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EBreHHft HBanoBaa EOrfiAHOB 
AHaxoaafi .HeMbflHOBHH BEPXOTYPOB 
AHaiojiHfi BacaAbebhb JKYKOB 
HpaHa AAexcaHApoBHa nOflHEPHHEBA
ÜHCiaxyx ropHoro sejia ABHH AH CCCP 
XadapoBcx, CCCP

CHCTEMHOE OBECHEMEHHE HAJIEXHOCTH TOPHOTPAHCnOPTHOrO 
OEOPyflOBAHHfl HA CTAÜ.HHX C03MHHH H SKCIUiyATAUHH

Pe3CMe. B AOKjia^e paccMOipeHH npodxeMH coBepmeHCiBOBaHHH xoHCipyx- 
THBHhDC H HajiexHOCTHLDC napaMeipOB ropHOlpaHCnopTHOrO OdopyAOBaHBH c 
ueflbB noBumeHxa 3<t4>exiHBH0Cia ero padoxu. JlAa sxoro paapadoiaHH: cac- 
TeMa cSopa ciaiacraHeCKoii BHipopMaUHH, cocxaBAeHH xAaccaiaxaxopu h 
ie3aypycH oixa30B h npocToeB MamaHj MexoAOAoraa nAaHapoBaHaa, opraHa- 
aauHH h npoBeAenaa noAaroHHHX h cxeHAOBiix acnuiaHaił Ha HaA&aHocib ho- 
bhx o6pa3uoB h noAcacxeM obopyAOBaHHH c HcnoabsoBaHHeM MaieMaxaaecxoft 
TeopHH sxcnepHMeHTa: npHHaxaa ranoxea, xoHiieimaa paHAOMasauaa a i.a.:
- nporpaMMHo-MaTeMaiaHecxoe odecneaeHae aBioMaia3apoBaHHoñ caciemi 

oSpaOoTxa cxaiacxaaecxoii onepaiHBHott a axcnepaueHiajiBHott HH$opua- 
UHH Ha fia3e EC 3BM,

- aaropaiM a nporpaioia 0HTaua3auaa Hopu pacxoAa a HOMeHXJiaiypu 3anac- 
hhx aacxeü,

- MOfleJIb CBCieMhI aBTOUaiH3HpOBaHHOrO XOHTpOJlfl pafiOTOCnOCOdHOCTB a 
noacxa HeacnpaBHOcxeft,

- Moaejib accjiexoBaHBH AOJiroBeaHocia a ycxaHOBAeHaa axoHOMaaecxa uejie- 
COOdpaSHbDC CpOKOB CAyXdH odopyAOBaHaa.
Ha ocHOBaHaa npoBeAeHHHX accAeAOBaHaii BUHBjieHU 3jteaeHTH noAcacxeM- 

jiKMaTapymiiBe HaAexnocib ropHoipaHcnopiHHX waniHH, a Taxjce npeAAOxeHH 
MeioflH noBbuneHaa ax AOAroBeaHocxa: sAexxpoacxpoBoe ynpoHHeHae, nAa3- 
weHHoe HanujieHae, MexoAH nopomxoBofl ueiajuiypraa. HcnoAb30BaHae 3THX 
ueTOAOB no3BcjiHjio B 2 - 3  pa3a ysexauaib cpox CAyxdH otacjibhhx dhicxpo- 
a3HainaBaBHHxCH AeTaaeM.

1. BBĘUEHHE

OTAeji ropHoro uaTepaaAOBeAeHaa a HaAexHocxa ropHHx MamaH HHCiaiyxa rop- 
Horo Aejia JIBHU AH CCCP Be^eT accjieAOBaHae b Asyx rjiaBHUx HanpaBaeHaax. Ilep- 
Boe cocxoai b paspadoxxe uexoAOAoraa cacxeuaoueAeBoro odecneaeHaa hsiasjchoc- 
th ropHoro a odoraxaxeabHoro odopyAOBaaaa Ha cxaAaax ero npoexxapoBaHaa, 
asroxoBAeHaa a sxcuAyaxaaaa, a xaxxe nporpauMHo-uaxeuaxaaecxoro odecneaeHaa
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ACy oöpaöoiKH HHiJjopMaUHH u ajiropHTMaM oniHMK3aiiHH pacxoAa h HOMeHKJiaTypu 3a- 

nacHHx Haciefl b npoaeoce pesioHTHoro o6cAyxnBaHHH. Biopoe HanpaBAeHHe coctoht 
b co3AaHHü MeTosaMH nopomKOBoä MeiajiJiypraa BucoKonpoaHHx h3hococto8khx no- 
Kphiiaa u paapaÖOTKe aíxfeKTiiBHioc TexHOAorHä h x HaHeceHHH Ha paöoHHe noBepx- 
HOCTH ^eiajteä. 06a HanpaBjieHHH HMeET 00060 BaxHoe 3HaneHHe äah ropHOAOÖhiBa- 
»njeft npoMHDuieHBocTH JlajibHesocTOHHoro peraoHa, rAe ropHoe h oöoraiHiejibHoe 
o6opyAOBaHne noABepxeHO 00060 CHjibHOMy bo3A6ííctbíuí npHpoAHo-KAHMaiHiecKux 
$aKTopoB h paöoTaeT b 00060 THxejitcc ropHoreojiornHSOKHX ycAOBHHx. Haxe H3Jia- 
ra»Toa HeKoiopne pe3yjiBTaiH HCcaeAOBaHHä no oÖenM HanpaBjieHHHM.

2. METOAOJIOrHH CHCTEMHO-UEJIEBOrO OBECIQMEUHH HAÄEKHOCTH 
H IIPOrPAMMHO-MATEMATOTECKOrO o e e c h e h e h h h Acy 
PEIJOHTHMM OECJiyKHBAHHEM

B ÜHCTHTyie pa3paöoiaHa MexoAOAorHH OHOieMHO-nexeBoro oÔecneaeHHH HaAex- 
HOOTH rOpHOÜ TexHHKH, BbinoJIHOH pflÄ TeopeiHieCKHX H 3K0nepHMeHTajIbHHX HOCJie- 
AOBaHHä. CoAepxaHae m o t o a o a o t h h  CHCTeMHo-ueaeBoro oÖeoneaeHHH HaAexHocTH 
noKa3aHO Ha puc. 1. B cipyKTypHOM coAepxaHHH m s t o a o a o t h h  BMAejieHH CAeAy»¡HHe
3Tanu:

- onpeAeAHie.ibHue HcoxeAOBaHHH HaAexHociH ropHoipaHcnopTHoro o6opyAOBaHHH
(CHCTeMaTH3aHHH $aKTOpOB H B03AeítCTBHÜ, ÜH3JIK3 npHHHH HH3K0Ü HaAeXHOCTH H
I.A.)?

- onpeAexeHHe (JjyHKUHOHajibHtix noACHCieu ÖaHKa AaHHux (onpeAeAeHae MaieMaiH- 
HecKHx MOAeaeä, ypoBH« HaAexHocTH h i.n.);

- pa3pa6oTKa npaKinnecKHX peKOMeiiAaiiHit no noBHœeHHB HaAexHocTH h coBepmeH- 
CTBOBaHHB KOHCTpyKIIHÍt Ha CTaA'HHX npoeKTHpOBaHHH H H3roT0BAeHHH (CHOieM 
aBTOMalH3HpOBaHHorO KOHipOJIH pa6 0T0Cn0C0 6H0CTH, M6TOAOB AHarHOCTHpOBaHHH 
HOpM HaAeXHOOTH} njiaHOB H nporpaMM AaÔOpaTOpHHX H nojIHTOHHHX HCnHiaiHHä, 
BHeOHHe AOnOAHeHHH H H3MeHeHHÍi B TeXHHHeCKy» H npOeKIHO-KOHCTpyKTOpOKyE
A O K y M e m a H H »  h t.a.);

- oueHKa h KOHTpoAb «anecisa BunycnaeMOił npoAyKUHH (m c t o a h  h cpeACTBa);
- ajnopHTMu h nporpaiiiibi onTHMH3auHH 3kcnjiyaiannohhux napaMeipoB ropnoTpaHC- 

nopTHUX MaOHH H np0H3B0ACTB6HH0—TeXHHHeCKHX OHOTeMj
- TeXHHK0-3K0H0MHHeCK0e OÖOCHOBaHHe OÖAaCTH npHMeiieHHH MamHH H yCTaHOBOK B 

HOpMaAbHOM, CeBepHOM, B3pNB06e30naCH0M H ApyrOM HOnOAHeHHH.

Ha pac » 2  npHBeAeHa cipyKiypaaH oxeMa opraHHSaiuui HH$opMaiwoHHoro oöec- 
neneH) fl h c c AeAoßaHHH HaAexHocTH ropnoTpaHonopTHoro oÖopyAOBaHHH c acnojib- 
30BaHH6U AAH CHCT6MaiH3aUHH H OÖpaÖOTKH AaHHUX OBM. B CXeMe OCHOBHOe BKHMa- 
11H6 yAeAeHo m o t o a h k o cöopa h OÖpaÖOTKH HHipopuauHH Ha ÜBM, opraHH3aiWH 060- 
pa, naaHaM h nporpaMMaM Haöa k a s h h A , oöpaöoiKe nepBHHHHx AaHHNx nocpeACTBOM 
Te3aypycoB h KAaccHijHKaTopoB oiKa30B, cnocoöaii 3aKepa pexiiMOB paöoiti o6opy- 
AOBaHHH, (pOpMaTHpOBaHKJO H H lfO p M a U H O liH h IX  MSCCHBOB A a H H b lX  B  COOTBeiCTBHH C OT- 
AHHHieAbHHMH npH3HaKaMH, C03AaHHM aATOplITMOB H nporpaMM A AH pemeHHH aaAaq
Ha 9BM.
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H H i io p M a i i a a ,  n p e f lC T a B j i e H H a a  H a  c i p y a i y p H H X  c x e i i a x  p a c .  1 h  2 ,  o n p e A e a a e i  

K O M n jie K C  i  o C H O B H tJX  n o  H a m e M y  M H e H H » ,  B o n p o c o B ,  K o i o p u e  a o a x h h  p a c o u a T p H -  

s a i b C H  n p a  p e a a a 3 a u a a  n p o r p a M u u  c a c i e M H O - u e a e B o r o  o ô e c n e a e H B «  H a A e x H o c T a  

r o p H O T p a H o n o p T H o r o  o Ö o p y A O B a H a a  b n p o u e c c e  e r o  a s r o x o B a e H H H  h  s K c n a y a i a n a a  

B  p e r a o H a j i b H u x  y c a o B a a x  C e B e p a  u  Ä a j i t H e r o  B o o T O K a .  C x e a y e i  c p a 3 y  x e  o m e -  

i H i b ,  a i o  K  H a c T O H m e i iy  M O M e H x y  A a a e a o  H e  B e e t  K p y r  3 a A a a t p a c c M O ip e H H H x  H a  

p a c .  1 ,  p e m e H  H a  T p e ö y e a o u  T e o p e i a a e c K O M  h  n p a j c i a a e c K o M  y p o B H e ,  t . k .  H a  

p a H H H X  3 T a n a x  a c c x e A O B a H a a  n e p e A  a B i o p a u a  A o a x a A a  c i a B a x a c b  3 a A a a a  a 3 y a e -  

HHH H a A e X H O C T H  H e  T O X b K O  r o p H U X  M aiflHH , HO B B B  a C T H O C T H ,  K p a H O B H X  K O H O T p y K -  

u a ß ,  h  n p o r p a M M a  a c c x e A O B a H a ß  o n p e A e x a x a c b  n p a  s t o m  o i p a c a e B U M a  n o ip e Ö H o c -  

T H H H . I Io o T O M y  a a c T b  p a a p a ß o i a H H O ß  M e T O A o a o r a a  p e a a H 3 0 B a H a  n p a  a c c a e A O B a H a a  

H a A e a c H o c T a  a 3 A e x a ß  n o A b e M H o - ip a H c n o p iH o r o  M a m a H o c ip o e H a a  a r o p H O T p a H c n o p i-  

H o r o  o Ö o p y A O B ä H H H  H a  y r o x b H t o c  n p e A n p a a i a H x  A a x b H e r o  B o c T o a a .  I I o x H o c T b B  B e o b  

K O M n a e K O  3 a A a a  n o  c a c T e u H o - n e x e B O M y  o ß e c n e a e H a »  H a A e x H o c  t h  r o p H O T p a H o n o p i-  

H o r o  O Ö o p y A O B ä H H H  B K ju o a e H  b A o a r o c p o B H i i e  n p o r p a M M H  H H P  ( a o  2 0 0 0  r.) O T A e a a  

r o p H o r o  u a T e p a a A O B e A S H H H  a  H a A e x H o c i a  r o p H u x  M am HH H H O T a i y i a  r o p H o r o  A e a a  

Ä B H U  A H  CCCP.
Xoiexocb 6h  HecKOAbKo noApoÖHee oiMeiaib Te Bonpoon, aoioptie yxe noayaa- 

aa onpeaeaeHHyB 3aBepineHH0CTb. Pa3pa6oiaHa oacieMa cöopa, HaKonaeHaa a ne- 
peAaaa HHifopManaa b BU npoa3BOAOTBeHHnx oCibeABHeHafi oö 3KonayaTapaoHHHx na- 
paMexpax a HaAexHocTa ropHOTpaHonopTHoro oÖopyAOBaHa«.

OnpeAeaeHH caeAyioAae ocHoBHHe saaaaa npa cöope a nocaexyiiineß oöpaÖOTKe 
aHÍopManaaî
- pacaei napaMeipoB HaAexHocia OTAeabHHx noAcaoieM a oÖopyAOBaHaa b peaoMj
- yciaHOBxeHae CTaiacTaaecKax 3aKOHOMepHocieß noioKOB, oiKa30B a BocciaHO- 

Baeraß, a Taaxe 3aaoHOB pacnpeAeaeHHH pecypooBj
- BhiHBaeHae saeueKioB a3Aeaaa, aaMaiapyanax ero HaAexHocibj
- BHHBaeHae xapaKTepa a npaaaH noBpexAeaaß}
- HaKonaeHae CBeaeHafl, HeofixoAaMux aah ooBepmeHCTBOBaHaa oaoieMH naaHOBo- 

npeAynpeAHieabHUx peMOHTOB, lexHHaecKoro oßcayxaBaHHH a yciaHOBxeHae on- 

TBMaabHto. HopM pacxoAa 3anaoHHx aacießj

- BhiHBaeHae ocoÖeHHOOTeß BKcnayaiaaaa lexHaaa, Baanonax Ha HaAexHocibj
- opraHH3aAHH ueHTpaaa30BaHHofi o6pa6oiKa aHitopaanaa o HaAexHocia a3Aeaaß 

ropHoro MamHHoCTopeHHH b oTpacaeBHx HH$opMai;HOHHO-BhPiH6aHTeabHiix ueHipax

a HBU npoH3BOACTBeHHHx oÖbeAaHeHHß c i;exbK) ycxstHOBaeHaa 3$$eKiaBHoß o6pai- 
Hofi CBH3B aexay pa3pa6oTHHKaMH, a3roTOBHTeaHMH a noipeÖaTeaaMH a3Aeaaß.

lipa onpeAeaeHHH MHHauaabHoro aacaa oöbeKioB HaÖa»AeHafi acnoab30Bąaacb 
napaMeipaaeoKae -a HenapaMeTpaaecKae ueioĄu.

Ouehxa HaAexHocTa ropHOTpaHonopTHoro oÖopyAOBäHHH npoa3BOAaaacb c noaombio 

pa3AHHHbtx saeaeHTOB napaMeTpaaeoxofl HH<J)opMaitaa 06 oiicasax oiAeabHboc oae- 
MeHTOB. Hcnoab30Baaaob caeAyonae acToaHana noayaemia aâ opManaas peaoHTHaa 

a TexHaaecKiLH AOKyMeHTauaa, nacnopia aaa (fopMyaapH a3Aeaaß; pe3yabTaibi naob- 

MeHHHx a yoTHbix onpocoB o6oayxHBaa>nero nepcoHaxaj oTaeiu no pe3yabiaiau 

oöcaeAOBaHaa aeci sKcnayaTanaa oôopyAOBaHaa; xpoHOMBTpaxHue Ha6a»AeHBH, xyp-
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HajiH TezHHqecKoro odCAyxHBaHHH, CyxrajiTepcKaa h HopMaiHBHaa AOKyMeHTaxxHa; 
oiieiu no OTeiwoBHM, nonHroHHHM HcnHiaHHHM Ha HaAexHocTb h AoxroBeHHooTb ot- 
AeAbHHX 3JieMeHTOB H KOHGTpyKXJ.HH B LjejIOM.

B ixejiax ycKopeHHh neHipanH30BaHH08 odpadoTKH doAbnuix odteMOB cTainoTHHec- 
Ko8 HH$OpMaiÍHH, nOBUHeHHH TOHHOCTH H AOCTOBepHOCTH peSynbiaiOB, HCXOAHHe 
AéiHHbie npefloiaBAHJiHOb b b h a 6, yAo5HOM AJIH odpadoTKH Ha 3BM. npHHHTaa noojie- 
AOBaiejibHOOTb odpadoTKH CHCieMaiHHecKoa HH$opMaiyiH npeACTaBJieHa Ha pno. 3 .

3a HHGJioBoe 3Há«eHHe noKa3aiejifl HaAexHociH npHHHManacb ToieHHaH oneHxa 
hjih AOBepHTejibHue rpaHHmi HHTepBana, > Koiopn8 c 3aAaHHo8 AOBepHienbHo8 Be- 
poHTHOCTbX) noKpuBae^ hcthhhob 3HaHeHne noKaaaieneS. lipa stoh HCnoab30Baica 
Me toa uaKCHuaAbHoro npaBAonoAodHH b saBHCHUocTH ot njiana Haó a»ashh8 b ycjio- 
bhhx sKcnAyaiaUHH.

AaH npHHHTHX B HCCAeAOBaHHHX IlAaHOB HadADAeHHS TOHeHHiie OHeHKH H0Ka3aTe- 
Ae8 HaAexHooiH onpeAenHAHCb b oooTBeiCTBHH o TOCT 27503-81 cae Ay bujhm odpa- 
30us a ah aaKOHOB paonpeAeAeHHH SKCnoHeHiíHaAbHoro h BeSdyaAa - MeTOAOM Ma- 
KCHuaAbHoro npaBAonoAofiHHj, aah Apyrax 3aK0H0B pacnpeAeaeHHH - motoaom 
MOMeHTOB, KBaHTHAe8 H T.H.

CTaiHCTHHecKaH odpadoTKa HHijpopManHH h HaAexHociH h3Abah8 ropHoipaHcnopi- 
Horo oOopyAOBaHHH npoH3BOAHJiace Ha EC 3BM c noMoujbio aAropHTMHiecKoro nsiuca 
(60PTPAH. Pa3pafioTaHHHe dnoK-cxeMH h nporpaMMH CTaiHCTH'tecKoa odpadoTKH hh- 
(fopMaiXHH H03B0AHBT Ha ocHOBe noayHeHHHX napaMeipoB OMHHpxmeGKoro paonpeAe
AeHHH onpeAeAHib napaMeipu TeopeTHHecKoro paonpeAeAeHHH oo OAeAyxiHHMH ra- 
noTe3aMH o BHAe paonpeAeAeHHH: SKcnoHeHiiHanbHoro, Beadyana, HopMaabHoro, 
AorapHifMH'ieoKH-HopMajibHoro, raMMa-paonpeAeAeHHH, Penen, 3pnanra, MaKOBeAAa.

OAHHM H3 OyueOTBeHHHX nyie8 nOBHXIieHHH 3$(j)eKTHBH0CTH HCnOAbSOBaHHH h  na- 
AeiHOOTH ropHoipaHonopiHoro odopyAOBaHHH HBnaeTCH CBoeBpeueHHoe odecnene- 
HHe HX aanan-HMMH HaCTKMH. PaOHeT 3anaOHOTO KOMHJieKTa 3A6MeHT0B npOH3BOAHTOH 
Ha OOHOBe OTaTHOTHHeOKOS HH$OpMa.UHH O HaAeXHOCTH 3AeveHT0B MamHH. B TeopHH 
HaAexHooiH HSBeoTeH Me t o a  paoieia 3anaoHoro KoMnAeKia, 00H0BaHHu8 Ha odec- 
neneHHH 3aAaHHo8 BepoHTHOCTH loro, h t o  h h c a o  3anacHHx saeMeHTOB dyAei He 
MeHbme nacaa oiKaaoB.

rae:
N 2 (t2 ) H T.A. - HHCAO HpOH3BeAeHHUX 3aM6H hah (to xe caMoe~) 

hhoao 3anaoHHx 3AeMeHTOB onpeAeneHBoro THna;
Ot - BepOHTHOCTb deonepedoSHOTO íyHKIÍHOHHpOBaHHH 

CHCleMH.
Jxjul nyaoooHOBCKoro paonpeAeAeHHH HapadoiKH 3AeueHT0B , Kotopoe HMeeT Mec

ió b TexHHHecKHX yoTpo8oiBaxf npa cyMMHpoBaHHH OAeMeHiapHux noioKOB Hapado- 
TOK O pa3 AHHHHMH pa0npeAeA6HHHMH, T.e. KOTAa B MajEHHe HHCAO OAHOHMeHHHX Ae- 
taAeS 2p > 1 , 3ia BepoHTHOCTb HMeeT bhas

+ ... + N n (tn)j «  oc
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j*nl nj¡
P i (ni) = “ IT exP(-nop). 3 = 0 ;1;2{...;ni

3 = 0

w i

ncp * Zi V Tp.op.J'
tj - Hapa6 oTKa n3AeanH, Ha KoxopyB paccnuibiBaeiCH KOMnjieKT 5

r-T, 1 - Pe°yp° j-00 Aeiaanjp.tp.j
Z í —  nacao oAHOTHnHHHmc Aexaaefi b i-ofl noAcacieMe.
Haioi paapaOoxaHa MeioAHKa pacnexa 3anacHHX HacieB, npa KoiopoB pacaei 

KOJiH'teoiBa sanacHux nacieS npon3BOAnicfl Ha oCHOBe AaHHiix o pexHMe paCoiu 
ropHoipaHcnopTHoro oCopyAOBaHHH, a HapaSoxica oaeíieHioB h  h x  BoccxaHaBAH- 
BaeMooiH c npHMeHBHHeM MexoAOB xeopHH BepoHTHooiefl h  MaieiiaTH'ieoKofl cxa- 
THCIHKH. CieneHb CAOXHOCIH paeieiOB 3aBHCHT OT ipefiyeMOfl IOHHOCIH KOHeH- 
h h x  pe3yjiBTaT0B h HMeBnerooa oOteiia KoxH’ieciBeHHHX noKa3axeaefi HaAexHociH.

Pacnex KOJiHyeoiBa 3anacHHx nacxe8, y Koxopux noKa3aiejiH HapaOoiKH h m o b x  
AHCicpeiHyB $opMy, peicoMeHAyeicH npon3BOAHib no ifopMyae:

N 3 ,,,. = Tr . m/I(<t + 1^, mx/roA,

rae:
Tr - ManiHHHoe BpeMH pa6oxn oOopyAOBaHH« b t o a , h ; 
m - HHCAO OAHOHMeHHHX 3A6M0HX0B Ha MaffiHHe}
í - HapaOoiKa Ha 0Tica3 AaHHoro sjieueHTa, hj npnHHMaeica h 3 HopMaTHB—

HO-TexHHHeoKoB AOKyMeHiaHHH hjih onpeAeaaeiCH no cxaiHCiH'iecKofi h h - 
$opManHH ;

1 - hhcjio BoooiaHOBneHHfl saeMenxa b toa.

Pacnex KoaaneciBa 3ana0Hux naoieB, axh Koxopux noica3aTean HapaCotkh mo- 
ryT Shtb 3aAaHH b bhas (pyHKnHOHaabHux 3aBH0HM00iefl, npoH3B0Anxca no cxeay»- 
neB HexoAHKei

Ecjih HapaOoxxa Ha oxKa3 nueex SKcnoHeHHHaabHoe pacnpeAeaeHiie p(x) =
* 1 - exp(-^x), 1 0 corxacHO peKoueHAanHHH POCT 2V.503-81 h TOCT 27.502-83
l ó c e n m e  oneHKH napauexpa nueiox b h as

Aaa naana npoBeAeHHh  na6a b a  a h h B [n ,R ,t] :

& «í /NT

TAS
•i - HHOAO OIKaaOB 3ABM6HXa 3a BpeMH HafiABAeHHfl} T >= Tr - MamHHHOe BpeM« 

paBoxH oOopyAOBaHHH 3a roAt ij
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A jih njiaHa npoBeaeHHH HaÔanaeHHfl

5. .fj..- 1/n  .

rae
- HapaÔoïKa saeiieHTa ao nojiyqems 'Łj 0TKa30B.

Hapaöoixa Ha ot Kas saetieHia npH sKonoHeHuaaabHOM pacnpeaeaeHHii

t * - i  ln(1 - P) 

rae P - BepoHTHocTb 0TKa3a saeueHTa 3a roa:

P a 1 - exp(- ÄTr )

HapaÖOTKa Ha oiKa3 ï b $opiiyae aaa pacneia xoaHHecxBa 3anaoHüx HacTefl: 

tQ - aHCKpeiHLiB napaMeip (R K0Ä = ~ I®);

_ 1  ln(l-P) ; 9,aï/N.T;(RKoÂ = «),

* = t T - 1/N . (Rkoa » I»),

rae
R - napaaeip, onpeaeasDUHft paoHeiHy», $opnyay b 3aBHCHU0CXH ot Bnaa Koa _B H & »
H3-3a orpaHHHBHHOCTH oöbeua oiaibH, He npeacTaBaneTCH bo3uoxhhm noapoö- 

HO onHcaTb BHnoaHeHHHe Haun paapaÖoTKH b oÖaacTH HaaexHOCTH pa3xhhhhx BHaoB 
oÖopyaoBaHHH. XoTeaocb 6h ToabKo noanepKHyib, hto pa3paÖ0TaHHaa Moaeab pao- 
neia BKOHouHHecKH Heaeooo6pa3Ho8 aoaroBeHHOCTH paöoiu ropHOTpaHonopTHoro 
oöopyaoBaHHH peaaasoBaHa Ha asyx ypoBHHX.
- o yneioM napaneipoB HaaexHOCTH oiaeabHHX noacHOieii, hhtbhchbhocth sxcnaya- 

Tannn , aHHaMHKH $H3HH6CK0r0 HSHOCa H O HpHMSHeHHeM TpaaHUHOHHHX UeTOaOB 
pexoHTa h TexHHaeoKoro oÖcayxHBaHHH;

- Biopoä ypoBeHb o yaeioM BumeyxasaHHUx ÿaxiopoB h c npHiieBeHHeii oospeiieH- 
Hhcc TexHoaoraft ynponBeHHx u BoccxaHOBaeHHH aeiaaeä h hx saeueHioB.

3. C03MHHE IIOKPHIHË n0BiflHEHH02 ĄB,rE3H0HH0H H K0rE3H0HH0H CTOÍÍKOCTH

BajcHeñBHM cnocoÖOM ynpoHHeHHH ropHHX łiamnH, a Tax xe oÖoraTHxeabHoro 
oöopyaoBaHHHi noasepxeHHoro HHieHCHBHOuy raApoaOpaaHBHouy BosaeflOTBHD, 
HBaxexox HaxeoeHxe Ha h x  h o b s p x h o o t h  h s h o c o c t o Kk k x  h  b u c o k o h p o h h u x  xoxpu- 
th8. Hxxe HsaaraDTCH Hexoiopue pesyabiaxH axonepHMeHiaabHux paöoi b oöaaoiH



CaoieiíHoe oöecneaeHae HaAexHocxa. 2Z

noxpmaä, npoBoAHBmaxcH nocxeAHee Bpeiia b Hacxaiyie ropHoro Aeaa ÄBHU AH 
CCC?.

AnajiH3 paCoTH CuoipoasHaiaHBaxiAaxca AexajieS ropaoro oöopyxoBaHaa noxa3aji, 
aio ocHOBHHMH Tpe6oBaHHHMa, npeAMBaaeMUMH k hx noBepxHOCTHM, hbahbick bh- 
coKaH TBepAociB, H3HooooToäKocTi>, npoaHocxb cnenAeaaa Maxepaaxa n o a p m a a  
a ocHOBH. B io xe Bpeua MexoAH HaaeceHaa noxpm a ä ,  acnoxb3yeMne í m  noBume- 
aaa HaAeiHOOTB a AoxroBeiHociH ropHUx uamaH b ycxoBBJix AaxbHeBocxoBHoro pe- 

raoHa, aoaxhu yAOBAeiBopaib cxeAyxauaM yoAOBaaijt npocxoxa a BoaiioxHocib ocy- 
¡necTBJieHaa npouecca He xoabxo ynpo'JHeHaa, ho h BoccxaHoBAeHBH, bncok&h 
SKOHOMHHeCKaH 3<}>$eKIHBH0CIb npOIíeCOOB B yCJIOBBHX BHAHBBAyajIbHOrO B MejIKO- 
oepaÜHoro npoa3BOACiBa.

B CBÄ3B C 3IBM BCnojIb30BajIBCb MeiOAH SAeXlpOBCXpOBOrO AerapOBaHBH, 3XeX- 
TpoAyroBoü HanjiaBKH, aaexxpomxaxoBoä HanaaBxa a iuia3iieHHoro HanHAeHaa, no3- 
BOAHBnae ynpoHHSTb a BoccTanaBjiHBaTb npaxiaaecxa bob BUKBxeHHyn HoaeHxjiaTy- 
py 6HCTpoH3HamKBax)maxcít Aeiajieä. B KaaeoiBe uaTepaajia n o x p m a a  aonojiL30Ea- 
aacb xyronxasxae coeAHHeHKH, xaöo xexe30HaxeAeBbie cnaaBu o xyronxaBKaaa a o -  

CaBKaMH.
r.iaBHaa aaAaaa 003AaHHH n o x p m a ä  aah Aeiaaeä ropHux MamaH - 3to pa3paÖ0T- 

xa n o x p m a ä  noBbimeHHoä aAre3B0HHoä a xoreaaoHHOä cxoäxocxa. OHa peæajiacb no 
AByM HânpaBjieHBHM - pa3pa6oxxa ko lux xoMno3anao¡íHHx MaxepaajioB p,jx n o x p m a ä  
a cosAaHae oniniiaAbHoä cxpyxxypa noxpm a ä .  iÎ3yaaJiocb BjiasHHe oniHManbHoä 
cipyxiypn n o x p m a a  Ha ero aaHococxoäxocib, npoHHOcib cnenjieHaa o ochobo8 a 
cnenjieane b ycjioBaax HHTeHCHBHoro H3HainaBaHHH a B03AeäcxBaa Mexaaaaecxax aa- 
rpy3ox Ha Maxepaax Aexa.ia.

BjiaaHae MaxporeoMexpaa n o x p m a a  Ha ero a3Hococxoäxocib yciaHOBAeaa Ha oo- 
HOBe aHaAH3a aAre3B0BH0ä a xore3aoHHoä npoiHocxa no MexoAaxe, paspaÖoxaHHoä 
B HHOXHxyxe npoCxeM npoHHoexa AH yCCP. CyueciByex xoppe jianoaHHaa cbh3b uex- 
Ay HanpaxeHHHMH, B0 3Haxax)mauH b cnAomHou n o x p m a a  b nponecce HaaeceHaa, a 
ero lomisHHoä. ílpa onpeAeaeHHOä Kpaxaaecxoä lojixnaHe n o x p m a a  BHyipeHHae aanpa- 
xeHHH HaCTOAbxo CHKxaBX npoHHoexb cuenjienaa n o x p m a a  c ooHOBoä, axo uoxex 
npoH3o8xa oaMooiCAoeHae.

Hcxoaa h 3 $axxorpa$HaecKoro BccaeAOBaHax noaepxHocia cnjioaiHoro xpynxoro 
noxpmaa noojie B03AeâciBaa Ha ocHOBy HanpaxeHaä, npeBmnaioAHx npeAe.i npoHHoc- 
TH ee Maiepaąjia, a aaaAB3a AeíopManaoHHoro oooxohhhh yoiaHOBAean oCHOBaae 
ycjioBHÄ xoHOipyapoBaHaa ynpoaHHæmero noxpmaa o onxaMaxbHoä xore3aoHHoä a 
aAresaoHHoił npoaHooibB a a h Aeiaxeä, paöoiauoüjax b ycAosaax MexaHaaeoxax Ha~ 
rpyaox:
1) n o x p m a e  aoaxho Öhib "ooxpobxobum" c nxaBao oaepxeHHoä $opMo8;
2) pa3Mep "ocrxpoBxoBoro" noxpaiaa Aoxoxea BbinoAaaiboa h c x o a h  h 3 xpaiaaeoxoro

pa3nepa "a":

a s ln 10/K; K * Í2tL(1/EnFn + 2/FqEo) ,
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rae
a
t
L

- BHpHHa OOTpOBKa;
- mapHHa noxpiiiHH;
- K03$$HimeHT ;

F q , - nonepeHHoe ceneHHe o c h o b u  h i i o k p h i h h;
E 0 , E n - MoayaH ynpyrocin ochobh h iiokphxhh■

B 3To m  acnexxe npeacxaBAHex HHTepeo HanpaBjieHHe KOHCipyHpoBaHHH Hecnaom- 
HUX OClpOBKOBHX H3HOCOCIOÖKHX IIOKpbllHft, COHeiaBIHHX IIAaCIHUeCKyB OCHOBy H 
BhiooKonpoHHue iBepaue ocxpoBKOBue BKABHeHHH.

TaKue noKpuiHH co3aaBaaHCb npa 3aeKipoHCKpoBOM jierapoBaHM aaBMHHHeBux 
cnaaBOB AJI-25, AK4M o saeKipoaHUMH uaiepaaaaMH Ha ocHOBe iiean o xyronaaBKHMH 
COeAHHeHHHMH HaHOCHAHCb "oCTpOBKH" CO CpeAHHM marOM 2-3 MM, BHCOTO0 0 ,5-1 MM. 
S a h  yMeHbmeHHH mepoxoBaxociH, npzaaHHH i o h h u x  reoMexpHHecKHx pa3MepoB h a a h  
noBmueHHA ü a o i h o c i h  h  XBepaociH n o K p m H H  npoBOAHAH "BKaibiBaHHe" o d p o B K a  b 
noBepxHociHHe o a o h  aaioMHHHeb m x  cnaaBOB xan, h i o  Bhicoxa "ooipoBKOB" yMeHbUH- 
Aacb ox 0,3 ao 0,5 mm.

npeaBapHxeAbHue aaÖopaxopHbie h  npoH3BoaoiBeHHue HcnhiiaHHH aaBMHHHeBux 
nopnmeä noKa3aAH BŁicoicy» aare3HOHHy» h Kore3HOHHyc npoHHoexb noicpbiiHß, no3Bo- 
AHiomHX yBeaHMHib cpoK cayjcöu aexaaeß b 2-3 pa3a.

3xa npoßaeMa npHoßpeiaex ocoßoe 3HaneHHe a a h  ropHoß npoMuraaeHHoexH CeBe- 
po-BocxoKa CCCP, rae raaBHOß ropHoaoßuBaioniefl MamHHoß h b a h b i c h  6yabao3epH Ha 
6a3e aH3eabHax xpamopoB b h c o k o 0 eaHHHHHofl m o h h o c i h j  cneiiHaabHyB npoßaeMy 
npeacxaBAHex coßoß 3aaaaa KanaxaabHoro peMOHia anaeaeft, b i o m  HHcae h x  nopm- 
HBBoß rpynnH.

TaKHM oöpa30M, "ocxpoBKOBHe" noKptiiHH Moryx ycnemHO npHMeHHibCH aa h  ynpo- 
HHeHHH aABMHHHeBhix HOpiUHeß C HeAbB HO BbldeHHH HX H3HOCOCIO0KOCIH . TaKOrO pO- 
aa HOKpHiHH ueaecoo6pa3HO Hcnoab30Baib h  a a h  ynpoHHeHHH apyrax MaxepHaaoB 
c nocaeayioaeä oöpaßoiKoß aernpoBaHHoß noBepxHociH. B 3x o m  cayaae B03MoxHa 
oßpaßoiKa noBepxHociH pe3aHHeM, naaciHHecKHM ae$opMHpoBaHHeM, 3anoaneHHeM 
yrayÖaeHHH Mexay "ocxpoBKaMH" aerKonaaBKHMH MaiepnaaaMH h a h  rpaiiHiou, a 
xanate apyrHMH MexoaaMH ynpoHHeHHH (naa3MeHHUM HannaeHHeM, ocaxaeHHeM H3 ra- 
3OBO0 $a3H H ap.) •

Recenzent: Prof. dr inż. Włodziemierz SIKORA

Wpłynęło do Redakcji: luty 1986 r.
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CHCieMHoe o6ecne^eHHe Hâ eacHGCTia ...______________________________________Bj_

O  Ci V ,
x

X
p o
o >o

xr CD
CD o.
o , V
V O
o

x
x

co
c o r ? o *
r * Q O
o o VVI o
O  co

jr X
X  " X  X
X  X X X
U  X co Xo rr CO CDx CT. 5
° , ' X PctP co O
O  o p*. p
P - D 0 * X0 X o  x

1--X
co

0  PX Ote
O • P
0  x
rr s  s: 
x  rr 
e t©  X
O  CO P
E-< co Q*

¿
>> I •
0 *0  S
p  © p  
o  o  o  

e t o  
x  o  x  
CO ^  K  
© O  G> <D O  et‘»ser 
o  x  
o  co

se*g

I
1 o
i:l*xo *0►' ł<o
L2 ~o  

§  Pv
cc e  
r t O

S 5 
Lr £ x <r̂ 'X U[ • 
O*C0 UiO s • 
E  P
^ p* P i X  Xo t; 

fcc >>ra
D S t

a© X
x  x
X ©
CT. ©  O  •
r t O  CO K

O  0  X
t< O «  X
¿1 P i P  CO
X  P ', o  w
p' cc o
X  co ®  ęt
©  0 O
P * P  p yp^
0 o  o
n  s E-V-‘

o CO O
co on
X  p s  ©
p  O ► * 0
O r i S O
VI 0 O  P
co q * o  o
P/O  CO o

V> O  K O
X) E K  E

I I
X  P  O O X
x  o  s  
r r o  it co x  >; « © u* ^
C  X  0o« Lr 
I I S  
X  X  p’ 

co X  
G) r t ^
X  P
X  ca o  
co o
CE CU o  X
o  x  r. 
0 * 0  X  co 
X  O  X  K  
P  CC- © CO 
0  S  P  X

2 * J « P S

P £ 2 EK9n

X 1
X 1 0  1
X P  e t©
O B*. • O S P
V? s r s p * k  X
CD P T S E>C E
P* • cd X 0  O

te —*■ CO 0 K  X  S
m x X  r {
CD CC X  g x  x  s
c- O CO. ^ X  s
O Er* P V i CD
O  0 P*CO ^  co S  S

O  X O  X CX P * X  X

IX
1 F
f p? 
H# "* 
F r.
o  fr‘
•V '* 

i : o  
Eo* o

i
o

1
0  o
p # o

s
s w
0> ©
p o  •
s p a s
V
0 P  fc
p*©  CO
p e; ©
o r->0

© r t

1 s
o
co D5 •
co r, 0

V p  p
X  X

o rs: x

0 E  E
X '  n
0 p#ov: U  X
O P ir; ;•: o
O o  i :

L I U. o

‘i’
p :
x i i j

O
E  OTX
CO

o  <r X t 
X co

co U: 
o  X

l
P i
e
V ^
X
s _
r o p o
O i r.>
te
o 0
0 X
fr

E
P P
O O
s O
p X
0 i»:
p 0
o et

0
CD X
te
p o
o
V s
0 X
o < x
V CD
O

©
o

0 p
P' 0
0  P
uf ©
v  i r

CO
co
a>
p ,

Ph
o«

 2
. 

. C
Tp
yK
iy
pf
ia
H 

ox
en
a 

op
ra
im
aa
ii
HH
 

HK
$o
pv
ia
r(
KO
HH
or
o 

o6
eo
ne
ti
eH
M 

nc
ej
ie
,n
on
aH
HH
 

Ha
,a
e*
Ho
cT

n 
Ry
s.
 

2. 
Sc
he
ma
t 

st
ru

kt
ur

al
ny

 
or

ga
ni

za
cj

i 
in

fo
rm

ac
yj

ne
go

 
za

be
zp

ie
cz

en
ia

 
ba
da
ń 

ni
ez

aw
od

no
śc

i



82 B.H. EorflaHOB h a pyrze

Pac. 3. nocjieAOBatejibHOCTŁ oópaóoTKH ciaiaciHHecKoti HHiiopMauHH 
Rys. 3. Kolejność obróbki danych statystycznych

SYSTEMOWE ZAPEWNIENIE NIEZAWODNOŚCI GÓRNICZYCH URZĄDZEŃ TRANSPORTOWYCH 
NA ETAPIE WYKONANIA I EKSPLOATACJI

S t r e s z c z e n i e

W pracy rozpatrzono problem doskonalenia konstrukcyjnych i niezawod
nościowych parametrów górniczych urządzeń transportowych w celu podwyż
szenia efektywności ich pracy. Opracowano system zbierania danych staty
stycznych i ich przetwarzania na EMC, metodologie planowania i organiza
cji prowadzenia badań eksploatacyjnych i stanowiskowych niezawodności no
wych typów maszyn i mechanizmów z wykorzystaniem matematycznej teorii 
eksperymentu (zasady przyjmowania hipotez: . W ramach tego oprać rwano:

- oprogramowanie zautomatyzowanego systemu przetwarzania informacji,
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- algorytm i program optymalizacji nora zużycia części zamiennych,
- model systemu automatycznej kontroli prawidłowości działania i wykrywa

nia niesprawności,
- model badania trwałości i ustalania ekonomicznie uzasadnionych czasów 

pracy urządzeń.

Na podstawie przeprowadzonych badań wykryto elementy podsystemów obni
żające niezawodność górniczych urządzeń transportowych, a także zapropo
nowano metody podwyższenia ich trwałości: utwardzanie elektroiskorwe, na
pylanie plazmowe, metody metalurgii proszków. Wykorzystanie tych metod 
pozwoliło 2-3-krotnie przedłużyć czas pracy poszczególnych szybko zużywa
jących się detali.

A SYSTEMATIC CONTROL OF MINE-TRANSPORT EQUIPMENT RELIABILITY 
ON THE CREATION AND EXPLOITATION STAGES

S u m m a r y

Tn this paper the problems of improvement of constructional and relia
ble parameters of mine-transport equipment are discussed with 'he re 
increase their working efficiency. Statistic information collection s' 
stem, classifikiers and tesaurus of machine failure and downtime; me Pe
dology of planning, organization and earring out of field id t
liability tests of new parts and subsystems of equitae t are d -' i bi
asing the mathematical experimental theory the principle of hypotheses 
adoption. The software of automatic svs tem  of on-line d ta proc- g -r i
experimental information on the basa of an electronic coirpu er:

algorithm and optimization program of consumption norms a.ic r latu- 
re of replacement parts;

- model of automatic serviceability test and of finding a fault in a 
control circuit of electrically operated mine-transport machines;

- investigation model of operating longevity and economically e ' .d : 
life expectancy of equipment were worked out.

On the basis of conducted investigations we revealed subsys <■, eif- 
ments that limit the reliability of mine-transport machines, e d proposed 
the method8 of longevity increase: electric spark: hardening, plasma srtr-n 
ing, powder metallurgy methods. The application of these methods all.w 
to increase 2 or 3 times the working life of some quickly weared part;.


