
ZESZYTY NAUKOWE POLITECHNIKI ŚLĄSKIEJ 
Seria: GÓRNICTWO z. 144

_________1986
Nr kol. 884

1st International Conference - Reliability and Durability 
of Machines and Machinery Systems in Mining 
1986 JUNE 16-18 SZCZYRK, POLAND

BajieHTHH Hh x h t h h nOTYPAEB 
Baxaxaft JijuiapHOHOBHH AHPftA

HHCTHiyr reoiexHHHecxo0 MexaHaxa AH YCCP 
JÍHenponeTpoBCK, CCCP

A0Jir0BE9H0CTb H HAÁEKHOCTb THffiEJIUX BHbPAUHOHHUi MAUIHH,
PAEOTA)jąHX B 3KCTPEMAJIbHHX yCJIOBH&X TOPHOrO I1P0H3B0a CTBA

Pe3i0Me. B ciaTte paccMaipaBaBTca Bonpocu AoxroBeaHocia a HaAexHOC- 
iK xaxexux BabpanaoHHux naiaTexefl a xoHBeaepoB, pa6oTa»max b axcipe- 
MaJIbHHX yCJIOBHHX TOpHOTO npOH3BOACTBa. PaCCMaTpHBaziTCa KOBCTpyKUHH 
pe3UH0Bux ajieMeHTOB ( npaMeaeHae xoiopux no3Boxaxo no b u c h  tb npoa3Bo- 
AHTeXBHOCTB MaBHH, yMeHBIHHTb H3HOC, CHH3HTB MeTaAXOeMXOCTB H CymeC- 
TBeHHo noBucHTB AojiroBenHOCTB H HaAexHoCTt. Hsxaraeica ofiobąeHHufi 
a.iropHTM pacaeia AaHaMaaecxax xapaxxepacTHK BadpouamaH c yaeioM no- 
BpexAeHHOCTH hx oTAeaBHUx 3jieMeHTOBj H3JiaraeiCH mstoa pacaeia Aoxro' 
BenHoCTH peaHHOBux sxeueHioB Maiom.

1. BBEAEHHE

3KoxoraHecxae h conaaxBHue npobxeMu coBpeueHHOCTH nocTaBHjiH nepeA Babpo- 
TexHHxofi ropnoro npoH3BOACTBa pax ipeboBaHH0, cpeAa xoTopux naaboxee BaxHU- 
mh HBxaxiTca: «amatru HapaAy c BunoxHeHaeM TexHoxoraaecxax nponeccoB aoxxhu 
oOxaAaiB uaxuM BecoM, bucokoü HaAexHOCTBB h AoxroBeaHociBB} aoxxhu iio3Boxhtb 
ocyąecTBJiHTB aBT0naTH3auai> h He ipebosaTB nocroflHHoro npacyTCTBaa juoAeii; 
aoxxhu buiB yAobpeHu b  obcxyxaBaHaa, He nepeAaBaTB Babpana0 h myna, He co3- 
AaBaiB ycxoBH0 axh xpaBMaxH3Ma onepaiopa, He 3arpa3HHTB oxpyxaioiny» cpeAy a 
i.A. Taxae xpeboBaHaa 3acxaBaxa xoHCTpyxiopoB obpaxaiB cepBe3Hoe BHHMaHae Ha 
npHHiiHiai xoHcxpyapoBagaa h pacuexa a npexAe Bcero Ha AoxroBeaHOCTB ropHux 
BaSpoMamaH a ocyąeciBJiaiB hx npoexxapoBaHae, c yaexou AaHaidaaecxHx h ycxaxocx- 
hhx xapaxxepacxax. He accxeAys pa3Baxae ropHoro BabpauaoHHoro MamaHocipoeHaa 
b nexo«, paccMoipaM oahh H3 BaxHux acnexioB 3100 npofixeMU - co3Aaaae hobux 
a coBepmeHCTBoBaHae H3BecxHux xoHCxpyxita0 uaaaH 3a caei BBeAeHaa b cxpyxxyp- 
Hyti cxeviy ynpyrax 3BeHBeB xana pe3HH0Bux oxeueHTOB, Ba6poB30xaiopoB a 3a- 
ęhthbdc (J)yTepobox . Ynpyrae 3BeHBa b BabpouamaHax arpauT BecBua BaxHy» poxs,
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CBoAxmyBea b o c h o b b o u  k  cxeAy»ueny: buiioxhíiet (jpyBxuaoBaxbHue CBofiCTBa a 
onpeAexüDT pesan paOoxu; yueHbmajoi BpeAHue xoxefiaHaa h  3ByxoBoe AaBjieaHej 
3amHmajDT RenoBexa-onepaxopa, aAexxpooOopyAOBaaae, npafiopu ynpaBjieHaa a npa— 
jierajonjae MamaHH, sxeaeHTu 3Aaaaií a i .a . o í  AaaaiáaaecKax Harpy30K a aByxoBo- 
ro AaBjieHHB} cjiysai a b a  npeAOTBpaueHHH ycxaAocxaoro paapymeaaa xoacTpyxnaii 
3a caei AHCoanapoBasaa aHepraa paapyaeaa«; y n e H b n a m  h s h o o  h  yAapaue aarpy3- 
k b , Hanpauep, b namaaax, pañoaae opraHH xoxopux aneni pe3aaoBue noxpuiaaj
yneabmaiDT nepexocu xoacTpyxqafi, aeioaaocTH noaxaxa, cxysax xoaneacaTopaaa

*aeAocxaxxoB o6opKH, ycipaHBijT aaaopu a x.A.
AOcxparapyacb oí nHorax (fcaxiopoB KOHexpyKiaBHoro a xexaoAoraaecxoro aaa- 

aenaa ropHoro BaGpaqaoHaoro uamasooipoeaBa a axneaxupya BBaaaHae aa CAeAyc- 
meui xeHAeaiuiHX pa3Baxaa xaxexux ropHux BaGpoaamaa b cooxBexciBaa c xpeCo- 
BaaaBifH coBpeaeHBoro npoaaBOACiBa (aaieBCBtfjBxaiuia pezanoB aa caei yaeabme- 
bhh aacxoxu a yBeaaaeHaa aunxaxyAu xoAeOaaafi, co3Aaaae BucoKonpoa3BOAaxeAb- 
Hhtx uamER a t.a.) t coBepmeaciBax BaSponarnaa no ax ochobhhm AaBauaaecKau 
cBoflciBau (cxaSaAbHOCXb, ycaxae a ypaBaoBeneaHoexb) | oneuactaKe ropaoro npo- 
aaBOACXBa (noBumeaHue xpeOoBaaaa x AOAroBeaaocxa a aaAexaocxa, yneabBeaai) 
Beca, 3ByxoBoro AaBxeHB«, saSpanatt, oxcyxcxBa» BHeaanaocxa oxxa3a a i.a.)
- aeaafiejcHO npaxoAaa x b h b o a ?, h i o  aaaCoAee nojiho npeA'bHBAaenue x xaxejiHM 
ropana BaCpouamaHaM xpeCSoBaaaa yAOBAeiBopjuoxcs npa acnoxb30BaHaa b xaaecxBe 
ynpyrax aBeabeB, BaCpoaaoAaxopoB a aauHxaux $yxepoBox peaaHOBHx aAeaeEioBa

Fe3aaa xax xoHCTpyxqaoaHU& naxepaax [l] b nocxeABae roAH noxyaaxa aapo- 
xoe pacnpocxpaHeHae b ropaoa namaBocrpoeBEB SxaroAapa aaAaqaxi qexoro paxa 
Becbua qeaaux cboHctb, BHroAHO oiABaamnax ee ox xpaAaqaoHHUx aaxepaaAOB.
3xo npezxe Bceroi cnocoOaocib x Goxbaan oOpaxanun ae$opnaqaaa a Bucox&a 
ABcoanaqaa aaepraa; CoAbnaa Baeproeaxooxb a cxottxocxb x BoaAeficxBax) arpec- 
caBaofl cpeAuj b u c o  Kan aaAezaocxb - aaccaBaue paaaaosue sjieueaxu ropaux aa- 
aaa ae anesx Baeaanaoro oxxaaa; Bucoxas AOAroBeaaocibi no axaa CBoflcxBan 
pe3aaa npaKiaaecxa ae aaeex xoBKypeaxocnocoSaHx naxepaaxoB} Aocxaxoaao oxa- 
aaxb, axo b BaSpauHOBHux ropaux uamaaax npa Aaaauuraecxax Ae$opuaqaax CABara 
AO 35% aapaGoxxa aa oxxaa peaaaoBux BAeueaxoB npeBunaex 1,5^109 naxxoB.

Bce sxa CBottcxBa npeAonpeASAaxa ocoCoe aecxo peaaaoBux BAeueaxoB b xaze- 
a u x  ropaux BafipoMamaaax. Ha pac, 1 noxaaaau cxeuu aaaCoAee pacnpocipaaeaaux 
b ropaofi nponumxeBBocia BaOpanaoaHUx uaaaa, b xoxopux pe3aaoBue axeneaiu ac- 
noAb3yi>xca b xaaecxBe ynpyrax aBeabeB, Ba6poa3oxaxopoB a 3aaaxaux (fyxepoBox.

Tflxejiuñ ropaufl BaOponaiaiexb (pac. l.l) npexHaaaaaea aaa Bunycxa pyxu aa 
axxyayxapyEiíBX eaxocxeft (b noAaeuaux ycAOBaax a aa oxxpuxux paapaGoxxax) a 
norpyaxa ee b xpaacnopxaue cpeACXBa. ÜEiaxeab aaeex npoaaBOAaxexbaocib ao 
1000 x/a a fioaee a noaBoxaex ocymecxBJiaxb ApoQxeaae aeraSapaxoB aspusou ae- 
nocpeAcxBeaao aa pafioaeM opraae. B xaaecxse oceobbux ynpyrax 8B«HbeB BaOpo- 
naxaxexa acnoxb3yi>xca pe3aaoBue axeueaxu CABara a peaaaoBue Oy$apaj pafioaaS 
opraa <{iyxepyexca cneaaaibaua pesaaoBuu noKpuxaea. npaaeaeaae peaaau noaso- 
ahao yBeAaaaxb AOAroBeaaocib BaSponaxaiexa b 2 -5  paa a coaAaxb aaAexay» 
xoacxpyKnani naxaxeAb o6AaAaex aaAaaaofi AOAroBeaaocxbr a npaxxaaecxa ae 
aaeex oxxaaa.
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B BHÖpamioHHoä ApoÔHJiKe (pao. 1.2), AByxMaccHOM ropH30HxaxbHOM (pao.
1 .4) a ipexaaccHoa BepTHKaxbHOM (pac. 1.3) KOHBeítepax b KaaecTBe ochobhhx 
ynpyrax 3BeHbeB a BaÖpoa3ojiHiopoB acnoJib3y»TCH pe3BH0MeiajiJiaaecKae axeMeH- 
xa Tana "cbhabhh". B ropH30HxaxbHOM xoHBeäepe, Hanpaaep, npaiieaeHae pe3HHU 
H03B0jiajio noBHcaib aMnaaiyAy KoxeöaHHä ao 10-12 >o< npa aacioie 10-12 Ta a 
Tea caaaa pe3Ko yBeaaaaib np0H3B0AHxexbH0Cib; B 1,7-3,0 pa3a CHB3BTb yAexb- 
ayjo aeTaAAoeaaoCTb 3a caex saueau MexaxxaaecKHx npyxBH a peccop; b 10 pa3 
noBHCBTb AOAroBeiHocTb a cynecTBeBHO yBexaiHib aaAexaocTb aamaa; AoxroBea- 
HOCTb 3AeaeHTOB cABara 6oxee 40000 a., Ko3<t4>auaeBT rotoBaocTa KOHBeńepa 
CBHjne 99,89é, a HapaöoTKa Ha 0TKa3 CBtime 5000 a. [2] .

B ropB30HTajibHHX KOHBeüepax (pac. 1.5,6) npaMeHeHae pe3HH0BHx 3AeaeHTOB 
co c a o x h oS (fopaoä c b oÖo a h o8 noBepxHocia h o 3b o xaxo yBexHaaib b 2-3 pa3a a o a - 
roBeaHOCTb ynpyroii noABecaa, yaeHbnaib 3ByKOBoe AaBAeHae, CHH3HTb Mexaxxo- 
eaxocTb a b nexoM noBacaib aaAescHocib MamaH.

Ha pac. 2 noKa3aHu oCHOBHue KOHCxpyKnaa pe3HHOBux sxeaeHTOB rana "Baxa- 
3AeaeHiu", acnoAb3yeaux b ropaux BaöpoaamaHax b aaaecTBe ynpyrax SBeHbeB a 
BaöpoaaoAflTopoB • JixHxexbHax xipaKTHKa co3AaHBH a 3KcnAyaT£maa pasahhhhx ua- 
mHH c Taaaiia peaaHOBboia sxeaeHiaMa CBHAexexbciByex o ax BaxaoS pona b hobh— 
meHBH xoxroBeHHOcia a HaxexHocxa.

2. PACHET rOPHMX BHEPOMAIliHH C YHETOM PA3BHBAHUEHCH B MATEPHAJIE 
ynpy.nx 3behbeb iiobpe*¡],ehhocth

B nponecce AxaxexbHofi sxcnxyaxaaaa ropHHx MamaH ¡pasaKo-MexaHaHecicHe 
CBoücTBa ax ynpyrax SBeHbeB He ocxaDica nocioHHHHMH, a cymecTBeHHo aaaeHH- 
h t c h  BCASACTBae noBpexAeHHOCTH Maiepaaxa (ot AxaxexbHoä naKAHHeCKoä Harpy3- 
KH HAH AeäCTBHH aKTHBHOfl BHefflHeił CpeAbl) H 3T0, B CBOH) OHepeAB, npHBOAHT K 
H3MeHeHHH MexaHaaecKHx rxapaMeipoB caMax MamaH a HapymeHaio lexHoxoranecicoro 
nponecca.

Haxe paccMaipaBaeica axropaiM, no3BOAAiomn8 onpeAeAHTb MexaaaaecKae xapax- 
TepaCTHKH ropHux BaöpoMamaH c yaeiOM pa3Ba Baiome Hc h  B ynpyrax 3BeHbHx noBpe- 
xAeHHocTa no MHHHMyMy 3KcnepHMeHTaAbHux AaHHux. HcnoAb3yeTca pa3paöoiaHHHa 
AAA KOMno3HTHbix MaxepaaxoB MeTOA Baxnoxa, c noMoąb» KOToporo onpexexaiDicii 
BiîxJieKTHBHHe (ycpeAHeHHue no HexoxopoMy oûbeay pe3HHOBoro MaccaBa) xapaxxe- 
pacxHKH Maxepaaxa b  3aBacaaocTa o t  aSMeHAJomaxcx b o  BpeaeHa c b o A c t b  BKxœae- 
h h M (i.e. noBpexAeHHOCTefi xaöoro xapaaTepa, i'pacyxcxByiojSHX b pe3HHe) . axa 
ciyaaeB, xorxa uniobeHHufi mo Ay ab Gc* nepBonaaaAbHO OAHopcAHoro Maxepaajia a 
ynpyraä MOAyxb BK.iŁ-łeaaa Gfa He saBacex ox BpeaeHH a KOTAa e MäTepaaxe aae- 
etcä n A s m e m n  za~b oahoíí opaeaxauaa, 1 0  tcraotteHHoe SHaveaae ajxpeKiasBoro 
MOAyxx G » HeoAHopoAHoro Maxepaaxa, x.e. M&iepaaxa c noBpexACHHOcxbio, mox-

9 r Tho npeACiaBHib b bhac [5J :
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rAe Gjj - ieH3op Mosyjiefi ynpyrocxa BKaxjHeaaöj G * *  - h s o t p o i i h h » x e H 3 op, c b a - 
3aHHuií c TeH3opoM MoAyjieit G* oCHOBHoft Maipami Maxepaaaa cooTHomeHaeM Tana
Baanoaaj p - no.iHaa KOHueHTpauas BKJuoaeHail b xapaxxepHOM oöbeMe Maxepaaaa; 
I - esaHaaHHÍÍ i e H 3 op.

OTCioAa 3 aaaeHae moxho nojiyaaiB nocjie 3KcnepaMeHTaju>Horo onpeAeae-
aaa G^ a G *  a BhinoJiHeHaa cooTBBTCTByjomax MaieijaxaaecKax onepaiwü.

Hcnoab3ya pa3paöoTaHHbiS [4] aaropaTM a íeaoueHoaoraaecayB p-MoAeab pa3- 
pymeHaa pe3aHbi [l] npa naKjiaaecKOM HarpyseHaa, noayaaM cooxHomeHae 3$- 
$eKTHBHcro MoAyJia paccMaxpaBaeMtix pesaH, MexaHaaecaae CBoiîcTBa Koxopax 
BcaeACTBae nponeoooB expyKTypapoBaHHA cymecTBeHHO h 3mbhh iot cs s MOAyab c a b h - 
ra yBeAaaaBaeTca, a KoaäxJauaeHT AHccanauaa yueHbmaeToa. 3Aecb caeAyeT oxMe- 
THTb, axo b HacToameü paßoie ÖyAeT paocuaTpaBaTboa aamb oa Ha MaicpoCKonaaec- 
aas xapaaiepaoTaaa pe3BHtj, a hmghho - 3$$eKTHBHiiti MOAyab CAsara. yaeoib ae- 
nocpeACTBeHHO b oômeM aaropaiMe 3aBacaMOCTb AHCOHnaiHBHtix c b o Íí c tb o t pa3Ba- 
Baioneáca noBpeameHHOCTH, aecMOTpA Ha Haxaaae aacnepaMeHTaAbHhix AaHHHX, Ha 
ceroAHHmHHa AeHb He npeACTaBAaeTGH b o s m o k h h m  BcaeACTBae oicyioiBaa Aocxa- 
ToaHO pa3pa6oiaHHoro MaxeMaiaaeCKoro annapaia.

C yaeTOM noayaeHHoii BacnepaueHiaAbHoä HHipopMauaa npaMeíi cxeAyioąyx> Moaeab 
yciaAoOTHoro pa3pymeHaa pe3HH0Bux BxeMeHioB. 06pa3ea npeACTaBAaex coöoä oo- 
BoaynHocTb uaTepaaabHux xoaea, aaxAaa a3 aoTopax HaaeaeHa c b o ü c t b 3m k  h c x o a - 
Horo MaTepaaaa. Ilpoueoc HaaonAeHaa a pa3BBTaa MHaponoBpe*AeHHft HHTepnpexa- 
pyexca aaa oöpa30BaKae b nepBOHaaaAbHO OAHopoAHOM a H3oxpoHHOM Maxepaaxe ae- 
aoTopbix oöAacxeä xana B a w i e H H ä  (oeaacxa, ooAepxamae MHKponoBpexAeHaa) c 
HOBbtMH, h o  oAHHaaoBUMH AAA Bcex oôaacxeiî CBoäCTBaua. lipa 3T0U AeBaexca paA 
npeAnojioxeHaMí pe3HHa b h o x o a h o m  c o c t o h h h b  OAHopoAHa a H3oxponHa; MOAyab 
o6pa3yBmaxca BKjuoaeHafl b n pa3 Öoabme MOAyaa o c h o b h o t o  MaTepaaaa; pa3BBi* 
BaEmaeca BKjuoaeHKA uaxeMaTaaecaa xapaaiepa3yx)T0a aaxpHHeíí MOAyaeS ynpyroCTH, 
aHaBoraaHoft Maxpaae uoAyaefí ynpyrooxa o c h o b h o t o  Maxepaaaa; ynpyrae MOAyBH 
Maxepaaxa BaBioaeHail ae 3aBaoax ox BpeMeHa.

UcnoBB3ya sxa, xapaaxepaue a b a  MexaHaaa aoiino3axHux opea, npeAnoaoKeHHA 
a aaropaxM pacaeia [4] a b a  pe3BH0BHx aaeMeHTOB npa AeÿopMaaax CAsara, noay- 
HHM CBeAynmee BHpaxeHae a b a  cba3h MexAy AeiiopMapaeß a BanpaxeHaeu

Ł = G $  j03$ *

G03$ = Gaaa [" + f ô ^ ) + p ( f ô /2)] ’ (1)

rAe GHaq - HanajibHoe 3HaaeHae Moayaa h c x o a h o t o MaTepaaaa.
lipa p = O, x.e. b cxyaae oxcyxoTBHA noBpeayieHHooxa, 3$$eKiaBHhiä uoAyBb 

coBnaAaeT o MOAyaeM aoxoAHoro Maxepaaaa; npa p = 1 3<5xJ>eKXHBHHfl MOAyab cob- 
ztaAaex c MoayaeM MaxepaaBa BKBioHeHKii. 3xa b u b o a h  ecTecxBeHHU, o h h CBBAyiox
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H 3 canoa nOCT&HOBKH SaAaHH H CBHAeiejIŁCTByBT O npaBHJIBHO npoBeAeHHHX 
paczeiax.

H c n o J iB 3y e M  n o a y ie H H H e  p e a y a b i a iH  a x h  p a c z o ï a  scJxJieKTHBHoro u o A y a a  s a e -  

M6H T 0 B i n n a  "c s H A B H n "  H 3 p e 3HHH H a  ocH O Be C KH -3 .  H a n a jiB H o e  3H a> ieH Ke AH H a-  

M H ie c K o ro  M O A ya a  p a sH H H  G Ha t i  = O * 1̂® M l la .  O iH O C H ie a b H O  b g jx h h h h h  o b  h 3-  

B e c tH o ä  A H ie p a iy p e  H H icaKH x C B eA eH H â  He H M e e ic a .  n o s i o n y  H c n o x b 3y e i t  n o a y -  

' ïe H H H e  b  [4] 3K C Q e p H u e H ia j iB H H 6 p e 3y j ib ia T L J  ho  B p eneH H O M y H SueKeH H io  n o x y a H  

C A B H ra  a x a  a e i a a e a  h 3 H C c a e A y e M o â  p e 3HHH h  n p a i ie n  n = 1 , 2 . P a c c H H T aH H a a  

no  $ o p M y x e  ( 1 )  s a B H C H n o c T t 3<{xi>eKTHBHoro M O A ya a  o t  n o B p e xA eH H O C TH  n o K a 3a H a  

H a  p a c .  3 .  H a  b t o u  p H c y m te  n o B p e a w e H H O C ib  A a a a  b  Ô e3p a 3M epH 0M BHAe 

p ( t ) / p K p , r « e  p ( t )  -  le ic y n e e  3Ha>teHHe n o B p e x a e H H o c T z  h  p K p  -  K p z iz z e c K o e  

3HaneHHe.
PaCCM OTpHM  K O H K peTH H â  n p H U e p .  I ly O T b  HeoÖXOÄHMO n p o r H 0 3H p O B aTb  H 3MeHeHHe 

a z n a z iy A M  K o a e 6aH H 8  r o p z a o H ia x b H o r o  K O H B e ä e p a ,  y n p y r z e  3 BeHbH  K o io p o r o  b h -  

noJ iH eH H  b  B H A e  s jte n e H T O B  C A B z r a .  n a p a M S T p u  K O H B e ä e p a  c x e A y œ n z e :  M a c e a  k o -  

x e 6 ar>ąHXCH z a c i e 8  m = 720  i c r ;  x e c T K o c T b  y n p y r z x  3A 6M6h t o b  C =  3 , 6  M l la j

z e c T O K O C T B  npH BO AH H X  y n p y r z x  o j ie i ie H T O B  C ' = 0 ,7 2  M l la ;  B z c n e B T p z -

—2 / czieia n p zBOAa P =  1,9 . 10 n; lacioia jcoxeßaHza to = 74,5 1/cj Hazaab-
Hoe-¡3HaaeHHe MrHOBeHHoro MOAyxH C A B H ra  p e 3H H H  G Q = 0 ,8 2  M l la ,  Koa$$HiyteHT
XHCCznanzz V =  0 , 1 6 .

B p e i ie H H y r  3aB H C H ito c T b  a n n a z i y A H  z o a e f ia z z a  K O H B e a e p a  n p e A c ia B H M  co o TH o m e-  

KHeu

2 C' (p)P
a ( t )  = ----------------

m2to2 - mC(p)to2 (1-A) + C2 (p) ( 1 -A) 2 + C2 (p)B2 

3ascb A h  B - peoaorzzecKze xapaKiepzcTHKZ p e 3Z H H .

B 3TOM ypaBHeHHH 3aBZCH110CTH ZeCTBOCiea 0 H OT noBpeZAeHHOCTH
paCCMHTbIBajIHCb K a K

c .  (p)  = o a V '  Z.

r a e  F ,  h  -  n a o m a a b  C A B z ra  h  B b tc o ia  p e 3H H O B o ro  a a e n e H ia  c o o T B e ic iB e H H O ; Z - 
KOAimeCTBO 3aeneHTOB.

3H aze H H H  s iJxJ ieKTH B H o ro  M O A ya a  o n p e A e a a x z  n o  3a B z c z i io c T H  Ga p / p K p » n p e a -  

G ïa B A 6HH08 H a  p H C . 3 a ,  T A e  BeAH ZH H a  K p H T H Z e C X o S  nO B p ezA âH H O O TH  n p Z H H M axaC b  

c o rx a c H O  n o a y z e H H im  [4] S K o n e p H M e H ia a b H R u  AaH H bn i p  = 5 , 6 ,  a  K H H e T z z e c x a a  

K p H B a a  p ( t )  ÔHAa n o a y z e H a  l a x a e  s x c n e p z M e H ia x b H O  H a  M o a e x b H H x  o ß p a s n a x  

npH  A a zT e a b H O M  n z K X H z e c x o i i  H a r p y z e s H H ."

P a c c H H T a K H a a  la x z M  o ß p a s o u  B p e n e H H a a  s a B zc zM O C T b  a n n a m y A H  x o a e O a H z f t  b h — 

Ô poKO H B e8 e p a  n o K a 3a H a  H a  p z c .  30  h ,  n a n  b h a h o ,  y A O B a e iB o p H T e a b H O  o o B n a a a e i  o 
3K o n e p H ue H T a a b H H M H  a a H H H u z .  Sio c o B n a a e H z e  o B H A e r e a b O iB y e i  o n p z ro A H O c iH  

n p e A A o z e H H o ro  n e i o A a  ä a h  p a c z e t a  n e x a H H z e c K H X  x a p a K ie p a c iH K  r o p H u x  u am H H ,



ynpyrae noAaecKH Koiopnx h3M6hht cboh napaneipH oí noBpexaeHHocTa na- 
Tepaaaa.

3. PACHET AOJir0BE4H0CTH PE3HH0BUX 3XEMEHT0B TílIEJIUí TOPHUX BHBPOMAIHHH

Ax* npoTHO3HpoBaHHH aoaroBeBBocTa ps3HH0Bux oaeneaTOB 6 ají pa3pa8oiaH HO- 
Bbift U9TCA, HcnojitayBmuit oohobhhb nojioateHHa xepMOAHHaMHKB HeoCpaiaMHX npo- 
aeccoB. PaccuaxpHBaeica 3aiiKByTaa cacTeua ypaBHeHHü, BKa»aami(aa b cefixs 
nojiHHñ HaOop HeaaBHCEuux TepMOABHanaaecKHx napaneipoB, onacnBa»HHx paspyme- 
hhs CBCTeiiH) ypaBHeHHH paBHOBecHH h cobm6cthocth Ae$opuanaíti peojiora'iecKHe 
oooTHoajeHiis onepaiopoB Boxbieppa c ApoCso—OKcnoHeHPHajiBHUM aapon pexaKCaUHa; 
KpaTepaaabHne ypaBHeaaa pa3pymeHaa. flaa paoaeia AoaroBeaBoCTB peaabanx aae- 
M e m o B  HeoOxoAaao pa-cno Jiar&Ti 3KcnepaueaiaabHott HH$opMapHeñ o (fasaaecKon a 
xüMHHecKOM ooctohhhh MaiepHaaa, b EaoiHOCTH, HeoCxopüMo saaibi TeMnepaiypy 
AHCCHaaiHBHoro pa3orpeBa, peoaoraaecKae xapaxiepacTaKa naiepaaaa a $yBKnpa 
ax H3ueHeHaa bo Bpeneaa a 0 1 aefiOTBaa opean, HanpsxeHHoe cocToaaae cadena 
a KpaiaaeoKoe suaaeHae napaneipa, npaHaioro b KaaeciBe icpaTepaa pa3pymeBaa._ 

B KaaecTBe xpaiepaa pa3pyaeHaa HCnoak3yeTca OHepreiaaecxafi V-xpaiepaft 
AHOOHnaiaBHoro sana [4] , nooiyaapyDaaft oaeayioaee* pa3pymeHae caciean npoac- 
xoabt b tot noneBT, xoraa naoTHOOii oHepraa pa3pymeaaa aooiaraeT HexoiopoS 
xpaTaaecKoft bojihxhhh, aBaamqefica nocioaHHofl xapaKTepacTHKoft Maiepaaaa.

flaa oSuero cayaaa naxanaecxH aeiJiopMapyeaoro pe3KHOBoro »aeneaia noayae- 
b o  KpHTepaaabBoe ypaBHeHae Baaa

t*
A D Í "  S (6ik • ¿ ik - q + % ) d t ;  i , k . { l , 2 , 3 j ,

0

£-
KOTopoe nosBOJKxeT onpeA®jhtb Bpeicn t a o  pa3pymeHH« KOHicpeTHoñ xoHCTpyK-

BHH rrpH B3B6CTHHX yCJIOBHHX ero Ae$0piropoBaHBJI B GKCnepEMBHTaABHO EaáAeHHOÍt 
$kKOBCiaHie A U p .  3aecb q - naoTHOCTb xoaaa e c i B a  renaa, Bbweaaxueroca b oxpy- 

zasiQrx) opeayj %  - naoiaocib SBeprHH, noraomeBBofi pesaaoS b pe3yabTaie He-
aexaHHaecKoro B03AeftciBaa Baemaett opean Tana paaaanaoBHoro noioxat t  -

t* ilc
tea»op fleifopnaiíHat 6ik - *eH3op- BanpaaeBaSj A ü *  a j Ú^dt — KpaiaaeoKoe npa- 
paneras naoTBooia aHepraa pa3pymeaaa. 0

,Haa onpeaeaeHaa xoaroBenHocia saeneaiOB acnoabsoBaaca oíoOmeHHuií aaro- 
pjsin. Pac>5eT noaa HanpaxeHañ npa = conat a oicyiOTsaa naccoBux caa (ynpy- 
raa nooTaaoBaa) ooyqeciBaxaca no KBasaciaTBaecKBn ypasBeHaan Jlaue o cooTsei- 
CTBysounfa rp a H x a m o a  ycaosaaua

+ T  grad dir U* = 0,
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rae U - aessop nepeneaeHaSt >7 - KOBíjjqjauaeHT nyaccoaa.



flojiroBesHociŁ h HŁneamocTŁ... 93

Eh a h  noxyneHH BtipaxeHHÄ a a h  HanpHxeKHÄ 6X h noorpoeHu rpaijpHHec-
KHe 3BBHCHU0CTH HX paCIIpeAexeHHH no KOOpAHHaiaM A AH KOHKpeiHbDC KOHOTpyK- 
naä. IloJiy'ieHhi xaKxe BupaxeHHa a a h  ¡ÿyHKUHH AHCCHnaunn h  $yHKUKK KoopAHHax. 
OKOHHaieaBHoe Btipaxeme a x a  onpeAexesHa AoxroBeHHociH axacxoMepHux oxeiieH- 
loB npa CABure noayaeHO b BHae

G A V  N *
■AUp =   f 1 (*.y) - f2 (x,y,z) [exp(g N*) - lj ;

^ . , 1 ,,.02. ^ 02 . „02 O  s 02, .
i( ,y) 1 a \ *  ",2 ( * y z >»J*-1

f 2 (x ,y ,z )  = [cpos(a2x 2 + b2y2 + CjZ2 + a.,) +ofJlp (a2+b2 +o2 )J (2)

3AeoB c - lenAoeMKOoib naxepHaxa} p  - naoiHocibj os, a^, bg.Og* ag - nocxo- 
HHHŁJ0 } ^i1 = G q ; X* - KOAHHeoiBo hhkaob ao pa3pyxeHHAj A - aMnAHiyAa Ae- 
$opiiaiiBH.

% %
I l 0 A b 3 y H 0 b  B b t p a X e H H e k  ( 2 )  ,  n p H  H 3 B e C I H 0 Ö  A O A r O B e H H O O T H  K  HAH t  HOXHO

%BHHHCAHIb KpHIHHeCKOB 3HaH6HH6 BHSpTHH pa3pymeHHH A ü p  HAH HO H3Be0IH0fi 
BeXHHHHB A U *  HaftTH AOArOBBHHOOIb ABÖoß IOHKH peSHHOBOTO SAeiieHXa. ÄAH
caynaa ciaijHOHapHoro xenAOBoro noxona BHpaxeHHe (2) npaoöpeiaei bh a

AD * = N* I t (x ,y) .  a i .

9 -X n tT V ,>rHbh * Hlh 4. Hlb 1 
p  ( x - y - z ) L 7 f H T  +  5 m  +  5 T ï ï ^ h J

■j---------- £----------- rs-r* (5)
L  Hx¿ Hy Hiz 1

lbh L1 - YT5VÏÏ17  - bir+BJT ~ hl2+Hh]J

3Aeob b, 1, h - reoMexpHteoKHe pa3Mepn o6pa3na.
HCOABAOBHAaCb AOATOBeHHOCIb HaiypHKX p63HH0BUX SAeiieHIOB B pa3AHHHHX 

xoiKax iiaocHBa h noxyneHa xopomaa cxoAHMOOTb noxyneHHiix pe3yxbxaxoŁ o s k c - 
nepHueHXOH.

JÍAH cxyiax, KorAa peoAoranecKHe xapaKiepHciHKH MaiepHaxa h s m g h a d x c h  bo 
BpeMeHM BKonayaiaiiHH h ox aeßciBHA Baenmefl cpexu, Ötixo noxyneHO cxeAymnae 
BUpaxeHHB AAÄ. AOxrOBeHHOCTH
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t* t*
V(N*) = V Q - ^ N ;  ^ xdt = apj J(x,t)dt, (4)

rAe V Q - 3Ha>ieHHe KoocptpHUHeHTa AHCCHnaiuiii npa t = 0; ^  = 0,3.-10-10 - 
nooToaHHaa; a - BeaHHHHa noraoneHHoił ao3h Ha eAHHHHHUii noioK H3xyHeHHH}
J - HHTeHCHBHOCTb HOIOKa HSJiyHeHHH CpeAH.

Bhuia yciaHOBjieHa HHBapHaHiHocib AU^ oiHOCHTenbHO BejiHHHHH AetfopMauHH 
(h a k HanpaxeHH8) h leMnepaiypu AHccnnainBHoro caMopa3orpeBa. yciaHOBneHo, 
hto ao TeMnepaiyp ® < ® C®„_ - KpHTHłeoKaa leMnepaiypa) 3HaneHHe A U *Kp **jP P
mojcho □pHHZMaib iioctohhhhm a aah paccMaTpHBaeMoa pe3HHH, HanpHMep, paBHHH
A U *  = 1 , 2  1012

PaCCMOTpHM KOHKpeiHblii npHMep. {IyCIb Heo6xOAHMO onpe^ejIHTb AOArOBeHHOCTb 
pe3HHOMeiaxxHHecKoro sneweHia CABHra inna "cshabhh". BenHHHHH, BxoAHmne b 
ypaBHeHHe (4), HMejui cneayioąHe 3HaHeHHHS
SQ = 0,82 Mila} V0 = 0,16} = 0,30} U =  68 i/c} = 0,3 10-10}

S (x=0, y=0, z=0) « 40°C} = 0,15 B t/ m  K} 1 = 0,05 uj h = 0,0175}
b = 0,03 M} H = 40 I/m} Hx = 5240 1/m} AU* = 1,2 1012 ¿|} % =  0.

* 9 MB 3tom cnyiae noAyHHM N = 1,15-10 uhkaob, m o  yAOBneTBopHienbHO coBna-
AaeT C 3KCH6pHM6KT0M•

Pa3pa6oiaHHbifl MeiOA no3BOJWeT He t o a b k o  nporH03HpoBaTb AonroBeHHOCTB 
pe3h h o b h x  3jieMeHTOB r o p H m  BHÓpoManiHH o yneTOM AOdynHoii SKcnepHMeHiaABHoa 
HHlJlOpMaitHH, HO H OCymeCTBAHTB OnTHMaABHHA IIOASop (pH3HK0-MexaHH<teCKHX xapax- 
TepHCTHK pe3HHH AAH HOAyHeHHH H3AeAHa C 3aA,aHH0fl AOAroBeHHOCTBD.
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Phc. 1. CxeMH ropHŁcc BnOpamioHHHX liarnuK

1 - nHiaieJiH AJia BtinyoKa h AocTaBKH pyAN} 2 - ApoCnaKa; 3 - BepTBKaaŁHua 
KOHBeaep; 4 - flByxMaconnfl KoHBefiepj 5 - oflHonaccHHB KOHBeaepj 6 - KOHBeaep

o ycnoKaHBaJonHMH MaccauK
Rys. 1. Schematy górniczych maszyn wibracyjnych

1 - podajnik do transportu rudy, 2 - kruszarka, 3 - przenośnik pionowy,
4 - przenośnik dwumasowy, 5 - przenośnik jednomasowy, 6 - przenośnik z

masami tłumiącymi

/
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F b C .  2 .  OSUHii BHA pe3HHOBHX 9JISM6HT0B THOa "BBia-saeiieHTH"
mapHHpH (a) ̂  muiBnupii (6) t Ójiokh m n a  "c 3hjibh'im (b) ; sjteaeHTH co ojioaHott $op- 

Moft c b o 6o a b o 8 noBepxHocxB (r)
Rys. 2. Ogólny widok elementów gumowych

przeguby (a), walce (b), bloki płaskie (c), elementy o złożonym kształcie 
powierzchni zewnętrznej (d)

a. d.

Pac, 3. 3aBHCHM0CTb 8<JxIieKTHBH0r0 HOHy&ft OT nOBpeafleHHOCTB a)} E3ueB6HBe 
aMMHtysa KoaedaHHg BHÓpoKOHBeiiepa (0) npa finaie araoił aKcnayaiaaHH
Rys. 3. Zależność modułu Gg od stosunku P/Pkj) (®) * zmiana amplitudy 

drgań przenośnika wibracyjnego w czasie eksploatacji (b)
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TRWAŁOŚĆ I NIEZAWODNOŚĆ MASZYN WIBRACYJNYCH 
PRACUJĄCYCH W TRUDNYCH WARUNKACH GÓRNICTWA

S t r e s z c z e n i e
Artykuł rozważa problemy niezawodności i trwałości ciężkich zasilaczy 

wibracyjnych i przenośników wstrząsanych stosowanych do transportu rud i 
innych surowców z miejsca składowania, a pracujących w trudnych warunkach 
górniczych: pod wpływem dużych obciążeń udarowych i obciążeń zmiennych, 
wysokich i niskich temperatur, w korozyjnym środowisku zewnętrznym itd.

Zastosowano nowe materiały konstrukcyjne i wybrano optymalne parametry, 
aby podnieść trwałość i niezawodność tych maszyn. Nowo zastosowanym mate
riałem są nowe rodzaje gumy używane w częściach elastycznego zawieszenia 
i w warstwach ochronnych pracujących części. Zastosowanie gumy jako elemen 
tów przenoszących obciążenia w maszynach umożliwiło podniesienie ich wydaj 
ności kosztem intensyfikacji procesów produkcyjnych, podniesienie ich trwa 
łości 2-10 razy, a także zmniejszenie zużycia pracujących powierzchni, 
zmniejszenie wibracji i hałasu, zmniejszenie zużycia materiału 1,5-3 razy, 
czyli ogólnie podniesienie ich niezawodności i jakości.

Uogólniony algorytm obliczeń dynamicznej charakterystyki maszyn wibra
cyjnych uwzględniający zniszczenie poszczególnych elementów, a także meto
da obliczania trwałości i niezawodności bardziej obciążonych części maszyn 
pracujących w trudnych warunkach są omówione w artykule.

DURABILITY AND RELIABILITY OP HEAVY-DUTY VIBRATING 
MACHINES OPERATING UNDER EXTREME CONDITIONS OP MINING

S u m m a r y
Consideration is being given to the problems of reliability and durabi

lity of heavy-duty vibrating feeders and conveyers intended for the deli
very and supply of ore from the storage capacities, for conveying of dif
ferent mineral raw materials and operating under extreme conditions of mi
ning, i.e. under great long-term steady cyclic and impact loadings, high 
and low temperatures, corrosive effect of external medium and so on.

New structural materials have been used side by side with the selection 
of optimal block diagrams and parameters in order to raise the durability 
and reliability of such machines. Specifically, new structural materials 
are new sorts of rubber for the components of elastic suspension and the 
protective coatings of working parts. The use of rubber as the power com
ponents of machines allowed to raise their efficiency at the intensifi
cation of manufacturing processes, to raise their durability 2-10 times, 
to reduce the wearing of working surfaces, to reduce the vibration and 
the sound pressure, to reduce the metal capacity 1,5-3 times and, on the 
whole, to raise the reliability and the quality.
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The generalized algorithm of the calculation of dynamic characteristic 
of vibrating machines with regard for damage of separate components, the 
calculation method of durability and reliability of more loaded machine 
parts under extreme conditions of service are treated in the paper.


