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PaccmoTpeHa 3apaya 0 HecTauuoHapHOM K3rmbe OGEeCKOHEYHOro 31eKTPOMarHUTOynpyroro
cTepXxHs. lNpepnonaraetcs, 4To martepman CTEePXHS — OAHOPOIHBLIA M30TPOMHbLIA NPOBOA-
HVK. 3aMKHyTas cmctema ypaBHEHWU npolecca NocTpoeHa B NPeanonoXeHun 0 3aBMCcUMOCTH
WUCKOMbIX (QYHKUMA TOMNbKO OT MNPOAONbHOW KOOPAMHATbl M BPEMEHW C WCMONb30BaHUEM
COOTBETCTBYIOWMNX COOTHOWEHWA ANns 060104eK, B KOTOPbIX YYUTHIBAOTCA Ha4va/lbHOe 3/ek-
TpoMarHuTHoe none, cuna JlopeHua, ypaBHeHns Makceenna n o6o6bueHHbIn 3akoH Oma. Vc-
KOMble QDYHKLMM NoNaratTCs orpaHnYeHHbIMUY, a HadvanbHble YCNoBUsS — HynesbiMu. PelweHune
3a[a4n CTPOUTCS B MHTErpanbHOM BULE C SApamMu B BUOE (PYyHKLMIA BIMSHWS. B npocTpaHcTBe
npeobpasosaHuii llannaca no BpemeHn 1 dypbe No NPOCTPAHCTBEHHOW KOOPAUHATE HalAEHbI
n3obpaxeHus snep. OTMeEYEHO, 4TO M306paXeHNs SBASIOTCS pauvoHanbHbIMU OYHKLMSMU
napameTpa npeobpasoBaHus Jlannaca, YTO MO3BONSET OOCTATOYHO MPOCTO HANTWM OpUrUHa-
nbl. OpHako nons oblein Momenu, y4nTbiBaloWen COBMroBble Aedoopmauuu, nocnenyrouee
obpalleHne npeobpasoBaHusi dypbe MoxeT ObiTb MPOBELEHO TONIbKO YWCIEHHO, HTO MPUBO-
ONT K 60NbWNM BblYMCINTENbHBIM MpobieMaM, CBS3aHHbIM C Hann4meM 6bICTPO OCUMINUPYIOLWNX
noabliHTErpanbHbiX OyHKUMIA. [109TOMY OCylecTBNAETCA Nepexon K YrpOLWeHHbIM YPaBHEHUSM,
COOTBETCTBYIOWMM CTEPXHIO BepHynnm—3iinepa n kBasncTaUMoHapHOMY 31eKTPOMarHNTHOMY
nonto. NprMeHsieTcs MeToa Manoro napameTpa, B Ka4ecTBe KOTOPOro BbibrpaeTcs Koaggu-
LMEHT, CBA3bIBAOWMIA MEXaHNYECKoe U 9NIeKTPOMarHUTHoe nons. B nuHeHoM npubnmxeHnm
HalloeHbl OYHKUUM BAUSIHUS, 0Nl KOTOPbIX MOCTPOEHbI M306pakeHust n opuruHansl. Mpn aToMm
Hyneesoe nNpubnuXxeHWe COOTBETCTBYET YUCTO YnpyroMmy peweHuio. OpuruHanbl HainoeHbl B
SIBHOM BULE C 1CMO/b30BaHMEM CBOWCTB NpeobpasosaHuii u Tabnuu. MNpruMepsbl pacyeTos nNprBe-
OeHbl Ons anioMUHUEBOrO CTEPXHS C KBagpaTHbIM MOnepeyHbiM cedveHueM. [MokasaHo, 4To
ans Bbl6paHHOFO MaTepunana Konn4eCtBeHHoe OoTin4me OT ynpyroro pelweHnsa HeaHadnTeb-
Ho. B TO e BpeMs y4yeT CBA3AHHOCTM npoLecca NPMBOAUT K AOMONHUTENbHBIM CYLWEeCTBEHHbIM
KayecTBeHHbIM adpdpekTam.
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BBELOEHUE

Jlutepatypa, nocBsilleHHAas UCC/Ie0BAHUI0 KOHTAKTHOTO B3aUMOJEHCTBHS 3JeKTpoMar-
HUTHBIX U MeXaHHWYeCKHX IoJiel, focTaTouHa oOldpHa. B KayecTBe KjaccHUyecKUX MpHU-
MepOB MOXHO TIpUBeCTH padoThl [1-12], B KOTOPBIX maHbl 00IIHMEe MOCTAHOBKH (pyHIa-
MeHTaJbHbIX 3a7ady 3JeKTPOMAaTHUTOYNPYrOCTH B Pa3/JUUHBIX CTPYKTYPHBIX 3J€MeHTaXx.
[Tosnnee A. O. Baryabsin B cratbe [13] mosyuns dyHnaMeHTas bHble pellieHHs B HecTa-
[IMOHAPHBIX 3ajauax 3JeKkTpoynpyroctd. B pa6ore [14] mokasbiBaoTCs TeOpeMbl O €IHH-
CTBEHHOCTH 00OOIIEHHOr0 pelleHUsl [IJis HeKOTOPbIX HeCTAaLMOHAPHBIX 3a/1ad4 CBSI3aHHOH
3IEKTPOYyNPYroCcTH. AHaMUTHYEeCKOe pelleHHe MJis 3JeKTPOMarHUTOyNnpyroi 6anku ¢ pas-
JUYHBIMH T'PAaHUYHBIMH YCJIOBHSIMU NpoBeleHO B ctathe [15]. B pabore [16] mpoBeneHsI
YUCJIEHHblE pellleHHs] HeCTAalMOHAPHOM 3aaud O KoseOaHUsAX MpeiBApPUTENbHO TOJSPU-
30BAHHOTO BJIOJIb OJHOM M3 CTOPOH MPSIMOYTOJIBHOTO 3JEKTPOYNpyroro crepxkHs. Bosee
no3nHssi padora [17] mocBsilieHa pe3ysibTaTaM 3KCIIEPUMEHTAJIbLHOTO M YHCJEHHOTO HC-
CJeI0OBaHUsl 3aauld O HECTALHOHAPHOM HaIpPSi)KEHHOM COCTOSIHUM TpeiBapUTesbHO pac-
TSIHYTOTO TOHKOTO CIIJIOLIHOTO MPOBOJSIIErO CTEPKHS MOJ BO3LAEHCTBUEM MMITY/IbCA JI€K-
TPUUYECKOTO TOKA BBICOKOH MJIOTHOCTH.

B T0 ke Bpemsi paGoTbl, B KOTOPHIX MOCTPOEHbl aHAJIUTHUYECKHe pelleHHs CBSI3aHHBIX
3ala4 3JeKTPOMAaTHUTOYNPYrOCTH O HeCTallMOHAPHOM H3rube OeCKOHEUHOro CTeprKHS,
OTCYTCTBYIOT. DTH BONPOCH U PaCCMaTPUBAIOTCS HUXKE.

1. NMOCTAHOBKA 3AL0A4YU

B nsockoctn Oxyxy NpsAMOYToJbHOH eKapTOBOH cucTeMbl KoopauHat Oxzyxaxs pac-
CMaTPUBAETCsT M3rUG BBIMOJHEHHOTO M3 OJHOPOAHOTO HM30TPOIMHOrO MPOBOAHHUKA OGECKO-
HEYHOT0 MPSIMOJIMHEHHOTo cTepxHsI ¢ ocbio Oxy. Ha cTepkeHb HefCTBYIOT MOTOHHBIE
norepeyHasi Harpyska ¢ U uarubatwouiuii MomeHT m. [losaraercs, 4To 3agaHO HauyajbHOE
OTHOPOJIHOE 3JIEKTPOMArHUTHOE T0Jie C TIOCTOSTHHBIMHU HamNps2KeHHOCTSIMU JIEKTPUUECKO-
ro Ey v marautHoro Hy moJiedl U HampaBJeHHBIX COOTBETCTBEHHO M0 ocsiM Oxz ¥ Oxs.

B nauanbHBIEE MOMeHT BpeMeHH T = () cTepKeHb HaxXOIHUTCs B TIOKOe M HM3MeHeHHe
3/IEKTPOMArHUTHOTO TI0JIS OTCYTCTBYeT. Bce McKOMble (DYHKIMM MOJIATAIOTCsS OrpaHUYeH-
HBIMH.

YpaBHEeHHsI COOTBETCTBYIOLIETO Mpolecca Kak YACTHBIH cJydall MOCTpoeHHbIX B [18]
O0OIIMX ypaBHEHHH [Jisi TOHKOH 000JIOUKM 3aMHUChiBaeM B MPOCTPAHCTBe MpeoOpas3oBaHuUi
Jlannaca [19] mo BpemeHu (BepxXHHUH HWHIEKC [ yKasbiBaeT Ha H300pa)KeHHe; s —
COOTBETCTBYIOLIMH MapaMeTp; WITPUX 0003HAYaeT NMPOU3BOAHYIO 10 KOOPAMHATE T = I'1):

H
sPwt =n72 (@//L + w"L> + (0941’; [s (Eow’L — sHowL> — sEgpt — 77;290]:] +q",

(1)
stpl = 1/)”L —n 2?2 <1/1L + w’L> — avH, [Hosl/JL + XL} +mk;
02" = (s + ) X"+ ysHow", X' = st (2)

3necb w — HOpMa/bHOE MepeMelleHHe, 1) — YToJ MOBOPOTA HOPMAJNbHOIO CeYeHHs, a
@ U X — (PYHKUHUH, oNpefessiollde H3MeHEHHsl 3JeKTPOMAarHUTHOTO MOJisl, KOTOpble M/
obecrieueHrst yKa3aHHOTO BbIIe U3THOA NOJKHBl UMETh CJAeNYIOMHUH BULL (2 = x3):

Ey=e(x,7), FEy=0, E3=zx(z,7), Hy=H3=0, Hy=z2p(z,1),
jlzy(x77—>7 j2:O7 j3:Z’U(I',T), pe:Te(fL’,T).

roe EZ', Hz 141 ]z — KOOpAWHAaThl BEKTOPOB HaHpH)KQHHOCTef/Jl SJIEKTPHUUYECKOIro U MarHuTHOT' O
HOJIefl, a TaKxXKe IJIOTHOCTHU TOKa, p. — IJIOTHOCTb MMOBEPXHOCTHOTO 3apsiaa.
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HpI/I 9TOM HMMEKT MECTO paBeHCTBa

(s+7) el =ysHow" — %", (s+7)y" = —n 2" — sSHow",

3
vk = XE e sHout, (s +) k= Hoys (w' = 9*). ©

31ech U fajee HUCHOJb3YIOTCS Crefylolide Oe3pa3MepHble BeJHUYHMHBl (MPU OIUHAKOBOM
HauyepTaHUM BOJHOH 0003HaUeHBI pa3MepHble MapaMeTpsl):

x z it w
L A L
B qL _ mlL? R o 1
=02 " T orowr 1 T T
C1 s A+2u 2 M E ﬁﬂecl
77 CQ’ Cl p ’ 62 p) E*7 CE* )
1 2 c? g B2 4oL
e = —’ C(:‘ = —’ o = —7 = s
" Ce He€e dm ()\ + 2:”) ! €el1
roe ¢t — pasmepHoe Bpemsl; L U [, — HEKOTOpble XapaKTepHble JIMHEHHBIH pasMep W

HaNpsi?>KeHHOCTb 3JIEKTPUYECKOTO MOJsl; A, 4 — yIpyrue MnocTosiHHble Jlame; h — BbicoTa
MOMEePEYHOT0 CeUyeHHsl; p — MJAOTHOCTb MaTepHana: o, €. U [l — KOI(PPULHUEHTH 3J€KTPO-
NPOBOAMMOCTH, AU3JIEKTPUUECKON U MarHUTHOH MPOHULAeMOCTEeH; ¢ — CKOPOCTb CBeTa.

2. PELUEHMWE B MPOCTPAHCTBE U30BPAXEHUNA

JIJ1s moCTpoeHHUsl pellleHUsT CUCTeMbl ypaBHeHHH (1), (2) mOMONHUTENBHO MPUMeEHsieM
npeo6pasoBanue Pypoe [19] no koopauHaTe (IOMONHUTENBHBIE BepXHHi HHAeKC F' yka-
3bIBaeT Ha M300pakeHue; ¢ — COOTBETCTBYIOLIUH TapaMeTp):

[(5 +7) k3 + aHon*ys (igEsy + HUS)] w' + [iq (s+7)+ aESOHOUQ"YS} vt
+aHey'n 2" =P (s +7) ¢ k= V@ % k=@ + %%, Rey: >0,

€

(K} + an®yHgs +r72) pFF — v 2iqu™™ + ayHon* x4 " = nPm"™™"; (4)
i @™ 4 (s + ) X ysH ™ =0, st +ig™t = 0. (5)

[Tpu stom cooTHolleHus (3) TpaHCHOPMHUPYIOTCS TaK:

(5 +7) e = ysHowF — 720" (5 +7) y"F = —n- 2P — 2 Hyw'™,
ot = PP L sHut (s 4+ )Pt = —Hyys (iquL +1DFL) )

Uckmrouas us (4), (5) dpynkumu 'L u o't nonyuaem caepyrouryo cucteMy JHHeMH-
HBIX aJre6panyeckUX ypaBHEHHI:

bll (Q7 S) wFL + b12 (q7 S) wFL = ang (8 + 7) qFLa
b21 (q7 S) wFL + b22 (Q7 S) 1/)FL - 7]2kngL7

rae bi1 (q,8) = k2 [(s +7) k3 + aHon*vs (igEso + Hos)),
bi2 (q,5) = iqk? (s + ) + aHon*ys (Esok? + v Hoiq) |
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ba1 (q,5) = _7’721"1]@'27 bas (q,5) = k? (772747% + 7"72) + OWHS"?zS (q2 + 77232) )

ke =\ @® + 1252, 5. = \/s(s+7), Rey->0.

Penienue cucTeMbl 3alUChIBaeM TaK:

w'™ =Gl (q,5) "+ GLL (g, ) m"

(6)
O = GIE(q,9) ¢ + G (g, ) m"
rae 2 2 21.2
+ ) k2b2 (g, 5) n°kZb12 (g, s)
GFL ,3:77(5 e GTE (g, 5) = — 1 fe212 14 5)
wq (45 5) 7(a.5) wm (45 5) T0.s)
? (54 ) k2bai (g, 5) n*kZbi (g, 8) (7)
GFL .S :_77 (S e ’ 7GFTI;L .s) = e ’
b (0:9) J(q,s) m (25) J(q,s)

J (q, S) =bn ((L S) bao (CL S) — bip (q, S) ba1 (Q7 3) .

3nech Gk (q,5), GLk (q,5), GLE (q,s) m GUk (g, 5) — u3o0paxenus QyHKLMI BIMAHUS.
AnasnoruunbiM 06pa3zoM MOXKHO npenctaBuTh GyHKiuU @f L, L efl oy FL o FLpFL
M3zo6paxenus (7) sSBASIOTCS pallMOHAaJbHBIMHA (PYHKIIUSIMH MapaMeTpa, 4To MO3BOJISeT
JNOCTAaTOYHO MPOCTO 00paTuth npeodpasoBanue Jlammaca. OnHako mocjemnyrolee BbIYUC-
JieHWe OpUruHaJjoB npeobpazoBaHusi Pypbe MokKeT ObITb BBIOJHEHO TOJbKO UYHMCJEHHO,
YTO He JaeT yIOBJETBOPUTEJbHOrO pe3y/bTaTa HM3-3a HAJUUHS OBICTPO OCIHUJIUPYIOMINX

¢ynkunii. [TosTomy nasnee Oyfem HCIOAb30BaTh YIPOIIEHHYIO MOJAE/b CTEPHKHS.

3. OPUTMHANbI ®YHKLN BNUSAHUA ONS YNPOLLEHHOWU MOLENU

[lepBbiM ecTecTBEHHBIM YMPOLIEHHEM SIBJISETCS MCNOJb30BaHHe Mofeny bBepHysiu —
Diinepa, 4TO SKBHBAJIEHTHO MPUHATHIO ClefyouX runores: ¢ = 0, ¥ = —w’ [19]. Kpome
Toro, aHajoruuHo [20] mosaraem, 4TO 3JIeKTPOMArHUTHOe MOJie SIBJSIeTCS KBA3HUCTAlMO-
HapHbIM, T.e. 1° = 0. [Ipu atom cootHouenust (6) MOAUPUUUPYIOTCS TaK:

w =T (g, 9)p™, p=q+r*m (8)
roe
s+
Iir(q.s) ! Ko (g,8) = (s +7) (s> +r¢"),

= )
KO (Q7 S) + OKHOVSKI (q7 S)
, 2 9
Ki(q,s) =2 (igEy — vHo) + Ho (s +7) (1 +r°¢°) .
AnasnoruynbiM 06pa3oM MOXKHO npenctaBuTh GyHKiuU @F L, L efl yFL Il pFL
OmHako W B 3TOM BapHaHTe OCTAlOTCH yKa3aHHbE BbIIE CJI0XKHOCTH OOGpaLleHHS
npeo6pasoBaHuil. [109TOMY HMCIIO/Nb3yeM MEeTOJ MaJoro rmapameTpa, B KauecTBe KOTOPOIrO
NMpYHMMaeM KO3((ULHEHT CBA3M MeXaHMYeCKOr0 M 3/JeKTPOMArHUTHOIO [OJeH a.
OrpaHuyMBasCh JHHEHHBIM NPUOIHKEHHEM, TI0ydaeM

Tir(q,s) =Tk (q.8) + oLk (q.s), 9)
rae Lo (@,8) = (=1)"y"Hg FJ 7 (q, ),
1 sKy (q,s)
FL _ FL _ 14,
prO (Q> S) - §2 + 7,2q47 prl (Q7 5) - (S + ’}/) (82 + 7“2(]4)2.
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B npocrpancTBe opurrnHasos dopmysa (9) 3anuceiBaeTcs Tak:
Lup (2, 7) = Dypo (2, 7) + al'ypr (2, 7).

OtmetuM, uto QyHKUHUS ['ypo (2, T) COOTBETCTBYET UHCTO YIPYTOMY pPEIIeHHIO.
KoadhduiimeHTsl 3TOr0 npeacTaBaeHHs HAXOAHUM C MOMOLLbIO CBOUCTB NpeodpazoBaHuil

u tabauy [19,21,22], nas npoctoTsl nosaras Ey = 0 (3Be3n04KH 0603HAYAOT CBEPTKH
Mo KOOpIHHATE):
prD (1‘77') =Y (33, T3 _1) H (7—) )
Pup (2,7) = =7HE (S [V (@,75=1) +7Y (2,7:0)] +

+y {27 [X (2;2) e + 79X (#;2) * Y (2,73 —1) — X (2;2) x Z (z,7)] —
—X(x; )« [14+~y7)Y (2, 7;-1) = 7Z (x,7)]}) H (1), (10)

rae

flx) _ 3f () + 2axsinar _ gy ()
X (1) = 2 —e Wl X (2:2) = el Z(x, 1) = ,
1) = 0 ) = 2 v

R m,n—u:gw )~ C (o) + mﬂ

f(z) =cosax +sinalz|, g4 (x)=sin (b:c j: 1/

3nece H (1) — dyukuus Xesuca#ina, C'(y) u S(y) — KOCHHYC- H CHHYC-HHTerpaJsl
Dpeneas:

y y o
1 cos t 1 sint

\/_2_7r \/_ S(y)=—= | —=dt.

C(y) = 7] i

OpuruHan nepemelleHust corsiacHo (8) samuchiBaeTcsi Tak (3Be3M0UKM 0003HAUAIOT
CBEPTKH MO 00€UM MepeMeHHbIM):

w(z,7) =Ty (z,7) % *xp (2,7).

4. NMPUMEPbI PACYHETOB

B kauecTBe mpuMepa pacCMOTPHUM aJIOMHUHHEBBIE CTEPXKeHb, MaTepHas KOTOPOTO Xa-
pakTepusyetcst caenyiomumu BenuunHamu [20]: n = 2.04, v = 5.06, = 0.0806. Ilo-
JlaraeM, 4To CTep’KeHb MMeeT KBaJpaTHOe IOMepedyHoe ceueHHue, y Kotoporo h = 0.05mM,
YTO COOTBETCTBYeT mapamerpy r* = 0.208 - 1073, 3nech npunsato E, = 1008/M u L = 1 M.

Ha pucynke mnpuBeeHsl nosydeHubie ¢ nomoiubio (10) mpu Fy = 0 u Hy = 1
zaBucUMOCTH (GYHKUHAH ['ypo (2,7) U T'ypi (z,7) OT KOOPAMHATEL NPH  Pa3IMUHBIX
3HaueHusx 7. ['padguku QyHKUUM BausHus L', (z,7) He NPUBOASATCS, MOCKOJNBbKY B CH-
Jy MaJoCTH KO3(pQUIHEHTa v OHU TPAKTUYECKH HE OTJIHYAKOTCS OT COOTBETCTBYIOIIMX
KPUBBIX 1J1s1 ['ypo (2, 7).
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3AKJ/TIOYEHUE

[TocTpoeHo aHanuMTHYecKoe pellleHHe CBSI3aHHOM 3aJayd O HECTALHOHAPHOM H3rude
6eCKOHEUHOro 3JeKTPOMarHutoynpyroro crepxkHs. [lokazano, 4to /s BEIOpaHHOTO Ma-
Tepuasia KOJUUECTBEHHOE OTJUYMe OT YIPYroro pelleHHs He3HayuTesabHO. B To ke
BpeMsl y4yeT CBSI3aHHOCTH Mpollecca MPUBOAUT K JOMOJHHUTEJNbHBIM CYIIeCTBEHHBIM Ka-
yecTBeHHBIM 3((dekTam. [lpencraBseHHbIH MOAXOA C COOTBETCTBYIOLIUMH KOPPEKTHPOB-
KaMHU MOKeT ObITb MPUMeHeH [J5 MJaCTUH U KOHEUHbIX CTepxKHeH.
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The problem of non-stationary bending of an infinite electromagnetoelastic rod is considered. It
is assumed that the material of the rod is a homogeneous isotropic conductor. The closed-form
system of process equations is constructed under the assumption that the desired functions de-
pend only on the longitudinal coordinate and time using the corresponding relations for shells
which take into account the initial electromagnetic field, the Lorentz force, Maxwell’s equations,
and the generalized Ohm’s law. The desired functions are assumed to be bounded, and the ini-
tial conditions are assumed to be null. The solution of the problem is constructed in an integral
form with kernels in the form of influence functions. Images of kernel are found in the space of
Laplace transformations in time and Fourier transformations in spatial coordinates. It is noted that
the images are rational functions of the Laplace transform parameter, which makes it quite easy
to find the originals. However, for a general model that takes into account shear deformations, the
subsequent inversion of the Fourier transform can be carried out only numerically, which leads to
computational problems associated with the presence of rapidly oscillating integrals. Therefore,
the transition to simplified equations corresponding to the Bernoulli—Euler rod and the quasista-
tionary electromagnetic field is carried out. The method of a small parameter is used for which a
coefficient is selected that relates the mechanical and electromagnetic fields. In the linear approxi-
mation, influence functions are found for which images and originals are constructed. In this case,
the zeroth approximation corresponds to a purely elastic solution. Originals are found explicitly
using transform properties and tables. Examples of calculations are given for an aluminum rod
with a square cross section. It is shown that for the selected material the quantitative difference
from the elastic solution is insignificant. At the same time, taking into account the connectedness
of the process leads to additional significant qualitative effects.

Keywords: non-stationary coupled electromagnetoelasticity, infinite rod, bending, influence func-
tions, Laplace and Fourier transforms.
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