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ANHAMMNYECKHNN U3T'UB SJIJIMIITUNYECKNX U KPYTJIBIX
CJIONCTHIX IIVINT N3 2KECTKO-IIJTACTUYECKOI'O MATEPUMAJIA

Hremumym meopemuveckot u npukaadnot mexanuku um. C. A. Xpucmuanosuwa CO PAH,
2. Hosocubupcxk, Poccus

AmnHoTtanus. J1ns oneHkn 3()bdEKTUBHOCTI IIOCKUX NPErpa/l IPH BO3IEHCTBIN HAIPY30K OOBIU-
HO HCCJIELYeTCsl 3aBACHMOCTD IIAPAMETPOB UX OCTATOTHON IIOBPEKAAEMOCTH OT AMILIATY/IBI WA
NMITyJIbCa YapHOH BOJHBL [IPUMEHUTENBHO K OJJHOPOIHBIM H30TPOIHBIM IUIUTAM TAKUe DelleHus!
CTPOSTCS HA OCHOBE MOJEJIH HJICATBHOTO KECTKO-IIACTHIECKOTO TeJIA, MOKA3bIBAIOT JOCTATOTHYIO
5 HEKTUBHOCTD Pe3yJIbTATOB U BIOJIHE y/IOBJIETBOPUTENbHBIE COBIAJEHUS C YKCIEPUMEHTaMU. Pe-
IIeHne MHOTHEX 33189 1 0030D HOJLyYeHHBIX Pe3YJIBTATOB /I OJHOPOIHBIX GAIOK ¥ ITACTHH MOZKHO
Haiity B [1], [2]. Bo MHOrEX 06/IaCTSIX COBPEMEHHON TEXHUKHI CYIECTBYIOIINE KEeCTKHE TPeOOBAHUS
K HaJICZKHOCTH IKCILLYQTAIMA KOHCTPYKI[H HE MOIYT OBITH O0ECIEYEHBI IPU UCIOJIB30BAHUH O/l-
HOPOJIHBIX MATEPHAJIOB U BOSHUKAIOT CEPhe3HbIE HAJIeXK/Ibl HA MCIIOJIb30BAHNE KOMIIO3UTHBIX KOH-
crpykumil. $ICHO, ITO HA HTOM IIyTH MOTYT OBITH CO3MAHBI (D PEKTHBHBIE KOHCTPYKIA 3AIIUTHBIX
nperpaz. IIpexkie BCero 31ech CieLyer Necie0BaTh BO3MOKHOCTH CJIOUCTBIX IIperpaj. B HacTos-
Imee BpeMs CyMIECTBYeT GOJIBIIOE KOJIMIECTBO TEXHOJIOTHIL, TO3BOJIAIONIAX CO3/ATH CIONCTBIT ITaKeT
U3 IPAKTHIECKH JIOOBIX MATEPHAJIOB € CYIIECTBEHHO Pa3InIHbIMU cBoiicTBamu. K HEM MOXKHO OT-
HECTH, B YACTHOCTH, TEXHOJIOTMH CKJIeHBaHusA AuMdY3NOHHON CBAPKHU IO/ JABJICHUEM U CBAPKY
B3PBIBOM, IUIA3MEHHOE WJIM XOJIOJHOE Ia30ANHAMHUIECKOe HAIBUICHUE, MATHUTHO-YIBTPA3BYKOBYIO
HAIUIABKY, BAKYyMHO-XIMUIECKOE OCAK/IEHNE, 3JIEKTPOHHO-/[yTOBY IO METAJIJIN3AIIIO U ApyTHe. Jist
KOHCTPYKIH, IPEIHASHAMEHHBIX K BOCIPUATHIO B3PBIBHBIX HAIPY30K, HAMOOIEE IPUEMIIEMOI, 110-
BU/IIMOMY, CJIJIyeT CIUTATh TEXHOJOTUIO CBAPKH B3PBIBOM KaK HanboJlee JIeMeByo n obecreunsa-
IOLIYIO [IPOYHOE COeJUHEHNEe IPAKTUYECKU JIIOObIX MeTa/uoB Ha Gosbiux mwiomaagax [3]-[5]. pu
9TOM BO3HHKAET IIpolb/ieMa aHaJN3a [OBEJIeHNs U OleHKN 3(DdEKTUBHOCTH TaKUX KOHCTPYKIHMH ¢
TOYKH 3PEHHs UX IOBPEXKAAEMOCTH IIPU BO3AEHCTBHU HATPY30K B3PBIBHOIO THUIIA.
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PaccvoTpum cionctyio minTy u3 Habopa JOOBIX METAINIECKIX MaTEPUAJIOB, PACIIONIO-
JKEHHBIX CUMMETPUYIHO OTHOCUTEIBHO OTCUETHOM (CpeuHHOl) mIocKocT. ByaeM npemo-
JIaraTh, YTO KaK/Iblil U3 CJIOEB SIBJISIETCS WJI€AJIbHBIM »KECTKAM IIJIACTHIECKUM N30TOITHBIM
WM OPTOTPOIHBIM MATCPUAJIOM, MOTMAHSIONTIMCH yCJIOBUIO TiacTuanoctn Museca — Xui-
Jaa:

2 2 2 2
fr (01K 02k, O12K) = Q11607 + Q12k01k02% + Q22105 + A13K0T9, — 0 = 0, (1)
(k=1,2,....,n)
%8 SaKOHy IIJIACTUYECKOI'O T€eYECHUA:
) Ofr . . Ofr
Eik=>\k8 ; (221’2)’812:)\’“8 , Ak > 0. (2)
Tik o12k

31ech 041, 012k — 6e3pasMepHbIe HAIPSIKEHNsT (OTHECEHHBIE K XapPaKTEPHOMY TIO [TPEJIETY
TEKYYeCTn), &k, £12k — KOMIOHEHTHI TeH30pa CKopocreil nedopmanuii; ai1g, .., 413k, 0ok —
nocTosinabie. Touka 0603HAYAET YACTHYIO IPOU3BOIHYIO IO BpeMeHu. Ec/in cJIoncThIil makeT
cobpaH 13 MeTaJIJIOB, TO JIUTsT HETO TPaBOMEPHO MCIOJIB30BaTh runoTe3bl Kupxroda — JIssa,
B COOTBETCTBHUU C KOTOPBHIMHU

O*w  Dw 3
0x;’ 2 = 0x10xy’ (3)
rae w, z — Oe3pasmepHas TPOrud W KOOPAWHATA IO HOPMAJU K IIJIACTUHE, X; — Oe3pas-
MepHBbIe KOOPJIUHATEI B IIJIOCKOCTH IUIACTHHBI, Kj, K12 — KOMIIOHEHTBI T€H30Pa KPUBU3HbI 1
KPyUeHHs! IUINTHI IpU AedOopMAalini.

Broipakenust (3) ¢ yaerom (1) u (3) MOXKHO 3amucarb B Bu/je

€i = —zF, €12 =—2k12, (1=1,2), Kk;=

—zk1 = Mg (2a11k01k + @12602k) , —2F2 = A (2a20k02k + Q12801k) , —2F12 = 2MpQ13K012k-

OTkyma mosyIum

z

z _ . z . . )
Ol =~ (201111 — b1opka), o9 = W (2b92x 2 — biogfi1), Olop = - b13kF12
k k k
(4)
ak a1k a12k 1
b1k = 35— boog = 35— biog = 35— bisg = —.
dayykagr — ajy, day1kazer — ajy day1kazer — ajy a13k
[MoxcraBisiem Boipaxkenust (4) B (1), mosryanm
M = kW = byypkd + boopks — biogkika + bisphs 5
B= oo Uk = bk + boak s — biakkifiz2 + bi3gfils. (5)
0

B coorBeTcTBHE ¢ TPUHIIAIIOM BUPTYAJbHBIX MONTHOCTEH JIJIT PACCMATPUBAEMO TJIATHI
nMeeM ypaBHEHHUe

/// (0181 + 09€2 + 2019€12) dv = // Puwds — /// pidv,

S v

KOTOpOE C y4eToM BbIpakenuit (3)—(6) mpumer Bu:
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n n (QuaitMy, 52 )dl
4// lz UOk‘Ijllc/Q (hi — hz_l)] ds = // P— Qprk (hk — hk—l)‘| wds + /
s k:]. s k‘:l L

(6)
Baech P, hy, pr — 6e3pasMepHble JIaBJICHUs, KOODAUHATHI pasiesa cjaoe (hg = 0) u
IJIOTHOCTH MATEPHUAJIOB cjI0eB. My, (Q, — BHeIIHHe U3ruOaoMINii MOMEHT U IepepesbiBa-
oIltasl CHUJIa Ha KOHTYPE.
Jlast 3ameMIeHHol SITNITHYECKON [INTBI CKOPOCThL IIPOrnba MOXKHO IPEICTABUTL B
BHUJIE:

i 2 a3\?
w=At)(1-=5—-=% 7
o(-3%-3) "
rje a;, ag —0Oe3paszmepHble nosyocu Jmiica. Hogcrasisis (8) B (7), B cirydae paBHOMEDHO
pacIIpesIeJIeHHOTO JIABJICHUsT TIOJIydnuM ypasHenue jjist byuxiuu A (t).

A=Pt)d —ds (8)
2 n _
U(1-5-%5) as 2 [ 3 oox By (h2 — h2_,)ds
ay ay —
dy = —— L dy = 9)
2> pr (hg — hi—1) ds 2 1S pi (hi, — hi—1) ds
s k=1 s k=1
Urb11,R? + bogkRo — biagFR1R2 + biokkis, (10)
—_— 4 3m% zg — 4 3z§ z%
frg e ta ) =g e ta-
_ 8x172
Rig = —5—5.
12 a%a%

Permere ypasmenns (9) mpu myaesbix Hadampabix yemosuax A (0) = A (0) = 0 mmeer
BHLL

A(t) = duJ (8) — Sdot?, T(8) = | (fp(f) dT) dt,
0,0 (11)
A(t) =diI(t) —dat, 1(t)= [P (r)dr.
0

Bpemsi ocranosku * onpesensercs u3 ycaosus A (1*) = 0w dil (t*) — dot* = 0, n
AMILIATYIa OCTATOYHOTO Iporuba Oymer paBHa

A, = A(t,) =diJ (t) — %dgt*Q. (12)

Pemernue my1st KpyIuIbIX 3aIUTHEIX IUTACTHH (A1 = G2 = ) B CIy9ae OCECHMMETPHIECKO-
ro HArpYy’KeHUs ¥ 3alieMieHns: Oyjger umerb ToT ke Buj (14), ecim BMeCTO BBbIpasKeHUi
(10), (11) mcmomb30BaTh BHIPAYKEHHUST
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T2 (2 — e

a 2\ 2 a
f(l—%) rdr 2/
0 0

, do = (13)

pr(hi—hy_1)
rdr

>
2
20f [Z Pk(hk_hk—l)] rdr of

— 1/2 _92 _92 _ _ 4 7’2 _ 4 7'2
\I/k = bllk"ﬁ + b22/§2 — biok1ke, k1 = — 1— 3—2 , K2 = — 1-— - |- (14)
a a a a
JIist MapHUPHO-ONEPTHIX IJIACTUH TIOJYYUM aHAJOIMYHOe pellenue, ecau Bmecto (16)
HCIIOJIb30BaTh BbIpazKeHUe

4 72 4 r?
= —— (9~ — Fo——— (3> _17]. 1
T 112 (9a2 7) ) 2 11a? <3a2 7> (15)

Pemenne (14) MOXKHO MCHOIB30BATH TAKXKE B CJIyUYae CO3JaHUsI KOHCTPYKIUK ¢ TPOdU-
JIMPOBAHHBIME CJIOSIMA. DTO TO3BOJISIET OCTABUTH M PEITUTH 3aa9y O CO3JaHUU OITH-
MAaJIbHBIX ITPOEKTOB IS SJUIMITHYECKNX W KPYTJIBIX CJOUCTBIX ITPU BO3JEHCTBUN HArPY30K
B3PBIBHOTO THTIA. [IJIsT TOr0 HEOOXOINMO PACIIPEIETUTh MATEPUATBI B KOHCTPYKITHH TAKIM
00pa30oM, UTOOBI IPU COXPAHEHUHU OOINEH MacChl KOHCTPYKIIUH

2// Zpk (hg — hi—1) | ds = My = const (16)
< Lk=1

6BLIO JIOCTUTHYTO MUHUMAJIBLHOE 3HAUEHUE aMILTUTYIbl OCTATOYHOrO Iporuba A* niam Mak-
CUMAaJIbHOE 3HAYEHNE [TPEIeIbHOM Harpy3ku P* = g—f. CooTrBeTcTByIOMAsS 330294 SIBJISIETCS
KJIACCHIECKO 3a/1atell BAPUAIMOHHOTO UCINCIEHNUS, U PEIIeHne ee 3/1eCh 00Cy K 1aTh He Oy-
neM. Jlys mpsMOyTOJIbHOTO MMITYJIbCA C aMILIUTYnoil Py m BpeMeHneM JeficTBus tg BpeMs
OCTAHOBKH U aMILIATYA OCTATOYHOIO MPOTU0a OMPEIeISAIOTCI BhIPAYKEHUIMM

*

Poto POt(%dl PO
=229 4, = 2D 1), (P> PY. 1

Ecau Tommunst cioes (d; = hg — hp_1) MOCTOSIHHBI, TO TpeJie/ibHAst HArpy3Ka P* ompe-
JIeJISIeTCST PABEHCTBOM

2

n n -1 n
«_ 1 Jooon 1 J
P == 5 | Mo—2> pio; | + | =Mo—2) pi6;+2) ou| Y o0as07 ¢,
¢ 4 =2 P1 =2 s=2 | j=2

1 12 2 2 _
sz—//( —%—L—SV& “’f:'//q’i”ds, (k=1,..,n),
S a1 a2 S

rae S — IJIOIMA/Ib [IJIACTHHBL.
s TpexcIOWHON NJIACTUHBI U3 JIByX MaTepHasoB

« 00101 2 2
_ Mo — 2pad)? + Mo — 20965) 63 + o0p0ad2, 6y = —2 — P25 (18
17 (Mo — 2p202) o (Mo — 2p202) 62 + co200205 L T (18)

00202
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MakcumasibHoe 3HaueHne P** npejesibHOi Harpysku Oyjer qocTurayTo, ecan B (18)
TOJIIUHA HATPYKAEMOTO CJI0s OyJIeT paBHA

5 = My (oo20i2p1 — 0p1001p2)
— =
[o02a2p1 (p1 — 2p2) + 001011 3]
HpI/Iqel\l MaTepHaﬂbI JTOJIZKHBI 6I)ITI) COCTaBJICHBI TakK, IITO6I)I YqUCJIUTEJIb U 3HAMEHaTEeJIb B

(19) 661K oTpHIIATENLHBIMU. B 9TOM ciy4ae, Kax caeayer u3 (17), aMIiaTya 0CTaTOYHOrO
mporuba OymeT MTHUMAJIBHOIA.

(19)

JINTEPATYPA

[1] Mazasos B. H., Hemuposckuit FO. B. /luHamMuka TOHKOCTEHHBIX [IJIACTHYECKUX KOH-
crpykiuii // IIpoGsembl ausamMuku yrnpyro-miactudeckux cpei. Cepusi: Mexanuka. Hosoe
B 3apy0OekHOit Hayke. 1975. Bemr. 5. C. 155-247.

[2] Komapos K. JI., Hemuporckuii FO. B. Tunamuka KeCTKO-IIACTHIECKUX DJIEMEHTOB
koHcTpykimit. Hopocubupck: Hayka, Cubupckoe ormesrenne, 1984. 234 c.

[3] depubac A. A. @usuka ynpounenus u capku B3pbiBoMm. HoBocubupck: Hayka, Cu-
bupckoe oraenenne, 1972. 188 c.

[4] Axosses U. B., Cuporenko JI. 1., Xanos A. M. Capka B3pbIBOM apMHUPOBAHHBIX
KOMIIO3UIIMOHHBIX MaTepuasios. Hosocubupek: Hayka, Cubupckoe ornenenue, 1991. 119 c.

[5] Fleck J., Laber A., Leonard R. Explosive welding of composite materials //
J. Compos. Mater. 1969. Vol. 3, Ne 4. P. 669-701.



84 FO. B. HEMHUPOBCKUI

Yu. V. Nemirovskii

DYNAMIC BEND OF ELLIPTIC AND ROUND COMPOSITE BOARDS FROM
RIGID PLASTIC MATERIAL

S. Khristianovich Institute of Theoretical and Applied Mechanics of the Siberian Branch of the
RAS, Novosibirsk, Russia

Abstract. For an assessment of effectiveness of flat barriers at influence of loadings usually
dependence of parameters of their residual damageability on amplitude is investigated or shockwave
impulse. In relation to the homogeneous isotropic plates such decisions are under construction on
the basis of model of ideal rigid and plastic bodies, show sufficient effectiveness of results and quite
satisfactory coincidence to experiments. Solution of many tasks and review the received results for
the homogeneous beams and plates it is possible to find in [1], [2]. In many fields of the modern
technique the existing strict conditions to cannot be provided to maintainability of a design at
use of the homogeneous materials there are also serious hopes on use of composite designs. It is
clear, that on this way can be efficient designs of protective barriers are created. First of all here
it is necessary to investigate possibilities of stratified barriers. Now there is a large amount of the
technologies allowing to create a stratified package from almost any materials with significantly
various properties. To them it is possible to refer, in particular, technologies of pasting of diffusion
welding under pressure and welding by explosion, plasma or cold gasdynamic dusting, magnetic and
ultrasonic naplavka, vacuum and chemical deposition, electronic and arc metallization and others.
For the designs intended to to perception of explosive loadings, the most acceptable, apparently,
follows to consider a weld procedure explosion as the cheapest and providing strong connection
practically any metals on larger squares [3]-[5]. At it there is a problem of the analysis of behavior
and an assessment of effectiveness of such designs from the point of view of their damageability at
influence of loadings explosive type.

Keywords: the homogeneous and stratified beams, model of an ideal rigid and plastic body, yield
points, the limiting moment of deflection, structural weight, residual deflection, rational project.

REFERENCES

[1] Mazalov V. N., Nemirovskij Ju. V. Dinamika tonkostennyh plasticheskih konstrukcij
// Problemy dinamiki uprugo-plasticheskih sred. Serija: Mehanika. Novoe v zarubezhnoj
nauke. 1975. Vyp. 5. S. 155-247. (in Russian).

[2] Komarov K. L., Nemirovskij Ju. V. Dinamika zhestko-plasticheskih jelementov
konstrukeij. Novosibirsk: Nauka, Sibirskoe otdelenie, 1984. 234 s. (in Russian).

[3] Deribas A. A. Fizika uprochnenija i svarki vzryvom. Novosibirsk: Nauka, Sibirskoe
otdelenie, 1972. 188 s. (in Russian).

[4] Jakovlev I. V., Sirotenko L. D., Hanov A. M. Svarka vzryvom armirovannyh
kompozicionnyh materialov. Novosibirsk: Nauka, Sibirskoe otdelenie, 1991. 119 s. (in
Russian).

[5] Fleck J., Laber A., Leonard R. Explosive welding of composite materials //
J. Compos. Mater. 1969. Vol. 3, Ne 4. P. 669-701.

Nemirovskii Yuri Vliadimirovich, Dr. Sci. Phys. & Math., Professor, Leading Research Associate at
Khristianovich Institute of theoretical and applied mechanics of the Siberian Branch of the RAS,
Novosibirsk, Russia.



