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CTeP>KEHb KOJIBIIEBOTO IMMOMEPEYHOTI0 CE€YEHUS

Kysueros E.B.!, Jleonos C.C.12

IOTAOY BO «MocKoBCeKHil aBHAIMOHHDII HHCTUTYT (HAIMOHAJBHBII
HCCJIeI0OBATEILCKIN YHUBEPCUTET ) »
2OTAOY BO «Poccuiickuii yHEBEPCHTET APY2KObI HAPOIOB
nmenn [latpuca JIymymObrs>

Annomayua: Ilpu perennn mpobJieMbl MPOHUKHOBEHUsT ArPECCUBHON CPEJIbI B MaTe-
praj KOHCTPYKIIMN HEODOXOJIMMO 3HATHh JBH2KEHHE (PPOHTA arpeccuu, HO KJIACCHUe-
cKoe ypaBHeHue Juddy3nun, OMUCHIBAIOIIEE ITOT IPOIIECC, sIBJISIETCS YPABHEHUEM I1a-
paboIMIecKOro TUIla U He 3aJlaeT JBUKeHne 3Toro ¢gppoura. B pabore Brepsbie 3TOT
MIPOIECC ONUCHIBAETCS yPABHEHUEM THIEPOOJAIECKOrO THUIIA, 33/IAIONIUM JIBIKEHUE
dponTa arpeccun: aud@y3usi arpecCUBHON CpPeabl B MATEPHUAJ CTEPKHS MOIETUPY-
€TCs ypaBHEHHEM TEIJIOBOW BOJIHBI, YTO IIO3BOJISIET BBIIEJATH NBUXKeHHne Muddy3u-
OHHOT'O (PpOHTA.

Karuesvie caosa: dport muddysun, GpoHT arpeccuu, TeIIoBas BoJHA, MeTol Dy-
pbe, paasl Oypoe-Beccers.

1. BBenenue

OOBIMHO TPOHUKHOBEHUE HEKOTOPOI CPEJIbl B JIPYTYIO CPEJLY MOJIE/IUPYETCs yPABHEHM-
eM Jinddy3un, KOTOpoe sIBJISIeTCs YPABHEHUEM B YACTHBIX [IPOU3BO/IHBIX TAPA00INIECKOr0
tuna. HetocTaTok TakKoro mojixo/a 3aK/I09aeTcsd B TOM, 9TO 9TO yPaBHEHHE He OIHICHIBAET
JIBUzKeHUe (DPOHTA ITPOHUKAIOIIEH CPeIbl, BHEIPEHUE KOTOPOI ITPOUCXOUT HE ¢ KOHETHOM
CKOPOCTBIO, & MIHOBeHHO. [loaToMy mccenoBaTenn nBuzkeHne 3Toro (bpoHTa 3aaf0T HC-
KyccTBeHHO |1].

Y10o06b! N30€7KaTh NCKYCCTBEHHBIX KOHCTPYKITUI BOCIIOIB3YEMCS CIIEYIOINM yPaBHEHT

em [2,3]

2
7_3 u(r, t) N Ju(r,t)

— s 2
94 5 = div(a“gradu(r,t)), (1)

A
rie a? = — — K03 PUIIEHT TeMIePaTyPOIPOBOIHOCTH.
c

Ypasuenue (1) onmcebiBaer JBUKEHME TEIUIOBOH BOJHBI. OHO SIBJISIETCS YPABHEHUEM
runepOo/IMIecKOro TUIIA, 38 IAI0IINM JIBI2KeHne (hPOHTA TEILJIOBOI BOJTHBI M HOCUT BOJTHO-
BOM XapaKTep C 3aTyXaHueM.

Ucnonb3ys takoit mogxo B [4] nmpormece nuddysnn B TOHKOM CTEPKHE MPIMOYTOJIb-
HOTO TIONEPEYHOI0 CEYCHUS MOJCIUPOBAJICA BOJTHOBBLIM YPaBHEHUEM THIIEPOOINIECKOTO
THUIIA.
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2. JIludpdysusa arpeccuBHOil cpejibl B MaTepPUAJ CTEPXKHSH

B nannOll cTarhe paccMaTpUBAETCs OCECHMMETPUYHOE ITPOHUKHOBEHUE B MaTepuall
CTEpKHA arPeCCUBHON Cpejlbl MHTEHCUBHOCTBIO €1, HAXOJAIIENHCS BHYTPHU JIJTMHHOTO Me-
TAJJIMYECKOTO CTEPXKHS KOJIBIIEBOTO IONEPEYHOI0 CEYeHUs M MHTEHCUBHOCTBIO Co, HAXO-
JIAIIeicss CHAPYKM CTepxKHA. BHyTpeHHuii pajuyc cTep:KHg paBeH 71, a BHEITHUN Ty.

Ypasuenue quddysnn s byHKImA ¢(r, t) B MOJIAPHON CHCTEMe KOODJNHAT IIPUMET
BUJ,

Tey + ¢ = D (cmn + %) : (2)

rjie T — MOJISIPHBI pajguyc, 7 € (11, T2).
[lepenuriiem ypasuenue (2) B 6e3pasmepHoii dopme:

U
Urr + 20Ur = Ugrgr + fR,
c r t |D r
rnell = — R=—;T=—y/—; b= —0; Co, To — HEKOTOpbIE KOHCTAHThI 00e3pa3mMe-
o "o ToV T 2V Dt
pUBaHUS.

BephyBincs kK crapbiM 0003HaUeHUAM ypaBHeHus (2), moydnmM GespasMepHbIil Bu/
yDaBHEHUA

Cr
Cy + Qth = Cpp + —
r

(3)

[Tonaraem, 9T0 B HaYaJbLHBII MOMEHT BPEMEHHM BHYTPU OOpaslia arpeccuBHas Cpejia
MPUCYTCTBYET, TOTJIa HAYAJIbHbIE YCJIOBUA OY/IYT CJIETYIONTUMHU:

c(r,0) = o(r), c(r,0) =o(r). (4)

Ha BHyTpenHeit 1 Ha BHEITHEN MOBEPXHOCTAX CTEPXKHs KOHIIEHTPAITUN CPEJT OCTAIOTCSH
IIOCTOSTHHBIMU, TI09TOMY Oe3pa3MepHbIe KpaeBble YCJIOBHUS IIPUMYT BHJL

C(Oﬂ?t) = 517 C(OQ;t) - 627 (5)
rae 0412;, Oé2=:—27 /61:%7 /322%'
0 0 0 0

Pemmenne 3a1aun (3-5) MOKHO TIPEJICTABUTEL B BHUJIE

N

R, (r
c(ri)y=7 ﬁ((ﬁmkzn — Qu2)em 4 (g — Qi k) e+
=1 n n
1 _ kint 1 o kont o
+ Q3 < ¢ )+ Z R (r) (e (Qy1 cos wyt+
kln k2n n=N+1
+ # Sin wnt) + ij%(wn—
— (bsinwy,t + w, coswpt)e ™)) + By — ﬂ(51 — Bs). (6)
o — (1

3necb N — mHauboJbliee 1ejI0e YUCI0, P KOTOPOM eIII¢ BBITOJIHIETCS HEPABEHCTBO
b > \,, tme A\, — cobcrBennoe 3uadenne 3ajauu lrypma-Jlnysuisa, b — koaddurnment

106



XII Beepocculickas HAYwHAA MOAOOEHCHAA UKONA-CEMUHAD
"Mamemamunieckoe MoO0eAUPOBAHUE, YUCAEHHDIE METMOObL U KOMNAEKCH npoepamm” umenu E.B. Bockpecencrozo

Capanck, 21-24 uroas 2026

obespasmepuBanus, ki, = —b+ /0?2 — A2, ko, = —b— /U2 =N w, = /A2 -2

cobcrBennble dyukiwn 3agaqu [rypma-JInysumis R, (r) MoxKHO npeicTaBuTh B hopme
Rn(r) = Jo()\nT)N()()\nOQ) — No()\nT)J()()\nOéQ).

Koncrantsrt 2,1, 0, Q,3, Bxogsimue B perenue (6), BEIYUCISIOTCS CIELYIOMUAM 00pa3oM

2)\2J )\ Oél r— o
Qpy = ol R oo, ;
' 2(J0 (/\nal) ‘]O )\ OéQ / < 61 + oy — <B1 62)) rar,

— A2 Jg (M) 7
2 = 2(J2(Anay) — JE(Anaz)) /Rn(r)w(r)rdr,
0, — (B BTN (Anc) / R, (r)dr
n3 2(ay — ap)(JE( A1) — JE (M) n )

a

rie Jo(Ar) — dyskius Beccenst mepBoro pojia HyJ1€BOro mopsiJika.
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Abstract: When solving the problem of aggressive media penetration into the const-
ruction material, it is necessary to know the movement of the aggression front, but the
classical diffusion equation describing this process is a parabolic equation and does
not specify the movement of this front. In this paper, for the first time, this process
is described by a hyperbolic equation that defines the movement of the aggression
front: the diffusion of an aggressive medium into the rod material is modeled by the
heat wave equation, which makes it possible to isolate the movement of the diffusion
front.

Keywords: diffusion front, aggression front, heat wave, Fourier method, Fourier-Bessel
series.
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