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PaccmaTpuBatoTcsl BOMPOCHl aHATUTUYECKOTO OIpeNeeHUsT YIJIOBOTO MOJIOXEeHUs PaKeThl ¢ YYETOM U3TMOHBIX KoJie-
O6aHuii kopryca. Koprnyc pakeTbl 3aMeHEH HEOIHOPOIHBIM CTeP>KHEM, TSTOBBIC, OAJNTUCTUYECKUE, BECOBBIE, a3pOIMHAa-
MHYECKHe, MHEPLIMOHHBIE XapaKTEPUCTUKK 3aMEHSIOTCS cpefHUMHU. [Ipu MccaenoBaHUM yIUTHIBAIOTCS YIIPpyTre Koseba-
HUS TIepBOTo ToHa. B paboTe mosiydeHbl aHATUTUYECKUE 3aBUCMMOCTU U3MEHEHUs YIJla CKOJIbXEHMS, YIia BeKTopa CKO-
pOCTH, yIjia MPOJOJIbHON OCH PaKEThl C YYETOM YIPYrux KoyiebaHuii KopIyca.

Karoueesovie caosa: ynpyrue KonebaHus, COOCTBEHHBIE KOJIeOaHuUsI TIEPBOTO TOHA.

[Ipyn TpoeKTHPOBAHNH PAKET C OOJBITUMU Y-
HEHUSIMA BO3HUKAIOT BOIIPOCHI O BJIUSTHUH YIIPYTHX KO-
JieGaHMii Ha JIETHO-0AITUCTUIECKIE XapaKTEPUCTUKM.
Yrpyrue KonebaHUST BOSHUKAIOT OT CHJIBI TSTH IBUTA-
TeJIsd, adpoanHaMudecKux cuil. B padore [1] misa mc-
CJIeIOBAHUS YIIPYTUX KOJeOaHUI paKeTy 3aMEHSIOT
HEOTHOPOIHBIM CTEPXKHEM.

[MpencraBieHme pakeThl B BUAE HEOTHOPOIHOTO
CTEeP>KHST 3HAYUTETLHO YITPOIIAeT UCCIeIOBaHNIE 10 OIT-
pelesICHUIO YTIIOBBIX XapaKTePUCTHUK.

B pabote nonyueHb! nuddepeHimaabHbie ypaBHe-
HUS IBIDKEHUST pAKEThI C YIETOM YIIPYTUX KOJIEOAHMIA.

[MpencraBiasgeT MHTEpEC OMpPeAeIeHNE YIIIOBOTO
TTOJIOKEHMS PaKeThl C YUETOM YITPYTHX KOoJeOaH!ii aHa-
JIUTUYECKUM METOIOM.

Pe3ynbraThl MOTYT OBIT TIOJIC3HBI IJIT HAYIHBIX pa-
OOTHUKOB M PaOOTHUKOB KOHCTPYKTOPCKHUX TIPEIITPH-
SATU.

B cTarbe nipu paccMOTpeHU IBUXKEHUS paKeThl Xa-
PAKTEPUCTUKU: TATOBbIE, BECOBbIE, a9POAMHAMUYECKUE,
WHEPLUMOHHbIE — 3aMEHSIIOTCSI CPEIHUMMU.

YuuteiBaroTcsl ynpyrue KojiebaHusi COOCTBEHHBIX
KoJiebaHMii MepBOro ToHa. BBumy Toro uto yckopeHue
pakeThl B MPOJOJHLHOM HaIlpaBA€HUU 10 BEJIUYMUHDI
BTOPOTO MOPSIIKA MAJIOCTU HE U3MEHSIET HalpaBIeHUSI
B OOKOBOM HampaBJ€HUM, pacCMaTpUBAEM IOTNEPEUHOE
JBUXXEHME HE3aBUCHUMO OT MPOAOJBHOTO.

B cootBerctBuU ¢ [1] nuddepeHimanbHbie ypaB-
HEHHUS C YYeTOM YMPYIux KojieOaHUil MpeacTaBuM B
BUE

U] +a1l]J +a28+a32+a4'§=a5§
O+bB+bE+bE=b,5
(1)

£+ clé +o8t B =¢,0

b+B=y.
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y — yros pbiCKaHUS;
) — ymIoBasi CKOPOCTb yIJla PbICKAHUSI;
) — yCKOpEHME yIjia PbICKAHUS;
B — yroa cKoJbXEHWUSI,;
¢ — yroa BeKTOpa CKOPOCTH B TOPM30HTAIbHOM
TJIOCKOCTH;
¢ — 0000I11IeHHasT KOOpAMHATA TIEPBOrO TOHA MO-
MEePEeYHbIX KOJIeOaHWIA;
£ — CKOpOCTb 00OOIIEHHON KOOPANHATHI MEPBO-

ro TOHA TIOTEePEYHbIX KOJEOaHUIA;

£ — yckopeHue 00OOLIEHHON KOOPAMHATHI IIep-
BOTO TOHA TIOTIEPEYHBIX KOJICOAHMIA;

5 — YroJ IoBopoTa pyjei;

V' — CcKOpoCTb pakeThl;

m — Macca pakeThl;

mnp — IIpUBEACHHAadA MacCa pakKeEThbl 11O IIE€PBOMY

TOHY;
h(x) — byHKuMs TpeHus;
| — nnuHa pakeThl;
F — Tdra IBUTATEJIBLHON YCTAHOBKM;

Ji — dopma coOCTBEeHHBIX KOJIeOaHMii TIEpBOro
TOHA;

J{ — yron HakiIoHa KacaTeqbHOU K (hopme cob-
CTBEHHBIX KOJIeOaHUIT TTepBOro TOHA;

P — ITOTHOCTH BO3/yXa;

X; — pacCTOSIHME OT BEPLIMHBI PAKETHI 10 LEHT-
pa macc;

X, — PAcCCTOSTHWE OT BEPIIMHBI PAKETHI 0 TOYKHU

4
IIPUJIOKEHUA TATU JIBUTATEJIbHOU YCTaHOBKMH,

(V)
m_,° — NPOU3BOAHAS OT KoaddureHTa aapoau-

HaMMY€CKOIo HCMHQ)I/IPYIOH_ICFO MOMCHTA,
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cP

» — NPOM3BOIHAsA OT Kod(hduIMeHTa GOKOBOA

AdPOAMHAMUYECKOM CUJIBI 10 YIIY CKOJIBKECHUS,
mE — MPOU3BOJHAS OT KO3 dulMeHTa aapoaHa-

MHNYECKOI0 MOMEHTA 110 YIJIY CKOJIbXXCHUS,

4
mz — IIpOMU3BOAHAasA OT KOQ(I)(I)I/IL[I/IGHTEI aspoaurHa-

MMYECKOTO MOMEHTA I10 YIJIy OTKJIOHEHUS pyJeii;

Yzz — MOMCECHT MHCPUIUHN PAKETbl OTHOCUTCIBHHO

TMOTIEPEYHOM OCH, TIPOXOSIIEHA YEPE3 LIEHTP MACC;
S — miomanb MUAEs;

€, — OTHOCWUTEJIbHBIN KO3(PUIMEHT 3aTyXaHUs
YIIPYTUX KoJieOaHUIA;
(), — YyacToTa COOCTBEHHBIX KOJEeOaHUii MepBOro

TOHa;

E — Monynb ynpyroctu;

Y — MoMeHT MHepIY OTHOCUTEIBHO TTPOIOIBHOM
OCH.

J11s peleHust cucTeMbl TrdbepeHIIMaIbHBIX ypaB-
HeHuit (1), U3 TpeTbero ypaBHEHUSI BbIpAa3UM YTOJI
CKOJIbXXEHUS:

3:645_'2_361'5—022‘ @)
c
Beipaxkenue (2) npoauddepeHIrpyeM:
- 8
3
[Mponudpepenuupyem (3):
P L "
3

W3 BTOporo ypaBHeHuUsi cuctembl (1) BbIpazum
MPOU3BOIHYIO YIJIa BEKTOPA CKOPOCTHU:

0=b,8-bB-bE-bE Q)
[MponuddepeHurpyeM BoipakeHue (5):
O =-bB-bE~b¢. (6)

[ponuddepeHpyeM YeTBEPTOC ypaBHEHUE CHC-
tembl (1):

b=0+p (™)
ITponnddeperumpyeM BoipaxkeHue (7):

P=0+p (®)

B nepBoe ypaBHeHue cuctemsl (1) moacraBum (7),
(8), 3aTteM B TTosTydeHHBIe BeIpaxkeHus (6), (5), (4), (3),
(2). Monyunm:

cose

ﬁ(z + clé + czé)_ b2E - b3E -

G G
a . .
+C—;(b4c36 —bic, 8 +h E+b e, E+byc, E~byc, E-
—beg-€- - c2E) +

+%(c46—'E—cl'i—czﬁ+a3c3£+a4c3'§)=a56 ©)
3

B Boipaxkenuu (9), npuBojasi Mogo00HbBIE YJIEHBI,
MOJYYUM:

£+e (Cl ta - b1)+2(b303 +c) tae +a, —b _albl) +

+&(bycy +aybyes +aye, +aye —bie, —abe, —a,a,6;) +

+E(alb2c3 +ayc, —abc, —a2a3c3) =
= (a1b4c3 tayc, —Cas _“1b1C4) a (10)

B mudpdepenumnanbiom ypaBHeHue (10) o6o3Ha-
YUM:

dy=c +a ~b;
dy=bycy +¢, +ac, +a, —bey —ab;

dy = bycy +a,bic, +ac, +a,c, —bc, —a,bc, —aya,cs;(11)

d, =ab,c, +a,c, —abc, —a,aycy;

ds = (a)byey +axe, —cyas —aibic,) 8
Torga ypaBaenue (10) ¢ yuerom (11) mpumeT Buz
E+dé+di+di+di=d,. (12)
OnHoponHoe ypaBHeHUe (12) B oriepaTOpHOM BUJIE:
A +dN +dA+dh+d,=0. (13)

KopHu ypaBHenust (13) onpenesitotcsi B COOTBET-
cTBUU C [2].

Pemenue ogHopoaHoro ypaBHeHus (12) ¢ yuetom
(13) mpeacTaBuM B Buie

(14)

E:ﬂle)\lt+ﬂ2e)\2t +Jl3eA3’ +ﬂ4ex4’.
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HpOI/I3BOHLHbIe IIOCTOAHHBbIC

A, Ay, 145, 1,
OIIPEACIISIIOTCS ¢ YYETOM HaYaJIbHBIX YCJIOBUIA.
OrnpeneM yroyl CKOJIbXKEHUST U3 TPETheTro ypaB-
HeHus cucteMbl (1):
1

c3

B__

3

. C . C
E—C—IE—C—EE (15)

3
[MpousBonHbie £ U § onpeneauM, ucnonsays (14):
E= TN M + I+ AN + TIN5 (16)

E ﬂl)\z )\|t+ﬂ2 2 )\21‘+’ZZ3)\2 )\3t+ﬂ4 2 )\41 (17)

[MoncraBuB B ypaBHenwue (15) §&,§,§& , momyunm
BbIpaXkeHUe IJIsI yIIa CKOJIbXEHMS:
c,0 _ Cyds
Cyd,y

1

5= _iemﬂk()\i +e A, +c2). (18)

G G =

J11s1 moJTydeHMsl yIjia BEKTOpa CKOPOCTU 13 BTOPOTO
ypaBHeHUsT cucTeMbl (1) Beipazum ¢ :

b=b8-bB-bE~bE (19)

IMoxnctaBus B ypaBHeHue (19) B, & &, momyuum

MPOM3BOIHYIO YIJIa BEKTOpPa CKOPOCTH
bc,d +b1c2d5 d

-ph. 2 -
c3d4

0=h,5-
4 2d4

G

—ﬂle”%—lc) (A2 +e, +c,)+b, +b )\lé—
3

-ﬂzew%—i (M3 +en, +cy) +b, +b,,) %

0 b O
—ﬂ3ex3’ E_é()\g +e s +c2) +b, +b3)\3ﬁ_

g b 0
_ﬂ4e>\4t E’é()\‘2‘+cl)\4+02)+b2 +b3)\4ﬁ, (20)

b,c,0 b,e

P o

ITo u3BecTHBIM yri1y cKoibxXeHust (18) u yriy Bek-
Topa cKopocTu (21), UConb3ysl YeTBEPTOE PABEHCTBO
cuctembl (1), ompenearm yroj mpoaojbHON OCU pake-
THI:

21)

" =@+(b46—blc46 +b1(:2d5 —bzﬁmt ‘fo) ~
G G c3a’4 d,
&g O 0 b +¢ O b, b
PR S i
=1 86 G Ay G
g & b 0 b 0
+b, +C—D+kz k’Oﬂk D——l)\ o ! 02 +b2§
GO A 84
b O
_4ﬁ+@g (22)
G O

B xauectBe InpuMepa paccMaTpuBaIaCb Ir'mIoOTCTU -
YyecCKad pakeTa CO CICAYIOIMMU XapaKTCPpUCTUKaMM:
AdpPOAMHaAMUYCCKHNE XapaKTCPUCTUKHU

C

X

CB,1/°
1,5

c e
0,03

me, 1/°
0,051

me, 1/°
-0,56

e, 1)

2,8 2,27

TUIOTHOCTH Bozayxa P = 0,125 krc-c2/m*;

rromans Munens S=0,00314 m2;

yroJj nosopota pyJieit § = 20°;

IIHA pakeTwl [ = 3,44 M;

MOMEHT WHEPIINH paKeThl OTHOCUTEIIBHO TTOTIepey-
Hoit ocnt ¥, =3,1 xre-m-cm?;

Mmacca pakeTel m = 5,1 krc-c2/m;

cKopocTb pakeTbl V' = 1321 M/c;

paccTosTHUE OT BEPIITMHBI PaKeThI A0 IIEHTpa Macc
x, = 1,82 Mm;

pacCTOsTHME OT BEPIIMHBI PaKeTHl IO TOYKM TTIPH-
JIOXCHUsT TSIy ABurarens x, = 2,10 m;

pacripeieJicHrie MaccChl TI0 UTMHE PaKeThl

Wnterpupys Beipaxenne (20), moiry- X, M 003(03[0,8(0,81,3([1,3|1,4|1,4|2,7(2,7| 3,44
YUM YTOJI BEKTOpa CKOPOCTH: "
> 0,2(0,2(3,4/3,4/05({0,5(0,3/0,3/0,4(0,4(0,3| 0,3
b 5 bc Krcld’/m
c
0= (b5 -4+ —2 - —%tt
G

4
_;‘ (e)‘k’ - e}\k’o) x

TdTra ABUTATeIbHOM ycTaHOBKM F = 2580 Krc;
gacToTa COOCTBEHHBIX KOJeO0aHMil MepBOro ToHA
w, =223 1/c;
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(opma coOGCTBEeHHBIX KOJlebaHMil TTIepBOTO TOHA B
(byHKUMYM IJTMHBI paKeThl

X, M | 010,25
fol2]15s

0,5/ 1 |15
1,210,51-0,1

1,75| 2
-0,21-0,1

2,51]3,0
0,5(1,3

3,44
1,45

Pe3ybTaThl BEIMUCICHUI TSI TUITOTETUIECKOM pa-
KETBI, TIPOBEICHHBIX TT0 aHAJTUTUYECKOM 3aBUCUMOCTH
(18), mpeacraBiieHbl Ha PUCYHKE.
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3aBUCUMOCTD YIjla CKOJIbXXKEHHUSI OT BpeMeHU (CIUIONIHAs
JIVHUST — JIS1 XKE€CTKOW paKeThbl, MyHKTUPHAsg — I yIpy-
IOl paKeThl)

M3 pucyHka BUIHO, UTO 3HAYEHME yTIjla CKOJIbXe-
HUS OJsg ynpyroi paketol B 1,2—1,25 pa3a 6oJblie,
yeM JJIs1 )KeCTKOW paKeThl.

BoiBoapl

ITomyyeHbI aHATUTUYECKIE 3aBUCMOCTH U3MEHE-
HUS yria cKojbxeHus (18), yria BekTopa CKOpOCTU
(21), yria npoaojibHOM OCU PaKeThbl C YUYETOM YIPYTUX
Kojebanuit (22). JIyist rimoTeTUYeCKOl pakeThl 3HaUe-
HUeE yIj1a CKOJIbLXEHMS ISl YIIPYyroi pakeTsl B 1,2—1,25
pasza Oosblie, yeM sl XeEcTkoi. IlpencraBieHHbIe B
CTaThe MaTepUaIbl UCIIONB3YIOTCS TIPU TTPOSKTUPOBA-
HUU ¥ KOHCTPYMPOBAHMU paKeT, MIPU aHaJIM3e dKCITe-
PUMEHTAJIBHBIX PadoT.
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ANALYTICAL DETERMINATION OF MISSILE ANGLE POSITION TAKING INTO
ACCOUNT THE FLEXIBLE OSCILLATIONS

Komissarenko A.l.

Instrument Design Bureau named after academician A. Shipunov,
KBP, 59, Shcheglovskaya Zaseka str., Tula, 300001, Russia
e-mail: kbkedr@tula.net

Abstract

Sometimes interaction of elastic transverse vibrations
of the body with an incoming air flow is referred to as
aeroelastic vibrations. The frequency of these vibrations
typically is close to the body proper vibrations. The
vibrations induce unwanted transverse inertial loads on
the body, particularly when they reach high amplitudes.

In the case when the missile is represented as a
perfectly solid bit or when it has a rigid body, only the

small perturbations of the motion parameters are
considered. It allows to obtain with regard to
perturbations a linear system of differential equations
with coefficients that depend on parameters of the
unperturbed motion.

Small thrust vectors induced by transverse vibrations
of the body with accurate within the second order of
smallness result in no variations of the missile
acceleration in longitudinal direction. This acceleration
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remains the same one as for the nonperturbed motion,
both in value and in direction. This is the reason why
under the small perturbations the transverse motion can
be considered regardless of the longitudinal motion.
Within a short period of time the guided missile
trajectory can be considered as a plain curve, which is
little different from a straight line. Therefore, let us
consider the nonperturbed motion of the missile within
a short period of time as the straight-line motion.

The issues of influence of flexible oscillations on
flying ballistic and strength characteristics are arising
during the process of designing missiles with bigger
lengthening. Flexible oscillations occur from the engine
tractive force and aerodynamical forces.

In this article the missile is substituted for
inhomogeneous pivot for the purpose of studying the
flexible oscillations.

Consideration of missile as inhomogeneous pivot
significantly simplifies the study of angle characteristics
determination.

The differential equations of the missile motion with
regard for flexible oscillation have been derived.

The differential equations of the missile motion
include torque and forces of the generalized coordinates
of transverse vibrations are first sounded.

In the presented work such characteristics as a
tractive, ballistic, weight, aerodynamical and inertial one
are substituted for average ones during missile operation.
First tone flexible oscillations are taken into account.

Analytical dependencies of slip angle change, speed
vector change, missile longitudinal axis angle with regard
for the flexible oscillations have been obtained.

Keywords: flexible oscillations, first tone proper
oscillations.
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