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AHaiojiaR Bacantebhh 3KYK0B
ÜHCTKTyT ropBoro nena ABO AH CCCI1 
XaOapoBCK, CCCP

MATEMATHHECKOE M 0 AEJUÍPOBAHMS rOPHHX 
H TPAHCnOPTHHX MAfflHH H HAMHHHhiX CHCTEM

PęąMMe, Pa3padoTaHHHS h m  3BM anropaTM HMaTanaoHHoro MonenapoBaHan 
paóoThi MexaHH3HpoBaHHoro KOMimeKca b o h h c t h o m  3a6oe naei b o 3m o :k h o c t b  
ycTaHOBHTB HaaSonee paiiHOHaJiŁKaił aapaaHT MexaHH3anaa j;jia KascnoR H3 
HOCJieHyeMtix maxT h paooMHTaTŁ sce pescHMHue napaMeipa BaeMORHüx Maman.

Ana HcojienoBaHHa jaHauzKE h nporao3HpoBaHHa ypoBHn cTaóanBHocTa 
$yHimHOHHpoBaHHJi oGopynoBaHHH b okojxoctbo.ubHax nsopax H aa norpy309- 
h h x  nyHKTax naxi h pynHHKOB, c yueioM oaynaRHUx nocTynneHaR cociaBOB 
Ha pa3rpy3Ky a norpy3Ky, npHMeHeH ueTon cTaTHCTaHecKax zcnuTaHail 
(ŁloHTe-Kapjio), no3BOMionH2 c homohb» 3BM pachhthbhtł CMeHHHe a cyToa- 
HHe rpa$HKH jEHzeHHa noesflOB h K.apTorpaMMu paćoT HaSćomee npaenneiiHe 
B KOHKpelHHX yCJIOBHHX BKCIŁHyalaUHH pyHHHRHOrO 3JleKTp0B03H0r0 TpaHC— 
nopia.

Peana3auan KaieMaTsuiecKoR uonena aa ocHOBe Teopaa uaccoBoro oflcny- 
»HBaHHa, BHpoKHft eneKTp napaMeipoB MaTeMaiaaecKoro MonenapoBaHan (oko- 
jio 500 BapaaHTOB) h anetcBaiHOCTb oHHOKaHanbHOił chctbmh waccoBoro 06- 
cJiyxHBaHHH c oatKHaHHeM peanbHOMy npoueccy norpy3KH a pa3rpy3xa coc- 
TaBOB n03B0JIHJI0 HeTajIbHO HCCJieHOBaTb HHHaMJiKy 060pyH0BaHHH pynHHHHHX 
OXOnOCTBOnbHHX HBOpOB a n0rpy30HHŁIX nyHKTOB B 3SBHCHMOCTH OT HHT6H- 
chbhocth npa6HTHa cociaBOB, npoexTapyeMoR cxeitH a ofibena TpaacnopT- 
hhx BHpaćOTOK, oueHHTB naanasoH bosmoxhhx xapaKTepacTax ax oCcnyxa-
saHaa.

i. ÍIPHMEHEHHE JOIHTAUHOHHOrO M0A8JIKP03AHJ1H AJIH 0nimai3AUHH IIAPAMETP03 
CPEACTB KCMIUIEKCHOPt MEXAHH3AUHH HA YTOJIbHHX UPEAnPHHTHHX AAUBHEPO 
BOOTOKA

ilpaKTHKa npoeKTapoBaHHH cpenciB KOMnnexcHoit MexaHH3auaa hoóhhhhx h ipaHc- 
nopSHHX npoueccoB CBnsaHa c pemeHaeM MHoroBapaaHTHHx 3ana9, HCcnenoBaHHHitH 
flKHaiiHKH TOpHŁDC tóaíHHH H MaSIHHHHX CHCTeM, 0nTHMH3aHHe8 KX 3KCnüyaTapH0HHb!X 
a peaaníHHX na paite TpoB, CacTeMHHi! nporpaMMHpoBaHHHft nonxon b penenaa «Horax 
oniHMHsauBOHHux 3aran a ax 3KanaxejiŁHoe pa3HooSpa3ae no3BOMei HailSoree 
3$<i)eKTHBHo npaMeHHTL pa3MRHHe íígtoąh MaieMaTaHecxoro MOHexHpoBaHHK. Kaaec- 
t b o a tohhoctb BHHHCJieHHR bo MHoroM 3aBHcaT ox BHtípaKHoá nponenypH pacae- 
tob, Hannestaąero yaesa (JaxTopoB, bakakeikx Ha napaitexpu npoitecca, cTpyKTyps
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p a cseT H o ro  a x  r o p n i  n a  n s a j a  n ax eB o ü  <?>yHxUHH. C ip y x iy p a  p a o ae T H o ro  a A ro p a m a  
Ao-asma ö u ib  yKHBepcajibKoñ s  u e x a x  n p o B epxa  ä h h b h x  h e  pa3AHUHHX c iaA H ax  p a a -  
naOoiKH npoeKTHoii AoxyMSHianHH h  b o 3 m o k h o o th  npoH3E0ACT3a npaMHX p a c n e io B , 
x o r x a  H cxoxH aa xHOopManH.« AsiepMHHHpoBaKHo o ip a a ta e i  ciopoH H  A eftciB yitsnero  
npoH3 BöACiBeHHoro n p o n e c c a s  Aar-raae n p o e x ia  -  nxaHOBHe h nporH03KpyeM He n o -  
Ka3a i e a n f onpeA enaeM ae c  ¡iomojulío MoxexHpoBaHiia,

n p a  n p o e x i H p o s a n H H  c p e f l o i B  M e x a H H 3 a u H K  a o ö l ih h  y r x s :  b  o h h c t h o m  3 a 6 o e  n a  

ocH O B aH H H  B M ew iaeftC H  r o p H O - r e o a o r a B e o K o ö  u  r o p u o - T e x H H a e o K o ß  H H $opM aU H H  y c i a -  

H aB A H B ajoT C Ä  o c H O B H u e  le x H O J io r H H e c K H e  n a p a M e i p ü  A a B H  h  o n p e x e x / n o i C H  T p s 6 o -  

B a H H .i k. A O öiiB H O M y, T p a H C H o p T H O M y ,  o ö e o a e o H B a iO B ie M y  h  B c n o M o r a i e x b H O M y  o 6 o p y -  

A O B a H H » . 3(})peK TH BH O CTL n p O ex T H p y eM b L X  C p e a C T B  M eX aH H S aU H H  BO M HOrOM 3 a B H C H l 

o t  c i e n e H B  n p o a s a e H H «  r o p H O - r e o A o n ä y e c x o r o  h  r o p H o - T e x H u n e c x o r o  ¡ J i a x i o p o B ,  

K o i o p u e  n p a x T H M e c K H  a e  y n p a 3 X H e M H , n a c i ó  a e  n p o r H 0 3 a p y e M H  h a u  n p o r H o s a p y e M H  

AHfflb C H OK O TO pOit A O A eft ÄOCT O B ep H O C T K .  IlO 9 T 0 M y  p e a A b H h ie  n p O U e O C H  íiy H X ItH O H H - 

pO B aH K Ä  rO pH H X  K T p a H C n o p T H h D t MaiHHHHHX CH CTeM  M O ry T  Ö H Tb O U H CaH U  C nOMOajbK) 

O T O X aC T H tieO K H X  M O A S A eÖ .

P a s p a ô o ïa H H b fî*  th b o b o íS  a x ro p u T M  K M H iaiiH O H H oro  M OxeAHpoBaHHH p a ö o i a  k o m -  

ö a i lH a  b o h h c th o m  3 a ö o e  ASteT b o 3 M o x k o c t l  y c T a n o B H i b  p a iiH o a a J ib H H ä  s a p n a H T  w e -  

xaKHsauHH aas K ax A o ß  H3 KCCJieAyeMux m a x i  h paccnK ia ib  pexHMHHe napaMeTpa 
BueMoaHhcc MamHH c Hcnoxb30BaHHeM 3BM u ie «  caMHM pa3paöoiaTb xoHxpeTHHe p e -  

KoweHAauBH n o  T e x a n n e C K o f t  p e K O K C ip y x n H H  A o6bm H H x y a a c T K o s .  Ha o c a o B a H H a  a x - 
r o p a x u a  ö h a h  paspaSoiaHH nporpaüKH Ha ax ropH T M H H ecK O M  H3nxe ® O P T P A H -iy  

3  x a a e o T B e  acxoA H O i! H H *opM anaoH H o{$ ß a a u  x a h  H ccxeA O B aH H Ä  6 h j ih  ü p h h h t h  r o p -  

H O - ie x H H 'ie c K a e  y o A O B a a  K O H x p eiH b tx  xoöhiHHHX y n a c i x o B  a  K O H C ipyxT H B H tie  a s h -  
H ue K O M óañaoB  m a x i  110 " n p H M o p c x y r o x b "  [ l ] ,

JU a  KajKAoro KOHKpeTHoro CAynaa paooM aipaB suiaob  x s a  xoHxypupyioiuHX s a p a a n -  
r a  ropHhix a  TpaH onopiH bK MamaH. CooTBeicTBSHHO Rita xascAoro K3 h h x  c o 3 A asa~  
x a c b  HMHiómaoHHaa u o x e x b  p a ö o iü  b xaB e o y n e io M  K O H C ipyK iH SH o-iexH anecK ax 
BosM oatHocieñ t o r o  hak HHoro BHxa bhsm ohhoö  MamHHh« HMHiauaoHHaa MOAeAb 
oipoH A aob b BHAe 6 a o k —CX6MLÏ paoH eT a a a  SBM o c h o b h u x  n o K asaT eaeft aixpeKTKB- 
HOGia p a ß o iu  OHHCTHoro KOMHAeKca a aiä paocsäaipHBaeM bix ropH O -reoxorH H ecK H X  
ycAOBHñ. IlocAeAOBaieAbHooTb o n ep aiíH ñ , 3aJioaeKHaH b nporpaM M e, OAexyM aas: 
a a s  KaatAoSt peax»t3ai(:iH np« ncMomn BitöpaHHux CAyaaiiKHx h h c o a  onpeA eA aeT oa 
npoACAXHieAbHooib n p o c x o e s  k  p a ß o r u  ropHHX MamHH no h x  3axaHHniM 3aKosaM 
pacnpeAeAeHHH. S a ie u  a a h  K aam oro K3 HHTepsaAOB, Ha K c io p a e  pa36K B aesoH  b h -  
noAHeHHe n p o n e c c a ,  H axoA H ica CAynajiKue snaneK H s B cex  ÿaK TopoB , bahhkeihx  h e  

S^I8KTHBH0CIb paÖOTH OMHCTHOrO KOXaKHSHpOBaHHOrO KOMHAeKCa. B TeHSHHe OAHOä 
peaAHsanHH yKasaHHuił n p o u eco  noB T o p H eica  a o  i e x  n o p , n o n a  cyMMapHoe boomb 
p a ß o r a  H n p o c T o e s  no pa3AHHHHM npanunaM  n e  Ô y x e i pasHO w H îe iL E o c iB  cM ean. 
n o c x e  s i  o ro  H an n H aeic«  sunoAHeHHe oAexysomeii peaxn3anH H  b ila  o t  b a o  H aK onxe- 
HHA T a k o ro  hx  KO AH^eciBa, xcoiopoe oôecneHKXc 6 h  3aAaHHyio A O ciosepH ocT b c i a -
TH CTH H eO K H X  x a p a K T  BpH CTH K  HCKOMILA ' H O K a S a le A S S  M a le M a iK H e O K O rO  OSH A aH KA  HAH 

A H c n e p c H H .

B TaöxHpe 1 noKasaHM pesyAbiaibt HMHianüoHHoro KOASAEpo»aKHH v. rrporHosH- 
pveMHe t s x h h x o —o k o h o m k h q c k h o  noxasaieAH pa3om o h k c i h b d c  xoiínmexooB no aax-
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Tau HO "IIpHMopoKyroab", Axropaia hmhtaî HoHKoro MoxejtHposaaHa noKa3ax xopo- 
ay» CXOXHMOCTb O OKOIWjraTapHOHHHMH BŁDtOflaMK flaHHHMH rOpiíHX H TpaHCnopTBHX 
MasiHH, pa6oia»a(HX b Hacioaaee Bpewn aa aaxiax.

2. HCCJIEÄ03AEHE ÂHHAMHKH WHKHHOMPOBAHHH rOPHOTPAHCIIOPTHHX MAKHH 
B OKOJlOCTBOJIbHLlX ÆBOPAX fflAXT H PyjtHHKOB METODOM CTATHCTHHECKHX 
HCIMPAHHÎÎ (MOHTE-KAPJIO)

B naoTOCTiee BpeMx Meiox Moaîe-Kapxo npHMeHHeica npa HcoxexoBaaaH cjiynaß- 
HHx npoueocoB b oaMbix pa3xnMHHX oTpacxax nay km h lexHHKH. Sawann, peuiaeic¿e 
Meiox om Moaie-Kapxo, moxho pa36nib Ha ąbs rpynnas l) 3aflama BepoaTHociaoä 
npapoflü, aaaxHTHqecKar  ÿopMyxapoBKa Koiopax npexCTaBxaes 3HaMKTexbHue Tpyx- 
HOCTH (3axaaa accxexoBaaHH HaxexHOCTH h  æ h h sx îh k h  ropnax Manna; HCCxexoBaHHe 
CHCT6M ynpaBxeHH« co cjiyHaßHHMH bxoxhhmh napaMeipai/.a ; leopHH Mac cob or o o6- 
cjiyxHBaHHH h t.x.) t 2) 3axaMH, c$opMyxHpoBaaHHe aaaJiHTHMecKH» BHMHcxeaae 
MHorOMepHHX HHierpajioB, pemerae XHi<JepennHajibHHx h aaTerpaxbHHx vpaBHeHHß, 
Haxosweime skctpeMyMa $yaKUHß MHorax nepeMehhhx h t.x. Upn peneaaH mhcîo 
BHMHCXHTeXbHHX 3aXaM DPMMeHeHMe MSTOXa MOHTe-KapXO OCOÖeHHO OpnrHHaJIBHO.

HccjiexoBaHMe xHHaMHKH (pyHKixHOHHpoBaHHH ropHOTpaHcncpTHLix MamHH npoBexe- 
Ho Ha npHMepe paSoTu onpoKHxnBaiexa b okoxoctboäbhom xsope. Ha onpoKHXHBa- 
T e j i b nocTynaioi cocraBN c yrxeit, npaaeM HoueHTH nociynaeHHÄ (t) - cxyiaßHue. 
OnHTHHM nyTeM yciaHOBxeao, hto hotok oociaBOB o yrxeM hbxästoh npocieämHM. 
3to sHäHHT, MTo npoMesyioK BpeMeHH (t) Mexxy AsyiiÄ nccxexoBaiexbHHMM oooia- 
sajta o yrxeM, ecTb cxyaaSaaa aejmaHaa, paenpexejreHHaa o jmothoctlk) 
p(x) = X.e ^x rxe A - nxoTHOoTb noioica oooiaBa o yrxeM ¡2 , 3j .

■Sopuyxy AJix po3arpama X  yoiao noxyaHTb h3  ypasaeHHa 
X

J* A e  ^ *dx = f ,
0

o ix y x a

i -  e -A“x -  V X = 1 /A  l n ( 1  -  f )

BexHMHHa 1 -  f  p a c n p e x e x e a a  t c h h o  t e k  x e ,  x a x  h  f  h  n o a io M y  m oxho  BMecTo 

n ocJiexH ei! popM yxu H cn o x b 3 0 B aT b  ÿopM yxy X = 1/X  l n f l * )  . i ly c T b  A = 2 
( c p e x a e e  m hcxo  o o c iaB O B  a a a c )  ¡

"tpa s  “ 0 ,4  (ap exH ee  speMa a a  p a 3 rp v 3 K y  oxH oro c o c t a s a )

Peoeaaei
B KaaecTBe SHaMeHHä "t BbiOepeu napa pH$p 23  Tafixauu o.xyMaäHHX aacex, 

yM H oxeaaue a a  0 , 0 1 ,  a p aayxb S aT  b h m h c x s k h S  no popM yxe {») aanameM b T a ö x a -

sy  2 .
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Tafinana 2
PesyJibTai aum cjieim i

j 1 2 3 4 5 6 7 8

*3
<c3

0,51
0,33

0,59
0,26

0,07
1,32

0,95
0,02

0,66
0,21

0,15
0,94

0,56
0,29

0,64
0,22

j | 9 10 11 12 13 14 15

*3

0,34
0,54

0,56
0,29

0,55
0,29

0,81
0,10

0,23
0,74

0,32
0,56

0,94
0,02

Ji/Suiee npeanoJiaraeK, aro ;:a Banano ouess «a onpoKH,s;HBasene ctohi oocTaB 
c yrneM, cnenyraíHñ cocíaB npnxo£HT nepe3 0,33 naca ( c m . f 1) k t.j. Kojih-
tieoTBO oficnyxeHHHX cociaBOB h nonynitBfflKx 0TKa3ü óyneK BiraKcnsTB no $opMyne
n n

E cjih oía pasHocTB noxoacüTexBHa, lo sassKa (oooiaBj nony-
j = i  3 3 = 1 3
iaei oiKas (ne npHHKMae’fca), ecna oTpHnaiexBHa, 10 npHHHMaeica k oficnyxa- 
BaHHio:

1 .  t ,  -  t 1 = 0 , 4 0  -  0 , 3 3  > 0 -  0TKa3J

0 , 8 0  -  0 , 5 9  > 0 -  OTKa3J

1,20 - 1,91 < 0 - oficnyaHBaeij

1 , 6 0  -  1 , 9 3  < 0 -  oficnyxHBaeT;

2 , 0 0 . -  2 , 1 4  < 0 _ oOcJiyatHBaeis

2 , 4 0  -  3 j , 08 < 0  -  oOcayacHBaetj

2 ,8 0  -  3 ,3 7  < 0 _ oficnyxHBaeíf

! ' S * i  - 2 > >  -
j =1 j =1

j =1 j =1

■ ■ I v Z v
3=1 3=1

' ■ í v - i v
3=1 3=1

■ • S  s  -  Z % ■
j=i 3=1

’ • S  fc3 - 2 * 3  = 
3=1 3=1
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8 8

• ■ Z v Z  X » 3,20 - 3,89 < 0 _ 0TKa3j
j » 1  3 = 1

9 9
= 3,60 - 4,03 < 0 _ 0TKa3j

j-1 3 3=1

10 10
X j = 4, 00 - 4, 30 < 0 _ oöcjiyxHBaeT}

3=1 3=1

11 11

” - S s - Z  t\ = 4,40 - 4,51 < 0 _ oöoJiysHBaeTi
j-1 j-1

12 12
V. = 4,80 - 4,71 < 0 - oTKa3j

j=i 3=1

13 13
13. ^  I t - ' Xn = 5,20- 5,45 < 0 -  oöcJiyacHBaeT »

3=1 3=1

14 14

= 5,60 - 6,01 < 0 - oöcjiyxjiBaeT}

j«l j=l

15 15V —i \ —i
15. >  X, = 0.00 - 6,03 < o - oScaysHBaeij

j = 1  3 = 1

KaK bhäho H3 BU9K03ieHHi1, B aanaae oieHH onpoKHÄüBaiej» 6y.neT saHHi a ooc- 
Tasbi npocTaHBaJoï a ûKKAaKHH pa3rpy3KH, 3aieM b T e n e m e  sceä ouena onpcKEH«- 
BaxejtB 6yjes paôoîaîb ciaÖHJibHO,

TaKHM oöpasou, peanHsartEÄ uexoaa Mosïe-ÏCapao no3BOHseï HCCJieHOBaTb nHHa- 
MHKy paSoTH oSopy^oBaHH-ï b ok ca cct 3 oJibHfcix ÄBopax h Ha norpy30HHüx nyHKTax 
ma;« x py^HHKOBf e noxomb® 3BM pac c-íht usai b cMeuHne b cyroiHbie HaSöojiee 
HpaeuaeMüe b KOKapeîHHX yc;¡QBHHx sKcruryaTanHH pyHHimroro aaeKTpoB03Horo 
rpaHcnopia rpa$KKH zBoxema noe3i.cs, KapTorpaMMu paCoi, HKTeHcaBHocsH npa- 
öHTBÄ cocTaBoB Ha norpyaxy e pa3rpy3Ky
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3. MMMASHHECKOE MCJIE1IKPOBAHKS H OIHHMH3AIQÍH ÏIAPAMETPOB
TEXHQHOrHHECKO» CHCTEMU pyflHHHHOrO 3JIEKTP0B03H0r0 TPAHCnOPÏA

B pe3yjifcîaTe npose^eHHüx accABAOBaHHä y aas oc h nojiytHTŁ asajiKtztiecKHe bh- 
paateHHH 3AektpOMexaHHHe ckhx xapaKiepHCTHsc TErosax AsaraieAeg pyAHHHHHx 
ojieKTpoBosoB, B nocae^yKwe« 6hab pa3pa6osaHH aa ropni Ma h nporpaMMHoe odec- 
nenesone aak packercb SKOiuiyaiaiîHOHHux h npoeKiHpyenHx napaaeipos pyAHKHHoro 
3.teKTpoB03Horo TpaHcnopia Ha 3BM. PacneiH bhiioahhjotcji AHÿiepeHaHposaHHo aaâ 
OTKalKH KOHTâKTHHMH H aKKyiiyAHT OpBHMH SJleKTpOBOSStMH jji» 5  j,

PeaaH3ômHH aJiropHTMa no3BOJtaei Ha doAee KaneciseHKOft ocHOBe paccMaipa- 
BaiB aJiBTepKaiHBHHe BapaanTa lexHOAorHHecKog chcismh 3aeKTposo3Horo ipaHC- 
nopia b cooTBeicTBHH c HoxoAHoä pacHeiHOg KHçoptiaaHeô no aaxie pyAHHKy 
HxanoBofi, ipaKTH-łecKoS hah MOAeaapyeMoii, B 1 0  see Bpeaa 3$$eKiHBH0cib Boeg 
CHCieMŁi pexBQOBoro TpaHcnopia bo UHoroM saBKCHi ot KanecTBa tfsyHKUHoHHpoBa- 
HHH 0 Ö Opy A OB âHHH Ha SaXTHHX HOrpy30HHHX HVHKïaX H B OKOAOCTBOAbBOM ABOpe. 
ïaKHM 0Öpa30M, Axu HaAeaHoro oßecneneHHa BHcoKonpoH3BoAnieAbHHX bhkmohhhx 
KOMHAeKooB cpeAciBaMH pyAHHHHoro TpaHcnopia HeoSxoAHMa onTHMH3anas napa- 
MeipoB Boeä lexHOAora^ecKoft cacieMH, b tom nacAe h odopyAOBaHHH, a ipaHC- 
nopiHHX KOMMVHHKaHHÄ Ha maxistix norpy30HHHx nyHKiax h b okoaoctboałhłdc 
ABopax.

B pa5ole aji« oniHMHsaHHH napaMeipos odopyAOBaHaa h TpaHcnopiHHX xoMMyHH- 
Kauaii npHMeHeH annapas TeopHH uaccosoro odCAyxHBaHHa. CAyaaäHHft xapaxiep 
noToaa 3 air b ok npHB oahi k TOMy, w o  b Kaicae-io upoMezyiKz BpeweHH Ha bxoab 
OHOieiiH MaoooBoro odcAyaatBaHHa. (CMO) CKaaAHBaeica H3AHHse doAbmoe hhcao 
3OHB0K, b Apyrae se ne pa oak CMO dyAei pa6oiaii> o HeAorpy3Koñ hah Boodle 
npociaasaib. IIosïOMy npeAMeT om seopaa MaoooBoro odcAysHBaHHa hbaä6Tch ycia- 
HOBAerae 3aBacHMocia MesAy xapaxiepoM noroKa 3aaBOK, hhcaom KananoB, hx 
np : .« rsoAHieAŁHocTŁio, npaBHxaMH padom C!MO h ycnenHocTb» (3<5¡$eKiHBHocib¡o) 
0(;c.,yxHBaHHA.

TexHOAoraneoKHe napsuíeipn odopyACBaHHH Ha œaxiHHX norpy30HHUx nyHKiax 
a B. OKOAOciBOAbHHx asopax oiipea©aäahcb aa 6a3e leopaa MapKobckhx CAyaaäHKX 
npouecooB (Banpmiep, aonoAb30BaAca Haciiadł OAynafi nponecca no cxewe "radeAH 
H paaMHOsceHHA'') c yneiOM KOAHaeciBa padoiaioqKX AodHHHMx yqaciKOB, xapaKie- 
PHOTHK HHTeHOHBHOCTH nOClyHAeHHH 3AeKlpOB03OCOClaBOB f HHTeHCHBHOCTH HX 
odcAyatHBaHHH. npa arów onpeAeASAacb OTHocHieAbHaa h adooAKWHas nponycKHas 
OnOOOdHOOTb OKOAOOTBOAbHOrO ABOpa HAH H0rpy3OHHOrO nyHKTa, BepOHTHOOTHOCTb 
odoAysHBaHHH cociaBOB des saAepxKH. Ha pao. 1 npeACiaBAeHa SKOHOHHKO-Maie- 
MaiHHeoKaa moabab oniHMHsanaa $yhkuaOHajii-hłdc napaiteipoB odopyAosaHns a 
TpaHcnopiHHX KOMMyHHKanaÄ b pyAHHHHHx OKOAOciBOAbHHx aboj»x h Ha norpyson- 
HHx nyHKiax (moasab OABOKanaAbHog chct&mh uaocoBoro odoAyxaBaHHH o o*aaa- 
K H e M ).

PeaAH3anKK ajtropama MOAeAHpoBaHHa napaiieipoB pyHKHJiOHHpoEaHHR norpysoa- 
soro h pasrpysoHHoro odopyAosaHHa npoBeAeaa sa 3BM lana CM-1420 o HCDOAb'so- 
B&HH3M aAropHTMKHecKoro H3HKa JUiAMC. Hporpałoia aAropaiMa pa3padoiaHa b oo- 
aBTopoTBe o assenepoM oacieMosexHHKOM B,B. HyKOBbot,
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Pac, 1, oJio.K-cxeMä aJiropHTMa 3kohomhko~MaïeMaiune okoro MoasaapoBaHKa *yHK- 
tíHOKaJtaHux napaaeTpoE ¡ITC a ipaKcnoptHHX KOMMyHHKamdi b okoaoctboalhhx äbo- 
pax tí aa norpy30MKHX nyHKTax (¡ioaeab oaHoscaHaaBHOít cacxeííH MaccoBoro oöcay- 
jKHBaHHfl c oataiaHaew), Maipana ¡¿accusa hcxoähoü HH$opMamiHs
a -  nKCSO B03MOXHHX UeCT B 038pe£H (nHOSO COCÏâBOB, 03£HAä«I!KX paarpySKH norpy3KK)} A - khtchchbhoctb hphÔmthh cocrasoB b OKOjrociBoüLHHfi ssop 
(Ha norpyàouHHâ nyKKT) {  t 0¿ - woaeanpyeMhie raKepsaan speiieHH onpoKHAHBaKza

(3arpy3KH) BaroHexoK
CocTOHHae cacïeM us S ' -  KaHas cBotSoAeH} s ,  -  KaHaa 3aHar{ o^epea» Hess
s 2 -  KaHaa aaHHT, oana sasBKa c to h i  aoaepeAKjSj. -  ¡tanas a a a a s , (K -a) s a a -
aoK cioai s  oaspeaa} s m+, -  xanas saaaT, "a" saasoK caiiaasj? b oaepeA»
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ßöDOHTHOCTB OTKaaa npHEHTŁ 
o^êpeflHot cocTaB (P  o tk ) b 
3aBHCHMOCTH EHT6HCEBH0 CTÍÍ 
npüöHTHH co cT a sa  ( A ) h m e n a  
isecT b oqepejyi (/n  )

S a B E C H fá o c ra  e ó c o o t t -

h o ë  nponycKHot cnocoÓfiocTE
onpoKEflHsaTejiH ( ß  ) b 
$yHKUiiH ( A ) a  {rn )

GpeÄHee ^ihcäo b ab k ipobo30-  
COCTaBOB ( 7  ) ,  HaXOÄHBEXCH 
B OEepeflH B 3EBBCEM0CTE 
ot ( A ) h (m  )

Cpe^Hee bpbmh o n -  
Rañm  b o^epean Ha pa3rpy3Ky 
( t OX) B 3aBHCHMOCTH OT
( X  ) H ( m  )

Puc. 2. HoMorpaMMa pesyjitiaTOB lioseJuapoBaHHa napaiieïpoB 3(J>$eKTHBHooTH oöcjryxa- 
BaHHÄ 3JI6KTpOB03OCOCTäBOB B OKOJIOCTBOJIŁHOM JtBOpe

-  m = 1 ;  —  m = 2 ;  — -  m = 3 ,  - * • -  m = 4 ;  m= 5

lÜHpoKKä onexip napaMeipoB MaieuaTHaecKoro Mo^ejiHpoBaHHa (oko.'o 500 sapaan- 
tob) h a^eKBaiHocTL 0£B0KaHajiLH0fl chctsmh Mac e ob o r o oÓc^yxHBaHaa c oxasaHaeii 
peaahHHM npoueccoM norpy3KH a pa3rpy3KB BaroneiOK ii03bojisiji ÄeTaabHO acc.ne- 
ÄOBalL $yHKPH OHajIbHKe B03M0XH0CSH OßOpy^OBaHHA pyÄHHBHUX OKOXOCTBOJILHHX ÄBO- 
poB a norpysoaHHX nyHKTob b 3aBH0HMocia o* hkt shchbhocth npaCaraa cocTaacB, 
npoöKTHpyeuoa oxeuu x oO-baua TpaHcnopïHHX Biipaöotok, opeHBTb xaana3oH bo3- 
MOXHHX XapaKÎepHCTBK BtpjÆKÏHBHOCTH OÔCJtyXHBaHHJl OOClaBOB.
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AnajiH3 pe3yjtbTaTOB MaieMaiHHecKoro MOAejiHpoBaHSM h rpa$m tecKHx 3aaH oa- 
MOOTeä aa  p a o , 2 noKa3KBaei, w c  npz whKHMajib h om BpeweHH onpoKHAHBaHHa s a -  
roHeroH (t® g n ) ,  i . e .  öo jüboü  nponycxHoö cnocoÖHOOTH oöopyAoBaHM okoao- 

oTBo.’ii.Horo A sopa, BepoaiHocTB 0TKa3a HesHaHHieJiBBaa npn jisoGhx H jjcaax m a 
A h  A ooinraeT  HafiCoaiaeü BeaHHHHöi ?0TK “ 0,143 (jm = 1, A = 5), aßccunoi- 
s a a  nponycxHaa cn o o ochoc tb  b AaHHOM pexaMe paÖOTH oßopyAOBaHHa HaíÍBBicmaa. 
Ä pyraa  KapTxna Ha6Jix>AaeTca, K or^a H a p a c ia e i hh t6hckbhootí>  h p h ö h th h  cociaBOB 
b oKWiocTBOjibHHft ABop h oAHOBp©M6HHO yBejiB'iHBaeiCÄ BpeMH Ha hx  paarpy3K y,
Jlpn TOM *e COOTHOaeHHH HHOXa M6CT B OHepeAH.

Ha HOMorpaMe npeAexfcHHe 3HaHeHHa btoto peacHMa oöo3HaaeHH - t 3 A e o B  
aesaBHCHMo ot ’HüCJia Mect b o^epeAK (hjth ofr&eMa tpaHcnopTHHx xoMMyHHxamiä 
B OKOAOCTBOJIBHOC ÄB Ope) BepOÄTHOCTfc 0TKa3a npHHSTB onepeAHOft COCTaB npn 
t 6 » 9,95 - 1,0 nac, A  = 5 HMeeT BejtHHHHH ^0IK “ 0,789-0,806. Kan no~ 
Ka3aHO aa  pnc, 2 c yBeJiHHeHHeM HHcaa MecT b onepeAH 3HaiHTeaiH0 noBbimaeTca 
KOJiK-jecTBO rpyxeHHrix cocTaBOB, HaxoAaasHXCH b ovepsAH} spewa ootas.hhí! b oae- 
peAH aa pa3rpy3Ky Taxsce b HecxoabKc pa3 öojt&me no cpaBHeHHB o BünepaocMo- 
TpeHHHMH pe3yjil>TaTaMH MOAeJJHpoBaHHa.

laxan oöpa3 0M, paapaóoThiHHue aaropHTMH, moacjih h nporpaMMH a-tä 3Bli, xo- 
Topae Moryr cJiyxKTB ochoboä nporpaitMHO-MaieMaTimecKoro oSecnenenna noACHCie- 
mm CAUP noA3eiiHoro »aeKTpoB03HOro TpanenopTa, no3Bojia¡oT ajis xoKicpeTHOi* max- 
TM onTHMH3HpoBaTb npoexTHHe a akcnmyaTanHOHHbie napaweTpu TexHOEorHaecxoft 
oacTeMM pyAHH<JHoro TpaaonopTa o yaeTOM 3aAaHH0it HHTeHCHBHOcTH rpy3onoioKOB 
h TpeöyeMoii nponycxHoä ciioco6eocth OKOnocTBOJiBHoro Aßopa hjih norpysoaKoro 
nyHKia, JUa HaAeamoro oSecneneHHa BueMOHHHX kOMnaekc ob cpeACT saua saexTpo- 
ao3Horo TpancnopTa paccHnTbsajiKCB och ob k;js sKcnayaTaAHOHHue napaMeTps o t- 
KaTKH HKOHTaKTHMMH H aKXyMyaaT OpHMMH SJieK! POB 033MSÍ, a TaKXe XapaKTeHKCTHKH 
BjXpeKTHBHOClH $yHKUHOHHpOBaHHB OÖOpyAOBaHHa B OKOäOCTBOJIbHbDC A»OpaX H Ha 
norpy30HHHx nynxiaxi bosmoshoctb oSpaöoTKH Bcex nocTynaKannx cocTaBOB c ynac- 
txob 6e3 saAepatKHj BepoaTHoeTB saHÄTocTH, oiHOCHTeaBHaa h aßcoanTHaa npo- 
nycKKaa cnocoÖHoeTfc oÖopyAOBaHBaj cpeAHee bjícjio cocTaBOB, OMAamsix pa3- 
rpy3XH (norpy3xn)j cpeAHee spewa oxHAaHna cocTaBa h hhcaa MecT s onepeAH 
h T.n.

Ha ocHOBäKHH pe3y.iBTaT0B HccaeAosaHHa npeACiaBxaeTca bosmojkhhm cAeaaiB 
caexyimiHS ocHOBonoJiarasomiiö bmboaj b npaucTaxe npoexTüpoBaHHá aiaxx h pyAHH- 
xob SojiBüioit npOH3BOACTBeHHOö MOAHOCTH AeaecooöpasHB npKMeHeHHe HaHöoaee 
npociKx exea oko.ioctboabhlíx abopob h norpy30HHH>: h v hxtcb c g ö b c m o m ipaHc- 
nopTHHx BHpaöotoK (a «täho;1 pa3MHH030K), BMensawüjHx ne Öoxee oAHoro oaexTpo- 
B030CÖCTaBa B COaSTaHHH O TeXHH^eCKJl OÖOCHOBaHHHMH XapaKtepHCTHKaMH BHCOKO- 

npoHssoAHTexBHoro h HaAexHcro oöopyAOBaKna.
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MATEMATYCZNE MODELOWANIE URZĄDZEŃ GÓRNICZYCH I TRANSPORTOWYCH 
I SYSTEMÓW MASZYNOWYCH

S t r e s z c z e n i e
Opracowany dla komputera algorytm symulacji pracy kompleksu zmechanizowa

nego w przodku wybierkowym umożliwia ustalenie najbardziej racjonalnego wa
riantu mechanizacji dla każdej z badanych kopalń i obliczyć wszystkie pa
rametry warunków pracy urządzeń wybierkowych.

Do badań dynamiki i prognozowania poziomu trwałości działania urządzenia 
w podszybiach i punktach załadowczych kopalń węgla kamiennego i kopalń in
nego typu, z uwzględnieniem wpływów składów na rozładowanie i załadowanie, 
zastosowano metodę badań statystycznych (Monte Carlo), która pozwala przy po
mocy komputerów obliczać harmonogramy zmienne i dobowe ruchu pociągów oraz 
kartogramy prac najbardziej możliwe do przyjęcia w konkretnych warunkach 
eksploatacji kopalnianego transportu elektrowozowego.

Realizacja modelu matematycznego na podstawie teorii obsługi masowej, 
szeroką gamę parametrów modelowania matematycznego (około 500 wariantów) 
i zgodność jednokanałowego systemu Obsługi masowej z oczekiwaniem realnego 
procesu załadunku i rozładunku składów pozwoliło szczegółowo zbadać dynami
kę urządzenia kopalnianych podszybiów i punktów załadowczych w zależności 
od intensywności przybycia składów, projektowanego układu i rozmiarów wy
dajności transportowych, ocenić zakres ewentualnych charakterystyk ich 
obsługi.
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MATHEMATICAL SIMULATION OF MINING AND TRANSPORT 
MACHINES AND THEIR SYSTEMS

S u m m a r y

Computer-assisted algorythm of simulated operation of mechanized complex 
in breakage face offers the most rational variant of mechanization in every 
examined mine and the opportunity to consider operating conditions of exca
vating machines.

To examine the dynamics and to forecast the level of functional stabili
ty of the equipment in near-shaft yards and loading stations of mines in
cluding occasional receipt of trains to be loaded and unloaded we used the 
Monte Carlo method of statistic tests allowing to compute both the shift 
and 24-hourly shedules of train traffic and the charts of works best suited 
to exploitation of the ore transporting electromachines.

Implementation of mathematical model in terms of the theory of large-sca
le service, wide rante of variables for mathematical simulation (about 500 
variants) and equivalence of unichannel system for the large-scale service 
anticipating real loading and unloading of trains, allowed to conduct de
tailed studies on equipment performance in ore near-shaft yards and loading 
stations in accordance with rate of train arrival, contemplated scheme and 
scope of transport output as well as to evaluate possible characteristics 
of their service.


