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W3 roga B rox HaOmIromaeTcsl pacIIMpeHUE Kpyra 3agad Ui COBPEMEHHBIX JIeTaTeIbHBIX
anmaparoB. Hampumep, NOSBIAIOTCS 3aJadyd CBSI3aHHBIE C NpUMEHEHHEM JIA 11 BbIBEICHMS
CIlyTHUKOB Ha opoOuty. IlepcneKkTUBHBIM pemnieHHMEeM Takod 3ajgaud  sBiasercs JIA ¢
KoMOuHupoBaHHOH CVY. DTOT QakT TOBOPUT O TOM, YTO B OTEUECTBEHHOM aBHAJBUTaTEIIECTPOCHUU
HEOOXOMMBI JIOTIOJTHUTEIbHBIE HCCiIeqoBaHusl U mpopaborka [IO s coBMecTHOro pacyera
Pa3IMYHBIX TUIIOB JIBUTATEJIEH C JIETATEIbHBIMU allllapaTaMu.

Jannas pabora mocsamieHa paspabotke I[1O ans coBMecTHOro pacdera ABHTaTens M
JIETaTeJIbHOrO anmnapara. J[anHas mporpaMma COCTOMUT U3 CIIELYOLIIMX MOAYJIEH: MOLYJIb IOATOTOBKH
BXOJHBIX JaHHBIX, Moayib pemenus CHAY, Mmomyns rpadpuyeckoro umurepdeiica s BBHIBOAA
pe3yJibTara.

bnok-cxema neMoHCTpupYyoLas IPUHLKII pabOThI PEACTaBIeHa Ha pUCyHKe 1.

A3poanHaMHYECKIE IIporpamma
XapakTepHCTHKH JIA YIIpaBiIeHHsA

Iloaroroeka
BXOIHBIX TAHHBIX

Anroput™
pacueta CY-JIA

XapaKTepHCTHKH
JIA c CY

XapaKTepHCTUKH

Iporpamma nonera
IIBHTaTeN]

Pucynox 1 — Ilpunyun pabomsi npocpammno2o obecneyenus

HcxonHbpie XapaKTEPUCTUKU CUJIOBBIX YCTAHOBOK MPEICTABIISIOT U3 ce0s (paiiiibl pa3aTudHbIX
dbopmatoB, coiepxamme B ceOe 3HAUEHUS  YCTAHOBJCHHBIX  MapaMeTpoB, MpHUEM
MOCJIEIOBATEILHOCTh U CTPYKTYpPa PACIIONOKEHHS TaHHBIX B PA3IUYHBIX (haiijax — OTIIMYAETCS, TO
MIPUBOJIUT K YBEIHMUEHHUIO BPeMEeHH Ha aHaiu3. XapakrepucTuku CY HeoOX0IMMO UMIIOPTUPOBATH B
nporpammy CVY-JIA, BeIOJIHEHHUE TOM 3aa4ll pydHOU 00pabOTKON — Heleaecoo0pa3Ho, TaK Kak
3aTpadynBaeTCcs OOJBIIOE KOJIUYECTBO BPEMEHH.

AJTOPUTM MOATOTOBKH BXOJHBIX JIAHHBIX MIOMOTaeT 00pabaThiBaTh BXOIHOM (haiis, C 1EIbI0
BBIJITICHUS] U3 MAacCHBa JaHHBIX HYXKHBIX JUIS pacueTa JJis JadbHEHWIIero MxX MMIIOPTUPOBAHUS B
Moxayae-pemarens CHAY.

Pacuer TpaekTOopuu IE€TAaTENBHOTO ammapaTa MPOU3BOAUTCS TYTEM  YUCICHHOTO
WHTETPUPOBAHUS YPAaBHEHUH JIBIDKEHUS IICHTPA Macc, IPEJICTABICHHBIX HAa PUCYHKE 2.

Ceiiuac uzer pa3paboTKa ¥ HHTETPALlUs AJITOPUTMa pacueTa, HaTMCAaHHOTO Ha si3bike Python
B IIPOTPaMMYy.

[Tockonpky mpobOiema pacuera ABUTarenss B mocTaHoBke 3amaun CY Bmecte ¢ JIA
ompesiereHa, BaXXHBIM acCMEKTOM SIBJISIETCS HAllMCaHWE METOJWKH pacueTa JUlsl PEIIeHUs JTaHHOU
3amaun. [lockombKy AMisl ycnemHoi paboTel JaHHOTO MpoekTa mpuaercs pemars CHAY, metoanka
pacdeta OyAeT mpearnoaraTe pa3IudHbIe METOAbI PEIICHHS TaHHBIX YPABHCHUM.
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I[IO st coBMECTHOrO pacuera [BUTATeNsl M JICTATEIBHOIO allapara BBIIIOJIHAET CBOU
¢bynkuuu. IIpy M3BECTHBIX TAKTHKO-TEXHHYECKHUX XapaKTEPUCTHKAX OMpeIesieT COYeTaHue
rnapameTpoB aBuratens u JIA.

B nannsiii MomeHT 110 ocymiectBiisier utepanuonssiii pacuer CHAY u oTcyTCTBYET MOyJIb
rpadpuueckoro unrepgeiica. [10 nokaszano 10CTOBEPHOCTh MPOBOAMMBIX PACUETOB B CPAaBHEHHUHU C
MMEIOIIMMUCS IPOrpaMMaMu I10JIETOB.
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From year to year, there is an expansion of the range of tasks for modern aircraft. For example,
there are tasks associated with the use of aircraft to launch satellites into orbit. A promising solution
to this problem is an aircraft with a combined control system. This fact suggests that in the domestic
aircraft engine industry, additional research and development of software is needed for the joint
calculation of various types of engines with aircraft.

This work is devoted to the development of software for the joint calculation of the engine
and the aircraft. This program consists of the following modules: input data preparation module,
SNAU solution module, graphical interface module for displaying the result.

A block diagram showing the principle of operation is shown in Figure 1.

The initial characteristics of power plants are files of various formats containing the values of
the set parameters, and the sequence and structure of the data location in different files is different,
which leads to an increase in the time for analysis. The characteristics of the CS must be imported
into the CS-LA program; performing this task by manual processing is impractical, since a large
amount of time is spent.
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Figure 1 — How the software works

The input data preparation algorithm helps to process the input file in order to extract the data
needed for calculation from the array for their further import into the SNAU solver module.

The calculation of the trajectory of the aircraft is carried out by numerical integration of the
equations of motion of the center of mass, presented in Figure 2.

Now we are developing and integrating the calculation algorithm written in Python into the
program.

Since the problem of calculating the engine in the formulation of the problem of the CS
together with the aircraft is defined, an important aspect is to write a calculation methodology for
solving this problem. Since for the successful operation of this project, SNAU will have to be solved,
the calculation methodology will involve various methods for solving these equations.
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Figure 2 — SNAU movement of the center of mass

The software for the joint calculation of the engine and the aircraft performs its functions.
With known performance characteristics, it determines the combination of engine and aircraft
parameters.

At the moment, the software performs iterative calculation of SNAU and there is no graphical
interface module. The software showed the reliability of the calculations performed in comparison
with the available flight programs.
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