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OT3LIB
o(br4 ur,rarEHoro o[[oHeHTa Ha nrzcceprau[lo Pq6xo EsreHr4z Bla1ulrzpoanrr na

TeMy: (06ocHoBaHr4e napaMerpoB r.r pe)r{r4MoB pa6orbr cr,rJroBbrx Ar43eJrbHbrx

ycTaHoBoK ropHo-TpaHcnopTHr,rx Marrrr4H)),

Ha corrcKaHl4e yueuoi creneHu KaH4.u2.ara rexHvr{ecKr4x HayK

ro cnerlr4aJrbHocrz 05.05.06 - <fopHsre Malur4Hbr)

.{uccepraquonuax pa6ora Px6xo EsreFrun Bla4uvlrpoauu Ha reMy:

<O6ocnoeaHrae napaMerpoB z pexrrMoB pa6orsr cr.tJroBbrx rz3eJrbHbrx ycraHoBoK

ropHo-TpaHcnoprHr,Ix MaIIrr4H), r.{3Jror(eHHar .na 222 crpaHv rlax Marrl4 HorrlrcHoro

TeKcra, rBrrercs aKTy€rnbHofr u pacKpbrBaer nocraBneHHyro aBTopoM rleJrb

IZCCJIeAOBaHI4f .

OcroeHtre pe3yn6Tarbr HayqHrrx zccle4oeaHrafi Ps6xo E. B. ny6luxonalucr
B Be,qyqfix perleH3r4pyeMbrx HayqHLrx xypHanax u v34alJuflx, npeAcTaBJrrJrr,rcb B

Br,rre roKna.qoB Ha Me)KAyHapoAHbl x H ayrrH o- npaKTuar ec KH x r<ouQepe nqnr x.

ColepNaHue aarope$epara s no,'rFroI Mepe orpaxaer ocHoBHlre r]oJlo)KeHr4r,

vleu u BbrBoAbr Ar4ccepTarluouuofi pa6orti.

Axryansnocrr ur6paunofi renrsl

3$Sexruanocrr ropuogo6rrnaloulefi npoMbrrxJreHHocrr4 pa3Br,rrofo

focyAapcTBa rBJrreTcr 3aroroM ycrofruuaoro pa3B\- 4s 3KoHoMr,rKr4 B rIeJroM.

BaNseiurei cocraBHofi qacrblo rexHoJ'rofl,tqecKoro qr{KJra ropuogo6rraalorqux

npeAfiprrrrrll fr r BJlrercr no BepxHocrH blfi u n oAgelaH sr fi rpauc nopr, Koropbrfi lorxeH
coorBercrBoBarr rpe6oeaul4qM, [peAbtBJIreMbrM K ropHo-TpaHcrroprHblM MaIIl.lHaM

B TqXeJrbrx ycjroBr,r{x 9KcrrJryaTarJr,{I1.

IpnveneHue Ar43eJrbHbtx noKoMorr4BoB B fopHbrx esrpa6orrax o6ycloueuo
ptloM oco6eHHocreft 3KcnJryararlrr 14. Ilpu pa6ore ca,rosoi .{rz3enlHofi ycraHoBKr,r, B

rroA3eMHofi ropuofi nrrpa6orre rpe6yercx co6lrolenvre KoHueHTpaultu BpgAHbrx

BeIrIecrB, locrynarcq]rx r errpa6orKy c BbrxJronubrMr4 ra3aMr,r, B lorrycrr4Mbrx
rocya pcTEEHHoE oSPA3oEATEJIbHOE yqpEX[EHt E



rrpeAenax. .{.m peurenrax erofi npo6leurr e nr'tpa6o'rKy npl4 ee rIpoBerpI'IBaHI'I}I

rroAaeTc, AOrroJrHr4TeJrbHoe KoJrrrqecTBo BO3AyXa. llpu erorra pacxoA Bo3Ayxa B

rrraxrax .Ilon6acca n Poccuu s 2,5 . ' ' 4 pa:a er'rue, qeM 3a py6eNorta' qro BnpoqeM'

cBs3aHo c 6olee XeSTKI.IMI4 rpe6onaHuauu r [pe.IIeJIbHo AonycT]4MbIM

KOHUeHTpaIII4qM BpeAHbIX BeuIecTB.

3rcnnyaraquq reflroBo3oB, o6opyAoeanHblx AI43eJIbHbIMI4 ycraHoBKaMr{' B

Kapbepax ocytqecrBJlteTcf, B BeCbMa rt)KeJILIx ycJIoBI4tX' a UMeHHO: npu nnoxoM

cocTotHl4lrpeJlbcoBofonyTI4,3HaqIlTeJIbHbIXyKnoHaxnpl4ABI{X(eHI',IIrfpyxeHblx

cocraBoB Ha rroAbeM, MaJIbIx paAuycax aaxpyrneuufr, qacrblx ocraHoBKax

IIO,IIBI,{XHOI.O COCTaBa, Bbr3BaHHbIX TeXHOJIOftiqecK14MI'I nepepblBaMI4' 6olluruv

KOJII,rqecrBoM cTperoqHblx [epeBoAoB I4 Cbe3AOB'

Hau6orreeHafpyXeHHbIMI4KoHCTpyKTIIBHLIMI,I3JIeMeHTaMI4cu:rosofi

AUgenrnofi ycTaHOBKr4 fOpHo-TpaHcnopTHbIX MaIIII'{H SBI'IOTCq .UeTanIt qI-IJIIIHApO-

noplxHeBofr rpy bI, Koropble rIoABep)KeHbl enzqHiarc MHo)KecrBa $ar<ropoa'

TexHu.IecxOe cOcTotHI4e arvx Aeralei' AJI' noAAepx(aHI'It KoTopofo Ha '[oJIxHoM

ypoBHeueo6xo4uurtlpaBr{JlbHat3Kcnnyaraul'ItI4cBoeBpeMeHHoerexHl4rlecKoe

o6cnyxr.rranne, HapqAy c TenJroBbrMn I{ CIIJIOBrIMII Hafpy3KaMl{, OnpeAelqeT

rroKa3areJII4 HaAexHocrI'I crlnosofi '{I{3eJrbHoft 
ycraHoBKI4'

Hecruo'rpr Ha ssaqurellst tfi o6t'en'r uccneAosaHl'Ii, Ha[paBJIeHHbIX Ha

ynyqlxeHl4e TeXHI{rIeCK}Ix XapaKTepr{cruK fopHo-TpaHcnopTHbrx MaIrrI4H 14' B

qacTHOCTr4, Ha IIoBbrr]reHr4e SooeKT]rBHOCru pa6orlt clIfloBbIX Afi3eJIbHbIX yCTaHOBOK'

oAnofi us KJIIOqeBbIx 3aAaq ocTaeTct coBepIxeHcTBOBaHI4e CI4CTeMbI oxJlax.4eHl4t

/inzeteit r4 ycTaHoBJreHr,re IIx paulloHILIIbH6IX 3KcnnyaTaul4OHHbIx II KOHCTpyKTI'IBHbIX

napaMerpoB. llpu arov, c nay'*rofi ToLIKIi 3peHl4q' [epcneKTuBHbIM cBnterct

r,rccJreAoBaHI4e npoqeccoB TenronepeAaqu B sau6onee repMoHanptxeHHblx

3JreMeHTax KoHcrpyKuI'Iu AfisersHofi ycraHoBKI4' a raKxe vx HalptxeHHo-

AeOopMIrpoBaHHoro cocro.tHl4t npfi 3Kcnnyaraql4 u B Tqxerblx pexuMax'

o6ycnonlenur,tx cJIOXHbTMI4 fopHo-rcoJlorI4rIeCKIIMI{ 14 ropHo-TexHI',IqecKI',IMI4

ycJroBt4tMlr, xapaKTepHbIMI{ AJI' rOpHbIX npegnpulrufr '

Tar<urra o6pasoM, aKTyaJrblloct' TeMbI Al'IccepralrlloHnofi pa6oru Pq6ro E' B'

HC BbI3bIBACT COMHCHI4-fl .

Creness o6ocuoBa tlHocru

peKoMeHAarIufi

HayqHbIx IIOJrOlKeuuu, BbIBOAOB 
',r

B nepnofi rrraee paccMorpeHr,r npoSlevnr 3KcfinyararJ:/lu cl{rIoBbIX AI43enbHbIX

ycraHoBoK ropHbrx rpaHc[oprHbrx Marrr4H, Koropble B HacroflIrree BpeMf, nuiot'T Bce



6orruree ltpI4MeHeHI,Ie

r4crroJrb3yeTcf B cocTaBe

KapbepHbIX TeTIJIOBO3OB,

MOHOpeJIbCOBbIX AOpOf .

Ha fopHbIX rpeArtpvflT:aflx. lJugeJIbHbIe ycraHoBKI4

rxaxrHbrx JIoKoMoTLIBoB (4Iasenenoson), 3KcKaBaropoB,

aBTocaMocBaJIoB, 6ypoesrx ycTaHoBoK, noABecHbIX

flpone4eHHsrfr oSsop uy6n urca\nil ro3BoJrH,rI ort eAenI4Tb ocHoBHbIe

HanpaB rre;glafl. HccneAoBaHHr npo6rreMbr ox,'1a)r{Aelr4 r rJ4nvrHApo-ilopuHeBofi rpynuu

culrosofi 4u:ellnofi ycTaHoBKI4 fopHo-TpaHcnoprnofi MaIIII4HrI. Vctatronfleuo, uro

rrOJIyqeHH6Ie TeOpeTI,IqeCKI,l e i4CCJIeAOBaHI4I IIo AaHHOfi reUarZre HyX.qaIOTCq B

Aanrnefiruerra yroqHeHI4I4, pa3Btr-tvt4 I'I 3Kcflepl4MeH-ra-,rssoft [poBepKe.

Cy lecrnyroullre npo6leutt c,qepxuBalor Irp14MeHeH14e Au3eJIbHofo npI4BoAa B

ropHLIX MaIrrI4Hax, rlre Lrx pa3peueHllt cQopuylupoeanu LIeJIb v 3anau

A14 CCepTaIII4 OHHOf O IICCJIeAOBaH14t.

Bo sropoi rrase Brr.rBJreHbr sarcropst, oKa3brBalo 1ze Hau6olturee BJrr{rHrre Ha

pa6orocnoco6HocTb ctIJtoBbIX AII3eJIrHI'IX ycTaHoBoK ropHo-TpaHcnopTHbIx MaIuI4H.

Paccuorpeu MexaHLi3M pa3pylxeHltt KpbtueK I-lUnrlIlApoB Au3eJIbHtIx 4aurarelefr.

flpone,4en a:naJl:z3 oTKa3oB 3IeMeHToB AI43eJI6HIIX Aenrare,reI ropHo-rpaHcnopTHl'Ix

MarrII4H, ZCCIeAOSaHO BItLlflHvIe OCO6esuOC'refi 3KCnnyaTaIIIzI,I Ha BsIXOA I,l3 CTpOt

rlrrJr14 HApoBbIX KpbIIIIeK CI4JIOB6IX ,qU3eJIbH6IX yCTaHOBOK KapbepHblx Ten,'IoBo3oB.

Ha ocHoeaHuu pe3ynbTaroB npoBeAeHHofo uccreAoBaHh^ y Aa[ocb Br,rrBr4Tb

BruqHue reMneparypbl or<pyx<atouefi cpeAbl rI Hafpy3otIHbIX pex[MoB pa6orr,t

Ar,r3eJrbHoro ABr{faTeJIt Ha yciloBl,It 3KCnJlyaTauul{ qI,IJILIHApOBbIx KpI'IIxeK.

BruueHo, tITo rlpl4 pa6ore B pexl4Me, 6lurrou K HoMI4Han 6HoMy' Ha

pa6orOcnoco6nOcrl Kp6IIIIKI4 tryIn61g.p.p1 AII3eJIbHofo ABI4raTeJIt BJII41ST

TeMrrepaTypHat HaIIptxeHHocTb ofHeBof o AHrl IlIa'

Anatuz crar'1crl4Kl4 orKa3oB A7t3eJILHblx ;1eHra re,'le[ ropHo-TpaHcnoprHblx

MaIIII,IH 14, B TIaCTHOC'1;2., ux gaq6Olee <cla6OrO 3BeHa)) - KpF,IUSK III4JII,IHApOB B

pa3JII4rIHbrx nO T-x)KeCTLI peXI4MaX pa6OrSt nO3BOII.L'I BbItBI4Tb npl,tq]IHbl OTKa3OB 14

cpeAHI4e 3;'j,A-c1e:,j.]l1l'- napa6orrz Ha oTKa3. Han6o:ree qacTo BcTpeqaloqt4 MI4 ct Br4Ea}.dLl

oTKa3OB .tBItIOTCt yCTaJIOCTHbIe TpeXII4HbI Ha O|HeBOM AHI4Iqe KpbIIxeK uIlJIt4HApOB'

Vcrauoueuo, rrro B ycnoBr4qx KoHKpernr,rx ropHl,rx npegnpuaruit pacflpeAeJleHlze

clyuafiuoft Be;1r4rinHr,r - uapa6orxu Ha oTKa3 KpbrueK uuJrr4HApoB noArrr4Hqerct

3aKoHy Befi6yrra.

Tperug rlasa IIOCBtllIeHa TeOpeTIIr{eCKLI M I4CCJIe,qoBaHI4tM HeCTaUI4OHapHbIx

npoqeccoBTenJlollepeAaql4,ycTaHoBIeHI4}oTeMnepaTypHo|oIIoJl'BKpbIIxKe

r\rrJl4HApa CUnosofi AugeruHofi ycTarroBr{ri foprro-TpaH cnoprnofr MaIxLIHbI rr



fpaAr4eHToB TeMnepaTypbr npr4 3aAaHHoM npouecce r,r3MeHeHr4r TeM[epaTyphr

Ia3OB B rlr.rJrr.rHApe r,r KoSosr4rlueHTa TerrJrorrepeAaqr4 TenJra oT ra3a ofHeBoMy

AHI,rqy. [trx srofi rleJrr4 pa:pa6oraua MareMarr4qecrar MoAeJr6, Koropat

ocnoBbrBaercr na anpo6upoBaHHoM irr creHHoM Mero,qe gJreMeHTapHbrx 6alancon

TerrJrorbr. llolyveurr pacqerHbre 3aBr4caMocrn lJlr orlpeAeJreHr.t_s norefi rpa,qlreHToB

TeMneparyp B Kpr,rrrrKe, rro KoroplrM Mo)t(Ho onpeAeJrrrb Ha[prx(eHur (cor,racHo

Teopfifi repvoynpyrocrr.r) v 3HaqeHI4r rrJrorHocrl,I TeI]JroBbIX lro r.oKoB!

lponopqlroHaJrruofr rpagueHTaM TeMneparyp B creHKe. Paccrr,rorpeulr cnoco6rr

onpeAereHr4r AocroBepHocrrr pacqera reMfleparypHblx nolefi B creHKe.

C npzueueuueM r43BecrHoro nporpaMMHofo KoMnJreKca ANSYS, B ocHoBy

KOTOpOfO ITOJIOXeH MeTO.{ KOHer{Hbtx 3JIeMeHTOB, TaK}r(e paCCqI,ITLrBalOTC{

TeMneparypHbre rtorq B KpbrrxKe, Ho roJ]bKo npu Qtr<cupoBauHbrx 3HaqeHnqx

TeMneparypbr orHeBoro AHr4xIa 300'C, oxJrorAaroulefi . so,4H - 90oC r.{ BnerrrHr,rx

nonepxnocrefi KpbrrxKr,r - 50'C. .{trr sa4anHtrx ycloeuft ycraHoBJreHbr KoMrroHeHTbr

TeH3opoB TepMuriecKvx HanplNeHufr, a raKlKe 3KB[BaJreHTHbIe Hanpt)KeHI,It B

nau6olee Hanpt)KeHHLrx roqKax ofHeBofo AHIIUIa KpbrrxKr4 MexAy orBepcrl,ItMll noA

KJIAIIAH.

flpone4eno corocraBJreHr4e pe3ynrTaroB, noJryrreHgrrx c rrplrMeHeHnenr o6oux

MeTOAOB pacqeTa.

,{nr ycranoueuuq Ha[6oJree np[eMJreMbrx Marepr4aJ]oB, c ror{Kz 3peHr4t

Mr4rlrrMv3a\uu repMr4qecKr4x nanpaxeHufi u 4e$oprraaqzfi, npone4eHu vccfiep.oBanur'

KpbrrrreK rInJrr4HApoB, r43roroBJreHHbrx r43 qyryHa B9-50 u aJrloMr4Hr,reBoro cnJraBa

AK8.

B .rerseprofi rrase npeAJrararorcr Mepbr no ynyqneHzro pexr4MoB pa6oru
cr4JroBbrx Ar43eJr[,Hbrx ycTaHoBoK fopHo-TpaHcnopTHbrx Marxr,rH.

.{a.a cnuxeHvr reMneparypHoro rranopa npu HarpeBe u oxrax<reHr4Ll

Arr3eJrbHoro ,qBr4 faTeJrr B xoJro,4Hoe BpeM.s ro.ua npeAJrafaeTcr npr4MeHrTb

TenJror43oJrrrlr4onnrrft er<pau. llpoc'rora KoHcrpyKtlr4tr 3KpaHa He npeAycMarprzBaer

,qorroJrHr4TeJrbHoro o6clyxunanua.

CosepruexcraoBaHr4 e KoHcrpyKulrrz cncreMbr oxJra)KAeHur ,qu3eJrbHoro

ABlIraTeJIt 3aKJIIOqaeTct B yCTaHOBT(e AOnOJIHUTeJIbHOTO HaCOCa IIaparIJIeJI6HO

ocHoBHoMy. Paccvorpenu oco6enrrocru 14cnoJlr,3oBaHr4r AonorHr,rreJrlHoro

BoAtHoro Hacoca npu pa3Jrr4qHbrx pe)KnMax pa6orrr curosofi Augelrnofi ycraHoBKr4.

flpoae4eu pacqer flz.qpaBruirecKr4 x napaMerpoB Hacoca 14 peKoMeHAoBanrr paCueprr



pa6ouero KoJIeca v Kopryca (uanop npv 3roM Bo3pacraer Ha 7,4 M, KIIA
yBenllqvBaeTc'_ Ha 4,5 yo, yAenbHbre 3arparbr yMeHb[raroTc.s, npr,rMepHo, Ao 8%).

Mo4epHI.I3I4poBaHHat cI4creMa oxnaxA eHwtr rr03BoJr-f,er ynyqunTb npouecc

III4pKyn flr\krvr oxna)KAaroulefi x{HAKocrr4 nocJre c6poca Harpy3Kr4 vrJrv pe:xofi

ocraHoBKI4 Aw3enfl, TeM CaMbrM ilpeAynpexAafl Bo3Hr4KHoBeHr.re flBrrelHLrfl

|IoBepxHocrHofo Kl4|IeHvrfl ]r(HAKocrr4 B rrorocTflx oxJra]r(AeHug.

Anpo6auvrfl ronyqeHHbrx pe3yJlbraroB 6srla npor43BeAeHa B <<KonacoMorrbcKoM

pyAoyilpaBneHlaur>> z fll <<f,oueqKar )KeJre3Hafl Aopora)).

B nsrofi rrtaee Ar4cceprarluoHHofi paSoru paccMarpnBarorcfl

3KcnepI4MeHTaJIbHbIe na6oparopHble Hccne4 oBaHr4fl rennoQ kr3u.uecKux npoueccoB,

rlporeKaroulnx B orHeBoM AHr4ure Qvtzuqecrcofi MoAenLr KpbrrxKr4 ur4xnHrpa

ALI3eJIbHoro ABHrareJIt B pexuMe npofpeBa or 3JreKrpoHarpeBarerq . Atts H3MepeHufl

TeMnepaTypbl B pa3nr4qHblx cJroflx Kpbr ruKr{ ur4.xvHnpa HciloJrb3oBaJrr4cb

TepMooneKTpI4r{ecKI4e MeroAbr r,r3MepeHvrfl c noMorubro repMortap. flp, 3ToM

BeJII,IT{HHa reMneparypbr onpeAerqracb rto rroKa3aHr4flM H3Mepr4TeJrbHoro upra6opa.

Ha ocH oBaHVV 3KcnepHMeHTaJIbHbrx AaHHbrx r,rccner or,aHvrfl TeMrreparypHbrx nolefi
KpbIlxKI,l UVJII,{Hn.qa npOBeAeH aHaIrU3 [Oflylrer{Frbrx pe3yJrbTaroB vr corrocTaBJreHr4e

3 KCn epl4Me HTa C Te OpeTH r{ e C K r4}'lLr 14 CC X e AO BaH Vr trl'{W .

3xosovu\ecxuir eQSexr or BHeAperrr4r per(oMe:u1aq:rit ro ynyqueHnlo

ycnoBufi oxlax p.e:n:zfl, cI{JIoBbIX Az3eJrbHbrx ycraHoBoK cocraBur l 41,0 rrrc. py6. B roA

Ha oAHy ycraHoBKy, cpoK oKy[aeMocrn Kanr4TaJroBJrox( esvtit - 3 ,2 roAa, r{To

iloATBepll(Aaer eQcpexu,rBHocrb peLueFrar n ocraBleuuofr Frayr{Ho-TexHr4qecxofi

3an-aqv.

Hoensua pe3yJrbraroB

cneAyrorueM.

Ar4cceprauuoHuofi pa6oru 3aKrloqaercq B

I . OnpeAeJIeHbr draxlopbl, oKa3brBalorrne HerrocpeAcrBeHHoe BrrvflHne Ha

rpex(AeBpeMeHHrrfr BbIXoA r43 crpofl KpbrrrreK LrLrnr4HApoB An3enbHbrx ABararenefi

ropHo-TpaHcnoprHblx MaIrrHH, BbrqBJreHbr vx ocrloBubre rpy[ilbr 14 rroArpyrrnbr. Ha

ocHoBaHnvr ilonyqeHHbrx IaHHbrx o6 oTKa3ax 3JreMeHToB ilkaenbHoro ABr4rareJrt

fopHo-TpaHcilopTHblx MaIIZH BbIqBIeHO, IITO HaI'rMeHee HaAe]KHbIM y3nOM B Cr.rCTeMe

AH3enbHOfO ABHfaTeJIT rBIreTCq Lryrrr4Hqpo-fropruHeBafl rpy[ila , HZ AOnrO XOrOpOfr

Irpl4xorr4Tcr no 40...50 % orKa3oB. llpra 3roM Ha AoJrro rJr4nr4lrilpoBbrx Kpbr[reK n3

Bcex Aerarefr rlr4nr4HApo-ilopurueeofi fpyrrrrbr cHJroeorz AH3eJrbHofr ycraHoBKr.r

npr4xol VTcfl. 39 % orKa3oB.

5



2. llponegen aHarr43 MexaH[3Ma pa3pyrxeHr,rr KpbrrrreK rIr4Jrr4HApoB Ar.{3eJrbHofo

ABr.rfareJrr ropHo-TpaHcrropruoft MarrrrlHbr, roroptrft cBr.rAerenbcrByer, qro

npexAeBpeMenurrfi nrrxol ]43 crpor s 6orulxei creneHH 3aBrlcvt't or fpaAr4eHTa

TeMneparyp. Korzqecreo qr,{KJroB r43MeHeHr4r reMneparypLr oxJraxAarotue fi xun-
Kocrr.r cr,rJroBofr gase:Enofi ycraHoBKrz 3aBucu-t or pexr4MoB pa6orrr, npr,r 3ToM

TeMneparypHbrfi 4zana^:ou rr3Menrercr B npeAeJrax or 50 1o 95oC. O6uee qucno

narpyxenuft or 4eficrnux pa6oqux ra3oB 14 TeMneparypHbrx Hanp{xeHr.ri cocrasr.ser
He MeHee 2,5.108 uv KJroB B l'oA.

3. YcranosrenLr 3aBr4cr4Mocrr.r Bbrxo/{a r{3 crpor KpbrrxeK rIr4Jrr4HApoB or
BpeMeHlr pa6orrr, yr{xrblBaloull4e oco6egHocrr,r 3KcnnyaraU vLl Au3etrblr,rx c}tJloBbrx

ycTaHoBoK fopHo-TpaHcfioprHofi MaurI4HbI, Ha Koropble s 6orull]efi crelIeHr4 BJrLrrroT

Hafpy3oirHbre pexuMbr pa6orrr, Marep14aJr r,r3roroBJreHr,rr, TeMneparypa orpyNaroulei
cpegrt. AualrI3 crarltcrllqecKu x Aarllllrx c yqeroM npl4rrr4H orKa3oB no3BoJrI4JI

onpeAenr,rrb 3HaqeHr4r cpeluefi uapa6orxu Ha orKa3 KpbrrrreK ur,rnrrHApoB ,qr43eJrbHofo

rBr4ra'te fl c JrefKr4Mr4, cpeAHr4Mt4 tI Tr)r(erbrMt4 pex{r4MaMr.r pa6orr,r. B pesyllrare
BbuIBJleHO, rrro cpeArwr BepoqrHocrb orxa:a oluofr Kpb[rrKr4 r_I]rnr,rHrpa ArteJrbHoro

ABr.rrareJur ropHo-TpaHcfioprnofr MarrjuHbr B TeqeHr.{e 30 cyrox cocraBJUrer 6orce g %o.

4. Paspa6oraH KoMnreKc lreponpur.rufi, Hanpaueuuufi Ha yryt{ueHr4e

ycloeufi pa6oru cizlrosofi 1n:elrHofi ycraHoBKu fopHo-TpaHcnoprnoft Marx'IHr,r t4

noJloxr4TeJrbHo e,ruxu1ufi lra cpoK cnyN6sr KpbrrrreK r-Ir{nrlHApoB. MOlepHrz:aqua

CI4CTCMbI OXJIAXACHI,I{ KAPbCPHO|O TCI]JIOBO3A TYTEM YCTAHOBKI,I AONOJIHI4TCJIbHOIO

BoAtHoro Hacoca c 3neKTpI,IqecKIaM TIpLIBoAoM npeAycMarpr4Baer rroBbrrrreHr4e

3Heprerr.rqecKr,rx noKa3areJre[ uacoca: Hanop - na 1,4 vr, KnA - sa 4,5 %o.llpz erou
y,4eJrbHbre 3arparbr yMeHbruarorcff no 8 Yo. Paccvo'rpeHu oco6eHHocru npuMeHeHr4t

AOIOJIHI4TeJIbHO|O BOA'HO|O HaCOCa Ha pa3rhr{HbIX pe)KliMax pa60T6r ctutosoi
.qrasemuofi ycraHoBKr.r.

focroneptlocrb v noBI{3Ha Hayqubrx [oJro]Ke uwi,t, BbrBoAoB vl

peKoMeHAauH fi

locronepHocrb [onyqeHHbrx B pa6ore pe3ynbraroB o6ycnoBJreHa

KOppeKTHOCTbIO IIOCTaHOBKI4 MaTeMaTI4r{eCKr4X 3aAar{ 14 MeTOAOB VrX petueHr.rr,

I'IcrIoJIb3oBaHI'IeM anpo6zpoBaHHblx MeroAoB uccnel oBaHufl, yAoBrrerBopgTerrbHbrM

coBilaAeHI4eM paOr{eTHbIX V 3I(CIIepHMeHTaJrbHbrx AaHHbrx: cpeAHenpoqeHTHoe

oTKJIoHeHI4e oT TeopeTLIqecKHX AaHHbIX cocTatsI4IIO 9 yo, Mepa ToqHoCTr,r CpeAfrero



pe3ynrTara Bcex onLIToB cocraBJrrer l,2oC, vro flBtrfl.ercr AocraroqHblM AJII

IIpaKTI4iIeCKOrO I,{CnOJIb3OBaHI4t pe3yJIbTaTOB 3KCrIep[MeHTa.

llpaxrra-recKoe gHa.reHr4e rroJryqeHHLrx pe3yJrbraroB 3aKJrloqaercr B ToM, qro:

I. OnpegeneHu $axropu, oKa3brBarouae nau6olruree BnvflHLte Ha

.4oJIFoBeqHocrs ae-ra-,refi unnr,rHApo-nopru Hesofi fpynnbt ryujere ropHo-

rpaucnopruofr Marrrr4Hbr, yqer Koropbrx rro3BoJ'rHT ynyqrxr4T6 ycroBr.rq 3Kcnryararlr4rz

KpbrrxeK rlvnr4HApoB.

2. Pazpa6o'rano ycrpoficreo, rro3BoJuroqee cHr{3r4Tb Blrllr.:aure rpaAr,reHTa

TeMfleparyp B KpbrrrrKax rIrrJrr4HApoB nocJre ocraHoBxr4 czrosofi guselrnoi
ycTaHoBKr4.

3. Ycoaepu-reHcrBoBaHa cr4creMa oxJraxAeHur aa3enr ropHo-TpaHcnoprHofi

MaIrrI4HbI I4 peKoMeHAoBaH AonoJrHr4relr,sufi soA.{}rofi Hacoc c paqrzoHa,'rr,HbrMr4

rlapaMerpaMu Aera:rei nporouuofi qacrLr u ynlorHeuHi, qro no3BoJrrer coKparrrrb

BpeMt rlpofpesa cl4roeofi ycraHoBr(H, a raKxe yMeHbrrrr.rrb Blrrrr^nr4e flBletvs.

noBepxHocTHoro KUIIeHI,I' B froJrocTrx oxJraxAeHI4t KpbIIIIKT4 urlJrLlHApOB npl4

6o,'Irul4x Harpy3Kax r.rJrv nocJre pe3Kofi ocrarJoBKu .qr,r3eJrbHono lBr4rareJrr v 3a cr{er

3TOfO yryqrxr4Tb ycJIoBz.s 3KcnJryaTarluu.

Hay.IHaq Hogz:Ha rorlr'.reHHrIx pegyJrbraroB :

I . Bnepnrre BLuBJreHo, irro Har,rMeHee HaAe)KHbrM y3JroM B cr4creMe Au3eJrbHoro

ABl4fareJrt FopHo-TpaHcnoprHofr MaulrzHbl rBrrercr ulrnriHApo-noprrrHeBair fpynna,

Ha loJrlo xoropofi npr4xonurcr ao 40...50 0% o:rxasoe. llpz erov Harz6oluuee

KoJrr,F{ecrBo orKa3oB I,I3 Bcex aeralei uuJ'tuHApo-nopllrHeBofi fpynnbr coorBercrByer

KpbrrxKaM rIr4Jrr4HApoB, noKa3areJrb Koropbrx Aocrr4raer 39 %o. Onpeae,JreHo BJlHrHr4e

pexr,{MoB pa6orrr z oco6esuocrefi excnryara\uu Ha rroKa3areJru 6esorKa3Hocrz

uJ.,Ju.IHlpo-nopruHesofi rpynrt6r c rosofr ,ausellHofi ycrarroBKa.

2. Bnepnsre ycraHoBJ'reHbr BuA x rrapaMerpbr 3aKorra pac[peAeJreHr4r Hapa6orKr,r

Ha oTKa3 KpbrrxeK rlr.rJrrrHApoB fopHo-TpaHcnopTHbrx Marur{H c yqeToM ycnozu nx

3KcrIJIyaraI1I4 rz. Buxnreuo, qro c 4ocrarouHofi !;w 14HxeHepHbrx pacqeroB

ToqHocrbro 14 B coorBercrBtlu c Kpr,rrepr4 eM Koluoropoaa napa6o'rra Ha orKa3

KpLIrxeK rIuJ'rr4HApoB .qr3eJrblrbrx qeurarelefr B aHaJru 3r4pyeMbrx ycnoBr4{x

olucbrBaerc.s 3aKoHoM Befi6yrua. flpn erov cperHqr BeporrHocrb orxa:a orHofi

KpbrrxKr4 rlr4nriHApa ,4rr3erbHofo nBr4fareJrr fopHo-TpaHcnopruoi MarlrlHbt B TeqeHr4e

30 cyror< cocrauser 8 o%.

3.,{a:tuefitree pa3Br{Ttre nonyquna MareMarzqecxa.s MoAeJrb npcqecca

r43MeHeHU q TeMnepaTypbr B cjioflx ofHeBofo .{HI4uIa KpbIIIIKI,I IJvnuHEpa 
:



HecTauI{oHapHoM pe)Kr4Me npofpeBa 143eIrfl fopHo-TpaHcnoprHoi MaI[IrHr'I' KOTOpat

IIO3BOJI{CTYI{I4TLIBAT6CPCAHI'IiKO3OSI4III4CHTTCIJIOOTAAIIUBTCqCHITCUI4K]IA'A

TaKXe fpaA[eHT TeMneparyp, I43MeHtrcIqufict BO BpeMeHIl' B pe3yJlbrare

ycraHoBireHo, qro cHn)KeHI4e reMrleparypbl orHeBoro AHI4Iqa C 300'c AO 250oc

IIO3BOJISeT yMeHbIIII'ITb BO3HIIKaIOUIue Haflpql(eHut Ha 24 yo It 3a CqeT 3TO|O

noBLrcI4T; CpOK CJryx66I KpbIIrrKI4.

Peeylrrarrr r{ BbrBoAbl Ar{ccepTaurroHHOii pa6oru tBlq}oTcq o6ocHosaHurtN{I4

c roqKl4 3peHus nocranoBJreHHblx 3aAaq. BbtsoAH Ancceprauut-r HayqHo o6ocuosaHlt

rr rroATBep)r(AeHLr pe3yirbTaTaMr4 3KCneplIMeHTaJIbHLIX UCClegoeauuii. flpuuarue n

pa6ore MeroAbI He Bbl3blBalor nospaNeuufi'.{ocroeepxocrl paspa6oranuoi

N4areNratu.{ecrcofi MoAeJI14 nOATBep)KIaeTct Aocra'roqnofi cxoAI4MOCTbto c

pe3ynbraTaMI4,nOJIyqeHI{bIMUIIpIrKoMnbloTepHoMI',lM]ITaUUOHHOMMOAenI{poBaHI4I',I'

3aMeqauuq

1. B pa3AeJIe 2.3 nflccepra:!;au paccMarpvBaercs pa6ora Kapr'epnblx

TenJloBo3oB B pell(I4Max: JIeTKOM' Tq)(eroM tz cpeAuei Ts)KecrI4' O'UHaKo He

yKa3brBarorcq KplrrepHli, onpeAenflIoull4e pexl'lM pa6orbl' 34ecs >xe [pI4BOA{TC'

rr{crorpaMMbl, I4HTerpaJ'IbHbIe $yurcurau u napaMerpr'l pacnpeAeneHl4x napa6ororc na

oTKa3 KpsrmeK ur{nr,rHApoB Ar43eJr6HOfi ycTaHoBKLt. or<asr,lsae'rcr, qTo cpeAHst

Hapa6orKa Ha orKa3 B T.tlKeJIoM pexl4Me Iro BceM BI'IAaM orKa3on 6ollue' ueu n

Apyrl4x, 6olee lerxvtx pe)KxMax. 3ro rsreul4e c'lleAoBaJlo 6u o6t'scsu'rr'

2. YcranonneHo, r{To Hapa6orKa I-la orKa3 KpblrueK uIznI'IHApoB fopHo-

TpaHcnoprHblx MaulI4H corJlacHo Kplzrepurc Kolvoropoaa o'uqllHterct

pacrpeAeneHl4ro Bei6ynla (c' 59), rrro tBl4rocr' coAepxaHl4eM IrepBoro HayrlHoro

[oroxeHr4q. Bvecre c TeM, Mox(Ho l4cnoJlb3oBaTb Apyrofi xpu'tepuit (nanpuvep'

rcpurepr.rfi xz-nsagpar), a raKxe pacuxpurr' nepeqeHb aHanlr3npyeMblx 3aKoHoB

pacnpeAeJleHlia (nanprzrr,rep, paccMorperb sceo6levltoulufi na6op pacnpe4eleuzfi

flupcona) 14, HaKoHel{, II3MeH urb o6tev craru crn qecKoro M at epLraJt a'

3. He cosce\a rroHfruo npol4cxoxAeHue npuuttofi rrpv1 MoAenI'IpoBaHuI4 flo

MeroAy gJIeMeHTapHbIx 6arancos rerlJlor 3aBlrcl{Mocru reMneparypbl fa3oB B

ur4nlrHApe or yrJla noBopora KoJleHqaroro aana (prac 3'9) u xar<ouy pexltMy pa6oru

Arl3efl, (rraarrrraHsr) oHa, a 3aTeM _h floryrieHHble pe3yJlbTaTLI MOAeIupoBaHI4S

cooTBeTcTBytoT.



4. He s ronnofi Mepe r4cnoJrr3oBaHbr Bo3Moxuocrn KoMrrJreKTa nporpaMM

ANSYS (r. 3.5). Ecrz 6u 3a1arbcs. B KaqecrBe IzcxoAHbrx AaHHbrx 3aBr.rcr.rMocrrMr.r

Bo BpeMeHr4 TeMneparypbr fa3oB L.t xoeQQrzqv eHra renJrorrepe.4arru or ra3oB

orHeBoMy AHr{uy, qro ANSYS AonycKaer, To Mo)nHo 6uno 6rr orKa3arbcr or
cJIIrIrrKoM ynporqennofi, He f{arbrBarorqei sce oco6eunocru reoMerpr.rr4 KpbrrxKrr

MareMarr4qecroi rraogenu, ocHosaHHoft Ha MeroAe 3JreMeHTapHbrx 6a,raucos renror.

llpu pacvere c npr4MeHeHr,teM KoMnJreKra nporpaMM ANSYS, a 3areM r{ npr4

npoBeAeHr4r.r 3Kcnepr.rMeHTa aMr4Tr.rpyeTcr ToJtbKo pexnM nporpeBa KpLrrrrKZ, Tof,qa

KaK pexvMbr lerrui, cpe4uefi TqlKecrr4 a'rqx(enbrfi He paccMorpeHbr.

Hacxolrro KoppeKTHo cpaBHr{Barr, noryqeHHbre pe3yrbrarbr pacrrera no

MeroAy 6anancos r c nprrMeHeur.re ANSYS (c. 109-1 10): B repBoM crryqae

TeM[eparypa rroBepxHocrr.r orHeBoro nHr,rqa He Aocrr4raer 80oC, a Bo BTopoM cJryqae

npuHriMaercr pannofi 3 00"C.

5. B cny.rae npl{MeHeHnq peKoMeHAyeMoro n pa6ore AorroJrHareJrr,Hofo Hacoca

AJI{ oxJlaxAeHr4r KpbrrxeK rlunr.rHApoB np}r Hea3MeHHov o6teue qzprcynr.rpyroutei n

ABl4farene ox,rra)KAaloqeI xuArcocru 14 nplt noBbiIxeHHoM Kor[qecrBe cH]rMaeMofo

TenJIa BO3HI,IKaeT TeXHr4rIeCKAt 3An\Aqa ee OXJralKAeHUfl, qTO, BO3MOXHO, Bbr3OBeT

HeKoropble I43MeHeHur B r(or{crpyKrluu palnaropa. C :rofi cropoHbr Bo3Mo)nHocrb

IIpI4MeHeHI4r AOIIOJIHUTenbHOfO FraCOCa He paCCMaTpABaJraCr,.

llpuee4euHue 3aMerraH[r Kacarorcr qacrHbrx BonpocoB 4zccepraquoHuofi

pa6oru l,t He craB.sr noA coMHeHr,re ee 3Har{I4MocrL u Aocraror{no nrtcotcufi Hayunufi

ypoBeHL.

Anrop Nnreer Aocraror{Hyro reoperr4rrecKyto noAroroBKy, ocBeAoMreH B

Bofrpocax 3KcnJlyaTaqrz14 noBepxHocTHor-o u noA3eMHofo TpaHcnopTa fopHbrx

npeAnpI4srLIfi, KoHcrpyr4poBaH14{ 14 rrpoeKTr4poBaHr.ir cHJroBbrx II43eJrbHErx ycraHoBoK

fopHo-TpaHcnopTnblx MaIIII,IH, BJraAeeT MeTOAaMII MaTeMaTrrqeCKOfr CTaTT4CTI,IKI IZ

MOAeJrrrpoBaHr,r.s Ar43erbHbrx ycTaHoBoK.

Pa6ora u 3roxeHa rexHllrJecKr4 rpaMorHLrM .r3brroM. Co4epxauue

aeropeSepara coorBercrByer co.uepxaHr4lo ltr4cceprarrnr4 no pa3reJraM. OcHosHbre

pe3yJrbrarbr 4vcceprarfi4r4 AoBoJrbHo noluo oro6palr(eHbr B 9 HayqH[,rx crarbqx,

ofiy6Jrr4KoBaHHbrx B Hayr{Hbrx Ll3l.aHvflx, KoTopBre BXoArr B nepeqeHb BAK.

3a K.rI lo.teH ue

B qelov Arr cceprarluoH Hafl pa6ora Pr6xo E.B. <O6ocHosaur4e napaMe"poB a

pe)KI4MoB pa6orbr crrJroBbrx ,qr43eJrEHbrx ycraHoBoK ropHo-TpaHcrroprHhrx MarrrrzH))



rBrrercr 3aBeprxerrHoft HayqHo-zccJreAoBareJr'cKot pa60Tofi, coAepxarueft HOBbre
TeoperI4qecKl4e I4 [paKTLIqecKI'Ie [oJIoxeHI4t, Koropble {BJItIorc.{ BaxHbrMI4 .IIn,
pa3Br4"rr4' Teopvn ,n [paKTI{Kr,r gK..'Jryararl,nu fopHo-lpa'cnoprHbrx MaIUTH C

cr'rJroBbrMr4 Ar'3eJrbHbrMr,i ycraHoBKaMrr. B grzccep:raqrzonnofi pa60re noryqeHbr
HoBLre HayqEo o6ocuosaHHrle pe3yJrbrarbr, Koroplre o6ecne.rzsaror pexreHr4e
aKTyanbHofi HayqHo-npaKTr4qecKofi 3akaqr4 nJlfl ropHoAo6rrearcqefi
npoMbrrxJreHHOCrU flon6acca rroB'rrrreHr.rr oS$er<rurnocrr4 TpaHcnoprHbrx cpeAcrB B
pe3yJlbrare npI'IMeHeHI'It KoMTIJ'IeKca uepouprzrrufi, HanpaBreHHbrx Ha cHr{xeHr,re
TeMneparypHoI nanpxNeuHocru A]I3eJTlnlrx 4nurrarerefi ropHo-TpaH.nopr'brx
MarrrlrH AJrr rrxeJrbrx y cnonufi gxcfiJryarar{z[.

B ce'f,sz c gTrzM cqvraro' irro Ar,rcceprarllroHHar pa6ora yAoBrerBopqer
rpe6orauaxu n. 2'2 <[rotoxeHr.rr o pucy)Kre'uu yireHbrx cre[eHer)) loHeqxofi
Hapo4nofi Pecny6nr'rxa, a ee aBrop, px6ro EereHnx B4a4zulzpoBHa, 3acrryxr4Baer
IIPI4 CBOEHTIC UAYVUOft CTEIIEHII KAHAVIAATA TCXHI,TqCCKI4X HAYK ,,O CNEUUAJI'HOCTA
05.05.06 - <fopuue Marrrr4Hrr)).
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