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['ocynapcTBeHHBIE CTaHIAPTHI MPEAyCMaTPUBAIOT OMpEAEICHUE TEPMOOKHCIUTEIbHON
CTaOMJIBHOCTH CMAa304YHBIX MaTepHaioB Kak 0e3 KaTalm3aTopoB, TAK U C HUMH, IIPH ITOM ITOKa-
3aTeNIIMH TEPMOOKHCIUTEILHOW CTa0OMIBHOCTH MPEIOKEHbI: N3MEHEHUS BSA3KOCTH, OTJIOKEHUS
Ha MOpIIHE, KUCIOTHOE YUCII0, KOJTUYECTBO OCAJKa, JIETY4YeCTh, YHCIO OMBUICHUS, COACPKAHIE
CMOJI, KOKCYEMOCTb, CO/IEp’)KaHUE HEPACTBOPUMBIX IPUMECEH, yAETbHOE JIEKTPUUYECKOE COIIp O-
TuBJIEHU. [Ipn 3TOM TemmepaTypHbIi MHTEpBaN UcnbITaHui coctaBisgeT oT 200 o 400 °C. Ile-
JIBI0 HACTOSIIM X UCCIIEAOBAHUN SBISIOTCS anpoOaius GoTOMETPUYECKOTO METOa OINpeAeeHus
M3MEHEHHUH B CMa30YHBIX MaTepuaiax, Mpu UX TEPMOCTATUPOBAHUH U OIICHKU BIIMSHUSI TTPOTYK-
TOB OKHUCJIEHUS Ha TPOTUBOU3HOCHBIE CBOICTBA.

Meronuka McciaeqoBaHMs MpeaycMaTpuBaia MpUMEHEHHUe: mpubopa Uis OmpeneaeHus
TEPMOOKUCIUTEIFHON CTaOMIBHOCTH; (POTOMETpA; MAIOOOBEMHOTO BHCKO3UMETPA; TPEXIApH-
KOBOW MaIlMHBI TPEHUS W 3JEKTPOHHBIX BecoB. [Ipoba Macna mcmbIThIBaIach B JBa 3Tana. Ha
nepBoM stare npoda macia maccoit 100+0, I TepmocTaTipoBanack B mpudope [Uis onpeesieHus
TEPMOOKHUCIUTENbHON cTabumbHOCTH Tipu TemmepaType 180 °C ¢ mepeMenmBaHUEM C MTOCTOSH-
HOI yacTtoToi BpameHust Mmemwanku (300 06/mMuHn) npu armochepHoM aasyieHuu. [locie kaxapIx
8-1 YacoB HcCHbITaHUA MTpoOa B3BEUIMBAIACH JJIS OMPEICTICHHS MAacChl MCIIapUBINETOCS Macia,
3aTeM OTOMpPAUCh MPOOBI AJIS ONpeeNieHUs BA3KOCTH (OTOMETPUPOBAIUCH ISl ONpEAeIeHUs
K0d pHITEHTa TOTIIOMEHUS CBETOBOTO MOTOKAa. VCTIBITaHUS MpPEKpalaiuch M0 JOCTHKEHUIO
k03 (hpUIIFEeHTa TTOTJIOIEHHS CBETOBOTO MoToKa 3HaueHui 07-08 en. niu u3MEeHEHHIO BS3KOCTH
Ha 30%.

Ha BTOpOM 3Tame TeXHOJIOTUS TEPMOCTAaTUPOBAHUS aHAJIOTUYHA, HO MPU 3TOM OTOMpa-
Jach JOMOJIHUTENbHAsA Ipoba okucieHHoro Macia (20r) i UCbITaHUs Ha MallMHE TPEHUsL, 1 0-
3TOMY IpoOy Macia B mpubope il TepMOCTaTUPOBAHUS JI0JIMBAII TOBAPHBIM MAaciioM JI0 Iep-
BoHavanpHOro 3HaueHus (100r), mpuuem mpoObl OKUCICHHOTO Macjia OTOMpPAIU MPHU JTOCTHXKe-
HUHU KOX((UITMEHTa TOTJIONMIEHHSI CBETOBOTO MOTOKA mpubiau3uTenbHo 3Havenuit 0,1; 0,2; 0,3;
0,4;0,5;0,6;0,7;u 0,8 en.

HcnbiTanust Ha TPOTUBOM3HOCHBIE CBOWCTBA NMPOBOMIIMCH 110 cxeMe Iap (auamerp 9,2
MM) — muauHIp (quametp 80 Mm). McnibitaTtenpabie 00pasibl BeMoHEHb! 13 cTanu [IX15. Tla-
pametpsl TpeHus: Harpy3ka 13 H, ckopocTs ckonbxenus 0,68 m/c, TemmnepaTypa Macia B 00beMe
80 C. IIpoTBOM3HOCHBIE CBOMCTBA OILICHUBAJMCH 1O CpeHeapu(PMEeTHIECKOMY 3HaYSHHIO M a-
METPOB MATEH U3HOCA Ha TPEX Mapax.

Pesynbrarel uccnenoBanuii u ux odcyxnaenue. [[ns vcciaenoBaHusi BhIOpaHbl OTEUECT-
BEHHBIE MOTOpHBIE Macna M10-T'2i, M8-T'2, IVKOMJI cranmapr 10w-40 SF/CC u Utech naviga-
tor 15w-40 S6/CD. Pe3ynbrarhl HCIBITaHKS MpeACTaBacHb HA puc 1 u 2. 1o 3aBHCHMOCTSIM KO-
s durnenTa cBeTOBOro MoToKa BUAHO, 4TO Au3enbHbIe Macia M10-1"2x u M8&-1"2 He3HaunTensHO
pa3inyarTCs U MOTEHIIMAIBHBIN pecypc ux paBeH 80 4. YHuBepcanbHoe maciao Utech navigator
(kpuBas 4) ycrymaer ApYrMM MacjaM U TpYIIa KCIUTyaTallMOHHBIX cBOMCTB ero CD T.e. Huxe
yem apyrux macen (CC). Pecypc ero cocraBut 48 wacos, a JIykoiin ctanmapt — 56 .



3aBucumoctu K, = f(t) umeror u3rubsl, ykas3pIBarolme Ha 00lee HMHTEHCUBHOE YBEIH-
yeHue kodpdunuenta K, 4To BbI3BaHO 0Opa3oBaHHEM OoJiee ONTHYECKH HENPO3pauHbIX IpPO-

AYKTOB OKHUCJIICHUA.
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Puc.1. 3aBucuMocTs KO3 GUIINEHTOB MOMIOLICHHS CBETOBOTO MoToka K, (a) U OTHOCH-

TEJIBHOM Bsi3kocTH K, (6) oT BpeMeHU OKUCIIEHHSI MUHEPAJIbHBIX MOTOPHBIX Macen: 1 — M10-
Iok; 2 — M8-T'y; 3 — Jlykoitn cranmapt 10w-40 SF/CC; 4 - Utech navigator 15w-40 S6/CD

M3Menenne BI3KOCTH Ipu OKUCIICHUHN MHUHCPAJIbHBIX MAaCCJI OICHHUBAJIOCH KO3 (1)(1)I/II_II/IGH—

TOM OTHOCHUTENBHOM BsBKOCTH K, onipeieNiieMbIM OTHOLIIEHUEM (puc. 10):

u2
K;z = luo /luucx ' (1)
rae y,m Y, - BA3KOCTH OKHMCJICHHOIO U TOBAPHOI'0 Maceil COOTBETCTBCHHO.

YCTaHOBIJIEHO, YTO BSI3KOCTh MUHEPAIBHBIX Macell MPU OKUCICHHH KOIEONEeTCsl, OJHAKO
st Mmacen M10-1x u M8-1", coxpaHsieTcst TEHICHIMS YBETMUECHUS BSI3KOCTH, a y Maciia JIykoitn
CTaHJapT OHa yMeHbInaeTcs Ha 9% B Teuenue 40 4 ucnbiTaHusl, 3aTeM yBenuuuBaercs. st mac-
aa Utech navigator coxpaHsieTcst TSHICHIIMSI YMCHBIICHUS BS3KOCTH M 3a 48 4acOB UCIBITAHHS
OHa yMeHbIaeTcs Ha 25% 1o cpaBHEHHIO C TOBAPHBIM MaCJIOM.

HeoOxomnmo oTMeTHTh, uTO BsI3KOCTh Macia M8-1 3a 80 4 ucnplTaHus yBeTUUUIIACh Ha
39%, mo3TOMy B TIpOIIECCE IKCIUTyaTallUH JIBUTATENeH, paboTaloNMX HAa 3TOM Maciie Heo0X011-
MO KOHTPOJIMPOBATH MTOKA3aTENb BA3KOCTH

[Toka3zarenp jgeTydecTd MUHEPAIbHBIX MOTOPHBIX Macell (PHC. 2) caMblil HU3KUN y Macia
M10-T"2k, a ceimblit Beicokuit y Macen Jlykoiin cranmapt u Utech navigator. Jlanubiii mokaszareisb
OTIpe/IeNisIeT TeMIIepaTypH yio 001acTh paboTOCIIOCOOHOCTH HCCIEAYEMbIX Maced.

G,r

>

Puc. 2. 3aBucuMoCTb JI€TYy4ECTH MUHEPATb-

HBIX Macesl OT BpeMEeHH UX OKuciaeHus (Yci.
0003H. cM. Ha puc. 1) Puc. 3. 3aBucumoctn kodpduiinenta Tep-
MOOKHUCITUTENIbHOM cTabuiIbHOCTH E (- OT



BPEMEHU OKHCJIEHHSI MUHEPAJIbHBIX MOTOP-
HbIX Mace (Y ci. 0003H. cM. Ha puc. 1)

Ha ocHOBe IpOBEPEHHBIX UCIBITAHUI YCTAHOBJIEHO, YTO IPU TEPMOCTaTUPOBAHUN MUH €-
paNbHBIX Maces U3MEHSIOTCS ONTUYECKHE CBOWCTBA U JIETY4ECTh, 8 H3MEHEHUE BSI3KOCTU BBI3B a-
HO WM3MEHEHHEM COCTaBa U CBOWCTB INPOJYKTOB OKHCICHHS, MO3TOMY TEPMOOKHUCIUTEIBHYIO
CTaOUIIBHOCTD NPEJII0KEHO OLEHUBATh KO3 QPUIIEHTOM E . ompenenseMbIM BbIpaXKEHHEM:

ETOC = KH + KG ) (2)
rie K, - K03 (PUITMEHT MOTIIOIICHUS CBETOBOTO MOTOKA; Kg - ko3 uImeHT neryyecTu.
Ks=m/M, 3)
IPI(§ m u M - Macchel I/ICHpﬂBI_HCFOCH Macliia u OCTaBmeﬁCﬂ Hp06bl Macja IMoCJI€ OKUCICHUA CO-

OTBETCTBCHHO.

Koadurment tepmookucauTensHoi crabunbHoctd E . yduThIBaeT ABa mapaMerpa

W3MEHEHHUS OMTHYECKUX CBOMCTB | jerydectu (puc. 3). Ilo manusiM puc. 3 Hamboyiee TepMo-
croiikuM siBisiercst Mmaciio M10-T2, a Hanmenee - Utech navigator. IToTeniuanbHblil pecype uc-
CJIeZlyeMbIX Macell MpH 3HadeHuu kol pdunmnenra E,, . =0,8 en. cocraBmm: macma M10-Iox —

794; M8-T" — 68u; Jlykoiin cranmapt — 494 u Utech navigator — 38u.

Ilpu TepmocTaTUpOBaHUU Macel MPOTEKAIOT MPOLECChl CAMOOPraHMU3alMU T.K. CMAa304-
HBI MaTepuan He MOXET HEOrPaHMYEHHO IMOIVIOATh TEIIOBYIO SHEPIUI0, TO3TOMY U30BITOK €€
cOpacbIBaeTcs B BUJE NMPOIYKTOB OKMCICHHS M ucnapeHus. [loaTomy npeayokeHo oneHuBaTh
MHTEHCHUBHOCTh IIPOLIECCOB caMoopraHuzauuu kodddunumentom, K. ompenensieMbIM OTHOILE-

HHUECM:
Kc =VK17 /VG’ (4)
rae VKH nu VG = COOTBCTCTBCHHO CKOpOCTI/I OKHUCJICHUA U I/ICHapeHI/IH MaceJl 3a OHpCI[eHeHHLIﬁ

IIPOMEXKYTOK BPEMEHHU.

Ha puc. 4 npeacraBineHbl 3aBUCUMOCTH K03 (ppuIineHTa MHTEHCUBHOCTH MPOLIECCOB Ca-
MOOpPraHu3allui OT BPEMEHH OKUCJICHUS MUHEPAJIbHBIX Macell. YCTaHOBJIEHO, YTO Haubosee 1 H-
TEHCHBHO TMPOIECCHl CAMOOPTaHU3AIMH MPOTEKAOT B Maciax M10-I"2k, 1 MeHee HHTEHCUBHO B
macax Jlykoitn cranmapt u Utech navigator.
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Puc. 4. 3aBucumocts k03 dUIIMEHTA W H- Puc. 5. 3aBucuMocTh mapamerpa u3Hoca

TEHCHUBHOCTH TIPOI[ECCOB CAMOOPTaHU3aI[UH oT K03 (hpUITMEeHTa TTOTIIOMECHHS CBETOBOTO
B MUHEPATbHBIX MacllaX MPHU UX OKUCIEHUH MOTOKA MIPU OKUCIICHHU MUHEPAIbHBIX Ma-
(Ycn. 0603H. cM. Ha puc. 1) cen (Yci. 00603H. cM. Ha puc. 1)

Pe3ynbpTaThl MPOTMBOU3HOCHBIX CBOMCTB MHHEPAIBHBIX MAcCeN MPU UX OKUCICHUU Tpe -
cTaBJieHbl Ha puc. 5. COMacHO JaHHBIX HAaUIYyYIIMMH MPOTUBOM3HOCHBIMU CBOMCTBAMHU Xapa kK-
tepusyercst Macio M10-T"ox (kpuBas 1). JIlmametp nstHa u3Hoca He nipeBbimaet 0,3 mm. Hau-
XyAUMMHA TPOTHBOM3HOCHBIMH CBOMCTBaMH xapakrepusyercss macio Utech navigator (xpusas
4), mpu >ToM u3Hoc npesbimaer 0,4 mm. HeoO0XoamumMo 0TMETHTh, YTO MPOTHBOU3HOCHBIE CBO -
crtBa mMacen 1-3 npu 3Hayenuu xkodpdunuenta K, pasuoro or 0,6 10 0,7 ex. NpakTHYECKH OJU-
HAaKOBBI.

Kpome Toro ycraHoBII€HO, YTO B HaYaJIBHBIN MEPUO OKUCICHHS Macel MPOTHBOM3HO C-
HBIE CBOMCTBA HECTAOMJIBHBI U 3TO MPOUCXOAUT 10 3Ha4deHus kod punuenta K, ~0,3 ex. Orto

3HaueHue kodpdunuenta K, Hactymaer mpu n3rube 3aBucumocteit K, = f(t) (cm. puc. 1), T.e.

JIOOKHCJICHHBIE MPOAYKTHI OKHCIEHUS MOBBIMAIOT MPOTHBOU3HOCHBIE CBOMCTBA MMHEpPAIbHBIX
Maces.
[IpoTHBOM3HOCHBIE CBOWCTBA MPEIIOKEHO OICHUBATH KPUTEPUEM IMPOTHBOM3HOCHBIX
cBoyicTB /7. OnpenenseMbplM OTHOILIEHUEM
1=K, /U, (5)
rae K,, - koapuIueHT noniomeHus cBETOBOro noToka; U - 1uaMerp IsATHA M3HOCA, MM.

JIaHHBIN KPUTEPUM XapaKTEPU3YET YCIOBHYK KOHIIEHTPALUIO IIPOJYKTOB OKUCIEHHUS HA
HOMMHAJIBHOM IIOIAJM KOHTAKTa. YCTAHOBJIEHO, YTO KPUTEPUN NPOTUBOM3HOCHBIX CBOWCTB
Ui Macen 1-3 He3HAYuTEeNbHO pa3ianvaeTcs, a Ui Macia 4 OH NIPUHUMAET HaMMEHbIIee 3Hade-
Hue. CornacHo JaHHBIX Kputepuit I7 coctaBui st macen: M10-Ix — 4,0 en., M8-I, — 3,5 en.,
Jlykoiin cranpapt — 3,6 en., Utech navigator — 2,5 en. [loaTomy 4em MeHbIlle 3HAYCHHE KPHUTE-
pus 1, TeM HUKE IPOTUBOU3HOCHBIE CBOMCTBA UCCIIELyEMOTO Maca.
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Puc. 6. 3aBucuMOCTh KpUTEpHUS TPOTHBOU3HOCHBIX CBOMCTB OT KOA(PPHUIIHEHTA TTOTIOMIECHHS
CBETOBOIO ITOTOKA ITPH OKUCIEHUH MUHEPATBHBIX MOTOPHBIX Macen (Y cil. 0003H. cM. Ha puc. 1)

BoiBoapl. Ha ocHOBaHMM MPOBEICHHBIX UCCIECTIOBAHUN MHUHEPAJIBHBIX MACENI YCTaHOBJICHO:

1. Munepanbubie Mmacna M10-Ix, M8-12 u Jlykoitn crangapT OTHOCSTCSA K OJHOMN
rpymnmne (CC) akcnayaTaliiOHHBIX CBOMCTB AJIsl AU3ENbHBIX IBUTATENEH Pa3uyaroTCsl CKOPOCTHIO
OKHCJIEHUS U JIETY4ECTHIO.



2. TlpemmoxeHo TepMOOKUCIMTEIbHYIO CTAaOMJIBHOCTh OIEHWBATh IO KO3 PQUIIUCHTY,
OTIPECIIIEMOMY CYMMOU KO3 (P(PHITMEHTOB MOIMOIICHHUS CBETOBOTO NMOTOKA M JIETYYECTH, UYTO
MO3BOJISIET CPABHUBATH PA3IMYHBIC Maclia U BEIOMPATh HanoJiee TEPMOCTOMKHE .

3. YCTaHOBJIECHO SIBJICHHE TIEpEPaACIIPECIICHUS N30BITOYHON TEMJIOBOW YHEPTUH MEKTY
MMpoaAYKTaMH OKHMCJICHUSA U UCITApCHU .

4. TlpennoxeH KpUTepUll MPOTUBOM3HOCHBIX CBOWCTB, OMpENEIsieMblii OTHOIICHHUEM
k03 (hpUIIFEeHTA MOTIONIEHUSI CBETOBOTO IMOTOKA K MapaMeTpy U3HOCA.



