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BBEJAEHUE

Oprannuyeckasi XMMHUS 3aHUMACTCS U3YYEHUEM COCIMHEHUN YTIIEPOJIa, UX
CTPYKTYpPBI, CBOMCTB, METOAOB CHUHTE3A.

[ToyTn 1O TpUALATBHIX TOJOB JE€BATHAALATOrO BEKA CYUTAJIOCH, YTO 3TH Be-
HIECTBA MOTYT OBbITh CHHTE3UPOBAHbI TOJIBKO B JKUBBIX OpPraHU3MaxX B MPUCYTCTBUU
HEKOTOpO# <okn3HeHHOH cuibl». [lonydyenue B 1828rony B nmabopaToOpHBIX yCio-
BUAX HeMeUKUM XUMUKOM D.BémepoM MOUYEBUHBI U LIABEIEBOU KUCIOTHI U3 MU-
HEpaJIbHBIX BEIIECTB MOK0JIe0an0o 3Ty TOUKY 3peHus. Ho mis BceoOlero nmpusHa-
HUs OTKpbITUS Bénepa norpedoBanock okoso 20 ser. 3a 3T0 BpeMs ynanoch CHH-
TE€3UPOBATh HEMAJIO IPYIMX OPTaHUYECKHX coeauHeHni. Havamoce mmpokoe pas-
BUTUE CHHTETUYECKOW OPraHUYE€CKOU XNMUMU.

HoBplii BaykHBIN 3Tam pa3BUTHsI OPraHMYECKON XuMuu HacTynui B 60-e ro-
Jbl AEBSITHAALATOTO BEKa IMOCJE Pa3pabOTKH YYEHHUS O CTPOCHUU OPTraHUYECKUX
coenunennii A.Kynepom, @.Kekyne u A.M.bytnepossiM. C Tex mop opraHude-
CKYI0 XMMUIO CTaJli CYATATh XUMHUEN COCTMHEHUN YIIIEPOaa.

Ha ceromgusamnii neHs HacumThiBaeTcs OkoJi0 20 MUJUTMOHOB OpraHUde-
CKHMX COEJIMHEHUM, pa3HOOOpa3rue KOTOPhIX KOJoccalbHO. ExXeTHEBHO CUHTE3UPY-
IOTCSI HOBBIE BEIIECTBA, UCHOJIb3YOLIUECS JISl OJIYYEHNSI HOBBIX MaTEpPUAJOB, Jie-
KApCTBEHHBIX IPENapaToB, CPEACTB 3aLIUThl PACTEHUM, KPACUTENEH, PA3IUYHBIX
BHJIOB TOILJIMBA, XJaJareHTOB, B3PbIBUATHIX BELIECTB U JIP.

Opranuueckasi XMMHsI BKITIOUAET B c€0s1 LENbI KOMILJIEKC AKCIIEPUMEH-
TaJIbHBIX METOJ0B U TEOPETUUECKUX NPEACTABICHUN: CUHTE3, OUYUCTKY, ONIpEAee-
HUE CTPYKTYPhl COEUHEHUH; ONPEICIICHUE MEXAHU3MOB PEAKIINH, BBIABICHUE
CBSA3U MEXAY CTPYKTYPOM M PEaKLIMOHHON CLIOCOOHOCTBIO BELLECTB; BBIJCICHHUE
VH/IMBUIYAJIbHBIX KOMIIOHEHTOB U3 MPUPOJHOIO CHIPHSI.

NMeHHO K OpraHnYecKON XMMUU B HAUOOJIBITIEH CTENIEHN TPUMEHUMBI CJI0-
Ba (hpanIiry3ckoro xumuka Mapcenena beptio: «Xumus co3ana CBOU mpeaMer.
Ota TBOpUecKas CriocoOHOCTb, MO00HASI HCKYCCTBY, KOPEHHBIM 00pa3oM OTJInYa-
€T XUMUIO OT OCTaJIbHBIX €CTECTBEHHBIX U TYMAHUTAPHBIX HAYK.»



TEMA 1
OCOBEHHOCTH CTPOEHUA ATOMA YIJIEPOIA

MHuoroo6pasue opraHM4eCKHX COCIUHEHHI BO MHOTOM OOBSCHSAETCS yHH-
KaJbHOH CIIOCOOHOCTBIO AaTOMOB YIJIEpojaa OOpa30BbIBATH YIJIEPOI-YIJIEPOIHBIE
[EMOYKH pa3IMYHON JJITUHBI OJarofapsi BHICOKOM MPOYHOCTH XUMHUYECKUX CBS3EH
C — C. Ilpu 3TOM yriaepojHble aTOMbl MOTYT OBITh COCIUHEHBI APYT C APYrOM
OJIMHAPHBIMU, ABOMHBIMHU, TPOMHBIMU CBSI3sIMH. Bo3MoxHO 00pa3oBaHue pa3Hoo0-
Pa3HBIX Pa3BETBIEHHBIX IENeH U HUKIMYECKUX CTPYKTYpP, KOTOPBIE K TOMY e MO-
I'yT BKJIIOYATh B ce0s ApyTrue aToMbl (KUCIOPOI, a30T, CEPY H T.1I.).

Paccmotpum ctpoenue aroma yraepoaa. Ero anekrponnas gpopmyrna umeer
BUI. 1522522D. ATOM COMEpKHT [BA SHEPreTHUIECKHX YPOBHS, BATCHTHBIC dIIEK-
TpoHbI (2S%2p?) OTACNEHB OT sipa E€IUHCTBEHHBIM J3JCKTPOHHBIM CIIOEM. JTO
o0ecrieuynBaeT MPOYHOCTH B3aUMOJICHCTBHSI SIIpa M BAJICHTHBIX AJIEKTPOHOB (HM3-3a
cJ1a00T0 SKPAHUPOBAHUS TIOJIS SAPA), &, CIEIOBATENBHO, POYHOCTH 00Pa3yIOIIHNX-
Cs CBA3EH.

B crammoHapHOM COCTOSHUM aToM yrjepoja HMMEET JBa HECMapeHHbIX
3IIEKTPOHA U3 YETHIPEX U criocobeH o0pa3oBaTh He Ooyiee TPEX XMMUYECKHX CBS-
3eit (Puc.1). B B030y»/IeHHOM COCTOSIHMH Y aTOMa 4YeThIpe HECTIaPEHHBIX BAJICHT-
HBIX 2JIEKTPOHA, CIIOCOOHBIX 00pa30BaTh YEThIPE KOBAJICHTHBIE CBA3H.

A) C (cranmoHapHOE COCTOSHUE) B)C* (B030yk1EHHOE COCTOSHUE)

C 9*

0 1 | 0 1 |

1s%2s22p? 1s22st2p®

Puc.1. Monenu atoma yriepona B craifuoHapaoMm (A) u B Bo30yxaéHHOM coctosiauu (B)

B o0pa3zoBaHnM XMMHUYECKHUX CBSA3EH Y4acTBYIOT TMOpHUIHBIE OpOUTANN aTO-
Ma yriiepoza, oopa3youuecs: 13 aTOMHBIX S-H P-opOuTaneil BToporo 3HepreTuye-
CKOTO YpOBHs. B Monekynax opraHm4ecKux COEIWHEHHUI aToM yriepoaa MOXKET
HAXOIHMTBCA B COCTOSIHHH SP, SPu SP-rubpuamsarun. B 06pa3oBaHu rHOPHIHEIX
opOuTaneit aToMa y4acTBYeT OJHA S-OpOUTANb U OJIHA, JBE WK TPH pP-OpOUTAIU B
3aBHCHMOCTH OT TuIa ruOpuanszanuu. Yucmo ruOpuaHbeix opOUTaiell paBHO YUCITY



UCXOAHBIX CMEIIMBAIOUINXCA. [ MOpUIHbIe OPOUTANIN PACHONaraloTCsl B MPOCTPaH-
CTBE TaKUM 00pa3oM, YTOOBl MaKCUMAIbHO YAAJIUTHCSA APYr OT JApyra. XumMude-
CKHE CBsI3u 00pa3yloTCsl B pe3ysibTaTe MEpPeKpbIBaHUS aTOMHBIX OpOMTamei, a ux
IIPOCTPAHCTBEHHOE PACIIOIOKEHUE OIPENEIAET T€OMETPUIO MOJIEKY!L.

1.1. Tunsl rUOpUAN3ALME ATOMA yIJjiepoaa

Yerbipe SP-THOPUIHBIC OPOHTATN 00PA3yIOTCS B PE3yIbTATe «CMEIICHHS
OJIHOM S-U TpEX p-opOUTaNeil aTomMa yriaepoja. ITH OpOUTaIU PACIIOIOKEHBI TIO]T
yriaom 10928 npyr otHocuTensHO aApyra. OHU HalpaBJIeHbI M3 IIEHTPa TeTpasapa
K ero BepimHaM (Puc.2). Takolt T ruOpuan3anuy XxapakTepeH sk TpeaeTbHBIX
¥ LUKIAYECKUX YIIIEBOAOPOLOB. SP-I MOpHHbIE OPOUTAIN y4aCTBYIOT B 00paso-
BAHUU G-CBA3€U B MOJIEKYJIAX 3TUX COCAUHCHUM.

A b
Puc.2. Cxema B3aUMHOTO pPacIoOiOKEHUS S[f’-m6p1/1/:[HLIX opburaneii (A) U MOaETb MO-
Jekysbl meraHa (b)

B cocTosiHu SP-rHOPHM3AINE B aTOME yIiiepoia 00pasyloTcs TpH ruo-
prHbie SPOpOUTATH, paconokeHHbie o yrioM 120 u HAXOMSIIMECS B OXHOMN
IUIOCKOCTH, U OJIHA P-OpOUTAalIb, IEPIICHINKYIISIPHAsS K 3TON TNIOCKOCTH. Takoil Tur
ruOpuIu3an HaOI01aeTCsl B MOJICKYJIaX, COACPIKAIINX IBOWMHBIC CBs3u. Hampu-
Mep, B alIKeHAX WM anKajueHax. SQ-I HOpHmHble OpOUTAIN YIACTBYIOT B 00pa3o-
BaHUM G-CBSI3EH, OOpPa3yrONIMX TUIOCKWA KapKac MOJEKYJbI, a p-opouTaim oopa-
3YIOT TT-CB$I3b, MEPIIEHANKYIISIPHYIO 3TOH miockoctH (Puc.3).



p-opbUTan. (Bepx)

p-ophHTAAL (HHI)

Pric.3. MozieiTh MPOCTPAHCTBEHHOTO PACTIONOXKEHHUS S|¥-THOPHIHBIX OpOHTAIIeit

B cocrosHuum SpTuOpuaM3alii aToM yriaepoAa COAEPXKHUT JABE Sp-
ruOpuIHbIe OpOUTaNH, pacmonoxkenHbie nox yriaom 180 Bmoss mpsimoit, U aBe p-
opOuTanu, NEePHeHIUKYIApHbIE APYT IPYTY U JUHUH PACIIONOXEHUS THOPHIHBIX
opOuraineit. SPOpOurtanu o0pa3yroT JBE G-CBSI3M, a P-OpOUTAIM — JIBE T-CBS3H.
Mexay nByMs CBSI3aHHBIMH JIPYT C APYTOM aTOMaMH yTJIepo/ia, HaXOISIIIMHUCS B
COCTOSIHUM SPTUOpUAM3AIMU, HaXOAUTCs TporiHas cBs3b (Puc.4). Takoe cBs3bIBa-
HUE aTOMOB OCYIIIECTBIISIETCS] B MOJICKYJIaX aJKUHOB.

Puc.4. Cxema oO6pa3zoBaHus TPOHHOH CBSI3M B MOJICKYJIE alleTHIIEHA

Bonpocel 1j1 IpoBepKHY 3HAHUI

1. IlpencraBpre Mozaenu moiekyn CCly u CH,Cly, n3obpakas nepekpbiBa-
HUE aTOMHBIX OpOHTaIICH.

2. Omnpenenute THOPUIHOE COCTOSTHIE aTOMOB YTJEpoAa B MPEACTaBICHHBIX
monekynax: 1) H-C=CH—-CHjs; 2) (CH3)4C; 3)H;C-C=C—CH=CHo,.

3. Onpenenute TMHOPUIHOE COCTOSTHUE aTOMa YIJIepoJa B MOJIEKYJIE YTIIeKu-
cnoro rasa. IlpencraBbTe MoOjAeNnb 3TOW MOJEKYJbI, M300paXkas MepeKpbIBAHUE
aTOMHBIX OpOUTAJIEH.



TEMA 2
TEOPUA XUMHNYECKOI'O CTPOEHUA OPI'TAHNYECKHUX
COEJUMHEHNU

OCHOBOW OPraHMYECKONM XUMHUH SIBISIETCS CTPYKTYpPHAasl TEOpUS WA TEOPUS
XUMHUYECKOTO CTPOCHHUS OPTaHUYECKHX COeAMHEHMH, co3nanHas B XIX Beke pyc-
ckuM y4y€HbiM A.M.bytiepoBsiM u HeMelkuM XuUMUKOM D.Kekyne. OCHOBHbIE
MOJIOKEHUSI ATOU TeOpuH, CHOPMYIHPOBAHHBIE B COBPEMEHHBIX TEPMHUHAX, CJIE-
IYIOIIHNE:

1) aToMBI B MOJIEKYyJIaX CBSI3aHBI JPYr C JIPYrOM XUMHYCCKUMH CBSI3IMHU B
COOTBETCTBUM C UX BAJEHTHOCTAMHU. ATOM YTJ€po/a B MOJIEKYJIaX OPraHUuYECKHUX
COCIMHEHU YETBHIPEXBAJICHTEH,;

2) pu3mdeckre M XMMHUYECKHE CBOWCTBA OPraHUYECKUX COCAMHCHHIA 3aBU-
CAT HE TOJIBKO OT MX KAaYE€CTBEHHOTO M KOJMYECTBEHHOTO COCTaBa, HO U OT MX
CTPYKTYpPBI, TO €CTh MOCIEA0BATEILHOCTH COCAMHEHUSI aTOMOB U UX MPOCTPAHCT-
BEHHOI'O PACIIOJIOKEHUS;

3) aTOMBI B MOJICKYJIE OKa3bIBAIOT B3aMMHOE BIIMSHUE JPYT Ha JIpyTa.

2.1. N3omepust

H30mepsl — BelecTBa, MMEIOIINE OAMHAKOBBINA COCTaB, HO PA3HOE CTPOCHHE
MOJIEKYJ ¥ pa3Hble CBOMCTBA. MoJieKkyIsapHbie (OPMYIIBI H30MEPOB OJAMHAKOBHI, a
CTPYKTypHBIE POPMYIIBI pa3IHyIHBI.

PaznuuaroT CTpyKTYpHYIO M TIPOCTPAHCTBEHHYIO M30MepHuio. CTpyKTypHBIE
M30MEPBI OTINYAIOTCS APYT OT APyra MOPSIKOM COCTMHEHHS aTOMOB B MOJIEKYJIE,
TO €CTh XUMHYECKUM CTpoeHHEeM. [IpocTpaHCTBEHHBIE M30MEPhI, UMEIOIINE OIH-
HAaKOBOE CTPOCHHUE, OTINYAIOTCS PACIIOIOKEHUEM aTOMOB B IPOCTPAHCTRE.

CymiecTByIOT HECKOJIBKO BUOB CTPYKTYPHOI M30MEpPHU:

1) uzomepus yeneso0opoonoco ckerema

HsC —CH, —CH, —CH;  u-6yran (C;Hy)

H;C —CH —CHj; 2merunnpomnan (C4Hqo)
|
CHj;

2) uzoMepust NONONCEHUSL KPAMHBIX C85A3ell MU YYHKUUOHATILHBIX 2PYIN
H,C=CH-CH,;—-CH3 6yren-1u H3C—-CH =CH -CH3 0yren-2
HzC(OH) - CH2 - CH2 - CH3 6YTaHOH-1 u H3C - CH(OH) - CH2 - CH3 6YT3'
HOJI-2

3) MedcKlaccoeas usomepust

CH3 — O — CH3(C,HeO) nmumerunosblit adup (Kimace mpocThix 3GpHpOB) U



CH3 — CH; — OH (C,HgO) stunoBslii ciupT (KJ1acc 0JTHOATOMHBIX CITUPTOB);

HC =C —CH; —CHj3 (C4Hg) Oytun-1 (kmacc ankuroB) u H,C = CH —CH = CH,
(C4Hg) 6yTamuen-1,2 (kmacc amkaaueHOB).

BugaMu mpocTpaHCTBEHHOI W30MEPHM SIBJISICTCS yUC-, MPAHC- N30MEPUs
(reomeTpuueckast K30MepHs) , XapaKTepHas JJIs COCIAUHEHHUIN COAepIKAIINUX JTBOM-
HYIO CBSI3b WJIM LIUKJI, ¥ ONITHYECKAst H30MEPHSI.

Luc-, mpanc-uzomepnl 00pa3yloTCs B TOM CiIydae, €Cjd Y aTOMOB yIiiepoja
IPH JIBOMHOM CBs3M 00a 3aMECTUTEIS pa3HbIE.

Cl H
Cl\é ) g CI\C_C/
/7N /7N
H H H
yuc-1,2-1uxaopaTuiieH mpanc-1,2-1uxXa0pITUIICH
H3C Br H3C H
\_ 7/ \_ 7
/C—C\ /C—C\
H H H Br
yuc-1-6pomnponen mpanc-1-6pomipornex

OnTtuyeckne M30Mephl O00pa3ylOT COCAMHEHHS, MMEIONTUE XOTS OBl OJHH
aToOM yTJiepojia, COCAMHEHHBIN C YETHIPHMS Pa3IMYHBIMH 3aMecTuTessiMu. OnTu-
YEeCKHE M30MEPhI 00Iaal0T MPAKTHIECKH OJJUHAKOBBIMU (DU3NUECKUMH B XUMUYE-
CKUMHU CBOMCTBaMH, HO TIO-Pa3HOMY B3aUMOJICHCTBYIOT C MOJSPU30BAHHBIM CBE-
TOM.

2.2. XuMHn4yeckue CBSI3U M JIEKTPOHHBbIE d(pPeKkThI

B Monekynax opraHM4eCcKux COEIMHEHUM NMPUCYTCTBYIOT B OCHOBHOM KOBa-
JeHTHbIE cBsi3u. CpaBHMBAs 3HAYEHUS 3JIEKTPOOTPULIATEIIBHOCTER aTOMOB
( Tabm.1), MOXHO OLIEHUTH MTPEUMYIIIECTBEHHBIN XapaKTep KOBAJICHTHON CBSI3H.

Tabauya 1
3HaYCHUS JICKTPOOTPUIIATEIIBHOCTEH HEKOTOPhIX aTOMOB ( 1o [TouHry)

DJIeMEHT F| Ol NI Cl| BrfC | S | H| P

Onextpoorpunarenprocts | 4,01 3,51 3,013,012,8/2,5/2,5/2,5/2,1|2,1

CwMmellieHue 3JIEKTPOHHOM TMJIOTHOCTH XMMUYECKHX CBSI3€il BCIEICTBUE pas-
JMYHOU AJIEKTPOOTPULIATEILHOCTH aTOMOB M OCOOCHHOCTEN UX CTPOCHMS Ha3bIBa-
eTcsl DJIEKTPOHHBIMU 3PdekTamu. CMeleHue 3JIEKTPOHHON IMIOTHOCTH MO G-



CBSI3IM Ha3biBaeTCs MHAYKTHBHbIM 3¢¢extom (lI-3ddekr). Cmemnienune siek-
TPOHHOW TUIOTHOCTH IO CUCTEME T-CBSI3€M HA3bIBACTCS Me30MEPHBIM 3 (eKToM
(M-3¢dexr). Ecnmu atom wim rpymma aTOMOB 00JagaiOT 3JEKTPOHOAOHOPHBIMU
CBOICTBaMH, TO €CTh YBEIMUYUBAIOT AJIEKTPOHHYIO TUIOTHOCTh Y COCEIHUX C HUMU
aTOMOB YTJIEPOJA, TO IEKTPOHHBIE APDEKTHI ITUX TPYII CUUTAIOT MOJOKUTEIb-
HeiMH(+], +M-3ddekT). +I-3dhdeKT nposBIAIOT aNKWIbHBIC TPpyIsl, tM-3ddekT
NPOSIBJISIFOT TPYIIIbI, UMEIOIINE HemoAeaEHHbIe d1ekTponnbie mapel: —F,—Cl, —Br,
—I, —OH, —NH..

Ecnu mox BoznelcTBHEM TpyIIl aTOMOB, O0JaJaroMIMX 3JIEKTPOHOAKIIETI-
TOPHBIMU CBOMCTBAMHM, 3JEKTPOHHAS IMJIOTHOCTH B IIEMU aTOMOB YIJIepoja MoJe-

KyJIbl yMeHbIIaercs, 3pdexr cumraercs orpunarenbHeM (—| ,—M- addexr). —I-
apdext nposBisitor rpynmel: —F, —Cl, =Br, —I, —OH, —=NH, —NO,. -M-3¢dexr
nposieisitotT rpynmnsl: =C=0, —NG,, —-COOH.
IIpumepsr:
HH H H
al sl oz ks 6
H—(F—(F—}(T’J—}(g—}ﬂ { —f-sdpderTt aToma Bpoua)
HHH H
-- /N
ROYCHZCH CH,ZCHYCHZO
M-opgpexm M-s¢hhexm

2.3.Knaccol oprannyeckux coequHeHuii. 'lomonoruueckue psaabl

CoenuHEeHHS, CXOHBIC 10 CTPOCHUIO U CBOMCTBaM, COCTaB MOJICKYJ KOTO-
PBIX OTJIMYAETCS IPYT OT JApyra Ha OJHY WM Heckosbko rpynn —CH,—, Ha3biBa-
10TCsl ToMoJioramu. [lociie0BaTeIbHOCTh TOMOJIOTOB HAa3bIBACTCS TOMOJIOTHYE-
ckuMm psitom. ['pynna —CH,— Ha3bIBaeTCsl TOMOJIOTHYECKON pa3sHOCThIO. CocTaB
BCEX MOJICKYJI OJJHOI'O TOMOJIOTHYECKOTO Psjia MOXET OBbITh MPEICTaBJICH OOIIei
dopmyoit (Tadi.2).

Tabauya 2
®opMyITBI TOMOJIOTHYECKUX PSJIOB YTIIECBOI0POJIOB

Kiacc yrneBogoposoB | O6mias hopmyna
AnkaHbBI CiHonss

AnKeHBI C.Ho
[uknoankaHbl C.Ho

AJIKAHBI C.Hono
AJKagueHsl C.Hono
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B monexynax opraHM4eCcKuX COCIMHEHUM BBIIEISIOT YIVIEPOJIHBIM CKEJET -
[ENOYKY CBA3aHHBIX APYT C APYrOM aTOMOB YIiiepona, U (GyHKIIMOHAIBHYIO TPYII-
Ny—TpynIy aTOMOB, ONPEAEIAIOIMX XUMUYECKUE CBOWCTBA COCAWHEHUs U IPU-
HAJIJISKHOCTH K omnpenenéHHomy knaccy (Taoi.3).

Tabnuya 3
Kanaccudguxanusi opraHMyecKuX COeAMHEHU 110 QyHKIMOHAIBHBIM IPyIIIam

Kiacc OynkunoHanbHass | Hasanue rpyrm- ITprmepsr
rpynma I1bI COEAMHEHNN
["ajoreHnpon3BOIHbIC -F, -ClI, -Br, -l [anoren CHsCl,
yTJIEBOJIOPOJIOB C,HsBr
CroupTthl —OH ['mapokcuibHast CH-0OH,
rpymnmna C,HsOH
Anpaernapl, KETOHBI >C=0 KapGonunpHas CH5;CH=0,
rpymnma CH3C(O)CH3;
KapOoHOBBIE KHCIOTHI -COOH Kap6okcunsnas | CH3COOH,
rpynmna HCOOH
AMUHBI -NH, AMUHOTpyIIa CH:zNH,

Bonpocel 1J11 IpoBepKHY 3HAHUI

1. HazoBuTe mpuurHBEI MHOTOOOPa3us OPTaHUYECKUX COCTMHECHHM .

2. 300pa3ute CTpyKTypHbIE (OPMYJIBI BCEX BO3MOXHBIX YIJIEBOJAOPOIOB,
COJIEpIKAIlMX YETHIPE aTOMa YIriiepo/ia.

3. IIpencraBpTe CTPYKTYpHBIC (POPMYIIBI ABYX PA3TUYHBIX MOJICKYJ COCTAaBA!
1) CsHe; 2) C,HgO; 3) C,H4O. HazoBute Kiacchl COSNUHEHUH, K KOTOPBIM IPH-
HaJJICKaT 3TU BEIICCTBA.

4. CKOJBKO CYIIECTBYET Pa3IMYHBIX MOJOXEHUN OJHOM JIBOMHOM CBSI3U B
HEPa3BETBIEHHOM CKeJIeTe U3 IIECTH aTOMOB yrjepoia?

5. UeMm oTnmMyaroTCA APYT OT APYyra MOJIEKYJIbl CTPYKTYPHBIX M MPOCTPAHCT-
BEHHBIX U30MEPOB?

6. [IpencraBpTe CTPYKTYpHBIE (POPMYJIBI ABYX M30MEPOB I'€KCaHa, OJIUH U3
KOTOPBIX MOXET CYIIECTBOBATh B BHJI€ LIMC- U TPAHC-U30MEPOB, a JAPYrol — He
MOJKET.

7. CKOJIBKO CyIIECTBYeT pa3uuHbiX BemniecTB coctaBa CH,Cl,?

TEMA 3
YIVIEBOJOPO/bI

CoenuHeHus1, B COCTaB KOTOPBIX BXOJSAT TOJIBKO aTOMBI YII€poia U BOJOPO-
Jla, HOCAT Ha3BaHUE YIJIeBOAOPOA0B. CyIIEeCTBYET HECKOJIBKO THUIIOB TAKOTO poja
COEMHEHUM B 3aBUCUMOCTU OT TOTO, KaK COCAMHEHBI MEXIy COOON aTOMBI yriie-



11

poaa. YIiieBoJopObl C OTKPBHITOW ILEMbI0 HA3BIBAIOTCS ANMMKIMYECKHMM, €CIIH
aTOMBI YIJIEpO/ia B MOJIEKYJIE€ 3aMBIKAIOTCS B KOJIBIO, TO COCAMHEHUS HA3bIBAIOTCS
KapOOMUKINYECKMMHU. AIMKIMYSCKUE YIIIEBOIOPOIbI MOAPA3IACIAIOTCS Ha Mpe-
JeJbHBbIE, COMEpIKalllie OAMHAPHBIC CBA3H, U Hempe/edbHbIe, COAepKaIIie Kpat-
Hble CBsi3M. KapOomuKIMyecKre yriieBOIOPOIbI Pa3/ICsaiOT Ha ANTUIHKINYECKUE
(uMKII0aNIKaHbI, IIMKJIOATIKCHBI)  apoMaTudeckue (poaCTBEHHbIE OCH30ITY).

3.1. AakaHusbl

3.1.1.CTpoeHue MoJIeKyJl, HOMEHKJIATypa, n3oMepus, pusnvecKue cBO-
cTBa

AJIKaHBI — ATO AIUKINYECKHUE YTIEBOJOPOIbI, ATOMBI YTJIEpO/Ia B KOTOPHIX
COCIMHEHBI MEXKTy COO0ON OJWHAPHBIMH GC-CBS3SMHU. AJIKAaHBI 9acTO HA3bIBAIOT
npeaeJabHbIMHU WM HACBIIIIEHHBIMH YTJIEBOOPOAAMH, TTIOCKOJIBKY B HUX JTOCTHT-
HyTa MaKCHUMajbHas CTENEHb HACHIIMICHHUS aToMaMu Bojoponaa. bpyrro-dhopmyna
romMojorudeckoro psga ankaHoB CyHzn.o,. B TexHumueckod nmreparype aikaHbl
Jare BCEro Ha3bIBalOT MapadHOBBIMH YTIICBOIOPOAAMH UIH NapapuHaAMMU.

B MOJeKyIaX alKaHOB aTOMBI yIJIEPOAA HAXOIATCS B SP-THOPUIHOM CO-
CTOSIHMH, 00pa3ys BajaeHTHbIE yriasl 10928

Puc.5. Monenu Monekysbl MeTaHa

Monekymbl NpeCTaBISIIOT CO00M JIMHEMHbIE UM Pa3BETBIEHHBIE 1ETH, KO-
JIMYECTBO aTOMOB YIJIEpOAa B KOTOPBIX MOYKET CYLIECTBEHHO pa3iN4aThCs. YTJie-
pPOJZIHBIE KapKachl MOJIEKYJ TMOJIBMKHBI, OHM MOTYT MU3TH0AThCs, CBOPAYMBATHCS U
IpyruMH crioco0aMu MEHATH CBOIO ¢GopMmy. Paznuunbie mpocTpaHCTBEHHBIE QOp-
MBI MOJIEKYJI, IEPEXO/ISIINE IPYT B Ipyra B pe3yabTaTe BpalieHus ux GparMeHToB
BOKPYT OJIMHAPHBIX CBA3€H, HA3bIBAIOT KOHGOpMAILUAMH.
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Puc.6. Kondopmaruu nenrana

Ha puc.6 npencraBnens! paznuuHble KOH(OpMAaLUK MEHTaHa, BCE OHM OIMUCHIBA-
I0TCSl €AMHCTBEHHOM cTpykTypHOU popmynoit CHz—CH,—CH,—CH,—CHzs.

AJKaHBI MOTYT OBITh C «HEPA3BETBIEHHBIMU YTJIEPOJAHBIMH LEMSAMU», €CIH
KXl U3 aTOMOB yIJepoja IeNu CBA3aH He 0oJiee ueM C ABYMsI aTOMAaMHU yTJie-
poJia, WK C «Pa3BETBIEHHBIMU YIVIEPOAHBIMU LEMSMU», €CIU OJUH WA HECKOJb-
KO aTOMOB YIJIEpOJIa CBSI3aHbI C OOJIBIINM, YEM JIBA, AaTOMaMU yTJIEpO/a.

CH3-CH,-CH,-CHg
CHa-CH,-CH,-CH,-CH;
HCp&SBCTBHéHHBIC 501041
HOPMAJIbHBIC aJIKaHbI

C|:H3 CHz-CHg
CHg-?-CI-b-CHg, CHz- CH; - CH;- | - CH
H CH;

paBBCTBHéHHBIC AJIKaHbI

Hepa3seTBin¢Hubple («HOpMaIbHBIE») alKaHbI 0003HAYAIOT OYKBOH «H» IIe-
pel Ha3BaHHMEM YTIIIEBOAOpOAa. Pa3BeTBIEHHBIE alKaHbl PACCMATPHUBAIOTCS Kak
MPOAYKThl 3aMEUIEHUSI COOTBETCTBYIOUIUX HEPA3BETBIEHHBIX YIJIEBOJAOPOAOB C
BO3MOXHO O0Jiee ITTMHHOW YTIIEPOTHOM IEMBIO.

[lepBbie 4YeThIpe MpeACTaBUTENS TOMOJOTMYECKOTro psina ankaHoB: CHy—
metaH, C,Hg —atan, C3Hg — npomnan u C4H;9 — OyTaH, - UMEIOT TpUBHAIIbHBIC HA-
3Banus. Haumnas ¢ CsHjp, Ha3zBaHHMS TOMOJIOTOB 00pPa3yrOTCs OT TPEUECKUX HIIH
JATHHCKUX YMCIUTEIBHBIX U OKOHYaHHs «-aH» (Tab11.4).

Tabnuya 4
CocTaB ¥ Ha3BaHNA AJIKAHOB

UYwucio atomoB yriepona | bpyrro-hopmyna | HazBanue
1 CH,4 Mertan
2 C-Hg OraH
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3 CsHsg [Tpoman
4 CsHig byran

5 CsHy, [lenran

6 CeH14 I'excan

7 C-Hg I'enran

8 CgHig OkTaH

9 CgHzc Honan
10 C 1cH22 I[eKaH
11 C11Ho4 VHunaekan
20 CocHus DHKo3aH
40 CacHss TerpakoHTaH

Jlyis Toro 4yToOBI JaTh Ha3BAaHUE PA3BETBIEHHOMY IPEIEIbHOMY YIIEBOI0PO-
1y, TIOJB3YIOTCSI CUCTEMOM MpaBuil, pazpaboTaHHOW MeXIyHapOJHBIM COIO30M
yrctoi u npukianHoi xumun (npasuia IUPAC).

1. B kauecTBe OCHOBBI BbIOMpaeTcsl HamboJee IIMHHAsS HOpMajbHas LETb
aTOMOB YyTJIepOJa; COCAUHEHHBIE C HEH alIKUIbHBIE TPYIIbl PACCMATPUBAIOTCA KaK
3aMECTUTEIH.

2. BoiOpanHas riaBHas 1Iellb HyMepyeTcs apaOCKkuMu 1udpamu, HadYuHas C
KpaifHero aroma yriepoja; 3aMECTHTEIH MOJyYaloT HOMEpa B COOTBETCTBUH C MX
MOJIO’KEHHEM B 1ien. HampaBieHne Hymepanuy BeIOMPAETCs TaK, YTOOBI 3aMECTH-
TEW TIONYYWIIN HauMeHbIHe HoMmepa. Ha3BaHWs ajdKWIBHBIX 3aMECTUTENCH WIIN
paauKaioB 0Opa3yrTCs OT COOTBETCTBYIOIIMX HAa3BaHWN AaJIKAaHOB C 3aMEHOM
OKOHYAHUS «-aH» Ha «-UJI».

3. Apabckumu mudpaMu yKa3bIBalOTCS HOMEpa aTOMOB yriepoja, Ipu Ko-
TOPBIX HAXOAATCA 3aMECTUTEINH, MEePEUHUCISIIOTCS paguKaibl Mo andaBuUTy, 3aTeM
Ha3bIBACTCs IJIaBHAS LICTIb.

4. Yucno OJMHAKOBBIX PAUKalIOB YKa3bIBA€TCSl MPUCTaBKaMU OH-, TpU-,
TeTpa-, HUPpaMu yKa3bIBACTCs MOJOKEHHE KKIOTO U3 OJMHAKOBBIX PaJIHKAJIOB.

[Tpumep.

6 5 4 3 2 1
CHz- CH - Chp- FH - CH -

CHs CH; CHs

2,3,/ ppumeTunnrekcan
Ko He 2,4,5TpuMeTHIreKCcaH)

Ankanbl coctaBa C;—C4 Ipyu KOMHATHOM TemIiepaType — rasbl, CIeAYIOIINe
12 coenuHeHMiA — KUIKOCTH, a HaunMHas ¢ rentagekana C,7Hzs — TBEpaBIC BemecT-
Ba. B Tabnure 5 npuBeneHpl 3HAUYCHUS TEMIIEPATyp IUIABJICHUS U KUTIEHUS HEKO-
TOPBIX AJTKAHOB.
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Tabauya 5
du3nyecKne CBOMCTBA AJIKAHOB
dopmyna Ha3Banune T °C Ty, C
CH,4 Mertan -184 -162
C2H6 OTaH =172 - 89
CsHg [Tponan -190 -42
CsHqc Bbyran -135 -0,5
CsHy, IlenTan -132 36
(CH3),CHC,Hs H3onentan -159 27,8
CeH14 I'ekcan -94 69
C7Hig I'enTan -91 98
C8H18 Okxran -57 126
CoHoo Honan -54 151
C]_CH22 I[CKaH -30 174
CisHss IlenTanexan 10 271
CocHas DIiKo3aH 37 343
CsoH 1o IlenTakoHTaH 93 -
ClOCH202 I'exTan 115 -

AnkaHbI — HEMOJIAPHBIC COCAUMHCHUA, IIOOTOMY OHHU IIPAKTHUYCCKHU HC pac-
TBOPHUMEI B BOJIC, HO XOPOIIO PACTBOPHUMBI B HEMMOJIAPHBIX PACTBOPHUTCIIAX.

3.1.2.XumMu4ecKue CBOMCTBA AJIKAHOB

B Monekynax ajkaHOB BC€ YEThIPE BaJEHTHOCTU aToMa Yrjepojia 3aJeucT-
BOBaHbI Ha 00pa30BaHWE OJMHAPHBIX G-CBA3EH C YETHIPHMS COCETHUMH aTOMaMHU.
Cesisu C—C u C-H mgocTaToyHO MPOYHBI, MOITOMY PEAKIIMOHHAS CIIOCOOHOCTh
ATUX COeMHEHMI HU3Kasi. OCHOBHBIM MEXAHU3MOM PEAKIIUI C y4acTHEM AJIKAHOB
SIBISIETCS. PAIUKAIBHOE 3aMEIICHUE. JTU MPOIECChl TPEOYIOT MOCTATOYHO OO0hb-
II0M 3aTpaThl SHEPTUU U MMOSFTOMY MPOTEKAIOT TOJBKO B MPUCYTCTBUU KaTAJIA3aTO-
POB WJIU MIPU BBICOKUX TEMIIepaTypax, JM00 NMpU UHTEHCUBHOM OCBelleHuH. Paau-
KaJIbHOE (POTOXMMHUYECKOE XJIOPUPOBAHUE U OPOMUPOBAHUE — XapaKTEpPHBIE peak-
LIUU AJIKAHOB.

XuaopupoBanue. B nporecce B3auMOIENHCTBUSL METaHa C XJIOPOM Ha CBETY
IMPOUCXOUT TOCIEOBATENbHOE 3aMEIIEHUE aTOMOB BOJIOpOJa ¢ 0Opa3oBaHUEM
CMECH XJIOPIIPOU3BOJHBIX METAHA.

CH4 + C|2 - CH3C| + HCI,
CH3C| + C|2 - CH2C|2 + HCI,
CH.Clx+ Cl, —» CHCl; + HCI;

CHCI; + Cl, — CCl, + HCI.
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CxeMa MexaHU3Ma LIETHOTO PAJANKAIbHOIO XJIOPUPOBAHUS METaHA.
| cTagMs: roMOJIMTUYECKUI Pa3pbIB CBA3H; NHULUHPOBAHUE LeNH

Cl——Cl ——Cl-+-Cl

Il cragus: poct nenu
Cl-+ CHy — CHj+ HCI
CH3' + C12 —>CH3'—C1 +Cl-
Il cragusi: pekoMOUHAIMS pATUKaTIOB — OOPBIB LENH
CHj +-Cl—— CH;—Cl
CH3' +'CH3 —_—> CH3'—CH3

HurtpoBanue. HuTpoBaHue ankaHOB — peaklys 3aMeIEHUs aTOMa BOJIOPO-
Jla Ha HUTPOTPYIIITY — OCYLIECTBISETCA JIEWCTBHEM a30THOW KUCIOTHI B ra30BOM
dase npu 400°C. Peakiust pOTEKAET MO PALHKATLHOMY MEXaHH3MY.

CH4 + HNO3 — CH3N02 + Hzo

JeruapupoBanme. AJKaHbl OTIIEIUISIOT BOAOPO Npu HarpeBanuu g0 400-
600°C B mpucyrcTBun karamusaropos: Ni, Pt, Pd, CiO; — mpu 3ToM 06pasyroTes
QJIKEHBI.

CHg_CHZ_CHg — CHZZCH_CHg + H2
[Tpu nerumpupoBaHuy AIKAaHOB, COJEPIKAIIUX OOJIBIIE TISATH aTOMOB yTJIepoia, 00-
pa3yroTCs MUKJIOATKAHBI.

Oxucienue. B npucyrcTBun n30bpITKa KUCIOPOAa alKaHbl OJTHOCTHIO CTO-
paroT 70 BOJBI U YTIIEKHUCIIOTO Ta3a.

CH4 + 202 — C02 + 2[‘120
[Ipu mpoBeAeHUN OKUCIEHUS B MPUCYTCTBUU KaTaIM3aTOPOB BO3MOXKHO MOJTyde-
HUE U3 aJIKAaHOB KapOOHOBBIX KUCIIOT, KETOHOB U CITUPTOB.

Harpesanune ankanoB mpu Ttemmeparype 500-700C mpuBomut k paspeiBy
cesazelt C-C, B pe3ysibTare yero oopasyroTcsl npe/iefbHble U HeNpeaeabHbIe yriie-
BOJIOPOJIbl C MEHBIIMM YUCJIOM aTOMOB YIJIepojaa. TOT MPOLIeCC Ha3bIBACTCS Tep-
MHYECKHUM KPEKHHIOM.

CH3;—CH,-CH,—CH3;— CH3;— CH3+ CH,=CH>
[IpoBenenre KpeKUHra B MPUCYTCTBUU KaTAIM3aTOPOB — CMECH OKCHJIOB aJTFOMHU-
HUS U KPEMHHUSI — BBI3BIBAET 00pAa30BaHUE PA3BETBICHHBIX M30MEPHBIX AJTKAHOB.
DT0 MpoIecC KATAJIUTHYECKOT0 KPEKHHTA.
HarpeBanne Hepa3BEeTBIEHHBIX aJIKAHOB IPHU IOBBIMICHHOM aaBieHun (4-5
aTM) B IMPUCYTCTBUU KaTaJli3aTopa IUIATUHBI NPHUBOIUT K 0Opa30oBaHHIO apoMa-
TUYECKUX YTJIICBOJOPOIOB. DTOT MPOIECC HA3BIBACTCS PU(POPMUHIOM.

-H, -3H,
CHs- CHy - CH,- CH, - CH, - CHy —> —

I'ekcan [Mukmorekcan benzon
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3.1.3.1lo1y4yeHue U NPUMeHEHNE AJIKAHOB

AJKaHBI TOTY4al0T (PPaKIIMOHHON MeperoHKoi chipoil Hedtu. [Toaromy na-
OopaTopHbIE METOAbI CHHTE3a HEMHOTOYHMCIEHHBI U MAJIO UCIOJIB3YIOTCS Ha MpakK-
THKE.

Peakuus Bropua 1o3BosisieT CHHTE3UPOBATh AJIKAHbI C YETHBIM YHCIIOM
aToMOB yriepoja (yJBOCHHE yrIIEPOJIHOTO CKENIeTa).

R+Br +2 Najt BiTR— R-R + 2 NaBr

[Io peakuuu I'pyHBsApa NOMYYaAIOT YIIEBOAOPOIBI KAK C YETHBIM, TaK U C

HEYETHBIM YMCJIIOM aTOMOB YTJIEPOA.
R-Cl + Mg —— R-Mg—Cl
ANKAJIMAarHAWXJIOPUT
R-Mg—Cl + R'-CI ——=R-R' + Mg(Cl,

JlexkapOoKCHIMPOBAHHEM COJIeil KApOOHOBBIX KUCIIOT MPH UX CIUIABICHUU
CO ILIEJI0YaMU CUHTE3UPYIOT YIJIEBOAOPOABI C MEHBIIMM HAa OAUH YHUCIOM aTOMOB
yriaepoaa, 4em ObLIO B COCTaBE KUCIIOTHI.

B mporecce aiekTposin3a pacTBOpPOB coJieil KapOOHOBBIX KUCJIOT (CUH-
te3 KonbOe) Ha aHoie 00pa3yroTCst yTIeBOJOPO/IBI.
R—COO - € —=R—COO0

AJIKaHBI UCIIOJIB3YIOTCS B OBITY U Ha MPOMU3BOJACTBE KaK roproyee: MpUpoI-
HBII ra3 — B ra3oBbIX IOpekax, OEH3MH, KEPOCUH U ra3oijib — aBTOMOOMIIBHOE U
aBUALIMOHHOE TOIIMBO, Ma3yT — Ha TEIUJIOBBIX AIEKTPOCTAHUHUAX. AJKaHbI — ChIPhE
JUISL CMHTE3a Pa3HOOOpa3HBIX OPraHMYECKHUX BEIIECTB. aJKEHOB, aJKWHOB, CIIHP-
TOB, aJbAETUJIOB, KETOHOB, KUCJIOT. OHHU XOPOIIME PACTBOPUTENIHN JIJIsI MAJIONOJISP-
HBIX BEILIECTB.

3.1.4.IlpupoaHbie HCTOYHUKH YIJ1€BOAOPOAOB

[TpupoHBIME HCTOYHUKAMH YTJIECBOAOPOJIOB SBIISIOTCS TPUPOIHBIN
ra3, HeTh U KAMCHHBIN yrOJib.

[IpupoaHsIif Ta3, B 3aBUCUMOCTH OT MECTOPOXACHUs, coaepkut 84-99%
MeraHa. OH HCTIOJB3YETCS B MEPBYIO ovepe/ b KakK 3P(HEKTUBHOE TOILIHBO.

B cocraB HepTH BXOIAT anKaHbl, IUKJIOATKAHBI M apCHBI, a TAKXKE OpPTaHH-
YECKHUE COSAMHEHUS Cephl, a30Ta U kuciopoaa. CoctaB chipoit HE)THU 3aBUCUT OT
MecTOpoxaeHusl. (OCHOBHBIMU KOMIIOHEHTAMU HE(PTH SIBISIOTCS HEPa3BETBIIEH-
HBbIC ¥ PA3BETBJICHHBIE YTIEBOJAOPOIBI C YUCIOM aTOMOB YIJIEpOJa OT OIHOTO JI0
copoka. bonee 90% noObsiBacmoii HehTH UAET HA IPOU3BOJICTBO PA3IUYHBIX BUIOB
TormBa, okojio 10% -Ha XuMu4eckyro nepepadoTKy.
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CoBpemeHHas mnepepaboTka HEPTH BKIIOYACT TEPBUYHYIO IMEPEpadOTKY
(atMocdepHO-BaKkyyMHasi TIEpETOHKA) M BTOPHUYHYIO (ITUPOJIM3, Pa3IUYHBIC BHIBI
KPEKUHTa, pUGOPMUHT).

[leperonka HedTH, OocyIIeCTBIsIEMas B peKTU(HUKAITMOHHBIX KOJOHHAX, TI0-
3BOJISIET pa3feauTh He(PTh Ha (QPAKIUU B 3aBUCUMOCTH OT TEMIIEPATyPhl KUTICHHS.
Haunbomnpiryro eHHOCTh UMEIOT JIETKUe (ppakimuu — OCH3WH M KEPOCHH — BBIXO]I
KOTOPBIX TpHU Teperonke okojao 15%. XapakTepuCTUKH OCHOBHBIX (hpakiuii Hed-
TH NPEJICTaBJICHBI B TabuIIe 6.

Tabnuya 6
DpaKIHOHHBIN cocTaB HeQTH
Opakuus Temneparypa | Hucno ato- | Ucnonb3oBaHue
kunenus, °C MOB YTJIepO-
na
["a3 20 1-4 TomnuBo
[TeTponeiinsblii 20-100 5—7 PactBoputens
aup
bensun 35— 205 5-12 ["oprouee ayist nBUTaTenei
BHYTPEHHETO CTOpaHUs
Kepocun 175 - 300 12 -18 ["oprouee nsis peakTUBHBIX
JBUTATENICH
Consipooe macio | 200 — 400 14 - 25 ["oprouee niis 1uU3eIbHBIX
(razoitip) JIBUTATEJIEN, TOTJIABO IS
MIPOMBITTUICHHBIX TICUEH
Cwmazounsle macna | Tpyanoneryuu | 20 — 34 Cma3zka
[Tapaduu Heneryune 25-140 N3onsiiimoHHbIN MaTepuan B
COCTMHECHUS ANEKTPOTEXHUKE. MeauinHa,
NUIIEBask MPOMBIIUIEHHOCTh
burywm (achanst) | Hemeryuue 30-40 JIopoXHbIE U KPOBEJIbHbBIC
COEIMHEHHSI NOKPBITUS

KadecTBeHHbIli OEH3UH Cropaer B JABUTaTelie BHYTPEHHEro cropaHusi 6e3
netoHaruu. KonnmuecTBeHHONW MEepOil J€TOHAIIMOHHON CTOMKOCTH OCH3WUHA SIBIISIET-
Csl OKTAaHOBOE YUcJI0. lIMeHHO 0HO HamucaHo Ha BceX OeH303aIlpaBKax, U OT HEro
3aBHCHUT KaueCTBO W IIeHa OeH3uHa. J[J1s MOBBIIICHHS I€TOHAIIMOHHONW CTOMKOCTU
ecTb J1Ba MyTH. [lepBhIii — MOBBICUTH B COCTaBe OCH3MHA JIOJIO Pa3BETBIEHHBIX U
apoOMaTHYECKUX COeAMHEHUN. BTOpoi — BBECTH B TOIJIMBO HEOOMIBIINE KOJTUYECT-
Ba CHEHAIbHBIX J00aBOK. OOBIYHO HCTIONB3YIOT 00a MyTH.

YtoOBI OmpeIeTUTh aHTHICTOHAITMOHHBIC CBOMCTBA yTJIIEBOAOPOJHOTO TO-
muBa, B 1930x Obuia mpeioKeHa crielraibHas 11Kajia, B COOTBETCTBUU C KOTO-
POl CTOMKOCTh JaHHOTO OCH3WMHA K JIETOHAIMU CPaBHUBAETCS CO CTOHKOCTBHIO
CTaHJAPTHBIX cMecei. B kadecTBe cTaHmapToB ObUIM BBIOpAaHBI JBa BEIICCTBA:
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renTaH HOPMAjJbHOTO CTPOCHUS W OJIMH U3 H30MEpOB OkTaHa — 2,2/4,-
TPUMETHJIIICHTaH (€T0 Ha3bIBAIOT «H300KTaHOM»). CMeCh IMapoB I'elTaHa C BO3Y-
XOM TIPH CHJTBHOM CKAaTHUH JIETKO JETOHUPYET, TO3TOMY €r0 IETOHAIMOHHAS CTOM-
KOCTh TIPUHSATA 32 HOJIb. MI300KTaH, Oyaydu pa3BEeTBIEHHBIM YTIEBOJIOPOJIOM, YC-
TONYMB K JIETOHAITUH, M €T0 KadyecTBO nMpuHUMaroT paBHbIM 100. OkTaHOBOE YKCIIO
OTIPEJICIISAIOT TaK. | 0TOBAT CMeCh M3 HOPMAJIBHOTO I'enTaHa M M300KTaHa, KOTopas
110 CBOMM JICTOHAIIMOHHBIM XapaKTEPUCTUKAM SKBUBAJICHTHA HCIBITYEMOMY OCH-
3uHy. [IporieHTHOE COoIepikaHre N300KTaHa B 3TOH CMECH U €CTh OKTAaHOBOE YHCJIO
OeH3MHA.

Hepa3BeTBinéHHbBIE aNKaHbl UMEIOT HU3KUE OKTAHOBBIEC Yncia. Bricokue ok-
TAHOBBIE YHCJIAa UMEIOT Pa3BETBICHHBIC AIKAHBI U APOMATUYCCKUE YTIIEBOIOPOIHI.
JIyst OBBINIIEHUST KadecTBAa OCH3MHA BBIZIEseMble HE(TAHbIE ()paKIMK TOBEpra-
10T JTaJIbHEHIIe XUMUYECKOU repepadoTKe.

Bonpocs! Aj1s1 NpoBepKH 3HAHUH

1. TIlpencraBeTe CTpYKTypHBIE opMynbl coeauHeHuit: 1) 2,2,4-
TPUMETHITIEHTAHA, 2) 2-MeTUI-4-U30NPONIIOKTaHa,; 3) 2 MEeTHI-3-3TUIINIEHTaHA.

2. Hazosure coeaunenus:1)CH;CH,CH,CH,CH,CHg;

3. IlpeacraBbre CTPYKTYpHYIO (HOPMYNy ajikaHa, MOJIEKYyJia KOTOPOro co-
nepkuT 26 aroMoB. HazoBuTe 3TOT yrieBoI0po/I, €CIU ero CKeJIeT He Pa3BETBIIEH.

4. O0bsicHUTE, MOYEMY aJKaHbl HE MOTYT Yy4acTBOBATh B PEAKIIUSAX MPUCOE-
JIUHEHUS.

5. 3anumuTte B 00IIEM BHE YpaBHEHHS PEaKIMil alKaHOB C KHUCIOPOIOM
(mmoytHOE cropaHue) u ¢ XJIOpoM (3aMelIeHNe OHOTO aTOMa BOAOPO/IA).

6. Hepe‘-II/ICJII/ITe AJIKAHbI, UCIIOJB3YIOINHNCCA B HOBCCI[HeBHOﬁ KHN3HU.

7. Ilpennoxute cnocoObl MOJydeHHsl MpoIaHa B peakiusx: 1) 6e3 n3meHe-
HUS YIIIEPOTHON e, 2) ¢ YAJIUHHCHUEM YIIIePOTHON e, 3) C YMEHbIICHHEM
YIJIEPOHOM LEIH.

8. B cxeme peaknuu HazoBuTe BemecTBO «X»: X + NaOH—-C3Hgt+ NaCOs.

9. Hanuiure ypaBHEHUsS PEaKLii, COOTBETCTBYIOIHE LENOYKE MPEBpallle-
auii. CHs+Bro— X4, X1+Na—Xo; X2+C|2—>X3; X3t+tNa—X,.

3.2. AnkeHbl
3.2.1.CTtpoeHne MoJieKyJ U HOMEHKJIaTypa

AJIKEHBI — 3TO alMKJINYECKHE YTIEBOAOPO/IbI, COJEPKAIUE OJHY ABONHYIO
CBS3b MEXAYy aTomamu yriepoaa. O0mas Gopmyiia TOMOJIOTHYECKOTO Psijia ajKe-
HOB — CpHyn. AJIKeHBI Ha3bIBAIOT HEHACKIIICHHBIMU WM HENPEICIbHBIMUA YTIIEBO-
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J0pPOJIaMH, TaK KaK 3TH COCIUHCHHS B MEHBIIICH CTEIICHN HACBIIIEHBI aTOMaMH BO-
JI0pOJ1a TI0 CPABHEHHMIO ¢ ajKaHaMu (MpeAeIbHBIME YTIIEBOJIOPOIaMH).

HazBanust akeHOB CTPOSITCS M3 Ha3BaHUI alKaHOB MyTEM 3aMeHbI CyPPUK-
ca -aH Ha -eH WU Ha -unex (0 paroHaIbHOW HOMEHKIaType). Hanmpumep: CoHy—
sTeH i 3TiieH; C3Hg — nponen wnu nponuinex. [l Toro 4rodbl Ha3BaTh AJKEH,
BbIOMpaeTCs TJIaBHas yriepoaHas Lielb, coaepakKallas IBoiHyto cBsa3b. Hymepanus
LEIM HAYMHAETCSI C TOr0 KOHLIA, K KOTOPOMY OJIMKe IBOIHAs! CBSI3b.

1 2 3 4 5
CHj - CH=CH - ICH -CH
CH;
dseTrnneHTeH-2 (2 HE 2-METHIIIIEHTEH-3)
7 6 5 4 3 2 1
CHg-?H-CI-b-CH=CH-CI-i-CH3
CHj

MBTHJITENTEH-3

Kax/plii U3 IByX aTOMOB yIJIEPOZAA, HAXOMSIIUXCSA B SP-THOPUIHOM CO-
CTOSITHUM 00pasyeT TpHU G-CBS3H, pacroioxkeHHble o yriiom 120, a p-31aeKkTpoHsl,
PacmoIOKEHHBIC TIEPIEHANKYIISIPHO TUIOCKOCTH G-CBSI3€H, 00pa3yIoT T-CBSI3b.

HemnpenenbHbIM COEIMHEHUSIM psAJla 3TUJIEHA CBOMCTBEHHBI CTPYKTypHas
W30MEpUsl YIIIEPOJIHOTO CKeJeTa, U30MEpPHs MOJIOKEHHUSI JBOMHOM CBS3M U MPO-
CTPAHCTBEHHAS YUC-MPAHC-U30MEPUSL.

AJKEeHBI HE PACTBOPUMBI B BOJE, HO XOPOIIO PACTBOPUMEI B HETIOISPHBIX
pacTBopuTENSX: OeH30i1e, dhupax, xaopodopme. [LIOTHOCTL X MEHBIIIE BOBI.

TemriepaTypsl KUIIEHUS NTOBBIIAIOTCS C YBEIMYEHUEM JUIMHBI LENNA U OYEHD
OJU3KH K TeMIiepaTypam KUICHHs aJlKaHOB.

3.2.2.XuMHYeCKHe CBOMCTBA AJIKECHOB

Hanuuune nBoitHOM CBSI3K 00eCreunBaeT yqacTUue ajJKeHOB B PEAKIIMIX JIeK-
TPOPUIbHOTO NpucoequHeHus1. K MoJiekyiaM ajqKeHOB MOTYT MPUCOCTUHSITHCS
MOJIEKYJIbI BOJOPOa, TaJOT€HOB, TaJloT€HOBOJIOPOJIOB, BOABI. B ATHX peakiusx
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nBoiHas cBsi3b C=C mpeBpamaetcs B oguHapHyto C —C, 00pa3yeTcst HachIIIEHHOE
COEIMHEHHE.

MexaHu3M peakiuu dIeKTPOPUIHLHOTO MPUCOSTNHEHUS PACCMOTPEH Ha TIPH-
Mepe peaKIny rajJoreHupoBaHusI dTUIICHA.

[TpucoeanHeHNEe MOJIEKYJIBI TATOTeHA MTPOUCXOIUT JIETKO B OOBIYHBIX YCIIO-
BUSX, OCOOEGHHO B Cpe/ie MOJIIPHBIX pacTBoputeneit. OOeciBednBaHne OpOMHON
BOJIBI — KAYECTBCHHAS PEAKIMsl Ha HaJM4Me KPaTHBIX CBSI3€H B OPraHUYECKUX CO-
CIMHEHUSX.

TR -
H,C=CH,+ Br—Br ——= HQCTCHQ
Brt
T—KOMILJIEKC
Br Br Br
® + Br~ | I
E— H2C_CH2 HQC_CHQ

G—KOMILIEKC
(kapOoKaTHOH)

PeaKHI/II/I IT'HAPOTraJIOr€cCHUPOBAHHUA ITPOTCKAIOT aHAJIOTHMYHO.
o+ —
H,C=CH,+ Hi~C ——— HzCTCH2—>

-CI
H+
T—KOMILIEKC
Cl Cl ClI
® | +CI- ||
— = H,C—CH, H,C—CH,

G—KOMILITEKC
(kapOoKaTHOH)

[TpucoenuHeHne TaJIOTEHOBOIOPOIOB K HECUMMETPUYHBIM aJIKEHAM TpOTe-
KaeT yepe3 oOpa3oBaHKHe Hanbojee YCTOHYMBOrO KapOOKAaTHOHA: aTOM BOJAOPO/a
npucoeInHsieTcs K 0ojiee THIPOreHU3UPOBAHHOMY aToOMYy yriepoaa(mpaBuio
MapKkoBHUKOBA).

CH,=CH-CH, + HCl —» CH;-CH-CH,

|
Cl

2-XIopIponax
AHQJIOTUYHO MPOUCXOAUT THAPATAUMS AJTKEHOB — IPUCOCAUHEHUE MOJEKYJIbI
BO/JIbI.

CHQ_(I::CHZ + HZO — CHR_(I:_OH
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I'mapupoBaHue — IPUCOEIUHEHNE BOOPOIAa — POTEKAET B IPUCYTCTBUU KaTa-
JU3aTOPOB — HUKENS, TUIATUHBI, Nauaaus. Peakius He TpeOyeT BBICOKHX TeMIle-
paTyp U 1aBJICHUM.

i
CHETCHQ + Hg — CH%_CHS

N1
CH,-CH-CH,—CH; + H, — CH;-CH,—CH,—CH;
OxmuciaeHHe aJKEeHOB, B OTJIMYKE OT aJKAHOB, MPOTEKAET JIETKO. Peaxiius
IpOTEKAeT IO ACHCTBHEM BOIHOIO pacTBOpa ImepMmaHraHara Kaaus. CocraB mpo-
IYKTOB 3aBHCHT OT XapakTepa Cpeibl, B KOTOPOI IMPOBOIUTCS OKHCICHHE.

Msirkoe OKHCIICHHE MPOTEKaeT B HelTpaabHOU cpene (peakius Barnepa).
3H,C=CH,+ 2 KMnQ, + 4H,0 — 3 HOCH-CH,OH + 2 MnQ + 2 KOH

XKéctroe okucnenune npoBoauTcs KucabimMu pactBopamu KMnOgumu K,Cr,O; npu
HarpeBaHuH.

5H,C=CH, + 8KMnGQ, + 12H,SO, — 10HCOOH + 8MnSQ + 2K,SO, + 12H,0

[Ipu mponyckaHuWM aJKEHOB Yepe3 PAcTBOp NEpMaHraHata Kajausi HaOJtogaeTcs
HcUYe3HOBeHHE MAIIMHOBOM okpacku KMNO,.
AJKEHBI TOPSAT Ha BO3AyXE CBETAIIUMCS IIJIAMEHEM.
C2H4 + K)z — 2 C02 + 2H20
Peaknuu moJimMepu3alMu ¢ y9acTHEM aJIKEHOB MOTYT MPOTEKaTh IO pa-
JTUKAJIbHOMY WJIM MOHHOMY MEXaHW3MaM U JIe)KaT B OCHOBE MPOMBIIIIICHHOTO CHH-
Te3a MoNMMMepoB. B olmieM Buae cxeMy MOIMMEPH3AlUN TOJUITUIICHA MOXKHO

npcaCTaBUTh TaK:
—<‘ H2C - CH2 )n_

n H2C =CH2

3.2.3.1lo1y4yeHue U NpUMeHEHHeE AJIKEHOB

B IMPOMBINIJICHHOCTH AJIKCHBI ITOJY4YaroT HYTéM KaTaJIUTHYCCKOTO JACTUAPU-
pPOBaHHA aJIKaHOB U TCPMUUICCKUM KPCKMHI'OM HerTerOI[YKTOB. B na60paTopHH
AJIKCHBI I10JIY4aroT nernnpaTauneﬁ CIIMPTOB, IIPOBOIA ee Harp€BaHucm B IIPH-
CYTCTBHUHU CCpHOﬁ KHCJIOTHI.

HZSO4(K0HH.)‘

ML — e HC=CHa O

JlelicTBMEM COMPTOBOTO PACTBOpPA IIENOYM, HUHKOBOM NBbUIA HA TAJIOI€HO-
IIPOU3BO/IHBIE AJIKAHOB TAK)KE€ MOYKHO ITOIYyYUTH AJIKEHBI.
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CH, - CH, + NaOH ——> CH,=CH, + NaCl + HO
|£| ICI C,HsOH

I[emz[paTaumI U ACruaporajorcHupoOBaHUC CIIMPTOB OCYIICCTBIIACTCA I10
npasujy 3aiilieBa. aToM BOJAOPOJAA OTHICIJIAETCS NMPEMMYIIECTBEHHO OT Me-
Hee THAPOreHU3UPOBAHHOI0 aTOMa yrJjiepoja.

H,SO,

CHg- CH - CHy ———> CHj- CH=ChH, + H,0

H OH

Hawubonee mupokoe mpuMeHeHHE B TIPOMBIIINIEHHOM OPTaHUYECKOM CHHTE-
3¢ HAXOJAT IEPBBIE MPEICTABUTEIN TOMOJOTHYECKOTO psiia aIKEHOB — ATHIIEH,
pOMUJIeH U OYTUJICH, KOTOPBIE MOTy4YatoT Ipu KpekuHre HedTu. OHM CITyXaT Hc-
XOIAHBIM CBIPBEM JUISl TOJYYECHHUS CIHPTOB, XJIOP3aMEIIEHHBIX YIJIEBOJIOPOAOB,
aNbJAETUI0B, KETOHOB, KapOOHOBBIX KHUCIOT. [lonmMaTuiieH, moJIunponuieH, noJiu-
CTUPOJI — MOJIMMEPBI — MHOTOTOHHAXHBIE€ MPOIYKThI, IMOJYYEHHbIE MOJIUMEPU3A-
UEN aJIKEHOB.

Bonpocel 1j1 IpoBepKHY 3HAHUI

1. [IpeacraBbTe CTPYKTYypHBbIE (POPMYJIBI BCEX HEMPEAEIbHBIX YTIEBOIOPO-
noB coctaBa CsHip 1 Ha30BUTE UX.

2. [IpuBeaute popMyty IpOCTEHIIEro alKkeHa, UMEIOLIEro U30MEPHBIA eMy
UKJIOAJIKAH.

3. Hamumwmre ctpykTypHbie GOpMYIIbI COeUHECHMI: 1) 2-MeTUIIeHTeH-2; 2)
3,4-muyTrirekcen-3; 3) 2MetmnoOyraaued-1,3; 1 MeTHIIIUKIIONCHTEH.

4. 3anummuTe (HOpMyIy STHUICHOBOTO YIJIEBOAOPOIA, MOJIEKYlIa KOTOPOTO
conepxkut 21 arom. IlpuBenure cTpykTypHbIe (GOPMYIIBI OJHOTO TOMOJIOTA U OJ-
HOT'0 MU30Mepa 3TOr0 COCAVHEHHH.

5. 3anummte B 00IIEM BH/C YpaBHCHHS PEaKIUil MPUCOCIUHEHHS K ajKe-
HaMm: 1) Bojopona; 2) xiopoBoaoposa; 3) Opoma; 4) BOJbI.

6. [IpuBeauTe ypaBHEHUS PEAKIIMiA, C TOMOIIBIO KOTOPBIX MOXHO OTJIMYUTh
3TaH OT HTEHA.

7. YKaxXuTe BEIECTBA, C KOTOPHIMHU B OOBIUHBIX YCIOBUSX PEArupyroT U all-
KEHbI, U aJIKaHBbI.

8. 3anumuTe ypaBHEHHE PeaKlMy MOJIMMEpU3aIMU IPOIIEHa.

9. 3anumuTe ypaBHEHMs JBYX pEaklMii, B KOTOPHIX 0Opa3zyeTcsi 3THUJIEH.
YKaxuTte ycioBHs NPOTEKAHUS 3TUX PEAKIUH.

10.3anummTe ypaBHEHHUS peaKIuid OTIIEIUICHHS raJIoreHoBo1opoaa ot 1) 1-
xyopOyTana; 2) 2xmopOyrana. B kakom ciydae oOpa3yercsi cMech IPOIyKTOB?
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3.3. AJIKHHBI (alleTHIEHOBBIE YIJI€BOI0POIbI)

AJIKMHAMM Ha3bIBAIOTCSI HEHACHIIIEHHBIE allUKJIMYECKUE YTIIEBOI0POIbI,
coJiepKarire B MOJIEKYJIe OJTHY TPOMHYIO CBS3b MEXKIYy aToMamu yriepozaa. Obmas
dbopmyra romoIoruaeckoro psaa ankuHoB CoHop o

[IpocTeliuii ankuH — aneTuyieH — ObL1 OTKPBIT B 1836r1. O. /[9BM B CBe-
TUJIBHOM Ta3e.

3.3.1.CTpoeHne MoJieKyJ U HOMEHKJIaTypa

ATOMBI yriiepojia, y4acTByIoIIKe B 00pa30BaHUM TPOMHOM CBSI3U, HAXOATCS
B SPTUOPUAHOM COCTOSIHMM. YTOJ MEXKIY ABYMsI TMOPUIAHBIMU OpOUTAISIMU —
180, 1Ba p-3IEKTPOHA KAXKIOTO aTOMa 3a[CHCTBOBAHBI Ha 0OPA30OBaHHE ABYX -
CBSI3€M, pACOJI0KEHHBIX BO B3aUMHO MEPIEHANKYISPHBIX IIOCKOCTSIX.

T

T
c

¢

JUIsL aJIKMHOB XapaKTEpHA U30MEPUS IOJIOKEHUS KPAaTHOM CBSI3U U M30Me-
pus yIIIEpOAHOTO CKEJIETA.

Ha3panusi ankuHOB CTpPOATCA AHAJIOTMYHO HA3BAHMSM AJKEHOB. IJIaBHAs
LENb JOJDKHA COAEPKATh TPOMHYIO CBsSI3b, aTOM YIJIEPOJAA IIPU TPOMHOW CBS3U
JIOJKEH TOJIyYHUTh HaMMEHbIIWH HoMep. B Ha3Banusx cypdukc —an cooTBeTCT-
BYIOILIETO IIPEAEIBHOTO YTIIEBOIOPOIA MEHAETCS HA —UH.

CHj
1 | 2= 3 4 5 67 8
CH3-CH-CI-b—(EC—|CH-CI-§3-CH3

CHs;
2, 6HMETUIOKTUH-4
3.3.2.XumMu4ecKHe CBOCTBA AJIKUHOB

Hanuuue TpoiHOM CBA3M B MOJIEKYJIaX QJIKUHOB ONPEIEIAET UX CKIIOHHOCTb

K peakuusiM npucoeauHenus. OIHaKo, B OTJIMYKE OT AJIKEHOB, MOT'YT IPOTEKAaTh U
PEaKIUK 3aMENIEHUS «KHUCJIOT0» aTOMa BOJIOPOA.

IIpucoennnenne no Tpoiinoi cBs3u. Bogopon, xmop u Opom mpucoeau-
HSAIOTCA K QJIKMHAM B JIBE CTaUU.

HC=CH + H, —» H,C=CH,; H,C=CH, + H,— H3C —CHj;
Karanuzaropamu 115 nporecca rTuApUPOBAHUSA CITY’KAT HUKEIIb, IIJIATUHA U ITaJIjIa-
.
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[IpucoeanHeHne raToreHoB NPOTEKaeT MeJICHHEe, YeM K aakeHaMm. Obec-
[[BeYHBaHHE OPOMHOI BOJBI MOXKET CIIY>KHTh Kau€CTBEHHOM peakiueii Ha Tpou-
HYIO CBSI3b.

T
+X,
HC=CH + X, HC CH H(ll—(liH
X X X X
rae X= Cl, Br

raHOFCHBO,Z[OPO,Z[LI MNPUCOCANHAIOTCA K aJIKKMHaM C 06p330BaHI/ICM rajore-
HaJIKCHOB, a 3aTCM JHUIaJIOTCHAJIKAaHOB. HpI/ICOC,Z[I/IHCHI/IC K HCCUMMCTPHUYHBIM ajI-

KHHaM HUACT I10 IIpaBUITY MapKOBHI/IKOBa.

CH, - c=cH 1<, cHy-cei=ch, 1% cn,- ol - chy

AneTuiieH B3aUMOJICHCTBYET ¢ BOIOI B PUCYTCTBUH COJIeH PTYTH, 00pasys
arieranpaerus (peakius Kydeposa).

0
V,
cH;-cZ
H

H 2+
HC=CH+H,0 — & HzélCH

BUHUJIOBBIN CIUPT
(eHom)

Mounekynbl aTKUHOB MOTYT pearupoBath APYT C IPYroM, 00pasyst AUMEphI U
TPUMEPBI.
t, Kat

2CH=CH —> CH=C-CH=CH,

CH
Y
HC// CH
+

HCx
ScH

Peakuuu 3amemeHusi. ATOM BOAOpOJa B MOJIEKYyJe aleTuiieHa oOiaaaer
«KUCJBIMU» CBOMCTBAMH, TaK KaK AJIEKTPOHHAs MJIOTHOCTH MO cBA3u C—H cuibHO
CMelIeHa K aToMy yriepoja. 10 0OyCIOBIEHO BHICOKUM 3HAUYEHUEM DJIEKTPOOT-
punaTenbHOCTH SPTUOPUAHOTO atoMa yriaepoaa. «Kucmerii» arom Bogopoaa cro-
coOeH 3aMemaThcs Ha METaul TOJ EWCTBHEM COJIeW pTYyTH, Meau, cepebpa, a
TaK)K€ METAJUTMIECKOTO HATPHUS.

HC=CH + 2 [Ag(NHs),JOH — Ag — C=C — Ag| + 4 NH; + 2 H,0
CHs — C=CH + [Cu(NH,),JOH — CHz — C=C — Cy, + 2 NH; + H,0

OOpasytomiuecs: aneTUJIeHUAbl HEYyCTONYMBBIE BEIECTBA, pasfararoliuecs Cco
B3PBIBOM.



25

Peakuuu okucjieHUs C yYacTUEM QJIKWHOB MPOTEKAIOT TPYJIHEE, YEM C al-
keHamu. OOecIBeUnBaHWE PAcTBOpA TMEPMaHTaHATa Kajusl MOJ| NEWCTBHEM aIKH-
HOB MOKHO pacCMaTpUBaTh KaK Kau€CTBEHHYIO PEAKIMIO HA TPOUHYIO CBSA3b.

0

~
HC=CH + KMnO, + H,0 — | 9K 4 KOH + MnO,|
20
CJ
OK
OKCOIaT KaJus
AJIKMHBI TOPSAT KONTSIIUM IJJTAMEHEM Ha BO3AyXe, B MPUCYTCTBHU KUCIOPOJA
IPOMCXOTUT IOJTHOE CTOPaHUE JO YIIIEKHUCIOrO Ta3a M BOMBI, SPKOCTh TUIAMEHH
ncuesaer. Temmeparypa miamenn npu 3toM gocturaer 2800C.

2 C2H2 + 502 = 4C02 + 2H20
3.3.3.Cnnoco0bl noJiyuyeHus 1 IpMMeHeHHue aTKMHOB

B nmpoMbIieHHOCTH U B TaOOpaTOPHUH alleTUIICH MOJTydatoT 00paboTKoi
KapOuaa KaiabIus BOJIOK.

CElCZ + H20 — HCECH + C&(OH)Z

JlpyruM TpOMBIIIIEHHBIM CIIOCOOOM SIBJISIETCSI TUPOJIU3 METaHa, TPOBOIHU-
Mblit pu Temmeparype okoio 1500C.

2CH4—> CH=CH + 31‘12

B naGopaTopuu ajkuHbBI MOJy4YarOT JEHCTBUEM CIHUPTOBOTO pacTBoOpa Iie-
JIOYY TIPU HArPEBAHUU Ha JUTAIOT€HAJIKAHBI.

CH;—CHBr—CH,Br + 2 KOH— CH3—-C=CH + 2 KBr + 2 HO
CHs—CBr, -CH3z + 2 KOH— CH3-C=CH + 2 KBr + 2 HO

ALETUIEH IPUMEHSIETCS I CBAPKU U PE3KH METAJUIOB. A TaKXKe CIIYKUT
VCXOJHBIM CBIPBEM JUISl CUHTE3a Pa3JIMYHBIX OPraHUYECKUX COEOUHEHMU. YKCYC-
HOT'O aJIbJIErua, YKCYCHOM KMCIIOThI, BUHUJIALIETATa, N30IIPEHA, aKPUIIOHUTPHUIIA.

Bonpocs! Aj1s1 NIpOBepKH 3HAHUH

1. 3anummure cTpykrypHble ¢opMyibl ankuHoB coctaBa CsHg m HazoBuTe
uX.

2. Kakue BUbI M30MEpUU XapaKTEPHBI )i alKWHOB? [IpuBeauTe npumepsl
U30MEPOB KKIOTO BUJIA.

3. HazoBute yrieBogopossi: 1) CH;—C=C-C,Hs; 2) HC=C—CH(C,Hs5)CHa.

4. 3anumuTe B OOIIEM BHJE YPaBHCHHS PEaKIUil MPUCOCIMHEHUS K aJIKU-
HaM u30bITKa 1) Bogopoja, 2) Xjao0poBoaopoa, 3) Opoma, 4) BOIbI.

5. Kakum 00pa3oM XMMHYECKH Pa3/IeiuTh CMECh dTHIICHA U aleTuieHa? 3a-
NULINTE YPAaBHEHUS PEAKLIUM.
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6. C moMONIbI0 KaKUX PeaKIHii MOXKHO OTIMYUTh OyTUH-1 oT OyTHHA-27?

7. 3anumuTe ypaBHEHUS PEaKIMii, COOTBETCTBYIOUINX MOCIEI0BATEIbHOCTH
npeppanieHnii: Al,C3—X—Y —Ag.C,.

8. 3anuiuTe ypaBHEHUE Ipoliecca TPUMEpU3alUK NponuHa. Bo3MOXHO JH
JUTS TIPOTIMHA TIPOTEKAHUE PEaKIUU JUMEPU3AIIAN ?

9. 3amummure dopmyny ankuHa, cocrtosimero u3 16 atomos. I[lpuBegute
CTPYKTypHBIE (POPMYJIIBI OTHOTO TOMOJIOTA M OJHOTO U30MEPa ATOTO COSTNHEHUSI.

3.4. ApomaTnueckue yrjieBoa0poabl. ApeHbl

ApOMATHYHOCTb — INOHSTHE, XapAKTEPU3YIOUIEE COBOKYITHOCTh CTPYKTYp-
HBIX, YHEPIeTUUECKUX CBOMCTB U OCOOCHHOCTEH PEaKIMOHHON CIMOCOOHOCTH IIUK-
JMYECKUX COECIUHEHUN C CUCTEMOM CONMpPSDKEHHBIX cBsi3el. TepmuH BBeaEH D. A.
Kekyme (1865)ans onucanus CBOWCTB COSAMHEHUH, CTPYKTYPHO OJM3KHUX K O€H-
3011y - pOJOHAYAIBHUKY KJIACCa aPOMATUYECKUX COCAUHCHUMN.

ApeHbl WU apOMATHYECKHUE YIIEBOAOPOJBI — 3TO COECAUHEHUS, MOJIEKYJIbI

KOTOPBIX COJAEPKAT OJHY WJIU HECKOJBKO YCTOWYMBBIX ITUKIMYECKUX TPYII aTo-
MOB, Ha3bIBa€MbIX OCH30JbHBIMH KOJIbIIAMH WITU SAPAMHU.

beHzon sBnsieTcs pogoHAYaAIbHUKOM TOMOJIOTHUECKOTO Psijia apeHoB, 001mast
dbopmyna kotopbix CpHon .

3.4.1.CtpoeHue 6eH30JbHOT0 KOJIbIIA

Bce aTombl yrieposia B KOJIbIle HaXOSATCS B sz-m6p1/mH0M COCTOSIHUH, 00-
pa3yroT Mexay coboii M ¢ aromMamu Bogopoaa yriael 120°, qiuHBI Bcex yrie-
pPOA-YIIIEPOIHBIX CBsi3el oanHakoBbl U paBHbl 0,140HM. DTO MeHbIIE, YeM JJIMHA
oauHapHoit C-C cBsizu 0,154 HMm, HO Oosbine, yem jyuHa ABOMHON cBsizu C=C
0,139uM. Illects HErMOpUIHBIX pP-OpOUTAIEH pacrojaraloTcsl MepreHIUKYISIPHO
MJIOCKOCTH KOJIBIIA, B PABHOW CTETICHH MEPEKPHIBAIOTCS MEXKITY COO0H 1 00pa3yroT
eINHOE T-3JIEKTPOHHOE 00JIAKO WUITU TT-CUCTEMY.

Puc.7. Monenu 351eKTpOHHOMN TT-CUCTEMBI B MOJIEKYJIe OeH3071a
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CrpykrypHas ¢popMyia MOJIEKYJIbl O€H30J1a MpeTepriesa HECKOJIbKO HCTOPU-
YeCKUX M3MEHEHUH M0 Mepe HaKOIIEHUsI HH(OpMaIMKu O CBOWCTBAaX 3TOTO COEIU-
HEHUS.

00 ®

a 0 B r

Puc. 8. Moaenu Monekybl 6eH307a

[TepBrie aBe Gopmynsl (puc. 8 a, 0), npeanoxennsie B 1865r. Kekyrne ¢ ue-
peloBaHHEM OJWHAPHBIX W JBOWHBIX CBsizel. Tperbs opmyna (puc. 8 B) mpen-
noxena JI. IlonuHrom, B Hel OKPY’>KHOCTb, BIINCAHHAS B IIECTUYTOJIBHUK, ITOTYED-
KMBAE€T OTCYTCTBUE (PUKCUPOBAHHBIX [BOMHBIX CBA3€M M HAJIUYUE EAUHOIO
67-371EKTPOHHOTO 00J1aKa, 0XBATHIBAIOLLETO BCE ILIECTh ATOMOB YIJIEpOa LIUKIIA.

Hemenkuit puszuk 3.Xrwkkens B 1931, chopmynupoBasn oOiire NpuHIMIIBI
apOMATHYHOCTH. APOMAaTHYECKON SBISETCS TOJBKO IJIOCKasl UKINYECKasi MoJIe-
KyJia, coiepKamiasi IeIOKAIN30BaHHYI0 (PAaBHOMEPHO PACIPEEEHHYO 10 IIHKITY)
CUCTEeMY 7-CBsI3€H, BKiItouaromux (4n+2)p-snexrpona, rae n=0, 1,2,3 .....

3.4.2 HomeHKJATYypa M H30MepHsi FTOMOJIOTOB 0eH30.1a

Mornekyna OeH30jla MPEACTABISET COOON MPaBHIBHBIN IIECCTUYTOJNBHUK,
CIIeIOBATEIbHO, €CITH 3aMECTHUTEITb B KOJIBIIE OJIMH, TO TAKOE COCAMHCHHUE HE UMEET
apOMaTHYECKHX M30MEPOB, TaK KaK BCE IIECTh ATOMOB KOJIbIIa SKBUBAJICHTHBHI.

Ecmu B KoJbIle €CTh J1Ba 3aMECTHTENS, TO OHU MOTYT PacIojaraThCs APYT
OTHOCHTEJIBHO Jpyra B TPEX Pa3HbIX MOJIOKEHUSIX: psAaoM (opmo-TIoNoKeHue), ye-
pe3 OoAWH aToM Yyriepona (mema-mojoXeHWe) W depe3 aBa atoma (napa-
0JIOJKEHHE).
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CHj
CHj 1 )
CHj L
! 2 CHsy ’ 3
3 4
CHj CHs
opmo- Mema- napa-

Ha3Banus apoMaTH4eCKUX YTriE€BOOPOJIOB BKIIOUYAET CIOBO «OEH30JI» C YKa3aHH-
€M TIOJIOKEHUs] M Ha3BaHMs 3amecTuTesned. Hymeparus atoMoB yriepoaa OeH-
30JIbHOTO KOJIblla BEAETCS TakK, 4TOObI CyMMa HOMEPOB 3aMeCcTUTEelNIel Obljia Hau-
MEHBIIIEH.

Mmuorue romosioru 0€H30J1a UMEIOT TPUBHAIIbHBIC Ha3BaHUs. Hampumep: me-
TUIOCH30JT — TOJTYOJI, TUMETUIOCH30JI — KCHJIOJ, BUHUIOEH30JI — CTUPOJI, U30IIPO-
NUI0EH30J — KyMOJ U Ap.

CHs;
CHj
CHj
CHs
1,2-ntumeTnOEH301 1,3aumeTna0eH301 1,4aumeTnII0EH30T
0-KCHUJIOJ M-KCHUJIOJI N-KCHUJIOJI

3.4.3.®du3nyecKkne CBOMCTBAa 0€H30J1a M €r0 TOMOJIOTOB

benzon mpeacrapnser coboi 0€CIBETHYIO KUAKOCTh C XapaKTEpHBIM 3aria-
XOM, HE paCTBOPUMYIO B BoAe, T KuIL.= 8(fC, T mn.= 5°C. Benson SITOBUT. [ oMO-
joru OeH301a TMPEACTABISAIOT COO00M Takke OECIIBETHbBIC, CUJIBHO MPETOMIISIONINE
CBET XUAKOCTU. OHM HEPACTBOPUMBI B BOJI€, HO XOPOIIO PACTBOPUMBI B OpraHHU-
YeCKUX pacTBOpUTENsiX. [Ipu 3TOM caMu SIBASIFOTCS. PACTBOPUTEISIMU JJISI MHOTHX
BellecTB. JIETKO BOCIUIAMEHSIOTCS U TOPAT SIPKUM, CUIIBHO KOMNTSIIUM TIaMEHEM.
C BO3myXoM 00pa3yroT B3PHIBOOIIACHEIE CMECH.
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3.4.4. XumMmudyecKue CBOMCTBA

XHUMUYECKUE CBOMCTBA apOMATUUYECKUX COCAWHEHUN ONPENENAI0TC HAINYN-
€M DJIEKTPOHHOM T-CHCTEMBI, KOTOpasl IeJaeT MOJIEKYyNy cTabuibHOM. [loaTomy
OCH30JI U €ro rOMOJIOTH, B OTJIMYME OT HEHACHIIICHHBIX COCJUHEHUMN, NOYTHU HE
YYAaCTBYIOT B PEAKLUIX NIPUCOEANHEHNS, @ XapaKTEPHBIM JIJI1 HUX THUIIOM PEaKLIHM
ABIIACTCA IJIeKTPOPUIbHOE 3aMellleHre aTOMOB BOJIOPO/Ia B OEH30JIbHOM KOJIBIIE.

Peakiuu 3T0ro0 THIMA NOTYUHSIOTCS O0IIEMY YpaBHEHHIO!

+E+_>©_,E@<—_> ®

T-KOMIIJICKC O -KOMINJICKC

E

+H"

Ha nepBoii ctanuu peakiuu B KayecTBE MPOMEXKYTOUHOTO MPOJyKTa o0pa-
3yeTcsl TOHOPHO-aKLUENTOPHBIM T-KOMIUJIEKC, B KOTOPOM apoMaTH4YecKasl CUCTEMA
OEH30JIbHOTO KOJIblLIa coxpaHsieTcs. Ha BTopoil cTaiuu m-KOMIUIEKC MpeBpaliaeTcs
B G-KOMIUIEKC, KOTOPBIM CTaOMIN3UPYETCs], IPEBPAILASACH B APOMATUYECKYIO CHC-
TEMY, B Pe3yJIbTaTe OTILEILICHHUs NPOTOHA. Yale BCero craanueu, Onpeneisomen
CKOPOCTh pEaKIIH, SBISIETCS 00pa30BaHUE G-KOMILIEKCA.

Haubonee BaXHBIMH peakUMSIMH 3JIEKTPO(UIBHOTO 3aMEIEHUs SBISIOTCS
raJIoTeHUPOBAaHNE, HUTPOBaHUE, CyJIb(UPOBAaHUE, AIKIIMPOBAHUE U alUIHPOBA-
HUE.

l'anorennpoBanmne (XJIOpuUpoBaHWE, OPOMHPOBAHUE) OCYIIECTBISETCS B
IPUCYTCTBUM KaTalIW3aTOPa, BBI3BIBAIOLIETO MOJSPU3ALUIO0 MOJIEKYJIbl TaJIOT€HA C
oOpa3oBaHHeM 3JEKTPOYUIBLHON YACTHIIBI, aTaKyloIed OCH30JbHYIO T-CUCTEMY.
Haubonee pacnpocTpaH€HHBIM SBISIETCS Clydyail aKLEITUPOBAHUSA aHHUOHA, KOT/a
MOJIIPU3ALUS OCYILIECTBIISIETCS JEHCTBUEM TaJOTeHHIOB KOOPAWHAIMOHHO HEHa-
CBHIIICHHBIX (MMEIOIINX MyCThIe KBAHTOBBIC SYCHKH) IeMeHTOB — 00bryHO FeCh,

FeBr;, AICIs.

:Bri—Br: + FeBr; — Br" + [FeBr,]
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Br
FeBr;
+Br, + HBr

OpomMOeH301

HurtpoBanue GeH3051a MPOBOAST CMECHIO KOHIIEHTPUPOBAHHBIX CEPHOU H
a30THOHM KHCIIOT (HUTPYIOIIEH CMeChi0). B cMecH KUCIIOT ycTaHABIMBASTCS PaBHO-
BECHE!

HNO; + 2H,S0O; — NO," + H;O" + HSQy.

+
B kauectBe HUTpyloiero areHTa Beictynaer yactuma NO, .

NO,
(koHIIL.) 2

HUTPOOEH30

O6pa3zyromuiics HUTPOOEH301 — TSKENas JKEJITOBaTasl )KUIKOCTh C 3aIaxoM
rOpbKOTO MUHAAJIS.

CyabpupoBanue O6eH30/1a OCYIIECTBISETCS HAarpeBaHUEM C KOHIICHTPHUPO-
BAaHHOW CEpPHOW KHCIOTON (JIydIne <«IbIMAIICH», OoJieyMOM). YCTaHOBIJICHO, YTO
cynbdupytromeit yactureit sisercs SO;. Jlannas peakius oOpaTuma.

SO;H
@ +  HySO4 O/ +H,0
TIBIMSIIIAS

0eH30ICYTb(POKUCITIOTA

3amMelieHre aToMa BOJOPOa Ha alKUJIBHYIO WM aIllUIBHYIO TPYIITY MpOoTe-
KaeT B TPUCYTCTBHM TEX JK€ KaTalu3aTopoB, 4to u ranorenuponanue (FeCh,
FeBr, AICI3). Dt nporiecchl HOCAT Ha3BaHMS AJKHJIMPOBAHUS M AIllMIHPOBAHMS
no @punemo-Kpadrcy. B kauecTBe anKWIMpyOMUX areHTOB HCIIONB3YIOTCS -
KWJITAJIOTCHU/IBI, 3 B KAYECTBE AMMIMPYIOMINX — TAJIOTCHAHTUIPHUIBI U aHTHIPUIBI
KapOOHOBBIX KHCIOT. B 000MX ciydasx B MpHCYTCTBUM KUCTOT JIpronca obpasy-
I0TCS KapOKaTHUOHBI, UTPAIOIINE POJIH JIEKTPO(DUIIa B PEAKIIUIX 3aMEIICHHUS .

C2H5C| + A|C|3 — CzH5+ + A|C|4_
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CH,CH;

AICI +HCI

+ CH;CH,C1

STHIIOEH30JT

CH3COC| + A|C|3—> CH3CO+ + A|C|4_

0
0 C—CH;
/ AICI
© + CH3C/ — +HCl
\Cl

aneTo(eHoH

PCaKHI/II/I C-)J'ICKTpO(bI/IJ'IBHOI‘O 3aMCIICHUA JOJI0C BPEMA pacCMaTpUBAJIMCh B
Ka4C€CTBC IIPHU3HAKA apOMATHYCCKOI'O XapaKTepa pa3JIn4HbIX COCHHHCHHﬁ.

3.4.4.1 BausiHue 3aMecTHTe el HA MPOTEeKAHUE peaKuui
3JIEeKTPOPUIBHOIO 3aMellleHU s

Ecin 6eH3011pHOE KOJIBLIO COAEPKUT KaKue-In0O 3aMECTUTENN, TO CUMMET-
PUYHOCTh T-CUCTEMBbl HapyIllIaeTcs, U aTaka AIEKTPOPUIBHOIO peareHTa Halpas-
JSIETCSA B ONPENEIEHHOE MOJI0KEHUE MOJIEKYIIBI, 3TO 3aBUCHUT OT IIPUPOJBI 3aMec-
TUTEJIA.

B peakuusx >nekTpouUIbHOTO 3aMEIICHUs ¢ yYaCTHEM MOHO3aMEIIEHHOTO
OeH3oma 31ekTpoduIbHAS YaCTHIIA, aTaKyIOIasl KOJbLIO, HAMIPABIIAETCS B OIpee-
n€HHOE ToNoXeHue (opmo-, mema- WM napa-), a MPOLEcC MOKET MPOTEKaTh ObI-
CTpee WM MEIJICHHEE 110 CPABHEHMIO C HE3aMEIIEHHBIM OeH30i10M. B 3aBucumo-
CTH OT OPUEHTHUPYIOIIErO AECUCTBUS U CHOCOOHOCTH aKTUBHUPOBATH WJIM J1€3aKTH-
BUPOBATh OEH30JIbHOE KOJIBIO PA3INYAIOT 3aMeCTHTE/IM IIepBOro U BTOPOro po-
aa.

3amecTUTEM TNEPBOr0 PoOAAa AKTHUBUPYIOT KOJBIO, oOJerdyas 3JIeKTpo-
¢unbHOE 3aMelleHue, MpU 3TOM 3aMECTHTENb HAampaBisieTcss B oOpmo- U
napa-noyioxenus. K 3amecturensm nepBoro poaa OTHOCATCS aTOMbI WM T'PYIIIbI
aTOMOB, TiposiBisitonue + M- unn +l- 3 pexTor.

VICKIIFOUUTENIBHOE MTOJIOKEHUE B ATOM PsAy 3aHMMAIOT TajoreHbl, KOTOpbIE
OpUEHTHUPYIOT 3aMECTUTENIb B OPTO- U Mapa-moJiokeHus omarogaps +M-3¢dexry,
HO JI€3aKTHBHUPYIOT OEH30JbHOE KOJBLO U 3aTPyJIHSAIOT 3aMelleHue Ojaropaps

—l-apPexry.
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3amecTUTe/ M BTOPOI0 PojAa JE3aKTUBUPYIOT OCH30JbHOE KOJIBIIO, 3aTPY/I-
HSIOT 3JEKTPOPUIHLHOE 3aMEIICHUE W HAMPABIISIOT BXOSAIIUN 3aMECTHTENb B Me-
Ta-mojoxkeHne. K 3aMecTuTensiM BTOPOro pojia OTHOCATCS aTOMBI WJIM TPYIIIIHI,
obnanaronue —l apdexrom, Ho He nposiBisrONTUE + M dPdekTa.

Tabauya 7
Hexoropbie 3amecTuTe 11
U UX BJIMsIHHE HA 0eH30JIbHOE KOJIbIO

3amecTtuTesm nepBoro | 3amMecTUTeTH BTOPOTO
pona, opmo- M napa- poaa, mema-
OPHMEHTAHTHI OPHEHTAHTBI
—F —NG,
_cl —SQH
O
Z
—Br —C/\H
- 0
i
—OH —C-R
/O
~OR ~
OH
—NH; B C//O
—NR; “OR
—CChk
-R

[Ipumepom BIUSHUS 3aMECTUTENSI HA PEAKIIMOHHYIO CIIOCOOHOCTH MOJIEKY-
JIbI SIBJISIETCSI TOTYOJ — METUIIOCH30JI. ATOM yriiepoja METHIBbHOW TPYIIIbI, HaXO-
IICb B SP-THOPHIHOM COCTOSHHM, MEHEE OICKTPOOTPUILATENCH, dYeM
SPf-rHOPHAHBLT aTOM yIiiepoaa GeH30IBHOrO KoJbla. 3a cuér +l-3¢dexra ek-
TpoHHas MWIOTHOCTh cBs3u H3C—CgHs cmemaeTcst ¢ MeTuinpHOM Tpynmbl K OeH-

30JILHOMY SI/IPY, CO3/aBasi B MOJIOKEHUSIX 2,4,6MOBBIIIEHHYIO JIEKTPOHHYIO IIOT-
HOCTb.
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5

[ToaTOMYy TOJIyOJI JIerye, yeM OEH30J1 BCTYMHaeT B PEaklUU 3EKTPOPUIBLHOTO
3aMEeNIeHUS.

JleicTBHE TaJIOTGHOB Ha TOJYyOJ B TPHCYTCTBHHM KaTayim3aropoB FeCk,
FeBr, AICI; npuBoauT k 60siee IErKOMy, IO CPABHEHHIO ¢ OEH30JI0M, 3aMEIICHHTO
aTOMOB BOJIOPOJia B KOJIbIIE B OPTO- U napa-nononceHI/m

CH;
Fecg
+ ZBr2
-2HBr

DnekTpoPuiIbHOE 3aMEeIIeHUE B MOJICKYJIE HHUTPOOEH30J1a, COSTMHEHUS, CO-
JIepKaIero 3aMeCcTUTE b BTOPOro pojia, MpoTeKaeT MeJjIeHHee, YeM Il OeH301a,
MIPU ATOM 3aMENIaeTCs aTOM BOJOPOJa B META-TOJ0KEHUU OTHOCUTEIHLHO HUTPO-

NO, NO;
HN03 Br2
- —_—
H2SO, FeBr
Br

CBolOoaHOpanKaJbHOE 3aMelleHne B 00koBoil nenu. [Ipu neiictBun Ha

TPYIIIBI.

NO,

O,N

rOMOJIOTH O€H30J1a TaJIOr€HOB Ha CBETY WIIM IIpH HarpeBanuu (0e3 m00aBeHus Ka-
tamu3aTopoB FeCh, FeBg, AICIl3) npoucxomut peakims 3amelieHuss BOIOPOAA
IPU ¢-aTOMeE yriiepoaa O0KOBO# LEMH.
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CH, CH,-Br
hv
+ BI’2 _ HBI‘

OeH3UIOpOMUL
CH;
CHQ_NOZ
+ HONO =<
2
pazbaB. H,0
(EeHUITHUTPOMETaH

Peakuuu npucoennnenns. [Ipucoennuenue Boopoaa K Mojiekysie OeH30-
na (ruapupoBaHKE) OCYyIIECTBIsSCTCS B mpucyTcTBum Katanm3atopa (Ni, Pd) npu
NOBBILIEHHOM TemmepaType W AaBiieHuH. [Ipuuém npucoennHeHue nepBou Mose-
KyJIbI BOAOpOJa TpeOyeT HauOOIbIINX SHEPro3aTpaT, TaK KaK CBSI3aHO C Hapylle-
HUEM apoMaTH4HOCTH. [locneayroiiee NpucoeTMHEHHE MPOTEKAET JIeTye.

Ni/Cl'203 + HZ + H2
+H3 30, 200 °C :

LIUKJIOreKCaH

[IpucoenuHenue Xjopa OCYIIECTBIAETCS MO JEHCTBUEM YIbTpaduosIeTo-
BOro 00JTydeHHUsI WJIKM Ha IpKoM cBeTy. OOpasyeTrcs reKCcaxjJopIUKIOreKCaH.

Cl
Cl Cl
hv
+Cl, —
Cl Cl
Cl

1,2,3,4,5,6-rekcaxaopIuKIOreKCcaH,
reKcaxJjopaH

Peakuuu oxkuciaeHus. beH30s yCTOMYMB K JEWCTBHUIO BOJHBIX PACTBOPOB
KMnO4 n K,Cr,07. ¥V romonoroB 6eH3051a O0KOBasi 1IENMb OKUCISIETCS 10 KapOOK-
CUJIBHOW TPYIIIBI, HE3aBUCUMO OT JUIMHBI ITOW IIeNMU 00pa3yeTcst OeH30MHas KH-
cioTa.
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CHj;
O
4
C\
+ KMnO,4 + H,SO
47 29V T e S0, OH
- MHSO4
-H,0

OceH30lHas KHUcIoTa

3.4.5.1lon1y4yeHue U NpUMeHEHHE APOMATHYECKHUX YIJI€BOI0OPOI0B

KoxcoBanune kaMeHHOT0 yIJisi. DTOT MPOIIECC HCTOPUIECCKU OBLIT TIEPBBIM H
CIIy>KHJI OCHOBHBIM MCTOYHUKOM OeH3o0sa 10 BTopoit MupoBoii BoiiHbl. B HacTos-
iee BpeMsl 107151 OeH30J1a, ToJTy4aeMoro 3TuM criocobom, meree 1 %.

Karanurnuecknii pugopmuHr OeH3uHOBbIX (pakuuii HedTH. DTOT
MIPOIIECC SABISAETCS OCHOBHBIM McTOYHUKOM OeH3oma B CIIIA. B 3anannoit EBpore,
Poccun u SAnonuun >tim cnocodom nosrydarotr 40-60 %01 ob61iero konuyectna. B
mpoiiecce Kpome OeH301a 00pa3yTCs TOIYOI U KCUIIOJBI. BBUTYy TOTO, 4TO TOMY-
0J1 oOpa3yeTcsi B KOJIMYECTBAX, MPEBBIIAONINX CIIPOC HA HETO, OH TAK)KE€ YaCTHY-
HO mepepadaThiBaeTCs B OCH30JI WM CMECh O€H30J1a U KCHJIOJIOB.

ITupoau3 6eH3UHOBBIX U 00Jiee TAKENbIX HePTsAHBIX Ppakumid. Jo 50 %
OeH30J1a MPOU3BOIUTCS ATUM MeToioM. Hapsiny ¢ 6eH30510M 00pa3yroTcst TOIyOoI U
KCHJIOJIBI. B HEKOTOPBIX Ciyyasix BCIO 3Ty (DpaKIMIO HAMpPaBJISIOT HA CTAJUIO Jie-
NKUJINPOBAHUS, TJI€ U TOIYOJ U KCHIIOJBI TPEBPAIIAOTCS B OEH301.

Emé ognn cnoco0® momydenust O€H307a OTKPBUI PYCCKHM XHMHK-OPTaHUK
Hukonaii ImutpueBud 3enuHckuii. [Ipyn npomyckaHuu aneTWIeHa HaJ pacKai€H-
HeIM 10 600—650 € akTUBUPOBAHHBIM YIIEM MPOUCXOTUT €ro TpPUMEpHU3AIUs U
oOpazyercst 6eH301. DTOT MpoliecC MOTYYU Ha3BaHUE PEAKIMK 3EIMHCKOTO.

+ HC\%CH
ﬁle C (axtuBup.)
+
650 °C
CH CH
+ =
HCZ

beH3011 MUPOKO MPUMEHSIETCSI B MPOMBIIIICHHOM OPraHUYECKOM CHHTE3€ CTH-
poda, kymona, peHomna, aHIIHHA, (PTaIeBbIX KUCIOT. OH CIYKUT UCXOAHBIM ChIPh-
€M JUTS TPOU3BOJICTBA KPACOK, JIEKAPCTB, B3PHIBYATHIX BEIIECTB, MIECTUIMIOB H T.JI.
Ero mpuMeHSIOT Kak pacTBOPUTENb U J00OABKY K MOTOPHOMY TOIUIMBY. Toiyou
UCTIONB3YIOT B OCHOBHOM KaK PacTBOPHUTENb M KaK MCXOHOE BEIIECTBO B CHHTE3E
2,4,6TpuHUTPOTONYOA (TPOTHIIA).
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Bonpocs! Aj1s1 NpoBepKH 3HAHUH

1. ITpuBeauTe cTpyKTypHbIE (HOPMYJIIBI BCEX N30MEPOB aPOMATUYECKOTO
yraeBogopoaa coctaBa CgHipu Ha3oBUTE HX.

2. 3anuumTe nocie10BaTeIbHOCTh PEeaKIUi, C TOMOIIbIO KOTOPBIX MOYKHO
MOJIyYUTh O€H30J1 U3 METaHA.

3. [IpuBenure CTPyKTYpHYIO GOPMYITYy apOMaTHUYECKOT0 YIIIeBOI0OPOIa psi-
na OeH3oJa, cojaeprkaiiero 14 aroMoB BOJIOPO/ia B MOJIEKYJIE.

4. 3anummTe CTPYKTypHBIE (DOPMYJIBI BCEX aPOMATHUECKHUX YTIEBOIOPO-
noB coctaBa CgH1p, coepkamumx ToabKO 0OIHY OOKOBYIO IeTIh B OCH30JIbHOM
KOJIBIIE.

5. [IpuBenuTe ypaBHEHHS NBYX XUMHUYECKUX PEAKIIHA, B pE3yIbTaTe KOTO-
pBIX 00pa3yeTcs TOMYOJI. YKaKUTE YCIOBUS MMPOTEKAHUS dTUX PEAKITHA.

6. 3anummTe ypaBHEHUS PEAKIINiA, C TOMOIIBI0 KOTOPBIX MOYKET OBIThH
OCYIIECTBJIEHO NpeBpanieHue. 1-opomnponan— X—0eH30i. OnpenenuTe BeuecT-
BO X.

7. O0BscHUTE, ToUYeMy OEH30JI He 00eclBeUrBaeT OPOMHYIO BOJY M pac-
TBOp KMNO,.

8. 3anuimre ypaBHEHUs peakluid, C TOMOUIBI0 KOTOPBIX MOKHO B JBE
CTaJMU MOJYyYnTh U3 OeH30ia 1)1xiop-2-HuTpodeH3oir; 2) 1xmnop-3-
HUTPOOEH301I.

9. VkaxxuTe OTINYUS B XUMUYECKUX CBOMCTBAxX OCH30JIa OT €r0 TOMOJIOTOB.
[loaTBEpaMTE 3T OTIIMYMS YPABHEHUSAMU PEAKLIUM.

10.[IpuBeaute cTpyKTypHbIe POPMYJIIBI COETUHEHUH, 00pa3yIOLUIUXCS MIPH
JCHCTBUM a30THOM KUCIIOTHI Ha 1) OeH30HHY0 KUCIIOTY; 2) 4-MEeTHIOCH30MHYIO
KUCIOTY; 3) 2-METHIOCH30IHYIO KUCIIOTY.

11.3anummTe ypaBHEHHsI pEeaKIUil 1J1s1 OCIEI0BATEIBLHOCTH MIPEBpallle-
Huil: 1) X— Y — TpuHUTPOTOIYyOII; 2) OeH301— Z— OCH30MHAasK KHCIIOTA.

12. Onpenenute, Kakue BEIIECTBA U B KAKUX YCIOBUAX y4aCTBOBAJIU B pe-
aKIUAX, eciu npoaykramu 3tux peakuuid obuin: 1) CeHs—CClz+ 3HCI; 2) 4-
HUTpoToayos + Hy0.

13. Apomatuyeckuii yraeBogopoa coctaBa CgHip mpu okuciaeHuu pacTBo-
poMm KMnO,mipeBpatusics B 6€H30HHYI0 KUCIOTY. Onpenenure CTpoeHrue 3TOro
yTIEBOJ0POA.

14.C noMoupt0 KaKux XUMUYECKUX PEAKIIUHN U 1O KaKUM MPU3HAKAM
MO>KHO OTJIMYUTH HAXOISAIIUECS B PA3HBIX KOJIOAX OE€H30J1, STHIIOEH30I U CTUPOJT
(BHHHIIOCH30).

15. Onpenenute CTpOCHUE apOMaTUYECKOTO yriieBogopoaa coctaBa CgHjo,
€CJIM U3BECTHO, YTO MPHU ero okucieHnn pactBopom KMnO,o6pasyercs Tepedra-
JieBast KMUCJIOTa — apOMaTHYECKasi ABYXOCHOBHAS KHCIIOTa, B KOTOPOM KapOOK-
CUJIbHBIE TPYIIIbI HAXOASATCS B Napa-MoJ0KEHUU IPYT K APYTY.

16.3anummTe ypaBHEHHsI peakiii, ¢ MOMOIIbIO KOTOPBIX MOXHO OCYIIIE-
CTBUTH MocjenoBaTenbHocTh npespaiienuii: CgH6 + CHCE (AICI3) —X;
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X+ Cl—Y; Y + Na—Z. [IpuBeaure crpykrypHbie hopMyibsl coeauHenuit X, Y,
Z.

TEMA 4

KHCJOPOJICOAEPKAIIUE COEJIMHEHUS

ATOM KHCIIOpOJa BXOJUT B COCTaB Pa3IMYHBIX (YHKIIMOHAJIBHBIX TPYIIIL:
T'UIPOKCUIIBHOM, KapOOHMIBHOM U KapOOKcuiIbHOH U nip. CoequHeHus, B COCTaBe
KOTOPBIX €CTh 3TH IPYMIbI, CBSI3aHHBIE C YIIIEBOJOPOIHON YaCThIO MOJIEKYJIbI, OT-
HOCATCS K KJIaccaM CIIMPTOB, aJIbJIETUI0B U KETOHOB, KapOOHOBBIX KHCIIOT, CJIOXK-
HBIX (QHPOB.

4.1.CoupTrhl
4.1.1.CtpoeHnne MOJIeKYJ, HOMEHKJIATypa, H30Mepust

CnupTamMm Ha3blBalOT IMPOU3BOJHBIE YIVIEBOAOPOJIOB anu(aTHUIECKOIO ps-
71, B MOJIEKYJIaX KOTOPBIX OJMH WM HECKOJIBKO aTOMOB BOJIOPOJA 3aMELICHBI
ruapokcuiapHbiMu - rpynnamu —OH. Ilo umcily TMAPOKCUIIBHBIX T'PYII CIUPTHI
NOJIPA3IEAIOT HA OJHOATOMHBIE, JIByXaTOMHbIE, TpEXaTOMHbIE U T. 4. C apyrou
CTOPOHBI, OTHOATOMHBIE CIIUPTHI MOKHO PACCMATPHUBATh KAK IIPOU3BOIHBIE BOBI,
IZI€ OIMH aTOM BOJOPO/JA 3aMEIIEH AJIKUIbHOM TPYIIIION.

Ha puc.8 n3zo0pakeHa Mojenb MOJIEKYJIBI METHIIOBOTO CIIMPTA, MPUBEIECHBI
3HAQYEHMsI JUIMH CBSI3€H M BAJICHTHBIX yIJOB. M3 3THX NAaHHBIX CIEYyEeT, 4TO aTOM
yIriepoia HaxoauTcs B SP-rubpuaHoM coctosuun. Imuua ceszu O-H B crmprax
IIPUMEPHO TaKasl )K€, 4TO U B BOJE.

JlmHa cBs3U, HM BasnienTHbIi yroi

\C/O\H C-H, 0110 H-C-H, 109°
H“““‘ 0-H, 0,096 H-C-0, 110°
H C-0, 0,143 C-O-H, 109°

[IpenenbHbIE OAHOATOMHBIE CITUPTHI 00Pa3yIOT TOMOJOTUYECKUANA Pl ¢ 00-
meit popmynont CHzn+:OH.

Ha3BaHusi ciupTOB MPOU3BOJISATCS OT HA3BAHWKA COOTBETCTBYIOIINX YTIIEBO-
JIOpPOIOB ¢ mo0aBicHHEM Cy(hHKCca «0/1», TOJI0XKEHNE THAPOKCHILHOM IPYIIIEI B
1NN yKa3bIiBaeTcs 1udpont nociue cydpdukca.
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CH,
s |43 2 1
H3C—(|?—(|:H—(|?H—CH3

CH; CH; OH
3,4,4-TpUMeTUITIEHTaHOJI-2

[IInpokoe pacrpocTpaHeHHe UMEIOT U Oojiee cTapble Ha3BaHMS, COCTABIICH-
HbIC U3 Ha3BaHMS PAIMKaJIOB ¢ 100aBICHUEM CIIOBA Cnupm, HapuMep:

CH;CH,CH,CH,OH CH;CHCH,CHj5
|
OH
H-OyTHUIIOBBIN CITUPT 6mop -OyTUNOBbIN CIIUPT
g
CH;CHCH,OH H;C —(IZ —OH
|
CH3 CH3
U30-0yTUIIOBBIN CIIUPT mp em-O0yTHUJIOBBIHA CITHPT.

ApoMaTnyeckHe CIIMPTHI COAEPKAT B MOJIEKyJe O€H30JbHOE KOJBIO, OT-
JIEJIEHHOE OT TMAPOKCHJIBHOM TPYNIbl OJHUM WM HECKOJIBKHMH HACBIIIEHHBIMU
aTOMaMu yTJepo/a.

CH,OH

ben3unoBsi civpt

Ecnu ruapokcunpHas rpynmna cBs3aHa C aTOMOM YIJiepoaa OEH30JbHOTO
KOJIbLIA, COEIMHEHUE OTHOCUTCS K KJ1accy (PeHOIOB.

MHoroaToMHbI€ CIUPTHI HA3BIBAIOT COOTBETCTBEHHO OUONAMU, MPUOIAMU
U T.J.
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CH,
6 5 4 3 2 1
IhC-?H—CH—?H—CHf{Hb—OH

CH; OH

4,5-numeTunrekcananon-1,3

JInonbl HAa3bIBAIOT TaK¥K€ TIIMKOJSAMH, conepxamumu OH-rpynmsl y cocen-
HHUX aTOMOB YTJIEPO/JA.

CH,-OH T
2 CH—OH
CH2 -OH |
CH,-OH
STUJICHTJINKOJIb, MPOTUJICHTJIMKOJTb;
sTa”HanoN-1,2 nponanauo-1,2

JUIsi cnUpTOB XapakKTepHa M30MEpUsl YIIEpPOJHOTO CKEJeTa, U30MEpPHUs IO0-
J0XKeHUs! (HYHKIIMOHATBHOW TPYIIIBI, MEKKIACCOBBIMU M30MEPAMU OJHOATOMHBIX
CIUPTOB SBJISIOTCS MPOCTHIE APUPHI.

4.1.2. dPuznyecKkue CBOMCTBA

Huzmme cnupThl NpeacTaBiIsitoT cOO0H KUJIKOCTH C XapaKTEpPHBIM 3allaxoM
Y 00’KMrarolMM BKYCOM, BBICILIME CIIMPTHI — TBEP/bIE BeLlecTBa 03 3amaxa.

Hannuue mMexXMONEKyISpPHBIX BOAOPOJHBIX CBSI3EH, OOPAa3yIOLIUXCS MEXKIY
TUAPOKCHIIBHBIMU TPYIIIIaMU Pa3HbIX MOJIEKYJ, 00YCIOBIMBAET BHICOKHE TeMIIepa-
TYpbl KHUIIEHUS HU3IIUX CIUPTOB MO CPABHEHUIO C APYTUMHU COCTUHEHHUSIMH OJM3-
KOW MOJIEKYJIIPHOM MAacCChl, & TaKXe IPEBOCXOIHYIO PACTBOPUMOCTH HU3IIMX
CIINPTOB B BOJIE.

R R

pd
,—”H O\\
H—O-H—OQ “
/ N\
‘ R
Huzmue CIINPThbI CMCIINBAIOTCA C BO,HOﬁ B JIIOOBIX cooTHOMEHUsX. C YBC-
JIMYEHHUEM YTIIEBOIOPOIHOTO PAAUKala, UMEIOWEro THAPOo(GOOHYI0 IPUPOY, PAc-
TBOPHUMOCTBL CIIMPTOB B BOJAC YMCHBIIACTCA, HpI/I6JII/I>Ka$ICb K 3HAUYCHUAM COOTBCT-
CTBYHOHIMX YIJICBOAOPOA0B, KOTOPBIC B BOAC ITPAKTUYCCKH HC paCTBOPHUMBI.
MHOroaToMHbIE CIIMPTHI TIPEKPACHO PACTBOPHMEI B BOJIE.
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Tabauya 8
dusnvecKkre CBOMCTBA HEKOTOPHIX CIUPTOB

Caupt dopmyia Ty °C | Tiun, °C
Mertanon CH50OH -97 64,5
OTaHom CH3;CH,OH -114 78
[Tpomanon-1 CH3(CH,),OH -126 97
Bbyranon-1 CH3(CH,);0H -90 117
[Tenranon-1 CHj3(CH,)4OH -79 138
DTUIICHTJIUKOJIb HOCH,CH,OH -16 197
['munepun HOCH,CH(OH)CH,OH 17 290

4.1.3.XuMnuyecKne CBOMCTBA

CroupThl UMEIOT YETHIPE PEAKIIMOHHBIX IIEHTPA!

1 - 10BOJBHO MOJSIPHYIO, MPOTOHU30BaHHYIO cBsi3b O-H, Ha KOTOpPOIl TIpO-

MCXOJIAT MHOTHE PeaKLny, aHanornyubie peakiusam Hy0;

2 - cnabomnonsapHyto cBsizb C-O, Ha KOTOPOH MPOXOAAT PEaKIMH 3aMEICHHS
O-H rpynmnsr;

3 - cBsa3u C-H B ankuibHOM rpymme, KOTOpble MOTYT MOABEPraThCs OKHCIIe-
HUIO WIN JETUIPUPOBAHUIO,

4 - Heno/ieNEHHbBIE ANEKTPOHHBIE MAPBl aTOMa KUCJIOPOAA, CIIOCOOHBIE BCTY-
naTh B JOHOPHO-aKIENTOPHOE B3aMMO/ICHCTBHIE C KUCIOTAMU U COJISIMUA METAJUIOB.

Kucsi0THO-0cHOBHBIEe cBolicTBa. OHOATOMHBIE CIUPTHI — HEUTpasbHbIC
BellecTBa. B uX NMpucyTCTBUM cofepKaHUe HOHOB BOJIOPO/a B BOJIE MPAKTUUYECKU
He u3MeHsiercs. [lyrem B3anMOeiCTBHS CIUPTOB CO IIEI0YaMU MTPUTOTOBUTH pac-
TBOPbI AJKOKCHJIOB IIEIOYHBIX METAUIOB 3aMETHOM KOHIIEHTpAalMu HE yHaETcs.
[ToaTomMy mocneaHue MOMY4YalOT peaklueld CIOUPTOB CO MIETOYHBIMU METaJUIaMHU.
Kak cnabbie O-H-KUCIOTHI, CIUPTHI TAK)KE PEarupyroT CO LIEIOYHO3EMETbHBIMU
METaJulaMH, aJIFOMUHUEM, TAJUTUEM M TaJulieM ¢ 00pa3oBaHHMEM MOHHBIX U KOBa-
JICHTHBIX aJIKOTOJISITOB.

2 C,HsOH + 2 Na> 2 GHsONa + H
6(CH3),CHOH + 2 Al — 2 [(CH3),CHOJ5Al + 3 H,

B mpucyTcTBUUM cre0B Biary ajgKOTOISATHI JIETKO THIPOJIU3YIOTCS KaK COJTU OYCHb
C1a0BbIX KUCJIOT:

RONa + H,0 R-OH+ NaOH
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MHoroaroMHbie CIUPTHI 00JIaJAI0T OOJBIIEH KUCIOTHOCTHIO IO CPABHEHUIO
C OJJHOATOMHBIMH, a M0 CBOWCTBAM B 3HAYUTENIbHOM CTENEHU HATIOMUHAIOT OJHO-
aTOMHbIE, MPUUYEM B PEAKI[MM MOTYT BCTYIATh OJHA WM HECKOJBKO T'HMIIPOKCUIIb-
HBIX TPYIII.

MHoroaToMHbIe CIUPTHI 00Pa3yloT ¢ THIPOKCUAAMU HEKOTOPBIX TSKEIBIX
METAJUIOB B IIEJIOYHON Cpelie XeNaTHbIe COeNUHEHHs], UMEIOIINE XapaKTepHOE OK-
pamvBanue. J[aHHbIe peakuu MOTYT OBITh UCIIOJIB30BAaHbI KaK Ka4YeCTBEHHBIE.

H
CHjOH  [OH THO-CH, CH-dO-CH;
_______ gu + -H,0 /\Cu\ |
CH,-QHOH” : HO-CH; CH,-0O /o—CHz
H

stunerraukosT meau (11),
SIPKO-CUHU M
[To anasoruu ¢ BOJOW CIHMPTHI, KaKk OCHOBaHUs (OoJiee CHIIbHBIC, UEM BOJA
U3-3a BIUSHUS JIKUJIBHOTO 3aMECTUTENIS), B IPUCYTCTBUU CHIIBHBIX H-KuCIoT 00-
pa3yroT OHUEBBIE COJIH.
® e
H—(I)— + Cl

H
KaTHOH

T'UAPOKCOHHA

H-O—-H+ HCl

® e
CH3’(I)_ + Cl

H

KaTHOH
MCTHIIOKCOHUA

CH;—-0O—H+ HCI

3aMenieHue rMAPOKCUIBHON rpynnbl. BaxxHol peakuyeil cnupToB sIBIIS-
etcs 3amemenne OH-rpynmel Ha raored. CymecTByeT OOJBIIOE YHUCIO METOIOB
OCYIIECTBJICHUS JAHHOW PEAKLHH, KOTOPBIE OTINYAKOTCS CTEPEOCENEKTUBHOCTHIO
Y BBIXOJOM OCHOBHOI'O MPOAYKTa. B KauecTBe mpuMepa MOKHO INMPUBECTH pPeaK-
UUIO NOSIYYEHUA AJIKUI2A/102€HI006 U3 CTINPTA U FaJIOT€HOBOIOPOIOB.

ROH + HHal— RHal + HO

PeakmmonHasi cmocoOHOCTh TaJIOTE€HBOJOPOJIOB YMEHBIIACTCSI B POy
HI>HBr>HCI>>HF. Ckopoctb peakiiuu ¢ HF ciauiikoM Majia ajist IpsiMOro mpe-
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BpallleHUs1 CIUPTOB B alKWIPTOpHIbl. CKOPOCTh PEaKIMK 3aMEIIEHUS] PE3KO CHH-
JKaeTcsl B psAY TPETUYHBIA>BTOPUYHBIN>TIEPBUYHBIN CIIUPT.

Kak u B cilydae ankaHOJOB, TMAPOKCOIPYIIIEI MHOIOATOMHBIX CIIUPTOB MO-
I'yT OBbITh 3aMEILIEHBI.

. ® H
CH,-OH CH,-0, o CH,-Cl
+ HCl ——— | “HICT ————
2-XJTOp3TaHO,
XJIOPTUAPUH
ATUJICHIJITUKOJIS

B3aumopeiicTBue ¢ kucjaoramu. CoupThl, Kak OJIHOATOMHBIE, TAK U MHOTO-
aTOMHBIC, 00pa3yIOT ¢ KHCIOTaMU CIIOKHBIC dPUpbl. J[aHHas peaxius mosydnsiia
Ha3BaHUE ITePUPUKALNH.

C xapOOHOBBIMHU KUCJIOTaMU peaKIvs dTepU(pUKaIuU MPOTEKAET M0 ypaBHE-

HUIO:
0
A H" 0
CH;—C{ "+ H+0—CH,—CH; LY . CH3—C//\ +H,0.
OH O—CH,—CHj
ATUJIALIETAT;

TUIOBBIN 3up
YKCYCHOH KHCITOTBI

C HEOpraHMYECKUMH KHCIOPOJCOACPKAUIMMH KUCIOTaMHu (a30THOM, cep-
HOU, GochopHOI U JIp.) B3aUMOJICHCTBHE MPOTEKAET aHAJIOTHYHO:

R—OH+ HO-N02 -H.O R_O_N02
2 AJIKWUJIHATPAT
(I:Hz -OH ?Hz ‘O“NOZ
(I:H—0H+ HO-NO, — Mo (H—O0~NO;
CH2 -OH CH2 -0 _N02
TPUHUTPAT
NMaepuHa

D¢dupsl a30THOW KHUCIOTHI JIETKO B3PHIBAIOTCA, OCOOCHHO 3(QHUpPHI MHOTO-
aTOMHBIX CIIUPTOB, B YACTHOCTH, TPUHUTPOTJIUIIEPUH.

Jernaparauus cnupToB. Jleruapartanys COUPTOB MPOUCXOJNUT IIPU Harpe-
BaHUU C KOHLIECHTPUPOBAHHOMN CepHOM Wik (POCHOPHOI KUCTOTOM.
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| 5 HY, fast | 5 -H,0, slow | ® -H", fast e 5
R CHQTHR ‘—+R CHQTHR T R'CH,CHR R'CH=CHR
“H )
®
OH OH,

[lepBuyHBIE CIUPTHI MPU B3aUMOJICUCTBUU C CEPHOM KHUCIIOTOM JIETKO 00pa-
3YIOT TOJNYy3(HPBI CEpHOM KHUCIOTHI, MOITOMY JJIMMHHHPOBaHHE (OTIICIIICHHE)
MIPOTEKAET B IBE CTA/IUMU.

@ ©
RCH2CH20H + stO4 RCH2CH20H2 HSO4

© @
HSO, + RCH,CH,0H, —> RCH=CH, + H;SO,4+ H,0

Peakiuu B JaHHBIX yCIOBHSIX MPOTEKAIOT TipH TemmepaTypax 170—-190 €, B
oonee markux ycioBusx npu 130-140 € nmpeumyiiecTBEHHO MOJIydarOTCs MpPO-
CThI€ A(UPHI.

96% H,SO,, 135°C
2CH3CH2OH 224 - CH3CH2-O-CH2CH3

JInst BHYTpU- U MEXMOJIEKYJISIPHON JerupaTaliid CIHUPTOB, OCOOCHHO B
IPOMBIIIJIEHHOCTH, BMECTO CEPHON KHCIIOTHI HCIIOJIb3YIOT O€3BOIHYIO OKUCH aJIIo-
MUHHS.

['eTeponuTHueckas KaTadUTUYECKas AE€THApATAIMs MEPBUYHBIX, BTOPUUHBIX
U TPETUYHBIX COUPTOB HaJ OKUChIO amoMunus npu 350—450C mpuBoaut k o6pa-
30BaHUIO AJIKEHOB.

Al,O;

CH-=CH, + H,O
360°C 2

CH;CH,OH

IIpu nernapaTanuy STUICHTIMKONS B 3aBUCUMOCTH OT YCJIIOBHM IIOJIy4arOT

pa3IuyYHbIE COENMHEHUS, CPEAM KOTOPBIX OOBIYHO OTCYTCTBYET 3TUJICHOKCHUJ —

IIPEANOIAraéMbli MPOAYKT BHYTPUMOJIEKYJISIPHOTO OTILEIUIEHUS BOAbI. Tak Ha-

rpeBaHue C pa30aBICHHON CEPHOW KUCIOTON MPUBOIUT K MEXKMOJIEKYISIPHOMY
OTILEIUICHUIO IBYX MOJIEKYJ BOJbI U OOpPa30BaHUIO IUOKCAHA.

O
CHz'OH H2$O4
-H,O

.

CH,-OH
0

1,4-nuokxcaH
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['muuiepuH pu HarpeBaHWM, OTIIEILISS JBE MOJICKYJIBI BOJIBI, 00pa3yeT mpo-
CTEUTINH o,3-HEHACKHIIIEHHBIN aJIbICTH]] — AKPOJICHH.

CH,-OH

CH-OH . CH2=CH-C/O
-2H,0 >~g

CH,-OH

ITTULEPUH aKpoJIeuH

Oxuciaenue CIIMPTOB. Oxucienue ICPBUYHBIX CIIMPTOB B AJIbACTHUALI U
BTOPUYHBIX B KCTOHBLI ABJIACTCA OAHHUM M3 Ba)KHEHUIITUX npeBpameHHﬁ (I)YHKI_II/IO-
HAJIBHBIX T'PYIIIT U OHeHKOﬁ I/136I/IpaTeJ'IbHOFO I[eﬁCTBHH OKHUCJIUTCIBHOI'O ar¢HTa.

RCH,0H 21> RC(OH

O
RICH(OH)R? ———> Rl-C(i

R

Tperuunble cIUPTHI B OOBIYHBIX YCIOBUSX HE OKUCISIOTCS, @ B OYEHb KECT-
KHUX YCJIOBHUSAX MX OKHCIIEHHE COIIPOBOXKIAETCS JAECTPYKLMEN YIIepOAHOIO CKeye-
Ta.

JUi oKHCIeHs CIUPTOB Hanbosiee MUPOKOe NPUMEHEHUE HAIUIM PEareHThl
Ha OCHOBE IEPEXO0IHBIX METAJUIOB — Ipou3BoaHbIE Xpoma VI, mapranna VII u V.

Peaknun komiuiekcooOpazoBaHusi. CnupThl MOTYT KOOPJIUHHPOBATHCS
COJIIMHM METAJIJIOB, HAIIPUMED:

CoSQ(1) + NGHsOH « [Co(CHsOH)** + SQ(n-6)CHsOH

B pe3yabTaTe 06p8,3y}0TC}I 9TaHOJIBHBIC COJIbBATOKOMIIJICKCHI.

4.1.4.11oryyeHue CHUPTOB

MetaHon noy4aroT U3 npupoaHoro raza. CMech MeTaHa U BOJSHOTO mapa
IPOMYCKAIOT HaJl HUKEJIEBBIM KaTalIW3aTOPOM MPHU MOBBIIIEHHOM JaBieHuH. [lo-
nyqaercsi cunte3-ra3 (cMech CO u Hj). CuHTE3-ra3 mporyckaroT HajJ OKCHIAMH
Xpoma, IIMHKa Wik Meau pu temmeparype okoso 300°C 1 mosTydaroT METaHOJT.

CH4 + Hzo =CO + 31‘12
CO + 2[‘12= CHgoH

JIJist mosydeHus 3TUIIOBOTO CIUpTa MpUMeHsieTcsl (hepMeHTaTUBHOE Opoke-
HUE caxapcojepiKalluX MPOAYKTOB: 3€pHa, KapTodess, OTXOJ0B caxapoBapeHus,
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COKOB IUIOJIOBBIX KyJbTYyp. [ TEXHMUECKMX LENed HCIIOJIb3YIOT LEJUII0I03Y U
ApeBecuHy. BogHbple CMECH CaXapUCTBIX BEIIECTB CMEIIMBAIOT C APOKIKAMU, KOTO-
pble COpaKUBAIOT IJIFOKO3Y 0 ATHJIOBOTO CIIUPTA U YTJIEKUCIIOro Trasa.

C6H1206 — 2CH3CH20H + 2C02

Bonpiryro 9acTh TEXHHUECKOTO ATaHOJA MOMYyYaroT ruaparanueii npu 250—
300 € u naBnenun 7—8MIla B npruCyTCTBUU KUCIIOTHI.

HzC:CH2+ Hzo — CH3CH20H

Kucnorno-katanutudeckas rufpatanus aJIK€HOB JIG)KUT B OCHOBE MPOMBIIII-
JISHHOTO CT0c00a MOTy4YeHUs dTAaHOJIa U3 ATUJICHA W MPOMaHoJa-2 U3 MPONUIICHA.
Jlnst monmy4yeHus: APYyruxX COUPTOB ATOT METOJ MMEET BEChbMa OTpaHUYEHHYIO 00-
JIACTh TPUMEHEHMS, IOCKOJIbKY THIpaTalns aJIKEHOB YaCTO COMPOBOKIAETCS U30-
MepH3alliel YriIepoHOro cKeneTa 3a CU€T neperpynnupoBok. [lorTomy B 1abopa-
TOPHOU MPAKTUKE UCIIOIB3YIOT PSJ IPYTUX METOJIOB.

BoccTraHoB/1eHHE aJibIeTrHI0B U KETOHOB. B KauecTBe BOCCTaHABIIMBAIO-
IIMX PEAreHTOB UCIIONB3YIOT ATFOMOTHAPHU/ JIUTUS B dpupe nmm 6oprumpua Ha-
TpHS B 3TAHOJIE.

1) NaBH,, C,H;OH
2) H;0"

CH;5(CH,);C(O)H » CH;(CH,);CH,OH

BoccTranoBiieHue CJI05KHBIX 3()MPOB U KAPOOHOBBIX KMCJI0T. [IepBUUHbBIE
CIUPTHI 00Pa3yIOTCS IPH BOCCTAHOBIICHUH CIIOKHBIX A(UPOB U KapOOHOBBIX KH-
CJIOT aJIFOMOTHIPHUIOM JIUTHUS B ddupe u Terparuapodypane (THF).

/O 1) LiAlH,, THF
+
\OC2H5 2)H;0

> CcH;CH,OH + C,H;OH

1) LIAIH,, THF
2)H;,0°

CH;(CH,),COOH CH;(CH,),CH,0OH

4.1.5.1lpuMeHeHne CIMPTOB

MertaHos npencTaBisieT co0ol OECIBETHYIO, TOPIOYYIO KUJKOCTh, CMEIIIH-
BAIOIIYIOCS BO BCEX COOTHOIIEHMSX C BOJAON M MHOTMMM OPTaHMYECKUMHU PaCTBO-
putensMu. MeTaHoN SIIOBUT, JIeTalbHas J103a cOCTaBisieT 25 . Ero TOKCMYHOCTH
CBsI3aHAa C MPOUCXOJAIIUM B OpPraHU3ME OHMOJOTMYECKUM OKHCIICHHEM 10 (op-
MaJjbIerua.

B ocHoBHOM MeTaHON mepepabaThiBaeTCs nanbiine B popmanmpaerun. Kpome
TOT0, OH CJIY>KUT MCXOJIHBIM CHIPhEM B MpOIlecCaX CUHTE3a MHOTOYHMCICHHBIX Op-
TaHUYECKUX COCTMHEHUH, a TAaK)Ke HCIO0JIb3yEeTCsl KaK PAaCTBOPUTEIIb.
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DtaHon — GeciBeTHas KHUAKOCTh CO CBO€OOpa3HbIM 3alaxoM, HEeOTpaHHUYEH-
HO CMEIIMBAETCS C BOJAON U OOJBIIMHCTBOM OPraHMYECKUX PacTBOpUTENEH. DTa-
HOJI HCIOJB3YeTCs KaK pacTBOPHUTENb, TOpIoYee BEUIECTBO, AC3HMH(UIMpYIOIIEe
CpPEZICTBO, KaK UCXOAHOE BEIIECTBO JUIsI CHHTE3a alleTalbAern/1a, YKCYCHON KUCIIO-
ThI, TUITUIIOBOTO 3(Hpa, CIOKHBIX APUPOB, a TAKKE B MUILEBOH U NaphroMepHOii
IPOMBIIIJIEHHOCTH U MPOU3BOCTBE AJIKOTOJIbHBIX HAMUTKOB. boinbiime konuuect-
Ba 3TaHOJa 00JaaI0T TOKCHYECKUM JIEHCTBUEM, JIETaIbHAsA 71032 YUCTOrO CIUpTa
pasua 300r.

[Iponanon-2 unu N30MPONIIOBBINA CIUPT UCTOIB3YETCA KaK PacCTBOPUTEID B
IPOM3BOJICTBE KOCMETHYECKUX M (hapMalleBTHUECKUX W3/EJIHi, B MPOU3BOICTBE
aleToHa.

Otannnon-1,2 unm STUIEHTIMKOIb UCIOJIB3YIOT KaK pacTBOPUTENb, B aHTH-
bpu3ax u 11 NOoTydeHU TOTUI(PUPHBIX BOJIOKOH.

[TpomanTpuon-1,2,3 unu raurepuda - OeclBETHAs CUPOMOOOpa3Hasi >KUI-
KOCTh CO CJIQJIKOBaThIM BKYCOM, CMEIIMBAETCS C BOJOM U ATAHOJIOM B JIIOOBIX CO-
OTHOIICHUAX. [ TUIIeprH BXOIUT B COCTaB aHTU(PHU30B, OCHOB Ma3ei, TOPMO3HBIX
KUAKOCcTeH u TuiactudukaropoB. Mcnonb3yercs kak go0aBKa K MbLTy, Tabaky U
TUNOrpaCKUM Kpackam, B IIPOU3BOJICTBE B3PHIBUATHIX BEIIECTB U MOIMI(YUPOB.

Bonpocel 1J11 IpoBepKHY 3HAHUI

1. 3anumuTe CTpyKTypHbIE (OPMYJIBI BCEX M30MEPHBIX CIMPTOB COCTaBa
CsHgO.

2. 3anuumTe CTPYKTypHbIE GOopMyIbl BceX nepBUUHBIX cnUpTOB C4H100.

3. [IpuBenute CTpyKTypHYIO (opMyTy H30MeEpa MeHTaHoIa-1, oTnuyaronie-
rocs OT HEro CTPOEHHEM YTIIEPOIHOrO CKEJeTa U MOJIOKEHHEM (YHKIIMOHATBHOU
IpYTIIBIL.

4. IlpuBenute CTpyKTYpHbIE (POPMYJIBI BCEX JBYXAaTOMHBIX CIIMPTOB COCTaBa
C4H8(OH)2.

5. 3amummre  cTpyKTypHBIE  (QopMmMydbl  coemuHenmid: 1)  2,3-
TUMeTHIIOyTaHoa-1; 2) 2mernn-3-3TuimneHTanona-2; 3) 2,2 AuMeTHIIITPOIIaHOJIa.

6. 3anuiuTe ypaBHEHHUS PEaKIHii, C MOMOIIbI0 KOTOPHIX MOKHO OCYIIIECT-
BUTH mpeBpamieHusi: 1) npomanon-1l— X-—rekcan; 2) mpomaHon-1—Y—2-
opommnpomnan; 3) nponaHoi-2—Z—mnoaunponuieH; 4) GHsCl—C,HsO—C4H140;
5) C4H1002—>C4H8C|2—>C4H8—>C4H100.

7. 3anumute GopMysbl BCEX BO3MOXHBIX COETMHEHUH, 00pa3yroIUXCs IPU
HarpeBaHUU CMECH STUJIOBOTO U MPOMHIJIOBOTO CHUPTOB C KOHIIEHTPUPOBAHHOU
CEPHOU KHCIIOTOU.



47

8. [IpuBenute cTpykTypHyIo dopmyny coequHenus coctaBa C4H;00, xoTO-
poe TIpu B3auMOJeicTBUU ¢ OpomoBomopoaoMm TmpeBpamiaercs B C4HgBr, a mpu
OKHCJICHUH MPEBPALIAETCS B KETOH. 3AMUIINTE YPAaBHEHUS PEAKLIAM.

4.2. PeHoabl

4.2.1.CTtpoeHne M0JIeKYyJ, HOMEHKJIATypa, H30Mepusi
@deHoJlaMHA Ha3bIBAIOTCSl COEAUHEHUS, Y KOTOPBIX TMIPOKCUIIbHAs TPYIINa

IPUCOEANHEHA HEMOCPEICTBEHHO K OCH30JIbHOMY KOJIBILY.
OH

dheHoN

CoenuHenus, coaepKaue ruIpOKCUIIBHYIO TPYIIY Y KOHJCHCHUPOBAHHBIX
apoOMaTHYECKUX COCIUHEHHM, Ha3bIBalOT HadTONaMH, (peHAHTPOJIAMH, AaHTPOJIAMU
U T.J.

OH OH

1-HadTon 9-anTpon

B 3aBucumMocTH OT uncna (yHKIHMOHATBHBIX TPy (PEHOBI ASIATCS HA O
HOATOMHBIE, IByXaTOMHBIE U T.]I.

[TpaBuna MIOITAK nomyckarot 1j1si (heHOJIOB, HAPSAAY C MEXKIyHAPOIHBIMU
Ha3BaHUSIMU, TPUBUAIbHBIC, HauboJiee YacTo ynoTpeOisieMble Ha MpakTUKe: (e-
HOJI, TUIPOXUHOH, PE30PLUH, TUPOKATEXHUH U T. .

Homenknartypa ¢eHonoB npocrta u He TpedyeT koMMmeHTapueB. [IpeacraBu-
TEJU JAHHOTO KJlacca pacCMaTPUBAIOTCA KakK MPOU3BOJHBIE apOMATUUYECKUX YIJie-
BOJIOPOJIOB, B MOJIEKYJIaX KOTOPBIX OJIMH WUJIM HECKOJIbKO aTOMOB BOJOpOJa 3aMe-
HIEHBI TUJIPOKCOTPYINaMH, COEIUHEHHBIMU HEMOCPEACTBEHHO C aTOMaMHU yTJIepo-
Ja OEH30JIBHOTO KOJIbIIA.
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OH OH OH
@ @ Cj
F

denon, 3-dropdenon, 2-autpodeHon,
TUIPOKCHUOEH30 1-runpokcu-3-¢propdenszon 1-ruapokcu-2-HuTpoOeH30I
[Ipy HamMUMKU HECKOJNBKUX 3aMECTUTENEW Havyallo HyMEpalHud OMpeeliseT
TUAPOKCHIIbHASA TPYMIA U 3TU COCAUHEHHs] PACCMATPUBAIOTCSA KaK MPOU3BOJHBIC
deHnomna.

OH
CH(CHs),
H;C
2-u30mponuII-5-MeTUIN(PEHO,
TUMOJ

Muorue (peHOTBI UMEIOT TPUBHAIILHBIE HA3BAHMS, KOTOPHIC COXPAHSIOTCS H
B cHUCTeMaTH4eckol HoMeHKkIaType. OCOOEHHO 3TO XapaKTEepHO AJIs IBYX- U TPEX-
aToMHbIX (peHomnoB. Tak, Hanpumep, JJIsi U30OMEPHBIX AUTHIPOKCUOEH30JI0B UME-
€TCsl HECKOJIbKO Ha3BaHMM, TAHHBIX 110 HOMEHKJIATYpE pa3HbIX THUIIOB.

OH
OH OH
OH
OH
1, 4-nuruapokcubenson, 1,3-guruapokcudenson, 1,2-TuruapokcuOeH30I1,

n-JTUTUIPOKCUOCH30I1, M-JTUTUJIPOKCUOEH30I1, O-TUTUIPOKCUOCH30I1,
TUAPOXUHOH pe3opIH MUPOKATEXUH

4.2.2 dusnyeckue CBOMCTBA

®denon o0pazyeT OECIIBETHBIE UTOIBYATHIE KPUCTAIUIBI, KOTOPBIE HA BO3yXe
¥ CBETY OKpAIIMBAIOTCSA B KpacCHOBATHIN IBET. FIMeeT cBoeoOpa3HbIii 3amax. denoun
IJIOXO0 PacTBOPSIETCS B X0yoaHOM Bojie, ipu 70 T cmemmBaeTcst ¢ BOJOM B JTFOOBIX
cooTHomeHUsX. OUeHb XOPOIIO PacTBOPUM B 3TaHOJE M IUATHUIOBOM dupe. C
POCTOM YHCJIa TUAPOKCHIBHBIX TPYIIIT PACTBOPUMOCTD (DEHOJIOB BO3PACTAET.
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Tabauya 9
DusnyecKue CBOMCTBAa HEKOTOPHIX (PEeHO0JI0B

Ha3sanue Ty °C Tyun, °C
®denHoi (OKCHOEH3011) 41,0 181,7
0-Kpezon (2-metundenon) 30,5 191,5
m-Kpeson (3-metundenon) 11,8 202,8
n-Kpeson (4-metundenon) 34,8 203,5
[Mupokarexud (1,2-1MO0KCHOSH30.T) 105,0 245,0
Pesoprun (1,3-11moKcnOeH3001) 110,0 280,8
I'mapoxunoH (1,4-1rokcrbOeH30) 172,3 286,2

Accorarns CiupToB, 0Jaroaapsi HaTMYHIO BOJOPOIHBIX CBS3EH, PE3KO I10-
BBHIIIACT WX TJIOTHOCTh, TEMIIEPATYPHI IUIABJICHUS U KUTIEHUS, Y (EHOJIOB 3TH 3HA-
yenus emé Boime. Tak, penon nmmeer T,,.=41 C u T,,=181,7 T, uro oTBeuaer
0oJee BRICOKOM MPOYHOCTH BOJOPOTHOM CBSI3HM, UEM B CITUPTaX.

4.2 .3.XuMnuecKune CBOMCTBA

B ¢enonax HenmonenéHHas »JNEKTpOHHas Mapa KUCIOpPOJa BCTYNAaeT B
N, T-comnpsiKeHue ¢ 67-3MeKTPOHHON CUCTEMOI OEH30JIbHOTO KOJbIIA, B PE3yJIbTaTe
YEero Ha aTOME KHCJIOPOJia BOSHUKAET HEKOTOPHIN MOJOKUTEIbHBIN 3apsia J+, a B
opmo- U napa-nojioKeHUsX Jokanusyercs o— = 30'—. B pesynbrare atoro ¢ ¢ek-
Ta (PEHONBI CTAHOBSTCS MO KUCIOTHOCTU HA 8 MOPSAKOB CHUIIbHEE CIIMPTOB U Upe3-
BbIYalHO XMMHMYECKM aKTUBHbI B PEAKUUAX AJIEKTPOPUIBHOIO 3aMEIIEeHUs
H-aroma B opmo- u napa-nonoxeHusx Ha 3JIEKTPOPUIL.

. o'+
(:O'«—H
O— Qs
( 8 nin

O—

3amecTuTeIM B OEH30JIbHOM KOJIbIIC BJIHUAIOT Ha KHCJIOTHOCTD CbeHOJ'IOB:

QJICKTPOHOAOHOPHEIC 3aMECTUTCIIM ITOHMIXKAIOT, a 3JICKTPOHOAKICIITOPHLIC — YCH-
JINBAIOT KHUCJIOTHBIE CBOMCTBA (1)CHOJ'IOB.
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B ornmuwme ot crupToB M1 EHOJIOB HE XapaKTEPHBI PEaKIUU pa3pbiBa
C-OH cBs3u, o BcTynaroT B peakuuu no cBszsim O-H. bonbinas yacte B3auMo-
JNEeNUCTBUN (PEHOJIOB CBSI3aHA C PEAKUUIMHU IEKTPODUIBHOTO 3aMEIICHUS 10 CBSI3U
C-H 6eH301bHOT0 KOJIBIIA.

KucsioTHO-0cHOBHBIE cBolicTBa. [[euIuT 371eKTPOHHONM MJIOTHOCTH, BO3-
HUKAIOIIWM HA aTOMe KUCIIOpOJa, YBEIWYMBaeT noaspusanuto csasu O-H u non-
BIDKHOCTH aTOMa BOJIOPOJia. Y CHUJICHUE KHUCIOTHBIX CBOMCTB (PEHOJA MOXXHO 00B-
SICHUTh TaKXe 0Opa30BaHUEM B Pe3yJbTaTe AMCCOIMAINK CTAOUIBLHOTO (HEHOST-
aHWOHA, OTPULIATEIBHBIN 3apsi]l KOTOPOTO CUJILHO JEJIOKAIN30BaH.

C)
O—H ¢Q
5—
H,0 ¢ s
— - +H;0"
<,
dbeno, o~
KapOoJIoBas KMCIIOTa beHoNIAT-aHnOH

Taxum 006pa3oM, KHCIOTHBIE CBOMCTBA (DEHOJIOB BBIPAXKEHBI CUJIbHEE, YEM Y
CIIMPTOB WJIM BOJABI, HO ciadee, yeM y KapOOHOBBIX M YroJIbHOM KHCIOT. [1o aToi
npUyuHE (EHOJBI, B OTIIMYME OT CIMPTOB, MOTYT BCTyIaTh B pPEaKLUU C LIEN0Ya-
MU, 00pa3ysl COOTBETCTBYIOIINE (PEHOIATHI METAIOB, HO HE BhITeCHAIOT CO, u3

ONa

(dbeHonAT HaTpuUs

OH
© + NaHCO3

KapOoHaTa HAaTpus.

OH
ONa
© +CO, +H,0
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OH ONa

+ N&2C03 + N&HCO:;

Koncranta muccormmaruu ¢denona K,=10 ¥ 310 o3mauaer, uro yXKe B
10°M pactBope mignoun ruaposin3 CsHsO™ nmomaBiieH MoJHOCTHIO.

XapakTepHOW peaknuer s BceX (PEHOJIOB SIBISETCS B3aUMOJICHCTBUE C
xmopuaom xeinesa (I1I) FeCls. O6pasyromuecs: mpu 3TOM CIIOKHBIE MPOIYKTHI 3a-
MEIIEHUST BOJIOPOJIa TUAPOKCHIIBHON TPYIIIBI, 3a9aCTyI0 HEYCTAaHOBICHHOU CTPYK-
TypHbI, COJIEpPKAIE B COCTaBE KOMILJIEKCA B KQ4eCTBE JIMTAHIOB UCXOHbBIE (eHO-
JIbI, UMEIOT XapaKTEepHbIC MHTEHCUBHBIC I[BeTa. Tak, ¢ ¢eHosom obpazyercs ¢uo-
JIETOBOE OKpaITNBaHUE.

OH

+ FeCly (CgHs50);Fe-3C¢HsOH + HCl

denomnsr xenesza (111)

Kaxnprii ¢penon naér B mogoOHOM peakiuu CBOIO OKpPACKY, HApUMep, Mu-
POKATEXHH — U3YMPYAHO-3€JIEHYI0, TUPOTAILION — KpacHyro U T. A. [loatomy nan-
Hasl peakuus SBISIETCS aHAIUTUYECKOW Ha (DEHOJIBI.

Peaxknun denonsiT-anumona. B otnnune ot cnupToB (HEHOJBI TpyIHEE 00-
pa3yroT MPOCThIE U CIOXKHBIE APUPHI. [IpocThie 3Qupbl HENMb3S MOTYIUTHh TPOCTON
MEXMOJIEKYJIIpHOU nerunaparauueid. Ux momydaroT u3 (peHomndaros, AecTBys Ha
HUX AJIKWJITaJIOT€HUIaMU WM APUITaJIOT€HUIAMM.

ONa O_CH3

+
CH3BI’ NaBr

MeTUIHEHUIOBBIN dHUp

ONa Br O

Cu
- NaBr

TUQEHUTOBBIN dPUP
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B nocnennem ciydae, BBUAY MAJIOW MOJABUKHOCTH T'aJOT€HA, PEAKLUIO BE-
YT B IPUCYTCTBUH MOPOLIKOOOPA3HONU MEIH.

AnunupoBaHue OCYILIECTBISECTCA NEUCTBUEM AaHTUAPHUIIOB WJIM TajOreHaH-
TMJIPUOB KUCIIOT.

ONa
O O
&
+ H3C—C/< acl — H3C—C<
- Na
Cl O
dheHunamerar

Peakunu 3j1eKTPpOoPUIBLHOIO 3aMelieHusi B 0€eH30J1bHOM KoJible. Bius-
HUE€ TUAPOKCOTPYMIIBI HA apOMATUUECKOE KOJIBIO MPOSBIISIETCS. B YBEIUYEHUU €TI0
PEaKIMOHHON CIIOCOOHOCTU IO OTHOIICHHUIO K PEAKITUAM IJICKTPO(PIIBHOTO 3ame-
IICHUS, KOTOPhIE MPOTEKAIOT B 00Jiee MATKUX YCJIOBHSIX, YeM B ciiydae OeH3o0Ia.
BcenenctBue N-conpsiKeHUs SJEKTPOHHAS IUIOTHOCTh KOHLIEHTPHUpPYETCS Tpe-
UMYIIIECTBEHHO B 0- U N-TIOJIOKEHUSIX, YTO MPUBOAUT K 0OPA30BaHUIO B OCHOBHOM
0- U n-3aMeEHHBIX TPoayKTOB. [Ipu 3ToM C-H cBs3b pacuiernsieTcs ¢ yaaneHueM
npoTtoHa. Peakuuu uayT noutd MraoBeHHo. Hampumep, penosn ¢ 6pomHoit Bogoi
obpasyer TpubOpomdeHos 06e3 BCAKUX KaTaIn3aTOPOB, KOTOPHIE HEOOXOIAMMBI B
MOTOOHBIX PEAKITUAX C OCH30JIOM.

OH OH

Br Br

+3Br, ——» + 3HBr

Br
2,4,6-tpubpomdpenon

deHo HUTPYETCs pa30aBICeHHOW a30THOM KHUCIOTOM MPU KOMHATHOM TEM-
nepatype (HUTpoBaHHE OEH30J1a IPOMCXOIUT CMECHI0 KOHIIEHTPUPOBAHHBIX a30T-
HOU U cepHOU kucior). [lomyuaeTcst cMech 0- u n-HUTpodeHonoB. [Ipu nanpHei-
[IEM HUTPOBAaHWH, HO Y€ KOHLIEHTPUPOBAHHOW a30THOM KHUCIOTOW, oOpa3yercs
TpuHUTpOo(enon. M3navanbHoe HUTpoBaHUE (heHOJa KOHIEHTPUPOBAHHON KHUCIIO-
TOW BEIET K 3aMETHOMY «OCMOJIEHHIO» PEAKIIMOHHON CMECH.
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OH OH
N02 02N N02
o HONO, L
OH OH
0-HUTPO(EHO 6@1/ 2,6-HUTPOEeHOT
@) 02N N02
HONO, o HONO,
(pas06.)
OH OH
NO,
HONO, NO;
—— — — 2,4,6-auTpodeHon,
MUKPUHOBAS
KHCIIOTa
NO, NO,
n-auTpodenon 2,4-auTpotheHon

@DeHOJTBI JIETKO TOIBEPraloTCs PEAKINK CYIh(GUPOBAHUS C 00pa30BaHUEM
opmo- 1 napa-HeHoncynbHOKHUCIIOT.

OH OH OH
SO;H
+ H,SO, - +
KOHII. -H,0

SOs;H
n-penoncynbdokucnora  o-peHoICYThHOKUCIOTA

OO6paboTka coseli (peHona NBYOKHCHIO YIiiepoja MPUBOIUT K 3aMEIICHUIO
BOJIOpOJia B KoJiblle Ha KapOokcmibHyI0 rpynny —COOH (kapOoKCHIMPOBAHHUIO).
Ota peakiius WU3BECTHA MOJ Ha3BaHueM peaxyuu Konvbe. EE Hambonee BakHOE
NPUMEHEHHE — MPEBpaleHHe caMoro (eHosia B 0-THIPOKCUOCH30MHYIO0 KHCIIOTY,
Ha3bIBAEMYIO CAJIMIIMIIOBOIM KUCIOTOM.

OH
//O
K ° + “
+ // 130°C _H OH
\"\' 4-7 atm. -Na+

CAJIMIIWIIAT HATPHUSI O-TUJPOKCUOCH30MHas
KHUCJIOTA,
CAJIMLIMIIOBAsi KMCIIOTa

[Ipu mnocneayromeM anuIMPOBAHUM CAIMIIMIIOBOM KHUCJIOTHI 00pasyercs
0-alleTUIICATIUIUIIOBAs KUCIIOTA.
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I
& 0—C—CH,

N O
OH
+ H;C _C// —_— 9]
AN “HCl /
Cl C

areTHIICATUITHIIOBAS
KHCJIOTA,
AcnupuH
KonaeHcamusi ¢ aapaermaaMu. ATOMbI BOJOpoaa OCH30JbHOTO KOJbIa B
MoOJIeKyJIax (eHOJIOB HACTOJBKO aKTHBHBI, UTO JIETKO BCTYHAIOT B pa3jIMYHbIC pe-
aKIUKM KOHJCHCALIMHM C OKCOCOCAMHCHUSAMHU (ajbaerugaMu U KeToHamu). KoHaeH-
carus (heHoJ1a ¢ GopPMaNTBJICTHIOM B KUCIION WIIH IIEJIOYHOU CPEIe JISKUT B OCHO-
Be MoydeHus (HheHoI()OPMaTbIETHIHBIX CMOJI, IMUPOKO HCIIOJIb3yEeMbIX B pa3iny-
HBIX OTPAcIIIX HAPOJIHOTO XO3sHCTBA.
[Tpu nelicTBUM KHMCIBIX KaTajaM3aTOPOB M M30BITKE (peHOIa 00pasyeTcs JiH-
HEHHBIN MOJIMMEP — HOB0JIAK, LIEIIb KOTOPOTO COACPIKUT MPUOIM3UTEIILHO JECATh
(EHOJBHBIX OCTATKOB, COSAUHEHHBIX METUIICHOBBIMH MOCTHKAMHU.

OH OH OH OH
o CH,— CH,H
nH,C=0+ (n+1) TQ()»
B . (n-1)
HOBOJIAK

HoBonaku npenctaBisioT coO0l TEpMOIJIACTUYHBIE CMOJIbI, HECIIOCOOHBIE
caMu 1o ce0e MepexoJAUTh B HEIJIABKOE COCTOSIHUE, pAaCTBOPUMBIE B CIIUPTaX, Ke-
TOHAX, CJIO’KHBIX 3(UpPaX, paCTBOPAX MIETOUEH.

[Ipu ucnonbp30BaHUM MIETOYHOTO KaTalu3aTopa cHavajia oOpa3yercs cMech
U30MEPHBIX (PEHOJOCIHUPTOB, KOTOPHIE MPH JalbHEHIIIEM HarpeBaHUU KOHICHCH-
pyroTCsa ApPYr C APYroM ¢ oOpa3oBaHHEM JIMHEWHOTO PacTBOPUMOTrO MOJMMEpa —
pe30.a, COAEPKAIET0 THAPOKCUMETHIIbHbBIE TPYIIIIHI.
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OH OH
HOH,C
-+  EEEE—

CH,OH
(heHONMOCTIUPTHI
CH,OH
OH
CHZ CH2 CH2 CHz—
OH
CH,OH
pe3oi

Pe3on — TBEpmas xpymnkas npo3payHas Macca, HallOMHUHAIOIIAs STHTaph, JIeT-
KO pacTBOpHUMas B OPraHMYECKUX pacTBoputTeisx. M3 ero pactBopoB moiyyaror
Kien, kpacku. [Ipu noBeimenun temnepatypsl 10 60—90 € peson mmaBuTCs, 4TO
UCIIOJIb3YETCSl B U3TOTOBJIIEHUH MPECC-TOPOIIKOB. CMOJTy CMEIIMBAIOT C HAMIOJIHU-
TesssiMu  (IpeBecHas MyKa, KaoJHH, TpaduT, KBapil, BOJOKHHCTHIC MaTEepHAJIbI),
KpacuTeIsIMU U JPYTMMU TEXHOJIOTMUEeCKMMHU no0aBkaMu. B ropsiueit mpecc-
dopme u3 3TON cmecu (HOPMYIOT pa3iIUyHbIE U3JENUSA, KOTOpPbIE MPHOOPETAIoT
KPacUBYIO TIJaJKyl0 IOBEPXHOCTb, BBICOKYIO MEXaHHMYECKYI0 U XHMHYECKYIO
IPOYHOCTh. B mpoiiecce mpeccoBaHus MPOUCXOIUT AalbHEHIIas KOHIEH AU MO-
JIEKYJl pPE30JbHON CMOJIbI, JIMHEHHBIC LIETH KOTOPOU «CIIMBAIOTCS» MEXIY COOOM
3a cu€t cBoOoaHbIX Tpynn “CH,OH, Haxongmuxcst B 7-110JI0)KEHUH OTHOCUTEIBHO
THAPOKCOTPYNIBI IpU OEH30JIbHOM KoJiblle. B Xoze aToro BHauane obOpasyercs
IJIACTUYHAS JIETKO (hopMyromiascsi HepacTBOpUMasi B OPraHUYECKUX PaCTBOPUTE-
JSX cMoJia — pe3umos. A 3ateMm, npu ganbHeinem HarpeBanus npu 150 €, — yc-
TOWUYNBAs K JEHCTBUIO XUMHUYecKuX peareHToB U temmeparyp (mo 300 €) u mexa-
HUYECKH OYEHb MPOYHAs IIacTMacca — pe3um Wi bakeaum — TpEXMEPHBIN ceTda-
TBIM NTOJIMMEDP, KOTOPBIN HE IIJIABUTCS U HE PACTBOPSAETCS.



CH,—...
OH OH
CH2 CH2 CH2 -...
OH
pe30n HarpcBaHuc CH2 CH2
OH
CH, CH, CH,— ...
OH OH
CH,—...
pe3uT,
Oakemur

Bce Tpu cTamuu mosdydeHHs MOCIETHETro Ha3blBaloTCa Oakenutusanuen. C
MoMeHTa OTKpbITHS B 1909roay U 10 HACTOAIIEr0 BpEMEHHU 3TOT BUJ IJIaCTMAace
(c pa3MTUYHBIMU HAMOJHUTENSIMU) HE TIOTEPSIT CBOETO 3HAUCHHUS.

Peakuuu oxmciaenus. benzonbHoe KonbI0 B (heHONAX YPE3BBIYAWHO HYyB-
CTBUTENBHO K okuciutesnsiMm. [loaromy OecuBeTHbIN (heHON Ha BO3AyXe OBICTPO
TeMHeeT. OKUCIIeHHE B LIEIOYHOW M HEUTPaJbHON cpele MpUBOAUT K 00pa3oBa-
HUIO JIBYXaTOMHBIX (DEHOJIOB, JANbHEHIINM OKHCIEHHEM KOTOPBIX MOJIy4YaroTCs

XHWHOHBEI.
o) OH
OH
+ 8,042 — S0, H,0 +80,7
OSO5 OH
TMAPOXWHOH

[Ipu neiictBuu Ha (heHON MEPOKCHAA BOAOPOJA B MPUCYTCTBUH KEJIEIHOTO
KaTajan3aTopa o0pa3yercss TUPOKaTEXHH.



57

OH OH
H,0,
Fe -
OH
MPOKATEXUH

[Ipu okHCIIEHUH ABYXA3JEKTPOHHBIM OKHUCIUTENEM — JUXPOMATOM HaTpuUs
WIN KaJusl B CepHON KucioTe (XpomoBoi#t cMeckio) wiu MnO, B Kucioi cpene —
o0pasyercs ¢ yJI0BJIETBOPUTEIILHBIM BBIXOJIOM 71-O€H30XHHOH.

O
OH
Na2Cr207 _
H,S0,
@)

n-0€H30XUHOH

Jaxxe takue cinadbie okuciutenu, kak FeCh, Ks[Fe(CN)], okucnsioT deHo-
ael. Tlpu »TOM 0O0pa3yroTcs (eHOKCHpaaukanbl (peAKUH clydaid OKHWCIICHUS
OH-rpymisbr).

OH 0)

FeCl
5 . FeCl,+ HCl +

Cnenuduyeckue peakuuu (peHon0B. K 1aHHBIM peakusM MOKHO OTHE-
CTH TUAPUPOBaHUE (DEHOJIOB A0 IIUKIOTEKCAHOJIOB.

OH . OH
1
+Hy 150 °C

Kpowme TOro, K cienu@uueckuM OTHOCSITCS PEaKIMK 3aMEeIIeHUs (PEHOIBHO-
ro THIPOKCHIIA HA aTOM BOJIOPO/Ia IPYU ITEPErOHKE ¢ IMHKOBOU ITBUIBIO.
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CH, CH,

+7n — 1 o ZnO+

OH

M-Kpe30I TOJTy OJT

4.2.4.11loryyenue v npuMeHenue GpeHo10B

ITonyyeHue U3 KaMEHHOYI0JIbLHON CMOJbI. B mporiecce KOkCOBaHUA Ka-
MEHHOTO YTJIsi 00pa3yeTcss KAMEHHOYTOJIbHAsi CMOJIa, OTKyAa (DEHON U €ro TOMOJIO-
T'Yl U3BJIEKAI0TCs 00pabOTKOI pacTBOPOM TUAPOKCHIA HATPUS B BUJIE (DEHOJISATOB, a
3aTeM OCaXXJAKTCS KUCIOTaMU.

OH ONa
+ HCl
_|_

OI[HaKO KOKCOXUMHYICCKOC IIPOU3BOJACTBO HC MOKCT YAOBJICTBOPUTL I10-

TPeOHOCTH XUMUYECKOM MPOMBILUICHHOCTH B (DEHOJE U €ro MPOU3BOIHBIX, [TO3TO-
MY UCITOJIB3YIOT PsIi IPYTUX METOIOB.

3ameineHue cyabgorpyninsl Ha ruapokcui. Hanbonee crapblii MpOMBIIII-
JICHHBIM METOJ1 3aKJII0YAETCs B CIUIABJICHUU IIEOYHBIX apuiICcyIb(OHATOB C TBEP-
JIBIM THIPOKCHIOM HATpus Win ruapokcunom kamus npu 300-350C.

SO3N3

ONa
NaOH NaOH; 300°C‘ + HCl
THO -Na,SO; NaCl

3amenenne rajoreHa Ha THAPOKCHJI. APWITrajoreHuIbl, HE COepKallIKe
AKTUBHUPYIOLIUX 3JIEKTPOHOAKIIENTOPHBIX IPYHNIUPOBOK, BCTYMAIOT B PEAKIUU 00-

MEHa B OYEHb JKECTKUX YCIOBHX. XJ0poeHs3omn xe ¢ 15-20%#bIM BOAHBIM pac-
TBOpoM ruapokcuaa HaTpus npu 360-390 € u naBnennn 280—-300at™m. oOpazyer
denon. OgHako B JaHHOM CIy4dae PEAKIUs COMPOBOXKIACTCS H30MepHU3aIueit
IPOMEXKYTOUHOTO AeTuApoOeH3omna. M36exars 3TOro mo3BojsieT NPUMEHEHUE CO-
nerr meau (I1), B MPUCYTCTBHHM KOTOPBIX PEAKIHs MPOTEKAET PETUOCEIEKTUBHO U
npu 6osiee HU3KUX TEMIIEPaTypax.
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ONa OH
10% pactBop NaOH;
CuSO,; 190-200°C +H*
> —_—
- NaCl; - H,O -Na*
CH; CH,

Kymoubnblii cnoco6. Kymon (M30mponiiOeH30:1) Mpu OKUCICHUU KHCIIO-

Cl

CH,

pPOIIOM BO3JyXa TNpeBpaliaeTcs B TUIPOINEPOKCHI, KOTOPBIH TMOA JeHCTBHEM
1%-#oro BosmHOTO pactBopa cepHor kucyioTel npu S0-90T pacmiensercs Ha ¢e-
HOJI U alleTOH. B 11e710M, 04eHbh YKOHOMUYHBINA CTIOCO0 TIOTYyUYEHUSI OJHOBPEMEHHO
ATUX JBYX BOKHEUIIIUX TPOTYKTOB.

(I)OH
H3C'CH'CH3 H3C'C‘CH3

OH
CH
Ny H 0, H,S0, (s
+ CH == CH2 —_— m =+ (l:: g O
CH;

KyMOJT TAPOTICPOKCHUT areToH
KyMoJia

Hauubiii  meron Ob1 oTKpeIT B 1942 rony  P. 1O. Yapucow,
I1.T'. Cepreesoim, b. [I. KpyxanoBeim, M. E. HemiioBeiM 1 ObUT BHEIpPEH HaA O-
HOM U3 MOpeanpustuil r. J[3ep:kuHcka. Ero MOXKHO MCIONIB30BaTh JJIsl MOJTYYEHUS
Pa3IMYHBIX TOMOJIOTOB (heHoIA.

®deHoJ 00s1a/1aeT AHTUCENITUYECKUMU CBOMCTBAMHU, €ro 5% BOJIHBIN PacTBOp
MO/ HAa3BaHMEM KapOOJOBOW KHCJIOTHI HCIOJIB30BAICS Kak Ae3WH(HUIHUpYIOlee
CpencTBo, emeé 6onee cuibHBIM 3 dexToM 00mamnarT 2- u 4-xsopdenoss. DeHon
WCIIOJIB3YIOT ISl TIPOM3BOJICTBA (PeHOTOPOPMATBIACTHIHBIX CMOJI, TOJMAMHUJIOB,
MHOTOYHMCJICHHBIX KPacUTeNeH U JIEKapCTBEHHBIX MpenapaTosB.

PacTtBOp cmecu M30MEpPHBIX KpE30JIOB B MBUIBHOM BOJI€ HA3bIBAETCS JIM30-
JIOM, UCTIONB3YETCS KaK Je3MHPUIUPYIOIast >KkUIKOCTh. Kpe3oJibl HCIONIb3YIOT 1S
KOHCEpBallMU JIEpPEeBa, B MPOU3BOJICTBE (PEHOIIIACTOB U aHTUOKCUIAHTOB.

Bonpocs! AJ1s1 NpOBepKH 3HAHUH

1. IIpeacraBbTe CTPYKTYypHBIE (HOPMYJIBI BCEX aPOMATHUECKUX COCTUHCHHIA
coctaBa C7HgO. Onpenennre NpuHANIECKHOCTh KaXKIOTO0 COCIUHEHUS K OMpeje-
JIEHHOMY KJ1accy.

2. llpuBenure cTpyKTypHbIE (HOPMYJIBI U30MEPHBIX (PEHOJIOB, COJCPIKAIIUX
1) nBe; 2) Tpu; 3) ueThipe; 4) NATh TUAPOKCUIBHBIX TPYIIIL.
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3. [IpuBeauTte ypaBHEHHs ABYX PEaKIIMii, B X0/€ KOTOPbIX oOpasyetcs ¢e-
HOJL.

4. IlpuBenuTe ypaBHEHHs pEaKUWW, MO3BOJISIIOUIMX OTJIMYUTH 3THUIIOBBIN
cnupT oT (heHoa.

5. 3anuiuTe ypaBHeHHs peakuui 4-metuindenona (n-kpesona) ¢ 1) HaTpu-
eM; 2) THAPOKCUIOM HATpHsl; 3) H30BITKOM OPOMHOM BOJIBI.

6. BemectBo X pearupyer ¢ (EHOJOM, HO HE pearupyeT ¢ TITUIEPUHOM.
BemectBoY pearupyer ¢ rMiepuHoM, HO He pearupyet ¢ ¢enosom. Bemecto Z
pearupyeT u ¢ ¢peHosIoM, U ¢ raunepuHoM. Onpenenure BemecTra X, Y, Z.

7. O0bsicaute, mouemy (GeHos Oojiee CuiIbHAas KUCIOTa, YeM JTaHOoJ, a

2,4,6apunutpodeHon — eui€ 0osiee CHUIIbHAs KUCIOTA.
8. Kak wu3 ¢enona wmoxHO monyuuts. 1) 4stundenon; 2) 2,4,6-
TpuHUTpOPeHoI;I; 3) 4-OpoMPEHOII.

4.3. KapOoHWIbHbIE COeTUHEHUS . AJIbIeruAbl U KETOHbI

Kap0oHn1bHBIMHM Ha3bIBAIOTCS COEIMHEHUS, B COCTAB KOTOPBIX BXOAUT OK-
co-rpynma C=0O (unm kapOOHWIBHAS TpyIIa). DTH COSIUHEHUS Pa3leisioT Ha
KJIACC anb0ezudo8 U Kiacc Kemonoe. B Monekynax ajlpIeruaoB KapOOHWJIbHAs
rpynna coeMHEeHa XOTs Obl ¢ OJHHMM aTOMOM BOJOpPOJA, a B KETOHAX — C JABYMS
IKWIBHBIMH WJIM apUJIBHBIMU TPYIIIAMU.

R — C(O) H — anpaerun; R — C(O) —R- keToH (R, R - anxunbHBIC
WJIN apWIbHBIE TPYIIIIHI).

4.3.1.CTpoenne, HOMeHKJIaTypa, pu3nvecKue cBOicTBa

ITo Homenkiarype IUPAC Ha3zBaHue anpjaeruaa oopasyercs: myTeM npudag-
JICHHsI OKOHYaHUS -a/1b K Ha3BAaHUIO COOTBETCTBYIOIIETO YIJIEBOJIOPOA, B Ha3Ba-
HUM KETOHOB IIPUCYTCTBYET OKOHYAHHE -OH.

CHz - C(O)H »srtanaim CH; — C(O)—CH3 nponaHoH
KeToHBI 4acTO Ha3BIBAIOT MyTEM TMEPEUYUCICHUS 3aMECTUTENCH, COCTMHEHHBIX C
KapOOHUJIBHOM TPYIIOH, 100aBIsAsA K HA3BAHHUIO CIIOBO «KEMOH.
CHj3 — C(O)-C,Hs — metmmatniketoH, CgHs — C(O)—CH3 — MeTHII)SHUITKETOH.

[Tpocrelitme ambaeruabl UMEIOT HA3BaHUS, IMPOWCXOISIINE OT POACTBCH-
HBIX UM KapOOHOBBIX KHUCJIOT: METaHAIb — MypPaBbHHBIN aibleru]l ((hopMabarum),
ATaHaJIb — YKCYCHBIN allbJieTH/1 (areTaabaerua) U T.1.

O6mrast popMysia TOMOJOTHYECKOTO psiia TMPEACIBbHBIX aNBJCTHIOB U H30-
MepHbIX UM KeToHOB CiH> O, Momnekynbl comepkar Ha JBa aroMa BOJOpOJIA
MEHBIIIE, YeM COOTBETCTBYIOIINE CITUPTHI.
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Tabauya 10
Ba:xHelinue ajabaeruabl M KETOHBI
dopmyna Ha3sanue IUPAC | TpuBuansHoe Ha3zBanue | T, Txum,
0 0
C C

HCHO MeraHainb MypaBbuHsblil anpaerun | —118 -19
CH3CHO OraHanb YKCYCHBIN albJIeTu] -121 21
CH3CH,CHO | IIponananb [IponnoHOBEIH abie- -81 49

TH]T
CH3CH,CH,O | byranainb MacisHbIi alnbaeru -99 76
CsHsCHO beusanpaerng Ben3oiinbIil anbaerug -26 180
CH,=CHCHO | IIponeHnann AKpPUJIOBBIN aJIbIETU]L, -87 53

aKpOJICUH
CH3C(O)CH3 | IIpomanon AlleToH -95 56
CH3C(O)CeHs | 1-Denunstanon | AuieTopeHOH 20 202
CeHsC(O)CeHs | Tudenunmeranon | bensodenon 48 306

ANBIETUIbI 0 CPABHEHUIO CO CIIUPTAMU UMEIOT O0Jiee HU3KUE TeMIepaTy-
pBI IJIABJICHHUS M KUTICHUS, YTO CBUACTEILCTBYET O 00JIee CIa0BIX MEKMOJICKYJISAP-
HBIX BOJIOPOJHBIX CBS3SX. 3a HUCKIIOUYEHHEM Ta3000pa3HOTO (opMabIeTHa,
HU3IINE AIBJETHIbI ¥ KETOHBI MPEICTABISAIOT COO0M TOIBMKHBIC KUIKOCTH XO-
POIIIO PaCTBOPUMBIC B BOJIC.

4.3.2.Cnioco0bl NoJIy4eHusl aJb1erua0B U KETOHOB

MHorue MeTobl MOTYYeHUs albJACTUI0B U KETOHOB CXOJAHBI MEXIY COOOM.

B mabGoparopun anbaeruasl ¥ KETOHBI MOJIYYarOT U3 CHUPTOB. OKUCICHHE
MEPBUYHBIX CIIUPTOB B MATKUX YCIOBUSX NAET aJibJCTU/Ibl, OKHUCIIEHUE BTOPUUHBIX
CIIUPTOB MPUBOIUT K OOPa30BAaHUIO KETOHOB. Y TOOHBIM OKHCIUTENEM JJISl ITHUX
peaKkiuil siBisieTcss OMXpomaT Kajaus WIK HaTpusl B KUCIION cpelie.

3C,Hs0H + K,Cr,0O7 + 4H,S0, = 3C|‘bC(O)H + K;SO, + Cr2(504)3 + 7H,0

N306exaTh OKUCICHUS YKCYCHOTO ajibJeTH/a TPU TPOBEICHUH dTOW PEaKINK yIa-
€TCS B YCIIOBUAX MMOCTOSAHHOT'O I/136BITKa CIIMpPTa U OTTOHKHU aJIbJACTH A 110 MCPEC €TI0
o6pasosanus. (Txum(C,HsOH) = 78,4C; Txun(CH;C(O)H) = 21°C.

AJbJIETUIbI 1 KETOHBI MOT'YT OBITh MOJIyYEHBI MUPOJIU30M COJIei KapOoHo-
BbIX KHCJIOT. HpI/I Harp€BaHWM KaJIbIIMCBLIX, 6apI/ICBBIX HIIM TOPHUECBBIX coJien

kapGoHOBBIX KHCIOT 10 300°C 06pasyroTCs KETOHbL.
2 RCOO — RC(O)R + CG~




62

Cwmecu Takux cojied ¢ CONSIMUA MYPaBbUHOM KUCIIOTHI JAOT ajdbJIETUIbI.
RCOO + HCOO — RC(O)H + CQ*
ALIETHJICH B3aUMOJICUCTBYET ¢ BOAOI B MPUCYTCTBUM COJIel pTyTH, 00pa-
3ys anetanpaeruy (peakuus Kydeposa).

2+ o= /O
Hg+ Hzc‘fl—_ CH CH3_C\/

BUHUJIOBBIN CIIUPT
(enom)

ApomMaTH4eCKHe aJIbJICTUABl M KETOHBI MOTYT OBITh MOJYYCHBI Al[MITHPOBA-
Huem no ®puaearo-Kpadrey.
CeHg+ RC(O)Cl— CsHsC(O)R + HCI

HC=CH+H,0

4.3.3.PeakniuoHHasi CIOCOOHOCTH KAPOOHMWJIbHBIX COeTUHEeHUIt

AToM yriepoja KapOOHWJIBHOM TpPYMNIbl HAXOAMUTCS B CO-

R
\ 8+ y 5. CTOSHHMM S[F-THOPHAM3ALMK, MO3TOMY TPYMIA COACPKHT TPH G-
C

R KpBIBaHHEM p-OpOHTaneii aTOMOB yriiepojaa W KHUCIopona. DJeK-
TPOHBI G- U T-CBSA3EM CHJILHO CMEILEHBI B CTOPOHY 00Jiee JIEKTPOOTPHUILIATEIHLHOTO

CBSI3M, JIeXkalllie B TJIOCKOCTH, U T-CBSI3b, OOpa30BaHHYIO Iepe-

aToMa KUCJI0po/a.

Anbzeruipl BCTyNaroT B OOJIBIINHCTBO PEAKIUI 3aMETHO Jierde. JTo CBsA3a-
HO C NPOCTPAHCTBEHHBIMHU NPEISITCTBUSAMHU, CO31aBAEMBIMU JIBYMs AJIKWJIBHBIMU
3aMECTUTENIIMU B KE€TOHax. Kpome TOro 3JIeKTpOHOIOHOPHBIE CBOMCTBA AJIKWIIb-
HBIX TPYIIT YaCTUYHO YMEHBIIAIOT MOJIOKUTEIBHBIN 3apsA] Ha aTOMe Yriaepoaa ai-
KWIbHOU TPYIIIBI.

Jl51s kapOOHUITBHBIX COETUHEHHUM XapaKTepHBbI, B IEPBYIO OUEPE/lb, PEAKIIH
OPUCOEANHEHNA. ATOM YIJiepoJia KapOOHMIbHON TIpyMIbl, HECYUIUI YaCTUYHBIN
HOJIOKUTENbHBIN 3apsij], MOXKET JIETKO aTaKOBaThCsl HYKJICO(PUIBHBIMU peareHTaMu
— BOJIOH, CIIUPTaMH, IMAHUIAMHM U 1.

ATOM BOJIOPOJIa, HAXOASUIUNCA B O-TOJOKEHUU K KapOOHWIILHOW TpYIIIE,
o0JazaeT BBICOKOM MOJBMKHOCTHIO U MOXKET MEPEHTH K aToMy KHCIopoaa, o0pa-
3yst rpyniy OH. Tlony4aercss HeHachIIEHHBIH CUPT (€HOJI), H30MEPHBIN HCXO/I-
HOMY KapOOHUJIBHOMY COEIUHEHHUIO.

CHy- C - CHy CHy=C- Ch

O OH
KeTOHHast popma eHoJbHas ¢popma
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Bun uzomepun, CBsI3aHHBIN CO B3aMMHBIM TMPEBPAIIEHUEM U30MEPOB IPYT B
Jpyra mpu Mepexoje KaTHOHA BOJOPO/ia OT OJHOTO aTOMa K JPYyromMy, Ha3bIBaeTCs
TayTOMepHeil.

Peakuuu ¢ Bogoii u cnupramu. [Ipy nprucoennHeHUN K aabAeTHAAM BOJIBI
oOpasyrotcs ruapatsl (1,1-110561). B OOJBIIMHCTBE ClIydaeB 3TH COCIUHEHUS He-
YCTOWYMBBI W THIApaTanus mnporekaer oopatumo. Ho ¢opmanbaerun B BogHOM
pPacTBOpPE MPAKTUYECKHU MOTHOCTHIO HAXOJIWUTCS B THAPATUPOBAHHOUW (opme n3-3a
3HAYMTETHLHOTO TOJIOKHUTEIIBHOTO 3aps/ia Ha aTOME YIJIepo/a.

H H  OH
AN \_~
C=0 + H-OH=—= C_

H/ /" “OH

[Ipucoeannenne K anbaeruiaM COUPTOB MPUBOAUT K OOpPA30BAHUIO TOIY-
arietaneil u aiuerasuei, KOTOpble MOKHO paccMaTpUBaTh Kak MPOCTbIe d(DUpPHI Te-
MUHAJIbHBIX JUOJIOB.

OH

@)
R-C</ +CQH5OH —_—> R-IC-OCéHg,
" y
OH OCHs
R-IC:-O(:zH5+CQH5OH —_— R-IC:-O(:ZH5+ Hzo
H H

Ipucoennnenne cuHmabHoii KucaoThl (HCN) x kapOOHMIBHOW TpyIITe
HPUBOJIUT K o6pa30BaHmo HI/IaHFI/I,Z[pI/IHOB

(” 0 H”tN

AT

B xone sTolt peakinuu mpoMCXOIUT YBEIUUYEHHUE YIJIEPOIHON 1IeMH Ha OJIUH aTOM
yriepoja.

3aMeleHHe aTOMAa BOJAOPOAA IIPU O-YIJIEPOJHOM aTOME Ha rajoreH Ipo-
UCXOJUT MPH ICUCTBUU HA KApOOHMIIbHBIE COSTMHEHUS XJI0pa UK OpoMma.

H3CC(O)CHa+ Br, — HyCC(O)CH,Br + HBr
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IIpu BoccTaHOBIEHMH KAPOOHMIBHBIX COeMHEHUH BOJOPOAOM WM Ha-
tpuiibopruapugom (NaBH,) MoXHO MOTyYUTh TIEPBUYHBIE WM BTOPUYHBIC CITHP-
THI.

L [H
R-C_ —— R-CH,-OH
H
Ry, H] R
/C:(’)—l-— ’CH‘OH
R R

Anbaeruibl Jerko OKHMCJISIOTCH JI0 COOTBETCTBYIOIIUX KapOOHOBBIX KH-
cior. B nmabGoparopuu mJjisi 3TOrO0 4acTO HCMOJB3YIOT MOJKUCIECHHBIA pPacTBOP
KMnO,.

KauecTBeHHBIMH Pe€aKIUuAMHUA HA AJBACIUAbl ABIAIOTCA PCAKINU CCpC6-
PSHOTO M MEIHOTO 3epKaya. /[ mpoBeaeHus peakiuu cepeOpssHOro 3epkajia uc-
MOJIB3YIOT peakTuB ToJIeHCa — aMMUAYHBIA PacTBOP OKcHa cepedpa, KOTOpbIH
BBICTYIIACT B POJIM OKHCJIUTCIIA.

R-CHO + 2 [Ag(NH),]JOH = 2Ag| + 3NH; + RCOONH+ H,O

Oo6pazyromieecs: cepedbpo BhIACISIETCS B BUAC YEPHOTO Ocaaka b0 odpa3yer TOH-
KYI0 METAJUTHYECKYIO (3epKaIbHYIO) IUIEHKY Ha CTEKJITHHON MOBEPXHOCTH KOJIOBI.

Peaxiuist MEIHOTO 3epKajia 3aKJIF0YacTCs B OKMCICHUHU allbJCTHUI0B THIPOKCHIOM
meau (1), mpu sTomM 0Opasyercst opamkeBo-KpacHbId okcua meau (1) wnm Meran-

ardeckas Meapb («MeIHOe 3epKaio»).
R-CHO + 2Cu(OH)+ NaOH = RCOONa + GO| + 3H,0

KeToHBI OKHMCSIIOTCA C TPYAOM: TIPHU JUIUTEIHHOM KHUIISTYEHUU C TTOAKHUC-
aeHHbIM pactBopoM KMNO, npoucxoaut paspsiB cBsizet C —C u C=0 ¢ obpa3zo-

BaHNECM CMCCH IIPOAYKTOB.
CH3C(O)CH3—> CH3COOH + C02 + Hzo

4.3.4.1lpumeHeHne KAPOOHWIbHBIX COeTUHEHU

dopmanbaerul UCIob3yeTCsl B KaueCTBE JIE3MH(PUIMPYIOIIETO CPECTBa,
KaK KOHCEpBaHT U MyOmibHOE BemlecTBo. Hanbosnblee npuMeHeHne OH HaXOAUT
npu Mpou3BOACTBE (heHOoNoPOopMaIbAETUIHBIX U MOUYEBHHO(OPMaIIbIACTUTHBIX
CMOJI.
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AueTaan[eer[ HCIIOJIB3YCTCA B IIPOU3BOACTBC YKCYCHOﬁ KHMCJIOTBI U DTHII-
alncrara.

AHCTOH HCIIOJB3YCTCA KaK pPaCTBOPHUTCIIbL M KaK HMCXOAHOC BCIICCTBO B
CHUHTC3C M30IIPCHA N HCKOTOPLIX q)apMaHCBTI/I‘ICCKI/IX ImperaparTos.

Bonpocel 1J151 IpoBepKHY 3HAHUI

1. 3anummTe CTPYKTYpHBIC (HOPMYJIBI ABYX KapOOHUJIBHBIX COCIWHEHUN
cocraBa C3HgO n Ha30BUTE HX.

2. 3anummTe CTPYKTypHBbIE (GOPMYJbl CISAYIOIIUX coequHeHuid: 1) 2-
METWINpOIanais, 2) 2o9twidyranansa, 3) 3,4amMerwinenrananst, 4) 4-
METHUJIICHTaHOHA-2.

3. 3anummuTe CTPYKTYpHYIO (HOPMYJTy MPOCTEHIIIET0 HEMpPEaSIbHOTO ajlb-
neruaa. Onpenenure o0y GOpMYITy TOMOJIOTHYECKOTO psijia, K KOTOPOMY OTHO-
CHTCSI 9TO COSUHEHHE.

4. 3anummre ypaBHEHUs PEaKIUi, MO3BOJISIONIMX OCYIISCTBUTH IpEBpa-
menus. 1) Co,Hg—X— Y—CH3CHO; 2) CeHsCHz;—CgHsCH,Cl—Z—CgHsCHO.

5. Kakue BelecTBa NMpUHUMAIN YYaCTHE B PEAKIUAX, €CIIU B Pe3yiIbTaTe
obpazoBanuce: 1) CH3CHO; 2) CH;CHO+Cu+H,O? 3anumure ypaBHEHHs peakx-
UH.

6. 3anuImmMTe ypaBHEHHS PEaKIIUi, MO3BOJISIOMNX OTIMYUTh JPYT OT JApyTra
ra3oo0pa3Hble 3THIICH U (hOpPMaJTbICTHI.

7. IIpennoxute cxeMbl IOMyYeHHS U3 aretanpaeruga l)verana; 2) Oyra-
Ha, 3) nonudTHieHa,; 4) Oyraauena-1,3.

4.4, KapOoHOBBIE KHCJIOTHI

KapGoHoBble KMCJI0TBHI TPEICTABISIIOT COO0M OpraHMYecKrue COEAMHEHU,
MOJIEKYJIBI KOTOPBIX COAEpkKaT OAHY MIJIM HECKOIbKO KapOOKCHIIBHBIX TPy
- COOH, coenMHEHHBIX C YIJIEBOJIOPOAHBIM PaIUKAIOM.

4.4.1.CTpoeHne, HOMEHKJIATypa, (pu3HYecKUEe CBOIICTBA

ITo nomenknarype IUPAC Ha3zBaHue KHCIOTHI 00pa3yeTcsl U3 Ha3BaHUS CO-
OTBETCTBYIOLIETO YTIJIEBOAOPOAa C JOOABICHHUEM OKOHYAHHS —068aA U CIOBA «KU-
cioma». [lpu Hymepanuu aTOMOB YIJIepoJia B IJIaBHYIO LIEMb BXOAUT U aTOM yI-
Jepoaa KapOOKCUIBHOU FPYIIIIBI.
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B 3aBUCMMOCTH OT IPHUPOABI YIVIEBOJOPOJHOTO pajuKajga pa3auyaroT IMpe-
JIeNbHbIE, HETpEeAeNbHbIE U apoMaTudyeckue KuciaoTel. KommuecTBo kapOOKCHIIb-
HBIX TPYIIl OMNPENEISAEeT OCHOBHOCTh KHCIIOTBI. OJHO-, IBYX- U MHOTOOCHOBHBIC
KHUCJIOTBI.

BrnepBbie kapOOHOBbBIE KUCIOTHI OBbLIM BBIAEICHBI U3 PACTUTEIBHBIX U KU-
BOTHBIX JKUPOB, TO3TOMY OHM ObLIIM Ha3BaHbI >KUPHbIMU. K HUM OTHOCSTCS KapOo-
HOBBIE KHUCJOTBI, COAEpPKAIME HEPA3BETBIEHHYIO YIJEPOJHYIO LEMNb C YUCIOM
atoMoB yriepona oT 4 1o 20. HexkoTopble KUCIOTHI U UX CBOMCTBA MPUBEACHHI B

tabmmme 11.
Tabauya 11
KapOoHoBbie KHCJIOTHI
OCHOBHOCTB dopmyna Haspanue kuciotsl EKHH’ Hazpanus
G coutei
(T,
OC)
Oanoocnoubie | HCOOH MetanoBas (My- 100,7 | ®opmuar
paBbUHAN)
CH3;COOH OranoBas (ykcycHas) | 118,1 | Anerar
C,HsCOOH [TponanoBast (mrpo- 141,4 | IlponmmoHat
ITHOHOBAs)
C3H;,COOH byranoBas (macng- | 163,5 | Byrupar
Hast)
Henpenensusie | CH,=CHCOOH | IIporienoBas (akpu- | 141 Axpuiar
JI0Bast)

Apomatnueckue | CgHsCOOH bensoitnas (122) | benzoar
JByxocuoBubie | HOOC-COOH | Dranmuosas (maBe- | (189) | Okcanar
JeBast)

TpéxocnoBunie | H,CCOOH JlumoHHas (153) | Lutpat
|
HOCCOOH
|
H,COOH

KapOoHOBBIE KHCTIOTHI B BOJHBIX PACTBOpPAX TUCCOLMUPYIOT C OOpa30BaHM-
€M KaTHOHOB BOJOpOAa M KapOOoKcuiar-aHnoHOB. OHU cinabee OOIBIIMHCTBA MU-
HEPAIBHBIX KHUCIIOT, HO CHJIbHEE YroJibHON. KapOOHOBBIE KUCIOTHI BHITECHSIOT JIH-
OKCHJ yriepoja U3 THAPOKapOOHaTa HATPHUSA. JTa PEaKIHsl HHOTAA MCTIOIb3YeTCs
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JUISL TOTO, YTOOBI OTIMYUTH KApOOHOBBIE KUCIOTHI OT (peHosoB. B Tabnuue 12 npu-
BeJieHbI 3HaueHHs pK, HEKOTOPBIX KUCTIOT U (PEHOJIOB.

Tabauya 12

3HayeHus1 pK,HeKoTOPBIX aTHPATHYECKUX U APOMATHYECKUX KHCJIOT U (e-

HOJIOB
Amudatuueckue | pK, | Apomatuueckue | pK, | ®enonbr pK,
KHCJIOTBI KHCIIOTBI
HCO.H 3,75| CeHsCO-H 4,20| CgHsOH 10,00
CH3;CO-H 4,76| 4-NO,CgH4CO,H | 3,43 | 4-CICsH,OH 9,38
CH3;CH,CO,H | 4,87| 4—CH3Ce¢H4CO.H | 4,34 | 4-NO,C¢H,OH 7,15
CICH,CO,H 2,86 2,4,6-(NQ);C¢H,OH | 0,42
CCI;COH 0,65

4.4.2.Cnoco0bl mojiyuyeHnsi KapOOHOBBIX KHCJIOT

OxucanrejbHble MeTOAbI. KucnoThl 00pa3yroTcs Mpu OKUCICHUH CIIHUP-
TOB, aJbJACTUOB U KETOHOB. [lepBUUHbIE CIUPTHI OKUCIAIOTCS YEPE3 CTATUI0 00-
pa30BaHUs aJIbJETUIOB 10 KApOOHOBBIX KMCIOT. B KauecTBe OKUCINTENS UCIIOJIb-
3YIOT AMXPOMAT WM NIEPMAHTaHAT KaJlus B KMCIION cpefie.
RCH,OH — RCHO — RCOOH
VYKCYCHYIO KHCIIOTY MOXHO IOJy4aTh OKUCIEHUEM alleTalIbIeTuaa, KOTO-
PBIii, B CBOKO OYEPE/Ib, ABISETCA MPOAYKTOM I'MApaTallMU aleTUIICHA.

HC=CH + H,0 — CH3C(O)H + [0] — CH;COOH

Kpome Toro, ykcycHas KHCIIOTa MOJIydaeTcs Opo’KeHHEM Ha BO3JyXe CIHUPTOCO-
JepIKaIMX KugaKocTel (BUHOrpagHoe BuHO). Ilox neiictBuem depmenTa Oakte-
puil MPOUCXOAUT OKUCIIEHUE STUIIOBOTO CIIUPTA ¢ 00PAa30BAHUEM YKCYCHOKHUCIIOTO
pactBopa.

AJIKEHBI OKUCIAOT IEPMAHTaHATOM KaJIUs B KUCIIOW CPEJIE.

KMnO
"4 RICOOH + RCOOH

RICH=CHR "
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DBeH30iiHyI0 KHCIOTY MOJy4YarT OKHCIEHHEM Toiyosa. OJHAaKo U B TOM
cllydae, eclii ¢ apOMaTHYECKUM KOJbIIOM COEAMHEHA OoJbllias TpyIa, 4eM Me-
TUJIbHAS, IPOYKTOM OKHCJICHHS BCE paBHO Oy/ieT O€H30MHasl KUCIIOTA.

KMnO,, H*, T
- COOH

KMnOy,, H', T
CH,CH,OH ———* QCOOH

VYKCyCHYI0 M1 MypaBbUHYIO KHUCJIOThI B TPOMBINIJIEHHOCTH MOJy4alOT OKHC-
JICHHEM CMECH TpeAeNbHBIX YIIeBOAOpOoAoB ¢ 4-6 atomamu yriepona (OyraH,
TEHTaH, FeKCaH) KIUCIOPOIOM Bo3ayXa mpu Temmeparypax 140-180C B mpucyrer-
Bun karaiau3aTopoB (NaOH, MnQ). Peakuuro mpoBOIAT B 3aKPBITOM pe3epByape
1I0J1 JABJICHUEM.

I'maponutnyeckue meroabl. Kucinorsl 00pa3yroTcs mpH IMIPOJIU3€ HUT-
PUIJIOB U CIOKHBIX 3(prpoB. HUTpUIIBI rMAPOIN3YIOTCS TPU KUIMISTYEHUH C BOJHBIM
pacTBOPOM MUHEPAIbHOW KHUCIOTHl WM LIENOYH. [IpoMeEXKyTOUHBIM MPOIYKTOM
pEaKIuu SIBISETCS aMU/I.

H,O + HCI H,O + HCI
— > — >

RCN RCONH, RCOOH + NHCI

H,O + NaOH H,0 + NaOH
RCN > RCONH, » RCOONa + NH

Jlig Tuaponu3a CIOXKHBIX 3(UPOB UCTIONB3YIOT PACTBOP IIETOYH.
RCOOR + NaOH—RCOONa + ROH

CBOOOIHYIO KUCIIOTY MOTYYalOT, MOAKUCIISS PEAKIIMOHHYIO CMECh.
RCOONa + HCl RCOOH + NaCl

CuHTe3 ¢ ucnojb3oBaHueM peakrusBa I'punbsipa. [Ipu B3aumoneiicTsuun
peakTUBOB ['puHBspa C TUOKCHUIIOM yriepoja o0pa3yroTcs KapOOHOBBIE KUCIOTHI.

R- Mg -2 E%2H . RCOOH

KapOokcuiupoBanue ajkeHoB. B npoMBINIUIEHHOCTH KapOOHOBBIE
KHCJIOTHI MOTYYatoT IyTEM KapOOKCUIMPOBAHUS AJIKEHOB B XKECTKUX YCIOBUSX B
IPUCYTCTBUM TE€TPaKapOOHWIHUKEIIS.



69

|
CH

ITepcniekTBeH CrIOCO0 MOTYyYEHUSI MyPaBbUHOM M I1aBEJIEBON KUCIIOTHI U3
CO u NaOH.
NaOH + COHCOONa—s HCOOH

4.4.3.Peaknu KapOOHOBBIX KHUCJIOT

Oo0pa3oBanmne coseil. KapOoHOBBIE KHCIOTHI 00pa3yIOT COJIU, pearupys ¢
MeTaJllaMi, KapOoHaTaMu U IIEJI0YaMH.
2 RCO,H + Mg — (RCO,),Mg + H,
2 RCO,H + NgCO; — 2 RCO,Na + CQ + H,0O
RCO,H + NaOH- RCO,;Na + H0O
Conu kapOOHOBBIX KHCIIOT — KPUCTAJUIMUECKHUE BEIIECTBA, pACTBOPUMBIE B BOJIE.

drepudurkanusa. KapOoHOBBIE KUCIOTHI pearupyroT cO COUpTaMHU B MpU-
CYTCTBUU CHJIBHBIX KHUCIIOT, 00pa3ys CJIOXKHbIE 3GUpbl. OTepudukanus KapooHo-
BBIX KUCJIOT IPOTEKAET MO0 MEXaHU3MY T'€TePOIUTUUECKOTO 3aMEILIEHUSI.

+H,0

B sroit peakiiuu B kucnote pércs cBa3bp C—0, a He C—H, kak 3T0 ObLIO B cllydae
HeiTpanu3anuu. [Iponecc stepudukannu o6patum. CaBUT paBHOBECHS JOCTUTA-
eTCsl yAAJIEHUEM CII0KHOTO 3(Upa WM BOABI U3 PEAKIIMOHHOMN MACCHI.

Crnoxuble 3pUpPHl MIMPOKO PaCHpPOCTPaHEHBl B MPUPOJE. 3amax IBETOB,
aroJ1, GpyKkToB 0OYCIIOBJICH MPUCYTCTBUEM B HUX PA3HBIX CIOKHBIX A(UPOB.

I'anorennpoBanue. ATOMBI BOJOPOJA, HAXOMSAIIMECS B O-TOJIOKEHUU K
KapOOKCUIIBHOM IpyIIIie, JIETKO 3aMeIlaloTcsl Ha aToMbl ranoreHa. [Ipu npormycka-
HUU XJIOpa B KHUIIIYI0 YKCYCHYIO KHCJIOTY B MPHCYTCTBHHM KpacHOTO ¢ocdopa
obpasyercs xjmopykcycHast kuciora. [Ipu mocneayromeM nporyCKaHu| XJI0pa mpu
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MOBBINICHHON TEMIIEpaType BO3MOXKHO 00pa30BaHHUE AUXJIOP- U TPUXJIOPYKCYCHOU
KHUCJIOTBI.

CH3;COOH + Cl, — CICH,COOH + HCI
CICH,COOH + Chb— CI,CHCOOH ; CLCHCOOH + Cl, — CI;CCOOH

JexapOokcuaupoBanue. [Ipu HarpeBaHuu cosieil KapOOHOBBIX KHUCIOT CO
1ieJioyaMi IPOUCXOJUT JEKapOOKCUIMPOBAHUE — YJAJI€HUE KapOOKCUIBHOU
Tpynmnbsl — U 00pa3yeTrcsi yriaeBOAOPOA, COJAEpXKallluii HAa OJMH aToOM yTriepoja
MEHBIIIE, YeM MCXOJIHAs KUCIIOTa.

[Ipu anexkTpoaunse coneit KapOOHOBBIX KUCIIOT Ha aHOJIe 00pa3yIOTCs alKaHbI
¢ 4€THBIM YUCJIOM aTOMOB yriiepoza (peakuus Konsoe).

2RCOONa + 260 — R-R + 2CQ+ H,+ 2NaOH

Ha anone Ha xatone

Boccranosiienne. CuibHbIE BOCCTAHOBHUTENH, TaKWE, KaK aJFOMOTHIPHU
JIMTHS, BOCCTAHABIUBAIOT KUCIOTHI IO CITUPTOB.
RCOOH — RCH,0OH
IIpeBpaiienne B XJOpPaAaHrHAPHAbI. XJIOpPaHTUAPHUALI 00pa3yroTCs IIpU
oopadotke kuciaor PCEumu SOC).

RCOOH +SOC — RCOCI + SQ + HCI

IIpeBpamenue B aMuabl. AMUJIbI TOJIYYAOT U3 KAPOOHOBBIX KUCIOT U aM-
MHaKa 4epe3 CTaMI0 00pa3oBaHis aMMOHHEBOH coun. Ipu narpesanmnu 1o 200°C

aMMOHHEBast COJIb ICTHIPATUPYETCS ¢ 00pa30BaHUEM aMU/IA.
RCOOH + NH — RCOONH, - RCONH, + H,0O

4.4.4 11pousBoaHbIe KAPOOHOBBIX KHCJIOT

OyHKIMOHATBHBIE TPOU3BOHBIE KAPOOHOBBIX KHCIOT MPEACTABISAIOT COO0M
BELIECTBA, 00pa3yIOLIUECs IPU 3aMEIEHUN THIPOKCUIBHOM IPYIIIbl KUCIOThI Ha
Kakyro-1100 npyryto rpynny X. K HUM oTHOCATCS c/10HBIe 3QUPBI, AHTHAPH-
AbI M XJOPAHTUAPUABI KHCJIOT, aMUAbI, HUTPHJIbI. DTH BEIIECTBA MOT'YT OBITh
BHOBb I'MPOJIN30BaHbI B KACIIOTY.

KapOonumnbHas rpynmna urpaet JOMUHUPYIOLIYIO POJIb B PEAKIUSIX MPOU3-
BOJHBIX KHCJIOT, TaK K€ KaK U B PEAKUMUAX CaMUX KUCIOT. Bce mporuecchl MOXXHO
pa3fenuTh Ha JBa TUIMA: 3aMEUIeHHe Trpymibl X Mpu atake Hykiaeodpuna Y ~ mo
KapOOHMJIBHOMY aTOMY yIJIEpoja ¢ MOCIEIYIOINUM pa3pbiBoM cBsA3H C—X U aKkTH-
BUPOBAHHOE KapOOHWIBHOM IPYIIION 3aMEIeHNE TIPU O-YTJIEPOJHOM aTOME.
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0 | 29
R— C +Y‘—>R—C—X—>R_C\Y+ X
N X |
Y
z 0 - 20 HZ
- —_ +
RCH, C\X+YZ R(le C\X
Y

4.4.41.Peakunu 3aMellieHUs] TPOU3BOJIHBIX KHCJIOT
I'uaposu3s. ['uapoius 10 caMuX KUCIIOT OCYIISCTBIISICTCS B YCIOBHIX KaTa-
JM3a KUCIOTOW WM OCHOBaHWEM. AIMIXJIOPHUIBI, KaK MPABHIIO, THAPOIU3YIOTCS
OBICTPO B MPUCYTCTBUU KaTaanu3aTopa.
o) H* (OH) -0

« tHO ———= RC_q, +HX

Z

0
=
X= -OR, -NHj, -Hal, RE_

Iepesrepudurkanusi. O6bIYHO TPOBOAUTCS B TPUCYTCTBUH KUCIIOTO HIIN
OCHOBHOT'O KaTaJIU3aTopa.

@] H*(OR) O
z =
CHLC + CH,CH,OH CH
3 \OCH‘E 3112 3C\OCH2C| 13

+ CH3OH

OobpazoBanne 3pMpoOB U3 ANNJIXJIOPUIAOB U AHTUAPHU/IOB.

O _0
-z . z
RC_ *+ROH——— RC—n + HCl

BoccTranoBieHne NPOU3BOAHBIX KHCIAOT. CoKHbBIE 3UPHI, AlUIXIOPU-
JIbl U @HTUAPUJIBI BOCCTAHABIMBAIOTCS C MMOMOILBIO JINTUHATTIOMUHUITUIPUAA.
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O .
R LUAMs _ ReHoH

Z 2.H' H,0
-0
Z=-0OR, —CI,RC\O_

AMI/II[BI BOCCTAaHABJIMBAKOTCS B IICPBUYHBIC AMWHBI.

RCOONH — RCH,NH,

4.4.5 Hutpuiabl

Hutpunel R—-C=N ominyarorcst oT Apyrux npou3BOAHBIX KHCIOT OTCYTCT-
BUEM KapOOHWIBHOM Tpymibl. HUTpHIIbl MOTYT OBITh MOJTYYEHBI U3 KUCTIOT, KPOME
TOro anupaTUIeCKre HUTPHUIIBI MOJIY4al0T U3 TaJOreHAIKaHOB, 4 APOMATUYECKUE —
U3 COJIEH IUAa30HMA. | MIponu3 HUTPUIIOB JAET KUCIIOTHI.

HuTpusnel MOTyT ObITh BOCCTAHOBJIEHBI B aMUHBI JIUTUHATFOMUHUNUTHIPU-
J0M. B kauecTBe mpoMeKyTOUHOr0 MPOIyKTa 00pa3yeTcst COJIb UMUHA; €CIIU pPeak-
1Y IPOBOJIUTCSA B COOTBETCTBYIOLIUX YCIOBUSX, TO 3TA COJIb OKA3bIBAETCS OCHOB-
HBIM NPOAYKTOM U IIPU THIPOJIN3E NAET albJETU.

LiAlH, H LiAlH,, H", H,O
R—CN—— R-C=NLi » RCH,NH,
H,0|H"
20
R— C ~H

4.4.6.7Kupsbl u Macaa

XKupsl 1 Macna oTHOCATCA K JunuaaM. OHU IPeCTaBIIAIOT cO00M 3PupbI
npomnan-1,2,31puosna (riaumepruHa) 1 KapOOHOBBIX KUCIIOT C JJIMHHON YTIIEPOIHOM
1enbo. TBEP/bIE )KUPBI ) KUBOTHOTO MPOUCXOXKIEHUS ABJISAIOTCS ddUpamu npe-
MMYIIIECTBEHHO HACHIIIEHHBIX KUCIOT, TAKMX KaK CTEApUHOBAs U NaJIbMUTHHOBAS.
Kunkue pacTuTeabHbIC Maciia — CIIOKHBIC A(UPHI TIIMIIEPUHA U HEHACKHIIIICHHBIX
YKUPHBIX KUCIIOT, TAKUX KAaK OJICMHOBAs, TUHOJIEBAS U TMHOJIECHOBAS.
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C15H3:CO0O-CH, [Ipoman-1,2,3TpurekcanaekaHoar
| (TpumambMUTAT MIIHIIEpUHA, dHUp
C15H3,COO-CH TJIMIEPUHA U TAIbMUTHHOBOM KHCIIOTHI)
| KoMmnoHeHT KHUBOTHBIX KHUPOB.
C15H3,COO—-CH,

CH3(CH,);CH=CH(CH,),COO-CH,

| [Ipoman-1,2,3TpuokraneneH-9-oat
CHj3(CH,);CH=CH(CH,);,COO-CH  (rpuoseat riuuepuHa, 3pup

| TIIHIEPUHA U OJCMHOBOM KHCJIOTHI)
CHj3(CH,);CH=CH(CH,);COO-CH, KoMIOHEHT 0JJMBKOBOI'O MacIIa.

JKuBOTHBIE KHPHI TICHATCS BBIIIE, YEM Macia, TO3TOMY 3HAYUTEIbHBIC KO-
JMYECTBA Macesl TPEBPAMIAIOTCS THAPUPOBAHUEM B TBEPIBIC KHPHI — CATIOMAChI
(T.m1. 31-33C). Peakuuio THAPUPOBAHKS PACTUTEIBHBIX KHPOB OCYILECTBISIOT B
NPUCYTCTBUHM HHUKEJIECBBIX, HUKEIb-MEAHBIX MM METAIIOKEPAMUYECKUX KaTaJln3a-
TopoB. CanoMacsl repepadaThiBalOT B MaprapuH, 100aBIIsAsS B OYHMIIEHHBIA OT Ka-
Tanu3aTopa MPOIyKT BUTAMHUHBI U HEOOJIBIIIOE KOJTUIECTBO [3-KapOTHHA.

Ocoboe MecTo cpenr KUBOTHBIX JKHPOB 3aHUMAET MOJIOYHBINA KHUP, COCTAB-
JISIFOIIME OCHOBHYIO 4acTh (okojio 90%) ciimBovyHOTrO Macia. B cimBoYHOM Macie
¥ MOJIOKE COJIEP)KUTCS 3HAYMTEIILHOE KOJIMYECTBO HACHIIICHHBIX YKHPHBIX KUCIOT
C KOPOTKOM IeTbI0 (HampuMep, MacsTHOMN).

XKupbl SBISIOTCS WCXOMHBIM CHIPhEM B TPOM3BOACTBE MbLIa. LllemouHoi
ruaposin3 (OMbUICHHE) )KUPOB NAET TIUICPUH U HATPUCBBIC WM KAJIHUEBBIC COJH
KHUPHBIX KHCIIOT, KOTOPBIC U SBJISIFOTCS MBLJIOM.

C15H31COO_CH2 CHon

| |
C;sH3,COO-CH + 3NaOH—»  CHOH + 3 gH35:COONa

| |
C15H3:CO0-CH; CH,OH

OTOT NpoLECC U3BECTEH C IPEBHEUIINX BPEMEH, KOTja )KUBOTHBIE JKUPbI
KHUITSITHIIM € 30JI01, coepxanieil kapooHat kanus. HaTpueBbie Mblia OrpaHU4E€HHO
pacTBOPUMBI B BOJIE U MOTYT OBITH MOJIyY€HBI B BUI€ TBEPAbIX OpukeToB. Kanue-
BBI€ MbLJIA JIYYIIE€ PACTBOPUMBI U UCIIOJIB3YIOTCS B IAMITYHSIX.
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Bonpocel 1j1s1 IpoBepKHY 3HAHUI

1. 3anumure CTpyKTYpHBIE POPMYIIBI BCEX KapOOHOBBIX KUCIOT COCTaBa
C4H802.

2. 3anummrte GpopmMyiy npereabHO OJHOOCHOBHON KapOOHOBOM KHCIIOTHI,
conepskaieit 12 aromoB Bogopoia.

3. 3anuiuTe CTPYKTYpHBbIE (OPMYIIBI MPOCTEUIIIEH TBYXOCHOBHON Kap0o-
HOBOU KUCJIOTHI M €€ OJIMKaiIIero roMoJiora.

4. 3anuiuTe CTPyKTYpHbIe (POpMYIIBI coeaquHeHui: 1) 3-MeTrnoyTaHoBOM
KHUCJIOTHI;, 2) 2-9THiI-3-METHIINIEHTAHOBOM KUCIOTHI; 3) 2,3 AUMETHIIIICHAIHOBOM
KHUCIIOTHI.

5. 3anuiuTe ypaBHEHUS PEaKIUiil MOJIydeHHUS MPOIaHOBON KUCIOThI 1)
OKHCJICHHEM TIEPBUYHOTO CITHPTA; 2) OKKCICHUEM alTbJICTH/IA.

6. [Ipennoxute crnocod moaydeHus: MypaBbHHOW KHCIOTHI U3 YKCYCHOM IO
cxeme: CH3COOH—X—CH;—Y —-HCOOH.3anumuTe ypaBHEHHUS peakiui.

7. 3anummTe ypaBHEHUS peakiuii ykcycHoi kuciotsl ¢ 1) Zn; 2) CaO; 3)
Cu(OH),; 4) CaCQ; 5) Cb.

8. 3anummTe ypaBHEHUS PEAKIIMi, MO3BOJSIOMIUX OTINYUTh MyPaBbUHYIO
KHCIJIOTY OT YKCYCHOM.

9. 3anummTe ypaBHEHUS PEAKIINA, TTO3BOJISIONINX OCYIIECTBIISITH MPEBpa-
IECHHUA. 1) CH,O0—CH,0O—CH,0,—CO,; 2) CgHe—C;Hg—C;Hs0,—C;Hs0,Na;
3) C;HgO—C3HgO,—C3Hs0,Cl—CgHgO4Cl,Ca. B ypaBHEHUSX PUBOAHUTE
CTPYKTYpHBIE (POPMYIIBI COCTUHECHHM.

10.3anummTe CTpYKTYypHBIE (POPMYIIBI BCEX CIIOXKHBIX 3PUPOB COCTaBa
C3HgO, n HAa30BUTE HX.

11.3anummuTe CTpyKTypHBbIE (POPMYIIBI IBYX U30MEPHBIX CIOXKHBIX 3(UPOB,
OJIMH U3 KOTOPBIX 00pa30BaH apOMATHYECKOW KUCIOTOM M MPEETbHBIM CIIUPTOM,
a Ipyrou — npeaenbHONl KapOOHOBOM KMCIOTOW M apOMaTHIECKUM CITUPTOM.
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TEMA 5
BbicokoMo1eKyJIsIpHBIE COeIMHEHUSI

BricokoMoneKysipHbIe COETUHEHNS UMEIOT BBICOKHE MOJIEKYJISIpHBIE Mac-
col (00b1uHO BhIiie 10000a.e.M.) . BONBIIMHCTBO U3 HUX — MOJUMEPbI, MAKPOMO-
JIEKYJIbI KOTOPBIX COCTOSIT U3 MOBTOPSIOMIUXCS (parMeHTOB (CTPYKTYPHBIX 3BEHb-
eB). UMCIIO CTPYKTYPHBIX 3BE€HBEB, BXOISIIUX B COCTAaB MAKPOMOJIEKYJIbI, HA3bIBA-
eTcsl cTemeHbl0 moJimMepu3anuu. HuskomomnekynspHble COSAMHEHHUS, U3 KOTO-
PBIX CHHTE3UPYIOT MOJUMEPHI, HAa3bIBAIOTCS MOHOMepamu. Eciiu B cocTaB Makpo-
MOJIEKYJIbl BXOJAT 3BE€HbSI OJHOIO MOHOMEpPA, BHICOKOMOJIEKYJISIPHOE COEIMHEHHE
Ha3bIBAIOT FOMOINOJIMMEPOM, €CIIH — IBYX U 00Jiee MOHOMEPOB — COMOJIUMEPOM.

B 3aBuCMMOCTH OT CTpPOEHHUS MaKpOMOJIEKYJ pasziNyaloT JIMHeHHbIe,
UMEIOIMe JTUHEHHYIO CTPYKTYPY, Pa3BeTBIAEHHbIE, B KOTOPBIX IBE UM HECKOJIb-
KO IIeTiel CBSI3aHbI MEXKAY CO0O0W HEpEryJsipHO, U ceTdyaThle (CIIUTHIE), I/Ie pas-
JIMYHBIE LIETIH CBSA3aHbI MEXTy COOOM MOMEPEUYHBIMH CBSI3SIMHU.

1o ucronb3yeMbIM B TEXHUKE CBOMCTBAM MOJIMMEPHI Pa3IesioT Ha:

- 3JacToMepsl, obnanatoniie pacTspkuMocTbio 6onee 1000%wu mpu mocTto-
SIHHOU TeMIiepaType CriocoOHbIe 00paTUMO BOCCTaHABIMBAThH CBOIO (hOpMY;

- TePMOILJIACTHI - TPU HarpEeBaHUHM OOPATUMO MEPEXOJIAIINE B TUNIACTHYHOE
WM BS3KOTEKYUYee COCTOSHUE U B TAKOM COCTOSIHUM (POPMYIOTCS B U3J1EIHS;

- peakToOmJIaCThI (TEPMOPEAKTUBHBIEC MTOJUMEPHI) - TIPU HArpeBe MoJBepra-
IOTCS. HeOOpaTUMbIM XMMHUYECKUM MPEBPALLEHUSM, TOCIE YEro TEpsIOT CHOC00-
HOCTb BHOBb IOJIBEPraThcs AedopMarusim,

- BOJIOKHA, MAaKPOMOJIEKYJIbl KOTOPBIX OPHUEHTHPOBAHBI MIPEUMYIIIECTBEHHO
B OJTHOM HarpaBJICHUH.

5.1.Cnoco0bl noJry4eHusi NoJIUMepPoB

MakpoMOJIeKyJIbl TIOTUMEPOB 00Pa3yIOTCS B pe3yiIbTaTe PEaKIuil MOJIMMe-
pU3alHUH U TTOJTUKOHICHCALIUU.

[Hosmmepu3anus — MpouUecC MOJYYEHHUS] MAKPOMOJIEKYJ MYTEM MOCIEI0BA-
TEJIbHOTO MPUCOCANMHEHHS MOJIEKYJI MOHOMEpPA K PEAKIIMOHHOMY LIEHTPY, HAXOs-
HIEMYCS B KOHIIE NTOJMMEpHOU nenu. [Ipu 3Tom coctaB MOHOMEpPA U CTPYKTYPHOTO
3BEHA OKa3bIBAIOTCS OJIMHAKOBBLIMU.

[TonmmMmepuzanus sBISIETCS UEeNHOW peakunued. B xone €€ BBIACIAIOT He-
CKOJIBKO CTaJIUi: 3aposkKJIeHUE IeNu (MHUIIMHUPOBAHUE), POCT IICIH, OOPHIB LIEIH, a
TAKK€ PEAKLIHNU NIEPEJaYU LICTIH.
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[Tpu 3apoxxaeHuu 1enu akTuBHas dactuna R* (paaumkan, KaTWOH, aHWOH)

IPUCOEINHAETCI K MOHOMEPY A U aKTUBUPYET €rO.
R*+ A - R-A*

Pactymas akTuBUpOBaHHAs LENb PEAarupyeT C MOCICAYIOUIMMU MOJIEKYJIa-

MU MOHOMeEpa.
R-A*+ A - R-Ay*+ A — ....— R-A*

@®parMeHT nHULIHATOPA R 1 3apOAbILIEBbIA HEHTP, OTMEYEHHBIN *, MOCTOSIHHO OC-
TAlOTCS B COCTaBe pactymei nemnu. [Tocie moctaTouno 607IIIOT0 YKcia CTyIIeHen
pocTa MPOMCXOIUT JIe3aKTHBAIIMS BCIEACTBHE OOPBIBA I U 00pa3yeTcsi Makpo-
MOJIEKYJIA.

Peakuun MOJIMMCPHU3allMU Pa3aCIAI0T Ha paauKaJIbHBIC, KATUOHHBIC W aHU-
OHHBIC.
PagukaabHasi IMOoJIMMEpU3alind IIPHUMCHACTCA HauOoJIee JacTo. Nuunun-

pOBaHUE MPOU3BOJIUTCS CBOOOJHBIMU pagukanaMu R:, koTopblie 00pa3yroTcs npu
TEPMUYECKOM pacIiajie MHUIIMATOPOB TUIIA MEPOKCHIa OEH30MIa, a300MCHU300yTH-
JIOHUTPUJIA WK TIepcyiib(dara kanus. PagukanbHy0 MOJTUMEPHU3AIUAI0 TAaKKE HHU-
IUUPYET YIbTPA(PHOIECTOBOE U3ITyICHHE.
R+ CHZZCHZ — R- CHZ_CHz'
R- CHZ_CHZ' + CHZZCHZ — R- CHZ_CHZ_ CHZ_CHz‘

B npouecce nmonumepuzanuu o0pazyroTcss MaKpoMoJeKyibl, coaepxamnme ot 1,5
10 60 1eicsy 3BeHbeB CH, B yrieBogopoAHOM LEH.

HNonnasi mosimMepu3anusi HAYMHAETCS C 00pa30BaHUS PEAKIIMOHHOCIIOCO0-
HBIX HOHOB (KaTHOHOB WJIM aHUOHOB). KaTHOHHYIO MOJMMEPH3AIIHIO IIPOBOJIAT TIPH
HU3KUX TEMIepaTypax B MPUCYTCTBUU KUCIOT WU XJIOPHUJIOB ATIOMUHUS, 00pa,
TUTaHAa. AHUOHHAS TOJUMEpHU3alus TPeOyeT MPUCYTCTBUS IIENOYEH WIIA MeTaj-
JIOOPTaHUYECKUX COEAMHEHUM.

B pesynbpTaTe peakuuii moauMepu3alny Moxy4yaroTcs TaKue MOJIUMeEphI, Kak:
MOJIUATUJIEH, TOJUIPONUIICH, TOJIUBUHWIXJIOPUI, TOJTUCTUPOII, TOJTUMETUIIMETAK-
puiar u ap.

[HosmkoHaeHCalMeH HA3bIBAIOT PEAKIMU MOJIYyYEHUs MOJUMEPOB, B KOTO-
PBIX MAaKpPOMOJICKYJIBI CTPOSITCS U3 OU-, TPpU-, WM MOTU(PYHKIIMOHATBLHBIX MOJICKYJT
C OTIICIUICHHEM HH3KOMOJICKYJIAPHBIX COCIWHEHUH (BOJBI, TrajOreHBOJIOPOJIOB,
CHUPTOB U T.1.). OOpasyromnmecs MakKpOMOJICKYJIbI HMEIOT CyMMapHbBIH COCTaB, OT-
JUYHBIA OT COCTaBa pearupyronmx MoHomepoB. O6pazoBanue ¢deHonodopmaib-
JIETUIHBIX TOJIMMEPOB paccMOTpeHo B pazzene 4.2.3. PaccmoTpum oOpa3oBaHue
KarmpoHa B TIPOIIECCe MOJTMKOHICHCAINH £-aMUHOKAIPOHOBOU KUCIIOTHI.

H,N—-(CH,)s—COOH + HNH-(CH)s-COO—
— H,N-(CH,)s—CO-NH-(CH,)s—COOH + HO
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K oOpa3zoBaBimemycsi nuMepy TMPUCOSAWHSIOTCS CIACAYIOMNAE MOJCKYJIbl &-
AMUHOKAIPOHOBOW KHCIIOTHI, B PE3YJIbTATE YEro 00pa3yeTcs MoJIMMeEp MOJTUAMHU/I,
coctaBa [-NH—(CH,)s—CO-},. 3 Hero n3roraBinBarOT BOJIOKHO — KAIIPOH.

[TonrumMepHbIe CiI0XKHBIE Y(PUPBI CUHTE3UPYIOT U3 ATHUJICHTJIMKOIS U JTUKap-
OOHOBBIX KHCJIOT, HAapuMep, TepedTaneBoi KUCIOThI. [loydeHHbIN pU 3TOM MO-
JUMEPHBIN MPOIYKT HA3BIBAIOT MOJMATHIIeHTepedTanmaToM. OH HETOKCUYEH, 00-
JAJJaeT BBICOKOW MPOYHOCTHIO, HU3KOM Ta30MpPOHUIAEMOCThIO. B EMKOCTSX, BBI-
MTOJIHEHHBIX M3 3TOr0 IJIACTHKA, B MPOJAXY IMOCTYIAKT Ta3MPOBAHHBIC HAIUTKH,
BOJIa, pacTUTENbHOE Macio. W3 pacruraBa monmdTUIEHTEpEe(TANIaTa BHITSITUBAIOT
HUTHU BOJIOKHA, Ha3bIBa€MOro jaBcaHoM. OH HAET Ha MPOM3BOJCTBO TPUKOTAXKA,
TKaHel, KOBPOB, peMHel 0e30macHOCTU. I3 TOHKOM JJaBCAaHOBOM HUTH HU3TOTABJIH-
BAIOT THOJIb. JIaBCaH BBIAEP)KMBAET HArPEBAHUE 10 17dC.

B TexHuKe MCHOJIB3YIOT MOJUMEPHBIE CI0XKHBIC Y(PUPHI YTOJBHOW KUCTOTHI
— nosiukap6onatel (—R—0O—-C(O)O—). [TnacTuku, co3gaHHbIE HA OCHOBE MOJIUKAP-
OOHATOB, MO MHOTHM CBOMCTBaM HE yCTYIAIOT METajlslaM, HO YCTOWYMBHI B arpec-
CUBHBIX cpefax. biaromapss HETOKCHYHOCTH MOJIUKApOOHATHI MPUMEHSIOT B Kade-
CTBE OMOMaTepuaoB JJII KOCTHBIX MPOTE30B, U3 HUX ACIAIOT (QUIBTPHI I KPOBHU.
OO6nanaroiye BBICOKOM YIapOMpPOYHOCTHIO IJIACTUHBI M3 TOJUKApOOHATOB HC-
MOJIB3YIOT B 3aIMTHBIX YKpaHaX U IIUTaX.

5.2.llotuMepHbIe MATEPHAJIBI

InacTtmaccnl (MIaCTHKU) — MOJIMMEPHBIE MaTEPHAJIbI, CIIOCOOHBIC TIPH TIe-
pepaboTke B U3JeNHs MPHOOpETaTh 3aJaHHyI0 (GOPMY U COXPaHITh €€ MpU JKC-
iyatauuy. Kpome nonumepa B COCTaB IJIaCTMACC BBOASTCS HAIOJIHUTEINH, YIyd-
[IAIOIIME WX MEXAHWYECKUE CBOICTBa, CTaOMIM3ATOPBI, NPEMSATCTBYIOLIUME HX
MEIJIEHHOMY OKHUCIJIEHHUIO, MJIaCTU(PUKATOPBI, YMEHBIIAIOMIINE UX XPYIKOCTh, Kpa-
cutenu. Haubosee yacTo UCTONb3yIOTCS TBEP/IbIE HATIOJIHUTEIN B BUJIE TOPOIIKOB
Mena win rpadura. s yBennmueHus KECTKOCTU TUIACTUKU apMHUPYIOT, BBOJIS BO-
JIOKHA, TKaHW WM MIEHKU. Takue MaTepuransl, COCTOSLIME U3 HECKOJIbKUX KOMIIO-
HEHTOB, Ka)XIbli M3 KOTOPBIX COXpPaHAET COOCTBEHHYIO WHAMBUAYAIbHOCTH U
CBOMCTBA, HA3bIBAXOT KOMIIO3ULIMOHHBIMU WJIM KOMIIO3UTAMH.

B kadecTBE BOJIOKOH, pacHpelen€HHBIX B IOJHMMEpE, 4acTO HMCIOJIB3YIOT
CTEKJITHHBIE HUTH, KOTOPBIE MOJIYy4arOT U3 pacIulaBa OKCUIA KPEMHUS C OKCHJIAMU
MeTauioB. CTEKIIOIUIACTUKU HE MPOBOMAST IEKTPUUECKUM TOK, HE HAMarHM4YMBa-
I0TCS1, UMEIOT BBICOKYIO IIPOYHOCTDH U KOPPO3UOHHYIO CTOMKOCT.

[IponuTeiBas yriaepoaHble BOJIOKHA PACILUIABIEHHOM CMOJIOM, ITOIYYaroT yT-
nemnactuku. Ha ux ocHoBe pa3paOoTaHbl MaTepHalibl, BBIACPKUBAIOIINE HArpeB
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10 3000C. U3 yriemmacTHKoB AENal0T IETalId TOHOYHBIX aBTOMOOMIEH, caMoé-
TOB, KOCMUYECKHX KOpaOJeH.

Oco00i1 pa3HOBUAHOCTHIO TIOJUMEPHBIX MAaTEPHUATIOB SIBJISFOTCS TEHOTLIA-
CTBI. PpIXasi CTpyKTypa 3THX MaTepuajoB cCoO3AaéTcs Oiarofaps BCIICHUBAHUIO
pacIuIaBIeHHOTO MOJIMMEepa razamMu. B HEKOTOPBIX Cilydasx Ta3 MOJy4aroT pasiio-
KEHHEM B pacIljlaBe BEIIeCTB-ra3000pa3oBarenieil, Takux Kak KapOoHAT aMMOHUS
WM azoaukapOoHamua. [IeHOMOIMCTHPON UCTIONB3YeTCs AJII M3TOTOBJICHUS YIia-
KOBKH JJIsI OBITOBOW TEXHUKH, U3 MTEHOTIOIMYPETaHa U3TrOTABIMBAIOT TYOKH, CUJIe-
HUSI, MaTPachl.

[TnacTudukaTopsl MOBBIMIAIOT 3JACTUYHOCTH IUIacTMacc. B kadecTBe mia-
CTU(PUKATOPOB YaIlIe BCETO HCIIOJIB3YIOT CIOXKHBIE d(PUPBI KapOOHOBBIX KHCIIOT
i GochopHON KUCITOTHI.

Crabunm3atopbl MPENATCTBYIOT PAa3BUTHIO MPOIECCOB JACCTPYKIUHU TLIACT-
Macc B pe3yJbTaTe NEHCTBUS KHCIOPOAa BO3yXad, COJIHEUHOTO CBETA, BBICOKHX
TEMIIEPATYP.

[Tpumepamu Hanbosiee pacIpOCTPAHEHHBIX MJIACTMACC CITY>KAT MOJIUITUIIEH,
TIOJIUTIPOITUJICH, TOJIUCTUPOJI, TTOJTHBHHIIIXIIOPH, TOJUMETHIMETaKpIiIaT (opra-
HUYECKOE CTEKJI0), mosimdTHieHTepedranar. Hazsanue monmmepa, U3 KOTOPOTO H3-
TOTOBJICHO M3/IETUE, YKA3BIBAIOT CIICIIUATBHBIMU 3HAKAMU.

5.2.1.HauboJiee pacnpocTpaHéHHbIe MOJTUMEPHbIE MATEPHAJIBI

Cpenu Bcex MIIACTUKOB, BBITYCKAEMBIX MHUPOBOM MPOMBIIUIEHHOCTBIO, Ha
MIEPBOM MECTE M0 00BEMY MPOM3BOICTBA HAXOAUTCS MOJAMITHIAeH. OH XapaKkTepu-
3yeTcsl BBICOKOM T'MOKOCTBIO U MMPOYHOCTHIO, HMHEPTEH K JEHCTBUIO KUCIOT, IIEJO-
yeil, opranueckux pactsoputeneid. [lonusTuiieH nomyyaror AByms criocodamu —
NoJIMMEpHU3aIeil 3TUIeHa IPU BBICOKOM U HU3KOM JIaBJICHUH.

MoamdTHeH BhIcokoro AaBjeHusi ([IBJ]) BmepBbie ObLI A

nosydeH B 1933-36rr. OTuieH noaMMepusyeTcst pagukaibHO MpU
masrennsx 1300-2500atv u Temmeparype 150-320C. Wruma- 4
TOPOM MPHU 3TOM CITY>KUT KUCIOPO]I UITU NTEPOKCH/IBI.
NCH,=CH, — [-CH,-CH,—],
LDPE

[Tosy4daeTrcst CHIIBHO Pa3BETBJIEHHBIN MOJUMEDP C MOJICKYJISIPHOM MAacCOU N0
50 000.9T10 snactuuHbIi MIrkuit Matepran. OCOOEHHOCTBIO CTPYKTYPbI MOJUITH-
nena [1B]] sBisieTcst 60JbI10€ KOJIMYECTBO JUTMHHBIX M KOPOTKUX OTBETBIICHUM, HE
IIO3BOJIAIOIIMX MOJIEKYJIaM C BBICOKOM MOJIEKYJIIPHOM MAacCOM CO3/1aBaTh KPUCTaI-
JUYECKYIO CTPYKTYPY. CBSI3U MOATOMY MEXYy HUMH HE CHIIbHBIE, @ 3TO TOBOPUT O
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TOM, YTO TOJUATHICH UMEET HEBBICOKYIO YCTOMYHMBOCTh HAa Pa3phiB W IMOBHIIICH-
HYIO IUIACTUYHOCTh, 4 TaK)KE€ BBICOKYIO TEeKydecTh B pacruiase. [IB/l HasbiBaror
TaK)Ke MOJIMATUIICHOM HU3KOHM MmiuoTHOCcTU. OH Halled CBO€ MPUMEHEHHE B U3ro-
TOBJICHUH TJICHKU JJi1 OOEpPTKU, KOHTEMHEPOB M IUIACTUKOBBIX MakeToB. [lakeTs
U3 TMOJMATUIIEHA BBICOKOTO JaBJ€HUsl Hellypluauue, risHiessie. Ha uznenusax u3
MOJIMATUIICHA BBICOKOTO JaBJIEHUS yKa3bIBaeTcs JlaTUHCKas a0OopeBuarypa LDPE
(Low Density PolyEthylene s#onusTraeH HU3KOM IIJIOTHOCTH).

IMoaudTWIIEH HU3KOT0 JABJIEHUs] CTaW moixy4daTh ¢ 1953 A
rojia KOOPJAWHAIIMOHHOW MOJUMEpHU3aluel B MPUCYTCTBUHU KaTa-
nu3aropa Llurnepa-Hatra (Xjgopun TuTaHa — TPUATUIIATFOMUHUK )
npu temmeparype 50°C u masrennn 1 atm. B stux ycnoBusix 06-
pa3yrOTCs JIMHEWHBIE MOJUMEPBI C MOJIEKYJIAPHOM MAcCCOM OT H DPE
10 000zo 3 000 OOOITomuaTHIIEH HU3KOTO JaBJICHUSA OTINYAETCS
OobIel KECTKOCTHIO U MEHBIIIEH AJIaCTUYHOCTHIO. Ero Mcnosis3yroT, Kak npaBu-
JI0, B TEXHUYECKHX IIEJISIX. ITO MPOU3BOACTBO TPYO, MOTUITHIICHOBBIX MTPOKIAIOK
¥ BBICOKOTIPOYHBIX MENTKOB. Ero nmpenmyniecTBaMmu MOKHO Ha3BaTh YCTOMYHUBOCTh
Ha C)KaTHe-pacTshKeHue. MoJeKysbl BHYTPH TaKOTO TOJUATHIICHA PACIIOJIOKCHBI
OYE€Hb IIJIOTHO, MOATOMY OH eIl€ 0oJee YCTONYMB K BO3JEHCTBUIO PA3IUYHBIX XU-
MUYECKHX BellecTB. Ha n3aenusax u3 noinm3TuiieHa HU3KOTO JIaBJICHUS YKa3bIBACT-
csa 3uak HDPE (High Density PolyEthylenereaustuieH BbICOKO# MIIOTHOCTH).

[HosmnponusieH Moay4yarT NOJUMEPU3ALNEN TPONUIICHA B TPUCYTCTBUHA METaJ-
JIOKOMIUIEKCHBIX Katanu3atopoB L{urnepa—Harra.

n H,C = CH- CH; —*— [-CH, - CH], A
2 | 5 :
CH3 L

HapaMeprI, HCO6XOI[I/IMBIG JJIA HOJIyT-IeHI/ISI HOJIPIHpOHI/IJIeHa
6J'II/13KI/I K TEM, HpI/I KOTOprX HOJ'IyLIa}OT ITIOJIUDTHUJICH HU3KOI'O PP
JABJICHHS. HO CBOﬁCTBaM HOJII/IHI)OHI/IJ'ICH HAIIOMHWHACT MNOJIMDTHUIICH, OJHAKO W3
HEIro MOXXHO HU3roTaBJINBATh BOJIOKHO, KOTOpOC HpI/IFOI[HO IJId U3IOTOBJICHUSA TCX-
HHUYCCKUX U 6LITOBBIX TKaHCﬁ. I/IS HOJIPIHpOHI/IJIeHa N3roTOBIIAKOT CJ'ICI[YIOHII/IC BHU-
JIbl U3JICNIUMA JIJISI CTPOUTEIIBHOM TEXHUKH. TPYOBI, MJIEHKH, JUCThI, BEHTUISIIMOH-
HbIe PEMIETKU U CaHUTApPHO-TeXHHUUYECKoe oOopynoBaHue. [lonmmpornuieHoBbie
TPpYOBI IPUMEHSIOT IS TOPSUErO BOAOCHAOXKEHUS U 111 TPAHCIIOPTUPOBKH arpec-
CHUBHBIX XUAKOCTEeN. [IN€HKM M3 momunponuinesa npo3payHbl U NPOYHBI, o0mana-
0T xopomeﬁ CBapI/IBaeMOCTBIO, MaHOﬁ BOJO-, napo- nu FEIBOHpOHI/IHaeMOCTBIO.
[IpuMeHSIOT UX ISl Pa3IMYHBIX BUJIOB U30JISAIUUA COOPYKeHUH. AMOp(HBIN moH-
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MIPOTTHMJIEH MCTIONB3YIOT ISl U3TOTOBJICHUS CTPOUTENBHBIX KJIEEB, 3aMa30K, YIIJIOT-
HSIOIIUX MACTUK U JIUTKUAX TUIEHOK.

Cpenu BceX IUIACTHKOB MEPBBIM ObLI MmostydeH mosgauerupoa (1839), mpo-
MBIIIJICHHOE TPOU3BOJICTBO €ro ObLI0 HastaxkeHo B 1920r.

n CH,=CH + cu,—cut-

[TomucTupon — TBEpABINA MPO3PAYHBIA MATEPHUAII, KOTOPBIM JIETKO OKpaIlnBa-
eTcs B JIt000i1 1iBeT. B oTnuune oT monu3TUiIeHa U MOJMIIPOIIUMICHA OH COXPaHsET
IIPO3PAYHOCTH JAXE B TOJICTOM CJIO€, YTO ITO3BOJISAET U3rOTABIMBATh U3 HETO IIKA-
Jbl IPUOOPOB, MIAPOHBI CBETHJIBHUKOB. DTOT MOJUMEP HETOKCUYEH, €ro MpuMe-
HSIIOT JUIsl U3TOTOBJICHMS TAJIAHTEPENHBIX TOBAPOB, NOCY/BI, Tapbl U Ap., TEMIIEPA-
Typa skcryatanuy He Boinre 60°C. Ha 0cHOBE TOTMCTHPONIA TOTYYAlOT MEHOIO-
JMCTHPOJI, HA3bIBAEMBIM IIEHOIUIACTOM. Ero NpHUMEHSIOT Kak
YIAKOBOYHBIA MaTepHas, B CTPOUTEIBCTBE — KaK 3BYKO- U TEIl-
JIOM30JSIUMOHHBIM Marepuan. llomucTuponm Xpymok, HO 3TOTO 6
HEJOCTAaTKa JIMIIEHBI COIOJUMEpPHI MOJUCTHPOIA C KaydyKaMH ‘

(HampuMep, MONy4YaeMbId W3 aKPWJIOHUTpHWIA, OyTaaueHa u
crupona ABC-macTuk), U3 KOTOPBIX AETal0T 3aIIUTHBIC [IIEMBI, PS
KopITyca npuOOpoB OBITOBOI TEXHUKH, CTIOPTUBHBIN UHBEHTAPb.

[Tpumepom Heroproyero ImiacTuka ciyxuT mnoJuBuHmiIxJgopua ([1BX),
Oojee MOJOBHHBI Macchl KOTOporo mnpuxonutcs Ha xuop. [IBX mnomywator
pPaguKAIBHOW MOJMMEpPH3aLed BUHUIIXJIOPUAA.

NCH,=CHCIl— [-CH,—CHCI-],

[Ipeobmanaromieii TEXHOJIOTHUEH SBISIETCS AMYJIbCHOHHAS A
[OJINMEpU3aLUsL. Cpennss MOJIEKYJIIpHas Mmacca 3 :
noymmBuHWIXJIopuaa ot 25 000 no 100 000. [TonuBUHMIXIOPHU/T ‘

YCTOMYUB K JEHUCTBUIO IIEJIOYEH, KHUCIOT W HEMNOJSAPHBIX
pactBoputenei. [Ipu HarpeBanuu Bbiliie 120C nerko MPOUCXOJUT PVC
OTLIETUVIEHUE  XJIOPOBOJAOPOAA, UTO BBI3BIBAET HEOOXOOUMOCTb  J100AaBKHU
crabummsaropos. Temmepatypa sxcrunyatarmu e Beime 100C.

Ha ocHOBE NOJMBHHWIXJIOPHAA BBITYCKAKOT IUIACTMACChl JBYX BHJOB:

YKECTKOTO MpOAYKTa — BHHHUILIACTA W MATKOTO0 — INIACTHUKATA. Bununnacr
MMpCACTaBIACT coOoi TCpMOHJ’IaCTI/I‘IHHﬁ MaTcpuall C A0CTaTO4YHO BBICOKOM
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npovHOCTHI0. OH 00J1a/1aeT XOPOIIMMH W30JIIIUOHHBIMA U aHTUKOPPO3HOHHBIMHU
cBolicTBaMH. V3 HEero Aenar0T BEHTWUIIMOHHBIC W KaHAJIH3AIMOHHBIE TPYOHI,
OKOHHBIC PaMbl, OBITOBBIC W3AeNHs. [lmacTUKar - MSITKUH TEPMOILIACTHYHBIH
Marepuan, oONaNalomuii BBICOKOW 3IacTUYHOCThIO. OH HCHOJNB3yeTCs s
M3TOTOBJICHUSI TUIEHOK, IIUTAHTOB, IUTMHTYCOB, KApHU30B, JIMHOJIEYMa, M30JISALUH
IJISL  DIEKTPOIIPOBOIOB. [leHOMONMMBUHHUIXIOpUA HMAET HA TMPOU3BOJICTBO
BCIICHEHBIX PYJIOHHBIX MaTepUANIOB (HAIpUMep, HCKYCCTBEHHOM KOXH).

[MoanmeTwimMerakpuiaT (IMIMMA) MOJTy4aroT panuKaIbHOMI
MOJIMMEPHU3aIeid METHIIOBOTO d(Upa METAKPUIOBON KHCIOTHI MPH TEMIIEpaType
40-60C.

LiJH_; {|:H3 (leS
nCH,=C == [—CHy ——T‘* CHy _(lj .
COOCH; COOCH; COOCH; |

B pesynbrare moisiydaercs: mpo3padHblil MOJIUMEDP, CIOCOOHBIM MPOIYCKATh
74% ynbTpaduoneToBoro uziaydeHus. OH JIETKO OKpaIIMBAETCS B Pa3IMYHBIC
[[BETA U UCIIOJIB3YETCS B BHJIE JIMCTOB (OPTaHUYECKOE CTEKJIIO) JIJIs IEKOPATUBHBIX
OTPAKICHHUM, BBICOKOMPOYHBIX CTEKOJ ISl CaJOHOB CaMOJIETOB, aBTOMOOMIIEH,
ONTUYECKUX CTEKOJI, TUH3 M MPHU3M, a TAaKKe JJI MU3TOTOBJICHUS CBETHIIBHUKOB,
peKyiaM M JOPOXKHBIX 3HAKOB. [10CKOJIBKY OprcTeKsIo MPaKTHUECKH Oe3BpEIHO
JUISL 4eJIOBEYECKOr0 OpraHM3Ma, OHO HallUIO MPUMEHEHUE B Ka4eCTBE MaTepHalia
JUTs 3yOHBIX TMPOTE30B M KOHTAKTHBIX JIMH3.

[Tonumepuzanueit TeTpadTOpITHIIEHA NOIYYaOT HOJUTETPAPTOPITHICH —
TedioH, OTKpBITEIM B 1938 r. B mabopaTopuu amepukaHCKOW kommaHuu «/[ro
[Ton».

NCR=Ck— [-CR-Ck],

Tednon — TsHKEMBIN MOJMMEpP CEPOBATOIO I[BETA, HEPACTBOPUMBIM B Opra-
HUYECKUX PACTBOPUTENSIX, OU€Hb YCTOMUMBBIA K BO3JACHCTBUIO XUMUYECKUX pea-
reHToB. Ero ucnonib3yroT B XMUMHUYECKOW MPOMBIIIJIEHHOCTH JiIi M3TOTOBJIEHUS
TpyOOIIPOBOJOB M YIJIOTHUTENIbHBIX MaTepuaioB. brarogaps BbICOKOM MexaHH-
YECKOU MPOYHOCTU Te(JIOH MPUMEHSETCS B TIPOU3BOJICTBE MOAIIUITHUKOB, TOPIII-
HEBBIX KoJer u T.1. [lonumep Hamén mpuMeHeHrne B XUPYPruu ISl H3TOTOBIICHUS
KOCTHBIX U CYCTaBHBIX MTPOTE30B.
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5.2.2.2aacToMepsbl

TpaIuUIMOHHBIMU 37acCTOMEpPaMU SIBISIOTCS Kay4yKH — MPOJYKTHI MOJIHME-
pU3alMK JUEHOBBIX YIJIEBOJAOPOJOB. MOJEKYNbl JAHUEHOBBIX YIJIEBOJOPOIOB C
JIBYMSI TBOMHBIMU CBSI3IMH, pa3IeIEHHBIMU OJMHAPHOM, MTPU MOJIUMEpHU3aIUU 00-
Pa3yIoT BEILECTBA, COCPIKAIIUE IBOWHbBIE CBS3H.

IIpupoaHblil Kay4yK, COAECPKAIMMICA B MIEYHOM COKE TPOIIMYECKHUX pac-
TeHu# (reBew u QUKyca), MPeACTaBIsAET COOOH MoaUMep 2-MeTHiI0yTaauena-1,3 —

HM30IIpEeHA.
(le_a, (fHa
n CH,=C—CH=CH, — > \—CH,-C=CH—CH,— Jy,
HBDHpﬂH

Kayuyk npencraBisieT co0Oil AIacTHUHBI Matepuan *KEATO-KOPUUHEBOTO
I[BETA, PACTBOPUMBIiA B yriieBogopoaax (OeHsuH, OeH3oi1, Toayou). B Makpomoie-
KyJlax IIPUPOJHOIO KAay4yyKa BCE METHJIBHBIE T'PYIIIBI PACIIOIOKEHBI CTPOIO IO
OJIHY CTOPOHY OT JBOWHBIX CBsi3e. B OOBIYHOM COCTOSIHUM BCE MAaKPOMOJIECKYJIIbI
3aKpy4eHbI B KIIyOKH, a MPU pacTsSHKeHUH packpyuuBaroTcs. [Ipu cHATHM Harpy3-
KM OHM BO3BpAIIAIOTCS B MPEKHEE COCTOSIHUE, YTO M 00eCleYrBaeT MaTepuay
AIACTUYHOCT.

IIpu Temmeparypax 15-40C kaydyk pasMsrdaercsi, I09TOMY B GHCTOM BHIC
OH HCIMOJIb3YETCs JIMIIb B IPOU3BOJCTBE PE3MHOBOro Kies. IIpu xpaHeHun Ha
BO3/yX€ KaydyK CTapeeT, NOCTENEHHO TEPSET MIACTUYHOCTD BCIEACTBUE OKHUCIIE-
HHUS TI0 KPATHBIM CBSI35IM.

I'yrranepya — npyrol npupOIHBIM ITOJIMMEP H30NPEHA — HMMEET TPAHC-
crpoenue. [Io cpaBHEHMIO C KaydyKOM ryTTanep4a HallOMMHAET KOXKY, CTAHOBHT-
Csl TUIACTUYHOM MPHU HarpeBaHuM, 00J1aaeT OOJBIION KIEHKOCThI0. OHA UCIOJIb-
3yeTcsl B KAUE€CTBE U30JIATOPA B AJEKTPOTEXHUKE, B IPOU3BOJICTBE KIIEEB.

B mpOMBIIUIEHHOCTH MOMYYalOT CHHTETUYECKUE MOJMMEPHI, IO CBOKWCTBAM
HaNOMUHAIOIIME HATYpaIbHbINA KaydyK. OHU MpeCTaBisioT co00il rHOKMe U Ha-
CTUYHBIE MaTepUAJIbl. bOIBIIYIO YaCTh MPOU3BOAUMBIX KaYYyKOB BYJIKAHU3UPYIOT
— HarpeBaroT ¢ cepoit 6e3 moctyma Bo3ayxa. [Ipu 3ToM OTAETbHbIE MaKPOMOJIEKY-
Jbl CIIMBAIOTCA IO MECTaM JBOMHBIX CBSI3e MOCTHKaMU U3 aTOMOB cepbl - 00pa-
3yeTcsl pe3uHa.
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L‘II 1 -‘;3 {‘l{ 3
| ||
(-CH;,—CH =C—CH-}, ~CH—CH-C—CH,)~
MOJAHHIONPEH + 205550 —— Ss
(—-CHy—CH=C—CH+}, ~CHy—CH-C—CH;),—~
| .
CH, S¢ CH;

[To cpaBHEHUIO ¢ KaydyKOM OHa 00Jiee M3HOCOCTOWKA M YCTOWYHMBA K W3-
MEHEHUsIM Temneparypbl. Yem 6osbiie 100aBIE€HO Cephl, TEM BbIIIE CTETIEHb BYJI-
KaHM3alMM U TeM TBEpKe oOpa3zyromuiica Matepuali. Pe3una ¢ Oonbium coaep-
’KaHHEeM cepbl UAET Ha M3TOTOBJIEHHUE ILJIAHTOB, UIMH, 00yBH. [lanbHelimas ByI-
KaHM3alUsl PEe3WHbI NMPUBOIUT K 00pa3oBaHUIO P00HUTA — TBEPIOTO MaTepHaa,
UCIIOJIb3YEMOT0 B KQUECTBE U30JIATOPA.

B nacTosiniee BpeMsi NpOMBIIIIIEHHOCTh IMTPOU3BOJIUT OKOJIO CTa BUJIOB CHH-
TETUYECKUX KayuykoB. Haubosee pacnpocTpaHEHHBIM sIBIsIETCSl OyTaaMeHOBbIN
Kay4yK, [T0JIy4aeMblil monuMepusanueit oyraauena-1,3.

n CH=CH-CH=CH— [-CH,~CH=CH-CH-],

OTOT KaydyK OTHOCHUTCS K KaydykKam oOuIero HazHaueHus. Ero BynkaHusu-
PYIOT Cepoll, B KAUECTBE HAMOJIHUTENS UCIOIB3YIOT caxy. Pe3uHbl U3 3TOrO Kay-
yyka 00Jalat0T BBICOKOW H3HOCO- U MOPO30CTOMKOCTHIO. OHHM YCTOMYMBBI KO
MHOTUM Aedopmanusm. [[puMeHsIOT 3TOT KaydyK B MIPOU3BOJACTBE IIUH, PE3UHO-
TEXHUYECKUX U3IEIUN, O U30/IALUNA KaOee.

ByTragueH-cTHPOJILHBII KaydyyK — KaydyK OOIIEro Ha3HA4YeHUs, MoTydae-
MBIl COBMECTHOM monmmepu3arueit Oyraauena-1,3u ctupona.

nCH,=CH-CH=CH, +n CgHs—CH=CH,—
— [-CH,~CH=CH-CH-],,— [CH,—CH(C¢H5s) -],

OTOT KaydyyK TaKKe BYJKAHU3UPYIOT CEPOM, B KAYECTBE HAIIOJHUTENS UCIIOJIb3Y-
eTcst caxka. [I[puMeHsIoT B IpOM3BOJCTBE IIMH, PE3UHOTEXHUUECKHUX U3JIEIHi, 00y-
BU.

N30onpeHoBbIli Kay4yyK [0 TEXHHYECKHMM CBOMCTBaM OJM30K K HaTypalib-
HOMY KayuyyKy. OH SIBIII€TCS €r0 3aMEHUTENIEM B IIPOU3BOJCTBE IIMH, PACCUUTAH-
HBIX Ha Oosbplve Harpy3ku (st caMon€TroB, TPY30BBIX aBTOMOOWIIEH, Be3exo-
JIOB).

XJ10ponpeHoBbIii KayyyK (HAaUpUT, HEOIIPEH) MOIYYaOT MOTHUMEpH3aInei
XJIOpOIIPEHA.

NCH,=CCI-CH=CH, — [-CH,~CCI=CH-CH. -],
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BynkaHusupyoT okcugamMu IUHKA U Maraus. Pe3unsl o6nagaroT macio-, 6eH30-,
TEIJIO- U U3HOCOCTOMKOCTBIO. He TOproun M yCTOMYMBBI K KHCJIOTaM U IIEJI0YaM.
[IpuMeHSIOT B MPOU3BOICTBE PE3UHOTEXHUYECKUX U3ENNM, KJIIEEB U U30JIALIHAH.

ITosmnyperanbl — rerepouenHsle MOJIMMEPBI, MAKPOMOJIEKYJIa KOTOPBIX CO-
JICPKUT He3aMelEHHyo /i 3ameniéHnyto yperanoByto rpymny —N(R)—
C(O)O—,rne R =H, ankunsl, apui uiau anui. B MakpoMosiekyinax noJnypeTaHoB
TaK)K€ MOTYT COAEPKAThCs MPOCThIE U CIIOXHOAGUPHBIE (QYHKIIMOHATIbHBIE IPYyI-
Ibl, MOYEBUHHAsI, aMHU/IHAs TPYIIIbI U HEKOTOPBIE Apyrue (PyHKIHOHAIbHbIE TPYII-
IIbI, ONPEAEISIFOIIME KOMIUIEKC CBOMCTB 3TUX MONMMEPOB. [lonumyperanbl OTHOCAT-
CA K CMHTETHMYECKUM 3JIaCTOMEPAM M HAIJIM IIHPOKOE NMPUMEHEHHE B IPOMBIIII-
JIEHHOCTH OJiarojapsi IHUPOKOMY AMANa30Hy HNPOYHOCTHBIX XapakTepucTuk. Mc-
HOJIB3YIOTCSl B KQUECTBE 3aMEHUTENEH PE3UHBI IIPU MPOU3BOACTBE U3JEINM, pabo-
TAIOUIMX B arpeCCUBHBIX Cpelax, B YCIOBHIX OOJBIINX 3HAKOTIEPEMEHHBIX Harpy-
30K 1 Temriepatyp. Juana3zon padounx temmneparyp — ot —60 T mo +80 .

Pe3uHbI MIMPOKO MCMOMB3YIOTCS B Pa3IMUHBIX cpepax MpOU3BOACTBEHHON U
OBITOBOM KM3HHU 4Y€JIOBEKAa, OCOOEHHO B CTpoUTENbCTBE. OHA BXOJUT B 3JIEMEHTHI
CTPOUTENIbHBIX KOHCTPYKLMH, HauMHas OoT (yHJAAMEHTa M KOHYas JETAIsIMU OT-
JenKy 30aHui. [IpuMeHenne pe3uHsl O3BOJISIET ClIeiaTh BO3BOAUMBIC 3/1aHUS yC-
TOWYMUBBIMU K 3eMileTpsAceHusM. B Maaiizuu Ha «peccopbl» U3 HaTypajabHOIO
KaydyKa CTaBAT MHOTME 3[aHUs. B MUPOBON NMpakTHKE UMEETCS HEMAJO MpUMe-
POB CTPOUTENHCTBA COOPYKEHUI HAa PE3UHOBOM (PyHIaMEHTE.

[TonumepHble MaTepuasbl UCHOJIB3YIOTCS B KAa4€CTBE I'€PMETHUKOB, B TOM
YUCJIE W DJIACTOMEp — FEPHUT, OCHOBY KOTOPOTO COCTABIIIET XJIOPOIPEHOBBIN Kay-
qyK. ['UApOM30NAIMS C NPUMEHEHUEM JKUAKONH PE3UHBI (KOMIO3UIUH, COCTOS-
meld w3 OMTYMHOW SMYJIbCUU H OyTaIHeH-CTUPOIBHBIX MOJMMEPOB) MO CBOUM
XapaKTepUCTUKaM MPUPABHUBAETCS K MHOTOCIOMHON T'MIPOU3OJSALMN U3 pyoOe-
pouna.

Bonburyro yacts onudbl B MacIsIHBIX Kpackax MOKHO 3aMEHHUTh Ha U30Ipe-
HOBBIM KaydyK. [ 3aIMThI CTAIBHBIX KOHCTPYKIUN OT KOPPO3UHU MCIIOIB3YIOTCS
MOKPBITUSL U3 pe3uHBl Wi 300HWUTA (TymmupoBaHue). /s 3aMBKH PENbCOBBIX
IIBOB M JUUIS 3allOJIHEHUS LIBOB BO BCEX MeECTaxX JBWKEHHUS OeToHa M acdaybra
UCIOJIB3YIOT OUTYMHBIE KOMIIO3ULIMH, COJIEPKALIUE PE3UHBI.

Bonpocel 1j11 IpoBepKHY 3HAHUI

1. OObsicHUTE CMBICI TEPMUHOB IIOJIHMEP», <MOHOMEpP», <CTEMEeHb MOJU-
MEPHU3ALUN», <COMOIIOJIUMEP, «COMOJIUMEP>.
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2. B uem oTiiMumne peakuuil TMOJUMEPU3ALMUA OT PEaKIMil MOJUKOHIECHCa-
100507004

3. [louemy moauMepsl HE UMEIOT OTpeeAEHHON MOJIEKYIISIPHOM MacChl?

4. Tlo kakuM CBOMCTBaM MOJUMEPHI CXOHBI CO CMECSIMHU BEIIECTB?

5. [Ipu HarpeBanuu nojucTupona Oe3 IOCTyNa BO3AyXa OH paszjaraercs,
npeBpalasch B XKUIAKOCTh, KOTOpas oOeclBeyuBaeT OpPOMHYIO BOJY U PacTBOP
KMnQO,. 3anumuTe CTpyKTYypHYIO (POPMYITy MOJEKYJIbI 00pa3yromencs KUIKOCTH.
3anuimuTe ypaBHEHHE Peakiui OpOMUPOBAHMS.

6. [Touemy mams TopsiLero MOJUITHIICHA UMEET €1Ba 3aMETHYIO OKPAacKy, a
r1aMs TOPSIIEro NOJUCTUPOIIA CUIIBHO KOIITUT?

7. O0BsicHUTE, TIOUEMY H3JIeTUs U3 JIaBCaHa Pa3pyIIaloTCs Mpu 00paboTke
KHCJIOTaMU WIH 1IEJI0YaMH, a U3JEIHs U3 OJIUATUIIEHA — HET.

8. HazoBuTe nonumepHbie MaTepuabl, U3 KOTOPbIX U3rOTABIMBAIOT IJIaCTH-
KOBBIE MMAKEThl, OJJHOPA30BYIO MOCYAY, MIIEHKY Ui TEIUIMIL, YIaKOBKY AJisi OBITO-
BOIl TEXHUKH, JINCTHI yTEIIUTENEH, OyTHUIKHU JJIsl Ta3UPOBAHHBIX HAITMUTKOB.
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COAEPKAHHUE

Bgenenue
Tema 1. OcobeHHOCTU CTPOCHHMS aTOMa yriaepoja
1.1. Tunel ruGpuau3anuu aToma yriepoaa
Bormpocs! miist mpoBEpKU 3HaHU U
Tewma 2. Teopust XMMHUYECKOTO CTPOCHHSI OPTrAaHUYECKUX COSAMHEHUN
2.1.Nzomepus
2.2. X¥IMHYECKUE CBSI3H U DJICKTPOHHBIC 3PHEKTHI
2.3.Knaccudukanus opraHuuecKux coeuHeHuni. ["'omonoruyeckue
PSIBI
Bomnpocs! 1 npoBepku 3HAHUI
Tema 3. YrieBogopo sl
3.1. AnkaHsl
3.1.2. XuMuyeckne CBOWCTBA aJIKAHOB
3.1.3.Ilony4yenne u NpUMEHEHNE aJIKaHOB
3.1.4.1lpupoaHbie HICTOYHHUKHU YTIIEBOIOPOJIOB
Bormpocs! 1ist mpoBeEpKU 3HaHUN
3.2. AnkeHsl
3.2.1.CtpoeHue MOJIEKYJI U HOMEHKJIaTypa
3.2.2.XuMHYecKre CBOMCTBA AJIKEHOB
3.2.3.IlonydyeHue u MpuMEHEHHUE aJTKEHOB
Bomnpocs! 1 npoBepku 3HAHUI
3.3. AKuHBI
3.3.1.Ctpoennie MOJIEKYI U HOMEHKJIATypa
3.3.2.XuMryeckne CBOWCTBA aIKWHOB
3.3.3.Croco0b! noayyeHUs U MPUMEHEHHE aJIKUHOB
Bomnpocs! 11 npoBepku 3HAHUI
3.4. ApoMatrueckue yrieBoJopoabl. ApeHbl
3.4.1.CtpoeHue 0€H30JIbHOTO KOJIbIIa
3.4.2.Homenkiatypa 1 ©30Mepusi TOMOJIOTOB OeH30J1a
3.4.3.®Ouznueckue cBoiicTBa 0€H30J1a U €r0 TOMOJIOTOB
3.4.4 XumMuyeckue cBOWCTBa
3.4.4.1 BausiHue 3aMeCcTUTENICH Ha IPOTEKaHUE peak-
U 3JIEKTPOOUIBHOTO 3aMEeIleHUS
3.4.5.Ilony4yenne u npUMeHEHUE apOMATHYECKUX YTIIEBOO-
pozIOB
Bomnpocs! 1t npoBepku 3HAHUN
Tewma 4. Kucnopoaconepxaniye cCOequHEHUS
4.1.CnupTsl
4.1.1.CrpoeHue MoJIeKys1, HOMEHKJIATypa, U30MEpPHUs
4.1.2 . ®Ousnueckue CBOCTBa
4.1.3.XuMH4ecKre CBOCTBa
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4.1.4.Ilony4yeHue CuMpTOB
4.1.5.IlpumeHeHne CIUPTOB
Bomnpocs! 1 npoBepku 3HAHUI
4.2. DeHomb
4.2.1.CtpoeHue MOJIeKysl, HOMEHKIIaTypa, H30Mepus
4.2.2 .®usnueckue CBOMCTBa
4.2.3.XuMHU4YecKre CBOMCTBa
4.2 .4.1lony4yenue u npuMeHeHue (HEeHoJI0B
Bormpocs! 11t mpoBeEpKU 3HaHUU
4.3.KapOoHUIIbHBIE COSTUHEHUS . abJIeTHUAbl U KETOHBI
4.3.1.Ctpoenue, HOMEHKIATypa, (pu3nuecKue CBOMCTBa
4.3.2.Crioco0bl MOTyueHus albJIerHI0B U KETOHOB
4.3.3.PeakiimonHas cnocoOHOCTh KapOOHUIIBHBIX
COCAMHEHNN
4.3.4 IlpumeHeHne KapOOHUITBHBIX COSAMHEHUI
Bomnpocs! 11 npoBepku 3HAHUI
4.4.KapOOHOBBIE KUCIIOTHI
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4.4.2.CniocoObl OTy4yeHUs] KapOOHOBBIX KUCTIOT
4.4.3.Peakuinn KapOOHOBBIX KMCIIOT
4.4.4 ITpousBoaHbIe KAPOOHOBBIX KUCIIOT

4.4.4.1 Peakiiu 3aMeNIeHUs MPOU3BOIHBIX KapOOHO-

BBIX KUCJIOT
4.4.5 . Hutpuiibl
4.4.6.Kupsl 1 macna
Bomnpocs! 11 npoBepku 3HAHUN

Tema 5. BeIcOKOMONEKYISIpHBIE COEUHEHUS

5.1.Cnoco0bl moay4YeHHs MOJIMMEPOB
5.2.1TonmumepHbIe MaTepHUaIbI
5.2.1. Haubonee pacnpocTpaHEeHHbIE TOJIMMEPHBIC
MaTepHalIbl
5.2.2.2mactoMepbl
Bormpocs! 1iist mpoBeEpKU 3HaHUU
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