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BBEJAEHUE

Jucuurraa «XuMHST TPUPOAHBIX SHEPrOHOCHUTENEH U YTIIEPOJIHBIX Mare-
pHaJoB» pPacCMATPUBAET ChIPbEBBIE MATEPHANIbl — MPUPOJHBIE SHEPTrOHOCUTENH,
TPaAUIMOHHO Ha3bIBaeMble ToprounMu uckomnaembiMu (I'M), a umenHo, npupoa-
HBIA Ta3, HeQTh, TBepAble roproune uckomaembie (TI'U: Topd, yroms, roproune
cnaHupsl U ap.). Kpome Toro, st TEXHOTOTHUUECKUX 1I€JIe ITUPOKO MCIOIb3YIOTCS
MaTepualbl ¢ BBICOKUM COJACPKAHUEM YIJIEpojia. ITO MOTYT ObITh MPUPOIHBIE U
UCKYCCTBEHHbIE I'paduThI, aiMa3bl, KOKChI, HE)TAHbIC U KAMEHHOYTOJIbHBIC TEKHU.
OCOoOEHHOCTSIMM ATUX BEILECTB SBISETCA MX MOJUAUCIEPCHOCTh, KOH(POpMaIus
OTJICJIbHBIX CTPYKTYPHBIX (DparMEHTOB, CJIOXKHBIA U 3a4acTyl0 HEYyCTAaHOBJIECHHBIN
XUMUYECKUHN cocTaB. [l XapakTEpUCTUKHU MOBEAECHUS TaKUX BEIIECTB B PEaKIIM-
X 3aTPYAHUTEIBHO KCIOJIb30BAaTh TAaKUE IOHATHUSA, KaK MOJIEKYJsIpHas Macca,
MOJIbHAsI KOHIICHTpALlUsS PEareHToB, MOJIbHBIA TEriaoBoi 3(h(exT mnpeBpaieHus
BEILIECTB U Ap. B XMMUUECKON TEXHOJIOTUU HMPUPOJHBIX SHEPrOHOCUTEIIEN U yIJIe-
POJIHBIX MAaTE€pPUATIOB YACTO MUMEIOT JIETIO C MepepadOTKON MCXOIHBIX BEIIECTB He-
ompeJeieHHOro cocraBa. [loaToMy HM3ydeHHE MEXaHW3MOB MOJOOHBIX PEaKIUn
MPOBOJST HA MOJIEIBHBIX COCJIMHEHUSIX C BBISIBICHUEM XapaKTEPHBIX XUMUYECKHUX
1 QU3BHKO-XUMHUYECKHUX 3aKOHOMEpHOCTEeH [1].

[IpupoHBIE SHEPTOHOCUTENN HAXOIATCS B PA3JIMUHBIX arperaTHbIX COCTOS-
Husax. B mepBoM npubimxkennun (HazoBoe COCTOSHUE TOPIHOYETrO MCKOMAaeMOIro Mo-
XKET OBbITh CONOCTABJIIEHO C COOTHOLIEHHWEM BOJOPOJAa M YIJIEpoJia B €ro COCTaBe
(H/C). Makcumym BoJopoJia cojepkaT ra3bl, MUHUMYM — TBEpJIble TOPIOYHE HC-
KoIaembie, He)TH 3aHUMAIOT MPOMEKYTOUHOE ToJI0KeHHE. JIOTUYHO yTBEpPKIaTh,
YTO IS MEPEBOA TBEPJOro TOIUIMBA B JKHMJIKOE M Ta3000pa3HOe ero He0OXOAMMO
obGoraruth BojopoaoM. N3mensisi cootnomenne H/C, MOXHO U3MEHSTh arperar-
HBIE COCTOSIHUS YIJIEPOJACOAEPIKAILINX BEIIECTB. BrioyiHE BEpOSITHO, UTO B IEPCIIEK-
THUBE AJIbTEPHATUBHBIMUA OPraHMYECKUMH HCTOYHHUKAMHU YTIJIEBOJOPOJHOTO ChIPbS
JUTSI TPOU3BOJICTBA TPAHCIIOPTHOTO TOIJIMBA OYAYT SIBISTHCS Ta3, KAMEHHBINA U Oy-
PBIi YToJib, HEPTSIHBIC CJIAHIIBI U IPyTHe BUABI ChIpbs [2]. Tem Oonee uto mporiec-
Chl TIepepabOTKU YIJisl B JKUJIKOE TOIUIMBO MPOBEPEHBI Ha MpakTuke B ['epmanuu,
FOAP, Poccuu. YriaeBogopoHbie ra3bl MOKHO MPEBpAIaTh B TBEPABIA YrIepoO:
Caxy, MUPOYIJIEPOA, aliMa3; KUAKNE HEPTEHPOAYKThl MepepadaTsiBaTh B raz000-
pasHbie (Hampumep, JIETKUE YTIIEBOJOPO/bl) U TBEP/bIC BEIIECTBA (KOKC U Caxa);
yTOJib MEPEBOJIUTH B Ta3bl, KUJIKUE HEPTENOAOOHBIC MPOIYKTHI U TBEPABIA yIJie-
poauCTBIA OcTaTOK. Bce 3TH mpeBpallleHus MOKHO OCYIIECTBIISITh B Pa3IMYHbBIX
npoleccax TEXHOJOTMHA NPUPOJIHBIX SHEPrOHOCHUTENIEW M YIJIEPOJIHBIX MaTepua-
70B. B3auMHble mepexo/ibl YriiepoACcOAepKaluX BEIIECTB MOJUUHSIOTCS OOIIUM
3aKOHOMEPHOCTSIM KaK B IPUPOJHBIX, TAK U B TEXHOJIOTUYECKUX YCIOBUSAX. XUMH-
YECKUH COCTaB, CBOMCTBA ChIPhEBBIX BEILIECTB U MPOAYKTOB MEPEpabOTKH TOPIOYNX
MCKOIIAEMbIX U YTJIEPOJIHBIX MAaTEPHAIIOB; XUMHU3MbI, 0COOCHHO MPOIIECCOB TEPMU-
YECKOU MmepepabOTKH, STUX TEXHOJOTHUH JOCTATOYHO O1u3KH. HOT1a HEBO3MOYKHO
OJIHO3HAYHO Pa3rPaHUYUTh MPOLECCHI, OTHOCSIINECS K Pa3IUYHBIM O0JIACTSIM TIO-



Jy4eHHs] U mepepaboTKu yriaepojacoAepxamux Bemects. [lo aToll mpuuune, co-
BMECTHOE PACCMOTPEHHE OCHOB U OOIIMX 3aKOHOMEPHOCTEN TEXHOJOTUN TOPHOYHX
MCKOIIAEMbIX U YIJIEPOJHBIX MaTepHalioB OyAeT LEeIecO00pa3HbIM, YTO MO3BOJIUT
ONMCATh AaHAJIOTUYHBIE PEBPAILICHUS BEIIECTB C €UHBIX MO3ULIAMN.

IToCKOJIBKY OCHOBHBIM CTPYKTYPHBIM 3JIEMEHTOM IPUPOAHBIX YHEPTOHOCUTE-
JeH ABISETCS YIiepos, B IEPBOM pasjeiie y4eOHOro mocodust pacCMOTPEHbI  (Pu-
3UYECKHE U XMMHUUYECKUE CBOICTBA MPUPOJHBIX U CHHTETUYECKUX (POpM CBOOOIHO-
ro yriepona. Bo BTopoM u TpeTheMm paznenax JaHO ONHMCAHHE (DU3HKO-
XMMHMYECKUX CBOICTB 00JI€€ CIOMKHBIX IPUPOIHBIX YIVIEPOJCOIEPIKALINX BEIIECTB
(TTHU, vedTs u np.). YeTBepThlii pasnesl IMOCBSIICH MEXaHW3MaM XHMHYECKHX
IIPOLIECCOB TEXHOJOTMM IPUPOJHBIX DHEPrOHOCUTENEN M YIJIEPOJHBIX MaTepua-
JIOB.

JucuuiuinHa «XHAMHUS TPUPOJHBIX JHEPrOHOCHUTENIEW M YIJIEPOAHBIX Mare-
pHAJIOB» SIBJISIETCS OCHOBOM ISl M3YYEHMS MOCIHEAYIOIMNX 0a30BbIX CIELHAIBHBIX
JUCHHAIUIMH — «TeopeTndeckne OCHOBBI XMMHUYECKOM TEXHOJOTMH TOILUIMBAY,
«XuMHYecKasi TEXHOJOTHS TOIUIMBA» M JUCUUIUIMH CHEHHAIA3AUNA — «XUMHYE-
CKasl TEXHOJIOTHSI HEPTH U Ta3a», «XMMUYECKasl TEXHOJIOTHS YIJIEPOJHBIX MarTe-
pHranoBy.



1.YIVIEPOA U YI'VIEPOJAHBIE MATEPHUAJIbBI

1.1. AusioTrponnbie MoaN(pUKALIMA YIJIepPoaa

B Hacrosiiee BpeMsi H3BECTHBI YETHIPE AJIOTPONHBIE MOAUMHUKALHH Yrie-
pona: anma3s, rpadut, pyuiepeHsl U kKapOuH. BHenmamit By, pu3ndeckrne u XuMu-
YECKHE CBOMCTBA ATUX MOAN(PUKAIMKA PE3KO OTIUIAIOTCS, XOTsI B MX 00pa30BaHUU
YYacTBYIOT OJTHU U T€ ke aTOMbl. OOBICHSIETCSA 3TO pa3IMuueM THUIIA CBsI3eH, CO-
SAVHSIONINX aTOMBI YTJIepoJia B MOJIEKyJIaX MepeUYrCIeHHbIX BemecTs. [1pu oOpa-
30BaHMM MEKAaTOMHBIX CBS3€H B MOJIEKyJIaX MPOMCXOAUT THOPUIU3AIMS dIIEKTPO-
HOB BHEIIHEH 0GOJIOUKM 110 THITY SP° — B anMase, Sp- — B rpadure i QyuiepeHax u
Sp — B KapOuHax.

1.1.1. Anmas

ATOMBI YI7Iepo/ia, HaX0ACh B SP -THOPHUIHOM COCTOSIHUH, MOT'YT 0GPa30BbI-
BaTh APYr C JAPYIOM TETpaj’JApUUECKUE CBS3M, JaBas CTPYKTYpYy aJIMa3HOrO THUIIA.
Anmas gBIISIETCSl caMbIM TBEPJIBIM BEIIECTBOM B IpHpoje (oT rped. adamas — He-
COKPYILIUMBIi). DTO OOBSCHSAETCA HAJIUYMEM B PEIIETKE HEMPEPBIBHON Tpexmep-
HOM CETKHM JKECTKMX KOBAJEHTHBIX CBs3€H. Bce paccTosiHMs MExIy aroMaMu
(0,1544 um) u yrasl Mexay cBsassamu (109,5°) oguHakoBel. AjMa3s, He IUIABACH [IPU
BBICOKOW TeMmIiepaType B Bakyyme (MHEpTHasi aTMocdepa), IepexoauT B rpadur.
CHHTETHYECKHI aMa3 MOJIYy4aroT: a) U3 yIIepoACOoAepkKaIINX BEeIEeCTB (Iperumy-
mecTBeHHO rpaduTa) B mHTepBane temmeparyp 1200 — 1600°C u manenuu 4,5 —
8,0 I'Tla B npucyrctBuu Fe, Co, Mn win ux cruiaBoB; 0) myTeM HapalliuBaHUs aj-
Ma3HbIX UICHOK HA aJIMAa3HbIC «3aTPaBKW» MPHU PA3T0KEHUH YIIIEPOACOACPIKAILINX
BerectB npu Temueparype 1000°C v HU3KUX AaBIEHUAX (MUTAKCHAIBLHBIA CHHTES
aaMasa).

1.1.2. I'padur

ATOMBI YI7Iepo/ia B Sp -THOPHIHOM COCTOSHHH B rpauTe MpeCTaBIAIOT CO-
OOl HENpEepbIBHBIN psifi CIOEB, MapalieIbHbIX OCHOBHOM miockocTu (puc. 1.1.).
Tpu paBHOLIEHHBIE G-CBSI3U (KOBAJEHTHBIE CBSA3M) HAXOASTCA B OJHOW IJIOCKOCTH
U COCTOAT U3 I'€KCaroHaJIbHO CBSI3aHHBIX JPYT C ApyroM aToMoB yriepoja. Oc-
TaBIIMECS P-3JIEKTPOHBI 3a cueT 3¢ (deKTa CconpspkeHus oOpa3yroT olliee 3Jiek-
TPOHHOE 00J1aKo B cjioe ( m-CBsI3b). DTOT 3P(DEKT NpHUIAET INEKTPUUYECKUM U OIl-
TUYECKUM CBOMCTBaM IrpauTa METAIUIMUECKUN XapaKTep.

Bonbuias moaBUXKHOCTh JIEKTPOHOB OOYCIIOBIMBAET BBICOKYIO 3JIEKTPOIPO-
BOJIHOCTb I'pauTa B HAIIPABJIEHUU CIOEB. DTUM OOBSCHSETCA XapaKTEpPHbIA Me-
TaJuTM4IecKuii O1eck rpadura.

1 o o
AJIJIOTpOHI/IH (Fpe‘l. alos —HMHOH, tI'OpOS — CBOHMCTBO, HOBOpOT) — CyHIE€CTBOBAHHUEC OAHOI'O U TOTO
K€ XUMHUYCCKOTO 3JICMCHTA B BUAC HCCKOJIBKUX MPOCTHIX BCHICCTB.
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Puc. 1.1. — Kpucramnnueckas cTpykrypa rpadura:
a — MOJIeNIb T€KCAarOHAJIbHOW CTPYKTYpBI; O — B3aUM-
HOE PaCHOJIO0KECHHE CIIOEB

B3aumopeiicTBue Mexay CIOSIMU OCYLIECTBIISIETCS CUJIaMU BaH-JI€p-BaasibCa.
Takoe CTpOeHHE IPUBOIUT K AHU30TPOIMUK (DU3HUECKHX CBOMCTB rpadura B Ha-
[PaBJICHUU NapaUIETbHOM U MEPHEHAUKYIISIPHOM ci10sM. i1 mpupoaHoro rpadu-
Ta MEXKCJIOEBOE PACCTOSIHUE MPU HOPMAIIbHBIX YycloBUsIX cocTaBiisier 0,3354 Hwm.
PaccTosiHue Mexnay JI0ObIMM COCEHMMM aTOMaMH yrjiepoja B IUIOCKOCTHU CJOA
paBHO 0,1418 HM (Ka)xablii aTOM B CJI0€ CBSA3aH C TPEMS COCETHUMH, U YTIJIbl MEX-
ay cBs3siMu coctaisitor 120°). DHeprus cBsi3u aToMoB B ciioe — 167,6 J[/Moib
npu 139 K, a sHeprus cBsi3u Mexay ciaoaMu — npumepHo 16,75 Jx/mons (288 K).
[To 3TOM mMpUYMHE OTHAENBHBIE CIOU rpaduTa MOTYT JIEIKO OTCIAUBATHCS OT KPH-
CTajjia, YTO MIMPOKO UCHOJB3YETCs AJIA CO3AaHUsl aHTUPPUKIMOHHBIX U3ACIIUNA U3
rpadura. Ilo B3aMMHOMY CMEIICHHIO 3TUX CJIOEB B IJIOCKOCTH PA3IMYalOT rekca-
TOHAJBHYI0 U poMOo3IpudecKkyto ¢opmbl. B rexcaronanbHoit Gopme ciiou yepe-
nytotcst o cxeme A-B-A-B-... . Takum 006pa3om, MOJOKEHUE KAXKIOTO TPETHETO
CJIOS MOBTOPSIET MOJIOKEHUE MepBOro. B pomOo3gprueckoi ciou YyepeayroTcs Mo
cxeMme A-B-C-A-B-C-, T.e. kKaxplii 4eTBEpThIN cliol moBTopsieT nepBbiid. Coaep-
XKaHue PoMOO0dIpUIECKOil GopMbI B IpUpOoAHOM rpadute MoxeT gocturath 30%,
B HCKYCCTBEHHOM NPAKTUYECKU OTCYTCTBYeT. PoMOOsAprdeckas CTpyKTypa MeHee
YCTOWYMBA, YEM T'€KCAaroHajbHas, U NEPEXOAUT B MOCIEAHIOI MPU BBICOKUX TEM-
neparypax (2473 — 3303 K).

Bce BrileckazanHoe xapakTepHO JUIsl MOHOKpHUCTailIa Tpaduta. bonee cnox-
HYIO CTPYKTYPY UMEIOT peasbHble Tesna. OHU cOCTOAT U3 OOJBLIOro yucia odsac-
Tel yHMopsIIOYEHHOCTH —YIJIEPOJHBIX aTOMOB, UMEIOIMX KOHEUHbIE pa3Mepshl. OT-
JU4YMS B pa3Mepax MOTLYT COCTaBIIATh HECKOJBKO MOPSAKOB JUIS Pa3IUYHBIX 00-
pa3loB YIJIEPOAUCTBIX Ted TpaduTOBOM MM TpadUTONOJOOHON CTPYKTYpHI.
CrpykTypa 3THX 00jacTell MOXKeT ObITh OJIM3Ka K MICalbHOW pelieTke rpadura
WIM OTJIMYAThCS OT HEe 3a CUET UCKAKEHUW KaK BHYTPHU CJIOEB, TaK U 3a CUET He-
NPaBUJIBHOCTH MX 4epenoBaHus. Takue CTPYKTYphl Ha3bIBAIOTCS KPUCTAILUIUTAMU,
OHHM UMEIOT COOCTBEHHBIE T€OMETPUYECKUE MapaMeTpsl: L, — cpennuii nuamerp, L.
— CpeaHss BbICOTa KpucTamuTa U dgp; — CpeiHee PACCTOSTHUE MEXY CIIOSIMU KpH-
CTaJIJIUTA.

z AHM30Tpomus (Tped. anisos- HEPaBHBIN) — CBOMCTBO BEIIECTBA UMETh Pa3HbIC 3HAYCHHUS (PHU3U-
YECKOTr0 MapaMeTpa B pa3HbIX HANPABICHUSIX.



OTH BENMYMHBI ONPENEISIOTCS € MOMOUIBI0 PEHTIEHOCTPYKTYPHOIO aHaIM3a
(PCA). Kpome Toro, B peanbHbIX TpaUTOBBIX TelaX MOXKET MPUCYTCTBOBATh Ka-
KOE€-TO KOJMYECTBO HEYMNOPSJOYEHHBIX aTOMOB (aMOP(HBIN yriepon), KOTOpbie
3aHUMAIOT MPOCTPAHCTBO MEXKAY KPUCTALIIUTAMU WM BHEAPSIIOTCS MEXIY CIOS-
MH. ATOMBI MOT'YT HAXOUTHCS B SP, SP° WK SP° —THOPHIHOM COCTOSHHH.

1.1.3. ®ymiepensl

ATOMBI yI7Iepo/ia, Kak U B Cliydae rpapuToB, HAXOIATCS B SP -THOPUIHOM CO-
CTOSIHMM, HO 00pa3yloT mapooOpa3Hble MOJEKYJIbl PA3IMYHOIO pa3Mepa. 3aMKHY-
Tasi 000JI04YKa MOJIEKYJIbl HAaMOOJIee YaCcTO BCTPEUAIOIIErocs: QpyJiiepeHa BKIIOYAET
60 aToMOB yTJIepoJia, KOTOpble 00Pa3yrOT MHOTOTPAHHUK MpPaBUIbHON (popmbl. OH
COCTOUT U3 12 MpaBUIIBHBIX MATUYTOJBHUKOB U 20 MIECTUYTOJIBHUKOB, aHAJIOT Y-
HBIX Tekcaronam rpagurta. M3BectHsl Takxke ¢yiuiepeHsl, coctosdmue u3 70 u 6o-
Jee aToMOB, MX CTPYKTypa M CBOWCTBa MOAOOHBI cBoWcTBaM coenuHeHur Cg.
Oynnepens 00HapyxeHsbl (1985 r.) kak mpuMech B caxe0Opa3HbIX MPOIYKTaX MPU
UCTIApEHUH TPA(UTOBBIX BJIEKTPOJOB MO TYyTOBBIM Pa3psiioM B BaKyyMe WU B
aTMocdepe nHepTHOTO Ta3a. Macca (ysuiepeHoB MoxkeT cocTaBisaTh 10 10 mac.%
oT o01ero KonuyecTna caxku (B ocHOBHOM Cgp). CMech QyuiepeHOB U3BICKAIOT U3
CakH IKCTPAKIUE HEMOISIPHBIMU OPTaHUYECKUMH PacTBOpUTEISIMH (O€H30I1, TO-
ayon, rekcaH). IlogydeHHbI 3KCTPAaKT MOXKHO pa3leiuTh Ha WHIWBHUyalbHbIC
dynnepeHsl pa3aMyHON MOJIEKYJIIPHOM Macchl ¢ TOMOILIBI0 XpoMarorpaduu. Pas-
Hble (yJUIEpEeHBl AAIOT PACTBOPHI PA3IMUHON OKPACKH, YTO MO3BOJIAET aHAIU3UPO-
BaTh UX CIIEKTPAJIbHBIMU METOAMHU.

@dyriepeHbl MOTYT BCTYNAaTh B XUMHUYECKHUE PEaKIU, AHAIIOTMYHBIE pEeaKIu-
M apOMaTUYECKUX COCUHEHUN U KPUCTAILUTMYECKOTO rpaduTa.

1.1.4. Kapbun

ATOMBI yriepoa (sp-rudopuan3arys) UMEIOT THHEHHOE paCIONIOKEHUE B BU-
ne nernodek. Kapoun moapasnensiercs Ha ABe MOIUPUKALMN: C KyMYJIUPOBaHHBI-
mu cBsa3siMu =C=C=C=C= (-xkapOun) u nonuuHoBbIMU CBm3siMu  —C=C—C=C—

(oi-xapOuH). DT MOIUPUKAIIMY PA3TUYAIOTCS IO COCTaBY MPOYKTOB O30HUPO-
BaHUS

o) _ _

—(C=C—C=C— ——— "00C—CO00
0

= (C=C=C=—=C= 3 > CO2

[TonydaroT kapOWH: a) OKHCIMTEIBHON AETUIPOTIOIMKOHACHCAIIUEH alleTUIICHA;
0) neficTBUEM JIa3epHOTO 00IydeHus: Ha rpaduT; B) U3 yrieBoaopoaoB win CCl, B
HU3KOTEMIIEPATYPHOMU IUIa3Me.



1.2. ®u3nyeckue CBOMCTBA yriepoaa

dusnuecKkrue CBONCTBA KPUCTAILIIOB MOJIPA3ICIAIOTCS HA BEKTOPHBIE (MEXaHU-
YECKHUE — YIPYTroCTh, XPYNKOCTh, TNIACTUYHOCTh; TEIJIOBBIE — TEIJIOMPOBOJIHOCTb,
TEIJIOBOE PACIIUPEHUE; PICKTPUUECKUE) U CKAJSIpHBIC (TUIOTHOCTD, y/IeJIbHAS TEM-
JIOEMKOCTb, TEMIIepaTypa (pa3zoBbIX MEPEX0I0B).

1.2.1. MexaHu4ecKue CBOMCTBA

ynpy20cmuv, Xpynkocms U NAACMU4HOCHb

TBepnoe Teno M3MEHsIET JHMHEHHbIE pa3Mepbl U (GopMy IMOJ ACHCTBUEM
BHEITHUX CHUJI B 3aBUCUMOCTU OT BEJIMUMHBI M XapakTepa MPUIOKEHHBIX CUJ (Me-
xaHudeckue aedopmaiuu). Crenenp aedopmaiuu (OTHOCUTEIbHAS aAedopMaIis)
MOYHO OIIPEJIEIUTh KaK
-1, Al

lO ZO ’
rae lyu [ — HayanpHAs U KOHEYHAs JJIMHBI 00pasIia.

OcHoBHBIC BUIBI AeGOpMalUd TBEPABIX TeNl, K KOTOPBHIM CBOJSATCS NPYTHE
BUJBI AeQopMaliu: JTUHEHHOE pacTsKEHHe-CKATHE W MPOCTOW caBur. J{ms m3o-
TPOITHBIX TEJ YNPYTHE CBOMCTBA ONMPENECISAIOTCA IBYMsS IMOCTOSIHHBIMHU: MOIYJIEM
FOunra £ u moaynem casura G. OCHOBHBIM 3aKOHOM YIIPYroi aeopManuu siBJisi-
€TCsl INHEWHAs1 3aBUCUMOCTh MEXIy CHION F' 1 BhI3bIBaeMoOU eil aedopmaniueit Al.
Jiisa Maneix A/ ipu OJTHOCTOPOHHEM PACTSKEHHH e(opMains OMUCHIBACTCS 3aKO-
HoM ['yka

A=

Al
F:E'Sl'l_ w f,=E -4,
0
rae [y — nepBoHavyanbHas JUIMHA;
§1 — TUIOIIAIb ceueHus oOpasia;
f1 — HampsiKEHUE PACTHKECHHUS.
[Ipu mpoctom cnBure mpu Majibix Al CBsI3b MEXAY CHION u nedopmanueit
BBIPAYKAETCS aHAJIOTUYHBIM COOTHOILLIEHUEM

Al
F:G-S2-7=G-s2-tga 158105 f2 =G-tga

re §p— IJIOIAb CeYeHHs o0pa3lia B JIOCKOCTH CIIBUTa;

h —ToJNIIMHA B HAIIPABJICHUU NEPIEHAUKYIIIPHOM TUIOCKOCTHU CIBUTA;

0L — Yr'OJI CJIBUTA;

f»— HampsDKEHUE CABUTA MW CKAJIBIBAIOIIEE HATIPSHKCHHE.

OTH 3aBUCUMOCTH HETOCPEICTBEHHO MPUMEHUMBI, HAlPUMEpP, K U30TPOITHBIM
KpucTaiiaM anmasa. B ciiyyae anu3oTponHoro rpadura cieayer yuuTblBaTh pas-
auuue BenuuuH E u G 10 pa3HbIM HAMPABJICHUSM KPUCTAUIMUECKON PEIICTKHU.

Jliist peanbHBIX TBEpABIX Tell, Kakumu siBisitorcest TT'U, xapaktepHbl 1Ba BUAa
nedOpMaIlMOHHBIX TPOILIECCOB: a) AehOpPMAIMOHHBIE MPOIECCHl C pa3pylleHuEM



TBEPJIOTO TeJla B 3aBUCMMOCTHU OT €0 COCTaB U CTPYKTYPHI, BIUSHUS TEMIIEPATYPhI
U BHEIIHEHN cpefbl; 0) mpolecchl CTPYKTYpooOpa3oBaHus, TO €CTh Pa3BUTHE IPO-
CTPAHCTBEHHBIX CTPYKTYp C 3aJaHHBIMU MEXaHUYECKUMH CBOHCTBamMu. B sTOM
cllydyae HEOOXOJMMO YUYUTBHIBATh TUIBI OOPA3YIOIIMXCS CTPYKTYP: KOHJEHCAIIMOH-
HO-KPHUCTAJUTM3AIMOHHbBIC, KOATyJISIIUOHHbBIC, TUCIIEPCHBIC, KOT€3UOHHBIE [3].

[Ipyn HanoXeHUM HArpy3Ku Ha peajibHblE€ TBEPAbIE TEJIa OHU IPETEPIICBAIOT
cienyromue BUIbl nedopmaluii: Xpynkue, yrnpyrue, 3J1acTHYHO-BSA3KHME U TUIa-
ctuunble. Kpome oOpaTtumbix ynpyrux aedopmanuii 1 HeoOpaTuMbIX aeopManuii
BA3KOIO M IUIACTUYECKOIO0 TEUEHHMS pEAIbHbIE TBEPABIC TEJa XAPAKTEPUZYIOTCS
poleccaMy YIpyroro nocjaeAeicTBrs U rucrepesuca (“ynpyrux 3ajaepixex’’), TO
€CTh 3aMEJICHHON yIpyroctu. B oTiuume oT waeanbHON ympyroi aedgopmaiuu,
KOTOpasi pa3BUBAETCS U CMAJIa€T CO CKOPOCTHIO PACIPOCTPAHEHUS 3BYKa B JAHHOM
TeJe, yIpyroe nocieecTBUE MPEACTaBIAeT COO0N JOMOJHUTENbHYIO, MEJICHHO
pa3BUBAIOIIYIOCA JAehOPMAIHMIO TTOCTE HATPY3KU M CTOJh K€ MEIJICHHO CITa/aro-
NIyl Tociie pasrpy3ku. Takas aedopmanus sIBISETCS 0OpaTHUMON MEXaHWYECKU
(Mo BeMYMHE) U B TOM aHAJIOTMYHA UCTUHHOW yrnpyrou nedopmainuu, HO HEOO-
paTUMON TEPMOJMHAMUYECKH, TO €CTh COMPOBOXKIAETCS, KaK U OCTaTOYHAs Je-
(dopmaiusi, paccesHUEeM yIpyrou s3Hepruu B Temio [4].

[Tonumanue HU3NKO-XUMHUECKUX 3aKOHOMEPHOCTEN U MEXaHU3Ma MPOIIECCOB
nedopMali U CTPYKTYPUPOBAHUS B PEAIbHBIX TBEP/BIX TeNaX MO3BOJIMUT IeIeHa-
IPABJICHHO TOJy4aTh MAaTEPHAIIbI C 33JJAHHBIMU (PU3UKO-XUMUYECKUMHU U MEXaHU-
YECKMMH CBOWCTBAMM.

Ckonvorcenue, aHmuppuUKYuoHHble C8OUCMBA U USHOC

[Mnactudeckas aedopmarnusi KPUCTALIUTOB B PSJIE CIIy4aeB COMPOBOKIACTCS
NOSIBJICHUEM BUIUMBIX JIMHUM CIBUTOB U CIIEIOB CKOJIbKEeHUS. VccnenoBanue mno-
JIO’KEHUS JIMHAA CABUTOB U M3MEHEHUH BHENIHEH (HOPMBI KPUCTAILIOB MpH edop-
Malliy TOKAa3bIBACT, 4TO JAe(opMaIiis OCYIIEeCTBISICTCS B ONPEICICHHBIX HAIpaB-
JICHUSAX, @ UMEHHO B IUIOCKOCTSIX U HAMPABJICHUSAX C HAUMEHBIIIUM CONPOTUBIICHU-
eM cIBUTY. B yacTHOCTH, B cilydae rpaduTa CKOJIBKEHUE MPOUCXOIUT MO TIOCKO-
CTSIM, OOpa30BaHHBIMH TI'€KCArOHAJIIbHO-CBSI3aHHBIMU aTOMaMu yriiepoja, B Ha-
MpaBJIE€HUU TAPAUICTIBHOM A3THUM IUIOCKOCTAM. OCOOEHHOCTH KPHUCTAJUITMYECKON
CTPYKTYpBbI rpaduTa U Majias BEJIMUMHA CUJI CBSI3U MEXK/Y €r0o CI0sIMU 00YCIOBIIU-
BaIOT CKOJIbKEHHE CJIOEB OTHOCUTEIBHO APYT ApYyra Ja)Ke MPU MajblX 3HAYEHUAX
HaIPSDKEHUM CABHUra B HANPABJIEHUU CKOJBXKEHUSA. JTO MO3BOJISIET UCIOJb30BATh
MHOTHE yTJIerpauTOBbIE MaTepUaibl B KauecTBe aHTU(HPUKIUOHHBIX, paboTaro-
mux 6e3 CMa3KH 3a CUeT HU3KUX CHJI CLETICHUS MEXITY COMPUKACAIOITUMUCS TI0-
BEPXHOCTSAMHU. BbicOkre aHTUPPUKITMOHHBIE CBOMCTBA rpaduTa 0OBICHIIOTCS 00-
Pa30BaHUEM Ha €r0 CKOJB3AIIUX IMOBEPXHOCTSX 3alUTHOTO CIIOS, 00JIa/1aloIIero
BBICOKOM ajire3uei K pazindHbiM maTepuaiaM. Kpome Toro, ajcopoupoBaHHbIE Ha
MOBEPXHOCTH TpaduTa ra3pl U Mapbl CHIKAT Koddduruent tpenus. C apyrou
CTOPOHBI, OTCYTCTBHE MPOYHBIX MEXKCIIOEBBIX CBsI3CH B rpadure obieryaeT oTe-
JIEHUE €T0 YaCTHI] OT TPYIIUXCS JIeTallel, 4YTO NPUBOAUT K YBEJIUYCHUIO UX HU3HO-



ca. /[ns noBbIIEHUST H3HOCOCTOMKOCTH rpauT U yriaerpauToBble MaTEpHUaIIbl Ha
€r0 OCHOBE IPONUTHIBAIOT METaJUIaMHU.

1.2.2. DnekTponpoBOJHOCTh

DNEKTPONPOBOAHOCTh AIOTPOIHBIX MOAU(PHUKAIMN yriepoda CHIBHO pas-
JMYAETCs IO a0CONMIOTHOM BeIMYMHE. ANTMa3 ABISAETCS AUIECKTPUKOM, IPUYEM €r0
3JIEKTPOCOTIPOTUBIICHNE OJAMHAKOBO 10 BCEM HAIPABJICHUSAM KpUCTau1a. DTO CBS-
3aHO C TE€M, YTO BCE€ BAJICHTHbIE AJIEKTPOHBI BXOJST B YETHIPE PaBHOLEHHBIE O-
CBSI3U, @ CBOOOJIHBIE T-3JIEKTPOHBI, 0Opa3yomue 001aKko, OTCYyTCTBYIOT. B oTnu-
qye OT ajMa3a B MOHOKpHUCTaJUIE rpaduTa ecTh G-CBSI3U M T-3JIEKTPOHHBIE 00JaKa,
o0pa3yrolye >JIeKTPOHHBIE CIIOU MapajlieIbHbIe MOHOCIOSM YIJIEPOAHBIX aTOMOB
U OTBEYAOIIME 3a IEKTPONPOBOJHOCTh METAIMYECKOIO THUIA B HAINpaBICHUU
napajuleIbHOM CJI0SM. B HampaBieHuu UM NepreHuKyJISpHOM rpaduT BeneT cels
KaK IOJYIPOBOJAHUK, IPOBOJIUMOCTb KOTOPOTO ONPEAESAETCS U MOJOKHUTEIbHBI-
MU Abipkamu. 1o 3Toil mpuyrHe >IEeKTPONPOBOIHOCTh Ipaduta B mapamieIbHOM
CJIOSIM HaIIpaBJICHUU MPUMEPHO Ha JIBa-TPU MOPSAKA MPEBHIIIACT MPOBOJIUMOCTH B
HaNpaBICHUN MYy TEePICHINKYISIPHOM.

B monmkpucTramnMyeckux YyriepoAHbIX Marepuanax oOmias MpOBOAMMOCTH
OTIpEACTSETCS ABYMsI COCTaBISIOUIMMHE: AJIEKTPOIPOBOIUMOCTBIO KPUCTAIIIUTOB,
METAJUINYECKON 10 CBOEMY THUILY, M IPOBOANMOCTBIO aMOp(HOro yriepoja — Io-
JTyHOpOBOJHUKA. DTUM OOYCIOBJIEHAa JKCTpeMalibHasi 3aBUCHUMOCTBH AJIEKTPOIPO-
BOJIHOCTH MHOTHX YTJIerpa)UTOBBIX MaTepHAIIOB OT TEMIIEPATYPHI: SJIEKTPOCOIPO-
TUBJICHUE TOJYIPOBOJHHKA C POCTOM TeMIepaTyphl MajaeT, a MeTajula pacTeT.
[TosToMy cyliecTByeT MUHUMYM TeMIEpaTypHOH 3aBUCUMOCTH COIPOTHBIICHUS,
IPUYEM €ro IMOJIOKEHHE CMEeLaeTcsl B 00J1acTh 00j1ee HU3KUX TEMIEepaTyp MpH Co-
BEPILIEHCTBOBAaHUM KPUCTAJNIMYECKOW CTPYKTYpbl oOpasua. Takum oGpasom, 1o
MOJIOKEHUIO 3KCTPEMyMa MOKHO CYJIUTh O CTENEHU MPHUOIMKEHUS CTPYKTYPhI K
UCaNbHON rPpaUTOBOIA.

1.2.3. TemioBble CBOMCTBA

Tennonposoonocmu

B moHokpucTamie rpadguTta mepeHoC TeIia OCYIIECTBISETCS, B OCHOBHOM,
BJIOJIb CJIOEB aTOMOB yTJIEpO/a, YTO MPUBOJUT K aHU30TPOIIUU TEILIONPOBOIHOCTH.
DJIEKTPONPOBOJHOCTh U TEILUIONPOBOJAHOCTh IpaduTa UMEIOT Pa3HYI0 MPUPOLY.
TenaonpoBOIHOCTh ONpPEEsAeTCsS TEIJIOBBIMU KOJIEOAHUSIMU PEIIETKH MOHOKPHU-
crauia. KonebaHusM pemnieTku, KOTOPble KBAHTYIOTCS, CTaBAT B COOTBETCTBHUE
JBIDKCHUE KBa3zuyacTull — (OHOHOB. /[BrkeHue (OHOHOB B KpHUCTAJIE MOJI0OHO
JIBIDKEHUIO MOJIEKYJT UJICAJIbHOTO Ta3a B COCY/I€ M TTOJUUHSIETCSI TAKUM K€ KUHETH-
YECKUM 3aKOHOMEPHOCTAM. DOHOHHAsI MPOBOAMMOCTD MOJHOCTHIO OMPEAEISET Te-
IUIONPOBOIHOCTH TpaduTa B HANPaBICHUU MEPICHIUKYISIpHOM ciosiM. B Hampas-
JICHUU MapajuleIbHOM CJIOSM MEPEHOC TeIjla OCYIIECTBIISIETCS, BEPOSITHO, U HOCH-
Tessmu 3apsiaa [1].
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Kak anms u3otrpomHoro anMasa, Tak M I aHU30TPOMHOTO rpaduTa TeMIepa-
TypHasi 3aBUCUMOCTh TEIUIONPOBOJHOCTH MMEET MAKCUMYM, IMOJIOKEHHE U YpPO-
BEHb KOTOPOT'O OMPEAEIISICTCS, B YaCTHOCTH pa3MepoM 00paslia, BETUYHMHON U OpH-
EHTalKue B HEeM KpUCTALIUTOB. [looxkeHrne MakcCuMyMa TEIUIONMPOBOJHOCTH €C-
TECTBEHHOI0 rpadura Haxoautcs B odnactu T=120-200 K.

TennonpoBoIHOCTh YIJIEPOJIHBIX MAaTEPUATIOB H3MEHSAETCS B OYEHb HIUPOKHUX
npenenax U JUisl OTACIbHBIX BUOB MaTepUaiOB MOXKET pa3judarbcs Oosee yeM B
10000 pa3, 4TO MO3BOJIAET UCIOJb30BATh UX B TEXHUKE B KAU€CTBE MPOBOJHUKOB U
TETJIOU30JIATOPOB.

Tennoemxocmow

Kitaccuueckasi Teopusi TEMIIOEMKOCTH JAET €€ 3HAYEHHUE ISl KPUCTAJIOB MpU
JI0OCTaTOYHO BBICOKHX TeMmIepaTrypax npubausutenbHo 25 [Ix/(monps K). B cnyuae
rpauTOB BEIMYMHA TEIUIOEMKOCTH OTBEYACT TCOPETUUYCCKON B TEMIIEpATypHOM
narepBaiie 2200-3200 K. 3aTem oHa HaUMHAET PACTU MO IKCHOHEHLIHAIBHOMY 3a-
KOHY. DTOT POCT OOBSICHSIIOT YBEITMUYEHUEM KOJMYECTBA BAKAHCUM B KpUCTaJUINYE-
CKOM pelieTke, BO3HUKAIOIINX 3a CUET UchapeHus rpadura.

Tennosoe pacuupenue

TennoBoe pacuiupenue rpadura o061agaeT aHU30TPONUEH, KaK U MHOTHE €T0
npyrue pusmdyeckue cBOMCTBA. AHU30TPOINHMS XapaKTEPU3yeTCs] OTHOLIEHUEM KO-
s uIeHTOB paciMpeHus: 00pasiia B HaMpPaBJICHUAX MMapalieIbHOM U MepIeHIH-
KYJSIPHOM CJIOSIM. DTO OTHOILIEHHWE MEHSIETCS IJisi pa3iuyHbIX rpaduroB ot 1 g0
30.

1.3. Xumuueckue cBoOiicTBa yriepoaa

BoNBIIMHCTBO AJIOTPONHBIX MOAM(PHUKAIUIN yriepoaa Mpu yMEPEHHBIX TEM-
neparypax JOCTaTOYHO MHEPTHO IO OTHOLIEHUIO K XMMHUYECKUM peareHTaM, HO
IPU BBICOKMX TEMIEpAaTypax OHU CHOCOOHBI K B3aMMOJCHCTBUIO CO MHOTHMHU Be-
HIECTBaMH. 3HAHWE XMMH3Ma IIPOLIECCOB, B KOTOPBIX YIJIEPOJ BBICTYIIAET KAK pea-
I'€HT, OKa3bIBACTCS MOJIE3HBIM MPU IPOTrHO3UPOBAHUM MOBEACHHUS YIiierpaduTOBBIX
MaTepHUAJIOB B arpeCCUBHBIX CPENax, a TAKXKE MOXKET ObITh IPUMEHEHO MpHU MPO-
U3BOJICTBE M3/EIUI CO CHEUPUUIECKON CTPYKTYpOH M MPOYHOCTHBIMU CBOMCTBA-
mu. Hanbonee n3yd4eHHbIMH C 3TUX NO3ULMM SABJISIOTCS peaklUy B3aUMOJEHCTBUS
yriepoja ¢ ra3aMu IpHU BBICOKUX TEMIIEpaTypax, Kapouao00pa3yomuMu 3JIeMeH-
TaMH U BEILLIECTBAMH, CIIOCOOHBIMHU J]aBaTh CIIOMCTHIE COSAMHEHUS.

1.3.1. Cnouctele coequHEHUSA

Crnouctble coeuHEHUs1 00pa3yrOTCs € yyacTHeM yriepoaa B ¢popme rpadura
3a CUET BHEJIPEHUSI MOJIEKYJI U HOHOB B MEKCJIO0E€BOE MPOCTPAHCTBO KPUCTATUIUTOB.
ATOMBI peareHTa MOTYT OBITh CBSI3aHBI C aTOMaMH yTiepojia KOBaJE€HTHBIMH, KO-
OpJIVHAIMOHHBIMA WJIM UOHHBIMH CBS3AMH. B 3aBUCMMOCTH OT Tura oOpa3yro-
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IIUXCS CBSI3€H CIIOMCTOE COSTMHEHUE MOXKET COXPAHSTh JIEKTPOIPOBOTHOCTH HC-
XOJTHOTO TpaduTa Uit TEPSITH €e.
Henposoosiyue croucmoie coeounerus
Oxcun rpaduta U ero GTOPUJ SBISIOTCS BEIIeCTBAMHU-H30JATOpaMu. OKCHIT
rpaduTta obpazyercst mpu 00OpabOTKEe €ro CMEChi0 a30THOM U CEPHOM KUCIIOT, JbI-
MSIIIIEH CePHON KUCTIOTON U JIPYTHUMH CHITBHBIMU OKHCITUTEIISIMUA

OKHCJIUTEb _

C, C,0,,H, (oxcun rpadura)
B coeaunenun Bcerja npucyTCTBYET BOAOPOA. ATOMBI KUCIOPOAA CBSI3BIBAIOT Me-
Ta-TIOJIOKEHUS MMECTUWICHHBIX KoJjel dpupHbiMu Moctukamu —C—O—C— u BXOasT
B COCTaB KETOTPYIII, HAXOASUIMMHUCS B PABHOBECUU C €HOJIbHBIMU

0 OH
z /
—CH —c/ <= —HC=C
2 \ \

['unpokcuIbHBIE TPYIIIBI, 00JIaa0Ie BEICOKOW KUCIOTHOCTHIO, MOTYT JTH-
pudUIUPOBATHCA.

MexcnoeBoe paccTosiHue B okcujie rpadura ysenundeHo o 0,6-0,7 um, a Ha-
JIMYHE TIOJSIPHBIX TPYII MPUIACT €r0 MOBEpXHOCTH TUApoPIbHBIN xapakTep. 1o
ATOW MPUYMHE OKCHJ YIJIEPOJa JIETKO MOTJIONIAET TOJSPHBIE PACTBOPHUTEIN — BO-
1y, alleTOH, CIIUPTHI ¥ CaM JTUCTICPTUPYETCS B HUX.

®dTopun rpaduTa MOJy4aroT IPSMBIM BO3AEHCTBHEM Ta3000pa3HOro (Gropa Ha
rpadut

C.+1/2F, - (CF),

MexcnoeBoe pacctosiHue moBsimaercs n1o 0,8 HM, aTombl ¢Topa pacmoiio-
KEHBI B TPAHC-TIOJIOKEHHUSIX OTHOCUTENIBHO TIIOCKOCTH FeKCaroHa.

Oxcun u ¢ropun rpadura GakTUUECKH SBISIIOTCS aTH(PaATUICCKUMU COEJIU-
HEHISIMU C SP°-THOPHIHBIMH CBSI3IMH, TIO9TOMY IUIOCKHE CJIOM IIECTHYTONBHHKOB
U3rudaroTes, a mM-3JEKTPOHHOE 00JIaKo mcye3aeT. B pe3ynbrare BemecTBa TEPSIOT
AJIEKTPOIPOBOIHOCTb.

Inexmponposoosaujue Ci1oucmole COeOUHeHUs!

B 31exTponpoBoASIIMX CIOUCTBIX COEAUHEHUsX rpaduTa aToOMbl WM HUX
TPYIIIIBI BKIFOUEHBI MEXKTY CIOSMH YIJIEPOJAHBIX aTOMOB 0€3 pa3pyIIeHHs TI0CKOH
CHCTEMBI SP°-THOPUIHBIX CBsisell. K HEM OTHOCSTCS METAIUIOLEHOBBIC COCIUHE-
HUS1, HApUMeEpP, KOOAIbTOIIEH
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B aToM psiny Hanbosiee M3y4eHbl COCTUHEHUS IIETOYHBIX MeTauioB. OHM TT0-
JTy4aroTCs HArpeBaHWEM IpaduTa B MPUCYTCTBUU METAIIA IO TEMIIEPATyphl, OTBE-
Yalolle onpeesieHHOMY JaBJCHHUIO MapoB MeTauia. B pe3ynbpTaTre B MEXCI0€BOE
MPOCTPAHCTBO MPOHUKAET COOTBETCTBYIOIIEE KOJIUYECTBO aTOMOB MeTajlia, J1aBas
MHTEPKAIUPOBAHHBIN T'pauT 3aJaHHOTrO cocTaBa. [Ipu 3TOM yacTh CJIOEB coiep-
KUT aTOMbl METaJlIa, a Apyras uX HE COACPKHUT; T€ W APYTue CIOW PaBHOMEPHO
yepenytorcs. M3BectHnl coequnenns CsM, CouM, C;sM, CyisM, CeoM (M — me-
taut). O0pa3oBaHuE CIOMCTOTO COCJAMHEHHUS COMPOBOXKIACTCS U3MEHEHUEM Mapa-
METPOB PEIIETKH BCIICJICTBUE Pa3IBUTAHUS CIIOEB Yriepoja MpH BHEAPEHUM aTo-
MOB METaJlIa.

Coenunenue CgK CsRb CsCs

D()()z, HM 0,54 0,58 0,59

1.3.2. KapOupl

(13

TepMuH “kapOunbl ““ NPUMEHSIOT K COCIUHEHMSIM YIJIEpOJa, CBA3aHHOIO C
3JIEMEHTAMHM MEHBIICW WA IPUMEPHO PAaBHOM DSJIEKTPOOTpULATENIBHOCTU. [lo
CTPYKType U (PU3MKO-XUMHUYECKHM CBOMCTBAM KapOUbl MOAPA3JEISAIOTCS Ha TpU
rpynnsl: coseodpasnblie ¢ anementamu -1 rpynn (Al,Cs, CaC, u ap.), kapOusl
BHEAPEHUsS ¢ OOIBIIMHCTBOM mepexonnbix MetamwioB (IV-VI rpynm) u koBaneHT-
ueie S1C u B4C.

Kapbunoobpa3oBanne NpOUCXOAUT MPH KOHTAKTE TpaUTOBOTO H3ICIUS C
KUAKAM METAIIOM. DTOT MPOIECC YCKOPSIET pa3pylleHne KOHCTPYKIIMOHHOIO Ma-
TepHuasia, HO OH YacTO UTPAeT U IMOJOKUTEIbHYIO pOJib, HallpuMeEp, KapOuampoa-
Hue oOrneryaer xuAko(pasHyro rpadUTalUi0 U CUHTE3 UCKYCCTBEHHBIX aIMa3oB.
Kpome Toro, kapOugoo6pa3zoBaHue UCHOJIb3yeTCs P MOAUPUKALUU yrierpadu-
TOBBIX MaTE€pPHAJIOB, MTOBBIIIAS UX KAYECTBO.

1.3.3. Peaknus ¢ razamMu

OTU peakuuu, HEe 3aBUCUMO OT MPUPOAbl KOHKPETHOIO razo00pa3Horo pea-
TeHTa, IPOTEKal0T HA MOBEPXHOCTH rpauTa uyepe3 OCHOBHBIE CTAIUU XEMOCOPO-
UM C 00pa30BaHUEM U IMOCIEAYIOIIUM pa3pyLIEHUEM OBEPXHOCTHOTO COEAUHE-
HUs. TOJIBKO KHUCIOPOJ Ha MOBEPXHOCTU I'paUTOBBIX MATEPUAIOB XEMOCOPOUPY-
eTcsi HeoOpaTUMO, YTO MOJATBEPHKIAETCS OTCYTCTBUEM MOJIEKYJIIPHOTO KHUCIOpOia
B COCTaBe JeCOPOUPYIOIIMXCS ¢ TMOBEPXHOCTH ra30B. OH BKIIIOYAET TOJBKO CMEChH
OKCHJIOB yTJIEpOJIa, KaK IPOTyKTOB Pacaaa MoBepXHOCTHOro coenunenus C,0y. B
peakuusxX ¢ razaMu rpa@uT (TBEpblil yIiiepoa) BHICTYAEeT HE TOJIbKO KaK peareHT,
HO M KaK IeTeporeHHbId kaTanu3aTop. CKOpOCTh B3aMMOJEHCTBHS yIIepoa ¢ ra-
30M 3aBUCUT HE TOJBKO OT aJUIOTPONHON MOIM(HUKALMU peareHra, HO U OT CO-
CTOSIHUSI €r0 MOBEPXHOCTU. DTO MO3BOJSET CTPABIMBAThH T'a3aMu Je(EKTHbIE yda-
CTKU TOBEPXHOCTH W3JENUs WIH yAalsaTh rpadutoByro (a3y B NPUCYTCTBUU all-
Ma3HOM.
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1.4. TepmoaguHaMuKa MPOLECCOB TEPMUYECKO TeCTPYKIIUN

[Ipexxne ueM paccMaTpuBaTh (PU3MKO-XMMUYECKUE CBOWCTBa Oojee CIoXk-

HBIX HIPUPOJHBIX YTIEPOJCOACPKAIIMX BEUIECTB U CUHTE3 yIiepoJa U3 pa3inyHo-
ro BHJA CBHIPbs LEJIECOO0PA3HO HAIMOMHUTH TEPMOJMHAMUYECKHUE 3aKOHOMEPHO-
CTH TIPOLIECCOB TEPMHUUECKON IECTPYKIMHU, TOCKOJIbKY OOJIBIIMHCTBO TEXHOJIOTUN
nepepadoTKM U CHUHTE3a YriepOJHBIX MaTepHalioB MMEIT MHoro obmero. Ha-
IIpaBJICHHE BBICOKOTEMIIEPATYPHBIX MPOLIECCOB U HAOOP MX MPOAYKTOB B 3HAUU-
TEJIHHOUW CTENEHU OIpPEACNAETCS PeaKUsIMU TEPMUUYECKON JECTPYKIIMU UCXOIHBIX
BemecTB [1, 5]. Takue peakiuu yaie BCero oka3piBaroTcs oopatuMbiMu. Hampas-
JIEHUE UX ONPEIEISIETCS] COCTABOM MCXOJHBIX BEIIECTB, TEMIIEPATYPOU U AABJICHU-
em npouecca. C MoOMOIIBI TEPMOJMHAMUYECKUX PAcyeTOB, 3HAsl COCTaB ChIPbS,
MO>KHO OLIEHUTb PaBHOBECHBIA COCTAaB PEAKLIMOHHOW CMECH B 3aJlaHHOM 00J1acTu
TEMIIEpaTyp U JABJICHHI, WU 10 3aJlaHHOMY HaOOpy MPOAYKTOB HaWTU TeMIlepa-
TYpbl U JABJIECHHS, TP KOTOPBIX €r0 MOKHO JIOCTHYb. TepMoauHaMuUyecKas Bepo-
ATHOCTh MPOTEKAHUSI XUMUYECKUX PEAKIUHN ONpPEIENIeTCs] BEJIMYMHON U3MEHEHUS
cB00OOIHOI sHEeprun ['n66ca AGr, KOTOpasi CBs3aHa C KOHCTAaHTaMU PaBHOBECHS
AG°
R-T

3HaueHHe M 3HAK Npu dHepruu ['nbOca sABIAETCS KPUTEPUEM MPUHIUIHUAb-
HOU OCYLIECTBUMOCTH IIpoLecca

lgK,=-

rae  Kj; — KOHCTaHTa CKOPOCTH IIPSIMOM peaKkLuy;
K, — KOHCTaHTa CKOPOCTH 0OpaTHON PEAKIIUH.

YroObl peakuuy NpoxoAusia B MPSMOM HaIPaBIEHUU CKOPOCTb MpPSIMOW pe-
aKIUU JTOJDKHA OBITH BBIIIE CKOPOCTH OOpaTHOW peakuuu, T.e. K; > K, B Takom
ciryyae K, Oyner 6onbuie 1, a IgK;, > 0 . CornacHo ypaBHeHuto, 1gKj, > 0 Tosbko
npu ycinoBuu G; < 0. IloaToMy HEOOXOJUMBIM YCIIOBUEM MPOTEKAaHUs PEaKlUu B
IpSIMOM HampaBlICHUH SIBISIETCA OTPUIIATENIbHOE 3HaUeHue YHeprun [ mboca.

N306apHo-n30TepMuueckuil norenuuan AG peakuuu — QyHKIUsS TeMIeparTy-
PBl, IO3TOMY HaIIPaBJIEHUE U KOHBEPCHUS OOpAaTUMBIX PEAKIMI CUIIbHO MEHSIOTCS B
pa3IMYHBIX TEMIEPATYpPHBIX MHTEpBasiax. COOTBETCTBEHHO, MEHSETCS U COCTaB
MOJyYEHHBIX MPOAYKTOB. Tak, oOpa3oBaHHE KOHICHCHUPOBAHHBIX YTJIEPOJHBIX
CTPYKTYP COIPOBOXAAETCS MOTEPEH UCXOJHBIMHM BEIIECTBAMM JIETKUX YTJEBOIO-
POIHBIX M TETEPOATOMHBIX COeAMHEeHMN. M300apHO-N30TepMUYECKUN TOTEHIIUAT
MOJIEJIBHBIX COEJIMHEHMI, y4aCTBYIOIIMX B MOJOOHBIX PEAKLMIX, U3MEHSETCS C
poctoM Temneparypsl (puc. 1.2).
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500 700 900 1100 1300 1500 T,K

Puc. 1.2. — 3aBucUMOCTbh HM300apHO-M30TEPMUYECKOTO MOTEHIIMANA
CHHTE3a YTJIEBOIOPOIOB U3 MTPOCTHIX BELIECTB OT TEMITEPATYPhI

W3 3TUX JaHHBIX CIEAYET, 4YTO B 00JACTH OTHOCUTENIBHO HU3KHUX TeMIIepaTyp
TEPMOAMHAMUYECKN HauOoJiee CTaOWIIbHBI JIETKHE Ipe/iebHbIe YIJIEBOAOPOIHBIE
ra3pl. Menee ycToi4uBbl oieuHbl, HadTEHbI U apeHbl. B Oosee BriIcOKOTEMIIEpa-
TYpHOU 00JaCTH CTaOMIIBHBI YIIIEPOJ U BOAOPOJ, HECKOIBKO MEHBIIE apeHbl, Me-
TaH U ojepunbl. Haubonpmmm 3amacoM sHepruu obnanaoT napaguasl U HadTe-
Hbl. [Ipy paBHOM umclie yriaepoJHbIX aTOMOB B MOJIEKYJIE Psii TEPMOJMHAMHUYE-
CKOH ycroitunBocTH BemiecTB 0 TeMieparyp 400°C takoii: mapadunsl > HadTEHBI
> oneuHbl > apensl. [Ipy yBennueHnn TemMmnepaTypsl 3T0 COOTHOIIICHHE MTOCTETICH-
HO MeHsieTcs. [Ipu Temmeparypax, npesbimatomux 700°C, 0HO OKa3sIBAETCS MPO-
THUBOIOJIOKHBIM: apeHbI > oJie(ruHbI > HadTEHbI > Napa(uHbL.

Jnst apomatrdeckux coemunennit npu 0°C ¢ pocTOM KOHIECHCHPOBAHHOCTH
3arnac cBOOOAHOM 3Hepruu Ha 1 Mousib yriepoaa ymenblunaercs. CienoBaTesbHO,
YeM BBIIIE CTENEeHb KOHJCHCUPOBAHHOCTH, TEM 00jiee TEPMOAMHAMUYECKU YCTOM-
YUBO COEUHEHUE.

Takum oOpa3om, ¢ pocToM TemImepaTypbl BBICOKOMOJEKYJSPHBIE Op-
FaHUYECKUE COCIMHEHUS OyAyT pa3jaraThCs ¢ 00pa30BaHUEM CTAOMIIBHBIX JIETKUX
YTJIEBOJAOPOIHBIX I'a30B (METaHa, 3TUJIEHA), BOJIOPO/A, BRICOKOKOH/IEHCHPOBAaHHBIX
apOMaTUYECKHUX BEILECTB M TBEPAOro OCTaTKa rpauTonoJoOHbIX O0Opa30BaHUM.
JlnuHHble Tapa@uHOBBIE NENOYKH OyayT MOJABEPraThes 1eCTPYKUUU, HAPTEHOBbIE
UKJIbI — AECTPYKIMHU U apOMaTU3aLUU.
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1.5. DHeprusi pa3pbiBa cBsi3eil B OPraHM4eCcKOM BellecTBe

TepMoauHaMUYECKHE TIOTCHIIUAIBI SIBJISIOTCS XapaKTEPUCTUKOW CTAaTUKH
mporecca, €ro Ha4ajabHOTO M KOHEYHOTO COCTOSHUS, HO HE MyTeH U CKOPOCTH IIe-
pexoJia OT KHCXOAHBIX BEIIESCTB K KOHEYHBIM MPOIYKTaM. PerynupoBanrue CKOpOCTH
TAKOTO Iepexoia Oompeensercss (aKTUYECKH SHEprued akTHBAIMHM peakiuu. B
NPOCTEHINNX CIydasx NECTPYKIHS CBS3€H — ATO DHEPrus, KOTOPYI HaA0 CO00-
IIMTH MOJIEKYJIe, YTOOBI TPOU3OINET Pa3pbiB CBS3M M YE€M IPOYHEE CBSI3b, TEM
OoJIbIIIe PHEPTUU HE0OXO0UMO TSl €€ pa3phiBa (Tadu. 1.1).

Tabmuma 1.1
ODHeprusi pa3pbiBa HEKOTOPbIX XMMUYECKHUX CBsI3ei

CBs3b Coennnenue 3Hep£m paspbiBa

cBs3eit, kJ[»x/Monb
C-C napaduHbl 332
C=C oJie(UHBI 588
c=C alleTUJICHOBBIC 823
Cc-C HaTeHBI 385
c-C apoMaTHKa 610
Cap_ Cank C6H5 - CH3 384
C-H napagpuHsl 413
Cyp— H apOMAaTHUYECKHE 434
C—-COOH | kucnoTsl 230
C-S CyJIb(UIBI 138
C,,— OH (heHOJIBI 293
C-0 3(upbl 376
C-N aMHHBI 334

W3 cpaBHEHUs HEPruil CBS3U CIENYET, YTO B MEPBYIO O4epeb OyAyT pa3phl-
BaTbCA CBSI3U YIJIEPOJ-TETEPOATOM C BBIIEJICHUEM JIETYYUX TE€TePOCOCIUHEHUN
(CO,, H,S , H,O, NH; u ap.), a 3aTeM OyIyT pacmnaaathCsi COSAMHEHUs, COIepKa-
e cBs3u C-C u C-H, mpudem B ciydae napauHOB MEHEe MPOYHbBIC CBSI3U YTJIe-
pOA-yIJepoa, a y apeHoB yriiepoA-Boaopod. IIpoaykTsl pagukaibHON Tepmuye-
ckoil nectpykiuu 1o cBa3siM C — C cTabunn3upyroTes 3a cueT oopasoBaHust Oosee
jerkoro napaduna u onepuHa:

CH;—CH,—CH,—CH;—> 2 CH;~CH, —> CH;—CH; + CH,=CH, ,

a no cBs3u C-H apomaTtnueckoro coeIMHEHUs — 3a CYET KOHJICHCALIUHU SIEP.

WTak, COOTHOILIEHHUE SHEPT Uil aKTUBAIIMU JECTPYKIIMH CBA3EH TaK K€ CIOCo0-
CTBYET OOpa30BaHUIO HU3KOMOJIEKYJIIPHBIX JETYYUX BEIIECTB U BBICOKOMOJIEKY-
JSIPHBIX ApOMATUYECKUX CHUCTEM, KaK U TEPMOJMHAMUYECKHE XapaKTCPUCTUKU
3TUX TpoleccoB. OgHaKO HEOOXOIUMO MOMHUTD, YTO CPEIHUE 3HAUCHHUS SHEPTUU
CBSA3EH HE MOTYT OTPa3UTh MOCIEIOBATEIBHOCTH BCEX XMMHYECKUX IPOLIECCOB,
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T.K. KOJIeOaHUS PHEPTHil CBS3ed MMEIOT IMpEeAebl B 3aBUCMMOCTH OT XapakTepa
CTpOCHHsI OJIMKANIINX y9acTKOB MakpoMmoiiekyn. Hanpumep, npenens: koneOanus
SHEPrUU HEKOTOPBIX CBSA3EH cOCTaBIAOT (KJ{»K/MOIIb)

C-H 349 — 508
C-C 315-522
C=C 420 - 609
C-N 230 — 345

[losTOMy npy peanbHBIX CKOPOCTSAX HArpeBa OPraHUYECKHX BEILECTB NPH-
POIHBIX YIIEPOACOAEPKAINIUX COCAUHEHUIN PAa3pbIB CBSI3€M HOCUT BEPOATHOCTHBIN
XapakTep, HO C HanOOJIbIIEH BEPOATHOCTBIO MO MECTY cialdbIx cBsaA3eil. Hampumep,
HauOosiee pacnpoctpaneHHas cBa3b C — C B cOeIMHEHUH

C¢Hs—CH,5 CH,—CHj; (B p-mionosxenmn)
354,1 2409

1.6. CunTe3 yriepoaa u3 ra3oBoi (a3l

Martepuaiibl, COCTOSIIME TJIaBHBIM 00pa30M M3 aTOMOB YIJIEpOAd, MOTYT
OBITH TIOJIy4YEHBI pa3HbIMU criocobamu. Kak npaBuiio, 3Tu ciocoObl CBSI3aHbI C BbI-
COKOTEMIEPATypHOU 00pabOTKOW Pa3NMUHBIX YIIEPOACOJEPKAIIMUX BEIIECTB KaK
B KOHJICHCUPOBAHHOM, Tak U B ra3oBoM (pazax. 13 razoBoii ¢azbl MOKHO MOJTy4YaTh
caxy, pymiaepensl, nupoyriaepoa (muporpadur), anmasbl. Caxka u QysiepeHsl mo-
Jy4aroTcs B Mpolleccax, MPOTEKAIIUX B PEAKIIMOHHOM 00beMe; MUPOYTIAEpo U
anMaszbl 00pa3yrOTCs MPHU OXJIAXKIACHUM aTOMOB YIJepoja Ha TBEPJOU MOIJIOKKE
[2,6].

1.7. CuHTe3 yriiepoaa u3 KOHJAEHCUPOBAHHOM (pa3bl

B cunTe3e yraepona m3 ra3zoBoi (a3l (popmMupoBaHHE YIOPSAOYCHHOM
CTPYKTYpBl TMPOUCXOTUT W3 TOJHOCTHIO HECTPYKTYpPUPOBaHHOU cuctembl. Ilo-
CKOJIBKY MIPH BBICOKHX TEMIIEpaTypax razoBOro CHMHTE3a mpoiecc GopMUpPOBaHUS
KPUCTAJUTUTOB MPOCIEAUTH MPAKTUIECKH HEBO3MOXKHO, TO JyUIlIe 9TO SIBJICHHE Ha-
OyroaTh Ha MpuUMepe KUAKO(PA3HOTO CUHTE3a YIIIEPOAUCTBIX TEJ, T.K. OH HUJIET
npu OoJiee HU3KUX TeMmIeparypax 3a oosee qiuTenbHoe Bpems. Ha mpakTuke rpa-
¢buTONOIOOHBIE CTPYKTYphI TOJYYAIOT U3 TKEIBIX OCTAaTKOB He(TerneperoHkKu
win yrie- u HedrenepepadoTku. Ho ¢ TeopeTHueckux MO3ULUNA JIOTUYHO pac-
CMOTpETh B KAYECTBE MCXOJHOTO CHIPbs JieTKue (Pppakiuu HedTH, TOCKOJIbKY OHU
coJiepKaT NMPEUMYILIECTBEHHO NapaduHOBbIE, HAPTEHOBbIE W MOHOIMKIMYECKUE
apoMaTHYECKUE YIJIEBOJAOPO/Ibl, B KOTOPBIX aTOMBI YIJIepoJa HaXOASATCS B COCTOS-
HUM Sp°- U Sp - ruOpuamsaimu. Jis mepexoa THX aTOMOB B COCTOSHHE TIPEHMY-
IIECTBEHHO SP -rubpuausanuy (rpadyuT) HEOGXOAUMO MPOBOAUTH IETUIPOLUKIH-
3allMI0 YTJIEBOJOPOIOB JETKUX (hpakiuii. ITOT MpoIlecc OCyIIEeCTBIsETCS B 0bac-
TH TEPMOIMHAMHYECKON CTAaOMIBHOCTH apOMAaTHYECKUX yTiaeBoaopoaos [2,5]. Ec-
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JU PacCMOTPETh COOTHOILIEHUE CBOOOAHBIX JHEpPruil oOpa3oBaHus mapauHOB,
HaTEHOB M apEHOB MPH PA3IUYHBIX TeMIieparypax (cMm. puc. 1.2), TO B HU3KOTEM-
nepatypHoit oonactu (ke 400 K) 6onee ycroituuBbl napauHOBbIE yTIIEBOIOPO-
Il B BeICOKOTEMITEpaTypHOH 00J1aCTH TEPMOJUHAMUYECKHA HAauOoJee yCTONUYHUBBI
BBICOKOKOH/ICHCUPOBAHHBIE apeHbl, COCTOSIINE W3 HECKOIbKHUX apOMATHUYECKHX
KOJIel] U UMEIoIKEe OOUIYI0 JIEJOKAIM30BAHHYIO JJIEKTPOHHYIO cucTemy. Takue
KOHJICHCUPOBAHHBbIE APOMATHUYECKUE YTJIEBOJOPOABI MOXHO paccMaTpUBaTh Kak
3apoAblu rpaduTonoqo0HbIX Mmiockoctei. CaM mpouecc o0pa3oBaHus IIOCKUX
KOHJICHCUPOBAHHBIX MOJIEKYJl W3 HW30JMPOBAHHBIX ApOMATUYECKHX KOJIEL, IMO-
BUJMMOMY, MPEACTaBISAET COOON, KaKk U MpU CUHTE3E yriiepoJa U3 razoBoil ¢assl,
paauKaJIbHO-1IETIHOM MpoIiecc, MPOTEKAoIIEel Yyepe3 MPOMEKyTOUHOe 00pa3oBaHue
YTJIEBOJOPOIHBIX PAJUKAJIOB C BBICOKOM CTENEHBIO JACIOKAIN3ALMN HE CIIAPEHHO-
r'0 JIEKTPOHA C UX ITOCIEAYIOIIEN KOHICHCAIUEN.

1.8. Cunre3 yriiepoaa u3 nekos

B peanpHbIX ycrnoBusx yrie- u HedrenepepaOOTKH aTOMBI BOJOPOJIA B SIAPE
KOHJICHCUPOBAHHOTO apOMATHYECKOTO COSAMHEHUS 3aMEIIeHbI Ha aaudaTHIecKue,
4aCcTO reTepoaToMHbIE paguKaibl. KpoMe TOro, MakpoMoOJIEKyJia MOKET COJIEPKATh
3HAUYUTENIbHYIO JIOJII0 HaQTEHOBBIX ITUKIOB. CJOXKHAsI CMECh MOJIOOHBIX COEIUHE-
HUN oOpasyeT HeTSAHbIE U KAMEHHOYTOJbHbBIC TEKH, SIBISIOIIMECS ChIPhEM IS
noJiyueHust yriepoja u3 xuakoi ¢aszel. [Ipouecc cuntesa yriepoaa u3 neKoB Ha-
JrHaeTCs Tpu Temreparype Bbime 350-360°C, korma uaeT TepMUYecKas 1eCTpyK-
U] HEApOMATUYECKOM yacTu MoJieKy 1o cBsizu C—C. B pe3ynbrare 3TUX peakuuii
00pa3yroTcs Jerkue yriieBoJOpOIHbIE PAIUKAIIBI U TSKEJIbIE apOMAaTHYECKUE MaK-
pOpaavKabl C BBICOKOUW CTEIEHBIO JACIOKAIN3ALNU JIEKTPOHOB, HAIIPUMED

:>>7CH2_CH3 — > ) >‘ + Hé_CH3 .

Jlerkue paauvKaabl HEYCTOMYUBBI U CTAOMIIM3UPYIOTCS ¢ 0Opa30BaHUEM OJie-
(UHOB UM OJIUTOMEPU3YIOTCA

CH; —CH, - CH,=CH, +H ,
2CH;—CH,—> C,H,, .,

2H — H,.

Jlerkue yrneBoIOpoOibl YOAISIOTCS U3 PEAKIMOHHON MAacChl B BUAE JIETYYHX
BEILIECTB. TsKENble MAKpPOpaJIWKalbl, TEPSIOIINE BOAOPOM, KOHIECHCUPYIOTCS IO
OINMCAHHBIM BBILIE peakusM. B pesynbrare TuHENHbIE pa3Mepbl IIIOCKOCTEN yBe-
JIMYMBAIOTCS, & CPEIHAS MOJIEKYJIIpHAs Macca noiauMmepa Bospacraet. 1lpu nqoctu-
KEHUM MaKpOMOJICKYJIaMH OITPEJECIICHHBIX Pa3MeEpPOB MOJ JCHCTBUEM BaHJEpBa-
JIbCOBBIX CWJI OHM HAUYWHAIOT COOMPAThCS B MAKETHI, TOJOOHBIC KPHUCTAILIUTAM

18



CaXH U NMUPOYIJIEPOAa, HO HAXOSAIINECS B )KUJIKOM COCTOSHUM. B 1aHHOM ciydae
pedb UAET O BOBHUKHOBEHUU ABYXMEPHOH YNOPSAOYEHHOCTH aTOMOB yIJIepoJia B
KUAKON (asze M mepexoie BEIIECTBA B HEKOTOPOE MPOMENKYTOUHOE (MEXKIY
aMOp(HBIM U KPUCTAIIMYECKUM) COCTOSIHUE. Takoe COCTOSIHME HA3bIBAETCA ME30-
dazoit (Me30¢ — MPOMEKYTOUHBIN). 3a pocTOM Me30(]a3bl MOXKHO CIEIUTh, WC-
M0JIb3Ysl aHU30TPOIHUIO €€ CBOMCTB. OHA, Kak U MPOYHUE KUJAKUE KPUCTAIUIbI, 0OHA-
PY’KHUBAET ONTUYECKYIO aHU30TPOIIUIO, TTOITOMY €€ YaCTUIIbl BUJIHBI B MOJSPHU30-
BaHHOM CBETE, MPO3PAYHOM JUIsi aMOpPGHBIX TEl, a HAIMYME MAKEeTOB IUIOCKOIA-
paJUIETIBHBIX CIIOEB MAaKpOMOJIEKYJI TIO3BOJISIET U3y4YaTh CTPOEHUE YacThll Me3oda-
36l METOIOM peHTreHorpaguu. Ilpu 3TOM yCTaHOBIEHO, YTO MEXKCIOEBOE pac-
CTOSIHME B YacTHIax 01am3Kko K dgoy B TypOOCTPATHBIX ~ KPUCTAUINTAX CAXU M ITH-
poyriepoaa.

[To mepe ykpymHEHUS MAKpPOMOJIEKYJI 32 CUET peakui KOHIEHCAI[UU PACTET
TeMIleparypa 3aTBEpEeBaHMs BCEH CUCTEMBI M IpH TemIiieparype okoio 500° C pe-
aKIIMOHHAs Macca NMEPEeXOAUT B HEIUIABKOE COCTOSIHUE, U JaJIbHEHINEe MpeBpaliie-
HUSL UAYT B TBEpAOU (ha3e yriiepoJucTOro Teja, Ha3bIBAEMOro KOKCOM. TBepio-
(pa3HbIe MpoOLIECChl CUHTE3a YIIIEPOJUCTBIX TEJl IO CBOEH XMMHUYECKOM CYLTHOCTH U
oO11eil HampaBJIIEHHOCTH PacCMAaTPUBAIOT KaK €CTECTBEHHOE IMPOJOJIKEHHE K-
KO(a3HbIX peakiuil TePMOAECCTPYKIMH, KOHJCHCAIUY U YHOPAIOUYEHUS HaJMOJIe-
KYJISIPHBIX CTPYKTYP.

K ceippio ans momyueHUs rpa@UTHPYIOMIETOCS aHW30TPOMHOTO MaTepuaia
OPEIBIBISIIOT OINpe/eieHHbIE TPeOOBaHUS, a UMEHHO: OTCYTCTBHE B HEM KapOowu-
10B ((hpakiuu, HEpaCTBOPUMBIE B OPTraHHMUECKUX PACTBOPUTENSIX) U JIETKUX yTJie-
BOA0po10B. KaOpouabl SBISIOTCS MHOMXKECTBEHHBIMH LEHTpPaMH pocTa Me3odas-
HBIX YaCTHI], KOTOPbIE OKAa3bIBAIOTCS CIIMIIKOM MEJIKUMH ISl (POPMUPOBAHUS
KPYHHBIX 00JacTeil aHM30TPONUHU, U NPUBOJIUT K MOIYYEHUIO U30TPOIMHOIO MaTe-
puana. A jerkue yrieBoAOpOJbl B ChIPhE CHIDKAIOT BA3KOCTH KUIKOM (pa3bl mpu
HArpeBaHUM U Pa3pyLIAIOT YACTHUIIbI Me30(a3bl, KOTOPbIE B3aUMOACHCTBYIOT C JIET-
KOTIOJABUKHOW AUCTIEPCUOHHOU CPEIOM.

TemneparypHslii pexXuM mpouecca U IPOJOJDKUTENBHOCTh CYLIECTBOBAHUS
Me30(¢a3bl TOJKHBI 00ecreuynBaTh BO3MOKHOCTD BKJIFOUEHHS MAaKCUMAJIBHOTO KO-
JMYecTBa U30TPONHOM (Da3wl B yacTuilbl Me30(dasel. [Ipu cobmoaeHnn ykazaHHbBIX
YCIIOBUI KOKC MPHOOpPETAET aHU3TPOIHIO CBOMCTB U COOTBETCTBYIOIIYIO CTPYKTY-
py. JlaHHBIE MUKPOCKOIIMYECKOTO UCCIIEI0BAHNS TOKA3bIBAOT, YTO AHU3OTPOITHBIE
KOKCBl UMEIOT JIMHEHHO-MIPOTSHKEHHYI0 CTPYKTYPY, @ M30TPOIHBIE KOKCHI COAEp-
xat chepuueckre obpazoBanus (TI00YIbI) C HEPASTUIUMON MUKPOCTPYKTYPOH —
ceponnToBble KOKChl. Kak M30TpONHbIE, TaK M aHU30TPOIHBIE KOKChl TOCTPOEHBI
U3 JIBYXMEPHO YIOPSJAOYEHHBIX KPHUCTAJUIUTOB, CIOXKEHHBIX U3 TYypOOCTPAaTHOTO
yriiepoja, U HEYNOopsI0YEHHBIX aTOMOB (aMop(HOTro yriepojaa), BXOAAIuX B 00-
KOBBIE 1IETIOYKH, CBSI3aHHBIE C KPUCTAJUITUTAMU. B BeriecTBe KOKCOB CONEPKUTCS U
3aMETHOE KOJIUYECTBO reTepoaToMoB. M30TpoIiHbIE KOKChI KOJIMYECTBEHHO COJIEp-
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*TypOocTpaTHasi CTPyKTypa, B KOTOPOM HMakKeThl MapauIeiIbHbIX CIIOEB KPUCTAUIUTOB I'pa-
(uTa OpUEHTUPOBAHHBI 10 OTHOLIEHHUIO APYT K APYTY MO pa3HbIMU yIJIaMH

&at 00JbIIe aMOop(HOTO yriaepoaa U MEHbIIE KPUCTAITUTOB, aHU30TPOITHBIE KOK-
Chl — KPUCTAJUIUTOB 3HAYUTENHHO OOJIbIlIe U caMu OHU KpynHee. [Ipu noBbiieHun
temmeparyps ¢ 500 10 1100° C B KOKcax MpoIODKAOTCS TPOIECCHI yIaICHUS Te-
TEPOATOMOB M OOKOBBIX YIJIEPOAHBIX LIETIOYEK, 32 CUET 3TOIO0 CHUKAETCS 00BEM U
Macca TBepAoro Tena. Ha atom sTane HeoOX0AUMO PEryaupoBaTh CKOPOCTh HArpe-
Ba, MOCKOJBKY yCaJKa, MOpooOpa30BaHMWE M BO3HMKAIOLIME B KOKCE HAIPSKEHUS
pa3phIBalOT €ro maTepuai ¢ 00pa30BaHMEM TPEIIMH U MOBPEKIACHUEM H3JCIHS.
[ToTeps reTepoaToMoB, a 3aT€M W BOJOPOJA 3aBEpIIACTCS MPU TEMIIepaTypax IMo-
panka 800-900° C u Beiie. ITonydeHHbIH B OTHX YCIOBHIX Marepuall COCTOUT, B
OCHOBHOM, U3 yIJIEpOJa U HA3bIBAETCSI KOKCOM, a TBEPAbIA OCTATOK, MOJTYUYEHHbIN
npu 500-600° C, Ha3bIBAIOT MOJYKOKCOM. Takas TEPMHUHOJIOTUS UCIOJIB3YETCS B
TEXHOJIOTUM TBEPABIX TOPIOUMX HMCKOINaembiX. [loBbllIeHHME TemmepaTypbl BBIIIE
1200° C crmocoGCTBYET MEPECTPOMKE MPOCTPAHCTBEHHOTO PACIOIOKEHHS yIiIe-
POJIHBIX aTOMOB, IPAKTUYECKH HE CBSI3AHHOW C IMOTEpE Macchl TBEPIAOTO Tena.
Bosee uaTeHCHBHO 3TOT mporiecc uaet npu 1600-1800° C. BeposTHO, OTaEIbHbBIE
aTOMbl aMOP(HOr0 yIiepojia JOCTPaUBAaKOT I€KCAroHbl 00pa3yroUX KPUCTAILIUT
CJIOEB, OJIHOBPEMEHHO MOCJEAHNE MPUOOPETAIOT B3AMMHYIO a3UMYTAIbHYIO YIIO-
PAIOYEHHOCTh U cOMKaroTcs. ECM MCXOIHBIN KOKC M3HA4YallbHO 00J1a/1ai pa3Bu-
TOM TEKCTypoW, O0Opa30BaHHOM KPYNMHBIMU KPUCTAJIUTAMHU, W HHU3KOM J0Jiel
amop¢uoii ¢asel, To npu 1800-2000° C Takue KOKCHI IMPHOOPETAIOT CTPYKTYPY,
OJIM3KYI0 CTPYKTYpE COBEPILIEHHOTO rpaduTa U Ha3bIBAIOTCS TPaQUTUPYIOITIMUCS.
Kokcbl, 00pa3oBaHHbIE METKUMH KPUCTAILTUTAMU C MIPOYHBIMU MOTIEPEUYHBIMU CBS-
3sIMU MEXJTY HUMH, U C BBICOKOH aojeil amopdHoi (a3sl HE mpuoOpeTaroT Tpex-
MepHOI# yropsgodenHoctr aaxe npu 3000° C. Takue MaTepraibl Ha3bIBAIOTCS HeE-
rpaQUTHUPYIOMIUMHUCS.

[Io maHHBIM PEHTIE€HOCTPYKTYPHOI'O aHaju3a MOYKHO OLIEHUTh OOLIYIO CTe-
neHb rpaduraruu ( y) odpasiia Marepuana, T.€. JI0JIK0 aTOMOB YIJIepoJa, HaXos-
HIUXCA B TPEXMEPHO YIMOPSIAOYEHHOM COCTOSIHHM, a TAK)KE€ COOTHOIIECHHUE MEXKIY
JOJISIMU TUTOCKOCTEH KPUCTAJLTUTOB, HAXOIAIIUXCS B TypOocTpaTHoOM (p) U rpadu-
Tono00HOM coctostHuu (1 — p) [6, 1]. HeoOxoaumo yduThIBaTh, 4TO IS MOJTyYe-
HUSL TIOJIOOHBIX YTJIEPOJIHBIX MAaTEPUATIOB KPOME HAMOIHUTENS (M3MelbueHHas
TBepAas (paza U3 KaMEHHOYTOJbHBIX, HEPTAHBIX U CIAHIICBBIX KOKCOB; aHTPAIIUTA;
Ca)kM) MCIIOJIb3YIOTCSI CBA3YIOIIME B BA3KOIIACTUYECKOM COCTOSIHUM (HEPTSIHbIE U
KaMEHHOYTOJIbHBIE TIeKH). M X0Ts mporecchl 00ura u rpaUTaliiy TaKUX cMecen
NPUHIUNHAIBHO OJUM3KU K PACCMOTPEHHBIM BBIIIE€, OHU BCE K€ UMEIOT U HEKOTO-
pble OCOOCHHOCTH, CBSI3aHHBIE C B3aWMOJCHCTBUEM HAIOJIHUTEISA, CBA3YIOIIErO U
100aBOK.

bonee moapoOHO TeopeTHUECKHME M NPAKTUYECKHUE BOMPOCHI, KaCaIOIIHUECS
KapOOHM3ALMU YTIEPOACOIEPHKAILIETO ChIPbs, B TOM YHCJE U HEMJIABKOTO ChIPbS
(cTekyoyraepo, yriepoAHbIE BOJIOKHA), OyAyT pacCMOTPEHbI B JAUCIUILINHE
«TexHoJorHs yriIepoaHbIX MaTePUaIOB.
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2. TBEPABIE ITPUPOAHBIE DOHEPI'OHOCHUTEJIN

Bce ropubie nopoapl 36MHOK KOPBI IT0 UX MPOUCXO0KACHUIO PAa3ACISIIOT HA TPU
OCHOBHBIE TPYIIIIHI.

1. Marmatudeckue — oOpa30BaBIIMECS W3 MarMbl BYJKaHHUUYECKHX HW3BEPKEHUU
(Oa3zanbT, rpaHUT U Ap.);

2. OcagouHble — MOSIBUBIIMECS B PE3YyJIbTATE OCAXKICHUS U HAKOIUIEHWS HA JIHE
BOJOEMOB U HA NTOBEPXHOCTHU 3E€MJIM PA3JIUYHBIX OPTaHUYECKUX U HEOPraHU4e-
ckux BeniecTB (TI'U, HedTh, KaMeHHAs COJIb, IECYAHUKH, U3BECTHSIKH U T.11.);

3. Mertamopduueckre — 00pa3oBaBUIMECS B MPOIECCE €CTECTBEHHBIX MpEeBpalle-
HUW TEPBBIX ABYX IPYNN IOJ BJIUSHUEM BBICOKMX TEMIIEPATYp U JABICHUI
(MpaMoOp U3 U3BECTHSIKOB U Jp.).

B TeueHue Bcex NMEpHOJOB CYIIECTBOBAHUS 3€MJIM IPOUCXONIIN T€0JI0TnYe-
CKHE CIIBUTM U IIEPEMEILECHMS B 36MHOU Kope. OcaouHble MOPO/Ibl HAKaIlJIMBaJIUCh
closIMU. B 3THX €l0sIX C IPYTMMU TOPHBIMU IMOPOIAMU HAKATUIMBAJIUCH Pa3JIMYHbIC
roproure uckonaemsie. [1o ycrnoBusM HaKOMIIEHUSI HCXOAHBIX MaTepuanoB U (op-
MUPOBAHHUS UX 3aJEKEN Pa3INyaroT 1Ba OCHOBHBIX Thna ['U:

- AaBTOXTOHHBIE (2yTOC- TOT € CaMbIi, XTOH- 3eMJIs);

- AJJIOXTOHHBIE (aJ10C- IPYToi).

ABTOXTOHHBIC HAKOIUICHHS] — HAKOTUICHUS, B KOTOPBIX 00pa3oBaHUE 3aJICKEH
I'"I mporcxoauno B MeCTax NEPBUYHOIO HAXOKIAEHUS NX MATEPUHCKUX BEILIECTB;

AJITOXTOHHBIE HAKOIUIEHHSI — 3TO TAaKME HAKOIUIEHUS, KOT/1a UCXOJAHbIE MaTe-
pHUanbl C MECT X MEPBUYHOTO OTJIOKEHHSI CHOCUIIMCh BOJIOW WIIM BETPOM B JIPYTHE
palioHbl, B KOTOPHIX OOHAPYKUBAIOTCS TENEPh B MPEBPALIEHHOM COCTOSHUU.

B Hacrosmee Bpems oOmienpusHanHo, uto Bce TT'M oO6pa3oBanuch B pe3yiib-
TaTe NPEBPALLECHUNA OCTaTKOB OTMEPIIMX JKUBBIX OPraHU3MOB, B IIEPBYIO OYEPEb
pacturenbHbix. CoctaB u cBoicTBa TT'M oueHb CHIIBHO 3aBUCSAT OT XMMHUYECKOTO
COCTaBa MaTEPUHCKOT0O BEIIECTBA, T'€0JOTHYECKOTO BO3pACTa MECTOPOKIACHUM, yC-
JIOBUI MpeoOpa3oBaHUsl OCTAaTKOB PACTEHUN B TEUYEHHME JIMTEIBHOIO BPEMEHHU.
Jlaxxe B mpenenax OJHOIO MECTOPOXKAECHUS OHM MOTYT 3HAYUTEIBHO OTINYATHCA
napyr ot apyra. [lostomy cucrematuzanusi TTU moxeT ObITh MpoBe/ieHA C pa3HbIX
NO3ULMKA: C TOYKU 3pEHUs OO0IIel KapTHUHBI MPeoOpa3OBaHUsI UCXOJHOTO PaCTH-
TEJBHOI0 MaTepuaia B MPUPOIHBIX YCIOBUSX; XMMHU3Ma TUX IPOLIECCOB WA HX
re0JIOTUU U T.1. ABTOpHI [l ] npuaepKuUBarOTCA CUCTEMATU3ALMHU, KOTOpast YUUTHI-
BAa€T M3MEHEHHE CBA3EH MEXAY YIJIEpOAHBIMU aToMaMu B Makpomodsekynax TI'U,
npuBodIee K POPMUPOBAHUIO YIOPSIOYEHHBIX CTPYKTYpPHBIX eaunuil. OOpa3o-
BaBIIMECS YNOPAIOYEHBIE CTPYKTYPHBIE €IMHUIBI CXOAHBI C KPUCTAJUIUTAMU pa-
HEE PACCMOTPEHHBIX YIJIIEPOIUCTBIX TEN. DTOT MPOLECC MPOTEKAET OJHOBPEMEHHO
C MOTEpEN PaCTUTENbHBIM MATEPUATIOM HEYIJIEPOJHBIX aTOMOB U IMOBBIIICHUEM B
HEM JIOJIM YIJIEpOoJa, aTOMbl KOTOPOro 00pa3yloT MPOCTPAHCTBEHHBIE CTPYKTYPHI,
AHAJIOTUYHBIC CTPYKTYpaM MPOIyKTOB KapOOHU3AIUU U TpauTaIiii. ITH SBICHUS
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MO’KHO paccMaTpHBaTh B paMKax yriieoopa3zoBaTenbHOTO npouecca. [loteps Heyr-
JEpPOIHBIX aToMOB BemecTBoM TI'U conmpoBokmaeTcss He TOJBKO €ro CTPYKTYPHOU
NEepeCcTPORKON, HO M YMEHBIIEHUEM B HEM KOJIMYECTBA PEAKIIMOHHOCTIOCOOHBIX
(GYHKIIMOHATBHBIX TPYII. B pe3ynbrare 4ero moBbIMIAeTCsl yCTONYUBOCTh TOPIOYE-
r0 UCKOMAeMOTO K BO3JICHCTBUIO XMMHUYECKUX PEAreHTOB U BHICOKUX TEMIIEPATYD.
CooTtBeTcTBEHHO, 4YeM Ooubliie (QyHKIMOHAIBHBIX Tpynn coaepxkar TI'U, Tem
OoJbIMi HAOOP MPOIYKTOB MOXKET OBITh IMOJYUYEH IMpHU ero nepepadboTke B Oojiee
MSTKHUX YCJIOBHSX. DTOT MOAXOJ MCIOJIb3YeTCs JJI BbIOOpA palMOHAIBHBIX TEX-
HOJIOTMYECKUX BapUaHTOB nepepadoTku paznuuHbix TTU.

2.1. UcxoaHbIid paCTUTEIbHBIH MaTepUaJl

XHUMHUYECKUI COCTAB PACTEHUII MHOTOOOpa3eH U UX COEUHEHUS BXOIAT B CO-
CTaB TPYAHOPA3AETUMBIX cMeceil. [1o 3Toil mpuyrHe BemecTBa pacTeHU 00beIn-
HSIOT 10 OOLIMM XMMHUYECKHM IPU3HAaKaM B OTJEJbHbIE Ipynnbl. Kak oCHOBHbIE
IPYIIIbI BEIIECTB, COCTABIISIIOUIUX PACTUTENbHBIA MaTEpHall, paCCMAaTPUBAIOT OeJ-
K (ITPOTEUMHOBBIE BEIIECTBA), YIVIEBOJbBI, JUMKUABI (OUTYMOOOpa3oBaTEIN) U JIUT-
HUH.

2.1.1. benkoBble (WK IPOTEUHOBKIE) BEIIECTBA

benku — mpupoaHbIe BHICOKOMOJIEKYJIISIPHBIE COSIMHEHHSI, 00pa3oBaHHbIC ITy-
TE€M MOJIMKOHJIEHCALUU (L-aMUHOKHUCIOT U MMEIOIINE MaKpOMOJIEKYJIIPHOE CTpOe-
Hue. Beiaenuts 0enku U3 pacTeHH B HEM3MEHHOM BHUE HEBO3MOXKHO, O CTPOCHUU
CyZIAT HAa OCHOBAHUU M3YyYEHHUsI IPOJYKTOB MX THIPOJUTUYECKOTO PACUIEIUIEHHS C
MOMOIIbI0 MUHEPATBHBIX KHUCIOT W miejoued (amdotepHbie cBoiicTBa). OOmas
dopmyna o.-aMHHOKHUCTIOTHI [5,6]

_-COOH
R —CH
~
NH, /,
, M.B. oT 17500 no 800000;
R- GenkoBbIif OCTaTOK.
OcobeHHocTu:

1. He 3aBucuMoO OT JUIMHBI LIENIM HA OJIHOM KOHIIE €€ HaXOJUTCS CBOOOJHAs Kap-
OOKCHWIIbHAS TPYIIMNa, a Ha APYroM — CBOOOJHAS aMUHOTPYIITA;

2. benku HEyCTOWYMBBI U JETKO TUAPONHU3YIOTCA. OHU CHOCOOHBI yAEpPKUBATH
Oomnpiioe koiumdectBo Mosiekyn HpO, Onarogaps Hamuuuio TUIPOPUIBHBIX
rpynn (NH,, NH, CO,COOH, OH).

B cocraBe 6enkoB ompepensieTcs cepa, uHoraa ¢gochop, U 4TO OCOOEHHO
BaXHO, a30T. [lo ero KOJIM4ecTBy B PACTCHHSIX MOXHO CYAHWTh O COJCP’KaHUU B
HuX OenkoB. B pactenusix GeiakoBbie BEIIECTBA BXOAAT B IPOTOILIa3My. B BeICINX
pacTeHusix cojepkanue 0eakoB HeBeluko — (1-10%), B HU3MUX (MPOCTEHIINX) —
20-30%, B GakTepusix — 10 80%. benku »KUBOTHBIX OPraHU3MOB PACMAAIOTCS C
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oOpazoBannem NH3, a 6enku pacTeHuid pa3pymaroTcs (THAPOIU3) U MEPEXOAiT B
AMUHOKHCJIOTBHI.

2.1.2. YrineBoasl

B BBICOKOOpPraHM30BAHHBIX PACTEHUSIX KOJUYECTBEHHO MPeoOagaroT yrie-
BOJIbI: IIPOCTHIE YTJIEBO/Ibl, IEKTUHOBBIE BEIIECTBA, FTEMUILEIUII0I03a, IEUI0I03a.

IIpocThle yrieBOJbl — paCTBOPUMBIE B XOJIOJHOU BOJE MPOCTEUIINE MOHOCA-
xapubl (rekco3bl C¢H1,06, menTo3b1 CsHgOs), nucaxapubl, a TaKKe MHOTOATOM-
HBIE CIIUPTHI.

[IeKTMHOBBIE BEUIECTBA — PACTBOPUMBIE B IOpsiYEi BOJIE (TeMIepaTypa KHIIs-
el BoAsSiHOM OaHM), B KOTOPOM OHM 00pa3yroT KoJutouaHble pacTtBopbl. Comep-
KATCS U B MHOIOKJIETOYHBIX PAaCTEHUSAX U B OJIHOKJIETOUYHBIX ajibrax (CKJIEHBAIOT
OTJIEJIbHBIE BOJIOKHA PACTUTEIBHOIO MaTepHajla B MOJIOABIX IUIOAAX, TKaHAX). B
OCHOBE MOJIEKYJI 3TUX MOJIUCAXAPUIOB JIEXKUT LIEb U3 OCTAaTKOB /- ramakrypoHo-
BOM KucHOoThl. OHM cozpepkaT MeTokcuibHble rpynnbl -OCH;3, cBA3aHHBIE C Kap-
OoKcuibHOM rpymmoi. [lekTnHOBbIE BenlecTBa CTOMKY K JeicTBUI0 OakTepuil. [lpu
00paboTKe ci1adbIMU MUHEPATbHBIMU KUCIOTAMU MEKTUHOBBIE BEUIECTBA TUAPOIIH-
3y10TCsl ¢ 0Opa3zoBaHueM [[- ranakTypoHOBOM KHCIIOThL. B ecTeCTBEHHBIX YCIOBUSIX
OHM TOJIBEPraloTCsl THAPOJIM3HOMY DPACIICIJICHUI0 TPU JNEHCTBUU (EPMEHTOB U
IPEBPALLAIOTCS B LEJBIN Psii MOHOCAXAPOB (IIEHTO3aHbl U FEKCO3aHBbI)

COOH

OH O H
H
OH

H OH
H OH

JI-ranakTypoHOBasi KUCIIOTa

[ 'eMUIIEITI0NI03bl OTHOCATCS K BBICOKOMOJIEKYJIIPHBIM COCIUHEHMSM, 3aHU-
Masi IPOMEKYTOYHOE TOJIOKEHUE MEXIY LEJUIFOI030M U KpaxMasioM. OTIIMYaroTCs
OT UEJUII0JIO3bl CIIOCOOHOCTBIO PAcTBOPATHCS B IIeslodax M Kuciorax. CpaBHHU-
TEJIBHO JIETKO MOJIBEPIratoTCs THIPOJIU3Y, 1aBasi He IIII0KO03Y (KakK B Cllydae THApo-
JU3a LEJUTI0I03bl), @ MAaHHO3Y, (PYKTO3Yy, TaJlaKTO3y MU YPOHOBBIE KUCJIOTHI THIIA
rajakTypOHOBOM;

[[eJu1r0103a — OCHOBHOW CTPOUTEINIbHBIN Marepuan pacreHui. [Ipumaer um
MEXaHUYECKYK NPOYHOCTh. [I0 pacnpocTpaHEHHOCTH OpPraHUYECKHX BEILIECTB HA
3eMHOM IIape OHa 3aHMMaeT rnepBoe mecTo. Llemnono3a npeacrasiser cobor BbI-
COKOMOJIEKYJISIPHOE COEIMHEHHE PETYJIIPHON JIMHEMHON CTPYKTYPhl, IOCTPOECHHOE
u3 octatkoB JI- rmoko3bl (CeH¢Os), nmuneiinbiii B (1—4)-rirokaH co CTETNEHBIO
noxumepu3zaruu 2000-3000.
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o CH,OH CH,OH

OH ©) OH AN

OH OH
- —12000-3000

O6mas gopmyna — [CcH;0,(OH);],,
ri€ 7 — CTENEHb MOJIUMEPHU3AIUMU BBIIIE 3,5 THIC.
Camblil BBICOKOMOJIEKYJISIPHBIN YTI€eBO, nojncaxapul (mioTHocTh 1,52-

1,54 r/cM3), He PacTBOPHMBIIA B BOJIE H OPraHUYECKUX PACTBOPUTEIISX.

Monekyna 1esuT0I03bl UMEET HEMHOM XapaKTep U COCTOUT U3 OOJIBIIOrO KO-
JUYECTBA OCTATKOB [3, [[- TIIFOKOIIMPaHO3bI, COSTMHEHHBIX MEXKTy COOO0M [3- TITIOKO-
3UAHBIMU CBSI3AMH [1, 7]. B )KUBBIX pacTeHHSIX LEJUIIOJI03a MPOSIBISET CTOMKOCTh K
BO3JIEHCTBUIO MUKpOOpranu3MoB. [locie orMupanus pacteHuid ObICTPO pa3iaraer-
cs nox aeiictBuem rpudkoB u 6akrepuii: (C¢H;¢Os), — n H,O + n CO,.

2.1.3. JIunounne! (butymooOpaszoBaTein)

butymoo0pa3oBatenu - BelecTBa, CIOCOOHBIE PACTBOPATHCS B OPraHUYECKHUX
PacTBOPUTENSAX: CEpHBIN 3up, OeH30, cnupT, Xao0podopM U ap. K HUM oTHOCST-
CA: )KMPBI U )KUPHBIE MacJia, BOCKH, CMOJIbI [7-9].

a) JKUPbI U KUPHbBIEC Macia

[IIupoko mpenacTaBieHbl B paCTEHUSX, OCOOEHHO B HM3MMX OT 15 no 40%,
Bbictiue 1-10%. B pactutensHOM U KUBOTHOM Mupe cBbIlie 1300 BUIOB KUPOB.

JKupsl COCTOAT B OCHOBHOM M3 TIUIEPHUIOB (CIOKHBIE 3UPHI TPEXATOMHOTO
CIIMpTa) W PA3HOOOPA3HBIX KHCIOT >XHpHOro psma: mpenenbHbix CisH3 COOH
(manbmutuHoBas), C7H3sCOOH (cTreapuHoBasi); HEHACHIIIEHHBIX C OJHOM JIBOM-
Hol cBs3bto Ci7H33COOH (oneunoBast); peako ¢ TpoitHoil cBs3bio: Ci7H3;COOH
(TapupuHOBas).

XKuphbl JIeTKO TUAPOIU3YIOTCS, PACHICIISASACH HA TJIIUIEPUH U KUPHBIE KUCIIO-
ThI (TIpeaeabHbIe U HenpeaeabHbie). [Ipenenbupie )KUpPHbIE KUCIOTH OYEHb YCTOM-
yuBbl jaxke npu Harpese 10 400°C. OHM ¢ TPYJIOM TEPSIOT CBOIO KapOOKCHUILHYIO
rpynily U He pasiararorcs. HemnpenenbHble )KUPHBIE KUCIOTBI C OJHOW JBOMHOMN
CBS3BIO JIOCTATOYHO CTOMKHE, C IBYMsI U OOJIbIIIE TBOWHBIMU CBSI3SIMH JIETKO OKHC-
asiroTest v nonuMepusytotes. [pu narpesanuu 10 300-400°C onum pacnagaroTcs ¢
pa3phIBOM YTIIEPOIHOM menu U 00pa30BaHUEM COOTBETCTBYIOIINX YTIIEBOIAOPOIOB
YKUPHOTO psija.

0) BOCKHU

biu3ku k kupam 1o XMMUYECKOMY COCTaBYy, OHU TaK)Ke MPEACTaBISIOT COOO0M
CJIOXHBIE AUPBI CIUPTA U KUPHBIX KUCIOT. OCHOBHOE OTIMYHME OT KUPOB: BOCKU
UMEIOT CTPOEHHUE CIIOKHOTO 3(hHpa BHICOKOMOJIEKYJISIPHBIX OJIHOOCHOBHBIX (MOHO-
KapOOHOBBIX) JKUPHBIX KUCJIOT U BBICOKOMOJIEKYJISIPHBIX OJJHOAQTOMHBIX HEPBUY-
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HBIX anu(aTUYECKUX CIHUPTOB. B cOCTaB BOCKOB BXOJST HACBIIIEHHBIC CIUPTHI U
KHCJIOTHI C YETHBIM YHCIOM yTAEpOAHBIX aTOMOB Cy4-Cs4, 00mas dopmymna: CH;-
(CH,),-COOH, cnupthst psga: CH;-(CH,),-CH,OH, yrineBomopojibl BXOAST B CO-
CTaB BOCKOB C HEYETHBIM YUCIIOM aTOMOB yriiepoja: C,s-Css. BOcku upe3BbIUaitHO
CTOMKHE COCTaBHBIE YaCTH PACTEHUH.

[To cpaBHEHHIO C KUpaMH BOCKH elie Oosiee OoraThl yIiIepoJOM U BOJOPO-
noM. Hekotopeie Oypoie yriu u Topda ciiyaT UCTOYHUKOM TOJIy4EHHUs BOCKa, KO-
TOPBIN B OTJIWYKE OT MUEIIMHOTO Ha3bIBAalOT MOHTAH-BOCKOM HJIM TOPHBIM BOCKOM.

B) CMOJIbI

HMeroT CX0JICTBO ¢ BOCKaMH, MTOCKOJIBKY B UX COCTaB BXOJST CIIOXKHBIE d(H-
pBI, OTJIMYAFOTCS TEM, YTO BOCKH MPHUHAIICIKAT K YUCITY ATM(PATHISCKUX COCAUHE-
HMI, a CMOJbI, B TJIJaBHOM CBOEM Macce, COCTOST U3 LMKINYECKHX COCIUHCHUM,
4acTh KOTOPBIX UMEET apOMATUUYECKUI, MPEUMYILIECTBEHHO MOJIUU30IPEHOUIHBIM,
Xapaxrep.

Cmonbl — 310 cnoxkHbie cmecu kapoonoBbix kuciotr (CH,=CHC(CH;)=CH,
U30IPEH), OMBUISIEMBIX U HEOMBUISIEMBIX BEIIECTB, TOCTPOCHHBIX HA OCHOBE (ppar-
MEHTa U30TPeHa. YTIIEBOIOPOIbl ATOTO Psija HA3bIBAIOTCS TEPIICHAMMU.

PactutenbHbie CMOJIBI XUMUYECKU 00JIe€ YCTONYUBHI, YEM KUPHI U BOCKU MPU
TUJPOJIN3E NAI0T APOMATUUECKUE KUCIIOTHI U CIIUPTHI.

2.1.4. JInraun

Amop(dHoe BemiecTBo, COBEpIIEHHO HepacTBOpuMoe B Boje. [lo pacmpoctpa-
HEHUIO HAa 36MHOM IlIape 3aHMMAeT BTOPOE MECTO Mociie 1euitono3el. O0pa3oBa-
HUE JINTHUHA XapaKTePHO TOJBKO Uil COCYAUCThIX pacTteHui (lignum- nepeBomo-
noOHbIi). Tounas Gpopmyiia TUrHUHA HE ycTaHoBJIeHAa. OH MOCTPOEH U3 KUCIOPO-
JOCOJEPKALUX MPOU3BOJIHBIX (DEHUIINpONaHa ¢ pa3HON CTENEHbIO METOKCHIIUPO-
BaHUS apoMaTudeckux saep. OOmUM MPU3HAKOM ATUX BEIIECTB SBIAECTCS HEpac-
TBOPUMOCTb B KOHUEHTpUpoBaHHOU (72% -HOW) cepHOU KucioTe. BwineneHue
MPUPOJIHOTO JIUTHUHA U3 PACTUTEIbHON TKAaHU B HEM3MEHHOM BHUJIE HE OCYIIECTB-
JIEHO JI0 CHX MOp. DJIEMEHTHBIN COCTaB JTUTHUHA KOJIEOJETCS B IIMPOKUX Mpeenax
C— 62-69%, H— 4,5-6,6%, O— 31%. XapakTepHOH COCTAaBHOM 4acCThlO BCEX
JIUTHUHOB SIBJISIETCS METOKCHJIbHAs rpynna. Ha ocHOBaHUU J1€TaIbHOTO HCCIE0-

BaHusa B. dykc npemioxu cieayoyo CTpyKTypy JIUrHUHA [5]
OCH;
v 11

! /_—/:
A ﬁ:CO E— /II
HO OH H,CO N CH;— ?H—Hzc / y OH
OH —

H;CO 0 OCH;
O / 2

v
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I — nupeHoBoe s1po (3a CYET pa3pbIBOB 3TOM CUCTEMBI MPU OKHUCIECHUU 00pasy-
I0TCSI pa3IuyHble OCH30JIKapOOHOBBIE KUCIIOTHI);

Il — npoTokaTtexoBasi rpyNIUPOBKA, OOBSICHSIOIIAs BOZHUKHOBEHUE (TIPU pas3iiny-
HBIX TEPMUYECKUX BO3ACHCTBUSAX) BAHWINHA, IBAAKOJIA, TUPOKATEXUHA U T.1.;

[T — TerparuapobeH30IbHOE AIPO;

IV — HeHacslllIeHHas yTIIEBOIHAS TPYIIIIA;

V — KUCIOPOHBIN T€TEPOLIUKIL.

JIurHMH KMMeeT MaKpOMOJIEKYJSIPHOE CTPOCHHE W COCTOMT W3 OTACIIBHBIX
IPONAHOBBIX 3BEHBEB, CBI3aHHBIX APYT C APYTOM Pa3IHMYHBIMH TUMIAMU 3(PUPHBIX
CBSI3EH.

PaccMoTpeHHbI€ YeThIpe TPYNIbl BEMIECTB U3 MHOTO00pa3usi XUMUYECKUX CO-
€AUHEHN PACTUTENBHOTO MHUpPA NPEACTABISAIOT MHTEPEC, B MEPBYIO OYEPEb, MO-
TOMY 4YTO MPOAYKTHI UX MpEBpalleHus oOHapyxuBatoTcs B Bewmectse TI'M u moryt
CIIY’KUTh CBUJETEIbCTBOM HMX IMPOUCXOKJIEHHUS W YCIOBUU NPEBPAILECHUS B XOJE
yriieo0pa3oBarenbHoro npoiecca [1, 9]. [IpumepHas olieHKa 3J€MEHTHOTO COCTa-
Ba IpyIi yriaeoOpa3zoBaresueit npuseaeHa B Tadm. 2.1.

Taomuna 2.1
JJIEMEHTHBIN COCTAaB IrPYI BeUIECTB PACTEHUH-YI1e00pa3oBaTesen
HaunmeHnoBanue DnemMeHTsl, Mac. %

C H O N S

benxu 51-55 7-8 22-24 15-18 0,3-3

Ienarom03a 44 6 50 - -
JIummm el 70-80 11-14 9-12 - -
JIuraun 62-69 4-7 31-33 - -

B Hu3koopranuzoBaHHBIX QopMax pacTeHuil (Bogopociau, OakTepuun) mpeoo-
nagaroT Oenku, kupbl U Bocku (70-80 mac.%), TUrHUHA HET COBceM. B BhICIIMX
pacTeHMsIX OCHOBHbIE KOMIIOHEHTHI — 1eJuTto103a 1 JIUrHuH (80-90 mac.%), 6enkwu,
BOCKM M CMOJIBI COJIEPIKATCs B CPABHUTEIBHO HEOONBIINX KoiW4yecTBax. JIMmTo-
OMoNUTHI U3 Hanboyiee CTOWKON YacTH BBICIINX PACTEHUN COCTOST B OCHOBHOM M3
KUPOB U BOCKOB M COJIEPKaT HEOOJBIIIOE KOJUIECTBO YIIIEBOAOB 1 OENKOB. TBep-
JIbIe TOPIOYHE MCKOTIaeMbIe, TPOUCXOISIINE U3 PAa3IMIHOIO PACTUTEIHHOIO MaTe-
pualia, 3aMETHO OTJIMYAIOTCS 110 CBOEMY COCTaBY M CBOMCTBaM HE3aBUCHUMO OT ycC-
JIOBUH U TPOAOKUTEIBHOCTH UX IPE0Opa30BaHus B IPUPO/IE.

2.2. IIpeBpanieHue HCXOIHOTO PACTUTEIBLHOIO
MaTepuaJja B mpouecce yrieoopa3oBaHus

Yronp — 3TO TBepAas, roprouas ropHas mopojaa, oopa3zoBaBiasics U3 OTMep-
KX PACTCHHUI B PE3yJIbTaTe X OMOXUMHUYCCKHX, XUMHYCCKUX U (PU3HUECKUX U3-
MeHeHnr. KpoMe opraHrMuecKrX COCTaBIISIONIMX B yTJIE BCETIA COACPIKATCS MHHE-
pajbHbIE TPUMECH, KOJMYECTBO KOTOPBIX MOXET JIOCTUTaTh 3HauYeHuit ot (1-2) 1o
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50 mac.%. IIpeBpalieHre OTMEPIIUX PACTEHUI B yroyib IPOUCXOAUT B PE3yJIbTaTe
HEMPEPBHIBHOTO MPOIEcCa, B KOTOPOM MPHUHSTO BBIACTATH IBE OCHOBHBIE (a3bl:

1) rymudukanus — npeBpamieHie OTMEPIIUX pacTeHuld B Topd u 2) yrieduxanus
— mpeBpallieHue Topda Mocie0BaTeNbHO B OYpbIii, KAMEHHBIN yIJd U aHTPaIUT.
VYrinedukauus noapasaensercs, B CBOIO OYepeib, Ha JBE YACTH.

1. Inarenes yriis, B X0 KOTOPOro Top(d npeBpaiiaercs B Oypblil yroyib Hoj
BJIMSIHUEM MPEUMYIECTBEHHO OMOXMMHUYECKUX MPEBPAILEHUH 3a CUET KU3HEAEes-
TEJIBHOCTH MUKPOOPTaHU3MOB.

2. Metamop¢usm, B T€YEHHE KOTOPOIo OYphIi yrob Mo BIUIHUEM (hu3nye-
CKUX (paKTOPOB — IMOBBIILIEHHOW TEMIIEpaTypbl U AABIEHUS TOPHBIX MOPOJ — Ipe-
BpalllaeTCcsl B KAMEHHBIN yrojib U aHTpalUUT. XapakTep U r1yOuHa AuareHe3a u Me-
TaMmop(pu3Ma yIisl ONPEeAEsAIOTCS CTENEeHbIO yriepukanuu (HU3LeH, cpeaHe u
BEICIIe). B Tabim. 2.2 mpeacrasiiena o0mas cxema yriaeoopazoBanus [1].

Tabnuma 2.2
Cxema yrieo0pa3oBaTeIbHOIO MpoLecca
VYrineoOpazoBanue da3bl Yactu Crenenn
OtMmepine pacTeHust
d ['ymudukanus
Topd
\
Byps1it yrons unarenes Husmas
Kamennslif yronp | YTiehuKamus Cpennsas
d Meramopdusm
AHTpauur
patt Bricmas

[To muenuto aBTOpoB [7-9] Topdoobdpazoanue TI M— mporiecc mpeBparieHus
OCTaTKOB PAaCTEHHH B YCJIOBUU OOMJIBHOM BIQXXKHOCTH U B KOHIIE MOJIHOTO MPEeKpa-
IICHUs JOCTyINa BO3AyXa. XapaKTepHbI NMpU3HAK — O00pa30BaHHE M HAKOIUICHHE
rymuHOBBIX KUCIOT (I'K) B Topdorennom crmoe (TOHKHN MOBEPXHOCTHBIM CIIOMN).
Topd — cmech MPOAYKTOB MPEBPAILECHUS PACTUTENBHBIX OCTaTKOB M MHHEPAIIb-
HBIX TPUMECEH pa3nudHoro mpoucxoxaeHus. CoBpemeHHas teopust Topdoobpa-
3oBanHus (pa3zpadborana B.E. PakoBckuM) npeacTaBisieT TaHHbBIN MPOIECC KaK CHH-
T€3 TYMUHOBBIX BeUIECTB (TyMU(UKAIUA) U3 MaTepralla OTMEPILIUX PACTEHUN MO-
CPEACTBOM JAESTEILHOCTH a’pPOOHBIX M aHA’pOOHBIX Oaktepuil. OOpa3oBaHue 3a-
Jexer Topda CBsA3aHO C TEM, YTO psAJl pacTeHUuM TopooOpa3oBaTesieil COAEPKUT
AHTUCENTUKU, KOTOPbIE O0ECHEYMBAIOT KOHCEPBAIUMIO OTMEPIINX TOPQSHBIX OC-
taTkoB. O0OpazoBanue ['K (monumnuknuyeckas CTpyKTypa), HAUMHACTCS B paCTEHUU
MyTeM LMKJIN3ALUU YTIEBOAOB MO/ AecTBUEM (HEPMEHTOB PACTEHUM.
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[lepBruuHBIEC MpEBpaIICHUs] OTMEPIIMX HU3IIUX PACTEHUH U OCTATKOB MUKpPO-
OpraHW3MOB HA3bIBAacTCs camponejeodpazoBanueM. COIJIaCHO INMPEACTABICHUAM
['.JI. CragHukOBa, canmpomneld — 3TO NPOAYKT MOJMMEPU3ALMN HEHACHIIIEHHBIX
XKUPHBIX KACIOT ¢ 00pa30BaHUEM LUKINYECKUX MHOTOOCHOBHBIX KUCIIOT, KOTOPBIE
NEeKapOOKCHIIMPYIOTCA, AaBasi CIOXKHBIE YIIIEBOJOPOAbl HUKINYECKOIO CTPOCHHUS.
[IpeBpallieHHbI MCXOHBIA MaTepuasl Oorar »upamu, Oelkamu, BockaMu (Majio
JUTHUHA, [eJUTI0NI03bI, cMoT). JlanbHeilee npeoopa3zoBanue TopdhoB, canpomnenei
U MEPBUYHBIX OTJIOKEHUHN JUITOOMOIUTOB B COOCTBEHHO YIJM MPOUCXOJIUT MpHU
NOTPY’KEHUH UX B 0oJiee riyOOoKHUe CIIOM 3€MHOM KOPBI M TOKPBITUS UX MUHEPAIIb-
HOM KpoBJjell (yMEHbIIAETCs BIAXXHOCTh, CHUKAECTCS TOCTYI BOo3ayxa). B aTux yc-
JOBUSX MHUKpPOOMOJIOTHYECKas AESITEIbHOCTh 3ameiisiercs. buoxumuueckue npo-
HeCChl TYMU(DHUKAIMN CMEHSIOTCS T€OXUMUUYECKUMH IIPOLECCaMU yTiieQUKauH 10
TOW WJIM WHOM CTENEHH XMUMHUYECKOU 3PEJIOCTH OCTATOYHOI'O YIJIEPOJAUCTOrO Mare-
puana.

CpoiictBa TT'U onpenenstor puU3NYECKUMH U XMMHUYECKUMU METOAAMH, HO
0oJsiee TOYHOE MPEACTaBICHUE O KOMIIOHEHTHOM COCTaBE M F'€HETHYECKUX IPHU3HAa-
Kax JaeT MeToJ] nerporpaduu (Hayka 0 MUHEPAJIOIMUYECKOM COCTAaBE FOPHBIX IO-
pon, k kotopbiM oTHOcsTcs U TI'W). Meton nerporpadguu BnepBble MTPUMEHUIH K
yrusim M.J[.3anecckuit B 1914, a 3atem B 1918 r. M.Cromnic [7]. axe BU3yaJIbHO
3aMETHO, YTO YIJIM UMEIOT IreTEPOreHHYI0 CTPYKTYpy. UepenoBanue nosoc mno oe-
cky (Onectsiuii, moayOaeCTAIIMI, MATOBBIM, OJyMaTOBBIN) aeT, TaK Ha3bIBae-
MBbIE MOJIOCYaThIe yIJIM. MaKpOCKONMMYECKHA Pa3IMyMMbIe COCTaBHBIE YACTH YIS,
o0pa3oBaHHbIC Pa3HBIMU MallepajamMu, Ha3bIBalOTCS JuToTUNamMu. OHU pasauya-
10TCA o OJIeCKy, IBETY, U3IIOMY, CTPYKType, Hanmmuuto u ¢popme TpemuH [1, 10,
11]. B gacTHOCTH, JTUTOTHUITBI KAMEHHBIX YIJIEH 00JIaIatOT CIASAYIONTUMHA CBOMCT-
Bamu (Taou. 2.3).

[Ipu paccMOTpeHUH MOJI MUKPOCKOIIOM 00pa3lioB yIjield pa3HON CTENEHU Y-
JeUKAIMU XOpOIIO pa3iniyuMa UX HEOJAHOPOIAHOCTH, T.€. BELIECTBO YIJIS, Kak
NPaBUJIO, HE SBJSIETCSI OECCTPYKTYpHOH Maccoi, a cpopmMupoBaHO HAOOPOM CO-
CTaBHBIX YaCTE€d — MHUKPOKOMIIOHEHTOB WJIM MalepajloB OT JIATUHCKOTO
macerare»— pazMardarb. [Ipuuem oOHapy’kKeHO, YTO Mallepasbl BHEIIHE HE U3Me-
HAIOTCS. IpU MeTamopdusme. Bcero BBIAEISIOT 10 HECKOIBKUX JECATKOB MHUKPO-
KOMITOHEHTOB, a OJIM3KHE 10 COCTaBy U CBOMCTBAM OOBEAUHSIOT B IPYIIIIHI.

Jlnst rymonutoB (rymycoBblie U JmntoouonuToBeie TI'M) mpemioxkeHo pac-
CMaTpuBaTh TPU T'PYIIIBI MalepayioB [ 1], UMEOIMMX pa3IuYHOE MPOUCXOXKICHHUE U
c(OpPMHUPOBAHHBIX B Pa3HbIX YCJIOBUSX TyMU(DUKAIMU W JUareHe3a: BUTPUHMT,
JUNTUHUAT U UHEPTUHUT. MUKPOKOMIIOHETHI Ipynnbl BuTpuHuta (Vt) o6pasyrores
u3 (parMeHTOB pacTeHHUH (CTBOJIbI, JINCThS, KOPHH, MbUIbLIA) MOJ TOJIIEH BOJBI
0e3 1ocTyna KUciIopoja B BOCCTAaHOBUTEIBLHOM cpejie o1 AeMCTBUEM aHadpPOOHBIX
oaktepuii. [Ipn o0aeryeHHOM A0CTyNE KUCIOPOa YCHUIMBAKOTCS MPOLIECCHl OKHUC-
JIEHUS!, KOTOPbIE MTPUBOAAT K Pa3pyLICHUIO OMOJIOTHYECKUX MOJUMEPOB (LIEILTI0JIO-
3bl, TIUTHUHA, OEITKOB) J0 KHUAKHX U Ta3000pa3HbIX MPOIYyKTOB. B 3THX ycnoBusx B
PACTUTENbHBIX OCTATKaX HAKAIUIMBAIOTCA YCTOMUMBBIE K OKMCIEHUIO (PPArMEHTHI:
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Tabnuma 2.3
JIMTOTHIIBI KAMEHHBIX YIJIEH

JIutoTnn Buemnuit Bug Cocras

JlutoTun B BHAC Y3KUX J'II/IH3006pa3HBIX Haueno COCTOUT

Butpen | mpocnoek ¢ Xopouio BeIpaKeHHOM W3 BUTPUHUTA
TPELIUHOBATOCTHIO
JluroTHn B BUAE JIMH3 C BOJOKHUCTOM Haneno cocrout
@r03€H | CTPYKTYPOM, MAaTOBBIM UJIU C LIEIKO- Y3 UHEPTECHUTA

BUCTBIM OJICCKOM, CaKUCTBIN

JIutotumn, oOpa3yromuii Nayku uiu IIpenmymecTBeHHO
Kiapey | [W1ACTBL yriut € BBIPAYKEHHOM I10J10CYa- COCTOMT U3
P TON TEKCTYpOH, OJIeCTSIIMi BUTPUHUTA
JIutotumn, oOpa3yromuii MavyKku Uiu IIpenmymecTBEHHO
JfopeH | miacTsl yriisi, OAHOPOIAHBIN, MIIOTHBIM, COCTOUT U3 JIUIITHU-

MAaTOBBIM HJIN C MACIITHUCTBIM OJIECKOM HHUTAa U HHCPTCHUTA

KYTUKYJIbI (IOKPOBHBIE TKAHU JINCTHEB), CIIOPBI, CMOJIbL. BeneacTeue Ouoxumuue-
CKOM JECTPYKLIHMH OPraHUYECKUX MAKpOMOJIEKYJ, B OCHOBHOM IO CBSI3H YIJIEPOJI-
reTepoaToM, MOJIYyYarTCs MaKpOKOMIOHEHTHl rpynn juntuHuta (L). Taxke B
OKHUCJIMTENIbHON Cpelie B pe3yjbTaTe HMHTEHCUBHOW JESATENBHOCTH OaKTEpHil U
HUBIIKX TPUOOB B YCIOBUAX HU3KOW OOBOJHEHHOCTH OCHOBHAS Macca LEJUTI0I03bI
U JIMTHUHA TIPEBPAIIaeTCsi B TyMyCOBBIE BELIECTBA C HU3KUM COJEpPKaHUEM BOJO-
pona. B nanpHelmem u3 HuX 00pa3yroTcs Matepaisl rpynibsl nHepTuHuta (I).

Aponos, Hecrepenko, I'nmymenko [7-9] MakpOKOMITOHEHTBI T'yMYyCOBBIX (0y-
pBIl U KAMEHHBIN Y1) OObEAUHSIOT B 6 OCHOBHBIX IPYMI: BUTPUHUT, JIUIITUHUT,
UHEPTUHUT, Pro3uHUT (F), anerunut (Alg) u munepanbubsie npumecu (M). Muxkpo-
CKOTMIMYECKHUE MCCIIEIOBAaHUS YTIICH camponeneBoi Mpupoabl 0OHAPYKUBAIOT BCETO
JIBa TUI1a MUKPOKOMITIOHEHTOB (TPYIIIIbl AJIbTUHUTA): aJIblTOTEIMHUT (SIBHBIE OCTAT-
KU BOJIOPOCJICH) U alIblOKOJUTMHUT (OCHOBHAsI O€CCTPYKTypHask Macca).

Takum oOpa3zoMm, cocTaB M CBOMCTBA Yriedl paccCMaTpUBAIOTCS KaK (PyHKIUS
JIByX HE3aBHCHMBIX IMEPEMEHHBIX: 1) MCXOJHOIO PacTUTEIBLHOTO Marepuana He-
OJINHAKOBOT'O COCTaBa, O0Opa30BaBIIETOCS B pa3HbIC JMOXM W HAKOMUBLIETOCS B
Pa3HbIX YCJIOBUAX MEPBOM CTAIUU yriieoOpa3oBaHus, U 2) MeTaMoppu3Ma - u3Me-
HEHUs yTJIed, CBSI3aHHBIX C MOCIEAYIONIEeH re0Iornuecko 00CTaHOBKOM UX (op-
MUpOBaHUs. ['yMOJIUTHI, COCTOSIIIIUE B OCHOBHOM M3 BUTPUHUTA U UHEPTEHUTA, HA-
3BIBAIOTCS eyMumamu, a 00pa3oBaHHbIE MUKPOKOMITIOHEHTAMU TPYIINbI JIMIITUHUTA
— IUNMOOUOTIUMAMUL.
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Martiepanbl canporneneBbix Yried, Kak OTMEUEHO BbIIIEe, 00pa3yloT TpPYIIILY
IBTUHUTA, CPOPMUPOBAHHYIO B aHAIPOOHBIX yCIoBUsX. [10 HHU3MKO-XUMHYECKIM
CBOMCTBAM aJbI'MHUT YaCTO MPUYUCIAIOT K TPYIINE JUIITUHUTA.

[Tporecchl, mpoTeKaroIye B BOCCTAHOBUTENIbHOU aTMocdepe MpU MOBBIIIEH-
HOM OOBOJIHEHHOCTH, Ha3bIBalOTCs renudukanuen. [Ipu n30biTke KUCI0poaa mpo-
UCXOJIAT MpoIiecchl (PrO3eHU3alNNU OPTraHUYECKUX BEIIeCTB. BUTPUHUT, KaKk MpaBu-
JI0, TPOAYKT TeIM(PUKALUUA PACTUTEIBHBIX OCTATKOB, MHEPTUHUT COACPKUT (Pro3e-
HU3MPOBAHHBIE OCTATKH, B COCTABE JIMITHUHUTA MOTYT ObITh U (DIO3EHU3UPOBAH-
HbIC, U TeNU(OUIIMPOBAHHBIE MUKPOKOMITOHEHTHI. VX PU3UKO-XUMUYECKHUE CBOMCT-
Ba B 3HAYMTENILHO OOJIBIIICH MEpe 3aBUCAT OT XUMUYECKUX CBOMCTB YCTOWYMBOM
4acTH pacTeHHUI-yriieo0pa3oBaTeseil, 4eM OT yCJoBHi yrieoOpazoBanus. byxap-
KuHa, JurypoB [1] cuuTaroT, 4TO MOXKHO HNPOBECTH HEKOTOPYIO aHAJIOTHUIO MEXKIY
KOJUTOUTHO-XUMHUYECKUMH TIPOIeCCaMU TeMU(UKAIMN U TPOIECCaMU, MPOTEKak0-
UMY TIPU TEPMOJECTPYKIIUH, HAIPUMEP MEKOB C y4acTHEM KUJIKOU (a3bl, Korja
CYHIECTBYET BO3MOYKHOCTH MEPEOPUEHTALIMM MAKPOMOJIEKYJ B IPOCTPAHCTBE U
nepedopMUpOBaHUS HAAMOJICKYJSIPHBIX CTPYKTYp. I[lpoueccol (rozeHusanuu B
00111eM TTOX0KU Ha PEaKIMU TEPMOACCTPYKIMU U 00YTIEPOKUBAHUS TTOJUMEPOB B
TBepIoH (haze, Korja MoYTH HE MPOUCXOJUT U3MEHEHHUS (HPOPMBI UCXOIHOTO Bellle-
ctBa. MccnenoBanue moa MUKpOCKOINOM (DFO3€HU3MPOBAHHBIX MallepajioB MO3BO-
JSET Pa3IM4YUTh COXPAHEHHYIO BUJHUMYKO KJIETOUHYIO CTPYKTYPY PACTHUTEIBHBIX
TKaHel B 00pa3iax gaxe cuiabHO yriaedurupoBanubix TTU.

CBoiicTBa yTJid B LIEJIOM ONPENEISAIOTCS CBOMCTBAMU COCTBIISIONIMX €r0 MHUK-
POKOMITOHEHTOB, IIPUYEM YACTO OHU NOAUUHSAIOTCS 3aKOHY aJIUTUBHOCTH

Y=Y,-a,+Y -a,+Y,-a,,
r7ie Y— CBOWCTBO YIJIsl ONIPEACIICHHON CTauH yriiepuKaIuu;

Yy, Y5, Y — cooTBETCTBYIOIIIEE CBOMCTBO MUKPOKOMIIOHEHTA (BUTPUHHUTA,
WHEPTUHUTA, TUNITUHUTA) TOU KE CTaUU yrieduranuu;

Ay, Aj, A — MACCOBAs 0JIsI MUKPOKOMIIOHEHTA B BEIIECTBE YIUIA.

Takum 00pa3oMm, (PU3NKO-XUMHUYECKHE M TEXHOJOTHYECKHUE CBOWCTBA YIJIA
CBSI3aHBI C €r0 MPOWCXOXKICHUEM W MPUPOTHBIMHU YCIOBUSMHU €ro MpeoOpazoBa-
Hus. [lapameTpsl, XxapakTepu3yromue 3Tu (HaKTOpbl, BXOAIT B pa3IMUHbIC KJIACCH-
buKkauu yrieu.

[IpeBpaiienre ucxoaHoro pactuteiabHoro matepuaina B TI'M moryt ObITh
0XapaKTepPU30BaHbI C pa3HbIX TOUEK 3peHUsl. Brillle paccMaTpuBaiics moaxo/ ¢ 1o-
3unuil nerporpaduu. Ecinu 3a 0CHOBY 3TUX IpeBpallleHuid OpaTh XUMUYECKYIO HH-
TEPHPETALNIO, TO HEOOXOAUMO 0OPATUTHCA K DJIIEMEHTHOMY M I'PYIIIOBOMY COCTa-
By pacTeHHuii-yrieo0pa3oBaTeieil U MpocieuTh H3MEHEHHE HCXOIHOTO PacTH-
TEJIBLHOTO MaTepualia mpH nepexoie oT TophoB K yIIIsIM U aHTpaIuTaMm.

2.2.1. DnementHbIi coctaB TIT'U

[Ipu rymudukanuu u yriepukanuu pacTUTEIbHBIM MaTepHall U IPOIYKTHI
€ro MpEeBpaICHUS TEPSIOT HEYTJIEPOAHbIE ATOMBI, U, COOTBETCTBEHHO, B 3JIEMEHT-
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HoM coctaBe TI'U Bo3pactaer nons yrnepoaa. B tabn. 2.4 npuBeneHbl AaHHbIE
CpPEIHEro 3JIEMEHTHOro cocTaBa psiga rymycoBbix TI'U (rymutoB) [1], a B TaOu.
2.5 cpeaHuii AJIEMEHTHBINA COCTaB KayCTOOMOIUTOB [9].
Ta0muna 2.4
Cpeanuii 3JileMeHTHBII cOCTaB T'yMHTOB (Mac.%)

['oprouee uckonaemoe

OneMmeHT | npeBecuHa | Topd | Oypblii KAMEHHBIN | aHTpPaLUT
yToJib yIoJb
C 50 55 70 85 96
H 6 6 5 6 2
O+S+N 44 39 25 9 2

ITo conepkanuto yrieposaa B opranndeckoM BemiectBe TI'M MoxHO npUOINKEHHO
OIICHUTH CTETICHB €TO yrichUKAIIHH.

Tabmuna 2.5
Cpeanuii 3JIeMeHTHBIH COCTAB KayCTOOMOJIMTOB
KayctoOuonauTsr Cocras, % Cootnomenue C:H
C H O+N+S
AHTpanur 96 3 | 32
KameHHbIM yroab 80 5 15 16
Byps1it yrons 65 5 30 13
CanponenuToBble yIiv 78 9 13 8,5
CraHupsl 77 8 15 9,6
Hedtb 85 13 2 6,5
[Ipuponnblii ra3 75 25 0 3

JlanHble 00 SJIEMEHTHOM COCTaBE TOPIOYUX HMCKOMAEMbIX HEOOXOIMMBI JJIs
COCTaBJICHUSI MAaTEpUAJIbHBIX OajlaHCOB WX MepepadOTKH, a TaKXKe ISl ompeiaeie-
HUS TEIUIOTHI CropaHnus pu ucrnosiab3oBanuu ' B kauectBe TorumBa. [1o qaHHBIM
AJIEMEHTHOr0 aHalIW3a OMPEAENSIOT MECTO TOPIOYNX MCKOMAEMBIX B €CTECTBEHHO-
HAYYHBIX KJIacCU(UKALMIX WA HAMPABICHUS UX HCIOJIb30BAHUSA B IPOMBIIILICH-
HOCTH.

OnemenTHb ananu3 TI'U BkitoyaeT omnpeneneHue yriepoaa, BOAopoaa, Ku-
CJI0pOJIa, a30Ta U CEPHI.

Tepmunst u onpeoenenust
e PalGouee cocTosiHUME TOTUIMBA (BEPXHUN MHACKC ) — COCTOSIHUE TOIUIMBA C
TaKuM COJIEP’KaHUEM BJIard U 30JbHOCTHIO, C KOTOPBIMU OHO J1I00BIBACTCS
WJIY UCTIOJIB3YETCH.
e AHAJIUTUYECKOE COCTOSTHUE TOIUIMBA (BEpXHUM HMHIEKC a) — COCTOSTHUE
TOIUIMBA, XapaKTepU3yeMoe MOJAr0TOBKOM MPOOKI, B KOTOPYIO BKIKOYAETCS
pa3MoJ 10 KpynmHocTH 3epeH MeHee 0,2 MM (WM 10 KPYHHOCTH, Ipey-
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CMOTPEHHOH ClelMalbHBIMU METO/IAMH aHAJIN3a), U IOBEICHUEM BIIAXKHO-
CTHU TOIUIMBA 10 PABHOBECHOT'O COCTOSIHUS C BJIAXKHOCTBIO J1JA0OPATOPHOTO
MOMEIIEHUS.
e (Cyxoe COCTOSIHME TOIUIMBA (BEPXHUM UHACKC d) — COCTOSIHME TOIUIMBA, HE
cojieprkaiiero ooriei Biaru (Kpome TuApaTHON ).
e Cyxoe 0€330J1bHO€ COCTOSIHUE TOILIMBA (BEpXHUMN UHJEKC daf) — yCIOBHOE
COCTOSIHHE TOTUIMBA, HE COZEPIKaIEro 001Iel BIIark 1 30J1bI.
e Opranuueckas Macca TOIUIMBA (BEpXHUN UHAEKC 0) — YCIOBHOE COCTOSTHUE
TOIUIMBA, HE COJIEPIKAIIleTO BJIard U MUHEPAJIbHON YacCTH.
e Brnaxnoe 6€3301bHO€ COCTOSIHUE TOIUIMBA (BEpXHUN UHIACKC af) — yCIIOB-
HOE COCTOSIHME TOIUIMBA, HE COJEPIKAILEro 30JIbl, C BIAKHOCTHIO, PABHOM
MaKCHUMAaJIbHOW BJIATOEMKOCTH.
Onpeodenenue cooepaicanus yeaepooa u 000pooda
Yraepoa u Bogopos onpenensatoT 1o Beixoay CO, u H,O npu cxxuranuu Ha-
Becku yrisg npu 800° C B Toke Kuciopoja. VX yaaBauBarOT B MOIIOTHTEIbHBIX
amnaparax, 3anoiaHeHHbiXx pactBopamu KOH m H,SO4 cooTBETCTBEHHO, KOTOpPBIE
B3BEILIMBAIOT JI0 U IMOCJE CXKUTaHUS HABECKU U MO PA3HOCTU MACC PACCUUTHIBAIOT
conepxkanue C u H B npode. Heo6X0quM0 OTMETHUTB, UTO IIPU 3TOM PE3YIbTaTh
MOTYT OBITh HCKQ)KEHBI 32 CUET MOTJIOMIEHUS BOJBI U YTIIEKUCIIOT0 ra3a, UMEIOIINX
HEOPraHUYECKON MPOUCXOKIECHUE U 00pa30BaBUIMXCS 3a CUET TEPMHUUYECKOrO pas-
JIO’KEHUSI MUHEPAJIbHBIX KOMIIOHEHTOB YTJIS.
Onpeodenenue cooeparcanus cepul
Copeprkanue cepsl B yrisix MoxkeT ObiTh 10 10-12 mac.%. Paznuyarot cyiib-

darnyio (Sg, ), muputHyto (S,) U opraHudeckyio (S,), CyMMapHOe COJepiKaHHe

WX Ha3bIBAIOT 0011IEH cepoii (S;)
S, = SSO4 +S,+S,,

KOTOpasi BbIpakaeTcsi B Mac.% OT B3ATOM Ha aHan3 HaBecku yris. Ooiee coaep-
YKaHUE Cepbl ONPEACNIAI0T METOJIOM JUIKE, IPU KOTOPOM BCsI cepa MEepEeBOJUTCS B
CyJib(paTHYIO NMPU NPOKATMBAHUM HABECKHU YIJISI C OKCUJOM MarHus U KapOoHATOM
HaTpusi. OOpazyromuecs cyiab(haTbl MarHusi U HaTPUs MEPEOCAKIAIOT U3 BOJHOIO
pactBopa xJyopunom Oapus. Ocagok BaSO, ¢unbTpyroT, mpomMbIBaloT, CyliaTr H
B3BemMBaroT. Cyb(haTHyIO cepy ONpenessioT 0OBIYHO MyTEM PACTBOPEHUS CYJIb-
¢daToB, oOpabaTbiBasi HABECKY YIJIsl JUCTHILIMPOBAHHOM BOJOM, 3aT€M MEPeOCcaxk-
JAal0T cyiab(haThl XJIOPUIOM Oapus U onpeaesstoT Maccy noiaydeHHoro BaSQy. Co-

v 2- -
JIEpKAHUE MUPUTHOMU CEPhl YCTAHABIMBAIOT MyTEM OKHUCIICHUS -S2 i (o) -SOj pas-
OaBJICHHON a30THOM KHCJIOTOHW M Jajee OINpeACNsaioT olIee coaepKaHue -SOi‘

nepeocaxxaenuem BaCl,. M3 moiyuyeHHOro pesyiibTaTa BBIYMTAIOT CYJIb(aTHYIO
CEpy M Pa3HOCTb IPUHHUMAIOT 32 COJIEPKAHUE TUPUTHOMN CEPBI.

CopeprkaHue cepbl SBISIETCS BaXKHBIM TEXHOJIOIMYECKUM NapamMeTpoM, KOTO-
pBIii ompenaenseT ocoOble TpeOoBaHUS K MepepaboTKe M HCIIOJIb30BAHUIO CHIPHA.
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Jleryune cepocoaepxkamue npoayktel (H,S u SO,) omacHbl miis OKpyKaroieu
Cpebl, U BbI3BIBAIOT KOPPO3HIO AIMAPATYPHI.

Onpedenenue cooepaicanus azoma

Conepxanue azora B yrisix Majo (00buHO 70 1 Mac.% ). A30T onpenesnstor
no merony Knenbaans KUmsueHHEeM HABECKH YT ¢ KOHIEHTPUPOBAHHOW CEPHOMU
KHUCIIOTOW B MPUCYTCTBUU KaTalM3aTopa J0 MOJIHOTO Pa3jioKeHHs. A30TCOIepKa-
mue coenuHenus mpu 3tom nepexodst B (NH,),SO,4, KOTOpPBIN 3aTeM pasiararor
HIeJIOYbI0 O aMMHAKa, YIAaBIMBAEMOI0 TUTPOBaHHBIM pacTBopoM H,SO,.

Conepxanus Kuciaopojaa B yrisix (Mac.%) BBIUHCIISIETCS 110 Pa3HOCTH

0% =100 (C' + H™ + N + S

2.2.2. OnpeneneHue TemioTbl CrOpaHUs

Tennora cropanus — 3T0O OCHOBHOM 3Heprerndeckud nokasarens TTH. Ona
OTIpEICTSAETCS IKCIIEPUMEHTAIFHO MyTEeM CIKUTaHHS HABECKH YISl B KaJTOPHUMET-
puueckoil bombe B cpene kucnopoaa. Yraepon okuciserca 10 CO,, Bogopox — 10
H,0, a3ot u cepa — 10 ra3000pa3HbIX OKCHAOB, KOTOPBI PAacCTBOPSIIOTCS B BOJE
(Boza, 3anmuTasi B KOJIOY Mepe]l aHaJu30M IUTIOC BOJIA, BBIJICIUBILIASACA MPU Cropa-
HUU YIJIs1) U JAalOT COOTBETCTBYIOIIME KUCIOTHI. Bhimensiercs Temiora, KOTOPYIO
MPUHATO Ha3bIBaTh TEIUIOTOM cropanus mo 6omoe ((Js). Eciu u3 Qs UCKIIOUUTD
terioty oopazoBanus HNO; u H,SO, u Tennoty ux pacTBOpeHUs B BOJE, TO TO-
JyYUM BBICHIYIO WJIM HCTHHHYIO TeTUIOTYy cropanust yriis ((J;), TO €CTh KOJIMYECTBO
TErJia, BBIJCIUBIICECS MPHU TOJHOM CrOpaHWUU €AMHHIIBI MACCHl YIS B KaJIOpH-
MeTpuueckoit 6ombOe B cpeze kucnopoaa. Husmas remnora cropanus (Q,) onpene-

nsietest Kak pasHuna Mexay O, u 0,10 (BOJA, BbIICIMBIIASCS IPU CTOPAHHUH yI-
m1): O, = O = O,cnn,o0 - BblCias Temora cropanus onpenensercs: Ha 6e330Ib-

daf r
Hoe cocrosiuue yras QY | a nusmas Ha pabouee cocrosuue O, . ITockonbKy Te-

IJI0Ta CrOpaHusl B3auMOCBsA3aHa Cc 31eMeHTHhIM coctaBoMm (C, H, O, S), To ee
MO’KHO PacCUMTATh MO amMmupudeckum dhopmynam [7-9]. .. MenaeneeBbiM Oblia
npeagoxkeHa Gopmyia Jyis pacuera BbICHIEH TEIUIOThI CTOPAHMs MO JTAHHBIM 3Jie-
MeHTHOro aHanuza (MJ[x/kr), KoTopas NaeT yJIOBJIETBOPUTEIbHBIE PE3YIbTaThl
Ut HEQTH U yriien

0% =81-C+300-H—-26-(0-5),

s -
rae C, H, O, S — MaccoBas noist aaemenToB B Bemectse T1TU, %.
A.JI}0N0HT JUTIsI KAMEHHBIX yTIIeH TIPEIIOKIII CIeayIonue (OPMYJIbI

Qs:80,8-C+344,6-(H—%~O)+25-S;

0 :80,8-C+288-(H—%-0)+25-S—6-W,

1

33



Bricmas Terora cropanus ocHoBHBIX TT U (MIx/xr) [7, 8]

Topd 21-30
Bypsliit yrons 31-34
KameHnHsb1#1 yrosap 32 -37
AHTpanuT 34 -35
CanponenuTsl 38 —-42
JIunToOMONMUTHI
(TUpoIHCCuT) 40

["oproune ciaHisl 15-17

[Tpu nonHoMm cropanuu 1 kr yriepoja Beiaensiercs 34, a 1 kr Bogopoaa — 143
M/Ix/kr, cnenoaTensHo, yeM Oodbie B TT'M Bogopoa u ueM MeHbIIe yriepoaa
IIpU OIMHAKOBOM KOJIMYECTBE KHCIOPO/Ia, TEM BBIIIIE €0 TEIJI0Ta CTOPAHUS.

2.2.3. I'pymioBoii cocTas

Kak oTmeuanoce panee, Ha cTaguu ryMU(UKaIMM TPOUCXOAUT HAKOIICHUE
Topa, B KOTOPOM cojiepKaTcsi U (POPMEHHbIE 3JIEMEHTHI (HEPa3JI0KUBILIHUECS OC-
TaTKU PAaCTEHU), U MPOAYKTHI MPEBPAIICHUS PACTUTENIbHBIX OCTATKOB (TPYIIIbI
opraHnyeckux BemiecTB, xapaktepubix ans TI'M). [Ipu nepexone topda B yromb
BEILIECTBA, CBOMCTBEHHBIE PACTEHUSM, ITOCTENIEHHO MCYE3al0T U3 IPYNIIOBOTO CO-
ctaBa. B nporecce yrieobpa3oBanus HanOosee 3aMETHO U3MEHSIETCS J10JIs KUCIIO-
pona, KOTOphId (PaKTUYECKH ONPENENsieT KOJIMYECTBO (YHKUMOHAIBHBIX TPYII U
COOTBETCTBEHHO I'pynnoBoy cocras TI'M.

I'pynnoBoli XMMHUYECKHUM COCTaB TBEPIABIX I'OPIOYMX HUCKOIIAEMBIX OIpeess-
10T 00pa0OTKOM WX XMMHUYECKUMHU peareHTaMu M pactBoputeisimMu. Jlerko pasje-
JSI0TCA HA COCTaBHbIE yacTu HaumeHee 3penbie TI'U: Topda u canponenu. Pazzae-
aenue TI'M Ha rpynmbl BemiecTB, Kaxaas M3 KOTOPBIX 00JafaeT OJIMHAKOBBIMU
CBOMCTBAMU K JCHUCTBUIO PACTBOPUTENIEN WJIM PEAreHTOB, HA3bIBACTCS 2PYHNOGbIM
xumuueckum ananusom [9] . Hanpumep, oprannueckas Mmacca Topda ycIoBHO pas-
JENSAETCs Ha CIIEAYIOIIKE IPYIIIbI BELECTB.

1. buty™msbl, U3BIEKAaeMble OPraHUYECKUMH pacTBOpUTENsIMH. burymamu A
YCIIOBHO Ha3bIBalOT HU3KOMOJIEKYJISIPHBIE BELIECTBA, n3BiekaeMble u3 TI'U Oenso-
JIOM WJIU CMechio cniupTa u O0enzona (1:1) B akcTpakTOpax mpu TeMIiepaType Kure-
HUS PaCTBOPUTEIIS.

2. BonopactBopumeie (BPB) u nerkoruaponusyemsie Bemecta (JII'B), uz-
BJIeKaeMble U3 TOpda XOJOAHOW U ropsiueil BOJOW, a TakKe PacTBOPSIOIIMECS B
BOJZIE MOCJIE THAPOJIN3a B MPUCYTCTBUM MUHEpaIbHbIX KUcaoT (2%-noit HCI): ca-
Xapa, MEKTUHOBBIE BEIIECTBA U FEMULIEILIIFOIIO3A.

3. 'yMuHOBBIE KUCTIOTHI, U3BJIEKaeMbIe U3 Top(da u OyphIX yriei pacrBopaMu
miennoueit (0,1 ©# NaOH) ¢ mocnenyromieit 00paboTKol MUHEPAIbHBIMH KUCIIOTAMH.

4. Henmronoza, ruaposausyemas 80%-noit H,SO,.

5. Herunponusyemsble BeliecTBa — JIMTHUH, KyTHH, CyOepUH — I'yMHH, OCTa-
TOYHBIN YIOJIb.
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ABTopsl [1] HepacTBOpuUBIIYIOCS YacTh TOP(HOB U OypbIX YIJIeH MOCIe OTACICHUS
BPB, JII'B 1 ruaponn3yeMoro ocraTka C4uTaroT T'yMUHAMH, & HEPACTBOPUBILIYIOCS
4acTh KaMEHHBIX YIVIEM — OCTATOYHBIMU YIJIsIMU. OILIEHOYHBIA T'PYIIIOBOM COCTaB
TI'U npeacrasnex B Tad. 2.6.

Tabnuua 2.6
Ycpennennslii rpynnosoii coctas TI'U (mac.%)
I'oprouee nckonaemoe
I'pynmel Be- Yrau

[IECTB TOpd S;’f;’; ngg;je KAMEHHBIC | AHTPALUTHI
butymounsl 3 12 6 5 )
(OuTyMBI)
[Tonucaxapuasl 29 3 — — —
I'ymuHOBBIE 47 65 29 B B
KHUCIIOTBI
Tymun ~ (octa-| g 20 72 95 98
TOYHBIN yTOJIb)

B rpymnmoBom cocrase TI'U BblaeneHbl coeqMHEHUs, KOTOPBIE MPEICTABIISIOT
co0OH MPOAYKTHI MPEBPALICHUI ONpPENEIECHHBIX TPy BEIIECTB PACTUTEIBLHOIO
matepuasia. Harpumep, 6umymsr coaepxat BOCKM U CMOJIbI, KOTOPbIE HA Ha4yaJlb-
HBIX CTaIUAX yrie(QUKaIy CPaBHUTEIHHO MajI0 M3MEHEHbI OTHOCUTEIBHO UX pac-
TUTENBHBIX AHAJIOIOB, BXOJAILIMX B COCTaB JIMIHUJOB U JUIOUIOB, OCOOEHHO 3TO
KacaeTcs BOCKOB.

Ilonucaxapuovl (B OCHOBHOM II€JIJII0JI03a) JTOCTATOYHO OBICTPO pasziararoTcs
MHUKpPOOpPraHU3MaMH, MPUYEM U3 HUX 00pa3yercss HaOOp MPOIYKTOB CpPEeIHEH MO-
JEKYJSIPHOM Macchl pa3MyHOro arperatHoro coctostuusi: rasel (CO, CO,), Boaa,
MOHO- U OJINTOCaxapubl, TBEP/bIE BBICOKOMOJIEKYJISIPHBIE COEIUHEHHSI HEMOCTO-
SHHOTO cocTaBa. ['a3000pa3Hble U BOJOPACTBOPUMBIE (ParMeHTHl YIAISIOTCA U3
(opMUpYIOLIETOCS YTOJNBHOIO IJIaCTa, a TBEP/bIe BEIIECTBA MEPEXOASIT B COCTAB
BenecTBa yris. [Ipy 3TOM B MakpoMOJIEKyJIaxX COXPaHSAIOTCS T€TEPOLUKINYECKUE
U (QyHKUMOHAJIBHBIE TPYNIUPOBKU aToMoB. [locienHue 4acTMYHO Y4yacTBYIOT B
peakUMsX KOHJIEHCALUH, 3a CUET KOTOPBIX MOCTEIEHHO YBEIHYHUBAETCS CPEIHSS
MOJIEKYJISIpHAsl Macca COEIMHEHU yIJid, a J0Js T€TepOaTOMOB I1aJ1aeT.

T'ymunosvie kucromor (I'K) — npupogHbsie BbICOKOMOJIEKYJISIPHBIE COEIUHE-
Hus. BeposiTHO, peeCTBEHHUKaMU UX SBJISIOTCS LIEJUTI0I03a U JUTHUH, T.K. ['K
coJiep KaT apoOMaTHUYECKHE LUKIIbI, (PEHOJIbHbIE U CHUPTOBBIE THIAPOKCHIIBI, METOK-
CWJIbHBIE TPYIIIbl, XUHOUIHBIE U KapOOKCUJIbHBIE TPYMIbI, a30T- U KUCIOPOACO-
Jeprkaume rerepolukibl. KapOokcunbHbIe TpyIIbl 00pa3yroTcss IPU OKUCIEHUU
OpraHUYECKUX BEUIECTB UCXOJHOI0 PACTUTENIBHOIO MaTepuana. Bo3MoxkeH u 1py-
roif myTh o0pazoBanusi 'K — u3 nmpoayKToB pa3ioxkeHus: yrieBOJHOIO0 KOMILJIEKCA
U OCJIKOB M0 MEJaHOMIUHOBOM peakuuu. MonekynspHaas macca ['K naxoaurcs B
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untepsaie 300 — 10000 y.e.(ycioBHbIE eAMHULBI). |'YMUHOBBIE KUCIOTHI MTOAPA3-
JEJSAI0TCS Ha TPYIIBI C PA3JIMYHOM CPEAHEN MOJIEKYJIIPHOM MAaCCOU IO UX PACTBO-
PUMOCTHU B 3KCTpareHrax. /i 3Toro MCnosp3yloT MOCIEI0BATENIbHYI0 00pabOTKy
cmecu 'K Bozmo#t n ataHonoM. PacTBopumble B BOZiE — 3TO ())1680KUCIOMbI C HAU-
MEHBIIEH CPEeAHEN MOJIEKYJIIPHOM MAacChl, B CIUPTE — cUMAMOMENAHOBblE, U HE-
pacTBOpuMbIe — HanboJIee BHICOKOMOJIEKYJISIPHBIE 2ymycosbie Kuciomsl. C pocToOM
CTENEHU yrie(uKaluu JoJs TYMYCOBBIX KHCIIOT BO3PAaCTaeT, U YMEHBIIAETCS CO-
nepxaHue (QyIbBOKUCIOT, YTO MO3BOJIAET IPEIIOJNOKUTh UX IOCIIEIOBATEIbHOE
IpEeBpalLIEHNE B IIPOLIECCE YIIIE0Opa30BaHUs IO CXEME
(yJIBBOKUCIIOTH —TUMATOMEIAHOBBIE —>T'yMYCOBBIE.

Bce I'K pacTBOpuMBI B 1I€7109ax, FyMaThl (COMM T'YMHHOBBIX KUCIJIOT) LIEJI0Y-
HbIX METAJUIOB PACTBOPUMBI B BOJIE, TyMaThl OCTAJIIBHBIX METAJJIOB B BOJIE HEpac-
TBOpUMBL. Cou 'K ciocoOHbI K KATHOHHOOOMEHHBIM PEAKILIMAM THIIA

R—COO\
_Ca + 2NaCl— 2(RCOONa) + CaCl,
R—COO

DT peakuuu Jie)aT B OCHOBE MOJIYYEHUS U3 TYMUHOBBIX KHCIOT yJ10OpeHHit
JUISL CEJIbCKOrO XO3SIIICTBA, KOTOPBIE YIYUYIIAIOT CTPYKTYPY MOYB U CTUMYJIUPYIOT
poct pacteHuil. ['yMUHOBBIE KHCIOTBI UMEIOT PAa3BUTYIO MOBEPXHOCTH (IPUMEPHO
900 M*/T), KOTOpast OIpPEIEIACT P UX KAYECTB KAaK OHONOTMYECKH AKTHBHBIX Be-
HIECTB U KOJIJIEKTOPOB TSKENbIX MeTaioB. DTH cBoiicTBa 'K ycunuBatorcs Haiu-
YUEM B UX MOJIEKYIaX (YHKUHUOHAIBHBIX IPYII, XapaKTePHbIX A 3P (HEKTUBHBIX
KoMIuiekcooOpazoBarenel, Hanpumep, -COOH, -OH u np. 'K Ttepmuyecku He-
croiiku, B TemneparypaoM uHTepBane 100 — 200° C oHu 1eKapOOKCUIIUPYIOTCS U
TEPSIIOT pacTBOpUMOCTb. C pocToM creneHu yrieduxanuu B cocrase ['K Bo3pac-
TaeT J0JIsl YIJIepo/ia, CBSI3aHHOIO B apOMAaTUYECKHUE LIUKIIbI, KOTOpPbIE (POPMUPYIOT
KOH/ICHCHPOBAHHBIE CTPYKTYPBI, BKIIOUYAIOIIME 00JIBLIOE YUCIO KOJIEl.

Iymunvl u ocmamoumnslii Y2016 MOXKHO pAacCMaTpUBaTh KakK IMPOIYKTHI Ipe-
BpaIllEHUsI YTJIEBOJHOTO KOMILIEKCA, OEJIKOB U TYMUHOBBIX KHCIJIOT, IPUYEM XH-
MH3M 3THX IPOLECCOB aHAIOIMYEH XUMU3My Tepmonectpykuuu 'K u conpoBox-
JaeTcsl norepeil (PyHKUHOHAIBHBIX IPYII, B MEPBYIO O4Yepelb KapOOKCUIIbHBIX U
METOKCUJIbHBIX. |'YMUHBI M OCTAaTOYHBIM Yroyiib MOryT ObITh npeBpanieHsl B 'K,
HanpuMmep, MPOIYyKTbl OKHCIIEHHsS yrojabHOro BemiectBa (okuciautenun — H,O,,
KMnOy, O3, HNO3) uneHTuyHsl o coctaBy U cBorcTBaM npupoanbim ['K.

2.2.4. I'erepoaToMBbl B OpraHUYECKON Macce yriien

B opranuueckoif macce pacteHuii-yrieoOpa3oBaTeiei COAEPKUTCS HEKOTO-
pO€ KOJMYECTBO reTepoaTOMOB, KOTOPbIE B OCHOBHOM BXOJAT B COCTaB COEIHMHE-
HUM, HAMMEHEe YCTOMYMBBIX B YCJOBHUSX YrieoOpa3oBaTeiIbHOrO Ipoliecca (Ha-
npumep, 6enku). OCHOBHOE KOJIMYECTBO CEPHl M a30Ta U3 HUX TEPAETCS O HACTY-
wienuss @aszpl Meramopduszma. [loutu He pasznarairoTcs npu yrieoOpa3oBaHUU
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KOMILIEKCHI, TO00HbBIE MOP(PUPHUHOBBIM, HO JIOJISl MX B PACTUTEIHHON Macce mala
U He OOBSACHAET KOJMYECTBO CEpPbl U a30Ta B Pa3iM4YHbIX yrisx. CuuTaercs, 4To
CEpHHCTBIE U a30TUCThIe coeauHeHus TI'W rmaBHbIM 00pa3oM SBISIFOTCS MPOIYK-
TaMU OMOXMMHMUYECKUX PEAKIMI CBSA3bIBAHUS HEOpPraHUYecKux aToMoB S u N B op-
raHu3Me a’dpoOHbIX M aHadpoOHbIX Oaktepuid. ['erepoatomsl TI'M, BKItOUas Ku-
CJIOPOJ, BXOJAT B COCTaB HanOoJjiee peakliMOHHO-CIIOCOOHBIX rpyni. Jlerue Bcero
BCTYNAIOT BO B3aUMOJCHCTBUE C PEareHTaMH WIN ITOJBEPTarOTCsl TEPMUYECKON Jie-
CTPYKLMHU KOHLEBblE (YHKIMOHAIbHBIE TPYMIbl; HECKOJBKO 0o0Jjiee yCTONYMBBI
CBSI3U YIJIEPOJ-T€TEPOATOM B CepeAMHE aln(aTUYeCKONW IENOYKU UM B COCTaBe
HEapoOMaTHYECKOI'0 T€TePOLIMKIIA, U OJIU3KU 10 MPOYHOCTH CBSI3U YIIIEPOI-yTIiIepos
U YTIEpOJ-TeTepoaToM B apoMaThyeckux nukinax. Coaep:kaHue KUCIOpOAa B yT-
JSIX pa3HOM CTENEHU yriieukanuyu CUIbHO U3MEHSIETCS C €€ POCTOM, a JI0Jid ApY-
TUX TeTepOoaTOMOB IOYTH MOCTOsAHHA. Hannune HeyriiepogHeIX aTOMOB, C OJHOM
CTOpPOHBI, paCIIMPSET BO3MOXKXHOCTH XuMuueckol nepepadotku TT'U, ¢ qpyroit —
BBI3BIBAET HEOOXOAMMOCTh JOTOJHUTEIBHBIX 3aTpaT Ha yTHIM3ALHI0 TOKCHYHBIX
aeryunx BemecTB (SO,, HCN, CS,, NH;, H,S) u na 3amury obGopyaoBaHusi ot
koppo3uu. Coaepkanue rerepoaroMoB B pazinnunbix TTU npusenena B tabdu. 2.7.

Tabmuua 2.7
Coaepxanue rerepoaromon B TT'U

Bua nckonaemMoro MaccoBas nons, %
A 0 N S
1. T'ymuTsI
Topd 29-40 0,64,0 0,1-0,4
bypsiit yromin 15-30 0,5-1,2 0,1-2,0
Kamennsiii yromnp 2—-17 1,2-1,8 1,0-2,5
AHTpanur 1-2 0,1-1,3 1,0-1,5
2. JIumToOnONIUTEI
[Inponucent 9-16 = 1,5
3. Canponenutsl
Canponenu 2541 2,0-5,7 0,3-3,1
4. Keporen roproyux 11-25 0,2-1,3 1,0-7,0
CJIaHIICB

['erepoaTomsl yriist — 6osiee AJIeKTPOOTPHULIATEIbHBIE DIIEMEHTHI, YeEM YIIIEPO/.
OHu conepxat CBOOOJHBIE AIEKTPOHHBIE MMAPBI, YTO MO3BOJISIET UM YYacTBOBATh B
00pa30BaHUH KOBAJIEHTHBIX, JIOHOPHO-aKLUENTOPHBIX U BOJOPOJHBIX CBs3el. I'ere-
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pPOATOMBI MOTYT BXOJHMTh HE TOJIBKO B COCTaB OPTaHUYECKOM, HO U MUHEPAIbHOU
gacten TIT'U.

2.2.5. Cxema npeBpallieHusi TYMUTOB

CocTaB U XUMHUYECKHE CBOMCTBA Pa3IMYHbIX KOMIIOHEHTOB T'YMHUTOB MPEIO-
JIOKUATEIBHO MOTYT OBITh MPEACTABIEHBI CXEMOM MPEBpPALLECHUS

benku, . Jlunongpl —— » burymel
YIJIEBOJAHBIA :
KOMIIJIEKC :
“a Y
I'ymunoBbIe I'ymun,
Lenmonosa, o  KHCIIOTBI ~ ~=""""- > OCTaTOYHBIN
JUTHUH > YIOJIb

CIUIOIIHBIMU CTpENIKaMU yKa3aHbl MYTH MPEBPALIEHUS, JOCTATOYHO OYEBHU/I-
HbIE U3 MPUBEACHHBIX JAHHBIX, IYHKTUPOM — 0KUAAEMbIE HA OCHOBE XMMUYECKHUX
CBOWCTB COOTBETCTBYIOIIMX IPYII BEUIECTB.

OTH peBpalieHus IPOUCXOIAT HEMPEPHIBHO HA BCEM MPOTKEHUU MpoIecca
yraeoOpazoBanus: TymMuduKanus, nuareHes u metamopdusm. [Ipu saTom mcxon-
HBI PaCTUTEIBHBIA MaTEPHaJl TIOCIEIOBATEIIBHO IEPEXOAUT B TOpd, OyphIil u Ka-
MEHHbIE YTJIH, a 3aTeM B aHTpanuT. M XoTsa He Bcerjia BO3MOXKHO MPOBECTU YETKUE
Y OJTHO3HAYHBIC TPAHULIBI MEX]y YJICHAMU T€HETUYECKOTOo psifia, 0 MpUIMHaAM He-
MPEPHIBHOCTH TAKOTO MpeoOpa3oBaHus, TEM HE MEHEe, CBOMCTBA TUMTMYHBIX MPE/-
CTaBUTEJICH 3TUX TPy NpociiexuBarores [1].

2.3. CTpykTrypa yrJeu

3HaHue sjeMeHTHoro cocraBa TI'M ObiBaeT JOCTaTOYHO Il MEPBUYHOTO
3HAKOMCTBA C XMMUYECKUMU CBOMCTBAMH YTJIEH, KOTOPOE MO3BOJISIET OMPEACIIUTD
HaIpaBJIeHUE ero nepepaboTKU WM €ro dHEPTreTUUYecKyr IeHHOocTh. Korma cra-
BUTCSI 3aj7a4ya MOJYYEHHs] TBEPJIOro MPOJYKTa, HAIPUMEp, METALIYyPrUu4ecKOro
KOKCa WJIH yTaerpauTOBBIX MaTepHaIOB, BCTAET MPoOIeMa CHHTE3a YIOPSI0YCH-
HBIX CTPYKTYp YTJIEPOAHBIX aTOMOB. YTOJIbHBIE KOKCHI C YMOPSAJIOYEHHON CTPYK-
Typoi 00pa3yroTcsi TOT/1a, KOTJja UCXOJAHBIM YToJib COJIEPKUT «3apOIBIIINY TaKOU
CTPYKTYpbl, (opMupyromuecss B pe3ysibTaTe B3aUMOJICHCTBHUS MaKpPOMOJIEKYJI
yroJibHOTO BemecTBa. [loaTomy mpu 00CyKJIeHUHM CTPOCHUS YIJIeH Ha pa3HBIX CTa-
TUsiX yriaeduKaluy pacCMaTpUBAIOT JBa YPOBHSI €r0 OpraHU3alMM: MOJIEKYJISIp-
HBIN 1 HaaMoJIeKy sipHblid [1, 9, 12]. IlepBas ¢daza npeacrabisieT co00i ycTOMYH-
Bble 00pa3oBaHusl, 00bEITMHEHHBIE CUJIAMU XUMUYECKUX CBSI3EU, U SBISIETCS HOCH-
TeJIeM XMMUYECKHX CBOUCTB yrisi. Bropas dasza maetr mpocTtpaHCTBEHHBIE (OPMBI,
KOTOpbIE TPUOOPETAIOT CaMH MaKpPOMOJIEKYJIbl U WX acCOLMATHI, OOBEAMHEHHBIC
busnueckumu cunamu. [IpocTpancTBeHHBIE (HOPMBI aCCOIMATOB CIIY»KAT HOCUTE-
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MU GU3HYECKUX CBOMCTB ToruBa. O0€ 3TH 94acTH, KaK M CBOWMCTBA, KOTOPHIC
OHH ONPENEISAIOT, TECHO B3AUMOCBS3aHBI.

MouekyJIsIipHYI0 CTPYKTYpy yriied o000l craguu Meramopdui3Ma paccmar-
PUBAIOT C TOYKH 3PEHUSI CTPOCHUS BBICOKOMOJIEKYIJIsIpHbIX coenunenuid (BMC), Ho
CIEQYyEeT OTMETUTh, YTO MAKPOMOJIEKYJbl YIJi HE COJEPKAT MOBTOPSIOUIUXCS
(GparMeHTOB, Kak OOJBIIMHCTBO BBICOKOMOJEKYJISPHBIX BeulecTB. HeBO3MOXKHO
BBIJICJIUTh B UX COCTAaBE CTPYKTYPHYIO €IMHUILY, [0 KOTOPOH MOKHO OBbLIO OBI CY-
JUTh O CBOMCTBAX IOJMMEpPA B LEIOM. MOKHO TOBOPUTH TOJBKO O COOTHOILLIEHUH
aTOMOB yTJIEpOoJia M TeTepOaTOMOB, BXOJSIIUX B apoMaTH4ecKue, HaQTEHOBbBIE,
anmudaTuieckue W (QPyHKIMOHAIBbHBIE TPYMIbIL. Takoe MoIoKEeHHE MOTPeOoBaIO
HOBOI'O NOAXO0JAa K MOJIECIMPOBAHUIO BEIIECTBA YIVII M IPUBEIO K CO3IaHUIO
000011IeHHON MOJIeNN ero oprannyeckom maccse (puc. 2.1) [1, 12, 13].

R

R

Puc. 2.1. O6001eHHas MOJeNIb OPTaHUYECKOM
MaccChl yIiis

Monens COAEpKUT CIEAYIONINEe CTPYKTYpPHBIE ()parMeHThl, OTHOCSIIUECS K
pa3NIUYHBIM KJlaccaM COEIWHEHWM W OTIMYAIoNIHecs MO (U3HKO-XUMUYECKUM
cBoiicTBaM: Ar — apomatmdeckue, CA — mukioankaHoBbie (HadTEeHOBBIE), X —
dynaknunonanpabie Tpynmnsl (—-OH, -COOH, —NH,, SH), R—ankunbHbie 3amecTuTe-
m (C—C,), M “moctux” [-(CH,),—, -O—, -O—CH,—, -NH—, S—, -CA—]. Apoma-
TUYECKHE (PparMEHTBhI COCTOSIT U3 APOMATHYECKUX KOJICIl U O0pa3yroT KECTKYIO
IUIOCKYIO CTPYKTYPY € €IUHOM T-3JIEKTPOHHOW CUCTEMOM, aTOMBI yIJIEpOJa KOTO-
pOii HAXOZATCS B SP° -THOPHIHOM COCTOSHHH. BOKOBbIE 3aMECTHTEIH OTHOCSTCS K
pa3IMUHBIM KJlaccaM coeAuHeHui: ankuibHble (R), nuknoankanoseie (CA), QyHk-
[[MOHAJIbHBIE TPyl (X), a CBA3M MEXIy aToMaMu yriiepoja B HUX HaXOJSTCS B
Sp>-THOPUIHOM COCTOSIHUN. MOCTHKOBBIE CBSI3BIBAIOT APYT C JPYrOM apoMaTHue-
cKkue (pparMeHThl WM OAMHAPHOM CBS3bI0 Ar-Ar, WM Yepe3 aToMbl (TPYMIIbI aTo-
MOB). C yBelIMYEHUEM CTENEeHH yrieduKalui KOJIU4ecTBO (GparMeHToB Ar B yc-
peaHeHHOM MoJieKyJe (cpeaHecTaTucTuueckas crpykrypnas enunuiia — CCE) pac-
ter, a R, CA, X u M cuumxkaercs. Takum 00pa3om, OpraHMYECKYyI0 Maccy yTIJis
(OMY) MOXHO MpeaCcTaBUTh B BHUJAE TMIOTETUYECKOW MAKPOMOJEKYJIbl HEpEry-
JSIPHOTO CTpoeHUs (0000IIEeHHAs MOIEIID).
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Takoe mpeacTaBieHUE O CTPOEHHUM YTOJIBHOIO BEIIECTBA IMO3BOJSET MPHUME-
HATh aJIIMTUBHBIN MOJIXOJ K pacueTy CBOMCTB yriei. [ aToro ¢ nmomoibio ¢hu-
3UKO-XMMHUYECKUX METOJIOB B CPETHEN MOJIEKYJIE YIJIsl ONPEAECISIOT YUCIO aTOMOB
yriiepoja 1 BOAOpPOa, CBI3aHHBIX B apoOMaTHUYECKHUE U al(aTUUECKUE CTPYKTYPhI

C=Cy+ Cupo H=H, +H
U YHCIIO Pa3JIMYHOIO THUIIA CBsA3eH Mexay HuMH. JJis HU3KOMeTamop(duzupoBaH-
HBIX YIJIEH YUWUTBIBAETCSI TAKXKE KOJMUYECTBO YIrjepoAa U BOJIOPOAA, BXOISIIUX B
(yHKuroHanbHble 1 MOcTHKOBBIE Tpynnbl Cr n Hy. Kaxknas n3 cBsizeil BHOCHT CBOI
BKJIQJI B OIPEJICIICHHOE CBOMCTBO YISl (HampuMep, TeIIoTa CropaHus, MIOTHOCTh
u ap.). Toraa ¢opmyna s pacyera CBOMCTB yIUIsl Kak yriieBojgopojaa (6e3 yuera
BIUSHUSA (DYHKITMOHUIBHBIX TPYIII) OyIeT UMETh BU/T

_ Alk ,Alk Ar , Ar Alk ,Ar Alk Ar
pHC _plnCC +p2ncc +p3ncc +p4nCH +p5nCH’

rae  Pyc— CBOWCTBO yris 0e3 yueTa BKJIaaa (PyHKIIMOHAIBHBIX TPy,

Alk,Alk  Ar,Ar __Alk,Ar .
N« >N >N — unciIo CBsI3CH, COCAMHSIONINX JIBa AIKUIBHBIX, JBa
apOMaTHUYECKUX WU AIKWIBHBIA M apOMATHYECKHH aTOMBI yriiepoja COOTBETCT-

BEHHO);

Alk Ar o
nCH ’ nCH — YHCJIO0 CBA3CHU MCIKAY 4TOMOM BOAOpOJa U aJII/I(i)aTI/I‘IeCKI/IM NN

ApOMATUYCCKUM aTOMOM YTJICpOaa,

P, —Ps — BKIaJ B CBOMCTBO Py CBS3U TAHHOTO THIIA.

Jlns yriien, coaepkalux 3HaUUTEIbHbIE KOJIMYECTBA TE€TEPOATOMOB, CIIEIYET
YYHUTHIBATH U BKJIAJIbl yHKIIMOHAIBHBIX TPYIIT

p:pHc+2pi'ni’

rae p — CBOMCTBO YIJIs;
Puc — BKJIAJl yTI€BOAOPOAHOM YaCTU B CBOMCTBO;
p: — BKJIaj i-i QyHKIMOHAIBHOMN IPYyMIIbL;
n; — KOJIMYECTBO (DYHKIIMOHAJIbHBIX TPYIIN JAHHOTO BU/A.

VYKa3aHHbBII MOAXOJ IO3BOJISET KOJMYECTBEHHO IPOTHO3UPOBATH (PUUKO-
XMMHUYECKHE U TEXHOJIOTMUYECKNE CBOMCTBA YIJIel pa3HOM cTraauu Metamoppusma,
€CJIM U3BECTHBI UX DJIEMEHTHBIN COCTAB U CTPYKTYpA.

MonexkynspHas CTpyKTypa yriid B KAKOM-TO CTEIIEHU OIPEACISIET U €ro Haj-
MOJIEKYJISIDHYIO CTPYKTYypy. Ilo Mepe yBennueHuss JoJIM yriepona, BXOIAILEro B
apoMaTHyecKkrue (PparMeHThl, BO3PACTAE€T CTENEHb MX KOHJIECHCHUPOBAHHOCTHU, U 3a
CUeT BaH-JEP-BaajbCOBBIX CHJI HAYMHAIOT ()OPMUPOBATHCA KPUCTAJUIUTOMOA00HBIE
oOpazoBanus. PocT apoMaTHYHOCTU MPOMCXOAMUT MPU JUCHPONOPLUOHHUPOBAHUN
BOAOPOJAa MEXAY HETHIPUPYIOIIUMUCS HAPTEHOBBIMH CTPYKTYpaMH WU IOABEP-
raroUUMUCs TUAPOTCHOIN3Y MOCTUKOBBIMH CBS3SIMU M (DYHKIMOHAJIBHBIMU TPYI-
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namu. B pesynbrare cpenHsas MOJEKyJsIpHAas Macca CHUXKAETCS M JOCTUTAET MH-
HUMYyMa IIpuMepHo npu 75 mMac.% yriepoaa B opranudeckoi macce yriass (OMY),
a 3aTeM HayMHAeT BO3pacTaTh 3a CUET MporeccoB KoHaeHcauuu. [lotepss PpyHk-
[IUOHAJIFHBIX TPYII MPUBOAUT K OCIA0JICHHUIO JOHOPHO-AKIENTOPHBIX U BOJIOPO/I-
HBIX CBf3€H, UTO OOJET4aeT MEePEOPUEHTAIMIO MOJIEKYT M (OPMHUPOBAHHUE KPH-
CTAJIUTOB.

Taxum 006pazom, U3MEHEHUE MOJIEKYJISIPHON CTPYKTYpPBI BELIECTBA IPUBOJIUT
K U3MEHEHMIO W HaJMOJIEKYJIIPHOM CTPYKTYphl yriid B xoje yriaepukauuu. Ha
paHHUX CTaausAX yrilepUKalu¥ OPUEHTUPOBAHHBIE IJIOCKHE CJIOU HMPAKTHUYECKU
OTCYTCTBYIOT, MAKPOMOJIEKYJIBI HaXoATcs B (hopme 17100y (CBEpHYTHI B KITYOKH),
COJIEpIKaIINX Xa0TUYECKH pa30pOoCcCaHHbIe OEH30JbHBIE KOJbIA. YN CpeaHel cTa-
UK yriaeduKaluy BKIOYAIOT YaCTUYHO OPUEHTUPOBAHHBIE B MPOCTPAHCTBE CIIOU
KOH/ICHCUPOBAHHBIX S/IEp, MPHU ATOM JI0JII HEapOMaTHYECKHUX aTOMOB YIJepoja
cHkaercs. BemectBo Hambosnee yriaepuIMpOBaHHBIX AaHTPALUTOB 00pa30BaHO
IPaKTHYECKU TOJBKO TPapUTONOT00HBIMH CIOSIMHU, OPTAHU30BAHHBIMHU B TypOOCT-
paTHble KpucTamuTel. O6nactu rpaduTOnoA00HON yHOPSAJOUYEHHOCTH OKa3biBa-
IOTCS. TaKUMHU OOIIUMPHBIMH, YTO AHTPAIUT MPOSBISIIOT P (PU3UKO-XUMHUYECKHX
CBOMCTB, MNpUCyIIUX Tpadury (TEIIO- U DICKTPONPOBOAHOCTh, XapaKTEPHBIN
0JIeCK U T.1.). AHAJOTUYHBIE CTPYKTYpPHBIE IIPEOOPa30BaAHNS KOMIIOHEHTOB yTOJIb-
HBIX MaTEPHUAJIOB MPOUCXOAAT IIPU TEPMOOOPAOOTKE.

VYBenuueHue cojep>kaHus KOHJIEHCHPOBAHHBIX apOMAaTUYECKUX CTPYKTYD B
yriie mo mMepe yrieduxanuyu npuBoaUT K (HOPMHUPOBaHUIO OoJiee WM MEHee 00-
MIMPHBIX 001aCTeH JAeTOKaTU3aIiK YJISKTPOHOB. B pe3ynbTaTe U3MEHSIOTCS PU3n-
YECKHUe CBOMCTBA YIS, B YaCTHOCTH CTIIOCOOHOCTH TOTJIOMICHHS W MPETOMIICHUS
CBETa €ro MOBEPXHOCTHIO. DTH CBOMCTBA BHIPAKAIOTCS TOKA3aTEJIEM OTPAKEHUS
(oTpaxarenbHasi CHOCOOHOCTh Rj), KOTOPBIM TpeAcTaBisieT COO0M OTHOIICHUE WH-
TEHCHUBHOCTH OTPAaKEHHOI'O CBETA /o, K MHTEHCUBHOCTH CBETA, IaJAIOUIEro Ha I10-
BEPXHOCTH 00pa3ua I,

I
R, =-*.100%
]nau. .

[TokazaTenb OTpaskeHUs SIBISIETCS MPOCTOM (PyHKIIMEN TToKa3aTenel mpesoMIeHUs
U TIOTJIOIIEHUS CBETA MOBEPXHOCTHIO

_ (n—n0)2 +n* -k’

Cm+n ) +nk’
0

0

€ 7 — [OKa3aTesb MPEJIOMIICHUS BELIECTBA;
Ho — TIOKA3aTelb MPEJIOMIICHUS UMMEPCUOHHOM Cpebl™;
k — moka3zaTenb MOTJIONIEHHUS BEIECTBA.

*MIMMepcHOHHAas cpefia — Ipo3pavHast KHUJIKOCTh, TIOMeIlaeMasi MEXKTy BEIECTBOM U 00b-
€KTOM U CIy’Kallasi AJs MOBBILIEHUS KOHTPAaCTHOCTU M300paxkeHHs. Eciu oHa OTCyTCTBYET, TO
no — IMOKa3aTellb IPEIOMIICHHUS BO3AyXa.
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[loka3arenb OTpaXE€HUsI MOXKET CIYKUTh OJHO3HAYHON XapAKTEPUCTUKON CTENIEHU
MeTamMopu3Ma yriisl ¥ UCIOJIb3YETCs PU COCTABICHUH KIacCU(UKAIINK YTIICH.
OTOT NOKa3aTeab Pa3juyeH IS Pa3HbIX MUKPOKOMIIOHEHTOB U JUISI KaXIOro M3
HUX MEHsIETCsl ¢ pocToM MeTamopdusma. OTpakarenbHas CiOCOOHOCTH BUTPHUHM-
Ta U3MEHSETCS C pOCTOM MeTamMop(du3Ma MOYTH JMHEHHO, MOATOMY OHa M30paHa
OCHOBHBIM KJIaCCU(PUKALIMOHHBIM [TapaMETPOM yIie(UIUPOBAHHOCTH I'YMOJIUTOB.

2.4. TexHUYeCKUI aHAJIHU3 yIJIeH

[Toaxox x mepepabOTKe pa3HBIX BUIOB TOPIOYUX MCKOMAEMBIX OJDKEH OBITH
HEOJIMHAKOBBIM, UCXO/Isl U3 CTPYKTYphI U cBoMCTB TT'U pasHou crenenn MmeraMop-
¢uzma. BeposiTHO, uem Oosiee CIOXKHBI U MEHEE TEPMOCTOMKU COECTUHEHHS, TEM
0oJjiee MATKUMHU JOJKHBI ObITh PEXKUMBI MPOLIECCOB UX BbIACNCHUs. Bce Bub
TBEPBIX FTOPIOYMX MCKOIAEMbIX BKIIIOUAIOT B c€0s JIBE COCTABIIAIOIINE: OpraHuye-
CKO€ BELIECTBA U MUHEPAIBHYIO YaCTh, KOTOPYIO TOKE MOXKHO PacCMaTpuUBaTh Kak
HMCTOYHHUK LIEHHOTO MHWHEPAJIBbHOIO CBHIPbS, B YACTHOCTU PEIKUX M PACCEIHHBIX
DIIEMEHTOB.

JUJ1sl OLIEHKH BO3MOXHOCTEH U pekUMOB nepepadboTku 'Y npuMeHsItoT TeXHU-
YECKUU aHaJIu3, KOTOPBIX IO3BOJISIET ONPEAEIUTH HAIIPABJICHUS UCIIOJIb30BAHUS UX
KaK DHEPreTUYECKUX TOIUIMB U XUMUUYECKOIO ChIpbs. [101 TEXHUUECKUM aHAIU30M
MOHUMAIOT ONpe/eNieHUue MoKa3aTesel, MPeyCMOTPEHHBIX TEXHUYECKUMU TpeOo-
BaHUSIMU Ha KaueCTBO YISl (30JIbHOCTb, BJIQXXHOCTb, BBIXOJl JIETYYMX BEILIECTB).
[TonHbBIN TEXHUYECKHUI aHANU3 MPEAYyCMaTPUBACT OMPEICIICHUE eIlle U cepbl, Poc-
dopa, TETIIOTHI CropaHus, CIIEKAeMOCTH U HEKOTOPBIX JPYTHX XapaKTEPUCTHUK Ka-
YeCcTBa U TEXHOJIornyeckux csoucts TI'N.

2.4.1. OnpeneneHue BIaKHOCTH

MoutekyJibl BOJIbI CBSI3aHBI C MOBEPXHOCTHIO YIUIS CHUJIAMHU PA3HOW MPUPOIBI
(abcopOrus Ha MOBEPXHOCTH M B TOpPaX, TUAPATUPOBAHUE TOJISIPHBIX TPYIII MaK-
POMOJIEKYJI, BXOXK/IEHHE B COCTaB KPUCTAILUIOTHIPATOB MUHEpPATIbHOI yactu). [lpu
pa3HBIX Ccroco0ax BBIACIEHUS BIArd U3 YISl MOMY4YalOTCs pa3iNYHbIe BEITMYUHBI
ero 00e3B0KEHHON MacChl 1 COOTBETCTBEHHO PA3HbIC 3HAUCHUS BIAXKHOCTH.

Macca yrast ¢ cofep)aHueM BJlard, C KOTOPOIl OH MOCTyHaeT MOTPEOUTEIO,
Ha3bIBaeTcd paboyell Maccoil yriis, a Biara, KOTopas BbIACIAETCS U3 Hee MPHU BbI-
CYIIUBAHUH MPOOBI 10 MoCTOsTHHON Maccsl pu 105°C, HasbIBaeTCst 0OIIei Biaroi
paboueit maccel yris (W;). Eciau npoOy yrist BRICYIIMBATh A0 MOCTOSHHONW MacCChI
IpyU KOMHATHOW TeMIlepaType, TO BBIJCISIONIAsACA Bllara Ha3bIBA€TCS BHEIHEH
(W), a mpoba mpUBOJUTCA K BO3AYIIHO-CYXOMY COCTOSIHMIO. Macca Takoi nmpoObl
HA3bIBACTCA AHAJIUTUYECKON Maccoi yrisi, eciu oHa u3MmelnbueHa a0 0,2 mm. Bia-
ra, colepaiiasicsi B HEll — CBsI3aHHAs WJIM THUTPOCKOMMYecKas Biara yris (W),
KOTOpas YJEP>KUBACTCS HA €r0 MOBEPXHOCTH COPOIMOHHBIMU M KaWUISPHBIMU
cuwiaamu. Ilpu ynanenuu nocieanei u3 npoosl npu 105°C ocraercs cyxas macca
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yria. Conepxanue Bnaru B ['M xapakTepusyercs ero BIaXHOCTBIO U OIPENEIIACT-
cs o opMysiam
w =W +W
t ex h

ro d
/4 :u.loo%
m
ex:u.mo%
m
m* —m°
Wh :—alOO%
m

Bo Bcex ypaBHEHHMSX m — Macca HaBecku yris (r). Biara yris cHmkaer mo-
JIe3HYI0 MaccCy MpH TMepeBO3Kax, Ha €e UCIapeHue 3aTpauyuBaeTcsl OONbIIoe KOJH-
YEeCTBO TeTIa TIPU CXKUTAaHUU TOTUIHBA.

2.4.2. Onpenenenne 301bHOCTH

B TI'U conepxxutcs 3HaunTenbHoe KoauuecTBo (2—50 mac.%) MUHEpabHbIX
BeniecTB (M), 0 coiepskaHUK KOTOPBIX KOCBEHHO CYJIAT IO KOJUYECTBY 30JbI (A),
OCTAIOIICHCS TIOCIIe CKUTAHUSI HABECKHU YTJII B OTKPBITOM THUTJIE B My(eJIbHOM T1e-
uyn npu Temueparype 815+10°C. Tlosslenne Temueparypsl Boime 825°C He pe-
KOMEH/Iy€eTCsl, TaK KaK BO3MOKHO YJIETYUYHMBaHUE COJIEH IIEIOYHBIX METaJIOB, BXO-
JSIIIMX B COCTaB MUHEPAJIbHBIX KOMIOHEHTOB yriis [7]. CiienoBarenbHO, 30J10M Ha-
3BIBACTCSl MPOAYKT MOJHOTO OKHCJICHHUS U TEPMOXUMHYECKUX MpPEBpaAlICHUN MHU-
HepaibHOM yacTu yriist. 3o1a Ha 95-97 % coctout u3 okcunoB Al, Fe, Ca, Mg, Na,
Si, K, coenunenuii P, Mn, Ba, Ti, Sb u penkux v paccestHHbIX 3JIEMEHTOB.

[To mporCXOXKAEHNUIO MUHEPAJIbHBIE IPUMECH JIEJIATCS HA YETHIPE IPYIIIbI:

1) MuHepasbHbIE BEIIECTBA MEPBUYHBIX pacTeHUI — TOpPooOpa3oBaTeneii;

2) opraHOMHHEpaJbHblEe KOMILIEKCHI, C(POPMUPOBABIIMECS B IPOIIECCE yrie-
o0pa3oBaHMs HA PAaHHUX CTA/IUSX;

3) MuHepaJbl, OTJIOKUBIIMECS HA CTAIUN yTiedUuKaIuy;

4) ciyvaiiHble.

30JIbHOCTh, CTPOrO TOBOPSl, HE OTBEYAET MACCOBOU J0JI€ HEOPraHUYECKOU
YacTH yIJisl, TAK KaK MPU NPOKAIMBAHUM MUHEPAIbHBIC BEIIECTBA OKUCIISIIOTCS WIH
paziaraloTcsi U OCTalOTCS B BUJIE OKCUJIOB, HAIIPUMEP

M, CO; - M, 0 + CO, (M — noH MeTaiuia)

4 FGSQ + 1102 —2 F€203 +8 SOZ

X- nH,O — X + nH,0 (X — gerugpatupoBaHHast MOJIEKYJla  KPUCTAJLJIOTUI-
para)

4 FeO + 02 —2 F6203

3onpHOCTH 0003HauaeTcst OykBoii A (Ash-anr.) u Beipaxkaercs B Mac.%. Cym-
MapHOE COJep>KaHue BJIArd U 30761 Ha3biBatoT OayactoM. s TT'U BBoguTCs mo-
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HaTHE 00 uX 0€330JbHOM (CyXOi) GS.M‘ =100—-(W, +A4) n OpraHUuYecKOit

Gy =100=(W + M) maccax.

IIpssmoe ompenenenne MUHEpaNbHBIX BemecTB 1M — mponecc CiaoXHbIA U
TpyJOeMKU. MIX MOXHO OmnpenensTh ¢ MOMOIIbI0 (PU3NKO-XUMUYECKUX METOJ/IOB
(paIuOU3O0TOINHBIA, PEHTIEHOCKONMUYECKUNA, MUKPOCKOMUYECKHUI). XUMHUUYECKUM
aHAJIM30M 30JIbI MOKHO MPHUOJIU3UTENIBHO PACCUUTHIBATH KOJUYECTBO MHUHEPAIIb-
HBIX KOMIIOHEHTOB 110 Pa3IMYHBIM SMIUPUYECKUM popmyiiam [7, 8].

2.4.3. Onpenenenue BbIXOAA JETYUNX BEIECTB

JleTyuue BewiecTBa — 3TO Mapo- ¥ ra3o00pa3Hbie MPOAYKTbI, BbIACISIOMINECS
IIpY Pa3IoKEHUU opraHudeckoro seuiecrsa TI'M npu HarpeBaHuu B CTaHAAPTHBIX
ycoBUsAX. BbIxoa neTy4nx BeliecTB 00o3HayaeTcs cuMBosioM V (volatile — anr.),
BBIXOJl Ha aHAIMTHYECKYIO Mpoby V¥, Ha cyxoe BemectBO VY, cyxoe 6e3301IbHOE
V" Jra XapaKTepHCTHKA Ba)XHA IS OLEHKH TEPMHYCCKOIl YCTOHYHBOCTH CTPYK-
TYp, COCTABJISIOIINX OPraHUYECKYI0 MACCY YIJsl; MPAKTUYECKON IEHHOCTU Pa3HbIX
BUJIOB Yrjied (SHEPreTUYecKoW M TexHoyiormdeckoi). OmnpenesieHre TPOBOAST B
3akpeiTOM THriae (6e3 JocTyma Bo3Ayxa) Mpu Temmeparype MydernbHON medu
900+5° C npu 5TOM 00pa3yroTCs JETy4YHe BEIIECTBAa M TBEPABIH octaTok NV (He-
JIeTyunii 0cTatoK). BeIXox TeTyunx Bemects VY mamaer B psiLy ryMycOBBIX yriieil
C POCTOM CTENeHH YIrie(pUKalHUHh, a y CAlpOIeIUTOB 3Ta CBSI3b HE CTOJIb OIHO-
3Ha4YHa, MHOT/Ia BBIXOJ JIETYUHX BEIIECTB Y HUX JaXKE€ BO3pacTaeT. BbIxo JeTyunx
BEIIECTB SABJIICTCS OJTHAM U3 ToKa3zaresel OOJMbIIMHCTBA KilaccuuKauuii yrieu (B
TOM 4HUCIIe U MEXKIyHapoaHou). Hanpumep, 1uisi JOHEUKUX yriel pa3indaroT Map-
KH, TIPEJICTaBJIICHHBIC B TA0JI. 2.7.

2.4.4. OnpeneneHre CeKaeMOCTH

CriekaeMOCTb SIBJISIETCSI BaKHBIM TOKa3aTesleM IpU nepepaboTke yris B Me-
TaJUTypPTUYCCKU KOKC — TBEP/IbIA MPOAYKT BBICOKOTEMITEpaTypHOro (>900°C) pas-
JIO’)KE€HUA KaMeHHOro yris 0e3 jocrymna Bo3ayxa. [lons cnekarommxcs yriaeu co-
CTaBJIAET 0KOJIO0 27% OT BceX J0ObIBaEMbIX KaMeHHBIX yriiei. OcHOBHOE TpeboBa-
HUE MPU KOKCOBAHHUU YTJIel — Mepexo]l UX B IUIACTUYECKOE COCTOSHUE C IOCIIE-
OyIOIIMM 00pa30BaHUEM CBSI3aHHOTO HEJIETy4ero octarka (Kokca), 00J1aJarolero
TpeOyeMbIMU CBOMCTBAMU (MEXaHUUYECKAsl MPOYHOCTh, PEAKIMOHHAS CIIOCOOHOCTH
u 1p.). Ecam cnekmmiicss octatok oTBeYaeT TpeOOBaHUSM, IPEABABISIEMbIM K Me-
TaJUIypru4ecKOMy KOKCY, TO p€4b UIET O KOKCYEMOCTH YIJIS, T.€. CIIEKAaHUE CIIETY-
eT paccMaTpHUBaTh KaK OJHY U3 00s3aTeNbHBIX CTaauil 0oJjiee HIMPOKOTO Mpolecca
— KOKCOOOpa3oBaHMUsI.

Haubonpiei ciekaeMocThi0 U3 TYMUTOB O0JIAAlOT YIJIM TPYIIBI KUPHBIX C
BBICOKMM BBIXOJIOM JIETyYHX BellecTB (cM. TaOiu. 2.8). B kauecTBe KOMIIOHEHTOB
HIUXT JJ19 KOKcoBaHus ucnoiib3ytores mapku [, 2K, K, OC, T, Ho 10oas Mapok yris
K, Ku OC nomkna 0e1Th He MeHee 70%.
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TabOnuma 2.8
Mapknu yrJeii Jlonb6acca

Cpennee copep-
Yroinb Mapka | V', mac.% xanne C,
JIMHHOILJIAMEHHBIN

1{[a30BI>II7I A >37 76-86
["'a30BBIi JKUPHBIH I > 35

YKupHsblii ’ K 35-27 84-90
KOKIz:OBLH?I K 35-27 84-90
OTolLIeHHO- K 27-18 87-92
CIIEKAIOIHUIICS oC 22-14 89-94
Tommii T 17-9 90-95
AHTpanuT A <8 91-96

JI1sl OLIEHKH CIIEKAeMOCTH MCHOJIB3YKOTCS METO[Ibl, OCHOBaHHBIE HAa pa3Jiny-
HBIX MpUHIMNAX. IX MOKHO pa3ieuTh Ha TPU OCHOBHBIE TPYIIIIHI:

1) ocHOBaHHBIE HA XapAKTEPUCTUKE HEIETYUEro ocTaTka (KOpoJieK);

2) OCHOBaHHbIE Ha CIIOCOOHOCTH yTJIed CIIeKaTh UHEPTHBIE PUMECH;

3) xapakTepusyrlue MIaCTUYHOCTh Pa3MITYCHHON YTroJIbHOM MacChI.

[IpumepoM 1 rpynnel METOZOB ABISETCS ONPENEIECHUE TUIIOB KOKca 1o [ 'pei-
Kunry [9,10]; mpoBoauTCs myTeM KOKCOBaHUsI 0Opaslia yriisi B CTaHIAPTHBIX yC-
JIOBUSIX W CPAaBHEHUS BHEUIHErO0 BUJA IOJIYYEHHOIO «KOPOJbKa» C 3TAJIOHHBIMU
oOpasuamu. Bropas rpyrmma MerosoB — ycraHosienue unaekca Pora (RI). Vcnbi-
TyeMbIii 00pa3ell CIeKalT B CTAHJIAPTHBIX YCJIOBHUSIX C MHEPTHOM J00aBKOM (aH-
TPaLMT) U IIPOBEPSIOT IPOYHOCTh HA UCTUPAHKUE TOJYUHBILETOCS TBEPAOTO OCTaT-
ka B Oapabane Pora. OTHoleHre pa3pylIUBIIEHCS U HEpa3pyIIMBIICHCS dacTen
oOpa3ua xapakrepu3yroT uHjaekcoM Pora. K Tperseli rpymme MeToqoB OTHOCUTCS
wiacroMerpuueckuil Meros CanoxHukoBa-basunesnya (B Poccuu ucrnonb3yercs B
Ka4ecTBe CTaHAApTHOTO). [IpuHATO cunuTaTh, 4TO YeM OOJIBIIE TONIIMHA TIACTHYE-
cKoro ciosi (y) B MIJUIMMETpaxX, TeM OOJbIIE ClEeKarIas CIOCOOHOCTh JaHHOTO
yras. B mmactomerpuueckoM anmapare CamoKHMKOBA MOXKHO OINPEAENSITh He
TOJIbKO TOJIIIMHY TUIACTUYECKOTO ¢Josl (), HO M YCAJKy IIMXTHI (X) B MHUJUIUMET-
pax, XapakTepHU3yIOLlyl0 H3MEHEHHWE Oo0beMa IIMXThl O M TMOCiIe KOKCOBAHMS.
DKCIEPUMEHTAIBHO MMOKAa3aHO, YTO TOJIIMHA IJIACTUYECKOrO CJIOS, U COOTBETCT-
BEHHO CIIEKAroIIasi ClIoCOOHOCTh yTJIeH, MPOXOJAUT YEePE3 MAKCUMYM C POCTOM CTe-
neHu yriaedukaiuu. ITOT METOJ| MO3BOJISIET OLIEHUTh HE TOJBKO CIEKaeMOCTh
JAHHOTO YIJIS, HO W MOA0OpaTh COCTaB LIMXTHI JJIi KOKCOBAHUA. DTO BO3MOXKHO
MOTOMY, YTO TOJIIIMHA IJIACTUYECKOTO CIIOS MIUXThI — BETUYMHA, OJIU3Kas K aJIJI1-
TUBHOM, ¥ MPUOIMHKEHHO BhIpaKaeTcst GopMysion

y=> (v 4a,),
i=1
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rJ€ y — TOJIIHUHA MIACTUYECKOIO CJIOS IIUXThI, MM;

Vi - TOJIMHA IJIACTUYECKOTO CI0S1 KaXKJI0I0 KOMIIOHEHTA, MM;

a; - COJIep’KaHUE KOMIIOHEHTA B IINXTE, Mac.%o;

1 - YKHCIIO KOMIIOHEHTOB.

HanexxHocTh omnpejeneHus CleKaeMOCTH JaHHOTO YT MOYHO TOBBICUTH,
UCIIOJIb3YsI HECKOJIBKO METOJIOB MPU HCCIAEAOBaHUM OHOr0o oOpasua. [Tokazarenu
CIIEKAEMOCTH M KOKCYEMOCTH 3aBHUCST OT METPOrpauueckoro cocraBa U CTENEHU
Metamopdusma yrieit [7-9].

2.5. Knaccupukanus yriiei

Co3nanue ennHON HAy4HOM KiacCU(pUKALUU, U OJHOBPEMEHHO YJIOBIIETBO-
PAIOIIEN pa3IMYHbIE OTPACIIU ITPOMBIIIICHHOCTH, HACTOJIBKO CIIOXKHAS 3a7a4a, YTo
OHAa HE peuieHa M 1o Hacrosmee BpeMsa. CIO0KHOCTb CO3JaHUs YHHBEPCAIbHBIX
Kkjaccupuranuii Juist pa3nuuabix BuoB TI'M o0yciioBieHa MHOrooOpas3uem ux co-
CTaBa U CBOMCTB; TPEOOBAHUSAMHU, MPEABABISIEMbIMH JJI MPABUIIBHONW OLEHKH TEeX-
HOJIOTMYECKUX CBOMCTB. IToTpeOHOCTH HAyKW M pa3IMyHBIX OTpacieil HapOJHOIO
XO035MCTBA MPUBEINIA K CO3/IaHUI0 MHOTOYHUCIICHHBIX KJIacCU(UKALUiA, B OCHOBY KO-
TOPBIX TMOJIOKEHBI pa3Hble TpeOoBaHus. M3BeCTHBI HECKOIBKO BUIOB Kiaccuduka-
uuid TI'U: reneTnueckue, IPOMBILIIIEHHBIE, TPOMBIIIJIEHHO-T€HETUYECKUE.

B noapasnene kpatko paccMOTpeHbl OCHOBHBIE BUJIbI Kilaccuukanui, 6omee
noapoOHast uapopManus o Hux [5-7].

['enernyeckas kiaccuUKaus — 3TO pa3zelieHue Yriied Ha BUJbl B 3aBHCHU-
MOCTH OT XapaKTepa MCXOJHOr0 PacTUTEIBHOIO MaTepuaia U yCIOBHM yrieoOpa-
30BaHUs.

[IpombinuieHHast KnaccuuKaus — pas3/ielieHue yried Ha MapKd U TEXHOJIO-
TUYECKHE TPYIIIHI 110 MTOKA3aTEIAM, XapaKTEPU3YIOIMM UX OCHOBHBIE dJHEpreTHYe-
CKHME M TEXHOJIOTMYECKHE CBOMCTBA.

[IpombllIIEHHO-TEHETHYECKas! KilacCU(pUKALMS — 3TO Kiaccupukauus, B Ko-
TOPOM TEXHOJIOTMYECKHE CBOMCTBA YIJIEW YBSI3aHbI C UX F€HETUYECKUMU OCOOEH-
HOCTSIMU (MCXOJHBIN pacTUTEIBHBIN MaTEpUal U YCIOBUsS YrieoOpa3oBaHuUsl).

[Ipumep renernyeckoi kiaccudukauy npuseaeH B Tadm. 2.9.

[IpombltiuieHHbIE KIacCU(UKAIIMU CBSI3aHbI C MPAKTUYECKUM HMCIOJIb30BaHU-
€M YIJIEH M pelaroT YaCTHBIE BOIIPOCHI, CBA3aHHbBIE C IPUMEHEHUEM YIJISL JUISl OII-
peleIeHHOro HallpaBJIeHUsl ero nepepadboTku. B kauecTBe mpruMepa NMpoOMBbIILIIEH-
HOM Kiaccu(uKanuy yried MOKHO MPUBECTH CHCTEMATHKY KaMEHHBIX YTIIeH 1O
MapKaM Ha OCHOBaHHMH BBIXOJa JieTyuux BemiecTB [8]. [lo3aHee oHa Oblna 10MOI-
HEHA BEJIMYMHOM TOJIIMHBI IUIACTUYECKOIO CJIOS. OTH MHapaMeTpbl MO3BOJISIOT
OLICHUTh IPUTOAHOCTH YIJIEH NIl KOKCOBaHUS, HO OTPaHUYEHbl PAMKAMH TOJBKO
OJIHOTO ONpelIeJIEHHOro OacceiiHa. BBeneHue AOMOMHUTENBHBIX HapaMeTpoB (1O
JAHHBIM TEXHUYECKOI'0 aHaJM3a) MO3BOJUIIO PACIIMPUTH BO3MOKHOCTH IPOMBIIII-
JICHHOM KJIacCU(PUKALUK YIJIel, HO OKa3aJl0Ch HEJOCTATOYHBIM, YTOOBI CBECTH UX
IIPU3HAKU U CBOMCTBA B €IMHYIO CUCTEMY.
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Tabawna 2.9
I'enernueckas kiaaccupuxkanusa TT'U

Mporcxomxe- Craguu yrneoOpa3oBaHuUs
HUC TopdsiHas | OypoyrosibHas KAMEHHO= aHTpalUTOBAs
yTOJIbHAsI
['ymutsl Topdsr bypsle yrim Kal\;iiime AHTpaluThI
[TpomykTsl
npeBpanie-
JlunToOuonutel | HUSI cMOJI, | SIHTaph Kennenn —
BOCKOB,
IbUIbIIBI
JloHenkue
Kennenu, 6orxempl, CaIpONEIUTHI
Canponenutsl | Canponenu .
Kennenb-60rxes AHTPaALUTOBOM
CTaJuu

PaspaboTaHHass ¥ WCHOJb3yeMas B HACTOSINEE BpPEMsI MPOMBIILICHHO-
reHeTHYecKas KiaacCupHUKaius MopasessieT Yk Ha BUIbI B 3aBUCHMOCTH OT Be-
JIMYMHBI CPEJHErO MOKa3aTelss OTPAKCHUS BHUTPUHUTA R,, TEIUIOTA CTOPAHUS HA
BIaKHOE GessombHOe coctosame O, ¥ BBIXOIA JETYUHX BELIECTB Ha CyXoe 6es-
3071bHOE cocTosiaue V™Y (tab. 2.10).

Tab6anma 2.10

IToapasnesienue yrJjied Ha BUIAbI

Bu yrs R,, % Y MJDx/xr VY mac.%
Bypslii yromns >0,60 <24 .
KameHHbIi1 yroyib 0,40-2,39 >24 >0
AnTpanur >2.40 % <9

“Bypble ¥ KaMEHHBIE YIJIM Pa3MyaloT 10 R, U 0,”, xaMeHHBIC YIJIM U aH-
TpauuTs 10 R, u VY.

Jlanee B 3aBUCUMOCTH OT T'€HETUYECKUX OCOOCHHOCTEH YIJIM pa3HbIX BHJIOB
JETISAT Ha KJIACCHI IO CPETHEMY TTOKA3aTEN0 OTPAKEHUS] BATPUHUTA U KATETOPUM —
o cojiepxaHuto oromaromux komnoneHtoB 20K, mac.%. boiee neranpHoe noa-
pa3feneHnue yriiel pasHbIX KJIAaCCOB M KAaTErOpUM MPOU3BOIAUTCS IO MapaMeTpam,
XapaKTEPHBIM IS KAXKAOTO BUJA YIJIS U OTPAXKAKOIIMM HAIIPaBJICHUE €r0 TEXHO-
JIOTUYECKOTO UCMOJIb30BAHUA.

Bypble yrium aenstcs Ha TUIBI IO MAKCUMAJIBHOM BJIArOEMKOCTH Ha 0€330J1b-

HOC COCTOAHHC Wa‘/ KaMCHHBIC YIJIU I10 BBIXOAY JICTYUYHX BCUICCTB HA CYXOC 0e3-

max 2
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30/1bHOE cocTOsiHME - VY, a aHTpanuThl — M0 0GBEMHOMY BBIXOLY JETYHHX Be-
weers V.2 (mu/r).

Kaxplil TUN yrieil Bcex BUJIOB MOApa3ieseTcs Ha MOATHILL. Bypsle yriu —
10 BBIXOJy CMOJbI ITOJMYKOKCOBAaHHS Ha Cyxoe 6es3ombHoe coctostame 7" . Ka-

MEHHBIE YIJIM — 10 TOJIIMHE MIaCTUYECKOro ¢iosl y U uHaekcy Pora RI. Antpanu-
TBl — 110 AHU30TPOIUU OTPAKEHUS BUTPUHHUTA Ay, KOTOpask CBSI3aHA C HEOJUHAKO-
BOM HMHTEHCHBHOCTBIO OTPAKCHUS MOJSPU30BAHHOIO CBETA, IMAJIAIOLIECTO Napa-
JIETbHO W TEPHEHIUKYJISIPHO CJIOSIM apOMAaTHYECKUX KoJjeln. B cooTBeTcTBHM C
npaBWIaMH KJIACCU(PUKIIMKU Yroib KOJUPYETCS CEMU3HAYHBIM YUCJIOM, B KOTOPOM
JIBE TepBbie UPPHI YKA3BIBAIOT KJIAcC YIJsl, TPEThs Iudpa — KaTEropuro, 4eTBep-
Tas U MsiTast — TUI, IIeCTast U ceJbMasi — MOJTHII, Harpumep (Tadn. 2.11).

Tabmuma 2.11

IIpumep kiaaccupuranum yriei

Mudp Yronb IToka3arenp IIpumeyanue
0942915 KameHnHnb1i 09 -R, Bce uudpsl otHOCATCA K
yroJib 4 - 20OK/10 CpeHEMY TOKa3aTeNto JJIs
29 — V"“f JITAHHOTO KJ1acca,
15—y KaTeropuu, TuIa u
0343013 Bypsiii 03—-10R, MO THUIIA
Yromb 4 —YOK/10
30— W,
4011675 AHTpanuT 13- Tsiaf
40-10R,
1 -2O0K/10
16— V4 no
75 — Ag

— d
Benuuuna R, ymHoxxaetrcs Ha 10, a ZOK u V06af nenarca Ha 10 gios Toro,

YTOOBI B KOJI€ YIJIsl OHU BBIPAKAIUCH IBY3HAYHBIMU U OJJHO3HAUYHBIMU YHCIIAMH.

B 3aBucuMoctu OT couyeTaHusl TEXHOJIOTMYECKUX CBOMCTB YIVIM Pa3IUYHBIX
KOJIOBBIX HOMEPOB OOBEAMHSIOT B TEXHOJOTUYECKHE MAapKH, IPYIIbI U MOATPYII-
nel. [IpenycmarpuBaercss 14 TEXHOJIOTMYECKHX MapoOK, HAUMEHOBAaHUE KOTOPBIX
aHAJIOTMYHbI HA3BaHUSIM MApOK MPOMBIILIEHHON Kiaccudukaiuu (tadmn. 2.12).
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Ta6mwuma 2.12
TexHoJlorHYecKHEe MAPKH yrJjiei

Hnanexc Ha3Banwne Hnnekc HazBanue
. KO KoxcoBbIi OTOIIEHHBIH
b bypseii . .
. | KC KoxcoBblii ciekaromuics
p| JITMHHOTITTAMEHHBIN
HwuszkomeTamoppuzupoBaH-
HEBII
I I'a3oBhIl o
KCC KoxcoBrlii ciradocnekaro-
o o nucs
[7KO | I'a30Bblii KUPHBIT . . .
. oC OTOIIECHHBIN CIIEKAIOIINICS
OTOILIEHHBIN
'K I"'a30BBIH XKUPHBIN .
" p CC CrnabocneKkaronuncs
K Kupnbii .
o T Tomui
K KoxkcoBsbrit
A AHTpanur

Takum 00pazom, TEXHOJIOTHMUYECKHE CBOMCTBA YTJIEH, COINIACHO KiacCHU(pHUKa-
MU, COOTBETCTBYIOT Psy MOKa3areseid, XapaKTEepU3YIOLUX MPOUCXOXKIACHHUE U
yciioBus (popMupoBaHus yriaeil B npupoje. I[IpuHUuIbI, Ha KOTOPBIX MOCTPOEHA
kjnaccupukanus (cMm. tabn. 2.11), monoxeHsl B OCHOBY MEXKIyHApOAHOU KOaU(pU-
Kallu¥ yTJIEH.
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3. XAPAKTEPUCTUKA HE®THU U IPUPOJHOI'O I'A3A

3.1. XapaKkTepuCTHKA MPUPOAHBIX ra30B

[IpocreliuM npeacTaBUTeNIeM MPUPOIHBIX ra3oB sBigeTcs MeTad (CHy).
[TpupoaHbIe Ta3bl, pacCTBOPEHHBIC B HEPTH U BBIJICIIEMbIC U3 HEE TIPH JOOBIYE, HA-
3bIBAIOTCS MOMYTHBIMU ra3amMu. ['a30BbIe MECTOPOXKICHUS OBIBAIOT JIBYX THIIOB:
ra3oBbl€ ¥ Ia30KOH/ICHCATHBIE.

[TormyTHBIE IPUPOJHBIE Ta3bl KpOME METaHa MOryT coxaepxartb 10 50% ero
romosioroB C,-Cy4. [lonyTHbIE Ta3bl B CyMME C KUJKHUMH B TAPOOOPA3HOM COCTOSI-
HuM, cojepxkamue Cs U BbIIE, HA3BIBAIOTCA KHUPHBIMU» HIIM «OOTraTbIMU»; CO-
nepkaiye B o0CHOBHOM CHy — «CyXUMU» WM «TOLUMI.

KpynHeiiine ra3oBele «CyXue» MECTOPOKIAEHUSA Y PEHrOMCKOe, 3anoIsIpHOE,
VYerb-Bunoiickoe, bepe3oBckoe u npyrue conepxat 10 93-98,8% merana.

TerroTa cropanus (HU3IIAS) «CYXUX» Ta30B — 35 MJDK/M’, «G0raThIX» ra3os
— 42-60 MJIx/M’. KpoMe MeTaHa i ero TOMOJIOTOB B Ta3aX COAEPIKATCS U HEyriie-
BOJIOPOJIHBIE KOMIIOHEHTHI: auokcuj yriaepoaa (CO,) - ot 0,1 no 7%, azot (N,) -
ot 0,4 no 30%, cepoBonopon (H,S) — B quanazone 3-15%, kucnopon (O,) B Buue
npumeceit, uHepTHbie ra3el (Ar, Kr, Xe, Ne). ['enuii B mpupoJHbIX ra3zax coaep-
JKUTCS B 3HAYUTENbHBIX KoJnuecTBax — 10 1-2% (makcumyMm 7%). Ero Bbigensior
KaK IPOAYKT NepepadOTKH MPUPOJAHBIX Ia30B.

JI71st HOMyTHBIX ra30B U HE(THU XapaKTEpPHO SIBJIEHUE «OOpaTHOM pacTBOPUMO-
CTU», KOT/1a He()Th PaCTBOPEHA B CHKATHIX ra3ax — 3TO SIBJICHUE MCIOJIb3YyETCs s
0o0BbsiCHEeHHsI 00pa30BaHUsl Ta30KOHJIEHCATHBIX MecTopoxaeHuil. «Cyxue» mnpu-
POJIHBIE Ta3bl UCTOIB3YIOTCS JIJISl COKUTAHUSI B TIPOMBIILIEHHOCTH U JIJIs OBITOBBIX
neneit. M3 ra3oB momyTHBIX M Ta30KOHJIEHCATHBIX MECTOPOXKIACHUI Ha ra300eH3U-
HOBBIX 3aBojax (I'B3) BwimenstoT ra3oBbiil OeH3UH ( MOCKE CTAOWUIU3AINKA — MPO-
naH-OyTaHoBbIe (Ppakiuu, CKwKeHHble oy nasnenueMm P=0,4-0,6 MIla). U3 «cy-
XUX» U OTOCH3MHEHHBIX Ta30B MOJIYYalOT CAXKYy.

[Ipupoanbie ra3bl XMMUUYECKU AKTUBHOE ChIPhE.

XnopupoBanueM CHy mpu temnepaType M Ha KaTaau3aTope MOJy4aroT XJIO-
puctsiii metun (CH;Cl), xmopuctsiii metuner (CH,Cl,), xmopodhopm (CHCL,), ge-
Teipexxyiopuctbiil yraepos (CCly).

HutpoBanuem (ameiictBue cnaboit azorHod kuciotbl, HNO;3) cuHTE3upyrOT
HUTponapaduHbl, KOTOPHIC SIBISIOTCS XOPOIIUMU PACTBOPUTEIISIMH.

[Tpu oxucnennn CH,4 obpaszyercs H,O u oxeun yriepona (IV)CO,, nocien-
HUW UCTIOJIB3YETCS JAJISl MOJYYEHUS CYXOro JibJa; IPU YACTUYHOM OKHUCJIEHUU

CH, +1/20, — CH,OH;
CH,+0, - HCOH + H,0.

Ipu kpekunre (mupoause) okoao 1000° C 6e3 mocTyma Bo3ayxa B IPUCYTCT-
BUM KaTajau3aTopa uIeT npeBpamienue merana no peakuuu CHys — C + 2Hy; npu
temneparype 1400-1500° C u Huskom gasienuu — 1o peakiuuun 2CH; — C,H, +

50



3H, cunte3upyercs auetwieH. [[pOMBIIIIEHHOE MOJYyYEHHUE alleTUIEHA OCYIIIECTB-
JISIFOT JIEKTPOKPEKUHIOM UJIM HU3KOTEMIIEPaTypHOH IJ1a3MOM MeTaHa.
KonBepcueit Metana npousBoasatT cunresd-ra3 (CO + H,, CO,+H;) no peak-

UM

CH4 + H,O — CO + 3H;;

CH4 + 2H20 —> C02 + 4H2)
CuHTe3-ra3 sIBISETCS [IEHHBIM ChIPhEeM ISl OJyYEHUsI METaHOJIa, BHICIIUX CITUP-
TOB M YIJIEBOJIOPOJIOB.

3.2. XapakrTepucTuka HepTH

C ¢usnueckoit TOUKM 3peHHs] HE(YTh pacCMaTPUBACTCA KaK PacTBOP razo00-
Pa3HBIX ¥ TBEPBIX YTIEBOAOPOIOB B KUIKOCTH. [Ipu aTOM cBO¥icTBa HEdTH OMpe-
JEJISIFOTCSL CJIOKHOCTBIO XMMHUYECKOTO COCTaBa M B3aMMOJICHCTBHEM COEIMHEHMI,
coJiepKaIuXcs B HEW, KOTOPOE MOXKET NPHUBOJIUTH K OOPAa30BAHUIO CIIOXKHBIX
CTPYKTYp, ONM3KUX KOJUIOWIHBIM. [Ipupona accolMaTUBHBIX CHJI MOXKET ObITh
pa3nuuHa (BaHIEPBAAIBCOBBIC CHUJIBI, CIA0ble XMMHYECKHE B3aMMOJCHCTBHS 3a
CYeT BOJOPOIHBIX CBsi3eil U T.M.). C 3TUX MO3UIMM, HEPTH SBISETCS MPUPOTHON
JIHACIIEPCHOW CUCTEMOW JKUIAKUX OPraHUYECKUX COECAMHEHUH, TJIABHYIKO 4YacTbhb KO-
TOPBIX COCTABJIAIOT YII€BOAOPOJIbI PA3IMYHON MOJEKYJISIpHOM Macchl. B HeOob-
[IOM KOJINYECTBE B HE()TU OOHAPYX EHBI TaKKE I'eTEPOCOCAUHEHUS, COAEpKaIINE
cepy, KUCJIOpPOa M a30T. DJIEMEHTHBIA COCTaB HE(TU MO CPABHEHUIO C YIJIEM HU3-
MeHsieTcs B OoJiee Y3KUX Mpefenax: B Hed couepxkutcs yriepoaa 83-87 mac.%,
Bojiopoaa 12-14 mac.% u okosno 1-2%, unorna no 4 mac.% cepsl, Kuciopoaa u
azota. Hegtb mouTu HE COMEPKUT MUHEPATBHBIX MTPUMECEH, ITOITOMY 30JIbHOCTh
€€ HEBBICOKA.

Hed b 1 ra3 — 310 npupoaHbie 00pa3oBaHus CAIPOIEIUTOBOTO U TYyMYCO-
CalpoNeIUTOBOIO IPOUCXOXKACHHS, YacTO 0Opa3ylollue COBMECTHBIE MECTO-
POXKIIECHMS, B KOTOPHIX a3 YaCTHYHO PACTBOPEH B HE(TH IO IaBJICHUEM, U, HA-
000pOT, B Ta30BO (pa3e MPHUCYTCTBYET HEKOTOPOE KOJMYECTBO MApOB YIJIEBOJO-
ponoB Cs-Cs. CymiecTBYIOT mpencTaBieHus 00 00pa3oBaHuu HEPTU U3 TOU Ke
Macchl OTMEpIIUX pacTeHuid, yto u yris [1, 11]. Ilpu 3TOM M3 nunonaHON yacTu ¢
BBICOKUM COJIEp>KaHUEM BOOpoJia 00pa3ytoTcsi HeTernoa00HbIe BEIeCTBA CPaBHU-
TEJIbHO HU3KOW MOJIEKYJIIPHOM Macchl, KOTOpPbIE CIOCOOHBI BCJIEJICTBHE CBOEH MOJ-
BM)KHOCTH MUTPUPOBATH HA JOCTATOYHO OOJIBILIME PACCTOSHUSA U3 (POPMUPYIOIIETOCS
YTOJIbHOTO Iiacta. Kpome Toro, 4acte mpupoOJHOIrO Ia3a BBIACISETCS HpU METaMOp-
¢bu3Me yrig 3a cueT OTHICIJICHHS KOHIEBBIX TPYII MakpoMmoJsiekyid. Takue mpen-
cTaBiieHUs1 00 00pa3oBaHUM HEDTH XapaKTEPHBI IS CIEIUAIUCTOB B 00JACTU TIPO-
1ieccoB yrieoOpas3oBaHusi. ['eonoru-HeTSIHUKM CUUTAIOT, YTO HE(PTh UMEET camo-
CTOATENbHBIE UCTOYHHMKH HMCXOJHOIO OPraHUYECKOrO BEIIECTBA, & UMEHHO, HU3IIUX
MHUKPOOPIraHM3MOB, HAaKaIUIMBAIOIIMXCS Ha THE COJIEHBIX BOJOEMOB. B 1iemom takue
NpEACTaBICHUS HE IPOTUBOPEYAT, a, CKOpee, JOMOIHSIOT ApyT Apyra [1].
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[lepBruHBIM TIPOMYKTOM B TIporiecce HeTeoOpazoBaHUS SBISETCS MallbTa —
nepBuydHas HeThb, comeprkaias 10 10 mac.% kucnopona. B BocctanoBUTENbHOM aT-
Mocgepe TPOUCXOAUT MOTePsl KUCIopoaa u yactu yraepoaa B Buae CO,. JlanbpHen-
1Iee mpeodpa3zoBaHnue KOMIOHEHTOB HE(hTH CBOAUTCS K MEpepacipeie]ICHHI0 COCTaBa
KUJIKHX YTJIEBOJOPOAOB HEPTH. B HElt yMEHBIITAeTCS KOJTUYECTBO MOJIMITUKITHYECKUX
HAaTEHOBBIX M aPOMATHUYECKUX YTJIEBOJOPOOB, KOTOPBIE MEPEXOAIT B MOHOILIUKITHU-
yeckre HadTEHOBbIE, a 3aTeM B MapauHOBBIC yriaeBoAopobl. Takum oOpa3om, mna-
paduHKUCTBIE HEPTH SBISIOTCS CAMBIMU «CTapbIMI» a TSKeJble U 00TraThie BHICOKO-
MOJIEKYJIIPHBIMU COEJIMHEHUSIMU He(THU OTHOCATCS K «MojonbiM» (Tadmn. 3.1).
[IpaBna, BcTpeyaroTcs U MpeCTaBIeHUs 00 0OPaTHOM XO€ IBOIIOIMH HEPTH, B KO-
TOPOM IPEOOIAIAI0T OKUCIUTENbHBIC TIporiecchl [11].

Tabnuna 3.1
Cocras HedTH, Mac.%
Bo3zpacr AJIKaHbI Hadrenst ApeHbl
YBenuueHue Kaiino3ou 26 52 22
BO3pacTa Me3o3ou 37 50 13
J [Taneo3oii 55 28 16

3.3. @pakuMOHHBIN COCTAB

B oTnmune ot TBEpABIX rOPIOYHMX WCKOMAEMBIX HE(Th JIETKO MOAAETCS pasJie-
JICHHIO Ha (ppakuuu Mo uMx TemieparypaMm kuneHus. IIpu atomM Metone pazaeneHus
BEIIIECTBA, BXOASAIIMX B COCTaB HE(TH, TEPMUYECKH HE Pa3pyILLAOTCS, MO KpalHE
Mepe, Mpu aTMOC(EpPHON OTIOHKE. ITO JAaeT BO3MOXKHOCTh HCCIEI0BATH CTPOCHUE
OOJIBLIMHCTBA HU3KOMOJIEKYJISIPHBIX KOMIIOHEHTOB HE(PTH U pa3AesuTh ee Ha Oosee
WA MeHee y3Kue (hpakiuu, Kak IpaBuiio, NoyIexkallue JabHene nepepadoTke.

[Ton gppakumOHHBIM COCTaBOM HE(PTHU MOHUMAIOT KOJIMYECTBEHHOE CO/IEPIKaHUE
B HEW BEIIECTB, BHIKUIAIOIIMX B OINPENEICHHBIX TEMIIEpaTypHBIX IrpaHulax. B pe-
3yJibTare MpsIMOM MEPErOHKH MpU aTMOC(EPHOM JaBIEHUH M3 HE()TU BBIIEIAIOTCS
CJICYIOUINE CBETIbIC (QpaKIIUK:

OeH3MHOBAas 40-200° C;
JIMTPOUHOBAS 150-250° C;
KEPOCHHOBAsI 180-300° C;
ra3ouieBas 250-350° C.

OcTtatok aTMOC(EpHOI MTePETOHKH, HA3bIBAEMBIN Ma3yTOM, Jajiee MOIBEPTacTCs
BAaKyyMHOU IIEPETOHKE IS ITOJTYYEHHUs] CMa30YHbIX Macel W ChIPbsi BTOPUYHBIX MPO-
neccoB HerenepepadoTku. Opakiyy Ma3yTa pa3iIMyaroTcs HE MO TEMIIEPAType KH-
IIEHUS, a 110 BA3KOCTH. B mopsiike BO3pAacTaHUs BSI3KOCTH PA3IAYAIOT JUCTUILISATHI:
COJIIPOBBIN, TpaHC(HOPMATOPHBINA, BEPETCHHBINA, MAITMHHBINA, aBTOJIOBBIM, IHIMH/I-
poBbIiA. OCTaTOK MOCIIE pa3rOHKU Ma3yTa — IyAPOH WU MOIYTYIpPOH.

KonuuecTBo u cooTHOIIeHUE (Ppakiiuii, coepKalmuxcs B pa3HbIX COPTax Chl-
poit Hedptu, paznuuno. Kak npaBuio, copep:kaHue CBETIBIX (PpaKIUi JTOCTUTAET
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30-50 mac.%, XOTs U3BECTHBI JIETKUE CBETIIbIE He(DTH, COCTOSIINE, B OCHOBHOM, H3
OCH3MHO-KEPOCHHOBBIX (pakiuii. Kak ciieqyer w3 mpuBeACHHBIX TEMIIEPATYPHBIX
WHTEPBAJIOB BBIKMIAHUS, GPAKIIUU MIEPEKPBIBAIOTCS MO TEMIIEpaTypaM KUIICHUS U
110 BXOJSIIMM B HUX yTJIEBOJAOPOJHBIM KOMITOHEHTaM. JTO O3HAYAEeT, YTO 3HAHUE
(GpakIMOHHOTO cOCTaBa HEPTU HEIOCTATOYHO ISl €€ XapaKTCPUCTUKHA U YCTAHOB-
JICHUS KJIACCOB, BXOJSINUX B HEE KOMIIOHEHTOB M, COOTBETCTBCHHO, NIEPCIICKTHB
nepepaboTku. JIJIs pereHus 3TOH 3a/1aui U3y4aroT CTPYKTYPHO-TPYIIIOBOM COCTaB
HedTu. [lox TpynmoBeIM COCTaBOM MOHMMAIOT PE3yJIbTaThl aHAIM3a IO KiaccaM
YTJIEBOAOPOJIOB: TIPH 3TOM OIPEACIISIOT COJIePKaHNE apeHOB, ITUKI0AIKAHOB U aJl-
KaHOB. CTPYKTYpHO-TPYIIIIOBOM aHAIN3 — 3TO BRIPAKECHHE COCTaBa THOPHUIHBIX yT-
JICBOJIOPOJIOB, BXOSIIUX B CPEIHUE U TSKEIIbIC (hpAKIUH, IO COACPIKAHUIO CTPYK-
TYPHBIX TPYNI CPETHECTATUCTUYECKONM MOJIEKYJbI oOpasma. [l pacuera cTpyk-
TYPHO-TPYTIIOBOTO COCTaBa MCIOJB3YIOT AIMIUPHIECKUE (HOPMYITBI B3aMMOCBSI3EH
MEXTy pacrpenesieHueM yIiiepoaa B Pa3IuIHbIX CTPYKTYPHBIX (PparMeHTax MoJie-
KYyJIbl JUISL YTJIEBOJOPOAOB MIIM UX cMecei [8, 9.

3.4. I'pynnoBoii cocras
Anxaner C, Hy,o
[TapaduHOBBIE YTIIEBOIOPOJBI COCTABIISIIOT 3HAYUTEIBHYIO YacTh HEPTH U
MOMYyTHOTO Tra3a. M3 HUX BbIACICHBI BCe allkaHbl HOpMaIbHOTO cTpoeHus ot CHy
10 C33Heg (CH;3 (CHy), CH3), kxpoMe HUX BCTPEUAIOTCS U PA3BETBIICHHBIC alIKaHbI

CH3_ CHZ_ CHz_ (CHz)m_ CHZ_ (IjH_ CH3

CH;4
Yraesogopobl Cs-Cjy nepexonsat B 0eH3uHOBbIN AUCTUILIAT; Ci1-Ci6 — B KEpOCH-
HOBYIO (pakiuio; Cis ¥ BbIIIE — BO (Ppakmuio ¢ HHTEepBaioM Kunenust 350-550°C.
HexoToprie HeTu cosepxkat pa3BeTBICHHbIE MTapaUHOBBIE YTIIEBOIOPO/IbI C pe-
T'YJISIPHBIM PACIIOJIOKEHUEM METUIIOBBIX PAJIMKAJIOB BJIOJIb IJIaBHOM YIJIepOAHON
Lenu B nojoxeHusix 2, 6, 10, 14, 18. Takoe ctpoeHue MOJIEKYJ1 COOTBETCTBYET Ha-
CBIILIEHHOM PETYJISIPHOM 1IeNH MOJUU30IIPEHA, TOATOMY MOAOOHBIE YIIIEBOIOPOIbI
He(TH TOJIYYHIIA Ha3BaHUE uzonperoudos. llo arperaTHomy cocTosiHuIO mapadu-
HBI fenarcs Ha razoo0pasubie (Ci-Cy), sxunkue (Cs-Cis) u TBepabie (Csq), KpucTa-
musytonuecs npu 20 °C. Bce oHM HaxoasT pUMEHEHUE JTU00 B KAYECTBE TOILIH-
Ba, TM00 XUMUYECKOTO ChIPbSI.
Huknoankanot C,. ,,

Hadrens! cocTaBisior 00blIyI0 4acTh HEPTH, B HEH BCTPEUAIOTCA KaK MOHO-,
TaKk U TOJUIMKINYECKUE MHUKIOANKAHbL. M3 MOHOIMKIMYECKUX IMKIOAIKAHOB
BbIJICJICHBI, B OCHOBHOM, IIMKJIONIEHTAHBI, IIMKJIOTEKCAHbI C YHCIIOM 3aMeCTHUTeNen

ot 1 1o 3, Hanpumep
o
RY

AJIKWJINHUKIOIICHTaH AJIKHMJIINHKIOICKCaH

R
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Nx xoanuecTBO B He(l)TI/I IMIO4YTH OAHMHAKOBO.

[Momuuuknnyeckue HaTEHbl MOTYT UMETh CIIEYIOIIEE CTPOECHUE

OO0 © L (%

JIEKaJINH OWITMKIIOTeKCAaH HOPOOpHAH ajaMaHTaH TPHUIUKIOTPUICKAH

Hadrensl CKIOHHBI K CTPYKTYPHBIM U3MEHEHHUSIM B Tpoliecce HedTenepepaboTKu.
OHU MOJOKUTEIBHO BIUAIOT Ha KAYECTBO TOIUIMBHBIX (PpaKLUi U MACISHBIX TUC-
TWIATOB. B nerkux gpakuusx HeQTenpoayKTOB COAEPKATCSA, B OCHOBHOM, IUK-
JIO-TIEHTAH, IUKIOTeKCaH U MeTWIHUKIoneHTaH. C yBeIMYEHUEM TEMIIepaTypbl
BBIKUIMAHUS (paKLUUid B HUX YBEJIMUYMBAETCS KOJIMYECTBO YIIJIEBOJOPOAOB C OOJIb-
IIMM YUCJIOM LIMKJIOB B MOJIEKyJaX M JUIMHOM OOKOBBIX lLienei 3amectuteneil. B
TSKENbIX (PpaKkUsIX MOSBIAOTCA HadTeHbl ¢ 3amecTuTensiMu Ci4 U BBILIE C U30-
IIPEHOUIHBIM THUIIOM CTPOCHHUS.
Apenvl
Coneprkanue apeHOB B He(pTH M3MeHsieTcsl B Mpokux npenenax (15 — 50 %).

B OGeH3MHOBBIX (QpakiusiX MNPUCYTCTBYIOT BCE TEOPETHUYECKH BO3MOXKHBIE apEHBI
Ces-Cy B cootHomeHun Cq:Cq:Cg:Co=1:3:7:8. Bonbie Bcero oOHapyKeHO TEPMO-
IMHAMHUYECKH ycToWuuBbIX 1,3-mu- u 1,2,4-tpuankunden3onos. B atoit ¢ppakuun
IPHUCYTCTBYET MPOCTEHIINIA THOPUIHBIN HapTEHO-apOMATUYECKUIl YTIEBOIOPO.]
UHJaH

bensonbHbIE yTIEeBOAOPOABI KEPOCHHOBOM (PPAKIIUU MPEICTABICHB B OCHOB-
HOM CTPYKTYpaMH, CBA3aHHBIMHA C JJIMHHBIMU AJIKWJIbHBIMH 3aMCCTUTCIIAMU (B TOM
YqUCJIC U I/I30HpeHOI/II[HOFO THUIIA
7 N—C—C—C—C—C—C— ,
Ci— |

F C

C
B kepocunoBo# ¢dpakimu oOHapyKEeHbI METHIIITPOU3BOIHBIC UHaHa, Ha(TaTNH,
TETPAIIMH U UX METHII3aMEIIICHHBIC

S X

7CH; | _JCH;

B Gonee Tsoxenbix Gpakuumsx He(TH MPUCYTCTBYIOT THOPUIHBIE MOHOApOMa-
TUYECKUE YTIIEBOAOPO/IbI, UMEIOIIUE TPH, YETHIPE WU NSATh HACHIIIEHHBIX KOJIEI]
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B BhICOKOKUISIMX (PpakMAX HAMIEHbI MOJULIUKINIECKUE apOMAaTHUECKHE
COEIMHEHMSI, HAIIPUMED

aHTpaLeH XpU3EH KOPOHEH

ApOMaTI/I‘IeCKI/Ie YTIJIICBOAOPOAbI UI'PAOT UCKIIFOYUTCIIBHO BA)KHYIO POJIb B Ka-
YCCTBEC XHMHUUYCCKOI'0 ChLIPpbSA M KaK KOMIIOHCHTBI MOTOPHOI'O TOIINIMBA, ITOBLI-
Imaromuce €ro ACTOHAIIMOHHYIO CTOMKOCTh (OKTaHOBOG III/ICJ'IO).

3.5. I'erepoaToMHbIe CoeIMHEHUS HePTU M PUPOTHOTO ra3a

["a3000pa3Hble COeTMHEHUs TeTEPOaTOMOB, BCTPEYAIOILIUECS B IPUPOJIE, HE OT-
JMYAI0TC pasHOOOpa3ueM U coaepkar, B ocHOBHOM, kuciopon (CO,), cepy (H,S), a
TAK)KE DJIEMEHTApHBIN a30T. MIX KOIM4ecTBO B MPUPOIHOM ra3e MOKET JOCTUraTh 25-
30 mac.%. Yraekucnblii ra3, Kak MpaBwUJjIo, SIBISETCS MPOILYKTOM JIEKapOOKCHINPOBa-
Husi. OcTalibHbIe Ta3bl 00pa30BaHbl, MO-BUIMMOMY, B PE3yJIbTaTe XKU3ZHEACSITEIHHO-
CTH MUKPOOPTaHU3MOB.

[Tpu nepepaboTke NPUPOJHOIO raza TpedyeTcs yUYUThIBaTh MPUCYTCTBUE B HEM
HEYTJIEBOJIOPOIHOM 4acTH, KOTOpas, C OJHOM CTOPOHBI, YXYyJIIA€T €ro 3Hep-
TFEeTUYECKHUE XapPaKTEPUCTUKH, a C APYTOH — MOXKET CIY>KUTh CAMOCTOSTEILHBIM XU-
MUYECKHUM CBIPbEM.

MaccoBoe cozepkaHue reTepoaToMOB B COCTaBe HE()TH CYIIECTBEHHO MEHBIIIE,
4yeM B yrisix. KpoMe Toro, 1 COOTHOLIEHHE MEXKIY KOJIMYECTBOM PA3JIMYHBIX IeTe-
POATOMOB B yTJjie U He(YTU PA3TUIHO. DTO CBA3AHO C TE€M, UTO YIieo0pa3oBaTeIbHBIN
nporecc (B MEPBYIO OYEPEb, 3TO OTHOCUTCS K T'YMOJIUTAM) IPOUCXOIUT B OKUCIIU-
TENBHOU cpejie, a HedTeoOpa3oBaTelIbHBIM — B BOCCTAHOBUTEIILHON. B pesynbrare
reTepoaTOMHBIN COCTaB HE(PTU BKIIIOYAET MUHUMYM KHUCJIOPOAA U COJIEPHKHUT OTHOCH-
TEIILHO OOJIBIIIE CEPhI U a30Ta.

TexHosornueckue CBOMCTBa HETU BO MHOI'OM OIPENENSIOTCS COIEPKaHUEM B
HEW CEpPHUCTBIX COEIMHEHHH, KOTOpoe coctaBiger B cpeaHem 0,1-4 mac.%.
HuzkoMonekyisipHble COEAMHEHUS! CEphbl — 3TO JIEMEHTapHasl Cepa U CEPOBOJOPO/I,
HO OCHOBHOE€ KOJIMYECTBO CEPhbl BXOJUT B MEpPKANTaHbI U CYJIb(UIbI, KaK [UKIAYE-
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CKME, TaK U anukimdeckue. OHU JOCTAaTOYHO AKTUBHBI XMMHYECKH, YTO MO3BOJISET
OpPraHu30BaTh CEPOOYMCTKY ITyTEM SKCTPAaKUMM KHCIOTaMH W Iuenodyamu. boree
CJIOKHO YJIAJISIETCSL Cepa, BXOAAIIAS B ApDOMATUYECKUE TEeTEPOLIMKIIBI (THO(EHBDI).

O6mee conepkanue azora B Hetu xonednercs ot 0,02 go 0,6 mac.%. B mo-
JABJISAIONIEM OOJIBIIMHCTBE CIy4aeB a30T BXOAMT B COCTAB T€TEPOIMKIIA WM apoMa-
TUYECKOT0 aMUHA, HAIpUMEP MUPUINHA, AaHWIUHA, TUPPOJIA U UX aHAJIOTOB.

Kucnoponconepxaiue coeauHeHuss He(hTH COAEp)KaT MPUHIMITMAIBLHO TE Ke
(byHKIMOHAJIbHBIE TPYTIIbI, KAKKE 0OHAPYKUBAIOTCA B YIJIsIX. B JaHHOM ciydae pedb
UJIeT O KUCIoTaxX, (heHonax, CupTax, KeToHax, adupax. Ob1iee coyep:kaHue Kucio-
pona B Heptu coctaBisieT 1-2 mac.%. OCHOBHOE KOJIMYECTBO KHCIOPOJIA COJCPIKHUT-
Cs1 B BBICOKOKUITAIIHNX (pakiusax HedTu.

K rerepoaroMHbIM cOeTUHEHUSM HEPTU OTHOCAT CMOJIUCTO-ac(haibTEeHOBbIE
BeniecTBa. B Hux conepxkutcs no 88 mac.% yraepoaa, 10 mac.% Bomopoaa u o 14
Mmac.% rerepoaroMoB. CMoIIbI U ac(haabTeHbl HE UMEIOT YETKOM IPaHULIbI pa3zelie-
HUSI, KaK ¥ TIOJIBWKHAS U HETIO/IBMKHAs (a3el yria. Cunraercs, 4To Haubosee cy-
IIECTBEHHBIM OTJIMYMEM MEXKTYy HUMU SIBJISIETCS PACTBOPUMOCTH CMOJI B YTJI€BOJO-
polax He()TU U HEPACTBOPUMOCTH B HUX ac(hanbTeHoB. [Ipu nepexojie ot cMo K
acpasibTeHaM yBEJIMYMBACTCS CPEAHSISI MOJIEKYJIIpHAsi Macca MX KOMIIOHEHTOB, BO3-
pacTtaeTt J10Jisl apOMaTUYECKHX, U CHIYKACTCS KOJIMYECTBO HEAPOMATUYECKUX COE/THU-
HeHui. CMOIHCTO-acaTbTEHOBBIE BEUIECTBA MOYTH HE OTJIMYAIOTCS OT TSKEJIBIX
0CTaTKOB HeTenepepaboTKU, KOTOPhIE OB PACCMOTPEHBI B KAUECTBE CHIPhS IS
HOJTyY€HUSs YIIIEPOIHBIX MaTepuanoB. CMoincTo-acalbTeHOBBIE BeLlecTBA HEPTH
KaK ¥ MeKu (HePTSHbIE U KAMEHHOYTOJILHBIC) 10 PACTBOPUMOCTH B OPTaHUIECKHIX
PACTBOPHUTENSIX JENIATCS Ha YETHIPE TPYTIbI: MAIBTEHBI, ac(haabTeHbI, KApOCHBI U
kapOouiel. [lpu 3TOM cetyetr umMeTs B BUAY, YTO JIBE MTOCIIEIHUE TPYIIIbI, KaK Mpa-
BUJIO, U3 CHIPOW HEPTH MPAKTUYECKH HE BBIACTISIIOTCSA M 00HAPY>KUBAIOTCS TOJIBKO B
TsDKeNbIX Gpakuusax HedrenepepadboTku. [lo-Buanmomy, kapOeHbl 1 KapOOUIBI — 3TO
IPOAYKTHI TEPMUUECKON KOHJEHCAUN KOMIIOHEHTOB HCXOHON CMOJIUCTO-
acanbTeHoBoi ppakumu. [103ToMy BEICOKOMONEKYJISIPHBIE COETMHEHUSI Ma3yTOB U
TYAPOHOB TEPMUYECKON MEepepabOTKH CUMTAIOT BTOPUYHBIMU, & CMOJIUCTO-
ac(anbTEeHOBBIE BELLIECTBA IPUPOJAHON HEPTH HA3BIBAIOT MEPBUYHBIMU WU HATHB-
HBIMHU.

XUMHUUYECKUE CBOMCTBA U MOJIEKYJISIPHOE CTPOCHUE BBICOKOMOJIEKYIISIPHBIX KOM-
MOHEHTOB He(PTH, OJIM3KKE aHATIOTUYHBIM CBOWCTBAM MAaKPOMOJIEKYJI YTJIsl, IPUBOASAT
K (pOpMHPOBAHMIO HAAMOJIEKYJISPHBIX CTPYKTYP, MOJOOHBIX UMEIOLIUMCS B BEILIECTBE
TT'U. Tlnockue y4acTKu MOJIEKYJ, CPOPMUPOBAHHBIE HECKOJIBKUMHU KOHJICHCUPOBAH-
HBIMH apOMATUYECKUMH SpamMu, coOMparoTcsi B makeThl U3 2-4 cioeB. B makeTsl
BXOJIAT HEPACTBOPUMBIE B yIiieBoopoax HepTH achanbTeHsl. VX okpykaroT mMosie-
KyJIbI CMOJI, OOpa3yloIie COJbBATHYIO OOOJOYKY acGalbTeHOB. DTH acCOLUATHI
JMCTIEPTUPOBaHbI B KUAKOH (paze B popme KoTonaHbIX yacTull (puc. 3.1).
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1 — snpo (achanbTeHsr);

2 — conbBaTHas 000J104Ka (CMOJIMCTBIC BEIIIECTRA);

3 — nepexoiHas 30Ha MEKIy KOJUIOWMIHOW YacTUIICH
U JKUJIKOU YTIIEBOAOPOAHOM (ha3oi;

4 — nucTiepcroHHas cpea (KUIKUE YTIIeBOI0POIbI
HedTH)

Puc. 3.1. CtpykTypa cMoarcTo-ac(haabTeHOBOM YacTULIBI

Takum oOpaszoM, B BeliecTBe HEPTU U HEPTENPOAYKTOB MOTYT OBITH BBISIBJICHbI
YaCTHILIbI, CXOKUE € YyacTULaMU Me30(a3bl. ITO OOBSICHSIETCS TEM, UTO SIAPOM TEX U
Apyrux o0pa3oBaHUM SBJIAIOTCS MAKEThI CJIOEB KOHJAEHCUPOBaHHOW apomatuku. Oue-
BUJ/IHO, YTO TaKHUE€ CIIOM HE3aBUCHUMO OT MX IPOUCXOXKIEHHUS MOTYT (POPMUPOBATh
KPUCTAJUTUTONOA0OHBIE CTPYKTYPhl, OCOOEHHO B YCIIOBHSAX MOBBIILICHHOW MOJIBHUKHO-
CTH MOJIEKYJI UJIM UX ()parMeHTOB.

Hannune KoJIOMAHBIX YacTHll B HE(TH O3HAYAET TO, YTO OHA SIBJIAETCS METa-
CTaOWJILHOW CHCTEMOM, CITOCOOHOM NPY OIPEAESIEHHBIX YCIOBUAX K PACCIaNBaHUIO HA
¢azbl. Ty BO3MOKHOCTH CJI€yeT YUUTHIBATh MPH T00bIYE, XPAHEHUN U TPAHCIIOPTH-
pOBKe He(pTH, a Takxke Mpu nepepadoTKe ee caMoil U psiaa He(PTEenpOyKTOB.

3.6. TexHoJI0rM4YeCKas XapaKTepuCTUKA HedTH

Kak u B ciydae yriei, mokasaTesid, IO KOTOPHIM XapaKTEpU3YIOTCS TEXHO-
JIOTMYECKHE CBOMCTBA HEPTH, OUEHb pa3HO0Opa3Hbl. OCHOBHBIE MOKA3aTENIM KayeCcTBa
— 9T0 (PAKIMOHHBIA U XUMHUYECKUNA COCTaB, IJIOTHOCTb, BSI3KOCTh, MOJIECKYJISIpHAS
Macca, TeMIepaTypa BCIIBIIIKM, CaMOBOCIUIAMEHEHMSI M 3acTbiBaHUs. KOHKpeTHbIN
Ha0Op ompeseNsieMbIX MOKa3aTese 3aBUCUT OT OXKMIAEMOT0 HampaBJICHUs Mepepa-
6otku HedTH. CylIeCTBYIOT CTaHAAPTHBIE METO/bl YCTAHOBJICHMS BEJIMYMH TaKHX
MOoKa3aTesel, a Takke MOJyAIMIIMPUYECKUE 3aBUCHUMOCTH, MO3BOJISIIOLIME UX pac-
cuuTars [8, 9].

YacTh TEXHUYECKUX XapPaKTEPUCTUK HE(MTH HCIIOIB3YETCS NJISi TTOCTPOCHUS
ux Kinaccudukanuu. B 4acTHOCTH, B OCHOBY POCCHUCKON KJITaCCHU(UKAIMK TIOJI0-
KEHBI CIIEYIOIIUEe TOKa3aTeId KauecTBa: COJIEpKaHUE CEpbl, BBIXOJ CBETJIBIX
dbpakumii (Beikunarouux 10 350 °C), conepxanue 0a30BbIX Maces, HHIEKC BSI3KO-
cTu 0a30BBIX Macell, CyMMapHOe cojiepxkaHue napaduna.

Cooeporcarue cepol

O61ee conepkanue cepbl B HEPTH ONPENEISETCs MyTEM CKUTaHUSI HABECKU
oOpaslia B KBapleBOi TpyOKe, yJIaBiauBaHUsI CepHUCTOTO Taza (SO,) U OKHUCcIeHus
ero g0 SOs;. Meton Diika NpUMEHSIETCS TOJBKO MPH aHAIM3€ TBEPIABIX HeEd-
TENPOIYKTOB U HE(DTIHBIX KOKCOB.
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Buvixoo ¢ppaxyuti, evikunarowux oo 350°C

Caetabie Qppakiuy, OTTOHSIOMMECS U3 HePTH Mpu aTMOC(HEPHOM J1aBIICHUH,
XapaKTEepU3yIOT €€ CBOMCTBA KaK MCTOYHMKA MOTOPHOIrO TOIUIMBA. Beixon ¢dpak-
UUA onpeAesieTcss B BUIAE MAacCOBOM JOJIM TUCTHILIATOB peKTU(UKAUUUA HEPTH,
OTTOHSAIOUIMXCS B MHTEPBAJIE TEMIIEpaTyp OoT Hadayia kurenus a0 350°C. Xapak-
TEPUCTUKH, ONpeAesitonue GpakiMOHHbIA COCTaB HEPTH, YACTO OLEHUBAIOT IO
KpuBoi uctuHHOM Temmeparypsl kuneHus (MTK) nedTu, cBsa3piBaroiiei BbIXOM
OTTOHSIEMbIX (Ppakiuii ¢ Temneparypoil kuneHus. JJis OleHKH BhIXOAA TSHKEbIX
dpakuuii kpuas UTK ngomonHsieTcss 3aBUCUMOCTBIO BA3KOCTH HE(TENPOIYKTOB
oT coaepkanus ppakmuii (puc. 3.2).

t, oC Vgy MMYc
_ 125

600 |-

500 120

400 HUTK / 15
300 I / 4
200 }ﬂ/ Y

Y Y {5

100 |

1 1 1 1 | ]

10 20 30 40 50 60 Bemxon, Mac.%

Puc. 3.2. CBA3b UCTUHHOW TeMIepaTypbl KUICHHS
(UTK) u Baskoctu ¢pakuun npu 50°C (v, ) ¢ BbIxo-

oM (ppakuuit

Opaunata Toukn Ha kpuBod MTK - temneparypa, mpu KOTOPOl OTTOHSAETCS
MaccoBas J10J1s1 ICXOHOM He(TH, BeipakeHHast adciuccoil. Hanpumep, u3z nedru,
kotopoi orBeuaet npuseneHHas kpubas UTK, npu t=350°C orronsercs 44 mac.%
cBeTabIX (pakuuii. s oTdopa onpeaeneHHoi ppakuuu He0OXOAUMO 3aJaTh MH-
TEpBAJl TEMIIEPATYP €€ BBIKUIAHUSA U HAWUTH COOTBETCTBYIOUIMN MHTEPBAJ BBIXO-
noB. Hampumep, kak BumHO u3 puc. 3.2, mjs rasoisieBoro guctuwmisara (250-
350°C) BbIXOJ Ta30iiias mpH Temieparype KoHma kunenus 350°C cocraBur 18
mac.%., ( 44-26=18), T.K. BBIXOJ CyMMBI OoJiee JIETKUX (PaKIUil 10 TeMIepaTyphl
Hayasa kunenus razoins 250°C — 26 mac.%.

Ilomenyuanvroe cooepcanue u UHOEKC 83KOCMU OA308bIX MAcell

[TorenumansHoe copepx aHue 0a30BBIX Maces OMPEICNSIeTCS C MOMOIIBIO
kpuBon UTK. B maHHOM cilydyae OCHOBHBIM IOKAa3aTEJIEM SIBJISAETCS BA3KOCTb
otObupaembix dpakiuii. Hanmpumep, eciim HeoOXoauM 0TOOp MEPBOI MACIISTHOMN
DpaKIEE ¢ MaKCHMAabHOH BsskocThio mpu 50°C 12,5 mm*/c, ofpamarTcs K
KPHUBOHA vso. Touxe 12,5 MM’/c 1151 KpUBOIA BSI3KOCTH, IPUBEICHHON Ha puc. 1.18,
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oTBeYaeT BBIX0[ 52 mMac. % otrona. Cunras BBIXOJ BCEX MPEABLAYIINX (Ppakuuii
(1o mepBOi MacisiHOM), KOTOPBIA BKJIIOUAET U ra30uiieByl0, paBHbIM 44 mac.%,
MOJIyYMM BBIXOJI IEPBOU MaciasiHOM (ppakumu, coctaBistommii 52-44=8 mac.%.

[ToTeHmanbHOE COAEpKAHUE MACISIHBIX (DpaKIUil CyIIECTBEHHO IpPEBbI-
[IaeT pealbHbId OTOOP, KaK BCIEJACTBUE HEYETKOCTU pPEKTU(PHUKALMU, TaK U 3a
CYeT TEPMHUUYECKHMX MPEBPALECHUM, CBSI3aHHBIX C JECTPYKLMEH M KOHJICHCALUEH
MOJIEKYJ KOMIIOHEHTOB He(QTU. B pe3ynbTaTe 3TUX peakuuil pakTHUYECKU Me-
HseTCsl (PPaKLIMOHHBIN COCTaB.

Kpome oOmiero Bbixoga 6a30BbIX Mace BaXKHOM XapaKTEpUCTUKONW HEPTH U
HEPTENPOAYKTOB, CIYXKAIUX CHIPHEM I MOJTYYEHHs] CMa30YHbIX Mace, sIBJIs-
€TCsl MHJIEKC BSI3KOCTH 0a30BbIX Macesl. M3BecTHO, YTO BSI3KOCTh KMJIKOCTH MEHSI-
eTcs ¢ TeMIiepaTypoil. Uem MeHee BbIpakKeHa 3Ta 3aBUCUMOCTb, TEM BBIILIE KAaYEeCT-
BO CMa304HOI0 Macia. be3pa3MepHbIil HHJIEKC BSI3KOCTU XapaKTepU3yeT U3MEHe-
HUE BSI3KOCTHU KUIKOCTH IPHU HATPEBAHUH €€ MPU CTAHJAPTHBIX TEMIIEpATypax
(xak npasuiio, npu 50 u 100°C).

CymmapHoe cooepaoicanue napaguua

CymmMmapHoe conep:kaHue TBepJoro mnapaduHa B HepTH ONpeNeNstoT MyTeM
€ro OCaXKJICHUS WM SKCTPAKLUUU CEIEKTUBHBIMU PACTBOPUTENSIMU. TBep.blil ma-
paduH — IIEHHOE ChIpbE I XMMHYECKOW NMPOMBIIUIEHHOCTH, HO HedTH, coaep-
’Kallye ero OOJbIIME KOJIMYECTBA, JIETKO 3aCThIBAIOT IPU HU3KOM TeMIlepaType.
OT0 yXyAllaeT YCJIOBHS UX TPaHCHOPTUPOBKU. Kpome TOro, BeIcOKonapapuHu-
CTbIEe HE(TH J1al0T TOIUTUBHBIE (PpaKLIUK XY/IIEr0 KauecTBa.

3.7. Knaccupukauus HegTu

Knaccudukanuu vedTH, kak n knaccudpukanuu TT'U, ctposTcs Ha paznudHOi
ocHoBe. Kak mpaBmiio, 3TO reHEeTHYECKHE M TEXHOJOTMYECKHE KIIacCHU(UKAIINM.
[lepBble U3 HUX YYHUTHIBAIOT COCTAB MCXOJHOTO MaTepHalia U YCIOBHUS €ro mpeoo-
pa30BaHUsl, a BTOPbIE XapaKTEPU3YIOT HEPTh KaK ChIpbE IJIsi MPOMU3BOACTBA TEX
WIH UHBIX HE(PTENPOIyKTOB.

['enernueckas kiaccudukanus AeauT HeYTU HA TYMUTO-CANIPOIEIUTOBBIE,
CaIlpOIEIUTOBBIE U CAIIPOIIEIIUTO-TYMUTOBBIE TUIIBI IO COOTHOLIEHUIO OCTATKOB
BBICILIMX U HU3IINX PACTEHUN B UX COCTaBe. THUIIBI MOApa3AEISIOTCS Jajee Ha
KJIaCcChI M TPYIIIIBI 110 CTETIEHU TPeoOpa3oBaHusi KOMIIOHEHTOB B aHa3poOHOI cpe-
ne. [Ipunstas B Poccuun TexHonornueckas kinaccuuxanus AequT UX Ha TPU KJiac-
ca o coaepxkanuto cepsl (I, 11, IIT), Tpu Tuna o Beixomy dhpakiuii, mepero-
usroruxcs 10 350° C (T4, T,, T3), ueTbipe TpyMIibl IO NOTEHIIMATBLHOMY COJIEP-
xaHuto 0a30BbIX Macen (M; M,, M3, My), ueTsipe noArpymisl o UHAEKCY BSI3KO-
ctu (U, U,, Us, Uy) u Tpu Buza o coaeprxkanuto Teepaoro napaduna (I1;, I1,, I1;).
B nenom HedTh Xapakrepusyercs mudpom, COCTaBISIEMBIM MOCIEOBATEIBHO U3
0003HauYeHMs Kjacca, TUIa, IPyHbl, MOATPYIIbl U BUAA, KOTOPBIM COOTBETCTBYET
nanHast HeTh (Tadm. 3.2) [14].
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Tabnuma 3.2
TexHosiornyeckas Kiaccupurauus HegTu

INokazarenb KauecTsa Knacc Tun Fpynna Moarpynna Bun
HeyTH tT o Jm |7 ]n [ B MIMIMIMIwIwun|[no[n]n
Conepxanue cepsl,
% Macc.
B HepTH <0,50 055(;0 >2,00
Genauue <0,10 |<0,10 |>0,10
PEaKTHBHOM TOILTHBE <0,10 [<0,25 |=0.25
JM3EJIBHOM TOILTHBE <0,20 [<1,00 [=1,00
Conepxanue dpaxumii 1o 45,0-
350°C, % macc. 2550 549 [5450
TloTeHIpANEHOE CONEpXaHue 6a30BkIX Macel, % Macc.
15,0 150
Ha HedTh >25,0 249 -249 <150
30,0
Ha MasyT cebie 350 °C >45,0 | >45,0 -449<30,0
HiHpexc BS3K0CTY 0a30BBIX Maces >05,0 900 850 <85,0
: 950 [-89.9
Conepxanne napaguos B Hedhpmv, % Macc. <1,50 16?)?] >6,00

Hampumep, camotnopckas nedts umeet mudp I T M, U; I1,. D10 03HauaeT,
YTO JaHHas HEe(PTh CEPHHCTAs C BBIXOJAOM CBETJIBIX HEPTEHPOAYKTOB Oosee 55
mac.%, cogep:kanue 0a30BbIX Maceln B Heil 15-25 %; ned s napadunucras. 3nade-
HUSl KJIACCU(UKAIMOHHBIX MMapaMETPOB IMO3BOJISET OMPEICISITh TEXHOJIOTHUECKHE
YCIIOBHUS €€ TPAHCIIOPTHPOBKH U TepepaboTKu. B wacTHOCTH, camoTiiopckasi He(Th
MOJKET TepepabaThIBaThCS KaK M0 TOILUIMBHOMY, TaK M 10 MAac/ITHOMY BapHaHTaM C
YaCTHYHBIM YJAJICHHEM Cephl U AenapaduHU3AINCH.

Knaccudukamnms, uMmeromas mpyu3Hakd U HAyYHOW, M TEXHOJIOTUYECKOH, ObLia
MOCTPOEHA Ha OCHOBE IPYINIOBOT0 coctaBa HeQTH. B cooTBeTcTBUM C HEll HedTH Ie-
JISITCS Ha IIECTh KJIACCOB: napaduHoBbIe, MapapuHo-HadTEHOBbIE, HA()TEHOBBIE, Ma-
padpuHo-HadTEHO-apOMaTHUECKUe, HadTeHo-apoMaTuieckue, apomarndyeckue. Kax-
JIbIA KJIacC BKJIFOYAET HEe(TH C MpeodalaHueM OJHOTO-/IByX KOMIIOHEHTOB TPYyMIIO-
BOI'0 COCTaBa WJIM C UX MPUMEPHO PaBHBIM cojepkaHueM (puc. 3.3).
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[TapaduHoBbIE

ITapaduno-
pag n [Tapadunbt
Ha(TEHOBBIC \
Ha¢drenosbie <=—— Hadrennl ApeHbl — ApomaTH4ecKue
\ [TapaduHo- /
HaTEeHO-
apoMaTUYeCKue

Hadreno-apomarnueckue

Puc. 3.3. Knnaccudukanus He)TH TI0 TPYIIIOBOMY COCTaBY

[IpomblnIeHHHO-TeHeTHYecKas Kiaccu(uKkauss HeTH, aHAJIOTHYHAs pa3pa-
OOTaHHOW K HACTOSIIIEMY BPEMEHHU JJIsi YIJIeH, ToKa OTCyTCTBYyeT. BeposTHo, 310
CBSI3aHO C T€M, YTO pazHOOOpasue KUAKHX TOPIOYUX MCKOMAEMbIX HAMHOTO MEHb-
e, yeMm TI'M, a ux cBocTBa jerye CTaHgapTU3yrOTCs No AaHHbIM KpuBod UTK n
IpynnoBOMy cocTaBy. [IpyHSATBIE B pa3HBIX CTpaHaX HALIMOHAIBHBIE CUCTEMBI KJIAC-
CU(pUKALMA MOKHO JOCTATOYHO YCHEIIHO IMPUMEHSTh B MEXIyHAPOJIHOM TOPrOBJE
HEPTHIO ¥ HE(TENPOTYKTaAMHU U C UX MOMOIIBIO MJIAHUPOBATh HAIIPABJIEHUS epepa-
00TKM HE(PTU KOHKPETHOTO MECTOPOKACHHUS.
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4. XUMHU3M U MEXAHU3MbI OCHOBHBIX IPOLIECCOB
TEXHOJIOI'MHU TPUPOJHBIX DQHEPI'OHOCHUTEJIENA U
YIVIEPOJHBIX MATEPUAJIOB

4.1.TepmuyecKkue npouecchbl

4.1.1. TepMuYecKHii KPEKUHT U MUPOJIU3 YIIIEBOIOPOIOB

[Iponieccbl TEPMHUYECKOrO KPEKMHIa W IHUPOJM3a YIVIEBOJOPOJOB OCYILIE-
CTBJISIIOTCS B OTCYTCTBUE KaTaJIM3aTOPOB NpY MOBBILIEHHON Temrneparype. B cymniHo-
CTH, KPEKUHT Y IUPOJIU3 — 3TO OJIMH U TOT K€ MPOLECC TOMOJUTHYECKOTO pacilerie-
HUS CBsi3ed ¢ 0Opa3oBaHMEM CBOOOJHBIX paJuKanoB. TepMOIMHAMUKA MPOLIECCOB
TEPMOJIECTPYKIIMA TOBOPHUT, YTO TEPMHUUECKHM KPEKUHT, HApUMeEp, BBICIIMX Mapa-
(GUHOB C MoTy4eHUeM KUAKUX oepuHoB mpoucxoaut B unreppaiie 480-550°C, a nu-
POJIM3 HU3MIMX MapadUHOB /10 YIIIEBOJAOPOIHBIX Ia30B C BHICOKOW JIOJIEH Hempeeb-
HBIX coeuHeHuid — npu 650-850°C.

Kak nmpaBuiio, TEXHOJIOTH OTHOCST K PEAKIUSM KPEKHMHIAa U MUPOJIU3a TOJIBKO
TEPMUYECKYIO AECTPYKIIUIO HHIUBUIYATbHBIX YTJIEBOJAOPOIOB U CBETIIBIX HEDTIHBIX
dpakuumit. OnHAKO MUPOIU3 OPTaHMUYECKUX BEIIECTB B ITUPOKOM CMBICTIE 3TOTO CJI0BA
JIEKUT B OCHOBE NOJYYEHHUsI CaXy, MUPOYTJIepoa U Ipyrux npoaykroB. OH conpo-
BOK/IAET BCe TepMuUecKue nporecchl nepepadotku TI'U, Tsokensix octaTkoB HedTe-
MEPETOHKU, UCKYCCTBEHHBIX TTOJUMEPOB.

CB000IHO-paIMKaIBbHOE PACIIEIUICHUE, KAK U BCE PEaKLUU JECTPYKIHU, — 3TO
SHI0TEPMHUYECKUI MPOLIECC, MPOTEKAIOUINI ¢ yBearnueHrueM oobeMa. Hanpasnenue u
rTyOMHa pacIleIUIEHUs ONPEIEISIOTCS TEMIIEPATYPOi peaKiu, KOTopasi BEIOUpaeTcst
UCXOJ U3 CTPOEHUS] M COCTaBa YIJIEBOJIOPOJIHOTO ChIPhS U OKUAAEMBIX MPOITYKTOB
peaxiuu (puc. 4.1).

AGe,
"‘JL’"”“”M"! 1 - 5-Cyoly == 2CH,,
2-Q = 2CH,
3-CH, == CH,+CH,
4 - B-CyH, == CH,, +CH,,

40 &

500 800 1100 T, K

Puc. 4.1. U3meneHnue n306apHO-U30TEPMUYECKOTO MOTEHIIMATIA
peaKuni IeCTPYKLUH C TEMIIEpATypOn
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W3 pucyHKa BUJIHO, YTO NPH MOBBIIIEHUN TEMIEPATyphl PABHOBECHE PEAKLIMiA
CABHHYTO BiIeBO 10 TemnepaTryp 500-600 K, u B 3TUX yCIOBUAX AOJIA paclierlie-
HUS TIPUBEJICHHBIX YIieBoA0poaoB Mmana. [Ipu Gosnee Bbicokux Temmeparypax AG°
peaxkuuii okaspiBaercs orpunareabHeiM. Beime 800 K gectpykims npoTekaer npak-
TUYECKH HeoOpaTuMo. BaxxHo, uTo BeIcive napaduHbl 00jee CKIOHHBI K paciien-
JIeHHI0, YeM Husiue (peakuuu 3 u 4); oneduHsl 6ojiee CTOMKH, YyeM mapaduHbl (pe-
akuust 1). YcroilumBoCTh Ha(PTEHOBBIX IUKIIOB MEHSIETCS C TeMIiepaTypoil Oosee
CWJIBHO, YeM Y JAPYTUX KJIACCOB YTIEBOJOPOIOB (peakius 2).

W3 npusenenHoi panee tadn. 1.1 ciemyer, 4To B yIieBOIOpPOAaX, B MEPBYIO
ouepenp paspbiBatoTcss C—C-cBsi3u. JHeprus pa3pbiBa 3ToM cBs3H (E;) B KOHKpETHOM
COEIMHEHUU 3aBUCUT OT CTPYKTYPbI MOJIEKYJIbI U MIOJIOKEHUS CBSI3U B HEM.

Oueprust cBsa3u C—C MOXKET AOCTaTOYHO CUJIBHO Pa3IMyaThCs ISl MOJIEKYJ C
Pa3HBIM CTPOCHUEM, O YE€M CBUICTEIBCTBYIOT TaHHbIC Ta0m. 4.1.

Tabmuma 4.1
JHeprus cBs3u C-C B Mosiekyaax napagpuHoB

Momnexybl E.s, KJIx/MOITB
CH; — CH; 372
C,Hs — C,H; 326

A%
Vo

Kpowme Toro, sHeprus OJuHAKOBBIX CBSI3EH JaXKE B OJIHOW MOJIEKYJIE TAKXKE MO-
IyT CWIbHO oTiMyaThcsi. Hampumep, B H-OKTaHe yJajieHHbIE OT KOHIIOB CBsizu C-C
MeHee TIpovHbI (K/[k/MoIb)

46

E;+25  E+12 E+4 E, E+4 E+12 E,+25
C C C C C C C C

Oneprus cBsizu C—C B pa3BETBICHHOW MOJIEKYyJie CHUKEHA BCIICACTBUE CTaOU-
JU3aLMU TIOJIyYarOIUXCs MPU €€ JECTPYKIMH paaukainoB. CTaOuin3anus Mpoucxo-
T 3a c4eT 3¢ dekToB conpsikeHus u ceepxconpsbkenus cszeil C—C u C-H. Ycroit-
YUBOCTh PAJIUKAJIOB MEHSIETCS B PSILy

CH; < CH;>~CH, < CH;>CH=CH; < <©—>3c

HpI/I 9TOM 06pa3y1-0TCSI CMCCH F33006p33HBIX N XKUIKHUX HACBIIICHHBIX U HC-
HACBIIICHHBIX YITICBOAOPOJ0B, HAIIPUMCED
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—> CypHyo + CpHyy

> CgHjg + CipHyg

CyoHyy > CsHy, + CysHsy

> C,Hg + CgHs

— CHy + CyoHsg

ApomaTHdecKue yriieBOI0POIbI, TPUCYTCTBYIOMHNE B HEYTEIPOAYKTAX, TIPH
TE€X JKE€ YCIOBHUSAX OTIICIUISIOT OOKOBBIC IIeTH, a HAa(PTECHOBBIC €IIe U pac-
KPBIBAIOTCA ¢ 00pa3oBaHuEeM OJe(UHOB, HAIPUMED

o e
Q(CHz)T CH; > <:>‘CH3 + CyHy,

| C4H8 + C3H6
Oren

[ToBbillIeHHE TEMIEPATYpbl MPUBOJUT K YCKOPEHHUIO pEaKIUil JAeruapu-
poBaHus U nuKiIu3anuu. [Ipu B3aumMoaeiicTBUU TUEHOB ¢ oJieuHaMu, Hanpumep,
MOTYT 00pa30BbIBATHCS LUKIOO0JIE(PUHBI, KOTOPHIE TOCIE UX NErUAPUPOBAHUS Aa-
I0T apoMaTHYeCKue yriaeBoaopoibl. Kpome ra3o00pa3HbIX U KUAKUX BEUIECTB, BCE
BBICOKOTEMIIEpATypHBbIE TMPOIECChl MepepaboTKu HEPTENPOIyKTOB U YIIIEBOJO-
POJIHBIX Ta30B JAlOT TBEp/ble BellecTBa (caxa Wik KOKC). OTHOCUTENbHBINA BBIXO/
KUJKAX TPOIYKTOB (OCH3MH, KPEKMHT-OCTATOK MJIM CMOJIa TUPOJIu3a), ra3a (Kpe-
KWHT-Ta3 WIKM ra3 TupoJin3a) U TBEPJOT0 OCTaTKa (KOKC WM Ca)Kka) 3aBUCUT OT BHJIA
CBIpbsl, TEMIIEPATYphl U BpPEMEHH KOHTakTa. C MOBBILIEHUEM TEMIIEPATYpPhI MpHU
MPOYMX PABHBIX YCIOBHIX BO3PACTAET BBIXOJ KOKCA M r'a3a, U CHHXKACTCS KOJIHYE-
CTBO XHUJKHUX MPOIYKTOB.

Pe3ynbTaThl TEPMUUECKOTO pacCIICNJIeHUs YriIeBOJOPOJHOIO ChIPhS OYEHBb
CUJIBHO 3aBUCST TaKXKe OT TJIyOWHBI €ro MpeBpalieHus, onpeaeasieMoil BpeMeHeM
KOHTakTa. Peakuuu razo- u KOKCOoOpa3oBaHUs SIBJSIOTCS BTOPUYHBIMU IO OTHO-
IICHUIO K MEPBUYHOMY PACIICIUICHUIO YTJIEBOJAOPOAHOTO ChIpbsi. OUeBUIAHO, YTO
IpU YBEJIMYEHUU CTETNEHU MPEBPAIEHUs YBEIMYMBACTCS BBIXOJ ra3a M KOKca U
YMEHBIIAETCS KOJUYECTBO KUAKUX MPOAYyKTOB. st momydenus: 60jaee HU3KOMO-
JIEKYJISIPHBIX MPOAYKTOB MPOLECC CIETYET MPOBOJAUTH IPU HU3KOM JIABJICHUU HIIU
paz0aBieHNH PEAKIIMOHHON MAacChl MHEPTHBIM BEIIECTBOM, MOCKOJIBKY PEaKIINH
pacuiernyieHus UayT ¢ yBenudeHueM oOobema. Yarie Bcero muposin3 MpOBOJAT B
MPUCYTCTBUU MApPOB BOJIbl, KOTOPbIE HE TOJIBKO MOHUXKAIOT MAPLHUAIBHYIO YIPY-

—> C5H10 + C2H4
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roCTh KOMIIOHEHTOB PEaKIMOHHOM CMECH, HO M PEarupyroT ¢ yIrJIepOJUCThIMU
OTJIOKEHHMSIMU Ha CTEHKax peakropa, ouuiias ux. Mcrnojb3oBaHuE NMapoB BOAbI
yA00HO U € TIO3ULUNA TEXHOJOTHH, BOJA OTIEISETCSA 3aTeM OT PEaKIMOHHON Mac-
ChI IIyTE€M KOHJICHCALIMH U MOCJEAYIOLIEH cenapaiuu (OTCTauBaHus ).

MexaHn3M paJUKaIbHO-UEIHOIO PACUICIUIEHUSI BKJIIOYAET CTaJAWM 3apo-
KACHUS (MHULIMUPOBAHUSA), POCTA U OOPHIBA LIETH. 3aPOKICHHUE LIETTH MPOUCXOIUT
IIPU MOTJIOIIEHUH KBAaHTA SHEPTUH MOJIEKYJIOW UCXOIHOTO BEIIECTBA. Y BEIMUEHUE
CKOPOCTH WMHHUIIMUPOBAHUS BO3MOKHO MpPH J00ABICHHH B PEAKIMOHHYIO CMECh
BEIIECTB, JIETKO PAaclaIaroInXcs Ha pajuKaiisl (MHUIMATOpOB). BemecTBa, 0OpbI-
BAIOIINE PAJUKAIBHO-IIETHOW Tpoliecc (MHTUOUTOPBI), TOPMO3AT peakiuto. [Ipu
nupoau3e napadhuHOB CUILHBIM HHTUOUTOPOM, HATIPUMED, SIBIISIETCS MPOTHIICH

CH,-CH=CH,+R* ->RH+"CH,-CH=CH..

AJUTMITBHBIN paiuKan YCTOMYHMB M3-32 JEJOKAIU3AIUN JJIEKTPOHA, KOTOpasi cTabu-
ausupyet ero. OH 3HaYUTEIBHO MEJUIEHHEE BOBJIEKAET B LENb NapaduHbl, YEM 3TO
JeNIA0T paJuKalibl, 00pa30BaBUIMECS IPU AECTPYKLUU HCXOJHOTO ChIPbSL.

Yacte yrieBoJopOJAOB MOXKET BBIMOIHATH WHTHOWUPYIOMIYIO WA WHUIUH-
pymolyto GyHKIUIO. ITO, HAIPUMED, 3aMELLEHHbIE OJIe(UHBbL. Tak, TPUMETHIITUIIEH
ABJISIETCSI MTHTUOMTOPOM MHUPOJIU3a MPOIaHa

CH,_ . CHy_
SC=CH—CH;+R°—=RH+ >C=C—CH,
CH3 CH3

HEAKTUBHBIA paJUKaIL

TerpaMeTUIATUIIEH HTHULIMUPYET TAKOW MPOLECC U3-3a JOCTATOYHOM JIETKOCTH
pacnaza Ha JiBa paguKania, OJMH U3 KOTOPhIX OY€Hb AKTUBEH

H3C\ /CH3 H3C\
o= T /c=c°:—CH3 + CH;
H,C CH, H;C AKTUBHBIN

paauKan

4.1.2. CaxxeoOpazoBaHue

Caxa 1 mUpOyTrIepo]l - NPOAYKThl BHICOKOTEMIIEPATYPHOTO MUPOIN3a YIIIEBO-
JIOPOJIHBIX Ta30B, MPOTEKAIOIIET0 KaK paJuKalibHO-1IENHON nporiecc. Koneunsie mpo-
JYKTBI 3TOTO IpOoIEcca TEPMOJIMHAMUYECKN HanOoJiee YCTOMYMBBIE NP TEMIIEPATY-
pax nopsiaka 1000° C — MonekysipHbI BOAOPOJ U CBOOOAHBIN yriepoa. Paccmor-
pUM, HaIIpUMeEpP, BO3MOKHBIN MeXaHU3M 00pa30BaHMsI CaXKU U3 METaHa — YTJIeBOJ0PO-
Jla ¢ HaMOOJIBLINM COJIEPKAHUEM BOJOPOA

CH, > C+2H, (+AH,03)=74,75 x/x/mons CHy

HawnGosee mpocThIM TyTeM TEPMUYECKOTO Pa3I0KEHUS METaHa MOXKET ObITh
PAI IOCIIEIOBATENbHBIX CTAAUN JETUIPUPOBAHUS
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Ho pacuetbl moka3bIBaroT, 4TO 3aTpaThl JHEPTUM Ha 00pa30BaHNE aTOMOB BOJIOPO/a,
YIJI€BOAOPOAHBIX PATUKATIOB M ra3000pa3HOro yriepoa O4eHb BEIUKHU, HAIPHMED

CH, - CH, +H"  (+AH,;)=431,54 xJlx/mons CH,.

OueBUAHO, YTO SHAOTEPMUYECKUE MPOLIECCHI AETHIPUPOBAHUS TOJLKHBI TaPATUIETBHO
COIPOBOXKAATHCSA KAKMMHU-TO SK30TEPMUUECKUMH PEAKLUMUSAMH, MO-BUIMMOMY, aCCO-
LaLMEed aTOMOB BOAOPOJA U YITIEBOJOPOJHBIX PAJUKAIOB. 3aTpaThl SHEPTUU HA 00-
pa3oBaHUE YTIIEBOAOPOAHBIX PAJMKAJIOB HEMPEPHIBHO CHMKAIOTCSA C YKPYITHEHHEM
nocieaHux. Mcxons U3 3HEpreTMUecKUX 3aTpar BIIOJHE YOEIWTENbHOM BBITJISIUT,
HarpuMep, CIEAyIoIas cxema

. 2CyH; . 2C;H;
2CH4 T 2CH3 — > 2C3H8T2> 2C3H7 — >
CeHg
= 2CHy — 2CeHn g™ 2CeHs — ™ 2CiHi g

C18H14 ’ C42H18 nT.AO.

Poct yrﬂeBO,HOPOHHOﬁ ey IMPOMCIKYTOUYHBIX pPAAUKAJIOB MOXHO pacCMar-
PHUBATb KaK paHHKaHBHO-HeﬂHOﬁ Impounecce, HGpBOﬁ CTa,Z[Pleﬁ KOTOPOT'O ABJIACTCA

TepMUYecKoe HWHHUIMUpoBaHue 1o peakuuu: CH, - CH + H". Jlanee oba pa-
JIMKaja MOTYT B3aUMOJICMCTBOBATh C MOJIEKYJIOM METaHa

CH: +CH, — C,H; +H_;

H*+CH, -> CH]+H,.
B pesynbrare nepBoil peakiuuu MPOUCXOAUT POCT JUIMHBI YTJIEPOAHOM LEMH, 3TOT
npouecc npoxowkaercs u pansiue: CH, +CH, >CH +H,. TIpu B3aumoneiictuu yr-

JIEBOJJOPOTHOTO pajiiKaia ¢ MOJIEKYJION yrieBoAOpOAa MPEUMYILIECTBEHHO 00pa3yeT-
Csl HOBBIM, OoJiee TSKEIbIN (a TOTOMY M 60Jiee YCTOWYMBBIN) YTIIEBOIOPOIHBIN paiv-
Kaj1. MoxxHO ObUTO OBl OXKMJIATh O0Opa30BaHHUS aToMa BOAOPOJA M YIJIEBOJIOPOIHOM
MOJIEKYJIbI, HAIIpUMED

CH;+CH, >CH,+H,
HO 3TOT ITyTh OKAa3bIBAETCSl TEPMOJMHAMHUYECKHA HEBBITOAHBIM M3-32 OYEHb BBICOKOU
HEYCTOMYMBOCTH aTOMapHOr0 BOAOPO/A.

[locnenytomias noaMUMKIU3auUs OeH301a, 00pa30BaBILErocs MO 3TOW CXEMe,
COIPOBOXKJIAETCS OTHICTJICHMEM BOJOPOJAa M accouuale (GeHUIbHBIX PaTUuKaIoB.
Ona npuBOIUT K (POPMUPOBAHUIO MOIUIUKIMYECKUX KOHJIEHCUPOBAHHBIX YTJI€BOAO-
ponoB. O6pa3zoBaHKe TUIOCKMX KOHJIEHCUPOBAHHBIX MOJIEKYJ U3 apOMaTHUECKUX KO-
Jiell, TO-BUAUMOMY, TPEICTAaBIIET COOOM IEMHOM PaJuKAIbHBIA TPOIECC, MPOTe-
KaloIIMi Yepe3 MPOMEXYTOUHOE 00pa30BaHKE YTIIEBOJIOPOIHBIX PAIUKAIIOB C BBICO-
KOW CTETIEHBIO JIEJIOKAIN3alud HECTIAPEHHOT'O JIEKTPOHA, C UX MOCIEAYIOLIEH KOH-
JEHCALAEn
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O O — 0.0 +H, urt.nm

[HomuuukIMyecKkue yrieBoA0pOAbl Pa3pacTatoTcs, U BCE JNalblle K Mepudepun oT-
TECHSIFOT UMEIOILMICS B HUX BOJOPOJ, OTHOCUTEIHLHOE COJIEp:KaHUEe KOTOPOro Cra-
HOBHTCSI BCE MEHBILIE (TPOUCXOAUT (POPMHUPOBAHUE KPUCTAJUIUTOB, a MOCIIETHUE 3a-
TeEM OOBETUHSAIOTCS B CAXKEBbBIE YACTULIBI U IIPU UX COYAAPEHUH (POPMUPYIOTCS Caxe-

BbIE€ CTPYKTYPHI).

4.1.3. IlomykokcoBanue u kokcoBanue TT'1

ITosmykokcoBaHHE U KOKCOBaHUE — IMPOLECCH TepMUYECKOon aectpykuuu TT U1
1OJ1 BIMSIHUEM HarpeBa 0e3 0CTyIa BO3ayXa. ITH MPOLECChl OTIMYAIOTCS KOHEUHOU
TEMIIEpaTypol HarpeBa: MmoiaykokcoBaHue mpoBoadr 10 500-550° C, a kokcoBaHUE —
10 1100° C. [IpyuHIMNHAIBHO UX MOYKHO paccMaTpUBaTh KaK €IUHBIA MPOLIECC Mpe-
oOpazoBanus BemiectBa TI'M mopa nmedicTBueM TemmepaTypbl MOJOOHO KPEKHHTY U
UPOJIN3Y yriieBoAopoaoB. Tepmuueckas nectpykiwmst TTU coueraer HeoOpaTtumbie
IIPOLIECCHI PA3JIOKEHUSI HATPEBAEMOTO BEILECTBA C BBIACICHUEM HU3KOMOJIEKYJISAP-
HBIX TPOAYKTOB M KOHJEHCAIIMUA C OOpa30BaHMEM TBEPIBIX BBICOKOYTJIEPOIUCTHIX
BemecTB. Kak M B cioydyae KpeKMHra W MUPOJH3a, OOIIee HampaBIeHHE TepMojie-
crpykunun TT'U onpenensercs BemmunHamu AG° 1 E.

[Ipu MosTyKOKCOBaHMU M KOKCOBAHUH 00pa3zyeTcsi TBEP/bIA 0CTATOK (TIOITYKOKC U
KOKC COOTBETCTBEHHO) U BBIJIEIISIOTCS ra3000pa3HbIe JETy4ne MPOIYKThI, YacTh KOTO-
PBIX TOCHE OXJIAKIACHUS KOHIACHCUPYETCS B KUIAKOCTh. B ciyyae moJyKOKCOBaHUS
OHH Ha3bIBAIOTCS "MEpBUYHBIN ra3" M "mepBuyYHas cMoja'", Tak KakK MpU 3TUX TEMIIe-
paTypax MOKHO CUWTaTh, YTO UX KOMIIOHEHTHI HE PEAarupyroT JIPYr C JIPYIrOM U C
TBepAOi! (ha3oii. B 3THX yCIOBUSIX MPOAYKTHI, U3 KOTOPBIX COCTOUT CMOJIa, B 3aMETHOM
Mepe coaepikaTr (pparMeHThl HCXOMHBIX MakpomoJieKys TI'U, uro mo3BossieT mpume-
HSITh TOJYKOKCOBAHHUE HE TOJBKO B MPOMBIIUICHHBIX, HO U aHAIUTUYECKUX LEISX.
[Ipu KOKCOBaHUM JIETy4M€ MPOAYKThI MOJBEpraroTcsi 0ojee riryOOKOW AECTPYyKLUH,
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JaBasi OTPAaHUYCHHBIN HA0OP TEPMOJAMHAMUYECKHA 00JIee YCTOMYMBBIX BEIIECTB, BXO-
JSIIIUX B COCTAB CMOJIbI KOKCOBAHUS (KAMEHHOYTOJIBHOM CMOJIbI) U KOKCOBOIO Ta3a.
[Iponecchbl popMupoBaHUs TBEPOTO OCTaTKa MOJTYKOKCOBAaHHUSA M KOKCOBaHUS B
LEJIOM aHAJIOTUYHBI SIBJICHUSM, MPOUCXOISIIMM IMPHU TOJYYEHUU YIIerpaduToBbIX
MaTepUAJIOB.
Hanpaenenue peaxkyuii u cocmag npooykmoe mepmooecmpyxkuyuu TI'H
Pacnan BemectBa TI'M HaumHaercss ¢ pa3ppiBa HaMMEHEE IIPOYHBIX XH-
MHYECKUX CBA3eH. [Ipy manpHEenIeM NOBBIIIEHUN TEMIIEPATYPhI TTOJABEPTAOTCS JIECT-

PYKIIMHU Bce Oosiee mpouHble cBsi3u. O4epeTHOCTh pa3phiBa CBA3EH MEHSICTCS B PSITY
(cm.Tabm. 1.1)

C—rerepoarom > C—C>C-H>C=C>(C,;—C,,>C=C,
e Cyy— Cyp — CBSI3M OEH30IBHOTO KOJBLIA.

TepMOIMHAMUYECKM BBITOJAHBIMM OKa3bIBAIOTCS  CIEAYIOIIME MPEBPAILECHUs
(parMeHTOB BEIIECTBA TOPIOYMX UCKOMAEMBIX MPU TEMIEpaTypax MOTyKOKCOBAHUSL:

a) JACCTPYKTHUBHBIC ITPOICCCHI, HAIIPUMCED
CH3_ CHZ— CHz_ CHz_ CHz_ CH3 —_— CH3_ CHz_ CH3 + CH3_ CH= CH2

O —_— CH3_CH2_CH2_CH2_CH=CH2

\ © +3H,
@CHz—CHZ—CHz—CH3 — + CH,=CH—CH,—CH;

OCH3 + CH,=CH—CH,

0) mpoiiecchl KOHEHC AU, HAlPUMEP

() —
CH,
(e Orenmen ) -

IIpu TeMriepatypax KOKCOBaHUSA 3aMETHO YBEIMUMBAETCS A0S PEAKLIAN, IIPU-
BOJAIIMX K apOMATU3ALMU JIETY4HX IPOAYKTOB. B pe3ynbrare KaMeHHOYTOJIbHAS
CMOJIa COCTOUT MOYTH UCKITFOYUTEIBHO U3 HE3aMEIICHHBIX apPOMaTUUYECKUX COECIUHE-
HuM. B 3ameTHON Mepe apoMaTr3anys JETYYUX IPOAYKTOB CBA3aHa C PEaKLUsIMHU
JUEHOBOI'O CHHTE3a U BO3PACTAHUEM JIOJIM IETUAPUPOBAHUS IIPU BBICOKUX TEMIIE-
patypax, HanpuMmep
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2CH,=CH, -»CH, =CH-CH=CH, +H,
C,H,~CH=CH, »CH, =CH-CH=CH, +H,
CH,

7
HC CH,
o L J—[ J+m

CH,

//CH2
HC
| + — + 2H,
HC\\
CH,
[TonusnepHbie apoMaTHYECKHE COSTMHEHUS 00pa3yloTcs U 0e3 yJacTHs Jire-
HOB 3a CUET KOHJACHCALIUU sAep, HAIIpUMEP

2 +H2

Otcroga cineayer, 4To B 0Opa30BaHMM JIETYYUX MPOIYKTOB YYacCTBYIOT He-
apOMAaTHYECKUE CTPYKTYpPBI, a apoMaTH4ecKue (parMeHThl MOJIEKYJl B OOJbIIEH
cTeneHu (OpMHUPYIOT TBEPABIA OCTATOK.

AHanu3 KUHETUKH M TEPMOJMHAMUKH TEPMHUYECKHX IpEeBpalleHuil opra-
HUYECKHMX BEILIECTB MO3BOJIAET CAENATh psj OOLIMX BBIBOJOB O HAIPaBIECHUU pe-
aKUMH U COCTaBe MPOAYKTOB MOJIYKOKCOBAaHUS M KOKCOBAaHUS YIVIEH pPa3IM4YHOIO
IPOUCXOXKACHUS U cTeneHu yriaepukanuu. CiaenyeTr 0)xuaaTe 0oJiee JIErkoro pac-
naja HU3KOyIJe(UIUPOBAHHBIX TOPIOYMX MCKOMAEMbIX M3-3a MOBBIIIEHHOTO CO-
JEpKaHUS TeTepoaToMOB M OoauMHapHbIX cBA3ed C—C B uX BeIIECTBE IO CpaB-
HEHHUIO C BBICOKOMETaMOP(U3UPOBAHHBIMU YIIIsIMU. TO K€ OTHOCUTCS U K YIJIIM
Pa3IMYHOTO MPOUCXO0KICHHUS: CAPOIEIUTH MEHEE TEPMOCTOUKH, YEM I'yMOJIUTHI
U3-3a BBICOKOW MX apoMmatudHocTu. Temneparypa Hadana aectpykuuu (°C) rymo-

JIUTOB: Topd ~100
Oypble yriu 160-200
KaMEHHBIE YTJIN 200-300
AHTPAIUTHI ~380

Bceneactue Oonee erkoro paciieruieHust CBsizel yriepoa-rerepoaTrom Jie-
Ty4Yue IPOAYKTbI 00OTaIIEeHbI CEPO-, A30TCOAEPKALMMH Ta3aMHU, HallpUMep, B ra-
3ax TepmojecTpykuuu coaepxkarcs H,O, CO, CO,, H,S, NHj3, a B TBepaom octat-
K€ MOBBIILIEHO cojepkaHue yriaepoga. CocTtaBbl MPOAYKTOB TEPMOJAECTPYKLUU
TYMOJIUTOB M CamlpOIIeIMTOB pe3KO paznuyaroTcs. OIeHKa cocTaBa MPOIYyKTOB
nosiykokcoBaHus paznuunbeix TI'Y npuBenena B tadm. 4.1.
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Tabnuua 4.1
YcpeaHeHHbIH COCTaB NPOAYKTOB noaykokcosanusa TI'U

Ouenka cocraBa, Mac.% Ha Cyxo€ BEIIECTBO
Hcxonnoe
BCIICCTBO [Tonykokc |IlepBuunas| Iluporenernueckas | IlepBuunslii ra3
cMoJa Bosa**
Topd 47 13 19 21
Bypslii yrons 65 12 8 15
KamenHsIi yronb 81 9 4 6
banxammT* 10 66 8 16
I"oprounii cnanen 25 56 7 12

*—CarnpornenuT TOppsSHOM cTaauu yrieoopa3oBaHus
**_Bona, moryJaromniasicss Ipu TEPMUYECKOM PA3T0KEHUN UCXOTHOTO BEIIECTBA.

Haunbomnee BBICOKHI BBIXOM JETYYUX MPOMYKTOB XapaKTEPEH IS CarpOTIeI-
TOB, Y TYMYCOBBIX YIJIEM OH CYLIECTBEHHO HMXXE U 3aKOHOMEPHO CHHXKAETCS C POC-
TOM yriepuiupoBaHHOCTU. Takoe K€ CHUKEHHE BBIXOJA JICTYUHX BEIECTB Ha-
OJII01aeTCsl Uy CanpoIeUTOB, XOTS U MEHEe SPKO BBIPaKEHHOE. JTa 3aBHCH-
MOCTb MOXKET ObITh 00BsSICHEHA apomaTu3arueit BemectBa TI'M B mpouecce yrie-
dbukanuu, ¢ KOTOpor CBsI3aHO (POPMUPOBAHKME KOHACHCHPOBAHHOTO TBEPIOTO OC-
TaTKa TEPMOJECTPYKLHU.

IIpu mepexosie OT MOJYKOKCOBAaHMS K KOKCOBAaHHUIO MEHSIETCSI COOTHOLLIEHUE
MPOAYKTOB, HAXOSAIIMXCS B Pa3HBIX arperatHbiX coctosHusx Hampumep, nns ka-
MEHHBIX yTJIel 3TO COOTHOIIIEHUE PUBEACHO B Ta0. 4.2.

CHmxeHue BbIXOJa TBEPAOr0 OCTaTKa CBSA3aHO C Pa3lIOKEHUEM IMOJTYyKOKCa.
o temneparypsl ~700° C OpoUCXOAUT AECTPYKIMS MOJTYKOKCA C OTUICTNICHUEM
razoo0pa3HbIX MPOAyKTOB, oboramennbix H,, CH;, CH,=CH,, u norepeii rerepoa-
TOMOB. KaMEHHOYTOJIbHBINM KOKC MPETEPIIEBAET NPEBPALICHUS], AaHATIOTUYHBIE TTPO-
UCXOJISLIUM IPU TepMOOOpabOTKe, HapUMep, HEPTIHBIX KOKCOB.

BricokomouekyiApHbIE IEPBUYHBIE JIETYYUE MPOAYKTHI JECTPYKLUHMHU B IIPO-
1[ecce KOKCOBAHMS TOJABEPTAIOTCS MUPOJU3Y C O0Opa30BaHHUEM apOMATHUUECKUX
YIJIEBOJOPOJIOB U TETEPOLMKIOB M OTIICIUICHUWEM JErkux Mouiekyi. llo arou
MIPUYMHE B COCTABE JIETYYUX MPOJYKTOB KOKCOBAHUS CHUKAETCS JOJIS )KUIAKUX U
MOBBIMIAETCS KOJTUIECTBO Ta3000pa3HBIX BEIIECTB.
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Tab0mwura 4.2
OueHka BbIX0/10B NMPOAYKTOB MOJYKOKCOBAHUSA
1 KOKCOBAHHMS KaMEHHBIX yrJiei

[poayKThI Berxon, mac.%
pory [TonykokcoBanue, 550° C |KokcoBanue, 1100° C

TBepabie ]1 73
Kunkue:

cMoJia 9

CBIpOM OEH30.1 _ 1

NUpOreHeTUYeCcKas

BOJa 4 1
["a3000pa3ubie 6 17

YraepoaucToe TBep0e TeNo MOIyKOKCca U KOKCa CIIOCOOHO pearupoBarth C ra-
3000pa3HBIMU IPOIYKTaMH, HAITPUMEP
C+HO—->CO+H,

C+2H,0 - CO,+2H,
C+CH4—>2C+2H2

B pesynbprare cHmKaercs BBIXOJ NMHUPOIE€HETUYECKOW BOJIBI, & 3a CUET pPEeaKkuuiu
PAa3JI0KEHUS YIIEBOJOPOJOB HA MMOBEPXHOCTH KOKCA IMTPOUCXOAUT OTIIOKEHUE IH-
poyriiepoJa.

Xapaxmepucmuka npodyxmoe KOKCO6aHUA U NOJIYKOKCOB8AHUA

llepsuunvie cmonvl

[IepBuuHbBIE CMOJIBI — CIOKHASI MHOTOKOMIIOHEHTHAsI CUCTEMA OPTraHUYECKUX
COEIMHEHUH pa3HbIX KiaccoB. [loaromy ans ynoOcTBa M3ydeHHs ee pas3lessiioT Ha
rpyIbl. PaccMOTpUM KpaTKO 3TH TPYINIbI Iy TyMOJUTOBBIX T1U:

1) opeanuuecxkue ocnosanusi - ClOXHasi CMEChb apOMAaTUYECKUX, TMAPOAPO-
MAaTHYECKUX, IETEPOLUKIMYECKUX COCIMHEHUN C KHCIOPOACOAEPKAIUMH 3a-
MECTUTEJIIMU, B OCHOBHOM C MUPUJIMHOBBIMU, XUHOJIMHOBBIMH, MTUPUMUINHOBBIMU
Y IUPPOJIbHBIMU KOJIBIIAMU;

2) opeanuyeckue KapOOHOBble KUCIOMbL - XKUPHOTO U apOMaTUYECKOTO
psana, ¢henomokucnoTsl U XUHOHBL. Comepxkat a0 70 mac.% MOHOKapOOHOBBIX
anu(paTUIECKUX KUCIOT HOPMAIBHOTO CTPOCHMUS;

3) penonvt - kpome cOOCTBEHHO (DEHOIOB COJEPKAT XUHOHBI, CIIUPTOBBIE,
KETOHHBIE, aJIKOKCUJIbHBIE TPYIIIbI, KUCIOPOJ F€TEPOIUKIIOB;
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4) yene6o0opoovi - MHOTOKOMIOHEHTHBIE CMECH YIJIEBOAOPOIOB C MpH-
MEChbI0 HEHUTpaJbHBIX KHUCIOPOIHBIX coeauHeHui. IIpeobOnamaioT H- U uso-
ankanbl 10 Cyp;

5) HeumpanvHble KUCIOPOO-, CEPO- U A30Mmcooeparcaujue coeounenus, y Ko-
TOPBIX YTJICPOAHBIA CKEJIET MOJIEKYJ MOCTPOEH M3 apoOMaTHYECKUX Wi Had-
TEHOBBIX ITUKJIOB C OONBIINM KOJMYECTBOM JUIMHHBIX alu(aTUIECKUX IIETIOYCK.
Kpome TOro, B HUX MPUCYTCTBYIOT KETOHBI, CIO0KHBIE 3(UPHI, JTAKTOHbI, XMHO-
HBI; ATKOKCUJIBI, KUCJIOPO U a30T B T€TEPOIIMKIAX;

6) acgpanemenst - NOANGYHKIUOHATBHBIE COSTMHEHUSI TTOBBIIIIEHHOW apoMa-
TUYHOCTH CO CPEJAHMM YHUCJIOM KOHAEHCUPOBaHHBIX snep 1-10, copeprxammx
OO0JIBIIIOE KOJIMYECTBO I'€TEPOLIMKIIOB.

B cmonax mosykoKCOBaHMsI YHCTBIX CAlpONEIUTOB YacTO MOYTH HET (e-
HOJIOB U acdayibTeHOB. CraHIIeBbIe K€ CMOJIbl, 00pa3yIONIMECs U BbIIEISIOMIUECS
npu Temneparypax Bboiie 300°C, cogepxaT 3HAUUTEIHHOE KOJIUMYECTBO (DEHOIIOB.

Ilepsuunviu a3
IlepBruuHBIA ra3 COCTOUT, B OCHOBHOM W3 METaHa, a TAKXKE BOAOpPOJA, HeE-
MPEETbHBIX YIJIEBOJIOPOAOB U JETYYUX TETEPOCOETUHEHUM.

Cmona koxcosanus
CocTaB cMOJIBI KOKCOBAaHHSI OTHOCHUTEIILHO nmpome, 4e€M COoCTaB HCpBH‘—IHOﬁ
cMmoJibl. B Hee BXOJAT IIOYTH HE3aMCIICHHBIC KOHACHCUPOBAHHBIC apOMAaTHYCCKHUE
COCAMHCHUS, HAIIPUMED

O~ OO

Ha(TaIUH aneHadTeH aHTpalEcH CTUPOJI dbeHnaHnTpeH

FeTepoaTOMBI COCpECAOTOUCHEI B q)CHOHaX N I'CTCPOHHUKIINYCCKUX COCAUHCHUAX
S YsON Ya®
S L)
CH; © N S

benon KpEe30JIbl nuoeHzopypaH  mupuAMH — KapOazon TOeH30THO(DEH

"CoIpoii" O€H30J1, BBIIEISEMBIM M3 NapOra3oBbIX HPOIYKTOB KOKCOBaHUS,
BKJIIOYAET OEH30J1, TOJIyOJ] U KCUJIOJBIL.

Kokcoeswiii caz
Koxkcoseiii raz conepxkutr CHy, Hy, CO 1 HEKOTOpOE KOJIUYECTBO JIETYYUX I'e-
TepocoeanHeHuil. [lo cpaBHEHHIO C Ta30M TOJYKOKCOBAaHMUS OH OOOTalieH BO-
JIOPOJIOM U OOEHEH YIJIEBOJOPOIaMHU.
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CocTaB TPOIYKTOB TEPMOACCTPYKIIMU PA3NHYUCH IS PA3TUIHBIX TETPO-
rpaguIecKux KOMIIOHEHTOB yTJISI U MOXET OBITh CBSI3aH C UX XUMHYECKUM CO-
CTaBOM W CTeleHpio MeTamopdusma. TemmepaTypa Havala TEpPMOISCTPYKIIUU
TPy MUKPOKOMITOHEHTOB MEHSIETCS B PSIAY: JIMITUHAT<BUTPUHUT<UHEPTHUHUT, a
BBIXOJI JICTYYUX BEIICCTB M3MEHSIETCS B IMPOTHBOMOJOXHOM HampaBiieHuH. [1o
Mepe HapacTaHusi MeTaMOopdu3Ma BBIXOJ JIETYYMX BEIIECTB CHIDKACTCS I BCEX
MUKPOKOMIIOHEHTOB (puc. 4.2.).

Puc. 4.2. Boixo neTyuux BEIIECTB U3 MUKPO-

daf,
Mac. %o
1 « THTITHAITHT
FTy) 2 - ARTPHHEAT
3 - MHCPTHHET
&0
40
20
i i 1 " [ ¥

05 1,0 1,5 20 25 30 35 R, %

KOMIIOHEHTOB YIJIeH pa3HbIX CTeNIEHEH MeTa-
MopdusMa

Koxkcooopazosanue

B mponeccax moyiyKOKCOBaHUSA M KOKCOBAHUS CYIIECTBEHHYIO POJIb UIPAIOT
IpeBpalleHus, IpoTeKarollie B KOHACHCUPOBAaHHOM (aze. DopmupoBaHue TBEpIO-
ro Teja B 3TUX YCJIOBHUAX IMOXO0XKE Ha TO, KaK 3TO IPOUCXOIAUT B IpoLieccax IOJLy-
YeHUs YIJIerpauTOBBIX MATEPUANIOB, XOTS U MMEET Psij CYHIECTBEHHBIX OCOOEH-
HocTel. ' maBHAs U3 HUX — YCJIOBUS B3aUMOJICHCTBUS TBEPAOH U kuakou daz. s
yraerpauToBbIX MaTepUANIOB MUMEETCS TPaHMIIa WX pasliena, TorAa Kak MpH KOK-
CcOo00pa30BaHUU €€ TPYJHO YCTAaHOBUTD.

IIpn HarpeBanuum TI'M mpoTrekaroT nmpoueccrsl pasHOTro poaa: ¢ OJHOM CTOPO-
HbI, IPOUCXOJUT pa3MArYeHUE YacTU BellecTBa 0€3 ero pacrnaja 3a CYeT IUIaBJie-
HUS, a C APYTrod — TepMUYECKas JECTPYKIUS MaKpOMOJIEKYJI 110 Haubosee ciadbiM
cBs3aM. OOpasyromuecs: pajuKaibl PEeKOMOMHUPYIOT WIM MHULIMKAPYIOT paguKaib-
HO-LICTIHBIE PEaKIUU ACCTPYKLIMU W NoJuMepusauuu. MouekyisipHas macca
(MM) 0CKOJIKOB OKa3bIBa€TCsl paclpeae€eHHON B IIMPOKOM UHTEPBAJIE 3HAUCHUH.
B 3aBucumoctu ot 3nauenus MM ockosouHbie ¢hparMeHThl OCTAIOTCS B TBEPAOH
(a3ze, nepexoAT B KUIKOE COCTOSIHME WM 00pa3yroT JIeTyuue MpoaykThl. B pe-
3yJbTaTe BO3HUKAaeT MHOTO(a3Has cUCTeMa, B KOTOPOM HaXoAsTCs paclpeje-
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JeHHbIE B 00BeMe TBEpAbIC, KUAKUE U Tra3000pa3Hble KOMIOHEHTHI, B3aUMOJCH-
CTBYIOIIME MEXIy co0o0il. DTa cucTemMa, B KOTOPOH MpPaKTHUYECKH HEBO3MOKHO
BBIJICJIUTh TpaHulbl (a3, Ha3plBaeTcs IulacTuyeckol maccoi. Ilmactuueckas
Macca cyuectByeT B uHTepBasie Temneparyp 300-550° C, npuuem cocTaBisione
€€ KOMIIOHEHThI HEMPEPHIBHO U3MEHSIOTCS 110 Mepe HarpeBaHusi. B mporiecce cre-
KaHUsl pa3IM4yHble NeTporpaduuecKue KOMIIOHEHTHI YIS BEAYT ce0sl I0-pa3HOMY.
JIMDTUHUT ¥ BUTPUHUT IEPEXOJAT B IIACTUYECKOE COCTOSIHUE, & UHEPTCHUT HE
pa3MsryaeTcs Jaxke 3a c4eT JECTPYKIMU MaKPOMOJIEKYJL.

[Inactuueckas macca yrias HANOMMHAET IJIACTU(UUUPOBAHHBIN HHU3KO-
MOJIEKYJISIPHBIM PAacTBOPHUTENIEM IOJIUMEDP, B KOTOPOM MOJIEKYJIbI KHJKOCTH Ha-
XOJATCSL B IPOCTPAHCTBE MEX]Ly MoJieKyJ1aMu TBepaol (da3bl. [Tnactudukanus yr-
Js1 IPUBOJUT K Pa3pyLUICHHUIO €ro HaAMOJEKYISIPHOU CTPYKTYpPbI M HOBBIIICHUIO
MOJIBU’KHOCTH MaKpOMOJIEKYJI, YTO CIIOCOOCTBYET UX B3aUMHOM MEPEOPHECHTALIUU.
[Tnactuduxanus obneryaeTcss s yIJIed C HEYMOPSIOYEHHON CTPYKTYypoll u
OOJIBIIMM KOJMYECTBOM HEPETYJSPHO PACIOIOKEHHBIX aTOMOB yriepopna. Ilma-
ctuduIrpoBaHre HaOMONAaeTCs MPU JOCTATOYHO KPYIMHOM pa3MoJie YTrOJIbHBIX
yactul] (1-3 mm). [Ipu menkom pasmorne (10 0,2 MM) KHJIKHE HEJEeTy4YHue MpPOayK-
ThI JIETKO MOKUAAIOT 3€PHO, YTO MPUBOAUT K paccloeHuto (a3 U reTeporeHnu3anuu
cucTeMbl. JTOT 3((HEKT MOXKHO MOJIaBUTh, €CIIM YBEJIUYUTH J1aBJICHUE B CUCTEME,
IPENATCTBYIOLIEE YIAICHUIO KUAKOCTH U3 TBEPABIX YACTHIL.

IIpn yBenudeHUM TEMIIEpaTypbl M IPOJOJDKUTEIBHOCTH IIpoliecca Hadu-
HAETCsl OTBEPIKJICHUE MIaCTU(ULUPOBAHHONW MAacChl BCIEACTBUE YKPYIHEHUS MO-
JEKyJl, BXOASIIUX B XKUAKYI0 (a3y. OTBepkIeHHE IMJIACTHUECKOH MacChl B 30HE
KOHTaKTa YacCTHUL NPHUBOJUT K MX CHEKaHHIO. [I[pOYHOCTh CniekaHus U CBOWCTBA
TBEPJIOTO TEJIA 3aBUCAT OT pa3Mepa YaCTHIl U CBOMCTB MOBEPXHOCTH UX KOHTAKTA.
OnTuManbHbBIA IJI KaXJIOTO YIJIA pa3Mep YacTULl ONPEAEISIETCS AMIUPUYECKU.
Caumkom KpynHbIE KYCKH C HU3KOM yIEJIbHON MOBEPXHOCTBIO JAlOT HEOJHOPOI-
HBIE MOJIYKOKC M KOKC, CIMIIKOM MEJKHE IIOXO CIEKAKTCA H3-32 BO3MOYKHOI'O
PACCIOCHMS CUCTEMBI M HU3KOTO YIEIbHOTO KOJIUYECTBA KUJAKUX HEJETy4YHX Mpo-
JTYKTOB Ha €IMHUILY TOBEPXHOCTH.

TpeOoBaHusAM, MpEAbABIAEMbIM K KaU€CTBY METAJLTypPrHUE€CKOro KOKca, OT-
BEYAET KOKC C aHU30TPOIHOM CTPYKTYpOM, KOTOpas oOpa3yercs, pU YCIOBUU —
OTBEPKJCHUE IJJACTUYECKON Macchl NMPOUCXOAUT IOCIE CTaAUM Me30(]a3HbIX
npeBpaieHnil. Kak u npu noayyeHUM aHU30TPONHBIX yrierpaduToBbIX MaTepHua-
J0B Me30(ha3y (GopMHUPYIOT TMPEUMYIIIECTBEHHO IIJIOCKUE MOJICKYJBI C OOJBIION
JoJiel apoMaTHdecKux CTpyKTyp. [lpu oTBepx)aeHnn Me30(ha3zHoi TuracTuuecKon
Macchl 00JaCTH CTPYKTYPHOM YHOPSIIOYEHHOCTH COXPAHSIOTCS, JaBas aHM30-
TpoImHbIi noxykokc npu 500-550° C.

[Ipouiecc OTBEpKAECHHUSI MPOUCXOAUT 33 CUET YKPYIIHEHHSI OCHOBHBIX CTPYK-
TYpPHBIX €IMHUI] BELIECTBA, T.€. peakiuil cunTe3a. CregoBarenbHo, Ipu 00pa3o-
BaHUHU IJIACTUYECKOTO CJI0s MPe00IajatoT SHAOTEPMUYECKHE MPOLECCHl IECTPYK-
11U, a Ipu GOPMUPOBAHUU TOJIYKOKCA — SK30TEPMUYECKHUE PEAKIIMHM KOHACHCALIH
u nonumepuszauuu. [lpym nanpHEHIeM MOBBIIEHUH TEMIIEPaTypbl YTIEPOIHbIE
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6ok nonykokca mpu 800-900 °C cpamunBaroTcs B KPYIHbBIE YITIEPOIHbIE CUCTE-
MBI KOKca. [Ipu 3Tux TemmepaTypax MpOUCXOAMT MOTEPs MOYTH BCEX TeTepoaTro-
MOB, COJEPKaBIIUXCS B MUCXOAHOM yriie. Marepuan KOKca JOMOJHUTEIBHO YII-
pPOYHSIETCS 3a CYET MUPOJIU3a JIETYYHX MPOIYKTOB, MPH KOTOPOM OOpa3yIoLIuiics
yIJ1epoJl OTIaraeTcsi Ha MOBEPXHOCTH TBEPJOTO Teia. Y MEHbIlIEHHE 00beMa KoKca
(ycazmka) o CpaBHEHHUIO € TIOJTYKOKCOM COMPOBOKIAETCS €r0 YIUIOTHEHHEM.

B menom cxema KOkKcooOpa3oBaHHsS MOXKET OBITh INPEACTaBlI€HA CIEAYIO-
MU OCHOBHBIMHU CTaJIUSIMU

opraHmyeckasi Macca yrJs (IUlaBl€HHE, ACCTPYKIUS, TUIacTU(UKAIIMS)—>
IacTudyeckasi Mmacca (JecTpykuus, cuHTe3)—> Me3o0¢a3za (OTBEpkKIACHUE, KOH-
JEHCals)—> MOJYKOKC (COBEPIIEHCTBOBAHUE CTPYKTYPhI)—> KOKC

Meramnyprudueckuii KOKC ¢ 3apaHee 3aJaHHbIMH CBOMCTBAaMU MOTYT J1aBaTh
KaMEHHbIE KOKCYIOIIMECS YIJIM, OJTHAKO WX 3amachkl orpaHuyeHHbl. [losTomy mo-
MEHHBIN KOKC IMOJIyJarOT B HACTOSAIIEE BPEMs, B OCHOBHOM, IIPUMEHSSI CMECH yT-
Jel pa3HbIX Mapok. OHU CIOCOOHBI JaBaTh TBEPJIbIN CIIEKIITUNHCA OCTATOK TEPMO-
JNECTPYKIIUH, MO0 CBOMCTBAM COOTBETCTBYIOIINHN KOKCY U3 yriei Mmapku K. Takas
cMech HasbiBaeTcsl muxTol. YacTto k muxTe A00aBiSIOT BEUIECTBA, HA3BaHHbBIC
ME30T€HHBIMH, KOTOPbIE CIIOCOOHBI CTPYKTYPUPOBATHCS B Me30(¢azy. OOBIYHO ITO
POYKThI TEPMUYECKON TIepepadoTKu HedTH U yris (TIeKn).

OcHoBHbIE TpeOOBaHMS K KOKCY KaK BOCCTAHOBUTENIO U DHEPTOHOCUTEINIO B
JOMEHHOM IIPOLIECCE CIIETYIOLIHE.

1. locTaTO4YHO BBICOKAs, HO HE MPEBBIMIAIOIIAS JOIIYCTUMOTO YPOBHS CKO-
POCTh TOPEHHUSI U BOCCTAHOBJICHHS Ta30B (XMMHUYeCcKas akTUBHOCTH). [Ipu cnum-
KOM BBICOKOI aKTHBHOCTHU IMOBBIIIAETCS pacxo] Kokca Ha | T mertamna. Xumu-
YyecKasi akTUBHOCTD BEJIMKA Y U30TPOMHBIX KOKCOB M MOHIKEHA y aHU30TPOITHBIX
3a cYeT MEeHbIIEH 1ePEKTHOCTH UX MOBEPXHOCTH;

2. Bricokoe conepxanue yraepona. Hanuure HeyriaepoaHbIX KOMIIOHEHTOB B
KOKCE YBEJIMYMBAET €r0 PacXoj M YXy/AIIAeT BOCCTAHOBUTENbHbBIE CBOMCTRA;

3. Huzkoe conepxanue cepol U hocdopa, yXyAmarommux KayecTBO MeTaa;

4. Bpicokasi MexaHUYeCKasl MPOYHOCTh KOKCa MpHU TeMIeparypax Ipoiiecca,
o0ecrneurBaroIas BHICOKYIO ra30IpOHUIIAEMOCTh paboyero ciosi B JOMHE.

Cpennuii cocTaB KOKCa Ha OPraHUYECKOe BelecTBO (Mac.%) TakoB: yriiepos
>96, Bogopon <0,5, azot ~0,7, kucmopon ~0,3, cepa <2, dbochop <0,015. Conmep-
’KaHHe 30JbI B 00IIel Macce KOKCa MpHU 3TOM HE JAOJDKHO mpeBbImaTth 9 mac.%.

Cy1iecTBYIOT HEKOTOPBIE 00IIMe MPUHIUIBI BHIOOPA M OLIEHKH YIJIEH C BbI-
COKOM KOKCYIOIIEH CITIOCOOHOCTHIO:

1) Hamuure BUTPUHHUTA, OOpa3yIOIIErocss B XoA€ Tenu(uKaluu, C BbICOKOU
JI0JIEN JIETKO MIAaCTU(ULUUPYEMBIX TIIOOYIISIPHBIX CTPYKTYD;

2) Bbicokoe oTHomieHue H/O — oOoramieHHble KHUCIOPOJOM YIJIU 3aMETHO
MEHee TUIaBKH, a MPOAYKTHI UX JECTPYKUUU HE OOpa3yloT B3aUMHO OPUEHTHUPO-
BaHHBIX AJIEMEHTOB CTPYKTYPBbI;
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3) HamMuyue THUAPOAPOMATHUYECKMX KOMIIOHEHTOB B IIACTUYECKOW Macce
yris. OTCYyTCTBHE apOMaTUYECKOIO yTiepoJa NPUBOJUT K HU3KOW CIEKAEMOCTH
yIis NpU OTBEpkAeHHUH. JlerkonnaBkue TUNTOOMONUTHI HE 00pa3yrT KOKC
BCJIE/ICTBHE HU3KON apOMaTUYHOCTH MX BELIECTBA.

Bausanue pestcuma na cocmag npoOykmoe noayKoKCo8aHus u KOKCO8AHUA

CocTaB NpPOIYKTOB OMNPENECNHACTCA HE TOJBKO MOPUPOAOM HMCXOAHOTO TIO-
pIOYEro MCKOMAaeMOTo, HO M yCIOBUSIMH MPOBEACHUS Mpollecca TEPMHUUECKOM Je-
CTPYKIIMU: pa3MEPOM 3€PEH YIJIsl, CKOPOCThIO HArpeBa, AaBJICHUEM B CUCTEME. ITO
CBSI3aHO C MHOTO(a3HOCTBIO CUCTEMBI, B KOTOPOU MPOTEKAIOT KaK MEPBUYHBIC, TAK
¥ BTOPUYHBIC peakiuu. TepMopasioxkeHue TBep1or (pa3bl U MIaCTUYECKON MaCCHI,
a TaK>K€ B3aUMOJEHUCTBUE X C MApO-ra30BbIMU MPOJTYKTAMM MPOTEKAET B TPEX 30-
Hax:

1) HEmOCPEACTBEHHO B BEIIECTBE YIJISA M KUIKUX HEJIETyYUuX MPOAYKTax

TEPMOJIECTPYKIINH;
2) B mopax yrojbHBIX 3€pE€H, KOT/Ia BBIACIAIONINECS W3 TBepAou (aswl je-
Ty4ue€ KOMIIOHEHThI B3aUMO/JICUCTBYIOT C UX CTEHKaMHU;

3) B MEX3EpEHHOM MPOCTPAHCTBE (B CIIOE).

OueBHIHO, YTO HA BCE ATU IPOIIECCHl BHEIIHHUE BO3JCHCTBUS OYIyT OKa-
3bIBATh PA3JIMYHOE BIUsSHUE. ECM necTpyKIusa caMOro yrojibHOrO BELIECTBA MPO-
UCXOJUT MpaKTH4YeCKH O0e3 BiusHHUS TUuddy3uu U OnpenensieTcs, B OCHOBHOM,
MPOYHOCTHIO XMMHUUYECKUX CBSI3€HM, TO OCTaJbHBIE MPOIECCHl CUIBHO 3aBUCSIT OT
YCJIOBUM, B KOTOPBIX MAPO-Ta30BbI€ MPOIYKThl PEArPyIOT C BEIIECTBAMU KOHJCH-
cHUpoOBaHHBIX (a3. B mepByro ouepeb, 3T0O OTHOCUTCS K BPEMEHHM MX KOHTAKTA.

C TOYKHM 3peHHS] TEPMOJIMHAMUKH, COOTHOIICHHUE JIETYYMX U HEJIETYy4YHX Ipo-
JYKTOB MOJYKOKCOBAHUSI U KOKCOBAHUSI U JOJIM MPOCTBIX U CIIOXKHBIX KOMIIOHEHTOB
B UX COCTaBE€ OMpeJeNisieT TOJIbKO KOHEUHasl TeMIieparypa npouecca. B mpunmune,
IIPU €€ MOBBIIICHUH J0JIS JIETYYUX MPOAYKTOB, OCOOECHHO Ta3a, JODKHA BO3pac-
TaTh B CBSI3U C MX IMOBBIIIEHHOW TEPMOJUHAMHYECKON YCTOMUYUBOCTHIO B 00JIACTH
BBICOKUX TEMIIepaTyp. ITO COOTBETCTBYET HKCICPUMEHTAIbHBIM JaHHBIM MpU
MPOBEJICHUHU MPOIecca MPU MPOYUX PAaBHBIX YCIOBUAX. MI3MEHEeHHE NpyTrux ycio-
BUM peakIuii MPUBOJUT K 3HAYUTEILHOMY U3MEHEHHUIO BPEMEHHU IPEOBIBAHUS Jie-
TY4YUX MPOAYKTOB B MOPAX 3€PEH U B CJIOE€ U, COOTBETCTBEHHO, K U3MEHEHUIO BBI-
X0/1a MPOTYKTOB I€T€POr€HHBIX MPOLIECCOB.

Bpems koHTakTa mapo-ra3zoBBIX MNPOIYKTOB C TBepaoi (a3oi Oyaer yBe-
JUYUBATHCS TIPU YBEIMYCHUHM OOIIEro JaBJIeHus, pazMepoB dactuil TI'U, BeICOTHI
CJI0Sl ¥ CHWKEHUU CKOPOCTH TMOJbeMa TeMIlepaTyphl. B mepBoM ciydae 3TO BBI-
3BaHO YMEHBIIEHUEM JIMHEUHOW CKOPOCTU JIETy4YHMX MPOAYKTOB B MOpaxX YacCTHUIl U
B CJIO€. YBEJIIMUEHUE Pa3MEPOB YACTUIL U BBICOTHI CJIOSl YBEIIMUUBAIOT MyTh, IPOXO-
JUMBbIA OTOKOM M3 IEHTPA YacTUI[ JO BEPXHEro ypoBHS ciosi. Manasi CKOpoCTh
NoAbEMA TEMIIEPATYPhI YBEIUUMUBAET BPEMS JOCTHKEHUS 3aIaHHON TeMIepaTypbl
mpolecca U, Kak CIEICTBHE, YBEIMYMBAET BpEMs KOHTAKTa ra30BOM M TBEPAOU
¢da3. M3MeHeHne yka3aHHBIX MMapaMeTPOB MPOBEACHUS Mpoliecca B MPOTUBOIIO-
JIO)KHYIO CTOPOHY YMEHBIIIAeT BpeMs KOHTakTa (has.
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Takum oOpa3zom, BapbUpysl yCIOBUS TEPMOJECTPYKIIMH, MOXKHO YIPAaBIATH
KaK COCTaBOM €€ IIPOLYKTOB, TaK U Ka4e€CTBOM TBEPJAOI0 OCTaTKa, KOTOPOE B 3a-
METHOW MEpE CBA3aHO C MPOTEKaHUEM BTOPHUYHBIX IPOLIECCOB.

4.2. KataJauTuyecKMil KPEKUHI U AJIKUJIMPOBAHHKE YIJIEBOA0POI0B

4.2.1. KaTanutu4eckuii KpeKUHT

Karanutuueckuii KpekuHr He(TenpoAyKTOB Oo0jee IIMPOKO MPUMEHSETCH,
[0 CPAaBHEHUIO C TEPMUYECKUM KPEKHMHIOM, JUJIsl POU3BOJICTBA JIETKMX MOTOPHBIX
TOIUIMB. JTO BbI3BAHO HECKOJILKMMH MPUYMHAMM: MOJIydeHUEM OeH3MHa ¢ OoJiee
BBICOKUMM OKTAaHOBBIMU YHCJIAMM, YEM MPU TEPMHUUYECKOM KpPEKHUHTIE; OO0JIb-
el yAEeIbHOW MPOU3BOJUTENBHOCTBIO YCTAHOBOK KAaTaIUTHUYECKOTO KPEKHUHIa;
0osee MATKUMH TEMIIEPATYPHBIMH YCIOBUSMHU IIPOLIECCa.

OCHOBHOE OTIMYME KATAIUTHYECKOIO KPEKUHIa OT TEPMHUUYECKOTO COCTOUT B
TOM, YTO B MPUCYTCTBUU MOHHBIX KaTaJIU3aTOPOB HAOIIOJAEeTCs] HE TOMOJIUTHYE-
CKHI1, a TETepOIUTHYECKUN pa3pbIB cBA3el C-C, MpU 3TOM MPOUCXOIUT U3MEHEHHE
MEXaHu3Ma C paJuKaJIbHO-LIETHOIO HA HOHHO-LEMHOM.

B kadecTBe KaTaJM3aTOPOB KPEKWHIa HCIOJIB3YIOT BEIIECTBA C KHCIOTHOM
(GyHKIIMEH TUIa allFOMOCHUIMKATOB, OKCUABI AIIFOMUHHUS U JP.

AKTHBHBIE MPOMEXKYTOYHBIE YaCTULIBI —MOHBI KapOOHUSI — 00pa3yroTcs Mpu
B3aUMOJICMCTBUU KaTalau3aropa ¢ oJepuHAMU, KOTOpbIE, XOTb U B HEOOJIBIIOM
KOJMYECTBE, MOT'YT 00pa30BBIBATHCS BCJIEACTBUE TEPMOJECTPYKIUU HCXOIHOTO
YTIE€BOAOPOIHOTO ChIPhSI

CH, +MOH—C H] +MO".(M meramn)

Wons! xapbonuss C H) = HEYCTOMYMBBI M CIIOCOOHBI PACIafaThCsa HA MOJIEKY-

+1
761 onepriHA U HOBBIM MOH KapOOHUA, ¢ Oojiee KOPOTKOM yriiepoaHou 1ensio. Ta-
KOM MOH IOCTaTOYHO JIETKO OTPBIBAET BOJOPOJ B BUJIE TUAPHUJI-MOHA OT UCXOJHBIX
HEUTPATBHBIX MOJIEKYJ. B pe3ynbrare 3TOM peakuuu oOpa3yeTcsi yriieBOJIOPOJ C
KOPOTKOH 1IE€TIbI0, U pereHepupyercs uoH kapoonusa. Takum oO6pa3oM, pa3BUBaeT-
Csl LIETTHOM MpOIIecC pacileryieH s mapaduHOB.

Kak u B ciiydae pagukanoB, ctabuin3anus KapOOKaTHOHOB OCYILECTBISETCS
3a CYET COMPSIKEHUSI U CBEPXCONPSDKEHUs cBsizeil. U Te, U apyrue 4acTulbl 3J1eK-
TPOHOAECPUIIMTHBI, IOATOMY CTAOUIM3UPYIOIINE UX (PAKTOPBI OAMHAKOBBL. B yact-
HOCTH, PsiJl CTAOUIILHOCTH KaTHOHOB TaKOMN

+ + +

CH, < R—>CH, < R—CH=—R' < R—>C=—R!

TRH

[ToaToMy ra3 KaTaJIMTUYECKOTO0 KPEKHHTa OTIMYAETCs 0 CBOEMY COCTaBy OT
ra3oB TEPMUYECKOTO KpekuHra. BeiencTue manoii yeroitumocty yactuiy CH;™ n

+
C,Hs; B razax KaTaJMTHUYECKOTO KpeKWHTa Tpeobnamarot yrieBomopoasl Cs;-C.
KapOokaTnon meHee cTtaOuiieH, yeM paJuKail paBHOW MOJEKYISPHOU Macchl U
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TOM K€ CTPYKTYpbI, O3TOMY JJI HEr0 OOJErdaroTcs peakiuu HW30MEpHU3allUu.
OHU CBsI3aHBI C MEPECTPOMKON YrIEpPOJHOTO CKEJIETa MOJIEKYJbl U THAPUIHBIM
nepeHocoM. M3omepusanusi BO3MOXKHA U ISl PAJUKaIoB, HO B 3TOM CIIy4yae OHa
IPOUCXOIUT 0OJIe€ MEMJIEHHO, YEM JIPYTHE PEaKUUU C UX YYAaCTHEM, a MOITOMY
JI0JI1 U30MEPHBIX YIIIEBOJAOPOJIOB CPEAN MPOIYKTOB HEKATAIUTUYECKON JECTPYK-
nuu Maia. B pesynbrare u3zomepusanuu KapOokathnoHa oOpasyrorcs Oosee pas-
BETBJICHHBIE U, COOTBETCTBEHHO, 00Jiee CTa0UIIbHbIE YACTHUIIbI, HATIPUMEDP

+ —_— —_—

+ +

CH,
CH;, CH, l
4 g \ |

—_—

+

+ +

H H H

B pesynbpTaTe momoOHBIX MPEBpAIICHUN COCTaB MPOAYKTOB KaTAIUTUYECKOTO
KpeKHHra oOoraiieH HW30MEpPHBIMHU YTJIEBOJOPOJAMHU, 32 CUET YEro OKTaHOBOE
qrcno O€H3KMHA KaTATUTUYECKOTO KPEKUHTa MOBBIIIEHO 110 CPAaBHEHUIO ¢ OEH3MHOM
TEPMHUUYECKOTO KPEKHHTra. DTOT 3()P(PEKT yCHIMBAETCS BCIEACTBUE KATATUTUYECKO-
ro nepepacnpeaesieHusl BOAOPOAa MEXIy ojiepruHamMu U HadTeHAMH, MPUCYTCT-
BYIOILIMMH B PEAKIIMOHHOM Macce

3C,Hy, + O =L 3 Hy,+

ApeHbl, KaKk W pa3BeTBICHHbIC MapadUHbI, MOBBIIAIOT JETOHAIIMOHHYIO
CTOMKOCTh MOTOPHBIX TOIUIHB, MO3TOMY O€H3MH KaTaJTUTHYECKOTO0 KPEKHHra OKa-
3bIBaeTCsl 00Jiee BHICOKOKAYECTBEHHBIM, YeM MPOJYKT TEPMHUUYECKOTO KPEKHHTa C
TEM K€ UHTEPBAJIOM TEMIIEpATyp KUIICHHUS.

OOpBIB LIENU MPOUCXOIUT MPU B3aUMOACHCTBUU KapOOKAaTHOHA C OCHOB-
HBIM IIEHTPOM KaTajlu3aTopa, MpU 3TOM KapOOKaTHOH TepsieT NMPOTOH U MpeBpa-
nraercs B oJeuH.

Karanutnueckuii kpekuHr npoBoasat npu temnepatype 450-480° C B TeueHue
~1 ¢, Kak MmpaBUjIo, MPU aTMOC(HEPHOM NaBICHUH U pa30aBICHUU BOISHBIM IAPOM.
370 CcrOCOOCTBYET CMEIICHUIO PaBHOBECUS PEaKIMU, UIYIIEH C YBEIUYEHHEM O0be-
Ma, B CTOPOHY MPOJYKTOB, @ TaK:K€ CHHYKAET KOKcooOpazoBaHue. OcaxkaeHne TBep-
JIBIX TIPOAYKTOB PEAKIIMM HA aKTHBHBIX LIEHTPAX KaTaJu3aTropa OTPaBisIET €ro, U Uil
OYHMCTKU TIOBEPXHOCTH KOKC BBDKUTAIOT TOPSTYMM BO3TYXOM.

Kak u B ciryyae TepMOAECTPYKLMH, MPU KATATUTUYECKOM KPEKHUHT€ MOBBIIICHHE
TeMIeparypbl IPUBOJIUT K YBETMUYEHUIO BbIX0/1a Ta3000pa3HbIX U CHIXKEHUIO BBIXOJ1A
KUJIKUX yTraeBogopoAoB. [Ipu 3ToM cpenHsisi MOJEKYIsipHasi Macca BEILECTB Ta30BOM
U KUIKON (a3 CHIKAeTCs, a TAKKE YBEJMUMBACTCS KOKCOOOpa30BaHHUE.
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WNHrubuTopbl — COeAMHEHUSI ¢ OCHOBHOM (DYHKIIMEH, KOTOphIe MOTYT CBS3bIBATh
AKTUBHBIE YAaCTHIBI, 1 YMEHBIIATh CKOPOCTh MPOILECCA. YBEIUYUTh €r0 CKOPOCTh
MO’KHO 32 CYET JIOTIOJIHUTENILHOTO MHULIMMPOBAHUS, UCTIONb3Ysl HEOOIbIINE JOOABKH
0J1€()MHOB B PEAKLIMOHHYIO Maccy.

4.2.2. AnxunupoBaHue napaguHoB ojepuHAMU

AnxunpoBaHue napa@uHOB oJepuHAMU MOXKHO pacCMaTpuBaTh Kak OOpaTHBIM
KaTaJIMTUYECKOMY KPEKHHIY MPOLIECC, TAKKE MPOXOIAIINNA KaK HOHHO-LIETTHAs pPeaK-
musi. C mo3uuuu TEpMOAMHAMHUKHN PEAKIIUIO BBITOJAHO MTPOBOAUTH MPU CPABHUTEIHLHO
Hu3koil temneparype (no 100°C), korna oHa MmpakTHYECKH HeoOpaTuma. Beicokas
CKOPOCTb NP 3TOM JOCTUTAETCSI IPUMEHEHUEM KaTaJIU3aTopoB (CepHasi U Oe3BOHAs
(pTOPUCTOBOJOPOAHAS KUCIIOTHI, @ TAKXKE TPEXXJIOPUCTBIN amomuHuil). Mcxoaupmvu
BEILIECTBAMH CIIy>KaT U300yTaH U H-OYTHJIEHBI, U3 KOTOPBIX 00pa3yrOTCs CMECU U30-
OKTaHOB — KOMIIOHEHTOB BBICOKOOKTAHOBOTO MOTOPHOIO TOILUIMBA. {151 momy4YeHus
Pa3BETBIICHHBIX YIVIEBOJIOPO/IOB, BBIKMITAIOIINX B TEX )K€ TEMIIEPATYPHBIX MpEIeiax,
YTO W aBUAIIMOHHbIE OEH3MHBI, U300yTaH U W30MEHTaH AJKWINPYIOT HE TOJIBKO WH-
JIMBUIYAIbHBIMH OJIEUHAMH, HO U KX CMECSMHU.

H-ByTHeHbI JIerko mpoTOHUPYIOTCS KUCIIOTOM, JaBasi KapOOKaTHOH

CH;—CH=CH—CH; .
+H" === CH;—CH—CH,—CH;,
CH3_CH2_CH= CH2
Bropuunblii kKapOOKaTHOH BCTYIAET B OBICTPBIA OOMEH TUAPUA-UOHOM C U300Y-

TaHOM, B PE3yJIbTaTe MOTydaeTcsi 00Jee CTaOMILHBIA TPETUYHBIN KAaTHOH
CH;

+
(CH;);CH + CH;— CH=— C,H; == CHj;—> C"=<—CH, + CH;~CH,~CH,-CHj

COBOKYMHOCTh 3THX JABYX PEaKIMi SBISETCS CTaJueld MHUIMUPOBAHUS LIEMH,
KOTOpasi MPUBOAUT K OOpa30BaHUIO aKTUBHOW YACTHIIBI, BOBJIEKAIOIIEH oJeuH B
LEMb ATKWINPOBAHUSA

CH, CH;
+
(CH;),C* + CH;—CH=CH—CH; ——> CH3—(|Z—CH—CH—CH3
CH,4

Pa3BeTBieHHBIN KapOOKATHOH BCTYMAET B PEAKLIMU U30MEPU3ALINY, IPUBOSILINE

K Ha0OpY MPOIYKTOB B PE3yJIbTATE MUTPALIMK BOJOPOA U METHUJIBHBIX PYIII
CHs, CH; Chiy
+
CH3—(|3—(J|5—CH2—CH3<——’ CH3—(|J—(|JH—EJH—CH34—_>CH3—$—CH—C|2H

CH:CH; CH;CH; CH;  CHs
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Kaxxp1ii n3 HUX MOXET OOMEHHUBATHCS BOJOPOJIOM C M300yTaHOM, JT1aBast
OJINH U3 U30MEPHBIX U300KTAHOB U PEre€HEPUPYSI TPET-OyTUIKATUOH, HAIPUMEDP

CH; ~ CH, CH; CH,"  CH, CH,
CH3—(|:—EH—(|:H # HC—CH === CHyC—CHyCH + HC—Cs
CH;  CH, CH, CH;  CH, CH,

Takum o6paszom, mpojoykaeTcs LEenHoW mporecc. B manHOM cimydae mo-
JaydeH 2,2,4-TpUMETHIINECHTaH, Ha3bIBa€MbI COOCTBEHHO M300KTAaHOM MU CIyXKa-
IIMI 3TAIOHOM JE€TOHAIIMOHHON CTOMKOCTH MOTOPHBIX TOILJIUB.

N300KTUIIBHBIA KATUOH MOXKET MPUCOCIUHUTDH CIEAYIONUIYI0 MOJIEKYJY OJie-
¢buHa 1 00pa30BaTh BBICOKOMOJICKYJISIPHBIM MpOAYKT. JIJisl yMEHBIIIEHUS BKJaja
ATOM MOOOYHOM peaklnM, a TaAKKE BO3MOKHOM KaTHOHHOMW TMOJMMEPHU3AIUU OJie-
dbuHa, TPUMEHSIOT YEThIPEX - IIECTUKPATHBIM M30BITOK MapaduHa Mo OTHOIIIE-

HHIO K oeuny. IIpu 5TOM U3 JBYX BO3MOXKHBIX MApaIEIbHBIX PEAKIIMN
+ CH»)-CH +
CgHy5 (CHy)s > CgHjg + (CH;);C

| C4Hg

+
> C12H25

CKOPOCTb BTOPOM CHMXKAETCSI MO CPABHEHUIO C MEPBOI, YTO YBEIMYHUBAET CEJIEK-
TUBHOCTh OOpa30BaHUs EPBOrO MPOIYKTA.

Temneparypy mnpouecca BbIOMPAIOT TaK, 4TOObI MOJABUTH PEAKIUU JECT-
PYKUHMHM TPU COXPAHEHHHM BBICOKOM CKOpOCTH ankuiaupoBanus. [lostomy, mpu-
MeHsig J1ocTaTouHO akTuBHBIA Katanuzatop (H,SO,), Temmnepatypy mnoiaep:ku-
BatoT Ha ypoBHe 0-10°C. IIpu uCnOIB30BaHMMK MEHEE aKTUBHOI'O KaTajau3aTopa
HF nns yBenmueHus CKOPOCTH, PEAKIUIO aTKWIMpOoBaHus mpoBoaAatT mipu 20-30°C
Y TOBBIIAIOT J1aBieHUE. [IoBbIlIEHNE NaBIEHUS YBEIWYMBAET KOHIEHTPALIUIO Ta-
3000pa3HbIX PEareHTOB, CHIXKasl BEPOSITHOCTh IECTPYKTUBHBIX MPOLIECCOB.

4.2.3. AIKUIMpOBaHUE MO APOMATUUECKOMY aTOMY YIJIEpO/Ia

AJKUIMPOBAHUE MOXKET OCYIIECTBISATHCS HE TOJBKO IO aaudaTudeckomy, HO
U [0 apOMATUYECKOMY aToMy yriepoja. JTa peakiusl MpOTeKaeT MPAKTUYECKU B
TEX K€ YCJIOBUAX, YTO M PACCMOTPEHHAs BBIIIE, M0 MOHHOMY MEXAaHHU3MY uepe3
IPOMEKYTOUHOE 00pa3oBaHKe KapOokaTroHa u3 ojedpuHa. OHA Tak)Ke KaTaau3H-
pyeTcs IPOTOHHBIMH U alPOTOHHBIMU KHCTIOTaMH. B cirydae GeH3om1a KaTamu3aro-
poM, Kak mpaBuio, ciaykuT A1Cl;. Ota peakuusi, Kak U Ipyrue MpoLecchl alKUiIH-
pPOBaHUS-ICATKIIINPOBAHUS, OOpaTUMa

+ R—CH=CH, == C(

CHR—CHj
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BceneacTBue BBICOKON 3K30TEPMUYHOCTH PABHOBECHE MPU OOBIYHO HCIOIb-
3yeMBIX YCIOBHSIX CMelIeHO BrpaBo. OOpaTHas peakuus B 3aMETHONW Mepe HayH-
HaeT UJTH TOJIbKO Ipu TeMmneparype okoiio 300° C.

[lepBast cTamusa mporiecca, Kak U MPU AJKWIMPOBAHUM TapaduHOB, — TPO-
TOHUPOBAHMUE JBONHON CBsI3u ojepuHa ¢ oOpazoBaHHEM HamOoliee yCTOMYMBOTO
kapOokatuona. Copaepxaiiue Oojiee Tpex aTOMOB Yriepoja KaTHOHbI M30MEpH-
3yIOTCS, IOATOMY B SIJPO APOMATUYECKOTO YIIEBOAOPOAA BBOIAUTCS TOJBKO pa3-
BETBJICHHBIN paaukail. B pe3ynpTaTe npucoennHeHns KapOOKaTHOHA K aTOMY YrI-
aepoaa OEH30JBHOTO KOJIblLlA apoMaTHUYecKas CUCTEMa paspyluaercsi, U obpa-
3yeTCsl MOJIOKUTEIBHO 3apsSKEHHBIA MPOMEXKYTOUHBIA MPOAYKT C JEIOKaIN30BaH-
HBIM 3apsAJ0M (G-KOMILIEKC)

H . H H H
E___i'i — C B S -
R== R R R R
)

KOTOPBIN CTAOMIM3UPYETCS 3a CUET MOTEPU MTPOTOHA

H R
@<R2©/+ H*.

AnkunupoBaHue 0€H30J1a — HEIIEMHOW KaTaJuTUUYEeCKUI MOHHBIN mpolecc,
B KOTOPOM OJIHa MOJIEKYJIa MIPOJIYKTa 00pa3yeTcsi Ha KaXKblii aKT BO3HUKHOBEHUS
aTUBHOM 4YacTHIlbl — KapOokaTuoHa. CXOJICTBO B MEXaHHM3MaX AJIKWJIMPOBAHUS
apOMaTUYECKUX U Mapa(UHOBBIX YIJIEBOJOPOJOB 3AKIKOYAETCS B TOM, YTO aK-
TUBHOM NMPOMEXKYTOUHOM 4YacTULEH B O0OMX Clydasix SIBISIOTCS KapOOKAaTHOHBI.
Paznuuue — B mMHE Lenu: s apOMaTUYECKUX YITIEBOJOPOJOB 3Ta BEIMYMHA
0JIM3Ka K eAMHULE, a 1J1s apaUHOBBIX — K HECKOJIBKHUM JIECSTKaM.

Peamu3anusa 0enHOro WiIM  HELENHOTO IMYTEW  alKWIMPOBAHUSA, I10-
BUIMUMOMY, OIIPENEIISIETCA YCTOMYMBOCTBIO IIOJIOKUTEIBHO 3apsyKEHHOTO IIPO-
IOyKTa MpUcoeInHeHus. AnudaTuieckuil MOH HecTaOuseH, o0nagaeT O0IbIINUM 3a-
IIACOM JHEPTMU M MOXET OTPBIBAaTh MPOTOH OT HEUTPAIBHOW MOJIEKYJbl. Apoma-
TUYECKHIM KaTHOH CHMJIbHO CTaOMIM3MPOBAH 3a CUET ACOKAIM3AINK CBA3EH, BOMIO-
POl G-KOMIUIEKCA JOCTaTOYHO IPOYHO CBSI3aH C aTOMOM YIJIEpOJia KOJbla U HE Ie-
penaercs HeMmOCPEACTBEHHO HEUTpaIIbHOM MOJIeKyJie oyieprHa Mo BO3MOXKHOM pe-

AKIUH TIPOJIOJIKECHUS LETTH
H

CHR—CHj
+
(|JHR + R—CH=CH, — ©/ + R—CH—CH;

CH,

W3 paccMOTpEeHHBIX BBIIIE MPUMEPOB OOPATUMBIX PEAKIUI ANKUIUPOBAHMS-
JeaJKWINPOBaHUA BMJHO, 4TO OOllee HalpaBieHHE Iporecca 00yCIOBIEHO €ro
TEPMOJUHAMHUKOM, T.€. U3MEHEHHEM CBOOOJHON 3HEPIMH PEarecHTOB B JIAHHOM
oOnacTu Temrneparyp U AaBieHUuM. B To ke BpeMsi KOHKPETHbIE IyTH MEPEX0/1a OT
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UCXOIHBIX BEIIECTB K MPOAYKTaM (MEXaHU3MbI PEaKlnii) MOTYT OBITh PAa3IUYHBI-
Mu. COBOKYIHOCTb CTaJuil MPEBPALIEHUS ONPEAEISIETCS] CBOMCTBAMHU PEArupyro-
IIMX BEUIECTB U PEAKLIMOHHOMN CPEMBI.

4.3. IIpoueccol, CBSI3aHHBIE € IEPEHOCOM BOA0POAA

B TexHomornmm mepepabOTKH TOPIOYMX MCKOMAEMBIX 3aMETHOE MECTO 3a-
HUMAIOT TPOIIECCHI, CBSA3aHHBIC C MepepacipeiesieHueM BOAOPOaa MEXIY MOJIe-
KyJaMHu peareHToB. Yalle BCEro 3T0 TUAPOreHU3AIMOHHbBIC IMPOIECChI, B KOTOPBIX
B KauecTBE JIOHOpPA BOJOPO/Ia BBICTYMHACT ra3000pa3HbIA BOJIOPO WM MOJICKYJIBI
OpPraHUYECKUX BEIECTB, JIOCTATOYHO JIETKO OTINEILIAIOIINE BOJAOPOI. Jleruapupo-
BaHME IICJICBBIX MPOJIYKTOB BCTPEUAETCS OTHOCHTEIIBHO PEIKO, HO MMEET MECTO
KaK 4acTh 00JIee CII0KHBIX MPOIIECCOB, HAMPUMEDP pUGOpMHHTA.

4.3.1. I'mapupoBaHue

['mapupoBanue — 3TO Mpouecc NPEBpPalIEHUs OPTaHUYECKUX COEIUHEHHUM MO
JNEUCTBUEM MOJIEKYJISIPHOTO BOAOpOJa. Peaknuu ruapupoBaHUs 3K30TEPMHUYHBI.
Jlyist cMmeniennst paBHOBECHSI BIIPABO HEOOXOIUMO UCIIOIb30BAaHUE HEBBHICOKUX TEM-
neparyp, HO B TOM CIIy4ae ¥ CKOPOCTh TIOCTHXKCHHS PAaBHOBECHS Oy/I€T HEBEJIUKA.
YBenuueHne CKOPOCTU BO3MOXKHO IIyTEM MCIIOJb30BAHUSA IE€TEPOrE€HHBIX KATAJIM-
3atopoB. Hanbosee 9acTo mpuMeHsIeMbIe KaTaIU3aTOPhl TUAPUPOBAHUS — 3TO Me-
TaJUTbl TIEPEMEHHON BAJICHTHOCTH, UX CyIb(umbl n okcuabl. Kak mpaBuio, oHU sB-
JIIFOTCS TPOBOAHUKAMH WJIM MTOTYIPOBOJHUKAMHU JJIEKTPUUECTBA.

[IpoMpblIlUIEHHBIE TPOLECCHI TUAPUPOBAHUA MOXKHO Pa3JEIUTh HA TPU TPYII-
TIBI:

1) mpucoearHEHNE BOJIOPO/1a IO HEHACHIIIIEHHBIM CBSI3SIM;

2) peakiysi TE€TEPOATOMHOTO COEIWHEHUS C BOJOPOAOM, MPHUBOISIIAST K
OTILETUICHUIO BEIIECTB, HE COAECPIKALINX YIIIEPO;

3) peakuuu COETUHEHUN C BOJOPOJIOM, COMPOBOKIAIOUIMECS paCIICIIIEHUEM
YTJIEPOI-YTIIEPOIHBIX CBsI3€H (I€CTPYKTUBHOE TUAPUPOBAHKE, TUIPOKPEKUHT).

NHorma nBe mocieaHuX OOBEAUHSIOT B OJIHY TPYIIY pEaKIUil JeCTPyK-
TUBHOT'O THUJIPUPOBAHUA C pacllerieHueM cBs3eid. OCHOBHOE OTJIWYKE PEaAKLIHIA
BTOPOM OT TPEThEH COCTOUT B UX MPAKTUUYECKON HEOOPATUMOCTH, KOTOpas 00y-
CJIOBJIEHA TEM, UTO HU3KOMOJIEKYJISIPHBIE BOJOPOIHBIE COCTUHEHUS TE€TEPOATOMOB
MaJjio CIIOCOOHBI K OOpaTHOMY JIETHUAPHUPOBAHHUIO.

IIpumeps! peakuuii IEPBOM TPYIIIIBI

R—CH=CH—R' + H, <<= R—CH,—CH,—R' + H,

rrae R u R' - yrneBogopoHbie paivkaibl

+3H2<——’©

OTH peakluu MUPOKO HMCHOJIB3YIOTCS MPU 00JAaropakMBaHUM TOIIUBHBIX
bpakimii.
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Peakuu BTOpOM Irpynnsl

RSH + H2 — RH +st

RNH2 + H2 — RH + NH3

ROH + H, — RH + H,0.

Peakunu BTOpOM TpymIibl IHUPOKO NMPUMEHSIOT VISl YAAIEHUS I€TEpOaTOMOB
U3 OPraHUYECKOI'0 ChIPbSl PA3JIMYHOIO HAa3HAYCHMS, KAK DHEPreTUYECKOro, TaKk U
XUMHUYECKOTO.

TpeTps rpyIma peaxiuii

R—CH,—R' + H, === R—CH; + R'H

<:> + H2 — H-C6H14
O cme= ) o

DT peakiuu 4acTo MPOBOJATCS MpH nepepadoTke ppakuuii HehTH AN CHU-
KEHHsI UX CPETHEH MOJEKYyJIIpHOW MAaccChl U MOBBIIICHUS BBIXOJA CBETJIBIX (hpax-
UI; TPY yAAJIEHUH KOKCOBBIX OTJIOXKEHUH B MPOLIECCaX KPEKUHTA; MPU MOITyUSHUH
XUMUYECKOU MPOAYKIUH U3 yTIIEH U Ap.

Karanuzaropsl ruapupoBaHUs-IETHAPUPOBAHUS O0JIAal0T PA3IUYHOM aK-
TUBHOCTBIO U YYBCTBUTEIBHOCTBIO K KaTaluTUYecKuM sifaM. Haunbonee cuibHbIe
SJIbl — 3TO TETEPOCOEANHEHUS, B IIEPBYIO OUEPENb cepocoaepkamure. OT HUX ChIpbE
JUISL TUAPUPOBAHUS HEOOXOIUMO OYHIIATH MO PEAKIUsIM BTOPOM TPYIIIBI ¢ IPUMe-
HEHUEM KaTaJM3aTOPOB, YCTOMYMBBIX K JEHCTBUIO CEPBbl U IPYTUMX F€TEPOATOMOB.
Takol mporecc Ha3bIBACTCS TMAPOOUYUCTKON M MPOBOAUTCS B IMPUCYTCTBUU psiaa
OKCUJHBIX U CYJb(QUAHBIX KaTaJu3aTOpPOB. AKTHUBHOCTb TaKWX KaTalu3aTOPOB
HWKE, YEM METAJUIMYECKUX, HO OHU MPAKTHYECKH HE OTPABISIOTCS CEPHUCTHIMU
coenuHeHussMu. Creyer 3aMeTHTh, YTO BOOOIIE 0oJjiee aKTUBHbBIE KaTalu3aTOPhI
OJIHOBPEMEHHO 0o0Jiee YyBCTBUTEIBHBI K Si7aM, IO3TOMY IPUMEHEHHE BBICOKOAK-
TUBHOTO KaTaJIM3aTopa MepepaboTKH yTIIEBOJOPOIHOTO ChIPhs TpeOyeT riyOoKon
CEPOOYHUCTKH MOCJIEIHEr0, MHOT/AA O OCTATOYHOI'O COJlep KaHusl cephl 1 /T yrie-
BOJIOPOJIOB.

MexaHu3M peakiuil TUAPUPOBAHUS U JACTUIPUPOBAHUS OOBIYHO OTHOCHT K
TUIy TOMOJIMTUYECKUX MPEBPAIICHUN C YYAaCTUEM T€TEPOr€HHOTO KAaTalIn3aTopa,
TO €CTh Pa3pbIB, U 00pa30BAHUE CBS3EW MPOUCXOAUT HA TOBEPXHOCTU TBEPOTO Te-
na 6e3 BOSHUKHOBEHMS 3apSKEHHbBIX YaCTHULL.

[lepBas cTyneHp peakuuu — XeMOCOpOLUsl PEeareHTOB Ha aKTHBHBIX LIEHTpax
karanuzatopa (K). IIpu copOuuu Bogopona metamiamu 3a GU3NIECKON copOImeit
CJeyeT YaCTUYHOE OCIablIeHne CBS3EH U AUCCOoIMalus Mojiekybl Hy

K+H, == K...H, == K-H...H; K-H...H+K === 2K-H.
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OneduHbl 1 apoMaTUYECKUE COSAMHEHHS 00JIaaloT BHICOKOW CIIOCOOHOCTBIO K
copOImu, KOTopasi MPOTEKAeT 3a CUET T-3JEKTPOHOB HEHACHIIIEHHOW CBS3U C €€

YaCTUYHBIM H ITOJIHBIM paCKpBITI/IeM
+ K
K + CHZZCHZ 2 K- - -CHZZCHZ - K_CHZ_CHZ_ - C|3H2_C|:H2 .

K K

XeMocopOMpoBaHHBIE MOJIEKYJIBI BOOPOJa U oyierHA B3aMMOJICHCTBYIOT APYT
C IpyTroM, TIOCJI€ YEro NPOTYKThI IECOPOUPYIOTCS

2K +H-K
CH,—CH, + H == CH,~CH; ———> CH;—CH; + 2K.

I I
K K K K

B ancopOupoBaHHBIX MOJIEKYJIax yIIIeBOAOPOAOB OKA3bIBAOTCS OCIA0ICHHBIMU
HE TOJIBKO TT-, HO U G-CBSI3U. DTO MPUBOJUT K TOMY, YTO 00pa3yroTCs MPOIYKThI THU/I-
POr€HOJIN3a B PE3YJIbTATE NECTPYKIHUU YIIEPOAHOM 1IENH (PEAKIUH TPETHEN TPyTIIIbI)

+ + + +
© ZUN O L. CeH 4 = 2C;Hg L.

B cBsi3u ¢ 3TUM KaTanu3aTopbl TUAPUPOBAHUS TOJDKHBI TTOJIOMPATHCS] TAKUM 00-
pa3oM, 4TOOBI MO BO3MOYKHOCTH MPOIIECCHI JECTPYKIIMU OBLUTH MCKIIIOUEHBI. BBIOOD
CEJICKTMBHOT'O KaTaju3aTopa THIPUPOBAHUS O00JIer4aeTcs TeM, YTO CKOPOCTh TUAPH-
POBaHMSI PA3IUYHBIX (PYHKIIMOHAIBHBIX TPYIIT HA OOJBIIMHCTBE MIPUMEHIEMBIX KaTa-
JIM3aTOPOB 3aMEeTHO oTiinyaeTcs. [1o ckopocTy THIpUpPOBaHUs HEHACHIIIICHHBIC YTJIe-
BOJIOPO/IbI PACIIONAraloTCs B sl

aIleTHJICHOBBIE >IMEHbI >0J1e(UHBI >HadTaIUH >0SH30J1.

Bonbiioe paznuuve B CKOPOCTSIX MO3BOJSIET CEIEKTHMBHO THUAPUPOBATH CMECH
YTIIEBOJIOPOOB Pa3IMYHbIX KiaccoB. Harmpumep, mpu nojgydyeHuu STHIIEHA TUPOJIU-
30M YTJIEBOJIOPOIHOTO CHIPbS B MPOJYKTE 00pa3yroTcs npuMecH aneruieHa. [Ipu oun-
CTKE€ STWJICHA TPOWHASA CBSA3b AllETWJICHA HACBIIIAECTCS BOAOPOIOM 10 ABOMHOM, a
TUIPUPOBAHUE ITUJICHA TPU STOM HE MpoucxoauT. CeneKTUBHOCTh Ipoliecca onpe-
JIEJISIETCS HE TOJIbKO Pa3IMurMeM B CKOPOCTSX THAPUPOBAHUS YIJIEBOAOPOJOB U HX
MIPOM3BOHBIX Pa3HBIX KJIACCOB, HO M BUJIOM aKTHUBHBIX IICHTPOB KaTaau3aTOPOB, KO-
TOpBIE TTO-Pa3HOMY aJICOPOMPYIOT U aKTUBUPYIOT (PYHKIIMOHATILHBIC TpyIibl. Hampu-
Mep, Ha KaTaIu3aTopax-IoJIyIPOBOJHUKAX BHICOKUMH OBIBAIOT CKOPOCTH THAPHUPOBA-
HUS (PYHKIIMOHATBHBIX TPYIII, a KaTaIr3aTOPbI-IIPOBOAHUKH CIIOCOOCTBYIOT HACHIIIIE-
HUIO KPaTHBIX CBS3E€H. ITO MO3BOJISIET CEJICKTUBHO YJIAIATh U3 BEIIECTB TE€TEPOATOMBbI
(ruApOOYMCTKA), HE 3aTparuBasi KpaTHBIX CBsI3€H, WM, HA00OPOT, MOJIy4aTh reTepoa-
TOMHBIE COSIMHEHUS aTr(aTHIeCKOro psiia U3 0e(UHOB U apEHOB.

B 3aBucuMocTH OT BUJa ChIpbs, TEMIEPATYPbl U JABJICHUS! THIPUPOBAHUE MOXKET
MPOTEKaTh KaK peakiusi C y4acTheM JABYX (ra3-TBEpJo€) WM TpexX (ra3->KUJIKOCTb-
TBepaoe) da3. B CBSA3U ¢ 3TUM HAZIO YUUTHIBATh, YTO 0OIAsi CKOPOCTh IPOIEcca MO-
YKET OIPENEIAThCS HE TOJIBKO CKOPOCThIO XMMHUYECKOTO TPEBpaIlleHusl, HO U CKOPO-
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CTHIO (PU3MYECKHX IMPOLIECCOB MIEPEHOCA MOJIEKYJI PearnpyrolinuX BELIECTB B 30HY pe-
akuuu (K MOBEpXHOCTU Karanu3atopa). TakuMm o0pa3oM, MpU YNpaBICHUH TeTepo-
TeHHBIMHU TMPOIIECCaMU HEOOXOAUMO YYMUTHIBATh HE TOJILKO KMHETUYECKUE U TEPMO-
JUHaMHu4Yeckre (pakTophl, Kak B CIydae TOMOTE€HHBIX pEakli, HO M YCIOBUSI MacCo-
nepenaun. Ilocneanue onpeaesnsitoTcs, B OCHOBHOM, (PM3NYECKHMMH CBOWCTBAMH Pe-
AKIMOHHOM CpeJibl: CKOPOCTHIO Ta30BOI0 MOTOKA; pa3MepaMu U (OPMOM YacTHIl Ka-
TAJIN3aTOPa; BEIMYUHON MOPUCTOCTH U pa3MepaMu NOp; YCTPOMCTBOM arrapara u Jip.

4.3.2. Pupopmunr

Karanutuyeckuii puopMUHT — 3TO MPOIIECC, B pe3yIbTaTe KOTOPOTO MPOUCXO-
JIMT TIOBBIIIEHHE OKTAHOBOTO YMCIIA MPSMOTOHHOTO OEH3WHA M JIMTPOWHA 33 CYET
NPOTEKAHUS PEaKUil N30MEpU3alNK, JErHIPOLUKIN3AlUN, aPOMATU3ALUA UCXO/I-
HOT'O ChIpbsi 0€3 CYLIECTBEHHOTO Pa3BUTHS KpeKuHTa. Buigensemblie U3 MpoIyKTOB
pudopMHHTa apoMaTHYECKHE YTIIEBOAOPOJIbI SBISIOTCS MUCTOYHMKOM CBIPbS JUIS
HEe(PTEXMMHUYECKOTO CHUHTE3A.

[Ipu pudopMuHre B OTIMYHME OT PACCMOTPEHHBIX pPAHEE KATATUTHUUYECKUX
IIPOIIECCOB MPUMEHSIOT OU(YHKIIMOHATIBHBIE KaTaTN3aTOPHI.

[lepBoHAUaTBbHO KATAIMTUYECKUN PUGOPMUHT OBUT OCYIIECTBIEH C KaTa-
IM3aTOpoM m3 okcuaa MonubaeHa (ruapodopmudr). [ToTom nmpeobagaromee 3Ha-
YEeHHE TMOJIyYns TIATHHOBBIM KaTajln3aTop Ha BHICOKOMOPHUCTOM HOCHUTENE U3 OK-
cuaa amoMuHus (maThopMuHr). B aToM ciydae mpoiiecc OCyIIecTBIsSETCS mpu
470-540°C B armocdepe Bogopoa o gasiaenuem 4-5 MlTa.

B Hacrosiiee BpeMsl MPUMEHSIIOT BBHICOKOAKTHUBHBIE KaTaJlU3aTOpPbI, UMEO-
e B CBOEM cocTaBe peHuid. Takoil BapuaHT pudopMHHra HOCUT Ha3BaHUE pe-
HU(DOPMUHT.

Ha KHCIOTHBIX LIEHTpax MPOTEKaloT, B OCHOBHOM, PEAKIIMU HN30MEpPHU3ALMNH
napa@uHOB M NATHWIEHHBIX HadTeHoB, Ha Mertamwie (Pt, Pt+Re) pa3Buarotcs,
TJIaBHBIM 00pa3oM, peakiuu JCTUJIPUPOBAHUS (HApUMEp, IMIECTUUICHHBIX Had-
TeHOB). B mpuHIIMIIE BO3MOXKHBI JBa MyTH COBEPIICHCTBOBAHMS KATATUTHUYECKOTO
pudopMHUHTa: UCIOJIB30BAHUE BBICOKOAKTHUBHBIX METAUTMYECKUX KaTaIM3aTOPOB
Ha HOCUTEJSAX U MO0J00p MEHee aKTHUBHBIX, HO CTOMKHX K OTPaBJICHUIO T'ETEpoa-
TOMHBIMH  COCUHEHUSMH METAUIOKCUIHBIX W  METAUICYIb(UIHBIX  Ka-
TATUTUYECKUX cucTeM. [lepBblii myTh TpeOyeT MmpenBapuTENbHONW CTaguM Mpak-
TUYECKH MOJHOTO TUAPOOOECCEPUBAHUS CHIPbSl C MOCIEAYIONIMM MOJy4YeHUEM
0eccepHUCTOr0 MPOAYKTa Ha JOPOTOCTOSIIEM M HEAOJITOBEYHOM KaTalln3aTope.
Bropoii BapuaHT femieBiie 3a CYET KCIOJIB30BaHUS YIPOIEHHOTO BapuUaHTa ce-
poouncTku. B mocnegHem ciyuae moiy4aeTcs MEHee JOpPOToi MPOIyKT ¢ O0ib-
UM COJIep>KaHheM TeTepoatoMoB. [lpu ero cxuraHum OynyT BBIAEHSATHCS KH-
CJIOTHBIE OKCHUJIbI, IO3TOMY B HACTOSIIEE BPEMsI HOBbIE NMPOU3BOACTBA, OCHOBAHBI
Ha puOPMHUHTE MATOCEPHUCTHIX HEDTIHBIX Ppakiuil (peHuOOPMUHT).

B3aumMHble nepexo/pl yIriieBOJA0POAOB MPU PUPOPMHUHIE BKIIOUYAIOT CIIEAYIO-
mue peakuuu: 1) aeruapupoBaHue HadTEHOB; 2) HM3oMepu3anus mapaduHOB U
HadTeHOB; 3) meruapounkinzanus napapuHos; 4) ruapokpekunr. Kpome toro, B
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pe3yJbTaTe ACTUAPOKOHACHCALMU apeHOB 00pa3yroTCs OTIOKEHUS KOKCa, J1e3aK-
TUBUPYIOLIUE KaTanu3atop. PUGOPMUHT MPOBOJAT NP TaKUX TemImepaTypax, 4ro-
OBl COXpaHsIach 0OPAaTUMOCTh BCEX PABHOBECHBIX MPOIECCOB, KPOME JIETUIPUPO-
BaHMs NapapuHOB U HA()TEHOB B apeHbl. B 3THUX yCIIOBUSIX Ha KUCIOTHBIX LIEHTPAX
UIYT PEAKIIMU U30MEPU3ALUH ChIPbs, & HA METAIUIMYECKUX — PEAKIIMU THAPUPOBA-
HUs-neruapupoBanus. OO0mas cxema MpeBpalleHUd MOXET ObITh INpeiCTaBlIeHA
CJIEYIOIUM 00pa3oM
H-11 Hg rae H-11, u-11 - HopmanibHbBIE U U30-NTapaPUHBL;

N \ Hs, Hg - nsatu- u mectuuieHHble HaTeHbL;
N \ A A - apeHsl.

n-I1 H; 7

Yacts mapadnHOB U HAPTEHOB MOJABEPTacTCs MEIJICHHOMY THAPOKPEKUHTY C
00pa3oBaHUEM JIETKUX YTJIEBOJOPOJHBIX ra3oB. MeMJICHHO MPOTEKAET W MpsiMas
apoMaTu3anus napapuHos. Peakiuus Hs === Hg o4eHb CHUIILHO CIBUHYTA BJIEBO,
0JIHaKO HeoOpaTuMoe neruapupoBanue Hg — A cMmemaer paBHoBecHue 3TOU pe-
aKkiuu BIpaBo. B Takom ciiydae HamOoJiee BEpOSATHBIN MyTh MPEBpaIIeHUs mapa-
¢buHOB B X0/1¢ pUPOPMUHTA CIIEAYIOIINN

G e G

HOJ’IO}KI/ITCHBHa}I poJib BOILOpOI[a B ATOM NpOIIeCcCe 3aKII0YaeTcsl, TJIaBHbIM 00-
pa3oM, B IMOJABJIEHUU IIPOLIECCOB ACTUAPOKOHACHCAIMN apEHOB. DTO MPEMATCTBYET
OTJIOKEHHUIO KOKCA Ha MOBEPXHOCTHU KaTaju3aropa. B To ke Bpemst u30bITOK BOJOPOIa
YXY/IIaeT YCIOBUS ACTHIPOIMKIN3AIMY MapayuHOB M YCHIIMBACT JIECTPYKTHBHBIC
nporieccel. B pe3ynbpTare pacter ot Ta3000pa30BaHUs M CHIDKACTCS BBIXOJ IIefie-
BBIX TPOAYKTOB. O4E€BUIHO, YTO HEOOXOAMM BHIOOP ONTUMAIBLHOTO JIABJICHUS BOJIO-
poJia Jyis KaxI0Tr0 BUIA ChIPbS U KATATUTHYECKOW CUCTEMBI.

4.3.3. I'ugpokpeKuHr He(TSHBIX OCTATKOB

['MAPOKPEKUHT — 3TO MPOLIECC NECTPYKTUBHOW T'MIPOTEHU3ALUH TKEIbIX Hed-
TSIHBIX OCTaTKOB, OOEJHEHHBIX BOJOPOJIOM, B JIETKHE JUCTHIUIATHL. TspKenble oCTaTKu
HedTenepepadoTKu MoABepratoT ruapokpekunry mpu 250-400° C moa naBieHUEM 110
10 MITa Bogopona.

Kak npaBusio, ¢ moMoIIbi0 THAPOKPEKUHTa MepepadaThIBalOT TKEIBIN ra30iIIb
U Ma3yT. MexaHu3M 3TOi peakiu OObIueH Al KaTaTUTUYECKOrO JECTPYKTHUBHOTO
TUIPUPOBAHUS U BKIIFOUAET CTAIUM PACILCIUICHU U N30MEPU3ALNN MOJIEKYJ UCXOM-
HOTO CBIPbSI C YYaCTUEM KHUCIIOTHBIX LIEHTPOB KaTajlu3aTopa ¢ HACBILIEHHEM 00pa3o-
BaBIIMXCSI OCKOJIKOB BOAOPOAOM M3 ra30Boi (pa3bl Ha KaTalM3aTtope ruipupoBanus. B
COCTaB KaTaJln3aTopa OOBIYHO BKIIFOYAIOT OKCHJT AIFOMUHUS U COCTMHEHHS KOOaJIbTa,
MoJuO/IeHa U HUKeNsl. MexXITy KpEeKUpYIOoLeH U TUapupyromeil QyHKIUSIMA KaTaau-
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3aTopa CyIIECTBYET ONTHUMAIbHOE cooTHOmIeHue. [Ipy ciuimkoM OBICTPOM KpeKHUpo-
BaHUH OOpPA30BABIIMECS OCKOJKH MOJIEKYJl HE YCIEBAIOT MPUCOSAWHUTH BOIOPOI H
KOH/ICHCUPYIOTCS C 0OOpa30BaHMEM KOKCAa M BBICOKOMOJIEKYJISIPHBIX MPOIYKTOB, OT-
PaBIIOIIMX KaTanu3arop. B TO ke BpeMmsi, YCKOPEHHOE THUJIPUPOBAHUE MOJIABIISAET
peaKkiy U30MepHU3aIui MPOMEKYTOUHBIX KapOOKAaTHOHOB, YXY/IIasi KAa4eCTBO IPO-
IYKTOB, IPETHA3HAYEHHBIX ISl IPOU3BOACTBA MOTOPHOIO TOILIMBA.

['MapOKpEKUHT UMEET MHOTO OOIIETr0 B TEXHOJIOTMUYECKOM OTHOIIEHUH C pudop-
muHrom. Oba mpoiiecca UCIONIB3YIOT CXOAHOE 000pyA0BaHKUE, MPOBOASTCS MO AaB-
JIEHUEM B MPUCYTCTBUU BOJAOPOJA, XOTSI MPU THAPOKPEKUHIE BOAOPOI — HUCXOIHOE
BEIIECTBO, a MPHU PUPOPMUHTE — MPOAYKT JACTHIPUPOBAHUS ChIpbs B apeHbl. [ uapo-
KPEKUHT TIPOUCXOJUT C MPEeoOsialaHueM IK30TEPMHUUECKUX PEAKINi THAPUPOBAHHS,
TerI0BoU 3((EeKT KOTOPHIX MPEBBIIIACT MOTJIONIEHUE TEIUIa PU JECTPYKIUHU YTJie-
POI-YTIACPOTHBIX CBsi3el. PUGOpMUHT — B IIEIOM 3HIOTEPMHUYECKHUI TIpoIiece, 00y-
CJIOBJICHHBIA OOJIBIION A0 UIYNMX C MOTJIONICHUEM TEeIUIa PEeaKIUil TEeruapupo-
BaHUSL.

4.3.4. JlecTpyKTUBHO-TUIpOTeHU3aIIMOHHAas niepepadboTka TI'U

B nepepabotke TI'U u TspKenbIX ocTaTKoB HerenepepadOTKH MPUMEHSFOTCS
METO/IbI, MO3BOJISIIONINE MOBBICUTH oTHOIIeHHe H/C B mpomaykTrax Mo CpaBHEHHIO C
cblpbeM. OTHOBPEMEHHO CHIDKAETCSI CPENIHSASA MOJIEKYJISIpHAsl Macca y4acTBYIOIMX B
peakmu BemecTB. O0Opaszyercss HabOp JKUAKUX W ra3000pa3HbIX MPOIYKTOB, TIO CO-
CTaBy MNPUOIMKAIOMIMXCS K MPUPOJHOMY YIJIEBOJIOPOJHOMY ChIphi0. B pesynbrare
MOBBIIIACTCS TOTUIMBHASL M XUMHUYECKAs! IIEHHOCTh BEIIECTB, MOJIBEPTaOIIUXCsl TUAPO-
TeHU3aLUH.

Ixcmpaxyus yaneu

VYTroae npu NMpoBEAEHUH SKCTPAKLIUK PACCMATPUBAETCS KAK MaTEpHall, COCTOS-
MK U3 HEMOABMKHOW M NOABMKHOM (a3. [lonBmkHas (asza u3Biekaercsi opraHuye-
CKUMH pacTBopuTensiMu. KonnyectBo moiBMKHON (pas3bl MajaeT ¢ pocTOM METaMop-
¢uzma. B mpakTHyecKux 1esx SKCTPAKIMIO PACTBOPUMBIX BEIIECTB MPOBOIST TOJIb-
Ko u3 Topda u OypsixX yriei. C mOMOIIbI0 CIUPTO-O0€H30IbHONM CMECH MPH CPaBHHU-
TEJIbHO HU3KUX TemrnepaTypax u3 3tux TI'M u3BnekaroT OUTYMOUTHYIO YacThb, paszie-
JISIEMYIO 3aT€M Ha CMOJIbI ¥ BOCKU. KOIM4ecTBO KUIKUX MPOTYKTOB, U3BJIEKAEMBIX U3
yTJIeH, BO3PACTAET MPU UCTIOIB30BAHUU BEUIECTB — JIOHOPOB BOAOPO/Ia, KUIAILIUX MPU
BBICOKMX TeMmIepaTypax ((peHaHTpeH, aHTpalleH, aHTPALlEHOBOE Macio, mnek). [Ipu
NOBBIIICEHHON TeMIepaType M JaBI€HHH BechbMa 3(P(EKTUBEH TeTpasivuH, 00Jja-
JAIOIIUN BBHICOKOM THAPUPYIONIEH criocoOHOoCThI0. [IpuMeHeHne BOI0pOI010HOD-
HBIX PACTBOPUTENCH YBEIMYMBAET BBIXOJI PACTBOPUMBIX BEIIECTB U3 YIJIS 3a CUET
JNECTPYKLIUHA MaKpPOMOJIEKYJl HEMOABMXHOW (pa3bl. B naHHOM ciydae peyb HUIET
y>)K€ HE TOJbKO O COOCTBEHHO HIKCTpaklMM, a O Oojee riayO0oKoM NpeBpalleHUuu
yTOJIbHOTO BeleCTBA. Takue MpoIecCchl M0 HAOOpy MOJYyYaeMbIX KUAKUX U ra3o-
00pa3HbIX MPOIYKTOB OJIM3KH MpoleccaM TUAPOKpekuHra. BricokoTemmneparyp-
Has SKCTpaKUus Yrield MoJ JaBICHUEM SIBISETCS HEOTHEMIIEMON YacThIO JECT-
PYKTHUBHOM TIepepabOTKH yTriieil B MPUCYTCTBUU BOCCTAHOBUTEICH.
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Hecmpyxkmuenas cuopozeruzayus u mepmuiecKkoe pacmeopeHue yaieti

[Ipu pa3paboTke cmOCOOOB OXKUKEHHS yIJedl NepBOHAYAIBHO OBLIH
IPEAJIOKEHBI IBa MyTH TMAPOT€HU3AUU YTOJbHOTO BEIIECTBA: ra3000pa3HbIM BO-
JIOPOJIOM M CBSI3aHHBIM BOJIOPOJIOM, COJEp)KAIlUMCS B COCTaBE€ >KHMJIKOIO B yC-
JIOBUSIX peaklMHu BoccTaHoBUTENs. [lepBhlii cioco® ObUT Ha3BaH ECTPYKTHUBHOM
TUAPOrEHU3alMend, BTOPOM — TEPMHYECKHM pPACTBOPEHUEM. OJTH JiBa MpoLEecca
IPOBOJSAT B MPUCYTCTBUU pacTBOpUTENs (mactooOpaszoBarensi), U, Kak MpaBuio,
KataJn3aropa. B KadyecTBe Karann3aTOpPOB NPUMEHSAIOT Yalle BCEr0 OKCHIBI U
CyJlb(QUAbl METAIIOB MEPEMEHHOW BaJEHTHOCTH, CTOMKHE K OTPABIECHUIO COEIM-
HEHUSMHU CEPbl, KOTOPHIE MOTYT COAEPKATHCS B 3aMETHBIX KOJIMYECTBAX B yrisix. K
TaKUM KaTaJau3aTopaM MOXHO OTHECTH OKCHABl U CylbPuabl MonubjeHa u
BOJIb(PpaMa, OJJTHAKO OHU AOPOTU M JAedUUUTHBL. B 3Toi cBA3M yamie Bcero uc-
NOJIB3YIOT XOTSI U MaJIOAKTUBHBIE, HO JEIIEBBIEC JKEJIE3HbIE KaTanu3aTropbl. X He
NOJIBEPra0T pereHepaury, T.€. OHU SBIIOTCS KaTaJIM3aTOPAMH OJIHOPAa30BOI0
UCTOJb30BaHMsA. B panbHeieM o6a mpoliecca CTajad OCYIIECTBISATHCS B aTMO-
chepe Bonopoaa. B kauecTtBe mactooOpazoBaresnsi Hayald MCIOJIb30BATh BEIIECT-
Ba, 00Ja/alolIye CBOMCTBAMU JIOHOPOB BOJOpOAa U 3(P(PEKTUBHBIX SKCTPAreHTOB
yIJs, U TPaHULA MEXIY NEeCTPYKTUBHON TMAPOreHU3alued U TePMUUYECKUM pac-
TBOPEHUEM MPAKTUUECKU UCUE3IA.

[Ipouiecc necTpyKruBHO-THAPOT€HU3ALMOHHON NepepadOTKU yrisl BCeraa co-
MPOBOXKJAETCA SKCTpAKIMENd MOABUKHOM (ha3bl HMCXOJHOTO BEIIECTBA U IPO-
JTYKTOB peaKkinu, obJierdas nepepacnpeiesieHue CBA3aHHOTO U Ta3000pa3Horo BO-
nopona. TunuyHble yCIOBHS TEPMOPACTBOPEHHS B NPOMBILLICHHOCTH: 320-
420°C, naBnenue Bojgopoaa 5-15 Mlla. Peakmnusa npoBoautcsi B MHOTO(da3zHOU
cUCTEeMe, BKJIIOYaroleil B ceOsl TBepable, )KUJIKUE U ra3000pa3Hble KOMIIOHEHTHI,
MIO3TOMY yTOJIb HEOOXOAMMO pa3MeNbyaTh JI0 YacTHUIl pazMepoM He 6osee 100 MKM.
D10 o0ecrieunBaeT TOCTaTOUYHYIO MOBEPXHOCTh KOHTaKTa (a3. [lpu gaHHBIX ycio-
BUSAX MPOUCXOAUT peaklus THAPUPOBaHUA (PPArMEHTOB MAKPOMOJIEKYT YIS C
pacIlEeIJIEHUEM MOCIEAHNX, aHAIOIMYHO PAaCCMOTPEHHBIM PEAKUUAM THIIPUPOBa-
HUS UHAMBUIYAJIBHBIX YTJIEBOJOPOIOB, M30MEpU3aluu U p. B xauecTBe ruapu-
pPYIOILIETO areHTa BBICTYMAaeT ra3000pa3HbI BOJOPOJ WU CBSI3aHHBIA BOJOPOJ]
pacTBopuTes, yCIOBHO o0o3HayaeMbIil kak [H]. B wactHOCTH, anudaTuyeckue 1e-
Y paciiersroTes o cBazsam C—C

[H]

_CH2_CH2_CH2_ —— _CH3 + CH3_CH2_ ;
I[BOfIHBIC CBA3HU HACBIIIAKOTCA BOJOPOAOM A0 OAWHAPHBIX

H
—CH,—CH=CH—CH,— _H —CH,—CH,—CH,—CH,— ;

Ha(TEHOBBIE IIUKJIBI H30MEPU3YIOTCS U PACHICTUIAIOTCS
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H3C CH3 H3C_H2C
2[H]_ p,C CH, +H;C CH, +..wu ap.
|

KOHI[GHCI/IpOBaHHBIC APCHBI BCTYIIAKOT B PCAKIIUN TUAPHUPOBAHUA C ITIOCICAYO-
UM paCICIUICHUEM U JCATKWIIMPOBAHUCM

C4Hy
D Y
— - 4Hp .

['erepoaromMHbIe COSTUHEHUS THAPUPYIOTCS C OTIICIUICHHEM T'€TepOaTOMOB B
BUJIE JIETKUX Ta30B. Eciu rerepoaToM CBsi3aH ¢ apoOMaTHYECKUM ITUKIIOM, TO TIPH pa3-
HBIX TEMIIEpaTypaxX OKa3bIBAIOTCS TEPMOAMHAMHYECKH BBITOAHBI PA3JIMYHBIC ITYTH €TI0
otmerenns. B wactaoctu, no 400°C

OH OH 2[H]
:©/ +6[H]<—_>>©/ :)OJrHZO

BhIte 400°C

OH
;@/ + 2[H] 2:@ + H,0.

I'eTeporKIMyecKkue COCAMHEHUS] THAPUPYIOTCS B KOJBIIO, COJEpIKalllee reTe-
poaToM, ¢ MOCIEAYIOUIMM PA3PhIBOM CBSI3U YIJIEPOJ-TETEPOATOM M YIAIIEHUEM IIO-
CIIEIIHETO

C;H(NH, C.H
Yy 4[H] 2[H] 2[H] -
J— —_— — + NH;
N )
H
CHZ_CHz_SH C2H5
/\ 2[H] 2[H] 2[H]
—_— —_— — + HZS .

S S

B npumepax peakuuil mpeanoaaraeTcs, 4To ruApUpPOBAHNE B YCIOBUAX TEPMHU-
YECKOI'0 PACTBOPEHUS MPOUCXOAUT 3a CUET MEPEPaACHpPENEICHUsT BOAOPOJAA MEXKIY
pacTBopuTeNieM M (parMEeHTOM YTrOJBHOIO BellecTBa. BomopomomoHOpHass akTHB-
HOCTb PacCTBOPHUTEIIS, KaK MPABWIO, BO3PACTACT C YBEIIMUYCHUEM COJEPKAHUS B HEM
Bostopoa. OJIHaKo, €ClI B pe3yJIbTaTe NOTEPH YaCTU BOJOPOIHBIX aTOMOB MOJIEKYJIA
pacTBOpUTENS MPUOOPETAET SHEPIETHUECKU WM CTEPUUYECKH HEBBITOHYIO0 KOH(PUTY-
paluio, ero JOHOpHasi aKTUBHOCTh OTHOCHUTENBHO CHIDKaercs. Hanpumep, ounmkiu-
YyecKHe yriieBo1opoisl Ciy MEHSIOT CBOKO aKTUBHOCTb B PSIAY
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TUTHAPOHAD TATHH TETPAJIUH JICKaJIvH

a cojiep>KaHKe BOJIOPOAA B HUX MEHSIETCS B IPOTUBOMOJI0KHOM HAITPABIICHUU.

B kadecTBe mprMepa BO3MOXKHBIX PEaKIUil, MPOTEKAIOIINX B MPOLIECCE TUIPO-
TeHU3AIMN U TEPMOPACTBOPEHUSI MOXKHO MIPUBECTH B3aUMOJICHCTBUE JUAPUIMETAHOB
C TETPAJIMHOM B aTMoc(epe BoAOpoAa

¢ ) -
O CHz@ + 1/2@0 — . CHz@ + 1/2
& W,

9-6enH3mtanTpareH OCH3MIAUTUAPOAHTPAIICH

Q CH,
Ccny e (3 +

O JTUTUIPOAHTPALICH '

TE€TparuIpoaHTpalcH AHTpALCH

W3 npumepa cineayer, 4TO OJHOBPEMEHHO OCYILIECTBIIAIOTCS PEaKLHUH JIUC-
IPOMOPLIUOHUPOBAHUS BOJOPOJIa HMCXOJHOTO pEareHTa W pPacTBOPHUTENS, pa-
NUKAIbHOM TEPMHUYECKOM NECTPYKIMUM W TUAPUPOBaHHUs. BciencrBue oOYeHb
OOMBIIOTO KOJMYECTBA BO3MOXKHBIX PEAKIMN MPOIECC MPUXOIUTCS paccMaTpu-
BaTh yNpOIIeHHO. Pe3ynbTaThl psa UCCIEeIOBAHUN MOKa3aJid, YTO MO CKOPOCTH
TEPMOPACTBOPEHHUS YTrob MOXKHO pPa3[eiUTh HA TPU KOMIIOHEHTA: PacTBOPSIO-
nuiicst ObICTpO, 0€3 ydacTusi pacTBOpUTessi B oOMeHe Boaopoja (A;) , pacTBo-
PAIOIIMICS MEIJIEHHO, 0€3 y4dacTus pacTBOpUTENsi B oOMeHe Bomopona (A) u
PacTBOPSIOLIUIICS TOJBKO 3a CYeT oOMeHa Bojaopoia ¢ pactBopureneM (Aj). ['a-
3000pa3HbIil BOJOPOA IO 3TOH cXeMe B3aUMOJAEHCTBYET C pacTBOPUTEIIEM, HE
y4acTBYS B MPSIMOM THAPUPOBAHUU YTJIS

TETpAIUH =— Hadranmun + 2H,

bvicmpo

A| ————> TOPOJYKTHI
MeOIeHHO

A, » TPOAYKTHI

TeTpAIUH + A3 —— TMPOAYKTHl + HadTaIuH.
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BBeneHune kaTanmn3aTtopoB rUIPUPOBAHUS MMOBBIIIAET CKOPOCTh PEAKIUM, CBSI-
3aHHBIX ¢ OOMEHOM BOJOpPOJa, U MPAKTUYECKH HE BIUSICT HA PACTBOPEHUE KOM-
MOHEHTOB A| B A,. COOTHOIICHHE KOJIMUECTB KOMIIOHEHTOB A | —A3 I KaXJI0Tr0
BUJA U MApPKHU YIJISl PA3JIMYHO U CBA3aHO C €ro MPOUCXOXKJICHUEM M CTAAUEH Me-
TaMmopu3sma.

PaBHOBecue peakuuii paciierieHuss HaQTEHOBBIX U alM(paTUUYECKUX CTPYK-
Typ NpHU TEMIIEpATypax TEPMUUYECKOTO PACTBOPEHUSI CMEILIEHO B CTOPOHY 00pa3o-
BaHUS MPOAYKTOB, TOTJa KaK THAPUPOBAHUE APOMATUUECKHUX YTIIEBOIAOPOJIOB
TEPMOJIMHAMHUYECKH HEBBITOJHO. [l03TOMY mNpu paBHBIX YCIOBHUSIX MPOBEIACHUS
mporiecca, BhIXOJ KHJIKHAX M ra3000pa3HBIX BEIIECTB M3 CAIPOICIIUTOBBIX YTjeh
BBIIIIE, YEM W3 TYMYCOBBIX, @ B PSly TYMOJIMTOB OH CHUIKAETCS C POCTOM METa-
Mopduzma. YacTh yrojIbHOTO BEIIECTBA BOOOINE HE TOJABEPraeTcs JECTPYKIUU
1O/ ICMCTBUEM CBOOOJHOTO U CBS3aHHOTO Bojaopoaa. [locie okoHyaHus mporiec-
ca HEPaCTBOPHBIIIASCSA YACTh OKA3bIBACTCS OOOTAIEHHOUW YTJIEpOI0M, OCOOCHHO
CBSI3aHHBIM B aPOMATHUECKHE CTPYKTYPHI, U 00€THEHA BOIOPOIOM 10 CPABHEHHIO
C UCXOJHBIM YIJIEM.

Jlonst HepaCTBOPUMOI YACTH 3aBUCUT HE TOJILKO OT CBOMCTB OKHMXKAEMOI'0 yI-
751, HO U OT TEXHOJOTMYECKHX MapamMeTpoB mpoiecca. Uem Gosee KeCTKU ycio-
BUsI, T€M OOJIbIII€ BBIXOJ MPOJYKTOB TEPMOPACTBOPEHUS, HO ISl JOCTHKEHUSI
ATUX YCJIOBUH HEOOXOJIMUMBI TOBBIIIEHHBIE 3aTpaThl Ha 00OPYJO0BAHHE U PACXO/T
sHepruu. [loaTomy Hanbosee 3KOHOMUYHBIMU TIPOIECCAMU THIPOTEHU3AIUN OKa-
3BIBAIOTCA TE€, KOTOPHIE MCIIOJIB3YIOT CPABHUTEIBHO JIETKO Pa3pylIarOINecs yIiu
C MUHUMAJIbHBIM COJIEPKAaHUEM apOMATUUYECKOTO YIJIEPOJIa, U IIPOBOJAATCS 10 HE-
KOTOPOW ONTUMAJIbHOW KOHBEPCUH MCXOJHOTO BEIIECTBA MPU YMEPEHHBIX JaBJIic-
HUAX U TeMiieparypax. CieayeT 3aMeTUTh, YTO MOJyYarolrecs Mo 3TOM TeXHOJO-
TUH KUJKUE TPOAYKThI TUAPOTEHU3ALUHN YISl HE MOTYT IIPUMEHSTHCS B KAUECTBE
CBIPbS JUIsl MPOU3BOJCTBA MOTOPHOI'O TOIUIMBA M3-32 BBICOKOI'O COJEPKAHUS HE-
MPENICNIbHBIX YIJIEBOJOPOJOB M T€TEPOATOMHBIX COCIMHEHHH MO CPABHEHHIO C
aHAJOTUYHBIMU HEPTAHBIMU (Pppakiusimu [1].

4.4. Okuc/ieHne YIiepoacoaep kaliux BeuecTs

[portrecc OKUCTICHHUS YTIIEPOICOACPIKAIIIX BEIIECTB MOXKET OCYIIECTBISATHCS KH-
CIIOPOJIOM BO3[yXa M Pa3IMYHBIMU OKHCIHUTEISIMU, COJCPKAIUMH KUCIIOPOJ B CBSI-
3anHOM coctostaum (H,O, , HNO;, KMnO,, K,Cr,O; u ap.). Okucnsiemoe BeIecTBoO
MOYET OBITh Ta3000pa3HBIM, KUAKUM WU TBEPAbIM, a OKUCIUTENh UCIIONb3YETCS B
ra30BOM WM *Kuakou ¢azax. Takum 0Opa3om, BOZMOKHBIE KOMOUHAIMH (Da3 CO3IAI0T
TOMOTEHHEBIE, TeTEpOTeHHbIE U TeTepodasHbie cucTtemMbl. [IIupokum sBisieTcs: Temrie-
paTypHBI MHTEPBAJ MPOIIECCOB OKUCIICHUS: OT TEMIIEPATypPhl OKPY>KAIOIIEH CPEIIbl,
Py KOTOPO# MPOUCXOJAT TIACHNUE, BRIBETPUBAHUE, IO TEMIIEpaTypbl TopeHus. /lanie-
HHE TIPOIIeCcCa MOXKET COCTABIIATh OT OJTHOM JTI0 HECKOJIBKUX JECATKOB armocdep.

OxucnuTenu, B KOTOPBIX KACIOPOI XUMHYECKH CBS3aH, UCTIONB3YIOTCS TIPEUMY-
IIECTBEHHO B AQHAJUTHYCCKUX W MCCIEIOBATENbCKUX Tesx. Hampumep, opranmde-
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CKYI0 Maccy yIJIsl MOYKHO OKHCIIUTB JO OTHOCUTEIBHO HU3KOMOJIEKYJISIPHBIX MTPOIYK-
TOB, CTPOEHHE KOTOPBIX OyJIET ONPEAEISATHCS CTPYKTYPO HCXOHBIX MAKPOMOJIEKYI.
B TakoM ciyyae mo COCTaBy M BBIXOJY HPOJYKTOB OKHMCJIEHHS MOXXHO B 3aMETHOU
Mepe OLICHUTh MTPOUCXOKACHUE U CTeNeHb MeTamopdusma yriisi. Haubonee ycroitum-
BbI K OKMCJIEHHIO apOMAaTHYECKUE CTPYKTYPBI, A]pa KOTOPBIX MOYTH HE pa3pylIatoTCs
OKHCIIMTEJIEM, TIOATOMY I'YMHUTBI JAIOT, B OCHOBHOM, apOMAaTU4YECKHUE KUCIIOTHI, a Ca-
HPOMENNUTHl IPUBOIAT K MOHO- M JUKapOOHOBBIM anmudaruueckuM kucnoram. [Ipu
YBEJIMUYEHNH CTENICHU YIJIe(PUKaK BBIXOJ apOMATUUECKUX KHUCIOT T'YMUTOB BO3pac-
TaeT, [IPU ITOM BO3PACTAET U CPETHEE YNUCIIO KAPOOKCUIIBHBIX TPYIIT B MOJIEKYJIaX KU-
CJIOT.

[IpensiosxkeHo JOBOJBHO MHOTO CXEM KUAKO(A3HOTO U ra30(h)a3HOro OKUCIECHUS
OpPraHMYECKUX COEAMHEHHUH YHMCTBIM KHCIOPOAOM WIM KuciaopoaoMm. OHM oTiuya-
IOTCS B JIETAJSIX, HO OOIIME 3aKOHOMEPHOCTH, OMPEACISIONe Habop U MOCIe0Ba-
TENTLHOCTh 00Opa30BaHUsl OCHOBHBIX MPOAYKTOB, MO)KHO CUHTATh YCTAHOBJICHHBbIMU. B
YACTHOCTH, MEPBUYHBIM IMPOAYKTOM OKHCJIEHHUS SBISETCS TMIPONEPOKCHI, pasiia-
TalOIIMICS Ha CIUPT U KApOOHWILHOE COEOUHEHHUE, MpUueM 00a MpPOIyKTa MOTYT
OKHUCIAThCA Aaiblie. [lomyyarommiics HaOOp BELIECTB 3aBUCHUT OT NMPUMEHSEMOIO
OKHCIIUTES], HATMYMS KaTaJu3aTopa, IPUPOAbl UCXOIHBIX BEUIECTB, HO O0IIas cxema
IpoLiecca OCTAETCsl NMPAKTUYECKH HEN3MEHHOW. PaccMOTpuM psll pUMEpPOB KHUIKO-
(ha3HOrO OKHCIEHUS Fa3000pa3HbIM KUCIOPOIOM.

1. MCTI/IHSaMCH_ICHHI)Ie ApOMATHYCCKUC YITICBOOOPOAbL
Ar—CH,OH

Ar—CH; —2> Ar—CH,00H 2

N o,

Ar—CHO —> Ar—COOH
re Ar — apoMaTHYeCKUd paiuKal.

2. ANKun3aMelleHHbIE apOMATUYECKHE YTIIEBOIOPOIbI
Ar—CH—R

|
0O / OH

Ar—CH,~R —* Ar—CH—R

| loz
OOH
Ar—C—R —22= Ar—COOH + R'—COOH
(”) JeCTPYKIMs OOKOBOM
1Icnu

3. Iapadunsr
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R-H,C~CH—R'
OH

7

0
R—CH,CH,R' —AR—Hzc—(le—R' 0,
OOH 0 0
R—Hzc—ﬁ:—R'QZ»R—c':/ +R—C”
OH HO
JECTPYKILUS
I

4. Hadrenonbie erIeBOI[OpOI[BI

a8
Q A G

5. OxucieHue TMONUSIACPHBIX KOHACHCHPOBAHHBIX apOMAaTUYECKHX YyTJie-
BOZIOPOZIOB
COOH COOH

02 * 02 ©/COOH ©

[Tocnenauii mporecc U €ro aHaJIOTH OCYIIECTBISIFOTCS TOJBKO B MPHUCYTCTBHH
KaTaJIM3aTOPOB TPU TOBBIMICHHBIX TEMIIepaTypax W JaBieHusx. OpraHudeckue Ku-
CIIOTBI, KaK amu(aTuIecKre, TaK U apOMaTHUECKHe, HAXOAAT MIMPOKOE IPUMEHEHHUE B
Ka4eCTBE IIeJIEBBIX MPOTYKTOB U MOIYIPOITYKTOB I OPTaHUYECKOTO CHHTE3A.

Cxema 00pa3oBaHusi THAPONEPOKCHIA MOXKET OBITh TMPEJCTaBJIeHA IIO0-
CJIEZIOBATENIbHOCTHIO OKUCITUTEIbHO-BOCCTAHOBUTENBHBIX U PATUKATBHBIX PEaKIUil Ha
puMepe yTriIeBoJ0poaa

RH+OxX" ' 5> R +Ox" +H'

(manpumep, RH+ M’ —» R+ H +M* wm RH+ 0, — R* +HO,')

R*+ O, > RO,

RO,"+Red"” +H'" — ROOH + Red""

(sarpamep, RO, + M* + H — ROOH + M™),

93



rae Ox’, Ox""! — okucIHTENH B BOCCTAHOBIICHHOM 1 OKHCIICHHOI (hOpME;

Red™, Red”! — BoccTaHOBHTENb B BOCCTAHOBIICHHOM M OKHCIICHHOH (opMe.

Ha npaktuke B poju ¥ OKHCIMTENS, U BOCCTAHOBUTEIIS YacTO (PUTypUpPYeET Kara-
JU3aTop, B KAYECTBE KOTOPOTO BHIOMPAIOT OPraHUYECKUE COIA METAJUIOB ITEPEMEHHOM
BasieHTHOCTH (Co, Mn, N1 u ap.). MoHBI 3TUX METaNIOB MPUCYTCTBYIOT B PEAKIOH-
HOM Macce B OKMCIIEHHOM U BOCCTaHOBJICHHOM (hopmax (M3Jr 151 M2+), Y YYaCTBYIOT CO-
OTBETCTBEHHO B IEPBOM U MOCIEAHEN CTaAMUSIX MPUBEICHHON cxeMbl. Karanu3aTopsl
CHOCOOCTBYIOT TaKKe pacnajay MOJIEKYJ NMEPOKCUIHBIX COCIMHEHUN Ha paJvKalbl.
Kak u B Jpyrux pajuKalbHBIX peakiusx, oopaszyercsa Haubojiee yCTONYMBBHIN U3
BO3MOXHBIX pajiMKall, TO3TOMY IPU OKUCIIEHUU napaduHOB B IEPBYIO OUYEPEb pea-
TMPYIOT BTOPUYHBIE U TPETUYHBIE aTOMBI YIVIEPOA, & ApPOMATHYECKUE YIIIEBOIOPOIBI
NPUCOETUHSIOT KUCIOPO K aroMy, HaXOASIEMYCS B O-MIOJOKEHUHA OTHOCUTEIBHO
OEH30JIbHOTO KOJIbIIA.

Oprannyeckre pagukansl R* 1 RO,’, a Takke paguKaibHbIe TPOLYKTHI paciaia
TMJIPONIEPOKCUIOB, MOTYT y4acTBOBaTh B LIEMHOM M HELIETIHOM BapHAHTaX OKHCIIE-
uust. Ecu pagukan RO, GbicTpee B3aMMOICHCTBYET ¢ BOCCTAHOBUTEINIEM, Y€M C YT-
JIEBOJOPOJIOM, JUIMHA LENH NPUOIMKAETCS K eIMHUIIE, U (PAKTUYECKH IO paguKaiam
OCYLIECTBIISIETCS] HELIEMHOM Iporiecc. Eciu ke CKOpOCTh 3TOM peaKIMU HEBEJIMKA, TO
IPOMCXOIUT POCT ENH OKHUCIEHHS ¢ pereHepaimei paaukana R®. TTonqoOHas KOHKY-
PEHLIMS LUEMHOI0 U HELEMTHOTO MEXaHU3MOB UMEJIa MECTO B PACCMOTPEHHOM paHee
WOHHOM aJIKMJIMPOBAHUM YTJI€BOIOPOIOB (pa3a. 4.2.3).

[IpuBeneHHass cxemMa XapakTepHa IS SKUAKO(PA3HBIX W razoda3HbIX He-
KaTATMTUYECKUX PEaKLMHA WIM TPOBOJSIIMXCA B MPHUCYTCTBUM TOMOIE€HHBIX Ka-
Tann3atopoB. ['a3o(azHoe OKkKcIeHne OPraHnYeCKUX BEIIECTB MPU IT'€TEPOreHHOM Ka-
TaJIM3€ YacTO UMEET MEXaHU3M, OJIM3KUI K paCCMOTPEHHOMY MEXaHU3MY THUIApUpPOBa-
HUsl. CeNeKTUBHOCTh TE€TEPOreHHOr0 TeTepo(azHOro OKUCICHUS MOXKET OTINYaThCs
OT CEJIEKTUBHOCTH HUJIKO(PA3HOrO TOMOTE€HHOTO OKHCICHHUS ISl OJTHUX M TeX K€
OKHCIgeMbIX BemiecTB. Ilpu 3ToM M30MPaTENbHOCTHIO PEAKIMM MOYKHO YIIPABIIATS,
UCIIOJIB3Ysl KaTAJIN3aTOPhI C PA3IMYHON COPOLIMOHHOM CLIOCOOHOCTHIO 110 OTHOLLIEHUIO
K pa3HbIM PEAKIIMOHHBIM LIEHTPaM MOJIEKYJIbI CyOcTpara.

[Ipouecchl OKuCIeHHUsT HEOOpaTHUMBbI, MOATOMY YIPABJIECHHE CEJIEKTUBHOCTHIO
KUIKO(DA3HBIX PEeAKIMd OCYIIECTBISIETCS IMyTeM MOA00pa KaTaau3aTopoB, pacTBOPH-
TeJNel, AaBiaeHusl ra3000pa3HOro OKUCIHUTENSA U T.J., TO €CTh 3a CUeT (PaKTopoB, Me-
HSIOIUX COOTHOLIEHUE CKOPOCTEW CTaJuii MpoLecca, HO HE BIMSIOIMX HA MOJI0XKE-
HHE PaBHOBECHSL.

4.4.1. BolBeTprBaHUE U CAMOBO3IOPAHUE YIJIEH

[Ipu xKOHTaKTE YISl ¢ BO3AYXOM IOJ JIEHCTBUEM aTMOC(EPHOI BIard U KUCIO-
pO/a BEIIECTBO TOPIOYETO MCKOMAEMOTO MPETEepIieBacT PsAJ HEOOpAaTUMBIX M3MEHE-
Hui. OHM OCOOEHHO 3aMETHBI B CITy4ae KaMEHHBIX YIJIeH MO CHIIbHOMY M3MEHEHHIO
UX TEXHOJIOIMYECKUX CBOMCTB. IIpy BbIBETpHUBaHUU Yroiib TEpSET OJECK, pacKasbiBa-
eTcsl Ha KYCKH, 3aTeM CTAHOBUTCS PHIXJIbIM M MPHUOOpETAET OYphIil LIBET 3a cYET 00pa-
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30BaHMS TYMHHOBBIX KHUCJIOT. B pesynbTare CHMXaeTcsl TEIIoTa CropaHus, pacTer
BJIQYKHOCTB, YXYIIAETCS CIEKaeMOCTh. Takoi yroib Ha3bIBalOT OKUCIICHHBIM.

B arieMeHTHOM COCTaBe OKHCIIEHHOTO YITISl MAJaeT COJEpKAHUE yIiepoJa U BO-
J0poJia ¢ OJTHOBPEMEHHBIM BO3pPAaCTaHHEM JOJU Kuciaopoda. Takum oOpa3om, npu
BBIBETPUBAHUU YTJISI €70 BEIIECTBO MPETepreBaeT U3MEHEHHs, 0OpaTHbIE TEM, KOTO-
PBIM OHO TIOZIBEPTaeTCs B XO€ yriae(puKaImy.

Bbicokasi 3K30TepMUYHOCTD peaKIUii, MPOTEKAOIMX MPU BBIBETPUBAHUU, MO-
’KET BbI3BaTh Pa3orpeB OKUCIIOIIEICS Macchl yIiis (IU1acTa, mradenst 100bITOro uc-
KOIAeMOro U T.1.) 10 TEMIIEpATyp, MPH KOTOPBIX MOCIEIHUN 3aropaercs. Takoe sB-
JIEHUE Ha3bIBAETCS] CAMOBO3TOPAHUEM.

[lepBast cTagust OKUCIEHUS YITIs, KaK U JPYTUX TBEPJBIX YIIIEPOAUCTHIX BEILIECTB
— xeMmocopOuus Mosekys1 O, MOBEpXHOCThIO, COMPOBOXKAAIONIASACST UX aKTUBALIMEH 3a
CUeT 0cIabIeHNsI CBSI3eN KUCTIOPO/-KUCIOPO/ B ajcopoare.

AKTHBHUPOBaHHAsI MOJIEKYJIa pEarrpyeT ¢ OpraHUYECKUMHU COEIMHEHUSIMU YTJIS,
oOpazyst mepokcuabl. [locnennue pacmagaroTcs Ha paguKalibl, KOTOPbHIE JOTOJHH-
TENTbHO MHULIMHUPYIOT Tporecc. PagukanbHbIi pacnaa ruApoNepOKCUIHBIX COETIMHE-
HUM KAaTaIM3UPYETCSd MOHAMM METAJUIOB NEPEMEHHOM BAJIEHTHOCTH, MPEXKAE BCETO
KeJe3a, MPUCYTCTBYIOIIMMH B MUHEPAIbHOM yacTu yris. JIaBuHooOpa3zHoe HapacTa-
HHUE KOJIMYECTBA PAUKAIIOB YCKOPSET IMOIJOMIEHUE KUCIOpoaa (aBTOYCKOPEHUE pe-
aKIM1), COOTBETCTBEHHO YBEJIMUMBAETCSI CKOPOCTh BBLAEICHUS TEIUIa, U POCT TEMIIE-
paTypsl MOXKET MPUOOPECTH SKCIOHEHIIMAIBHBIN XapakTep. Beneacreue storo men-
JIEHHOE OKHUCJICHUE BBIBETPUBAHUS MEPEXOAUT B OBICTPOE OKUCIIEHUE CaMOBO3IOparo-
IIErocs yriisl.

Kazanoch 051, 3TOT mpolece A0KEH IPOUCXOAUTH B IFOOOM cilydae, €Clii YroJb
(v BOOOIIE roprodee UCKOMaeMoe) CIIOCOOCH K COPOIMH KUCIIOpOa, a BPeMsl €ro
KOHTaKTa ¢ KUCJIOPOAOM JI0CTaTOUHO Besnko. Ho Bo3ropanue npoucxoauT He Beeraa.
310 00BIICHSAETCS TEM, UTO, KaK TOJIBKO HAUMHAETCS PEAKLUS U CBA3aHHOE C HEH BBI-
JIeTICHHE Teria, MPOUCXOIUT HE TOJIBKO €ro MOIJIOHIEHHE MacCoM YTJs, HO M €ro
NOTEPU B OKPYXKAIOILIYIO CPely Yepe3 MOBEPXHOCTh YIOJBHOTO IjacTa (1urade-
as1). O4eBUIHO, €CIM CKOPOCTh TEIJIONOTEPh Oy/IeT MEHBIIE CKOPOCTH TEIJIOBbI-
JIENIeHUs, TO MPOM30IIET caMOpa3orpeB, B MPOTUBHOM Ciyyae Mpouecc OyaeT
POUCXOANTH 0€3 3aMETHOTO MOBHIIICHUS TEMIIEPATYPhI TOBEPXHOCTH YTJIS.

CKJIOHHOCTh K BO3TOPAHUIO B HACTOSIILEE BPEMS ONPEAEISIOT IMIUPUUYECKH,
OKHUCJISISI Yrojb B YCJHOBMSX, ONM3KUX K aguabaruuyeckuM. [l J1erko oOkuc-
JSOUIMXC yriaeil pa3pabdoTaHbl ClIOCOObI OOPBOBI C BO3TOPAHUEM U €r0 IMpeay-
OPEXACHUS, CO3/AaHbI IJIaMATacsIiie U OrHE3alllUTHBIE COCTAaBbI M IMPEAJIOKEHBI
JI0CTaTOYHO 3()(PEKTUBHBIE METO/bI UX MpUMEHEHHs. OCHOBHBIE IMPUHILIMIIBI BbI-
00opa ¥ MPUMEHEHHUs TaKUX COCTaBOB:

1) cBsi3bIBaHME B XMUMHUYECKH HEAKTUBHOE COCTOSHHME KaTaIU3UPYIOUIUX
OKHCJIEHUE TPUPOJHBIX COCTUHEHHH >Kene3a T00aBKaMu KOMILIEKCOOOpa3zoBaTe-
neit (manpumep, pochaTHbie coeTMHEHUS);

2) co3qaHre Ha MOBEPXHOCTHU YT IIEHOK, HE IIPOIYCKAIOIUX BO3IYX

(HanpuMep, Ha OCHOBE MOJIMBUHUIOBOTO CIIUPTA);
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3) uCTIONB30BaHUE HETOPIOYUX JKUAKOCTEH, CHHUMAIOIIMX TEIIO C To-
BEPXHOCTH MITa0ENs 32 CUET UX UcnapeHus (Boaa).

4.4.2. OKAcIIeHrE ¥ CTa0OWIA3aMs TOILUTUB U Macell

KOMITOHEHTBI KHUJAKUX TOTUIMB W Macesl CIOCOOHBI K OKHCJICHUIO NPH KOH-
TaKTe C BO3JyXOM JaKe MPU KOMHATHBIX TeMmIleparypax. B pe3ynbrare B TeXHH-
YECKUX OpPraHMYEeCKHMX CMECSX HaKaIlUIMBAIOTCA THUIAPONEPOKCHIBI W KH-
CIOpOACOIepKAITUE MPOAYKTHI MX PA3JIOKEHUs, KOTOPbIe OOHAPYKHUBAIOT CIIO-
COOHOCTb KOHJICHCUPOBAThCS C 00pa30BaHMEM CMOJIUCTBIX coeauHeHuil. ['uapo-
MIEPOKCH/IBI YXYAIIAIOT JECTOHAIIMOHHBIE CBONCTBA TOILIMB, & CMOJIBI TIPH COKHTa-
HUHW TOILIMBA BBIICIISIOT TBEPBIN YIIEPOI, OCAXKIAIOMINNACS HA YaCTAX ABUTATEIIS
B Bujie Harapa. Cieayer 3aMeTUTh, YTO HanOoJiee CKIIOHHBI K OKHUCIICHUIO H30Mep-
HBIC YTJIEBOJIOPO/IBI, KOTOPBIC 00J1aJIaf0T BHICOKMMHU OKTAaHOBBIMHU YHCIIAMH.

CoBpeMEHHBIC TOIUIMBHBIC KOMITO3HMIIMM CTAOMIIM3UPYIOT JO0OAaBKaMU CEpHU-
CTBIX W A30THUCTBHIX COCAMHCHHI, MHTHOUPYIOIIMX OKHCIcHUE. EcTecTBeHHO, Cy-
IICCTBYIOT HWDKHHHA W BEPXHUH Mpeesbl COACpPKaHHMsI WHTHOUTOPOB B TOILIUBE.
3T0 00YCIOBIEHO, C OJHOW CTOPOHBI, F3(P(HEKTOM CTAOMIU3AIMH, a C APYrod —
9KOJIOTHUECKH JTOTYCTHUMOM KOHIICHTpaIlMel reTepoaToMoB B roprodeM. Crioco0-
HOCTD JKUJKHUX TOTUIUB K OKHUCJICHHIO OOBIYHO YCTaHABJIMBAIOT MO CKOPOCTH OKHC-
JICHUS WIIM TEMITepaType Hadvaja OKUCJICHHS, B CTAHIAPTHBIX YCIOBHUSIX. DTH Xa-
PaKTEPUCTHKH MOTYT OBITh IIEPEHECEHBI C Ja0OPaTOPHBIX Ha peajbHbIC YCIOBHUS
XpaHCHHUS U SKCIUTyaTal[iy TOILIUB.

4.5. I'a3auduxanusi roproYuX UCKONMAEMBbIX

[Mazudukanust — mporecc BBICOKOTEMIIEPATyPHOTO B3aUMOCHCTBUS TOPIOYUX
MCKOMAaEMBbIX C TapaMu BOJIbI, KUCIOPOJIOM, TUOKCUIOM YTJIEPO/Ia UM UX CMECAMHU
C LIeTIbI0 TosTy4yeHus roprounx ra3on: H,, CO, CH,. OHU MOTYT MCIIOJIB30BAaThCS KaK
TOTUTMBO M KaK CBHIPbE JIJII XMMHUYECKON MPOMBINUICHHOCTH. ["azuduimpoBaThes
MOTYT TMPAKTAYECKH BCE BHUJIBI TA3000Pa3HBIX, KUAKAX U TBEPABIX TOIUIMB. BbI-
O0p CBIPBS ISl Tpolecca OOBIYHO OBIBAET OOYCIIOBIICH SKOHOMHUYECKUMH COO00-
paXXEHUSIMHU, a UHOTJIa HaMpaBJICHUEM JalibHEUIIel nepepaboTku oOpasyromiencs
razoBoil cmecu. Kak mpaBuwiio, cMech OKCHJa yriiepoja W BOJOpOJAA sl MpOou3-
BOJICTBA XMMMUYECKON MNPOAYKIMH (CHUHTE3-Ta3) MoyydyaroT rasuduxamnuei (KoH-
BEpCHE) MeTaHa U JPYTUX YTIJIEBOJAOPOIOB, & T€HEPATOPHBIEC Ia3bl JJIs MOJTyde-
HUSI CUHTETUYECKOI0 >KHJIKOTO TOIUIMBA WJIM HEMOCPEICTBEHHO CHKUTAHMS BbIpa-
oarbiBatoT u3 TI'U. [Iponecchl, B KOTOPBIX 00pa3yroTCs CMECU MPOAYKTOB ra3u-
dbuKkanuu, o4YeHb pPazHOOOpa3Hbl M COCTABISIOT CJIOXKHYIO CHUCTEMY IOCJEI0Ba-
TETbHO-TIAPAJUICIbHBIX OOpPaTUMBIX M HEOOPATUMBIX pEaKIui, Cpear KOTOPBIX
€CTh 3K30- U dHAOTEpMHUYECKUE. [[71s1 mpeaBapUTENbHON OLIEHKH COCTaBa MPOIYKTOB
ra3u(uKaIyd UCTONB3YIOT TIOHSTHS «UICATBHBIX» T€HEPATOPHBIX Ta30B, YCJIOBHO
CUMTAas1, YTO HEOOPATUMOI KOHBEPCHUHM MOABEPIraeTCsl YUCTHIN yTiaepo
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sozoyuwmnsiii a3 2C + Oy + 3, 76N, — 2CO + 3,76N, + 219 x/[x/mMonb

8005IHOU 243 C + H,O — CO + H, —133 kJIx/mMoib

nonysoosnou caz  3,65C + O, + 1,65H,0 + 3,76N2 — 3,65CO + 1,65H,+ 3,76N,

okcusoosnou 2az 3,65C + O, + 1,65H,0 — 3,65CO + 1,65H,.

CooTHOIIIEHHE MEXKTY KOTMUYECTBAMHU KHCIOPO/Aa M BOJIBI IS Ta3u(PUKALIMU BbI-
OpaHO TakuM, YTOOBI JIBE TIOCIICHUE PEAKIIMU MTPOTEKAT B aBTOTEPMUIECKOM PEIKH-
Me, T.€. TIOTJIONICHUE TeIIa MPU 00pa30BaHUK BOISIHOTO Ta3a KOMIICHCHPOBAIOCH €T0
BBIJICIICHUEM TIPU OKHUCIICHUH YTJIEpO/Ia.

Ha npakTuke moasepraror ra3uukamnyy yrim ¢ T0CTaTOYHO OOJBIIIM COepIKa-
HHEM TE€TEPOAaTOMOB, B YaCTHOCTH Oypble M HU3KOMETaMOp(hU3NPOBAHHBIC MapKH Ka-
MeHHbIX, ipu Temrieparypax 1000-1400° C. Cuuraercs, 4To B 3TUX YCIOBUSAX PEAKIU-
M COOCTBEHHO Trazu(uKaIy MPEIIIeCTBYET MUPOIU3 YIJIS C BBIACJICHUEM JIETyYUX
BEIIECTB M 00pa30BaHHEM TBEPAOro OOYTJIEPOKEHHOTo ocraTka (kokca). 'azudurm-
PYIOLIME areHTbl pearupyroT 3aTeM C ra3000pa3HbIMUA MPOAYKTAaMHU MHUPOJIU3a U Yac-
TUIIAMH KOKca. boJbinas 4acTh 3TUX peakiuii o0patuMa, 3a UCKIIOYEHUEM OKHCITHU-
TEJIHBIX PEAKIMA C y9aCTHEM MOJIEKYJISIPHOTO KUCIIopona. B cBs3u ¢ odeHb 0oib-
MM KOJTMYECTBOM BO3MOXKHBIX PEAKIIM MPH PaCCMOTPEHUH COCTaBa MPOTYKTOB ra-
3u(UKaIKU B peabHOM CUCTEME MPUOETAt0T K HEKOTOPHIM YIPOIICHUSIM.

[Ipennonaraercs, 4To 3a BpeMs NPEOBIBAHUS YaCTUIBI B peakTope (Tazo-
TeHepaTope) YCIeBaeT yCTaHOBUTKLCS paBHOBECHE Ta30(ha3HbIX peakiuii. Bpems rasu-
dbuKaryy 9acTrIl KOKCa OMPEIENsIeTCs] BPEMEHEM €ro MpeObIBaHMS B Ta30T€HEPATOPE.
Ha npakTrke 00bIYHO yIIPOIIEHHBIM METOJIOM OIICHHBAIOT COCTaB TEHEPATOPHOTO Ta-
3a TI0 U3BECTHOMY COCTaBY YIJISL U AyThs (MCXOJHBIX ra3000pa3HbIX BEIIECTB) MPU
COOTBETCTBYIOIIEH Temmeparype razudukaruu. [Ipn 3ToM cumMTaeTcs, YTO OKHCIIH-
TEJIb PACXOAYETCs MOYTH MIHOBEHHO TI0 CPAaBHEHHIO C €r0 BpeMEHeM NpeObIBaHUS B
anmapare, ¥ pakKTUYECKU BECh YIIIepO/] MEPEXOIUT B Ta3000pa3HbIE COCTUHEHUSI.

OcHOBHBIE peakinu, IpoTekaronye npu razudukanuu TI'M nocne okoHuaHus
MIUPOJIN3a, MOTYT OBITh TIPECTABIICHBI CIIEAYIOIIEH CXeMO

AHozgg, KI[)K/ MOIJIb

I. C+0O,— CO, —395
2. 2C+0, — 2CO -219
3. C+H,0==CO+H, 133
4, C+2H,0 ===CO, + 2H, 88
5. C+CO, ==2CO 176
6. 2CO+0, — 2CO, —-571
7. 2H,+ 0O, — 2H,0 —485
8. CO+H,0==CO,+H, -43
9. 2CO+2H, ==CH,+ CO, —247
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10. CO+3H, ==CH,+H,0 —-209

Jlisi paBHOBECHBIX HPOLIECCOB YKa3aH TEIUIOBOM 3PQEKT MpsMON peakluu.
Bo3MOXHBI ¥ Jpyrue peakuuy, HAINYUE KOTOPBIX B KAXKIOU KOHKPETHOM CUCTEME
OIPENENSIETC COCTAaBOM ChIPbSl U MOJIBHBIM COOTHOIIEHUEM TOIUIMBA U JyThs, a
TaKXe€ COOTHOILIEHUEM KOMIIOHEHTOB IOCJIEHETO.

3aBUCHUMOCTh KOHCTAHT PABHOBECHSI NMPUBEICHHBIX PEAKLM IpeacTaBiIeHa
Ha puc. 4.3.

N3 puc. 4.3 cnemyer, 94TO €CiM HEOOXOAMMO TMOJyYaTh ra3, MPEUMYIIECT-
BEHHO COJEpKallluii BOJAOPOJ M YIJIEBOJOPOABI, TO Tazu(UKanuio HAJI0 MPOBO-
JUTh B 00JIACTM HU3KHX TEMIIEPATYp MpPHU M30bITKE BOABI, KOTJa PAaBHOBECHE pe-
akuuu 3 (Tak Ha3bIBAEMOE "paBHOBECHE BOJSHOIO ra3a') CMEIIEHO BJIEBO. DTOT
yTh PUMEHSIOT, €CIIM ra3u(uKanus HampaBjieHa Ha MoJydyeHue Boaopoaa. Ecinu
K€ CTOMT 3a/1a4a IOJIyYEHHMs NMPEUMYILIECTBEHHO OKCHJIA YIJIEPOJA, TO IPOLECcC
OCYIIECTBIISIIOT IPU 00Jiee BBICOKUX TEMIIEpaTypax.

K,

700 800 500 1000 1100 1200 1300 1400 1, K

Puc. 4.3. 3aBUCUMOCTh KOHCTaHT PaBHOBECHS peaKIuii Ta3uuKaruu OT
TeMieparypsl. Homepa KpUBBIX COOTBETCTBYIOT HOMEpPAM PEAKIMI B CXeMe
razudukanun. s peakmuii 9 u 10 npuBenens BenmnauHb -InKp

B nenom mpakTudecku Bcerja razudukanus UAET ¢ yBeIUYEHUEM oObema.
O4eBUIHO, JIJIS1 CMEIICHUSI paBHOBECHSI BIPABO (B CTOPOHY MPOAYKTOB), MPOIIECC
BBIFOJHO MPOBOAUTH MPU MOHMKEHHOM JaBieHudu. OIHAKO yAEeIbHAsi MPOU3BO-
JUATENBHOCTh Ta30r€HEePaTOpa IMPHU HU3KOM JABJICHUHM OKa3bIBA€TCS HEBBICOKOM.
Yacto reHepatopHbie ra3bl 1 0COOCHHO CHHTE3-Ta3 TpeOyIOT 3aTeM MOCieayolie-
ro cxarus. HecMoTps Ha TOPOroCTOAIIYIO anmaparypy, B 4aCTHOCTH PEaKTop, ra-
3U(UKAIKS O] TaBICHUEM OKAa3bIBA€TCSI SKOHOMHUYECKH BBITOJHOM, XOTS B ITHUX
YCIIOBUSIX MPOILECC MPOBOJAT B HEONTUMAIbHBIX, C MO3UIUNA TEPMOJINHAMUKH,
YCIOBHUSIX.

[IpumMep m3MeHeHMs] MapiUaIbHBIX JIaBJICHUN PEareHTOB Mpu rasudukauu
KOKCa B M30TEPMUYECKUX YCJIOBUSAX MPU MOCTOSHHOM OObEME MpEJCTaBIEH Ha
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puc. 4.4. Pacuet ObUI BBITIOJIHEH B MPEANOI0KEHNN OOIBIIOr0 U30BITKA yTaepoaa
U OTCYTCTBUA U (OY3UOHHBIX TOPMOKECHHM, T.€. IPU MPOTEKAHUH BCEX pPEaKLUil B
KWHETHYECKOH 00JIacTH.

P Ml

&,io7

005

o2 04 o8 oA 18 1o

Puc 4.4. ITapuuanbHble 1aBIeHUS TPOAYKTOB PEAKIINU

ra3uuKaIyuy Mpy MOCTOSTHHOM 00BhEME CHUCTEMBI

B tabin. 4.3 npuBeneHbl pacueTHBIE PABHOBECHBIE JABIICHUST KOMITOHEHTOB
T€HEePATOPHBIX ra30B MPU PA3HOM COCTaBE yThsl B CPABHEHUHU C MapIUaIbHBIMU
JaBJIEHUSIMU KOMIIOHEHTOB UJCalIbHBIX TeHepaTOpHbIX ra3oB (mpu t=800°C).

Tab6nua 4.3

PaBHoOBecHbIE 1aBJIeHUS KOMIIOHEHTOB IeHEPATOPHBIX I'a30B, PACCYMTAHHbIEC
st peakuuii 1-10(1) 1 17151 cocTaBOB H/I€AJbHBIX Ira30B (2)

[TapuuansHoe nasnenne, MIla

Hcxonnabie

T'a3 BellleCTBa Hponyxrer
CO H, CO, H,0
H,O| O,
1 2 1 2 1 2 1 2
Bonasnoin 0,100{ O 0,075 | 0,100 | 0,091 {0,100{0,008| — |0,009| —
Bo3nyuinbiii 0 10,021 0,032 | 0,042 0 0 10,005 — 0 |-

[HomyBomsinon  0,026| 0,016 | 0,047 | 0,056 | 0,024 0,026|0,005| — {0,002| —

[TomyBO3 My IIHBII

0,062| 0,038 | 0,103 | 0,138 | 0,055 ]0,062]0,014] — [0,007| —
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B nacrosimiee Bpemst Bce 6oJiee NIMPOKOE MPUMEHEHNE HaXOIsIT CIIOCOOBI MMOo-
Jy4YeHHs] CHHTE3-Ta3a U3 YIJIeBOJAOPOIOB, IPEkKAE BCEro U3 MeTaHa. ITU CIIOCOOBI
no3BOJAIOT nony4yath cmecu CO u H, onpeneneHHOro cocraBa, MPakTUYECKH HE
coJiepXalliue rerepoaToOMHbIE COEAMHEHUS, B OTJIMYME OT CHUHTE3-Ta3a Ha OCHOBE
TI'W. IIpouecchl MOJy4eHUsI CUHTE3-Ta3a U3 METaHa U €ro TOMOJIOTOB Ha3bIBAOT-
csi KoHBepcuei. OHU OCHOBaHBI Ha OOpAaTUMBIX pEAKIUSAX, HAPUMEpP METaHa C
napamMu BOJIbl U JUOKCHUIOM yriiepona. PaBHOBecHe 3THX peakiuii cMelaercs B
CTOpOHY 00pa30oBaHUs OKCHJIA yTIIepo/a U BOAOPOAA MPHU TeMIepaTrypax, IpeBbl-
maromux 600°C. IIpu 750-850°C u u30bITKE BOABI M YIVIEKUCIIOTO Ta3a 3TH peak-
[IUU TIPAKTUYECKU HEOOPATUMBI

CH4 + HQO —>CO+ 3H2
CH4+ CO, —» 2CO + 2H,.

B 3THX ycnoBusiX peakiusMU BOAOPOAA C OKCHIOM M IHOKCHJIIOM YIiepoza
MOHO TipeHeOpeub. O6beMuoe cootHomenne CO:H, npu KoHBepcur MeTaHa Me-
Hsiercst ot 1:3 mo 1:1 B 3aBHcHMMOCTH OT Tazuduimpymoliero areura. Mcnomab3ys
cmecu CO, m H,O B pa3HBIX MPOMOPIUAX, MOKHO JOOUTHCS JTF0OOTO COOTHOIIIE-
HUSI KOMIIOHEHTOB CUHTE3-Ta3a B YKa3aHHOM MHTEpBAJIE.

[Ipy HENONMHOM OKHCIEHMM METaHa KHUCJIOPOAOM TakXke oOpa3yroTcs
cmecu CO + Hy: CH, +1/20, - CO+2H,, npuyeM 5Ta PeaKlyus >K30TEPMUYHA

(AH®95 = — 49,3 xJI>x/mMoub). lHOT/Ia €e MCIoNIb3yI0T COBMECTHO C PEaKIMe KOH-
BEpPCUM METaHa BOJOM JJIsi KOMIIEHCALUU 3HAO0TEPMHUYECKOro 3¢dekra nocies-
HEW.

B3auMopeiicTBue MeTaHa ¢ BOJSHBIM MApOM M JHOKCHIOM YIJIepoJia MpoTe-
KaeT ¢ MPUEMJIEMON CKOPOCThIO Npu TemrepaTtypax Boiue 1100-1200° C, nns yse-
JMYEHUS CKOPOCTH MPUMEHSIOT Karanu3aropbl. Hawnbonee pacnpocTpaHeH Ha-
HECEHHBIN Ha OKCHJI aJTIOMUHUSI HUKEJb, TPOMOTHUPOBAHHBIA OKCHUJIAMH MAarHUS U
xpoMma. I[Tpu kaTanuse B IpUCYTCTBUU HETO KOHBEPCHUS METaHa IMPOTEKAET J10CTa-
To4HO OBICTpO yxke npu 500-600° C, HO 11 yBEJIMUECHHUS PABHOBECHOHN CTEIICHU
MpeBpalleHus: TemnepaTtypy nossimarot 10 800-900° C.

4.6. CuHTEe3bI HA OCHOBE OKCH/IA YIJIEPOaa U BOJA0OPOAA

4.6.1. Cunre3 @uiepa-Tpomma

CuHTE3BI Ha OCHOBE OKCHJA YIJIEpOJa W BOJOPOJIA SBJISIOTCS T'E€TEPOTCHHO-
KaTAJIMTHICCKUMH TPOIIECCaMH, MPOTEKAIOIIUMHE C BBIJICICHHUEM OOJIBIIIOr0 KOJIH-
4yecTBa TeIia. B 3aBUCUMOCTH OT NMPUMEHSEMBIX KaTaJu3aTOPOB M3 OKCHJIOB yT-
Jepoja W BOJOPOJAa MOXKHO TIOJIy4aTh IMUPOKWUN CIEKTp TMPEACIbHBIX VT-
JIEBOJIOPO/IOB (OT MeTaHa A0 TBepAbIX mapaduHoB), paznuunbie cnupthl (Ci- Cy),
KapOOHOBBIE KHCIIOTHI, CJIIOXKHBIE 3(UPHI, aJIbJECTU/IBI, KEeTOHBI, ojlepuHbl. B kaue-
CTBE KaTaJu3aTOPOB YaIlle BCETO MCIOIB3YIOTCS METAILJIbI BOCBbMOM rpymmbl. CHH-
T€3 MPOBOJAT MIPH aTMOC(HEPHOM H TOBHIINICHHOM JABJICHHSIX B MHTEPBAJIC TEMIIC-

paryp 160-325°C.
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[Tonyuenue yraeBopoponoB u3 CO u H, Hocur Ha3zBaHue cuHre3a Puniepa-
Tpomnmia (OT-cunrte3). OcHoBHbIMU peakiusiMu OT-cuHTe3a SBISIOTCS

1(27’1+1)H2 +nCO —> CnH2n+2 + nHzO

2. 2nH, +nCO — C,H,, +nH0O

3. (I’H‘DHZ +2nCO > CnH2n+2 + l’lCOz

4, 2I’ZH2 +2nCO — C,,Hzn + I’lCOz

[Tpu 200-300° C u naBaenun 1,0-2,5 MIla peakunio MOKHO CUUTATh MPaK-
THYecKn HeoOpaTumoi. CocTaB TPOIYKTOB OMpPEAESETCs, TIaBHBIM 00pa3oM,
IPUMEHSIEMBIM KaTaJInu3aTOpPOM U BpEMEHEM KOHTAaKTa.

[Ipn kaTanmse KOOANTHTOBBIM KaTaIM3aTOPOM, HAHECEHHBIM Ha KHU3EIbIYp,
IPEeUMYILECTBEHHO 00pa3ytoTcs napadunsl (75-80 mac.%) u Boga. B To ke Bpems
JKEJIEe3HBIN KaTtanu3atop (IrpaHyJIMpOBaHHBIN, TOPONIKOOOPa3HbIN, B BUAE CTPYK-
KH) IPUBOJUT K 0OpPa30BaHUIO OJE(UHOB C MOJOKEHUEM JBOMHOM CBSI3M HA KOH-
ne wmousekyiael (60-70 mac.%) W auokcuaa yriaepoaa. OTO pasidyue, Io-
BUJINIMOMY, MOHO OOBSCHUTH 0OJIe€ BBICOKOW THAPUPYIOMIEH CIIOCOOHOCTHIO
KOOQJIBTOBOTO 110 CPABHEHUIO C KEJIC3HBIM KaTaIH3aTOPOM.

Ha mpakTuke TpUMEHSIOT MOYTH HCKIIOYUTEIHHO JKEJIE3HBIM KaTaau3aTop.
Bo-miepBbIX, 0H MHOTO JeIIeBie KOOAaThbTOBOTO. BO-BTOPBIX, TETIOMPOBOIHOCTH
KEJIE3HOr0 KaTaJu3aTopa 3aMETHO BhIIIE KOOATTOBOr0. DTO YCTpaHsET 001acTu
JIOKAJIbHBIX TIEPETPEBOB Ha JKEJIE3HOM KaTallu3aTope.

B cocTtaB karann3atopoB MOMHUMO OCHOBHOTO (0a30BOT0) MeTaia BXOAST
pasiinyuHbie 100aBKM — MPOMOTOpPHI. [IpoMOTOpHI CrOCOOCTBYIOT 00Opa30BaHUIO
Pa3BUTON MOBEPXHOCTH KaTalM3aTOpa, MPENSTCTBYIOT PEKPUCTAIM3ALUU €TI0
AKTUBHOM (Da3bl, YBEIMYUBAIOT CKOPOCTh PEAKIIMH, MOBBIIIAIOT CEJIEKTUBHOCTh
npoliecca 1o LeiaeBbM npoaykraMm. Hampumep, /uist skelle3HbIX KaTallu3aTOpoOB B
Ka4eCcTBE TaKUX MPOMOTOpPOB ucrnoib3ytoT K,CO; B konuuectBe A0 1 Mac.% mno
OTHOIIEHHUIO K >kemne3y. [Ipu s3ToM 0OHapyX uBaeTcs yBEIHMUYECHHE COPOITMU BOO-
pOJia Ha TOBEPXHOCTHU KaTallnu3aTopa. DTO MPUBOJUT K CHUKEHUIO CEIEKTUBHOCTHU
110 HU3IIHUM TTapaduHaM U K BO3PACTAHHIO €€ 10 oJie(hruHaM.

[TpoxykTel, momyuenusie B DT-cuHTE3€, MpeACTaBIsAOT coO0M Habop ra-
3000pa3HbIx (yraeBogopoabl C; — Cy), KUAKAX U TBEPABIX BEUIECTB. TBep/bie Be-
IeCTBa — 3TO CHUHTeTWYeCKWi mapaduH. Kuakue mpoayKTHl AENIATCS Ha JIBE
dpaxkuuu:

1) 6en3uHOBYIO UM KorasuH-1 (npeaensl kunenus ot 40 go 180° C);

2) MacisiHyro wiH Korasus-2 (npenensl kurnerus ot 180 go 320° C). Ob6pazy-
eTcs Takxke 10 5 Mac.% KUCIOPOACOAEPKAIIUX COSTUHEHUH.

[Ipennoxeno MHOTO BapUaHTOB MeXaHu3Ma reTepoOreHHo-
KatauTuueckon peakuuu Pumepa-Tponma. [Ipaktuyecku Bce oHM mpeariosna-
raroT oopazoBaHue METHWJICHOBBIX panukanoB u3 CO u H, Ha moBepxHOCTH KaTa-
JU3aTOpa U UX MOCIEAYIOIIYI0 KOHJIEHCAIUIO, TPOXOAAIIYI0 Yepe3 XeMOocopOupo-
BaHHBIE YaCTHUIIBI.
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B ISJIOM MEXAHH3M BKJIKOYACT CTAaAUU XeMOCOp6I_II/II/I, HpeBpameHI/I}I JaCTUIl
Ha HOBerHOCTI/I n ,Z[eCOp6L[I/II/I HpOILyKTa peaKL[I/II/I, HaHpI/IMep
K + H2 — KH2

OH
K..H, / K..H, K...CH,

K + CO — K==C ——> K=:C —> K.CH, ——™>

- >y -H0, K
0

H
K.cn, ¥ -+
— CH,—CH, ———* HyC-—CH--CH, ——= CH;—CH—CH, nra
| — | | = ] |

K K K K K K K

CopOupoBaHHasi MOJIEKyJIa YIJIEBOAOPOJIA MOXKET HJIM THUIPUPOBATHCS, JaBas
napaduH, WM 1ecoporpoBarbcs, 00pasys o-oie(uH, KOTOPBIA, B CBOIO OYepeb,
CMOCOOEH K KaTaTMTUIECKOMY THPUPOBAHUIO 10 TTapaduHa

CH;—CH—CH, —~ CH;—CH=CH, —KZ> CH;—CH,—CHj

K K

K..H,
3K

ITpu n30BITKE BOAOPOJIA POCT MEMH MPEKIACBPEMEHHO IPEKpaIaeTcs, U Mmoiy-
qaroTcs Oosee JIerKre HaChIIEeHHbBIE YTriieBoaopobl. [Ipu n30bITke OKcHaa yriepoaa
o0pasyercst O0JIbITe BHICIINX YTJIEBOIOPOJIOB C 3aMETHOMW JI0JIeH 0ie(hMHOB, a TaKKe
YBEIMYHUBACTCS BBIXOJ KHCIOPOACOAEPKAILNX BEIIECTB.

[Tpumenenne katanuzaTtopoB okcuaHoro tuna (Zn0O, A1,0;, V,0s5, ZnO-A1,0;-
Mo0O;) 1o3BOJISIET OPUEHTUPOBATH MPOIIECC B CTOPOHY MPEUMYIIIECTBEHHOTO 00pa3o-
BaHUS CIIUPTOB

0O
I +m, HQ OH
C

» CH,—CH,—CHj .

2 N\
K K
H\ /0H
H OH ¢ H OH
H\ /OH+ H\C/OH . (lj—C K (lj—C—é +H,
j j HOo oy oy o owowop K
K K K K K K K
OH —
YH, HyC-H,C  OH fH,
- CH3_(;_Q K . K CH3_CH2_CH2_OH.
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[ToGounoe oOpa3zoBaHuEe KapOOHUIBHBIX BELIECTB MOXKET OOBACHATHCS Jie-
copOmyeil MoBEpXHOCTHBIX COSAMHEHNH 03 ydacTusi BOAOpOIa
/O
R—H,C—C—OH —K> R—H,C—C_ -

L) H
K

YacTHBIM CITydaeM 3TOro Mpolecca SIBISIETCS CUHTE3 METaHOJIa
CO +2H, == CH;0H,

kotopbIil ocyniectisiercs npu 370-420 °C u paBnennn 20-35 MIla ¢ katanmuzaTopoM
Zn0O-Cr,0;. Peakiust 06pa3oBaHus METaHOJIA CHIIBHO 3K30TepMUYHA
(AH®%g = — 110,8 x/lx/mMomb). Ee paBHOBecHe Tpy MOBBIILIEHHBIX TEMIIEPATypax cMe-
IICHO B CTOPOHY 00pa30BaHUsI MCXOAHBIX BEIIECTB, U, YTOOBI MOBBICUTH BBIXO]I TPO-
JYKTOB, MPUXOAUTCS TPUMEHSTh BBICOKOE JaBlieHre. HoBble KaTamu3aTophl Ha OCHO-
B€ COCIMHEHUN Mei, akTUBHBIE 1pu 250° C, mo3BOJISIFOT CHU3UTH €ro J10 5 MITa.

MexaHu3M TreTeporeHHO-KaTAIUTHYCCKOM pEeakiuu Oo0pa30BaHMsS METaHOJIa
OJIN30K K MEXaHU3MY, Pealli3yeMOMY B CHHTE3€ BBICIIMX CITUPTOB, HO HE BKJIFOYAET
CTaJNi KOHJICHCAIIMY HA aKTUBHBIX LIEHTpaX Karaju3aropa

0
I +m, B OH

c ——> ¢ _*h_ cu—on.
[} " —K

K K

Cuntes yrneBoaopooB 1o @uiepy-Tpomny - 0O1uH U3 BApUAHTOB NOJTYUYCHHUS
YKHUJIKOTO TOIUIMBA U3 TBEPAOro (Uepe3 razuukaimiio yrisi) Wik razo00pa3Horo (de-
pE3 KOHBEPCHIO NPUPOJHOIO Ta3a) chipbs. 110 COBpEMEHHBIM SKOHOMUYECKHM OLICH-
KaM 3TOT mporiecc 0ojiee MepPCIeKTUBEH, YeM TMIPOreHU3alusl YT, XOTs MOKa U He
MOXET KOHKYpPHPOBATh C TOIUIMBHOU MepepadOTKoN HeTSHOrO chipbsi. Cepbe3HbIM
JOCTOMHCTBOM TOIUTUBHBIX (ppakumii mpoxykroB @T-cunHTe3a SBIsETCS MPAaKTUYECKU
[OJIHOE OTCYTCTBHE B HUX CEPO- U a30TCOAEPKALINX COEAUHEHUI. DTO MO3BOJSAET
CYILIECTBEHHO COKPAaTUTh B CE0ECTOMMOCTH TOIUIMBA JOJIO 3aTPAT Ha €ro T'MIpo-
OUYHCTKY.

4.6.2. Okcocuntes (ruapodopMupoBaHme)

N3yuenne cunre3a OT ( mpu KOTOPOM B OCHOBHOM MOJIY4arOTCs YTII€BOI0PO-
JIbI, @ KUCIIOPOICOIepKAIie — B HEOOBIINX KOJIWYECTBAX) MPUBEIO K OTKPHITHIO
COBEPILIEHHO HOBOW peakluu, B KOTOPOH 00pa3yloTCs TOJIBKO KHUCIPOACOIEPIKA-
ue.

['unpodopmunupoBanre (OKCOCHHTE3) — 3TO CHHTE3 albJETHI0B MPU B3au-
MOJICHCTBUM HEHAChIIeHHbIX coennHenuii ¢ CO u H, B npucyTCTBUU KaTanusaTo-

pa
CHO

|
R—CH=CH, + H, + CO—> R—CH,—CH,—CHO + R—CH—CHj.
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B kauectBe pacTBOpuTENel OOBIYHO HCHOJB3YIOTCS anupaTHYecKhue U apo-
MaTHYECKHE YTJIEBOJOPOJIbI, a Takxke mpocThie 3¢dupel. KaTaranuzatopamu sBiis-
10Tca KapOooHwiibl MetaiuioB VIII rpynmbl nmepuoanyeckoi CUCTEMbl, aKTUBHOCTb

KOTOPBIX MOYKHO MPEJICTABUTh B BUJC CXEMBI
Fe— Co Ni

A

Ru— Rh—Pd .

Ir

B peakiuonHoil cpene KapOOHWIIbI METAJIOB O0pa3yloT TUAPOKAPOOHUIIBI
(manmpumep, [HCo(CO),]), HEenmocpeACTBEHHO y4aCTBYIOIIUE B PEAKIIUH.

Peakiuu ruapokapOOKCHIIMPOBAHUS M KapOOHUIUPOBAHUS — 3TO PEAKIHUH
onedunos ¢ H, (H,O) u CO.

Ecnu st peakuyiyi UCTIONB3YETCS BOJAOPOJI, TO TaKWe PEAKIUU Ha3bIBAIOTCS
ruapodopmupoBanue (kt kapooHmsl poaust Rh); ecnu Boxy — ruapokapOOKCHITH-
poBanue (kapOoHmIbl Ni); ecnu coequHeHus, coaepxamme —OCH; rpynmy — ruj-
pokapomeTokcmnpoBanue (kapoouussl Co)

['unpodopMunupoBaHue HMCTHOIB3YIOT B MPOMBIINIJIEHHOCTH U1l TIONYyYEHHUS
aJIBJICTUIOB, U3 KOTOPHIX CHUHTE3UPYIOT CIIUPTHI U KapOOHOBBIC KUCIOTHI. Hampu-
Mep, U3 STUJIEHA TOTY4YaloT MPOMHOHOBYIO KHCIIOTY, U3 MPONUIeHa — OyTaHOM, U3
one()MHOB, COAEPXKAIIUX B MOJIEKyJe 6-2 aTOMOB yriepoja, — CIHUPTHI, HUCIOIb-
3yemble s cuate3a [TIAB [15].
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