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N PABBUTHE BO3MOKHOCTHU MOJAEJIUPOBAHUA
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B nHavasie aBMalMOHHOW 3pbl CAaMOJIETBI C BHUHTOBOM TSTOW CTaJKUBAIUCH C MHOYKECTBOM
KOHCTPYKTUBHBIX HEAOCTATKOB. OHMM M3 KJIIOUEBBIX OBbLI BUHT: JJIS KaXI0M MOJENU caMojéra H
JBUTaTeNss TpeOOBalCs WHIAMBHAYaJIbHBI BHUHT € (DPUKCHPOBAHHBIM YIJIOM HAKJIOHA JIOMACTEH.
Opnako, mnocie IlepBoii MHPOBON BOMHBI HH)KEHEPBHl COBEPLIWIA IPOPBIB, CO3JaB BHUHT C
U3MEHSIEMBIM IIIaroM, CIIOCOOHBIN PEryIMpOBaTh YroJl HAKJIOHA JIoNacTel npsAMo B MOJETE, YTO CTAJIO
BO3MOXHBIM OJ1arofapsi BHEAPEHUIO PETYJISATOpPA I1ara.

Cpenn pa3HOOOpasusi peryisiTOpoB IIara BHHTA 0co0O€ BHHMAaHHE 3acCiIyKHBAcT
THJIPABIUYECKUN perynsarop. Vcrmonp3ysh NPUHIMII IEHTPOOESKHOTO pEryjIsITopa M Macjio TOJ
JIaBIIEHUEM, MOoJaBaeMoe OT JBHraTelsi, OH oOecrneyrBajl W3MEHEHHME yIJIa HaKJIOHA JIomacTei,
NOJICPKUBAsi ONTUMATIBHYIO YaCTOTY BpaIlleHHsI.

HccnenoBanne TUAPABIMYECKOTO PErylsiTopa BKIOYANo B ceOd 3ahady IMOCTPOCHUS €ro
MaTeMaTHuecKko wmozaenu. M3yuuB ¢opmynsl w3 ucrounuka [1] u [2], BbIBenu ypaBHEHUS,
OTHUCHIBAIONME XapakTepucTuku camonéra (1), murarens (2) m perymnstopa (3). IT'me T1 u
T4— mocTostHHAst BpeMEHH JIBUTATEINS U CAMOJIETA COOTBETCTBEHHO; k1 M k4 — K03 (ppuLIneHT ycuneHus
JIBUTATeNl U CaMOJIETa COOTBETCTBEHHO; X1 — W3MEHEHHME 4YacTOThl OOOpOTOB; X2 — W3MEHEHHE
CMELIEHUsT MY(ThI; X4 — U3MEHEHUE CKOPOCTH; P — ONEpaTop; { — HM3MEHEHHUE yIJla YCTaHOBKH
nonacreit; f(t) — Bo3amylieHue, aeiicTByromee Ha 00beKT; d — KOI(D(GUIMEHT 3aTyXaHUs;, Uz —
CKOpPOCTb CMEILEHUsI My(ThI; Q14 U Q41 — HAdalbHbIM KOI((UIMUEHT TATM JIBUTATENSI M CaMOJIETa
COOTBETCTBEHHO.

—a41x1 + (Typ + Dxy = kyp (1)
(Tip + Dxy + agaxy = —kqu + f(t) (2)
(Pz + 2dv,p + v%)xz = k2v22x1 3)

WNx wuHTErpamusi mpuBela K CO3JaHUI0 TEpeaaTovHOM (YHKIMH, KOTOpas IEIUTCS Ha 3
nepeaarounbie GyHKIUH (4), Kaxaas U3 KOTOPBIX XapaKTePU3yeT CBOW IJIEMEHT CUCTEMBbI, OHU ObLIH
UCIIOJIb30BAHBI JIJISI MOJIC/IMPOBAHUS M3MEHCHHUS YIjla HAKJIOHA JIOMACTed B mporpamMme SamSim v.
1.13.
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Hcnonp3ys momydeHHbIE MEPeXoIHbIe MPOIeCcChl, ObUIa MOCTpOeHa MaTeMaTuyeckas MOJeb B
nporpamme SamSim (puc. 1). Mopaens Obuia 3amyiiieHa, B pe3y/IbTaTe MmojiyueH rpaduk mepexoaHoro
npoiiecca, KOTOpbId H300paXkeH Ha puc. 2.
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Puc.1. [lony4yeHHas MareMaTH4ecKas MOJEIb B porpaMme SamSim

Puc. 2. T'paduk nepexomHoro mpormecca

Ha xadenpe nBurareneii BHYTPEHHETO CropaHus ObUT pa3padOTaH MPOTPAMMHBINA TaKeT
ALLBEA nns marematnueckoro pacuéra JBHTrareiiell TPaHCHOPTHBIX CpeAcTB. Tekyimas 3amgada
3aKJII0YACTCSl B UHTETPAIMU MOJIENTH BUHTA ¢ U3MeHsseMbIM 1maroM B ALLBEA, uTo mo3BoiuT 3a1aBaTh
napamMeTpbl BHHTA, THIT PETYJSITOPA, KOJWYECTBO JIOMACTEH M JPYrue XapaKTePUCTHUKH. DTO JacT
BO3MOKHOCTh aHATM3UPOBATh padOTy BHHTA C PA3JIMYHBIMU JABUTATEIISIMH, OIIEHUBAThH TATY, B3IETHYIO
MOIITHOCTb U BIIUSIHME U3MEHEHHUS yTJIa HAaKJIOHA JIONACTeH Ha JIETHBIC XapaKTePUCTUKH.

B mporecce manpHEHIIMX HCCIEIOBAHUM MBI CTOJIKHYJIUCH C HEOOXOJMMOCTBIO PaCIIUPEHUS
MaTeMaTUYeCKOW MOJICNId BUHTA, BKJIIIOUYHMB B HEE JOTIOJHUTEIbHBIC YPABHEHUS, YUUTHIBAIOIINE TATY,
COTIPOTUBIICHHUE, KOJMYECTBO M YrOoJ HaKJIOHA JIOMACTeH, WX BBICOTY M JIPyrue mapameTpbl. OTH
YpaBHEHUS MMO3BOJIAT HAM TOYHO HACTPOUTH PETYJATOP M MOCTPOUTH KOPPEKTHYIO MaTEMaTHYECKYIO
MOJIENIb.
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Early aviation faced challenges with propeller design, specifically the fixed blade angle. The
post-WW!I invention of the variable-pitch propeller, which allowed in-flight blade angle adjustments,
was a significant advancement. This innovation was enabled by the pitch regulator, particularly the
hydraulic regulator, which used the centrifugal governor principle and engine oil pressure to maintain
optimal propeller rotation.

The hydraulic regulator's effectiveness was proven through mathematical modeling. Equations
representing the aircraft, engine, and regulator were integrated into a transfer function, divided into
three sub-functions for each system component. These functions were applied in the SamSim v. 1.1.3
program to simulate blade angle adjustments.

Comparative analysis of blade angle transitions from SamSim and another study confirmed the
model's accuracy. The ALLBEA software, developed for engine calculations, is now being updated to
include the variable-pitch propeller model. This integration will allow for detailed analysis of
propeller performance with different engines, evaluating factors like thrust and takeoff power.

Further research is expanding the mathematical model to include equations for thrust, resistance, blade
count and angle, and other variables. This will enhance the precision of regulator settings and the
overall mathematical model's accuracy.
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