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V]IK 629.413-592.112
A. B. BO3HBIH

Hearno-Dpankosckuit HAYUOHATLHDII MEXHUYECKUI yHUGepCUmem Hedhmu u 2aza, YKpauna

HAIIPSIKEHHO-AE®@OPMUPOBAHHOE COCTOSIHUE
METAJUVIMYECKOI'O ®PUKIHUOHHOI'O 2JIEMEHTA
JAUCKOBO-KOJIOJOYHOI'O TOPMO3A (HUACTb BTOPAS)

Ipounniocmpuposano HanpsidCenHo-0ePOPMUPOBAHHOE COCOANUE CHIOUHO20 OUC-
Ka 8 npoyecce MopMOANCEHUS, A MAKIHCE MeHCOY MOPMONCEHUAMU C BO3HUKHOBEHUEM
U pazeumuem MUKpOmpewut Ha e20 NOBePXHOCHISX.

Knrouesnle cnosa: 0ucko8o-kono00uHbll MOPMO3, MOPMO3HOU OUCK, 6e208asi OOPOIC-
Ka MpeHUst, HanpA#CeHHO-0epOPMUPOSAHHOE COCMOSAHUE OUCKA, MUKPOMPEWUHA.

BBenenue. DHEProHArpy>KEHHOCTH AP TPEHUS TUCKOBO-KOJIOJOYHBIX TOPMO30B,
MPUMEHSEMBIX B MAIIMHOCTPOCHUU (AaBTOMOOUIBHOM M IKEJIE3HOJOPOKHOM TpaHC-
MOpTe, MOBEMHO-TPAHCIIOPTHOM OOOpPYNOBAaHUH U B JAPYTUX OTPACIAX TEXHUKH), B
3HAYUTEIHHON CTETNIEHH 3aBHCHT OT PEXXHMOB UX paboTHI (YIOENbHBIX Harpy3ok, CKO-
POCTH CKOJIBKEHUs, padOThl TpeHUs U T.1.) B padote [1] moka3aHo, 4To JUIS CHUXKE-
HUS SHEPTOHATPY>KEHHOCTH TIap TPEHHS JTUCKOBO-KOJIOJ0YHOT'O TOPMO3a HEOOXOAUMO
WX TPUHYAWUTENBHO OXJaXIAaTh BCTPEYHBIMH CKOPOCTHBIMH TOKaMHu Bo3myxa. [lpm
9TOM BHXpeBas TpyOa MOHTHPYETCS HETIOCPEACTBEHHO B TEJIO TOPMO3HOTO Jucka. s
COIOCTaBUTENBHOTO aHAJIH3a AUCKA C IEPEMEHHBIM CeYeHHEM HEOOXOIMMO HCCIeNo-
BaTh 10 TEPMOHAIPSHKEHUSM CILTONTHOW TOPMO3HOH JTHCK.

Cocrosinne mpodaembl. OCTaHOBUMCS Ha 3HEPTOHATPYKEHHOCTH Tap TPEHUS
JINCKOBO-KOJIOJJOYHOTO TOPMO3a.

TemmneparypHoe 1MoJie CAMOBSHTHIMPYEMOTO JIMCKA ¢ KaHAJIaMHU MPOU3BOJILHOM (op-
MBI JICKOBO-KOJIOJIOYHOTO TOPMO3a HCCIIEAOBATIOCH METOZIOM KOHEYHBIX 3JIEMEHTOB [2].

ITocnenoBaTenbHOCTh UCCIIEIOBAHUI 3aKIIIOYATIOCh B CIEAYOIIEM:

— TeMIepaTypHOe T0Je CAaMOBCHTHIMPYEMOTO JKMCKAa ONMCHIBAlIach YPaBHEHUEM
dyphe NpH 33JaHHOI CXeMe TEeIUIOBOTo Harpyxkyenus (puc. 1, a, 6);

Puc. 1. IIpogonpHOe (@) u IoriepeyHoe (6) ceueHre CaMOBEHTHIIMPYEMOTO TOPMO3HOTO HCKA

C TEIUIOBBIM HarpykeHueM (Q — TerIoBoif MoToK; t — MOBEPXHOCTHAS TEMIIEpaTypa) ero 6ero-

BOH JIOPOXKKHU TPEHUS; 6 — pa30MEHNE AUCKA HA KOHEUHBIE JIEMEHTHI: TocTosTHHOTO (I-1) 1 me-
pemenHoro (II-11) cedeHus ero TOMIIMHBL
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— NPOU3BOJWIOCH Pa3OHMEHHE CaMOBEHTHWJIMPYEMOTO IHCKa Ha KOHEYHBIE 3Jie-
MEHTBI, UCXOJI U3 €r0 OCECUMETPUYHOCTH KOHCTPYKIIMM C BBIJCIICHUEM B HEW ceue-
uuii [ u I (puc. 1, g);

— 3a/IaBaIMCh TPaHWYHBIE, HAYAIbHBIE W TIEPUOJUIHOCTH YCIOBUS TPUMEHUTENb-
HO K YPaBHCHHIO TCILIOIMMPOBOJAHOCTHU, KOTOPBLIC PpEIIAJIMUCL YUCJICHHBIMU METOJaMU
(3amaBancs QyHKIMOHAJ, KOTOPBIA B JajbHEWIIEM ObLI MHHUMHU3UPOBAH U MPHUBEI K
cucreMe audhepeHITHAIBHBIX YPaBHEHUH );

— TIOJTy9eHHAsl CUCTEMa JIMHEHHBIX aireOpandecKux ypaBHEHUH peraiach METO-
JOM KOHCYHBbIX 3JICMECHTOB.

OpHako B TaHHBIX MCCIEIOBAHMIX HE ObUIA JJaHa OlEHKA HAIPSIKEHHOTO COCTOS-
HUA HOBerHOCTeﬁ TOPMO3HOI'0 OWCKa C TOYKH 3PCHUA 3apOXKICHUA U PA3BUTHUA Ha
HUX MUKpoTpemuH. KpoMe Toro, He OBbIIO y/A€IeHO BHUMaHHUE Pa3pyLICHHIO OETOBBIX
JIOPO’KEK TPEHUS JUCKOB MEXy TOPMOKESHUSIMH.

B pabote [3] paccMOTpeHO pa3pyIlIeHHe TBEPIBIX TEJ MPU BO3ACHCTBUH MTOBEPX-
HOCTHO-aKTHBHOTO BEUIECTBA B Ka4eCTBE KOTOPOTO BHICTYNAeT BOXOPOA. YIEIIEHO
BHUMAaHHE MPeAeIbHOMY CIy4Yar0 MPOSBICHUS XeMOCOPOIMOHHBIX 3(dekToB Oe3 cy-
IIECTBEHHOTO BIUSHU MEXaHHUECKUX HampspkeHUH. OMucad pocT TUIOCKUX TPEUIHH B
TBEPABIX Cpelax C pPEeryaapHBIMH CTPYKTypaMH IIPH KOHTaKTe€ C IOBEPXHOCTHO-
AKTUBHBIMHU BEIIECTBAMHU, KOI'Ja MOJAECJIb IMPOoHECCa — PACKIIMHUBAHUE TPCIIUH MOJIC-
KYJSIPHBIM KJIMHOM. [10Jy4eHBl OIEHKH KPUTHUYECKOTrO0 KO3 HUIIMEHTa WHTEHCHBHO-
CTH HaHpH)KeHI/Iﬁ YePEe3 KPUTHUUCCKOE PACKPBITUE TPCIIMHEI IPHU PACKIIMHUBAaHWUU I10-
J]y6eCKOH€‘-IHI)IM KJIIMHOM ITOCTOSIHHOM TOJIIIUHBI. HOJIy'-ICHO AdHOMAaJIbHO HH3KO€ CO-
MPOTHUBJICHUE PAa3/ICJICHUI0 TBEPJOrO TEla HAa YACTH IPU OMPEACICHHBIX YCIOBUSIX
(caMOTIpOHM3BOIILHOE Pa3pyIICHHUE).

OJIHaKO B IPCACTABJICHHBIX MaTCpHaJIOB HE paCCMOTPEHA B3aMMOCBA3b MEXaHU-
YCCKUX, TCMIICPATYPHBIX U XUMHUYCCKUX KOMIIOHCHTOB HaHpH)KeHHfI Ha COCTOAHHC
TBEPJOTO Tea.

IMocTanoBka 3aga4un. B naHHO#N myOnuKamuyu pacCMOTPEHBI CISAYIONHE BOIPO-
CBbl IPUMEHHUTENBHO K TAaHHOH Mpobieme:

— OCOOCHHOCTH METOJ1a KOHEYHO-JIEMEHTHOTO MOJICIIMPOBAHHS C TIOMOILBIO MTPO-
rpammbl «Ansys Workbenchy HanpspKeHHOTO COCTOSIHHS METAIUTHYECKUX (DPUKIIHOH-
HBIX 2JICMCHTOB,

— HaNPsDKCHHO-1e(POPMHUPYEMOE COCTOSIHUE TOPMO3HBIX JIHCKOB;

— HAIpPSHKEHHOE COCTOSIHUE B OKPECTHOCTSIX BEPIINH MUKPOTPEILHH.

Leab paGoThbl — OIICHUTH HANPSHKEHHOE COCTOSIHUE CIUTONTHBIX TOPMO3HBIX IHIC-
KOB C Y4€TOM HampsyKEHHOT'O COCTOSIHHSA B OKPECTHOCTSIX BEPIIMH BO3HMKAIOIINX
MHUKPOTPELIHH.

Oco0eHHOCTH MeT0a KOHEYHO-IJ1eMEHTHOI0 MOJeJHPOBAHUS C MOMOUILIO
nporpammbl  «Ansys Workbenchy HanpsizkeHHOro COCTOSIHMSI MeTAJJIHYeCKHX
(GpUKIMOHHBIX 3J1eMeHTOB. MeTol KoHeuHbIX AeMeHToB (MKD) nmpencrasiser co-
00 3 (eKTUBHBIN YHCICHHBIN METO/I PEeIIeHI HH)KEHEPHBIX 1 PU3MYecKrX 3a/1a4. B
OCHOBE MHOTOYHCIIEHHBIX METOOB JIS)KHT 3aMEHa KOHTHHYaJIbHOH (HETpephIBHOM)
MOJENN TUCKPETHOM MOJENbIO, KOTOpasi UMeeT KOHEYHOE YMCIO HEU3BECTHRIX. B cBs-
3M C TE€M, YTO KOJIUYECTBO HEM3BECTHBIX MOXKET OBITh OYCHH OOINBIIOH, 4TO TpedyeT
MHOTOKPaTHOTO TIPUMEHEHHS BBIYUCIUTENBHBIX MPOIEAYD, YACICHHBIE METOIbI JaIle
BCETO MPHUMEHSIOT C MIOMOIIBI0 KOMIIBIOTEPOB. IlocienHue uConabp3yroTCs A1 aHalu-
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3a HaIPsHKEHHOTO COCTOSTHUSI METAINTNYECKUX (PPUKIIMOHHBIX 3JIEMEHTOB, a TaKXkKe IS
OILIEHKH CKOPOCTHBIX TOKOB BO3/yXa, KOTOPhIE OMBIBAIOT UX ITOBEPXHOCTH.

Cpenn COBPEMEHHBIX KOMITBIOTEPHBIX MpPOrpamMM, KOTOpble peanusyior MCO
MOXXHO Ha3BaThb Ansys®, Nastran®, Cosmos/M®, CosmosWorks®, Cosmos
FlowWorks®, I[CEM CFD®. B ctpykrypHOM MoaenupoBanurt MCD odeHb loMoraet
MIPH OIIEHKE CHJIOBBIX U JKECTKOCTHBIX BU3YyaIH3alliil B MECTaX CMEIICHUH U CTHOOB U
pactpeneneHusi CHI M CMEIIEHHH MHUKPOBBICTYTIOB METAJUINYECKOTO (hPUKIIMOHHOTO
3JIeMEHTa Ha MUKPO- ¥ HAHOYPOBHSX.

OcHoOBHas ujies METo/la KOHEUHBIX 3JIEMEHTOB COCTOHMT B TOM, YTO JIIOOYIO He-
MPEePBHIBHYIO BEIMUYUHY (NEpeMelleHue, CHiia, YIelbHbIe HArpy3Kd, NOBEPXHOCTHEIC
TEMIEPATypsl U T. J.) MOXHO alIpOKCHUMHUPOBATH MOJEINBIO, COCTABIEHHONH W3 OT-
JISIbHBIX 3JIEMEHTOB (y4acTKoB). Ha KaxqoM M3 3THX 3JIEMEHTOB HcclefyeMasi He-
MpephIBHASL BEIMYUHA allIPOKCUMUPYETCS] YaCTHYHO-HENPEPHIBHOW (DYHKITUEH, KOTO-
pasi CTpPOUTCS 110 3HAYEHUSM HCCIIeTyeMON HETPEPHIBHOW BEJTMIUHBIL.

Kommeke ANSYS mpenHasHadeH Ui pelieHHs 3a7ad MEXaHUKH JehOpMHPO-
BanHoro TBepaoro tena (MJITT), ero mMOBEpXHOCTHBIX TEeMIIEpPATyp IpPH YCIOBHH
OMBIBaHUS CKOPOCTHBIMH TOKaMH BO3yXa. Kpome Toro, KOMIUIEKC ITO3BOJISET PEmaTh
3aJa4y JUIS Pa3HOTO COCTOSHUSI TBEPIOTO Teja, KOTOPOE HAXOTUTCS TOJ IEHCTBHEM
CHJIOBOTO M TEIUIOBOTO HArpy>KEHHs, U YYUTHIBATH MOCIEACTBUS OT UX JNEHCTBUS Ha
€ro TIOBEPXHOCTH.

B cBa3m c pa3BUTHEM W IIMPOKHM paclpocTpaHeHHeM cpeactB 3D-
MOJIEITUPOBAHUS, UIMIIOPT paHee co3AaHHbIX (PaiIoB mpeacTaBisieTcs Hauboee yao00-
HBIM BapHaHTOM CO3/IaHUS PACUYETHBIX MOJEINEH, KOTOPBIA MOXET MPHMEHSTHCS B
HAyYHO-UCCIIEZ0BATEIbCKON MPAKTHKE.

Ansys Workbench — 310 HOBOe MOKOJIEHHE TIPOTPAMMHBIX TIPOAYKTOB, B OCHOBE
KOTOPBIX JIGKHT COBPEMEHHBIH 00BEKTHO-OPHEHTHPOBAHHBIN TOAXO0J] K TITyOOKOMY
aHaIIM3Y, UCTIONB3YS MPH 3TOM Bo3MoxkHOCTH ANSYS. Ota cdepa rirydbokoro anammsa
MPEIOCTaBIsIeT YHUKAIbHBIE BO3MOXKHOCTH 10 nHTerpannu ¢ CAD cuctemamu (B ToM
qyciie JIByHAlpaBlIeHHYI0 aCCOLIMAaTUBHYIO CBSI3b). MOXHO cOYeTaTh Mpolece Mpoek-
tupoBanusi B CAD makere ¢ MojydeHHEM JOCTOBEPHBIX IaHHBIX PacueTOB U MpOBee-
HUEM ONTHMH3AINHA KOHCTPYKITHH.

Workbench Products cocrout u3 momyseii: Design Simulation (ucmonssyer mu-
uensun  DesignSpace, Professional, Structural, Mechanical), Design Modeler,
DesignXplorer, FE Modeler.

Hanps:xenHo-1egopMupyemMoe cocTosiHMe TOPMO3HBIX AUCKOB. J[71s1 uccienoBa-
HUSI MEXaHMYECKUX M TEIJIOBBIX HANpsHKEHWH, a TakkKe WX TPaJMEeHTOB HCIOJIB30BAICS
METOJI KOHEYHO-3JIEMEHTHOTO MOJICJIMPOBAHKS C MOMOIIBI0 mporpammbl Ansys \Work-
bench, B xoTopoii paccmarpuBascsi (GPUKIIMOHHBIN y3€J «IHCK-HAKIAIKI) CO CIEIYIO-
IIIUMHU UCXOJHBIMU KOHCTPYKTHBHBIMH M AKCIITyaTallMOHHBIMH MTapaMeTpaMu: MaTepual
TOpMO3HOTO Jucka — ctanb 35XHJL, yaensnas narpyska cocrasistia p = 4,0 Mlla, mo-
BepxXHOCTHasA Temneparypa t, = 390°C, temnepatypa okpyxaroieil cpeasl to = 22°C, ma-
Tepuan (pukrwonHoit Haknmanku THUIP 240, momyctimasl TeMIeparypa MaTepHaioB
Haknazaku 390°C.

B nepBoM BapuanTe pazMelneHus GPUKIMOHHBIX HAKIAI0K KOJOJOK Ha TOPMO3-
HOM JAKCKe (Ha MaKCHMAaJIbHOM PaJinyce ANCKA, pHC. 2) clIelyeT OTMETUTh CIIeayolIee
MPUMEHHUTENBHO K 30HaM JIEHCTBUS Pa3IUYHbIX BUAOB HAPSKEHHUN:

MEXaHHUYECKHUX (pHC. 2, a)
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— MaKCHUMaJIbHbIC BEJIMYUHBI Hanpsokenuit (4,55 MIla) HaOar0Mamuch B cpenHeit
YaCTH IO TOJIIWHE TOPMO3ZHOTO AMCKA BBILIE HIDKHEH TOYKU (PPUKIIMOHHBIX HAKIAJ0K
KOJI0110K (30Ha I);

— B 30He I BO3HHMKaeT ovar OONBIINX TPATACHTOB MEXaHUICCKUX HAIPSKCHHIMA
(0,58MI1a/mMM), KOTOPBIH SIBISIETCSI 30HOH KOHLIEHTPATOPOB HANPSKEHUH OT AEHCTBHS
CKUMAIOIIUX CHJI (PPUKIMOHHBIMU HAKJIAJAKAMHU KOJIOAOK;

TeMIlepaTypHbIX (puc. 2, 6)

— HaOmonmaercss Tpu odvara HampspkeHuit (3oma Il — 80,0MITA, 3oma IV —
105,2MIla u 3oma V — 53,1MIla) orBeyaromue, COOTBETCTBEHHO, HIDKHEH TOUKE
(PUKIIMOHHBIX HAKIAJAO0K KOJOJOK W KOHIIEHTPAIUK HANPSIKEHUHA B CONPSHKEHUU TO-
PHU3OHTAILHOM 1 BEPTUKAIBHOHN (praHIIeBON YacTH AUCKA;

— TpaJueHT TeMIEpaTypHBIX HANpsHKEHUH MO paguycCy AMCKa PaBHOMEPHBIM, U
coctarisieT B cpearem 2,03MIla/mm;

CYMMapHBIX (MEXaHHYECKHE + TeIuioBbie) (puc. 2, 6)

— BO3HHKAalT TpH odara HampsbkeHmid (3oma VI — 83,2MIIA, 3oma VII —
105,2MI1a u 30na VIII — 53,1MIla) Takke, Kak ¥ TPy PACCMOTPEHUH TEMIIEPATyPHBIX
HampsKeHWH, ¢ Toi paszHuuel, uto B 30He VI nMeroTcs MakcuManbHble MeXaHU4e-
CKH€ HaNpsHKeHHS, KOTOPhIE YCHIINBAIOT CyMMapHBIE HAMPSKESHUS.

— YTO KacaeTcs rPaJleHTOB HANPSKEHH, TO OHU TaKHe K€, KaK ¥ MPHU pacCMOT-
PEHUU TeMIIepaTypHBIX IPaIUEeHTOB HanpshkeHui (B cpeanem 2,03 MIla/Mm), TombKo
B 30He V|| He3HAUNTENHHO YyBETUUYWINCH M3-32 BEIUYHMHBI JEHCTBUS MEXaHHYECKUX
HanpsoKeHUH.

Time: f s SErea P
14122015 15:35 14, : 15 15:41

Max
4,2203¢6
3,904¢6
3,5787e6
3,2533¢6
2,928¢6
260276
2,2173¢6
19526
162676
130146
9,7604e5
6,507265
3,253865
66,067 Min

1,0518e8 Max
9,7671e7

9,0164e7
8,2657e7
75157
676437
v 6013767
526367
451237
3,7616e7
3,007
2260267
1,5095e7
7,5884e6
81506 Min

5,2647e7
451377
3,7628e7
301197
2,2609e7
15167
7,5908e6 v
81525 Min

0,000 0,035 0,070 (m) 0,000 0,035 0,070 (m) 0,000 0,035 0,070 (m)
1)

—— —
0,018 0,053 0,018 0,053 0,018 0,053

a o 8
Puc. 2. MonenupoBaHue HaNpsHDKEHUH: @ — MEXaHUUECKHX; O — TeMITepaTypHBIX; 8 — CyMMap-
HBIX, Pa3BUBAIOIIUXCS B CINIOIITHOM TOPMO3HOM JUCKE IEPEeIHEro MeXaHH3Ma aBTOMOOHIIS
BA3-2110 npu pacnonoxeHn# (ppUKIIHOHHBIX HAKIaJOK HA MAKCHMAIBHOM pagnyce TUCKa

Bo BTOpoMm BapmanTe pasmemieHus (PHUKIMOHHBIX HAKIAZOK KOJOJOK Ha TOP-
MO3HOM JHMCKe (B CpeAHEH 4acTH pajuyca IUCKa, pUC. 3) CleAyeT OTMETHTD CIEeIyIo-
niee MPUMEHUTENBHO K 30HaM JICHCTBUS Pa3IMYHbIX BUAOB HAIPSKCHHUN:

MeXaHu4ecKux (puc. 3, a)

— BO3HUKAIOT J[BA OYara MEXaHWYeCKUX HarpsbkeHul (3ona ' — 4,67 MIla u 30Ha
II' — 4,69MI1a) B TOUKax, OTBEYAOIINM HIDKE BEPXHEU W BBIIIC HIDKHEH YacTH QpHUK-
IMOHHBIX HAKJIAJ0K KOJIOIOK MOCPEINHE TOJIIIHMHB TOPMO3HOTO JVICKA;

— YTO KacaeTcs I'paJUeHTOB MEXaHWYCCKUX HAMPSDKCHUM, TO MAaKCHUMAaJIbHBIE UX
BeMUMHBl HaOmromamuch B 30Hax 1" u IV', oTBevarommM BepxHe# U HIKHEH 9acTH
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(PUKIIMOHHBIX HAKJIAJIOK KOJIOAOK, U COCTABIISIIN, COOTBETCTBeHHO, 0,52 1 0,54 MIla/Mm;
TeMIiepaTypHbIx (puc. 3, 6)

— TaKke HaONIoAIOTCS TPU odara HanpspkeHuid (3oHa V' — 72,8MIIA, 3ona VI' —
122,1 MIla u 30na VII' — 48,9 MIla) oTBeuaronue, COOTBETCTBEHHO, HIXKHEH TOUYKE
(PUKLUMOHHBIX HAKJIAZOK KOJOJOK M KOHLEHTPALUH HANpsHDKEHUH B CONPSIKEHUU TO-
PU3OHTAIBHON W BEPTHKANBHON (hiraHIeBoW dacTH awcka. Clenyer OTMETHTh, YTO
pasHUIla MEXIy MEepBBIM BapHAaHTOM pa3MelleHUs] PPUKINOHHBIX HAKIAJ0K KOJIOIOK
MO0 OTHOIIEHUWIO K JUCKY COCTOMT B TOM, 4TO 30Ha V' oOpa3oBasiach HWXe 30HBI 111
(cM. pHc. 2, 6) 1 HAYMHAET CIMBAThCS ¢ 30HOM VI';

— T'PaJMeHT HAIPSKEHHH 110 PaguyCy AUCKa MEHEe paBHOMEPHBIN, YEM B IIEPBOM
BapuaHTe pa3MelleHNs (GPUKIMOHHBIX HAKIIaJOK KOJIOIOK: MEHBIINI B BEpXHEH 4acTh
no paguycy aucka (3oHa VIII'— 1,5 MIla/mMMm) 1 GonpLInii B HIDKHEH 4acTH 10 paany-
cy mucka (3oHax V'-VI' — 2,47 Mlla/mm);

CyMMapHBIX (MeXaHHYECKHE + TEILIOBLIE) (pHcC. 3, 6)

— BO3HHKAIOT TPH ovara HanpspkeHuit (3o0Ha I X' — 75,6MIIA, 30Ha X' — 122,2 Mlla
3oHa XI' — 49,9 MIIa) Takxke, KaK U MPU PAaCCMOTPEHUH TEMIIEPATyPHBIX HaIpshKe-
HUMl, ¢ ToM pasHuuell, 4yTo B 30He IX' pa3BUBaIOTCA MaKCHMalIbHbIE MEXaHHYECKUE
HaTPSDKEHSI, KOTOPBIE YCHIMBAIOT CyMMapHbBIE HANPSKEHNUS;

— YTO KacaeTcs rPaJleHTOB HANPSKEHH, TO OHU TaKHe K€, KaK U MPHU pacCMOT-
pEeHUM TeMIIepaTypHBIX I'PaAUEHTOB HaIpPsDKEHUH, TOJIbKO B 30He | X' He3HaYUTEIHHO
YBEIMUNBAETCS M3-3a JCUCTBYIOIINX MEXaHMUECKUX HAPSKEHUH.

Time: L
VI 14,12.2015 15:58

122198 Max
Li3aTes
. Lo475e8
A% 9,5026e7
873057
7850467
6,9863¢7
VI 5114267
522167
43767
349797
2625881
1753767

Tmb I
14.12.2015 15553

14.12.2015 15:56

1.2212¢8 Max
e 11348
II 104658
9597167
872557
v 7,8530e7
6,9823e7
6,1107e7
523017
4,3675¢7
3,4950¢7
262437
175277

47173¢6 Max
4,3803e6
404346
3,7064e6
3,3695e6
3,0326e6
2,6956¢6
2,3587e6
202178

1,6848e6
1,3479¢6
1,0103e6
6,7397¢5
337035
86,918 Min

8811366
95316 Min

8,8163¢6
95330 Min

0,000 0,035 0,070 (m) 0,000 0,035 0,070 (m) 0,000 0,035 0,070 (m)
]

0,018 0,053 0,018 0,053 0,018 0,053

a o 8
Puc. 3. MoaenupoBaHue HaNPsHKCHUI: @ — MEXaHHMUYECKHUX; O — TEMIIEPATyPHBIX; 6 — CyMMap-
HBIX, Pa3BUBAIOLIMXCS B CIUIOIIHOM TOPMO3HOM JMCKE MEPEAHEr0 MeXaHn3Ma aBTOMOOHIIS
BA3-2110 npu pacrnonoxxeHnu (ppUKIMOHHBIX HAKIIA0OK Ha CPEIHEM paanyce TUcKa

B Tpetbem BapuaHTe pasmenieHus GPUKIHOHHBIX HAKJIAJ0K KOJIOIOK Ha TOPMO3-
HOM JiMCKe (B HIDKHEH YacTH paauyca JIHUCKa, puc. 4) CleoyeT OTMETHTE CIIELYIOIIEe
MMPUMCHUTEIIBHO K 30HAM HeﬁCTBHH Pa3IMYHbIX BUAOB HaprI)KeHPIﬁ:

MEXaHHYECKHUX (pHcC. 4, a)

— BO3HHKAIOT JIBa oYara MeXaHWJeCKux HampspkeHwid (30Ha I — 4,7MIla u 30Ha
II" — 4,73Mlla) B Toukax, OTBEYAIOIINM HUKE BEpXHEW U BbIIIE HIDKHEN dacTu QpHUK-
IUOHHBIX HAKJIAJOK KOJOJOK MOCPEeJHHE U MpaBee CepeAnHBl TONLIIMHBI TOPMO3ZHOTO
JIICKa, COOTBETCTBEHHO;
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— YTO KacaeTcsl TPaJIueHTOB MEXaHHMYECKHUX HampsyKeHHWH, TO B TOYKaX, OTBeya-
IOLIMM BepXHEH 1 HIKHEW 4acTH (PUKLHUOHHBIX HAKIAJO0K KOJIOJOK HAOII0IaINCh
MaKCUMaJIbHbIe UX BeauduHbl (30HHI I u IV, u cocTtaBisioT, cooTBeTcTBeHHO, 0,59
u 0,62 MIla/mm;

TeMIiepaTypHbix (puc. 4, 6)

— oOpazoBanuchk J1Ba ouara HampspkeHuid (3oHa V" — 122 1MIla u 30ma VI —
48,9MIla) orBevarommue, COOTBETCTBEHHO, HIDKHEH TOUKEe (PHUKIIMOHHBIX HaKJIaIOK
KOJIOZOK M KOHIIGHTPAaIlMH HANpPsDKEHUH B COIPSDKEHWH BEPTHKAIBHOM (hiaHIEeBOM
gactu aucka. CreayeT OTMETUTh, YTO pa3HUIla MeXy BTOPhIM BapHaHTOM pa3Melle-
HUS (PPUKIMOHHBIX HAKIAJOK KOJOAOK IO OTHOIIEHHUIO K JTUCKY COCTOMT B TOM, YTO
30Ha V"' 00pa3oBasiach BCIIEACTBUE CIUSHUS 30H, OTBEYAIOIINX HIDKHEW TOUKe (QpHK-
IIMOHHBIX HaKJIaJOK KOJOJOK M KOHLEHTPAIMH HAIpPSKEHUH OT CONpPSDKEHUS TOpH-
30HTAJIBHOM (DIaHIIEBOM YacTU AUCKA;

— I'PajlMeHT HaNpsDKEHUH [0 pajuyCy IUCKa MEHee PaBHOMEPHBIH, YeM B IIEPBOM
W BTOPOM BapHWaHTEe pa3MelleHus (DPUKIMOHHBIX HAKIAaJOK KOJOJOK: MEHBIINH B
BepxHeH yacTu 1o paxuycy aucka (3oua VII'" — 1,65 MIla/mm) u Gonblnii B HIKHEH
4yacTH 1o panuycy aucka (3ona V' — 2,73 Mlla/mm);

CYMMapHBIX (MeXaHH4IeCKHe + TerioBbie) (puc. 4 8)

— HabnromaroTes ABa ovara HampspkeHudt (3oHa VY — 147,5MI1a u 30Ha IX" —
49,9 MIla) takxke, Kak ¥ MPH PACCMOTPEHUM TEMIIEPATYPHBIX HANPSDKEHHM, C TOU
pasuuneii, uro B 30He VIII" pazBuBaroTcs MakcUMallbHBIE MEXaHUYECKUE HAIPSIKE-
HUSl, KOTOPBIE YCUIINBAIOT CYMMapHbIE HAIIPSKEHMSL.

— Y9TO KacaeTcs IPaJleHTOB HANPSDKEHH, TO OHH TaKHe K€, KaK U MPH PacCMOT-
pPEHUH TeMIIepaTypHBIX TPaIueHTOB HANpPsDKeHUH, Toabko B 30HE VIII" Hesnaunrtenn-
HO yBEJIMYMBAETCSA, U3-3a ICHCTBYIOIUX MEXAaHUYECKUX HaNPSKEHHUH.

Time: 1 , Tim Time: 1
14.12.2015 16:14 14.12.2015 16:12 ’ 14.12.2015 16:17

1,4754e8 Max
1370168
1.2647e8

4,758e6 Max 1,4681e8 Max

136338

1,1537e8
[ Cosases
[ gaataer
L] g303e7
] 73sser
B sasrer
[l 52507

| 6,7087¢5 = 2,10567
3,400265 105767
174,15 Min 96339 Min vI'

1,0628e7
96810 Min

0,000 0,035

0,018 0,053 0,018 0,053 0,018 0,053

a o 8
Puc. 4. MonenmmpoBaHue HAIPsDKEHUH: g — MEXaHHYECKHX; O — TEMIIePaTypHBIX; 8 — CyMMap-
HBIX, Pa3BUBAOLINXCS B CIUIOITHOM TOPMO3HOM AMCKE NEPEAHETO MEXAHN3Ma aBTOMOOHIIS
BA3-2110 npu pacniono>xeHu# (pPUKIIOHHBIX HAKIAJOK HA MUHUMAJIFHOM pagiyce TIcKa

Hanps:keHHoe cocTOsiHMEe B OKPEeCTHOCTH BepPIIMH MHUKpoTpemMH. [Ipu pac-
CMOTpeHHH MOHOKpHcTanoB ctanu 35XHJI (pabouas moBEpXHOCTH JHCKa) HaOIOaeTCs
KPUBOJIMHEHHBIC TPEIIMHBI, NMEIOLINE BOIHOBOM (hpoHT pacnpoctpanenus. [Ipoasmxke-
HHE MUKPOTPELIHH COOTBETCTBYET CaMOIPOH3BOJIBHOMY Pa3pyLICHHI0 pabodeli moBepx-
HOCTH JMCKa TIPH BO3ICHCTBUH TIOBEPXHOCTHO-aKTHBHBIX BerecTs ([TAB).
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[Mocnenuum sBNsieTCst BOOPO], pearupyoIid ¢ BHOBb 00pa3oBaHHON MOBEPX-
HOCTBIO TOPMO3HOTO JIMCKa, & B BEPIIMHE MUKPOTPEIIMHBI HA €€ TIOBEPXHOCTAX CKall-
JMBAIOTCS 00pa30BaBIIMECS THIAPHUIIBI MPEICTABISETCS BO3MOXHBIM CMOJEIHPOBATH
MOJIEKYJISIpHBIM KIIHMHOM. [locimenHuii ompenenseT HamnpspKeHHO-Ie(OPMHUPOBAHHOE
COCTOSIHUE B OKPECTHOCTAX KOHYHMKA TPCIIHUHBI IIPU YCIOBUU, YTO Op = 0

Ha puc. 5, a, 6 n300pakeHs! GU3NUECKUE MOAETA MOHOKPUCTAJIOB C MOJIEKYJISIP-
HBIM KIIMHOM (pHC. 5, 8) IPH 3TOM aTOMBI MOHOKPHCTAJUIA BEIIECTBA MOKA3aHbI KPY K-
KaMH, aTOMBI Bojloposa — Toukamu. Ha puc. 5, a, 6 ¢puznyeckue MOAETN COCTOAT U3
OJIHOTO U JIBYX PSJIOB MOJIEKYN TUIPHAOB. Puc. 5, 6 compoBoXIaeTcss reoMeTpuye-
CKHMH Mapamerpamu: 2h — TonmuHa KinHa (MUKPOTPEIINHA B MEXaHHMYECKUX MOJIe-
JX MOJEIMPYETCs JBYCTOPOHHHMM DPa3pe3oM); ¢ — pPacCTOSHHE OT KOHIA KIHMHA JI0
IIPaBOM BEPIIMHBI MUKPOTPELLUHEI.

0o 0o oQq 0 o
o o o|lo o o

O O 0|0 O ¢
R
O]
®

8

Puc. 5. ®usnueckue (@, 6) 1 MEXaHNUIECKHUE (6) MOIEIH: MOHOKPHCTAIIIOB C MOJIEKY ISIPHBIM

KJIMHOM (OZIHOTO [a@] ¥ ABYX [6] psIOB MOJIEKYJI TUAPHIIOB); Tella C MUKPOTPELIHMHON B KOTO-
PYIO0 BMOHTUPOBAH KJIUH (8) TOCTOSTHHOM BETUYHHBI

IIycts ITAB (Bomopom) xemocopOupyeTrcs BHYTPH MHKPOTPELIMHBI Ha €€ I0-
BEPXHOCTAX U 00pa3yeTcs HOBOE JI0OCTaTOUYHO YCTOWYMBOE cOelMHeHue. B 3aBucumo-
CTH OT IIOJIOXKECHUSI BHOBb OOPAa30BAaHHOIO COCAMHEHMS WJIM TMAPUAA OTHOCHTEIIBHO
MpaBOi BEPIIMHBI MUPKPOTPELIMHBI JUAMETPBl X MOJEKYJ MOTYT HTpaTh poJib Kak
SHEPreTHYecKOro Mocrta (Pa3HOCTh MOTEHIMAJIOB) MPH ACHCTBUU HArpy30K Ha TeJO C
MHUKDPOTPEIIMHOM, TaK ¥ MOJEKYJSPHOI'O KJIMHA NMPH OTCYTCTBHUM HAarpy»KeHHUs Tena
MHUKPOTPELIUHOM.

OcTaHOBUMCS Ha BEIWYMHAX JHAMETPOB MOJEKYJ B IpOIecce MPOUCXOASIINX
HaJl HUMH IpeBpalleHui. [ uapuasl MOryT UMETh IOCTOSIHHBIM MJIM IIEPEeMEHHBINA MO-
JIEKYJIAPHBINA COCTaB.

JlonmycTrM, MUHUMAaJIBHBIA TUaMeTp MOJIEKYJIBI 3TOr0 COEAMHEHHUS IPEBOCXOAUT I10-
CTOSIHHYIO KPUCTUIMYECKON PELIETKH MOHOKPHUCTAJIIA HCXOHOTO COCTOSIHUS BEILIECTBA
re. lanee BenuuuHA I, CPABHUBACTCS C MIOCTOSHHOM KPUCTAIMYECKONW PEIIETKH MOHO-
KpHICTAIUTA THAPH/A le , & IMAMETP MOJIEKYIIBI THPHIA OTIPEIeNsIeTcss XMMIUECKo# (op-
Myoi ruapuaa. OUH W J1Ba CIIOS MOJICKYJI BHOBb 00Opa30BaHHOTO COEAMHEHHUSI MOTYT
UMETh I0JI001e MOJICKYJISIPHOTO KJIMHA (YUCIIO CJIOEB MOJICKYJ THIPHUIIOB ONPEACIISETCS
BpPEMEHEM TPOTEKaHUsI XUMUYECKOH PEaKkIyy Ha BHOBb 0OPa30BaHHBIX MOBEPXHOCTEN).
IIpu 6, = 0 BemecTBO MOJIEKYISPHOTO KIMHA CXKaTo, U, BOOOIIIE TOBOPSI, CYIIECTBEHHBIX
OTpaHUYEHUI Ha IPOYHOCTH ATOTO BELIECTBA HE HATAraeTcsl.

O1neHuM TONIIKMHY MOJEKYJSIPHOTO KiIMHA, chopmupoBaHHoro ruapunamu FeHo
B MoHOKpuctaiie Fe. Ilpu moryomeHun BOAOpOJa MOBEPXHOCTHBIM CIIOEM CTalld
yBenuuuBaeTcs o0beM MaTepuana. Ilocneanee mpuBoAUT K 0Opa3oBaHUIO MUKPOTpeE-
IIMH B MaTepuaje, KOTOpbIe, CIMBAsCh B MAaKpPOTPEILIMHBI, BBI3BIBAIOT pa3pyllCHHE
MOBEPXHOCTHOTO CJI0A cTayu. TpemuHbl IpOXOIiT 110 3€PHY U II0 MECTaM CKOIUICHHUS
ruApua0B. ISl TOJIIMHBI MOJICKYJISIPHOTO KJIMHA 2N ©MeeM COOTHOIICHHS
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2h=r, —r,, 2h/r, =r, It -1, 1)
2h=2r, —2r, 2h/r, =2(r, Ir, 1), )

e re=2,87-10m, r.” = 4,37-10"° M — mocTosIHHBIE ATOMHBIX pEeLIETOK MOHOKpHUCTAJ-
noB Fe u FeH», coorBercrBenno [4]. CootHomenus (1) u (2) 3amucansl 11 MOJIEKYJISAp-
HBIX KJIMHBEB, COCTOSAIIMX M3 OJHOTO M JBYX psAAoB Monekyn ruapuaa FeH, coorser-
CTBEHHO, a PACCTOSHHE OT KOHIIOB KITMHBEB JI0 BEPIIUH TPEIIuH a ~ I, (puc. 5, 8). Ton-
IIMHA MOJIEKYJISIPHOTO KJIMHA, pacCUMTaHHAs MO cooTHomreHusM (1) u (2) mias MoHO-
kpuctasuioB Fe u FeH» oka3piBaeTcs 3HAUNTENBHOM, TaK KaK KOHEL KIMHA PACIOJIOKEH
O4eHb GJIH3KO K BepiumHe Tpemmubl (a =~ 2,92-10° m). B cootnomennsx (1), (2) uc-
MOJIB3YIOTCS 3HAKU « = » TaK KaK PacCTOSHHSA MEX]y aTOMaMH B TOHKOM CJIO€ THAPHUIA
FeH, MOryT OT/IMYaThCs OT MOCTOSHHOM permeTky I MoHokprcTania FeHy, a paccros-
HUSL MEXAYy aTOMaMU MOHOKPHUCTAJIa B OKPECTHOCTU MOBPEXKACHUS, BHI3BAHHOTO MO-
JIEKYJSIPHBIM KIIMHOM, MOTYT OTJIMYAThCS OT MOCTOSHHON KPUCTAITMYECKON PEHIeTKH
uzneansHoro MoHokpuctaiuia Fe. CootHomenus (1) u (2) cipaBeyiuBbI U JUI APYTHX
COCTOSIHUH BEIIECTB, THAPUIBI KOTOPBIX COAEPKaT /1B aTOMa BOJOPOAA.

PacknuHMBaHWE TpemMH MOJEKYISPHBIM KJIMHOM B MEXaHHMYECKOW MOIEIH.
Bocnons3yemcs TpencTaBIeHUSIMU PEIICHUH IS HalpsDKEHUH Ha MPOAOIDKEHHH
octpoil TpemuHbl ¥y = (0 B IJIOCKOH 3a/laue TEOpHH YIPYTrocTH 4epe3 kodhduumeHT
VHTEHCHBHOCTH Hanpsokenmii K°.. Torma sl TpeUIMH HOPMANGHOTO OTpHIBA B
OKPECTHOCTH BEPIINHBI TPEIIMHBI C TOYHOCTHIO O BEITMYMH BBICIIETO MOPSAIKA MaJIo-
CTHU JJ1s JIMHEMHOM 3a71a4y MOKHO 3aIKcaTh

o,(x,0)= 0o, + K I(22x)"?, (3)

rie 0. = 0 — XapakTepHble HaNpPsHKCHUS, 3aJjaHHble HAa OeckoHeyHocTH. MTak, Hamps-
JKEHHO-Ie()OPMUPOBAHHOE COCTOSIHUE MTOBEPXHOCTHOTO CJIOS JUCKA C MOJTyOecKOHEY-
HOH TPEIIMHOM OIIPEIeNSeTCs TOIBKO MOJICKYJIAPHBIM KIIMHOM.

Cootromenne K% 1y1s ocTpoit momy6eckoHeuHOH TPENIHHbI TP PACKaIbIBAHHH
MOBEPXHOCTHOT'O CJIOSI TOPMO3HOTO JHCKA IOJYyOECKOHEUHBIM KIMHOM ITOCTOSIHHOM
TOJIIIMHBI TIPH OTCYTCTBHH JIEKTPOTEPMOMEXAaHNYECKOTO TPEHHMS 3aruIIeM B BUIE [5]

«o_4oh [2 @

1+ yVma

3neck G — moayns casura; y = 3 —4p; x = (3 — w)/(1 + p) — as MI0CKOro cocTo-
SHUS: 1e(OPMUPOBAHHOT0; HANIPSHKEHHOT0; W — Koadduuument Ilyaccona. B

CootHomenun (4) UCIOIB3YIOTCS MOCTOSIHHBIE G, i UIsI MOHOKPHUCTAJIA HCXO/I-
HOT'O COCTOSTHUSI BELLIECTBA.

Kpurepuii xpynkoro paspymieHus. PaccmMarpuBaioTcsi MOHOKpUCTaNbI C TpPEIU-
HaAMH ¥ C BaKaHCUSMH MeTautbl. [IpemsoskeH IMCKpeTHO-WHTETPaNbHBIA KpUTEpUit
XPYTNKOW TPOYHOCTH (JIBYMEpHBINA cilydail) /Ui ciabeiiero MoHOCIOS aTOMOB JUIs
OCTPBIX TPEIIMH HOPMAJILHOTO OTPHIBA [6]

1™
« {ay (x,0)dx < 8o, (5)

TAC 0y — HOPMAJIBHBIC HAIIPSKCHUS B BEPIIMHE TPCIIHNHBI (BTI/I HaIMpsKCHUA ,I[CI\/’ICTBy—
0T B TOJIIIC MOHOKpPHUCTAJlJIa BEIIECTBA C TpeH.IHHOﬁ); O)Cy — NpAMOYTOJIbHAast CUCTC-
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Ma KoopauHart (puc. 5, a, 6); I, — pacCcTOSHHE MEXIY [IEHTPAMH aTOMOB MCXOIHOTO
COCTOsIHUS BelecTBa; N U K — mernble yncna (n>K)] K — 4uciao MeXaTOMHBIX CBSI3EH;
Nr. — WUHTEPBAJ OCPEIHCHHS, Om WK OOm — TEOPETHUCCKUE MPOYHOCTH MPU OTCYT-
crBuu [7] nimu Hammanu [TAB B TpemuHe, cooTBeTCTBeHHO; 0 < 1 — mapamerp. [lapa-
METp O OIMCHIBAET XMMUYECKH YCWIMBaeMoOe paspylieHue: B mpucytcTBuu [1AB
MPOYHOCTH UCXOAHOTO COCTOSTHHS BEIIECTBA MOKET YMEHBIIATHCS.

BrimonmHuB cootBercTByromue npeodpazosanus (cM. (5) u (3)) ans octpoit Tpe-
HIMHBI HOPMAJIBGHOT'O OTPHIBA MPH HAIMYHUW BAKAHCHI B HOCHKE TPEIUHEBI, UMEEM 3a-
BUCHMOCTb JIJISl OIICHKH KPUTHYECKOT0 K03 (DUIIeHTa MHTEHCUBHOCTH HaIPsDKEHUN

K < (kéo,, / n)(znr, 1 2)Y2, (6)

IMocne moacTaHOBKY BhIpakeHus (4) B cooTHoleHre (6) moaydnM BBIpAKEHHE
(v v *
JUTSE KPUTHIECKOU TOJIIMHBI KIIMHA TIOCTOSHHOM TOMIMHEI 2h

on" z k 6o, [a
r—§(1+l)(1+ﬂ)5ﬁ £ \/E (7

e

C yd4eToM OLEHKH TEOPETHYECKOHM MPOYHOCTH MOHOKpHcTamia [7] on = nk
(0,1 <5 <0,3) Boipasenne (7) npunumaer sux 2h”/r, <./a/r,, rae C = const. s

MOHOKpHUCTa/uia Fe mocTtosHHBbIe mis miockoro aedopmupoBanHoro Cre = 5,71 m
HanpspkeHHOro Cre = 6,29 cocrosinus npu oTcyTcTBu BakaHcuii (K=n=1). Koaddu-
nueHT Ilyaccona moHokpuctamia Fe nmpunsat paBasIM Kodddunuenty Ilyaccona tex-
HU4eckux cruiaBos Fe, T.e. 4 = 0,3.

Ha puc. 6 npencraBneHsl 3aBUCUMOCTH, XapaKTEPU3YIOIas IOBEICHIE CUCTEMBI.

Puc. 6. 3aBucumMocCTH, XapaKTePU3YOIIUE MTOBEACHUE CUCTEMbI B YCTORYHMBOM (HUXKE
MOBEPXHOCTH) U HEYCTOWYMBOMN 00JIACTSIX (BBIIIEC MOBEPXHOCTH) MIPH Pa3IMYHBIX TOJI-
muHax kmHa: ¢ —n = 0,1; 6 —n =0,3

IToBepxHOCTH Ha puC. 6, ONy4YeHHBIE Ui ypaBHeHust 1/T1, < (C nyalr, )/ 2h npu

n=20,1; 0,3, COOTBETCTBEHHO, OTAEISAIOT 00IACTH YCTOMYUBOCTH (HIKE TIOBEPXHOCTH)
oT obnacTteil HeyCcTOMINBOCTH. OCTaHOBUMCS Ha HEKOTOPBIX TOUYKAX, XapaKTepHU3y-
TOIIMX MTOBEICHHE MOHOKpHcTata Fe mpu nHannann

MoJIeKyJisipHOTO KiuHa. Eciu Touka ¢ xoopaunaramu (aolfe, 1/r., 2h) Ha mmockocTu
MoMaaaeT B 00aCTh YCTONYMBOCTH, TO POCT TPEUIMHBI HE MPOUCXOAUT. ECiii ToUKa ¢
koopauHatamu (aolre, 1/f., 2h) Ha TTOCKOCTH TOMamaeT B 00JacTh HEYCTONYHBOCTH,
TO TPEIMHA YBEINYUBACTCS HA OJHO MEXKATOMHOE paccTostHue I, ITycTh Touka ¢ KO-
opauHatamu (aolre, 1/r., 2h) momagaer B obnmacte HeycroiunBocTH (cM. puc. 6). IMo-
ClJie yBEITUUCHUS TPEIIMHBI U3MCHSETCS BEMUUHA do + I, XapaKTepU3YOIIasi paccTo-
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STHEE OT KOHIA KJIMHA 10 HOBOW BepmnHbl TpemuHbl ([IAB pearupyer ¢ BHOBH 00pa-
30BaHHBIMU TMOBEPXHOCTSIMU MOHOKPHCTA/UIA C HEKOTOPBHIM 3amo3januem). B nams-
HEeHIleM aHaTU3UPYeTCsl MOBEICHUE CUCTEMbI B TOUKe ¢ koopauHaTamu ((aolre)/re,
1r., 2h)u . &

ITycts [TAB, noctynaroriee B TpeluHy, pearupyeT ¢ BHOBb 00pa30BaHHBIMU I10-
BEPXHOCTSMU MOHOKpHUCTaIIa. Eciu npuHUMAaTh BO BHUMAaHHE XUMUYECKYIO PEAKIIUIO
ITAB ¢ aroMamMy MOHOKpUCTAJIJIa B OKPECTHOCTH BEPIIWHBI TPEUIMHBI, TO BEJIUYMHA
ao + I yMEHBIIIAETCS, M KOHEI] KJIFHA IMPOJIBUTACTCS K BEPITUHE TPCITUHEL.

OueBUIHO, YTO AJIA TOCTATOYHO TOJCTOrO KIMHA BCEr/Ia MMEET MECTO IPOIBHU-
JKEHHE TPEIIUHBI NPU (UKCUPOBAHHOM PACCTOSHUHM OT KOHIA KJIMHA JI0 BEPUIMHBI
TPEINHBI, OJHAKO 0e3 ydeTa xumudeckoi peaknuu [IAB ¢ BHOBE 00pa3oBaHHBEIMU
MOBEPXHOCTSIMH BCET/a HaOJIIOJIaeTCSl OCTAHOBKA TPEIIUHBI W3-32 YBEIMYCHHS YKa-
3aHHOTO PACCTOSHHUS.

Pacuetsl 111 MOHOKpucTamia Fe mokaspIBalT, 4TO U3 TOYEK C KOOpAMHATAMU
(aolr,, 1Ir., 2h) =(1; 0,12; 15), (2; 0,12; 15), (1; 0,24; 15), (2; 0,24; 15) nBe TOUYKH ¢ KO-
opnunatamu (1; 0,12; 15), (2; 0,12; 15) nonagatot B o6sacts ycroiunsocTa mpu 1 = 0,3
(cMm. puc. 6, 6). Ilpu MajbIX PacCTOSIHUSX OT KOHIA KJIMHA 10 BEPIIMHBI TPEIIUHBI
(aofre < 2) s MonexynsapHBIX KIuHBbeB FeHy, cocrosmmx u3 Gosee ueM OBYX PSIOB
MOJIEKYJI, BCET/1a UMEET MECTO pa3pyIIeHNUE.

BobiBoabl. TakuM 00pa3oM, Ha OCHOBaHMH METOJla KOHEUHO-3JIEMEHTHOT'O MOJie-
JUPOBaHUS TPOM3BEACHA OIEHKAa HANPsSHKEHHO-Ie()OPMUPOBAHHOTO COCTOSHUS
CIUIOIIHBIX TOPMO3HBIX JTUCKOB, MCXOJS M3 UX SHEProHapyKEHHOCTH B IIpollecce
TOPMOKEHHUSI C Y4YETOM HAaHOIPOLIECCOB MPOUCXOISIIINX B OKPECTHOCTSIX BEPILIMH
MHUKDPOTPELIHH.
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A. B. BO3HUH

HATIPY)KEHO-JIE®OPMOBAHUI CTAH METAJIEBOT'O
®PUKLINHOIO EJTEMEHTY JIJUCKOBO-KOJIOJIKOBOI'O T'AJIbBMA
(YUACTHHA JIPYTA)

[MpointocTpoBaHO HANPYKEHO-AE(POPMOBAHUI CTaH CYLIILHOTO JUCKY B IPOLIECI rajlbMyBaHHS,
a TaKOXX MK TaJIbMyBaHHSIMH 3 BUHUKHEHHSIM 1 PO3BUTKOM MIKPOTPILIMH Ha HOTO TIOBEPXHSIX.

KoaiouoBi cioBa: 11ucKOBO-KOJIOJKOBE TaJIbMO, TAJIBMIBHUI JHCK, OiroBa JOpiXKKa TepTs, Ha-
npysKeHo-1e(OpMOBaHMH CTaH AUCKa, MiKpOTpiuHa, ansys workbench.

A.V.VOZNYI

THE DEFLECTED MODE OF METAL FRICTION ELEMENT
OF DISC BRAKE (PAR TWO)

We’ve illustrated the deflected mode of solid rotor during braking and braking between the
emergence and development of cracks on its surfaces. There were the following questions:
features of the method of finite element modeling of the stress state of the metal friction ele-
ments by using «Ansys Workbenchy; the deflected mode of the brake discs; the deflected mode
in the vicinity of the vertex of microcracks.

Keywords: disc brake, rotor, friction treadmill, deflected mode of rotor, microcracks, ansys
workbench.
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