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BBEJEHUE

XYMHUS IPUPOTHBIX SHEPrOHOCUTEICH M YITIEPOIHBIX
MaTCPHUaIOB PACCMATPHBACT CHIPHEBBIC MAaTECPUAIIBI —
IIPUPOIHEIC SHEProHOCUTEIHN (Toproune uckonaeMele I'N):

IIPUPOIHBIN a3

HE(PTH

tBepabie 'Y (Topd, yrons, roprodne CIaHIBl |
1p.)

MaTepHUaibl C BLICOKUM COJIEp>KaHuE yIepo/ia
(rpacduThl, aIMa3bl, KOKCHI, HE(PTIHBIC U
KaMCHHOYTOJIbHBIC TICKH)



BBEJEHUE

B nepBom npubnmxkenuu ¢pazoBoe cocrosgHue I'1
MOYET OBITh COMOCTABJICHO C COOTHOIICHUEM
H/C
MAaKCHUMYM BOJIOpOJia COACPKAT rasbl,
MHUHHMYM TBEPJbIC BEIIESCTBA,
HEe(TH 3aHUMAIOT MPOMEKYTOYHOE II0JI0KCHHE.

YToOBI IIEpEBECTH BEIIECTBO U3 TBEPAOIO COCTOSHUS B
KUJIKOE HEOOXOJIMMO €ro 000raTUTh BOJOPOIOM.



O CHOBHBIE PA3JEJIBI KYPCA:

du3nyecKre 1 XMUMUUYECKUE CBOKUCTBA yIIepoaa

TepMogruHaMuKa 1 OCHOBHBIE CTAJUU MPOLECCOB
TEPMUUYECKOU JIECTPYKIIUU

TBepapie TpUpPOIHBIE SHEPTOHOCUTEIH
XapaKTepuCcTHKa HE(PTH U Ta3a

XUMHU3M U MEXaHWU3Mbl OCHOBHBIX MPOIECCOB TEXHOJIOTUU
MIPUPOIHBIX SHEPTOHOCUTEIIEN U YINIEPOIHBIX MATEPHUATIOB

TepMuueckue mporeccsl

Karanmutuyecknii KpEKHHT U aIKHJINPOBaHUE y/B
[Ipo1eccrl ¢ MEPEHOCOM BOJIOPOIA

OKMCIICHHE YITIEPOACOACPKAIINX BEIIECCTB
Cuntesbl Ha ocHoBe CO, n H,



YIEPO/.
AJUIOTPOITHBIE MOJIMOUKALIUUA YIJIEPOIA

AJJIOTPONNA — CLIOCOOHOCTh aTOMOB OJTHOT'O M TOTO K€
3JIEMEHTA CYIIECTBOBATh B BUJIE€ HECKOJBKUX MPOCTHIX
BEIIICCTB.

AJTOTpONIHBIE MOAU(PHUKALIMN YITIEpOa:

Anmas sp® — rubpuaAn3aIus
I'padur

OynnepeHbl sp}— ruOpuan3aIus
Kapoun Sp — rHOpUaAN3aLNs

Paznnune pu3nuecKuxX U XMMHUYECKHUX CBOMCTB ATHUX
MOJU(UKAIIAN 00YCIOBICHO Pa3IUUYUEM CBS3EH MEXKIY
aTOMaMM yIjIepojia B 3TUX COCAUHEHUIX



CTPYKTYpPHblE (OOPMYIibl Pa3fnnUYHbIX
annoTpOonHbIX MogndUKauun yrnepoaa

—C=C—C=C— vwm =(C=C=(C=(C=

nNONVMVH NONUKYMYNEeH

Ueno4Ky KapbuHa rpaEMT ‘




@ U3NUYECKUE CBOMCTBA YIUIEPOJIA

BexkTopHbIE
MexaHun4yeckune Tennosble
(ynpyrocTb (TEennonpoBOAHOCTb, AnekTpuyeckune
XPYMKOCTb ’ TEnI0eMKOCTb, (anekTponpoBon,
I'IJ'IaCTI/I‘-IHOC1"b) Tennosoe HOCTb)
pacwurpeHmne)
CrajnsipHble

[MNOTHOCTL, yaensHasd
TENSI0eMKOCTb,
Temnepartypa a30BbIX
nepexonoB




XVUMHUYECKHUE CBOMCTBA YIJIEPOJA

[Ipr HU3KMX TeMIieparypax yIJIEPOAHBIE MaTEpUaAIbI
JIOCTAaTOYHO MHEPTHBI KO MHOTHM pPE€areHTaM, OJHAKO IpPH
BBICOKHUX TEMIIEpATypax OHH CIIOCOOHEI K
B3aUMOJICUCTBUIO CO MHOTMMH BelllecTBamMu. Hawunboiee
M3Y4YECHBI PEAKIUU YIJIEPOAA:

C razamu (xeMocopOIIMsl, KaTaau3aTop, CTPABIMBAHHE
ne(deKToB)

Kap6unoobpasosanue (Al C,, Ca,C, S1C, B,C,, ¢
KUIKAM METaJIoM, MOTU(UKAIUSA yriaerpaduTOBBIX

MaTCPHAJIOB)

Peakuuu ¢ 00pa3oBaHUEM CIOHUCTBIX COCAUHECHUI



CJIOUCTBIE COEJIUHEHUS
HenpoBoasiuue:

[Tomywaror npu o6pabotke rpapura cmecero HNO, n H,SO ,
IBIMSILEN stO , W JID. CHJIbHBIMH OKHMCJIUTETIAMH

C o™ C O _H_(okcun rpadura)

n

[TomyuaroT nmpu 00paboTKe rpaduTa NpsIMbIM BO3JICHCTBHEM
razoobpasnoro F,:

C +12F, . (CF)_(¢ropun rpadura)
IIpoBoasimme:
@ [Tony4aroTcsa HarpeBaHuem rpadura B

a IPUCYTCTBUU Me 110 £, OTBEUAIOIIEH
o)

ONPENCIICHHOMY JABJICHUIO TTapoB Me.
<>




TEPMOIMHAMMKA NMPOLIECCOB TEPMHUYECKOW
JNECTPYKIIUM

TepmonuHaMHuUecKass BEpOSTHOCTh IIPOTCKAHMS XUM.
pPCaKIUU ONPEICIACTCS BEIMUNHON N3MCHCHHS
cB0oOOHOI SHeprun I mo6ca AG (M306apHO-

M30TEPMHYECKOTO IOTCHIIAAIIA):
AG K,,

lg Kp = — Kp =
ekp=—" Pk

Peakiu nporekaeT B nmpsMoM Hampasinenuu, eciau AG<0

Peanust mpoTekaeT B 0OpaTHOM HaNpaBJICHUH, €CIIU

AG>0

IIpornecc B cocrossHnM paBHOBecus, eciin AG=0



SABUCUMOCTBb AG CHUHTE3A ¥Y/B U3

INPOCTbBIX BEIHECTB OT

TEMIMNEPATYPbI
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AG aABNsieTCcs XxapaKTepUCTUKON
HaYyanbHOIo N KOHEYHOro
9HEpPreTUYecKoro COCTOsAHUS CUCTEMbI U
He y4YnTbIBaeT CKOPOCTU nepexoaa oT
NCX.BELLECTB K NPOoAYyKTaM.

// 6 — CsHin
/
7-Cu Hz

TepMmoauHaMmuyeckas
YyCTOMYMNBOCTL BellecTB
npwu t<400°C:

napaduHbl > HaPTEHbI >
oneduHbl > apeHbl

TepMmoauHamuyeckas
YyCTOMYMNBOCTL BellecTB
npwu t>700°C:

apeHbl > oneduHbl >
HadpTeHbl > napaguHsbl



JHEPI'MSI PA3PBIBA CBSI3El B OPTAHUYECKOM
BEIIIECTBE

JHeprus pa3pbiBa HEKOTOPHIX XHMHYECKHUX CBSA3EH
N3 cpaBHEeHUs

JHepriA pasphiea SHEPTUM CBSI3H CIIEAYET
Cas3b Coenunenue sgaedl, Wk p AYCT,
C_C napaduHL 332 9TO B IICPBYIO O4YCPCAb
C=C | onehuu 588 OyJlyT pBaThCs CBS3H:
C =C alleTHIIEHOBHIE 823
C-C HadTeHkl 385
C-C | apomaruka 610. ;
| Cy~Cux | C¢Hs—CH, 384 1. Yrnepon
C-H napaguHbl 413
s e T a— rerepoarom (NH .
C-COOH | KucnoTel 230 '
C-S Cynb(HIBI 138 HZS’ COZ H I[p)
Cyu~OH €HOJIbI 293
i C-0 3bupEl 376
| C-N aMHHBI 334

2. C-C u C-H (nmapadumn, onedun)

CH,-CH,-CH,-CH,—2CH,-CH, —> CH,—CH, +CH, =CH, ‘




CHHTE3 YIUIEPOJIA

Marepuaibl, COCTOSIINE U3 aTOMOB yIJIepoaa MOTYT OBITh
MOJTy4Y€HBI BRICOKOTEMIIEPATYPHOI 00pabOTKON YIIIEPOICOASPKAIIMX
BEIIECTB KaK B ra30BoOi (ha3e, Tak U B KOHASHCUPOBAHHOM.

CuHTe3 yrnepoaa n3 ra3oBow
¢asbl

[MponcxoauT U3 NOSIHOCTLIO
HEeCTPYKTYpPMUPOBAHHOM
CUCTEMBI MPU BbICOKNX
Temneparypax NnpakTUyeCcKu
MIHOBEHHO, NO3TOMY
HEBO3MOXXHO NpocneanTb

dbopmupoBaHne KpUCTannuToB.

Takum obpasom nony4aroT
caxy pynsnepeHsl,
nnpoyrrepos, anvas.

CuHTe3 yrnepoaa n3
KOHAeHCnpoBaHHOM ha3bl (TSXenble
OCTaTKu yrne- n HeptenepepaboTKn)
[MpoTekaeT npun 6onee HN3KMX t 1 3a
bonee anutensHoe BpeM4. [pouecc
NpoBOAAT B obnacTtu
TepMoaMHaAMUYECKON CTabUNbHOCTH
BbICOKOKOHAEHCUPOBaHHbIX Y/B. UNX
MOXXHO paccMmaTpuBaTb Kak 3apobllln
rpaconTonogobHbIX CTPYKTYP.
MexaHun3m -pagukanbHO-LIEMHON.



CUHTE3 YIUIEPOJIA U3 MMEKOB

IleKkH - KOHJICHCUPOBAHHBIC apOMATUYECKUE U
Ha()TEHOBBIE CTPYKTYPHI.
Craauu cuHTE32a:

Jlectpykmms o cBsa3sim C-C ¢ obpa3oBaHrEeM JIETKUX y/B
paJIUKAJIOB U TSHKEIBIX Makpopaaukainos npu t = 350-360°C.

@ CHz'CHs - @‘ + CH3-(.3H2

KonpeHcaruss MakpopaguKaaoB U 00pa3oBaHue MaKeTOB (GKHaKas
daza) — me30(aza (MPOMEKYTOUHOES COCTOSHUE).

IIpu t = 500°C nepexos peakIMOHHOIl Macchl B TBEPJIOE
COCTOSIHHE, Ha3bIBAEMOE KOKCOM.

Teepnodasznbie mporecchl (TepMOAESCTPYKIIHUS, KOHACHCAIINS U
YHOPSAI0YCHUE CTPYKTYPHI).



TPEBOBAHUS K CBIPBIO

1.

OTCyTCTBHE B ChIpbe Kap0ooua0B ((ppakium
HEPaCTBOPUMEIC B OPT'. PACTBOPUTEIIAX) — OHH
SBJISIFOTCS MHOXXKE€CTBEHHBIMH LIEHTPaAMM POCTa
Me30(pa3HbIX YaCTHUI], KOTOPHIE OKA3bIBAIOTCS CIUILIKOM
MEJIKUMH JIJIsI POPMHUPOBAHHUS KPYITHBIX 00JacTen
AHU30TPOITUH. AHU30TPONIHUSA —
pazianune (pU3NIECKUX CBOMCTB B PAa3HBIX
HaMpaBJICHUAX

OTCYTCTBHE B CHIPHE JErKHX (PpaKkuMil — OHU
CHHKAIOT BSI3KOCTh JKMJKOW (Pa3bl MpU HAarpeBaHUU U
pa3pyImarT YaCTULIBI ME30()a3bl



