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1. B po6oTi BUKOHaHO aHasji3 mpobjaeMu BU60py ckiany i mapametpis CY Han3BykoBux JIA. 3'1coBaHoO, 110 1110
npo6seMy BUPIIIYIOTh HA OCHOBI Nifixony BUOOPY ckiany i napametpiB CVY 3a 3aiaHUM KputepieM eeKTUBHOCTI
I[IpY 3afiaHil WBUAKOCTI I10JILOTY. 32 MOr0 IOIOMOIOI0 OflepsKaHi HauBurinHimi napamerpu CY 3aaHOTO CKIIany
171 334,aHOI IBMIKOCTI HAI3BYKOBOT'O KPEMCEPCHKOI0 MOJILOTY 3a KpUTEPiEM MiHIMyMY BilHOCHOI Macu MajuBa i
CVY. OCHOBHUM HEJ0JIIKOM LIUX OOCJiIP)KEHDb € HEBPAXYBaHHS BILUIMBY 3MiHM IIBUJIKOCTI KPENCEPCHKOTO MOJIbOTY HA
KpuTepiit epeKTUBHOCTI Ta Ha ckiaz i mapameTpu CY. Kpim 11boro, B HassBHUX po60Tax 3a3BUYail PO3IJISAAETHCS
obMmesxeHe koJio CY. ToMy aKkTyasbHOIO € HAyKOBO-TEXHIYHA 33/1a4a BCTAHOBJIEHHS 3aKOHOMiIpDHOCTEN 3MiHU
HaVBUTIJHIIIOro ckaazgy i mapamerpis CV Bif, BUIKOCTI HAI3BYKOBOIO KPEMCEPCHKOTO MOJILOTY 32 3aJaHUM

KpurtepieM edpeKTUBHOCTI. [IpoBesieHO OOIPYHTYBaHHS BUKOPUCTAHHS IiIX0ly BUOOPY HAaWBUTINHIIIOrO CKIIAAy Ta



napameTtpiB CY 3a KpuTepiem MiHiMyMy BiTHOCHOI Macu nasmsa Ta CY [Jist BCTAaHOBJIEHHS 3aKOHOMIPHOCTEN 3MiHU
ckiany Ta napametpis CY Bif IIBUIKOCTI HaJI3BYKOBOT'O KpelcepCchKoro rnoiaboTy. O6paHi WXy BIOCKOHAIEHHS
LIbOTO MifgxoAy. BusHaueHo nepesik MaTeMaTUYHMX MoZesel i MeTOIiB, sIKi HeOOXiJHi 1711 pO3POOKU METOLY
BMOOpPY HaMBUrinHImMoOro ckiuagy i napametpis CY JIA 3 HaI3BYKOBUM KPEMCEPCHKUM PEXXUMOM IOJIBOTY.
Po3pob6seHo IBOCTyIeHeBU METO, BUOOPY HANUBUTITHIIIOTO ckiIaay i mapameTpiB pobodoro npouecy CY 3
onTuMizatiieto ii napameTpiB Ha BCix pexkumax pobOTU Ha OCHOBI KpUTepito MiHiMyMy BiHOoCHOI Macu nanusa i CY
IIpM 33JaHUX NPpOoQisi MOJIbOTY, FEOMETPUYHUX | aepOAMHAMIYHUX XapaKTepUCTUKax JIA, 3 ypaxyBaHHSIM PEXUMY
[IOJIbOTY, 3MiHM MACOBUX i aepOJMHAMIYHUX NIapaMeTpiB y npoueci pyxy JIA. B po3po6i1eHoMy METOIi KOMILJIEKCHO
CTPYKTYpOBaHi HeobOXifHiMaTeMaTUyHi MOJieIi i MeTOIM [1Jis BUpilIeHHs pobyieMu BUOOPY CKiaay i mapameTpis
CVY. O6rpyHTOBaHa HEOOXiHICTh yAOCKOHAJIEHHSI MATEMaTUYHUX MOJieJieil po604oro NpoLecy Kamepy 3ropsiHHS i
CVY 3 kombiHOBaHuMU TypboonpsimorouHumu apuryHamu (TT1I): TI1[] 6e3 nepepnadi eHeprii y IpSMOTOYHUI KOHTYP
(TPIIT), BBOKOHTYPHMI1 TYpOOPEAKTUBHUI IBUTYH 3 GOpCaKHOI0 Kamepolo 3ropsiHHA (TPIIQ) Ta ABOKOHTYpHUIA
TypOOpeaKTUBHUI ABUTYH3 (OPCAXKHOIO0 KAMEPOIO 3ropsiHHS B 30BHilIHbOMY KOHTYPi (TPIIDII) Ha npsIMOTOYHUX
pexumax poboTu. YAO0CKOHAJIEHO MaTEMAaTUYHY MOJIeJIb POOOYOro Ipolecy Kamepu 3ropsiHHs (K3) msixom
ypaxyBaHHS BIIMBY 3MiHU XiMiYHOTO CKJIa/ly poOOYOro Tijla BHACIIAOK TEPMIYHOI IUColiallii Ha eHTambIIio
poboyoro Tisa i BifHOCHY BUTpATy aJyKBa, 110 JO3BOJISIE MiABULIMTH TOYHICTh PO3PaXyHKY IMTOMOI BUTPATU
nanusa. Jnsa CY 3 TPOO®, TPOODIL i TPAIT Ha npsIMOTOYHUX peKMMax pobOTH yIOCKOHaJIEHO MaTeMaTUYHi Mojieli
pobouoro npotecy. Lle 03BoJsie BpaxyBaTy BTPATH IIOBHOTO TUCKY, sIKi OOYMOBJIEH] HASIBHICTIO B IPOTOYHIN
YaCTHHI: BEHTUJISITOPA 3 IOBOPOTHUMMU JIOIATKAMU, SIKi 3HaxX0IsThCs y puorepHomy nososxkeHHi (TPAIO i
TPI®II), panTtoBOro po3mupeHHs MOTOKY Ha BXoZi B kamepy 3minryBanus (TPIJI®) i nroHHrM onopom mpu
HYJIbOBil BUTpaTi razy 4epes BHyTpilHiN koHTyp (TPAL®II i TPAII). [IpoBeneHo nepeBipKy aeKBaTHOCTI
YIOCKOHQJIEHUX MaTeMaTUYHUX Mogesen CY Ta iX eJIeMEeHTIB IJISIXOM TIOPiBHSIHHS PE3YJIbTaTiB PO3PAXYHKY 3
eKkcriepuMeHTanbHUME faHumu «GeneralElectric» Ta po3paxyHkoBuMu ganumu M.M. Bonnapioka. OTpuMaHo
33/10BiJIbHUI 30ir pe3yJibTaTiB MOJEeJI0BaHHS poboyoro npouecy K3 i mBuaKicHUX XapaKTepUCTUK IPSIMOTOYHOTO
NOBIiTpsIHO-peakTuBHOro apuryHa (IIIPI). Bukonano BepudikalitoMaTeMaTUYHOIMOAEiaepOIUHAMIYHNX
XapaKTEPUCTUK JIA IJISIXOM MOPIBHSIHHS PE3yJIbTaTiB pO3paxyHKy 3 gaHUMU NASA. [Toxnbka BUBHAYEHHS
aepoJyHaMiYHUX XapaKTepuCTUK JIA Bifl HasIBHUX AaHUX CKiagae 61u3bko 2%. O6IpyHTYBaHHS JOCTOBIPHOCTI
Pe3yJbTaTiB MaTeMaTUYHOTO MOZIEJIIOBaHHS PyXy JIA IpoBeieHO IIJISIXOM [TOPiBHSIHHS Pe3yJbTaTiB MOJEIOBAHHS 3
nanumu NASA. BigMiHHICTb ImapameTpiB JIA Ha KpENCEPCHKOMY PEXMMI IIOJIbOTY, Ki OTpMMaHi B pe3yJbTarTi
MoOJesoBaHH Bif nanux NASA ckianae 61m3pko 0,5%. 3a mornomMoroi po3pobyieHoro Metony aJs JIA i3 3agaHnumu
MaCOBUMMH i aepoAHaMIYHUMU XapaKTepUCTUKAMU Ta 33aHUM IIpodisieM N0JIbOTY 3 TPAHCOKEAHCHKOIO JaJbHICTIO
PO3paxoBaHi BilHOCHA Maca NaJMBa i CUJI0BOI yCTaHOBKY IIPU pisHOMY ckiafi CY. B po6oTi po3risiHyTO CUIIOBi
YCTaHOBKU 3 TYPOOPEaKTUBHUMMU [IBUTYHAMU, IBOKOHTYPHUMU TypPOOPEAKTUBHUMMU JIBUTYHAMU 3i 3MillyBaHHSIM
notokis (TPII3M) i 3 po3ginbHuMY BUTiKaHHIM 3 KOHTYpiB (TPI), a Takoxx CY 3 TPAN®, TPAADIL, TPAII Ha
MIPSIMOTOYHUX pexxuMax. [y 3a3Ha4eHux ckiafiB CY BCTAHOBJIEHO 3aKOHOMIPHOCTI 3MiHU BiZHOCHOI Macu naansa
ta CV B gianasoni uucesn MII = 1,5...4 npu HaiBurigHimux napameTtpax CY Ha 37iTHOMY peKUMi Ta ONTUMAIbHUX
napaMeTpax Ha Kpericepcbkomy. OTPUMaHO 3aJIe’KHOCT] HalBUTiAHINX MapaMeTpiB poboyoro npouecy CY Ha
3JIITHOMY PEKMMI Bif] IIBUIKOCTI HAI3BYKOBOT'O KPEUCEPCHKOrO MOJABOTY. OTPUMAaHO 3aJIESKHOCTI ONITUMAJIbHUX
3Ha4Y€Hb PEryJIbOBAHMX IIapaMeTpiB Ta napameTpiB poboyoro npouecy CY Ha KpeiCEpCbKOMY PEKUMI IOJIbOTY Bif]
IIBUAKOCTI HaJI3BYKOBOTO KPECEPCHKOro MOJIbOTY, 10 3a0€3Me4y0Th MiHIMyMYy BifHOCHOI Macu nanusa ta CY.

BusHaueHo KOHKypyroui CY 11 pi3HUX Jiala30HiB IBUIKOCTEN KPENCEPCHKOTO MOJIBOTY.

2. The analysis of the problem of composition and parameters chosen for the supersonic aircrafts propulsion was
performed. It was found that this problem is solved on the basis of an approach of choosing the propulsion
composition and parameters according to a given efficiency criterion at a given flight speed. Herewith, a limited
range of propulsions in a narrow range of flight speeds is considered. This problem formulation does not allow
obtaining the dependence of the propulsion composition and parameters on the speed of supersonic cruising
flight. Thus, the establishment of patterns of change of the propulsion composition and parameters from the speed
of supersonic cruising is a vital problem. Substantiation of the use of the approach of choosing the most



advantageous propulsion composition and parameters by the criterion of minimum relative mass of fuel and
propulsion for establishing the patterns of change of the propulsion composition and parameters from the
supersonic cruising speed was performed. Ways for improving this approach have been selected. The list of
mathematical models and methods necessary for development of a method of choosing propulsion composition
and parameters for aircraft with the supersonic cruising speed was defined. Effective in terms of calculation
results optimizing and processing the method of choosing the most advantageous propulsion composition and
parameters by the criterion of the minimum mass of fuel and propulsion taking into account profile and the mode
of the flight, geometric characteristics and the variation of mass and aerodynamic parameters of the supersonic
cruising speed aircraft has been developed. In the developed method, the mathematical models and methods,
which are needed for solving the problem of choosing the propulsion composition and parameters, were
comprehensively structured. Necessity of improvement of mathematical models of the working process of
combustion chamber and propulsion with combined turboramjet engines was substantiated, namely turboramjet
engine without energy transfer to the external duct (TJER), afterburning turbofan engine (TFEA) and duct-burning
turbofan engine (TFEDB) that have ramjet modes. The mathematical model of the combustion chamber working
process has been improved taking into account the influence of the chemical composition of the working
substance on the different operating modes of the combustor on the enthalpy, which allows to increase the
calculation accuracy of specific fuel consumption. The mathematical models of working process of the propulsion
with TJER, TFEA and TFEDB on ramjet modes have been improved considering the total pressure losses which are
caused by presence in the external duct flowpath adjustable-blade fan setting up in feathering, sudden expansion
of the flow at the entrance to the mixing chamber and bottom drag at zero gas flow through the internal duct. The
adequacy of improved mathematical models of the propulsion and its elements was carried out by comparing the
calculation results with General Electric experimental data and calculation data performed by M. N Bondaryuk.
Satisfactory results coincidence of the modeling of the combustion chamber working process and the speed
characteristics of the ramjet engine was obtained. Verification of the mathematical model of aircraft aerodynamic
characteristics was carried out by comparing the calculation results with NASA data. The error of comparison is
less than 2%. Substantiation of the reliability of the mathematical modeling results of aircraft motion was
performed by comparing the results of modeling with NASA data. The difference between obtained simulation
parameters of the aircraft for cruising flight and NASA data is less than 0.5%. Using the developed method for
aircraft with given flight profile with transoceanic range, aircraft mass and aerodynamic characteristics, the
relative mass of fuel and propulsion for different propulsion composition were calculated. The propulsions with
turbojet engines (TJE), turbofan and mixed flows turbofan engines, and propulsions with TFEA, TFEDB and TJER on
ramjet mode were considered. Patterns of change of relative mass of fuel and propulsion in Mach numbers range
M = 1.5..4 were established for the given propulsion compositions. The dependences of the propulsion working
process optimal parameters for takeoff mode on the speed of supersonic cruising flight, providing minimum of
relative mass of fuel and propulsionwere obtained.
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rOJIOBH pagu

Bnacwue IpizBume Im's [1o-6aTbKOBI €niganos Cepiii Banepiiiosuy
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Jmutpenko €prexis BanepiiBHa

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




