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3AOAYU KON B TEOMEXAHUKE
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[Ipennonoxenne 0 TMHEWHOM TI0JI€ HANPSHKEHUH HETPOHYTOT'O TOPHBIMU paboTaMu MaccuBa
MOpPOJ U HEOOXOIUMOCTh PACCUUTHIBATH HANPSKEHHO-I€(OPMUPOBAHHOE COCTOSTHHE B OKPECTHO-
CTH BBIPa0OTOK TPH BEJICHUHN OYHCTHBIX paOOT MPUBEIHN K CO3AAHUI0 aHATUTHYECKUX U YHCIICHHBIX
METOJIOB pacuera. BO3HMKIM OJHOMEpHBIE, IBYMEPHBIE U TPEXMEPHBIE MOJEIM MAacCHUBOB MOPOA
¢ ocnalJaeHusIMH, KOTOpble aBTOMATUYECKHU MOMNAJa0T B KJIACC TaK Ha3blBaeMbIX 3ajad Komm, amns
KOTOPBIX (hOpMYIUPYIOTCS HayaidbHble JaHHbIe Kol DTo CBsI3aHO € TeM, UTO B MEXAHUKE TOPHBIX
HOPOJ] PACCMATPUBAIOTCS INIOCKOCTh C OCJIA0JIEHHEM UM IPOCTPAHCTBO € MOJIOCTBIO, AJIsl KOTOPBIX
CYLIECTBYIOT OECKOHEUHO yAaJCHHbIE TOUKU. VI3BECTHBI pelieHus, Korja Ha 0eCKOHeUYHOCTH (op-
MYJIMPYIOTCSl TPAaHUYHBIE YCIIOBHS B BUAE KOHCTAHT, OIPENEISIEMBIX MCXOJIHBIM IIOJIEM HaIpsiKe-
HUM NPUHATHIM JUIsI KOHKPETHOIO MacCUBa MOpoJ. B yClIOBHAX YMCIIEHHOrO cyeTa MporpaMmma, Kak
MIPaBUJIO, BBIIAET KAKHE-TO PE3yJbTaThl, TOYHOCTh KOTOPBIX HUKAK HE KOHTpoiupoBanack. Hayu-
HbIE LIKOJIBI BO BCEM MUPE TUPAKUPYIOT aHAJIOTUYHBIE PE3yJbTaThl, KOTOPbIE HAXOAATCS B IPOTH-
BOPEUYHMH C TEOpHEH YpaBHEHHWH MaTeMaTHUeCKOW (PM3WKHM BBIICIHMBINUX JUIA ATOTO Kjacc 3ajad
Kommu ¢ nucueszaronmmu Ha 6€CKOHEYHOCTH TPaHUYHBIMM ycioBUAMU. B paGore paccmarpuBaroTcs
3aJa9d MEXaHWKW TOPHBIX TMOPOJ Ul TUIOCKOCTH, OCJA0JIEHHOW MPOU3BOJIEHBIMU OTBEPCTHSAMU
U, T0Ka3bIBaeTCsl HEOOXOAMMOCTD BBIMOJIHATH MOJIOXKEHUs Teopuu. [Ipennaraercs MeTo peuieHus
TAaKoOro KJIacca 3a7a4, OCHOBAHHBIN HA IOJyYEHUM TaK Ha3bIBAEMOTO JOIOIHUTEIBHOTO PEIICHUS
¢dopmynrpyemoro B kiacce 3agad Komm.

KaroueBnle cioBa: YpaBHCHUEC, HAIIPSXKCHUA, CMCIICHUS, 3a/lava KOH_II/I, peuieHue, KOppeKT-
HOCTB.
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Proposal about linear stress field of virgin solid and necessity for calculation stress-strain behav-
ior near workings at actual mining cause to development analytical and numerical methods of the cal-
culations. One-dimensional, two-dimensional and three-dimensional models of solids with relaxa-
tions, which are placed to the class of Couchy problems, for which Cauchy initial data are formulated,
has been occurred. It is related to the fact that in rock mechanics plane with relaxation or space with
cavity, for which there are infinitely remote points, are considered. There are known solutions, when
boundary conditions represented by constants, determined by initial stress field adopted for concrete
solid, are formulated on the infinity. In condition of numerical calculation, the software usually gives
some result, accuracy of which does not control. Worldwide scientific schools represent same results
which are in antimony with theory of equals of mathematical physics, which have outlined class of
Cauchy problems for that with cancelled out boundary condition on the infinity. In the work, prob-
lems of rock mechanics for the plane relaxed with random holes are considered. The necessity to car-
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ry out points of the theory is proved. Method of solving of such problem class based on getting so-
called additional solution formulated in class of Cauchy problem is proposed.

Key words: equal, stresses, displacement, Cauchy problem, solution, concreteness.
Beeoenue

B MexaHuKe CylIecTBYET KJacC HEKOPPEKTHBIX 3aJad ONEpHUPYIOLIUX, HalpH-
Mep, OECKOHEUHBIMU HANPSHKEHUSIMH B KOHEUHOM yucie Touek. Cro/1a OTHOCSATCS yr-
JIOBBIE TOYKH PA3IMYHBIX 00JacTei, apuOpHBIE MPEANON0KEHHUS Ha TPAaHUYHBIE yC-
70BUA (a0COIOTHO TBEPAOE TENO, UACATBHOE NMPOCKAIb3bIBAHKE U T.I1.). B OosbLINH-
CTBE CJIy4aeB IIPU STOM IOJyUYEHBI TaK Ha3bIBAEMbIE AHAIUTUYECKUE PELICHUS 3a7a4
Teopuu ynpyroctu. IIposiBneHo MHOro (paHTa3uu Mpu MONBITKE UCIOIb30BaTh TaKUE
pelieHus: B Mpo0ieMax MEXaHUKU MPU CO3JaHUM TEOPUHU pa3pyLIECHUS MaTepHaloB
U TEOPUU TPEIIMHBI. BCe 3TO0 B OCHOBHOM CBEJIOCH K PACCMOTPEHUIO HEKOPPEKTHBIX
3aa4 TEOpUU YNPYroCcTH, UMEIOIIMX OECKOHEYHbIE 3HAYEHMs] HAINPSHKEHUH WM
CMELIEHUI, BBEACHUIO MOHSITHS COCPENOTOUYEHHOM CHIIbI, HEPABEHCTBO HYJIIO IJIaB-
HOI'0 BEKTOpa BHEIIHUX yCWIHA U ap. [1-7].

B HacTosiiiee Bpemsi, MOSBIECHUE BO3MOKHOCTH YUCIIEHHOTO CUETA, HAPUMED,
METO0/1a KOHEYHBIX AJIEMEHTOB, U YHCIIO HEKOPPEKTHBIX 33/1a4 CYIIECTBEHHO BO3pPOC-
70. Jlns Teopun ynpyroctd UMEIOT MECTO TPU OCHOBHBIX 33J1a4M, UMEIOIIUX MHOXeE-
CTBO IIOCTAHOBOK, KOTOPBIE (POPMYJIMPYIOTCA CO CBOMMU KOHKPETHBIMH I'PAHUYHBIMU
YCIOBUSIMU. DTH YCJIOBHS B pSAJIE CIy4YacB aBTOPHI 3aMEHSIOT IIPOU3BOJILHO, TIEpEOH-
past X Habop, KaK MPUIIOKEHHUE K POTPaMMeE, YTO HEJOIYCTHUMO.

Ilpumepor nekoppekmuuix 3a0ay

PaccMoTpuM OCHOBHBIE (DOPMYIMPOBKU 3aJad MPUBOJAAIIMX K HEKOPPEKTHBIM
pemieHussM. OOBIYHO CTPEMSITCSI pacCUUTATh MOJIE€ HANpPSHKEHWH B OKPECTHOCTH OT-
BepcTUs, 0€3 Yero HEeBO3MOXKHO CAENaTh XOTh KaKHe-TO PEKOMEHIAIMH MO MPaKTH-
YeCKOMY HCIoNb30BaHn0. Ha puc. 1 nmpuBeneHs! ABa Buaa ocinabieHui B BUAE Mps-
MoOyrosibHUKa (puc. 1, a) u cBogyaToro KoHrypa (puc. 1, ), HICXOAHOE TOJIE HaIps-
KEHUH B TOUKe OyAylel BbIpabOTKU

o=yH, o.=yH, (1)

rle Oy, Oy U T — HOPMaJbHBIC U KaCATEIbHBIC HANPSHKCHHUA B TOUKE IIPOBEACHUS Oy-
ny1ie BeIpaOOTKH, Y — YIETbHBIA BeC mopoi, H — riryOuHa 3a7105KeHUsT BEIPaOOTKH,
A — OOKOBOH pacnop,v — BepTHUKaJbHAs KOMIIOHEHTa CMENIeHUH. AHAJIUTUYECKOTrO
pelIeHrs ATUX 3aJa4 HE CYILIECTBYET HE3aBUCHUMO OT OTCYTCTBHUS YTJIOBBIX TOYEK
(T1aBHBIA KOHTYP) Ha puC. 1, 6 wiu ux npucytctBus puc. 1, a. llepenman naBnenus
KOMIIOHEHTBI O YUYHUTHIBAETCSl TOJIBKO Ha pUC. 1, 6, YTO B COBOKYIMHOCTHU C IpaHUY-
HeIMH ycioBusiMu v = 0, 7= () HECOBMECTHO, Kak IMoka3aHo B pabote [8]. O0beau-
HUM 00a puc. 1, a u 1, 6 B onuH, yOpaB W3BICK, CBS3aHHBIM C y4E€TOM TITyOWHBI
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Ha puc. 1, 6, momyunM 0600IIAOMKI cy4yail MPOU3BOJIBLHON BBIPAOOTKH, MPUBEICH-
HbIA Ha puc. 2. OOmwmii ciydail puc. 2, Kak npaBuio, pemaercs B [1-7] yucieHHo,
HO HHMKOI0 HE MHTEPECOBAIM CMEILEHUs B npouecce cyera. KoHeuHo, nepBoodpas-
HOM B npoOaeme 1eopMUpOBaHUS ABISIOTCS CMELICHHMS], a BCE OCTAIBHOE MPECTAB-
JSIeT TPOW3BOJHBIE OT CMEIICHW TOTO WM HMHOTO Topsaka manoctu. OIeHKy
3TOro (hakTopa MOKHO MPOBECTU MPOCTHIM paccykiaeHueM. IlycTs HampskeHus o;
Ha pUc. 2 COKUMAIOT YYaCTKH OCH X OT TOUYEK MPUIIOKEHUS 10 KOHTYpa [’ Ha eUHUILY
mivHbl. Ecniu mepenectu rpaHuily cueTa B JBa pa3a Jaliblle OT BHIPaOOTKH, TO yya-
CTKM OCH X CTaHyT B JiBa pa3a anuHHee. OqHa U Ta ke CKUMarolas cuia o, = AyH
ne(popMUpPYET «CTEPKEHb» B JIBa pa3za OoJblIE, T.€. CMEUIEHUS] TOYKU MPUIIOKEHHUS
CWIBI C yJIaJ€HUEM OT BbIPAaOOTKH YBEIMUYMBAIOT JUIMHY OTpe3ka. [loaTomy ¢ ynane-
HUEM OT BBIPAOOTKM CMEUICHMs] HEOTPAaHMYEHHO BO3PACTAIOT, Jejas Mnpodiemy,
IpPEICTaBICHHYI0 Ha pHUC. 2 HEKOppeKTHOW. IIpoBeneHHBbIE pacCykACHHUS MOMXKHO
[OJIBEpTraTh COMHEHHUIO, HACTauBasi Ha OTCYTCTBUE aHAIMTUYECKOTO PEILICHUSI.

lr=0 l(Ty:;Hl ¢r=0¢q¢-=;'H

—> AY 1 7 X
ox=AyH w="0 ox=A(H-V)
— > 0 p X X
=10 =10
—>
_’ 4_
=0 =0 v=0 =0
a) 0)

Puc. 1. MoaenupoBanue BbIpabOTOK B MaCCHUBE MOPO/T
1 GOpMYIMPOBKA TPAHUYHBIX YCIIOBUM MTPHU pacyeTax

i 7=0 l (7_1\=;le

T

Puc. 2. BeipaboTka ¢ mpou3BOJIbHBIM KOHTYPOM [
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Ananumuueckoe peuienue, nOnOJHANOUWEE KaaccC
HeKOppeKmHbIX 3a0au

AHanMTUYECKOE PElIEHUE O IJIOCKOCTH C KPYTrOBBIM OTBepcTHEM (pHC. 3) CxKu-
MaeMoil Ha OECKOHEYHOCTH MOCTOSIHHBIMH YCHJIMSIMH IPHUBOJUTCA B KaXJAOM y4eo-
HUKE N0 Teopuu ynpyroctu. [lycTe cxumaroniye ycuiusi JeHCTBYIOT BIOJb OCH X,
nepexos Kk 0e3pa3MepHbIM BETMYMHAM pPELIEHUE 3TOM 3aa4 B MOJSPHBIX KOOPAU-
HaTax 3amuiieM B Bujae [9]:

1 1 1 4 3
6,=——|1-— |-=| 1-—+- |cos 26,
S Gl )
1 1 1 3
cp=——|1+—= |+—| 1+ = |cos26, 2
0 2( rzj 2( rzj @
1 2 3.
o,n=—|1+=——=1[sin26,
0 2( 2 r3)

OIIpCACIIAOIIEM HOPMAJIBHBIC M KACATCJIbHLIC HAIIPAKCHUSA B JF000M TOYKE IIOCKO-
CTHU C OTBCPCTUCM,

1
v, = [(K —Dr?+2 (K +14+7r? r2> COSZH],

8ur
3)

1
vy = — (K—1+7‘ + )stB

4ur

OMpeesIONEM KOMIIOHEHThI CMEIIEHUH, Te 7, § - paauaibHas U yrioBas KOOPAU-
HAThl MOJSIPHON CHUCTEMBbI koopauHat, k=3 —4v, v — koaddunuent Ilyaccona,
1= E[2(1 + W], E — moxyns [Omra.

Pemenue (2), (3) ananuTudeckoe M €AUHCTBEHHOE, HO cMelleHus (3) Heorpa-
HUYEHHO BO3PACTAIOT C YJIaJICHUEM OT OTBEPCTHUS, T.€. UCIOJIB30BaTh ATO PEIICHUE
B MPaKTUUYECKUX IEJIX HEBO3MOXKHO. Kak mpejmaraercsa B [8] mpu peanusanuu 3a-
nayn Ko He0O6X0auMO pacCMOTPETH IOMOTHUTENBHYIO 3a7a4y. JlonogHuTeIbpHas
3a/ilaya MoJIy4aeTcs, eciid Ha puc. 1-3 ycunus Ha OECKOHEYHOCTU MPUPABHATH HY-
JI10, a Ha KOHTYP BBIPAOOTKHU CIIPOEKTHPOBATH TOJIE HATIPSKEHUN HETPOHYTOTO Mac-
CUBa TIOPOJ] ¢ 0OpaTHBIM 3HAKOM. JIJIsl TTOTyYeHHsI TTOTHBIX HANPSHKEHUH HEOOXO0IH-
MO JT00aBHUTH K PEIICHUIO JOMOJTHUTEIBHON 3aJa4M MCXOTHOE TOJIe HAIPSIKEHUM.
Cy1iecTBeHHO, YTO TOJIBKO MPH TAKOM TOAXOE MOJIydaeM Ha CBOOOJHOM KOHTYpE
BBIPAOOTKHU HYJIEBbIC HOPMAJIPHBIC W KACaTEIbHBIC HAMPSIKCHUS, Y€M OYCHB IIHPOKO
MOJIB3YIOTCSI Ha MPAKTUKE, HO MPOCTO TaK CKa3aTh, YTO Ha KOHTYpE HYJICBHIC Ha-
IPSKEHUS, HET OCHOBAaHMM.
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Puc. 3. I110CKOCTb ¢ KpyrOBBIM OTBEPCTHEM,
UMEIOIIUM aHaluTuueckoe pemenue (1), (2)

3aknwuenue

PaccMoTpensl mpumepbl pacdyera HampsKeHHO-1e(hOPMUPOBAHHOIO COCTOSTHUS
OKOJIO BBIPAOOTOK METOJOM KOHEUYHBIX 3JIEMEHTOB M JOKa3aHa X HEKOPPEKTHOCTb.
[IpensiokeHo HanpaBIeHUE OJTYUEHHS] TOYHOTO PEIEHUS.

[IpuBeneH nmpumep aHAIUTHUYECKOTO PELICHHS W OINpPEAENIEHa €ro HEKOPPEKT-
HOCTb. Takue pemeHus oObACHAIOTCS PacCOrJacOBaHUEM MAaTEMaTUYECKOro U (pu3u-
YECKOI'0 MOAXO0/I0B U HE UMEIOT HU MaTeMAaTHYECKOT0, HU (PU3NYECKOTO CMBICIIA.
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