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8 STRING OSCILLATIONS WITH IMPULSE EFFECTS

Yelgondiyev K.K., Kurbanbaev 0.0., MarmypaTona C.P.
Karakalpak State University

As is well known, of great practical interest is the study of the question. of tl.le existence of s.oluu.ons of h![Perbolic
impulse systems. In [3], one of the simplest examples of this type was studied, i.e., the string vnbrnuoy equation wi,
energy decomposition was studied, where pulses occur at the moments when the ‘tolal energy of the string decr,:asg, o
this critical level. Also, the existence conditions for simple (i.e., impulses arise in each period) periodic solutions are

obtained. -
This article deals with equations for the oscillation of a string with impulse action, we obtain the necessary and

sufficient conditions for the existence of periodic solutions.
Consider the string oscillation equations

u, =a'u_,—2cu, (0sx<l,0<t<w,a,c,l =const>0) (1)
with additional conditions
u(0,0)=0, wu(l,N=0, (0<t<w), )
u(x,0) =uy(x), u,(x,0)=G(x), (0Sx<I) G)
[tis known that, for the existence and uniqueness of the classical solution of problem (1) - (3), it is assumed
Uy (x) € C'[0,1], 5(x)eC'[0,],
“O(x)lno.nl=0! .9.(})'._0’“:0, ";(x)ls-o;-l=o
The total energy of the string is determined by the formula

1
B0 = (o} +uflax

Easy to check
4, o oef(u)de
o ! @
therefore, the function decreases for any nontrivial solution of problem (1),(2), [3].
Impulse conditions for equations (1) are written
[, (%, ") =u,(x,17)] se,= I(x), (0<x<!, k=12,..) )

where £:(¥). (k=12,..) specified functions. Set 1)eC0n), h()|wo=0 &= L2.)so that the solution
remains a classic, after each pulse action. Thus, the complete statement of the problem consists of relations (1) - (5).

For the validity of equation (1) is required E(4)*E,, (k=l'2'"'), if then the first impulse arises for, that is,
equalities (5) are valid for ¢ O instead of 07, It is clear that if £.(0)<Zy. then there are no pulses and £ =0, g4 t S
Therefore, we will further assume that / —>% then impulses exist for *=%>% (*=12.) and accordingly determined by
the function, /+(*) (k=12...),

Inequality is required to ensure an infinite sequence of pulses

l I
E<y ! IXx)dx, (k=1,2,..)

Indeed, if £.()=E; then we have
!
E, (") = [{a* (4, (x,0)) +(u,(x,7) + [, (x)) }ex 2

! ! [A
25 [ (e~ [la 0, (5N + = [ G~ By > By, (k1,200

Denote the moments of the pulse =<4 <& < Without detracting from the community, we further consider %=9.
Suppose further that all the requirements which were carriedout. Now consider the Fourier series expansions of
the function data

Uy(x) = iu,, sin -’llfx. 8,(x) =2.:.9,, sin -";—r-x,
-l n=l
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Lx)=3 1, -ln#x. (k=12,.)

These series are absolutely convergent.
The solution to problem (1) - (5) before the first impulse action is

uy(x,1) =¢'"’Z.:[u.,, cosa,f +(ctiy, + .q,_)-ai—-ln a)_l)nin%{x

el A . (6)
where

, -((ﬁ’l’—“)' —-c’]’ . (n= 1.2....)'

Hence the expression of total energy is written
- 2
E ()= ée"" Z((m) [uo, cos @t -+ (ciy, +8,,)
el

2
1
sinayr | +
o,

I/

2 2
+[80, cos ), t _((n_n'a) Uy, +c%, )Lsin w,,t] J
l ),

Ac FElptpd (PEOLZ) e solution to problem (1) - (5) is

u(x,) =u,(x,)+ i-al’-ilhe“"“"’sin ,(t-1,)sin ﬁ;fx,
w0 kwl (7)

where %o (=0 is determined with formula (6). Hence the expression of total energy is written

= 1
E (= ée""Z[(-’%’g) [u,,, cos @), +(cuy, + ah)lsin o+
nel @,

+;'-tl.¢c~ sin@,(r-1, )]) +[.9., mw,l-[(#)’ Ug, +c.9,_]wlninm,:+

n b=l .

3
+—-1-il._e"‘ (o, oosw.(l-t,)—csinw,(!—t,)] ]
Al

te| 60}
The function defined by expression (7) is continuous in the region D={(x1):xe[0:/], g o , has breaks of

the first kind when /= k=12,..
Now consider the question of periodic solutions of problem (1) - (5).
Theorem 1. Suppose that problem (1) - (5) has a periodic solution. Then the magnitudes Ly (kin=1,2,...) ang the
moments of pulse action satisfy the following conditions: there is a natural number such that conditions are met for all
Limn =1ps Lo =t+T, k,n=12,. ®

The proof of this assertion is carried out by analogy with [1].
Theorem 2. Let functions /@) (¢=12.) absolutely continuous and L@eCo), k= 1.2,) and also suppose that

conditions (8) hold. Then problem (1) - (5) has a periodic solution with a T period, with the quantities on* Fon satisfy a
system of two linear algebraic equations of the form
u,,(1—e™" (cosw, T + Zc- sin®, 1)) —G,,e™ " ;l- sinw, T =

n n

—cT m
- > 1,.e" sinw, (T —1,),
@, = ©

2
u,, (ﬂ) e’ —l—sin m,T+.9,,_(l—e"'(cosa),,T+-£-sin oT)=
! , @,

T m
=%Zz,e«. (@, cos@, (T —t,)~csina, (T -1,)).
n k=l
Proof. In formula (7) from conditions (8) we have
u(x,t+T) ="°(x"+n+z£‘§’.¢"‘""“'sinw.(t+T—l,)sin¥x=
el & kel

(ilhe"“”"" sinw,(t+T-4,)+
= (10)

+t I sina,(t-1, ))sin Ly
1T

=u,,(x,r+7‘)+iwl
n=l

!
5
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(X, 0) = u(x,
where “(®1) 1; determined with formula (6). By virtue of arbitrarincss ¢ from celebr;:oﬂ ( Tlnl)
and formulas (7), (10) we have the system of equation (9) with respect to the quantitics Hous Vo,
Equalities (9), considered as equations for quantities “on’ ‘9°". have the only solution because when €#0

determinant of this system of linear algebraic equations is non-zero, etc.
D, =1-2¢"cosal+¢77 #0.

Values “on* ‘9°~. being solutions of the system of equations (9), can be represented using the formulas:

U, -[-wl—zl‘.e—“r—",SiDW.(T-‘A)—eﬂSinwn(‘h)) /D"'
COC )

% =(i1""w““sw.(T-'.)-e""cow.(l.)-
k=l

-f'i:l..c“"*"-in @, (T ~1,)—e sinw, (1 ))! D,
' A=l

Decision “(*+7) | which was written using formulas (7) and (6), is periodic with a period T solving the probley,
(1)- (3). The theorem is proved.

nma )
ot vyl ) =llzl"' . 2 3 es
Consider now the case when, ¢=0, etc. o ( ! ) ¢ ). Then the relations (9) to determine the initi|

values take the following form

u,, (1 -eom,ﬂ-&_iaian:;l.-gl_sinw,(T-l.). (1
2 m
“o.(ﬂ) s ‘”.T+-9..(1-°°3w.7')=lzl..w.°°w.(7"~)
! 3 @, T s

The determinant of the system (11) is written in the form:
K 2 (l—couv.T)-i—aln’ 2”21 (n=12,..).
@,

if @7 #2774, (1=1.2...) gor a1l natural 9, then from equations (11) you can definitely find the value o &.
They are attached using formulas:

oy = (31, sina, (T~ —sin@ )/ A, Gy, =(3 Lu(c0sa, (T —1,)~cost,))/ B,
n kul A=l
Consequently, in this case, if conditions (8) are satisfied, then problem (1)- (5) has a unique periodic solution with
aperiod T.
Theorem 3. Let conditions (8) be satisfied if =0 and o,T=2xg, (n=1,2,..) for some natural number 9 wd

21‘, coswt, = I, sinwg, =0, (n=1,2,..).
the conditions are met ~ *=! At (12)
Then problem (1) - (5) has a two-parameter periodic family with a period T making.
The proof of this theorem is easily obtained if we use the above analysis of systems to determine the value of
Uges Fowr (M=1,2,..)  For this purpose, we consider the system of algebraic equations (11). The determinant of this
system in the case when the relation 7 =27 for some natural number ¢, vanishes. Therefore, the system of algebraic

equations (11) when conditions (12) are fulfilled tums into an identity, and in this case the values “n» s (#=12,-)
for periodic solutions can be chosen arbitrarily. Since system (11) has infinitely many solutions that form a two-
parameter set, then problem (1) - (5) has a two-parameter periodic family with a period 7' solutions.
Theorem 3 was proved.
The conditions given in the listed theorems are also necessary.
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PHIHHT TEGPANMII TCHIMAMACHHMHT NaBpuil

Pesome. OHKCHpNanMaran BAKT MuOOAHHAZ HMIYALC TALCHPHTA 3ra TO
mra ora OYNMHIIMHHHT

cqUMISPHEHHT MABAKYUTHIM XOKHIAIH Macana Kapasrai. Bynnaii TeGpaniul CHCTCMACHHHHT NaspHi caHl
3apyp/IH Ba €TApIH WApTABPH OJIMITAN.
of periodic solutions to the equation of oscillations of a pulse stuny impact soft moments.

Summary. The problem of existence
Necessary and sufficient conditions of existence of periodic solutions in such oscillatory systcms.

Tasusiil COMTEP: TAP/LIH TePOENHCH, HMIYTBC/BIK TOCHD, TOMBIK IHEPTHSA, TIEPHOJUILL WCIIHMIED.
TasH4 cY3Aap: TOPHANT TEOPAHHILN, HMITYILC TALCHDH, TYNIA IHEPTHS, naspHii eaHMIap.
Knovesbie €10B8: KoneGaHIsA CTPYHBI, HMIOYNBCHLE BOIACHCTRHS, NOHAR IHEPIHA, NEPHOIHYECKHE PEIIEHHN.

Key words: the string oscillation, pulse cffects, total energy, periodic solutions.

VAK: 621.315.592
H3MEHEHHE TAPAMETPOB APCEHUAT AJLUIMEBBIX JHOJHBIX CTPYKTYP C BAPBEPOM
LUOTTKH [HOCJIE JIASEPHOI'O H3JITYYEHHSA

Hemaiitos KA., Kynunasapos B.)K., Bexbeprenor C.E. , Hcmaitios T.B., Acenfaes MLA., Hypsimberosa I'.
Kapaxaanaxckuii 2ocydapemeennisiil yrusepcumem
MYTIPOBOJHHKOBLIX JHOZOB B TPOILECCE TEXHONOrHIECKHX obpaborox B GasoBod H

[Tp H3rOTOBJCHHH no
npuxommoii 0614cTEX MONYNMPOBOJHHKA BO3ZHMKAKT NC(eKThl, MPHBOASINHE K YXYALCHHIO DYHKUHOHAIBHBIX
H aTepMHYECKOH

XBaKTCPHCTHK M MapaMeTpoB mpubopos. Ux ynyqienne Moxer GbiTh JOCTHIHYTO JOINOIHHTENLHOH
obpaboTroit Ha sasepmatoliesi CTAAMH M3rOTOBEHHS NPHGOPOB MyTeM BOIACHCTBAHA MHKPOBOTHOBLIM, JI23epHBIM HITH
YNbTPA3BYKOBBIM HATYHCHHAMH. Cpenu Hux ofpamaer BHHManHe cBOeH MOGHIBHOCTBIO, AOCTYTHOCTHIO H xopome#

eMOCTBIO Ta3epHAS 0GPaboTKa NOMYNPOBOHHKOBEIX MpAGOpHBIX CTPYKTYP [1]. Tak, K HACTOSUIEMY BPEMEHH
HaxofUieH GONBmION ONBIT HO JIa3epHOMY MeTofly (OPMHPOBaHHA OMMUCCKHX KOHTAKTOR K nenoMy paay
ONYNPOBOAHMKOBEIX ~ MATepHanoB. PaccMOTpeHO Tawke BIMAHHE JA3CPHRIX obpabotok Ha CBOHCTBA
NOAYNPOBOJHHKOBbIX MATEPHANOB, B TOM 9HCIC Ha GaAs. TlpemnaraeTcs HECKOJIBKO MOJCICH MEXaHHIMOB
BO3NSHCTBHA JIA3EPHOTO M3MYHCHHMS CBA3AHHBIX C MOPOrOBOH IUIOTHOCTBIO JHEPIHH JA3EPHOTO H3Ny4eHHsd, TIPH
KOTOpBIX HAGMOAAOTCA HIMEHEHHA Mopdonorus nosepxrocty kpreramios GaAs u InP. [To MHEHHIO 48TOPOB [2] 3H
JIMeHEHHA BEI3BAHAI PAS/I0KEHHEM COeMHEnHI PH TEMTICPAaTYPax HHKE TEMMEPATYPh IUIABNCHIA 1 0ObACHAIOTCA B
pamKax TErUIOBOI0 MEXaHH3Ma. ABTops! paboT MPEANOAraior, YT0 MEeXaHHIM BO3/ICHCTBAA Na3€PHOIO BO3/ICHCTBHA
ONpE/IENAETCH KOHKPETHHIMH YCTOBHAMH H B 3aBMCHMOCTH OT TIapaMETpOR NE3ePHOTO HATYYEHHS MOXeT ObITh Kak
TennoBHIM, TAK B ATEPMHYECKHM. B TO ke Bpems BIMSHHE BO3NCHCTBHA JIB3EPHOrO HIMYNCHHA Ha 3JIEKTPHYIECKHE
cBOficTBA 6aphEPHBIX KOHTAKTOB MPH MATHIX HHTEHCHBHOCTAX JIA3PHOIO HITYHCHHA, KOrAA OTCYTCTBYET pa3noXeHHe
NOMYNPOBOTHHKOBOrO MaTepuana, nanpumep GaAs, PaKTHYIECKH HE H3YHCHO.

MMo3ToMy AKTYaIbHBIM OCTAETCA HCCICAOBAHHE BIMAHHA JA3CPHBIX BO3/ICHCTBHN, HA 3MEKTPOPHIHYCCKHE
XBpaKTEPHCTHKH 8pCEHHATAILTHEBBIX MOMYPOBOAHMKOBEIX npubopos [3]. MonensusiM  00BeKTOM UIA  TAKHX
HCC/Ie/I0BAHHIT ABIAETCA APCCHHATAIUIHEBAR IHOHAN CTPYKTYpa C Gapsepom LlloTTry, rpannna pasaena Merawi-GaAs
B KoTOpOj Haubonee TyBCTBHTE/BHA K TAKOTO poJa so3neiictansam. TTOATBEPATCHHEM 3TOMY SBJIAIOTCA HCCIEIOBAHAA
a(dekTa MamBIX 7103 HOHH3IHPYIOUICH DAAHALMH, BEIIONHEHHLIC HA apCeHHATATHEBRIX [HOJHBIX CTPYKTYypax ¢
Gapsepom Lllorrxn [4]. B Hacrosmieii paboTe NPHBOATCH PE3YALTATE! HCCICAOBAHNA BIHAHHA MANIBIX HHTEHCHBHOCTEH
JIa3ePHOTO M3TY9CHHS MPH IUIOTHOCTH H3JIYHCHHA Mcusmccxpmguécxﬁ HA 3MEKTPO(H3HTICCKHE XapaKTEPHCTHKH

r-n-n"-GaAs.

apCeHHATAIUIHEBBIX IHOJHEIX CTPYKTYP C Gapsepom LlorTkH
JlnoHBIe CTPYKTYPSI Cr-n-n'GaAs co3/1aBa/THCh HATBUIEHHEM XPOMa TOMUHHOH ~80 HM Yepe3 MacKy JHaMeTpOM

~1.3 MM Ha He [0IOTPeBaeMyI0 NPSABAPHTENEHO XHMHYCCKH OYHMILEHHYIO NMOBEPXHOCTE n-n"GaAs. ITnomazns THOIHEIX
CTpYKTYp B 3TOM cyuae cocrapnsna 1,3x1 0 ey, KOHIEHTAITHA JIErHpYIONIHii TPUMeCH B THOAHLIX CTPYKTYPax B n-
. B moyoxxe ~10'® cM”, Tommmsl 0 1 -0’ cnoen cootsercTBenHO 20 i 300 MKM.

menxe cocrasnser ~4x10' cm”
OMmueckuii KORTAKT K n* GaAs (POPMHPOBAICA ¢ TIOMOIIBIO 30JI0TO - TEPMARHEBOH IBTEKTHKH C NOCIEYIOMIM ¢&

Jon04enHeM. B kauecTse 1a3epHOro HCTOYHMKA HCTOAB30BaH pyGusosbIi nazep ¢ mmuHoH ponmb 0.69 MxwM, (romans
nstaa 107 oM, pmrensuocts umnyasca 40 HC, HHTCHCHBHOCTb H3MyHEHHS H3MEDPSIHCH B Mpeaciax P=400-1400
Br/mc?). Jlo w mocne naseproit 0GpaGOTKH HIMCPAIHCH NPAMLIE BETBH BONBTAMICPHBIX XapaKTCPHCTHK (BAX)
JHOIHBIX CTPYKTYP MPH KOMHATHOH TEMIEPATYPE, H3 KOTOPEIX ONPEACIATHCEH (haKTop HACANBLHOCTH 1, BeicOTa Gapnepa

Worrxu 5.
Ha puc. nokasana npsmas BersBb BAX JHOQHOH CTPYKTYphI Cr-n-n"-GaAs M3MepeHHas OpPH KOMHATHOH

TeMuepatype 10 H nocne nasepHoro obmydeHHs. M3 pHc. BHIHO, ¥TO NPE/ICTABICHHEIC HA HEM BAX onucuisaores
H3IBECTHOH 3KCOOHEHIHATLHO 32BHCHMOCTDIO ToKa / 0T Hanpskerus U
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