JIOTUYCCKOro Harpena.

CyHleCTByIOIIII/Iﬁ PEKUM HaArpeBa CTaHAAPTHOI'O KOJIECa HE 00eceurBacT BbI-
IOJIHCHHUC OT’ paHI/I‘ICHI/Iﬁ IO paCHIMPCHUIO OTBCPCTUA CTYIULBLI U MO HAIPSIKCHUAM
HaJIMYHUC IJIACTUYCCKUX Zle(l)OpMaHI/Iﬁ npu C60pKC CHUIKACT NPOYHOCTb COCTUMHCHU S
C HaTATOM Kojieca ¥ ocu. OnTHManbHbIH Harpes obecreunBaeT MMPUMEPHO TaKOH kKe
pacxodq SHEpruu, Kaxk u CyIIICCTBy}OHII/Iﬁ PEKUM HArpeBa, IMpU BBINOJHCHUUN BCEX
OFpaHI/I‘ICHI/Iﬁ 1 OTCYTCTBUHU INTACTHUICCKUX ,ue(bopMauHﬁ.

HpI/IMCHCHI/IC OMMETaNIMYECKOr0 KoJjeca MPpUBCACT K CHUIKCHUIO AWHAMUYC-
CKHUX HAarpy3ok Ha peJIbC, TaK KaK BCC KOJIECHOM napbl CHUXKACTCA Ha 80 KI', XKCCT-
KOCTb OMMETAIIIMYECKOT0 KOJIeca B paanaJIbHOM HalpaBJICHUU COCTABJIACT 49 % ot
JKECTKOCTU CTAHAAPTHOTO. JKecTkoCcTh OMMETAUIMYECKOr0 KOJieca B OCEBOM Ha-
IMpaBJICHUHU NPAKTUYCCKU COBHAAACT C ) KECTKOCTHIO CTAHAAPTHOT'O KOJIECa.

Cnucox autepartypsl: 1. Huxonvckaa 3.H., I'peuuwjes E.C. BausiHue cpeJHUX HANpsHKCHUH [UKIA HA
YCTaJIOCTHYIO NPOYHOCTH KOJIEC MOABMXKHOTO coctaBa // Bectnuk BHUU xene3HOmopoXHOrO TpaHc-
nopra. — Komomna, 1976, Ne 3. — C. 13-15. 2. O6pasyos U.®., Casenves JI.M., Xazanos X.C. Meron
KOHEUYHBIX DJIEMEHTOB B 3aJayaX CTPOHMTEIBbHOH MEXaHWKH JIeTaTeNbHBIX ammapatoB. — M., Beicmas
mkona, 1985. — 392 c. 3. 3enxesuy O. MeTon KOHEYHBIX 3JIEMEHTOB B TexHuke. — M.: Mup, 1975. —
541 c. 4. Pexneumuc I'., Peiisunopan A., Precoen K. Ontumuzanus B TexHuke: B 2-kH. KH. 2. — M.:
Mup, 1986. — 320 c. 5. Andreev A.G., Scepkin A.W., Laugwitz F. Untersuchung von Spannungen und
Deformationen in Eisenbahnradern infolge induktiver Erwarmung bei der Montage. — Technische
Mechanick, Bn. 15, H. 4 1995. — S. 271-280. 6. Huxonvckasn 3.H., I'peuuwes E.C., 'epacumosa A.K.
HccnenoBanye TeMIIepaTypHOro M HAPSDKEHHOTO COCTOSIHHUMN IIEIbHOKATaHOTO TEIIOBO3HOTO Kojeca //
Tpyast BHUM xene3nonopoxkuoro Tpancnopra. — M.: 1970, Ne 34, — C. 184-197.
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YIIPABJIEHUE HECTAIIMOHAPHBIMU KOJIEBAHUAMUA
MEMBPAHBI

TIpononyeTbest cnoci® KepyBaHHS HECTALIOHAPHUMH KOJMBAHHSAMH NPSIMOKYTHOI MEMOpaHU 3aBISIKH
MIPUKIIAJICHHIO JI0IaTKOBOTO KEPYIOUOTO HABAHTaXKEHHSI, 3aKOH 3MiHH 33 YaCOM SKOTO BBa)KAETHCS He-
BimomuM. IlocTaBieHa 3ajgada 3BOAMTHECA OO iHTerpanpHOro piBHAHHA Bomsrepa 1 pomy, ske
PO3B’A3yeThCsl YHCEIBHO 3 BUKOPHCTAHHAM MeTozia peryispizanii A. M. Tuxonosa. HaBeneno npuxian
rameHHs KOJMBaHb Y KOHKPETHIi# To41li Ha MeMOpaHi.

The method of controlling non-stationary vibrations of rectangular membrane is presented. The control is based
on loading the membrane by additional controlling force, whose function of change in time is unknown. The
problem is reduced to the first-kind Volterra integral equation, which is solved numerically by Tikhonov regu-
larization method. Example of the vibrations eliminating in one of the membrane points is considered.

[Ipenmonoxum, 4T0 Ha MeMOpaHy B 3aJaHHOH TOYKE BO3JEHCTBYET CO-
CpeAOTOUYCHHAsl UMIIYJIbCHAs Harpy3Ka, 3aKOH U3MEHEHUs1 BO BPEMEHU KOTOpPOi
M3BECTEH M KOTOpas BBI3BIBAET HECTALIMOHAPHBINA KoyieOaTeNbHbIH nponecc. Ha
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KoJeOaHNsI MEXaHWYEeCKOW CHCTEMBl HajaraeTcs JAOIOIHHUTEIBHOE YCIOBHE
(kpuTepuil ynpaBlieHHs), OTBEYaroIIee, HAIPUMEDP, OTCYTCTBHIO MEepPEMENICHUS
B HEKOTOPOW Touke. J[ns ymoBieTBOpeHHS TpeOyemMoro ycioBus K MeMmOpaHe
MpHIaraeTcs ymnpapisiomas cuja B HEKOTOPOH TpeThei ToukKe, 3aKOH M3MEHe-
HHS KOTOPOH BO BPEMEHH €CTECTBEHHO OYIET 3aBHCETh OT BO3MYIIAIOMICH CH-
JIBI ¥ HAJIATA€MOTO YCIIOBHS.

3amaya ynpaBieHHS HECTAIMOHAPHBIMH KOJICOAHHSMH MEMOpaHBI COCTOWT B
OTIpe/IeNIeHNH 3aKOHA M3MEHECHHS YIPABIIIONICH CHIIBI BO BPEMEHH IS KOHKpET-
HOW TOYKH MPUIIOKEHHSI 3TON CUITBIL.

[IpuBeneM TOCTAaHOBKY 3afadd JUIsl MPSIMOYTOJIEHOM MeMOpanbl (puc. 1).
[lycTe TOYKa TPUIIOXKEHHST BO3MYIIAIOMICH cHibl P(f) mMeeT KOOPAWHATHL Xo, Vo;
TOYKa, B KOTOPOH TpeOyeTcsl ympaBisATh KOJICOAHUAMH — X, Vs, @ TOUKA IPHIIOKeE-
HUS YIIPaBISIoNIero Bo3aeicTeus G(t) — x., V..

VYpaBHeHHe KoneOaHuil MEMOpaHBI ISl PACCMATPHBAEMOTO CITydast MOYKHO 3a-
McaTh CIeAyIOHM 0opazom [1]

2 2 2
a’- a—g+a—g o7u — Py, )+ G(x, y,1) (1
ox“ dy ot

TJIe B KQUeCTBE HArpy30K BBEIICHEI:

P(x,y,t) = %5 (x=x0)0 (v-yg)P@t) nu G(x,y,1) =/1)5 (x—x0)0 (¥-y9)G(2),

npuueM P(f) — 3ananHas pyHkums, a G(f) — noasexaniast OnpeiesICHHUIO.
p 0
1), >

x93

Puc. 1. Cxema ynpaBieHus1 HeCTallMOHAPHBIME KOJIEOaHUAMH MeMOpPaHEL.

Pewenne ypaBuenus (1) nmpu HyneBbIX HaUaIbHBIX YCJIOBHSX IJIS CIydast IBYX
BO3JICHCTBYIOIMX HA MEMOpaHy CHIl HpI/IMeT BUJL

u(x,y,t)= 22 l.x-sinmx

klnlkn m

t ' 2
x| Clo [ P@)sin A, (¢ = T)de = O [ G(x)sin Ay, (¢ ~1)dT |,
0 0
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1 4 | km-xy . nmw- 1 4 | km-x. . nm-
rae cl == sin"" Vgin yO; cY == " gin Csmiyc.
kn p m kn

I-m / I-m / m

Ha ocHoBe (2) paccMOTpUM BbIpa)XeHHE JUTsI TIEpEMEIICHUsT TOYKH MeMOpaHbl,
B KOTOPO# HEOOXOANMO BBITIOJIHUTH YCIOBHE YIIPABICHHUS

t t
u(xy, y5,t) = [ POK p(t=1)dT - [ GO)K 5 (t ~T)dT (3)
0 0
e Kp(t)= 2 2 ik” ~s'n Z'xs .sin 7 s -sin(Ay,t) ;
k=1n=1"kn m
Kg(t) = 2 2 C’m sin 0 Es sin P Ys i1 |
k=1n= 1’1kn l m

Ecmm ycnoBuem ympaBieHHs SIBISETCS YCTpaHEHHE KOJICOaHMH B TOYKE
(x> ¥5), TO €cTh U(Xg, Vg,t) =0, TO 11 HAXOKAEHUS YIPABISIOUIEH CUIBI HEOD-

XOAUMO pCHIUTH CJICAYIOIICEC YPAaBHCHUEC

t t
jP(r)KP (t—7)dT = jG(r)KG (t-1)dT &)
0 0

KOTOpOE MpH u3BecTHON (QyHKImU P(f) u uckomoit G(f) SBISCTCS JIMHCHHBIM
UHTErpAIbHBIM ypaBHeHHEM Bonbreppa nepBoro poaa. CienyeT OTMETUTB, YTO
MOJYYCHUE TOYHOTO PEIICHUS ypaBHEHUS (4) I MPOU3BOJIBHON TOYKH IPHUIIOKE-
HUsI YIPABISIONIETO BO3JICHCTBUS HEBO3MOXKHO, B CHJIY «CYIICCTBCHHOW» HEKOP-
PEKTHOCTH TOCTaBJICHHOHN 3a1auu. OTHAKO, BO3MOXKHO IMOCTPOCHHE MPHUOIMKEHHO-
TO pEIICHUs, IIOCPEACTBOM OIUCAHHOTO, HApUMEp, B [2,3] perysipu3upyromero
anroputMa TuxoHoBa A. H. Jlns sToro 3amuiieM ypaBHeHHE (4) B omepaTOpHOM
hopme

Ap-p=4g-g, ®)
rne Ap — WHTETpalbHBIA OmNEepaTop, COOTBETCTBYeT smpy Kg(t—71); Ag —
Ka(t—1);p — P(1); g — G(o).
B marpuanoii opme CJIAY, u3 KOTOpol HAXOJWUTCS MPHOIMDKEHHOE PEIICHHE
ypaBHeHus (5), Ha OCHOBE METOIMKH U3JIOKEHHOH B [2,3 ], MOXKHO 3aImicaTh TakK
(464G +0aC)-g=AEAp-p, (6)
re a — napameTp perymapmsanny; C — eIUHAYHAS TPEeXAnaroHaibHas MaTpH-
11a, BUJI KOTOPO# mpuBeneH [2,3].

UucneHHBIH pacdeT ynpaBIsIoNIeil CHIIbI OB BBITIONHEH JJIS Cydas, Korna
TOYKA MPHUIIOKEHUS YIPABISIOMICH CHIIBI HAXOAUTCS MEXIY TOYKOM HPHIIOKEHHS
BO3MYILAIOIIEH CWJIBI M TOYKOMW ympasieHud. [Ipu pacuerax NpuUHUMAIHUCH Clie-
nyromue mapamerpsl: [=0,6 m; m=0,4 M; a=2800 m/c; maxP(f) = 10° H;
o= 10727; x0=0,2 ™M; y=0,2 M; x,=0,3 m; y,=0,2 M; x. = 0,25 M; y.= 0,2 m. Pe-
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3ynbTathl pemenns CJIAY (6) npuBeneHs! Ha puc. 2, T1e Ha Tpaduke KpuBoi 1 co-
OTBETCTBYET 3aKOH M3MEHEHHS BO BPEMEHH BO3MYILIAIOIMICH CHIBI, a KPHBOH 2 —
YIPaBIISIIONICH CHUJIBI.

Ha puc. 3 npencrasiieHo m3MEHEHHE BO BpEMEHH MPOTnda MeMOpaHbl B TOUKE
yIpaBiieHHUs, KpuBas | COOTBETCTBYET CITydar0, KOTJa YIPaBIIAIONICEe BO3ICHCTBHE
OTCYTCTBYET, KpHBas 2 — CIIydJalo, KOT/Ia OCYIIECTBIIACTCS YIIpaBIICHHE.

150000

100000

50000 Kpuzas 1

0 I\A W% e Kpmsas2
/ VvV

-30000 Ny h

Bennunna cuiabl, H

-100000
0 0.0002 0.0004 0.0006 0.0008 0.001

Bpemat, c

Puc.2. 3menenne Bo BpeMeHH BO3MYIIAIOIIEH U YIPaBIISIONIeH CHIL.

\
/\ A A fl

" . Kpueas 2

-0.0002 V ‘V w

-0.0004

0.0006

e o
= o
=] =]
=] =]
2 B

Kpneas 1

-0.0006

0 0.0002 0.0004 0.0006 0.0008 0.001
Bpemsa z, ¢

Puc. 3. U3menenne nporuda Bo BpeMEHH.

Bemwunna nporuta ), M
z

Janee npuBoasTcs rpadMKy pacrpeieSIcHHs MPOruoa o MoBEPXHOCTH MEMOpPAHBI
B OMpE/ICIICHHBIC MOMCHTBI BpeMEHH: puc. 4, a, 0 — ¢ =2 10° ¢; puc. 4,B,1—t= 8107 ¢;
puc. 4, n,e—t=1,6- 10* C, CIICIYeT TAKXKE OTMETHTh, YTO MPUBEICHHEIC ClicBa rpaduku
COOTBETCTBYIO CITy4ar0, KOIJ[a OCYILECTBISCTCS yrpaBieHue (puc. 4, a, B, 1), a ClipaBa —
KOT'JIa OTCYTCTBYET YIpaBJisiioniee Bo3uelcTaue (puc. 4, 0, T, ).

Ha ocHOBaHWMM YHCIIEHHOTO aHAIM3a 0 YIPABJICHUIO (PETYIHPOBAHUIO) MPO-
ruba MeMOpaHBI B TOYKE, KOTOpas SBJISCTCS €€ T'COMETPUYCCKAM LIEHTPOM, yCTa-
HOBJICHO, YTO CITIOCO0 YIIPABIICHUS COACPKAIININ alTOPUTM PETYIISIPU3AINH SBISICT-
cs1 3ppekTuBHBIM.
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Puc. 4. Pactipenenenne mporuOOB 110 HOBEPXHOCTH MEMOPAHEI.

B cimywsae paccMOTpeHHOro BapHaHTa yCTpaHEHHS KOJIEOaHWI B yKa3aHHOM
TOYKE yACTCsI CHU3UTh aMILUTUTY bl KOJIeOaHUH (110 CPaBHEHHIO CO CIydaeM, Korzaa
OTCYTCTBYET yIpaBisitomas cuia) B 3-20 pa3 (cM. puc. 3).

W3 npencTaBieHHBIX 3[16Ch COOTHOIICHUH BBITEKAET, YTO BapUAHTHI BO3MOXK-
HBIX CXEM YIIPaBJICHHs, HETPYAHO OOOOLIMTH HAa CIydaHW YIpPaBICHHS HE TOJIBKO
porudaMu, HO ¥ CKOPOCTSAMH IEpPEMEIICHUI MEMOpaHEI.

Crniucox smreparypsr: 1. Apavanosuu U1, Jlesun B.J. YpaBHenns MateMaTndeckor ¢msuku. — M.: Hayka,
1969. — 287 c. 2. Tuxonoe A.H., I'onuaposckuii A. B. n np. Perynspusupyrolye aaropuT™sl U arpHoOpHas HH-
(opmamst. — M.: Hayka. 1983. — 200 c. 3. uiomun E. I'., Anuesckuii Y. B. VIMiTynbcHbIe BO3ACHCTBYS HA YII-
pyro neopMupyeMbIe SIeMEHTHI KOHCTpYKIHit. — Xapbkos: M3n-Bo XTATY (XAIN), 2001. — 184 c.
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