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Jleknus 1.
Oowaa xapakmepucmuka He(pmu u 2a3za

KiroueBble cjioBa: HWCTOYHHKH OHCPIuu, CI)IpI)é IJId IIPOU3BOJACTBA, THIIOTE3LBI
IIPOUCXOXKICHUA, 3JIEMECHTHBIN COCTaB, KJ'IaCCI/I(l)I/IKaI_II/IH.

HedTr mnpencraBisier co0oil CIOXHYHO CMeCh YIJIEBOJOPOJIOB U
OpraHUYecKUX COeJUHEHUN cephl, a30Ta U Kuciopojaa. B Hacrosmiee BpeMs HehTh
U Ta3 SBISIOTCS OCHOBHBIMU HCTOYHHKAMH HEPruu B OOJBIINHCTBE CTPaH MUpA.
B Poccuy TONMNMBHO-HEPTETUYECKUN KOMIUICKC SIBJISIETCS OJHOW W3 OCHOB
SKOHOMUKHU. M3 HedTH BbIpaOATHIBAIOTCS OEH3WHBI, KEPOCHHBI, IU3EJbHOE,
peakTHMBHOe W JIpyrde BHABI TomIuBa. Jlpyroe BaxxHellllee HampaBieHUe
UCIIONb30BaHus He()TU U Ta3a — B KayeCTBe ChIPbfl IJIsl MPOU3BOACTBA CaMbIX
Pa3HOO00pa3HBIX MPOIYKTOB HePTEXUMHUUECKOM, CTPOUTENBHON U IPYTUX OTpacieit
MPOMBIIJICHHOCTH: TOJUMEPHBIX MaTepualoB, IUIaCTMAacC, CHUHTETHYECKHUX
BOJIOKOH W Kay4dyKOB, CMa30UYHBIX U CIEIHAIbHBIX Macell, MOIIIUX CPElCTB,
JIAaKOB, KPacoK, pacTBOpHUTesel, OMTyMOB, KOKCa M MHOXECTBa APYyrux. B aTom
OTHOIIIEHMH He(Th W Ta3 SBISIOTCS HAa CETOJHAIIHUN JIeHb He3aMEeHUMBIMU
npupoOoHviMu obvexmamu. BaxueWmuMu 3amgadamu HedTenepepabaThiBaroIIei
MPOMBIIIJICHHOCTH SIBJISIFOTCSL  yBEJIMUEHUE TIIYOWHBI TMepepaloTKu HepTu u
MOBBINIeHNe KadecTBa HedTempoaykToB. HedTh u ra3 — OCHOBHOW 3KCIOPTHBIM
TOBap W TJaBHas CTaThsl JOXOAa pPOCCUUCKOM dSKOHOMUKH. I['Mmore3bl
npoucxoxaenuss HepTu 1) HeopraHnudeckas 2) KocMuyeckas 3) opraHuyeckas
ABTOpOM OJTHOM U3 HeopeaHuueckux meoputi sisngetcs [[..MenneneeB. CornacHo
3TON TeopuH, TNepBble OpraHUYecKHe COeIMHEeHMs] oOpa3oBallCh B pe3ylibTare
B3aMMOJICUCTBUSL KapOUJOB METAIOB, HAaXONSIIMXCS B siApe 3eMJu, C BOJOH,
MPOHUKILEHN K HUM MO TPeLIMHAM:

CaC, + 2H,0 — Ca(OH), + C2H>

Al,Cs+ 12H,0 — 4A1(OH)3 + 3CH4

[lon neiicTBUEM BBICOKMX TEMIIEpaTyp YIVIEBOAOPOIbl U BOJA MCHAPSIIUCH,
NOJAHUMAINCh K HApYyX HbIM 4YacTsM 3eMJIMd U KOHIEHCHUPOBAIUCH B XOPOLIO
NPOHUIIAEMBIX OcCaJouyHbIX Mopoaax. CornacHo kocmuueckou meopuu, HePThH
oOpazoBajiach W3 yriiepoja U Bojopoaa npu ¢dopmupoBanuu 3emiu. [lo mepe
MOHWKEHHS] TeMIlepaTyphbl IUJIaHEThl YIJIEBOJAOPOAbLl MOMJIOIIAINUCH €1 U
KOHJIEHCUpOBaINCh B 3eMHOM kope. Haubonbliee pacnpocTpaHeHue Moiaydusia
opeanuueckas meopusi. CyTb €€ B TOM, 4YTO He(Th SBIsSETCS MPOIYKTOM
paslioKEHUs]  PacCTUTENbHBIX W JKUBOTHBIX  OCTATKOB,  OTJararoliuxcs
NepBOHAYAJILHO B BHUJIe MOPCKOTO MIIa.

OCHOBHBIM OpraHUYeCKUM MaTepHuajoM st HeTH CITy)KaT pacTUTENbHbIE U
YKUBOTHBIE MUKPOOPTaHU3MBbI, pa3BUBarolecs B ruapochepe. OTMmepiire ocTaTKu
TaKMX OpPraHW3MOB CKAaIVIMBAlOTCA Ha JHe 3aiuBOB. OJIHOBPEMEHHO B MOpe
CHOCSITCSI pa3jIMuHble MUHEpalibHble BelllecTBa. B KOHEYHOM UTOre OpraHuYecKuit
Marepuaj codupaeTcs Ha JIHe BOJOEMa U MOCTENEHHO MOorpykaeTcs Bce Tay0Oxke u
rnyoxxe. BepxHuili cioil Takoro wuiia Ha3blBaeTCs HMeno2eH, a YaCTUYHO
MpeBpallleHHbId Wil B OoJibllledl cBoed Touie - canmponen. 11o coBpeMeHHbIM



MpeJICTABIICHUSAM, OpPraHMYeCcKOe BeIeCTBO, 3aXOPOHEHHOE B MOPCKOM HJje, H
SIBJISIETCS MATEPUHCKUM BelllecTBOM HeTH. K Tak Ha3pIBaeMbIM CaIlpOIEIUTOBBIM
KayCTOOUOJUTaM OTHOCSITCSl TaK)Ke CJIaHI[bl, CAllpONeIUTOBbIe YINu U T.1. Topd,
OypbIif yroiib, KAMeHHBIM YTroOJb, aHTPAIUT - TYMYCOBBIE KayCTOOMOJUTHI (TyMyc-
OCTaTKX Ha3eMHOM pacTUTENbHOCTH). PaznokeHre MOTHOIINX PACTUTENbHBIX MU
KUBOTHBIX OPraHU3MOB B MOPCKMX WiIax moj Bo3aeiictBuem O2 u OakTepwii
MPUBOJIUT K 00pazoBaHUIO: 1) XKUAKUX U Ta3000pa3HbIX MPOAYKTOB; 2) OCAJKOB,
YCTOMYUBBIX K XUMHUYECKOMY U OaKTepUIIMIHOMY BO3JECUCTBUIO. DTHU OCAIKH
MOCTENIEHHO HAKAIJIMBAKOTCA B 0CAJIOUHBIX cllosix. [1o cBoer xumuueckon mpupo/ie
OHM TIPECTAaBISAIOT COOOM cMech MPOAYKTOB MpeBpalleHus 6enkoB. JlanpHeime
MpeBpalleHus] TOTO UCXOHOTO OPTaHUYeCKOro MaTepuana B He(dTh MPOUCXOMST
yxxe B orcyTcTBUe Oz OOpazoBaHue HeTH - 3TO OUYEHb MEIJICHHBIM IpoIlecc,
MPOTEKAIOIIUA B TEYEHHWE MWJUJIMOHOB JI€T IIOJI BO3JIEMCTBUEM IOBBIIIEHHOU
temnepatypsl  (100-250°C), noselmerHoro gasnenms  (50-200 aTtM.) W
OMOXUMHUYECKON JIeITeIbHOCTH MUKPOOPTaHU3MOB.

JneMeHTHBIH cocTaB HedpTH. OCHOBHBIMU 3JIEMEHTAMH, BXOISIINMH B
coctaB HedTH, sBIsitoTcs C 1 H. Conepxxanne C konebnercs B npenenax 82-87%,
H-11 -14%, S-0,1-5%. Conepxxaare N u O y OOJBITHHCTBA HeTell He TIPeBbIIIaeT
JecAaThIX JoJied mporleHTa. HedTh cOCTOUT B OCHOBHOM U3 CMECH METaHOBBIX
(aJIKaHOBBIX ), HA()TEHOBBIX (LIUKIIOANIKAHOBBIX) U apPOMaTUYECKUX YTII€BOJI0POJIOB.
Kpome 3TOro, B HeTIX MPUCYTCTBYIOT KHUCJIOPOIHBIE, CEPHUCTHIE U A30THUCTHIE
COEJIMHEHMSI.

K xuciaopoaHbIM coevHEHUSM He(pTH OTHOCSATCS HadTEHOBBIE KUCIOTHI,
dbeHombI, acdanbTo-cMoNKCThIe BelecTBa. CepHHucThIe coequHeHuss — 3To H2S,
MepKanTaHbl, CyJIbGuIbl, THOQEHbI, THOMAHBI, A30THCTbIE COEIHHEHHS —
rOMOJIOTH MUPUIWHA, TUIAPONUPUIMHA U TuapoxuHoinHa. KoMnonenTamu HedTU
SBJISIIOTCSL TaKXKe pacTBOPEHHbIe B HEW raspl, BoJa M MHUHEPAIbHBIE COJIU.
Conepxanue razoB (C1-C4) B HedTH KonebneTcst oT AecAThIX mojei go 4%, HoO
ot 0,5 no 10% u BbIIe, MUHEepanbHBIX cojielt oT 0,1 g0 4000 mr/n u Beie. Kpome
TOTO, MUHEpaJbHbIe BEIEeCTBa conepkaTcsi B He(TIX B BUJNIE PACTBOPOB COJIEH
OpraHUYeCcKHX KUCJIOT, B KOMIUIEKCHBIX coeuHeHusX u Ap. CocTtaB MUHEpabHBIX
KOMITIOHEHTOB OITpeJeNseTcss B 30JIe, MOJy4aeMOW TMpu COKUTaHUH HeTH.
Conep:xaHue 3016l He TIPEBBIIIACT JSCATHIX J0JIeH mporeHTa, cuutas Ha H. B 307e
oOHapyxeHo 1o 20 paznuunbiX asemenToB (Ca, Fe, Si, Zn, Cu, Al, Mo, Ni, V, Na,
Sn, Ti, Mn, Sr, Pb, Co, Ag, Ba, Cr u ap.), conepxaHue KOTOpbIX KoyiebjieTcsi OT
5:-10%m101-1080%%.

B Tspxenoit yacTu HeTH comepikaTcsl CMOTMCTO-ac(aibTeHOBBIE BEIECTBA.
DTo  clnoXHas  cMech  Hambojee  BBICOKOMOJIEKYJSPHBIX  COEJIMHEHUH,
MPEICTABISIIONINX COOOW TeTepoOpraHUYecKhe COCJIMHEHHS CO  CIIOKHOM
TUOPUIHON CTPYKTYpPOH, BKJIOUAIOIIEHd cepy, KHUCJIOpPOA, a30T U HEKOTOpbIe
MeTtajutbl. Hanbonee Goratel cMmonrcTo-achaibTeHOBLIMU BEIIECTBAMU MOJOIbIE
HeTH C BBHICOKUM COJIepKaHheM apoMaTudeckux coenvHeHuil. Knaccudukanus
HedTedi Hedtu ™moryr ObITh KiIacCMGUUUPOBAHBI IO COACPNKAHUIO B HUX
YIJIEBOJAOPOJOB  PA3IMYHOTO CTpOoeHUsl (XuMuueckas Kiaccupukaius), I
CONIEpKAHUI0O Cepbl W MO  KauecTBy  IMOJy4aeMbIX  He(TemnpoayKTOB



(TexHonoruveckass kiaccudukanus). B OCHOBY Xumudeckol Kiaccuukaiuu
He(TU TIOJIOKEeH T'PYIIOBON YIJIEBOJIOPOJHBIN cOCTaB (paKiUM, BHIKUIAIOIIECH B
npemenax 250-300°C. B 3aBucMMocTM OT NpeoOnagaHus B 3TOH  (pakuuu
YIJIEBOJAOPOAOB Kakoro-nubo oxHoro kimacca (Beie 50%) HedTu nensrcs Ha 3
OCHOBHBIX THNa: MeTraHoBbele (M), HadTeHoBble (H), apomatnueckue (A). Ilpu
coJlepKaHuU B 3TOU Qpakiuu 6omee 25% yrieBoAOpPOaAOB APYruX KiaccoB HedTH
NesATCS Ha CMelllaHHble TUIlbl: MeTaHOHadTeHoBble (M-H), HadTeHOMeTaHOBBIC
(H-M), apomatuueckonadteHoBsie (A-H), HapTeHo-apomatudeckue (H-A) u T.1.
[To TexHONMOTMYECKOW KiIacCH(PUKAIMK HePTH B 3aBUCUMOCTH OT COJEp)KaHUS B
Hel cepbl JensiTcs Ha 3 kiacca: 1) manoceprucmele, ¢ cogepxxkanvem S ot 0 1o
0,5%; 2) cepruucmeoie, ¢ conepxkanneMm S ot 0,5 g0 2%; 3) ewvicoxocepuucmeoie, ¢
conepxkanueM S Oonee 2%. Kpome Toro, HeTu moapasnesnsitoT Ha munsi — TO
BBIXOJy CBETIBIX (pakumii, mneperonsomuxca g0 350°C; epynner — mo
MOTEHITUATFHOMY COJIep)KaHUIO0 0a30BBIX Maces; n1002pynnbl — T0 WHIACKCY
BSI3KOCTH 0a30BBIX Macell; 6udbl - TI0 COAepKaHUIo MapadHOB B HeDTH.

KoHTpoJibHbIe Bonpochl

1 HedTh 1 ra3 kak UCTOUYHUKH DHEPTUU U ChIpbE JUIsl IepepadOoTKu.

2 T'unote3bl MPOUCXOXKAEHUS HEDTH.

3 DneMeHTHBIN U rPYIIOBOM cocTaB He(hTEH.

4 Bunpl knaccuuKaug HedTew.

Cnucok pekoMeHAyeMo JIuTepaTyphbl

1 Coipkua A.M., Moscymzane 3.M. OcHOBBI XUMUM HeTH U raza. - Yoda:
Hszn-so YI'HTY, 2002.- C.3-15.

2 Psa6oB B.JI. Xumus Hedtu u raza.- M.: ][ «®OPYM», 2009.- C.7-16.

3 Bupxunuunnckasg C.B., [lurypos H.I'., Curominn C.A. XuMusi U TEXHOJIOTHS
HedTH U ra3a: yue6. nocodue.- M.: U]l « DOPYM», 2009.- C.6-11, 31-44.



Jleknusg 2.
Duzuueckue ceolicmea Hehmeil

KiroueBrbie cioBa: INIOTHOCTh, MOJICKYJIApHasd MaccCa, BA3KOCTb, TCEMIICPATYPhI
3aCTbIBaHHsA, IIOMYTHCHHUA, KpHUCTAUIM3allkuK, TEMIICpATypbl BCIIBIIIKH, BOCIIJIAMCHCHUA,
CaMOBOCINIaMCHEHM A, ITPEACIIBI B3PEIBACMOCTH, OKTAHOBOC U IETAHOBOC YHKCJIA.

duznueckne cBoicTBa HedTel U UX (paKIUA 3aBUCIT OT UX XUMHUUYECKOTO
COCTaBa, CTPYKTYPbl U COOTHOILICHUS OTAENIbHBIX KOMIOHEHTOB. Tak kak He(Th U
e€ (hpakuU cOCTOSAT U3 OOJIBIIIOTO YKCIa PAa3JIMUYHBIX BEIlleCTB, UX CBOMCTBA MOTYT
BBIpQXaThCsl  JIMIIb  YCpPeAHEHHBIMM  XapakTepucTukamu. [IpakTuyeckue
MOTPeOHOCTH TPUBEIN K HEOOXOJUMOCTH XapaKTepru3oBaTh He(Th U e€ Ppakuuu
3HAYUTEIBHBIM YUCJIOM MTOKa3aTeNen.

IlnoTHoCcTL (p) — BenuuMHA, ompejenseMass Kak OTHOILIEHHWE MacChl
BElIeCTBA K 3aHMMaeMoMy o0bemy (Kr/m3). Omuocumenvuas nromuocmo (p?°y) -
OTHOIIIEHUE TUIOTHOCTH pacCMaTPUBAeMOro BelllecTBa K MJIOTHOCTH CTaHAAPTHOTO
BelllecTBa (Yallle BCEro BOJBI IMpHU 49C). OO6b14HO omnpeneieHre TJIOTHOCTH
nposoxar mpu 20°C - B Poccun, 15,56°C (60°F) - B CILIA u B Anrmmu. Ecnu
onpejielieHue TJIOTHOCTA TPOBOAST TMPU KAKUX-TUOO JIPYyrUX 3HAYCHHSIX
TeMIepaTyphl, TO UCTIOJB3YIOT MOMPaBKY (Y):

p?% = pla+y(t - 20),
rae y - kKodpduureHT oOBEMHOrO paciiMpeHus (crpaBoyHas HWHQpopMaIus);
t - Temrieparypa, Ipu KOTOPOU ONPEAesIaCh INIOTHOCTD.

B cpennem oTHocuTenbHAs MIOTHOCTH HedTel konediercs ot 0,82 mo 0,90.
OOBIYHO TUIOTHOCTh YMEHBIIIAETCSI C POCTOM TeMITepaTypbl, pacTET ¢ yBelIMYEeHUEM
reoJIOTUYECKOr0 BO3pacTa W TiayOuHbI 3aieranus He@Tu. [ImoTHOCTH MapaduHOB
MeHbIIIe TIIOTHOCTU apeHoB. Copepxanue B HeTH éekux Hpakiuii cKa3bIBaeTCsI
Ha IJIOTHOCTU Oonbute, YeM colepikaHue cMoj. Paznuuue B IUIOTHOCTH MEXIY
Né2KUMU M cpeoHumu QPaKIUSIMH CYIIECTBEHHEE, 4YeM MEXIY CpeOHUMU U
MANCENBIMU (CMOTIAMU,).

BsizkocTh - CBOMCTBO JXHAKOCTeH (ra3oB) OKa3blBaTh COMNPOTHUBIICHUE
MIEPEMEIICHUI0O OJHOM YacTh XKHUAKOCTH OTHOCHUTENILHO Jpyrou. Pazmuuaror
ounamuyeckyro (Ila-c); kunemamuyeckyro (M?/c); ycnoenyio BA3KOCTH.

Jlunamuueckas BS3KOCTb (V) - 3TO COINPOTHUBIIEHHE, OKa3blBaeMoe
KUJKOCTBIO MPHU MEepPeMelIeHUH OTHOCUTENBHO JPYr Apyra co CKOpocThio 1 Mm/c
IBYX €€ CJIOeB IIOmAAbI0 1 M2 KaK/Iblid, HAXOAALIMXCS HA PACCTOSHUM 1 M, mmof
nedctBueM mnpuioxeHHod cunbl B 1H. Benuuuna, oOpartHas nuHamMuuecKoit
BSI3KOCTU, HA3BIBACTCS MeKyuecmoio ().

Kunemamuueckas BsA3KkocTh (1)) paBHAa OTHOILIGHUIO JAWMHAMUYECKOMN
BS3KOCTH K IUNIOTHOCTH JKUJKOCTHU MIPHU TeMIIepaType onpe/ieeHusl.

Ycnoenas BSA3KOCTh - 3TO BENIMYMHA, KOTOpas BbIpa)KaeTcsi OTHOLIEHUEM
BPEMEHU BBITEKAaHMsI OMpeAeNéHHOro o0béMa HedTempoayKTa © BOAbI U3
CTaHJapTHOTIO NMpUdopa (suckozumempa,.

Bs3K0CTh CyIIECTBEHHO 3aBUCUT OT TEMIIEpPaTyphl - C POCTOM TeMIepaTypbl
BSI3KOCTh MOHUYKAeTCsl, MO3TOMY BCerjla YKa3bIBaeTCs TeMmIlepaTypa, Mpu KOTOPOU



poBeieHO u3MepeHue. Hanboiiee monoryo BsI3KOCTHO-TEMIIEPATyPHYIO KPUBYIO
UMEIOT HOpMallbHbIe ajKaHbl, a Hauboyiee KpPyTyHO - apeHbl. Bs3kocTh
pa3BeTBIEHHBIX alKaHOB HE3HAYUTENBHO OOIbIe BS3KOCTH WX H30MEPOB
HOPMAJIBHOTO CTPOEHUSI U MaJl0 W3MEHSeTCS MPU TOHIKEHUU TeMIepaTyphl.
Hannuane B Monexkynax yrieBOAOPOIOB IUKINYECKHX (DparMeHTOB yBeIMYHBaeT
BS3KOCTh U €€ U3MEHEeHHe ¢ M3MEHEHHeM TeMIlepaTypbl. BS3KOCTh alkaHOB UMeeT
HauMEHBIIINe 3HAUYCHUSI.

MouJiekyasipHasi Macca - BaXHeHIas GU3NKO-XUMHUYecKasi XapaKTepUCTUKa
BemecTBa. (OHa CBsi3aHa C TeMIIEpaTypodl KWIIEHWs] W BXOAUT B COCTaB
KOMOWMHHPOBAaHHBIX TOKazaTesneld. MonekynspHas Macca ChIphIX HedTei
Haxoautcss B mpenenax 220 - 300 r/monbs. MonekynspHas macca (paxuuii
BO3pacTaeT C pPOCTOM UX TeMIlepaTypbl KUTeHUs. MOJeKyIsIpHyl0 Maccy
He(TEPOAYKTOB OMNPEACNSAIOT pPa3IUYHBIMA  METOJIaMH: KPHUOCKOTIMYECKUM;
A0YITUOCKOITMYECKAM; OCMOMETpHUYeCKUM. MCMOMh3yIoT TakkKe SMITHUpHYSCKHUe
dbopMyJIBl, B  KOTOPBIX  MOJIEKyJIsIpHas Macca CBsi3aHa C  JPYTHMH

XapaKTEePUCTUKAMHU.
HaubGonee pacnpoctpanéHHas smnupudeckas ¢opmyna - dopMmyna
Bounoesa:

Mgp = a + btep + Ctoep

rjae a, b, ¢ - TOCTOSTHHBIE AJIsSI KaXKJIOTO KJlacca YriieBO0PO/IOB.

Jlnst ankaHoB oHa uMeeT Bua M, = 60 + 0,3tc, + O,OOltZCp )

Temnepatypa 3acTbiBaHHUSl, NOMYTHEHHS] H  KPHCTAJIN3ALMH.
3acTbiBaHMe He(TENPOAYKTOB HIIM BBINaJIeHUE B 0CAJIOK OTAEIbHBIX KOMIIOHEHTOB
MIpU OXJIAKJIEHUH — KpaliHe He)KeNlaTelbHO.

TemnepaTypa KpHCTA/LUIM3AUUM — TeMIleparypa, IpU KOTOPOW B OJHOM
WIM MHOTMX ToukaX oOb&€Ma oO0pa3yloTcsi KpHUCTAIM3allMOHHbIE LIEHTPHI,
paspacTaroliyecs 3a CU€T KpUCTAIM3AlMM Ha HUX Marepuasia U3 OKpYyKarollei
cpeabl. KpucTannuzanus conpoBOK/1aeTcsi HOMYTHEHUEM.

TemnepaTtypa momMyTHeHHsl — TeMIepaTypa, MpPU KOTOPOW MOSIBISIOTCS
«00J1aKa» MeJKUX KPUCTAJJIOB.

TemnepaTypoli 3acTbIBaHHMsl CUMTaeTCs TeMIleparypa, MpU KOTOPOi
oxJlaxxJaeMasi B mpoOupke ppakiusi He U3MEHSIET YPOBHS MPU HAKJIOHE MPOOUPKU
Ha 450.

XapaKTepHCTHKH MOKAPOONACHOCTH.

TemnepaTypoii BCObIIIKH HAa3bIBAaETCSd MUHUMAlIbHAs TeMIepaTypa, Mpu
KOTOpOH mapbel HepTenpoayKTa o0pa3yloT € BO3JYyXOM CMeCh, CIIOCOOHYIO K
KpaTKOBPEMEHHOMY 00pa30BaHUIO IIJIAMEHU IPU BHECEHWM B HEE BHEIIHEro
UCTOYHMKA BoOCIJIaMeHeHus. Bcembilika mpenctaBiser co0oil cnaOblii B3pbIB,
KOTOPBIM BO3MOXKEH B CTPOTO OIpeJeeHHbIX KOHILEHTPAIIMOHHBIX Mpejesiax B
CMECH YIJIEBOJOPOJOB C BO3AYyXOM. Bepxuuii npeden  B3pbIBAEMOCTH
XapaKTEepU3yeTcss MaKCUMalbHOM  KOHIIGHTpalMel TMapoB  OPraHHUYeCcKOro
BeILleCTBA B CMECH C BO3JyXOM, BbIllIeé KOTOPON BOCIVIAMEHEHHE U TOpeHue Mpu
BHECEHUU BHEIIHEro MCTOYHHKA BOCILJIAMEHEHUS HEeBO3MOXHO M3-3a HeJOoCTaTKa
KHUCIIOPO/Ja.



Huowcnuii nmpeden  B3pbIBa@MOCTHM  HAxXOJIWUTCd NPU  MHUHUMAJIbHOM
KOHLIEHTpAllMd OpPraHWYeCKOro BeIleCTBa B BO3AYyXE, HM)KE KOTOpPOW TropeHue
HEBO3MOJKHO, TaK KaK KOJIMYECTBO TEIUIOTHI, BBIAEIUBIIEICS B MECTE JIOKAIIBHOIO
BOCIIJIAaMEHEHUsI, HEJOCTATOYHO JIJIsl IPOTEKaHUsl peaklini BO BCEM O0BbEME.

TemnepaTypoii BocniiaMeHeHHsl HAa3bIBAa€TC MUHHUMAJIBHASL TEMIEpaTypa,
IpU KOTOPOM Mapbl UCHBITYEMOIO MPOIYKTa TP BHECEHWU BHEIIHETO MUCTOYHHUKA
BOCIUIaMEHEHHUs1 00pa3yloT yCTOWYMBOe He3aTyxarollee IulaMs. Temmeparypa
BOCIIJIAMEHEHHUsI BCEerjJa BbllIE TeMIIepaTypbl BCIBIIIKHA, YacTO JIOBOJBHO
3HAUUTEJIBHO - Ha HECKOJIBKO JIECATKOB I'PayCoOB.

TemnepaTrypoii  camMoOBOCIUIAMEHEHHSI ~ Ha3bIBaeTCs  MHUHMMalbHas
TeMIlepaTypa, IpU KOTOpPOH mapel HedTenpoaykTa B CMECH C BO3AYyXOM
BOCIUIaMEHAIOTCSI 0e3 BHEIIHero MWCTOYHMKAa BoOCIUIaMeHeHus. TemmepaTypa
CaMOBOCIUIAMEHEHUS BbIllle TeMIepaTypbl BCIBIIIKA Ha HECKOJIBKO COT I'PayCoB.

Jlemonayus — ocoObli HEHOPMAaJIbHBIA XapaKTep CropaHusli TOIIMBAa B
neuratene. JleToHaMOHHAs CTOMKOCTh OLIEHWBAETCS OKTAHOBBIM YHCJIOM — 3TO
yCJIOBHasl €IMHHIIA U3MEPEHMs, YUCIEHHO paBHas MPOLEHTHOMY (M0 O0BEMY)
COJIEp)KAHUIO M300KTaHA B €ro CMeCH C H-TeNTaHOM, 3KBHMBAJIEHTHOW IO
JNETOHAIIMOHHONW CTOMKOCTH UCIBITYEMOMY TOTUIMBY MPH CTAHIAPTHBIX YCIOBHSIX
UCIIBITaHUS.

MoTtopHble CcBOHCTBa JAM3EIBHBIX TOIUIMB OLEHUBAIOTCS 1ETAHOBBIM
YHUCJIOM—TIPOLIEHTHOE coJiepKaHue (1Mo o00bEéMy) LeTaHa B CMECH C O-
MEeTHUITHA(PTAINHOM, SKBHUBAaJIEHTHOW IO CaMOBOCIJIAMEHSEMOCTH HUCIBITYEMOMY
TOIUIMBY, ITPX CPABHEHNH TOIUIMB B CTAHAAPTHBIX YCIOBUSIX UCIIBITAHHUS.

KoHTpoJIbHbIE BONPOCHI

1 [InoTHOCTH HeTe, MOJIEKYJIsIpHAs Macca, BI3KOCTb.

2 TemmepaTypa KpHCTaIA3aIlH, [IOMYTHEHHUS, 3aCTHIBAHUSI.

3 XapakTepucTrKa MoKapoonacHOCTH HedTell 1 HePTenpoyKTOB.
4 OKTaHOBOE U 1IeTaHOBOE YHUCJIa.

Cnucok pekoMeHAyeMOl JIuTepaTyphbl

1 Coipxkun A.M., Moscym3age 3.M. OcHOBbl XUMUU HePTH U raza. - Yoda:
HUzn-so YI'HTY, 2002.- C.8-11.

2 Psa6oB B.JI. Xumus vHedtu u raza.- M.: UJ1 «®OPYM», 2009.- C.47-55.

3 Bupxxuuunckas C.B., urypos H.I'., CuromnH C.A. XUMHS ¥ TEXHOJIOTHS
HedTu U raza: yueb. nocodue.- M.: UJ[ «®OPYM»y, 2009.- C.11-31, 36-38.



Jlexknus 3.
Memoowt pazoeiienus y2neeo00po008 u onpeoeieHUusA cocmasa Hehmu u 2a3a

KiaroueBble cjioBa: mieperonka, pekTHUKaIms, (iaerMa, SKCTpaKIus, KPHCTAUIA3AINS,
MosteKkyspHas qud y3us, agxcopOius, abcoporust, XxpomaTorpadusi.

HedTb - 3TO cnoxxHasi cMech JKMJIKMX OpraHUYeCKUX BeIIECTB, B KOTOPOH
pPacTBOpEeHBI pa3MYHBIE TBEPAbIe YIJIEBOAOPOMBI, CMOJUCThIE BellecTBa W
COITYTCTBYIOIIIKE Ia3bl.

Paznenenue cnoxHeIX cMeceil Ha OoJee MOpPOCTble  Ha3bIBAETCS
¢pakyuonuposaruem. MeToasl  paszneneHus 0a3uUpPYIOTCSs Ha  pazuUHUH
bU3MYeCKUX, TOBEPXHOCTHBIX U  XHMHYECKMX  CBOMCTB  paszJessieMbIX
KOMITOHEHTOB. Jlmst pa3genennss HedTH HaA y3KHE OJHOPOIHBIC TPYIIIIBI
MPUMEHSIOTCS CNeAYIOIe MEeTOIbl: JUCTUIUIALIMOHHbIE (aTMOc]epHasl eperoHka
U pekTudUKaIMs, TeperoHka TOoJ BaKyyMOM M a3eOoTpONHas TIeperoHKa);
aZICOpOLIMOHHBIE (a1copOIrs U XxpoMmaTorpadus); abcopOIMOHHBIE (PKCTPAKIINS) U
KPUCTAJUTU3AIMOHHEIE.

HambGomnee  pacmpoctpaHeHHBle  MeTOABl  (DPAKIUOHUPOBAHUS  —
TuCcTULISIIMOHHBIe. K HUM OTHOCATCS meperoHka u pektudgukanus. CylniHOCTh
aTMOC(EpHON IMePEeroHKH 3aKIF0YAETCS B TOM, YTO CMeCh HENPEPhIBHO HArpeBaroT,
P DTOM TIOCTEMEHHO OTTOHSIOTCS €€ KOMIIOHEHThl OT HU3KOKHUIISIINX JO
BbICOKOKUTISIIMX. [lo Mepe mMOBBIIEHUS] TeMmmepaTypbl KUMEHHS KOMIIOHEHTOB
MOBBIIIAIOT U TeMIIepaTypy HarpeBaHus pazjensemoit cmecu. OtOupas Gpaxiuu B
3apaHee 3alaHHBIX TeMIIepAaTypPHBIX HHTepBaaX W H3Mepsis MX KOJUYEeCTBO,
MOXHO TMOJY4YWTh TMpeJcTaBlieHne o (pakIMOHHOM cocTaBe HepTu. Iloo
@PpaKkyuoHHviM ~ cocmaeom — Hedpbmu  unU  HeghmenpooyKmos — NOHUMAIOM
KOUYECMBEHHOE COOEPHCAHUE 8eUeCME 8 HepMU, 8bIKUNAIOWUX 8 ONPEOeIeHHbIX
meMnepamypHoix epaHuyax.

ATMocdepHas TieperoHka MpUMEHsIETCS JUIsi TpyOoro paszeieHus Ha
mipokue dpaxkuuu. [Ipu 3aBoackoit nmepepadoTke HeDTH OTOUPAIOT ClEAYIOIIUE
bpakuuy UM JUCTUIUISATHIL:

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

2) murpounossle (170-200°C);

3) kepocuHoBBIe (200-270°C);

4) raszoitnessle (270-350°C).

N3 »TUX [OUCTWUSITOB B JaibHEHIIeM BbIpaOAaThIBAIOT — CBETJIBIE
Herenponykrel. Octatok mocne or6opa ¢pakmumii mo 300-350°C nasbiBaeTcs
maszymom. Pa3roHka wma3zyTa Ha MaclsHble (pakiuu OCYIECTBISeTCs TOoJ
BaKyyMOM JIsl TIPEeIOTBPAIIEHHUS €0 TepMHUUecKoro paszioxeHnus. Ot6op dpakimii
BEJIETCS He MO TeMIlepaType KUIEeHHs], a M0 BsI3KOCTH. MacisiHble TUCTUIUISTHI 110
Mepe BO3pacTaHMsl BS3KOCTU [JEJATCA Ha COMApO8bll, MpPAaHchOpMamopHbvill,
8epemeHHbIU, MAUUHHBIL, A8MOJI08bIl, YUnuHopossvil. OCTaTOK MOciie pa3rOHKU
Ma3yTa Ha3bIBAETCS B 3aBUCUMOCTH OT BSI3KOCTH 2YOPOHOM WU NOJIY2YOPOHOM.

B cooTBeTcTBUM C 3JIeMEHTHBIM COCTaBOM OCHOBHAas mMacca KOMIIOHEHTOB
Heptu — 510 yraesogopoabrl (RH). B Oen3uHOBOW Qpakiuu NpakTUYECKU



MPUCYTCTBYIOT TOJBKO TPH Kjacca YIJIeBOAOPOJOB: alKaHbl, IUKIOAIKAHBI U
apeHbl psna Oenzonia. B kepocrHOBOW W Ta3oiieBoil (pakuusx 3HAYUTETHHYIO
JOJIF0  COCTaBJISAIOT OW- W TPULMKIWYECKHe YIJeBoAopolbl. HemnpenenbHbIX
YTJIEBOJIOPOJIOB C HEHACHIIIIEHHBIMU CBS3SIMU B ChIphIX HedTsax HeT. [lomumo RH,
B HHU3KOMOJIEKYJIIPHOH  4YacTH  He(dpTH MPUCYTCTBYIOT  TIeTepoaTOMHbIE
OpraHUYecKrue COeIWHEHUs: KHUCJIOponHble ((eHOmbI), cepHUCTbIe (CyIbPUIBI,
MepKanTaHbl) U HWHOTJa a30TUCThie (amuHbl). KonaudecTBO WX HEBEJIHMKO B
HU3KOKUIISIIIEeH 4YacTh HedTH, B OCHOBHOM OHHU COCPEJOTOYEHBI BO (pakUUsX,
kunsux Beime 350°C (masyr).

Jliist Gonee TOYHOTO pazzesieHus OJU3KOKUTISIIIIUX KOMIIOHEHTOB MTPUMEHSIOT
nmeperoHky c¢ aedaermMatopoM (pekmugukayus). CyHUHOCTh peKTUPUKAIUN
3aKJIFOYAeTCs B TOM, UTO XHUJAKasg M mapoBas (as3bl, cTpeMsICh K YCTaHOBJIEHUIO
TeIJIOBOIO pPaBHOBeCHs, OOMEHHUBAIOTCS TeIrioM. [lapbl KUAKOCTH U3 KOJOBI
(ky6a) moctymnaroT B AedierMarop-KOHIeHcaTop, T/ie KOHASHCUPYIOTCS, U YacTh
KOHJIeHCaTa BO3BpalllaeTcs 1Mo nediermMaropy BHHU3 B KoilOy. OTa YacThb
KOHJIeHcaTa Ha3biBaeTcs (uiermoii. B pe3ynbTaTe TemiooOMeHa HarpeThix MapoB C
OoJstee XoJIOTHON duierMoit W3 KUAKOW a3kl HCHapsroTCs Hambolsee JeTydue
KOMIIOHEHThI, a W3 MapoB KOHAEHCHUPYIOTCS HauMMeHee JeTydhe KOMITOHEHTHI.
Takum 06pa3oM, TPOUCXOIUT MHOTOKpATHOE MOBTOPEHHNE MPOLIECCOB UCTIAPEHUS U
KOHJICHCAIIMM Ha TMOBEPXHOCTHBIX BBICTYMNax JedierMaTopoB, 4To obecrieynuBaeTr
BBICOKYIO CTEIEHb pa3J/ieJIeHUsi KOMIIOHEHTOB MCXOIHON CMECH.

K nucTunnsurMoHHBIM METOJaM OTHOCUTCSI TakK)Ke a3eoTpOITHasl MeperoHka.
A3EOTpONTHBIMU HA3bIBAIOTCS CMECH JBYX B3aMMHOPACTBOPHUMBIX KHUAKOCTEH,
TeMIlepaTypa KWIEeHHs] KOTOPBIX JIMOO HUXKE TeMIepaTypbl  KUTICHHUS
HU3KOKHUIISIIIETO ~ KOMIIOHEHTa,  JMOO  BhIllIe  TeMIepaTrypbl  KUIEHHUS
BBICOKOKHUIISIIIIEro KoMnoHeHTa. CylUHOCTh a3e0TPONHOM NMEePeroHKH 3aKitoyaeTcs
B clie[lylolleM: K pa3eisieMoil cMecu N00aBISIIOT TPETUH, pacTBOPUMBINA B BOJE,
HEYIJIeBOJAOPOAHBI  KOMIOHEHT. B mpucyTcTBUM  3TOro  BellecTBa
nepBOHaYaJIbHble KOMIIOHEHThI a3e0Tpola MO-pa3HOMY MEHSIOT CBOM YIPYTOCTH
NnapoB NPU HarpeBaHUU, T.e. UMEIOT pa3Hble TeMmepaTypbl kunenus. Eciu tpetuid
KOMIIOHEHT 10 JIETY4YeCTH NMpUOIMKaeTcs K pa3fenseMoil cMecu, TO OH oOpasyer
a3eo0TpoOIll C OJHUM H3 KOMIIOHEHTOB cMecH (a3eoTpomnHas mneperonka). Ecnu
JeTYy4YecTh TPeTbero KOMIIOHEHTa Maja, TO OH OCTaéTcsi B KUAKOM (aze u
yIEpKUBAET OJHO U3 pa3felisieMbIX BeleCTB (IKCTPAKTUBHAS IIEPETOHKA).

Mounekyasippass audgy3ust ucronb3lyeTcss A pa3feleHus HauOosee
BBICOKOKHUITSIIIIMX BELIECTB. MeTo/l OCHOBaH Ha pa3jiuiyvy MOJEKYJISIPHBIX BECOB U
3aBUCHUT OT OTHOCUTEILHOW CKOPOCTU UCTIapEHUsI MOJIEKYJI.

Ancopounonnbie Metoabl. CyIIHOCTh METOJa 3aKIHOYaeTcsi B TOM, 4YTO
OT/IeJIbHbIE KOMIIOHEHTBI CMECH MOTyT U30UpaTelbHO U IOCJe0BaTeIbHO
cOpOMpOBaThCS HAa TOM WM WUHOM copbenme (TIOTJIOTUTENE) W TaKUM IyTeM
OTIENSIThCS OT O0medl cMmecu. 3areM OTU KOMIIOHEHTHhI JeCOpOUpYIOTCS B
HEW3MEHHOM COCTOSIHUM B BHJI€ OTHAENbHBIX (Ppakiui U MOTYT HCCIeJ0BaThCA
pazzenbHo. JlecopOius MpOUCXOIUT B MOPsAKE, 0OpaTHOM aicoOpOLUu.

XpomaTorpacdusi. AncopOLHOHHON XpomaTorpadueld Ha3bIBaeTCsl MpoLece
pasfeneHusl BeILECTB Ha TBEpAbIX ajcopbeHTax Mo okpacke. CyliecTBylOT



Clelylolllie  pPa3HOBUAHOCTH  METOJOB  XpomaTorpaduyeckoro  aHaimza:
ra3oaJicCOpOIMOHHBIN, JKUIKOCTHO-aJCOPOLIMOHHBIA, Ta30KUJIKOCTHBIA. [ azo-
aocopbyuonnas xpomatorpadus MpuMeHsieTcs I aHaju3a ra3oB U OCHOBaHa Ha
a7copOIIMM  Ta30BbIX KOMIIOHEHTOB CMeCH Ha TBepPAbIX MOTJIOTUTEJSX.
Kuokocmnasa adcopbyuonnas xpomamozpagus — METOA pazAesIeHUs KUIKUX
cMeceil ¢ MpUMeHEeHHWeM TBepIbIX aacopOeHTOB (cuiukarens). ['a30xKuaKOCTHAS
xpoMarorpadusi OTJIMYaeTcs OT aJcOpOLMOHHON Xpomarorpaduu Tem, 4YTO B
KauecTBe HEeMOABMXHON (a3bl B pazlieiuTelbHOM KOJIOHHE MpUMEHSIeTCsl He
TBEepPJbIA aZICOPOEHT, a Kakas-Tu0o HeleTy4das >KHUJIKOCTh, HaHECeHHas Ha
WHEPTHBIA KPYMHOMOPUCTBIA HOCUTENb, HE O00Jajaroliuil aacopOLMOHHBIMU
CBOMCTBaMHU.

Abcopoyuna. CynHOCTh MeToAa 3aKitodaeTcss B O0OBEMHOM IOTJIOIICHUN
ra3oB WU MapoB >KUJIKOCTHIO (abcopOeHTOM), MPHUBOJAILIEM K OOpa30BaHUIO
pacTtBopa. AOcopOuusi UCHoOJb3yeTcsl Al paszjeneHus razoB. [[ns BblaeneHus
KOMITOHEHTa PAacTBOp MOTIOTHUTeNs (abcopOeHTa) ¢ pacTBOPEHHBIM B HEM Ta30oM
HaIpaBJISIFOT HA IeCOPOIHIO.

IKcmpakyuell Ha3bIBAeTCS TMPOIECC H3BJICUEHHUS W3 HMCXOIHOTO CHIPhS
OT/ENIbHBIX KOMIIOHEHTOB TyTEM 00pabOTKU U30UpaTeNbHO JAeHCTBYIOIINMM
pacTBopuTesnieM (dKcTpareHToM). B pesyibTaTe SKCTpakuuu 0OpazyroTcs JBe
HecMelnBaroimecs (ha3bl: IKCTpakT U paduHat. B cocTtaBe sKCTpakTa HAXOIUTCS
pPacTBOPUTENIb U XOPOLIO PacTBOpUMbIE B HEM KOMIIOHEHTHI Chipbsi. Padunat
COJIEPKUT OCTABIIYIOCS YaCTh ChIPhS M PACTBOPEHHYIO B HEM HEOOJBIIYIO YaCTh
pacTBoOpUTElNd. DKCTpaKT U padUHAT JOJKHBI JIETKO OTAENATHCS IPYyr OT JApyra
MIpU OTCTaWBaHUMU.

Kpucmannuzayus. IT0T METOJ| UCIIONb3yeTCs ISl OTJEJEHUs! BEIeCTB C
BBICOKMMH  TeMIlepaTypaMH IUJIaBJieHUs, T.e. TBepPIbIX YIJIEBOJOPOIOB,
pacTBopuMbIX B HedTu. Kpucraminzauuio npoBOAsST MyTeM BbIMOPAXXKMBaHUS U3
pacTBOPOB B MOAXOASIIEM pacTBoputene. PacTBopuTenb [OJKEH SBISTHCS
OJIHOBPEMEHHO U OcaJuTesieM JJIsl OTIeJsieMbIX KpucTau3anueil BeiectB. OH
JIOJDKEH pacTBOPSITh BBICOKOIJIABKAE KOMIIOHEHTHI 3HAUUTENIBHO XYXKe, YeM
HU3KOIIaBKHUE.

Konmponsnsie éonpocoi

1 Metonpl pa3zieieHus 1o TeMIiepaTypaM KHIICHUSI.

2 MeTo/bl pa3ienieHus 10 Pa3Indrio B pAaCTBOPUMOCTH.

3 Mertonpbl pa3zielieHUs 10 pa3IMIUI0 TEMIIEPATyp 3aMep3aHusl.

4 MeToapl pazaelieHus 1o pa3Inyuio acOPOIMOHHON CITIOCOOHOCTH.

Cnucok pekomenoyemou 1umepamypol

1 Ceipkun A.M., Moscym3azne 2.M. OcHoBbl XxuMuu HePTH U raza. - Yda:
Nzn-so YI'HTY, 2002.- C.92-96.

2 Ps6oB B.Jl. Xumus vHedtr u raza.- M.: Ul « DOPYMy, 2009.- C.17-47.

3 Bupxwuunnckas C.B., urypoB H.I'., Cutommmn C.A. Xumusa wu
Texnomnorust HeQTH U raza: yueb. nmocodue.- M.: U] « ©OPYM»y, 2009.- C.59-151.



Jlexumus 4.
Ankanwl, codeprcaunjuecs 6 Hehmax u 2azax

KiaroueBble ciioBa: ankanbel, mapauHbl, I[IEPE3UWHBI, TaJOTEHUPOBAHWE, HHUTPOBAHHE,
CyIb(OXJIOPUPOBAHUE,  OKHUCIICHWE,  JIETHJpPHpPOBaHHE,  TepMUYECKOE  paclIelieHHe,
KOMILUIEKCO0Opa3oBaHue, KJIaTpaTHbIE COETUHEHMSL.

Anxkanbl — yriaeBojopoabl psana CnHonso. [Io mMeHn nepBoro wieHa 3Toro
psana-metaHa (CHs) ankaHbl 4acTO Ha3bIBalOT METAHOBBIMHU YTIJIEBOJIOPOJAMHU.
[TpucyTcTBYIOT BO BceX He(TsIX W SBISIOTCS OJHOM M3 COCTAaBHBIX €€ YacTel.
Pacnipenenstorest oHM 1o (pakiusM HepaBHOMEPHO, KOHIIEHTPUPYSCHh TJIABHBIM
o0pa3oM B He(TSIHBIX ra3zax U OCH3MHO-KEPOCUHOBBIX (DPAKLMSIX, B MACIISHBIX UX
coJiep)kaHue pe3ko majaeT. AJIKaHbl OOBIYHO MpeCTaBleHbl B He(TH BO BceX Tpex
arperaTHBIX COCTOSIHUSIX: Ta3000pa3HOM, KUJIKOM U TBEPJIOM.

I'azoo0pasubie (C1-C4: meraH, 3TaH, nipornaH, OyTaH, W300yTaH, a TaKxke
2,2- TUMETWINPOIaH — HeOolMeHTaH) 00pa3yloT OCHOBHYIO Maccy MPUPOIHOTO U
MOMYTHOTO Ta3a, COMPOBOXKAIOIIET0 HePTh, HAXOAATCS B HETU B PACTBOPEHHOM
COCTOSTHUU.

Kunkue ankanel (C5 - C15) cocTaBnstOT OCHOBHYIO Maccy O€H3WHOBOU U
KepOCUHOBOUW (pakmuit HepTH, TpeAcTaBiIeHbl B HeDTIX YIIIEBOIOPOIAMU
HOPMAJIBHOTO CTPOCHHS U U30MEPaMU C pa3BETBICHHOH IIETBIO.

TBepawble ankanbl (C16 u Bbllle) BXOAST B COCTaB HEPTSHOTO napaguna u
unepesuna. Coaepxkanue ux B HeTsax KomeOlieTcss oT HecsaThIX mosier mno 5%.
HaxonsiTcss B pacTBOpeHHOM JIHOO BO B3BEIIEHHOM KPUCTAJNIMYECKOM COCTOSIHHH.
Ha xosnone pactBopuMocTh MX B HepTH U He(DTAHBIX (pakIUsX HeBeluKa,
MO3TOMY TIPU TOABEME Ha MOBEPXHOCTh MapadUHBl OTIAraroTCs B CKBAXWHAX U
MIPOMBICTIOBBIX U HEPTECOOPHBIX TPyOOMpPOBOAAX, 3aTPYJHSS SKCIUIyaTaluio U
TpaHcnopT Hedtu. HedTsinble napagurnsr - cmech NpeuMyIIeCTBEHHO aJIKaHOB
pa3HOM MOJIEKYJISIPHOM MacChl, @ OCHOBHOW KOMIIOHEHT yepe3unos - HahTeHOBBIE
YIJIEBOAOPObI, CoMepkKallue B MOJIeKyJiaX OOKOBbIE LIeNU KaK HOPMalbHOIO, TaKk
u uzoctpoenus. [Ipu ogrHakoBol TemmnepaType IiaBieHus: Hepe3uHbl OTINYAIOTCS
oT mapaduHOB OONBIIMMH MOJIEKYJISSPHBIMH MacCaMU, TJIOTHOCTBIO M BS3KOCTHIO.
[Tapadunbl JIeTKO KPUCTAUIM3YIOTCS B BHUJE IUJIACTUHOK, LIEpe3UHbI- B BHUJE
MEJIKHMX UTJL.

MetaHoBbIe YrieBOAOPOAbl MPAKTUUECKHM HEPACTBOPUMBI B BOJIE, XOPOIIO
pacTBOpUMBI B 3upe, apoMaTUUECKUX YIiieBoJopoax (6eH3oe, Tolyoie U T.0.),
IJIOTHOCTh WX MEHbIIIEe TUIOTHOCTH BOJBI. TemmepaTyphl KWATICHWsI W TUIaBJICHUS
3aBUCAT OT pa3MepoOB MOJIEKYJ M BO3paCTalOT B TOMOJIOTHYECKOM PSIy C
yBeJIMUeHUEM  MOJIeKyJsipHOM Macchl. Cpead  W30MepoB  YIJIEBOJOPO/IbI
HOPMAJIbHOTO CTPOCHMSI MMEIOT HauOoJiee BBICOKHWE TeMIlepaTypbl KUIICHUS U
IJIOTHOCTU. AJIKaHbl 00JaAat0T O0NbIION TeMIOTBOPHOU ciocobHocThio (AHcrop,
MIx/kr st CHg — 56, C4Hio — 50, CgHig — 48).

AJKaHBl OTHOCSTCS K HaWMeHee pPeaKI[MOHHOCIIOCOOHBIM OpPTraHMYeCKUM
COEIMHEHMSIM, OJHAKO OHM He SBISIIOTCA XUMUYecKH HWHepTHhIMHU. [lpu



ONpPENEJICHHBIX  YCJIOBUSIX OHHU  BCTYHNAlOT B  peaKUHHM  OKHCJICHHS,
aJI0TeHMPOBaHMsl, HUTPOBAHUS, CYJb(OXJIOPHUPOBAHUS, JeTHAPUPOBAHUS.

XAMUYEeCKHe  MpeBpalleHuss  METaHOBBIX  YIVIEBOAOPOAOB  MOTYT
IPOUCXOAUTh JMOO 3a CYET OTpblBa aTOMOB BOAOPOJA C MOCJEAYIOIIHNM
3aMelleHueM UX JPYTUMU aTOMaMH WM Tpylnamu, Ju0o 3a cueT pa3pbiBa Lenu
YIJIEPOJHBIX aTOMOB (peakluy 3aMellleHus] U PacIleryIeHHUs]).

I'anozenuposanue — onHa u3 HarboJiee XapaKTEPHBIX PeaKLUN aTKaHOB.

CBoOoaHblil (TOp B3aMMOJEHUCTBYET C ajJKaHaMH CO B3PBIBOM, XJIOP—TIO[
BIMsHKMEM cBeTa, HarpeBanus (300 °C) unu B mpucyTcTBHY KaTanu3aTopa:

CH4 + Cl, — CH3Cl + HCI CHsCl + Cl, — CH.CI, + HCI
XJIOPUCTBHIA METHIT XJIOPUCTBHIA METUJIEH
CH.Cl, + Cl, — CHCl3; + HCI CHCI; + Cl, — CCls+ HCI
xJj0podhopm YETBIPEXXJIOPUCTBIA YTIIEPO]

XJOpOIpOU3BOJHbIE  HUBIIMX  aJKaHOB  MCIHOJIB3YIOT B  KayecTBe
pacTBopuTeNield KUPOB, CMOJI, KayuyyKoB U T.N. ['amomamnmpous3BOJHBIE aJKAHOB
IIMPOKO HCIONB3YIOTCA MJI ATKWINPOBAHUS apOMATUYECKUX YTII€BOJIOPOIOB
(peaxkuus Opunens-Kpadrca).

XITOpIPOU3BOIHBIE ATKAHOB UCIIOIB3YIOT AJIsSl TOJy4YeHHUs CITUPTOB:

CsHq, + Cl, — CsH4:Cl + HCI

CsH11Cl1 + KOH — CsH1;OH + HCI

aMUJIOBBIN CIIUPT

Humpoeanue. 11pu neiictBun paz0aBieHHON a30THOM KHUCJIOTON Ha aJIKaHbI
aTOMBI BOJIOPOa 3aMeIAt0TCs Ha HUTpOrpyny (KuakohazHoe HUTPOBAHUE).

B NpoMBIIIIEHHOCTH TPUMEHSIOT napodasHoe HuTposanue (280-500 °C):

R-H+HO-NO,— R-NO;+ H,O

Cyavpoxnopuposanue u cynbgpookucienue

CynbdoxiopupoBaHue:

R-H+S0,+Cl, - R-S0,-Cl + HC

aNKaHCYJIb()OXI0pUT

CynbgookucieHue:

2R -H + 250, + O, — 2R - SO,OH

aJKaHCYJIb(oKucIoTa

Peakuuu mnporekaroT Ha CBeTy WIM B MPUCYTCTBUU KaTallU3aTOPOB.
OO6pa3yroluecss COeIUHEHMsS] HCIOJIb3YIOT B CHHTE3€ MOBEPXHOCTHO-aKTUBHBIX
Bemlects tumna R - SO, - ONa

Okuciienue. BrpicokoTeMnepaTypHOE OKHUCIEHHE ajKaHOB B H30BITKE
KHUCJIOpoAa MPUBOAUT K UX nojHoMy cropanuto 10 COz u HyO. Takoe okucnenue
MPOUCXOJIUT B ABUTATENSAX BceX TUMOB. [Ipu HU3KOTeMmepaTypHOM KuJaKo(pazHOM
OKWCIIGHUM KHUCJIOpPOJOM B TMPHUCYTCTBUM cojieli Mn o0Opa3yeTcs cMech
NpeAeibHbIX KHUCJIOT. DTOT MPOLECC HCHOJb3YIOT B MPOMBIIUIEHHOCTH IS
nonydenuss CH3COOH u3 Gyrana u HU3KOKUIIAIIUX Ppakiuii HeTH, a TakKe MpH
npou3BoacTBe KUPHBIX KUCTOT C12 — C18 okuciaeHueM TBEpAbIX aJKaHOB.

[Ipu razodasHoM OKHCIEHHWHM NpPU HU3KUX TemIepaTrypax oOpazyroTcs
CIIUPTHI, AJIbAETU/IbI, KETOHBI U KUCJIOTHI:

R - CH; -9 RCH,OH -9 R—-CH=0ur.x.



[Ipu BBICOKMX TemmepaTypax U B MNPUCYTCTBUU KaTaIU3aTOPOB aJKaHBI
JNEeruAPUPYIOTCS U MOJIBEPraroTcsi TEpPMUYECKOMY PaCIlIeIICHHUIO.

Jlecuopuposanue:

CnHzn2 —H2 + CiH2n

Tepmuueckoe pacwienieHue:

CiHoni2 = CiHomeo + Cszp’ (rme n=m + p)

Komnnexcoobpaszoeanue. Jljiss MeTaHOBBIX YTJIEBOJOPOJOB XapaKTepPHO
oOpa3oBaHUe KJATPATHBIX COEAVMHEHUN (COEIMHEHMs] BKIIIOUEHHUs), B KOTOPBIX
«roctaMmy» siBisitorest Mosiekysbl razoB (CHas, CsHg u gp.), a «xoszseBamu» -
MOJIEKYJIbI BOJIbI, OOpa3ylollhe KpUCTANIMUYecKUid Kapkac. Momnekynbl rasa
pa3MeleHbl B TIOJIOCTSIX KPUCTAJUTMYECKOW pEelIeTKH W3 MOJEKYyJd BOIbl U
yIepXKUBAIOTCS B HUX BaH-fep-BaasibcOBbIMU CcHIaMHU. YHCIIO MOJEKYN BOJBI,
IPUXOJSINEEcs Ha OJHY MOJIEKYJIy ra3a, koneonercs oT 6 1o 17 (CsHg 17 H20).

AJKaHBl HOPMAJIBHOTO CTPOEHUSI, HAYMHAS C TeKCaHa, 00pa3ylOT KOMIIJIEKCHI
c moueBnHOM (NHz - CO - NH,). Monekynbl MO4YeBHHBI 32 CYET BOJIOPOIHBIX
CBsi3elt 00pasyroT ciupalieBUIHbIE TeKcaroHallbHble KaHalbl AuametpoM 0,49 HM,
B KOTOpbIE MOMAAAI0T MOJIEKYJIbl H-aJKaHOB, AuaMeTp KoTopeix 0,38 — 0,42 HwM,
YTO HCIOJB3YIOT B MPOMBIIUIEHHOCTH NpHU KapOaMHUIHOW jAenapauHU3aLNU
Macell.

Koumponvnoie éonpocol

1 Ob11as XapakTeprucTUKa aTKaHOB.

2 dusnyeckye CBOMCTBA aJKaHOB.

3 Xumuueckue cBoiicTBa aakaHoB. O01acTu MpUMEHEHUs MPOU3BOIHBIX
aJIKaHOB.

Cnucok pekomenoyemoi 1umepanypol

1 Coipkun A.M., Moscymzane D.M. OcHoBbl XUMUU HedTH U rasa. -
Ydba:1U3n-s8o YITHTY, 2002.- C.17-34.

2 Psa6oB B.JI. Xumus sedtu u raza.- M.: U] «®OPYM», 2009.- C.87-108.

3 Xumus HedTH U rasza: yded.mocobue s By3oB /moa pen. IIpockypsikosa
A.E. u Jlpabkuna E.E.- CII6.: Xumus, 1996.-1'1.7.



Jlexknus 5.
Huknoankanvt negpmu

KiroueBbie ciioBa: Ha(i)TCHI)I, IHUKJIOAJIKaHBbI, III/IKJ'IOHapa(i)I/IHI)I, p€akonuu 3aMCIICHU,
IIPpHUCOCINHCHUA, OKHCIICHU.

B HedtH comepxkarcs HaTeHOBBIe YIIEBOJOPOJbl LUKIUYECKOTO
crpoernss CyHzy — mukioankanel (mukaonapadguubl). Mapkosuukos B.B.
Ha3Bal ux HaTeHamu. Hanpumep: uUMKIOreKkcaH, MeTWILHMKIONeHTaH. B
JanbpHeieM noj HadTeHaMU Havdalli TOHUMATh He TOJIbKO MOHOLIMKIIMYECKHUE, HO
U TOJMIUKINYECKHe YTIeBOAOPOAbl HeTsHOro mnpoucxoxaeHus. Hampumep,
ounukio [9,5,1] — HOHaH.

I'To oGimemy coaepkaHnio HaTeHBI BO MHOTHX He(PTAX MpeodaaaroT Hal

OCTAJIbHBIMU KJIacCaMU YTIeBOAOpoAOoB. B pasznuunbeix HedTax oT 25 1o
/5% tuknonapapunoB. HadTeHsl BXoAsT B cocTaB BceX HedTel U MPUCYTCTBYIOT
BO Bcex ¢pakuusix. x comepikanue pacter 1o Mepe yTskeIeHus: hpakiuii.

[Ipocreiimme HUKIOATKAHBI - IIUKJIONPOIAH, IIUKJIO0yTaH, U UX TOMOJIOTH —
B He(TsIX He oOHapyxeHbl. MoHouuknuueckue Hadtensl psga CnhHzn mmpoxo
MpeicCTaBieHbl B  HEePTIX  [HUKJIOMEHTAaHOBBIMAU U  LUKJIOTE€KCAHOBBIMU
npou3BOAHBIMHU. CTpoeHUEe UX pa3HOOOpa3HO, TaK Kak JJIsi HUX BO3MOXXHO 4 BUJA
M30MEpPOB: HM30MEpHSl KOIblla, H30MEPHUS MECTOIOJOXKEHUS OOKOBBIX IIeTei,
U30MepHUsi CTPOeHHMsS OOKOBBIX Ilerell W cTepeom3oMmepus (LMC- W TpaHC-).
Hanpumep: 1,2-mvytunnukiaonedTad v 1,3-IUATHILUKIIONEHTAH,  1mc-1,4-
JTAMETUIIMKIIOTEKCaH U TpaHc-1,4-TUMeTUIIIUKIOTeKCaH.

B Hacrosmee Bpemsi B O€H3MHOBBIX (pakiUsaX pas3IudHbIXx HedTel
oOHapyxxeHO Oosiee S50 WHIWBHIYATbHBIX TMpeACTaBUTENEH HSTOTO Kiacca
yrieBoaoponoB. Takum oOpa3oM, B O€H3MHAX M YaCTUYHO B KepOCHHaX
MPUCYTCTBYIOT, B OCHOBHOM, MOHOLIMKJIMYECKUE HAPTEHbI PSAOB LMKIONEHTaHa U
LUKJIOreKCaHa C KOPOTKMMHU OOKOBBIMU LiensiMU. B cpelHeM LMKIONEHTaHOBOE
KOJIbLIO MpeodsagaeT Haja UMKIorekcaHoBbIM. OCHOBHAsl Macca MOJULUKINYECKUX
Ha()TEeHOB UMeeT KOHOeHCcUposanHoe cmpoerue. KoanuecTBO yriepoIHbIX aTOMOB
B OOKOBBIX LIEMIX HaQTEHOB MOXKET ObITh pa3HO0Opa3HbIM - OT 3 10 10 B cpeaHux
bpakiusasx u oT 20 1m0 28 B BBICOKOKMITSIIMX  (pakiuusax HedTH.
BricokomMoieKyisipHble IIUKINYECKUE YIIIeBOAOPObl C OOJBIIMM YHUCIOM aTOMOB
yriaepojia B OOKOBOIA Lieny MpaBujibHee OTHOCUTh He K HadTeHaMm, a K napaguHo-
YUKTIONAapagpuHo8sim Y2ie8000p00am.

[Monuuuknuyeckrue HaTeHBI C JJIMHHBIMUA MapadUHOBBIMU LEMSIMU UMEIOT
BBICOKYIO TeMIIepaTypy IUIaBJICHUS U MIOPTOMY IOIaal0T B COCTAB IIEPe3UHOB.

Homenknamypa. Ha3zpanue 1uKJIOaqKaHOB 00pa3yrOTCs MPUCOEIUHEHHEM
MPUCTABKH YUKI0- K HA3BAHUIO COOTBETCTBYIOLIETO AlIMKINYECKOTO yrieBOAopoaa
C TeM JKe YMCJIOM aTOMOB yIJlepoja: LMUKJIONPONaH, LUKIO0yTaH, [UKIONEHTEH.
3aMecTuTeN! U MOJ0KeHNe IBOWHBIX CBsi3el 0003HavYaroT u(paMu TaK, 4TOObI
MOJTyYnJIach MUHUMaJIbHasl KOMOMHAITUS MUGP: 3 — STHILHKIONIECHTEH.

Jlis  ynobctBa Koiblla 0003HA4YalOT TeOMETPUYECKUMH  (UTypamu:
TPeyTrOoJbHUK, KBaJapaT U T.J.



Ecnu B Monekysie ecTh H30Mephl IUKJIOB, HA3BaHUE MOYKHO TIOTYYUTh UCXOIS W3
HOMEHKJIATYPbl aTU(PaTUIECKUX YTIeBOJAOPOIOB: TUIUKIONPONIIMETAH.

Du3zuueckue ceolicmea. Temrnepatypa KuTNeHUs IUKIIoMapaduHOB OOJIbIIe

TeMIiepaTypbl KuneHus mapaduHoB. [[ukioankaHbl BO MHOTOM OMPENeNsOT
coctaB He()TH M CBOHCTBA HEPTENPOAYKTOB, OJJHAKO HAa(TEHBI He BBIACISIOT W3
HedTH, a TOJYy4YaloT CHUHTETUYECKH, HalpuMep Mo peakiuu Bropia, T.e.
JeTaloreHUPOBaHNEM JTUTAIOTeHIIPOU3BOIHBIX YIIIEBOAOPOIOB B MPUCYTCTBUH ZN
(125 °C): 1,3 - auxmopnponad — IUAKJIOIPOIIAH.
Xumuueckue ceoucmea. lluknornieHTaH W UMKIONeKCaH B XUMHUYECKOM
OTHOIIIGHWM BeIyT ce0s aHaJOrMYHO TIeHTaHy MW TekcaHy. llukiompoman wu
IIUKJIOOyTaH Oojiee aKTUBHBI, OHU JIETKO BCTYMAIOT B peaKIHH MPHCOeIHHEHHUsI
(+H> , Ni, 80°C; + Br,, + HI) ¢ packpelTueM KoJiblla M 0Opa30BaHUEM
AUKINYeCKUX (JTMHEUHBIX) MPOYKTOB.

[{uknorekcan mpy HarpeBaHUM Ha TeX JKe KaTaJln3aTopax, Ho 0e3 Bojopoaa
JETUIPUPYETCS] B ApOMATHUSCKHAN yTIEBOIOPO] - OeH30JT (peakiius 3eTHHCKOTO):
-3H,; Pd wm Pb, 500°C.

D10 o/lHA U3 Hamboiee BaXKHBIX PEaKIIMi, MPOTEKAIOIINX B IPOMBIIIIICHHOM
mpollecce apoMaTh3aui OeH3WHOBBIX (Bpakiuil. [ 1UKIIoaTKaHOB XapaKTepHBI
Tak)e peaKkluy CBOOOJHOPaAuKaIbHOTrO 3aMemenus B nukie: + Bro (Cly); 300°C,
¢ o0pa3oBaHWEeM OPOMITUKIIOTICHTaHA WITH XJIOPIIUKIIOTeKCaHa.

[Ipn pelicTBUM CHIIBHBIX OKHCIUTENeld IUKIomapaduHbl 00pa3yroT
JIBYXOCHOBHBIE KapOOHOBBIE KHCIOTBI C TeM JK€ YHUCIOM aTOMOB YIJepoja,
HanpuMep, aaunuHoBas kuciaora - HOOC(CH,),COOH

[TpoayKThl OKHCIEHHS] WCTIOJB3YIOTCS B TMPOU3BOJICTBE CUHTETUYECKUX
BOJIOKOH, TIACTU(UKATOPOB TLIACTMACC.

Konmponwnoie éonpocot

1 Ctpoenue nukioankanoB. Homenknarypa.

2 ®usndeckue cBoiicTBa. Comepkanue B HePTIX.
3 XWMHYECKHEe CBOMCTBA.

Cnucok pekomenoyemoi i1umepantypol

1 Ceipkun A.M., Moscym3aae 2.M. OcHoBbl xuMuu HeTH U raza. - Y da:
W3n-so YI'HTY, 2002.- C.34-41.

2 Ps6oB B. /. Xumus vedtu u raza.- M.: UJ| « DPOPYM», 2009.- C.113-130.

3 Bupxuuunnckas C.B., urypo H.I'., Cutominn C.A. XuMus U TEXHOJIOTUs
He(TH U raza: yued. nocodue.- M.: U/ «®OPYM», 2009.- C.32-33.



Jleknus 6.
Apomamuueckue y2iieeo000poosl, cooeprcaujuecs 6 Hehmax

KiroueBnle cjioBa: MOHOIUKINYCCKHUE apCHBI, ITIOJTUIUKIINYCCKNC KOHJACHCUPOBAHHBIC
aApoOMAaTHUYCCKUC YITIEBOOOPOOBI, BHCKTpO(bI/IHI)HOG 3aMCHICHUC, ITPUCOCIUHCHUE, OKHUCIICHUC,
OpFaHI/IquKI/Iﬁ CHHTC3.

OcHOBHasg Macca MOHOWUKIUYECKUX aPEeHO6 TIPeJCTaBlieHa B HePTH
noJIMMeTUII3aMellleHHbIMU ~ OeH3osa. OOlee cojepkaHhe MOHOLUMKIMYECKUX
apeHoOB B HePTAX:

Bo (pakuum 10 200 °C - 5-25%;

Bo (pakuum 200-350°C - 15-35% (Hapsmy ¢ IpOM3BOAHBIMU OEH3011a, B
KepOCHUHOTa30iyieBoil (hpaKiuu MPUCYTCTBYET HA(PTAIUH U €ro TOMOJIOTH, TO €CTh
OUIMKINYeCKre KOHJIEHCUPOBaHHbIE apOMaTUYECKHEe YTIIeBOIOPO/IbI);

Bo ¢pakuuu > 3500C — HeOoJbIllIoe KOJIMYECTBO (B OCHOBHOM
RONIUUUKIIUYECKUE apomamuuecKue y27186000p00bl c 3,4,5-10
KOHJICHCUPOBAHHBIMU O€H30JIbHBIMU KOJIBIIAMM ).

CtpoeHue apeHOB, MPUCYTCTBYIOIINX BO (Ppakiusx HePTH, clieyrolIee:

O6masn ¢popmy.a:
CnHZn—6 CnHZn-lz CnHZn-18

IIPOU3BOJIHEBIC OeH30I1a IIPpOU3BOJIHEBIC Ha(bTaJIHHa IIPpOU3BOJIHBIC aHTpAlCHA U (beHaHTpeHa

PDu3znyecKue cBONCTBA
ITo cBoeMy arperaTHOMY COCTOSIHUIO MOHOLMKJIMYECKHE apeHbl - XKUJKOCTH
C pa3aM4yHbIMU TeMIeparypaMu kureHus. KoHJleHcupoBaHHbIE MOJIULUKIAYECKUE
apeHbl - TBepJible BellecTBa C pa3MYHbIMU TeMIlepaTypamMu I[UIaBJIeHUS.
[[noTHOCTM M MOKa3aTeslu NpesIoMJICHUs] apeHOB BbIlE, YEM Yy COOTBETCTBYIOIIUX
aJIKaHOB U 1IUKJIOAJIKAHOB.

XHMHYECKHe CBOIiCTBA
I Peakuuu »3jexkrpoduibHOro 3amemieHuss B Kouble. lIporekaror
CPaBHUTEJIBHO JIETKO (HUTpOBaHUE, CyJb(hHUpOBaHHKE, aJNKWJINPOBAHUE,
rajoreHupOBaHue).

CymiecTByIOT  ONpelefieHHble TpaBWjia OpPUEHTAllMU B  PeakKIMsiX
ANEKTPOPUIHLHOTO 3aMelleHHuss B apOMaTHYeCKOM psAy: MECTO BCTYIUICHHS
BTOPOTO 3aMeCTUTeNsi B OEH30JbHOE KOJBILO Ompeaensercs MPUPOIoN yxe
MUMEIOIIETOCS 3aMeCTUTES.

3amecTuTeNnu ObIBAIOT JIBYX THUIIOB:

1) a1eKTpOHOIOHOPHBIE;



2) 3J1eKTPOHOAKLENITOPHEIE.

K snexkrponogoHopHbIM 3amectutessiMm oTHocsaTes: -CHs, -OH,-NHo,-Cl(-F,-
Br, -1). OHu cnocoOcTBYIOT 35IeKTpOGUIBHOMY 3aMEIIeHUI0 B OpPTO- W Mapa-
MOJIOKEHUSX OCH30JIBHOTO KOJIbIIa U HAa3BIBAOTCA 3amecmumenamu I pooa.

K snexkTpoHoakientopHbiM 3amectutenssM oTHocatcs: -NOo, -SOsH, -COH,
-COOH. OHH cnocoOCTBYIOT 3IeKTPOMHUIBHOMY 3aMEIeHHI0 B METaIloJ0KeHUe
O€H30JIBHOTO KOJIbIIA U Ha3bIBAIOTCS 3amecmumensimu Il pooa.

I Peakuuu npucoeamHEeHHs] NPOTEKAOT TPYAHO B KECTKUX YCIOBUSIX-
naBienue u ocpelenue (+ Hp, + Cly).

IIT Peakiiuu okuesienusi. HezameleHHbIe 0€H30JIbI OKUCIISIFOTCS] TPYIHO B
KECTKUX YCIOBUAX. AJKUIOCH30JIbl OKUCISIOTCS JIETKO, MO «-3BeHY OOKOBOM
1enu, 00pa3ysk COOTBETCTBYIOIINE KAPOOHOBBIE KUCIOTHI.

IIpumeHeHne apeHOB B OPraHUYeCKOM CHHTe3e

MoHoUUKINYeCKe apeHbl, a Takke Ha(TaIMH U ero MPoOu3BOAHBIE - LIEHHOE
XUMHYECKOE ChIphe ISl He(PTEXMMUYECKOTO U OpraHu4YecKoro cuHresa. I3 Hux
MPOM3BOJAT CHUHTETHYECKHE Kay4dyKH, IJIaCTMAcChl, CUHTETHYECKHUE BOJIOKHA,
B3pBIBYATHIE, aHUIIMHO-KPAaCcOYHbIe M (hapMalleBTUYECKHe BellecTRa.

Koumponvnoie eonpocot
1 Pactipenenenre apoMaTHdeCcKUX YIieBOIOPOJIOB IO (PpakiusaM HedTH.
2 OcHOBHbBIE NPEJICTAaBUTEIN apeHOB B HEPTSX.
3 ®duznueckue U XMMHUYECKHe CBOMCTBA apeHOB.

Cnucok pekomenoyemoii 1umepantypol
1 Ceipkun A.M., Moscym3azne 3.M. OcHoBbl xuMuu HeTH U raza. - ¥Yda:
Hszn-so YI'HTY, 2002.- C.41-52.
2 Pa6oB B.JI. Xumus vHedtu u raza.- M.: UJ1 «®OPYM», 2009.- C.132-143.
3 Bupxuumunckas C.B., lurypos H.I'., Curomnn C.A. XuMHs 1 TEXHOJIOTUS
He(dTu U raza: yue0. nocodue.- M.: UJ] «®OPYM», 2009.- C.33-36.



Jlexnus 7.
ANKeHbl, A1IKAOUEHbl U AIKUHDL, 00pa3ylouuecs npu nepepadomee
Hehmu

KuroueBble cjioBa: HEHACHIIIEHHBIE YTIIE€BOIOPO/IbI, AJIKEHBI, IUCHBI, aTKUHBI, KPEKUHT,
peakius MoJuMepHr3aIui, OJIMMEPBI, OPOMHOE YHCIIO.

Panee cumtanoch, 4TOo ankeHbl JHOO He cojfepkarcs B HedTAx, OO
colepkaTcsi B HE3HAYUTENbHBIX KonuuecTBax. B koHue 80-x romoB ObLIO
MoKaszaHo, 4To B psjae HedTelr Boctounoit Cubupu, Tatapuu u Apyrux paiioHOB
Poccuu coneprxanue ankeHOB MOXeT T0XOAUTh 10 15-20 % oT Macchl HeTH.

HenaceollieHHble  yrieBogoponabl (ajikeHbl W AUONedUHBI) coaepkarcs B
NPOAYKTaX TEepPMHUYECKOW U TepMOKaTaIUTUUEeCKONW TmepepaboTku HeTSIHBIX
bpakuuii (B raszax W JKUIKUX MPOAYKTaX TEPMUUYECKOr0 M KaTaluTUYECKOTO
KPeKHHTa, MUPOJIN3a, KOKCOBAHUS U T.1.).

AJIKeHBbI - HEHACBHILIEHHbIE YTJIEBOIOPOMbI, COlepXkallue ABONHYIO CBS3b
C=C. Panpbllle 3TU coeAMHEHUs Ha3bIBaNU oneguramu. OO1was Gopmyna aJKeHOB
CnhHzn.  TlpocteitimmM  mpencraBuTeneM ankeHOB  sBisieTcss  otwieH  CoHa.
HenaceillieHHble IUKJIMYECKHWE YIIIEBOAOPOABl C OJHOW JBOWHOW CBS3BIO
Ha3BIBAIOTCS HMHUKJI0AJKEHAMH WK 1uKioosiepuHamu (obmas Gopmyna CnH2n-
2).

J{ueHoBbIe YrJjieBoAOpoabl (AuojedrHb) HWMEIOT JIBe IBONHBIE CBS3U
(o6mmas popmyaa CpHaon2).

AJNIKHHBI - HEHACBILIEHHbIE YTIJIEBOAOPOJBI, COAEpKallue B MOJIEKYyJe
TpoitHyto cBa3b C=C. [Ipocreitimm npeacTaBuTeIeM aJIKUHOB SIBISIETCS alleTUIICH
CoH,, mosToMy MX 4YacTo Ha3bIBAIOT alleTUIIEHOBBIMU yriieBogoponamMu. Oorias
dbopmyna ankuHoB CnH2\.2.

HanmeHoBaHue Bcex ankeHOB 00Opa3yeTcsl U3 Ha3BaHUN COOTBETCTBYIOILETO
aJIKaHa ¢ 3aMEHOU OKOHYaHUs -aH Ha -eH. [ JITaBHOW cuuTaeTcs Lelb, COAepKalas
NBOWHYIO CBs3b. IlojokeHue JBOWHOW CBsi3M  OOO3HAUaeTcs  LUPPOI,
COOTBETCTBYIOLIEH YIJIEBOJOPOJAHOMY aTOMY, OT KOTOPOrO Ha4MHAETCs JIBOMHAas
cBs3b. HyMepanuio mNOpoBOAST Tak, 4YTOObI aTOM Yrjepoaa, OT KOTOPOTro
Ha4yMHAeTCs ABOMHAs CBS3b, OIY4YUJ HAUMEHbILINNA HOMED.

[Tpn Hanuuuum ABYyX WK TPEX NBOMHBIX CBSA3EHU B MOJIEKYJIE YIJIEBOAOPOAA B
OKOHYaHWH YKa3bIBAETCS -[AHEH WJIU -TPUHEH C YKa3aHWEM IOJIOKEHUS KXol U3
3TUX CBS3EU.

B Ha3zBaHuMM anKMHOB OKOHYaHWE -aH 3aMeHsieTcsl Ha -uH. s mepBoro
YjieHa TOMOJIOTMYECKOIro psijla COXpaHsieTcs TPUBUAIbHOE Ha3BaHUE “alleTHIIeH .
NHornga HekoTopble alKWHBI HA3bIBAIOT Kak MPOU3BOAHBIE  alleTUJIeHA:
MeTWIaleTusIeH, auMmerunauetwiedH. [lpu mnpoumx paBHBIX YCIOBHUSX IO
HoMeHKIaType [UPAC HauMeHbIIMI HOMEp Jar0T aToMaM IIpU JBOWHOW, a HE MpHU
TPOMHOM CBSI3MU.

®u3zuyeckue cpBoiictBa. AnkeHbl C2-C4 mpu HOPMAaJIbHBIX YCIOBHSIX -
ra3pl, ankeHsl C5-C17 - XWUIOKOCTH, a cleayrolue - TBEPAbIE BELIECTBA.
[[1OTHOCTH aJTKEHOB HECKOJIBKO BBIIIE, YeM COOTBETCTBYIOIIMX aJIKAHOB. AJIKEHBI



B BOJIe PacTBOPSIOTCS Majlo, HO Jydllle, YeM ajKaHbl. XOpOIIO PacTBOPSIIOTCS B
OpraHUYeCKUX PAaCTBOPUTEISAX.

AJZlcopOIIMOHHAs CITIOCOOHOCTh aJIKEeHOB HUXKE, YeM apeHOB, HO BHIIIE, YeM
ankaHoB. Ha »3ToM OCHOBaHO KOJMYECTBEHHOE OMpe/elieHue alKeHOB B
HeTenmpoayKTax METOAOM aJICOPOIIMOHHON XpoMaTorpadumu.

Ankunsl C2-C3 - razel, C4-C16 - )XUAKOCTH, BBICIIHE - TBEP/IbIE BelllecTBa.
Temnepatypa KWIIEHUS alKWHOB HECKOJIBKO BBIIIE, YeM Y COOTBETCTBYIOIIMX
aJKEHOB. DTO CBSI3aHO C TOBBIIIEHHBIM MEXMOJIEKYJISIPHBIM B3aMMOJICICTBUEM B
pSAy aJKUHOB, MOCKOJIbKY OHU 00JaJJal0T HEKOTOPBIM JIUMOJIbHBIM MOMEHTOM. [1o
3TOM XK€ MPUYMHE PACTBOPUMOCTH HU3IIMX aJKMHOB B BOJE HECKOJIBKO BBIIIIE, YEM
aJIKeHOB, OJIHAKO OHa BCE ke oueHb Masia. [IOTHOCTh M Moka3arenb MpeToMIICHUS
AJIKWHOB 3HAYUTEINIBHO BBIIIIE, YeM Y aJIKeHOB M, TeM OoJiee, aJIkaHOB.

XuMu4yeckue cBocTBa. XMMUYECKHE CBOWCTBA AJIKEHOB OIPEACISIFOTCS
HAIMYMEM JIBOMHOW CBSI3U, YIVIEPOJ MPU JBOWMHOW CBSI3M HAXOAMUTCS B COCTOSHUH
sp2-rubpunmuzanun. Ilpu AelcTBUM Ha JBOWHYIO CBSI3b DPa3MYHBIX pPEareHTOB
pa3pbiBaeTCsl MeHee MpOoYHasl -CBs3b UM OOpa3yloTCs JIB€ MpOYHbIEe -CBs3U. Jis
aJKeHOB XapaKTepPHbI peaxkuuu MPUCOEIMHEHMUS: TUIPUPOBAHHUE,
rajJjloreHupoBaHue, TUAPOraIOreHUPOBaHHE, THApaTallus, CyJIb(HUPOBaHUE.

I'maporanmoreHupoBaHue, THApATAIUMsS W CYJb(GHUPOBAHHWE TPOTEKAIOT 10
npaBuily MapKkoeHuKkoea, 0 KOTOPOMY 8 peaxyusx NpucoeouHeHus NOJSAPHbIX
MOJNEKYIL (2ANI02eHB000POA08, 800bl, CEPHOU KUCIOMbL U Op.) K HeCUMMemMpPUUHbIM
QIKeHaM amom 8000p00d NPUCOeOUHAemcs K Haubonee 2udpoeHU3UPOSAHHOMY
amomy yanepooa 080UHOU CEA3U.

OcoObIM THUIIOM peaklHWil TPUCOCAVMHEHUS SBISETCS HOJAUMEPUIAUUA
IMUNEHOBBIX )2/1e6000p0006. HemnpenenbHble COEIUHEHUS C COMNPSHKEHHBIMU
JIBOMHBIMM CBSI3sIMU 00Ja7at0T psAaoM creruduueckux ocooeHHocrei. OHU OueHb
JIETKO BCTYNAalOT B peakluy NojuMepu3aluu. B ankagueHax ¢ cONpsKEHHBIMU
CBSI3MU MPOUCXOJIUT MPUCOEIUHEHUE K KPalHUM aTOMaM yIJiepoJia, U B cepenHe
MOJIEKYJIbl BO3HUKAET BMECTO OJIMHAPHOM JBOWHAS CBSI3b.

XUMHUYECKHE CBONCTBA AIKUHO8 OOYCIIOBJIEHBI MPUPOJION TPOMHOMN CBA3U,
OCOOCHHOCTSIMU  YIJIEPOJIHBIX aTOMOB, HaXOJSIIMXCSI B COCTOSHUU  Sp-
rubpuanzanv. TUNUYHBIMUA peakUuusIMU aJKUHOB, TaK e, KaK U JJis aJIKeHOB,
ABJISIFOTCS peakuu npucoennHeHusi. Ho oHM 1151 aIKKHOB MPOTEKal0T MeJICHHEe,
YyeM JJIsl aJIKeHOB.

Henpeoenvrvie  yeneeo0opoosi  BCIENCTBUE  BBICOKOW  peaKkIMOHHOM
CIIOCOOHOCTH J1€2KO OKUCNAOMCS KUACIOPOJIOM Bo3ayxa (ocoOeHHO aueHsbl). B
pe3yibTaTte OKUCICHUS] 00pa3yloTCsl OCaIKU U CMOJIbI, KOTOPbIe MOTYT MPUBECTU K
HapylleHuto paboThl aBurateneid. [lostomy mis monydeHHMs CTaOMIIBHBIX K
OKHCJIeHUIO He(TeNnpoayKTOB UX JIMOO MOJBEpPraroT OYUCTKE OT HeMpeaesIbHbIX
YIJIEBOAOPOIOB, JTMOO 100aBIsIOT aHTHOKUcauTenu. CoiepiKaHre HEHACHIIIIEHHBIX
COeIMHEeHN B He(TU U MPOAYKTaxX e€ mnepepaObOoTKU OLIEHUBAIOT OPOMHBIM WM
HOOHBIM 4YuciIOM. BpoMHOe WM HMOJHOE YHCIO — 3TO KOJHYECTBO TI'PaMMOB
COOTBETCTBEHHO Opoma i noja, noryomgnnoe 100 r ucciemyeMoro mpoayKra.

Ilpumenenue HeHACLIWECHHBIX Y2]1€6000P0006 8 OP2AHUYECKOM CUHME3e



HenpenenpHble YrieBOAOPOJABI  SBISIOTCS BaXKHEHIIIUM  CHIPbEM IS
He(TeXUMHUYECKON MPOMBIIIIEHHOCTH. Ha MX 0cHOBe MPOM3BOAAT OOJIBIIYIO YacTh
BCeX HEePTEXUMHUYECKUX MPOMYKTOB: IMOJUATHIIEH, IOJUIPOIUIEH, STHIOBBIMI
CIIUPT, KayudyKH, O€H30J, OTHUIOEH30J, CTHUpPOJd, KyMoja, (HEeHOJ, alleTOH,
areTalbJeru/l, YKCYCHYIO KUCIIOTY, OKACh STHUIIEHA U T.1I.

Koumponvnwie éonpocol

1 IlpucyTcTBUe HelNpeaeabHbIX YIJIEBOAOPOI0B B Chipoi HepTH. OCHOBHBIE
HMCTOYHUKH U TTyTH MOJyYEHUS aJKeHOB, IUEHOB U AJIKWHOB.

2 Omnpenenenuve, obmue GopMysibl U HOMEHKIATypa alKeHOB, JHEHOB U
AJIKUHOB.

3 TlepeuncnuTh HemnpeaeabHbIE YTIEBOJOPOABI, SBISIOIMIMECS OCHOBHBIM
CBIpbEM 111 HedTexumudeckoro cuHTe3a. Ilytm wux  mepepaboTkwu,
MPOMEXKYTOUHbIE U KOHEUHBIE MPOYKThI CHHTE3a.

4 dusnyeckrue U XUMHYECKHE CBOMCTBA HEMPeAeIbHBIX YTIIEBOIOPOIOB.

5 Uto Takoe 6poMHOE Unciio? Honnoe uucio? JI71s1 yero oHU BBEJICHBI?

Cnucok pekomeHnoyemoil iumepamypuol
1Coipkun A.M., MoBcymzane D.M. OcHoBbl xumun HeTH ¥ raza.-Yoa:
Nzn-so YI'HTY, 2002.- C.54-62,96-103,107.
2 Psa6oB B.Jl. Xumus Hedtn u raza.- M.: ][ « DOPYM», 2009.- C.144-152.
3 Xumus HedTH W Tra3a: ydeb.mocobue mis By30B /moj pea.llpockypsikoa
A.E. u llpa6bkuna E.E.- CII6.: Xumus, 1996.-C.169-185.



Jlekuusa 8.
Kucnopoocoodepicawyue coeounenus Hepmu

KumoueBble ciioBa: HapTEHOBBIC, XUPHBIC, HEPTIHBIC KUCIOTHI, (PEHOJIBI, HEUTpaIbHBIC
COEIMHEHMSI, KETOHBI, 3PUPHI, KUCITOTHOE YHCIIO.

Kucnopoaconepxkamue coequHeHus B HePTsIX cocTaBisitoT He Oonee 10%.
DTH KOMIOHEHTHI MOTYT OBITh pa3jielieHbl Ha KJIacChl: HA()TEHOBBbIE KHUCJOTHI,
JKHPHbIE KHCJIOTHI, (heHOJIbI, HeHTpaIbHbIE COeTUHEHHUS.

Coneprxanue Kuciaopoaa B He(PTSIHBIX (pakIUsIX BO3paCcTaeT C MOBBILICHUEM
WX TeMIepaTyphl KUMeHUs, TprudeM 10 95% Kucinopoaa NpuxXoauTcsl Ha CMOJIBI |
ac(aJIbTeHBI.

BONBIMHCTBO KUCTOPOICOACPKAIUX COSTMHEHUN UMeeT KUCIBIA XapaKTep
U MOXeT OBITh BBIIEICHO W3 HedTH WM HeTIHBIX (pakiIuil IIeT0Ybko.
CymMMapHOe KOJUYECTBO WX OOBIYHO OIICHWBAIOT KHCJOTHBIM YHCJIOM-
konuuectTBoM M KOH, nomeniiiero Ha TutpoBanue 1t HedTenpoayKra.

[To ¢u3nYeckuM cBoOICTBAM Hag)meHOBble KUC/I0MbI TIPEICTABISIOT
co0oii TuOO0 XUAKOCTH, JIMOO KpUcTaNInYecKre BellecTBa. [[MOTHOCTE ux Onu3Ka
K enuHUIle. BONBIMMHCTBO HA(TEHOBBIX KHCJIOT CONIEPKHUT MATHYICHHOE
Ha(TEeHOBOE KOJIBIIO M CTPOSHUE UX MOXET OBITh MPeACTaBICHO (GOPMYITON

R
-(CH2)n- COOH,

20e n = 1-5.

N3 psna Hedreit ObUTK BbII€NEHbI KMCJIOTHI C IIECTUUYICHHBIM LIUKJIOM, OU- U
TPULIMKJIMYECKUE KHCJOTHI, a Tak)Xe KHUCIOThI, HMEIOIMe apoMaTH4YecKoe W
ruOpUHOE CTpPOEHHUE, TOITOMY KHCJIOTHI, BbIJEJI€HHble U3 HedTH, Ha3bIBAlOT B
nocjeaHee BpeMs He HaQTEeHOBLIMU, @ HePTSHBIMU.

[To XxXuMH4YecKHUM CBOMCTBAM HaghmeHnosble KUCI0Mbl CXOIHbBI C )KUPHBIMU
KapOOHOBBIMU KHcCTIOTaMU. Tak, co 1eo4aMy OHU 00pa3yroT COJIU:

CnHMCOOH + NaOH = CnHMCOONa + H>0

Peakuust mo3BoJisieT BBIAESATH KHUCJIOTHI U3 HEPTAHBIX  (Qpakiuil.
OO6pazyronyecs: Cojau IeNTOYHbIX METAJIIOB 3TUX KUCJIOT, XOPOIIO pacTBOPUMBIE B
BOJIe, MEPEXO/ISIT B BOJIHBIN CIIOM, a MPU MOJKUCICHUH 3TOr0 ¢Josl c1aboii cepHoi
KUCJIOTOM He(TsHbIe KUCIOThl pereHepupytorcs. HedTsiHble KUCIOTHI 00pa3yroT
CONIK TakXke U ¢ okcumamu metayioB Pb, Zn, Cu, Fe, Al, kopponupys, Takum
oOpa3oMm, MeETAJIMYECKYIO ammnapaTrypy, I03TOMY Bce He(TsSHble KHUCJIOTbI
yAAISAIOT U3 He(PTenmpoayKTOB B IIPOLIECCe OUUCTKU:

2 CnHMCOOH + ZnO = (CNnHMCOO),Zn + H,O

Co cnupramMmu  HepTsSHblE  KHCIOTHI  JAalOT  3(UPHI, HAMpUMEp
sTHiKapOokcwnar.  [lomydeHbl — Takke — aMHIbl,  XJIOPAaHTHAPUABI U
raJIOUITPOU3BOIHBIC STUX KUCIIOT.



Denonvi. Conepxanve ux (B IepecueTre Ha KHCIble MPOAYKTbI) MOXKET
nocturatb oT 20% (B crapsix-naneo3oiickux HeTsix) m0 70% (B MoIOABIX-
KalHO30HCKUX).

¢enon 0 -Kpe30. M -Kpe30. n -Kpe3on

KCUuneHo o0-smuiihenon p- Hagpmon

®deHONMBI  00JIaIalOT BechbMa PEAKIIMOHHOCITOCOOHBIMU  THIPOKCHUITBLHOM
rpynmnoii U apomMartudeckuM sigpoM. Ilpu o0padoTke 1mesoubio ¢eHobl,
nofgo0HO KHcjoTaM, 00pa3yroT coiu (deHomnsaTsl). BenenctBue 3Toro ¢heHOIbI
oTaenstorcss or HehTu wWin HeDTIHBIX (pakuuii BMecTe C HapTEHOBBIMU
KHCIIOTaMHU.

I'ajorennpoBanne ¢eHona T1oOJ JAeCTBUEM pPacTBOPOB TaJOreHOB
MIPOTEKAET MO apOMATHYECKOMY KOJIBITY (TprOpoMdeHor).

HutpoBaHHue KOHILIEHTPUPOBAHHON a30THOM KHUCJIOTOW TMPUBOJUT K
00pa30BaHUIO TPUHUTPO(hEHOIa - MUKPUHOBOW KUCIIOTHI.

IIpu cyabdupoBanuu (eHONOB KOHIEHTPUPOBAHHONW CEpHON KHUCIOTOMN
MOJIyHaroTCI O0— W T— QeHoyncyabhoKucaoTel. [lprn KoMHATHOW Temmeparype
npeobaanaet opro-uzomep, npu 100°C — napa-nzomep (o- penoncynbdokuciora u
11 — PEeHOJICYIbPOKUCIOTA).

B npucyTcTBHM KaTaJAM3aTOPOB (PEHOJ KOHJIESHCUPYETCS C allbJleruaaMu:

CsHs0OH + CH,O = HOCH»- CsH4OH

Peakuus umeet Oosbllioe MpakKTUUYECKOE 3HAUYCHUE, TaK KaK JISKUT B OCHOBE
MoJIy4eHHus TactTuyeckux macce (henondopManbaeruJHbIX CMOI).

Heiumpanovnvie coeounenuna. OaHUM U3 TpelCTaBUTENleld 3TOro Kiacca
COEIMHEHHI SBISAIOTCS Kemousl. VI3 OeH3uHOBOW (pakuuu kanudopHunckon
HedTU BbIFICICHO 6 UWHIUBUIYaIbHBIX KETOHOB: alleTOH, MEeTHJIITHII-,
METUJIIPONMII- , METUIIM3ONPONWI- , METHJIOYTHII- U 3THJIA30MPONUIKETOHbI. B
CpPeIHUX M BBICOKOKHUILIIUMX (pakuusx HepTed OOHApYKEeHbl LUKINYeCKHue
KETOHBI THUIA (JIyOpEeHOHA:



K HelTpasbHBIM KHUCIOPOJACOAEPKAIUM COEIUHEHUSIM He(TH OTHOCSIT
TaKXXe C/10MCHble U npocmple IPupbl, KOTOPHIE COJEPKATCS B BBICOKOKHUIIAIIAX
dbpakiusax unu HePTsaHbIX ocTtaTkax. [IpocTeie adupbl, oOHapykeHHbIe B HEDTIX,
HOCSIT UUKIIMYECKUN XapaKTep:

C/10MHCHBLI 3hup AnKUIOUZUOpooden3oypan (npocmoit 3¢hup)

Takxe oOHapy»XeHbI Au- U TpruOeH30(]ypaHBbI.

[IpombileHHOe 3HA4YeHWE W3 BCEX KHUCIOPOJHBIX COEIWHEHWA HePTu
UMEIOT TOJIbKO Ha(dTeHOBbIE KHUCIOTHI U MX coiu - HadTeHaThl. HadTeHoBbIe
KUCJIOTBl (acuiioi), BbIAeNsieMble W3 KEePOCHUHOBBIX M MACHSHBIX (pakiuid,
MPUMEHSIOT IS TPONWTKU ITaj, pereHeparuu kKaydyka ©u T.0. OTXOJsI
IeJIOYHON OYUCTKU — COJIA IIENIOYHBIX METAIOB (MBUJIOHA(T) KCIONB3YIOT TPH
W3TOTOBJICHUHM MOIOIIMX CPEACTB IS TEKCTHJIBHOTO TPOW3BOJICTBA. BOIHBIM
pactBop (40%) HaTtpueBbIX colled He(TSIHBIX KUCIOT MPUMEHSIOT Kak
BbICOKOA((hekTuBHOE pocTtoBoe BeulecTBo (HPB), crumynupytomee poct
CeJIbCKOXO3SIUCTBEHHBIX KYIBTYD.

Konmpoibnoie eonpocuoi

1 OOmas XapaKTepUCTHKa, COCTaB, CTPOCHUE KHCIOPOJCOACPIKAIIIX
coenHeHni. PU3nUecKue CBOMCTBA.

2  Xwmudeckue cBouctBa. (OOmacTM  NpUMEHEHHS  MPOU3BOIHBIX
KUCIIOPOJICOAEPKALINX COETUHEHU .

Cnucok pekomenoyemoii 1umepantypol

1 Ceipkun A.M., Moscym3zane D.M. OcHoBbl XxumMuu HepTH U rasza.-
Ya:1Uzn-so YTHTY, 2002.- C.64-71.

2 Ps6oB B.JI. Xumus sedtu u raza.- M.: U] «®OPYM», 2009.- C.172-176.

3 Xumus HedTH M raza: ydeb.nmocobue misg By3oB /moj pen.llpockypsikoBa
A.E. u [Ipabkuna E.E.- C116.: Xumus, 1996.-I'n.11.-§11.1.



Jlekuua 9.
Cepnucmole u azomucmole cOeOUHEHUA, COOepIHcauiuecs 6 Hehmax

KiroueBsle cjioBa: MepKanTaHbl, CyIb(OU b, AUCYIb()UIBI, THOPEHBI, THOPAHBI, AaMIHBI,
AHWJTIH, TUPUANH, TOP(OUPHHBL, TTHPPOJL.

B cMmecu npupoHbIX yriieBoaopo10B (HeTh) MPUCYTCTBYIOT OpraHUYecKue
reTepoaTOMHbIe COCAMHEHHS, B KOTOPBIX BaJE€HTHO WM KOOPJIWHAIIMOHHO C
aTOMOM yTJiepojJia CBS3aHbl aTOMBI Cepbl, a30Ta, KUCIOpPOoJa M pslla MeTaslloB.
Hamnpumep, B HedTsax Bonro - Ypanbckoro pernona cootHoienue cozepxanus (%o
Macc.) cepbl, KUclIopoa U azota npumepHo coctapiseT 10:2:1 cooTBeTcTBeHHO. B
71ab0paTOPHBIX YCIOBUSIX OpPTaHUYECKHE COJIMHEHUS Cepbl MOTYT OBITh BbIJI€NIEHBI
U3 He(TU DKCTpaKIMeW aleTOHUTPUIIOM WU JAPYTUMU pacTBoputensmu. Kpome
TOTO, B He(pTH MOXET NPUCYTCTBOBATh CBOOOJHAs (3leMeHTapHas) cepa H
cepoBogopoa. CyMmapHoe cojepkaHue cepbl B HedTIX HAXOIUTCS B Mpeneniax
0,1-7,5% (mo 0,5% - mamocepuuctele, m10 1% - cepHHCTBIe, BbIe 1% -
BBICOKOCEPHHCTBIE).

Cepoopzanuueckue coeOuHeHus TIAaBHBIM 00pa3oM  MpeJCTaBIIEHBI
MepkanTtaHamu (Tuoisl), obmas gopmyna ChHonaSH (n=2,3,4....), cynbdugamu
(ChH2n+1)2S, mucynsbunamu (ChHani1)2S, 1 reTepolMKINnYecKUMU COeTMHEHUSIMH,
cCpend KOTOPBIX Hauboyiee BaXHBIMH SIBJISIIOTCSI THOQEHBI U TUO(AHBI
(runpupoBaHHbIe THO(DEHBI):

muodghen muoghan

Kak mpaBuio, cooTHoleHre MeXIy cynbhuaaMu, THopeHaMu U THOJIaMU
(% wmacc.) 10:20:1 coorBercTBeHHO. B uacTHOCTH, B O€H3MHOBYIO (paKLHO
nonaaatoT THodbl C5-C9, cynpdunper C6-C10, a B TsKedbIX ¢pakuuiax Hu
OCTaTOYHBIX MPOAYKTax KOHLICHTPUPYIOTCS aNKUIOEH30THO(EHBI,
IUOeH30THO(EHbI U IpyTye MOTUATKUINOIUIUKINYECKIEe COeTUHEHMUS.

MepkanmaHvi aKTUBHO pearupyroT ¢ THAPOKCHUJAMHU METAIOB U Ha 3TOM
OCHOBaHa TEXHOJIOTUs MX YJaJeHHs CMELIMBaHUEeM ChIpOi HedTU C BOAHBIMU
pacTBOpaMM Iejoueld ¢ TMOCHeAYIOLIMM pa3felieHHeM CJI0eB M  OCYLIKOMH.
Cynvuovr 1€rKO OKHUCISIOTCS HEOPraHMYeCKUMHU OKHUCIMUTENSIMUA, B 4aCTHOCTH
MePEKUChIO BOAOPOA, 10 CYIb(OKCUIIOB U CYTb()OHOB:

cy1bho-oKkcuowt cy1bhonbl



DTH NMPOIYKTHI B psijie CllydaeB MPEJCTaBISIIOT UHTepec Kak d(h(eKTUBHBIE
¢ioTOpeareHThI, KOMIUIEKCOOOpa3oBaTesu U Jp.

Tuodens, U B mepByto ouepeap OeH30THOGMEHBI SBISIOTCS Haubolee
YCTOMYMBBIMY CEpOOPTaHMUECKUMHU COSTUHEHUSIMHU, U TTPH 00pabOTKe IIeIOUbIO U
HarpeBaHWW WX MOJIEKYyJbl He paspymarotcs. TuodeHbl U OeH30THO(MEHBI
cofiepXarcs TMPEHMYIIECTBEHHO B CpellHe- M BBICOKOKHIAIMX (PaKIUsaX u
HepTIHBIX ocTaTkax. KoJnmdecTBO aToMOB yriiepoja B MOJIEKYJie OIpeaesseT
TEMIIEpPaTypy KHUIIEHUS W COOTBETCTBYIOIIHWE CEPOOPraHWYECKHE COETUHEHMUS
MOMajaloT B OCH3WHOBYIO, KEPOCHHOBYIO, IU3EIbHYIO (pPaKIHUU, MaclsHbIe
JTUCTHIIISTHL.

[Tpu noObde HedTH cepoBOIOPOA M HH3IIKE (Ta3000pa3Hbie) MepKaNTaHbI
IPEJICTABJISIOT OCHOBHYIO YIPO3y, ITOCKOJBKY OHH MHOTOKPATHO YCKOPSFOT
Koppo3uto obopynoBanus. Illupoko mnpumenstor g006aBkM B OypoBble U
NPOMBIBOYHBIE  KMIKOCTH, TOTJIOMIAIOIIMEe O3TH COEJAMHEHHWs, a TaKkKke
TIOJIABJISIFOIINE JeSITeTbHOCTh MUKPOOPTAaHU3MOB, MPOIAYIUPYIOIIMX CEPOBOIOPO
(Tak Ha3bpIBaeMble CyJb(aToBOCCTaHaBIMBaroNe OakTepuu). CepoopraHuvecKue
COeJIMHEHUS] KpaliHe HEraTUBHO BJHUSIOT Ha TpOIecChl HedTernepepaboOTKH M
CBOWMCTBa B TMEPBYIO O4Yepellb CBETIIBIX He(TEMPOIYKTOB M Macell. DTO CBS3aHO C
UX OKHCIIEHHEM W O00pa30BaHMEM KHUCIIOT, BBI3BIBAIOIINX Koppo3uto. Ocobo
BpelHOEe BO3JICHCTBUE MepKaNTaHbl, CyJbGuIbl ¥ THOMEHBI OKa3bIBAIOT Ha
reTeporeHHble  KaTaJlu3aTopbl BaXKHEHIIMX MpoleccoB  HedTernepepadOTKH
(KpeKHHT, I1aTGOPMHUHT | Jp.), TPUBOIS K UX JIe3aKTHBAIIMU U pa3pyLICHHIO.

CepoopraHvka B TOITUBAX CropaeT ¢ 00pa3oBaHUEM OKCHIOB, TTOMATAI0IINX
B OKPYXXAIOIIYI0 Cpeiy, YTO COBEpIIeHHO HemomycTumo. [l paspylueHus u
yJlaleHUsl COIEPIKAIMXCS B IUCTUILIATAX CEPHUCTBIX COSIMHEHHUM MCIONB3YIOT UX
peaKiMio ¢ BOJOPOJOM Ha TeTEepPOreHHBIX Karanu3aTopax npu temieparype 280-

380°C (mporiecc rupoodeccepruBaHus):
R-SR + H; =2R-H + H,S

OOpa3zyrouuiics CcepoBOJAOPOJ  OKHUCISIIOT KUCJIOpPOJAOM BO3AyXa [0
3JIeMEeHTapHOU (CBOOOMHOM) cepbl, KOTOpas MCIIOJb3YEeTCS B KauecTBE CHIPhs B
XUMUYECKON MPpOoMBbIlIeHHOCTH. CEepHUCThIE U BBICOKOCEPHUCThIE HE(TU TPeOyIOT
MaclITaOHOM THUIPOOYUCTKH, M ITO OINpefeNsieT UX MEHbIUIYI0 LEeHHOCTb
(oTeuecTBeHHAs cepHHCTas He(Th HA MEXAYHAPOJHOM phIHKe cToUT Ha §-12 $/T
neueBie, uyem MmanocepHuctele Hedtu Ilepcunckoro 3anmuBa, Kapubckoro
Oaccelina u zip.).

Psim cepoopranmyeckux = CcOeAMHEHUN  HAXONUT  TNPUMEHEHHEe B
HedTenepepadboTke U HepTexumun. Tak, TnomoueBrHa — CS(NH>), B oTiimuune ot
MOYEBHUHBI, 00pa3yeT MPOYHbIE MEXMOJIEKYJISipHble KOMIUIEKCHI C H30aJKaHaMH,
YTO UCTIOJIB3YETCS MPU UX BBIJIEJICHUU U3 YTIIEBOJOPOIHBIX (HPaKIIHiA.

A3zomcodepircaugue coeduneHusa B HePTAX TPEACTaBICHbl [JIABHOM
oOpazom anmudaTUYeCKUMH H  apOMaTUYECKUMU  AMUHAMU, A  TaKXKe
reTepoapoMaTHuecCKUMU COeIUHEHUsIMU (MIPOU3BOJHbIE MUPHUANHA, HUPpPOJa U

Ip.):



(CnHzn+1)xNHy — amunb
X +y=3
x=123

nupuoun nuppon

CymmapHoe coliepkaHue a3oTa B HeTsaX KoseOnercs B uHTepsaie ot 0,05
1o 0,5%. AMUHBI U HpPOU3800HbBIE RUPUOUHA TIPOSBIISIIOT OCHOBHBIE CBOMCTBA,
OUPpOJI U €ro MOJMULUUKINYECKHe MPOU3BOAHbIE (nOpupuHbl) SBISIOTCS
HEeUTpalbHbIMH  COeIMHEeHHsIMU. (OTMeTHM, 4YTO [OCJeJHHEe CIOCOOHBI
00pa3oBbIBATh MPOUYHbIE KOMIUJIEKCHI C MEeTallJlaMH, B TIEPBYIO OUYepe/lb C HUKeJIeM
u BaHaaueMm. ConepkaHue BaHaausl B He(PTAX AocTuraer 1 Kr/T, 4To 0O0yCIOBHIIO
CO3JIaHUE CIIELMAIIBHON TEXHOJIOTUHU JeMETaUIU3aLiH.

B nabopaTopHbIX M ONBITHO-MPOMBILUIEHHBIX MaclTabax a30THUCThbIe
COEIMHEHMsI U3BJeKaoT U3 HedTel WM HePTAHBIX (pakLUuil SKCTpaKIUeil cepHoit
KUCTIOTON. 3aTeM U3 KUCJOTHI MX BBIAENAIOT B CBOOOAHOM BHUZAE B pe3yjbTare
HeWTpanu3auuu IuenodaMu. [[noxo pacTBoprMble B KHCIOTaxX HEWTpalibHbIE
A30TUCTBIE COEIAUHEHUs CBS3bIBAIOT B IPOYHBIE KOMIIIEKCHI XJIOPHBIM JKEJIE30M
(FeCl3) u skcTparupyroT BOOHM, 3aTeM KOMIUIEKCHI pa3pyllIaloT IIeIoYaMHu |
a30TUCTBIE COEIUHEHUs (TUPPOJIBI, WHIOJBI, MOP(MUPUHBI U JIp.) HU3BJIEKAIOT B
CcBOOOIHOM BHJIE.

Koumponwsnoie éonpocoi

1 Knaccudukaius Hedreii o conepKaHUIO Cephl.

2 OCHOBHBIE THIIBI CEPOOPTAHUYECKUX COeAMHEHUN HeDTH.

3 CnocoObl yJajgeHusi CEepOOPraHUYEeCKUX COEMHEHUN u3 HedTIHbIX
bpakui.

4 OCHOBHBIE THIIbI 230TCO/ICPKALIUX COSUHEHUN HEDTH.

5 AzoTconepikaliue coelMHeH s, 00JIalatolle CBOMCTBAaMU OCHOBaHUM.

CRucok pekomeHoyemou 1umepamypot

1 T'anumoB XK.®. Xumusi IpUpOAHBIX SHEProHOCUTENel: yueb. mocodue.-
Yda: Uzg-so YI'HTY, 2007. - C.217-232.

2 Jlamuna H.K., Mapuenko I'.H., IlapdenoBa M.A. wu gp.
Cepoopranuyeckue COCIMHEeHUS HeTH Apxanrenbcko-Tanaiickoro
Mectopoxaenus //Hedrexumus.- 2010.- T.50, Nel.- C.33-42.

3 Psa6oB B.Jl. Xumus HedTu u raza. — M.: /] «Dopym», 2009.- C. 176-188.



Jlexnus 10.
Cmonsl, achanvmenni, cooeprrcanjuecs 6 Hepmax

KaroueBbie cjoBa: cMonbl, acanbTeHBl, MallbT€HBI, KapOEHBI, KapOOWIBI,
ac(haTbTOTeHOBBIE KUCIIOTHI, METAJIIBI B HE(PTH.

Cmonucto-acdaabTeHOBbIE BellleCTBA MPEJICTABISAIOT COO0O0M  CIOXKHYIO
CMeCh BBICOKOMOJIEKYJIIPHBIX COSJUHEHUN CMEIIaHHBIX CTPYKTYP, COJEpIKalllnX
a30T, cepy, Kuciopoa, Metaibl. MIXx MHoro B Tsoké€nbix HedTsax KazaxcraHa,
Cpenneit Aszum, bamkupuu. WX nerydecTh HeBelrka, B OEH3MHOBBIM U
KEepPOCHMHOBBIM JIUCTHIUISATEI OHU He TmomnajgarT. Hambomee OGoraTthl cMOJUCTO-
ac(aJIbTOBBIMU BellleCTBaMM MOJIOIble He()TH apOMaTHIYECKOT0 OCHOBaHUSI.

Cmonucto-acaibToBble BelllecTBa OOBEAUHSAIOT JBe OOJIBIINE TPYIIIbI
BBICOKOMOJIEKYJIIPHBIX COeNUHeHUH HedTn - cMoabl W achajbTeHbl, B
XUMHUYECKOM COCTaBe, CTPOSHUM W CBOMCTBAX KOTOPBIX MMEETCS MHOTO OOIIEro.
CooTHoIIeHe MeXTy cMoJlaMU U achalbTeHaMHd B HEPTAX M TSHKETBIX OCTaTKaX,
r7I€ B OCHOBHOM OHU KOHIIEHTPUPYIOTCS, cOCTaBiseT oT 9:1 no 7:1.

Cmonwt. CoctaB M cBOHCTBa HE(TSAHBIX CMOJ 3aBUCAT OT XUMUUYECKOMH
npuponsl HedtH. HecMmoTpss Ha pasznmuuHyro Tmpupody HedTeld pa3aIudHbIX
MEeCTOPOXKICHUM, coliepKaHue yriepoda M BOAOpOJa B cMojiax Koyiebiercs B
CpaBHUTENbHO y3KuX mpexaenax (B % macc.): C — ot 79 no 87; H— o1 9 no 11. B
cMoiaX HeTel pa3TuYHBIX MECTOPOXKACHUMN collep)KaHue KUCTIopoJia KojaedieTcs
ot 1 1o 7% (macc.), cephl - OT AecsAThIX fqoJieit nporeHTa a0 7-10%. B HekoTophIX
cMoJiax cofepKuTcs azoT (10 2 %).

Cmoner coctaBisitor oT 70 10 90 % Bcex reTepoopraHuYecKUX COSIUHEHUM
HedpTu. OHK Ooraue BoJOpOJIOM, 4YeM acdanbreHbl, Ha 1-2%. Bombliyto yacth
CMOJI COCTaBIISIFOT HEMTpallbHbIE BellecTBa. HeOGombIoe KOIU4ecTBO CMOJI UMEET
KHUCJIBIA xapakTep U obpazyeT acganvmozerosvie kuciomvi. OHU NMPENCTABISAIOT
co0oli Bsi3KKEe, TeMHbIE CMOJIbl, PACTBOPUMBIE B CIUPTE, OeH30I1e, XJIopodopme.

Heumpanonsle cMONUCTBIE BELIECTBA IOAPA3ACISAIOT MO OTHOUICHUIO K
pa3nuuHbIM pacTBopuTensiM. Ha cxeme mpencraBiieHa KiaccupuKauus U
pazzesieHre CMOJIMCTO-ac(halbTEHOBBIX BEIIIECTB.

Cmonvl IpelicTaBiIsA0T coO0M OYeHb BA3KKHE MaJIONOABUIKHBIE KUJIKOCTH, a
WHOTI/Ia ¥ TBepjible aMop(HbIe BelllecTBa OT TEMHO-KOPUYHEBOTO /10 Oyporo 1Bera.
[TnoTHOCTB UX Onm3Ka K 1,1 r/mi, MosniekyJsspHas macca ot 600 qo 1000.

CMonucThle BelIecTBA TEPMUYECKM W XUMHUYECKHM HECTaOWJIbHBI, JIET'KO
OKHUCIIIOTCA M KOHIEHCUPYIOTCS, IPeBpaIlasich Ipu 3TOM B acgpanvmensvt. Cymonobi
JIETKO CYJNb(QUPYIOTCS, MepexoAs B pacTBOP CepHOM KHCIOTHL. Ha 3ToM ocHOBaH
CEPHOKUCIIOTHBIA CMOCO0 OYUCTKM TOIUIMB M Macell. CMOJHMCTbIe BellecTBa
00pa3yroT KOMIUIEKCHI C XJIOPUJIaMH MEeTaJIOB, PoCchHOPHOM KUCIOTOM.

Nzydenue cmoin u acanbTeHOB UAET IO MyTU YNPOIIEHUS] COCTaBa MyTEM
AKCTparupoBaHUsi W KOHLEHTPUPOBAHUS Y3KUX (pakiuii, HMerolmux ooiue
CBOMCTBA:



CMmoubl 4 acdajibTeHbI
[leTpomneiinsiii 23¢up
WJIA TeKCaH (TMIEHTaH)

Ocrarok PactBop -MaJibTeHbl

Bensomn, CCl4

Ocratok PactBop-AcdanbTenbl

CSo, nupuann

Ocrarok - Kap6onasl PactBop-KapOeHnsbl

ITonbITKM CO3aTh UX «CPEAHIOK) MOJIEKYILY IPUBEIH K CIIEAYIOLIUM
CTPYKTypam:

CMmoJbl AcdaabTeHbl

Acghanbmensl sBAsSOTCS Oo0Jiee BHICOKOMOJIEKYJISIPHBIMU COEIMHEHUSIMU,
yeM cMoibl. OHM OTJIMYAIOTCA OT CMOJ HECKOJIbKO MEHBIIMM COJep:KaHheM
BOZilopoia M Oojiee BBICOKHM cojepKaHheM rerepoaToMoB. CyWTalOT, YTO
acalibTeHbl  SBJSIFOTCS  MPOAYKTAaMU  KOHJEHcaluu cMojl.  AcdalbTeHbl
00pa3oBaHbl IUKINYECKUMU, TOTUSIEPHBIMU KOHIEHCUPOBAHHBIMHU CTPYKTYpPaMU,
MOXO0XUMU Ha rpadur.

Acpanvmensr — noporkooOpa3zHble BelecTBa Oyporo wivd 4€pPHOro IBETa.
[Ipn HarpeBaHWM OHHU pa3MsryarOTCs, HO He IaBsiTcs. [Ipu HarpeBaHUM BbIlIe
300°C acdanbTeHbl IpeBpallalOTcs B KOKC M rasbl. Ac@aibTeHbl XUMHUYECKU
akTUBHbl. OHU OKHUCISIOTCS, CYJb(QUPYIOTCS, TaJOreHUPYIOTCS, HUTPYIOTCH,



BCTYNAalOT B KOHJeHcanuio ¢ popmanpaerunom. [lpu xpaHeHun Ha cBeTy W mpu
JOCTYTIe BO3/IyXa OHU MepexoisiT B KapOeHbl, Tepsisi paCTBOPUMOCTb.

Achanomennpl ogBepraroT OKUCICHUIO IO KUCIOT, IPEeBpAIllaloT B KOKC U
ryapoH. Mcnonb3yroT s ruapododu3aiuy pa3indHbX MoBepxHocTei. CMOIbI U
achanpTeHbl UAYT Ha TMepepaboTky B Oonee JE€rkue TpagulMOHHbBIE
HeTenmpoAyKThl MyTEM TruipokpekuHra. OmHAKO OHM CaMU TOXXE HaxXOJST
IpUMEHEeHVe B KauecTBe aHTUCENTUKOB, UHTMOUTOPOB OnMopa3pylieHus (MponuTKa
Imnan) v ap.

Heopzanuueckue komnonenmol Hedpmu

B nedtsix BcTpeuaroTcsi conu u Komruiekcel Oonee 40 mera/uioB U
HEKOTOPBIX HEeMeTa/lIoB. MuHepaibHble KOMIIOHSHTHI TIPUHSATO pa3leisiTh HA TPH
IPYIIIBI.

1-g rpynna: Metasmsl nepemenHoi BanentHoct — V, Ni, Fe, Mo, Co, W,
Cr, Cu, Mn, Zn, Ti, Pb, Ag u np.

2-s Tpymnmna: mejJoYHble U melodHo3eMenbHble MeTayuibl — Na, K, Ba, Ca, S,
Mg.

3-s rpymmna: rajgoreHsl u apyrue snementsl — Cl, Br, 1, Si, Al, Ge u ap.

HeGonpimme xonmdecTBa MUHEPATBHBIX COCTABIISIFOIIUAX CO3JAOT TPYIHOCTH
ux ompeneneHus. B 3aMeTHBIX KoU4YecTBax 0OHAPYKUBAIOTCS BaHAAWN U HUKEIb,
pudéM BaHaIMs OOJIbIIE B CEPHUCTHIX, a HUKENS — B @30TUCTHIX YacTAX He(TeH.
Yaiie Bcero MeTasibl HaXOASITCS B BUJIe MOPGUPUHOBBIX KOMITJIEKCOB — PEJIMKTOB
OpraHUYEeCcKOTO MIPOUCXOXKICHUS (XJIOPOPUILI, TeMOTIO0NH).

MeramioB B HeTSIX HEMHOIro, HO OOJBIIMHCTBO U3 HUX KaTaIUTHUYECKU
aKTUBHBI (4aCTO WHTHOWTOPHKI), TTOITOMY MX COCTaB U cCoJepkaHue HEeoOXOIUMO
KOHTPOJIMPOBATh BO U30exaHUe MpodiieM MPpU OYUCTKE U MepepadoTke, 0COOEHHO
TepMokaranuTuieckoil. K Tomy ke, BbICIIME OKCHUIbI HEKOTOPBIX MeETaJlIOB
(BaHagui, XpoM, BoJb(pam) SBISIOTCS OKUCIUTEISIMU, HMEIOT KUCIOTHBIN
XapaKTep W YCUIIUBAIOT KOPPO3UIO METAILIOB.

KonTpoJsbHbIe BONIPOCHI

1 OO1as xapakTepucTUKa cMOJ U ac(aibTeHOB.

2 ®pakuun HedTH, B KOTOPHIX OHU MPUCYTCTBYIOT.

3 OcobeHnHocTH ac(haabTOreHOBBIX KUCIIOT.

4 ®Opakuuu, KOTOpPbIE MOIYYarOT IPU IKCTPAKLUU CMOJIUCTO-
ac(haJIbTeHOBbIX BELIECTB.

5 I'pynmbl, Ha KOTOpbIe MOAPA3ACISIOT MUHEPaAIbHbIE KOMIIOHEHTHI HE(DTH.

Cnucok pekoMeHayeMoii JINTepaTyphbl

1 Ceipkun A.M., Moscym3azne 2.M. OcHoBbI xuMuHU He(TH U ra3a.-Y a:
Wsn-so YITHTY, 2002.- C.84-89.

2 Ily3un FO.U. Xumus HedTH U ra3a: 2IeKTPOHHBIA yueOHO-MeTOANYEeCKUH
komruieke. — Yda: YVI'HTY, 2009.- I'n. 5.4; 5.5.



Jlexums 11.
OcHogbl HehmenepepadbomKu

Kirw4deBble cjioBa: TEPMHUYECKUM KPEKUHI, KaTAIUTHYECKUW KpPEKUHT, THPOJIU3,
KOKCOBaHMeE, JICAUTKUINPOBaHUE, JETUAPUPOBAHNE, [TUKIIA3AINS, ApOMATH3AIUSI, ©30MEpU3aIlus.

[IpocTedIM  NPOMBILUIEHHBIM  METOAOM  IPEBpAIleHUs  TAKEIBIX
VIIEeBOJOPOJOB HehTH B JETKUE SBISETCS TEPMHYECKHH KPEKHHT —
pacuieruieHre OOJIbIIMX MOJIEKYJl 3THX YTJIEBOJOPOAOB MOJ JAeHCTBHMEM Teria U
o0Opa3zoBaHKe MEHBIINX MOJIeKYJ OoJiee NErKUX YrieBOA0POIOB.

KpekuHr sBnsiercss B XMMAYECKOM OTHOILIEHHUH CJIOKHBIM IPOLIECCOM, TaK
KaKk CBhIpbE TIpe/ACTaBiseT CcoO0OM cMech MHOTHUX YTJIEBOJOPOJOB, W OHHU
MTOJIBEPTatOTCs MPEBPALEHUSIM B PA3JINYHbIX HAIPABICHUSX.

ANKaHBl TOpH BBICOKMX Temmepatypax (400550 °C) B ocHOBHOM
MOABEPraroTcsl peakluu PacUIeleHUus C pa3pbiBOM CBSI3U MEXAY YIJIEpOIHBIMU
aTOMaMH:

Cl6H34 — (C8H18 + C8H16

reKcajeKan OKTaH OKTEH

VY HU3IMMX aJIKaHOB HAOIFOaeTCs TaKkKe NeTHIPUPOBAHUE U pacTia C
Pa3phIBOM CBSI3HM B KOHIIE YTIIEPOTHOM TIETIH.

N3oankaHbl TEepMHUUECKH MEHEE YCTOMUUBBI, YeM alIkaHbl HOPMaJIbHOTO
CTPOCHUS:

C4H10 — C4H8 + H2

m30-C4H10 — C3H6 + CH4

[Ipu KpekuHre HUKI0AIKAHOB MPOUCXOSAT PEaKLUU:
1. JleankuaupoBaHue (OTIICTUICHUE aIKUJIBHBIX OOKOBBIX IIeTiei):

2. Pacnan koabna ¢ o0pa3zoBaHueM alKeHOB U TUEHOBBIX
yIJIEBOJOPOIOB, a TAKkKe alIKaHOB:

3. JeruapupoBaHue MIECTUUICHHBIX HAPTEHOB C IIPEeBpaIlleHHEM B
apeHbl:



ApeHbl Cc  YrJeBOJOPOJHBIMM  LEMNSIMU B  YCJIOBHUSIX  KpeKHUHra
neankunupyrorcs.  [lpu »ToM mpoucxomaut oOpa3oBaHHWE apeHOB U AJKEHOB,
HaIpumep, U3 3THII0eH3051a 00pa3yroTcst 0eH30J1 U ATUIICH:

B pesynerate germapupoBanus npu 600650 °C HauMHarOT MOSBIATHCA
OUYeHb PEaKIIMOHHOCIIOCOOHbIE IMEHOBBbIE YTJIEBOJOPOJIbl, Hampumep OyTaJaueH-

1,3
CH2=CH-CH2-CH3 — CH2=CH-CH=CH2 + H2

[Ipn B3aMMONEWCTBUM NHEHOB C oJlepUHAMU TPOUCXOINUT NMUKJIH3AMHUS
yIJIEBOMOPOJOB C TPsSMOH TeNMbl0O W apoMaTH3anMs  oOpa3yroIIuXcs
UKJI00J1e(DUHOB:

CH2=CH-CH=CH2 + CH2=CH2 — — + H2

[Tomumo d3TOrO, y QapeHOB TPOTEKAIOT peakuWd KOHJEHCAIUH,
MIPEUMYIIECTBEHHO C y4acTHeM HelpeJebHBIX YTIIeBOIOPOJIOB, YTO MOCTETIEHHO
NPUBOIUT K OOpa30BaHMUIO YTIEBOJAOPOJOB C BecbMa OOJBIIMM YHCIOM
OEH30JBHBIX KOJIell ¥ MaJIbIM COJIep:KaHueM BOAOPO/a, T. €. K 00pa3oBaHHIO KOKCa.

Kpome Toro, oHM MOTYT BCTymaTb B pEaKIUH aAIKWINPOBAHUS,
U30MepH3aly, LUKIM3alUu Kak Jpyr C JpyroM, Tak W C JPYTHUMH
yIJIeBOJOPOJaMH C 00pa30BaHHMEM YTIJIEBOJAOPOJIOB H30CTPOCHMs, HadTEeHOB W
apeHoB.

C mnosbllleHUMEM TeMmIepaTypbl MecTo paspbiBa cBsizu C-C caBuraercs K
Kpaio 1enu ¢ oOpa3oBaHHEM YIJIEBOJOPOAOB C KOPOTKMMH LEMSMHU BIUIOTH 10
MeTaHa, OJJHAKO 1 MeTaH npu Temneparypax Bbie 820 0C HaumHaeT pasyaraTbCcs
Ha yriepond u Bogopon. C pocToM TemmepaTypbl, BBUAY pa3HOW 3aBHUCHUMOCTH
CBOOOMHOW DJHEpPrud OT TeMIIEpaTypbl, TepMOJUHAMHUYECKas CTaOWIBHOCTD
yIJIeBOMOPOJOB C OJMHAKOBBIM YHCIOM aTOMOB yrJepoja HEOJUHAKOBa W
oOpasyerT psia:

apeHsbl > oyierHbI > HaQTeHbI > NnapaduHsbI.

CrnenoBareibHO, TOBBILIIEHUE TEMIEPAaTYpPhl CIIOCOOCTBYET HAKOTUICHUIO
apeHOB B MPOJYKTaX KPeKUHTa.

Tepmuueckuil KpeKMHI Tojpasjelsercs Ha kuakodasHblid (mepepaboTka
TKENBIX (Ppakmii U OCTATKOB OT MepepaboTku HeTH, a TaKke JETKUX (Pppakuuii -
JIUTPOUHA, KepocuHa, rasoitna mpu 460-560 °C u nmapnenmm 2-7 MIla) u
napogasHblii (mepepaboTKa ryapoHa, OMTyMa U KpeKMHT-0CTaTKoB mpr 550-600 °C
Y HOPMaJILHOM JIaBJICHUH ).

["a3pl TepMHUUYECKOTO KpeKHMHTa - CMeCh MpeAelbHBIX W HempeaeTbHbBIX
yIJ€BOJOPOJOB: 3TaHa, 3TWJIeHa, MpOIMaHa, MpoNuieHa, OyTaHOB, OyTHIIEHOB,



MEHTaHOB U JAp. - CIYXKaT ChIPEM ISl XUMUYECKUX CUHTe30B. KpekunHr-ocratok
UCIIOJIb3yeTCs TJIABHBIM 00pa30oM KakK KOTeJIbHOE TOTUIUBO.

B cmydae, ecnu neneBbIM NPOAYKTOM TEPMUYECKHX IPOLECCOB JOJKEH
OBITH He OCH3MH, a Ta3bl U XUJKHEe apoOMaTHYeCKHe YTIeBOJAOPOIbI, UCIIONb3YeTCs
MIAPOJIN3.

B ornuune OT TepMHUUYECKOTO KpeKHWHra Mpyd NHPOJH3e pacllerieHue
yIIeBOJOPOAOB MPOUCXOAUT B MapoBoil (aze mpu arMoc(epHOM [aBIEHUU H
noBeIieHHon 10 (670-720 0C) temnepartype. B pe3ynbrare riybokoro pacrnaja u
BTOPUYHBIX PeaklMil CUHTEe3a W3 KePOCUHA WUJIY JIETKOTO ra3oiis noiaydaroT a0 50
% raza, apoMarnuueckue yriieBoAOpOAbl U cMOJy. ['a3bl muponan3a oTAn4aroTcst OT
ra3oB KpeKHHra MOBBIIIEHHBIM COep KaHueM dTUIIeHa, MpoluiieHa, Oytaauena. 13
KUAKUX MPOAYKTOB MUPOIIU3a MONYy4atOT 0€H30J1, TOIYOJI, KCUJIO0J, HaTaTuHOBOE
Maclio, U3 KOTOPOTO BbleNeTcsl HaPTaduH, U MeK-ChIphE NI MOJy4YeHUsl KOKca.
BricokoBsizkue He(TsIHbIE OCTATKUA UCTIOJIB3YIOT JIJIs TepepadOTKU KOKCOBAHHEM.

Kokcoeanue - mponiecc riay0oKoro paszjiokeHus He(TSHBIX OCTAaTKOB 0Oe3
JOCTyIIa BO3MyXa IPU aTMOC(epHOM paBleHMM M Temmeparype 450-500 °C.
KokcoBanueM Mmasyra, OWTyMa, TYJIpOHa, CMOJIbI, KPEKHHT - OCTATKOB M JIPYTUX
OTXOZOB YJaéTcsi MaKCUMaJbHO YBEJIUYHUTH BBIXOJl CBETJIBIX HEe(PTENPOIYKTOB.
[Tpu 3TOM K3 BBICOKOBSI3KUX OCTAaTKOB Hapsay ¢ 0€330JbHBIM HEMTSIHBIM KOKCOM,
MPUMEHSIEMBIM KaK TOIJIMBO U CHIPHE NJISI TPOU3BOJICTBA BJIEKTPOJIOB, MOIYyYarOT
ra3, aBTOMOOWJIBHBIM O€H3WH, Ju3elbHOE€ M KOTelbHOe TOIUInuBO. (OJHaKo
oOpa3yroluiicst Mpyu KOKCOBAaHWY aBTOMOOWMIIbHBIN OEH3WH UMeeT HIU3KOe KaueCTBO
Y HEBBICOKME aHTHUIETOHALIMOHHBIE CBOMCTBA.

[[py kaTaJAUTHYECKOM KpeKHHIe pacllieluieHue  YrieBOJIO0pPOIOB
OCYILECTBIISIETCS Ha QJIIOMOCWIMKATaX — THUIIMYHBIX KaTalnu3aTopax HWOHHBIX
peakuuii. B MX NpuCyTCTBUM peakUuMu UIOYyT HE [0 CBOOOJAHOPAAMKAIBLHOMY
MEXaHM3My, KaK [pU TEpPMUYECKOM KpEeKHHre, a 10 HOHHOMY, 4Yepe3
MPOMEKYTOUHYIO CTAQIMIO TIOJIOKHUTENHHO 3apsHKeHHBIX KapOOHUEBBIX HMOHOB.
[Tocnennue o6pa3yroTcs U3 oaeUHOB:

+ —

CnH2n + MeOH — CnH2n+1 + Me

HNounbl kapOoOHUST HEYCTOWYMBBI M CIOCOOHBI pacranarbCsi Ha MOJICKYIY
oneprHa U MOH KapOoHUs ¢ Ooliee KOPOTKOM yriepoaHoii uemnbto. Kpome Toro,
OHM MOTYT OTHHUMaTh BOJOPOJ B BHUJE TUIAPUA-UOHA OT APYTHMX HEUTpalbHBIX
MOJIEKYJI, TaKXe MpeBpallasi uX B MOHbI KapOoHus. brnaronaps sTomy pa3BuBaercs
MOHHO-LIETTHOM Mpoliecc paculerieHus napapuHoB:

+ +
RCH-CH2 — RCH=CH2 + R
+ +

R + RCH2-CH2R — RH + RCH-CH2R A T.O.

KatanuTuueckuii  KpeKMHI  XapakKTepusyercs,  I[OMHMO  peakluu
paculeruieHus, peaklusMUd H30MepH3alMU U I[epepaclpeniesieHuss BoJopoAa
(meruapupoBaHWe W THUAPUPOBaHUE). AJKaHBI KPEKHPYIOTCS C 0Opa3oBaHUEM



Oonee JNErKUX TpefieNIbHBIX W HeMpeJelbHBIX  YIJIEBOJIOPOJOB. AJKEHBI
M30MEPHU3YIOTCS B YIJIEBOJOPOAbI C PA3BETBIEHHON LIENBIO, @ TAKXKE 3aMBIKAIOTCS
B L[MKJI C MOCJEAYIOINM THAPUPOBAHUEM, YTO IPUBOJUT K 00pPa30BaHUIO apeHOB.
[lukiioankaHbl B pe3yibpTare AerUAPUPOBAHUS TAKXKe IMPEBPALLAIOTCS B aPEHBI.

KoHnTpoJsbHbIe BOIpoChI

1 OcHOBHBIE MpoIlecChl TEPMUYECKON NepepadoTKU He(TH.

2 XuMHUYecKre peakuu, COMMPOBOXKAAIOIINE TEPMUYECKUN KPEKHUHT .

3 OTnuyne TepMUYECKOr0 KPEKMHIa OT KaTAIMTUYECKOTO U UPOJIN3a.

4 TTpumepsbl peakuuil 1eruIpupoBaHusl, HUKIA3ALUN, apOMaTU3aL U 1
WU30MEPU3ALNH.
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