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Tpounmiocmpuposana HaAHOMPUOOIO2US NAMEH KOHMAKINOE MUKPOBLICTNYTIO8 MEeMAIONOIUMEDHBIX Nap mpe-
HUSL IEHMOYHO-KOIOOOUHBIX MOPMO308 OYPOBbIX 1e6e00K, UCXO0S U3 UX IHEPSOHASDYHCEHHOCIU, DNEeKMPONPOEO0-
HOCIU U Hymu mpeHust NsimeH KOHMAKMO8 U PeMEHU CYWecmeo8anuss Ha HUx nieHox. Mzeecmno, umo 0600 mop-
MO3HO20 WIKUBA ABTACCS AKKYMYJMOPOM MENI060U IHep2uLl, a NOTUMEPHAS. HAKIAOKA - HAKORUMENeM NOA0NCU-
MENbHBIX (LOHOB) U OMPUYAMETbHBIX (IAEKMPOHO8) 3apsi008. Bpems cywecmeosanus KOHMakmuoil nieHKu u onpe-
0elIsiem IHEPLOHASPYICEHHOCIb COBOKYRHOCTNU NAMEH KOHMAKMO8 MUKPOGbICmynoe mpuboconpsicenus. OcHog-
HbIMU MPeOOSAHUAMU K NSMHAM KOHMAKMOE MUKPOGHICIYNO8 MeMAIONOIUMEDHBIX Nap MpUbOCONPINCEHUS 516-
JSIOMCSA. MAoe NepexooHoe COnpomusieHue, CmabulbHOCmb, USHOCOYCIOUMUBOCMb. Y CMAHOBIEHO, YmoO conpo-
mugneHuUe pasHoe 8 0CCMAHOGICHHOM (AMUHHOM) U OKUCICHHOM (UMUHHOM) COCMOSIHUU noaumepa. munnvie epyn-
nul, 8eposimHo, 6oaee OuphysHo pacceusarom 3NEKMpPOHbL RPOBOOUMOCTNU HO CPABHEHUIO C AMUHHBLMU, 4 HOMOMY 8
OKUCTICHHOM COCMOSIHUU COnpomugiehuu eviuie. TIpu 8bleopanuu ceéa3youmux KOMNOHEHMO8 8 NOBEPXHOCTHBIX CIO-
AX NOMUMEPHOU HAKAAOKU Gbliie OONYCHUMOU MEMRepamypvl Ol UX MAmepuanos, (m.e. 8 3NeKmpOoXUMULecKUx
VCIIOBUAX 8 PACBOPAX DNIEKMPOSIUINOS) NOSGNSLEMCS B03MONCHOCHb USMEHSAMb DNeKMPUYecKuil (c60000HbIIL) 3aps0
NOBEPXHOCMU 8 WUPOKUX Npedeax, m.e. 8blsasums 3¢ghpexm nois bojee Hazus0Ho.

KiroueBrie C10Ba: MHKPOBBICTYI TPHOOCONPSIKEHHS; IMATHO KOHTAKTa; YHEPrOHATPY)KEHHOCTD, MOBEPXHOCT-
Hast 1 00bEMHAsT TEMITEPATYPBI; 3JIEKTPOIPOBOIHOCT; METAUIONOIMMEPHAs IJIEHKA; ITyTh TPEHHS; BPEMsI CYIIECT-
BOBaHHUSL.

Ipointocmposana Hanompibon02isi NASM KOHMAKINIE MIKPOGUCMYNIE MEMALONONMEPHUX NAP MEpms Cmpi-
KOB0-KOI0OKOBUX 2aiibM OYpOsUX JIeOi00K, UX00AUU 3 IX eHeP2OHABAHMANCEHOCMI, eleKMPONPOGIOHOCIE MA WIISIXU
mepmsi NJsM KOHMAKMI6 | 4acy iCHY8aHHs HA HUX NIieoK. Bioomo, wo 00i0 2anbMiH020 WKI6A € AKyMYImMopom
Meniosol enepeii, a noniMepHa HaKiaoKd - HAKONUYy8ayem NO3UmueHUx (Ionie) i HecamueHux (elekmpouis) 3aps-
0is. Yac icHyeanHsi KOHMAKMHOL NIIGKU [ BUSHAUAE eHEP2OHABAHMAICCHHICMb CYKYRHOCMI NJSIM KOHMAKMI6 MIKDO-
sucmynie mpubocnpsigicerb. OCHOBHUMU BUMO2AMU 00 NIAM KOHMAKMIE MIKPOGUCMYNIE MeMAIONONIMEPHUX Nap
MPUOOCHPSINCEHD €. MATULL NepexiOHutl onip, cmabiibHicmb, 3HOCOCMIUKICMb. Bcmarnosneno, wo onip pisHuil y 6i0-
HOBIEHOMY (AMIHOMY) © OKUCIEHOMY (IMIHHOMY) cmaHi nonimepy. Iminni epynu, imMosipHo, Oiibut OUGy3HO po3cito-
10Mb eNIeKMPOHU NPOBIOHOCMIE 8 NOPIGHAHHI 3 AMIHHUMU, A MOMY 8 OKUCTICHHOMY cmaHi onopu euwe. [lpu eucopsinni
CNOJYYHUX KOMNOHEHMIE 8 NOBEPXHEGUX WUAPAX NOJIMEPHOI HAKIAOKU sulye 0ONnyCmumol memnepamypu 015 ix ma-
mepianis, moomo 6 eleKmpOoXiMIYHUX YMOBAX 8 POZYUHAX eJIeKIMPOIIMIE 3 AGNIAEMbCA MONCIUBICING 3MIHIOBAMU eJle-
KmpuyHutl (8i1bHULL) 3apsi0 NOBEPXHI 8 WLUPOKUX MeHCAX, MOoOmMo euseumu eexm nost 6iibl HA0YHO.

Kitro4oBi ciioBa: MiKpOBUCTYI TPUOOCTIPSDKEHHS; TUIIMa KOHTAKTy;, CHEPrOHABaHTA)KCHHICTh; MTOBEPXHEBA Ta
00’€MHa TEMITEpaTypH; €ICKTPOIPOBIIHICTh; METAIONONIMEPHA TUTIBKA; IUIIX TEPTs; Yac iICHYBaHHS.
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Hllustrated nanotribology spots contacts microirregularities metal-vapor friction belt drum brakes drawworks,
based on their energy loading, conductivity and friction path of the contact points and the lifetime of the films on
them. It is known that the rim brake pulley is an accumulator of heat energy, and the polymer pad drive positive
(ions) and negative (electron) charge. The contact film lifetime determines energy loading aggregate contacts
microirregularities friction unit spots. The main requirements for the contact patch microirregularities of the metal-
vapor friction unit are as follows: low contact resistance, stability and durability. It is established that the resistance
varied in the reduced (amine) and oxidized (imine) form polymer. Imine groups, probably more diffusely scatters
electrons conductivity as compared with amine, and therefore a higher resistance to oxidation state. When burnout
binders in the surface layers of the polymer lining above the permissible temperature of the materials, i.e, in
electrochemical conditions in electrolyte solutions, it is possible to change the electric (free) surface charge over a
wide range, i.e, to identify more clearly the effect of the field

Keywords: friction unit microirregularity; contact patch; energy loading; surface and bulk temperature;
electrical conductivity; metal-polymeric film; friction path; lifetime.

Beenenne. bypHoe pasBuTHEe HaHOTPHOONO-
THH BO3IBUI'aCT BCC HOBBLIC Tpe6OBaHI/I$I K TOpMO-
30CTPOUTENSIM, B YAaCTHOCTH K JHEProHarpyKeH-
HOCTH MCTAJUIOIIOJIMMCEPHLBIX IMap TPCHHUA JICHTOY-
HO-KOJIOJJOYHBIX TOPMO30B OypoBoii nebenku. 13-
BECTHO, YTO 000]] TOPMO3HOTO IIKUBA SIBIISCTCS
AKKyMYJISITOPOM TEIUJIOBOM SHEPIUH, a IOJUMEp-
Hasg HaKJIadKa HAaKOIIUTEIIEM ITOJIOXKUTCEIIBHBIX (I/IO-
HOB) M OTPHUIATEIBHBIX (DJIEKTPOHOB) 3apsIOB.
[Ipu saekTpoTepMOMEXaHUYECKOM TPEHUH IISITEH
KOHTAaKTOB MHKPOBBICTYIIOB METAJJIOIIOIUMEPHBIX
mnmap TpeHuUusd B 3aBUCHUMOCTU OT pa60TbI BbIXOaa
AJIEKTPOHOB U MOHOB C MX pabo4uX MOBEPXHOCTEH
Ha TUIONIAJIKAX B3aMMOJCHCTBUS (HOPMUPYIOTCS
Pa3siIMuHOro THUIlIa KOHTAKTbhI, ITOKPBLITHIC IJICHKA-
MH C HOBEPXHOCTHBIM COITPOTHBJICHHUEM. BpeMSI
CyII€CTBOBaHUA KOHTAaKTHOM MJIEHKU U Onpeacis-
€T JHEProHarpy>KeHHOCTb COBOKYITHOCTH TISITEH
KOHTaKTOB MUKPOBBICTYIIOB TPHOOCOMPSIKEHUSI.

Cocrosnune mnpobdiaembl. Eciu umiynbcHble
HOpPMAJIbHBIC CHJIBI, JICHCTBYIOIINE HA MATHA KOH-
TaKTOB MHKPOBBICTYIIOB, CO3/al0T IIOJIE€ PaBHO-
MEpHBIX YIETbHBIX HArpy30K, 00ECIeUUBAIOTCS
OJIMHAKOBBIC TIOBEPXHOCTHBIC TPAJAMEHTHI M paB-
HOMEPHO pacCHpeAessioTcsl dJIeKTPUUIECKre U Tel-
JIOBBIC TOKW. Hannume MHKpPOBBICTYIIOB B3aUMO-
JIEUCTBYIOIIMX MOBEPXHOCTEH Pa3MYHON BBICOTHI
MPHUBOJIUT K KOHIIEHTPAIIMU YIEeIbHBIX HATPY30K H,
CJIEZIOBATENIbHO, K TEHEPUPOBAHHIO IIEKTPUYECKUX
W TEIUIOBBIX TOKOB Ha OTJENBHBIX y4acTKax IO-
BEPXHOCTEH KOHTAaKTa, YTO CIOCOOCTBYET IOBBI-
IICHUIO JIOKAJIBHBIX TeMIepaTyp. ODTOT Mpolecc
Ha3BaH bepTOHOM «TepMOYIpPYrol HeEyCTOWYUBO-
CTbIO». B3anMoneiicTBHE MUKPOBBICTYIIOB COMPO-
BOXKJIaeTCs, MOMHATHEM HMX Y4YacTKOB, TIe pa3BU-
BalOTCS ylelbHbIe Harpy3ku. [pyrue yuactku Oy-
IyT TIOHM)XKAaTbCs BCIIEACTBHE HM3HOCA, MOKA KOH-
TaKT HE HACTYNHUT TMOBCiony. IIpu 3TOM HOBBIE
KOHTaKTHBIC YyYacTKH HAYWHAIOT HarpeBaThes,
pacmmpsTbcs U BOCIPUHUMATH HATPY3Ky; CTapble
CHIDKAIOT Harpy3Ky, oxJaxjparoTcs. MacmTab Ha-
TPETHIX yYacTKOB BENHK MO CPAaBHEHHUIO C MaclITa-
OOM MOBEPXHOCTHBIX IIEPOXOBATOCTEH, M BpeMs
OIMCAHHOTO IMKJIa BEJHKO IO CPaBHEHHIO C Bpe-
MEHEM B3aMMOJCHCTBHUA IepoxoBaroctei [1, 2].
Onnako B JaHHON pabore He ObLIO YCTaHOBJICHO
BIIMSIHAE HMMITYJIbCHBIX DJIEKTPHYECKHX TOKOB Ha
SHEPrOHATPYKEHHOCTh TISITEH KOHTAKTOB MHUKPO-
BBICTYIIOB METAJIONOJIMMEPHBIX Map TPEHUS TPH-
0OCHCTEMBI, a TAKXKE HE OBUIH ONPEICIICHBI TOIYC-
TUMBIE TEMIEpPaTyphl UII MHUKPOBBICTYIIOB IPH
3IEKTPOTEPMOMEXAHUIECKOM TPEHHH.

B peanbHBIX YCIOBUSX MHKPOBBICTYNIBI Me-
TaJUIONIONIMMEPHBIX Tap MpH 3JEKTPOoTepMoMexa-
HUYECKOM TPEHMHM MOTYT IOJBEPTaThCs CIEnyro-
IIMM TEPMUYECKHM Harpy3kaM: yJapHOe HM-
MyJIbCHOE HarpeBaHue U MeIJICHHOE BBIHYKIECHHOE
OXJIAXKJEHNE; MOMEHTAJIbHOE HarpeBaHUe U BbHIHY-
KIEHHOE OXJaXICHHE; MEIJIEHHOEe HAarpeBaHHe U
WHTEHCUBHOE BBIHYXKJCHHOE OXJIaXKJIEHHE, Harpe-
BaHWE M OXJaXKJAeHHE ¢ MabIMU TeMiiamu [3]. Ox-
HAaKO BBIIIE TIEPEYHCICHHBIE TEPMOHATPY3KH MHUK-
POBBICTYIIOB TPHOOCONPSDKEHUSI B 3HAYUTEIBHOM
CTETeH! 3aBUCUT OT IyTH TPEHUS UX MATEH KOH-
TaKTOB, W, KaK CJIEICTBHE, OT BBHIMOIHAEMOH pabo-
TbI TpeHus. [Ipy 3TOM BaXKHYIO pOJib UTPAET BpeMs
CYLIECTBOBAHHUS MATHA KOHTaKTa MUKPOBBICTYIIOB.
[locnennee B 3HAYUTENHHOM CTENEHH 3aBUCUT OT
THNIA KOHTaKTa (HEWTPaJbHOTO, OJIOKHUPYIOIIEro,
OMHUYECKOT'0) M OT 3JIEKTPOIPOBOJAHOCTH OKHUCHBIX
IJICHOK, KOTOPbIE B JaHHBI MOMEHT HaXOAATCS Ha
WX TJIOMIAJSIX MUKPOBBICTYTIOB IPU (DPUKIIHOHHOM
B3aUMOJCHCTBUMU.

MexaHnu3M paspylleHds TOHKHX MeTaJulo-
MOJTUMEPHBIX IUICHOK Ha MSATHE KOHTAaKTa MUKpPO-
BBICTYIIOB TPUOOCONPSIKEHUST TIPH 3JIEKTPOTEPMO-
MEXaHUYEeCKOM TPEHHH WMEET MOISIPHO-UYBCTBHU-
TEIbHBIM XapaKTep, CBSI3aHHBIA C 3JEKTPOHOMHU-
TPallMOHHBIMU TIponieccamMu [3], MpoUCXOAAIINMU
B JIBOMHBIX JJIEKTPUYECKUX CJOSAX pabodmx To-
BEPXHOCTEH METaNINYeCKOro M  IOJIUMEPHOT0
(PUKIMOHHBIX AIIEMEHTOB.

IMocranoBka 3anauun. B nanHoii myOnukanuu
paccMOTpPEHBI CIIEAYIOIINE BOIIPOCHI:

- DIIEKTPOINPOBOJHOCTh TATEH KOHTAKTOB
MHUKPOBBICTYIIOB TPHUOOCOTPSIKECHIIS,

- OIICHKA MMOBEPXHOCTHON W 00BEMHOM TeMIIe-
paTypsl Ipu (PPUKIIMOHHOM B3aUMOJCHCTBHH TIap
TpEHUs],;

- TeruIoBask MOJIeTb U ompejelneHne Kodphu-
IMUCHTOB pacrpeaACICHUA TCIIOBBIX ITOTOKOB MECXK-
Ny TIapaMH TPEHHSI,;

- OIpCACIICHUEC IYTU TPCHUA IIATHA KOHTAKTa
MUKPOBBICTYTIA X BPEMEHHU €T0 OCYIIECTBICHUSI.

Ieas padoThl — OLIEHKA YHEPrOHATPYKEHHO-
CTH MSATEH KOHTAKTOB MHUKPOBBICTYIIOB METAJIO-
IMOJIMMCPHBIX Iap TPEHHUA JICHTOYHO-KOJIOAOUYHBIX
TOPMO30B OypOBBIX JIeOEIOK.

DJIeKTPONPOBOAHOCTh MATEH KOHTAKTOB
MMKPOBBICTYNIOB TPUOOCOMNPSIZKeHUs NpH (PpUK-
HMOHHOM B3aumopeiicrBuu. Hapymienue siexT-
POTEIUIOBOTO KOHTAKTa MUKPOBBICTYIIOB METAJJIO-

36 )
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MOJMMEPHBIX Tap TPHUOOCOMPSIKEHUST H3MEHSET
€ro DPHEPreTUYECKUE YPOBHM B PE3yJIbTATE BIIUS-
HHSI MEXaHUYECKOI'0 BO3JCHCTBUS, T.€. MMITYJbC-
HOT'O HOPMaJIbHOTO YCUJIMSL.

OCHOBHBIMH  TpeOOBaHHSAMH K  MATHAM
KOHTAaKTOB MHUKPOBBICTYIIOB METAJIIIONOIUMEPHBIX

nap  TpUOOCONPSDKEHWsS  SBJSIFOTCS:  Malloe
MEePEeXOIHOE  CONPOTUBIIEHHE,  CTaOMIBHOCTD,
M3HOCOYCTOMYMBOCTh.  OTH  XapaKTEPUCTHKHU

3aBUCAT, B IEPBYKD OYEPEAb, OT HUMIIYJIBCHOIO
HopMmanbHOro yeunus (N), AelcCTByIOIIEro B
KOHTaKTe.  XapakTep  3THX  3aBUCHUMOCTEH
NpoTUBOpeYnB. Tak, BEIUMYMHY IEPEXOAHOIO
COIIPOTUBJICHMS B YIIPOILEHHOM BHJIE 3aIIHCHIBAIOT

rar Ru = ou/ N, (1

A€ oy — TOCTOSHHAsA, 3aBuUcsAlas OT BHUAA
MaTtepuana U COCTOSHUS IOBEPXHOCTH;

1 — IOKa3aTenb CTENEHH, XapaKTEPU3YIOLUI
THT KOHTaKTa (HEWTpabHBIA, OMOKUPYIOIIUI W
WHXEKTUPYIOIIUH).

Takum 00pa3oM, Ka4ecTBO KOHTAKTHPOBAHUS
HENIOCPEACTBEHHO  3aBUCUT OT  HMMILYJIbCHOI'O
HopManbHOro  ycmnus. CTaOMIBHOCTH — TaKXKe
HerocpencTBeHHo 3aBUcUT oT N. OJgHako H3HOC
KOHTAKTOB U YCHJIME, HE0OXOAMMOe JUIsl HX
pazpenvHeHus (WM CMEIICHHS CKOJB3SIIEro
KOHTaKkTa), ¢ pocroM N yBelIW4YHBaerca. OITH
MIPUYMHBI 3aCTABIAIOT MOAJIEPKUBATH KOHTAKTHOE
yCHIIME€  Ha  ONpPENEeNCHHOM  ypOBHE,  HeE
[PEBBIIAIOIIEM 3HAYEHHUS, COOTBETCTBYIOILLErO
JIOITYCTUMOMY IEPEXOJHOMY COINPOTHBIEHUIO R,,.
B 3THX ycrnoBusSX HONOIHHUTENbHBIE HHEPLIMOHHBIC
CHJIbI, BO3HUKAIOIINE B KOHTAKTHBIX YCTPOWCTBax
B pE3yJbTATE MEXAaHWYECKUX BO3JIEHCTBUH, JIETKO

MOTyT W3MEHATh (vmu MOJHOCTBIO
KOMIIEHCHPOBaTh)  KOHTAakTHOe  ycuiue. B
pesynbraTe B y3le KOHTaKTa HU3MEHSETCs

MIEPEXOHOE COINPOTHUBJIEHHUE, B CIEICTBHE Yero
BO3HUKAIOT ¢dykTanumn MIPOTEKAIOIETO
HMMITyJIECHOTO TOKa. JTO ABJIEHHE HOCUT Ha3BaHUE
«IMHEPEHROROMKHEC T O MIBH OCTYMCOEITRK TAMIB yMST
MeTaJUTHYECKUMHU MATHAMHU KOHTAaKTOB
MHUKPOBBICTYIIOB HaxOAUTCA TIJIeHKa c
PAaBHOMEPHOH  TOJIMMHOW O H  YACIbHBIM
COIPOTUBJIIEHUEM 1. B »stom  ciuydae
JOTIOJTHUTENTFHOE ~ COMPOTHBJIEHHE B LENHU
DIIEKTPUUCCKOrO TOKA BHIPABUTEH KaK

Ry =—="—> 2

rne A — IIonaabs MOBEPXHOCTEH MATEH KOHTAKTOB
MHUKPOBBICTYTIOB.

BMmecto mpousBeneHus pr & pEeKOMEHyeTCs
MOJCTABIISITh  OMITUPUUECKH OTIpeAesIeMYIO
BEIMUYUHY oy, OM'CM, 0003HAYAIONIYI0 ~yAeIbHOE
MTOBEPXHOCTHOE COMPOTHUBIIEHHE , TaK KakKk U3
ONBITOB HW3BECTHO, YTO TIPU BECbMa TOHKHX
MOBEPXHOCTHBIX IUICHKAX, HMMEIOIINX MECTO Ha
MATHaX  KOHTaKTOB MHUKPOBBICTYIIOB, 1704
CONpoTHBIEHUE Ry 3aBHCHUT OT TONIIMHBI O, a HE
oT THIFATECHEBEPXHOCTHOE CONPOTHUBIICHHE 000UX

KOHTaKTOB — MpHUBEICHHAS OKpyXHOCTh d [4].
Torna 3aBucUMOCTb (2) TpUOOpPETACT BHT
o
R, =21
nd

TJie ¢ — yAeIbHOE TOBEPXHOCTHOE COMPOTHBIICHHUE
TUICHKH.

OOmiee  KOHTaKTHOE
CKJIaJIBIBAIOIIINECS u3 MEpEXOTHOTO
CONPOTUBJICHUS Rp 17§ COIPOTHBIICHHS
MOBEPXHOCTHBIX TUICHOK Ryyy, 7Sl JaHHOTO cydast
MPUMET BH]T o

R =Pn, % 3)
2a

rie @ — pajuyc TOBEPXHOCTH CONPHKOCHOBCHHS

MSATEH KOHTAKTOB MUKPOBEBICTYIIOB, CM.
3aBucuMOCTh (3) mpeacTaBiseT COOOH JIMIIb
MpUOTIKEHHYIO (pOpMYITy, TaK KaK OHA COJIEPIKUT,
HaPSIY C YCIOBHSIMU, PUHSATBHIMH MTPH MOTYICHUH
dbopMynBl S TIEPEXOTHOTO  CONPOTHBIICHHS,
TaKXKe TIOJIOKEHHSI, CIPABEAJIUBBIC JIHINb IS
WUCKITIOYUTEIFHO TOHKMUX IUIGHOK. Tak, |3
3aBucUMOCTH (3) ciemyer, 4YTo MEepexOoAHOe U
MOBEPXHOCTHOE CONPOTHBIICHHE HE
B3aMMO3aBHCAT (MX CBS3BIBACT JIMIIb PAaJyC
nATHa KoHTakTa). OgHAaKO Takoe MPEeAroiokKeHne
HeBepHO st Oonee TONCTHIX MmieHOK [5]. Kpome
TOr0, TIPU BBITOPAHHH TOBEPXHOCTHBIX IJICHOK,
HAXOISIINXCS B XUMHYECKOM TI0JIe, YJelbHas
MPOBOAMMOCTD M TOJIIIMHA TMOBEPXHOCTHBIX CIIOCB
CBSI3YIOIMX KOMIIOHEHTOB MOJIMMEPHBIX HAKIIAJI0K
HepablaopiepHbIIpUBEICHBI PE3yNbTATHl H3MEPEHUIH
VIENbHOW TIPOBOJANMOCTH ¢ OT TOJIIMHBL TJIEHOK
Pa3IMYHBIX MeTawioB B Bakyyme mpu 10” Topp u
KOMHATHON TemnepaTtype (Ui TJICHOK jKeresa
VIENbHOW TPOBOJUMOCTH YBEIHYEHBI B 5 pa3s).
JKcnepuMeHTalbHbIE JIAaHHBIC XOpOIIIO
anmpoOKCUMHPYIOTCS (GyHKIMer bonbimMana (puc.
1). 3 mocnenHero ciemyer, 9YTO IPH TONIIHUHAX J0
5 — 7 HM 1 BceX IUJICHOK 3aBUCHUMOCTH
MPOBOAMMOCTH OT TOJIIUHBI He3HaUUTENbHA. J{ist
TaKUX TOJIIUH XapakTepHa KJIaCTepHO-
OCTPOBKOBasi CTPYKTypa IUICHOK, JJISI KOTOpOH
CBOMCTBEHHO OYEHb OOIBIIOE TOBEPXHOCTHOE
yIenpHOe colpoTuBiieHne. Kpome Toro, st Takux
MaJbIX TOJNIIMH XapaKTepHbl Maioe KOIHYECTBO
CBOOOJIHBIX ~ DIIEKTPOHOB, HMEIOMIUX  Malylo
BEeIMYMHY  CBOOOmHOro  mpobera,  KoTopas
OrpaHMYCHA MOBEPXHOCTSAMH TUICHKH, KIacTepamH
W OCTPOBKaMH >KUJIKOCTH Ha TUICHKE, BHI3BAHHBIMU
nornajanueM pabodei MOBEPXHOCTH MOJIMMEPHOH
HAKJIaJKH B 30HY TEMIIEPaTyp BBIIIE JOMYCTHMBIX
JUIL €€ MaTepuajioB. Bce 3TO MpUBOIUT K MaJIOMy

conporuBieHue Ry,

3HAYCHU IO HOBerHOCTHOFO YZICJII)HOFO
= 1
= 5 | —
= 110
=
o) / 2
v

5-106 3

0 200 d,mm 40 60

1 —meow; 2 — anomunuii; 3 — sceneszo

Pucynox 1 — 3aBUCHMOCTD yAeIbHOM
NMPOBOAUMOCTH OT TOJIIUHBI MJIEHOK
Pa3IUYHBIX MATEPHAJIOB
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PucyHok 2 — 3epkajibHOe 0TpaskeHHe 3JIEKTPOHOB IIPOBOAMMOCTH OT IOJUPOBAHHON METANIMYECKON
NOBEPXHOCTH 0002 TOPMO3HOIr0 IKKNBA (2); AU dy3HOE paccenBaHUE JTCKTPOHOB IPOBOIUMOCTH
OT MOBEPXHOCTH, BHI3BAHHOE NMPHCYTCTBHEM a/ICOPOMPOBAHHBIX aTOMOB (Ad) (0)

TUIEHOK HaOIlfoflaeTcsl TeCHasl 3aBHCHMOCThH TPOBO-
JMMOCTH OT TOJNUIMHBI (MHTEpBal TOMIIHMH 5—60 HM
JUISL TUICHOK Kene3a, 6—20 HM Ui TJICHOK MEJH,
5-40 BM [ TUIGHOK amoMuHus). s TUIeHOK
JKeJe3a 3Ta 3aBUCHMOCTh HE CTOIb SIPKO BhIpake-
Ha, a JMarna3oH pocTa MPOBOAMMOCTH JIGKHUT B MH-
TepBaie ot 5 1o 60 uM u Gonee. [Ipu nanpHeiIEM
YBEITUYCHUH TOJIIUHBI IUIEHKA 3aBUCUMOCTH a(d)
MEHee BhIpaXkeHa, a yJelbHas MPOBOAUMOCTD ILIe-
HOK OjIM3Ka K MakcuMaibHOH. ClieyeT OTMETHUTD,
YTO XapakTep POCTa MPOBOAWMOCTH ME/H, allio-
MUHUS M JKejIe3a B YKa3aHHOM JHMAIa30HE TONIIUH
MPAKTHYECKH OJMHAKOBBIC, a BEJIMYHWHA MPOBOJIH-
MOCTH JUIS BCEX IIJICHOK B OOJIACTH HACBHIIICHUS
0JIM3Ka K MPOBOAMMOCTH MX O0OBEMHBIX aHAJIOIOB.
Tak, s IUIGHOK QIIQMHHHS 3Ta BEIMYHHA
cocrapmsier okomo 2-10" Om™*M', mis meHok
mean — 1,110 Om™ M, a mist mmeHox xemesa —
okomno 10° Om™' M.

MUKpOBBICTYIIBI METAJINYECKOr0
(PUKIIMOHHOrO 3JIEMEHTa UTPAlOT BaXKHYIO POJIb B
(hOpMUPOBAHUH JABOMHBIX 3JIEKTPUYECKUX CIOEB 3a
cderT Au(QPy3MOHHBIX TPOLECCOB, MPOUCXOMSIINX
MEXKy UX OOKOBBIX CTOPOH, KOTOPBIC OMBIBAIOTCS
CKOPOCTHBIMH TOKaMH CpE]I.

[Ipu yripyroMm oTpaskeHHUU MPOCKIIUH HMITYJIbCa
JJIEKTPOHA HA HAMpaBJICHHE YIIEKTPUIECKOTO OIS
(puc. 2 a), T.e. BeIMYMHA TPOBOAUMOCTH HE
M3MEHSETCS 110 CPABHEHUIO C BEJIUYMHOMN i 00b-
ema Meraiuta obona mkusa. Joas (1 - p) aiekTpo-
HOB pacceuBaerTcs IO MOBepxHOCTH nudy3HO,
YTO YMEHBIIAET KX CKOPOCTh M YBEIMYMBAET
YAEIbHOE CONPOTHBIICHUE IUICHKH. [Ipy 3TOM He-
00XOIMMO YYHUTBIBaTH TOT (hakt, uro mpu p=0
HMEET MECTO MOJIHOCThIO MU (Py3HOE pacceuBaHue

3JIEKTPOHOB  MPOBOAMMOCTH OT T[OBEPXHOCTH,
BBI3BAHHOE  IPHCYTCTBHEM  aJcOPOMPOBAHHBIX
aTOMOB B  JIBOMHOM  JJIGKTPUYECKOM  CJIO€

MHKPOBBICTYIIOB METAJUINYECKOTO (DPHKI[HOHHOTO
anemenTa (puc. 2 0), a mpu p=1,0 HOIHOCTHIO
3epkaibHOe. IIpm 3TOM HaiWuMe MOJIHOTO WIIH
YaCTHYHOIO 3€PKATBHOTO pacCeMBaHUS B IIEHKAX
psana meraios (Fe, Al, Cu u nap.), HaOnrogaeMbie B
OIBITaX, O3Havaer, 4TO  I[IEPOXOBATOCTh
MOBEPXHOCTH  METAJUIMYECKOTO  (PPUKIIOHHOTO
9JIEMEHTA HE SBIISAETCS JOMUHHUPYIOMIMM (haKTOPOM
B ONp¢pETBHEAPBEIIHICBEBPIOIIIMX KOMIIOHEHTOB B
MMOBECPXHOCTHBIX CJIOAX HOHHMepHOﬁ HaKJIaIKHu
BBILIE JOIYCTUMOW TEMIEpaTypbl UIsl UX Mare-
puajioB, T.C. B DJJICKTPOXUMHYCCKUX YCIOBHUAX B
pacTBOpax O3JCKTPOJIHMTOB TOSBISETCS BO3MOXK-

HOCTb M3MEHSAThH 3JICKTPUYCCKHM (CBOOOIHBIN) 3a-
pSI TIOBEPXHOCTH B IIMPOKUX TIpenenax, T.€. B
MPHUHIUIE BBISIBUTH 3 (deKT moist Ooiiee HATIISIHO.
OnHako TpU 3TOM MOTYT MPOSBIATHCS d(deKTHl,
00YCIIOBIIGHHBIE 3aBUCSINEH OT MOTEHIMAla aJ-
copOIMell HOHOB pacTBOpa W IMOJSPHBIX MOJIEKYI
pactBoputens. OcobeHHOCTH HaOmoeH s YD deK-
Ta TOJNSl B DIEKTPOXMMUYESCKUX CHCTEMax OyayT
MOKa3aHbI HUXKE.

Usmepenne  mpoBoguiiock B oOnacTH
MOTEHIIMAJIOB  DJIEKTPOXUMHYECKOH aKTHBHOCTH
nonumMepa. [losBieHHe ciosi MOTMMepa MPUBOIUT
K YMEHBIICHUIO COMPOTHBIICHHS Mapbl «METaJT —
MOJIMMEP», BBIPaXXEHHOMY 00Jiee CHIIBHO IO Mepe
YBEITUYCHHS TOJIIMHBI CIIos moiuMepa > 60 HM,
paccunThiBaeMOi KYJIOHOMETPHUYECKH,
CONPOTUBIICHUE TIEPECTACT 3aBUCETh OT TOIIIMHBI
CIIOSL U OT COCTaBa DJIEKTPOJIMTA, 00pa3yroUIerocs
Ha MOBEPXHOCTH MONUMEpHON Haknaaku. OJHaKo
0ojiee TOHKHMI CJOH TOJIMMEpa, BHAWMO, HE
MPEAOTBPAIIAET TOMHOCTHI0 KOHTAKT AJIEKTPOIUTA
C MOBEPXHOCTHIO.

Y CcTaHOBIIEHO, YTO CONPOTHUBIICHUE PAa3INIHBI
B BOCCTAaHOBJIEHHOM (aMHHHOM) H OKHCJICHHOM
(MMUHHOM) COCTOSIHMHM TouMepa. MIMUHHBIC
IPYIIbI, BEPOSITHO, Oonee nuddy3Ho paccerBaroT
ANIEKTPOHBI TPOBOJAMMOCTH IO CPaBHEHHUIO C
AMUHHBIMH, & MIOTOMY B OKHCIIGHHOM COCTOSHHH
conpotuBieHuH Bhime. [Ipu mepexoje U3 OIHOTO
COCTOSIHHSI B JIPyroe CONPOTHUBJICHUE H3MEHSETCS
OT BENUYMHBL, COOTBETCTBYIOUIEH MOIHOCTHIO

BOCCTaHOBJICHHOMY COCTOSIHMIO, K BEJIHYHHE,
OTBeYaroIeH IOJIHOCThIO OKHCJICHHOMY
COCTOSHUIO TIOIMMepa. SBIeHWe nerpamanuu

MOJMMeEpa MO TOCTH)KEHUH aHOIHBIX JIOCTATOYHBIX
3HAYCHUH MOTEHIINANA BhIpaXKaeTcs B YBEIUYCHUH
conporuBieHus. Jlerpajanyst TPUBOIUT, IO
BUIUMOMY, K WHTeHcHuukamun nuddysHomy
pacceMBaHHMIO W3-32 YBEIUYCHHS PAaCCTOSHUS
MEKITY paccenBaromuMH HEHTPaAMH.
WHTepecHpIMU  SIBISIIOTCS.  JAHHBIE O TOM, HTO
CONPOTUBIICHNE W3MEHSIEeTCS MPaKTUYECKH
JUHEHHO C BO3PACTAHHWEM CTCMEHU OKUCIICHUS
nonumepa. [Ipenmonaraercs, 9To UMEH-HO TaKUM
00pa3zoM H3MEHsIeTCsl TapaMeTp 3epKaTbHOCTH MPH
W3MEHEHUH CTeneHn okucienus. [lo pesymbraTam
uccinenoBanus 3(GGEKTOB CcIelaH BbIBOA, 4YTO
MpUMEHEHUE Meroia MOBEPXHOCTHOM
MPOBOJAMMOCTH  TO3BOJHMT HH(POPMHUPOBATH 00
W3MEHEHUHU CTPYKTYPHI MOJMMEPHOU TICHKH TPH
Pa3IHYHBIX CBOWCTBAX BHEITHETO AJIEKTPOJIUTA, ECITU
TOJIIIHA TJIEHKH HE CIUIIKOM BeHKa [5].

32 )
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a — UMNYIbCHbIe JNleKmpuyecKue moxku,
0, 8 — UMNYIbCHBIE MeMNepamypHble MOKU: GCNBIUKU, NOBEPXHOCIIHbIE,
Oy O — KO3 huyuenmul pacnpedenetust Meniosbix HOMOKO8 MenHCAy dNeMEeHMAMU NAPbl MPeHUs.

Pucynok 3 — PacueTHble MOJ€JIH AJIs1 OLEHKU XapaKTePUCTUK B3aMMOAelCTBUS NMATEH KOHTAKTOB
¢ Pa3TMYHBIMU AuameTpamu (d, d;, d;) napbl «<metawa (2) — mojumep (1)» npu reHepupoBaHUU TOKOB

Weve ere %OV v O
R ISERIIILLELLE
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a — YNpoujeHHas CmepicHesast Mooeb 0OHOMEPHOU MeNni08otl 3a0aiu 08X KOHMAKMUPYIOWUX mejl,
O — nymov mpeHusi eOUHUYHO20 NAMHA KOHMAKMA MUKposbicmyna (2)

Pucynox 4 — PacueTHble MOJ€JIH AJIs1 OLEHKH TEMIEPATYP NPH AUCKPETHOM KOHTAKTHPOBAHUM
B nape TpeHus «MmeTauwi (1) — monumep (3)»

DJHepProHarpy:KeHHOCTb NATeH KOHTAKTOB
MHKPOBBICTYNIOB TPUOOCONPSIKEH NS

Ilpu wmccrnenoBaHUK HSHEPrOHATPYKEHHOCTH
MSITEH KOHTaKTOB MHKPOBBICTYIIOB
TpUOOCONPSDKEHUST HEOOXOAMMO YYHUTHIBATH HX
pacueTHble MOJEITH C Pa3IMYHBIMH JHAMETPaMHU
MOBEPXHOCTEH B3aMMOJICHCTBUSI «METAJT — TOJH-
Mep» TpU TEHEPHPOBAHUM W aKKyMYJIHPOBAHUH
ANEKTPUIECKUX M TETUIOBBIX TOKOB Ha MX TLIOMIA]I-
Kax M, KaK CIICICTBHE, OMPENeNsITh KO3QPHUIINEHTHI
pacrmpeneneHus TEIUIOBBIX ITOTOKOB MEXAY die-
MEHTaMH naphl TpeHus. (puc. 3 a, 0, B).

OueHka TMOBEPXHOCTHOW M  00bEeMHOI
TeMIeparyp npu (ppukuroHHOM
B3aUMO/JCICTBMHU N1ap TPEHUS

IIpu pacuerax cpeaHell MOBEPXHOCTHOM U
00bEMHON TeMIepaTyp TEIIOOTHa4Yei BO BHEII-
HEIO cpeAy NpU JUIMTEIBHOM IPOLECCE TPEHUS HE
npeHedperaeM, Tak Kak B 3TUX YCIOBHUSX TETJIOBOH
MMOTOK MOXKET MpeBbImaTh 15% 00IIero KoJau4ecT-
Ba TEIUIOTHI, BBIAEISIEMOM ITpu TpeHuHu. YTo Kaca-
€TCsl KPaTKOBPEMEHHOI'O HMMIIYJIbCHOIO IOBOJA
TEIUIOTHI, TO TEIUIOOTIAYEH BO BHEIIHIOK CPENY B
IIpoLIECCE  DIIEKTPOTEPMOMEXAHUYECKOI0 TPEHUS

MOXHO TIpeHeOpeyb, TaK KaK dTOT TEIIOBOH MOTOK
B JIAaHHBIX YCJOBHUSIX HE TpeBbimaer 5% obmero
KOJTMYECTBA TEIJIOTHI, TEHEPUPYEMOH TIPH TPEHUH.

OKcnepuMeHTallbHas TPOBEpKa  Pa3iIHIHBIX
METOOMK TIO OLIEHKE HHEeproHarpyKeHHOCTH
OONBIIMHCTBA Y3IIOB TPEHUS, pabOTAIOMIUX IpH
CTallHOHAPHBIX W HECTAI[MOHAPHBIX TETUIOBBIX
pexumax — Tperuss  [1-4]  mokasama,  dTO
MaTeMaTUIECKOE OIUCAHUE TEMITEPATYPHOTO MOJIs,
cpemHell Temrepatypbsl IOBEPXHOCTA TPEHHS ! H
TEMIIEPATypHOH BCIHBIKH t,, MOXET OBITH
BBHITMIOJIHEHA TIPH  HCIOJIB30BAHUM OJIHOMEPHOM
TEIUIOBOW 3aJay, T.e. MpPH PacHpoCTpaHEHUU
TEIUIOTHl TOJBKO TIO HOPMajdM K IOBEPXHOCTH
TpPEHUs, MOCKONBKY TaK JIEeWCTBYET WMITYJIbCHAs
HOpMaJlbHasl CHJIa Ha IISITHA KOHTAKTOB MHKPOBBI-
CTYNOB TpHOOCONpPSDKEHUsT (10 KOOpAHMHATE Z)
(puc,Mna).pacyera mons TemIepaTyp B o0beMax
3JIEMEHTOB TIapbl TPEHHMS fy;, 2 M CPEIHEN TeMITepa-
TypBl TIOBEPXHOCTH TPEHUS ¢ ;, ; PACCMOTPHM YII-
POLIEHHYIO CTEpKHEBYIO MOJIETh OJHOMEPHOIl Te-
IIJIOBOM 3a7a4M ABYX KOHTAKTHPYIOIUX Ten 1 u 2,
npeHeOperast TEIUIOOTAaueld B MPOIECCe TPEHHS
(puc. 4 a). Jlna pacdera TeMIepaTypbl BCIIBIIIKA
tsen PACCMOTPUM CXEMY JIBUKCHUS MONYIIPOCTPaH-
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CTBa C MHKPOBBICTYIIOM IO TJIaJKOMY IOJIHUMEp-
HOMY MOJYIPOCTPaHCTBY (puc. 4 6) OOBIYHO Bpe-
M CYIIECTBOBAHHS TeMnepaTypHon BCIIBIIIKH Z4y
OYEHb MaJO, T, = 107...107 ¢, uTo mo3BOISIET pac-
cMaTpUBaTh MHKpOOG’beMI)I B 30HE (PAKTUYECKOTO
KOHTaKTa KaK TMOJYHPOCTPAHCTBA, @ PACUET fqy,
BECTH Ui CPEIHEro CTAaTUCTHYECKOro pa3mepa
MATHAa KOHTAaKTHUPOBAHMS METAUTHYECKOTO MHUKpPO-
BeIcTyna d,. [Ipu 5TOM HEoOX0oaMMO He 3a0bIBATH,
YTO B peasibHbIX YCIOBMSX MpHu A,<<A, Temmepa-
Type BCIBIIIKKA OYAYyT MPEANIECTBOBATH UMITYIIbC-
HBIC DIIEKTPUIECKHUE TOKH, KOTOPBIE CIIOCOOCTBYIOT
YBEIMYCHUIO TOBEPXHOCTHOM U, KakK CIEACTBUE,
00BbEMHOIT SHEPTOHArPYKEHHOCTH Tena 1.

[lyte  TpeHWss  EAMHUYHOTO  KOHTAaKTa
MUKpOBBICTYNA L, (puc. 3 0) 3aBUCUT OT (PHU3HKO-
MEXaHWYEeCKHMX  CBOMCTB M  HHTEHCHUBHOCTH
MpoIeccoB  (PU3HKO-XUMHUYCCKOW  MEXaHHUKH
TpeHus (0COOCHHO  TOJMMEPHOW  HAKJIAIKH,
MOBEPXHOCTh KOTOPOW HaXOAWUTCS OO0 WM BHIIIE
JOMTYCTUMOW TEMIEpaTyphl JUIsl €€ MaTepuajoB) U
M3HOCA Ha (PUKIIMOHHOM KOHTAKTe.

Xectkuit TBepAbII MHUKPOBBICTYI, IISTHO
KOHTaKTa KOTOPOTo MTOKPBITO TIJICHKOM,
MPOIINBAEMON UMITYJILCHBIMH JJIEKTPUYECKHUMH H
TEIUIOBBIMM TOKaMH, JBUXKETCA IO TIAIKOMY
T(GOpMUPYEMOMY TTONYIIPOCTPAHCTBY JI0 TEX TIOP,
MOoKa B pe3yjibTaTe HarpeBaHHUs W pPa3sMATUECHUS
3TOT MHKPOBBICTYNT He Oyaer cmsr (He
00s13aTeNbHO PAa3pyIIeH), U B KOHTAKT BCTYIHT
Jpyroi (MEHBIINH 1O BHICOTE) MUKPOBBICTYII.

OTO MpOoU30IAET, KOTrja TeKylias TBEPIOCTh
MATHA KOHTAaKTa MMKpPOBBICTYIIa  BCIEICTBHUE
HArpeBaHUs ¥ HCIBITHIBAIOIINX TEPMOHATPSKECHUI
CTaHEeT paBHAa TeKyIllell TBEPAOCTH Marepuaia
nosyrpocrpanctea. [lyTh TpeHus L, MOXKET OBITh
OLlEHEH TMpH  pEeIIeHWH  YpaBHEHHH I
MOJTYTIPOCTpaHCTBa | 1 MUKPOBBICTYMIA 2:

i nonynpoctpancTBa 1 mpu 0 < 7 < 74,
Toen1 =y /Vec (Ve = CKOPOCTD CKOJIBYKEHHS )

o*t, 1 ot
LA @)
0z; o T
JUTIE MUKPOBBICTYNA 2 TIPH 0 < T < Typn2=d, /0ex
o*t, 1 ot
2 ___ "2 %)

0z a, T
Kaxk u3BectHO, permenus ypaBaenuit (4) u (5)

C HWCIOJb30BaHWUEM TeopeMmbl [loramenss
WHTErPaJIOB BEPOSITHOCTEH MMEIOT BH/I:
q
tl = —1 X
VA€ py
(6)
2Vt Z z zZ
X| ——exp —-—=erfc| ——— | |;
N dayt Va 2oyt
=2«
VA262P2
(7
2\/; Zz Zz 2
X exp —-—=erfc ,
N da,7t, | Aa 2,Ja,T

ot
e A, 6_] =g, nipu z; = 0 u t,=0 npu z,=o0;

Z
ot,
A, —==—q, tipu z; = 0 u t,=0 npu z,=o0;
0z,
A1, A2 — KO3 QUIUEHTHI TEIIONPOBOIHOCTH
MaTepHajoB MOYIPOCTPAHCTBA 1 U

MHUKpPOBBICTYTIA 2;

q1, qp — TEIJIOBbIE NMOTOKH, BOCIIPUHUMAEMbIE
TIOJIYIIPOCTPAHCTBOM 1 ¥ MUKPOBBICTYTIOM 2;

pPi> P2 U Cj, C; — TJIOTHOCTH M TEMJIOEMKOCTb
MaTepuasoB MOJTYTIPOCTPAHCTBA 1 u
MHUKPOBBICTYTIA 2;

T — BpeMsI TOPMOXKEHHUS;

oy, 0 - K03 pUIEeHTHI
TEMIIEpaTypPOIIPOBOAHOCTH MaTepuasoB
TIOJIyIIPOCTPAHCTBA | 1 MUKPOBBICTYIIOB 2;

erfc| ——— 17§ erfc| ——
2 2
)Z[OHOJIHI/ITGJII)HI)IC (byHKuHH omuOOoK.
[ToBepxHOCTHBIC TeMIIEpaTypbl HAXOIUM U3
ypaBHenuit (6) u (7) mpu z1,,= 0 mput 0 <7 < 7405

2%\/?

t] (O,T)z—; Ipu OSTST(;an;
NaZsxeye
£(0,7) = 2T
Ny P
CpenHue  WHTErpajbHbIC  3HAYCHUS 10
BpeMEHH MOBEPXHOCTHOM TEeMITepaTyphl

MOJIyIIPOCTPAaHCTBA | 1 MUKPOBBICTYTIA 2
t _ 4 91 & . (8)
¢ 3\/; VAP \ Ve ’
b, / ©)
2p 3\/_ \/ l 262P

B coorBercTBUM runorezod  X.bioka
MaKcuMabHas TeMnepaTypa MHKpPOBBICTYIIA, T.€.
TeMmrepaTypa BCHBIIIKUA f,, HOpU TMPOXOKIECHUU
MyTH TpeHus L, OyneT Ha 3aJiHel ero rpaHu:

q;
tacn = t2max = (10)
VA2€2P5
YuurteiBas TUIIOTE3Y CYMMHPOBaHUA

TEeMIIepaTyp Ha TOBEPXHOCTH TPEeHUs U (HOpMyIy
(10), momyuyuM MaKCHMaJbHYIO TeMIlEpaTypy Ha
TTOBEPXHOCTH TPEHUSI MUKPOBBICTYTIA

* q2 Lr *
max = Loen T1) = —F—— /—+t2. (11)
Ny C,P5 | Ve

CBs13p MEXIYy MHUKPOTOKAaMH, T€HEPHPYEMBIX
Ha MATHaX KOHTAKTOB MHKPOBBICTYIIOB TpHUOOCO-
MpsDKEHUS, B 3aBHUCHMOCTH OT IIOBEPXHOCTHOM
TeMnepaTypsl (tmax) U TEMIIEPATYPHOTO TpaJHieHTa

Mo JUIMHE TISITEH KOHTakToB  (dt;/dly) 1ipm
Ppa3InuYHOM BpEMEHU (7)
ANIEKTPOTEPMOMEXaHUIECKOTIO (PHUKIIHOHHOTO

B3aMMOJCUCTBHSI TNPU IOCTOSIHHOW HMITYJIbCHOM
HOpManbHOM Harpy3ke (N), ycTaHOBIeHA C
MTOMOIIIBIO 3aBUCUMOCTH BHJIA
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Pucynok 5 — 3akonoMepHOCTH U3MeHEHM I MUKPOTOKOB HAa NMATHE KOHTAKTOB MUKPOBBICTYIIOB
TpPUOOCONPSKEHHUS] B 3aBHCUMOCTH OT MOBEPXHOCTHOI TeMIepaTypbl (tmay) M TEMIEPATYPHOIO
rpajuenHTAa 1o JAJIMHe NATeH KOHTAKTOB (d7/dl;) npu pa3au4HOM 3J1eKTPOTEPMOMEXAHUYECKOM
(ppUKIMOHHOM B3aMMOJAEHCTBUM NP NOCTOSIHHON UMILYJIbCHOI HOPMAJILHOI HATpy3Ke
Ha naTHaxX KOoHTaKkToB (N=4,0 kH)

[ — tmax

a,-(de/dl)-V -t
R,-p-N

T fy, — MaKCHMallbHAs TEMIIepaTypa Ha IsTHE

KOHTaKTa MHKPOBBICTYTIOB, °C;

oy — K03(D(HIMEHT BHEIIHEH TeIIo0TAauH,
Br/(M™°C);

(dt/dl;) — TpagMeHT TeMIiepaTyphl MO JJIUHE
KoHTaKTa, °C/MM.

V— obbem MHKPOBBICTYIIA, M';

7 — BpeMsl KOHTAKTHPOBAHHS, c,

R, — TepMuYeCcKOe COMPOTUBICHNE KOHTAKTA,
°C/Br;

p — YACIBHOE IEKTPHIECKOE CONPOTHBIICHHE,
(OMMM™)/™m;

N — uMnynbCHOE HOpMaJlbHOE ycuiue, H.

ITo 3aBucumoct (12) OBUTM TIPOHM3BEICHBI
pacuerel, TO KOTOPbIM OBUIM  IOCTPOEHBI
rpaduueckue 3aBucumoctd (puc. S5 a, 0).
BbIllOyIHEHHBIN  aHANIM3  NOCHEAHMX — [10Ka3aji
CIEAYIOICE:  yBEIHYCHUEM MOBEPXHOCTHOM
TEeMIIepaTypbl W BPEMEHH TOPMOXKEHHS, a8 TaKKe
MOBEPXHOCTHOTO TPaJMEHTa TEeMIIepaTyphl MpH
TIOCTOSIHHBIX 3HAYCHUSX o, Ry 1 p mipu t=100; 200;
300 m 400°C u moCTOSIHHBIX 3HaueHUsXx V u N
Ha0II0/1a10Ch yBenndeHne MUKpoTokoB (1);

- yBenuuyenue Bpemenu Topmoxenws ¢ 0,005 ¢
mo 0,02 c, T.e. B 4eTplpe pasza, a MHKPOTOKH
VBEITUYWIIHCH B JIBA Pa3a, YTO CBHJIETEIBCTBYET O
BO3/ICHCTBUM TEIUIOBBIX TOKOB Ha 3apsHO —

., (12)

pa3psaHbie CBOMCTBA ATeH KOHTaKTa
MHUKPOBBICTYIIOB TPHUOOCOIPSDKECHUSI.

Takum  oOpa3oM, B  JCHCTBUTEIBHOCTH
pacnpeneneHue TeMIepaTyp HOCHUT

CUHYCOUJIAJIbHBIM TapMOHHUYECKUN XapakTep Kak
0e3 ydeTa TEIUIONPOBOIHOCTH CPefbl, TaK U C Hel
IIpY YCJIOBUH, YTO TEMIIEPATYPHI B CTHIKE KOHTAKTA
PaBHBI, a HCIIOJIB30BaHUE MHHMOTI'O
TemnepatypHoro ckadka ATy mo amuHe CTBIKa,
HaxOJIIErocss MEXAY 3a30paMH  CO CpeoH,
MO3BOJISIET  OLEHWUTh €€  TEIUIOIPOBOIHYIO
CIIOCOOHOCTh W TOATOTOBHUTH  TIOYBY  JUIS
JJIEKTPOUMITYJILCHOTO Pa3psa.

Onpenejienue MyTH TPEHUs NITHA KOHTAK-
Ta MHKPOBBICTYIIA M BPEMEHHU €ro CyllecTBOBa-
HUSA

Ussectno, uto q,=(1-0r)q, q.=on q (tne q —
OOIIMI TEIIOBOW MOTOK) M HA CKOJIB3AIIEM ISATHE

KOHTaKTa OTCYTCTBYeT CKAauOK TeMIepaTyphl,
HOJTy4aeM
LA
1—(117: +MC1P : (13)
\/Lrﬂ‘lcl Pyt \/drlzczpz
VL A3¢3p5 (14)

m= .
\/Lrj’lclp] +\/dr)~202,02
[oncrasum (14) B (13), monyunm
fax = (15)

2g4/L,d, *

\/”ch (\/Lr;tlclpl +\/dr2202,02 )+\/dr)‘303p3
IIyte TpeHus L, W HPOAOIKUTENBHOCTH
BPEMECHH 7, CYHICCTBOBAaHUSA IIATHA KOHTAaKTa
MHUKPOBBICTYIIa MO)KHO OIPENEIUTh U3 YCIOBHS
paBEeHCTBA TEKyIIMX TBEPAOCTEH BBICTYNIA H
MOJIyIIPOCTPAHCTBA, T.C. U3 YCJIOBUSA ABHKECHUS 110

CBEXEMY CIIENY:
HB (t,,, )= HB(t,). (16)
TBEPAOCTH oT

Hs 3aBUCUMOCTEN
TeMmepaTypsl (CM. puc. 6) MOXHO ONPEASTUTh
JNIONyCTUMBIE TEMIEpaTyphl, MPH KOTOPBIX 3TO
yciuoBue — BhIMONHsieTcs.  Hampumep, — ecnu
TIOJTYTIPOCTPAHCTBO M3 Marepuala peruHakc K-
16 JI wummeer temmeparypy t; = 400°C mpu
Tekymen TBepaocth HB(t)) 78MIla, TO
MUKpOBBICTYN U3 cTanu 30XI'CA ass BBINTOITHEHUS
ycnoBuss  (16) nomkeH WMMETh  JOMYCTHMYIO

TeMnBpawmeyHp FPRIPenus L, naxoqum us (15)
(e ~ 2 N7 A0, 2
VL < Loy
2q\/_ ( max t2 )\/ﬂuu(jﬂclpl \/ﬂuwﬂ’.‘tcfspfs
(17)

Heob6xoaumo Y4HUTBIBATH, YTO B a7 d,, Ao,
C1,2 U Py, 2 3aBUCAT OT CPeHEH TeMIepaTypsl t, 2

( 41
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Maumuy, o6ynamHaHHSA Ta MaTepiann

HB,MIla
50,0

40,0
30,0
20,0

10,0

600 3
2 °C 800

d, L — ouamemp xoHmaxma MuKpogblCmyna u e2o
nymv mpeHus

Pucynok 6 - 3aBucumoctu TBeproctu HB
NMoJUMePHOro MaTepuaja perunakc ®K-16-J1
OT TeMIepaTypbl t 1 BeJJMYNHBI
OTHOCHTEJBHOT0 OTHOW eHus d/L

MOBEPXHOCTH TPEHHS BBICTYIA W IMATHA KOHTAKTa
MUKpPOBBICTYTIA ¥ TOJYNPOCTpaHCTBa. Pacuersl u
OKCTIIEPUMEHTHl  TIOKa3bIBAIOT, 4YTO  OOBIYHO
L,=(10...150) d. (no nanueM A.B. Ununnanze).

TemsioBass  Mojenb M
K03 (PUUHEHTOB PpacrnpeaeaeHus
NMOTOKOB MKy NapaMH TPeHUA

Koadduimentsl pacnpeneicHus TEIIOBBIX
MTOTOKOB MEXIY napamu TpeHUs
TPUOOCONPSKEHUST 3aBHCAT, B OCHOBHOM, OT
koo duimeHToB  Teruomepenadun  4yepes  UX
anemEkarsr. BEITHYNHY ko3 urmenToB
TeIUIonepeaadn BITUSIIOT TepMUYECKHE
CONPOTUBJIEHHUA DJJEMEHTOB TPEHHS TOPMO3a,
KOTOpBI€ HEMOCPEICTBEHHO MPUHUMAIOT y4acTue B
TerI0oOOMEHHBIX  Tpoueccax. Ha  puc. 7
MPHUBEACHBI OOIIME 3aKOHOMEPHOCTH HM3MCEHCHHS
MOBEPXHOCTHBIX TeMmIlepatyp (f) (GpPUKIMOHHBIX
y3710B  0apa0aHHO-KOJIOJOYHOIO  TOpMO3a B
3aBHCHUMOCTH OT TEPMHYECKOTO COMPOTHBIICHUS
(R) mo TonmmuHe UX 3yeMeHToB Tperus. [Ipu aTom
HCIIOJIb30BAHBI CIEAYIOIIHNE 0003HaYEHUS: Iy, Ix 1 —
TEMIIEPATYPBI BHYTpEHHEU 51 BHEIIHEH
TTOBEPXHOCTH OCHOBAaHMS TOPMO3HOM KOJOAKH; fy,
ty 1, ty > — TEMIIEpaTypbl BHYTPEHHEH U paboueii
MOBEPXHOCTH (PUKIMOHHOW HAKIaJKH U ee
IPUIIOBEPXHOCTHOI'O CJIOS; fp, Ip— TEMIICPATypPHI
paboueli M HapyXHOW IIOBEpXHOCTEeH o00oma
TopMO3HOT'O Oapabana; R;, R,, R;, R, — Tep-
MUYECKHe COIIPOTUBJICHUS OCHOBAHUSA
TOPMO3HOW KOJOAKH, (PUKIMOHHON HAKIaJKH W
ce T peNERBIOCTIBARDH CICRypae Tarke (opom
aapNeoBHOHOapafeny. OMa B 3JIEKTPOTEXHUKE,
orepupys MOHATHEM 0 TePMHUUECKOM
COMNPOTHUBJIIEHUM HEOJHOPOJHON MHOIOCIONHOMN
CTEHKU C TeMIlepaTypaMu IOBEPXHOCTEH AeTaliei
¢puknMoHHOrO y371a  0OapabGaHHO-KOIOAOYHOTrO
TopMmo3a. [loay4ynm crenyromnyo 3aBUCUMOCTD IS
OTpeNieNeHrs BeTMYHNHBI TEIIOBOT'0 MOTOKA!

tﬁl - tK

i=l1

onpeaejacHue
TEIJIOBBIX

q (18)

o

e
e -

PTILN

g

T
-~

PIg:

el

AT
Vs’

1

o

T

.
i
e

N
e

R R R,r R

+ * -

1 — ocHosaHue MopMO3HOU KOTOOKU,

2,3 — (hpukyuonnas Hakiaoka u ee
NPUNOBEPXHOCMHDBLI CNLOU, 4 — 0600 MOPMO3HO20
Pucynok 7 — Tenﬂ(ﬁﬁa’%ﬂ%ffénb (puKIMOHHOT 0

y3J12a 6apadaHHO-K0JI0I0YHOT0 TOPMO3a

rie Y R =R +R,+R +R,.

i=1

B CBOIO odepep, TEPMUYECKOE
COMPOTHBIICHHUE JIFOOOTO CIIOSI CTEHKH PAaBHO:
-1
1
rae O, A; — TONIIMHA CIOoS U KO3(HUIMEHT ero
TETUIOMPOBOJHOCTH.
3aBUCHMOCTh TSt OnpeeNIeHus
TEPMUUCCKOI0 COITPOTHUBJICHHUA (I)pI/IKHI/IOHHOI‘O
y3i1a 0apabaHHO-KOJOJOYHOTO TOpPMO3a HMMEET
BU: -1 -1 -1 -1
R=51_+5L+5L+5L‘ (19)

A A A A

AHanu3 WHTEHCHBHOCTH TeII00OMEeHa OT
METaJNTMYECKUX JJIEMEHTOB TPEHUS TOPMO3HBIX
YCTPOWCTB YKa3bIBa€T HA TO, YTO KOA((OUIIMECHTHI
TEII00TAaYMn () CYIIECTBEHHO OTIWYAIOTCSA 10
MOJYJI0 M 3aKOHY HW3MEHEHHSI M 3aBUCAT OT
JIMHEHHOM CKOpOCTH 000/1a TOPMO3HOT0 OapabaHa.
Kpome Toro, MmaToBbie ¥ MOJUpPOBaHHAs (paboyas)
MOBEPXHOCTH METaJUIMYECKOTO JJIEMEHTa TpPEHHS
OMBIBAIOTCS  (Pa3AMYHBIME [0 XHMHYECKOMY
COCTaBy ¥ TEPMOJMHAMHUYECKHUM IapameTpam)
cpenamu.

C noBepxHocTeil (MATOBBIX U TOJIMPOBAHHON )
METaJTUIECKOT0 JJIEMEHT TPEeHUs
OCYIIECTBIICTCS TEIUIOOT/Aa4ya JTy4encrnyCKaHueM
oOtekarorieMy uX Bo3Iyxy. CoOrimacHoO 3aKoHY
Credana-bonpimMana [5] ko3 purment
TEIJTIOOTIA4N JTYYEUCITYCKAHHEM OIpeeNsieTcs U3

BBIPAKCHU S . 4 4
P e |[Tu) (Ta
100 100

= 20
rT, (20)

U
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Maumuy, o6yramHaHHSA Ta MaTepiann

rae Ty — TemmepaTypa HarpeBaHUs MTOBEPXHOCTEN
METaJUTMYECKOT0 dJieMeHTa Tpenus, °K;

Ts — Temnepatypa okpy»katomien cpeasl, K;

;7 — Kod(unuenT usnydenns, Br/(m>K?).

Pesynbratel  pacuera 1o Qopmyne (20)
MpeACTaBIeHbl Ha pUC. 8 a, 6, U3 KOTOPBIX
CIIeAyeT, YTO KO3I(PGUIMEHT oy YBEIMYHUBACTCS C
MOBBIIIICHUEM TEMIIEPATYPHI.

B

o
=)

=
[

m
o

Pucynok 8 — 3aBucumocts k03¢ puneHTOB
TEII00TAAYM (&) JyYenuCnyCKaHueM MaToBbIX ()
U TMOJUPOBAHHBIX (0) MOBEPXHOCTEI NpH
Pa3MYHBIX UX MJI0MAAAX (A) OT TeMIepaTyphbl
HarpeBanmus (7)

YCTaHOBNIEHO, UYTO BEIMYMHA OTHOILIEHHS
KO3 (DHUIIUESHTOR M3ITY9ICHUS MaTOBOM
MOBEPXHOCTH K TIOJIMPOBAaHHOM JIOJDKHA  OBITH
PaBHOM OTHOLICHUIO IUIOIIAZEH OXJIaKIaeMOou
[IOBEPXHOCTM M HArpeBaeMoOil  IIOBEPXHOCTEU
METaJITYECKOr 0 anementa TpeHusa. Ilo ee
3HAUEHHI0 MOXKHO CYIUTh O HACTYIJIEHHH €ro
YCTaHOBHUBIIET'OCA TEIJIOBOT'O COCTOSTHHSL.

B BuUie cOOTHOLIIEHU TTOTydaeMm:

AJ1s1 6apadaHHO-KO0JIOI0YHOI0 TOPMO3a

(Topmo3HOIi OapabaH H3rOTOBJICH M3 YyryHa)

Cuy 3748 _ oo A _0,6945
c, L1347

Ay 0,2375
AJIl JIGHTOYHO-KOJ0J04YHOI'0 TOPMO3a
(TOPMO3HOM IIKWB U3TOTOBJICH U3 CTAJIN)
c

€ 50 A, 2,767

-2 __33]; Lem
1,1512 A,, 1,048

B nmanHOM citydae paccMaTpHBAIOTCS TUIOLIAIN
MOBEPXHOCTEH TEII000MEHA: 3aIHET0 TOPMO3HOT'O
Oapabana TpaHcopTHOro cpenacrea KpA3-250
(tabm. 1) W TOPMO3HOrO IIKHBAa JIGHTOYHO-
KOJIOOYHOI'0 TOpMo3a OypoBoi jeOenku Y2-5-5
(tabn. 2). IIpoleHTHOE pacXOKIACHUE MEXIY Be-
JIMYMHAMH OTHOIIEHUM JJId pa3JInYHbIX BUJ0B TO-

=2,92;

=2,64.

C
Ty

PMO3HBIX YCTpOHCTB coctasiser 11,5% — mis me-
pBoro ciydas u 23,0 % — mias BToporo.

VYcraHOBNIEHO, YTO  TOCIE  pean3aluu
HUKITAIECKUX TOPMOKCHUH TeMIiepaTypa
MOBEPXHOCTH TPEHUSI JOCTHTaeT MaKCUMAalbHOM
A7 JaHHOTO PEeXHUMa PabOThl BEIUYUHBI fyc, U
SIBIISICTCS yCTaHOBHBIIEHCS TEMIIepaTypOou.
JanpHedmumi pocT TeMIepaTrypbl IpeKpaliaercs,
MOCKOJIbKY KOJHYECTBO TEIJIOTHI, IOJIONAeMOe
pu TOPMOYKEHHH, CTAaHOBUTCS  PaBHBIM
KOIIMYECTBY  TEIJIOTHI,  pacceMBacMoMy B
okpyXeramysaepey (870 15,5 %  TemmoTsl
OTBOAMUTCS  BBIHY)KICHHBIM KOHBEKTHBHBIM U
KOHJTyKTUBHBIM TEINIOOOMEHAMH OT MOBEPXHOCTEH
TOpMO3HOI'0 OapabaHa TPAHCIIOPTHOTO CPEICTBA B
WHTEpBaJic HEOOJIBIINX TeMIeparyp, T. €. 15-125
°C. YcraHOBHBIIIEECS TEIJIOBOE COCTOSHUE IIKHBA
JIEHTOYHO-KOJIOJOYHOI'0 ~ TOpPMO3a  BO3MOXKHO
TOJILKO 110  JIOCTH)KEHMM  IlapaMd  TPEHUs
JIOITyCTUMOM TEeMITepaTyphl MaTepHaIaMu
(PUKINOHHON HAKIIAKH.

OneHuM  MHTEHCHBHOCTh  TeEIUIONEpENavn
4epe3 AJIEMEHTHI Tapbl TPEHUS ¢ Y4eTOM (DHU3HKO-
XAMHAYECKOTO  COCTOSIHHSL  ITPUITOBEPXHOCTHOTO
CJ10s1 PPUKIIMOHHON HAKJIaIKH.

Koaddurment TeTIonepeaaun B
TEII000MEHHOM TpoIecce 4Yepe3 Takod MHO-
TOCIIOWHBIH OOBEKT, KaK «Cpelia MEKKOHTAKTHOMH

30HBI-METAINYECKU I 3JIEMEHT TpEHMUS-
OMBIBAIOIIM I BO3IyX» ONpeemsaeTcs
3aBUCUMOCTBIO BUJIA! 1
= —, @1
1 9 1
N + [

a4 a
rae a, o — KO3(PQHUIMEHTHl TEIUIOOTIAYd OT:
MEKKOHTAKTHOH cpeabl K paboueii
(monupoBaHHOM) TMOBEPXHOCTH METAJUIMYECKOTO
JJeMeHTa TpEeHHdA; BHEIHeW (MaToBOi) ero
MOBEPXHOCTH K OMBIBAIOIIIEMY BO3IYXY;

o, A — TOommMHA W KO3(PQHUIUESHT
TEIUTIONPOBOJHOCTH ~ METAJUIMYECKOTO  3JIEMEHTa
TpeHK Qunment TEeIuIonepeaadn B
TEIUIOOOMEHHOM  IIpollecce  4epe3  «cpeny
MEXKOHTAaKTHOM 30HbI — IIPUIIOBEPXHOCTHBIN CIOM
(PUKIMOHHONW HAKIAAKH — TeNno (PUKIMOHHOH
HAKJIaJKd — OCHOBAaHHUE TOPMO3HOW KOJOJKH —

OMBIBAIOIIMI ee BO3JIyX» onpenessiercs
3aBUCUMOCTBIO BUJA! 1
K, = — . (22)
1 6, o6, O, 1
— |
a )‘n ﬂ‘i )‘/l 2%

rae o — KO3 QGUIMEHT TEIJIO0TAaYl OT MATOBOM
MMOBEPXHOCTH OCHOBAHMS TOPMO3HOM KOJIOIKH K
OMBIBAIOIIIEMY BO3IYXY;

O Op O, — TOJIIWHA: TPUITOBEPXHOCTHOTO
cmos  (PUKIMOHHOW  HAKIaaKH, COOCTBEHHO
HAKJIaJKH ¥ OCHOBAHHUS TOPMO3HOMN KOJIOIKH;

Ay Ay Ay — KOIDOUIMEHTBI TEIUIOMPOBOAHOCTH
MPHUITOBEPXHOCTHOTO CJIOS HAKIAAKH, COOCTBEHHO
HAKJIaKH ¥ OCHOBAHHUS TOPMO3HOM KOIOIKH.

B ciaydae mOCTHIKEHHS CTaOHIM3aIHOHHOIO
TEIIOBOTO COCTOSTHHS METAIMUECKUM 3JIEMEHTOM
TPEHHS TOPMO3HOTO YCTPOHCTBA 3aBHCHMOCTH
VTS OTIpeieieHHs KO3 (DHUIIMEHTA TEIlIoNepeaadn
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Maumuy, o6ynamHaHHSA Ta MaTepiann

Taémuua 1 — Inouiaau noBepxHocTeli TENJI1000MeHa 3aiHero 6apaéana TPaAHCIOPTHOIO CPeACTBA
KpA3-250

MOCTa, M

[Inomanu noBepxHOCTEN, IPUHUMAIOIIUX YYaCTHE B Pa3IMYHbIX BUAAX
TEIIo00MeHa B OKPYXKAIOIIYIO Cpey, U 6201(013215[ CTEHKA CTYIMIIBI 3aIHEr0

Bec (xr) anemenToB
TOPMO3HOT0 OapabaHa:

Tnommam moBepxXHOCTeH (M°)

Inomans mosepxHocTel (M%)

TOPMO3HOTo Gapabana: O0KOBOI1 cTeHKH OapabaHa, o6oma OOKOBOI
MaToBast KOTOpast CTBIKYeTCS CTEHKH
HOIMpoBaHHasA BHYTpEHHsS | HApy)KHas CO CTYNHMILEH 3aJHEro0 MocTa
0,2375 0,121 0,476 0,0975 - -

Tadauna 2 — [omaan noBepxHocTell TenJ000MeHa TOPMO3HOT0 HIKUBA JIEHTOYHO-KOJI0J04HOT0
TOpMoO3a 0YpoBoii JiedenKku

HJIOHIaZII/I HOBerHOCTeﬁ, MIPUHUMAIOIHNE YIaCTUEC B PA3JIMYHBIX BUAAX
TeIIoo0MeHa B OKPYXKaloIIyto cpeay U OOKoBasi cTeHKa OapabaHa

Bec (xr) anemenToB
TOPMO3HOT0 OapabaHa:

nebenKku, M
Inomaau noBepxHocTeEM (Mz) ILnomaas noBepxHOCTEM
TOPMO3HOI'0 OapabaHa: (M) GOKOBOI CTEHKH 6OKOBO
MAaTOBas Gapabana, koTopast | 000z | BBICTYNA | " o
MTOJIMPOBaHHAS CTBIKYETCSI CO CTYIMHIICH
BHYTPEHH:AA | HapyXHasd 3aJIHETO MOCTa
1,0487/0,091 1,405 0,73 0,541 32448 | 31,98 72,54

*TIpumeuanne: [Inomanu paboueil MOBEPXHOCTH TOPMO3ZHOI'O MIKHBA: B YHCIIHTENE — TIEPEKPhIBAEMBIH
HAaKJIaJIKaMH, a B 3HAMEHAaTeNle — HE IEPEKPbIBAEMOM HAKIIaJKaMU

Taonuua 3 — HauanabHble JaHHbIE U Pe3YJIbTATHI pacuyeToB KO3()PUIIUEHTOB TenJionepeaadyu yepes
3JIEMEHTHI IApPbI TPEHUS U pacnpeaeeHue TeNJOBbIX IOTOKOB MeK/1y UX MOBEPXHOCTAMU
B3aUMO/IeIiCTBHS 3aIHEr0 TOPMO3HOI0 MeXaHU3MAa TpaHCcopTHOro cpeacrtea KpA3-25

[ToBepXHOCTHBIC TEMIIEPATYPHI:
LIONMPOBAHHOM (/77) 000/1a TOPMO3HOT0 MIKKBA, °C 100 150 200 250 300 330
MaToBOH (/) ’ 70 80 140 240 300 330
Tonmuna:
npuBeaeHHas 000/1a TOPMO3ZHOT'0 IIKKUBA J, MM; 22,5
gl[;]l:nhﬁ(]iipxrlocmoro CJ10s1 PPUKIIMOHHON HAKITaIKK 5.6 8.2 114 | 144 | 158 | 196
(OPUKIIMOHHON HAKIAAKK O, MM; 20,0
OCHOBBI TOPMO3HOH KOJIOJKHU Jx, MM. 20,0
KoadpuumeHTs! TemIonpoBoAHOCTH MaTEPUATIOB
a5eMeHTOB (ppuKIMoHHOM napel, B1/(M-°C):
000/1a TOpMO3HOro OapadaHna (Ay); 52,47
TOPMO3HON KOJIOAKH, (4,); 52,47
(pUKIMOHHON HAKIAAKH (/). 0,53
KoagduimeHThl TEIIOOTAaYN OT IOBEPXHOCTEH,
Bt/(Mm*-°C):
TIOJIMPOBAHHOM (at;); 11,67 | 11,67 | 24,5 | 25,0 | 40,0 | 76,67
1 MaToOBOI (0;) 00012 OapabaHa; 11,67 | 11,67 | 23,7 | 82,1 | 123,3 | 164,67
Topmo3zHoit konoku (a3). 11,67
Koa¢dduumenTs! Teronepenaun uepes
IOBEPXHOCTH map Tpenus, Br/(mM>°C):
000/ TOpMO3HOro OapabaHa (k); 5,82 | 582 | 11,98 | 19,0 | 29,82 | 51,17
(PUKIMOHHYIO HAKIAAKY (K ;). 4,772 | 4,772 | 6,072 | 6,102 | 6,72 | 7,303
KoadduimenTtsl pacnpeneieHus TEIIOBBIX TOTOKOB
4yepes IEMEHTBI Iap TPESHUS:
MeTasunaeckuit (ary 1); 0,55 | 0,55 | 0,664 | 0,757 | 0,816 | 0,875
HeMeTaJuHdeckuil (or 7 2); 0,45 | 0,45 | 0,336 | 0,243 | 0,184 | 0,125

U
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Maumuy, o6yramHaHHSA Ta MaTepiann

4yepe3 «OMBIBAIOIIMM BO3AyX — METaJUIMYECKHI
3JIEMEHT TPEHUS — CPEy MEKKOHTAKTHON 30HBI —
[IPUIIOBEPXHOCTHBII cioun (pUKINOHHON
HaKIaJAKW» OIPEIEIsIeTCs 3aBUCUMOCTBIO:

1

K5 = = - (23)
1 9 1 9,
—+——+—+
a Ao A
3aBucumoctn  (22) w (23) yYHUTHIBAIOT
5
TEPMUYECKOE COMPOTHBIICHUE R=-"
n
MPHUITOBEPXHOCT-HOTO cIost (pUKIIMOHHON
HAKJIaJKH, OT BEIMYMHBI KOTOPOTO 3aBHUCUT
HaTpaBJICHHE TEIUIOBOI'O TTOTOKA.
Io 3HAYEHHUSIM ko3 urmenTon
TeIIonepeaayyl B Mapax TpPeHHS  ONpelelnM

KO3(GUIUEHTBI PACIPEACTCHHUS TEIJIOThI MEXIY
UX DIIEMEHTaMH B IIporiecce TopMoXkenus [6 - 8]:

k- 2Ko (24)
2Kaop+2K o

rae XK', — cpenHsas BenuyMHa Ko3((HIMEHTOB

TeruIonepeaay B TEIMIOOOMEHHOM  IpoIecce

«cpena MEXKKOHTAaKTHOM  30HBI-METAJUIMYECKUI

JJIEMEHT TPEHUSI-OMBIBAIOIINK €ro BO3AYX» 3a

MepuojJ; BpeMEHH OT Hayala JO KOHIA

TOPMIK S, cpeHss BenuunHa Kod(duLueHToB
TEIUIONEpeaadd B TEIMIIOOOMEHHOM  IIpollecce

«cpena MEKKOHTAKTHOU 30HBI -
[IPUIIOBEPXHOCTHBII cioun ($pUKINOHHON
HaKIagKd — Telo (PHUKIMOHHOW HaKIaIKd -

OCHOBaHHE TOPMO3HOW KOJOJKHA — OMBIBAIOIINH ee
BO3/IyX» 3a MEPUOJ] BpEMEHH OT Hauania JI0 KOHIa
TOPMIKEHUSA. ONpeneIcHUs KO3 puIMeHT
pacrnpeneneHus TeIIOThl MEXKy dJIEMEHTaMH Tap
TPEHUSI TOPMO3HBIX YCTPOWCTB INpPU AOCTUKECHUHU
CTaOMIIM3aI[MOHHOTO  TEIJIOBOTO COCTOSIHUS
obomom Oapabana B 3aBUCHMMOCTH (22) HeoOXo-
JMMO  TIOACTaBUTH  BbIpaxkeHume (21). 2K,
ONpelielieH 3a TMepUoJl TOPMOXKEHHS, KOTOPBIH
paBeH MPONOJDKUTENIBHOCTH ~ €ro  CTa-
OnnvBnacAABA TEEN OBOACEHICT ASOBID U ITCHTOB
TeruIonepeaayy depe3 DIIEMEHThl IMap TPEHUs
(3aBUCUMOCTH 24) 3aJTHEr0 OapabaHHO-
KOJIOZIOYHOT 0 TpaHcnopTHoro cpeacrsa KpA3-250
(TabdlB) W3MEHEHHMH  TEIUIOBOTO  COCTOSHHS
noJupoBaHHON (paboueil) MOBEPXHOCTH TOPMO3-
Horo Oapabana or 100 mo 350 °C xoaddunment
teronepenaun (K) yBemwmuamics ¢ 5,82 mo 51,17
Br/(M>°C), T.. nupumepso B 8,8 pa3a.
Koadduiment pacnpeaeneHus TEIIOBBIX TOTOKOB
MEKAY DIEMEHTaMH TMapbl TpeHHus OapabaHHO-
KOJIOJJOYHOTO TOpPMO3a JIJIsl TIEPBOTO DIIEMEHTAa B
untepBane temmneparyp ot 100 mo 350 °C om
yBenmumBaercsa ot 0,55 mo 0,875, a mms BTOpOro
aneMmenTa — ymeHnbinaercs ot 0,45 o 0,125. Dto
CBHJICTEIBCTBYET O TOM, YTO B 30HE JIOIyCTUMOH

TEeMIIepaTypbl Ui MaTephalioB (QPUKIMOHHOM
HaKJIaJKH obox TOPMO3HOTO Oapabana
aKKyMyJHpYeT  TeIUIOBYX  OJHEPrHio,  4YTO
00yCIIOBITUBAET WHTCHCU(PHUKAINIO

a7ICOPOIIMOHHO-IECCOPOIIMOHHBIX  MPOIIECCOB B
MIPUITOBEPXHOCTHBIX CJIOAX 3JIEMCHTOB TPCHHA.

BriBoabI
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