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BBepeHue

Kazanoce OBI, 4TO MOXeET OBITH HEM3BECTHOTO B ajKaHaX. TeM He MEeHee MMEHHO KaKyIuascsi 0aHaJbHOCTH M BBI3Baja
pehunut uHGOpMAaUWM, pasIMYHBIE TOJKOBAaHMS CBOMCTB M JAaxke pasHouTeHue. CuurTaercd, 4YTO TpelesbHbIC
YIJIEBOJOPOJIBI B OOBIYHBIX YCIOBHAX HE B3aUMOJECHCTBYIOT HU C KOHIIEHTPUPOBAHHBIMU KUCJIOTAMH, HU CO IEJI0YaMH, HHA
Jaxke ¢ TaKUM aKTUBHBIM peareHTOM Kak Ie€pMaHraHat Kajus. [ HUX CBOWCTBEHHB! PEaKLUH 3aMEeLIeHHs] BOJOPOIHBIX
aTOMOB M paculeruieHus. OTH peakuuu BeneacTsue npouHocTH cpsizeit C—C nu C—H npoTekaroT wim npu HarpeBaHUU, WK
Ha CBETY, WU C IPUMEHEHUEM KaTalu3aTOPOB.

AIKaHbl UMEIOT HH3KYI0 XUMHYECKYIO aKTHBHOCTBb. ODTO 0OBscHieTcs TeM, uto enuHumubHsie C-H u C-C cBs3m
OTHOCHUTECIIbHO NIPOYHBI U UX CJIOKHO pa3pylInThb. HOCKOJ'H)Ky YIJIIEPOAHBIE CBA3U HETIOJIAPHBI, a CBA3U C-H MaJIONIOJIAPHBEI,
00a BHIa CBsi3ell MaJOMOJAPH3yeMbl M OTHOCATCS K G-BUAY, UX DPa3pbiB HAHOOJiCe BEPOSITEH MO TOMOJHMTHYECKOMY
MEXaHHU3My T.€. ¢ 00pa30BaHUEM PAJHUKAIOB. YTICBOJOPOBI Psila METaHA MPU OOBIKHOBCHHOW TEMIIEPAType XUMUIECKU
BeChbMa HMHEPTHBI, MOYEMY OHHU M TOJY4YWIM Ha3BaHHE NapauHOB (OT JaTHHCKUX clioB parum affinis — oO6nagaronmuii
MalbIM cpoAcTBOM). C OOJBIIMHCTBOM XMMHUYECKUX PEAreHTOB ATH YIJIEBONOPObI B YKa3aHHBIX YCIOBHUIX A BOBCE HE
pearupyoT, Wi pearupyroT Ype3BbIYaiHO MeasieHHO. [Ipu cpaBHHTEN,HO HEBBICOKMX TEMIIEpAaTypax MPOTEKAET JIHMIIb
HEeOOJBIIIOE YHCIIO PEeakiuuil, Npu KOTOPHIX MPOUCXOMHUT 3aMEeHa aTOMOB BOJODPOJa Ha Pa3iMYHbIC aTOMbl M TPYIIIbI
(peakuuu MeTanencuu). ITH peakuy BeAYT K MOy YeHHIO TPOU3BOIHBIX COOTBETCTBYIOMIUX YTIIEBOIOPOAOB.

K peaxuusam npucoenuHeHns napaguael BooO1ie HecmoCcOOHB! B CHITy HACHIIICHHOCTH BCEX CBSI3¢H aTOMOB yIIIepoa.

Peakumn pagukanbHOro 3amelLeHms
FanoreHunpoBaHue

['anoreHNpoBaHKE aJKaHOB MPOTEKACT MO PaJAMKAIFHOMY MEXaHU3My. [l HHUIMUPOBAHUS PeakIui HEOOXOIUMO CMECh
aJkaHa ¥ rajoreHa o0Jay4uTh Y D-CBETOM WM HArpeTh. XJIOPUPOBaHHE METaHA HE OCTaHABIMBAETCA HA CTaJAHH MOy YSHHS
METHIXJIOPH/AA (ECIH B3ATH SKBUMOJIIPHBIC KOJMUYECTBA XJIOpa M METaHAa), a IPUBOAUT K 00Pa30BaHHUIO BCEX BO3MOKHBIX
IPOAYKTOB 3aMEUICHHs, OT METHIXJOPUAA A0 TeTpaxjopyriepoaa. XJIOpUPOBaHUE APYTHX aJKAHOB NPUBOAHUT K CMECH
MPOAYKTOB 3aMEIICHUs] BOJAOPOJA y Pa3HBIX aTOMOB yriepoaa. COOTHOIICHHE MPOIYKTOB XJOPHPOBAHUS 3aBUCHUT OT
teMnepaTrypbl. CKOpOCTh XJOPUPOBAHUSA NEPBUUYHBIX, BTOPUUYHBIX U TPETUYHBIX aTOMOB 3aBUCUT OT TeMIIepaTyphl, IpU
HU3KOH TeMrepaType CKOPOCTh YObIBaeT B pALy: TPETHUHBIN, BTOPUUHBIM, NepBUUYHBIH. [Ipy MOBBIIIEHNN TemMmepaTyphl
pasHHUIA MEXTy CKOPOCTSAMH YMEHBIIACTCS A0 T€X 0P, IOKa HE CTAHOBUTCS 0INHAaK0BOM. KpoMe knHeTHIecKoro dakropa
Ha paclpezesieHe NpOIyKTOB XJIOPUPOBAHUS OKa3blBaeT BIMSHUE CTATUCTHUECKUN (aKTOP: BEPOSTHOCTH aTakh XJIOPOM
TPETUYHOTO aToMa yriiepoja B 3 pa3a MEHbIIE, YeM IIEPBUYHOTO U B JIBa pa3a MEHbIIE YeM BTOpHUYHOTO. TakuM 0O6paszom
XJOPUPOBAaHUE AJKAHOB SBJIETCSA HECTEPEOCENIEKTMBHON peakiuell, uckmoyas ciydad, KOrja BO3MOXKEH TOJBKO OJMH
IPOAYKT MOHOXJIOPUPOBAHUS.

['anoreHnpoBaHME — 3TO OJIHA M3 peakuuii 3aMenieHus. ['anoreHNpoBaHNUe aJKaHOB MOMUMHSIETCS MPaBIWIy MapKOBHHKA
(ITpaBuma MapkoBHUKOBA) — B MEPBYIO oOuepelb TaJlOTCHUPYETCs HauMeHee TMIPUPOBAaHbIl aToM yriepoja.
lNanoreHupoBaHue aJKAHOB IPOXOAUT IIOITAITHO — 33 OJMH 3Tal raJoreHUpyeTcs He 60Jee 0JHOTO aToMa BOJOPOIa.

CHy4 + Cl, — CH3Cl + HCI (xnopmeTaH)
CH;ClI + Clp — CH,Cl, + HCI (muxnopmeran)
CH,Cl, + Cl, — CHClj3 + HCI (TpuxnopmMeTan)
CHCIj + Cl, — CCly + HCI (terpaxiopmeran).

Ilon neiicTBHEM cBeTa MOJIEKyJa XJIOpa paclagaeTcs Ha aTOMBI, 3aT€M OHHU aTaKylOT MOJIEKYyJbl METaHa, OTPbIBasg y HHUX
aTOM BOJOPOJa, B pe3yJbTaTe 3TOro oOpa3yroTcss MeTWibHble pagukansl CHj, KOTOpbIE CTAJKMBAIOTCS C MOJIEKYJIaMH
XJopa, pazpyuas ux 1 0opasys HOBbIE paIUKaJbl.

[Tpu 3TUX peakuuax XJop JeUCTBYET SIHEPTUUHEE APYTUX TrAJOUI0B.
Bo3bMmeM H-renTaH, KOTOPbII MOKET OBITh XJIOPUPOBAH Ha CBETY:

3CH;-CH,-CHy-CHy-CH,-CHy-CH3#+3Cl,  ->CH3-CHCI-CH,-CHy-CHy-CHy-CH;  +CH3-CHy-CH,-CHCI-CHy-CH,-
CH3 +CH3-CH2-CH2-CHC1-CH2-CH2-CH3 +3HCI1



H-['enTaH UMeET OKTaHOBOE YHUCJIO, PaBHOC HYIJIIO. Ho ecnu 3aMeHUTH XJIOp Ha er'IeBO,E[OpOZ[HLIﬁ OCTaTOK - MOJYUHUTCH
BBICOKOOKTAHOBBIN KOMITOHEHT. KcTaTtn XJIOpOpTraHrKa BECbMa aKTUBHA B XUMHUYCCKUX MMPpOLECCax.

CeHgtCH;3-CH,-CH,-CHCI-CH,-CH,-CHj3 -AlCl3-> C¢Hs -CH(C3H7) + HC1
Xopouee MoTopHOE TOIIMBO! bensona Tpebyercs menbiue 50%!

TpyZIHee Bcero pearupyer Mo, U IPUTOM peakys He HIET 10 KOHIIA, TaK KakK, HalpuMep, MpH B3aUMOJEHCTBUN METaHa ¢
HojoM oOpasyercs HOJAUCTHIN BOJIOPOJI, PEarupyroIuil ¢ HOQUCTHIM METHIIOM ¢ 00pa30BaHHEM MeTaHa U oja(oopaTumas
peaxius):

BpomupoBanue ankaHOB OTIMYAETCS OT XJIOPUPOBaHUS 00JIee BHICOKON CTEPEOCEICKTUBHOCTHIO M3-3a 0O0JIbINeH pa3HHIbI B
CKOPOCTSIX OpOMHUPOBAHUS TPETHUHBIX, BTOPUYIHBIX U IEPBUYHBIX aTOMOB yIJIEpO/a MPH HU3KUX TEMIIepaTypax.

CLII/ITaeTCSI, qToO BSaHMOﬂCﬁCTBHﬂ aAJIKAHOB C ﬁOZlOM HC HpOI/ICXOILI/IT, nonyquHe Uoaua0B HpHMbIM I/IOL[I/IpOBaHI/ICM
OCYIIIECTBUTH HENB3s1. DTO He Tak. UToOBI peakiys A01Ia 10 KOHIIA, HE00X0aMMO 00pa3yomuiics HoauCThIH BOJIOPOJI BCE
BpeMs1 y1aIsITh U3 cepbl peakiuu (ma-npumep, 100aBICHIEM OKUCH PTYTH UM HOAHOBATON KUCIIOTHI).

CHy +J,=CH3l +HJ
CH3l+HI=CHy +J,
2HJ+HgO=Hg+H,0+I,

C ¢topoM U XJOPOM peakIys MOXET MPOTEKaTh CO B3PHIBOM, B TAKHX CIydasxX TajJoTeH pa30aBifiOT a30TOM WA
pPacTBOPUTEIIEM.

HutposBanue (Peaxuus KonoBasosa)

Aukansl pearupyroT ¢ 10% pacTBOpoM a30THOM KUCIOTH Wi OKcuaoM a3oTa NoOy4 B ra3oBoit ¢asze npu temneparype 140°
¥ HeOOJIBIIOM JaBJICHUH C 00pa30BaHIEM HUTPOIIPON3BOIHBIX. Peaknus Tak ske Mo J4nHsIeTCs MPaBiiTy MapKkoBHAKOBA.

RH + HNOj; = RNO, + H,0
T. €. OJUH U3 aTOMOB BOJOPOAa 3aMEHICTC HAa OCTATOK N02 (HH-Tporpynr[a) U BBIACIICTCSA BOAA.

OcoOCHHOCTH CTPOCHHS M30MEPOB CHIFHO OTPa)kaloTcs Ha TEUCHHUH DTOW PEaKINH, TAaK KakK Jierde BCETo OHAa BEIeT K
3aMELICHHUI0 HA HUTPOTPYIITy aToMma Bojopoaa B octaTke CU (uMeromemMces IUIIb B HEKOTOPBIX M30Mepax), MEHee JIETKO
3aMentaercs Bogopo[ B rpynne CHyou eme tpygnee — B octatke CHj.

[NapaduHbl HOBOJMBHO JIETKO HUTPYIOTCS B ra3oBoit ¢aze mpu 150—475° C nByOKMCBHIO a30Ta WIM MapaMH a30THOM
KUCJIOTBI; TP 3TOM IIPOMCXOJHUT YaCTHYHO H. OKHCIeHHe. HUTpoBaHMEM MeTaHa MOJydaeTcs MOYTH HCKIIOYUTEIHHO
HUTPOMETAH:

Bce mmeronuecss maHHBIE YKa3bIBAIOT Ha CBOOOJHOpPATMKANBHEIM MeXaHU3M. B pesynpraTe peaxmun o0pasyloTcs cMecu
IPOIYKTOB. A30THas KUCIOTa NMPU OOBIKHOBEHHOU TeMIlepaType MOYTH He NeHCTBYyeT Ha mapadHHOBBIC YTICBOIOPOIHL.
[Ipu HarpeBaHuu ke AEHCTBYyeT IMaBHBIM 00pa3oM Kak okuciuTesb. OmxHako, kak Hamen M. W. Konosanos (1889), npu
HAarpeBaHUM a30THAas KUCIOTa JIEHCTBYeT OTYACTH W «HHUTPYIOIIMM» 0O0pa3oM; OCOOEHHO XOpOIIO HAET pPeakmus
HUTPOBAHUSA CO C1A00H a30THON KUCIOTOM MPU HArPEeBaHUM U MOBBILIEHHOM AaBIeHUH. Peakins HUTpOBaHUS BhIpaXkaeTcs
ypaBHCHHEM.

Ilocnenyromue 3a METaHOM TOMOJIOTH JAIOT CMECh pPAa3lIMYHBIX HUTPONapa(uHOB BCIEACTBHE MOIMYTHO HJIYLIETO
pacuiennenus. [Ipu HurpoBanuu tana nosyudarorcss HUTposTaH CH3—CHy—NO, u nurpomeran CH3—NO,. U3 nponana
o0pasyeTrcs cMech HUTponapa(uHOB:

Hurtposanue napaduHOB B ra30Boi (aze Tenepb OCyIIECTBIACTCS B IPOMBIIIIICHHOM MacIiTade.
Peakuus ¢ cepHoii kucJioToi

CepHas kucioTa npu 0OBIKHOBEHHOW TeMIiepaType He JEeHCTBYeT Ha mapadHHbI; IPH BRICOKOW TeMmIreparype JAeHcTByeT
KaK OKUCIHTENb. [Ipu cmaboM HarpeBaHNH IBIMSIIAS CEPHAS KHCIOTa MOXKET AeHCTBOBATH Ha Mapa(UHOBEIE YTIIEBOAOP OB
(ocobeHHO Ha yTIIEeBOAOPOIbI H30CTpoe-HUA, conepxamue rpynmy CH), obpasys cynbdokuciory u Bomy (peakuus
cynb(upoBaHus):

CeH 41+ HySO4= C¢H3-SO,0OH



OIIHOBI)EMQHHOQ JaeicTBHe CEPHUCTOTO aHIrHAPHUAA U KUCJIOpOoaAa

[Ipu coBMECTHOM NEHCTBUU CEPHUCTOTO aHTHAPHIA M KUCIOPOAa BO3AYXA JIOBHUAX CBOOOIHOPAIUKAIHHOTO MPOIIECCca 0
BIISIHUEM YJIBTPa(UONICTOBEIX Jyded W J00aBOK Iepekucell mapaduHOBBIE YITIEBOTOPOIBI, Jake HOPMAIBHOTO
CTPOEHHSI, pearupyIoT ¢ 00pazoBaHUEM CYJb-(QOKHUCIIOT (Peakust CyIb(HOOKUCICHUS):

2C7H16+2SOz+02:2C7H15803H
OnHOBpEMeHHOE JeficCTBHE CePHUCTOr0 AHTHAPUIA M XJI0pa

IIpu coBMECTHOM AEHCTBUM CEPHUCTOrO aHTUAPHUAA U XJIOpA MPHU OCBELICHUH YJIBTPa(pUOIETOBBIM H3IyU€HUEM WM MOJ]
BIMSHUEM paJuKaIbHBIX KaTajJu3aTOPOB MPOHMCXOJUT 3aMEIIeHHEe aTOMa BOJOpPOJa ¢ 00pa3oBaHUEM TaK Ha3bIBa€MBIX
CyIb(GoXIOPHUIOB (peakus CyIb(HOXIOPUPOBAHHU):

2C9Hpot 2S0,+Cl1h=2 C(yH»1SO,Cl
Bwmecto cmecu SO, u Cly MOXKHO MOJIB30BATHCS XJIOPUCTBIM CYIb()YPHIIOM.

Co ICJIOYBIO CYHI)(I)OXJ'IOPI/II[LI 06pa3y}0T AJIKaHbI U B 3aBUCUMOCTH OT PACTCHTOB MOTYT NOJYy4YaTbCsd BBICOKOOKTAHOBBIC
YIII€BOAOPOIHI.

Peakuyu o KUCJIeHHUS

Kucnopon u cunbHble OKMCIUTENM, TAKUE , KAK XPOMOBAsl KUCIOTAa M MEpPMaHraHaT, IpU OOBIKHOBEHHOH TeMmepaType
MOYTH He ACHCTBYIOT Ha MapauHOBHIC YIIIEBOAOPOILI. IIpy MOBHIIICHHOH TeMIepaType CHIbHBIE OKUCIUTEIN MEJICHHO
JIEHCTBYIOT Ha TpeAebHbIE YITeBOJOPOALI TAKHUM 00pa3oM, YTO B KaKOM-HHOYb MECTE MOJIEKYJBl pa3pbIBaeTCs CBA3b
MEXIy aTOMaMH yIJepOoaa U MOJIEKyJa PaclagaeTcs Ha OTACIBHBIE OCKOJIKU, OKHCIIIOIUECS IPU 3TOM B OPraHUYECKUE
KUCJIOTBL. DTH KUCIIOTBI BCETra COJEPKAT B MOJIEKYJIE MEHBIIEE YHCIIO AaTOMOB yITIEPOJA, YEM UCXOIHBIH yIIEBOIOPOL, T.
€. pPeaKlUM OKHUCJIEHHs SIBIISIOTCS BCETAa PEaKLUsIMU pacnaaa (paclieneH s) MOJIeKyJIbl yITIeBOA0POaa.

JelicTBHE KHCJIOPO/1a U OKUCIUTEIei
I'a3000pa3HbIi KUCIOPOI IPU OOBIKHOBEHHOW TeMIIepaType IOUYTH He IeHCTByeT Ha mapaduHb.

IIpu BBICOKOM TeMIlepaType yIJIeBOJAOPOIbl BOCIUIAMEHSIOTCS M ropsT. [IporcXoauT mojgHoe pa3pylieHHE OpraHu4ecKon
MOJIEKYJIbI, BeAyIle€ K 00pa30BaHUIO YITIEKUCIIOTO Ia3a 1 BOABI.

CpaBHI/ITeJIBHO HCJaBHO OBLIO HUCCICIO0BAaHO HeﬁCTBHe KHUCJIOpOaa 1 BO3AyXa Ha aJIKaHbI (HpeI/IMyH_IeCTBeHHO TBepI[LIC) npu
Cp€aAHUX TEMIIEpaTypax, Koraa OKUCICHUE MPOTEKAET JOBOJIbHO SHEPTUYHO, HO HEC MMPUBOJAUT K BOCIIJIAMEHCHUIO.

OKa3aJ’IOCB, YTO W B OTOM CilIyda€ HNPOHUCXOAUT YaCTUYHOEC PACHICINUICHUE MOJICKYJ YIVIEBOAOPOLOB C 06p3.30BaHI/ICM
KHUCJIOPOACOACPIKAIINX BEUICCTB, INTAaBHBIM 06p2130M OPTaHUYECCKUX KHUCJIOT.

B npucyTcTBHHM KaTanm3aTOpOB peakIys MIPOTEKaeT CIOKOHHO ¢ BEICOKAM BBEIXOOM. V3 mapaduHa moiydaeTcst yKCycHast
kucnota u CXKK (cuHTeTHYEeCKUE KUPHBIE KUCTIOTHI).

OmsTh e MPOU3BOIHbIC KAPOOHOBBIX KHCIIOT MOXHO MIPEBPATHTH B CHHTETHYECKOE OHOIM3EIIbHOE TOTUIBO CTAHAAPTHOTO
KadecTBa. [lepBble YeHBI TOMOJIOTHYECKOTO Psiia KApOOHOBBIX KHUCJIOT MOTYT OBITh 3TSPHU(PUIMPOBAHbBI U MPEBPAIICHbI B
KOMIIOHEHTHI OE€H3HUHA.

B HACTOAMCE BPEMs OKHCJICHUC CMECH BBICIINX TBCPAbIX MPEACIbHBIX YIJIICBOAOPOAOB — OKHCJICHUC r[apa(bI/IHa -
IMPOBOAUTCA B KPYITHBIX IIPOMBIIIJICHHBIX Macmitadbax JJI IOy Y€HU A ) KUPHBIX KHUCJIOT.

B nocnenHee Bpemsl NPOMBILIUIEHHOE 3HAYEHHUE IIOJIy4aeT PEryMpyeMoe OKHUCIEHHE, IPOBOJUMOE NPU CPaBHUTEIbHO
HU3KUX TEMIepaTypax.

OkucieHre KUCIOPOI0M MM BO3AYXOM TakKe XapaKTepHO M I HU3MNX MpeNebHBIX YIJIeBOAOPOA0OB: METaHA, ITaHa,
npornaHa u Oyrtana. IIpu 3TOM HOJy4yarOTCsl CMECU CHHUPTOB, albJIETHI0B, KETOHOB M KHUCJOT, IPUYEM MPOMEKYTOUHO
00pa3yroTcs, 04EBUIHO, IPOCTEHIINE IEPEKUCHBIE coefnHeHNs. [Ipu OKHCIeHUN TponiaHa, HalpUMep, MOTYT MOy YaThCs:
BTOPHUYHBIE CIIUPTHI, YKCYCHAs KUCIOTA, MypPaBbUHAs KUCIOTHI, aJIbAETUABI U KETOHBI, HEKOTOPOE KOJIMUECTBO CIIUPTOB.

Bce atn MOPOAYKTHI ITyTEM HECJIOKHBIX CHUHTE30B TAK)KE MOTYT OBITH IMpeBpalI€Hbl B KOMIIOHCHTBI OcH3MHA.

OOBIYHO OKHCJICHHE MpOTaHa B MPOMBINUICHHBIX YCJIOBUSX MPOBOAST TakMM OOpa3oM, YTOOBI MOJIYyYHTh BO3MOYKHO
0oJIbIIIE alleTalIbAErHaa.



T'openue

OCHOBHBIM XHMMHUYECKHM CBOIMCTBOM TMpEEbHBIX YIJIEBOJOPOIOB, OMNPENEISIIONIMX HX HCIOJb30BaHHE B KauecTBE
TOIUIMBA, IBTSIETCS peakuus ropenus. [Ipumep:

CH4+20, — COy+2H,O0+Q

B ciyuae HexBaTKM KHUCJIOPOJa BMECTO YTIJEKHCJIOTO Ta3a TOJIy4aeTCs YTapHbIA Ta3 WM yroyb (B 3aBUCUMOCTH OT
KOHIEHTPAaINX KUCIOPOa).

B o0mieM citydae ypaBHeHHE peaKIiy TOPEeHUs 111 0000 yIIeBOA0pO1a CxHy, MOHO 3aIiCaTh B CICIYIOIIEM BUJIE:

C.H,, + (x + 0,25)0, — xCOy + 0,5yH,O B o6wmem Buae peakuuio ropeHus ajikaHOB MOXKHO 3aIlUCaTh ClE1y UMM
obOpaszom:

C,Hypir +(1,51+0,5)09= nCO, + (n+1)H,0

Karaiutnueckoe okucieHue
MOFYT O6p330BLIBaTLCH CIIUPTHI, aJIbACTU/IBI, Kap60HOBLIe KHCJIOTBI.

2CH4 +02=2CH3OH
TepMquCKHe IMpeBpalICHus aJJIKaHOB

Paznoxxenue

Peakuuu pasznoskeHus IPOUCXOAAT JMIND MO BIUSHHEM OOJBIINX Temreparyp. [loBelmieHHe TemmnepaTypbl MPUBOAHUT K
pa3pBIBY YITIEPOTHOM CBSI3H M 00Pa30BaHUIO CBOOOIHBIX PaIHKAJIOB.

[Ipumepsr:
CH4— C+2H, (¢ > 1000 °C)

C2H6 —2C + 3H2

Kpexunr

ITpu HarpeBanuu Boimie 500 °C ankaHbl TOABEPralOTCS MUPOIUTUIECKOMY Pa3JIOKEHUIO ¢ 00pa30BaHUEM CIIOKHOHM cMecH
MPOAYKTOB, COCTaB M COOTHOIICHHE KOTOPHIX 3aBUCAT OT TEMIIEPATYypPHl U BPEMEHH peakiuu. [Ipu nuponmse mpoucxoguT
pacuierieHre yriaepo-yIIepodHbIX CBA3eH C 00pa30BaHUEM aIKWILHBIX pagukanoB. B 1930—1950 rr. nuponm3 BeICIIHX
AJIKAaHOB MCITOJIb30BAJICS B P OMBIIIJICHHOCTH JJI1 TIOJIy YE€HUS CJI0KHOW CMECH aJIKAHOB U aJIKEHOB, COJIEPKAIIUX OT MATH J0
JecaTu atoMoB yriaepona. OH IOMy4yWs1 Ha3BaHME «TEPMUUYECKUH KpekuH». C IOMOIIBIO TEPMHUYECKOIO KpEKHHIa
yJaBaJIOCh YBEJIMYUTh KOJIMUECTBO OCH3MHOBOH (hpakuuu 3a CUET pacIIeIIeHUs ajKaHOB, COIEPKAIIUXCSI B KEPOCHHOBOM
¢paxumu (10-15 atomos C B yriaepoaHOM ckelieTe) u ¢ppakuuu cossipoBoro Macia (12-20 atomoB C). OmHako OKTaHOBOE
yucno OeH3MHA, MOJIyYeHHOTO NPH TePMUYECKOM KpPEKHWHIe, He NpeBbIaeT 65, 4TO HE YIOBIETBOPSET TPeOOBaHUAM
yCIOBUH JKCIUTyaTallud COBPEMEHHBIX JBUTaTelIel BHYTPEHHETO cropaHus. B Hacrosiiee BpeMs TEpMUYECKUM KPEKUHT
MIOJTHOCTBIO BBEITECHEH B MPOMBINUICHHOCTH KaTaJUTHIECKUM KPEKWHTOM, KOTOPBIH MPOBOAST B Ta30BOH (aze mpu Ooiee
Hu3kux temneparypax — 400—450°C u Hu3kom naBiaeHud — 10-15 aT™ Ha aTFOMOCHUIIMKATHOM KaTalu3aTope, KOTOPBIH
HENPEPBIBHO PETCHEPUPYETCS CKUTAHUEM 00pa3yIoIerocs: Ha HEM KoKca B TOKe Bo3lyxa. [Ipu KaTalIuTHYECKOM KpEKHHTe
B [10JIyY€HHOM O€H3MHE PE3KO BO3pacTaeT COAepIKaHUe aJIkaHOB C Pa3BETBIEHHOM CTPYKTYPOH.

Jlst metana: CHy—C+2H, — nipu 1000 °C

Yactuunstii kpekunr: 2CH4—CyHy +3Hy — npu 1500 Oc
HerugpupoBanue

OG6pa3oBaHue aNKeHA M BBIJCICHNE BOAOPOaa

Yenosus nporekanus: 400 — 600 C, karamsarops - Pt, Ni, Al,03, CryO3

C2H6 — C2H4 +H,



Mzomepuzanus
ITox neiictBuem Katamzatopa (anpum. AICI3) IPOUCXOAUT M30MEPH3AIIS AJIKaHA, HAIIpUMeEp:

6ytan (C4H;() B3aumoaeiicTBys ¢ xnopunom amomunus (AlCl3) npeBpamiaercs u3 H-OyTaHa B 2-METHIIPOTIAH.

Konsepcus merana

CHy4 +HyO — CO + Hj - katamzatop Ni ("CO + Hy""cunmes-eas")

C mapranuoBokucisiM KasmeMm (KMnOy4) u 6pomHoit Bogoit (Bry) ankaHbl He B3aUMOJEHCTBYIOT.

MexaHu3M peakiui OpOMUPOBaHUS ATKAHOB

Haunbosee xapakTepHbIME peaKIUsIMU MPEEIbHBIX YIIIEBOJOPOIO0B SBISIOTCS PEAKIIUU 3aMEIICHHUS BOJOPOJHBIX aTOMOB.
OHH HIYT MO LEMHOMY, CBOOOJHOPAJAUKAIPHOMY MEXaHH3MYy W MPOTEKAIOT OOBIYHO HA CBETY WJIHM NPU HarpeBaHWU.
3aMelnieHre aToMa BOJOPOAa raJIoTeHOM JIerde BCETo UAET Y MEHEee THAPOTeHU3UPOBAHHOTO TPETUYHOTO aToMa yTiaepo/ia,
3aTeM y BTOPUYHOTO U B IMOCICIHIOK OYepe/b y IEPBUYHOTO. DTa 3aKOHOMEPHOCTh OOBACHACTCS TEM, YTO IHEPTHS CBSI3H
aroMa BOJIOpOJIa C TMEPBUYHBIM, BTOPUYHBIM M TPETHYHBIM aTOMaMH yTIJepojia HEOJMHAKOBA: OHA COCTAaBIIET
cooTBeTcTBeHHO 415,390 u 376 xJIx/MOJIb.

B OOBIYHBIX YCIIOBUSAX MOJICKYJSAPHBIA OpOM MPaKTHUYECKH HE PEearupyeT ¢ HACHIIICHHBIMU YITIeBONOPOaaMu. TOJBKO B
aTOMapHOM COCTOSHUM OH CIOCOOEH BBIPHIBATH aTOM BOJOPOJIa M3 MOJIEKYJbl ankaHa. [loaToMy mpenBapHUTeILHO
HE0O0X0IUM pa3pbiB MOJICKYJIbI OpoMa 10 CBOOOJHBIX aTOMOB, KOTOPBIE 3apOXKAAI0T LEMHYI0 peakuuio. Takoil pa3phiB
OCYHIIECTBIIAETCS N0/ JAEHCTBUEM CBETa, TO €CTh MPHU MOTJIONIEHUN CBETOBOW YHEPTHH MOIlEKyJa OpoMa pacrajgaercss Ha
aTOMbI OpOMa C OJTHUM HECTIaPEHHBIM DJICKTPOHOM.

Br,=2 Br*

Takoli TuI pacmajna KOBAJEHTHOW CBS3M HAa3bIBAETCS TOMOJIMTHYECKUM pAacCHICIUICHUEM (C TPEUYECKOTO — PaBHBIN).
OO0pa3syroluecs: aTOMbI OpoMa ¢ HECTIAPCHHBIM AJIEKTPOHOM OYCHb aKTUBHBI. [IpH UX aTake MOJICKYJIbI alKaHa MPOUCKOJIHT
OTPBIB aTOMa BOJIOPOJIa OT allkaHa U 00pa30BaHUE COOTBETCTBYIOMIETO paJHKaia.

YacTuipl, UMEIONe HECTIAPCHHBIC JJICKTPOHBI W 00JIAJafoIIe B CBS3M C 3THM HEUCIOJIb30BAaHHBIMH BAJCHTHOCTSIMH,
Ha3BIBAIOTCS PaJIMKaIaMU.

I[Ipu oOpa3oBaHuMM paauKalla aTOM YIJIEpOJla C HECHAPEHHBIM 3JIEKTPOHOM MEHSeT THOpHUIHOE COCTOSHHE CBOEH

ANEKTPOHHON 00OJOYKH: OT sp3 B MCXOJIHOM aJIKaHE 110 sp2 B panukaie. 13 onpeneneHus sp2— THOPHUIU3AINN CIEAYET, 9TO

OCH Tpex Sp>- THOPHIHBIX OpOWTaieil JeKaT B OXHON IUIOCKOCTH, TEPIEHAMKYIAPHO K KOTOPOIl PacIoNoXkeHa OCh
YeTBEPTOH aTOMHOH p- opOnTamM, He 3aTpOHyTOH rudpuan3anueid. FIMeHHO Ha TO¥W HErMOPHAM30BAaHHOH p- opOUTAIH
HaXOJWUTCA B pajuKaje HeclapeHHbIH 31ekTpoH. OOpasyromuiics B pesyibTaTe NEpBOIl CTaguu pocTa LEenu paauKal
aTaKyeTcs Jajnee NCXO0JHOU MOJIEKy IOl rajoreHa.

C y4eToM IIOCKOTO CTPOEHHs aJIKKiIa MOJIEKyJIa 6poMa aTaKyeT ero paBHOBEPOSATHO € 06€UX CTOPOH MIOCKOCTH — CBEPXY
u cHu3y. [Ipu 3TOM paaukan, BbI3bIBask B MOJIEKyJIe OpoMa FOMOJIUTHUYECKOE paclleIieHue, 00pa3yeT KOHEUHbIH IPOIYKT U
HOBBIM aToM OpoMa ¢ HEeCHapeHHBIM ICKTPOHOM, MPHUBOMSNIMNA K JaNbHEHIINM MPEBPAIICHUSIM HCXOJHBIX PEarcHTOB.
YuuThIBas, 4YTO TPETUN YINEPOJHBIN aTOM B LIENH SBIAETCS ACUMMETPUYECKUM, TO B 3aBHCUMOCTHU OT HAINpaBIICHUS aTaKu
MOJIEKYJIbI OpoMa Ha pajuKai (CBEpXy WM CHU3Y) BO3MOMXKHO 00pa30BaHUE JIBYX COCIMHCHHUIA, SIBISIFOIIUXCS 3€PKaTbHBIMU
n3oMepamu. HanoxxeHue ApyT Ha Apyra MoAelei 3THX 00pa3yIoMUXCcsl MOJIEKyJI He IPUBOJUT K HX COBMeIeHnto. Ecmm xe
MOMEHSTH /1Ba JIFOOBIX MIAPHUKA - CBA3U, TO COBMEIIEHHE OUEBUIHO.

OOpBIB e B TaHHOW PEAKIMH MOXET IPOUCXOIUTH B PE3yJIbTaTe CACTYIOMNX B3aUMOACHCTBHUIL: PEKOMOMHAIINN ABYX
AJIKUJIBHBIX PaJUKaJoB, B3aUMOJEHCTBUS aJKUIBHBIX PAaJUKAJIOB C TaJOTEHOM UM PEKOMOUHALIMY JBYX aTOMOB TaJlOTeHa.
Iogo6HO paccMOTPEHHOI peakuuy 6POMHPOBAHUS OCYIIECTBISIETCS U XJIOPUPOBAHUE AJIKAHOB.

Hutposanue. HecMoTpst Ha TO, 9TO B OOBIYHBIX YCIOBHSX aJKAaHBI HE B3aMMOJEHCTBYIOT ¢ KOHIICHTPHUPOBAHHON a30THON

KUCJIOTOM, IpU HarpeBaHuu ux 1o 140 Oc ¢ pasbaBnenHoil (10%-Hoii) a30THO# KUCIOTOH MO 1aBJIeHUEM OCYIIECTBIAETCA
peakusi HATPOBAaHUS — 3aMeIlleHHe aToMa BOJIopoaa HUuTporpynmnoi (peaknus M.M.KoHosanosa). B mogo0OHyt0 peaxmmto
KHUIKO(DA3HOTO HUTPOBAHHS BCTYMAIOT BCE ajKaHBI, OJHAKO CKOPOCTh PEAKIWU M BBIXOJIBI HUTPOCOCAHHEHHN HH3KHUE.
Hawnyumme pesynpTaThl HAOMOAAIOTCA C aJKaHAMH, COJIEPKAIIUMH TPETHYHbIE YTIIePOIHbIE ATOMBI.
(CHj3)3;CH+HNO3=(CHj3);CNO, + H,O

Peakuus HuTpoBaHus mapaduHOB — paAMKalibHBIN mponecc. OObIYHBIE MpaBWiia 3aMELIeHHs, PACCMOTPEHHbBIE BHIIIE,
OeHcTBYIOT M 37ech. OTMETHM, YTO B MPOMBINUICHHOCTH IIOJNYYWIO PaclpoCTpaHeHHe Napo¢a3sHoe HUTPOBaHHE -

HUTPOBaHKE NapaMu a30THOM kucaoTsl Ipu 250-5001(11] c.

3) Kpexkunr. [Ipu BBICOKOH Temmeparype B NMPUCYTCTBUH KaTalM3aTOPOB TpEEibHBIC YIICBOJAOPOJBI IMOJIBEPTAIOTCS
pacLIeIieHnI0, KOTOpO€ Ha3blBaeTcsl KpeKMHroM. IIpu KpeKuHre NHpOHUCXOAUT TOMOJMTHYECKUH pas3pblB YIIIEpO.-
YIJIepOJHBIX CBsI3eil ¢ 00pa3oBaHMEM HACHIIICHHBIX U HEHACHIIIEHHBIX YTIIEBOIOPOAOB ¢ 00Jiee KOPOTKUMH LETSMH.



CH;-CH,—CH,—CH;(6yTan) 400 C>CH;-CHj;(sran) +CH,=CH,(>TrieH)

[loBbIlIeHWe TeMmepaTyphbl mpoliecca BeAeT K Oojee myOOKMM pacmajaMm YIJICBOIOPOJOB M, B YacCTHOCTH, K
JIETUAPUPOBAHMIO, T.€. K OTHICTUICHHIO Bogopoaa. Tak, metan npu 1500°C nmpuBOINT K alleTHUIICHY .

2CH4~ 3% CSH-_C=C-H(anerunen) + 3H,

4)H30Mep1/13aum{. Tlon BussHUEM KaTaJr3aTOpOB IMPHU HAIrp€BaHUU YTJICBOJOPOAbl HOPMAJIbHOT'O CTPOCHUA MOABEPrar0TCA
H30ME€pHU3alnu - nepGCTpoﬁKe YIiepoaHoTo CKeJeTa € O6pa3OBaHI/IeM AJIKAHOB Pa3BE€TBJICHHOT'O CTPOCHUAA.

CH3*CHszHszHszH3(HGHTaH}t’A1C13>CH37CH(CH3}CHszH3(2— METHIOYTaH)

5)Okucnenne. B 0OBIYHBIX YCIOBUSX allKaHbl YCTOWYMBHI K ACHCTBHIO KHCIOpPOAa M okuciuTesnel. [Ipu momxuranuu Ha
BO3/IyX€ aJKaHBI TOPST, IPEBpamasch B IBYOKNCH yIIEpoa U BOAY U BRI OOJBIIOE KOJMIESCTBO TEIla.

CHy +20,-"M>CQ, + 2H,0
CsHyp + 80,-"M1 >5C0, + 6H,0

AJkaHbBl — OEHHOC BLICOKOKaJ'IOprIHOG TommBo. CoKUraHHE aJIKaHOB JacT TCIUJIO, CBET, a TAKXKEC IMPHUBOJUT B JBUKCHHUEC
MHOTHEe MamuHBI. HedremepepaboTka B COBPEMEHHOM BAapHEHTE - 3TO XHMHYECKHE MPEBPAIICHHs YTICBOJOPOIOB.
YuuTeIBas BBILICH3NIOKEHHOE, BCe YIIIEBOAOPOAbI MOXKHO Ha 100% mpeBpaTuTh B MOTOPHOE TOIUIMBO, HET TEXHUYECKUX
OPETSITCTBUIA JUIL  CO3MIaHUs TIOJHOCTBIO O€30TXOJHBIX TeXHOJoTui HedrenepepaboTku. Hamo smmbe mpeononers
NICUXOJIOTHYECKHUH Oaphep, OCTABIIUICS CO BpEMEH H30 0 He(TH.



