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Jlexnus 1.
Oowaa xapakmepucmuka Hepmu u 2aza

KiaroueBble c¢J0Ba: HWCTOYHHKU OHCPI'HH, CI)IpBé JI1 IIPOU3BOACTBA, THIIOTC3bI
IMPOUCXOKACHUA, 3JIEMECHTHBIHN COCTasB, KJIaCCI/I(i)I/IKaI_H/ISI.

Hedtr mpencraBnser coOOW CIOXKHYIO CMECh YIJIEBOJIOPOIOB M
OpPraHUYECKUX COCTUHEHHI Cephl, a30Ta U Kuciaopoaa. B Hacrosiee BpeMs HEPTH
Y Ta3 SBJIOTCS OCHOBHBIMUA MCTOYHUKAMM HEPIrUHU B OOJBIIMHCTBE CTPAH MUPA.
B Poccnn TOIUIMBHO-3HEPreTHUYECKUMH KOMIUIEKC SIBJISIETCS OJHOM W3 OCHOB
skoHOMUKUA. W3 HedTH BhIpabaTHIBAIOTCS OEH3MHBI, KEPOCHHBI, U3EIIbHOE,
pPEaKTUBHOE M JpyrHWe BHIBl TOIUIMBA. JIpyroe BakHEillllee HaIpaBIICHHUE
UCIIOJIb30BaHUsl HE(PTU U raza — B KaueCTBE ChIPbA JJIA MPOU3BOACTBA CaMBIX
Pa3HOOOPa3HBIX MPOIYKTOB HEYTEXUMUYECKOMN, CTPOUTEIBHONU U IPYTUX OTpaciei
IPOMBIIUICHHOCTU: IOJIMMEPHBIX MaTepHajoB, IUIACTMACC, CHUHTETUYECKHUX
BOJIOKOH M KaydyKOB, CMAa304YHBIX U CHELHUAIBHBIX MAaceJ, MOIOIIUX CPEACTB,
JaKOB, KPAacoK, pacTBOpHUTeENel, OUTyMOB, KOKCa U MHOXKECTBa Jpyrux. B stom
OTHOUIEHWU HE(PTh U Ta3 SBISIIOTCA Ha CETOAHSIIHUA J€Hb HE3aMEHUMBIMU
npupoOHvIMu oOvekmamu. BaxselmmMmu 3agadamu HedTenepepadaThIBaOIIEH
IPOMBIIUICHHOCTH SIBJIAIOTCS. YBEJIMYEHHE TIyOWHBI MepepabOTKu HEePTH U
MOBBIIIEHHE KadecTBa HedTenpoaykToB. HedTh u ra3 — OCHOBHON SKCIOPTHBIN
TOBap MW TJlaBHas CTaThsl JIOXOJA POCCUMCKOM SKOHOMHUKH. ['MIore3bl
npoucxoxaennsi Heptu 1) Heopranuyeckas 2) KOCMUYeckasi 3) opraHuyeckas
ABTOpPOM OJIHOM U3 Heopeanuueckux meoputi sasiusiercsa . M1.Mennenees. CornacHo
3TON TEOpUH, MEPBbIE OPraHUYECKUE COECTUHEHHUS OOpa30BAIUCh B PE3YJIbTATE
B3aMMOJEHCTBUSI KapOWJOB METAJUIOB, HAaXOSAIIMXCS B sAape 3eMiM, C BOJOH,
IIPOHUKIIEN K HUM 1O TPELIMHAM:

CaC, +2H,0 — Ca(OH)z + C,H>

Al,C;+ 12H,0 — 4A1(OH)3 + 3CH,

ITox peiicTBMEM BBICOKHX TEMIIEPATyp YIJIEBOJOPOABI M BOAA MCHAPSUIUCH,
NOJHUMAJIUCh K HAPYXHBIM YacTAM 3€MJIM M KOHIEHCHUPOBAIUCH B XOPOUIO
MPOHUIIAEMBIX OCAJOYHBIX moponax. CormacHo xkocmuyeckou meopuu, HePTb
oOpaszoBanach u3 yrjiepoja u Bojopoaa mpu dopmupoBanuu 3emiuu. [lo mepe
NOHW)KEHHUSI TEeMIEeparypbl IUIAHETHl YIJIEBOJOPOAbLl MOTJOIIATUCH €10 U
KOHJIEHCUPOBAJIMCh B 3eMHOU Kope. Haubombinee pacnpocTpaHeHHE MOJIydHIIa
opeanuyeckas meopusi. CyTb €€ B TOM, 4YTO He(Th ABISETCS MNPOAYKTOM
pPa3OKEHHUsI  PAaCTUTEIBHBIX M JKMBOTHBIX  OCTAaTKOB,  OTJIAraroOIIMXCS
NEPBOHAYAJIBHO B BUJI€ MOPCKOTO MJIA.

OCHOBHBIM OPraHMYECKUM MATEPUATIOM ISl HEPTH CITy>KaT paCTUTEIbHbIE U
KUBOTHBIE MUKPOOPTaHU3MBI, pa3BUBarolIuecs B ruapocdepe. OTmepiine ocTaTku
TaKMX OPraHU3MOB CKaIUIMBAIOTCS Ha JHE 3anuBOB. OJIHOBPEMEHHO B MOpE
CHOCSITCSI pa3JINyHble MUHEPAJIbHBIE BEIIECTBA. B KOHEUHOM MTOr€ OPraHUYECKH
MaTtepuan coOUpaeTcsi Ha JHE BOJOEMa U MOCTENEHHO MOTrpyKaeTcsl Bce rIy0xe u
riyoxke. BepxHuil cioii Takoro wia Ha3bIBaeTCs Meno2eH, a YaCTUYHO
NpeBpallleHHbId W1 B OoJibled cBoeil Tonie - canponen. Ilo coBpeMEeHHbIM



MPEACTABICHUSIM, OPraHUYECKOE BEILIECTBO, 3aXOPOHEHHOE B MOPCKOM WIE, U
SBJISIETCS MAaTEPUHCKUM BellecTBoM HeTu. K Tak Ha3pIBa€MbIM CalpOIEIUTOBBIM
KayCTOOHOJIMTaM OTHOCSATCS TaKKe CIIAHIIbI, CalpoIleIMTOBbIe YIUIK U T.1. Topd,
OyphIil yrojiab, KAMEHHBIN yrojb, aHTPAIUT - TYMYCOBBIE KayCTOOHOJIUTHI (TyMycC-
OCTaTKU HA3eMHOM paCTUTENIBHOCTH). Pa3no)keHue MOrudImmXx pacTUTEIbHBIX M
JKHUBOTHBIX OPraHU3MOB B MOPCKHX Hjax IMoj BozaedctBueM O2 u Oaktepuid
MPUBOJIUT K 00pa3oBaHUIO: 1) KUIKUX M Ta3000pa3HbIX MPOJYKTOB; 2) OCAJIKOB,
YCTOMYMBBIX K XUMHUYECKOMY U OaKTEPUIUTHOMY BO3JCUCTBUIO. DTH OCAAKHU
MMOCTENIEHHO HAKAIUIMBAIOTCS B OCAJI0YHBIX CIO0sX. [0 cBOEM XMMHUECKOW NPpUPOAE
OHHM TIPEJCTABJISAIOT COO0W CMeCh MPOAYKTOB IMpeBparieHus 6enkos. [lanpHeime
MIPEBPAIICHHS 3TOTO UCXOAHOTO OPraHMYECKOTO MaTepuana B HE(MTh MPOUCKOISAT
yxke B orcyrctBue Oz. OOGpa3zoBaHue HEPTH - STO OYCHb MEIJICHHBIH IMPOIIECC,
MPOTEKAIONIMNA B TEUYEHUE MWUIMOHOB JIET NOJ BO3IACHCTBUEM MOBBIIICHHOU
temnepatypsl  (100-250°C), nosbimenHoro mapiaenus  (50-200 atM.)
OMOXUMHUYECKOH NESITEIbHOCTH MUKPOOPTaHU3MOB.

JaeMeHTHbIH cocTaB HeTH. OCHOBHBIMHU 3JIEMEHTAMHU, BXOMSIIUMHU B
coctaB Hedtu, sistorcs C u H. Conepxanune C konebinercs B ipeaenax §2-87%,
H-11 -14%, S-0,1-5%. Conepxanue N u O y OonbInHCTBa HETEH HE TPEBBIIIACT
JecAThIX JoJied mpoueHta. HedTh cOCTOUT B OCHOBHOM M3 CMECH METaHOBBIX
(aJIKaHOBBIX ), HAPTECHOBBIX (IIUKIIOATKAHOBBIX) U aPOMATHYCCKHUX YTIIECBOIOPOIOB.
Kpome 3toro, B He(TSIX MPUCYTCTBYIOT KUCIOPOIHBIE, CEPHUCTHIE M A30TUCTHIC
COCIMHEHUS.

K xucaopoanbiM coequHeHUsIM HEDTH OTHOCATCS HA()TEHOBBIE KUCIOTHI,
dbenonbl, acanbTo-cMosucThie BellecTBa. CepHucThIe coequHeHuss — >To H2S,
MepKanTaHbl, CyabQuasl, THO(PEHBI, THO(DAHBI, A30THCTbIE COEIUHEHHUSA —
TOMOJIOTY TTUPUAUHA, TUAPONUPUANHA U THApOoxuHOIMHA. KomnonenTamu HedTH
ABJISIIOTCSL TAaK)XK€ PACTBOPEHHbIE B HEW ras3bl, BOJAAa W MHHEPAIbHBIE COJIH.
Conepxanue ra3zoB (C1-C4) B HedTH KoaeOmeTcs oT aecareix pojiei g0 4%, HoO
ot 0,5 1o 10% u BeImIe, MuHepanbHbIX coiei ot 0,1 10 4000 Mr/n u Beime. Kpome
TOTO, MUHEpaJIbHBIC BEIIECTBA COAEpKATCA B HE(PTSIX B BHUJIE PACTBOPOB COJICH
OpPraHUYECKUX KHUCIJIOT, B KOMIUIEKCHBIX coeAuHEHUsX U Ap. CocTaB MUHEPAbHBIX
KOMITOHEHTOB OIPEACNIeTCS B 30Ji€, IMOJIy4aeMOW TMpu CHXKHUTaHud HePTH.
CopneprxaHue 30161 HE MPEBBIIIAET JIECATHIX A0JIEH MpolieHTa, cuntas Ha H. B 305e
oOHapyxeHo 10 20 pa3znuuHbix 35eMeHToB (Ca, Fe, Si, Zn, Cu, Al, Mo, Ni, V, Na,
Sn, Ti, Mn, Sr, Pb, Co, Ag, Ba, Cr u n1p.), coep>kaHre KOTOPBIX KOJIeOJeTCS OT
5-10° 1011078 %.

B Tspxenoit yactu HeTH COAEPKATCS CMOJUCTO-ac(paibTEHOBBIE BEIIECTBA.
DTO  CcloXHas  CMeCh  HamOoJiee  BBICOKOMOJICKYJISIPHBIX  COCIMHEHUH,
MPEACTABIAIONIUX CO0OM TeTepOOpraHUYeCcKue COCAUMHEHUS CO  CJIOKHOMU
THOPUHOM CTPYKTYpOHM, BKIIIOYAIOIICH Ccepy, KHUCIOPOJ, a30T U HEKOTOpbIe
MeTtaiel. Hambosmee Goratel cMOJHCTO-ac(aIbTCHOBBIMU BEIICCTBAMH MOJIOJIBIC
He(TU C BBHICOKUM COJIep)KaHHEM apoMaThdeckux coenuuenuii. Kimaccunduxanus
Hedreii Hedtu ™oryr ObITH KIacCH(UIIMPOBAHBI IO COJEPKAHUIO B HUX
YTAEBOJAOPOJOB  PA3NIMYHOTO CTPOCHHS (XMMHYECKash Kiaccu(pUKaIUs), 10
CONEPKAHUIO CEephl M MO  KA4eCTBY  IMOJY4YaeMbIX  HEPTEIPOTYKTOB



(TexHomormueckas kinaccudukanus). B OCHOBy XuMHYECKOW KiacCHUpUKAIIH
HEe(TU TOJIOKEH TPYNIOBOM YriIeBOAOPOHBIN cOCTaB (pakiMy, BHIKUIAOIIEH B
npegenax 250-300°C. B 3aBucumocTH OT mnpeoGnafgaHus B OTOH  (pakuuu
yTIEBOAOPOAOB Kakoro-mubo oaHoro kiacca (Beime 50%) HedTu aenstcs Ha 3
OCHOBHBIX Tuma: MeraHoBble (M), HadteHoBrie (H), apomaruueckue (A). Ilpu
coJiep>kaHuM B 3ToM (hpakumu 6osiee 25% yriaeBogopo10B APYTUX KIACCOB HEPTH
JIEJSITCS HA CMellaHHble THmbl: MeTaHoHadTeHoBble (M-H), HadTeHOMeTaHOBBIE
(H-M), apomatnaeckonadtenoBsie (A-H), Hadpreno-apomarnueckue (H-A) u T.1.
[To TexHOMOTMYECKOW KiaccupuKanmuu HePTH B 3aBUCHMOCTH OT COJCP)KaHUS B
Hel cephl AensTcsa Ha 3 kiacca: 1) manocepuucmete, ¢ coaepxkanvem S ot 0 g0
0,5%; 2) cepnucmole, ¢ comepxkanueM S ot 0,5 mo 2%; 3) evicoxocepnucmeie, ¢
comepxxkaauemM S Oonee 2%. Kpome Toro, HEGTH TOApa3mensiOT HA munvl — IO
BBIXOLY CBETIBIX (pakumuii, neperonstommxca g0 350°C; zpynner — mo
MOTEHIIMAIBHOMY COJIEp’)KaHUI0 0a30BBIX Macell; n002pynnel — MO HHIEKCY
BS3KOCTH 0a30BBbIX MACeI; 610bl - TI0 COJIepKaHUIO NapaduHOB B HEPTH.

KoHTpoJibHBIE BONIPOCHI

1 Hedh 1 ra3 kak UCTOYHUKU SHEPTUU U CHIPHE ISl IEpepabOTKH.

2 I'unore3bl NPOUCXOXKIEHUS HEPTH.

3 DneMeHTHBIN U TPYNIOBOM COCTaB HE(PTEH.

4 Bunpl knaccudukanuu Hedreit.

CnHcoK peKoMeHyeMoii TuTepaTyphbl

1 Coipkun A.M., MoBcymzazne 2.M. OcHOBBI XUMUU HEPTH U Ta3za. - ¥Yda:
Wzn-Bo YI'HTY, 2002.- C.3-15.

2 Ps6oB B.l. Xumus vedtu u raza.- M.: Ul « ©OPYM», 2009.- C.7-16.

3 Bupxuuunckas C.B., Jurypos H.I'., Cutomina C.A. XuMus ¥ TEXHOJIOTHS
HedTH u raza: yueb. mocodue.- M.: U] «®OPYM», 2009.- C.6-11, 31-44,



Jlexnus 2.
QDu3zuyeckue ceolicmea Hegpmeii

KiroueBble cJjI0Ba: IUIOTHOCTh, MOJIEKYJSIpHash Macca, BA3KOCTb, TEMIIEpaTypbl
3aCTBIBaHUS, IIOMYTHEHHs, KPHUCTAUIM3alMM, TEMIIEPAaTyphl BCIBIIIKH, BOCIUIAMEHEHHS,
CaMOBOCIIJIAMEHEHHUs], IPEJEIIbl B3PbIBAEMOCTH, OKTAHOBOE U LIETAHOBOE YUCIIA.

dusnyeckue cBoicTBa HedTel U UX (DpaKIui 3aBUCIT OT UX XUMUUYECKOTO
COCTaBa, CTPYKTYPbl U COOTHOIICHUS OTIECIbHBIX KOMIOHEHTOB. Tak Kak HEPTh U
e ¢pakuuu cCOCTOAT U3 OOJBIIOrO YKCa PAa3IMYHBIX BEIIECTB, UX CBOMCTBA MOTYT
BBIDXKATHCS  JIMIIb  YCPEJHEHHBIMU  XapakTepucTukamu. [IpakTuueckue
MOTPEOHOCTH MPUBEIM K HEOOXOIMMOCTH XapaKTepru3oBaTh HEDTh U €€ (pakmuu
3HAUYUTEJILHBIM YHCIIOM IMOKAa3aTeIICH.

IlnoTHoCTh (p) — BENMYMHA, oOmpenenseMas KaK OTHOLIEHUWE MAacChl
BEIIECTBA K 3aHUMaeMoMy o0beMy (Kr/M°). Omuocumenvuas niomuocms (p°y) -
OTHOIIICHHE TIOTHOCTH PAaCCMaTPUBAEMOTO BEIIECTBA K MJIOTHOCTH CTaHAAPTHOTO
BemectBa (wame Bcero Boasl mpu 4°C). OGBMHO oIpejeneHHe IUIOTHOCTH
nposogar npu 20°C - B Poccun, 15,56°C (60°F) - B CIIA u B Anrnmu. Eciu
OTpeJIeICHHEe TUIOTHOCTH TMPOBOMAT TMPU KAKUX-TUOO JPYruX 3HAYCHHUAX
TEeMIIepaTyphl, TO UCIOJIB3YIOT MOMpPaBKY (Y):

p?% = pla+y(t - 20),
rae vy - koadduiueHT oO0bEMHOro pacmmpenus (crnpaBouHas WHMopmarus);
t - TeMneparypa, Ipu KOTOPON ONPEAENSIIACH TUIOTHOCTb.

B cpennem otHOcHTeNnbHAs TUIOTHOCTH HedTel komebaercs ot 0,82 mo 0,90.
OOBIYHO IJIOTHOCTh YMEHBIIIAETCS C POCTOM TEMITEPATYPbl, PACTET C YBEIUUYCHUEM
reoJIOTMYECKOro BO3pacTa M rIyOuHBI 3aiieranus HedTu. [noTHOCTH mapaduHOB
MEHbIIIE TNIOTHOCTU apeHoB. Cojnepxanue B HEDTHU 1é2kux (Ppakiuii cKa3bIBaeTCs
Ha TUIOTHOCTU Ooabuie, YEM COJIepKaHue CMOJI. Pasznuuue B MJIOTHOCTH MEXIY
JnéeKUMU W cpeoHumMu (QPaKUUIMHU CYIIECTBEHHEE, YeM MEXIy CPeoOHuUMu W
MSAACENLIMU (CMONAMU).

Bs3kocTh - CBOMCTBO KUIKOCTEW (Tra30B) OKa3bIBaTh COMPOTHUBIICHUE
MIEPEMELICHUI0 OJHOW YacTU JKHUAKOCTH OTHOCUTENIBHO JApyrou. Pazmnuaror
ounamuyeckyio (Ila-c); kunemamuueckyio (M%/c); yc106Hy10 BA3SKOCTH.

Junamuueckas BA3KOCTH (V) - DTO CONPOTUBIEHHE, OKa3bIBaeMoOe
KUIKOCTHIO TIPU TEPEMEIICHUH OTHOCUTEIBHO JIPYT JApPyra co CKOpOCThio 1 m/c
IBYX €€ CIOEB IUIOMANb0 1 M? KaXKIbli, HAXOMAIIMXCSA HA PACCTOSHHMU 1 M, 1mon
nericTBueM TpuiokeHHoW cuibl B 1H. Benwuwmna, oOpatHas JTuHaMHUYECKOU
BSI3KOCTH, HA3bIBACTCS MeK)yuecmvio (().

Kunemamuueckass Bsi3KOCTH (1) paBHA OTHOIICHUIO JUHAMHUYECKOM
BSI3KOCTH K IJIOTHOCTH >KUKOCTH TIPU TEMIIEPATYPE OMPEACIICHHUS.

Ycnoenas BSI3KOCTH - 3TO BEJIWYHMHA, KOTOpas BBIPAXKACTCS OTHOIICHUEM
BPEMEHHU BBITEKAHUS ONpEAeTEHHOr0o o00hEéMa HePTenpoaykra M BOJBI U3
CTaHJapTHOTO MIpudopa (8uckozumMempa,).

Bs3K0OCTh CyIlIECTBEHHO 3aBUCUT OT TEMIIEPATYPHI - C POCTOM TEMITEPATYpPbI
BSI3KOCTh MTOHUXKAETCA, MOATOMY BCETJa YKAa3bIBAECTCS TEMIIEparypa, Ipu KOTOPOH



npoBefeHo u3Mepenue. Hanbonee mosiaoryto BA3KOCTHO-TEMIEPATYPHYIO KPUBYIO
UMEIOT HOpMaJlbHble aJKaHbl, a HauOoyiee KpyTyl - apeHbl. Bs3kocTb
Pa3BETBIEHHBIX AJIKAaHOB HE3HAUYUTEIbHO OOJIbIIE BA3BKOCTH MX H30MEPOB
HOPMAJIBHOTO CTPOCHMS M MAaj0 WM3MEHSAETCS IPH MOHWKEHHUU TEMIIEPaTyphl.
Hanuuue B Moiekynax yriieBOAOPOJIOB IUKIMYECKUX (PArMEHTOB YBEIMYMBAET
BA3KOCTh U €€ U3MEHEHHUE C U3MEHEHUEM TEMIIEPATYpPBI. BA3KOCTh aJKaHOB UMEET
HAaUMEHBIIVE 3HAYCHUS.

MouJiekyJsipHasi Macca - BaxHelmas Gu3nKo-XxuMHIecKasi XapakTeprucTUKa
BemectBa. OHa cCBs3aHAa C TEMIIEPATypOM KHWIIEHHS W BXOJHUT B COCTaB
KOMOMHHMpOBAHHBIX  MOKa3zareneil. MonekynsapHas wMacca ChIppIX Hedrei
Haxoautcs B mpegenax 220 - 300 r/monb. MonekynsipHas Macca (ppakuuii
BO3PACTAET C POCTOM HX TEMIIEPATYpPhl KUIIEHUSA. MOJIEKYISIpHYIO Maccy
HE(PTENPOAYKTOB OMNPEACIAIOT PA3TUYHBIMU METOJaMHU: KPHOCKOIHUYECKUM;
70YyJIMOCKONMYECKUM; OCMOMETpUYECKUM. VCHonp3yloT Takke SMIUpUUYECKUE
dopMynbl, B  KOTOpPBIX  MOJIEKYJsIpHas Macca CBf3aHa C  JIpyTUMH

XapaKTEPUCTUKAMHU.
Haunbonee pacnpoctpanéHnas osmmupuueckas dopmyna - dopMmyna
Bounosa:

Mg = a + btep + Ctegp

rze a, b, ¢ - HOCTOsIHHBIE AJIs1 KaXXA0T0 Kilacca yIrieBOJA0POIOB.

Jlnst ankanoB oHa uMeeT B Mcp = 60 + 0,3tep + 0,001t%, .

Temmeparypa 3acTbiBaHMsl, NOMYTHEHHSI W  KpPHCTALUIM3alUM.
3acTbIBaHHE HEPTENPOTYKTOB MM BINAJECHUE B OCAIOK OTACIbHBIX KOMIIOHEHTOB
IIPU OXJIAKJIECHUU — KpailHe HEXKeJlaTeIbHO.

Temneparypa KpUCTANIM3AUMU — TEMIEepaTypa, NPU KOTOPOW B OIHOM
WIM MHOTMX TOYKax o00bEMa 00pa3yloTcsi KpUCTAJUIM3AUMOHHBIE LEHTPHI,
paspacraromuecs 3a CYET KpUCTALIM3alMd HAa HUX MaTepHhalia U3 OKpYKaroleu
cpenbl. Kpucrammuzanust cormpoBOKIAaeTCsl HOMYTHEHHEM.

Temmepatypa moMyTHeHHMsi — TeMIlepaTypa, MPU KOTOPOW MOSIBISIOTCS
«00J1aKa» MEJIKMX KPUCTAJIIOB.

TeMnepaTypoi 3acTbIBaHMsl CUHUTACTCS TEMIIEpaTypa, NOPU KOTOPOH
oxJaxkJaemasi B mpoOupke ¢pakiys He U3MEHSET YPOBHS NPU HAKIOHE MPOOUPKH
Ha 450.

XapaKTepUCTUKH MOKAPOONACHOCTH.

Temnepatypoii BCObINIKM HA3bIBACTCSI MUHUMaJbHAs TeMIeparypa, Mnpu
KOTOpOM maphl HedTenpoayKTa OO0pa3ylT C BO3AYyXOM CMECh, CIIOCOOHYIO K
KPaTKOBPEMEHHOMY OOpa30BaHUIO IUIAMEHM IPU BHECEHMU B HEE BHEUIHETO
UCTOYHHMKA BOCIUIaMeHeHUs. Bcmblika mnpeacTaBisieT coOoil cialblil  B3pHIB,
KOTOPBI BO3MOXEH B CTPOrO OMNPENENIEHHBIX KOHILIEHTPALMOHHBIX Mpelesax B
CMECH  YIJIEBOJOPOAOB C  BO3AYXOM. Bepxuuu npeden  B3pbIBAEMOCTH
XapakTepu3yeTcsi MaKCUMAJIbHOW  KOHIEHTpaluel TMapoB  OPraHU4eCcKOro
BEILECTBA B CMECU C BO3JYXOM, BBIIIE KOTOPOM BOCIUIAMEHEHHE U TOPEHHUE INPU
BHECEHHH BHEIHETO MCTOYHHMKA BOCIUIAMEHEHHMS HEBO3MOXKHO M3-3a HEIOCTATKa
KHCJIOPO/JA.



Huoicnuii - npeden  B3pbIBAEMOCTHM  HAXOAUTCA NOpU  MUHHMAIbHOMN
KOHIIGHTPALIMU OpPTraHMYECKOTO BEIIECTBAa B BO3/AyXe, HUXKE KOTOPOH TrOpeHHe
HEBO3MOXHO, TaK KaK KOJMYECTBO TEIUIOTHI, BBIICIUBIICIHCS B MECTE JIOKAJIILHOTO
BOCILJIAMEHEHU S, HEAOCTATOUHO I MPOTEKaHUs PEAKIIUU BO BCEM 00beMe.

TemnepaTtypoii BocmjiaMeHeHHsl Ha3bIBA€TCS MUHUMAJbHASI TEMIIEparTypa,
Py KOTOPOH Mapbl UCHBITYEMOTO MPOAYKTA MPU BHECEHUH BHEIIHET0 MCTOYHHUKA
BOCIJIAMEHEHHUSI 00pa3yloT YCTOHYMBOE He3aTyxarollee IlaMs. Temmeparypa
BOCIUIAMEHEHHUSI BCErJa BBIIIE TEMIEpPaTyphl BCIBIIMIKH, YacTO JOBOJBHO
3HAYUTENFHO - HA HECKOJBKO JIECATKOB I'PaIyCOB.

Temnepatypoii  camMoBOCILIaMeHEHHMs] ~ HA3bIBACTCS  MHUHHMAaJIbHAs
TEeMIepaTypa, MNP KOTOPOH TMapbl HEPTENPOIYKTa B CMECH C BO3AYXOM
BOCIUIAMEHSIOTCSA 0€3 BHEIIHEr0 MCTOYHMKA BOCIUIaMEHEHHs. Temmeparypa
CaMOBOCIUIAMEHEHHS BBIIIIE TEMIIEPATYPhl BCIIBIIIKH Ha HECKOJIBKO COT IPaTyCoB.

Jlemonayus — 0coObIi HEHOPMaJbHBIM XapakTep CropaHus TOIUIMBA B
nBurarene. JleroHalnnoHHass CTOMKOCTh OLIEHUBAETCS OKTAHOBBIM YHCJOM — 3TO
yCIOBHAsl €JUHHUIIA M3MEPEHMsI, YHCICHHO paBHas IMPOLEHTHOMY (10 00BEMY)
COJEPKAHUIO H300KTaHA B €ro CMECH C H-TENTaHOM, OHKBHUBAJIEHTHOW IIO
J€TOHAIIMOHHON CTOMKOCTU HCIBITYEMOMY TOIUIMBY IMpPH CTaHAAPTHBIX YCIOBHSIX
UCIIBITAHUSI.

MotopHble CBOMCTBa JU3EIBHBIX TOIUIMB OLIEHUBAIOTCS HETAHOBBIM
YHMCJIOM-TIPOLICHTHOE cojaepxkaHue (mo oObEMy) IeTaHa B CMECH C  O-
MeTHIHA()TaTUHOM, SKBHBAJIEHTHOW IO CaMOBOCILIAMEHSIEMOCTH HCIBITYEMOMY
TOTUTUBY, TIPH CPABHEHUU TOIUIMB B CTAHJAPTHBIX YCIOBHUSIX UCIIBITAHUA.

KoHTpoJibHBbIE BOIPOCHI

1 IInotHOCTH HETEN, MONEKYISIpPHAS Macca, BI3KOCTh.

2 Temneparypa KpucCTaUIM3alN1, TOMYTHEHUS, 3aCThIBAHUS.

3 XapakTepucTrKa Mo)apoonacHOCTH HeTeil 1 HePTEPOTYKTOB.
4 OKTaHOBOE M IIETAHOBOE YHUCJIA.

CnHcoK peKkoMeHayeMoii JTuTepaTyphbl

1 Ceipkua A.M., Moscym3ane 2.M. OcHoBbl XuMuK HEPTH U raza. - Yda:
Nz3n-Bo YI'HTY, 2002.- C.8-11.

2 Ps6oB B./l. Xumus vedtu u raza.- M.: Ul « ©OPYM», 2009.- C.47-55.

3 Bupxuuunckas C.B., lurypos H.I'., Curommna C.A. Xumus 1 TEXHOJIOTHS
HedTH U raza: yueb. mocodue.- M.: U] «®OPYM», 2009.- C.11-31, 36-38.



Jlexnus 3.
Memoowl pazdenenus y2ieeo000po008 u onpedeneHus cocmaesa nepmu u 2aza

KiroueBble cji0Ba: TEperoHka, peKTUUKALUs, QierMa, HSKCTPAKIUSA, KPHUCTAUIN3AIINs,
MouteKyJisipHas quddysust, aacoporus, abcopOous, xpomaTorpadus.

Hedth - 37O ciokHas cMech KHAKUX OPraHUYECKHX BEIIECTB, B KOTOPOM
pPacTBOPEHBI PpAa3IMYHBIE TBEPJbIC YIIEBOAOPOABI, CMOJUCTHIC BEIIECTBA U
COITYTCTBYIOIIHE Ta3bl.

Pa3penenne cioxHBIX cMmeceil Ha  Oojee  IPOCThIE  Ha3bIBAETCS
@paxkyuonuposanuem. Metoabpl pazneneHus  Oa3uUpylOTCs HA  pas3lIdyuuU
bu3NYecKuX, TOBEPXHOCTHBIX M  XUMHUYECKHMX  CBOMCTB  pa3feiisieMbIX
KOMIIOHEHTOB. Jlnig pasnmeneHuss HepTH Ha y3KHE€ OJHOPOAHBIC TPYIIIBI
MPUMEHSIOTCS CIEAYIONIUE METOIbI: TMCTUIUISILIMOHHBIE (aTMOC(epHas eperoHka
U pekTuduKaius, IeperoHka I0J BaKyyMOM U a3€0TpONHas TMEePEeroHKa);
ajicopOironHble (aacopOius u xpomarorpadus); abCopOIIMOHHbIE (IKCTPAKIIUS) U
KpUCTaJUTU3AIMOHHBIE.

Haubonee  pacnpocTpaHeHHble ~ MeTOAbl  (PAKUMOHUPOBAHUS ~ —
TACTUUISIHAOHHBIE. K HUM OTHOCSTCS meperoHka u pekrudukanusa. CymHOCTb
aTMOC(EpHOH MePETOHKH 3aKIIF0YaeTCsS B TOM, YTO CMECh HEMPEPHIBHO HArpeBaroT,
P 3TOM TIOCTETICHHO OTTOHSIOTCS €€ KOMITOHEHTHI OT HHU3KOKHUIIIUX [0
BBICOKOKHUTIAMUX. [0 Mepe TOBBIMIEHUS TeMIEPaTyphl KUIICHHUS KOMITOHEHTOB
MOBBIMIAIOT ¥ TEMITEpaTypy HarpeBaHus pasaensemMoit cmecu. Oroupas ppaknuu B
3apaHee 3aJJaHHBIX TEMIEPaTYpHBIX HHTEpBAIAX M HU3MEPSST HUX KOJIMYECTBO,
MOXHO TMOJY4YUTh TIpEACTaBICHHE O (pakimoHHOM coctaBe HedpTH. [1oo
dpakyuonnvim  cocmagom — Hepmu  uUIU  HeMENnpPoOyKmos - NOHUMAIOM
KOJUYEeCMBEHHOe COOepICAHUE Geujecms 6 Hepmu, GbIKUNAIOWUX 8 ONPeOeleHHbIX
memMnepamypHvix Spanuyax.

ATMocdepHass TMeperoHka NpUMEHSIETCS Il TpyOooro pasjielieHus Ha
mupokue ¢pakiuu. [Ipu 3aBojckoil nepepadoTke HeDTH OTOMPAIOT CIEAYIONIUE
bpakuy WU AUCTHIIISATHI:

1) 6ensunoBbIe (Hau. kunenus o 170-200°C);

2) marpounoskie (170-200°C);

3) kepocunossie (200-270°C);

4) rasoinessle (270-350°C).

N3 »TuxX JUCTWUIATOB B JajdbHEHIIEM  BBIPaOATHIBAIOT  CBETIIBIC
nedrenponyktel. Ocrarok mnocine orbopa ¢pakumii go 300-350°C HaseiBaercs
maszymom. Pa3roHka wma3yTa Ha MacisHbie (GPaKIUKA OCYIIECTBIACTCS TOJ
BaKyyMOM ISl IPEIOTBPAIICHHSI €T0 TEPMUIECKOTO pazioxkenus. OT6op ¢paxiuit
BEJIETCS HE MO0 TeMIEpaType KUIEHUs, a M0 BI3KOCTH. MacisHbIe TUCTUIUISTHI IO
Mepe BO3paCTaHUsl BA3KOCTH JEJSATCS Ha COJAPOBbIl, MPAHCHOPMAMOPHDLILL,
BepemenHblll, MAUWUHHBIL, A8MOJI08bIL, YUIUHOPOsblil. OCTATOK TOCIIE Pa3rOHKU
Ma3yTa Ha3bIBAETCS B 3aBHCHUMOCTH OT BSI3KOCTH 2YOPOHOM WU NOJIY2YOPOHOM.

B cooTBeTcTBHM C 3J€MEHTHBIM COCTAaBOM OCHOBHAs Macca KOMITOHCHTOB
Heptn — 310 yraeBomoponbl (RH). B OenszuHoBoil (pakiuyu mnpakTHUECKU



MPUCYTCTBYIOT TOJBKO TPHU Kjacca YTJIEBOJOPOJIOB: aJKaHbI, IUKIOATIKAHBI U
apeHbl psjga OeH3osa. B KepoCHHOBOM M ra3oiyieBol (Dpakiusax 3HAYUTEIbHYIO
JIOJII0  COCTABJISIIOT OM- W TPUIUKIWYECKHE YIJIEBOJIOPOAbl. HemnpenenbHbIx
YTIEBOAOPOIOB C HEHACHIIIEHHBIMU CBS3SIMU B ChIphIX HedTax HeT. [Tomrmo RH,
B HU3BKOMOJIEKYJSIpHOM  4YacTh HedTH  MPUCYTCTBYIOT  T€TepOATOMHBIE
OpraHUYeCKUue COCIUHCHUS: KHUCIOPOAHbIC ((hEHOJbI), CEPHHUCTHIC (CYIb(UIBI,
MEpKalTaHbl) W MHOTAa a30TUCTbie (aMuHbl). KoOJIM4ecTBO HX HEBEIUKO B
HU3KOKUIIAMIEH YacTH HEe(PTH, B OCHOBHOM OHHU COCPEIOTOYCHBI BO (DpaKmusx,
kunsamux Beime 350°C (masyr).

Jl1ia 6oJiee TOYHOTO pa3AesieHus: OJU3KOKHUIISIINX KOMIIOHEHTOB MIPUMEHSIOT
neperonky c¢ aeduermaropoM (pexmugpuxayus). CymHOCTh peKTU(UKAIMN
3aKJIIOYAeTCsl B TOM, YTO JKUJKAas U mapoBas (as3bl, CTPEMsIChb K yCTaHOBJICHHIO
TEIUIOBOTO pPaBHOBECHs, OOMEHHBAIOTCS TEIUIOM. [lapbl KHAKOCTH W3 KOJIOBI
(ky0a) mocrymnarot B gediierMaTop-KOHACHCATOp, II€ KOHJIEHCUPYIOTCS, U 4acTh
KOHJIEHCaTa BO3BpamaeTcs Mo jAedierMaropy BHU3 B KoJOy. DTa 4YacTh
KOHJIEHCaTa Ha3bIBaeTcs (puiermMoii. B pesyibraTe TermiooOMeHa HarpeThIX MapoB C
Oonee xoyofgHOW (ierMod u3 KUAKOW (a3pl ucmapstoTcs Haumboliee JIeTydue
KOMIIOHEHTBI, & U3 MapOB KOHJICHCHUPYIOTCSI HAaUMEHEE JIETYYUE KOMIIOHEHTBI.
Takum 06pa3zom, MPOUCXOJUT MHOTOKPATHOE MOBTOPEHHUE MPOIIECCOB UCTIAPEHUS U
KOHJICHCAIIMM Ha MOBEPXHOCTHBIX BBICTyNaX JedierMaTopoB, 4To OOecreynuBaeT
BBICOKYIO CTEIIEHb Pa3JeIeHUs] KOMIOHEHTOB HCXOJIHON CMECH.

K aucTuniasiiuoHHbIM METO/IaM OTHOCHUTCSI TaKXe a3€OTpPOITHAs MEPEroHKa.
A3EOTPONMHBIMU HA3BIBAIOTCSI CMECHU JIBYX B3aMMHOPACTBOPUMBIX KUIKOCTEH,
TeMmreparypa KWUMNEHUS KOTOPBhIX JIMOO HUXKE TeMIepaTypbl  KHUIICHUS
HU3KOKHUISIIIET0O  KOMIIOHEHTa, JUOO  BBIIE  TeMIEpaTypbl  KUICHUS
BBICOKOKHUITAIIETO0 KOMIOHEHTAa. CYyIIHOCTh a3€0TPOMHON MEPErOHKH 3aKITH0YAETCS
B CIIEAYIOIIEM: K pa3/iesisieMol CMeCH JT00aBIISIIOT TPETHIl, paCTBOPUMBIN B BOJIE,
HEYIJIEBOJOPOJHBIM  KOMIIOHEHT. B mpuCyTCTBMM ~ 3TOrO  BEIIECTBa
MEepBOHAYaJIbHbIE KOMIIOHEHThI a3€0TpOIa MO-Pa3HOMY MEHSIIOT CBOM YIIPYTOCTH
MapoB NPU HArPEBAHUU, T.€. UMEIOT pa3HbIE TeMIepaTypbl KuneHusi. Eciu tpetuit
KOMITOHEHT TIO JIETY4EeCTH MPUOIIIKAETCS K pa3aesieMol CMECH, TO OH o0pa3yeT
a3e0Tpon C OJHUM M3 KOMIIOHEHTOB CMecCH (a3eoTpornHas meperonka). Ecmu
JIETYy4eCTh TPEThEro KOMIIOHEHTa Majla, TO OH OcCTa€Tcsi B KUAKOM (aze u
YAEPKUBAET OJHO U3 Pa3/IEeNsieMbIX BEIIECTB (IKCTPAKTHUBHAS IEPETOHKA).

Mouekyasipaas audgdgy3us Hcnojb3yerca Ui pasfeieHus Haubosee
BBICOKOKHUIIAIIUX BeleCTB. MeTOo/l OCHOBAH Ha pa3jIudyuu MOJICKYJISIPHBIX BECOB U
3aBUCHUT OT OTHOCUTEIBHON CKOPOCTU UCHIAPEHUSI MOJIEKYII.

Ancopounonnbie MeToabl. CyIIHOCTh METO/A 3aKJIIOYACTCA B TOM, 4YTO
OTJICJIbHbIE KOMIIOHEHTBI CMECH MOTYT H30UpaTelbHO M MOCJIEI0BATENbHO
COpOMpPOBATLCSI HA TOM WM HHOM copbenme (MOTJOTUTENE) W TAaKUM IyTeM
OTHENATbCA OT oOmel cMecu. 3aTeM 3T KOMIIOHEHTHI JIeCOPOUPYIOTCS B
HEM3MEHHOM COCTOSIHUM B BHUJE OTACIBHBIX (PPAKIUHA M MOTYT HCCIEAOBATHCS
pasaenbHo. JlecopOmus mporCXOoUT B IMOPSIKE, 0OpaTHOM afCOpPOIIHH.

Xpomartorpadpusi. AncopOrmoHHON XpomaTorpaduel Ha3pIBA€TCS MPOIIECC
paszielieHusl BEIIECTB Ha TBEPAbIX aAcopOeHTax 1o okpacke. CyIecTBYIOT



CIIEYIOIMe  Pa3HOBUAHOCTH  METOJOB  XpOMaTorpauueckoro  aHajiusa:
ra3oajicCOpOLIMOHHbBIN, KUIKOCTHO-aICOPOLIMOHHBIN, Ta30)KUIKOCTHBIN. [ aso-
aocopoyuonHas XxpoMmarorpadusi mpuMeHseTcs I aHaIn3a Ta30B U OCHOBaHA Ha
ajcopOIMK  Ta30BbIX KOMIIOHEHTOB CMECH Ha TBEPAbIX MOTJIOTUTEISX.
Kuokocmuas aocopbyuonnas xpomamozpaghusi — METOA Pa3ACIICHUS >KUIKUX
cMecell ¢ MPUMEHEHHEM TBEpAbIX aAcopOeHTOB (cuiukarens). ['azokuakocTHas
xpoMartorpadus OTIMYAETCS OT aAcopOLMOHHON Xpomartorpaduud TeMm, 4YTO B
KaueCTBE HEMOABIKHOW (ha3bl B Ppa3JCIUTEIHHOW KOJOHHE NPUMEHSETCS HE
TBEPABIA aJCOPOCHT, a Kakas-Tubo HeneTydas >KHAKOCTh, HaHECEHHas Ha
WHEPTHBIA KPYMHOMOPUCTBIA HOCHUTENIb, HE O00JaJarouuid aacopOIMOHHBIMU
CBOWCTBAMU.

Abcopoyun. CymHOCT, METOJA 3aKII0YACTCS B OOBEMHOM MOTJIONMICHUH
ra3oB WIA TapoOB >XHIKOCThIO (aOCOpPOSHTOM), TPHUBOIANIEM K OOpa30BaHUIO
pactBopa. AOcopOIMs HUCMONB3yeTCsl I pas3zelieHus ra3oB. s BbIAelIeHUS
KOMITOHEHTa pacTBOp MorjioTutens (adcopOeHTa) ¢ pacTBOPEHHBIM B HEM Tra3oM
HAIPaBJISIOT Ha JECOPOITHIO.

IKcmpaxkyueii HA3BIBACTCS TMPOIECC M3BICYCHUS M3 MCXOJHOTO CHIPHS
OTJICJIbHBIX KOMIIOHEHTOB MyTEM 00pabOTKKM W30UpaTeabHO JACUCTBYIOIIUM
pactBopuTesieM (IKcTpareHToM). B pesynbraTre sKCTpakuuu 0Opas3yroTcs [IBe
HecMenuBaommecs (asbl: SKCTpakT U paduHaT. B cocraBe sKCTpakTa HaXOIUTCA
pPacTBOPUTENb M XOPOIIO PAaCTBOPUMBIE B HEM KOMIIOHEHTHI ChIphs. PaduHar
COJICPKUT OCTABIIYIOCS YacTh CHIPbS M PACTBOPEHHYIO B HEM HEOOJBIIYIO YacTh
pacTBOpUTENSA. DKCTPAKT M paduHAT MOJDKHBI JIETKO OTACIATHCS JIPYT OT Jpyra
IIPY OTCTAaWBAHHH.

Kpucmannuzayua. IT0T METOJ UCTOIB3YETCS NIl OTICICHHUS BEIIECTB C
BBICOKUMH  TeMIlepaTypaMd  TUIABJICHHS, T.€. TBEPIBIX  YIJICBOAOPOJIOB,
pacTBOpUMBIX B HedTu. KpucTammusamnuio mpoBOJST MyTeM BBIMOPKUBAHUS U3
pacTBOpPOB B TOJXOJAIIEM pacTBOpuTesie. PacTBopuTenb MOMKEH SBISATHCS
OJTHOBPEMEHHO M OCAJUTENIEM IJisi OTAENSIEMbIX KpHCTamu3anuei BemecTB. OH
JIOJDKEH PACTBOPSATh BBICOKOIUIABKHUE KOMIIOHEHTHI 3HAYUTENIBHO XYXKe, YeM
HU3KOTIJIAaBKHE.

Konmponwvuwvie éonpocol

1 MeTonsl pazieneHus o TeMnepaTypaM KUIIEHUS.

2 MeToasl pa3iesieHHsl IO Pa3IMuMI0 B pACTBOPUMOCTH.

3 MeTtoas! pa3iesieHus 10 Pa3InIrIo0 TEMIIEPATYP 3aMEpP3aHHUsL.

4 MeTopl pa3ziesieHus 0 pa3InyuIo acOPOLMOHHON CITIOCOOHOCTH.

Cnucox pekomenoyemoil 1umepanypol

1 Ceipkua A.M., Moscym3zane 3.M. OcHoBbl Xxumun HEPTH | raza. - Yda:
Uszn-so YITHTY, 2002.- C.92-96.

2 Ps6oB B.JI. Xumus vedtu u raza.- M.: U] « ®OPYM», 2009.- C.17-47.

3 Bupxwuuunckas C.B., Hurypor H.I., Curommmn C.A. Xumusa u
Texnonorus Hedtu u raza: yue6. nocodue.- M.: UJ[ «®OPYM», 2009.- C.59-151.



Jlexnus 4.
Ankansl, cooepricaniuecs 6 Hepmax u 2azax

KawueBble cjoBa: ankaHbl, mnapaduHbl, Iepe3nHbl, TAJIOTEHUPOBAHHUE, HUTPOBAHHE,
Ccynb(hOXJIOpUPOBAHUE,  OKHUCIEHHE,  JCTUAPUPOBAHHME,  TEPMUYECKOE  paclIerieHue,
KOMILJIEKCO0Opa30BaHue, KIIaTPaTHBIE COSTNHEHHUS.

AJikanbl — yrieBogopoAs! psjaa ChHanso. [Io ©MEHM mepBOro uieHa 3Toro
psana-mMerana (CHa) ankaHbl 4acTO Ha3bIBAalOT METAHOBBIMH YTJIEBOJOPOJAMH.
[TpucyTCTBYIOT BO BCEX HE(PTSIX W SBISIOTCS OJHOW W3 COCTaBHBIX €€ YacTew.
Pacnipenensitorcss oHU 1O (PpakusiM HEPABHOMEPHO, KOHIEHTPHUPYSCh TIaBHBIM
o0pa3oM B HE(PTSIHBIX Ta3aXx U OEH3MHO-KEPOCHHOBBIX (DpaKIMIX, B MACISIHBIX HX
coJiep>KaHue pe3Ko magaeT. AJIKaHbl OOBIYHO TPE/ICTABICHBI B HE(TU BO BCEX TPEX
arperaTHbIX COCTOSIHUAX: Ta3000pa3HOM, KUJIKOM U TBEPIOM.

I'azoo6pa3ubie (C1-C4: Metan, 3TaH, mpomnaH, OyTaH, W300yTaH, a TaKKe
2,2- ITUMETWINPONaH — HEOMEeHTaH) 00pa3ylT OCHOBHYIO MaccCy MPHUPOTHOTO U
MOMYTHOTO Ta3a, COMPOBOXKAAIONIET0 HEPTh, HAXOAITCS B HE(PTU B paCTBOPEHHOM
COCTOSTHUM.

Kuakue ankansl (C5 - C15) cocTaBIgiOT OCHOBHYIO Maccy OEH3MHOBOU U
KepOCMHOBOW (pakumii HedTH, NOpeacTaBiIeHbl B HEPTAX YIIIEBOJOPOAAMU
HOPMAJILHOTO CTPOCHUS U U30MEPAaMHU C PA3BETBIICHHOM IETIBIO.

TBepable asikanbl (C16 u BhINIEC) BXOASAT B COCTaB HEPTAHOTO mapaduHa u
unepe3una. CojaepkaHue X B HEPTAX KOJeONEeTCs OT JeciaThix goyied no 5%.
Haxonarcs B pacTBOpEHHOM JIMOO BO B3BEHIEHHOM KPHUCTANTMYECKOM COCTOSHUMU.
Ha xomnone pactBopumMocTh MX B HepTH U HEPTAHBIX (paKUUSIX HEBEIHKA,
MO3TOMY TPU MOJBEME Ha MOBEPXHOCTh MapaduHbl OTIAralOTCsA B CKBOXXHHAX U
MIPOMBICIIOBBIX W He(PTECOOPHBIX TPyOONpPOBOAAX, 3aTPYIHSS OSKCIUTyaTalldi0 M
tpancnoptT Hedtu. Hedtauvle napaguust - cMech NMPEUMYIIECTBEHHO alKaHOB
Pa3HOM MOJICKYJISIPHOM MacChl, a OCHOBHOM KOMIIOHEHT yepe3uros - HahTECHOBBIC
YTIEBOAOPO/IBI, COJIEPKAIINE B MOJICKYJIaX OOKOBBIC IIEMTA KaK HOPMAJLHOTO, TaK
u uzoctpoeHus. [Ipu ofMHAKOBOM TeMIiepaType TIaBICHUS IEPE3UHbBI OTIUIAFOTCS
oT mapauHOB OOJIIIUMH MOJICKYJISIPHBIMH MacCaMH, TJIOTHOCTHIO M BSI3KOCTBIO.
[TapaduHbl JE€TKO KPUCTAUTM3YIOTCS B BHJC IUIACTHHOK, IIEPE3WHBI- B BHIIC
MEJIKUX WTJI.

MeTaHOBBIE YTJIEBOJIOPOBI MPAKTHIECCKH HEPACTBOPHUMBI B BOJE, XOPOIIO
pacTBOPUMBI B 3(pupe, apoMaTHUYECKUX yrieBojiopoiax (OeH301e, TOJIyoJIe U T.1.),
IJIOTHOCTh MX MEHBIIE TUIOTHOCTH BOJBI. TemmepaTyphl KUMECHUS U TUIaBICHUS
3aBUCST OT pPa3MEpPOB MOJEKYJI M BO3pPACTAalOT B TOMOJOTUYECKOM pSIY C
YBEIMYCHHEM  MOJIKYJSIpHOM  Maccel. Cpenu  HM30MEPOB  YIIIEBOJOPOIBI
HOPMAJILHOTO CTPOCHUS HMEIOT HauOoJiee BBICOKME TEMIIepaTyphl KUIIEHUS U
IJIOTHOCTH. AJKaHBI 00J1aIaf0T OOJIBIION TEIJIOTBOPHOM criocobHOocThIO (AHcrop,
M]Jx/kr gius CHy — 56, C4Hyp — 50, CgHyg — 48).

AJKaHBl OTHOCATCS K HaMMEHEe PEaKIIMOHHOCIIOCOOHBIM OPTraHWYECKUM
COCIMHCHUSM, OJHAKO OHW HE SBISIOTCA XUMHUYECKH WHEPTHBIMU. [lpwm



OMNpENICICHHBIX  YCJIOBUSAX OHUM  BCTYNAalOT B  PeaKlUM  OKHUCJEHMHS,
AJIOTeHUPOBAHUS, HUTPOBAHUS, CyJIb(OXJOPUPOBAHUSA, NeTHIPUPOBAHMS.

XUMHUYECKHE  TIPEBpallleHHs]  METAHOBBIX  YIJIEBOJOPOJIOB  MOTYT
MPOUCXOJUTh JMOO 3a CUeT OTphbIBA AaTOMOB BOJOPOJa C MOCJEAYIOIUM
3aMeIleHUEM UX JPYTMMH aTOMaMH WJIM TpynnamMu, Ju00 3a CYET pasphbiBa LiENU
YTIEPOIHBIX aTOMOB (pEaKIMK 3aMEIIEHUS U PACIICTIICHNU ).

I'anozenuposanue — onna U3 Hanbosee XapakTePHBIX PEAKIUN alTKAHOB.

CBoOomHbBI (TOP B3aUMOJEHCTBYET C ajlkaHAMHU CO B3PBIBOM, XJIOP—IIOJ
BIMsAHKMEM cBeTa, Harpesanus (300 °C) wm B IpuCyTCTBUM KaTaanu3aTopa:

CH4 + Cl, — CH;CI + HCI CHsCI + Cl, — CH,CI, + HCI
XHOpHCTBIﬁ MCTHUJI XHOpHCTBIﬁ MCTHJICH
CH,Cl, + Cl, — CHCIl3 + HC1 CHCI3 + Cl, — CCls + HCI
xJI0pohopM YEeTBIPEXXJIOPUCTHIA YTIEPO

XJIOpIpoOU3BOJHBIE  HU3IIMX  QJKAHOB  HUCIOJB3YIOT B  KayecTBE
pacTBOpUTENEH >KUPOB, CMOJ, KaydyKOB WM T.M. [ allOMAIPOU3BOJHBIE AJIIKAHOB
IIUPOKO UCIOIB3YIOTCS ISl alIKWIMPOBAHUSI apOMATUUYECKUX YTJIEBOJOPOJIOB
(peakius @punens-Kpadrca).

XOpHpOU3BOJHBIE AIIKAHOB UCMOJIB3YIOT JUIsl TOJIYYEHHUS CTUPTOB:

CsH1, + Cl, — CsH44Cl + HCI

CsH11Cl + KOH — CsH11;0OH + HCI

AMUJIOBBIU CITMPT

Humpoeanue. 11pu nelictBun paz0aBIeHHON a30THOM KUCJIOTON Ha aJIKaHbI
aTOMBI BOJIOPO/Ia 3aMEIIAI0TCS Ha HUTPOrpyniy (KuakodazHoe HUTPOBAHUE).

B NpoMBIILIEHHOCTH NPUMEHSIOT napodasnoe aurposanue (280-500 °C):

R-H+HO-NO; —» R-NOz+ H;O

Cyavghoxnopuposanue u cyavghookucienue

CynbdoxiiopupoBaHue:

R—-H+SO;+Cl, - R -S0;—CIl + HCI

aJIKaHCYIb(POXIOPUA
Cynbsdookucienue:
2R -H + 2SO0, + O; — 2R - SO,0OH
AJIKaHCYIb(POKHUCIOTA

Peakuuu mpoTeKkarOT Ha CBETY WM B TMPUCYTCTBUU KaTaln3aTOPOB.
OO6pa3yromuecs COCAUHEHUS HCIOJIB3YIOT B CHUHTE3€ MOBEPXHOCTHO-aKTHUBHBIX
BemectB Tumna R - SO, - ONa.

Okucnenue. BpICOKOTEMIIEpAaTypHOE OKHUCIICHHE aJIKaHOB B H30BITKE
KHMCJIOPOJA MPUBOJUT K UX MonHOMY cropannto 10 CO; u HyO. Takoe okucnenune
MPOUCXOJUT B JIBUTATENISIX BeeX TUMOB. [Ipu HU3KOTEMIIEpaTypHOM KuIKO(DazHOM
OKUCJICHHUM KHCJIOPOJOM B TIPUCYTCTBUM cojiedi Mn oOpa3yeTrcs cMech
NpEAEIbHBIX KHUCJIOT. OJTOT MPOLECC HUCHOIB3YIOT B MPOMBIIUIEHHOCTH JIJIs
nosyuernsi CH;COOH u3 6yrana u HU3KOKHAMSIHX (Ppakiuii HedTH, a TAaKKe MPU
MPOM3BOACTBE KUPHBIX KUCIOT C12 — C18 okucaeHreM TBEPABIX aJIKaHOB.

[Ipu ra3zodasHOM OKHCICHHH TpPH HU3KUX TeMIeparypax o0Opa3yrTcs
CIIUPTHI, AJIbJIETU/IbI, KETOHBI U KUCIIOTHI:

R - CH; -»[®TRCH,0OH -»®"R-CH=0wur.n.



[Ipu BBICOKMX TeMmIepaTypax U B HPUCYTCTBUM KaTaJIU3aTOPOB aJKAHBI
JNETUIPUPYIOTCS U MOJBEPratOTCs TEPMUUECKOMY PACIICTIICHHUIO.

Jezuopuposanue:

CnHan+2 —H2 + CyH2n

Tepmuueckoe pacuwiennenue:

CnHzn+2 »CrmHoms2 + CoHzp | (Tme n =m + p)

Komnnekcooopazoeanue. JInsi METaHOBBIX YIJIEBOJOPOAOB XapaKTEPHO
oOpa3oBaHHE KJIATPATHBIX COCAMHCHWHN (COCTMHEHHS BKIIIOYCHUS), B KOTOPHIX
«roctaMuy» sBIsAt0TCA MoJekynsl razoB (CHs, CsHs m gp.), a «xo3seBamu» -
MOJIEKYJIBl BOJbI, OOpa3ylIIue KpUCTAUIMUYECKU Kapkac. MoJekyisl rasa
pa3MeIIeHbl B TMOJOCTSIX KPUCTAJUIMUECKOW PEIIEeTKH W3 MOJIEKYJI BOJBI H
yAEPKUBAIOTCS B HUX BaH-nep-BaanbCoBbIMH cuiIamMu. YHCIO MOJIEKYJ BOJIBI,
NPUXOJISIIEecs Ha OJJHY MOJICKYJy Tra3a, koseosercs ot 6 1o 17 (C3Hsg: 17 H20).

AJKaHBI HOPMAJILHOTO CTPOCHHUSI, HAYMHAs C TeKCaHa, 00pa3yl0T KOMIUICKCHI
¢ moueBuHO (NHz - CO - NH). Mosekynsl MOYEBUHBI 32 CUET BOJIOPOIHBIX
CBs3ell 00pa3yloT cliMpaieBUAHbIC FeKcaroHaibHble KaHalbl auameTpoMm 0,49 HwM,
B KOTOpBIC MOMAAal0T MOJIEKYJbl H-aJIKAaHOB, auamMetrp Kotopbix 0,38 — 0,42 HwM,

YTO HCIOJB3YIOT B MPOMBILUIEHHOCTH NpH KapOaMHIHOM jaenapauHU3aluu
Macell.

Koumponwvuwvie eonpocul
1 OOm1ast xapakTepUCTUKA aTKaHOB.
2 Ou3nNYECKre CBOMCTBA aJTKAHOB.

3 Xumuueckue cBoicTBa ankaHoB. O0IacTH MPUMEHEHUS TTPOU3BOIHBIX
AJIKaHOB.

Cnucox pekomenoyemoui 1umepamypol

1 Ceipkurn A.M., Moscymsane D.M. OcHOBbI XUMUU HepTH W raza. -
Yda:U3a-80 YITHTY, 2002.- C.17-34.

2 Pa6oB B.JI. Xumus vedu u raza.- M.: U] «®OPYM»y, 2009.- C.87-108.

3 Xumus HedTH U raza: yued.nmocodue s By30B /moa pea. [IpockypsikoBa
A.E. u [Ipabkuna E.E.- CI16.: Xumus, 1996.-I'n.7.



Jlexnus S.
Huknoankanvt negpmu

KawueBble cjoBa: HadTeHbl, NHUKIOAJIKAHBI, LUKIONApa(UHBL, pPEaKUUU 3aMELICHHUS,
HIPUCOETUHEHNUS, OKUCIICHUS.

B wedtn comepxkarcs HadTeHOBBIE YIIIEBOIOPOALI  ITMKIMYECKOTO
crpoeanst CpHzy — mmkioanakansl (mukiaonapadgunbi). MapkoBHHKOB B.B.
Ha3Ban wux Hadremamu. Hampumep: NIHMKIOTeKCcaH, METWIIHKIONCHTaH. B
JTanbpHEHeM 1o Hah TeHaMU Hav9alld IOHUMATh HE TOJIHhKO MOHOIIMKJIMYECKHUE, HO
U TOJUIUKIWYECKUE YTIEBOAOPOAbl HEPTIHOTO NpOUCXOXJeHusa. Hampumep,
ounukio [9,5,1] — HoHaH.

ITo obmemy conepskanuto HadTEHBl BO MHOTHX HE(TSIX MPe00J1aiatoT HaT

OCTAJIbHBIMU KJIaCCaMU YIJIEBOJOPOJOB. B paznmuunbix HedTax ot 25 10
75% muknonapaduHoB. Hadtensl BXOJAT B cocTaB Bcex HedTel U MPUCYTCTBYIOT
BO Bcex ¢pakiusax. VX copeprkanue pacTeT no Mepe yTskeaeHus Gpakiui.

[Ipocreiiive MUKIOATKAHBI - TUKIONPOIAH, IIMKIO0YTaH, U UX TOMOJIOTH —
B He(TsX He oOHapyxkeHbl. MoHouukanueckue Hadrensl psga ChHz, mumpoko
MPEACTaBICHBl B HEMTAX  IUKIONCHTAHOBBIMA W  IUKJIOTCKCAHOBHIMHU
npon3BoAHBIMUA. CTpOCHHE UX Pa3HOOOpPAa3HO, TaK KaK JJII HUX BO3MOXKHO 4 BHIA
U30MEPOB: HM30MEpHUs KOJbIla, H30MEPHUS MECTOIOJIOXKEHUS OOKOBBIX IIETEH,
U30MEpHs CTPOCHHMS OOKOBBIX IIeNell W cTepeom3oMepusi (IMC- W TPaHC-).
Hanpumep: 1,2-mmyTunnukionesTad v 1, 3-IUA THIIIMKIIONIEHTAH muc-1,4-
JTUMETHIIIUKIIOTEKCaH U TpaHc-1,4-TUMEeTUIIIUKIIOTeKCaH.

B Hacrosimee BpeMss B OCH3MHOBBIX (pakiUsaX pa3iudHbIX He]Tei
oOHapykeHO Oosiee 50 WHAMBUAYAJbHBIX MpEACTaBUTENCH ATOro Kjacca
yraeBogoponoB. Takum oOpa3oM, B O€H3MHaX M YaCTUYHO B KEPOCHHAX
MPUCYTCTBYIOT, B OCHOBHOM, MOHOITUKIIMYECKHE HADTEHBI PSAAOB IUKIONEHTaHA U
IIUKJIOTEKCaHA C KOPOTKMMH OOKOBBIMH IIETSAMH. B cpeqHeM IHUKJIONEHTaHOBOE
KOJIBIIO MPeo0IafaeT Haa IUKIOreKCaHOBBIM. OCHOBHAS Macca MOJMIIUKINIECKIX
Ha()TEHOB UMEET KOHOeHCcUuposaHHoe cmpoerue. KommuecTBo yriaepoJHbIX aTOMOB
B OOKOBBIX IIENsAX Ha(TEHOB MOKET ObITh pa3HO0Opa3HbIM - OT 3 10 10 B cpeanux
¢pakuusx u ot 20 10 28 B BBICOKOKMISIIMX  (pakmusx HePTH.
BBICOKOMOJIEKYIISIPHBIC [IUKINYECKUE YTICBOAOPOIBI ¢ OONBIIUM YHUCIOM aTOMOB
yriaepoaa B OOKOBOI 1ieNu MpaBuUjiibHEE OTHOCUTH He K HadTeHaM, a K napaguro-
YUKTIONAPApUHOBBIM )211€8000PO0AM.

[Momumuknndeckue HaQTEeHb! C JUIMHHBIMUA MapaUHOBBIMU LETISIMH UMEIOT
BBICOKYIO TEMIIEpaTypy IJIABJICHUS U TTIO3TOMY TIOIAIal0T B COCTAB IIEPE3UHOB.

Homenxknamypa. Ha3zBanue NUKIOATKaHOB OOPa3yrOTCs MPUCOSTUHEHUEM
MPUCTABKH YUKIO- K HA3BAHUIO COOTBETCTBYIOIIETO AIMKINYECKOTO YIIIEBOI0POIa
C TeM K€ YHCIIOM aTOMOB YTJepoja: ITUKIONPONaH, MUKIO0yTaH, IIMKJIONCHTEH.
3aMeCTUTENHN U TIOJIOKEHUE TBOMHBIX CBSA3CH 0003HAYAIOT ITU(dpaMu TakK, YTOOBI
MOJTyYrJIaCh MUHUMAJIbHAsi KOMOUHaIM 1Udp: 3 — STHILMKIONEHTEH.

Just  ynobGctBa Koyiblla 0003HAYAIOT T€OMETPUYECKUMH  (DUTYypaMH:
TPEYTOJIbHHK, KBaJIpaT u T.]I.



Ecnu B MoJiekyse ecTh m30MepHI ITUKIIOB, HA3BAHUE MOXHO TOJTYYUTh UCXOIS U3
HOMEHKJIATYphl aTi(aTHIECKUX YTIIEBOJOPOIOB: AUIHKIONPOMUIMETaH.

@u3uueckue ceoiicmea. Temneparypa KAIIEHUS TUKI0MapaduHOB OOJIbIIIE

TEMIEpaTypbl KureHus mnapaguHoB. LlukioankaHel BO MHOTOM OIPEACISIOT
cocTtaB HEPTH U CBOWCTBA HEe(TEMPOIYKTOB, OJHAKO HA(DTEHHI HE BBIACISIIOT U3
HeTH, a TOJYYalOT CHUHTCTUYECKH, HAMpHMep Mo peakiuu Bropma, T.e.
JIeTaJIOTeHUPOBAHUEM JUTaJIOTCHIIPON3BOIHBIX YTIIEBOAOPOIOB B MPUCYTCTBUU ZN
(125 °C): 1,3 - quxsI0pIponan — IMUKIOIPOIAH.
Xumuueckue ceoiicmea. 1IUKIONIEHTaH W TMHKJIOTEKCAH B XUMHUYECKOM
OTHOIICHUM BEAyT ceOsi aHAJIOTMYHO TIeHTaHy H rekcaHy. Lluxmompoman wu
MUKIIO0yTaH 0oJiee aKTHBHBI, OHM JIETKO BCTYIMAIOT B peaKIUM MPUCOeTUHEHHSs
(+H, , Ni, 80°C; + Br,, + HI) ¢ packpeiTMeM Kojibla M 0Opa3oBaHHEM
ALUKINYECKUX (JIMHEWHBIX) MPOTYKTOB.

[{ukorekcan Mmpu HarpeBaHUU Ha TEX )K€ KaTalu3aTopax, HO 6e3 BoAopoia
JETUIPUPYETCA B apOMaTHUECKUHN YTIeBOAOPO - O€H301 (peakiusi 3eJIMHCKOT0):
-3Hy; Pd nmm Pb, 500°C.

OT10 o1Ha U3 HanboJiee BaXKHBIX PEAKIINM, MPOTEKAIOIIUX B IPOMBIIILIEHHOM
mpoliecce apomMaTu3alud OEH3MHOBBIX (Ppakiuil. JJis UKI0aIKaHOB XapaKTEePHbI
Tak)Ke peakIiui cBOOOHOPAINKaILHOIO 3amMemienus B 1ukie: + Bra (Cly); 300°C,
c oOpa3zoBaHrEeM OPOMIIMKIIONIEHTAHA UJTU XJIOPLUUKIOTeKCaHa.

[Ipu [neicTBMM CHJIBHBIX OKHUCIHUTENEH 1uKionapa@uHel  00pa3yroT
JIBYXOCHOBHBIE KapOOHOBBIE KHCJIOTHI C TEM JK€ YHCIOM aTOMOB YIJIEpOja,
Hanpumep, aqunuaoBas kuciora - HOOC(CH,)4COOH

[TpoyKTHl OKHMCJEHUsI HCIOJNB3YIOTCS B IMPOU3BOJCTBE CHHTCTHYCCKUX
BOJIOKOH, TIIaCTU(UKATOPOB IJIACTMACC.

Konmponwvusie eonpocut

I Crpoenue nuknoankanoB. HomeHnknarypa.

2 ®usnueckue cpoiictBa. ConepxaHre B HEPTAX.
3 XuMHuYecKue CBOMCTBA.

Cnucok pekomenoyemou numepamypol

1 Ceipkua A.M., Moscym3zane 2.M. OcHoBbI XumMuK HEPTH U raza. - Yda:
Wzn-Bo YI'HTY, 2002.- C.34-41.

2 Ps6oB B.Jl. Xumus vedtu u raza.- M.: Ul « ©OPYM»y, 2009.- C.113-130.

3 Bupxuuunckas C.B., Qurypos H.I'., Curomna C.A. XuMus U TEXHOJIOTHS
HedTH U raza: yueb. nocobue.- M.: U] «®OPYM», 2009.- C.32-33.



Jlexknus 6.
Apomamuueckue y2i1e8000pooul, cooeprcaujuecs 8 Hegpmsax

KiroueBblie ci10Ba: MOHOIMKIMYECKHAE APEHBI, TOTULIUKINYECKHE KOHICHCUPOBAHHBIE
apoMaTHYECKHE YTIIEBOI0POIbI, SIEKTPOPHILHOE 3aMellleHUE, IPUCOCTUHEHHE, OKUCIICHHE,
OPraHUYEeCKHUI CUHTE3.

OcHOBHasE Macca MOHOUUKIUYECKUX aApeHoé TpeliCTaBliecHa B HePTH
NOJIMMETUII3aMEIIeHHbIMU ~ OeH3os1a. OO1ee cojep’kaHue MOHOIUKINYECKUX
apeHOB B HEPTSIX:

Bo (ppakuuu 10 200 °C - 5-25%;

B0 (ppakimu 200-350 °C - 15-35% (Hapsamy ¢ NpOU3BOIHEIME OEH30114, B
KEpOCHMHOTA30MJIeBOM (hpaKIMu MPUCYTCTBYET HA(TATUH U €r0 TOMOJIOTH, TO €CTh
OMIMKIINYECKUE KOHICHCUPOBAHHBIE apOMATUYECKHUE YIIIEBOAOPO/IbI);

Bo ¢pakuuun > 3500C — HeOOJbIIOe KOJUYECTBO (B OCHOBHOM
ROJUYUKIUYECKUE apomamuueckue y271€6000pP00bl c 3,4,5-10
KOHJICHCUPOBAHHBIMU OCH30JIbHBIMH KOJIBITAMH).

CtpoeHue apeHoB, MPUCYTCTBYIONIUX BO dpakiusx HedTH, CIEayIolIee:

Oo6mas ¢popmyna:
CnHZn-G CnH2n-12 CnH2n-18

MIPOM3BOJIHBIC OCH30JIa  TPOM3BOAHBIC HAPTAIMHA  MPOM3BOJIHBIC aHTpAIlCHA U (PeHAHTPEHA

dusnueckue cCBOMCTBA
ITo cBoeMy arperaTHOMYy COCTOSIHUIO MOHOIIMKJIMYECKUE aPEHBI - KUJKOCTH
C pa3IUYHBIMU TeMIlepaTtypamu kuneHus. KoHaeHcupoBaHHbIE TOUITMKINYECKUE
apeHbl - TBEpPJblE BEIIECTBA C PaIMUYHBIMM TEMIIEpaTypamMu IUIaBJICHUS.
[I10THOCTH M TIOKa3aTeIu MPEJIOMJICHHUSI apEHOB BHIIIE, YEM Y COOTBETCTBYIOIINX
aJIKQaHOB M ITUKJIOAJKAHOB.

XuMH4YecKue CBOMCTBA
[ Peakuuu »3iekTpopuiabHOro 3amemieHuss B Kouble. IIporekaror
CpPaBHUTEJIBHO  JIETKO  (HUTpOBaHWE,  CylIb(UPOBAHUE,  AIKIJIMPOBAHUE,
raJloreHUPOBAHMUE).

CyliecTByIOT  ONpeAC/iCHHbIE  TpaBUjia  OpPUEHTAllUM B PEaKIUAX
ANEKTPOUIBHOTO 3aMEIICHUs B apoOMaTUYECKOM pSIy: MECTO BCTYIUICHUS
BTOPOrO0 3aMeCTHUTENsi B OEH30JIbHOE KOJIBLIO OIpeAeNsaeTcs NPUPOAOH yKe
MMEIOILETOCS 3aMECTUTES.

3amecTuTeNnn OBIBAIOT ABYX THIIOB:

1) aneKTpOHOJOHOPHBIE;



2) 3JIEKTPOHOAKIETITOPHBIE.

K anexrpoHogoHopHBIM 3aMecTuTessM oTtHocsTes: -CHg, -OH,-NH,,-CI(-F,-
Br, -1). OHu crnocoOCTBYIOT 3IEKTPOGUIBHOMY 3aMEIICHHIO B OpPTO- W Mapa-
MOJIOKEHUSAX OCH30JIbHOTO KOJIbIAa U Ha3bIBAIOTCS 3amecmumensimu I pooa.

K snexTponoaknentTopabsiM 3aMmecTuTeNsiM oTHOCATCS: -NO>, -SO3H, -COH,
-COOH. OHu cnocoOCTBYIOT 3J€KTPOPUIBHOMY 3aMEIICHUIO B METAINOJIOKECHHE
OEH30JIbHOTO KOJIbIIA U Ha3bIBAIOTCS 3amecmumensamu Il pooa.

II Peakunu npucoeIMHEHMs] IPOTEKAIOT TPYAHO B JKECTKUX YCIOBUAX-
namieHue u ocemenue (+ Hy, + Cly).

[II Peakuyu okuciaenusi. HezamenieHHbIe OEH30/1bI OKUCIISIIOTCS TPYIHO B
KECTKHUX YCJOBHUAX. AJKHIOEH30JIbl OKHUCIISIFOTCS JIETKO, 10 ©O-3BEHY OOKOBOW
1enu, 00pasysi COOTBETCTBYIOIIME KapOOHOBBIE KUCIIOTHI.

IIpumeHeHne apeHOB B OPraHUu4eCcKOM CHHTe3e

MoHOIUKINYECKHE apeHbl, a TAK)Ke HaQTaJIMH U €ro MPOU3BOJIHBIE - IEHHOE
XMUMHUYECKOE ChIPhE JIJIs1 HEPTEXUMUYECKOTO U OPraHM4ecKoro cuHresa. M3 Hux
IIPOU3BOJAT CHHTETHYECKHE KaydyKH, IJJACTMACChl, CHHTETHYECKHE BOJIOKHA,
B3pbIBYATHIE, AaHUIMHO-KPACOYHbIE U (papMalleBTUYECKUE BEIIECTBA.

Konmponwvnwie 6onpocol
1 Pacnipenenenue apoMaTHYECKUX YIIIEBOAOPOAOB MO PpakuusiM HeDTH.
2 OCHOBHBIE MTPEACTABUTENN aPEHOB B HEPTSX.
3 ®u3NYECKue U XUMUYECKUE CBOMCTBA aPEHOB.

Cnucok pekomenoyemoii 1umepamypol
1 Ceipxua A.M., Moscym3ane 3.M. OcHoBsl xuMuu HeTH U Ta3za. - Yda:
Uszn-so YITHTY, 2002.- C.41-52.
2 Ps6oB B.JI. Xumus Hedu u raza.- M.: U] «®OPYM»y, 2009.- C.132-143.
3 Bupxuuunckas C.B., lurypos H.I'., CutominH C.A. XuMus 1 TEXHOJIOTHS
HedTH 1 raza: yueb. mocooue.- M.: U] «®OPYM», 2009.- C.33-36.



Jlexuusa 7.
AnKenwvl, anikaouensl u A1KUHbl, 00pazyrouiuecs npu nepepadbomeke
Hegpmu

KuarueBble c10Ba: HEHACBIIEHHBIE YIIEBOIOPO/bI, AJIKEHBI, JUEHBI, AJIKUHBI, KPEKUHT,
peakIys MOJUMEPHU3ALNH, TIOJTUMEPHI, OpPOMHOE YHCIIO.

Panee cumrtanmoch, 4TO ajKeHbl JMOO HE cojaepKarca B HePTIX, JHOO
colepkaTcsi B HE3HAYMTENBHBIX KojumdecTBax. B konre 80-x T0om0B OBLIO
noka3aHo, 4uto B psae HedTeil Boctounoit Cubupu, Tatapun u Apyrux paiioHOB
Poccun conepkanne aTkeHOB MOXKET AJOXOAUTH 70 15-20 % ot Maccel HedTH.

Henaceiiennsie  yrieBogopoAbl (aIKeHbl W JUOJE(PUHBI) COAEp>KATCA B
MPOJAYKTAaX TEPMUYECKON U TEPMOKATAIUTUYECKONW MepepaboTKu HeTIHBIX
bpakuuii (B razax M SKMAKUX MNPOAYKTaX TEPMUYECKOTO M KaTaTUTHYECKOTO
KpPEKHUHTa, MUPOJIN3a, KOKCOBAHUS U T.1I.).

AJIKeHBbI - HEHACBIIIEHHBIE YIJIEBOAOPOIbI, COAEpIKAIME ABONHYIO CBA3b
C=C. Panpbliie 3TH coeuHEHUs Ha3bIBAIU onegunamu. O0mas hopmysa alKeHOB
CnhHzn.  IlpocrteiimM mipeAcTaBUTENEM alkeHOB sBisieTcss dtwieH CoHa.
HenacpllieHHbIE IUKIMYECKUE YIJIEBOJOPOABI C OJHOM JBOWHOM CBSI3BIO
Ha3bIBAIOTCS HMUKJI0AJIKEHAMM WM Lukioonepunamu (oOmas gpopmyna CnH2n-
2).

J{ueHoBbIE€ YIJI€BOAOPOAbI (Iu0oJe(UHBI) HUMEIOT JIBE JIBOMHBIC CBS3U
(o6mas hopmya CyHzn-2).

AJIKMHBI - HEHACBIIIEHHBIC YTJIEBOJOPOJBI, COAEPXKAIIHE B MOJIEKYJIE
Tpoitnyto cBsi3b C=C. [IpocTeliuM npeacTaBUTENIEM AIKUHOB SIBIISIETCS AllETUIICH
C,Hj, moaToMy uX 4acTO Ha3bIBAIOT alleTHJICHOBBIMHU yriieBojopoaamu. OO1as
dopmyna ankuHoB ChH2,00.

HanmenoBanue Bcex alkeHOB 0Opa3yeTcsi U3 Ha3BaHUN COOTBETCTBYIOIIETO
aJKaHa C 3aMEHOM OKOHYAaHHU -aH Ha -eH. [ TaBHOM cuuTaercs LElb, CoASpkKaIlast
NBOMHYIO CBsi3b. [lonokeHue ABOMHOW  CBA3M  OOO3HAwaeTcss LUPPOH,
COOTBETCTBYIOIIEH YIJIEBOJOPOJAHOMY aTOMy, OT KOTOPOTO HAYMHAETCS JBOWHAs
cBsi3b. HyMepauuio mpoBOAST Tak, 4YTOOBl aTOM yriepoaa, OT KOTOPOTo
HAYMHAETCS JBOIHAS CBS3b, MOJYYHJI HAUMEHBIIINI HOMED.

[Ipn HanuuMm ABYX MM TPEX NBOMHBIX CBS3E€M B MOJIEKYJIE YTIIEBOJOPOJA B
OKOHYaHUU YKa3bIBACTCS -[IMEH WIH -TPUEH C YKa3aHHEM TOJIOKEHUS KXol u3
ATUX CBA3EH.

B Ha3BaHuM ajKMHOB OKOHYAHHUE -aH 3aMEHseTcs Ha -HH. [[ns1 mepBoro
YJi€Ha TOMOJIOTUYECKOTO Psifla COXPaHSAETCS TPUBUAIBLHOE HAa3BaHUE “allETHIICH .
NHorna HEKOTOpblE AaJKWHBI HA3bIBAIOT KaK MPOU3BOAHBIC  alleTUJICHA:
METWIALIETWICH, JuMeTwianeTwieH. I[lpu mnpoynmx paBHBIX YCIOBHSIX IO
HoMeHknatype [UPAC HanMmeHbIINA HOMEP AAa0T aTOMaM IpU IBOWHOMW, a HE MPHU
TPOMHOU CBS3U.

dusnveckue cBoucrBa. AnkeHbl C2-C4 npu HOPMAJIBHBIX YCIOBHUSIX -
ra3pl, ankeHbl C5-C17 - XHUAKOCTH, a CIEAYIOUHUE - TBEPIBIC BENIECTBA.
[1TOTHOCTH aTKEHOB HECKOJBKO BBIIIE, YEM COOTBETCTBYIOIIMUX AJIKAHOB. AJIKCHBI



B BOJIC PacTBOPSIOTCS Majo, HO JIyYllle, YeM ajikaHbl. XOpOIIO PacTBOPSIOTCS B
OpraHUYECKUX PACTBOPUTEIISX.

AncopOrmoHHasi cmocOOHOCTh AJIKEHOB HUXKE, YEM apEHOB, HO BHINIE, YEM
ankaHoB. Ha 95TOM OCHOBaHO KOJMYECTBEHHOE OIpEJEICHUE aJKeHOB B
He(TENpOayKTaxX METOI0M aJCOPOIIMOHHON XpoMaTorpaduu.

Ankunbl C2-C3 - ra3sl, C4-C16 - KUIKOCTH, BBICIINAE - TBEP/IBIC BEILIECTBA.
TemnepaTypa KWUIEHUSI AJKMHOB HECKOJIBKO BBIIIE, Y€M Y COOTBETCTBYIOIIUX
AJIKEHOB. DTO CBSA3aHO C MOBBIINICHHBIM MEXKMOJICKYJISIPHBIM B3aUMOJICHCTBUEM B
pSAIy aTKUHOB, MTOCKOJBKY OHM 00JIaIal0T HEKOTOPBIM JIUMOJbHBIM MOMEHTOM. 1o
ATOH k€ MPUUYMHE PACTBOPUMOCThH HU3IIUX AJTKUHOB B BOJIE HECKOJIBKO BBIIIE, YEM
aJIKEHOB, OJIHAKO OHA BCE ke o4YeHb Mana. [[10THOCTh U mokasaresb MPEeIOMIICHUS
AJIKMHOB 3HAYUTEIBLHO BHINIE, YEM Y aJIKCHOB U, TEM 0oJiee, aJIKaHOB.

XumHn4yeckue CBOMCTBA. XHMMUYECKHAE CBOMCTBA AJIKEHOB OMNPEACISIOTCA
HAJIMYKUEM JIBOWHOM CBS3H, YIJIEPOJ MPHU ABOWMHON CBSI3U HAXOJUTCA B COCTOSTHUU
Sp2-rubpunuzarnuu. [lpu nelicTBUM Ha JBOWHYIO CBSA3b Pa3JIMYHBIX pPEarcHTOB
pa3pbIBaeTCs MEHee MpoYHasi -CBsI3b U 00pa3yloTcsl JIBE MPOYHbIE -CBs3H. Jlis
AJIKEHOB XapaKTEPHbI peakuuu MIPUCOETUHEHUS THIPUPOBAHHUE,
raJIorTeHUPOBaHUE, THAPOTATIOTEHUPOBAHKE, TH IpaTaIus, CyIb(OUpOBaHUE.

['unporanorenupoBaHue, ruaparainus U CyJdbpUpoBaHHE MPOTEKAIOT IIO
npaBuily MapkosHukoea, 1o KOTOPOMY 8 peaxkyusx HpUcOeOUHeHus NONAPHBIX
MOJNIEKYL (2a7102eH8000P0008, 800bl, CEPHOU KUCIOMbL U Op.) K HECUMMEMPUUHBIM
QIKeHAM amom 8000p00a NPUCOeOUHAemcs K Haubonee 2Uu0pOo2eHUUPOBAHHOMY
amomy yanepooa 080UHOU C853U.

Oco0bIM  TUIIOM pEAKIUA TMPUCOCTUHEHUS SBISCTCS HOAUMEPUZAUUSA
IMUNEHOBBIX Y271€6000p0006. HemnpenenbHble COCIMHEHHUS C CONPSKEHHBIMU
JIBOMHBIMU CBSI3SIMU 00JIaIat0OT psijioM crienuduieckux ocooeHnocreir. OHU oueHb
JIETKO BCTYMNAIOT B PEaKIMM TMoJMMepu3aluu. B ankagueHax ¢ conmpspkEHHBIMU
CBSI3SIMU TIPOUCXOUT MPUCOSANHEHUE K KpalHUM aToMaM yTiepoJia, U B CEPEeINHE
MOJIEKYJIbI BO3HMKAET BMECTO OJUHAPHOU JIBOMHAS CBS3b.

XHUMHUYECKHE CBOMCTBA alKUHOG OOYCIOBJICHBI MPHUPOJON TPOWHOM CBSI3H,
OCOOCHHOCTSIMU ~ YTJICPOJAHBIX ATOMOB, HAXOMSIIMXCA B COCTOSHUU  SP-
ruOpuan3anui. TUTTHYHBIME PEAKIUSMU aJKUHOB, TaK K€, KaK U JJIs aJIKEHOB,
SBJITIOTCSI pEaKIMK MpucoeqruHeHusi. Ho oHM 171t amkKMHOB MPOTEKAIOT MEJICHHEE,
YyeM JIJ1s1 aJIKEHOB.

Henpeoenvrvie  yene6o0opoodvt  BCIAEACTBUE  BBICOKOM  PEaKIMOHHOMN
CIIOCOOHOCTH J1€2KO OKUCAAIOMCST KUCIOPOJIOM Bo3ayxa (0COOEHHO aueHsl). B
pe3yabTaTe OKUCICHUSI 00pa3yrTCsS OCaJAKU U CMOJIbI, KOTOPbIE MOTYT MPUBECTU K
HapylieHuto padoTbl nBurateneil. I[losTomy s monaydeHWs CTaOMIBHBIX K
OKHCJICHUIO HEPTENPOAYKTOB HMX JIMOO MOJBEPTrarOT OYMCTKE OT HEMNPEACSIbHBIX
YTIEBOAOPOIOB, TUO0 M100aBISIOT aHTHOKUCTUTENN. CoiepikaHe HEHACHITTIEHHBIX
COCIMHECHUI B HETU U MPOJYKTax €€ mepepadOTKU OICHWBAIOT OPOMHBIM HIIU
HOAHBIM YHUCJIOM. BpOMHOE WM HOJHOE YHUCIO — 3TO KOJIMYECTBO TIPaMMOB
COOTBETCTBEHHO Opoma i noja, norjaomeénHoe 100 r uccieayeMoro npoaykra.

Ilpumenenue nenacvluyeHHBIX Y21€6000P0008 8 OP2AHUUECKOM CUHME3e



HenpenenbHble yriaeBOAOPOJbI  SABJISIIOTCS  BaXHEHIIUM  CBIPbEM ISt
He(PTEXMMUYECKOU MPOMBINIIICHHOCTH. Ha X 0CHOBE MPOU3BOAST OOJBIITYIO YaCTh
BCeX HEPTEXUMHUUYECKUX IPOJYKTOB: IOJIUATUIICH, IOJHUIPOINMUICH, STUJIOBBIN
CIIUPT, Kayuyykd, O€H305, OSTWIOCH30JI, CTUPOJ, KyMojd, (EHOJ, alleToH,
aleTajbJerul, YKCYCHYIO KHCJIOTY, OKUCh 3THJICHA U T.]I.

Koumpononwvie gonpocol

1 [IpucyTcTBUE HEMPEAETBHBIX YIIIEBOJAOPOIOB B Chipoil HePTH. OCHOBHBIE
VCTOYHHKH U IYTH NOJYYEHUS AIKEHOB, INCHOB U aJIKUHOB.

2 Ompenenenue, obmue (GopMynbl U HOMEHKIATypa aJIKEHOB, JWCHOB H
AJIKWHOB.

3 IlepeuncnuTh HENpEAENbHBIE YIIIEBOAOPOABI, SBISAIOIIMECS OCHOBHBIM
CBIppEM 111 Herexumuueckoro cuHTe3a. Ilytm wux  mepepaboTkw,
IIPOMEKYTOUHBIE U KOHEYHBIE IPOYKTHI CHHTE3A.

4 dusnyeckre U XMMUYECKUE CBOMCTBA HENPENEIBHBIX YIIIEBOJOPOIOB.

5 Yo Takoe GpomHoe uncio? Moasoe uncao? Jlis 4ero OHM BBEICHBI?

Cnucox pekomenoyemoii 1umepamypol
1Coipkua A.M., MoBcym3ane 2.M. OcHoBbl xumuu HedTHu U raza.-Yda:
Nzn-so YIT'HTY, 2002.- C.54-62,96-103,107.
2 Ps6oB B.JI. Xumus sedtu u raza.- M.: U1 «DOPYM», 2009.- C.144-152.
3 Xumus HeQTH U Taza: yueO.nmocodbue s By30B /mon pen.llpockypsikoa
A.E. u lpabkuna E.E.- CII6.: Xumus, 1996.-C.169-185.



Jlexkuyus 8.
Kucnopoocooepicauyue coeounenusn negpmu

KiroueBbie ciioBa: HaQTeHOBBIE, KUPHBIC, HEPTIHBIE KUCIOTHI, (PEHONBI, HEHTpaIbHBIC
COE/IMHEHUS, KETOHBI, 3()UPBI, KUCIOTHOE YHCIIO.

Kucnopoaconepxkaiye coenuHeHuss B HEPTAX cOCTaBsAOT He Oojee 10%.
OTHU KOMIIOHEHTHI MOTYT OBITh pa3felieHbl Ha KJacChl: Had)TeHOBbIE KHCJIOTHI,
JKMPHbIE KUCJIO0ThI, eHO0JIbI, HeliTPpaIbHbIE COeINHEHHUS.

Copep:xaHue KHCIOpOaa B HEPTIHBIX (PpaKIMSIX BO3PACTAET C MOBBIIICHHEM
WX TEeMIIepaTyphl KUMIEHUs, mpudeM 10 95% Kuciopoaa OpuUXOJUTCS HA CMOJbI U
ac(haabTCHBI.

BoNBbIIMHCTBO KUCIOPOACOIEPKAIUX COEAUHEHU UMEET KUCIBIN XapakTep
U MOXKET OBbITh BBIACICHO U3 HEPTH WM HEPTIHBIX (Ppakuuil MIET0YbIO.
CyMMapHO€ KOJMYECTBO UX OOBIYHO OILIEHHBAIOT KHCJIOTHBIM YHCJIOM-
konmuectBoM Mr KOH, nomeamiero Ha tutpoBanue 1r Herenpoaykra.

[To ¢u3nvyeckuM CBOMCTBAM Hagpmenoeble KUCI0MmMpl TPEICTABIAIOT
co00# MO0 KUIKOCTH, MO0 KpUCTAJUTMYECKUE BemecTBa. [IOTHOCTh ux ONu3Ka
K enuHuie. bBonpIMHCTBO HAPTEHOBBIX KHUCJIOT COJAEPKHUT TMSATHUICHHOE
Ha(TEHOBOE KOJIBIIO U CTPOCHUE UX MOKET OBITH MpeACTaBICHO (hopmyIioi

R
-(CH2)n- COOH,

20e n = 1-5.

N3 psina HedTel ObUTH BBIACICHBI KUCIOTHI C IMIECTUYJICHHBIM IIUKJIOM, OH- U
TPUITUKIINICCKAE KHUCJIOTHI, a TaKKe KHUCIOTH, MMEIOIMNE apoOMaTHYeCKOe H
THOpUIHOE CTPOCHUE, TMOATOMY KHCIIOTHI, BBIJICJCHHBIE W3 He(TH, HA3BIBAIOT B
nocJyieHee BpeMs He HaTEeHOBBIMU, a HEPTSIHBIMH.

[To xXumMHUYecKUM CBOIICTBAM Haghmenosvle KUCA0mpl CXOIHBI C KUPHBIMU
KapOOHOBBIMHU KHCJIOTaMu. Tak, co IenouyaMu OHA 00Pa3yroT COJIH:

CnHMCOOH + NaOH = CnHmCOONa + H;0

Peakumst Mmo3BONSET BBIACNATH KHUCIOTBI W3 HEPTSHBIX  (Ppakiiuid.
OO6pa3yromuecs: COIu MEIOYHBIX METAJIJIOB 3TUX KUCJIOT, XOPOIIIO PaCTBOPUMBIC B
BOJIE, MEPEXOAT B BOJAHBIM CJIOM, a MPH MOJKUCICHUH dTOTO CJI0sI ¢l1aboil cepHoi
KUCJIOTOM He(TSHbIE KUCIOTHl pereHepupyrorcs. HedTsauble KUCIOTH 00pa3yroT
COJIM Takxke U ¢ okcujmamu MetaioB Pb, Zn, Cu, Fe, Al, xoppoaupys, Takum
oOpa3oM, MeETAUIMYECKYIO armmaparypy, I03TOMY Bce He(TSIHbIE KHCIOTHI
YAQISIOT U3 He(PTENPOIYKTOB B IIPOIIECCE OUMCTKHU:

2 CnHMCOOH + ZnO = (CnHMCOO0),Zn + H,0

Co cmnupramu  HeTsSHBIE  KUCIOTHI  JAalOT  O(UPHI,  HAMpUMEp
stwikapbokcunar.  [lomydeHsl  Takke — amMuabl,  XJOPAHTUIPUABI U
TAJIOUNPOU3BOJIHBIE 3TUX KUCIIOT.



@Denonwvt. Conepxxanue ux (B IMepecyeTe Ha KHUCIbIE MPOAYKTbI) MOMKET
nocturatb oT 20% (B crapbix-naneo3oiickux HedTsix) 10 70% (B MOJOIBIX-
KalfHO30MCKHX).

ghenon 0 -Kpe30 M -Kpe301 n -Kpe3on

KCUJIeHOT1 o-smughenon f- nagpmon

®eHonbpl  00J1a4aI0T BEChbMa PEAKIMOHHOCHOCOOHBIMU  T'MJIPOKCHIIBHOM
rpynmnoid u apoMarudeckuM siapoM. Ilpm o0padoTke mieqo4bi0 (eHoJIbl,
MoJ00HO KHCIIOTaM, 00pa3yroT coiu  ((deHonsTel). BeneactBue 3toro (eHomb
OTHENSATCS OT HepTH WM HEePTAHbIX (pakuil BMecTe C Ha(TEHOBBIMU
KHCIJIOTaMH.

I'asiorenupoBanne ¢eHosla 1OX JEHCTBUEM PACTBOPOB TaJIOTEHOB
MPOTEKAET 10 apOMATUUYECKOMY KOJIbITY (TpUOpoMdeHom).

HurpoBaHue KOHIICHTPUPOBAaHHOM Aa30THOM KHUCIOTOM IIPUBOJUT K
00pa30BaHUIO TPUHUTPOPEHOJIA - MUKPUHOBOU KUCIIOTHI.

Ilpu cyabdupoBannu (HeHONIOB KOHIEHTPUPOBAHHOW CEPHON KHCIOTOM
nojyyarorcs o— U n— (eHoncynbpokucnoTsl. [Ipy komMHaTHOM Temmneparype
npeobnanaer opro-uzomep, npu 100°C — napa-uzomep (0- PpenoncynbHokucaora u
1 — eHONICYNIb(HOKUCIIOTA).

B npucyTcTBuM KaTaau3aTopoB (EHOJI KOHICHCUPYETCS C allbJIeTHIaMU:
CsHsOH + CH,O = HOCH;- C¢H,OH

Peakuus numeeT 00JbIlIOe MPaKTUUECKOE 3HAYEHUE, TaK KaK JIEKUT B OCHOBE
MOJTYyYEHHUsI TUTaCTHYECKUX Macc (peHonpopManbAETUIHBIX CMOM).

Heimpanvnuovie coedunenusn. OIHUM W3 NPEACTABUTEIEH 3TOTO Kjacca
COCIMHEHUN SIBISIIOTCA Kemonwt. VI3 OeH3nHOBOW (pakiuu kKanudopHUIICKON
HeTH BBIACICHO 6 HHAMBUAyAIbHBIX KETOHOB: aIll€TOH, METWJIAITHII-,
METWJINPONUI- , METWJIU3OMPONWI- , METUIOYTUII- U DTHJIM3OMPONIIKETOHb. B
CPEIHUX ¥ BBICOKOKUISIIIUX (GPaKiuax HePTeld OOHAPYKEHBI UKINYECKHE
KETOHBI THMNA (JIyOpeHOHa:



K HelTpanbHBIM KHCIOPOICOIEPKAIMUM COCIUHEHUSAM HEPTH OTHOCAT
TAKXKE C/I0MCHBbIE U npochmble Iupbl, KOTOPHIE COJEPXKATCS B BBICOKOKHUITAIINX
dbpakiusax wim HeTsIHBIX ocTaTtkaX. [Ipocteie a3pupsl, 0OHapyKEeHHBIC B HEDTIX,
HOCST IUKINIECKUI XapaKkTep:

CILOMCHBLIL Ihup anKua0uZuopooden3opypan (npocmoii 3¢pup)

Taxxe oOHapyKeHbI TU- U TpHUOEH30(ypaHBbI.

[IpompIIJICHHOE 3HAYECHHWE W3 BCEX KHUCIOPOJHBIX COCIWHEHWU HedTH
UMEIOT TOJBKO Ha(TEHOBBIE KHUCIOTHI M WX coiu - HadteHatsl. HadreHOBBIC
KHCJIOTBI (aCHI0JI), BBIAEISAEMbIE U3 KEPOCMHOBBIX M MACISHBIX (PpaKUuUH,
OPUMEHSIOT Ui MPONUTKU IIMaj, pereHepanuu kaydyyka u T.m. OTXomabl
HIEJIOYHOW OYMCTKH — COJIM IIEJIOYHBIX METAUIOB (MBLJIOHA(T) UCHOJIB3YIOT MPHU
W3TOTOBJICHUH MOIOIIUX CPEACTB I TEKCTWIBHOIO MPOU3BOACTBA. BoIHBIN
pactBop (40%) HaTpUEBBIX coJIeM HEPTAHBIX KHUCIOT MPUMEHSIOT Kak
BbICOKOA(phekTuBHOE pocToBoe BemectBo (HPB), crumymmpyromee poct
CEIIBCKOXO3SIIICTBEHHBIX KYJIBTYP.

Konmponwvuwie 6onpocol

1 OOmas xapakTepuUCTHKa, COCTaB, CTPOCHHUE KHUCIOPOJCOACPIKAIIIX
coeqnHeHnii. du3nueckue cBOMCTBA.

2  Xumunueckue cBoiictBa. OOiacTh  NPUMEHEHHUS  MPOU3BOJHBIX
KHUCJIOPOJICOJIEPKAINX COCTUHEHHM.

Cnucox pekomenoyemoii 1umepamypol

1 Coipkun A.M., MoBcymszage O.M. OcHOBbl XuMuUHU HeTH U Taza.-
Yda:U3a-80 YITHTY, 2002.- C.64-71.

2 Pa6oB B.JI. Xumus Hedu u raza.- M.: U] «®OPYM»y, 2009.- C.172-176.

3 Xumusa "HedTH U raza: yued.mocobue s By30B /moa ped.llpockypsikoBa
A.E. u [lpabkuna E.E.- CI16.: Xumus, 1996.-I'n.11.-§11.1.



Jexkuyusn 9.
Cepuucmote u azomucmeule cOeOUHEHUA, COOeEPHcAUUecs 8 Hehmax

KiroueBble cjioBa: MEpKanTaHbl, CyIbQUIbL, AUCYIbGUABL, THO(EHBI, THODAHBI, AMUHBI,
AQHWJIMH, TUPUANH, TOPQUPHHBL, TTHPPOIL.

B cmecu mpupoaHbIxX yrieBogopoaoB (HePTh) MPUCYTCTBYIOT OPTaHUIECKHE
TreTEPOATOMHBIC COCIMHEHHS, B KOTOPBIX BAJICHTHO WJIH KOOPIWHAIIMOHHO C
aTOMOM yTJIEpOJa CBSI3aHBI aTOMBI CEPBI, a30Ta, KUCIOPOJa M psAga METAIUIOB.
Hanpumep, B Hed1sx Bonro - Ypanbckoro perruona cootTHouieHue coaepxanus (%o
Macc.) cepbl, KUcaopoa 1 a3oTa nmpuMepHo coctapisieT 10:2:1 coorBeTcTBeHHO. B
Ja00PAaTOPHBIX YCIOBUIX OPraHUYECKUE COSAUHEHUS CEPhl MOTYT OBITh BBIACICHBI
13 He(TH SKCTpaAKIMEH alleTOHUTPUIIOM WM APYTUMH pacTBoputeissMu. Kpome
TOro, B He(PTH MOXKET MPUCYTCTBOBaTh CBOOOJHAs (dJIEMEHTapHas) cepa u
cepoBosiopoa. CymmapHOe cojiep’KaHue cepbl B HE(PTSIX HAXOAMUTCS B Mpejaeiiax
0,1-7,5% (mo0 0,5% - wmanocepuuctoie, 10 1% - cepHucteie, Bbime 1% -
BBICOKOCEPHHUCTHIC).

Cepoopzanuueckue coeOuHeHus TIAaBHBIM 00pa3oM  MPEACTABICHBI
MepkanTaHamu (Tuosiel), odmas gopmyna CpHzniSH (n=2,3,4....), cynbbunamu
(CnH2n+1)2S, mucymbdumamu (ChHzne1)2S, 1 reTepOIMKINYeCKMME COSTMHEHUSMU,
Cpeau KOTOPBIX Haubojee BaXHBIMU SBJSIIOTCS TUO(PEHBI W TUO(DAHBI
(rugpupoBaHHbBIE THO(EHBI):

muoghen muogan

Kak mpaBuio, cooTHoleHne MeXAy cyiabduaamu, THOPEeHaMU U THOJIAMU
(% wmacc.) 10:20:1 coorBercTBeHHO. B uacTHOCTH, B OEH3MHOBYIO (pakUHUIO
nonanatoT Tuoasl C5-C9, cymppuast C6-C10, a B Tsxkenblx Qpakuusx u
OCTaTOYHBIX NPOAYKTax KOHIICHTPUPYIOTCS ANKMIOEH30THO(EHBI,
TUOEH30THO(EHBI U IPYTHE TOTHATKIITOIUITUKINISCKIE COSTMHEHNUS.

Mepxanmansi aKTUBHO pPEAarnpyroT ¢ THAPOKCHAAMU METAIJIOB U Ha 3TOM
OCHOBaHAa TEXHOJIOTHS WX YJAJICHUS CMEIIMBAaHUEM CHIPOH HE(PTH C BOIHBIMH
pacTBOpaMM IIEIOYEH C TMOCIEAYIOIIUM pAa3[eleHHEM CJOEB M  OCYIIKOW.
Cynbguobl 1€TKO OKHUCISIOTCS HEOPraHUYECKHUMH OKHUCIUTENSIMU, B YaCTHOCTH
MEPEKUCHIO BOJIOPOIA, 10 CYIb(POKCUIOB U CYJIbPOHOB:

cynuho-oKkcuowt cybhonnt



OTU NPOAYKTHI B pSAJE CIy4aeB MPEACTABIAIOT UHTEPEC KaK 3(PPEKTUBHBIE
(oTOpeareHThl, KOMILIEKCOOOpa30BaTEIH U Jp.

Tuodensl, 1 B mNepByr ouepeab OCH30THO(EHBI SBJSIOTCS HamboJee
YCTOMYMBBIMU CEPOOPraHUUYECKUMH COETUHEHUSAMU, U TIpU 00pabOTKE 1IEI0UYbIO U
HarpeBaHUU HUX MOJEKyJIbl He paspymarTcs. TuopeHsl u  OEH30THO(EHBI
COJEPKATCSl NPEUMYIIECTBEHHO B CpEIHE- M BBICOKOKUIIALIMX (pakuusx u
He(TAHBIX oOcTaTKax. KonamuecTBO aTOMOB yriepoJa B MOJIEKYJE OMpEAeseT
TEMIIEpaTypy KHUIEHUS M COOTBETCTBYIOUIUE CEPOOPraHUYECKUE COETUHEHUS
MOMagaloT B OCEH3MHOBYIO, KEPOCHHOBYIO, JHU3EIbHYIO (pPaKIUH, MaCsSHbIC
JUCTUIIIATBI.

[Tpu no6brye HedTH CEPOBOAOPO] M HU3IIKE (Tra3000pa3HbIe) MEpKANTaHbI
IPEACTABIIIOT OCHOBHYIO YIPO3y, IIOCKOJbKY OHHM MHOTOKPAaTHO YCKOPSIIOT
Koppo3uto obopynoBanus. lllupoko mnpumeHsoT pA00aBku B OypoBble U
IIPOMBIBOYHBIE  KUJKOCTH, [OMVIONIAIOIIME 3T COCOUHEHHUs, a TakKkKe
MOJIABJISIFOLIUE JEATENBHOCTh MUKPOOPTaHU3MOB, MPOAYLUPYIOIIHUX CEPOBOIOPOL
(Tak Ha3bIBaeMble Cylb(haToBOCCcTaHaBIMBaroue Oakrepun). CepoopraHuyecKue
COEMHEHMsI KpallHE HEraTWBHO BIUSIOT HA Tpolecchl HedTenepepadoTKu U
CBOMCTBA B IEPBYIO OYEpEAb CBETJIBIX HE(TENPOIYKTOB M Maces. JTO CBSI3aHO C
UX OKHCJICHHMEM U 00pa3oBaHUEM KHUCJIOT, BBI3BIBAIOIIMX Kopposuto. Ocobo
BpEAHOE BO3JEHCTBHE MEpKAaINTaHbl, CylIb(PUIbl U THO(EHBI OKa3bIBAIOT Ha
TeTEPOreHHbIE  KaTalW3aTOpbl BAXKHEWIIMX MpoleccOoB  HedTenepepadoTKu
(KpEeKUHT, IaT(GOPMUHT U Jp.), IPUBOJA K UX J€3aKTUBALUU U Pa3pyLICHUIO.

Cepoopranuka B TOIUIMBaX Cropaet ¢ 00pa30BaHUEM OKCHIOB, MONAAAI0LIUX
B OKPYKaIOIYI0 Cpeay, YTO COBEpPLIEHHO HeaomycTtumo. s paspyuieHus u
yAAJIEHUS COAEPKALIUXCS B TUCTUILIATAX CEPHUCTBIX COETMHEHUI UCIIOJIb3YIOT X
pPEaKIMI0 C BOJOPOJOM Ha NeTepOreHHBIX KaTajlu3aTopax npu temmeparype 280-

380°C (mmporecc ruapoodeccepruBaHms):
R-S-R + H, = 2R-H + H,S

OOpazyrouuiicss cepoBOJOPOA  OKUCISIOT KHUCIOPOJIOM  BO3AyXa [0
3JIEMEHTapHON (CBOOOAHOM) cepbl, KOTOpas HCIOJIb3YeTCS B KauyecCTBE ChIPbs B
XUMHYECKON MPOMBINIUIEHHOCTH. CEepHUCTBIE U BBICOKOCEPHHUCThIE HEPTH TPEOYIOT
MaclITaOHOW TUAPOOYMCTKH, W OTO ONPEHEeNsieT HUX MEHBUIYI0 IEHHOCTh
(oTeuecTBeHHAsI CEpHUCTAsi HEPTh HA MEKAYHAPOIHOM PBIHKE CTOUT Ha 8-12 $/1
nemieBie, uyeM ManocepHuctele Hedtu Ilepcunckoro 3ammBa, KapuOckoro
OacceliHa u 1p.).

Psan  cepoopraHMueckMX  COCOUHEHUM  HAXOJIUT  NPUMEHEHUE B
HerenepepadoTke u Hedrexumun. Tak, TmomoueBuHa — CS(NH2), B oTianume ot
MOYEBHHBI, 00pa3yeT MPOYHbIE MEKMOJIEKYJISIPHbIE KOMIUIEKCH C M30aJIKaHaMH,
YTO UCHOJIB3YETCs MPU UX BBIIEICHUH U3 YTIIEBOJAOPOIHBIX (PPaKIIUA.

A3zomcoodeprcawgue coedounenus B HEDTIAX TPEACTABICHBI TJIABHOM
oOpazoM  anudpaTHUYECKUMU U  apOMAaTHUYECKUMU  aMUHaAMU, a  TaKxke
reTepoapoMaTUYECKUMU COCTUHEHUSMH (MIPOU3BOJIHbIE MHUPUANHA, MUPpPOJA U

Ip.):



(CnHan+1)xNHy — amuabI
X +y=3
x=12,3

nupuoun nuppon

CymMmapHoe coaepkanne a3otra B HepTsax koseonetrcs B uaTepBaie ot 0,05
10 0,5%. AMUHBI U npPOU36800HbIE NUPUOUHA TIPOSIBISIIOT OCHOBHBIC CBOMCTBA,
OUPPOA W €ro MOJUIHUKINYECKUE MNPOU3BOJHBIE (nopdupunsl) SBISIOTCA
HEUTpaJdbHBIMU  coenuHeHUusIMH. OTMeTHM, 9YTO TOCIEAHHE  CIIOCOOHBI
00pa30BBIBATH MPOYHBIE KOMIUIEKCHI C METAJIIAMH, B IIEPBYIO OUEpENlb C HUKEJIEM
u BaHaaueM. CozgepxaHue BaHaaus B He(TAX aocturaer | Kr/t, 4ro o0ycIoBUIIO
CO3/1aHUE CHEIMATBHON TEXHOJIOTUH IEMETAIITN3aLUu.

B 1aGopaTopHbIX U ONBITHO-IPOMBINUIEHHBIX MacuITabax a30TUCThIE
COEIMHEHMSI U3BJIEKAIOT U3 He(Tel WM HEPTIHBIX (Hpakuil SKCTpaKLUuend CepHOn
KHUCJIOTOM. 3aTeM M3 KHUCJIOThl MX BBIICISIOT B CBOOOJHOM BHJIE B PE3yJIbTaTe
HelTpanu3anuu Iueiaoyamu. [lmoxo pacTBopuMble B KHCIOTax HEHTpaibHbIE
a30TUCTBIE COEJIMHEHHUS CBA3BIBAIOT B MPOYHBIE KOMILIEKCHI XJOPHBIM KEJIE30M
(FeCl3) m skcTparmpyroT BOJOW, 3aTeM KOMIUICKCHI Pa3pyllIaloT MIEI0oYaMu U
a30TUCTBIE COEOUHEHUs (NUPPOJIbI, WUHIOJBI, NOP(GUPUHBI U Ap.) U3BICKAIOT B
CBOOOIHOM BHIIE.

Koumponwsnwie eonpocut

1 Knaccudukanus HeTeit o copaepKaHuio Cephbl.

2 OCHOBHBIE THUITBI CEPOOPTAHUYECKUX COCTUHEHUN HEeDTH.

3 CnocoObl yaajneHus CEpOOPraHWYCCKHX COCIMHCHUN U3 HEPTIHBIX
bpakuuii.

4 OCHOBHBIE THUIIBI A30TCOICPHKAIINUX COCTUHEHUN HEDTH.

5 A3oTcojaepiKaliye CoeMHEeHHMS, 001aa0IINe CBOMCTBAMU OCHOBaHU.

Cnucok pekomeHnoyemou numepamypul

1 TanmumoB X.®. XuMmus nNpupoJHBIX 3HEPrOHOCUTENEH: yued. mocodue.-
Ya: Uzn-so YIHTY, 2007. - C.217-232.

2 Jlanmna H.K., Mapuenko [I'.H., TIlappenoBa M.A. wu np.
Cepooprannueckue COEUHEHUS He(TU ApxaHrenbcko-TaHaicKkoro
mectopoxaenus //Hedbrexumus.- 2010.- T.50, Nel.- C.33-42.

3 Ps6oB B.JI. Xumust nedtu u raza. — M.: UJI «@opym», 2009.- C. 176-188.



Jlexnus 10.
Cmonbsl, achanvmenst, cooeprcawguecs 6 Hepmax

KamoueBble cioBa: cMmomnbl, achanbTeHBl, MalbTEHBI, KapOCHBI, KapOOWIbI,
ac(hambTOr€HOBBIC KHCIOThI, METaJUIBl B HE(DTH.

CmomnucTto-ac(paIbTeHOBBIE BEIIECTBA MPEJCTABISAIOT COOOM  CIOXKHYIO
CMECh BBICOKOMOJICKYJIIPHBIX COCIUHEHUN CMEIIAaHHBIX CTPYKTYp, COJEPKAIIUX
a3oT, cepy, Kuciopoja, metamibl. Ux MHoro B Tsokénbix HedTsax Kazaxcrana,
Cpenueit Aszum, bamkupuu. WX neTydecTb HEBENIMKa, B OCH3MHOBBIM U
KEPOCHHOBBIM JUCTWIIISATBI OHM He momagaroT. Haubonee OGoraTsl cMoimcTO-
ac(aJbTOBBIMH BEILIECTBAMHU MOJIO/IbIe HE()TH apOMATHUECKOTO OCHOBAHUSI.

CMonucro-acanbToBble BeIIeCTBA OOBEAMHSIIOT JBE OOJBIIKME TPYIIIHI
BBICOKOMOJICKYJISIPHBIX ~CO€AMHEHHH HepTu - cmoabl U acdajabTeHbl, B
XUMHYECKOM COCTaBe, CTPOCHHH M CBOMCTBAaX KOTOPBIX MMEETCS MHOTO OOIIETO.
CooTHOLIEHNE MEXTY CMOJIaMU U acpaibTeHaAMU B HEPTAX U TSKENIBIX OCTATKAX,
r71c B OCHOBHOM OHHM KOHILIEHTPUPYIOTCS, cocTaBisieT oT 9:1 mo 7:1.

Cmonpr. CoctaB U CBOMCTBA HEPTSHBIX CMOJ 3aBUCAT OT XUMHUYECKOU
npuponbl HepTH. HecmoTpss Ha pasnuuHyio npupony HepTed pasinuyHBIX
MECTOPOXKICHUM, CoAepkaHUe YIJepoJla W BOAOPOJAa B CMOJIAaX KojeOJeTcs B
CpaBHUTEINIBHO y3kuX mpenenax (B % macc.): C —or 79 no 87; H—-o1 9 no 11. B
cMoJiaX HeTel pa3inuyHbIX MECTOPOXKJIEHUHN COEepKaHUE KUCIOPOoJa KoJaeOaeTcs
ot 1 1o 7% (macc.), cepsl - OT JIecAThIX J0jel npoueHTta a0 7-10%. B HekoTophix
cMoJIax CoaepKUTCs a3oT (110 2 %).

Cmonwvr coctaBisatoT oT 70 1o 90 % Bcex reTepoOpraHuYeCcKuX COEAUHEHAN
Hetu. OHU Oorade BoAopoaoM, ueM achanbrenbl, Ha 1-2%. Bonpuryro yacte
CMOJI COCTaBISIIOT HEHUTpanbHbIC BemiecTBa. HeOoboe KOJTU4ecTBO CMOJI UMEET
KHCIIBII XapakTep U olOpasyeT acganvmozenogvie kuciomuvl. OHU MPEACTABISIOT
co00i1 BsI3KKE, TEMHBIE CMOJIBI, PACTBOPUMBIE B CITUPTE, O€H30J1€e, XJI0podopMme.

Heimpanbnple cMONNUCTbIE BEIIECTBA MOAPA3AEISAIOT MO OTHOIICHUIO K
pa3inuuHbIM pacTBopuTessiM. Ha cxeme mnpexacraBieHa kinaccuukanmus U
pasziesieHue CMOJIMCTO-ac(albTeHOBBIX BEIIECTB.

Cmonbl IPEACTABISIIOT COOON OYEHb BSI3KME MaJIOTIOABHXKHBIE JKUJKOCTH, a
MHOT/a U TBepble aMOp(HbIE BEIIECTBA OT TEMHO-KOPUYHEBOTO /10 OYpOro ILBeTa.
[TnotHOCT WX Onu3Kka K 1,1 v/mu1, MmonexynsapHas macca ot 600 mo 1000.

CMonucThIe BEIIECTBA TEPMUYECKH W XUMHYECKH HECTaOWIbHBI, JIETKO
OKHCIIAIOTCS ¥ KOHJIEHCUPYIOTCS, TPEBpaIasiCh IPU 3TOM B acghanvmensvt. Crmoivl
JIETKO CYIb(PUPYIOTCS, MEPEXOAsl B pacTBOP CEpHOM KuciIoThl. Ha 3TOM ocHOBaH
CEpHOKHMCIIOTHBIA CMOCOO OYHCTKM TOIUIMB M Macel. CMOJUCTBhIC BeIIecTBa
00pa3yloT KOMIUIEKCHI C XJIOPUJIaMU METalIoB, (hocHOpHON KUCIOTOM.

N3yuyenue cMon u achabTeHOB MAET MO MYTH YIPOILEHUS COCTaBa MyTEM
HKCTPArupoOBaHUsl M KOHIICHTPUPOBAHUS Y3KUX (paKiuil, HMEIOMMX o001ue
CBOMCTBA:



CMmoJibl M acanbTeHbl
[Terponeitnblii 3¢up
WJIM TeKcaH (TIeHTaH)

Ocratok PactBop -MaJjibTeHbl

Beunson, CCl4

Ocratok PactBOp-AcanbTeHbl

CS», mupuaua

Ocrarok - Kapoouasbl PactBop-Kapo6ennbt

ITonbITKM CO3AaTh UX «CPETHIOI0» MOJIEKYITY MPUBEIHN K CIETYIOIIUM
CTPYKTypam:

CMmoab1 AchaabTeHbl

Acghanomenwvr sBISIOTCS 00J€€ BBICOKOMOJICKYJIIPHBIMU COEIMHEHUSMH,
yeM cMoJibl. OHU OTJIMYAIOTCS OT CMOJ HECKOJIbKO MEHBIINM COJIepKAaHUEM
BOojiopoZa W 0Oojiee BBICOKMM COJEp)KaHHEM TreTepoaroMoB. CYHTArOT, dYTO
acasbTeHbl  SBIAIOTCS  TMPOIYKTAaMH  KOHJEHCAIMM CcMOJI.  AcdaibTeHbI
o0pa30BaHbl MUKJIMYECKUMHU, TTOJHSIICPHBIMU KOHICHCHPOBAaHHBIMH CTPYKTYpaMH,
MOX0UMU Ha Tpadur.

Acghansmenst — opomKooOpazHpIe BEIIeCTBA OYpOro WM 4E€PHOTO I[BETA.
[Ipyn HarpeBaHWM OHM Pa3MATYAIOTCSA, HO HE IUIaBATCS. [Ipm HarpeBaHWM BBIIIC
300°C acdanbTeHpl mpeBpamaloTcs B KOKC M Tas3bl. AcalbTeHbl XUMHUYECKH
akTuBHBL. OHH OKHUCISIOTCS, CYIb(OUPYIOTCSA, TaJOTEHUPYIOTCS, HUTPYIOTCS,



BCTYNAIOT B KOHJEHCAIWI0 ¢ dopManbaeruaoM. [lpu xpaHeHnn Ha CBETYy W TIPHU
JIOCTYTIE BO3/lyXa OHU NEPEXOAAT B KapOEHbI, TEPSISi pACTBOPUMOCTb.

Achanvmenpl oABEPTralOT OKUCICHUIO /10 KHUCIIOT, IPEBPAILIAlOT B KOKC U
ryapoH. Mcnonb3yroT s ruapodobusanun pa3audHbiXx moBepxHocTed. CMoibl U
achanpTeHBl HMAYT Ha TnepepaboTky B Oosee JETKHE  TPaJULUOHHBIC
He(DTEeNpOAYKThl NyTéM TUApPOKpekuHra. OJHAKO OHM CaMU TOXKE HaXOJAT
MPUMEHEHUE B KAYECTBE aHTHUCENITUKOB, HHTUOUTOPOB OHOpa3pylieHus (MIPOMUTKa
mai) u Jip.

Heopzanuueckue komnonenmul Heghmu

B HedTsIx BcTpewaroTcss comum M KOMIUIEKCH Oonee 40 MeTa/ioB U
HEKOTOPBIX HEMETAJIOB. MUHEpaIbHbIE KOMIOHEHTHI IPUHATO Pa3eisaTh Ha TPU
TPYTITIBI.

1-g rpymma: MeTaJuisl iepeMenHoi BasientHoctd — V, Ni, Fe, Mo, Co, W,
Cr, Cu, Mn, Zn, Ti, Pb, Ag u ap.

2-s Tpymma: MeIouHbIe U IerouHo3emMenbabie Metauisl — Na, K, Ba, Ca, Sr,
Mg.

3-4 rpymma: rajnoreHsl u apyrue snementsl — Cl, Br, 1, Si, Al, Ge u ap.

HeGoupime kommdyecTBa MUHEPATBHBIX COCTABJISIONIUX CO3AI0T TPYIHOCTH
uX ornpejeneHus. B 3aMeTHBIX KOMYecTBaxX 0OHApYKUBAIOTCS BaHAIUNA U HUKEII,
npu4éM BaHaaus OOJIbIIE B CEPHUCTHIX, & HUKEIS — B @30TUCTBIX YacTIX HedTew.
Yarme Bcero MeTaJuIbl HAXOATCSA B BUIE TOP(OUPHUHOBBIX KOMIUIEKCOB — PEITUKTOB
OpPraHUYECKOro MPOUCXOKAEHUS (XI0pOoUILL, TEMOTIO0UH).

MertannoB B HEPTSIX HEMHOTO, HO OOJIBIIMHCTBO M3 HUX KATAIUTHYECKU
aAKTUBHBI (4aCTO MHTUOUTOPHI), TOITOMY HX COCTaB U COJEp>KaHHE HEOOXOAMMO
KOHTPOJMPOBaTh BO M30€kaHUE NPoOJIEM MPU OYUCTKE U MepepadoTKe, 0COOEHHO
TepMOKaTaIuTHIecko. K ToMy ke, BBICIIHE OKCHIBI HEKOTOPBIX METaLIOB
(BaHagmii, Xpom, BOJIb(PpaMm) SBISIOTCS OKHUCIUTEISIMHU, HUMEIOT KHUCJIOTHBIN
XapaKTep U YCUIMBAIOT KOPPO3HUIO METAJIOB.

KoHTpoJibHBIE BONIPOCHI

1 OOmas xapakTepucTUKa CMOJI U achaabTEHOB.

2 ®pakiuu HePTH, B KOTOPHIX OHU MPUCYTCTBYIOT.

3 OcobGeHHOCTH ac(paTbTOT€HOBBIX KUCIIOT.

4 ®pakuun, KOTOPBIE OJIYYAIOT IPHA SKCTPAKIIMU CMOJIUCTO-
ac(abTEHOBBIX BEIICCTB.

5 I'pynmbl, Ha KOTOpPbIE TOJIPA3AEISIOT MUHEPATbHbIE KOMIIOHEHTHI HE(QTH.

Cnucoxk pekoMeHayeMoil JuTepaTypbl

1 Ceipkun A.M., Moscym3ane 3.M. OcHoBbl xuMuu HeTH U Ta3a.-Y da:
Uszn-so YITHTY, 2002.- C.84-89.

2 Ily3un FO.U. Xumus HeTv 1 ra3a: 31eKTPOHHBIN yueOHO-METOANYECKUN
komruieke. — Yda: YITHTY, 2009.- T'n. 5.4; 5.5.



Jlexnus 11.
Ocnoewvl nepmenepepadomku

KiroueBbie ¢JjI0Ba: TEPMUYECKUM KPEKUHI, KAaTaIUTUYECKUN KPEKHUHI, ITHPOJIN3,
KOKCOBaHUE, NCAIKWINPOBAHUE, NIETUIAPUPOBAHNE, IUKIN3ALUs, apOMATU3aLNs, U30MEpU3aLU.

[IpocTediliuM  TPOMBINUICHHBIM ~ METOJOM  MPEBPAIICHUS  TSKETBIX
yIAEBOAOPOAOB HepTH B JETKHE SBISICTCS TEPMHYECKHH KPEeKHHI —
pacuieruieHre OOJIBIIMX MOJIEKYJ 3THUX YIJIEBOJOPOJOB MOJ JACHCTBUEM TeIula U
o0pa30BaHHE MEHBIIIUX MOJIEKYJ OoJiee JIErKUX YriieBOI0POIOB.

Kpekunr sBisieTcss B XMMHUYECKOM OTHOIIEHHH CIIOKHBIM IPOIIECCOM, TaK
KaK CBhIpbE MpENCTaBIsiET COOOW CMECh MHOTHUX YTJEBOJOPOJOB, U OHHU
MOJIBEPTaloTCs MPEBPAICHUSIM B Pa3TUYHBIX HAPABJICHUSIX.

AnkaHel TIpu BBICOKHMX Temmeparypax (400550 °C) B ocHOBHOM
MOABEPraroTCsl peaklMM PACIICTUICHUSI C Pa3pbIBOM CBSI3M MEXKAY YIVIEPOIHBIMU
aTOMaMH:

Cl6H34 — C8H18 + C8H16

T€KCaJCKaH OKTaH OKTCH

VY HU3MIMX aJKaHOB HAOJ0/IaeTCs TAKXKE JETHIPUPOBAHUE U PACTIa]] C
Pa3pbIBOM CBSI3U B KOHIIE YIJIEPOIHOM LIETIH.

N3o0ankanbl TEPMUYECKU MEHEE YCTOWYMBBI, YEM aJIKaHbl HOPMaJIbHOTO
CTPOCHHUS:

C4H10 — C4HS8 + H2

m0-C4H10 — C3H6 + CH4

[Ipu kpeKrHre NUKI0ATKAHOB MTPOUCXOIAT PEAKIUU:
1. JMeanxkuiaupoBaHue (OTIICIUICHUE AIKUIBLHBIX OOKOBBIX IIETICH ):

2. Pacnaja koJbua ¢ o0pa3oBaHHeM aJIKEHOB U JTUESHOBBIX
YTJIEBOJIOPOJIOB, a TAKXKE aJIKAHOB:

3. JleruapupoBanme MIECTUYICHHBIX HA()TEHOB C IPEBPAILICHUEM B
apCHBL:



ApeHbl ¢  YIJIEBOAOPOAHBIMU  LIEMSIMA B YCJIOBHUSIX  KpEKHUHIa
neankuiaupyrorcs.  Ilpu 3ToM npoucxoauT oOpa3oBaHHWE apPEHOB U AJKEHOB,
HaIpuMep, U3 ITUII0EH301a 00pa3yrOTCsi OEH30J1 U ATHIICH:

B pesynsrate meruapupoBanus npu 600650 °C HAUMHAIOT MOSABIATHCS

OYEHb PEAKIIMOHHOCIIOCOOHBIE THEHOBBIE YIIIEBOAOPOJbI, Hampumep OyTaaueH-
1,3:

CH2=CH-CH2-CH3 — CH2=CH-CH=CH2 + H2

[Ipu B3auMOJEHCTBUU JUEHOB C OJICPUHAMHU TPOUCXOJUT HUKJIU3ALUSA
YITIAEBOJAOPOJOB C TPsIMOM  IMENbI0O U apoMaTH3amMsl  00pa3yroIINXCS
IUKJIOOJIE(DUHOB:

CH2=CH-CH=CH2 + CH2=CH2 — — + H2

[lomumo 3TOrO, y apeHOB MPOTEKAIOT PEAKUUU  KOHJECHCALIHH,
PEUMYILECTBEHHO C YYAaCTUEM HENPEIEIbHBIX YIJIEBOJOPOAOB, YTO MOCTEINEHHO
OPUBOJUT K OOpa30BaHUIO YIJIEBOAOPOJOB C BeCbMa OOJBIIUM YHCIOM
OEH30JIbHBIX KOJIELl ¥ MaJIbIM COJEPKaHUEM BOJOPOAA, T. €. K 00pa30BaHMIO KOKCA.

Kpome Toro, oHM MOTYT BCTYNaTb B peEaKIWH aJIKAIUPOBAHMSI,
W30MEPHU3ANNK, IUKIU3alMK KAk Jpyr ¢ JApPyroM, TaK HW C JPYTUMHU
yII€BOJOpOAaMH ¢ 00Opa30BaHMEM YIJIEBOAOPOJOB M30CTPOCHHUS, HAPTEHOB H
apeHOB.

C mnoBBILIEHUEM TEMIIEpATYphl MeCTO pa3pbiBa cBsizu C-C caBuraercs K
Kpar IeMy C 00pa30BaHUEM YTJIEBOJOPOJOB C KOPOTKHUMH IEMSIMH BIUIOThH [0
MeTaHa, OJJHAKO M METaH Ipu Temmneparypax Boime 820 0C HaumMHaeT pas3iararbes
Ha yriaepoa u Boxopona. C pocToM TeMmIlepaTyphl, BBUIY pPa3HON 3aBUCUMOCTHU
CBOOOJHOM »HHEPrUM OT TEMIEpPaTypbl, TEPMOJMHAMHYECKAs CTaOUIBLHOCTh
yII€BOAOPOAOB C OJMHAKOBBIM YKCIOM aTOMOB YIJIEpOJAa HEOJUHAKOBA U
oOpasyer ps:

apeHbl > oyieUHBI > HAPTEHBI > MapadUHBbI.

CrnenoBaTenbHO, MOBBIIMIEHHE TEMIEPATypbl CIOCOOCTBYET HAKOIUICHUIO
apeHOB B MPOAYKTaX KPEKUHTA.

Tepmuyeckuii KpeKUHT Mojapasnesnsercs Ha >kuakodasHeii (mepepadorka
TSOKENTBIX (PAKIUA U OCTATKOB OT MepepaboTKu HEPTH, a TaKKe JIETKUX (HpaKIuii -
JIUrpouHa, KepocuHa, razoins npu 460-560 °C wu nmasnenum 2-7 Mlla) u
napodasHbli (mepepaboTka ryapoHa, OuTyMa U KpEeKUHI-0CTaTKoB pu 550-600 °C
Y HOPMaJIbHOM JaBJICHUH).

['a3bl TEpMUYECKOTO KPEKWHTa - CMECh MPENSIbHBIX M HEMPEAebHbBIX
YIAEBOJAOPOIOB: 3TaHa, JTHJIEHA, MpOTMaHa, NpPOIUJeHa, OyTaHOB, OyTHIICHOB,



MIEHTAHOB W JIP. - CIIY’KaT CBIPhEM I XUMHUYECKUX CUHTE30B. KpeKknHT-ocTaToK
UCTIONIB3YETCsI TIIaBHBIM 00pa30M KakK KOTEJIbHOE TOIUIHBO.

B cmydae, ecnu meneBbIM TPOAYKTOM TEPMHUYECKHUX MPOIECCOB JOJDKEH
ObITh HEe OCH3WH, a Ta3bl M KHUJKHEC apOMaTHICCKHE yTICBOIOPO/IbI, UCTIOIB3YETCSI
TUPOJTH3.

B oTnuume OT TEepMHUYECKOTO KPEKWHTa TpHU NHPOJIM3e pPacIIeIICHHE
YIIICBOJIOPOOB MPOUCXOIUT B MapoBoi (ase mpu aTMOCHEpPHOM aBICHUU U
noBeIeHHOH 110 (670-720 0C) Temneparype. B pesynprare rimybokoro pacnana u
BTOPUYHBIX PEAKLIMM CHHTE3a U3 KEPOCUHA WIM JIETKOTO Ta30MIs MOJaydaroT 10 50
% rasa, apoMaTHYECKHE yrIeBOJOPOAbI U CMOITY. ['a3pl mUpoIM3a OTIMYAIOTCS OT
ra30B KPEKUHTa MOBBIIIEHHBIM COIEP)KaHUEM STHIICHA, poniieHa, Oytaauena. 13
KHUJKUX TPOAYKTOB MUPOJIN3a MOIYIa0T OCH30J1, TOIYOJI, KCUIION, HAQTaTHnHOBOE
MacJo, U3 KOTOPOTO BBIJEISICTCS HAPTAIUH, U MEK-CHIPHE AJIS MOMyUYEHHUsT KOKCa.
BricokoBs3kue HePTSIHBIE OCTATKU UCIIONIB3YIOT /IS IepepaboTK KOKCOBAHHMEM.

Kokcosanue - miporiecc TIyOOKOTo pasiioskeHHs] HE(PTSHBIX OCTaTKOB 0Oe3
JOCTyna BO3JyXa IIpU arMoc(epHoM naBleHud u Temneparype 450-500 °C.
KokcoBanuem mazyta, OuTyma, ryJipoHa, CMOJIbI, KDEKUHT - OCTATKOB U JAPYTHX
OTXOJIOB yNaéTCsd MaKCHUMAJIbHO YBEJIWYUTH BBIXOJ CBETJIBIX HEPTEHIPOIYKTOB.
[Ipu 5TOM U3 BBHICOKOBSI3KUX OCTATKOB HApsAy C 0€330JbHBIM HEPTSHBIM KOKCOM,
MPUMEHSEMBIM KaK TOIJIMBO W CHIPBE JUISl IPOU3BOJCTBA AJIEKTPOJOB, MOIYYArOT
ra3, aBTOMOOWIILHBIM OCH3WH, AU3CIBHOC MW KOTEIbHOE TOIUIMBO. OmgHAKO
00pa3yomuics TP KOKCOBAHUU aBTOMOOMIIEHBIN O€H3WH UMEET HU3KOE KaueCTBO
¥ HEeBBICOKME aHTH/IETOHAIIMOHHBIE CBOMCTRA.

[Ipy  kaTaJIMTHYECKOM KpeKHMHIe pacIICIJIeHHEe  YIJIEBOJOPOJIOB
OCYIIECTBIISICTCS HA aJTIOMOCHIMKATaX — THIIMYHBIX KaTaau3aTopax HOHHBIX
peakiuii. B WX mOpuCyTCTBMM peakuud HAYT HE MO CBOOOJAHOPATUKATHEHOMY
MEXaHU3My, Kak TP TEPMHUYECKOM KpEKHHTEe, a TI0 HOHHOMY, dYepe3
MPOMEKYTOUHYIO CTaJUI0 TOJOXKUTEIHLHO 3apsSKEHHBIX KapOOHUEBHIX HOHOB.
[Tocnennue obpaszyroTcs U3 0yiePUHOB:

+ —

CnH2n + MeOH — CnH2n+1 + Me

Honbl kapOOHMSI HEYCTOMYMBBI M CHOCOOHBI pacmajaThCsi Ha MOJIEKYIy
ojeprHa U MOH KapOOHUs ¢ Oojee KOPOTKOM yriepoaHoi uemnbto. Kpome Toro,
OHM MOTYT OTHHMAThb BOJOPOJ B BHUJAE THAPUA-HOHA OT APYTHUX HEHTPaTbHBIX
MOJIEKYJI, TaKkKe TpeBpalias X B MOHBI kapOoHus. biarogapst aTomy pa3BuBaercs
MOHHO-IIEMTHOM MPOLIECC pacilieIuIeHus mapapuHoOB:

+ +
RCH-CH2 — RCH=CH2 + R
+ +

R + RCH2-CH2R — RH + RCH-CH2R U T.I.

Karamutnueckuii  KpEeKMHI  XapakTepU3yeTcs, IIOMHUMO  pPEaKiuu
pacLIEIJICHUs], peaKUUsIMU HM30MepHU3aluM U IepepaclpereeHus BOA0pOaa
(meruapupoBaHUE U TUIPUPOBAHME). AJIKAHBI KPEKUPYIOTCS C OOpa3OBaHUEM



Oonee JErKUX TPENENIbHBIX M  HENPENEIbHBIX  YIVIEBOJOPOAOB. AJIKEHBI
U30MEPU3YIOTCS B YIIIEBOJOPOIBI C Pa3BETBIECHHOM LENBIO, a4 TAKXKE 3aMbIKAIOTCS
B IIUKJ C MOCJIEIYIOIIUM THIPUPOBAHUEM, YTO NMPUBOJUT K 0Opa30BaHUIO apEHOB.
[{uknoankaHel B pe3yibTaTe JErUAPUPOBAHNS TAKXKE IIPEBPALLAIOTCSA B aPEHBI.

KoHTpoJibHBbIE BOIPOCHI

1 OcHOBHBIE ITPOLIECCHI TEPMUUECKOH MepepabOTKH HEPTH.

2 XMMHYECKHE PEAKINH, COIIPOBOKIAIOIINE TEPMUUECKUN KPEKUHT .

3 OTnuyue TEPMUYECKOr0 KPEKUHTa OT KaTaJTUTUYECKOTO U TUPOIIU3a.

4 Ilpumepsl peakiuil 1eruAPUPOBAHNUS, HUKIN3AUH, APOMATU3ALNH U
MU30MEPHU3ALINH.
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