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AnnoTanus. Ha ocHOBe KpHTepHA IIPOTHOCTH ropHBIX nopox Jyimenanmesa-Koliaymanosa
npevIokeH croco6 mocTpoeHMs ormbatomieil npeaenbHHIX KpyroB Mopa DpH HCIONB30BAHHH
TONLKO JKCIICPHMEHTAIBHOIO 3HAYECHHA Ipejena NPOYHOCTH HA CXATHE W IOCTYIHPYEMYIO
3aBHCHMOCTb A1 yria cpes3a. PaccMOTpens! cirydan HEpaBHOMEPHOTO TPEXOCHOIO HANPAKEHHOIO
COCTOSHHA U IEPEXO0] OT OJHOOCHOIO PACTSDKCHAA K OJHOOCHOMY CXKATHIO.

Kaouesnie cioBa: TPEXOCHOE CXKaTHe, Npenensl Npo4HocTH, Kpyrk Mopa, ornbalomas
NpeicILHBIX KPYTOB.

CALCULATED ENVELOPE OF THE MOHR LIMIT CIRCLES OF STRESS FOR
ROCKS

Rychkov Boris Aleksandrovich, Doctor of Physico-Mathematical Sciences, Professor, KRSU,
720000, Kyrgyzstan, Bishkek, 44 Kievskay st., e-maii: rychkovba@mail.ru
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Abstract. The method, based on the rocks strength criterion of Duishenaliev-
Koychumanov’s, is proposed for constructing the envelope of the Mohr limit circles, using only the
experimental value of the compressive strength and the postulated dependence for the cut angle. The
cases of non-uniform triaxial stress state and the transition from uniaxial tension to uniaxial
compression are considered.

Keywords: triaxial compression, limits of strength, Mohr’s diagram, envelope of limit stress
circles.

Brenenne

B mpakTHKE IOpHOro Jena Nojaydsia Hauboabmee pacHpoCTPAHCHHE TEOPHA NPOYHOCTH
Mopa, cormacHO KOTOpoH pa3pylicHMe TMPOHCXONHT B pe3ynbTaTe CABMTOB TNO ILUIOCKOCTH,
HAKJIOHEHHOM 1O ONpeJe/IeHHBIM YTIOM K INTaBHBIM HanpsxeHHsM. CONpOTHBIAEMOCTb CABHIY B
3TOM IUIOCKOCTH (KacaTenbHOe HaNpKEHUE T ) 3aBHCHT OT HOPMAIBHOTO HaNpsDKeHUA (0 ) Ha HeH,

OnHako N0 HACTOAIIETO BpeMeHM HeT yHHBepcanbHOM 3aBucEMocTH 7(C), oTpaxawomel

npefenbHEIC 3HAYeHMs IMABHBIX HanpskeHHWd o,, ©, 0OpH paspymeHmd. Ilostomy mno
KCIIEPHMEHTAILHEIM JaHHEIM TPEXOCHOTO CXKaTHA 1o cxeMe KapMaHa IHNMHEpHIecKHX o6pasnos

HPHKIATHAA MEXAHHKA. MATEMATHKA H ®H3HKA 139



Hzsectan KI'TY um. H.Paizakosa 51/2019
CTpoAT B KoopauHaTax o [1 7 Kpyrn (Mopa) NpeenbHAIX RaNpPsKEHHBIX COCTOAHMAH, ueHTp (0,) B
panuyc (R) KOTOPBIX ONPENENAIOTCA BHPAKEHHAMH:

1 1
0. =E(al+a’)’ R=5(a,-a3)

Orubasomas Kpyrop mpefeqbHbIX HAIPKCHHI, pasrpaEMYHBalomax 00/1acTh ONACHBIX H
HEOMAaCHBIX HANPMKCHHO-AeGOPMHPOBAaHHEIX COCTOSHMM FOPHBIX MOPOJ] MPHHHMAETCH, COINacHo
T'OCT 211153.8-88 [1], B kauecTBe nacnopra npogaocT. Ecnu ypasHeHue orubaroniell H3BecTHo,
TO MOXHO YCTAHOBHTh NPOYHOCTH MOPOA NPH PasiMYHBIX BHIAX TPEXOCHOTO HAIPKCHHOID

COCTOSHHS, XapaKTEPH3IYEMBIX NIapaMeTpoM ¢ —-—-Z—’ .
1
T.B. Oyiimenannes u K.T. Koifaymanos [2] npeacraBumi ypaBHEHHE OpeJelbHLIX KPYros
Mopa B IpPOCTPaHCTBE IIABHBIX HAIPsOKCHHH (o‘l,dj) B BHJIE:

o, =A+./c’ +B*, (1)

rjae napamerpst 4 U B ONpeneNnsiorcs s KOHKPETHOH ropHO# TOPOJILl O IKCIIEPUMEHTAILHLIM
JHAYEHHAM [PeJesIOB IPOYHOCTH NpH KAKWX-TMOO ABYX BHIAX OCYMIECTBIEHHOTO B OIIEITe
HANPAKEHAHOIO COCTOAHMA, KOTOpPEIE BRIOHPAIOTCA B KAYECTBE «OMNOPHEIX TOYEK).

IMokazano [3], 910 B coorBercTBHM ¢ kputepuem (1) Ha OCHOBaRWW Teopemul [4] 0
CYIIeCTBOBAHHH OTHOAKMIEH K CeMEeHCTBY NpeeNbHEIX KPYroB HANIPSDKEHHH B CITydae TPEXOCHOI0
CKaTHA KOoOpaWHATaMu orubaromuei OyxyT:

o,(0,+2¢(a)),) (1-c)o; J(ai +¢(oy )'c)(an )fc "
= £ R r —
" (o +a+oN@)) o, +(1+¢)(a,)

. c[24*-(-c*)B |- +e WA (1= B

1/¢ ] 3
@) (=) J£ -(1-c*)B ©)

JLns paccMaTpHBaeMoro cirydas, Kak YCTAHOBJIEHO B [ 5], COMIacHO ypaBHEHMIO IHHHH TPEH/A
JU orubaromeit nMeeM:

raoe

go'+ec—1+ f =0, (g.e, f—const). )

B coOTBeTCTBHH cO 3HaueHUSMH HHBapHaHTOB anreGpaWyeckoro ypaBHeHHs (4), OHO
npencrasiseT coboii napabony [6].

IIpu paccMOTpeHMM NpeAeibHLIX HAaNpsXKeHWH B MHTEPBAJIE OT Mpenela MPOYHOCTH Ha

pacTaKEHHE N0 npejiena MPOYHOCTH NPH OMHOOCHOM CKATHH BMECTO COOTHOWIeHHI (2) # (3) HyXHO
AICIIONB30BaTh CHeYIONINE 3aBUCHMOCTH [2]:

4 - , 0o
J=ms rzial_o} ol o, = il (5)
1+ 0] 1+0, do,
0,
a3 = : (6)
P Jot+ B

B sToM ciyuae ypaBHeHHe orubaromeif Takke MOXHO aNIpOKCHMHPOBAThH THHHEH TpeHxa
BUj1a (4) C COOTBETCTBYIONIHMH KOG GHIIHEHTaMH.

CraBaTca 3a1ada: onmpeaesuTs Kodh@HAUHEHTH ypaBHeHHA (4), HCIONB3YS MHHHMAILHOE
KOJIHYECTBO MCXOOHBIX JKCIHCPHMEHTANBHBIX HNAHHBIX i1 KOHKPETHOH TrOpHOH mopols! H
YCTAHOBIIEHHOE CBOHCTBO Oorudarmei THHHH.

140 ITPHK/TATHASA MEXAHHKA. MATEMATHKA H ®H3HKA




Hipsectua KI'TY am. H Paszzaxosa 51/2019

1. Cryua#l TpeXOCHOTO HANPHKEHHOT0 COCTONHHAA.
HopMmanbHoe H KacarelbHOe HanpsikeHHs B IUIOCKOCTH, NOBEPHYTOM Ha yron a

OTHOCHTETLHO TIABHOTO HATIPKEHHS O, ONpeAeIoTcs no GopMynam:

O’=%[(1+C)O'l ~(1-c)o,cos2a], r= %(l-c)o*, sin 2, (7)

[¢ Yronl @, eclH OH XapaKTepH3yeT NOIOXEHHE IUIOCKOCTH cpesa, 3aBHCHT [3] oT BHOa
HaNPpAXKEHHOI'Q COCTOSHHA

_(14-c)+k\/(1+)‘c‘)(l—c)‘1—(l+c)J |

cos2a = (8)
(1-c)(1+#°)
Jins MHOTHX TOpHBIX TTopof k = 2. Jlpyrre 3HadeHus k paccMOTpeHH B [3].
YyureiBas BeIpaxeHue (4), MOXHO 3alHCaTh CASAYIOIIYI0 CHCTEMY YpaBHEHHI.
Ilpu ¢=0:
1 , 1
r=-2-cr,sm2au, cr=50'cmo, (9
IAe O, — Ipeael NPOYHOCTH OQHOOCHOTO CXKATHA, &, = aL "
my =1-cos2e,. (10)
CnenoparensHo,
| S 1 1
Ea-csmlao---zga'fm:+5wcmn+f. (11
ITpu ¢>0:
%acsm2a=~1—gafmz+%eacm+f, (12)
rae
m=(1+c)—(l1-c)cos2a. (13)

Kpome coorromenu#i (9) u (12) n3 ycnosui kacamus ormbaiomieli UpemeNbHEIX KPyros
BHITEKAOT €IIE JABA YCIIOBHAL ;

Ilpu ¢=0:
dr
o =go.m,+e=clgla,. (14)
TIpu ¢>0:
dr
—=gom+e=cigla. (15)
do

W3 cacteMul AByX ypasHeHu# (14) m (15) onpenenaM japa xod(pMIMEHTa, BXOAAIMX B
ypaBHeHHe ornbaromeii:

g =(ctg2a-cig2a,)/Z, (16)
e=(moctg2a, -mo.ctg2a)/Z, (17)

rae
Z=mo,~my0o,. (18)

IToacrasnss BeIpaxeHns KoaddHUHEeHTOB g H ¢ B ypasHenue (11), H3 Hero BeIpasHM TpeTHit
k03¢ HHIHEHT:
f=(vo.0+w?)/2, (19)

rae

V= -;—(sin 2a, —mycigla,)m,

ITPAKTATTHAA MEXAHHKA. MATEMATHKA H ®H3HKA 141
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e —;—[(cthao —ctg2a)m} +2mlctg2a — 2m,sin 20z, | (20)

Haiinennsle TakuM o00pa3oM KOHCTAaHTH NapaGonel MOACTABMM B €€ YPaBHEHHE,
NpeACTaBICHHOE B BHjle cooTHOmeHHA (12). H3 mocneaHero MOXHO BHIPa3HTh INIABHOC HANPSKCHHC
0, KaK QYHKIMIO OT BH/1a HAIPAKEHHOTO COCTOAHHSA:

(T+ T? + 4TIH ) /211 @
rae
H=m[2(1—c)sin2a—m(ctg2ao+ctg2a)],
T=2[(1-c)mosinZa—momctha+2v],
H=4w. (22)

2. Cayuail npeleibHbIX HANPSUKEHHH B HHTepBajie OT MOpedeia NPOYHOCTH HA
pacTsxkenne (o, ) A0 npeleia NPOYHOCTH NPH OJHOOCHOM CAKATHH.

B yka3zaHHOM 3/eCh WHTEpBale H3MEHCHHS NpEACIbHBIX HANPSKEHHH TaKXKe MOXHO
NpelCTaBHTh ypaBHeHHe orubarommeit (ono6uoe ypaBHeHHIO (4)) K COOTBETCTBYIOWIMM KpyraM. 310

YpaBHEHHE COBMECTHO C YCIOBHAMH Ui ONpENEIEeHHs ero KOHCTAHT AOCTaBIAET CIEXYIOLIYI
CHCTEMY TPEX YPaBHEHHH.

Ty ="g20'§ +e,0,+ f,,

-2g,0,+e, =ctga,,

-8,0,+€,0,+f,=0, (23)
rae

Ty = %ac sin 2a, , Oy = %cfc(l —cos2a,). (24)

Pemas cucteMy ypasEeHMH (23), noaydnm:
g =[ 0,50, sin2¢,~(0,50, (1-cos2a,)~a, ) cig2ax, | /Z,

e, = I:O,SO'2 (1-cos2a,)sin2a, —(O, 2507 (1-cos2a,)’ —o? )ctg2azo:|/22 ;
£,=0,5sin2a, (5, ~ 0, (1-c082a, ) )+ (1-c0s 2, ) (0,50, (1-cos 24, ) - 0, ) ctg2ey, |0, 0. /2,
2, =(0,50, (1-cos2a,) -0, )’ . (25)

3. Ipumep. PaccMOTpHM 3KCNEpUMEHTANLHBIC NaHHBIE UIA Tanbkoxiaopupa [7]. Hdns

oIpeneneHuA KOHCTAHT ( A H B ) KpHTEPHA NPOYHOCTH, NPeNCTaBlIeHHOro popMynoi (1), norydeHn
cnenyomue GopMyIsl:

(c -—1)0’2 +d2

B=.4%*-0 26
= J£ - (26)

Kak yka3aHO BO BBeJIEHHHW, B Ka49eCTBE «OMOPHBEIX TOYEK» NPHMEM 3KCIEPHMCEHTAIbLHBIE
3HAYCHHA INIABHBIX HanpsykeHHH npd ¢ =0 u ¢ = 0,51 B3 umeronmxcs TaGIAIHBIX JaHHBIX [7]:

0, MIa-9,81" | 945 1320 1420 | 1730 | 2340 | 2790 | 3820 | 5480

4 0 0,069 0,116 | 0,178 0,233 0,321 0,407 0,51
B pe3ynsTare nomyaum:
A=-3815,38 MT1a-9,817", B =3696,50MT1a-9,817".

CyMMa 3THX IBYX KOHCTaHT JOCTABJIAET 3HAUCHHUE MpeJena MPOYHOCTH Ha PacTKEHHE:
142 TTPAK/IATHAA MEXAHHKA. MATEMATHKA H ®H3HKA




H3secrna KI'TY um. H Pa3zakosa 51/2019
o, =-118,88 MITa-9,817".
Ana noctpoenns orubaromeii B HATEpBae OT NpeAena MPOYHOCTH HA PacTKeRue (o, ) A0

npenena MPOYHOCTH IPH OAHOOCHOM CKATHH, KPOME YKA3aHHOTO 3Ha4eHHA O ,, noTpebyercs eme
sHagenHe yrna cpesa npu ¢ =0. Cornacro popmyms (8) mpn k=2
cos2a, =cos2al_ =0,6.
Hcnoms3ys UCXOJHBIE KCIIEPUMEHTABHEIE X PACUCTHHIC JaHHBIE, BEMHCIHM KOHCTAHTH
(g,, &, f,), Yepe3 KOTOpHE BRIpaXaeTcs ypaBHeHHE orubaromei B paccCMaTpHBAaEMOM ClTydae
T=-g,0" +e0+f,. 27N
B pesymsTare nomydeHo:
g, =0,002824, e, =0,792696, f,=187,5448. (28)
[Iposepka: ompeaenM KOOPIMHATH NPEACTABICHHOH TaKUM oOpasom ormbaromieit mpu ee

xacaHuH Kpyra Mopa Ha cxarue, T.¢. pd ¢=0. Jlia 370r0 CpaBHMM 3HaYCHHE KOOPAWHATHI 7,
ompezenseMoro no apyM ciocobam. M3 paccMorpenus xpyra Mopa Ha cxkaTHe cneayer:

T =-;—a£ sin 2, =%-945~0,8=3'?8(MTIa'9,8_1") . (29)

Tipn o= %0} (1-cos2a,) u3 popmyx (27) u (28) noiryumm To Xe camoe 3nagenue 7 (29).

3TOT pesynbTaT CIIYXHT JOKa3aTelLCTBOM TOT0, YTO YCIORHE CONPKEHHS IIPH NIEPEX0e OT
OIHOOCHOTO CKATHA K TPEXOCHOMY CKATHIO BHIIOTHACTCS.

3axuiouenne. B ciyyae TPeXOCHOro cXkaTHA 1O MPEACTABICHHBIM B M. 1 3aBHCHMOCTAM
MOXHO TTOCTPOHTE OrHbaromyro K KpyramM Mopa np# pasii4HbIX BHAaX HANPAKEHHOTO COCTONHHA.
Kpome TOro, HCoNb3ys TOMBKO IKCIIEPHMEHTAIBHOE 3HaUEHHE TpejieNa MPOYHOCTH Ha OHOOCHOE
CKaTHE H NPEIOKCHHYI0 aHAIHMTHYECKYI) 3aBHCHMOCTh JUIL ONpPEIENeHHs YIIa Cpe3a, MOXKHO
NONYYHTh TAKXKE PAacYeTHYI0 3aBACHMOCTh IJIABHONO HANpPMKEHHS O, OT BHJA HANPAKEHHOTO

COCTOAHHA.
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B mapte 2018 roaa B nonoxxeHnax «O nopaake MpUCBOCHUA YI€HBIX 3BaHHI» H
«O nopAake NpUCYXAEHHA yueHBIX cTenenei» npe3uauym BAK KP uzmenun npasuna
HAYUCIICHHS GaTOB 3a HayJHBIE TPYAHI, OMyOIIHKOBaHHBIX B HAYYHBIX XypHanax. Ha
caiite http://vak.kg MpHUBOAATCA CIIMCOK XyPHAIUIOB C MPHYHCIIAEMBbIMH OajutaMu 3a
HaJTMYHYE perucTpaudy B cucTteMe KhIpreisckoro mHAEkca HaydHOrO IMTHPOBAHHA,
Poccuiickoro w#HAekca HAyYyHOro UIMTHPOBAHMS, a TaloKe perucrTpanus B

MexayHapoaHsx cucreMax kak DOAJ u DOI. Ha nmoprane www.elibrary.ru xypHan

«M3pectns KI'TY um.HU.Pa3zakoa» momyuun ummnaxt-haxrop PHHI] 2017 pasHoii
0.035. B cucreme BAK KP xypHary npucsoero 17 6annos, To ecTb OIryOGIMKOBaHHAS
CTaThs B XypHaie noxy4daer 17 6anos.

Jlns acmHMpaHTOB M COMCKaTelled YYEeHOH CTEeNEeHH WM YYE€HOTO 3BaHHA
HE00X0IMMO 3HaTh CKOJILKO 06a/IoB Ha0 HAbpaTh IS COOTBETCTBHA K TPEOOBaHHAM.
B nonoxenun BAK KP yxazano, 9T0 1 PHCYXACHUA YIEHOH CTENEHU HEOOX0AHMO
HaOpaTh: Ans AoKTOopa Hayk -250 Gamwnos, s kaHpupara Hayk — 100 6amios, mns
NPHCBOEHHA Y4€HOro 3BaHuA: npodeccop — 200 6amnos, goueHt — 100 6amwios.

Bce craten nybmmxyemeie B xypHane «M3pectus KI'TY um.H.PazzakoBay»
MIPOXOJAT MPOBEPKY HA nopTtaie “AnTHIIarumar. BY3.3.3”, yro noseimaer peHTHHT
U craryc xypHaia. [lopran “AHTHIIArHaTr” MPOBOAMT MOMCK 3aMMCTBOBaHHH MO
CNeayIOMHM MOAKIIOYCHHBIM MOIYIAM NoHcKa: Modyns noucka "KI'TY", Ceoonas
konnekyua I5C, Modyne noucka nepeghpasuposanuii Humepuem, Mooyne noucka
nepegppazuposanuii eLIBRARY.RU, Mooyne noucka obweynompebumenvHuvix
soipadicenuu, Komnexyus PI'b, Konsyo ey308, Llumupoeanue, Konnexyus
eLIBRARY.RU, Mooynb nouckxa Humepnem.

B xypHane mybmMkylorcs cTaThHM, HE OMyOJHMKOBAaHHBIE paHee, HeE
HallpaBJICHHBIE Ha PaCCMOTPEHME B PeAKOJUIETHH Apyrux m3ganvi. K myOnukaumu
IIPHHUMAIOTCA CTaThbH ¢ 00beMOM He MeHee 5 W He Oonee 12 crpanuu. Ilo Bcem
Boripocam Bul Moxere obpamarscs mo Tenedory: 0312545435 wim no e-mail:

journalkstu@gmail.com. ITonHas 3N€KTPOHHAas BEPCHA XypHalia pa3MellacTcs Ha

caiite 6ubmorexu http://libkstu.on.kg.
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