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HAYUYHO-TEXHUUYECKUW
PA3LE

YK 539.4

O BbI6Ope WMHBAPUAHTOB HAMPSHKEHHOrO COCTOSHMS MPWU PeLLeHnK
3afa4 MexaHVKK MaTepuasnoB

A. A. lebeseBa B. M. Muxanesnu6

alHcTuTyT Npo6nem npoyHocTy uMm. I. C. MucapeHko HAH YkpauHbl, Kues, YkpaviHa

6 BUHHWLKMIA TOCY1AaPCTBEHHbIA TEXHUUECKMIA YHUBEPCUTET, BMHHMLA, YKpanHa

MpegnaraeTcs KpUTEPUM MPOYHOCTM (HOPMYIMPOBATh B BUZE 3aBUCMMOCTM WHTEHCUBHOCTY
Hanps>keHwii 0T 6e3pasMepHOro WHBapWaHTa Y, PaBHOrO OTHOLLEHMIO MEPBOr0 WHBAapUaHTa
TeH30pa Hanpsi>XKeHUii K UHTEHCUBHOCTU Hanps>keHwid. MpuBeseHO A0Ka3aTeNnbCTBO KOPPEKT-
HOCTW MCMONb30BaHWS MHBapUaHTa Y B Cnyyae MAOCKOTO HArpsi>KeHHOTo COCTOsHWA. Ha npu-
Mepax COMOCTABMEHUS! PACUETHBIX U 3IKCTEPUMEHTa/bHBIX AaHHbIX MOKasaHbl MPeUMyLLecTBa
Nnpes/IoXKeHHO! (hopMbl NPeACTaBNEHUS YCNOBWIA NPEeAeNbHOMO COCTOSHUS B CPABHEHUM C Klaccu-
UECKIM NOAXOAOM. YKasaHbl BO3MOMKHbIE MyTU PACNPOCTPAHEHUs ONUCAHHOTO NoAXoAa NPUMEHH-
TeNbHO K O6BEMHOMY HaNPSXKEHHOMY COCTOSHUI.

KntoueBble CnoBa: KPUTEPUM MPOYHOCTU, TEH30p HaMpsdKeHWiA, NIocKoe W
06bEMHOE HanpsHKEHHOe COCTOSHYE.

Mpy pacyeTax 3M1EMEHTOB KOHCTPYKUMIA Ha MPOYHOCTb (haKTMYecKue Koad-
(MLMEHTBI 3amaca OMNpeaenstoT MyTeM COMOCTaB/EHUS YPOBHS PealbHO AeiicTBYy-
fOLMX B pacCMaTPYBAEMOM 3/1EMEHTE HamnpsHXKEHWIA C XapaKTepucTUKaMu Npouy-
HOCTW MaTepuana.

3a Mepy MHTEHCUBHOCTM BHYTPEHHUX YCWUAUIA MU NPOW3BO/LHON CUCTEME
HaNpPsHKEHWIA NPUHUMAETCS 3KBUBA/IEHTHOE HaMPsXKeHWEe, paccuMTaHHOoe Mo TOiA
WM WHO Teopuy MPOYHOCTK, a B KayecTBe Mepbl MPOYHOCTM MaTepuana -
XapaKTepUCTMKKM, KOTOpble OMpeaenstoT NyTeM WCMbITaHWS MaTepuana npu npoc-
TeWMX BUAAX HarpyXxeHus (PacTsXKeHUe, CxKaTue, PeXKe - KpyueHue).

AHanUTNYecKas (HOPMY/IMPOBKA YCMOBKS MPOYHOCTY MOXET OblTb Mpef-
CTaB/ieHa YPaBHEHVEM

F(aJ,a2,a3,mt)=0, (D

KOTOpPOEe B NPOCTPAHCTBE NaBHbIX HanpsXkeHWini al—a2 —a3 [O/HKHO UMETb
OHO3HAYHYH0 reOMeTPUYECKYHO MHTEeprpeTaumio B BUAE PErYNSAPHON WU CUHTY-
NAPHOI MOBEPXHOCTU, OrpaHMyMBatoLLel 6e30MacHyto 4/1s 3apaHee OroBOPEHHbIX
YCMOBWIN 06N1aCTb HanpsXKeHHbIX COCTOSAHUIA. B ypaBHeHWM (1) T, - KOHCTaHTa,
XapaKTepu3ytoLas CBOCTBa mMaTepuaa.

MHorpa B kayecTee napameTpoB HamNpPsHXKEHHOrO COCTOAHWUSA MPUHUMAIOT He
rnaBHble HanpsXeHns al,a2,a3, a UX MHBapUaHTbl. B 3TOM cnyvae ycnosue
MPOYHOCTM MOXKHO 3anwucaTtb Cefyowmum o06pasom:

© A. A. NEBEJIEB, B. M. MUXANEBWY, 2003
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A. A. Jlebeges, B. M. Muxanesuy

F@'1J2,J3,mt)=0, 2
rae Ji - nepBblii MHBApMAHT TeH30pa HanpshKEHWI, paBHbI cpefHeMy Hanpsi-
XKEHUIO O,

1
Jizo=3(0i+02+03); (3)

J2 - BTOpOIi WHBapuWaHT fAeBUATOPA HAMPSHKEHWUIA, PaBHbIA C TOYHOCTbIO [0
Ko3(h(mumMeHTa KBaapaTy UHTEHCUBHOCTU HaMPsSHKEHWIA 0 U,

J2=30n=6[(01_02)2+(02- 03)2+(03- 01)2]; 4

J 3 - TpeTwuii nHBapuMaHT feBmaTopa HanpsKeHW, CBA3aHHbIA C yrnom ”~ Buja
[eBuatopa, Wam c (asoid, onpefenstolleil HanpaBneHne OKTadapUYecKoro Kaca-
TeNIbHOrO HarnpsHKeHWs T OKT B [eBUATOPHOW M/IOCKOCTW.

Yron \p v napametp Jloge-Hagan no

.02 03
0=2_ ()
CBA3aHbl 3aBCUMOCTbIO
No = V3ctg(ip+ B- 6)

Takum 06pa3om, TPeTUii UHBapWaHT AeBuaTopa J3 afeKBaTeH napameTpy
No. CnepoBatenbHo, YCnoBMe MPOYHOCTU AN8 MPOU3BOMLHON CUCTEMbI Hamnps-
YKeHnin (2) MOXXHO 3anucaTtb B BuUje

F *(o,0u,1o,mt)=0, )

a npefenibHble MOBEPXHOCTU paccmartpueatb B cuctemMe 0 —ou —J10.
MpUMEeHNTENBHO K MIOCKOMY HanpsXeHHOMY cocTosHUo (01,02,03=0)
ycnosue (7) 6e3 N3MeHeHNs ero M3NYeCcKoro CMbIC/Ia MOXHO YNPOCTUTL MyTeM
(hopmanbHOro WCK/IHOYEHWA NapameTpa 1 0:
om=1f (nX )]

rge n- nokasatesib, UMEKLLUIA CMbICAT “YKECTKOCTU” HAMPSXKEHHOr0 COCTOSAHUSA,

ol 9

Mpu 3TOM aHaM3 Pa3NYHbIX HAMPSXKEHHbIX COCTOSIHUIA U 06PaboTKa 3KCne-
PUMEHT&/IbHbIX AaHHbIX BO MHOTMX ClyYasX yrnpoLiaroTcsi, Tak Kak 06paboTka

6 ISSN 0556-171X. Mpo6nembl npouyHocTH, 2003, Ne 3



(6] Bbl60pe MHBAPMaHTOB HanpA><eHHOro CoCTOoAHUA ..

BbIMO/THSAETCA He B TPEXMEPHOM MPOCTPAHCTBE I/1aBHbIX HanpshkeHWH, a B noc-
KocTu. lMpuuem cuctema 0u—n SBASETCA 60see TMOKOM M He NMPUBOAUT K
HeoAHO3HaYHbIM pe3y/ibTaTam.

[Jokaxem nocnegHee yTBepxaeHue. Mpu NIOCKOM HamnpsdKeHHOM COCTOS-
HUN OfHO W3 [NaBHbIX HAMPsSKEHWI paBHO Hyn. [MoaToMy, yunTbiBasd, 4TO
0i> 02> 03, B03MOXHa peann3auns OLHOI0 M3 TPEX BapUaHTOB:

01=0; 03<02<0 (03<0); (10)
01>0, 02=0; 03<0  (01+l031>0); (11)
01>02>0, 03=0 (01> 0). (12)

[Ona nepsoro BapuaHTta ¢ ydetoM (3), (4), (9) umeem

0 2+03="/02—0203+02; 30=02+03 (13)
Torpa
1+ Ki
n=—r-2—="=,; ki=02/03€[0;1] (14)
A2—%ki+1

MocKoMbKY Mpon3BoHast

K1—1

dnidkl = (3’2)(K21 714 )

32'<0 mpu K1IE; (15)

HEMnpepbIiBHa, MNMOKa3aTe/ib N B faHHOM C/ly4dae M3MEHAETCA B npepnenax
Mkl=)=-—2<n<n(kl=0)= —1 (16)

Ana BTOPOro M TpeTbero BapnmaHTOB aHa/lI0orM4yHO Mosydymnm

1+ K2
n=— 2 , k2=01l03 € (3¢ 0]; 517
\K2 —Kk2 +1 i
K2
dnldk2=(3/2)1|5—_l%zé-:-f)o npu k2 € (—Te; 0]; (18)
Mk2=0)=—1<n<n(k2=—)=1 (19)

npuyem

ana K2 € [—4; 0] umeem N€ [ 0], ans K2 € [ ; —1] - n€ [0; 1]; (20)

ISSN 0556-171X. Mpo6nembl npouyHocTH, 2003, Ne 3 7
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1 +K3
N=| 2 => ks=aii®ie [0;1]; (21)
ka —k3 +1
. , 1- k3
dnldk3 = (3/2)—2— }—- 173712> 0 PN k3e [0;1]; 22
( )(k3 k]§+1) [0:1] (22)
Nk3=0)=1< <M (k3=D=2 (23)

Uto kacaetca napameTpa Jloge-Hapau Jla (5), TO ona KaXaoro us Tpex
BapuvaHTOB OH MpPWHUMAeT BCe 3HayeHns oT —1 fo +1. [elCTBMTE/NbHO, ANA
MepBoro BapuaHTa UMeem

Na =—2k1+1, Te. ya(kl=0)=1 wya(kl=1l=—=1 (24)
AN BTOPOrO -

2
Na=1—" —1 te. Na(k2=—1)=—1 Ja(k2=0)=1 (25)

ONnAa TPETLETO -

Na=2ks—1 T1e. Jla(k3=0=—1 Jla(k3z=D1)=1 (26)

3T0 03HayaeT, YTO 3HAYeHMs au,” OfLHO3HAYHO OMpPeSenstoT BeMUWHLI
[NaBHbIX HaMpsXKeHWi, a au, Sla - HeofHO3HAYHO.
3anuwem cooTHoweHve (13) B Buge, 0OLLEM AN BCEX TPEX BapuaHTOB:

ai+aj=/Ya2—aiaj+aj, (27)

rge i,j MOryT NpUHUMATb N0ObIE ns 3HAYEHWI OT eAUHMULbI 4O TpeX, Npuyem
i*j.

Vs NpuvBeAEHHOro aHanusa cnefyet, uto gna —2< N < —1 noniyyaem i=2
j =3 A —l<Mr<1—i=1 j=3, a1 1<r"< 2—i=1 j =2 BosHuKawoLlas
HeOAHO3HaYHOCTL NpY | = 1 NPUHLMNNANBHOTO 3HAYeHUs He MMeeT. Hanpumep,
npu |N=1 wns (27) cnepyet

aiaj =0 (28)

Myctb ~=1 Monaraa i=1 j =3, nonyyaeM ala3 =0 A NOCKONbKY
al>a3, alt|as3|>0 (cm. (11)), To a3=0, al>0 AHaNONMYHO, NPUHMMaA
i=1j =2 nonyyaem ala2=0,aTaK Kak a1>0 (cm. (12)), T0 a2=0, a1> 0.

B 0601x cny4yasax KOHeYHbIn pe3ynbTaT oguH M TOT Xe: al>0, a2=a3=0
Mpn |**1 Ha ocHoBaHWMKM (27) 3anuLlem

k2 —2f Y(n)ki +1="° O<ki<ailaj; (29)

8 ISSN 0556-171X. Mpo6nembl npouyHocTH, 2003, Ne 3



(6] Bbl60pe MHBAPMaHTOB HanpA><eHHOro CoCTOoAHUA ..

+05r2
- (30)
W3 (27), (29) cnepyet
fi(r)- Vfi2(r)- 1, T€[-2; - 1U[G U [L 2];
kl= fi(ryw f2(r)- 1, €10 (31)

0, r=+1

npuuem npn re [-2,- 4 I=npn re [-11] 1=2,npn re [L2] I=3

Mpumep 1. PaccMOTPUM (PM3MYECKN pasHble HarpsXKeHHbIE COCTOAHUS:

a) paBHOMEPHOE ABYXOCHOE pacTsheHne - 01=02>0, 03=0;

6) ofHoOCHOe cxatme - 01=a2=0, 03<0.

B o6oux cnyvasx L a=+1, anokasarenb r =2 B cayyae a) U r =- 18
cnyyae 0).

Mpumep 2. 3HauveHuto fxa =0 COOTBETCTBYHOT TPM pasHbIX MOKA3aTesNs:
ri=- 3(02=0503<0,01=0); r2=0(01=-03>0,02=0); r3=W 3
(02=0,501> 0,03 =0). B npuBeaeHHbIX MNpumepax abCONOTHbIE 3HAYEHWUS
[NaBHbIX HAMpPsHKeHWA OnpesensoTcs BeNMUYNHOW O W.

MpeAcTaBNAeT MHTEPEC elle OAuH crnocob foKasaTenbCTBa CHopMy/MpoBaH-
HOrO YTBEPXKAEHWS, OT/IMYAIOLLMIACA HarSAHOCTLIO KOHEYHOTO BbiBoga. B pabote
[1]* ycTaHOBNEHA CBSA3b MEXAY TPETbMM MHBApUaHTOM [eBMaTopa HanpsiXeHuin n
MHBapYaHTaMn Camoro TeH3opa:

J3=J3-J12+9J1, (32)
rae
J 3 =sijsjkski; J3=oijojkoki; J1="°ii =3, J2=°i°i); (33)

Sj=0j -0 f§ - [eBvaTop HanpsOKEHW; O - TEH30p HanpsHXKeHwin; gy -
cumBon KpoHekepa.
3aBucuMoCTb (32) € y4yeToM paBeHcTBa [2]

I°j-1=3J3+6J8- 5J12 (34)
NPUHUMAET BUA

13=30ij|[+2J02- 187 1. (35)

C [pyroit CTopoHbI, onpegennTesnb |0 |=0 10203 1 npu NJOCKOM Hanps-
YKEHHOM COCTOSiHUM paBeH Hymto. MMoatomy m3 (35) cnefyeT M3BeCcTHas 3aBUCU-

* B [1] ponyuwieHa oneyaTka: nepej MOCNeAHWM CraraeMbiM [O/MKEH CTOATb 3HAaK MC (CM.
ypasHeHuve (32)).
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MOCTb [3] Mexay TpeTbMM WHBApWaHTOM AeBMaTOpa HanpsiKeHWiA, WHTEeHCKB-
HOCTbIO HaNPSHKEHWIA N CpefHUM HanpsHKEHNEM:

33 =°(°n - 3"2), (36)

KOTOPYHO NIerko npeAcTaBuThb ClefytoLwmm 06pasom:
33 =1 V(3 \V2). (37)

3BeCTHO Takke, YTO B 06LLEM Cly4yae TPEXOCHOIO HArpshKeHHOro CoCcTos-
HVUA MMeeT MEeCTO paBeHCTBO [1, 2]

13 =603 cos(3™). (38)

W3 (37) n (38) cnepyeT, 4TO MpY NIOCKOM HAaMNPsHKEHHOM COCTOSHMW Yron
BMAA feBvaTopa HanpshkeHUid ~  onpeaenseTcs 3aByCUMOCTbLIO

A= Aarccos[o,Sv( 3-v° )]* (39)

Hecno)Ho nokasatb, 4TO

N
na V3wQ* o (40)

FO. H. Pa6oTHOBbLIM [1] ncnonb3yeTcs 6e3pa3MepHblil UHBApUaHT £, paBHbIi

6J3

9=, " = cos@). (41)

B pa6otax A. A. UnblowmHa ¢urypupyet TpeTuid UHBApPUaHT Hanpasns-
FOLLEro TeH30pa HanpsbkeHuin D, paBHbin £/0/54.

Ha puc. 1 npeacTasnieHbl rpadikv, paccumMTaHHbIe Mo COOTHOLLEHUAM (39)-
(41). BugHo, uto BennuuHbl N, Jla, £ 0LHO3HAYHO OMPeAenatoTCA NoKasaTesem
V. ObpaTHOoe HeBepHO.

MpenmyLlecTsa Npea/oKeHHOro noaxoda NMpPOUAMKCTPUPYEM NMyTeM aHau-
38 M3BECTHbIX 3KCMEPUMEHTa/IbHLIX AaHHbIX [4], NOMyYeHHbIX MPU UCMbITaHUN
Tpy64aTbiX 00pasLoB 13 ceporo vyryHa [5]. Pe3ynbTathbl ONbITOB 06pabaTbiBa/iv
no AByXnapaMeTpuyeckum Kputepusam banaHgumHa u MucapeHko-Slebesesa ans
CTPYKTYPHO-HEO4HOPOAHbIX MaTepuanoB, K KOTOPbIM OTHOCWUTCS CEpbIiA YyryH:

an =A+Bo; (42)
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on=a+ bol0,751 V. 43)

Bbipasus B cooTHOWeHUAX (42), (43) UHBapuaHTbl OM, 0 4epe3 rMaBHble
HOpMasibHble HanpsbkeHWs, a KOHCTaHTbl A, B, a, b uepe3 npefenbHble Hanps-
XXEHUSA NPU PaCTHKEHUN 0P W CXKATUK O C, MOMYUUM:

ana Kputepusa banaHgnHa

02 +02+02- (0Ib2+0203+030])+

+(0c-0p)(0i +02+03)=0pOc; (44)
4N Kputepmsa MNucapeHko-J/1ebesesa -

0
o M(01-02)2+(02-03)2+(03-0 1)2 +

[/ o "
+1-°~ 0107512 = oP (45)
v 0c/

OTMETUM, YTO MHOTVE U3BECTHbIE KPUTEPUU ABMISKOTCSH YaCTHbIMU ClyYasmm
Kputepues (44), (45).

Puc. 1. 3aBMcMMOCTM MeXZy WMHBapuaHTamu npu njocKoM HanpsiXXeHHOM COCTOSHUW.

Ha puc. 2 npvBefeHO conocTaBneHue 3KCNepUMEHTaNIbHbIX WM PacyeTHbIX
JaHHbIX B TPagULMOHHOM MPOCTPAHCTBE [/aBHbIX HanpsXKeHWUIA.

MyTem npeobpa3oBaHWili ypaBHeHWA (44), (45) B KoopauHatax ou- "
MoyynMm:

ona kputepua banaHanHa

1 2
Pwo2(0p-o)tt 5, oo *opoc (46)
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ana Kputepus MucapeHko-/1ebeaesa -

0,
OA_ 47
— it] +2cos arccos(0,57(3-~ )) 0,752

oc)

°"=0o q(
+ 1

oc 3y

3TV COOTHOLLEHUSA, MOCMEefHee M3 KOTOPbIX CrpaBef/IMBO TOMbKO MNpuUMe-
HWUTENIbHO K MN/IOCKOMY HanpsXKeHHOMY COCTOSAHMIO, MOXHO TPaKTOBaTb Kak 3aBu-
CUMOCTb MHTEHCUBHOCTM HaNPsHXKEHUA OT “YKECTKOCTU” HarpshkeHHOro CoCcTos-
HUS, XapaKTepu3yemoii nokasaresem

Puc. 2. MpefcTaBneHye pacHeTHbIX 1 3KCMEPUMEHTaNbHBIX JaHHbIX MO MPOYHOCTU Ceporo YyryHa B
TPaJMLMOHHOM NPOCTPaHCTBE FNaBHbIX HanpskeHuii: 1 - ycnosume MucapeHko-/lebepesa (45); 2 -
ycnosue bananguHa (44); 3 - ycnosve Museca; BepTUKa/IbHas M FOPU3OHTaNbHAsA NPAMbIE - Mepsas
Teopus MPOYHOCTW.

Ha puc. 3 B KoopauHaTax ow — MpeAcTaB/ieHbl TE >Ke 3KCNnepuMeHTaslb-
Hble [aHHble, 4TO U Ha puc. 2. NMOBEPXHOCTW ANMNTENbHOA NPOYHOCTU

tx  t*c(0i,), (48)

rge t*c - BPemsa [0 paspyLUeHusl, NMOCTPOEHHbIe Ha OCHOBE W3BECTHbLIX 3KCMepu-
MEHTa/IbHbIX AaHHbIX, MpYBeAeHbl B paboTax asTopos [6, 7].

ConocTaBfieHne faHHbIX Ha puc. 2 1 3 NOoKasbIBaeT, YTo npep/araeMas Tpak-
TOBKAa YCNOBUIA MpefebHOTO COCTOSIHWS MMeEeT OYeBUAHble MpeuMyLlecTBa B
CpaBHEHMN C Knaccuyeckoi. [pexpae Bcero 3aBUCUMOCTb 0w =0 wu(”) npea-
CTaB/ISeTCA OAHO3HAYHOW (PYHKLWMENA, 4TO 06/eryaeT BU3yasbHYH OLEHKY pesy/ib-
TaTOB W CPaBHeHWe aHa/IMTUYECKMX W IKCNEPUMEHTaNbHbLIX JaHHbIX. Hanpumep,
13 puc. 3 6onee YeTKo BUAHO, YTO ycnosus banaHavHa v MNMucapeHko-/lebenesa
VIMEIOT OUH W TOT Ke MOPSAA0K COOTBETCTBUSA 3KCMEPUMEHTa/IbHBLIM AaHHbIM B
obnactm —< < 1 B obnactax —2<”< — n 1<”*< 2 ycnosue banaHanHa
MPUBOAUT K CEPbE3HOMY, [AaKE KauyeCTBEHHOMY WCK&XKEHWIO, a MOrpeLiHOCTb
npesbiLaeT 60%.
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Puc. 3. MNpeacTaBneHne pacyeTHbIX ¥ IKCNEPUMEHTaNbHBIX AaHHBIX MO MPOYHOCTY YyryHa B BUAe
33BMCMMOCTV WHTEHCMBHOCTW HamnpshkeHWA OT MokKasaTens “>KecTKOCTW” Hanpsi)XeHHOro COoCTOs-
Hus: 1 - ycnosume MNucapeHko-/lebeaesa (47); 2 - ycnosue banaHguHa (46); 3 - ycnosue Museca.

Wcnonb3oBaHne KputepureB B Buae OM = 0MW(]) WCKIOYAET BO3MOXKHbIE
OLMOKM 1 CBOGOAHO OT YC/IOBHOCTENM, MMELWMX MeCTO Mpu aHainse ycnoBuii
npeaenbHOro COCTOSHWS B MPOCTPAHCTBE I1aBHbIX HANPSHXKEHWUI, TaK Kak crucTema
0], 02 crnpasef/iMBa TO/MILKO A8 NepBoro KeagpaHta. OCK HanpsHKEHHbIX COCTO-
SHWI 4eTBEPTOro KBajpaHTa AO/MKHbl UMETb HaMMEHOBaHWe O j, 02, TPeTbero
KBafipaHTa - 02, 03, BTOPOIi KBaApaHT BOOOLLE He WCMOMb3YyeTCs.

Mpy 0OBLEMHOM HanpPsHXKEHHOM COCTOSIHWM OAHOrO MokasaTtens | yXe He-
JocTaToyHO. Kasanocb Obl ecTeCTBEHHbIM BBEfEHVE B 3TOM C/lyyae napameTpa
Nope-Hapan wnn yrna Buga fAesmartopa ”, OfHaKo 3TW napameTpbl He
OCTalTCA HEU3MEHHbIMU B YC/IOBMAX TMJIOCKOr0 HAamnpshKeHHOro COCTOAHMS.
Bbibpas c yyeTom (39) B kauecTse BTOPOro rnokasaTens vV COOTHOLLEHWE B BUe

v=cos(3")- 05](3-]2), (49)

KpUTEpUU NpefenbHOro COCTOSHWA ANA MPOWU3BO/IbHON CUCTEMbI HaNPsXXeHWi
MOXHO CBeCcTU K (hopme

onm="f (] vX (50)

npyvyem nokasartenb V TOXAECTBEHHO PaBeH HY/HO MPW MJIOCKOM HanpsKeHHOM
COCTOAAHUWN. MOXHO MoKasaTb, UTO K pe3ynbTaty (49) Mbl NpUwan 6bl, NPUHAB

V=
(omn/3)3"' L)

CnepgyeT 3aMeTWTb, YTO C/yyvali TPEXOCHOTO HarpshKeHHOr0 COCTOSHUA Tpe-
OyeT 60nee rny6boKoOro aHasmsa.

MpepnoxeHHas ¢opma reoMeTpUYECKON WHTeprnpeTaumMn KpuTepues mpe-
[EeNbHOTO COCTOSHMA He UCK/IOYAeT MCNO/b30BaHUSA KlacCUYeCcKnX noaxofos. B
OTAeNbHbIX CNy4asx 6narofaps 0TMEYEHHbIM BbliLLie NMPeMMYLLEeCTBaM OHa, HECOM-
HEHHO, MOXET OKa3aTbCsi 60/1ee MHDOPMATUBHON U YA0BHON.
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Pe3tome

3anponoHoBaHo KpuTepii MiLHOCTI (OpMyNtoBaTh Yy BUMNALI 3a/1€XKHOCTI iHTEH-
CUBHOCTI Hampy>XeHb Bif 6e3p03MIpHOro iHBapiaHTa ], SIKWIA AOPIBHIOE BiAHO-
LLIEHHIO MepLLOro iHBapiaHTa TEH30pa Hanpy>eHb [0 IHTEHCUBHOCTI HarpyXeHb.
MpeAcTaBneHo [0BeAEHHA KOPEKTHOCTI BMKOPUCTAaHHA iHBapiaHTa | Yy Bunagky
M/0CKOr0 HanpyXeHoro ctaHy. Ha npuknagax 3iCTaBneHHs PO3paxyHKOBUX i
eKCMepUMEHTa/IbHIX JaHWUX [LOBELEeHO MepesBary 3arnporoHoBaHOoi )opMKU MojaH-
HA YMOB TPaHWYHOr0 CTaHy MOPIBHAHO 3 KNaCUYHWM MiAXOLOM. YCTaHOB/IEHO
MOX/MBI LUMSXN PO3MOBCHOKEHHA OMWCAHOIo Nifxody CTOCOBHO 06’€MHOro
Harnpy>eHoro CraHy.
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Abstracts

Lebedev A. A. and Mikhalevich V. M. Stress
Invariant Selection in Solving Problems of
Material Mechanics // Problems of Strength. -
2003. - No. 3.- P.5- 14

We suggest the strength criterion be repre-
sented in form of the dependence of the stress
intensity on the infinite invariant ~ given by
the relation of the first stress tensor invariant to
the intensity of stresses. The proof of reason-
able application of the invariant * to the case
of plane stress is given. By correlations be-
tween the calculated and experimental data we
show advantages of the proposed representa-
tion form of the ultimate state conditions over
classic approaches. We outline possible ways
of spreading the described approach as applied
to a triaxial stress state.

Ferreira A. J. M., Sa J. M. A. C,, and Marques
A. T. Nonlinear Finite-Element Analysis of
Rubber Composite Shells // Problems of
Strength. - 2003. - No. 3. - P. 15 - 29.

A finite-element solution for rubber composite
shells is presented. Sandwich laminates with a
rubber core have also been studied. Incom-
pressibility of a rubber matrix and complexity
of composite shells bring forth the need for a
sound numerical model to describe the behav-
ior of such engineering materials. The devel-
oped model was applied to a degenerate shell
element within the limits of the first- and third-
order shear deformation theories. The model al-
lows to predict with a sufficient accuracy the
nonlinear behavior of sandwich shells with com-
posite skins and rubber cores and composite
shells with a rubber matrix.

Gavrilenko G. D., Matsner V. I. and Sitnik A. S.
Stability of Almost Cylindrical Shells //
Problems of Strength. - 2003. - No. 3. - P. 30
- 44,

We propose a method for evaluating critical
loads of elastic almost cylindrical shells by the
equilibrium equation in displacements. An ana-
lytical expression for critical stresses in
momentless smooth shells has been obtained.
We have graphically analyzed the role of indi-
vidual components of the total potential energy
of shells upon stress state stabilization or
destabilization. A relation of the non-dimen-
sional critical stresses to the classical ones de-

146

termined for ideal cylindrical shells is pre-
sented. The obtained results have been
correlated with the known experimental data.

Gogotsi G. A, Lugovoi N. 1., and Slyunyaev V N.
Crack Bifurcation in Laminar Composite
Ceramics  with Rigid Interlaminar
Connection // Problems of Strength. - 2003. -
No. 3. - P. 45 - 6L

Crack bifurcation in a symmetric two-compo-
nent laminar composite has been studied.
Geometrics restricting this effect realization
have been established. Bifurcation area is deter-
mined by the following parameters: the number
of layers, cooling temperature range, elastic
constants, and the layer thermal expansion coef-
ficients. Bifurcation constraints in the specimen
with a given composition layer number are cor-
related to those for the specimen with a fixed
stacked thickness.

Borodachev N. M. and Astanin V. V. Solution
Method for the Elasticity Theory 3D
Problem in Displacements // Problems of
Strength. - 2003. - No. 3. - P. 62 - 69.

A new solution method for a 3D problem of the
elasticity theory in displacements has been pro-
posed. The method is based on the Tedone equi-
librium equation. As distinct from the
procedures of Betti and Cerrutti-Boussinesq,
the described approach does not require vol-
ume expansion be previously evaluated. For the
illustration, the first and second bound-
ary-value problems for an elastic isotropic
half-space have been considered.

Chirkov A. Yu. Mixed Projection-Grid
Network of the Finite-Element Method
Solution of Elasticity Theory Problems //
Problems of Strength. - 2003. - No. 3. - P. 70
- 100.

A mixed projection-grid network of solving the
elasticity theory boundary problems has been
formulated. Correctness and convergence of
mixed approximations for strains and displace-
ments are studied. Results of the application of
numerical integration have been analyzed. Con-
vergence and accuracy estimates are based on
the generalized function theory and func-
tional-analysis methods. Iteration solution algo-
rithms for discrete problems are proposed.
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