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Mamemamuueckoe

Moldenuposanue padomul

MEXAHU3UPOBAHHOU KPenu HA HAKNOHHBLIX Y207bHbIX naacmax. Ha ocnose npednazaemozo
npocpammuoco komnaexkca 0as IIDBM, evinoineno mooenuposanue nepeosu’CeHUss CeKyull
MEXAHU3UPOBAHNOU Kpenu U OYeHeHa UX YCMOUYugocms npu pabome HA HAKIOHHLIX Y2OIbHbIX

niacmax.

Knrouegvie cnosa: mexanusupogannas Kpenv, 0OO0K08AS YCMOUYUBOCMb, KPUMUYECKUL 2ol

anreopumm, npoecpammu blil KOMNIEKC.

AkmyanbHocmb 3adaqu

Ilon  craruyeckoil  yCTOMYHMBOCTBIO U
YCTOMYMBOCTBIO CEKUUMH Kpemnu B MpoLecce Hux
MIEPEABIDKCHUS TMMOHUMAETCS CHOCOOHOCTh CEKIHA
COXpaHiTh MOJ JACHCTBUEM BHEIIHUX CHJIOBBIX
(haKTOPOB W aKTHBHBIX CPEJICTB YACPKaHHUS TaKoe
MPOCTPAHCTBEHHOE  IOJOXKEHUE, TMpPU KOTOPOM
BO3MOXXKHa HMX HOpMallbHas »JKCIUTyaTallus B
KOMIUIEKTE MeXaHU3upoBaHHOW kpemnu. I[IpoBepka
YCTOMUMBOCTH ONPOKHUABIBAHUIO 3aKJIIOYAeTCs B
OTIpe/IelIEHUN COOTHOIICHHUS BOCCTAHABJIMBAIOIIETO
U OTIPOKHJIBIBAIOIIIETO MOMEHTOB CUJI OTHOCUTEIBHO
oCH, TIPOXOsIIel BHYTPH KOHTYpa OCHOBaHMS (TIpU
OokoBBIX mOpoaax ¢ f=3,5-4 no mkane mnpod.
I[poromesikonoBa H.M.), a B mpememe — uepes
KpaifHIOI TOYKY KOHTYpa (Ipu OOKOBBIX MOPOAAX C
f mo 7-8) W cpaBHEHHH STOTO COOTHOIICHHS C
JOMYCTUMBIM. ONpOKHUJIBIBAHHE — MOBOPOT CEKLMH
Kpenu BOKPYI OCH, NMPOXOJSIIEH Yyepe3 OCHOBAaHUE,
OpUYeM TIOJOXKEHHE €€ 3aBUCUT OT (PU3UKO-
MexXaHuueckux cBoicTB mouBbl [l]. Ilpm pabote
MEXaHU3UPOBAHHBIX Kpeme B JaBax C YIJIOM
MajieHus TulacTa CBbImie 15° 3HauMTenbHas 4acThb
OTKa30B BO3HHUKAET BCJIEJICTBHE HU3KOU
3G (HEeKTUBHOCTH CpelICTB obecrnievueHus
YCTOMYMBOCTH UX CEKIUH.

[osToMy Hay4YHO-TEXHIYECKOe 0OOCHOBAHHE
W pa3sBUTHE METOJOB U CPEICTB HCCIEJOBaHMS,
MPOEKTUPOBAHUSI W pacyera I[apaMeTpoB CEKLUit
MEXaHU3UPOBAHHBIX Kpemnel ¢ XapaKTepUCTUKAMU,
obecrieurBarOIMMH WX 3(PHEKTUBHYIO SKCILTYaTAIHIO
Ha HAKJIOHHBIX TUTACTaX, SBJISETCS BOKHON HAYIHOU M

[PAaKTUUYECKOM  3ajaueil, MMEIOLIEH  OTpacieBoe
3HAYCHHE.
Lenb u 3adayu pabomsbli

Lempto  paboTel  sBIsAETCS  pa3paboTka
COBPEMEHHBIX CPCIACTB HCCIICIOBAaHUA IapaMETPOB
CeKIMH MEXaHW3UPOBAHHBIX Kpemed s ux

MOJICPHU3AIMY,  00ECTIeYHBAIOIINX
3G GEKTUBHOCTH UX IKCILTyaTallHH.

JUis  MOCTIDKEHHS  NOCTaBJIGHHOM  Iesn
pemaercs 3amava pa3paboTku METOTUKH
AHATUTHYECKON OIICHKHU YCTOHYUBOCTH
MEPEABIDKCHHUS CEKIUH MEXaHW3MPOBAaHHON Kpemu
Ha HaKJIOHHBIX IUiactax. i1 YHCIeHHOTO PeUICHHUS
TIOJTYICHHOM MaTeMaTHICeCKOM MOJIeNH
npeagaraeTcsl MporpaMMHBIi komruieke st [I9BM,
BKJIFOYAOLIMHA MOAYJIb rpadueckoro 0ToOpakeHus
pe3yIbTaTOB.

TIIOBBIIICHUC

CodepxkaHue u pe3ysibmambl pabombli

Ha nmpoctpaHcTBeHHOE MOJIOKEHUE CEKIIMU U
CKOPOCTh €€ TEPEIBIIKEHUSI OKAa3bIBAIOT BIIHMSHHE
0OJBIIOE KOJMMYECTBO (PAKTOPOB, OCHOBHBIMH U3
KOTOPBIX SBISIIOTCS: HAKJIOHHBIE COCTABILIIONINC
Beca CEKIIMU KPEIlH, TOJIOKEHHUE [IEHTPa €€ TSHKECTH,
COCTaBIIIOIINE TSITOBOTO YCHIIMS THIPOIOMKpATa,
AKTUBHBIN YIEpKUBAIOLIUH MOMEHT, CO3/1aBA€MBbIii
CHUCTEMOW YCTOHYMBOCTH, BEIUYMWHA IIOATIOPHOTO
YCWIIHS TIPU TEPEABMIKCHUH C TMOANOPOM, YCHIIHSI
B3aUMOJICHCTBHS B MEKCEKIIMOHHBIX CBS3SAX OAJOK U
OCHOBaHWM, TpUTPYy3Ka TOPOJ  KPOBIM  Ha
MEPEKPHITHE CEKIMH, BIABIMBAHHE OCHOBAaHUS B
mouBy Twacta wu ap. OmnpemenuM — 3amac
YCTOMYMBOCTM  CEKUMM Kpemu B Ipoliecce
OJTHOKPATHOTO TIepeIBHKEHUs. PacueTHas cxema K
OmpeNeNiecHHI0  OOKOBOM  YCTOHYHMBOCTH — CEKIHH
MeXaHU3UPOBAHHOW KpENH NMpHUBEICHA Ha pHC. 1.

MOMEHT, yIepKUBAOIIUI CEKIIHI0 KPETH OT
OTIPOKHJIBIBAHUS, PABCH:

My, :Méa +M3ljgan. e M P A MY, (1)
rne M éo - MOMEHT  OT

COCTAaBJIOLIEN BECa CEKLIM KPEIu;

YAEPKUBAIOIIHIA

]‘43/a _ "
noon. YACPKUBAOIIUUA  MOMEHT  OT

MOJANOPHOI0 YCUIIUS,
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Pucynox 1 - PacuerHas cxema onpenesieHusi 00KOBOW YCTOHYMBOCTH CEKIIMH MEXaHHU3MPOBAHHOW Kpenu

yo o
M — MOMEHT OT B3aHMMOJCHCTBUSA B
B83aUM.
MEKCEKIIMOHHBIX CBS3AX;
M2 - i i
. aKTUBHBI  yAep KUBAIOIIHA
MOMEHT, CO3/1aBacMBIH MEXaHU3MOM
YCTOMYMBOCTH.

MOMEHT, ONPOKHUIBIBAFOIINI CEKIIUIO KPETIH,
CKJIAJIBIBAETCS M3 MOMEHTOB OT COCTaBJIIIOIIMX Beca

on,
M2 u

G TATOBOI'O

ycuiaMs — TUAPOJOMKpara

nepenBuwxenus M ng :
ZMonp :Mg”p+M205’p . 2)

MowmeHTH oT COCTABJIIIOIINX BECa KpEIu
PaBHBbI:

M();o :GZB cosa , (3)

MZ* =GH,,, sina
rae G — Bec CeKIUH KPemH ¢ IPUTPY3KOH;

o — YToJI TIaJIeHus IJ1acTa;

Ip — TIEY0 BOCCTAHABIIMBAIOIIETO MOMEHTA, C
Y4YEeTOM INMPHHBI OCHOBAHWSA, PAaBHOH L W CMATHA
TOpOJT TOYBBI TO/I HIKHAM (CO CTOPOHBI HajIeHHs
iacta) peOpoM OCHOBaHMS Ha BenmmumHy AB (B
pacuetax nmpuaMaetcs paBHoi 0,05M) paBHO:

1, =L _ b S
2

Hum — BBICOTAa LEHTpA TAXKCCTU CHUCTEMBI
"CeKIus Kpemu — KpoBJA"; MPH CIAOBIX KPOBIISIX
pPacCUYUTHIBACTCA C YYETOM MACChI OTCJIOUBIIIEHCS
HOPOJIBI BEICOTOH £1,,=0,5+0,7 m:
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_G.H,, +G,Hz
ym G

rne G, — Bec CeKINH Kper;

, ®)

c
H ym — BBICOTA LICHTPA TSDKCCTU CCKLIMH;

ka — BEC OTCJIOMBIIEHCS IOPOJAbI KPOBJIH
INIOTHOCTLBIO Y PABCH!
rac L/ — [ar yCTaHOBKH CeKHHﬁ KpeIiu;

L, — mmMpuHa NOAJEP)KUBAEMOTO KPEIIbIO
pr3a00HHOTO MPOCTPAHCTBA;

K
H uf; — BBICOTA  LEHTpa  TSAKECTH
OTCJIOMBILIEHWCS  KPOBJIM,  Haxoldllelcs  Ha
MEPEKPBITUU CEKLIMH BBICOTOM H:
Kp hKP (7)
H, =H+ :
ym 2

OTMeTHM, 4YTO MNEpEeIBUKEHUE CEKIHH
KpEI C TOJIOPOM, CIIOCOOCTBYET MOBBILICHHUIO
YCTOMUMBOCTU CEKLIMH Ha HAKIOHHBIX ILIacTax.
VY aepkuBaromuil MOMEHT OT MOANOPHOTO YCHIIHS
T, paBeH:

M;:(?On :Tn(lb + prH) ? (8)

rie f . — KOd(OUIHEHT TPEHHs MEPEeKPHITUS O
KPOBIIIO.

MakcruManbHasi BeJIMUMHA YCUIIUS TOAIopa
KPOBJIM OHpeNesieTcsi U3 YCJIOBUSL OOecredeHus
JIBIDKEHUSI CEKIUU KPEeNH YCUJIUEM, Pa3BUBAEMbIM
TUIPOJIOMKpAaTOM mepenBikeHusi. Ha ocHoBanuu
HCCIICIOBaHHH, BBITIOJHEHHBIX B padoTax [2, 3, 4]
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MONYy4eHO  BBIPAKCHHWE UII  MaKCHMalbHOW
BEJIMYMHBl  YCHIHMS  IOATOpa  KPOBIH B
3aBUCHMOCTH OT KOHCTPYKTHBHBIX IAapaMeTpOB U
BEJIMYMHBI  pAacCOTNIaCOBaHMS B YPOBHSAX
OCHOBaHHMS CEKIIMH KPEITH U KOHBeHepa:

max = %[Pz(Dbz —dz)—P3Dh2}'7(cosﬂH -1y sinﬂu)_

T,
" cos( By =7 N fu + fip)
~ [G cosaf, +(Ty +T, + R, )f,, ]cos( By=70) > )
(fn +fkp )

rae P, u P; — COOTBETCTBEHHO JaBIEHUs paboueit
JKUJKOCTH B IITOKOBOM M MOPIIHEBOM IMONOCTSIX
TUAPOJIOMKpATa;

D, u d — COOTBETCTBEHHO BHYTPEHHMIA
IuameTp — IWIMHApa W JAUMaMeTp  IITOKa
TUAPOJIOMKpATa;

n — obobemubrii KIIJ (mpu yrutoTHeHMsX
PE3MHOBBIMU MaHXeTaMu 71=1);

p, — Yrom OTKIOHEHHS IENH  OT
TOPU3OHTAIHOM OCH B BEPTUKAJIBHOM MJIOCKOCTH;

Y5 — YIOJ OTKJIOHEHHS OCH THAPOAOMKpaTa
OT OCU OTBEPCTHUSA JJIsl YCTAHOBKU B BEPTUKAIbHON
IJIOCKOCTH.

OnpoKuIbIBAIOITII MOMEHT oT
BEPTUKAIBHOM COCTaBIIAIONIEH TATOBOTO YCHIINA
THJIPOJIOMKpATa paBeH:

MP =S,(l, —Ab) (10)

rze /| — pacCcTOSHUE OT OCH THIPOJOMKpaTa

0O HIDKHETO TII0 TAaJeHHI0 IulacTa pebpa

OCHOBAHUSL. YV nepkuBaromui MOMEHT,

BO3HUKAIOIIUNA TpPU B3aUMOJAEHUCTBUU CEKLUHU C
3JIEMEHTaMU KOHCTPYKLMHU KOMIUIEKCA:

MY =T\hy +T, f,,(1—Ab). (1)

e3auUm

rae h; —mneyo cwiel 7.

HAHAND

C D

Beon: Gg H:m, L,
Lo L P HH, Hi, 0H

HccnenoBanus KMHEMATUKY NEPEIBHKEHHS
CEeKLUH MEXaHW3UPOBaHHBIX Kpernel MpoBOANUIOCH
Ha 0a3e MEXaHM3UPOBAHHBIX ITOJACPKHBAOIINX
Kpeneil ¢ HWKHUM pacHOJIOKEHUEM  CBS3EH,
npeaHa3sHaYeHHBIX I paboThl B JlaBaX C YIJIOM
najieHus niacra 10 35°.

Pacuer  ycroiuuBocTM B mpolecce
OJTHOKPaTHOTO MepeaBIKEHUs O3 ToIropa ceKInit
KpeIel, HE OCHALICHHBIX CIELUAIbHOU CUCTEMOM
YCTOMYMBOCTH,  CBOAUTCA K  OIPEIEICHUIO
MaKCHMAJIbHOTO 3HAa4eHUs yIia MaJeHHs IUIacTa,
mpu  KOTOpOM emie  oOecrieunBaeTcst OOKoBast
YCTOWYHMBOCTH CeKIi. OpHUEHTHPOBOYHBIN pacdeT
YCTOHUYMBOCTHU BBIIOJIHIETCS C YYETOM BBIPa)KEHUI
(3) - (7) s KOHKPETHBIX TOPHO-TEONOTHIECKUAX
YCIIOBUM 3KCIUTyaTallUd M 3amaca YCTOHYMBOCTH,
paBHOTO eIMHUILIE, TI0 hopMyIIe:

l
(5=4b)(G, + My, LiLyy )

a=arctg 12)

c hkﬁ
G.H,, + hkalLZ;/(H + Y

JIng BBINOJHEHUS WH)KEHEPHBIX PAacyeToOB
pa3paboTaH alnropuT™M, IO3BOJISFOLINNA ONPEAETHUTD
MaKCHMaJIbHOE 3HAUCHHMS yIJIa MaJICHNs IUIacTa o B
3aBUCHMOCTH OT MaccChl CEeKIMU Kperu G, BBICOTHI
HC

LIEHTpa TSHKECTH CEKLUU ym >

Iiomanan KpoBJIr

(Ly, L), monnep:xuBaeMol OTHOM CEKIMEH KpeTH,
MOIIHOCTH Ilacta H, mupuHbl OCHOBaHUS 1 H
BBICOTBI OTCJIOMBLIEHCSA KpoBiM hy,. briok-cxema
anropuTMa IpuBeeHa Ha puc. 2.

B H=Hnu Hy 2K /‘

!

o yne e mrdeckan

i
(5=Ab)(G +hyLiLyy)

& = arclg =

- I ﬁﬁ'ﬂ
(-"cHrpur + h.tpLILEJ’rH + T

OTOBREMEHM A PEFYNETATOE

!

KOHEL]

!

Brieon Tabnuykl
FHAYEHWHE H o

Pucynoxk 2 - biok-cxema anroputma
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Ha ocHoBaHMM pa3paboTaHHOTO aaropuTMa
u nporpammsl Ha si3eike DELPHI [8] onpenemnsiem
MaKCHMaJbHBIH YTOJl MaJeHHs IUIacTa mpu padote
CeKIMM Kpemn 0€3 CHCTeMBI YCTOMYMBOCTH.
3aBUCHMOCTb KPUMUYECKO20 Y2ia CTaTHYECKOH
OokoBoii ycroiunmBoctH ceknuu kpenu IMT ot

TOPHO-TCOJIOTHUICCKUX yCJ'IOBI/Iﬁ NMpuUBCJACHA Ha
puc. 3.
-] Mopynb rpachuueckoro oTOGPaXeHMs pesynbTaTon =10|x|
Orpesok ot [1,0 0 5
40
war 0,1 )
MocTpoexue Oywmcrka | i
> |
H o o o o S§E
1,0 221 243 339 371 z n
1,1 196 218 307 339 g
1,2 179 196 286 314 € ¢
13 168 186 264 293 8 4 : AT
14 161 179 250 27,9 = e S I
15 161 179 243 271 G I g ; m
. S e e
e
= 15
J 1.0 11 12 13 14 1
B MowHocTe nnacta H, M

PucyHok 3 - 3aBUCMMOCTb KPUTHUECKOTO yria
CTaTHYECKOH OOKOBOH yCTOHYMBOCTH CEKIINH
kpenu 1MT OT rOpHO-T€0JIOTUYECKUX YCIOBUI

BapsupoBaHue NCXOIHBIX NMapaMeTPOB MPH
pacyerax TIOKa3bIBae€T, YTO B OJIATONPUATHBIX
TOPHO-T€OJIOTHYECKUX YCIOBUAX 3KCIUTyaTalus
cekimii  kpermm  IMT  0e3  ucmoib30BaHHS
CHeUUaJIbHBIX CPEACTB obecreueHuss OOKOBOM
ycroitunBocti (kpuBeie I m Il Ha pmc. 3) Ha

< HAHATD )
BBDA
KOH CT KT MEHEL X
napamMeTpoe
i o=, o, O,

HF

MakCHUMaJlbHOM Ui  TIEPBOTO  THUIOpa3zMepa
MOIIIHOCTH IITaCTa BO3MOXKHA 10 YIJIOB NAACHUA
miacta He Oosee 25°. IlokazaHo, YTO COCTOSIHHE
MOYBHI U KPOBIIH IUIACTA OKA3bIBACT CYIIECTBEHHOE
BIMSHHE Ha YCTOHYMBOCTH CEKIMU KpEIy,
yMeHbIIlasi AMAna3oH BO3MOXKHOH ee padoThI 1Mo
yIIy HajfeHus miacta Ha BenuuuHy a0 41%. Tak,
KPUTHYECKHH YTOJl CTaTUYECKOH YCTOWYHMBOCTH
cexiuu kpenu IMT mpu pasrpyske B jJaBe co
cnaboil MOYBOM M HEYCTONYMBOM, OTCIIOMBIIEHCS
KpoBIeit camxkaercsa 1o 15° (kpussie III m VI Ha
puc. 3).

Jns pacmmpeHnss o0macTH 3KCIUTyaTallnu
MEXaHU3UPOBAHHBIX Kpemner 10 35° 1 NOBBIIICHHS
3amaca yCTOHYMBOCTH HEOOXOAMMO HIPHUMEHEHHE
CHETHANTBHBIX CHCTEM YCTOMYUBOCTH [5].

3amac yCTOMUMBOCTM CEKLHUH Kpenmu B
Iporiecce OJHOKPATHOIO MepeMeIleHUs pPaBeH
OTHOIICHHI0O MOMEHTOB YAEpKHBaIoero y M,
ompokusiBatomero y M,,, cekuuwo. C yuerom
dopmyn (1) (11) momyuum BBIpa’keHHE IS
3amaca yCTOMIMBOCTH:

Gl cosa+T, (1, + fio, H )+ Tyhy + T, frp(1-4b)+ Q1 K

GH Si”05+5,(ll—Ab)tarcsinL ,(13)

yenu
Pazpaboran  amroputm (puc. 4) ®
nporpamMa Ha si3pike DELPHI [8], mo3Bosstomue
ucnone3ys Gopmyiy (13) ompenenuTs naBicHHE,
HeoOXoauMoe sl YAEpXKAHUS CEKUUH  OT
OTIPOKU/IBIBAHHS.

}

Monyne madudeckoro

Gl cosa+ T, (ly + fipH )+ T + T fpp( 1= A0)+ O K

oTobpaxeHua
pE3YNETATOE

=

GH,psina+35,(1)

.l
=Ab) arcsin

]

|

I

Brieog Tabnuuel
ZHAYEHUA: Fan o

Com

Pucynoxk 4 - biok-cxema anropuTma pacdera 3anaca yCTOWIHBOCTH
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3aBucUMOCThL Tpebyemoro aaBieHus Pen B
THIPONATPOHE, OOECIIEYNBAIONIETO YCTOWIHMBOCTD
CEKITH KPEIH IS Pa3INIHBIX YTJIOB MAICHUS O U
MOILHOCTH IU1acTa H mnpuBeneHa Ha puc. S.

=10] x|
Ovpesok ot [25 a0 '57,5
250 T
war |25 Lt e iR Y
e : —_
20,0 S e

MocTpoeHue Ouucrka I

o
=3

o Prn: Prn:  Prns Prs =l
250 00 00 186 207
275 00 50 189 214
300 00 93 193 221
325 32 143 200 229
350 71 189 204 232
375 11,1 232 207 239

S
=)

Nasnenve 8 ruaponartpone Prn, MMa
@
o

25 30 35

B Yron napexus nnacra o, rpag.

Pucynoxk 5 - 3aBucumocts TpeGyeMoro gaBieHUs B
TUAPONATPOHE OT YIjla NaJeHuUs MIacTa

AHanu3 pe3ylbTaToOB pacyueTa MOKa3bIBaeT,
YTO IPH OTCYTCTBUH B JIaB€ TOPHO-TEOJOTHUECKHX
HapyIICHUH paccmarpuBaemast KOHCTPYKIIHS
MEXaHM3Ma yCTOWYMBOCTH olecredmBaeT (TIpu
JaBJeHNU B ruapomnatpoHe mo 20MIla) yneprkaHue
CeKIMII Kpermu OT OOKOBOTO OIPOKHIIBIBAHMS HA
yIilax majeHus Iiacta 10 35° ¥ MOIIHOCTH IracTa
o 1,5m (rpadux I, puc. 5). Ilpu oTkioHeHMH
CEKIMI Kpenmu OT HOPMAJIBHOI'O MOJIOXKEHHUSI ITOTO
JaBICHUS  YKe HEZOCTaTOYHO  JUIS ux
BOCCTaHOBJCHUS (Tpaduk 2, puc. 5).

[peapiayiue HCCIIEI0OBaHUs ObLIN
BBITIOJTHEHE] TS KO3 PHITIEHTOB 3amaca
YCTOMYMBOCTH #, paBHOro eaunune. OpaHako,

W3MEHEHHE TOPHO-TCOJIOTMYECKHX  YCIOBHH B
mporiecce MpojBuraHus 3a0os TpH  0TpaboTKe
cronba W, Jaxe, MO JJIMHE CaMOM JIaBbl, TpeOyer
obecrieueHHs1 3amaca yCTOMYMBOCTH, BEMYMHA
KOTOPOTO 3aBUCHT OT YCIOBHH 3KCIUTyaTaluu
MeXaHU3UPOBAHHOW KpenH [6].

Ha puc. 6 mpuBeneHsl 3aBUCUMOCTH 3amaca
6okoBol ycToiumBocTH cekiuii kpenu IMT mpu
MoOITHOCTH Itacta H=1,5M ams paznuyHBIX yTioB
MaJeHNs TUIacTa 0. U COCTOSHMS MOYBBI M KPOBIH
mwracta (rpaduku [-1V). Cekunu He 000pyI0BaHBI
CUCTEMOM yCTONUHUBOCTH.

OTMedaeM, YTO CTaTHYECKasi yCTOHYMBOCTD
cekuii kperm IMT (0e3 cHCTEMBI yCTOWYHBOCTH
u 0Oe3 moamopa) oOecmeyuBaeTCsA:  KPOBIIA
ycroiunBasi hy,=0, mouBa mpounas Ab = 0 Ha
yriax mageHus miacta 1o 25° (kpusas I, puc. 6);
KpoBJisi ycroiumBas hy,= 0, mousa cmabas — 10
23°30' (xpuBas II, puc. 6); KpoBIs HEyCTOWUIHMBAS,
otcionBmasics hy,=0,5M, nousa mpouHas Ab = 0 —
1o 18° (xpusas 11, puc. 6); kpoBns HEyCTOIUMBAS,
orcionBmasics hy,= 0,5M, mousa cnabas — no 16°
(xpuBas 1V, puc. 6). YuuTsIBas H3I0)KEHHOE, IS
3amacoB ycrodyuBocty n = 1,3-1,5 MoxHO
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pexkomMeHmoBaTh A3(G(HEKTHBHYI0 paboOTy CEKIHit
kpermm  1MT ©6e3 cucTeMBl YCTOIHYMBOCTH B
OIaronpUATHBIX TOPHO-TEOJIOTHIECKUX YCIOBHAX
Ha IDlactax ¢ yrmamMu majgeans no 20°, a B
HEeOJIaroNPHUATHBIX YCIOBHSIX — 10 10°.

Ha puc. 6 (rpaduk V) mno0Ka3aHsl
3aBUCHUMOCTH 3amaca yCTOWYMBOCTH cekiuid 1MT
OT yrjla TMajeHus IJIacTa Ui CIIOXKHBIX TOPHO-
reoylorndeckux ycnosuit: hy, = 0,5 M, Ab =0,06 m
npu pabore ¢ moamopom T,=20 kIla c yuerom
OTPHIATENIFHOTO  BJIHMSHUSI HAa  YCTOWYHMBOCTD
BEPTHKAIBHON COCTaBISIOLIEN TArOBOTO YCHINSA
TUIPOAOMKpaTa mepenBmxeHns S,=12,2 xH.

T Moaynb rpachuyeckoro oToGpaxeHuA PesynsTaTos
Orpesokor [10 a0 [35

50

=10l

war |5

MocTtpoetue Oumncrka |

@ mome o omoone one =
10 26 24 18 16 43
15 19 16 11 10 31

25 11 09 06 05 19
30 09 07 05 03 16
35 08 06 04 02 15

3anac 6oKOBOW YyCTONYMBOCTM N
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Pucynok 6 - 3aBucumocTb 3anaca OOKOBOM
YCTOMYMBOCTHU CEKLUH OT yIJia NaJeHus IacTa
IIPU HEPEIBUKEHUH C ITOIIOPOM

JBm>xenue CceKuui c IIOAIIOPOM
o0ecrieynBaeT 3amac yCTOMYMBOCTH KPEIH BO BCEM
nuama3oHe MomHoctH Inracta H = 1,0-1,5 wm.
[Ipuuem, 3amac ycrtoiuuBoct npu H 1,5m,
0=35, paser n=1,5[7].

ITpoBenena oreHka 3amaca yCTOWYHBOCTH
CEKLMH Kpemu ¢ cucTeMor yctonunBoctu npu H =
1,5M, S; = max, T, = 0 nans pa3auuHBIX TOPHO-
T€OJIOTHYECKUX YCIOBMH. AHamMM3 pe3yibTaToB
MOKa3bIBACT, YTO  HCIIOJIB30BAaHHE  CHUCTEMBI
YCTOWYHMBOCTH IOBBIIIAET KOA(PPHIIMEHT ee 3amnaca
B 1,65 paza ¢ 0,7 (puc. 6, xpuas I, a = 35°) no
1,15 (puc. 7, xpuBas 1, o = 35°) npu MOITHOCTH
mractra H = 1,5M, OnarompusatHeIXx TOpHO-
reojorudeckux ycimosuax Ab = 0; h,, = O,
JIaBJI€HUM B TrujaponarpoHe P, 60MIla, u
JIMaMeTpe TUAPONATPOHA CHCTEMBI YCTOWMYMBOCTH
d, = 60 wMM. VYBenuueHue JauaMeTpa
ruznponaTtposa ¢ 60 MM 10 80 MM MOBBIIIAET 3amac
ycToiuuBoctH B 1,3 pasa, T.e. ¢ 1,15 mo 1,5 mpu
TeX K€ yCIOBHSAX.

B CIIO’KHBIX TOPHO-TEOJIOTHIECKIX
yenoBusix  (hy, 0,5 M, Ab = 0,05m) 3amac
YCTOWYUBOCTH CEKLUH KpPEIU PE3KO CHUXKAETCS C
1,15 (xpuBas 4, a = 35°) mo 0,5 (xpumBas 1, a =
35°), te. B 2,3 paza (puc. 7). YBenudeHue
JIaBJICHUS B THIPONAaTPOHE CHCTEMBI
YCTOIUMBOCTU HE CKa3bIBAa€TCsl CYLIECTBEHHO Ha
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pocTe 3amaca yCTOMYMBOCTH CEKUMHA Kpemu
(xpuBbie 1, 2, puc. 7), a yBenWdCHHE TUAMETpPa
runponarpora ¢ 60 MM 10 80 MM IOBBIIIAET 3amac

ycroitauBocTH B 1,3 pasa (kpussle 2, 3 puc. 7).
7 Moaynb rpacduyeckoro oTobpaxeHus pesynsTaros.
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Pucynok 7 - 3aBucumocTs 3amaca 00KoBOIt
YCTOMYMBOCTHU CEKLUH OT yIJa NaJeHUs IacTa
IIPU UCTIOJIB30BAaHUH CUCTEMBI YCTOWIHBOCTH

Bbigodbi

Taxum o0pazom, BBIIIOJTHCHHBIMU
HCCIIEAOBaHUAMU YCTaHOBJICHO, 4TO
00s13aTeIEHBIM YCIIOBHEM 3¢ PeKTHBHOM
SKCIUTyaTaluu CEeKLUI Kpenu IMT (B

OIIarOMPHUATHBIX TOPHO-TEOJOTHYECKUX YCIOBUAX
Ha Iactax ¢ yrjioMm naaeHus cseime 20° u B
CIIOXHBIX — cBEIme 10°) sBIsgeTCS TepeABIDKEHIE
CEKITHIA C TIOATIOPOM.

Hcnone3oBaHue pa3paboTaHHOTO
IOPOTPaMMHOIO  KOMIUIEKca  AIi  pacudera
napameTpoB YCTOHYHBOCTH, HI03BOJIMIIO
MNOATBEPJUTh,  YTO  Ha3HAUYEHHE  CHCTEMBI

YCTOWYMBOCTH — yJEpKaTb OT HAKJIOHA CEKIMH
Kperd B pasTPy)KEHHOM  COCTOSIHUM |
BOCCTaHABIIMBaTh UX B HOPMaJIbHOE MOJIOKCHUE B
pasrpy’)kKeHHOM COCTOSIHUM B CTaTHKE M IpH
HePEABHKCHUH.

HarnsimHocTh TpefcTaBieHHs pe3ylibTaToOB
pacueToB C IOMOLIBIO Pa3pabOTAaHHOTO MOMYJIS
rpaduyeckoro OTOOpaKeHHs pPe3yJbTaTOB Ha
II3BM o06nerunno aHajan3 NOJYYEHHBIX TaHHBIX U
JlaJio  BO3MOXKHOCTh II0OKa3aTh, 4YTO HauboJjee
3¢ GEKTHBHO YCTOWYHBOE TOJIOKEHUE
obecrieunBaeTcss CEKIMOHUPOBAHHBIM ITHTaHUEM
THAPONATPOHOB MEXaHM3MOB YCTOHYMBOCTH U
HEepeABMKEHNE CEKLMI MEXaHHM3UPOBAHHON Kpernu
¢ moanopoM. BelmomHeHME 3THX  YCIOBHH
NoBbIIIAeT 3 (PEKTUBHOCTh M HAJAEKHOCTh pabOTHI
CEeKIMI Kpenyu Ha HAaKJIOHHBIX IIACTaX.
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3enzeposé B.H., llepunckan E.B. Mamemamuueckoe moodenuposanue padomovl MexXaHu3upoGaAHHoU
Kpenu Ha HAKNOHHBIX Yeonbhblx naacmax. Ha ocnose npeonazaemozo npospammnozo Komniekca ons
IIDBM, svinonneno modenuposanue nepeosudtcenst CeKyull MexaHUu3UpOBAHHOU KPenu U OYeHeHd UX
YCMOU4UB0CMb NPU pabome Ha HAKTIOHHBIX Y2OJlbHbIX NIACMAX.

Knrwouegvle cnoea: mexanusuposannas Kpenb, 60KO8AA YCMOUUUBOCHb, KPUMUYECKUL Y20l
aneopumm, nPOPAMMHbII KOMNIEKC.

Zenzerov V.1, Perinska E.V. Mathematical modeling of the powered roof supports on sloping
coal layers. Based on the proposed software complex PC simulation of the movement of sections of
powered support, and evaluated their stability when working on sloping coal layers.

Keywords: powered support, lateral stability, critical angle, algorithm, software complex.

Cmamws nocmynuna 8 pedaxyuio 20.03.2018
Pexomenoosana xk nybauxayuu 0-pom mexu. nayx B.H. Ilasnviuwom

48



