKY «Connecty (2) (puc. 84).

W e Confgursior

L
) BETAFLIGHT

Welcome

S8 SETAFLIGHT

1 sicome 1o Betaflight - Configurator. 2 t/1

Contributing

ways, incusng
o using your knowledge of or sars. questons in

onine forums:
© contributing code 1o the frmware G Configrator - new features, fies, Improvemens
o testng mew features and fxes and pronaing feedoack
o hepng epon

request

ardware using a CP210x USB to seral hip - o
Tne atest CP210x Drivers can be downioaded from hare
USE drver

n We ai50 have & Facenook Group.

Configurator- 10.7.2 (ee1013b4)

Port ugization: D 0% U-0W | Packeterror:0 | 12Cemor-0 | Cycle Time: 0

Puc. 84. Benenune B pexXxuM yCTaHOBKH ITPOTPAMMHOTO 00€CTIeUeHUs

B nocnenyronieM 1 HACTPOWKHK Ha 3Ty BKIIAJKY MEPEXOIUTh HE HYKHO, JOCTATOYHO
HaxkaTh Ha «Connect» mocie nnoacoeaunenns kadeis k BITJIA u [TK.
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2. PaccMotpum pucyHok 85:

B e Contopom

S BETAFLIGHT

e Wekome

Siemmare Fasher

L el it

Port uemion: O, 0h U OW | Facket eror: 0 | € armor.0 | CycieTme ¢ Cortgarsor 1072 (ewTb0R4)

Puc. 85. YcranoBka nmporpaMMHOro obecreueHus Ha MOJETHBIN KOHTPOJep

[on mudpoii 1| — Ha3BaHME BaIIEro MOJIETHOTO KOHTPOJLIEPA.

[Mox mudpoii 2 — Bepcus MPOLTUBKH.

B arom cnicke BeIOMpaeM MOCIEIHIO HOBYIO Bepcuto. Eciii akTUBHpOBaTh BEPXHUI
NoJ3yHOK «Show unstable», TO MO’KHO yCTaHOBUTH O€Ta-BEPCHIO MPOIIUBKH.

Bce ocranpHOE OCTaBIIsIEM KaK €CTb.

3. BoiOupaeM CcBOW KOHTPOJUIEp M BEPCHIO MPONIMBKH, 3aTeM CIIyCKaeMcsi BHU3 U
HaxkuMaeM kHonky «Load Firmware» (3). Haunercs mporiecc 3arpysku I1O ¢ cepepa
(puc. 86).

[Mpu sTom kHOmKa «Flash Firmware» (4) ere HeakTHBHA.

=

. BETAFLIGHT

Firmmace Flasher

3 50¢ USB Plashing s4c1n oF Betafegne mans

. emkawes ] Load Firmware(0nine]  Load Firmware [Lacal)

Bortusiaton: D 0% U 0% | Packes eror-8 | 12C emor: 0 | Cyche Teme 0 Configurstor: 107 2 (ee1863)

Puc. 86. YcraHoBka mporpaMMHOTO 0OecTieueHus Ha TOJETHBIN KOHTPOJIEP
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4. Tlocne 3arpy3ku ¢aiinos [10 Ha koMIbrOTEep OyAET HOCTYITHO €r0 ONMUCAaHUE, a TAKKe
aktuBupyetcs kHomnka «Flash Firmware», u Oyner HanmucaHn pa3mep MPOIINBKH.

5. Tenepp HeoOXoaMMO HaxkaTh Ha KHOTIKY «Flash Firmware», uto0s1 yctanoButh I10 Ha
MOJIETHBIN KoHTpoJuiep. TpeOyercs mpu 3ToM ciaenuTh 3a npoBogoM USB, uToOsl oH
ObUI Ha/Ie)KHO BCTABJICH B MOPT.

6. Haunércs npouecc 3arpy3ku (ailyioB MPOIIMBKY B IOJIETHBINA KOHTPOJLIEP.

7. Tlocne toro, kak Konduryparop 3arpy3uT (aiiasl, OH UX IPOBEPHT.

Teneppr cHOBa HEOOXOAMMO Ha)KaTh Ha KHOIMKY, KOTOpas CHadajga HasblBajach
«Connect», 1 OTCOENMHUTH KBAaIPOKONTEp. 3aTeM IMOACOSAMHUTH CHOBA. J[OJKHBI
3aropeThcsi 00a CBETOIMOMA, MPUUEM OAUH OyJIeT MUrarh, a APYroil — MOCTOSHHO
CBETHTb.

IIpommBka peryasaTopos 06oporos (ESC)

[Mepexomum k ycranoke BLHeli Configurator (puc. 87).

Port utiization: D: 0% U 09 | Packet errar. 0

Puc. 87. YcraHoBka nporpaMMHOro obecredeHus st peryasitopoB odopotos (ESC)

Z[HSI HaCTpOﬁKH peryjiaaTopoB O60p0TOB HCO6XOI[I/IMO BBIIIOJIHUTD CIICAYIOUINEC MIaru:

1. CuaTh ¢ KBaApoKonTepa nponeiepbl. ITo 0053aTeIbHOE YCIOBHE.

N

[ToAKITFOUNTE aKKYMYJISTOP.

3. TlogkmounThest K KOMIBIOTEPY ¢ momolisio USB-kabens. Haxxumates U ynepxuBath
KHOTIKY «Boot» kKak ¢ MpouuBKOi MOJETHOTO KOHTPOJIEpa He TpeOdyeTcs.

4. Otxkpeite BLHeli.

5. Haxate «Connect», mocie 4Yero OTKPOETCS MpeABapUTEIbHOE OKHO, B KOTOPOM

JIOJDKHA O0TOOpaxkaThes JKENTas MoJ0ca-yBeJOMICHHE. 3aTeM He0OX0MMO HaXKaTh Ha

kHOTIKY «Read Setup» B HIKHEM NPaBOM YTy, MOCJE YEro aKTUBHUPYETCS TIaBHOE

OKHO HaCTpPOEK.
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ESC1. CH-25,16.7

Nermal
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ESC2:CH 25,167
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[ FRSH FRMWARE

FLASH FIRMWARE

‘Save Debug Log

Port ublization D; 0% U: 0% | Packet error:0

ESC3: CH-25, 167
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an
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ESC4. CH-25,16.7
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FLASH FIRMWARE

FLASH FIRMWARE

110

Puc. 88. YcraHoBka mporpaMMHOT0 obecrieueHus ist peryistopoB o6oporos (ESC)

©o gk~ w

©

10.

PaccmoTpum TepMHHBI 0J10Ka, pacIioioKEHHOTO CrpaBa Ha pucyHke 88:

Ha ¢uoneroBoii monoce pacroioxkeHo Hazsanue pe2yisimopos,

Motor Direction — 3To HanpaBiieHHE BpaILlCHHUs MOTOPOB. Eciii MOTOpBI KpyTSTCS HE B
Ty CTOPOHY (9TO IPOBEPsIETCs IO cxeme, KoTopast ecTh B Betaflight Bo Bkianke Motors),
TO TMEpernanBaTh UX HE HYXKHO, JOCTATOYHO MOMEHSTh HAINIPABICHUE BPAILCHHUS JTON
BKJIQIKOMH.

PPM min Throttle — 570 MuHIManbHBIE 000POTHI ABUTATENEH BO BpeMsi paOOTHI.

PPM Max Throttle — 3To MakcumasnbHbIe 000POTHI JBUTaTENEi BO BpeMst pabOTHI.
Knonka «Flash Firmware» — 310 KHOIKa IPOIINBKH PEryIsITOPOB.

Ecnu Bce perynsaTopsl ofauHakoBble, TO TpeOyerca Haxarh Ha KHoOnKy «Flash All»
BHHU3Y, €CIIU PETYJISATOPHI pa3Hble, To — Ha KHOMIKY «Flash Firmware»;

311ech MOSBIIAIOTCS CIIEAYIONINE TTapaMeTpHI:

ESC — 310 Ha3BaHUME PETYIATOPOB, ONMPEACIAETCS CAMOCTOSITEIIHHO.

Mode npucBauBaercst MULTI.
Version 9TO  BepCHs
pEeKOMEeHAyeTCs BCeria BBIOMpaTh MOCIEIHIO BEPCHUIO.
Ecnu Bc€ BbIOpaHo, TO cieayeT HaxaTh Ha KHOIIKY «Flashy;

obecreueHus,

YCTaHaBJIMBAEMOT' O porpaMMHOTO

[IpommBka Havanace;

Heo0xoa1Mo 1po/ienaTh OMKMCaHHBIC BBIIIE MPOIEAYPhI CO BCEMHU PETYJISITOPAMH, €CITH
y HUX pa3HbIe Bepcuu, 100 Haxath Ha KHONKY «Flash Ally.

[Mocne mpomuBku TpeOyeTcst Haxarh Ha KHOMKY «\Write Setup» u OTKITIOYMTHCS OT
KOH(]UTYypaTOpa, 3aT€M OTKIIOUYUTH aKKYMYJISITOP U CHOBA OAKIIOYHTH.

Ha sTom mponiecc ycranoBku 10 3akaHumBaercs.
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Pe3epBHOE KONMUpPOBaHMe

[epen mr0OBIME HACTPOWKaMU B KOH(UTYpaTOpe, NENANTe pe3epsHyo KOnuK KHONKO
«Coxpanumsy Ha rnaBHOW crTpanure Betaflight. B mo6oii MomeHT MokHO Oymer
BOCIIOJIb30BATHCS PE3EPBHOM KOIHUEN U BOCCTAHOBUTH COXPAHEHHBIE JAHHBIE.

Bxawuure PEKUM IKCIIEPTaA

[To ymomyanuio mporpamma paboTaeT B YIPOIICHHOM PEKUME, CKPBIBasi 9aCTh CBOETO
(dyHKIIMOHAIA. DTOT PEKUM MOJOUACT JUIsi HAYMHAOMIKX. JIJI1 TOrO 4TOOBI MOTYYUTh TOCTYIT

KO BCeM (QYHKIIHAM, HCOOXO0IUMO HaxaTh Ha (hIakoK «BKIIIOUUTH pexxuM sKcriepray (puc. 89).

— @ %

> Ob6rosums Orxmoumms
NPOWWBKy

Puc. 89. BxitoueHnue pexxuma 3Kcrepra
IMopThI

Ha »oroii Bknagke Haxonarcs Hactpouiku 1ii UART-moproB, TO ecTh i

MOCJIe/I0BATENbHBIX TOPTOB, KOTOPbIE MCIIONB3YIOTCS [l OOMEHA JaHHBIMU C Pa3IUYHBIMU
KOMITOHEHTaMHU TaKMMH, KaK IPUEMHUK, BUeo-niepenatunk, GPS-monyns u tak nanee. USB
VCP Bcerna BKIJIIOYEH, 3TO TOT MOPT, B KOTOPBIH BCTaBisieTcst mpoBo MicroUSB.

15200 v

115200 v

115200 v Omowuewo v [AUTO * Onoueno ¥ | AUTO ¥

Puc. 90. Bxnanka noptoB

B »TOoM pasnene o0s3aTeNbHO HY)KHO BKJIIOYHUTH MOPT, KOTOPBIM UCHOIB3YeTCS IS
oOMeHa uH(OpMaIHe ¢ MPUEMHUKOM. Y Pa3INUHBIX MOJETHBIX KOHTPOJIJIEPOB OH MOXKET
ObITh pa3HbIM, Ha pucyHke 90 BoiOpan mopT miis npuemHuka — UARTI. TlosTomy BITtOUEH
mo3yHok Ha Serial Rx.

Kongurypauus
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Ha »stoli Bkiagke BBITIOJHSIOTCS 0a30BbIe HACTPOWKH TaKhe, KaK MPOTOKOJ CBS3U
MOJIETHOTO TIPOTOKOJIA C PETYJIATOPaMU 000POTOB, MMPOTOKOJI CBSI3M MPUEMHHUKA C TIOJIETHBIM
IIPOTOKOJIOM, PACIIOIOKEHHE IUIaThl U MHOTOE Apyroe (puc. 91, 92).

B Bectiohe Confguraor - 5 %

Sy BETAFLIGHT

n
-

_ Hacrpoien ESC / Motopos

Quad X . DSHOTE00 B €

MOTOR 5TOP =
\ p 1 esc senson nssLe 7 wepesorRemma nposcn
T L p———————

INFLIGHT_ACC_CAL

seRvo_TRLT
SOFTSERIAL oy oA ROCASER
SONAR -

TELEMETRY E——— 6
Leo staip Moasepxa pamouberoR LED Ay

DISPLAY

CHANNEL FORWARDING
TRANSPONDER
AIRMODE

o050

DYNAMIC FILTER

Puc. 92. Hacrpotiika koH(HTYparun

1. Hacrpoiiku ESC/MotopoB
B sToM 0110K€e HacTpanBarOTCs MPOTOKOI U JIBUTATEITH.
DSHOT600 — 3T0 mpoTOKOJ, Ha KOTOPOM OYAYT 0OLIAThCs PEryISATOPbl 000POTOB U
noneTHbI KoHTposiep. Bee coBpemennsie ESC u 1K noanepxusaror DSHOT300,
DSHOT600 u DSHOT1000. Heobxoaumo BBIOMpaTh TOT, KOTOPBIH PEKOMEHIYET
HPOU3BOIUTEIH.
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MOTOR-STOP — ucnosib3yeTtcst Jyisl OCTAHOBKH JBUTATENEH MpH BKIt0UeHUH. OOBIYHO
(GYHKIUIO HE BKIIIOYAIOT, TAaK KaK HYKHO KOHTPOJIMPOBATh pabOTy JBUTATENEH.
ESC_SENSOR — ucnionb3yeTcs Juisi BKIFOUCHHS TEIEMETPHH, €CIIA Ha PETYIISITOpax IS
3TOT'0 UCIOJIB3YETCs OTACIbHBIM CUTHAIBHBIN IPOBOJ.

Jeyxcmoponnuti Dshot — HoBass ¢ynkiusi B Betaflight 4.x, koropas mo3Boisier
KOHTPOJUIEPY MOJIEeTa NOIydaTh TOUYHYIO TEJIEMETPUIO0 000POTOB BpAIICHUS ABUTATEIs
no curHaibHOMYy Kanany ESC. Ho curHanm mnocrtymaer 0e3 HCIIOJIb30BaHHS
JIOTIOJTHUTEIBHBIX POBOJIOB U KAHAJIOB.

Ilontoca momopos — OKOIIKO, B KOTOPOE HEOOXOAUMO 3alicaTh KOJIMYECTBO MAarHUTOB
B KOJIOKOJIE.

Xonocmoti x00 — 3TO TO, ¢ KaKOH CKOPOCThIO OyAyT KPYTUTHCS MPOMEIIephl Mocie
BKroueHus (Arming). O6buHO xBartaeT 2-4%.

PacnoJioxenne njiaTsbl 1 1aTYNKOB

B sToM Onoke o0bruHO HacTpamBaetcs Tonbko «llepBorii I'IPOy. IlpousBomurenu
Bceraa ctaBiat nopt USB rae-aHuOynb cOOKy, ¥ MHIOT, KOHEYHO K€, OCTABUT IIJIaTy
MOJIETHOTO KOHTpOJUIEpa TaK, YTOOBI ObUIO YyHOOHO MOJKIIOYATh MPoBOA. B aTom
ciydae ecTh Oonbinoit manc, uto Betaflight Oymer mnoka3biBaTh MOJENBKY
HEeMpaBUIIbHO, TO ecTh mnpu HakioHe BIIJIA Bmepexn, monenbka OyAeT OTKIOHSATHCS
BIpaBo. UTOOBI 3TO HUCHPaBUTh, UCHOIB3YETCS BOT TAaKOH BUPTYalbHBI MOBOPOT
IJ1aThl.

Arming

MaxkcuManbHblii HakJIOH KonTepa. Eciu Oyner crosth ManeHbkoe yucio, To BIIJIA
Oyzmer 3amyckaTbCcs TOJNBKO Ha HIEANIbHO POBHOW MIiomagke. Hampumep, ecnm
BbIcTaBUTH 180 rpagycos, To BITJIA MoxHO OyJeT 3anyCTUTh XOTh OOKOM.
CucremMHbIC HACTPOUKH

3nech BbIOMpaeTCss 4acToTa OOHOBJIEHUS BbIUMCIEHHUH rupockona u nukia PID, yem
OHHU OoJibIIe, TeM yHIle OyJeT JIeTeTh KBaJPOKONTEP B BO3JIyXe, HO HY)KHO CIEIUTh,
4qTOOBI y Ipoleccopa ObUT 3amac JJis JIOMOJHUTENBHOW pPaboThl, 3Ta CTpOYKa
MTOKAa3bIBAETCS] B CAMOM HH3Y IIPOTrPAMMBI.

B sToM 6110K€e Takke BKIIOYAOTCS TaTYMKHU MOJETHOIO KOHTPOJLIEpA.

Axcenepomemp  BKIIIOYa€T ¥ OTKJIIOYAET ABTOMATHUYECKYIO0  CTaOMIIM3aIUIO
KBaJIpOKOIITEpA.

bapomemp BkII0YaeT M BHIKIIOYAET (PYHKIUIO YAEP)KaHUS BBICOTHI.

Maenumomemp — 3TO KoMIlac, KOTOpPbIM mo3BoisieT ynepxkusatb BIIUJIA B ogHOM
HampaBJICHUU.

IIpuemHux

3nech BbIOMpaeTcsi pexuM paboThl, B HAIIeM Ciy4ae BBIOpAaH pEXUM C
MOCIE0BAaTENIbHON Tepenadeid JaHHbIX W mpotokosioM SBUS. B 3aBUcHMMOCTH OT
MPOM3BOIUTENSI, Oy/eT cBOM BbIOOpP, HampuMmep, y FrSky ucnons3yercs SBUS, a y
FlySky — IBUS.

Tabmuma 11. CoorBeTcTBHE OpEH/TTPOTOKOI.
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HasBanue anmapatypsl IIpoTokon
DSM2 Satellite SPEKTRUM1024
DSMX Satellite SPEKTRUM2048

FrSky RX SBUS
Futaba RX SBUS
FlySky RX IBUS
Turnigy RX IBUS

6. Ilpoumii pyHKUHOHAT
Ha nanHOi BKIaJKe MOXKHO BKJIIOYATh WM OTKJIIOYATh pasHele (yHKuuu. Ha
CTaHJIaPTHOM KBaJ[POKOITEPE, OOBIYHO BKIFOUEHBI:
TELEMETRY — ut0o05bI OblJIa BO3MOYKHOCTH IPUHUMATh TEIEMETPHIO.
AIRMODE — 310 py4HO#i pexxuM yripaBienus, 6e3 crabunuzanuu. BkitouaeTcs, 4To0b1
He OBII0 HEOOXOAMMOCTH BKIIIOUATh €r0 TYMOJIEPOM.
OSD — 4ToOBI B BamieM BHJCO-IIIEME WM BUICO-OYKAX IMOKA3BIBAIMCH 3HAYCHHUS
TEJIEMETPUH TaKHe, KaK 3aps]l aKKyMyJIATOpa, BPEMSI U JPYyToe.
DYNAMIC_FILTER — 3To HOBBIH (puiabTp, KOTOpHINA MosiBHIICS HenaBHO. [To3Bomser
BIUIA nerats 6onee cTaOUIBHO.
OcranbHble:
INFLIGHT_ACC_CAL — dyHKIus Ui «IOJTOJETOB», KOTOpbie yeratoT Oonee 20
MUHYT. DYHKIHS MO3BOJSET BpeMs OT BpeMeHU KanuOpoBaTh akcenepomerp. Ha
TOHOYHBIX 1 MUHUKBAIPOKOIITEPAX KATHOPYETCS MPH MOIKIIOUSHIH aKKyMYJISITOPA.
SERVO_TILT — ¢yHkuus, BKIIIOYArOImas cepBOIMPHUBOI, KOTOPHIM MOXHO B TPOIIECCE
0JIeTa peryanupoBaTh HaKIOH FPV-kamepsl.
SOFTSERIAL — ¢yHKITMS, TTO3BOJISFOIIAS TOAKITFOYATh MHOTO KOMITOHEHTOB 110 UART.
SONAR — ¢QyHkuus, BKIIOYaroLas TMOJJAEPKKY COOTBETCTBYIOIIUX JIaTYHUKOB,
HampuMep, 1aTYHK BHICOTHI.
LED_STRIP — d¢yuknus 1 ynpaeneHuss LED-cBeTonmomHbIMH — JeHTaMu,
HacTpauBaroTcs Bo BKiaake «LED Stripy.
DISPLAY — ¢yrkmus nogakmrodernss LED-nucIuieeB kK KBaapoKONTepy.
CHANNEL_FORWARDING - ¢ynaknus, mnpenHa3HaueHHas JUIsl  YIPaBICHHS
cepBonpuBoiamu depe3 kanaiasl RC AUX channels (kanansr 5-16). [Tocne BkmroueHus
KaKIbI KaHAT HaJI0 Oy/1eT HaCTPOHT.
TRANSPONDER — ¢yHKIMs TS TOKITFOYEHUS TPAHCIIOHIEPA.

ITocne Bcex HACTPOCK HGO6XOI[I/IMO HaKaTb Ha KHOIIKY «COXpaHI/ITB U IICpEe3arpy3uThb»
B HUKHCM IIpaBOM YTy, UHA4YC HaCTpOﬁKH HC COXpAaHATCH.

IIpneMHMK ¥ annmapaTtypa ynpapJeHuUst
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[Tocne HacTpoiiku KoH(pHUTypauu, MepexoauM K HacTpoike pazaena «lIpuémuuky,

3/1eCh HACTpaUBAETCs armaparypa ymnpasieHus (puc. 93).

94).

Puc. 93. Hacrpoiika paznena «[IpuéMHIK»

. Ecnu BBl 5teTaere ¢ nomousto annapatypsl Taranis, FlySky, Turnigy niau Spektrum, o

BaM HYKHO BbIOpaTh BO BKiIajke «Tabiuila KaHaioB» HYXKHbIH OyHKT: «JR /
Spektrum/Graupner» wiu «FrSky, Hutaba, Hitecy», 3aTeM aBTOMAaTH4ecKd BCTABUTCS
tabinua AETR1234. Cnenyromuii mar — HakaTie KHONKH «COXpaHUTh.

. [loporu. 3nmeck mpomnuckiBaeTcs IU(POBOE 3HAYECHUE CTUKOB B KpallHEM HIKHEM

MOJOKEHUM W B KpallHEM BEpPXHEM NOJIOKEHHHM, a Takke Mo ueHrpy. Hacrtpoiika
MPUMEHSETCS JUTsl KATHOPOBKH TMOJIOKEHUsI CTUKOB Ha Ballled ammaparype. 3HauyeHus
M0 YMOJTYAaHUIO OOBIYHO HE TPEOYIOT U3MEHEHUSI.

. HpI/I BKJIFOUCHUHN IIYJIbTa W MpPU ABUKXCHHUU CTUKOB B PA3JIMYHBIX HAIPABJICHUAX,

pasHOIBETHBIE ToNocku OymyT Oerath B mpenenax ot 1000 mo 2000, cpeanee
MOJIOKEHHE TPH OTIYCKAHUU CTHKA JIOJDKHO OBITh Ha oTMeTke 1500 + 1-2 enuHuIbI,
HO Jiyu1ie, yToObl Ob110 TOYHO 1500. [ToTOMy uTO 3TH 2 rpanyca OyayT BHOCUTH CBOU
KOPPEKTUBBI B TIOJIETE.

Pe:kumbl

DTOT pazjien clienaH JUisl HACTPOUKH pa3HbIX TyMOJIEpOB Ha MyJIbTe YIpaBieHUs (puc.

HacrtpauBaroTcs cienyroiiye qBa CTUKa:
Arming — ycTaHOBKA U CHSTHE C OXPaHbI KBaIPOKONTEPa,
Bxmrouenune pexxuma cradbunmzarun 1 AKPO-pexxnma (pydHOM pexxuM yrpaBIICHHS ).

YroObl Ha3HAYUTH TYMOJIEpy AelicTBUE, HEOOXOAMMO ceNaTh Celyolee:
Hasectu Mbiib Ha ARM u Haxkath KHOTIKY «Jl00aBuTh quana3on (1).
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e BriOpare kanan, Hampumep AUX1, mu6o octaButh «ABTO» u menkHyTh JH0OBIM
ynoOHBIM TymMOiepoM. ABTOMAaTH4ecKHu OyneT BHIOpaH KaHaj, KOTOPBIA MPHUBSI3aH K
stomy TymOnmepy (2). Ilocme Toro, kak BeiOpan AUX, Tpebyercss MOIIEIKATH
tymOnepom. Ilo momocke Oynmer «OeraTh» jKenTas TOYKa, COOTBETCTBYIOILAS
nojoxenuto Tymonepa (3). Eciu nmepemectuts kenthie moiaocku Ha oBITJIAcTs, rue
OyIeT HaxOIUTHhCS KeNTas TOYKa, TO KBAaJPOKOITEP HAaYHET pearupoBaTb Ha 3TO
MOJIOKEHHE, B TAHHOM Cllydae 3TO Arming Uil CHATHE C OXPaHBI.

e Haxare «CoXpaHUTbHY.

B Betatight Confgurstor - o x

\5; BETAFLIGHT

Puc. 94. Hactpoiika pa3aena «PexxuMbn»

Teneps mpu nepeBosae Tym6aepa motopsl BIIJIA HauHyT BpamaThcst ¢ MaJleHbKOM
ckopocTbio, BITJIA Oyner CHAT ¢ OXpaHbl.

Tak kak Ha ctpanuue «Kongurypamus» Obu1 BkiItodeH noia3yHok Ha AIRMODE, to
KBaJIPOKOINTEP HAXOAUTCS B pyYHOM pexxuMe 0e3 ctabuimsanuu, To ecth, B pesxkume ACRO.

Pexum ANGLE — sto pexum crabunmszauuu. Hasnawaercs Ha apyroit TymOunep.
OObIUHO 3TH 2 pekuMa Ha3Ha4yaloT Ha OJIMH TyMOjep, y KOTOporo 3 Mmo3uiuu, TO €cTh, Ha
BTOpYIO no3uuio HactpanBatoT ARM u AKPO, a Ha 3 no3ururo pexxum ANGLE, uro6s1 onn
HE HaKJIaJbIBAIUCh Apyr Ha Apyra. [Ipum mnepeBonme TymOiepa B BepxHEe IOJIOKEHHE
BKJIFOUUTCS CTAaOMIN3aIusl.

Failsafe

PexxuM coxpaHeHus, TO €CcThb, TO, UTO OyJIeT enaTh KBaJIpOKONTEpP, €CIH OH MoTepseT
CBSI3b C MYJIETOM yHpaBieHus (puc. 95).

CymiecTtBytoT 3 pexuma:
o [lanenwue;
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Ecnu BBIOpaTh 3TOT peXuUM, TO uepe3 CeKyHAy TMocie morepu cur”ana, BITJIA
OTKJIFOUUT BCE JIBUraTesd W ymajeT (HactpauBaerca B mnoiie «Failsafe nmpu Hu3KOM
3HAYCHMH rasa, rje crouT iudpa 100).

e [IpusemiieHue;
ITpu nmotepe curnana BITJIA OyneT miaBHO MpU3EeMIISThLCS, IBUTATEIN OyIyT padoTaTh.
PexxuM nocTaTOYHO OMACHBIA, TaK Kak TpeOyeT Xopolield HacTPOMKH 0OOpOTOB
JIBUTATEJICH.

e GPS-cnacenwue.
Eciu na kBaapoxomnrtepe ycrtaHoBieH GPS-mMomynb, TO ¢ €ro HOMOIIBIO MOXHO
HAaCTPOUTH BO3BPAT KBAJIPOKONTEPA.
OyHKIUS SKCTPEHHAs! U CO3/IaHHAs C 1IeJIbI0 BEPHYThH YIPaBJICHUE KBAIPOKOITEPOM, a
HE TIOCAJUTh €T0, TaK KaK HET JIOTIOJHUTEIbHBIX NaT9uKoB. DyHKIUs cpaboTaer, eciu
yiereth Ha pacctosiHue He mMeHee 50 meTtpoB. Caxats BIIJIA ¢ momoripio JaHHOTO
MOJlyJisl HE pekoMeHayeTcs, Tak kak BIIJIA moxer ynaputbes 0 3eMilt0 (HET JpYyrux
JATYNKOB).
Bcest 3agaua Moysist COCTOUT B TOM, YTO B ClIydae OTEPH CBS3U aKTUBUPYETCS (PyHKIINS
GPS Rescue, BITJIA nogHuMeTCs Ha ONPEIEICHHYIO BBICOTY U MOJIETUT B IPUMEPHYIO
TOUKY B3JIETa.

§ BETAFLIGHT

3ran 2- Npoueaypa Feilsafe

,,,,,

= Y

i

« e aid
-,

Puc. 95. Brinanka «Failsafe»

OO6bruno BiItOHaroT pexxuM «llamenume». Ilpu BeIOOpe pexuma «lIpuzemienue»,
HY’KHO HaCTPOUTH CKOPOCTb BpaIlleHUsI MOTOPOB, KOTOPBIE MTO3BOJISIT MY IUIABHO CITYCKaThCA.

bnok «Failsafe mepekitouarens» BBIMOTHUT JEWCTBUE NMPH aKTUBALUHU TyMmoOiepa,
KOTOpBIM mpucBauBaeTcs (yHKUMH Ha BKiaake «Pexumbi». [lpu aktuBamum TymoOiepa
BBITIOJTHUTCS CLIEHapuil JTtamna 2.

PID-nacrpoiiku
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PID — a66peBuaTypa u3 3 cioB:
1. P — Proportional (mpomopiiroHansHas);
2. | —Integral (uaterpanbhas);
3. D — Deriative (mpousBojHasi).

Puc. 96. Bknanka «PID-nacTpoiikmn»

PID — ¢yHkuus B MOJETHOM KOHTpOJUIEpPE, KOTOpas CYUTHIBAET WH(POPMALHUIO C
JaTYUKOB (KaK MPaBUJIO, 3TO THPOCKON U aKCelepoMeTp), oOpabarhiBaeT W BHOCHT
KOPPEKTHPOBKH, a 3aTeM OTIIpaBIIsieT KoMaH bl perynstopam o6oporoB (ESC), a oHu, B cBOIO
o4epe/b, YIPABISIOT JBUraTeNIIMH (YBETHMYMBAIOT WIIM YMEHBIIAKOT CKOPOCTh 00OPOTOB).
Camprii rnaBubiii mapametp B PID — sto Proportional. C momompio 3TOro mapamerpa
KOJICOaHUsI TIPH TTOJICTEe CHIKAIOTCS 10 MUHUMYMa (puc. 96).

Konebanus — BHenHuE PakTOphl, KOTOPBIE BIUSIOT HA KBAIPOKOMTEP B MOJieTe (BETEP,
MPUTSKEHUE, BUOpAIus, IpoKaHUE U IpyTHe).

B HexoTopoMm cMbiciie P mponopuroHanbHa CTENEHN KOHTPOJIS Hajl OChIO (II0J] OChIO
nonumaercst PITCH, ROLL unu YAW — tanrax, KpeH HIH PbICKaHbe, COOTBETCTBEHHO). Yem
MeHbIle P, TeM MeHble KOHTPOJs Haja ocsiMH, yeM Ooibiue P, TemM Oosibliie KOHTPOJIS €O
cTopoHsl 3Toi PyHKIMHU. [IpobremMa npu 3aBbIIeHHOM MapameTpe P B ToM, 4TO OH HAaUMHAET
MIEPEBBINOJIHATH 0’KUAEMbIH, UTO PUBOAUT K KOJIEOAHUSM.

Kauectennsie perynsaropsr 00opoToB (ESC), a Takske Gobiiast CKOpOCTh BBIYHCICHUS
PID-koHTypOB momMoraeT nojieTHOMY KOHTPOJUIEPY ropasnio osictpee U 3¢ HeKTUBHEE BHOCUTD
KOPPEKTHPOBKH B MOJIET JUI N30aBJIEHUS OT KOJeOaHH.

I 1 D ucnpaBnsior ocraBumvecs OMIMOKU, ¢ KOTOPHIMH HE CMOT WM HE YCHem
cnpaBuThbcs napamerp P. Ilapamerp I cobupaer 3a P HakoruieHHbIe OIIMOKHU, CBSA3aHHBIE C
npugToMm, u ucnpasiser ux. [loaromy ecnu BITJIA MeHsieT yron Hak0Ha OCiIe pe3K0il CMEHBI
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TIOJIOXKEHHUS CTUKA Ta3a, TO CcleayeT yBennuuTh napamerp I. Ho cHavana ciexyer yBenuuuTh
caM P, Tak Kak MOXET okazaTbcCs, 4yTO 3TOT mnapamerp st BIIJIA caumkom HHU3KUH,
BCJICJICTBHE YEro HE BBHIMOJIHIET CBOIO paboTy. D KOHTpOIMpyeT, HACKOJBKO OBICTPO OCh
JOCTUTAET HYXHOTO 3HaueHuWs. Hampumep, ecnu 1aTh KBaJIPOKONTEPY KOMaHAY OBICTPO
OCTaHOBUTH JBuratenu (ra3z B 0), 3HaueHue P npu KOppeKTUPOBKE MOXKET IIPOCKOYUTh U HE
BHECTH KOPPEKTUPOBKH. YBenudeHne D MOXKET MOMOYb CHU3HTH KOJEOaHUs, KOTOPHIE
BO3HHUKAIOT Cpa3y MOCIIE€ PE3KOil CMEHBI YPOBHSI rasa.

Blackbox

Yepubiii smmk (puc. 97) HyXKeH IS TOro, 4ToObl 3alMChIBATh JAHHBIC IOJETAa —
tenemerputo. Blackbox mo ymomyanuio BrimrodeH. JlaHHbie OyayT mmcatbes JUOO BO
BCTPOCHHYIO (prieni-naMsth, 11060 Ha BHeHIHIO SD-kapty. Ecnu y moneTHoro KoHTposepa
€CThb pa3beM, TO CICAYCT MOAKIIOYWUTL KAapTOUKY U y6CI[I/ITI)C$I, 4TO TyAda 3allHCBIBAIOTCA
AAHHBIC YCPHOT'O SAIIHKA.

Crepersgmow  Coxpamnms s goin.. (ycrapeno)

Nepesarpyca = pexs sanosmnarouiee ycrpoRcrsn (3Y) Nlozae axveaue SopToeas 3a s SD-CARTS s ESiess EomTPoRREpS RONETS E/2/T PCTS3HnS: S3MI KOMTSOTEDON Ka€ SEPOUA-SGLiEe YETFONCTEE  NGTESNT S TPy XAT: $a¥nel XyPrans. WISIEEITe i SKAGHTE NWTSHoE S3uierD

Axusnposars pexnm ssnoumAOWETD YCTPORTSS

Puc. 97. Bxnanka «H€pHbIH SIIHUK»

VY BceX COBPEMEHHBIX MOJIETHBIX KOHTPOJJIEPOB €CTh CBOS MAMSITh M 3TO KAK MUHUMYM
16 merabaiT. ITOro BIOJHE XBATHUT, YTOOBI 3aIUCHIBAThH JaHHBIC TTOJICTA.

Motopbi

Ha stoii Bkaske mpoBepsieTcsi paboTocnocoOHOCTh aBurarenei (puc. 98).
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“Q;‘_ BETAFLIGHT

......... Cuna voma A Morpesiaene roxs:

Puc. 98. Bxinagka «MoTopsi»

Ilepeo nwobImMu Oeiicmeuamu, 00A3amenbHO CHUMAIMe nponeiepsl ¢
osucameneii!

[epen Tem, Kak KPYTUTh ABUTATEIH MMOJI3YHKAMH, HEOOXOIUMO TIEPEKITFOUUTh (IIaskoK
«1 IMOHHUMaro BCHO OIIACHOCTB», 4TOOBI AKTUBUPOBATH (bYHKIII/IOHaJ'L Tenepb MOXXHO ABUI'aTh
yKa3aTesib 000pOTOB, MOTOPBI HAYHYT KPYTUThCS (puc. 99).

Hanpswenue: 1.64% Cunavtoka: 0.00A TotpeGnenwe Toxa: 0 mAh

1394 1000 1000 1000 0 0 o 0 1enn

Pexcm 18/
Mepemele

MOTOPOB.
B Wobews

395 1000 1000 1000 1000 000 1000 000

Puc. 99. AxktuBanus nBurareiei

Beiie pacnionaraercst rpaduk rupockorna, HHGopMarys o0 ToM, CKOJIBKO OTpedseTcs
TOKa, HAMPSHKEHUS U CUJIbI TOKAa. DTO HEOOXOAMMO Jis TPOBEPKU U HACTPOMKM JABUraTelIeH.

IIntanune u 6aTapes

B aToM paznene HacTpauBaeTCs JaTUMK TOKA, a TAKXKE MMapaMeTphbl aKKyMyIsiTopa (puc.
100). Dto HeoOXoaUMO It TOro, 4ToOkl KBajgpokonTep mo OSD mepenaBan akTyalbHbIC U
MIPaBWIbHBIE TaHHBIE 00 aKKYMYJISTOPE, HAPSHKEHUU U TOKE BO BpeMs TTOJIeTa.
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Puc. 100. Bknagka «[Iutanue u 6arapesi»
OSD

B aToM paznene HacTpamBaeTcs OTOOpakeHHE Pa3iIWYHON MH(OpMAIMHM Ha dKpaHe
oukoB i 1wiema (puc. 101). ITo neHTpy pacmonaraercst uMuTanus 3kpana. CieBa cieayer
IMOCTaBUTH I'aJIOYKH Ha HYXHBIX IIapaMECTpax, 3aTCM OHHU MOABATCA HA OKHC. I[J'I?I TOTO ‘-ITO6I)I
y3HaTh, YTO O3HAYaeT MapaMeTp, HEOOXOIWMO HABECTH HA HErO MBIIIKOH — TOSBHTCS
MoJICKa3Ka TOro, 4To 0003HAYaeT ATOT mapaMeTp.

I sesstighe Configurstor 5 x

) P BETAFLIGHT

Puc. 101. Bxiagka «OSD»

Ha pucynke 101 BiroueHo:

e RSSI (cuna npuema curnana);
e [lpenynpexnenus;

e Hanpsikenue Oatapeu;
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e Taiimepsbl.

VY Hac noGaBneHo 2 TaiiMepa, OIMH — 3TO 00IIee BpeMsi paboThI, a BTOPOHl — BpeMs
ToJieTa.

CrpaBa HaxoAATCA €lle HEeKOTOpble 00Ire HACTPOMKHU, KOTOPbIE HACTPAUBAIOTCS IO
YCMOTPEHHUIO.

Komananas crpoka (CLI)

Uepes KOMaHAHYIO CTPOKY MOYKHO BIIHSITH Ha KaKyl0-1i00 HH(POpPMAIIHIO B IPOIITUBKE,
BHOCUTh HM3MCHCHHS, a TAKXKE BBIBOJAUTH WH(MOPMAIMI0O O KAKOM-JIHOO Mapamerpe WIu
kommoneHTte (puc. 102). Crrucox KoMaH 1 00O U BEIBOAUTCS 110 Komanze «helpy.

I setatight Configurator - o x

.
R t BETAFLIGHT

Puc. 102. Bxnagka «Komannnas ctpoka (CLI)»

Ilepen ycTaHOBKOM MponeiepoB peKOMEHAYETCS BBIIOIHUTE PsAJ POBEPOK, YTOObI
n30exarb npo0sIeM repes MoJIETOM.

1. TlpoBepuTh HampaBieHUE BUTATENEH.
e Jlns storo tpeOyerca nepedt Bo BKIAAKY «MOTOPBI» U BKIIOUUTH PEXKUM
TECTUPOBAHUS MO KHOIKE «5] TOHMMal0 BCIO ONaCHOCTHY;
e 3amycTuTh MOTOPBl U MPOBEPUTh, B NPABWIBHYIO JIU CTOPOHY KpPYTSTCS
JIBUTATEIN B COOTBETCTBUM CO CXEMOM BpAIllEHUsI MOTOPOB Ha KBAIPOKOIITEPE.
2. TIpoBeputs 3arpy3Ky nporeccopa.
[Toka xBagpokonTep noakiatodeH k Betaflight, Hy>)kxHO mocMoTpeTh Ha HIKHUM caiiI-
Oap. Ecnu 3arpy3ka Oyzaet 95% u BbIlIe, TO BOSHUKHYT MPOOJIEMBI BO BpeMSsI TOJIETa,
TaK KaK IIPOoLECcCcop NMeperpykeH U He OyeT ycreBaTh BOBpeMs 00pabaThIBaTh JTaHHBIE.
UtoO0BI pemuTh 3Ty mpo0aemMy, HEOOXOIUMO OTKIIIOUUTh HEKOTOPBIE (DYHKIUU WM
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OTKJIIOYUTh pa3roH, eciau KoHtpouiep F4. Ho Ha CcOBpeMEHHBIX TMOJIETHBIX
KOHTpOJIIepax Takas mpobdiieMa — 00JbIIas peaKoCTb.

3. IIpoBepuTh rHPOCKOII.
Hnst storo TpeOyercss mepeiitu Bo BKIAAKy «CuCTeMa» W HPOBEPUTH HACTPOHKH
TUPOCKOIA: B3SITh KBaJPOKONTEP B PYKU U HAKJIOHUTH €r0 BO BCE CTOPOHBI, JEHCTBUS
JOJDKHBI TOYb-B-TOUb MOBTOPATH 3D-Mozens Ha 3kpaHe. CrTpelika yKa3bIBaeT Ha HOC
BIUUIA. Ecim 3T0 HEe Tak, TO HEOOXOOMMO BEpPHYThCS B Hauyauo, Ha BKJIAIKY
«Kondurypanus». Kpome 3T0ro, nocie HacTpoek U MPOIIMBKH, HYKHO KaIuOpoBaTh
akcenepomerp. s 3TOro HeoOXOIMMO MOCTAaBUTh KBAJPOKONTEp Ha POBHYIO
MOBEPXHOCTh U HaXkaTh KHONKY «KanubpoBaTh AKcenepoMeTpy.

4. Cpenatpb pe3epBHYIO KOIUIO BCEX HACTPOEK.
[Tocne moyHON HACTPOWKH M MPOBEPKU KBAJPOKONTEpa HEOOXOIUMO 00s3aTeNbHO
C/IeNIaTh PE3EPBHYIO KOMMIO BaIIUX HACTPOEK.

5.10. ®opmy.ia A5l pacueTa MOIIHOCTH, BbIZIABAeMOii aKKYMYJISITOPHOM OaTapeeii

dopmyna Ui pacueTa MOIIHOCTH, BbIIaBaeMOIl aKKyMYJISITOpPHON OaTtapeeid, mMmeer
CHEAYIOLIUI BUA:

Npae = 1U,
rae Ny, — MOIIIHOCTD, TPOU3BOAMMAs OaTapeei;
I— cna Toka;
U — nanpsiokeHue.
JoctymnHblii 3apsi 6arapen 3aBUCUT OT CKOPOCTH €€ paspsja:

K
_ CHOT
- JK-1. t(1)<—1'

C

rae C — MocTymHbIN 3apsia OaTapeu;
C,or — HOMUHAJIbHASI €MKOCTH OaTapeu;
to — 3asBIIEHHOE MMPOU3BOIUTEIIEM BpEMS pa3psia;

K — xooddunuent, 3aBUCALIMI OT TeMIlepaTypbl OKpYy)KaloIlled cpeasl U TUla
(KOHCTPYKIIMH) aKKyMYJISITOPHOM OaTapeu.

EMKoOCTh nHMTHEBOW aKKyMYJISITOPHOH OaTaped JIMHEHHO MajgaeT MpH IMOCTOSHHOMN
CKOpOCTH pa3psija, TakuM o0pa3zoMm, (popmyia, OMUCHIBaIOIIas HANpPsHKEHUE TaKkoW OaTapew,
HMMeeT CIEAYIOINN BUA:

Uinit = Unor
Upat = Uinit — % : (CO - Cbat),
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rae Uy, — TeKyllee HanpshKeHNe, BbliaBaeMoe OaTapeeii;
Uinit — HadaJIbHOE (3asIBJICHHOE NMPOU3BOJIUTEIEM) HAMPSXKEHUE OaTapeu;
Uyor — HOMUHAJIBbHOE HaNpsbKeHue Oarapeu;
@ — K03(QGUIUEHT HOMUHAIBHON €MKOCTHU MIPH JIMHEHHOM Ipolecce pa3psa;
Cpqr — TEKyIIAsi EMKOCTh OaTapewu.
AJITOPUTM pacuera pajauyca JaeicTBus

Jna pacuera paamyca NEHUCTBUS IPU YCTAHOBUBLIEMCS TOPU30HTAJIBHOM IIOJIETE
HE00X0IMMO TIPUMEHHUTh UTEPATUBHBIA METO]] BEIUMCIICHUH, TOCKOJIBKY JJOCTYITHASI EMKOCTh
Oatapeu, e¢ HaNpsDKEHHE M CHJIA TOKA 3aBHCAT OT OCTaBIIErocs 3apsiaa. Meron cocTOuT u3
CJIELYIOIIUX IIaroB:

1. BeiOparth Maiblii MPOMEXYTOK BPEMEHH, KOTOPBIA OyAeT €IMHHYHOW BEIUYHMHOMN

BPEMEHH IIPU OCYILECTBICHUH Pacu€TOB.

2. CocTaBUTh UTEPATUBHYIO (JOPMYILY JIJIsl pAaCUE€TOB HAa OCHOBE BBIPAXKEHUS JJIS pacyeTra
TEKYILEro HalpsKeHUst 0aTapeu:
Upnit — U
init nom
Un+1 = Uinie = « C * (Co — Cy).

b * Co
3. HeoOxomnmo, 4T0OBI MOIIHOCTH, IPOM3BOAMMAs OaTapeeii, Obla paBHa MOIIHOCTH,
notpeOHOM st mosieta. Takum oOpa3oM, BBIPOKEHHE HJIsi CHUJIBI TOKAa HMEET

CHEAYIOUIUI BU:

I _ N
n+1_U

n+1

4, BLIpa>I<eHI/Ie 1A ,HOCTyHHOﬁ €MKOCTHU 6aTapeH IMoJIy4yacT CJIeI[yIOHJI/Iﬁ BU:
n+1

Cov = I+ 47 =CF = Y [+
j=1

5. HGO6XOHI/IMO MMPOU3BOAWUTE BBIYUCIICHHUA OO0 TCX IIOpP, IMOKa JOCTYIHAasA CMKOCTb
6aTapeH HC IMPUMCET CJIICAYIOIICC 3HAUCHUC:

Crsr = Co * (1= ¢).
ComnocraBJieHue BLIYHCIEHHI ¢ AOCTYITHBIMH IMOJETHBIMHA TaHHBIMHA

B oTkpbITOM TOCTYTIE UMEIOTCA MOJETHBIE JaHHbIE pa3nnyHbiX BIIJIA. B ywactHocTH, B
yno0HOM JiJ1s aHanu3a hopMaTe MPUBEACHBI JaHHBIC IS alapara C MeCThI0 IBIKUTEIISIMHA U
JINTUIN-UOHHBIM TTOJIMMEPHBIM aKKyMYJISITOpoM. HeKoTopbie 3HaUYE€HHS TTOJTyYEHBI C TOMOIIBIO
pacueToB Ha OCHOBE HMMEIOIIUXCS AaHHBIX. Tak, ¢opMa U KOHPUTypalus JETaTeIbHOTO
amnmapata HampsMYyO BIHSIOT Ha KOI(PQPHUIMEHT a’pOAMHAMHYECKOTO COMPOTUBIEHHS, OT
KOTOPOTO 3aBUCAT BEIMUYMHA adPOJAMHAMUYECKOTO COMPOTUBICHUS M MOTpeOHAsT MOITHOCTb.
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ITockonbky pacuer KOd(pQUIMEHTa a’pOJUHAMUYECKOIO CONPOTUBIICHUS  SBISAETCA
HETPUBUAILHON 3aJlauel, clielyeT BHavyajle OlpeaesIuTh €ro IpUMEpHOe 3HaYeHHEe Ha OCHOBE
JOCTYIHBIX JAHHBIX JUIs pa3IMYHbIX JIETATEIbHbIX aIllIapaToB, a 3aTeM ITyTeM Iepedopa HalTH
YTOYHEHHOE 3HAYEHHUE HA OCHOBE MOJIETHBIX JaHHbIX.
[TprMepbl OCHOBHBIX ITapaMETPOB JIETATEIbHbIX allllapaToB:
e Macca annapara 0€3 0J€3HOM Harpy3KH U akKyMyJaTopoB — 10 kr;
e Koadoumnuent aspoaunamuueckoro conporusienus — 0.96;
e Paauyc nponennepa — 559 mm;
e EMKOCTh 01HOTO akkymyisitopa — 16000 MAu;
e Macca 0JIHOr0 aKKyMyJsiTopa — 2 KT
e HomuHanbHOE HaNpsOKEHUE akKymyasaTopa — 22.2 B;
e MakcumallbHOE HallpsiKeHUEe akKyMyasiTopoB — 50 B;
e KoadpduimeHT HOMMHAIBHON €MKOCTH aKKyMYJISTOpa TPH IMpoIecce pa3psuKeHus —
0.7;
e Bpewms paspsokenust akkymyssitopa — 720 c;
o Koaddumuent tuna akkymymnsatopa — 1.05;
e Ilnomans nonepedysoro cedenus anmapata — 0.83 M2,

B pexunme Bucenus ¢dopma U pa3Mmephl JIETATEIBHOIO ammapara He BIHUAIOT Ha
NOTPeOHYI0 MOIIHOCTB; B PEKMME YCTAHOBUBIIETOCS TOPH30HTAILHOTO IOJIETAa OCHOBHOM
BKJIaJ B BCJIMUUHY HOTpC6HOI71 MOIIHOCTH BHOCST MOIITHOCTD, HCO6XOILI/IMa$I AJIA IPpCOA0JICHHUA
a’pOJMHAMUYECKOr0 CONPOTHUBIICHUS, U MHAYKTUBHAs MOIIHOCTb. C POCTOM CKOPOCTH I0JIETa
MHIYKTHBHAsI CKOPOCTb IIAJIa€T, T.€. UHIYKTUBHAs MOIHOCTh CHUXKaeTcs. CienyeT OTMETUTD,
YTO CHJIa adPOJUHAMHYECKOIO CONPOTHBIICHHS MPONOPLHOHAIBHA KBaApaTy CKOPOCTHU
noJ€Ta; MpU 3TOM MOIIHOCTb, HEOOXOAMMAas [UIs MPEONOJIEHHUS a’pOJNHAMHUYECKOTO
CONPOTHBIIEHUS, MPONOPIMOHAbHA KyOy CKopocTu Tmonera. TakuM oOpa3oMm, IpH
PaBHOMCPHOM YBCIIMYCHUNU CKOPOCTH II0JICTA HOTpe6Ha$I MOIIHOCTh BHA4YaJI€ CHHXKXACTCA
BIUJTAronaps yMeHbIIEHHIO MHAYKTHBHOM MOIIHOCTH, @ 3aT€M BO3pPAcTaeT M3-3a PEe3KOro
YBCIIUUCHUA aOPOANHAMHUYICCKOI'0 COIMPOTUBIICHUAA.

[Tpu OoTCYTCTBHM MOJIE3HOW HArpy3KH Ha OOpPTYy ammapara MakCHMaiabHOE MOJIETHOE
Bpemsi coctaBisieT 1332 cekyHABI; €clii Macca MOJIe3HOM Harpy3Ku MpakTHYeCKH paBHA
MOJIETHOW Macce, BpeMsl mosieta yMenbaercsa 10 560 cekynn. Kpome toro, ¢ poctoM nonu
MOJIE3HOM HArpy3KH YMEHbIIAETCA ONTUMaJIbHAsE CKOPOCTh MOJIETA.

OnuceIBaeMbIil O€CITMIIOTHEIN arnmnapar Mmpou3BE€JI HECKOJBKO ITOJIETOB C Pa3IMYHBIM
KOJIMYCCTBOM AKKYMYJIATOPOB U PA3JIMYHBIMU YCTAHOBUBIIUMHCA CKOPOCTAMU. ITomeTnr
MPOU3BOJUINCE IIPU XOPOIIHUX IMOTrOAHBIX YCIIOBHAX. CnenyeT OTMETUTB, UTO PACXOKIACHUC
MCXKAY PaCUCTHBIMU JaHHBIMU U PCAJIbHBIMH U3MCPCHUAMUN MOXKET OBITh BBI3BAHO HAIMYHUEM
BE€Tpa Ha MPOTAKCHUU MaplIpyTa, 4YTO HCBO3MOKHO IIPOKOHTPOJIUPOBATE.

Tabnuua 12. Pe3ynpTaThl U3MEPEHHOTO U PACYETHOTO BPEMEHH MOJIETa OECIIMIIOTHUKA.
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ITonernasa macca,

14 14 14 18 18 18 22

KT

22

KonnuectBo
AKKyMYJIATOPOB, 2 2 2 4 4 4 6
LT

CymmapHas
€MKOCTh, MAY

16000 | 16000 | 16000 | 32000 | 32000 | 32000 | 48000

48000

CkopocTb 1noiera,

BHUCEHUE 14 12 BHUCEHHE 14 12 BUCEHIE

M/c

1.4

PacuetHoe BpCMA

1334 1410 1422 1873 1955 | 1948 2095

10JIETA, C

2169

H3mepenHoe Bpems

1329 1386 1348 1904 1922 | 1949 2169

10JIETA, C

2260

OTKI0HEHHE

pPacyYEeTHBIX JaHHBIX 0.38 1.73 5.49 1.63 1.72 0.05 341

OT U3MEPEHHBIX, Y%

4,01

MaxkcuManbHasi pa3HUIlAa MEXKIY PAcCueTHBIM TOJETHBIM BPEMEHEM M U3MEPEHHBIM
cocraBuna 5.5%, a cpenHee OTKIOHEHHE cocTaBMIO 2.3%; TakuM OOpa3oM, OMHUCHIBAEMBIN
METOJ pacyeTa paanyca AeUCTBUS SBIAETCS TOCTOBEPHBIM ISl UCIIOJIb30BaHUSI.

Cnenyer ydecTb, YTO YBEJIMYEHHUE IIOJIETHOIO BPEMEHHU HE MPONOPLUOHATIBHO
YBEIUYCHUIO KOJUYECTBA (EMKOCTH) aKKyMYJsTOPOB, T.€. YCTAaHOBKA JOMOJHUTEIHHBIX
aKKyMYJIITOPOB HE SIBJISIETCSl JOCTaTOYHO AP (EKTUBHBIM CIIOCOOOM YBEIWYEHHs paanyca
JICWCTBUSA amnmapara.

6. [IpaBoBoe HCMOJIL30BaHHE 0ECTMIOTHBIX JIETATEIbHBIX ANNAPATOB

COBpeMeHHHﬁ YPOBCHb pPA3BUTHA HAYKH U TCEXHHKHU, TeXHOHOFHﬁ, OpraHuzanun
IMPpOU3BOJACTBA obecneunBaTh nepexon MHpOBOﬁ OKOHOMUKH K
TCXHOJIOTUYCCKOMY YKJIaay, NpCAIlojiararomemMy B ICPBYO 04CpPCb, IIEPEBOI TpaHCHOPTHOﬁ
CHUCTCMBI Ha 6GCHI/IHOTHyIO MOZCIIb pa3BUTHA. Texunuueckas CTOPOHA Pa3BUBACTCA B 6BICTp0M

ImpeAaroararoT

TEMIIE, OJJHAKO MPAaBOBOE PEryIMpPOBAaHUE TaKUX TEXHOJOTUH, MPaBUJ MX HCIOJb30BaHUS,
KOHTPOJISL M HaJa30pa, MpUBJIEUYEHHE K OTBETCTBEHHOCTH, (OPMHUPOBAHHE HOPMATHUBHOMN
MpaBOBOM 0a3bl, B LIEJIOM, HAXOJAUTCS B CTa/IUN CTAHOBJICHUSI.

KnroueBoe HampaBieHue B DPa3BUTUM OECHMJIOTHOTO TpaHCHOpTa — OeCHWIOTHas
aBUaIys, B YaCTHOCTH, OECITMIIOTHBIE JIETaTeNIbHbIE allapaThl, KOTOPbIE YK€ IPUMEHSIOTCS BO
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MHOTHX cepax >KU3HU OOlIecTBa TaKUX, KaK MpealpUHUMATEIbCTBO, TPABOOXPAHUTEIbHAS
JeSITeNIbHOCTh, UCKYCCTBO U T.[I.

Ha nmanneiit MoMeHT mpaBoBoe peryiupoBanue BIIJIA peanusyercs B BozmymHom
konekce Poccuiickoin @enepanuu ot 19.03.1997 No 60-D3, KOTOpPHIA 3aKpeIUISIET MOHSITHE
OeCMUIOTHOTO BO3AYUIHOTO CYAHA, NMPAaBOBOWM CTAaTyc KOMaHIupa Takoro cyaHa. [IpaBuia
ucnosb3oBanus BITJIA 3akpernuiensl B denepanbHbIX MPaBUIax UCIOJIb30BaHUS BO3AYIIHOTO
IIPOCTpaHCTBA, yTBepkAeHHbIX [locTranoBnenuem IlpaBurensctBa PO ot 11.03.2010 Ne 138
(manee — deaepasbHbIC IPABUIIA).

CornacHo npasunam, nwioT BIIJIA Becom menee 250 rpaMM MOXKET OCYIIECTBIIATH
noJjieT 0e3 corjacoBaHMs IUIaHA TOJIeTa U 0e3 MOydyeHHs pa3pelieHnsl y KOHTPOIUPYIOLIHX
opranoB. CooterctBeHHO, aisi BIIJIA Becom Gonee 250 rpamm mosiBisieTcsi 00S3aHHOCTD
COTJIACOBAHUS M MOJNYYCHHS pa3pelieHus. Takxe MojieT JOJDKEH MPOXOIUTh B 30HE MPSIMOM
BUJIMMOCTH B CBETJIO€ BpeMs CYTOK Ha BbICOTE He Oosiee 150 METpOB OT 3eMiIM WM BOIHOM
MIOBEPXHOCTH, BHE a9POIPOMOB (23pOY3JI0B, BEPTOAPOMOB), B MECTAX IPOBEACHUS ITYOIMYHBIX
MEpOIIPUATHH, CIOPTUBHBIX COPEBHOBAHMH W B MHBIX MeCTax (30HBI HaJ YacTHOU
COOCTBEHHOCTHIO).

Poccuiickas mpaBoBas 0a3a B JaHHOH cdepe elle HEeJOCTaTOYHO pa3BUTa U TpedyeT
3HAQUUTEJIbHBIX W3MEHEHUH, MPEXKIE BCEro, MPaBOBOIO M OPraHU3alMOHHOTO XapakTepa.
3akoHOAATeh HAaXOTUTCS B MPOIECCE CO3/IaHHsS HOPMATHBHO-NIPaBOBOW 0a3bl, KOTOpas B
MOJTHOW Mepe periiameHTupoBasia Obl npaBoBoit cratyc BIIJIA. becniminoTHbie neTaTenbHbIe
anmaparbl IPeACTaBISIIOT COO0H HOBOE TEXHOJIOTHIECKOE PEIICHUE, TIPABOBOE PETYIUPOBAHHE
HUX HUCIIOJIB30BaHUA ABIACTCA HEAOCTATOYHO CTaOMJILHBIM U YCTOABIINMCA KaK B pOCCHfICKOM
MPaBOBOM MIPOCTPAHCTBE, TAK U 3aPYOCIKHOM.

B nocnegnee Bpems OTMEYaeTCsl 3HAYUTEIBHOE YBEJIWYEHUE CIIy4aeB HAPYIICHHUU
MOpsJIKa UCIIOIB30BaHUS BO3AYIIHOIO MpocTpancTBa Poccuiickoit @enepannu, JOMYIIEHHBIX
rpaXJaHaMyd — BIAJENbIlaMU OECIUJIOTHBIX BO3AYIIHBIX Cyn0B. Hanbomnplyro omacHOCTh
MPEACTABISUIM  CIIydal HECAaHKUMOHUpoBaHHOro 3amycka BBC B paiioHax a’poapomoB
(BepTOAPOMOB, MOCAJAOYHBIX IJIOMAA0K), KOTOpbIE MOTJH IMOBJeYb 3a COOOW Yrpo3y Juis
0e30MacHOCTH TMOJIETOB, a Takke 3amycku bBC Hang HaceneHHBIMM ITyHKTaMH,
MIPEICTaBIISAIONINE YTPO3y JUIsl 0€30MaCHOCTH JII0/IeH U OOBEKTOB Ha 3eMIIE.

OcHOBHOE KOJHMYECTBO HapylieHud Obulo coBepuieHo BhaaensiiaMmu BBC ¢
MaKCUMaJbHOUM B3JIeTHOM Maccoil 10 30 Kr Mpu BBINOJHEHUU TOJETOB B YACTHBIX LENsX. B
OOJIBIIMHCTBE CITy4aeB JOMyCKaeMble HAPYIICHHs CBS3aHbI C He3HaHHWeM BlajaenbliaMmu bBC
MpaBUJI UCTIOJIB30BaHMS BO3MYIIHOTO TpocTpaHcTBa Poccmiickoit denepanuu u ¢GakTopos
OMaCHOCTH, CBsi3aHHBIX ¢ 3amyckom bBC. B  memsix UCKIIOYEHUS  ClIy4yaeB
HECaHKITMOHUPOBAHHBIX 3AITyCKOB OECIIJIOTHBIX TPAXIAHCKUX BO3IYIIHBIX CYIOB CIEIyET
oOparuth BHUMaHHe BianeiblieB BBC Ha TpeOoBaHMS BO3AYIIHOTO 3aKOHOAATEIbCTBA
Poccuiickoii @enepannn. becnunoTHele rpakAaHCKUE BO3AYIIHBIE CyAa C MaKCHUMaJIbHOMU
B3sleTHOM Maccoi or 0.25 no 30 xr, BBe3eHHsle B Poccuiickyro Penepanuio WU
npousBeleHHble B Poccuiickoii depepanuu, Moajiekxar y4eTy B IOpPSAJKE, YCTaHOBJIECHHOM
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[IpaBmiaMu ydeta 6€CIIUIOTHBIX IPAKJAHCKUX BO3YIIHBIX CY/I0B C MAKCHMAaJIbHOM B3JIETHON
Maccoit ot 0.25 kunorpamma 110 30 KujorpaMMoB, BBe3eHHbIX B Pocculickyro deaepaiiuto uiu
npousBeaeHHbIX B Poccuiickoit  ®denepauuu,  yTBEPKIECHHBIMH  ITOCTAaHOBIICHUEM
[IpaBurensctBa Poccuiickoit ®@enepauuu ot 25.05.2019 Ne 658, u AQMUHHUCTPATUBHBIM
pernameHToM @enepanbHOIO areHTCTBA  BO3JAYILIHOTO TPaHCIOpPTa IIPEIOCTaBICHUS
TOCYJapCTBEHHON YCIYrd MO y4yeTy OCCHMIOTHBIX TPAXKIAHCKHX BO3IYLIHBIX CYIOB,
yTBEpPXACHHBIM Npuka3zoM PocaBuaruu ot 28.10.2019 Ne 1040-I1.

becnimnoTHbIE IpakIaHCKUE BO3IYIIHBIE CyJa C MAaKCHMAJIBHOM B3JIETHOM MacCOU
6onmee 30 KWJIOrPaMMOB TIOJJICKAT TOCYJApPCTBEHHOW pETUCTpAallii B  MOPSAKE,
YCTaHOBJIEHHOM AJIMUHUCTPAaTUBHBIM periiaMeHToM DeepabHOro areHTCTBa BO31YIIHOTO
TPAHCHOPTA MPEAOCTABICHUS TOCYAAPCTBEHHOM YCIYIH MO roCylapCTBEHHOW perucTpaniuu
IPaXJAaHCKMX BO3AYLIHBIX CYIOB M BEICHUIO T'OCYAApCTBEHHOIO peecTpa IpakIaHCKHX
BO3AYIIHBIX cy0B Poccuiickoil ®@eneparum, yrBepKAeHHbIM NpukazoM Munrtpanca Poccun
o1 05.12.2013 Ne 457 (yrpartut cuny 1 centadps 2023 rona).

[Tometsr BBC oTHEceHBl K JEATEIBHOCTM IO HCIOJIb30BAHUIO BO3IYIIHOTO
pocTpancTa. PU3NYECKUE WIN IOPUANYECKUE JIMLA, IVTAHUPYIOLIUE OCYIIECTBIATh 3aIlyCKU
bBC, nomxHBI 3HaTh W BBINOJHATH NpaBUiIa U MPOLELYPHI, YCTAHOBIEHHBIE BO3AYIIHBIM
3akoHOJATeNbCTBOM Poccuiickoit @Denepamuu B chepe HCHOIB30BAHUS BO3AYIIHOTO
npocrpancTBa.  llopsamoxk  uCnosnb30BaHUsA — BO3AYIIHOIO  NPOCTpaHCTBAa  Poccuiickoin
®enepaunu, B ToM uyncie u bBC, ycranosien denepanbHbIMU MpaBUIaMH UCIOIb30BaHUS
BO3JYLIHOro mnpocTpaHcTBa Poccuiickoit @enepannu, yTBEPKICHHBIMU ITOCTAHOBJIECHUEM
[IpaButenscrBa Poccuiickoit @enepannu ot 11.03.2010 Ne 138.

Jnsa  BemmonHenus mnonetroB bBC ®enepanbHbIMEH  NpaBUIaMH  yCTAHOBJIEH
pa3pelIUTENbHBIM TTOPSIIOK HCIOJIB30BAHUS BO3JIYIIHOIO IIPOCTPAHCTBA HE3aBUCUMO OT
KJlacca BO3ZYIIHOIO IIPOCTPAHCTBA, B KOTOPOM BBINOJIHAETCS IMoseT. PaspemmrenbHbii
MOPSIOK HMCIIOJIB30BAaHUs BO3AYLIHOIO IMPOCTPAHCTBA IIPEAyCMATPUBACT HAIPABICHUE B
onepaTuBHbIE opranbl (LeHTpbl) EauHON cucTembl opraHu3aliy BO3YIIHOTO JIBUKEHHUS
Poccuiickoit ®enepannu (nanee — EC OpBJl) npeacraBieHHoro mniaHa nojera JeTaTelbHOro
ammapara, a Takke noiyaenue paspemenus inearpa EC OpB/] Ha ucnonb30BaHue BO31YIITHOTO
MpPOCTpaHCTBA, 3a HcKIoueHueM noneroB bBBC, mnpeaycMoTpeHHBIX MyHKTOM 52
®enepanpHbIX paBuil. HampasineHue npeacTaBiIeHHOro IiaHa MmojeTa BO3AYIIHOIO Cy/IHA B
nentpet EC  OpBJl  ocymiecTBisieTcss  MOJB30BaTEIEM  BO3AYIIHOTO  MPOCTPAHCTBA
(rpaxnanuHoM-BiagensiieM bBC) B coorBercTtBuu ¢ Taberem cooOmieHUI O ABMXKEHUU
BO31YLIHBIX CyZ0B B Pocculickoit Penepannu, yrBepKASHHbBIM ITpukazoM Muntpanca Poccun
oT 24.01.2013 Ne 13.

[Ipy HeoOXOAMMOCTHM WCHOJB30BaHMSA BO3AYIIHOTO mpocTpaHctBa bBC (3a
HCKJIIOUEHHEM I10JIETOB OECIMIOTHBIX BO3YIIHBIX CYJ0B ¢ MAaKCUMAaJIbHON B3JIETHOM Maccon
meHee (0.25 Kr) HaJ HAaceleHHBIM IMYHKTOM IOJb30BATENIO BO3AYIIHOTO IMPOCTPAHCTBA B
COOTBETCTBUH C MyHKTOM 49 DenepaiabHbIX MPAaBUII JOMOIHUTEIBHO HEOOXOAMMO MOTY4UTh
paspellieHre opraHa MECTHOTO CaMOYIIPABJIEHHs TaKOrO HACEJIEHHOIO IyHKTa, a B TOpojax
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tdenepanibHOoro 3HaueHus MockBe, Cankrt-IlerepOypre m Ceacromosne — pa3pemieHHs
COOTBETCTBYIOIIMX OPTaHOB HCIIOJIHUTEIHHON BIACTH YKa3aHHBIX FOPOJIOB.

[Tyaxkrom 52(1) ®enepaibHBIX TMpaBUI MPEIYCMOTPEH YIPOIIESHHBIH MOPSIOK
HCIIO0JIB30BAaHUSI BO3IYILIHOTO ITPOCTPAHCTBA B CIIy4ae BBIITIOJIHEHUS BU3yalIbHBIX 110J1eTOB bBC
C MakCHUMaJbHOM B3JIETHOM Maccod n0 30 Kr, OCYIIECTBISEMBIX B IMpelenax MpIMoi
BUJMMOCTH B CBETJIOE BPEMsl CYTOK Ha BbicoTax MeHee 150 MeTpoB OT 36MHON WM BOJHOU
MMOBEPXHOCTU B BO3AYIITHOM MPOCTPAHCTBE:

e BHE JUCIETYEPCKUX 30H a’pOJPOMOB IPakJaHCKOM aBHALUU, PAliOHOB a’3pOAPOMOB
(BEepTOAPOMOB) TOCYJAapCTBEHHON M 3KCIEPUMEHTAIbHOW aBHALMU, 3alIPETHBIX 30H,
30H OIPaHUYCHHUs IOJETOB, CIELUANbHBIX 30H, BO3IAYLIIHOIO IPOCTPAHCTBA HAaJ
MeCTaMU MpOBEJIEHHUs MyOJIMYHBIX MEPONPUATUH, OQUIMATIBHBIX CHOPTHBHBIX
COpPEBHOBAaHMI, a TAK)K€ OXPAaHHBIX MEPONPHUATUH, IPOBOJUMBIX B COOTBETCTBHUU C
®enepasibHbIM 3aKOHOM «O rocyaapcTBEHHOUN OXpaHey;

e Ha yJajeHuu Oosee 5 KM OT KOHTPOJIbHBIX TOYEK HEKOHTPOIMPYEMBIX a3pOAPOMOB U
II0CAJOYHBIX IUIOLIAJIOK.

s BbIONHEHMs BbIlIeyKa3aHHBIX mosnetoB BBC He Tpebyercs npesncraBieHue
COOTBETCTBYIOILIETO IIaHA I10JIETA, MOJyYEHHUE PA3pEIICHU Ha UCIIOIb30BaHUE BO3IYLIHOIO
IIPOCTPAHCTBA, a TAKXKE HAIIPABJICHUE IIPEACTABIICHUS Ha YCTAHOBIECHUE BPEMEHHBIX, MECTHBIX
PEXKUMOB ¥ KPAaTKOBPEMEHHBIX OIPAHUYECHUM.

B npurpannuHoil mojioce 3ampelieHbl MojeTbl 0e3 MpeJCcTaBiIeHMs IUIaHa IoJjera
BO3YIIHOTO CyJHA, Pa3pelIeHus Ha HCIOJb30BaHUE BO3/YIIHOTO IMPOCTpAaHCTBa U 0e3
PaaMOCBA3H HKUIAXKa BO3AYIIHOIO CyJHA C OpraHOM OOCIIY>KMBaHMSI BO3IYILIHOTO JABUKECHMUSI
(ynpasnenus nojeramu). Micronb3oBanue BO3AYIIHOTO POCTPAHCTBA TPUTPAHUYHOM TOJIOCHI
MIpY BBINOJHEHUU aBHALIMOHHBIX pabOT OCYIIECTBISETCS NMPU HAJIWYUM Y TOJIb30BaTeNei
paspelnieHus TeppuTopuaIbHOro oprana denepanbHon cirykOb1 Oe3omacHocTu Poccuiickoit
Oenepannu. B nemax npenoTBpaleHus HEpeAHaMEPEHHOIO HAPYIIEHHUS TOCYAapCTBEHHOU
rpanunel Poccniickoit ®denepanuu, nyHKThl ynpasienus bBC, Haxonsmecs B MpurpaHu4HON
10JI0Ce, TOJKHBI UMETh CHUCTEMY HAOIIOJICHHs, O3BOJISIONLYIO OCYIIECTBIATh KOHTPOJIb 32
nosierom bBC.

CornacHo ITYHKTY 40 qDeI[epaJ'ILHLIX [IpaBuJi, IpUu HeO6XOI[I/IMOCTI/I HCIIOJIb30BaHUA
BO3AYIIHOI'O IIPOCTPAHCTBA 3alIPECTHBIX 30H W 30H OI'PAHUYCHUSA IIOJICTOB IIOJIB30BATCIIN
BO3YIIHOI'0 IIPOCTPAHCTBA 00s13aHBI MOJIYYUTh pa3pCHICHUC JIMI[, B HMHTCPECAX KOTOPLIX
YCTAHOBJICHEI TAKUC 30HBI.

3a HapyuleHHe IpaBWJI MHCIIOJIB30BaHMS BO3IYIIHOrO mpocTpaHcTBa Konaekcom
Poccuiickoit @enepanuu 00 aIMUHUCTPATUBHBIX IpaBoHapylieHusx (ct. 11.4) ycranoBiena
COOTBETCTBYIOIIAsl OTBETCTBEHHOCTh IPakKJaH, JOJKHOCTHBIX U FOPUIUYECKHUX JIMII.

PeiHok moOutensckux U komMmepueckux BIIJIA Ha Ttepputopun Poccuiickoit
denepanuy 3HAYUTENBHO BBIPOC 3a MOciHeAHUE HecKoabko jeT. B 2019 romy poccuiickoe
npaBuUTeNbCTBO M3nano I[locranosnenue IIpaBurensctBa PO ot 25.05.2019 Ne 658 «O06
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yrBepxkAeHuu [IpaBui rocyapcTBEHHOTO ydeTa OECNUIIOTHBIX TPaKIAHCKHUX BO3IYIIHBIX
Cy/IOB C MakCHUMajJbHOW B31eTHOM Mmaccod ot 0.15 kwnorpamma 10 30 KHUJIOTPaMMOB,
BBe3eHHBIX B Poccuiickyro Denepannio win npousBeneHHbIX B Poccuiickoit deneparum», 1no
KOTOpOMY Tereph Bce Bhaaenbilbl BIUJIA ompeneneHHONW MacChl MOJKHBI OBUIM TTOCTABUTH
CBOM OSCHIJIOTHHKH Ha Y4€T, 3apETUCTPUpPOBaB ux B PocaBuarum.

19 mapra 2022 rona npaBUTEILCTBOM ObUIO IPUHSATO HECKOJBKO IIONPABOK K 3TOMY
MTOCTAHOBJICHHIO, U CETOIHsI 00s3aTeNbHON peructparuu noanexar Bce bIIJIA Becom Goiee
150 rpamMmoB. [Ipu 3TOM MakCUMabHBIA BEC pETUCTPpUPYEMOro no 3TuM npaBuwiaMm BIIIA ne
n3mMeHuics u cocrasiser 30 Kr.

Ecnu xonmtep mpuoOpeTeH COBCeM HeIaBHO, TO Iepes 3amyckoMm cBoero BITJIA
He00XO0IMMO 3HATh CJEIYIOIIee:

e becnunotHble nerarenbHble annaparsl Ha Tepputopun PO moasexar odsi3aTenbHOI
perucrpauuu B PocaBuanuu, eciiu ux Bec HaXOAuTCs B auarnas3one ot 150 rpammos
10 30 KHJI0rpaMMOB.

e Bce noneTsl JOKHBI OCYIIECTBISATHCSA TOJIBKO B JIHEBHOE BPEMs, KOT/1a OE€CIUIOTHUK
XOpOLIO M OTYETJIMBO BHUJIEH ONEPATOPOM, a BbICOTA 3aIlyCKa HE JOJHKHA MPEBbIIIATh
150 meTpoB.

e 3akoHonaTenbHO B Poccum 3amperieHo 3amyckaTrh JIOOUTEIhCKHE M KOMMEPYECKHE
BIUUTA B cienyronmx 30Hax: B Ipeneiax a’poapOMOB, B 30HE CTPATErMUECKUX WU
CHelHalbHbIX 00BEKTOB, KOTOpbIe 0003HaueHbl Kak ObITJIAcTH, B mpeaenax KOTOPHIX
3aIycK JIOOBIX JIETaTeNbHBIX CPEACTB orpaHuyeH. CrnemuM OTMETHTb, YyTo 3a 2022-
Havyasmo 2023 roma ObUT W3MaH psii MOCTAaHOBJIEHUI HAa PErMOHAIbHOM YpOBHE,
3anpemanmux win orpannyuBatonux nonersl BIIJIA. ITloatomy nepex 3amyckom
cBoero BILIJIA o0si3aTesibHO yTOUHNTE, He 3anpenieHo ju y Bac B oBIIJIAcTu, kpae
WIK pecny0/juKe MPOBOAUTH MOJEThl 0eCHUIOTHHKOB O€3 BBIJAYM Pa3pEIICHHS
COOTBETCTBYIOIIETO PETHOHANBLHOTO oOpraHa. B oco0eHHocTH 93TO Kacaercs
MPUTPAaHUYHBIX PETHOHOB €BpoIleiickoi yactu Poccun, rrie ry0epHaTOphl MPUHSIIH
MIOCTAHOBJICHME O BPEMEHHOM OTPAaHUYEHUU HCIIOJIb30BAHUS KONTEPOB JJIs MOJETOB
0e3 cornacoBaHus U 0JI00pEHHUs] PETUOHAIBLHBIX ONEPATUBHBIX MTA0O0B.

e 3amnpenieH 3anyck BIIJIA B MmecTax MaccoBOro CKOIUIEHHUS JIFOJIEH.

JIro6oit 3anmyck BITJIA Ham ropoaoM WM MOCEJICHHEM JOJDKEH OBITh COTJIACOBAH C
opraHamu MecTHou agmuHucTpanuu. [Ipu atom TpedoBanus k peructpaunu BIIJIA Bcé Te xe
— ot 0.150 no 30 xr. [TocraButs BIIJIA Ha yder Bnanenen o0s3ad He nmo3auee 10 qHel ¢ gaTel
€ro MOKYIKH.

BbecnimiioTHbIe neTaTenbHbIe anmnapaThl ¢ Maccoi 6osee 30 KHMIIOrpaMMOB JTOJIKHBI OBITH
noctasiieHbl Ha ydeT B @Cb u npoxoasT oTaenpHyo npoueaypy peructpaunu. [lpu stom ns
MOJYYEeHUST pa3pelieHns] Ha UCIOJIb30BaHuEe Takoro Tsokenoro BITJIA Bbl JOMKHBI yKas3aTh
CBOE IOJIHOE UMsI, KOHTaKTHbIN TenedoHn, angpec 1 MHH. 3anpamuBaercs Takxke TexHUYeCKast
nH(poOpMalMg 0 BO3MOXKHOCTSIX OECIMIIOTHOTO JIETAaTEILHOrO amnmnapara (KOJU4ecTBO M THUI
JBUTATENe, UX MOIIHOCTb, MaKCUMAaJIbHBII BeC KomTepa IpH B3JeTe, Ha3BaHHE (UPMbI-

153



m3roroButens BIIJIA u rox ero mpousBojctBa, cepus u Homep BIIJIA u T.1.). Bombmme
KOIITEPHI TaKkKe 005S3aHbI MPOXOAUTH MPOLEAYPY cepTHU(HUKALIUMHU, O YeM CKazaHo B 1. 9 ct. 37
Bo3aymnoro koaekca P®.

BBuny Toro, uro no 3akony 3anyckatb BIIJIA HaJx HaceleHHBIM MYHKTOM M MECTaMH
CKOIUIEHHUS JIIOJEH Henb3s, Jake JUIsl IPOBEIEHUS CBAaJCOHOM CHEMKU Bbl JOJDKHBI B3STh
COOTBETCTBYIOIIEE pa3pelleHHe Yy BiaJelblia TEPPUTOPUH, HaJ KOTOPOH OyIeT HMpOXOIUTh
CbEMKA, WM MYHULUIIATIbHBIX BJIaCTEH. Pa3pelleHHbIe U 3alpeleHHbIEe IS [10JIETa 30HbI B
MockBe MOKHO YTOUHUTh Ha O(pULIMAIBHON CTpaHHIle M3pa MOCKBHI.

Jlroburensckne u komMmepueckue bIIJIA, kak mnpaBwiio, HUCHONB3YIOTCA IS
npoBeJeHUsT POTo- U BUAECOCheMKHU. Eciu konTep 3amyckaeTcsi UMEHHO C 3TOM IIeJblo, TO
HeoOxonumo yBenoMuTh yrpasieHue @Ch B Bamem peruone o cBoux HamepeHusix. [lpu atom
B 3asBJICHUM JIOJDKHBI OBITH yKa3aHbl Kak Bce nanubie BITJIA, Tak u cBeneHust o6 oneparope
BIUTA. Takxe mponuchbIBalOTCS MECTO MPOBEACHMUSI [T0JIETA U LIEJIb, 1JIs1 KOTOPOH HE0OX0AnMa
chemka. [locie mosrydeHus pa3pemieHusi, KOTOpoe MOJDKHO OBbITh BbIaHO B 10-ITHEBHBIN
nepuoy, Biajenen u oneparop BIIJIA cBs3bpIBatoTCS yke ¢ pernoHalbHbIM LeHTpoM EnunHoit
CUCTEMBbI IO OpPraHU3alW{ BO3AYIIHOTO ABWKEHHUS ISl COTJACOBaHUS TOYHOIO MaplIpyTa
nepeasmxenus: coero bIUJIA. YnpaBneHnue moneroB N0MKHO BbIJATh CBOE pa3pellieHUe Ha
MIPOBEICHUE 3AIUIAHUPOBAHHOTO MEPONPHUATHUS C UCTIOIH30BAaHIUEM OSCIMIOTHHUKA.

Coseryem Brnanensiiam BIIJIA u ux omepaTtopam He mpeHeOperatbh BBIOJHEHHEM
MPEANHUCAaHHBIX HOPM U MPOLEAYP, BEAD 3@ 3TO I'PO3UT AIMUHUCTPATUBHAS OTBETCTBEHHOCTD.
Omata mrpada noxurcs Ha miedn Biagensia BITJIA. HecaHKIMOHMPOBAaHHBINA 3aIycK
BIUTA nan 3anpenieHHON Tepputopuei Tpo3uT mrpadom B pazmepe 20000 — 50000 pyoureit
st pusmaeckux s, 100000 — 150000 py6neit mas qomkHOCTHBIX vt 1 250000 — 300000
pyboneit s ropuauueckux Jui. Jlns mocnmegHed KaTeropum MOXKET OBITh BBEACHO
aJIMMHHUCTPATUBHOE MPUOCTAHOBJICHHE AeaTeabHocTH cpokoM A0 90 nueit. Ecnu BITJIA 6bin
3amylieH 0e3 MpeABapUTENbHO BBIIAHHOTO pa3pelieHuss W B Tpolecce TMoJieTa WU
MIPU3EMIICHUS] IPUYMHWI BpEJ 3J0POBBIO YEIOBEKAa WM CTall MPUYMHOM €ro CMEpPTHU, TO B
JTAHHOM CJIy4ae IPeAyCMOTPEHA YKE YIOJIOBHAsA OTBETCTBEHHOCTb.

Bnanenerny BIIJIA o06si3aTensHO JODKEH H3ydaTh 3aKOHOJATENbHYIO 0asy mepen
HOKYHKOI\/'I 6CCHI/IJ'IOTHI/IKa, a TaKXC BBIIIOJHATL BCC NPCANMUCAHHBIC 3aKOHOM IMPOLCAYPEHI
perucrpanuu, cepTudukany U NoJydeHus pa3pelieHnil Juisl OJIETOB.
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7. IeMOHCTPAIIMOHHBbINi BAPHAHT KOHKYPCHBIX 33JaHUIi PAKTHYECKOT 0
srana Konkypca. Ilpumep cocraBa 3agaHus NPAKTHYECKOI0 3TAana
Konkypca.

[TpakTryeckuii 3Tan KOHKypca MEXIPEIMETHBIX HABBIKOB U 3HAHUM BKJIIOYAET B ce0s
nsTh 3a1aHuil. [1o ofHOMY JUIs1 pa3MUYHBIX pa3/IesioB MOATOTOBKH KaneT rno npoduiao BKC.

KonnyectBo OanmnoB 3a mpakthueckwii 3Tan KoHkypca mpeamnpodeccrHoHaIbHbBIX
YMEHUH OIpeAeNseTcss CyMMHUPOBaHHEM HaOpaHHBIX OaUIOB IO 5 3aJaHUSM, COIJIACHO
KPUTEPHSM OIICHKH M0 KaXI0MY U3 331aHuil. MakcuManbHOe Konu4ecTBo 6amioB — 60.

Ilepsoe 3adanue KOHKYpPCHO2O 6apuaHma 638mo u3 yuebHozco nocobus «Boennas
UCMOPUAY U MOdICem OblMb CEA3AHHO C aguayuell U pakemHou mexHuKoll.

3apganne Nel. Hanumute kakas 60eBasi MalllMHa paKeTHOM apTUILIEpUu H300paXxKeHa Ha
pucyHke 1.

IIpaBU/IbHBIH OTBET:
BM-13, neodunuansHoe HazBaHue «KaTtrormay.
Kpurtepun onenuBanus:

1. TIpaBunbHbIH O0TBET — 10 6aI0OB;
2. HenpasuibHbIl oTBeT — () Oasa;

Bmopoe 3a0anue koHKypchoeo apuanma omHOCUMCs K npagosomy ucnoavsosanuio bBITJIA,
0J151 NPABUNILHO20 OMBEMA HA MO 3A0AHUE BHUMAMENbHO Uzydume pazoen 6 Memooudeckux
pexomenoayuil.
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3ananme Ne2. Ecnu BITJIA umeet Bec 1363 1, BOBMOKEH JIM €r0 3amyck Ha BoICOTY 0.9 kM ¢
HCIIOIb30BaHUEM 0YKOB FPV?

1. Ja.
2. Her.
3. Ja, ecmu 1poH MOKeT 00ecreYnTh BHICOCBI3b Ha paccTossHuH OoJiee 150M.

IpaBuabHblil oTBeT: 1107 HOMepoM 2. [Tockonbky 3anmyck BITJIA Becom ot 150 r 1o 30 xr
BO3MOXXCH TOJIKO Ha BBICOTY He Oosiee 150Mm.

Kpurepun oueHuBaHus:

1. IlpaBunbHbIM 0TBET — 10 6aIOB;
2. HenpaBunbHslil otBeT — 0 Gaia;

Tpemve 3a0anue C653aHHO C pAMAMU MYTbIMUKONMEPOS, OJisk YCReUWHO20 GbINOIHEHUS I1020
3a0aHUsi peKOMeHOyeM U3YYUms pazoein 5.7 MemoouuecKux peKomeHoayutl.

3aganune Ne3. Ha pucynke 2 cxeMaTH4HO W300pa’keHbl BUIBI MYJIbTHKOIITEPOB.
Pacmionoxwure ux B mopsiIKe BO3pACTaHUSI YCTOMYMBOCTH, OT HAMMEHEE YCTOHYMBOTO K
HauboJee:

1. {8} {}<o) 63

Pucynok 2. Buowsl cxem mynomuxonmepoe.

IIpaBUIBLHBIN 0TBET: O MOPSAIKY BO3PACTAHHS YCTOMYMBOCTH- OT HAUMEHEE YCTONYHUBOTO,
K HaubOoiee — 1,2,4,3

Kpurtepun onenuBanus:

4 mpaBUIBHBIX 0TBeTa — 10 OansoB;
3 mpaBWIBHBIX OTBETA — 5 0aJOB;

2 npaBUJIbHBIN OTBET — 2 Oasa;

1 mpaBUIBHBIX OTBETOB — 1 Oa;

0 mpaBuIBHBIX 0TBETOB — () OANIOB;

AN S

Yemeepmoe 3a0anue cesizano ¢ Hacmpouxou BII/IA, nodpobno o Hacmpoiike pacckazamo 6
pasoene 5.9 memoouueckux pekomeHoayutl.
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3ananue Ne4, Ha pucynke 3 n3o0OpakeHa CTpaHHIIa HACTPOUKH TIOJIETHBIX PEKUMOB U3
nporpammel Betaflight, niis kakoro u3 npeacTaBiIeHHBIX PEKHUMOB HEOOXOIMMO JT00aBUTh
JTMaIa30H aKTHBAIIUU, YTOOBI HACTPOHUTH PEKUM, KOTOPBIN yiaydmaeT yrnpasienue bITJIA
IIpU HYJIEBOM Ta3e?

ARM

JobannTh gManasc

IR MODE

JobannTs gHanascH

ANTI GRAVITY

JobasnTh gManascH

AMGLE

JotannTe gManasoH

Pucynok 3. Hacmpoiika nonemusix pexcumos ¢ npozpamme Betaflight
IpaBuiabnbli oTBeT: Pexxim nomHoro kortpoist PID — AIR MODE.
Kpurepuu onenuBanus:

1. TIIpaBunbHblil oTBeT — 10 6a10B;
2. HenpaBunbHslii otBeT — 0 Gaiia;

s peanusayuu npasunbro2o peuieHus 3a0a4u 8 nAmo20 3a0aHus, HeobXo00UMO peulums HeCKOIbKO
MPEHUPOBOUHBIX 3A0AHULL C Yelblo NOHUMAHUS NpuHyuna pabomsl opora. Kasxcooe ogudicerue
VAPABAOWUMU CIMUKAMU NPUBOOUM K USMEHEHUIO NOA0dCceHUs OpoHa. Takace cmoum ommemums,
4mo npu 6bINOIHEHUU OAHHO20 3A0AHUs eCb HEeCKOIbKO NPABUIbHBIX 8apuanmos peuenus. OOHako
Hauboee 8b1200HO PACCMAMPUBAMb BAPUAHMDL, COOEPIHCAUUE HAUMEHbULeE KOTUYECNBO OeliCEUL.
K npumepy, ons moeo, nonemems nane6o MOM*CHO cOeNaAmMb PbICKAHbE U NOCTIE SMO20 NoJlemenms
8nepeo, a MOJICHO Cpasy noemems, HAle80 8bINOIHUG KpeH 81e60. bonee nodpobHo pewienue 3moeo
3a0anusi 6yoem paccMompeHo 60 8pemsi 6U0eopazbopa u KOHCYIbmayuti

3aganue NeS. OnuuTe 1EHCTBUS ONEpaTOPa, BHIIOJHSIOIIETO TPEHUPOBOUHBIH MOJIET,
COTJIACHO 3aJaHHBIM YCIOBHSM.

YcnoBus:
1. TlponereTh Bce KOHTPOJIbHBIE TOUKH;
2. HOJ’IGT JOJKEH HAYNHATHCA B TOUYKE CTapTa, 3aKaHYUBAThBCA B TOUKEC (1)I/IHI/IHIa,

3. Touxa, I , IBJIsIETCS cTapToM. Touka, I , ABnsgercs puHumeMm. OUHUII U
CTapT HE ABJISIIOTCSA KOHTPOJIBHBIMU TOUYKAMU;
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10.

L] @

r 2 3

Touku pacronokeHsl Ha pa3Hoit BeicoTe: 4 — 0 METpoOB, .l — 20 MeTpoB, J -
a s ‘s r

2 metpa, J — 10 metpos, J. — 12 metpos, l — 1 metp, & —0 MeTpoB;

OpHna kieTka paBHsieTcs 1 MeTpy;

[Ipu yBenuueHuu rasa Ha OJIHO JI€JIEHHE B TeueHHe | CeKyH/bl, anmnapar

IIOJIHUMAETCS Ha OAUH METD;

IIponereTs Bce KOHTPOJIbHBIE TOUKH;

Jliia yBenuueHus yriia poickanbsg Ha 90 rpaaycoB, OTKJIOHUTE CTUK Ha OJHO

JieJIeHUe B TeUCHUE 2 CEKYH]I;

[Ipu nepemenieHny CTUKA KpeHa Ha OJTHO JIEJICHHE B TeUeHUe | CeKyH/bl,

anmnapat IpoxXoAuT 1 MeTp B CTOPOHY CMEILIECHUS CTHKA;

[Ipu nepemenieHny CTHKA TaHTaka Ha OJTHO JIEJIEHUE B T€UEHHUE | CEKYHIbI,

anmnapat IpoXoAMuT | METp B CTOPOHY CMEIIEHUSI CTHKA.

F "

Pucynok 5. Kapma mpenupoeounoii mpaccel.
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Pucynok 6. Ilynem ynpaenenus.

IIpaBuJabHbBII OTBET:

VYBenuuuTk ra3 Ha JiBa jejieHue B TeueHue 10 cekyHn;

OTKJIOHUTB CTUK TaHra)ka BIEPe] Ha OJHO JEJIeHUE Ha 3 CeKYH/IbI;

OTKJIOHUTB CTUK PHICKaHbs BJIIEBO HA OJIHO JEJICHUE Ha 2 CEKYH/IbI;

OTKJIOHUTH CTUK TaHTa)a BIIEPE]l Ha OJIHO JeJIeHHe Ha 2 ceKyHbl;, (MBI B TOUke 2) U

ERE T R A o

i
Kpurepun onenuBanus:

Jloneten 10 KOHEUHOI TOUKH, MPOWIs Yepe3 Bce KOHTPOJIbHbBIE TOUKH — 20 6alioB;
Jloneten mpoiias uepes Oobliiee KOMMYECTBO KOHTPOJIBHBIX TOUEK — 15 6asios;
Jloneren mpoias yepe3 MEHbIIIee KOJIUYECTBO KOHTPOIBHBIX TOYEK — 7 OaJIOB;

PowhdPRE

He nomeren mo xoneunou Touku — 0 0anmnos.
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