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BBenenne

XUMUYECKUE PEaKIUU C Y4YaCTHEM OpPraHUYECKUX COEIMHEHUM
OKpPY’KaloT Hac MOBCIOAY. 11 orpoMHOE MX MHOXECTBO IO CBOCH CYTH SIBIISI-
IOTCSl OKHCJIMTEIEHO-BOCCTAHOBUTENIFHBIMU. BceM W3BECTHHI peakIiu To-
PEeHHs, WK TIOJTHOTO OKHCIICHHUSI OPTaHWYECKUX BEIECTB: B JaOOpPaTOPHOM
CIIUPTOBKE TOPHUT ATHJIOBBIA CIUPT, OMa Ha KyXHE CrOpaeT MPHPOTHBII
ra3, B ABUTATEJISIX MAIIWH MIPOUCXOTUT OKHCIIeHNe OeH3nHa, u mp. [lomyde-
HHUE KpacuTelnel, TeKapCTBEHHBIX BEUIECTB, IUIACTMACC U IPYTUX HY)KHBIX
YENIOBEKY OPraHUYECKUX COCTUHCHUN Oa3upyeTcs Ha OKUCIHUTEIIBHO-
BOCCTaHOBHTEJIbHBIX PeaKIUsIX. B 3eleHbIX YacTsIX pacTeHHid Moj BO3ACH-
CTBHEM COJIHEUHOTO CBETA MPOTEKAIOT MPOIECCHl (POTOCUHTE3A, B Pe3yIbTa-
T€ KOTOPBIX MPOUCXOIUT MOCTENEHHOE BOCCTAHOBICHUE YIJIEKHCIOTO raza
J0 I''TFOKO3BI. B mponecce AbIXaHUs JKXKHUBBIX OPraHU3MOB HUICT MOCTECIICHHOC
OKHUCJICHHUC OPraHMYCCKUX BCUICCTB U BLICBOGO)KI[GHI/IC OHEpruu, HCO6XO-
IUMOM U KU3HENESATCIbHOCTH. BaXHbIE B NPAaKTHYECKOM OTHOIICHHUH
Ka4eCTBEHHBIC PEaKnuu (PEakiui, ¢ TOMOIIbI0 KOTOPBIX MOXKHO PacIo-
3HATh BEIIECTBA) HA HENPEAEIbHBIC YTICBOIOPOIBI, apOMaTHUCCKUE COSTH-
HEHUS, aNbJeTUABI, KETOHBI, U Jp. — MPEICTABISIIOT CO00 OKHUCIHUTEIHHO-
BOCCTAHOBHTEINFHBIE TIpoIiecchl. TakuM 00pa3oM, 3HAYMMOCTb OKHCIUATEIb-
HO-BOCCTAHOBUTCIIbHbBIX peaKuHﬁ C Y4YaCTUEM OpPraHMYCcCKUX BCIICCTB
HE BbI3bIBAET COMHEHMUII.

TeM He MeHee, OKUCIUTEIbHO-BOCCTAHOBUTENBHBIE PEAKI[UU B Opra-
HUYECKOM XUMUHU SBJIIIOTCS. HAUMEHEE U3YUYEHHBIMU CPEIA PEAKIUHI IPYrUX
TUMOB. DTO CBS3aHO C WX BBICOKOH CIIOKHOCTBIO. IIporieccsl mpoTekaroT
MHOTOCTaIUHO, C 0OPa30BaAHUEM IEJIOTO PsiJia MPOMEXYTOUHBIX COSTUHE-
Huil. [lepeHoca 3JIEKTPOHOB HPHU ITOM, KaK MPaBMIO, HE TPOUCXOINT, U3-
MEHSETCS JINIIb TOJSPHOCTh XUMHUYECKUX CBS3CH.

BBuy Ba)XXHOCTH M IIUPOKOW PAaCIpOCTPAHEHHOCTH OKHCIHTEIBHO-
BOCCTAaHOBHUTENFHBIX PEAKIHUH C YYacTHEM OPTaHMYSCKUX BEIECTB, He-
CMOTpsI Ha UX crienu@uIeckne 0COOCHHOCTH, yIelsIeTcs Bce OObIIee BHU-
MaHHe KaK B HAyKe XHMHUH, TaK ¥ B TIPOIIecce MOCTIDKEHHSI €€ OCHOB.

OO0pa3oBarelibHbIC CTAHAAPTHI MOCICIHETO TTOKOJICHUS HE COAEpIKaAT
00s13aTe/IbHBI MUHUMYM COJICpXKaHUsT 00pa30BaHUs, HO OMPEICNISIOT Tpe-
0oBaHHUA K pe3yjbTaTaM OCBOEHHUs oOpa3oBaTenbHBIX mporpamm. Obecre-
YUTHh JOCTIDKEHHUE TUIAHUPYEMBIX PE3YJbTaTOB, COOTBETCTBYIONINX TpeOo-
panusiM ®I'OC, HEBO3MOXKHO 0€3 3HAKOMCTBA IIKOJIBHUKOB C OKHCIIUTEIIb-
HO-BOCCTAaHOBUTCIIBHBIMU TIPOLICCCAMU. HpI/I OTOM HPOUCXOIUT YCBOCHHUE
(yHIAMEHTABHBIX XuMuyeckux (OKHCIUTENb, BOCCTAHOBHUTENb, MPOLECCHI
OKHUCIICHHUS. ¥ BOCCTAHOBJICHHS, JICKTPOHHBIC OANaHC W TIp.) U Medcnpeo-
MemHublx (peakysi, KPyroBOpOT BEIIECTB, BCEOONIMIA 3aKOH COXpaHEHUs
U TIp.) noHAmuil, a IPA UX OBJIAJCHUU (HOPMHUPYIOTCSA KaK cHenu(uIecKue
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npeomemuule ymenus (PacCTaBIIsITh CTEIIEHH OKUCIICHUS, OTPEEISATh OKHC-
JIUTENIb ¥ BOCCTAHOBUTEIb, COCTABISATh JJIEKTPOHHBIN OanmaHc M Jp.), TakK
U YHUGepcabHbie yueOnvle Oeticmausi (1aBaThb OnpenesieHue MOHITHH, 0Cy-
IIECTBISITh MX KJIACCH(HUKANNIO, YCTAHABIUBATH MIPUINHHO-CIIECACTBCHHBIE
cBs13u U Ap.). OTHOBPEMEHHO NMPOUCXOANUT CTAHOBJIECHUE JIUYHOCHIHbIX Xd-
pakmepucmux MKOJIBHAKA: aKTHBHOE M LIEJICHANIPABICHHOE TTO3HAHNE MU-
pa, BIIaJicHHNE OCHOBAMHM HAYYHBIX METOJIOB IO3HAHWUS, CIIOCOOHOCTH OCY-
IIECTBIISITH Pa3HOOOPa3HbIE BUABI ACATEILHOCTH.

OnmHMM M3 MHCTPYMEHTOB KOHTPOJS M OLEHKH PE3YyNbTaTOB OCBOE-
HUs 00pa3oBaTeIbHOI NMPOrpaMMBbl SABISIOTCA IOCYJapCTBEHHAs HUTOroBas
arrecraums (I'MA) u enunblid rocynapcrBeHsslid sx3amer (EI'D). B crpyk-
type 'A 3ananue B2 npoBepsieT ycBoeHHe NepBOHAYaIBHBIX CBEACHUI 00
OpraHMYecKHx BemlecTBax. Ha 3TOM ypoBHE OT IIKOJIBHUKOB HE TpeOyeTcs
CaMOoCTOATENIbHOE 0(OPMIICHHE YPaBHEHUH peakiunii ¢ yqyacTHeM OpraHuye-
CKUX COCJMHEHMH, OJJHAKO OHH JOJDKHBI YMETh BHIOpaTh M3 MEpPEUHCIICH-
HBIX TIpOIecCOB BepHbIC. CaMble CIIOKHBIE MCIBITAHUS MOACTEPETAIOT TEX
ydammxcsi, Koropsie Beropanmu EI'D o xumum. KoHTpoIbHBIE H3MEPHTETh-
HBIE MAaTepHajbl MPOBEPAIOT KaK YCBOEHHE JIEMEHTOB IPEIAMETHOTO CO-
JICp’KaHMs, TaK M OBJAJCHWE OMNPENCICHHBIMH YMEHHSIMH H CIOCOOaMH
neiicteuii. O000meHHbIH mad Bapuanta KM 2012 roga mo XumMu# BKITFO-
YaeT MPOBEPKY COACPIKATEILHOW M (DYHKIIMOHAJIBHON 0a3bl MO OpraHuve-
CKOW XMMHUHM Ha BCEX TpeX YPOBHSX: 0a30BOM (4acTh A), NOBBIIICHHOM
(uactp B) u BeicokoM (uacth C). YMEHUSI OpHEHTUPOBATHCS B XUMHUYECKUX
MIPEBPAIEHUSIX OPTAHUYECKUX COCTUHEHUN poBepstoT 3aganus A14—A19,
A25, A25; B2, B6-BS, C1, C3, C5. OcoOGeHHO CII0)XHBIM Cpeu Tepedrc-
JICHHBIX fABJsIeTCS 3aaHne C3 — Ha cOCTaBlIeHHE YpaBHEHUH peakuuii, moj-
TBEPXKJAIOMINX B3aNMOCBS3b OPraHMYECKUX COSAMHEHUH Pa3IMYHBIX Kilac-
coB (meroyka mepexonoB). Cpean 3amm@poBaHHBIX NPEBPAIICHHUH, Kak
NPaBWJIO, OJHO  TPEJACTAaBII€T COOOM  CIOXKHBI  OKHCIUTENBHO-
BOCCTaHOBHTEIBHBIN TIpoliecc. DK3aMEHYyeMOMY HEI0CTaTOYHO N300pa3uTh
CXeMy IpEBpalleHUs, KaK 3TO Yalle BCEro OTOOpa)kaeTcs B IIKOJIBHBIX
yueOHuKax. OT Hero TpeOyeTcsi 3aluch IOJHOTO YpaBHEHHS pPEaKIHH
U PacCTaHOBKOMU BceX K03 duiiueHTos.

B mpenaraeMoM MeTOANYECKOM IOCOOMH PacCCMOTPEHBI Pa3IHYHBIE
IIPUEMBI ONpEICTCHUS CTENeHEeH OKHCIICHHUS JIEMEHTOB B OPTaHWYECKHUX
COCIUHEHUSX; MPUBEICHBI CXEMbI OKHCIUTEIHFHO-BOCCTAHOBUTEIBHBIX pPe-
aKIUH, WUTIOCTPUPYIOIINX T€HETUYECKYIO CBSI3b OPTaHWYECKHX BEIIECTB;
MTOKa3aHbl Pa3IMYHBIE CIIOCOOBI PACCTAHOBKHU KOI((HUIMIEHTOB B OKUCIIH-
TENbHO-BOCCTAHOBUTENIBHBIX PEAKIUAX C UX y4aCTHEM; NIPUBEJEHBI MHOTO-
YHCIEHHbIE IPUMEPHI KOHKPETHBIX B3aUMOJICHCTBUI.

[Tocobue npeanazHayeHo st yunuTened XuMuu. MoxeT ObITh peKo-
MEH/I0BaHO U MIKOJIBbHUKAM CTapIIUX KIAcCOB, FOTOBSIIUMCS K caade EI'D.
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CreneHb OKHCJIEHUS U €€ orpeaeJieHue
B OPraHU4Y€CKUX BelIECTBAX

Ipexxage  4eM  HAYMHATH  PACCMOTPEHHUE  OKUCIUTEIBHO-
BOCCTAHOBUTEIIbHBIX PEAKIHH C yJaCTHEM OpPraHMYECKUX BEILIECTB, HEOO-
XOJIMMO YETKO OIMPEICIUTHCS C LEHTPAIbHBIM MMOHATHEM - TIOHITHEM CTe-
neHn okucieHusi. CIOBOCOYETAHHE «CTEMCHb OKUCIICHHS» B HACTOSIICE
BpeMsi sIBIsieTCsl HanboJjiee YHOTPEeOUMBIM, €r0 CHHOHUMBI — «OKUCIIUTEIb-
HOE YHCIIO», «COCTOSHHE OKHCIICHHS», «CTENEHb OKUCICHHOCTHY, <«QJIEK-
TPOXUMUYECKAs BAJICHTHOCTBY, «3JIEKTPOBAJICHTHOCTHY.

CyIiecTBYIOT pa3iIMYHbIE ONPEAEICHHS 3TOTO HOHSITHUS:

CTeneHb OKHCJIEHHMSI — 9TO YHCIICHHAs BEJIMYMHA JJIEKTPOCTaTHYe-
CKOTO 3apsi/ia, IPUITMCHIBAEMOT0 aTOMY B MOJIEKYJIE B IIPEIIONIOKEHUH, YTO
AJIEKTPOHHBIE Maphl, OCYLIECTBIISIOIINE CBS3b, IIOJIHOCTHIO CMEIIEHBI B CTO-
poHy 6oJiee 3JEKTPOOTPHUIIATEILHBIX aTOMOB [2, ¢. 346];

CTeneHb OKHMCJEHHsI — YCIOBHBII MOKa3aTesb, XapaKTepH3YIOIUii
3apsi| aToMa B COCAMHEHUsIX. B MolleKynax ¢ MOHHOH CBSI3bIO COBHAIAaeT
¢ 3apsgom noHa. Hampumep, B xnopuze Hatpusi NaCl crereHb OKUCIeHUsS
Hatpus +1, xyopa -1. B KOBaJleHTHBIX COCMHEHUAX 33 CTEIEHb OKUCICHUS
MPUHUMAIOT 3apsi]], KOTOPBIA MONY4YHI Obl aTOM, €CIIH Obl BCE MAphl AJIEK-
TPOHOB, OCYILIECTBIISIIOIINE XUMUYECKYIO CBSI3b, OBUIM LIEIUKOM IEepeHece-
HBI K OoJiee 3JeKTpooTpuuaTenbHbiM atomaM. Hampumep, B HCI crenens
oKucIeHust Bogopoaa +1, xmopa -1 [3, c. 1499];

CTeneHb OKMCJIEHUSI — YCIIOBHBIN 3JIEKTPOCTATUYECKHUIT 3apsi]] aToMa
B XMMUYECKOM COCAMHEHUH, KOTOPBIH HAXOMAT, CYMTAsi XUMHYECKHE CBS3U
B COeJIMHEeHHH YrcTo noHHbIME [10, c. 428].

CyleCTBeHHBIM BO BCEX OMpPEJCICHUSIX SBJISETCS TO, YTO MOHSTHE
CTETICHU OKHUCIICHUS SIBISIETCSI VCIOGHbIM, (DOPMANbHBIM. DTO 8CHOMO2A-
menvHast, soobpaxcaemas BenuunHa. OHA BBIYHCISIETCS, HCXOS U3 OIpe-
JIeTICHHBIX JonylieHuid. OHAKO MOHATHE BEChbMa IMOJE3HO, U MM IOJb3Y-
FOTCSI B OPraHUYECKON XHUMUH.

Urak, cmenens oKucienus — 3mo YCi06Hblll 3apsi0 amoma 6 coeou-
HeHUU, GbIYUCTEHHBII UCX005 U3 NPEONOLONCEHUS, YO OHO COCOUM MOJlb-
Ko u3 uonos. lnu: amo mom anexmpuyeckuii 3apso, KOMOpwlil 603HUK Obl
Ha amome, eciu Obl 2IeKMPOHHbBIE NAPbLL, KOMOPIMU OH CE53AH C OpYeUMU
amomamu 8 coeOuHeHuU, nepewiu K bojee J1eKmpoompuyamenbHblM amo-
Mam, a NeKMmpoHHbLE NAPbL, NPUHADLENHCAUUE OOUHAKOBLIM AMOMAM, ObLIU
OBl MeAHCOY HUMU NOOETeHb.

CTeneHb OKHCIICHUSI MOXKET UMETh OmpuyamenpbHoe, NOa0JiCUmen-
HOe U Hylegoe 3HAUCHHE, a TAaKXKe Obimb OpoOHoU BenndnHOW. Ee 3HaueHne
YKa3bIBAIOT 3HAKOM W YUCTIOM CBEPXY HaJ CHMBOJIOM JJIEMEHTA.

ITpu onpeneneHny cTeneHel OKUCICHUS MOIb3YIOTCS CIIETYIOMIUMH
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MpaBHJIAMH:

1) cTeneHy OKHUCIIEHHS aTOMOB B IIPOCTHIX BEIECTBAX PAaBHBI HYJIIO;

2) anreOpandeckasi CyMMa CTEIICHEH OKUCIICHHSI aTOMOB B MOJIEKYJIE
BCET/Ia paBHA HYJIIO;

3) cymMMa BcexX CTETIeHEH OKHCIIEHHS aTOMOB B CIIOKHOM HOHE PaBHA
3apsiy 3TOTO HOHA.

ITonsTHE CTETIEHN OKWCIECHUSI HENb3s OTOXIICCTBIATH C INMOHSATHEM
BaJICHTHOCTH. Bal€HTHOCTh M3MEpSETCS YNCIOM KOBAJIEHTHBIX XHUMHYE-
CKHX CBSI3¢H, B TOM YHCJIE€ BO3HHUKIINX H 10 JOHOPHO-aKIENTOPHOMY MeXa-
HU3MY.

HexoppeKkTHO TOBOPHUTH O BaJCHTHOCTH AaTOMOB B COCIUHEHUSX,
B KOTOPBIX OTCYTCTBYIOT KOBAJICHTHBIE CBA3HM. B 3TUX ciydasx yMEeCTHO
HCTIONB30BaTh TOHATHE CTENEHH OKUCIEHHUSA. B HeopraHmdecko Xumun
BO MHOTHX CIIy4asX BaJCHTHOCTh aTOMa TepseT ONMpPEeICHHOCTh: €€ YHC-
JIOBOE 3HAYEHHUE 3aBHUCHUT OT 3HAHUS XMUMHYECKOTO CTPOCHUS COCAMHEHHUS.
ITo popmymnam GoNBIIMHCTBA HEOPTAHUIECKUX COCIMHECHUH MOXHO CYAUTH
JIMIIB O CTETICHH OKHCJICHUS 3JIEMEHTOB, a He 00 uX BajeHTHOCcTH. [loaTomMy
8 HeOpeaHU4ecKkol Xumuu npeonouymumenvHee NPUMEHAMb NOHAMuUe cme-
neHu OKUCAEHUS, a 8 OP2AHUYECKOU XUMUU — GANICHMHOCMU. JTO ONPABAAHO
TEM, YTO OOJBIIMHCTBO HEOPraHMYECKUX COCTUHEHHH HMMEET HEMOJICKY-
JISIPHOE CTPOEHHE, a OOJIBIIUHCTBO OPraHUYECKUX — MOJICKYJISIPHOE.

B HEKOTOPBIX COCAMHEHMAX 4YHCICHHBIE 3HAYCHHS BaJICHTHOCTU
U CTENEeHU OKHCIICHHS JJIEMEHTOB COBIAJAIOT, HO JAJEeKO He Bcerja. Tak,
HampuMep, BO BCEX OPraHUYECKHX COEIWHEHMSAX BaJCHTHOCThH yriepoja
paBHa YETHIPEM (3TO OFHO U3 OCHOBHBIX MOJIOKEHUH TEOPHUH CTPOCHUS Op-
TFaHWYECKHX BEILIECTB), B TO BPEMsI KaK CTETIEHb €r0 OKUCICHHUS MOXKET OBITh
paznuuHoii: ot -4 o +4. B merane CH, -4, B MOJIeKyJie METHJIOBOTO CIIUPTA
CH3;0OH creneHb OKUCIIEHHS aToMma yriepoaa paBHa -2 (C*H;"0? H'Y,
B ¢opmansaerune HCHO 0, B mypaBsuHo# kuciore HCOOH +2, B moue-
Kyune yriekucioro raza CO, +4.

CreneHb OKMCIICHHUS 3a4acTyl0 HE COBMAJaeT ¢ (haKTHIECKUM dHC-
JIOM 3JIEKTPOHOB, KOTOPBIE Y4acTBYIOT B 00pa30BaHUM CBSI3€H (TOT JKe MpH-
Mep ¢ aTOMOM YTJIEpo/ia B METaHOIIE).

VicTuHHBIE 3apsgsl aTOMOB B COEAMHEHHSX, OMPEAEICHHBIE KCIIe-
PUMEHTANBHBIM IIyTeM, TaKK€ HE COBMAJAIOT CO CTENCHSIMH OKHCIICHHUS
9THX 3JIeMeHTOB. Hampumep, 3apsiiel aTOMOB BOJOPOJA M XJIOpa B MOJIEKY-
e xnmoposogopoaa HCI B nelicTBuTeIbHOCTH paBHbI cOOTBETCTBEHHO +0,17
u -0,17, a ux creneHu OKHWCIEHUsI COOTBETCTBEHHO +1 u -1. B kpucrammax
cynbhuaa nuHKa ZNS 3apsijibl aTOMOB IIMHKA M CEPbl paBHBI COOTBETCTBEH-
Ho +0,86 u -0,86, a mpunuceiBaeMble cTeneHu okucienus +2 u -2 [9, c. 56].

Hecmotps Ha yTBepkJIeHHS O (OPMAIBHOCTH TOHSATHS «CTETEHb
OKHUCIIEHHSI», O TOM, UTO OHO YacTO MaJIONPOIYKTUBHO AJISl UCTIONb30BaHUs
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B OPraHWYECKOW XUMHHU BBHUJY HE3HAUMTEIbHOU TOJIIPHOCTH CBA3EH MEXITY
aToOMaM¥, YYacTBYIOUIMMH B pPEaklUH, B CIydae pPacCTaHOBKU KO3 HLu-
€HTOB B OKHCJIMTEJIbHO-BOCCTAaHOBHUTEINILHBIX MPOLIECCaX C yYyacTHEM Opra-
HUYECKHX BEIIECTB ATO IIOHATHE HE3aMEHUMO.

Jl1s onpenienieHust CTeNeHeld OKUCIIeHHsI aTOMOB yIilepoJia B OpTraHH-
YECKUX MOJICKYJIaX MOKHO HCIIONB30BATh Pa3HbIC IIPUEMBI U IOAXOHI [1, 7,
10, 11, 14].

Haubonree npooykmuenbiil, Ha HaII BT, credyiouuti nooxod [1].
HyxHo u300pa3suth CTPYKTYPHYIO (GOPMYITy COSIHHEHUS U CTPEIKaMH YKa-
3aTh CMELIEHHE JICKTPOHHOW IJIOTHOCTH K 00Jiee 3JIEKTPOOTPUIIATENILHBIM
aromaMm. HampaBieHne oHOW CTpeJIKU B CTOPOHY OT aTOMa O3HAydaeT «Io-
TEPIO» OJHOI0 AJICKTPOHA; HAIlPaBJIEHHE CTPEJIKU K aTOMYy COOTBETCTBYET
«puobpeTeHuIo» snekTpoHa. Ecian atom cBa3aH ¢ cebe mogoOHbIME (yrie-
POA — Yraepon), TO YCIOBHO JOIyCKAIOT, YTO HMEepepaclpeneieHus 3apsioB
MEXAYy HUMH HE IPOUCXOJUT. B COOTBETCTBHHM C ATUM JIETKO BBIYUCIISIFOTCS
CTEICHH OKUCIICHHS Ka)XII0T0 SJIEMEHTA B COCANHEHHSX, HAIIPpUMeEp:

Hﬂ““*a -2 -2 ‘—){H

H o 4 — 1 -
TR o g Ty
Hﬂ

I T

HL_ ,C'=C’-ci—H" CH;—é'—. —H"
1 HH

-2 L‘” -2 &‘ +]
CH;— «{ CH; - /{ HL, é‘z _,N"'/H
H H | ]‘ N\ H"

H"

CrnenyeT y4uThIBaTh TOT (aKT, YTO MOJIEKYJbl OPTaHMYECKUX CO-
€IMHEHUH MOTYT COJEp’KaThb HECKOJbKO aTOMOB YTJIEpojia, Kak IMPaBUIIO
HaxoJISIIIMXCA B pPa3HOM CTETIEHU OKUCIICHUS:

CH; — C°(C°H,), — C°H, — C°H;

Jlmss  BBEIYMCIICHHMST CTENEHEH OKHCICHUS AJIEMEHTOB MOXKHO BOC-
[10JIb30BATHCS U MPABUJIOM O PABEHCTBE CYMMBI CTENEHE OKHUCIEHUs BCEX
3JIEMEHTOB B YaCTHULE 3apsAly YaCTHULIBL:



C2XH4+1

2X+41=0;x=-2.

C3XH8+1

3x+8=0; x=-8/3.

C TOMOIIBIO 3TOr0 TpHEMa OMNPENeNSIOT YCPEIHEHHOEe 3HAYCHHE
CTeTIeHeH OKHCIICHHS BCEX aTOMOB YIJIepPOa; OHO 4acTO ObIBAET APOOHBIM.
Taxo# MoaX0/1 ONpaBaaH, eCcy B X0/ PEAKI[MH B OPraHUYECKOM BEIICCTBE
pa3pylLIaloTCs BCE XMMUYECKHE CBSI3H (TOPEHHE, TIOJTHOE Pa3IoKEeHHUE).

Hcnonb3yroT Takxke MOAXO/, IPH KOTOPOM aToMaM yriiepoja B Mo-
JICKYJIC TPUMUCHIBAIOT Pa3IHYHBIC CTCIICHW OKUCIICHHS B 3aBHCUMOCTH OT
Yucia CB3ei, 00pa3oBaHHBIX C AJICMEHTOM 0OJIEe IEKTPOOTPHUIIATEIBHBIM,
4yeM BOJIOpO.. B 3TOM ciydae (pyHKIIMOHAIBHBIC MPOU3BOIHBIC pacIioiara-
0T B TOPSAKE BO3PACTaHUS MX CTCNCHH OKHCJICHUA. Tak, HAaCHIIICHHBIC
YIJIEBOAOPOABI OTHOCAT K HYJICBOW rpymme (MpHONU3UTENbHAS CTEICHb
okucienus -4), R,C=CR,, ROH, RCl u RNH, — k nepsoii (-2), RC=CR,
R,CO u R,CCl, - ko Bropoit (0), RCOOH, RC=CCl, RCONH; u RCCl; —
k Tpetseit (+2), RCN, CCl, u CO, — k getBeproii (+4) (10, c. 429).

CylIeCTBYIOT U Ipyrde METOJbl ONPEICICHHs CTEMCHEeH OKHUCICHHS
3JIEMEHTOB B COCIUHEHHUSX.



Teopusi OKMCIUTETbHO-BOCCTAHOBUTEIbHBIX
peakuuii B OpraHu4ecKoil XuMum

OcHOBHbBIE MOJIOXKEHHS TEOpHUU OKHCJINTEIBHO-
BOCCTAaHOBHTENbHBIX peakuuii (OBP) nomHOCTRIO IPIMEHNMBI U K 001a-
CTU OPTaHUYECKON XUMUH.

BaxHeiiie MOHITHS, KOTOPHIMU OIEPHUPYIOT MPU 3TOM, CIEIYIO-
LIKe: OKUCIUTEbHO-BOCCTAHOBUTENbHbBIC PEAKIIUH, TIPOLIECChI OKHCIICHHS U
BOCCTAHOBJICHUSI, OKHCIIUTEIN U BOCCTAHOBHUTEIH.

K oxucrumenvno-6occmanosumenvhvim peaxyusm (peakusiM OKHUC-
JICHUSI-BOCCTAHOBIICHUS) OMHOCAM Peakyuu, npomexaruue ¢ UsMeHeHuem
cmeneneti OKUCTIEHUsL amOMO8, BXOOSUX 6 COCMA8 peasupylouux ee-
wecms.

HepBOHa‘IaﬂLHO OKHUCJICHUEM Ha3bIBaJIM TOJIBKO PCAKIHUN BCUICCTB
C KHCJIOpOJOM (Hampumep, TopeHne MeTaHa; oOur nuputa u np.). K Boc-
CTaHOBUTEIBbHBIM MPOLECCAM OTHOCHJIM TE, B XOJ€ KOTOPBIX BEIIECTBO
00eIHATIOCH KUCTIOPOIOM, OH OTHIeIUnUIcs (Hampumep, npespamieane CrO;
B Cr,03). C BBeneHHEM B XMMHIO DJICKTPOHHBIX MPEACTABICHUN MOHITHE
OKHCIIUTEIbHO-BOCCTAHOBUTENBHBIX ~ PEAKIUA  ObLIO  PACIPOCTPAHEHO
1 Ha MPOIIECCHI, B XOJI€ KOTOPBIX KUCIOPO| HE yYACTBYET.

Okucnenuem Ha3bIBACTCS MPOLECC 0MOAYYU aTOMOM, MOJIEKYJIOH WK
HMOHOM JJICKTPOHOB. CTeneHn OKUCIIEHUS IpHu 5TOM NOBBIMIAKOTCA.

Boccmanoenenuem Ha3bIBaeTCsl MPOLIECC MPUCOEOUHEHUs DICKTPO-
HOB aTOMOM, MOHeKyHOﬁ Wik HoHOM. CTeleHb OKHUCIIEHUS IIpyu 3TOM MMOHH-
KaeTcsl.

Hanexo He Bcerna B xoae OBP mpoucxoaut MCTHUHHOE MepeMere-
HHUE JJIEKTPOHOB. M3MEHEHHE CTENEeHH OKHCIEHHUS MOXXET OBbITh CBSI3aHO
C OTTATMBAHHUEM DJIEKTPOHOB, CMEIEHUEM DJICKTPOHHOMN TUIOTHOCTH CBSI3H.
OnHaKo YCIOBHO TOBOPAT O mepexoje 3ekTpoHoB. Ho B irob6om cityuae
[PU OKUCIICHUH COEJAMHEHUI CTENeHb OKUCIICHHS 3JIEMEHTOB BO3PAcTaer,
[PU BOCCTAHOBIICHUHU — MIOHUIKACTCS.

B opeanuueckoi XUMUKM OKucienue PacCMaTPUBAIOT Kak MpOIECC,
IIPU KOTOPOM B PE3yJIbTaTe Nepexoja 3JIEKTPOHOB OT OPraHHYECKOro CO-
€JMHEHUS K OKUCIIUTEII0 BO3PACTAET YUCIO (MM KPATHOCTh) KHUCIOPOACO-
nepxanmux cesaseit (C— O, N—-0O, S— 0, u 1.11.), THO0 YMEHBIIAETCS THCIIO
Bogopoacoaepxanux cpsaseit (C — H, N —H, S —H wu T.11.), Hanpumep,
RCHO — RCOOH; R,CHCHR; — R,C=CR,. IIpu BocCTaHOBJICHHUHU Opra-
HUYECKUX COCIMHEHUI B pe3ynbTaTe MPHOOPETEHHs JIEKTPOHOB MPOHCXO-
It oOpatHble mporecchl, Hanpumep: R,CO — R,CH,; RSO,C1— RSO,H
[10].

To ecTs OKkHCIEHHE aTOMOB yIJepojia — 3TO MpoLece, B Pe3yJsbTare
KOTOPOTO OHHM OOEIHSIOTCS 3JIEKTPOHAMH, & BOCCTAHOBJICHHE — MpoLece,
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B pe3yibTaTe KOTOPOro aTOMBbI YIJepoja OO0OTraIialoTcs 3IIEKTPOHAMHU.
Y CI0BHO MOXHO NPHHSATH, YTO JJISL aTOMa YIiiepoJia «IOTeps» OAHOTO aTo-
Ma BOJIOPOJia PABHOILIEHHA OTIIEIJIEHUIO OHOTO JIEKTPOHA, IPUCOECTUHEHUE
- IPUCOEIMHEHHIO 3JIEKTpoHa. [IprcoeanHeHne K yriepoxry 3JIeKTpOOTpH-
[aTEIBHBIX aTOMOB M TPYIIT aTOMOB, Takux, kak Cl, Br, -OH, -NO,, -SOzH,
03HAYaeT TMOTEPIO0 OAHOTO IEKTPOHA; MPHOOPETEHNE OJHOTO aTOMa KHCIIO-
poZa - OTHICIUICHHUE JBYX 3JEKTPOHOB, a OTIIECIUIEHHE aTOMa KHUCIOPOAa OT
MOJIEKYJIBI OPTaHWYECKOTO COCAWHEHUS PABHOCHIBHO IPHCOEANHEHUIO
JBYX 3JIEKTPOHOB.

ITosicaum Ha npumepe: CH, — CH30H. Monekyna meraHa noreps-
Jla OIMH aToM Bojopoaa (-1e°) u npucoenununa ogqny OH-rpynmy (-1¢°), To
€CTh aTOM YTJIepoJia B pe3yJbTaTe NpeoOpa3oBaHUi MOJIEKYJIbI TIOTEPSI 1Ba
anekTpoHa. ClenoBaTeNbHO, CTENEHb OKHUCICHUS aToOMa yIJIepoAa MOBBICH-
nach Ha 2. C HUM NPOU30ILEIN MPOIecC OKUCICHHUS.

B GonpummHCTBE CilyyaeB OKMCIMTENbHBIE MPOIECCH, paccMaTpUBa-
€MbIC B IIKOJBHOM (M BY30BCKOM) Kypc€ OpPraHWYECKOH XWMHH, CBOISTCS
K IIPUCOEIMHECHUIO aTOMOB KHCIIOPO/ia WM OTIICINICHHUIO aTOMOB BOJIOPOia
(merunpupoBaHuE); BOCCTAHOBHUTEIIBHBIC YK€ PEAKIINH 3aKJII0YAIOTCS B MIPH-
COCIMHEHUH aTOMOB BOJIOPOAa (TMAPUPOBAHME) WM _OTHICIUICHNH aTOMOB
KHCJIOPOTIA.

ITocnenoBaTenbHOE OKUCIIEHHE OpPraHMYECKHX BEIIECTB MOXKHO
NPEACTaBUTh B BHUJIE CIEAYIOIIEH IENOYKH, BKIIOYaIoIIell Haubosee 3Ha-
YUMBbIE IS IIKOJIBHUKOB KJIACCHI OPraHUYECKUX COSINHEHUH!

HacbiuenHblit - yriesogopos ~— HeHachllleHHBIH  yriaeBosopon

—*Cnuptr —* Ausbaerun (keton) — KapGoHoBast kucioTa —* COZT +
+H,0.

B naHHO# cxeMe OTpa)kaeTcsi TeHeTHYecKask CBA3b MKy KilaccaMu
OpPraHMYEeCKUX COCAWHEHHH, peanusyeMas Kak psl OKHCIUTEIbHO-
BOCCTaHOBHTEIbHBIX pEaKlWil. 3aBeplIalOT CXeMy HPOIYKTHI IIOJHOTO
OKHuCIeHHs (TOpeHus1) JIIoOO0TO U3 MPEACTaBUTENEH KIacCOB OPTraHUYECKHX
BEIIIECTB.

KonkpetHsIit npuMep:

CH3C>H; (o1an) — C?H,=C?H, (3tmien) — C>Hz—C*H,~OH (31mi10-
Bbiit crupt) — CHa—C*'HO (yxcycnsiit ansaerna) — CHs—C™OOH (yx-
cycHas kuciora) — C*0, (yriexucisiii raz).

YacTHLbl, OTIAIOIINE ICKTPOHBI, HA3BIBAIOTCS 80CCHAHOBUMENSIMUL.
Bo BpeMmst peakumii OHH OKHCIAIOTCSA. YacTHIBI, NMPUCOSTUHIIONINE dJICK-
TPOHBI — oKkucaumenu. B Xo/e peakuuii OHU BOCCTaHABINBAKOTCSL.

OkuCIieHHe BCeraa COIMPOBOXKIACTCS BOCCTAHOBICHHEM, M Ha000-
poT. To ecTh OKHCIUTENbHO-BOCCTAHOBHTEIBHBIC PEAKLUH MPEACTABISIOT
c000# €AMHCTBO ABYX MPOTHBOIOJIOKHBIX IIPOLECCOB — OKHCICHHUS U BOC-
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CTaHOBIICHUS. HuUcio 21eKmpoHos, 0Omoasaemslx 60CCIMAHOSUMENEM, PAGHO
YUCTTY INIEKMPOHOB, NpUcoedunsemulx oxkuciumenem. Ilporeccsl OKUCIeHUSA
U BOCCTAHOBIICHUSI MOXKHO OTOOPa3UTh C OMOILBIO YpaeHe Ul PeaKIii.
Bce xuMmuueckue peakuuy COINpPOBOXKIAIOTCA NEPECTPOMKON 3JEK-
TPOHHBIX O00OJIOYEK aTOMOB pEArHpyHOIINX BemecTB. [loaTBepskaeHHEM
9TOMY CIY)KHT H3MECHEHHE BAJCHTHOTO COCTOSHHSA AaTOMOB YTJIEpOAa.
B HeKxoTOpBIX cirydasix CyMMapHBIA 3QQEKT U3MEHEHHsI CTETIeHeH OKHCIIe-
HUSI aTOMOB YTJIEpOAa B XOJE XMMHYECKOro mpouecca paseH 0, OJHAKO
MIPOLIECC SIBISETCSA OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIM, HATIPUMED:
CH3—C'1IZ{: C'ZZHZ +HCl — CH3—COH(SC|)—C'3H33.

sp”  sp sp sp
Wnwu:

C?H,=C?H, + H,0 — C*H;~C'H,~OH.

sp>  sp? sp®  sp?

To ecTh B X0J€ ITUX NPEBPAILCHUN IPOUCXOIUT OKUCICHUE OJHOTO
aToMma yTriepojia i BOCCTAaHOBJIICHHE IPYTOTO.

CocTaBieHHE CIOXHBIX OKHCIUTEIHHO-BOCCTAHOBUTEIBHEIX YpaB-
HEHHH peakIuii ¢ yIaCTHEM OPTaHUYECKHX BEIISCTB HE HAXOIHUT JOCTATOY-
HO IIMPOKOTO MPHUMEHEHHS BBHUIY TOTO, YTO COCTaB MPOIYKTOB PEAKIIHH,
KaK MpaBUJIO, Pa3sHOOOPa3eH M HETOCTOsHEeH. boljiee MM MEHee IMOCTOSH-
HBI COCTaB NMPOJYKTOB BO3MOXKEH TOJIBKO IPU TOJTHOM OKHUCIIEHHH (TOope-
HHUM) OpraHUYecKuX BewlecTB. [1o 3Tol nmpuunHe 0OBIYHO OTPAHUYUBAIOTCS
COCTaBJICHHEM CXEM MPEBPAILCHUN C yUaCTHEM OPTaHUUECKUX COCIUHEHUI];
1IEJIECO00Pa3HOCTh PACCTAHOBKH KO3((GHUIIMEHTOB B PEAKIUAX HEIMOJHOIO
OKHCIICHHS OTIIaaeT.

IIpu HEoOXoAMMOCTH TOAOOP M paccTaHoBKa Kod(hduimeHToB
B YPaBHEHHAX OKHCIHTEIEHO-BOCCTAHOBHUTEIIFHBIX PEAKIIHIA, IPOTEKAFOIIIX
C YYaCTHEM OPTaHHYECKHX BEIIECTB, MOTYT OCYIIECTBIATECS KaK Memooom
NEKMPOHHO20 bananca, TaK W Mmemodom noaypeaxkyuti (IIEKTPOHHO-
nonusM) [1, 4, 6, 8, 11].
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TunuYHbIE OKHCIHTEILHO-BOCCTAHOBUTEIbHBIE
MpoueECChI ¢ YHaCTHEM OPraHUIECCKUX BEIIECTB

Hecwmotps Ha TO, uTo B X071€ MoOsx OBP mpowncxonsar kak mporec-
CHI OKHCJICHHWS, TaK W TIPOILECCHl BOCCTAHOBICHHSA, PEAKIUH C YJaCTHEM
OpPTaHWYECKHUX COCAMHEHNH KIaCCUPHUIHUPYIOT B 3aBUCHMOCTH OT TOTO, YTO
MIPOUCXOTUT C OPTaHWYCCKUM BeIIeCTBOM. ECIIM OopraHMYecKkoe BEIIeCTBO
B XOJI€ PEAKINU OKHCIISIETCS — TOBOPAT O IPOILECCE OKUCIICHHS, €CIIH BOC-
CTaHABIMBAETCS — O IMPOIECCE BOCCTAHOBICHHA. TakK, B PEaKIHH ITaHOJA
C MepMaHraHaTOM KaJusl STaHOJ OKHCISIETCS, a NMepMaHTaHaT Kajks BOC-
CTaHaBJIMBaeTCs. Peakiio Ha3bIBAIOT Peakell OKUCICHUs STaHoa.

HauGonee TMIMYHBI ¥ pa3sHOOOpa3Hbl peakUUy OKUCICHUSI OpPraHH-
YEeCKUX COeIMHEHM. PaccMoTpuM Hambonee pacrnpocTpaHEHHBIE M3 HUX,
C KOTOPBIMH 3HAKOMSITCSI IIKOJBHUKH, OCBaMBas Kypc OPraHMYeCKOW XH-
MUH.

1. Oxucnenue arkanos

Kak OpIIO TIOKa3aHO BBIIIE, K PEAKIHAM OKHCICHHS aKaHOB OTHO-
CATCSI peaKknu! 3aMeIICHUs BOJOpOAa Ha TajoreH, HUTPOTPYHILy, W TIp.,
a Tak)Ke PeaKIMd JCTHAPHUPOBaHUs (OTHICTUICHUS Bogopoaa). [Ipomykramu
TIOJTHOTO OKWCIICHHS (TOPEHUs) SIBITIOTCS BOJA M YTIIEKHCHBIN Ta3. Taroke
QJIKaHBl MOTYT OKUCJIATHCSI KUCIOPOIOM BO3yXa IPH HEBBICOKUX TeMIIepa-
Typax B NPHCYTCTBUU KaTaJlM3aTOPOB ¢ 00pa30BaHHEM CIUPTOB, ajbJerHU-
JIOB, KETOHOB, KapOOHOBBIX KHCIIOT; OKHUCJICHHE MOXKET MPOHCXOIUTH Kak
C Pa3pBIBOM YIJIEPOIHOM LIEMH, TaK U 0e3 Hero.

Cxema MoJHOTO OKUCJICHHUS (TOPEHUS B KHUCIOPOJE):

CiHzniz + O, — CO;, + H,O

CXeMBbI HeNIOJTHOTO CTOPaHUS:

CiHonez + O, — CO + H,O

CiHonez + O, — C + H,0

[IpuMepsI HEMOTHOTO KAaTATUTHICCKOTO OKHCIICHUS:

Cu/zn, t°C
CH4 + Oy(Bo3n.) — CH,O + H,0 (70%)
Mn**, t°C

2C4H10 + 502 —>4CH3COOH + 2Hzo

Kak mpaBwuio, 3anuce Mog0OHBIX YpaBHEHHH peakIuii 3aTpyIHEHUI
HE BBI3bIBACT.

2. OkucieHue aikenos

AJIKCHBI TIOZ[BEPTafOTCs MMOJTHOMY OKHCJICHHIO 10 BOJBI M YTIICKHUC-
yoro rasa no ypaBHenuw: C,H,, + 1,5n0, — nCO, + nH,0. Ilpu stom
BBIJIEIISIETCS] 3HAUNTEIBHOE KOJIMYECTBO SHEPTHH.

B mkoipHOM Kypce ydamuxcsi 3HAaKOMST M C IIPOLecCaMy HETIOJTHO-
IO OKUCIICHUSI aJIKEHOB. [Ipekiie BCEro 3T0 KauecmseeHHAs peakyus — peak-
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UL C NePMAHSAHAMOM Kalusi @ HellmpanbHou cpede (peakyus E.E. Baene-
pa). B Takux MATKHX yCJIOBUSX (HEWTpasibHas WM cllabolesoyHas cpena,
KOMHATHasl TeMIIepaTypa, pa30aBIEeHHBIH pPacTBOp NEpMaHraHarta) IpOHC-
XOIUT THAPOKCHIMPOBAHHE T-CBSI3H. [IpONYKTaMH OKUCICHHS SBISIOTCS
JBYXaTOMHBIC CHHPTHl — TIUKOIHM (nuoisl). CyMMapHO IpOIEecC MOXKHO
0TOOpa3uTh crenyromen cxemon [13]:

\ L / KMnO, + H,O \C C/

Cc——~C -

/ \ HO/ \OH

Bornee cuibHbIC OKUCIUTEILHBIC CBOMCTBA MEPMaHTaHAT KaJus Ipo-
SIBIISIET B KUCIION cpejie (1100 B CHIIbHOILEIOYHOM Cpefie PU HArPEBaHHN).
B sToM ciyuae peakiusi COMPOBOXKAAETCS Pa3pbIBOM KpaTHOW CBs3H (Ie-
CTPYKLIMEH YIIEpPOJHOrO CKEJeTa) W MPHUBOIUT K 0Opa30BaHUIO KapOOHO-
BBIX KUCIOT U (1K) KeTOHOB. [Ipu 3TOM B 3aBUCHMOCTH OT YHCIIA AJIKWIIb-
HBIX IPYII, CBA3aHHBIX C BUHIIBHBIM ()PArMEHTOM, MOTYT OBITh MOTYUYCHBI
JIBe KapOOHOBBIC KHCIIOTBI, KACIOThI M KETOH WM JBa KeToHa. To ecTh
B 3aBHCHUMOCTH OT CTPYKTYPbI HCXOHOT'O aJIKeHa CXEMbI MPOIIECCOB HMEIOT
Bup [13]:

R, Rs @] (@)
\ / t’ ” + ”
C——=C —_— C C
\ KMnO4 + H2504 R/ \R R/ \R
1 2 3 4
Ry R,
Ry Rj o o
Ned ] ||
G:G\ KMnO4 + H2S04 C + C
n + R4
Ry H R1/ \R2 Ra/ SoH

R H 0 o CO,
\c:c/ . ” + (|:| /

KMnO4 + H2S04 G
R, \H Re” R, Ho o \
H-,O
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R1 H 9]

\G_C/ C (|3| + CO, + H,0

KMnO4 + H2504

VR Vel W
H H

Nod CO, + H0

/ o N KMnO4 + H2S04 ?
H H
Ry H

\C G/ 0 |C|) ﬁ

— > +
/ \ KMnO4 + H2S04 c c
H Rz R~ SoH Ry oM

Panee mo pesysnpTaraM OKHCICHHUS ajIKeHa NEPMaHIaHATOM KaJlHs
YCTaHAaBJIUBAJIM II0JIOKEHHUE JBOMHOM CBSI3U B €ro MoJleKyse. B Hacrosmiee
BpeMst JIs 3TOH I[eH Yarlie IPUMEHSIOT 030HupoBanue [12, ¢.60-61].

3. Okucnenue arkunos

Kak n ankeHbl, aneTUICHOBBIE YIIEBOJOPOABLI (AJIKWUHBI) MOCOOHEI
K TIOJTHOMY OKHCJICHHIO (TOPEHHIO) ¥ HETIOJTHOMY OKHCIICHHIO.

Kak ormeuaercst B nurepaType, OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE
peakuuy ajiKkuHOB pa3paboTaHbl HE TaKk MOJAPOOHO, Kak ankeHoB [12,
c. 112]. B o01iem npu3HAIOT, YTO OKHCIICHHE AIKHHOB B JKECTKUX YCIOBHSIX
(LIETIOYHBIM PAacTBOPOM II€PMaHraHaTa Kajius HJIM KOHIEHTPUPOBaHHOM
A30THO KMCJIOTOH IPH HATPEeBaHHUM) ITPOTEKAET, KaK U OKHCIICHHE aJIKEHOB,
C paclIeIVIEeHUeM YIJIEPOJHOTO CKENeTa; P 3TOM 00pa3yroTcs JiBe Kap0o-
HOBBIE KHCIOTbI. OKHCIIEHHE aJIKMHOB B Cpelax, OJIM3KHX K HEHTPabHBIM,
COTIPOBOXKIAETCSI 00pa3oBaHUEM (-TUKETOHOB.

BaXHBIM /7151 IKOJIEHUKOB SIBISICTCS. PACCMOTPEHUE KAYECTNBEHHbIX
peakyuti Ha KpaTHble cBsi3H. OHON N3 HUX SBIIsIETCS 0OecBEYNBaHNE pac-
TBOpa nepmaneanama xaaus. IIpuy 3TOM CUMTAIOT, YTO alleTWiIeH oOpasyer
IIaBEJICBYIO KUCIIOTY WJIM €€ COJIM; PEaKIMH C OCTAaJbHBIMHU aJKHMHAMH CO-
MIPOBOXKIAIOTCS TIOJIHBIM Pa3pblBOM TPOWHOM yIIIEpOJ-YIIepOAHON CBS3H.
ITpn sToM 06pa3zyrorcst KapOOHOBBIE KHCIIOTHI (B KHCIIOH Cpelie) WM HX
coui (B HEUTpaJIbHOH M mIenoyHon cpenax) [13]:
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@) 0O
Kh{llO;l + HIS 04 \\C C//

H C=—C H / \
HO OH
KMHO4+H2$O4
R—C==C—R, » R,COOH + R,COOH
KMnO, / (H,0) OH"
R——C==C—R, » R,COOK +R,COOK

AHAJIOTUYHO TMPOIECC MPOTEKACT, €CIIM B KAUCCTBE OKUCIHUTEI Oc-
petes auxpomar kanus K,Cr,05.

4. Oxucnenue 6eH301a U €20 20M010208

BeHzon mnozaBepraercss MOJHOMY OKHCIEHHIO (TopeHuio). Baumy
HEHACHIIIICHHOCTH CTPYKTYPHI (BBICOKOW MacCOBOU JOJIM yTIepoaa Mc¢)IpH
TOPCHUH Ha BO3YXE IUIaMsI KOIITHT.

benszon ycroiuMB K OEHCTBUIO TaKUX CHJIBHBIX OKHUCIHUTENEH, Kak
TTOIKHACIICHHBIE PACTBOPHI MIEPMaHTaHATa M IAXpOMaTa KalWs IPH HarpeBa-
HUHU. BeH30JbpHOE sAOpO pa3pymiaeTcs JHUIIb B OYCHb JKECTKUX YCIIOBHIX
(c o6pa3oBaHrEeM MaJ€MHOBOTO aHTUJPUJA, TITHUOKCATIS, U TIp.), OJHAKO 3TOT
KPYT PEaKIHii BEIXOIUT 32 PAMKH IIKOJIBHOTO Kypca XUMHH.

B ornuume oT OeH30J1a €r0 TOMOJIOTU OKHCIISIIOTCS JEHCTBHEM
OOBIYHBIX OKHCJIMTENEH; NP STOM OKHCICHHUIO IOJBepraercs OOKoBas
uenb. Jlro6oii romosor GeH3ona ¢ OJHOW OOKOBOHM IEMbIO OKHCIAETCS
cuibHBIMU OkHcauTesiMu Tuiia KMnO, B Oen3oiinyro kucioty. [Ipu Hagu-
YUH HECKOJNBKUX OOKOBBIX MENel KaxJas W3 HHAX OKHUCIICTCS 10 Kap-
OOKCHIJIEHOM TPYIIIIBI U B pe3ysibTaTe 00pa3ylTCs MHOTOOCHOBHEIC KHCIIO-
THL

OxwuciieHre STHI0EH30J1a IIPOTEKALT IO CXEMe:
KMnQO,; rarpes
CgHs — CH, — CH3 » C¢Hs — COOH
- CO,
- MnO,
— KOH
B mpocreiitiem Bapuante cxema OKHCICHHUS OJTHO3aMENICHHBIX TO-
MOJIOTOB O€H30J1a TIEpMaHTaHATOM HJIM ITUXPOMATOM Kajus MpU HarpeBa-
Huu umeer Bun [13]:
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COOH
[O]
. + RCOOH

Baxnoe MPOMBIIIJICHHOC 3HAYCHUE UMECT OKUCICHUC KyMOJia (I/I30-
npoan6eH3ona) KHCJIOpOAOM B MPHUCYTCTBUU KaTalinu3aTopa. Tak nojay4da-
0T (l)eHO.H " aniCToOH:

OH
O
+
5. Oxucnenue cnupmos.
CriupTs! OBIBAIOT IEPBUYHEIC, BTOPHUYHBIC M TPETHUYHBIE!
H R1 R1
R—C—OH RE—(|3—OH RQ—C|}—OH
H H Ra

JlerkocTb OKHCIEHHS CIUPTOB YMEHBILAETCS B PSTY:
IICPBUYHBIC > BTOPUYHBIC >> TPECTUYHBIC.
He3aBucumo OT cTpoeHUs cnupTa NPOAYKTaMH €ro MOJHOIO OKUC-
JeHust OyAyT BOJa U yIJIeKUCIbIii ra3 [13]:
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R—C—0H

R

+0;
R,—C—0OH > — ™ (02 + H20 (+Q)

[IpoayKTamMu HETIOJHOTO OKHCJICHHS NEPBUYHBIX CIIUPTOB SABISFOTCS
aNbJETHIbl, BTOPUYHBIX — KETOHEL [IpH 3TOM CTPYKTypa YIJIepOJHOTO CKe-
JieTa MCXOIHOTO CIUPTa CoXpaHsercs. TpeTHYHbIC CIUPTHI OKHCIIOTCS C
TPYIOM, B JKECTKHX YCIIOBHUSX; IPH 3TOM 00pa3yercs cMech HH3KOMOJICKY-
JSIPHBIX KapOOHOBBIX KHCJIOT M KETOHOB, TO €CTh HPOUCXOIUT NECTPYKIUS
YTJIEPOJTHOTO CKEJIeTa.

B kavecTBe OKHCIHTENCH CIUPTOB YaIle BCETO UCTIOIB3YIOTCS: Tep-
MaHraHat kamusi B kuciod cpege (KMnO, + H,SO,), muxpomar kaiwus
B kucioi cpexe (K,Cr,O; + H,SOy), kucimopos Bo3ayxa ¢ KaTalId3aTOPOM
(mampumep, measio Cu), oxcun meau (11) CuO.

Anblierupl, 00pa3yroiuecs IpH HEIOJHOM OKHCIICHUH MEPBHYHBIX
CIUPTOB, €CIIU UX HE YIaJATh U3 Cepbl PeakliH, JIErko IPEBPAIlAIOTCs B
KapOOHOBBEIE KHUCJIOTHL. TO €CTh NPH OKUCICHHH MEPBUYHBIX CIIMPTOB HA
NEePBOH CTaMU TPOUCXOIAT OOCJHEHHE MOJICKYJIBI BOZOPOJIOM — 00pasy-
I0TCS aNbJETHIbl, 2 Ha BTOPOl — o0oramieHne HX KUCIOPOIOM — 00pa3yroT-

cs1 KapOOHOBEIE KHCIOTHI [13]:
o}
o’
o ’

H

R——C——©OH

| w H,S0y 0
H K;Cr0; + H,S0; C//
“SoH

R——
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Ha npaxTuke A OKUCIIEHUs MEPBUYHBIX CIUPTOB 10 albIETHUAOB
4acTO NMPUMEHSIOT CMECh KOHIIEHTPUPOBAHHON CEpHOM KUCIOTHI M JTUXPO-
Mara Harpus. OOpasyromuicsi aupierua BO H30€XKaHHE NaJIbHEHIIEero
OKHCIJICHHSI OTTOHSIOT U3 PEaKINOHHOHN cMecH. DTO BO3MOXKHO, TaK KaK IO-
JyJaroImuecs aJbACTHIBl KaK HECIIOCOOHBIE K acCOIMAINK KUIIAT 3HAYH-
TENBHO HUXKE COOTBETCTBYIOIIMX CIMPTOB. B mocienHee BpemMs B MPOMBIII-
JIEHHOCTU NIEPBUYHBIE CIUPTHI CTAIU OKUCIIATH 0 allbACTHI0B KHCIOPOIOM
BO3/yXa B IPUCYTCTBHH KaTalH3aTOpOB (OKCHIOOB JKeie3a, BaHAIU).
OKWHCIIeHHE CIUPTOB B COOTBETCTBYIONIWE KapOOHOBBIE KHCIIOTHI JIETKO
OCYILECTBJISIIOT, JIeHCTBYS] Ha HUX KOHIEHTPHUPOBAHHOW a30THOM KUCIIOTOI
(BbIx0 60—70%) MK MIETOYHBIM PACTBOPOM IIEpMaHraHaTa Kajusl (BBIXOJ
~ 80%) [12, c. 192].

OxwucreHre BTOPUYHBIX CIIUPTOB J0 KETOHOB OCYIIECTBISIETCS 3HA-
YHUTEJIBHO MPOIIE, TaK KaK MOCJeIHUE, B OTIWYHE OT albAETHI0B, OTHOCH-
TEJIbHO YCTOWYMUBHI K JEUCTBHUIO OKUCIUTENeH. Tak, Hampumep, OKUCIEHUE
BTOPUYHBIX CIUPTOB AUXPOMATOM HATpHs IMO3BOJSAET IMOJNy4aTh KETOHBI
€aMoTro pa3HOOOPa3HOTO CTPOCHUS C BBIXOJOM 110 75% (Tam xe).

HenonHoe okucineHwe BTOPHUYHBIX U TPETHYHBIX CHHPTOB MOXKHO
0TOOpa3uTh CreayomuMu cxemamu [13]:

R, o)
| CuO ||
0,/ Cu

RR—C—O0H ——FF—FF———» R—C—R;

| KMnO, / H,50,

M KyCryO7 / HySO,

CHs CHj o}

H,50, t° ¢
HaG——C——O0H — 2w HG——C——CH, ——— HyC——C——CH3 + CO,
-H,0 KMnO, + H,S0,
CHy (KoCr,0; + H,50,)

6. Oxucnenue anboe2udos

AJbIeTHIIBI OKUCIISAIOTCS JIETKO ¢ 00pa3oBaHueM KapOOHOBBIX KHC-
JIOT C TEM € YHCJIOM YIJICPOIHBIX aTOMOB. OKHUCIUTEIH MOTYT OBITh pas3-
JIMYHBIC: CUJIBHBIC (KI/ICHOpOH BO3yXa, NOAKUCJICHHBIC PAaCTBOPLI MEpMaH-
raHatra u JIuxpomaTta Kajusl) U ciia0ble (aMMHAuHBI PacTBOP OKCHIA cepe-
opa (), menounoii pactBop cynsdara meau (1) u ap.). B obmiem Buae npo-
1ecc 0ToOpakaeTcst CXeMOM:

o 0
R—C/ + 0l - - R—G/
\
H OH
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Peakuuu ¢ aMMUa4HBIM pacTBOpoM okcuza cepebpa (1) u menounsm
pactBopom cynbdara menu (Il) sBustorcst kauecmeennvimu peakyusmu Ha
anpaerugpl. CocTaB aMMHavHOTO pacTBopa okcupia cepebpa (l) orobpaxa-
ercst popmynoit [Ag(NH;),]JOH (ympomenno Ag,0, peaktus Toirenca);
Cu(OH), — cBexeocaxnenublii ruapokcun meau (11).

Peakmuio «cepeOpsHOTO 3epKana» MOKHO OTOOPa3HTh CIEAYIOLIIM
MOJICKYJIApHBIM ypaBHenuem [13]:

o

0
4 7
\ +2[Ag(NH;3),]OH ——— R—C + 2Ag + 3NH; +H,0

H 0" NH,*

WK B YIIPOILICHHOM BH/JC!:

0 0
R—c;/ 7

+ Ag,0 ———= 2Ag + R—=C

H OH
Peakiist co cBexeocakaeHHbIM ruapokcuaoM mean (1) cBomutcs
K OKHCJICHUIO aJIbJIeTH/Ia 10 KapOOHOBOM KHCIIOTHI U BOCCTAHOBJICHHUIO TH/I-
pokcuma meau (1) mo ruapokcuma meau (1) xkemroro nBera. IMocmemHwuii
HEYCTOWYMB 1 OBICTPO 00pa3zyer cooTBeTcTBYIOIMI okcun Cu,O kpacHOro

OBCTA. Hrorosoe YPaBHCHUEC BBITJTIAAUT TAK:
O

o
R c/ ¢ 7
— \t 2Cu(OH), ——— R—C” 4 Cu,0 + 2H,0

H OH

OueHb JIETKO AJIBJACTUABI OKHUCIIAIOTCA paCTBOPOM I€pMaHraHara Ka-

mus. Ilpu 3ToM B KHCJO cpefie 00pa3yroTcsi COOTBETCTBYIOIIUE KHUCIIOTBL,
a B HEMTpaJbHOM U LIENOYHOM cpefax - ux coau [13]:
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o o)
Re—c?  KMnO, + H,80, R—C/
\ \
H OH
o o
R KMa0,h0)  R—GF
\ \
H oKt
0 o
R—G?  Kwn0,0M) R—GF
\ \
H oK

BBuay ocobeHHOCTEH CTpOeHHMs CIielM(UUECKH OKHCIAETCS Mypa-

BBUHBII AJIBACTU:
o o}

Va

H=C +4[Ag(NH;),]OH ————= HO—C + 4Ag + 8NH; + 2H,0

A OH
/N
Co, H,0

H
CO, + H,0 + 2NH; —— (NH,),CO;3

CyMMapHOe ypaBHEHHE PEaKIMH BBITVISAUT CICTYIOUUM 00pa3oM
[13]:

/O

H—C 1 4[Ag(NH;),]OH — (NH,),CO; + 4Ag + 6NH; + 2H,0

\

H

HecMmoTpst Ha GoJbiioe pasHOOOpasue peakiuil OKHCIEHUS C yda-
CTUEM OPraHMYCCKHUX BEIIECTB, HCKOTOPBIM M3 HHUX CBOMCTBEHHBI U peak-
MU BOCCTAHOBJICHUS. B HpOCTeﬁHICM CJIyda€ K TaKOBBIM OTHOCATCA pCak-
U TUAPUPOBAHUA HENPCIACITbHBIX COG}II/IHCHHﬁ (aHKeHOB, AJIKMHOB, IUC-
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HOB), TUAPUPOBAHKE AIBICTHIOB C 00pa30BaHMEM CHHPTOB, a TAKKE PSiI
creuudpuIecKux IMpoLEecCcoB.

THUNUYHBIM IIKOJIBHBIM MPUMEPOM PEAKIMii BOCCTAHOBJICHUS SIBJIS-
eTcs TpeBpalrieHne HUTpoOeH3oa B aHmuH (peakust H.H. 3unnna). OtoT
nporecc OyneT pacCMOTPEH MO3XKe.
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CocraBieHHe ypaBHEHHUI peaKknuii XUMHYECKUX NMpeBpalleHui

CocTaBiATh YpaBHEHUS OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX peak-
WA C y4acTHEM OPTraHWYECKHX BEIIECTB IEIECO00Pa3HO, MPUAEPKHUBAICH
CIIEAYIOLIETO AJITOPUTMA;

1. IIpoaHanu3upyiTe COCTaB HUCXOAHBIX BEILECTB, YCIOBUS IPOBE-
JCHUsI TIporiecca. Y CTAHOBUTE OKHCJIUTEIb M BOCCTAHOBUTENb. CIIPOTHO3H-
py#Te cocTaB 00pa3ylOMMXCs MPOAYKTOB (TIPOIYKTOB OKHCICHUS M BOC-
craHoBiIeHUs). COCTaBbTE CXEMY PEaKIIHH.

2. PaccraBbTe CTENeHU OKHCICHMA. BbloenuTe Te 3JIEMEHTHI, 4bs
CTETEeHb OKHUCJICHUS B X0JI€ peaKI[U1 U3MEHUIACh.

3. CocraBbTe 2IeKTPOHHBIN OanaHc. Ecin B cocTaBe opraHM4eckoro
BEIIIECTBA CTCIEHb OKHUCICHHUS M3MEHMIACh Y HECKOJBKHX aTOMOB, CyMMH-
py#Te pe3ynbpTar (IOCUHUTalTe M3MEHEHHE YHCIa IEKTPOHOB B IepecdeTe
Ha BelecTBo). OnpeenuTe 0CHOBHbIE KO (UIIEHTHI.

4. B cxeMe peakIMu IOCTaBbTE OCHOBHBIC KO3((UIIMEHTHI (K OKHC-
JIUTEII0 W TPOJYKTY €0 BOCCTAHOBJICHHS; K BOCCTAHOBUTEIIO U NMPOIYKTY
€r0 OKHCIICHUS).

5. 3arem HaumHaWTe TOAOUPATH OcTambHBIE K03 duuentrr. Kucio-
PO ¥ BOJOPOJ YPaBHUBANTE B MOCIEAHION O4epeb. Y T0OHO 110 BOZOPOILY
BBICTaBUTh KOA(P(UIMEHTHI, 10 KHCIOPOJLY MPOBEPUTHh MPABHIBHOCTH HX
paccTaHOBKH (CyMMa aTOMOB KHCJIOPOa B JIEBOW U MpaBoil yacTIx ypaBHe-
HUS JOJHKHA OBITH OJTMHAKOBOM).

PaccMOoTpuM psiT KOHKPETHBIX IPUMEPOB C 0OpasIaMu paccyxie-
HUI U pacCTaHOBKOIM KOA(QPUIIMEHTOB B YPaBHEHUSIX PEaKIMi pa3InYHbIMH
CIOCO0aMH.

AJIKeHBI

Hpumep 1.

CH,=CH, + KMnO, + H,0 — ...

Tpebyercs 3amucarh KJIACCHUECKOE ypaBHEHHE PEaKIUH — ypaBHe-
nue peakuuu E.E. Barnepa. OTo TUIUUHAs IS alIKEHOB PeakIfysi, KOTOpas
SIBJISIETCS OJHOW M3 KaueCTBEHHBIX pEeakIMil Ha KpaTHYIO CBs3b. B pe3yib-
TaTe MPOUCXOAUT THAPOKCHIMPOBAHNE AJIKEHOB (BBEACHNE THAPOKCHIBHBIX
rpymi) ¢ 00pa3oBaHUEM JIByXaTOMHBIX CIIUPTOB — uooB. PactBop KMnO,
IIPH ATOM 00ECI[BEUNBACTCS.

Cxema peakiuy UMeeT BUI:

C?H,=C?H, + KMn*'0,+H,0 — CH,(OH) — C*H,(OH) + Mn™O+ ...

ITpn cocraBneHUN >MEKTPOHHOTO OajlaHca CieqyeT YYUTHIBATh, YTO
OKHCIICHHE NPOTEKAeT Mo AByM aToMmaM yriepoaa. OHu paBHoLeHHEL. Cre-
JIOBaTENbHO:
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2C% -2¢ =2C* 2 3
Mn*" + 3" = Mn** 3 2
KoaddunueHt nepen BoccTaHOBUTENEM — 3, MEPE OKUCITHUTEIEM —
2. CymMapHOe ypaBHEHHE PEaKIIUU CIIeAyIOIIee:
3CH, = CH, + 2KMn*'0, + 4H,0 — 3CH,(OH) — CHy(OH) + 2MnO, +
+2KOH.
CxeMbl COOTBETCTBYIOIIHX MOJTYPEAKI[HA:
C,H, + 2H,0 - 2¢° — C,H,(OH), + 2H" ‘ 3 ‘
MnO, +2H,0 +3e"— MnO, +40H" 2
CyMMapHOe 3JICeKTPOHHO-UOHHOE YPaBHCHUE!
3C2H4 + 6H20 + 2Mn04_ + 4H20 — 3C2H4(OH)2 + 6[‘1+ + 2Mn02 + SOH,
3C2H4 + 2MnO4_ + 4H20 g 3C2H4(OH)2 + ZMn02 +20H".
MoJeKysIpHOE YpaBHEHUE MPUBEICHO BBIIIIE.

Ipumep 2.

CH;-CH=CH-CH;+ KMnO,; +H,0— ...

DTO0 ypaBHEHHE aHAIOTMYHO MPEIBLIYIIEMY C TOH JHIIb Pa3HUIICH,
YTO MCXOOHEIN ankeH (OyTeH-2) umeeT Ooliee IMHHYIO IeTb. BeencTeue
3TOTO CTEIICHN OKUCIICHUSI aTOMOB yIiepo/ia OYAyT HHBIMU KaK B HCXOJHOM
BEIIIECTBE, TaK U B MPOAyKTe peakiwu. OHAKO pe3yabpTaT OyaeT aHaIoTH-
HBIM: OCHOBHBIE KOO((QHIIUEHTHI TAaKUE Ke.
CH;- C'H=C"H- CH; + KMn*’0O, + H,0 —
— CH;— C°H(OH) — C°H(OH) — CH; + Mn™0, + ...

2C* -2¢ =2C° 2 3

Mn*" + 3¢ = Mn*™ 3 2
3CH; - CH = CH - CH;3 + 2KMnQO, + 4H,0 —
— 3CH3— CH(OH) — CH(OH) — CHz + 2MnO, + 2KOH.

Hpumep 3.

CH; - CH=CH, + KMnO,; +H,0 — ...

O1inume 3TOro YpaBHCHUA OT pPAHEC PACCMOTPCHHBLIX COCTOUT B
TOM, 4YTO I/ICXOI[HLIﬁ AJIKCH HECUMMCETPHUCH. B Takux Clly4dasx IocCJje
COCTaBJICHUA CXEMBbI PCAKINU 3HGKTp0HHI>II71 6anch JCJIaeTCA BHA4YaJIC I10
Ka)XXKIOMY aTOMYy yIrjiaepoza, a pe3yJbTaT 3aT€EM CYMMHUPYETC:
CH; — C'H = C?H, + KMn*’0, + H,0 — CH;— C°H(OH) — C"'H,(OH) +
+Mn02 + ...

ct-1e =C°

-2¢ 2 3
C%-1e =C? 6
Mn*" + 3¢ = Mn 3 2
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3CH; — CH = CH, + 2KMnO, + 4H,0 — 3CH; — CH(OH) — CH,(OH) +
+2MnO, + 2KOH.

Hpumep 4.

CH; - CH =CH - CH3 + KMnO, + H,SO; — ...

IlepmaHranaT Kaausi B CMECH C CEPHOM KHUCIOTOM — CUJIBHBINA OKHC-
murtens. [loaToMy, B OoTIMdYne OT BBIMICHPUBENCHHBIX, JAHHBIH Mporecc
CONPOBOXKIAETCSI Pa3pblBOM MOJIEKYJBl [0 MecTy IBOHHOW cBsa3u. Ilo-
CKOJIbKY OyTeH-1 SBISIETCSI CHMMETPUYHBIM aTKEHOM, U3 KaXXIOH €ro MoJe-
KyJIbl OyIlyT 00pa3oBBIBaThCS JBE MOJIEKYJIBl YKCYCHOM KHCIOTHI (M3 Kaxk-
JIOTO MONd aJKeHa — JBa MOJs KHUCIOTHI). COCTaBUM CXEMy peakinuu
1 2JIEKTPOHHBIHN OayaHc:

CH; - C'H = C'H - CH; + KMn’0, + H,SO, — 2CH;C**00H +

+Mn*2S0, + ...
2C*t -8 =2C" 8 5
Mn*" + 5" = Mn*? 5 8

[TonHOE MONEKyISIpHOE ypaBHEHHE UMEET BUI:
5CH; — CH = CH - CH3 + 8KMnO, + 12H,SO, — 10CH3;COOH +
+8MnSO, + 4K,SO, + 12H,0.

IIpumep 5.

C,Hs; - CH=CH,; + KMnO, + H,SO,; — ...

HepMaHraHaT KaJlusg B KUCJIOHN Cpeac ABJIACTCA CUJIbHBIM OKHUCJIMTEC-
seM. CrieioBaTeIbHO, MPOIIECC OYAET COMPOBOKIATHCS PA3PhIBOM JBOWHOM
CBSI3U MEXKIYy aToMaMHu yriepona (IecTpyKIueld MOJeKynbl ajkeHa). Ilo
MECTy pa3pbiBa CBsI3eil aTOMBI yriiepojia OyayT MakCUMajbHO OKHCIISTHCS.
CremoBarenbHO, IPOIYKTAMHU PEaKIMH OyAyT MPONMHOHOBAs KUCIOTA H yT-
JIeKUCIBIN Ta3. COCTaBUM CXeMY PEaKIiH U 3JICKTPOHHBIN OalaHc:

C,Hs — C*H = C%H, + KMn'’0, + H,S0, — C,HsC*00OH + C™0, +

+Mn*?S0, + ...
Ct-4e =C®
-10e’| 10 1
C?-6e =C* 10
Mn*’ + 5" = Mn*? 5 2

OcuoBuble k03 duureHTs! 2 u 1. IloaHOoe MOIEeKyIsipHOE ypaBHE-
HHUEC UMCECT BU/.

C,Hs — CH = CH, + 2KMnO, + 3H,SO, — C,H;COOH + CO, +
+2MnSO, + K,;SO, + 4H,0.

Ipumep 6.
CH3 —CH= C(CH3)2 + KMnO4 + HzSO4 — ...
OKHCIIeHUIO noasepracTes HCCHMMGTquHLIﬁ aJIKCH — 2-
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MeTHIOyTeH-2. OKHCIICHUE B KECTKHUX YCJIOBUSX MPHBOIWT K DPa3pbIBY
JIBOWHOW CBSI3M C 00pa30BaHMEM YKCYCHOW KHCJIOTHI (JICBBIH ()parMeHT MO-
JICKYJIbI) | alleTOHa (TIpaBbIi (PParMeHT).

CH;—C™H = C%(CH;), + KMnO, + H,S0, — CH;C*00H + (CH;),C™0 +

+ MnSO, + ...
Ct-4e =C*
6 5
C’-2e =C*
Mn*" +5e =Mn" 5 6

5CH; — CH = C(CH3)2 + 6KMnO, + 9H,SO, — 5CH; — COOH +
+5(CH3)2CO +6MnS0O, + 3K,SO, + 9H,0.

AJIKMHBI

Hpumep 1.

CH=CH+ KMnO,; — ...

KauecTBeHHO# peakiuell Ha HempeleibHbIC COCIUHEHHS, B TOM
YHCIIe Ha AKUHBI, ABJISETCS 00CSCIBEUMBAHUE PACTBOPA MIEPMaHraHaTa Ka-
nust. [lpu oxucnennu anerwieHa cBsizb C — C coXpaHseTcst; MpOoayKTOM
OKHCJICHUS SIBJISCTCS JABYXOCHOBHas IaBelieBas Kuciora. OJHAKO Clienyer
YUUTBIBAaTh, YTO B HEUTPAJILHOU CpeJie P BOCCTAHOBICHUY IIEPMaHIaHaTa
KaKsi MOOOYHBIM TPOJYKTOM DEaKkIMU SBISETCS THApoKcua kaius. [lo-
CIIeHUIA CO IABEJIEBOM KHUCIOTON oOpasyer conu — okcanarel. CiemoBa-
TEJIHO, CXeMa PEaKIMK ¥ AJIEKTPOHHBII 0aJaHC UMEIOT B!
C'H=C"H+KMn"0, — KOOC* - C*®00K + Mn*0, + ...
2C' -8¢ =2C" 8 3
Mn*" + 3e"= Mn*™* 3 8

C y4eToM OCHOBHBIX KOA(GHUIMEHTOB 3 U 8 MOIHOE MOJIEKYJISIPHOE
ypaBHEHHE UMEET BUJI:
3CH = CH + 8KMnO,; — 3KOOC — COOK + 8MnQO, + 2KOH + 2H,0.

PaccranoBka k03 QUIMEHTOB B 3TOM K€ YPABHEHUH METO/IOM JJIEK-
TPOHHO-MOHHOTO OanaHca (METOZOM IMOJIypPEeaKIHii) BRIMIAIUT CIIeAYIOIINM
o0OpazoM:

C,H, + 100H -8¢ — (COO)* + 6H,0 8 ‘ 3 ‘

MnO, + 2H,0 + 3¢ — MnO, +40H’ 3 8

Hpumep 2.

CH;-C=C-CH3+ KMnO; — ...

B naHHOM citydae OKHCIIEHHE MPOTEKaeT C Pa3pbIBOM CBSI3U yIile-
poa-yriepon. Ilockonbky ankuH (OyTHH-2) CHMMETPUYHBIH, MPOJIYKTOM
OKHCIIEHHs OylIeT TOJNBKO YKCYCHasi KHMCJIOTa, KOTOpas ¢ MOOOYHBIM IIpO-
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JYKTOM BOCCTAHOBJICHHS — THIPOKCUIOM Kamwsi, o0pasyer coib. CienoBa-

TEJBHO, CXeMa PEaKI[Ki UMEET BUJI:

CH; - C°=C°— CH; + KMn*'0, — 2CH;C™ 00K + Mn*0, + ...
ONeKTpOHHBIH OanaHc:

2C° -6e” =2C" 6 1

Mn*’ + 3e" = Mn** 3 2
PaccraBmsas k03pPUINEHTEI B WTOTOBOM ypPaBHEHWH, BBISICHICTCS,

gyTo m30BITKA menoun HeT; Bech KOH m3pacxongoBascs Ha HEHTpanu3aiio

YKCyCHOM KHCIOTHL. [lo3TOMy cymMMapHOE MOJIEKYISIPHOE YpaBHCHHE BHI-

TIIAAT TAKKUM 00pa3oM:

CH; - C=C-CHjz + 2KMnO, — 2CH3;COOK + 2MnQO..

Ipumep 3.

CH=C-CH,-CH3+ KMnO; — ...

ITo kpaTHO# CBsA3U OYJET MPOUCXOIUTH Pa3pbIB MOJICKYJBI ¢ 00pa-
30BaHUEM JBYX YIJIEPOJCOJCPIKAIIUX MPOJYKTOB, MAKCUMAIbHO OKHCIICH-
HBIX B MecTe aecTpykiuu. ClieloBaTeNbHO, MEPBUYHBIMU IMPOJAYKTAMH
OKHCJICHHS SIBJISIFOTCS MPOMaHOBasi (IIPOMHUOHOBAs) KUCIOTA M YIIICKUCIBIH
ra3. bes yuera panpHeiIero B3auMoICUCTBHSI CXeMa PEaKIny UMEET BH/I:
C'H=C"- CH, — CH; + KMn*’0,— CH3CH,C*00H + C*0, +Mn™0, +
+ KOH.

DJIeKTPOHHBIN OaNaHc:

ct-5e =C*

8 3
-3¢ =C*®
Mn" +3e =Mn™ 3 8

be3 ydera HelTpanu3anuu (BTOPHYHOTO KUCIOTHO-OCHOBHOTO B3au-
MO/JICUCTBHSI) yPaBHEHHE PEAKIINH BHITISINUT CICAYIOMIUM 00pa3oM:
3CH = C- CH; — CH;3 + 8KMnO, + 4H,0— 3CH;CH,COOH + 3CO, +
+8MnO, + 8KOH.

C y4eToM He#Tpaiu3aiyu NPOMHOHOBON KUCIIOTHI IIEI0YbIO:
3CH = C- CH, — CH; + 8KMnO, + H,0O— 3CH3CH,COOK + 3CO, +
+8MnO, + 5SKOH.

Eciiu IOMONHUTEIBHO yYeCTh B3aMMOJCHCTBHE YIJIEKHUCIIONO Tra3a u
THIPOKCHIA KAIHs B MOJIBHOM COOTHOIICHHH 3:5, TO HMEeM:
3CH=C- CH, — CH; + 8KMnO, —3CH3;CH,COOK + KHCO; + 2K,CO; +
+ 8MnO..

OIEeKTPOHHO-UOHHBIE YPaBHEHHUS:
C4Hg + 4H,0- 8¢ — C3Hs0, +CO, +9H" |3 - nonypeaxuus oxucnerus
MnO,+2H,0 +3e —-MnO, +40H" 8 - momypeakuys BOCCTaHOBJIEHUS

3C,Hg +8MnO,  — 3C3Hs0, + 3CO, + 8MnO, + SOH
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CnupThl (AJIKOT0J1H)

IIpumep 1.

CH; -CH,OH + KMnO, + H,SO, — ...

[TepBUYHBIMH MPOIYKTaMH OKHUCIICHUS CITUPTOB SIBILIFOTCS ajbIerH-
ne1. CrieoBaTeIbHO, IPU OKHCIICHUH 3TaHOJa oOpasyetcs 3TaHaimb. Cocra-
BUM CXEMY PEaKIMU U JICKTPOHHBII OanaHc:

CH;z - C'H,OH + KMn*’0, + H,SO; — CH; — C*'HO + Mn*’SO, + ...

Mn*" + 5e” = Mn*? 5 2

CyMMapHOE ypaBHEHUE UMEET BHI
5CH; - CH,OH + 2KMnO, + 3H,SO, — 5CH; — CHO + 2MnSO, +
+ K,SO, + 8H,0.

cl-2¢ =C" ‘ 2 5

Hpumep 2.

CH; —-CH,OH + K,Cr,0; + H,SO, — ...

OTOT MpUMEP aHAJIOTUYCH NPECAbIAYIICMY. Pa3HI/H_[a JIMIIBb B TOM, 4YTO
B Ka4CCTBC OKUCIMUTCIIA B3AT HC NCpMaHIaHAT, 4 AUXPOMAT KaJus. Ecmu
mponecc BECTU IIPpU TEMIICPATypC KUIICHUA aIbJACTUAad, TO, UCIIAPAACH, dJIb-
JETUIBI HE YCIIEBAIOT OKUCIUTHCA. CXeMa peakiMu, SJIEKTPOHHEIH Oananc u
MOJIEKYJISIPHOE YPABHEHHE UMEIOT B
CHg—C_leoH‘F K,Cr, +607 + H,SO, -CH; — C+1HOT +Cr2+3 (804)3 +...
Cct-2¢ =C™ 2 3
2Cr*® + 6e” = 2Cr*® 6 1
3CH3;-CH,OH+K,Cr,0, +4HzSO4—>3CH3—CHO+Cr2(SO4)3+KzSO4+7H20.

PaccTanoBKa KOS()(HIUMEHTOB B 3TOM K€ YPAaBHEHHMH 3JICKTPOHHO-
HOHHBIM METOAOM BBITIAANUT CICAYIOIIUM 06pa30M:

Monypeaxius okucienns: CH; — CH,OH - 2e” — CH; — CHO + 2H" 3
[Momypeakiys BOCCTAaHOBJICHUS: Crzof' + 14H" + 66" — 2Cr¥" + 7H,O | 1

Hpumep 3.

OxwucieHre MPOIIIOBOTO CIMPTA TUXPOMATOM Kalus 0 IPOTHOHO-
BOTO aJIbJeTHIA:
C;H,0H + K,Cr,0; + H,SO, — C3HgO + Crz(SO4)3 + K,SO, + H,0.

Ha stom mpumepe nokaxeM, Kak MOXKHO pacCTaBUTh KOA((UITUCHTHI
METOJIOM 3JIEKTPOHHOTO OajlaHca ¢ yJacTHEM BEIECTB, UMEIONIHX JIPOOHbIE
3HAUEHHMs CTETEeHeH OokucieHus. B 3ToM citydae ucnonb3yeM (opMalbHBIHA
IOJIXOJI, CUUTAsI BCE aTOMBI yIJIepo/ia PaBHOIICHHBIMH:
C3H;0H+K,Cr,*%0; +H,S0,—C3*He0 +Cr,"(S04); +K,S0,+H,0;
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3C2-2¢ =3C*B 2 3
2Cr% + 6e = 2Cr* 6 1
3C3H;0H + K,Cr,07 + 4H,S0, — 3C3HgO + Cry(SOy);3 +K,S0, +7H,0.

Hpumep 4.

Cg¢Hs; —-CH,OH + KMnO, + H,SO, — ...

B sTOoM citygae okucIeHHIO TOABEpraeTcst OeH3MIoBIH crimpt. [lep-
BUYHBIM HPOJYKTOM OKHCICHHUS OyneT OeH3alubIeTHA; OJHAKO IMpU JeH-
CTBUH XECTKOTO OKHCIHUTENs (M30BITOK TMEpMaHTaHaTa B KHCIOH cpere)
mporecc OyJaeT UITH Naiblie, 10 o0pa3oBaHus OCH30HHON KuCIOTh. Torma
cXeMa peakiuy UMeeT B
CeHs —~C'H,OH + KMn*'0, + H,SO, — CgHs -C"*00H + Mn*’SO, +
+K;SO4 + H,0.

DJIeKTPOHHBIN OaNaHC:
C'-4e =C® 4
Mn*’ + 5¢" = Mn*? 5

CymmapHOe ypaBHEHHE:!
5CgHs -CH,OH + 4KMnO, + 6H,SO, — 5C¢Hs -COOH + 4MnSQO, +
+2K,S0, + 4H,0.

5
4

AJberuabl

Hpumep 1.

CH; - CHO + KMnO,; + H,SO, — ...

IIpogykTamMu OKHCIEHUS albJEeTHI0B ABIIOTCA KapOOHOBBIE KHCIIO-
THI. CHCI[OBaTeIILHO, pe3yHLTaTOM OKHUCJICHHUA yKCyCHOFO anpaeruaa 6yz[eT
yKCycHasl kucioTa. Cxema peakluy U JIEKTPOHHBII OalaHC UMEIOT BU:
CH; — C**HO + KMnO, + H,SO, — CH; — C**00H + Mn*?S0, + ...
ct-2¢ =C"® ‘ 2 5
Mn*" + 5¢" = Mn*? 5 2

HOJ‘IHOG MOJ'IGKyJ'ISIpHOf: ypaBHeHHe:
5CH; — CHO + 2KMnO, 3H,S0, — 5CH; — COOH + 2MnSO,+K,SO,
+3H,0.

Hpumep 2.

CH; — CHO + KMnO, + KOH — ...

Ipu OKHCIICHHH YKCYCHOTO albIeTHIa 00pa3yeTcst yKCyCHast KHCIIO-
Ta, KOTOpas B IIEJIOYHOM Cpeje JaeT COoNib — aleTaTr Kaiaus. [lepmaHraHat
KaJTist TIPM 3TOM BOCCTaHaBJIMBaeTcs 10 okcuaa mapranma (1V).
CH; — C*'HO + KMn*’0, + KOH — CH3— C*0O0K + Mn*0, + ...
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ct-2e =C™® 2 3
Mn*" + 3" = Mn™ 3 2
3CH; — CHO + 2KMnO, + KOH — 3CH; — COOK + MnO, + 2H,0.

Hpumep 3.

H - CHO + KMnO, + H,SO, — ...

Kak u B mpenmpimynmx mpuMepax, OKHACICHHIO IIEPMAaHTaHATOM B
CEPHOKHCIION cpele TOABEepraeTcs anpAeria. B maHHOM cirydae MypaBbH-
HBIA aNbIeTH/A TPEBpaIlacTCs B MYPaBBHHYIO KHCIOTY. OIHAKO HYXHO
YUUTBIBaTh, YTO MOCIEAHSS oONagaeT crnenupuuecKuMu CBOWCTBaMH. B
U30BITKE OKHCIIHUTENS MypPaBbHHAS KUCIIOTA JIETKO JOOKHUCIISETCS JI0 yIiie-
KHUCJIOTO Ta3a. B COOTBETCTBUM C 3TUM KOHEYHBIM MPOIYKTOM OKHCICHHS
Oyner yraekuciora. Torma cxema peakiiiy ¥ dJICKTPOHHBIN OalaHC BBITIISI-
AT TaK:

H - C°HO + KMnO, + H,SO, — C*0,+ Mn*’SO, + ...

Mn*" + 5" = Mn*? 5 4
I/ITOFOBOG MOJ'IeKynﬂpHOG ypaBHeHI/Ie UMECT TaKOi'I BHU:
5H — CHO+4KMnO, + 6H,S0, — 5CO, + 4MnSO, + 2K,SO, +11H.,0.

C%-4e =C™ ‘ 4 5

Ipumep 4.
[Ag(NH;),]OH

Meranaib X

OlIeBI/I):[HO, 4TO Mpeajiaractcs 3anucaTtb YpaBHCHHC PCAKIHUU «CC-
pe6p$[H01"0 3CpKaJiay». IT1OT nepexoa umMeeT 60J'ILIJ.IOC CXOACTBO C BbIIICTIPH-
BE€ACHHBIM. HpOI[yKTOM OKHCJICHUS METaHaJisd 6y;[€T HC MypaBbHHAs, a yTI'-
JICKHUCJIOTA. O,I[HaKO CHeL[I/I(i)I/IKa JaHHOI'O BSaPIMO,I[CfICTBHSI 3aKJIK04YacTCs
ClIe U B TOM, 4TO IMPOUECC IMMPOTCKACT B H.[eJ'IO‘IHOﬁ cpeac (FI/I,I[pOKCI/IZ[ cepe-
Opa yCTOHYHB TOJIBKO B JOPME aMMHUAYHOT'O KOMILIEKCA B H30BITKE PacTBO-
pa ammuaka). CienoBaTebHO, YTIICKUACIEIA ra3 OyneT o0pa3oBEIBATH COJIB:
MIPEUMYIIECTBEHHO KapOOHAT, HO, BO3MOXHO, U THAPOKapOOHAT aMMOHHUS.
H-C’HO + [Ag™(NH3),JOH — (NH,),C" 03+ Ag’+ ...

C’-4e =C™ 4 1
Ag™+1e = Ag° 1 4

CymMMapHOe MOJIEKYJISIpHOE YPAaBHEHHE BBIMIAMUT CICAYIOIMM 00-
paszom:
H-CHO + 4[Ag"'(NH3);JOH — (NH,),CO; + 4Ag+ 6NH; + 2H,0
(monyctumo ob6pazoanue NH,HCO3).
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KapOoHoBbIe KHCJIOTBI

IIpumep.

H,C,04 + KMnO, + H,SO, — ...

H,C,04 — 310 MonexymspHas GopMmyna IByXOCHOBHOH IIaBeIeBOM
kucaotel: HOOC — COOH. Kaxmprit u3 OByX aToMOB yriepoja B Hell mMe-
eT crereHb okucienus +3. 1l{aBeneBas kucioTa, ABIASACH MATKHM BOCCTa-
HoBHTENEM, TipeBpamaercs B CO, co CTEIeHbI0 OKUCIICHHS yriepoaa +4.
To ecTb Kakias MOJIEKyJa INaBeIeBOM KHUCIOTHI JaeT aBe MoseKyisl CO,
(Ka)kIbI MOJIb KHCJIOTBHI 00pa3yeT JiBa MOJIsl YIIICKUCIIOTO rasa).

HOOC™ - C"00H + KMn*'0, + H,S0, — 2C*0, + MnSO, + ...

2C*"-2¢" =2¢*™ 2 5
Mn*” + 5¢" = Mn*? 5 2
5H,C,0,4 + 2KMnO, + 3H,SO, — 10CO, + 2MnSO, + K,SO, + 8H,0.

ApoMaTuyecKue coeJuHeHust

Hpumep 1.

CgHs —CH;3 + KMnO,4 + H,SO4 — ...

B ornnume or OeH30a €ro roMoJIOTH IIOJBEPraloTCsl HEMOJIHOMY
OKHUCIICHHIO (TIepMaHraHATOM MJIM AUXPOMATOM Kallus B KHCIOH cpere, OK-
cumom mapranna (1V) u ap.). [lpu 3TOM OKHCIIEHHIO OIBEPraeTcss OOKOBas
LIeTb, B CIIydae TOJIyOJa — METHJIbHAS Ipymna (OKUCICHHE He 3aTparuBaeT
0eH30JIbHOTO si/ipa). TakoW CUIIBHBIA OKHUCIUTEIb, KAK IEPMAHraHaT B KHC-
JIOW cpelie, MpeBpaIaeT METWIBHYIO TPYMITUPOBKY TOIyoJa B KApOOKCHITh-
Hy10. PesynmpTaTom sBnsieTcst oOpasoBaHue OCH30HHON KUCIIOTHL.

CeHs ~C™H;z + KMnO, + H,SO, — C¢Hs —CO0H + MnSO, + ...

Cc3-6e =C"® 6 5

Mn*" + 5¢" = Mn*? 5 6. W
CeHs —CH; + 20 — 2H (-6¢") = C¢Hs —C°00H 6 ’ 5
Mn*” + 5e" = Mn*? 5 6

Kax BuanM, He3aBUCHUMO OT criocoba moxdopa koddduimenTos, pe-
3yJIbTAT OJMHAKOB.

5C¢Hs —-CH;3 + 6KMnO, + 9 H,SO, — 5C¢Hs -COOH + 6MnSQO, +
3K,S0, + 14H,0.

Hpnmep 2.
C6H5 —C2H5 + KMnO4 + HzSO4 — ...
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OTHI0EH301 — TOMOJIOT OEH30J1a, TAKXKE COJEPKAIINN OMH AJTKNIIb-
HBIH paavkain. [Ipu okucieHUH MOJOOHBIX COSTUHEHHI KECTKUMU OKHCITH-
TeJIIMH OOKOBas 11Tl «00ropaeTy», Kakoil Obl OHa HM ObLIA; IPU ITOM BCe-
rna obpasyercs OeH3oiHas KucioTa. [IockoIpKy B OOKOBOM HEH coaepika-
JIOCh IBa aTOMa YIilepolia U OJUH M3 HUX OCTaJICs CBA3aHHBIM C apoMaTH4e-
CKHM KOJIBLIOM, BTOPOH aToM yriepona OyzneT oOpa3oBBIBATH YIJIEKUCIIBIHA
ras.
CeHs ~C?H, — C°Hz + KMn*'0, + H,S0, — CeHs ~C*OOH + C™0,+

+Mn*2S0, + ...
C?-5e =2C"
12 5
C?-7¢ =2C"
Mn*” + 5e" = Mn*2 5 12

5CgHs — CoHs + 12KMnO,4 + 18H,S0,—5C¢Hs—COOH +5C0O,+12MnSO,+
+6K,S0, + 28H,0.
CxeMbl COOTBETCTBYIOIIMX MOJTYpPEaKIUi:
CgHyo + 4H,0 - 12¢ — C;HgO, + CO, + 12H" 5
MnO, +8H" +5¢ — Mn* + 4 H,0 12
CyMMapHOE MOHHOE YpaBHEHHUE:
5CgH;o + 20H,0 + 12MnO, + 96H" — 5C;HO, +5 CO, + 60H" +
+12Mn?* + 48H,0;
5CgH;o + 12MnO, + 36H" — 5C;H¢O, + 5CO, + 12Mn?* + 28H,0.

Hpumep 3.

C6H5 *CHg + Kl\/an4 — ...

Ipeqnaraercsi COCTaBUTh YPAaBHEHHE PEAKIIMU OKHUCIICHHS TOJIyoJia
IepMaHTaHATOM Kalus B HEWTpaJdbHOH cpexe. B maHHOM ciydae HyXHO
y4ecTh Ba oOcrosTenbcTBa. [lepBoe: MPOIYKTOM BOCCTAHOBIICHHS OyIeT
okcua mapranna (1V), mo6odHbIM MPOLYKTOM — IIeNI04Yb. BTopoe: B cBsi3u ¢
00pa3oBaHUEM THIPOKCHAA KaJus MPOAYKTOM OKHCICHHS Oynaer He OeH-
30iiHas KACJIOTA, a €€ COJIb — OEH30aT KaJIus.

CeHs —~C°H;z + KMn*'0, — CgHs —CPO0OK + Mn™0, + ...
C3-6e =C" ‘ 6 1
Mn*" + 3¢ = Mn*™ 3 2
C6H5 *CH3 + ZKMnO4 - C5H5 *COOK + 2Mn02 + KOH + Hzo

Hpumep 4.

CeHs — CH(CHg)z + KMnO, + H,SO, — ...

OTO ypaBHEHHE AaHAJOTMYHO YPAaBHEHHUIO NpHMepa 2, ¢ TOH JIHIIb
Pa3HHUIEH, YTO OTIICIUIATECS OT MCXOJHOTO BEIIECTBA (M30IPONMIOeH301a)
B (opMe yIIIeKHCIIoro raza OyJeT He OJMH aToM YIJiepoaa, a Jia. ITo 00-
CTOSITEIECTBO HEOOXOIMMO YYWTBIBAThH IIPU COCTABICHUH 3JIEKTPOHHOTO
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OanaHca M pacCTaHOBKE KO3 PUIIMCHTOB.
CeHs —C™'H (C°H3), + KMn*'0, + H,S0, — Ce¢Hs —C**00H + 2C™0,+
+Mn*?S0, + ...

Cl-4e =2C*"
18 5

2C3- 14 =2Cc™
Mn*" + 5" = Mn*? 5 18

Wnm st opraHndecKoro BELeCTBa!
CeHs — CH(CHs), + 60 — 6H (-18¢") = CgHs ~COOH + 2CO,
5C¢Hs — CH (CH3)2 + 18KMnO, + 27H,S0,; — 5C¢Hs —-COOH + 10CO,+
+18MnSO, + 9K,SO, + 42H,0.

IIpumep 5.

CeHs — CH(CH3)2 + KMnO,; — ...

C yuyeToM paccyxIeHHi, caenaHHblil B IpuMepax 2—4, MOXHO clie-
JaTh BBIBOA, YTO MPOAYKTAMH PEaKIMX B JAHHOM Ciiydae OyayT IBE COJHM:
OeHzoat U KapOOHAT KaJIHs.
CeHs —C™'H (CH,), + KMn*"0,—CsHs—C*00K+2K,C*04+Mn*™ 0+ ...
C'-4e =2C"

18 1
2C°- 14" = 2C*
Mn*" + 3¢ = Mn** 3 6
CeHs — CH(CH3)2 + 6KMnO, — CgHs; —-COOK + 2K,COz+ 6MnO, +
+KOH +3H,0.

Ipumep 6.

CeHs — C(CH3)3 + KMnO, + H,SO, — ...

[TpoxykTamMu OKHCIICHHS B 3TOM IpOLEcce, MOCKOIbKY OH IMPOTEKAeT
B KHCJIOH cpene, OyayT OcH30WHas KHCIOTa W YTIIEKUCHBIA Ta3. Ciemyer
YUUTHIBATH, YTO KAXKIBIH MOJb TpeT-n300yTHiaden3ona faet Tpu Moib CO,.

Cxema nporiecca 1 3JIEKTPOHHBIN OanaHc:
CeHs — C%(C>Hs); + KMn*'0O, + H,S0, — CgHs —C™O0H + 3C™0,+
+Mn+2504 + KzSO4 + Hzo

-3¢ =¢C*®
24 5
3C3-21e =3c*
Mn*" + 5¢" = Mn 5 24
CyMMapHO€E MOJIEKYJIIPHOE yPaBHEHHUE:!
5CgHs — C(CHj); + 24KMnO, + 36H,50, — 5CgHs —COOH + 15CO,+
+24MnSO, + 12K,SO, + 56H,0.
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Ipumep 7.

CeHs — CH(CH3)CH2'CH3 + KMnQ, + H,SO, — ...

B aTom citydae necTpyKuusl yriieBOJOPOJHOIO pajuKaja IPHBEAET
K 00pa30BaHUIO U3 KAKIOTO MOJSI BTOP-U300yTHIIOSH301a 10 OTHOMY MOITh
OCH30ITHO KHCIIOTHI, YTIICKUCIIOTO Ta3a U YKCYCHOM KHCIOTHI:
CeHs — C*H(C®H,)C?H,-CH; + KMn*’0, + H,SO, — CgHs —C™OO0OH +
+C™0,+ CH3C™OO0H + Mn*?S0, + K,SO, + H,0.

CreneHb OKHCICHUS B XOJI€ ITpoLiecca U3MEHSIOT TP aToMa yriiepoJa:

C'-4e =C"

Cc®-7¢=C" 16 5

C?-5¢ =C*

Mn*" + 5¢ = Mn*? 5 16
HUmozosoe ypasHnenue:

5CgHs — CH(CHg)CHz-CHQ, + 16KMnO, + 24H,S0, — 5C¢Hs -COOH +
+5CO,+ 5CH3;COOH + 16MnSQO, + 8K,SO, + 34H,0.

Ipumep 8.

C6H5— N02 + st - ...

CoBeplIeHHO OYEBHIHO, YTO 3TO PEaKIMs BOCCTAHOBICHUS HUTPO-
OeH307a B aHWIMH (MMEHHAs peaknust — peaknus 3WHHUHA). [IpomykTom
OKHCJICHUs OyZIeT cepa, MOOOUHBIM MPOTYKTOM — BOJIA.

Ha stom mpumepe euie pa3 mOAYEpKHEM U TOKaXXEM, YTO IOHSTHE
CTETICHN OKUCIICHHUS SIBISIETCS] (POPMATbHBIM.

Cxema peakiuu:

C5H5 - N02 + st>2 — C5H5 - NH2 + So + H20

CrerneHb OKHCIIEHHS a30Ta MOYKHO PaCcCUUTHIBATH, UCXOJS U3 Pa3HBIX
CcOo00pakeHuit:

a) Tak KaK apoMaTHYECKOe KOJBILO HE MPETEPIEeBAET CTPYKTYPHBIX
N3MEHEHHH B XOJE€ INpoIecca, ero MOXKHO HE YYUTBHIBATh M CUHUTATh, UTO
autporpynma (-NO,) mpespamiaercs B amuHorpymmy (-NH). B mepBom
cilydae a30T ObII CBSI3aH C JIByMSI aTOMaMM KHCIIOPOAA, 3JEKTPOOTpHIIa-
TEJIFHOCTH KOTOPBIX BBIIIE. Y KaXJOro aToMa KHCIOpoJia CTENEeHb OKHCIIe-
HUS -2, CIIeI0BaTEIbHO, a30Ty CJIEAYET MPUIHCATh CTENeHb OKHCIeHHs +4.
B amuHoOrpymnme arom a3oTa UMEET CTENEeHb OKHUCIIEHHS -2, TaK KaK NpUTS-
TMBAET AJIEKTPOHHBIE NIaphl OT JBYX aTOMOB BOJIOPOAA.

6) Ecnu y4uThIBaTh, 4TO aTOM a30Ta CBSI3aH C APOMATHYECKUM KOJIb-
LIOM, TOYHEe, C aTOMOM YTJepojAa apoMaTHYeCKOro KOJbla, Y KOTOPOTO
ANIEKTPOOTPHULIATEILHOCTh MEHbIIIE, TO B HUTPOTPYIINE a30T UMEET CTENeHb
okucieHus +3 (OTTSAruBaeT Ha ce0sl AIEKTPOHHYIO Mapy OT yriiepoja U OT-
JIaeT 4eThIpe DJIEKTPOHAa aToMaM KHCJIOopoJia), a B aMHHOrpymme — -3 (a3or
TIPUHSLI 3JIEKTPOHBI OT aTOMa YIJIEpo/ia U IByX aTOMOB BOJIOPO/IA).
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DJeKTpOHHBIN OaslaHc:

a) N* + 66 = N2, wm

6) N™ +6e =N 6 1

S? -2 =8 2 3

Hrorosoe ypaBHEeHHE CleqyIOIIEE:
C6H5 — N02 +3st — C6H5 — NHz +3S +2H20

Hpumep 9.

C6H5* NHZ + Oz — ...

TpebyeTcs COCTAaBUTh YpaBHCHUE pPeaKIMy ropeHus aHwiuHa. Hyx-
HO MOMHHTb, UYTO MPHU TOPEHHUH A30TCOAEPKAIIUX OPraHMYECKUX BEIECTB
MPOIYKTaMH PEaKUH SIBISIOTCS YTIEKUCIBINA ra3, BoJla U MPOCTOE Belle-
¢TBO a30T. Clie/IoBaTeIbHO:

C6H5 - NH2 + 020 — C+402 + NZO + HZO'Z.

Haun6Gomnb1ryto clI0XHOCT 371€Ch MPEACTABISET ONpeAeeHHe CTemne-
HEH OKMCJIEHHS aTOMOB YIJIEPOJia B apOMAaTUYECKOM KOJIBLIE M aTOMa a30Ta
HuTporpynnsl. Kak u B mpumepe 8, 31ech BO3MOKHBI HECKOJIBKO MOAXO0B.
Bribepem onnH U3 HUX.

[Tate C-aTOMOB B apoMaTH4ecKOM KOJIbIIC PAaBHOICHHBI (C TOYKH
3peHus (popMaNbHOCTH MOHATHS CTENICHH OKUCIICHHS); KX bl U3 HUX CBSI-
3aH C OJIHUM aTOMOM BOJIOPOJIa, CJIENOBATENIbHO, KaXIbli MMEeT CTeleHb
okucnenus -1. lllecroit C-aToM cBs3aH ¢ a30TOM, Y KOTOPOTO BHIIIE AJIEK-
TPOOTPHUILIATEIBHOCT. [[0ATOMY €ro cTeneHb OKHUCIeHHs paBHa +1. AToMm
a30Ta aMUHOTPYIIBI CMENIAeT Ha ce0s IJIEKTPOHHBIE TUNIOTHOCTH CBSI3E€H OT
Tpex coceHux atoMoB. Ciie10BaTeabHO, €r0 CTEeICHh OKHCIICHUS paBHA -3.
C y4eToMm cieaHHbIX PacCyXICHUH COCTaBUM IIEKTPOHHBIN OanaHc:
5C*-25e =5C*

C?h-3e=C" 31 4
N®-3e=N°
0, +4e =0, 4 31

[TomHoe YpaBHCHHUC pCaKIIMu UMECT BU/L:
4CeHs — NH, + 310,° — 24C™0, + 2N,° + 14H,07.

YrieBoanbl

W3 mpexacraButeneil yrieBofoB 0Ooyiee MOAPOOHO MIKOJBHHUKH 3HA-
KOMSATCSI C TIIIOKO30H, KpaxMajaoM W Iellrono3oi. Hanbonee peaknmoHHO-
CIOCOOHBIM ~ BEIIECTBOM CPEOH HHX SIBISICTCS TIIFOKO33a. B XMMHYECKOM,
OHMOJIOTUYECKOM, MHPOBO33PEHUYSCKOM OTHOIICHUH BaXKHA PEAKIHs e¢ MOoJI-
HOTO OKHUCIICHUS B XXHBBIX OpPraHM3Max IO YIJIEKHCIOTrO ra3a M BOJIBI MOJT
JCHCTBUEM pa3IMYHBIX OHOJOTHYECKUX KaTalIH3aTOPOB — (EPMEHTOB.
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B Xxo07e 3TOr0 MHOTOCTYIIEHYATOTr0 MPOLecca IMPOUCXOIUT BEICBOOOXKICHNE
SHEPTHH, PACX01yeMON Ha )KU3HEES TeIbHOCTb.

In vitro (ylat. «B cTekie») TII0K03e CBOMCTBEHHBI PEAKIIUH BOCCTa-
HOBJICHUS U OKHCIICHUSI.

CoBpeMeHHBIE METOJbI BOCCTAHOBICHHUS OCYIIECTBISIIOT: BOJOPO-
JIOM B MpUCyTCTBHH Katamm3aTopoB (Pt, Ni), KOMIUIEKCHBIME THAPHIAMH,
HanpuMmep Oopruapunom Hatpus NaBH,. Peakxmus mportexaer mo ambae-
THIHOU TPYTIIIe; IPU 3TOM 00pa3zyeTcs MEeCTHATOMHBIN CIIPT — copOuT (OH
HUMEET CNAAKui BKYC, HO HE YCBAWBAETCSl OPraHM3MOM, ITIO3TOMY €r0 HC-
MOJIB3YIOT KaK caxapo3aMEeHUTEIb B MUTaHMM OOJILHBIX CaXxapHBIM JHade-
ToMm) [5, ¢. 314].

K Hanbonee Ba)KHBIM PEaKIMSIM OKUCIICHHS TIFOKO3bI OTHOCST Clle-
JyIOIIHe:

. Peakiu «cepebpsiroro 3epkana» u ¢ ruapokcuaom meau (11).
OHHU OCYIIECTBIAIOTCS B ILICIOYHOW cpele M NPUBOAAT K 00pa3oBaHHIO
emoxonosou kucaiomsr CH,OH — (CHOH), — COOH.

. Peaxrus ¢ 6pomuoit Bomoii (Br,/H,0). Ilpu atom Taxke odpa-
3yeTcs TIIIOKOHOBAsi KHCJIOTA (KOTOpasi B KUCJIOH cpele caMOIIPOU3BOJIEHO
OTIIEIUISCT BOAY U AACT Y-JIAKTOH).

. Peakumst ¢ a30THOH KHCIOTOH. DTO OONee CHIIBHBIA OKHCITH-
TeJlb, YEM BBIIICIIEpeUCICHHbIE. [Ipr 3TOM OKHCIIEHHE HIET HE TOJIBKO IO
anpJeruiHoi rpynne, Ho u mpo rpynne CH,OH. B pe3ynbTrate o6pasyercs
nByxocHoBHas caxaprasn kucioma HOOC — (CHOH), — COOH.

. Oxucnenne honHon kuciaoroir HIO,. Do eme Oonee kecTKMA
OKHCIINUTENb. Peakuusi conpoBoXIaeTcsi pacuieruieHneM Moiiekyibl. [Ipu
sToM KoHueBas rpymnnupoBka CH,OH okucnsiercss no dopmanbaeruna
HCOH, a ocranbusie C-atomsl 10 MypaBbuto# kucinorst HCOOH [5, c.
316-318]:

SHIO,
CH,0OH — (CHOH), - COH _— HCOH + 5HCOOH

B mexotopeix umcrounmkax (11, 14) paccMaTpuBaroTcs ypaBHEHUS
peakuuil OKHCIIEHHsI TJIIOKO3bl (M caxapo3bl) MOJKHCIEHHBIM PacTBOPOM
nepMaHraHaTa Kajiusi 10 YIJIeKHUCIIOro ra3a u BoJbl. Bo3aMoxHO, 1ist TpeHH-
POBKM yMEHH B paccTaHOBKe KOA(P(HIMEHTOB B YpaBHEHHUSX peakUuil C
y4acTHEM OpPraHMYECKHUX BEILIECTB 3TO METOJMYECKH OIpaBlIaHO, OJHAKO
clielyeT MOMHHTh O PEaibHbIX YCIOBHUSX OCYLIECTBICHHS MpOLEcca U CO-
cTaBe 00pa3yroIMUXCs MPOIYKTOB.

Hpnmep 1.

PeaKIII/ISI OKHMCJICHHS TJIFOKO3bI IEPMAHI'aHATOM KaJivs B KI/ICJ‘IOf/i cpe-
ne:
CeH1206 + KMnO, + H,S0, — C*0,+ Mn*?S0, + K,SO, + H,0.
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Paccmotpum pasnuuHble criocoObl pacCTaHOBKH KOI((MHIIMEHTOB B
5TOM ypaBHEHHHU.

1) MeTox aneKTpOHHOTO OanaHca.

a) OmpenenuM CTENeHb OKUCIICHHUS (POPMANBEHBIM METOAOM, 10 MO-
nexysipHoit hopmyite Bemectsa: Cg "Hy, *'0g 2. CocTaBUM 31IeKTPOHHBIN
GamaHc:

6C° - 24¢” =6C*™ 5

Mn*" + 5¢" = Mn*? 24

6) CoctaBUM 3IIEKTPOHHBIM OalaHC C y4eTOM HM3MEHEHHS CTEeTCHEeH
OKHCJICHHS KQXKIO0T0 aToMa yriiepoja:

C™'H,(OH) — C°H(OH) — C°H(OH) — C°H(OH) — C°H(OH) — C'HO

C'-5¢° =C™

4C° - 16e =4C™ 24 5

C+1 _ 3e- - C+4

Mn*’ + 5" = Mn*? 5 24

2) Metox noxypeaknuii:

CsH1,06 +6H,0 +24e —6CO, + 24H* 5
MnO, +8H" + 5" — Mn?" +4H,0 24

CyMMapHOe HOHHOE ypaBHEHHE:
5CsH1,06 +30H,0 + 24MnO, +192H"—30CO,+120H +24Mn* +96H,0;
5CgH;,05 + 24MNO, +72H" — 30CO, + 24Mn** + 66H,0.
MortekyasipHOE YpaBHEHHME OKHCIECHHS TIIIOKO3bl MEPMaHIaHATOM
Kalus B KUCIIOH cpefie:
5CgH1,06+24KMnO4+36H,S0,—30C0O,+24MnS0O, + 12K,S0O, + 66H,0.

Ipumep 2.

OxwuciieHre caxapo3bl IEPMaHTaHATOM Kallisl B KHUCIION cpeie:

C1oHpO01 + KMNO, + H,S0, — C™0,+ Mn*?S0, + K, SO, +
H,0.

JlaHHBIA TIpEMeEp MOTHOCTHIO aHAIOTHYCH MpeablIayIieMy. Y ao0Hee
BCEro HAWTH OCHOBHBIC KOX(PQHUIMEHTH METOAOM JIIEKTPOHHOTO OalaHca,
YUUTHIBAS C120H22+1011'2.

12C° - 48¢" =12C* 5

Mn*” + 5" = Mn*? 48

KoadduimeHT 5 cTaBUM K BOCCTAHOBHUTEIIO M MPOLYKTaM €ro OKKC-
neHust; kodpdumnuent 48 — K OKUCIUTENO0 M MPOIYKTY €ro BOCCTaHOBIIE-
HHUSL:
5C1,H5,041 +48KMnO, +H,S0O, — 60C0O,+48MnSO, + K,SO, +H,0.

OcranpHble K03(QPHUIUEHTHI TOI0NpPaeM B TaKOW IOCIICAOBATEIBLHO-
ctu: K,;SO,4, HSO4, H,O. UtToroBoe ypaBHEHHE BBITIISIUT CICAYIOIIAM
o0Opa3zoM:
5C15H,011+48KMnO, +72H,50,—60C0O,+48MnSO,+24K,S0,4+127H,0.
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Ynpaxaenus

PaccraBbTe K03((QHUIHUEHTI B YPABHEHUSX PEAKIIUIA:

1) CH;CH=CHCH,CH; + KMnO, + H,SO,—~ CH;COOH +
+C,HsCOOH +MnS0O, + K,SO,4 + H,0;

2) CH3CH=CH, +KMnQ4+H,S0O, — CH3COOH + CO, + MnSO,+
+ K,SO,4 + H,0;

3) CH;CH=CHCH,CH3;+KMnO,+KOH—CH3;COOK+C,H;COOK+
+H,0 + K,MnO, (pu Harpesaumnm);

4) CH3;CH=CH, + KMnQO,4 + KOH — CH3;COOK + K,CO3 + H,0 +
+K,MnO, (ipu HarpeBaHum);

5) CH;C =CH + KMnO, + H,SO4 — CH3COOH + CO, + MnSO, +
+K,S0O, +H,0;

6) C,H, + KMnQ, +H,S0, — CO, + MnSO, + H,0 + K,SOy;

7) C2H2 + KMnO4 — K2C204 + Mn02 + Hzo + KOH,

8) CoHsCH,CH; +KMnO, —CsHsCOOK + K,CO3 + H,0 + MnO,+
+ KOH (npu narpeBatun);

9) CH3CHO + KMnO,4 — CH3COOH +CH;COOK +MnO, +H,0;

10) CH;CHO+ K,Cr,0; + H,SO, —CH3COOH+Cr,(S0O,); + H,0+
+ K,SO0,.

Omeemul K YRPANCHEHUSM.

1) 5CH;CH=CHCH,CH3; + 8KMnO, + 12H,S0, — 5CH3;COOH +
+5C,H;COOH + 8MnSQO, + 4K,SO, + 12H,0;

2) CH3CH:CH2 + ZKMnO4 + 3H2$O4 e CH3COOH + C02 +
+2MnSQO, + K,SO, + 4H,0;

3) CH;3;CH=CHCH,CH; + 8KMnO, + 6KOH — CH3;COOK +
+C,HsCOOK + +4H,0 + 8K,MnOy;

4) CH,CH=CH, + 10KMnO, + 13KOH — CH,COOK + K,CO; +
+8H,0 +

+ 10K,;MnOy;

5) 5CH;C =CH + 8KMnO, + 12H,S0, — 5CH3;COOH + 5CO, +
+8MnSQO, + 4K,S0,4 + 12H,0;

6) C,H, + 2KMnO, +3H,S0, — CO, +2MnSQ, + 4H,0 + K,SOy;

7) 3C2H2 + SKMnO4 - 3K2C204 + 8Mn02 + 4H20 + 2KOH,

8) C6H5CH2CH3 + 4KMnO4 — C5H5COOK + K2C03 + 2H20 +
+4MnO, + KOH;

9) 3CH;CHO+2KMnO,—CH3;COOH+2CH;COOK+2MnO, +H,0;

10) 3CH;CHO + K,Cr,0; + 4H,SO, — 3CH3;COOH + Crz(SO4)3 +
+4H,0 + K,S0,.
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