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Kuyra € migpydyHMKOM, IO MICTUTH 3i0paHi Ta CHCTEMaTH30BaHI MaTepiayli OCHOB Cyd4acHOi opraHiyHoi Ximii B
YOTHPHOX YaCTHUHAX.

VY mepmiii yacTuHi migpyYHMKAa BHUKJIAJCHO TEOPETHYHI OCHOBM  XiMii OpraHiYHUX CIOJNYK, €JIEKTPOHHI Ta
CTepeOoXiMiUHi ysABJICHHS, OCHOBH pPEaKLIHHOI 34aTHOCTI OpPTaHIYHMX PEUOBHH 1 BIUIMB EIEKTPOHHUX (aKTOPiB Ha mepedir
XIMIYHHX peakUiii MiX PI3HUMH KJIacaMH OPTaHIYHUX CIONYK. PO3TIIHYTO MeXaHi3MH HaWBaXIMBIIMX XIMIYHHX peakUidl i
BIUIMB PI3HUX YMHHHUKIB 3aJIE)KHO BiJl IPUPOIU PEareHTiB i PO3UMHHUKIB, KaTajli3aTopiB, iHINIATOPIiB Ta iHIINX KOMIIOHEHTIB.
Omnwucano (i3W9HI BIACTHBOCTI OPTaHIYHUX PEUOBUH, HAcaMIIepell B3a€MO3B’SI30K MIXK MPOCTOPOBOIO i €EKTPOHHOIO OYIOBOIO
Ta iX peakUiifHOIO 31aTHICTIO.

VY napyriii wacTHHi 0COOJMBY yBary IpPHIUICHO HOMEHKJIATYpi, XIMIYHHM BJIACTHBOCTSIM, CIIOCO0aM CHHTe3y i
BUKOPUCTAHHIO aTi()aTHIHUX OPTaHIYHUX CHONYK Ta IX MMOXiJHUX, a TAKOXK BUCBITIICHO Haiy>KMBaHIII MeTOH JTa0OPaTOPHOTO 1
IIPOMHCIIOBOTO CHHTE3y OCHOBHHX KJIAciB aii)aTHYHHX CIIONYK, a came, rnapadiHiB, onediHiB, ankaIi€HIB, alKiHiB, i 0COOINBO
raJOreHOMOXIIHUX, CIUPTIB, €CTEpiB, OPraHIYHUX OKCHAIB 1 IEPOKCHIB, AIBAETINIB 1 KETOHIB, KapOOHOBHX KHCIIOT,
amidaTHYHUX HITPOCIONYK, adiaTHIHUX aMiHIB, CIpKOBMICHUX Ta €JNEeMEHTOOPTaHIYHUX CHOIYK, KapOOHATHOI KHCIOTH Ta il
MOX1HUX.

VY wvactuHi Tperiii miApyYHWKAa OMHCaHI CIIOCOOM OTPUMaHHS Ta XIMiYHI MEPETBOPEHHS OPTaHIYHUX CIIONYK 31
3MiIaHUMHU QYHKIISIMH, UKIIYHAX Ta apOMAaTHYHMX CIIOJYK TaKMX KJIACiB: allMKIIIUHI BYIJICBO/IHI, aMiHOKHCIIOTH, MO THIN
i OiNKH, TiTPOKCHKHCIOTH, OKCHKHCIIOTH, BYIJICBOJIH, apOMATHYHI BYTJICBOMHI 1 iX MOXigHI — apOMaTH4HI TaJlOreHOMOXi/Hi,
HITPOCIIOJNYKH, aMiHH, ()eHOJIM, XIHOHU, apOMATHYHI CITUPTH, KETOHH, ajbJeriqi i KUCIOTH, OaraTosaepHi apOMaTH4Hi CIIOIYKH
3 HEKOHJICHCOBAaHMMH Ta 3 KOH/ICHCOBAaHMMM OCH3CHOBHUMH SJIPAaMH, T'€TEPOLMKIIYHI CIIOIYKH, a30- i Jia30CIOJYyKH Ta
OapBHUKH. HaBeneHi HalBaXJIMBINII Traly3i BHKOPUCTAHHS KOXXKHOTO KJIACy OPTaHIYHMX CIIONYK 1 PO3MJITHYTI €KOJIOTidHi
MUTAHHS [I0J0 OMHCAHUX OPraHIYHHUX CIIONYK.

VY yerBeprTiii 4yacTuHI MiIpyYHWKAa HaBEICHI TEOPETUYHI NHUTAHHA Ta NPAKTUYHI 3aBIaHHS I CAMOKOHTPONIO 3
opraniyHoi XiMmii. [l 3pydHOCTI BUKOpPHCTaHHS BOHH IMOIUIEHI HA TEOPETHUYHI W MPaKTHYHI BIAMOBIIHO A0 PO3IUTIB HamIol
kHUrH. [ligpydHuK ckinagaeTbest 3 33 po3aiiiB , y TOMY 4ncii 3-X po3AiniB nepurol 4yacTuHH, 11-TH pO3AiiaiB 4acTUHHU APYToi,
16-T1 po37iniB YaCTHHM TPETHOI Ta OJHOTO PO3AITY YACTUHM YeTBepToi. BuaaHHsa MicTHTh onmcaHHs 950 opraHiqyHUX peakilii, a
Tako)k 30 Tabmuip, 35 pUCYHKIB Ta 25 miTepaTypHUX JKepel, aOeTKOBHI MOKa34yuK s 3Haxo/pkeHHs 1 500 opraHidHHX
cronyk Ta 1 100 muTaHp 11 CAaMOKOHTPOJIO 3 YCBOTO Kypcy XiMii OpraHigHuX croiyk. IliqpydHMK po3paxoBaHMil Ui
CTY/ICHTIB BHUIMX HABYAIHHHUX 3aKJIAMIIB, a TAKOX MOXKE OyTH I[IKaBUM JJIs CTICIIATICTIB i HAayKOBIIB, SIKi MPAIIOIOThH Y Taly3sx
XiMii i TEXHOJIOT11 OpraHIYHUX CIIONYK.

Kurta S.A., Luchkevich E.R., Matkivsky M.P. Chemistry Organic Substanses. Textbook for higer education establishments. Vasyl Stefanyk
PreCarpathian National University, lvano-Frankivsk, 2012, 600 p.

The book is a book that contains the materials collected and systematized the foundations of modern organic chemistry in four parts.

The first part of textbook theoretical foundations of chemistry of organic compounds, electronic and stereochemical representation, based on reaction of
organic substances and the impact of factors on the course of chemical reactions between different classes of organic compounds. The mechanisms of the most
important chemical reactions and the influence of different factors depending on the nature of reagents and solvents, catalysts, initiators and other components. The
physical properties of organic substances, especially the relationship between spatial and electronic structure and reactivity.

In the second part, special attention is paid to nomenclature, chemical properties, synthesis methods and the use of aliphatic organic compounds and their
derivatives, and studied the methods most commonly used laboratory and industrial synthesis of major classes of aliphatic compounds such as paraffins, olefins,
alkadiyeniv, alkynes, and especially halohenopohidnyh, alcohols, esters, oxides and organic peroxides, aldehydes and ketones, carboxylic acids, aliphatic
Nitrocompounds, aliphatic amines, sulfur compounds and elementoorganic, carbonate acid and its derivatives.

In part three of the manual describes how to obtain and chemical transformations of organic compounds with mixed functions, cyclic and aromatic
compounds such classes: acyclic hydrocarbons, amino acids, polypeptides and proteins, hydroxy, hydroxy acid, carbohydrates, aromatic hydrocarbons and their
derivatives - halohenopohidni aromatic, nitro compounds, amines , phenols, quinones, aromatic alcohols, ketones, aldehydes and acids, aromatic compounds with
multi nekondensovanymy benzenovymy and condensed nuclei, heterocyclic compounds, and azo-dyes and diazospoluky. These critical areas of each class of organic
compounds and discussed environmental issues of organic compounds described.

The fourth part of the textbook are given theoretical issues and practical problems for self-control in organic chemistry. For convenience, they are divided
into theoretical and practical under the sections of this book. The textbook consists of 33 chapters, including the 3 parts first part 11 and part two sections, 16 chapters
of part three and part four of chapter one. The publication contains a description of 950 organic reactions, as well as 30 tables, 35 figures and 25 references,
alphabetical indexes for finding organic compounds in 1500 and 1100 questions for self-control in all chemistry course organic compounds. The textbook is designed
for students, and may be of interest to specialists and scholars in the fields of chemistry and technology of organic compounds.
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HEPE/IMOBA

3 NMaBHUX-JABEH JIIOJCTBY OyJu BIJIOMI Pi3HI >KUPH, OJii, CMOJH,
IyKPUCTI PEUOBUHH, OIET, OAPBHUKU MPUPOTHOTO MOXOMHKEHHS. Jl7s iX
N00yBaHHSI BUKOPUCTOBYBAJIM MPUPOJHI OPraHidyHI PEUOBUHM U Haii-
MPOCTIII METOAU. 3 BUHOrpaay Oyyno J00yTO BHHO, IiJ 4ac OpoOaiHHS
OCTaHHBOTO — OIIET, 13 IIYKPOBOi TPOCTUHU — ITyKOp. CTapoaaBHI HAPOAU
BMUIM TOTYBaTU CKHUIUJAP, 3aCTOCOBYIOUM ISl IOTO MPUMITUBHI
CIocoOM BIATOHKH; MPUTOTOBJISUIM CHOUPTHI HAIoi 3 Meay, OapBHUKHU 3
MOPCBKHX MOJIFOCKIB 1 pociauH Tomo. OaHak 1ue Oynu NEepeBaKHO
CyMIIll OPUPOJHUX OPraHIYHUX CIOJYK, a YUCTI OpraHiuyHi CIOIYKHU
100y 3HAYHO TI3HIIIE.

3roloM ajxiMIKU BIOCKOHAJIWIM METOIW OYHUILNEHHS 1 BUIUICHHS
MPUPOJHUX OPTaHIYHUX PEUOBHUH, 3aBJSKH YOMY OYJIO BUALICHO OKpEMI
OpraHiyHl PpEYOBMHH B YUCTOMY BUTJIsiAL. Tak, 3aCTOCOBYIOUH BJOCKOHA-
JIEHI METO/M NIEPErOHKH BMHA Ta BUHOMATEPIajiB, apabChKUM aaxiMiKaMm
y IX—X cT. Baasiocst BUAIIIUTH Mailke YACTUN BUHHUM (€TUIIOBHIT) CIIUPT.

VY 70-x pokax XVIII cT. y unctoMy BUIISA1I OyJ0 BUIIJIEHO BXKE
TN psAJT OpraHIYHUX PEUOBHH: i3 cedi moauau (Pyemn) — kpucraiv-
HUW KapOamif, a 13 cedi KOpoBU U KoHs (JI10iX) — TimypoBY KHCIOTY.
[Tepiri XiMikM, B YHIBEPCUTETAaX, pO3NOYAIN CIIpoOU AJOOYTH OpraHiuHi
PEYOBHUHM 3 HEOpPraHIuHMX. Taki cupoOU 3aKiHUyBaJIMCS HEBAAUYECIO, LIO
il mamo miacraBy mBeacbkomy BueHoMy I.f1. Bepremycy (1779-1848)
BUCYHYTH BITATICTHYHY (BiJ JaT. Vita — KUTTS) TEOPito ‘““KUTTEBOI CH-
nu”. BiH BBaxaB, 110 OpPraHiYHI PEYOBHMHH MOXKYTh YTBOPIOBATUCSA HE
TIJIBKH M1J] BIUIMBOM 3BHYaHUX (DI3UYHUX 1 XIMIYHUX 3aKOHIB, ajie JJIs
iX yTBOpEHHsSI MOTpiIOHA OcoOJMBa “OpraHiyHa >KUTTEBA CUJIA OpPTraHi3-
MIB”. 3BIJICK 1 MOXOJAUTH MOHSTTS “OpraHiyHa peyoBUHA, TOOTO pPeyo-
BUHA, SIKa BUPOOJISETHCS KUBUMHU OpraHi3MaMHu, a XiMito, [I10 BUBYAJa Il
PEUYOBUHM, MOYAId HA3WBATH OPraHIYHOK XiIMI€lO, SIKa SIK HayKa BH-
HUKJIa Ha noyatky XIX cr. OgHak AOCUTH CKOpPO OYJIO JOBEACHO, IO
NOTJISIIN BITANIICTIB MOMUIKOBI. 1824 poky HiMmernpkuil ximik @. Benep,
HarpiBaro4u JuIliaH 3 BOJIOK, CUHTE3yBaB OpPraHiYHy PEYOBUHY — IIaB-
JIEBY KUCTOTY, a 1828 poKy 3 HEOpraHiuHOI pEYOBUHM — I[1aHIy aMOHIIO
— OTpUMaB OpPraHIYHY PEUYOBHUHY — CEUOBHHY. 1842 poKy poCiiiChKuil Xi-
Mik M. 3iHiH oTpuMaB aHuliH; 1845 poky Himenbkuit yuenuii I'. Konnoe
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Ilepeomosa

— olTOBY KUCIOTY; 1854 poky (paniry3pkuii ximik M. bepTiio cuHTe3y-
BaB xupu; a 1861 poky O. BytnepoB n00yB nepiily CHHTETUYHY IIYK-
pucTy pedoBuHY. LI HOBI JOCATHEHHS CHHTE3y B XiMil OCTaTOYHO BiJI-
KUHYJIM BITQIICTUUHY Teopito bepueniyca. BoHu mokaszanu, 10 Hemae
MPUHIIAIIOBOI XIMIYHO1 BIIMIHHOCTI MI>K OpPraHIYHUMH W HEOpTaHIYHUMU
CIOJIyKaMH.

Oprasiudi pe4oBUHU CKJIAJal0Th T'OJIOBHY YaCTHUHY Macu >KUBOI
npupoau. Jlo HUX HaleXaTb >KUPH, OJIii, 1IEJIF0JI03a, JIITHIH, KPOXMaJb,
IyKpH, O17IKH, HYKJIETHOB1 KMCJIOTH Ta iH1I. BimHocHO HemaBHO, 100-120
POKIB TOMY, OYJIO BCTAHOBJIEHO, ITIO Il PEYOBHMHHU, a TAKOXK 1HIII BaXKJIUBI
MPUPOJIHI CHONYKH (KaydyK, IPUPOJHI CMOJIH, IIEJIF0JI03a TOIIO), YTBO-
pEH1 BEJIMKUMHU OPTaHIYHUMHU MOJIEKYJIAMA — MAaKPOMOJIEKYJIaMH.

OCHOBOIO XIMil OpraHiYHHUX CIIOJYK € OPTaHIYHUI CUHTE3, 3aBASKU
SAKOMY MPOXOJUTH MOCTIHHUN PO3BUTOK I OHOBJIEHHSI OPraHIYHOI XIMIi
K Hayku. OCHOBHUI 1 TOHKHUIM OpPraHIYHHMI CHHTE3 3a OCTaHHIN mepioA
J03BOJIMB OTPUMATU HOB1 KJIaCM OpPraHIYHMX CIOJIYK, 110 HE 3YyCTpi-
YaloThCSd B MPUPOJl, HANPHUKIIAT MOHOMEpPH, OJITOMEPH, IMOJIIMEPH,
ryMy, @ TaKOX CHHTE3YBAaTH IITY4YHI Ta CHHTETUYHI aHAJIOTU OCOOJIMBO
BOKJIUBUX OPTaHIYHUX PEUOBUH MPUPOJHOTO MOXOKCHHS.

BuHUKIM HOBI ramgy3i NPOMHUCIOBOCTI — CHHTETUYHOTO Kay4dyKy i
MOJIMEpIB, ITYYHUX 1 CAHTETUYHUX BOJIOKOH, JIakiB 1 OapBHUKIB. I1i3-
Hillle OyJIM CHHTE30BaHI HOB1 3a BJIACTUBOCTSMM IOJIMEPHI KOMIIO-
3UIIAHI MaTepialik, eJIEMEHTOOPTraHIuYHI PEYOBUHU, BYIJIELEBl BOJOKHA,
10 JAf0Th MaTepiajiu 3 HOBUMH, YHIKAIbHUMU BJIACTUBOCTSIMU, SIKUX HE
ICHY€ B IPUPO/II.

CyuacHa (opma BHUKIIAJaHHSI OpPraHiYHOI XIMil JJi1 CTYACHTIB
Hanpsamy “Ximiga’ Ha MOYATKy TPETHOrO THUCSYOJITTS BUMArae MeBHOTO
nepersiay. Lle mos’s3aHo, y mepiry 4epry, 3 IepeopieHTaI€r0 CUCTEMU
BUIIIOI OCBITM Ha PIBEHb MaricTpa, 10 NoTpedye BIOCKOHAJIEHHS TEO-
PETUYHOI MIATOTOBKU 3 TaKUX (PyHAAMEHTAIBHUX TUCLMIUIIH, K MaTe-
MaTuka, pizuka, ximisga. He BUKIHMKae CyMHIBY JOIJIBHICTh TaKOTO MMif-
xoay Jisi paxiBIliB yKa3aHOTO HanpsiMy. BUCOKU piBeHb 3HaHb 3 TPEA-
MeTa XiMmisl 3a0e3neuye MalOyTHbOMY (paxiBlEBI MOKIIMBICTH HallKpa-
IIOT0 3aCBOEHHS TUCIHUIUIIH MPOdECiiHOrO CIpSIMyBaHHS Ta J03BOJISE
KBaTi(hiKOBAaHO BUPINIYBATH MHUTAHHS, TMOB’SI3aHI 13 CHHTE30M HOBHUX
CIOJIYK 1 PO3LIMPEHHSIM MOKIIMBOCTEH iX 3aCTOCYBAHHS, JJid MOTPeOU
HOBITHIX TEXHOJIOTIH XiMiYHOro BUpOOHUITBA. [ pYHTOBHI 3HAHHS 3 Op-
raHIYHOI XIMIi JJAIOTh 3MOTY CTYJICHTOBI HaJaJli TOBHOLIIHHO 3aCBOITU
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Ximia opeaniunux cnonuyk

OCHOBU JIMCIUILIIH 3arajibHO XiMIYHOT'O Ta MPUKJIATHOTO HAMPSMIB, TaKl
K XIMIisi BUCOKOMOJICKYJISIPHUX CIIOJIYK, METOJM OPraHIYHOI'O0 CHUHTE3Y,
aHaJ13 OPraHiYHUX PEYOBUH, MEXaHI3MHU OPTaHIYHUX PEakKiliil ToIIo.

VY 3anponoHOBaHOMY MIPYYHUKY aBTOPU CIPOOYBaM CTUCIIO BU-
KJIACTU OCHOBM XIMii OpraHiuHMX CIIOJYK Ha Cy4acHOMY PiBHI PO3BUTKY
11€1 HAyKH, M0 BIAMOBiAa0 O MpOrpaMOBUM BHUMOTaM Kypcy 3a Hampsi-
MOM ITATOTOBKHU “Ximis’™ NI BUIIUX HaB4YaiabHMX 3aknagiB [-1V piBHIB
aKpeauTaIli.

OcHOBY 151 3MICTY MIJPYYHHUKA CKJIQJAOTh JIeTallbHI KypCH JIEK-
I 3 MEXaHI3MIB OPTraHIYHUX PEaKIlii, OpraHiyHOI XiMIi XJIOpOpraHiy-
HUX CIIOJYK, XiMIii OpraHiyHMX OapBHHUKIB Ta XiMii BHCOKOMOJICKYJISIP-
HUX CIOJIYK, SIKI BUKJIAJAl0Th aBTOPH MmiApydHuKa B [Ipukaprnarcbkomy
HalllOHaJIbHOMY yHiBepcuteTi iMmeH1 Bacus Credanuka.

[linpy4HUK CKIAAA€THCS 13 YOTUPHOX YACTUH. Y MEpIIld YacTHHI
HaBEJEHI TEOPETUYHI OCHOBHM OPraHIYHOI XiMIi Ta MEXaHI3MH OpraHIy-
HUX peakIliid. ¥ apyriil yacTuHi onucaHl (i3uyHi, XiMi4HI BJIACTUBOCTI,
CIIOCOOM OJIEp)KaHHSI W BUKOPUCTaHHS ani()aTUYHUX BYTJIEBOJHIB Ta iX
MOXIJHUX. Y TPETIN YaCTUHI OXapaKTepU30BaH1 CIOIYKHU 31 3MiIlIaHUMHU
(YHKIISIMU Ta UUKIIYHI i apOMaTUYHI OpraHiuyHI PEYOBUHU. Y UETBEp-
TIM YaCTHUHI HaBEJCHI TEOPETUYHI NMUTAHHS Ta MPAKTUYHI 3aBIaHHS IS
CaMOKOHTPOJIIO 3 YChOT'O KYpPCYy XiMii OpraHiuHUX CHOJIYK.

Mu BAsSUHI pEelIeH3eHTaM 3a 3ayBa)KEHHSI Ta MPOMO3UIIil JO HAIlol
KHUTH, K1 IOBHOI MIPOIO OyJIM BpaxOBaHi MpH peAaryBaHHi Ta Gopma-
TYBaHHI MIIPYYHUKA.

14 |



YACTHUHA |

Teopemuuni ocnoéu
OP2AHIYHOL XIMIL




Ximis opeaniunux cnonyk

PO3A1JI 1. OCHOBHI NOJIOXKEHHA
XIMII OPTAHIYHUX CIIOJIYK

Opeaniuna ximis — HayKa MPO eKCIEPUMEHTANbHI TOCTIHKEHHS Ta
TEOPETUYHI OOTPYHTYBAHHS BJIACTUBOCTEH 1 XIMIYHUX NIEPETBOPEHDb CIIO-
JyK KapOoHy Ta ix moxigHux. Kpim kapOOHY ¥l TigporeHy, OopraHiuHi
CIIOJIYKH MOXKYTh MICTUTH Y CBOiM CTpyKTypi opraHorenu: O, N (yacto
710 HUX BigHOCATH S, P) Ta 1HIII €JIeMEHTH.

Opraniuda ximis, 3a Bu3HaueHHsIM O.M. bytnepoBa, 3aiimaeThcs
BCTAHOBJIEHHSIM MOPSJKY CIIOJYYEHHS aTOMIB 1 1X IPOCTOPOBUM PO3Mi-
IIEHHSIM Y MOJIEKYJIaXx Ta B3aEMHUM BIUIMBOM OJIMH Ha OJIHOTO, a TaKOX
BUBYA€E SKICHUU 1 KUIBKICHUM CKiaj, (Pi3M4HI BIACTUBOCTI M XIMIUHY
peaKiliiHy 3JaTHICTh OPraHIYHUX PEUOBHH.

VY3ke B JaBHUHY JIFOJIMHA BM1JIa OTPUMYBATHU 3 BUHA OIIET, BUALISATU
3 POCIMH Ta TBapUH — OapBHUKU (1HAUTO, MypIyp, madpan), pi3Hi ol
(OMMBKOBY, TPOSHAOBY), Kpoxmaib, ckunuaap. Y kinii XVIII ct. Oynu
OJIEp>KaHl 1HAUBIAyaJIbHI PEUOBUHU: IIABJICBA, BUHHA, sIOJTydyHa KHUCJIO-
TH, TIiEeposi. [HTEHCUBHHUI PO3BUTOK MPOMHUCIOBOCTI a €Bpomi y
XVII-XIX ct. npuBiB 10 (opMyBaHHSI OPraHivHOI XiMii K CaMOCTI-
HOI HayKW. YHACHIJOK LbOro Oyja CTBOpPEHA XIMIYHA MPOMHUCIIOBICTD,
sAKa BUPOOJIsiE CHHTETUYHI OApBHUKH, BUOYXOB1 pEUOBUHU, MEINKAMEH-
TH, OTPYTOXIMIKATH, MOJIMEPHI MaTepialid, MaJlbHE, PO3UMHHUKH, JIAKO-
(dapOHi maTepianu i T. 1.

Tenep onepxkaHHIM OpraHIYHUX PEUYOBUH 3aUHATO 0araTo ramy3eu
MIPOMMCIIOBOCTI: HadTOBa, razoBa, HadTO- 1 KOKCOXIMIYHA, XapyoBa,
dbapManieBTUUHa, TEKCTHUJIbHA. TOMY MPOMMCIIOBUM CHHTE3 MOXKHA
YMOBHO PO3JUIUTH HA TPU TPYIIH:

1. OcrosHuil (BaXXJIUBUM) OpraHiyHUM CUHTE3, SIKUM 0a3yeThCcs Ha
nepepoOIli CUPOBMHM HAPTO-, ra30- 1 KOKCOXIMIYHUX BUPOOHUIITB.
VY pe3ynbTari 0epKy0Th MOTOPHE NAJTMBO 1 MacTuiia, MOHOMEPH, PO3-
YUHHUKH, MUIOY1 3aCO0M Ta HAIBIPOIYKTH.

2. Tonkuu OpPTaHIYHMI CHUHTE3 — BKJIIOYAE MEPEPOOKY MPOAYKTIB
OCHOBHOI'O OPTraHIYHOTO CHHTE3y Ta BUPOOHUIITBO JiKiB, OApBHUKIB,
OTPYTOXIMIKaTiB, BiITaMiHI1B, TOPMOHIB.

3. BupobHuymeo 6ucokoOMOAeKYIAPHUX CNOJYK — OXOIUTIOE Tepe-
POOKY MOHOMEDIB SIK MPOJAYKTIB OCHOBHOI'O OPTaHIYHOTO CUHTE3Y Ta BU-
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Teopemuuni ocho6u opeaniuHol Ximii

POOHUIITBO CHHTETHMYHHX KaydyKiB, CMOJI, BOJIOKOH, II1acTMac, 0io-
noiMepiB 1 JakopapOHUX MaTepiaiB.

1.1 OcHOBHI CHPOBHUHHI JKepesia OpraHiyHoi ximii

J10 OCHOBHUX CHUPOBHHHUX JIPKE€pEJI JIsl CHHTE3y OpPTraHiYHUX CIO-
JyK Halexkath HadTa ¥ HaQTOMPOIYKTH, TPUPOJHUN 1 TTONMYyTHUN ras,
Kam’stHe Ta Oype BYTiuIs, claHill ¥ Topd, a TaKoK CUPOBHUHHI MaTepiaiu
POCJIMHHOI'O Ta TBAPUHHOTO MOXOKCHHS.

Hadra ¥ npupoanuii ra3 cTajiyd BiIOMI JIOJUHI 32 0arato CTOIITh
70 HaIIOi epu. Y JaBHUHY BOHU BUKOPUCTOBYBAJIMCS JJISI PI3HOMAHIT-
Hux nuier. Hadrty BxuBaiu sik MacTuiio, JIiku (MIKIpHI ¥ peBMAaTU4YHI 3a-
XBOPIOBAHHS), JJIsl OCBITJICHHSI MPUMIILECHb, K 3aMalloBaIbHUHN 3aci0 Ha
BIifHI, SIK IIEMEHT Yy OYJIBHUIITBI, JJIs OCMOJIFOBAaHHS YOBHIB, JJIs Oajib-
3aMyBaHHSI MEPTBUX TOILO. BUAUIEHHS MPUPOIHOTO Ta3y Ha IMOBEPXHI
Ha3WBajdW “BIYHMMU BOTHSIMHM 1 BBaXKaJIM CBSIIEHHUMH. J[0 cepeauHu
XIX ct. HadgTy BUI0OYBa)IM 3 IPUPOIHUX Ta MITYYHUX KOJ0as31B. [Ipo-
MHUCJIOBUH BUI0O0YTOK HA(TH pO3MOYABCSA IIICIS MAacOBOTO BIPOBa-
JKEHHSI OYpIHHS CBEPJIOBHH, SIKE JI03BOJIMJIO OJICP>KYBATH ii 3 OIBIINX
rnouH. [lepmmii y cBITI NPOMUCIOBUN BUIOOYTOK HadTH 31 CBEpA-
aoBuHU peanizoBaHo y 1859 poui (wrar [lencinbBanis, CIIIA), a B
VYkpaini —y 1893 poui (bopucnas).

Huni HadTy ¥ ra3 BUKOPUCTOBYIOTh, B OCHOBHOMY, 3a JBOMAa Ha-
npsSIMaMu:

1) manmuBHO-EHEPTeTUYHIN Tady3l MPOMHCIOBOCTI, TOOTO ISl ojaep-
KaHHS PI3HUX BUJIB NajdbHOTro (OEH3MHY, KEPOCUHY (racy), au-
3€JIbHOTO TMaJbHOT0, Ma3yTy, MOOYTOBOIO ras3y), a TakoX JJIsl Mac-
Tun Ta onii. [lpu ubomy yactka HadTH ¥ ra3y B NaJUBHO-EHEpre-
TUYHOMY OajiaHCl CBITY CTaHOBUTH Oym3bko 70 % (HadTa — 48 %,
ra3z — 22 %) 1 maibke 15 % gk MacTUiIbHI MaTepiaiy;

2) IK CHPOBHUHY IS XiMIYHOI MMPOMHCIIOBOCTI. 3 HapTH # raszy ojep-
Ky1oTh Ounbie Hik 7 000 BUAIB OpOyKIlii, a came: MacTujia, CUH-
TETUYHI BOJIOKHA, TJIaCTMACH, CHHTETUYHHI Kay4yK, (hapOu, JiKH,
XIMIKaTH, JOPOXKHI OITyMHU, 130JIS11MHI MaTepiaiu, BUOYXOB1 peyo-
BUHM, JOOpUBa, OOrOPTKOBI MaTepialid, Caxy, KJIel, MUYl 3aco-
Ou, BYTJICKUCIIOTY Ta 1HIII.
be3 nepelbinbliieHHsT MOXKHA CKa3aTu, 110 HadTa il ra3 € JKepeaom

PEUYOBUH, fKI CKJIQJalOTh OCHOBY ICHYBaHHS 1 HayKOBO-T€XHIYHOTO
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OCHOBHI NONOMHCEHHSL OP2AHIYHOT XIMIT

MIPOrpecy JIOJCTBA. 3 KOXKHUM JIHEM iX 3HAUEHHS BCE OibIE PO3IIH-
PIOETHCS 1 MOTITUOIIOETHCS, BOHU OXOIUTIOIOTH YC1 ChepU KUTTS.

Hagoma — nipuposiHa pijka CyMilll BYIJIEBOAHIB Pi3HOI Oya0BH 3
JTOMIIIKaMHU CYJIb(YPOBMICHUX, OKCUT€HOBMICHUX 1 HITPOT€HOBMICHHX
opraniu"Hux cnoyiyk. Hadra siBisge co00r0 MacisHUCTY PiMHY TEMHO-
KOPUYHEBOT'O KOJILOPY, HEPO3UMHHY Y BO/I1. [lepeBakHy OUIbIIICTh yCi€l
no00yToi HaTH mepepoOsaoTh Ha nanbHe Ta MacTtuiaa (80—90 %). Ox-
HaK 3 POKY B PiK 30UIbIIY€ETHCS KUTBKICTh HATH, IKY BUKOPUCTOBYIOTh
SIK CHPOBHHY B opranignomy cunresi (10-20 %).

Hadra cknamaerbes 13 cyMin napadiHoBuX, ukionapadiHoBUX 1
apoOMaTUYHUX BYTJICBOJHIB Ta iX MOXITHUX. /[0 OKCUTE€HOBMICHUX CIHO-
JyK HajiexaTh HAPTEHOBI KUCIOTH, ()eHOIH, ac(haabTO-CMOIUCTI PEYO-
BUHU. Cylb(QypOBMICHI CIOIYKH 3HAXOIATHCS, MEPEBAXKHO, Y BUIJIAI
riaporeHcynbdiny, TiomiB, cynbdiaiB, TiodpeniB. HirporenoBMicHI cmo-
JYKA — y BUIJISAlI TOMOJIOTIB MIPUJMHY Ta XIHOJIHY. KoMmnoHeHTamu
HaTH € TAKOXK PO3UMHEH] B Hil Ta3u, BoAa Ta MIHEpAJIbHI COJI.

Cupa "adTa, 110 TOCTynae Ha HadTONEPEpPOOHUI 3aBO/I, CTIOYATKY
MPOXOAUTH MPOIIECH MIATOTOBKU 10 MEPEPOOKH, SKI BKIIOYAIOTh CTaall
3HEBOJHEHHS, 3HECOJICHHS Ta cTa0LI13aIll].

IIpupoanmii ra3 (MeTaH) IMMPOKO 3aCTOCOBYIOTHCS SIK MAJIUBO 3
BEJIMKOIO TEIJIOTBOPHICTIO, aJie MPHU I[[bOMY € BaXXJIMBOIO XIMIYHOKO CHU-
pOBHHOI0. 1IOr0 OCHOBHI IIepeTBOPEHHS MOOYIOBaHI HA HMPAKTHYHOMY
BUKOPUCTAHHI METAHy B IPOMUCIOBOCTI OPTaHIYHOTO CUHTE3Y, JI€ BIH €
OJIHUM 3 HaWJENIEBIINX CHPOBUHHUX MTPOIYKTIB.

Honymuuii 2a3 mictuth Bix 80 no 97 % merany, 0,5-4 % erany,
1o 1,5 % nponany, OyTaHy Ta iHIIUX BYTJIEBOJHIB.

3 rasy mipoJii3oM J00yBalTh aleTuiieH, cuaTe3-ra3 (cymim CO 1
H;), BoaeHsb, ra3oBy caxy (yJIbTpaauCIepCHUN KapOOH), XJIOPOMOXiaHi
MeTaHy W eTaHy. PekTudikaiii€ro 3a HU3bKOI TeMHepaTypu 3 MPUPO/I-
HOTO Ta3y BUIUISIOTH €TaH, MpOMaH, OyTaH, SIki BUKOPUCTOBYIOTH SIK
najbHE Ta CUPOBUHY JJIsl OPTAaHIYHOTO CHHTE3Y.

Kam’ane gyzinna € BaXIIMBAM JKEPEIOM apOMATUYHUX Ta TeTe-
pOIMKIIYHUX crioayK. [l yac KOKCyBaHHSI KaM’ SIHOTO BYTULIA (Harpi-
BaHHI 0€3 JOCTYIly MOBITPSl) YTBOPIOIOTHCS YOTHUPU OCHOBHI MPOIYKTH:
KOKC, KaM’STHOBYT1JIbHa CMOJIa, aMOHIa4Ha BojJa, KOKCOBMM ra3z. Kam’s-
HOBYTJIbHA CMOJIa HUISAXOM (DpaKiiiftHOT IEPErOHKH MOUISETHCA HA Jie-
KiTbKa pakItiu.
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OcHOo8HI cupo8uHHI dicepena opeaniuHoi Ximii

KoxkcoBuii ra3 cKiaga€eTbCs 3 METaHy, €TUIICHY, IIPOIICHY, BOIHIO
Ta okcuay kapoony. Kpim Toro, B 1 M~ KOKCOBOIO ra3zy MiCTUThCS MpU-
omusHo 30 1 Oenzeny i1 10 r Tonmyeny (tadmn.1.1). [lng noOyBanHs cymiri
PIIKUX T1IPOKapOOHIB BUKOPUCTOBYIOThH MPOIIEC TIPYBAHHS KaM’ STHOTO
BYTULISL, IKUi Ipoxoauth 3a 450—500 °C i trcky 300 MITa.

Tabnuys 1.1
IIpoayKTH NEeperoHKu KaMm’siHOBYTJILHOI CMOJIH
®pakuii neperonkn | Temmeparypa OcHoBHI
KuniHHg, 0 °C NPOAYKTH
1o 170 ApoMaTu4Hi BYTJIEBOHI

Jlerka onmBa
(OeHzeH, TOTyeH, KCUIJICHHU)

Cepenns onuBa 170-230 deHou
Baxxka onuBa 230-270 Hadranen
AHTpaIleHOBA OJINBA 270-340 AHTpalieH
3anumoK — [Tex

OpzaniuHi peuosuHu poCIUHHO20 MA MEAPUHHOZ0 NOXO00IHCEHHS
— KJIITKOBUHA, KPOXMaJlb, BYTJIEBOIU, POCIUHHI 0JIi1, TEPIICHU, CMOJIU Ta
HII1 OPOJIYKTH KUTTEAISIIIBHOCTI pociivuH. OpraHiuyHi pe4HOBUHU TBApPUH-
HOT'O TIOXOJIKeHHS (KUpH, OUIKU, PEPMEHTH, TOPMOHH) TAKOK BUKOPHC-
TOBYIOTh SIK CHPOBUHY JIJIsS OPTaHIYHOT'O CUHTE3Y.

[lepcrieKTUBHUM JKEPEIOM OPraHIYHUX CIOJIYK € OKEaH, OCKIJIbKU
B MOPCBKHUX POCIMHAX 1 IJIAHKTOHI MICTUThCS OCHOBHA Maca OpraHiu-
HUX PEYOBHH Halloi miaHeTu. HaOyBaroTh yce O1Ib110r0 3HaYeHHS Mpo-
IYKTH CUIbCHKOTO Ta JIICOBOTO T'OCMOJAPCTBA. AKTYaJIbHUM € MUTAHHS
PO BUKOPUCTAHHS OPraHiYHUX BIAXOJIIB XIMIYHUX BUPOOHUITB 1 MOOY-
TOBUX BIAXO/IB SIK CUPOBUHU JJIsi TMPOAYKTIB OPraHIYHOTO CHUHTE3y Ta
nanusa. Lle 103BoJsA€ nepeT A0 OUIbII MPOTrPECUBHUX OE3BIIXOIHUX,
pecypco30epirarourMx TeXHOJIOT1H, MiABUIINYE X €KOJOTTYHUIN PIBEHbB 1 €
KpUTEPIEM HAYKOBO-TEXHIYHOT'O PO3BUTKY I[MBLII30BAHOIO CYCIIbCTBA.

AJle OCHOBHUM JIKEPEJIIOM CUPOBUHH JJIsI OJCPKAHHS CUHTETHUY-
HUX MPOAYKTIB 3JIUIIAIOTHCS HAaTa i IpUPOAHUN Tra3.

Ha camoMy mouatky po3BUTKY HaTOBOi MPOMUCIOBOCTI HAPTY U
NONMYTHUW ra3 BUKOPUCTOBYBAJIM TUIBKM SIK manuBo. Ternep cupa Hadta
B IEPBUHHOMY BUTIJISI[I Mai>ke HE 3HAXOAUTh LIJILOBOTO 3aCTOCYBAHHA 1
CIIPaBXXKHIO IIHHICTh HAOyBa€ JIUIIIE MICISA MePepoOOKH B MOTOPHE IMaJIH-
BO, MacTUJIa, OJIMBU ¥ MPOAYKTU OpraHiyHoro cuuresy. Huni 3 nadtu i
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OCHOBHI NONOMHCEHHSL OP2AHIYHOT XIMIT

razy OJep>KyITbh JECATKH THUCSIY PI3HUX PEUYOBHH 1 iX KIIbKICTh MOCTIM-
HO 3pOCTaEe.

XiMmiyHa mepepoOKka HaTH Ta MOMYTHUX Ta3iB B OCTaHHI POKH
CKJIAJIACh SIK CaMOCTIMHHUM HAyKOBO-TEXHIYHUW HampsiM, SIKMM Ha3uBa-
€ThCA HAQTOXIMIYHUM CUHTE30M a00 HaTOXIMIETO.

BupiinieHHs: 3aBJaHb CHHTE3y BHCOKOMOJICKYJISIPHHX MarepiajiB
HEeMHUCIUMO 0e3 3abe3nedeHHs MoHoMepaMu. [IpupoHo, 1110 BeIUUYe3Hi
MaciTabu BUPOOHUIITBA MOJTIMEPHUX 1 CHHTETUUYHUX MaTepiaiiB MOX-
JUBO JIOCATTH, SIKIIO CUPOBUHA OyJe AOCTynHa M jaemieBa. Takoro cu-
POBUHOIO € TUIbKUA HadTa ¥l mpupoaHuil ra3. ToMy XiMIUHI MPOLIECH 3
nepepoOKH BYTJIEBOIHIB 3 HAPTHU Ta a3y, sIKi IPUBOJATH 10 OJEPKAHHS
HEHACUYEHUX BYIJVIEBOJHIB, XJOPOPraHIYHUX CIIOJYK, HITPOTE€HO- 1
OKCUT€HOBMICHUX CIIOJIYK, MAIOTh YK€ BOKJIUBE 3HAUCHHSI.

[IpoBeneHi B OCTaHHI AECATUPIYYS YUCICHHI POOOTH 3 JOCHIIKEH-
Hs HaTH ¥ rasy, BUBYEHHS XIMIYHMX TMEPETBOPEHb HA(PTOBHUX BYyTJe-
BOJIHIB BIIKPWJIM Tepea HAQTOXIMIED HOBI MIUPOKI TOPU3OHTU. TUIbKH
Terep MOXKHA OLIHUTH TeHlanbHIicTh Bupasdy J.I. Menaeneesa: “Hadrta
HE MaJMBO: MAJWTH MOXHA 1 aCUTHALIsIMU . BijbIle COTHI POKIB TOMY
BEIUKUI y4yeHUW mnepeadaunB eQEeKTHBHICTh XIMIYHOI NEpepoOKH
HaTH.

1.2 Ckaan nadru i razy

Hadra ¥ npupoanuii ra3 (Hamanai — ra3) cTajad BiJIOMI JIOJUHI 32
O0arato CTOJITh 10 HAWIOl €pu. Y MaBHUHY BOHU BUKOPUCTOBYBAIHCS
JUISL PI3HOMAHITHUX IIJICH.

3ragku Mpo BUIUICHHS HaTH U rasy 3 TipCbKUX MOPiA 3yCTpi-
4aloTh y PI3HUX pykKomnucax. Y mnpaisx I'epomgota, [lmyrapxa, [LniHig
ONHMCYIOThCS HA(TOBI JKepelia, 110 3HaAXOAMIMCS Ha Oeperax MepTBoro
mops, y Cupii, [lepcii, [naii, Cepeaniit A3zii 1 Ha 6eperax Kacmiiickkoro
MOps. Y CTapoBHHY Ha(Ty 3acTOCOBYBaJM B MEJMIIMHI, BiHCHKOBIM
CIipaBl, Oy IIBHUIITBI.

CyyacHa KOHUETIIS OPraHiYHOTO MOXO/KEHHS Ha(TU BUIJISAIAE
tak. Ilporiec HarpomaKeHHs OCajiiB y BOJHOMY CEpEIOBHILI CYHpO-
BOJKY€ETHCS BIAKIIQJJAHHSIM OPraHi4YHOI PEYOBMHH — B OCHOBHOMY Bij-
MEPJIUX PEIITOK HAUMPOCTIMIMX TBApHH 1 pociud. [Ipu nboMy HaOUTbII
CIPUSTIMBOIO 1 HEOOX1JHOI YMOBOIO € HAKOIMYEHHSI OPraHiuyHOi peyo-
BUHH B TaK 3BaHMX HA()TOMATEPUHCHKUX (HAPTOMPOAYKYIOUMX ) MTOPOJIaX.
Ile, mepeBakHO, TIIMHUCTO-KapOOHATHI OCaaH, III0 HarpOMaJKyIOThCS B
JUISIHKAX TPUBAJIOrO M CTajJoro MPOTMHY TEPUTOPIi B YMOBAxX BiJIHOB-
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Cknao Hagpmu i eazy

HOro (aHaepoOHOTO) cepeaoBHUINa, 1 30arayeHi BiAKIaJAeHHS OpraHiyHOi
pedoBunn  (C,pr >1%). V npoMy cTaHi JOCATA€ThCA MOBHA 130111
OCaJIiB BiJ 3€MHOI MOBEPXHI (B[ KUCHIO MOBITPsI) HEMPOHUKHUMH TOB-
mamu 1nopia. OKpiM TOro, TpUBaJie 3aHYPEHHS 1 3HAYHI TOBIII OCaIlB
CIIpUSIIOTH 301IBIIICHHIO TUCKY M TeMIIEpaTypH, II0 € OJHIEI0 13 HEO/I-
MIHHMX YMOB JJIsl IEPETBOPEHHS OPTraHiuHOI PEYOBUHU B Ha(Ty 4M ras.

[Iporiec mepeTBOPEHHS OPTraHIYHUX PEYOBHUH Y BYTJICBOJIHI MPOXO-
JTUTh 3a JeKiabKa craaii. Ha mepmiii craaii (HarpoMamKeHHs) opraHiy-
HUX PEYOBUH BIJOYBAETHCA, TOJOBHUM YHMHOM, 32 PAXYHOK O10XIMIYHUX
MpoIeciB MikpoopranizmiB. Ha apyriil cTajli BOHU MEpPEMIIIAIOTHCS 3
Ha(TONPOAYKYHOUMX TOBII Yy KOJEKTOpH. Ilig BIJIMBOM pPI3HHX BHYT-
PIIITHIX 1 30BHIMIHIX JPKEpeT eHeprii ByTJIeBOIHI y BUIbHOMY ab0 po3uu-
HEHOMY CTaHi MITPYIOTh IO KOJIEKTOpax abo TpimuHax (3 cranis), 3a-
MOBHIOIOYM IMACTKU ¥ yTBOPIOKOYHM TOKJIaaAu (4 cTamis — aKyMmyJisiii).
3aJIe)KHO Bl XapakTepy MNpPOsIBY MNOJAIBIIMX TEKTOHIYHUX PYXiB Ta
IHIIUX TEOJIOTIYHMX MPOIIECIB, Il MOKJIAaJAM KOHCEPBYIOThCS (5 cTasis)
a00 pyHHYIOTBCS (6 cTamis), pO3CIFOIOYHCH y TiTochepl uu atMochepi.

3 Mojenel HEOPraHIYHOTO TMOXO/KEeHHS HadTh HaANWOUIBIIOTO
MOIIMPEHHS OJieprKalia MOJIEJb, 3T1JIHO 3 AKOI0 HadTa i ra3 yTBOpPIOIOTh-
ca 3 peakuiinux cymime Hp, CO, CO,, CH, Ta 1HIIMX HAWIPOCTIIINX
CIIOJTYK KapOOHY B pe3yJibTaTl 3A1MCHEHHS PEaKIiid TUITY

CO + 2H2 - CH4 + Hzo (11)

KpiMm Toro, MoxiaMBi peakuiii nosmimepusauii pamukanis: CH,
CH,, CH; ta in. IIpumycKaroTh, 10 11i IEPETBOPEHHS BinOyBalOTLCS B
pO3apOo0JIeHUX TJIMOMHHUMH pPO3JOMaMu JUISIHKax Jitocdepu, e
OPOXOJAAThH MPOLECH HAKOMUYEHHS 1 TIEPETBOPEHHS PEAKIIHHOT CyMilln
Ta YTBOPIOETHCS HAMJIUIIKOBUH THCK BIJHOCHO €HEPre€TUYHUX IOTEH-
IiaJliB MOPOBHX 1 TJIACTOBMX THUCKIB. 3a TIEBHUX HAJABHCOKHUX THCKIB B
OCEepelIKy MPOAYKTH peakiii MOXYTb 3 HbOTO BHUIUIATUCH 1 Harpo-
MaJ[)KyBaTUCh y TTACTKAaX.

Posrasigaroum XiMivHU# CKJIaJ HAPTH, PO3PI3HATH:

1. EneMmeHRTHHH CKJaJA, TOOTO KIJBbKICHUHM BMICT XIMIYHHX €JICMEH-
TiB, IO YTBOPIOIOTH HaPTy. Y Ha(TI 00OB’S3KOBO € 5 XIMIYHUX e€Jie-
MEHTIB: KapOOH, T1APOreH, CyJIb(pyp, HITPOTeH # OKCUTEH 32 PI3KO1 KiJlb-
KICHO1 mepeBaru kapooHy Ta rigporeny (y cymi oiuibiie 90 % 3a macoro).

Cxkuan HaTH pi3HUX POAOBHUII HeoHaKOBUM. CepeaHli eJIeMEeHTHUI
CKJIaJ “CBITJIO1 Ha(THU TaKWM:
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« KkapOoHn — 82-87 % (mac.);

« Tigporen — 11-14 %j;

. cynbdyp — 10 3 % (pinko 10 5-8 %);

« HITpOreH — 110 2 %);

« okcuret — g0 1 %.

Cynbdyp, HITPOTEH ¥ OKCHUTCH, SIKI BXOASATh Yy CKJIaJ OpPraHIYHHX
CIIOJIYK, HA3UBAIOTh T€TEpoaTOMaMU. X04Ya BMICT reTepoaToMiB y HadTI
HE3HAYHUM, 1X BIUIMB Ha CKJaJd HapTu nyxe Benukuil. Hadtu, siki BMmi-
ytoTh 1 % okcureny i 2 % opraniunoro cynbdypy, Ha 30—40 % ckia-
JAIOThCS 3 HEBYIJIEBOJHEBUX CIOJYK. Y HadTi BUABJIECHO Takox 10 50
MIKpPOEJIEMEHTIB — METaJIB 1 HeMeTaliB (HailOuIbllle 3 HUX BaHAIo,
HIKEJII0, MOJIIOJICHY ).

2. I'pynoBuii ckJiag, TOOTO BMICT PI3HUX IPYI XIMIYHUX CIOJIYK, SIKI
€ B HaTi. [Ipy ibOMy BUALISETHCS BYTJIEBOJHEBUH 1 HEBYTJIEBOJHEBUI
CKJIA/I.

ByrieBoaneBuil ckiajg HapTH CIY>KUTh BaXJIMBOKO XapakTe-
PUCTHUKOIO, SIKa BU3HAYa€ THUI HA(PTH, OCKUIBKH BYTJICBOAHI 3/1€01Jb-
1IOTO MEePEeBAXKAIOTh HAJl IHIIUMHU KJIaCaMH PEYOBHH.

VY nadTi BUAULAIOTH 3 Tpynu (KJ1acH) BYTJIEBOHIB:

1) ankanm (mapadinm), i3 3aranbHO0 (Gopmynorw ChH,n.p. Lle maH-
I[IOTOB1 HACHYEH1 BYIJIEBOJHI (TOOTO TaKl BYTJIEBOJHI, Y SIKHX YCi
BAJICHTHOCTI KapOOHY MOBHICTIO HACHWYEHI), 110 3JaTHI JIMIIE 0
peaKIiiii 3aMileHHS.
3a HopmanbHuX yMOB (0°C 1 760 MM PT. CT.) ajdKaHU SIBIISIIOTH

coboro: Big C; 1o C4 — razu; Big Cs 10 Ci5 — pigunau; Big Cig 1 BUILE —
TBepAl peudoBHHU (mapadinu U uepesunu). lloumHaroum 3 OyTaHy,
METAHOBI BYTJIEBO/IHI MOUISIIOTHCS HA:

a) HOpMaJbHI1 (3 IPSIMUM JIAHITIOTOM ), HAIPUKJIAJI, H-OyTaH:

CH3-CH,-CH,-CH; (1.2)

0) 130MepHI (3 po3rajyKeHUM JIAHI[FOTOM ), HaIIPUKJIaa 1300yTaH:

NHy— CH— CHy
CHy . (1.3)

ByriieBoiHI METaHOBOTO PSTy CKIIAJAI0Th OCHOBHY YaCTHUHY CHPOi
Hadtu. IlapadinoBi HapTH MalOTh HAMMEHIIy TYCTUHY W HaWOLIbIIY
TEIUIOTBIPHY 371aTHICTh;

2) HaTeHOBI (TOJIMETHIICHOBI, a00 IMKJIOAJIKAHH, a00 IMKJIOIapa-
¢iun) 13 3araneHor0 hopmynoro CyHy,. Ile — HacudeHi ByTJieBOIHI,
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SIKi MalOTh B OCHOBI 3aMKHYTE Kijiblle (IMKIT) 3 MeTHIIeHOBUX (CH))
rpyn. Haituacrimie B HaTi TparuisitOTbCsl IUKJIONEHTAHU M ITUKJIIO-
reKCaHu Ta ix moxiaHi. J[o Kienp MOXyTh NMpHEIHyBaTUC anmida-
TUYHI JIAHIIOKKU. 3a 3BHYAMHUX TeMmIiiepaTyp Ha(TEHOBI BYTJIe-
BOJIHI CTIHKI.

Byab-sikuii BYTaeBOJIEHb, 110 CKJIAJAETHCA 3 PaJAMKaIiB METaHO-
BOT'O PsAly Ta BKJIIOYAE X04ya O OJIUH UK HAQTEHOBOTO PSIy, HAIEKUTD
710 HATEHOBOT'O BYTJIEBOAHIO;

3) apomaruuHi, ab0 apeHwu, 13 3araibHO (popmynow CyHyn 6. Le —

HEHACHUYCH1 LMKIIYHI BYIJICBOJHI, B OCHOBi1 SKHUX JIE)KUTb OCH-

3€HOBE KUIBIIE:

¥ . (1.4)

[{i ByrJIeBOJIHI JOCUTH CTIMKI, ajle¢ BOHU OUIbII XIMIYHO aKTHUBHI B
MOPIBHAHHI 3 METAHOBUMHU i HA(PTEHOBUMH BYTJICBOJHSIMH, OCKIIBKH
MarOTh MOABIMHI 3B’ SI3KM MK aToMaMu KapOOHY, 110 3yMOBJIIO€ X 37aT-
HICTb JI0 peaKiiii nmpueaHaHHs 1 noxiMepu3arlii. [1in yac HarpiBaHHs 111
riApokapOOHU PO3KIIAAIOTHCS 3 IEPEXOJAOM Y HACUUYEHI BYTJIEBOAHI.

Kpim Toro, y HadTi € riOpuiHi HaQTEeHOBO-apOMATHYHI BYTJI€BOJ-
Hi, SIKI BMIIIYIOTh IIUKJIN PI3HUX THUIIIB. SKIIO BYTieBOJEHb Ma€ xo4a 0
OJIMH LIMKJI apOMATHUYHOTO PANlY, TO KOTO BIAHOCSTH JO apOMATUYHOTO.

ApomaTu4H1 BYTJIEBOJHI 3aBXIW MPUCYTHI B HaTi, ane piako
nepeBaXkaroTh y i1 CKJIaJll HaJl IHITUMH T1IpoKapOOHaMHU.

3. HeByrJ/ieBoHeBi CrIOJIyKH HaTU MOJUISAIOTH HA TaKi, K1 MOX-
Ha ONUCATH TOYHOI XIMIYHOIO (OPMYJIOIO, 1 Ti, CTPYKTypa SKHUX HE
MOXXe OyTH BU3HAUY€Ha OJHO3HA4YHO. /[0 mepmmx BIIHOCATH CIOJIYKH,
K1 MICTATH CyIb(Yp, HITPOTEH i OKCUCEH, IO APYTUX — CMOJIHUCTI pEeUO-
BUHMU Ta JOMIIIKH.

3.1. CyandypoBmicHi cniosyku. Cynbdyp y HaQTI 3HAXOTUTHCS Y
BUTJISL:

a) HeopraHiyHux (GopM — eJeMeHTHa cipka S (KOJIOIIHUN PO3UHH);
rigporencynbdin HyS;

0) opraniuyaux (opm — Tiosm (Tioctmptr) R-SH (MaroTh cunbHUH
HEMIPUEMHUM 3amax, iX J0JalTh y MoOyTOBUM ra3); cyiabdigu R—S—R;
nicynbdigm R—S—-S—-R; Tiodenn i1 Tiodhanu:
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» L
Tiohen Tiohan (1.5)

Enementna cipka (cyabyp), TiaporeHcyabdia 1 TIOJM HaleXaTh
710 TaK 3BaHOI “aKTUBHOI CIpKW~ Yepe3 iXHIO 3/IaTHICTh pearyBaTu 3 Me-
TajaMy W BUKJIUKATH 1X KOpo3sito. Lle 3HmKye sSKicTh HAadQTH 3 BETUKUM
BMICTOM CyJbQypy H, BIANOBIIHO, 1i [iHy. HadTa 3 BUCOKOIO TYCTHUHOIO
3BUYaiHO BMilLye cyiabdypy Oinblie, HiX Jierka HadTa. bausbko Tpe-
THUHU BCi€l HaQTH, 10 BUAOOYBAIOTh y CBIT1, MICTUTH Oubie 1 % cipku.
[Ipu mepepoOIll HapTH MO MATUBHO-MACTUILHOMY BapiaHTy BEJIMKUM
BMICT CIpKH 3aBa)ka€ il BUKOPHCTAHHIO B IIMX MPOAYKTax HadTomepe-
poOku, ToMy HadTy Ta HAPTOMPOAYKTHU CIEHIATIBHO OYMINAIOTH BIJ
CIpKH.

3.2. HiTporenoBmicHi cmosyku. J[o HUX HanexaTh PI3HOMaHITHI

HITPOTEHOBMICHI crioyiyku. Haifuacrime B HapTI 3HAXOASITHCSA MIPUANH
(CsHsN) 1 xinomin (CgH7N):

X X
| P P
MIPUITH X1HOJIIH (1 . 6)

Bwmict y HadTi €I€MEHTHOrO HITPOTE€HY MOSCHIOETHCS MPHUCYT-
HICTIO B HIll PO3YMHEHHUX Ta3iB, OCKUIBKH a30T € 3BUYAHUM IHEPTHUM
KOMIIOHEHTOM MPUPOTHOTO Tazy.

3.3. OkcurenoBmicHi cnoayku. Oxkcured OyBae B HaTI B TaKuX
dbopmax:

— BUILHUH KUCEHB;

— HadrenoBi kuciaotu — R(COOH),, — e cnonyku HaTEHOBOTO IUKITY
3 KapOoKcmIbHOIO rpynoto, ae R — CgHs, a n=1-4;

— (penonu C¢gHsOH — noxiaHi apoMaTUYHKUX BYTJIEBOJAHIB, Y SIKMX OJIMH
a00 JeKigbKa aToMiB TiIpOoreHy O€H3EHOBOrO sjpa 3amillieHi Tif-
pOoKcHIbHOIO rpynoto —OH;

— kUpH1 KapOoHOoB1 kuciaoTu Ta iX noxigHt R(COOH), ne R — C Hynq, a
n=1-16.

[lepeBarkHa YacTMHA OKCHUTCHOBMICHHX CIIOJYK 3HAXOJIUTHCS Y
dbpakiisax npsamMoi neperoHku HaTv, IOYMHAIOYUH 3 BAXKKOTO racy.

CmoununcTo-achanbTeHOBI PEUYOBUHU KOHIICHTPYIOTHCS Y BaKKUX
Ha(TOBHX 3aJIMIIIKaX — ryApoHax 1 OiTyMax. 3ajeHO BiJ MTMOWHU Bif-
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Ooopy dpakuiii JUCTUIATIB 1 TpUPOAUM HaPTH CMOJIMCTO-ac(aabTeHOBI
peuoBUHM ckianaroTh Bij 40 1o 60—70 % Baxkkoro Hah)TOBOTO 3AJIMIIIKY.
HaiiGinpm Oarati cmonamMu ¥ acanbreHamu Mosiofl HadTu HapTEeHO-
apOMaTHYHOI0 a00 apOMaTUYHOTO THIY, 0c00IMBO cMoHcTi (10 50 %)
HadTu Kazaxcrany, Cepennuboi Asii, Pocii Ta iH.

4, Mapadinm. Bumi napadinu (Cig) — 11e TBEpi MPOIYKTH O1IOTO
a00 JKOBTOTO KOJIbOPY, IO CKJIAJAlOThCA MEPEBaKHO 3 TapadiHOBUX
BYIJICBOJIHIB HOPMaJIbHOI OYyJOBU. 3a TEeMIIEpaTypoOlO TOIUICHHS PO3-
pizastoTh napadinu piaki (<27 °C) 1 tBepai (28-70°C). YV nanmrorax
pinkux mapadiniB MicTUThCA Bifg 9 1o 18 aromiB kapOoHy, BoHU Ha 90—
99 % cknanarThCs 3 H-alKaHIB 1 KUILIATH Y Mexax 180-370°C. Trepai
napadiHd — KPUCTAIIYHI MPOAYKTH, 10 MIcTATh Big 18 mo 40 aromis
KapOoHy B naHIio31. OkpiMm H-ankaHiB (75-98 %), y TBepaux napadinax
MICTSITBCS 130QJIKAHU, SKUX 3HAYHO MEHIIE BiJl HAPTEHOBUX 1 III€ MEHIIIE
BiJI apOMaTUYHHUX BYTJICBOAHIB 3 JOBTMMH OIYHMMHU JIaHIIOramMu. Moite-
KyJIIpHa Maca napagiHoBuX BYTJIeBOAHIB ckianae 350—-520.

3 MIABUILEHHSIM TEMIEpaTypu TOIUICHHS TapadiHiB B S3KICTh iX
30UTBIITYETHCS, 1 SIKIIIO YHUCTIO aTOMIB KapOOHY B Moiiekysi 40, B’S3KIiCTh
ix ckmagae 6immspko 8 MmY/c mpu 100°C. I'ycTHHa iHmwBimyambHEX
napadiHOBHX BYIJIEBOJHIB 3a TEMIIEpATypU iX TOIUICHHS OJHAKOBa W
KOJMHUBAETHCS Bix 777 10 782 Kr/nm.

[lin wac mepexoxy mapadiHy 3 TBEPAOro CTaHy B PIAKUA HOTO
00’em 301nbIIyeThea Ha 11-15 %. Mipa 3miHM 00’€My 3aJ€XKUTh Bij
T'YCTUHHM 1 MOJIEKYJIIPHOT MacH.

Ounmieni napagiHM MOXYTh OYyTHM MaTOBUMHU a00 MPO30PHMH.
MaroBicTh 3yMOBJIEHA ONTHYHOIO AHI30TPOIIEI MOr0 KpPUCTAlB, a Ta-
KO TPIIIMHAMH MK HUMH. Y pasl TpUBaioro 30epiranHsa napadin crae
IPO30PIIITNM, 110 MOSICHIOETHCA TIepeKpHUcTaizali€eo. Jlo ekcrryaTariii-
HUX BJIACTUBOCTEM HajeKaTh TBEPAICTh, MEXaHIYHA MILIHICTh, €J1acTH4-
HICTh Ta 1H. YC1 BOHHM 3ajie’kaTh BijJ XIMIYHOTO CKJIajay, THITYy 3B’S3KIB
MIX MOJIEKYJIaMU, X OyZOBH i IIUIBHOCT1 YITaKOBKH.

1.3 MeToau nepepo0xu HapTH B NPOAYKTH OPTraHIYHOTO CHHTE3y

IlepepoOka HadpTH. PO3pi3HAIOTH MEPBUHHY Ta BTOPUHHY IEepe-
pooku Hadtu. IlepBunHa, abo mpsiMma mnepepoOKa Mmojsarae B 6azamo-
pakyiiiniii nepeconyi (pexmudixayii). Ii MpoBoAATH 3a aTMOC(HEPHOTO
TUCKY, OPU 1IbOMY BIJITAHSIOTH CBITJI1 HAQTONMPOIYKTH, Ha3Ba M Xapak-
TEPUCTHUKA SKUX HaBeJeHi B Ta0. 1.2.
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Tabnuys 1.2
IIpoayxkTn npsiMoi neperoHKu HagTu
dpakuii Temunepartypa Yucso aTomiB kKapooOHY
KHIiHHS, °C B MOJIEKY.JIi BYIJICBOJIHIB
CBiTi1i HAPTONPOAYKTH
I'a3 Hwxue 20 C—C4
[eTponeiinuit edip 2060 Cs—Cs
Jlirpoin 80-100 CeC4
[IpssmorinHui 6EH3UH 40-205 Cs—Cyp
["ac 175-325 C10Ciys
JuzenpHa dpakiiis 275 C1—Cy
MasyT 1 TBepAl HAaPTONPOAYKTH
Mactuia, napadin Henetki TBep1 Cos—Css
Acdanbt petoBIHHA [Momuukmiuni

3anuIinok, o mMae Temrneparypy kuminusa oubie 300°C 3a atmo-
c(hepHOTO TUCKY BXKE€ HE MEpPEraHse€ThCs 1 Ha3UBAETHCS MazyToM. MasyT
NIEPETAHAETHCA 32 TOHM)KEHOIO TUCKY, Y PE3YyJbTaTl 4Oro OAEPKYIOTh
MIHEpaJIbHI MacTuIa i napadix.

[IponyKT IEperoHKM Ta KPEeKiHry Ha()TU BUKOPUCTOBYIOThH SIK MO-
TOpPHE MajauBO a00 MiAAAIOTh OLIbII TJIUOOKOMY PO3JUICHHIO 3 METOIO
BUJIUICHHSI 1HJWBIAyalbHUX BYIJIEBOIB, 5IKl, Y CBOIO 4UEpry, CIyXaTb
BUXIJTHOIO CHUPOBHHOIO JIsl JOOYBaHHS IIMPOKOI raMH Pi3HOMaHITHUX
OpraHiYHUX CHOJIYK.

OCHOBHMMM THUIIAMU TEXHOJIOTIYHUX MPOLECIB BTOPUHHOI NEpe-
poOku HADTH €:

« HU3bKOTEMIEpPATypPHUN KPEKIHT — MPOILIEC PO3KIaay BYIJIEBOJHIB 3a
temneparyp, Hwxkuux 490°C; tuck — Ouiga 20 aT™M, CUpOBHUHA —
3QJIMIIKY EPErOHKN HATU W BaXKK1 JUCTUIIATHI pakuii (Ma3yT);

« BHCOKOTEMIIEpATYPHUM KPEKIHT — MPOILIEC PO3KIaAy BYIJIEBOJHIB 3a
BUCOKOTro TUCKY i Temmnepatrypu S00°C 1 Buie, Tuck 10 50—70 atwm,
CUPOBHHA — racoBi ¥ razoinesl ¢gpaxuii. [Ipuznauenns mpoiecy —
OJIEp>KaHHS aBTOMOO1JILHOTO OCH3UHY;

« KaTaTITUYHUM KPEKIHI — KaTAITHYHUN TPOIeC PO3KIaay ByTJIE-
BOAHIB 3a Temmneparypu 450°C 1 Buiie, TUCK aTMochepHuit abo 2—
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5 arm. IlpusHadueHHsa — ojepkaHHs raszy, 0araToro HEHaCMYCHUMHU
BYIJICBOJHSAMHU JJIsl TPOMUCIOBOCTI HAQTOXIMIYHOTO CUHTE3Y.

 TIPOJII3 — BUCOKOTEMIIEPATYPHUH MpOLIeC PO3KIIATy BYTJICBOAHIB 32
temneparypu 700-850°C, tuck Huzbkuil. [IpuznaueHHs — oxaep-
KAHHS HEHACUYEHUX W apoMaTUYHUX BYTJICBOJAHIB Ta CMOJHU
mipoJIi3y.

PudopmiHr — nepeTBOpeHHsI HOPMAJIbHUX Ta NUKIIYHUX mapadiHiB
Ha(pTH Yy apOMaTU4YHI B IPUCYTHOCTI KatamizaTopiB 3a 500-550°C. Ilpu-
3HAUYEHHS — O00JIAarOpOJIKEHHSI HU3bKOOKTAaHOBUX OCH3WHIB apoMaTHy-
HUMH BYTJICBOIHSIMHU.

Karanituunuii pudopminr € HezaMiHHUM eJIeMEHTOM HadToIe-
pepoOHoro 3aBoay. ['00BHE MpU3HAYEHHS TIPOLIECY — OTPUMAHHS BHCO-
KOOKTaHOBOT'O KOMIIOHEHTa TOBAPHOI'0 aBTOMOO1ILHOTO TMaJBa 3 HU3b-
KOOKTaHOBHX OCH3WHIB, IO 3IIMCHIOETHCS 3a PaXyHOK iX apoMaTH3allii.

Bigomo, 1m0 ocHOBHa Maca O€H3HWHIB MPSAMOI TMEPETOHKH Mae
HU3bKE OKTAHOBE YMCIIO. Y Pe3yJbTaTl KaTaITUYHOTO PUGOPMIHTY ITUX
dpaxkuiit orpuMytoTh 80—-85 % OGeH3uHy-KaTani3aTa 3 MiABUIIEHUM OKTa-
HOBUM uuciaoM 80-90 3a motopHuM MeTosioM (90—-100 3a mociigHuUIb-
kuM). OkpiM OEH3UHIB NPsIMOI MEPETOHKH, SIK CUPOBUHY JJIsl KaTall-
TAUYHOTO PUPOPMIHTY BUKOPUCTOBYIOTh JUCTUIISATH BTOPUHHOTO MOXO-
JOKEHHSI — OCH3WHHU KOKCYBAHHSI, TEPMIYHOTO ¥ T1IPOKPEKIHTY.

Buxin ycix nux ¢paxuiii BiIHOCHO HEBENUKHUH (3a3Buyail 15—
20 %), ToMy 3araipbHUN 00’€M CHPOBHMHH, IO TIEPEpOOISAIOTH HA yCTa-
HOBKax pU(OPMIHTY, a TaKOX MOTYXKHICTb OKPEMHUX YCTAaHOBOK HE
HACTUIBKU BEJIUKI, SIK 32 KaTATITUYHOTO KPEKIHTY.

[Ile onHIEID CTUMYITIOIOYOIO PEAKIIEIO 10 PO3BUTKY KAaTAIITUYHOTO
pedopMiHTy € moTpeda XIMIYHOI IPOMHUCIOBOCTI B MOHOILIMKIIIYHHUX apoO-
MaTUYHHUX BYTJIEBOJHSIX — OCH3€HI, TOJMyEHI, KCHWJICHAX ¥ eTUJIOCH3CHI.
OCHOBHUMHM TPOJAYKTaMH, BUPOOHUITBO SIKMX 0a3yeTbCs Ha IHUX
BYIJICBOJHSX, € CHHTETUYHUM KaydyK, MUIOUYl 3aCO0U, BOJIOKHA, IJIACT-
MacH Ta 0arato 1HIIMX I[IIHHUX MaTepiaiB.

ApoMaru3aiiisi OeH3UHIB y Tnpoleci pudopMIHTY 3I1HCHIOETHCS 32
PaxyHOK JIeT1JIpOoreHi3allii mecTUUJIeHHUX HaTEHIB 1 AET1APOIMKIII3aLlii
napadiniB. ['0JI0BHOIO peakiri€ro, IO MPOTIKAE 3a KaTaJIITUYHOTO PH-
bOpMIHTY € JerigporeHizallis MecTUWICHHUX HadTeHIB. 3JaTHICTD iX Y
MPUCYTHOCTI HIKEJII0 1 METaliB IJIATUHOBOI TPYNH MpakTUYHO Oe€3 3a-
JUIIKY TIePETBOPIOBATUCS Ha BIAMOBIAHI apoMaTH4HI BYTJICBOJHI 3a
300°C Oymna Binkputa H.JI. 3enincekum e 1911 poky.
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Tepmiunnii i KaTaTITHYHUN KPEeKIHT HAPTH

Bropunna nepepodka HabTH — Kkpexine (BiJ aHII. crack — KOJIOTH,
PO3MICIUIIOBATH) — MOJIATA€ B IEPETBOPEHHI BUCOKOKUIUISTYMX HAPTOBUX
dpakmiii (rac, coJaspoBe Macio, Ma3yT) Yy HHU3BKOKHUILIAYI OCH3WHU.
VY nporieci KpeKiHTy BiOyBa€eThCs PO3MICIICHHS JOBIUX JAHIIOTIB aTo-
MiB KapOOHY 3 YTBOPEHHSIM CyMillli HACUYEHUX 1 HEHACUYCHUX BYTJe-
BOoAHIB. [lapasielbHO MPOTIKAIOTH MPOLIECH 130MepU3allil 1 IUKITi3allli.
Po3pi3HsAI0TH IBAa OCHOBHI BUAM KPEKIHTY — TEPMIUYHMM 1 KaTaalTUUHUIM.
YMoBH, XiMI3M 1 MEXaHI3M IIUX MPOIECIB OYIyTh PO3TJIAHYTI HUKYE
(po3x. 4).

VY mporieci KpeKiHTy NpOTIKAlOTh TaKoXX 1 BTOPUHHI peakilii
YKPYIHEHHS MOJICKYJI MEPBUHHUX MPOAYKTIB pO3IICIUICHHS TapadiHiB.
CyTb MeTOay BTOPUHHOI XIMIYHOI nepepoOku HadToBUX (pakiiiii mpo-
ABJISIETHCSI B TAKUX PEAKITIAX:

CigHzs —= CgHig + CgHyg (1.7)
TCKCaACKaH OKTaH OKTCH
CgHas > CyqHip+ CyHg (1.8)
OKTaH OyTtaH OyTeH
0
CuHyy —> CsHg + CH, (1.9)
6YTaH HpOHeH MCTaH

[Ipu TepmidyHOMY KpEKIHTY HA(TONPOIYKTH MPOMYCKAIOTh Yepe3
niy nipu 470-540°C mig TUCKOM M yTBOPIOETHCSI KPEKIHI-O€H3UH 3 BU-
COKHMM OKTaHOBUM YHUCJIOM.

[Ipu O1IbII BUCOKHMX TeMIepaTypax MpOoLEeC Ha3MBAETHCS MIPOJi-
30M. [Ipu TepMiyHOMY KpEKIHTY Ma3yTy BUXOAUTH 10 60 % MpOayKTiB,
IO CKJIAIAIOThCA 3 HU3BKOKUIUITYMX MapadiHOBUX BYIJIeBOJHIB. Ta-
KHUMHU TPOAYKTAMH € KPEKIHr-O€H3UH, KpEeKIHT-rac, ra3oiib 1 rac. Of-
HOYACHO YTBOPIOIOTHCA BaX4l MPOAYKTH, HIXK IMOYaTKOBHM Ma3yT:
KPEKIHT-3aIMIIOK 1 KOKC. Peakiiii po3naay mpu TEpMIiYHOMY KPEKIHTY €
OCHOBHUMHU, BOHHU MPUBOJATH 10 YTBOPEHHS L1IJILOBOTO MPOAYKTY — O€H-
3uHy. CMmoa i Kokc — mo0i4Hi Ta HeOa)kaHi MPOAYKTH KPEKIHTY.

Haiinermie npu HarpiBaHH1 po3KJIaIal0ThCA BaXKKi HaTOBI 3aIMIII-
KM, HalpUKIag Ma3yT, TyAPOH, 3HAUHO Ba)Kue — Ju3eibHI (pakilli, 1mie
Bakue — racoBi (ppakiii. KpekiHr Ha mpukiagl HOpMaJbHOTO TreKca-
nexkany CqigHag (T. xum. 287°C) BigOyBaeThbcs 3a cXeMOIO peakiii 1.7—
1.9. ByrieBojHEeBUI JIAHIIOI PO3PUBAETHCS IEPEBAKHO TMOCEPEIUHI
MOJIEKYJIA 3 YTBOPEHHAM MOJEKYJH OKTaHy (T. kun. 126°C) i okTeny (T.
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kun. 123°C). Orpumani BYTJIE€BOJHI MOXYTb, Y CBOIO 4UEpPTY, TAKOXK
PO3ILETUIIOBATUCS, YTBOPIOIOUM NP IIbOMY MOJIEKYJIM HAaCUYEHUX 1 He-
HACUYCHUX BYIIEBOJAHIB. OKTaH, 3HAXOASYKUCh y 30HI BUCOKOi TeMIIe-
paTypH, 3HOBY PO3MICIUIIOETHCS MOCEPEIMHI MOJEKYJH 3 YTBOPECHHSIM
OyTaHy i1 OyTeHYy.

VY pesynbTari TEpMIYHOTO KPEKIHTY OTPUMYIOTH rac, O€H3uH, ra-
30MJ1b 1 KPpEeKIHT-3aIUIIOK. [{UJTbOBUM MPOYKTOM € OCH3UH. 3a XIMIYHUM
CKJIaJIOM KPEKIHIM-OC€H3MHU ICTOTHO BIIPI3HSIOTHCS BiJ OCH3UHIB MPSMOI1
MEPErOHKH BUCOKUM BMicTOM HeHacuueHux (15-20 %) it apomaTuyHux
(15-35 %) ByriIeBOJHIB, a TakoX mHapadiHOBUX BYIJICBOJHIB pO3raiy-
KEeHOi OyJI0BU. 3aBSKH HAsIBHOCTI ITUX BYTJIEBOJIHIB, KPEKIHT-OCH3UHU
XapaKTEePU3YIOThCS BUIMMHU OKTAHOBUMHU YHCIIAMH 3 aHTHACTOHAIIIM-
HUMH BJIACTUBOCTSMH, HIK OCH3MHU MPSAMOi MEPErOHKH, Y SKUX BMICT
napadiHOBUX 1 HA)TEHOBUX BYTJICBOHIB HEBUCOKHH.

["azoiinp 3a (PpakiiiHUM CKJIAI0M BIAMOBIAAE TacO-Ta30UJIEBIM
¢paxirii; BiH BHKOPHUCTOBYETHCA SK KOMIIOHCHT KOTEJIBHOTO ITajiiBa.
Kpekinr-zanuiok ckianaerbest 3 napadinoBux (80 %) 1 HeHaCHUYEHUX
ByryieBosiHIB (20 %) Ta MICTUTh CMOJISHHCTI PEYOBUHU, OaraTosiAepHIi
apoMaTHU4HI CHIOJIYKH.

B Vkpaini Binkputo Ouibi sik 270 pogouin HadtH U ra3y. Pos-
BiJIaH1 3amacu HagTU B YKpaiHi OLiHIOWTHCS B 150 MIIH T, a razy — B
700 mapa. M°. Y ocraHHi POKHU HIOpIYHUM BUAOOYTOK HadTH B YKpaiHi
CTaHOBUTH ONu3bKO 4 MH.T (mpu motpedi 20-22 miH T), a razy — 18—
20 mpa. M° (mpu motpe6i 40-60 mapa. M°). HesBakarounm Ha BEIHKi
BUTpATH, HA(PTOBA i Ta30Ba MPOMUCIIOBICTh JIa€ KOMITaHISIM 3HA4HI MpHU-
OyTKH, a XIMIKaM CUPOBUHY JIJIs CHHTE3Y OpPTaHIYHUX CIIOJYK.
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OcHOBHI NONOJHCEHHA XIMIT OP2AHIYHUX CROTIYK

PO3/1J1 2. CTEPEOXIMIYHI YSBJEHHS
B OPTAHIYHIM XIMIi

2.1 EleKTPOHHI ySIBJIEHHSI B OPraHiuHii ximii

B opraniyHux crnojiykax Mpu MOE€AHAHHI aTOMIB €JIEMEHTIB Haii-
OUIBII MOUIMPEHI G-3B’SI3KU. Y CTPYKTYpHUX (Popmylsiax BOHU MO3Ha-
4aloThCsl OJIHI€0 pucoukoro, Hanpukian C-C, C-H. Skio yTBoproeThes
MOJIBIMTHUY 3B’S130K, TO APYTUM € T-3B’5130K. Taka komMOiHaIls G-7-3B’s13-
KiB TO3Ha4aeThes y popmynax nojpiiiHowo pucoukotro — C=C. Tperiii
3B’SI30K MOXe€ OyTH Juiie 71-3B’sa3koM. KoMOiHaIliio 0JTHOr0 G- 1 JBOX
T-3B’SI3K1B MM03HAYAIOTh TphoMa prucoukamu — C=C.

B aroma kapOoHy Ha Jpyromy (30BHIIIHBOMY) €HEPrE€TUYHOMY
DiBHI 3HAXOATHCS YOTHPH BAICHTHHX EICKTPOHH 25°2p°. V Takomy
He30y/DKEHOMY CTaHl aToM KapOOHYy Mae 2 HECTHapeHHX EJIEKTPOHU M
MOBUHEH IMPOSIBIISITU XapaKTEPHY BaJIEHTHICTh, III0 JIOPIBHIOE JIBOM.

[Tin gac 30ymkeHHs (i1 Teria abo0 BUIIPOMIHIOBAHHS) OJUH S-
CJICKTPOH 3 2S MIAPIBHS MEPEeXOauTh Ha Z2p MIAPIBEHb 1, BIAMOBIJIHO,
MOBMHHO yTBOPIOBATHCS JBA Pi3HI 32 EHEPTI€I0 TUIIU 3B’ A3KIB.

2pf+ t, hv 2pf$*

_
25 | ¥ 25 |}
OcHoBHuii ctan atoma (C) 30ymxenuii crad atoma (C*)
2, 2,2 2, 1,3
1s 2s 2p 1s 25 2p (p, pyp,) (2.1)

Opnak Bigomo, mo aroM C y HAaCHMYEHHMX CIOJyKax, HalpUKIAJ
CH,, yTBOpIOE 4HOTHMPH OJHAKOBI G-3B’A3KH. lle mpoTupiuus po3B’s-
3Y€ThCA 13 3aCTOCYBAHHSIM MOHSTTA TiOpuau3alii aTOMHUX OpOiTanei
(IToninr, Creiirep, 1934). Vi ribpunni sp>-opGitam atoma kapGoHy €
ATOMHUMU 1 BUHUKAIOTH JIUIIE B MIPOIIEC] YTBOPEHHS XIMIYHOTO 3B’ SI3KY,
SK II€ ITOKa3aHo Ha cxeMmi (2.2).

2.1.1 Konuenuis riopuausanii aToMHuX opoiTaJsei

1. Sp3-2i6pu0u3az4iﬂ. [Ipu moenHaHH1 OJIHIET S- 1 TPHOX P-opOiTaseit
YTBOPIOIOTHCS YOTUPHU OJHAKOBI Sps-ri6pH)1Hi opOitani. YMOBHO Taky
riOpuIn3aIliio MOKHA IMOJAaTH y BUIJISAAI Takoi cxemu (2.2):
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O 3 8 g@( o S

2s Px P Py 25" (sp,, 51,5, 5P,

¥Yci yotupu riOpuiHi SP -0p6iTaJ1i aToMa KapOOHY OpIEHTOBaH1 B
MPOCTOP1 TAKMM YHHOM, 110 BOHHU CIPSMOBaH1 0 BEPIIUH TeTpaeapa, Ae
MOXYTh TEPEKPUBATUCS 3 S-€JICKTPOHHUMHU OPOITAIsIMU aTOMIB TiJIpO-
I'eHy, a SAPO aToMa KapOOHY pO3TaIllOBaHE B IIEHTP1 I[bOI'0 TETpaeipa B
mojiexkym CHy, 300paxeni Ha cxemi (2.3). Kyt mix ocsmu riopuau-
oBaHuX opOitaneli craHoBuTh 109°28'. lle MOSCHIOETHCSA THUM, IO 3a
IIbOr0 KyTa OpOiTall 3HAXOMAThCA MaKCHMaJbHO BIJJAJICHO OJIHA Bij
OJIHO1 Yepe3 B3a€EMHE €JICKTPOCTATUYHE BIJIITOBXYBAHHS.

Cran Sp3-ri6pnzu/13aui'1' Ha3UBA€ThCS NepuLUM 8aNCHMHUM CIAHOM.
Bin xapakTepHuii njig aTomMiB KapOOHY B HACHMUYECHUX BYIJICBOJHAX, Ha-
MPUKIIAI;

(2.2)

<—— o(C-C)3B's130k ———>

sp3-AO

T

o(C-C)3B's130K
CH, CH;-CHjs

Take mOHATTS 1po T1OpUIHI OpOITaNi 33I0BUIBHO MOSCHIOE XIMIYHI
1 (i3UyHl BIIACTHBOCTI  TIAPOreHKapOOHOBUX MOJEKYJ OpraHIYHUX
CHOJIYK.

[Toeanyroun S- 1 pP-opOiTani B pi3HUX KOMOIHAIIAX, OACPKYEMO
HaOlIp TiOpuaAHUX OpOiTaneld, eHepreTuuHO-KOH(OpMaIliiiHI BIACTUBOCTI
SKUX MEHIII BUT1/IHI, HI’K YUCTUX P-OpOiTaneid, aje MOMITHO Kpallli, Hixk
s-opOitani. HeoOxigHo mam’aratu, 1mo riopuaHi opOiTalii MaloTh BUILY
EHEprito, HIXK S- 1 P-opOiTai, ajne 3a paxyHOK €()eKTUBHIIIOTO NEPEKPHU-
BaHHS 3 IHITUMH OpOITAJISIMU T1OPUIHI YTBOPIOIOTH MIIHIIII 3B’ SI3KHU.

OT1xe, eHepris, HeoOX1JHaA IJI TIEPEMIIICHHS eJIEKTPOHIB 13 YMCTO1
AO Ha TiOpuaHI, 3 HAIJIUIIKOM KOMIIEHCYETHCS €HEPri€l0 yTBOPEHHS
MILHIIIUX 3B’ SI3KIB (3arajibHa €HEPris MPU [IbOMY 3MEHIITYETHCS ).

(2.3)
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2. Sp2-3i6pu<)u3az4iﬂ YTBOPIOETHCS 32 PaXyHOK CIIOJYYCHHS OJHI€T
S- 1 IBOX P-opOiTajiei.

i % P(AO)
@+—<:><:D—X +g9/ = pu &) a6o1200 /
y
2px 2py

2s

2
2sp”, (2.4)
TakumM 9MHOM MPOXOJWTH YTBOPEHHS XIMIYHOTO 3B’SI3Ky B MOJIE-
KYJIi €TUJICHY, sIKe 300paxkeHo Ha cxemi (2.5).

(2.5)
Oci TpbOX Sp2-0p6iTaﬂeI71, SIK1 YTBOPWJINUCS TIPU IIbOMY, PO3MIIIIEHI
B OAHIM monuHI mig kyroM 120°. HeriOpuanzoBana p-opOiTainb atoMa
KapOOHY pO3MillIeHa NEePIEHANKYIISIPHO /10 11€1 MIOMIUHHU.
Cran sz-ri6pnz(n3aui'1' HA3UBAETHCA OpPYyeUM BATEHMHUM CIMAHOM 1
XapaKTepHUHU TSI CTIOIYK 3 TIOJIBIHUM 3B’ s13K0M (cxema 2.6).

180°

(2.7)

3. V Bumaaky Sp-ciopuouzayii SP-opOiTam po3MIMICHI OJHA Bif-
HOCHO 1HIIOI miag kyroM 180°, a naBl HeriOpuan3oBaHi pP-opOitaii
HEPIICHINKYJIAPHI 0JTHA 0 oAHOI (cxema 2.7—2.8).

@+—®@;( :nBiG>@a60C>G

23 2px 2Sp-ribpur3oBaHa opoiTalib

(2.8)

Takum 4rHOM, TPOXOAUTH YTBOPEHHS XIMIYHOTO 3B’SI3Ky B MOJIE-
KyJIi alleTHIICHY, sIKe 300pakeHo Ha cxeMi (2.9).
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T
V4
H
amar\o/
H&/ C)—&~
w /
T

(2.9)

Takuii Tun ridpuauzaiiii Ha3UBAETbCS MpemiMm BANIeHMHUM CMA-
HOM 1 BIIACTUBUM JIJIA CIIOJIYK 3 MOTP1iiHUM 3B’ s13koM — C=C, Hanpukiaz,
s etuny (auetwieny): CH=CH ta anetuneHiiiB MeTaiB.

®di3uyH1 xapakTepucTuku pizHUX BUIIB C-C 3B’3KIB MOjaHI B
Tabmn. 2.1.

Tabnuys 2.1
XapakTepuCTHKAa OCHOBHHUX THIIIB KOBAJICHTHHUX 3B’ A3KIB
Kosasientnunit | Ipukaan | doBxkuHa Kyt mix Enepris
3B 30K 3B’AI3KY B | 3B’HI3KYy, | riOpHAM30BAHUM 3B’SAI3KY,
CNOJIYKaX 10 u opOiTaIsIMKu k/:x/M0J1b
\ /
—C=C] |cmecH, 154 109°28’ 347
sp*-sp’
\ /
,C=C0 | cH=cH, 134 120° 598
sp*-sp”
Sp-sp HC=CH 120 180° 812

Oco06auBHiI BUJT XIMIYHOTO 3B’SI3KY € B MOJICKYJI1 OCH3EHY:

HC=CH
HC, CH
HC—CH (2.10)

Sk 1 mpu YTBOPEHHI €TWJICHY Ta IHIIMX PO3IJISHYTHUX BHUIIE MO-
JIEKYJI, y SKUX aTOMU KapOOHY MarOTh TPbOX CYCIAIB, y I[bOMY BUMAAKY
MPOXOAUTH sz-ri6pnzm3aui51. Tpu Ti6puaHI OpOITaIl YTBOPIOIOTH TPHU
G-3B’s13ku — 7iBa 3 aroMamu C 1 oauH 3 H, siki po3TaroBani B 0JHIi T10-
el i kyramu 120°. 1uM 1mosiCHIOEThCS TI0CKa Oy10Ba MOJICKYJIH
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CgHg, sixa mae ¢popmy mpaBUIBHOTO IIECTUKYyTHUKA. OpOiTani Heridpu-
nu3oBaHux p-enekTpoHiB y CgHg, Tak, sik 1 B C,H4, po3ramoBani nep-
MeHIUKYJISIPHO 110 TUIONIMHM Mojekynn. Ha cxemi 2.11 moxkaszani 1mo-
BEPXHI XBUJIBLOBUX (YHKIIIN p-€JIEKTPOHIB aTOMIB KapOOHY B MOJIEKYJIi
OceH3eHy. SIKk BUIHO, KOXKHA p-0pOiTaib NEPEKPUBAETHCS 3 IHIIIUMU P-0Op-
OitaynisiMu 3 1BOX OOKiB. MU 3HaeMoO, 110 IEPEKPUBaHHS opOiTanei nae
MOXJIUBICTh €JIEKTpOHaM OyTu OuIst 000X atoMiB. OCKUJIbKM B MOJIEKYJIi
Ce¢Hg Bc1 p-op0OiTani nepekpuBarThCs OJIHA 3 OJIHOK0, KOKEH p-€JIIEKTPOH
y 11l MOJIEKYJI1 MOe OyTHu 01151 OyIb-IKOTO 3 aTOMIB KapOOHY.

7-3B’S3KM B MOJIEKYJl O€H3E€HYy OJHAKOBO 3B’S3YIOTh YyCi aTOMHU
kapOony. Ilpy 1IbOMy HEMOXIJIHMBO CKa3aTH, SIKMM aToOMaM HaJICKUTh
KOKHA 13 Map €JIEKTPOHIB, 10 YTBOPIOIOThH T-3B’A3KH B MoJiekys CgHs.
VY naniii MoJIeKyIl T-3B’S3KHU € JIEJIOKAII30BaHUMHU. T-EJIeKTpoHU B MO-
nexkyn CgHg mepecyBaroTbCs B3JOBXK KUIbLSI aTOMIB T1IPOTEHY, HE
3yCTpIYarOud OMNOPY, CXOKOr0 Ha TOM, SIKMH BIJOYBA€ThCS B ACSKUX
MeTajlax Tpu Ay>Ke€ HHU3BKHX TeMIlepaTypax, KOJIM BHUHHMKAE SIBUIIC
HaJIITPOBITHOCTI.

(2.11)

MoxnuBo, pyx enekTpoHiB y mosekyial CgHg Outst Bcix aTtomiB
KapOOHY MPU3BOJAUTH IO 3MEHIIEHHS iX KIHETUYHOI €Heprii, a 0Txe, 10
30UTBIIIEHHS] MIIIHOCTI 3B’s13Ky. lle /ae moscHeHHs XIMIYHUM 1HEPTHUM
BJIACTUBOCTSAM OCH3€HY, SKUW 3HAYHO MEHIIE pPEaKIiiHO 3JaTHHUM N0
IpUETHAHHS, HI’K €TUJICH Ta 1HII1 HEHACUYEHI BYTJICBOIHI.

Jlenokamizali€ro eJeKTPOHIB TIOSCHIOIOTh TaK0X BJIACTUBOCTI
noxigHux 6enzony. [Ipu 3amiHl OJHOTO 3 aTOMIB TiAPOTeHY B MOJIEKYIII
CgHg Ha Oyap-aKy TpyIly OCTaHHs 301IblIy€e WMOBIPHICTh MOTPAIUISIHHS
HACTYITHOT'O 3aMiCHHKA B OJHE 3 MOXJIUBHX IOJOXEHb — Opmo-, Mema-
a00 napa-. 3aBASKHU JeloKali3alli BaJEHTHUX E€JICKTPOHIB JIOCUTh CTa-
OUIbHUMM € BIJIbHI paJIMKaIU MOX1THUX OCH30ITY.
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2.2 EnexTpoHHi edeKTH 3aMiCHUKIB

OCKUIBKM XIMIYHI peakilii sSBJAIOTH COOOI0 MPOIIECH, Y SIKUX Bif-
OyBa€eThCsl MEPEPO3NO/LT EJIEKTPOHIB, HAMPSIM PEaKIid CyTTEBO 3aje-
UTb BIJl pO3MOALTY €JIEKTPOHHOI I'YCTUHU B MOJIEKYJIaX pearyruux pe-
YOBUH. SIK MpaBUIIO, €IEKTPOHU HE PO3MOJLICHI PIBHOMIPHO IO BCIH
Mosiekyi. HaBiTh y GopMaibHO HEHUTpaJIbHUX MOJIEKYJIaX € MICIS 3i
3MIHHOIO €JIEKTPOHHOIO I'YyCTHUHOIO, 3 MIABUIIICHUM HETaTUBHUM 3aps0M
Ta 3 MIJABUIIEHUM MTO3UTUBHUM 3apsiioM. TOOTO MOJIEKYJIH, a TAKOXK OK-
peMi 3B’SI3KM Aeno nosisipu3oBaHi. [oJsSpHICTE KOBaJIEHTHOIO 3B’SI3KY
Oyne TUM OUIBIIOI, YMM OUIBIIOK OyAe pI3HULSI B €JIEKTpOHEra-
TUBHOCTI aTOMIB, IK1 YTBOPHUJIU LI€H 3B’ SI30K.

Enexmponecamusnicms (3a IloniHrom) — 1ie cujia, sika yTpUMYe€
€JIEKTPOHU OJIM3BKO /10 aToMa IbOTO €JIEMEHTa B MOJICKYJl Ta Xapak-
TepU3y€ MPArHeHHs JAHOrO0 aToMa JI0 MPUETHAHHS EJEKTPOHIB MpPH
YTBOPEHH1 XIMIYHOTO 3B’A3KYy. PO3pOOKOI0 KOHIEMIil €JIeKTpOHEera-
THBHOCTI 3aliManucs Takl BUJaTHI BuUeHI-XIMikH, sk JI.ITominar, X.IH-
royiba, P.Maniken Ta iH. Y nepioauyHid cuctemi enemeHtiB J[.I.Men-
JIEJIEEBA €IIEKPOHETATUBHICTh €JIEMEHTIB 30UIbIIYETHCS 3HU3Y JOTOPH Ta
3]liBa HAMpaBO. 3HAYEHHS €JIEKTPOHETaTUBHOCTEH €JIEMEHTIB HaBEJICHO

B Ta0I. 2.2.

Tabnuys 2.2
EJIeKTpOHeraTuBHICTh €JIEMEHTIB
Eae- 3a 3a 3a Eae- 3a 3a 3a
meHT | Ilouin- Canpep- | Omipeaom | ment | Ilouain- Canpep- | Oupenom
oM COHOM i PoxoBum romM COHOM i PoxoBum
H 2,2 2,31 2,20 Mg 1,31 1,42 1,23
Li 0,98 0,86 0,97 P 2,19 2,16 2,06
C 2,55 2,47 2,50 S 2,58 2,66 2,44
N 3,04 2,93 3,07 ClI 3,16 3,28 2,84
O 3,44 3,46 3,50 Br 2,96 2,96 2,74
F 3,98 3,92 4,10 | 2,66 2,50 2,21
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EnexTpoHeraTuBHICTh €IEMEHTA HE € MOCTIHHOI BEIUYUHOK IS
Horo aTomiB y pI3HUX MOJIEKYJIax, a 3aJ€KUTh BiJl CTaHy T1Opuau3aIlii.
[To3UTHBHO 3aps/KEHUN aTOM 3 OUIBIIOK CHIIOI YTPUMYE €JIEKTPOHH,
HDDK HEHUTpallbHUM aToOM. 3aJI€KHO BiJl BKJIAIy S 1 p-opbimaneii y TiOpu-
JM30BAaHUM CTaH 3MIHIOETHCA 37aTHICTh YTPUMYBATH €JIEKTPOHU. 30111b-
HICHHS BKJIaAy S-opOiTajel, sik opOiTaneit 3 OLIbII HU3BKOIO €HEPTIEI0,
MIPUBOJIUTH JI0 3POCTaHHSI €HEPT1l yTPUMaHHS €JIEKTPOHIB.

Tak, y MeraHi (Bkian S-opOitani — 25 %) aTroMu TigporeHy majo-
peakIiiHO3/IaTHI, €JIEKTPOHETAaTUBHICTh KapOOHY # TipOreHy npuoIn3-
HO oJHakoBa. B eruieHi (sz-ri6pI/IzLI/I3aui;I, BKJIag S-opOitam — 33 %)
aTOMU T1JPOTE€HY OUIbII PYXJIUBI, TOOTO €JIEKTPOHEraTUBHICTh KapOOHY
BUIIIA, HIXK Yy TIAPOreHy. B aneruniieni atToMu riiporeHy MO>KHa BBa)aTu
KUCJIOTHUMH, aJ[K€ alleTWICH YTBOPIOE COJICHOMIOHI KapOiiu THUITY
CaC,; eneKTpOHEraTUBHICTh KapOOHY CTa€ OJU3BKOIO JI0 EJIEKTpPOHE-
TraTUBHOCTI XJIOPY.

EnextpoHeraTuBHOCTI KapOOHY 1 oAy MO0BOJI OJM3bKi, TOMY BBE-
JICHHS MIEBHUX 3aMICHHUKIB MOYKE€ 3MIHUTH XapakTep 3aMilI€HHS €JIEKT-
POHHOI TYCTMHHM Ha mpoTuiexxHui. Tak, ais oamerany (CHsl) Ounbmn
€JICKTPOHETAaTUBHUM € aTOM MOy M Ha aToMi KapOOHY OyJie AesiKuil mo-
sutuBHU 3apsan. s vonrpudayopmerany (CF3l) cutyamis npotu-
JIeXKHA M yKe Ha aToMi WOAy € NesIKWil Mo3UTUBHUM 3apsan. Lle mpuso-
JUTH JIO TOTO, IO I1i CIIOJYKH MO-PI3HOMY PearyroTh 3 HyKJIeo]iIaMu:

HsC**-l + OH™ — H3C-OH + I (2.12)
FsC-1°" + OH™ — F;C-H + 10° (2.13)

2.2.1 InaykuiiiHui epexT

k1110 B OpraHiuyHiii pe4yoBHHI 3 aTOMOM KapOOHY 3’ €THaHUI O1IbII
€JIEKTPOHETaTUBHUM 3aMiCHUK (X), TO BiIOYBa€eThCAd MEPEPO3MOLI
€JICKTPOHHOI TYCTUHH B MOJIEKYJTi (TOJIIpU3allisl 3B’ I3KiB) TAKUM YHHOM,
10 3aMiCHUK X HaO0yBa€ HEraTUBHOTO 3apsijy, a 3B sA3aHUM 3 HUM aTOM
KapOOHY — O3UTUBHOTO:

c” X" abo C°x”

[To3HaueHHs 0+ 1 0- MOKa3ylOTh YaCTKOBUH (e(DeKTUBHUIA) 3apsiy 1
HarpsaM noJisipu3aiiii. Taka acuMeTpisi po3MOALTY €JIEKTPOHHOI T'yCTUHU
B MOJIEKYJII XapaKTEPU3Y€EThCS JAUMOJIBHUM MOMEHTOM. Y BHUMAAKYy 3a-
MicHUKa X, KWW BUKIWKae (IHAYKY€) MO3UTUBHUU 3apsij Ha aTroMi
KapOOHY, TOBOPSTH, 1110 BiH MPOSBISE HETATUBHUM 1HIYKIIHHUN eekT
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(-I-edekT), TOOTO mepemaya 3apsay HPOTIKAE 32 PaXYHOK €JIEKTPOCTa-
TUYHOI 1HAYKITII.

[Haykmiianil eexT mo3Ha4yaroTh CTPIIKOI0 HAa G-3B’S3KY 3 MOKa-
30M HaNpsIMKy [ii, MOro cuja BHU3HAYAETHCS BEJIMUYMHOIO EJIEKTPOHE-
raTUBHOCTI 3aMicHHMKA. J[0 MOJIEKy 13 HETaTUBHUM 1HAYKIIHHUM e]eK-
TOM HaJIeXKaTh, Hanpukiaa, mosekyiau C—F,, CH;—CI.

YTBOpeHUI AUTIONb 1HIYKYE BUHUKHEHHS TTO3UTUBHUX 3apsJiiB Ha
HACTYIMHUX aTOMax KapOOHY, aje BIUIUB HOTO MIBUIKO 3racae Imo JIaHIo-
Iy OAMHApPHUX 3B A3KIB 1 yepe3 2—3 aTOMU MPAKTUYHO HE MPOSIBISETHCA:

H H H

H——C — C —
b
H H H
1+ >> 5+ >> Jgt (2.14)

k110 3 aToMOoM KapOOHY 3’€JJHaHHWI 3aMICHUK Y, 1[0 Ma€ MEHIIY
€JIEKTPOHETAaTUBHICTh, HIK KapOOH, TO Al Ha MOJIEKYyJy OyJlie mpOoTH-
JIEKHOI0. Y IIbOMY pa3i TOBOPATH PO MO3UTUBHUM 1HAYKIINHUN ePeKT
samicauka Y (+I-edekr): YO —C> a6o CY°

TakuMm 4MHOM, 3HAK THAYKIIHHOTO €(PEKTy BU3HAYAETHCA 3HAKOM
3apsiay, SKU HaOyBa€e 3aMiICHUK.

o 3amichuxis, axi npossiaomo -I-ehekm, BITHOCITH €JIEMEHTU
OB eJIeKTpOHeraTuBHI, Hixk KapOoH (Hal, N, O) (Ta6:xa. 2.2) abo rpymnu
aTOMIB 3 HAQJUIMIIKOBUM TO3UTHUBHUM 3apsJIOM Ha aToMi (aMOHIM 10H),
AK1 3’ €THaH1 0e3mocepeIHbO 3 KapOOHOM:

: C — 6/ : C — N+_
7 \ 7 < (1.23)
3a 31aTHICTIO BUSBIATH -I-€(heKT 3aMICHUKM MOKHA pO3TallyBaTH
B TaKi1 pSIIu:
-"OR, > -"NR3 > -"SR,; -F>-Cl>-Br>-I;
-OR > -SR > -SeR; -F>-OR > -NR, (2.15)

s ogHOrO M TOro X einemeHTta -I-edekT 301IbIITy€ETHCS 31 3poc-
TaHHSAM HOT0 €JEeKTPOHEraTUBHOCTI, 10 TOB’S3aHO 3 HAABHICTIO MOPSA 3

HUM IHIIUX €JIEKTPOHOAKIEITOPHUX 3aMICHUKIB:

N N\
,C=0>-0R; C=NR;> -N'R; > -NO, > -NH, (2.16)
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VYci 0e3 BUHSATKY HEHACHYEHI 3aMICHUKH BUABISIOTH -I-edexkr,
CHJIa SKOT'0 3MEHIIYETHCS 31 3MEHIICHHSIM HEHACHYC€HOCTI BiJ alleTH-
JIEHOBOT'O 10 €THJIECHOBOTO paJIuKaiy.

Ak miacyMok, MoOkHa MOOyAyBaTu psif, y skoMy Oyle 3MeH-
myBaTUCh -I-ehexT 3aMiCHUKIB, IO HAWYaCTIIIE 3YCTPIYAKOTHCS MPU
BHUBUYEHHI KypCy OpraHiqHoi XiMmii.

-NO, >-CN >-SOz;H>-F>-Cl>-Br>-1>— > -CH=CH, > -
2 : r @ 2> 2.17)

o 3amicnukis, wo nposaeraiome +I-epexm, BITHOCITH €IEMEHTH,
K1 MEHIII €JICKTPOHETaTUBHI1, HIXK KapOOH: 1€, y TepIIy 4epry, riiporeH
(Tabu. 2.2.); my>XKHI METaJIW; TPy aTOMIB 3 IOBHUM HETaTHUBHUM 3apsi-
JIOM Ha aToMi, CIIOJly4eHOMY Oe3rmocepeaHno 3 kapooHoM. [Ipuaomy +I-
e(deKT TUM OUIBIIMH, YMM JIIBIIIE€ 1 HUXKYE CTOSTh €JIEMEHTH B Iepio-
TUYHIA TabauIi (ToOTO MPOTUIIEKHO MO0 -I-edekTy).

S61 > -8 >-0! NSO > -0

-Se: >-S- >-0O- —C > > —O-

SO o / 2 r (2.18)
JIist ankiIbHUX YTPYNOBaHb €JIEKTPOHOIOHOPHI BIACTUBOCTI 3aje-

KaTh B1J] IXHbOI CTPYKTYpH:

~C(CHa)s > -CH(CH3), > -CH,CHy > -CHs > -H (2.19)
KiacuuHi npukiaau BUSBICHHS 1HAYKIIHHOTO €PEeKTY:
co ¢o >
Cl<-CH,=C : HaC—C . CHg>CH=CH
27" OH 3 N OoH 3 2
-l-edext +l-eexr +1-eexr (2 . 20)
xJiopolrosa kuciora pK, 2,86. ourona kuciora pK, 4,76; nporniiieH

BigoMo, 1110 XJIOpOIITOBa KUCI0Ta CUJIbHIIIA 3a OLITOBY NMPUOJIM3HO
Ha 2 TOPSAKH, IO IOB’SI3aHO 3 IPOSIBOM atoMoMm xJjopy -I-edekry.
VY pe3ynbTaTi TaKOro Nepepo3noaily eJIeKTPOHHOI I'YCTUHH BiJOYBa€Th-
cs1 nmocnabneHHs 3B°s3ky O-H 1 3’SBISIETBCA MOXKIIMBICTB JIETTIOL AUCO-
miarii nmporoHa. Cujia JUXJIOPOITOBOI 1 TPUXJIOPOLUTOBOI KUCIOTH 3pOC-
Tae 1ie oibine (pK, Bianosigxo 1,29 1 0,65).

2.2.2 Me3omepHuii egexr

EnexTpoHHe 3MillIeHHS 32 Y4acTIO KpPAaTHUX 3B’SI3KiB HA3MBAETHCSA
mezomeprum egpekmom (XM-edekToM). ICHYIOTH ¥ 1HIIN MO3HAYCHHS J1a-
Horo edekry: (£C) — edekr cupspkerHs, (XR) — pe3oHaHCHUI edeKT.
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Enexmponni echexmu 3amicnuxie

SckpaBgillie €JIEKTPOHHI 3MillleHHs (MoJisipu3allisi) BigOyBalOThCA B
pa3l HasIBHOCTI 3aMICHUKA 3 HETMOJIUICHOI BUJIBHOI MApOI0 p-€JIeKT-
POHIB, 7-€JEKTpOHAMU a00 BAKaHTHOIO p-OpOITaL0 OJM3BKO MOABINM-
HOro a0 MOTPIMHOTO 3B’SI3KIB YHACHIJIOK 30UIBIIEHHS PYXJHUBOCTI X
eleKTpoHiB. Tomy B psii:

5+ & S+ 01— Oyt Oy
N—N; N=N; N=N; (2.21)
BEJIMYMHA 3aPs/1iB 3MIHIOETHCS TAKUM YHMHOM: 0, > 01> 0.

Posrnsinemo e Ha mpuknaai ¢ayopsininy CH,=CH-F. 3a Buxo-
HaHHS OPUHIUIY KOMIUIAHAPHOCTI (TapaieibHICTh OCEM BIANOBIIHUX
opOiTtasieil) ojiHa 3 2p-opOitaneit Gpiyopy Moxke jaTepaibHUM (OOKOBUM)
HUISIXOM TE€PEKpHUBATUCS (B3a€EMOJISITA) 3 T-€IEKTPOHHUMH XMapaMHu
(p-opOiTansiMu) OABIHHOTO 3B’ SI3KY:

CH,=CH—F => CH,—CH=F' aa %+|—|2-=CHu?:_ (2.22)
YHacmioK Takoi B3a€MOJlI BHHUKAE CIHPSIKEHHS MIXK EJIEKT-
pOHAMHU TT-3B’SI3KY W p-eyieKTpoHaMu (iIyopy (Tak 3BaHE 77-p-CHPSHKEH-
Hs). IIpu 1mpomy 3B’s30k C-F HaOyBae pucu ciaOKoro moABIMHOTO.
OOuB1 pe30HAHCHI CTPYKTYPHU 300paKYIOTh JIMIIIE OJWH PEaTbHUI CTaH
MOJIEKYJIH.

Take 3MillleHHSI €IEKTPOHHOT TYCTUHU BUIBHOI Mapu p-€JEKTPOHIB
atoma (Gyopy 110 p-opOiTaneid mOABIMHOTO 3B’ SI3Ky (IIEPEKPUTTS €IEKT-
POHHHUX XMap) MOXHA TMOSCHUTH JOHOPHUMHU BJIACTUBOCTSIMU p-0pOiTa-
nen guyopy, Ha KOXKHIN 3 IKUX NepeOyBae mapa enekTpoHiB. Huxue Ha-
BEJICHO pAll p-opOiTayeil aroma KapOOHy, 10 AEMOHCTPYE 3MIHY iX J0-
HOPHO-AKIIENTOPHUX BIACTUBOCTEHN 3aJIEKHO B1J] CTYIICHS 3alIOBHCHHS:

X X X
py AO py AO T ¢ px AO
1, | |
- C|3 —C- —C:
a) BiJIbHA OpOiTaIb, 0) BUIbHUI HEeCTIapEeHU €JIEeKTPOH, B) Mapa eJIEeKTPOHIB,
aKLENTOPHI BJIACTUBOCTI, ci1a0Ki aKIeNTOPHI BIACTUBOCTI,  JOHOPHI BIACTUBOCTI,

enekTpodin (kapookartion).  crnabkuii enexkTpodin (paguKan) Hykseodin (kapOaHioH)

Kpim Toro, arom ¢uayopy, 1mo HaOyB OKTET €JIEKTPOHIB, HE MOXKeE
MPOSIBIISITH €JIEKTPOHOAKIIENITOPHI BIIACTUBOCTI TOMY, IO BC1 MOro opoi-
TaJll 3alIOBHEH1 ¥ OyJIb-sIKMI1 MOMANIBIINI TIEpPEXif] €JIEKTPOHIB 10 HbOTO
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cynepeyuTh npuHuuny 3adoponu Ilaym (po3a. 1). Tomy enekTpoHHUN
3apsii 3MILLYETHCS Bl atoMa (iiyopy Ha MOABIMHUI 3B’SI30K 1 Jaji Ha
KIHIIEBUM (JIIBUI) aTOM KapOOHY TI€I0 MIPOIO, KO BIH BTPAdya€ThCS
bayopom.

[Tonstpu3zarris, 1m0 Ma€e MicIie B MOJIEKYJIl BIHUI(QJIyOpUIYy, TOKOPIH-
HO BIJIPI3HSAETHCS BiJ Ti€l, M0 MOIIa O 3MIMCHIOBATHUCS 3a 1HAYKIIHHAM
edexToM. Y BUMNAJAKY Ail IHAYKIIHHOTO €(EKTy HE CIOCTEepIiraroThCs
3MIHU B MEPEKPUBAHHI €JIEKTPOHHUX OOOJIOHOK Ta iX 3CYBY J0 CyCiA-
HBOT'O G-3B’SI3KYy, @ IOMIYAETHCS JIUIIE 3MIHA BEJIMYMHU MOJSPHOCTI O-
a0o T-3B’SI3KY.

MezomepHuii epekT Mmo3Ha4yarTh 3ITHYTOK CTPUIKOIO ——= abo
+—~ , TIOYATOK SIKOi TMOKa3ye, [Kl €JIEKTPOHU (G, T) 3MILIYIOThCA, a
KiHEellb CTPUIKU — 3B’SI3KA 200 aTOMU, JO0 SIKUX MPOXOJUTH 3MIIICHHS.
3aJIeKHO BIJ] IbOTO ICHYIOTh Pi3H1 BUAM CIPSYKCHHS:

P-T-CIPSKEHHS

~
AXcHLcH,  HNYcHLeH, (2.24)
T-T-CIIPSKEHHS
CH,ZCHYCHLY;  CH,£CHY CHLtH, (2.25)
O-T-CIIPSKEHHS
H H
H-L CX CHLCH,: H{(::\L c<N
H H (2.26)

T-P-CIpsKCHHS

cH, Loy chy  cHZC ) chy @1 CH, (2.27)

MezomepHuii eeKT 3amMiCHMKAa BBa)XarTh MO3UTHUBHUM (+M),
AKIIO 32 PAXyHOK CIIPSKEHHS Ha CKEJIETI aTOMIB KapOOHY 301IbIITY€ThCS
€JIEKTPOHHA TYCTHMHA, €(EeKT BBaXalOTh HEraTUBHUM (-M), sKIIO Ha
CKEJIETI 3MEHIIYEThCS eleKTpoHHa ryctuHa. Cuna tM-edekty 3aie-
KUTb, TOJIOBHUM YMHOM, B1J €IEKTPOHHOT OYI0BH 3aMiCHHKA.

Cepeo 3amicHukis, axi npossiiroms +M-egpexm HaNCUIBHIIIUMU
JOHOPAaMU €JICKTPOHIB € aHIOHW. Y MeEXax OJHI€I Tpynu €JIEMEHTIB
+M-edeKT iX aHIOHIB 3MEHIIYEThCS 31 30LIBIICHHSAM 3apsIy sSapa aToMa:

e A S A A (2.28)
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Enexmponni echexmu 3amicnuxie

s HeTpanibHUX aToMIB +M-e(pekT 3MIHIOEThCS B Takiil camiil
MOCJIJOBHOCT1, OJ]HAK BEJIWYMHA LBOTO €(EKTy 3HAUHO MEHIIA, HIXK Y
BIJIMTOBIIHMX aHIOHIB:

EY s EY S fY s Y (2.29)

3a3HaueHa 3aKOHOMIPHICTh Y 3MiHI +M-e(eKkTy 3yMOBI€Ha TaKUMU
PUYHHAMMU:

e YuMm Ounbluii HOMEpP nepiony, y IKOMy HepeOdyBae €IeMEHT, TUM
OUIBIIMI PO3MIP MaIOTh KOTO 30BHIIIHI p-0pOiTaIl i TUM MEHIIIMMU
OyIyTh 1X PYXJIMBICTh 1 MOXJIMBICTh CHPSDKEHHS 3 p-0opOiTaisiMu
aToMa KapOOHY.

e 3i 30UIBIICHHSM PO3MIpy OpOITaji 3MEHIYEThCSA CEPEIHs TYCTUHA
€JIEKTPOHHOIO 3apsly B HIii, a 3HAYUTh, 1 €JIEKTPOHOIOHOPHI BJlac-
TUBOCTI OopOiTai.

Y mexax nepiogy +M-edeKT Takok 3pocTae 31 3MEHIICHHSIM 3apsiTy
saapa aToMa (3 HEMOA1JICHOIO TTapOI0 €JIEKTPOHIB):

EL L L Y L
/ / -m -
3ai Rz'l\'?— > Ré\'— > EY (2.30)

Kpim Toro, 37aTHICTh 3aMiCHUKA NMPOSABIATH +M-edekT 3pocTae 3i
3MEHIICHHSM €JIEKTPOHETaTUBHOCTI aTOMIB:

e Y +
Q= > RQ—= > RO-— (2.31)
Hapeinri, 3HaueHHs +M-edekTy OyJlie 3MEHIIIYyBaTUCh Y BUIMAAKY
HassBHOCTI CWJIBHOI €JIEKTPOHOAKLENTOPHOI Tpynu OJU3BKO aToma 3
HETIOIICHOI0 TTApOI0 €JIEKTPOHIB:
Hzi\lﬂ— . RC—Ri
O (2.32)
o 3amicnukie (akyenmopis), axi nposaeiaioms -M-egexm, Hane-
’KaTh Ti, AKi MAIOTh BAKAHTHY HU3bKOPO3TAIIOBaHY opbitais (kation C*)
abo monBiiiHui 3B’a30K -C=Y. Haliuacrime -M-edekT nposBisieTbCs B
CIIOJTyKaX THUITY

cLtcixLY,
ne rpyna C=Y Mae Taky npupony
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o+ __ 8- 5+ o— S+ 8- o+ o— o+ o—
NeLt —c£N, NcLNR —NLo —NLD
/ /

o (2.33)

Kap6oninsna rpyna C=0O q0CUTh 4acTO 3yCTPIiUa€ThbCs Y BUTIIAII
MOXITHUX KapOOKCWIBHOI TPyINH, $AKI 3a 3MEHIICHHSIM -M-edexTy
MOXYTh OyTH PO3TallIOBaHI B PAI:

—C > —c/o = —c/o > —c/o > —C/O > —c/o
Nl N H N CHj, N OR N OH N NH,
(2.34)

-M-edekT 301abIIyeThCA 31 30UIBIICHHSAM PI3HUIl MiX BEIUYU-

HaMH €JIEKTPOHETaTUBHOCTI aTOMIB, K1 YTBOPIOIOTh rpymny C=Y:

N N N
,C=0> _C=NR > C=CR,

—N=0 > —C=N > —C=CR

@)
\C NT:{ AN AN AN
= > C=NR > = > =
y 2 o /C S /C @) (2.35)

Kpim toro, -M-edexr icuye B cuctemax tuny C=C-Y, ne Y-3a-
MICHHK aKIenTOpHOro Ty, Hanpukian -CFz, -CCls.

BBaxaeThcs, 1110 BIUIMB ME30MEPHOTO €(PEKTy MPOSIBIAETHCS 3HAU-
HO CHJIbHIIIE, HIXK 1HAYKIIAHUM edekT. [1o maHIory croiayku BiH TaKOX
3racae, aJjie 1o JIaHIIOTy NOABIMHUX 3B’ sI3KIB HA0AraTo MOBUIbHINIE.

2.2.3 EdexT HaACTIPSKEHHS

Y pasi po3ramryBaHHS METUIILHOI TPYITH MOPSJT 3 aTOMOM KapOoHy,
AKUW riepeOyBae B sz- a00 SP-TiOpUHOMY CTaHi, TOOTO OJIM3bKO HEHA-
CHUYEHOT0 3B’ 513Ky a00 (pparMeHTa MOJIEKYJIM 3 BAKAHTHOIO p-OpOiTasiio,
icCHye oco0iuBa npupoaa ePekTy CHpsHKeHHS — HAJCHPSKeHHs (Timep-
KOH foraiis), aKui 1ie Ha3uBarTh epekrom Harrana—beiikepa.

30KkpeMa, yCTaHOBJICHO, IO MiJ Yac B3aeMOJil N-aJlKiIOeH3MII-
OpOMiJIiB 3 MIPUANHOM AJNKUIbHI TPYINU 30UIbIIYIOTh MBUAKICTh peaKilii
B TakoMy nopsaky: -CHsz >> -CH,CH3; > -CH(CHys), > -C(CHy). Lleii
Pl € 3BOPOTHUM MO0 1HAYKINIMHOT A1i aJKUIBHUX 3aMICHHKIB.

+C5H5N
Alk— CH,— Br ? Alk—
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Enexmponni echexmu 3amicnuxie

— Alk—Q CHZ— N-I&:5H5
(2.36)

3rigHo 3 I-epexroMm, BrummB mpem-0yTuinbHoil rpymu -C(CHs); Ha
CTaOUIBHICTh TPOMIKHOTO AaJIKIJIOCH3UIBHOTO KapOOKaTiOHa TMOBUHEH
OyTHU HaWOLIBIIKM, 1 1€ BIAMOBIIaI0 OU MPUCKOPEHIM IMBUAKOCTI peak-
mii. Y JOifcHOCTI MakCMMallbHa IIBHJKICTH MPOIECY CIOCTEPIracThCs
IUTSI METHITY, @ HaUMEHIIa — JjIsl mpem-0yTuily, TOOTO HaBmaku. Taka 3a-
JICKHICTB, JJIS1 SIKO1 HE MiJATBEPXKYEThCSI AKTUBHICTh AJIK1JIIB 3T1JIHO 3 1X
IHIYKIIIHHOIO JI€F0, XapaKTepHa Il 0araTbOX peakiliii — TiApyBaHHS
ANKIINOX1THUX €TUJIEHY, T1JIPOJIi3y rajJoreHOoNnoX1AHUX IudeHiameTany,
aucoIrianii N-anKiI0eH30MHUX KUCIIOT.

MeTtoaoM MOJIEKYJSIpHHX OpOiTajel Mmoka3zaHo, 10 CTa0lIbHICTD
MPOMDKHOIO KapOOKaTiOHa 3yMOBJIEHa Oe3mocepeHIM MepEeKPUBaHHIM
(COpsKEHHSIM) €JIEKTPOHHHUX XMap Gc.y-3B ’A3KIB aJKTy 3 7-3B’A3KaMu
a00 3 BakaHTHUMU p-opOitansamu (Yemansd 1 MamiikeH). Taka B3aemonis
MOJICKYJISIpHUX OpOITajie MOACHIOETHCS o-m- a00 0-p-CHPSHKEHHIM 1
MOXxe OyTH MOKa3aHa 3a JJOIOMOT'0I0 Me30MepHHX q)opMyJI'

H
H—<§3-CH CHy: —<§3-CH (t>-

H (2.37)
1-nponen o-n < TuncopsokeHHs —  6-p Kap60KaT10H 130MponiTy
EdekT rinepkon’toraili mo3Ha4aeTbCcsi TAaKOX 3a JOMOMOTOK Op-
OiTanbHUX 300paKeHb KapOOKaTioHa eTuiy (-o-p-crpsbkeHHs) (2.37) 1
IPAaHUYHUX CTPYKTYP TONyeHy (o-m-cripsikenss) (1.47):

H
/////C I, H ﬁ", 2 /R\f H
Mo O \H H (2.38)
| | o |
H—?iH H C—H H—C H*
(2.39)

HaBeneni me3oMmepHi, Op6lTaJII>H1 Ta TPAHUYHI CTPYKTYpPH 1TIOCT-
py1oTh TOM (hakT, 1m0 aromu rigporeny C-H-3B’s13KiB B 0-MOJI0KEHH1 10
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HEHACUYEHOTO 3B’sI3Ky a00 J0 aToMa 3 MMO3UTUBHUM 3apsiIoM PYXJIUBIIIII
1 IPOSIBIISAIOTH TIEBHOIO MIPOIO BJIACTUBOCTI MpoToHa. Tak, 1y 1-0yteny
aTOMH TIJPOTEHY B O-TIOJIOKEHHI MPOSBIISAIOTh “KUCIOTHUN XapakTep,
6inpImn 31aTHI 10 BigpuBy H', HiX aTOMM TifporeHy MeTHIBHOI IPYIIH B
B-monoKeHHi.

Kpim Toro, rinepkoH’roraifisi MosiCHIOE, YOMY 130MPONIIBHUN Kap-
OOKaTIOH CTaOUIBHIIINN BijJ] KapOOKaTiOHA mpem-0yTUIY, SKOMY e(]eKT
TIIIepKOH Forallii He BJIACTUBHM. 3 HABEJIEHOI'O CTA€ 3PO3YMUINM, YOMY
JUIsL TIPOTIEHY 3apsii Op- OUIBIIMKM TOPIBHSHO 3 aHAJIOTIYHUM Op- Y
3,3-nmuMeTHi0yTeHi (81- > 0,-, ane +I(CHz-) < +1(CHj3)3C-)).

0. - TIOJIOXKEHHS

/ \ CH;

H
o1— S—
H{c::\l CHLCH,: HoC—C—=CH LEH,
H CHg (2.40)
IponeH 3,3-numeTnnOyTeH.

2.3 Kondopmauiiina i3omepist opraHiyHux crnoJykK

Pi3He mpocTopoBe PO3MIIIEHHSI aTOMIB Y MOJIEKYJIaX OpraHIdYHUX
CHOJIYK, SIKI 1I€HTUYHI 32 YKMCIIOM, IPUPOJOI0 1 MOPSIAKOM CIOTYUYEHHS
aTOMIB y MOJIEKYJIi, aJie pi3Hi 32 BIACTUBOCTSMH, CTAHOBUTH CYTh SIBUIIA
CTepeoi3oMepli.

bararo opraHiYHHUX CHOJYK JETrKO MiJAal0ThCs 130MEPHHUM Tepe-
TBOPEHHSIM, TOOTO NEPEXOATH Y CIOIYKH 1HINOI OyA0BU 0€3 3MIHU CBO-
ro SIKICHOTO ¥ KUIbKICHOTO ckiamy (0e3 3minu Opyrro-popmyinu). s
IIOTO JCKOJW JIOCTaTHhO HArpiBaTv abo MiSTU CIAOKUMH KaTaiai3aTo-
paMH, SIKUMU MOXYTb OyTH PO3UMHHUKH Ta CTIHKU nocyy. Hepiako mo-
Tpi1OHI OUIBII >KOPCTKI B3a€EMOAII — 3aCTOCYBaHHS KOHIIEHTPOBAHUX
CWJIBHUX KHUCHOT a00 ocHOB. IllupokoBizomi 130MepHI MEPETBOPEHHS,
AK1 IPOXOMSTh y IUKIIYHUX NEPEXITHUX CTAHAX.

TpaauiiiHO pO3PI3HSIOTh CTPYKTYPHY 130MEpit0 1 CTepeoizome-
pito. CTepeoizomepis 3yMOBJIEHA TAKUMH PUYNHAMMU:

- CTPOI0I0 CIIPSMOBAHICTIO 3B’SI3KIB y MPOCTOPI, III0 BU3HAYAE TIEP-
BUHHUN KapKac MOJIEKYJH, (popMa SKOTO MOXKE 3MIHIOBATUCS TIIbKHU Y
BU3HAUYCHUX MeEkax. Po3MiIleHHS aToOMIB y IIbOMY KapKaci BIJHOCHO
BU3HAYCHUX TOBEPXOHb, SIKI MPOXOJATH uYepe3 BUOpaHl 3B’SI3KU, Ha-
3UBalOTh KOH(Irypariero MOJEKYJIH;
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- HasIBHICTIO a00 BIJICYTHICTIO B MOJIEKYJIl BU3HAUYCHUX €JICMEHTIB
CHUMETPIi, 1110 3B’s13aH0 3 HampaBjeHIcTIo 1 hopmoro MO;
- MOXJIMBICTIO 00€pTaHHA HABKOJO 3B’s3KYy, IO 3 €IHYE JBa
CYCiJIHI aTOMH, TOOTO MOKJIUBICTIO 3MIHU BAJICHTHUX KYTIB.
IIpocTopoBe po3MillIEHHSI KOBAJIEHTHUX 3B’S3KIB aTOMa 3aJICKHUTh
MepII 3a BCE B KUIBKOCTI 3B’ SI3YIOUMX 1 HEMOIJICHUX €JICKTPOHHUX Map
Ha BAJEHTHUX OpOIiTayisiX. EJIEKTpOHHI mapu Ha BaJEHTHUX OPOITAIISIX
HaMararTbhCs PO3MICTUTHCS Ha MaKCHUMAaJIbHIN B1JICTaH1 OJIHA BiJ OJIHOI1,
10 MOSICHIOETHCS 1X BIAIITOBXYBAHHSAM. 3BiJcH ¢opma MOJIEKYJ BHU3HA-
Ya€ThCsl HAUOLIbIII WMOBIPHUM PO3MIIICHHSIM 3B’A3yIOUMX 1 HEMOJije-
HUX T1ap €JIEKTPOHIB Yy MPOCTOPI.
JIOBXKMHM 3B 3Ky W BaJEHTHI KyTH 3MIHIOIOTHCSI B OpPraHIYHHUX
CIOJIyKaX HE3HAYHO, X Cepe/IHI 3HaUeHHS HaBeleH1 B Ta0u. 2.3 1 2.4.

Tabnuys 2.3
HopmaJbHi 10BKMHHU 3B’ SI3KiB
3B’s30K JoBxuna 3B’A30K JdoBxkuna

3B’AA3KY, IM 3B’AI3KY, IM
C-H (ankanm) 109 C-Br (6bpomankanmn) 194
C-C (ankann) 154 C-I (iomankann) 214
C-N (aminn) 147 C=C (ankeHnn) 135
N-H (aminn) 101 C=N (oxcummn) 129
C-O (ciuptn) 143 C=0 (xeToHH) 120
O-H (cimptn) 96 C=C (ankiun) 120
C-F (bnyopankann) 135 C=N (HiTpHim) 116
C-Cl (xnmopankanu) 177 C=C (b6ensen) 139

Tabnuys 2.4
HopMaJsibHi BaJIeHTHI KyTH
R BajieHTHMH R BanenTHmii
3’30k | Cnoayka 3’30k | Cnoayka
KYT, I'paj. KYT, Fpaj.

C-C-C | CH;3CH,CHs;3 109°31’ H-C=C CH,=CH, 122
H-C-H CH,0O 120 O-C=0 HCOOCH; 123
H-C=0 CH,0O 120 C-0-C HCOOCH; 112
C-O-H CH5;0OH 105 C-C=0 | CH3;CONH, 129
0O-C=0 HCOOH 122 C-N-H CH;CONH, 107
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Cl-C=0 | CH;COCI 123 C-C-N | CH3;CONH; 109
C-C-Cl | CH;COClI 105 C=C-H HC=CH 180
H-C-H | CH,=CH, 116 C=C-H CeHs 120

3HauH1 BIIXUJICHHS Y BEIMYMHAX €HEPrii 3B 3Ky PIAKICHI, OCKIJIb-
KM €HEpPrii CTUCHEHHS 1 PO3TATYBaHHS 3B’SI3KIB JIOCTaTHLO BUCOKI. Tomi
AK 3MIHM BaJeHTHUX KyTiB 10 10° He BHMMararoTh 3HAYHHUX 3aTPar
€HEeprii, TOMy BaJICHTHI KyTH MOXYTb SIK 3MEHIIYBaTHUCS, TakK 1 301J1b-
nryBaTtucs. BiaxuiaeHHs BiJi HOpPMaJIbHOTO BaJE€HTHOrO KyTa Oyje mpu-
BOJIUTH J0 30UIBIIIEHHS PEAKIIMHOI 3JaTHOCT1 TAKUX MOJICKYI.

Cmepeoximiuna (npocmoposa) izomepisi, 3yMOBJIEHA TPOCTOPOBUM
pO3TalllyBaHHAM aTOMIB Y MOJIEKYJIi, TIIAPO3AUIAE€THCS HAa KOH(DOpMAIIiii-
HY (IOBOPOTHY), FECOMETPUYHY i ONTHYHY.

Kongopmayitina (nosopomna) izomepis — 11¢ BU3Ha4eHa KOHPITY-
pallisi MOJIEKYJIM B TIPOCTOPI, III0 BUHUKAE B PE3yJIbTaTi 0OepTaHHS 3a-
MICHUKIB HaBK0J0 6-3B’s3Ky (C-C). Kordopmariitna 13omepis 3yMOB-
JIEHA HAsSIBHICTIO 0ap’epiB 0OepTaHHA HABKOJO MPOCTHX 3B SA3KIB, HABIThH
3a BIICYTHOCTI IPOCTOPOBUX 3aTpyAHEHb. Lle — cTrepeoizoMepHi CTPyKTY-
pH, SIK1 3HaXOAATHCA B IMHAMIYHINA PIBHOBA31 1 BIAPI3HSIOTHCS M1k COOOIO
CTaOUIBHICTIO. buTblll cTaOUTBbHI KOHDIrypalii, y sKUX MOJIEKYJIH 3HAaXO-
JATHCS OUIBIITY YAaCTUHY Yacy, Ha3UBaIOThCA KOH(popMepamMu, abo MOBO-
potHuMU 130Mepamu. Kondopmepu, y sSsIkMx MiKaTOMHE BIAIITOBXYBaHHS
MiHIMaJIbHE, HalOUIbI cTad1IbHI. {15 300paskeHHsT 00epTaHHS HABKOJIO
IPOCTHX 3B’SI3KIB BUKOPUCTOBYIOTh MEPCIIEKTUBHI 300pakeHHSAM (PopMyIT
1 mpoekiii M. Hetomena (1955 p.). [Ipoekiii HetomeHa oTpuMytoTh, po3-
[IISIIAI0Y U, HAMIPUKIIAJ, €Tad 3 Topis (3 ppouTy) 1o oci C—C. ITpu upomy
nepumii aToM KapOOHY MEpPETBOPIOETHCA B Kpamky, APYrHil — y KOJIO.
TakuM 4YMHOM MO’KHA TpeAcTaBUTH JB1 kpaiiHi ¢opmu. Kondopmep a
HA3UBAETHCSA 3arajlbMOBaHOI0 (OpMOI0, a KOH(DOPMEP 6 — 3aTiHEHOIO:

Sy b

6 (2.41)
MePCIIeKTUBHI POopMyITU ¢dbopmynu Heromena

C.Ilituep 1936 poky mnokaszaB, IO 3arajibMoBaHa (opMa Ha
12,6 xJ[x/MoJb O1IbII BUT1AHA, HIXK 3aTiHeHa. Lle mOosSCHIOEThCS MMOCHITIO-
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I0YUM €(PEKTOM B3aEMHOTO BIIITOBXYBAaHHS SIAEP TIAPOreHY MiK COOOI0
B KoHpopMepi 6. 3a KIMHATHOI TeMIlepaTypu OUIbIIICTh MOJICKYJ] 3 Bij-
KPUTHUM JIAHIIFOTOM 3B’SI3KIB Ma€ JOCTATHIN 3arac eHeprii s MIBUIKOTO
B3aEMHOTO TEPETBOPEHHS KOH(POPMEPIB, SIKI 3HAXOASITHCA B PIBHOBA3I
OJIVH 3 OJIHUM.

KapOon, skuii 3B’si3aHUI 13 3aMICHUKOM TMOABIMHUM 3B’A3KOM,
MOX€ YTBOpIOBaTH TpU KOHPopmepu. OCKUIbKA aTOMHU TiAPOTEHY W
rajioreHiB BOJIOJIIIOTH IIUJIIHAPUHHOK CUMETPIEI0, TO TaKi 3aMICHUKHU HE
BUKJIMKAIOTh BUHUKHEHHS KoHpopmepiB. Lle x xapakTepHO i CTOCOBHO
AlEeTUJICHOBUX 1 HITPUJIBHUX TPYII.

YTBOpeHHS KOHOOPMEPIB UITKO MPOSBISIETHCS Y BUMAJKY ITUKIIO-
ankaHiB. Hampukian, 1ukiorekcan mir Ou icHyBaTu y ¢opmi IpaBUiIb-
HOT'O IIECTUKYTHHKA, JUIsi sikoro BajieHTHI kyTu C-C-C MOBUHHI CKJja-
naty 120°, a BigxuieHHs Bij HOPMaabHOro Kyra craHoButH 10,5° (Take
BIIXWJICHHSI HA3UBAIOTh KyTOBUM Hampy>keHHsIM). Kpim Toro, jis Takoi
MJIOCKOI MOJIEKYJIM BCl aTOMU T1IPOTE€HY MalOTh 3HAXOJIUTHUCS B €HEpre-
TAUYHO HEBUTIJHOMY 3aTIHEHOMY MoJjioxkeHHi (a). [Tig yac po3rsiay miiic-
HOI CTPYKTYpPH LUKJIOT€KCaHy BUABHUIIOCS, 1110 MOJIEKYJIa MOXE 1CHYBaTH
y BUIJISAL ABOX PI3HUX KOHQoOpMalliil, siki Ha3UBalOTh KOH(OpMaIi€ro
“kpicna“ (0) 1 “BaHHH (B).

a 6 r (2.42)
[Tepexin BiJ MIOCKOT MOJIEKYJIH a 10 KOH(opMepa 6 Jae BUTpaIlll B
eHeprii 0mau3pko 48 kJx/Monb. PiBHOBaXkHa cymiin koHpopMailiiit 6 1 6
MIcTUTh 99 % koH(opmarlii kpicina-6. buibill HU3bKY CTa0LIBbHICTh KOH-
dbopmaliii BAaHHU-8, TOPIBHSIHO 3 (DOPMOIO Kpiciia-O, BIAHOCATH 3a paxy-
HOK B3a€MHOT0 BIJIITOBXYBaHHS aTOMIB TAPOreHy BaHHHU 6 (pO3paxyH-
KoBa Bigganbs Mixk HUMU 183 nm). Kpim Toro, BiciM TiporeHiB, skl po3-
TalllOBaHI MO KpasX BaHHHW, 3aTIHEHI. Y [IMCHOCTI JJIsi 3MEHIICHHS
B3a€EMHOTO BIJIITOBXYBAHHS T1JIPOTEHIB LMKJIOTeKCaH y (QopMi BaHHU
HaOyBae popMu BUTHYTOI BaHHU (T).
VY dopMi Kkpicia HUKIOTEKCaH Mae€ JiBa PI3HUX BUJM aTOMIB TiApo-
TeHy — IIICTh 3 HUX, K1 PO3MIIIEHI Maike B TIOIIMHI MOJICKYJIH, HA3H-
BalOTh €KBATOPiaIbHUMH, a IIICTh IHIINX — aKCiaJbHUMU. Y pa3l BBEJICH-
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H B MOJIEKYJIy 00’€MHHUX 3aMICHUKIB, BOHM HAMararoThCsl 3alHATH TO-
JI0’KEHHSI 3 MEHIIIMM BIIIIITOBXYBAaHHSIM — €KBaTOpiaJbHE.

1]
| ‘/ - | r
akcianpHa popma eKBaropianbHa popma (2 .43)

[lepexia 3aMiCHUKIB MOXK€ BIIOYBaTUCS W y 3BOPOTHOMY HampsiM-
Ky, TIpY [IbOMY OJIMH KiHEIlb KpicJia MiAHIMAEThCSA, a 1HIINN OMYyCKA€Th-
cs. Takuu npouec Mae Ha3BY IHBePCil YUKIL) .

2.4 I'eomeTpr4HA i30MepPisi OPraHIYHUX CIOJIYK

T'eomempuuna izomepis (yuc-, mpauc-izomepisa abo Z,E-izomepis)
MIPOSBISETHCSA B CIIOJIYKaX 3 MOJABIMHUMU 3B’ SI3KaMU BHACJ1JI0K HEMOXK-
JUBOCT1 BUIBHOTO OOCPTaHHS 3aMICHMKIB HaBKOJIO HUX. SIKIIO TIOIIH-
Hy, y sKili mepedysae oxua rpyna CH, etuneny, nosepaytu Ha 90° Has-
KOJIO OC1 G-3B’5I3Ky KapOOH-KapOOH, T-3B’ 30K pyHHYyeTbcs. [IB1 p-opOi-
Taji, SKi IPU bOMY YTBOPIOIOTHCS, J€KATh M1 MPSIMUM KyTOM OJIHA J0
OJIHO1 1 MEPEKPUBAHHSA 1X CTA€ HEMOKIUBUM.

[Ipuknag reoMeTpuyHOi 130Mepii — wManeiHoBa W (¢dyMapoBa
KHNCJIOTH.
COOH
HooC\ H, ~ COOH
C=C C=C
/ H / N\
H HOOC H (2.44)
yuc-2-0yTeH110Ba KUCII0Ta mpanc-2-0yTeH1I0Ba KUCIOTa
(MasieTHOBa KUCIIOTA) (bymapoBa kucioTa)

[{i peyoBUHM CYTTEBO BIJIPIZHAIOTHCS 3a (PIBUUHUMHM 1 XIMIYHHUMHU
BiaactuBocTaMHu (T.Tormi. mepmioi 130°C, apyroi — 270°C; maneiHoBa
JIETKO YTBOPIO€ aHTiApui, GpymapoBa Tiuibku 3a 275°C BTpavae Boay il
YTBOPIOE MaJICiHOBUHN aHTIIPHUT).

['eomeTpuyHa i30Mepisi BUHUKAE TAaKOX Yy IUKIIYHUX CHOJYK 3a

HAsIBHOCTI JIBOX 3aMICHUKIB.
T

CHj
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yuc-1,3-mumMeTuNIuKI00yTaH mpanc-1,3-TUMETUIIUKIIO0yTaH

YTBOpEHHSI KUIbI HAJa€ MOJICKYJI >KOPCTKOCTI, OCKUIBKH 00ep-
TaHHS HaBKOJIO KUTbIeBUX C-C-3B’s3KiB BUKIIOUEHE. Y pe3ysbTaTl IbO-
ro yuc- i mpanc-130Mepu HEe MOXYTh MEPETBOPIOBATUCS OJWH B 1HIIHIMA
0e3 po3puBy OJIHIET @00 OUTBIIOT KIJTBKOCTI 3B’ A3KIB.

['eomeTpuuHa i30Mepis MOXKJIMBA W JJIS 1HIIUX KPaTHUX 3B’ SI3KIB.
Tak, BOHa 4acTO 3yCTPIYAETHCA JIJII HECUMETPUUHUX OKCHUMIB, T1Jpa3o-
HIB 1 a3zocnonyk. EHepreTuunuit 6ap’ep nepeTBOpeHHs 130MEPiB Y IbO-
My BUNAJKY JACIIO HIKYUM. AJie ¥ TyT 130MEpH MO>KHA BUJIITUTH OKpe-
Mo. Hanpuknan, a3o0apBHUKH TTepeOyBarOTh Jiuiiie y Gopmi CTab1IbHOTO
anmu-13oMepa, ane Mmija 4ac (HOTOOMPOMIHEHHS MEPEeXOoasITh y HecTa-
OuTBHY cun-popMmy.

I Ar hv
A Yy, N=N —— y N=N+
' Ar Ar (2.46)
anmu-130MEp CUH-130MCP

Tepminu yuc- 1 mpauc- 3py4Hi B pa3i HaIBHOCTI JBOX OJHAKOBUX
3aMICHUKIB 32 MOJBIMHOTO 3B’A3KY. Y BHUIAJKY, KOJU KUIbKICTh 3aMicC-
HUKIB OubIe, HIX JBa 3a npaBuiamu [UPAC 3acrocoByrots Z,E-Ho-
MeHKIarypy. IIpyu 11boMy BpaxoOBYIOTh pPO3TallyBaHHS JBOX CTapIIUX
3aMICHHKIB 3a MOJBIMHOIO 3B’ 53Ky. SIKIIIO JIBa cTapIil 3aMICHUKH pO3Ta-
IIOBaHI MO Pi3HI OOKM KpaTHOIo 3B’SI3KYy, 130Mep Mo3Ha4darTh E (BiA
HiM. Entgegen — nanpotn). ko obuaBa crapiii 3aMiCHUKHA PO3TallIo-
BaHl MO OAWH OIK KpaTHOTO 3B’S3Ky, 130Me€p Mo3HaudarTh Z (BiA HIM.
Zusammer — pazom). CumBosu Z 1 E He ciin mutytatu i3 yuc- 1 mpawc-.
Hanpuxian:

@HCN Bry @HsCn  Hp
C=C C=C
/7 OH 77 Nl
(2.47)
E-1,2-nmubpom-1-iponieH Z-1,2-nuxnop-1-6yren

2.5 OnTr4yHa i30Mepis OPraHivYHUX CHOJIYK

Onmuuna izomepis (I3epKajibHA, CHAHTIOMEPIs), K yCTAHOBJICHO
Bant-T'opdowm 1 Jle benem, BuHMKae B pa3i HasBHOCTI YOTUPHOX PIZHUX
3aMICHUKIB OlIS OJHOTrO aroMa kapOoHy. Takuii atroM kapOoHy Ha-
3MBAETHCS ACUMETPUYHUM, a00 XipalbHUM (Bif Tpelb. Xipoc — pyKa).
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Bynb-siky opraHiuyHy CIOJyKY 3 XipaJbHUM aTOMOM KapOOHY MO>KHA TO-
AT Y BUIVISAL JIBOX MPOCTOPOBUX KOH(Iryparii, siki He 301ratoThCs
Py HaKJIQJaHHI iX OJHA Ha OJHY. SIKIO Bl MOJICKYJIH 3 PI3HOIO IPOC-
TOPOBOIO KOH(Irypalieo sSBIsSIOTh COO0K JI3epKajbHi 300paKeHHs, TO
111 IBa 130MEPH Ha3HMBAIOTHCS €HaHTIOMEpaMHM (ONTHUYHUMHU aHTUIIOIAMH,
ONTUYHHUMHM 130MEpaMU, J3ePKAJTLHUMHU 130MEpaMH, CTEPEOi3oMeEpaMu).

IUIOLIMHA CUMETPIT

P \

H H HsC; | CoHs  CHs
| | \ /
C""II CH3 H3C \\\\\“"C %, N
Ho~" N 7 o / 2 s \
CCls Cl;C H H
H5C2\ _Cl Clm, CoHs % / \s
Si C_ C.
ch/ \ nd 7N\ /N
CHs HsC2  H3C CH; CoHs

eHaHTiomep A eHantiomep b eHantiomep B enantiomep I' (248)

@D13MYHOI0 KOHCTAHTOIO, 3a SKOI0, 3BUYANHO, PO3PI3HSIIOTH €HaH-
TOMEpH, € 1X 3[IaTHITh 00epTaTH IUIOIIMHY MOJSIPU30BAHOTO CBITJIA BIIi-
BO abo BnpaBo. Kondirypauii enantiomepiB A 1 b craOuibHi, Toal sk
eHaHTioMepu B MoxyTh nerko meperBoptoBatucs B I, y pesynbrari
YOr0 YTBOPIOETHCS CYMII, sIKa HE 00€pTae IUIOUIMHY IMOJISIPU30BAHOTO
cBiTiia. ONTHYHA AKTUBHICTh MOXJIHMBA TUIBKM TOJl, KOJU CIOJYKH
MatoTh XipaibHi atoMH (C) 1 KoHGIrypariiHo cTablIbHI.

3HaKu OOepTaHHS IUIOUIMHU MOJSPU30BAHOTO CBITJIA TTO3HAYAIOTh
(+) 1 (-), inoxi d (dextro) i | (laevus), mo o3Havae BiAMOBIIHO 0OepTaHHS
TUIOLIMHUA TOJISIPU30BAHOTO CBITJIa BIPABO Ta BIIBO. 3pyYHO E€HAHTIO-
MEpU Ha IUIONIMHI 300paxkatu mpoekiiiinumu gopmynamu E. Dimepa
(1891 p.). Yacto mpu mpomy XipaJIbHUH aToM KapOOHY HE BKa3YIOTh,
HaAMPUKJIA/;:

CHs— CH— COOH

|
OH

2-T1IPOKCUITPONIAaHOBA KUCIIOTA (MOJIOYHA KUCIIOTA)
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> B

(2.49)

[Ipu upomy, 3aeKHO Bij] oueit criocrepiraya, 3amicHuku —COOH 1
—CHg;, mo po3ramoBaHi Bij Hac 3a TUIOIIMHOK KPECICHHS, PO3MIIIY-
I0ThCSI BEPTUKAJIbHO, a 3aMicHuKUd —H 1 —OH, 110 3BepHeHi B Hal Oik, —

ropu3oHTaIbHO. EHaHTIOMEpH MOJIOYHOT KUCJIOTH 300pakatoThCA:
IJIOLIMHA CUMETPIT

HOOC.
HO &G
/ C——~CH; H3C——C
H
(2.50)
(-), D- momouna kucmora (+), L- monouna kucioTa

KoxHa TerpaenpruyHa MoJeNb 3 XipaJlbHUM aTOMOM KapOOHY MO-
e OyTH MpelcTaBieHa JBaHAISATEMa pizHUMU mpoekiissmu dimepa —
3QJICKHO B1JI PO3TalllyBaHHS 3aMICHUKIB TPUMIPHOI MPOEKIIii 1 MIIONTUHU
crioctepexxeHns. 3a npasunamu [UPAC, ronoBHy QyHkmito (pyHKIio-
HaJbHY TPYIly) MOMIIIAIOTh 3BEPXY, @ TOJOBHMM JIAHITIOT PO3MIIIYIOTh
BEPTUKAJIBHO.

YcTaHOBUTH a0COMIOTHY KOH(ITypalilo €HaHTIOMEPIB XIMIYHUMU
nuisixamMmu HeMoxJinBo. Y 1891 pomi ®imep 1 Pozanor (1906 p.) 3amnpo-
NOHYBaJIM BUKOPHUCTOBYBATH K BIAHOCHUUN BHYTPIIIHIM CTaHIApT Mpa-
BOOOepTatounii (+) — IJIEpUHOBUN aANIBJIET1/I, SIKOMY JIOBUIBHO MPHUIIH-
canu koHpirypanito D, a Hioro miBoodepratouomy antunony — L. [pu-
YoMy HE CJIiJl To3HaYeHHs koHirypamiit D 1 L mimyTatu 3 nponucHuUMH
dil, sxi BKa3yrOTh yChOTO JIMIIIC Ha 3HAK OOCPTAaHHS TUIONTUHU MOJISPH-
30BaHOro cBiTiIa, ToAl K D 1 L mo3Havatote 3Haxomxkenus HO-rpynu —
(D) cnpaga, a (L) 31miBa Bijg LEHTPY.

1951 poky [Ix. M. biito, ®@. ITipamen 1 k. Ban-bommens 3a no-
MOMOTOI0 PEHTTEHOCTPYKTYPHOTO aHalli3y BUHHHMX KHCJOT BU3HAYWIM
ICTUHHE TIPOCTOPOBE PO3TAlTyBaHHS aTOMIB, 110 JO3BOJIWJIO TI1JITBEP-
JUTHU NpaBUIbHICTE BUOOPY D 1 L — koH(irypaltiii riinepuHOBOro aibje-
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rixy. Kpim Toro, 3’sBuiacs MOXJIUBICTh YCTAHOBJIIOBATU aOCOJIIOTHI
KoHIrypaii iHmux eHantiomepiB. Croroani D 1 L-no3nauenHs 36epe-
KE€HI TUTBKU JJIS T1APOKCUKUCIIOT, aMIHOKHCIIOT 1 ByryieBoAiB. 1956 po-
ky P. Kan, K. Inronsz 1 B. IIpenor 3anpononyBanu yHiBepcaiabHy R,S-
CHUCTEMY IMO3HAYEHHsI MPOCTOPOBOIO PO3TAlllyBaHHS aTOMiB (3aMiCHHU-
KiB), SIKa IPYHTY€TbCSI HA BU3HAUEHHI CTApPIIMHCTBA 3aMICHUKIB OJIM3bKO
70 XIpaJIbHOT'O LEHTPY (MpaBUJIO cTapHIMHCTBA). CTapIIMHCTBO aTOMIB
3pOCTae B Mipy 3pOCTaHHSI aTOMHOT'O HOMepa ejeMeHTa. Tak, HalMoJIo-
IIMH 3aMICHUK — TiAPOreH, MoTiM iayTh -LI, -Be, -B, -C, -N, -O, -F i 1. .
VY Bumanky (yHKIIOHATBHUX TPYIT CTAPIIMHCTBO BU3HAYAETHCS MPUPO-
noro nepiroro aroma (-SOszH > -OH > -NH, > CHj3), a B pa3i ix piBHOCTI
— IPUPOJIOI0 IPYTOTO aToMa
-CH,-CHj < -CHy-CH-(CH3); < -CH,-NH, < -CH,-OH < -CHy-F  (2.51)
VY rpymnax 3 pi3HUMHU TUMAMU 3B’SI3Ky CTApPIIMHCTBO 3pPOCTA€E B Ta-
KOMY TIOPSIAKY:
NH

O
-CH,OH < -c< < -CH,-CHj3 < -C{ < -C=N
H H (2.52)

Jlns 3actocyBanHs R,S-HOMeHKIIaTypu MoseKyiny HEOOX1JHO PO3-
TallyBaTH B MPOCTOP1 TaKMM YMHOM, 1100 O4Yl CIOCTepiradya 3Haxou-
JIUCSL Ha OCl1 X1paJbHOTO UEHTPY — MOJIOJANINNA 3aMICHHUK (4acTo 3B’A30K
C—H). ko npu npomMy CTapIIMHCTBO TPHhOX 3aMICHUKIB, IO 3aJIMIIIH-
JUCS, 3MEHIIYEThCS 3a TOJUHHUKOBOIO CTpuUiKow (b<c<d), To xoH(i-
rypaiiisi mo3Havyaetbcsi R (rectus — npaBuii), a sSIKIIO NPOTH TOJAUHHUKO-
Boi cTpuiku (d<c<b), To S (sinister — miBuii). Konu € aekiibka Xipaib-
HUX aTOMIB KapOOHY (LIEHTPiB), HEOOXIJHO PO3MIISIAATH KOXKEH 13 HUX
OKPEMO.

OnrTuyHa aKTUBHICTh MOKE OYTH 3yMOBJICHA HE TIIbKU HAsIBHICTIO
ACMMETPUYHOTO aToMa KapOOHY, ajie il MOJIEKYJISIPHOI acCUMETpii. AJIICH
CH,=C=CH, naiinpocTimuii riipokapOoH, KU MICTUTh KyMYyJIbOBaHI
NoBIMHI 3B’s13KU. P-OpOiTalii HEHTPaATbHOrO SP-T1I0pUIU30BaHOTO aToMa
KapOOHY, SIKi yTBOPIOIOTH T-3B’I3KH, MEPIECHIUKYIJISIPHI OHA 10 OJTHOI.

H\ P p

2

2 - .’ Sp \\\\ H
W
$P°C — C.—— CQ

C
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(2.53)
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Monekyna mnpomajieHy B pa3l ABOX OJHAKOBHMX a00 pI3HHUX
3aMICHHKIB OJIM3BKO JI0 PI3HUX aTOMIB KapOOHY CTa€ XipaJbHOI M ICHYE
y BUIVIAI JABOX aHTHOOAIB. Hampuknan, mma  2,3-eHTagieHy
CH3-CH=C=CH-CHj3;

HsC W H Ho, , CHs
C=C=C\ r— C—
T e | e
3 H (2.54)
AHTUIIO U

3011bIIEHHS] PO3MIPIB OPraHIYHUX MOJIEKYJ MPUBOJUTH JO TOSBU
MOXJIMBOCTI ICHYBaHHsI 0araThboX XipaJlbHUX LIEHTPIB. Bennuka KUIbKICTh
MPUPOJHUX PEUYOBHH MICTSTH iX BiJ IBOX /IO JIECATH, a MOJICKYJIU OLJIKIB
— COTHI. SIKIIIO B MOJIEKYJIl NPUCYTHI JIBa ACHMETPUYHI aTOMHU KapOOHY,
MO3HAYMMO 1X 3aJIeKHO Bij abcomoTHOT KoHbirypartii Cr | Cs. Tomi Mo-
’KEMO HABECTHU YOTHUPH iX KOMOIHAIII1:

CR CS CR CS
I I I I

CR CS Cs CR (255)
1 2 3 4

Cnonyku 1 1 2 enantiomepu, 3 1 4 onnakosi. Crionyku 1 12 € cre-
peolzoMepaMu CHOJYKH 3, OCKUIBKH BIJIPI3HSAIOTHCS JIMIIE KOHQIrypa-
niero xipajabHoro nentpy. Cnonyku 113 (abo 2 1 3) € niactepeoMepami.
ToOTO cTepeoizomepH, sIKl HE € EHAaHTIOMEpPAMU, Ha3UBAIOTh diacmepeo-
mepamu. 1lapy enanriomepiB HazuBawTh D,L-popmamu, a cionyky 3 —
Mme30-(hopMol0, IKa ONTUYHO HEAKTHUBHA.

[Ipoekmii @imepa mus BuHHOI kuciotu (HOOC-CH(OH)-
CH(OH)-COOH) maroTh BUTJISA:

COOH COOH COOH
1 1 | 1
H —> OH HO—> H HﬁOH
HO —=H H—3OH HTOH
COOH COOH COOH
4 1 4 (2.56)
D-BunHa KHcTOTA L-BUHHA KHCITOTA Me30-BHUHHA KUCJIOTa

D-Bunna kucnora (2R, 3R; npupoana BuHHa kuciora) 1 L-BuHHa
kuciota (2S, 3S; cuHTeTMYHA BUHHA KUCJIOTA) € CHAaHTIOMEpPaMHu, Me30-
BUHHA KucnoTa (2R, 3S) — BUHHA KUCIIOTA, sIKa HE PO3/LISE€THCS Ha CTe-
peoizomepu, miactepeomepHa D-L-kucimoram. MoxiauBe iCHyBaHHS III€
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OJIHO1 BUHHOI KMCJIOTH — MPUPOAHOT BUHOTPAHOI, sIKa PO3AUISIETHCA Ha
cTepeoizoMepH, i € cymimo (paremarom) D- i L-BUHHHX KHCTIOT.

Ha BigmiHy Bii €HaHTIOMEPIB, SIKI MPOSABISIIOTH MPAKTUYHO OJIHA-
KOB1 BJIACTUBOCTI 3a OyJb-SIKUX YMOB (OKpPIM ONTHUYHUX BJIIACTUBOCTEH),
aiacTepeoMepH MaroTh Pi3Hi BIACTUBOCTI (Tad. 2.5).

Tabnuys 2.5
@Di3n4Hi BJIACTUBOCTI BHHHUX KHCJIOT
Bunna ITuTome tonn, °C IIuToma Po3unHHICTD Y
KHCJIOTA | 00epTaHHA Y BOAi, Bara Bozi 3a 25°C, /100
rpaayCcu r
L () -11,98 170 1,760 147
D (+) +11,98 170 1,760 147
D.L (¥) 0,00 205 1,687 25
Mme30- 0,00 140 1,666 120 (15°C)

Paniemat BUHHOT — BUHOTPaJIHA KUCJIOTa Ma€ 3HAYHO BUIY TEMIIE-
paTypy TOIUICHHS 1 MEHIITy PO3YHMHHICTh, HI’K €HaHTIOMEPH, SIK1 BXOISTh
B 11 CKJIaLI.

Payemizayis — 1e npouec nepeTBOPEHHs] ONTUYHO aKTUBHOIO CTE-
peoizomepa B paremar. Tak, miJg 4yac HarpiBaHHs 2-METHUJIOYTaHOBOI
KHUCJIOTH 11 ONTHYHA aKTUBHICTH MOBIJIBHO IIE3A€ 1, BPEIITI, YTBOPIOETh-
csl parieMar. Y KUCIIOMY CEpeIOBUIIl Ma€ MICLIE€ YTBOPEHHS IIJIOCKOI He-
CTIMKOi CHOJNIYKHM — 2em-€HAI0Jy — TiJ 4ac MEpPEeMIIICHHS TiApOoreHy
0-KapOOHY /10 OKCUT€HY KapOOKCUJIBHOI Tpymnu. Y BUIAJKy 3BOPOTHOI
peakIli araka riijpOreHoM IIJIOCKOI MOJIEKYJIM OJHOYACHO MOE IPOXO0-
IUTA Yy JIBOX HampsMKax. Sk pe3yiapTaT peaxiiii, yTBOPEHHsS PIBHHUX
KUTbKOCTEH 000X €HaHTIOMEPIB — pareMary:

Ii, HsC
HCaZ. 0 . HCx , OH H 0
C—-C B C=C —_— C—C
HeC, OH 2" 20
5C2 HsC, HsCy OH (2.57)

AJle 4acTO BUHUKAa€ HEOOXIAHICTh OTPUMATH 1HIUBITyaTbHUM 130-
Mep. Kimacuunuii MmeTon iX po3IiJieHHs MOJIsATae B MEPETBOPEHHI iX y JiBa
JiacTepeoMepH 3 HACTYIMHUM PO3AUICHHSM 3BUYaMHUMH J1aO0paTOpHU-
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MM MeToJilaMHu (BJIAQCTUBOCTI J11aCTEPEOMEPIB CYTTEBO BIJIPI3HIIOTHCS).
JI71s1 pO3/IIJICHHS] €HAHTIOMEPIB 3PYYHO BUKOPUCTOBYBATH PEAKIIIFO HEUT-
paniizailii; K OCHOBM O€pyTh aMiHM 3 XIpajJbHUM aTOMOM KapOOHY, 3
KHUCJIOT — KapOOHOBI KucIoTU. Hanpukiiaa, He0OX1THO OTpUMATH ONITHUY-
HO akTuBHUH émop-Oytunamin CH3C H(NH;)C,Hs (3HaK — XipanbHui
aToOM) 3 paleMIdHOro 6mop-OyTUIaMiHy 3a JOTIOMOTOIO (+)-BUHHO1 KHUC-
notu. I1ig yac B3aeMo/iii 3 KUCIOTOIO YTBOPIOETHCS ABa J1aCTEPEOMEPH,
3 SIKMX CUIb (+,7) peareHTiB MaJopO3YMHHA 1 ii JerKo MOXKHa BIIIUIUTH
nepeKkpucTamsaiiero Bix (+,-)-coii, ska J00pe pO3YMHHA Y BOJI.
[HaMBIMyaNbH1 COJ1 OOPOOJISIOTH PO3ZUUHOM JIYTY ¥ BUAUISIOTH ONTHYHO
qucTHi (+)- 1 (-)-6mop-0yTunamin.
(4£)-(CHsCH(NH,)C,Hs + (+)-HO,C-CH(OH)-CH(OH)-CO,H —=
—> (+)-(CH3CH(N"H3)C,Hs) (+)HO,C-CH(OH)-CH(OH)-CO, +
+ (0)-(CHsCH(N*H3)C,Hs) (+)HO,C-CH(OH)-CH(OH)-CO, +
(+)-(CHsCH(N*H3)C,Hs) (+)HO,C-CH(OH)-CH(OH)-CO, +2KOH —=

—>  (+)-(CHsCH(NH,)C;Hs + (+)-K™0,C-CH(OH)-CH(OH)-CO, K" + 2H,0
(2.58)
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PO3/ILJI 3. MEXAHI3MHU OPI'AHIYHUX PEAKIIIN

3.1 OcHOBHI NOHATTS MPO MeXaHi3M peakuii

ChorojiHi KUJIbKICTh CHHTE30BAHHUX OPraHIYHUX CIIOJYK OO4YHC-
JIIOE€THCS MIJIbHOHAMU, KUIBKICTh PEaKIlid, y SIKUX BOHU O€pyTh y4acTh, —
COTHSIMHM THUCSIY. 3pO3YMLJIO, IO 3amamM’siTaTh BC1 MOKJIMBI TIEPETBOPEH-
HS OPTraHIYHUX CHOJYK HEMOXkJIMBO. Ha modaTkoBUX eTamax pPO3BUTKY
XIMIKIB-OPTaHiKiB I1KaBUJIO, sIKa PEUOBHHA YTBOPUTHCA, SIKIIO HA JIEAKY
CIIOJTIYKY TOJISTH MEBHUMH, BUOpaHUMHU peareHTaMu. [li3Hiiie Ha mep-
U TJIaH BUMIIIO TUTAHHS PO IUISIXM CUHTE3y KOHKPETHOI pEUYOBHUHHU.
Po3BUTOK X1Mi1, HATPOMAJXKEHHS 3HAHb PO XIMIYHI IEPETBOPEHHS 3MY-
CUJIM JIOCJIIIHUKIB 3aMHUCIUTHUCS TPO THUIIOBI MEXaHI3MU MPOTIKAHHS
peakulid OpraHiyYHUX CIOJYK y 4aci, HAampsIMOK 1 MOCHIJAOBHICTh aTaku
OJIHMX PEarcHTIB 1HIIUMH, CTPYKTYPY MPOMIKHHUX CIOIYK Ta Mepexii-
HUX CTaHIB, 3aJICKHICTh OyJOBH MPOAYKTIB peakilii BijJ OyJIOBU BUXIJ-
HUX CIIOJYK.

XiMIUH1 peakilii 3a CBOEKO CYTTIO € MPOLIECaMH, ITiJ Yac SIKMX OJIHI
XIMIYHI 3B’SI3KM B MOJIEKYJI1 pO3PUBAIOTHCS, A 1HIII — HOB1 YTBOPIOIOTh-
Csl, TOOTO IPOXOUTH NEPEPO3INOILT €IEKTPOHHOI TYCTUHU B MOJIEKYJIaX.
VY O1IbIIOCTI BUMAJKIB Ppeakilii MK OpraHIYHUMU PEYOBHHAMU CYIIPO-
BOJIKYIOThCS JIEKIJIbKOMAa TaKUMU MepeTBOpeHHAMU. [Iporiec 3HUKHEHHS
OJIHUX 3B’SI3KIB 1 MOSBU IHIIUX Yy 0aratocTajJiiiHOMy NEpPETBOPEHHI Mae
Ha3BY eleMeHmAapHo20 aKmy peaxyii, a aTOMH, TOOJIU3Y SKUX Il 3MIHH
B1I0YBAIOTHCS, 3BYTHCS peakyitiHumu yeHmpamu. 3pO3yMijo, M0 SK
peaKkUIiHUN LHEeHTp, Y NEPILY Yyepry, OyayTb BUCTYNIATH T1 aTOMU, €JIEKT-
POHOJOHOPHHI 200 €JIEKTPOHOAKIEITOPHUMN XapaKTep SIKUX BUPAKEHUM
HaWOLIBIII YITKO W aTaka SKUX HE BUKJIHUKAE MPOCTOPOBUX 3aTPyIHEHbD.
SIKI10 B MOJIEKYJI1 € TIJIbKU OJIMH TaKUW PEeaKUIMHUNA EHTP, MOXKHA OYi-
KyBaTH, 10 peakilisi 0yae MPOXOJUTH, B OCHOBHOMY, TUIbKH B 11 TPYIIi
aTOMIB. 3a HasBHOCTI KUIBKOX PEaKI[IMHUX LIEHTPIB peaKilisi MOXKe Mpo-
TIKaTU B KUIBKOX HaIpsSMKaX.

[lepenik eneMeHTapHUX aKTIB BKIIIOYAE 1HII[IFOBAHHS — €JIEKTPOHHE
30y/)KeHHsSI, OKMCHEHHS 1 BIJHOBJICHHS, JHUCOIIIAINIIO 1 acoIliaIliio Ta
CUHXpOHHI Tiponiecu. [lig enekTpoHHUM 30YyIKEHHSM (1HIIFOBAHHSIM)
PO3yMIiIOTh TOTJIMHAHHSI €HEprii, sIKe MPUBOJUTH JI0 MEPEXOJy EIEKT-
pona Ha B3MO (Buma 30ymkeHa MoJIEKyJsipHa opOiTainb) abo Ha
HBMO (Hmx4a BaJIeHTHA MOJIEKYJISIpHA OpOITAJIb):
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A — A (3.1)

Takuii enekTpoHui 30y/KCHUN CTaH MOXK€ OyTH JOCSITHEHHH ye-
pe3 HarpiBaHHS JI0 BHCOKOI TeMIlepaTypu a0o TMOTJWHAHHS KBaHTa
CBITJIa UM 1HIIOTO BUMPOMIHIOBaHHA. OCKUIBKH JJISI TEPMIYHOTO €JICKT-
POHHOTO 30YJ/KEHHSI HE0oOXiJHa BUCOKA TemIieparypa, a s (oToxi-
MIYHOTO JOCTATHE OMPOMIHCHHS BUIUMHM a00 Y D-CBITIOM, MEPUINH 1
APYTU BUMAJKU JIJI1 XIMIYHHUX peakiliii y MpUCYTHOCTI KaTali3aTopiB
YU 1HIIIATOPiB 3yCTPIYAIOTHCS YaCTIIIIE.

[1ix emeMeHTapHUM aKTOM Yy PEAKIIsAX OKUCHEHHS (10H13aIlis) 1 BiJI-
HOBJICHHS (CIIOPIAHEHICTh JI0 €JIEKTPOHA) PO3YMIIOTh MPUETHAHHS a00
BIJIIICTVICHHS OJTHOTO €JICKTPOHA:

A > AT+ ¢
A+e > A (3.2)

AKTH OKMCHEHHS-BIIHOBJICHHS SIK PEaKIlii MepeMIIIECHHS eJIEKTPO-
HIB HE CYIPOBOIKYIOTHCSI PO3PUBOM 200 YTBOPEHHSM 3B’SI3KIB, TOMY 1X
€HEepris aKkTUBAallli HE3HAYHA. Y PO3YMHAX €JIEMEHTApHUN aKT OKHCHEH-
HS MOXE pealli3yBaTHCs 3a JOIMOMOT0I0 PO3UYMHHUKA YU Ha aHOJ1, a BiJI-
HOBJICHHSI — Ha KaToxl. Jucoraris siBisie co00I0 eJIeMEHTapHUN akKT,
M 4Yac SIKOTO MPOXOJWUTh TUIBKM THMYacCOBHH pPO3PHUB-AUCOIIAIIS
3B SI3KY:

A-B — [A-B]” - A + B
AiB — A + B’ a1 Te%0e+H 1
AIB — A"+ BIT  #o81e%0e+] (3.3

Ao He BpaxoOBYBaTH BIUIMBY MOAAJIBIIOI COJbBaTallll, €HEPris
JUCOITIAIT 3HAYHOIO MIPOI0 3aJIeKUTh BiJI €HEPrii JUcCOoIliallii 3B’s3KYy,
KWW PO3PUBAETHCA, 1 1Sl BEJIMUMHA MOXKE OyTH JIOCTaTHHO BEJIMKOIO.
Jlucoriarisi IpOXOaUTh K TOMOJIITUYHO (3 YTBOPEHHSM BUIBHHUX PaJiv-
KaJliB), TaK 1 TE€TEPOJIITUYHO (3 YTBOPEHHSIM 10HIB). [Ipu ibomy romontis
NEPEeBaXHO TMPOXOJUTh Yy Ta30Bik (as3i, rereponi3 — MNEPEeBaKHO B
pO3UMHAX.

Acortriaiiis sBis€ coOO aKT MPHUETHAHHS, MPOTHICKHUN THCO-
ami;

A+B — [AB]” - A-B (3.4)

[Ipy ubOoMy 3B’SI3KM TUIBKH YTBOPIOIOTHCSA 1 BUAUISETHCS €HEPTis
3B’s13Ky. i1 yac mpoXOKEHHSI CHHXPOHHOTO €JIEMEHTApHOI0 aKTy Mpo-
11eC PO3PUBY ¥ YTBOPEHHS 3B’ A3KiB MPOXOIUTh OJJHOYACHO (CHHXPOHHO)
abo maibke onHouyacHo. Enepris (E.), sika BUAUISETHCS TIJI 4ac YTBO-
PEHHSI HOBOT'O 3B’SI3KYy, KOMIIEHCY€ 3aTpaTh Ha PO3PUB CTApOro.
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A+ B — [A-B]” - C + D a6o (F) (E.)
A +(E)— [A]” — B (C + D) (3.5)

VY Bumnanky nepioi peakiii yrBoprorotbes 1Bi (C 1 D) abo oxna (F)
HOBI CHOJYKH, TOJII SIK MiJ 4ac APYroi — i30Mepu3allisl 3 MOTJIWHAHHIM
eneprii (E.) (3 yrBopeHHsiM crionyku B) abo 13omepu3aliist 1 HACTYITHHMA
po3kiaj (YTBOPIOIOThHCA 1Bl HOB1 ciostyku — C 1 D).

[IponykTu, siki 6epyTh y4acTh y XIMIUHIN peakiii MpUUHATO YMOB-
HO PO3IUIATH Ha peazcenm 1 cyocmpam. Takuil po3MOALT € JOCTaTHBO
YMOBHHM, OCKIJIbKHU MiJ] p€areHTOM PO3YMilOTh MPOJIYKT HEOPTaHIYHOTO
a00 OPra”HivyHOTO MOXOJKEHHS 3 MPOCTIIIOK OYyI0BOO, a MiJ cyOcTpa-
TOM — OpPraHIYHHUI MPOAYKT CKIaAHIIIOI OyJOBU, HA SIKUM [II€ pEarcHT.
SKio B peakiito BCTYIAIOTh JIBI OpPraHiuHi CIOJIYKH, pEeareHT Hece
HETaTUBHUM 3aps] a00 Ma€ aKTUBHY HEMOAUJIEHY Napy €JIEKTPOHIB.

Pearentu, siki MarOTh MOHWKEHY €JIEKTPOHHY TYCTUHY, HA3UBAIOTh
enrekmpoginamu, 00 BOHM aTaKylOThb OpraHiyHi CyOCTpaTd 3 MiJBHU-
IIICHOIO €JICKTPOHHOIO TyCTHHOIO. |, HaBmakm, peareHTH, K1 30aradeHi
CJICKTPOHHOIO TYCTHMHOIO 1 pearyrTh 13 CyOCTpaTOM 3 TMOHMKEHOIO
€JIEKTPOHHOIO TYCTUHOIO, HA3UBAIOTh HYKIeoiiamu.

Ao BUXiAHI PEYOBMHHU MOXKYTh INEPETBOPIOBATHCS Yy JBa a00
Olbllle anbTePHATUBHUX MPOAYKTH peakxiii, TOAl iX CHIBBIAHOILICHHS
JacTO BHM3HAYAETHCS BIIHOCHUMH IIBUAKOCTSAMH iX YTBOPCHHS: YHUM
IIBUJIIIE YTBOPIOETHCS JAHUM MNPOIYKT, TUM OUIBIIMN HOrO0 BMICT Yy
MPOAYKTax peakilii. Y TakoMy pasi roBOpSTh PO KIHETUUYHUN KOHTPOJIb
peakiii. A KOJM peakilii yTBOPEHHs KIHIIEBUX MPOAYKTIB 3BOPOTHI, iX
CIIBBIIHOIICHHSI Oyl BH3HAUaTHCA iX CTaOUIBHICTIO. TOI1 TOBOPSTH
PO TePMOAMHAMIYHUA KOHTPOJIb.

3riHO 3 APYTUM 3aKOHOM TEpPMOJMHAMIKH, BiIbHA eHepris ['100-
ca G moB’s3aHa 3 TEIIOBUM e(eKToM peakili (eHtanbnieo) H 1 crymne-
HEM YIIOPSAIKOBAHOCTI CUCTEMH (EHTPOTIEI0) S PIBHIHHSIM:

G=H-TS (3.6)

Toni 3MiHa BUILHOT €HEPrii B MPOIIECT PeaKIlli 3a JaHOi a0COTOTHOI
temneparypu T ckiiamae

dG = dH — TdS (3.7)
1 MOB’si3aHa 3 KOHCTaHTOIO piBHOBaru K B mepepaxyHKy Ha 1 Moib 3a
TUCKY | atwm:

-dG = 2,303RTIgK (3.8)
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Ile piBHSHHS MOKa3ye, III0 YMM CHJIBHIIIE 3MEHIIYETHCS BibHA
EHeprid I Yac Nepexoay BiJ BUXITHUX PEYOBUH J0 MPOIYKTIB peaKilii,
TUM OlbIa BenndrHa K 1 TUM BHIIA KOHIIEHTPAIlIS MPOIYKTIB PeaKilii.

Bxiaa 3MiHH TEIUIOTH peakKiiii MOXKHA OLIIHUTH 3a PI3HHUIICIO €Hep-
riii 3B’ 43KiB BUXIJIHUX 1 KIHIIEBUX MPOJYKTIB peakiiii. EnTpomniiiHa ckia-
70Ba BiI0Opa)ka€ KUIbKICTh MOXKJIMBUX CIIOCOOIB, 32 JIOMTOMOIOIO SIKUX
3arajibHa €Hepris CUCTEMU PO3IOJIICHa MIXK MoJieKyiamMu. Tak, peakiili,
K1 TIPOXOJATh 31 30UIBIICHHSIM KUJIBKICTh YaCTHHOK (HampuKiaid, Bij-
HICTUICHHS), CYINPOBOIKYIOThCSI CYTTEBUM 30UIBIICHHSIM EHTPOMIi, 110
MO€ HaBITh MEPEBUIIYBATH €HIOTEPMIUHUHN €(dEeKT peakiiii. Y BUIMAIKY
peakIliii mpueIHAHHS BI1J €MHA BEJIMUYMHA CHTAIbIII MOXE KOMIICHCY-
BaTU €K30TepMiuHMM eeKT peakiiii. Y pasi 30iry BIUIUBY €HTPOIIIHO] 1
CHTAJIBITIIHOT CKJIaJJOBUX MOKHA OYiKyBaTH 3HAYHY 3MiHY BUIBHOI €HEp-
rii cucTeMu M, BIAMOBIAHO, 30UIBIIICHHS BEIUYMHU KOHCTAHTH PIBHOBA-
ri. HeoOxiHO maM’aTaTH, 110 eHTPOTMiiHa CKJIaJ0Ba BKIIOYAE TeMIIepa-
TYpy, fIKa MOK€ MPHUBECTU 0 3MIHU BIJIHOCHOTO BKJIAJy €HTPOIIMHOI 1
CHTAIBIINHOI CKJIaJIOBUX 3QJIEKHO BiJ TEMIEPaTypH.

bararocTtaziiiHi peakiii MpOTIKAIOTh 3a Y4YacTIO HECTAOUIbHUX B
YMOBaX peakilli CIOJIyK, SIKi BUHUKAIOTh Ha OJHIN CcTaii 1 3HUKAIOTh Ha
HIIA, — npomidicHux cnoiyk. YacTo Takl MPOMIXHI CIOJYKH B MEBHUX
YMOBaX MOXHa BUJUIUTH a00 BU3HAYUTHU 1X MPUCYTHICTh. [3 mux mpo-
MDKHUX CIHOJIYK HAlOUIbII BaXXJIMBI Ti, IO MICTSTh aTOMU KapOOHY B
aHOMAJIbHOMY BaJICHTHOMY CTaHi. B opraHiuHiii XxiMii BiIOMO YOTHpH
TUINH YACTOK, Yy SIKMX BAJICHTHICTh aroMa KapOOHY BIJIMIHHA BiJl YOTH-
phoX. BoHu oTpumanu BIAMOBIIHI HA3BU M 4aCTO 3yCTPI4atOThCS B Opra-
HIYHUX peakiigax. [oHu, 110 MarOTh HEraTUBHO 3apsKEHUN KapOoH, Ha-
3UBAIOTh KapoOauioHamu, a Ti, IO MalOTh MO3UTUBHUM 3apsill, — Kapbo-
kamionamu. HelTpallbH1 CIOJIYKH, SIKI MICTATh aTOM KapOOHY 3 OJIHUM
HECIAPEHUM €JICKTPOHOM, 3BYThCS 8iLlbHUMU paldukaramu. HeWlTpanbHi
YTBOPEHHSI, 1[0 MICTATh KapOOH 3 JIBOMa HEMOJUICHUMU EJIEKTPOHAMU,
10 Ma€ TIIBKH ITICTh €JICKTPOHIB, HA3UBAIOTh KAPOEHAMU.!

R R R R
R:C:™ R:C: R:C* R:C!
R R R
KapOaHioH KapOopaaukan KapOOKaTioH KapOeH

[3 mux 4OTHPHOX YACTOK JHUIIE B KapOaHIOHAX aTOM KapOOHY OTO-
YEHUU TMOBHUM OKTE€TOM EJIEKTPOHIB, 1HIII TPU € €IEeKTPOHOAEDIIUT-
HUMHU. 3a3BUYall 116 KOPOTKOXKMBYUl YACTKH, SIKI ICHYIOTh MEPEBaXHO B
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pO3UMHAX BUKIIOYHO Yy BUIJISI IHTEPMEIATIB, SKI 3a3HAIOTh IIBUJKE
MEPETBOPEHHSI B OUIBII CTaOUIBHI MOJEKYJU. Y TakoMy BHMIAIKy BCi
dakTopu, 10 CTAOII3YIOTh MPOMIKHI CIIOIYKH, OyAYTh TPUBOAUTH 0
301JIbIIIEHHS UMOBIPHOCTI MPOTIKaHHA peakiliii yepe3 iX MpoOMI’KHE YTBO-
PEHHSI.

Ak mpaBumio, MBUIKICTh OKPEMHUX CTaAll OaratocTagiiHUX peak-
1M BIAPI3HAETHCA. 3aBXAU 3HAMACTHCS CTajls peakliii, sika MpoTikae 3
HaMHIKYOK IIBUJIKICTIO; TaKa CTadlsd HA3UBAETHCS JIMIMYHOY0 Ccma-
Jicto peakyii 1 11 MBUAKICTh OyJe BU3HAYATH IMIBUIKICTH YCI€T peakilii.
3aJIe)KHO BiJl TOr0, CKUIBKH CIIOJYK a00 4acTOK Oepe ydacTh y JIMITYIO-
qiii cTajli, opraHiyHi peaxiii MOAUISIIOTbCS HA MOHO- 1 OIMONEK)IAPHI.
K TIIBKM BCTaHOBJICHA CTajisl, SIKa BU3HAYa€ IIBUJAKICTh peakliii, Mmo-
cTae npoOsjeMa BUBYUTHU BIUIMB 3MiHU B CTPYKTYpl I B yMOBax IMpoBe-
JICHHS peakIlii Ha mepeoir mporecy.

YTBOpeHHs HOBO1 KOH(DIryparlii Mo>ke BUMaraty BiJl MOJICKYJI 3Mi-
Hy iX MepBUHHOI OyJOBH, a MICJs 3aKIHYEHHS peakilii 3HOBY HaOpaTu
3Bu4aiiHy ¢opmy. Mosekynau peareHTy W cyOCcTpaTy MOBHHHI MPOUTH
NCSIKUHN nepexionutl cmaw, SKAA MPUHRHATO TIO3HAYATH iHIEKCOM (). Ha
BIJIMIHY BiJi IPOMIDXKHHMX CIIOJYK MEpPEeXiAHUM cTaH € cuTyaTuBHUM. Oc-
KUIbKY BIH Ma€ MPAKTUYHO HYJIHOBUM Yac ICHYBaHHS, HOr0 HEMOKIIMBO
criocTepiratu 0e3Mmocepe/lHbO M MpO KMOro TE€OMETPII0 MOKHA 3pOOUTH
BUCHOBOK TIJJbKM Ha OCHOBI HEMPsAMUX JaHUX. YacTo Taki BUCHOBKH J0-
cTaTHRO oOrpyHTOBaH1. Hampukmnan, y peakuii mix CHzl 11 (peakis, 3a
SAKOI MPOAYKT 1ICHTUYHUIN BUXIJHINA CIONYIll), NEPEXiTHUN CTaH MOBU-
HEH OyTH aOCOJIFOTHO CUMETPpUYHHUM. AJjie B 0aratboX peakilisiXx HeMOX-
JIMBO MPUWTH J0 TAKUX JIEFKUX BUCHOBKIB, TOJl “‘IOMOMAarae mpaBUIIo
I'eMonna: I'eomempis nepexiono2o cmany nodiOHa HA 2eoMempio Mmux
PeyoBUH, 00 SKUX GIH HAOIUINCAEMBCA 3a BLILHOIO eHepeicio, 1 ye Cmo-
CYEmMbCs KOXCHOI cmaoii peaxyii. Tak, y pa3l €K30TEPMIUYHOI peakIlii
nepexiHui cTaH Oulbllie MOJAIOHUM Ha peareHTH, HIXK Ha MPOAYKTH. SK
paBUJI0, TEOMETPIS MEPEXIAHOr0 CTaHy JUIsl KIHETUYHO KOHTPOJIbOBA-
HUX peakiliii OivK4a 0 peareHTiB, y TOW 4ac K JJIsl TEPMOJAUHAMIYHO
KOHTPOJBOBAHUX peakiliii Onmxya 10 MpoAyKTiB peakiii. [Ipo cTpyk-
Typy NPOMDKHHUX CHONYK (1HTEpMeaiaTiB), 3a3BUYail, BiIOMO OuIbIIe i
JIOCTOBIPHIIIIE, HI’)K MPO CTPYKTYPY MEPEXITHOTO CTaHy. ToMy BIIOMOCTI
Ipo IHTEPMEAIATU YACTO BUKOPUCTOBYIOTH JJIsl TIOSICHEHHS TIEPEX1THOTO
CTaHy.
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BruiuB kartanizatopiB, siKi 301IbIIYIOTh MIBUAKICTh PEAKIIil, MOJIs-
ra€ B TOMY, III0 BOHM IHIIIIOIOTh PEAKIIiIO, sIka BUMAra€ MEHIIOi eHeprii
aKTUBAIlli YTBOPEHHS MEPEXITHOrO CTaHy. TOOTO MOXXEe MaTh MicCIe
YTBOPEHHSI HOBOTO, OLIbIII CTA01ILHOTO, MEPEX1THOTO CTaHY.

Takum 4MHOM, TIJT MEXAHIZMOM peaxyii PO3yMIIOTh CXEMY, y SKii
MOKa3aHl peareHT, cyOcTpaT 1 MPOIYKTH peakilii, 300paxeHl eleMeH-
TapHI aKTW Peakilii, BiJI3HAYEHI PEaKIliiHl [IEHTPH, TPOMIXKHI CIIOTYKH
Ta MEePEX1/IH1 CTaHHU.

3aJIe’KHO BiJ TOTO, SKUM YHHOM PO3PUBAETHCS 3B’ SA30K, MEXaHI3MU
OpraHIYHUX PEaKIliil MOXKHA PO3IUIUTH HA TPHU THUIIU:

1. Sxiio mpu po3puBi 3B’S13Ky OOHWJIBa €JICKTPOHU 3aJIUIIAIOTHCS B
OJTHOTO 3 ()parMeHTIB, ME€XaHI3M HA3WBAIOTh 2emepoaimuyHum ado 10H-
HuM. Takl peakiiii, 3a3BUYaii, BKIOYAIOTh 10HHI IHTEpMEIiaTH, X0o4a IIe
i He 000B’A3K0BO. BakITMBUM MOMEHTOM IILOT'O TUIY PEaKIii € Te, 110
CJICKTPOHH HIKOJIM HE OyBalOTh HECTIAPCHUMHU. Y TETEPOJITUYHUX peak-
IISIX peareHT Bijjae abo mpuiMae eJIEKTPOHHY Mapy BiJl CyOCTparty.

2. Konu nipu po3puBi 3B’SI3Ky YTBOPIOIOTHCS ()parMeHTH, KOXKEH 3
AKUX HECE IO OJHOMY E€JIEKTPOHY, TOOTO BUIbHI paJuKaiv, MEXaHi3M
HA3UBAIOTh 2OMONIMUYHUM A00 BUTbHOPAAUKATIBLHUM.

3. Ho Tperpboro tumy MexaHI3MIB HaJleKaTh peakilii, MpU SKUX
€JIEKTPOHHU (3a3BHYAil MIICTh a00 IHINA KUIBKICTh) PyXalOThCsl MO 3aMK-
HYTOMY KUIBLIO. Y TaKMX PEaKkIlisgX HE yTBOPIOIOTHCS 10HU abO0 BiIbHI
paguKaiyd, HEMOXKJIMBO CKa3aTH, CIapeHl YU HeclapeHi eNeKTPOHH, IO
pyxaroTbcsi. Peakiii 3 MeXaHi3MOM TaKOIro TUITY HA3UBAIOTh NnepiyuKiiy-
HUMU 200 CUHXPOHHUMH.

3aexxHo Bl CTPYKTYPHHUX CIIBBIJIHOIIEHb MK BUXITHUMH U KiH-
[EBUMHU IIPOJYKTAMH, OPTaHiuH1 MEPETBOPEHHS MOAUISIOTHCS HA PEaKIIli
3aMilIeHHs (CUMBOJT S), mpueaHaHHs (cuMBOJ A) 1 BiAIIenIeHHS (CUM-
Boa E). V neskux BUmagkax oKpeMo BUIAUISIIOTH PEaKIlli eperpymnyBaH-
HS ¥ OKMCHO-B1JJHOBHI1 peakiiii. BiIMOBIIHO 10 NpUPOAN peareHTa, opra-
HIYHI1 peakiii NoAUSIIOTh Ha enekTpodinbHl (cuMBoil E), HykiaeodiabHI
(cumBost N) 1 BuUlbHOpaauKalibHI (cuMBOJI R). V pasi 10HHOI peakiii
JIBOX OpPraHIYHUX MOJIEKYJI PEareéHTOM BHUCTYMNAa€ 10H 3 MEHIIOK €HEp-
Ti€10, a SIKIIO eHeprii OJau3bKl — HYKIeOoD1JI.

3 ypaxyBaHHSIM MOJICKYJISIPHOCTI MEXaHI3MH OpPraHIYHUX peakiiii
no3HauyaroTh Habopom cuMmBojiB. Hampuxmnam: Sy2- OimonexysipHa
peakilis HykiaeoduIbHOTO 3aMimeHHs; Agl — MOHOMONIEKYTIsIpHA peaKiiis
eJIEKTPODUILHOTO TPUETHAHHS.
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3.2 CTpyKTypa i peakuiiiHa 31aTHICTb.
BruiuB npupoau cyocrpary

Jlnst Toro, mo6 3poOUTH MpaBUILHUKA BUOIp HAa KOPHUCTH OJIHOTO
a00 1HIIIOrO MEXaHI3My peakilii # y KIHIIEBOMY BaplaHTl MpaBUJIbHO Iie-
pendayuTy nepedir peakiii, HEOOXiJHO BUKOPUCTATH JaHl PO CTPYK-
Typy peareHTiB, MPOMIXKHI CIIOJTYKHU Ta EPEXiAH1 CTAHHU.

31aTHICTh PEUYOBUHU BCTYIATH B MEBHI peakiiii, pearyBaTu 3 O1J1b-
100 200 MEHIIOI0 IIBUJIKICTIO HA3UBAIOTh PeaxyitiHow 30amHiCMio.
Bona Moxe po3risgaTics TUIbKM CTOCOBHO TIEBHOT'O peareHTy abo pea-
T'EHTIB MEBHOI NMpUpoAu. Po3risgarodun peaxiiiiHy 37aTHICTh, BaXKIHUBO
BU3HAYUTH TaKi mapaMeTpu: €HEpTil 3B’SA3KIB MK aTOMaMU B MOJIEKYJI1
cyOcTpaTy, HasiBHICTh 200 BIACYTHICTh PEAKIIMHUX LEHTPIB 3 NEBHUMU
€JICKTPOHHUMU BJIACTUBOCTAMHU, JOCTYIHICTh PEAKIIMHUX LEHTPIB IS
aTaky pearcHTaMHU.

Eneprito, sika BUILIAETHCS I1JT YaC YTBOPEHHSI XIMIYHOTO 3B’SI3KY,
Ha3UBAIOTh eHepeicto 36 a3Ky. EHeprito, aKy HEOOX1THO 3aTpaTUTH JJIs
TOMOJITUYHOTO PO3IICIUICHHS, HAa3UBaIOTh eHepeicto oucoyiayii. Jlis
JBOXaTOMHHUX MOJICKYJI BETMYMHU IIUX €HEPTiil OAHAKOBI, ane i Oara-
TOAQTOMHUX IX CIIBBIIHOIIEHHS CKJIQAHIIIE. 3arajoM BBa)Ka€ThCS, IO
3B’SI30K TUM MIIHIIINM, YUM Ollibllia Horo eHepris. EHepris OubiiocTi
3B’SI3KIB OPTaHiYHUX CIONYK mepebyBae B Mekax 300—600 kJIk-MoIb
(tabm. 3.1), a HaitO1IbIIEe 3HaUeHH Ma€ NoTpiHUI N=N 3B’430K 3 €Hep-
riero 942 KZ[)K-Monb'l.

Tabauys 3.1
Enepris 38’13Ky
3’130k E,;, 3’130k E,;, 3’130k E,;,
K)I)K‘MOJIb_l Kl[m'Mo.m)'l KI[)K-MO.HL'l
H-H 432 C-I 213 0=0 493
C-C 345 C-O 357 N=N 418
N-N 167 C-N 304 S=0 498
F-F 154 H-O 459 N=0 607
CI-ClI 239 H-CI 428 C=C 835
Br-Br 190 H-F 565 C=N 887
C-H 411 0-0 142 C-S 272
C-F 485 C=C 602 C-Li 200
C-Cl 327 C=0 798 C-Zn 176
C-Br 285 C=N 615 C-B 364
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HaBeseHi gaHi eHepriid 3B’s3Ky J1al0Th MOXJIMBICTh MEpeadOadnuTH
MEBHUN XapaKTep PeaKIIHOT 3JaTHOCTI CHOJIYK, 110 MICTSTh Taki 3B’ 513~
ku. Tak cnomyku, ki Mictath C-C 1 C-H 3B’s13ku, OyAyTh BaXXKO BCTY-
1aTy B XIMIiYHI IMEPETBOPECHHS, TOJI K CIOJyKH 3i 3B’si3kamu Hal-Hal,
O-0O (y nanoMy BuUnajky B nepokcuaax), C-1 0yayts aucoritoBatu (pea-
ryBaTtH) nerko. Kpatni 38’ a3ku C=C 1 C=C OyayTh CXWJIbHI A0 peaKiii
MIpUEIHAHHSA, TOJ1 K 3B’ 130K C=0 Oyjie OUIbII €HEPIeTUYHO BUT1IHUM,
nopiBHgHO 3 C-O 3B’sa3koM. Huspka MminHIicTh 3B’s3KiB C-M (MeTan)
yKa3y€e Ha BUCOKY pPeakiiiHy 3AaTHICTh TAKHUX CIOJYK.

Kpim eneprii 3B’s13Ky, OCOOJMBO [Jisi PEaKIliii 3a reTepOreHHUM
(loHHUM) MEXaHI3MOM, Ha PEaKIIiHy 37aTHICTh Oy/e BILJIMBATH BEJIU-
YyHa 3apsay Ha peakiiiHoMy HeHTpl. st yCrimHoro npoxXoKeHHs Ta-
KUX peakiliii 6axkaHa HAsBHICTh MOBHOTO a00 YaCTKOBOI'O MO3UTHUBHOIO
Yy HETaTUBHOIO 3apsiy. SKIIO BeJIMYMHA LOTO 3apsiy € HEeIOoCTaT-
HBOIO JJIsI O€3MOoCcepeIHbOI aTaKu PEeareHTOM, MOro MOXHa 301IBIIUTH,
BUKOPUCTOBYIOUM peareHTU-KaTadi3aTOPH.

JIns BU3HAYEHHS XapaKTepy 3MIIICHHS €JIEKTPOHHOI T'YCTHUHU BIJ
OJIHOTO aTOMa JI0 1HIIIOT0 KOPUCTYIOThCS 3HAYEHHSIMHU €JIEKTPOHEraTHUB-
HOCTI €JIEMEHTIB a00 BEJIMYMHU JUIOJHLHOTO MOMEHTY 3B’s3Ky. Ejekt-
POHETAaTUBHICTIO 3pYYHO KOPUCTYBATHUCA JIJIsi IEPBUHHOI OLIIHKH XapaK-
Tepy 3MIIICHHS €JIEKTPOHHOI T'yCTUHH. AJle €JIEKTPOHETAaTUBHICTh €Jie-
MEHTa HE€ € MOCTIHHOI0 XapaKTEPUCTHUKOK ISl MOro aTOMIB y PI3HHUX
MOJIEKyJaxX, a 3aJeXUTh BI1Jl MOT0 BaJEHTHOTO CTaHy M oToueHHs. J[is
KUIBKICHOT OI[IHKK CTYIEHS PO3MOJLTY 3apsAiiB MIXK 3B’ SI3aHUMU aTOMa-
MU BUKOPHCTOBYIOTh BEJIIMUMHY JUIMOJBHUX MOMEHTIB 3B’A3KiB 1 (DyHK-
IOHAJIbHUX Tpy1 (Tadmn. 3.2).

Tabauys 3.2
JIMnmoibHI MOMEHTH J1esIKMX 3B’ A3KIB AY-B”

3B’5130K n, A 3B’5130K n, A 3B’5130K n, A

H-C 0,4 C-Cl 1,47 C=N 11,8
H-N 1,33 C-Br 1,42 C-OCH; 1,3
H-Br 0,74 C-l 1,25 C-NH, 1,3
H-CI 1,03 C-O0 0,74 C-OH 1,5
H-N 1,33 C-N 0,22 C-CO,H 1,7
H-O 1,51 C=0 2,3 C-CHO 2,7
H-S 0,68 C=N 0,9 C-NO; 4,0
C-F 1,39 C=S 2,0 C-CN 4,2
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Sk BuaHO 3 Tabmui, 3B’sa30k C-H ManononsipuzoBaHuii, BUCOKa
EHEpris 3B’SI3Ky Ta HU3bKa MOJSPU30BAHICTb OYIyTh 3yMOBIIFOBATH HOTO
HU3BKY peakiiiiny 3aaTtHicTb. [lomspuzamis 3B’s3ky C-Hal 3nHauno
OinpIla ¥ MOKHA OYIKYBaTH, 10 ITO3UTUBHO 3apsIKEHHUI aTOM KapOOHY
JIETKO TOBWHEH IMmijaaBatucs atani Hykjiaeoduiamu. Ilpu kpaTHOMY
3B’s13Ky C-TeTepoaToM HalOUIbII MOJISIPU30BAHOI0 € KapOOHIJIbHA Tpy1a,
JIe aTOM KapOOHY MOBHHEH JIETKO B3a€EMOJIISTU 3 HyKJIIeo(inamu, a aToMm
OKCUT€HY — 3 MPOTOHOM. BuCOKa €JeKTpOHEraTUBHICTh KapOOHUIBHOI,
HITPO- Ta L1aHO-TPYN MOBUHHA MPUBOJUTH 10 3POCTaHHS KHUCIOTHOCTI
0-T1IPOT€HIB.

BBeneHHs B OpraHiuHy MOJEKYJdy THUX a0o0 IHIIMX 3aMICHUKIB
MOpsiJ 3 PeakliiHUM LIEHTPOM MOKE CYTTE€BO BIUIMBATH HA PEAKIIAHY
3MaTHICTb. EHepris 3B’SI3Ky 3MIHIOETbCSI HECYTTEBO B pa3l BBEJCHHS
3aMICHUKIB, aJI€ XapaKTep Mepepo3NOALTY €IEKTPOHHOI I'YCTUHH 3aJI€XK-
HO BIJI HWOro MPUPOIM MOXKE ICTOTHO 3MIHIOBATHCA. Tak, yBEAEHHS
€JICKTPOHOJOHOPHUX 3aMICHUKIB TOBHUHHE CIPHUATH €JIEKTPODUIbHIN
aTall peakiIMHOro LEHTPA, TOAl AK €JIEKTPOHOAKIENTOPHI 3aMICHUKU
CIPUSIOTH HYKJI€O(1IbHIN aTarii.

JIist ycninmHoOro mpoxXopKeHHsT peakilii cyocTpary i peareHTy He-
OOX1IHOIO YMOBOIO € O€3mocepe/Hd aTaka pPEeareHTOM pPEeaKLiiiHOTO
uenrpa. IIpoctopoBe posTanryBaHHs 3B’SI3KIB aTOMa KapOOHY mepei-
Oauvae, 0 Taka aTaka MOKE MPOXOAUTH 31 JIBOX HaNpsAMKax: aTaka 3
dponTy (cniepeny) 1 araka 3 Twiy (33a1y). Y pasl aTakd HyKI€o(pUIOM,
AKWA Hece 13 coO0I0 mapy €JIEKTPOHIB, 11 OpOITaib MOXKE MEepEeKpUBa-
TUCS YaCTKOBO 3 OpOITALIIO LIEHTPAJIBHOTO aToMa KapOOHY TUIbKU TIEIO
MIpOIO, MPU SAKIA Tpyna, M0 BIAPUBAETHCS BIIIUISAETHCSA, 31 CBOIMHU
€JIEKTPOHAMH, B IHIIOMY BHUIIQJIKy B KapOoHy OyJsio O Oiiblie BOCHBMHU
CJICKTPOHIB Ha 30BHIMIHINA 00070HI. OCKUIBKK €JIEKTPOHHI XMapH
BIJIIITOBXYIOTHCS, HOBA Tpyla aTaKkye MOJEKYJy CyOCTpaTy 33aay I
kyroM 180° mo rpymw, sika BIIPUBAETHCA, TaK, IO IPU LIbOMY CIIOCTE-
piraeTbcst ooepTanHs kKoH(irypaiiii. Po3ramyxeHHs B o- 1 B-TTOJ0KEHHAX
3HUKYIOTh iX MIBUJKICTh. TPETUHHI CHOJYKH HNPAKTUYHO HE PEAryroTh
3a MEXaHI13MOM OIMOJIEKYJISIPHOTO HYKJIEO(iIpHOrO 3aMimieHHs (Sy2), a
HEONEHTUJIbHI CUCTEMHU pPEaryloTh TaK IMOBUIBHO, IO Taki peakiii He
MaroTh MpenapaTUBHOI IHHOCTI. SIKIIO MOPIBHIOBATH MIBUAKOCTI JTYXK-
HOT'0 T1APOJII3Y:

CH;-COOCy;Hs + H,O — CH3-COOH + C,HsOH
(CH3);C-COOC,Hs + H,O — (CHj3);C-COOH + C,HsOH (3.6)
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Jie peakiiiHUM IIEHTPOM BHUCTYIA€ KapOOKCWJIbHUN aTOM KapOOHY, TO
JIpyra peakilis MpoTiKae 3HAYHO MOBUIbHIIIE, IIO MOB’S3aHO 3 IPOC-
TOPOBUM €KpaHYBaHHSM PEAKIIMHOTO IIEHTpa TPhOMa METUJILHUMU TPY-
MaMu, K1 TIePENIKOHKAI0Th maxoay Hykieodiry OH .

Konm aTakyroudorw 4acTkow € eaekTpodin, skuil Hece cyOcTpary
TUIBKM BaKaHTHY OpOIiTalib, TAKUH PO3IJIsA HEMPUAATHUI 1 HEMOXKIUBO
Hamepes nepeadayuTH, 3 SKOro OOKy Oyje IMpoxodauTu aTaka. Teope-
TUYHO MOXHa YSIBUTH JBa T'OJIOBHI HAIpsSMKU aTak i1, BIAMOBIJTHO, JBa
MeXaH13MU: 3 GPOHTY U 3 THITY.

Peaxiii, skl IpOXOJsATh 32 y4acTIO BUIBHUX paJyKailiB, BiJl3HAya-
IOThCSI 3HAYHO HUKYOIO CEJICKTUBHICTIO, TOOTO B OLIBIIIOCTI BUMAAKIB Y
pe3yJIbTaTl peakiiii yTBOPIOEThCS CKJIagHA CyMIII MPOAYKTIB. Aje U y
bOMY BHUNAJKy pEakilii MaloTh MEBHI 3aKOHOMIPHOCTI. Sk BUSBUIOCH,
EHEepris AUcCOIallil €m0 3MEHIIYEThCA M Yac Mepexoay Bia aTroMma
rigporeny 0115 MEPBUHHOTO 10 BTOPUHHOTO ¥ Jajil 0 TPETUHHOTO Kap-
OoHy ankaHiB. [{e 3HaUUTh, 1110 T1IPOTEHHU 0111 TPETUHHUX KapOOHIB MO-
BUHHI IIBHUJIIE BCTYyNAaTH B peakiiio. KpiM Toro, crabuUIbHICTh pajnKa-
JIB 3pOCTa€ MiJ Yac MEePEXoAy BlJ NEPBUHUX 10 TPETUHHUX PAJAUKAIIB.
[le 3ymMOBiIEHE B3a€MO/IIEI0 HECMAPEHOTr0 eleKTpoHa 31 3B’s3kamu C-H
CYCIIHIX aTOMIB KapOOHYy. OCKUIbKM KUIBKICTh TaKUX 3B A3KIB 301Jb-
IIYETHCA MiJ] Yac Mepexoly A0 BTOPUHHOTO W Jajii O TPETUHHOTO Kap-
OOHOBOTO paaMKally, 1€ J0Ope y3roKyeThCs 3 (DAKTUUHUM MOPSAKOM
3pOCTaHHSl CTAOUIBHOCTI paJuKaliB. AJie BIAMIHHOCTI MIXK T1IpPOT€HOM
OISl TPETUHHOTO ¥ MEPBUHHOTO KapOOHY HE HACTIIBKU BEJUKI, 1100
MO>KHa OYJIO OYIKYBaTH BUCOKO1 CEJIEKTUBHOCTI peakilii. 3 1HIIOro OoKy,
TIAPOreHu Ol NMEPBUHHOTO aToMa KapOOHY 3HAYHO JOCTYMHIII ISt
aTaKM 1 iX KUIbKICTh JJISI IPOCTUX CHOJYK 3HAYHO MEPEBUILY€E KUIbKICTh
TPETUHHUX. 30KpEMa, y MOJIEKYJIl 130MEHTaHy CIiBBIAHOLIECHHS Kijlb-
KOCTI TiJIpOTreHiB OiJisl IEPBUHHKUX, BTOPUHHUX 1 TPETUHHUX aTOMIB Kap-
OoHy gopiBHIOE 9:2:1, a mijJ yac XJOpyBaHHA 130IIEHTaHY YTBOPIOIOTHCA
BC1 YOTHUPHU MOXJIMBUX MPOJYKTH MOHOTAJIOTeHYBaHHA. Ajie (hakTUUYHE
CITIBBIIHOILICHHS MIBUJKOCTEH aTaku aTOMIB XJIOPY B M’ SIKUX YMOBax Ha
TpOreHu Ouisi NIEPBUHHOTO, BTOPUHHOTO M TPETUHHOI'O aTOMIB Kap0Oo-
Hy nopisHtoe 1:(3,3):(4,4).

~ Cl
RH3-CH(CHg)-CHp-CHy  — 2 CICH,-CH(CHa)-CH,-CH3 +
2-meTun0yTaH 2-metni-1-xsnopOyran
CHy-CH(CH3)-CH,-CHCI + CHa-CH(CHa)-CHCI-CH; +
3-metui-1-xmopOyTan 2-MeTmi-3-XJI0p0yTaH
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+ CH3-C(CH3)CI-CH,-CHj; (3.7)
2-MeTuiI-2-XJI10pOyTaH

Take cCriiBBIIHOILIICHHS IBUAKOCTEW MaJjio 3aJIeKUTh BiJl CTPYKTYpH
aJKaHy ¥ MOke OyTH BUKOPHUCTAHE JJIsl OI[IHKH CIIBBIIHOILIEHHS 130Me-
piB y IPOJIYKTaX MOHOXJIOPYBAHHS 3HAYHOI KIJIBKOCTI HACHYEHUX BYTJIE-
BO/JIHIB.

Jlenmo Ha XapakTep paJuKaIbHOTO 3aMIIIEHHS BIUIMBAE 1 MOJSIP-
HICTb CyOCTpary, OCKUIbKU pajJdKai OJHOYACHO MOKHA PO3TIIAIATH 1 K
enexkTpodinbHUN peareHT. ToMy BBEJCHHS €JIEKTPOHOJOHOPHUX 3aMic-
HUKIB BUKJIHMKA€E JESIKe 30UTBIICHHS IMMBUIAKOCTI PaJWKaJIbHOTO 3aMi-
IICHHS.

CeNeKTUBHICTh PAJIUKAIBLHOTO 3aMIIIEHHS CIIOCTEPITa€ThCs TUIBKU
11 4ac MPOBEJCHHA peakilii B M’ akux ymoBax. Ilig yac mpoBeleHHS
peakIliii 3a MiABUIIEHUX TEeMIEpaTyp BUCOKAa €HEpris pajauKaiiB Ipak-
TUYHO HIBEJIIOE CTepeocnenudiuHICTh peakilli, o0 NPUBOIUTH 10 YTBO-
PEHHSI BEJIMKOT KUUIBKOCT1 P13HOMAHITHUX TaJ0Tr€HIOX1THUX.

BruiuB ¢cTa0IBHOCTI EPEeXiTHOr0 CTAHY U MPOMIKHHMX CIIOJIYK

[lix yac po3risay BIUIMBY IPUPOJM peareHTa Ha peakiiiHy 3/1at-
HICTh YKa3yBaJIOCS, 110 BBEACHHS €JIEKTPOHOAKIENTOPHUX 3aMICHUKIB
NOBUHHO CIIPUSATH HYKJICO(]UIbHIN aTall peakiiHOro eHTpa, a eJEeKT-
POHOJIOHOPHUX — €JEKTPO(UIBbHIN. AJie, sIK BUSIBUIIOCS, TaKE TBEPIXKEH-
HS COpPaBEJIMBE TIIbKHU ISl PEAKIlii, 0 MPOTIKAIOTh 32 OIMOJIEKYJISp-
HUM MEXaHI3MOM. Y pa3i MOHOMOJIEKYJISIPHOTO MEXaHI3MY IMIBUIKICTb
YTBOPEHHSI KIHIIEBOT'O MPOAYKTY CYTTEBO 3HMXKYeTbes. Lle moxke OyTu
MOSICHEHE THM, IO HAa MEpIIii CTajll peakiili yTBOPIOEThCA MPOMDKHA
CIOJIyKa, CTAOUIBHICTh IKOI CYTTE€BO HMK4Ya. TaKMM MPOMIXKHUM MpPO-
OYKTOM Y PEaKI[isiX MOHOMOJEKYJSIPHOTO HYKICO(UILHOTO 3aMIIIEHHS
(Sn1) € kapOokarioH:

RsC-Cl — R,C* + CI” (3.8)
Toxi BBeJieHHS €EKTPOHOAKIIENTOPHOTO 3aMICHUKA TIpUBEAE 10 301b-
IIICHHS BEJIMUYMHU TTO3UTUBHOTO 3apsily Ha aToMl KapOOHY, a IIe, Y CBOIO
4epry, 3HU3UTh MOTO CTaOUIBHICTh. Y pasi BBEJAEHHs €JIECKTPOHOIOHOP-
HOT'O 3aMICHHMKA MO3UTUBHUM 3apsan Oyje JenoKandi3yBaTHCs, 0 CIPH-
YUHUTH 30UIBIIEHHS CTa0lIbHOCTI KapOokaTioHa. J[iig peakiiii 3a me-
XxaH13MOM Sgl, K1 TpoXOoAsATh Yepe3 MPOMIKHE YTBOPEHHS KapOoaHioHa,
YBEJICHHS €JICKTPOHOAKIICNTOPHUX TPyl Oyae CHpUITH 30UIBIICHHIO
IIBUAKOCTI peaKiiii.
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BB mosisipHOCTI pO3YMHHMKA Ha IIBUAKICTH peakiii Syl 3aie-
KUTh BIJ 3apsaay cyoctpary. st HEHTpalbHUX CyOCTpariB, a iX OLIb-
ITICTh, YAM BHIIA MOJSPHICTh PO3YMHHHMKA, TUM IIBHUAIIC HIe peaKiis,
OCKUIbKH B IIbOMY BUIAJKy B MEPEXITHOMY CTaH1 3apsij OUIbIINMI, HIXK Y
BUXIJIHIM CIIOJYII, @ €HEPrisi I0HHOTO MEPEXITHOrO0 CTaHy MOHUKYETHCS
MOJISIPHUMHU PO3YMHHUKAMHU. AJie SKIIO CcyOcTpaT Hece MO3UTHUBHHUIMA
3apsj, TOAl B MEPEXiTHOMY CTaHl LEH 3apsj OLIbII JeJI0Kaai30BaHUM,
HDK y BUXIJHIM CHOJYII, 1 MIJBUIIEHHS MOJSIPHOCTI PO3YMHHUKA CIO-
BUIBHIOE peakiiito. Sy1 peakiiii He10H130BaHUX CyOCTpaTiB MIBUIIIIE MPO-
XOJISITh Y TPOTOHHUX PO3UMHHUKAX, K1 MOXXYTh YTBOPIOBATH BOJIHEBUM
3B’SI30K 3 TPYIIOI0, SIKA BIAIICINIIACH.

VY peakuisgx Sy2 BIUIMB PO3YMHHHUKA 3aJI€KUTh BIJl TOTO, JI0 SIKOTO
3apsiIOBOTO TUITY HAJICKUTH PEAKIIA:

OH + R-Hal —» HO-R + Hal (tum 1)
R-Hal + NMe; — R—"NMe; + Hal (Tn 2)
R—'NMe; + HO® — R-OH + NMe, (tum 3)
R-*NMe; + H,S — R-"SH, + NMe; (tu 4) (3.9)

Jus tuny 1 1 4 moyaTKoOBHM 3apsif NENOKali3yeThCcs B TEpe-
X1THOMY CTaH1, TOMY MOJSIPHI pO3YMHHUKHU 3aTPYAHIOIOTH peakiito. Jis
TUIy 3 B MEPEXiTHOMY CTaHI MOYATKOBI 3apsii 3MEHIIYIOTHCS, TOMY
NOJISIPHI PO3YMHHUKUA CHJIBHO 3aTPYAHIOIOTH peakilito. TiIbKU B THMI 2
peakIiid, y SIKHX pEeareHTH HE 3apsiAKeH1, a 3apsij] BUHUKA€E B Mepexii-
HOMY CTaHi, MIBUAKICTh 3pOCTA€ B MOJAPHUX POIUMHHUKAX.

[Ti1BUILIEHHS OJSIPHOCTI PO3YMHHUKA 30UIBIITYE MOKJIMBICTh 10HI-
3aIii B peakIlisix, aKi NPOTIKAIOTh 32 MEXaHI3MOM Sgl MOPIBHSAHO 3 peak-
IisIMU IPYTOTO MOPSIIKY (Sg2) B AKUX 10HH y4acTi He OepyTh.

3.3 Ilpukiaau MexaHi3MiB peaxkiii

Skmo He OpaTh 10 YBard OKHMCHO-BIJTHOBHI peakilii, 3arajibHy
KUIBKICTh MEXaHI3MIB pPeakIliii MOKHA OOMEKUTH PEAKIISIMU 3aMIIICHHS
— SNy Sg, 1 Sk, npuennanus Ay, Ag, 1 Ag, Bigmerienus Ey, Eg, 1 Eg Ta
peaKIisIMM 3a TEPUIMKIIYHUM MeXaH13MoM. Peakiiii i3oMepu3aliii Mox-
Ha BIJIHECTH JO THUIy PeaKIilii BiIIIEIJICHHSI-TIPUETHAHHS Ta 10 TMEepH-
IUKJTIYHUX peakilii. Po3risHeMo npukIiIaau peakilii, K1 3yCTpidaroThCs
HaNO1JIBIIT YacTo.
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3.3.1 MexaHi3Mm peakuiil BUIbHOPaAMKAJIbHOI0 3aMillleHHS

KiracuayauM mpukiagoM peakiiii BUIbHOPAIUKAIBHOTO 3aMIMICHHS
(MexaH13M Sg) € peaxilisi raJoreHyBaHHs MeTaHy. Peakiiist XJiopyBaHHS B
TEMpsIB1 32 HU3bKUX TEMIIEpaTyp HE MPOXOAUTh. BoHa iHIIIIOETHCS Ha-
rpiBanHaM 10 temnepatyp noHaa 300°C abo ynbTpadioseTOBUM CBIT-
JoM. Yce 1€ MOKe BKa3yBaTH Ha Te, 10 TaKa peakiiisi IPOXOIUTh 3a pa-
IUKAJIbHUM MeXaH13MoM. JIJisi mATBEPKEHHS TAKOTO MPHUITYIICHHS Tie-
PEBIPAIOTH, SIK BIUIMBAE BBEJICHHS B CUCTEMY KHCHIO MiJl 4ac (hOTOOIPO-
MiHeHHS. KuceHp Jlerko pearye 3 pajaudkaiamu, 3 YTBOPEHHSIM MEHII
PEaKIIHO3IaTHOTO TIEPOKCUIHOTO paguKary. ToMy KUCEHb JEKOJIH Ha-
3UBAIOTh [H2IOIMOPOM PAOUKATbHUX NPOYECIS.

R" + O, —» R-0-O (3.10)

[lin yac mpoBeNEHHsS peakiiii XJIOPYBAaHHS B TEMpPSBI 32 TEMIIE-
patyp no 150°C peakiis He ipoxoauTh. [TmoMmOymTeTpaeTni Pb(C,Hs),
B pa3i HarpiBa"Hs a0 Temneparypu 150°C poskinagaeTbcsi Ha MeTaliy-
HUW MIIOMOYM ¥ €TUJIbHI paaukaiu. Tol, SIKIo BBECTH MOT0 B CUCTEMY
]l 4ac XJOPYBaHHS, BIAETHCS 3HM3UTH TEMIEpaTypy IOYaTKy paiu-
KaJILHOTO MPOIIECY 10 II€1 TeMIepaTypHu.

Sxio x peaxiiis XJOpyBaHHS BXKE Todasacs, BOHa MPOXOAUTH JTy-
e MIBUIKO, 1HO/I1 HaBITh 3 BUOYXOM. Y pe3ynbTaTi peakilii yTBOPIOETHCS
CYMIIII XJIOPMOXiAHUX METaHy BiJ XJIOPMETaHy 10 YOTHPUXJIOPHUCTOTO
KapOOHY, €TaHy Ta IHIIMX MOXIAHUX Yy HEBEIUKHUX KUIBKOCTAX. Po3ris-
HEMO €HEpPreTUYHI MapaMeTpH peakilii, BAKOPUCTOBYIOUHU JaHi Tadi. 3.1.

Cramis 1 Cl, — 2CI° AH = +239 xJIxMOMb

Crania 2 CI'+ H;C-H — H-Cl + 'CH; AH =411 - 428 = -17 xJlx'Monb "
Cragis 3 "CH; + CI-Cl — H;C-Cl + “Cl AH = 239 — 327 = -88 k/IMOJIb "
Craxizs 4 CI' + H,CIC-H — H-Cl + ‘CH,Cl AH=411-428 =-17 xJlx'Monb "
Cramis 5 CI'+ HsC-H — H' + CICH,4 AH =411 — 327 = +84 x/Ix-Monb "
Crazist 6 H + Cl, — CI' + HCI AH = 239 — 428 = -189 xJ[-MOJIB "
Cranis 7 2CI" — Cl, AH = -239 kJ[MOJb

Cragis 8 "CH; + "CH; — H3C-CH,4 AH = -345 kJIx-MOJIB

Cranis 9 'CH3 + 'Cl — H3C-Cl AH = -327 xJlx-Momb " (3.11)

ITouaTKkoBOIO CTaAi€l0 peakilii € aucolialis MOJEKYJIH XJIOpY 3
YTBOPEHHSIM JIBOX paaukaiiB. I{s peakiiiss BuMarae 3atpar eHeprii, s
sikoi AH = 4239 xJ[K-MoIb , ale 3aTpaTh HA YTBOPEHHS IBOX PaauK-
ajiB XJIOPY HallMeHI 3 ycCiX iHmuX MoxJuBux. Ha cranii 2 pospu-
BaeThcs 38’530k C-H y merani i yrBoproerscs HoBuit 3B’ 5130k H-CI.
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Cranig 2 mpoXoauTh 3 HE3HAYHUM BHAIIEHHSAM eHeprii. Ctazais 3 cympo-
BOJKYEThCA 3HAUHUM BUAUIEHHSM eHeprii. Cranis 4 3a XapakTtepoMm
B3a€MO/I11 1 BUIIJICHHS €Heprii aHaJorivyHa 10 CTajii 2, TOMY IOJajbIIi
CTaJiii YTBOPEHHS XJI0poPopMy M YOTHPHUXJIOPUCTOr0 KapOOHY MOai0HI
1 po3rIsaTH iX HEJOUUIBHO (HACIIpaB/l €eHEpreTUKa BCiX IMX IIPOIIECIB
Aeno BiApi3HsA€eTbes). OHAKOBI €HEPreTUYHI mapameTpu ctaaiil 2 1 4
3YMOBJIIOIOTh YTBOPEHHS CKJIQJIHOI cymill xjopnoxigHux. Crazii 5 ta 6
MPEJCTaBICH] K aJbTEPHATUBHUM NUISIX OTPUMAaHHS XJIOPHOXiTHUX.
Cywmapne BUaIICHHS eHeprii Ha cTaaisx 3, 4 1 5, 6 oJlHaKOBe, aje BUCOKI
EHEpPreTUYHI 3aTpaTH Ha CTajlii 5 poOIATh TAKUM NUISAX MAIOWMOBIPHUM.
Cranii 7, 8 a00 9 € 3aKJIFOYHUMHM CTAIISIMU BCHOTO TPOIIECY, SKI IIPUBO-
ISTh 10 peKOMO1HAIllT paguKaliB.

EnepreTuky peakilii XJIOpyBaHHSI MOHA MEPEHECTH Ha 1HII peaKIii
raJloreHyBaHHsA. Y BHUNAJKY peakiii (iyopyBanns AH; = +154 K JIK-MOJB
AH, =-154 xJlx-Momb ', AHjz=-331«k/[x'Mons— (Hymepamis cramiii
aHaJoTiyHa 70 XJIOPYBaHHS) BHAUISETHCS 3HAYHO OUIbINA KUIBKICTH
eHeprii. lle npuBoAUTH 10 TOrO, IO MiA Yac (IyopyBaHHS pEaAKIis Cy-
MPOBOKYEThCA po3puBoM C-C 3B’SI3KIB.

Jliis peakiiii OpoMyBaHHs kapTuHa Aemno iHia AH; =+190 K Jlx-MOIB ™
AH, = +49 KI[)K'MOJHJl, AH3 = -95 KZ[)K-MOJIL'l. [lepuri nBi ctaaii BU-
MararoTh 3aTpaT €HEeprii, aje B LIJIOMY IPOIEC NPOXOAUTh 3 HE3HAYHUM
il BumineHHsM. Peakiiro OpoMyBaHHS MPOBOJATH Mij 4ac (oTtoomnpo-
MIHEHHS Ta HE3HAYHOIr'0 HarpiBaHHs. Y pa3l HOAyBaHHS BHCOKI €HEp-
IFeTUYH1 3aTpaTd Ha CTajli 2 HE J03BOJISIIOTH IMPOBECTH IO PEAKIIIIo
HaBITh 3a HarpiBanHs 10 300°C.

3.3.2 MexaHi3Mm peakuiii HyKJ1eo(ijibHOT0
ani(paTHYHOTO 3aMillleHH S
Peakiito Hykiaeo(dinbHOrO 3aMIIIEHHS 3a YYacTH0O HACHYE€HOTO
aToMa KapOOHYy MOXHA BBa)XKaTH HaWOUIHII BHBYEHON. KiacmuHuM
OPUKIAIOM pEakKilii 3aMillleHHs € TEpPETBOPEHHS aJKUIrajJoreHiay B
CIIUPT M1 €0 JAYTY:
OH™ + C,Hs-Br — C,Hs-OH + Br~ (3.12)
[HIIMMU mpUKIagamMu peakiii anipaTuyHOro HykJeo(diIbHOTO 3a-
MIIIIEHHSI € peaKkilli yTBOPEHHsI MOXIJIHUX TETpaajKiIaMOHII0, iX TiApo-
713y ¥ YTBOPEHHS CYIb(POHINTIOXITHUX:
C,Hs-Br + N(CHs); — C,Hs-N*(CHy); + Br~
N*(CHs); + OH- — CH3-OH + N(CHs);
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Br-Br + S(CH3); — Br-S"(CHs); + Br (3.13)

VY BCIX BHUIAJIKaX peareHT MOBUHEH MAaTH BUIbHY Mapy €JIEKTPOHIB,
TOMY BC1 HykJIeo(dinn € ocHoBamH JIptoica. SIKIIO peareHT 0JJHO4YacHO €
PO3UYMHHUKOM, TO/JI1 PEAKIIII0 HA3UBAIOTh COJIbBOJIIZ0M.

JlochimKeHHsT KIHETUKM peakilii 1boro TUITy MOKa3ajo, 10 BOHU
MOXYTh MPOTIKATH 3a JBOMAa PI3HUMU MEXaHI3MaMu, Kl MOXYTh OyTH
MIpeJICTaBIICH] TAKUMHU 3aJI€KHOCTSIMM JIJISI IIBUAKOCTI PeaKIlii:

mBHKicTh = [RHal] (1) (3.14)
mBHAKicTs = [RHal[fHO™] (2) (3.15)

VY OUIBLIOCTI BUIMAJAKIB PEAKI[is MPOTIKAE 3a 3MINIAHUM MEXaH13-
MOM, KOJY KIHETHYHI 3aJIEKHOCTI 000X THIINB JIIOTH OJHOYACHO. AJle
BIJIOMI ¥ peaxiiii, Ikl IPOTIKatOTh 32 OJJHUM MEXaHI3MOM.

Peakiiis OpoMHUCTOTO €Ty Y BOJHUX PO3YMHAX JYTIB MPOTIKAE 32
piBHsiHHSIM (2). Ile cBiquuTh Mpo Te, 10 B CTajli, ska JIMITY€ IIBU-
KICTh peakilii, 0epyTh y4acTh SIK QJIKIITAJIOTEHiA, TaK 1 TJIPOKCUA-10H.
Bbyno 3po0iieHO mpUIylIEHHs], M0 PEeakKilis MPOTIKae 4yepe3 TaKuid mpo-
MDKHUR CTaH, y SIKOMY YaCTKOBE YTBOPEHHS 3B 3Ky MDK T1IPOKCHJI-
10HOM ¥ aTOMOM KapOOHY MPOXOAUTH IIBHUJIIE, HIK MOBHICTIO 3aBep-
IIyE€ThCA BIAUIEIJICHHS 10Ha Opomy. Ilpu 1mbomMy 4dacTuHa €Heprii, sika
HeoOXigHa ayisi po3puBy 3B’si3ky C—Br, KOMIIEHCYEThCS 3a paxyHOK
eHeprii yrBopeHHsi 3B’a3ky HO-C. Po3paxyHku mnokaszanu, MO Hail-
MEHIII 3aTpaTh €Heprii HeoOX1JHI B TOMY BHUIIAJIKy, KOJU HAOJIMKEHHS
T1POKCUJI-10HA 10 MOJIEKYJIA AJIKIJITaJIOTeHIAY MPOXOAUTH M0 HAMPSIMKY
JIHII, O CTHOJIy4Ya€e LEHTPU aToMa KapOoHYy i Opomy, 3 MPOTUIICKHOTO
OOKy Big Opomy:

Rl 1 Rn
_ 0 0
HO + e C—Br —> HO---C--Br — HO-—-C

R
. R (3.16)

Bin’emHMit 3apsi po3NOAUISAE€THCS B MEPEXITHOMY CTaHl B HANIPSIMKY BiJT
TIAPOKCUIYy 10 OpoMy, a TpynHM 3aMICHUKIB pO3TallloBaHi B OJHIN
TJIOMIMHI, sika nepreHaukyssipHa no jgiHii HO—-C—Br. Mexani3zm Takoi
peakilii Ha3BaHO OIMOJICKYJISIPHUM HYKJICO(MUIbHUM 3aMIMIEHHSM 1 MO-
3HAYUTHCS CUMBOJIOM Sy2.

3 iHmoro OOKy, KIHETHKA JIY)KHOTO TiApOJI3y mpem-0yTHUIXyio-
puay BiANoBigae piBHIHHIO (1), TOOTO MIBUAKICTH PEaKIlli HE 3aJIEKHUThH
B1JI KOHIICHTpAIIil 10HIB T1JIPOKCUITY 1, SIK HACJIJOK, 111 10HK HE MOBUHHI

N\
i
/
BN
|
/V// Py
Py
+
w
|

Py
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OpaTu y4yacTh y JIMITYrOUil cTamii peakuii. Lleit gpakT posrisaaroTs sk
BKa31BKYy Ha T€, IO aJIKUJITaJOreH1l JUCOI0E (MOISIpU3YETHCS 3B’ SI30K
R—Hal 3 BimpuBom Hal), mo € mimiTyrodoro crajiero peakiiii. A Ha Ha-
CTYIIHI HENMITYIOUIM CTajli Ma€ Miclie IIBHJKA araka TiApOKCH-
10HOM (200 MOJIEKYJIOI0 PO3UYMHHUKA 3 YTBOPEHHSIM KIHIIEBOT'O IIPO-
TYKTY.

Rl
i T T T A >R R
¢ C—Br ——— C+ Zasasr HO—C + ¢ C— OH
RYS -Br | " RYS
R" R R" (3.17)

MexaHi3M Takoi peakxiiii Ha3BaHO MOHOMOJIEKYJISIPHUM 3aMIillEeH-
HAM 1 nipucBoeHO cuMBos Syl. IlodaTtkoBa 10HI3allsd aNKUIraJoTreH1Ty
3M1MCHIOETHCS, TOJJOBHUM YHHOM, 32 PaXyYHOK €HEprii cojbBaTallii 10HiB,
o yrBopuiucs. Karion, y sskomy atoMm kapOOHY Hece MO3UTHBHUMN 3a-
psl, siBisie COO0I0 KapOOHIEBUI 10H 1 Ma€ IJIAHAPHY CTPYKTYPY, Y SIKIM
TPpU METWJIbHI T'pynu poaTamioBaHi mmijg kyroM 120°. Toxi HacTymHa
aTaka T1APOKCHIOM ab0 MOJIEKYJIOI0 PO3UYMHHHKA MOXKE MPOXOAUTH 3
OyZb-IKO1 CTOPOHH.

1 1] Rl Rl
R N R o TNs SR » R
gC—Br —> C+ & /O—C< — HO—C<
R = -Br I H Rll - Rn
R" R
(3.18)

[Ipupona po3uMHHUKA, Yy SIKOMY MPOXOJHUTH PEAKI[IA, MOXE CYT-
TEBO BIUIMBATH HA i1 MeXaHI3M. IMOBIpHICTh NPOTIKAHHS pEaKIlii 3a Me-
xaH13MoM Syl 3pocTae 31 30UTBIIEHHSIM MOJSPHOCTI PO3YMHHUKA. ToMy
3aMIHAa PO3YMHHHKA MOKE MPUBECTU J0 CYTTEBOI 3MIHU MEXaHI3MYy IPO-
necy. lle 3ymoBieHO TUM, 110 10HI3aIlis Kpalle MPOTiKae B PO3YNHHUKY,
KWW Ma€ BUCOKY JIIEJIEKTPUUHY MPOHUKHICTb, 1 OUTbII €()eKTUBHO MPO-
XOOUTh coJibBaTallisl KaTioHy. IIpoiiec coisibBartallii CympOBOIKYETHCS
BUJIUICHHSIM 3HAYHOT KIJIBKOCTI €HEprii, sika MOX€ BUKOPHUCTOBYBATHUCS
Ha 10H13al1i}0 HOBUX MOJEKYJI 1 T. 1. [[iATBEp/IPKEHHSIM 1IbOTO MOXKE OYTH
TOM (hakT, 110 peakiiii 3a MexaHi3MoM Sy 1 y ra3osiit azi 3ycTpidaroTbCs
Iy’K€ PIIKO.

K110 peakIliio ripodizy ajJkuIraJoreHiay, Mo MpoTiKae 3a Mexa-
HI3MOM Sy, MPOBOJUTH B PI3HUX PO3YMHHUKAX, TO MIBUJKICTH T1IPO-
T3y 3pocTae 31 30UIBIIEHHSIM TOJSPHOCTI po3unHHUKA. [Ipw riaposmisi
aJKUITaJOTeHIIB, SIKMH IPOTIKA€E 3a MEXaHI3MOM Sy2, 3aMiHa PO3YHH-
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HUKa 3HAYHO MEHIIIE BIUIMBAE HA MIBUAKICTh PEAKIIi, 1 XapaKTep BILUIUBY
Ha MBUAKICTh PEAKIli 3aJI€KUTh BiJl XapaKTepy PO3MOJIUTY 3apsiay B pea-
TeHTax 1 MmepexiiHoMy cTaHl. ToMy MOPIBHAHHS IIBUAKOCTI peakIii y
PI3HUX PO3YMHHUKAX JONOMArae BUSICHUTH MOXKJIMBUN MEXaHi13M PeaKIlii.

[TopiBHSBIIM JiTEpaTypHl AaHi, 3a MIBUIAKOCTSIMU TIAPOJII3y B Psi-
noy: OpOMUCTUN MeTuJ, OPOMUCTUN €TWJ, 130mponiiopomia, mpem-0y-
TAJIOPOMIJI, MIBUJKICTh T1APOJI3Y HaMOUIbINA JJIsI MEPIIOro W OCTaH-
HbOT'O TMPOJAYKTY, a JiBa cepeiHl Ouibil cTtaOuibHi. J[Jisi mepmioro mpo-
AYKTY T1IPOJIi3 MPOTIKAE 3a MEXaHI3MOM Sy2, JIsl OCTaHHBOTO — 3a Syl 1
Ma€ MPOMDKHHUHN XapakTep JUIsl 1HIIUX MPOAYKTIB. s Toro, mob Busic-
HUTHU MO>KJIUBICTH MEPEXOJy B1J OJHOTO MEXaHI3MYy peakilii A0 IHIIOrOo,
HEOOX1THO PO3TJISHYTH BIUIMB SK €JIEKTPOHHMX, TaK 1 CTEpUYHHUX (hak-
TOpIB Ha MEPEXITHUNA CTaH. Y BUMAJAKY peakuii Sy2 MOKHA OYIKYBaTH,
10 3pOCTaHHS 1HAYKIIIHHOTO ePeKTy B Mipy 30UIbIICHHS KUTBKOCTI Me-
TAJIBHUX TPy MOBUHHO MPUBECTHU JI0 MOCTYNOBOI'O 3MEHILECHHS IO3U-
TUBHOTO 3apsily Ha aTomi KapOOHY, SIKMM 3B’s3aHuil 3 OpOMOM 1, SIK
HACJIII0K, /10 3aTPYAHCHHS aTak I[bOT0 aTOMa T'iJIPOKCUII-10HOM.

Takum urHOM, SIK €JIEKTPOHHI, TaK 1 CTepUUHI (aKTOpU MalOTh TO-
CJIIZIOBHO 3aTPyJHIOBATH aTaKy 1] 4ac Mepexoay Bil OPOMHUCTOrO €TH-
oy 10 mpem-0yTUAOPOMIAY, SIKIIO LSl aTaka 3/1MCHIOEThCA 32 MEXaH13-
MOM Spn2, 1, HABIaKH, MOJICTIIYBATH, SKIIIO BOHA MPOTIKAE 32 MEXaHI3-
MoMm Sy1.

AHaJior1yHa, aje OUlbI SICKpaBa, KapTHHA CIOCTEPITa€ThCS B Psi-
Iy: XJOPUCTUUA METHII, XJIOPUCTUN OCH3WJI, XJIOPUCTUN AU(DEHIIMETaH,
XJIoOpucTui TpudeHummerad. TyT rigposi3z 3a mexaHizamMoMm Syl cro-
CTEpITa€eThCsl, MOYMHAKOYH 3 IPYroro NpoIyKTy, a 10HI3a1id XJIOPUCTOTO
TpUu(eHIIMEeTaHy BUPAKEHA HACTUIBKH CUJIBHO, IO PO3YUH LIOTO IMPO-
aykty B SO, BOJOI€ €NEKTPONPOBIAHICTIO. [IpHurHOIO JerKoro riapo-
T3y € 3HayHa cradinmi3ailisi KapOOHIEBOTO 10HA, sIKa 3yMOBJICHA JIeJIOKa-
J3a11€10 TO3UTUBHOTO 3apsny. Takuil KaTiOH € KIIACUYHUM TMPUKIATOM
10Ha, AKWU CTaO171130BaHO BHACIOK JEJIOKai3alli 3apsay 3a y4dacTio p-
€JIEKTPOHHUX OpOiTaneii 0EH3eHOBOIO KiJIbIIS.

[TonibHa KapTHHA  CIOCTEpIraeTbCcss 1  JJIs ajlIrajloreHiIiB
(CH,=CH—-CHCI). ¥ npomy BUNAJKy aTaka 3a MexaHizMoM Syl mosner-
II€HA 3a PaXyHOK cTa0uIi3allli KapOOHI€BUX 10HIB JEJIOKaTI3aII€I0 TO3U-
TUBHOTO 3apsly. ATaka 3a MEXaHI3MOM Sn2 MPUCKOPIOETHCS B PE3YJlb-
TaTi B3a€MOJIIi aroMa KapOOHY peareHTa 3 p-opOiTalisiMU MOJABIAHOTO
3B’S3Ky B MEPEXIIHOMY CTaHi. Y BIHUIXJIOpHAIB a00 TrajoreHOCH3EHIB
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CIIOCTEPITraeThCs BITHOCHO BUCOKA CTaOIBHICTh CTOCOBHO HYKJICO(IIIB.
[le MOSICHIOETHCS TUM, IO ATOM TaJIOT€HY 3B’ sI3aHUM 3 aTOMOM KapOOHY,
SAKAM Ma€e sz-riGpH):[maui}o, gepes 110 eIeKTPOHHA TYCTHHA 3MIIIeHa J10
aToma KapOoHY.

[lin yac riapoi3y ajJKUIrajJoreHiAiB Mae Miclle 3MIHa ONTHYHOI
AKTUBHOCTI MPOJIYKTIB 3aMILIEHHS, TOMY JJIi BU3HAYCHHS MeEXaHI3My
peakiiii HeoOX1AHO BpaxoByBaTH i ctepuuHi ¢aktopu. [1ig yac ataku 3a
MEeXaH13MOM Sy2 MoJIeKyJia HIOW BUBEPTAETHCS B 1HIIUHN OIK 1 B TAKOMY
BUIIAJIKy TOBOPSTH MPO oOepTaHHA KOHPirypamii aroma KapOOHY,
MarO4u Ha yBa3l 3MiHY POCTOPOBOIO PO3MIIIECHHS 3aMICHHKIB.

HuHi BBaKaeThCs, MO peakilia Sy2, 3BUYatHO, MPOXOAUTH 3 00ep-
TaHHSIM KOH]ITryparlii 1, HaBIMaKu, SKIIO0 Ma€ Miclie 00epTaHHs KOHPITY-
paiiii, TO 1€ BKa3y€ Ha MOXKJIMBUN MEXaHI3M peakiiii Sy2.

Konu kapOoHi€BUI KaTiOH, 1110 YTBOPIOETHCS HA JIMITYIOUiN cTali
peakiii, Mae MiIocKy OyJI0oBY, MOKHA OYIKYBaTH, IO aTaka TiIPOKCH-
aHIOHOM pPIBHO3HA4YHa 3 OyAb-KOT0 00Ky Itockoro kariona. Toxai 50 %
KIHIIEBOTO MPOAYKTY OyJyTh MaTH Ty X KoH(irypaiito, a 50 % OyayTh
I3epKadbHUM 300pakeHHsIM. Lle mpuBene 10 pariemizailii OpoIyKTiB
peaKiiii.

JIIMCHUM X1]1 peakIlli 3aJ€KUTh B1J] TOTO, HACKIJIBKU IIBUAKO TICIIS
MIEPBUHHOI1 10HI3alll1 Ma€ MICIIe aTaka HykJieodiaom. SKio apyra cramis
B1IOYBAETHCA JIOCTATHHO IIBHUJIKO, KOJHW IIE€ MAa€ MICIE ACSKUN BIUIUB
rajioreHi-aHioHy, MOJKHa OYIKYyBaTH OLIbIIOI HMOBIPHOCTI aTaku
“33amy”. Tomy OyJlie MaTH MiClle YacTKOBa paliemizaliisi. AHAJIOTIYHUI
pe3yJIbTaT MOKE OYTH 3yMOBJICHUH 1 COJIbBATALIIE€I0 10HHOI MTapH.

[IpakTuHo B yMoBax peakiii Syl Moke Matu Micue siK MOBHA
panemizailis, Tak 1 Malxe MOBHE OO0epTaHHs KOH(DIrypailii 3ajJexHo Bl
MOMEHTY aTaku HykjiaeoiioM. ¥ ToMy BUNAAKY, KOJIM PO3UYMHHUK Bifi-
rpa€ pojb Hykieodiny, yepe3 BUCOKY MOTro KOHIICHTpaIlii0 OUIbII MO-
BIPHOIO € IIBUJIKA aTaka 1, K HACIIAO0K, 3HauHe 00epTaHHs KOH]Irypaitii.

Jlero oKpemMo CTOATh peakiiii, Kl MPOTIKAIOTh 31 30epeKEHHIM
KoH(piryparii. KonkpetHuM Bumajgkom Takoi peaxiii € 3amimenns OH-
IPYNH Ha XJIOP Y MPUCYTHOCTI TioHIIXmopumay. L{g peakitis mignmopsia-
KOBaHA KIHETMYHOMY PIBHSAHHIO JPYroro MOPSAKY W MpornopiiiHa
[RHal]-[SOCIl,]. Ane ockinbku oOepTaHHs KoH(iryparii BiJICYyTHE, TO
TaKy peakilil0 He MO’KHa BIJHECTH 1O peakiii Sy2. MexaHi3Mm i€l
peakIli INTEpIPETYIOTh TaK:
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C—0OH +S0OCly —> R—C, S=0 — :C—ClI
-HCI / / 'SOZ R
R' ¢l (3.19)

Ha mepmuriit cranii 3miHa koH]irypaiiii He BiI0OyBa€eThCA, a Ha JIpy-
rid crajaii ataka XJ0poM IPOXOJUTh 3 TOro K Ooky. Ilpudomy Taka
peakiis Haraaye mMexaHism Sy, Koy po3mnaja MpoXOAuTh Yepe3 10HHY
napy 31 MIBUAKOIO aTaKkOI aTOMOM TalloreHy. Y pe3yJbTaTl peakiiii
YTBOPIOETHCSA TPOAYKT, KOHQIrypailisi SKOro aHajoridyHa 10 KOH®i-
rypaiii BUXiIHOTO CIHUPTy. MeXaHi3M Takoi peakilii mpuiHATO MO3Ha-
yatu Syl — BHYTpINIHE HyKiIeodipHe 3amimieHHs. Koiu x peakiiito npo-
BOJUTU B MPUCYTHOCTI MIPUANHY, TO TIAPOTCHXJIOPHUI, IKUA BUAIIAETh-
Csl Ha TepuIi cTafii, Jae XJOp-aHIOH, IO JIETKO aTaKye alKiICyJbdo-
xyopun 33aay ¥ Buticase —OSOCI. Toxui e Oyae kmacuyHa peakirist Sy2.

U 3
Py //W
Py //M

» ~ 5
R rsoch, 2 R () R
R)C—OH —2 S )C—OSOCI + N"CI OT» Cl-C
S R €3 | | "
R" R" H N'SOZ, Hzo R
(3.20)

Bigoma 3HayHa KUTBKICTh 1HIIMX PEAKIIM 3aMIiIlIEHHs], 1] 4ac IKUX
CIIOCTEpIraeThbesl 30epekeHHsT KoHPirypaiii. MoxHa BBaxaTu, 10 s
BCIX LHX PEaKIii XapakKTepHUM € TOW (PakT, M0 MOpsa 3 peaKUiiHUM
aTOMOM KapOOHY pO3TalllOBaHUM aTOM, SIKUH Hece JESIKUM HeraTUBHUU
3apsi 200 BOJIOJII€ HEMOAUICHOO Napolo €JIeKTpoHiB. TomMy Takuii aToM
MOX€ BUCTYIATH “BHYTPIIIHIM HYyKJIeoPiaom. 30kpema, Il 4ac riapo-
713y 2-OpOMIPOITIOHOBOI KUCIOTH B MIPUCYTHOCTI 10HA apTreHTyMy Hera-
TUBHO 3aPSIPKEHUN OKCUTEH BUCTYNAE SIK BHYTPILIHIN HYyKIeo(disI 1 3ami-
nrye OpoM 3a MeXaHI3MOM Sy2 3 YTBOPEHHSIM JIakTOHY. Lls cramis mpo-
XOJIUTh 3 00epTaHHsIM KoHpirypauii. Ha nacTynHii cranii Boga aTakye
JIAKTOH, 3IIMCHIOIYM JAPYry Sy2 peakilito, a Jpyre o0epTaHHs KOH]i-
rypaitii NpuBOJIUTH JI0 Ti€T K KOHDIryparii, o 1 y BUX1JHOT CIIOJITYKH.

I_l////,'"C—C/O- A, H///""-c:/i)\c::o _Ho_ H////"“c—c/o Q.
H3C// Ny A o H3C//+ Ny HO'
Br 07N
H//’/, /O_
— HSC//C—C\\O
O-H (3.21)
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VYV paszi 3amimenHs 3a MexaHi3MOM Syl 3amiHa Hykieobuly He
MPUBOJIUTH J0 3MIHM IIBUJKOCTI peakili. SKio »* peakilis npoTikae 3a
MEXaHI13MOM S\2, TO 3pOCTaHHSI HYKJIEO(MUIBHOCTI peareHTy MPUBOJUTH
710 30UIbIIEHHS MIBUJKOCTI peakiii. 30Kpema, peakiliiHa 3JaTHICTb
rajiae 3a nepexoay Bij Hoaua-aHioHa 10 (IIyop-aHiOHA.

BinHocHO rpynu, sika BIAIICIUTIOETHCS B peakiii Sy2, MOXKHa
CTBEP/I>)KYBaTH, 10 3B’ 30K III€1 IPYNH 3 KAPOOHOM PO3PUBAETHCS JICTIIIC
B pasi yTBOPEHHsI BIJIMOBIHOTO mepexiaHoro crany. IIpukinamoMm Moxe
CIIY>KUTU J0Ope BIOME 3MEHIICHHS PEaKI[iiHOl 3MaTHOCTI MiJ Yac
nepexoAy Bia ankimdoauaiB 10 ankindayopuais. Tol dakr, mo Hogui-
aHIOH MOJKE CJIYTyBaTH €(PEKTUBHUM aTaKylOUUM areéHTOM 1, OJTHOYACHO,
JIETKO 3aMIIIY€ThCs, MOSACHIOE €(PEKTHBHICTh BUKOPUCTAHHA HOMY SIK
KaTajizatopa B peakiisx HyKIeo(dUILHOTO 3aMillleHHs. baxkaHna peakilis
noJisirae B €(peKTUBHIN aTaili akTUBHOTO LIEHTpa HOAMA-aHIOHOM 1 HOT0
3aMIMIECHHSM M1 JII€10 THIIOTO HYKJICOo(iTy:

|

R—Cl + H,0 &€ p_oH+ H'+Cl

pagadl | rHOsaEl_ o b o
-Cl (3.22)

[IIBuAKICTH peakilii, sKa MPOTIKAE 3a MEXaHI3MOM Sy, 3al1eKUTh
BiJI IPUPOJU TPYIH, IO BIAMICTUTIOETHCS. UMM HUXKYa €HEPris 3B’ A3KY
i€l TPYyNU 3 aKTUBOBAaHUM aTOMOM KapOOHY, TUM BHILA 3AaTHICTh IPy-
A YTBOPIOBATH aHIOH 1 TUM JIETIIE MPOXOAUTH PEAKIlIA 32 MEXaHI3MOM
Snl.

Peakiii 3a mexanizamMoM Syl 1 SN2, iK1 0OroBOprOBaIMCS, CTOCY-
BaJIMCSI HACMYEHOT0 aTroMa KapOoHy. He MeHII BaXXIMBUM € HYKJIEO-
¢1apHE 3aMileHHs OJM3bKO TPUTOHAIBHOTO aToMa KapOOHY, 0COOJIHMBO
B TUX BHUNAJKaX, KOJMU BIH 3’€JHAHUN MOABIMHUM 3B’S3KOM 3 aTOMOM
OKCUTEHY, HITpOTeHY a00 cyiabypy. 3aMmilieHHs OJIM3bKO KapOOHIIbHOI
rpynu HaivacTiiie BiAOyBa€eThCs 3a MEXaHI3MOM, SIKMM Mae IpyTHid
nopsi0K. X0o4ya KIHETUYHE PIBHSHHSA 1IOTO MEXaHI3MYy Ma€ JIpyTHil mo-
PSAIOK, BIH BIJIPI3HSETHCA BiJI MEXaHI3MYy Sn2 1 Ha3UBA€TbCS mempa-
eOpudHUM MexaHizmom. Y HbOMY CIIOYATKy MPOXOJMUTH ataka Y , IO
INPUBOAUTH JI0 IHTEPMEAiaTy, SKUM OJHOYACHO MICTUTh X 1 Y, 1 TUIbKHU
mOTIM BiAmeroeTbesa X. Taka MmociiioBHICTh MEPETBOPEHh HEMOXKITUBA
JUIsl HACUUEHOr0 aToMa KapOOoHy, aje peasi3yeTbCsl 3a HEHACMYEHOTO
aToMa, OCKUIbKA TaKui NEHTPAJbHUN aTOM MOXE BIJJaBaTH Mapy
CJICKTPOHIB OKCHUTE€HY M TaKMM YHWHOM 30€perTH HaBKOJO ceOe OKTEeT
€JICKTPOHIB:

R—CIl + |
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0
+° - |
Cowayl R-CL + Y —= R—C—Y
X |
B X
O
—— | 0 _
Noaasy 2 R—CI:—Y — R—C< + X
X Y (3.23)

3a mexaHi3MOM aniaTUYHOTO HYKJIEO(DUIHHOTO 3aMillleHHS Tpo-
XOAATh TaKi peakilii: Tipojii3 aJKUIraJoreHiaiB; TiApoi3 eem-aura-
JOoTeHiaiB; Tigponi3 1,1,1-TpuranoreHiaiB; TiAposi3 ajlKUIbHUX €CTEpIB
HEOpPraHiYHUX KHUCJIOT; T1APOJIi3 A1a30KETOHIB; T1IPOJ13 alMIrajoreHi-
J1B; TIAPOdI3 aHTIPUIB; T1APOJII3 €CTepiB; TAPOi3 aMidiB; JeKapOOoK-
CUJIFOBaHHS KapOOHOBHMX KHMCJIOT 1 €CTEpIB; ANKUIFOBAHHS aJIK1JTrajJoreHi-
JaMM; aJKUTIOBAHHS aHT1JIpUIaMUd HEOPTraHIYHUX KHUCJIOT; AEriapararis
CIIUPTIB; AJIKOTOJI13 alWJIrajJOTeHI/IIB; aJIKOTOJ13 aHT1IPUIIB; ecTepudi-
Kallisg KUCIIOT; nepeecTepudikailisi; yTBOPEHHS Ti01B, YTBOPEHHS CYJib-
¢bi11B; aTKUTIOBAaHHS aMiHIB Ta OaraTo 1HIIHX.

3.3.3 MexaHi3m peakuiii eJ1eKTPpO(IiIbLHOI0 3aMilllcHHS B
apOMaTHYHHUX CHCTEMAX

binbmiicTe peakiiiii 3aMilieHHs 0JU3bKO aai(paTHYHOTO aToMa Kap-
OOHY € peakiisiMUA HYKIeo(DUILHOTO 3aMillieHHs. J[Ji1 apoMaTHYHUX CIIO-
JYK CUTYaIlisl 3BOPOTHA, OCKIJILKU apOMaTUYHE KUIbIIE MPUTSTYE EIEKT-
podUIbHI, 2 HE HYKJIEO(PUIbHI YACTUHKHU. Y peakiisix eIeKTPOPIILHOrO
3aMIIIEHHS aTaKyHYOK YaCTUHKOIO € MO3UTHBHUM 10H a00 MO3UTHUBHA
gacTuHa Aunos. EnekTtpodyr o00B’SI3K0BO MOBUHEH BIJIIICTUIFOBATUCS
0e3 CBO€1 eNEeKTPOHHOI Mapu. B 1HX peakiisax eaekTpopyramu BUCTY-
MalTh YACTOYKM CTaOlIbHI 0€3 Mapu eJeKTPOHIB, HEOOXiAHOT I 3a-
IIOBHEHHS 30BHIIIHBOT OOOJOHKH, TOOTO HAMOLIBII CJIA0K1 KHCIOTH
JIptoica. TUTIOBUM €JIEKTPOPYTOM € IPOTOH.

Jlist OeH3eHy XapaKTepHHUM € YTBOPEHHS JI€SIKOi €JIeKTPOHHOI I'yc-
THHUA T103a MEXaMU TIJIOCKOI MOJEKyJu. MoHa O4iKyBaTH, IO TakKa
€JIEeKTPOHHA TYyCTMHA OyJe JIETKO MiJAaBaTUCs aTalll eJIeKTPOLIOM.
Tonai Ha mepiniid cTaaii aTaku MaTUMeE MICIIE B3a€MOJIisl MIXK BiJMOBIA-
HUM €JEKTPO(IIOM 1 JAENOKATI30BaHUMHU p-OpOITaAIsIMH apOMATUYHOI
CUCTEMU 3 YTBOPEHHSAM TaK 3BAHOIO T-KOMIUIEKCY. Tak, TOIyeH yTBO-
PIOE 33 0XOJIOKEHHS 10 -78°C KOMIUIEKC 3 T1IPOTeHXJIOPUIOM Y MOJTh-
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HOMY CHiBBigHOIIEHHI 1:1, mpudomy peaxitisi 3BopoTHa. To# (akr, 110 B
IIbOMY BUIIAJIKy HE BiJOYBA€ThCsI YTBOPEHHS 3B’ 513Ky MIXK aTOMOM Kap-
OOHY ¥ MPOTOHOM TIAPOTEHXJIOPHUIY, MIATBEPIKYETHCS JAHUMU PEAKITI]
3 DCI. 38’30k C—D He yTBOprO€ThCA. ApOMaTHU4HI CIIOJIYKH YTBOPIO-
FOTh T-KOMIIIEKCH TaKOX 3 TallOreHaMH i aHioHOM Ag’, a KOMILIEKCH 3
MIKPUHOBOIO KUCIJIOTOIO € CTINKUMU KPUCTAIIYHUMH CTIIOJTYKaMH.

i T-KOMIUIEKCH HE € KIIACUYHUMH XIMIYHUMHU CIIOJTYKaMH, Y SKHX
eNeKTpO(PIbHUN peareHT 3B’sA3aHUM 3 SIKUMOCh KOHKPETHUM aTOMOM
KapOOHyY. BiIbIIICTh MT-KOMIUIEKCIB JIETKO PO3KJIaAat0ThCs 32 HarpiBaHHs
abo mijg vac A1l Boau. Po3uuHu iX HEe MpoBOASTH CTpyM. UnM O1IBIIOIO
T-€JICKTPOHHOIO TYCTUHOIO BOJIOJIE CIOJIyKa, TUM JIETIIE€ YTBOPIOIOTHCSA
T-KOMILIEKCH.

n-KoMriekcH amroMiHik XJIOpUIy 3 OEH3€HOM € 00’ €MHUMU. ATOM
ATIOMIHIIO, KWW Ma€ ACSKUM AePIIUT EIEKTPOHHOI T'YCTUHM, Hama-
ra€TbCs N00yAyBaTH €JIEKTPOHHY OOOJIOHKY 0 OKTETY IiJ] 4ac B3a€EMO-
Tii 31 BCIEIO €JIEKTPOHHOIO XMapor OeH3eHy. ATOM ajlOMIHIIO 3HAXO-
TUTHCS HAa OJTHAKOBIHM BIACTaHI BiJl YCiX aTOMIB KapOOHY. SKII0 AUIOb-
HUW MOMEHT OCH3EHY JIOPIBHIOE HYJIIO, & OPOMHUCTOTO aIFOMIHII0 BCHOTO
0,1 D, To 3adpapboBaHuil y >KOBTUU KOJIP T-KOMIUIEKC Ma€ AUTOIbHUM
MoMeHT 5,0 D. Ile ciayrye noka3om 3MIIIEHHS T-€JIEKTPOHHOI XMapHu
OCH3eHY B HaIlpPSAMKY JI0 aTOMa AJIOMIHIIO 1 HAarpoMajKEHHs €JIEeKT-
POHHOI TYCTHHHU Ha aToMax OpoMy.

Y OpuUCYTHOCTI €JEKTPOHOAKLENTOPHUX CIOJYK, HAIMpPHUKIA]
AICl3, mix enexkTpodiioM ¥ apoOMaTHYHOI CHCTEMOIO YTBOPIOETHCS
KOMIIJIEKC, JICIIO BiIMIHHUHN BiJI IMMOMIEPEIHBOTO. SKIIO B IIbOMY BUITAJIKY
3amiantd HCI va DCI, To atoMm rigporeHy Kuiblsl JIETKO OOMIHIOETHCS
Ha neutepid. Takuidi OOMiH CBIAYUTH NPO YTBOPEHHS G-KOMIUIEKCY, Y
sxomy H" a6o D* yTBOpIo€ icTHHHHIT 3B’ 30K 3 aTOMOM KapOOHY KiJIbIIA.
[To3uTUBHUN 3aps]l IETOKATI3YETHCS MO 1HIIMX IT'SITHU aTOMax KapOOHY
KUTBIIS 3a y4acTio p-opOitaiei, a aToMu JEUTEPito 1 TJIpOreHy po3ra-
IIIOBaHI1 B IJIONIMHI, SKa MEPICHAUKYJIAPHA /1€ TUIOIIUHN KUIBIA. Y TBO-
PIOETHCS CTPYKTYpa, aHAJIOTIYHA 10 [UKJIONEHTAIIEHIIKATIOHY, €HEPris
CIPSKEHHS B SIKOMY TUIbKK Ha 41 kJ[>k/Monb MeHIIa, HiX Yy O€H3eHy U
nopiBHioe 109 kJIx/Mob:

~H -~ H ~E
+ BN — NE T + H
T-KOMILJIEKC G-KOMILIEKC (3 . 24)
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Toit ¢akT, 10 B I[bOMY BUMNAJKY Ma€ MICIIE YTBOPEHHS JIBOX Pi3-
HUX KOMIUIEKCIB, MIJTBEPKYETHCS BIIMIHHICTIO B iX BJIACTUBOCTSX.
Tak, yTBOpEeHHS T-KOMIUIEKCY HE MPUBOJUTH JI0 CYTTEBOI 3MIHU KOJHO-
Py ¥ CYNpOBOJIKYETHCS HE3HAYHOIO 3MIHOKO CIIEKTpa, 110 CBIIYUTH PO
HEBEJIMKI 3MIHU B €JIEKTPOHHIN cTpykTypi. Y npucytHocTi AlCl; cro-
CTEPIraeThCs 3MiHA KOJBOPY A0 3€JIEHOr0, PO3YMH CTA€ EIEKTPOIPOBII-
HUM, CIIEKTp MOTJIMHAHHS OCH3EHY Pi13KO 3MIHIOETHCH.

HeoOxi1HO BIA3HAYUTH, 110 MiJ 4Yac i Ha apOMaTUYHY CIOJIYKY
TUIBKU T1APOTEHXJIOpHUAY a00 TUIbKKM KHUCJIOTH JIbtoica yTBOPIOIOTHCS
1a0UIbHI T-KOMIUIEKCH. IMOBIpHO, 10 32 OJIHOYACHOT 1X 111 YTBOPIOETHCS
nyxe cuinbHa kuciota HAICl,, mpoToH sikoi 3/[aTHUH, TOPYIIUBIIU apo-
MAaTHYHICTh, YTBOPUTHU G-KOMILIEKC. Peakiiisi Moxe 3aKIH4yBaTUCS LIS
XOM BUJIUICHHSI TIPOTOHA 3 o-KoMriuiekcy mifa yac aii AlCl; 3 yTBo-
peHHsAM 3aminieHoro Oenseny. [Ipu mpomy, SKIIO B peakiiii 0epe y4acThb
HCIl, mae micue mpoctuii 00MiH riiporeny, a y Bunaaky DCl mae micie
3aMIIIECHHS T1APOTEeHY Ha JeUTepiil.

TeopeTnuHo MOXKJIMBUN aTbTEPHATUBHUN NUISX 3aKIHYEHHS peak-
111, OCKIJIbKH G-KOMIUIEKC Mir Ou pearyBatu 3 AlCl; 3 BiamemieHHIM
Cl". Ane Takuit nursIX peaxiiii IpuBiB OM O peakIlii MpueIHAHHS 3a T0-
JIBIMHUM 3B’ A3KOM O€H3€HOBOI'O KUJIbIIS, a 1€ COPUYMHMUIIO O MOPYIICHHS
apOMATHYHOCTI CHCTEMHU, IO TMOB’A3aHO 31 3HAYHUMH C€HEPTreTUYHUMH
3aTpaTaMyd. TOMY €HEpPreTU4HO MOIUIbHINIE MPOTIKAHHS pPeakiiii Bif-
HIETVICHHS, a He npueaHanHg. Cucrema Jenokaiizallli T-eJIeKTPOHIB Bij-
HOBJIIOETHCS 1 YTBOPIOETHCS TTPOIYKT apOMATUYHOT CUCTEMH.

BapTto ouikyBaTu, 110 YTBOPEHHS G-KOMILUIEKCY MOTpeOy€e 3HAYHOI
3aTpaTu eHeprii. Aje HacmpaBil peakilii eIeKTPOPIILHOrO 3aMINICHHS
MPOTIKAIOTh 32 HEBUCOKHUX TEMIEpATyp. 3aTpaTu €Heprii Ha YTBOPEHHS
0-KOMIUIEKCY YaCTKOBO KOMIICHCYIOTBCS 32 PaXyYHOK €HEpTii YTBOPEHHS
HOBOT'O 3B’SI3KY 3 €NEKTPO(LIOM 1, TO-APYTe, NEeSIKO cTadlIi3alli€ero mo-
3UTHBHO 3apsPKEHOTO G-KOMIUIEKCY 3a paXyHOK JieJIoKaJli3allii 3apsay.

H H L H
LJE - Ife —P ) :
+ +
(3.25)

[IpaBUIIbHICTh MPUITYIIEHHS PO YTBOPEHHS G-KOMIUICKCY Mij-
TBEPAWIN IOCTIIN, Y AKX BAAJIOCS BUAUTUTH TaKl G-KOMIIJIEKCH.

CpOoroiHi BBaXKa€ThCS 3arajJbHOIMPUUHATHAM, IO PEaKIlii eIeKTpO-
(bITBHOTO 3aMIIIEHHS B apOMaTUYHOMY DSy MPOTIKAIOTh SIK JBOXCTa-
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JTIMHUN TPOIeC 3 YTBOPEHHS - 1 G-KOMILUICKCY. YTBOPEHHS T- 1 G-KOMII-
JIEKCY aHAJIOT1YHE PEeakilisiM MpUEIHAHHA B OJie(piHIB, PI3HULA MOJISITAE
TITBKM B 3aKIIOYHINA cTamii. 11 apoMaTHYHUX CHOJYK XapakTepHa
peakiist 3aMilieHHsI, 171 oJe(diHiB — MpUeTHAHHS.

Jloka3zoM IBOCTaJIMHOCTI CYKUTh TOW (akT, 110 il Yac 3aMiHU B
cyOcTpaTi riiporeHy Ha JeHTepii 1 TPUTIH 130TOMHUIN e(PEeKT MPaKTUIHO
HE crocTepiraeTbes. TOOTO MpUETHAHHS €NEKTPOPIILHOI YACTUHKHU
BIJIICTUICHHSI TPOTOHA MPOXOJATh HE OJIHOYACHO, MPHU LOMY JIIMITYIO-
YOO CTATIEI0 € YTBOPEHHS KapOOKaTiOHa 3a JBOCTATIMHUM MEXaHI13MOM,
Ie Ie He 3adimaeTbes 3B’ 130K Ar—H. JIns neskux BUMAIKIB 130TOIMHUM
e(eKT yce X CIOCTEPIraeThCs, ajie HOro BeJIMYMHA 3HAYHO MEHIIIA OYi-
KyBaHOi 32 MexaHI3MOM Sg2 1 CHHXpOHHUM MexaHizMoM. OauH 3 ¢ak-
TOPIB, 110 BIUIMBAE HA MOSBY 130TOMHOr0 €heKTy, € CTEpUUHI 3aTpya-
HEHHSL.

3okpeMa, mij yac azocnonyudeHHs: kuciaotu Hesuib-Bintepa (4-ria-
pokcuHadTaneH-1-cynbpoHoBa KHUCIOTA) 3 OCH3EH/11a30HI1EM 130TOMHUIN
e(eKT HE CIOCTePIraeThCs, TOMA1 SIK M1 Yac B3aeMOJli 3 y-cunmto (7-Tif-
pokcuHadTaneH-1,3-1ucyabPoHOBOI KHUCIOTH MOHOHATpI€BA Cib) BiH
Mae BeUuuHy 6,55. Uepe3 cTepuyHi 3aTPYIHEHHSI G-KOMILJIEKC 3 Y-COJIi
BAKKO BTpayae MPOTOH (3aTpyAHEHUN MiaXiJg oCHOBM). BBeneHHs: ocHo-
BU (TIPUMHY) 3HAYHO 30UIBIIYE MIBUKICTh YTBOPEHHS KIHLIEBOTO MPO-

AYKTY.

OH
. O
—N,'Cr
“ @ ’ HCI @
303 SO4H
SO3Na SO3H
\ N, Cl N
oo
8 = e
“OH

(3.26)

MexanizsM Sgl I apOMaTUYHUX CHUCTEM 3YCTPIYAEThCS JYyXKE
piako. Takuii MeXaHi3M MOKJIMBUH TUILKH B TOMY BHUIIAJIKY, KOJH Mae
MICIIE BiAIICIICHHs aToMa KapOoHy (peakiiii 1eKapOOKCHIIFOBaHHS apo-
MaTUYHUX KUCJIOT 1 JIeKapOOHTIOBAaHHS apOMaTUYHUX ajibJIeTiAiB) a00 B
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MPUCYTHOCTI JIy’K€ CUJIbHOI OCHOBU. BiH BKJItO4a€ JIBi CTajli 3 IpOMIiXK-
HUM YTBOPEHHSIM KapOOaHIOHY i HACTYMHOIO aTaKOI0 €JIEKTPODIIOM.

KnacuuHumu mpukiagamMu peakiiil eJxekTpo@iIbHOTO 3aMilleHHS
JUTSI apOMAaTHYHHMX CHCTEM € peaklilii TaloreHyBaHHA, CyiIb(yBaHHS,
HITpYBaHHS, alKidyBaHHS U amwinoBaHHsa 3a DpineneMm—Kpadrcom,
a30CIOTyYCHHS.

3.3.4 MexaHi3Mm peakuiil HyK/J1eo(QLIbHOI0 3aMillleHHS B
apOMaTHYHHUX CHCTEeMAaX

OCKUIBKM THUIIOB1 peakilii eJeKTpodUIbHOTO 3aMillleHHs] B apomMa-
TUYHUX CHUCTEMaxX BHM3HAYAIOTHCS HASBHICTIO 7-€JIEKTPOHHOI XMapH,
MOYHA OYiKYyBaTH, 110 B TPUCYTHOCTI CUJIbHUX €JIEKTPOHOAKIIEHTOPHUX
3aMICHHKIB, SIKI BIATSATYIOTH €JIEKTPOHHY TYCTUHY, MOXKJIMBa aTaka
KUl Hykieodinom. JlificHO, T 4yac CIUIaBICHHS HITPOOCH3EHY 3
MOTALIEM Ha MOBITP1 YTBOPIOETHCS o-HiTpoq)eHOJI

+OH OH

NO, No2 E SN0, (3.97)

Hitporpyna 3matHa ctaOini3yBaTH BIJ €MHO 3aps/PKEHHUN Mpo-
MDKHHUH KOMIUIEKC 1, 110 OUTBIN Ba)XJIMBO, MEPEXITHUIM CTaH, JJIsl SKOTO
sl CTPYKTypa CIYXUTh MoJesuIo. Taka crabimizaiiss OyJe MaTu Micie
3a YMOBH, SKIIO 10H TIIPOKCHIY TMPHEAHYETHCS B opmo- abo napa-
NOJIOKEHHAX, 1 OyJe BIACYTHS y BUMNAAKy Mema-TipueaHanHs. He3Ba-
’KaI04uM Ha PO3MIPHU CYCIAHBOIT HITPOTPYIH, IepeBara HaJaeThCs aTaill B
OpmO-TIOJIOKEHHSI, OCKUIbKM IHAYKIIMHUN e(EeKT HITPOrpynu Kpaile
NPOSIBIISIETHCSA HA HE3HAYHIN Bigjgani. Y pasi BiICYTHOCTI OKHMCHIOBaYiB
3a BHUCOKOI TeMIepaTypu caM HITPOOCH3E€H MOXeE HISTH K OKHCHHK, 3
epexoJIoM HOro B a30KCHMOEH3EH, IO BIJAMOBIIHO 3HUXYE BHUXIJ]
I[IJTbOBOTO TIPOIYKTY.

KnacuuHuM npUKIagoM HYKICO(UIBHOIO 3aMillleHHS € peakiiis
Yiyi6abiHa (B3aemonis mipuauny 3 amigom HaTpito NaNH,). ITpu npomy
YTBOPIOETHCS O-aMIHOMIPUAMH.

O O LI
TNH, Hy

NZ O NH;
(3.28)
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Peaxiii Hyki1€o(pUIBHOTO 3aMillleHHS B apOMaTUYHUX CIOJYKax
OiMbII XapaKTEepH1 IS 3aMillleHHsT aTOMIB, BIIMIHHUX BiJ TJIpOreHy, i
IPYIH, 0 BIAMIETUTIOIOTHCS, BIIIIISAIOTHCS JIETIIe, HDK T1ApHUI-aHIOH.
Take 3aMilieHHS MO’KE€ MPOTIKATH SIK 3a MexaHi3MoMm Syl, Tak i
SN2ap0MaT-

KiracuaauM npukiiagoM peaxiiii, o IpoTikae 3a MmexaHisMoM Sy,
€ 3aMIIIECHHS B COJIIX I1a30HIIO:

RO AroH + H
AI’N2+ HOBKIIBHO: AI’+ +MeOH ArOMe + H
N2
— > Arl (3.29)

JliMiTyr04OIO0 CTafi€r0 B LIl peakilii € BIIUEIUICHHS a30Ty Bl
Tia30HIM-KaTiOHA, 3 HACTYMHOIO IIBUKOI PEAKIIEI MIX apuii-KaTio-
HOM 1 HYyKJI€o(]iJIoM, siIKa HE 3aJIeKUTh Bl KOHIEHTpaIlli HykiIeodity.
binbmia KUIBKICTh peakliil MepeTBOPEHb COJEH [1a30HII0, OCOOJIMBO B
C1a0OMOJIIPHUX PO3YMHHUKAX, OJIHAK, TMPOTIKAE 3a PaAUKAIBHUM
MEXaHi13MOM.

3.3.5 MexaHi3m peakuii NpUEIHAHHS

[IpuennanHss 10 MOABIMHOTO ab0 MOTPIMHOIO 3B’S3KY MOXE IMPO-
XOJIUTH 32 YOTUPMA OCHOBHUMHM HalpsMKamu. Tpu 3 HUX SIBISIIOTH CO-
0010 JIBOCTAa/IIHI MPOLECH, Y SKUX Meplia CTajlisl — aTaka eIeKkTpoduly,
Hykieoiny abo pagukany. pyra cranais moJysirae B peKoMOIHaIli 1H-
TepMeJlaTy BIAMNOBIIHO 3 B1JI’€MHOIO, MO3UTHUBHOK a00 HEUTPAIBHOIO
JacTHHAMU. ¥ MEXaHi3M1 YETBEPTOro TUITy aTaka Ha JIBa aTOMHU KapOOHY
MOABIMHOTO a00 MOTPIMHOrO 3B’A3KY MPOXOJUTH OJHOYACHO (MEpilUK-
JiyHe npueaHanHsA). Peanizailis KoXKHOTO 3 MOKIIMBUX MPOIIECIB Y KOHK-
PETHOMY BUIIAJKy BHU3HAYAETHCS MPHUPOAOI0 CyOCTpaTy, peareHty i
YMOBaMU MIPOBEJICHHS PEAKIIi.

[1ix yac mpueaHAHHS 10 TOABIMHOTO KapOOH-KapOOHOBOI'O 3B’ SI3KYy
HAsSBHICTh pP-CICKTPOHHOI TYCTHMHU TMPUBOAUTH N0 MiABUILECHOI peak-
IIMHOT 3JaTHOCTI MOXIJIHUX eTuiIeHY. OCKIJIbKU p-eeKTPOHHU JErKO10C-
TyIHI, MOXHa OYIKYBaTH, II0 BOHU OyAyTh BIJIIrpaBaTU E€KPaHYIOUy
pOJIb M1 Yac aTaku HYKJICO(UIbHUX peareHTiB. XapakTepHOIO JJIS Ta-
KHX CHCTEM € peaKilisl, KOJU PEarecHTOM BUCTYIAIOTh €JIEKTpOHOAEdI-
utHI yactiuakd, X 1 X (pamuMKamy TeX MOXKHA PO3IIISAIATH SIK €JICKT-
poHOACHINMUTHI YaCTHHKH). TOMYy IJIs peakilii mpueaHaHHS 10 MOJB1i-
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HOTOo KapOOH-KapOOHOBOI'O 3B’SI3KYy OUIBII XapaKTEPHUM € E€JIEKTPO-
bibHe TpUeIHAHHS. Y pasl peaizallli [bOro MeXaHi3My J0 MOABIMHOTO
a00 MOTPINHOTO 3B’SI3Ky HAOJIMKAETHCS MO3UTHUBHA YaCTUHKA, 1 HA TIEp-
i cranii mpoXOAUTh YTBOPEHHS 3B’SI3Ky 4Yepe3 MEePEeTBOPEHHs Mapu
€JICKTPOHIB T-3B’SI3KY B G-3B’A30K:

N J/ | +

Noaasy 1 c=c + XX —> X—C—C—
N |

|« |

Noagy2 x—Cc—C— + Y —— X—C—C— Y
I | (3.30)

Sk 1y BUNAAKY €IeKTPOPIILHOIO 3aMilieHHd X He 000B’SI3KOBO
NOBUHEH OyTH MO3UTUBHUM 10HOM, & MOXE SIBISTH COOOI0 MO3UTHBHY
YACTUHY JUIIOJISL, IPUYOMY HETaTUBHO 3aps/IK€Ha YACTUHKA BIAILIEILIIO-
€ThCsl a00 Ha mepurii craaii, abo BiApaszy micis il 3aBeplIeHHA. Y Oy/b-
SKOMY BHIIQJIKy NMPOMIKHHUI KapOOKaTIOH Hece MO3UTHUBHUM 3apsl Ha
apyromy atomi kapOony. Ha npyriil crasnii kapOOKaTiOH CHOMy4aeThCs
13 YAaCTHHKOIO, SIKa HECE Mapy EJEeKTPOHIB, 1 TOMY Ma€ HEraTUBHHIA
3apsn.

MoxHa O0ysio 6 OUiKyBaTH, 1110 MIPUETHAHHS TAJIOTEHIB J0 MOJIBiM-
HOT'O 3B 43Ky TTOBUHHO MPOXOJUTH SIK MPOCTUN OJHOCTAIIMHUN TTpOILIeC.
Ane OyJo BUSBIEHO, 110 NMPHUEIHAHHSA, HApPHUKIaa OpoMy, MPOXOIUTH
crepeocrnenndiuHO 3 YTBOPEHHSIM HE yuc-, a mpauHc-130MepiB. A npue-
HaHHA TaJIOreHy B MpucyTHocTi Hykieoduns, Takux sk Cl, NOs , H,0,
NPUBOAUTE IO YAaCTKOBOTO IMPHUEAHAHHS O OJHOIO 3 aTOMIB KapOOHY
HyKJIeoDiTy:

X Z
N 7 Xy, Z | | | |
/C_C\ —_— —C—C— + —C—C—
| |
X X
(3.31)
3 ypaxyBaHHSAM IIUX (PaKTOpIB BBaXKarOTh, IO MPUETHAHHS TPO-
XOAUTh K CTYNIHYATUN TPOIEC, IKUM 1HIIIOETHCSA MTO3UTUBHUM KIHIIEM
MOJIEKYJI OpoMYy, siKa TIOJISIPU3YETHCS MiJ €0 p-eeKTPOHHOT T'YCTUHH
MOABIMHOTO 3B’ 3Ky a00 MiJ J1€10 KaTali3aTopiB:
Br-Br + AlBr; — Br-Br-AlBr;
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Ne” Ny hYed C—B
B r - ' —Loer
(ll: —L, | Br—Br —B_> |+,, Br +_Br> |
C -br C? Br— C—
AN
7/ / N\ / N\ |
(3.32)

VY pe3yabTaTi NMEPBUHHOI B3aEMOII OpOMYy 3 p-€JIeKTPOHHOIO
XMapoK MOJIEKYJIM OTPUMYIOTh MEPEXIAHUN KOMIUIEKC, 3 SIKOIO yTBO-
PIOETHCS KapOOKATIOH, Y SIKOMY aTOM Opomy 3B’s3aHHMI 3 KapOOHOM C-
3B’s3k0oM. IIpoliec 3aBepiIyeTbCsl aTakow OpoMija-aHIOHA, SKa MPHUBO-
IUTh 10 YTBOpEHHs AnOpomiay. KiHeTu4H1 JaHi BKa3yroTh, IO JIIMITYIO-
YO0 CTAJIIE€I0 MPOIIECY € YTBOPEHHS KapOOKaTIOHY, TPUETHAHHS OpoMi-
aHlOHA MPOXOAMTH MIBUAKO. TOMY B IMPHUCYTHOCTI IHIIMX HYKJIEOQLIiB
MOJIMBE YTBOPEHHS 3MIIIAHUX MPOAYKTIB. Y 3B 3Ky 3 THUM, 110 OpOM €
JOCTaTHHO O0’€MHUM 3aMICHHUKOM, aTaka 33ajJy MpOTIKae Jermie, IIo
MIPUBOJIUTH 10 YTBOPEHHS MpaHCc-130MEPIB.

byno nokazaHo, 110 mij 4ac MpUEIHAHHS TaJlOre€HIB 10 MOX1THUX
allETUWICHY TEX MEPEBAXKHO YTBOPIOIOTHCS MpaHC-130MEpH, CIIBBiIHO-
IIIEHHS KIJIBKOCT1 mpaHc-13oMepa J10 yuc-i3omepa 7:3.

OCKUIBKH JIMITYIOUOIO CTaAIEI0 € MPUETHAHHS NIEPLIOTO raJIOreHy,
MIBUAKICTh SIKOTO BHU3HAYAETHCS BEIUYMHOIO p-C€IIEKTPOHHOI XMapH,
MO>KHa OYIKYBaTH, 1110 BBEJICHHS €JIEKTPOHOJIOHOPHUX 3aMICHUKIB Oyne
30UJIbIIYBATH MIBUJIKICTh PEAKIIii, a BBEJCHHS €IEKTPOHOAKIICNITOPHUX —
3MEHIITYBaTH.

JInst HyKI€eo(p1IpHOTO 3aMIILEHHs CUTYyallisl 3B0poTHa. Lls peaxiis
Kpallle MPOXOAUTH 13 cyOcTparamu, siKi MICTSITh TPU a00 YOTHUPHU E€JIEKT-
POHOAKIENTOPHI TPYNH, Cepell SKUX HalOUIbll momupeHi Quyop Ta
[iaH-rpymna. BrjiuB 3amMiCHUKIB HACTIIbKM 3HAYHUH, 110 MOXHa CTBEp-
JUKYBaTU: MPOCTI oediHM HE pearyroTh 3a HYKICOPUILHUM MeXaHi3-
MOM, a MOJIIraJOreHo- 1 MoiliaHoo0JIeiHN HE BCTYMAIOTh Y peaKilii, sSKi
Uy Th 32 eNeKTPO(UIBHOMUM MEXaHI3MOM.

CyOctparu, siki MICTSITh MOTPIHI 3B’ A3KH, K MPABUIIO, OUIBII Mif-
JaTJIMBI 10 HYKJIEO(UIbHOT 1 MEHII — eNeKTPO(DUIbHOI aTaku, MOPIBHSIHO
3 MOJBIMHUMU 3B’SI3KaMM, HE3BaKalOuM Ha OUIbII BUCOKY E€JIEKTPOHHY
IYCTUHY B aikiHaX. Takuil (pakT MOSICHIOIOTh TUM, IO EJIEKTPOHU IO-
TPIAHOTO 3B 53Ky YTPUMYIOTHCA OUIBII MII[HO Ye€pe3 MEHIIY BiJICTaHb
MDK aToMaMHu KapOOHYy, TOMY eJIeKTpouly Ba)xye BIJIpBaTU Mapy
€JIEKTPOHIB BiJl TAKOTO 3B’SI3KY.
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BinbHOpagukaibHe PpUETHAHHSA MOXKE MPOXOJAUTH 13 cyOcTparamu
Oynb-sikoro Tumy. ['osoBHUN (akTOp TYT — HASIBHICTh BUIBHHUX paJu-
KanmB peareHty. Jleski pearentu, Hampukian HBr, RSH, 3uuaiino
aTaKylOTbh 3a I0HHUM MEXaHI13MOM, ajie¢ B MPUCYTHOCTI 1HIIIATOPIB BLIb-
HUX paJIMKaJliB MEXaHI3M 3MIHIOETHCSl 1 BiJIOYBA€THCS MPUETHAHHS 32
BUTbHOPAAMKAILHUM THIIOM.

VY pa3i npuegHaHHS HECUMETPUYHUX PEAreHTIB 10 HECUMETPUUHUX
CcyOCTpaTiB BUHHMKA€E MUTAHHS: 3 SIKOTO OOKY MOJBiMHOro abo moTpiii-
HOTO 3B’SI3KY MPHUETHYETHCS TOM YW IHIIUKA (PparMeHT peareHry. ¥ BH-
najKy eaeKTpodiabHOI aTaku BIANMOBIIb Ha II€ MUTAHHS JA€ NPABUILO
Mapxkosnikosa: MO3UTUBHO 3apsiPKEHA YaCTUHA PEareHTY MPUEIHYEThCS
70 TOrO aToMa MOJABIMHOTO ab0 MOTPIMHOrO 3B’SI3KY, 3 SIKUM 3B’SI3aHO
OinbIIe aTOMIB Tigporeny. Jlis Takoi perioceeKTUBHOCTI OyB 3amporno-
HOBAaHUM PsIJl MOSCHEHB, HAWOLIBII IMOBIPHE 3 SIKUX TOJISITAE B TOMY, 1110
X" mpuenHyeThca Tak, MO0 yTBOPHMBCSA HAOINBII CTaOimbHMI Kap6o-
KaTioH. Tak, JJIs aJIKIIbHOI TPy BTOPHMHHI KapOOKaTIOHU CTaO1IbHIIIII,
HDXK IIEPBUHHI:

X X
R\ ~H +Xx* + |+
,c=¢  —— R—C—C—H > R—C—C—H
H H | |
H H H H (3.33)

[IpaBuso MapkoBHIKOBa CHpaBeJIMBE W IS TajloreH3aMileHUX
HEHACUYCHUX CIOJYK, OCKUJIbBKH TaJOTeHH CTaOUII3yI0Th KapOOKaTIOHU
PE30HAHCOM:

X X X
C\ oH +x7 + | + I |+
C=C\ — | CHC—C—H =— CE=C—C—H | > CHC—C—H
H” H | | |
H H H H H H
(3.34)

Jnst onediHiB, K1 MICTATh CUJIbHI €JIEKTPOHOAKIENTOPHI TPYyIH,
npaBwio MapKOBHIKOBA MOK€ mMopyinyBatucs. Hampuknan, araka Ha
Me;N*—CH=CH, 3a mpasunom MapKoBHiKOBa TIpHUBE/E A0 i0HA, SKHii
Ma€ MO3UTUBHI 3apsiAv Ha JBOX CYCIJIHIX aTOMaXx.

Hanpsimku ataku B HyKJI€O(PIIbHOMY NMpPUETHAHHI BUBYEHI MAJIo,
KpIM peakiiii npueaHanns 3a Mixaenem o cnonyk tuny C=C—Z. Tyt
3apsA/IP)KEHAa YaCTUHKA PEAareHTy 3aBXIU PETIOCEIEKTHBHO aTaKkye aToM
KapOOHY MOJABIMHOTO 3B’A3KY, KM OUIBINI BiAalieHui BiJ Z (CHIBHOTO
CJICKTPOHOAKIETITOPA):
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C;Hs00C 20 5 CaH00C 0
. CH, + CH2=CH—C\ /CHCH2CH2C\
C,Hs00C H C,Hs00C H
(3.35)

VY peakiigx BUIbHOPAIUKAIBHOTO MPUEHAHHS OCHOBHUMN BILIMB
BUABJISIIOTH cTepuuHi (akTopu. Yci cyoctparu tuny CH,=CHX mnepe-
BaXHO miggaroThes araiil no CH,-rpymi HezanexHo Bij npupoau X i
peareHTy. Y pasi Takoro peareHty sk HBr BuibHOpagukaibHE TpUENT-
HaHHS MPOXOJIUTh yCynepey npaBmry MapKoBHIKOBa.

3.3.6 MexaHi3m peakuil BialenjaieHHs

Peakiiissmu BIJIIETIICHHS Ha3UBAIOTHCS PEaKIIii, Mij] yac SKUX 3 BH-
X1AHOT MOJEKYJTH BUIAISIOTHCS JBa aToMu abo ABI rpymu 0e3 3ami-
IIEHHS 1HIIMMH aTOMaMH YW rpynamMu. Y OUIBIIOCTI TaKUX PEeaKIlii
aToMu ab0 TPYINH BIAMICTUTIOIOTHCS BiJ JBOX CYCIIHIX aTOMIB KapOOHY
(mpudoMy BIJI OJIHOTO BIAIIEIUTIOETHCS MPOTOH, a BiJ APYroro HyK-
neodu1), 1 MDK IMMUA aTOMaMU yTBOPIOETHCS KpaTHUM 3B’ 30K (TTOJB1ii-
HUW a00 MOTPIMHUI).

JoOpe Bijoma peakilisi BIJAIICTUICHHS TiAporeHrajioreHiay (aerim-
pOTAJIOTEHYBaHHS), SIKa KaTali3yeThCsl OCHOBAMHU, BiJl aJIKIJITaJIOTEHIIiB;

OH

RCH,CH,Hal —_— > RCH=CH, + HHal (336)
a0o neriaparailisi CIIUPTIB, KA KaTadi3yeThCsl KUCIOTAMU:
+
RCH,CH,OH —H=  RCH=CH, + H,0 (3.37)

[Ipu peakiii B-BiAlIEIUIEHHS aTOM KapOOHY, Bl SKOTO Bifllemn-
JIOEThCS HYKIEe0(D1JI, HA3UBAIOTh 0-aTOMOM KapOOHy, a KapOOH, SIKUi
BTpaydae MpPoTOH, — 3-aToMOM KapOOHY.

Bigomi Takox peaxiiii, py SKUX JB1 TPYMH BiAIICTUTIOIOTHCS BiT
OJIHOTO aTroMa KapOoHy (o-BIALICIUICHHS) a00 BiJl atoMa KapOoHy W
CYCIJIHBOT'O T€TepPOaTOMY:

R—CH—OH ——— R—CH=0
| -HCN

CN (3.38)

Peaxiiii BiIIEIJICHHS MOXYTh MPOXOJUTH SIK 32 MOHO-, TakK 1 3a
OIMOJIEKYJIIpHUM MeXaHi3MoM. BiamoBiaHo 111 peakiiii mo3HadaroTh El 1
E2. V pa3zi mexanizamy El, sk i y Bunajgky mexaniamy Syl, HIBUJIKICTD
peakiIlli 3ajJeXuTh TIIBKU BiJ KOHIIEHTpalii cyocTpaTy, TOOTO B JiMi-

| 85



Mexanizmu opeaniuHux peaxyiu

TYIOUiil cTajii OepyTh y4acThb TIJIbKU MOJIEKYJIH cyocTpaty. Tak, y BU-
MaJIKy peakilii 3a y4acTiO OpOMHUCTOr0 €THJY, HIBUAKICTH IMPOIECY €
(aKTUYHO MIBUIKICTIO YTBOPEHHS KapOOKaTiOHy, IO BXOJIWUTH 10
CKJIaJly 10HHOI Mapu:

MesCBr —= Me,C + Br~ (3.39)

3a 11i€10 CTaJi€r0 MOXKE CHIIAYBaTH IIBUAKA aTaka 1HITUMU KOMIIO-
HEHTAMH CHCTEMH, HaIPUKIAJ, TIAPOKCHUA-aHIOHOM ab0 MOJEKYJO0
BOAM. SIKIO MpH aTarli peareHTH JII0Th K HYyKJIeOo(1Iu, TOJAl MaE MICIIe
peakiis 3aminieHHs. Konau & peareHTH NOit0Th SIK OCHOBU (TOOTO SIK
JOHOPU EJEKTPOHHOI MapW MO0 TIIPOTEHY), Y LbOMY BHIQAKY
pe3yabTaTOM peakilii Oyae BIAIMICTUICHHS MPOTOHA BiA f-aTomMy KapOoHa
3 YTBOPECHHSIM AJIKEHY:

| +,Me  +OH
H— C—C —_— CH2= CMEZ
| NMe  -H0
H (3.40)

OueBUAHO, IO YMOBH, SIKI COPUSIOTH MPOXOKEHHIO PEeaKIlii 3a
MexaHi3MoM Sy1, OyAayTh CHOPHUATH ¥ IPOXOJKEHHIO peakilii 3a Mexa-
HI3MOM E;, OCKUIbKM B 000X BHNaJKax BU3HAYaJIbLHOK CTAJIIE€I0 € YTBO-
pEeHHsI KapOOHIEBOTO KaTioHA. BiIHOIIEHHS MOHOMOJIEKYJIPHOIO BiJl-
MICTIJICHHS 10 3aMiIlICHHS 30epIraeThCsl Maike TOCTIMHUM JIJIsl TAHO1 aJi-
KUIBbHO1 TPYIH, HE3aJIEKHO Bl TOrO, SKa Tpyla BiAIETUTIOETHCS Y BH-
ISl aHioHa. 3BIJICH BUTIKae, 1m0 peakii E; 1 Sny; € moB’s3anumMu i
KOHKYPYIOUHUMH, a MPOMDKHUM TMPOIAYKTOM € KapOoKaTioH. AJie 3MiHa
CTPYKTYpHM aJIKJIBHOI TPYNHM CYTTEBO 3MIHIOE CIIBBIAHOIIEHHS 3aMmi-
IMICHHS 1 BIAUIEIUICHHS. Po3ramyxeHHs npu [-aToMmi crpusie BiJIIen-
nennto 3a El. Tak, y Bunaaky MeCH,CMe,Cl yTBOpro€Thcs TUIbKH
34 % ankxeny, Tomi sk mis Me,CHCMe,Cl Bxe 62 %. Takuii edekr
MOKHA MOSCHUTH CTEPUUHUMU MMPUUNHAMU.

3a mexani3MoM El mpoTikae TakoxK peakiiisi Aeriapartalili CupTiB,
sKa KaTaT3y€e€ThCs KUCIOTAMU:

H

Me3sC-OH —— ! Me3C-dI-H2 —_— M83C+_+> Me,C=CH,

“H0 H (3.41)

VY Bumnanky Mexadizmy E2 mBUAKICTH BIJUICTIJICHHS, HAMPUKIIA
T1POTEH TaJIoreH1 Iy BiJ rajJoreHaaKiIy, 3aJeKUTh BlJ KOHIIEHTpaIIii ra-
JIOTEHAJIKIITY M TiapoKcHa-aHioHa. 110 3a1eKHICTh MOKHA IOSCHUTH
THUM, 110 BiJIIEIUICHHS MPOTOHA BiJl f-aToMa i J1€F0 OCHOBH Bi1J10yBa-
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€TbCA OJHOYACHO 3 BIAIICIUICHHSIM TaJIOT€HIA-10Ha BIJ o-aToMa
KapOoHy:
HO™ + H-CHz-CHz-Cl — Hzo + H2C:CH2 + CI” (342)

Toit daxT, mo JIMITYIOUOI0 CTaJI€I0 MPOIECY € PO3PHUB 3B’SI3KY
C-H, noBeneHO HASBHICTIO IEPBUHHOIO KIHETHYHOTO 130TOITHOTO
edexTy, SIKUM CIOCTEepIiracThCs MpHU 3aMiHl aToMa MPOTiH0 Opu -aTomi
KapOOHY Ha aTOM JIEUTEPIIO.

Peaxmii BigmenieHHs, sSKi MPOTiKalTh 3a MexaHisMoMm E2, crepeo-
cietriyHi: BOHM NPOXOJATh 3HAYHO MIBUJIIIE, SKIO TPYIH, 10
BI/IIICILIIOIOTHCS, PO3TAIIOBaHI B MpaHCc-TI0JIOKEHHI OJIHA 0 1HIIO].

VY BUNAJIKy T'€KCAXJIOPUUKIOT€KCaHy OJMH 3 130MEpPIB BIJIIEILIIOE
HCI na 4 nopsiiku NOBUIBHIIIE, HIXK 1HII 130MEPH, IPUUOMY 1IeH 130Mep
BIIPI3HAETHCS BiJ IHIIMX THM, II0 HE MAa€ >KOJHOI Mapu TPaHC-PO3-
MIIIEHUX TaJOreHIB. AHAJIOTIYHA CUTYaIllsl CIIOCTEPIraeThCsi, KOJIU Tpy-
MY, 10 BIAMICTUTIOIOTHCS, MPOCTOPOBO 3a(ikCoBaHI MOABIMHUM 3B’S3-
koM. Tak, Bimmermiennss HCI mpoTtikae 3Ha4HO jermie st xjaopdyma-
POBOI KUCJIOTH, HIXK JUIsl XJIOPMAJIETHOBOI:

CI—C—COOH . C—COOH Aacedt H—C —COOH
eaael ; B ||
HOOC—C —H -HCl C—COOH -HCI Cl—C—COOH
xJoppyMapoBa KACIOTA XJIOpPMaJIETHOBA KUCIIOTA
(3.43)

bararo peakiiii BiAlIETJICHH, SIKI KaTali3ylOTbCS OCHOBAMH, JJis
QJKIJTAJIOTEHIIIB 1 OHIEBUX COJIEH MOBMHHI MPUBOJUTHU IO YTBOPEHHS
pi3HUX aikeHiB. CHiBBIIHOWIEHHS, Y SKOMY ()AaKTUYHO YTBOPIOIOTHCS
aJIKEHH, 3AJIE)KUTH BIJI;
1) BiZHOCHOI JIETKOCTI BiAIIEIIJICHHS IIPOTOHA;
2) NOCTyIHUX aJbTEPHATHBHUX [-TI0JI0KCHB;
3) BiIHOCHOI CTa0IILHOCTI MEPEXiAHOTO CTaHY;
4) crepuuHux (HakTOpiB (PO3MIpy OCHOBH ¥ TpymH, IO BiIICH-
JIIOETHCS).
VY3aranbHEeHHS €KCIIEPUMEHTAIBHUX JAaHUX MPUBENIH 10 JBOX Mpa-
BUJI. 3T1IHO 3 IpaBUIIOM 3alilieBa, SIKE CIIpaBEJIMBE IS BIAIICTIIICHHS B
aJKUIraJoreHijiax 1 CnupTax, Ma€ MiClie NMepeBakKHE YTBOPEHHS aJIKEHY,
AKWW Hece O1IbITY KUTBKICTh alKiIbHUX rpym. [IpaBuio 3aiiieBa mosic-
HIOETHCA TPETIM (HAaKTOPOM, TOOTO BHINOK CTAOUIBHICTIO BTOPUHHOTO
KapOOKaTiOHA:
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CHs
| KOH, C,HsOH, 25°C + ,CHs
CH3CH,—C—CHgj4 > CH3CH,—C N
| -KBr CHs
Br
+C2H5OH _H+
T
CH3CH2—CI:—CH3 CH3CH= C(CH3)2 CH3CH2—CI:=CH2
66% OC,Hsg 27% %  CHj

(3.44)

3rigHo 3 npaBuiioM 'opmana, sike crpaBeIuBe OiIbIle JJIs OHI€E-
Bux cronyk ('NRy4, "SR3), Mae Miciie mepeBaskHe yTBOPEHHS MEHIII CTa-
OLTBHOTO aJIKeHY, SIKMI HECE MEHIIY KUIbKICTh aJKUIbHUX Ipyn (TOOTO
a-onediniB). Tak, mpu HarpiBaHHI mpem-OyTUICTWIIUMETUIIAMOHIIO
YTBOPIOETHCA, TOJIOBHUM YMHOM, €TUJIEH, & HE MPOIIJICH:

CI:H3 — (CH3)3CN(CH3)2 + CH2= CH2
+ - 0
(CH3)3C_ |I\|_ CH2CH3 +OH|_,| 1050 C 99%
-2
CH3 S CH3CH2N(CH3)2 + (CH3)2C= CH2

1%
(3.45)

[le MOXHA MOSICHUTH, BUXOASYM 3 mepuoro ¢gakropa. [HIyKTHB-
HUN €(DEeKT METUIILHOI TPYNH B MPOMIJIBHOMY 3aMICHUKY TOHMXXYE 3/1aT-
HICTh JIO BIJIIIEIUICHHS aTOMIB T1JIPOTE€HY, K1 3B’s3aH1 3 [3-aTOMOM Kap-
OOHy LILOTO 3aMiCHUKA. B eTWsibHOMY 3aMICHUKY MOJIOHUI e(eKT Bia-
CYTHIH 1 IOUUIBHIIINM € BIPUB MPOTOHA BijJ f-aToMa €TUJILHOIO 3aMmic-
HUKa. TakuM YMHOM, MOKHA BBa)KaTH, IO MPH BIAMICTUICHHI 3a Mpa-
BUJIOM 3aiilleBa HAOIbII BAXJIMBUMU € €PEKTH COPSIKEHHS alKITbHUX
IpyI, TOAl SIK P BIAIICIUICHH] 3a npaBwioM ['odmaHa mepeBaxaroTh
1HIYKTHBHI e(eKTu. 301IbIIeHHST poJli CTEPUYHUX (HAKTOPIB (pO3Mipy
IPYIH, 10 BIAPUBAETHCS, 1 PO3rady>KEHOCTI BUXIAHOT CIOIYKH) MPUBO-
TUTH 710 30UIBIIICHHS POl BijIeruieHHs 3a ['opmaHoM.

Peaxuii o-BiAIIENJIEHHS] 3YCTpPIYalOThCs pijiie. BimoMum mnpuk-
JaJI0M TaKo1 peakiiii € TiApodii3 XJIopodopMy il €0 CUILHOI OCHOBHU:
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(Y x Cl _
HO + H-G>Cl =—= ~cCl; —> CI +:CCl,
RN -H0
Cl
) +H,0 +HO -
:CCl, & CO ——> HCOO (3.46)

[TouaTkoBa aTaka TiIPOKCUA-aHIOHOM TiAPOreHy, a He KapOoHY,
3YMOBJICHA €JIEKTPOHOAKIIENITOPHOIO JIEI0 aTOMIB XJIOPY, AKa MIABUIILYE
KUCJIOTHICTh TiAporeHy. PyXJIMBICTH TiAPOTreHY MHiATBEPKYETHCS JIer-
KICTIO 130TOIMHOT0 OOMIHY T1APOreHy Ha AeUTepiil.

3.3.7 llepuuukIIiyHi peakuil

Jlo uporo THUMy peakilii HajexaThb peakilii, y sSKhuX nepedyaoBa
cuctemMu opOitanedl BiIOYBa€TbCI B €IUHOMY 0araTOUEHTPOBOMY
HUKITYHOMY TIEPEX1THOMY CTaHi:

b—-¢ b- - bc
a d . C._
| a d 2’ \d

: e

"g—r° h“g"'f"e h\gf/ . (3.47)

3a XapakTepoM YTBOPEHHS MPOIYKTIB NEPUIUKIIYUHI pPeaKIli
HallyacTille HAJIeKaTh JI0 peakliil mpueaHanHs, pparmMenTarii (Biamen-
JIeHHs) 1 neperpynyBaHHs. [IepUIMKIIIYHI peakiiii TpoXoasiTh MePEeBaXK-
HO SIK TepMI4HI1 (T1J Ai€r0 HarpiBaHHs) a0o GoTOXiMIYHI.

KitacuuyHuM npukiiagoM NepUIMKIIYHOI peakilii € peakiis Jlinbca—
Anbaepa. PosrnsHemo 11 Ha mpukianl B3aemoxii 1,3-OyrtanieHy 3 Ma-
JIETHOBUM aHT1JIPUJIOM.

@) @)
( I I
+ —_— @)
N ICO |
Il Il
0 0 (3.48)

Y upomy BUIMAAKY Mae wicue 1,4-TipueaHaHHs, SKe MPOXOJAUTH
yepe3 IMUKIIYHUN TepeXiAHUM CTaH 1 NPUBOJMUTH 10 IHUC-TIPUEIHAHHS.
HasiBHICTh €JIEKTPOHOJOHOPHUX 3aMICHUKIB y OyTali€Hl ¥ eJleKTpo-
HOAKIIENITOPHUX Yy MaJCIHOBOMY aHT1IpUJIl MoJierimye peaxiito inbca—
Aunbnepa. BiicyTHICTh €IEKTPOHOAKIIENITOPHUX 3aMICHUKIB y JieHOD1LI
MPaKTUYHO 3yNHUHAE peakiito. KpiMm MaleiHOBOTO aHTIIPUIY SK 1€HO-
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G171 MOXKe BUCTyNaTu n-OCH30XIHOH, aKpOJIeiH, JIETUIIOBUI ecTep alie-
TUJICHIUKapOOHOBOI KUCTIOTH.

B niteparypi po3risnarTh TPU MOXKIMBI MeXaHI3MH peakiii Jinb-
ca—Anpaepa. 3riAHO 3 MEPUIMM, Peakilis MPOXOIAUTh K JBOCTAINHUN
poIec, MPUYOMY Ha MEpIIiid cTajii 3a paXyHOK IeTepOIITUYHOIO YTBO-
peHHst HOBOTO 3B 513Ky C—C yTBOPIOEThCS OIMOJISPHUIM 10H (LIBITTEP-10H):

= @Y
+ —_— ! B  —
\ N (3.49)

3riiHO 3 JAPYTUM MEXAHI3MOM, YTBOPEHHSI HOBOTO 3B’SI3KYy MPO-
XOJIUTh 32 PaXyHOK TOMOJIITUYHOTO TMPOIeCy, 1 Ha MepIiil cTajii yTBo-
PIOETHCS OipaauKalIbHUN IHTEpPMEIiaT:

=

= L
\ ' (3.50)

VY BUMNAAKYy UBITTEP-I0HHOTO U OipaJMKaJIbHOTO MEXaHI3MIB IepIiia
CTafis Ma€e OyTH JIIMITYIOUYOI0, OCKUIBKUA PEKOMOIHAIlIS 10HIB MPOTUIIEHK-
HOTO 3apsily Yd BUIBHUX PAaJUKaIIB Ma€ MPOXOAUTH AY>KE IMIBHIKO.

3riIHO 3 TPETIM MEXAHI3MOM, peaKkilis MPOXOJIUTh B OJIHY CTaIilo
yepe3 NepexiJHui CTaH HUKIIYHOI Oy/noBU. LIIicTh m-€JIeKTPOHIB yTBO-
PIOIOTh €IUHY JEJNOKaTI30BaHy CUCTEMY, 1 TOTIM B1AOYBA€ETHCS MEPEPO3-
MO/ €JIEKTPOHHOI TYCTUHH, 1[0 OXOIUIIOE BCIO MOJIEKYTy. BinmoBigHO
70 I[bOTO MEXaHI3My, B3a€MOJIIsSI BIIOYBAETHCS Y3TOJ)KEHO CHHXPOHHO
(A) abo y3romkeHo acuaxpoHHo (B):

A\A
[ (3.51)

VY nepexiIHOMY CTaHi y3roJ[KEHOTO TPOIIECY YTBOPIOEThCS 3arajibHa
CUCTEMA JCJIOKAII30BAaHUX MOJEKYJISIpHUX OpOITaneil, 1 po3risia TaKux
NPOIIECIB Y paMKaxX YSBJICHb PO JIOKATI30BaHI 3B’S3KH € MaJIOTIPOIYK-
TUBHUM. Y pa3l TOSICHEHHS TaKuUX PEaKIiid Halpe3yIbTaTUBHIIINMU
BUSIBWJIMCH YSIBJICHHS, 1[0 ITPYHTYBAJINUCS HAa PI3HUX KBAHTOBO-MEXaHIYHUX
MX0aX U 0COOJIMBO Ha METO/I1 30y IPKEHUX MOJICKYJIIPHUX OpOiTaJIeH.
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3.4 HomeHk1aTypa OPraHivHUX CHOJIYK

HomeHknatypa opraHiqyHuX CIIOJIYK BUHHUKJIA MPAKTUYHO Pa3oM 3
NEPIIMMU TEOPETUYHUMHU TOTIISIIAMU Ha iX XIMIYHY OynoBy. XiMmiuHa
HOMEHKJIATypa — 11€ MI>KHAPOAHI ITpaBUJia MOBJICHHS Ta HAMCAHHS JJIsI
XiMiKa-OpraHika, siki BAKOPUCTOBYIOThCS JIJI1 YTBOPEHHS Ta 1HAE(IKallil
Ha3BU OPraHiyHOi Crodayku. Bimomi Tpu OCHOBHI PI3HOBUAM HOMEHK-
JaTypyu OpraHIYHUX CHONyK: 1) TpuBiayibHa; 2) pailioHaibHA; 3) CUCTE-
MatruHa abo mixxnapoana (IUPAC).

TpuBiasibHa HOMEHKJIaTypa (eMmipudHa) — II€ 1ICTOPUYHI Ha3BU
OpraHiYHUX CIOJYK, JAaHl IM 3a IPUPOJHUM JIKEPEIIOM MOXOKEHHS —
a0JlydHa KHCJIOTa, MypallliHa KUCJIOTa, SHTApHA KUCJIOTa, CECYHOBUHA; 3a
METOJIOM OJIEp>KaHHSI — MIPOBUHOTPAHA KHUCJIOTA; 3a IMEHEM IepIIo-
BIJIKpMBaua — peakTuB ['puHbsipa, keToH Mixiepa.

CucreMaTryHa HOMEKJIaTypa YTBOPIOE 3aralIbHOIIPUMHSTI MTpaBuia
YTBOPEHHSI Ha3B OPTraHiYHUX CIOIYK.

Ha mexi 3a3HaueHUX BHUJIB HOMEHKJIATypH IepeOyBaloTh HaIliB-
TpHUBiaJIbHI 200 HaMIBCUCTEMATHUYHI Ha3BU. BOHU IPYHTYIOThCA HA TpH-
BIAJIbHUX Ha3BaX, aji€é BUKOPUCTOBYIOTH Npedikcu, cydikcu abo 3akiH-
YEHHS, TUIIOB1 JJIS CUCTEMAaTHUYHOI HOMEHKJIATypu (HAINpHUKIaJ Ha3BU
AESKUX T1IpOKapOOHIB i aMIHOKHCIIOT).

JInst HamucaHHS HA3BH CIOJAYKHW BH3HAYalOTh THUI HOMEHKJIATYpPH
(3aMICHUKOBA, paJAUKAIbHO-(PYHKI[IOHAJbHA, AJUTUBHA, KOH IOKTHBHA
a00 3aMiHHA), SIKYy JOIILHO BUKOPUCTOBYBATH JO JIAHOI CIIOJIYKH.

3amicHukoBa HomeHkJaTtypa |lUPAC BukopuCTOBYETHCS TIpU 3a-
MiH1 aToMa ab0 aTOMIB T1JIPOr€HY B FOJOBHIN CTPYKTYp1 HAUIIPOCTIIIUX
TIAPOKAapOOHIB 1HIIMMM 3aJIMIIKaMu a00 (PyHKI[IOHATLHUMH (XapakTe-
PUCTUYHUMU) TPyHaMHU, SIKI Ha3UBaIOThCS 3aMiCHUKaMHU. [Ipu cknamanHi
Ha3B HEOOX1JHO BU3HAUUTU BCl (PYHKIIOHAJIbHI TPYIH, IO BXOASTH 10
CKJIaJly CIIOJYKH, 1 BUOpATH cepell HUX FOJIOBHY (CTapIy).

Po3MillleHHSI IESIKMX 3arajibHUX KJIACIB CIOJYK y MOPSAJKY 3MEH-
IIICHHS CTapIINHCTBA!

1.Pagukanu.

2. AHIOHH.

3. KaTionu

4. 1IBiTTEepioHn
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5. Kucnoru B takomy nopsiaky: COOH, C(=0)OO0OH, mani mociigos-
HO iX S- 1 Se-moxigHi, MCas SKUX 1AyTh CHIb()OHOBI, CyIb(IHOBI,
ceseHiHOB1, (hoc(]iHOBI, AapCMHOBI KMCJIOTHU Ta 1H.

6. AHrigpuan.

7. Ecrepmn.

8. AtunranoreHiay (TaJIOreHaHT1APHIN ).

9. Amiau.

10. T'igpazunm.

11. Imin.

12. Hitpunu

13. Anpaeriay ¥ gail DOCaigOBHO 1X S-, Se- 1 Te-anaioru.

14. KeToHu 1 maii mociigoBHO iX S-, Se- 1 Te-ananoru.

15. Cnuptm, notiM (eHonan ¥ ganal MOCIiIOBHO ix S-, Se- 1 Te-
aHaJIOTH.

16. I'tnporniepokcuau i gaji MocIigoBHO iX S-, Se- i Te-aHanoru.

17. AmiHu.

18. Iminm.

19. I'tnpa3unu, dhocdasuHu, TOIIO.

20. Etepu 1 nai mociiIoBHO iX S- 1 Se-aHaIoTH.

21. Tlepokcuau.

3a npasunamu |IUPAC peski npyropsaHi (yHKIIOHaNIbHI Tpynu
3aBXKIM TMO3HAauYarThes B mpedikci (tadn. 3.2). BBaxkaroTh, 10 Taki
CIIOJIYKH, SIK TIAPOKApOOHU, raJIOreHIIOX1HI, €TEPHU, TIOETEPH, HITPO- 1
HITPO30CIIOJIYKH, a30CIONYKH, JIaIKUIMEPOKCHIN, HE HajekaTh [0
TOJIOBHUX (DYHKI[IOHATBHUX TPYII.

Tabnuys 3.2
XapakTepuCTHYHi IPYNH B 3aMiCHUKOBI HOMEHKJIATYPi, AKI BKa3yIOThCH
Juuie B npedikci (3a adeTko10)

I'pyna Ipedikc I'pyna Ipedikc
-Br Bbpomo- =N, Hiazo-
-Cl Xiopo- -NO Hitpo3so-
-F diyopo- -NO, Hitpo-
-1 Homo- -OR R-oxcu-

VY Tabn. 3.3 HaBeleHI QPYHKIIOHAIbHI TPYMNH, SKI pO3TAlllOBaHI 3a
MOPSAIKOM 3MEHIIEHHS CTapIIMHCTBA. ['0NOBHA Trpyna mpu 1OMY IO-
3HA4Ya€ThCS B Cy(iKci, a iHII — Y npediKci.
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Tabnuus 3.3
I'os10BHI pyHKIIOHANBHI IPYNIN Y 3aMiCHUKOBIII HOMEHKJIATYPI Ta IX
NMO3HAYEHHS 32 MOPSJAKOM 3MEHIIEHHS CTAPHINHCTBA

3aranbHa ITo3Ha4eHHs
Kunac cnnostyku o . ..
(popmyaa y npedikci y cyoikci
: R;0", RsS", . x o
Kationn R.N* OHI0 OHII
Kap6oHoBi R-COOH Kap6oxcu- KapOOHOBA KUCJIOTA
KUCIIOTH -(C)-O0H)™ - -0Ba KUCJIOTA
CynbhoHOBI R-SO,-OH Cynbo- -cynb(oHOBa
KHUCIIOTH KHACIIOTa
Comi kucnor -COOM - MeTall...KapOOKCUIaT
-(C)OOM - MeTal...aT
Eore -COOR R-okcukap- R...kapOokcumat
TepH :
P -(C)OOR Gomi- R...oat
[amoren- -CO-Hal rasopopmii- -KapOOHIJI-TaJIOTeHi
aHT1ApUIN - -0oiJIrajJoreHin
. R-CONH, Kapbamoin- -Kapbokcamiz
Aminu :
- -amin
, dbopmi- -KapOanbpaeria
Anpaerign R-COH
OKCO- -aJtb
Keronu R,C=0 OKCO- -0H
Cnuptu R-OH TAPOKCH- -0J1
denonn Ar-OH T1POKCH- -0JI
AMiHn R-NH, aMIHO- -aMIH
Etepu -OR R-okcu- -
[Tepoxcuam -O-0OR R-niokcu- -

[Tepen mo3HaueHHsIM BKa3yeThCs MPUPOJIa KaTiOHA:0KCOHI0- a00 -OKCOHIH, cylb(oHI0- a00
-Cynb(OHIi, aMOH10- 200 -aMOHIH.

ATtoM kapOoOHy, 1[0 B AYXKKaX, MPU HyMmepalii BXOAUTh 10 TOJOBHOTO KapOOHOBOTO
JIAHLIOTA.

[licnst BU3HAYEHHS TOJOBHOI TPyNMU HEOOXITHO BCTAHOBHUTH POJO-
Ha4YaJIbHY CTPYKTYpPY, fKa CKJIAJa€ OCHOBY Ha3BU CIIOJIYKH, OCHOBHY
UKJIIYHY CUCTEMY a00 CKJIaJIoBI KOMIIOHEHTH Ha3BW. Hampuiknan, ams
amuuKIIHuX  (ami@aTHIHUX) PEYOBHH 3a POJOHAYAIBHY CTPYKTYPY
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MIPUMHATO TOJIOBHUM, HalyacTile HaWIoBIIMM, KapOOHOBHUM JIAHIIIOT,
JUTSL AKJITYHUX CIIOJYK — BIAMOBIAHUN UK. [Ipu 11bOMy BC1 3aJIMIIKU T
(GyHKIIOHANIbHI TPYNH, KPIM CTapIIoi, 10 BXOJATh O POJAOHAYAIBHOI
CTPYKTYpH, HA3UBAIOTh 3arajlbHUM TEPMIHOM — ‘“3aMICHUK .
BusHauuBIlM poJjoHAYATIBHY CTPYKTYPY, il aTOMU KapOOHY HYMEpY-
I0Th, BUXOJISIYM 3 MIHIMAJIbHOTO (HAWMEHIIIOro) HOMepa (JIOKaHTa) aTo-
Ma KapOOHY rojioBHOI rpymu. ITicis 1poro CkjiaaarTh Ha3By CHOJYKU B
IIJIOMY B TaKii MOCIiAOBHOCTI: CIIOYATKy 3a a0ETKOI MEPEPaxoBYIOTh
yCl 3aMICHUKH 3 iX JIOKAHTOM, KpIM CTapllioi Tpymu, Aajii MO3HAYAIOTh
pPOJOHAYAIbHY CTPYKTYpPY (KOpPiHB) 1 HANPUKIHII — cTapury (yHKIIIO-
HaJbHY Ipyny a0o, y pasi il BIICYTHOCTI, HEHACUYEHI 3B’ 3KHU.
HaBenemo npukiaau ckiagaHHs JESIKUX CIIONYK:
6 5 4 3 2 1
NH;— CH— CH,— CH,— CH—C{O
| |
OH CHj

S-T1APOKCHU-2-METHIITEKCAHOBA KUCIIOTa

OH

5 — JIoKaHT TiAPOKCUTPYNH, 2 — JOKAHT METUIIbHOI rpynu (mpedikc),
reKcaH — poJIOHaYalibHa CTPYKTYpa, -OBa KUCIIOTa — cTrapiia (yHKI[IO0-
HaJbHA Tpyna (3aKIHYEHHS).
NH, CH,
7 6 5] 4 3 2 1,
NH3—CIH _CH_CHZ_CI:_CHZ_C\
CHs Cl
5-amiHO-3,6-AMMeTHIT-3-XJTOpOTreTaHATb

5, 3, 6, (3) — JlokanTH, amMiHO-, METHII-, XJIOPO- — MPediKCH 3aMiCHUKIB,
IU- — TIOMHOXYIOUUN TpediKC, TeNTaH — KOPIHb, allb — Cy(iKcC.

PagukaabHo-pyHknionaabHa HomenkJaarypa IUPAC rpyHty-
€THCS Ha palllOHAJIbHI HOMEHKJIATYP1 1 TOMY 3aCTOCOBYETHCS HEYACTO.
PanukanbHO-(QyHKIIIOHAIbHA HOMEHKJIATypa BIAPIZHAETHCS THUM, IO
OKpeMi TEPMIHH, SIKI BKa3yIOTh Ha OCHOBHI T'PYIIH, 3B’ SA3YIOThCA 3 Ha3-
BaMM DPaJMKaJiB, sIKI BKa3ylOTh PEIITY CTPYKTYpU. XapaKTEPUCTUUHI
IPyIH, SIKI MOXKYTh BU3HA4YaTUCS Cy(ikcamMu B 3aMICHUKOBIA HOMEHK-
JaTypi, He OOOB’SI3KOBO 30iraloThCs 3 IpynaMM, SIKi HaJalOTh Ha3BY
(YHKII0HATBHOTO KJIacy B paJuKaibHO-(PYHKIIOHAIbHIN HOMEHKIIATYPI.

PannkanbHO-QyHKITIOHATBHI Ha3BU YTBOPIOIOTHCS 3 HA3BU 3aJIHIII-
Ky (pagukany) 1 (GyHKIIOHAJILHOTO KJacy CHOJYK (KHCIOTa, CHHUPT,
eTep, KETOH TOII0), HAPUKIA;
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CH,=CH-CH,Br CH;3-OH CH;-O-C,Hs  CH3-CO-CHq
anuIOpoMisT ~ METHJIOBHHM CIUPT ETHJIMETHUIOBUH €Tep JTUMETHUIKETOH
[IpuHUIKMI YTBOPEHHS Ha3B 3a I1€10 HOMEHKJIATYPOIO aHAJOTTUHUM

710 TPUHIUIIB 3aMICHUKOBOI HOMEHKJIATypu. Pi3HUIIS MOJsirae B TOMY,
0 B HIM Ui CTapIioi TPyIMU 3aCTOCOBYIOTH HE CY(DIKCH, a TUIbKU
CJIOBa, SIK1 yTBOPIOIOTHh (DYHKI[IOHANIBHY HA3BY CHOJYKH. JlJIs AEKUTbKOX
pI3HUX (PYHKIIOHATBRHUX TPyN Yy mOpedikci Mo3HA4YaroTh YCi MOJIOJIIII
rpynu (KpiM OJHI€T TOJOBHOI), 110 NEPEPaxOBaHi TaKOX 3a a0ETKOIO,
HaIPUKIIAI;

2-T1IPOKCUETHIIMETHIIKETOH HO-CH,CH,-CO-CHj,

3a aAMTHBHOI HOMEHKJIATYPOI (HOMEHKJIATYPOIO NMPHUEIHAH-
Hsl) O HAa3BH OCHOBHOI YaCTMHU MOJIEKYJIH JOAAKOTh HAa3BY MPHEN-
HAHUX J10 HEl aTOMiB. B OCHOBHOMY HOMEHKJIATYpy NpPUEAHAHHS BUKO-
PUCTOBYIOTh Y BUMNAAKy NPHUEAHAHHS TiAporeHy (ykasyroTh y npedikci
AK “T1Apo-"") 10 CKJIATHUX MOJIEKYJI, HAIIPUKIA/I;

3
4
HadTaneH 1,2,3,4-TeTparigponadraiexn
CyOcTpakTHBHA HOMEHKJIATYPa BUKOPUCTOBYETHCS ISl TTO3HA-
YEHHSI BUJIAJICHHS MEBHUX aTOMIB a0 Tpym 13 CHUCTEMaTUYHHX abo
TpUBlaIbHUX Ha3B. Tak, HEHACUYEHICTh B aliaTUYHUX CIOIYKax Mo-
3HadaeTbes cy(dikcamu “-eH” 1 “-iH”, 4Kl BKa3ylOTh Ha BTpaTy aTOMIB
TPOTeHy; BUJAJIECHHS BOAU 3 JIBOX MOJIEKYJ OJHOOCHOBHOI KHCJIOTU
MO3HAYAEThCS Ha3BOKW (PyHKIIOHANBHOTO Kiacy “‘anrigpun’. Kpim
)

TOTO, YaCTO BXKMBA€ThCA TpediKc “me-" 3 Ha3BOK TPYyIH, SKy BHAA-
JIVITA, HATIPUKJIIA!

CH3 H
/ /
g;;;N g;;;N
HO 0 OH HO 0 OH

MOpPiH ne-N-metunmopdin

Kon’okTuBHA (HOMEHKJIATypa 00’€IHAHHSI) BUKOPUCTOBYETH-
Cs B THUX BHUMAJKax, KOJM OCHOBHA Tpyla 3B’s3aHa 3 aTIIUKITYHUM
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OcHOBHI NONOJHCEHHA XIMIT OP2AHIYHUX CROTIYK

KOMIIOHEHTOM, SIKHMi, y CBOIO Uepry, 0e3mocepeHb0 3B’ a3aHuil KapOOH-
KapOOHOBUM 3B’ S3KOM 13 IIUKJIIYHUM KOMIIOHEHTOM, HAIPUKJIIA/;

CH(COOH CH,— COOH
N ( )2 CHy
Z CH,— COOH
2-X1HOJIIHMAJIOHOBA KUCJIOTA 2,3-HadTaaeHuoITOBa KICIOTa

3aMiHHY HOMEHKJIATYPY 3PY4YHO BUKOPHUCTOBYBATH JIS allMK-
JIYHUX 1 HUKIIYHUX CTONYK, Y akuXx -CH,- rpynu 3aMiHeH1 Ha rere-
pOaTOMU, HAPUKIIA/;

10 9 8 7 6 5 4 3 2 1
CH3—CH, — O — CHy — CH, — O — CH,— CH,— O —CHj

2,5,8-Tprokcanexkan
VY nesxkux BUMaJKaX 3aCTOCOBYIOTHCS 1HII BapiaHTH HOMEHKJIA-
typu IUPAC 3 MeTo0 MakCMMaJIbHOTO CIPOIISHHS TMOOYJIOBU Ha3B
CIIOTYKH, a TaKOX IIOJIETHICHHS TIPU KOMIT IOTepHu3allii Ha3BOyTBO-
PEHHSL.
Po3rnsHyTi mpUHIANM HOMEHKJIATyp PI3HOTO THIY €, TO CYTI,
JIMIIIE BCTYIIOM JI0 YMCJICHHUX TIOJIOKEHb 1 MpaBui, skl OyIyTh 4acT-
KOBO BHUCBITJIEHI Jaji B PO3A1IaX KOHKPETHUX KJIACIB CIOJYK.
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Ximia opeaniunux cnonuyk

PO31JI 4. AIKAHU, HACUYEHI BYI'JIEBOJIHI (ITAPA®IHN)

Hacudeni ByrieBo iHI MOAUISIOTHCS HA allKaHU W [UKIIOATKaHH.

AsnkaHamMu 4 mapadiHaMy Ha3MBAIOTHCS HACUYEH1 BYTJIEBOJIHI 3
BIJIKPUTHUM JIAHIIOTOM, Y MOJIEKYJIaX SIKUX aTOMH KapOOHY 3B’si3aH1 OJlU-
HApHUM G-3B’SI3KOM..

AToM kapOoHy B ajikaHax MepeOyBae B MEPUIOMY BaJCHTHOMY
CTaHi (sp3-ri6pnnn3aui;1). ['omosioriyHui psiJi ajdkaHiB MOYMHAETHCA 3
HAWUMPOCTIIIOrO MPEJACTaBHUKA — METaHY:

1. CH;— meTan.

C,Hg— eran.
Cs3Hg— nponas.
C4Hyo — OyTan.
CsH;, — menTan.
CgHy4 — rexcan.
C;H — remnras.
CgH1g — okTaH.

9. C9H20 — HOHAaH.

10. C1oHy, — nexan.

11. C11Hyy — yHIEKAH.

12. C1oHys — monmekan 1 T. .

ToOto, 3aranpHa popmyna ankaHiB — CyHopeo, € N — 1I1JIE YKUCIIO.

Psin crionyk, y sSIKOMy KOKHUW WJI€H BIIPI3HSETHCS BIJ MONEPE-
HbOT'O HA MOCTIMHY CTPYKTYPHY OJIMHUIIO, HA3UBAETHCA 20MONOIUHUM
pAooMm, a caMi CHOJIYKH — 2omonocamu. Y UbOMY pasl cmpyKmypHOO
oouHuyero abo comonoziunoro pisnuyeio € CHy— memunenosa epyna.

Jnst 300pakeHHs CTPYKTYpH aJIKaHIB BUKOPHUCTOBYIOTH KiJIbKa
pi3HUX croco6iB. Hampukian, y AesSKuX CTPYKTYpHUX (dopMysiax
MOKa3aHO BCl 3B’SI3KU KapOOH-TIAPOrEeH, aje 1€ HE 30BCIM 3pYYHO.
3BUYAalHO BUKOPUCTOBYIOTH MPOCTI CKOPOUYEHI1 (POpMYIIH, SIK MOKA3aHO
HUKYE.

[TounHatoun 3 OyTaHy, B aJIKaHIB 3 SABJISIETBCS CHMIPYKMYPHA
i3omepisa. CHONyKH, IO MalOTh OJIHAKOBUN KUIBKICHMH Ta SKICHUH
CKJIaJl 1 MOJIEKYJSIpHY Macy, ajie pi3Hy OyJOBYy, Ha3UBaIOTHCS
13omepamu.:

e A A i
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Anxarnu

H H H H abo CH;-CH, -CH,-CHj; — OyTaH
H H H
| |
H—C— (I: —C—H
H ,_ ~_ 4 H
H a60 CH, — i300yTaH (2-MEeTUIIPONaH)

CTpyKTypHI 130MepH BIJPIZHAIOTHCS MOPSIKOM MOOYI0BU 3B’ SI3KIB
aTOMIB y MOJIEKYJl a00 po3TallyBaHHSAM aToMiB y mnpocrtopi. Jius
aJIKaHIB ICHY€ TaKOX OJMH 3 BUJIIB CTEPEOI30MEpii — KOHGopmayiliHa
a0b0 nosopomua izomepis.

KilbKICTh CTPYKTYpPHUX 130MEPIB 3pOCTA€E 31 30UIBIIEHHIM KLb-
KOCT1 aTOMIB KapOOHy B JaHIt031. Tak, st nentany CsHipo BioMo Tpu
13omepu, rekcany CgHyy — m’s1Th, okTany CgHyg — 18, a nekany CioHypy —
75 13omepiB. [IpuuomMy, nounHarouu 3 renrany C;Hqg, MOXIMBa onmuu-
HA 130MepIA.

CHs;

I
H—C—CHy—CHs

CH3
I
CHy— CHy— C—H

CHz— CH,;— CHj CHs— CH,—CH;
S-3-MeTmirekcan R-3-metunrekcan
CtpykTypa HEpO3TaTy)KEHUX ajKaHIB HE € JIHIHHOI, TOOTO JaH-
IOT 30epirae BaJ€HTHI KyTH opOlTalieid aToMiB KapOOHy, siKi 3’€qHaHI
MDXK CO0010:

nenrtad (kyt 109° 28°)

IoHATTS NMpo aaKijaW. 3aJUIIKH MOJICKYJ, SIKI YTBOPIOIOTHCS B
pe3ysbTaTi BIIPUBY aToMa TiApPOTEHY BiJ alKaHIB, HA3UBAIOThCS aJKi-
JaMH, BYTJICBOJHEBUMH pajaukaiaMu (ajnkiapbHUMHU Tpynamu). He-
NOTPIOHO TITyTaTH TOHSATTS BYIJICBOJHEBUW paauKal 1 BIIBHUM
panukain. Ha3Ba ByIVIEBOJHEBUX pajuKaniB OyJIyeTbCs 3 Has3B
BIJIMTOBIIHMX BYIJICBOJAHIB 13 3aMiHOI0O cydikca -aw Ha —un (-in),
Hanpukiaa, metan CH; — merun CHs- a6o 6ytan CHs-CH,-CH,-CHg
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Anigpamuuni cnonyxu ma ix noxiowi

— Oytun CH,-CH,-CH,-CHs. JIBoBajieHTHI paJuKald 3 JBOMa
BUIbHUMH BaJICHTHOCTSIMM OIS OJTHOTO aroMa KapOOHY I103HAa4arThCs
IUISXOM 3aMiHU -ax Ha -iziden, 3a BuHATkoM CH,= (MeTuieHn).
Jlnsi TpUBaJICHTHUX paJWKalIiB BIJAMOBIAHO -aH 3aMIHSIEMO Ha —
1iOUH.
CH;-CHg; CH;-CH,-; CH;-CH=; CH;-C=.
€TaH C€TUJI CTUIIIACH CTUWIIOAUH
ATOM KapOOHY B ajJiKaHax, 3aJ€XHO BiJ KUIBKOCTI 1HIIMX aTOMIB
KapOoOHy, 3 IKUMH BiH 3’€JHaHMI, OyBa€ nepeuHHUll, 6MOPUHHUL, Mpe-

MUHHUL 1 YemeepmMUuHHULL, HATTPUKIAI:
CH3 CHj
|

CHs— CH,— CH C —CHs

AR N

IIEPBUHHUAN BTOPUHHUI TPETUHHUHI YETBEPTUHHUMI

[lepBuHHUI aTOM KapOOHY 3’€AHAHUN TUIBKU 3 OJIHUM CYCIJTHIM
aTOMOM KapOOHYy, BTOPMHHMM — 13 JBOMa 1 T. . BigmoBigHO A0 Miciie-
3HAXOJ/P)KEHHSI BUIBHOI BAJIEHTHOCTI, Y TOTO YM IHIIIOTO aroMa KapOOHY
paauKkaiy ado aJKiIbHI Tpynu OyBarOTh IEPBUHHI, BTOPUHHI i TPETHHHI.

4.1 HomeHkiaTypa ajikaHiB

Panionanb