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s oyinku memnié HacpieamHs i 0X0A00X4CeHHs 0000i68 Memanesux QPUKYIUHUX elleMeHmi6 2albMiGHUX
NPUCMPOi6 BUKOPUCAHO MEMOO pe2yasapHo2o pexcumy. TIpointocmposano ocobausocmi usHa4ueHHs Meniogux xa-
PAKMEPUCMUK Memanesux GpUKYIUHUX e1eMeHmi8 2aibMIGHUX npucmpois. Bcmanosnena 001b068a 4acmka KOJICHO-
20 3 6uodie menyiooominy. Haeedeno 3aKkOHOMIPHOCMI 3MIHU memnepamyp no wapax 0600y 2aibMieH020 WKI6Ad 6
yaci. Brazani memnu naepisanus 0600a ma OiuHOI CMIHKU 3AOHIX 2ANbMISHUX OApabaHie asmMOmMpaHCROPMHUX
3acobie. [lpoiniocmposana MoXNCIUsiCmb NOMPANIsHHA 00004 2albMi6HO20 OAPaAdaHa 8 MepMOCMAOINI3AYIUHY 30HY
Ha mpusanuil npomiscox uacy. Kapmuny memnié nHacpieanHs ma oxono0dceHHs 0000i6 mMemanesux Qpukyitinux
eleMEHMIB BAJICIUBO 3HAMU NPU YOOCKOHANEHHI ICHYIOUUX MA KOHCMPYIOBAHHI HOBUX 2ANbMIGHUX NPUCTPOIS, a ma-
KOIC npu OOCTIOJICEHHL PeJICUMI6 eKCnyamayii iXuix nap mepmsi.

KirouoBi crioBa: (ppUKIiHHI €JIEMEHTH, TaIbMIiBHI IPUCTPOI.

st oyenku memnog Hazpesanus 1 OXAaNCOeHUs: 060008 MEMALTULECKUX (DPUKYUOHHBIX INEMEHMOE MOPMO3-
HbIX YCMPOUCME UCHONb308AH MmO pe2yNapHo20 pescuma. [Ipounntocmpuposanst 0co6eHHOCHU onpedenenus.
MENsioBblX XaApaKmepucmux Memauiuieckux QPUKYUOHHBIX INEMEHMO8 MOPMO3HbIX YCMpOUcms. Ycmanosnen
0071801l GKIAO KANCO020 U3 61008 meniooomena. IIpogedenvl 3aKOHOMEPHOCIU USMEHEHUsE MeMNepamyp no Ciosm
0600a MopmMO3HO20 WIKUEA 60 epemenu. Tlokasanvl memnuvl Hazpedanus 0600a u 6OKOBOU CMEHKU 3A0HUX MOPMO3-
HbIX 0apabanoe agmompancnopmusix cpeocms. Ipouniocmpuposana 603MONCHOCTb NONAOAHUSL 0600a MOPMO3-
HO20 6apabana 6 mepmocmabuIU3aYUOHHYIO 30HY HA NPoooIcumensroe epems. Kapmuny memnoe naepesanus u
oxaaxcoenuss 060008 MEeMANIUYECKUX QPUKYUOHHBIX DJICMEHMO8 6AJICHO 3HAMb NPU YCOBEPULCHCMBOSAHUU CYuje-
CMBYIOWUX U KOHCIPYUPOBAHUU HOBbIX THOPMO3ZHBIX YCMPOUCMS, a4 MAKICe NPU UCCICO08AHUL PENCUMOE IKCIILYA-
mayuy ux nap mpexus.

KiroueBrie ciioBa: (hYPUKIHOHHBIE 3]IEMEHTHI, TOPMO3HBIE YCTPOUCTBA.

The method of regular mode for estimation the rates of heating and cooling the rims of metallic friction ele-
ments of brake devices is used. The peculiarities of determining thermal characteristics of metallic friction elements
of brake devices are illustrated. The degree of participation of each type of heat exchange is established. Regulari-
ties of temperature changes on the layers of brake pulley rim in time are given. The rates of heating the rim and
lateral wall of rear brake drums of vehicles are shown. The possibility of getting the brake drum rim info the ther-
mal stability area for a long period of time is depicted. It is important to know the pattern of rates of heating and
cooling in improvement of conventianal brake devices and designing the new ones, as well as in investigating the
mode of operation of their friction pairs.

Keywords: friction elements, brake devices.

Beryn. Kaptrna TemriiB HarpiBaHHS Ta 0XO-
JIOJUKCHHSI 000/11B METaJIeBUX (PHUKIIIHHUX €lIeMe-
HTIiB TaibMIiBHMX TPHCTPOIB BIIirpae BaXIMBY
POJIb TIPH Y/IOCKOHAIIEHH] iICHYIOYMX Ta KOHCTPYIO-
BaHHI HOBHUX Iap TEPT. EHepFOGMHICTI) OCTaHHIX 1
BH3HAYAE PEKUMH EKCILTyaTallii raJlbMiBHUX IPH-
crpoiB. TermoBi 3a7a4i TepTs HA Cy4acHOMY eTarli,
JI0 SKMX BIIHOCSTBCS TEMIIM HarpiBaHHs 1 0XOJI0-
JOKEHHSI 000J1iB MeTajeBUX (PHUKIIHHUX €IeMEH-

TiB (% — 3aJIeKHICTh 3MIHM TEMIIEpaTypH BiJ
T
4yacy T ), BUPINIYIOTbCS JJIsl TPAHUYHUX YMOBaX
JPYroro poay, KON 3aJaHuii TEIIOBHU IOTIK Ha
TpaHMIl KOHTAKTy (poboda MOBEPXHS METalIeBOrO
¢dpuKLiiiHOTO eneMeHTa - poboda moBepxHs QpHK-
HMIHHUX HAKIaJ0K), a IOTIM PO3MOCKIKYETHCSI
BcepenMHy (PUKIIHHUX HAaKIAJo0K 1 oboma mera-
neBoro (pukmiiHoro enementa. [lpu Bimomomy
TEIUTOBH/INICHHI B 30HI KOHTaKTy Tap TEPTS Tralib-
MIBHUX IPHCTPOIB BHHHKAE 3ajiaya MPaBHILHOTO
BHU3HAYEHHS TEMITy HarpiBaHHS 1 OXOJOKCHHS
ixHiX 000#iB. 3HAaHHA OCTAaHHBOTO J03BOJISE BCTa-
HOBHTH METAJIIOEMHICTh ()PUKIIHHOTO eleMeHTa i

BHU3HAYHMTH BIUIMBU HOT0 O14HOI CTIHKM ((iaHIis)
Ha TEIUIOHABAaHTAKEHICTh 0007a.

MeTto10 po6OTH € OIliHKAa TEMITiB HAarpiBaHHS
OXOJIO/KCHHSI METAJICBUX (PPUKIIIHUX €IIEMEHTIB
(o0omiB MmIKIBIB OypoBHX J1e0i0K Ta OOOMIB Talib-
MiBHUX OapabaHiB aBTOTPAHCIIOPTHHX 3ac00iB) B
Jiara3zoHi TeMIlepaTyp HUXKYe Ta BHINE JOMYCTH-
Moi TeMIiepaTypH it MatepianiB QpuKIiiHOl Ha-
KJIaJKH.

Buxonsun 3 MeTu poOOTH, 3aBIaHHIMH J10-
CIIKeHb €:

— KUIbKICHE BU3HAYEHHS CKJIAJIOBHUX TEILIOBO-
ro OanaHcy MeraneBuX (GPHUKIIHHUX eJIeMEHTIB;

— aHANITUYHUI OIUC TEMIIiB HarpiBaHHS Ta
OXOJIO/KEHHST MEeTaJIeBUX (PHUKIIHHIX €IIEMEHTIB;

— BCTaHOBJICHHSI 3aKOHOMIPHOCTEH 3MiHH Te-
MITIIB HarpiBaHHS Ta OXOJIO/KEHHS METaJICBHX
(GpUKIIHHIX eTeMEHTIB.

Cran mnpobiemn. IcHyOUi METOIM OIIIHKH
TEMIIIB HarpiBaHHS 1 OXOJIOKEHHS 000/1iB rajabMi-
BHUX 0OapabaHiB aBTOTPAHCIIOPTHHX 3aco0iB, BU-
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KiajeHi, B poborax [1-4], MaroTh HU3KY iCTOTHHX
HEJIONIKIB, JIO SKUX CITi/l BiIHECTH:

— Y Jliana3soHi TemIeparyp, BUIIMX JOIYCTH-
Moi Ut MaTepianiB QpUKIIHHOT HaKIAIKH, HE0O-
XiTHO BPaxOBYBAaTH BILUIMB 0araToaTOMHOI Ta30BOi
CyMIillli, 1[0 BHIUIETHCS 3 MPHUIIOBEPXHEBOTO IIa-
Py QpUKIIHHAX HAKIAJO0K KOJIOJOK Ta BIUTMBAE HA
TEIJIOBUI CTaH poO0Y0i MOBEpPXHi 000/1a OapabaHa;

— BpaxyBaHHS 3aMiCTh KOE(Iilli€HTIB TerJIo-
BiJIavi BiJi BHYTPIIIHBOI i 30BHINIHBOIT TOBEPXOHD
oboma ranpMmiBHOrO OapabaHa KoedillieHTIB Terr-
jonepenavi Bij 0araToaTOMHOI Tra3oBOi CyMili,
[0 OMHBAE POOOUY MOBEPXHIO 000/1a TaIbMIBHOIO
OapabaHa;

— pO3ryIiA ranbMiBHOro Gapabana s Bysia,
CKJIQ[ICHOr0 3 LMIIHAPUYHKX KiNEUb PI3HOTO me-
pepisy, 10 1ae 3MOry BpaxyBaTH HOro miakpin-
JIOIoYe Kublle, 0011 1 OiYHy CTIHKY 3 pI3HUM Tep-
MIYHUM OTIOPOM;

— 00JIIK BIUIMBY TEIIOHABAHTAKEHOCTI OI4HOT
cTiHkM OapabaHa Ha TEIJIOBUH cTaH oro 000/a;

— BU3HAYCHHS MacH TajibMIBHOro OapabaHa,
CKJIaZICHOr0 3 LMIIHAPHYHKUX KUICLb, 3 ypaxyBaH-
HSIM JIOYCTMMO] BETMYMHH TEMITY HOro HarpiBaHHs.

AHaJoriuHi HeJOMIKH MPH OLIHII TEMIIB Ha-
IpiBaHHS Ta OXOJIOJKEHHs BJIACTHBI 1 0001aM ra-
JIbMIBHUX IIKIBIB OYpOBHUX JICO1I0K.

Oco0anBoCTi BU3HAYEeHHS TeMJIOBUX Xapa-
KTEPUCTHK MeTajleBUX QPUKIiliHUX eleMeHTIB
rajbMiBHUX NpHUCTPOiB. Meroau HarpiBaHHS i
OXOJIO/KCHHSI TalbMIBHUX OapabaHiB aBTOTpaHC-
MOPTHOTO 3ac00y TPH OIIiHIII iX TerIoBoro OanaH-
Cy NOJIATA€ y BU3HAYEHH] BTPAT TEIUIOTH BiJl MOBe-
PXOHb TaJIbMIBHOTO GapaGaHa pamialiiHIM TerI0-
OOMIHOM, IPUPO/HOIO i BUMYLICHOK KOHBEKLIEHO,
a TaKOX IUITXOM Tepefadi TEMmIOTH TeIIoNpOBiJI-
HICTIO (KOHJYKTUBHUM TEIIOOOMIHOM) BiJ JiNIsTH-
Kd (aHIs raibMiBHOTO OapabaHa, 0 B3aEMOJIIE 3
(braHIIeM CTYIHII 33IHHOTO MOCTa aBTOTPAHCIIOP-
THOTO 3ac00Y.

Meroau HarpiBaHHs 1 OXOJIOJKCHHS TaJIbMIiB-
HUX OapabaHIB 33IHHOTO MOCTa (K HAKOLIBII Te-
IUIOHABAHTAXKCHHUX) aBTOTPAHCIIOPTHOTO  3aC00y
3[IACHIOETHCS B JTAOOPATOPHUX 1 EKCIUTyaTallinHIX
ymoBax y votupu eranu. Ha nepmomy erami npo-
BOIMTBCs HAarpiBaHHs TEIUIOi301b0BAHOIO Bifl 110-
BKUUIS 1 HE TEIMJI0I30JIbOBAHOTO TallbMiBHHX Oapa-
0aHiB. Pi3HUII MK KUTBKOCTSIMA BUMIPSIHOT B HUX
TEIUIOTH CKJIaJae ii BTpaTy Ha pajialliiHui 1 mpu-
POIHUI KOHBEKTHMBHHH TEIJIOOOMIH y JIOBKIIAL
Ha npyromy erami BU3HA4alOThCSI BTPATH TEIIOTH
pajialiifHiM 1 TPUPOTHUM KOHBEKTHBHUM TEILIO-
OOMIHOM BiJi TIOBEPXOHb HATPITOro IMEpIIOro ra-
apMiBHOrO OapabaHa. Ha TperhboMy erami B eKkc-
TUTyaTalifHuX yMOBaxX BU3HAYAIOTh BTPATH TEILIO-
TH KOHIYKTHBHHMM TEILJIOOOMIHOM BiJl YacTHH I10-
BepXOHb (raHIliB ranpMiBHUX OapabaHIB mpH iX
B3a€MOJIIT 3 TTOBEPXHAMH MaTOUYMHH 3aIHHOT'O MOC-
Ta aBTOTpaHCIOPTHOro 3aco0y. Ha wyerBeproMy
erarni BU3HAYAIOTHCS BTPATH TEIIOTH pajialliiiHIM
1 BUMYIIEHUM KOHBEKTUBHUM TEIUIOOOMIHOM BiJ
MOBEPXOHb HATPITUX TaJbMIBHUX OapabaHIiB 3al-
HBOT'O MOCTa MiJi Yac PyXy aBTOTPAHCIIOPTHOTO
3aco0y.

HarpiBanHs ranbMmiBHOro OapabaHa Ha mep-
IMIUX JIBOX €Tamnax TMPOBOAUTHCS EIEKTPHUYHUM
MPUCTPOEM, KUl JTO3BOJISIE BU3HAYUTH 32 (popMy-
noto Q=U*I*7 (me U, I nanpyra i cuna crpymy;
T —4ac poOOTH) KUIBKICTh TerioTd. Temmeparyp-
HUM METOZIOM 3a BHUMIPSHUMH TeMIIepaTypamMmu
HarpiBaHHS 1 OXOJIOJDKEHHS TIOBEpXOHb 0007a Ta-
JTBMIBHOTO OapabaHa BU3HAYAIOTH YaCTKY TEIIOTH,
0 MpHIaJae Ha Pi3Hi BUIU TerioooMiny. [Ticis
IIbOr0 BHU3HAYAIOTh KOS(IIIEHTH TEIUIOBIIaul Bif
MOBEPXOHb 000/1a ranbMiBHOTO Oapabana. OcraHHi
BHKOPHCTOBYIOTBCS JJIs1 BU3HAUYCHHS KOS(IIIEHTIB
Teruronepeaayi B TEIUIOBiH Mogeni (QppuKIiifHOro
By3ia raimpMma (puc. 1, a), a moTiM Koe]illieHTIB
PO3MOMALTY TEIIOTH MK eleMEHTaMH map TepTs
ranpMiBHEX TpUCTpoiB [5]. Temmonepenayua yepes
eIEMEHTH Tap TepTs 0apabaHHO-KOJIOIKOBOI'O ra-
npMa aBToTpancroptHoro 3aco0y 31JI-130 (a) i
TEIJIOB1 mpollecH B Horo O6apabani (6) 300pakeHi
Ha puc. 1.
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1 - eanvmienuii bapaban; 2, 3, 4 - 06i0, wo mae
niokpinnoue Kinvye i 6iuna cminka bapabana,
5 - ppuxyitina naxnaoka; 6 - 2arbMiBHA KONOOKA,
7, 8, 9 - kpuei 3miHu memnepamypu no mosuuHi
HAKIaoKu, 0600a i 6 NOGIMpI, Wo OMUBAE TO20
308HIUHIO NOBEPXHIO

Pucynok 1 — Tenyionepenaua yepes el1eMeHTH
nap tepts 6apadaHHO-K0JI0IKOBOI0 rajibmMa
aBTOTpaHcnopTHoro 3acody 31JI-130 (a)

i TenJioBi npouecu B iioro 6apadani (0)

Pe3ynbTaTi po3paxyHKIB TEIIOBOTO OalaHCy
¢pukniiHIX ~ By3NmiB  0apabaHHO-KONOAKOBUX
rajipM TpaHcrnoptHoro 3aco0y 31J1-130 mpu poboTi
MaTepiaiB HaKJaJOK Y 30HaX HWXKYe (B YUCENb-
HUKY) Ta BHILE (B 3HAMEHHHKY) JOMYCTUMOI TeM-
nepaTypy HaBezeHi B Tabn. 1. 3 aHamizy orpuma-
HMX BIZICOTKOBHX 3HA4€Hb KIIHLKOCTI TEIIOTH, SIKa
BHUTPAYAEThCS Ta TEIJIOOOMIHHI MPOIECH B Tralib-
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Tab6auusa 1 — TensoBuii 6ananc GppuKNiiiHUX By3/1iB 0apadaHHO-KOJI0AKOBHX raIbM
npu podoTi MaTepiajiiB HAKJIAIOK Y 30HAX HUKYeE (B YHCEJIBLHUKY) TA BUlIle (B 3HAMEHHHUKY)
AOMYCTHMOI TeMIepaTypu

o TeroBUIIJIEHHS B €JIEMEHTH KonBekuis Bix )
rai;ﬁggé;fgﬁ?m GbpUKLiiHEX BY3TiB, % MOBEPXOHB, % Bunpominto-
6apabaHHO-KOJIOJIKOBOT'O raJbMIiBHHH . lzﬁéHifé;éﬂ(gt))-
rajbMa aBTOTPaHCIOPTHOIO Oapaban (A) (bpukuinHi BHM(Y:)IeHa HipupoaHa p o, ’
K
3aco0y 31JI-130 oGin | dnanens HaKJIaKKn
Hosrorpusamuii (II:)
L. 25,0 23,0 3,0 39,0 12,0 10,0
B kiHIi 720 ¢
25,0 19,0 5,5 35,0 12,5 25,0
MPOTATOM 720 ¢ 50,0 21,0 4,0 20,0 16,0 5,0
(cymapHe) 40,0 17,5 7,0 25,5 18,0 10,0

MiBHOMY OapabaHi Ta y (QpPUKIIHHMX HaKIaJKaXx,
BUJTHO:

— TEIUIOBUAUICHHS B 0011 Ta (IaHelb rajibMi-
BHOro OapabaHa Maibke He 3MIHIOETBCS B KIHII
720c, Tinbku npotsiroM 720c B 0001 3MEHITYETHCS
3 500 no 40,0%, a B ¢uanmi — 3 21,0 no 17,5%
npu p060T1 MaTepialliB HaKJIaJIOK B 30H1 BHILE J10-
MyCTHMO] TeMIepaTypu (Ginbiue 250°C) BHacHinoK
TOrO, 1O 3AIHCHIOETHCS HBEPCis TEIVIOBUX MOTO-
KIB BiJ MOJIpOBaHOI MOBEpXHI 00oma OapabaHa B
MPHUITOBEPXHEBI Mapu PPUKIIHHUX HAKIAJOK, 110 1
MPU3BOAUTL 110 30UIBIICHHS KIJIBKOCTI TEILIOTH,
SIKa B HUX aKyMYJIOETbCS

— BHUMYIIICHA KOHBEKIIiS BiJl TOBEPXOHb Iallb-
MiBHOTO OapabaHa IpH JBOX PeKHMax HOro Harpi-
BaHHS CYTTEBO HE 3POCTA€, LIO HE CKAKEMO IIPO
BUIIPOMIHIOBAHHS, K€ VIS NIEPLIOTO PEXUMY 30i-
JIBIIMIIOCA B 2,5 pasu, a Uist Ipyroro — yaAsidi;

— HPHUPOJHA KOHBEKILs BIJ IIOBEPXOHB Iallb-
MiBHOro 6apabaHa IIpi JIBOX PeKUMax HOro Harpi-
BaHHS CYTTEBO HE 30LIBLIYETHCA, TaK SIK B LEH Yac
TPAHCIOPTHHUI 3aci0 HE PyXaeThCs, 1 Mapu TepPTs
nepedyBatoTh y pO3IMKHYTOMY craHi. Tomy mpu-
pOZHA KOHBEKIIiSl 1 He BBIHMIIUIA J0 3arajlbHOTO Te-
IJI0BOro OanaHcy (ppuKIiHOrO By3ia.

Oco0arBO BaXKITUBUM € BU3HAYCHHS TeMIIepa-
Typ y mapax o6oJia TalbMIBHOTO IIKiBa METOJIOM
E. IlImigra.

BpaxoByrouu Te, 1m0 peKHM OIyCKaHHS Oy-
PWILHOI KOJOHHM CKJIAJa€ThCsl 3 JBOX TMEPiOJiB.
ToGto: po3riH — BilbHE OIyCKaHHs OypUIBHOI CBi-
UKW ICNIs BIABE/IICHHS TaJlbMIBHOI CTPIYKM 3 Ha-
KIAKaMy 1 TalbMyBaHHs — 3yIHMHKH, Tio 00oza
raJbMIBHOTO IIIKiBa IIJUISATA€E MEPIOTUIHOMY IIHK-
JYHOMY HArpiBaHHIO Ta BUMYIIEHOMY a00 MPHUPO-
JHOMY OXOJojpKeHHI0. KpiM Toro, wac oxolio-
JDKEHHS1 000/a IIKiBa ICIsA ONMyCKaHHS KOXXHOT
CBIUKM (IiOM HEHaBaHTaXXCHOI'O ejleBaTopa, 3a-
XOIUICHHSI Ta 3arBUHYYBaHHS 4YepProBOi CBIYKH)
cxiagae npubmusHo 120-200 c. Yac HarpiBaHHS
000712 MKiBa MPUHHATO PIBHUM Yacy TajJbMyBaHHS
B TIpOIIeCi ONyCKaHHS PO3TIISIYBAHOI CBIYKH CKJIla-
naB ycepenabomy 9,0-10,4 c. Tomy mepen omyc-
KaHHSIM 4eproBol CBIYKH TUIO 000J]a MIKiBa Malo
BHU3HAYEHY 3aJIMIIKOBY TEMIEpaTypy, BETHYHUHH
KOTpOi, SK TIOKa3alli Pe3yNbTaTH Oe3NepepBHOrO
3aMipy, KolmBajiacs Ha poOodiil moBepxHi 00072

LIKiBa Bill 170°C 110 760°C, a Ha 1oro HepoOOUiit
MMOBEPXHI — BiJl 100°C no 140 C.

3 Tabn. 2 BMAHO, WO TEMIEpaTypa BHYTPi-
LWHBOI NOBEPXHI 0001a ranbMiBHOTO HIKlBa npu
OITyCKaHHI JTaHOi CBIUKH jiocsirasa 137° C, mo y3-
TO/DKYETHCSL 3 OTPUMAHMMH PAHIlle eKCTIepPHMEH-
TAIbHUMH JaHUMH. B mporeci ranbMyBaHHs MaK-
CHMaJIbHOMY HArpiBaHHIO IIi1aBaBCs TOBEPXHE-
BUii pobounii map oGoma mikiBa (760° C); mpu
OMY TEMIIepaTypa CepeiHixX IapiB mo ioro To-
BIIMHI Oyna B nekinbka (B 3,36) pasiB HIDKYOKO
TEeMIIepaTypH IOBEPXHEBOr'0 POOOUOro miapy, a
TEMII HarpiBaHHs 10 TOBIIMHI 000/ IIKiBa Bi0Y-
Ba€ThCS MCHII IHTEHCHBHO, HIK HArpiBaHHS HOTO
MOBEPXHEBOro miapy. TakuMm YMHOM, JUIS TTOKpa-
LIEHHs yMOB POOOTH Ta MiABMIIEHHS Ipane3iat-
HOCTI raJIbMIBHHX HIKIBIB OypOBHX JIe01IOK HEO0O-
XiTHO, B TIEpINy 4Yepry, IMOKPalIUTH TEIUIOBiIBe-
JICHHSI 3 MIOBEPXHEBOr0 poOoYoro mapy oboja ra-
npMiBHOTO miKiBa. Kpim Toro, HeBHCOKMH Teruio-
BUH cTaH mapy HepoOodoi moBepxHi 000712 IIKiBa
YMOXKJIMBIIIOE HOTO BHKOPUCTAHHSI SK SKOPS ISt
JIOTIOMDKHOTO iHAYKTOPHOTO TallbMa.

Jlnist BU3HAUCHHST TEPMIYHOTO OIOPY TaibMiB-
Horo OapabaHa CIOYaTKy BH3HAYAIOTH TEPMIivHI
OITOpH HOro eneMeHTiB. Tak, TepMiuHuUE omip 000-
Jla TanbMiBHOro OapabaHa 3HaxXoAATh 3a (opMy-
JI010

L
2 2N °
An(n”—n")
ne: L, - noxwuHa obona; 7,7, - pajuiycH 30BHi-
IIHBOT 1 BHYTPIIHBOT TOBEPXOHb 000/a OapabaHa;
A - KoedillieHT TEIIONPOBITHOCTI MaTepiary
oboja OapabaHa.
Tepmiunmii onip GiuHOT cTiHKK (dmaHIs) Ta-
JILMIBHOTO OapabaHa BU3HAYAETHCA 3a (HOPMYJIO0
- Inr,/r, ’ )
2A7nL,
ne: L, - ToBumHa G6idHOI cTiHKHM GapabaHa; 7, W1y
BEPXHIH 1 HUXKHIM paiyCH IHITIHIPUYIHOTO KUIBIL,
SIKUM € OlYHa CTIHKa GapaGaHa

CymapHHi TepMIYHUH omip raibMiBHOTO Oa-
pabana piBHHI

R, = (1

—
4 )
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Tabaunusa 2 — Be1uunHu 3MiHM TeMIepaTyp o mapax 0001y raibMiBHOro mKiBa B yaci

Yac. ¢ TosmmHa mapy 0601y (B MM) Ta #oro Temmepatypi 'C
’ 0,7 1 1,5 2,25 | 3,375 5 7,6 11,4 17,1 25,6 | 384
0,001 170 168 167 164 161 157 151 145 133 117 98
0,003 | 200 199 197 194 189 182 171 164 151 133 111
0,007 | 240 238 235 230 224 216 203 190 168 149 125
0,02 300 295 289 280 267 253 233 218 192 160 134
0,04 380 370 355 338 316 288 259 237 201 167 140
0,07 450 432 407 378 347 311 269 246 209 174 145
0,2 530 497 454 411 367 329 283 253 214 178 138
0,4 625 567 500 438 386 338 291 260 220 183 141
0,92 645 569 502 439 387 338 291 260 220 183 141
2,05 725 616 533 460 398 342 295 264 224 186 144
4,64 760 635 535 463 401 345 298 266 226 188 145
10,4 520 488 451 408 363 326 281 251 213 177 137
YR=R +R, 3a wac AT =7,—7' BHYTpIlIHA MOBEPXHI

Hactynmaum eranmom po3paxyHKiB € BH3Ha-
YEeHHS Bard rajbMiBHOro Oapa0aHa, 110 BKIIFOYAE

Bary oboza (G]) 1 6iuHOI CTIHKH (Gz)

G. =G, +G, =V[L(r? -7 )+ L, -2 )|G. 3)
ne: V - nuromuit 00’eM Matepiaiy; g - MPUCKO-
PEHHS BUIBHOTO TIaJIIHHSI TiJa.

Meroau HarpiBaHHS Ta OXOJOKECHHS TaJIbMi-
BHUX IIIKIBIB MPOUTIOCTPOBaHi B poOoTi [6], a BU-
3HAYCHHS! TEPMIYHOTO OMOPY IXHIX €JIEMEHTIB Ha-
BEJICHO B podoTi [7].

Ha migcraBi BHUIIEBUKIIAICHOIO MEPEXOAUMO
70 MaTeMaTHYHOTO ONKCY TEMIIB HarpiBaHHA i

OXOJIO/DKEHHST 000/iB  MeTajeBuX (PpUKIIHHUX
eJICMEHTIB.

MarteMaTHYHU onyc TeMIiB HArpPiBaHHA i
OX0/IOKYBaHHsI 000iB MeTaleBHX (PHKIiii-
HHUX eJeMeHTIB. PO3IIsHeMO CyTh pErylispHOro
PEXUMY HArpiBaHHS 1 OXOJIOJDKEHHS TallbMIBHOTO
OapabaHa, 10 BigOYyBalOThCSA 332 EKCIIOHCHINAJIb-
HOIO 3QJCXKHICTIO, MNpPH CTajid TeMmepaTypi
JOBKIJIIIS.

[Tpunycrumo, o 10 MOMEHTY Yacy 7, SKUH

GepeTbesl 3a IOYATOK BiUIIKY, Mae Micue MiHi-
MaJIbHUM ITO3UTHBHUI HaHlp MK BHyTleIHLOIO i
30BHIIIHBOIO TIOBEPXHSIMU TajbMIBHOTO OapabaHa
(AT >0), ToOTO BHYTpIIIHS TOBEpXHA 00012
Oapabana Mae  HUIMIIKOBY  TEMIIEPATYPY

AT, .. =1, =T, BinnocHo Temnepatypu 7, HaBaH-
Ta)XeHO1 OBEPXHi 000/1a rabMiBHOTO OapabaHa.
[Ticns 3aKiHYEHHS Yacy ‘L']' , HEOOX1IHOTrO s
HACTaHHS PETYJISPHOTO PEKUMY, PI3HHUIIS TEMIIe-
paryp AT, ., =T'—T, =AT' noune 3miHtoBaty-

csl B yaci 3a 3aKOHOM
T'(¢)=AT'e" 4)
9
Jle: e - OCHOBa HaTypallbHOro Jiorapupma, m -
Koe(ilieHT, SIKUii € QYHKIIEI0 TTOBHOI TEIIOEMHO-

cri, KoedimieHta Teronepenadi i popmu podowoi
noBepxHi 06o/1a ranbpMiBHOTO Oapabana.

o0ona rajapbMiBHOIO OapabaHa OXONOAMTHCS Oara-
TOATOMHOIO Ta30BOIO CYMIIIIIIIIO, 1[0 OMUBAE MapH
TepTs 6apabaHHO-KOIOAKOBOTO TaibMa, J0 TeMIle-

patypu 1|1 BTpaTUTh KUIBKICTh TEIJIOTH
AQ=C - (T -1)=C,-T,,

ne C,, - TEIIOEMHICTh MaTepially 060/1a TraabMiB-
HOro OapabaHa.

SIKImo HeXTyBaTH TEIJIOEMHICTIO OaraToaTo-
MHOI Ta30BO1 CyMIIlli, TO KUTBKICTh TEIIOTH Q(‘L’),
110 MEPEAETHCS Yepe3 3a30p MK mapamu TepTs, Yy
MOMEHT 4acy T 3a 3akoHoM Dyp'e cknazie

27l
O(r)= 2, —=—AT(r). (5)
In

ne: A, - xoedillieHT TEIIONPOBIIHOCTI mIapy Ta-
30BOi cyMmilri; / - mmprHA 0002 TaIbMiBHOTO Oa-
pabana; 7,7, - pajiycu pobouoi mosepxHi: oboaa
raJbMiBHOTO OapabaHa 1 (PPUKIIMHUX HaKJIaJI0K
raJIbMIBHOI KOJIOIKH.

Tomy kinbkicts Temiotu (, sike Mpoiije de-

pe3 map ra3oBOro cepeloBHINA BiJl MIPUITOBEPXHE-
BOro mapy (pUKIIHHAX HAKIAJOK 338 MPOMIXKOK

1/ rH

wacy At =71, —7', Oyne piBHa
27l =
)= ———AT7,
o(r)=2, —m
ne
= 17 , AT —=A, AT
AT =— |AT'e™" " dr = L=—L (6)

AT : mAT mAT

9
—mA .
AT, =ATe™ =T,-T,i AT, =T, -T,.
Temn 0X0n0MKEHHS (m) pobo4oi TOBEpxHi
o0ona rajabMiBHOIO OapabaHa BH3HAYAETHCSA 3a

pe3yapTaTaMu OesmocepeHix BHUMIpiB
AT,AT,,At:
InAT'-1InAT,
= o (7
At
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HagrorasonpoMucioBe o6yanHaHHS

Bupasz (7) moxe Oyrd BUKOpHCTaHMH [Jid
OLIIHKM TEMILy HATpiBaHHs pob0o40i MoBepxHi 060~
Jia TallbMiBHOrO GapabaHa, JIMIIE B [IbOMY BUIIAJKY
norapuMivHa pI3HULA CKIAJaTUME TEIUIOBHH
CTaH HANPUKIHII MPOLECY raabMyBaHHs, BiIHECe-
HUH 10 IPOMDKKY Yacy HarpiBaHHs.

Sx mnpuknam po3riaAHEMO 3aKOHOMIpHOCTI
3MIiHM TEMITiB HarpiBaHHs 00o/a 1 1 619HOT CTiHKH 2
3aJHIX TrajdbMiBHUIA OapabaHiB MMpH MONEPETHHOMY
BurpoOyBanHi tuna Il rambM aBTOTPaHCIIOPTHOTO
3aco0y 3UJI-130, a Takox iX 3miHy nmpu BUMyLIe-
HOMY OXONO/KyBaHHI TpuBaiicTio 480 ¢ (puc. 2).
Pizka 3miHa TemmiB HarpiBaHHs oboma i OiuHOL
CTIHKM TaJbMIBHOrO OapabaHa MPOCTESKYETHCS B
nepediry mepumoi MoJIOBHHHU IMOMEPEAHBOTO eTamy
ranpMyBaHHs, ToOTO 10 360 c. [lpu oMy Tem
HarpiBaHHs 000/a 3MCHIIUTHLCS B 2,2 pa3u, a TeMIl
HarpiBaHHsl OIYHOI CTIHKH TalbMIBHOTO OapabaHa
30imemmThCs B 1,75 pasu. lle Bkaszye Ha meperi-
KaHHs TEIIOTH 3 06oxa B GiuHy CTiHKY Oapabana
TIpH JEAKiH BTPATI TEIUIOTH B HABKOIMIIHE MOBITPS
pajianiifHiM 1 BUMYIIEHUM KOHBEKTUBHUM TEIUIO-
oominoM. Ctabimizailis TeMITiB HarpiBaHHs 000aa i
OIYHOI CTIHKH rajbMIBHOTO OapabaHa MPOCITIIKY-
€TBCSL JI0 3aBEPILCHHS TOMEPETHHOrO €TaIy Tajlb-
MYBaHHSI.
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-0,3 (/ 1
-0,4
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0 120 240 360 480 600 720 840 960 1080 1200 T,c

Pucynok 2 — Temnu HarpiBanns odoaa 1 i
OiuHOI CTIHKH 2 3aAHLOI0 TAJILMIBHOT'O
O0apabany aBTOTpaHncnopTHoro 3acody 31JI-130
B nepediry BunpodyBanb tuna Il Ta npu
BUMYIIEHOMY 0X0JIOKYBaHHi TpuBaiicTio 480c

[Ticnst 3aBepIIeHHs MOMEPEAHBOrO eTaIy BU-
npoOyBanb Tuiy Il BUIHO, IO TEMIT BUMYIIEHOTO
OXOJIOJDKCHHS OIYHOT CTIHKM OapabaHa pi3Ko 3Me-
Huryethbes, ane 10 1000 ¢ 30epirae mie 3HaK “+”.
e mosicuroeTbes TuM, 10 Bim 720 ¢ go 1000 ¢
61‘IHa CT]HKa aKyMyn}oe TeHHOTy, 110 NpU3BOANUTH
710 BUPIBHIOBAHHS 1i CEpeHbOT TeMIIEpaTypH 3 Te-
MIepaTyporo 0bona Oapadana. OcTaHHS 00CTaBH-
Ha 1 MOXXE MPHU3BECTH 10 TEPMOCTaOLI3aLiiHOrO
TEIUIOBOIO CTaHy 000za ranbMiBHOro Gapabana Ha
TPUBAJIUIA IPOMDKOK Yacy.

BuchoBku. Takum 4YMHOM, 3ampoIOHOBaHi
METO/M OLIHKH TEIUIOBMX BTPAaT y JOBKULIA Bil
rajpbMiBHOro Gapabana i TeMmIliB HarpiBaHHs i BH-
MYIIEHOT'0 OXOJIOKYBaHHS Horo o6oma i OiuHOI
CTIHKA Ha TMONEPEeAHbOMY eTalli BHIIPOOYBaHHS
rajJjbM aBTOTPAHCIOPTHOro 3aco0y. [IpoimtocTpo-
BaHa MOXIMBICTh MOTPAIUISHHS 000/1a rajabMiBHO-
ro Oapabana B TepMocTalOiLTi3alliifHy 30HY Ha TpU-
BaJIMi IPOMDKOK 4Yacy.
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