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OBIIAA XAPAKTEPUCTHUKA PABOTBI

AKTyaJbHOCTH TeMbI HccIe10BaHus. ['opHas npoMeIuieHHOCTs JloHOacca
MPEACTABISIET COOOM CIIOXKHYIO OTpacilb, KOTOpas HYXKJAeTCSI B IIOBBIMICHUU
3¢ (eKTUBHOCTH  JOOBIYM  TOJE3HBIX  HCKOMAeMBIX. BHegpeHWe  HOBOTO
000pyZIOBaHUSI M TEXHOJOTHH, OTBEYAIOUINX COBPEMEHHBIM TpPEOOBAHUSM IO
MPON3BOIUTENBHOCTH W Ka4eCTBEHHBIM XapaKTEPUCTHKAM, MO3BOJISIET YBEIMIUTH
0o0beMBl J10OBIYM, a TaKXe CIIOCOOCTBYET pPa3BUTHUIO TOPHOJIOOBIBAIOLICH
MPOMBIIIJIEHHOCTH.

B T0 ke Bpems cyliecTBeHHOE MOBBIIEHUE 00beMa JOOBIYM HEBO3MOXKHO Oe3
COBEPILECHCTBOBAaHMUS IIOBEPXHOCTHOTO M TOA3EMHOTO TPAHCIOPTAa TOPHBIX
OPEeANPUATUH,  KOTOPBIM  SABJSETCS ~ BaXKHEHMIIEH  COCTAaBHOM  4YacThbIO
TEXHOJIOTHYECKOTO IMKJIa TOPHOAOOBIBAIOIIETO MPENIpHUATHS, paboTaromero B
CJIOKHBIX TOPHO-TEXHUIECKUX YCIIOBHSX.

AKTyaJIbHBIM HAaIIPABICHUEM HCCIIEIOBAaHMI SBISIOTCS CHJIOBBIC IU3EIIbHBIC
YCTaHOBKH KapbEpHBIX TEIJIOBO30B, OOJBLIEIPY3HBIX aBTOCAMOCBAJIOB, IH3EIb-
TeHepaTOpOB OYPOBBIX YCTAHOBOK, & TAKXKE MOA3EMHBIX AN3EIEBO30B M MOABECHBIX
MOHOPEIBCOBBIX 10por. CHIIOBBIC TU3EIbHBIC YCTAHOBKH, SIBIISIOIINECS COCTAaBHOM
9acThl0 MHOTMX TOPHO-TPAHCIOPTHBIX MAIIHH, BO MHOTOM OIPEHCISIOT
3 deKTHBHOCT U 0€30MaCHOCTh PabOTHI TOPHBIX MPEAPHSTHIA.

Takum oOpasoM, akTyajbHasi 3aga4ya, UMeollas OOJbLIOE 3HAYCHUE LIS
TOPHOM TPOMBIIUIEHHOCTH, COCTOUT B MOBBIIIEHUH 3(P(MEKTUBHOCTH CHIOBOM
JIU3EJIBHON YCTAaHOBKH 3a CYeT OOOCHOBAHUS MapaMEeTPOB U YIYUIICHHS PEXKUMOB
paboThl, a TakXKe NPUMEHEHHUS KOMIUIEKCa MEPOIPUATHH, HANpaBICHHBIX Ha
CHIDKEHHE TEeMIIepaTypHOH HANpsHKEHHOCTH JW3EJBHBIX JABHUTaTeNel TOpHO-
TPAHCIIOPTHBIX MAIIHH /IS TSDKEIBIX YCIOBUH 3KCILTyaTallHu.

Crenenb  pa3pa0oTaHHOCTHM  TeMbl  McciaeaoBaHusi.  Bompocamu
COBEPUICHCTBOBAHUS KOHCTPYKIMH M YIYYIICHHUs YCIOBUH SKCIUTyaTallMd TOPHO-
TPAaHCIIOPTHBIX ~MallMH 3aHUMAJNCh ciepyromme yuensie: B. T 'ynses,
A. B. EpumenkoB, A. M. KeporsH, B. II. Konapaxus, A. I1. KononeHko,
C. B. Kopuees, b. A. Ky3nenos, B.b. Manees, A.A. Penresuu, A.O.CnuBa-
koBckuit, WM. A. Tapan, I'. II. XazanoBuu, O.E. I[Ia6aes, II. C. llaxTaps,
N.T. lItoxman, F. Becker, E. Pieczora, J. Rusinek u A. Sladkowski.

HecMmoTpss Ha 3HAuuTENbHBIH OOBEM HCCICIOBAHWA TIO IOBBIIIEHUIO
3¢ GEeKTHBHOCTH PabOTHl CHIOBBIX JU3EIBHBIX YCTAaHOBOK T'OPHO-TPAHCHIOPTHBIX
MaliH, 000CHOBAaHHIO TIAPAMETPOB M YIYYIICHUIO UX PEKHUMOB PabOTHl yJelIeHO
HE0CTaTOYHO BHUMAaHUSL.

[IpobnemaM  CHJIOBBIX  JM3EIBHBIX  YCTAaHOBOK  IIOCBSIEHBI  TPYZIbL:
U. U. Bube, C. A. T'opoxankuna, P. 3. KaBrapanze, A. K. Kocruna, M. I'. Kpyr-
nosa, H. C. ManactoBckoro, C. Il. Msrkosa, A. C. Opnuna, U. A. Pomute u
H. A. Yaiinosa.



OnmHako B 3THX MCCIICNOBAHUSX HE YUUTBHIBAIOTCS YCJIOBHS IKCILTyaTaIllUH
TOPHO-TPAHCHOPTHHIX MAaIlMH ¥, OCOOEHHO, MX CKOPOCTHOW PEXHUM, a TaKxke
UKJIUYHOCTH paboThl. CyIIeCTBYIOIINE TEOPETHYECKUE TTOJIOKEHUS, OTHOCSIIHECS
K aBTOMOOWJIBHOMY MU JKEJIE3HOJOPOXXHOMY TpPAHCIOPTY, HE MOTYT OBITh
UCITIOJIb30BaHbl B IIOJHOM O0OBEME, MOCKOIBKY YCIOBMS 3KCIIyaTallud TOPHO-
TPaHCIIOPTHBIX MAaIlIMH UMEIOT PsiJi 0COOCHHOCTEH: HAIMYME IUIOXOTO COCTOSHHUS
PENbCOBOTO MyTH, 3HAUUTENIBHBIE YIJIbl HAKJIOHA (ABIKEHHE TPYXKEHOTO COCTaBa
Ha TIOJBEM TIPH BBIBO3KE TOPHOH Macchl W3 Kapbhepa), Majble pPaIHyChl
3aKpyTJI€HUH, 4acTble  OCTaHOBKH  IIOABMXKHOTO  COCTaBa,  BBI3BAHHBIC
TEXHOJIOTUYECKIMHU OCTaHOBKAMH, OOJBIIOE KOJNYECTBO CTPEIOYHBIX NEPEBOIOB
U CBE3TI0B.

BonbmMMHCTBO NMPOBENEHHBIX HCCIENOBAHMN OXBAaTBIBAET KOHCTPYKTHBHEIE
0COOCHHOCTH TOPHO-TPAHCHOPTHBIX MAIIMH, M, KakK CJEACTBHE, IIOBBIIICHHE
HaJIeXKHOCTH JOCTUraeTcs 3a CYeT U3MEHEHUS UX KOHCTPYKIUH UM IPUMEHAEMBIX
MaTepHaJioB.  YUMTHIBasg KOJIMYECTBO CHJIOBBIX  JU3EJBHBIX  YCTaHOBOK,
HaXOJAIIMUXCS B 3KCIUTyaTallMd, BONPOC YIYUIICHUS PEKHUMOB PabOTHI JOJIKEH
OBITH pelleH ¢ MCIOJIB30BaHUEM KOMIUIEKCAa MEPOIPUATHI, peaau3anus KOTOporo
BO3MOYKHA 06€3 CYIIECTBEHHOT'O N3MEHEHUSI KOHCTPYKIUH.

Heas wu 3amaym  wucciaemnoBanmii. llemp paboTel —  MOBBHIMICHHUE
3¢ GEKTUBHOCTH CHJIOBBIX JAM3ENBHBIX YCTAHOBOK 3a C4YeT OOOCHOBaHHMS
MapaMeTpoB M YIYUIICHHS PEKHUMOB pabOTHI, a TaKke MPUMEHEHUs KOMILIEKca
MEpPONPUATHI, HANpaBICHHBIX HA CHIDKEHHE TEMIEPaTypHOHl HaNpsKEHHOCTH
JU3ENBHBIX JIBUTATENIed TOPHO-TPAHCIOPTHBIX MAalIMH I TSDKENBIX YCIOBUHI
SKCIUTyaTaluH.

Jl1s foCTHXEeHHUS IIeTTU MTOCTABJICHBI U PEIIECHBI CIEAYIONINE 3aAaUH:

1. Onpenenuth (akTOpbl, BIUSIONIME HA BBIXOJ W3 CTPOS LMJIMHIPO-
MOPIIHEBOH TPYIIBl C LENbI0 MPEAYNPEXAEHHs IPUYNH OTKAa30B, a TaKxke
YCTaHOBHTH 3aBHCHMOCTH MEXTY 0COOEHHOCTSIMU SKCIUTyaTaluH,
KIMMAaTHYEeCKUMHU  YCJIOBHSIMH, TEXHHYECKMM COCTOSHHEM, THIIOM TOPHO-
TPAaHCIIOPTHOW MalIMHBl W  KOHCTPYKTHBHBIMH OCOOEHHOCTSMH  CHJIOBBIX
JU3ENBHBIX YCTAaHOBOK.

2. Pa3paboraTh  MaTreMaTHYeCKyl0  MOJelb  Ipolecca  HW3MEHEHHs
TEMIEpaTypbl B CIOAX OTHEBOTO JHUILNA KPBIIKKA LUWIMHApPA MPH Pa3IM4HBIX
pexuMax paboThl AU3ENBHOTO JIBUTATENs TOPHO-TPAHCIIOPTHOM MaIlIMHBI.

3. IlpoBecTn MMHUTAIIOHHOE KOMITBIOTEPHOE MOEIMPOBaHNE HANPSHKEHHO-
Je(OPMHUPOBAHHOTO COCTOSIHHS KPBIIIKH IWJINHIPA TU3ENII TOPHO-TPAHCIIOPTHON
MaIlMHBl ¥ BBIIOJHUTH CpPaBHEHHE KOHCTPYKIMOHHBIX MAaTEPHAlIOB KpBIIIEK
[IMHIPOB AU3ETHHOTO IBUTATEIIS.

4. Pa3paboTaTh  MEpOIPHATHS 10  YCOBEPIICHCTBOBAHHWIO  CHCTEMBI
OXJIQXICHUS JAU3EIFHOTO IBUTATENs W YIyUYIIEHHIO YCIOBHH PabOTHI IMIMHIPO-
MOPLIHEBOW I'PYIIbI TOPHO-TPAHCIIOPTHOM MalIUHBI.



5.1IpoBecTn  3KCHEPHMEHTAIBHBIC  HCCIICNOBAHUS,  IOATBEPXKIAOIINE
JIOCTOBEPHOCTh TEOPETUYECKUX TIOJIOKEHUH M ONpPEAEINTh HSKOHOMHUYECKYIO
3¢ PEKTUBHOCTh HAYYHO-TIPAKTUUECKUX PE3YJILTATOB.

Wnest paboThl 3aKiI0YaeTCsl B YIYYIICHUH YCIOBHH 3KCIUTyaTallud CHUJIOBBIX
JIM3ETbHBIX YCTaHOBOK B pE3YJIbTaTe NPHMEHEHUS KOMIUIEKCA MEPOIPHATHH,
BBIOOpa TEMIIEPAaTYPHBIX ITAPaMETPOB M PEKHMOB PaOOTHI, COOTBETCTBYIOIMX
KOHKPETHBIM YCJIOBHUSIM DKCILTyaTalHu.

OO0bekT M mnpeaMer HcciaegoBaHusi. OOBEKTOM HCCIEIOBAHHS SBISIOTCA
MPOLIECCHI, MPOTEKAOIINE B KPBIIIKAaX [IIMHIPOB CHJIOBBIX AN3ENBHBIX YCTaHO-
BOK, KOTOpbIC (DOPMHUPYIOTCS BO BpeMs pabOTHI, a IpeIMeToOM — (QYHKIIHOHAIBHAS
CBSI3b MEXy KOHCTPYKTHBHBIMH OCOOCHHOCTSMH, TEMIIEPATYPHBIMHU PEXKUMAMHU U
napaMeTpaMHy An3elieil KapbepHBIX, PYIHUYHBIX JIOKOMOTHBOB C Y4E€TOM YCIIOBHI
UX KCIUTyaTalyy.

Hay4Hnasi HOBM3HA NTOJIyYCHHBIX PE3YJIbTATOB 3aK/II0UAETCA B CIEAYIOIIEM:

- BIEpBbIC BBISABICHO, YTO HaWMEHEEe HAJAEKHBIM Yy3JIOM U3 CHCTEM
JIM3EJbHOTO JIBUTaTeIsl TOPHO-TPAHCIIOPTHOM MAalIMHBI SIBISIETCS LMJIMHIPO-
MOpIIHEBasl TPYMIa, Ha o0 KoTopoi mpuxoautcs 1o 40...50% otkazos. [Ipuuem
HauOoJbIIee KOJMUYECTBO OTKAa30B M3 BCEX JAeTalell IMIMHIPO-TOPIIHEBOM
TPYIIBl COOTBETCTBYET KPBIIKAM IMIMHAPOB, IIOKA3aTeNb KOTOPBIX JOCTHTacT
39%. OmnpeznencHO BIHMSIHAE PEKUMOB pabOTHI MU OCOOCHHOCTH IKCIUTyaTaIld Ha
MOKa3aTean OC30TKa3HOCTH LMIMHAPO-TIOPIIHEBOH TPYIIBI CHIOBOWH AM3EIbHOMN
YCTaHOBKH;

- BIEPBBIC YCTAaHOBJCHHl BHUJ W TApaMeTPbl 3aKOHA pacHpe/esICHHs
HapaOOTKH Ha OTKAa3 KPBIIIEK [MIMHAPOB TOPHO-TPAHCIIOPTHBIX MAIIHMH C Y4€TOM
YCIIOBUM HX 3KCILTyaTalud. BBISBIEHO, YTO € JOCTATOYHOM ISl MHXKEHEPHBIX
pacueToB TOYHOCTBHIO U B COOTBETCTBHH ¢ KpuTepuem Konmoroposa, HapaboTka Ha
OTKa3 KpbILEK IMIMHAPOB JHU3EJbHBIX JIBUTaTeleldl B  aHAJIM3HPYEMBIX
MPENPHUSITHAX ONMUCHIBaeTCsA 3akoHOM BelOymma. IIpu 3ToM BepoATHOCTH OTKa3a
OJTHOM KPBIIIKY LUJIMHIPA TU3EJIbHOTO ABHUIATEls] TOPHO-TPAHCIIOPTHOW MAIIMHbBI
B TeueHue 30 cyTok cocTaBisieT 8 %o;

- JlaJbHEHIee pa3BUTHE IIOJMYYWJIa MaTeMaTHYecKas MOJENb IIpolecca
W3MEHEHHsI TEeMIepaTypbl B CJOSX OTHEBOTO MHWINA KPBIIKM IWIMHIpA B
HECTallMOHAPHOM pPEXHME IpOrpeBa IH3eNsl TOPHO-TPAHCIIOPTHOM MallHHBI,
KOTOpasi O3BOJISIET YUYHUTHIBATh CPeTHUN KOA(PQUIMEHT TEeIIo0TAAauYN B TEUCHHE
IIMKJIa, a TAaK)Ke TPAJUEHT TeMIIepaTyp, N3MeHsIoIuiics BO BpeMeHu. B pesynbrate
YCTaHOBJICHO, YTO CHIDKEHHE TeMmepaTypbl orHeBoro mauma ¢ 300°C mo 250°C
MO3BOJISIET YMEHBIINTh BO3HUKAIOIIME HampspDkeHHs Ha 24% W 3a cUeT 3TOro
MOBBICUTD CPOK CITYKOBI KPBIIIKH. IUITUH/POB.

Teopernueckasi M NMpaKkTHYecKasi 3HAYMMOCTb padoThl. Teoperuueckas
3HAYMMOCTh  3aKIJIIOYaeTCss B  PEIICHHHM  HAyYHO-TPaKTUYeCKOW  3ajayM,
HAIpaBJeHHOI Ha yJy4llIeHHe YCJIOBHUIl pabOThl KPBIIEK MIMHAPOB JU3EIBHOTO
JIBUTATeNIsI Ha OCHOBAHMM MaTeMaTHYEeCKOW MOJENH, YYHWTBIBAIOIIEH Iporecc



U3MEHEHUSI TEMIIEPATYpPhl B CIOSAX OTHEBOrO JHHINA LHMIMHAPOBOM KPBIMIKH C
YYETOM OLIEHKH OCOOCHHOCTEH KCIUTyaTallii TOPHO-TPAHCHIOPTHOM MallIMHBL.

[IpaxTHyeckoe 3HauUCHHE NOTYYECHHBIX PE3yIbTATOB:

- ompezeneHsl  (pakTOphl, OKasbplBaloON(Me HauOojblIiee BIMSHHE HA
JIONITOBEYHOCTh ~ JleTalel LUIMHAPO-NOPIIHEBOW TIPYyNmbel JAuU3eds TOpHO-
TPAaHCHOPTHOM MAIIMHBI, Y4eT KOTOPBIX MO3BOJUT YIYYIIUTh YCIOBUS
SKCIUTyaTalluy KPBILIIEK IUIUHIPOB;

- pa3pabOTaHO YCTPOMCTBO, IO3BOJIAIONIEE CHU3UTH BIMSHHUE TPaIHEHTA
TeMIepaTyp B KpBIIKAax IMIXHIPOB B IOCTOCTAHOBOYHBIM IEPHOJ CHIIOBOM
JIN3€TIbHON YCTaHOBKY;

- YCOBEPIIEHCTBOBAHA CHCTEMA OXJIAXICHHS IU3€Nsd TOPHO-TPAHCIOPTHOM
MAaIllUHBl ¥ PEKOMEHIOBAH JONOIHHUTENBHBIA BOJASHOM HACOC C palOHATIbHBIMH
napaMeTrpamMu JeTaJed IPOTOYHOM 4YacTM W YIUIOTHEHUH, YTO II03BOJISIET
COKpAaTUTb BPEMs IIPOTIpEeBa CHIIOBOM YCTaHOBKH, a TaKXKXC YMCHBUIMTL BJIMAHHUC
ABJICHUSA MMOBEPXHOCTHOI'O KUIICHUA B IMOJIOCTAX OXJIAXKIACHHUSA KPBIIIKU MUJINHAPOB
py OGONBIIMX HArpy3Kax WM MOCJIE PEe3KOW OCTAaHOBKM JAM3EIBHOTO ABHUTATENs U
3a CYET 3TOTO YIYUIIUTh YCIOBHS HKCILTyaTaIlHH.

Merogooruss M MeTOAbl HcCIeA0BAHMA. MeTOnOI0rn4eckoi OCHOBOMU
IUCCEePTAllHOHHONW paboTHl SBILTIOTCS  obmedmiocodpckue U OOIMIEHAYJIHEIC
METOBI O3HAHUS SIBICHUN U IPOLECCOB, UCIOIb3yEMbIX B TEXHUYECKHUX, a TAKKE
NPUKIAJHBIX HaykaX. /Jlos pelleHus TMOCTaBICHHBIX 3aJad HCHOIb30BAHBI
CHUCTEMHBI MOAXOMA; METOJ 4YHCICHHOTO pEIIeHUS 3aJa4 HECTAlMOHAPHOMN
TEIJIONPOBOMHOCTH; ~ METOJl  DJEMEHTapHBIX  OallaHCOB;  MMHTAIMOHHOE
KOMIBIOTEPHOE MOJIEIUPOBAHUE U METO]l KOHEUHBIX 3JIEMEHTOB.

Teoperndeckoil 0a30if HcCIETOBAaHMSA CHJIOBBIX JH3EIBHBIX YCTAHOBOK
ABJAJINCH HAYYHBIC TPYAbl OTCUCCTBCHHBIX U 3apy6e>1<HHx ABTOPOB, IMOCBAIICHHBIC
npobiaeMaM CO3JaHHUS PA3INYHBIX BHAOB TOPHOJOOBIBAIOIIMX M TPAHCHOPTHBIX
MalllrH, a TaKXC AU3CITbHBIX ﬂBHFaTeﬂeﬁ.

IToJ10:keHMs1, BBIHOCHMBIE HA 3aLIUTY:

- BUJ W TIapaMeTphl 3aKOHA pacHpe/iesieHusi HapaOOTKH Ha OTKAa3 KpBIMIEK
OUINHAPOB C Y4YETOM HUX YCIOBHUM OJKCIUTyaTallMM, 4YTO II03BOJIIET YTOYHHTH
HaJIeKHOCTHBIE  XapaKTEPUCTHKH CUJIOBOW  JU3EIbHOM YCTAHOBKH TOPHO-
TPAHCHOPTHOM MAIlIMHBI ¥ CIPOTHO3HPOBAaTh BOZHUKHOBEHUE OTKA30B B KPBIIIKAaX
LIUINHIPOB;

- TEOPETUYECKHE 3aBHCUMOCTH, XapaKTepU3yHIlUe NpOLecC U3MEHEHUs
TEMIIEPATYPBI B CJIOAX OIHEBOTO JOHUINA KPBIIMKW MOUWIHHAPA AU3CJIBHOIO
JIBUTATEJsI TOPHO-TPAHCTIOPTHOM MAIIMHBI C YYETOM CpeAHero koddpduimeHTa
TCIUIOOTAAYM B TCUCHHEC MHUKJIAa W TpaguCHTa TEMICpATyp, U3MCHAOIIETOCI BO
BPEMEHH, YTO TO3BOJIMIIO Pa3paboTaTh CIIOCOOB! yIyUIIEHUS! PEKIMOB UX PaOOTHI
C y4eTOM BIMSHHUS OCOOEHHOCTEH SKCIUTyaTalliil IIyTeM YCOBEPIICHCTBOBAHMS
TUAPOJMHAMUYECKUX MapaMeTpOB LUPKYJSLUM OXJaxJjawouen kunkoctu. [lpu
STOM YMEHBILIEHHE YHEPro3aTpaT B CUCTEME OXJIAXKIEHUsS JocTUraeTcs 10 8 %.



CTenensb A0CTOBEPHOCTH U anpodanus pe3ybTaToB. OO0CHOBAaHHOCTH U
JIOCTOBEPHOCTh ~ HAyuYHBIX  TIOJOXKEHUIl,  BBIBOJOB M  pEKOMEHAALuil
MOATBEPIKACTCA aHAIU30M CTATHCTUYECKUX MAHHBIX BBIXOJOB U3 CTPOs Y3JIOB
Ju3esell TOpHO-TPaHCIOPTHBIX MAIllUH C Pa3IMYHBIMU YCIOBUSAMH JKCIUTyaTalliy;
KOPPEKTHOCTHIO (DOPMYIIMPOBKM MaTeMaTHYECKOTO ONWCAHUS 33Ja4M; JaHHBIMHU,
MOJY4YEHHBIMU IIPU MMUTAIIMOHHOM MOJICIIMPOBAaHMM B KOMIIBIOTEPHOM cpene ¢
NPUMEHEHHEM  COBPEMEHHOTO  MNPOTPaMMHOIO  oOecredeHus;  JaHHBIMHU
9KCIIEPUMEHTAIBHBIX HCCIEIOBaHMH, IPOIEHTHOE OTKIOHEHHE KOTOPBIX IO
W3MEHEHHMSAM 3HAUCHWH TEMIEpaTypsl TPOBEICHHBIX OIBITOB  COCTaBHJIO
meree 9%.

OCHOBHBIE TIOJIOXKCHHS TUCCEPTAMOHHOW pabOTHI ampoOMpOBaHBI Ha
Hay4qHO-TexHH4Yecknx KoH(pepeHmmax HoalXKT (r. Homeuk, 2010 r., 2015 1.);
MEXKAYHApOIHBIX HAy4YHO-TEXHHYeCKuX KoHpepeHumsx: «Hayka u oOpasoBanue
tpancnopty» (CamI'VIIC, r. Camapa, 2013 r.); «Tpancnoprt: Hayka, oOpazoBaHue,
npousBoacTBo» («Tpancmopt — 2017») (PT'VIIC, r. Pocro-Ha-/lony, 2017 r.);
«CoBpeMeHHbIe TeHJCHIIMM 1 UHHOBAIMK B Hayke U mpousBojactee» (Ky3['TVY, r.
Mexaypedenck, 2018 r.); «HHOBanmoHHbIe nepcnekTuBbl Jondaccay (JouHTY,
r. Joneuk, 2018 r.); «HaykoeMKHe TEXHOJIOTMH pa3pabOTKU M HCHOJIB30BaHUS
MUHEPATIBHBIX PECYpCOB» B paMkax XXV MeXIyHApOAHOU clienuanu3upoBaHHON
BBICTABKA TEXHOJOTHHA TOPHBIX pa3paboTok «Yromp Poccum w MaitHUHTY
(CuoI'1Y, r. Hookysmemnk, 2018 r.), a takke X Bceepoccuiickoit Hay4HO-
MPaKTUIeCKON KoH(pepeHIMH MoJoAslx ydeHbIX «Poccus Momomas» (Kys[' TV,
r. Kemeposo, 2018 r.).

JIn4HBIA BKJIJT COMCKATENsI 3aKI09aeTcss B 000CHOBAaHMM HJeH paboThl U ee
peanu3anyM, LeMM W 3agad paboTel, B BHIOOpE METOJOB U HAIpaBICHUH
HCCIIeIOBaHUH, BBITTOJTHEHUH TEOPETUYECKHUX, AHATUTHYECKIX u
HKCHEPUMEHTAIBHBIX HCCIEIOBaHUH, pa3pabOTKe IOJIOKEHHH M METOJUYECKUX
PEKOMEHAAINH 110 HCTIOTIB30BAHUIO PE3yNIbTAaTOB PAaOOTHI, a TAKXKE UX BHEAPEHHUIO.

OCHOBHBIE TIOJIOKEHHUSI U Pe3yJbTaThl AUCCEPTAIMH, ITOJYyYCHHBIE aBTOPOM,
JIOBE/ICHBI /10 YPOBHS METOJMUYECKNX W MPAKTHIECKUX Pa3pabOTOK, HAIIPaBIEHHbBIX
Ha YJIydlIeHHE O3KCIUTyaTallMOHHBIX CBOMCTB CHJIOBBIX IH3EJBHBIX YCTaHOBOK.
[oaTBepkneHNeM NPaKTHYECKOTO 3HAYEHHsS! IOJyYSHHBIX PE3YJIbTaTOB SIBIISCTCS
ucrionp3oBaHne  «KoMcCOMONbCKMM — pyZOynpaBlieHHEM» METOAWKH —pacdera
mpolecca U3MEHEHHs TEeMIEpaTypsl B JETalsdX CUIOBOW AM3EIbHOI yCTaHOBKH
TOPHO-TPAHCHOPTHON MAIIMHBL, a TaKXkKe€ METOAUKU pacueTa KOHCTPYKTUBHBIX
MapaMeTpoB BOJSHOTO HAcOCa CHCTEMBl OXJAXKACHUS CHIOBOW H3EIbHOM
YCTaHOBKH FOPHO-TPAHCIIOPTHOM MAITMHBL.

OcHoBHBIE pe3ynbTaTel paborel mepemanbl ITI  «/loHemkas >kene3Has
JIOporay B BHJE BBHIIICHA3BAHHBIX METOIVK, & TAK)KE TEXHUYECKUX MPEIIOKEHIH
[0 YIy4YIIEHUIO YCIOBUH paOOTHI KPBINIEK IFUIMHIPOB CHJIOBBIX IH3EIBHBIX
ycTaHoBOK. ['omoBoii sxoHOMHUYECKHH 3(p(eKT OT BHEAPEHHS MEPONPHUATHH IO



YIAYUIICHUIO YCIOBHH PaOOTHI KPBIIIEK HWIMHAPOB IU3EIBHBIX ABUTATENECH Ha
oJiHy ycTtaHoBKY coctaBui 41,0 ThIC. p. B rof.

IlomyueHHble B XOHA€ BBINOJHEHUS JUCCEPTALIMOHHBIX HCCIEIOBAHUMN
pe3ynbTatel ucnoib3oBanbl JJoHHTY B yyeOHOM mpouecce s CTYIEHTOB IIO
cnenuansHoctu  «l'opHoe neno», cnenmanu3anuil «l'OpHBIE MalIUMHBI U
obopynoBanue» u «TpaHCHOPTHBIE CHCTEMBI 'OPHOI'O MPOM3BOJCTBa», a TaKXkKe
JouMXT — no cnennansHocTH «I10aBMKHOM COCTaB JKENE3HBIX OPOT».

OCHOBHBIE TIOJIOKECHUS TUCCEPTAILINH OITyOIMKOBaHEI B 17 HaydHBIX paboTax,
B TOM 4Hcie: 9 crareil B BeAyIIMX pPELEH3MPYEMbIX HAy4YHBIX JKypHaJIax H
M3JaHUAX, a TaKKe § MyOMMKanuii MaTepHalioB M TE3MCOB Ha MEXIYHAPOIHBIX
KOH(QEpEHIHAX.

CtpykTypa M 00beM auccepranuu. /luccepranuioHHas paboTa COIEPKUT
222 cTpaHHUIBl MAIIMHOMHCHOTO TEKCTa U COCTOMUT U3 BBEJEHUS, MATH Pa3/IelioB,
3aKJIIOYEHUS, CIHCKa JuTepaTtypbl u3 136 ucTtouHukoB Ha 14 crpaHumax u 5
npuinoxeHuit Ha 52 crpanuiax. OCHOBHOM TEKCT, H3JI0KEHHBIN Ha 155 cTpaHunax,
WILTIOCTpUpYeTCs 61 pUCYHKOM U coAepkuT 13 Tabnui.

COJAEP KAHUE PABOTHI

Bo BBegennn 000CHOBaHA aKTYalbHOCTh TEMBI JHCCEPTAINH, CPOPMYIHUpPO-
BaHBl IEN M 3a1a4d paOOTHL, W3JI0KCHA HAay4YHas HOBH3HA, TEOPETHUYCCKas H
MpaKTH9ecKas 3HAYUMOCTh, MPEICTaBICHBI CBEACHUS 00 ampoOamuy u myOinKa-
IIUF OCHOBHBIX TOJIOKECHUH pabOTHI.

B mepBoii riaBe paccMOTPEHBI MPOOIEMBI SKCIDTYaTallMH CHIIOBBIX IH3€Ib-
HBIX YCTaHOBOK Ha TOPHBIX MPENNpPUATHIX, KOTOPbIe B HACTOSAIIEE BPEeMs HAXOIAT
Bce Oospliee MPUMEHEHHE CPEAN TOPHO-TPAHCTIOPTHBIX MalIHH. JlM3enbHbIe yCcTa-
HOBKH HCIIOJIB3yeTCS Ha IIaXTHBIX JIOKOMOTHBAX, KCKaBaTOPaxX, KAPhEpPHBIX TEIl-
JIOBO3aX, aBTOCAMOCBajax, OypOBBIX YCTaHOBKAaX, IOJBECHBIX MOHOPEIbCOBBIX
JIOporax.

CoBepILIEHCTBOBAHUEM CHJIOBBIX JIM3EJBHBIX YCTAaHOBOK 3aHUMAJIUCH!
A. . Bomonus, /. H. Beipyoos, H. X. Ipsuenko, E. A. Hukutun, M. A. Cantei-
koB, A. B. Cumcon, A. 3. Xomud.

OpnHako B MCCIEIOBAHUAX CHIIOBBIX YCTAHOBOK IMPAKTUYECKH HE YUYHUTHIBA-
JHUCh YCJIOBUSL JKCIUTyaTalldH, KOTOpPble MMEIOT HENOCPEACTBEHHOE BIIMSHHE Ha
HaJIeXKHOCTb AU3EIIbHBIX ABUraTeIeH.

ITpoBeneHHbIH 0030p MyOIHMKAI TTO3BOJIWII ONIPEACTUTh OCHOBHBIE HATIPaB-
JICHHUS WCCIEZOBAaHMUS MPOOIEMbl YIy4IIeHHS YCJIOBHHA SKCIDTyaTallly IIMINHAPO-
MOPLIHEBOH IPYIIIbI CUIOBOM IU3€IbHON YCTaHOBKM FOPHO-TPAHCIIOPTHON Mallu-
HBL. BBIJIO BBISBIICHO, YTO IMOJTyYCHHBIE TEOPETHIECKUE MCCIIETOBAHHUS MaJo MPH-
MEHSIOTCS Ha MPAKTHKE BBUY OTCYTCTBHUS IKCIIEPUMEHTAIBHBIX HCCIEOBAHMUIT 110
JlaHHOW TemaTuke. HecMOTps Ha mpeuMyllecTBa CHIOBOM JM3€JIbHOM YCTaHOBKH,



CYIIECTBYET PsII aKTyaJIbHBIX NPOOIEM, I PEICHUs] KOTOPBIX c(hOPMYITNPOBAHBI
MOoCeIYIOUINe 3aJa4l UCCIeJOBaHUM.

Bo BTOpOI¥i ri1aBe BhISIBICHBI (haKTOPBI, OKa3bIBAIOLINE HANOOJIbILEE BIUSHHIE
Ha paboTOCIIOCOOHOCTh CHIIOBBIX JHM3EJBHBIX YCTaHOBOK T'OPHO-TPAHCIOPTHBIX
MamuH. PaccMOTpeH MexaHW3M pa3pylIeHHs KpBINIEK MWIMHAPOB JHU3EIBHBIX
nBuraresneil. [IpoBesieH aHan3 0TKa30B AJIEMEHTOB JU3EJIbHBIX JBUraTeNeii FOpHO-
TPaHCIIOPTHBIX MAaIIMH. VcclieoBaHO BIIMSIHHE OCOOEHHOCTEH JKCIUTyaTally Ha
BBIXO/ U3 CTPOS IIMIMHAPOBBIX KPBIMIEK CHIIOBBIX IU3EIbHBIX YCTAHOBOK Kapbep-
HBIX TEIUIOBO30B.

CpenHee KOMMYECTBO IUKIIOB U3MEHEHHMS TEMIIEPATyPhl OXJIAXKJAIOMICH KH-
KOCTH JTM3EIbHOM CHIOBOH yCTAaHOBKH 3aBUCHUT OT PEXHMOB €€ PadOTHI B MOXKET
COCTaBIATH 10 32 pa3 3a CYTKH, TEMIEPATYPHBIH THAIIa30H MPU 3TOM M3MEHSETCS
B npeaenax ot 50 go 95 °C. OOIee YHCI0 UKIOB HATPYKEHUSA OT JCHCTBUS TEM-
NepaTypHbIX HANPSDKEHUHM U pabodrX ra3oB MOXKET JOCTUTaTh 2,5:10° B rox.

Jnst nosyueHus: OObeKTUBHON OLIEHKH NPUYUH OTKA30B KPBILICK [MIMHAPOB
JU3ENBHBIX JBUTaTeNlell KaphepHBIX TEIUIOBO30B INPOBEJCH aHAIN3 CTAaTHCTHYE-
CKUX JAHHBIX Ha TPAHCIOPTHBIX MPEANPHATHIX C PA3IHYHBIMH YCIOBUSIMH JKC-
IUTyaTaluy, pe3yabTaThl KOTOPOTO MIPUBEICHBI HA pUCYHKE 1.
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Pucynok 1. Pacnipenenenue HercripaBHOCTEN y3/10B CUJIOBOM AU3EJILHOM YCTaHOB-
KH TOPHO-TPAaHCIIOPTHON MAIUHBI: a — BCEro ABUTATEIS; 6 - JeTalel UIHHAPO-
MTOPUTHEBOM TPYIIIBI

Ha ocHOBaHMM TOJYYEHHBIX JAHHBIX 00 OTKa3axX 3JEMEHTOB JH3EJIbHOTO
nsuraress B nepuon ¢ 2010-2014 rr. ycTaHOBJIEHO, YTO HAUMEHEE HAJICKHBIM y3-
JIOM SIBJISETCS IMJIMHAPO-TIOPIIHEBasi IPyIna TOPHO-TPAHCIIOPTHHIX MAIMH, Ha
Jomo kotopoit npuxogurcs 10 40...50 % otkazoB nuzeneit (pucyHox 1, a). Ana-
JIM3 BBIXOJA U3 CTPOS JIeTajel LMIMHAPO-NOPIIHEeBOH rpynnbl B nepuoj ¢ 2010-
2014 rr. cBHAETENBCTBYET O TOM, 4TO MOYTH 39 % MOBPEXKICHUA MPUXOIUTCS
MMEHHO Ha KPBIIKH IHJIMHAPOB JHM3EJIBHOIO JBHUraTelisi TOPHO-TPaHCIIOPTHOU
MalIuHbI (PUCYHOK 1, 6).



Hus  Oomee  IOCTOBEpHOU
OIICHKH BIIMSHHUS YCIOBHH 3KC-
IUTyaTalliil Ha KPBIOIKK IFITHH-
JIpOB CHJIOBOM [JU3€IbHOW YycTa-
HOBKHM TPOBEJCH JOMOJHHUTEIb-
HBIH aHAIW3 OTKA30B HA MPOMBIIII-
JICHHBIX MPEIIPUATHIX CO Cpel-
HEH HaNpsSHKEHHOCTHIO PabOTHI, C
JICTKAMU W TAKEIBIMU YCIOBUSIMHU
paboThI (PUCYHOK 2).

U3 pucynka 2, a U pucyHKa
2, 6 BUIHO, YTO B TIEPBHIX JBYX
ciIydasix HanOoJbIee KOJIHIECTBO
BBIXOJIOB M3 CTPOA KpPBIIECK IU-
JUHIPOB PAaCHpEieICHO OTHOCH-
TCJIbHO PaBHOMEPHO B TCYCHUC
rojga. 3UMOH OTKa3 LMIMHIPOBBIX
KPBIIIEK MPOMCXOINT M3-3a PE3KO-
ro Tepemnaja TeMIepaTyp MexXIy
U3CIBEHBIM JIBUTATEIIEM U OKpY-
JKaloUlell Ccpeloi, 4To BIIEYET 3a
co00¥f BO3HHUKHOBEHHEC H IIOCTE-
TNICHHOC Pa3sBUTUEC MUKPOTPCIUINH.

CymiecTBeHHOE BIUSHUE Ha
paboTOCIIOCOOHOCTh  Y3JI0B  LIU-
JIMHIPOBOIO KOMILIEKTa OKa3bIBa-
IOT MEPEXOIHBIC MPOIECCHI, KOTO-
pBIC B 3UMHHU TIEPUOJ BEIXOIAT Ha
nepBeld  1wuiaH. CornacHo nua-
rpaMMe CTaTHCTHYECKUX JAHHBIX C
TSDKEJIBIMU ~ YCJIOBHSIMH ~ pabOTBhI
OUYEBH/IHO, YTO HAUOOJIBIIIEE YUCITO
BBIXOJIOB M3 CTpPOSA KPBIIIEK I[U-
JIMHJPOB TPUXOJUTCS Ha JIETHUU
neproj (PUCYHOK 2, 8). ITO 00Yy-
CJIOBJICHO IMIEPETPEBOM JH3CIHEHOTO
JIBUTATEIIsI, KOTOPBI BO3HUKACT
BBUJY TSIKEIBIX YCIOBUH IKCILTY-
aTaluu B Kapbepe. B pesynbrate
IMPOBEACHHBIX I/ICCJ'IelIOBaHI/Iﬁ BbI-
ABJICHO, YTO CPCAHAA BEPOATHOCTH
OTKasza OJIHOﬁ KPBIIIKW HMUJIWHIPA
JU3elsl TOPHO-TPAHCIIOPTHOM Ma-
muHbel B TeueHue 30 CyTok co-
crapisieT Ooiee 8 %.
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Pucynok 2. Jlmarpammbl CTaTUCTHYECKHX
JAHHBIX OTKA30B KPBIIICK WINHAPOB JIH-
3eNMBHBIX JABHTaTeNied co cpemHelt (a), jer-
Kol (6) W TsKenoil (6) WHTEHCHUBHOCTHIO
paboter 3a: 1 — 2009; 2 — 2010; 3 — 2011; 4 —
2012; 5 — 2013; 7 — 2014, 9 — 2015; 6, 8, 10 —
Cp€AHNE 3HAUCHUS



Takum 00pa3oM, IOIYYCHO MepBOe HAYYHOE I0JI0KeHHe.

VcTaHOBJICH BUI M MAPaMETpPhl 3aKOHA paclpeeNicHUss HapabOTKU Ha OTKa3
KPBILICK IWIKHAPOB C YYETOM YCIOBHH MX IKCIUTyaTalld, YTO MO3BOJSIET YTOY-
HHUTh HAJC)KHOCTHBIC XapaKTCPUCTHUKHM CHIOBOH MU3EJbHON YCTAaHOBKU TOPHO-
TPAHCIIOPTHON MAlIMHBI ¥ CIIPOTHO3HPOBATh BOSHHMKHOBEHHE OTKA30B B KPBIIIKAX
HJIAHIPOB.

TpeTbsi IIaBa MOCBAIICHA TCOPSTUUCCKUM HCCICAOBAHHAM MPOLECCOB H3-
MEHEHUsI TEMIEePaTyphl B CIOSAX LMIMHIPOBON KPBIIIKH CHIOBOH ANW3EIBHOU ycTa-
HOBKH T'OPHO-TPAHCIIOPTHO!N MAILIMHBI, pa3padoTKe MaTeMaTHYECKOH MOJEIH, U3Y-
YEHHIO HANPSDKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHHSL.

[pu 3TOM Y4TEHO, YTO TEMIIEPATypPHOE MOJIC B OTHEBOM JHHUINE KPBIIIKH LIH-
JMHIpA SBISAETCS HECTALMOHAPHBIM, OOYCIIOBJICHHBIM C OJHOI CTOPOHBI H3MEHS-
IOILEHCs TeMIIepaTypoil ra30B B IMWIMHAPE B TE€UEHUE LUKJIA U MOCTETIEHHBIM MPO-
rp€BOM KPBIMIKKW OUJIWHApA, a C Z[pyFOﬁ CTOPOHBI — 3HAYUTCJIbHBIM H3MCHCHHUCM
CyMMapHOTo Ko3((pUIHeHTa TEMIO0TAAYH Ky

C NpHHATBIMH YNPOLICHHSMH OTHEBOE THHUILE MPEACTABICHO B BHAE, H300-
Ppa’K€HHOM Ha pUCYHKE 3. [[HH OTHEBOI'0 JHUIIA 'PAHUYHBIC YCJIOBUA CYIIECTBEHHO
OTJIMYAIOTCSA, TAK KaK TEMIIEPATYPHI CPEll C 0OCHX CTOPOH IUIACTHHBI HEOAMHAKOBBI
1 TPAHUYHBIC YCIIOBUA TEIMI000MEHA He CUMMCTPUYHBI. TeMHepaTypa ra3oB, OMBI-
BAIOIMX IUIACTUHY, U KOA(PQUIMEHT TEIUIOOTJaul 0 PE3KO M3MEHSIOTCSI BO Bpe-
MEHH.

HccrenoBaHne TeMIlepaTypHBIX MOJIEH B CTCHKAX KPBIIIKK LIIHHAPA TPOM3-
BOJMTCS OJHUM M3 YHCIICHHBIX METOJOB — METOJOM 3JIEMEHTapHBIX OaJlaHCOB.
CyTbh MeToIa 3aKJII0YaeTcss B TOM, YTO CTEHKA IO TOJIIMHE pa30uBaeTcs Ha Psf
CIIOEB, a BpeMs OXJIaXKICHHS — Ha Psi] MHTepBaJIoB. [IpK 9TOM TemmepaTypa B i-ToM
clloe Yepe3 OJMH HMHTEpBall Bpe-
MEHH OIIpeeNseTcsl 0 TeMIepa-
TypaM [PHUMBIKAIOIIUX CJIOEB B
MOMEHT BpPEMEHH, IPEIIIECTBY-
omui  pacyeTHoMy. PacuerHas
TeMIepaTtypa i-Toro ciosi 4epes
OJIMH WHTEpPBAJl BPEMEHH Ompejie-
JsieTcsl UCXofsl M3 0ajaHCOB KO-
JIMYECTBA TEIJIOThI, KOTOPOE BXO-
g JIMT B 3TOT CJIOW M KOTOPOE BBIXO-
JIMT U3 3TOTO CIIOs, a TAKXKE KOJHU-
YecTBa TEIUIOTHI, KOTOPOE HaKall-
JMBaeTcs B NAHHOM ciioe. Beuny

Pucynok 3. Cxema OrHEBOro JHHMINA

KPBILIKA UWIHHJPA: @ — BHI CO CTOPOHBI
PE3KOro M3MEHEHHs TEMIEPATYPBI
paboumux ra3oB; 6 — paspes3 MO KIamaHHBIM

oTBepCcTHsIM; 1 — KpBbIIKa LWIMHApA; 2 — Ta30B B HWJIMHAPE B TECYCHUE ON-
BITYCKHOM KJIamaH; 3 — BBIITYCKHOM KJIamaH; HOTO IIMKJIa, HauOOJBIINE TPajIHu-
4 — TpernuHbI €HTHl TeMmImepaTryp OyayT HuMeTb
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MECTO y MMOBEPXHOCTHBIX CJIOEB CTEHKHU. B CBSA3M € 3THM TOJIILIUHBI CIOEB B CTEHKE
IPUHUMAEM HEOJUHAKOBBIMM: MEHBIIME 3HAYCHUs TOJIIUH y IIOBEPXHOCTHBIX
CJIOEB ¥ OOJIBIINE — B TIIYOUHHBIX CIIOSIX.

KonuyecTBo TEMmIOTHI, HOABOJUMOI OT rOpPsSYMX Ta30B K CTEHKE ONpeenser-
cs 110 3axkoHy Hprorona-Puxmana:

Ql = ar,o(tr,o - tH) F- ATll (1)

rie Qpo, — KO3QOUIMEHT TENI0OTAAYM OT PabOYMX ra3oB K IOBEPXHOCTH
CTEHKHM B HA4YalbHBIH MOMEHT BPEMEHHM; t., — TEMIepaTypa pabOdYhX rasoB B
HavyalbHBIH MOMEHT BPEeMEHH; t,, — HayaJbHas TeMIlepaTypa CTeHKHU; F — momap
MOBEPXHOCTH TeII000MeHa; AT, — JUINTEIBHOCTH MIEPBOTO IIara 1o BpeMeHH.

KonnuecTBO HAKOIIEHHOH TEIIOTHI B IEPBOM CJIOE 3a BpeMs TeIIooOMeHa B
TeueHne BpeMeHu AT, OyJeT UMeTh BUI:

1
AQl = EAXZ F- p- C(tAT,A)( - tH)' (2)
Ha ocnoBanuu (1) u (2) mony4eHo:
1
ar,o(tr,o - tH)F “Ary = EAXZ “F-p- C(tAT,A)( - tH)’ (3)

7€ tarpy — OKHIIAEMAs TEMIIEPATYPA TEPBOTO CJIOS YEPE3 OJIMH UHTEPBAT BpEME-
HH; p — INIOTHOCTh MaTepHalla CTEHKH; C — ylIeJbHas MacCOBask TEIIIOEMKOCTb.

PaccrosiHMe MeX Iy HEHTpaMH CIIOEB MPUHATO B O0IIEM ciIydae PaBHBIM LIary
O TOJIIIMHE CTeHKU AY,. Takoe xe 3HaueHHe Ay, B3ATO U UL PACCTOSHHS MEXIY
MEPBBIM M BTOPBIM CIIOSIMH, HECMOTpSI Ha TO, YTO TOJIIMHA MEPBOTrO CIJIOS PaBHA
noJsioBUHE 1ara Ay, mo toummuee. Torga temnepaTtypa nepBoro ciiost OyieT paBHa
TeMIlepaType MOBEPXHOCTH PacCMaTPUBAEMOM CTEHKH.

Takum o0Opazom, u3 ypaBHeHus (3) HalZIGHO OXKUAaeMOe 3HaYCHUE TeMIepa-
TYPbI IEPBOTO CIIOS tp7 0y, ONHOBPEMEHHO SIBISIONICHCS TEMIEPATyPOil OBEPXHO-
CTH CTEHKH:

_ Zar'o ' ATl Zar‘o * ATl
tAT,AX - tr,o H .

Axz-p-c Axz p-c

[Tocne mepBoro mara 1Mo BpeMeHH TeMIlepaTypa HOCIEAYIONINX CI0eB, HAYn-
Hasi CO BTOPOT'0, OCTaeTCs HEM3MEHHOUW M paBHOH t,,. Takum oOpa3om, Tocie Kax-
JIOTO OTZENBHOTO IIara 1Mo BPeMEHH! PacCUNUTHIBAIOTCS MOCIEI0BATEIBHO TEMIIEpa-
TYPBI B KaXXAOM CJIO€, HAYMHAA OT ICPBOro, MPUMBIKAOMIETO K pa60qHM ra3aM.
3arem AJIs TOCIEAYIONIETO IIara 1o BpeMEeHH PACCUUTHIBAIOTCSA TaKUM K€ 00pazoM
TEMIIEPATYPHI B KaXJIOM CJIO€ CTEHKH.

C nomouIp0 MaTeMaTHYECKO MOJIENIN ONIPEAESICHO U3MEHEHUE TeMIIEPaTyPhI
B CJIOSIX KPBIIIKH IMITHHIPA (PUCYHOK 4).
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[NomyyenHas mMateMaTH4ecKas
MOJeJb Ipolecca U3MEHEHU TeM-
neparypsl OPHEBOTO JHUIA KPBIII-
KU IWIMHIpPA CHJIOBOW IHM3EIbHOU
YCTaHOBKHM MO3BOJISIET OLICHUTH €e
TEIIOHANPSXKEHHOE COCTOSIHUE.

JUi1i  OLEHKM HaNpsKeHHO-

Temneparypa, °C

S5, ne(GOpMUPOBAHHOIO  COCTOSIHHUS
Homep caos 13 S Ne
17 o @ Hukaa KPBIIKA [WINHIPOB JIU3EIHHOTO
21 JIBUTATENsl  TOPHO-TPAHCIIOPTHOH
MalMHEel B paboTe NPHMEHEHO
Pucynok 4 — [luarpamma pacmpezene- P p

KOMITBIOTEPHOE MOJEINpoBaHue. B

HUSI TEMIIEPATYPHI B CIIOSIX KPBIIIKA
MIPOrpaMMHOM KOMILIEKCE pa3pado-

WINHApA

TaHa KOHEYHO-3JIEMEHTHas MOJETb
(pucyHOK 5) u moamporpaMma pacueTa HalpsSKEHHO-IS(POPMHUPOBAHHOTO COCTOSI-
HUS KPBIIIKY WIMHIPA, TIO3BOJISIIONIAS PU 33JaHHBIX 3HAYEHUAX TEMIepaTyphl B
OTIIEJBHBIX TOYKAX W Ha OTIEIbHBIX MOBEPXHOCTIX PAacCCUUTATh TEMIEpaTypHBIE
HaNpPSDKEHUS B OTMIACHBIX CEYCHMSIX JTHUINA KPBIIKH.
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Pucynok 5. KoneuHo-31eMeHTHas: MOJienb A U 3MIOPbI 9KBUBAJICHTHBIX HAIPsLKE-
Huil b: 1 — remmeparypa 300 °C; 2 — remmeparypa 250 °C; 3 — cOBMeCTHOE NeiiCTBHE TEM-
neparypsl 300 °C u naBienus B pmHape 2,1 MIla; 4 — npenen tekyuectu uyryna BUS0
Gp2= 320 MIla

Ha pucynke 5 mpuBeeHBI MIOPHI SKBUBAICHTHBIX HAMPSDKCHUHA B MIEPEMBbIY-
Ke Mexay kinananamu. [lo3unusamu 1 u 2 npeacTaBieHbl HANPSKEHUS, BBIYHCIICH-
HblE IIpU TeMIepaType OTHEBOU MoBepXHOCTH cooTBeTcTBEeHHO 300 1 250 °C, mo-
3unus 3 — HANPSDKCHHSL OT COBMECTHOTO JeiictBus Temmnepatypsl 300 °C u naBie-
HUS B OWMHApe BenmanHoi 2,1 MIla (yBennueHnne HanpspKeHUH OT AaBICHUS MIPH
9TOM He3HauMTelIbHOE), mo3umus 4 mpenen TekydectH dyryHa BUS0
602 = 320 MIla. MakcumanbHble S5KBUBaJICHTHbIE HanpspkeHus 304,2 MIla 6nusku
K IIpeJielly TeKy4ecTH Marepuaia ogp = 320 MIla. [ToaToMy BO3MOXKHO MOsIBICHUE
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IUTACTHYECKHUX Je(hOopMaluii, a ¢ yIeTOM KOHLCHTPALMH HAMpPSDKCHUH B KOPHE
TPELIHH MIacTHYeCKas AehopManus Hen30exKHa.

Ha pucyHke 6 mpuBeIeHbI KOHTYpHBIC JHATPaMMbl HHTCHCHBHOCTCH Hamps-
JKEHHUH B KPBIIIKE [IJIMHIPOB AU3EIBHOTO JABUraTellsi OT JCHCTBHS TEMIIEPATyphl
(6, a) u BHyTpenHero nasnenus (6, 6).

o

Pucynok 6. KontypHble 1uarpaMMbl HHTEHCUBHOCTEW HANIPSDKEHUHN B KPBILIKE
[UJIMHIPOB OT JACHCTBHS TeMIepatypsl (a) U JaBieHus pabouux ra3os (6)

W3 pucyHka chemyeT, 4YTO YpOBEHb pAacCUeTHBIX TeMIIepaTryp Tra3oB B
UWIMHIPE 3HAUUTENHHO BIUSET Ha HAMPSKEHHs] B OTHEBOM JTHUIIIE. Tak CHUXKEHHE
pacuetHoit temnepatypsl ¢ 300 °C 1o 250 °C mpUBOAUT K CHUKEHUIO HAMPSIKEHUH
B OTHEBOM JIHHIIIE Ha 24%.

B derBepTO#i ri1aBe PacCMOTPEHHI MEPONPHUATHS 1O YIYYIICHAIO YCIOBHUI
pa®OTHl LWIMHAPOBBIX KPBIMIEK IHU3eNeH TOPHO-TPAHCIIOPTHBHIX MamuH. s
VITy4IICHUS] YCIIOBHIA paOOTHl CHIIOBOM IM3EIBbHON YCTAHOBKH HEOOXOIMMO ITOHH-
JKCHHE TPalueHTa TEMITEPaTyp.

il yMEHBIICHUST TEMIIEPaTypHOTO Teperaga Mexay AU3eleM M OKpYKaro-
e cpefoi mpeaIaraeTcsl yCTaHOBUTD TEIJIOU3OJISIIMOHHBIN SKpaH (PUCYHOK 7),
MO3BOJIAIOMINN CHU3UTh TEMIIEPATYPHBIH TPAgUEeHT. DKpaH TMPEACTaBIseT COOOM
POJILCTaBHU, U3TOTOBIICHHBIE U3 CTAILHOM JKECTH.

JlomoTHUTENHHO TpejiaraeTcsi MPUMEHEHHE BCIOMOTATEIbHOTO BOJISTHOTO
Hacoca C IENbI0 YIyUIIeHUs MUPKYISAIUN OXTKIAIONIEeH )KUIKOCTH B TOJOCTSIX
MUIMHIPOBBIX  KPBIMIEK CHUJIOBOM JHM3ENIbHON  ycTaHOBKH. Vcmonb3oBaHue
JIOTIOTHUTEIBHOTO BOJSTHOTO HACOCAa MMEET CBOM OCOOCHHOCTH HA PAa3IUYHBIX
pexxuMax paboThl CHIIOBON JU3EIFHON YCTAHOBKU TOPHO-TPAHCIIOPTHON MAIIHHBL
Ha pucynke 8 mpencraBiieHa yCOBEPIICHCTBOBAHHAS CXEMa CHCTEMBI OXJIAXICHUSI
nu3enbHoro apurarens [149.

I[Mocne mycka TpW MOPOTPeBE CHIOBOM  JU3EIBHON  yCTAaHOBKU
JIOTIOTHUTEIBHBIA BOJISTHOW HACOC BBITIONHSACT (PYHKITUIO THAPABINICCKOTO TYHTA.
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Pucynox 7. O0muii BUI TETION30IIIHOHHOTO KpaHa!
a — BUj COOKY; 6 — BUJ CTIIEpeIH

YacTh Hamopa IIYHTUPYETCS JOMOJHUTEIBHBIM HAaCOCOM, TEM CaMbIM YMEHBIIIas
HAaIop B CHCTEME OXJIAKAEHHS, YTO CIIOCOOCTBYET YCKOPEHHMIO MpoIecca Mporpena
JHM3EIBHOTO JIBUTATENs IOCIE XOJIOJHOIO MyCcKa, YMEHBIICHHIO PacXoja TOIUIUBA,
CHIDKEHHIO TEIUIOBOM HAMPSYKEHHOCTH AeTanel MUINHIPO-TIOPITHEBOM IPYIIIBL.

[lpy HOMUHAJIBHOM peXHUMe pabOThl JIOMOJHUTEIBHBIH BOJSIHOW Hacoc
YBEJIMYMBAET CKOPOCTb IPOTEKAHUS JKUAKOCTH, TEM CaMbIM  IOBBIIIAs
MPOU3BOJUTENBHOCTh OCHOBHOTO HAacoca M yJydilasl HUPKYJIALUI0 OXJIaKAaroIei
KUJKOCTH JJsi OTBOJA TeIla OT HamOoJiee HarpeThlX YYacTKOB CHIIOBOH
JIU3€IIbHOW yCTaHOBKH.

B mepron mocne oCTaHOBKM AM3EIBHOTO JIBUTATENS TOPHO-TPAHCIOPTHON
MAIIMHBI HA0III0AaeTCsl SIBICHUE TOBEPXHOCTHOTO KHMIICHUS B MOJOCTSAX OXJIAXKIe-
HUS KpBIIIEK HUIMHAPOB. ISl HCKIIOUEHUs STOTO SIBJICHUS JONOJHHUTENbHBIN BO-
JSIHOM Hacoc IPOJIOJDKAET CBOIO PabOTy OT aKKyMYJITOPHOW OaTapew B Te€UeHHE
3aaHHOTO BpEeMEHH, 00ecreunBas IOCTENCHHOE OXJIaXIeHHEe AeTaled LIMINHIPO-
HOPIIHEBON TPYIIBI AU3ETBHOTO JIBUTATEIS.

[IpoBeneH pacueT THAPaBIMYECKUX NMAapaMeTPOB U PEKOMEHI0BaHbI pa3Mephl
pabodero xojeca 1 KOpIryca JOMOJHUTEILHOTO BOJSHOTO Hacoca (HAmop Mpy 3TOM
Bo3pactaer Ha 1,4 m, KIIJ] yBennuuBaercs Ha 4,5 %, yaenpHbIe 3aTpaThl YMEHb-
IIAI0TCs IPUMEpPHO 10 8 %).

W3 Bcero BEIIECKa3aHHOTO BEITEKAET BTOPOE HAY4YHOe MOJI0KEeHHe.

VYcTaHOBIIEHB! TEOPETHYECKHE 3aBUCHUMOCTH, XapaKTEpU3YIOIIME MpoLece
M3MEHEHHUS TEMIIEPATypHI B CJIOSX OTHEBOTO JHHUINA KPBIIKH IWIMHAPA AU3ETHHO-
rO JABHraTelsi TOPHO-TPAHCIIOPTHONW MAIMHBI C y4eTOM cpeaHero koaddurmenrta
TEIUIOOT/aYM B TE€UCHHWE IMKJIA W TPajgueHTa TEeMIepaTyp, U3MEHSIOIETOCS BO
BPEMEHH, YTO MO3BOJIMIO Pa3padOTaTh CIIOCOOBI YIyUIICHHUS PEKMMOB X PabOTHI
C y4eTOM BIMSHHUS OCOOEHHOCTEH SKCIUTyaTallidl IIyTeM YCOBEPIICHCTBOBAHMS
THIPOAVHAMHUYECKUX MapaMeTPOB LUPKYJISALUN OXJTaXKAAromed xunkoctu. Ilpu
3TOM YMEHBIICHHE SHEPro3aTpar B CHCTEME OXJIaXACHHUS TocTUTraeTcs 10 8 %.
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Pucynox 8. MonepHH3npoBaHHas CUCTEMA OXJIAKICHUS JH3CIBHOTO IBUTATENS
J149 ¢ N1ONOJHUTENBHBIM NEKTPUUECKUM HACOCOM: 1 — CeKIMM OXITaXACHHS OO
HUTENBHOTO KOHTYpPa; 2 — py4HOI Hacoc; 3 — paclIupUTenbHbli 6ak; 4, 6 — BOAsSHOM Hacoc
JIOTIOJIHUTENILHOTO ¥ OCHOBHOTO KOHTYPOB; 5 — apMaTypa ¢ 3JIEKTPOIPUBOIOM; 7 — TOILIH-

BOIIOJIOTPEBATENb; 8 — mu3enb-renepatop; 9 — munmuaapsl; 10 — Typ6okommpeccop; 11 —

peryupyeMblii BOIsSHOM Hacoc; 12 — oxyamurellb Macia; 13 — CEKIMU OXJIaKICHUS

B mATOii raaBe muccepTallMOHHONH PaOOTHI pacCMaTPUBAKOTCS IKCIIEPUMEH-
TaNbHBIC UCCICAOBAHUS TEIUIO(U3NIECKUX TMPOIECCOB, IMPOTEKAIOMINX B OTHEBOM
JTHUIIE KPBIIKH IFTHHIPOB. 11 H3MEpeHrsT TeMIepaTyphl B Pa3iIHYHBIX CIIOSX
KPBIIIKYA OWIAHAPA UCIOIH30Ba-
JIUCh TEPMODJICKTPUYECKUE Me-
TOIBI H3MEPEHHUSI C IMOMOIIBIO
tepmonap. Ilpu sToM BemumuuHa 4
TEMIIepaTyphbl OMpeneisiach Mo
nokazanusm  AIITI/ITAII. Ha 180
OCHOBAHUHU IKCIICPUMEHTATBHBIX
JaHHBIX HKCCIEIOBAaHUA Temme- 120
PaTYpPHBIX TOJEW KPBIMIKH IIH-
JUHIpPA JTU3CIBHOTO JIBUTATEINS
TOPHO-TPAHCIIOPTHON  MAIIIMHBI ‘ Wi W
NPOBC/CH aHaM3 MOJy4YCHHBIX 0 20 40 60 80 100 120 140 160 T, ¢

60 |z

pe3yJIbTaToOB U COIOCTaBICHHE C
TEOPETHYECKUMH ~ HCclienoBaHus-  PucyHok 9 — PesynbraThl cpaBHEHHs
MU (PHCYHOK 9). TeopeTndeckux pacueros (1) u pe3ynbTa-

TOB JKCIEepUMEHTa (2)
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Paccuntano cpenHee HPOLEHTHOE OTKIOHCHHE IO W3MEHEHWSIM 3HAUCHUH
TEeMIIepaTyphl MIPOBEJCHHBIX OIBITOB, KOTOPOE cOCTaBMWIO 9 %, BEIOOPOYHOE Cpel-
Hee X CpeIHEKBaJpaTHYHBIX OTKIOHeHWH — 3,28 °C, Mepa TOYHOCTH CpEJHEro
pesynbTara Beex onbiToB — 1,2 °C.

Jnst oueHku 3P EeKTHBHOCTH pelIeHHs HaydyHO-TEXHUUYECKOH 3ajauM ompe-
JIeTIeH SKOHOMHYecKU# 3¢ dekt, koTopblid coctaBmi 41,0 TIC. p. B roA Ha OIHY
CHJIOBYIO JM3CJBHYIO YCTaHOBKY. IIpH 3TOM CpPOK OKYHNaeMOCTH KaIHTaJOBJIOXKE-
HHI cOCTaBIIsIET 3,2 TOa.

3AK/IIOYEHUE

Huccepranus sBIsSETCS 3aBEpPIICHHOW HayYHO-MCCIEIOBATEIBCKON paboTOMH,
B KOTOpPOM Ha OCHOBE NPOBEACHHBIX TEOPETHUUECKUX M SKCIEPUMEHTAIBHBIX HC-
CJEeIOBaHUI pelleHa HayyHO-TEXHHYECKas 3a7aya, MMEIoLas Ba)KHOE 3HAUYCHHE
JUT TOPHOH MPOMBIIIICHHOCTH, 3aKIIFOYaloNIasics B MOBBIMICHHH 3()()EKTHUBHOCTH
CHIJIOBOH TU3EIFHON YCTAHOBKH 32 CUET YIYYIICHHS PEKUMOB PabOTHI, 000OCHOBA-
HUS UX TIApaMeTpOB, MPUMEHEHHUsI KOMIUIEKCA MEPOTIPHUSATHH, YTO TIO3BOJIIET CHU-
3UTh Ha 24 % TEIIOBYIO HAIPSKEHHOCTh KPBIIIKHU IIWJINHIPOB TU3EIbHOTO JIBUTA-
TeJIsl ¥ YBEIUUUTH CPOK CITYKOBI.

[o nosy4eHHBIM pe3ysibTaTaM AMCCEPTALMOHHOW paboThl chopMyIUpOBaHBI
OCHOBHBIE BBIBOJIBI:

1. Onpenenensbl (akToOphl, OKa3bIBAIOLINE HENOCPEJCTBEHHOE BIMSHHE Ha
MPEKIEBPEMEHHBIN BBIXOJ M3 CTPOS KPBIMIEK LMJIMHAPOB AU3ENbHBIX JBUTATENCH
TOPHO-TPAHCIIOPTHBIX MAILUWH, BBISIBICHBI UX OCHOBHBIE IPYIIBI U HoArpynmnsl. Ha
OCHOBAHUH TIOJTyYCHHBIX JAaHHBIX 00 OTKa3aX 3JIEMEHTOB IH3CIBHOTO JIBUTATEIS
TOPHO-TPAHCIIOPTHBIX MAIIWH BBISIBJIEHO, YTO HaUMEHEEe HaJEXKHBIM y3JIOM U3 CH-
CTEM JM3EJBHOIO JBUTATENs SBISETCS LMJIMHIPO-TIOPILIHEBAsl IpyMa, Ha JOJIO
koTopoil mpuxoaurcs A0 40...50% otkaszos. [Ipu 3ToM Ha OO0 LUIMHIPOBBIX
KpBIILIEK U3 BCEX JAeTajedl LUIUHAPO-IIOPIIHEBOM IPYIIBl CUIOBOM IHU3EIbHOM
ycTaHOBKH npuxoaurcsa 39% oTka3os.

2. IIpoBeneH aHanW3 MEeXaHU3Ma Pa3pyIIEHUS! KPBIIIEK MUIHMHIPOB JAU3EIh-
HOTO JIBUTATENs] TOPHO-TPAHCTIOPTHOW MAIIMHBI, KOTOPBIA CBUAETEIHCTBYET, UTO
MPEXKIEBPEMEHHBIN BBIXOJ W3 CTPOSl B OOJbINEH CTETEHW 3aBUCUT OT TPAJMEHTa
Temmeparyp. KoamuecTBo UKIOB U3MEHEHUS! TeMIEepaTyphl OXJIaXKIAIOIEH JKUI-
KOCTH CHJIOBOHM JTU3EBHOW YCTAaHOBKH 3aBHCUT OT PEXKHUMOB palbOTHI, MPU 3TOM
TEeMIEePaTypHBIA TUamma3oH u3MeHsercs B npeaenax ot 50 mgo 95 °C. O6mee kou-
YECTBO HATPYKCHHU OT JEHCTBHS pabOYMX ra3oB U TEMIICPATYPHBIX HANPSHKSHUH
COCTAaBIJISIET HE MEHEE 2,5~108 IIUKJIOB B T'O/I.

3. YCTaHOBICHBI 3aBHCHMOCTH BBIXOJa U3 CTPOS KPBIIICK HWIHHAPOB OT
BPEMEHHU PabOThI, YYUTHIBAIONINEC OCOOCHHOCTH JKCILTyaTallHHd TU3EIBHBIX CHIIO-
BBIX YCTaHOBOK MOPHO-TPAHCIIOPTHOM MAaIIWHBI, HA KOTOpPhIE B OOJBIIEH CTEeHH
BIUSIIOT Harpy304YHbBIE PEKHUMBI PabOTHI, MaTepuan W3rOTOBJICHUS, TEMIIEpaTypa
OKpYXAaromiei cpeapl. AHAIN3 CTATUCTUYECKUX JTAHHBIX C y9€TOM MPUYHH OTKAa30B
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MO3BOJIMJT OTPENCIUTh 3HAYCHUSI CPEAHEH HapaOOTKM Ha OTKa3 KPBIMIEK IMIIMH-
JIPOB AM3EIBHOTO ABUIATENs C JIETKUMU, CPEIHUMH U TSKEIBIMU PeXUMaMU pado-
Thl. B pe3ynbpTate BBIBIEHO, YTO CPENHSAS BEPOATHOCTh OTKAa3a OIHOM KPBIIIKH
LWINHAPA JU3EJIBHOTO JABHUraTelsl TOPHO-TPAHCIOPTHOM MAIIMHBI B TEUEHHE
30 cyTok cocrarnser 6onee 8 %.

4. Pa3zpaboTaHa MaTeMaTn4eckasi MOJIEINb POLiecca N3MEHEHHsSI TeMITepaTyphl
B CJIOSIX OTHEBOT'O JHMIIA KPBIMIKYM LIUIMHAPA B PeXUME IPOrpeBa AU3ems FOPHO-
TPaHCIIOPTHON MAIIMHBI, BIEPBbIC YUUTHIBAIOIAS CYMMAapHBIH KO3()(HUINEHT TeT-
JOOTAAYM B TCUCHHE LUKJIA M TeMIeparypy paboduux ra3oB, M3MECHSAIOIINXCS BO
BpPEMEHH. Y CTAaHOBJICHO, YTO HAaMOOJBIINN TEMIIEPaTyPHBIA TpaJieHT HaOIronaeT-
cs Ha TiryOmHe 10 3 MM OT OTHEeBOH oBepxXHOCTH. [Ipr 3TOM 00s1aCTh TPUMEHEHHS
MaTEMaTHYECKOW MOJENN HE OTPAaHUYUBAECTCA TOJBKO KPBIMIKAMU LHIUHIPOB U C
Y4ETOM HEOOXOANMBIX NCXOJHBIX JTaHHBIX MOKHO PEIIaTh PA3IMYHbIC 331a4H TETI-
JIOIIPOBOJTHOCTH B JTI000 CHIIOBOH TU3EIBbHOM yCTaHOBKE.

5. JAns moATBepKACHUS TEOPETUYECKUX M METOAOJIOTMUECKUX MOJIO0KEHUU
JUccepTalii NMPOBECHO MMUTAIMOHHOE KOMIBIOTEpHOE MojenupoBanue. Pa3pa-
60TaHa KOHEYHO-’JIEMEHTHAs MOJENb M MOANpPOTrpaMMa pacueTa HaIpsKEHHO-
JeopMHPOBAHHOTO COCTOSIHMSI KPBIIIKU IIMJIMHAPA JU3€sl TOPHO-TPaHCIIOPTHOU
MAIllUHBI, KOTOpas MO3BOJSET BBIYMCIMTH TEMIEPAaTYypHOE IOJE MPH 3adaHHBIX
3HAYEHMsIX TeMmneparypbl. Ha 0CHOBaHMH 3TOTr0 ONpEAENeHo, YTO CHIKEHUE TEM-
HepaTypsl B OTHEBOM JHHIIE KPBIIKK MuunHApa Ha 50 °C NpUBOIUT K CHIKEHHIO
HanpsokeHul Ha 24 %.

6. IIpoBeneH CpaBHUTENBHBIM aHAIN3 KOHCTPYKUMOHHBIX MarepuanoB BUS0
n AKS kpbllllek HIUIHHAPOB IU3EIbHOTO ABUraTess. ¥ CTAHOBJIEHO, YTO AJIIOMUHU-
eBblii crutaB AK8 He o6mamaeT He0OOXOAMMBIMU MPOYHOCTHBIMU XapaKTEPUCTHKA-
MU, BCIEACTBHE YETO HE PEKOMEHIYETCS €ro MCIOJh30BAHHME B KAa4eCTBE KOH-
CTPYKIIMOHHOTO MaTepHuaia Ui KPbIIEeK [IUIMHIPOB CHIIOBBIX IU3EIBHBIX yCTa-
HOBOK TOPHO-TPAHCIIOPTHBIX MAIIIHH.

7. Pa3paboTaH KOMIUIEKC MEpONpPHUATHI, HANpaBiICHHBI Ha YIydlICHHE
yCIIOBHH pabOTHI CHIIOBON AM3ETIFHOIN YCTAHOBKH TOPHO-TPAHCIOPTHOM MAIINHBI U
TIOJIO>KUTEIBHO BIMSAIOMINN Ha CPOK CIYXKOBI KPBIMIEK HMIMHAPOB. MoIepHU3AIHS
CHUCTEMBI OXJIAXKJIEHHs KapbepHOIO TEIIOBO3a IIyTEM YCTAHOBKHU JIOMOJIHUTEIBHO-
ro BOASIHOTO HAcOCa € 3NEKTPUYECKHM MPHBOJOM MPEIyCMaTPUBAET MOBBIIICHUE
JHEpPreTUYecKUX MokasaTenedl Hacoca: Hamop — Ha 1,4 M, KILJ] — Ha 4,5 %. Ilpn
9TOM yZeNbHBIE 3aTpaThl yMeHbIatoTes 10 8 %. PaccMoTpeHsl ocoGeHHOCTH HC-
MOJIG30BAaHUS JIONIOJIHUTEIBHOTO BOJSIHOTO HAacoca Ha paslIMuHBIX peXumax pado-
ThI CUJIOBOM JTN3€JIbHONM YCTAHOBKH.

8. IIpoBeneHBI SKCIIEPUMEHTAIBHBIE HCCIIEIOBAHUS, TIOATBEPKIAIONINE aleK-
BaTHOCTh MaTEeMaTHYECKOH MOJIENH IpoIiecca N3MEHEHHS TEMIIepaTyphl B OTHEBOM
JTHUIIE KPBIIIKA IMIHHIPA TH3eTbHOTO JBUTaTelsl TOPHO-TPAHCIIOPTHBIX MAIIIHH.
CpeaHenponeHTHOe OTKIOHEHHE OT TEOPETHUECKUX JAHHBIX cOCTaBmIo 9 %, Mepa
TOYHOCTH CPEIHET0 pe3yabTaTa BCEX OMBITOB cocTaBiseT 1,2 °C, 4To sBIseTCS
JIOCTAaTOYHBIM JJISl IPAKTUUECKOTO UCIIOJIb30BaHMSI PE3YIbTaTOB HKCIEPUMEHTA.
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9. DxoHOMHYECKHH 3PPEKT OT BHEAPCHHS MEPONPHUSTHN II0 YIYUIICHUIO
YCIIOBUIA pabOTHI KPhILIEK HWINHIPOB TU3EJILHOTO aBurarens tuna 49 cocrass-
eT Ha oHy ycTaHoBKy 41, O TeIc. p. B rox. OKynaeMocTb JaHHOTO KOMIUIEKCa Me-
pornpusaTuil He npessiIaet 3,2 roja.

CIIMCOK OIIYBJIMKOBAHHBIX PABOT IIO TEME JUCCEPTALIUN

HayuHnble padoThl, 0Ny0IHKOBAHHBIE B BeAYLINX PelleH3HPYeMbIX HAYYHbIX
JKypHAJIaX U U3IaHUSAX

1. MatemaTm4eckast MOJENb HECTAIMOHAPHOTO TEIUNIOOOMEHa Yepe3 CTeHKY U
b3l TermioBo3Horo JIBC / 1O. B. Yepnsik, A. M. I'ymun, M. B. Bomogaper,
E. B. lllep6una (Ps6xo0) // [ToaBukHO#M cocTaB U crenuanbHas TEXHHKA JKEJIe3HO-
JIOPO’KHOTO TpaHcHopTa : ¢0. Hay4. Tp. — XapbkoB, 2008. — Ne 96. — C. 50-55.

2. Marematuyeckas MOJIE/b MpoIecca U3MCHEHHUS TEMIIEPATyphl B CIOSX OT-
HEBOTO JIHWILA KPBIIIKK IMIMHAPA B pexxuMe nporpesa ausens / A. C. Illanman,
A. H. T'opo6uenko, K. A. Psb6xko, E. B. Ps6xo // Becthux Tpancnopra IToBomKbs :
Hayd. KypH. — 2016. — Ne 5(59). — C. 35-40. - BAK PO.

3. Psadko, E. B. Ananmu3 (akTopoB, BIMAIOMMX HA HAJCKHOCTH JAM3CIBHBIX
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Ne?2,1.15.—C. 178-187. - BAK P®.

6. I'yrapesuu, B. O. [Ipo6aemMsl 1 HanpapiIeHUs] COBEPIICHCTBOBAHHS IKOJIO-
THYECKUX XapaKTePUCTUK TOPHO-TPAHCIOPTHBIX MANIMH C TU3EIbHOW yCTaHOB-
koit / B. O. I'yrapeBuy, K. A. Psi6xo, E. B. Ps6ko // Bectauk JloHenKkoro Hammo-
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AHHOTAIIUA

Psaoko E.B. OGocHOBaHNE mapaMeTpoB U PEKUMOB pabOTHI CHIIOBBIX H-
3€IbHBIX YCTAHOBOK FOPHO-TPAHCIOPTHBIX MalluH. — Pykonucs.

Juccepramus Ha COMCKaHHME yYCHOH CTENEeHM KaHAMIAaTa TeXHHYECKUX HayK
no cnenuansHocTH 05.05.06 — «["opHBIE MamUHB — ['OCyIapcTBeHHOE 00pa3oBa-
TENBHOE YYPEKICHHE BBICHIET0 MpodeccHoHaNbHOr0 obpa3zoBaHusa «JloHEUKHi
HaIlMOHAJIFHBIN TEXHUYECKUH YHUBEPCUTET» MUHUCTEPCTBAa 00pa30BaHMUs U HAYKH
JIHP, Monenxk, 2018.

B nuccepTanonHoi paboTe peleHa HayqHO-TEXHUIECKas 3a/1aua, NMEromast
Ba)XHOE 3HAY€HME JUI1 TOPHON IMPOMBIIIIEHHOCTH, 3aK/II0YAIOIIAsCs B MOBBIIICHUH
3¢ PEeKTUBHOCTH CHJIOBOW IU3EIBHOM YCTAaHOBKM 3a CYET YIy4YLICHHsS PEKUMOB
paboThl, 0OOCHOBaHUS WX IApaMeTpOB, NMPUMEHEHHsS KOMIUIEKCA MEpPONPHSTHH,
YTO MO3BOJISICT CHU3UTH Ha 24 % TEIIOBYI0 HANpPSKEHHOCTh KPBIIIKU LIUIHHAPOB
JIM3EJIbHOTO JIBUTATENIS U YBEJIMUUTD CPOK CITY>KOBI.

BrimosHeH aHann3 6€30TKa3HOCTH KPBIIMIEK MUIHHIPOB CHUJIOBON AM3EILHOMN
YCTaHOBKH TOPHO-TPAHCIIOPTHOM MAIIMHBI; YCTAHOBIICH BHJ] U TIApaMETpPHI 3aKOHA
pacmipenieneHusl HapaOOTKM Ha OTKAa3 KPBIMIEK IFIIMHIPOB TOPHO-TPAHCIOPTHBIX
MAIlIMH C yYeTOM MX YCIIOBHH IKCIUTyaTaruu. Pa3paboTaHbl pacyeTHbIE 3aBUCHMO-
CTH ONpEIeNeHUS TeMIEepaTypHBIX IOJIeH B CTEHKE HWIMHAPOBON KPBIMIKH JIH-
3eIbHOTO IBUTATENS TOPHO-TPAHCIIOPTHON MAIINHBIL.
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ITomydeHs! HOBBIE TECOPETHYECKHE M SKCIEPUMEHTAIBHBIE PE3yIbTaThl, 103~
BOJISIIOLIME HAyYHO 0OOCHOBATh MapaMeTphl M PEKHUMBI pabOThl CHIIOBBIX TH3€IIb-
HBIX YCTaHOBOK T'OPHO-TPAHCIIOPTHBIX MAIIMH HOBOTO TEXHUYECKOTO YPOBHSL.

Pa3paboTanbl MeponpHsATHS, MMO3BOJIIOIINE YIYYLIUTh YCIOBHS DKCILTyaTa-
IIMH TOPHO-TPAHCIOPTHBIX MaIIWH. DKOHOMHYECKHH d(PEKT OT BHEAPEHUS MEPO-
NPUATUI cocTaBisieT Ha OAHY ycTaHoBKY 41,0 Thic. p. B roa. OKynaeMocTb JJaHHO-
To KOMILJIEKCa MEPONPUSTUH He MpeBbImaeT 3,2 roja.

KarodeBble cjioBa: Kapbep, TOPHO-TPAHCIIOPTHAS MAIIMHA, CHIOBAs JU3EIIh-
Has yCTaHOBKa, MaTeMaTH4eCKast MOJIEJb, PEXKUMBI paOOTHI, TAPAMETPHI, TEIUIOBAS
HAINPSKEHHOCTb, KPBIIIKA [MIIMHAPOB.

ABSTRACT

Ryabko E.V. Substantiation of parameters and operating modes of power
diesel installations of mining transport machines — the manuscript.

Thesis for a Degree of Candidate of Science (Engineering) in specialty
05.05.06 — «Mining Machines» — State Educational Institution of Higher Profes-
sional Education «Donetsk National Technical University» of the Ministry of Edu-
cation and Science of DPR, Donetsk, 2018.

In the thesis the scientific and technical problem, which is of great importance
for the mining industry, is solved. It deals with increasing the efficiency of the
power diesel installation by improving the operating modes, justifying their param-
eters, applying a set of measures. It reduces the thermal tension of the cylinder
head of the diesel engine by 24% and increase the service life.

The reliability analysis of the cylinder heads of the diesel power installation
of the mining transport machine is performed; the form and parameters of the law
of distribution of the operating time for the failure of the cylinder heads of mining
transport machines, taking into account their operating conditions, are established.
Calculated dependences temperature fields the determination of in the wall of the
cylinder head of the diesel engine of the mining transport machine are developed.

New theoretical and experimental results, which allow to prove the parame-
ters and operating modes of power diesel installations of mining transport ma-
chines of a new technical level scientifically are obtained.

Measures to improve the operating conditions of mining transport machines
are developed. The economic effect of the measures introduction is 41,0 thousand
rubles per year for one installation. The payback of this set of measures does not
exceed 3,2 years.

Key words: quarry, mining transport machine, power diesel installation,
mathematical model, operating modes, parameters, thermal tension, cylinder head.
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