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Cmaxoeur-1 Jl. 
Pa1<06c1<u <P. (IIHP} 

HHcmumym · opzaHu3aąuu u ynpaeAeHUR 
llAH u MHBOuT - OmoeA Eb1moM 

!·. 

OilPE,lI:EJIEHl1E OIITHMAJihHhIX IlAP AMETPOB . 
rOPl130HTA.Jibł;IOro TPAHCIIOPTA B KAMEHHOYrOJlhHbIX 

IDAXTAX 

1. OnpeJJ.eJieHlie 33.ll3HHJI 

l 

B pa6oTe npe.u.cTaBJieHbI pe3yJThTaTI,I nccne,ll,oBaHHH B o6JJacTu yco-

. BepµieHCTB<;>,BaHHJI O,lJ.HOro H3 caMbIX CJIO)KHI,IX IIpOH3BO,lJ.CTBCHHbIX rrpo-

1.(eCCOB BXO,llllill;IłX B COBOKYIIHOCTb o6Il(ero npOH3BO,llCTBeHHOro . npo­

:uecca, l<al<HM mJilleTCJI ropH30HTaJJbHb[H TpaHcnopT B KaMCHHoyrOJibHbIX 

rnaxTax. łlccnep:oBaHJIH Ha'łaTO B CttJJC3CKOM IlomneXIDI'łCCKOM l1HCTH­

TyTe B rJlHBHIIax, a B HaCTO}!Il(ee BpeMH npO,ll,OJI)KaJOTCSI łlHCTIHYTOM 

opramnamrn II ynpaBJ1emJ1 IIAH H MHlliBHT - OT.u.en »bITOM . 

. . r opH30HTaJibHbIH TpaHCIIOpT 3aHHMaeT oco6o Ba)KHOe MeCTO B npo­

l13BO,llCTBeHHOM npou.ecce KaMCHHoyrom,HoH rnaxTbl Jf o6bI'łHO .HBJJJleTCJI 

3JJaCTH'łHl,]M .· ~BeHOM, IIO,ll'll1HeHHbIM BHeurne K BepTHKaJibHOMY TpaHC­

llOpTy. rop:tt30HTaJTbHhIH TpaHCIIOpT oco6eHHO amrneT Ha 6ecnepe6oii:­

HhIH npoH3BO):ICTBeHHblll npouecc, a TaK)I(e Ha ce6eCTOJ1MOCTb TOHHbI 

):100bl'ill. 

C nmKHOCTI, ropH30HTaJII,HOro TpaHcnopTa orrpe.n;eJJHeTCll : BHYTPCHHCH 

CTpyl<Typow, o6hl'łHO CJIO)l(HOH, oco6eHHO a npocrpaHCTBCHHOM npe.n:crn­

BJ1CHHH, a Ta19Ke npo6a6HJJHCTH'łHbIM xapaKrepoM rrapaMeTpOB xapa­

KTepH3l1PYJOW:HX 3TOT npOM3B0,[(CTBeHHhIH rrpou:ecc. 

,a:o HaCTOSIJ.Uero BpeMeHlł rrpoeKT11pOBaHiłC ropH30HTaJibHOro rpaH­

crropTa B rnaxrax cao,nurroc1, K rrpocTbIM npi1:6JIH3HTCJJbHbIM aHaJIHTH'lec­

KH_M pacąeTaM, KOTOphie OKa3bIBaJIMCb HCTO'lHbIMH H HCCOBepIIICHHbIMH. 

A 3TO, KOHC'łHO, OTpa)l(aJlOCb Ha 3Tarre ocyil(eCTBJieHHll łl 3aTpy,llHHJIO 

orrepaTHBHOe ynpaaneHHe 3TMM npou:eccoM. 
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Cpe,ru1 rrapaMeTpo» n xapaKTepHbIX ąepT, onpe,n:emnom1-1x roptt30H­

TaJJbHbIH TpaHcnopT, pa3JiwrneM: rrpoCTpaHCTBe1-rnyio CTPYKTYPY, rrpoH3-

BO,U:JrremiHOCTh (KOJIH'JeCTBO ,n:eHCTBYłOll(HX COCTaBOB o ycTaHOBJieHHOH 

eMKOCTH Il napaMeTpax KpaHHHX Y3JIOB, T.e. rrapaMeTpax OTKaTKH Ił BepTH­

KaJibHOro TpaHCIIOpTa). 

Tipo6neMa COBMell(eHml ropH30HTaJibHOro TpaHCIIOpTa C BepTH­

KaJibHblM ~OBOJibHO xopomo pa3pa6oTaHa B IlOJibCKOH H IlHOCTpaHHOH 

mnepaType. 11To KacaeTC51 pau«ottaJibHoro orrpe,D,eneHHsr rrapaMeTpoB 

ropl130HTaJibHOro TpaHCIIOpTa H ero Kpaiim1x Y3JIOB (rnaBHblH TpaHcnopT 

---,--- OTKaTKa) - :lKAeM rronttoro pa3perneHnsr H npaKTnąecKoro ocymeCTBJie­

HH51. 

0lfeHb 60JiblDHM ,ll,OCTH)l(eHHeM B 3TOH 06nacn1 SIBJUleTC.s! M eTO,[( 

CHMYJI.s!Ulflł C lłCIIOJib30BaHneM MeTo~a MoHTe-Kaprro. 

Bce-)l(e TaKHe ycnOBH51, KaK: 

- Heo6xo,U:ł!MOCTb rrpHMeHeHH.s! C'leTHOH MaUIHHbl, KOTOpa51 B- Ha­

CTomuee BpeMSI .s!BJI51eTC51 IlCKJIIO'!eHHeM B npoH3B0ACTBeHHOH npaKTHKe 

Ha rnaxTe, 

. , - O'leHh 60JibillalI „He)KHOCTb" 3THX MeTOAOB B OTHecemm K cymecT­

BYJOJJJ;liM B03MO)KHOCT51M Ił IIOTpe6HOCT.s!M, 

Tpe6yI-OT pa3pa6oTKH H IIOJih30Bamrn MeTo,D,aMn Mettee TOlfHbIMH, tto 

6onee y,u:o6Hł,IMH B rrpaKTHKe n ,D,aIOll(HMlł COOTBeTCTBYIOll(He pe3yJThTilTbI 

C TO'IKH 3peHHSI B03MO)KHOCTeH H rro-rpe6HOCTeH. 

IlpIIHHMaSI BCe 3TO BO BHHMaHne KaK Heo6xO,D,HMOCTb ycoBepweH­

CTBOBaHH.sr rrpo11ecca rrpoeKTHpoBaHIUI opraHH3aUHH ropH30HTaJihHOro 

TpaHCIIOpTa B ~eil:CTBYIOIIIIłX KaMeHHOyronhHhIX rnaxTax, a TaK)Ke H ue­

necoo6pa3HOCTb o6ecrre'!eHn}I pau,HoHaJihttoro yrrpaBrremrn 3THM rrpo­

ueccoM, aBTOphI IIOCTaBHJIH 'ce6e 3a 3a,U:aHHe: 

- pa3pa6oTaTh MaTeMaTHlfeCKyI-O MO,D,eJib H CBeCTH ee K rrpaKTH'leCKO­

My MeTo,D,y onpe,n:eneHH.sr onTHMaJlbHoro pernemrn rrraettoro TpattcnopTa 

Ha Be~yll(eM BbieMKY ropH30HTe ,u;eHCTBYIOll(eii lllaXThl, B oco6eHHOCTH 

pa3pa6oTaTh y,n:o6ttyl0 cxeMy, Il03BOJI51I-Oll(YIO ycTaHOBHTb OCHOBHbie na­

paMeTphl ropH30HTaJJbHOro TpaHCIIOpTa B KaMeHHOyrOJihHOH rnaxTe. 

2. MeTo,n: pemeHHSI 

06ruyro cxeMy ,n:eHCTBlł.s!: IIO~lfHHeHO JIOrH'leCKOH O'lepe,u;lf CJie,l],oBaHHH 

opramnaTOpcKHX rrpe~npH.s!THH, orrpe,n;eneHHbIX orrepaUlłOHHblMH HCCJie­

,ll,OBaHHlIMH. 
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O!łepe)lHOC'Fb. ,n;e.HCTBlUI )lJHJ onpeJJ:eJieHHll MeT0JJ:a npoeKTHp0BaHHll 

0CHOBHl,IX napaMeTp0B CJieJJ:yrom:all: npoBe.U,eHHe JJ:HanIOCTH'ieCKoro atta­

JJJł3a H H3y'leHHe llBJieHHH, 3aX0JJ:llIUHX B ropH30HTaJibH0M TpattcnopTe 

)leMCTBYIOIUHX KaMeHHOyroJibHbIX maxT. 

,D,m1 3TOf0 HCD0Jib30BaH0 Ha6moJJ:eHHll, 3ace'feHH0e BpeMll JJ:BJDKeHHll 

C0CTaB0B BaroHeTOK, BbieMKY H qacT0TY nepe6oeB s pa6ore yqacTKOBbIX 

norpy30'iHhIX IIYHKT0B BBHJlY OTCYTCTBHSI „rropO)l(HSJKa". KpoMe Toro, 

npo aHaJIH3HpOBaHO xapaKTepHCTHKH II0T0K0B JJ:06hI'!H C 3a6oeB H BJIHllHHe 

npocrpattcTBeHHott CTPYKTyphr BeJJ:ymero BbIDHCKa ropH30HTa H BHJJ:a 

cxeMI,I TpaHCIT0pTa Ha 3qJ<peKTHBHOe ero (pYHKIIHOHHpOBaHHe. 3aTeM no­

crpo eHO MaTeMaTH'ieCKHe M0JJ:eJIH paccMaTpHBaeMblX llBJieHirn, npH'!eM, 

xapa KTep .SIBJieHJIH BhICTynaJOIIJ.HX B ropH30HTaJibH0M TpaHCII0pTe pa3-

pemHJI Ha HCITOJlb30BaHHe Teopirn MaccoBoro o6cJiy)l(HBaHHSI JJ:Jill Il0CTpoe­

HJ,llJ CO0TBeTCTBeHHblX MO).l:eJieM. 

C tta'!arra npoBeJJ:eHo CTPYKTYPHhIH aHaJIH3 TeopHH MaccoBoro o6cJiy­

)l(HBaHHll C IIeJibJO onpeJJ:eJieHHll B03MO)l(HOCTeii ee HCil0Jib30BaHHll B pe­

weHHH 3THX npo6JieM, a B oco6eHHOCTH npoBeJJ:eH0 IlOJJ:eTaJibHblll aHaJIH3 

Te0pHll npoIIeCC0B MapKOBa C T0'iKH 3peHHll HX npnMeHeHHll B pemeHHH 

rrpo 6 JieM Maccosoro o6cJiy)l(HBaHHll 11 B03MO)l(HOCTeH HCil0Jib30Bamrn 

B op r aHH3aIIHOHHOH rrpaKTHKe nraXTbl. 

KpoMe Toro, npoBe,n:eH0 aHaJIH3 CHCTeM TeopHH MaCC0Boro o6cJiy­

)KJ1BaHHll C T0'iKH 3peHHll HCil0Jih30BaHHSI MX .U,Jlll ueneii C00TBeTCTBYIO­

lll.HX 0TIHCaHJ:n.IM SIBJieHHllM, BhICTynaIOIUHM B ropH30HTaJihH0M TpaHcnopTe 

Ha maXTbl. 

CTOXaCTH'-leCKall IIeilb MapKOBa, Tal< Ha3bIBaeMblll rrpoIIecc p0)KJJ:eHHll 

H cMepni, a TaK)Ke orrpe)leJieHHaSI Ha 06m0x 'iHCJiax JJ:Jill 3Toro npouecca 

Bep0 llTH0CTh B03MO)KHblX COCTOllHHH, II03B0JilllOT B JJ:0B0JihH0 npOCTOH 

cno co6 onpe.u,emnr, 0CHOBHbie xapaKTepHCTHKH pa3JIH'!HblX CHCTeM Macco­

Boro o6cJiy)KHBaHHH, IlOCTp0eHHbIX c I.J,eJihlO MaTeMaTH'ieCKOfO npe.u,­

CTaBJieHHH xapaKTepa llBJieHHH, 3aX0JJ:llJUHX B npouecce TpaHcnopTa Ha 

m axre. 

CHCTeMa MaCC0B0ro o6cJiy)KHBaHHll M0)KeT 6bITh rrpHCIIOC06JieHa AJill 

MO,D,eJie:ił pellIHTeJibHbIX CHTyaUHH, TaM, r).l:e BbICTynaIOT TaK Ha3bIBaeMbie 

Y3KHe ropna. EoJihllIHHCTBO peIIIHTeJibHhIX CHTyaIIHH, TPYJJ:HbIX JJ:Jill 0IIH­

cam UI npn D0M0IUH aHaJIHTH'!eCKHX M0JJ:eJieii, M0)KeT 6bITb HCCJie.U,0BaH0 

CHCTeMOK oqepe,n:H. 
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RaJieHHe O'lepe,u:H MO)l(eT 6hITb TOlKe HCilOJlh30BaHO B rrpo_eKTHpOBam111 

rr opraHB3an;1ni: qiyH,n;aMeHTa)IJ,HbIX npoqeccoB B waxTe, Til](JłX xa1e: 

1) ,n;o6hIBaHHe yrm1, 

2) ,l(OCTaBKa MaTepl!aJIOB B 3a6oii, ' ! . 

3) opraHH3an:1u1 peMOHTOB H y,u:aJieHHe aBapHH, 

A) MaTepHaJihHoe cHa6)KeHHe H T.,n:. 

BbIUie yKa3aHHhie opraHH3aTopCKHe rrpo6rreMbI BbITeKalOT Hł .,peno­

cpe,11.CTBeHHOH opramł3aTOpcKo:ii: npaKTHKH . B rnaxTe H aarop1,r p~imurn 
HX 'faCTH'IHO. I1o,n:po6Hhie H TIOJIHbie peweHJ,Ie 3THX npo6JieM Ha)}.<;lJl:łfTC51 

B pa3JIH'fHhIX ny6mrnaIIH51X 113 3TOH o6rraCTH. , , : : ·,; 

noxa3aHHhie CHCTeMhl o6cJiy)KHBaHH51 C COOTBeTCTBYIOIIIHMH , ~apaK­

TePHCTHKaMtt oTpalKałOT B H30MopqmqecKHH cnoco6 xapa~Tep .51BJieHHH 

B03HHKałOIII11X B rnaBHOM TpaHcnopTe Ha rrpoB0)(51Il\eM B'~I~MKY ropIHP,HTe 

IIIaXTbI TaK, 'lTO ,U:JI51 onpe,u:erreHJ'ISI Heo6xo,n:HMOf0 'llfCJia q>ym<IUIOI;IJ;IPYIO· 

w;nx Ha 3THM roplł30HTe COCTaBOB aaroHeTOK, aBTOpbI BOCIIOJib30BaJlHCb 

MHOroI<aHaJibHOH cttcTeMoii o6cJiy)l(HBaHH51 c · OTKa3oM. 

, ,D)rnonpe,u_erreHlł51He 06xo,u:HMoro KOJIH'leCTBa COCTaBOB BaroHeToic, T aK 

Ra3hIBaeMb!X IIO,l(Bll)KHhlX BbipaBHlfBa:fOII];lłX 6yHKepoB, a BTOpbl BOCUOJib· 

30BaJIHCb MHOroKaHaJihHOW ćHcteMOH o6cJiy)!rnBamrn c orpamPreHHbIM 

'IHCJIOM MeCT B O'fepe,11.H. 

JJ:n.sI orrpe,11.eJieHHH Heo6XO,l].HMOH eMKOCTII BbipaBHHBaJOin:HX 6yHKep0B 

B OKOJIOCTBOJihlłOM ,n:sope HCilOJlT:,30BaHO 3aMKHYTbie CHCTeMbl o6cJiy)Klf­

BaHH51. Hcrrorr1,3y51 MHOfOKaHaJihHYIO CHCTeMy o6cJiylKHBaHirn C OTKa30M 

,ł(JI5[ onpe,lleJieHH51 Heo6xo,u:HMOro KOJIH'leCTBa cpyHKI.\HOHHPYIOIIIHX Baro­

HCTOK Ha rrpOBOJJ:5!Il\HM BhieMKY ypoBHe, npHH51TO: 

-;- o6cJiylKHBaeMhIM 3JieMeHTOM 51BJIHeTC51 BeJIIPilłHa no6bI'fH p a sHa51 

eMKOCTH 0,11.HOfO COCTaBa BaroHeTOK, 

~ KaHaJIOM o6CJIYlKHBaHH51 l!BJDleTC51 0,l(HH cpyHKU,liOHHPYJOin:HH. COCTaB 

BaroHeTOI< BMeCTe C 3JieKTp0B030M, 

- o6o3HaqeHo cpe,n:H1010 cTony 3a51BJiett.Hii Ha o6crry:>IrnBaHae 'fepe3 }, , 

- o6o3Ha'feHO cpe,11.HłOIO CTOITY 06crry)KifBaH1rn O,l]_HOro <pyHKJJJfOHlł-

PYIOIIIero COCTaBa BaroHeTOK qepe3 µ. 
lI3MepeHHH H Bhl'llłCJieHH.51 rrpoBe,L\eHO Ha I<OHKpeTHOe 3a51BJieHHe 

0)1,HOH H ruaxT 3a6)1<aHbCKOrO YroJihHOro 06be,U:IłHeHH.SI. 

Ilo BCTYTIHTeJihHOM ycoaeprneHCTBOBaHHH ropH30HTaJibHOro TpaH­

cnopTa B aHaJIH3HpOBaHHOH rnaxTe npHHSITO IlOCT051HHOe KOJIH'leCTBO 

BaroHeTOK B OtJ:HOM COCTaBe paBHOe 30, a eMKOCTb saroHeTKH 5 TOHH. 

BpeM51 Me)!(,IJ,y O'Iepe,n:HbIMH 3a51BJieHHSIMl1 Ha o6cJiy)l(J,18aHHe, KaK H BpeM51 

56 



o6crry)l(JIBaHHH <PYHKUHOHHPYJOID,HX C0CTaB0B BaroHeT0K, onpe,neJieH0 Ha 

0CH0BaHHH xpoH0MeTpalKa. OCHOBHhIM ycJI0BlieM rrpHMeHeHJUI npouecca 

pox,n:eHHH Ił CMepnr eCTh C00TBeTCTBeHH0e pa3JI0)l(eHHe BpeMemi: Me)l()]y 

O'Jepe)]HhIMH 3aHBJieHHHMl1 Ha o6cJiy)l(l1BaHHe, a TaK)l(e JJJiaCC0H0BCK0e 

pa3JIO)l(eHHe BpeMem1 o6cJiy)l(J-IBaHH.sJ 3THX Ba.sJBJieHHH. 

3TO ycJI0BHe )],JISI K0HKpeTHhIX ycJIOBHH attamnHpOBaHHOH lllaXTh[ 

npoBerreH0 TeCTOM cornacoBaHH0CTH. 

3a 0CH0BHYIO QJYHK[JJUO npHHSIT0 QJYHK[JHIO MHHHMaJIH311pyIOll(YIO 

CYMMy II0Teph )],061,rlfH B CBSl3H C HeII0)],CTaBJieHJłeM BarotteTOK B yqaCTK0-

BhIX norpy30lfHhJX nyHKTax, KaK H HeHCJJ0JI1,30BaHHeM cpyHKUHOHlipyro­

ll(lłX COCTaB0B BaroHeT0K Ha · np0B0)],.sJill,eM BhieMKY ropH30HTe . 

BbllfHCJiemrn npoBe)],eHO Ha o6ll(HX lfHCJiax, a TaK)l(e )]ml K0HKpeTHhIX 

ycnoBHH pa6olfHX li cpe,ll,Heii crorr1,1 3aSIBJiemrii paBHOH A=3 Ha ,noKJia)]­

HhIX lfHCJiaX. 

)].anee, HCilOJih3YH MH0f0KaHaJibHYIO CHCTeMy o6cJiy)lrnBaHH.sr C opra­

HH'leHHI,IM 'HłCJIOM MeCT B Olfepe,n:H, aBT0phl yMeHhllIHJIH 'HICJI0 <pyHK[JHO­

HHpyIOll(HX COCTaBOB BaroHeT0K 6e3 3JJeKTpOB030B CTaHOB.srll(HX BH)] no,n­

BIDKHI,[X BbipaBHHBałOlll_HX 6yHKepoB. ,n:n.sr Ka)l()]0ro 0lfepe,nH0 rrpHHHMae­

MO fO KOJIHlfeCTBa QJYHKUHOHRPYIOll(l1X C0CTaB0B BaroHeT0K, npHMeH.sr.sr 

OCHOBHYłO QJYHK[JHłO np11 MHOroKaHaJihHOH CHCTeMe o6cJiy)l<HBamrn 

C OTK:ł30M, ł!C'lHCJieH0 He06XO)]HMOe lflłCJI0 C0CTaBOB BaroHeT0K (a TaKlKe 

lfHCJIO IJO)]BH)l(HhIX C0CTaBOB Bh!paBHl1BałOID,HX 6yHKepoB), n p tt K0T0p0M 

cyMMa norepb BI,ITeKaIOID,HX KaK C He)]0CTaTKa BaroHeT0K B y'łaCTK0BhIX 

rrorpy30'łHhIX nyHKTaX, TaK H HeHCII0Jih30BaHH.sl pacnoJia raeMoro TpaH­

crropTHOfO napKa, eCTh MHHHMaJihHaH. 

PaclfeThI, OCH0BaHHhie Ha o6ruHX lfHCJiax, rrpe,ncTaBJI.sJeT c6JIOKttpOBaH­

HaH cxeMa Ha pnc. 1, a pe3yJihTaTh[ Bhl'Il1CJieHHH )]JIH KOHKpeTHh[X yc­

JIOBHH npe,ll,CTaBJieHhl Ha pHC. 2 H 3. 
,IJ;anee, HCIIOJI1,3y.sr OT)]eJihHhle BeJIH':IHHhI TI0Tep1, (pHC. 4, 5), ll0CTp0eH0 

KparepmIJihttyJO <pyHK[JiłłO <P' MiłHHMaJihHa.sr BeJIJf'łHHa KOTopoił onpe,n:e­

mreT Heo6XO)],HMOe KOJil1lfeCTBO cpyHKUHOHHpyIOm,HX BaroHeT0K, a TaKlKe 

Heo6xo.JJ,HMOe 'IHCJI0 Il0,[(BIDKHhIX C0CTaB0B BhipaBHHBaIOill,HX 6yHKepOB. 

IJOJIY'IeHHI,Je BeJIH'łlłHl,l BO MHOro pa3 MeHhllle OT o6bl'IHO BCTpelfałOID,HXCll 

B rnaxTHOH npaKT1rne (Hanp11Mep, pac. 6, 7). 
C npose,neHHhIX pac'łeT0B, a TaK)l(e C xapaKTepa Kp1nepH.sIJihHOH cpyHK­

UHH <P npe)]CTaBJieHHOH Ha pttcyHKax cne,nyeT, lfT0 BbllfHCJieHHhie )]Jlll 

K0HKpeTHhIX rnaxTHI,IX ycJIOBHH KOJIHlfeCTBa BaroHeT0K H 3JieKTp0B030B 

.sJBJI.sJIOTCll 0IITHMaJibHhlMH, TaK KaK rapaHTHPYlOT MHHHMaJihHhre Il0Teptt:, 

57 



(fr 
n,, = --n,,, 

p ' 

(7, r 
noó,11 = --, n o 

fi . 

,, = 1- {! ,)(),i 

A= ) q 

B 00 -- fi - - A 
/I 

C., ~ Q lJ 1 {/oó,, 

'---t-----------.i C,, = Bil<, -I K , ) t---t----i~ c = c,, + c,, 

58 

c ,U lm = .\fili{ C 14----+------' 

<P = "(K, + K, H .11K 1 

<!J = .1t 1111 <1> 

,, , .u 



BhITeKalOll.J,He 113 Hepal\HOHaJihHOro X03HHCTBOBamrn TpaHCIJOPTHJ>lM nap­

KOM H O,ll,HOBpeMeHHO o6ycJiaBJIHBaIOT MHHHMaJihHYIO CTOHMOCTb TpaH­

cnopn,pOBKH O.UHOM TOHHhl .no6bl'IH. 

BcilKaH HHaH CHCTeMa, B TOM qJicJie H yBeJJHqemi:e q11cJia BaroHeTOK 

H 3JleJ<TpOB030B, npHBO.JJ,HT K yxy.nIIIeHI-IIO pa6oqHx rrapaMeTpOB ropH-

30HTaJibHOro TpaHCIIOpTa, OTKy.na BhIBO)],, IIO,f(TBep)l(,D,alOU(HH rrpHmnyJO 

Te3y: 6ecnepe6oiiHOCTh ropl130HTaJihHOro TpHacrropTa 3aBHCHT He OT 

yBe.JJ'M'leHHj[ KOJIJ,flleCTBa COCTaBOB BaroHeTOK H 3JieKTp0B030B, a OT C03-

,[(3HIUI ycJIOBHM pamrnHaJihHOro IIOJih30Bamrn TpattcnopTHhlM napKOM, 

TO eCTh rroBh1weHHj[ ci:orrhr o6cny)ICHBamrn µ. 
Bc.JJe,llCTBlie BHe,npeHHH pe3yJihTaTOB paccMaTpHBaeMOH pa60Thl B aHa­

Jil13HpOBaHHOH waxTe, IIOJiyqeHO cne.ny101U,He 3q>q>eKTbI: 

Puc. I . .bJJOKOBal! cxeMa Bbl'!HCJieHJut ,[\Jlll BenoKaHaJJbHOH CHCTeMbI Maccoaoro 06-

CJlyJIO{BaHJ!ll C OTKaJoM; µ - cpe,ll,Hllll CTona 06cny,1nmaHHll, ). - cpe,I:IHJlll CTOna 3a11-

BJ1eHJ!JI, llooM - npaB,ll,0IlOA06He OTKaJa 3allBJ1eHHH, IIo - npaBAOilOA06He COCTOl!HHll 

,,Bee KaHa.JJbl CB060AHbie", lloK - npaBAOilOA06He COCTOllHHH „Kamur K CB060AHhlfi:", 

q - npaB,ll0IlO,ll06He IlpHHJITHH JallBJJeHHH, A - a6COnIOTHaH CIIOC06HOCTI, nponyCKa 

CHCTeMbl, B - cpe,[lttee •meno KaHaJIOB, Q)l(H,l),lUOJilHX Ha KJilłeHTOB, I.(, - l..\eHa 361,1Ta 

O,llHOil TOHHl,I yrrrH, Q - cpe,ll,HHll A06b1qa B e,[\HHHl..\aX BpeMeHH H3 ,ll,3HHOro ropH30HTa 

lUaXTbl, K 1 - cpe,z:urnil: CMeHOBl,IH paCXOA HJJ:lep)l(eK Ha JKcmryaTal..\HIO :meKTp0B030B, 

K 2 - cpe)llillli CMeHOBblH pacXOA H3,ll,ep)l(eK Ha JKCnnyaTal..\HIO OJ:IHOro CKJia):la B030B, 

mH - Bbl3HaqeHHOe BpeMl! l.(IU(Jla e3,[lbl AO K-Toro IIYHKTa norpy3KH, HK - 11:HCJIO IU{KJJOB 

Heo6xO,Lll!NblX ,llJlH o6crry,KCHHH K-Toro IIYHKTa norpy3KH, Iły - 11:HCJIO JaMe'l:eHHl>IX 

CJly'JaeB ( 3aHBJ1eHHll: KJIHeHTOB), Ił - 11:HCJIO <l>YHKIJHOHHpylOII..\HX COCTaBOB BaroHOB 

Ha BbIAafflOM ropmoHTe maxn,1 (q11cno KaHanoB o6crry=aHJ!ll), H,, - Heo6xo,ll,HMoe 

'IHCJIO q:J)'HKI..\HOHHPYIOUJ,HX COCTaBOB BarOHOB Ha BbI,[la'l:HOM ropH30HTe JilaXTbl, lło11m -

OIITHM1>JlhHOe 'll!CJIO QIYHKIIHOHHPY!Oll.l,HX COCTaBOB BarOHOB Ha BbI,ll,a'l:HOM ropH30HTe 

IIIaXThl, c.,., - llOTepH, Bb!TeKa10111He H3 O)l(H,l),aHHll norpy30'1:HhIX nyHKTOB Ha <l>YHKIIHO­

HHPYJOD.Ule COCTaBbl nyCTbIX BaroHOB, c,, - noTepH, Bb!TeKaIOIIllie H3 O)l(H,l),aHHJI q>yHK­

l.lHOH11PYIOillffl{ COCTaBOB BaroHOB Ha 3allBJ1eHJ!e norpe6HOCTH Ha o6cy)l(1!BaHHe qepe3 

OT)leJIOBhJe norpyJoqHbie II)'HKTbl, C- CyMMa IIOTep1, CM H c,,, CMUH - MHHHMaJlbHal! 

CTOJ,[MOCTh CB JaBHCHMOCTH OT 11 H M, M - 11:HCJIO COCTaBOB nyCTbIX BarOHOB, T.e. 

'IHCJIO IlOABIDKHbIX 6yHKepoB, M,. - Heo6XO,ll,HMOe 11:HCJIO COCTaBOB nyCTblX BarOHOB, 

T.e. He06XO)l;HMOe 11:HCJIO IlO,[\BJDKHl,IX COCTaBOB Bb!paBHHBalOII..\HX 6yHKepOB, <P - KpH­

replłlłaJlhHall <PYHKQHR, et> MUi/ - MHHHMaJibHall CTOHMOCTb <PB J aBHCHMOCTH OT u H M, 

f,ll,C: 

<PMuu = MUH<P = Honm(K1 + K2) + M„K2 
H 0 M 
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Puc. 2. Onpe,D,eJieH.He Heo6xo,roi:­

Moro 'il!CJia lln q>YHICI.lHOHHPYIOID;HX 

COCTaB0B BarOH0B Ha BI,IjJ;a'llIOM 

rop1130HTe MaXTl,I ,IJ,Jlll }. = 3, 
µ = 0,5; C., - IlOTepH, BLiTeKa-

IOIIJ;l{e H3 0)I(H,IJ,aHlill norpy30'IHI,IX 

II}'HI{TOB Ha q>yHKI1HOHHpy10Ill,ll:e 

COCTaBbl Il}'CTbIX BaroHOB, CH - no-

Tepll, BbITeKaioiD,l!e 113 0)l(H,!laHl!Sl 

<j)yHKIJ;l!OHIIpYIOl.ll.IDI: COCTaBOB Ba-

Cft000 j AOTo1Ki 

JOO 

r0H0B na 3aJIBJiemre IIOTpe6110CTH 150 

Ha 06cnyJKHI1aa11e '!epe3 OTAeno-

Bbie norpy30~1,1e IIYHKTbl, C - cy-

MMa IlOTepL, A - cpem1.IIJ! CT0IIa 

3allBJieIDrn, µ - cpe,D,Hllll CT0IIa 

06cny:)ln1BaIDll! 

·citooo y o,. ,/ 
250 

2fX) 

150 

100 

50 
~ \ C 

\ 
\ 

c. " L ---~-o--
~~ ..... ,,_·_---_. ----------..-c=,----• H 
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Puc. 3. Onpe,D,eneHHe 11eo6xOAlłMOro 

'IJICJia IIH q>yHKl.l:JIOHl!py10m11x COCTa­

BOB Baf0H0B Ha BbI,IJ,a'IJIOM roplł30HTe 

maxTbI ,n:m:1 ). = 3, µ= 1; C_., , Cn w C 
KaK Ha pl!C . 2 
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Puc, s: Onpe.n,eneHHe M„ ,ll,JlJI 11 = 7, }. = 3, 
µ = 0,5; C..,, C„ H C KaK Ha pHc. 2 

Puc. 4. Orrpe.n.enemre MH ,!VUI 11 = 7, .i. = 3, 
µ = 1; CM , CH H CKaK Ha pHc. 2,MH -He­
o6xo.n.HMoe 'ilłCJI0 C0CTaB0B IIYCThIX uaro­

H0B, T .e. Heo6xo,D.HMoe 'IHCJI0 110,!I.BIDKHh!X 

C0CTaB0B· Bhlpaumraa!OIIUIX 6yHKepoB 

C[IOOO JAOlb!KI 
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Puc. 6. OnpeAeJieHHe fJ>,...uH = <IJ(H0n111 , 

1,1H) AJill ), = 3, µ = 0,5; </JMu11-MIDrn­

Ma.irbHall CT0HMOCTI, Kpl!TepHl!JILHOił 

QJYHJaUUi fJ>, onpe,nem11oll(a11 011THMarr1,­

H0e 'IBCJI0 QJYHKQHOHHPYłOll.l,HX COCTa­

B0B BaroHOB Honm, a T3K)Ke IlOA'łlł­

HeHHa11 BeJIJł'llflle M,, - Heo6XO/IJIMO­

MY 'llłCJiy nyCThJX C0CTaB0B BaroHOB 

- ITO/IBHJKHhJX C0CTaB0B Bhlp3BHHBa­

lOU\l{X 6yHKepoB 

<P [1000 JAO Tou } 

15 

IO 

j c/JMUH 

5 I 
I 
I 
I 
I 

5 B IO 
H OQT 
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Puc. 7 . Onpe.nerreHHe '1>,11u11 = <1> (H0 ,,,,,. 

.Af) t\Jlll ), = 3, µ = I 



- yMeHhllleHJ.1e KOJUl'leCTBa 3JieKTp0B030B Ha npOBO,lUILQeM BbieMKY 

ropR30HTe waxn,r npH6JIH3HTeJihHO Ha 40%, 
- HenoKynaHJ!e Ha nponDKemm: 2-x JieT HOBblX BaroHeTOK IIPH O,llHO­

BpeMeHEOM yMemweHHJł BaroHHoro napKa. 

,LI:oBOJibHO OCTOp0)1(H0 npoBe)].eHHhie TIO,llC'łeTbl 3(j)qJeKTOB B ycJIOBl-łSIX 

aHaJIInlłpOBaHHOll ruaXTbI TIOKa3hIBaIOT, 'ITO 6naro,llapH BBe,llemuo BbIIIIe 

yKa3aHHOro ycoaepmeHCTBOBaHmI C3KOHOMJieHO B Te'leHirn r o ,11,a CBbIIIIe 

1,5 MHJJJilła p,lla 3JIOThIX. 

3. IIOCJie)].HHe pe3yJJhTaTbl 

B IlOCJie,IJ,Hee BpeMlł KOJIJJeKnIB pa60THRKOB l-IHCTHTyTa opramnau,HH 

H y11paBJieH11S1 TIAH » MHBOwT - OT,lleJI EhITOM, pa3BMBaH ,llaJihIIIe 

npe,n:cTaBJieHHb1e B pa6oTe ,llOCTHJKemrn, npoBeJI HCCJie,lloaamrn Ha maxTe 

,,JibITĆlM''. 

E n aro,ll,apSI npoBeAeHHOMY TO'IHOMY ,llHarHocTw1ecK0My aHaJIM3Y, 

B COCTaB KOTOporo BOlliJIO OKOJJO 400 xpOHOMeTpaJKHblX Ha6JIIO,lleHHH, 

PHAY .n:pyrux aHamI30B H co6CTBeHHbIX HCCJie,llOBaHHH, onpe,lleJieHO BM.li 

roplil.30HTaJibHOro TpattcrropTa B npe,llMeTHOH waxTe, CTpOH MaTeMaT111Ie­

CKYIO MO.JJ,eJib Teop1rn: MaCCOBOfO o6opy,lloBaHl1H. 

JJ:n51 ycJIOBll:H aHaJIJ1311pOBaHHOH maXTbl caMhIM Y.lI06HblM BH,llOM ro­

płl30HTaJibHOro TpaHcrropTa OKa3aJiaCb MHOroKaHaJibHaH CMCTeMa C OTKa-

30M, a TaKlKe MHOfOKaHaJihHalł 3aMKHyTaH CMCTeMa C OlK)],eH11eM. 

IloJiytJeHHble pe3yJibTaThl IlO)],TBep,[(HJIH npaBHJlI,HOCTb TeOpH11 Macco­

Boro o6crryxrnBamrn npn npo6neMax ycoBepmeHCTBOBamtaH ropH30H­

TaJibHoro rpaHcrropTa ( O,[(HOro M3 Ba)l<Heiiumx H oco6eHHO CJIOlKHblX 

npOH3BO,ll,CTBeHHbIX npou:eccoB B waxTe), a HX npaKTH'łeCKaSI npoaepKa 

TIO,llTBep)l(,n:aeT, 'ITO HailJM TPY.llhl no HX BHe,11,peHJłlO ,lla,llyT 3Ha'łI1TeJihHhie 

3KOHOMH'leCKHe 3q>q>eKTbI BBHAY yMeHhIIIeHHH KOJBI'leCTBa 3JieKTp0B030B 

H COCTaBOB BaroHeTOK B waxTHOM TpattcnopTHOM napKe lł ycoaeprneH­

CTROBaHJłll rrpou:ecca ropR30HTaJibHOro TpaHcnopTa B COBpeM eHHOH H 6y­

,llyru:ett BHyTpeatten CTPYKType maxT. 

4. BbDO,llbl 

Mo,a:eJib npoeKTHpoBaHJill opraruł3au,n11 rnaBHoro Tpattcn opTa, KOTO­

phlii OTillpaeTC.SI Ha CTOXaCTH'leCKOM xapaKTepe SIBJieHHH o m tCbJBaIOLQHX 

3TOT npou.ecc, BO MHOfO pa3 6onee H30MOpqJH'lHa C TO'lKlł 3peHHSI ,11,eił -
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CTBHTeJJhHOro xo.u;a .SIBJieHHH IIO cpaBHemuo C ,n;eTepMHHHCTuąeCKHMH 

npe.u;noch1JIKaMu HX xo,n:a. 

3To ocHOBHa.si: npHMeTa npe,!l;JlaraeMbIX B Harueii pa6oTe Mo,n:eneii 

npoeI<T:upoaamrn: opraH:U3au::uu ąTo, 6naro,n;ap.si: :ux HeCJIO)KHOMy xapaI(Te­

PY, ,!J;OJI)KHO o6ecneqHTb HX npHMeHeHHe B ropHOH npaKTHKe. 

IlpeAJIO)KeHHa.sI MO,[l,eJIJ, npo6JieMhl Bhl'IHCJieHH.sI OIITHMaJihHOro KOJIH­

lfeCTBa COCTaBa BaroHeTOK H ::meKTpOB0308 Ha nposo~eM BhieMKy ro­

pH30HTe waXTbl xapaKTepu3yeTC.sl KOMITJieKCHJ,IM H CHCTeMHJ,IM BH,[l,OM 

pemeHHH, TaK KaK npJIHHMaeT BO BHHMaHHe 0)],HOBpeMeHHO OIITlfMaJIJ,HOe 

KOJIH'łeCTBO <pyHKU::UOHHPYIOlll.HX Ha ,l],aHHOM ropH30HTe ruaxTJ,I coqaBOB 

BaroHeTOK BMeCTe C 3JleKTpOB03aMH, a TaK)Ke OITTHMaJibHOe KOJIH'łeCTBO 

Heo6XO,llHMbIX ,llOITOJIHHTeJII,HbIX COCTaBOB BaroHeTOK HCIIOJIH.sIIOIIUłX pOJib 

JTO,llBlDKHbIX Bhlpasmrnaromm 6yHKepoB Ha rnaxTe. 

KoMnJTeKCHhIM lf CHCTeMHJ,IH IlO,!l;XO)], K npo6JieMaM Bbl'IHCJieHH.sI OllTH­

MaJibHOfO KOJIHqecTBa COCTaBOB BaroHeTOK ll03BOJI.sieT Ha 3Haą:uTeJil,HOe 

COKpamem1e KOJIHlfeCTBa q>yHKIJ,HOHHpyIOIIJHX COCTaBOB saroHeTOK C 3JieK­

Tp0B03aMB, 'ITO KpOMe H3MeplłMJ,IX 3KOHOMH'łeCKliX 3<pq>eKTOB HMeeT 

60JiblliOe BJIH.sIRlfe Ha orrepaTHBHOCTb H 6ecrrepe6oiiHOCTJ, ropH30HTa!JIJ,­

HOTO TpaHCIIOpTa, 6naro)],ap.si yMeHbIIleHHIO neperpy3KH T.sirH, ,-6o.jlee 

y,n;o6HOMY pacrrpe,lleJieHHIO cpyHI<IJHOHHpyromHX COCTaBOB, a Ta~:ace 

yMeHbiiiem110 npaB,llOIIO)],Ofilrn BhICTYTIJieHH.sI Hecor:rracoBaHHJ,JX CHTYaIJHH. 

IIpoBe)],eHFi:bie Bbl'łlłCJJeHHjf, a TaK)Ke TeKy~H:ii P,HarHOCTHlJeCirnii 

anan:m r.JiaBHOro TpaHCIIOpTa B ITiaxTe „EbITOM" IlO,D;TBep)K,!l;aIOT, 'ITO 

I!O,llBlf'lKHhie BhipaBHHBaro~e 6yHKepa s BHP,e COCTaBOB BaroHeTOK HMeI-OT 

p.sI)], iipeRMYIIl_eCTB no cpaBHemno c IIOCTO.sIHHbIMH 6yHKepaMH. 

K , 3THM iipeHMJlll;eCTBaM OTHOC.sITC.sI: 

- B03M0)KHOCTb MaHeBpHpoBaHH.sl B 3aBHCHMOCTH 01' C03,l],aBIIIeHC.sI 

CHTYaI:UłH, 

:__ JMeit1,memie pa3.n:pa6n1rnaHH.sI ,ll06bilfH, 'łTO oco6eHHO Ba)KHO npH 

3HepreTH'łeCKHX yrmrx, 
- B03MOxtHOCTb KOHKypeHU:Hlf C TOlfKH 3peHH.sI ce6eCTOHM0CTH 3KCilJiy­

aTal(lfH. 

KaK MJ,l y6eP,HJlllCh Ha npaKTHlfeCKOM Oilh!Te, pa3pa6oTaHHaj{ MO,lleJib 

lfMeeT 6oJibIIIOe YTHJIHTapHoe 3Ha'łeHHe. 

OnepaTliBHbie HCCJie)],OBamrn )],OJI)I(Hhl HaHTH 6oJiee IIIHpOKOe npH­

MeHeHHe B TeKy~eii opraHH3aU:HOHHOH ruaxTHOH npaKTHKe • 

. B1,1TeKaeT 3TÓ ile TOJlbKO H3 npeHMJlll;eCTB 3THX MeTO)],OB, a npe)K)],e 

Bcero H3 HaCTO.sIIIUłX IIOTpe6HOCTeił. 
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