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WCCJEIOBAHUA OCOBEHHOCTEM BBICOKOCKOPOCTHOI'O
ABUKEHUSA Y IJIMHEHHBIX KUHETHYECKHUX TEJI B BOJAE

A.C. IbsuxoBckuii, A.H. Nmenko, B.B. bypkun, A.B. Uynamesn

HanmonansHblil uccnenoBaTenbckuil ToMCKUIA rocy1apCcTBEHHBIN YHUBEpCUTET, Poccust
E-mail: Lex_okha@mail.ru

KiroueBble cjioBa: IBHKEHHE B BOJIC, CYNEPKAaBUTHPYIOIINH yIapHUK, CylepKaBepHa, BHICOKO-
CKOpPOCTHasl BUZICOCHEMKA.

AHHOTanmsA: BBINoNHEH aHaIN3 BBICOKOCKOPOCTHOTO JBMXKEHHS B BOJIE CYNEPKABUTHPYIOIIUX
ynapHukoB. [lokazaHo ompexensioliee BIMSHUE MAcChl HCCIEAYEMbIX YAApHUKOB Ha AaJbHOCTb MX
JBIDKEHHS B BOJE M OTKJIIOHEHHE TPAEKTOPUM MX ABMKEHHUS OT OCH IPULEIUBAHUA IIPU IPYNIIOBOM
crapte. Ha ocHOBe cpaBHEHUS T€OMETPUYECKUAX XaPaKTEPUCTHK CYyTNepKaBepH, (GOPMHUPYIOLMIUXCS TIPU
JBIDKEHUH OIHOTO WM JABYX YAAPHHUKOB, ONPEAETICHbl XapaKTepHbIEe AUCTAHLUH, HA KOTOPHIX HaOIII0-
JaeTCsl MUHIMAJIbHOE B3aUMOBIIMSIHUE YAAPHUKOB YT Ha ApyTra.
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INVESTIGATION OF THE FEATURES OF HIGH-SPEED MOTION
OF ELONGATED KINETIC BODIES IN WATER

A. Diachkovskiy, A. Ishchenko, V. Burkin, A. Chupachev

National Research Tomsk State University, Russian Federation
E-mail: Lex_okha@mail.ru

Keywords: Movement in water, supercavitating striker, supercavern, high speed video.

Abstract. The analysis of high-speed motion of supercavitating strikers in water is carried out.
The decisive influence of the mass of the investigated strikers on the range of their movement in water
and the deviation of the trajectory of their movement from the aiming axis during a group launch is
shown. On the basis of a comparison of the geometric characteristics of supercavern formed when one
or two strikers move, the characteristic distances are determined at which the minimum mutual influ-
ence of the strikers on each other is observed.

B wuccnepoBanun paccMaTpuBaeTCs BBICOKOCKOPOCTHOE JBUKEHHUE B BOJE
YUIMHEHHBIX OCECUMMETPUYHBIX MHEPTHBIX MOJeleil ONM3KONH K KOHUYECKOMH
dopme. Tak Kak KOHCTPYKIMS MOJIETM HE MOApPa3yMeBaeT HAIUYUE KaKoOTro-
an00 JABUTATENS, BMXKCHHE MPOMCXOAMT 3a CUET 3amaca KUHETHYECKOH dHep-
T'UH, TPUOOPETEHHOM B MPOIECCE YCKOPEHUS M0 KaHamy cTBojia. CyIlecTBEeHHO-
r0 CHWKECHHUS TOPMO3SIIErO0 BO3JIECUCTBUS CO CTOPOHBI BOABI YIAAETCS HOCTUYb
Oylarogapsi SIBICHUIO KaBUTAIlMU, KOTOPOE B CIIy4yae BBICOKOCKOPOCTHOI'O JIBH-
KEHUS MoJiener Ha ckopocTH cBbimie 100 M/c mpUBOIUT K 0Opa30BaHUIO B BOC
pa3peXKEHHBIX MOJOCTEW — cynepkaBepH [1-3]. BHemHud BHA CylnepKaBUTH-
PYIOIIETO yJAapHUKa U IPUMEP €ro ABHKEHUS B BOJE B PEKUME CYNEPKABUTA-
UM MIOKa3aH Ha puc. 1, a.

N3roroBienre reoMeTpur KOHTypa MOJEIH ¢ y4eToM (opmbl 00pasyemon
CylEpKaBEPHBI MO3BOJISIET HA OPSIAKA COKPATUTh MMOBEPXHOCTh KOHTAKTa MOJE-
au ¢ Bojo# [4—6]. IIpu >TOM MOBEPXHOCTh B3aMMOJICMCTBUE MOJEIU C BOIOM
O0OBIYHO TIPOMCXOJIUT TOJBKO B HOCOBOM YacTu. TaKyro MOBEPXHOCTh HA3BIBAIOT
KaBUTaTOpOoM. lIpm nBHKEHHHM MOAENM B CYINEPKaBEPHE, BO3MOXKHO JOCTHUYb
CTAa0MIIM3AIMU €€ JBWKEHUS MO0 TPACKTOPHUH 3a CUET TVIMCCUPOBAHUSA O CTEHKH
KaBepHbl. BHYTpeHHsIsSI MOBEPXHOCTh CyNEpKaBEPHbI IPAKTUUECKU HEMOJABUKHA
OTHOCHUTEJIBHO MOCTYNATEIBbHO JABHXKYIIETOCS KOPIyca MOJEIU, TUAPOYIPYroe
B3aMMOJCCTBHE OOKOBOW MOBEPXHOCTU MOJETH C BHYTPEHHEW MOBEPXHOCTHIO
MIOJIOCTH B CIy4ae WX KOHTAKTAa OTPAHUYMBAET IMPOCTPAHCTBECHHBIN yTOJI ATaKH
MOJENH. AKTYaJIbHOCTh PabOTHI MO MCCJIEIOBAHUIO BBICOKOCKOPOCTHOTO JIBU-
YKEHUSI KUHETUYECKUX MoJieNiel B Boje 00yClIOBJIEHA PAa3BUTUEM COBPEMEHHBIX
CPEICTB KOHTPOJISI M BU3YAIM3AIMU MO3BOJISIIOIIMM B JUHAMUKE U3y4aTh IMPO-
LIECCHI, COMPOBOKIAIOIINE JAaHHOE SIBJICHUE, ISl YTOUHEHUSI UMEIOIIUXCSl MaTe-
MaTUYECKUX MOJIEIICH.

Lenpro maHHOM paboTHI SABISETCS MCCIEAOBAHHE BBICOKOCKOPOCTHOIO JIBU-
YKEHHUSI B BOJE OJIMHOYHBIX U TPYIIIbl OCECUMMETPHUYHBIX yIJIMHEHHBIX MOJIETIEH,
V3TOTOBJIEHHBIX U3 PAa3JIMYHBIX CIUIABOB B PEXUME CYNEPKABUTALMU. Y CKOpE-

HHUC MOI[GJ'IGﬁ IMIPOU3BOAUTCA B MCTACMBIX cGopKax C OTACIIICMBIMU BCAYIINMU
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YCTPOMCTBAMH M3 MOPOXOBOM TJIAJKOCTBOJBHOW OaTMCTUYECKON YCTaHOBKH
(puc. 1, a).

JIBi>keHre Mojieniel B BOJAE UCCIENyeTCs Ha THAPOOAUTUCTHUECKON Tpacce
JJIMHOW 10 12 M, 4TO AOCTATOYHO ISl UCCIEAOBAHUS 3aBUCUMOCTH CKOPOCTH OT
MyTH B BOJIC M CPABHEHMS ATHX JAHHBIX C pacueTHbIMU. [[poBOaUTCS cpaBHEHME
MOJIYYEHHBIX 3KCIIEPUMEHTANBHBIX U PACUETHBIX AAHHBIX [0 U3MEHEHUIO CKO-
pOCTH MojeNeH, TPAaeKTOPHUsIM UX JIBUKEHHUS B BOJE U (opMe KaBUTAIIMOHHOMN
MOJIOCTH ISl MOJIETIel pa3nuyHbIX Macc. [IpeacTaBinenne o ToM, Kak U3MEHSIET-
Cs1 CKOPOCTh MOJEJH IO MEpE €€ EPEMELEHUS B BOJE U O TOM, KOrJa CyIlepKa-
BUTHUPYIOIINI PEKUM TMPEKPATUTCS, JTa€T BO3MOXKHOCTH B MEPBOM MIpPHOIHKE-
HUM OLICHUBATH MEPCIIEKTUBHYIO NAJIBHOCTH JABUKECHUS PA3JIMUYHBIX MOJEIICH B
pe)KHuMe CyNepKaBUTALIMU IO BOJIOK.
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Puc. 1. 3aBuCUMOCTBH CKOPOCTH MOJENH OT MMYTHU B BOAE IS paauyca KaButaTopa | MM

Ha puc. 1, 6 npuBeeHbl SKCIEPUMEHTANIbHBIC U PAaCUETHBIC JJAHHbBIC M0 W3-
MEHEHHIO CKOPOCTH ISl MOJieJield B BOJIe C paJiiycoM KaBuTatopa 1| MM u mac-
camu oT 4 110 56 T.

B pacuerax mpenamnonaraercs, 4To B3aMMOJICHCTBHUE MOJIETH C BOJION MPOMC-
XOJIUT TOJBKO IO MOBEPXHOCTH KaBUTaTOpa. PacueT majaeHus CKOPOCTH MpPOU3-
BOJUJICS 110 (hopMyJIe

V — ell’l VO —Sk
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rjae k:%ﬁj; Cy = 0.82, m — macca mojaenu; R, — paauyc kaBuTaropa; S —
m
MyTh B BOJIE; V) — HayaJibHasi CKOPOCT.

JlomoJIHUTENIPHOE B3aUMOJICHCTBUE MOJICNIM MaJioil Macchl (T.€. ¢ HU3KHUM 3a-
MacOM KHHETHYECKON PHEPrur) ¢ KaBEpHOM OKa3bIBAa€T HAa HEE CHIILHOE TOPMO-
3s11I€€ BO3JICUCTBUE.

B pesynaprare paboThl MOIYyYEeHO, YTO OJHHMM H3 OCHOBHBIX (PaKTOPOB,
BIIMAIONIMX Ha JAJbHOCTh CYNEPKABUTHUPYIOIIETO JABUKEHUSI B BOJE, SIBISETCA
HayajdbHasg CKOPOCTh MOJIENU. DKCIEPUMEHTHI, MPOBEICHHbIE HA TUAPOOAIIIH-
CTUYECKOM Tpacce, MoKa3aiu, BO3MOXHOCTh JIBUKEHUS B BOJIE CTAIBHBIX MOJIE-
neit co ckopoctsamu 10 1000 M/c, ganpHelee yBeTU4eHHe CKOPOCTH MIPUBOIUT
ux nedopmanus uin paszpyuieHuro Ha Tpaektopuu. [Ipumenenue Gosee npou-
HBIX CIIaBOB, Hanpumep, BHK, no3Bosnniio peann3oBars ABUKEHUE CO CKOPO-
CTBIO 3ByKa B BoJie okoJio 1500 m/c.

B skcniepuMeHTax moydyeHo, 4TO MPU OJHOBPEMEHHOM JIBMYKEHUU JBYX CY-
MEePKaBUTUPYIOMMNX yIAapHUKOB W3 ciuiaBa BHIK pacxoxnenue Mexay HUMH
MEHBIIIE YEM NPHU JABMKEHUU CTABHBIX WJIM U3TOTOBJICHHBIX U3 CILJIaBa aJlOMU-
HHS Ha QHAJIOTUYHOM JUCTaHIHH.

UccnenoBanue BBIMOTHEHO 3a cueT rpanta Poccuiickoro HayuHoro (onma
(mpoekt Ne 19-19-00233).
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AHHOTaNMs. BEITOTHEHBI TEPMOIMHAMUYECKHAE PACUETHI SHEPTETUUECKUX XapaKTEPUCTHK CMece-
Bbix kommosuimii (CK), comepxkammx AlB;,, Mg u Si, Ay npsMOTOYHOTO BO3IAYIIHO-PEAKTUBHOTO
meurarenst ([IBP/I). [IpoBenena omeHka BIUSHES COCTaBa CMECEBBIX KOMITO3UIIMI HA JaTbHOCTH I10-
neTa erarensHoro ammapara (JIA) mpu pa3nuyHBIX HadalbHBIX YCIOBUAX. PacueTr mampHOCTH monera
OCYILECTBIISUICSI YUCICHHBIM WHTETPUPOBAHHEM YpaBHEHUN NHHAMUKHU TOJETa. Y CTAHOBJICHO, YTO
npumenenne CK, comepkamux Mg, o0ecieunBaeT 3HAYHTEIHHOE MOBBIICHHE OAMITUCTHYECKUX Xa-
paktepuctuk JIA mo oraomenuio k CK, comepskamum Si. [lomydeHo, 9TO OBBIIICHHE 3HAYCHUN TATH
u yria oOpocanus 10 45° NPUBOAMT K YBEIMUCHHIO TApaMETPOB BPEMEHH MOJIeTa, JAIbHOCTHU MOJIeTa U
MaKCUMaJIbHON BBICOTHI mojeTa JIA.

STUDY OF THE INFLUENCE OF FUEL ON THE POSSIBILITY OF
INCREASING THE FLIGHT RANGE OF A SMALL AIRCRAFT

M. Enkov', T. Gorbenko', M. Gorbenko’

'National research Tomsk State University, Russian Federation
*National Research Tomsk Polytechnic University, Russian Federation
E-mail: enkov_maksim@mail.ru

Keywords: mixed compositions, specific impulse, thermodynamic calculation, engine thrust.

Abstract. Thermodynamic calculations of the energy characteristics of mixed compositions (MC)
containing AlB;,, Mg and Si for a ramjet engine have been carried out. An estimation of the influence
of the substance composition on the aircraft (AC) flight range under various initial conditions has been
carried out. The calculation of the flight range was carried out by numerical integration of the equa-
tions of flight dynamics. It has been established that the use of MC containing Mg provides a signifi-
cant increase in the ballistic characteristics of aircraft as compared to compositions containing Si. It
was found that an increase in thrust and launch angle up to 45° leads to increase in the parameters of
flight time, flight range and maximum flight altitude of the aircraft.

B HACTOAIICC BPCMA AKTHBHO BCAYTCA UCCIICOAOBAHUS IO YBCIIMYCHUIO JTaJIb-
HOCTH II0JICTA MaJIOPa3MCPHOI'0 JICTATCIILHOI'O allllapaTa 3da CYCT UCIIOJIb30BaHUA
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