Bocmiiamenenue TBEPAbIX BEIIECTB

[Ipu KoOHTaKTe TBEPABIX TOPIOYMX BEIIECTB C HArpeTbiM JI0 BBICOKOM
TeMIIEpaTyphl HICTOUYHUKOM 3a)XUTaHUSI BO3ZHUKAET TEIJIooOMeH. B peanbHbIX
YCIOBHUSIX MOTYT HMMETh MECTO BCE TpPHU BHAA TENJI000MEHA: KOHBEKIHS,
u3nydenue, KoHAykmus. [Ipu sTOM, Kak MpaBUIIO, OJAWH W3 HUX SBISCTCS
nomuHupytomuM. [Ipu BocTiaMeHEHUHU, HAIPUMEP, OT OTKPBITOTO TIAMCHH
(ropsimias cnuyka, ra3oBasi TOpelika CH T. M.) NPEBAJTUPYET TEIIOOOMEH
KOHBEKI[UEW, HArpeTasl Cupaib, HE UMEIOIIas HEMOCPEACTBEHHOTO KOHTAKTa C
FOPIOYUM MaTepHUaioM, BOCIJIAMEHSET MOCIEAHUIN 3a CYET JIYUUCTOrO TeIlia.
BocniaMenenue oT TACIOMIMX YacTUll (UCKP) MPOTEKAET, IIIaBHBIM 00pa3oM, 3a
CYeT TEeMJI000MEeHa TeIIONPOBOIHOCTHIO (KOHAYKITUSA).

Mexanu3m BOCIUIAMEHEHUS TBEPIbIX MaTEpPUAIOB BO MHOIOM CXOJEH C
BOCIIJIAMEHEHUEM JKMJKOCTH, OJHAKO HMMEET M PAJd CYIIECTBEHHBIX
OTJMYUTEIbHBIX OcoOeHHOocTed. [Ipu BO3AEMCTBUM TEMJIOBOIO MOTOKA OT
BBICOKOTEMIIEPATYPHOTO  HMCTOYHUKA  3aKUTAHUS ~ TOPIOYMHA  MaTepual
HarpeBaeTcs, 3aT€M B HEKOTOPOM HHTEpBalie TemIiepaTryp (s BEIIECTB
pactutensHoro npoucxoxaeHus 50-150°C) u3 "Hero ucnapsiercs Biaara. I[locrme
WCTHAapeHus BJard MaTepuajd BHOBb HArpeBaeTCs Kak HHEPTHOE TeIo 0
TeMIIEpaTypbl Hauana pa3iokKeHHUs, KOTopas IJisl pacCTUTEIbHBIX MaTEepUaliOB
coctaBisier 250°C. Ilporecc pasioKeHus COMPOBOXAAETCS BBIJCICHUEM B
OKpYXaIIyro atMocdepy JeTydux mpoaykrtoB. IlapamnenpbHo ¢ 3THM
NpOTEKAaeT CMEIICHHE - JIETYYUX C OKHUCIHTEeIeM U o0pa3oBaHue
Napora3oBO3AYIIHOM cMmecu. Eciam  MOIIHOCTh HCTOYHHMKA  3a)KUTAHUS
JIOCTaTOYHA, TO TMpPU JOCTHXKEHUU TOPIOYUMH MPOJYKTAMHU Pa3I0KEHUS
KOHIEHTpalHH, paBHOU HUKHEMY  KOHUEHTPAlMOHHOMY  Mpeaerny
BOCIUJIAMEHEHHUS, MPOU30MIET 3a)KUTaHUue MaporazoBOMl CMECHU C MOSIBICHUEM
MJIAMEHHOTO TOPEeHUS.

Eciu xe mno kakuM-1ubO TpUYMHAM Tapora3oBasi CMech  HeE
BOCILUTAMEHSIETCS, TBEPAOE TeJI0 OyeT HarpeBaThCsl C BBIICICHUEM MPOAYKTOB
nupoiu3a. Ecnu roprodee BemecTBO B MPOIECCe MUPOINU3a 00pa3yeT YIiUCThII
OCTaTOK  (BEIECTBA  PACTUTEIBHOTO  MPOUCXOXKJECHUS), TO  CKOPOCThH
TEPMUYECKOTO pacmaaa Mo Mepe BBIX0/1a JICTYIUX MPOJAYKTOB OyJAeT CHUXKATHCS.
[Ipu ompenesaeHHBIX YCIOBHUSIX MOXKET BO3HUKHYTh TE€TE€POr€HHOE TOpEHHUE
(TIeHue) yriaucTOTO CJIOSI BCJIEICTBUE €r0 B3aUMOJIEHUCTBUS C KHUCIOPOJIOM
OKPY’KAIOIIEH CPEeAbl U C MPOTYKTAMU Pa3I0KEHUS TBEPAOH (pa3sbl.

B cBoio ouepenb, mnpu OJaronmpusATHBIX YCIOBHUSIX, a HMMEHHO: €CJH
KOHLIEHTpalusi  MaporazoBol cMecu OyAeT HaXoAuTbca B o0nactu
BOCIIAMEHEHUSI, MOXKET MIPOU30UTHU €€ 3aKUTaHUE OT PACKAJIEHHOr0 YIJIMCTOTO
CJO4.

Takum o00pa3zoM, 00IIas MPOJOJKUTEIBHOCTh MPOIECCa BOCIUIAMEHEHUS
CKJaJbIBa€TCAd M3 CTaJUl HarpeBa BJIAXXHOTO MaTepualia, CYIIKH, Harpena
CyXOro marepuaiia, ra3uuKanuy U CTaJAUN HarpeBa YriepoJuCTOr0 OCTaTKa



B CJIy4acC MMOABJICHUA ITCTCPOIrCHHOI'O BOCIINIIAMCHCHU .

OpHEeHTUPOBOYHBIE  OIICHKM  TMOKa3bIBalOT, 4YTO IS  MaTepHalioB
pPacTUTEIBHOTO MPOUCXOXKACHUS Haubojiee MPOJODKUTEIBHBIMU  SIBISIOTCS
CTaJUM CYIIKH BJIA)KHOTO W HarpeBa Cyxoro mMarepuaia, KOTOPbhIE€ COCTaBIISIIOT
cooTBeTCTBEHHO 55% u 25% oT oO0mmeld npoJoJDKUTEILHOCTH —Ipoliecca
BOCIIJIAMEHEHHS.

XUMHYECKOMY B3aHUMOJCHCTBUIO TOPIOYET0 U OKUCIHUTENSA, KOTOpOE
IPOTEKAET OOBIYHO B Tra30BOM 30HE, MPE/IIECTBYET CMEIICHUE 3TUX KOMIIOHEHTOB
3a CYET MPOLIECCOB MOJIEKYJIIPHON U KOHBEKTHUBHOU quddy3uu. Pazmepst u popma

I1aMeHU (POPMHUPYIOTCSI PaCXOJ0M T'a30B.
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n ﬂ [lepexon B Tra3oo0pa3HOe COCTOSIHUE
TBEP/bIX BEIIECTB NPU HATPEBAaHUU U TOPEHUU B
3HAYUTENbHON CTENEeHU 3aBUCHUT OT UX (PU3UKO-
- XUMUYECKUX CBOMCTB. ITO MOXKET OBITh:
ucrapeHue 0e3 00pa3oBaHMS KUIAKOW (Pasbl
(HadTanuH, ypOTpONHH); IJIABJIEHUE, 3aT€M -
ucnapenue (napadut, MeTalIbl, cepa, pocdop);
IUIaBJICHHUE, 3aTeM - pasjioKeHHe (IOJIMMEpHI);
OJIHAKO Yallle BCEro MPOUCXOIUT PA3I0KEHUE U3
TBEPJOrO COCTOSIHUS (YroJib, JIPEBECHHA U Jp.
LEJUTIOJIO30COIEPKAIINE BELIECTBA, HEKOTOPHIE

0 BBIXOJA JIETYYHX IIPOYKTOB

MIOJIUMEPBHI).
MMUpOJIn3a TBEPALIX BEIICCTB
OT TEMIIEPATYPHI Cocras IMPOAYKTOB PA3JIOKCHHUA 3aBUCHUT
1 — npesecuna; OT COCTaB TOPIOYET0 M €ro TeMIlepaTyphl: TpH
2 — Topd; Hu3KkuX mnpeodnagaer CO, u BOASHON Tmap,

3 — KaMEeHHBIH yroJb
CKOpPOCTh MX BbIXOJa HeBenuka. [Ilpu Oosnee

BBICOKHX TeMIepaTypax oOpa3yloTcs Toprovue
ras3bl - BOJOPO, METaH U JIp. YIJIEBOAOPO/IbI, mapel ciuptoB, HCN u np., ckopocTh
UX BBIX0JIa BO3PACTaET.

Takum 00pa3omM, Tra3o00pa3Hble MNPOAYKTHl MPU HArPEBAHUM TBEPIBIX
BEIIECTB 00pa3yloTCs B ONpENCIEHHOM WHTEpBajie TEMIIEpaTyp U C MePEeMEHHOU
CKOPOCTBIO, MPUYEM TP PA3JIOKEHUHN Pa3HBIX TOPIOYUX MATEpUAIOB BBIIEISAETCS
Pa3IMYHOE KOJUYECTBO Ta3000pa3HbIX IPOIYKTOB.

CocTaB MpPOAYKTOB TOPEHHSI 3aBUCUT OT COCTaBa TOPIOYErO U YCIOBHI
TOPEHUS: TIPU HU3KUX TEMIIepaTypax U (WJIM) HEJOCTATKE OKHCIMTEINS, BHICOKOM
COJIep KaHUM YTJIEpOaa B TOPIOYEM - 00pas3yroTcsi MPOAYKTHI HEITOJIHOTO TOPEHUS.

Bpemsi BocrulaMeHEeHMs BIa)XHOIO MaTepuajla 3HAa4MTENbHO BBILIE, YEM
CyXOro, T. €. OCHOBHBIEC 3aTpaThl TeIUla NPU BOCILNIAMEHEHUM CBS3aHBI C
CYWIKOM MaTepuaa.

O,Z[HI/IM N3 HCTOYHHUKOB BOCINIAMCHCHUS, IIPUBOAAIIMM K BO3HHKHOBCHHIO
moxkapa, sABJIACTCHA Hy‘II/ICTBII\/'I TEIJIOBOM IIOTOK OT TE€X WM Apyrux
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BBICOKOTEMIIEpaTypHbIX Tell. C yBEeIMYEHHEM MHTEHCHUBHOCTU U3JTYyYECHUS! BpeMst'
BOCIUIaMEeHEHUs1 CHIKaercs. Ha puc. 8.2 mpuBeneHa 3aBUCUMOCTH BpPEMEHU
BOCIIJIAMEHEHHSI Pa3JIUYHBIX IOPOJ APEBECHHBI (BJIAKHOCTH MeHee 2%) OT
WHTEHCUBHOCTH TEIUIOBOTO IMOTOKA, IMOCTYMAIOIIEr0o K IOBEPXHOCTH oOpasia
ToJimHOou 30 MM.
3aBUCUMOCTb MJIAMEHHOTO TOPEHHUS OT MHTEHCUBHOCTH  HU3Iy4Y€HUS s
Pa3IMYHBIX MOPOJ APEBECUHBI:

A

= (8.2)
-Tae Ty — BperI BOCIIJIaMCHCHUS, C,
q — HUHTCHCHUBHOCTH TCIIJIOBOI'O ITIOTOKA, KBT-M ~2;
A un — E)MHI/IpI/I‘-IeCKI/Ie KOHCTAHTEI.

3HayeHus MapaMeTpoB 4 U 1 CIPaBOYHBIE TaHHbIE.

B kadecTBe MCTOYHMKA 3a)KUTAHUS BBIJACISIIONIUXCS NPOAYKTOB MUPOIU3A
npuMeHsuioch au(@dy3ruoHHOEe TulamMsi OBITOBOTO Trasza, Haxojslleecss Ha
paccrosiHuu 10—12 MM OT TOBEpXHOCTH o0Opa3iia.

C yBenuyeHueM IJIOTHOCTU JAPEBECHUHBI BPEMs BOCILIAMEHEHHUsI BO3pACTaeT.
Marematuueckass o0paboTKka pe3yiabTaToB, MPEACTABICHHBIX Ha puc. 8.2, naer
CJIEIYIOLIYIO 3aBUCUMOCTh BPEMEHU MOSIBICHUS
B oTcyTcTBHE 3aKUTaIOIIEro JIaMEHU HACTYIaeT reTeporeHHOe
BOCIUIaMEHEHHE (TIEHHE) 00pa3yIomerocs Mpyu MUPOIU3E YITUCTOTO CIIOS.
3aBUCUMOCTh BPEMEHU Fe€TEPOTE€HHOT0 BOCIIJIAMEHEHUSI COCHBI OT

WHTEHCUBHOCTH TEIJIOBOTO MOTOKA MOJXET OBITH npeacraBJICHA B BUAC
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IACTr.s— BPCMA I'CTCPOICHHOI'O BOCINIAMCHCHUS APCBCCUHBI, C;
( — UHTCHCHUBHOCTBH TCIUIOBOI'O IIOTOKA, IIOX BOBI[GIZCTBHGM KOTOpOro
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IIPOMCXOJNT HArpeB MOBEPXHOCTH, KBT-M .

Temmepatypa TreTepOreHHOr0 BOCIJIAMEHEHUS JAPEBECHMHBI HEMOCTOSHHA U
3aBUCUT OT HMHTEHCUBHOCTH TEMJIOBOTrO TmoToKa. [Ipm BO3nmencTBHM mOTOKA



MHTCHCHBHOCTBIO 13 KBT*M ° [OSBICHHE TIETEPOrCHHOr0 TOPCHHS «a
MOBEPXHOCTU APEBECHUHBI COCHBI HactynaeT npu 380°C, mpu yBEIMYEHUU €rO
3Hauenus no 20 kBT-M-2 — nipu 430°C.

Ha puc. 8.3 npuBeneHa 3aBUCUMOCTb CKOPOCTU PA3JIOKEHUSI IPEBECUHBI MPU
BO3JICMCTBUM TEIJIOBBIX IOTOKOB pa3iWyHOW, HHTeHCcUBHOCTH. [lo Mepe
pa3loXKEeHUsT  CKOPOCTh  NHUPOJIM3a  BHAdajge  BO3pacTaeT,  3aTeMm
CTabuIu3upyeTcs.

[losiBneHue TEeTEepOTeHHOr0 TOpPEHHsS BHOBb HMHTEHCHU(UIMPYET MpoIece
pa3JIOKEHUsT MaTepuaya, IIOCKOJBbKY YacTh TEIUIA, BBIACIAIOLIETOCS IIpHU
TETEPOTCHHOM TOPEHMH YT, 3aTPAayMBAcTCS HA HArpeB KOHACHCUPOBAHHOU
¢da3pl. OnpeneneHo, 4To JOMOJHUTEIbHBINA TEMJI0BON MOTOK OT T€TePOreHHOTrO
TOpPEHHUsl YTIUCTOro CJI0s B cpenHeM coctapiser 13 kBr* M-, [Ipu nanpHeMIIEM
pPa3lOKEHUM  CKOPOCTh  BBIACICHUS JIETYYUX KOMIIOHEHTOB  HA4YMHAET
CHM)KATbCs, TaK KAK BO3pacTaeT TOJUIMHA YIVIMCTOTO CJIOS U, CIEJOBATEIBHO,
YBEJIMYUBACTCS €r0 TEPMUYECKOE COIIPOTUBIIECHUE. ITO NPUBOAUT K CHUIKECHUIO
CKOpPOCTHU mIporpeBa Oojee riiyOOKHX CIIOE€B TBEpAOH (as3pl, YTO U BBI3BIBAET
3aMEJIEHUE CKOPOCTH IUPOJIN3a.

MexaHu3M pacnpocTpaHeHHUs MJAMEHH 10 MOBEPXHOCTH
TBEPAbIX BelllecTB. AHAJIN3 BJIMAHUSA YCJI0BUIi ropeHust
HA CKOPOCTH PACIPOCTPAHEHUS NJIAMEeHU

[Tocne BocmiaMeHEHUs TBEPAOrO MaTepuala B MECTE€ BO3JCUCTBUS
BBICOKOTEMIIEPATYpPHOI'O  MCTOYHMKA TMPOUCXOJIUT mepemelieHue (GpoHTa
NJAMEHU 10 €ro MmoBepxXxHocTH. KoinuecTBEHHON XapaKTEepUCTHKOW mpoliecca
pacupocTpaHEeHHsl IJIaMEHU IO IMOBEPXHOCTU TBEPABIX BELIECTB, KaK U B
cllyyae TOPEHHUS KUAKOCTEH, ABISETCS JIMHEHHAss CKOPOCTbh PacCIpPOCTPAHEHUS
IJIaMEeHHU, MpeCcTaBisAmonias coObol MyTh, NPONAEHHBIA (DPOHTOM IJIAMEHU B



€JMHUILY BDEMEHU.

[Ipouecc pacnpoCTpaHEHHs IUIAMEHH IO MOBEPXHOCTH TBEPABIX BEIIECTB
[IPOTEKAaeT 3a CYeT IepeJadyd YacTUh TEIUIa, BBIACISIOIIETOCS B 30HE
IJIaMeHH, K TOBEPXHOCTHU ropsuiero marepuana. [lepenaua temna ot dakena
IJIAMEHU  OCYLUECTBJISIETCS 3a CUET JIYYEHUCIIYCKAaHUs, KOHBEKUUU U
TEIUIONPOBOJAHOCTU. B  3aBUCUMOCTH OT YCIOBUM TOpPEHUS COOTHOILECHUE
KOJIMYECTB TeIJjia, MOCTYMAIMIMX 3TUMHU BUJIAMU TEIIONEpeaayl, MOKET ObITh
pa3IMYHBIM. DTO OOCTOSATENBCTBO M SIBISETCS OJHOW W3 TJIaBHBIX MPUYUH
3aBUCUMOCTH CKOPOCTH PAaCHPOCTPAHEHHMS IUIAMEHU IO IMOBEPXHOCTH TBEPABIX
TOPHOYUX MAaTEPUAIIOB OT YCIOBUN FOPEHUS.

[IporpeB y4yacTKOB TMOBEPXHOCTH, PACIOJOXKEHHBIX TMepes (PpoHTOM
IJIaMEHM, 3a CYeT TEIJIONOABOAA HM3JIyYE€HHUEM, KOHBEKIMeW M KOHIyKIUen
MPUBOJIUT K PA3JIOKEHUIO CIIOEB TBEPJIOTO BEIIECTBA C 0OPA30BAHUEM JIETYUUX
npoaykToB (puc. 8.4). Beigenstomuecs NpoayKThl MUPOJIU3a CMENIMBAIOTCS C
BO3JlyXOM, 00pa3ysi TOMOT€HHYI0 KMHETUYECKYyI0 cuctemy. [Ipu mpeBbliieHun
KOHI[EHTPAIlUH FOPIOYUX KOMIIOHEHTOB HUIKHETO Mpejesia UX BOCIJIaMEHEHUS
CMECh BOCIUIAMEHSIETCS OT IUIAMEHM WU CropaeT B KHHETHYECKOM pEXHUME.
Takum oOpa3om, TMpolecc pacnpoCTpaHEHHs IUIAMEHHM IO TBEPIbIM
Marepuagam (KaK U Mo XKUJKOCTSIM) XapaKTePU3yeTcs ABYMS CylI€CTBEHHBIMU
NPU3HAKAMU:

-CKOPOCTh TIEpPEeMENICHUs IJIAMEHH paBHA CKOPOCTH 0Opa30BaHMs TOproue
(BBIIIE HMKHETO KOHIEHTPAIMOHHOTO Tpelesia BOCTUIAMEHEHHUs) CMECH Haj
MOBEPXHOCTHIO MaTepHuaia;

-TOpEHHE Ha MepenHeil KpoMKe IMIaMeHU (HOCHKE) BCerja MpOTEeKaeT B
KHHETUYECKOM pPEXHME, T. €. TOPUT MPEABAPUTEIbHO MEepeMeIIaHHas CMeCh
rOPIOYETO U OKUCIUTES.

[To MHEHUIO OONBIIMHCTBA MCCIENOBATENICH, YCIOBUS TEIIOOOMEHA MEXIY
HOCHUKOM IIJJAaMEHH U TOBEPXHOCTBHIO TBEPJOr0 MaTepuaja B OCHOBHOM H
OTpeJeNiIeT CKOPOCTh PACHpPOCTPAHEHUS IUTAMEHH 10 TOPU3OHTAIBHBIM H
BEPTUKAJILHBIM (CBEPXY BHHU3) oOpasiiam.

CnemyeT OTMEHHUTh, 4YTO JO HACTOSIIETO BpPEMEHU HET UETKHX U
OJIHO3HAYHBIX MPEACTABICHUN 00 OTHOCHTEIHHOM BIUSHUU U3TYYCHUS,
KOHBEKIIMM W KOHAYKIIMA HA BEIMYHHY CKOPOCTH PACIPOCTPAHEHUS IJIAMECHH
o TBEpPAbIM MarepuanaM. [IpUBOASTCS MOaHHBIE, COTJIACHO KOTOPBIM IIpH
TOPEHUU TOPU3OHTAIBHOTO CIIOSI COCHOBOUM XBOW JOJISI M3ITyYEHHUS COCTaBISET
okono 24% oT o0mero MNOTOKa TeIUla, MOCTYMAIOIIEro Ha IOBEPXHOCTH
MaTtepuana.



Puc. 84. Cxema pacnpo-
CTPaHEHHA MJaMeHH [0
NOBePXHOCTH TBEpIOTo Ma-

| 2 TepHana
/ !l — wucxoauwifi obpasen;

2 — 3oHa nHQPY3HOHHO-

ro ropeHus; S8 — 30Ha

KHHETHYECKOTO  ILIaMEeHH

| . (vocHK); 4 — 30HA rasH-
3 (HKANHM TBEpJOro MaTe-
Bosayy J pHana; 5 — 30Ha rasoob-

i pasHblX NMPOAYKTOB pasfio-

JeHusl; 6 — 30Ra pasfo-
JEeHHA TBepAOoro MartepHa-
Ja nepen QpoHTOM TJaa-
MeHH; 7 — NPOAYKTH TO-
g penHs

Ha ocHOBaHMM NPUHIMOMANIBHBIX  IPEACTABICHUH O  MEXaHU3ME
pacupoCTpaHEHHUsl IUIAMEHU IO MMOBEPXHOCTH TBEPJBIX BEIIECTB U MaTEpPUATIOB
pacCMOTPUM BIHMSHHE HEKOTOPBIX YCIOBUN TOPEHUS HA CKOPOCTh IIPOLIECCa.

1.Bingnue BiaxkHOCTH MaTepuana. Ha puc. 8.5 nmokasan xapakrep U3MEHEHHUS
CKOPOCTH pacHpOCTPAHEHHS IJIAMEHUM IO CJOK ONABIIEH XBOU COCHBI OT
coaepxanuss Biard. C yBEJIWYEHHEM BIAXKHOCTH TOPHOYETr0 MaTepuana
CKOPOCTBh pPAacCHpPOCTPAHEHUS IUJIAMEHM CHUIKAETCS, U MNPU JTOCTHKEHHUU
BiIaxHOCTH 14% ropenue npekpamaercsa. [lo Mepe mnpuOanxkeHus K 3TOMY
npeaesny BIAXHOCTU (paHT IJIAMEHU TEpseT CIUIOIIHOCThb, pa30OuBasch Ha
PA OTAENBHBIX 04Yaros.

CHIXeHue CKOPOCTH PACIpOCTpPaHEHUs TUIAMEHU C YBEIMYEHHEM BIIard
CBSI3aHO, TJIaBHBIM 00pa3oM, C 3aTpaTaMu TeIlJla Ha €€ HCIapeHue u3
MOBEPXHOCTHBIX CIIOEB MaTepHaia, BCIEJCTBHE YETO CKOPOCTh Pa3I0KEHHS
BeniecTBa 3ameiiercsa. Kpome Toro, mapsl BoJibl, SIBJSSCH (prierMaTu3aTopamu,
HocTynasi B ra3oBYIO 30HY, CHIDKAIOT TeMIEparypy IUIaMEHHU, TOHMXKasi ero
U3JTy4YaTeNbHYIO0 ClIOCOOHOCTD. [IpsiMble M3MepeHNs] HHTEHCUBHOCTHU JIy4HUCTOTO
MIOTOKA, OCTYMAIOIIEr0 K TOBEPXHOCTU FOPU30HTAIBHOTO CJI0S COCHOBOW XBOM
pa3HO# BIaXXHOCTH, OATBEPKAAIOT CKazaHHoe. B Tabin. 8.3 mpuBeneHs! JaHHbIE,
MOKa3bIBAIOIIME  HM3MEHEHHE CKOPOCTHM  pPACIHpOCTpaHEHUs IUIaMEHH |
MHTEHCUBHOCTH JIYUYHCTOTO MOTOKA OT BJIAXHOCTU 00pa3Iia.

[Ipn u3MeHeHnn BIaXXHOCTH XBOM OT 1,6 10 13% MHTEHCHUBHOCTH M3IIy4EHHS
y HOCHKA MJIaMeHu cHu3miack ¢ 29,4 no 21,0 KBT-M-Z, T. ¢. Ha 30%.



BnusitHue opueHTtanuu obOpasua B IMPOCTpaHCTBE. B oTianuume oT KuaKocTen
NOBEPXHOCTh TBEPJABIX MAaTEPUAJIOB MOXKET HAXOAUTHCS MOJA Pa3IUYHBIM
yriioM K Tropu30HTY. COOTBETCTBEHHO 3TOMY H3MEHSETCSI U CKOPOCTb
pacrpoCcTpaHeHus MJIAMEHH.

Kak cneayer u3 npuBeeHHBIX 1aHHBIX (puc. 8.6), IpU OTPULIATENBHBIX yTJIaxX
HaKkJIOHa (HampaBJeHUE JBH)KEHUS IIJIaMEHU CBEPXY BHU3) CKOPOCTh
pacrnpocTpaHeHus INIAMEHU WIIM HE U3MEHSETCS, WM K€ ¢1a00 YMEHBIIAETCS.
Hanportus, npu yBeJIHMYEHHUU MMOJOKHUTEIBHOIO yIila HAKJIOHA (HAapaBJIECHUE
JBHM>KEHUS IUIAMEHH CHU3Y BBepX) cBbile 10—15° ckopocTh pacnpocTpaHeHus
IUTaMEHHU pe3Ko Bo3pacTaeT. [Ipu 3Tom umeeT MecTo 3 PeKT JONMOITHUTEIBHOTO
HakJIoHa (pakesna MiIaMeHu K MOBEPXHOCTH TOPIOYETO BEIIECTBA.

U, mmufc =~
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Pue. 86. 3aBHCHMOCTE CKOPOCTH
pacnpocTpaHeHHs IUIAMEHH MO coc-
HOBOR XBOe OT Yyria ee HakJOHa
a — * —t - ] — npu BhaXKHOCTH 06pasua 10
0 20 40 0 0020 30 Frpad 2%; 2 — npH Bé]ozmnm'm obpasua

1

Tak, METOIOM KHHOCHEMKHU ObLIO YCTAHOBJIEHO, UTO MPHU yTJIe HaKJIOHA 00pasiia,
paBHOM 27°, yroi Mexay MOBEpXHOCThIO 00paslia U IIaMEeHeM COCTaBIsieT He 63°,
KaK d3TO CIeAyeT U3 YHCTO TEOMETPHUYECKUX coobpaxenuit, a 30°, dtO
OOBSCHSIETCS TMOJPKaTUEM IUIAaMEHM K TOpPSIIeH MOBEPXHOCTH CIIyTHBIMU
KOHBEKTUBHBIMU TIOTOKAMH OKpY’KaloIero Bo3ayxa. I[Ilpum Oonpmmx yriax
HaKJIOHA OTHENbHbIE BHUXPU IUIAMEHH, KacasCh TIOBEPXHOCTH TOPIOYETo
MaTepuaa, BEI3bIBAIOT €r0 BOCIUIAMEHEHHE €Ille JI0 T0JIX0/1a HOCUKA IJIaMEHH.

Takum oOpa3oM, npu MNOBBIIIEHWH YIJa HAKJOHa oOpa3uma (pac-
NpOCTPaHEeHNe MJIAMEHH CHHU3Y BBepPX) Pe3KO BO3PACTaeT TeII0MepPeHoc
OT 30HBbI IUIAMEHHM K TOBEPXHOCTH TBEPAOr0 MaTepuaja 3a Ccuer
koHBeknuu. I[lpm M™MajgpIX yrjiax HaKJIOHA OCHOBHOW TemI000MeH
NMOBEPXHOCTH MaTepHaja OCyleCTBJISAETCH C 30HON HOCHMKA NJaMeHH
(puc. 8.4), npu 00JABIIMX YIJIaX — CO BCell (PPOHTAIBHOI MOBEPXHOCTHIO
aupdysnonnoro maamenu. [lpu 3ToM 1019 M3JIy4eHHs BO3pacraer.

2. BiusiHMe CKOPOCTH M HANPABJICHUS BO3YIIIHBIX MOTOKOB (BETpa)
[Ipu yBelMuUeHUU CKOPOCTH BETpa B HAMPABJICHUU PACHPOCTPAHEHUS MIaMEHU
CKOPOCTh BHauajie BO3pacTaeT JIMHEWHO, a 3aT€M OINUCHIBAETCA CTEINEHHOMN
UM Jla)K€ DKCIOHEHLHATbHOW 3aBUCUMOCThIO. OUeBUIHO, B 3TOM Ciydae




MEXaHW3M BIIMSHHS BETpa AHAJIOTUYECH MEXaHU3MY BIHMSHHS yIrja HaKJIOHA
obOpa3iia.

PaccMoTpuM, Kak HU3MEHSETCA CKOPOCTh pAaclpOCTpaHEHUs IIJaMEHH B
3aBUCUMOCTH OT CKOPOCTHM BO3IYIIHBIX IIOTOKOB, HAMPAaBJICHHBIX TPOTHUB
JIBUKEHUS TIJIaMeHH (TPOTUBOTOK).

Kak cnemyer w3 pe3ynbTaToB, NPUBEACHHBIX Ha puc. 8.7, BHaJale C
YBEIMYCHHEM CKOPOCTH TPOTHBOTOKA CKOPOCTH PacnpoCTpaHEHUE TJIaMEeHU
BO3pacTaeT, a 3aTeM IPH CKOPOCTH MOTOKa Beime < 70 MM-cT —
HAYMHAET CHIDKATHCS,

[ToTox BO3ayxa, HampaBJICHHBIM TPOTHUB JBWKEHUS TUIAMEHHU, OKa3bIBaET
JBOSIKOE BJIIMSIHHE HA CKOPOCTh PAaCIpPOCTpaHEHHUS IUIaMeHHU. B pe3ynbrarte
adPOIUHAMHUYECKOTO TOPMOXKCHHUS M OXJAXKICHUS TMPOTPETHIX YyYACTKOB

NOBEPXHOCTH Tmiepea (QpPOHTOM IJIAMEHU CKOPOCTh PacCHpOCTPAHEHUS
mjaMeHu OyJeT CHHXaThCs. C npyroil CTOpOHBI, MOTOK BO31ayXa
UHTEHCUPUIIUPYET CMEUICHUE NpPOAYKTOB NUpOJIM3a C OKHUCIUTENEM,

ObICTpEe MPOUCXOAUT OOpa3oBaHME TOMOTEHHOW TOproYeil cMecu, HOCHK
NJaMeHU MPUOIUKAETCS K TOBEPXHOCTH TBEPJIOTO MaTepuana, 4To, B CBOIO
oyepenb, NPUBOIUT K AAIbHEWIIEMY YBEJIMYEHHIO UHTEHCHUBHOCTH, U ITO
YCKOPSIET pacnpocCTpaHeHue miameHu. Kpome Toro, ¢ moMomb0 KMHOCHEMKHU
OBLIO OOHApPYKEHO, YTO B ATOM cjlydyae MMEET MeCcTOo oOpa3oBaHUE Nepen
(GPOHTOM IIAMEHH JIAMUHAPHBIX BUXPEH, KOTOPBIE CIIOCOOCTBYIOT MOSBICHUIO
KOHBEKTHBHOTO TMPOrpeBa MOBEPXHOCTH TMepes (PpOHTOM IJIaMEHH. [Ipun
MaJbIX CKOPOCTAX ABMIXKEHHUS BO3JyXa OIPEICIAIONICE BIUSHUE OKA3bIBAIOT
NHTencudukanus CMENIeHnsT TPOAYKTOB U MOSIBICHUE JIAMUHAPHBIX BUXPEH
M CKOpPOCTh pacmpocTpaHeHusi TmameHu pacrteT. llpu manpHelmem
YBEJIWYEHUU CKOPOCTH BeTpa 3PDEKT a’dpoaMHAMUYECKOTO TOPMOXXKEHHS U
OXJIAXKJEHUS TOBEPXHOCTHU obpasua BO3pacTaeT M CKOPOCTh
pacnpoCcTpaHEeHUs MJIaMEHU HA4YMHAET YMEHbUIATHCS BIJIOTH 10 €TI0 CPBIBA.

3. Bausinue IFrCOMCTPHUUYCCKHUX PASMEPOB I'OPOYECTIO 060331_[21.

OcHOBHOE BIIMSHHUE Ha CKOPOCTb PpacCHpPOCTPpaHCHHUA IINIAMCHU OKAa3bIBACT
TOJIIINHA 06pa3ua. Paznuuarot TCPMHUUYCCKHU TOJICTBIC U TCPMHUUYCCKHN TOHKHC
o6pa3u51. Takoe ACICHHUEC OCHOBAHO Ha CpaBHCHHUH FCOMCTpH‘ICCKOﬁ niim
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(bu3nuecKoi TOJIIMHBI C TEPMHUYECKOM, MOJ KOTOPOH MOHUMAIOT TOJILHHY
CJI0s TBEPAOrO MaTrepuajia, IpPOrpeToro mnepes (QpOHTOM IUIAMEHHM BbILIE
Ha4yaJbHOM TemuepaTypbl K MOMEHTY PacIpOCTPaHEHHUs IJIAMEHHU Ha JAHHBIU
ydacTok nopepxHoctu Ha puc. 8.8,a,0 moka3aHo pacnpezeneHue TeMieparypbl
HEMOCPEACTBEHHO Iepel] (POHTOM IUIAMEHU B Clydae TFOPEHHUsS] TEPMHYECKU
TOJICTOTO M TEPMHUYECKH TOHKOTO o0Opa3uoB. Orcrona cienyer, uTo
TeMIlepaTypa CO CTOPOHBI 00pa3la, MNPOTHUBOIOJIOXHON TOM, MO KOTOpPOH
pacrpocTpaHseTcs miams, nepea GPoHTOM IIIaMEHH ISl TEPMUYECKH TOJICTOTO
paBHa HayaJIbHOU TeMIlepaType oOpasia, a s TePMUIECKH TOHKOTO — BBIIIIE.

- 2 [ T T 7 o
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Puc. 8.8. Ilone temmepaTyp T1NpH pacnpocTpaHeHHH NJaMeHH IO TBepAHM
MarepHaiaMm
a — TepMHUYeCKH TONCTHIE ofpasen; 6 — TepMHuecKH TOHKHA o6pasel,
B¢, B; — cooTBeTCTBeHHO (H3HYECKas H TepMHYeCKas TOJMUIHHE O06pasioB;

Ty Ty— COOTBETCTBEHHO HayadbHAs TeMNepaTypa H TeMmnepaTypa BCNBILKH
(Ha MOBEPXHOCTH) MaTepHana

IR NN'!Q

i+

~t\* Purc. 89. 3aBHCHMOCTH  CKOPOCTH

S pacnpocTpaHeHHs IJIAMeHH MO [MO=

. : s —_— TpebHTeNbCKOH GyMare oT ee TOJ-

(4 G2 04 as 0.8 T, MM LHHEBE N

Ha puc. 8.9 npuBeneHbl 3KCIEPUMEHTAIBHBIE JAHHBIE IO U3MEHEHUIO CKOPOCTH
pacmpocTpaHeHUs] MJIaMEHH M0 MNoTpeduTenbckoil Oymare. Bumgno, 4uto ¢
YBEIIMYEHUEM €€ TOJIIMHBI CKOPOCTh PACHpPOCTPAHEHUS IUIAMEHH CHUKAETCH.
[Ipu yBenWYeHWW TONIIMHBI B TIpeAenax TEPMUUYECKH TOHKHUX 00pas3IoB
CHIIKEHHME CKOPOCTH PACHPOCTPAHEHHUS TIJIaMEHHU TPOUCXOAUT TJIaBHBIM 00pa3om
BCJIEJCTBUE YBEJIWYCHUS TEIUIONOTEPH OT MOBEPXHOCTU TOPEHUS, CBS3AHHBIX C
pPOrpeBOM MaTepuasa BriyOb. J{Jisi TEpMHUUYECKH TOJCTHIX 00pa3ioB CKOPOCTh
paCIpOCTPAaHEHUS IUIAMEHU HE 3aBHCUT OT MX TOJIIMUHBI. JIEHCTBUTENBHO, €CIU
dbu3nveckas TOJIIMHA MPEBBIIIAET TEPMUUECKYIO, TO JajbHENIIee YBEIUUCHUE



TOJIIIMHBI HE MPUBEAET K U3MEHECHUIO XapakTepa pacnpeaeeHUs] TeMIepaTypbl
1o riyOMHe MaTepuana nepes ppoHTOM MIIaMEHH U CKOPOCTh TOPEHUSI OCTAHETCS
HEM3MEHEHHON. BOJIBIIMHCTBO MaTepuajoB PAacCTUTENbHOrO MPOUCXOXKICHUS B
BUJIE TEPMHUYECKH TOJICTBIX OOpa3IOB B TOPU30HTAIBLHOM WM BEPTHUKAIBHOM
(cBepXy BHH3) MOJIO)KEHUU HA BO3JyXe IMpPHU HOPMAJbHOU TeMmepaTrype He
CIIOCOOHBI K  CaMOCTOATEIbHOMY  pAaclpoOCTPAHEHUIO  IJIaMeHH.  Tak,
noTpeouTeabcKas Oymara TonmuHoi 6osee 0,7 MM y)Ke He paclpoCTpaHseT rope-
HUE 110 BEPTUKAILHOMY 00pa3ily CBEpXy BHHU3.

Poub MaTepuaia moajioxKKu.

[Ipy aHanuze BAMSHUS TONIIMHBI Ha CKOPOCTh PACHPOCTPAHEHUS MJIaMEHU
NPEJNoJiarajiochk, 4To ¢ 0OOpaTHOMW PACHPOCTPAHEHUIO IJIAMEHHU MOBEPXHOCTH
o0pasia HaxOoAUTCS BO3AYyX WU Jpyrou raz. OgHako B MpakTHKE, HAIpUMep,
NpU HaKJIEHKEe pa3IuyHbIX 3aIIUTHBIX JAEKOPATUBHBIX MOKPHITUM Ha CTEHHI,
MeTaJll, MIPU H30JSALHUHM IIEKTPUUYECKUX MPOBOJOB M T. M. TOpIOUMil oOpasen
(TuteHKa) compuKacaeTcss ¢ MaTrepuaioM (TOMIIOKKOW), Tero(u3ndeckue
XapaKTEpPUCTUKU KOTOPOrO CYIIECTBEHHO OTIMYAIOTCS OT TAaKOBBIX JJISI Ta30B.
Ecnu nHeroprowas momioxkka oOiamaer Kod(pOUIMEHTOM TEIIONPOBOIHOCTH
OOJIBIINM, YE€M y TOPIOYEro MaTepuana, TO OHa UHTCHCHU(PHUIUPYET CTOK TeIla,
MOCTYNAIOUIEr0 OT 30HBI IJIAMEHU K MOBEPXHOCTH TOPIOYEro, BriayOb TBEpAOM
¢a3pl. Uem MeHbIIIE TONIMHA TOPIOYETO CII0SI, TEM BBIIIE CKOPOCTh OTTOKA TEIlia
OT TOBEPXHOCTHU. DTO 3aMEJIIET POCT TeMIepaTypbl MOBEPXHOCTHOIO CJIOA U,
CIeAOBaTENbHO, YMEHBIIAET CKOPOCTh paclpocTpaHeHus miuameHu. llpu
JOCTMKEHUM HEKOTOpPOW MHUHUMAIbHOM MpeNebHOM TOJIMHBI TOpYHe
MOKPBITUSL YK€ HE PacHpOCTpaHsioT ropeHue. Uem Bblillle TENIOMPOBOIHOCTD
MOJJIOKKH, TEM CHIIbHEE TEIJIOOTBOJ OT MOBEPXHOCTU FOPIOYEro MaTepHraa, TeM
npu OoJbllIeld TONIIMHE TOPIOYEro MaTepualia HacTynaeT MpeKpalieHue
ropenus. O4eBUAHO, UYTO, KPOME TEIJIONPOBOAHOCTH, HA BEIUUUHY MIPEICIbHON
TOJIIIMHBI TTOKPBITUS OyJeT OKa3bIBaTh BIUSHUE U Macca MOMIOXKKH. Tak,
npefenbHas KpUTUYECKas TOJIIMHA TOJMMEpa, NPU KOTOPOW CTAHOBUTCS
BO3MOYHBIM MPOIECC PACIHPOCTPAHECHUS IJIAMEHM BBIIIE JUISI MEIAU, YeM JIJIsi
crekna . [Ipu yBennuenun nuamerpa (Macchl) CTEPKHS MpelieiabHasl TOJIIMHA
BO3pacTaeT CuUJIbHEe Mg OoJjiee TEIUIONpOoBOAHOTO MaTepuana (meau). I[lpu
OTHOCHUTENHHO HeOOoNbImX cedeHusix crepxkHed (0,2 MM) Ha mpenenpHYIO
TOJIIIMHY TOpIOYeil 0OOMOTKM MaTepuan MOJJIOXKKH 3aMETHOTO BIIMSIHUS HE OKa-
3bIBAET.
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Cocmas u cmpoenue yennr1030C00ePHcAUUX Mamepuaios, ux nogeoeHue npu
20peHuu.

K nemnmono3oconepxaimmuM MaTepraliaM OTHOCSITCS: JIPEBECHHA, XJIOMOK,
coyioMa, Topd, X/0 TKaHU, Oymara u U3JieJus U3 HUX.

B xumuueckuii coctaB apeBecuHbl BXoadat: C-42-46%; 0-38-47%; H-4-6%,
a Tak>ke Biara u 3oJa (10 8%). DTu MaTepuanbl UMEIOT OPUCTOE CTPOEHUE, TOPHI
(ot 57% mo o0BEMYy y nyda mo 72% y enu) 3amoiiHEHbl Bo3ayxoMm. I[losTomy
pacxoji BO3/lyXa Ha MX TOPEHHE HEBEIUK, OHU HMMEIOT CIOCOOHOCTHh K TIEHHIO.
Cropanue Ha OTKPBHITOM BO3JyX€ - Kak MpaBuio, mojHoe. M3-3a mopucroro
CTPOCHHUS JIPEBECMHA WMEET HU3KYIO0 TEIIOMPOBOIHOCTh, MOATOMY JOCTATOYHO
OBICTPO BOCILJIAMEHSIECTCS U MEJIJICHHO MPOTPEBAETCA B TITyOHHY.

[Ipn BO3meWCTBMM WMCTOYHWKA 3aKUTAHHUS OBICTPO HArpeBaeTcss TOHKUM
MOBEPXHOCTHBIM CJIOM, B KOTOPOM OBICTPO HCHApAETCS BiIara M HaYWHACTCS
pasznoxkenue. B mpoaykrax pasnoxenus 10 250 °C comepikarcs B OCHOBHOM BOJa
H,0 u yrnekucnsiii ra3 CO,, BbllI€ - TOABISAIOTCA OKcu yriepoaa CO, Bompopon
H,, meran CHy, atunen C,H,4, mapst ykcycnol kucinorst CH3COOH, meTunoBoro
cnupta CH30H u p., KoTOpBIE CIOCOOHBI TOPETH.

TemnepaTypa BOCIUIAMEHEHHS JIPEBECHUHBI (3aBUCUT OT BUAA U COCTOSIHUS
napesecunbl) npuMepHo pasHa 230-260 °C. Ilo Mepe pa3ioeHUsS M BLITOPAHHUS
JIPEBECUHBI Ha €€ MOBEPXHOCTU 00pa3zyeTcsi CIOW JPEBECHOTO YIJISl TONIIMHON 0
2,5 cm, mporperoro g0 500-700 °C, apesecuna nox HuM HarpeBaercs 10 300 °C u
paznaraetcs. [lapel, Tpoxoast CKBO3b MOPBI YIS, MPOJOJIKAIOT TOPETh BMECTE C
00pa3yIOmUMCs YTIIEM.

T.e. TopeHHe ApeBECHMHBI COCTOMT W3 JBYX (a3: TOMOreHHOE TOpEHUe
ra3000pa3HBIX TMPOIYKTOB PA3JIOKEHUS M TETEPOreHHOTO TOPEHHUS JPEBECHOTO
yrasi. OcobeHHo omacHa mepBasi (asza, T.K. OHa COMPOBOXIACTCS BbIICICHUEM
BBICOKOHATrPEThIX TPOJIYKTOB PA3JIOXKEHUS MW TOPCHHWS W HWHTECHCHBHBIM
U3JTyYCHHUEM OT TIaMCHHU.

[IpumepHo Tak ke BeAyT ceOs Tpu TOPEHUU U  JIPyTHE
LEJUTIOJI030COAEPIKAIIAE MAaTEPUAIIBI.

Paznoxxkenune  HeUTIONO30COMEpKAIMX  MATEPHAIOB  CONMPOBOXKIAECTCS
BBIJICJICHUEM TEIJIA, MOATOMY MPU MAJIOW CKOPOCTH TEIJIOOTBOAA BO3MOXKHO HMX
CaMOHAarpeBaHUE BIUIOTh JO BO3HUKHOBEHUS TOPEHHUS, MOATOMY HAJIO CIICIIUTD,
9TOOBI B OONBIINUX Maccax (MU MIOTHOM YKJIaJKe) HE MPOUCXOIU HArPEB BHIIIIE

100°C.

Heckonbko oTMyaroTcst aHaTOTHYHbIE TTOKa3aTeNn AJIs XJIOTKa U Topda.

Top¢ HaunHaet pasnararsest yxe mpu 100 - 105 °C, 3ameTHOE pasioxeHmne
nporekaet npu 150 °C, Temmeparypsl: Bociuiamenenus - 210 °C,
camoBociuiamenenus - 407 °C; 1ist XJI0MKa-ChIpIia TeMIIePaTyphl:
camonarpesanus - 60°C, tuenus - 205°C.

Xnomnok u Topd comepkar HauOOJbIIEe KOJIMYECTBO MOpP, B CBSI3U C YEM
OUEHb JIETKO BOCIUIAMEHSIOTCA OT UCTOYHHUKOB C OYE€Hb MajbIM 3allacOM 3HEPIUU
(maxxe OT WCKpBI, OOpa30BaHHOM TIPU TPEHUH YMAKOBOYHOW IPOBOJIOKH),
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CIOCOOHBI TIPOJIOJDKATH TIETh 3a CUET KUCIOPO/Ia, COACPIKAIIETOCS B XUMUYECKOM
COCTaBE€ U MOpax, NO3TOMY TYLIEHHUE U30JIMPYIOIIUMHU CPEACTBAMH HE AAET OJIHOU
rapantud. [lpy TymeHWM nOpUXOAUTCS pa3OuBaTh M PACTACKUBATH TIOKH,
n00aBIsATh B BOAY CMadyuBatenu st Oosibiiero 3d@ekra MpOHUKHOBEHUS BOJIbI
BIIyOb. [locie auKBHIaUM TUIAMEHHOTO TOPEHUs ClieyeT YOeauThCs B MOJTHOU
HEBO3MOKHOCTH BO300OHOBJICHUS TOPEHUS M3-32 BOZMOXHBIX 04aroB TJICHHUS.

XJIOTIOK JIETKO CAaMOBO3TOPAETCs MPU KOHTAKTE C CUJIbHBIMU OKUCIUTEIISIMU

a30THOM M CEpHOM KHUCJIOTa W JAp. 3arpsA3HEHHBIA OTXOJaMH, CEMEHHBIMHU

KOpOOOYKaMH, BJIQKHBIA XJIOMOK CIOCOOEH CaMOBO3rOpaThCsi Ha BO3IYXE,
BBICYIIICHHBIN W CBSI3aHHBIA B TIOKHM (Kak TpH NepeBo3ke) - HeT. Topd crmocobeH
CaMOBO3rOpaTbCsi B MECTax 3aJIEKEU MPU JUIUTEIBHO CTOSIIECH CyXOW M KapKOu
MOTO/IE, a TAKIKE CBEXKETOOBITHIM.

[Ib116 B3pBIBOOIIACHA.

I'openue nbLIEBO3AYIIHBIX CMecel

Panee mnpouecc ropeHHss a’pO30JIbHBIX CHUCTEM CUHMTAIM AaHAJIOTHYHBIM
TOPEHHUI0 TOMOTEHHON Ta30BOW CMECHM U Tpolecc mepeMelieHus (poHTa
nJaMeHH OOBACHSANIM Mepenadeil Termia M3 30HBI MJIAMEHU K CBEXEW CMecH
MOCPEACTBOM TEIUIONPOBOAHOCTH (cM. § 6.1). OmgHaKo BBICOKHE CKOPOCTH
pacrpoCTpaHeHUs MJIAMEHHU 10 OPraHUYECKUM MbLIEBO3AYIIHBIM CMECSM (CBBILIE
10 M/c) HEe MOTJIH OBITh OOBSCHEHBI C TTO3UITUNA ITUX MPECTABICHUIA.

B mocnemytomem ObUIO BBIABUHYTO M OOOCHOBAaHO, MPEATOJIOKEHUE, YTO
pacIpoOCTpaHEHUE IUIAMEHH 110 NBUICBO3AYIIHBIM CMECSIM IPOUCXOJUT
TJIaBHBIM 00pa3oM 3a CYeT MpOrpeBa XOJOJHOW CMECH JIYYHUCTBHIM TEIUIOBBIM
MOTOKOM OT (PpoHTa miiaMeHu. TBep/ble YaCTUIIbl, MOTJIOMIAs JTyYUCTBIH MOTOK,
HarpeBaroTCs, pa3jaratoTcsi C BBIICIEHUEM TOPIOYHUX MPOAYKTOB, KOTOpbIE
00pa3yloT roproyre cMecu ¢ BO3IyXoM. OCOOEHHOCThIO JAHHOTO MEXaHu3Ma
pacnpocTpaHeHusl TIaMeHH SIBJISIETCS TO, UTO TNIyOHWHA MPOrpeBa U pa3yioKeHUs
TBEPJBIX YaCTHUI[ JIYYUCTBIM IMOTOKOM JOCTATOYHO BEJIMKA, BCJIEACTBUE YETO
nepen dbpoHTOM IJIAMEHU oOpa3zyercs 3HAYUTEIbHBIN cloun
MMapora3oBO3AYIIHOM  CMECH, MPOTPETOM 1O  BBICOKOW  TEMIIEPATYPBHI,
COM3MEPUMON C TEMIIEPATypOu pasliokKeHus TBepaoi ¢aspl. HemocpencTBeHHBIM
MOATBEPKACHUEM OTPEACIIONIeH polu MU3IydeHUus oT (ppoHTa NIaMEHU Ha
MPOLECC PACHPOCTPAHEHUS TOPEHUS IO MNBUIEBO3AYIIHBIM CMECSM MOXKHO
CYMTATh  DKCIEPUMEHTAJbHO  YCTAHOBICHHYIO  OCOOCHHOCTh  TOPEHUS
JIOCTaTOYHO BBICOKOJIMCIIEPCHBIX CUCTEM. A3POB3BECH, UMEIOIIAs OUY€Hb MEJIKHUE
YacTUI[bl, MPHU BOCIUIAMEHEHHUH OBICTPO CropaeT B 30HE BO3JACHCTBUS
MCTOYHMKA 3a)KUTaHUs, OJHAKO TOJIIWHA 30HBI IJIAMEHU HACTOJBKO Maja, 4To
WHTEHCUBHOCTb €r0 W3JIyYECHHUs OKAa3bIBA€TCS HEAOCTATOYHOM IS Pa3JIOKECHUS
YacTHLl, U CTAllMOHAPHOTO PAacCHpPOCTPAHEHUSA IUIAMEHU IO TAKUM CMECSIM HE
MPOUCXOIUT.

OTMeTuM, 4YTO a’pOB3BECh, COJEprKallas KPYNHbIE YACTHUIIbI, TaKKE HE
crnocobOHa K cCTanuoHapHOMy TropeHuio. OIHAaKO MPUYMHA 3/1€Ch HECKOJIbKO
npyrasi. Kak wu3BecTHO, C yBenudyeHueM paszmepa (00beMa) UYaCTHUIIHI
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CHUKAETCSl yJAeNIbHAas MOBEPXHOCTh TEIJI0OOOMEHAa U BO3pacTaeT BpeMs ee
nporpeBa 10 TeMmIepaTypbl pazinoxeHus. Ecaum Bpems oOpa3zoBaHUs
roproyeil maporasoBO3AyLIHOW cMecu Iepea (POHTOM IUIAMEHH 3a CYET
pa3igoKEHUsT YACTUUEK TBEPAOro MaTepuasa OyJIeT MEHbIIe BPEMEHHU
CyIIECTBOBaHUSA (PPOHTA IUIaMEHU (OTHOLIEHUE TOJIIMHBI (PPOHTA IJIAMEHHU K
CKOPOCTH €ro paclpoCTpaHEHHs), TO TOPEHUE NPOUCXOAuTh He Oyner. Tak,
NBIJIEBO3AYIIHASL CMECh, COCTOSIIAs U3 YrOJbHBIX NBUIMHOK pazmepom 0,1 u-
0,18MM, HE cTTOCOOHA K TOPEHHIO.

C mo3unuu JaHHOW TEOPUHU a’po30Jb mepeln (POHTOM IJIAMEHHU CIEIyeT
paccMaTpuBaTh Kak KBAa3UTOMOTCHHYIO CHCTEMY C HEKOTOpoil 3¢ (deKTUBHOMN
TEIUIOEMKOCTBIO JUCHEPCHON ¢a3bl ¢, . Ecnu mpuHATH, YTO JTUMHUTUPYIOIIEH
CTaaueu Ipouecca TOPEHUS SBIAETCS NPOrPEB M PA3I0KEHHUE TBEPABIX
YaCTHYEK 10 TEMIIEpPaTypbl UX CaMOBOCHJIAMEHEHHUs . , TO BBIPAXKEHUE IS
CKOPOCTH PacIpOCTPaHEHUS IUIAMEHHU MOYKHO 3aucaTh B BUJIE

r7ie (o0— WHTCHCHUBHOCTh JIYYHCTOTO TIOTOKA OT (GPOHTA IUIAMCHH,
2
kB1t/™M°.

Tomecom O. M. 6pima 060CHOBaHA CITPaBETMBOCTH 3TOTO YTBEPKACHUS: TIPH
TOPEHUU a’poB3BECH, coaepKaIeu YACTUYKH TUaMeTPOM
0,1-d-1,0mMM, CKOpPOCTH pacpOCTPaHECHUS IIAMEHH ITOTYUHSAETCS COOTHOIIICHHIO:

rae 6 — nocrosiHHas Ctedana-bonpimana;
T,—»>ddexTuBHas TemiepaTypa Jydeucnyckanus (¢pponrta nmiaamenu), K.

PaccmoTpum BiusiHHE yCIIOBUIM TOPEHHSI Ha CKOPOCTh PAacCIpOCTPAHEHUS

TUIAMEHH 10 NBUICBO3AYIIHBIM CMECSM.

1. Biusinue KoHueHTpanuW nbLIM. Kak M B ciydyae ropeHUs TOMOTE€HHOM
ra3’oBO3AYIUIHOW CMECH, MAKCHMAalbHas CKOPOCTb PAaCIPOCTPAHEHHS
IJJAMEHU UMEET MECTO JJISI CMECE HECKOJBKO BBIIIE CTEXMOMET-PUUYECKOTO
coctaBa. 13 puc. 8.17 cienyet, 4To HauOoOJbIIask CKOPOCTh HAOMIOAAETCA MIPU
coiepKaHUM TOPQPSHOU MBLUIA B BO3AYXE, PABHOM 1-M,5kr/M°,

4, mfc

Puc. 8.17. 3aBHCHMOCTB

CKOpOCTH ~ pacmpocrpaHe-

HHA MJaMeHd no Topds-

HOH MBIJIM OT @e KOHIEH-
TpallHi B BO3AYyXe

I — cojepikaHHe KHCJO-

: . . . . : poxa B Bosayxe, 21%;
2 4 6 i " 2 a2 —19%; 8 — 18%
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2. Bausinue 3o0JbHOCTH. IIpm yMeHBbIIEHHMH COJAEpXKAHUS JIETy4yUX TMIPO
IYKTOB B COCTaB€ MbUIM (TIOBBIIMIEHHE 30JbHOCTH) MPOUCXOAUT CHUXKE
HUE CKOPOCTH TOPEHHUS M Ja)Ke €ro MpeKpalleHue, Tak KaKk KOHLEHTpalus
MapoOBO3IYITHOW cMecH mepen (pOHTOM TIaMeHu, oOpasyromascs B
pe3ynbTaTe pa3ioKeHUs TBEPAOH (ha3bl, MOKET CTAaTh HUYKE HUKHETO Mpezerna
ee BOCIUIAMEHEHHUS.

3. Bausinue comep:kaHMs KHCI0opoAa B okpyxawieil cpexe. C
YMEHBIICHUEM COJEpPKaHUs KUCIOpPOAa CKOPOCTh PaCIpOCTpaHEHUs IIaMEHU
[0 TIBUIEBO3AYIIHBIM cMecsiM cHipkaeTcst (puc. 8.17). Ilpu stom Habmrogaercs
XapakTepHasi O0COOEHHOCTh: PE3KOE CHHKEHHE HUMEET MECTO NIpPH TOpPEHUU
OeaHBIX W OJNHM3KUX K CTEXHOMETPHYECKHM cucTtemaM. B oOmactu OoraThix
CHUCTEM CKOpPOCTh U3MEHSAETCA He3HauuTeNnbHO. Tak, u3 puc. 8.17 BUIHO, YTO
IIPU CHUIKEHUU KOHLIEHTpauuu kuciopona ¢ 21 no 18% makcumanbHasi CKOpOCTh
cHM3WJIacb B 6 pa3, CKOPOCTh pacOpoCTpaHEHHUs MJIaME€HU 1O
NBIJIEBO3AYIIHBIM CMECSIM C KOHIIEHTpaluen nucrnepcHoil ¢asbl, paBHoil 13%,
— juub B 1,5 paza.

BcenenctBue Takoro xapakTtepa H3MEHEHHUS CKOPOCTH PaclpOCTpPaHEHHs
IJIaMEHU TPeAeibHbIE KOHIIEHTPAllUK KUCIOPOJa B BO3AyXe (MHUHUMAJIBHOE
colep>KaHue KHUCIOPOJa, MHPU KOTOPOM €II€ BO3MOXKHO TOpEHHUE) Jid
00OTaIeHHbIX a’p030JIei HWKE, YeM ISl CTEXHOMETPHUYECKUX U OCqHBIX.
[Ipyn cHWXeHUM coJepKaHus KUclopoAa B Bo3ayxe Hmwke 16% ropenue
TOp(SHOM MBLIM CTAHOBUTCS HEBO3MOXHBIM. J[pyrue Buabl nbiau (Myka,
Kpaxmall, caxap 4 T. J.) IpEeKpalarwT ropeHue NpU CHUKEHUU
KOHIIEHTpAIMU Kuciopoaa a0 12%.

4. Bausinne ¢aermatuzatopoB. [Ipu pazbaBieHWU THUICBO3AYIIHBIX CMecen
dbaermMaTu3aTopoM WM TPU BBEIECHUU XUMUYECKH AKTUBHBIX MHTHUOUTOPOB
CKOpPOCTh pacipoCTpaHEeHMs IIaMEeHU CHUxkaercs. Tak mpu goOaBlieHUH B
a’3pO30JIbHYI0  CUCTEMY  HoJucTHpod-Bo3Ayx or | mo 1,5%
TeTpadTOpAMOPOMAITAHA PACTIPOCTPAHCHHUS TUNIAMEHH HE TIPOUCXOINT.
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Ocobennocmu 2openus u myuieHus nOaUMepPoe.

K nonvmepam OTHOCSITCS: IJIaCTMACChl, KAy4yKH, CHHTETUUECKHE BOJIOKHA U
U3JIeNIUS U3 HUX. DTO BBICOKOMOJICKYJISIPHBIE BEIIECTBA C MOJICKYJISIPHOM Maccoi
oT 10000 10 HECKONBKMX MUJUIMOHOB, MOJIEKYJIBl COCTOAT W3 MHOTOKPATHO
MOBTOPSIOIINXCS OJTUHAKOBBIX 3BEHBEB.

[Tox BO3AEHCTBHEM KHCIOpOAa BO3/AyXa, TEIJia, BOJbI, KHCIOT, IIEI0UYeH 1
JIp. TIOJIMMEPHI U3MEHSIOT CBOM CBOMCTBA M TEPSAIOT MPOUYHOCTH. Y CTOMUYHMBOCTH
MOJIUMEPOB  3aBUCUT OT WX CTPOEHUS W CocTaBa. PasnuyHbie 100aBKA
(HamOJMHUTENH, TUIACTU(DUKATOPHI, CTAOUIU3ATOPHI, OTBEPAMUTENH, CMAa3KH,
KPAaCUTEIH U MUTMEHTHI) MO3BOJISIIOT 3aMEJJIUTh CTapeHue, MpUIaTh MoIuMepaMm
HeoOxoauMbIe cBoMcTBa. Heroproune mo0aBKM CHIKAIOT MOKAPHYIO OMACHOCTH
MOJIMMEPOB.

[To oTHOIIEHWIO K HArpeBaHUIO MOJMMEPHI NENATCA HAa TEPMOILIACTUYHBIC
(TutaBsiMecsl) ¥ TEPMOPEAKTHUBHBIC (HEIUIaBKHE W HepacTBopumbie). [locneqnue
SIBIITFOTCSI MEHEE I10KapOOTAaCHBIMH, BBIACPKUBAIOT 0€3 M3MEHEHUS TPOYHOCTH
JIOCTaTOYHO BBICOKHE TEMIIEpaTypbl, HEKOTOPBIC M3 HUX Jake Heroprouue. [lpum
HarpeBaHUU MOJMMEPHI pa3iaraloTcs MO0 cpa3y U3 TBEPIOTO COCTOSHUSA, JTUOO B
npouecce tiasiaenus (mpu 120-150 °C u Bbie). BoJABIIMHCTBO MOJIMMEPOB IIPH
HarpeBaHWU IUIABHTCS W B TMpoIecCe TOPeHHsI 00pa3yeT Ha TOPHU30HTAJIHHOU
MIOBEPXHOCTH JKUIKUAN CIION TOMIMHONW 6-8 MM. C BEpTHUKAIBHBIX M HAKJIOHHBIX
MOBEPXHOCTEH IKUIKOCTh CTEKAET, PACIPOCTPAHsISI TOPEHHWE Ha 3HAYUTEIHHOE
paccTosiHue.

[TponykThl pa3nokeHHs TOKCUYHBI, MOTYT OOpa30BBIBaTh B3PHIBOOTIACHBIC
cmecu. [lommmepsl OTIUYAIOTCS BBICOKUM cojepxanueM yriepona (63-89%),
OONBIIMHCTBO W3 HUX HE COACPKUT KHCIOpOAa, TMOITOMY TIPH TOPEHUU
pacxomyercst Gombmoii 066EM Bosmyxa (10-12 MY/kr), ofpasyercst caxxa W Jp.
MPOAYKTHl HEMOJHOro ropenus, yacto tokcuuneie: CO, H,S, HCN, NHj3, ap.
coenuuenus azota, HCI, anpaeruasl u np. B cBs3u ¢ 9TUM MU TYIICHUH JTMYHBINA
COCTaB JIOJHKCH HCIIOJIb30BaTh N30UPYIOIINE TPOTUBOTA3HI.

ITmams 0OBIYHO CBCTAIICC, YaCTO CHJIIBHO KOIITAIICEC. IIe1an  wacto
B3PBIBOOITACHEIL.

PexkoMeHlyeMbIE cpeficTBa TYLIIEHUs: BOJAA, Jy4dll€ CO CMAyUBATEIIMH,
BO3/IYIIIHO-MEXaHUYECKas MeHa, nopoinok [10.

Hwxe npuBeneHbl HEKOTOPBIE MOKA3aTENIN MOKAPHOM OMACHOCTU IS OTAEIBHBIX
ITOJIUMEPOB.

[INIACTMACCBI

[ImacTuyeckuMu MacCaMM Ha3bIBAIOT MAaTE€pHUANIbl HA OCHOBE ITOJIMMEPOB,
coJieprKale pa3nuyHble 100aBKH, U CIOCOOHBIE TMOJ BIUSHUEM TEMIIEpaTyphl U
naBieHUs (POpPMOBATHCS, CTAHOBUTHCS IUIACTUYHBIMU. [lmacTmacchl MIMPOKO
OPUMEHSIOT B Pa3JIMYHbIX OTPACIIAX HAPOJHOIO XO3MCTBA U B OBITY.

a) TepMoruiacTUYHbBIE IMOJINMCPBI (HOJII/IG)TI/IJICH, IMOJUCTHUPOJI, OPICTCKIIO,
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NOJMBUHWIXJIOPUL U Jp.) TMOJy4aroT MOJUMEpU3aluend, Noa JelCTBUEM
WCTOYHUKA 3aKHTaHUS OHU TUIABATCS, pas3jaraloTcs; MPOAYKTHI Pa3iioKeHUs
00pa3yroT C BO3JyXOM Toproure cMecu. B coctaBe mpoyKTOB pasyiokKEHUS] MOTYT
HaxoauThesl cuHuibHas kucinorta HCN, okeuna yraepoga CO, okcuasl azora NO,
NO,, xnopuctsiii Botopox HCI u 1p. TOKCHYHBIE COETUHEHUS.

Temneparypa Bocmul. miactmace Beire 200 °C, Temmeparypa cam. - BBIIIE
400 °C, temnora cropanus - 6onee 31500 k/Ix/Kr, TemIepaTypa TOpEHHs - JI0
1300 °C, mputd - B3pBIBOOMACHBL. ILIOXO CMAuYUBAIOTCS BOJOM, IMO3TOMY MpHU
TYIICHUH KETATEIHHO MPUMEHSATh CMauynuBaTEIIH.

0) TepMOpPEaKTHUBHBIE MOJUMEPHI HAa OCHOBE (HEHOI(POPMATBIACTHIHBIX U
MeJTaMUHO(POPMATIBETHIHBIX CMOJI TOJY4YaloT MOJuKOHAeHcarue. OHM, Kak
npaBuiio, 001ee YCTOWYUBHI K JEHCTBUIO XUMUYECKUX PEAKTUBOB, BOJIBI, BBICOKHX
temmneparyp. Temmeparypa Bocmiamenenus Bbime 350 °C, Temmeparypa
camoBociuiamenenus - Beime 490 °C, temnora cropanus - 6onee 22400 xJx/kr,
NBUTM - B3pbIBOOMAcHBIL. [IpeccoBaHuem c 100aBKOW HaIOJHUTENIEH IMOTYyYaroT
OOJIUIIOBOYHBIEC IUIUTHI, CTEKJIOIUIACTHKH, TEKCTOIMUT, JJIEKTPOYCTAHOBOUHBIC
w3nenus, JAIBIT, JICIT u ap. Ilpu ropeHun BbIIEIATCS OOJBIIOE KOJUYECTBO
TOKCUYHBIX ITPOJTYKTOB Pa3oKeHUs (OKCUJIBI YTIEpo/aa U a30Ta).

CUHTETUYECKHWE BOJIOKHA

KauecTBO HaTypasbHBIX BOJIOKOH (XJIONKA, JIbHA, IEHbKH, LIEPCTH, LIENKA,
acOecra) 1 00BEM UX MPOU3BOACTBA HE BCETA yIOBIETBOPSIOT MPEABABIAEMBIM K
HUM TpeOOBaHUSAM, IMOITOMY B HACTOAIIEE BpPEeMsS B Pa3IUYHBIX OTPACIIX
IPOMBIIUIEHHOCTH IIMPOKO HCIIOJIb3YIOTCS HCKYCCTBEHHBIE W CHUHTETUYECKHE
BOJIOKHA. WX mpou3BOJACTBO 00jee 3KOHOMHUYHO, HE 3aBUCUT OT MPUPOTHO-
KJIIMMAaTUYECKHUX YCIOBUM, MOKHO IOJIy4aTh BOJIOKHA C 33/IaHHBIMU CBOMCTBaMHU.

CuHTeTHYECKHE BOJIOKHA IMOIYYaloT NPSIEHUEM U3 PacTBOpPA WIM pacIuiaBa
[OJIMMEpPA, MPOJABIMBAsl €ro 4Yepe3 MeJIkue oTBepctus — ¢unsepsl. llpu
nocienyroneil  00paboTke (BBITATMBAaHUM, CKPYYMBaHUHU, TEPMOQPHUKCALIUN)
BOJIOKHY IIPHUIAIOT OnpenenéHHble pU3nKo — MexaHndeckue cBoiicTBa. BonokHa u
U3JIeTUS U3 HUX NIPU HarpeBaHUM IUIaBATCSA, MOTYT pacTeKaThCsl.

Kanpon - Haubosnee pacnpocTpaH€H. XuMHUYeCKH HecToeK. OCHOBHOE
OPUMEHEHUE - IIMHHAs [POMBIIUIEHHOCTh (KOpA), TPaHCIOPTEPHBIE JICHTHI,
OPUBOJHBIE PEMHH, pyKaBa, BEpPEBKH, pbHIOOJIOBHBIE CHAacTM M T.I.
(remmeparypsl 1wraBienus - 208-215 °C, pasnoxenus - 300 °C, BociiaMeHeHUS -
395°C, Q rop - 31206 xJIx/kT ),

JlaBcaH - XMMHYECKHM YCTOWYHB, BBICOKO IIPOYHBIM, CTOEK TEPMHYECKH,
XOPOIIUH TUAIEKTPUK, U3JeNus He cMUHaeMbl. [1o cBoiicTBaM OJIM30K K MIEPCTH.
[IpyuMeHsIOT Ui M3rOTOBJIICHUS ILJIAHTOB Il HE(TEMPOIYKTOB, IOXKAPHBIX
PYKaBOB, KOpJa, TPaHCIOPTEPHBIX JIEHT, PEMHEH, KaK 3aMEHUTENb ILIEPCTH U
n00aBKM K Hell B TKaHsx. (Temmeparypsl: Bociul. - 390 °C, cam. - 440 °C, Qop -
22638 kJIx/kr ),.

HuTpoH - HErurpocKonuM4eH, O4YE€Hb IIPOYEH, YIPYT M JJIACTUYEH,
CBETOCTOCK, XMMHUYECKast CTOMKOCTh - MEXIY KallpOHOM M jaBcaHoM. Iloxox Ha
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mepcthb. [IpuMeHsIOT I W3rOTOBICHUS TKAHEHW, BEPXHETO TPHUKOTAXKA,
CIICLIOJICKIbI, TEXHUYECKUX M3Nenui (muwianru). (Temmeparypa rmias. - 220-230
°C, pasnox. - 220-230 °C, Bocmu. - 200 °C, cam. - 505 °C, Qcop - 30828 x/Ix/kr ),

XJIOpUH - CTOGK K JEUCTBUIO KHUCJIOT U IIeJIo4Yeld, OOJBIIMHCTBY
pacTBopUTelield, KPOME alleTOHa, ajdbJAETUI0B U KETOHOB. OTHOCUTCA K TPYAHO
cropaemMbIM MaTepuaiaMm. M3roToBiasioT GUIbTPHI, CIEHOASK Y, JedeOHoe OelbE,
(Temmeparypa 1ias. - Beie 70 °C, pasnox. - 180 °C, Bocmi. - 200 °C, cam. - 540
°C, Qcrop - 12130 x/Ix/kr ),

KAYYVKH :
HarypanpHbii - mpousBomaT u3 coka tponmnueckoro aepesa I'EBES. Ilo
XMMHYECKOMY COCTaBy - CMEChb BBICOKOMOJIEKYJSIDHBIX  HENPEIECIbHBIX

yTIAEBOJAOPOAOB.  BBICOKO?IaCTUYHOE  CMOJIONOJOOHOE  BEIIECTBO  CBETIIO-
KOPUYHEBOTO I[B€Ta. XOPOIIO pPACTBOPSAETCS BO MHOTHX OPraHUYECKHUX
pacTBopuTeNsx: OeHzone, Toiyone, ddupax u ap. Llupokxo ucmomws3yercs B
aBTOMOOMJIECTPOSHUH, aBHACTPOCHNH, B BOCHHOH TEXHUKE JJIs1 IPOM3BOICTBA IIINH
caMOJIETOB, OOJIBIIETPY3HBIX ABTOMOOUJICH. (remmeparypsl: mias.- 120 °C,
pasnox.- 250 °C, Bocmur.- 129 °C, cam. - 275, ropenusi- 1500-1700, Q.,o,- 44768
k/lx/kr ). Ilnmams- sipkoe, komtsiiee, ¢ OONBIIUM TEIUIOBBIM H3IydeHHeM. [Ipu
TOPCHUH Pa30pBI3TUBAIOTCS TOPSIIHUE KAk, KaydyyK TUIABUTCS U pacTeKaeTcs,
o0Opa3ysl TOABWXHYIO Cpely, yBEIWYWBas IUJIOMAAb TMOXapa W CJIOXKHOCTD
TYIICHHUS.

CUHTETHYECKHE Kay4YyKH TIOJNy4aloT U3 HEPTAHBIX Ta30B, 3THIOBOTO
cnuprta, anetruieHa. IIpousBoacTBo 0Oojee SKOHOMHYHO, HE 3aBUCUT OT
KJIMMaTHYECKHUX YCIOBH, MOKHO MOIy4aTh 3apaHee 3aJJaHHbIe CBOMCTRA.

Hatpuii-6yragnenoseii  (CKB). bim30ok K HaTypalbHOMY, HO IIpH
OKHCJICHUU CTAHOBUTCA TBEPABIM H KECTKUM.  [IpuUMEHSIOT B PE3WHOBOMH,
0o0yBHOHM, KaOeIbHONW U Jp. OTpacisix MPOMBIIUIEHHOCTH; KaydyK oOOIIEero
HasHayeHus. (Temmeparypsl: Bociul. - 220 °C, cam. - 352 °C, ropenus - 1550-1560
°C, Q crop - 45360 kJDx/KT ).

XnoponpeHoBbldd (Hauput) CToek K ACHCTBUIO 030HA, CBETa, Macia,
UCTUPaAHUsS, HEKOTOPhIE HE TOPIOYH, M3TOTOBISIOT TPAHCHOPTEPHBIE JIEHTHI,
NPUBOJHBIE PEMHHU, pykaBa, 000jiouku kaOened (1 T kaydyka 3aMeHseT 6 T
CBUHIIA) , POPMOBBIC U3ACIHS.

byramuen-ctuposbHblii (CKC, ByHa S) 1Mo WM3HOCOCTOMKOCTH, TEIJIOBOMY
CONPOTHUBJIEHUIO, O30HHOMY U €CTECTBEHHOMY CTapeHHIO,
NapOBOJIOHENPOHUIIAEMOCTH  IPEBOCXOJUT HATypaJbHBIM, HO YCTyHaeT o

MOpPO30CTOMKOCTH.  (TeMmeparypsl: Bociul - 285 °C, cam. - 336 °C, ropenus -
1500-1600°C, Qqrop - 43680-44100 kJIK/xr ).
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I'openne meranios

[lo xapakTepy ropeHus METAUIOB UX JENSAT Ha JBE TPYIIbL: JIETy4yde H
Henetyuue. Jleryune metamibl 00J1aal0T OTHOCUTENIbHA HU3KUMH TeMIIepaTypaMu
dazoBoro mepexoma — Ttemreparypa rmiaBieHus menee 1000 K, temmeparypa
xkunenus He npespimaer 1500 K. K 3Toi rpymime oTHOCATCS HIeIOYHbIE METALIbI
(iuTHii, HATpUW, Kaouid W Jp.) U IIeJOYHO3EMENIbHbIe (MarHui, KaablUi).
Temnepatypsl (pa3oBoro mnepexoaa HEJIETYYMX METAJIOB 3HAYUTEIHHO BBIIIIE.

Temnepatypa miaBieHus, Kak npasuio, Beime 1000 K, a remneparypa kuneHus —
oosbire 2500 K (tadma. 7).

MexaHu3M TOpEHMs METAUIOB BO MHOIOM OIIPEAEIAETCS COCTOSHUEM UX
okuciia. Temmeparypa IUIaBICHHUS JIETYYUX METAJUIOB 3HAYUTEIIBHO HIKE
TEMIIEpaTyphl TUIABJICHHS UX OKHUCIIOB. [Ipu 3TOM mocienHue npeacTaBisioT co0oi
JIOCTaTOYHO MOPUCThIE 0OPa30BAHUSI.

[lpy momgHECEHWHM WCTOYHWKA 3aKUTaHUS K MOBEPXHOCTH MeTramia*
NPOUCXOAUT €ro HcChapeHue W OokucieHue. [Ipu AOCTHKEHHH KOHIIEHTPAIHH
1apoB, pPaBHOW HWKHEMY KOHIIGHTPAIIMOHHOMY TIpelely, MPOUCXOIUT HX
BOCIUIaMeHeHue. 30Ha  AU(PQGY3UOHHOTO TOPEHUS  yCTaHaBIMBaeTCA Y
MIOBEPXHOCTH, OOJbIIasi O TEIUIa MepelaeTcs METauly W OH HarpeBaercs 0
temnepatrypbl kuneHus. OOpasyrolmuecs mnapbl, cBOOOJHO AudDPyHAUPYS uepes
MOPHUCTYIO OKHCHYIO IUICHKY, IOCTYHalOT B 30HY ropeHms. Kumenwme meraia
BBI3BIBACT MEPUOIMYECKOE Pa3pylICeHUEe OKUCHOW TJICHKH, YTO MHTCHCU(PUITUPYET
ropenue. [IpoaykTel ropenusi (OKUCIbI METAIOB) TUDPYHAUPYIOT HE TOJIBKO K
MOBEPXHOCTH MeETaJIa, CHOCOOCTBYS OOpa30BaHWIO KOPKH OKHCIa, HO W B
OKpY>Karo1ee MpoCTPaHCTBO, T1€, KOHJIEHCUPYSICh, 00pa3yroT TBEPAbIC YACTUIKHU B
Bujie O6enoro apiMa. OOpazoBaHue O€JI0ro IUIOTHOTO JIbIMA SIBIISIETCS BU3yaJIbHBIM
MPU3HAKOM FOPEHUS JIETYYUX METAILIOB.

Y HeneTyuynx MeETa/uIoB, OOJAJaIoONMX BBICOKUMH TeMIlepaTypaMu
¢dazoBoro mepexonaa, Mpu TOPSHUU Ha TIOBEPXHOCTH 00pa3yeTcs BEChbMa IUIOTHAs
OKHCHAs TUICHKA, KOTOpas XOpPOIIO CIEIUIIETCS C TMOBEPXHOCThIO MeTawia. B
pe3ynbTaTe 3TOro CKOpocTh AudQy3uu MapoB MeTamia dYepe3 IJICHKY Pe3Ko
CHW)KACTCS M KPYITHBIC YACTHUIIbI, HAPUMEDP, aTIOMUHUS U OCPWILINS, TOPETh HE
cnocoOHbI. Kak mpaBwito, mokapel TAKUX METAIOB UMEIOT MECTO B TOM Ciydae,
KOTJ]a OHM HaxXOJATCS B BUJE CTPYKKH, NOPOIIKOB M a’posoier. Mx ropeHune
MPOUCXOIUT Oe3 00pa3oBaHUs IIOTHOTO JabiMa. OOpa3oBaHUE TUIOTHOW OKHWCHOM
IUICHKA Ha MOBEPXHOCTU METajlyla MPUBOAMUT K B3PBIBY YAaCTHUIbl. JTO SIBJICHUE
0COOEHHO YacTO HaOMIOAACTCS MPU JABUKEHUU YACTUIIBI B BRICOKOTEMIIEPATYpPHOM
OKHUCJIUTENIbHON CpeJie, CBSI3bIBAIOT C HAKOIIJICHUEM MMapOB METAIJIOB IO OKUCHOMN
IUICHKOM C TIOCJEIYIOUIMM BHE3AMHBIM €€ PBI3PHIBOM. JTO, €CTECTBEHHO,
MIPUBOJUT K PE3KO MHTEHCU(PUKAIIUN TOPEHUS.
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Tabmuia7

XuMHYECKast Temneparypa |Temmeparypa
dhopmyna mnasneHud, K [kunenus, K
['pynna Metamn |Oxucen [Metan| Okucen |Metan|Okucen

IT IT
Li Li,O 1454) 1,700 | 116 |2823

2190
Na NagO 317 111 20 |1(750
Jleryune 11156 |3(350

K |K,0 337| 700 |1Q52

Mg - MgO 923 3075 | 1381
Al |AlL,O;, | 932] 2418 | 2679 |3800
BeO |1,556. 2823 | 2750 |41/23
Heneryune | Be  |THO, | 1950| 211(38 | 2550 |4L110

Ti

JlJis HeNneTyuynx METAJJIOB XapaKTepHBI BBICOKHE TEMIIEpPaTyphl IUIABICHHS
(Berme 1000 K) m kunenust (Beime 1500 K), oOpasyromiuecs mpu BBICOKHX
TEMIEpaTypax OKCHABl  HAxOIATCS B JKUJKOM COCTOSHHM W HE JaloT
IPOAOKATHCA TOpeHHI0. [103TOMy OHM MOTYT rOpeTh B COCTOSHHH IMOPOIIKOB,
TOHKOW MPOBOJIOKH, CTPYKKH, UM B YCIIOBUSAX OYCHb BBHICOKHX TeMIepaTryp, 0e3
00pa3oBaHUs JIbIMA.

OCHOBHBIMH TIapaMeTpaMHU MX TOPEHUs SIBIAIOTCS BpPEMs BOCIUIAMEHEHUS U
cropanus. M3 teopun mudPy3MOHHOTO TOpPEHUS CIEAYeT, YTO BPEMsl CrOpaHUs
YaCTUYKM MeTaula T, MPOINOPIMOHAIBHO KBaaparty ee¢ jaumamerpa do.
DKCneprUMEHTaIbHbIE JIaHHbIE [IOKA3bIBAlOT, 4YTO (haKTHYeCKash 3aBUCHUMOCTh
HECKOJIbKO OTJIMYAETCA OT TEOPETUUECKOM.

» [loBbilIeHHE KOHIEHTPAIIMK KHCIOpoJga B aTMocdepe HWHTEHCUDHUIHPYET
ropenne Metauia. YacTiaku anfoMuHus guamerpoM (53-66) 10° MM B armocdepe,
comeprameil 23% Kucaopoma, croparot 3a 12,7 ¢ 107° ¢, a NpH MOBBIIICHAH
KOHIICHTpaIuu okucaurens 10 60% — 3a 4,5- 10 3.

OpHako U1l TO’KapHO-TEXHUYECKUX PACUETOB OOJIBIIION MHTEPEC MPECTABISET
HE BpEMs CrOpaHUs YaCTHUIIbl METAJLJIA, @ CKOPOCTh PACTIPOCTPAHECHHUS TIJIAMEHU T10
NOTOKY B3BECH 4YaCTUIl MeTajula B okuciautene. B Tabn. 8.8 mnpuBeneHs
HKCIIEPUMEHTAJIbHbIE JaHHbIE TI0 CKOPOCTH paclpOCTpAaHEHUS IUIAMEHH U
MAaCCOBOM CKOpPOCTH BBITOPaHHSI B3BECH YaCTUIL JIHAMETPAMHU MEHEE 10%mm u
3-10"MM aTIOMHHHS B BO3AYXE IIPU PasINIHOM K0O((HIICHTE H30bITKA BO3LYXA.
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TaOmuma 8

Konnent |Koaddur [Cxkopocts pac- MaccoBas cko-
pamusi  |MEHT IPOCTPaHEHUS POCTh BBITOpA-
AIOMHMH |M30BITKA |IUTAMEHH, M/C Huts1, Kr/(M°-C)
";/JI—103 Bo3ayxa | d< 10° | d<3e d< d<
MM 107 mm 3-107
10-2 MM |\MM
100 |3,15 0,21 0,15 0,275 (0,196
150 |2 0,285 0,19 0,387 |ona
200 (1,58 0,345 0,33 0,486 |onme*
250 (1,26 0,395 01,26 0,577 0,38

AHaM3 JaHHbIX Ta0JI. 8 MO3BOJISET CAEIaTh CIASAYIOITNE BHIBOIBI.

1. C yBenuueHueM pa3Mepa 9acTHUI] TOPIYEro B BO3yXe CKOPOCTh
pacipoCTpaHeHUs TNIAMEHH YMEHBIIAeTCsl.

2. ITpu npuOIM>KeHUH cocTaBa roprodeit cMmecu (MeTaI—BO3yX) K
CTeXHOMETpUYecKoii (a=1) CKOPOCTh pacIpOCTPAHEHUS TIIIAMEHH
BO3pacTaer.

3. CKOpOCTh TOpeHHs B3BECH YACTHI] METaJllIa B BO3AYXE OJHOTO, TIOPSIKA C
HOPMaJIbHON CKOPOCTHIO paCIIPOCTPAHEHHUS TIJIAMEHH 110 CTEXUOMETPHUYESCKIM
CMeCsIM TIpeeNbHBIX YTIIeBOI0PO10B B Bo3myxe—0,4m/c (Tadm. §).

['opeHue meTamioB BO3MOXKHO HE TOJBKO B OKHCIUTEIBHOW Cpele, HO U B
IPOAYKTaX TOPEHMs] OPraHUYECKUX BellecTB. B 3TOM ciydae ropeHue mporekaer
32 CYeT HK30TEPMMUYECKON peaklUuMu BOCCTAHOBJIEHHS BOJABI JI0 BOAOpOJA, a
JIBYOKHCH YIJIEpOAA O €ro OKUCIIA M0 PEaKLUu:

9AT 4-3H,0 = AL,O,+ 3H, + 13894 xJL/mon ;
9A14-3CO, = AIO; + 3CO -+ 1345,3 k]I /M0,

Boma npu temmeparypax Bbime 1700 °C pasmaractcs Ha BOJOpPOJ U
KHUCIIOpOJ, o0pa3ysi rpeMyuyyr0 cMech (BO3MOXKEH B3pbIB), MOATOMY €€ HEIb3s
M0/1aBaTh Ha PACKAIIEHHBIEC TTIOBEPXHOCTH.

[Tpu TymieHny MeTayuIOB HE JOMYCKAETCS MUCIOJIh30BaTh NEHY, BOAY H P.
cpenctBa Ha €€ ocHoBe. (CO,, MOPOIIKK OOIIETO Ha3HAYCHHS, XJIAJOHBI HE JAI0T
abdexra. Cremyet ucnosb3oBaTh cnenuaibabie mopomku: [1C, MI'C, PC, TII'C-
M, 00bEMHOE TYIIICHHE aproHOM, KOMOMHHPOBaHHBIM cocTtaBoM (N, + CO5,).
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