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MATEMATHYECKOE MOJIEJUPOBAHUE HATIPSI)KEHHOI'O
COCTOSIHUS IITAXTHOM B3PBIBOYCTOMUYNBOM
INEPEMBIUKW?

The Mathematical Modelling of the Stress State
of the Explosion-stable Mine Stopping

Conepxanue

Heas: OnpeneneHrne 0CHOBHOM TEXHUUYECKON XapaKTEepUCTUKHU IAXTHON B3PHIBOYCTONYHNBOM MEPEMBIYKH C TPOEMHBIMU
TpyOamMy - TONIIMHBI B 3aBUCHMOCTH OT MEXaHHUYECKHX XapaKTePHCTHK Marepualia, IUIOIaJy CEYEHHsS W TIIyOMHBI
pacIiosoKeHus BEIpaOOTKU M BHELIHUX HAarpy30K.

Metonbl:  TeopeTndyeckuii  METOA  WCCIEIOBAaHMH  HANpPsHKEHHO-NE(QOPMHPOBAHHOTO  COCTOSIHUSI  IIAXTHOU
B3pPBIBOYCTOMYMBOM IIEPEMBIUKH, BO3BOAUMON FOPHOCHACATENIMUA U3 TUIICA, C UCIOIb30BAHUEM OIHOTO U3 OCHOBHBIX
YHCIICHHBIX METOJIOB PELICHUs KPAeBbIX 3a/1a4 TEOPUH YIIPYTOCTH — BapUAI[MOHHOTO.

Pesyabrarpl:  Pa3zpaborana Maremarnueckas MOJENb  HalpsHKEHHO-Ie(QOPMHPOBAHHOTO COCTOSIHUSI  LIaxXTHOM
B3pPBIBOYCTOMYMBON MEPEMBIYKH C MPOEMHBIMH TpyOaMH, NMPEACTaBICHHOM B BHAE TOJCTOH IUIACTHHBI C PaIUyCcoM
KPHUBU3HBI, MEHSIOIIMMCS TI0 T1apa0boIN4ecKoil 3aBUCUMOCTH, T10]] ACHCTBUEM HOPMAJILHON M CXKMMAroLIel Harpysoxk,
a TpH ee Kpas )KeCTKO 3aKPEeTJICHbI, YeTBEPTHIN — CBOOOIHBIN; OTYy4EHBI PaCIpeaeIeHUs HaNpPsHKEHUH B IepeMbIUKe 110
OTHOCHUTENIBHBIM KOOPAMHATaM B 3aBHCHMOCTH OT €€ TOJIIMHBI, MEXaHHYECKUX XapaKTepUCTHK THUIICA, AEHCTBYIOIINX
Harpy3oK, IUIOLIa I CEYeHUsI ¥ TITyOHHBI PaCTIONIOKEHHUS BEIPAOOTKH; MPOYHOCTH MEPEMBIUKHU C OTHOM MPOEMHOM TpyOo¥
pamuycom 0,8 M obecrieueHa B BIpabOTKe ¢ TIOMAAbi0 ceueHus 4...30 M2, a ¢ IByMsl TAKUMH TPYOaMH — C TUIOIIAIBIO
8 ™% 3HaueHWs TONIINH TIEPEMbIUCK, TOMYUCHHBIC MPU HCIONB30BAaHUH pa3pabOTaHHOW MaTeMaTH4ecKOW MOMIeH,
B cpenHeM Ha 14% MeHbIMe, YeM NPHUBECHHBIE B HOPMAaTUBHBIX TOKYMEHTAX.

BoiBoabl: Pa3zpaboraHHas MaremaTHdeckass MOJENb  HAlPsDKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSI — LIaXTHOM
B3PBIBOYCTOWYHMBO EPEMBIYKH ITO3BOJINIIA HAYYHO 00OCHOBATH €€ OCHOBHYIO TEXHUUECKYIO XapaKTEPUCTHKY — TOJIIUHY
B 3aBHCHMOCTH OT MEXaHMYECKHX XapaKTePHCTHK MaTepHaja, YCIOBUIl HarpyKeHHs, IUIOIAJU CEYeHUS W IIyOWHBI
pactonoxeHust BEIpaOOTKH, 4To obecrednT Oe30macHyIo paboTy ropHOcCHacaTeliel 1 CHIKCHUE 3aTpaT IPH BO3BEICHUH
MepeMBIYeK B pe3yJbTaTe JUKBUAAIMHN aBapUil IIPH B3PhIBAX B YTOJIBHBIX IIaXTaX.

Summary

Objective: Determination of the principal technical characteristic of the explosion-stable mine stopping with embrasure
pipes, i.e. thickness, depending on mechanical characteristics of the material, cross-sectional area and disposition depth
of a mine working and external loads.

Methods: The theoretical method of investigation of the stress state of the explosion-stable mine stopping being erected
by the mine rescuers from gypsum with the use of one of the basic numerical methods of the solution of the boundary
problems of the elasticity theory, i.e. the variation method, is applied.

Results: The mathematical model of the deflected mode of the explosion-stable mine stopping with embrasure pipes
represented in the form of a thick plate with a radius of curvature changing according to the parabolic dependence under
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the influence of the normal and pressure load, and its three edges are fixed and the fourth one is free, is worked out; the
distributions of the tensions in the stopping according to the relative coordinates depending on its thickness, mechanical
characteristics of gypsum, acting loads, cross-section area and disposition depth of the mine working are received; the
strength of the stopping with one embrasure pipe of 0.8 m radius is ensured in the mine working with the cross-section
area from 4...30 m? and with such two tubes - in the mine working with the cross-section area of 8 m?; the values of the
stopping thicknesses received by the use of the mathematical model worked out are by 14 per cent lower on average than
the values adduced in normative documents.

Conclusions: The mathematical model of the deflected mode of the explosion-stable mine stopping worked out allowed
the scientific substantiation of its principal technical characteristic, i.e. thickness, depending on mechanical characteristics
of the material, loading conditions, cross-section area and disposition depth of the mine working, what will guarantee
the safe operation of the mine rescuers and cost reduction by erection of the stoppings as a result of accident elimination
by the explosions in the coal mines.

KiwueBble cjioBa: ropHas BbeIpa0OTKa, B3pbIB, MEPEMBIUKA, TONIIMHA, MPOEMHBIE TPYOBI, THIC, MEXaHHYECKHE
XapaKTEPUCTUKH, BAPHAIMOHHBIN METOJI, HAPSDKEHHUS, MATEMATHYECKasi MOJIEIb;

Key words: mine working, explosion, stopping, thickness, embrasure pipes, gypsum, mechanical characteristics, variation
method, tensions, mathematical model;
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1. BBeaenue OpAMHAT PACIIOIOKUM B HUXKHEM JIEBOM YITIy IIE€pe-
3a nocnennue 10 e B Ykpaune ropHocracare- MBIYKH (pHC. 1).
JIA BO3BEJIM B CPEIHEM B o 26 IEepeMblueK, Hau-
0osiee CIOKHBIMM M3 KOTOPBIX SIBJISIIOTCS B3PBIBO-
YCTONYNBEIE TIEPEMBIYKH C MPOEMHBIMU TPYOaMH,
MpeqHa3HauYeHHbIE I BEHTHIAUH T0XKapHOTO
ydacTKa TOPHOU BhIpaOOTKH. B mpakTuke mpu coo-
PYXCHHU WITH 3aKPBIBAHUS U30JIAIMOHHBIX TIEPEMBI-

YyeK ObLIN CJIydau pa3spylniuTCIIbHBIX B3PBIBOB METa-
Ha U APYTHUX TOPHBIX ra30B, B PE3YyJbTATC YCI0O I10-

CTpajaly TOPHOCIACATENH. 7

B HOpMaTuBHBIX TOKyMeHTax [1, 2] nmpuBeaeHbI Puc. 1. PacuerHas cxema B3pbIBOYCTONYHBOM
3HAYEHHUS TOJIIMHBI B3pBIBOYCTOMYMBON MEPEMBIU- TMepeMbIKH: | — HAIMBHASA TUIICOBAs MEPEMBIK,;
KM (Jajgee — MepeMbIYKH) B 3aBUCUMOCTH OT TOJI- 2 — poemHasi Tpy6a; 3 — KOHTYP KPEIH B CBETY;
LIMHBI CEYEHUsI TOPHOI BBIPAOOTKH M MpeaesIbHBIX 4 — MOJICHITIKA TOYBBI BEIPAOOTKH; 5 — MOHOJUTHAS
3HAYEHUI HATPSDKEHUI Ha CXKATHE CTPOMTENLHOIO nopojia; 6 — onanyoka; 7 — KOHTYp Bpyba B 30He
M BBICOKOITPOYHOTO THIICA HAYYHO HE 0OOCHOBAHBI, TepeMbINKH; 8 — 3aKJIajka oposIoi; 9 — meTajumdecKas

apouHas Kpenb; 10 — 3aTspKka
Fig. 1. Design model of the explosion-stable stopping:
1 — bulk gypsum stopping, 2 — embrasure pipe, 3 — clear
contour of the stopping, 4 — addition of the soil of the
mine working, 5 — monolithic rock, 6 — sheathing,
7 — cut contour in the zone of the stopping, 8 — filling
by rock, 9 — metallic arched support, 10 — lacing

TaK KaK IOJIy9eHbl Ha OCHOBAaHUH JIAHHBIX 3KCIIEPH-
MEHTAIbHBIX WCCIEIOBAHUHN IS TIEPEMBIYKU KPY-
1o popMBI 1 6€3 IPOEMHEIX TPYO.

B paGore [3] mnpuBemeHa MareMaTH4yecKas
MOJI€JIb HalPsHKEHHO-1€()OPMUPOBAHHOTO COCTOSHUS
MOHOJIUTHOM NEPEMBIUKH, KOTOpas HE YUWUTHIBAET
BJIMSHUE TPOEMHBIX TPYO, a TakKe HE MPHUBEICHBI

pe3yabTaThl HCCIeI0BaHUMN. N
[IpencraBuM moaHBIE KOMITOHEHTHI HAIIPSKEHU T

o u 1, Mlla, B Buzie cyMMbl HanpspkeHui (0e3 ykasa-

2. Meronnbl HUS HIKHUX UHIEKCOB)
Paccmorpum Hambonee 0OOOIIEHHYIO pacder-
HYIO CXEMy IEpEeMBIYKH C INPOSMHBIMH TpyOamu 6=0'4G° ‘T=1+1° (1)

B BUJAE TOJICTOM MJIACTHHBI (IUIUTHI) C PagHyCOM
KPUBH3HBI, MEHSIIOIUMCA 10 Mapaboludeckon 3a-
BHCHUMOCTH, C 3aIEMJIEHHBIMU KPassMH TI0 OCHOBHO-
My KOHTYpPY ¥ CBOOOJHBIM KpaeM B BEpXHEW 4acTH
N0/ JIEHCTBUEM HOPMAJILHOW HArpyskd ¢_ OT BO3-
JyUIHOW YIApHOH BOJIHBI U CKUMAIOIIEH — g OT pas-
PYLIEHHBIX TOPHBIX MOPO, a TakXke, B YaCTHOCTH,
C 3aieMIeHHbIMU Kpasmu nipu ¢ = 0. Hauano xo-

i€ MHIEKC «C» OTHOCHUTCSI K MOHOJIHTHOH
MEPEMBIUKE, «0» — K TIEPEMBIYKE C OTBEPCTHUSIMHU.

Hcnonp3yst mpreM, COCTOSAIINN B TpEICTaBIc-
HHH TIOJTHOTO MPOTHOA TUTACTHHBI W B BUIE CYMMEI
JIBYX COCTABISIIONIMX — 33 CYET M3ruba w, W CIBHU-
raw, [4], a TakKe OCHOBHBIE COOTHOIIICHUS IS Jie-

34



RESEARCH AND DEVELOPMENT

BiTP Vol. 31 Issue 3, 2013, pp. 33-39

¢dbopmanuii, mapamMeTpoB KpPUBU3HBI, MOMEPEYHBIX
CHJI, M3rHOAIOMNX U KPYTAIIEr0 MOMEHTAa, BapHha-
LS TOJTHOM SHEepruu 1e()OpMHUPOBAHHOM TITACTHHBI
npumeT Buf [3]

63 = J_IT[%L.lLM-'c,wl) + :—,h.{,:{u')+ %Ls[“ﬁ) + %L[‘_“'E. $)+ {%‘ — q:}u'ol ds

)

3nech BBEICHBI CICIYIOIINE 0003HAYCHUS

Ly (wg,wy) = Dy [(wpd Y, + (w) L1+ 205, [(we) Y, + (wy) 11 [Geg) Y + (wy)y ] +
+Doa[(wo)3y + (g ]” + 4D (wod + ()]s
L (wy) = Gys[(w, )L + G [wy)5 ]
Li(#)= A, (9 + U + 24090 (95 +UD+ -‘1::[4’;;.-}: + ‘1'1:{“’;7\-)::
L(\\'D.‘#} = fwc):@'(.
rne D, ... D, — eCTKOCTH Ha U3ru0 MW Kpy4eHHE

mwiactuuel, MIla-m’; 4, ... A7, — ynpyrue napame-
TpsI wiactunel, MIla-m; ® — dyskiws ycunmit; U” —
NOTEHIMAN HArPY3KH ¢ .

Heussectnbie pynkumu w, (x,y), w, (x,3), © (x,)
MIPEJICTAaBUM B BH/JIC

wo = Xj=14,£;(x) 9,(») 5)
W, = w, (%) v,() (6)
=3¥" bp,(x)q,() (7

e a, b, ¢,— HeonpeIeNeHHbIC MAPaMeTpEL; /... & —
W3BECTHBIE KOOpAMHATHBIC (PYHKIIHH.

BBoast 6e3pa3MepHbIe BEIMYMHBI U KOHCTAHTHI
o popmysnam
N _ _ f n _ _ : =
x=fX;y =By;z =hz t =7is =5iwo = fwgswy = fwy; UT = U U
- ~ 2= D.. ki*G
q: = Qod:; Gx = Goude; = ERf°®; dy == hy = o’ h, = Eh;
qodz R 3 = ?.;::}"’ = =il =
pE—pfin =or ih = R E1+16t -9k,

@®)

HOJIYYUM CIIEJYIOIIYI0 CUCTEMY JIMHEHHBIX all-
reOpandeckux ypaBHEHUH:

Zj10, [[ 212 R6, ds = [ rofig, ds + T2y b, [ S omiads:

Z:‘ 1(‘: J—I—Z;-—-l Urlfr ds+ ﬂ; .ﬂ— Ei:l},rzr ds) =
b J‘J‘ -—'r— PrQr ds = 2?=1 ﬂ,l .rf r:‘p;:qkf;lg,rdsﬂ

©)

e
F=f'f{" B =f'"u; = f'fsF = f'ug B = fiff"s g = fu)s
F, = fify B = fiusFfy =f_.’j“_,': Fip = flug
G, = 9,95 G, = @v;Gs =t7g,9): 6, = tPvg]’i G; = t'vg'g;:6; = tPvg'vy;
G, =t'g'g}; Gy =t g;'v]’; G, = 4t°d 9] g}; Gyp = 4t°dygiv];
Uy = ujuf; Uy =wug Uy =wus Uy = wug Us = wu); Ug = wu; Us = wuy
Y, =ufiY = ) fi Yy = wf3Y, = wf ¥y = wify;

(3)

DOI:10.12845/bitp.31.3.2013.3

iV =t2w'v; V,

o=V = tive,p!
= vV = vy 5 Vs
= .
= hyvv

Ve = hywos Vs
Zy=vg;;Z; = f:"T';Q 3=

=ty

i vy = 4r:d1:-'_:'1",';

fvvi'gnZ, = thv]'gfiZ; = 4t dyvig);

=Py pi'iPy = Pyp i Py = Pibi Py = Pubii Ps 'p.p Po=p, U P, =p,U";
—qxq.Q = —tvqyqy @ = —t* Vqeq; Q =t'qq’;

Q: = —t%q;q; Qs—_f‘_“?.{-Q ——q4

2(14v)

(10)

Wnterpanst B ypaBHeHusx (10) BBIYUHCISIOT
B npeaenax 0 <x <47y (1 —y); 0<y <1, a mrpuxa-
MU 0003HaYEeHBI KPAaTKHE TPOU3BOIHBIE.

BripaxkeHust 411 HaNpsHKEHUN UMEIOT CIEAyHo-
N BU:

gf=EXnt a

=1 0P, *-UnU -75
.l I[

257G X} l[a}f‘,'g", :
s, =GN
T, =G, qu

;) w r:[n‘_f‘_‘g_:' v c;urr.:“}] ]

X bpa; _=_
tE I

0, oy, + ev(a ) + 4o,
a,fi'g; +quiv

1bipia;

Fay s
P U

(11)

rae E, v — Moayns yrnpyrocta, Mlla u koaddummeHt
[lyaccona marepuaia nepeMbIUKH.

Hanpsoxkenusmu 6, npeHeOperaeM B BHIY HUX
MasiocTu mpu g, = 0.

Harpysky Ha nepeMbIuKy OT pa3pyLIeHHBIX Top-
HBIX TIOPOJ MIPEJICTABUM B BHJIE:

ol |

rli-2+ S?(m—”-o,zl]

) Toxe

Fox ff: e R,

(12)
I7e y — yAelbHBIM Bec mopop (y = 0075—) Tex
— HaNpsDKEHUE HA CKATHE TOPOA (O, = =30’ MHa)
H — m1yOuna pacmonoxeHus BEIpaOOTKH, M.

Bripaxkenne nns  MOTEHLMANa  BHELIHEH
Harpy3ku UMeeT BHU]L

Ut =220 (14 166%(1 —1))

s
b oy A\
pi U D)

Uy = =(1+16t%(1 -

(13)

B kauectBe KOOpIIHHaTHOﬁ CHUCTEMBI MOXHO BbI-
OpaTh (QYHKIHH, YIOBICTBOPSIONINE T€OMETpPHYIC-
CKMM TPaHUYHBIM YCJIOBHAM (OTHOCHUTENBHO (PyHK-
[IMU ¥ ee TIPOU3BOAHON) 10 MeToxy Putma mim Bcem
ycioBusiM — byOHOBy-lanepkuny [5]. B manHOM
clly4ae TpUMEeM KOOpAHWHATHhIE (PYHKIIUM B BHIE
CTETICHHBIX PSI0B, TOYHO YIOBIETBOPSIOIINE YCIIO-
BHSIM Ha KOHTYpe, Tie B 3aBucumoctsx (5)-(7)j = 1.

fi=(x*—ax® + 6x%)f24;g, = (x* — ax® + 627)/24;u, = (x

x2—2x)/2;
-y +1)/2.

(14)

v, = (2 —)/2ip = (x* —4x + 3} /24:q, = (F

Jns  ompeneneHus: KOMIIOHEHT HANPSKEHUMN
C YYETOM IPOEMHBIX TPYO HCIIONB3yeM 3aBUCHMOCTH

[6]
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o2 + 0 = 4Rep’(z);
al —al +2itd, =2[(z; —z4)e"(2z1) —@'(z1) + x'(21)],

(15)

rae z, = x, + iy, — KOMILUIEKCHas IE€pEMEHHas,
a X, My, — KOOPJMHAThI CPEIMHHON MOBEPXHOCTH
MEPEMBIUKH.

Hckomble KOMITIEKCHBIE TOTEHIHAIBI ((2) U ¥(2)
MIPEACTaBUM B BUJIE

ole)= 3 48,c), x<z>=’:z:BkRk<z>;
- 1 +(_1)(k+1)
a2

(16)

Kospdpuumentsr 4,, B, aBUCAT OT IpaHMYHBIX
YCIIOBHI Ha KOHTYPE MPABOr0 OTBEPCTHU:

o)~ (=)' ()= nle)= (1) A7)

-V
e &= 1—; t — addpuKC TOYKM HA KOHTYPE;
+V

f (t, ¢ ) — W3BecTHas (PyHKIHMS, MOJEIUPYOIIas 3a-
IPY>KEHHE Ha KOHTYpPE, KOTOPYIO IPEICTABUM B BUJE

f(t, f):ﬂf_p_wt
2 (18)

3nech BEMUUWHBI p U ¢ TPEACTABISIOT COOOH
OCpEIHEHHBIE 3HAUEHUs HANpPSKEHUH Ha KOHTYype

X, Y e

1 27 1 27
=—— | X,ds; g=——|Y, ds 19
p 2n£ cds; g 2n£ (19)
rie

X5 = ogcos(nx) + 15, cos(nyk
Y5 = 15, cos(nx) + o5 cos(ny);

dx
cos(ny) —l

d y
cos(nx) —‘ 3

ds
(20)

[IpencrarieHne KOMIUIEKCHBIX —IOTCHITUAIOB
B BH/JE (16) mO3BOISIET YAOBIETBOPUTH TPAHUUHOMY
YCIIOBHIO Ha  KOHTYpe  JIEBOTO  OTBEpPCTHS
ABTOMATHYECKH.

[loctaBnennas 3amaya OydeT pelieHa, eciu
oTIpeIeIeHbl K0P PUITUEHTHI A M B, s vero Boc-
TTOJIB3YEeMCsI METOZIOM MaJIOTO Imapametpa [7].
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Torga B mepBoM mnpubmmxkeHnd (m = 1)
3T  KOA(PQUIMECHTHl ONpEICisieM U3 CUCTEMBI
anredpanyecKkux ypaBHEHUN

(22)

[ocne onpenenenus MOCTOSHHBIX KO3 uIeH-
TOB 4,, B, Ha ocHoBanuu popmyi (20), (21) ussect-
HBIMH SIBIISIFOTCSI KOMILJICKCHBIE MOTEHIUANBI ((Z),
¥(z) (16). KoMnoHeHTHl HampspKEHUH, yYWUTBIBAIO-
M€ BIUSHUE MMPOEMHBIX TPYO, ONPEeNeNsioT U3 Cco-
otHomeHui (15), a momabie — u3 (1).

B ka4yecTBe MakcHUManbHON HArpy3KH g, IPUHHU-
MaeM ee 3HadeHwne, papHoe 2,8 Mlla [8].

IIporpamMMa mo3BOJISIET BBIHOCUTH Ha II€4aTh
pacrpeeneHue HarpsbKkeHUH B OTHOCHUTEINIBHBIX KO-
opaunnatax (0, 1) B TNIOCKOM H ABYXMEPHOM H300pa-
KECHUSX.

B KxauectBe yCNOBHMS NPOYHOCTH HCIOIB3YEM
NIEPBYI0 U BTOPYIO TeopuH [9], COMIacHO KOTOPBIM
MakCUMallbHble ~ HOpMajlbHbIE M KacaTellbHbIe
HaNpsDKEHUS He IOJDKHBI TPEBBIIIATH COOTBETCTBYIOIINE
npe/ieNbHBIC UX 3HAYCHUS I MaTepralia epeMbIUKH,
BBITIOJTHEHHOM M3 Pa3INYHbIX MAPOK TUIICOB.

B KkoHeuHOM cuere, ONpENENMM OCHOBHYIO
TEXHUUYECKYIO XapaKTCPUCTUKY IEPEMBIYKH —
TOJIIMHY B 3aBUCUMOCTH OT AMANa30Ha N3MEHEHUS
MEXaHWYECKUX XapaKTePUCTUK THUIICA, CEYCHHUS
BBIPa0OTKU C YYETOM €€ MAKCHUMAaJbHOM ITyOWHBI
pacmonioXeHus B BHJE AaHAJOTMYHON TaOIuubl,
KOTOpas NpuBeeHa B HOPMAaTUBHBIX JOKyMEHTAaX.

3. Pe3yabTarbl

Ha ocHoBanmm pa3pabOTaHHBIX aJTOPHUTMA
¥ COCTaBJICHHOW IPOTpaMMBbl CHavdaia MPOBEIIHA HC-
CJIeIOBaHUS HAIPSHKEHHOTO COCTOSTHHS TTEPEMBIUKH,
KOTOpasi MPOIIUIA UCITBITaHUS B IITONbHE Kaparaitnb
(KazaxcraH) co CleAyIOIUMHU TaHHBIMU: S = 4 M?%;
g, = 1,36 Mlla; h = 0,55 m; R, = 0,6 m; E = 2,77
- 10° MIla; v=0,22; o, = 3,0 MIla; 6, = 1,5 MIla;
7,= 0,72 Mlla, T.€. U HAUXYAIIKUX YCIOBUHI UCIIbI-
TaHUI TI0 HATPy3Ke U TOJIIIUHE TIEPEMBIYKH, a TAKKE
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MEXaHHYECKHM XapaKTepHCTHKaM (MHHUMAaJbHBIM)
IUIsL CTPOUTENBHOTO THIICA.

PacnpeﬂeneHI/m MaKCHUMaJIbHBIX HOPMaJIbHBIX
HaNpsSKCHUH ¢, B 3TOW IEPEMBIYKE B OTHOCHUTEIb-
HBIX KOOpAMHATAaX MPHU BBIIIEYKA3aHHBIX HCXOTHBIX
JMAHHBIX, a TaKKe paamyce MpoeMHBIX TpyO 0,8 M
u Harpy3ke 2,8 Mlla mpuBenens! Ha puc. 2 u 3, o1-
KyJa CJIeIyeT, YTO MaKCUMAaJIbHBIMU SIBIITIOTCS Ha-
MIPsDKEHUS] HA PacTsHKEHHWE M Ha C)KaTHe, BOSHHUKA-
IOILIME HA HAPY>KHOU U BHYTPEHHEH MOBEPXHOCTSX,
KOTOpPBIE PaBHBI U OTIIMYAIOTCS 3HAKAMH, HE JOCTH-
rast CBOMX IpeJeNbHbIX 3HAYEHUH, TaK KaK B JTaHHOM
cinydae o, = 0,20 MIla < ¢, = 1,5 MIla. IIpou-
HOCTB ITEPEMBIYKH He OyaeT obecrieueHa npu ee ToJ-
uruHe 0,35 M. [Ipu 5TOM pe3ynbraThl UCCIETOBAHUI
MOKAa3ali, 4TO, HECMOTpPS Ha OTHOCHUTEILHO MaJble
3HAYEHNSI KacaTeJbHBIX HANpPSKEHHWH, Y4eT MoIe-
PEYHOro caBura (NEPEMENIEHUs W) YBEIMYMBAET
HOpMaJIbHbIE HaNpspKeHUs npumMepHo Ha 30%.

G, Ma
0.104

0.054

Puc. 2. PacnipeseneHre HOpMabHBIX HAPSHKCHUH
B TIEPEMBIUKE C 3aIIEMJICHHBIMU KpasiMH (IITONBHS
Kaparaiinel, Kazaxcran) mo 6e3pa3mepHbIM
KOOpiMHaTaMm: a —o,; 6 —0,; S =4 Mm%
q,= 1,36 MIla; h = 0,55 m; R, = 0,6 m;
E=2,77-10° MIla; v = 0,22; 0, ., = 3,0 MIIa;
o= 1,5 Mlla; t,= 0,72
Fig. 2. Distribution of the normal tensions in the
stopping with the fixed edges (Karagayly gallery,
Kazakhstan) according to non-dimensional coordinates:
a-0;06-0,;S=4M;
q,= 1,36 MIla; h = 0,55 m; R, = 0,6 m;
E=2,77-10°*MIla; v=0,22; 0. .. = 3,0 MIIa;

TICXK

o= 1,5 Mlla; t,= 0,72
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B nanepHeiieM ToMMHY IEPEeMbIYKH U TUTOIIAh
cedeHus BBIpaOOTKH, KaK M Ha PHC.3, UCTIOIH30BAIU
COIJIaCHO HOpMaTI/IBHI)IM I[OKYMCHTaM.

Pe3ynbpraThl uccnenoBaHuil MakCHUMaJIbHBIX Ha-
NIPSDKEHUH 0, U 0, B NIEPEMBIYKE C BBILETPHBE/ICH-
HbIMH IIapaMETPaMH, HO C 3aIIEMJICHHBIMH KpasMu
[0 OCHOBHOMY KOHTYpPY M CBOOOJHOMY B BEpXHEH
4acTH TIPUBEIECHBI Ha pHC. 4.

Gy, Mlla
0.20]

0.104

Puc. 3. Pacnipenenenne MakCHMaIIbHBIX HAPSDKCHUH
0, B TIEPEMBIUKE C 3aIIEMICHHBIME Kpasmu: S = 4 Mm%
q,= 2,8 MIla; h = 1,6 m; R, = 0,8 M; MexaHHIeCKHE

XapaKTEPUCTUKH JUISl CTPOUTENILHOTO THIICA
Fig. 3. Distribution of the maximum tensions o, in the
stopping with the fixed edges: S =4 m* ¢, = 2,8 MIla;
h=1,6 m; R, = 0,8 m; with the mechanical characteristics
for hemihydrate plaster

a Gy, MM

1)

<020

Puc. 4. PacnipeenieHre HOpMaNbHBIX HAIPSHKCHAN
B IIEPEMBIUKE C 3aIIEMJICHHBIMU KPasiMU T10 OCHOBHOMY
KOHTYPY, CBOOOZHOMY Kpalo B BEpXHEH €€ yacTh
C Harpy3Kko# ¢, 1 MEXaHU9ECKUMH XapaKTePUCTHKAMH
JUISL CTPOUTENIFHOTO TUIca: a —,; 0 — o, S=4wm%
q,= 2,8 MIla; h = 1,6 m; nBe TIPOEMHBIE TPYOBI
CR,=0,8m; H=1500m
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Fig. 4. Distribution of the normal tensions in the
stopping with the fixed edges along the main contour
and the free edge in its upper part with the load ¢, and

mechanical characteristics for hemihydrate plaster:a — o ;
0—-0,;S=4m* g =28 MIla; 2= 1,6 m; two embrasure
pipes with R, = 0,8 m; /= 1500 m

B nmanHOM ciydyae MakcHMaJbHBIMHU HampsiKe-
HUSIMU SIBISIOTCSL COKUMAIOIIKME 0, BO3HUKAIONINE
B 3alEMJICHHBIX YIJIOBBIX TOYKaX BEpXHEH 4acTH
MIEPEMBIYKH, IIPUYEM YCIIOBHE €€ IPOYHOCTH HE BbI-
HOJIHAETCS, TaK Kak o, ., = 3,0 Mlla. Bemonnsercs
9TO yCJIOBUE ISl IEPEMBIYKH IIPU CEYEHUH BbIpa-
0otku 8 M? 1 OOJbIIE, PACHIONIOKEHHOH HA MaKCH-
ManbHOU mryoune 1500 M (puc. 5), Ha KOTOpPOH Ha-
rpy3ka g, npuHuMaet 3Hauenue 1,12 Mlla.

JU1d mepeMbIuKd ¢ IpeAeNbHBIMUA 3HAUECHUSMHU
Ha ckarwue rurnca cpaime 3,0 MITau 9,0 MIla[1], ero
3HAUEHHUH [T MOIYJIEH YyIPyrocTy U KodhuireH-
ToB Ilyaccona [2] MakcuMaabHBIC HAMTPSDKCHUS TaK-
K€ HE IPEBBIIIAIOT CBOMX 3HaYeHUi. B yactHOCTH,
JUTS TIEPEMBIYKH, BBIITOTHEHHON M3 BBICOKOTIPOYHO-
ro IUIACTU(UIIMPOBAHHOIO THUIICA CO CIIEAYIOIUMHU
MEXaHMYECKHUMHU XapaKTEPUCTUKAMHU: MOLYJIb YIIpY-
roctu E = 6,77 - 10> MIla, xosddunuent [Tyaccona
v = 0,28, IpeieNbHOe HAIIPSDKCHUE HA CXKATHE 0., =
12,2 MIla, — pacrionoxeHHOH Ha TTyOrHE BBIPaOOT-
ku 1500 M, pe3ynbraTsl IpUBEAEHBI HA pUC. 6.

Gy M

Puc. 5. Pacnipe/ienenie MakcHMalbHBIX HANPSIKEHUH 0,
B TIEPEMBIUKE C 3aIIEMJICHHBIMHU KPasiMU 110 OCHOBHOMY
KOHTYpPY, CBOOOZTHOMY Kpalo B BEPXHEH €€ yacTh
¢ Harpy3Koit ¢.: S =8 M%; g, = 2,8 MIla;

h =2,2 m; nBe poemubIe TpyOwI ¢ R = 0,8 M;

H = 1500 mM; MexaHIYECKUMH XapaKTEPHUCTUKAMHI
IUISL CTPOUTENILHOTO THIICA
Fig. 5. Distribution of the maximum tensions o,
in the stopping with the fixed edges along the main
contour and the free edge in its upper part with the load
q.:S=8m? q,= 2,8 MPa; h = 2,2 m; two embrasure
pipes with R = 0,8 m; H = 1500 m; and mechanical
characteristics for hemihydrate plaster

BeimenpuBeieHHbIE pe3yNIbTaThl HCCIICTOBAaHUI
MOKa3bIBAIOT, YTO MPHU BO3BEIACHUH IEPEMBIUCK
B BBIPa0OTKax C IUIOIIAABI0 cedeHuem ot 4...7
M? MOYKHO HCIIOJIb30BaTh OJHY IMPOEMHYIO TpYOy
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muamerpoM 0,8 M, a ¢ OOJBIIMM ee CeUeHUEM — JIBE,
MIpUYeM 3arac MPOYHOCTH cocTasiseT oT 1,7 no 2,0.

Ha ocHoBaHMM MTOJTyYEHHBIX PE3YJIETATOB pacye-
Ta Ha MPOYHOCTh MEPEMBIYKH ONpPECICHa €€ TOJ-
IIMHA, 3HAYCHHUSI KOTOPOU CPAaBHUBAJIM C aHAJIOIHY-
HBIMU 3HAaYCHUAMHU, IPUBECACHHBIMUA B Ta6JII/IHe HOD-
MaTUBHBIX JIOKYMEHTaX, OTKyJa CJEIyeT, YTO OHH
yMmenbIeHs! oT 7 10 21%, T.e. B cpennem Ha 14%,
YTO MO3BOJIUT CHU3UTh 3aTPAaThl HA BO3BEICHUE Tie-
PEMBIYEK.

Gy Ml

A48

a0

Puc. 6. Pactipenenenre MakCHMaJBHBIX HAIPSHKEHUH 0,
B IIEPEMBIUKE C 3AIEMICHHBIMH KPAsSMH 110 OCHOBHOMY
KOHTYpY, CBOOOTHOMY Kpalo B BEpXHEH ee 4acTh
c Harpysko# ¢.: § = 30 M*; g, = 2,8 MI1a;

h = 4,5 m; nBe poemHubIe TPYOBI ¢ R = 0,8 M;
H=1500 mM; MexaH1uY€CKHE XapaKTEPUCTUKH IS
BBICOKOITPOYHOTO ITACTU(HUIIMPOBAHHOTO THIICA
Fig. 6. Distribution of the maximum tensions o, in the
stopping with the fixed edges along the main contour and
the free edge in its upper part with the load ¢_: S= 30 m?
q,= 2,8 MIla; 2 = 4,5 m; two embrasure pipes with
R,= 0,8 m; H= 1500 m; with the mechanical
characteristics for the high-strength plasticized gypsum

4. Iuckyccusi o mNoBO1y MeTO10B
U pPe3yJIbTaTOB

Pesynprarel pa3zpaboTaHHOrO MeTO#a HCCIe-
JOBAaHUH HANpPSHKEHHOIO COCTOSIHUSL IEPEeMBIUYKH
C IPOEMHOM TpyOOil MOATBEPKIEHB! JAHHBIMHU JKC-
IIEPUMEHTOB, MOJIY4YEeHHBIMH B InTONbHE Kaparaii-
ne1 (Kaszaxcra), 4To TOBOPHUT O €ro JIOCTOBEPHO-
ctu. [lonydeHHble paHHee 3HAYEHUS TONLIMHBI THIT-
COBOM MEPEMBIYKH SIBIISIOTCS 3aBBIIICHHBIMH B CBSI-
3M C T€M, YTO OHH HOIYUYEHBI 15 €€ KPYIIIOH (OpMBI
u 0e3 yueTa IpoeMHBIX TpyO. JJaHHBII MeTo] T03BO-
JSIET ONPEICNATh IepeMeleHHs, 1e(OpMaIiH, BHY-
TPEHHHUE CHJIBl U MOMEHTBHI, BCE KOMITOHEHTBI HaIpsi-
JKCHUH, BO3HUKAIOUINE B TIEPEMbIUKE C Pa3THYHBIMU
MEXaHUYECKHMHU XapaKTePHCTHKAMHU ¢ Marepuana
1 GOPMBI, YCIOBUSIMH HArpy>KeHUsI ¥ TPaHUYHBIMU
YCIIOBUSIMH.

5. IloaBeaenue UTOroB. BuiBoabI
PazpaboranHass Maremaruyeckas  MoOJEib

HaMpsHKEeHHO-eQOPMUPOBAHHOTO COCTOSIHUS

B3pPBIBOYCTOMYMBON IEPEMBIYKU IO3BOJIMIIA HAYYHO



RESEARCH AND DEVELOPMENT

BiTP Vol. 31 Issue 3, 2013, pp. 33-39

000CHOBAHO OTIPEAEIUTH OCHOBHYIO €€ TEXHUUECKYIO
XapaKTePUCTHKY — TOJIIMHY B 3aBHCUMOCTH
OT  MEXaHMYECKMX  XapaKTePUCTUK,  YCIOBUH
Harpy)XeHHs, CCUCHUS M IIyOUHBI DPACIIONIOKCHUSL
BBIpA0OTKH, KOTOpas  MO3BOJNIAET  OOCCIEUHUTH
Oe3omacHyo paboTy ropHOCHacarelel W CHH3UTH
3aTparsl MPU BO3BEJCHUH MEPEMBIUCK B pPe3yJbTare
TMUKBUAAIMKA aBapuii TPH B3pPBIBAX B YTOJbHBIX
IIaXTax.
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