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YV mamepianax cmammi cmocoeno napamempuino2o cunmesy Qpuxyiinux ¢ysuig (cepiinux i bazamonapnux)
CMPIYK080-KOIOOK0B020 2aibMa OYPO8oi 1eOiOKU 0aHA OYIHKA eHepeemuiHo20 OANancy 1o2o nap mepmsi. B ocman-
HIll Y8ItiuIU MeXaHiuna, eleKmpuyHa ma menaioga ckiaoosi nomyxcHocmi mepms. MamemamuuHum wWisixom pos-
KpUmo 3mMicm KOICHOI 3i CKAA008UX NOMYIHCHOCMI Mepms | 3p00JIeHO HA2O0N0C HA MENN8y CKAA008Y, BUXOOAUU 3
Mmo2o, Wo B0HA € MAKCUMALLHOIO 30 BCIUNUHOIO | BNAUBAE HA (DOPMYSAHHS MENTOBUX NOMOKIE 8 napax mepms
"empiuka - naxnaoxu" i "naxnaoku - wxis". Ilpu yvomy npudineno ygaey ne minbku KOHEEKMUBHOM)Y MENI00OMIHY
MAmosux i NONPOBAHUX NOBEPXOHbL Memanesux Qpuxyilnux eremenmis, ane i ix padiayiinomy menioooMiny.
Bcemanosneno cnisgionowenns misie niowamu Mamogux i noIPo8aHol N08epXoHb 2aibMigH020 wiKkiea. Excnepume-
HMAIbHUM WISAXOM RPOLTIOCMPOBAHO 3AKOHOMIPHOCME 3MIHU MEMNEPpamypu HA PI3HUX CMAldisx HA2PI6aHHs 8 Npu-
noBepxXHesUx wapax GpuxyiiHux Haknaook @K-244 npu piznux seauuunax 3Hocy [ no moswuni 0600a wKiea cmpi-
YKOBO-KOI0OK0B8020 2anvma 6yposoi nebioku. [lpu ybomy oyineno mepmocmabinizayiinuti cman 06004 wiKisa.

Kiro4oBi cnoBa: cTpiuKOBO-KOJIOJKOBOTO rajibMa, (PPUKIIIHAN BY30JI, FAIbMIBHUH IIKIB, (DPUKIIAHA HAKITA]-
Ka, Iapu TepTs, NapaMeTpUUHUNA CUHTE3, IPUTIOBEPXHEBUII 11ap.

B mamepuanax cmamvu npumeHUmenbHo K napamempuieckomy CuHmesy QPUKYUOHHBIX Y3108 (Ceputinbix u
MHO2ONAPHBIX) JEHMOYHO-KOIOOOUHO20 MOPMO3a 6YPOGoll 1e0edKU OAHA OYEHKA IHEP2emuueckoeo 0anaunca e2o
nap mpenusi. B nocnednuii eoutiu mexanuyeckas, 21eKmpuieckds U meniogas COCMAsIsouue MOWHOCHU MpeHus.
Mamemamuueckum nymem packpoima CyuHOCHb KAACOOU U3 COCMAGIIOUUX MOUHOCIU MPEHUSL U COELAH YNOop HA
MENNoBYIo COCMAGNAIOWYIO UCXOO0SL U3 MO0, YMO OHA AGNACMC MAKCUMANLHOU NO GelUYUHE U 6UsLem HA GopMu-
POBaHUe Menjiosvblx NOMOKO8 6 napax mpenust "i1enma - Haknaoku" u "Hakiaodku - wikus". Ilpu smom yoeneno 6Hu-
MaHUe He MONbKO KOHBEKMUSHOMY MENnI000MeHy MAMOBbIX U NOJUPOBAHHBIX NOBEPXHOCMEN MEMALIUYECKUX DPUK-
YUOHHBIX DNIEMEHMO8, HO U UX PAOUAYUOHHOMY MeNniooOMeHy. YcmanoeieHo coomnouleHue mexucoy niowaosmu
MAmMosbIX U NOAUPOSAHHOU NOBEPXHOCEN MOPMO3HO20 WKUBA. DKCHEPUMEHINATLHOIM NYMEM RPOUTIOCIPUPOBAHDL
3AKOHOMEPHOCIU UBMEHEHUsl MeMNePamypbl HA PA3IUYHBIX CMAOUSX HAZPeBAHUS. 8 NPUNOBEPXHOCMHBIX CILOSX
ppuryuonnvix naxkradoxk DK-244 npu paznuunbix 8eAUYUHAX UBHOCA U NO MOJujuHe 00600 UIKUBA NEHMOYHO-
KOI0004H020 mopmo3sa 6ypoeoll nebedxu. Ilpu smom oyeneHo mepmocmaburu3ayuonnoe cocmosanue 0600a mop-

MO3HO020 WKUBA.
KiroueBnie cnosa:

JICHTOYHO-KOJIONOYHBIA TOPMO3, (PUKIMOHHBIN y3€J], TOPMO3HOW IIKHUB, (DPUKIIMOHHAS

HaKJIaJIKa, mapbl TPEHUs, MapaMeTPUUECKUI CUHTES3, MPUTTOBEPXHOCTHBIN CIION.

The article deals with the parametric synthesidrmfion units (multiple and multpair) of the drawwork
band-shoe brake and evaluates energy balance @fidtoon pairs. The latter includes rolanical, electrical, an
thermal components of the friction power. Theeese of each of the power friction componentsaithematicall
justified. The emphasis is laid on the thermal congmt taking into account the fact that it is of thaximum si:
and influences the heat flows formation in frictipairs “band — lining” and “lining — pulley”. Furthermore
special attention is paid not only to convectivathteansfer of matt and pished surfaces of metal friction eleme
but also to their radiation heat transfer. The calation between the areas of matt and poliseedaces of tr
brake puley is determined. The authors define the factdrhe temperature change at various heating stag
near-surface layers of the friction liningsk-244 at different wear rate values and in accordancthwhie thicknes
of the pulley rim of the drawworks band-shoe bralereover, the thenal stabilization state of the pulley rirr

evaluated.

Keywords: band-shoe brake, friction unit, brakelgyylbrake lining, friction pairs, parametric syesis, near-

surface layer.

AKTyaabHOCTb. [Ipu TpeHUM MeTaJIONOIH-
MEpPHBIX Map TPEHHS JIEHTOYHO-KOJIOJ0YHOTO TOP-
Mo03a OypoBOii JIeOeIKM WHTCHCUBHOE TEILJIOBBIZIC-
JeHre Ha OEroBOW NOPOXKE TPeHHSA C OONBIIUM
K03 PULIMEHTOM B3aMMHOTO TEPEKPBITHS Tap
tpenust (K, = 0,7-0,8)npuBoauT k HepaBHOMEp-
HOMY HarpeBaHuIo 000Ja IIKMBAa B pPagHaIbHOM,
OCEBOM W OKPY)XKHOM HarlpaBlieHusix. Mcxonsa u3
9TOro, HeOOXOANMO OLICHUTH YHEPreTHUecKuii Oa-
JIaHC Tap TPEHHS TOPMO3a M T0Ka3aTh BIMSIHUE Ha
€ro TEIUIOBYIO COCTaBJISIOIIYI0 JIIEKTPUYECCKOM
COCTaBIISIONICH, a TaKXKe OMpeAeSTUTh COOTHOIIIE-
HUSI MEXJIy HarpeBaeMod W OXJaxJaeMoW IIo-
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Po3Bigka Ta po3po6ka HahTOBUX i ra30BUX POAOBULL

BEPXHOCTSMU TOPMO3HOTO IIKuBa. Kpome TOrO,
BO3HHKAIONE Ha pabodel MoBepXHOCTH 0007a
HIKMBA OOJIBIIME TeMIIEpaTypHbIC TPAJIUEHTHI CIO-
COOCTBYIOT 3apOXKIICHUIO U Pa3BUTHIO MUKPOTpE-
IIMH TIOJ] BO3JEHCTBHEM TEMIICPATYPHBIX Hamps-
JKEHUH. YKa3aHHBIC BBIIIC TApaMETPhl OTHOCATCS K
OJTHMM W3 OCHOBHBIX NMPUMEHHUTEIHHO K Tapamer-
pPUUYECKOMY CHHTE3Y (PUKIHOHHBIX Y3JIOB JICH-
TOYHO-KOJIOZOYHOT'O TOPMO3a OYpPOBOH JIeOCTIKH.

AHaau3 omy0JNKOBAaHHBIX TPyA0B. OCHOB-
HBIMH NIPUYMHAMH OTKAa30B JIEHTOYHO-KOJIOIOYHBIX
TOPMO30B OYPOBBIX JICOSHIOK SBIISIOTCS U3HOC pa-
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00YNX TMOBEPXHOCTEH (DPUKIIMOHHBIX HAKIIAJOK U
BBIXOJl U3 CTPOSi TOPMO3HOTO MIKHBA. JTO MPOUC-
XOJIUT BCJIEACTBHE BIIMSHUSA TSHKEJIOrO TEMIlepa-
TYPHOTO PEXHMMa IMPU ATlePUOJIUUCCKUX IHKITHYE-
CKHMX TOPMOKEHHUSX, & TAKXKE B YCIOBHIX IKCTPEH-
HOrO TOPMOKCHHUSI NMPU BO3HMKHOBEHHH aBapHii-
HOM CHTyallMd MPU BBICOKMX HAadyadbHBIX CKOPO-
CTSX CKOJBKCHHUS Map TpeHus Topmosa. Hccemno-
BaHHE TMpollecca HW3HOCA JIeTaleil JIEHTOYHO-
KOJIOJIOYHOTO TOPMO3a HEOOXOIMMO BECTH Ha OC-
HOBE OIICHKH JHEPreTHYECKOro OayjaHca ero map
TPEHHsT M BO3HHKHOBEHHS TEPMOCTaOHIH3AIHOH-
HOT'O COCTOSIHHS C YYETOM HMX TEIJIOBOTrO OasiaHca,
4TO HE OBITO ceTano B padorax [1, 2, 3u ap.].

Heab cTaTbM — OILIGHKA HHEPTrEeTUYECKOrO
OayaHca map TpeHHS JICHTOYHO-KOJIOJIOYHOTO TOP-
MO3a C YYETOM MEXaHUYECKOMU, DIEKTPUUYECKON U
TEMJIOBOM COCTaBJISIONIEN C MOCIEqyIOIUM pac-
CMOTpPEHHEM TEIUIOBOrO OallaHCca CEepPUHHBIX U
MHOTOITAPHBIX (PPUKIIMOHHBIX Y3JIOB JICHTOYHO-
KOJIOJIOYHOT'O TOPMO3a.

MeToaAbl TeOpeTHYeCKHX M JKCIepPHMEH-
TAJBHBIX HccienoBaHnii. Kak m3BecTHO, epeHoc
TEIIOTHI OT MATCH KOHTaKTa MHUKPOBBICTYIIOB 000-
Jla MKUBA (B OJHOMAPHBIX) U TOPMO3HOMU JICHTHI (B
JBYXIApHBIX) B IIyOb UX 0ObEMa, a Jajblie — B
HOBEPXHOCTH TPYIIUXCS TNl OCYLIECTBISACTCS YII-
PYTUMH TETUIOBBIMU KOJIE€OaHUSIMU MUKPOYACTHUI] U
MEXaHU3MOM TEIUIOBOTO JIBHKECHHSI JICKTPOHOB U
WOHOB TIPOBOJMMOCTH. B HayaibHbIE MOMEHTHI
(pPUKLIMOHHOTO B3aMMOJICHCTBUS "NeHTa — Ha-
KJIATKA' TIPOUCXOIUT TIPOTPEB IOBEPXHOCTHBIX
CIIOEB METAJUIMYECKHX 3JIEMEHTOB M PacHpoCTpa-
HEHHE TEIUIOBOTO IMOTOKa BrIyOb ¢ yOBbIBarowmen
CKOPOCTBIO, KOTOpask 3aBHCUT OT IIOTHOCTH BXO-
JSIIETO B KaXKIBI JJIEMEHT TEIUIOBOIO MOTOKA.
IT10THOCTE TETIOBBINENCHNST HA TpaHUNE (PHK-
IIJMOHHOTO KOHTAaKTa IIPONOPIHOHANbHA padoTe
TPEHHMs TIPH TPEIBAPUTENBHBIX pacyeTax

(1)

alt)= (el (t),

rae t—BpeMs TeIIOBBIIACICHHS,

f — nuHaMuueckuii ko3 duIKEHT TpeHUS;

P — yllelibHasl Harpy3ka Ha (aKTHYECKOU ILI0-
maau KoHTakTa (A,);

V — CKOpPOCTb CKOJIBXKEHHS B y3JI€ TPEHHS.

OnmHAaKo TEIUIOBBIICNCHUIO TIPEIIIECTBYET
JNEKTpUYECKas COCTaBIISAIONIAs MOITHOCTH TPEHUS
(PUKLMOHHOTO y371a TPEeHUs TOpMO3a, KOTopas

paBHa
W, =k, 0 U, [xclc, (2)

rae K, — ko3bhGUIMeHT, YYUTHIBAIONIMNA BpeMs
KOHTaKTa MHKPOBBICTYIOB (DPUKITHOHHON HAKIaI-
KH C MHKPOBBICTYIIAMH METAJUTHYECKOTO (ppHKIH-
onnoro smementa (K,=2- 10);

| — cuna Toka, TeHepupyeMash MHKPOBBICTY-
MaMH METAJUTOTIOIMMEPHBIX Map TPSHUS TPU yCII0-
Bun A<A,, uTO (haKTU4ecKas IUIONIA/lb KOHTAKTH-
poBanus (4;) Mana 1o CpaBHEHHIO ¢ HOMHUHAIBHOMI
(4,), a mpu A=A, dbuxcupyercs Tpr6oIJC B co-
TPSOKCHUH.

Cuna Toka | onpenessieTcsi MO 3aBUCHMOCTH
BHJIA

32 )
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| = tmax mﬂ [(dt/dlk)w/u r , (3)
Rk u)s [N

e tmax — MakcHMalbHasi TEMIIEPaTypa Ha MATHE
KOHTaKTa MUKPOBBICTYIIOB, °C;

o — KOA(P(GUIMEHT BHEIIHEH TEIUIOOTauH,
Bt/(m: °C);

(dt/dl) — rpammeHTt Temmeparypsl IO ITHHE
KoHTakTa, °C/MM;

V,, —00beM MHUKDOBBICTYTIA, M;

T —BpEMs KOHTaKTHPOBAHWUS, C;

R« — TepMHuecKoe cONnpaTUBICHUE KOHTAKTa,
°C/BrT;

p, — YACIBHOE JJIEKTPUYECKOE COMPOTHUBIIC-
e, (OM-MM2)/M;

N —uMIysIbCHOE HOpMaJIbHOE yeunue, H.

JleficTBuTENbHAS TEIUIOBas COCTaBIISIOLIAS
MOITHOCTH TPEHUS (DPUKIIMOHHOTO Y37a TPEHHS
TOpPMO3a paBHA

w

meni

= 06810 WM, =

4)
= 0,68ELO'3V§fTEN, Il c,

rae My — TOpMO3HON MOMEHT, pa3BUBAcMbIi Ma-
poit TpeHus Topmosa, Hu.

MexaHndeckass COCTaBIAIONIAsS MOIIHOCTH
TpeHHs (PPUKIIMOHHOIO y3Jia IIPU 3aJaHHBIX Mapa-
MeTpax MOJMMEPHON Hakmaaku (Ha OCHOBAaHHH
PacueTHO-IKCIIEPUMEHTABHBIX JTAaHHBIX) OMpese-
JISIETCS MO CIACAYIONIEeH 3aBUCUMOCTH

vaex = 2!63rM [C/ N ) ﬂDfC/C;

()
H
rae r, — TPHUBEICHHBIA PagUyC MHUKPOBLICTYIIOB
MOBEPXHOCTEH METAIITMUECKOr0 (PPUKIIMOHHOIO
JJIEMEHTA, M,

L, — mmuHA (PUKITMOHHON HAKJIAIKH IO IITH-
puHE 000/1a IKUBA,

@ — YTI0Bas CKOPOCTh BPAIICHHSI TOPMO3HOTO
IIKWUBA, C .

Pacmipenenenre TEIIOBBIX ITOTOKOB MEXITY
TOPMO3HBIM IIIKUBOM H JICHTOH, HAKJIAJIKaMHA M OK-
pyXaromieit cpefoif cocTaBisieT

(6)

olt) = o (t) + 4 (t) + as(t) + a, ),
rae (), gu(t) — MIOTHOCTH TEMJIOBOrO IOTOKA,
HAMpaBJIEHHOTO B TOPMO3HOW INKWB W B JICHTY,
COOTBETCTBEHHO;

0s3(t) — TIOTHOCTH TEIUIOBOTO IOTOKA, Ha-
NPaBICHHOTO BO (PPUKIIMOHHBIC HAKIIAIKH;

04(t) — MWIOTHOCTH TEITIOBOTO IOTOKA, OTHaH-
Hasi B OKPY)KAIOIIyI0 Cpely KOHBEKTUBHBIM M TEIl-
JOO0T/AAYEH JIy4eUCITyCKaHHEM OT TIOJIMPOBAaHHOM U
MaTOBOI MOBEPXHOCTEW TOPMO3HOTO IIIKUBA U TOP-
MO3HOM JICHTOM.

C moBepxHOCTEMH (TIOMMPOBAHHBIX M MATOBBIX)
TOPMO3HOTO HIKMBA M JICHTBI OCYIIECTBISIETCS Te-
IJI00TJa4ya JIy4eUCITyCKaHHEeM OOTEKaloIeMy HX
Bo3ayxy. CornacHo 3akony Credana-boiapumana
KOO(PGUIMEHT TEIUIOOTAAYH JIyYSHCITYCKaHHEM
OTIpe/IeNsICTCS W3 BBIPAKCHUH, NPHUBEICHHBIX B
pab6ore [4].

Pesynbratel pacdera mo ¢opmyie, mpeacTas-
JIeHHO#1 B padoTe [4], moka3anu, 4To KO3 UIHeHT
(., YBEJIIMYMBACTCSI C MOBBIIICHHEM TEMIIEPATyphl
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MOJIUPOBAHHBIX ¥ MATOBBIX TTOBEPXHOCTEH IIIKUBOB
U JICHT.

YcTaHOBNIEHO, YTO BEJIMYKMHA OTHOIIEHHS KO-
3 GUIMEHTOB N3TyYCHUS MAaTOBOW W TTOJHPOBAH-
HOM TJIOIIa/Ze paBHA OTHOILIECHHUIO OXJIaXKJIaeMOM
K HarpeBaeMoii MOBEPXHOCTH TOPMO3HOTO IIKHBA.
B Buzne cootHomnenus nmeeM [5, 6]

C A

“Zan — o (7)
Cfl}’l AH

Ananu3 cootHomieHui (7) mokaspIBaeT cie-
ayrouiee:

- ornomenue C,,/C,,
MIOCTOSIHHOM;

- oTHoIIeHue A /A, ABISIETCS BEIUYUHON Tie-
PEMEHHOM, MOCKOIBKY C YBEITHYCHUEM IHaMeTpa
TOPMO3HOTO IIIKWBa IPOUCXOJHUT, B OCHOBHOM,
YBEITMUEHHST €r0 MaTOBOM IMOBEPXHOCTH TPHU KO-
s¢h¢urmenTe B3auMHOro nepekpsitus (K,,), paBHOM
0,7-0,8;

- OIICHKY COCTaBJSIOMUX Ay/A, HEOOXOIMMO
JlaBaTh OTHENBHO, T.€. OXJIAXKIAEMYyH) MAaTOBYIO
MOBEPXHOCTH IIKMBA YYUTHIBATh B MpoIeccax Tell-
mooOMeHa depe3 KaKIble ero 4eThipe 000poTa,
OXJIAKJIACMYIO TIOJMPOBAHHYIO IMOBEPXHOCTH Oe-
TOBOW JTOPOKKH TPEHUS, YUUTHIBATh B IMpPOIECCax
TerIooOMeHa Takoe KOJUYEeCTBO 00OPOTOB ITKHBA
0e3 ero omHoro 000pOTa, KOTOPHIM OTBEYaeT yc-
JIOBHOMY TOJHOMY TEPEKPBITHIO (HPHKIIMOHHBIMU
HaKJaJKaMu OETOBOW JIOPOXKKH TpeHUs o0oja
IKHBA.

OcTaHOBHMCSI Ha OTPEJCICHUHN COCTABIISIO-
KX BeIpakeHus (6)

q(t) = ka(t); az(t) = koqt)
ds(t) = L~ ke)alt) + -kz)alt). (8

rae ki, ko — koaddunmentsl pacnpeneneHus Tem-
JIOBBIX MTOTOKOB MEK/y 000/I0M IIKUBA H JICHTOM.

Bosee moapoOHO ompeeneHne Ko3QQPHUIHCH-
TOB PACHpEICNICHUS] TEIUIOBBIX ITOTOKOB MEXIy
METAJUIMYECKUM U TOJHUMEPHBIM (DPUKIMOHHBIM
9IIEMEHTOM NpPUBECHO B padore [5,6].

[T10THOCTD TEIIOBOrO MOTOKA (f3, OTBEICHHO-
r0 B OKPYJKAIOIIYIO CPely NMPU KOHBEKTUBHOM Te-
w1000MeHe, ornpeaenseTcs ypaBHeHueM HprotoHa

q3(t):afl (t)[Tn (01 T)_To]' (9)

rae o, —Kod(pPUIMEHT TeII00TaIauH.

KoaddummenT temmoornaunm o, B peatbHBIX
YCIIOBUSIX TOPMOXKEHHS JIEHTOYHO-KOJIOJOYHOTO
TOPMO3a SBIISETCS TPYAHO OTPEICIIIEMON BEIUIH-
HOW. OH 3aBUCHT OT CKOPOCTH BpPAICHUS TOPMO3-
HOT'O IIKMBA U JIPYTUX YacTO CIy4YaWHBIX YCIOBUM
(3arps3HEHHOCTh (DPUKIIMOHHBIX JJIEMEHTOB, AaT-
Moc(hepHBIE YCIOBHUS U JIp.).

PaccMoTpum  TemoBble TPOIECCHI, TPOTE-
Kalollue B cucTeMe "000J1 IIKMBAa — HaKIaIKH —
OKpYy’Karomas cpema’, 3a BpeMsi, KpaTHOE YE€THIPEM

0bopoTaM IIKUBa
i
w 4

rae N — KOJMYeCTBO 000POTOB IIIKHUBA.
B Teuenun mpomexxyTka BpeMeHH T IIKUB TI0-
Jy4aeT KOJIMYECTBO TEIUIOTHI

Q =20y (7)A4 7.

SIBISETCSA BEITWYHUHON

(11)
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3a 3TOT K€ MPOMEXYTOK BPEMEHH 000 IIKHU-
Ba TEpSET C JOPOKKU TPEHUS 3a CUET KOHBEKTHB-
HOT'O Tery1000MeHa ¢ OKpy’Karoled cpenoil Koiu-
YeCcTBa TEIUIOTHI

Q=a,[f.(07)-tlnA - A, (12)

rae b — remmeparypa MOBEPXHOCTH OeroBoil 1o-
POXKH TpeHHs TOcle YeThIpeX O0OpOTOB IIKHBA
npu TopMokeruu, °C;

A, — wiomane AOPOXKU TpeHHus oboja Top-
Mo3HOro mKuBa A, = 27R)b;

Ry —panuyc 06012 TOPMO3HOTO IIKWBA,

b — mmpuna HakmaaKwy.

CrenoBaTellbHO, CYMMapHOE KOJHYECTBO Te-
IUIOTHI, NOCTYMAaoIIee B 000/ IIKKBA 32 BpeMs T,
BBIPA)KAETCS 3aBUCHMOCTBIO BHIIA

Q={204(r) Ay - a, (1)t (0.7) ~to](nA, - A} %
2mn
X,
w 4
[TogenuB JIEBYIO M MPaBYIO0 YaCTH yPaBHCHUS
(13) ma 27A,/w, monyuuM cpeiHee 3a yeThpe

000poTa IIKMBa 3HAYEHHWE IIOTHOCTH TEIJIOBOTO
MOTOKA, aKKyMYJIMPOBAHHOTO B TeJie 000/a IIKHUBa

ql (T) = ql (T)ks3 - aﬂ (T)[t1(01 T) - tO](l_ k83 )' (14)
rae K, — K03 GUIMEHT B3aMMHOTO MEPEKPHITHS,
K,, =24,/ 4=1I1TR,

| — mHA HAKIAIKW.

M3n0xeHHbI MaTepuan IOJTHOCTBIO OTHO-
CUTCSI K TOPMO3HOM JICHTE NIPH PACCMOTPEHUH Tie-
PBOI1 CTaluu TOPMOXKEHUSI C YIETOM YHciia 000po-
TOB 000/1a INIKWBA, MEPEKPBITOTO PAOOYNMHU TI0-
BEPXHOCTSMH (PHUKIMOHHBIX HakIagaok. Kpome
TOTO, TIOJIMPOBAaHHAS TIOBEPXHOCTh TOPMO3HOU
JICHTBl (BHYTPEHHSISI) OCTACTCS MEPEKPHITON Ha-
PY’KHBIMH TTOBEPXHOCTSMH (PPUKIIMOHHBIX HaKJa-
JIOK, HO TIPH 3TOM B TIPOIIECCax TEII00OMEeHa IpH-
HUMAeT yJacTHe MaTOBas IOBEPXHOCTh TOPMO3HOMH
JICHTHI 32 CUET JTyYEHCITYCKaHUS W MPH MaJON HH-
TEHCUBHOCTH KOHBEKTHUBHOTO TeIIOOOMEHa Wu3-3a
€€ KBa3MCTAaTUIECKOTO COCTOSHUS.

[IpoOmKUTENBHOCTE  AEHCTBUSL  TEILIOBOTO
MOTOKA MPU TOPMOKEHUH JIEHTOYHO-KOJIOJOYHBIM
TOPMO30M XapakTepusupyercs grciaom Oypre [1]

ar
FO = J_ZT' (15)

o
rae a — KO3 QUIMEeHT TEMIIEPATYPOTPOBOTUMO-
CTH MaTepHaja TOPMO3HOrO MIKKUBa, M/c*;

Tr — BpeMsl TOPMOXKEHHS,

O, — TOJIIIIUHA HArpeBaeMOro CJI0s TOPMO3HO-
TO IIKUBA, MM.

[Ipu moncuere umciaa Dypre IS HAKIAAKU
WHOTa PEKOMEH/IYeTCsSI YIYUTHIBATh €€ BIMSHUE Ha
oxJaxJeHne o0ofa IIKWBa MPU IMOMAJaHUHN ee B
30HY BBIIIE JTOMYCTUMOHN TEMIIEPATyphI IJIs €€ Ma-
tepuanoB. OHAKO B JaHHOM CIIydae paccMaTpH-
BaeTCsl SHEPTrOHATPYKEHHOCTh TOBEPXHOCTH (PpH-
KIIMOHHOM HAKJIaJIKW HUXKE JIOMyCTUMOM TeMIiepa-
TYpHI [T €€ MaTepHaoB.

[Tpu manbix yncnax @ypee Fo<0,01Temnoor-
Javya ¢ Hepabodel CTOPOHBI HAKJIAJKUA MpaKTHYeC-
CKH OTCYTCTBYET, © MOXKHO CUHMTATh, YTO HAKIIAJKa
HarpeBaetcs motokamu O(t) u Op(t).

(13)

—
{ 33



TexHika i rexHonorii

Taoauna 1 - 3aBucumocts napamerpa b 0T TOJIMHBI HATPeBaeMbIX 00012 IIKUBA TOPMO3HOI

JIEHTBI
Marepuan ITapametp b mipu riIyOMHE HArpeBaHUs, Op, MM
HarpesaeMoro 3JICMEHTa 10/1,0 20/2,0f 30/3, 50/50 60/6,0 70 80
114,00 28,50 12,66Y 4,56p 3,167 2,327
Cranp
114 2,85 1,27 0,46 0,32 - -
104,00 26,00 11,556 4,16p 2,889 2,122
YyryH
10,4 2,6 1,16 0,416 0,29 - -

B Tabn. 1 mpuBenen mapameTrp b, pacuMTaH-
HBIH 711 QPUKIIMOHHBIX DIIEMEHTOB M3 Pa3IMYHBIX
MaTepuanoB. Ywucino @Dypbe ONpenensuioch 1o
dopmyne Fo=10°b7, rie 7 — Bpems neiicTBUs Terl-
JIOBOTO TTOTOKA (CEKYHI).

PacdeTsl MOKa3pIBAIOT, YTO JUISI PEATHHBIX YyC-
JIOBUH TOPMOKCHHS OypOBOW JieOeHKH 3HAUCHHUE
yucna @ypre He mpeBbimaroT Fo=15. [Ipu sTom
HEOOXOJMMO 3HATh HE TOJIBKO TIIyOWHY HarpeBa-
HHst (0COOEHHO TOPMO3HOTO IIKKMBA), HO M IIPOTPEB
€ro MOBEPXHOCTHBIX CJIOEB, MO3BOJISIONIMX YyCTa-
HaBJIMBaTh, COOTBETCTBEHHO, TEPMOCTAOMIIM3AIIU-
OHHBII W YCTaHOBUBIIHECS PEXKHUMBI IMap TPECHUS
JICHTOYHO-KOJIOAOYHOTO TOPMO3a.

Cormacuo pabor [1-6 u mp.]cocTaBasromuMu
NPOIIECCOB  TEPMOCTAOMIIN3AIHOHHOTO  SIBJICHUSI
000/1a TOPMO3ZHOTO IIKMBA SBJISFOTCSI:

- OTCYTCTBHE KOHJYKTUBHOTO TEIUIOOOMEHA
MeEXJIy 000JIOM IIIKMBA M €Tr0 KPETEKHBIM BBICTY-
o,

- aJCOPOIIMOHHO-IeCOPOIIMOHHBIE B AECTPYK-
[UOHHBIC M3MECHEHUS B IMOBEPXHOCTHBIX M IOJIIO-
BEPXHOCTHBIX CJOSX TOJIMMEPHBIX HAKIIAJOK, KO-
TOpBIE CIIOCOOCTBYIOT MHBEPCUH TEIUIOBBIX IOTO-
KOB OT HUX K paboueii TOBEpXHOCTH 000,12 ITKHUBA.
DTO MPOUCXOAMT TPHU YCIOBHH, YTO JJISI TEPBBIX
TEMIIepaTypHBIN TPAJUEHT CIOsl OOJNbIIe, YeM s
BTOPOTO 3JIEMEHTA; 10 TOJIIWHE TOJTUMEPHOU Ha-
KJIaJKA TEMIIEPATYPHBIH TPAIUCHT SBJIACTCS Ha-
MHOTO OOJIBIIIMM MUWHHMAIBHOTO TPaJHEHTa 10
TonmIHe 000/1a IIKNBA,;

- c1a0bIil TETI000MEH MOBEPXHOCTEH MeTall-
JIOTIOJIMMEPHBIX Tap TPEHHS CO CKOPOCTHBIMHU TO-
KaM{ OMBIBAIOIICH CPEbl B TEYCHUU TEPMOCTAOH-
JM3AIAOHHOTO SIBIICHUS, TO €CTh TEIJIOOOMEH SIKO-
OBl «OCTaHABIMBACTCS».

PaccMoTpuM TEIUIOHATPYKEHHOCTh METaILIO-
MOJIMMEPHBIX TIap TPEHUS TPU TeMIIepaTypax HIDKES
U BBINIC JOITyCTUMOM JJIT MaTepUasIOB (DPUKITUOH-
HOH HAKJIaJIKU.

Jlo Temneparypbl HUXE JOMYCTUMOW JJisg Ma-
TEPHUAJIOB HAKIJIAJOK IMap TPEHHUS TOPMO3a Mpeod-
JaJlaeT, B OCHOBHOM, BBIHY)XJICHHBI KOHBEKTHB-
HBI TEIUIOOOMEH OT MOBEPXHOCTEH MeTajunye-
CKOro (PpUKIMOHHOTO dyeMeHTa. [locie mpeBbl-
HICHUS JONMYCTHMOW TeMIepaTyphl JJsl Marepua-
JIOB HAKJIQJIOK Tap TPEHUsS TOPMO3a yKe Ipeobia-
JaeT JYYUCTBIA TErmooOMeH (MEePeHOC TEIUIOTHI
OCYIIECTBISCTCS JIEKTPOMATHUTHBIMU BOJIHAMH).
B 3T0 Bpems MpOUCXOIUT BHITOPAHUE CBS3YIOIINX
KOMITOHCHTOB M3 TIPUIIOBEPXHOCTHBIX CIIOEB Ha-
KIanok. Mnymas tepMoXuMHUYecKas peakius c
TOYKH 3PCHUS DHEPTCTUKH SBIISICTCS CJIa0OM, Tak
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KaK OHa HOCHUT dHAOTepMHudYeckmii xapakrep. Co-
TJACHO DJIEKTPOHHO-MOHHOW TEOpUH O JIBOMHOM
JNEKTPUYECKOM CJIO€ B 3TO BpeMs (OPMHUPYIOTCS
JIBa IBOMHBIX 3JEeKTpuueckux cios. [lepBoiii — Ha
MOJTUPOBAHHOW  TMOBEPXHOCTH  METAIITUIECKOTO
(DPUKIIMOHHOTO 3JIEMEHTa W PabOYUX IMOBEPXHO-
CTAX HaKJIamoK. BTopoi cioii oxBaTeiBaeT pabo-
YKe TOBEPXHOCTU (DPHUKIIMOHHBIX HAKIAI0K (KOTO-
pBle HE B3aUMOACUCTBYIOT C MOJHMPOBAHHOM ITO-
BEPXHOCTHIO  METAUIMYECKOTO  (PPUKIIOHHOTO
9IIEMEHTa) U HWKHHUH YPOBEHb HMX MOIMOBEPXHO-
CTHOTO cjod. B To ke BpeMs Ha KOHTaKTHBIX TO-
BEPXHOCTSAX IMap TPEHUS MPOUCXOTUT HENPEPHIB-
HOE 00pa3oBaHUE OKECTKUX» U «MSATKHX» OKHC-
HBIX IJICHOK, YaCTHYHO AKPAHHPYEMBIX B3aUMHBIM
MacCOIIEPEHOCOM, U SIBISIONIIMHUCS COEIHHUTENb-
HBIMH MOCTHKaMH TE€PMOJIJIEMEHTOB B MHKPOTEp-
MoOaTapesix. [Ipu 3TOM 3apoXkpaeTcs TEIIOBOE
paBHOBECHE MEXIY METAIHYECKHUM (HPHUKIIMOH-
HBIM DJIEMEHTOM H €r0 KPEIeXHBIM BBICTYIIOM W3-
3a mepepacnpeie’eHus TeIIOThl MeXIy HUMH Ha
OCHOBE TEMITOB HarpeBaHMSI.

Bri0op 00beKTOB HcClEAOBaHMS MeTaInye-
CKUX JJIEMEHTOB TPEHHS JIEHTOYHO-KOJIOJOYHBIX
TOPMO30B OOYCJIOBIICH YCIIOBHSIMU DKCILTyaTalllH,
CTETIEHBI0 MX JMHAMHUYECKOW M TEIJIOBOM Harpy-
JKEHHOCTH U, KaK CIIeZICTBHE, TPaHUIIAMH H3MEHe-
HUS DKCIUTyaTallMOHHBIX MApaMeTPOB TOPMO3a.

[Ipr TOpMOXEHHH MPOMCXOAMT TEHEPHPOBA-
HUE DJJIEKTPUYECKHX TOKOB M AKKyMYyJIHUPOBaHUS
TEIUIOTHl B TTOBEPXHOCTHBIX CIIOSIX padOYmMX JeTa-
neit ppukunoHHoro ysiaa. HamGosblinne u3MeHe-
HUS YKa3aHHBIC TPOIECCHl BBI3BIBAIOT B IIPHUIIO-
BEPXHOCTHBIX CIIOSIX (DPUKIIMOHHBIX HAKJIaJO0K. B
MIpoIecCe IUIACTHYECKON IedopMaIiii B UX Mare-
puanax TMPOUCXOANT W3MEHEHHE CTPYKTyphl U
cBOMCTB. OJHOBPEMEHHO C ATHM HEIMPEPHIBHO W3-
MEHSIOTCS MEXaHWYECKHE W TeMIlepaTypHBIE rpa-
JIUCHTHI B TIOBEPXHOCTHBIX CJIOSIX HAKJIAIOK, ypO-
BEHb KOTOPBIX 3aBUCUT OT PEKMMOB TOPMOXKEHHSI.
Ha puc. 1 a npuBeneHs! 3aKOHOMEPHOCTHA U3MEHE-
HUS TEMIIEPaTyphl Ha Pa3HBIX CTaIUSX HATPEBAHUS
(1. 11, 1) B IpUIOBEPXHOCTHBIX CIOSX (HPUKIIHOH-
HbeIx Hakmagok PK-24A mpu pasnuuHBIX BENUYH-
Hax UX JMHEHMHOro M3HOCAa. YKa3aHHbIC HAKIAIKU
YCTaHOBJIEHbI Ha TOPMO3HOH JIEHTE JEHTOYHO-
KOJIOZIOYHOT'O TOpMo3a OypoBoi nebeaxu Y2-5-5.
[To mepe u3HOca pabounx moBepxHOCTEH HpHUKLIHU-
OHHBIX HAKJIAJIOK YMEHBIIIACTCS TOJIIUHA UX TPH-
MOBEPXHOCTHHIX cj10eB (cM. cTonber 1-3). D10 06-
BACHSETCS TEM, UYTO Ha pabOYMX MOBEPXHOCTSX 32
CYET XUMHKO-(QH3HMYECKHX MPOLECCOB, KOTOPBIMH
COIIPOBOXKAAETCA TPEHHE, 00pa3yroTCs BTOPUYHBIC
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PucyHok 1 —3akoHoMepHOCTH U3MEHEHHS TeMIePATYPbl HA PA3JIMYHBIX CTAAMAX HATPEeBaAHUSA
(I, I, 11l) B MpUMOBEPXHOCTHBIX CJA0AX (PPUKIHOHHBIX HAKIATOK DK-24A (@) npu pazanaHbIX
BEJIMYUHAX WX JIHMHEIHOT0 H3HOCA; 10 TOJIIIHHE 000/1a IIKUBA (6) JIEHTOYHO-KOJIO0YHOT0 TOPMO3a
OypoBoii Jedenkn Y2-5-5
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PucyHok 2 —3aBHCHMOCTH TEMIIEPATYP MOBEPXHOCTH MAPHI TPEHUS U 00012 TOPMO3HOT0 IITKHBA
JIEHTOYHO-KO0JIOIOYHOT0 TOPMO3a OypoBoii Jiedeaku Y2-5-50T BpeMenn

CTPYKTYpHI. BeiencTBue 3TOro mpouCXOIuT 3aKy-
MMOPHUBAHKE TIOP MATEPHAJIOB HAKJIAAKA W CHUXKE-
HUC WHTCHCHUBHOCTH BBITOPAHHS WX CBS3YIOIIUX
KOMIIOHEHTOB W3 MOBEPXHOCTHBIX CIOEB. Temme-
paTypHbIe TPAJAMCHTHI IO TOJIIUHE MPUTIOBEPXHO-
CTHOTO CJIOSI YMCHBIIIAIOTCS M CTAHOBSATCS KBa3W-
MOCTOSHHBIMH TPH U3HOCE (DPUKIIMOHHON HaKJIaI-
KM JI0 JOMyCTHUMOM BenuuuHbl. MccienoBaHus MU
YCTaHOBJICHO, YTO TAKOW € BEIMYMHBI TemIepa-
TYPHOTO TpaJHECHTAa JOCTUTAaeT TOBEPXHOCTHBIMN
CJIOW HaKJAIK{A B TpoIlecce e¢ MPHUPAOOTKH IPH
temmneparype 400C (cromber; 1), korma, B OCHOB-
HOM, 3aBEpIIalOTCsS NEeCTPYKITMOHHBIE IMpeodpa3o-

ISSN 1993-9973 print
ISSN 2415-332X online

Po3Bigka Ta po3po6ka HahTOBUX i ra30BUX POAOBULL

BaHMs B UX MaTepuanax. TedeHue JeCTPYKIHOH-
HBIX TIPOIECCOB MPOHMCXOJUT MHTEHCHBHEE B TIO-
BEPXHOCTHBIX CJIOSIX MaTEpUaIOB JKCILTyaTHpye-
MBIX HaKJIaJ0K, YeM B MaTepHaaX YUCTBIX 00pa3-
II0B, U3TOTOBJICHHBIX U3 CEPUUHBIX HAKIAOK, I10-
CKOJIbKY OHH HaXOJATCS MO/ ICHCTBUEM TETUIOBBIX
MOTOKOB, BOHUKAIOIINX MIPH TPCHUH.

Ha puc. 1 6 npuBeneHbl 3aKOHOMEPHOCTH H3-
MCHEHHMS TeMIIepaTypbl Ha Pa3HBIX CTaUAX Harpe-
Banus (I, Il, ll) mo Tommumue 06oma TOPMO3HOTO
HIKWBA JICHTOYHO-KOJIOJIOYHOTO TOpMO3a OypoBOii
nebenku Y2-5-5.

—
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I'paduueckre 3aKOHOMEPHOCTH HW3MEHEHUS
TeMIIepaTypsl MO TOJNIIMHE TOPMO3HOTO IIKUBA
(puc. 1 6, xpuBble 4-9) Ha pasHBIX CTAJHUAX €rO
HArpeBaHUsl TMOJyYCHHbIE JKCIIEPUMEHTAIBHBIM
ITyTEM TIPH CITyCKE KOJIOHHBI OYPHUIBHBIX TPYO Be-
com 962,23xH na rny6ouny 4108,0m npu ckopo-
cTH ee ABWxeHusA 2,7-8,1m/c, ynenbHBIX Harpys-
kax Bo ¢pukmmonHeix ysnax 0,2-0,95 Mlla u
CKOPOCTH CKOJIRKEHUS MoBepXxHocTel Tpenus 1,3-
4,8 m/c. TemneparypHbie TPAAUEHTHI MO TOJIIINHE
0001a TopMo3HOTro 1KUBa (cM. puc. 16) B HHTEp-
BaJlax ero NOBEPXHOCTHHIX Temneparyp 200-450€C
Ha niepBoii ctaguu (l) cocraBmnmn 40-60T, Ha BTO-
poii (Il) — 20-307T, na tpetseii (111) — 30-50C.

H3MeHeHne BeNMYMH TeMITEpaTypHBIX Tpajiu-
€HTOB TI0 TOJIIUHE 000I0B TOPMO3HBIX MIKHBOB
JEHTOYHO-KOJOJAOYHOTO TOpPMO3a Ha BTOPOH
CTaJWM HATPECBAHUS B MHTEpPBaAjax TEMIEpPaTyp
350-400C cocrasnser, 7,5-12,5C, uto cBune-
TEJILCTBYET O HAIWYHU CTaOWIIN3AIMOHHOTO Tell-
JIOBOTO COCTOSIHHSI UCCIIEAYyEMBIX 000/I0B LIKHUBOB.
Ha 370 ykaspiBaeT Takke Ha M3MCHECHHE HaIpaB-
JICHUSI TEIUIOBOTO TOTOKa ((), 4TO, B CBOIO Oue-
pellb, CBUJIETENLCTBYET O BBICOKOW HWHTCHCHUBHO-
CTH TIPHHYJTUTEIBHOTO OXJaKACHUS pabodei mo-
BEPXHOCTH 000/]a TOPMO3HOTO IIKHBA.

W3 mnpuBeieHHBIX TpagUYeCKUX 3aBUCHMO-
CTell Ha puc. 2 cleayerT:

- TeMmepaTtypa 000ja TOPMO3HOTO IIIKHBa B
untepBajie Bpemenu ot 280 ¢ mo 700 ¢ u3meHu-
nack Bcero npumepHo Ha 40,0 T, ee poct HaOmr0-
naicst oT 280¢ mo 39, a ot 390¢ no 700¢ umeno
MECTO MajZiecHHe TEeMIIEPaTyphI;

- B uaTepBaiie Bpemenu ot 280¢ mo 700¢ mpu
temmeparypax  (310,0-335,0)¢ wnabmomanock
TEPMOCTAOMIN3aIUOHHOE COCTOSIHUE 000Aa TOp-
MO3HOTO IIKHBa [5];

- TeMmeparypa MOBEPXHOCTH Mapbl TPEHUS
BCE BpEMs YBEIMYMBAIACH 32 CUET METAacTaOWIIb-
HOTO COCTOSIHUSI TIOBEPXHOCTEH (PUKIIMOHHBIX
HaKJIaJOK B MPUIOBEPXHOCTHBIX CIIOSX KOTOPBIX
MMETH MECTO SHAOTEPMHUYECKHUE PEAKIIUH.

CHIKEHUE TemIiepaTypsl 000Aa IIKMBA OT
336,0 T mo 290,0 T 3a Bpems ot 390¢ mo 700¢
00BSICHACTCS HAJTHYHEM KUIKUX (pakiuil Ha 1mo-
BEPXHOCTSIX (PPUKIMOHHBIX HAKIaJ0K, 00pa3o-
BaBILIKMXCS B PE3YJIbTaTe BHITOPAHHS CBS3YIOIIUX
KOMITOHEHTOB UX MaTepPHAJIOB.

CrnenoBarellbHO, CHWXXKEHHE OJHEProHarpy-
JKEHHOCTH Tap TPEHHS JIEHTOYHO-KOJIOJOYHOTO
TOPMO3a MO3BOJIUT YJIYYIIUTh UX H3HOCO(PHUKIH-
OHHBIC CBOWCTBA M PadOTATh B PETJIAMEHTHPYEMOM
MHTEpBAJIC yICIbHBIX HArpy30K, JUHAMHYECKUX
KO3 GHUIMEHTOB TPEHHUS, TOPMO3HBIX MOMEHTOB U
MOBEPXHOCTHBIX TEMIIEPaTYpP.

[TpakTHYeckas 3HAYUMOCTh TAPAMETPHYECKO-
ro CHHTe3a (PHUKLUUOHHBIX Y3JIOB JICHTOYHO-
KOJIOZIOYHOT'O TOPMO3a 3aKJII0YaeTCsl B TOM, YTO OH
MO3BOJIIET KOHCTPYKTOPY Ha CTaJAHU MPOCKTHPO-
BaHMs BapbUpPOBATh MX KOHCTPYKTHBHBIMH Mapa-
METpaMH.
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BrIiBOaBI

TakuMm 00pa3oM, B pe3yabTaTe MPOBEICHHBIX
HCCIIeIOBAaHUN TTapaMeTPUICCKUN CHHTE3 (PPUKITH-
OHHBIX Y3JIOB JIOTIOJIHEH MOIIHOCTBIO TPEHHUS Iap
TPEHHUS W TEPMOCTAOWIN3AIMOHHOM COCTOSIHUEM
000/1a TOPMO3HOT'O IIKKBA JICHTOYHO-KOJIOJOYHOTO
TopMo3a OypoBoi nebemku. Kpome Toro, mapa-
METPUYIECKUI CHHTE3 (PPUKITHOHHBIX y3JI0B TOPMO-
3a TO3BOJIIET €r0 CIPOEKTHPOBATH TaKUM o0O0pa-
30M, 4TOOBI H30ekaTh MOMaJaHuo0 000/1a TOPMO3-
HOTO IIKWBAa B 30HY TEPMOCTAOMIM3AI[IOHHOTO
COCTOSIHMSI, U KaK CJCACTBUE, YMEHBIIUTH €ro Mo-
BEPXHOCTHBIE TEMIIEpaTypPHBIE HAMPSHKEHUS.
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