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OB DHEPTETUYECKHWIA TEOPUU BBIHOCJIUBOCTHU
KOHCTPYKIIMOHHBIX MATEPHUAJIOB

B npeonoscennoti cmamve pazpabomano sHepeemuueckoe YcCio8ue NPOYHOCMU  OJisl
AHU3OMPONHBIX Mel U NPUMEHEHO K pacuyemam HA NPOYHOCMb CMeH 21YOUHHbIX Hehme2a308bix
ckeadicun. Ilonyueno anmanumuueckoe @vipadiceHue 05 U30bIMOUHO20 O0aANeHUsl, NPU KOMOPOM
APOUCXO0UM pa3pyulenue CmeH CK8ANCUHDL.
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Odeopmayus, HanpsdceHUs, MeH30p.

Beenenne

M3BecTHO, YTO MHOTHE JeTalld MalluH M O0OpYIOBaHMs 3a MEpPHOJ SKCIUTyaTalluu
MIOABEPIaloTCsl JEMCTBUIO IMKJIMYECKUX Harpy3ok. Hampumep, ocu kosec BaroHOB, BpalllatoIIHEcs
BMECTE C KOJIECAMH MOJBEPTAIOTCS [IUKINYECKUM HarpyXEHUSAM PaCTKEHUA—CKATHUS.

Pe3ynbraThl ONBITOB MMOKa3bIBAKOT, YTO MPH JEUCTBUM LMKIMYECKH H3MEHSIOLIUXCS
HAarpy)kKeHUH 9JIEMEHTbl KOHCTPYKIMH pa3pylIaroTcss Hpu  Oojiee HU3KOM HANpPsDKEHUH, YeM
HalpspKEeHHUE, BbI3BAHHOE JAEHCTBUEM CTATUCTUYECKUX HArpy30K. JTO CBSA3aHO C TEM, YTO B JUarpamMMe
PACTSHKEHUS-CKATHSL YIIpyrasi 30Ha, KOTOPYIO OOBIYHO CUMTAIOT NMPSIMOJIMHEHHONW M MOJUMHSIOIIEeHCS
3akoHY I'yka, B NEHCTBUTENBHOCTU HE mpsMasd. [0 ONpeneneHHOro 3HaueHWs HAIPSHKEHUS 4acTh
JUarpaMMbl  SIBJIIETCS  NPSMOM. OTO 3HA4YE€HUE HANPSDKEHUS IPUHATO Has3blBaTh IPEIEIOM
BBIHOCIIMBOCTU. [IpyM HanpspkeHUM MEHbIIE INpeJeia BBIHOCIMBOCTH DJIEMEHT KOHCTPYKLIMM MOXKET
BBIJICPKUBATH OOJIBIIOE KOJIMYECTBO IMKJIOB HArpyXeHHH, T. €. ClocoOeH paboTaTh HEOrPaHUYEHHO
nonro. HecMoTpst Ha TO 4TO NpH HaNpsHKEHUH OOJIbIIE Tpesiera BRIHOCIMBOCTU AeOpMallii YIIpyTHe,
3Ta 4yacTb AUArpaMMBl SBJIETCS KPUBOM JTMHUEHN ¢ Masioi KpuBU3HOM. Koraa HanpskeHne oKka3blBaeTcs
B 3TOM 00J1acTH MOCNEe OMPEAETIeHHOTo KOJIMYECTBA LIMKIIOB, MaTepuain paspymaercs. Ilpuuem, yem
OoJIbIIIe HAMIPSHKEHUE, TEM MEHBILIE LIUKIIOB JUIs pa3pyILeHHUSI.

ITocTranoBka 3agaun

[Tpu pasrpy3ke nmocie HarpykeHusi ycusiaem Oouibliie Ipesesia BBIHOCIUBOCTH JUarpaMma He
COBIIAJIaeT C JUarpaMMOi HarpyxeHusi u ooOpasyercs netis rucrepesuca (puc. 1) [1]. ITmomans,
oOpa3oBaHHas 3aMKHYyTOW KpuBoit ABC/[, Ha puc.l sBisieTcs MOTEPSIHHOM 3HEPruei 3a OuH UKL
Tpebyercss onpenenuTh KOJUYECTBO LUKIOB ISl paspylleHUs. DTO ONpeiesercs U3 YCIOBUs
paBEHCTBA CyMMBI [TOTEPSHHOM 3HEPIUU NIPU IOBTOPHOM HArpyK€HUU U SHEPTUU pa3pylleHUs NpU
OJIHOM LIHKIIE.

Coaepsxanue padoTsbl

Kpussie AB, BC, C/[ n /[{A HECYyIIECTBEHHO OTJIMYAIOTCS OT MPSAMOM, 3aMEHUM UX IIPSIMBIMU
oTpe3kamu (puc. 2).

Torpa sHeprus, KoTopas IMOTJOIIAETCS MPU KaKAOM LUKIE, OyleT paBHATbCS IUIOLIAIU
napasenorpammbl ABC/{ na puc. 2. Ha puc. 2 o, op— HanpsiKeHue COOTBETCTBEHHO HOPMaJIbHOE U
ocratoyHoe. Kak BuAHO Ha puc. 2, miomans napamuienorpammsl ABC/], T. €. IOTepsHHAS YHEPTuUs
P KaKJIOM LIHUKIIE:

(@)
$ =20, 2 (1)

J171s1 IpOM3BOJIBHOTO HAIIPSLKEHHOIO COCTOSIHUS 32 MPEAEIaMH YIIPYrOCTH MEX Ty KOMIIOHEHTaMHU
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HAIPsLKEHN HOPMAIBHOTO 1 OCTaTOYHBIX HAIPSLKEHUH TOTYYEHBI CIIEAYIONINE 3aBUCUMOCTH[2]:

/

Cc
D
D
Puc. 1. Ilemns cucmepesuca npu Puc. 2. Vnpowennas ouacpamma
YUKIUYECKOM 0ehopMUposanuu nemiau cucmepesuca
1-k
0 _ 0
o) =0y (2)
.. 0
r1€ Gijj — KOMIIOHEHTBI TEH30pa HAmpsOKeHWH; Oj — KOMIIOHEHTBI TEH30pa OCTaTOYHBIX
HaIpsDKEHUN.
262
k0 = 2 T -1; (3)
J.+2(1+v)J,

v — ko3¢ dunuent [lyaccona; ot — npenen tekydectd; Ji , Jo — MHBApUAHTHI TEH30pa HATIPSIKCHUI
COOTBETCTBEHHO IEPBBIA U BTOPO.
[Tpu o1HOOCHOM pacTsbKkeHuH—CKaThH Ji = o, J2 = 0 u (3) nmpeacTaBisoT:

Ke =J20$ -1, 4)

2
(&)

Koraa HopManbHOE HanpspKeHHe OOJIBbINE Tpe/iesia BBIHOCIMBOCTH M MEHBIIIE TpeJielia YIIPYTrOCTH,
POJIb TIpeJiesia TEKYUECTH G MTPAeT MPEEIT BRIHOCIMBOCTHU Oy U (4) IPHOOPETArOT BUI:

2
K, =1/2“; 1. (5)
(o)

C yuetom (5) B (2) u (2) B (1) mociie HECTOKHBIX MPEOOPa30BaAHMIA ISl TOTEPSHHON YHEPTUH

3a N IMKJIOB nOJTydaem
2
A=S-N=%(0—1/20§—02)N=%(1—kO)N, (6)
rae E — monyns FOHra.

W3BecTHO [2], pa3pylieHne MaTepuaia HauMHAeTCsl TOTAa, KOTrla CyMMa yIelbHBIX SHEPruit
MaKCHUMAaJIbHBIX YIPYrux AedopMaruii B IByX MPOTHBOIOJIOXKHBIX HAMPABJICHUAX B MIPOCTPAHCTBE
HaIpsHKEHUN PaBHAETCS BEJIIMYUHE or’lE.

CnenoBarenbHO, UIi MOMEHTAa Hauyaja pa3pylleHMs MaTepuaina JI0JDKHO BBIIOJIHATHCS

ycoBue
2
%(0—\/20§ -6’ ) =GET,

OTKyJa OIpENENseTcs KOJIMYECTBO IMKJIOB, IIPUM KOTOPOM HA4yMHAETCA MpoIecc
YCTaJOCTHOT'O pa3pyLIEHUs:

N = . (7
’)
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YT100BI YHCIIO IUKIIOB OBLIIO MOJIOKUTCIIBHOC, NJOJDKHBI BBIIIOJIHATHLCA YCIIOBUSA

6—+4/26.-6° >0

262-6°20
Orcrona
06, <c0<A20;. (8)
C npyroit CTOpOHBHI,
Oz <O <OT ©
W3 cpaBuenus (8) u (9) nonyuaeM clienyronuii TEOPETHUSCKUN PE3yIbTaT:
o <L (10)

V2

13 (7) mpi 6 =2 6, N= 1, a ipu 6 = &, moyuaem N = 0o, DT0 03HAUAET, UTO MPH G —> OF
AJIEMEHT KOHCTPYKIIMH Pa3pyLIaeTcs MpU MEPBOM K€ LUKIE, a IPU G —> G KOHCTPYKIHS MOXKET
pabotare OGeckoHeuHO A0ir0. ['padMK 3aBHCHMOCTH YCTaJOCTHOTO HANpPSDKEHUS OT KOJIMYECTBA
[IUKJIOB, IIPY KOTOPOM IIPOUCXOJUT YCTAIOCTHOE pa3pyllieHue, oKa3aH Ha puc. 3.

M3BeCTHO, UTO ISl HEKOTOPBIX, TaK HA3bIBAEMBIX HEIMHEHHO YIPYrHX MAaTepHajioB, U3-3a SPKO
BBIPAKEHHON NETJIM THCTEpe3uca HEBO3MOXHO ompeaensaTh Moayiab HOHra. Takumu matepuanamu
HarpuMep SIBISIOTCA MeIb U amoMuHui. UToObl ompenenuts mMoaynb FOHra Takux MaTepuasios,
CHayaJla uX PacTATUBAIOT JI0 BOSHUKHOBEHMS TIACTUYECKOH JiepopMaIy, a OTOM pasrpyxarot (mpu
BTOPUYHOM HArpy)KCHMH HE BO3HHKACT IETJs THMCTepe3uca) W ompenersitor Moayns HOura [3]. Oto
CBSI3aHO C TEM, YTO MOCJE IJIACTUYECKOro AeopMUpoBaHHs pacTskeHus no sddexry baymmnrepa
npeiesbl IPOYHOCTH, YIIPYTOCTH U TEKYYECTH YBEIMUUBAIOTCS MIPU PACTSHKEHUM U YMEHBLIAIOTCS MIPU
ckatu. TOYHO Takoe >K€ MPOUCXOUT € MPEETIOM BBIHOCIUBOCTH. 1103TOMY YTOOBI YBETHMUYUTH CPOK
CIy)KOBl ~ OTHEJBHOTO 3JIEMEHTa KOHCTPYKIMH, KOTOpas IIOJBEpPracTcs HECHMMETPUYHOMY
[UKJIMYECKOMY Harpy>kKeHHIo, T. €. HamnpshkeHHe He u3MeHseT 3Hak. CHayaja KOHCTPYKIIMIO
MOJIBEPralOT HArpy>KeHUIO 10 TMOSIBJICHHS IUIacTHYeCKuX Aedopmarmii. TeM caMbIM yBETHUUBACTCS
npesieNl BHIHOCIMBOCTH B OJJHOM HAIIPaBJICHWH, YTO MPUBOAUT K YBEJIMUYCHUIO KOJIMYECTBA LIUKIIOB,
HEOOXOMMBIX IS YCTaJOCTHOTO pa3pylleHHs. MOXKHO MPUBECTHM MHOXECTBO IPHMEPOB
U3JI0’KEHHOT0, BKJIFOYAsi TEXHOJIOTHIO U3TOTOBJICHUS CTBOJIOB OPY/AMIL.

W3 pasenctBa (7) mosydaercs, YTO MpPEAEI

9

| BBIHOCJIMBOCTH MOKET YBEIIMUMBATHCS B \/E ~ 1,4 paza.

Jns [IPOU3BOIBLHOIO HaIPSDKEHHOTO
COCTOSIHUSL CyMMa MaKCHUMAaJIbHBIX Y/AENbHBIX padoT
110 ABYM MMPOTUBOIIOJIOKHBIM HaIlpaBJICHUAM
cornacHo ¢popmyie (2)

A=[JZ +2(+v)I2]/E. (11)
Torna KOJIMYECTBO [IHKJIOB npu
! IPOM3BOJIEHOM HAIPSHKEHHOM COCTOSIHUH

E omnpeensercs no Gopmysie

=\ 2
o N=117 10 GTJ 1-k,)’ (12)
Puc. 3. 3asucumocmo enuanus [ +2(+v)J,1(A=k,)
KONUYeCmea Yukios Ha yCmanioCmmoe rae
aspyuitenue 26>

pazpy k, = 1. (13)

JE+201+v) J,
Kak Bunno u3 (12), mpu ko — 1 u3 (12) nonyugaem N — oo. U3 (13) mpu ko=1 umeem
JP+2-1+v)-I2 =02 (14)
®opmyna (14) o3HauaeT, 4TO €CJIM MYTh HATPY)KEHHUS B MPOCTPAHCTBE HAIPSHKCHHUU €IIle HEe
BBIIIENT 3@ MPEIENbl BBIHOCIMBOCTH, CJIEIOBATEIbHO, 3JEMEHT KOHCTPYKIIMH MOXET padoTarh
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0ECKOHEYHO J0JTO.

[Tpu ko = 0 u3 (13) mosryuum

J+2(+v)-3 =26 =65, (15)

[Moncrasus (15) B (12) moayunm N = 1.

VYcnosue (15) o3Hauaer, 4TO eciy KOHEIl IyTH Harpy>KeHHs B MIPOCTPAHCTBE HAMPSDKEHUH YKe
HaXOJIUTCS HA MOBEPXHOCTH TEKYUYECTH, IIPU TIEPBOM K€ LIMKIIC BO3HUKACT IJIACTUYECKast 1eopMariusi.

BriBOaBI

1. TTonmyueHo BbIpaXeHHE Ui CUMMETPUYHBIX IUKIOB IPU OJHOOCHOM pPACTSHKEHUU—
C)KaTHH, TOCJIe KOTOPBIX MaTepual pa3pyliaeTcss B 3aBUCHMOCTH OT 3HAYEHHUS MaKCHMAJbHOTO
HOPMAJILHOTO HAIIPSHKECHHUSL.

2. JlokazaHO, YTO MEXIy IMpeaesoM BBIHOCIMBOCTH Gy W MPEICIOM TEKYYeCTH OT

CYILECTBYET CBA3b O = /2 Oy .
3. 3a cuer ynpoyHeHHs! MaTepHaia IpeJies BBIHOCIMBOCTH MOJKET YBEITUUMBATHCS J2=14 pasa.

4. Korpa makcuManbHOE 3HAYEHHE HOPMAJIBHOIO HANPSKEHUS G =J2 6, = o, MaTepuan
paspylaercs 1ocie nepBoro ke MUKIIA.

5. Ilpu G < Gy, T. €. KOI/Ia MaKCUMAJIbHOE 3HaU€HHE HOPMAJIBHOTO HAIpPsDKEHUS HEe Ooublie
npejena BBIHOCIMBOCTH, KOJMYECTBO IIMKIOB, HEOOXOIMMBIX Uil pa3pylIeHHs MaTepHuana
paBHsieTcss 6eCKOHEUHOCTH. B TakoMm citydae netainb MoXeT paboTaTh HEOTPAHUIEHHO JIOJTO.

6. IlomydyeHo BBIpaXEHUE Ul LMKIOB, MOCIE KOTOPHIX MaTepUall pa3pyIIaeTcsl IpH
IIPOU3BOJILHOM HAIPSKEHHOM COCTOSIHUH.

B 3anpononosanitic cmammi po3pobieHo enepeemuuHy ymogy MiyHOCmi Olisi AHI30MPONHUX
min i 3acmoco8ano 00 pO3PAXYHKI8 HA MIYHICMb CMIH MUOUHHUX HAGDMO2a308UX C8EPONIOBUH.
Ompumano aHanimudHull upasz 01 HAOIUWKOB020 MUCKY, NPU AKOMY 8i00Y8A€mMbCsl PYUH)Y8AHHSL
CMIH C8ePONOGUHIU.

Kniouogi cnoea: miynicmo, anizomponis, i30mponis, opmompon, kpumepiil, deghopmayis,
Hanpyau, meH3op.

In the proposed erticle is elabrated the energetik condition of strength for anisotropic solids
and applied to calculations of the strength for the walls of deep oil and gas wells. An analytical
expression for the pressure at which the destruction of the walls of the well.

Key words: the strength of the anisotropy, isotropy, orthotropic, criterion, deformation,
stress, tensor.
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