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BBEJAEHUE

Opranuyeckasi XuMus SIBIISICTCS OJTHON M3 (PyH/IaMEHTAJIbHBIX JUCITUTUIHH,
bopMUPYIOUTUX HAYYHO-TEOPETHUECKUI U AKCIIEPUMEHTAIbHBIA 0a3uC Kak s
YCBOEGHUS 3HAHUM 10 OMOXUMHH, PU3HOJIOTUH, TeHETUKE, OMOdU3UKE U Jp., TaK
U 711 TpOECCUOHATILHOM AESITEIbHOCTU OMOJIOTA.

N3yyeHue OpraHMYecKord XMMHH BCErJa CONPOBOXKAAECTCS Ja0OPATOPHBIM
npakTUKymMoM. llenbio naHHOro y4eOHOro mocoOus sIBISETCS O3HAKOMIJICHHE
CTYJICHTOB C OOIIMMH CBOWCTBAMH, XapaKTEPHBIMU PEAKIMSIMHU OPraHUYECKUX
COEJIMHEHUN Ppa3IMYHBIX KJIACCOB U C MHJMBHUAYaJIbHBIMH OCOOCHHOCTSMH HX
BOXKHEUIMX mnpeactaButenei. [Ipaktuueckue pabOThl MO HU3YUYCHUIO XUMHUYE-
CKUX PEaKIMi BBIMOJHAIOTCA MOCJIE€ OCBOCHHSI METOJOB OYHCTKH M HAECHTU(U-
KallMM OPraHWYECKUX BEIIECTB W SBISIOTCS WILIIOCTPALMEN U JTONOJIHEHUEM K
TEOPETUUECKOMY MaTepually JIEKIMOHHOIro Kypca [1].

JlaGoparopHble pabOThI, MPEAJIOKEHHBIE B MOCOOHMH, BKJIIOYAIOT CEPHUIO
OIBITOB, KOTOPBIE MOYKHO Pa3/IeUTh Ha CIEIYIOLIUE BUIBI.

1. KauectBeHHOE HaOJIO/IEHUE M U3YyUEHUE XAPAKTEPHBIX CBOWCTB U Ipe-
BpALICHUN OTAEJBbHBIX BEIIECTB — MPEACTABUTENEH ONPEIEIEHHBIX KIACCOB CO-
eIMHEHUMH.

2. CpaBHEHHE CBOWCTB BELIECTB PA3IMYHOIO CTPOEHUA. B 3TuX ombiTax
BBISIBJISIETCS CBSI3b MEXKIYy XUMUYECKUM CTPOCHHEM BEIIECTB U UX CBOMCTBAMH.

3. CuHTe3 COeMHEHM, UX BBIJCICHHE, ONpeesieHne Bbixona. Takue pa-
OOTBI 3HAKOMSIT CTYJICHTOB C METOJaMH MOJIYyYEHUS] OPTaHUYECKUX COCAUHEHU,
B3aMMHBIMH MPEBPALIEHUSIMU COEAMHEHUIN PA3IMYHbBIX KIACCOB.

HecmoTps Ha HecnoxkHOE anmapaTypHoe 0hopMIIEHUE SKCIIEPUMEHTA, CTY-
JICHT JTOJKEH HAYYUTHCSI BAYMUYHMBOMY OTHOIICHUIO K HAOII0JaeMBbIM SIBIICHUSIM,
OHUMATh UX XUMHUYECKYIO CYIIHOCThb, YMETh BBIPA3UTh €€ YEPE3 CXEMBbI IIPOTE-
KaroIMX PEAKIUU.

[lepen omucanueM Kaxjaou jgabopaTopHOl pabOTHl MPUBOAMUTCS HEOOXO-
JUMBII TEOPETUYECKUA MaTepHall, pacCMaTPUBAIOTCS OCHOBHBIE MEXAHH3MBI
peakuuii. OHAaKO JaHHOE MOCOOME HE JOJDKHO 3aMEHSTh YUYEOHHK WM KOH-
CHEKT JIEKIUWA MO KypCy OPTraHMYECKOW XMMHH, TaK KaK TEOPETUYECKUE CBEC-
HUS MIPUBOJIATCSA B OTPAaHUYEHHOM 00beMe, He0OXOIUMOM JIJIsi paCKpPBITUS CyII-
HOCTH BBINIOJHSIEMBIX ONBITOB. B mocobun He paccMaTpUBaIOTCS TAKUE KIIACCHI
COCMHEHHM, KaK aUuIUKIIbI, aTKaJUEHbI, TeTepO(PyHKINOHATBHBIE COSTUHEHHUS
(YTJIeBOJIbl, aMMHOKHCIIOTBI) U T€TEPOIUKIIBI, @ TAKXKe CIOCOOBI MOJYyYEeHUS U
IPUMEHEHUS HEKOTOPBIX KJIACCOB BewlecTB. st Oojee MoaHOro U riryooKoro
U3YYEeHUS! TUCUUIUIMHBI CIEYET BOCIOJIb30BAaThCs yueOHUKaMu [2-8], a Takxke
IEKTPOHHBIMU TTocoOusmu [9-11] (cMm. criucok mutepatypsi). C 3TOM Ke METbIo
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nepe] BBITIOJTHEHUEM JIa0OpaTOPHBIX PaboT 11eJ1IeCO00pa3HO PElIuTh 3a7a4u 10
M3y4aeMOMY pa3/ielly OpraHM4ecKOW XUMHH, MpEeAJIOKEHHbIe B cOopHuKe [12],
IPOMTH TPEHAXX M KOHTPOJIb B COOTBETCTBYIOUIEHM YACTH MYJIbTUMEIUNHOIO
y4eOHO-TPEHUPOBOYHOTO Kypca «Opranudeckas xumus» [9].

OPTAHU3AIIUA JIABOPATOPHBIX PABOT

HeobxoauMbIM yCI0BHEM YCHEIIHOTO BBIMOJIHEHUS 1a00paTOPHOTO IMpakK-
TUKyMa U W30C)KaHMS aBAPUHHBIX CUTYaIlUH WM HECYACTHBIX CIIYYacB SBIISCTCS
BHUMATEILHOE M3yYCHUE METOJUKHU TIPOBEICHUS OMBITA, TUITAHUPOBAHUE ITATIOB
paboThI, COONIOACHUE MPABHII TEXHUKUA O€30MTaCHOCTH.

[IpucTtynarh K BBIIIOJIHEHHIO PaOOTHI Bl MOXKETE TOJBKO IMOCiE Oecelbl C
npenojaaBareneM (JOMycK K jJabopaTopHOil paboTe), B XOJe KOTOPOW CIEAyeT
OMHCAaTh OCHOBHBIE ATAIbI SKCIIEPUMEHTA C YKa3aHUEM Mep MPEI0CTOPOKHOCTH,
YMETh HApUCOBAaTh CXEMY YCTAaHOBKH, MUMETh NPEICTaBICHHE O (HU3UIECKUX
CBOMCTBAxX HCIOJIb3yEMbIX PEAreHTOB U MPOIYKTOB PEAKIUH, a TAK’KEe OTBETHUTh
HAa s/l TEOPETUUECKUX KOHTPOJbHBIX BOIPOCOB IO TEME BBIMOJIHAEMON PabOTHI.

[lepen 3ansTHEM HEOOXOAUMO O(POPMUTH JTAOOPATOPHBIN KYpHAI B COOT-
BETCTBHUH C TPECOOBAHUSIMH, IPUBEICHHBIMU HUXKE.

1. Onucanue mabopaTopHOM PabOTHI MO MU3YUCHHUIO XUMUUECKUX CBOUCME
Op2anuyecKux coeOuHeHut JOIKHO BKIIOYATh CIETYIOUIUE TyHKTHI:

® 3aroJIoBOK: JJabopaTopHas padota Ne, HazBaHue T1abopaTOpHOMN pabOTHI;

e TalNHWIa, CoJepiKalas Ha3BaHKWE OMBITA M KPAaTKOE €ro ONMMCaHWe, Ha-

OJIFOICHUSI W YPaBHEHUS PEaKIMil ¢ MEXaHW3MaMH, a TaKKe BBIBOIBI
(BHOCSITCS IOCJIE€ BBITTOJTHEHUS PAOOTHI):

Haszpanue | [lnan BbIOIHEHMS YpaBHEHUSI peakinid,
HaGmronenus

BriBoanl
OIbITa OIIBITA MEXaHU3MBI

2. Onucanue n1a00paTOpHON pabOThI MO CUHME3) OPSAHUHECKUX COeOuHe-
HUl TOJDKHO BKITFOYATH CIEAYIOIINE MyHKTHI:

® 3aroJIOBOK: JabopaTopHas padora Ne, HazBaHue 1abOpaTOpHOI PabOTHI;

e KpaTkas GopMyJIHPOBKA 11eTH PaOOTHI,

® CXeMa YCTaHOBKH C Ha3BaHUSMH HCIIOJIb3YEMOM TOCY/IbI;

® CXeMa M MEXaHWU3M OCHOBHOH peaKIIHu;

® BCE BO3MOJKHBIC TOOOYHBIE PEAKIIUU U MX MEXaHU3MBI;

® TUIAH KCIIEPUMEHTA C YETKUM pa3eliCHUEM Ha JTallbl;

e Tabmumpl 1 u 2, comepkaniue JaHHBIE O KOJMYECTBE W (PU3UKO-XHMH-
YECKUX XapaKTEePUCTUKAX MCXOJHBIX BEIIECTB M TPOAYKTA pPEaKInu
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(tabmuua 1 3amonHseTcs mnepes 3aHATUEM, JIMTEPATypHbIE JAHHBIE B
TabIuIly 2 BHOCATCS /10, a SKCIIEPUMEHTAIbHBIC JAHHBIC MOCIE BBIMOJ-
HEHUs PaboThI):

Ta6mmma 1. XapakTepucTUKU UCXOIHBIX BEIIECTB

KommgectBo BCIICCTBA

Haszpanue | Moneky- | Temmn. mnasi., °C;

or~. | mo ypaBHeHUIO N30bITOK
BEIECTBA, | JIsIpHAs TeMIl. kut., °C; 0 METOJHKE
€aKInu
dbopmyna Macca ILIOTHOCTS, T/CM peakil
r (mi) | Monb | r(ma) | MOTIb r %

Tabnuma 2. XapakTepuCTUKH MPOIYKTa PeaKIIUU

)
T. m., °C T. kum., °C np°"

Haspanue | Macca (1)
Brixon,
BEIIEeCTBa, | Wi 00beM Y
0o

JIHT. IKCII. JINT. 9KCH. | JIHT. JKCII.
dbopmyna (mun)

e BrIBOJBI, CyMMUPYIOLIME PE3yIbTaThl U KOMMEHTHUPYIOIIKE UX (MIpe-
CTABJIAIOTCSI B OTYETE 110 BBIIOJHEHHOW paboTe B YCTAHOBIICHHBIN IIpe-
nojaBaTeIeM CpoK).

OdopmieHHbli 1a00paTOPHBIN KypHAII CAACTCA Ha MPOBEPKY MpEIoiaBa-

TEJII0 B YCTAHOBJIEHHBIN CPOK.

TEXHUKA BE3OINACHOCTH ITPU PABOTE B XUMHUYECKOM
JJABOPATOPUM

O61mme Mmepbl 0€30MACHOCTH

e [lomHuTE, YTO XMMHYeCKas JiadopaTopusi — MeCTO NOBBIIICHHOM
OIIACHOCTH.

e 3anpem@aercs MNPUCTYNaTh K BBINOJIHEHUIO PabOThl 0€3 pa3peleHus
IpernoaBarTess WiM JiabopaHTa.

e B naGopatopuu HEOOXOIUMO HAXOIUTHCA B 3aCTETHYTOM Ja00OpaTOPHOM
xanate. [Ipu cebe 1omKkHO ObITh HEOONBIIOE TOJIOTEHIIE AJIS PYK.

e Bo Bpems paboThl B XUMHUYECKOW JTa0OpaTOpHH COOMIOAANTE THILIUHY,
MOPSZIOK, YUCTOTY. AKKYpaTHO oOpalainTech ¢ XUMUYECKOM MOCYI0i, ipudopa-
MU U pEaKTUBaMU.

e He nonyckaiite nmonmaganust B rJyaza JiroOoro Bemiectsa. J[ist 3amursl
IJ1a3 JIy4llle MCIOJb30BaTh 3allMTHBIE OYKH WIM MacKy. CTyJaeHTaMm, HOCSIIHUM
KOHTaKTHbIE JTMH3bI, HEOOXOIMMO UMETH MPHU ceOe KOHTEHHEP ISl UX XpaHEHUS.
HekoTopsie enkne M TOKCHYHBIE BEUIECTBA JIETKO aJCOPOMPYIOTCS Ha MOBEPX-
HOCTHU KOHTAaKTHBIX JIMH3. DTO MOYKET BbI3BaTh OOJIE3HEHHBIC OUIYLICHHUS WU
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nokpacHenue ria3. [Ipu nepBbix Mpu3HaKax HEYyA0OCTBa WM PE3U B I1a3ax He-
00XOJIMMO CHSTh KOHTAaKTHbIE JIMH3bL. Ha mabopaTopHbIi MPAKTUKYM JIydlle
BCET0 IIPUXOJUTH B OUKaX.

e He Harpesaiite, He cMelIMBaiTe, HE JIGUTE U HE B30AJITHIBANTE peaKTH-
BbI BOJIM3M OT Jula. Beeraa HanpasiistiiTe Topiio cocyna ot jauia u tena. He Ha-
IpaBJISIIITE TOPJIO COCYyAa B CTOPOHY pabOTaIOIIUX NOOIU30CTH TOBAPHUIIEH.

e Hukorga He HaOupaiiTe KUIKOCTh B MUIETKY PTOM, BCErjaa MOJIb3Yi-
TECh TPyILIEH WK mpucnocoOiIeHneM st otoopa npod. [lomuuTte, 4T0 Mapbl
BCEX OPraHMYECKUX PacTBOPUTENIEH TOKCUYHBI, OCOOCHHO B OOJIBIINX KOHLIEH-
TpaLusX.

e l30eraiiTe BIbIXaHUs TAPOB WJIM MBUIM BEUIECTB, C KOTOPHIMU BBl pado-
taete. Co BceMM MBUISIIMMHU WIM HapsSllMMUA BellecTBaMU PabOThl MPOBOAST
TOJIBKO B BBITSDKHOM ILIKay € OMYIIEHHBIMU CTBOPKaMH, HaJeBas 3allUTHBIE
NIEPYATKHU.

e bynbre OCTOPOXKHBI C CHIBHBIMHA KMCJIIOTaMM U 1iesnoyaMu. Hukorna e
no0aBJIsiiiTe BOAY K KOHLIEHTPUPOBAHHBIM KHCIOTaM U TBEPABIM Iienodam. J{is
IIPUTOTOBJICHHS] Pa30aBICHHOIO PACTBOPA KOHIIEHTPUPOBAHHYIO KHUCIOTY TOH-
KOW CTPYWMKOM IIPUJIMBAIOT B BOAY IIPU IOCTOSIHHOM IIEPEMEIIMBAHUNA U OXJIaXK-
neunu. [Ipu pacTBOpeHHH LIENIOYH €€ J00aBIAIOT B BOAY MaJeHbKUMHU KyCOU-
KaMH, TaK)Ke IIpU NIEPEMEIINBAHUN U OXJIAKICHUH.

e [Ipu paGoTe B BHITSDKHOM IIKaQy HE CIEAyeT HAKIOHATHCA BHYTPh pa-
0oyero o6beMa BBITSXKHOTO IIKada, Tak Kak mapbl U MEJIKHUE YaCTHUIbl pEeaKTH-
BOB IIOTOKOM BO3/1yXa YHOCSATCS BBEPX U MOTYT IIONACTh BaM B JIMLO, JbIXa-
TEJIbHBIE ITyTH U TJIa3a.

e Hukorga Hudero He npoOyiTe B J1a0OPAaTOPUU HA BKYC, JTaXKE €CJIH BbI
yYBEpEHBI B 0€30IaCHOCTH BELIECTBA (HAIIPUMEDP, caxapo3a WM XJIOPH HATPUS).
B cnenyrommii pa3 BbI CydyailHO MOKETE MTOMPOOOBATh SOBUTOE BEIECTBO.

e He npunumaiite nuury, He NMeWTe U HE KypuTe B JabopaTopuu, TeM 00-
Jlee He UCTIOIb3YUTE AJI MprueMa MUIIU WA BOJbI TAOOPATOPHYIO MOCYTY.

e He ocrasnsiite 6e3 npucMoTpa ACUCTBYIONINE YCTAHOBKU, HE TOpYyYaii-
T€ TOBapHILlaM HaOIIOJCHUE 32 YCTAHOBKAMU, HE BBIIIECIIIMMU Ha PEKUM.

e He momyckaiiTe HarpeBaHusl 3aMKHYTOH CHCTEMBI JIFOOOTO THIIA — ATO
MOXET MPUBECTU K B3PBIBY B PE3YJIbTAaTE PE3KOTO IOBBIIICHHS TaBJICHUS MapOB
B CUCTEME.

e Ecnu xakue-To 3Tanbl pabOThl BaM HEMOHSTHBI WA BBI3BIBAIOT COMHE-
HUE, 0053aTeNIbHO TPOKOHCYIBTUPYUTECH C TIPETOJaBaTEIIEM.
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HO)KapOOHaCHOCTL

e [loMHUTE, YTO MHOTHE OPTraHUYECKHUE KUIAKOCTU U UX Mapbl MOTYT JIET-
KO BOCIUIaMeHsAThCs. Hanbomee onacHbl JerkoieTyure BEeecTBa, TaKue Kak Ju-
ATWJIOBBIN U METPOJICHHBIN 3(DUPHI, CIIOKHBIE YPUPHI, alleToH. JJI1 HUX CyIIecT-
BYET CIEIUAJIbHBIA TEPMUH — JIeTKO BocIiaMeHsiiomuecs skuakoctu (JIBX).
B sTOM oTHOmIeHNM HamboJiee ONMaceH JUATUIIOBBIN 3PUp, UMEIOUIUNA HUZKYIO
TEMIIEpATypy caMOBOCILJIaMEHEHUs, paBHYyI0 164 °C.

e JIBX nomxHBI HaXOIUTHCS Ha BamieM pabodeM MECTE TOJIbLKO B MUHH-
MaJbHOM KOJIMYECTBE, HEOOXOAMMOM JIJIsl BBITIOJTHEHUS PaOOTHI.

e Paboty c JIBX Hamo mpoBOIUTH TONBKO B BHITSHKHOM IKady, HENb3s
JOIyCKaTh KOHTAaKTa MX IMApOB C OTKPBITHIM IUIAMEHEM, 3JIEKTPOIIPOBOAKOM,
AIEKTPONPUOOPAMHU U IPYTUMHU BO3MOKHBIMH UCTOUHUKAMH BO3TOPAHUSI.

e [lepen nHayanom paGoThl ¢ 3(HPUPOM WU JIFOOBIM JIPYTUM JIETKOJETYYUM
U JIETKOBOCIJIAMEHSIOIIHUMCS BELIECTBOM MpeaynpeauTe 00 3ToM padoTarouux
PSAZIOM C BaMH, YTOOBI M30€KaTh CIIYYafHOTO UCIIOB30BAHMS OTKPBITOTO TUIAMEHH.

e 3anpemaercs HarpeBath JIBXK Ha OTKphITOM TUIamMeHHW, BOJIU3M OTHS
WIN B OTKPBITOM cocyae. sl HarpeBaHUsl OpPraHUYECKUX >KUAKOCTEH JIydlle
IPUMEHSTh BOJISHYIO WIM MAacCisSHYIO OaHIO, 3JIEKTPUUYECKYIO TUIMTKY C 3aKphbl-
TOU CITUPAIIBIO.

e Henb3s vcnosib30BaTh JIJIs1 HATPEBAHUS KUJKOCTEU CTEKIISIHHYIO TIOCY 1y
c TpemuHaMu. B mponecce HarpeBaHusl TPEIIMHA MOXKET YBEIUYUTHCA U CTEK-
JISTHHBIA COCY/]l JIOITHET. DTO MPUBEIET K MOMNaJaHUI0 PACTBOPUTENS Ha Harpe-
TYIO IIOBEPXHOCTh U MOKET CIIPOBOLIUPOBATH MOKAP.

e He 3a0yabTe MOJOXKUTH «KUIMEJIKW» B HATPEBAEMYIO KMAKOCTh /10 Haya-
Jla HAarpeBaHMs. 3aMpPenIacTCs KIacTh «KUIEIKN) B HArPETYIO 10 KUTICHUS KHU/I-
KOCTb, TaK KaK MPU 3TOM MOXKET MPOU30UTH OypHOE BCKHUIIAHHE, BHIOPOC KUI-
KOCTH W3 Tpubopa. ITO MOXKET MPUBECTH K BO3TOPAHUIO WU 0Koram y pabo-
TarOIIUX.

e Eciu nmpousonuio Bo3ropaHue Ha pabodyem MecTe, OTKIIOYUTE BEHTUJIS-
U0, DJIEKTPUUECTBO OOIIMM PYOMJIBHUKOM, MO30BUTE MPENOJaBaTess Wi Jia-
oopanTa. HeOobiiolt ouar BO3ropaHusi 3acChIbTe€ MECKOM WJIM HAKpoWTe acoOe-
CTOBBIM OJieslToM. B cityuae Bo3ropanusi Ha OOJbIION IUIONIAIA UCTIOIB3YUTE Or-
HETYIIUTEIb U BBI30OBUTE MOKAPHYIO KOMaH/y, HE MpeKpalias 00pOThCs C OTHEM.

e He npitaiitech TymuTh oyar BO3ropaHus BOJOH. IT0 HEIPPEKTUBHO,
€CJIM TOPUT HE CMEIIMBAIOIIEECS C BOJAOW BELIECTBO, U OMACHO, €CIU 3aropeB-
Ieecs BEIIECTBO CIIOCOOHO BCTYMaTh C BOJAOUW B PEaKIIMIO.

e He mpoBoauTe MEperoHKy THOOBIX OPTAaHMYECKHX BEIIECTB JOCYXa, B
K0J10€ 00513aTeTHLHO TOJDKHO OCTAaThCsl HE MeHee 2 — 3 MJT )KUIKOCTH.
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HepBaﬂ nmoMomb MMpH HECHACTHBIX CJayvYasix

HecoOmnronenne TeXHUKH 0€30MAaCHOCTH MOXKET MPHUBECTH K HECUACTHBIM
CIIy4asiM.

e B ciayuae 1100010, 1a’Ke He3HAYUTEIHLHOI0 HA NMEPBBINA B3IV MPO-
HCIIECTBHUS HEMEIJICHHO NOCTABbTE B U3BECTHOCTH NPENoAaBaTeIs.

e [lpu jlerkoM TEPMHUECKOM O0KOT€ MOPAXKEHHBIM y4acTOK ClieqyeT 00-
MBITh CTPYEH XO0JIOJHOM BOJIBI U 00pa00TaTh STUIIOBBIM cIUPTOM. [Ipu CHUITBHBIX
0KOTaxX TOPaXEHHOE MECTO OOMBITh CTPYEH XOJIOJHOW BOJBI U OOpPATUTHCS K
Bpayy.

e [Ipu oxxorax 6poMOM MPOMONTE MOPAKEHHOE MECTO MTPOTOYHOM BOAOH, a
3areM 10% pactBopoM THOCYNb(aTa HaTpus. [locie BapIxanus napoB Opoma ciie-
JyeT MOHI0XATh pa30aBICHHBIN PACTBOP aMMHAKA U BBIATH HA CBEXKUNA BO3AYX.

e [Ipu oxorax (heHOJIOM WM €ro pacTBOPOM MPOTHpAWTE MOOENIEBILINNA
YYaCTOK KOXKH CHUPTOM WJIA TIULEPUHOM J0 TEX MOP, MOKA HE BOCCTAHOBUTCS
€€ HOPMAJIbHBIA IIBET, 3aT€M MPOMOWTE BOJAOM U HAJIOKUTE KOMIPECC W3 BaThI
WJIU MapJiv, CMOYEHHOU TITULEPUHOM.

e [Ipu monagaHuM Ha KOXY KHCJIOTHI HEOOXOJUMO CMBIBATh €€ MPOTOY-
HOM BOJIOH B TeUeHHE 15 MHH, 3aT€M MOPAXKEHHBIN y4aCTOK MPOMBITh 2-3% pac-
TBOPOM IIUTHEBOW COBI.

e [Ipy momamaHny Ha KOXy ILIEJIOYM TaK)KE CMBIBAUTE €€ IMIPOTOYHOU BO-
7oi B TeueHne 15 MuH, a 3aTeM 00paboTaiiTe mopaKeHHbIN ydacTok 2-3% pac-
TBOPOM YKCYCHOH MJIU OOPHOM KHCIIOTHI.

e AMMMaK ¥ aMHUHBI [TIOYTH HE JEHCTBYIOT HAa KOXKY, OJJHAKO IIPU MOMajaa-
HUU B IJ1a3a MOTYT BbI3BaTh UX CHJIbHOE MOpaxkeHue. B aTom citydae riaza HeoO-
XOJIUMO MPOMBITh CTPYEW BOABI U 3aTEM CIa0bIM pacTBOPOM OOPHOM KHUCIOTHI.

o [Ipu momamanuy JFOOBIX BEIISCTB B TJa3a TIIATEIBHO MPOMOUTE WX
OOJIBIIMM KOJIMYECTBOM MTPOTOYHON BOJIBI U 00s13aTEIIHFHO 0OPATUTECh K Bpady.

e [Ipu BO3ropanuu OACKIBI Ha YETOBEKE HAOPOCHTE HA HETO BOMIOYHOE
OJIeSTI0 WK JI00YI0 TUIOTHYIO TKaHb, YTOOBI cOUTH muiaMsa. He mo3BomsiiiTe mo-
CTpajaBilieMy 0€KaTb, ’TO YCUJIUT TOPEHHUE.

e [Ipu mope3ax 00 OCKOJKU CTEKJa B MEPBYIO Ouepeab yAAIUTE UX U3 pa-
HBI, Kpasi paHbl Je3uHpuuupyire 3% CIUPTOBBIM PACTBOPOM HOJA U HAJIOKHUTE
CTEPWIBHYIO MOBSI3KY.

IHopsinok 3aBepuieHnst padoThI

e [lo oxoHyaHum pabOTHI BBIKIIIOYMTE WUCTOYHUKH HArpeBa, MOXKIUTECh
OXJIQXK/ICHHsI BCEX HArpeThIX YacTed MPUOOPOB U TOJBKO MOCJE ITOTO MPUCTY-
naiTe K pa30opy yCTaHOBKH.
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e CoOpaHHBIN B MPOIIECCE MEPETOHKU AUCTHILIAT MO PYKOBOJICTBOM JIa-
OopaHTa NEPEHEeCUTE B CHEIHAIBLHO OTBEACHHYIO JUIS HErO CKISHKY, HE OCTaB-
JsiTe ero B KoiOe. TBep/pie BelecTBa MepechinbTe B CTEKIISHHBIE TUIOTHO 3a-
KPBIBAIOIIMECS My3bIPbKU WM OAaHKH, CHAOKEHHbIE YETKUMHU HAJITUCSAMU, CO-
JiepKaIlMU Ha3BaHHE BEUIECTBA U €ro (hopMyITy.

e (OcraTKu OpPraHUYECKHX PACTBOPUTEJCH BBUICHTE B OaHKY JUIsl CIIMBA.
3anpeniaeTcsl BBIIUBATh OPTraHMYECKUE PACTBOPUTEIN B PAKOBUHY, a TAK)KE BbI-
OpachIBaTh OCTaTKU TBEPBIX BEIICCTB B MyCOPHYIO KOP3UHY.

e BrimoiiTe 3a coboii mocyay, caaite pabodyee MECTO JIEKYPHBIM IO Jia-
OopaTopuu WK 1a0OpaHTy.
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1. VIJIEBOJOPO/bI
TEOPETUYECKASA YACTDb

o V2ne8000po0bi — 9mo opeanuueckue coOeOuHeHus, 8 COCMmas KOmopbvix
8X0051M MOALKO 08a dNleMeHma. y2nepoo u 6000po0.

Hanpumep: CH,, C,He, CeHs, CsH o 1 T.1., B 00mem Bune — CiH.

VYT11eBO0POAbl UMEIOT BAXKHOE HAYYHOE U IPAKTUYECKOE 3HAYECHUE.

Bo-niepBbix, MpeACTaBICHUs] O CTPOCHUM U CBOMCTBAX 3TUX BEILECTB CIY-
AT OCHOBOM NJi1 M3YUYEHHsS] OPraHUYECKUX COCTUHEHHMU JIPYyTHX KIJIACCOB, TaK
KaK MOJIEKYJbl JIOOBIX OpPraHMYECKUX BEIIECTB COACPIKAT YTIEBOJOPOIHBIC
¢dbparMeHTbl. IT0 QyHIAMEHT OpPraHUYECKON XUMUH, KOTOpasi ONpeaesieTcs Kak
HAYKa, U3y4arowas y2ne8o00poosl U ux NPOu38o0Hble.

Bo-BTOpBIX, 3HAaHUE CBOMCTB YIJIEBOJIOPOOB MO3BOJIIET MOHATH UX UCKIIIO-
YUTETHHYI0 IIEHHOCTh KaK MCXOJHOTO CHIPhbSl B MPOU3BOJICTBE CaMbIX Pa3HOO0-
Pa3HbIX BEIIECTB U MATEPHAJIOB: IJIACTMACC, Kay4yKOB, BOJIOKOH, IJICHOK, JIAKOB,
KJIEEB, MOIOIIIUX CPEJICTB, JIEKAPCTBEHHBIX MPEnapaToB, KpacUTeNeH, CpeicTB 3a-
IIUTHI PaCTEHUHN, CTPOUTENIBHBIX U TOPIOYE-CMA30UYHbBIX MAaTEPUAJIOB U T.]I.

[TpupogHBIME UCTOYHUKAMH YTIICBOJOPOJIOB SBISIOTCS HE(DTh, KAMEHHBIH
U OypbIil Yoy, TPUPOAHBIA U TMOMYTHBIN (HedTAHOM) ra3el, cianmbl U Topd. K
CO’KaJICHUIO, 3aMachl TUX MOJE3HBIX UCKOMAEMbIX Ha 3eMJie He O€3rpaHUYHBI.

VYrieBogopoasl BeCbMa MHOTOYMCIIEHHBI U pa3HooOpa3Hbl. [[ns ux kiac-
cu(UKaIMu UCTIOJIB3YIOT IBA OCHOBHBIX CTPYKTYPHBIX MPU3HAKA!

1) cTpoeHue yriepoiHO# 1enu (yIrJIepoOJHOIO CKEJIETa) MOJIEKYJIbI;

2) manuune B nenu KpatHeIX cBsazed C=C w/unmu C=C (cTemneHb HEHACHI-
IIIEHHOCTH).

[ YITJAEBOJAOPObI J

C.H,
HesamkHyTas yriepomHas 1enb 3aMKHYyTast yriaepoaHas neb
l I
AlUKJINYECKUE
Inkandeckne

(amudarnyeckue)

I [ | I
IIpeneabHbie Henpenenbubie AlMuMKIN- Apomaru-
(HacwImeHHbIe) | | (HEHACHIIICHHBIC) YyecKue yecKue

i i | |

AJIKeHBI Iukmoankanbl
C n H2n C n H2n
AnkaHsl AukanueHsl L{MKIT0QIKeHBI ApeHbl
CnH2n+2 CnH2n-2 CnHZn-Z Cn H2n-6
AJIKHHBI HukmoankuHbI
CHHZB'Z C nHZn-4
T

i
[TpuBenens! GopMyIIbl MOHOIMKIMYECKUX COSTMHEHUN
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1.1. AJIKAHBI

o Anxkaumbl — ayukiudeckue HACblUjeHHble (npeoeibHbie) Yele8000poobl
ooweti popmynvt CyHyyss.

[Ipocrenimme anKaHbl:

CH; — meman, C,Hg—sman, CsHg— nponan.

B coorBercTBUM C 00miel dhopmysioN amkaHbl MPEACTABISIOT COOOU psij
POACTBEHHBIX COCAUHEHUHN C OJHOTUIIHOM CTPYKTYpPOH, B KOTOPOM KaXKAbIM I10-
CIEAYIOUIUN YJIEH psAlla OTIUYAETCA OT MPEAbIAYIIEr0 Ha MOCTOSIHHYIO TPYIITY
atomoB CH, (MetuieHn). Takas mociieoBaTE€IbHOCTh COCIMHEHUN Ha3bIBACTCS
2omonocuyeckum psioom (0T rped. homolog — CXOIHBIN), OTACIBHBIC WICHBI 3TO-
ro psga — 2omMoso2amu, a TPyIIa aTOMOB, HA KOTOPYIO pa3iInyaloTCsa COCEAHUE
TOMOJIOTH, — 20MOA02UYECKOU PA3HOCBIO.

1.1.1. Cmpoenue ankanoe

XuMu4eckoe CTPOeHHEe AJTKAHOB (MOPSIOK COCAUMHEHHUS aTOMOB B MOJe-
KyJlax) OTpa)aroT WX MOJHBIE (Pa3BEPHYTHIEC) CTPYKTYPHBIE POPMYIIHI.

Cmpykmypuvie (popmynvl npocmenuux aikaHos

! iy A
H-?-H H-?-?-H H-?-?-?-H
H H H H H H

Meman 9Mmamu nponau

U3 stux dhopmyn cieayer, 4To B alkaHaX UMEIOTCA J[BA THIA XUMUYECKUX
ceazeil: C—C u C-H. Csa3p C—C sBisieTcsl KOBAJICHTHON HenoJsapHOU. CBs3b
C-H — xoBaneHTHas cinabomoJisipHas, TaK KakK YIJIEpoJ U BOJAOPOJ OJM3KHU MO
AIEKTPOOTPULIATENBHOCTH (2,5 AJIs HACBIILIEHHOTO yriepojaa u 2,1 1js Bogopo-
na). Dueprus cBs3u C—C 348 x/[x/monb, mmHa cBsa3u 0,154 am. Cesazp C—H
Oomee mpouHas: ee sHeprus okono 410 kJx/monb, nmunHa cBsizu 0,110 HM.

CtpykTypHble (QOpMyJbl HE JAIOT MPEACTABICHUS] O MPOCTPAHCTBEHHOM
CTPOCHHUH MOJIEKYJI, KOTOPOE CYIIIECTBEHHO BIIMSET Ha CBOMCTBA BEIIECTBA.

IIpocTpaHCTBeHHOE CTPOEHHUE, TO €CTh B3aUMHOE PACIIOJIOKEHUE aTOMOB
MOJIEKYJIbl B TPEXMEPHOM IIPOCTPAHCTBE, 3aBUCUT OT HAIPABICHHOCTH aTOMHBIX
opouraneii (AO) atux aroMmoB. [IpocTpancTBeHHOE pacnosioxkxenue AO yriepo-
J1a oTpeJieNsieTcsi TUIoM ero rudpuanzanuu [4]. HaceleHHbIi aToM yriiepoja B
aJIKaHaxX CBSA3aH C YETHIPbMS JPYTMMH aTOMaMH, T.€. €r0 COCTOSSHHUE COOTBETCT-
ByeT sp -rubpuau3anuy. B 5ToM ciyuae kaxaas u3 detbipex 2sp-AO yriepona
y4yacTByeT B 0CeBOM (G-) mepekpbiBanuu ¢ 1s-AO Bogopona mm ¢ 2sp-AO
JIpYyroro aroma yriepoja, oopasys o-csizu C—H nnu C—C:
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o-cBs13p C-H o-cBs3p C-C
£ Lo
— O - —OC c@
Ve \ ) \

s
2sp3-A0  1s-AO 2sp3-A0

YeTblpe O©-CBSI3U yIVIEpOJa HaIpaBlIeHbl B MPOCTPAHCTBE TOJ YIJIOM
109°28°, 4TO COOTBETCTBYET MUHUMAJIbHOMY OTTAJIKUBAHUIO MEXIY YEThIPbMS
CBS3BIBAIOLIMMU TapaMu AJIEKTPOHOB. [loaTOMy Mosiekyna mpocTteiiiero npes-
cTaBUTENs ajdkaHoB — MetaHa CH, — umeer ¢popMmy mpaBUIBLHOTO TETpadjipa, B
LEHTPE KOTOPOr0 HAXOJAUTCS aTOM YTJEpo/ia, a B BEPIIMHAX — aTOMbI BOAOPO/IA.

[IpoCTpaHCTBEHHOE CTPOEHHWE METaHa MO>HO IPEJICTaBUTh C MOMOIIbIO
MOJIENTM MOJIEKYJIbI M TIOCTPOCHHON HA €€ OCHOBE CTEPEOXUMUUYECKON (DOPMYJIBI.

H—

N
cBs3b 3A IIBE CBS3HU
o wockoetsio e/ B IIOCKOCTH
\ ] pPHCYHKa

H ¢ 093’28'
H""\\\\\
H/ \H
k\01351313 ITEPE]]

IINIOCKOCTBIO
Mooenv monexynol Cmepeoxumuueckas popmyna

B monekyne stana H;C—CH; [Ba TeTpasapHuecKuxX sp -aToMa yrieposa
00pa3yroT 0ojiee CIOXKHYIO MPOCTPAHCTBEHHYIO KOHCTPYKIUIO. /s mosexyn
QJIKAaHOB, COJACPIKAIUX CBBIIIEC 2-X YIICPOIHBIX aTOMOB, XapaKTepHBI M30THY-

ThI€ (POPMBI.

H H H H H H
H\ /H \ \ \C\\“
; we—C, e \ / \ Ny
' 'H 7/ ’ 7/ /,'
H H H H H H
OrtaH n-Ileutan

1.1.2. Homenknamypa

o HomeHnxnamypa opeanuueckux cOeOUHeHUli — cucmema npasui, no3eo-
JAOUUX 0amb 00OHO3HAYHOE HA3BAHUE KAHCOOMY UHOUBUOYATIbHOMY 8eUleCma).

B Hacrosiiiee Bpemsi oOLIENPU3HAHHON SIBIISIETCS MEXIyHApOJHAsl CUCTe-
matuueckas HoMenkinatypa MIOITAK (IUPAC) [2, 10].
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[Ipasmitamu MIOITAK 1mus mpocTeMmmMxX ajakaHOB IPUHATHI MCTOPUYECKH
cnoxusmmecs (TpuBuaibHbie) Ha3Bauus: CHy; — meman, CH;CH; — sman,
CH;CH,CHj; — nponan, CH;CH,CH,CH; — 6yman, CH(CH3); — uzob6yman.

Hauunast ¢ msToro romosiora, Ha3BaHUsl HOPMAibHbIX (HEPA3BETBICHHBIX )
QJIKAHOB CTPOSIT B COOTBETCTBUM C YUCJIOM aTOMOB YIJIEPO/ia, UCTIOJIb3Ys Irpeye-
ckue yuciutenbubie u cypdukc -an: neumarn (Cs), eexcan (Ce), cenman (C,),
oxman (Cg), nonan (Cy), oexan (Cyg), ynoexarn (Cyy), oodexan (Ci,), mpuoexan
(Cy3), mempaoexan (Ci4) , nenmaoexan (Cys) u T.14. [9].

B Ha3zBaHUSX pazeemenentbix amKaHOB UCTIOJIb3YETCS NPUHYUN 3AMEUjeHUs
(3amectutenbHass HomeHknatypa MIOITAK). OTo 3HauuT, 4TO YriaeBoaopon ¢
Pa3BETBICHHOM 1IETbIO0 PACCMATPUBAIOT KaK MPOAYKT 3aMEILIEHHS] aTOMOB BOJIO-
poJa B HOPMAJIbHOM (H-) aJIKaHE OJIHOBAJICHTHBIMH YIJIEBOAOPOAHBIMU paJIUKa-
namu —R (1.e. octatkamu moJiekysibl RH, u3 xoropoit popmanbHo ynaneH oauH
aToM BoJopoja). [Ipu 3ToM OCHOBY Ha3BaHMs PA3BETBICHHOI'O ajlkaHA COCTaB-
JSIeT Ha3BaHME BXOJIAIIETO B €ro KOHCTPYKIMIO HOPMAJIBHOTO aJIkaHa ¢ Haubo-
Jee JUIMHHOM ¥ HanOoJiee pa3BETBICHHOM YTIIIEPOIHOM 1IETIBIO.

Ha3BaHus OJHOBaJEHTHBIX YIVIEBOJOPOAHBIX PAIMUKAIOB, MIPOU3BEAECHHBIX
OT aJIKaHOB, CTPOSIT MO HA3BaHHUIO COOTBETCTBYIOILETO alikaHa, 3aMEHss Cyd-
bukc -an Ha -un. O0Iee Ha3BaHUE TaKUX paUKaIoB arkuivl (0003H. Alk), 00-
mast popmyna: -C,Hap4q.

Merany CH,4 u 3tany CH3CH3; cOOTBETCTBYET 1O OJIHOMY OJIHOBAJIE€HTHO-
My pagukany: memun -CH; m smun —CH,CH; (umu -C,Hs). W3 mpomana
CH;CH,CH; M0>HO TOCTPOUTSH JiBa M30MEPHBIX paaukana -C;Hy:

—CH;—CH;—CH, —CllH—CH3
H-NPONUL CH,
(HopmanbHbLU NPONU) uz3onponu

Panukanel moapasfensioTcs Ha nepeuuHvle, 6MOPUYHble U mMpemuitble B
3aBUCUMOCTH OT TOTO, y KaKOT0 aToMa yryiepojaa (MIepBUYHOTO, BTOPHYHOTO WJIH
TPETUYHOTO) HAXOUTCSI CBOOOHAS BAJIGHTHOCTh. ATOM yTJIepO/ia, CBSI3aHHBIN B
[IENU TOJIBKO C OJIHUM YTJIEPOJHBIM aTOMOM, HA3bIBACTCS NEPEUUHBIM, C IBYMSI
aTOMaMHM YIJIEpOJa — 6MOPUUHBIM, C TPEMS — MPEMUYHbIM.

[To aTOMY TIpU3HAKY H-nponui OTHOCUTCS K TIEPBUYHBIM pauKaiaM, a uU3o-
NpOnUI — K BTOPUYHBIM.

JlBym ankanam C4Hj, (#-OyTan m m300yTaH) COOTBETCTBYIOT YETHIPE M30-
MepHbIX pagukaia -C4Hy. Ot u-6yrana CH;CH,CH,CH; npousBoasTcs #-Oy T
-CH,CH,CH,CH; (mepBuunbii paaukan) u emop-oytun -CH(CH;)CH,CHj;
(BTOpuuHbIA paaukan), oT uzoodyrana CH(CH;); — uzo0ytun -CH,CH(CH;)CH;
(nepBuuHbIil pagukan) u mpem-0ytui -C(CHj); (TpeTuuHbIil pagukai).
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[Ipu mocTpoeHNM Ha3BaHUS PA3BETBICHHOIO ajKaHa COOMIOAAETCS Clie-
TYFOIIAN TTOPSJIOK.

1. BeiOuparoT riaBHyO YriepoAHYIO 1eMb, KOTOpas JOJKHA ObITh caMoii
JUIMHHOW W HauOoJjee pa3BeTBIeHHOW. Ha3piBaloT ee Kak COOTBETCTBYIOIIMIA
HOPMAJIBHBIN aJIKaH.

2. HyMepytoT aTombl yriepoja B II€NM, HAUUHAS OT KOHIA, OJIMKanuIero K
NEPBOMY OTBETBIICHUIO.

3. Ha3wiBaroT Bce pajgukaibl (3aMECTUTENH), YKa3aB Brepeau mudpsl, 000-
3HAYAIONINE UX MECTOTOJIOKCHHE B TJIABHOM IEMU. DTH MU(PHI MPUHATO Ha3bI-
BaTh Jokaumamu. ECiu ecTh HECKOJIbKO OJUHAKOBBIX 3aMECTUTENEH, TO IS
KaXXIO0r0 U3 HUX Yepe3 3aMsaTyI0 3alKChIBAIOT JIOKAHT, @ UX KOJMYECTBO YKa3bl-
BAlOT YMHOAIOIIUMU MPUCTABKaAMU: Ou-, mpu-, mempa- v T.1. JIOKaHTBI CTaBAT
nepej npucTaBkou (nmpedukcom) uepes neduc (Hanpumep, 2, 3-oumemun).

4. Ha3BaHus Bcex 3aMECTHTENEH pacrojiaraioT B ajJ(paBUTHOM IOPSAIKE, HE
BKJTIOYAsl B TOT MOPSIOK YMHOKAIOIITUE MPUCTABKH. JIOKAHTHI ¥ Ha3BaHUS OTHOTO
3aMEeCTHUTENS OTACISIIOT OT apyroro neducom. Harpumep, 2-uemun-4,4-ousmun.

5. O0OBeUHSIOT BCE YAaCTH Ha3BaHUs MO cXeMe: npeghurcel (JIOKAHTHI U Ha-
3BaHUS yTIEBOAOPOAHBIX PAUKAIIOB) U KOpeHb — HAa3BaHUE TJIABHOW ILIETIH Kak
HOPMAaJILHOTO ajKaHa (Tped. YUCIUTEIbHOE + CyPpdUKC «any).

]YpuMep NnOCMpOEHUA HA36AHUA pA36EMEBIEHHOC0 AJIKAHA

/ amun
Memun

CH
[ 3 /
/\ CH, CH, CH / rJIaBHAA

3

Memun éH—zl— 3JC> —ACLH— éﬁ 7‘ LIETTh

\;|Jﬁ |62 2eKcan
CH3 (|:H2 CH3 ‘

CH .
SN omun

2,2,4-mpumemun-3,3-0uramunizekcan

1.1.3. H30mepus

o [30mepus — s6neHUe CYUWecmeosanusi coeOuHeHull (U30Mepos), KOmo-
pble umerom 0OUHAKOBbIU KAYeCMEEHHbI U KOJUYECMBEHHbI cOCMas, HO pa3-
HOoe cmpoenue U C8oUCmad.

B 3aBucHMOCTH OT XapakTepa OTIWYHUMN B CTPOCHUU U30MEPOB PA3INYAIOT
CMPYKMYPHYI0 U NPOCMPAHCMBEHHYI0 N30MEPUIO (HarIAIHO Noka3aHo B [10]).

B psiny ankanoB nposiisitores o6a tuna uzomepun. [logpo6uee cm. [9].
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CmpykmypHbvle uzomepvl — COEJUHEHNs] OJMHAKOBOI'O COCTaBa (OAHOM MO-
JEKyJIApHOH (QOpPMYJIbl), OTIMYAIOIIMECS MOPSAKOM CBSI3bIBAHUS aTOMOB, TO
€CTh XMMUYECKUM CTPOCHHUEM MOJIEKyI. CTpOEHHE TaKUX U30MEPOB OTPAKAETCS
CTPYKTYPHBIMU (hOPMYJIaMH.

[IpyurHON CTPYKTYpPHOM HM30MEpUHU AIKAHOB SIBJISETCS CIHOCOOHOCTH aToO-
MOB yIJiepoAa 0O0pa30BbIBATh LIEMH PA3IUYHOrO CTPOCHHS. DTOT BUJ U30MEPHUH
Ha3bIBACTCSl UzoMepuell yenepooHo2o ckeiema. B pany ankaHoB Takas U30MepHs
nposBisieTcsl, HaunHas ¢ ankaHa C4H;o, KOTOPBII MOXKET CyIeCTBOBATh B BUJEC
JIBYX U30MEPOB:

H,C—-CH;—CH;—CH, n-0yman H3C—(|JH—CH3 Memuinponan
CH, (uzobyman)
T.xu1. -0,5 °C T.xui. -11,4 °C

C yBeIMYEHHUEM YHCIIa YTIIEPOJHBIX aTOMOB B MOJIEKYJIe KOJUYECTBO H30-
MepoB pe3ko Bo3pactaeT. Hanpumep, monekyispaoit popmyne CsHi, coorert-
CTBYIOT 3 M30Mepa, YUCI0 BO3MOXKHBIX n3omMepoB CgHig paBHO 18, CioH,, — 75,
a CyoHy, — 60mee 300 TrIC.

Ilpocmpancmeennvle uzomepsl (cmepeouzomepst) — COEIUHEHUS OJAUHAKO-
BOI'0 COCTaBa, MMEIOIINE OJMHAKOBOE XMMUUYECKOE CTpOeHUE (OJHY CTPYKTYp-
HYI0 (pOpMyIy), HO pa3IMYHOE PACIOTI0KEHUE aTOMOB MOJIEKYJ B TPEXMEPHOM
npoctpaHcTBe. CTpOeHUE CTEPEOU30MEPOB U300PAKAIOT CTEPECOXUMUUYECKUMHU U
MPOCKIIMOHHBIMU (hopmyiiamu [10].

N3 pa3HOBUIHOCTEN CTEPEOU3OMEPUM AJIKAHAM CBOMCTBEHHBI:

— onmuueckas uzomepus (dHanmuomepus), 0OyCIOBICHHAST OTCYTCTBHUEM
CUMMETPUHM B MOJIEKYJaX CTEPEOM30MEPOB, COAEPKAIIMX ACUMMETPHUYECKUN
atoma yriepoza (aanpumep, CoHs-C H(CH;)C3H; — 3-memuncexcan);

— KOHGOpMayuoHHas uzomepus, BOSHUKAIOIIAs PU BHYTPUMOJICKYISIPHOM
BpallieHuu no c-cpsizsim C—C.

1.1.4. Ceouicmea ankanos

dusnyeckne CBOMCTBA aJKaHOB 3aKOHOMEPHO M3MEHSIOTCS B TOMOJIOTH-
YECKOM PSly: C POCTOM MOJICKYJISIPHOM MAacChl YBEJIWUYMBAIOTCSA TEMIIEPATypPhl
(ha30BBIX MEPEX0JIOB U MJIOTHOCTH TOMOJIOTOB. [Ipu HOpMaTBHBIX YCIOBUAX -
kaHbl Ci-C4 — rassl 6e3 3amnaxa, Cs-Cjq — XKHAKOCTU C XapaKTEPHBIM OEH3UHO-
BBIM 3aI1axoM, Jlajiee — TBePIbIC BEIIecTBa 0e3 3amaxa.

Husmme razoobpa3Hbie TOMOJIOTH, a TakK)Ke Maphl JECTKOKHIISAIIUX AIKAHOB
(Cs-C7) o6pa3yroT ¢ BO3yXOM B3PBIBOOIACHBIE CMECH, YTO HEOOXOJIUMO Yy4H-
THIBATh MPU UCTOJI30BAHUM OBITOBOIO raza, OCH3WHA U T.II.
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Bce ankansl jierdye BoJibl (OTHOCUTENbHAS IJIOTHOCTh MEHbIIE 1) U IPaKTH-
YECKU B HEH HE PACTBOPSIOTCSA; XOPOIIO PACTBOPUMBI B YIVIEBOJOPOAAX, UX Ia-
JIOT€HOIIPOU3BOIHBIX, B POCTHIX U CIOXKHBIX d(upax.

[TnoTHOCTB, TEMIIEpaTypbl KUIIEHUS U IJIABICHUS PA3BETBICHHBIX AJIKaHOB
HUKE, YEM Y UX U30MEPOB JINHEUHOT'O CTPOEHUS. DTO CBA3aHO C MEHEE IMIIOTHOM
YIaKOBKOM pa3BETBICHHBIX MOJIEKYJ M, COOTBETCTBEHHO, OoJiee CllaObIMU BaH-
JI€P-BaAIbCOBBIMU MEXMOJIEKYJIIPHBIMU B3aUMOJEHCTBUSAMH.

XHMHYeCKHEe CBOMCTBA COCAMHEHUN OIPEAEISIOTCS MX CTPOCHHEM, TO
€CTh MIPUPOJON BXOJAIIUX B COCTaB MOJIEKYJI aTOMOB M XapaKTepOM CBsI3el Me-
KAy HAMHU.

Ankanbl conepxar Henodsipuble C—C u cnabononspusie C—H koBasieHT-
Hble CBs3U. sl Takux CBsI3€M XapaKTEpEeH 2oMOAUmMuYecKuii pa3pbiB Ha CBO-
Ooxnble panukaisl. [lo3ToMy peakuny agkaHOB IPOUCXOAAT MPEUMYILECTBEHHO

110 PAOUKATbHOMY MEXAHUIMY.
Jns pagvkanbHBIX peakuui TpeOYyrOTCsl TOBOJIBHO >KECTKHE YCIIOBHUS: IMOBBILIEHHAs
TeMIeparypa, AeHcTBUE yJIbTPapuOIECTOBOIO WIM PAJUOAKTUBHOTO H3IYUYSHUS W/UIU
MPUCYTCTBUE MHUIIUATOPOB — UCTOYHUKOB aKTUBHBIX CBOOOIHBIX PAJIUKAIIOB.

['ereponutrueckuii pa3pbiB cBsizeii C—C u C—H B OOBIYHBIX yCIIOBHUSIX HE
MIPOUCXOJIUT, TIOFTOMY MOHHBIC PEAKIIUU JJIsSI TPEACIIbHBIX YTIIEBOAOPOJIOB HE TH-
MAYHBL. DTO MPOSBISAETCA B YCTOMYMBOCTH aJIKAHOB K JICHCTBHUIO MOJISIPHBIX pea-
reHTOB (KHUCIIOT, Ienouei, okucaurene nonHoro tuna: KMnQO,, K,Cr,O7 u 1.11.).

[IpenenbHas HACBHIIIEHHOCTh AJKAHOB HE JOMYCKAET PEAKIUA MPUCOEIU-
HEHMS, HO HE MPEMATCTBYET PEaKIUsAM Pa3IOKEHUS, U30MEPU3ALIUM, JITUMUHU-
poBaHus (OTIICTIJICHUS) ¥ 3aMEIIICHHUS.

B 3aBHUCMMOCTH OT TOTr0, Kakasi CBsI3b B MOJICKYJI€ Pa3phbIBACTCs B MEPBYIO
oudepe/lb, PEaKIMu aJIKaHOB MOJIPA3ICIISIIOTCS Ha CJICIYIOIINE TUIIBI:

e ¢ pa3psiBoM cBsizeil C—C mpoucXonsT peakuuu paznodtcenusi (KpeKUHT
aJIKaHOB) W PEAKIIUU U30Mepu3ayuy yriiepoJHOrO CKEJIeTa;

e 10 cBs3dM C—H BO3MOXHBI peakiuu 3amewenus aTroMa BOJAOPOJia WIH
ero omuenienus (IETUIPUPOBAHUE AJTKAHOB), a TAK)KE€ HEKOTOPBIE CTAJMH Kpe-
KUHTa U U30MEPHU3alluu aJIKaHOB;

® aTOMBI YIJepoJia B ajKaHaX HaxoJsITCs B Hanboyiee BOCCTAHOBJIECHHOM
dbopme (cTeneHb OKUCIICHUS YTriepoja, HampuMep, B MeTaHe paBHa —4, B dTaHE
—3), 1 B MPUCYTCTBUU OKHUCIHUTENICH B ONPEJAEICHHBIX YCIOBHUIX MOTYT MPOUC-
XOJUTh PEAKIINM OKuUCaeHUs allkaHoB ¢ ydyactueM cBszeid C—C u C—H.

Peakiiuy ajikaHOB HE TOJIBKO XapaKTEPU3YIOT XMMHUUYECKHE CBOMCTBA ATHUX
COCMHEHUN, HO M TMOKAa3bIBAIOT MYTH MX MPAKTHUUYECKOTO HUCIIOIb30BaHUs, TaK
KaK CJIy»aT CIIoco0amMu TIOTyYEHHUsI TIEJIOTO Psijia IIEHHBIX MPOIYKTOB.
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KpekuHr — nporecc TepMUYECKOT0 Pas3ioKeHUs YIiIeBOI0OPOAOB, B OCHOBE
KOTOPOTO JIeXkKAaT PEAKIMU PACIIEIICHUS YTIIEPOAHON LEMU KPYIHBIX MOJIEKYII C
00pa3oBaHMEM COEIMHEHHU ¢ OoJjiee KOPOTKOM 1enbio. TepMUUYecKuil 1 KaTaiu-
TUYECKUN KPEKUHT aJIKaHOB SIBJISIFOTCS. OCHOBOM nepepaboTKu HEPTH.

[Ipu Temmeparype 450-700°C B MoJiekysax ankaHoB (yCJIOBHO,
RCH,CH,R") mpexxne Bcero romonutudecku paspsiBatotcsi cBszu C—C (6onee
npounsie cBsi3u C—H mpu Takoit Temneparype B OCHOBHOM coxpansitorcs). O0-
paszosasiuecs paaukaisl R® u *CH,CHLR' B pesynbTare QUCIPONOPLIUOHUPO-
BaHus npeBpamarorcs B ankanbl RH u ankenst CH,= CHR' ¢ MeHbIIMM ynciiom
YTIEPOIHBIX aTOMOB. B 00111eM BU/Ie 3TOT MPOIIECC MOXKHO BBIPA3UTh CXEMOM:

CnH2n+2 d CmH2m+2 + CpHZps rac m + p=n

[Ipu Gonee Bbicokor TemnepaTtype (cBoime 1000 °C) mpoucxoauT pa3phiB
He TonbKo cBsa3eit C—C, Ho u Gonee mpounbix cBsizeit C—H. Hanpumep, Tepmu-
YECKUU KPEKUHT (MUPOJIU3) METaHa MCIOJIb3YeTCs Uil TOJyYeHHs Caxu (Juc-
ThIN yraepon) u Bogopona: CHy — C +2H,

[Ipu KaTaTUTUYECKOM KPEKHUHIe MPOLECcC JECTPYKIHUHU aTKaHOB COMPOBOXK-
JAeTCs PEeaKIUsAMHU UX U30MEpU3alluu U JeTUAPUPOBAHUSL.

N3omepu3anus. AnkaHbl HOPMAJIbHOTO CTPOEHUS O] BIUSHUEM KaTallM-
3aTOPOB U MPU HarpeBaHUU CIIOCOOHBI MPEBPAIIATHCS B Pa3BETBICHHBIC ATKAHBI
0e3 U3MEHEHHUs COCTaBa MOJIEKYJI, TO €CTh BCTYNATh B PEAKLUU M30MEPHU3ALIIH.
B 3TuX peakuusix y4acTBYIOT ajJKaHbl, MOJEKYJIbl KOTOPBIX COAEPKAT HE MEHEE
4-x yriepoaHsix atoMoB. Hanpumep:

100°C, AICI, GH,
CH;-CH;~CH;~CH;~CH, > CH;7CH—CH;-CH,
H-NeHmau 2-memunoymau

I/I30Mep1/13au1/1;1 H-aJIKAHOB UMCCT BAXKHOC 3HAUCHUC IJId YJIYUHICHUA Ka4YCCTBa 6€H3I/IHa,
IMMOCKOJIBKY PA3BCTBJIICHHBIC aJIKAHBI ITOBBIIAIOT €ro ACTOHAIIUOHHY IO YCTOfIqHBOCTB.

JNeruapupoBanue. [Ipy HarpeBaHUM aIKaHOB B IPUCYTCTBUH KaTalIN3aToO-
POB MPOUCXOIUT X Kamaiumuyeckoe decuopuposarnue — pa3pbiB cBsazeit C—H u
OTILEIUICHHE aTOMOB Bojiopojia. Karammzaropsl — metaiiel (Pt, Pd, Ni, Fe) wim
okcuanl MmeTaioB (Cr,Os;, Fe,03, Zn0).

CrtpoeHrie TPOIYKTOB JETHAPUPOBAHUS 3aBUCUT OT YCJIOBHH PEAKIUU H
JUTMHBI OCHOBHOM 1I€TIA B MOJICKYJIE UCXOIHOTO ajJKaHa.

o U3 Hm3mmx ankaHoB C,-C, mpu HarpeBanum Haj Ni-KaTaau3aTopoM
MOJIYYarOT AJIKEHBI:
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t, Ni t, Ni
CH;CH, > CH=CH, CHyCHyCH, —'> CH=CH,CH,
9MaH R 9muieH nponau ) nponex
—> CH;7CH—CH—CH, + H,
t, Ni oymen-2
CH;-CH;CH;-CH, Y
H-Gyma > CHy=CH—CH;—CH, + H,
oymen-1

B mpucyrctBum karanmuzatopa Cr,O3/Al,O3 mpu 450-650 °C u3 x-OyTaHa moOIy4aroT

takke oOymaouen-1,3 CH,=CH-CH=CH,.

e AJIKaHBI, COJIeprKalllie B OCHOBHOM Iienu OoJiee 4-Xx aTOMOB yIJIEpO/a,
Oylarogapsi COCOOHOCTU MOJIEKYJI MPUHUMATh KJICIIHEBUAHBIE KOH(OpMAINH,
MOTYT BCTYIaTh B PEAKIUU Oecuopoyuxnuzayuu (AeTUIPUPOBAHNUE C 3aMbIKaHH-
€M LIeH B IIUKII). B ciydae x-meHTaHa U €ro aJIKWIbHBIX MTPOU3BOJIHBIX IIPU Ha-
rpeBaHuu Haj Pt-katanu3aTopoM BOAOPOA OTILEIUISIETCS OT KOHLEBBIX ATOMOB
YTIEPOJHOM Lenu U 00pa3yeTcsl MATHYIEHHBIN KapOOLUKIL:

¢H, GH, 300 °C, Pt
H,C-CH—CHCH—CH, ———=  CHj CH, + H,

EI @ 1,3-oumemun-

2,4-0umemunnenman YUKTONEHMAH

e B peakuun ankaHoB ¢ ocHOBHOM 11enbl0 Cq (M OoJiee) TakkKe MPOUCXO-
JTUT ACTUAPOIUKIN3ALUSI, HO ¢ 00pa3oBaHUEM O-4JICHHOTO IMKJIA, KOTOPHIA B
ATUX YCJIOBUSX MOABEPraeTcs JajdbHEUIleMy IeTUIPUPOBAHUIO U MIPEBPAIACTCS
B DHEPreTUYECKU 00Jiee yCTOWYUBBIN OCH30JbHBIN UK apOMaTUYECKOTO yTJe-
BOJIOpO/ia (apeHa):

?HZ—CHZ—CHZ—CH3 350-400 °C, Cr,O, CH, CH,
CH;—CH;~CH, -H, - - 3H,

H-2eenman MEMUNYUKTO2EKCAH MemunbeH3on
(monyon)

[TonoOHbIe peakiuy JiexkaT B OCHOBE IMpoliecca pugopmunea — nepepadboTku HedTH C
LEJIBIO TIOJTyYEHUs] apeHOB M Bojopoja. [IpeBpaleHue H-alkaHOB B apeHbl BEAET K
YIIy4YIICHUIO IETOHAIMOHHOW CTOWKOCTH OCH3MHA.

L HpOMBIHIJ'IeHHOC SHAYCHUC UMCECT PCAKIUA MCIKMOJICKYJIAPHOIO ACTUI-
pyUupOBaHHA MCTAaHa JIS IMOJIYUCHHA allCTUIICHA!

1500 °C _
i, jen B0 c=eon -,

ayemuieH
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Oxuciienue. B 3aBUCHMOCTH OT yCJIOBHM PEAKLMM AJIKAHBI MOTYT OKHC-
JSTHCSI ¢ 00pa30BaHUEM PA3IIUUYHBIX COSIUHEHUH.

[Ipn 0OBIYHOI TemIepaType ajKaHbl HE OKHUCISIOTCA Jake CUJIIbHBIMU
okucnurensimMu (H,Cr,O7, KMnO, 1 1.11.). C apyroi#t CTOpOHBI, PU BHECEHUU B
OTKpPBITOE TUIaMsl aJikaHbl ropAT. [Ipu 3TOM B U30BITKE KUCIOPOAA MPOUCXOIUT
ux noanoe okucaenue 10 CO,, T1ie yriiepol UMEET BBICIIYIO CTEIIEHb OKUCIICHHUS
+4, u Boabl. ['opeHue yriieBogopoa0B MPUBOJIUT K pa3phiBy Beex cBszeil C—C u
C-H u conpoBoxpaaetcsi BbIJEICHHEM OOJIBIIOTO KOJIMYECTBA Teruia (3K30Tep-
MHUYECKas peakiiys). ITOT MPOLECC IMUPOKO TPUMEHSIETCS JUIsl OTyUYEHHUs SHEp-
TUU B JIBUTATEIIAX BHYTPEHHETO CrOPaHMs, B TEIJIOBBIX AJIEKTPOCTAHIIUAX U JIP.

VYpaBHEHUE peakuy rOpeHus aJIKaHOB B 0OILEM BUJIE:

CiHyo + Bn+1)20, —> nCO; + (n+1)H,O + Q

[Tpu ropeHnH BBICHIMX aJIKAaHOB (n>>1) KUCIOPOJa, COEPIKAIIETOCs B BO3/AYXE, MOKET
OKa3aTbCs HEJOCTATOYHO JJIs UX nosiHoro okucienus 10 CO,. Torma oGpasyrorcs npo-
JIYKTbl YaCTHYHOTO OKUCIEHHUA: yeaphbviti 2a3 CO u caoica. 1103TOMy BBICIIME aJIKaHbI
TOpST Ha BO3AyXe KONTALIMM IJIAMEHEM, a BBIICIISIOIIUIICS OMYTHO TOKCUYHBIN yrap-
HBIN ra3 (0e3 3amaxa u 1IBETa) IPEICTaBISIET ONAaCHOCTh JIJISl YEJIOBEKA U )KUBOTHbIX.

Henonnoe oxucnenue ankaHoB B IPUCYTCTBUU KaTaJIU3aTOPOB MPU OTHOCHU-
TEJbHO HEBBICOKOM TeMIlepaType COMPOBOXKIAETCS Pa3pblBOM TOJIBKO YaCTH
ces3eil C—C u C—H. Katanutuyeckoe OKUCIEHUE UCTIONIB3YETCS JJISL TOIYUYEHUS
IIEHHBIX KHUCIOPOACOEPKAIINUX MPOAYKTOB: KapOOHOBBIX KHUCIOT, KETOHOB H
np. Hanpumep, nmpu HENMOJIHOM OKHUCIIEHUU H-OyTaHa B MPOMBIILIEHHOCTH MOJTY-
YaloT YKCYCHYIO KUCTIOTY:

CH3—CH2—CH2—CH3 + 302 —> 2CH3COOH + 2H20

H-Oyman VKCYCHAs KUCTIOMA
Bricmue ankansl (n > 25) B xuakoil (asze moja AecTBHEM KHCIOpOAa BO3AyXa B MpH-
CYTCTBUU COJICH MapraHiia MpeBpamiaoTcs B CMECh KapOOHOBBIX KUCIIOT C JTMHOH IeTH
C2-Ci3, KOTOpBIE UCTONB3YIOTCS JJIS TOJYYSHHS] MOIOIIUX CPEACTB U MOBEPXHOCTHO-
AKTUBHBIX BEIIICCTB.
HpaKTI/I‘IGCKOG SHAYCHUC HUMCCT PCAKIUA HCIIOJHOTI'O OKHCJIICHHA MCTaHa
NeperpeThiM BOASHBIM IMapOM, B Pe3yJIbTaTe KOTOPOU oOpaszyercs cMeCh OKCHIa

yraepoja (I1) ¢ Bonopogom — cunmes-eas:

800 °C, Ni

CH, + H,0 3H, + CO

CuHmes- 2cas3

CuHTe3-Ta3 CIy)XHUT CHIpbeM B MPOU3BOJICTBE CHHTETHUECKOTro OcH3uHa (amkaHbl Ce-
Ci2), Meranona, dopManpaeruaa (okcocunmes) M APYTUX OPTaHWMYECKUX BEIICCTB, a
TaKXe BOAOPO/Ia.
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Peakuuu 3amemenusi. B Monekynax ankanoB cBsisu C—H mpocTtpaHcT-
BEHHO 0oJiee JOCTYMHBI JIJIsi aTaKu JPYTUMHU YaCTUIAMHU, Y€M MEHee MPOYHBIC
cBa3u C—C. B omnpeneneHHbIX YCIOBUSX MPOUCXOAUT pa3pbiB umeHHO C—H-
CBSI3€H M OCYIIECTBIISICTCS 3aMEIEHUE aTOMOB BOJOPO/a Ha APYrUe aTOMbI WIH
rpynmsl aToMoB. Hanbosiee BaXKHBIMU pEaKIMsAMU 3aMEIICHHs B PSy aJKaHOB
SBIIIOTCSL PEAKIUU 2aAl02CHUPOBAHUS, HUMPOBAHUS, CYIbQDOXIOPUPOBAHUS W
CYIb@OOKUCTIEHUSL.

T'anozenuposanue ankanog — peaxiys 3aMeIICHUS] OJTHOTO UJIN HECKOJIBKUX
aTOMOB BOJIOpOJIa B MOJIEKYJIe ajKaHa Ha rajioreH. [IpoayKTsl peakiiuyu Ha3biBa-
10T TaJIOT€HAJIKAHAMH WJIM TaJIOr€HOMPOU3BOIHBIMHU aJIKAaHOB (CM. Takxke 2.2).

AKTUBHOCTh TaJOr€HOB B O3TOM peaklMH YyMEHbBIIAETCS B  PAILY:
F > Cl > Br > [. BzaumoeiicTBue ajakaHoB ¢ XJIOPOM U OpOMOM MPOUCXOAUT Ha
CBETy W/WJIH TIpU HarpeBaHuu. B 3Tux ycnoBusx Grop pearupyer oueHb OypHO
(co B3pBIBOM), a HOJT HE BCTYMNAET B PEAKIIUIO.

[TpakTHueckoe 3HaUeHUE UMEET peaK s XJIOPUPOBAHUS METAHA:

hv
—_—

CH, + Cl, CH,Cl + HCl

xXjaopmemanr
[Ipr DOCTaTOYHOM KOJIMYECTBE XJIOpa PEAKHHUS MOXKET MPOJOJKATHCS
JabIlIe W MPUBOJIUTH K 00pPa30BaHUIO CMECH MPOAYKTOB 3aMEIICHUs 2-X, 3-X |
4-X aTOMOB BOJIOPOJA:

CH & CH,Cl1 le> CH,Cl, —>C]2 CHCl, L]Z> CCl
Y -HCl ’ -HCl ? -HCI -HCI !
X710pMeman ouxI0pMeman MPUXIOPMEmaH mempaxiop-
(xnopogopm) MemaHn

XJIOpOHpOI/IBBOI[HI)IG MCTaHa MPUMCHAIOTCA B OpPraHUYCCKOM CHHTE3C, HCIIOJIb3YIOTCA
Kak pactBoputenu u ¢ppeonsl, a CCly 1 B KauecTBE IPOTHUBOIIOKAPHOTO CPEACTBRA.

["amorennpoBaHre ajaKaHOB MPOTEKAET MO paoUKAIbHOMY YEenHOMY Mexa-
HU3My, TO €CTh KaK LIeMb MOCJIECIOBATEIIbHBIX MPEBPAIEHUN C Yy4acTUEM CBO-
00JTHO-paIMKabHBIX YacTUIl. MeXaHu3M paJuKalIbHOTO 3aMelleHrs 0003Hava-
eTcsi cuMBOJIOM Sg (0T aHra. Substitution Radical).

PaccMoTpuM 3TOT MeXaHU3M Ha MIPUMEPE MOHOXJIOPUPOBAHUS METAHA.

Cranus 1: 3aposcoenue (unuyuuposarnue) yenu — NMOSIBIICHUE B 30HE pPeak-
U CBOOOIHBIX pangukanoB. [log melicTBHEM CBETOBOW YHEPTUU TOMOJIATHYE-
CKH paspbiBaercs cBsa3b B Mosiekyiae Cl:Cl Ha nBa atoma xsopa “Cl, sBIsSrOIIUX-
csl CBOOOTHBIMU pajiMKaiaMy (4acTUIIaMU C HECTIAPEHHBIM AJIEKTPOHOM):

hv
Cl, — 2cr°
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Cranus II: pazeumue (pocm) yenu. CBOOOAHBIC paUKAIIbI, B3AUMOJICHCTBYS
C MOJICKYJIaMU, TIOPOXKAAOT HOBBIE PAJMKAIIBI M PA3BUBAIOT IIETIb IPEBPAILICHUI:

Cl* + CH, — HCI + °CH,
“CH, + Cl, CH,Cl + CI*

Peaxuus C1° + CH; — CH;Cl + H® He uaer u3-3a BLICOKON SHEPTUU aKTUBAIMH, TAK KaK
SHEPrHsl aTOMapHOro Boopoaa H' 3HAYMTeENBHO BhIIIE, YeM METHIILHOTO paaukana “CHs.

Cranus I11: 06pvie yenu. Pagukanel, coenunssicb (peKOMOUHUPYS) APYT €
JIpyrom, o0pa3yroT MOJIEKYJIbl U OOPBIBAIOT 1I€b PEBPAIICHUIA:

'CH3 + 'CH3 W HZC—CH3
‘CH3 + CI° W CH3CI

[Ipu xnopupoBaHuM U OPOMUPOBAHUM AJIKAHOB, COAEPKAIIUX B MOJIEKYJe
BTOPUYHBIE U TPETUYHBIE aTOMBI YTJIEpOa, JIETYe BCET0 UAET 3aMelleHre BOJIO-
poaa y TPETUYHOTO aToMa, TPyJAHEE Y BTOPUUHOIO U €Ile TPY/IHEE Y TePBUUHO-
ro. 910 OOBACHSIETCS OTHOCUTEIBHON YCTOWYMBOCTHIO MHTEPMEIUATOB — MPO-
MEXYTOYHO 00pa3yroImuxcsi CBOOOTHBIX paauKaioB. BeriencTBue aenokanusa-
MM HECIapeHHOI0 AJIEKTpoHa 3a cueT 3ddekra cBepxconpsykenus [4, 10] yc-
TOMYUBOCTH CBOOOIHBIX PaJMKaIOB BO3PACTAET B PANY:

.CH3 < .CHzR < .CHRZ < .CR3
Boobmie st peaknuii pagukaqbHOTO 3aMEIICHHs] B aJlkaHaX XapakTepeH
CICAYIONIUN TOPSAIOK YBEIWYEHUs] peakMOHHOU crnocoOHoctn C—H-cBszel B
COOTBCTCTBHU C UX BHCpFI/ICfIi
H3C_H < CnepB._H < CBTO])._H < CTpeT._H

OHeprus cBs3y, 435 410 393 377
k/[x/Momb

B peakuusix raqoreHUpoBaHMs aakaHoB aTomapubiii xyiop Cl° kak Gosee
aKTUBHBIM pearcHT IeWCTBYeT MeHee M30mparesbHo, yeM Opom Br'. ITostomy
IpU XJIOPUPOBAHUU 0Opa3yeTCsi CMECh M30MEPHBIX XJIOPATKAaHOB (NEPBUYHBIX,
BTOPUYHBIX, TPETHUYHBIX). [Ipn OpoMHUpOBaHUM peaklus pecuocenreKmusHa, T.e.
SIBHO Npeo0IajaeT OJMH U3 BO3MOXHBIX MpoaykToB. Hanmpumep, npu Opomupo-
BaHUU TPOTAaHa OCHOBHBIM MPOAYKTOM pPEaKIUu sBisieTcs: 2-Opommpornan (co-

nepskanue nsomepHoro 1-opommnponana CH,Br-CH,-CH; B 50 pa3 menbliie):
CH—CH-CH, + Br, ~212C+ CHCHB-CH, + HBr
nponam 2-6pomnponan
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Humpoeanue. Ha anxanpl 1elicTByeT pa30aBieHHas a30THAsI KUCJIOTa IpH
HarpeBaHuM U JIaBlieHUH (peakyus Konosanoea). B pe3ynbrare NpoucXoauT 3a-
MEILIEHNE aToMa BOAOPO/Ia Ha OCTaTOK a30THOM KHUCIIOTHI — HUTporpyniy -NO,.
OTy peakIUio Ha3bIBAIOT pEeaKlMell HUTPOBAHMS AJIIKAHOB, a IPOAYKThHI PEAKIIU
— HUTPOCOEAMHEHUSIMU WM HUTPOAIKAHAMHU.

140-150 °C, p
R NO, ———— R—NO, + H,0

AIKAH HUMpoaikan

HutpoBanue ajikaHOB MPOUCXOIUT PETUOCEIEKTUBHO (JIErde 3amellaeTcs
BOJOPOJI IPU TPETUYHOM, 3aT€M BTOPUYHOM aTOMax yriiepojia Mo CPaBHEHUIO C
HNEPBUYHBIM).

[TpakTHueckoe 3HaYEHHE UMEIOT TAaKKe peakuuu cyabgoxiopuposanus (I)
u cyavgookucaenus (1) ankanoB Cip-Cig:

h
R-H+S0, +CL, —= R-80,-Cl +HCl  (I)
aﬂKaﬂchlb?OHuJZ—
xnopu

hv
R-H+ 280, +O, + HjO — R-SO,-OH + H,SO, (II)
ANKAHCYNbGhO-
HUL08A5 KUCIOMA

[lefictBueM Ha IPOMYKTHI 3TUX PEAKLUN TMIPOKCUAOM HATPHUS WIH KW IOJIYYaroT
COOTBETCTBYIOIIUE COJHU (aJIKaHCYJIb(OHATHI), KOTOpbIE 00Jagar0T MOIOIIUMH M TIO-
BEPXHOCTHO-aKTUBHBIMH CBOHCTBAMHU.

1.1.5. Cnocoo6wl nonyuenus

AJKaHBI BBIIEISIOT U3 MPUPOAHBIX UCTOYHUKOB (IPUPOJIHBIN U MOMYTHBIH
HeTSIHOH Ta3bl, HeYTH) M MOIYYAIOT C MOMOIIBIO PA3IMYHBIX METO/0B, OCHO-
BaHHBIX HA XUMUYECKHUX MPEBPAIICHUSIX.

1. Kpekunr nedtu (cm. 1.1.4):

CH . —Y > cCcm . + CoonHogrmn

n 2n+2 m- 2m+2
AJNIKAHbL AJIKeHbl

IIpu mecTpyKumy MOJIEKYJI BBICIIMX QJIKAHOB IOJy4aeTCsl HE TOJBKO Ka4e€CTBEHHOE I'0O-
proyee Uil IBATATEIIEH, HO U LICHHOE CBIPbE [UIsl OPraHNYECKOTO CUHTE3A.

2. MeraH, NIOMMMO OCHOBHOI'O MCTOYHHKA (IIPUPOJHOTO rasa), MoJydaroT
razudukalnuen TBep0ro TOIMBa (TUIPOTeHU3AUEH YIJIeH) MTPU MOBBIIICHHOM
TeMIIepaType U JaBICHUU, KaTanu3atop Ni:

C+2H, ——— CH,4
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3. U3 cunres-raza (CO + H,) nonyyarot cMech ainkaHoB (cm. 1.1.4):

nCO + (2n+1)H, —> C,H, , + nH,0

2n+2
4. 'mapupoBaHue aJKeHOB M aIKMHOB Hajl KaTanuszatopamu (Pt, Pd, Ni):

H, 2H,
CiHyy — CiHono «—— CiHono
Anxerol AJIKAHbL AJIKUHbL
[l BOCCTaHOBIIEHUSI KPATHBIX CBSI3EM MCIOJIB3YIOT TAKKE BOJOPOJ B MOMEHT BbIJIEIIE-
HUs (HaTpHUil + 3TAHOJ WM IIUHK + KUCJIOTA).
5. Boccranomienue rajgoreHankaHoB (cMm. 2.3.5):

R-Hal + 2[H] — R-H + HHal

6. Peakuus Bropua — cMHTE3 M3 rajoreHajJKaHOB MPU JICUCTBUU METAJIH-
YECKMM HaTpueM. DTUM METOOM MOJy4YalOT CUMMETPHUUYHBIE aJKaHbI, MOJIEKY-
JIbI KOTOPBIX COCTOSIT M3 JBYX TOXJACCTBEHHBIX YTJIEBOJOPOJHBIX (PparMeHTOB
(coco6 yaBoeHUs yriaepoaHoro ckenera). Hampumep:

2(CH;),CHBr + 2Na —> (CH3),CH-CH(CH3), + 2NaBr
U30NPONUIOPOMUO 2,3-oumemunoyman
7. [lony4yeHue aikaHOB U3 CoJiel KapOOHOBBIX KUCIIOT:
a) CIUIaBJICHUE CO 1IEJIOUbI0 (peakyus Homa)

_ t
CH,CO0 Na© + NaOH —= cH,} + Na,co,
ayemam Hampus

0) aHonHbIN cuHTe3 (peakyus Konvoe)

AJIEKTPOITH3

-+
JRCOO Na' + 2H,0 R—R + 2¢0,} + 1 + 2NaoH

Ha a”HoagC Ha KaTtoae
8. MeraH moyy4yaroT MpHU Pa3JIOKEHUHU KapOUJOB METAIOB (METaHUIOB)
BOJIOM:

ALCs + 12H,0 —> 4AIl(OH); 4 + 3CH, T

1.2. AJIKEHbBI

o AnxeHvl (amunieHo8ble Yene8000poobl, ONle@uHbl) — 3MO HenpeoeivbHbvle
Y2l1e8000p00bl, MOJEKYIbl KOMOPbIX codepicam 080UHYI0 c6:3b. Obwasn gop-
myna ankenos CyHay.

[Ipocrenimme npeacTaBuTEINu:

CH,=CH,; — smunen (amen), CH,=CH—CH; — nponunen (nponen).

28



1.2.1. Obwaa xapaxkmepucmuka

OCHOBHBIM CTPYKTYPHBIM HPHU3HAKOM AJIKEHOB SIBJIAETCS HAJIMYHUE CBS3H
C=C, B 00pa3oBaHMM KOTOPOil ydYacTBYIOT [BA aToMa Yriiepoga B sp-
ruOpUIN30BaHHOM COCTOSIHUU [4]. DTa CBSI3b OCYIIECTBISACTCA ABYMS Hapamu
JIEKTPOHOB U SIBIISIETCS] COUETAHUEM KOBAJIEHTHBIX G- U T-CBs3ed. 6-CBsI3b BO3-
HHUKACT IIPH OCEBOM MEPEKpPbIBAHUH 2sp°-THOPHIHBIX OpOHMTasel, a T-CBSI3b —
npu GOKOBOM MEPEKPhIBAHAN 2p-0pOUTATIEH COCETHUX Sp°-aTOMOB YIIEpOIa.

ITo cBoeil npupojie T-CBA3b PE3KO OTIMYAETCS OT G-CBS3U: T-CBSI3b MEHEE
pOYHasl BCIAEACTBUE MEHbLIEH 3((HEKTUBHOCTH NEPEKPBIBAHMS p-OpOUTaneil u
COCPEOTOYEHUS T-3JIEKTPOHOB BHE MEXBAAEPHON OCH. ITO ONPENEIAET TAKKE
OONBIIYI0 TOABMKHOCTh T-3JIEKTPOHOB, T.€. BBICOKYIO MOJSIPU3YEMOCTh T-
CBSI3H.

o-CBsi3u, obpasyemble Tpems 2sp°-THOPHIHBIME OpPOHTATAMHU YIIIEpoja,
HaXOJSITCS B OHOM TutocKoCcTH moj yriom 120°. TTosToMy MosieKkysa mpocTeii-
IEro aJIkeHa — ATUJIEHA — UMEET IJIOCKOE CTPOCHHUE:

IMaockocTE
ITnockocTe T-CBHIH

J-ceazei G —O
N , : H .. .H

Homenkaarypa. Ha3Banus ajikeHOB NMPOU3BOAAT OT HA3BAaHUM COOTBETCT-
BYIOIIIMX aJIKaHOB (C T€M K€ YHMCJIOM aTOMOB YIJIEpOJia) MyTeM 3aMeHbI Cy(d-
¢duKca -an Ha -eH: STaH — TeH; NPOoNaH —> MpoIeH; OyTaH — OyTeH U T.J.

['maBHass 1enb BBIOMpAETCS TakUM O0Opa3oM, 4YTOOBI OHa 00S3aTENIbHO
BKJIFOYasa B ce0sl ABOMHYIO CBsI3b (IIPU 3TOM OHA MOXKET ObITh HE CaMOW JIMH-
HOI). HyMepanuio yriepoHbIx aTOMOB HAUMHAIOT C OJIMKHETr0 K JBOMHON CBS-
3u kKoHIa nenu. [{udpa, o603HaYarOIIas MOJ0KEHUE TBOMHON CBS3HM, CTABUTCS
o0br4HO Tocie cyddukca -en. Hanpumep:

6 5 4 3 2 1
CH;- (I?H —CH~ (IZ =CH-CH, S-memun-3-nponuncexcen-2

CH, CH; CH;-CH,

JIIsl IPOCTEHIIMX aJKEHOB MPUMEHSIOTCS TaKXKE HCTOPHUYECKU CIIOMKHUB-
IIMecs Ha3BaHus: smujieH (3TEH), nponuier (IporeH), oymuner (OyTeH-1), uzo-
oymuien (2-METUIIIPOTICH).

B HOMeHKIaType OpraHMYecKHWX COCTUHEHWN HamboJee 4acTo HCIOIb3Y-
I0TCS CIICAYIOIINE OJHOBAJICHTHBIC PAJIUKAIBI AJIKEHOB:
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-CH=CH; — sunun, -CH,~CH=CH, — anmu.

N3omepus. B psay ankeHoB nposiBisieTcst 6oJiee pazHooOpa3zHast H30MepHst
110 CPABHEHHUIO C AJIKAHAMM.

CmpykmypHas uzomepus

— M30MEpHs TIOJIOKEHHUS KpaTHOM cBsi3u, HaunHas ¢ C4Hg:

CH,=CH-CH,-CHj (6ymen-1) u CH3-CH=CH-CH3; (6ymen-2);
— u3omepus yraepoanoro ckenera (¢ C4Hg), Hanmpumep:
CH,=CH-CH,-CHj3 (6ymen-1) u CH;=C(CH3), (memunnponern);

— MEXKJIacCOBasi M30MEPHs ¢ IUKIIoankaHaMu, HaunHas ¢ C;Hg:

S
nponex YUKIONPONAaH

IIpocmpancmeennasn uzomepus aakeHOB CBA3aHA C PA3JIMYHBIM I10JIOKCHU-
€M 3aMECTUTENIEH OTHOCUTEIIBHO JIBOMHOM CBSI3U, BOKPYTI KOTOPOUW HEBO3MOKHO
BHYTPHUMOJIEKYJISIPHOE BpauieHue (n-ouacmepeomepust) [10].

AJIKEHBI, UMEIOIUE Y KAKIOT0 M3 ABYX aTOMOB yIJIEpOJa IIPU JIBOMHOM
CBA3M DAa3jIUYHbIC 3aMECTUTENIM, MOIYT CYIIECTBOBaTb B BHIE JBYyX T-
MacTepeoMepoB (yuc- U mpanc-, i Z- u E-), OTIIMYAOIIUXCS pacIlONOXKEHHU-
€M 3aMECTUTEJIEH OTHOCUTEIBHO IIOCKOCTH T-CBsi3H. Harmpumep, B Mojekyie
oyrena-2 CH;—CH=CH—-CHj; rpynnsl CH; MoryT HaxoguThcsi Ju0O MO OIHY
CTOPOHY OT IUIOCKOCTH T-CBSI3U B yucC-U30MepeE, JIMOO M0 pa3HbIE CTOPOHBI B
mpanc-n3oMepe. IIpocTpaHCTBEHHOE CTPOEHHE T-IAHACTEPEOMEPOB OTPAKAIOT
UX MPOEKLIHUOHHBIE (POPMYIIBIL:

yuc-u3omep mpanc-u3oMep
H\ /H H\ /CH3
Cc=C C=cC
/ \ s/ N
H,C CH, H,C H
(Z)-6ymen-2 (E)-Oymen-2

7-/[uacmepeomepbl OMAUUAIOMCA HE MOALKO PUIUYECKUMU, HO U XUMUYECKUMU CBOU-
cmeamu, NOCKOIbKY COMUdNMCEHUe Unu yoanenue yacmeti MoaeKyIvl opye om opyaa  npo-
cmpancmee cnocoocmeyem Uy npensimcmesyem XuMuiecKomy 63aumooetiCmauro.

dusnyecKkne CBOMCTBA aJJKCHOB CXOJHHBI ¢ ajlkaHamu. Husiime romosoru
C,H4-C4Hg — rasel, ankensl CsHiog-Ci7H3z4 — &uaKOCTH, nanee — TBEpJIble Bellle-
CTBa. AJIKEHBI TPAKTUYECKU HEPACTBOPUMBI B BOJIE, HO XOPOILIO PACTBOPSIIOTCS B
HETOJISIPHBIX OPraHUYECKUX pacTBOpUTENAX (OE€H30J1, TeTpaxyiopMeTaH, dUPHI
U T.IL.).
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1.2.2. Xumuueckue ceoiicmea aikenoe

Peakmmonnasi cmocoOOHOCTh aTKEHOB OINPEACIISICTCS MPEXK]Ie BCETO HATNYH-
eM B ux Mmoiiekynax cBszu C=C, KOTopas 3HAYUTEIHLHO AKTUBHEE OJMHAPHBIX
ceszeit C—C u C—H. IlosTomy ankeHsl Oosiee peaKIIMOHHOCIIOCOOHBI TT0 CpaBHE-
HUIO C alTKaHAMHU.

1.2.2.1. Peakuumu npucoequHeHHsI

AJIKEeHBI BCTYIAKOT B PCAKIUU IMTPHUCOCIUHCHUS C PA3JIMYHBIMU pCarcHTaMu.

Pearent IMpoaykT peakuun Tun peakuuu
HCI
> H;C—C%Cl T'udpoeanozenuposanue
H,0(H") ~ ~
2 - -
- H—C—COH Tuopamayus
H,SO
224 H>C—C—OSO u Cynvgpamuposanue
- N 3 (cynoghosmepugpuxayusi)
\C:C/ Br2 > B >C_C/_B I
~ < > r— Br anoceHuposanue
- é IC Ionumepusayus
> — 1
—C—C, pusay
H, (Ni) . ~ ~ T'uopuposanue
- HZC—CTH (soccmanoenenue)
KMnO, (H,0)
4 Hoc—cZomn T'uopokcunuposanue

- N (oxucaenue no Bacnepy)

Bo3MokHbIE MEXaHHU3MBl 3THUX pEakUui ONpeAesstoTcs OCOOEHHOCTAMHU
cBsa3u C=C.

1. 3a cuer m-3JIEKTPOHOB HA JBOWHON CBSI3M B MOJIEKYJIaX aJIKEHOB cocpe-
JIOTOYEHA MOBBIILIEHHAS MEKTPOHHAs! IIOTHOCTh. [1oaTomy cBsizb C=C ckioHHa
MOJIBEPraThCs aTake 3MEeKTPOPUIBHBIM (JIEKTPOHOAEPUIIUTHBIM) peareHToM. B
3TOM city4ae OyAeT MPOUCXOJUTh TeTePOIUTHUYECKUN pa3pbiB T-CBSA3H, U peakx-
Us TOUIET MO0 MEXAHU3MY 91eKmMpPOoPUIbHO20 NpUcoeouHenus, KOTopblid 000-
3Haudaercsa cuMmBoiioM Adg (ot aurit. Addition Electrophilic).

2. C npyroit CTOPOHBI, yIaepoA-yIriepoaHast T-CBs3b, SBISSICh HETIOJISPHOM,
B OTPE/ICIICHHBIX YCIOBUSAX MOXET Pa3pbIBATHCS TOMOJIUTUYECKH, M TOT/Ia peaK-
uus OyleT UIATU N0 MEXAHU3MY paoukaibHo20 npucoeounerus — Adg (OT aHTIL.
Addition Radical).

Takum 00pa3oM, MEXaHU3M MPUCOCIUHEHUS 3aBUCUT HE TOJIBKO OT CTpoOe-
HUS aJIKEHAa, HO U OT MPHUPOJIBI pEareHTa u yCIOBHIA MTPOBEICHUS PEaKIIHH.

iieKTpopuIbHOe npucoefuHenne (Adg) — MEXaHU3M pEaKUUU MPUCOe-
JTUHEHUS 3JEKTPO(PUIBHBIX PEareHTOB K PEaKIIMOHHOMY LEHTPY cyOcTpaTa.
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DnexTpopuIbHBIC peareHThl (AMEKTPOPUIIBI) — 3TO YACTHIIHI (KATHOHBI WITH
MOJIEKYJIbI), UMEIOLIIE CBOOOIHYIO OpOUTAlIb HA BHEIIHEM 3JIEKTPOHHOM YpPOB-
HE U CIOCOOHBIE MPEAOCTAaBUTh €& i 00pa3oBaHUs CBSI3M 1O JIOHOPHO-
akuenTopHoMy Tuny (Hampumep: H', CH;', Br', NO,', AICl;). SIpnssch akuern-
TOpaMH IMapbl 3JEKTPOHOB, AIEKTPOPHUIIBI OTHOCATCA K KuciaoTram JIptouca [4].

I'maporajiorennpoBanme (MpUCOEAMHEHUE TAIOT€HOBOAOPO/IOB)

AN 7 | I
— + HX —> —C—C—
o= -
H X
Peakuust uAET C reTepOIUTUYECKUM Pa3pbIBOM CBSI3€M B MOJIEKYJIaX aJKE€Ha
u ranorenoBogopona HX (X — rainoren) nmo mexanusmy Adg. Dnekrpoduiom
spasercs npotoH (H') B cocTaBe monekymns HX.

Mexann3m Adg BKITIOYaET HECKOJIBKO DJIEMEHTAPHBIX CTAIMH:

5+ H X X
H
H I crammna i II crangusa | +
>c:c< vy >C—C< —  —(—C__
X OviIcmpo MeONEeHHO |
T-KOMNIIEKC KapOoKamuou
III 4+ _ I cragus I|{ |
| ovicmpo | !

Cmaous I: oOpa3oBaHuE MPOMEKYTOUYHOM YaCTHUIIbI, HA3bIBAEMOUN T-
KOMNJIeKCOM. ITO JOHOPHO-AKIIETITOPHBIN KOMIUIEKC, KOTOPBI BO3HUKAET B pe-
3ylbTaTe€ B3aUMOJCWUCTBUS T-3JIEKTPOHHOTO 00Jlaka (IBYXDJEKTPOHHOU T-
MoJleKyIapHoii opouTanu) casu C=C u BakaHTHO# ls-opOuTamu katnona H',
00pa3yromierocs mpy JUCCOIUAIU MOJeKyIbl HX.

Cmaous Il (mumutupyromas): oOpa3oBaHUE IPOMEKYTOUYHOTO KapOoka-
tuona. Dnexrpodun H' mpucoequusercs K ankeHy 3a CYeT DIEKTPOHHON Maphl
T-CBSI3U, 00pa3ysi HOBYIO G-cBs3b C—H 1Mo JOHOpHO-aKIIENTOPHOMY THUITY.

Cmaous III: B3aumopeiicTBue KapOOKaTHOHA C aHMOHOM X , 00pa3oBaB-
muMcs Tpu auccoranuu HX, KoTopoe mpuBOIUT K TPOIYKTY PEAKITUH.

Huxe mokazano, Kak M3MEHSETCS DYHEPTHS Ha Pa3IMYHbIX CTAIUSX PEAKIINH:

32



E T—KOMILITEKC KapOOKaTHOH

IIPOAYKTBI

HCXOOHBIC
pCakunun

BEIIECTBA

Koopaunata peakuuu
1, 2, 3 - nepexoonvie cocmosinus cmaouii I, 11, u 111

[lepexognoe coctostnue Ha craguu Il (oOpa3oBaHue MPOMEKYTOUHOTO
KapOokaTroHa) o0namaeT HamOosbiie sHepruel (Touka 2). [loatoMmy nanHas
CTaaus SBJSETCS CaMO MEIJICHHON M JINMUTHPYET OOIIYI0 CKOPOCTh PEAKITUH.

B peakuun npucoenunennss HX k cummerpuunsiM ankenam (CH,=CH,,
CH;-CH=CH-CHj3; u 1.11.) Bceraa o0pa3yercs OJMH NPOAYKT.

B cnyudae necummempuunvix ankenos (Hanpumep, nporneHa CH,=CHCHj;)
MOXKHO TIPEAIOJIOXKUTh JBa HANPABJICHHS PEaKINH, MPUBOSAIINX K 00pa3oBa-
HUIO IByX U30MEPHBIX MPOAYKTOB:

—>= CH,X—CH;—CH,
— CH;—CHX—CH,

CH;=CH—CH, + HX —

YCcTaHOBIEHO, YTO TMPHUCOCAMHEHHE TajJOT€HOBOJOPOJIOB K allkeHaM He-
CUMMETPUYHOTO CTPOCHHS UJIET PETHOCETIEKTUBHO T10 npasuiy MapkoeHukosa:

® 8 peaxkyusx npucoeouHeHus NoasApHvlx monekyn HX k necummempuu-
HbIM ANKEHaM 8000p00 NPUCOEOUHAEMCsl K Oolee 2UOPO2eHUSUPOBAHHOMY AmMOo-
My yenepooa npu 080UHOU CBA3U (M.e. K amomy yenepood, C8A3aHHOM) C HAU-
OOLULUM YUCTIOM AMOMO8 8000POOQ).

Hampumep, B peakiiun HCI ¢ mponeHOM U3 BYX BO3MOKHBIX CTPYKTYp-
HBIX U30MEPOB — 1-XJloprponaHa u 2-xJI0pHporiaHa — NpeuMyIecTBeHHO o0pa-
3yETCsl MOCIICIHUN:
<> CH,Cl—CH;—CH,
CH7=CH—CH, + HCl — [-xnopnponan

—> CH;—CHCI—CH,
2-xn0pnponan
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DTa 3aKOHOMEPHOCTH ObLTa MEPBOHAYANILHO YCTAHOBJIEHA SMIUpPUYECKU. B
COBPEMEHHOM OPraHWYECKON XUMHH JJAHO TEOPETHUYECKOe 00OCHOBAHUE TIPABU-
7a MapKOBHUKOBAa Ha OCHOBE MOJIOKEHUSI O BIMSIHUM AJIEKTPOHHOTO CTPOCHMS
MOJIEKYJI Ha UX PEAKIIMOHHYIO CITIOCOOHOCTD.

IIpaBuiao MapkoBHMKOBA OOBICHSAETCS KaK paclpeelieHUEeM dJIEKTPOH-
HOM IJIOTHOCTHM B CTaTUYECKOM (HEPEArupyrollelieM) COCTOSHUU MOJEKYJIbI
(cmamuueckuii ¢pakmop), TaK U OTHOCUTEIIbHONW YCTOMYMBOCTBIO MHTEpPMEIHA-
TOB — IPOMEXKYTOUHBIX KapOOKATHOHOB (QuHaMuuecKuii hakmop).

1. Onexrponnas minotHocTh B Moiiekysne CH;—CH=CH, no BcTymieHus B
peakIuio pacrpeseneHa HepaBHOMEpPHO (cTaTudeckuit paktop). ITo 00yclIoB-
JIeHO TeM, uTo MeTtuibHas rpynmna CH; 3a cuer cymmupoBaHust HEOOJIBINON TMO-
asipHocTu Tpex C—H-cBs3el sBisieTcst JOHOPOM 3JIEKTPOHOB, T.€. MPOSIBIsET +/-
3¢ (}EKT Mo OTHOLIEHUIO K COCEAHUM aToMaM yTiepoja. ITO BbI3bIBAET CMelle-
HUE€ TIOJABMKHBIX T-AJICKTPOHOB JIBOMHOM CBSI3W B CTOPOHY 0o0Jiee THAPOTEeHU3H-
POBAHHOI'O aTOMa YIJIepoJia U MOSBICHUIO HA HEM YaCTUYHOTO OTPUIIATEIIHLHOTO
3apsina (6—). Ha npyrom, MeHee TMApOreHU3UPOBAHHOM, aTOME yTriiepojia BO3-
HUKAET YaCTUYHBIN MOJIOKUTEIbHBIN 3apsy (0+). [loaToMy araka smekTpoduiib-
HO# wacTuIel H™ mpoucxomut mo 6oniee THAPOTEHU3UPOBAHHOMY YTTIEPOIHOMY
atomy, a octatrok X (Hampumep, Cl) npucoenussieTcs K MEHee THIPOTCHU3H-
POBaHHOMY aTOMY YIJIEpO/a:

H “ N
v O+  a 0— St o— .
H—> (i — CH:C‘H2 + H—Cl — CH3—§—CH3

2. bonee BaXHYIO pOJIb UTPACT OTHOCUTENBbHAS YCTOWYMBOCTH KapOOKa-
THOHOB, 00pa3yIOIINUXCS HA JTUMUTHUPYIOIICH CTaJWKM Peakluu (IMHAMHYCCKHMA
daktop). Peaknius uaetr B ToM HampaBlIeHUH, HA KOTOPOM oOpa3yeTcsi Hauboiiee
CTaOWIIbHBI UHTEPMEIHAT.

CH—C+—CH ) B8MOPUYHDBLI
Pll 2 Pll 3 Kapboxkamuon

CHECH—CH3+ H—-CI o
HZCJr—CH—CH (ID) nepeuyHbIl
| 3

H KapOOKamuoH

VYcToiunBOCTh KapOOKAaTHOHA BO3PACTAET C YBEIMYEHHEM YHUCIA AJKWJIb-
HBIX TPy, KOTOpbIE 3a cueT +/-3¢(eKTa 1 CBEpXCONPSIKEHHUS] YMEHbILAIOT I10-
JIOKUTENBHBIN 3apsn Ha aToMme yriepona [4, 10]. [Tostomy BTOpuYHBIM KapOo-
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katuoH (I) Gosnee ycroituus, yem nepsuunbiid (II), u mns ero oOpasoBaHus Ha
JUMUTHUPYIOIIEH cTaauu TpeOyeTcs 6oee HU3Kasi YHEPrusl aKTUBAIUH.

CoBpemenHas (popmynupoBka rnpaBuia MapkoOBHUKOBA:

® 31eKmpoduibHoe npucoeouHenue K 080UHOU C853U Udem yepe3 0opaso-
sanue Hauboee ycmouiuso2o KapOoKamuoHa.

CnenyeT OTMETUTh, YTO MpaBWiIo MapKOBHHUKOBAa B €ro KJIAaCCHYECKOU
bopMyIHpPOBKE COOIIOIAETCS TOIBKO JUTSI DIEKTPOMUILHBIX PEeaKIuil caMUX ajl-
KEHOB M MX MPOU3BOJHBIX C AJEKTPOHOJAOHOPHBIMU 3aMecTUTENsIMU. B ciydae
IIPOU3BOIHBIX C JIEKTPOHOAKIENTOPHBIMU TPYIIAMU WU TP U3MEHEHUH Me-
XaHU3Ma peakiuy UAYT MPOTUB MpaBuia MapKOBHUKOBA.

IIpucoennnenne npoTuB npasuwia MapkoBHUKOBA HAOII01a€TCS B CIIY-
yasix, KOrja 3aMeCTUTENb IPU ABOMHOMN CBSI3U OTTATHMBAET AJIEKTPOHHYIO ILIOT-
HOCTH Ha ce0sl, T.€. MPOSBISET MIEKTPOHOAKIIETITOPHBIEC CBOCTBA (—/ n/numm —M-
abdexTs). Hampumep, B peakiuu 3,3,3-tpudropnponena F;C-CH=CH, ¢ HX
BOJIOPOJI MPUCOCIUHSIETCA K MEHEE THIPOTeHU3UPOBAHHOMY aTOMY YIJIepoJa, a
X — k 6o7nee THAPOreHU3UPOBAHHOMY. JTO 00ycloBIeHO TeM, uTo rpymma -CF;
nposBisieT —[-3¢pdekT u m-3meKkTpoHbl cBsizu C=C cMeleHbl K MeHee TUapore-
HU3MPOBAaHHOMY aToMy yriepona. Kpome toro, xarnon CF;—CH,—CH," 6omee
ycroituus, yem CF ;—CH «CH;.

I N T .

F«$<—CHZCH2 £ H=X == FC-CH—CH,
~x S

F N H X

Ecnu peakius npucoenUMHEHUsT UAET HE MO DJICKTPOPUILHOMY, a, HAMPHU-
Mep, 0 paaukanbHOMy Mexanm3my (Adg), To mpaBmiio MapKOBHHKOBA TaKXKe
He coOmomaercs. Tak, peakuust HBr ¢ mporneHoM B MpUCYTCTBUHM MEPOKCHUIIOB
(H,0, wmn R,0,), obpasyromux cBoGoaHopamukaibabie yactuibl (HO® wiam
RO®), OpoMCXOAUT MO paguKaIbHOMY MEXaHH3My KaK aHTHMapKOBHHUKOBCKOE
IIPUCOEINHEHHUE.
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t
l. HO’#OH — 2 HO* 2. HO* + HBr — H,O0 * Br*

nepoxcuo
I . I‘IBI‘
6000p00a — ?Hz_ CH—CH, —> (lin—(le—CH3
B Br B B ow
v 8MOPUUHDBLIL
3. CH—=CH—CH; — paduxan 1-6pomnponan
11 . HBr
> CH;— (IIH—CH3 —> (|:H2_ (IDH—CH3
Br Br H Br
nepeuyHblU
paduxan 2-6pomnponan

B stom ciywyae npeumyniecTBeHHOE Hampasienue | o0ycioBiieHo oOpazo-
BaHUEeM 0oJiee CTAOMIHLHOTO 32 CUET CBEPXCONPSKEHUS BTOPUYHOTO pauKana.

I'maparanus. Peakuusi npucoeAMHEHUsT BOABI K QJIKEHAM MPOUCXOJUT B
NPUCYTCTBUM MUHEPATBHON KUCIOTHI (JIOHOpA MPOTOHOB) MO MEXaHU3MY dJIEK-
TPO(PHUIBHOTO MPUCOSTUHECHHUS.

MeIJICHHO OBICTPO OBICTPO
H + HOH ;
CH—=CH, — CH;CH, —> CH;CHZ—CI)—H — CH;CH;OH
H -H
KamuoH
SMUTRUOPOKCOHUS

PeaKHI/II/I HCCUMMCTPHUYHBIX AJIKCHOB UAYT 110 IIPABUITY MapKOBHI/IKOBaI
R-CH=CH, + H,0 (H) —— R-CH(OH)CH3

IIpucoenuHenune cepHoOi KUCJIOTHI (peakius cynb(orTepuduxanuyu wim
cyabdaTaum). AJTKEHbl PacTBOPSIIOTCS B XOJOJHOW KOHIIEHTPHUPOBAHHOW cep-
HOM KHUCJIOTE ¢ 00pa3oBaHHEM aNKHITHAPOCYIb(AToB (CIOKHBIX IUPOB cep-
HOM KHCJIOTHI):

CH2:CH'R + HQSO4 —> CH3-CHR-OSO3H

OTO CBOWCTBO UCHOIB3YETCS ISl OYMCTKHU AJIKAHOB U TaJION€HAJIIKAaHOB, HEPACTBOPUMBIX
B CEpHOM KUCIIOTE, OT IPUMECEH AJIKEHOB.
[Tpu HarpeBaHuM ¢ BOAOH aIKHITHAPOCYIb(ATH THAPOIU3YIOTCS C BBIICIICHUEM CITUPTA:

CH;-CHR-OSO3H + H,O — CH3-CHR-OH + H,S04

I'anorenupoBanme. [IpucoenrHenue rajnoreHoB 1o ABoitHON cBsizu C=C
MIPOUCXOANT JIETKO B OOBIYHBIX YCIOBHUAX (IIPU KOMHATHOW Temmeparype, 6e3
katayim3aropa). Hanpumep, ObicTpoe oOeciBeunBaHUE KpacHO-Oypoil OoKpacku
pactBopa Opoma B Bojie (OpOMHOI BOJIbI) WM B OPTraHUYECKOM PACTBOPHUTEINEC
CITy>)KUT Ka4eCcmeeHHOU peakyuell Ha HATNYUE KPAaTHOM CBSI3U:
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CH;—CH=CH, + Br, —> CH;CH—CH,
Br Br
1,2-0ubpomnponan
OTU peakuuu MpPOTEKAIOT MO MEXAHU3MY AIIEKTPO(DUIBLHOIO MPHUCOEIUHE-
HUs C TETEPOJIMTUYECKUM Pa3pblBOM CBS3€M B MOJIEKYyJaxX rajoreHa U aJKeHa.
OnekTpoUIHLHBIMA PEAareHTaMH B PEAKIUSAX TAIOTCHUPOBAHUS AJKEHOB SIBJIS-
FOTCSI KATUOHBI FaJIOT€HOB.
[Ipu 6pOMUPOBAHKM, HATIPUMED, POIIb dIekTpoduia Beimonnser Br'. Kak
3TOT KaTMOH 00pa3yeTcs U3 HEMoJIpHO MoJeKybl Br,?
1. B BonHOM pacTBOpe MOJIEKYIbI Bry AMCIPONOPUHUOHUPYIOT IO CXEME:

Br, + HO <= HBr + HBrO

Hucconuanus cuiabHOM OpoMOBOIOpOAHON KuciaoTel HBr mpuBoauT k 06-
pa30BaHUI0 OOJBIIOrO KOJMYECTBA MPOTOHOB, KOTOPHIE B3aUMOJCHCTBYIOT C
HETIOJICTICHHBIMHU DJICKTPOHHBIMHU TIapaMy aTOMOB KHCIJIOpPOJa cjaaboil OpoMHO-
BatucTou kuciaotel HOBr:

HBr <—= H+ + Br

H +:0—Br =— H—(I)Jr—Br wm  [H,0Br]"
H H

o +
O6pa3zoBaBmuiics katuoHn [H,OBr]  pacmamaercsi ¢ BbleiIeHUEM BOJABI U

) +
aneKkTpouIIbHON yacTuilbl Br:

+

H-0—Br += H,0 + Br
H
2. B HeBonHOM cpefe (pacTBOp OpoMa B OPraHUYECKOM PAacTBOpPUTENE, Ha-
npumep, B CCly) rereponutuueckuii pa3psiB cBa3u Br—Br npoucxonur Beieact-
BUE €€ MOJISIPU3ALINY 110 BIUSHUEM O0JacTH MOBBIIIEHHON 3JIEKTPOHHOM IIJIOT-
HOCTH y JBOWHOM CBSI3U B MOJICKYJIE€ aJKeHa (T-AJIEKTPOHHOTO 00J1aKa).

H\C/H 8+ 8_ H\C/H N B
[[——= Br—=Br =——= [—=Br + Br
g ~n 71— ~n

Tl-KOMNaeKc

IMoammepu3auus — peaxiys 00pa3oBaHUsI BHICOKOMOJICKYJISPHBIX COEIH-
HEHUH (MOJIMMEPOB) MyTEM MOCIEAOBATEIILHOIO MPUCOSTUHEHUSI MOJIEKYJ MO-
HOMEpA K pactyuie nenu [9].

CxemMaTH4yeCcKu PEeaKIMK 3TOTO TUIIA 3aMMCHIBAIOT CIEAYIOIIUM 00pa3oM:
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. Kart.
nH,C=CH, “*5=(~CH;CH;"),  nH,C=CH —= (~CH;~CH—),

noausmuien CH3 CH3
noaunponujien

OpHako clielyeT YYUThIBaTh, YTO MOJUMEPHU3ALHMS SIBISETCSA YenHbviM Mpo-
LIECCOM, BKJIIOYAIOIUM CJIEAYIOIINAE CTaUu:

— UHUYyuuposanue (3apOKJICHUE AKTUBHBIX LIEHTPOB — CBOOOJHBIX paju-
KaJIOB WJIM UOHOB);

— pocm yenu (NOCIEIOBATENBHOE MPUCOECTUHEHUE MOJIEKYJ MOHOMEpa K
pacTyiieMy akTUBHOMY LEHTPY — MaKpOpaauKaly I MaKpOUOHY);

— 00pbi6 yenu (1€3aKTUBALIUS AKTUBHBIX LICHTPOB).

[Tonumepu3anus alnkeHOB, B OCOOEHHOCTH, 3TUJIEHA U NPOIUJIEHA UMEET
UCKJIFOUNTEIBHO BaXXHOE MTPAKTUYECKOE 3HAUCHUE.

JIisi MHULIIMMPOBAHUS PAJAMKAIBHOM MOJMMEpPU3AIUU STUIIEHA HCIOJb3Y-
I0TCS UICTOYHUKH CBOOOJHBIX paJuKaioB (KUCIOpO, MepoKkcuabl). B cnydae ka-
TUOHHOW MONMMepHU3aluu (Hanpumep, M300yTUIeHa) KaTalu3aTOpaMU SBIISIFOT-
csl KucaoThl JIpronca. MeTamioopraHuueckie COeMHEHUsI TPUMEHSIOT ISl KO-
OpAMHALMOHHO-HOHHOM MOJMMEPU3aLliX 3TUIIEHA U PONWIEHA (ITPOIIeHA).

I'mapupoBanme. Bonopon npucoenuusercs k ankeHam mno cBsizu C=C c
oOpa3zoBaHueM ankaHOB. Peakuus uaetr npu HarpeBaHUM B MPUCYTCTBUM METall-
noB (Pt, Pd unm Ni) B kauecTBe KaTaan3aTopos:

Ni, t
CH;-CH=CH,; + H, ——— CH;3—CH,—-CH;
nponex nponan

[Ipucoenuuenrue BOAOPOJIa K aTOMaM yIJIepo/a B aJIKeHaX MPUBOJUT K IO-
HUKEHUIO CTENIEHU UX OKHUCIICHUS:

3 1 2 3 2 3
CH;—CH=CH,; + H, —— CH;—CH,—-CHj3

NMeHHO MO3TOMYy THAPUPOBAHUE AIKEHOB OTHOCAT K PEakUusM HX 60cC-

CMAHOBIEHUA.

1.2.2.2. PagnkajabHoe AJVINJIBLHOE 3aMellleHue

AJKuIbHAS TPyMNa IpH ABOWHOM CBSA3M, KaK OTMEUAIOCH BBIIIE, OKa3bIBa-
eT BIUSHUE HA OPUEHTAIMIO B PEaKUUAX MpUCOeAUHEeHHs K ankeHaMm. C apyroii
CTOPOHBI, U JIBOIHAs CBSI3b BJIMAET HA PEAKIMOHHYIO CIOCOOHOCTH COCEIHEM
AIKUJIBHOM TPYIINbI, ONPEAeisis MOJBUKHOCTh aTOMa BOJIOPOa B 3TOM IpyIIIIE.

B ycnoBusax, cnocoOCTBYIOMUX paguKalbHBIM PEAKIUsAIM, BO3MOXKEH TO-
MoOJUTHYECKHil paspbiB cBs3u C(sp’)—H B o-3BeHe (coceHEM ¢ KpaTHO CBs-
3b10). [Ipu 3TOM OOpazyeTcs yCcTOMUuBBINA aniunbhsii paouxkar. Ero crabunmsa-
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1usi 00yCIIOBJIEHA COMPSDKEHUEM HECTAapeHHOTO JJICKTPOHA C KPATHOMW CBSI3BIO
(p,m-conpsixenue [4]):

R-CH=CH-CH-R" <—>  R-CH-CH=CH-R'
C80000HDLU pAOUKATL ANTUTLHOSO MUNA

[Tpu BBICOKMX TeMIiepaTypax MpOIeH pearupyeT ¢ XJI0poM, 00pasys awiu-
X710puod — NPOAYKT PaAUKaIbHOrO 3aMelieHus (Sg):

cr:c1 225 ocr
B Cl° _ . Ch _
H,C=CH—CH, —> H,C=CH—CH, —> H,C=CH—CH,Cl
nponeu -H ALIUT-PAOUKAT -C ANTUNIXTIOPUO

DTa peakuus NpPOBOJUTCS HA OJHOM M3 CTAaAui MPOMBIIUIEHHOTO CHHTE3a
21uyepura U3 IpoIICHa.

1.2.2.3. U3omepusauust

AJIKEHBI BCTYNAIOT B PEAKIUI0 U30MEpPU3ALUU MPU HATPEBAHUU B MPUCYT-
CTBUU KaTanu3atopos (Hampumep, Al,O3).
N3omepu3zanus ankeHOB NPUBOAUT WIH K IEPEMEILIEHUIO T—CBSI3U:

t, KaTaimu3aTrop
H2C=CH—CH2—CH3 H3C—CH=CH—CH3

oymen-1 oymen-2

NN K HCpCCTpOﬁKC YIIICPOAHOI'O CKEJICTA:

t, KaTaJIu3aTop

H,C=CH—CH;—CH, H2C:(|?—CH3
oymen-1 CH,
2-memunnponem
(uzobymunen)

1.2.2.4. Oxuciaenue

AJIKEHBI JIETKO OKHUCHSIIOTCSI MHOTUMHU OKUCIUTeNsiMU. [Ipu MsrkoMm okwc-
JIEHUU pa3pbIBA€TCsl T-CBSI3b, a MPHU KECTKOM — U T-, U Oo-CBsi3u. [loaTomy
CTPOCHHUE MPOIYKTOB OKUCICHUS aJIKCHOB 3aBUCHUT OT YCIOBUM PEaklMu U MpH-
POABI OKUCIIUTEIIS.

1. Msirkoe OKHUCJIE€HUE aJKEHOB BOJIHBIM PAacTBOPOM IE€pMaHIaHaTa Kajus
(peaxyus Bacnepa) MpUBOIUT K 0OPA30BaAHUIO 21UKO/IEli — ABYXaTOMHBIX CIUP-
TOB C COCEIHUM (BUIIMHAJIBHBIM) PACIIOJI0KEHUEM THAPOKCUIIBHBIX Tpynn (8uy-
JTMOJIOB). DTy PEAKIMIO HA3bIBAIOT TAKKE cUOPOKCUNUPOBAHUEM ATKEHOE:
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KMnO, I |
/CC\+[O]+HO E—— —C C—

OH OH
2NIUKOTb (8UY-THOI)

ITonHOE ypaBHEHHE peakMy TUAPOKCUIMPOBAHKS STUJICHA:

3CH,=CH, + 2KMnO, + 4H,0 — 3HO-CH,CH,-OH + 2KOH + 2MnO,{
SMUJIEHCIUKOIb

B xone peaknuu Barnepa mpoucxomut oOeciiBednBaHue (PUOJIECTOBOM OK-
packu pactBopa KMnO, u Bemaaenune Oyporo ocagka MnO,. Ilostomy ona
CILYKUT TaKXKE KaueCmeeHHOll peakyueli Ha KPaTHYIO CBs3b (npoba baiiepa).

2. Ilpu oxucnenun ankeHoB mnepokcukuciaoramu R-COOOH oGpasyrorcs
anokcuowvl (Peakiust INOKCUOUPOBAHUS):

N _ 7 O — = So— é CH—C4
~CTOS S 0w /C\O/C\ T 0w
NEepOKCUYKCYCHAS 9NOKCUO
Kucioma (okcupan)

[IpocTelinii 3NOKCUA — IMUIeHOKCUO — TIOIYHYatOT B MPOMBIIIIEHHOCTH
KATUIUTUYECKAM OKUCJIEHUEM dTHIIEHA KUCIOPOJIOM BO3yXa:
O
_ Ag,300°C 7N\
2CH;=CH, + O, 2 H,C——CH,
SMUNEHOKCUO

OMNOKCUBI CITy’)KAT IIEHHBIMH IMPOMEXYTOYHBIMHU IPOAYKTaMH IpPHU MOJYyYEHUU psaa
OMOJIOTMYECKN aKTUBHBIX BEIIECTB U SMOKCHIHBIX ITOJUMEPOB.
3. HpOMBIHIJICHHOG SHAYCHUC NMCCT PCAKINA KATAITUTHICCKOI'O OKUCIICHHUA

3TUJICHA 10 ayemanvoecuoa (SKOJIOTHUECKH YUCTBhIM U OC€30TXOIHBIA METON):

PAClL,/CuC
2 CHE=CH, + O s

_0

ayemanvoezuo

4. AKeHbl JIETKO OKHCIISIFOTCS O030HOM (peakuusi oszoHuposanus). Ilpu
ATOM TIPOUCXOJUT pACIISIVICHUE T- U o-CBsa3eil B rpymnme C=C u obpasyrorcs
IUKJINYECKHE TTIEPOKCHJIBI — 030HUObL, KOTOPBIE, TI0JI00HO OOJBITMHCTBY COC/IH-
HEHUH, coJiepkamux mnepokcuanbie cBsizu (-O—0-), B3pbIBoONacHbI. O30HMIBI
OOBIYHO HE BBIJICNIAIOT, a pasjiaraloT BOJOW B MPUCYTCTBUU BOCCTAHOBUTEIICH
wi 6e3 HuX. B kauecTBe BOCCTAHOBUTEINS MCIOJB3YIOT IIMHK B YKCYCHOW KH-
ciore. [Ipu BOCCTaHOBUTEILHOM THIPOJIM3E 030HUI0B 00pa3yroTcs KapOOHMIIb-
HbIE COeIUHCHMS (aabIAeTHABl W/WIM KETOHBI), KOTOPHIE, KaK IPaBUJIO, JIETKO
yaaeTcs BBIICIUTh U HIeHTH(HIMpoBaTh. be3 BoccTaHOBUTENCH Tpoliece 3a-
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BepIaeTcss 00pa3oBaHneM KapOOHOBBIX KUCIOT W/MUIU KETOHOB, T.K. albJCTH/IbI
JIETKO OKHUCIISAIOTCS 10 COOTBETCTBYIOIIMX KUCIIOT.

ITocnenoBaTenbHOCTh PEAKLUNA O30HUPOBAHUS AJIKEHOB U T'MIPOJIM3a 030-
HUJIOB HA3BIBAIOT 030HOIU30M. DTOT MPOLECC UCTOIB3YETCS Il YCTAaHOBIICHHUS
IIOJIO’KEHHUSI IBOMHBIX CBSA3EM B QJIKEHAX 110 CTPOEHUIO MOJYYEHHBIX POAYKTOB.

C|:H3 03 H3C\C o CH—CH HZO (Zn) //O O\\
CH; C=CH—-CH, W we \ / 3 ? H3C—C\ + /C—CH3
- 3 0 272 CH, H
030HUO ayemon  ayemanboe2uo
O030HUpPOBaHUE 2uoponu3

5. IIpu KeCTKOM OKHUCIICHUU AJIKEHOB KUIIALIUM KOHIIEHTPUPOBAHHBIM pac-
TBOpoM KMnQO, B KHCIIOK cpelle MPOUCXOAUT MOJHBIA pa3pblB ABOMHOM CBS3H
(0ecmpykxmusHoe okucienue):

G KMnO,(H),t ~ OH G
CH;CH=C—CH;CH, + 3[O] > CH;C=0 + O=C-CH;CH,
3-memunnenmen-2 VKCYCHas1 MeMUIIMUTIKEMOH
(pmanosas) kucroma (6ymanon-2)

Ota peakuus N03BOJISIET YCTAHOBUTH CTPOCHHUE aJIKEHA MO0 00pa30BaBUINM-
Csl IPOTYKTaM.
6. [TonHoE okucneHne (peakuus 2openust):

2C,Hyy +3n O, — 2n CO; +2n H,O +Q

["a3000pa3Hble aKEeHbI 00Pa3yIOT C KUCIOPOJOM M BO3ILyXOM B3PhIBOOIIACHBIC CMECH.

1.2.3. Cnocoowt nonyuenusn

B npupozie aJikeHbl BCTPEYAOTCA B 3HAYMTEIBHO MEHBLIEH CTENEHU, YEM
IIPEAEIBbHBIE YTIIEBOIOPOBI, MTO-BUINMOMY, BCIEACTBAE CBOEH BBICOKOM peak-
UOHHOH criocoOHocTH. [103TOMY KX MOJIy4arOT C UCIOJIB30BAHUEM PA3IUYHBIX
peaKIuu.

I. Kpekunr ankanos (cm. 1.1.4).

II. Otmennenye (3AUMUHUPOBAHUE) JABYX aTOMOB WM TPYII aTOMOB OT
COCEIHUX aTOMOB yTJiepoJia ¢ 00pa30BaHUEM MEX]y HUMHU T-CBSI3U (peakyuu f-
anumunuposanus). K Hanbosee BaKHbIM PEaKLMSIM ITOrO THUIIA OTHOCATCA Jie-
TUAPOraJIOr€HUPOBAHUE, JETUIPATALNS, JCTAIIOT€HUPOBAHUE W JIETUIPUPOBA-
HUE€ COOTBETCTBYIOIIMX UCXOIHBIX COCTMHEHU.

1. JJernaporanoreHMpoOBaHUE TAIOICHAJIKAHOB NPHU JEUCTBUU CIUPTOBOIO
pactBopa menouu (cMm. 2.3.2).
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CH;-CH-CH, + KOH “P%

Br H

CH—CH=—CH, + KBr + H,0

Ecnu B mMonekyne rajoreHajakaHa aTOMBI YIJIEpOJa, COCEIHUE C TPYIIION
C-Hal, otnnyaroTcsi 4uciaoM BOAOPOJHBIX aTOMOB, TO BO3MOXHO 0Opa3oBaHUE
VM30MEPHBIX AJIKEHOB C Pa3HBIM IIOJIOKEHUEM JIBOMHOU CBsA3U. B 3TOM ciydae
HaIpaBlIEeHUE PEaKLUU ONMPEACIAeTCs npasuiom 3atiyesa:

® g peakyuu B-anumunuposanus epynnol HX amom éodopooa omwennisiem-
Csl NPeUMyWecmeeHHo Om HaumeHee 2UOPO2EHUSUPOBAHHO20 amoma yenepood.

CoBpemeHnHass (OPMYJIMPOBKA: peakyuu [-dIUMUHUPOBAHUL UOYM C 0Opa-
308aHueM Oonee 3aMeueHHbIX NPU 0BOUHOU C8A3U AlKeH08 (TaKue allKeHbI 00-
Ja7arT MEHbIIEH SHEpTruUeil U 00Jiee yCTOMYHBEI).

B cooTBeTCTBUU C 3TUM TpaBUJIOM, HAlpUMEp, MPHU ACTUAPOOPOMHUPOBA-
HUU 2-0poMOyTaHa MPEeUMyIIECTBEHHO o0pa3yeTcsi OyTeH-2:

CH—CH; CHBr-CH, + KOH ——%> CH-CH=CH-CH, + KBr + H,0

2. JerunpaTanus CIUPTOB MPU HATPEBAHUM C KOHLIEHTPUPOBAHHOW CEpHOM
KucioToM (cMm. 3.4.2). OTiiensieHue BoIbl OT COCEIHUX aTOMOB yTJIepoja TakKe
MIPOUCXOIUT IO MPABUITY 3allIeBa.

H,S0,, t
CH;~CH-CH—CH, ——*—> CH;~CH=CH—CH, + H,0

3. [eranoreHnpoBaHUE NUTAIOr€HAIKaHOB, UMEIOIINX aTOMBbI rajoreHa y
COCEHUX aTOMOB yTiiepoaa (6uy-AUTaJIOTeHUIOB), TIPU JACHCTBUM aKTUBHBIX
METAJIJIOB:

CH,Br—CHBr-CHj3; + Zn — CH,=CH-CH3 + ZnBr;
4. lerugpupoBanue ankaHoB (cm. 1.1.4):

Cr,0,, 500 °C
- CH;-CH=CH, + H,

CH;-CH;-CH,
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1.3. AJIKNHBI

o Ankumbl (ayemunenosvie yeieo00poovl) — Henpeoeibtble alupamuye-
cKue y2neso000poovl, MOJIEKYIbl KOMOPbIX cooepicam mpotinyto ceazb C=C.

Oo6mas dhopmyna ankuaoB C,Hy, ;.

[Ipocrenimme npeacTaBuTeNu:

HC=CH - ayemunen (3mun), HC=C—CH; — memunayemunen (nponutn).

1.3.1. Obowaa xapakmepucmuka

B Monekynax ankuHOB TpoitHas cBsizsb C=C oOpa3oBaHa JByMs aToMamu
yTiepojia B sp-ruOpuIu30BaHHOM COCTOSIHUM [4]. Kaxaplii U3 HUX UMEET IO JBE
2sp-rUOpUIHBIX OpOUTAIN, HAMPABJICHHBIX JIPYT K Apyry noxa yriom 180°, u nBe
HErMOpUIHBIX 2p-OpOUTANIH, PACIOIOKEHHBIX MO yriioM 90° 1Mo OTHOILIEHHUIO
JPYT K APYTY U K THOPUTHBIM OpOUTAIISM.

TpoliHasi CBs3b OCYILECTBIAETCS TPEMsl MapaMu JIEKTPOHOB M IMPEACTaB-
JsieT co0oil KOMOMHALMIO M3 OJTHOM G- M JIBYX T-CBsizei. G-CBsI3b BO3HUKAET
IIPU OCEBOM IEPEKPbIBAHUU 2Sp-TUOPUIHBIX OpOUTaIeld COCEAHUX aTOMOB YT-
Jepoaa; oJHA M3 T-CBA3€H oOpasyeTca IpH OOKOBOM IIEPEKPBIBAHUM 2p)-
opOutanei, npyras — npu O0OKOBOM MepeKpbIiBaHUM 2p,-opoutaneii. O6pa3oBa-
HUE CBsA3el Ha npumepe Mosiekybl aneruieHa H-C=C—H moxHo u3o0pa3uTth B

m(p;p,) ) (Aﬁé) 3

T(pypy)

BUAC CXCMBI.

n-CBs3M pacnosiaratorcs BO B3aUMHO IEPIICHINKY-
JSPHBIX TUIOCKOCTAX. G-CBsizu, oOpaszyembie 2sp— ™
rUOpUAHBIMA OPOUTAIISIMU YTIIEPO/Ia, PACTIONATAIOTCS Ha
oaHOM TIpsiMoit (mox yraom 180° npyr k apyry). IToaTo- *‘O‘Ud
My MOJIEKYJia alleTUJIEHA UMEET JINHEITHOE CTPOCHHE. n |
Homenxkiarypa. [lo cucremMaTn4eckom HOMEHKIIA-
Type Ha3BaHUS alleTUJICHOBBIX YTJIEBOJOPOJIOB MPOU3BOAAT OT HA3BAHUM aJiKa-
HOB C TE€M K€ YMCJIOM aTOMOB yTJIepoJia MyTeM 3aMeHbl cyddukca -an Ha -UH:
3TaH — 3TUH; IPONaH — MponuK U T.J. | TaBHad 1ienb BbIOMpaeTcs TakuM oOpa-
30M, 4TOOBI OHA 00s3aTENBHO BKJIIOYasIa B ceOsi TpoiHy0 cBsi3b. Hymepanuio
YIJIEPOAHBIX aTOMOB HAYMHAIOT C OJUKHEr0 K TPOWHOW CBSI3U KOHIIA IICTIH.
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[Mudpa, obo3Havaromas MOJOKEHUE TPOMHON CBSI3M, CTABUTCS OOBIYHO TOCHE
cyddukca -ux. Hanmpumep:

6 5 4 3 2 1
CHy (I?H— CH;-C=C —CH3 S-memunzexcun-2

CH,

Hns mpocreiiiiero ankuHa — smuxa — B HoMeHkiarype MIOITAK npunsaro
HUCTOPUYECKHU CJIOKUBIIIEECS Ha3BaHUe — ayemuier. [[03TOMy aqKUHBI 4acTO Ha-
3bIBAIOT AlICTWJICHOBBIMHU YIJIEBOJAOPOJAMHU, U HA3BaHUSI HECJIOKHBIX AJTKUHOB
CTPOSIT 1O MPUHIMITY 3aMEIIeHUsI aTOMOB BOJOpOJa B alleTUJIIECHE Ha YTIEBOJO-
poaubie paaukansl (Hanpumep, metunanetuiaeH CH3;C=CH, BuHunanetwiceH
CH,=CH-C=CH).

OO6pa3oBaHHbIC U3 AlETUJICHA U €r0 MPOCTEUIINX TOMOJIOTOB OJTHOBAJICHT-
Hble pajaukanbl uMeroT HasaHus amunun -C=CH, nponapeun -CH,—C=CH,
nponun-1-un -C=C-CHs.

MN3omepust. /115 anKrHOB XapaKTepHa CTPYKTYpPHAsI ©30MEPUS:

— W30MepHs TOJIOkKEHUsI TpoiHOM cBsi3u (HaunHas ¢ C4Hp)

HC=C—CH;~CH, H,C—C=C—CH,
oymun-1 oymun-2

— nu3oMepus yraepoaHoro ckenera (HauuHas ¢ CsHg)

HC=C—CH;-CH;-CH, HC=C-CH—CH,
newmun-1 CH,
3-memunoymun- 1

— MEXKKJIaCCOBasi U30MEPHUS C alKaaueHamu u nukinoankeHamu (¢ C4Hg)

HC=C—CH;~CH, H,C=CH—CH=CH, HC=—CH
oymun-1 6ymaouen-1,3 H é_(le

2 2

yukiooymen

IIpocTpaHCTBEHHAs U30MEPHUS OTHOCUTEIBHO TPOMHOM CBA3U B AJIKWHAX HE
MPOSIBIISICTCS, T.K. 3aMECTUTEIN MOTYT pacIojaraTbCs TOJBKO OJHUM CIIOCOOOM
— BJI0Jb JIUHUH CBSI3U.

dusuyeckne cBoMCTBA. Temneparypbl KUIICHUS U IUIABJICHUS alleTUIICHO-
BBIX YIJIEBOJOPOJIOB YBEJIWUYMBAIOTCS C POCTOM MX MOJIEKYJApHOU macchl. [Ipu
00bIyHBbIX ycnmoBusix ankuHbl C,H,-C4H¢ — raser, CsHg-Ci¢H3op — kuakoctn, ¢
Cy7H;, — TBepable BemiecTtBa. TemmepaTypbl KWIMECHHUS U IUJIABJICHHUS QJIKUHOB
BBIIIE, YEM Y COOTBETCTBYIOIIMX AJIKEHOB U AJIKAHOB. AJIKMHBI IJIOXO PAacTBO-
PSAIOTCS B BOJIE, JIYYIIIC — B CJIA0OTOJIIPHBIX OPraHUYECKUX PACTBOPUTEIISX.
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1.3.2. Xumuueckue ceoiicmea aiKumnos

PeakiinonHasi cnocOOHOCTh alIKWHOB CXOJIHA C alIkeHAMHU, YTO OOYyCJIOBIIE-
HO WX HEHACHIIMEHHOCTHI0. HeKoTophie OT/IMYMS B CBOMCTBAX AJKWHOB W aJIKe-
HOB OTIPEJIEIISIFOTCS CIASAYIOIUMHU (PaKTOpaMH.

1. mT-DnekTpoHsl 6oJiee KOPOTKOW TPOWHOM CBSI3H MPOYHEE yICPKUBAIOTCS
SpaMu aTOMOB yTJEpoJa U 00JIaJaloT MEHBIEH MOJSIPU3YEMOCThIO (TIOBUXK-
HOCTBIO). [loaToMy peakuuu sexkmpoguivroco npucoedurnenuss (Adg) K anku-
HaM IPOTEKAIOT MEJUICHHEE, YeM K aJIKeHaM.

2. T-2JeKTpoHHOE 00JIaKO TPOMHOM CBSI3M COCPEIOTOYCHO B OCHOBHOM B
MEXBSIACPHOM MPOCTPAHCTBE M B MEHBIIICH CTETICHHU YKPAaHUPYET SIpa yriaepo/I-
HBIX aTOMOB C BHEIIHEW CTOPOHBI. CIIEICTBUEM 3TOTO SIBJISETCS JAOCTYITHOCTD
sJep yriepojia npu arake HyKJIeo(UIbHBIMU PEareHTaMu U CIOCOOHOCTh aJIKH-
HOB BCTYNAaTh B PEAKIUU HYKIeopuibHo2o npucoedunenus — Ady. (0T anri. Ad-
dition Nucleofilic).

3. CBs3b aTOMa BOJOPO/JIa C YIIEPOJIOM B SP-TUOPUANZOBAHHOM COCTOSIHUU
3HAYUTEIHHO OoJiee mossipHa 1o cpaBHeHHIO ¢ C—H-cBsI3siMu B anmkaHax u aJike-
HaX. DTO OOBSCHICTCS PA3TMYHBIM BKJIAJIOM B THOPUIN30BAHHOE COCTOSIHHC S-
opbuTtanu, KoTopas 6osee nmpouHo, yem p-AQ, ynepkuBaeT dMeKTpoHbI. o -
AO B sp’-cocTostHnn coctasiser 25%, B sp° — 33%, a B sp — 50%. Uem Goubire
BKJ1a s-AQO, TeM BBIIIE CIOCOOHOCTh aTOMa YIEP>KUBATh BHEIIHUE DJICKTPOHBI,
T.€. €ro AJIEKTPOOTPUILIATEIHHOCTE: 2,5 (Csp3); 2,8 (Cspz); 3,2 (Cyp). IloBpimenHnas
nonapHocTh cBs3u Cg,—H NpuBOIUT K BO3MOKHOCTH €€ TIeTEPOIMTHYECKOIO
paspbiBa ¢ oTmennenreM mportona (H'). Takum 06pa3om, ankuHBI ¢ KOHIEBOM
TPOWHOM CBA3BIO (ajKuHbI-1) mpossisitor CH-xucromuwvie ceoiicmeéa n cnoco6-
HBI, BCTYIAsl B PEAKIMK C METaJUIaMH, 00pa30BBIBAThH COJIH.

1.3.2.1. Peakuuu npucoeIuHEeHUA

I'mapupoBanme. B npucyrctBun Metamnyeckux katanuzatopoB (Pt, Ni)
QJIKWHBI TIPUCOETUHSAIOT BOJIOPOJI ¢ 00pa30BaHUEM aJKEHOB (pa3phIBaeTCs Mep-
Basl T-CBA3b), a 3aT€M — aJIKaHOB (pa3phIBAETCS BTOPAsl T-CBA3b):

_ H,(Ni) H,(N1)
R—C=C—R'——> R-CH=CH—R' ——> R—-CH;CH;R
OBICTPO

[Tpu ucnons30BaHNM MeHee akTUBHOTO Kartanuzatopa Jluamamapa Pd/CaCO;/Pb(CH3COO),
THJIPUPOBAHKE OCTAHABIIMBACTCS HA CTA/IMU 0OPA30BaHUS AIKEHOB (YUC-U30MEPOB).

I'asorenupoBanme. I1eKTpoGUIBHOE TPUCOSIUHEHUE TAJIOTEHOB K aJIKU-
HaM MpOTEKaeT MEIJICHHEe, YeM JUIsl ajJKEeHOB (MepBasl TM-CBS3b Pa3pbIBACTCS
TpyJlHEEe, YeEM BTOpasi):
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. Br, Br,
R-C—=C-R'— R-CBr=CBr-R' ———> R-CBr;CBr;-R'
OBICTPO 2 2
AJIKUHBI 00€CIIBEYMBAIOT OPOMHYIO BOY (KaUECTBEHHAs! PEaKITHs).
I'mpporanorenupoBanue. IIpucoenuHeHue TrajoreHOBOAOPOIOB TaKKe
UJET MO 3JEKTPOPUIBHOMY MexaHu3My. [IpoayKThl mpHCOEANHEHUS K HECHUM-

MeTpI/I‘{HbIM AJIKUHaAM OHpeI[eJIﬂIOTCH HpaBI/IJIOM MapKOBHI/IKOBa:
L HCI HCI
CH;C=CH — CH3—CCl:CH2 _— CH3—CC12—CH3

FI/II[pOXJIOpI/IPOBaHI/IC AlICTUIICHA HCIIOJIB3YCTCA B OAHOM M3 IIPOMBIIIJICH-
HBIX CIIOCOOOB IMMOJIYUCHU BUHUIIXJIOPpHUIA:

HC=CH + HCl —— CH,=CHCI (suruixiopuo)

B mpucyrctBun katanuzaropoB coneit prytu(ll) wim meau(l) mpucoeauHenue uaer mo
HyKneogurvromy mexanusmy (Ady). BUHUIXTOpU SIBISIETCS HCXOIHBIM MOHOMEPOM B
KPYIHOTOHHaKHOM IPOU3BOJIcTBE onauBuHMIXIopuaa (I1IBX).

I'maparanusa (peaxkuust Kydeposa). [Ipucoegunenne BOJbI K alleTHICHY
npoucxoaut B npucyTtctBun conu pryTtu (II) B kauectBe katanuzaropa. Peakuus
UAeT 4epe3 oOpa3oBaHWE HEYCTOWYMBOTO HEMPEISIHHOTO CIHPTA, KOTOPBIMA
M30MEPU3YETCS B YKCYCHBIN aJIbJICTU/L:

HgSO,
H—C=C-H + H0 —= [H—¢=C—H ] — CH;~C—H
H OH o
BUHUNOBBIU VKCYCHUbLU
chupm anvoe2uo

Bununoseiii cnupr CH,=CH-OH wneycroiiuuB Bcieactsue +M-addexra
TUAPOKCUTPYIIIBI, KOTOPBIM NMpUBOAUT K mossipuszauuu cBsizet C=C m O-H.
[IponcxoauT OTIIENICHUE TPOTOHA OT TMJIPOKCUTPYIIIBI U €r0 EPEHOC K aTOMY
yraeposaa ¢ U30bITOYHBIM OTPULIATEIbHBIM 3aPSAIOM O-:

-
H—C=—=C—H — H

|
SN

[Ipu rugparai roMOJIOrOB alleTUIIEHA 00Pa3yIOTCsl KETOHBI:

HgSO,
CH;=C=CH +H,0 — [ CH;~C=CH, | —= CH;~C—CH,
OH O
ayemon
(xeToH)
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['mppaTanust alKUHOB B MPUCYTCTBUU KaTanu3atopa conu prytu (II) mpo-
UCXOJUT TI0O MEXAHU3MY HYK1e0PuibHo20 npucoeounenus (Ady).

Mexanusm peaxyuu Ady Ha npumepe cuopamayuu ayemuiena

ovIcmpo MeOIeHHO bvicmpo
AN ¢ Ko} O o o
R 2 * R R
HC=CH — HC—CH HC—CH —= HC—CH —= CH;-C-H
_H+ | _Hg2+ |
N/ - H
Hg+ Hg

T -KOMIIJIIEKC

Karanusarop Hg2+ aKTUBUPYET TPOHHYIO CBs3b, 00pa3zysl AJIEKTPOHOICPUIMTHBIN TT—
KoMmIuteke (ObicTpast cramusi). Ha memineHHoi (JIMMUTHPYIOIIEH) CTauu K T—KOMILICKCY
NPUCOEUHACTCS HyKIIEO(PHI — MOJIEKYJIa BOIbI, SBIISIOIIASCS JOHOPOM Haphl 3JEKTPOHOB.
VIMeHHO 1oATOMY peaxiys KiacCU(PpUIMpyeTcst Kak HyKJIeO(PIIbHOE IPUCOSTUHEHHE.

IMoaumepu3anusi. AJKUHBI CIIOCOOHBI K PEAKIIUAM TUMEPHU3AINH, ITHKIIO-
OJIMTOMEPHU3AINH U TIOJTUMEPHU3AIINH.

1. Iumepusanus aneTusieHa moj| IeMCTBUEM BOJIHO-aMMHUAYHOTO pacTBOpa
xnopuaa meau (I):

CuCl _
2HC=CH —> H,C=CH—C=CH
suUHUIAUEemMuUlerH

BununaneTuneH ucnonb3yercss Kak IOJMYNPOAYKT B HMPOM3BOACTBE Macio- M OeH30-
cToikoro xyoponpeHoBoro kayuyka (-CH,-CH=CCI-CH,-),.

2. TpI/IMepI/BaHI/IiI allCTUICHA HaJd AKTHBHUPOBAHHBLIM YIJICM IIPUBOAHUT K

oOpa3oBaHuI0 OeH30a (peakiust 3eIMHCKOTO0):
3HC=CH C (axr)
p— é

500 °C CeHs

3. AlleTHJIEH MOXET TaK)Ke BCTyNaTh B PEaKIMU MOJUMEpU3aliu ¢ 00pa-
30BaHUEM JIMHEHHBIX MAaKpOMOJIEKYJI (KaTaau3aTopbl — KOMILUIEKCHBIE METaIO-
OpraHUYeCKUE COCTUHEHHS ):

...-CH=CH-CH=CH-CH=CH-... w1 (-CH=CH-),

Takue nmoaumepsl (MOJIMEeHBI) 001a1a0T Oy TPOBOJHUKOBBIMUA CBOMCTBAMHU.
MoHo- 1 JU3aMeIIeHHbIE alleTUIICHBI 00Pa3yIOT MOJUMEPHI 001IeH GopMyIThI
(-CR=CR'-),, rme R, R' — Bogopon, anudaTudeckuii Ui apoMaTuuecKuil paguKaibl.

1.3.2.2. KucJIOTHBIE CBOWCTBA

AILIETWJIEH U €r0 TOMOJIOTH C KOHIIEBO# TpoitHO cBs3bt0 R—C=C—-H (anku-
Houi-1) BenencTBue nossipHoctu cBs3u C(sp)—H nmposBisitoT cnabble KUCIOTHBIE
CBOMCTBA M CIOCOOHBI OTHICIUIATH MPOTOH TOJ JCHCTBHEM JOCTATOYHO CHIIh-
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HBIX OCHOBaHMU. [I0ABMKHBIN aTOM BOAOPO/Ia MOKET 3aMEIIAThCA HA METAJUI C
oOpazoBaHueM coieil — ayemunenudog. Hanpumep:

NH, () -
HC=CH + NaNH, ——— HC=C Na' + NH,
ayemuieHuo
Hampus

ATIETHIICHUBI EIOYHBIX U MIEI0YHO3EMETbHBIX METAJIJIOB UCIIOJIB3YIOTCS
TSl TIOJTyY€HHUsI TOMOJIOToB atetwieHa (cm. 1.3.3).

[Tpu B3amMoeHCTBUM aleTUJICHA WIIH alIKWHOB-1 ¢ aMMUaYHBIMHA PaCTBO-
pamMu okcuaa cepebpa miau xymopuaa meau (I) BeIMamarOT ocajKkd HEPACTBOPH-
MBIX alleTUIICHUIOB:

HC=CH + 2[Ag(NH;),]JOH — AgC=CAg{ + 4NH; + 2H,0
HC=CH + 2[Cu(NH3),]Cl - CuC=CCu J + 2NH; + 2NH,CI
CH;—C=CH + [Ag(NH3),]OH — CH;—C=CAg { + 2NH; + H,0

OOpazoBanue Oesoro ocajaka areTuieHuaa cepedpa (WM KpacHO-KOpHYHE-
BOTO ALETUICHUAA MEN) CITYKUT KaueCmeeH ol peakyuell Ha KOHLIEBYIO TPOUHYIO
CBsI3b. ECIM TpOIiHAs CBSA3b HAXOAUTCSI HE HA KOHIIE LIEMH, TO KUCJIOTHBIE CBOMCTBA
OTCYTCTBYIOT (HET MOABM)KHOTO aTOMa BOJIOPO/IA) U alleTHIICHU bl HE 00pa3yroTCs.

B cyXoM COCTOSIHUUM alleTUIEHUIbI TAKEIbIX METAIIOB YYBCTBUTEIIbHBI K
yAapy M JIETKO B3pbIBatoTCs. VX paznararoT, IOKa OHM €Ile BIAXHbIE, EUCTBU-
€M CUJIbHBIX MUHEPaIbHBIX KUCIIOT.

R-C=CAg + HNO; —— R-C=CH + AgNO3

PeaKI_[I/II/I o6pa3013aHI/151 ANCTUWICHUAOB C MOCIICAYIOIIUM HUX PA3JIOKCHHUEM MOTYT HC-
IIOJIB30BATHCA AJIA BBIACICHUSA aJIKWHOB U3 cMecelt ¢ APYruMu yriieBogopoJaMu.

1.3.2.3. Peakuuu oxkucjieHus

AIIETUJIEH ¥ €T0 TOMOJIOTH OKHCIISIFOTCSI TIEPMAaHTaHATOM KaJIHsl ¢ PACIIEeTI-
JICHUEM TPOWHOM CBSI3M U 00pa3oBaHUEM KapOOHOBBIX KUCIIOT:

R-C=C-R'+3[0] + HLO — R-COOH + R'-COOH

Anxunbl obecuBeunBaoT pactBop KMnQO,, uTo ucnonb3yercs A ux Ka-
YECTBEHHOT'O ONPEIEIICHHUS.

ITpu cropanuu (MOJTHOM OKMCIEHHM) alleTUIIEHA BBIAEIAETCS OO0JIBIIOE KO-
JM4YECTBA TeIlIa:

2HC=CH + 50, —> 4CO, + 2H,O0 + Q

TemnepaTypa aneTusieHoBO-KuciaopoaHoro miamenn gocturaet 2800-3000°C. Ha stom
OCHOBaHO NPUMEHEHHUE alleTUIICHA JUISi CBAPKH U PE3KU MeTaia. AUETHIIeH 00pa3yeT ¢
BO3/IyXOM M KHCIIOPOJIOM B3pPBIBOOIACHBIE CMECH. B c)kaTOM, M OCOOEHHO B CKIIKEH-
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HOM, COCTOSIHMH OH CIIOCOOCH B3pBIBAThCsA OT yaapa. [loaTomy amneTwmsieH XpaHWUTCS B
CTaJIbHBIX OajlIoHaX B BUJE PACTBOPOB B all€TOHE, KOTOPHIM MPOMUTHIBAIOT acOecT Uiu
KHU3EIbryp.

1.3.3. Cnocoo6wt noayuenus

AlleTusIeH TPOU3BOAUTCS B MPOMBIIIJIEHHOCTH JIBYMSI CTIOCOOAMH.
1. ITuponu3s yrineBoaopoaoB:
a) MeTaHa

1500 °C
2CH, ———> HC=CH + 3H,

0) STaHa WJIA STUJICHA

CH3—CH3 T CH2=CH2 T2> HC=CH

2. I'maponu3 xapOuaa KaJbIus:
CaC, + 2H,0 —— C;H; + Ca(OH),.

KapOun kanbuusi obpasyercs npu HarpeBaHuu cMecu okcuaa kanmpius CaO (xxeHou
u3BecTH) u Kokca 70 2500 C:

CaO + 3C — Ca(C, + CO

BcnenctBrue 00MbIONH SHEPTOEMKOCTH 3TOT METOI SKOHOMHUYECKHA MEHEE BBITOJICH.

B maGopatopHoii MpaKkTHKe aleTUIeH TAKKe TMOMydaroT THAPOJIU30M Kap-
Oua Kaablusl.

Jly1st cuiHTE3a TOMOJIOTOB alleTHIICHA TPUMEHSIOT JIPYTHUE METOIBI.

e JlernaporajioreHUpOBaHKUE AWTAJIOTCHAIKAHOB CIIHPTOBBIM PAaCTBOPOM
niesnouu (Ie04Yb U CUpT OepyTCsl B U3OBITKE):

R—CH,— CBr,—R'+ 2KOH 2%, RC=CR'+ 2KBr + 2H,0

CITUPT
R—CHBr—CHBr—R + 2KOH ~—2= RCZCR + 2KBr + 2H,0

e VYIMHEHHE LENU NpU JCHCTBUU Ha alleTUIICHU Bl ATKUJITaTIOTeHUIaMU
(aTKHIIMpOBaHUE AIETUIICHHUIOB):

CH,C=C Na' + BiC,H, —= CH,C=CC,H, + NaBr
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1.4. APEHBI

o Apenvl unu apomamuyecxkue (6eH30uUOHble) V21e8000PO0blL — IMO CO-
eOUHEeHUsl, MOJIEKYbl KOMOPBIX COOepIHcam yCmoudusble YUKiuyeckue epynnol
amomos (ben3obHble KOIbYA) ¢ 3AMKHYMOU CUCMEMOU CONPANCEHHBIX CE53ell.

IIpencraBurenu apeHOB:

Q"0 OO0 OO

benzon MoJyoi Hagmanun oughenun oughenunmeman

[To uncnmy OEH30JBHBIX KOJICI] B MOJIEKYJIE apeHbl MOAPA3NIESIOTCS Ha
IPYIIIBI.

e MoHosinepubie apeHnl — obmas gopmyna C,H,,6, TIE N > 6 (GeH301
Cg¢Hg u ero romosnoru, nanpumep, Tosryon CsHsCH; u 1.11.)

e MHOrosaepHble apeHbI:

— YIJIEBOJOPOABI C KOHJICHCHUPOBAHHBIMHM KOJbIIAMHU (HAmpuMep,

Ha(TaINH);

— COEIHMHEHHUS, COACpIKaIUe JIBa WM 00jiee OCH30JbHBIX KOJEIl, CO-
€IMHEHHBIC G-CBSI3bI0 (Harpumep, nudenmn),
— M- U NOJMapuiaikanbl (AudeHuIMEeTaH U T.11.).

Tepmun «apomaTuyeckre COSIUHEHUS» BO3HHUK JIaBHO B CBA3HU C TEM, YTO
HEKOTOPBIC MPEICTABUTEIN 3TOTO PsJia BEIICCTB UMEIOT MPUITHBIN 3arax WIIH
OBLTM BBIICIICHBI M3 APOMATHBIX MPUPOJHBIX UCTOUYHHKOB. OJHAKO B HACTOS-
mee BpeMsi B TMOHSTHUE «apOMATHYHOCTH» BKJIAJBIBACTCS COBEPIICHHO HHOM
CMBICII.

¢ ApOMAaTHYHOCTh O3HAYAET MOBBIIIEHHYIO YCTOWYHMBOCTh HMKIMYECKUX
MOJIEKYJI C 3aMKHYTOW CUCTEMOM COMPSKEHHBIX T-CBSI3EH.

YcTounBOCTh ATHX (HOPMATBHO HEHACHIIIEHHBIX COSAMHEHUM MPOSBIISET-
Csl B X TEHJICHIIMU C TPYJOM BCTYINATh B PEAKIUU MPUCOCAUHEHUS, TTPUBOJISI-
1IMe K HapyUIEHUIO0 apOMaTHUYECKOM CTPYKTYPHI.

ApomaTHYecKuil XapakTep apeHOB OOBSICHICTCS DJIEKTPOHHBIM CTPOCHHEM
O€H30JIbHOTO KOJIbIIA.
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1.4.1. Cmpoenue denzona

benszon C¢Hg — pooHaUyanbHUK apoMaTHYECKUX yIiieBOAOpoAoB. Kax bt

2

U3 IIECTH aTOMOB YIJIEpOJa B €ro MOJEKYJIE HaXOAUTCS B COCTOSSHUU Sp -
ruOpUInM3allud U CBSI3aH C JABYMS COCEJHUMHU

aroMaMH yIJepojJa M aroMOM BOJOpOJA O- fl’{f““c @}Ji
CBA3AMHU. BajeHTHBIE YIIIbI MEXIy KaIOW ma- G;/ Q__Q\@

. B 120°. T 5 H—C7 >0 2 ~C—H
poil G-CBsI3ei paBHBI . Takum oOpaszom, @'\\O /{@
CKEJIET G-CBSI3€H MpelcTaBisieT co00M MpaBHIIb- S Sy

6o

HBII IIECTUYTOJbHUK, B KOTOPOM BCE€ aTOMBI U
Bce o-cBsi3u C—C u C—H nexar B 0IHOM MIOCKOCTH.

p-AQO yriaeposia pacrnojoXeHbl NEPHIEHAUKYISPHO IIOCKOCTU G-CKEJETa.
OnHu 00pa3yroT eIMHOE MUKINYECKOE TT-3JIEKTPOHHOE 00J1aK0, COCPEAOTOUEHHOE
HaJl ¥ TIOJ1 INIOCKOCTBIO KOJIbLIA.

Bce yrnepon-yriaepoabie CBsi3u B OE€H30JI€ PaBHOIIEHHBI, UX JIJIMHA paBHA
0,140 HM, 4YTO COOTBETCTBYET NPOMEKYTOUHOMY 3HAYEHUIO MEXAY JIMHOU
npoctoit cBsi3u C—C (0,154 um) u npoitnoit C=C (0,134 um). D10 03HAYAET, YTO
B MOJIeKyJie O€H30Jla MEXIYy YTIEpOJHBIMH aTOMaMU HET YHCTO MPOCTHIX H
JIBOMHBIX CBs3eHl (Kak B (hOpMyJiaX ¢ OCIMJUTUPYIOMIMMH CBSI3SIMH, MPEIIOKEH-
HeIX @. Kekyne B 1865 1.), a Bce OHM BBIPOBHEHHI (J1e7I0Kan30BaHbl). [ToaTomy
CTPYKTYpHYIO (opMyiy OeH30iia M300pakatOT B BHJI€ MPABUIBLHOTO IIECTH-
YIroJibHUKa (G-CKEJET) U KPY>KKa BHYTPHU HETO, 0003HAYAIOIIETO JEI0KaIU30-
BAHHBIE TT-CBSI3U.

Dopmyna
¢ 0en10KaAnU308aAHHLIMU
ceA3AMU

Cmpykmypuol Kexyne

®opmynsl Kekyne Takke HEpeaKO UCHOIB3YIOTCS, HO IPU 3TOM YUUTHIBACTCS, YTO OHU
JIUIIb YCIIOBHO MEPEIaloT CTPOSHUE MOJIEKYJIbI OeH301a.

Jlenokanuzarus mecTH T-3JIEKTPOHOB B MUKJIMYECKOW CHCTEME TTOHUKAET
AHEPTHUI0 MOJIEKYJIbI (B OeH30je Ha 150,5 K1k/MoJb). DTO U OoNpeenseT MOBbI-
MICHHYIO TEPMOJIMHAMHYECKYI0 YCTOMYHMBOCTH (apOMAaTHUYHOCTH) OCH30JBHOTO
KOJIBIIA.

Kpurepuun apomaruyHocT. Ha OCHOBaHMM M3y4EHUS LUUKINYECKUX CO-
NPSDKEHHBIX CHUCTEM YCTAHOBJIEHO, YTO COEJUHEHHWE apOMAaTUYHO, €CIU OHO
NOIUUHSETCA npasuty XiokKeus:
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o [logbiuieHHOU MEPMOOUHAMUYECKOU CMAOUTLHOCIbIO (ApPOMAMU4HO-
cmbio) 061a0arm MoONbKO MaxKue MOHOYUKIUYECKUE CONPSNCEHHble CUCTEMbl
(nonuensvl), KoOmopvlie UMem NIO0CKOe CMpPOeHUe U CO0epHcam 8 3aMKHYMOU
yenu conpsicenusi 4n + 2 m-anexkmponos (20e n — yenoe yucno: 0, 1, 2, 3 u m.o).

o [Juxnwel, codeporcawue 4n T-31eKMPOHO8, AHMUAPOMAMUYHBL (Oecmabu-
JIUBUPOBAHDL).

VYcnoBusiM apOMaTUYHOCTH TOJTHOCTBIO COOTBETCTBYET MOJIEKYJia OeH301a
Cg¢Hg, B cucTeme comnpsikeHus: KOTOpOH y4acTBYIOT 6 TT-3JIEKTPOHOB — apOMaTH-
yeckuid cekcTeT (mo Gopmyie 4n + 2 ipu n = 1). ApoMaTHYECKUE ITUKIIBI 3HAYH-
TEJIbHO YCTOWYHMBEE COMPSDKEHHBIX AlMKIMYECKUX aHAJIOTOB C TEM K€ YHMCIIOM
T-AJIEKTPOHOB, T.e. OeHszos Oosee cradbuneHn, yem CH,—CH-CH=CH-CH=CH,
(rexcatpuen-1,3,5).

[IpuMepoM aHTHAPOMATUYECKOTO COEAMHEHHUS MOXET CIYKHUTh YUKI00)-
maouen C4H,, conepxxamuit 4 m-anekrpona (popmyna 4n npu n = 1), KOTOpbIH
UCKJTFOUMTEIBbHO HECTAOUIIEH U B CBOOOJHOM BUJE HE cyliecTByeT. Ero sHeprus
3HAYUTENBHO BhIIIE, yeM OyTtaguena-1,3 CH,=CH-CH=CHo,.

CornpsbKeHHbIE IUKINYECKUE CTPYKTYPBI, UUCIIO TT-AJIEKTPOHOB B KOTOPBIX
He noauuHseTcs hopmynam 4n + 2 unu 4n, Heapomamuynsl. ITH TUKIIBI MPaK-
TAYECKU HE OTJIMYAIOTCS MO YCTOMYMBOCTH OT alMKIMYECKHX aHajoros. Ha-
npumep, paaukansl nearaanennt CH,=CH-CH=CH" u nuxioneHTaaneHuI, co-
JepIKaIye 1o 5 T-3JIEKTPOHOB, SHEPIreTUYECKU PABHOLICHHBI.

1.4.2. Obowaa xapakmepucmuka 00HOA0EPHBIX APEHOE

dusnueckue cBoiicrBa. ben3on u ero Ommkaiire roMoJorua — OeCIBET-
HbIE JKMJKOCTU C OCH3MHOBBIM 3aIllaxoM, HEPACTBOPUMBIE B BOJIE, HO XOPOIIO
PACTBOPSIONIMECS B HEMOJSPHBIX OPraHUYECKUX PACTBOpUTENSIX. Jlerde BOJBI.
OrneonacHbl. beH30J1 TOKCHYEH (BBI3bIBACT 3a00JIeBaHNE KPOBH — JICHKEMHUIO).

Homenkaarypa. [1Iupoko HCHONb3yIOTCS TpUBUAIIbHBIC Ha3BaHUs (1mo.1)-
on, Kcunon, Kymon W T.m.). CUcTeMaThuuyeckue Ha3BaHHUS TOMOJIOTOB O€H30J1a
CTPOSIT U3 Ha3BaHUs YIJIEBOJOPOJHOIO pajukaina (IpUCTaBKa) U CJIOBa OEH307
(xopenn): C¢Hs—CH; — merun6enzon (moayon), CcHs—C,Hs — aTunbenszon,
C¢Hs—CH(CHj3), — uzonponunbden3on (kymon). Eciu pagukanoB 1Ba uiu 6osee,
UX MOJIOKEHUE YKa3bIBAETCS HOMEPAMHU aTOMOB YTJIEPOJia B KOJIbIIE, C KOTOPHI-
MU OHM CBsi3aHbl. HyMeparuio KoJibiia mpoBOIST TaK, YTOOBI HOMEpa PaIUKAIOB
ObLIIM HAMMEHBIINMH.
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Jns nu3zamemiennbix 0en3zonoB R—C¢Hs—R ucnonb3yercs Takxke npyroi
CHoco0 MOCTPOEHUsI Ha3BaHUM, IPU KOTOPOM IOJIOKEHHE 3aMECTUTENEH yKa3bl-
BaIOT Iepe]] TPUBHAIbHBIM HA3BaHUEM COEIMHEHUSI PUCTABKAMMU:

opmo- (0-) 3aMECTUTENMN Y COCEAHUX aTOMOB yriepoja Kojiblia, T.e. B IO-
JoxeHuu 1,2-;

Mmema- (M-) 3aMeCTUTENH Yyepe3 oauH atoM yraeposa (1,3-);

napa- (n-) 3aMeCTUTEIN Ha TPOTUBOIOJIOKHBIX cTOpoHax (1,4-).

Hamnpumep:
CH, CH,
CH, CH,
CH, CH,
1,2-0oumemunbenson 1, 3-0oumemunbenson 1,4-0oumemunbenson
(o-kcumou) (m-KcmIT0M) (n-xcumnou)

Apomartuueckue oJHOBaJieHTHBIE pagukaibl (Hampumep, CsHs—, RC¢H;—)
UMEIOT O0IIee Ha3BaHUE apusi U 0003HAYarOTCs CUMBOJIOM Ar. HasBaHus Heko-
TOPBIX PACIPOCTPAHCHHBIX B HOMEHKJIATYPE PaJUKAJIOB:

CsHs— genun, CH3—CsHy— monun (o-, m- wnu n-), CcHs—CHy— 6ensun.

beH3un oTHOCUTCS K apunaikuiam, Wi xopoue, apanxuiam (ArAlK) mockoibky cBo-

00/Hast BAJIGHTHOCTh HAXOJUTCS IIPU AJIKUJIBHOM rpyIme.

N3omepus. B psany romosioroB 0eH307a NPOSIBISETCS CTPYKTypHaAs U30-
Mepusi: 1) MOJIOXKEHUsST 3aMECTUTENIeN I OJu-, mpu- U mempa-3aMeleHHbIX
O0eH30J10B (HaNpuUMep, 0-, M- U N-KCWJIOJBI); 2) YIJIEPOJHOTO CKeJeTa B OOKO-
BOM 11emu, coaepskaiieit He MeHee 3-x aromoB yriepoaa (C¢Hs-CH,CH,CH; —
n-nponunoenzon u CgHs-CH(CHj3), — wusonponuiOeH3071 WIM KYMOL),
3) uzomepus 3amectureneid R, Haunnas ¢ R = C,Hs, (Hanpumep, Monexkymisp-
Hoit ¢opmyne CgHjy coorBercTBytor 4 wu3omepa: o0-, M-, N-KCHUJIOJBI
CH;-C¢H4—CHj; u satun6enszon CsHs—C,Hs); 4) MmexknaccoBas usoMepusi ¢ He-
npeaeabHbIMU  coeuHeHusaMu (Hanpumep, hopmyny Ce¢Hg kpome Oenzosa
nmeror coeamuenns CH,=CH-C=C-CH=CH,, CH=C-CH=CH-CH=CH, n
T.11., @ TAK)KE€ HEHACBIIIICHHBIC ITUKJIbI).

[IpocTpaHcTBeHHass: M30MEpHs OTHOCUTEIHHO OEH30JIBHOTO KOJIbIAa B 3a-
MEIIEHHBIX apeHaX OTCYTCTBYET.

1.4.3. Xumuueckue ceoiicmea

HCCMOTp)I Ha HCHACBIIICHHOCTL YIJICPOAHOI'O CKEJICTa, XUMHYCCKHC CBOM-
CTBa ApCHOB PE3KO OTIINYAKOTCA OT CBOMCTB HCTIPCACIIbHBIX YTIJICBOJOPOOAOB.
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BcnenctBrue moBBIIEHHONW YCTOMYMBOCTH (apOMAaTHUYHOCTH) OEH30JIHHOTO
KOJIbLIa apEHbl HE CKJIIOHHBI BCTyNaTh B PEAKIMH MPUCOEAUHEHUS WU OKHUCIIE-
HUS1, KOTOpBIE BEAYT K HapYyIICHUIO apOMaTUYHOCTH. J{71s1 HUX Hamboee Xapak-
TEPHBI PEAKLUNU, UAYIINE C COXPAHEHUEM apOMAaTUYECKONM CUCTEMBI, & UMEHHO,
peaxkyuu 3ameujeHuss aTOMOB BOJIOPOJA, CBI3aHHBIX C LIUKJIOM.

Hannune oOnacteil MOBBIILIEHHON TT-3JIEKTPOHHOMN MJIOTHOCTH C ABYX CTO-
POH IUIOCKOTO OEH30JIbHOTO KOJIbLIA ONPENEISET BOZMOKHOCTD €r0 aTakKy JJIEK-
TPOHOAEPUUUTHBIM (31eKTpOPHIIbHBIM) peareHToM. [loaromy st apomaruye-
CKHUX COCMHEHUN TUINUYHBI PEAKIMU 3aMEIIECHUs B OEH30IbHOM fJIpe, UIyIIHE
10 91eKMPOPUILHOMY MEXAHUIMY .

Hpyrue peakuuu (IpUCOEAUHEHHUE, OKUCIEHHUE) C YYacTHEM OEH30JbHOTrO
KOJIbLA UAYT C TPYIAOM.

1.4.3.1. DuexTpopmibHoe 3aMelieHue B 0eH30J1bHOM KOJIbLIE

Peakuuu snextpodunbHOro 3aMenieHus 0003Ha4aroTcsi CUMBOJIOM Sg (OT
anri. Substitution Electrophilic). K peakuusiM 3TOro TUNa OTHOCSTCS TaJIOT€HU-
pOBaHUE, HUTPOBAHUE, CYJIb()HUPOBaHUE, ATKIIMPOBAHHUE, AIIMITUPOBAHIE APEHOB.

O6mas cxema Sp-peakuuii 6erszona: CgHg + XY™ — CeHsX + HY

X'— snexTpodun, o6pa3yrommiics B X0/1e peakiuy Mpy TOMOIIY KaTaanu3a-
TOpa, KOTOPBIN MOJSIPU3YET CBA3h X—Y U CIOCOOCTBYET €€ reTepOTUTHICCKOMY
paspeBy: X°—-Y" — X" + Y-

Mexanu3Mm 31eKTpoPrIbHOTO 3aMenieHus (Sg) BKIIOYAET Psijl CTaIUM:

I cmaous 1l cmaous 11l cmaodus
~H X
S — X — +H
bvicmpo Me()ﬂeHHO ovicmpo
T-KOMILJIEKC G-KOMILJIEKC H +Y~ — HY

I cmaous: obpa3oBaHuEe T-KOMIUIEKCA. JTOT MHTEPMENUaT SBISETCS J0-
HOPHO-aKIIEITOPHBIM KOMITJIEKCOM, BO3HUKAIOIIMM TPU B3aUMOJCHCTBUU OT-
3JIEKTPOHHOI0 00J1aka OEH30JIBHOTO KOJIbLIA (BBICHIEH 3aHATOMN TT-MOJIEKYJIIPHOM
opOHTAIN) U BAKAHTHOM opOuTamm snexTpodmna X .

Il cmaousa (muMmuTUpYIOIIas): o0pa3oBaHUE G-KOMIUIEKCA — MHTEpMeEauaTa,
UMEIONIEeTo 0oJiee BHICOKYIO DHEPTHIO, YeM T-KOMIUIEKC. JIBa ajexTpoHa u3 67-
CUCTEeMbI UIYT Ha oOpa3zoBaHue o-cBsizu C—X. Ilpu 3TOM apoMaTHYHOCTh KOJIb-
11a HapylIaeTcs, T.K. aTOM YIJIepoJa, COeIUHUBIINCH C deKkTpodmioM X, mepe-
XOIUT U3 Sp” B Sp -THOPHIM30BAHHOE COCTOSIHHE M BBIXOJUT M3 CHCTEMBI CO-
npsbkeHus. B cucreme conpsbkeHus: ocTaroTes 4 m-3J1eKTpoHa, KOTOpbhIe JeI0Ka-

JIM30BaHbl Ha 5-TH YIIIEPOAHBIX aTOMax KoJbla (3apsia +1).
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Pacnipenenennue monoXuTenbHOrO 3apsiia B KapOOKAaTHOHE G-KOMILIEKCa
oTpaxaeT Habop u3 3-x pe3oHancHbIX CTPYKTYp (I, II u III), unu ogHa cTpyKTy-
pa c nenokann3oBaHHbIMU cBA3siMU (IV):

H H H H
I 11 111

0%

Il cmaous: otmenienue npotoa (H') oT G-kommekca moj jaeiicTBHEM
ocHOBaHHUs Y: (octartka moJiekyisbl pearenta XY). [Ipu 3ToM mpoucxoaut Boc-
CTaHOBJICHHE APOMATUYHOCTU KOJIbLA, IIOCKOJIBKY 2 3JIEKTPOHA Pa3pbIBAKOLICH-
cs csizu C-H mepexonsat B m-cucremy nukia. Ctaaus 3aBepuiaeTrcs oopazoBa-
HUEM NPOAYKTa PEAKIUU 3aMelleHus u coequaenns HY.

Huxe npuBeeHbl OCHOBHBIE PEAKIMH 3aMEIleHusl B OeH30J1e, HIyIIHe 10
aTOMy MexaHu3My (cM. Takxke [2, 9]). [Tonb3ysicek o01eit cxemoit Mmexanusma Sg,
PEKOMEHAYETCS 3alicaTh BCE CTAJANM JJI KaXI0W U3 dTUX PEAKLIHA.

I'anorenmpoBanue. 3aMenieHue aTomMa BOJOPOJa B OEH30JBbHOM KOJIbIIE
Ha TaJIOTeH MPOUCXOIUT B MpucyTcTBUU KUCHOTHI JIbtonca (AICl;, FeBr; u 1.11.)
B KaU€CTBE KaTaJIN3aTopa.

Cxema peakuuu XJOpupoBaHus OeH30a:

H AlCl, (6e3BoaHbI) cl
+ Cl >

+ HC]

2
X710pben3on

Ponp katanuzaropa AlCl; — aknenTopa mapsl SJ€KTPOHOB — 3aKITFOYASTCS B
< +
nossipu3anuu HenossipHoit cBsizu Cl-Cl ¢ oOpaszoBanuem anekrpoduna Cl' B
+ —
coctaBe komiuiekca Cl [AICL,]

| Cl Cl -
‘91=C1:F+\*A1:01 P —_ ct :Cl:Al:Cl

‘ Cl Cl

HwutpoBanue. beH3oin pearupyer ¢ HUTPYIOLIEH CMEChIO (CMEChIO KOHIIEH-
TPUPOBAHHBIX A30THOW U CEPHOU KHUCIIOT). Cxema peakiuu:

H NO
H,SO, (xoH. 2
+ HO:[NO, ——* (o) _

+ HZO

A30mHa

Kucioma HUMPOOEH30.11
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CepHas kucinoTa HeoOXxoauMa il 00pa30BaHUsI AKTUBHOTO 3JEKTPOpU-
+
JIa N02 .

+¢O + +¢O
H—O0—NI{_ _ + H,S0, —> H—O0—NI{_ _ H—O> 0= N o
Gonee cunvnan -S04 I|{ o - KamuoH

Kucioma HUMPOHUA

CyandupoBanme. [Ipu nelictBun Ha OCH30J1 JBIMSIIEH CEPHOM KUCIOTHI
(xonu. H,SO4 + SO;) 06pa3yeT051 0eH305Ccyb(OHOBAS KUCTIOTA!

benzon- benzoncynvponosas
Cynb@POHAM-UOH Kucioma

Onextpoduiom siBiserca okcusl cepbl (VI), B MosieKyie KOTOPOTO 3a CUEeT
TPEX AIEKTPOOTPHUIATEIHFHBIX aTOMOB KHCIOPO/a HAa aTOME CEPhl COCPEAOTOUCH
3HAYUTEIHHBIA TOJOKUATEIBHBIN 3apsa. Kaxmas crtagus peaknuu cyiabhupoBa-
HUs1 oOpaTuMma.

AJIKMJTHPOBaHMe. 3aMeIlleHUe aToMa BOJIOPOJia B OEH30JIbHOM KOJIbIE Ha
AIKWIbHYIO TpyIiy (oOpa3oBaHHe TOMOJIOTOB O€H30J1a) MPOUCXOIUT MOA Aei-
CTBUEM anxuneanozenudos (peaxkuuss Opuaens-Kpadrca) wim arkenos B npu-
CYTCTBHHM KUCIOT JIbptonca.

1. AnxunupoBanue no Ppunento-Kpadrey (karammzatopsl ramoreHUbI
ATFOMHUHMS, JKeJie3a, 0JI0Ba, TUTaHa; GTopua 6opa):

H AlCl, (6e3BoaHbIif) CH,
+ CH,CI - + HC

mozyoi
(memunben3on)

Xnopun amtomunus nossipusyet cBsizb C—Cl B ranoreHankane u oOpasyet
anekTpodun — kapbokaTHoH (B nanHOM npumepe CH;') B cocTaBe KoMIIekca:
oo f—\ + oo (;ol B
H, C Cl Al Cl P — CH, | :Cl:Al:Cl

} Cl Cl

2. AnkunupoBanue Oenzoina ankeHamu B npucytctBuu AlCl; u xmopoBo-
nopoja:
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CH,
/
AICL-HCI cH

CH CH=CH, 3 - CH,

nponex uU30NpONUNOEH30J1
(kymon)

OO6pa3oBanue s71ekTpoduia — KapOOKaTHOHA — TPOUCXOIUT MO CXEME:

_ CH;CH=CH, +
AICL + HCl === H' [AIC]] AIC CH;-CH—CH,

AununupoBanme. /[y BBeeHus auuiabHoM rpymnmnbsl -CR=0 no ®punento-
Kpadtcy B KkadecTBe alMIUPYIOMIUX AreHTOB HMCHOJB3YIOT AHTHAPUILI WM
XJIOpaHTUIPpUAbl KapOOHOBBIX KucHO0T (ammixiaopuasl) R-CO-CI (em. 5.3.1). Pe-
aKIus BEACTCS B IPUCYTCTBUU OE3BOIHOTO XJIOPHUAA ATIOMUHUS:

0]
,0 AlICL, (6e3BoHbIi) I
H + CH;C_ > C—CH, + HCI
Cl

ayemuaxaiopuo MemungheHunrkemon
(ayemocgperon)

Xmopu amrOMUHHS Kak KuciaoTa JIprouca (akmenTtop mapbl 3JIEKTPOHOB)
o0OpasyeT ¢ anuiIxJIOPUJAOM KOMIUIEKC, COJIEpPKAIUi aKTUBHYIO 3JIEKTPODUIIh-
Hy0 yacTuiy — ayui-xkamuor R—C'=0 (8 narrom npumepe CH;—C =0).

//O > +
R—C. + ACl, == R—C=O0IAIC}]"
Cl

1.4.3.2. Bausinue 3aMecTUTE/Is1 B 0€H30JIbHOM KOJIbIIE HA HATIPABJICHUE
U CKOPOCTh 3JIeKTPOGUIBLHOI0 3aMelleHUs

B ne3zamemennom Oenzone CgHg 351eKTpOHHAs MJIOTHOCTH B KOJIBILIE pac-
npeneseHa paBHOMEPHO U MPU B3aUMOCHCTBUU € JIEKTPOPUIHHBIM peareHTOM
pPaBHOBEPOSITHA aTaKa JIF0OOro U3 IIECTH ATOMOB YIJIEpOAa.

B mpousBogubix 6enzona C¢HsX mox BimmstHMEM 3amectutelniss X paBHO-
MEPHOCTbh PACHpPEENICHUs T-3JIEKTPOHHOTO o0JaKa HapylleHa, T.e. UMEHOTCS
00J1aCTH MOBBIIIEHHON M MOHWXEHHOW 3JIEKTPOHHOU TuioTHOCTH. [loaTomy Ha-
IIpaBJI€HUE U JIETKOCTh 3JEKTPOPUIBHON aTaky 3aBUCAT OT MPUPOIbI 3aMECTH-
tenst. OpueHTUPYIOIee BIUSIHUE 3aMECTUTENEH ONpeensieTcs] UX 31EKTPOHHBI-
MU 3P dexramu (cTatnueckuii HakTop) U cTaOUIBLHOCTHIO MPOMEKYTOUHO 00pa-
3YIOIIUXCS KAPOOKATHUOHOB — G-KOMIUIEKCOB (IMHAMUYECKUH (aKkTop).
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IIpaBuwia opueHTAlMM TIPU SJIEKTPODUIHLHOM 3aMEIICHUH B TPOU3BO/I-
HBIX OeH30J1a:

® 3aMECTUTENIU, UMEIOIIUECs B OCH30JbHOM SJpE, HAMPABISIOT BHOBB
BCTYIAIOIIYIO TPYNIY B OINpeCICHHBIC TOJOKEHHS, T.€. OKa3bIBAlOT OPUCHTH-
pylolee AeHCTBUE;

® 10 CBOEMY HAIMpPABIAIONIEMY IECHCTBHIO BCE 3aMECTHUTEIIH NETATCS Ha
JIBE TPYMIIbL: OPUEHMAHMbBL NEPBO2O POOA U OPUEHMAHNIbL BMOPO20 POOA.

Opuentantsl 1 pona (opmo-napa-opueHTaHTBI) HAMPaBISIOT TOCTE-
IyIoIee 3aMelieHne MPEeUMYIECTBEHHO B opmo- U napa-nojoxenus. K Hum
OTHOCSITCS 3JIEKTPOHOIOHOPHBIE TPYNIIHI (JIEKTPOHHBIE 2P(DEKTHI TPYIIN yKa-
3aHBI B CKOOKaX):

—CHj, -CyHs n 1. (+1), ~OH (+M, 1), ~OR (+M, —I), -NH, (+M, —I), -NR, (+M, ).

OpuentanTsl | poja MOBBIIAIOT 3JIEKTPOHHYIO IIOTHOCTh B OEH30JIbHOM
KOJIbLIE, OCOOEHHO Ha YTJEpPOJHBIX aTOMax B opmo- U napa-mnojoKeHUsX, YTo
OJaronpUATCTBYET B3aUMOJECHCTBHIO € 3JEKTPO(UIBHBIMU pEareHTaMu UMEHHO
JTUX aTOMOB.

[Toaromy, Hampumep, IpU TAIOT€HUPOBAHMU TOJIyoJla oOpa3yercs CMeCh
WU30MEPHBIX Opmo- U napa-rajloreHTOIy0JIOB:

P
5_(\ g FeBr
+ Br,
—HBr
& 5.
mozyon 0-OpOMMOITYON n—6p0Mm0le0ﬂ

BaxHO OTMETHUTB, UTO 3JIEKTPOHOAOHOPHBIE 3aMECTUTEIIN, MTOBBIIIAS DIIEK-
TPOHHYIO IUIOTHOCTh B OC€H30JIbHOM KOJIBIE, YBEIIMYMBAIOT €r0 aKTUBHOCTH B
peakuusiX 3MEeKTPOPUILHOTO 3aMEIICHHS 10 CPABHEHHUIO C HE3aMEIIeHHbIM O€H-
30710M. Takue 3aMecTUTENn Ha3bIBAKOTCA AKMUBUPYIOWUMU OPMO-NApa-oOpueH-
Maumamu.

AKTUBUpYIOIIIEE JIEHCTBUE AIKWIBHBIX TPYIII TMPOSBISIETCS B CHOCOOHOCTU
rOMOJIOrOB O€H30I1a K 00pa30BaHUIO JIu- U TPU3aMEIIEHHBIX MPOayKToB. Hanpumep:

CH, CH

3
1,80,,70°c  ON NO,
+ 3HO-NO, ——— + 3H,0

NO,
2,4,6-mpunumpomoinyon
(mpomun, mon)
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Ocoboe mecto cpenu OpueHTaHTOB | popa 3aHUMAIOT rajoreHsl, MpOsB-
JSIOIIME JIEKTPOHOAKIENITOPHBIE CBOMCTBA:

—F (+M<-I), -Cl (+M<-1I), ~Br (+M<-I).

SBnstsicb opmo-napa-opueHTaHTaMu, OHU 3aMeJUISIIOT 3JeKTpo(dUiIbHOE 3a-
merenue. [IpuunHa — cuibHbIN —[-3(QGEKT AMEKTPOOTPUIIATEILHBIX aTOMOB Ta-
JIOTEHOB, IOHM)XKAIOIIUI JIEKTPOHHYIO INIOTHOCTH B Kousblle. CienoBareibHoO,
TaJIOTeHbl — 0e3aKMUsUpyouue oOpmo-napa-opueHmanmel.

Opuentantsl II poga (Mema-opueHTAHTbI) HANPABJISAIOT NOCIEAYIOLIEE
3aMelIeHNEe NPEUMYILECTBEHHO B Mema-1nojiokeHne. K HUM OTHOCATCS dj1eK-
TPOHOAKIENTOPHBIE 3aMECTUTEIIN:

-NO; (-M, -I), -COOH (-M), -CH=0 (-M), -SOsH (-M, -1), -CCl; (-I).

OpuenTtanTsl 11 poga yMeHbIIAIOT 3JEKTPOHHYIO IJIOTHOCTh B OEH3071bHOM
KOJIbIIE, 0COOCHHO B 0pmo- U napa-nonoxenusx. [loaromy snexkrpodun arakyer
aTOMBI YIJIEpO/ia HE B ATUX MOJIOKEHUSX, a B Mema-NoJ0KEHUH, TJ€ dJIEKTPOH-
Has IJIOTHOCTh HECKOJIbKO BhIIIe. Hampumep:

'O—IJ{IQO NO,
S+ C S5+ AICL,

IS 2 Cl, W o
Humpg)geus’wz 3-Humpoxnopben3on

Bce opuenrants! Il pona, ymeHbIas B 1E€JIOM 3JIEKTPOHHYIO IUIOTHOCTH B
OEH30JIbBHOM KOJIblIe, CHUXKAIOT €r0 aKTUBHOCTb B PEAKIUAX AIEKTPOPHUIBHOTO
3aMEILEHNUS, T.€. SIBISIOTCA 0e3aKMUSUPYIOWUMU Mema-OpUeHMAaAHMAMU.

Taxum 0Opa3zom, CKOPOCTh peakIuil AMEKTPOPUILHOTO 3aMEIICHUS IS CO-
€MHEHU (IPUBEICHHBIX B KAYECTBE IPUMEPOB) YMEHBIIIAETCS B PALY:

tonyon C¢HsCH; > 6enszon C¢Hg > Hutpobenson C4HsNO,.

BnusHue 3amectuTesneil Ha peakIMOHHYI0 CIIOCOOHOCTh MOHO3aMEIICHHBIX
OEH30JI0B B NMPUBEICHHBIX BBIIIE MPUMEPAX PACCMOTPEHO B paMKax CTaTUye-
ckoro ¢akropa (7MeKTpoHHBIE d(PGHEKTHl B UCXOIHON Moyekyine). Jlunamude-
ckuii (akTop, T.€. CTAOWIM3UPYIOIIEEe WM JeCTAOMIN3UpYIOlIee JICUCTBUE 3a-
MECTHUTENS Ha 00pa3yIoIluecs B X0J/I€ PEaKIMN UHTEPMEANATHI (G-KOMIUIEKCHI)
MMEET BakHelllee 3HaueHHe. OTHOCUTENBbHYIO YCTOMYHMBOCTH 3TUX HHTEPMeE-
JTIMATOB MOXHO OLIEHUTBH IO CTENEHHU JEJOKAIU3aLMH 3apsa, KOTOPYIO OTpaka-
eT HabOp rpaHUYHBIX (PE30HAHCHBIX) CTPYKTYP. [lompobuee cm. [2, 9].

Jist Mru3aMelieHHbIX MPOU3BOJHBIX OEH30J1a OPUEHTHPYIOLEE BIUSHUE
3aMECTUTENEN MOXKET ObITh CO21ACO8AHHBIM WIH HecoznacoeanHuiM. I1pu corna-
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COBAHHOM OpPUEHTAIMHM 3aMECTUTENN HAIMpPaBIAIOT 3JEKTPO(PUIBHBIN peareHt B
OJIHO M TO K€ IOJIOXKEHHE KOJIbLIa. B ciyyae HecoriacoBaHHOIO BIIMSHHMS 3a-
MECTHUTENH, OPUEHTUPYIOIINE dIEKTPOGUI B Pa3HbIE MOJIOKEHUS, KOHKYPUPYIOT
MeXay coOOM, 4TO MPUBOJIUT OOpPa30BAHUIO CMECH MPOAYKTOB. OCHOBHOM MpPO-
TYKT peaKkiuu orpeaenseTcss HandoJiee CUIIbHBIM aKTUBUPYIOIIUM OPUEHTAHTOM.

1.4.3.3. Peaknum npucoequHeHNsI

B peakuuyn npucoeauHeHus1, IPUBOIAIINE K PA3PYLICHUI0 apOMaTUYECKOU
CTPYKTYpBl O€H30JIbHOTO KOJIbLIAa, apEHbl MOTYT BCTYNAaTh JHUIIb B KECTKUX YC-
JIOBUSX.

I'mapupoBanme. [Ipucoenvuenue Bogopojia K OEH301y M €ro roMoJioram
IIPOUCXOJUT IIPU MOBBILIEHHOW TeMIEpaType U JAaBJIECHUU B NMPUCYTCTBUH Me-
TAJUTMYECKUX KaTaIU3aTOPOB.

Ni, t, p

+ 3H2 -
UUKTIO2CEKCAaH

PagukajibHoe xjiopupoBaHue. B yCloBUsIX paJuKaJIbHOW PEAKUUU IIPU UH-
TEHCUBHOM YJIbTpa(HroIeTOBOM 00TydeHUH O€H3051 CIIOCOOEH MPUCOSIUHATE XJI0P
¢ obpazoBanuem 1,2,3.4,5,6-rekcaxiopiukiorekcana (eexcaxnopana) CeHgClg:

Cl
Cl Cl
hv
+ 3C]2 —_—
Cl Cl
Cl

ceKcaxiopan

D10 cpeAcTBo OOPHOBI C BpeTHBIMA HACEKOMBIMU TOKCHYHO M B HACTOsIIIIEe BpeMs 3a-
MPEIIEHO ISt OBITOBOTO MCIIOJIH30BAHMS.

1.4.3.4. PaguxkajbHoe 3aMelleHHe B AJTKHJI0eH30J1aX

Jlyist ToMOJIOTOB OC€H30J1a XapaKTepHA PEaKIUS PAOUKATIbHO2O 3AMeUjeHUs]
aTOMOB BOJIOPOJIa B 60K0801U yenu 1o MexaHu3my Sg (cM. 1.1.4).
Hanpumep, xnoprupoBaHue TOIyoJIa Ha CBETY MPOUCXOIUT IO CXEMe:
CH, CH,Cl
+ Cl, —— + HCI

moyon OeH3UnxXI0pUd

HpI/I TraJIOTCHUPOBAHHUHN aHKI/IH6CH30HOB, COJACPIKAIINX IICPBUYHBIC U BTO-

puunbie ankwibHbie Tpynnbl (-CH,R, -CHR;) 3amemnienuto nmoasepraercs mpek-
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Jie BCEro aTOM BOJIOPOJIa TIPU Ol-YIJIEPOJHOM aToMe. DTO OOBSACHSETCS TEM, UTO
Ha JUMHUTHPYIOIICH cTaauu Jierde oOpa3yroTcs HE ajJKWIbHBIC, a 00jee yCcTou-
yuBble Oenzunvrvle pamukansl: «CH,—C¢Hs (B cimydae Tomyomna), {CHR—-CgHs,
«CR)—C¢H;s. Crabunuzanus Takux paJudKaioB OOYCIOBJIEHA JeJIOKaIM3alUeH
HECHAPEHHOT0 3JICKTPOHA 33 CUET B3aUMOJCHCTBUSA C T-3JIEKTPOHHOM CUCTEMOU
O€H30JIbHOTO KOJIblIa (p,m-conpspkeHue [4]). ATKHIOSH30JIbl C TPETUYHBIMU aJl-
KWIbHBIMH Tpynmnamu -CR; B peaknusax pagukalbHOTO 3aMEIICHHS B OOKOBOM
IIENM HEaKTHBHBI, T.K. HE 00pa3ylOT OCH3WIBHBIX PAIUKAIOB M3-3a OTCYTCTBUS
aToMa BOJOPO/Ia MPU O.-aTOME YIJIepo/ia B aJIKUILHOU TPyIIIIe.

1.4.3.5. Peaknuu oxkucJaeHus

ben3zonm He okuciageTrcda naxke oA ACHCTBUEM CHIBHBIX OKHCIIHUTEIEH
(KMnO,, K,Cr;,0O7 u 1.1m.). Ilo3TOMy OH 4acTO HMCHOJB3YeTCS KaK MHEPTHBIN
PacTBOPUTENH TPU MPOBEACHUH PEAKIIUNA OKUCICHUS IPYTUX OPTaHUYECKHUX CO-
eINHEHUMH.

B otnuume ot OGeH30i1a €ro TOMOJIOTH OKHCISIOTCS JOBOJBHO Jierko. [Ipu
ATOM OKHCIICHHUIO TTOIBEPTAOTCS TOJHKO OOKOBBIE TETH (ATKWILHBIE TPYTIIIHI).

1. Tonyon okucnsiercss pactBopoMm KMnO,4 B KHUCIIOW Cpele Ipu HarpeBa-
HUU (WU TIPOJIOJDKUTEIILHOM BCTPSIXUBAHUM) 10 OCH30MHOM KUCIIOTHI:

OH T

O

j 4

Ot O fon 5 O
-H,0 OH

MOoIYon bensotinas xucioma

E—O—E

Peakrmus conpoBoxaaeTcst odecuBeunBanueM pactBopa KMnO,.

2. Ilpu OKHCIIEHUHU IPYTUX TOMOJIOTOB (3TUIIOEH30J1, MPOMUIOEH30J U T.11.)
Pa3phIB CBSI3HM MPOUCXOIUT MEXKIY IABYMsSI ONMDKAUIITUMU K KOJIBITY aTOMaMH yT-
nepona 6okosoit nemu (C,—Cp). B pesynprare peakuun oOpasyeTcs CMeChb KH-
CJIOT, OJTHA U3 KOTOPBIX OCH30MHAS:

B (@) O
(o} 5[0 7 N
@CH CH;R o1, cZ + SC-R
| -H,0 OH HO
Oen3ounas Kucioma

Taxum o6paszom, Bce ankunoen3onsl CgHs—R (e R — CH;, nepBuyHas wim
BTOpHUYHAs aJIKWJIbHAS TPYIINa) OKUCISAIOTCS 10 OeH30iHOM KUCTIOThI. [nankui-
oen3onel R—-C¢Hy—R 00pasyroT, cooTBETCTBEHHO, O€H301IMKapOOHOBBIE KUCIIO-
51 HOOC-C¢H,—COOH.
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Anxunbeable rpynmsl (-CHj;, nepeuunbie -CH,R u Bropnunsie -CHR;) B ai-
KUJIOEH30J1aX OKHCIISAIOTCS JIerde, 4eM alKaHbl. DTO OOYCIOBJIEHO BIUSHUEM
GEH30JILHOrO KOJIbL[A Ha JIErKOCTh paspbiBa cBs3i C(sp’) —H B oi-monosennn.
Tpernunsle ankunbHble rpynmnsl -CRj, B KOTOPBIX OTCYTCTBYET O-aTOM BOJOPO-
1, IPaKTUYECKH HE OKUCIISIOTCS B 3TUX YCIOBUSX.

3. BaxxHoe 3Hau€HUE UMEET peaklys OKUCIEHHs KymoJja (M30MponuiIdeH-
30J1a) — KyMOﬂbezﬁ Ccnoco6 MOJTy4YeHUs (beHOJIa U alleToHa:

¢ H,S0, CH,
CH—> ‘COOH—> OH + C=0
- CH, CH,

KYMOJL eudponepomud Kymona genon ayemoH

[IpenmymecTBa 3TOro MeToAa: OE30TXOIHAS TEXHOJIOTHS (BBIXO/ MOJIE3HBIX MPOTYKTOB
6onee 99%) u sxonomuunocts (CCCP, Ceprees, Y npuc, Kpyxanos, 1949).

4. TTotHOE OKUCJIEHNE apEHOB MPOUCXOAUT MPU UX TopeHnu. beH3omn u ero
TOMOJIOTH Ha BO3JIyX€ TOPST KOMNTSIIUM IJIaMEHEM, YTO 00YCIOBIIEHO BBICOKHM
COZIEp’KaHUEM YTIIEPOIA B UX MOJIEKYJIAX:

2C¢Hs + 150, — 12 CO;, + 6H,O + Q
Jleryuune apeHbl 00pa3yroT ¢ BO3AYXOM U KHUCIOPOIOM B3PbIBOOIACHBIE CMECH.

1.4.4. Cnocoo6wt nonyuenus

[IpompblTIUIeHHBIE CTIOCOOBI MOJTYYEHHS apOMaTUYECKUX YIIIEBOJOPOIOB
OCHOBAaHbI Ha IEpepabOTKe YIias U HEPTH.
1. IIpu KOKCOBaHMU KaMEHHOTO YIJIsl 00pa3yeTcsi KaMEHHOYTOJIbHAsI CMOJIa,
13 KOTOPOH BBIJIEISIOT OCH30JI, TOTYOJ, KCHIIONBI, HAQTAIWH U APyTHUE OpraHu-
YECKUE COCTMHCHMSI.
2. Apomatu3zanus HeTH (OCHOBHOM cOCTaB He(PTH — aNKAHBI U ATTUIUKIIBI):
a) NEeruAPOIMKIIN3ALIMS aJKaHOB, COJEPKallMX B OCHOBHOM 1enu 6 (U
Oosiee) aroMoB yriepoaa (cm. 1.1.4);
0) neruapupoBaHKe MUKIOTEKCAHA U €0 TOMOJIOTOB:

oE e ot

YUKIIOCEKCAH MEMUIYUKTIOCEKCAH mojyon

3. [Nomyuyenue ankunOeH3070B peakiuei ankuiaupoBanus (cM. 1.4.3.1):

62



AICI, CH,CH,
+ CH,CH,Cl — > + HCI

2Munben30.

IIpu nermapupoBanuy 3TUIOEH301a MOIYYalOT IPOU3BOJHOE C HEMPEAEIbHON OOKOBOI
uensto — BUHUI0eH30d (cmupon) C¢Hs—CH=CH,, koTOpHIii sIBIIsSIETCA UCXOIHBIM MOHO-
MEpPOM B KPYITHOTOHHAYKHOM IPOU3BOJICTBE NOAUCUPOIA.

4. Tpumepusanus ankuHoB (cMm. 1.3.2.1).
INPAKTUYECKASA YACTb

Jlabopamopuan paooma 1. Ilpedenvnvie u HenpeoebHble y21€6000pP00b

Omnpit 1. [TosryyeHue u cBOiCTBA MeTaHA

3aganme: 1) momy4uuTh METaH; 2) yCTAaHOBUTH, pearupyeT Ju MeTaH ¢ Opo-
MOM U NI€PMaHTaHATOM KaJlisl B YCIIOBUSIX ONBITA; 3) HAMUCaTh YpaBHEHUs pe-
akiuii 00pa3oBaHMs U TOPEHUs MeTaHa; 4) cAenaTh BBIBOJ O PEAKIIMOHHON CIO-
COOHOCTH METaHa.

PeakTuBbl M 000OpynoBaHMe: aneraT HaTpus (O€3BOJH.), HATPOHHAS W3-
BecTh (cMech NaOH u CaO B cooTHomenuu 1 : 2), pazdbaBieHHbIE BOJAHBIE pac-
TBOpBI OpoMa 1 KMnOy; 3 npoOupku, mpoOka ¢ ra300TBOJHOI TpyOKoii, 1abo-
paTOPHEBIN IITaTUB, CITUPTOBKA.

BrinosiHeHune onbiTa

1. B mpoOupKy MoMecTuTh CMECh arleTara HaTpUsi ¥ HAaTPOHHOW W3BECTH
(B 00beMHOM cooOTHOIIEHUHU 1 : 2, BbIcOTa Ciost 4-6 MM), 3aKpbIThb IMPOOUPKY
pOOKOM C ra300TBOJHOIN TPYOKOM, 3aKpENUTh €€ TOPU30HTAIBHO B JIANKE IITa-
THBA U HATPETh B IUIAMEHU CIIUPTOBKH JI0 BCTICHUBAHUS PEAKIIMOHHON MACCHI.

2. B ogny npobupky HamuTh 1 Ma OpoMHOI BOJBI, B Ipyryto — 1 mut pac-
tBOpa KMnO,. Onyctuth ra300TBOHYI0 TPYOKY C BBIACISIONIMMCS METAaHOM
CHayaJla B OJIHY MpOOUPKY, 3aTeM B JIpyryto. OTMETUTh, U3MEHSIETCS JIh OKpacKa
PacTBOPOB, T.€. MPOUCXOAT JIM COOTBETCTBYIOLIUE PEAKIUY.

3. Ilomxeub BBIACTSIONINIICS METaH y KOHIIA Ta300TBOIHOM TPYOKH.

OnpIT 2. [TosryyeHue u CBOICTBA ITUJIEHA

3aganme: 1) MoMy4yuTh STWIEH; 2) YCTAaHOBUTH, PEArupyeT JIM STUIIEH C
OpOMOM U TIEpMaHTaHATOM KaJIHsl B YCJIOBHSX OIbITA; 4) HAUCATh YPaBHEHUS U
MEXaHU3Mbl BCEX pEaKUui; 5) caenaTh BBIBOJ O PEAKIMOHHOM CIOCOOHOCTH
STUJIEHA B CPABHEHUU C METAaHOM.
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PeakTuBbl 1 060pynoBanue: 3tuioBbii cnupT, H,SO4 xoHIL., pa30aBieH-
HbI€ BOJIHBIE pacTBOpbl OpoMa U KMnQO,, 3 mpobupku, mpoOka ¢ ra300TBOIHOM
TPYOKOIl, «KUIIENKN», 1a00paTOPHBIN IITAaTUB, CIUPTOBKA.

BrinosiHeHune onbiTa

1. B nmpoOupky mnoMectuTh | MJI 3THUIOBOrO CHHUPTA, OCTOPOXKHO MPH
B30aITHIBAHUU IPWIUTH 4 MJI KOHIICHTPUPOBAHHOM CEPHON KHCIIOTHI, MOJTOXKHUTh
KUTIEJIKY» U 3aKPBITh MPOOKOH C Ta300TBOJHOM TPyOKOil. 3aKpenuTh MpOOUPKY
B JIAIIK€ IITATUBA U OCTOPOYKHO HArpeTh CMECh B IIJIAMEHU CIIMPTOBKHU JI0 Hadana
PAaBHOMEPHOTO BBIJECICHUS ra3a.

2. B onny npobupky HanuTh 1 Mi OpomMHOI BOABI, B Ipyryro — 1 mu pac-
tBOpa KMnO,. OnycTuTh ra3o0TBOAHYIO TPYOKY € BBIAEISIOIIUMCS 3TUIEHOM
CHauajia B OJHY IpOOHPKY, 3aTeM B pyryto. OTMETUTh, U3MEHSETCS JIU OKpacKa
pacTBOpPOB.

3. Ilomkeub BBIAETSIOMIMNCS 3THIIEH Y KOHIIA ra300TBOAHON TpyOku. OT-
METUTh Pa3INYUsl B IPKOCTH IUIAMEHHU [TPU TOPEHUH 3TUIIEHA U METaHa.

OmnpIT 3. [TosryyeHue u CBOIICTBA AllETHJIEHA

3aganue: 1) moXy4YuTH alETHIICH; 2) YCTAaHOBUTH, pEarupyer Jim oH ¢ Opo-
MOM, TIEpPMaHTaHATOM KaJIisi 1 aMMHUA4YHBIM PAaCTBOPOM OKCHJA cepedpa B yclio-
BUSX ONBITA; 3) HAMMCAaTh YPAaBHEHMSI BCEX PEAKUUA MU MEXAHM3M PEAKIHUH C
OpomMoMm; 4) caenath BBIBOJBI O PEAKIIMOHHOM CIIOCOOHOCTH aleTUiIeHa B CPaB-
HEHUH C METAHOM U TUJICHOM.

PeakTuBbI M 000pyI0BaHUE: KapOUI KaIbIHs, JUCT. BOJa, pa30aBlIeHHBIC
BoJHbIE pacTBOpel Opoma W KMnO,, pactBop AgNO;, amMmuak BOIHBIM,
4 mpoOupKH, MUIETKA, MpoOKa ¢ Ta300TBOJHOU TPYOKOM, J1abOpaTOpHBIN IITa-
TUB, CIIUPTOBKA.

BrinosiHeHune onpbiTa

1. B mpoOupKy MoMecTUTh KyCOYeK KapOujaa Kajabliusl, 100aBUTh HECKOJIb-
KO Kamesib BOJbI, 3aKPHITh IPOOUPKY MPOOKOW C Ta300TBOJHOM TpyOKOH U 3a-
KpENuTh €€ B JankKe mratuBa. Peakuust o0pazoBaHus aleTUiIeHa 3K30TEPMUYHA.

2. B onny npobupky HamuTh 1 Mi OpomMHOIN BOABI, B Ipyryro — 1 mi pac-
tBOpa KMnQO,4. OnycTUTh ra300TBOAHYIO TPYOKY C BBIICISIOIIMMCS alleTUIIe-
HOM CHauaja B OJHY MPOOHpPKY, 3aTeM B JApyryr. OTMETUTh, U3MEHSETCS JIH
OKpacka pacTBOPOB, T.€. MPOUCXOISAT JIU COOTBETCTBYIOIIUE PEAKIUU.

3. B npoOupky HaiuTh 5 MJI pacTBOpa HUTpaTa cepedpa, 100aBUTH O Karl-
JSIM PacTBOpP aMMHakKa 10 pacTBOPEHUs BBINAJAOIIErO CHadajga ocaaka. B mo-
JYYEHHBIN pacTBOP OMYCTUTHh Ta300TBOJAHYI0 TPYOKY M TPOIyCKaTh alleTUIICH
JI0 TIOSIBJICHUS OCaJIKa.
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4. Tlomxeub BBIACNAIOMIMNACS allETUICH y KOHIA Ta300TBOJHON TpYyOKHU U
OTMETHUTH XapaKTep IJIaMEHH.

OmnbiT 4. BpoMupoBaHue yriesoa0po10B

3ananue: 1) npoBecTH peaklyy MPEETbHBIX U HENPEAEIbHbBIX YTIEBOI0-
pozioB ¢ OpOMOM; 2) YCTAaHOBUTH, COMTPOBOXKIAIOTCA JIM 3TU PEeaKIUu 00pa3oBa-
HUEeM OpOMHUCTOrO BOJIOPOJia; 3) OOBSICHUTH, TOYEMY JiJii OpOMUpPOBaHUS ajiKa-
HOB HEOOXOJMMO HArpeBaHUE M YEM BBI3BAHO MCIOJB30BAHUE B JAHHOM OIIBITE
pacTBopa OpoMa B OpPraHMYECKOM pacTBOpHTENe, a HE B Boje; 4) Hamucarhb
YpaBHEHUS U MEXaHU3Mbl pPeakiuid; 5) cAeiaTh BBHIBOABI O PEAKLMOHHOM CIIo-
COOHOCTH UCCIIETyeMbIX YTIEBOAOPOIOB IIPH rajJoreHUPOBAHUU.

PeakTuBbl M 000pyaOBaHuUe: KUJKKE alKaH (OKTaH WIM T'eNTaH) U aJIKeH
(okten-1), 5% pacTBop OpoMa B OpraHUYECKOM PACTBOPHUTEIE (TETpaxiopMeTa-
HE WU xJopodopMme), MHIUKATOpHAsh Oymara, BOJHBIA pacTBOpP aMMHaKa,
2 npoOUpKH, IepKaTeNb ISl MPOOUPOK, MUTIETKA, CIIUPTOBKA.

BoinosiHenune onbiTa

B otnenpHBIE IPOOMPKU HATUTH MO 1 MIJI MCCIEMyeMOTO YIIIeBOIOpOAa U
n00aBUThH IO KAIUISIM TPH JITKOM BCTPSIXMBAHUHU pacTBOp Opoma. Ecim xenras
OKpacKa He Mcue3aeT Ipu KOMHATHOUM TeMIlepaType, CMECh HaJl0 CIIETKa HarpeTh
B IJJAMEHU CIUPTOBKHU. Y CTAHOBUTH, CONMPOBOXKIAETCS JTM UCUE3HOBEHUE OKpa-
CKH, 00YCIIOBJIEHHOW MPUCYTCTBUEM CBOOOAHOr0 Opoma, oOpazoBaHueM OpoMHu-
CTOro BOJOpoAa. sl 3TOro BHECTH B OTBEPCTHE MPOOMPKH CHAYajga IMOJIOCKY
WHJMKAaTOPHOW OyMarv, CMOYEHHYIO BOJIOM, a 3aTeéM CTEKJISHHYIO MaJIOUKYy,
CMOYEHHYIO BOJIHBIM pacTBOPOM aMMHaKa.

OnpIT 5. OKHCIeHHe YIJIeBOA0POA0B IEPMAHTAHATOM KaJIHUs

3aganme: 1) yCTAaHOBUTD, OKUCTSIOTCS JIM QJIKAHBl U JIKEHbI MepMaHraHa-
TOM KaJjus; 2) HallucaTh ypaBHEHUs peakluii; 3) cenaTh BEIBOADIL.

PeakTuBbI M 000pyI0BaHUeE: XKHUIKUE aKaH (OKTaH WJIM IENTaH) U aJKEH
(okten-1), pazdasnennsiii pactBop KMnQOy, pacTBOp cofibl, 2 MPOOUPKH, MHUIIET-
Ka, JepKaTeib AJis IPOoOUPOK.

BbinosiHeHue onpiTa

B otnenbHbIe TPOOUPKH HAMUTH MO | MJI MCCIEeTyeMOro yrieBoJaopoja u
n00aBUTh CHaJalla paBHBIA OOBEM PACTBOpPA COJIBI, a 3aTE€M, MO KaIULsIM TIPH
CUJIbHOM BCTPSIXMBAHUM — PACTBOP MEPMAHIaHaTa KaJHs OO MPEKpaICHUS W3-
MEHEHHS BHEIIIHETO BUJIa CMECH.

OTMETUTH OTHOILICHHE AJIKAHOB U aJIKEHOB K pa30aBICHHOMY pPacTBOPY
KM1’104.
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OnbIT 6. B3anMoaeiicTBHE yI1eBOIOPOA0B € CEPHOM KHCJI0TOM

3aganme: 1) ycTaHOBUTH, B3AaUMOJEHCTBYIOT JIM QJIKAHbI U AJIKEHBI C KOH-
LEHTPUPOBAHHON CEPHOM KUCIOTOM; 2) yKa3aTh, 10 KAKOMY MEXaHU3My MpPOUC-
XOJIUT TPHUCOEIUHEHUE TMOJSAPHBIX PEAareHTOB K aJKeHaM HECHMMETPUYHOIO
CTpOEHMsI; 3) HamMcaTh YPaBHEHUS peaKlMii; 4) cenaTh BbIBOJIBI.

PeakTuBbI M 000pyAO0BaHUe: XUJIKUE aJKaH (OKTaH WM TeNTaH) U aJIKeH
(oxten-1), H,SO,4 xoH11., 2 mpoOUpPKH, MUTIETKA, AePKATEIb AJIs TPOOUPOK.

BeinosiHenune onbiTa

B oraenpHble npoOMpPKM HAIWUTh 1O | MJI MCCIIEAYyEMOro yIieBOAOpPOAA,
100aBUTh MO | MJI KOHLIEHTPUPOBAHHOW CEPHOM KUCIIOTBHI U OCTOPOKHO B30all-
ThIBaTh HECKOJBKO MHUHYT, OXJIaXkAasi IpOOUpPKY BoAOW. OTMETUTH pa3iuyus B
OTHOILLICHUU AJIKAHOB U AJIKEHOB K CEPHOU KUCJIOTE.

OnbiT 7. B3anmoaeicTBue yrijieBoI0pPoA0B ¢ A30THOI KUCJIOTOM

3aganme: 1) yCTaHOBUTH, B3aUMOJICHCTBYIOT JIU QJIKAHBI U aJIKEHBI C KOH-
LEHTPUPOBAHHOMN a30THOM KUCJIOTOM; 2) HalKMcaTh ypaBHEHUsI U MEXaHU3MBI pe-
akuuii; 4) cienarb BbIBOJBI.

PeakTuBbl M 000pyaOBaHuUe: KUJKWE aKaH (OKTaH WIM T'eNTaH) U aJIKeH
(oxteH-1), HNO; koH1L., 2 mpoOupKu, MHUIETKA, AepKaTelb A1 MPOOUPOK.

BeinosiHenune onbiTa

B ornenpHble MpoOMpPKM HAIWUTH 1O | MII MCCIIEAYyEMOro YIieBOAOPOAA,
n00aBUTh MO | MJI KOHIEHTPUPOBAHHOW a30THOW KUCIOTHI U OCTOPOXKHO B30aJI-
THIBAaTh HECKOJIBKO MUHYT, OXJIaXk/aast BOAOKW. OTMETUTDH pa3inyusl B OTHOLIEHUHU
QJIKAHOB M AJIKEHOB K a30THOM KUCJIOTE.

Jlabopamopnasa padoma 2. Apomamuueckue y21e6000poosvl

OmnpiT 1. U3yyeHue CBOMCTB TOJYO0J1a

3aganme: 1) mpoBepUTh PACTBOPUMOCTH TOJIyOJIa B PA3IUYHBIX PACTBOPH-
TEJSAX; 2) MPOBECTU PEAKIUIO TOPEHHS TOJIyoja; 3) YCTAaHOBUTh, pEarupyeT Jiu
TOJIyOJI C TMEpMaHraHaTOM Kajus; 4) HamucaTh YpPAaBHEHHS] U MEXaHU3MBbI peak-
IIUH; 5) caenaTh BBIBOIBI.

PeakTuBbl U 000pyA0BaHHUE: TOITYOJ, pa30aBICHHBIE BOJHBIC PACTBOPHI
KMnO, u cepHOI KUCTOTHI, STUIIOBBIA CIIUPT, TUITUIOBBINA YPUP, TUCTUILTUPO-
BaHHas Boja, 4 nmpobupku, dapdopoBas yalika, MUNETKA, JJa0OPATOPHBINA IITa-
TUB, CIIUPTOBKA.
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BrinosiHeHune onbiTa

1. Pacmeopumocmo 6 paziuyHvlx pacmeopumenisax. B Tpu nmpobupku momec-
TUTh 10 Karuie Toiryosia. B ogHy npoOupky 1006aBUTh 3 MJI CUpTa, B APYryro — 3
MJT BOJIbI, B TpeThIO — 3 mul adupa. Coaepumoe B MpoOupKax rnepeMeniaTh.

2. I'openue. B dhapdopoByro yaniky moMecTuTh 3 MJ TOJIyOJia U TOIKEUb.
OTMeTuTh XapakTep MIaMeHH.

3. Oxucnenue moayona. B mpoOupKy HaimuTh 3 MJ BOJbI, | M pacTBopa
nepMaHranara Kajius 1 1 mi1 pacTBopa CEpHOW KHMCIOTHI, 3aTeM J00aBUTh 1 Ml
tonyona. ConepKkumoe nepeMemmBarh 1-2 MAHYTHI.

OmnbiT 2. BpoMupoBaHue apoMaTHYECKHUX YIJI€BOAOPOI0B

3ananue: 1) yCTaHOBUTH BO3MOXHOCTh B3aMMOJICHCTBUS MOHO- M JUaJ-
KUJIOEH30J10B ¢ OpOMOM; 2) OTMETUTh Pa3IUYhe B CKOPOCTH PEaKIUil mpeio-
KEHHBIX apeHOB; 3) HaMMCaTh YpaBHEHUS U MEXaHU3MbI PEaKIIii, yka3aB Ipe-
oOnazaroniee HanpaBiieHNUe; 4) ceNaTh BHIBOBI.

PeakTuBBI M 000pyI0BaHME: TOIYOJ, O- WU n-KCWIOJ, 5% pacTBop Opo-
Ma B OPraHUYECKOM pPacTBOpHUTENE (TETpaxJIOpMeTaHe WK XJIopohopMme), YHU-
BepcaibHas WHAWKATOpHAs Oymara, BOJHBIM pacTBOp aMMmHaka, 2 MpOOHPKH,
MUTIETKA, Ja00paTOPHBIN MITATHUB, CIUPTOBKA.

BbinosiHeHue onbiTa

B nBe cyxue npoOupkH HaIUTh MO 2 MJI: B OJIHY — TOJYOJI, BO BTOPYIO —
kcmitoi. Jlo6aBuThk B ipoOupku mo 1 mur pactBopa OpoMa B OpraHUYECKOM pac-
tBOpHTene. Coaep:kuMoe MpoOUpPOK nepeMeniuBarh 1-2 MuHyThl. Eciin xenras
OKpacKka He ucYe3aeT MpU KOMHATHOM TeMIleparype, CMeChb ClierkKa HarpeTh B
IUIAMEHU CIIUPTOBKHU. Y CTAHOBUTb, COITPOBOXKIAETCS JIM HCUE3HOBEHHE OKPACKH,
00yCJIOBJIEHHOM MPUCYTCTBUEM CBOOOIHOrO Opoma, oOpazoBaHueM OPOMHUCTOTO
BojopoAa. [yt 3Toro BHeCTH B OTBEpCTHE MPOOUPKHU CHayvaja MOJOCKY WHIUKa-
TOpPHOW Oymaru, CMOYEHHYIO BOJIOMW, 3aT€M CTEKJISHHYIO MajouKy, CMOYCHHYIO
BOJHBIM PACTBOPOM aMMHUAKA.

OmnpiT 3. Cyiab(pupoBanue apoMaTHYECKHX YII€BOA0OPOI0B

3aganme: 1) mpoBecTH peakUu TONYyOJIa U KCUJIOJIa C CEPHOM KHUCIIOTOM;
2) HanucaTh YpaBHEHUS pPeaklMil 0Opa3oBaHMs BCEX BO3MOXXHBIX MPOIYKTOB,
OTMETHB TpeoOIaaaronuii; 3) pacCMOTPETh MEXaHW3MbI peakiuii; 4) caenarhb
BBIBO/IBI.

PeakTuBbl M 000pyIOBaHHE: TONYOJ, O- WU HN-KCWIOJ, KOHUEHTPUPO-
BaHHAsl CepHas KHUCJIOTa, Boja (JeastHasi), 2 XMMHUUYECKUX cTakaHa Ha 100 wmui,
2 npoOupkH, 2 mpoOKH ¢ ra300TBOJHBIMU TPyOKamH, MUIETKA, Ja0OpPaTOPHBII
IITaTHB, 2 JAepKaTes s MpoOUpOK, BOAsTHAS OaHs..
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BrinosiHeHune onbiTa

B nBe cyxue npobupku HamuTh mo 1,5 mii: B 0JIHY — TOJYOJ, BO BTOPYIO —
Kcuitoi. JJo6aBuTh B Kaxayro MpoOUpKy 1o 1,5 Mi1 cepHOM KUCIOTHI U 3aKPHITh
poOKoil ¢ ra300TBOAHON TpyOkoil. O6e mpoOupku HarpeaTh (mpumepHo 10
MUH.) Ha BOJSIHOM OaHe MpH MEPUOJUYECKOM BCTPSAXUBAHUU JO TOJHOTO pac-
TBOpeHUs ankmiOeH3o05oB. [locie 3Toro mpoOupKM OXJIagUTh JO KOMHATHOMN
TEMIIEpaTyphl U BEUIUTH COJEPKUMOE KaXI0W MPOOUPKH B OTAEIBHBIN CTaKaH C
25 MJI neqIHOU BOEIL.

OTMeTUTH pa3inure BO BpEeMEHH, MTOTPEOOBABIIEMCS ISl TOJTHOTO PacTBO-
pEHUS TOIYOJa U KCUJIOJa B CEPHOU KUCJIOTE MPU OJUHAKOBOM PEKHUME BCTpSI-
XUBaHUS U HarpeBaHUsl, a TAKXKE paCTBOPUMOCTH MOJTYUYECHHBIX MPOAYKTOB B BOJIE.
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2. TAJVIO'EHOYIJIEBOAOPO/AbI

TEOPETHYECKASA YACTD

o [anoeenoyene8000po0amu Ha3vl8aom NPoU3B0OHbIEe PAIUUHBIX Yele60-
00p0008, 8 MOJEKYIAX KOMOPbIX 0OUH ULU HECKOJIbKO amoMo8 6000p00d 3ame-
WeHbl AMOMAMU 2ATI02EHO8.

2.1. O0mas xapakTepucTHKa

Knaccupukanus. ['agoreHOyraeBogopoAsl KIACCUPHUIUPYIOT IO He-
CKOJIBKUM CTPYKTYPHBIM TPU3HAKAM.

1. Ilo Tumy aToma rajoreHa TajJOT€HOYTJIEBOJOPOJBI MOAPA3ICISIIOT Ha
@dmopo-, x10po-, 6poMo-, UOOONPOU3BOOHbIE, A TAKKE CMeulaHHble TIPOU3BO/I-
HBIC, COJIEPIKAIINE aTOMBI Pa3IMIHBIX TATOTCHOB.

2. Ilo uncny aTOMOB TaJlOT€HA Pa3IMYaIOT MOHO-, OU-, MPUCANLO2eHUObL T
T.4. JluramoreHu b, CoaepIKaIiiue aToMbl rajloreHa Mpyu OJHOM M TOM K€ yTJie-
POJTHOM aTOMe€, Ha3bIBAIOT ceMUHANbHbIMU (OT JIAT. gemini — OMU3HEIBI), a TIPU
COCEIHUX aTOMax yTiepoJia — GuyuHaIbHuiMuy (OT JIaT. Vicinus — COCENIH).

3. B 3aBHCHMOCTH OT TOTO, C KAKHM aTOMOM YyTJiepojia (TIepBUYHBIM, BTO-
PUYHBIM WM TPETHYHBIM) CBSI3aH aTOM TaJIOTeHA, BBIICISAIOT nepeutHbvle, 6Mo-
PpUYHble U mpemuyHbvle TATOTEHOYTIEBOAOPOIBI.

4. Tlo cTpoeHuto YriaeBOJAOPOIHBIX PAIUKAIIOB, CBI3aHHBIX C aTOMOM TaJio-
T'€Ha, TAJIOTCHOYTIICBOIOPOIBI MOAPA3ICISIOT Ha npedeibHble — TaloreHATKaHbI
(manmpumep, xiaopmetan CH;—Cl) u ramoreHorukioankanbl (OpOMIIMKIOTEKCaH
C¢H,1—Br u np.); nenpeoenvnvie — ranorenankens! (Bunmixiaopua CH,=CH-CI,
aumunxiopuy CH,=CH-CH,—Cl), ranorenankunsl (CH=C—-CH,—F); eanocena-
PpeHbl, KOTOPBIE NETISATCS Ha IBE TPYIIIbL:

1) coenuHEHMS, COAEPIKAIINE TAIOTCH B ApOMaTHIECKOM SIAPE

Br Cl

NO,

OpoMOeH30:1 M-HUTPOXJIOPOCH30T

2) COeIMHEHMS, COJIepIKaIe rajJoreH B O0KOBOM 1enu

OeH3MWIXI0pUA OCH3MWINIEHXJIOPUT
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Homenkiatypa. Ha3Banue rajaoreHOmpoOu3BOIHBIX YTJIEBOIOPOI0OB 00pa-
3YIOT TIyTeM TpubaBieHus nepdukca earozeno- (bpomo-, xio0po- u T.11.) K Ha-
3BaHMIO POJIOHAYATBHOTO YIIIeBOAOpo/a. Llens uiu nuKiI HyMEpyIT TaKUM 00-
pa3oM, 4TOOBI TAJIOT€H MOJyYUJ HAMMEHBITUN HOMEp. B HEHACHIIEHHBIX CO-
CAMHCHUAX MPEANIOUTEHNE B HyMEpaIlui OTJAETCS KPATHOM CBSI3H.

Br
|
CH3_(I:H_CH2_CH3 CH3_$_CH3 CHZZCH_(I:H_CH3
Cl CH, Cl
2-xnopOyTan 2-6pomM-2-MeTHIPOTIaH 3-x10pOyTeH-1

B au3aMenieHHBIX TajloTeHapeHax IMOJIOKEHHE rajoreHa YKa3bIBaloT Hau-
MEHBIMUMHU H(PpaMH, MOXKHO HCTIOJIB30BaTh 0003HAaUEHUS 0- (opmo-), M- (me-
ma-) uiu n- (napa-):

CH3 CH3
Br Br
F
OpoMOeH3071 0-OpOMTOITYOJT WIIH M-(QTOPTOITYON W
2-0poMTOITy O 3-ropromyon

HecnoxHble MO CTPYKType TaJIOr€HONPOU3BOIHBIE YaCTO Ha3bIBAIOT IO
paaukanbHO-(pyHKIIMOHATREHON HOMeHKIaType MIOITAK: CH;CI — metunxiio-
pun, CH3;CH,l —stunmunonun, C¢HsCH,Cl — 6ensmnxnopun, CH,=CH-CI — Bu-
HUJIXJIOPUL.

CoxpaHsroTcs clielytonme TpuBHalibuble HazBaHus: xjopodopm — CHCIl;,
opomodopm — CHBr3, nonodopm — CHI.

N30omepusi rajioreHOYTIIEBOIOPOJIOB OMPEACIISIeTCS U30MEpUen yTiepo-
HOTO CKeJleTa, MOJIOKEHUEM aToMa TaJloreHa B LMW W B3aUMHBIM PaCIIOIOkKe-
HUEM aTOMOB B MPOCTPAHCTBE.

CmpykmypHas uzomepusi:

— U30Mepus MOJ0KEHUs: aroMa rajorena (HauuHas ¢ Cj);

— H30Mepus yIIIepoaHOro ckenera (HaunHas ¢ Cy)

IIpocmpancmeennas usomepus:

— onTHYecKas u3oMepus (raJioreHalIKaHbl, UMEIOIINE ACUMMETPUUYECKUM
aTOM yTJIepoa);

— yuc-mpaHnc-u3oMepus (raJloreHaJIKeHbl, JU3aMeIEHHbIE AJIUIIUKIIbI);

— KOH(pOpMalMOHHAsI U30MEpHs

Hanpuwmep, nzomepst coctaBa C4HyCl:
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li uzomepusi y2iepooHo20 CKeﬂema—I

Cl
CHy~CHyCHy~CH;~Cl- CHy~CH-CH;~CH; - CHy~CH-CH,~Cl CH3_¢_CH3
Cl CH; CH;
1-xnopoyman 2-xn0pbyman 2-memun-1-xnopoyman 2-memun-2-x10poyman
uzoMepusi NONONCEHUS 2AN102eHA J |—u3ozwepu;z NONONCEHUS. e‘cmoeeHaJ

Kpome Toro, 2-x710pOyTaH MOKET CYIIECTBOBATh B BUJIE JBYX ONTHYECKHUX
M30MEPOB (SHAHTHOMEPOB):

H
|
ACUMMETPUYECKUI CHy~ $_CH2_ CH,
aToOM / Cl \
CH, CH,
R Ly,
H"/ al c” NH
C2H5 3epKajo C2H5

du3znyeckne CBOCTBA TaJIOTEHONPOU3BOIHBIX 3aBUCAT OT YMCIA U MPHU-
POJIbI aTOMOB T'aJIOr€Ha, COCTaBa U CTPOEHHUS YIIIEBOJOPOAHOTO paguKaa.

[Ipu OOBIYHBIX YCIOBUSAX HU3IINE FAJIOTE€HANIKAHBI (METHII-, 3THII-, TPOIIUJI-
U OyTUA(PTOPUIIBI, METUJI- U ATHIXJIOPUIBI, METUIOPOMU) SBIISAIOTCS Ta3amHu.
Bce octanbHble TajoreHajqkaHbl — KUJAKOCTH, BBICIIME MPEACTABUTEIIN — TBEP-
Jble BellecTBa. Temreparypbl KUIEHUS TaJOr€HATIKAaHOB C OJIMHAKOBBIM YTJe-
POJIHBIM CKEJIETOM BO3PAaCTAIOT C YBEJIMYEHWEM aTOMHOM MaccChl rajoreHa B ps-
oy (GpTOpo-, XJIOpo-, OpOMO- M HOJ03aMelIeHHBIX. [Ipy 0JTHOM U TOM K€ uucie
YTJIEPOJIHBIX aTOMOB TEMIIepaTypa KUIIEHUSI HUXKE BCEr0 y TPETUYHBIX rajore-
HOAJIKaHOB. [IJIOTHOCTB rajoreHajakaHoB YBEJIIMYMBAETCSA IIPU Mepexoje oT (pro-
PO- K MOJONPOU3BOIHBIM. OJIHO3aMEILIEHHBIE XJIOPAJIKaHbl JErye Bobl, OpoOMo-
Y UOJONTPOU3BOJIHBIE, & TAKKE JIU- U TOJIM3aMEILEHHbIEC TAIOT€HOYTIEBOAOPOIbI
— Tspkenee. Husime ankuiaraaoreHu sl 00J1aaloT CaaaKkoBaThIM 3anaxoM. OHu
MPAKTUYECKA HEPACTBOPUMBI B BOJIE, HO XOPOIIO PACTBOPSIIOTCS B OpraHuye-
CKHX PAaCTBOPUTENISAX, U CAMU SIBJISIOTCS PACTBOPUTEIISIMHU.

["amorenonpon3BoAHBIE OCH30JIa M €M0 TOMOJIOTOB — JKUJIKOCTH WIIA KPH-
CTaJUTMYECKUE BeliecTBa. M3 moIuxiIoponpou3BOIHBIX O€H30j1a KpUCTaJLTHYe-
CKHUM sIBJIsIeTCS n-auxyiopoen3o (T. wi. 53 °C). ApwiraaoreHuabl UMEIOT «apo-
Matuueckuit» 3amax. CoeAWMHEHUs C TajJoreéHOM B OOKOBOM Ilemu B -
MOJIOKEHUH K sIpy 00JaIaroT pa3ApakarolluM AelcTBUEM (JlakpumaTopsl). Bee
COEJIMHEHHUS ATOTO Psiia HE PACTBOPHMBI B BOJIE, HO XOPOIIO PacTBOPSIOTCS B
OOJIBIIMHCTBE OPTAaHUYECKUX PACTBOPUTEIICH.
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2.2. XuMHn4ecKHe CBOMCTBA rajioreHoyrjieBoa0poa0B

["amoreHOyT1€BOAOPOIBI SBISIOTCS OJHUM U3 HauOOJee BaXKHBIX B CHHTE-
TUYECKOM IIJIaHE KJIACCOB OPraHUYECKUX COEAMHEHUM, Onmarojaps pazHooOpa-
3UI0 UX XUMHUYECKUX CBOMCTB.

PeakiimonHasi cnocoOHOCTh TaJIOT€HONPOU3BOAHBIX OMPENEISETCS Xapak-
TepoM cBsi3M yraepoa-ranore (C—X) u cTpykTypoil monekyJibl. [Tpupoza raio-
reHa 0OyCIIOBIHMBAET MOJIAPHOCTb, MOJISPU3YEMOCTh U MPOYHOCTh CBSI3U YTJIe-
pOJI-TajoreH, 4To, B KOHEYHOM CUeTe, ONpeesieT peaklIMOHHYI0 CITIOCOOHOCTh
KOHKPETHOTO TajoreHoyrieBoopoaa. I[IpouyHOCTh CBsI3W  yIiiepoja-TalloreH
yYMEHBIIIAeTCs MpH Nepexoie oT pTopa K XJI0py, OpOMy U UOAY; B TOM K€ Py
YBEJIMYUBACTCS U TOJSPU3YEMOCTh CBSI3U (JIETKOCTh CMEIICHHUS 3JIEKTPOHHOTO
o0Jlaka K rajioreHy Ioj, BHEIIHUM Bo3zjelicTBueM). CrnenoBaTenbHO, HAUMEHEE
PEAKIIMOHHOCTIOCOOHBIMH SIBIISIFOTCSL (DTOPOMPOU3BOIHBIC, a HanboJiee pPeaKiu-
OHHOCIIOCOOHBIMU — MOJIONIPOU3BOAHBIC YIIIeBO0poA0B. Kpome Toro, HeoOxo-
MO OTMETHUTH, YTO MPOYHOCTD CBSI3U YIJIEPOI-TaJOTeH YBEJIMUNBAETCS CO CHU-
KEHHEM €€ TIOJISIPHOCTH B PAIY:

Cop3—X < Cepp—X < Cyp—X.

B nenom Hanuuue 3I€KTPOOTPUIATENHHOTO aTOMa rajoreHa, MpOsBIISIO-
miero —/-3pexT, MPUBOAUT K MepepactpeIeICHUIO dJIEKTPOHHON TIOTHOCTH B
MOJIEKYJI€ ¥ BOBHUKHOBEHUIO JBYX PEAKIIHOHHBIX I[EHTPOB:

o+ o+ |or o o+ > o6+ > "+
+
Ormennenne H' ~—xq \_B3aHMOHeﬁCTBH€ C HKJICODUIOM
(CH-xucnommuvtii yenmp) (21exkmpopunvHblil yenmp)

W3 storo criemyer, 4TO TrajoreHOYTJIeBOJOPObI CIIOCOOHBI K PEaKIUsIM
HYKJICO(QHUIBHOTO 3aMeIeHUs Sy 10 91eKmMpoPUIbHOMY YeHmpy TIOJ NeHCTBUEM
HYKJICO(DUIIbHBIX peareHToB U duMuHupoBanus E ¢ yuactuem CH-kuciommuozo
yenmpa. Kpome toro, no nosisspaor cBsizu C-X BO3MOXXHBI PEAKIIUU C AKTUB-
HbIMU METAJUIAMU, a TIOBBIIIEHHAsI CTENIEHb OKUCIICHHS aTOMa YTriepo/ia IpH ra-
JIOT€HE JOIMYCKAET PEaKIMi BOCCTAHOBIICHUSI.

H HyKJIeo(hHIbHOE
H{ = C/H OTIICTICHNE é &+ 3amernenue Ha Nu: H
R H WX RN X~ 0
g X Ry >y
u
BOCCTAHOB- 2L
JICHUE Lix ! Nu = OH, OAIk,
III [H] Mg -l IiI CN, NH2
R\\\\y C\H III R\\“; C\ L1
wC H
R‘;/ “MgX
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2.2.1. HykneoguavHnoe 3ameuienue 6 2ai02eHAIKAHAX

Peakuuu 3amenieHusi rajoreHa B rajloreHajlKkaHaxX MPOTEKAoT MOJ JEHCT-
BUEM HYKJIEOPMIbHBIX peareHToB (Nu:)

H H
é8+ _ é Xﬁ
R\\\\y ~ 8- + Nu R““; ~ + X:
N X n Nu
cybcrpar  Hykieodun yxozsmas

rpymnma

Hyxneogunom Ha3piBaeTcs yacTula (aHUOH WJIM MOJIEKYJIa), UMEIolas Ha
BHEILIHEM 3JIEKTPOHHOM YPOBHE HEIMOAEJICHHYIO Mapy AJIEKTPOHOB M CIIOCOOHAS
IPEIOCTaBUTD ITY Mapy Ui 00pa30BaHUs CBSA3H JIOOOMY AJIEMEHTY, OTIIMNYHOMY
OT BOJIOpOJIa (YacTHIla, OT/IAOIIAs DJIEKTPOHHYIO Mapy aToMy BOJOPOJa, CUUTA-
eTCsl ocHoganuem). ATaka HyKJI€O(UIOM 3JIEKTPOPUILHOTO aToMa yriiepona
MPUBOJUT K TE€TEPOTUTUUECKOMY Pa3pbiBy CBSI3U YIJIECPOA-TAIOINEH U 3aMellle-
HUIO TaJloreHa. ['ajJoreH B JaHHOM cilydae SIBISIETCS yxoosaujeu epynnou U OT-
LIEIUIAETCS B BUJIC AHUOHA.

JlerkocTh MpPOTEKaHUS PEAKIUU HYKICO(PUILHOTO 3aMelleHus1 00yCIOBIIeHa
OTHOCHUTEJIbHOM CTaOUIILHOCTBIO yXOAdilel rpynmnbl. Peakius ocyuiecTBisercs B
TOM ClIy4ae, €clid yXOZsllas TpyIia YCTOMYMBEE BCTYIAIOLIErO HyKJIeoduia.
HeobxomuMo yauTeiBaTh, 00pa3yeT JIM BHITECHSEMAs TPYIITA MOCIIe OTIICTICHUS
YCTOMYMBBIA aHUOH WIH MOJIEKYJTY, T.€. SIBJISIETCS JIM OHA «XOPOLIEN» WA «IUIO-
XOW» YXOJSIIeH TPyNHon. «XOopoIiashy yXosiias rpyrma — 3TO cjiaboe 0CHOBa-
HUE, «IUJI0Xash yXOAsIIas rpynmna — cuibHOe ocHoBaHue. CoeauHeHus, couep-
KaIIUE «XOpOIIME» YXOIAIIME TPYIIIbI, JIETY€ BCTYINAIOT B PEAKIUH HYKIIEO-
(UITBHOTO 3aMEIICHUS, YEM COSTMHECHHS C «TUTOXUMMY» YXOSIIUMHE TPYIITIaMHU.

Psn yBenuueHUss OCHOBHOCTH YXOASIIMX TPYIIIL:

HSO, < CH;S0; < CH3QS(33 <I < Br < HO < ClI" <F~

B psay ranorenui-uoHoB HauOoJiee CTaOWIIEH MOJIUI-UOH, 3aTeM OpOMU/I-
U XJIOPUI-UOHBI, HaMeHee cTaduieH Gropu-uoH. TakuMm oOpa3om, peakiMoH-
Hasl CIOCOOHOCTH TaJIOTeHATKAHOB YMEHBIIAETCS B PIAY:
C-I > C-Br > C-Cl >> C-F
Peakiuu HykI€0(pUIHLHOTO 3aMEeIIeHUs TalOTeHa IMUPOKO MUCIIONIBb3YIOTCS B
opranudeckom cuHtese. Hanmpumep:
CHy-CH,~Cl + NaOH —2% CHy-CH,~OH + NaCl
CH;-CH,~Cl + NaOCH; — CH;-CH,~OCH; + NaCl
CH;-CH,~Cl + NaCN —=> CH,-CH,-CN + NaCl
CHy-CHy~Cl + NH; —2> CH,CH,NHyHCl 2 cp-CH,-NH, + NaCl
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CHy-CH,1 + AgNO, — 22w CH,-CH,NO, + Agl

Hl\l\ﬁg’o CH;-CH,-ONO + CH;-CH,~NO, + Agl

[Tpu ucnonb30oBaHUM HUTPUTA cepedpa B HEMOISIPHOM pacTBOpUTese oOpa-
3ytotcst HuTpocoeanuHennss RNO,, a B MOJSAPHBIX — CMECh HUTPOCOEAUHEHUN U
M30MEPHBIX UM 3GUPOB a30TUCTON KUCIOTHI (HUTpUTOB RONO). D10 00BSCHS-
eTcs TeM, YTO HUTPUTHBIM aHHOH 00JafaeT JBOMCTBEHHOW PEaKIMOHHOW CIO-
COOHOCTBIO (aMOUIEHTHOCTHIO).

Peaxyuonnvie yenmpoi

-1 2

2 0—=—N=—70 -1

Ecnu B kadecTBe UCTOYHMKA HUTPUT-UOHOB B3SITh HUTPUT HATPUS WIIU Ka-
JMsl, TO HUTPOCOEIUHEHUSI MOKHO TOJIy4aTh B TIOOOM PacTBOpPUTENIE, TAKKe Ha-
psAny ¢ HUTpUTAMH. DPUPBI A30TUCTON KUCIOTHI JIETKO OTACIHUTHh OT PEaKIMOH-
HOM MAacChl MEPErOHKOW, TaK KaK OHHM KHIST 3HAYUTEIHLHO HIKE COOTBETCT-
BYIOIIIUX HUTPOCOCTUHECHHM.

Peakiun HykJ1€0(pUIBHOTO 3aMEIIeHHs] MOTYT MPOTEKaTh MO MOHO- WJIU
oumMoIeKysIpHOMY MexaHu3My (Sn1 uiu Sy2).

2.2.1.1. MoHOMO/IEKYyASIPHOE HYKIeouabHOoe 3amerneHue (Sy1)

Ota peaknus XapakTepHa ISl TPETUYHBIX aJKUITAIOTeHHI0B. Hampumep,
MICJIOYHON THAPOJIA3 TPET-OyTUIOpOMUIA MMPOUCXOIUT ¢ 0Opa30oBaHUEM TPET-
OyTHJIOBOTO CIIHPTA:

G ot
CH3—$—Br + NaOH CH3—(|?—OH + NaBr
CH, CH,

Kunemuka peaxkyuu. JDKCTIEpUMEHTAIBHO ObUIO MOKAa3aHO, YTO CKOPOCTH
ITON PEaKIK 3aBUCUT TOJIBKO OT KOHIICHTPAIIMH TaJIoTeHAIKaHa, HE 3aBUCHT OT
KOHIICHTPAIUH IIEIOYN U MOXKET OBITh BBIpa)KCHA KMHETUYECKUM YPaBHCHHEM
TIEPBOTO TIOPSIKA:

v = k[(CH3);CBr]

CrnenoBarenbHO, B CTaJUU, ONPEIESIAIONICH CKOPOCTh peakiuu (T.e. caMoi
MEJIJIEHHON CTaauy) y4acTBYET TOJIbKO OJHAa YacTHlla — mpem-O0yTUIOpOMU.
Ha 3ToM ocHOBaHMM MOKHO TPEANOJIOKUTH, YTO MOHOMOJEKYISIPHOE HYKJIIEO-
(buIbHOE 3aMeIIeHHUE SBJISCTCS HECOTJIaCOBAHHBIM ITPOIIECCOM M COCTOUT U3
JIBYX OTJICJIbHBIX CTaJIUMN:
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Gy Gy
I CHyC—Br _MeMemo, CHy-C+ -+ Br

CH, CH,

CH; CH;
2.CHyC+ + OH _obietpo, CHy-C—OH

CH, CH,

Ha nepBoii Me/uieHHON (JINMUTHUPYIOLIEH) CTaIuU MPOUCXOJUT HOHU3ALIUS
cybctpaTa ¢ oOpa3oBaHueM KapOOKaTHOHA, KOTOPHIA Ha BTOPOH CTaIuU OBICTPO
pearupyeTr ¢ HykJIeopuIoM M IpeBpauiaercs B KOHEUHbIM mpoaykT. Kapboka-
TUOHBI SIBJISIFOTCSI NPOMEXYTOYHBIMUA YacCTHLAMH. OTH HMHTEPMEIUAThl HECTa-
OWUJIBHBI U, B OTJIMYME OT HEOPraHMYECKUX HMOHOB, BPEMS MX CYIECTBOBaHHE
HUYTOXKHO MaJIo.

OHepreTudeckuil mpoduiip peakuu Sy1 uMeeT cneayomuil BUa:

54 8-
E —C--Br & 8-
| —C—OH

b Eaxr
_ Y  (xomMOuHauus MOHOB)

KOOpJIMHATA PEaKIUn

[lepBas cramus — noHu3anus — TpedyeT OoJiee BHICOKON IHEPTUU aKTHBA-
nuu. MHTepMmennary (kapOOKaTHOHY) COOTBETCTBYET IOTCHIMAIbHAs sMa Ha
KpUBOM. DHEpreTuueckuii 6apbep BTOPOH CTaauu, MPUBOISIICH K 00pa30BaHUIO
HOBOW KOBAJICHTHOM CBSI3M, MEHbIIIE, yeM nepBou. [loaTromy niepBasi craaus pe-
AKX TTPOUCXOAUT MEJICHHO, a BTOpasi OBICTPO.

Cmepeoxumusn npoyecca. B ucxognom cyOcTpare peakKimOHHBIM [EHTPOM
ABJISCTCS TETPA3APUUECKUN sp3-rH6sz[HLIﬁ aToM yriiepona. B npouecce nonu-
3aIuu o0pasyercs TJIOCKUM KapOOKaTHOH, B KOTOPOM aTOM YIJIepoja Mepexo-
JIAT B SP’-THOPUIHOE COCTOSHHE.

AN g+ }g_ MeIEHHO ////,,g+ B
\\\\) —Br = 7S r
ONMUYeCcKU aKmueHblil nﬂogcuzl
cybcmpam KapbOoxkamuoH
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HyxneopunbHbIN peareHT ¢ paBHOW BEPOSTHOCTHIO MOXKET aTakoBaTh Kap-
OOKaTHOH ¢ JIt000I CTOPOHBI M B 3aBUCUMOCTH OT TOTO, C KaKOH CTOPOHBI IPO-
UCXOAMT aTaka, o0pa3yroTcs MPOIYKThl ¢ COXPAHEHHON WM OOpallleHHOW KOH-

dburyparuei.

_ | > OBICTPO / N\
HO C>:C+O}/\OH ——2—> HO-C.,, + WC-OH
SN > V
amaka Kap60Kamu0Ha 05pau;eﬂue coxpaHeHue

HYKAeopuiom KOHGQuzypayuu  Koupueypayuu
| I

payemam

CrepeoXMMHUUYECKHM PE3yJIbTaTOM pPEaKlUu SIBISIETCS payemusayus, TO
€CTh HMCXOJHBIM acMMMETpHUYECKHil cyOcTpaT NpeBpailaerci B CMECh JBYX
SHAHTHUOMEPOB.

2.2.1.2. bumoJiekyJasipHOe HyKJIeopujabHoe 3aMenenne (Sy2)

[Tpumepom peakiuu Sy2 MOKET CIY>KUTh LIEIOYHON THAPOIU3 METHIOPO-
MU/JA:
H,O

CH3;Br + HO ——— CH;30H + Br
NaOH

Kunemuka peaxkyuu. YCTaHOBIEHO, YTO B JAHHOM CJIy4ae CKOPOCTb peaK-
LN 3aBUCUT KAK OT KOHIIEHTPALIMU TaJOT€HaJKaHa, TaK U OT KOHLEHTPALUU
LIEJI0YU U ITOJYUHACTCS YPABHEHHUIO BTOPOIO MOPsIKa:

v = k[CH;Br][OH]

CrenoBaTellbHO, B JINMUTUPYIOMIEH CTAJNH YYaCTBYIOT JBE YACTHIIBI: THJI-
POKCHUI—MOH U METHIIOpOMUI. Peakius sBIIIeTCsl OTHOCTAIUHHBIM CHHXPOHHBIM
MIPOIIECCOM U 3aKIIF0OUAETCs B IOCTEIIEHHOM IEPEX0e OT MCXOTHOTO BEIIECTBA K
KoHeuHOMY. [Ipu 3TOM OHOBPEMEHHO 00pa3yrOTCs HOBBIC CBSI3H M Pa3phIBAIOT-
Csl CTaphbie:

7= 5= 6+/

| 5 .
_— HO_C"/,,/ + Br

6_
HO'\\'\;C;" r

nepexoonblli KOMNIEKC

- N&+ 85—
HO/}\\‘VC_BI‘ —_—

bumMonekynspHoe 3amelieHue NMpoTeKaeT Kak HEMpepbIBHBIN Mpolecc 0e3
00pa30BaHMsI MPOMEXKYTOUHBIX YacTHIl (MEepeXOAHbIH KOMILJIEKC YacTHIEH He
SIBJISICTCS).

OHepreTrueckuil npouib peakuuu Sy2 IpeicTaBieH Ha AuarpaMmme
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A s | 5%
HO'\'\;.C;'Br

KOOpJIMHATA PEaKIIUU

KpuBas nMmeer oIMH MakCUMYyM, KOTOPBIA COOTBETCTBYET MEPEXOIHOMY
COCTOSIHUIO.

Cmepeoxumusa npouyecca. I'iIpOKCUI-MOH aTaKyeT aTOM Yrjiepona, He-
CyIIMM YAaCTUYHBIA IOJOKUTENBHBIN 3apsll, CO CTOPOHBI, IMPOTUBOIOIOKHOU
atomy Opoma. OOpa3oBaHUE CBS3U C HYKJICOPHUIOM IMPOUCXOIUT OJHOBPEMEHHO
C pa3pbIBOM CBSI3HM MEXKIY aTOMOM YIJIEPOJa U YXOIAIIUM TaJIOr€HHI-HOHOM.
B nepexoHOM KOMIUIEKCE TPH CBSI3M aToMa yIJepoja pacloyiararorcst B IIOc-
KOCTH, a BO3HHMKAIOIIAs CBsI3b C HYKJICO(DUIOM M pa3phIBAIOIIAsCS CBS3b C yXO-
JSLIEN TPYIIION HApPaBJICHbI MEPIIEHAUKYJIIPHO dTOU IUIOCKOCTHU. I1o Mepe oT-
pBIBa OPOMHI-MOHA TPOUCXOIUT BO3BPAT B TETPAIAPUIECKOE COCTOSHUE pearu-
PYIOIIETO aToMa yTiepojia ¢ MHOW KOH(UTypaluei 3aMeCTUTeNIed OTHOCUTEIh-
HO PEAKIMOHHOTO IEHTpa, TO €CTh MPOUCXOAUT obOpawjeHue KoHugusypayuu
(BanbaenoBckoe oOpatieHue). ITo 0COOEHHO BaXKHO, KOTa PEaKIMOHHBIM IICH-
TPOM B cyOcTpaTe CIy>KUT aCUMMETPHUYECKHI aToM yriepojaa (Hampumep, B pe-
3yabTaTe ruapoausa (S)-2-6pomookrana oopasyercs (R)-oxkranon-2).

BropuuHble anKwIraloreHuasl B 3aBUCHMOCTH OT YCJIOBHI MOIYT pearu-
pOBaTh Kak MO OUMOJIEKYJIIPHOMY, TaK U MOHOMOJIEKYJIIPHOMY MEXaHU3MY.

2.2.1.3. ®akTopbl, BJUAIOLIHE HA MEXaHU3M HYKJIE0(PUJIBLHOIO
3aMeleHus

Cmpoenue cyocmpama. Peakuyu Sy2 HamboJsiee JErkKo MpoTeKarT y mep-
BUYHOTO SP -THOPUAN30BAHHOTO aToMa yriepoaa. Hamuure 06bEMHBIX aIKHIIb-
HBIX TPYIII, CBA3aHHBIX C JIEKTPOMOUILHBIM IIEHTPOM, TPUBOINT K CTEPUUECKUM
3aTpyAHCHHSIM Kak JUIsl aTaku Hykjieodusa, Tak v i1 00pa3oBaHus MIEHTaKOOP-
JTUHUPOBAHHOTO TMEPEXOIHOTO KOMIUIEKca. Takum o0pa3oM, CKOPOCTh PEaKIIHii
SN2 3aBUCHUT OT CTPOEHUS paiuKaia U YMEHBIIAETCS B PSAY:

CHj; > nepsuunviti > émopuunsli > mpemudHbli
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C npyroii CTOpPOHBI, YBEJIMUYEHHE CTENEHU 3aMEIIEHHOCTH PEaKIMOHHOIO
[EHTpa AJIKWIHHBIMA DPAJIMKAJIAMHU TIOBBIIIAET YCTOMYMBOCTh KapOOKATHOHA U
oOJieryaeT mpoTekaHue peakiuu mo Mexanusmy Syl. B ortiamume ot Sy2, cko-
pocThb Sy 1—peakiuii anKUIbHBIX MPOU3BOIHBIX CIAEAYET MOPSIIKY:

mpemuynbsll > emopuynslil > nepsuunvii > CHs.

Bnuanue pacmeopumensn. PactBoputens oOieryaer MOJISIPU3AIUIO CBS3H
YTIEPOI-TaIOTeH, CTAOUIU3UPYET NEPEXOTHOE COCTOSIHUE U COJIbBATUPYET yXO-
AU aHUOH. VICroNib30BaHUE CUIbHOUOHUSUPYIOWE20 paACcmeopumelis Criocoo-
CTBYET IPOTEKAHUIO PEaKIMHU N0 Syl-MexaHu3My 3a CUeT COJbBaTallUd U CTa-
OWIM3aly Kak aHMOHOB, TaK M KaTHOHOB. MoOJEKYJIbl TaKUX pPacTBOPHUTENEH
OOBIYHO COJEp’KaT aTOMbI BOJOPOAA, CIOCOOHBIE OOpa30BLIBATH BOJIOPOIHBIC
CBSA3M, U OJIHOBPEMEHHO aTOMBbI C HEMOJICJICHHbIMHU MapaMu 3JIEKTOPOHOB (Ha-
npuMep, BOJa, CIIUPTHI, KAPOOHOBBIE KUCIOTHI, AMMHAK).

[IpoTekaHnuto peakiuu Mo MeXaHu3My Sy2 CHOCOOCTBYIOT HEnoaspHwle U
ounossipusle anpomoHusvle pacmeopumeny. CUIBHO HOHU3UPYIOUTUE PACTBOPH-
TE€JIH, B YACTHOCTH COJIepKAIIie THAPOKCUIIbHBIE TPYIIbI, OYIyT 3aMeIsTh Ta-
KHE€ PEaKIUu, MOCKOJIbKY OHU B OOJbIIEH CTENEHH CTAOMIM3UPYIOT UCXOJHBIE
AHUOHBI, YEM NEPEXOAHBIA KOMIUIEKC. TeOopeTHYeCcKn B TaHHOM Ciy4ae Jydlle
BCEro ObLJIO OBl MCIOJB30BaTh PACTBOPUTEIH, KOTOPBIA ObLIT ObI HEMOJSPHBIM,
Hanpumep rekcaH. O HaKo B MOCIEIHEM, KaK MPaBUIIO0, HEPACTBOPUMA COJIb —
UCTOYHUK HyKJIeodusa, TO €CTh PaCTBOPUTENH JODKEH 00J1aaTh ellle U J10CTa-
TOYHOM PacTBOPAIOIICH CHIJION, KakK, HalpuMep, aleToH (MOJSIPHBIA arpoTOH-
HBI pacTBOpuUTENb). B HacTosiiee BpeMsi IUPOKO HCHOJIB3YIOT TaKUe PacTBO-
putenu juisi Sy2-peaknuu, kak N,N-gumetundopmamun (JM®PA), numeru-
cynbdokeun (AMCO), rekcametundochorpuamua (IMDT), T.e. AunoNIsIpHBIC
anpOTOHHBIE PACTBOPUTENIN C BHICOKOW TUAJIEKTPUUECKON TPOHUIIAEMOCTBIO, HO
HE CTIOCOOHBIE K 00pa30BaHUIO BOAOPOIHBIX CBSI3EH.

Hyxneogunvnocme peazenma. Vicnonb3oBaHUE CuibHO20 HyKleoguia
crocoOCTBYeT Sy2-peakii. AHHOHBI SIBJISIOTCA 0oJiee CHIIbHBIMU HYKJIIEO(U-
JamMu, 4eM HeWTpajbHble MOJeKylbl. Hampumep, TUAPOKCHA- U STOKCUI-
aHUOHBI — 0o0Jiee CUIIbHbIE HYKJICO(QUIIbl, UeM Boja W 3TaHoi. [lpu cpaBHEeHUHU
HYKJIEO(UIHbHOCTH aHUOHOB HEOOXOIMMO YYUTHIBATh UX MOJIAPU3YyeMOCTh. Jler-
KOTOJISIPU3YEeMbI€ HOHBI 00JIaJIal0T BBHICOKOW HYKICO(PMIHHOCTHIO U B MOHH3U-
PYIOIIMX MPOTOHHBIX, U B ANPOTOHHBIX pacTBopuTeisx. HykieohuiabHOCTD
C1a00MNOJIAPU3YEMbIX, HO 00Jieeé OCHOBHBIX aHHOHOB CHJIBHO BO3PAcTaeT IpH
nepexoae OT MOHM3UPYIOIIMX MPOTOHHBIX K ampOTOHHBIM PAacTBOpPUTEISIM. B
ampOTOHHBIX PACTBOPUTENSX TaKW€ MOHBI cab0 COMbBATUPOBAHBI, & B MPOTOH-
HBIX 00pa3yIOT BOJOPOJIHBIE CBSI3U C MOJIEKYJIAMH PACTBOPUTENSI M OKa3bIBAIOT-
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csl Kak Obl OJIOKHpPOBaHHBIMU. [IpuMEpOM MOXKET CIIyXKUThb HyKJIeo(uIbHas aK-
TUBHOCTb TaJIOT€HU]I-MOHOB. Tak, Mo HyKI1€o(UILHOCTH B MOHU3UPYIOLIUX MPO-
TOHHBIX PACTBOPUTEIISX OHU PACIIONIAratOTCs B CIEAYIOIUN P
I'>Br >CI'>F

B monsipHBIX anmpoOTOHHBIX PACTBOPUTENSAX UX MOPSAIOK OKa3bIBAE€TCS 00-

paTHBIM:
I <Br <CI <F

HyxneopunbHOCTh peareHTa NpakTUYeCKH He BIUSAET Ha peakuuio Syl, Tak
Kak 0oO0pasyroIluiics Ha JUMUTHPYIOUIEH cTaauu KapOOKaTHOH oOianaer 0oiib-
HIOM 3JEKTPOPUIBHOM aKTUBHOCTHIO. Vcmonb3oBaHue cinabozo Hykneoguia
MOXET HAIPABUTh PEAKLIHIO IO MEXaHU3My Sy 1.

Takum 00pazoMm, MPOTEKAHUIO 3aMELIECHUS MO OMMOJIEKYJISIPHOMY MeXa-
HU3MY (Sn2) OIaronpusiTCTBYIOT:

— CTpO€HHE pajukana, obecreduBaroliee OECHpPENnATCTBEHHBIM IMOAXO0.
HyKJIeO(puUIa K peaKIMOHHOMY LIEHTPY;

— TMPOBEACHUE PEAKLUU B HENOJIAPHOM U NOJAPHBIX ANPOMOHHbLIX PACEO-
pumernsx;

— HCIOJb30BAHUE CUTLHO20 HYKAEopuaa.

Peanuzanuu 3amenieHuss 10 MOHOMOJIEKYJISIpHOMY MexaHu3Mmy (Syl) cro-
COOCTBYIOT:

— YBEJIMYEHHUE CTENEHU 3aMEIICHHOCTH PEaKLHOHHOI'O LEHTPa alKWJIb-
HBIMHU paJivKajlaMu;

— HCIOJb30BAHUE CUILHOUOHUSUPYIOWE20 PACMBOPUMENS;

— MOpPUMEHEHUE c1ab020 HyKleopua.

Peakiun Hyk1€0(QHUIBHOTO 3aMENIeHUs] MOTYT KOHKYPUPOBATh C peaKIus-
MU 3nuMuHupoBanus (E) — oTiienienus rajoreHoBo10po/ia.

2.2.2. Peakuyuu 31umMunupoeanus

DnuMUHUPOBaHUE (OTIIEIJIEHHWE) MOXKET KiIacCU(PUIMpoBaThes Kak o-, P3-
WM Y - SIMMUHUPOBAHUE.

a OH— _ .o —_—
(31—(|3—(31—> :CCl; + H,0 /—== CCl, + H,0 + Cl a->1uMHHUpOBaHHE
Cl
CH;H -
18 la on H,¢_ ~ H _
H;C—C—C—CH; —> /C=C\ + H,0 + Cl p-sn1uMHHHpOBaHUE
nod H5C CH;

Zn
BrCH,—CH,—CH,—Br —> A + 2 NaBr y-3A1MMHHUpOBaHUE
a B Y

79



HaubGonee pacnpocTpaHEHHBIM THIIOM PEAKIMA OTIIETICHUS SIBIISICTCS
B-anmumuHupoBaHue. Tak Kak B MPOIECCE PEAKIIMU OT MOJICKYJIbI TajJoreHaIKaHa
OTIICTUIAIOTCS aTOM BOJOPOJAa M aTOM TaJIOTeHA, TaKHE PEaKIUU Ha3bIBAOTCS
0e2u0pocaioceHUPOBAHUEM.

Ecnmu B ucxomHoM cyOcTpare mMeeTcsl ajJbTepHATHBHAS BO3MOXKHOCThH OT-
HICTIJICHUS] MIPOTOHOB OT [3- U [’-aTOMOB yriepoaa, TO MOXET 00pa3oBaThCs
CMeCh alKeHOB. J[J1s mpejcka3zaHus MpeoOIagaroniero MpoayKTa peakiuu Je-
THAPOTAIOTCHUPOBAHUS UCTIONB3YIOT npasuio 3atiyesa.

® B peaxyusx 0e2udpoeano2eHupo8anusi amom 8000po0d OMuenisencs
npeuUMyuecmeeHHo Om coceoHe20 HaumeHee cUOPOeHUUPOBAHHO20 AMOMA ye-
Jiepooa.

B pesynpraTe 00Opasyrorcss Hambosiee 3aMeICHHbBIE (TEPMOIMHAMHYSCKU
0oJiee CTaOMJIbHBIE) AJIKEHBI. JTO MPaBUJIO COOII0IaeTCsl HE3aBUCUMO OT MeXa-
HU3Ma PEaKIIAH.

Jl1st mpoBeieHUs peaKIuu SIMMUHUPOBAHUS UCIIONIB3YIOT CUIIbHBIE OCHO-
BaHus, Hanpumep 3Tokcuanuonbl C,HsO™, koTopbie 00pa3yroTcsi B CIIUPTOBOM
pacTBoOpe IIEI0YH:

C,H;OH + KOH === H,0 + C,H;O + K"

[Ipu ucnonw3oBanuu BoaHoro pactsopa KOH, conxepxamiero monst OH™
(6onee ciiaboe OCHOBaHUE), MPEUMYIIIECTBEHHO UACT PEaKIus 3aMEeIICHUs, a He
OTILECTUICHHUS.

B-DMMMUHUPOBAHUE MOKET MPOTEKATh MO0 MOHO- WM OMMOJICKYJISIPHOMY
mexanusmy (E1 nim E2).

Monomouiekyasipaoe diumunupoBanue (El) peanusyercs st TpeTud-
HBIX ¥ BTOPUYHBIX TaJIOTEHAJIKAHOB C OOEMHBIMHU 3aMECTUTEISIMU Y PEAKIINOH-
HOT'O IIEHTPA, YaCTO KOHKYPUPYET ¢ Sy1-peakuusiMu v MOJUUHSAETCS TEM KE 3a-
KoHOMepHOCTAM. OcHOBaHueM (B:) MOXeT CllyKUTh U paCTBOPUTED.

Mexanusm smumuHupoBanus El BkrOWaeT ABe cTaauu: OTUICIICHHUE Tra-
JoreHa ¢ 0Opa3oBaHHEM KapOKaTHOHA W OTIIEIJICHUE TPOTOHA OT aroMa yrJie-
poxa (Cg), cocenHero ¢ KaTHOHHBIM LIEHTpoM (C,):

ci: G,
I. CH;—C—Br SATCHIg. CH;=C+  + Br~
CH, CH;

CH, CHy
2. CHyC+ + B: CH;C  + BH
CH, CH,
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Craaust HOHU3AIUN MOXKET COMPOBOXKIATHCS TIEPETPYNIUPOBKONA KapOOKa-
THOHOB, IIPUBO/IAIICH K O0Jiee cTaOUILHBIM HHTepMearaTaM. Hampumep:

s s GHaGH, | CHaGH,
H3C—CIJ—?H ? H3C}CIJ—(;H —> H3C—(£—(|3H K H;C—C=—CH
H Br H_A
BTOPUYHBIN TPETUYHBIN
KapOOKaTHOH KapOOKaTHOH

B peakuusix E1 cobnrogaercs npasuiio 3aifiiena.

bumoJiekyasipaoe 3mumuHupoBanue (E2) xapakrepHo A1 NEPBUYHBIX U
BTOPUYHBIX T'aJOTEHAJIKAHOB C HEOOJBLIIMMH MO 00bEMY 3aMECTUTEISIMU Y pe-
AKI[MOHHOTO LIEHTpA.

C,H;OH
CH3_CI:H_CH3 + KOH — CHZZCH_CH3 + KBr + HzO

Br

Peakius E2 yacto KOHKypupyeT ¢ Sy2 U IMpeAcTaBiiieT coOOW OJHOCTa-
JTUWHBIN COTJIACOBAHHBIM TIPOIECC [-AIIMMHUHUPOBAHUS, TPOTEKAOIINA Yepes3
IIEPEXOTHOE COCTOSIHKE, B KOTOpoM pa3pbiB cBsseil C,-X u Cg-H n obpazoBanue
T-CBSI3U IIPOUCXOIAT OJJHOBPEMEHHO.

_ 5 8|4 B -
CoH5O + CHyCH-Br===| C;HsO-~H-~~CH=CH—~Br| "=== C;H;OH + CH,~CH-CH; + Br

CH; CH;

Peakuus E2 nmomuuHsercs nmpaBuily 3aillieBa: IPOTOH OTLIEIUISETCS Mpe-
UMYIIECTBEHHO OT HaMMEHEee TUAPOreHu3upoBaHHOro Cg-aToMa:
_ — CH;-CH=CH-CH; + HBr
CH,~CH-CH,-CH,§ C,H50 Gyren-2 (81%)

Br

——> CH,=CH-CH,-CH; + HBr
oyten-1 (19%)
Peakmust E2 npoucxonut kak mpanc-oTiieniieHue ¢ 00pa3oBaHUEM MpaHc-
alkeHa. B ciIydac IIPOCTPAHCTBCHHBIX HpCHHTCTBI/IfI, 3aTpyaAHAIOMNX OJOCTYII
pearcHra K CBA3U CB_H IMpY HAUMCHCC TUAPOTICHU3UPOBAHHOM aTOMC YIJICPOaA,

npeo0IaiauM MPOAYKTOM SIBJISETCSI MEHEE 3aMEIICHHBIA ajkeH (npagunio
l'ogpmana).

2.2.3. PeakyuoHHnas cnocooOHoCmb aniui- u 0eH3U12a/102eHU008

Annmuii- ¥ OCH3WITaIOTeHUIBI OYEHB JICTKO 10 CPABHEHUIO C TaJoreHasKa-
HaMH BCTYIAIOT B peakiuy HyKiIeoGuaIpHOro 3amelnenus. Hanpumep, ruaponms
auiI- 1 OCH3WIOPOMHIOB OCYIIECTBIISIECTCSl KUTITYEHUEM C BOJOW, a MPU HC-
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1oJib30BaHUM BoAHOTO pacTBopa NaOH (Oonee cruimbHOTO HyKIeopuIa) peakius
MPOUCXOUT YK€ TPU KOMHATHOW TeMIlepaType, aHaJIOTUYHO OCH3HIXJIOPHU
pearupyeT ¢ 3TaHOJIOM:

NaOH, 25°C
H,C=CH—CH,Br — =~ H;C=CH—CH,0H
- \Nabr

C,H;OH
CH2C1 W CH20C2H5

OeH3UNXA0pUO OEH3UNIMUNOBDLU FPUp

DKCIepUMEHTAIbHBIE JJAHHBIE CBUJIETEIILCTBYIOT O TOM, UTO PEAKIIUU HYK-
J1e0PITBPHOTO 3aMEIICHUS aJUTHI- U OCH3WITAJIOTEHUIOB MPOTEKAIOT M0 MeXa-
HU3MY Sn1.

3HauyuTeNbHAS PEAKIIMOHHAS CIIOCOOHOCTh QJUTMJITANIOreHuI0B B Syl-
peakIusax 00YyCIIOBJIEHa OTHOCHUTEbHOW YCTOWYMBOCTBIO MHTEpMEIuara — aj-
JUIBLHOTO KaTHOHA, KOTOPBIM CTAOMIM3UPOBAH BCJICICTBUE COMPSIKCHUS Ba-
KaHTHOW p-OpOWTANI C COCETHEH T-CBA3BIO M JIEJOKAIHM3AIIMU 3apsia B COMps-
JKEHHOM CHCTEME.

MEJIEHHO

1. CH,=CH—CH,Br ==—= CH,=CH- CH2 + Br

+1/2 +1/2
CH,=CH- CH2 - CH2 CH=CH,| = CH,=CH=CH,

+ OBICTPO
2. CH=CH-CH, + Hy0 ——> CH,=CH~CH,0H

B cnydae GeH3UNTANIOreHUI0B HAa JTUMUTUPYIOIIEH CTaauu peakuui oOpa-
3yeTcsi OEH3WIbHBIN KapOOKaTHOH, CTAOUIIM3UPOBAHHBIN BCIEACTBUE JEIOKATH-
3alMM TIOJIO)KUTEJIBHOTO 3apsiia MO CONPSIKEHHOM CUCTEME apOMaTHYECKOTro

KOJIBIIA:
MCIJICHHO + _
1. @CHZCI = CH, + CI

+
+
Orineme Qo mm O e e
+
OBICTPO
2. @CHZ + CzHSOH T’ CH20C2H5
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DNEKTPOHOJOHOPHBIE 3aMECTUTEIU, KOTOPHIE MOTYT JIOMOJIHUTEIBHO CTa-
OWIM3UPOBATh MHTEPMENNAT, TIOBBIIIAIOT PEAKIIMOHHYIO CIIOCOOHOCTh OCH3MII-
rajoreHu0B.

2.2.4. Peakuyuonnasa cnocoOHOCHb BUHUJI- U APUN2ATIO02EHUO08

B 5THX COCMHEHHSIX raJoreH HEOCPEACTBEHHO CBS3aH C SP°-aTOMOM YT-
Jepoja KpaTHOM CBSI3M WM OEH30JbHOrO KOJibLa. BUHUI- W apuiarasoreHu bl
00s1a1al0T 0oJiee HU3KOM PEAKIIMOHHOW CIIOCOOHOCTBIO B PEAKIUSAX HYKIIEO-
(GUIBLHOTO 3aMENIeHHs TT0 CPAaBHEHHUIO C rajoreHajakaHaMu. MIHepTHOCTh BUHWII-
U apUITAIIOTeHUI0B OOBSCHICTCS HAIUYUEM COMNPSIKEHUSI HETIOJEIICHHON AJIeK-
TPOHHOW TMAapbl TaJOreHa C JBOMHOW CBSI3bI0 WIM T-CONPSKEHHOM CHUCTEMOM
OEH30JIbHOT0 KOJIbLIA, YTO MPUBOJUT K YMEHBIIEHUIO YaCTUYHOTO MOJIO0KUTEIb-
HOTO 3apsijia Ha aToMe yriaepoja (rajgoreH npossisieT —I u +M addekTsr).

Cél:

ERARC LA C

/)

Bununranorennast R—-CH=CH—-X mipu aeiicTBUM OOBIYHBIX HYKJICODHIIb-
HBIX PEareHTOB HE YJaeTCsl MPEBPATUTh B COOTBETCTBYIOIINE CIUPTHI, TPOCTHIE
ahUpBl, aMHUHBI, HUTPWIBL. B peakiuu >ITUMUHUPOBAHUS BUHIIXJIOPHU TIPH
JNEeUCTBUU CIUPTOBBIM pacTBOpoM NaOH oueHb MEJIEHHO U C HU3KUM BBIXOJOM
oOpasyerT areTuiIcH.

Peakiun HykJ1€O(UIBLHOTO 3aMEUICHUS B apUITAIONeHHAAaX MPOTEKAIOT
TOJIBKO B XKECTKUX YCIOBUSIX:

NaOH, [H,0] N3, Cu0 - —NH
— > — Hs—Cl > B
C6H5 Cl 3400C, 315 atm C6H5 OH C6 5 C ZOOOC, 65 at™ o ?

ApuiraaoreHuibl He B3aUMOJICHCTBYIOT ¢ HYKJICO(DHIbHBIMU pearecHTaMu
HU TI0 ME€XaHU3My Sy2, HM 10 MexaHu3My Syl. B mepBom ciydae apomaruye-
CKO€ KOJIbLIO 3aTPYAHSIET aTaKy ¢ ThUla U MPEMSTCTBYET 00pa30BAHMIO MEPEXO/I-
HOTO KoMIUiekca. Bo BTopoM ciyuae B KauecTBe MHTEpMEAHMATa JOHKEH oOpa-
30BBIBATHCS HECTAOMIBHBIA (DCHHI-KATHOH, B KOTOPOM BAKAHTHAS Sp -
ruOpuHas opOUTaIb PACIONIOKEHA NEPIEHAUKYIIIPHO p-OpOUTAISIM KOJIbIA, B
CBSI3M C YEM HEBO3MOYKHA JIENIOKAIU3alIUs MOJIOKUTEIBHOTO 3apsjia C y4acTUEM
TT-CUCTEMBL.

[IpennonararoT, 4TO peakius MPOTEKAET Yepe3 CTaAUI0 AETHAPUPOBAHUS C
oOpa3oBaHHEM JETUIPOOEH30J1a U MOCIEAYIONUM TPUCOCTUHEHUEM (MeXaHu3m
omuyenyieHUus-npucoeOUHeHuUsl, ApUHOBbILU MEeXAHUZM)
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Br H—-OH OH
—e | —
H -HBr

Odezudpoben3on

CrocoOHOCTh K peakuusM HYKJICOPUIBHOTO 3aMEIICHHs] BO3PACTAET, ECIH
B Opmo- /WU napa-mnojaoKEHUAX K rajoreHy HaXOJUTCSl CHUIIbHAs AJIEKTPOHO-
aKIETITOPHAsI TPYIINA, Yallle BCEro HUTPOrpymmna. 9To 00yCIOBICHO TEM, YTO Ha
aToOME YTJepo/ia, CBSI3aHHOM C aTOMOM TajlOT€Ha, YBEJIIMUMBAECTCS MOJIOKUTEIIb-
HBIM 3apsifl, ¥ aTOM YIJIEpOJAa JIETKO B3aMMOJIEUCTBYET C HYKJICO(MUIHLHBIMU
areHTaMH C BHITECHEHUEM TrajloreHa (MexaHusm npucoeouHeHus-omuenieHus):

Cl Cl. _OH OH
— 160°C —
+ OH —_— —_— + Cl
H,0
NO, NO, NO,

AHUOHHDILI O-KOMMNIEKC,
(komnaexc Metizeneetimepa)

Ecnu B apoMaTH4eCKOM KOJbLE HAXOASTCS JBE HUTPOTPYMIBI B MOJOXKE-
HUSX 2,4 WU TPU HUTPOTPYIIBI B MONOKEHUX 2,4,6, TO peakuus HyKIeo()uib-
HOTO 3aMEILECHHs MPOXOAUT 3HAYUTEIbHO Jerde. Tak, Hanpumep, 2.4-
nuHATpoTOpOEeH30 (peakmus Ceneepa) B3aMMOJCHCTBYET C MENTHAAMH M
OenkaMH y»ke IpH KOMHATHOW TeMIiiepaType. JTa peakuus HCIONb3yeTcs s
aHayin3a N-KOHIIEBbIX aMUHOKHUCJIOT B ounentuaax [2, 3]:

NO,
0 0
O,N F + NHZ—?H—C—NH—?H—CN R
R R’ )
NO,
@)
Il Il H,0, HCI
—> O)N NH—(EH—C—NH—CIZH—CN
R R
NO,
W
— O)N NH-CH-C—-0OH + cmecs amunoxuciom
|
R

2,4-0unumpoghenunvroe npouzeooHoe
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2.2.5. Boccmanoeénenue

HpI/I KaTAJIMTUICCKOM THAPUPOBAHHU TaJIOTCHAJIIKAHOB WJIA I[GﬁCTBHH Ha
HUX BOJOpOAa B MOMCHT BBIJACIICHUA, 4 TAKXKXC MOJO0BOJOpOAa MPOUCXOJUT 3a-
MCIICHHUEC aTOMa rajJorc¢ia BOA0poa0oM:

2 [H]
RX ——> RH + HX

C2H51 + HI ——m C2H6 + 12

2.2.6. Peakyuu ¢ akmueHbIMU MEMALIAMU

["anoreHoyrieBogOpOAbl PEArupyroT CO IICJIOYHBIMU METAJUIAMU B UHEPT-
HBIX PAaCTBOPUTENSIX, 00pa3ysi COOTBETCTBYIOLIME METAJIOOPTaHHMYECKHE CO-
CIUHCHUS:

RX + 2M — RM + MX, e M =Na, Li

[Ipu B3aUMOJIEUCTBUN aNIKWI- U apWITaJIOT€HUIOB C HATPUEM pEaKIus He
OCTAaHABIIUBACTCS Ha CTaaAuM OOpa3oBaHUs ankui(apun)HaTpus. Bcernemctsue
OYeHb BBICOKOM PEaKIMOHHON CIOCOOHOCTH MOCIEAHHUI Ccpa3zy pearupyer co
BTOPOI1 MOJIEKYJION rajoreHoyrieBoaopoaa (peakyuu Bropya, cm. 1.1.5; Bropya-
Dummuea [2]):

RX + 2Na —— [RNa] & R—R
-NaX -NaX

Hatpuiioprannueckue COeIUHEHUsI OOBIYHO TOPST Ha BO3AyXE, IJIOXO PAaCTBOPUMBI B
OOJIBILIMHCTBE OPraHUYECKUX PACTBOPUTENECH M MOITOMY HE HAXOAST LIMPOKOTO IMpH-
MEHEHHS.

Jlutniioprannyeckue COeIUHEHUs IOJIyYaroT 10 TOM XKe CXeMe, YTO U Ha-
Tpurioprannueckre. OHU HE CTOJIb AKTUBHBI U JIy4Ille paCTBOPUMBI B OpraHuye-
CKHMX PaCTBOPUTEIIAX.

AIkX + 2 Li — AlkLi + LiX

Jlerko moy4aroTcs ¥ JIMTUHIIPOM3BOIHBIE OEH3071a!

Br Li
+ 2 L1 > ©/ + LiBr

N3 meTanmoopraHM4eCKuX COCIMHEHHM HAuOOJbINee MPaKTUYECKOe 3Ha-
YEHHE MMEKT MarHuiopranudeckue. Mx monmydaroT B3aMMOJECHMCTBUEM AJIKUJI-
raJIOTeHUIOB C MarHueM B a0COJIIOTHOM 3(dupe (B OTCYTCTBUE 3(PUpa MarHuu c
ATKUJITAIOTEHUIaMU HE B3aUMOJICHCTBYET):
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(6]
RX + Mg 2292 20°C_ panigx

AAKUIMASHUU2ATI02eHUO

Oprannyeckne MarHMMraJoreHuabl Ha3bIBAKOT peakmueamu I punvapa (1o
MMEHH OTKPBIBIIETO U BIIEPBBIE H3YUUBIIETO UX UCCIIEIOBATENS).
ApuiranoreHuibl TaKxKe JIETKO 00pa3yloT peakTus [ puHbsipa:

Br MgBr
+ Mg —>

OeHmIMarHuiopoMul — O4eHb PEaKIIMOHHOCIIOCOOHOE BellecTBo. ['pynmna
MgBr nerko 3amemniaercst Ha Ipyrue rpyninupoOBKH.

2.3. MeToabl noJry4eHust

Anugpamuueckue u anuyukIuiecKue 2aio2eHoyeie8000poosl OIy4yaT He-
CKOJILKHMU CIIOCOOaMHU.

1. 'amoreHupoBaHue yrieBoI0POJAOB:

® AJIKaHOB U IUKJIOAJIKAHOB (paJvKaabHOE 3ameleHre S, cM. 1.1.4)

X,, hv
—eeee =
)w’” wiy + HX,  rae X =ranoren

X

® AJIKCHOB M ITUKJIOAJIKEHOB (3JEKTPOPMIBHOE 1 paIUKATIBLHOE IMPUCOS TN -
HeHne — Adg u Adg, cm. 1.2.4)

>

X R
")
S

_ X 3
Y,
X

6U1Y-TATATIOT CHU T

e ankuHOB (Adg, Adg, cM. 1.3.4)

X X
_ X, X X,
T wwy

X X X

2. 'maporanorennpoBaHre HEMPEAEIbHBIX YTJIEBOIOPOIOB:
® aJNKeHOB U IUKIOATKEHOB (Adg, Adg, cm. 1.2.4)

>:<+HX

NS

H N
N
3

\\\H
X

86



e ankuHOB (Adg, cM. 1.3.4)

H X
N A
X H X

cem-JuTraJIorcHu [
3. 3aMelIeHne THIPOKCUTPYIIIBI B CIIUPTAX HA TAJIOTEH:
R-OH + HX — R—X + H,0, X=ClBr

Ota peakuus OTHOCUTCS K peaklusM HyKIeo(uiIbHOro 3amemeHus (Sy).
PeakunonHas ciocoOHOCTb CIUPTOB B SN-peaKLUsAX YMEHBIIAETCS B PAAY:

N R&
R—/C—OH > JCHOH > R—OH > CH;OH
R R
mpemudHbvlll 8MOPUUHDBLLL nepeudHblL MemaHo

JIist cCIUPTOB ¢ HU3KOM aKTUBHOCTHIO MCTOJB3YIOT KaTaIH3aTOPhI, HAPH-
mep ZnCl, (pactBop ZnCl, B coNsTHOM KUCIIOTE HAa3bIBAIOT peakTuBOM Jlykaca).
B naGopaTopHoli npakTUKe yaille MPUMEHSIOTCS METObI 3aMEIICHUS TH/I-
pokcuibHOM rpynmnsl npu nericteun Ha cnupThl PCls, PCl; u SOCl,:
R-OH + PCly — R-Cl + HCI + POCI,
3R-OH + PCl; — 3R-Cl + P(OH),
R-OH + SOCl, —> R-Cl + SO,+ HCI

4. TlomydeHue eem-IUTATIOTCHOIIPON3BOIHBIX M3 albJACTUIOB W KETOHOB
npu nerictBum rajgoreHugamu docdopa(V):

X
I
R—%—R' + PXy — R_(E_R. + POX;
0 X
rae X =Cl, Br 2eM-JIUTaJIOr€HU T

I[J'I?I CHUHTC3a eajioceHapeHo6 UCIIOJb3YIOTCA CICAYIOINC PCAKIIHNH.

e XJopupoBaHUE U OPOMUPOBAHUE APEHOB B MPUCYTCTBUM KUCIOT JIbtou-
ca (sIeKTpopUILHOE apoMaTHIECKOe 3aMelieHue Sg, cM. 1.4.4).

AlX, X
+ X, + HX

HNononpous3BoaHbie TAKUM 00pa30M MOJYyYUTh HEBO3MOXKHO, TaK KaK peak-
s ooparuma. MoaupoBanue oOBIYHO MPOBOIAT B IMPUCYTCTBUH OKHCIIMTEIIS,
KOTOPBIM BOCCTAHABIMBAET BhiAcsAromuiica HI.
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JpyruM mMeTo/10M BBEIIEHUS aTOMa rajoreHa B apoMaTUYeCKOe KOJBIIO SIBIISETCS peak-
[UsI COJIEN IMAa30HUA C TaJOreHUJIaMU METAJUIOB B IPUCYTCTBUU COJIEH OJTHOBAIICHTHOM
meau. [TogpoOuee cm. [2].

e [ajoreHnpoBaHue amKWJIOEH30J0B B OOKOBYIO II€Mb (aHAJIOTHMYHO TO-
JYUYEHUIO0 AJKWJITAJOTeHUIOB, paJuKaibHOEe 3amelieHue Sg, cM. 1.1.4) maet
CMECh MIPOTYKTOB:

CH; CH,Cl CHCl, CCl,
+ Cl hv. t, + +
2 _HCI

OEH3UNXA0PpUO  OEH3UTUOEHXIOPUO OEeH30MPUXTOPUO

Jis monydeHust OGeH3WIXJIOpUAA 1iesecoo0pa3Hee MCIOIb30BaTh PEAKLUIO0 XJIOPMETHU-
nupoaHus Oenzona neiictBueM cmecu CH,=0 u HCI B npucyrctBum kuciots! JIprou-
ca, TaK KaK B 3TOM CiIy4ae o0pa3yeTcs OJIMH MPOJIYKT:

ZnCl,, HCI CH,Cl
+ CH,0 —2 — . + H,0
60°C
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IMPAKTUYECKASA YACTb

Jlabopamopnasa padoma 3. Ilonyuenue u ceoiicmea 2ano2eHoyznee000po0os

OmnbiT 1. CuHTe3 3THIIOpPOMHIAA

Imunopomuo (bpomucmuiii smui, 6pomosman) — OECIBETHAS JIETKOJIETY-
yast KUIKOCTh, T. Kuil. 38 °C, T. wiasi. -119 °C, miotHocts 1,46 r/cM’, He pac-
TBOPHUM B BOJE.

3aganue

1) HamucaTh ypaBHEHUE OCHOBHOM PeaKinu;

2) mpoU3BECTH pacueT CUHTE3a, 3aMoJHUTh Tabmuiry 1 (cm. cTp. 10);

3) MOMYYUTH STUAOPOMHU]I U3 FTHUIIOBOTO CIIUPTA,

4) mokaszath 0Opa3zoBaHuE ATWIOPOMHIA C MTOMOIIBI0 KaYEeCTBEHHON peak-
I[MU Ha TaJOT€HAJIKAHBIL;

5) paccuuTaTh BBIXOJ ATWJIOPOMU/IA, 3aMOJHUTH TaOIUILY 2;

6) paccMOTpeTh MEXaHU3Mbl OCHOBHOM M MMOOOYHBIX PEAKIINN;

7) chenaTh BBIBOJIBI.

PeakTuBbl: ciupt stuniossii, KBr, H,SO, xoni., HO aucrt., nex, Meanas
IIPOBOJIOKA.

Ilocyna: crymka ¢ MECTHKOM, IIMaTellb, MEPHBIA IUIUHIP, KOHHUYECKas
BOPOHKa, KpyrJiofgoHHast koib6a Ha 100 mi, nediermarop, XomoauiabHUK JInOu-
Xa, XUMUYECKUN CTaKaH WJIU TUIOCKOAOHHAs kojoa (100 mur), 2JIeKTpOIUIHTKA,
JIeUTENbHAs BOPOHKA, CIUPTOBKA.

Cxema yCTaHOBKH:
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Xoa paéoTbl

1. B kpyriogonHo# koibe cMemaTrh 8 MJI CUpTa ¢ 7 MJI BOJABI U TIPH TIO-
MEIIMBAHUU W OXJIAKJICHUM MPOTOYHOM BOJOM MOCTENEHHO MNPUIUTH 15 mi
KOHLICHTPUPOBAHHOMW CEPHOU KUCIIOTBHI.

2. CMmech OXJIaUTh JO KOMHATHOM TeMIEpATypbl U J00aBUTH NpPH Iepe-
MeNIMBaHuU 12 T TOHKO pacTepToro B CTynKe OpOMHUJIa KAJu.

3. CoOpaTh YCTaHOBKY IO TPEIJIOKEHHOH CXeMe, MMPUEMHHK 3aIlloJIHUTh
BOJIOM CO JIBJIOM TakK, YTOOBI HOCUK aJIOHKa ObLI MOTPYKEH B BOJLY.

4. HarpeBaTh peakMOHHYIO CMECh Ha 3JEKTPOIUIUTKE 10 TE€X MOp, MOKa B
IPUEMHHUK HE MEPECTAaHyT MOCTYIATh TSKEJIbIE MACIITHUCTBIE KAk OpOMHUCTO-
ro stwia. Eciu peakunoHHas Macca HAYMHAET CUIIBHO INMEHUTHCSA, HArpEBaHUE
HEOOXOMMO Ha BpeMsl IPEKPATUTb.

5. Tlo oxkoHYaHUM peaKlyu OPOMUCTBIM ATHJI OTAETUTH OT BOJBI B JIENH-
TETLHON BOPOHKE, U3MEPUTH €r0 00BheM U MpoBecTH NnpoOy benbiiteitna (kave-
CTBEHHAsl peaklys Ha TaJOreHbl), MOCJIE YEro MEepeHecTH COOpaHHBbIM OpoMu-
CTBIN ATUJ B CKJISTHKY JJII XpaHEHUS, TOCYAY BBIMBITh M C/IaTh JTAOOPaHTY.

6. Ilpoba Benviumetina: KOHEL MEIHON MPOBOJIOKH, CBEPHYTHIN B METIIIO,
MIPOKAJUTh B IJIAMEHU CIHUPTOBKHU JI0 MUCUE3HOBEHHUS 3€JICHOBATOTO OKpAIHBa-
HUS TUIaMEeHH (ITOBEPXHOCTh MPOBOJIOKU MPU ATOM MOKPBHIBAETCS YEPHBIM Hale-
TOM okcuaa Meau). Ilocne oxmaxaeHUs HAHECTH Ha MPOKAJIEHHYIO MPOBOJIOKY
HCCJIEyEMOE BEIIECTBO U BHOBb HATPETh B IUIAMEHU CIUPTOBKU. Ecim Bemect-
BO COJICPXUT TAJIIOTEHBI, IJIaMsI OKPAIIMBAETCSA B 3€JICHBIM LBET. JTa PEAKLIHUS
OCHOBAaHA Ha TOM, YTO rajJOr€HONPOU3BOIHBIE IPU HarpeBaHUU C MEAbI0 00pa-
3YIOT JIETy4YHM€ TrajJoreHuJbpl MEIH, OKpPAUIMBAIOIIME IUIaMs B 3€JIEHBIM IIBET.
[Ipo0Oa oyeHb 4yBCTBUTENIbHA, HO HE MO3BOJISIET YCTAHOBUTH, KAKOW UMEHHO ra-
JIOTEH BXOJIUT B COCTaB BEIIECTBA, €€ TAK)KE HEJIb3s UCIOJIb30BaTh JJIs1 OOHAPY-
YKEHUSI TaJIOTEHOB B COEAMHEHUSIX, UMEIOIIUX OJHOBPEMEHHO a30TCOAEPKAILINE
3aMECTHUTEIIU, TaK KaK OHU TOXE OKPAILIMBAIOT TUIaMS.

Jl51s cpaBHEHHS MOKHO IMpoBecTU MpoOy benbinTeitHa ¢ IpyrumMu BeecT-
BaMH, COJEpKAIllMMU TajJoreHsl (HarpuMmep, ¢ XJI0pohopMOM, YETHIPEXXIOpH-
CTBIM YTJIEPOJIOM U JI.).

OmnbIT 2. CBoiicTBa XJI0podopma

3apanue: 1) u3yunTh cBOMCTBA XJIopodopma, 2) BO BCEX PEAKIMIX OTME-
TUTh HAOJI0/1aeMble U3MEHEHHUS, 3) cAenaTh BBIBOJ O THAPOIUTUYECKONU YCTOM-
YUBOCTH XJIOpo(opma U ero cTaOMILHOCTH TIPU XpaHeHWUH, 4) HAMMCATh YpaB-
HEHMS BCEX PEaKIUH.

PeakTuBbl M 000pyaoBaHue: XJopogopm, AUCT. BOJIA, paCTBOPHI Pe30p-
nuHa, NaOH, AgNO;, KI, kpaxmana, HNO;, ammuaka (kosil.), KMnOy; yHu-
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BepcajibHasi MHAMUKATOpHas Oymara, 7 mpoOUpOK, AepKaTelb i MPOOHPOK,
CIIUPTOBKA, MUIMETKA, MEIHAS TIPOBOJIOKA.

BbinosiHeHue onbiTa

1. [Ipo6a benbiireitna

MenHy10 pOBOJIOKY, Ha KOHIIE CBEPHYTYIO B METIIO0, MPOKAIUTH B TIJIaMe-
HU CIIUPTOBKH JI0 UCYE3HOBEHUS 3€JICHOBATOr0 OKpaminMBaHus miaMmeHu. [locre
OXJIQXKJICHUsSI HAHECTH Ha IMPOBOJIOKY KaIlIo XJIOopoopMa U BHOBb HarpeTh B
MJIaMEHU CITUPTOBKH.

2. lIBeTHasa peakuus

B nmpoOupky HamuTh 2 Karim pacTBOpa PEe30pIIMHA, YEThIPE KaIlju pacTBO-
pa NaOH, nBe kammu xmopodopma u Harpetb. OTMETUTh U3MEHEHNE OKPACKH
pacTBopa.

3. Omnpezenenne YucToThl XJiopodopma

a) 0OHapy>KEHHUE XJIOPUCTOTO BOAOPOJA: MMOMECTUTh B MPOOUPKY 2 Karliu
xjopodopMa, TpU KaIUM AUCTUIUTMPOBAHHON BOJABI M OJHY KAaIlJIIO pacTBOpa
HUTpaTa cepedpa, BCTPAXHYTh COAEPKUMOE TPOOUPKU; OTMETUTH U3MECHEHHS;

0) oOHapykeHHe CBOOOHOTO XJIOpa: MTOMECTUTh B MIPOOUPKY TPH Karliu
xjopodopMa, MATh Kaneiab TUCTUUIMPOBAHHON BOJIbI, OJAHY KaIlll0 pacTBOpa
MOJHMCTOTO KalHs U BCTPAXHYTH coaepkumoe mpobupku. Ecnu n3MeHnenue
OKpack# ciosi XxjJopodopma BBIPaKEHO HE SIBHO, JOOABHUTH KaIlJIIO pacTBOpa
Kpaxmaia.

4. BzaumogeiicTBue xjiopodopma co menoybio

[Tomectuth B mpoOupKy 6-8 kamenb xjopodopma, 2-3 M1 pacTBOpa LIEI0-
YU ¥ OCTOPOXKHO HArpeTh CMECh JI0 KHUIICHHMsI, 4aCTO BCTpsixuBas. [lomyueHHbII
OJTHOPOJHBIA PacTBOp (TUAPOIU3AT) OXJIAAUTh, PA3ACIUTh HA 3 TPOOUPKU H
BBITIOJIHUTD CIIEAYIOIINE OTIEpaIliu:

a) B MEPBYIO MPOOUPKY A00ABUTH HECKOJIBKO Kareib pa30aBiIeHHON a30T-
HOM KHUCJOTHI 10 KUCTIOW peakuuu (110 YHUBEPCAIbHON MHAMKATOPHON Oymare)
¥ HECKOJIBKO Kareslb pacTBOpa HUTpaTa cepedpa;

0) B oTaenbHOM npodupke k 0,5 Mt pacTBopa HUTpaTa cepedpa npubdaBUThH
M0 KaIljIsiM KOHIIEHTPUPOBAHHBIM BOJHBIA PACTBOP aMMHaKa /10 PacTBOPEHHUS
NEPBOHAYAILHO OO0pa3yIOIIErocsl OCajKa, B IMOJYYEHHBI pacTBOp J00aBUTH
BTOPYIO TIOPIUIO THPOIN3aTa;

B) B TPETHIO MPOOHMPKY J0OABUTH HECKOJIBKO Karellb pacTBOpa MEepMaHra-
HaTa Kajusl.
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3. TUAPOKCUCOEJAUHEHUA

TEOPETHYECKASA YACTD

K opranudeckum TUApOKCHCOCTUHEHUSM OTHOCSTCS BEIIECTBA, KOTOPHIE
coJlep>KaT B MOJIeKyJax OAHYy uiu Oojee TulIpokcuwibHbIX Tpynn —OH, cBsizan-
HBIX C YTJIIEBOJAOPOIHBIM PaTAKAIOM.

B 3aBucuMoCTH OT XapakTepa YrieBOJOPOIHOTO paauKalia dTH COSTUHE-
HUS TIoJpa3fersatoTes Ha aBe Oonpiiue rpynmbl: cnupThl R—OH u ¢enomabl
Ar-OH, rae R — ankun (amudaruyeckuit yriaeBog0OpOAHBINA paarKal cO CBOOO/I-
HOM BAJICHTHOCTBIO TPU HACKHIIIEHHOM Sp°-aTOMe yriiepoaa); Ar — apun (apoma-
THYECKHUI pafiKan, CBOGOIHAS BAICHTHOCTh KOTOPOTO MPUHAICKHUT SP -aTOMY
yTiiepoia 0€H30JIbHOTO KOJIbIa, Harpumep, paaukai ¢enur —CgHs).

Panukan 6ensun CgHs—CH,- sBnsercst apunaakuiom (CBOOOHAS BaJICHT-
HOCTh HAXOJIUTCS TPU HACBIIIEHHOM aTOME YyTIepojia), MOITOMY COCIMHEHHE
C¢Hs—CH,—OH oTHOCHTCS K cCriUpTaM.

3.1. O0mas XxapaKTepuCcTHKA CIMPTOB

o Cnupmsi — npou3sooHbvie yeie8000p0008, MOJEKYIbl KOMOPbIX cooep-
aHrcam oOHY UNU HecKobKo euopoxcunvHulx epynn —OH, cesasannvix ¢ Hacviuyen-
HoMu (Sp°) amomamu yanepooa.

O6mas gopmyna knacca ciuptoB R—-OH, rie R — ankun (Alk).

Kaaccupukanus ciupToB OCHOBaHA Ha TPEX CTPYKTYPHBIX MPU3HAKAX.

1. I1o uncy rUAPOKCHIIBHBIX TPYMI COUPTHI NOAPA3AELISIIOTCS Ha:

e oonoamommusie (onHa tpynna —OH), mpocreillumii mpencTaBUTENb —
memanon CH;—OH;

e mHocoamomuuble (1Be u 6onee rpynn —OH). Hanpumep:

JIBYXaTOMHBIN CIIUPT — dOMuIeHeauKob (3Tananon-1,2)

HO-CH,-CH,-OH
TPEXAaTOMHBIN COUPT — eauyepur (MponanTpuoi-1,2,3)
HO-CH,~CH(OH)-CH,-OH

Crnuptsl ¢ asymss OH-rpynnamu npu ogHoM U ToM ke atome yriaepoaa RCH(OH), u
R,C(OH), neycroiuussl. [lono6Ho yronsnoi kucinore (O=C(OH), —» CO, + H,0) onu
JIETKO OTHICTUISIOT BOAY M IIPEBPAIIAIOTCS, COOTBETCTBEHHO, B aiblaeruabpl R—CH=0
win ketoHbsl R,C=0. Tpexaromusie ciuptel R-C(OH); He cymiecTByIOT.

2. B 3aBUCHMOCTH OT TOT0, C KAKUM aTOMOM Yrjepojia (IepBUYHBIM, BTO-
PUYHBIM WM TPETUYHBIM) CBSI3aHA THPOKCUIIbHAS TPYIIA, Pa3IM4atoT CIIUPTHI:
nepeuunvie R—-CH,—OH, smopuunsie R,CH-OH, mpemuunsie R;C—OH.
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3. Ilo cTpoeHuIo yTaeBOAOPOMHBIX PATUKATIOB, CBSI3aHHBIX C aTOMOM KH-
CJIOpPOJIa, CHUPTHI TOJPA3JEISAIOT Ha: npedeibHble — AalKaHOJBI (HaIpuMmep,
CH;CH,—OH) u nukmoankanonsl (uukiorekcanon C¢H;—OH u nap.); menpe-
denvrvle — ankeHoasl (CH,=CH—-CH,—OH), ankunonsl (CH=C-CH,—OH), nuk-

JIOQJIKEHOBI U T.11.; apomamuyeckue (Hanpumep, CcHsCH,—OH).
Henpenensusle criuptsl ¢ OH-rpynmoii npu sz_ WIN sp-aToMe yriieposaa (T.e. aToMe,
COEJIMHEHHOM C JIpYTMM aTOMOM JBOWHOM WM TPOMHOM CBSA3bIO) OUEHb HEYCTONUYMBBHI.
Hanpumep, Bununoseii cnupt CH,=CH-OH cpa3y xe u3omepusyercsi B YKCYCHBIN
anpaerug CH;—CH=0 (cm. 1.3.2.1).

Homenknarypa. Ha3Banusi cnMpToB IO 3aMECTUTENBHOW HOMEHKIIATYpE
HIOITAK coctost U3 Ha3BaHMsI COOTBETCTBYIOIIETO YIIIeBOAOPOa, cydhdukca -0
U IIUQPBI, YKA3bIBAIOIIECH MOJIOKEHUE THAPOKCUTPYTIIHI (€CIIM 3TO HEOOXOAUMO).

CHfOH  CH;yOH  CH;jCHyCH;jOH  CHyCH—CH,
OH

Memanoi SMAHON nponawnon-1 npOnanon-2

Hywmepanus rinaBHOM yriepoJIHO# LienH BeIeTcss OT KOHLA, OrKaiilero K
OH-rpynne.

5 4 3 2 1 1 2 3 4 5
CH3—CH2—CH2—|CH—CH3 CH;?H-CHZQ—CH3
OH OH CH3
neHmarno-2 4-memunnenmen-3-on-2

[udpa, orpaxaromass mecrononoxenne OH-rpymnmnsl, B pyCCKOM sI3bIKE OOBIYHO CTa-
BUTCS TIOce cypdurca -o1. DTO pasrpykaeT CIOBECHYIO 4acTh Ha3BaHUs OT nudp (Ha-
npumep, 2-MeTwiOyTaHod-1). B aHrnos3sraHON auTeparype mudpy CTaBAT Mepeja Ha-
3BaHUEM IJIaBHOW 1enu: 2-metui-1-0yranon. IlpaBuna UIOITAK paspemaror yuuTsl-
BaTh OCOOCHHOCTH HAllMOHAJILHOT'O SI3bIKA.

B Ha3BaHUSX MHOTOATOMHBIX CIUPTOB (70.1U0108) TIONOKEHUE W YHCIIO
THIPOKCUIIBHBIX TPYNN YKa3bIBAIOT COOTBETCTBYIOIIMMH HHppamMu u cyhduk-
camu -ouon (nse OH-rpynmnst), -mpuon (tpu OH-rpynmnser) u T.1.

[To panukanbHO-(yHKIMOHATBHOW HOMeHKnarype UFOITAK na3Banus on-
HOATOMHBIX CIIUPTOB MPOU3BOJAAT OT HAa3BaHUM PaguKaIoB ¢ J0OABICHUEM CIIO-
Ba cnupm (Ha3BaHUE KJIACCA): MeMUIOBbIL CHAUPM, SMUN08bIL CAUPM, H-

NPONUNOBBLU CRUPM, U30ONPONUTOBbLU CRUPTI.
He cnenyet naBaTh Ha3BaHMsA, B KOTOPBIX CMELIaHbl 00€ HOMEHKIIATYPbI: N30MPOIAHO,
mpem-0yTaHoI U T.I. (T.K. HET COOTBETCTBYIOIIUX YIJIEBOAOPOAOB — MU30MPOINAH WU
mpem-0yTan). IIpaBuiibHbIE HAa3BaHUS ITHX COCTUHEHUIN: W3ONPONMIOBBIA CIIUPT WIH
IIPONIAHOJI-2, mpem-0yTUIOBbIN CIIUPT WU 2-METUIIIIPOIIaHOII-2.
N3omepus. B psay ciupToB NposSIBIAIOTCS Pa3IMYHbIE BUJIBI NU30MEPHUH.
CmpykmypHas uzomepusi:

— wuzomepus nonoxennsds OH-rpynmnsl (HaunHas ¢ Cs)
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CH3— CHZ—CHz—OH CH3— ?H—CH3

OH
nponanon-1 nponauo.-2
(H-nponuioswslii cnupm,) (uzonponunosslii cnupm,)

— H30Mepus yriiepoaHoro ckenera (HaunHas ¢ Cy)

CH;~CH;—CH;—CH;—OH CH;~ QH—CHz—OH
CH,

o6ymanon-1 2-memunnponauor-1

(H-6ymunosblii cnupm,) (uz300ymunoswlii cnupm)

— MEXKJIACCOBast U30MEPHUsI ¢ MPOCThIMU dpupamu (HaunHas ¢ C,)
CH;CH;~OH CH;—0—CH,
9MUNOBBIL CRUPM oumMemunossiii 3Qup

IIpocmpancmeennas uzomepusi. Ins cnupToB, B MOJIEKYJIaX KOTOPBIX UMeE-
€TCsl aCUMMETPUYECKUI YIIIEPOIHbINA aTOM (T.€. aTOM, CBSI3aHHBIN C YETHIPHMS
pPa3HBIMU 3aMECTUTENISIMU ), XapaKTepHa onmuueckas uzomepus (Hampumep, s
6yranona-2 CH;C H(OH)CH,CH,).

Ankenonel Tuna R—CH=CH-CH,OH nposBustor yuc-mpanc-n3oMeputo
OTHOCHUTEJIBHO JBOMHOU CBSI3H.

Cnenyer Takke UMETh B BUAY, YTO 3@ CUET BHYTPUMOJIEKYJIIPHOTO Bpalie-
Hus 1o 6-cBsa3siM C—C u C—O cnuptam CBOMCTBEHHA KOH(OpMAIIMOHHAST U30-
mepusi. Hanmpumep:

e B Y

SMAHOT 3acJIOHEHHAs 3aTOpPMOXKEHHAs
KOH(pOpMAITHs KoH(popMaIms

3.2. O0mas xapakrepucTuka GeHoJI0B

o DeHonbl — NpouzBoOHblE APOMAMUUECKUX VeTle8000POO08, 8 KOMOPbIX
OOUH UJIU HECKOJIbKO AMOMO8 8000p00a OEH30IbHO20 KOIbYa 3aMeujeHbl Ha 2Uo0-
poxkcunvryio epynny —OH.

B oTimume oT cnupTOBOrO THAPOKCHIIA, CBA3aHHOTO C sp3 -YTJIEPOTHBIM
atomoM, ¢eHosbHass OH-rpymnma HaxoauTCs IpH sz—aTOMe yriIeposia apoMaTH-
YECKOro sipa.

[To yncmy THAPOKCHIIBHBIX TPYIIT (EHOJIBI, KaK M CIIUPTHI, MOPa3CIISIOT-
cs Ha oonoamomuvle (omHa OH-rpynmna) u mroecoamommuwie (OOBIYHO JABE WIIH
Tpu OH-rpynmnsi).

Oo6mas popmymna ogHoaromMubIX (peronoB Ar-OH, roe Ar — apomarude-
ckuit pagukan (CgHs—, CH3;C¢Hy— 1 T.11.).
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[Ipocreiimmuii mpeacrasutens — penoa CcHs-OH (runpokcnOen3omn).

MHorue (I)GHOJ'IBI " UX MPOU3BOAHBIC IMPOKO PACHIPOCTPAHCHBI B PACTUTCIIBHOM MHUPC

(HI/IFMGHTI)I, IIY6I/IJILHI)IG BEICCTBA, KOMIIOHCHTHI IlpeBGCI/IHBI). 3HaYUTENLHBIE KOJHAYE-

cTBa (DEHOIBHBIX COCAMHEHHH COMepKaT yrim (TIPOIYKTHI Pa3IOKEHHUS APEBECHBIX U

PaCTUTCIIbHBIX OCT&TKOB). denobl MNPUMCHAIOTCS B IIPOU3BOACTBE ITOJIUMEPOB, KpaCHU-

Teﬂeﬁ, JICKApCTB, AYIHCTBIX BCHICCTB, CPCACTB 3alIUThI paCTCHHf/'I.

Homenkanarypa. [Ins 6onpmivHCTBAa (PEHOJOB HCHOJB3YIOTCS TPUBUATD-
Hble Ha3BaHudA, npuHATbie HOMeHKIaTypou WUIOIIAK: geron, kpesonwvi (n30-
MEpPHBIE TUAPOKCUIIPOU3BOJHBIE TOIYOJA), NUPOKAMEXUH, PE3OPYUH, 2UOPOXU-
HOH W JIp.

OpHoatoMHble (DEHONBI HA3BIBAIOTCA KaK IPOW3BOJHBIE IMEPBOTO UJeHa
3TOrO pAna — ¢enona. HazBanue cTpoAT, UCXOI U3 HyMepaluu OEH30JbHOTO
KOJIbIa, KOTOPYIO HAaYMHAKOT OT aroMma yrjepojaa, cazaHHoro ¢ OH-rpymnmoi.
IIpu 3ToM HaOOp HOMEPOB 3aMeCTUTENEN T0JKEH ObITh HanMeHbIUM. Hanprumep:

OH OH
CH, C,H;
H,C CH,
2,5-0umemungpenon 3-memun-2-smunghenon

B Ha3BaHMSX MOHO3aMELIEHHBIX (PEHOJOB OOBIYHO HCIOJIB3YIOTCS MpH-
CTaBKU opmo-, Mema- N napa-. Hanpumep, Tpu n30MepHBIX Kpe3ona (metuide-
HOJIa) Ha3bIBAIOT OpmMo-, Mema- U napa-Kpe3oiamu:

OH OH OH
J" Q
CH,
CH,
OpmMO-Kpe3o Mema-Kpe3oi napa-Kpe3on
(2-metundenomn) (3-meTmndenon) (4-meTmndenon)

Jlig GONMBIIMHCTBA MHOTOAQTOMHBIX (PEHOJOB U THAPOKCUIPOU3BOAHBIX
MHOTOsiAEpHBIX apeHOB B HOMeHKIaType MIOIIAK coxpaHsroTcs TpuBHaibHBIE

Ha3BaHMUA.
@: OH OH /©/ OH OH
OH HO OH
OH OH
NUPOKAmMexuH pesopyun 2UOPOXUHOH nuUpocanion
(1,2-murumpokcu-  (1,3-nuruapokcu- (1,4-nuruapoxcu- (1,2,3-tpuruapoxcu-
OeH301) Oen3om) 6enzoun) Oen3o)

OH
o—Hagphmon OH B—uagpmon
(1-nadrom) (2-HadToM)
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OTH Ha3BaHUA HUCIIOJIB3YIOTCA B Ka4YCCTBC POJOHAYAIBHBIX B HA3BAHUAX

3aMEIeHHBIX (PEHOJIOB (HAPUMEP: MeMuUiIcUOPOXUHOH, 2-IMUNPE30OPYUH).
HpOI/I3BOI[HLIC MMUPOKATCXNHA, pC30pUHUHA U THAPOXUHOHA BXOIAT B COCTAB PA3JIMYHBIX

NPUPOAHBIX coeauHeHuil. VMicxons u3 mupokaTexuHa, ObUl MOTy4eH
aopenanur (TMEPBBIA CUHTE3 TOPMOHA). [ MAPOXUHOH MPUMEHSETCS
KaK TIPOSIBUTENH B oTOrpaduu.

N3omepus. Jns (peHONOB XapakTepHa CTPYKTypHasl U30- R9 8
MEpus: H
— H30MEpHUs TMOJOXKEHUS THAPOKCUTPYIIIbI (HarmpuMmep, ROH
opmo-, Mema- 1 napa-Kpe3oJibl);
— MEXKJIacCOBasi M30MEpHsl amKmWI()EHOJIOB ¢ MPOCThIMU 3upamu (aj-
KOKCHOEH30JIaMH) U apOMATUYECKUMH CITUPTAMH:

wCren Croen, Oronon

MemuagheHU108bl OeH3UN0BbIL
aghup cnupm

3.3. CTpoeHue ruAPOKCHWIBLHOM IPYNIIbI

o Ceoticmea cnupmos u (HeHon08 0npeodenaiomcs CmpoeHuem Uopo-
kcunvrou epynnvl —OH, xapakmepom cesazeu O—H u C-O, cmpoenuem yeneso-
O00POOHBIX PAOUKATIO8 U 3AUMHBIM GNIUSHUEM AMOMO8 8 MOJIeKVAX.

Ceszu O-H u C-O nosisipHble KOBaJIEHTHBIE. DTO CIEIYET U3 Pa3iuduil B
ANEKTPOOTPHULIATENIBHOCTH Kuciopoaa (3,5), Bomoponaa (2,1) U HACHIILIEHHOTO

5+ 5. 54 YMViepona (2,5). DOnexTpoHHas IUIOTHOCTh 00EHX
>C —> O <— g CBA3CH cMelleHa K 0osiee dIEKTPOOTPULIATEILHOMY
4 b aTOMy KHCIIOpoJa:
JMnonbpHbIE MOMEHTHI CBSI3EH:
0,70D (C-O) u 1,51D (O-H).

B peakmusix paspbhlB 3THUX CBSI3€M MPOUCXOJUT MPEUMYIIECTBEHHO
reTepOIMTUYECKH C 00pa30BaHUEM MOHHBIX YACTHII.

ATOMY KHCIIOPOZA B CHHPTAX CBONCTBEHHA sp -rHOpHau3anus. B oGpaso-
BAaHMH €ro CBsI3eil ¢ aTOMOM YIJIEpOJia ¥ aTOMOM BOJOPO/IA YUACTBYIOT JIBE 25p -
atomHble opOutanu. Bamentsiii yron C—O-H OmM30K K TETpadIpHYECKOMY
(108,5°). Kaxmast u3 AByX Apyrux 2sp°-AO KHCIOpPOAA 3aHSTA HEMONEICHHOM
IIapOM SJIEKTPOHOB.

B (denosax moa BIUsSHUEM TT-DJIEKTPOHHON CHCTEMBI OCH30JbHOTO KOJIbIIA
JUIS aTOMa KHCJIOpOJa IpPeAnodYTUTeNb el sp -rubpunusamus. [Ipa 5ToM oaHa
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U3 HEMOJICJICHHBIX JICKTPOHHBIX Map HAXOJUTCS HA HETHOPUAHON p-OpOUTaIu U
MOXET y4aCTBOBATh B CONPSKEHUHU C apOMATUYECKON TT-CHCTEMOM:

dyeKTpOHHbIE 3PPeKThl rHAPOKCWIbHON rpynnbl. ['pynna —OH mpo-
SBJISIET OTPULIATENIbHBIN MHIYKTUBHBIN 3P deKT (—/-3dhPeKT) mo OTHOIIECHUIO K
YTJIEBOJOPOTHOMY PAIUKay ¥ B CHHPTAX BBICTYMACT KaK JIEKTPOHHOAKIIEN-
TOPHbBIii 3aMeCTHTEb.

H H H
R E

H3C—(|3—>il—>f—> OH -I >¢pdext OH-rpymnmel B couprax
H

B ¢enonax, rae OH-rpymma HaxOmuTCs IpH Sp-aTOMe YIiIepoa, KpoMe —
I-3pdekra, oHa TPOSIBISET MOJOKUTEIbHBI Me30oMepHBIN ddekT (+M), npe-
JIOCTaBJISIA HEMOJEJICHHYIO DJIEKTPOHHYIO Iapy KHUCIOPOJa B T-CUCTEMY COMpS-
KEHUSI OEH30JIbHOTO KOJIbIIA:

o- M
o- '/\OH anekTpoHHble 3¢ dextsr OH-rpymnmel B heHone
- +M > -1

Bcenencreue 6omblield MOABHKHOCTH T-2JICKTPOHOB +M-3(pdekT cuibHee,
yeM —/-3(pPexT, T.e. THIPOKCUTPYNIA B (peHO0JIaX SBISIETCS IJIEKTPOHOLOHOP-
HBIM 3aMecTHTeeM (OTPHUIATEIBHBIA 3apsii Ha aTOME KUCIopoaa B (eHose
HUKE, YeM B MPEICIIbHBIX OJJTHOATOMHBIX CIUPTAX).

CnenctBueM nonsprHocTy cBsizu O—H v HanuuMs HETMOICJICHHBIX Map JJICK-
TPOHOB HAa aTOME KHCJIOpOJa SBJISAETCS CIIOCOOHOCTh THAPOKCHCOSIMHEHUN K
00pa30BaHUIO BOAOPOAHBIX CBSI3€l, TPUBOISIINX K aCCOITUAIIUN MOJICKYJ.

R R R
N N\ \
O Hooo.o Ho-oO Hooo

Accouuauuﬂ MONEKY] ZleapOKCqubelx coeouneruil

OT0 OOBSCHSET, MOYeMy JlaXKe HHU3LIME CHUPThI — XKUAKOCTU C OTHOCHU-
TEIbHO BBICOKOW TeMIlepaTypol kuneHus (T. kumn. metaHosa +64,5 °C). Ilpu ne-
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peXoa€ OT OAHOATOMHBIX K MHOI'OATOMHBIM CIITMPTaAM WJIA (bCHOJIaM TCMIICPATY-
PBI KHUIICHUA U INIABJICHUA PC3KO BO3PACTArOT.

O6pa303aHHe BOJOPOJHBIX CBS3CH C MOJICKYJIaMH BOJbI CHOCO6CTBy€T
PaCTBOPUMOCTH I‘I/II[pOKCI/ICOGIII/IHeHI/Iﬁ B BOJIC.

R
\ .

:0—H +-+ :0-H -+ :0—H
/O - /
H H
Tuopamayus monexyn 2uOpOKCUIbHbIX COeOUHEHU

CnocoOHOCTh pacTBOPATHCS B BOJIC€ YMEHBIIIAETCS C YBEJIMYECHUEM YTIJIe-
BOJIOPOJHOTO pajvKana U OT MHOTOATOMHBIX TUAPOKCUCOEJUHEHUN K OJIHO-
aTOMHBIM. MeTaHoJ, 3TaHOJ, MPOMAHOJbI, STUJICHIJIUKOIb U TIUIEPUH CMe-
IIMBAIOTCS C BOJIOM B JIFOOBIX COOTHOIICHUAX. HaunHas ¢ OyTUioBOro crnupra,
pPacTBOPUMOCTh CHUPTOB B BOJi€ OBICTPO yMEHbIIaeTcs. Bricuiue cnupThl B
BOJIe HEpacTBOpUMBI. PacTBopuMocTh (heHos1a B Boje orpaHuueHa (8,2% mnpu
15°C).

HCFKOKI/IHHH_[I/IG CIIMPTBI OrHCOITACHBI. MeTaHOH, OTHJICHIJIMKOJIb U (beHOJ'H:I OTHOCATCA

K BBICOKOTOKCHUYHBIM BE€IICCTBAM.

3.4. XuMu4ecKue CBOMCTBA I'HAPOKCUCOCIMHEHU

B peakuusix ruapokcUcOeqMHEHUN MO (PYHKIMOHAIBHOM TpyIIe BO3MO-
YKEH pa3pbIB OJHOMN U3 IBYX CBS3CHU:

e C—OH c otmiennenuem OH-rpymisl,

e O-H c oTmiemieHueM BoAOPO/IA.

OTO MOTYT OBITh PEaKLUu 3ameljeHus, B KOTOpbIX mpoucxoaut 3amena OH
wim H, nubo peakuuu saumunuposanus (OTHIEIJICHUS), KOTIa oOpasyercs
JIBOMHAS CBS3b.

[Monspusiit xapaktep cBsizer C—O m O—H cmocoOcTByeT rereponutude-
CKOMY MX pa3pbIBYy MOJ JEWCTBHEM IOJSPHBIX PEAr€HTOB M MPOTEKAHUIO PEaK-
IUH IO UOHHOMY MEXAHUMY .

[pu paspeise cBsasu O—H ¢ otmennenuem npotona (H') mposBasiorcs
KUCTIOMHble C80UCMEa TUIPOKCUCOETMHEHUS, a 32 CUET HEMOJEICHHOU Maphl
3JIEKTPOHOB HAa aTOME KUCJIOpOAa — CBOUCTBA ocHo8aHus U Hykieoguaa. I1o-
HUKEHHas 3JIEKTPOHHAs IUIOTHOCTh Ha atoMe yriepoza B cBsi3u C—O oOner-
YaeT €€ pa3phiB B pEaKlUsAX C HYKJICOPUIbHBIMU peareHTamMu (31ekmpopuiv-
Hble CBOMCTBA).
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BzaumoneiictBue ¢ [Mpucoenuuenne HY

snextpoduaom EF / (ocnosHbie ceoticmea)
(Hyxneogunvhbie 5t

CBOUCMBA) lég__) O -~ H

BzaumopeiictBue ¢ ‘j/ o- ‘\
Hykieopmwiom X: Otmerenne H*
(anexmpogunvHuvle ceolicmsa) (kucnommuwle ceoticmea)

Taxkum 00pa3oM, THIPOKCUIIBHBIC COSMHEHNS MOTYT BCTYIIaTh B pa3HO00-
pa3HbIe peakiuu, o0pasys BeIlleCTBa pa3IMYHBIX KiaccoB. Benencreue nocryi-
HOCTHU TUJIPOKCUCOCIUHEHUHN, B OCOOEHHOCTH CIUPTOB, Ka)xjash U3 ITUX peak-
ITUH SIBISIETCS. OAHUM U3 JIYUIITNX CIIOCOOOB MOTYUYEHUS ONPEACIICHHBIX OpTaHu-
YECKHUX COCJMHCHUM.

3.4.1. Peakyuu no ceazu O-H

K naubonee xapakTepHbIM pPEaKIMSIM THAPOKCUCOCTUHEHHUM, HUIAYLIUM C
pa3psiBoM cBsizu O—H, oTHOCATCS:

® 3aMeweHue aTOMa BOJIOPOAA Ha MeTaJll (KUCIOTHBIE CBOWCTBA);

® 3aMeweHue aToMa BOJOPO/JIa HA OCTATOK KUCIIOTHI (00pa30BaHUE CIIOXK-
HBIX 3()UPOB);

® omueniexue BOLOPOAA IIPU OKUCICHUH U JETHIPUPOBAHUH.

JlerkocTh 3TUX peakUHili U CTPOEHUE OO0pa3yrLIUXCs MPOAYKTOB 3aBUCHT
OT CTPOEHHMSI YIVIEBOJOPOJHOIO pajJvKalla U B3aUMHOTO BIUSHUS aTOMOB B MO-
JeKyJIe TUAPOKCUIIBHOTO COEAMHEHNS.

PeakiimonHasi cmocOOHOCTh OTHOATOMHBIX CHHHPTOB B PEAKLMSIX MO CBS3U
O—H y™meHbIIaercs B psay:

CH;O0H > nepBHuYHbIE > BTOPUYHBIE > TPETUYHBIE.

Orta mocneaoBaTeIbHOCTh OOYCJIOBIIEHA CHIDKEHHEM TMOJISIPHOCTU CBSI3H
O-H u ymeHbIlIeHHEM OTHOCUTEIHHOM YCTOWYMBOCTH aHUOHOB, 00Pa3yIOIIUXCS
npu ee paspeiBe (CH;0O > RCH,-O > R,CH-O > R;C-O"), 3a cuer yBenu-
yeHus +/-3Qdexra anKIbHBIX PaJUKaioB (OT MEPBUYHBIX K TPETUYHBIM).

Ecnu B MHoroaromubix cnuprax OH-rpynmbsl HaXOaATCs MPU COCETHUX
aTomax yriepoja (8uy-auoiibl), TO BCJIEICTBUE B3AUMHOTO BIUSHUS ATUX TPYIII
(=I->¢pdext ogHoit OH-rpymIb Mo OTHOMIEHUIO K APYyTo#), pa3psiB cBs3zu O—H
MPOUCXOJIUT JIErY€, YEM B OJJTHOATOMHBIX CIIUPTax.

MHuoroaTtomusie cnupThl ¢ HecocequuMu OH-rpynnmamMu momoOHBI 1O
CBOMCTBaM OJJHOATOMHBIM crupTaM (He nepenaetcs BausHue —I 3dpdexra yaa-
JICHHBIX TUJIPOKCUTPYTIT).
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®eHoJbl B OONBIIMHCTBE peakiuil no cBia3u O—H akTuBHee cnupToB, MO-
CKOJIbKY 3Ta CBsI3b 0OJiee MOJIIpHA 3@ CYET CMEIICHUS AJIEKTPOHHON IIOTHOCTH
OT aToMa KHUCJIOPOJia B CTOPOHY OEH30JILHOTO KOJIblla (y4acTHe HENoJIeJIECHHOM
AJIIEKTPOHHOM Napbl aTOMa KUCJIOPOJIA B CHCTEME T-CONPSKEHUS ).

Kpome toro, obpa3zytomuecs: npu paspsiBe cBa3u O—H dheHokcua-aHuOHBI
ArO, 6ornee crabunbpHbI (U Jerde oOpa3yloTcs), 4YeM alKOKCHA-aHHuOHBI RO,
BCJIE/ICTBUE ACTOKAIM3AIMHI OTPULIATEIBHOIO 3apsija B T-3JIEKTPOHHOU CUCTEME:

S ((;' o 08_

- 583078
R—=C—O P
D & o
+I-3¢ ekt aaKuIBHON TPYIITBI Henokanuzanus 3apsana
MOBBIIIACT OTPHUIIATENBHBIN 3aps B CUCTEME COIPSIKCHUS

Ha aTOMC KHCJI0OpOoJa

Kuciaorasie cBOMCTBAa THAPOKCHCOCAMHEHU I
OnHoaToMHBIE CHHUPTHI pearupyroT ¢ akTuBHbIMM Mertamuiamu (Na, K,

Mg, Al u np.), 06pasys conu — anrko2oaamul (ATKOKCHUIBI):
2R-OH + 2Na — 2RO Na' + H,T
2C,HsOH + 2K — 2C,HsO” K™ + H,T

AJKOTOIATEI IoJ HCﬁCTBHeM BOJbI IMOJIHOCTBIO THUAPOJIN3YIOTCS C BBIACIIC-
HHUCM CIIMPTA U THAPOKCHUIA MCTaJllIa:

C,HsOK' + H,0 — C,HsOH + KOH

CrnenoBatenbHO, CIUPTHI — 0oJiee Ci1adble KUCIOTHI, YeM BOja. DTO 00BsC-
HSIETCS T€M, YTO AJKWIBHBIA pagukai, nposBiss +/-3¢@deKT, MoBbIIIaeT JIeK-
TPOHHYIO TUIOTHOCTH Ha aTOME KHCJIOPO/a M YMEHbBIIIaeT MoJsIpHOCTh cBsizn O—H.
[TosTOMYy TIpH B3aMMOJEHCTBUU CITUPTOB CO IIEIOYAMHU AJTKOTOJATHI MMPaKTHUe-
CKH HE 00pa3yroTcsi (paBHOBECHE CIBUHYTO B CTOPOHY MCXOJIHBIX BEIIECTB).

MosxHO 106aBUTh, YTO KUCIOTHOCTh CITUPTOB MPOSBIISICTCS B CIIOCOOHOCTH
BBITECHSTH YTIIEBOAOPO/IbI, KOTOPBIE OTHOCSTCS K elle Oojiee ciabbiM KUCIOTaM,
U3 uX coselt (Hampumep, u3 peaktuBoB ['punbsipa RMgHal):

R—-OH + R'MgBr — R'H + Mg(OR)Br

MHuoroaromusbie cnmptbl ¢ OH-rpynnaMu y cocelHMX aTOMOB YIjepojia
(3TWJICHTTIMKOJIb, TIMUEPHUH U T.I1.) BCJIEICTBUE B3AUMHOIO BIUSHHS aTOMOB (—/-
s dext OH-rpymnmn) aBistoTcst 0ojiee CUIIBHBIMU KUCJIOTaMHU, Y€M OJHOATOMHBIE
cnupTbl. OHU 00Pa3yIOT CONM (enUKONAMbL, 2IUYepamsl) HE TOJIBKO B PEAKIUAX
C aKTUBHBIMU METAJIJIAMU, HO U MO/ ICICTBUEM UX TUJIPOKCUJIOB:
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HO-CH,CH;OH + 2NaOH =2 NaO-CH,CH;ONa + 2H,0
2IUKOIAmMm Hampus
suy-JInoel, B OTIMYNE OT APYTHX CIHPTOB, 00Pa3yIOT BHYTPUKOMILICKC-
Heie conu menu (II), umeromue riIy0OKyr0 CHHIOIO OKpacKy (kauecmeenHas pe-
aKyus):

CH,0H CH;0._ _O-CH, .
2| + Cu(OH), + 2NaOH —> e | 2Na + 4H,0
CH,OH CH;O O-CH,
enuxonsam meou(ll)
®eHoJibl — 00Jiee CUJIBHBIE KHCIOTHI, YeM CHUPTHI U BOJA, MOCKOJBKY
cBs13b O—H 1ipu O€H30JIbHOM KOJIbIIE, KaK YK€ 0TMEYaIoch paHee, 001a1aeT 1mo-
BBIIIIEHHON TMOJISIPHOCTBIO, @ COOTBETCTBYIOIME (PeHOKCHI-aHHOHBI ArOQ  —
OoJbIIel YCTONYMBOCTHIO.
PactBop (peHONa B BOJE MPOSBISET CIAOOKUCITYIO PEAKIHUIO 32 CYET Yac-
TUYHOM JUCCOLIUALMH:

CH-OH =—= CH-O + H

OTcrofa mpou30MUIo ero Ha3BaHue «kapbosioBas kucioray (0,5-5% pacTBopsl peHoIa
MIPUMEHSIOTCS IS IE3UH(PEKIINHN ).
denounsl pPearupyroT Kak ¢ akTUBHbBIMHU MCTAJIJIaMH, TaK U C UX TUAPOKCHU-

namMu, 00pasys cosn — gherosimol (HEHOKCHUIBI):

- +
2CH-OH + 2Na — 2CH;O Na + H,}
Genonam nHampus
-+
CH;OH + KOH =— CH-OK + HO
Genonam kanus
OnHako ¢eHon cinadbee OpraHuYecKuX U HeOpraHuueckux Kuciot. [lo cune on
yCTyHaeT Jake YTrOJIbHOW KUCIIOTEe U HE B3auMonehcTByeT ¢ pactBopoM NaHCO;.
Hanpotus, ero conu paznaratorcst yroiabHo# kucinotoit (H,CO; — CO,+ H,0):

Ce¢HsO Na" + CO, + H,O — C¢HsOH + NaHCO;

Ha nepactBopuMocTH ()eHOJIOB B pacTBOpe TMApPOKapOOHATa HATPHUSI OCHOBAHO UX OT-
nenenue ot kapooHoBwIX KuciaoT RCOOH, o6pa3yronux pacTBOPUMBIE COJTH.
KucnotHocTh (eHoMa pe3ko Bo3pacTaeT Mpu BBEACHUU B OEH30JIbHOE KOJIBLIO HJIIEKTPO-
HOAKIIETITOPHBIX 3amectutesneii. Hampumep, 2,4,6-tpunutrpodenon (nuxkpunosas Ku-
cioma) B 100 pa3 cunbHee GhocPOpHON KUCIOTHL. DIEKTPOHOIOHOPHBIE TPYIIIHI, Ha-
000pOT, 0CIA0IIAIOT KUCIOTHBIE CBOMCTBA (DEHOIBHBIX COCAMHEHUIA.
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Oo0pa3oBaHue CJI0KHBIX IPUPOB

CoupTsl B3aMMOJECHCTBYIOT C OPraHUYECKUMU M MHHEPAIbHBIMU KHUCIO-
POJICOIEPIKAIIIIMH KUCIIOTaMH, 00pasysi CII0KHBIE dPHUPHI.

B peakiuu ¢ OpraHMYECKON KUCIOTOW CIUPT BBICTYMAET KaK HYKJICODWI,
OTJaBasi HEMOJEIIEHHYIO JIEKTPOHHYIO TIapy aroMa KUCJIOpoja Ha CBs3b C Kap-
OOHMWJILHBIM yriaepoaoM B MOJICKYJIC KMCJIOTDI:

/\ H

R—O—H + HO——ﬁ—R' — R—O—ﬁ—R' + H,0

O O
cnupm KapooHoeas CILOJHCHBIU dpup
Kucioma

B3auMopeiicTBUE KHCIOT M CHUPTOB NPOTEKAET 00patumo (0OpaTHBIN
MPOIIECC — TUJIPOJIN3 CIOXKHBIX 2hupoB). [Togpobuee cm. 5.3.1.

HazBaHue ci0XHOTro 3upa CTPOUTCS 110 Ha3BaHUIO YIVIEBOJAOPOIHOTO pa-
JMKata B MOJIEKYJIe CIUPTa C 100aBlIeHWEM Ha3BaHHUS aHMOHHOTO OCTaTKa KH-
CIIOTHI (HUTpAT, cynbdar, pocdar, anerar u T.11.).

[Tpumepsl peakuuii 00pa30BaHMs CIOKHBIX H3(PUPOB:

O\\ 0\\
CH3—O—H + /C_CH3 — /C—CH3 + H,0
memanon ~ HO H3C-O
VKCYCHASL
ucioma Memunayemam
C2H5—O—H + HO-NO, — C,H,-O-NO, + H,O
SMAHON azomuas SMUTHUMPAM
Kucioma

B peakuuAax CIIMPTOB C MHOTOOCHOBHBIMU KHCJIOTAMU MOTYT OBITH ImoJay-
YCHBI HCITOJIHBIC WJIN ITOJIHBIC 3(1)I/IpBII

HA X07100Y C,H,OH, 140 OC‘
C,H,OH+H,SO, W C,H,0S0,0H “HO > C,H,080,0C H;
*7 smuneudpocynvgpam 2 ousmuacyrogham

MHoroaroMHble CHMPTHI B 3aBUCHUMOCTH OT COOTHOLICHHSI PEarcHTOB
BCTYMNAIOT B peakiuio ogHoi u 6onee OH-rpynnamu. [Ipu HemocTaTke KUCIOTHI
oOpa3zyeTcsi HEMOJIHbIN 3pup.

— CH— H,S0 — CH—

CH—CH—CH, | o no, 2250, CHy—CH—CH,

OH OH OH ONO, OH OH
SIUYepuH MOHOHUmMpam cauyepuna
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— CH— H,SO - CH——

OH OH OH ONO, ONO, ONO,

MPUHUMpPAm 2iuyepura
(Humpoenuyepun)

TpuBnanpHOE Ha3BaHHE KHUTPOTIIMLEPUH» JAET HEBEPHOE MPECTABICHUE O CTPOCHUU
ATOTO BEIIECTBA, TaK KaK MPUCTABKAa «HUTPOY» HUCIOJIB3YETCS B HA3BAHUSAX HUTPOCOETH-
HeHuii R-NO;. Ddupst azoTHOM kuciaoTel R-ONO,, Kak ¥ ee COu, Ha3bIBAIOTCSI HUTPA-
TaMu. TpUHUTpAT TIUIEPUHA IPUMEHSIETCS B MPOU3BOJCTBE B3PHIBYATOTIO BEIIECTBA —
OuHamuma, a TaKxe Kak JIEKapCTBEHHOE CPEJICTBO MPH CEPACUHBIX 3a00ICBAHUSAX.
@®eHoJIbI HE 00pa3yloT CIOXKHBIE dPUPHI B peakuuax ¢ KucioTamu. s
ATOTO HCIOJIB3YIOTCS 00Jiee peaKIIMOHHOCIIOCOOHBIC TIPOU3BOIHBIC KUCIIOT (aH-
TUAPUJIBI, XJopaHruapuasl). Hanpumep, GeHMIOBBIN 3GUpP YKCYCHOM KHUCIIOTHI

(penunayemam) MOXKHO MOJYYUTh B PeaKIMu (PeHOJIA C XJOPAHTUIIPUIOM VK-

CYCHOU KHCJIOTHI:
O
OrH (I 0-C~
v ,C—CH, —= “H; , meid
O

X0paHesuopuo genunayemam
VKCYCHOU KUCTIOMbl
(ayemunxnopuo)

Okuc/ieHue THAPOKCUCOeTUHEHU

[Tpu pevictBum okucnurene (K,Cr,0,+H,SO,4, KMnO,, O,+karanuzatop)
rpynmna >CH—O-H npepamniaercs B kapOoHWibHyI0 rpyniy >C=0, a ruapo-
KCUCOEIMHEHUE — B KapOOHUIILHOE TPOU3BOJIHOE.

IlepBuYHBbIE CHUPTHI TPU OKUCICHUH OOPa3yIOT albOecudsl, KOTOPHIC
JIETKO OKUCIISIIOTCS 10 KAPOOHOBIX KUCIOM.

i [0] OH R [0] ,0

R—C-OH —= [R—C—OH| | ——> =0 —> R—C.
H H -HO0 y OH
HIePBUYHBIN aIbJICTU]T KapOOHOBas
CHI/IpT KHUCJIOTa

OxkucneHus anpJerujaa B KapOOHOBYIO KHUCIOTY MOXKHO M30€XaTh, yAauss
€ro M3 PEaKIMOHHOW CMECH IyTeM OTTOHKH (aJIbJCTH]I KUIIUT MPHU Oojiee HU3-
KO TeMIeparype, Tak Kak ero MOJICKYJIBI He aCCOIIMUPOBAHBI 32 CUET BOJIOPO/I-
HBIX CBSI3€il).

[Ipy oOKHUCIICHHY BTOPUYHBIX CIIMPTOB ITOTYYaIOT KEMOHbL.
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RS ©1 R
pCHTOH  ——= Jc=0

BTOPUYHBII KETOH
CIIUPT

]IpOMBHHHGHHOC 3HAYCHUC HNMCCT PCaKIHA OKHUCIICHHA BTOPHYHOI'O aJIk-
MUKINYCCKOTI'O CIINPTA YUKI10ceKCarojia 10 KCTOHA YUKIIOCEKCAHOHA. DTOT KETOH
CIYKHUT CBIPbEM B IIPOU3BOACTBC KanpoJiakmama U IoJIMMEpa Ha €ro OCHOBE —

-H,0

YUKTIO2EKCAHOL YUKILO2EKCAHOH
(BTOPUYHBIN CIIUPT) (keToH)

KanpoHa.

OxucrneHre NepBUYHBIX U BTOPUYHBIX CHHPTOB MPOUCXOJUT TaKKE B pe-
3yJBTATE PEAKIIUU Oecudpuposanus (OTHICIVICHUS BOJAOPOAA) P MPOIYCKaHUH
NapoB cnHpTa HajJ HarpeThiM KaTanuzaTopoM (Cu, coequnenust Ag, Cr unu Zn):

t,Cu R R t,Cu R
R-CHyOH ——= C=0 + H, SCH-OH —= ,C=0 + H,
H R R

OTOT METOJ MO3BOJISIET IPEBpallaTh NEPBUYHbBIE CIUPTHI B aJIbJIETH/IbI O€3
UX JAIBHEHIIETO OKUCIICHUS 1O KUCIIOT.

Tperuunsbie cnupThbl 00J€€ YCTOMYMBBI K JACHCTBUIO OKHCIUTEIEH, YeM
IIEPBUYHBIE U BTOPUYHBIE, KOTOPHIE OKUCIIAIOTCS B KUCIION, HEUTPAJIBHOMN U 111e-
J04HO# cpepax. OKUCIEHUE TPETUUHBIX CIIUPTOB MPOUCXOIUT TOIBKO 8 KUCIOU
cpede npu HazpesaHuu, 9YTO MPUBOJUT K PA3pYLICHUIO YIJIEPOJHOTO CKelleTa U
o0pa30BaHMIO CMECH NPOAYKTOB (KapOOHOBBIX KHMCIOT UM KETOHOB C MEHBLIEH
MOJIEKYJIIPHOM Maccoi).

[Ipouecc uper yepes CTaauio ACTUAPATALUY C IOCIEYOIUM JEeCTPYKTUB-
HBIM OKHCJIEHHEM ankeHa. Hanpumep:

CH, + CH, + CH
| H , HarpeBaHue I KMnO,(H) ~\3
CH3—(|:-CH2—CH3 > CH;yC=CH-CH; —— /C:O+ CH,COOH
OH -H,0 CH, VKCYCHAsL
2-memunoymanon-2 2-memunoymen-2 ayemom Kucioma

DeHo/Ibl OKUCTSIOTCS JIETKO ¢ 00pa30BaHMEM JOBOJBHO CIOXKHBIX TIPO-
OykToB. MHOTHE U3 (DEHOJIOB, SIBISSACH OCCIIBETHBIMH BEIIECTBAMH, MIPH CTOS-
HUU Ha BO3JIyX€ MPHOOPETAIOT OKPACKY 3a CUET MPUMECH MPOTYKTOB OKUCIICHHUS.

HeiictBue Ha penon cunbHbix okucauteneit (CrOs;, XpoMoBas cMech) Mpu-
BOAUT K 00pa30BaHUIO XuHoHa (HApALY C IPYTUMU MPOyKTaMU OKUCIEHUS):
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OH +
K,Cr,0,, H

277
[ —" .

-H,0
H
XUHOH

[IpenensHoe okucienue ruapokcucoequnenuii 10 CO, u H,O npoucxonur
npu ux ropenuu. Hampumep:

2CH30H + 30, = 2CO, + 4H,0

Cxema MoJTHOrO OKHCJICHUS METAaHOJIa:

@) O [0 O [0 (0]
cnon 2 pg-c?” b yo?” Lhlyo-c?” | =no0ico
_H O N N AN 2 2
2 H OH OH
MYPABbUHDLLL MYPaBbUHASL VeONbHAs
anvoezcuo Kucioma xucioma

[Tpu ropeHUH CIIUPTOB BBIACIACTCS OOJBIIOE KOJUICCTBO TEILIA.
Hampuwmep: C,HsOH + 30, —» 2CO, + 3H,0 + 1370 x/[)x/moib

bnarogapst BBICOKOW 3K30T€PMUYHOCTH ATOM PEaKIMU, STAHOJ CUUTACTCSA MEPCHEKTHB-
HBIM U S9KOJOTHYECKH YHCTBHIM 3aMEHHUTeNleM OEH3MHOBOTO TOIIMBAa B JIBUTATEINsX
BHYTpPEHHETo cropanus. B mabopaTopHoi MpakTUKe 3TaHOJ U3BECTEH KaK Toprovee st
«CTIUPTOBOK.

3.4.2. Peakyuu no ceazu C-0

DTOT THN peakuil XxapakTepeH Mg cnupToB. DEHOBI B pEAKIUU C pas3-
peiBoM C—O-CBs3M MPAKTHUECKH HE BCTYMAIOT, TaK KaK aTOM KHCJIOpPOJA Mpoy-
HO CBSI3aH C aTOMOM yTJepoaa OEH30JbHOr0 KOJIbLIA 33 CYET y4acTHsl CBOEH He-
MOJIETICHHOM 3JIEKTPOHHOM Maphbl B CUCTEME COTPSIKEHUS.

HaunGosnee TunnyHbie peakiiuy CIUpPTOB ¢ yyacTueM cBsazu C-O:

o nykneopuivroe sameujerue (Sy) rpynnel OH Ha rayoreH wim ApyTyio
HYKJICODWIbHYIO YacTUIly (Hampumep, Ha Tpynmy RO™ mpu MeXMOIeKyIsIpHOi
JeruipaTaliy CIUpTOB ¢ 00pa30BaHUEM MPOCTHIX F(UPOB);

o omuwennenue (dnmumunaupoBanne) OH u H ot cocegnmnx aroMoB yriepo-
na (BHyTPUMOJICKYJISIpHAS JETUApATallis CIUPTOB TIpyu 00pa30BaHUM aTKEHOB).

JlerkocTs pa3peiBa cBsizu C—O B ciupTax yMEHbBIIAETCS B PSIAY:

mpemuynsie > emopuunsie > nepsuunsie > CH3;0H

OTOT psiA ONpeaenseTcs OTHOCUTEIBHON YCTOMUNBOCTHIO KapOOKATHOHOB,
KOTOpbIe 00pa3yrorcs npu paspbise C—O-cBs3u:
R;C">R,CH" >RCH," > CH;3"

3amenenue ruIpOKCUILHON IPyNIIbI
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['pynma -OH B criupTax MOXKET 3aMEIIaThCs B PEAKITUHU C HYKIeODUIbHbIM
peazenmom (YaCTHUIIEH, MPETOCTABISIIONICH Mapy 3JIEKTPOHOB Ha 0Opa3oBaHUE
koBasieHTHOM cBsi3m): Cl:, Br:™, I:7, RO:", H,N:", R,N:™ m 1.m.

[Tox nmeiictBuem Hykieoduiia mpoucxoauT pa3psiB cBsizu C—O u 3amele-
HUe TuapokcriibHOM rpynnbl. Ho rpynnma HO — moxast yxondias rpymnmna, Tak
KaK OHa SIBJISIETCS] CUJIbHBIM OCHOBaHUEM. [[J1s1 mpoTekaHus peakiuu HeoO0Xo1u-
MO mpeBpatuth rpynmny OH B Xxopomiyio yXoAsilyio TCpyIiy, 0OJaJarolyro
CBOMCTBaMU cJ1ab0ro ocHOBaHUs. JIJ1s 3TOro ASHCTBHEM CHUIIBHBIX KUCIOT MOJIC-
KyJbl CIIUPTA MEPEBOAAT B OKCOHHEBYIO popmy RO'H,, oT KoTOpOil nerko or-
meruisercss H,O (cmaboe ocHoBanme). [loaTtoMy, B OTIMYHE OT peakiuil HYK-
J1e0@UIBHOTO 3aMELIEHUsI B TaJIOTEHANIKaHAX, 3aMEIICHHE THIPOKCUTPYIIIIbI
MPOBOJIAT B IPUCYTCTBUU KHUCIIOTHBIX KaTaln3aTOPOB.

3aMenieHue TUIPOKCUJIa Ha TajoreH MPOUCXOAWUT MPHU B3aUMOJCUCTBUU
CIIUPTOB C TAJOT€HOBOAOPOIAMMU:

R-OH + HX == RX+ H0  (X=CLBr])

Ota peakius JISKUT B OCHOBE MPOMBIIUICHHOTO U JIA0OPAaTOPHOTO CIOCO-
OOB MOJIy4eHUs TrajJoreHONpPOU3BOAHBIX yriieBojgopoaoB R-X. O6parHas peak-
1Ys — TUAPOJIU3 TaJOT€HOYTIIEBOA0OPOAOB (cM. 2.2.1).

O6pazoBanuio R-X cnocoOCTByeT Kartaiu3aTop — CUibHas KHUCJIOTa (Ha-
npumep, koHil. H,SO,), KoTOpasi BBIMOMHIET TaKke pOJib reHepaTopa ra3zoo0-
pa3Horo pearenta HX u3 ero comnu:

KBr + H,SO,—> HBr + KHSO,

N
CH;CH-CH, + HBr L CHy CH-CH, + H,0
OH Br
nponauon-2 2-6pomnponan
Peakiusi mpoTekaer mo mMexaHusMmMy HykJIeohuiabHOTro 3amerneHus. Hyk-
neodun — Opomua-anuoH Br B cocraBe mosekyssl HBr.
HyxneodunpHoe 3aMenieHne XapakTepHO TaKKe IS PEAKIUHN Mexcmone-
KyaapHou oecudpamayuu cnupmos (cMm. Hike): OH-rpyrina B ogHOM MoJekysie
criipTa 3ameniaercs Ha rpynny -OR apyroit MoieKybl.

R-OH + H-OR — R-OR + H)O

MexaHu3M HYKJI€O(QHIBHOIO 3aMelleHHsl B CIIMPTAX PACCMOTPUM Ha
IpUMEpPE pPEeaKklUMUy H30IPOINMIOBOTO CHUpTa (MpomaHona-2) ¢ ra3o00pa3HbIM
HBr B npucyrctBun katanuzaropa H,SOy.
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KucnoTHelil kaTanmm3aTop HEOOXOAWM MJisi TTpeoOpa30BaHUs IUIOXOW yXO-
named rpynnel OH B Xopollyro yXomsulyr rpynmny — MoOJIeKydy Boabl. Kak
cuibHas kucnora HySOy4 c1y’>KUT UCTOUHUKOM (JJOHOPOM) MPOTOHOB:

H,S0, === H + HSO;

CrnupThl SBASIOTCS CIa0OBIMU OCHOBaHHUSIMU (aKIENTOpaMU IMPOTOHA) 3a
CYET OJIHOM M3 HEMOJENEHHBIX JIEKTPOHHBIX Map aroma kuciopoja. [loatomy B
NPUCYTCTBUM CUJIBHOM KHUCJIOTHI MPOUCXOJUT MPOTOHHPOBaHUE cnupTa (oOpa-
30BaHME JOHOPHO-aKIenTopHO# cBsizu O—H):

+ B o0mem Buze:
CH;CH-CH, H CH; CH-CH, .
- . H +
6 L R-O-H =—= R-OH
H—O: T H—O—H bvicmpo 2
U30NPONUNOBBLIL uUzonponun- aaﬂKWZ- 3
cnupm 2UOPOKCOHULL 2UOPOKCOHUU

Jlanee peaxiusi MOXKET HIITH IO OJHOMY M3 JABYX BO3MOXKHBIX MEXaHHU3MOB
— Sy1 — MOHOMOEKYTISIpHOE HYKJIEO(UIHHOE 3aMeIleHHe WK SN2 — OUMOJEeKy-
JsipHOE HYKJIeopmibHOE 3amernienne (cMm. 2.2.1).

Mexanusm Sy1. IIo 5TOMy MexaHU3My peakliys UIET B IBE CTaIUU.

Cmaousa 1. KaTuoH anKWITHAPOKCOHUS, OTILEIUISAS BOIY, MPEBpaIlaeTcs B
KapOOKaTHOH:

CH;CH‘CH3 +
. <-—— CH;7CH-CH; + H,O
H—O—H MeOneHHO
usonponu-
usonponu- Kamuon
2UOPOKCOHULL

Ponb xucnoTel, TakuM 00pa3om, 3akitouaercs B mpeBpamieHnnn OH-rpymb
B H,O, xoTopas otmemisercs jerye, uem annon HO .

Cmaous 2. KapOokaTHOH BBI3BIBAECT I'€TEPOJIUTHUECKUNA Pa3phiB CBSI3HU B
raJIOT€HOBOJIOPOJIE ¥ TIPUCOCANHSIET TaJOTeHU 1-aHUOH ¢ 00pa30BaHUEM KOHEY-
HOTO MPOAYKTA!

+ o+ o— 4
CH;CH—CH;, + H |:Br ———= CHyCHBr—CH, + H
3 3 bvIcmpo 3 3
2-bpomnponat
(uzonponunbpomuo)
OcBoGouBIIHiics HoH H' MeT Ha MPOTOHMPOBAHKE HOBBIX MOJIEKYJI CITHPTA.
Cragus 1 sBisierca numutupyromiei. [1ockonbKy B HEH y4acTBYET TOJBKO
o/lHa yacTuia (MPOTOHUPOBAHHAs MOJIEKYJa CIUPTA), PEAKIUsl CUUTACTCS MO-
HOMOJIEKYJISIPHOU (MOHOMOJIEKYJISIPHOE HYKIEO(PUIBHOE 3aMEIICHHE).
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Mexanu3zm Sy2. [IpakTryecku OJHOBPEMEHHO MPOUCXOAUT OTLIEIICHHUE
BOJIbI M TIpHCOEIMHEHUE rajoreHa (0e3 oOpazoBanus kapOokaTHoHA). Peakims
UJET B OJIHY CTAJIUIO C y4acTHEeM 000MX PEareHToB.

+
L e 5 (|3H3 5+

e o . ~
CH; cle CH, + H \ :Br ? Br - ¢+ 0L,
+ - .,
H—O—H H  CH, Br
nepexooublli KOMNIEKC

— CHy CH-CH, +H,0

B o6meM ciayyae MexaHuW3M HYKICO(PWIBHOIO 3aMEIEHUS 3aBHUCUT OT
CTPOCHUSI PEar€HTOB U YCIOBUMN peakuuu. J[Jisi MepBUYHBIX CIIMPTOB MPEATIOYTH-
TEJIbHEW MEXaHM3M SN2, a I TPETUYHBIX — Sy1. BropuuHble cnivpThl 3aHMMa-
I0T IIPOMEKYTOYHOE IIOJIOKEHUE: MEXaHW3M PEaKIUU 3aBUCUT OT YCIIOBUM €€
MPOBEICHUSI U MOXKET ObITH CMEIIAaHHBIM.

Ha numutupyronieit craaum B Mexanusme Syl mpoucxoaut oOpa3oBaHHe
KapOokaTtnoHa. Uem craOuibHEe 3TOT KaTHOH, TeM Jierue oH obpasyercs. Tpe-
THYHBIA KaTHOH R3C" cTaOuiIbHEee, YeM BTOPHUYHBII R,CH" u, TeM Ooiee, mep-
sruabelii RCH,  (Tpu +/-3¢dekTa ankuapHEIX TPYNH R B TpEeTHYHOM KaTHOHE,
JIBa — BO BTOPUYHOM U OJIUH — B TICPBUYHOM).

C npyroil CTOPOHBI, SHEPTUS MEPEXOJHOIO COCTOSIHHS B MEXaHU3ME Sy2
TE€M HHXKE, YEM MEHBIIE MPOCTPAHCTBEHHBIE NPENATCTBUS JJIS1 €T0 JOCTHUKEHHS,
T.€. YEM MEHBIIIE ATKWIbHBIX T'PYII Y aTaKyeMOr'0 aToMa yriliepoJa.

Taxum 00pa3oM, aKTUBHOCTb CIIMPTOB U3MEHSIETCS B CIIEAYIOIIEM MOPSIIKE:

Syl mpemuunble > emopudtvle > nepsuunsvle > CH;0H
Sn2 CH3O0H > nepsuunvie > emopuunvle > mpemuynbie.

Jernaparanus CnupToB

OTtmieryieHre BOABI OT MOJIEKYJ CIIUPTA MPOUCXOIUT MPU JEUCTBUH KOH-
IICHTPUPOBAHHOMN CEPHOM KUCIIOTHI U B 3aBUCHMOCTH OT TEMIIEPaTyphl MOXKET H/I-
TH KaK GHYMPUMOEKYIAPHAS WA MENCMONEKYAAPHASL PEAKITHSL.

BHyTpumoJiekyasipHass JAerdaparanusi CHOUPTOB OCYIIECCTBISICTCS
IIPY TIOBBIICHHOW TeMIepaType W MPUBOJUT K 00pa30BaHUIO alKEHOB (pe-
aKyus P-21UMUHUDOBAHUSL):

_ H.SO,, 180°C
?Hz (!3H2 2oV

> CHZZCH2 + H
H OH

0

2

I[JI}I BTOPHUYHBIX U TPECTUYHLIX CIIMPTOB BO3MOKHBI PA3JIMYHLIC HAIIPABJIC-
HHUA pCaKIInH. B stom ciay4dac acruaparanuvsa uACT MPpCUMYIICCTBCHHO I10 npaesu-
Jay 36112148661! BOAOPOJ OTHICINIACTCA OT MCHCC T'MAPOIrCHU3UPOBAHHOI'O aromMa
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yraepoaa (T.e. oOpa3yercs 0ojee 3aMelIeHHBINH M0 TBOMHON CBs3M ajkeH). Ha-
npuMep, Npu AeruapaTanuy 0yTaHosa-2 OCHOBHBIM SIBJIsieTCs HarpaBieHue I:

1

sto4, t CH;CH:CH_CH3

CH3—CH2—ICH—CH3 T - oymen-2
OH 2 —> CH;—CH;—CH=—CH,

bymanon-2 oymen-1

Jlerkocts BHYTPUMOJIEKYJIIPHOW JeruapaTaliyd CIIUPTOB YMEHBIIAETCS B
psAay: TPETUYHBIC > BTOPUYHBIC > IICPBUYHLIC.

MexMoJieKyasipHasi JAerugparanus CIMPTOB MPOUCXOIUT mpu Oosee
HU3KOW TEMIIEPATYpe, YEM BHYTPUMOJIEKYJIIPHAs PEaKLs:

CHTTOH | g 50, 140C

- C,H-O-CH, + H,0

C,HyOTH OUIMUNIOBbLI 3Pup

OTmienyieHne MOJIEKYJIbl BOJBI OT JIBYX MOJIEKYJ CIIUpTa ¢ 00pa3oBaHHEM
IPOCTOTO 3(puUpa SBIAETCA peakuuen HykreoguibrHoco 3amewsenus. 1lpu B3au-
MOJEHCTBUM TEPBUYHBIX CHUPTOB C KOHLEHTPHUPOBAHHOW CEPHOM KHCIOTOM
NEPBOHAYAILHO 00pa3yeTcsl HEMOJIHBIN CIOXKHBIA 3(Up — ITUIICEpHAsT KUCIIOTA.
Peakuust oOpa3oBaHusi ATUIICEPHON KHUCIOTHI SK30T€pPMUYHA U OOpaThma.
Cnupt, B3ATHI B U30BITKE, B3AUMOJICHCTBYET C ITUIICEPHON KHUCIOTOM MpHU Ha-
rpeBanuu 0 130-140°C, npu 3TOM pereHepupyeTcsi CepHasi KUCIoTa U 00pa3y-
eTCsl MPOCTOi Aup.

AKTUBHOCTbH COHUPTOB IIPU MEKMOIEKYIISIPHOM AeTUIpATALINH:

CH;O0H > nepeuunvle > emopuuHnvie > mpemuynbsle.

Peakiuy »nuMUHUPOBAaHUS U HYKICOPMIHHOTO 3aMEIEHUsS MOTYT TIpOTe-
KaTh OJIHOBPEMEHHO W KOHKYPHpPOBATh MEXIy coOoil. M3mMeHenue ycinoBuii (B
JAHHOM CJy4dae, TeMIIepaTyphl) IMO3BOJISAET OCYIIECTBUTH MPEUMYIIECTBEHHO
OJTHY W3 3TUX peakiuii. BaxkabiM (hakTOpOM SBISIETCSI U CTpOeHHE criupTa. Jis
TPETUYHBIX CHUPTOB JIErde€ UAET BHYTPUMOJEKYJsIpHas Aeruaparauus (3IumMu-
HUPOBAHMUE), a JUISl IEPBUYHBIX — MEKMOJICKYJISIpHAsI (3aMEILICHHE).

3.4.3. IIpocmute 3¢huput

o [Ipocmuimu 2¢pupamu Ha3bl8AOMCs Op2aHuyecKue geujecmed, MoJleKybl
KOMOPBIX COCMOAM U3 )21e8000POOHbIX PAOUKANIO8, COCOUHEHHbIX AMOMOM KU-
cropooa: R—-O-R', rie R u R' — pa3nuunbie Win 0JJMHAKOBBIC paIUKAIBI.

[TpocTeie 3(upbl paccMaTpPUBAIOTCS KaK MPOU3BOAHBIC CITUPTOB. HazBaHus
ATUX COCIMHEHUN COCTOSIT W3 Ha3BaHUW paJuKalioB U ClIOBa I¢hup (Ha3BaHHE
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knacca). s cummerpuuHbix 3¢upoB ROR ucnons3yetcs npuctaBka ou- nepen
Ha3BaHUEM paJiMKalia, a B Ha3BaHUSAX HecuMMeTpuuHbIX 3¢upoB ROR' panuka-
761 yKa3biBatoTcs B andasutHoM nopsake. Hanpumep, CH;OCH; — aumertwuiio-
BbIii aup; C,HsOCH; — MEeTUIITUIIOBBIN 2¢up.

CummMmerpuunsble npocthie 3¢upsl R—-O—R nosyyarT npu MeXMOJIEKYJISp-
HOM JAeTHIpaTaluy CIupTOB.

O¢dupsl HecummeTpuuHoro crpoeHuss R—-O—-R' oOpasyroTcs npu B3aumo-
JNENCTBUM TajJOreHOYIJIEBOAOPOAa U alkoronsTa (cunme3 Bunvsamcona). Ha-
npuMep, METWIITUIOBBIM 3()Up MOKHO MOJIYYUTh U3 XJIOpPMETaHa M dTUiaTa
HaTpusl:

CH;Cl + C,HsO Na" — CH;—-0-C,Hs + NaCl

B artoit peakiuu npoucxoauT HykieodmwisHOe 3amemenue raigoreHa (Cl)
Ha ankokcurpynmy (C,HsO).

[TpocTeie 3¢upbl UMEIOT OoJiee HU3KHE TEMIIEpaTypbl KUIEHUS U IUIaBJe-
HUS, YeM M30MEpHBIE UM cUpThl. OHU MPAKTUYECKU HE PACTBOPSIOTCS B BOJIE.
D10 00BACHSAETCS TE€M, YTO MPOCTHIE 3(HUPBI HE 00Pa3yIOT aCCOLMUPYIOIIUX BO-
JOPOJHBIX CBSA3EH, TaK KaK B UX MOJIEKYJIaX OTCYTCTBYIOT NoJisipHble cBsizu O—H.

[TpocTeie 3¢pupsl — MaTOAKTUBHBIE COCIMHEHUS, OHU 3HAUUTEIHLHO MEHEE
PEaKIMOHHOCTIOCOOHBI, YeM CHHUPTHI. XOPOIIO PACTBOPSIIOT MHOTHE OpraHUYe-
CKHE BELIeCTBa M MO3TOMY YacTO MCIOJB3YIOTCS KaK MHEPTHBIE PACTBOPUTEIH
IIPU [IPOBEJICHUU PEAKLNN, AJIs1 IKCTPAKIIMH U TEPEKPUCTATIIN3ALINH.

XapakTepHble XUMUYECKHE CBONCTBA POCTHIX 3(PHUPOB:

® Ppa3loKEHHE MOJ JCHCTBUEM KOHLEHTPUPOBAHHBIX HOJI0BOJOPOAHOM
Ui OpOMOBOJIOPOIHOM KUCIOT

R-O-R' + HI - ROH + R'I

L O6p&30BaHI/Ie HECTOMKHMX COJICM OKCOHMS Impu BBaHMOHGﬁCTBHH C CHJIb-
HBIMH KHUCJIOTaAMH

R,0 + HCl — [R,OH]'CI”
X10puo
OUANIKUTIOKCOHUS

Jlusmunoswiii 3¢pup C;HsOC,Hs, caMblii pactipocTpaHEHHBIM W3 TMPOCTHIX 3(PHUPOB,
4acTo HasbIBaeTcs MPOcTo «ddupom». [IprmMeHsieTcs B MeauIMHEe, B Pa3IUYHbIX o0nac-
TAX KaK pacTBOPUTEIb U 3KCTpareHT. natunosslit 3¢up (1. kum. 35 °C) — UCKIIIOUHUTEINb-
HO OTHEOIIaCHOE BEIIECTBO C OUEHb HU3KOU TeMIieparypoii Bociiamenenus (— 49 °C).

[Ipu nuTEeNTPHOM XpaHEHWH Ha BO3JyXe, OCOOCHHO Ha CBETY, MPOCThIE 3(PUPHI
YaCTUYHO OKHCIAIOTCA. [Ipu 3TOM 00pa3yloTcsi OpraHnvecKkue MepoKCHAbI, KOTOphIE
ABJIIIOTCS CHJIBHBIMU OKUCIIUTEISIMU: OHHM BBIIEISAIOT O/ U3 MOJKUCICHHOTO pacTBopa
MoAMIa Kalaus U OKUCIISIOT conn skene3a (II) mo comeit sxenesa (II1), kotopsie o6pa3yror
C poJaHMJaMH SpKO OKpalleHHbI pomanup >xenesa (III). Moa xopomo pacTBopuM B
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adupe, a poraHuU Keneza — B BoJie. [leperonka 1oaro XpaHUBIIETOCS H 0OOTaIIEHHOTO
NEepPOKCUAAMH JUATHIOBOTO 3(PHpa MOXKET 3aKOHYNUTHCS B3PHIBOM; JUIS yJAJCHUS TIe-
POKCHIIOB 3P OOBIYHO BCTPSIXUBAIOT C cyJibhaToM xenesa (II).

K BaxHeHIIUM npocThIM 3(pupaM OTHOCATCS U T€TEPOLMKINYECKUE KHUCIOPOJICO-
JIepIKaIue coeTuHeHus — amunenoxcud (eMm. 1.2.2.4), mempazuopogypan n ouokcan:

N/ omunenoxcud { \  mempacudopoghypan

0 (anoxcuo) 9) (TT D)

CH;-OH HO--CH, H, SO { j
+

| 0

CH;—OH  H O—CH,

1, 4—0u0KcaH
(Ouoxcan)

Huoxcan (1. xurn. 101°C) — xopomuii pacTBOpUTENb, CMEIIMBAETCS KaK ¢ BOJOM, Tak U €
YTJICBOJIOPOJIAMH. 3a 9TH Ka4eCTBa €r0 Ha3BaJIM «OPraHMYECKON BOIOI». Jl0CTaTOUHO TOK-
cHYeH. 3HAUUTENbHO OO0Jiee OMAacHBI raJOreHCOoAepsKaIle AUOSH30MPOU3BOIHBIE TUOKCa-
Ha. Hanpumep, meyanbHO W3BECTHBIN duokcur (2,3,7,8-TeTpaxiiopAnOeH30-1-TMOKCHH):

Cl:@:Oj@[CI
Cl 0] Cl
OT0 BCIICCTBO AaXXC B OYCHb HU3KUX KOHLOCHTpaUOHUAX PE3KO CHHXXACT MMMYHHUTCT 4C-
JIOBCKA K BUPYCHbBIM HHQ)CKHI/IHM W BIIMSAET HAa TCHETHYECCKHM arrapar. AHaJIOI‘I/I‘{Hy}O

OMMACHOCTL MPCACTABIIAAIOT U APYTUC IMOJIUXIIOPUPOBAHHBIC HHGGHBO-I’I-Z{I/IOKCI/IHBI, Ha-
3bIBACMBIC ITPOCTO «TUOKCHHAMM).

3.4.4. Peakyuu ¢penona no 6eH301bHOMY KOJIbUY

B3anmHOe BiMsiHUE aTOMOB B MOJIEKYJie (DeHOJIa MPOSIBISIETCS HE TOIBKO B
0COOEHHOCTSIX MOBEACHUS TUAPOKCUTPYTIBI, PACCMOTPEHHBIX HAMU paHee, HO U
B TOBBIIICHHON pPEaKUMOHHON CIIOCOOHOCTU OEH30JBHOTO spa MpPU I1eKmpo-
Gunvrom 3amewenuu (cm. 1.4.3.2). I'unpokcuiibHas rpynna (opueHTanT | poaa)
YBEJIMYUBAET 3JIEKTPOHHYIO IJIOTHOCTh B O€H30JIbHOM KOJIbII€, 0OCOOEHHO, B Op-
mo- U napa-noioxenusx (+M-3pdpexr OH—prnHBI)I

,/7.

[TosTomMy (eHOJI 3HAUUTENBHO aKTHUBHEE OEH30Jia BCTYNAET B PEAKIIHUU
ANEKTPOGUIBHOTO 3aMEIICHUS B apOMaTHISCKOM KoOJjblle, 00pasys 2-, 4-, 2.4-,
2,6- u 2,4,6-npousBoansie. Hampumep, heHON nMpu KOMHATHOW TeMmIepaType H
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0e3 KaTaym3aTopa B3aUMOJCHCTBYET ¢ OPOMHOM BOJOW C 00pa3oBaHUEM OEJIOTO
ocajnika 2,4,6-tpubpomdbenona (kauecmeennas peakyus):

OH OH
Ho Br Br
+ 3Br, — > + 3 HBr
Br

2,4,6-mpubpomgeron

Jlpyrum mpuMepoM peakinuu GeHosia 1Mo OCH30JBbHOMY KOJBILY SIBISCTCS
Humpoeganue. [lox nevicrBuem 20% a30THOM KUCIOTHI ()EHOJI JIETKO MpeBpara-
€TCsl B CMECh Opmo- 1 hapa-"HuTpo(eHooB:

OH OH OH
NO,
+ HNO, H_20> +
NO,

o-HUmpogenon  n-Humpogenon

[Ipn ucnonb30BaHUM KOHIIEHTPUPOBAHHON a30THOM KHUCIOTHI 00pa3yercs
2,4,6-TpuHUTPO(PEHON (MUKPUHOBAS KACITIOTA).

B3aumoneiictBue ¢deHona ¢ GopMambIETHIOM TaKKe MPOUCXOIUT Kak
ANIEKTPOPHUIIBHOE 3aMEIlIeHNE TPEUMYIIECTBEHHO B Opmo-TI0JIOKEHNE OEH3011b-
HOTO KOJIbIIAa, U MPUBOIUT K 0OpazoBaHuio (eHoroGopMaibAeTUIHBIX CMOJ
(peaxyus nonuxondencayuu):

CsHs—OH + CH,=0 — HO-C¢Hs—CH,OH
HO-CcH4+~CH,OH + C¢Hs—OH — HO-C¢Hs—CH,-CsHs~OH + H,O
HO—C6H4—CH2—C6H4—OH + CH2:O — U T.A.

[Tomukonnencanust ¢peHona ¢ GopmMaabAeTUIOM BEASTCS IPU HATPEBAHUH B
MPUCYTCTBUM KaTanu3aTopa (KHCIOThI WM OCHOBaHUA) [9].

bnaronaps aktuBHpyronieMy IEHCTBUIO TMAPOKCUTPYMIbI, MHOTHE (hEHO-
JIBI ¥ UX TIPOU3BOAHBIC BCTYIAIOT B PEAKITUIO C a30TUCTOM KHCIIOTOM, KOTOpas B
MPUCYTCTBUM CHJILHOM KHCIIOTHI OTIICIIISIET BOY U 00pa3yeT ciabyro AJIeKTpo-
GuaBHyI0 YacTHIy — HUTpo30-KaTHoH N=O. IlepBoHAYaNIBbHO TPOIYKTOM pe-
aKIUU JEKTPOPUIHLHOTO 3aMEIIeHUs SIBIIIETCS n-HUTPO30(PEHOI, KOTOPBIN JIer-
KO KOHJIeHCUpyeTcs ¢ U30bITKOM (peHosia u obpazyetr N-(n-ruapokcudeHu)Xu-
HOHUMUH KPacHOTO I[BETA!

112



HO + HNO, —> HO N=0 + H,0

n-HUTPO30(eHOIT

o Opeor @ron— ol O

N-(4-ruapokcudeHT ) XHHOHUMUH

[Tocneanuilt JaeT ¢ KUCIOTAaMU M II€JI0YaMHU COJIHU, B KOTOPBIX MOJIEKYyJa
N-(4-ruapokcu(peHnn)XMHOHUMUHA TPEBPALIAETCs, COOTBETCTBEHHO, B KaTUOH
WJIM AaHUOH. DTU MOHBI OKPAIIMBAIOT PACTBOP B CHHUI WJIN 3€JICHBIH LIBET.

OnucaHHyr0 IIBETHYIO PEAKIHI0 C a30THCTOM KHUCIOTOW (Humposo-
peakyus) Nar0T MHOTHE (DEHOJIBI U UX MPOU3BOJHBIE, UMEIOIIKME aTOM BOAOPOIa
B OPTO- WJIM MApa-MoJ0KeHUH K THIPOKCUIIBLHON TPYIIIIE.

[TonobHO apoMaTUYECKUM YTIIEBOJOPOaM (PEHO MPUCOCTUHSIET BOJOPO.
1o OEH30JbHOMY KOJIbIy B MPHUCYTCTBUM METAJUTMUECKUX KaTaIU3aTOPOB TPH
MOBBIIIEHHOM JABJICHUHM U HAarpeBaHUU (peakyusi 2u0puposanus). ITa peaKuus
UCIIOJIb3YETCSl IJIsl MOJIyYEHUS! IUKIIOTeKCaHoJa (MCXOJIHOE ChIphE B MPOU3BO/I-
CTBE KaIlpoJIaKTama):

C6H5—OH + 3H2 — C6H11—OH

[TogpoOHee o peakuusax ¢eHomna cm. [2, 5-9].

3.4.5. Kauecmeennuvte peaxuyuu

Peakimym ka4eCTBEHHOIO OMNPENEIICHUS PA3JIMYHBIX TUAPOKCHIBHBIX CO-
€IUHECHUN OCHOBAHbI HA UX OTJIWYUTEIIBHBIX XUMHUYECKHX CBOWMCTBAX, KOTOPHIE
PacCMOTPEHBI B IPEABIAYIINUX pa3aenax.

IlepBuyHbIe 1 BTOPUYHBIE CIUPTHI MOXHO ONPEAECIUTD, IEUCTBYS XPO-
MOBBIM aHruipusioM CrO; B BOJTHOM pacTBOPE CEPHOM KUCIOTHI. XPOMOBBIN aH-
ruapug ¢ pactBopom H,SO, 00pasyer 1ByXpOMOBYIO KHCIIOTY (OpaH>KeBasi OK-
packa):

+
H
2Cr0; + H,O —— H)(r, 0,
XpOMO8blll 08yxpomosas
aneuopuo Kucioma

IlepBrUYHbIC ¥ BTOPUYHBIE CIIUPTHI OKUCIISIIOTCS ABYXPOMOBOM KHUCIIOTOM B
TEUECHUE HECKOJIBKUX CEKYHJ. [Ipn 3TOM pacTBOp MyTHEET U U3 OPAHKEBOTO
CTAHOBUTCSI TOJTyOOBAaTO-3€JIEHBIM 32 CYET BOCCTAHOBJICHHUS MOHOB Cr2072_ B
wousl Cr™. C TPETUYHBIMHU CIIUPTaMH, 00Jiee YCTOMYMBBIMU K OKHUCJIEHHUIO, 3Ta
peaKkuus He UIET.
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IlepBuyHbIe, BTOPHUYHbIC U TPETHYHbIEC CIIUPTHI PA3TUYAOT 10 B3aUMO-
JIEUCTBHUIO C KOHIICHTPUPOBAHHOM COJITHON KUCIOTOW B MPUCYTCTBUU O€3BOJIHO-
ro ZnCl, (po6a Jlykaca):

ROH + HCI (ZnCly) - RCI + H,0

BHemHuM Npu3HAKOM PEaKIuu CIIYKUT PACCIOCHUE PEAKITMOHHOM CMECH B
ciyyae oOpazoBanus xyopoyrieBogopoaa RCl, npencrasustomiero co6oit mac-
J1000pa3HOE HEPACTBOPUMOE BEILIECTBO.

Tpemuunwiii MTHOBEHHAS PEaKIMs; BBIICICHUE TEILIA;
cnupm: HEMEJIJICHHOE PACCIIOCHHUE.
peaKIysi MPOUCXOANT HE MTHOBEHHO, 4 B TCUEHHE S5 MUH;

Bmopuunwviu
_ BBIJICTICHUS TETlIa He HAOJI01aeTCs;
crupm. paccioeHre MPOUCXOIUT B TEUEHUE 5 MUH, HO HE OoJiee.
Ilepsuunviii peaknusi He MPOUCXOIUT JaXKe MPU CTOSHUU B TEUCHUE
cnupm: Jyaca Mpy KOMHATHOM TeMIepaType.

OTu paznuuus 0O0BACHSIOTCS YMEHBIIEHUEM aKTUBHOCTH CIUPTOB B pEaK-
1usx 3amenieHuss OH-rpyIel B psy: TPEeTHYHBIC > BTOPUYHBIC > TICPBUYHEIE.

MHuoroatomuble cnupThl ¢ OH-rpynmamMu y coceTHUX aTOMOB yTiepoja
OTIPEIEIISIOT 0 IBETHOM PEaKIUU CO CBEXKEOCAKICHHBIM THIAPOKCHIOM Me-
mu (I1) B mpucyrcTBumM menoun. O6pa3yromieecss KOMIUIEKCHOE COSTUHEHNE OK-
palBaeT pacTBOp B APKO-CUHUM IBET:

R—CHOH R-CH-O_ .O-CH-R |2- .
2 | + Cu(OH), + 2NaOH _Cu_ | 2Na
R-CHOH -4H,0 |R-CH-O O-CH-R

Cnenyer umets B Buay, uro Cu(OH), B oTCyTCTBHE IETI0YU U MIPU HArpe-
BaHUU JICUCTBYET KaK OKUCIUTENb. [103TOMYy HecobItoieHne ycloBUui npoBe/e-
HUS KAaUeCTBEHHOW PEaKIIMA MOXKET MPUBECTH K OIIMOOYHOMY Pe3yJIbTaTy.

DeHoJIbI TIpU ACHCTBUM pacTBOpa xaopuoa dcenesa (I11) oOpa3yroT KoM-
IUICKCHI, MPUAIONIME PACTBOPY MHTEHCUBHYIO OKpacky. L[BeT pacTBOpoB 3aBu-
CUT OT cTpoeHus ¢eHonbHOro coenuuenus. B peakuun ¢ FeCl; denon maer
KpacHO-(PHOJIETOBYIO OKpPAacKy, Kpe30Jibl — rojiy0yto, AByXaTOMHBIE (PEHOJIBI —
3eneHy0. OTHOBPEMEHHO XJIOpHU]I JKelie3a NEeHCTBYeT Ha (PEHONBI U KaK OKUCIIHU-
Tenb. Hampumep, HaQTOIBI, OKUCIISSICH, TAIOT MaJOPACTBOPUMbBIC TUHA(DTOIBI, B
KOTOPBIX COEJMHEHBI /1Ba HA(TATMHOBBIX fAJIpa:

2 C;oH;0H + 2 FeCl; — HOC;oHsC0H¢OH + 2 FeCl, + 2 HCI

st o6HapyxeHust heHoa CIY>KUT PEAKIUs C OPOMHOU 80001, TIPU KOTO-
poit obpaszyetcs 2,4,6-rpubpomdenon — ocaaok Oenoro npera (cM. 3.4.4). Ota
peakius npoTekaeT KoiaudecTBeHHO (1mouTtu Ha 100%) u mo3BoJsieT 0OHAPYKUTh

deHoN naxe MpU OYeHb MabIX KOHIEHTparusx (10 10~ Moms/n). [TosToMy oHa
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WCIIOJIB3YETCSI HE TOJIBKO JJISI KA4ECTBEHHOTO, HO U VISl KOJUYECTBEHHOTO OIl-
penenenus GpeHona.

MHorue GpeHOIBI U UX MPOU3BOIHBIC, UMEIOIINE aTOM BOJIOPOJIA B OpMO- WIH
napa-nojoXeHWHU K TUIAPOKCUIBHON TPyTIIe Jal0T [IBETHYIO PEAKIHIO C a30THCTON
KHUCJIOTON WJIM HUTPUTOM HATpus B KHUCION cpee (Humpo3zo-peakyus), oOpaszys
CHauaia n-HATPOo30GheHON, a 3aTeM N-(7-TUAPOKCU(PESHIIT)XUHOHUMUH KPACHOTO
[[BETa, UOHBI KOTOPOT'O B IIEIOYHOM Cpejie OKpAIIMBaIOT PACTBOP B CUHMIA UJTH 3€-
neHsbli et (cm. 3.4.4).
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INPAKTUYECKASA YACTb

Jlabopamopnasa pavoma 4. Cnupmet, hernovl, npocmote Ihupol

OneIT 1. PacTBOPUMOCTSH CIMPTOB B BOJE M OTHOLIEHNE K HHAUKATOPAM

3aganme: 1) U3yuuTh PACTBOPUMOCTD PA3IUYHBIX CIIUPTOB B BOJIE, OOBsC-
HUTHh MU3MEHEHHE PACTBOPMMOCTH HAa OCHOBAHWUM AaHAIM3a CBOMCTB T'MAPOKCH-
IPYIIIBl U YIJIEBOJOPOAHOIO PajMKala, clejaaTh BBIBOJ; 2) IPU NOMOILU YHU-
BepCAIbHOW MHAUKATOPHON OymMaru omnpeneauTs pH pacTBopoB criupToB, Mo pe-
3yJbTaTaM OIbITa CJIENATh BBIBOJ 00 UX KUCIOTHOCTH WJIM OCHOBHOCTH.

PeakTuBbl U 000pyIOBaHUe: STWIOBBIM CHUPT, U30NMPONWIOBBIM CIUPT,
OyTWJIOBBIN CIMPT, N30aMHJIOBBINA CIIUPT, MIMLEPUH, IUCT. BOJA, TUIETKA, S MPo-
OUpOK, yHUBEpCAIbHASI MHIUKATOpHAs Oymara.

BeinosiHeHue onbiTa

1. B nats npoOupok nmoMectuTsh no 1 mut Boabl U npubaButh mo 0,5 mi ka-
YKI0TO U3 CIIUPTOB.

2. Ha mojocky MHOMKATOPHOW OyMarm HAHECTH IO Karule MOJyYEHHBIX
pPacTBOpPOB, OTMETUTD, IPOUCXOIMT JIX U3MEHEHUE OKPACKU UHAUKATOPA.

OmnpIT 2. O0Hapy:KeHHe MPUCYTCTBUA BOJAbI B CIIUPTE

3ajaHue: ONpeneauTh, MPUCYTCTBYET JM BOJAA B MCCIEAYEMOM CIHPTE,
IIPUBECTH YPAaBHCHHE PEAKIIMH, Ha KOTOPOW OCHOBAHO OMPEICTICHUE.

PeakTuBbl U oOopynoBanue: >TwiOBbI cnupt (pektuduxar), CuSO,
(Oe3BoaHBIN), MUTIETKA, IPOOHUPKA, AepKATeNb, CIUPTOBKA.

BoinojiHeHHe onbITa: B CYXyI0 MPOOHUPKY MOMECTUTh HEMHOTO TOPOIIIKA
6e3BoIHOTO Ccyib(aTa Meau (Ha KOHUHUKE MITIATeNs1) U T00aBUTh 2 MJI STUIIOBOTO
CIIUPTa, CMECh BCTPSHYTHh U MOJMOTPEeTh. [10 M3MEHEHHIO OKpacKH Cyibdara Me-
JIY CACNaTh BBIBOJ O HAIMYHUH BOJBI B CITUPTE.

OmnpIT 3. O0pa3oBaHue riauuepaTa Meau

3amanue: 1) mpoBecTy peakiuio 00Opa30BaHUS TIMIEpaTa MEAM, HAITUCATh
YpaBHEHHMS peakiuii; 2) cielath BbIBOJ O KUCIOTHOCTH MHOTOATOMHBIX CIHP-
TOB, CPAaBHUTH €€ C KUCIIOTHOCTHIO OJTHOATOMHBIX CITUPTOB.

PeakTuBbl 1 o0opyaoBanue: riauieput, pactBopsl CuSOy (0,2 H), NaOH
(2 H), nunetka, npoOUpKa.

BobinosiHeHHe ONbITA: TIOMECTUTh B MPOOUPKY MO 4 Kaluld pacTBOPOB
cynbdara MeIu U TUAPOKCHIA HATPHUsI, TIEPEMEIIaTh, K BBITIABIIEMY OCAJKy JI0-
0aBUTH 2 Karuli IIMIEPUHA U B30OITATh.
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OnbIT 4. B3anMoaeicTBHE N30aMIUJIOBOT0 CIIAPTA C CEPHOM KM CJI0TOM

3aganue: 1) npoBeCTH peaklniO H30aMHUJIOBOIO CIIUPTA C CEPHOU KUCIOTOM,
OTMETUTh U3MEHEHUE PACTBOPUMOCTH B BOJE MPOJAYKTa PEaKLUHU O CPABHEHUIO
C UCXOJIHBIM CIIUPTOM; 2) HaNlMCaTh YPaBHEHUE PEAKLIMH, CJIENATh BHIBOJIBI.

PeakTuBbl 1 000pya0oBaHMe: u30aMuIoBkIi cupT, H,SO,4 (kKoHII.), AHCT.
BOJIa, TUTIETKA, 2 MPOOUPKHU.

BbinojsiHeHUe ONbITA: IOMECTUTH B IPOOUPKY 4 Karll CEpHOM KUCIOTHI U
OCTOPO>KHO, MPU BCTPSXUBAHUU U OXJIAXKJIEHUU, T00ABUTH 2 KaIlJId U30aMHIIO-
BOro crnupra. Ilony4eHHyr0 OAHOPOIHYIO JKHIKOCTh OCTaBUTh Ha 2-3 MHH, 3a-
TeM 3-4 KaIuli IpoyKTa IOMECTUTh B IPOOUPKY € 5-6 KarIsIMHU XOJI0JHON BOJIBI.

OnbIT S. OKHCIeHHe ITHI0BOI0 CIUPTA XPOMOBOil CMECHI0

3agaHue: MPOBECTH OKUCIICHHE ATHJIOBOTO CIIUPTAa XPOMOBOM CMECHIO, Ha-
MUCaTh YPaBHEHUE PEAKIINH, C/IeTIaTh BHIBOJIBI.

PeakTuBbI U 000pyn0BaHuUe: dTUIOBKIN ciiupT, pacTBopbl H,SO, (2 H) u
K;,Cr,05 (0,5 H), numnieTka, mpoOUpKa C epKaresieM, CIIUPTOBKA.

BoinosiHeHue onbITA: B CyXYI0 MPOOUPKY MOMECTUTH 2 KaIlIM 3TUIIOBOTO
cnupTa, A00aBUTH | Karullo CEpHOM KHUCIOTHI M 2 Kalld AUXpomaTa Kaius.
OpaHXeBBIl PACTBOP OCMOPOIICHO HATPEBATh HA TUTAMEHH CIIUPTOBKH J0 Hada-
Ja W3MEHEHUS OKPACKHM Ha CHUHEBATO-3€JICHYIO (HMpu nepezpege Modcem npo-
uzoumu 8b10POC PeaKyYUOHHOU MACChl U3-3A PEe3K020 BCKUNAHUSA 00pa3yI0ue20cs.
HU3KoKunsawe2o ayemanvoecuoa). OOpaTUTh BHUMAHHE Ha TOSIBJIEHUE Xapak-
TEPHOTO 3amaxa YKCyCHOIO alibJIerua (3amax npeabiX Wik MOYEHBIX SI0JIOK).

OmnbIT 6. O0pazoBanue IMITHIOBOTO IPpupa

3agaHue: MPOBECTH PEAKITNI0 0OPa30BaHUS TUATUIIOBOTO dPUpa, HAMKCATH
BCE YPAaBHEHUS U MEXAHU3MBbI PEAKIIHii, CI€NIaTh BHIBOJBI.

PeakTuBbl m oOopyaoBanme: >TwioBbid crnupt, H,SO, KoHII., MepHBIU
UWJIUHIP, TUIETKa, MPOOUpKa, CIIMPTOBKA.

BrinosiHeHune onbiTa

1. Cmemats B mpoOupke 1 mMi1 3THIOBOrO ciupTa U | MII KOHIIEHTPUPOBAH-
HOM CEepHOM KHUCIIOTHI (KMCIOTY HEOOXOIMMO MPUIIUBATH K CIIUPTY HEOOIBIITMMHU
NopUUSMH TIpH B30anThiBaHUM). CUIIBHO pa30rpeBUIYIOCS CMECh OCTOPOYKHO Ha-
rpeTh 10 Havyaia kunenus. [Ipu 3ToM He oOHapyx)uBaeTCcs HU 0Opa3oBaHUS ro-
PIOUYWX MapOB, HU TIOSIBIICHUS 3araxa 3¢upa.

2. IloracuTh CHHUPTOBKY, B HArpeTyl0 CMECh OYEHb OCTOPOKHO MPUIIUTH
enie 5-10 karnenb 3TUIO0BOTO CIUPTA.

Cpasy ke nosBIIsIeTCs 3anax JAUATUIOBOTO 3upa.
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OmnbIT 7. O0HApy:KeHNe MEPOKCHA0B B MPOCTHIX I(pupax

3aganue: 1) nmpoBecTH 0OHApYKEHUE MEPOKCUAOB B AUSTUIOBOM ddupe u
TI'® (terparuapodypane), caenaTh BBIBOJ 00 X HAJIWYHH, 2) HAMMKUCATh ypaB-
HEHUs peakuuil oOpa3oBaHUs MEPOKCUIOB U peaklui, JEKAIUX B OCHOBE HUX
0OHapyKEHHUS.

PeakTuBbl M 00opynoBanue: 1udTUIOBLIN dpup unu TT'® (uucteiii U He-
OYUIIICHHBIA WX JIOJITO XPAHUBIITHICS ), paCTBOPBI THOCY Ib(aTa HaTpus (pazo.),
conmu Mopa FeSO,4(NH,4),SO46H,0 (2%), ponanuaa xanust uiau ammonus (1%),
noauaa kamus, HySO, (2 H), MEpHBIN MWIMHAP, MTUTIETKA, 4 TPOOUPKH

BoinosiHeHne onbITa

1. B aBe mpoOupku npuiauTh o 1 M1 pacTBOpa MoauAa Kaius, 100aBUThH
no 2-3 KarmiM CepHOil KUCIOTH. Eciau KuakocTh mokentena, 0OECLIBETUTH €€
nobapneHueM 1-2 kamenb pacTBopa THOCYJb(hara HaTpus. 3aTeM B OJHY MpO-
OupKy mpwinuTh 1 M yucroro 3¢upa, B Apyryro — 1 mi1 HeouMiieHHOro 3¢upa,
CHWJIBHO BCTPSAXHYTh U J1aTh CMECSAM OTCTOATbCS. Uepe3 HECKOIbKO MUHYT CpaB-
HUTBH OKPACKy (PUPHOTO CIIOSI B IPOOUPKAX.

2. B nBe npoOupku mpuauTh 1o 1 mi conu Mopa, 100aBUTh HECKOJIBKO Ka-
HeJib pacTBOpa poJlaHUAA Kalusl WIM aMMOHUS (CMech JOJKHA ObITh OecuBeT-
HOI), B OIHY MpOOUPKY NpuiuTh 1 M yucroro sdupa, B Apyryto — 1 mu He-
OUHMIIEHHOT0 3(Upa, CUILHO BCTPSAXHYTh U JaTh CMECSIM OTCTOAThCS. Uepes He-
CKOJIbKO MUHYT CPaBHUTh OKPACKy BOJHOTO CJIOS B TPOOUpKaX.

OmnpIT 8. PacTBOpUMMOCTBL M KMCJIOTHBIN XapakTep ¢eHosia u B-Hadrosia

3aganue: 1) u3yunts pacTBOpUMOCTH (eHoma U B-HadToda B BOJE, OOBsIC-
HUTh U3MEHEHHE PAaCTBOPUMOCTH, CJENaTh BBIBOJBI; 2) MPH MOMOIIH YHUBEP-
calbHOW HMHAMKATOpHOM Oymaru omnpenenutb pH pactBopoB ¢denona u f-
Ha()TONA, MO pe3yjbTaTaM ONBITA CAENATh BBIBOJ 00 MX KHUCIOTHOCTU MJIU OC-
HOBHOCTH, CPAaBHUTh C aMu(paTUICCKUMU CHUPTAMH; 3) HAMUCATh YPABHCHHUS
PEeaKIMK TUCCOIUAIIMU U PEAKIIUHU CO IIEI0YBIO.

PeakTuBbl m obOopynoBanue: (eHon, B-HadTon, AUCT. BOAA, PAaCTBOPHI
NaOH, H,SO,, nunetka, 4 npoOUpKH, JeprKaTelb, YHUBEpCATIbHAs UHIUKATOP-
Has Oymara.

BeinosHeHune onbiTa

1. B onHy npoOupKy MOMECTUTh HECKOJIBKO KPUCTAIUIMKOB (heHoJIa, B JIpY-
ryio — B-Hadrona, B 0o0e NpoOUpPKU 100aBUTH MO 5 Karellb BOAbI, BCTPAXHYTh.
Ecnu BemiecTBo He pacTBOPSETCS MOJHOCTbIO, HATPETh CMECh A0 KUIIEHUS, 3a-
TEM OXJIaUTh, OTMeYas u3MeHeHus. [1o Karie mosy4eHHbIX pacTBOPOB HAHECTU
Ha MOJIOCKY YHUBEPCAIbHON HHINKATOPHON OyMaru.
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2. B ogHy poOupKy MOMECTUTH HECKOJIBKO KPUCTAITUKOB (heHOJIa, B APY-
rytio — B-Hadrona, B 06e mpoOUpKU A00aBUTH MO 5 Kamneib BOJBI, a 3aTEM pas-
0aBnenHsblii pactBop NaOH no momHoro pactBopenus. [lomydeHHbIE pacTBOPEHI
MOJIKUCTTUTh pa30aBICHHON CEpHON KHUCIOTOM IO MOSIBICHUS 0CaIKa UCXOIHBIX
BEIIIECTB.

OnbIT 9. Peakuus ¢penosna, ruApoXuHoHa, f-HadTosa ¢ XJIOpUAOM
skeseza(IIT)

3aganue: mpoBectu peakuuu (eHoloB U P-HaToNa C XJIOPHUIOM Keje-
3a(I1l), oTMeTUTH TPOUCXOAIIE U3MEHEHUS, 3aMUCATh YPABHEHUS PEAKIIHIA.

PeakTuBbl M 000pyaoBanue: GeHO, THIPOXUHOH, B-Ha(TOI, TUCT. BOJA,
pactBop FeCls, nmumnerka, 3 mpoOupKu.

BbinojsiHeHHe oNbITA: B OJIHY MPOOUPKY MOMECTUTH 5-6 Kamelb pacTBOpa
¢deHomna, B Ipyryro — CTOIBKO K€ pacTBOpa THAPOXMHOHA, B TPETHIO — pacTBOpa
B-nadrona. B kaxnyro npoOupky mo6aButh 1 M Boabl U 3-5 Kamenb pacTBOpa
xynopuna xenesa(Ill).

OmnbIT 10. B3aumoaeiicTBue (peHoJ1a ¢ OPOMHOI BOAOM

3apanme: 1) npoBecTH peakiuio ¢peHona ¢ OpoMHOM BOAOH, OTMETUTH MPO-
UCXOSIINE U3MEHEHUS; 2) 3amucaTh YpaBHEHHE U MEXaHU3M peakiuu; 3) cre-
JaTh BHIBOJBI.

PeakTuBbl M 000py10BaHue: (peHON, TUCT. BOJa, OpOMHas BOJa, MUIETKA,
npoOupka.

BbinosiHeHHe OoNbITA: B MPOOUPKY HATUTH | MJ BOABI, pACTBOPUTH B HEH
HeOOoNbIION KpucTauMK (eHosa. K momydeHHOMY pacTBOpYy HpHOaBiATH IO
KaruisiM OpOMHYIO BOAY /10 IPEKPAIICHHs BBIAJACHUS OEI0ro ocaka.

OmnpiT 11. Hutpo3o-peakuus geHosia

3aganme: 1) MpoBECTH peakivi0 HUTPO3UPOBaHMS (DEHOIA, OTMETUTh OK-
pacKy pacTBOpa M U3MEHEHUE OKPACKU B KHUCIIOM U ILIEJTOYHOU cpele; 2) 3amu-
caTh BCE YpaBHEHUSI U MEXAHU3MBbI peakIiuii; 3) cenarb BbIBOIbI.

PeaktuBbl u o6opynoBanue: penosn, nuct. Boga, H,SO, KoHIL., pacTBOPHI
NaNO,, NaOH, H,SO,, nunetka, 3 npoOUpKH.

BrinosiHeHne onbiTa

1. B npobupky HanuTh 1 MJI KOHLEHTPUPOBAHHOW CEPHOM KUCIOTHI U JI0-
0aBUTH 2 Karuik pacTBopa geHosa (MM MaICHbKUN KpUCTAIUTUK). [1omydeHHbIi
pacTBOp OXJIaAUTh, JO00ABUTh K HEMY KaIUII0 pacTBOpa HUTPUTA HATPHS,
BCTPAXHYTh. OTMETUTH U3MEHEHHE OKPACKH.
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2. OxpaleHHyr XHUAKOCTh BBUIUTH B JIPYTYI0 MPOOMPKY C 5 MIJI BOJBI,
1 MJT OJIy4eHHOTO pacTBOpa OTOOpaTh B YUCTYIO MPOOUPKY, J0OABUTH U30BITOK
pa30aBICHHOTO PAacTBOpA IIEJIOYH, 3aT€M CHOBAa TOJKUCIUTH pa30aBICHHBIM
pPacTBOPOM CEpPHOM KUCIOThL. OTMETUTHh H3MEHEHHS OKPACKH.
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4. AIBAET'UAbI U KETOHbBI

TEOPETHYECKASA YACTD

ANBIErUibl U KETOHBI — OPTraHUYECKUE COCAMHEHUS, MOJIEKYJIBI KOTOPBIX
cojiepkat KapOOHWIBbHYIO Tpytiny (okcorpytiy) >C=0.

[To Hamuuuio 3TOW (PYHKITMOHAIBHON TPyl adbICTHIBI B KETOHBI OTHO-
CAT K KAPOOHMJIBHBIM MU OKCOCOETUHEHHUSIM.

® Anvoecudvl — opeaHuueckue cOeOUHEeHUsl, 8 MOJIEKYIax KOMOPbIX Amom
yenepooa KapOOHUNbHOU 2pynnbl (KapOOHUNIbHBIL Yenepo0) C8A3aH C amoMoM
6000po0a.

Oo6mas popmymna: R-CH=0 unu

R

>C=O (R =H, ankwun, apun)
H

®yukuuonanbHas rpynna —CH=0 Ha3bIiBaeTcs anpIeruIHOM.

o Kemonvl — opeanuueckue eewecmed, MoIeKyIbl KOMOPbIX COO0epiHcam
KapOOHUTIbHYIO 2PYNNY, COeOUHEHHYIO C 08YMSL Yeae8000POOHbIMU PAOUKALAMU.

O6mue popmyner: R,C=0, R-CO-R' wn

R

_C=0 (R, R' = ankwu, apwn)
RV

4.1. O0mas xapakTepuCcTHKA

Knaccupukanusi. B 3aBUCUMOCTH OT CTPOCHUS YIIICBOJOPOAHBIX PaJHKa-
JIOB KapOOHWJIbHBIE COCAMHCHUS TMOAPA3CIAIOT Ha anugpamuyeckue (Ipeneinb-
HBIC U HETIPECIIbHBIC), AIUYUKIUYEeCKUe U apoMamuyecKue.

KeToHbl, y KOTOPBIX KapOOHWJIbHAS TPYIIa COSAWHEHA C OJUHAKOBBIMU
YTJIEBOAOPOJIHBIMU PaJHKaIaMH, Ha3bIBAIOTCS cumMmempuynvimu. ECn yrieBo-
JOPOJIHBIC PATUKaIbl HE OJMHAKOBBIC, TAKHE KETOHBI HA3BIBAIOTCS HecuMMem-
PUYHBIMU.

Homenkanartypa aabaeruaoB. CucteMaTHUeCKUe Ha3BaHUS CTPOST IO Ha-
3BaHUIO COOTBETCTBYIOIIEIO YIJIEBOJAOpOJa ¢ JoOaBieHUeM cyddurca —anb,
Hanpumep, CH;-CH=0 — stanans. Hymepanuro 1ieni HaunHaAT OT KapOOHUIb-
HOTO aTOMa yTJIepo/ia.

TpuBHaabHBIC Ha3BaHUS MPOM3BOAAT OT TPUBHAILHBIX HAa3BaHUH TEX KH-
CJIOT, B KOTOPBIC AJBJICTHJIbI MPEBPAIAIOTCS MPU OKHCICHUH, HAIPUMEDP, YK-
CYCHBIU aJIbJICTU].
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HoMenkiatypa kKeroHOB. Ha3BaHHS KETOHOB HECIIOKHOTO CTPOCHUS
MPOU3BOIAT OT Ha3BaHHUM pajuKaioB (B aqipaBUTHOM MOPSAKE) C 10OABICHUEM
cybdukca -kemon (panukanbHO-(QYHKIIMOHATIBHAS HOMEHKIIarypa). s cum-
METPUYHBIX KETOHOB Iepej] Ha3BaHHUEM pajuKaia YNoTpeOJseTcs MpucTaBKa
ou-. Hanpuwmep:

CH;—CO-CH; JTMMETUIIKETOH (alleTOH)

CH;CH,—CO-CH; MeTWIDTHIKETOH

B 0onee oOmieM ciydae cucTeMaTH4eCKoe Ha3BaHUE KETOHA CTPOMUTCS IO
Ha3BaHUIO COOTBETCTBYIOIIETO YIIIEBOAOPOAa U CyPduKca -oH; HyMepaIuio 1e-
M HAYMHAIOT OT KOHIIA, OJMKANIIETo K KapOOHUIBHOUN Tpymme (3aMeCTUTEh-
Hast HomeHknaTypa UIOITAK).

[Ipumepsr:

CH;—CO-CHj; IPOTaHOH (alleToH)

CH;CH,CH,~CO-CH; meHTaHoH-2

CH,=CH-CH,—CO-CH; neHTeH-4-0H-2

N3omepusi. Anbaerubpl 1 KETOHBI MPOSIBIISIOT PAa3IMYHbIC BUBI H30MEPUH.

CtpykTypHas u3oMepus ajJbAerujaoB:

— H30Mepus YIIIepOIHOTo cKenera, HaunHas ¢ Cy

— MEXKJIaccoBas H30MEPHS:

a) ¢ keToHaMu, HaunHas ¢ C;
0) ¢ nukamyeckumu okcuaami (¢ C,)
B) C HEMPEIEIbHBIMU CIUPTaMHU U NpocThIMU 3pupamu (¢ C;)

CtpykTypHas U30Mepusi KeTOHOB:

— wu3omMepus yriepoaHoro ckenera (¢ Cs)

— HW30Mepus MOJ0KeHUs: KapOoHubHOU rpymnmbl (¢ Cs)

— MEXKJIacCcOBasi U30MepHsl (AaHAJIOTUYHO ANIbJIECTHIAM).

I kKapOOHUIIBHBIX COCAMHEHUN BO3MOYKHA MPOCTPAHCTBEHHAs MU30Me-
pusi: onmuueckas (€CIH YTIEBOJOPOJHBIM paauKal COACPKHUT aCUMMETPH-
YECKUU yTJIEPOJHBI aTOM, KaK, HalmpUMEp, B TJIUIEPUHOBOM aJIbJETHUIIC
CHO-C*H(OH)-CH,0H) u yuc-mpanc-uzomepus (Hanpumep, B KPOTOHOBOM
anpnerune CH;-CH=CH-CHO).

4.2. CTpoeHue KapOOHHJIBHOI IPyINIIbI

CBoiicTBa ajabJeru0B U KETOHOB OMPEACNISIOTCS CTPOECHHUEM KapOOHMIIb-
HoM rpymibl >C=0 u B3aMMHBIM BJIUSTHUEM aTOMOB B MOJIEKYJIaX.

ATOMBI yIiiepoaa W KUCIOpPOaa B KapOOHUIILHOM TPyNIEe HAXOATCS B CO-
CTOSIHHM sp’-THOpUAM3AIUn. YTIEPOX CBOUMH Sp -THOPUIHBIMH OpPOUTAISIME
o0pasyeT Tpu G-cBs3M (0j1Ha n3 HUX — CBs3b C—0O). ITH CBA3M pacmojiaraloTcs B
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OJIHOM TUIOCKOCTH ToA yrioMm okoio 120° apyr x npyry. OnHa u3 Tpex sz—
opOuTaneil KuciIopoaa yyactByeT B 6-cBsi3u C—O, 1Be aApyrue coaepkar Hemo-
JIeJIeHHbIE AJIEKTpOHHbIE Mapbl. M-CBs3b oOpa3oBaHa p-3JE€KTPOHAMHU aTOMOB
yTaepoJa u KUCI0poaa.

124°
G-CBSI3b
A 5AN 17 c==o:
( QJC) 1 b ‘( J
< ) 0,120 H™m
p-opburanu aromoB C u O

00pa3yloT MOJIAPHYIO T-CBSI3b

Csa3p C=0O cwibHO MOJSIpHA, €€ UIMOJIbHBIA MOMEHT (2,6-2,8 D) 3Hauu-
TeabHO BbIIE, yeM y cBsa3u C—O B cnimprax (0,70 D). D1eKTpoHbI KPaTHOU CBS-
3u C=0, B 0cOOEHHOCTH Oo0Jiee TOABUIKHBIE T-AJICKTPOHBI, CMEILICHBI K 0oJiee
AJIEKTPOOTPULIATENIBHOMY aTOMYy KHCJIOpPOJa, YTO NMPUBOJMUT K IOSBICHHUIO Ha
HEM YaCTUYHOT'O OTPULIATEIBHOTO 3apsaa. KapOoHunbHBIN yriaepos npuoOpeTa-
€T YaCTHUYHBIN NOJOKUTEIBHBINA 3aPsI:

5+ 5-
i
/ o

[TosTOoMy yryiepoj mojBepraercsi arake HyKJIeO(QUIbHBIMH pearecHTaMH, a
KHCIIOPOJ — YNEKTPO(HIBLHBIMH, B TOM urcie H'.

dusnyecKkue CBOMCTBA. B MoJieKyiax anpIerujioB 1 KETOHOB OTCYTCTBYIOT
aTOMBI BOJIOPO/JIa, CIIOCOOHBIE K 00pa30BaHUIO BOJIOPOAHBIX CBsize. [1o 3Toit npu-
YUHE WX TEMIIEPATypbl KUTICHUS] HIKE, YEM Y COOTBETCTBYIOIIUX CIUPTOB. MeTa-
Hab (popmanbaerun) — raz, anpaeruasl C,-Cs u ketonsl C;-Cy — KUAKOCTH, BbIC-
1IMe roMOJIoTH — TBepAble BemlecTtBa. [Ipocreiinme kapOOHWIBHBIE COSAUHEHHUS
MMEIOT PE3KUH, YacTO pa3lIparkarolui, 3amax. BpICIINE aabJIeruiibl U KETOHBI,
0COOCHHO HEMpE/IEIbHBIE M APOMATUUYECKUE, OTIIMYAIOTCS TIPUSTHBIM 3aI1aXxOM.

Husmue romonoru pacTBOpuMbl B BOJE, Onarojgapsi oOpa3oBaHUIO BOJIO-
POAHBIX CBS3EH MEXAy aToMaMu BOJAOPOAA MOJEKYJI BOJbI U KapOOHUIbHBIMU
aTOMaMH KUCIIOpo/a.

o— o+ o—
O—H - - ~:O:C\

C YBCIIMYCHHUCM YTJICBOAOPOAHOI'O paJrKalla paCTBOPHUMOCTD B BOAC ITa1acCT.
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4.3. XuMu4eckue CBOMCTBA aJIbLJAeri10B U KETOHOB

Jist KapOOHMITBHBIX COCTMHEHHUI XapaKTePHBI PEAKIINH PA3TIAYHBIX THUIIOB:

— peakIuH, Mo KapOOHWILHOU TPYyTIIIE;

— peakiuu, MPOTEKAIOIIUE C YYaCTHEM 0-BOJOPOIHOTO aTOMa;

— TMOJUMEpU3AIUs;

— BOCCTaHOBJICHUE;

— OKHCIICHUE.

Pa3HooOpa3ue XUMUYECKUX CBOWCTB KapOOHWIBHBIX COEAMHEHHI 00y-
CJIOBJICHO HAJIMYUEM B MIX MOJIEKYJIaX HECKOJIBKHUX PEAKIIMOHHBIX IICHTPOB:

B3aumopeiicteue ¢ nykieodmiom Nu:
(anexmpogunvhwiii yenmp) 5—

,_\ (‘O:
al 877" TN
Ormennenne H —C—>C [pucoenunenne H

(CH-xucnomuuwlii L;eHmQJ I?I S+ \ (ocnoeHblll yenmp)

BoJIBIIMHCTBO peakuuii aabIEeTUIOB U KETOHOB MPOTEKAET MO MEXAHU3MY
HyKeouibHo2o npucoeourenus: o cBsizu C=0 (ydacTByeT 3JeKTPOPUIBHBIHI
IEHTP — KapOOHWIBHBIA aTOM yriepoja). Peakimonnas crnocoOHOCTh B TaKUX
PEAKLMAX YMEHBIIAETCS OT AIbACTUAOB K KETOHAM:

H H Ra
Sc=o0 > Ne=0 > =0
H 1(1 R
dbopMmanbaeru aJIbJICTHIbI KCTOHBI

OT10 00BACHSAETCA, TJIABHBIM 00pa30M, 1ByMs (paKTOpaMH:

® YIJIEBOAOPOJHBIE paauKaisl y rpynnsl >C=0 co31ar0T NPOCTPAHCTBEH-
HbIE MPEMNSATCTBUS NPUCOEAUHEHUIO K KapOOHMWIBHOMY aTOMY YIJIEpOJia HOBBIX
aTOMOB WJIM aTOMHBIX TPYIIII;

® YIIIEBOAOPOAHBIE pAAUKAIIBI 32 cueT +/-3eKTa yMEHBIIAIOT MOJIIPHOCTD
cBs3u C=0 U MOJIOKUTETBHBIN 3apsij] Ha KapOOHWIBHOM aToMe yriiepoja, 4To 3a-
TPYAHSET NPUCOECTUHEHNE HYKIEO(DUIBHOIO peareHTa.

OcHOBHBIN 1IeHTpP (KapOOHUIIBHBIN aTOM KHCJIOPO/Ia) UTPAET BaXKHYIO POJIb
B KUCJIOTHOM KaTajlM3€ peaKUUil MPUCOECIUHEHUS.

Kucnorusiéi nientp (0-CH-—3BeHO) ompeaensieT BO3MOKHOCTh peakiuid 3a-
MEIEHUS! U KOHJEHCAllMU B aJIKUJIBHOM paJiMKalle, CBA3aHHOM C KapOOHUIBHOM
TPYIIION.
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4.3.1. Peakuyuu npucoeounenus no KapooHuIbHoIl Zpynne

[IpucoennHuenrne OOIBIIMHCTBA PEareHTOB IO BOWHOM cBsizu C=0O npowuc-
XOJIUT TI0 MEXaHU3MY HyK1eo@uivHo2o npucoeounenuss (Ady).

IlpucoennHenne NMAHOBOAOPOAHOM (CHHMILHOM) KMcJI0THI HCN

5+»5-/\8+8- N

R-?ZQ: + H—CN — R—(li—OH
anvoezuo OL-eUOPOKCUHUMPUT
(yuaneuopun)

Peakius katanu3upyeTcss TOJIbKO OCHOBAHHMSIMHU, KOTOPbIE MO3BOJISIIOT IO-
JTy4uTh akTUBHBIN Hykineodpusn CN u3 cnaboii kucinorel HCN. B xauectBe oc-
HOBaHMI B 3TOM peakiuu ucnonb3dyoT NaOH, K,CO;, TpeTuuHble aMUHBI, HO
Yalle BCEro peakiuio MPOBOAST C UCIIOJIB30BAHUEM BOJIHOTO pacTBOpA LUAHUAA
HATPUS WA KaJIUS.

Mexanuzm peakuuu (Ady):

Cmaous I — 0O6pa3oBaHue IMAHKUI-NOHA!

HCN + OH == :CN + H,0

Cmaodusi 2 — MENJICHHOE MPUCOCIUHECHUE ITMaHUJI-MOHA K KapOOHWJIHHOM
rpyrre:

:("): (I)_
H3C_C_CH3 4—, H3C_C_CH3

Can &N

Cmaous 3 — OBICTPOE MPUCOETUHEHHUE MPOTOHA K AJIKOKCU/I-UOHY:

:('Ij: (IjH
H3C—?—CH3 + H,0 == H3C—?—CH3 + OH
CN CN
ayemoyuarneuopuH

Peakiust oOpaTtuma Ha BcexX CTaaMsX, Tak Kak B MIEIOYHOM cpene oOpazo-
BaBILIUNCS [IMAHTUPUH PACHIEIUISIETCS.

Ota peakuusi UCHONb3YeTCA IJsl yJIMHEHUS YIJIEPOAHOW LIETH, a TaKXKe
1S mostydeHus o-rusipokcukuciaor R-CH(OH)COOH:

R-CH(OH)CN + H,0 — R-CH(OH)COOH + NHj

[{naHruapuHbl BCTPEYAIOTCS B IPUPOAE, HAIPUMED, COJAEPKATCS B KOCTOUKAX CIIMBBI,
BUILIHU, MEpCUKa U B MUHJAane. [{luaHruapuHbl NpUBOJAT K TSHKEJIOMY OTPABJICHUIO B
pe3yJbTare 0CBOOOKICHUSI CHHUIIBHON KUCIOTHI BHYTPH OpraHu3Ma.
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Ipucoeannenue ruapocyabPUTOB

8+m(|? .\ QH © -+l

R—$=O: + :ls—ONa — R-?-ﬁ—ONa

H\/OH H O

euopocynvpum 2uopocynvpummuoe
Hampus npouU3B00HOE ANbOC2UOA

JlaHHast peakius CIY>KUT JJIs BbIJEICHUS allbJCTUA0B U HU3IIUX TOMOJIO-
rOB psifla KETOHOB U3 CMeceil ¢ pyrumu BemecTBamu. O6pasyroniuecs ruipo-
CyJb(UTHBIE TTPOU3BOJIHbIE KapOOHUIBHBIX COCAMHEHUU THUIPOJU3YIOTCS BO-
JIOM B KUCJIOM WJIM LIEJIOYHOUN CpeJie C BBIICIICHUEM UCXOAHOTO albACrUuia UIIH
KETOHa.

IIpucoeaHenue CuMpToB
Peakiust Mexay anpJeruiaMu U ClIMpTaMu ¢ 00pa3oBaHUEM nosyayemaieti
TaK)Ke MPOUCXOAUT KaK HyK1eopuivroe npucoeounerue(Ady).

noyayemanbHblu

S+ fS/-\ . 0 ?R 2UOPOKCUT
R—C=0_ + RO-H =—= R—?—OH‘\/

H H
anvoezuo noxyayemans

Peakuusi katanu3upyercs KUCIOTaMH WM OCHOBaHUsIMH. B posn Hykieo-
¢una BBICTYNAET MOJIEKYJIa CIIUPTA C HEMOJAENEHHON Mapod SJIEKTPOHOB Ha
aToMe KHUCJIOpo/ia.

o [lonyayemanu — COeTUHEHUs, B KOTOPBIX aTOM YTjepoja CBs3aH C TU/-
poxcunbHOU -OH u ankokcunbHoi (-OR) rpynnamu: R-CH(OR)OH.

Kucromnwviu kamanus

Ponb KHCTIOTHI Kak KaTalu3aTopa COCTOUT B MPEBPAILEHUN HEUTPATHHOTO
KapOOHWJIBHOTO COEIMHEHU B OoJiee akKTUBHYIO YaCTUILy — KapbokamuoH. 11pu
ATOM YAaCTHYHBIN TOJIOXKHUTENBHBIA 3apsa Ha KapOOHWIHBHOM aTOME YTJiepoia
npeoOpa3yeTcsi B MOJIHBIN 3aps]l ¥ aTaka 3TOr0 aToMa JIaKe CJIa0bIM HYKJIeo(pu-
JIOM OCYIIECTBJISIETCS] 3HAYUTENIBHO JIeTye.

+ o+
//O H+ //OH . /OH 6+,7OH
1.R—C <—= |R—C ~—> R—C = R—C
N\ N N N\
H H H H
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OH OH
. OH  RroOH | X

2. R—C\ = R—C—H === R—C—H + H

+
H N OR'

Ha nepBoit craguu mpoucXoaIuT MPOTOHUPOBAHUE aTOMA KUCIOPOIa Kap-
OOHUJIBHOM T'PYNIIBbI, HA BTOPOM CTaIUM 0O0pPa30BaBIINICS KapOOKATHOH TPHU-
COCOAMHACT MOJICKYJIY CIIMpTa, pPCaKOudg 3aBCpmIacTCAa ACIIPOTOHHPOBAHUCM

aaayKTa.

OcHogénblu kamanus

OcHOBaHUs, HAIIPOTUB, aKTUBU3HPYIOT HE KapOOHWIBHOE COEAMHEHHE, a
HYKJIEOQUIIbHBIN peareHT, npeBpaias ero B aHnoH. AH1oH RO, ABissACh cuiib-
HBIM HYKJICO(HUIIOM, JIETKO B3aUMOJICUCTBYET C KapOOHWIBHBIM yTIEPOIOM, He-
CYILIUM YaCTUYHBIN MOJIOKUTENbHBIN 3apaf (O1).

I. ROH + B: == RO: + BH

. .- :0:
SRR QU T,
H OR'
:flj:_ (I)H
332.R—C—H + BH == R—C—H + B:
Or Or

Ha nepBoii cTanun nporcxoauT o0pa3oBaHUE AKOKCUI-UOHA, KOTOPBIA Ha
BTOPOM CTAJIMU MPUCOEAUHSAETCS K aTOMy yriepoja KapOoHWIbHOU rpynnsl. Ha
TpeTbel CTauu K 00pa3ylouieMycs Ha BTOPOM CTaJuM alKOKCHI-UOHY IPUCOE-
JUHSAETCS IPOTOH.

B3aumopeiicTBue nomyaneTais ¢ €lie 0JHON MOJEKyJIol cnupTa (KaTaau-
3aTOp — KHCJIOTa) MPUBOJIUT K 3aMeuyeHuio TMONyaleTalbHOro THIPOKCUIA Ha
anKokcwibHYIO TpyImy -OR' u oOpazoBanuto ayemans:

H PR

i
R-(E%OH + ROTH| <= R—(lj—OR' + H,0
H

nojgyayemaidb ayemaiob

* Ayemanu — coeAMHEHMS], B KOTOPBIX aTOM YIJIEpOJa CBS3aH C ABYMs aJl-
KoKcuiIbHbIMU rpynmamu -OR: R-CH(OR)s.

OO6pa3oBanue anerajieil U3 noyyamneraieil MPOUCXOAUT TOJIBKO B YCIOBHSIX
KHCJIOTHOTO KaTajiM3a M0 MEXaHU3MYy HYKIe0(UIbHO20 3ameljeHus N TMOA00HO
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peaKIuy MOJYYSHHUS MPOCTHIX 3(PHUPOB MPU MEKMOJEKYISIPHON OeruapaTainuu
CIIUPTOB:

:?H :?Hz N
R—(I?—H + H == R—CIZ—H = R—(I:—H + H,0
OR' OR' OR'
. R'OH (,)R (,)R
R—(IT—H =—=> R-—C-H =—= R—(IZ—H + H'
+ '
OR R'/O\H OR

Peakiuu mpucoenvHeHuss COUPTOB C 0Opa30BaHMEM alleTale SBISIOTCS
oOpaTtuMbIiMi. OHM OTHOCSITCS K KHUCIOTHO-KATAJIM3UPYEMbIM peakiusM. Are-
TAJIM YCTOWYMUBBI K JIECTBUIO OCHOBAaHUU.

Peakiiun kapOOHUIIBHBIX COCIMHEHUN CO CIIHUPTAMH UTPAIOT BAXKHYIO POJIb
B XUMHUHM YTJIEBOJIOB.

IIpucoennnenne peakrusa I'punbspa (R-MgX)

CBs3p C-Mg CHIIBHO TIOJISIPHA, €€ DIIEKTPOHBI CMEUICHBI K 00Jiee AJIeKTPO-
OTPHIIATETLHOMY aToMy yriepoaa (dJIeKTpooTpulaTenbHOCTh MarHus 1,2). Ilo-
TOMY IIpH pa3pbiBe cBsi3u R-Mg oOpa3zyercs kapbanuon R (Hykieodun).

o [Ipucoenunenue ankunmarnuiramoreanioB R-MgHal k ¢popmanbsaeru-
ny H,C=0O npuBoauT k 00pa3oBaHUIO nEPEUUHBIX CHUPIIOS:

o+ }5/—\ o- o+ ?H3 H.O CH3

H—¢=0_+ H,C—MgBr —= H-C-O- MgBr —— H- C—OH
H H -Mg(OH)Br H
MEeMUAMASHUT- WIKO2OSIIMN nepeuyHblll
bpomuo cnupm

o I3 APYTUX aJIbACTUAOB IIOJYYAKOTCS 6mopuirHvle CNUpPmabl:

' RV
5+ 45 5 oF R H,0 |
R— q O + R—MgCl — R- C O-MgCl WH)CT R—(ID—OH
H o H & H
ANKUIMACHUTL- 8MOPUUHBLL
X0puo cnupm

e B peaxiuu ¢ KeTOHAMHU 00pa3yIOTCs MpemuyHble CRUPNbL:
St 5 6 o R HO R
R—C= + R MBI‘__>RC O—MgBr ——— R—C—OH
& QKM Iy = mgomsr 1
aﬂKMﬂMaZHHU-

mpemudHbll
opomuo

cnupm
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Peaknuu ¢ aMMHAaKOM H €ro IMPOU3BOJIHBIMH

BonpmmHCTBO peakiuii KapOOHUIBHOM Tpymibl ¢ N-HykieoduiaMu mpo-
TEKAaeT M0 MEXaHU3My npucoeourenus — omugenienus. K N-nykieodunam ort-
HOCSAT amMMuak u ero mpousBojnbie Z-NH,, rne Z = H, Alk, Ar, OH, NH,,
NHC¢Hs, NHCONH,, NHCSNH,

Ha mepBoi craguu NPOUCXOOUT MEIJIEHHOE NPUCOEAUHEHHE N-
HyKJIeo]wia mo KapOOHUILHOU TPyNIe, HA BTOPOM CTaauu — OBICTPBIN MEPEHOC
IIPOTOHA C aTOMa a30Ta Ha aTOM KHUCJIOpPOJa, Ha TPEThEM CTaauU OTLIEIISETCS
MoJiekyJia Bojsl (1,2-oTmienenue):

:b: H
\6+ | I+
c—o + HZN—Z == —C—N—Z
" | |
H
A ;
Tl
2. —C—I—Z == —(C—N—Z
I
| H | H
:OH
. AN
3. = C—N—Z7Z2 =—=*= (C=N—Z + H,O
[ /

[TpoaykTsl peaknnu KapOOHUIBHBIX COSAMHEHUH C aMMHUAKOM U aMHHAMHU
Ha3bIBAIOTCS uMurnamy unn ocHosanuamu [lluggha. Umunpl Tuma >C=NH na3bI-
BAIOTCS HezameujeHHvimMu umunamu, uMuHbl THna >C=NR — 3amewennvimu
UMUHAMU.

MHuorue apyrue MpOM3BOJHBIE aMMHUAKa TaKKe NAlOT C albJIeTHIaMHi U
KETOHAMU aHAJIOTHYHbIE MPOAYKTHl KOHAeHcAu. K TakuM mpou3BOIHBIM OT-
Hocsitess  eudpoxcunamur (NH,OH), euopasun (NH,-NH,), genurcuopasun
(NH,-NHC¢Hs) u cemuxapoasuo (NH,-NHC(O)NH,). [IpoaykTel ux KoHAEH-
caliu ¢ KapOOHWIBHBIMU COCMHEHUSIMU HA3bIBAIOTCS COOTBETCTBEHHO OKCU-
Mamu, 2UOpa3oHamu, heHuneUOpa3oHamu U cemukapoazonamu:

NH,OH
- R,C=N—OH
2UOPOKCUNAMUH OKCUM
NH,NH RC=0
2 2 . R,C=N—NH, 2—> R,C=N—N=CR,
R,C=0 — TUnpasnuH 2u0pason asuH
NHZNHC6H; R,C=N—NH penuneuopason
enuneuopazun
NH,NHCONH
2 »  R,C=N—NH—C—NH, cemurxapbazon
cemuxapbazud "

O
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Konnencarnuio kapOOHWIBHBIX COCIUHEHHWA C STUMU PEareHTaMHu YacTo
MPOBOAST B NMPUCYTCTBUU KHUCJIOTHOIO KaTajiu3aTopa. Peakiuu ¢ CHIbHBIMU
HYyKJIeoprIaMu MPOTEKAIOT 0€3 KaTranu3aropa, ciiadble HyKJI€O()UIIbl pearupyroT
TOJIBKO B MPHUCYTCTBUU KaTanuzaropa. OOpaszyromniyecs: Mpou3BOIHBIE HCIIOb-
3YIOT ISl UACHTU(PUKAIIMY KapOOHWIBHBIX COCAMHEHUN, a CAaMHU PEAKIIUA — KaK
KaueCTBEHHbIC HAa KapOOHUIIbHYIO TPYIIITY.

4.3.2. Peakuuu c yuacmuem 0-6000pP0OH0O20 amoma

Anpnernnpl U KeToHbl, uMmeronme o-CH-3BEeHO B aJKWMIBHOM pajuKalle,
CBSI3aHHOM C KapOOHWJIBHOW rpymnmnoi, nposiBisgioT CH-KHCIOTHOCT M JIErKo
BCTYMAIOT B PEaKUUU 3aMELIEHUsl 0-BOJOPOAHOro aroma. lloBbllieHHass mon-
BWYKHOCTh aTOMa BOJOPOJIa B O-IOJIOKEHUU MO OTHOILIECHUIO K KapOOHUIBHOM
rpymre, BbI3BaHa CHIIBHBIM —/-3Q(EKTOM MocieTHel:

H

joo 0
HC=C

H

DneKkTpoHHAas IIOTHOCTH cBsA3u C—H cmemiena k o-yriiepogHomMy aromy,
470 00JIeryaer 3amelleHue aToMa Bogopoaa. [1oaBmKHOCTBIO aTOMa BOAOPOJa B
0-TIOJIOKEHUU OOBSCHSAETCS U SIBICHUE Kemo-eHONbHOU maymomepuu aibIeru-
JIOB Y KETOHOB:

H” Al s
[ po L,OH
H;C—C>C_ === H;C—C=C_
A H | H
H H
Kemo-gopma eHObHAs hopma

Kero-eHonbHas TayToMepusi 00yclaBIMBAaeT HEKOTOPHIE PEaKIUU alibJe-
TU0B U KETOHOB, KOTOPBIE OYIyT paCCMOTPEHBI HIKE.

AHLHOHLHO-KPOTOHOBZIH KOHJICcHCAIIUA

ITox neilcTBHEM KATAIUTUUYECKUX KOJHMYECTB KUCIOTHI WJIM OCHOBAHUS
aJIbJCTH/IBI IPEBPAIIAIOTCS B B-TUAPOKCHATBICTUIBI (A1600.11L):

0 O o = OH 0
v/, V/, V/
H¢—C,  + H—CH,—C H nm OH CH;—CH—CH,—C?,
H H H

ayemanvoecuo ayemanvoob

ANbO0NbHO-KPOMOH08AA KOHOEHCAUUs, KAMAIusupyemas OCHOBAHUA-
Mu, HauMHaeTCsl ¢ oOpazoBaHus eHosim-uona anvaeruna (cragus 1). [Tockosb-

Ky €HOJISIT-UOH SBJIAETCS HYKICO(PHUIOM, TO OH aTaKyeT KapOOHWIbHYIO TPYIIITY
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JIpYroi MOJIEKyJibl anbieruna. B pesynbrare oOpasyercst arkoxkcuo-uon (CTaaus
2). [lanee mpoUCXOIUT MPOTOHUPOBAHUE ATKOKCHUJI-MOHA BOJOM, MPU ATOM 00-
pa3yeTcss KOHEUHBIH MPOAYKT — a1b001b U perenepupyercs katanuzarop (OH)
(cragus 3). DTO MPOUCXOIUT MOTOMY, UYTO AIKOKCH]I-UOH SIBJISIETCS 00Jiee CHUITh-
HBIM OCHOBaHHEM, YEM THIPOKCHUI-HOH.

HO_ _H o
\_4 I //O. 'HZO H = //O H\ Q.
I N\, +H,0 y~ N\ / N\
H H H H H

E€HOJIAImM-AaHUOH

O: 0 0: 0

4 - Vi I V4

2. H3C—C\\_+/CH2—C\ = CH3—?—CH2—C\
H H H

Kap60Hu]leCl}l memuieHoedsd
KOMNOHeHmAa KOMNOHeHmAa

ANKOKCUO-AHUOH

:b: 0) OH 0)
| Vi H,O I g =
3. CH3—CI3—CH2—C\ —— CH3—?—CH2—C\ + OH
H H H H
AKOKCUO-AHUOH anvooIb

[Ipn HarpeBaHWM B NMPUCYTCTBUM OCHOBAHUS aJbJOJU JETKO OTLICILIAIOT
BOJy, 00pa3ys o,[-HeHaChIIEHHbIE albAerubl. Jlernaparanus IpoOTeKaeT Jer-
KO Ojarojiapsi KHCJIOMY XapaKTepy aToMa BOJOPOJA Y O-YIJIEPOJHOIO aTroMa M
BCJICAICTBHE TOTO, YTO OOPa3yIONIUHCS MPOAYKT COACPKHUT COMPSIKCHHYIO CHUC-
TEMY JBOMHBIX CBS3CH:

'OHH,| 0 @)
-4---F- V4 t°C V4
CH;—C—CH—C_ —> CH;—C=CH—C
AN -H,0 AN
H H H H

3-euopoxcubymanane (anvoons)  2-0ymenans (KpOMOHOBbLU Alb0e2uo)

DTOT TUT KOHJICHCAIUH TOTYYHI HA3BaHUE KPOMOHOBOU.

ANbO0NbHO-KPOMOH06AA KOHOEHCAUUA, KAMAIUZUPyemas KUcCiomamu.
MexaHu3M peaklMM BKJIIOYAeT JIBE€ OCHOBHBIX CTaJMU: MPEBpAIlICHUE KETO-
dbopMbl anplierusia B €HOJbHYIO dopmy (cTaaus 1) u araka oOpa3zoBaBIIMMCS
€HOJIOM KapOOHUJILHOM IpyNibl anbaeruaa (craaus 2).

. +
S w N (/;OH _OH
1. H-CHZ-C\ <——>(H-CH2-C\ e S H2C=C\

H BON H enon H
H H
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/6: + (‘OH .OH O
2. CH;~C === CHj~ A’—\ (“H 0. <—_> CH;— c CH,~ c + H;0"
M H H,C= C “H
H aﬂbdoﬂb

AJbJI0Nb MOJ ACUCTBUEM pa30aBICHHON KUCIOTHI OTHICIUISIET BOAY AaXKe
pU KOMHATHOM TeMIeparype, MOATOMY KOHJICHCAIUIO, KaTalu3upyeMyro Ku-
CJIOTOM, MPaKTUYECKU HEBO3MOXKHO OCTAaHOBUTH Ha CTaJINH B-

rnﬂpoxcnanbnemz{a:
+
OH OH
b O H‘ ci- < %z
—-C— - —_— - = -

H H H H
E-’OHz

KeToHbl BCTyINawmT B albJ0JIbHYI0 KOHJEHCAIMIO 3HAYHUTENIHLHO TPYIHEE,
yeMm anpjeruapl. OqHaKo, IpHu KaTanu3e KUCIOTaMu oOpasyroluics B HeOOIb-
IIUX KOJUYECTBAX 4-TUIPOKCU-4-METUIITIEHTAaHOH-2 (IPOAYKT alibJI0JIbHOM KOH-
JeHcalnu) OyeT ObICTPO IEeTUIPATUPOBATHCA B 4-METUINIEHTEH-2-0H-3 (Mme3u-
MUNOKCUO):

OH
O H | Pe H H3C P
2CH;-C, =—== CH3-(I3—CH2—C\ W CH CH- C ~cH
CH CH H C 3
3 CH3 3 3
4-euopoxcu-4-wemunnenmanon-2 4-memunnenmen-3-ou-2
(me3umunokcuo)

FanoreanOBaHne AJIbJAECIrNJ10B 1 KETOHOB

Peaxius ramoreHupoBanus nporekaer ¢ yuactueMm o-CH-3Bena. C rasore-
HOM pearupyer He caMo KapOOHMIBHOE COSAMHEHHE, a €r0 EHOJIbHAs GopMma:

X

\ MCIJICHHO / X \ |

c-c- == Sc=¢{ —2= -C —C-

VAR obictpo ./ N\ oeicTpo /| \O_H -HX /7

H O OH X X O
CHOJ ZCZJZOZQHZM()pMH

[Ipu nmpucoenuHeHnU TaJloreHa K eHoJly 00pa3yeTcsi HeyCTOMUMBBINA Tao-
rearuapud. OT HEro OTINEIUISIETCS TajloreHOBOJIOPOJ, W oOpasyercs o-
raJloreHo3aMelIeHHOe KapOOHWIIbHOE CcoelMHeHue. Peakius kaTanu3upyercs
nienoubto. Eciin B Mosiekylie ainbAeruja Wik KETOHa ¢ KapOOHWJIbHOM IpyHIoi
CBsSI3aHa METWJIbHAs rpynmna (METHJIKETOHBI U alleTalbJeTu), TO MpU U30bITKE
rajoreHa B HEM 3aMeIarTCs BCE aTOMbI BOAOPOAA:
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H 1) OH H X
Poor SR eeer —= g
Hy o Hy 0 Xx 0

TpuranorenmerunbHas rpynna -CX; sBIseTCs CHIBHEHIIUM aKIENTOPOM
aneKTpoHOB. [ToaTOMY KapOOHMIIbHAS AKTUBHOCTH MOJIYYEHHOTO albJIECTUIA UIH
KETOHA CTAHOBUTCS BBICOKOMW, U THUJIPOKCH/I-AHUOH, CIIYKUBIIHKN KaTAIIM3aTOPOM
B OTOM pEaKklMH, MPOSIBISET Y)Ke HYKICO(pUIbHbIE CBOMCTBA M aTakyeT KapOo-
HWIBHBIN aToM yriepoga. OT MOIy4YeHHOTO aJlyKTa CPaBHUTEIBHO JIETKO OT-
MICTUISIETCS] TPUTATOTEHMETHII-AHHOH, KOTOPBIA CTAa0MIM3UPYETCs MPUCOETHE-
HUEM IIPOTOHA M 00pa3yeT TPUTAIOTeHMETaH:

OH- -9 - HO SN
X3C—%—R — X3C—C|2—R —> CX; + O//C_R — CHX; + O//C—R
0 G-

Takas peakius HOCUT Ha3BaHUe eanogopmuot. [Ipn HCOTB30BaHUY HOAA
B pe3ysbTare rajoQopMHON peakiuu obpaszyercs uogopopm — KpUCTaIUYe-
CKOE BEIIECTBO KEJITOrO IBETa, KOTOPOE JIETKO HACHTU(PHUIIMPOBATH. DTO IMO-
3BOJISIET MCIOJIB30BaTh rajoOopMHYIO (1#odogopmHyto) peakuio s oOHapy-
YKEHUST METUIIKAPOOHUIILHBIX COCAMHCHHUIA.

OOpa3oBanue HoJ0POpMa U3 alleTOHA MPOTEKAET OYE€Hb OBICTPO MPU KOM-
HATHOW Temmepartype. BceiiencTBue HUUYTOXKHONW PacTBOPUMOCTH Monodopma B
BOJIC 3Ta peaKIlis OYEHb YYBCTBUTENbHA U MO3BOJIAET OOHAPYKUTh METUIIKETO-
HBI JTAKE B MAJIBIX KOHIICHTPANMAX (HaIpuMep, alleTOH MPU COACPKaHUU B BOJC
0,04%). ®opmanpaeru He COASPKUT B MOJIEKYJIe HEOOX0UMOM 1iJisi 0Opa3oBa-
HUS 1o 0(opMa TPYNIUPOBKH ATOMOB U B YCIIOBUSIX OIBITa OKUCISETCS JI0 MY-
PaBbUHOW KHCIIOTHL.

4.3.3. Illonumepuzayusn

[TonmuMmepusanus — 4aCTHBIM Cllydal peakuuid IPUCOCIUHEHUS — XapaKTep-
Ha B OCHOBHOM JyIsl anbaerugoB. Hanpumep, npu crosauu 40% BoAHOTO pac-
TBOpa GopMmanbaeruna (popmanuna), B Bue 0€I0ro ocajaka odOpa3zyeTcs MoJu-
Mep GpopMabIeTHia ¢ HEBBICOKON MOJIEKYJISIPHOM Maccol — napagopm:

nH>C=0 + H,0 — HOCH,~(OCH>),»~OCH,OH (n =7, 8)

OOpa3oBaHue MOIMMEPOB MOKHO PAacCMaTpUBaTh KaK pe3yJbTaT HYKIIEO-
(bUIBHON aTaku aTOMOM KHCJIOPOAa OJJHOM MOJIEKYJIbl allbJIeru1a KapOOHUIBHO-
ro aroMma yriaepoja Apyroid MOJIEKYJIbI.

nH,C=0—~ [H>C=Q})C=Q¥)c=q } — ...-CH,-0-CH,-O-CH,-O-...
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[Tonmumepsl anpIETUIOB JTOBOJBHO HEYCTOWYMBBI: B KHCJIOW Cpelle OHU
THUAPOIU3YIOTCS ¢ 00pa30BaHUEM HUCXOIHBIX ITPOTYKTOB.

[Ipy B3auMOJEHCTBUU MOJIEKYJI albJCTHIOB BO3MOXKHO Takke oOpa3oBa-
HUE LMKIMYECKUX coenuHeHuid. Hampumep, Tpumepmsanus dopmaibiaeruia
MPUBOJUT K 00pPa30BaHUIO mpuokcarna (TPUOKCUMETHUIICHA):

0)
P 0
cn, 7 o, K ﬁ
—_—
0) 0)
O? ( 0 ~_
CH, MpUoOKcan
U3 Tpuokcana nonyyarot nonudopmansaeru [-CH,-O-], (MonMoKCHMETHIEH) ¢ BBICO-

KOH MOJICKYJISIPHOW Maccoi. ITOT moJuMep 00JaaeT MOBBIIICHHONH CTaA0MIBHOCTBIO U
MEXaHUYECKOW MPOYHOCTHIO.

4.3.4. Boccmanoeénenue

[Ipucoenuuenrue BoopoJa Mo KapOOHWIBHOM IpyIilie B MPUCYTCTBUM Ni-
KaTajqu3aTropa NPUBOJUT K BOCCTAHOBIICHHUIO AJbJETUIOB A0 MEPBUYHBIX CIIHP-
TOB, @ KETOHOB — JJO BTOPUYHBIX:

R t, Ni R t,Ni R

Hjc=o +H, — R-CH;OH R)c=o +H R:CH_OH

anvoezuo nepeuyHblil Kemom 8MOPUYHDBLLL
cnupm cnupm

[Ipu 5TOM CTENEeHb OKUCICHUS KapOOHWIBHOIO aToMa yrjiepoja MOHMXKaeT-
¢4 B peakuuu ¢ anpaerugom ot +1 1o —1, a B peakuu ¢ ketoHOM — OT +2 10 0.

4.3.5. Okucaenue

AJBIETH]IBI JIETKO OKUCIISIOTCSI B COOTBETCTBYIOIIHE KAPOOHOBBIE KUCIOTHI
MO/ IEWCTBUEM TaKWX MSATKUX OKUCIUTENEH, KaK OKCHJ cepedpa M TUIPOKCHU]
menu (IT):
a) peaKIus «cepeOpsTHOTO 3epKaliay — OKUCICHHEe aMMHAYHBIM PacTBOPOM
okcupa cepedpa (peaxyus Tonnenca):
R-CH=0 + 2[Ag(NH;),]JOH —> RCOOH + 2Ag{ + 4NH; + H,0

0) okucnenue ruapokcuaom wmeau (II) ¢ oOpazoBanumeM  KpacHo-
kupnuaHoro ocajaka Cu,O (peaxyus Tpommepa):

R-CH=0 + 2Cu(OH), — RCOOH + Cu,04 + 2H,0
Ot PCaKINH ABJIAIOTCA KadecmeeHHbiMU Ha aJIJACTUAHYIO I'PYIIITY.
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KpOMe AIbACTUAOB, B YKa3aHHBIX YCJIOBHAX OKHUCIISACTCA U MypaBbHHAA KUCJIO0TA, KOTO-
pasi u3-3a OCOOCHHOCTEH CTpoeHMsI 00JazacT JBOMCTBEHHOW MPHUPOAOW M TPOSBISET
CBOMCTBA U KAPOOHOBBIX KUCIIOT, U aJIbJICTH/IOB:

O
AJpieruiHas Il KapboxkcunbHast

rpynmna H/C rpynmna

Hanpumep, npu aeiictBun okcuga cepedpa MypaBbHHAsi KUCJIOTA pas3jiaraercsi ¢ Bble-
JIEHUEM YIJIEKHUCIIOTO rasa:

HCOOH + Ag,0 — 2Agl + CO,T + H,0

AHaAJIOTHYHBIM 00pa30M JCHCTBYIOT U 00JIee CHITBHBIC OKHCITUTEIIH.
KoHieHTpupoBaHHasi cepHasi KUCJIOTa pa3pyliaeT MypaBbHHYIO KHCIIOTY JI0 OKCHJA YT-
nepoxa (II) u BogsI:

H,SO,

HCOOH ——> CO + H,0

KeToHbI OKUCISAIOTCS ¢ TPYJOM JUIIb NPU IEUCTBUU 00JIee CUIIbHBIX OKHC-
JUTENEN W MOBBIIEHHOW Temneparype. [Ipu atom mpoucxoaut paspeiB C—C-
CBs3el (COCeNHUX ¢ KapOOHWIOM) U 00pa30BaHUE CMECU KapOOHOBBIX KUCIIOT C
0oJiee KOPOTKOM yTIIEPOJTHOM IENbI0. Y CTOHYMBOCTh KETOHOB K OKHCJICHHUIO T10-
3BOJISIET OTJIMYUTh MX OT albJETHJIOB MO OTCYTCTBHUIO PEAKIUU «CEepeOpsHOro
3epkanay u peakiuu ¢ Cu(OH),.
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INPAKTUYECKASA YACTb

Jlabopamopnasa paboma 5. Anvoecuovt u KemoHwl

OmnbiT 1. BoccTaHoB/IeHHE aJIbAerHAAMU COCAUHEHUH IBYXBAJICHTHOMN
MeaH (peakuus Tpommepa)

3aganme: 1) npoBectu peakuio TpoMMepa, OTMETUTh NPOUCXOIALIUE U3-
MEHEHUS; 2) HanucaTh YpaBHEHHUE PEAKIIMH, CJENATh BbIBOIbI.

PeakTuBbl M oGopyaoBanme: ¢opmanuH, pactBopsl CuSO4 (0,2 H) u
NaOH (2 u), MepHBIi HIUIUHII, TUIIETKA, MPOOUPKA C IepKaTesieM, CIUPTOBKA.

BoinosHenue onbiTa: Kk 1 M1 popmanuna 1o6aButh 0,5 Mi1 pazdaBiIeHHOTO
pacTBOpa IIEIOYM U 3aTE€M MO KaIUIsIM pacTBOp cyib(dara Meau 10 00pa3oBaHUs
ocaznka. [lonydeHHyr0 cMeCh HarpeTh 10 Hayaaa KAIEHUS.

OnbIT 2. BoccTaHoBJIeHHE aJIbAeTHAAMHU COeIUHEHU cepeOpa
(peakums «cepeOpsiHOTO 3epKajiay, peakuns TosuieHca)

3aganue: 1) mpoBecTH peaKINI0 «CepeOpPSHOTO 3epKajiay, OTMETHTh MPO-
UCXOJISIITNE N3MEHEHHUSI; 2) HANTUCaTh YPaBHEHHUE PEAKIINH, C/IeJIaTh BHIBOIBI.

PeakTuBbl M oGopynoBanme: GopmanuH, pactBopbl AgNO; (1%), NH;
BOJH. (2%), NaOH (2 1), HNOj; (pa306.), MepHbIil HUIUHIP, UIETKA, TPOOUpKa
C JepKartesieM, BoIsiHast OaHs.

Bbinosinenue onbiTa: Kk 1 Mi pacTBopa HUTpaTa cepebpa MpuOaBUTH MO
KaIlUIsIM pacTBOp aMMHaka J0 PacTBOPEHHs MEpBOHAYaIbHO OOpa3ylOIIErocs
ocajJika okcuja cepedpa, 3arem q00aBUTh | Mi1 pacTBopa GopMmanbaeruaa u 2-3
Karjiy pacTBopa menoyu. Eciu cepedpo He BbIAENAETCS, MOJOTPETh TPOOUPKY
HECKOJIbKO MUHYT Ha BojasHOU OaHe g0 50-60°C. UToObI NOMyYnUTh OCAZ0K Ce-
pebpa B BHUJE 3€pKaJbHOTO CJIOSI Ha CTEHKaX MPOOUPKH, Mepesa MPOBEICHUEM
OTIbITA HAJO THIATEIIEHO BHIMBITH MPOOUPKY TOPSYNM PACTBOPOM IIEIOYHU U 3a-
TEM OINOJIOCHYTh JUCTUJINPOBAHHON BOJIOM.

[To okoH4YaHuU pabOThl C aMMHAYHBIM PACTBOPOM OKCHJIa cepedpa HeoO-
XOJIUMO Cpa3y K€ BBIMBITh MOCYay, HaXxOJMBIIYIOCS B paboTe, a oOpa3oBaB-
IIMeCs] OCaJKU W HaJEeThl Ha €€ CTEHKAaX pacTBOPUTH pa30aBiICHHOW a30THOM
KUCJIOTOM.

Omnbit 3. [TosryyeHHe oKcHMMa aneToHa

3aganue: 1) mMpoBeCTH PEAKIHMIO alleTOHA C THIPOKCHIAMHUHOM, OTHCATh
BUJI OOpasyrolierocs ocajaka; 2) HamucaTh ypaBHEHHE U MEXAaHU3M DPEaKIlHH,
CeNIaTh BHIBOIBI.
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PeakTuBbl M 000pyAOBaHHE: AlETOH, THMAPOKCUIIAMHUH COJISTHOKHUCIIBIN
NH,OH-HCI 1B., Na,CO; (6e3B., B nopomike), H,O nuct., MEepHBIH HUIUHJD,
Hinaresb, MUPoKasi MpooHpKa.

BoinosiHeHue onbITA: B MIHPOKYIO MPOOUPKY HAJIUTH 7 MJI BOJbI, pacTBO-
puUTh B Hel 1 T consiHokucnoro ruapokcuiaamuba u 0,75 r 6e3BoAHON COAbL, TPU
3TOM OYpHO BBIIENSIETCS NUOKCHUJI yriepozaa. [lomydeHHBII pacTBOp XOpPOIIO
OXJIQJIUTh U TIPU BCTPSIXUBAHHUH T00aBUTH K Hemy 0,75 M1 alieToHa, CHOBA OXJla-
IuTh cMecb. OkcuM areToHa umeeT T. . 60°C, oYyeHb XOpOIIO PaCTBOPHUM B
BOJIe, CIUPTE U dduUpe, IPU OXJIAKICHUU PACTBOPUMOCTh YMEHBIIIACTCH.

OnbIT 4. IToanyyenue 2,4-TuHUTPOGEHUITHAPA30HOB ALETOHA U
dpopmasnbaeruaa

3ananue: 1) mpoBecTH peaklMM aleToHa W QopMmanpaeruga ¢ 2,4-
JTUHUATPO(EHWITHIPA3UHOM, ONUCATh BHUJ O0Opa3yIOIIUXCA OCAJKOB; 2) Hamu-
caTh YPaBHEHUS U MEXAHU3MbI PEAKIIU, C/I€NIaTh BHIBOIBI.

PeakTuBbl U 000pyaoBanue: pactop 2,4-nunurpodenunruapazuna (0,2 r
pactBoputh nipu HarpeBanuu B 50 mu 4 1 HCI, noBectu 06bem 10 100 M1 1 ot-
(buIbTPOBATH), ALETOH, (POPMAMH, MEPHBII LWIUHJIP, UIETKA, 2 TPOOUPKH.

BbinosiHeHue ombITa: B J1B€ NPOOMPKHM HaIUTh mo 1 mi pactBopa 2,4-
TUHUTpOYEeHMITHAPa3uHA U J0OaBUTH B OJHY MPOOUPKY 2-3 KaIljiu aleroHa, BO
BTOPYIO — 2-3 Karu GpopMalivHa.

OmnbIT S. bpoMupoBanue aneroHa

3aganme: 1) npoBecTy peakiuio OPOMUPOBAHUS alleTOHA, OTMETUTh CBOM-
CTBa 00pa3yrouierocs NpoayKTa; 2) COCTaBUTh YPAaBHEHHE peaklUU, MPUBECTH
MEXaHU3M, CAENATh BIBOIBI.

PeakTuBbl M 0o0opyaoBaHue: anetroH, pactBop Opoma B CCly, pacTtBOp
IeJIOYH, YHUBEpCajIbHasl UHIWKATOpHAs Oymara, MmuIeTka, mpooupka c aeprxa-
TeJeM, CIIUPTOBKaA, GUIbTpOBaIbHAs OyMara.

BrinosiHeHne onbiTa

1. B cyxyto mpobupky nomectuts 0,5 mu pactBopa 6poma B CCly u noba-
BUTH KaIlIIO all€TOHA, OCTOPOYKHO MOJOTPETh, BBIIEISAIONINECS Mapbl UCTBITATH
BJIQYKHOW WHIWKATOPHOU OyMaro.

2. IlonyyeHHOW OECUBETHOM KUJIKOCTHIO CMOYUTH MOJIOCKY (PUIBTPO-
BAJILHOW OyMaru u AaTh pacTBOPUTENO0 ucnapuThes. OOHapyKUBaeTCs pe3-
KUl XapaKTEepHBINA 3amax 00pa3oBaBIIErocs OpOMalleTOHAa M €ro CIe30TOYH-
BO€ JICWICTBHE.

3. Ocrartku OpomalleToHa B MPOOUPKE 3aJIUTh PACTBOPOM IIEIIOUU U TOJIBKO
MOCJI€ 3TOTO BBUIMTH B CTAKaH JJIsSl CJIUBA U BHIMBITh MTOCYTY.
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OmnbiT 6. O0pa3zoBanue nogogopma

3aganue: 1) mpoBecTd MONOPOPMHYIO PEAKIHIO C yY4acTHEM aleTOHA U
dbopmanpaernaa, OTMETUTh, KAaKOE U3 BEIIECTB 00pazyeT nogodopM; 2) cocTa-
BUTh YpaBHEHHUE PEaKLMU, IPUBECTU MEXaHU3M, CAENIaTh BBIBOIBI.

PeakTuBbl M 000pyIOBaHMe: aleToH, (popmanuH, pactBopsl I, (BoaH.) U
NaOH (10%), H,O nuct., nunerka, MEpHbIA HUIUHAP, 2 MTPOOUPKH.

BbinojsiHeHUe ONbITA: B IBE IPOOUPKH MMOMECTHUTH 1O | MJT BOJBI U Mpuba-
BUTH B OJIHY 3-4 Karuly aleToHa, B JPYTylo — TaKOE K€ KOJIMYECTBO (OpMalIvHa,
3aTeM J100aBUTh MO 1 MJI pacTBOpa MOJa U HECKOJBKO Karesb pacTBOpa MIEI0YH
JI0 UCUE3HOBEHUS OKpacku. OTMETUTh, B KaKoil U3 MPOOUPOK 0Opa3yeTcs Kell-
TBIM OCaJlOK.
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5. KAPBOHOBBIE KUCJIOTbI

TEOPETHYECKASA YACTD

e KapboHnogble Kuciomsl — opeaHudeckue coeOuHeHusl, MOLeKyabl KOMOo-
puiX codepoicam 00HY uUnu Heckoavko Kapboxkcunvhvix epynn —COOH, ceazan-
HbBIX C Y211e8000POOHBIM PAOUKATOM.

KapbokcunpHas rpymmna cOCTOUT U3 IBYX (DYHKIMOHANBHBIX TPYIIL: Kap-
ooHmnbHON >C=0 u ruapokcuiabHOl —OH, CBSA3aHHBIX IPYT C IPYroM:

5.1. O0mas xapakTepucTHKA

Knaccndpurxanmusa. KapOoHOBbIE KHCIOTHI KJIacCU(UUIUPYIOT MO JABYM
CTPYKTYPHBIM MPU3HAKAM.

1. ITo uncnmy kKapOOKCHIIBHBIX TPYIIN KUCIOTHI MOAPA3ACISIIOTCS Ha:

— 00HOOCHO8Hble N MoHoKkapboHnosvie R-COOH, Hanpumep, MypaBbu-
Has kuciota H-COOH, ykcycnas kucnora CH;-COOH;

— mHozoocHosHble  (mukapOoHoBele  R(COOH),,  TtpukxapOGoHOBbIE
R(COOH); u T1.1.), Hanpumep maBeneBast kucinora HOOC-COOH, manoHoBast
kucinora HOOC-CH,-COOH.

2. ITo xapaktepy yrieBOJIOPOJHOTO paidKalia pa3IuvaroT KUCIOTHI:

— npedenvusie (Hanpumep, CH3;CH,CH,-COOH — GyTtaHoBas kuciora);

— nenpeodenvnvie (CH,=CH-COOH — akpuiioBast KUCIIOTA);

— apomamuyeckue (CcHs-COOH — Gen3oiinas KuciaoTa).

Homenknarypa. CucremMatndeckue Ha3BaHUS adu(paTHUECKUX KUCIOT CO-
CTaBJIAIOT U3 Ha3BaHUS TJIABHOW YTIIEPOJHOW IETH MOJEKYIbl, cy(pdukca -osas
U CIIOBA KUCI0MA.

JI1st MHOTOOCHOBHBIX KHUCJIOT MCTIOIB3YIOTCS CY(DPUKCHI -0uoeasn, -mpuosas
u 1.1. (Hanpumep, HOOC-CH,-COOH — nponanouosas xucnoma). Ecniu atom
yraepoaa KapOOKCHIBLHOM TPYIIBI HE BXOJUT B COCTaB POJOHAYATIBLHONU CTPYK-
Typbl (HampuMep, UKIIA), HA3BaHUE KUCIOTHI CTPOST M3 HA3BAHMS ITOU CTPYK-
Typsl, cyhdukca kapoonosas v ciosa kucioma (C¢Hs-COOH — 6enzonkapoo-
Hosas Kucioma). YacTo MPUMEHSIOTCS TaKKe€ TPUBHAJIbHBIE HA3BaHUSI KHUCIIOT.
Hampumep, MypaBbuHas (MeTaHOBasi) KUCJIOTA, YKCYCHasl (3TaHOBAasi) KUCIOTA,
O0eH3olHast (OeH30IKapOOHOBAs) KUCJIOTA U T.]I.
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N30Mepusi MOHOKAPOOHOBBIX KHCJIOT

CmpykmypHas uzomepusi:

— H30MepHs CKeJleTa B YITIEBOJOPOAHOM paaukaie, HaunHas ¢ Cy (OyTaHoBas
kuciota CH3;CH,CH,COOH u 2-metunmpomnanoBast kuciora (CH3),CHCOOH);

— MEeXKJIaccoBas uzomepusi, HaunHas ¢ C,. Hanpumep, yKCyCHOM KHCIIOTE
CH;COOH (monekynspaas ¢popmyna C,H;O,) COOTBETCTBYIOT TPU U30MEPHBIX
COEJIMHEHHUS Pa3IUYHbIX KJIACCOB: METUI(OpMHAT (CIOKHBIN 3(pHp), THAPOKCH-
ATaHATb U TUAPOKCHITUIICHOKCHI.

Ilpocmpancmeennasn uszomepus. JInia HenmpenaenbHbIX KapOOHOBBIX KUCIIOT
BO3MOXHA yuc-mpauc-nzomepus. Hanpumep:

H H H.C H
AN 7 3TN 7
C=C C=C
N 7 N
H,C COOH H COOH
yuc-0yTeH-2-0Bast mparc-0yTeH-2-0Bast
KHCJIOTA KHCJIOTa

OnTudeckass W30MEpHs MPOSIBISIETCS KUCJIOTAMHU, B MOJIEKYJIaX KOTOPBIX
o o *
YIJIEBOJOPOHBIA pajuKall COJAEPKUT acUMMeTpuueckuili atom yriepoaa (C),
*
Harnpumep, 2-metuinoyranoas kuciora C,HsC H(CH;)COOH.

5.2. Ctpoenune kapOOKCHIBHOM IPYNIIbI

Kap6okcwnpHaas rpymnma -COOH coderaer B cebe nBe (PyHKIIMOHAIBHBIC
rpynnsl — kapoouus >C=0 u runpoxcun -OH, B3auMHO BIHSIONIME JPYT Ha
pyra. DTO0  BIMSHUE  Tepelaercss 10  CUCTEME  CONpSHKEHUs

O(sp”)-C(sp*)-O(sp”):

8-
8+99:
R—C. = &+

oo H

T

OnextponHoe ctpoenue rpynnsl —COOH npuaaer kapOOHOBBIM KHCIOTAM
PSAL XapaKTEPHBIX CBOWCTB.

1. CMeleHre 2JIEKTPOHHOM TUIOTHOCTH K KapOOHUJIBHOMY aTOMYy KHCJIO-
poJia BBI3BIBAET JOMOJIHUTENbHYIO (11O CPAaBHEHUIO CO CHOUPTaMH U (peHoIamu)
nossipuzanuio cBszu O—H. [loatomy kapOOHOBBIE KHCIOTHI 3HAUUTEIHHO TMpe-
BOCXOJST 10 KUCIOTHOCTU CIIUPTHI U (peHOIbl. B BoHOM pacTBOpe KapOOHOBbBIE
KHUCJIOTHI JJUCCOLIMUPYIOT HAa NOHBI:

R—COOH =—= RCOO™ + H
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CreneHpb qUCCOLUAIIMU 3aBUCUT OT ycTouuBoctu aHnmoHoB RCOO™ (kap-
boxcunam-uoHo8). DTH aHUOHBI cTa0WIbHEe (M Jierdye 00pa3yroTcs), 9YeM COOT-
BeTCTBYyIOIIKE cnupTtaMm U ¢geHonaMm aHuoHsl RO™ u ArO™. Ilpuunna GombImeit
YCTOMYMBOCTH KapOOKCUIIAT-HOHOB — PABHOMEPHOE pacipeiesieHue (IeIoKaIu-
3a1ysl) OTPUIIATEIILHOTO 3apsija MEeXIy JIByMs aTOMaMU KUCJIOPOJA:

- -1/2
R C</;O I R—C(;O wm R C<’O
N N N -
AC}_ CQ 01/2

2. IlonmxeHHast AJIEKTPOHHAs IJIOTHOCTH (O+) Ha aToMe yriepojaa B Kap-
OOKCUJIbHOW TpYMIIE ONpeAessieT BO3MOXHOCTh Peaklnid HYKJI€O(pUIbHOTO 3a-
mernienus rpymmbl -OH ¢ oOpa3zoBaHueM (yHKIMOHAIBHBIX MPOU3BOAHBIX Kap-
6onOBBEIX KHCIOT R-CO-X (X = OR, NH,, OCOR, CI, Br u T.11.).

3. ATOMBI BOIOpOJa U KHCIOpOJAa B KapOOKCUIIBHOW TPYIIIEe CIIOCOOHBI K
00pa30BaHHUIO MEXMOJIEKYJISIPHBIX BOJOPOAHBIX CBSA3€H, MPHUBOIAIIMX K acco-
[IUAIMN MOJIEKYJT KHCIJIOTHI:

R R R
| | | //Oi s H—O\
H-0O O:+++H-O O:++-+H-O Qs ee O-H:-+:0
Jlunetinolii accoyuam Jlumepnuiii accoyuam

[ToaToMy KapOOHOBBIE KUCIOTHI UMEIOT BHICOKUE TEMIIEPATYPhl KUTICHUS U
nJiaBjieHus (MpocTeInii mpencraBuTeab — mypaBbuHas kuciora H-COOH —
KUIKOCTh ¢ T. kum. 101 °C).

PacTtBOpUMOCTh OpraHMYeCcKuX KUCIOT B BOJIE 00yClIOBIEeHA 00pa30BaHUEM
MEKMOJIEKYJISIPHBIX BOJAOPOAHBIX CBSI3€M C pACTBOPUTEIIEM:

R
H H
/ PION /
H—O:... H-0O Q:ee«eH—O: ...
Husmme romonorn CI-C3 CMCIHINBAKOTCA C BOI[Oﬁ B J'IIO6BIX COOTHOILIICHUAX.
C YBCIIMYCHUCM YIJICBOAOPOAHOTIO pajuKajla paCTBOPHMMOCTb KHCIOT B BOAC

YMEHBIIIAETCS.

5.3. Xumnueckue CBOMCTBAa KAPOOHOBBIX KHCJIOT

B MOJICKYJIax Kap6OHOBBIX KHCJIOT MOKHO BBIACIHUTL pAZ pCaKIMOHHBIX
LHCHTPOB, OIIPCACIIAIOIMMNX BO3MOKHBIC PCAKIIMHU C UX YIACTUCM.
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B3aumoneiicteue ¢ Hykieopuiaom Nu: [pucoenunenne H'

(onexmpocpunvhblil yenmp) (ocnoeHblll Yyenmp)
(‘.. .6—
o | o+ //O )
Oruierienne H' _(;_>C\“ &+ Ormeruienne H'
(CH-kucnommuuwlii yenmp) H6+ Q+H@KMC]IOMHHIZ yeHmp)

KucnorHsle cBOKCTBa KAOOHOBBIX KHCJIOT MPOSIBISIIOTCSA B PEAKIMAX C OC-
HOBaHUsIMU 3a cueT OH-kuciomnozo yenmpa.

C yuactuem anexmpoghuibHo2o yenmpa (aToMa yriepoja KapOOKCUIHLHOU
IpYNIbI) MPOUCXOAAT PEAKIUU HYKICOPUIHHOTO 3aMEIIEHUs B KapOOHOBBIX
KHUCJIOTaX U UX (YHKIIMOHAIBHBIX MPOU3BOIHBIX.

OcHogHblll Yenmp — OKCOTPYIIa CO CBOEH 3JEKTPOHHOM Mapoi — NPOTOHU-
pyeTcs Ha CTaJuu KaTaau3a B pEeakIusaX HyKJIeo(hUIbHOTO 3aMEeIECHUS.

CH-kucnommuwiti yenmp ONpenensieT BO3MOKHOCTh 3aMEIICHUSI aTOMa BOJIO-
poJa B alKWJIBHOM paJvKalle U peakluud KOHACHCALIUH.

5.3.1. ®yukyuonaivHble NPOU3BOOHBIE KAPOOHOBHIX KUC/IOM

KapOoHOBBIE KHCITOTHI TIPOSBISIOT BBHICOKYIO PEAKIIMOHHYIO CIIOCOOHOCTD.
OHUM BCTYHarOT B peaklUMH C Pa3IMYHBIMHU BEIIECTBAMH U O0pa3yloT pa3HOOO-
pasHble COEIMHEHUS, CPEAU KOTOPBIX OOJIBIIOE 3HAYEHHE HWMEIOT (PYHKLMO-
HaJIbHbIE MPOU3BOIHbIE — COCTMHEHHUS, TIOJTYUYCHHBIEC B Pe3yJIbTaTe PEaKLui 10
KapOOKCHIILHOM TpyTIIIe.

Haubonee sasicrnole I’lpOLL’)’@OaHble Kap6OHO6le Kuciom

(0] 0) 0
R—C7 R—C7 R—CT
O Me* (meramn) O—R' Hal (ranoren)
Coun Caoxkubie 3pupbl I'anorenanruapuabl
(0)
~
R—CZ _0 _
0 R—C{ R—C=N
R_C\\O NH,
AHTHAPHUIBI AMHBI Hutpuabt

Cosin kKapOOHOBBIX KHCJIOT — MPOJYKTHI 3aMEILIEHHS] aTOMa BOJIOPOJia B
KapOOKCWIIBHOM Tpytie Ha MeTtayil. OOpa3oBaHue COJIe TPOUCXOIUT TIPH ek -
CTBUHU Ha KapOOHOBBIEC KHCIIOTHI:

a) aKTUBHBIX METAJUJIOB U aMMHaKa

2RCOOH + Mg — (RCOO),Mg*" + H,
RCOOH + NH3; — RCOO NH,"
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0) OCHOBHBIX OKCHJIOB
2RCOOH + CaO — (RCOO ),Ca*" + H,0
B) TUJIPOKCUOB METAJIJIOB
RCOOH + NaOH — RCOO Na' + H,0
T) cojiei caObIX KUCIOT
RCOOH + NaHCO; — RCOO Na' + H,0 + CO,

bonee cunbHBIE KUCIOTHI CIIOCOOHBI BBITECHSATH KapOOHOBBIE KHUCJIOTHI U3
UX COJICU:

CH3COONa + HCl - CH3COOH + NaCl

Conn KapOOHOBBIX KHCIOT HCHOJB3YIOT JJIs IIOJY4YEHHUS aJIKaHOB
(cm. 1.1.5), anpaeru1oB U KETOHOB [2].

Anruapuasl kucjaor (R-CO),0 o0pasyrorcs npu HarpeBaHUM KUCIOT C
BOJOOTHUMAIOIIMMH PEareHTaMu:

e
7/
0 O t,P,0, R-C_
R—C. _ + C—R ——= 0 +HO
OtH H-O R—C_
N
0
HJIN IIpH B3aMMOJICICTBUM COJIU U XJIOpaHTUIpuaa:
//O
0 N R—C/
R-C{ +  _CR—> 0+ NaCl
Cl  NaO R'-C
A
0

Xaopauruapuasl (auuiaxgopuabl) R-CO-Cl MoxHO MoayduTh U3 Kapoo-
HOBBIX KHCJIOT AeiicTBHeM Ha HuX xjopunamu docdopa (III) nmu (V) wmm xio-
paHrUAPUAAMU HEOPTAHUYECKUX KUCIIOT:

R-CO-OH + PCls —> R-CO-Cl + POCl; + HCIT
R-CO-OH + SOCl, — R-CO-C1 + SO, T + HCIT

["amoreHaHTUAPUABI W aHTHAPUILI — HanOoJIee PEaKIMOHHOCIIOCOOHBIC
GyHKIIMOHATBHBIC TTPOU3BOAHBIC KAPOOHOBBIX KHCJIOT. Peakiuu ¢ ux ydactueMm
MPaKTUYECKA HeoOpaTUMBL. [103TOMy 3TH coeuHEHUs, B OCOOCHHOCTH XJIOpaH-
TUAPUIBI, IIIUPOKO MIPUMEHSIOTCS JUTS TIOJIYYSHUS IPYTUX MTPOU3BOAHBIX (CIIOXK-
HBIX 3QUPOB CIUPTOB U (HEHOJIOB, aMUJIOB U T.II.).
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AHTUJIPUIBI U XJOPAHTUAPUABI KapOOHOBBIX KUCIOT R-CO-X (X = OCOR,
Hal) nerko ruaponu3yroTcss B KUCION (MM IIETIOYHOM) cpefie ¢ oOpa3oBaHUEM
WCXOJTHOM KUCJIOTHI (MU €€ COJIH).

0 H
I —> R-COOH + HX

R-CEx - nton —

HO -
—> R-COO + HX

Caoxnbie 3¢pupbl R-COOR' — npon3BoiHbIE KAPOOHOBBIX KHCIIOT, B KO-
TOpbIX ruapokcmibHas rpynna OH kapOokcuna 3ameniena Ha rpynmy OR'. Ux
HOJTy4YaroT IPU B3aUMOJCHCTBUM KapOOHOBOI KHCIIOTBI CO CHUPTOM (KaTajau3a-
TOp — CHJIbHASI KUCIIOTA):

CROAHCHOIPUPHAS
0 H+ 0 epynna
R—C.  + |HFO-R' === R—C + H0
O-H O-R'

N
/N

HasBanue cnoskHOro 3¢upa COCTOUT M3 Ha3BaHUS YTIEBOJAOPOIHOTO PajIu-
KaJla CMpTa U KapOokcuiaaTHoro ocratka kuciiotsl (RCOO). ITpumep:

i H I
CHyCrO-H + HTO-CH, == CHyC-O-CH, + H,0

VYKCYCHasA Kucjioma ImawroJi amujaayemam

OO6pa3zoBaHue CI0KHOTO 3(Prpa U3 KUCIOTHI U CIIUPTa HA3bIBAETCA PEaKIU-
et omepuguxayuu (ot nat. ether — 3¢up). 910 006paTuMbIid Tiporiecc. OOpaTHas
PEAKITHS — 2UOPONIU3 CTLOHCHO20 IPUpa.

Jlist cMelieHusi paBHOBECHS! peakIMM B CTOPOHY oOpa3zoBaHus 3¢upa uc-
MOJIb3YIOT BOJIOOTHUMAIOIIME CPEICTBA U/WIIA OTTOHSIOT 00pa3yroniuiics agup.

YcTaHOBIIEHO, YTO TIPU 3TEpUPUKAIMU OT KUCJIOTHI OTIIEIUISAETCS THUIPO-
KCHJI, a OT CIUPTA — BOAOPOJ (T.€. CIIUPT BBICTYMAET B KaueCTBE HyKieoduia,
o0Opa3ys CBsI3b C KapOOHUJILHBIM aTOMOM YTJIEpOJa 3a CUeT CBOCU HETOIEJICH-
HOM AJICKTPOHHOM Taphl).

Peakius »Tepudukanmy MpOTEKaeT MO MEXaHU3MY HPUCOEOUHEHUS-
omwennenus (HyKieouivHoe ayunvHoe 3ameweHue Ax2), BKIIOYAIOUIeMy psl
CTaJUH.

Cmaous 1. Ataka MOJEKyJIbl KApOOHOBOW KHCIIOTHI MPOTOHOM (KUCITOTHBIN
KaTajausz):

+
+
//O H //OH + /OH /OH
R—C — | R—C <«—>» R—C <«—> R—C
\ - N\ N\ N+
OH OBICTPO OH OH OH
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Cmaous 2 (numumupyrowas). HykneoduabsHOE TPUCOSTUHEHNE MOJIEKYITBI
CIupTa 1Mo KapOOHUILHOMY YTJIEPOY:

OH 0
R—C + R—0-H /——> R-C—O-H

OH MCAJICHHO I +
\/ H AQ~pi

Cmaous 3. I3omepuzaiusi 00pa30BaBIIETOCS aJIyKTa:

+
(I)/H (I)/H H\?/H
R—?—O—H P — R—?—O—H + HY === R—?—O—H
+
o) OR' OR'
H " R

Cmaous 4. OTiierieHue BOAbl U JSIPOTOHUPOBAHUE TTPOTYKTA PEAKIINH:

~F H
9 2
%
R-C-0-H === R-C__ +H0 +H'
CI)R' MEJUIEHHO OR!

Ecau BMecTo kapOOHOBOM KHCJIOTHI MCIIOJIB30BAaTh €€ TallOT€HaHTHAPUL
(W aHrUApPH), TO 0OOpa30BaHUE CIOKHOIO 3(prpa MPOTEKAET MPAKTUYECKH He-
o0paTumMo:

A0 A0
R—C__ *+ JHTO-R" —= R—C_ + el
Cl O—R'

Crnoxuble 3¢Upbl CIOCOOHBI K THAPOJIN3Y B KHCIOM M LIEIOYHON Cpenax.
KucnorHsiit runponus — peaxkuus, ooparHas srepudukanuu. lenounoit ruapo-
JIU3 CJIOXKHBIX 2(UPOB — HEOOpaTUMasi peakius, Tak Kak 00pa3yroluiics Kap-
ookcunar-annoH RCOO ™ He MOXET B3aUMOJACHCTBOBATH C HYKICO(PHIBHBIM
peareHToM — CIIUPTOM.

0 0
V7 V.
R—C{  + NaOH — R—C] . + R-O-H
O—R' O Na

OTa peakiuio Ha3bIBAIOT TAKXKE OMblLIeHueM CIOXKHBIX 3GUpoB (10 aHao-

I'myu CO MCJIOYHBIM I'MAPOJIN30M JKHUPOB IIPH ITOJTYUCHHUH MI)IJ'Ia).
MHorue cinoxHble 3PUPbl HU3LIUX CIIUPTOB U KUCIOT UMEIOT MPUATHBIN 3amax LBETOB,
¢pykToB U Aroa. Hekotopble n3 HUX UCHOJIB3YIOTCSA B MPUTOTOBIEHUN (DPYKTOBBIX 3C-
CEHLUH JUIS HAIMUTKOB U KOHIUTEPCKUX M3ACTHH. DTHIOBBIN U OyTHUIOBBIA 3(PHUPHI YK-
CYCHOM KHUCIIOTBI — XOPOIIUE PACTBOPHUTENIM KPACOK, JTAKOB U KJIEEB. DPUPHI BHICIIUX
OJTHOOCHOBHBIX KHCJIOT M BBICHIMX OJHOATOMHBIX CIIMPTOB SIBIISIIOTCS OCHOBOW NPUPOJ-
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HBIX BOCKOB. Hampumep, mUeamHbIii BOCK COAEPKUT MUPUYUINATLMUMANM — CIOKHBIN
a¢up nampmuTHHOBOM KHCIOTHI CisH3COOH u mupummnoBoro crmpra Cs HeOH:
CH;-(CH,)14-CO-O-(CH»)30-CHs.

Crnoxxnble 3(QUPBl BBICIIUX KapOOHOBBIX KHUCJIOT W TJIMIIEPUHA TMPEACTaB-
JSIIOT BAXKHYIO TPYMIY OPraHUYECKUX BEIIECTB — drcupsbl (eM. 5.3.2.).

Amuabl R-CONH, — npousBoiHbie KapOOHOBBIX KHUCIOT, B KOTOPBIX TH/I-
pokcuibHas rpymma -OH 3amemena Ha amuHorpynmy -NHo.

Ha3Banust aMu10B CTPOST U3 CI0BA amud C 100aBICHUEM Ha3BaHHS COOT-
BeTCTBYIOIIEH KUCIOTHL. [Ipumep: amuo yrcycnou xucromer CH;-CONH, (aye-
mamuo).

AMUIBI IOTYYAOT MPU B3aUMOJECUCTBUU KUCIOT C aMMHAKOM IIpU Harpe-
BaHUM JIJIA PA3JIOKEHUS 00pa3yIoNIeiicss aMMOHUEBOM COJIH:

0) (0] O
R—C:/ + NH, R— C/< o t R Cf -~ amMuoHas
O-H @) NH, -H),0 NH, pymna
Kucioma COIb AMMOHUA amuo

WIM JIEWCTBHEM aMMHaKa Ha CJIOKHBIE d(PUPBIL:

/0 P
R—C + NH, — R—C{ + ROH

OR' NH,

C BBICOKMM BBIXOJIOM aMHUJbI 00pa3yloTcs B peakilMi aMMHaka ¢ rajore-
HAHTUAPUIAMU KapOOHOBBIX KUCIIOT:

O O

Z Z
CH;-C_ + 2NH, —> CH;C_ + NH,Cl
Cl NH,
XJ10paH2uoOpuo amuo YKCYCHOU KUCIOMbl
VKCYCHOU KUCTIOMbl (ayemamuo)

[Ipu B3auMoOJelCTBUU KapOOHOBBIX KHUCIOT (MX TallOr€HAaHTHUAPHUIOB HIIH
AHTUAPHUIOB) C OPTAaHUYECKUMU MPOU3BOAHBIMU aMMHUAKa — AMUHAMU — TIOTY-
YarOT aMUJIbl C 3aMECTUTENIEM Yy aToMa a30Ta (IN-aJKuiIaMu/Ibl):

-0 A t 0
R—C + R'—-N — R—C
- H O N [
'O—H H| ~H, NH—R
aAMUH N-anxunamuo

Amun MypaBbuHO# Kucaotsl (popmamun) H-CONH, — xuakoctb, aMH bl
BCEX JPYTHX KHCIOT — KpHUCTAJUIMYECKHE BeulecTBa Oesoro upera. Hwusmme
aMUJIbl XOPOIIIO PACTBOPHUMEI B BOJIE.

Boanble pacTBOpbl aMUI0B JAlOT HEUTPAIbHYIO PEaKLUI0 Ha JaKMYC, YTO
OTpaXkaeT OTCYTCTBHE OCHOBHOCTHU (CrocoOGHocTH mpucoenuHats H') y aroma
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a30Ta, CBSI3aHHOT'O C 3JIEKTPOHOAKUENTOpHOU rpynmnoil C=0. AmMuabsl TuapoIm-
3yIOTCSl B HPUCYTCTBUM KHUCIIOT (WJIM OCHOBaHMI) C 0Opa30BaHHMEM COOTBETCT-

BYIOIIIEeH KapOOHOBOM KUCIIOTHI (MJIH €€ COJIH):
O + O O -
Z H 7 Z OH 7
R-C. +H0 —=R-C. +NH, R-C{ +H0 —= R-C_ _+NH
NH O

OH NH 3

2 2

OnHuM U3 BaXXHEHIITUX aMUJIOB SBISETCA MouesuHa (Kapbamud), KoTopas
npeAcTaBisieT co00i MOJHBIA aMu (IUaMUI) YTOJIbHOU KUCIOTHI:

I 1]
HO—-C—OH H,N—C—NH,
V2ONbHAsL KUCIOMA Kapbamuo (Mo4esuna,
MoueBrHA — KOHEUHBINA TPOJYKT a30THCTOTO OOMEHA B OpraHU3Me YeJIOBeKa U JKHBOT-
HBIX, 00pa3yIoMuics Ipy pacnajae OeIKOB M BBIACISIEMbIA BMecTe ¢ MOUYOl. [Ipumensi-
€TCsl MOYEBHHA KaK MCXOJHOE BEIIECTBO ISl MOJIYYSHHUS] MOYEBHHO(MOPMAJIbAECTUIHBIX
cMoJ [9] U IeKapCTBEHHBIX BEIIECTB (JIIOMUHANA, BEpOHaia U JIp.).
BaxHyr0 poib B IpUPOJI€ UTPAIOT MTOJTUMEPHBIE AMUJIBI, K KOTOPBIM OTHO-

caTcs Oenmku. MoJleKynbl OCIKOB MOCTPOCHBI U3 OCTAaTKOB O.-aMHUHOKHUCIIOT C
y4acTHEM aMUIHBIX TPy — nenmuouwix cesazeul -CO-NH- o cxeme:

4~ nenmuowas

0 0 R Ilz (I? R C6A3b

| |
¢ N-CH-COOH 7z HN-CH--C—N-tCH-COOH

“H,0
OH H H

Ol-AMUHOKUCIONbL ounenmuo

R
|~
H,N-CH-C

[IpakTHyeckoe 3HAUYCHHE HUMEIOT BBICOKOMPOYHBIE CHHTETHUECKHE MOJIH-
aMUJIbl KANPOH, HaAU0H U 1p. [9].

Hutpuiabl R—C=N — oprannueckue COECIUMHEHHs, B KOTOPBIX YTJIEBOIO-
POAHBIN paauKkan cBs3aH ¢ rpymnmnoi -C=N (uuah).

[Ipu rugponuse 3TUX coeIMHEHUN 00pa3yoTca KapOOHOBBIE KUCIIOTHI, MO-
ATOMY HUTPUJIBI OOBIYHO PACCMATPUBAIOTCA KakK MPOU3BOJIHbIE COOTBETCTBYIO-
IIUX KUACIIOT.

[Ipocrenimmii npencrasutens CH;-C=N — numpun ykcycmou xuciomoi
(ayemonumpurn).

OCHOBHBIM CIIOCOOOM TOJYYCHUST HUTPHUIIOB SIBISCTCS JCTHIPATAIIHS
aMUJIOB HA KHCJIOTHBIX KaTalu3aTopax B IPUCYTCTBUU BOAOOTHUMAIOUIUX pea-
T'€HTOB:

P,0s5
CH;CONH, ——> CH,CN + H,O
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HuTpuiibl Takxke MOJydaroT U3 TalOr€HOYTJIEBOAOPOIOB JAEHCTBUEM LUa-
HUJIOB KaJIUs WK HaTpus (HYKJICO(PHIbHOE 3aMEIICHNE TaJIOTeHa):

R-Cl + NaCN —— R-CN + NaCl

OTa peakuusi MPUMEHSETCS B OPraHMYECKOM CUHTE3€ ISl YJJIUHEHUS yT-
JIEPOJTHOM L[ETIH.
['uaApOoIM30M HUTPUIIOB MOTYYAOT KapOOHOBBIE KHCIIOTHI:

+
R—CN + 21,0 WL RCOOH + NH,

I'mpponus a-ruapoxkcuHuTpuioB (muanruapuHoB) R-CH(OH)CN npuso-
auT K o-rugpokcukuciaoram R-CH(OH)COOH (cwm. 4.3.1).
[Tpu BocCcTaHOBIEHUN HUTPUIIOB 00OPa3yrOTCs MEPBUYHBIC aMUHBIL:

R-C=N +4[H] — R-CH,-NH,

[Tonmumepusanueit HuTpuia akpunooi kuciotsl CH,=CH—-CN nonyuaror noauaxpuno-
Humpui (CHHTETUYECKOE BOJIOKHO HUMPOH):

n CH;=CH-CN — [-CH,—CH(CN)-],

Junutpun aaunuaoBoit KuinoTel NC-(CH,)4-CN — ncxoHO€E BEIIECTBO ISl TOTYUYEHUS
agunuHOBOM KucinoTel HOOC-(CH,)4-COOH B mpousBojacTBe Hatiiona (ToivaMujia-
6,6) [-CO-(CH;)4-CO-NH-(CH;)s-NH-],,

O B3auMOIIPEBPAILCHUIX KUCIOT U UX MPOU3BOAHBIX CM. [9].

5.3.2. ZKupw

o JKupwvl — cnooicHbie 2¢upbl mpexamomHo2o CRUpma 2AuyepuHa U 6bic-
WUX 0OHOAMOMHBIX KAPOOHOBBIX KUCTIOM.

CHyOTH HO—CO-R CHy0—CO-R
GH-O7H ,  HOTCO-R ———> CH-0-CO-R
CH;OTH HO—CO-R" MO CH;O—CO-R"
cnuYyepur Kap60H06ble Kucijiomowl mpuayuieiuyepur

B coctaB xupoB (mpuayunenuyepurnog) BXOAAT OCTATKU HACBHIIICHHBIX KH-
cior (maciasHo C;H,COOH, mnanemutunoBoit C,sH3;COOH, cteapuHoBoOit
Cy7H;35COOH wu np.) u HenacswimeHHbIX (onenHoBoi Ci;H33COOH, nunoneBoi
Cy7H;3,COOH, nunonenooii C;7H,yCOOH apaxunonoroit C;9H;;COOH).

[TpupoaHbIe KUCIOTHI, 00Pa3yIOUIHe MOJIEKYIIBI KHpa, UMEIOT HEPa3BETBICHHOE CTpOe-
HUE U COJIepKaT YETHOE YMCJIO YIJIepOAHBIX aTroMOB (0T 4 10 24). B HeHacHIIEHHBIX
KHUCITIOTaX MPUCYTCTBYIOT IBOMHBIC YTIIEPOI-YIJIEPOIHBIE CBSI3U B yuc-Ppopme. ITU 0Co-
OEHHOCTHU CTPOEHHSI )KUPOB 00YCIIOBIECHBI IpOIlecCaMu OMOCHHTE3A.
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JKupbl copepar BCe paCTUTEIBHBIE U KUBOTHBIE OpraHu3Mbl. JKUBOTHBIE
XKupbl (OapaHuii, CBUHOW, TOBSDKUM | T.I1.), KaK MPABUJIIO, SIBJISIOTCS TBEPIBIMU
BEIIIECTBAMU C HEBBICOKOW TEMIIEpaTypoy IIaBieHUs (MCKIIOUEHUE — PHIOHiA
xup). TBepabie KUPBI COEPIkKAT TJIABHBIM 00pa3oM OCTaTKU MpeIeiabHbIX KH-
cioT. PacturenbHble )kupbl — Macia (T0JICOIHEYHOE, COEBOE, XJIOMKOBOE U JIp.)
— JKHJIKOCTH (MCKJIIOYEHHE — KOKOCOBOE Macio). B coctaB Macen BXOAsST ocTaT-
KU HEMPEICIbHBIX KUCIIOT.

JKuakue xupbl NpeBpanialOT B TBEPbIC IIYTEM PEAKIHUHU THAPOTCHU3ALUN
(runpupoBanus). [Ipu 3ToM Bomopon npucoeauusercs no ceazsam C=C, coaep-
YKaAIMMCS B YTJIEBOJIOPOIHBIX paiuKanax MOJIEKYJI MaCell:

CH70-CO-C, H,, 3, CH70-CO-C,H,
CH-0-CO-C.H,, @ ————>  CH-0-CO-C,H
| t, Pt I 171135
CHy0-CO-C,H,, CH;0-CO-C ,H,,
mpuoJjieam cauyepuna mpucmeapani eiuyepura

[TpoxyKT THIPOTeHM3AUN Macel — TBEPAbIH >KHUp (MCKYCCTBEHHOE Callo, CAloMac).
Mapeapurn — NAILEBOM KUP, COCTOUT U3 CMECH TUIAPOTCHU3UPOBAHHBIX Macel (TI0ICOI-
HCYHOI'0, KYKYpy3HOIro, XJIOIIKOBOI'0O H IIp.), JKMBOTHBIX KHUPOB, MOJIOKA M BKYCOBBIX
100aBOK (comu, caxapa, BATAMUHOB U JIp.).

Kupam kak cioxHbIM 3QupaM cBOMCTBEHHA oOpaTUMasi peakius TuIpoJIu-
3a, KaTaJiu3upyemMas MUHEpalbHbIMU KHUcioTamu. [Ipu ydactum menodeit ruj-
POJIN3 KUPOB MPOUCXOIUT HeoOpaTtumo. [Ipoaykramu B 3TOM ciydae sSIBJISIIOTCS
MblId — COJIY BBICIIUX KApOOHOBBIX KUCIOT U IIEJIOYHBIX METAJLIOB.

QHZ—O-CO-C”H35 ?Hz—OH

-+
?H—O-CO-C”H35 + 3NaOH —> (IIH—OH + 3C,,H;;-COO Na
CH;-0-CO-C | H;, CH;OH cmeapam Hampus
mpucmeapuieiuyepuH 2nuyepuH (MBLIT0)

HanI/IeBBIe COJIM — TBECPAbIC MblJId, KAJIMCBBIC — KUJKHC. PeaKLII/ISI mea04-
HOro ruapoJik3a JXUupoB, 1 BOO6H_[€ CJIOKHBIX 3(1)I/Ip0B, Ha3bIBACTCSA OMblileHUEM.
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INPAKTUYECKASA YACTb

Jlabopamopnasa paboma 6. Kapoonoewvie kuciomol u ux npou3eo0Hble

OmnpbiT 1. PacTBOPpUMOCTD B BO/Ie KAPOOHOBBIX KHCJIOT U UX COJIEH.
OTHOLIECHHE KUCJIOT K HHAMKATOPaM

3aganme: 1) U3y4yuTh paCTBOPUMOCTD B BOJI€ PA3IUYHBIX KapOOHOBBIX KU-
CJIOT ¥ MX COJIEH, ompenenauTh 3HayeHuss pH pacTBOpoB KMCIOT; 2) HamMcaTh
YpaBHEHUS PEAKLUH, CIEATh BHIBOBI.

PeakTuBbl M 00OpyAOBaHMe: YKCyCHasi, CTeapuHOBas, IllaBesieBas, OcH-
30MHas KUCJIOThI, TUCT. BoAa, pacTtBop NaOH, yHuBepcanbHas MHAMKATOPHAs
OyMmara, nuneTka, 4 npoOUpKH, JepKaTeb AJid NPOOUPOK, CIUPTOBKA.

BeinosiHeHune onbiTa

1. Heckonbko Kamenp WIA KPUCTAIUTUKOB KaXA0W U3 KUCIOT CMEMaTh ¢ 1-2
MJI BOJIbI B poOupke. Eciau kuciota He pacTBOpsieTcsl MpU OOBIYHOW TemIepa-
Typ€, CMECh HarpeTh.

2. Ilo kamje moJly4eHHbIX PAacTBOPOB OPraHMYECKUX KHUCIOT HAaHECTH Ha
MI0JIOCKY YHHUBEPCAJIbHON MHJIMKATOPHOW Oymaru, onpenenutb pH noaydeHHbIX
pacTBOpPOB.

3. Harpetble cMecH OXJIaUTh, OTMETUTh, BBIIEISAIOTCS JIM CHOBA KPHUCTAJI-
JIbI KUCJIOTHI.

4. B npobupku, cojaeprxaiiyge ocajok MaJOpacTBOPUMOM KHUCIIOTHI, 100a-
BUTH 110 2-3 karum pactsopa NaOH, BCTpsAXHYTh, OTMETUTH NIPOUCXOMSIINE W3-
MEHEHUS.

Omnpit 2. [TosryyeHue cosieii KapOOHOBBIX KHCJIOT

3amaHue: MPOBECTU PEaAKIMU KapOOHOBBIX KHUCIOT C MarHhueM U KapOo-
HAaTOM HaTpus, HanmuMcaTh YpaBHEHHUS peakiui oOpa3zoBaHus COJed, cIaenaTb
BBIBO/IBI.

PeakTuBbl M 000py10BaHMe: MypaBbUHasA, YKCYCHas, IlIaBeJieBasi KUCIIO-
ThI, TUCT. BoJa, pacTBOp Na,COs3;, Mg (CTpy>XKH WX TBUIb) MHUIETKa, 6 TpoOu-
POK, JIy4rHa.

BoinoJsiHeHue onbITa

1. KauecTBeHHas peakuus Ha KapOOHOBBIE KUCJIOTBHI: B TPU HNPOOUPKHU Ha-
auTh 1o 2 mut pactBopa Na,CO;, B IepByr0 MPOOUPKY A00ABUTH HECKOIBKO Ka-
1eJIb MYpPaBbUHOW KHUCIJIOTBI, BO BTOPYIO — YKCYCHOM KHCJIOTBI, B TPETHIO — HE-
CKOJIbKO KPUCTAJLJIUKOB IIaBEJIEBOM KUCIOTHl. OTMETUTh U3MEHEHHUSI.

2. B Tpu npoOUpKH NOMECTUTHh HEOOJBIIOE KOJIUYECTBO MarHus, B MEPBYIO
poOUpPKY A00ABUTh HECKOJIBKO KaIlelb MypaBbUHOM KUCIOTHI, BO BTOPYIO — YK-
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CYCHOW KHMCJIOTBI, B TPEThIO — HECKOJIBKO KPHUCTAJUIMKOB IIABEJICBON KUCIIOTHI U
HECKOJIBKO Karelb BoJbl. K 0TBepCcTHIO TPOOUPKHU MOAHECTH TICIONIYIO JTyUHHY.
OTMETHUTH BCE MPOUCXOAIINE U3MEHEHUS.

OmnpiT 3. Paziuyue B OKHC/Is1€MOCTH KAPOOHOBBIX KHCJIOT

3aganme: 1) u3yunTth ACCTBUE MEpMaHraHaTa Kajusi Ha pacTBOPbI KapOo-
HOBBIX KHCIIOT, OTMETHUTh Pa3Nuusl; 2) HallMCaTh YPaBHEHUS PEAKIIU, CAeTIaTh
BBIBO/IBI.

PeakTuBbl M 000pyaOBaHMe: MypaBbUHAsA, YKCYCHasl, I1aBeJeBasi KUCIIO-
ThI, TUCT. Boja, pactBopbl H,SO, (paz6.) u KMnO,, nunetka, 3 mpoOUpKH.

BbinosiHeHHe ONMBITA: HECKOJBKO Kareidb WU KPUCTAJUIMKOB KHCIOTHI
cMmemarb ¢ 1-2 mi Boabl B npodupke. K kaxaoMy M3 MOJyYEHHBIX PAaCTBOPOB
7n00aBUTH MO 1 MJI pacTBOpa CEPHOM KHUCIOTHI M HECKOJBKO Kameidb pacTBOpa
nepManratara kanus. OTMETUTh IPOUCXOSAIINE U3MEHEHUS.

OmnbIT 4. O0pa3oBaHue M THAPOJIU3 CI0KHBIX IPUPOB

3apanue: 1) mpoBecTH CHHTE3 CJIOXKHOTO 3dupa B npucyrcteur H,SO4 u
0e3 n00aBleHUs KUCIIOTHI; 2) COCTaBUTh YpPaBHEHUE pEaKkllUM, HAMMKCATh MeXa-
HU3M, CJIeJaTh BBIBOJ O POJIM CEPHOM KUCIOTHI; 3) U3YyUUTh PEAKLIMIO THIPOJIN3a
CJIOKHOTO 3(Upa B Pa3IUYHBIX YCJIOBUSX, HAMUCATh YPAaBHEHUS U MEXaHU3MBI
peaKkiuii, CAeNaTh BEIBOIBI.

PeakTuBbI M 000pyI0BaHMeE: STUIOBBIN CIUPT, JIEAAHAS YKCYyCHAsl KUCIIO-
ta, pactBopbl H,SO, (kon1r. u pa36.), NaOH (konir.), NaCl (Hacel.), TUCT. BO-
1a, MUIMETKa, S MpoOUpoK, BOAsIHAS OaHsl, dJEKTpUYecKas IIUTKA.

BeinosiHeHue onpiTa

1. Cmemath B IBYX MPOOUPKAX MO 2 MJI TUIIOBOTO CIUPTA U 2 MII JISASTHOU
YKCYCHOU KHCJIOTHI. Bo BTOpy0 n06aButh 0,5 MJI KOHIIEHTPUPOBAHHON CEPHOM
KUCIOTBI. BCTpsIXHYTh MpoOUpPKH M MOMECTUTH UX Ha 10 MuH B ropsuyro (60-
70 °C) BoasHyIO 0aHIO, Clels 3a TEM, YTOOBI KUIKOCTh B MPOOUpPKAX HE KHIIe-
Ja. 3aTeM OXJIaguTh 00€e MPOOUPKH, T0OABUTH B KAKIYIO MO 2 MJI BOJbl. OTMe-
TUTH 3armax oOpa3oBaBIIETOCs CIOKHOTO 3(pupa W pa3sHUIly B 00beMaX BCILIbI-
Barotero cios 3¢upa. JJo6aBuTh 1Mo 3 M1 HACKHIIIIEHHOTO pacTBOpa XJIOpHUIa Ha-
TPHUS U OTMETUTh U3MEHEHUE 00beMa F(PUPHOTO CIIOS.

2. B Tpu uncTthie MpoOUPKH MOMECTUTh IO 6-8 Kamesnb 00pa30BaBILIETOCs
ATWIIAIIETATa, MPUIUTH BO BCE MPOOUPKHU 1O 1 M BOABI, 100aBUTH BO BTOPYIO
npoOupky 1-2 xarum pa30aBIEHHOTO PacTBOPA CEPHOM KUCIIOTHI, B TPEThIO — 1-2
KaIJli KOHUEHTPUPOBAHHOIO PacTBOpa 1ieiaouu. Bee mpoOupku HarpeBaTh IpH
BCTpsIXUBaHUU B ropsue Boje (60-70 °C), oTMETUTh pa3nuyus B CKOPOCTH HC-
Ye3HOBEHUS Karlellb, a TAKXKE 3araxa CJI0KHOTo 3upa.
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OmnbiT 5. B3anmogeiicTBHEe H30aMHJIOBOTO CIIMPTA C YKCYCHOM
KHUCJIOTOM

3aganme: MONMYYUTH CIOXKHBIM 3(UP HM30aMHIIOBOTO CIIHUPTAa U YKCYCHOH
KHCJIOTBI, COCTABUTh YPABHEHUE PEAKLIMM, HATMCATh MEXAHU3M, CHIE€JIaTh BBIBOJ.

PeakTuBbl M 000pyAOBaHMe: WM30aMUJIOBBIN CIUPT, JeAsHAsA YKCyCHas
kuciaora, H,SO, (kKoHIL.), 1uCT. Bojxa, MUIETKA, 2 MPOOUPKHU, AepiKaTelb IS
poOUPOK, CIIUPTOBKA.

BbinosiHeHHe ONBITA: IOMECTUTH B MPOOUPKY 1-2 Karau CepHOU KUCIOTHI
U 100aBuTh | M M30amMmiIoBOro cnupra U 1 mur ykcycHoit kucnotsl. [lomyuen-
HYIO CMECh HarpeTh B IJTAaMEHHU CIIUPTOBKH JI0 MOSBIEHUS (PPYKTOBOrO 3araxa,
3areM 3-4 KamM NpoAyKTa MOMECTUTh B MPOOUPKY € 5-6 KaruisiMHU XOJIOAHON
BOJIBL.

OnpIT 6. OMBLIIEHNE )KUPOB 1IEJ049bI0 B BOJHO-CIIUPTOBOM PacTBOpeE

3aganmMe: MPOBECTH OMBUIEHUE PA3IUYHBIX KUPOB IIEIOYBIO, COCTABHUTH
YPaBHEHHE PEAKLINH, HAMCATh MEXaHU3M, CAEIaTh BHIBOJIBI.

PeakTuBBI M 000pyI0BaHHE: MOJICOJHEYHOE MACIIO, CIMBOYHOE MAacio
(Tomnenoe), cano, 40% p-p NaOH, naceiu. p-p NaCl, guct. Boja, 3TUIIOBBINA
CHUPT, 3 MHUPOKUX MPOOUPKH, 3 MaTeHbKUX MPOOUPKH, CTEKIIIHHAS NaJ0yKa,
NUIETKAa, XUMUYECKUN CTaKaH, BOJAsiHas OaHs, COIUPTOBKA, JEpKaTelb IS
pOOUPOK.

BrinosiHeHune onpiTa

OneIT IPOBOANUTCS OJHOBPEMEHHO € Pa3IUYHBIMU KUPaMHU.

1. [TomecTuTh B MHUPOKYIO TPOOUPKY 3 T *Kupa, 3 Ml cnupTa U 3 MJI KOH-
LEHTPUPOBAHHOI'O0 PACTBOPA TMIPOKCHIA HATPHUS, MEpEMEIIATh CMECh CTEKJISH-
HOU MaJ0YKON M HAarpeTh NpOOUPKY 0 Havalla KUTICHHUS.

2. Yepes 3-5 MUH HEOOXOAMMO MPOBEPUTH HOJHOTY OMBUIEHUS: ISl TOTO
HECKOJIBKO Kareilb CMECH MEPEHECTH B YUCTYIO MPOOUPKY, 100aBUTH 5 MIl AuC-
TUJUIMPOBAHHOM BOJbI M HArpeTh HpPHU BCTPSAXUBAHWUU HA IJIAMEHU CIUPTOBKH.
Ecnu npoba pacTBopsieTcst B BOJI€ HALIETO, HE BBIIEISS Kalelb )KUpa, OMbUICHHE
MO>KHO CYMTATh 3aKOHYEHHBIM, B IPOTUBHOM CJIy4a€ HarpEBaHUE CMECH KHUPA U
11eJI0YH HAJI0 IPOJOJIKATH.

3. K nony4eHHOU rycToi ®UAKOCTH JOOABUTH MPHU MMEPEMEIIMBAHUN TOPS-
YUl HACBIILIEHHBI PacTBOpP MOBAPEHHOM COJIM B TAKOM KOJMYECTBE, YTOOBI OH
3aIlOJIHUJ TIOYTH BCIO MPOOUPKY. JKUAKOCTh MyTHEET U BBIJENAETCS CION MbLIa,
BCIUIBIBAIOIIMI HAa MOBEPXHOCTh. JlaTh CMECH OTCTOSTHCS Ha BOJASHON OaHe B
TE€YEHHE HECKOJBKUX MHUHYT, 3aT€M MOIPy3UTh NMPOOUPKY B CTAKaH C XOJIOAHON
BoJIoM Ha 5-10 mMuH.
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4. Ilony4eHHOE MBUIO M3BJIEYb M3 MPOOMPKU MATOYKOM, OCTABIIMUNCS pac-
TBOP UCIIBITATh HA IPUCYTCTBUE TIKLIEpUHA (CM. ONBIT 4, 11.p. No4).

OmnpIT 7. PacTBOPUMOCTH H 00MEHHBIE PEAKIMH MbLJIA

3aganme: U3yunuTh PAaCTBOPUMOCTh MbLJIa B BOJIE, HAITUCATh YpaBHEHUs 00-
MEHHBIX PEaKLHii, CI€NAaTh BbIBOJBI.

PeakTuBbl M oOopyaoBanme: wMbuUIO, pacTBopbl CaSO, (Hacklml.),
(CH;CO0O),Pb (5%), CuSO, (0,2 H), auct. Boga, 5 mpoOUPOK, MEPHBIN IH-
JMHJpP, COUPTOBKA, AepKaTelb AJIsl IPOOUPOK.

BbinosiHeHue onpiTa

1. B aBe npobupku nomectuth 1o 0,1-0,2 T Mbu1a ¥ 100aBUTH AUCTUILIN-
POBaHHYIO BOAY: B MepByr0 mpoOupky 1 mui, Bo BTopyo — 8 mi. HarpeBas u
BCTPSAXHUBAsI, IEPEBECTH MBUIO B 00€UX MPOOUPKAX B pacTBOpP, 3aTEM OXJIAJIUTh
IPOOUPKHU XOJOAHON BOAONW. OTMETUTH pa3auydusl B CBOMCTBAX pa30aBICHHOTO U
KOHIIEHTPUPOBAHHOT'O PAacTBOPOB MbUTa. OOpasyercs M TMeHa Mpu BCTPSIXHUBa-
HUU PacTBOPOB?

2. Ilomy4deHHbIN pa30aBiIEHHBI pacTBOP MbUIA Pa3eIUTh HA 4 4acTU U J10-
0aBUTH B TAKOM XK€ 00BEME B OJIHY YacTh BOJAOMPOBOJIHYIO BOJY, BO BTOPYIO —
pacTBOp Cyib(ara Kamblus, B TPEThIO — PACTBOP alleTaTa CBHHIIA, B YETBEPTYIO
— pacTtBOp cyibdara menu. BomonpoBogHas Boja B MepBOil MPOOUPKE B 3aBU-
CUMOCTHU OT ECTKOCTH JAaeT MYTh U XJIONbs KAJIBIIMEBOI'O U MarHUEBOT'O MbLIA,
BO BTOpPOM U TpeThed mpoOupke oOpa3yroTcs Oeible OCaIKU KalbIMEBOTO U
CBHUHIIOBOTO MbLIa, B YETBEPTON MPOOMPKE BBINANAET r0Jly0OBaTO-O€NbI Oca-
0K MefaHoro mbuia. OOpasyercs Jid TMeHa MPU BCTPSXUBAHUU PACTBOPOB (T10
CPaBHEHHUIO C UCXOAHBIM)?

[Ipobupky c ocaikoM METHOTO MbLIa Harpeth A0 kuneHus. [lpu stom
MEHO€ MBbLJIO BCIUIBIBAET HA IMOBEPXHOCTb B BHUJE 3€JICHOTO KoJjiblia. Eciu
KOJIBIIO HE MOJYYUTCS, B MPOOUPKY HOOABUTH €Ille HECKOJIBKO Kareilb pacTBOpa
cynb(dara Menu ¥ CHOBA HArPETh IO KUTICHUSI.

OnpIT 8. OeHKa cTeneHu HenpeaeJbHOCTH KUPOB

3aganue: 1) ompenenuTh CTENEHb HEHACHIIIICHHOCTH Pa3UYHBIX JKHAPOB,
COCTAaBUTh YPaBHEHUS PEaKIUH, HAITMCATh MEXAHU3MBI; 2) PacloIOKHUTh UCCIe-
JIOBaHHBIC JKUPHI B DS MO YBEIWYCHHUIO CTEMIEHW HEHACHIIIICHHOCTH, CIENATh
BBIBOJIBI.

PeakTuBBI U 000pyI0BaHMeE: TIOJCOTHEYHOE MAcliO, CIMBOYHOE MAacio
(tromenoe), cano, CCly, p-p Br,, 3 mpoOupku, OropeTka, CIUPTOBKA, AepiKaTEIb
TSl TPOOUPOK.
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BrinosiHeHune onbiTa

OnBIT MPOBOAUTCS OJJTHOBPEMEHHO C PA3IMYHBIMU )KHUPAMHU, TBEPJIbIEC KUPHI
IpeIBapUTEIHLHO HAJI0 PACIUIaBUTh IIPHU HATPEBaHUU.

B cyxoiif mpoOupke pacTBOPUTH KaIUTIO UCCIETyeMOro Hupa B 1 MII 4eThI-
PEXXJIOPUCTOTO YIIIEPO/Ia, 3aTeM PUOABUTH MIPU BCTPSAXUBAHUN PACcTBOP Opoma
U3 OIOPETKH JI0 MPEKPAIECHUS NCUYC3HOBEHUS OKPACKH.

CpaBHUTb 00BEMBI pacTBOpa Opoma, HEOOXOIUMBIE ISl TOCTHXKCHUS OJTU-
HAKOBOT'O CBETIIO-OPAHKEBOTO OKPAIIMBAHMS PACTBOPOB PA3IUNIHBIX KUPOB.
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6. AMUHBI
TEOPETHYECKASA YACTD

® Amunamu Hazvl8aAOMCA Opeanuyeckue npou3soonvie ammuarxa NH;, 6
MOJIeKyle KOmopo2o 00UH, 08a UIU MpU amoma 8000pooad 3ameueHvbl Ha yelle-
so0opoonvie paoukanvl. RNH,, R;NH, R3N.

[Tpocreitmmii npencraBurens — memuramun CH3;NH,

AMWHBI UTPAIOT BAXKHYIO POJb B pupoae. VX QpyHKIIMOHATBHBIC TPYIIIHI -
NH,, -NH- u >N- BXoIT B cOCTaB OEJIKOB U HYKJIIEMHOBBIX KHCJIOT — TJIABHBIX
MOJICKYJ JKHBOTO BemiecTBa. Psg amuHOB oOpasyercs B mpoliecce oOMeHa Be-
IIECTB B OpraHu3Max U3 Oo.-aMUHOKUCIIOT o AeiicTBueM depmeHToB. B 3amer-
HBIX KOJIMYECTBAX aMUHBI BBIICISIOTCS MPU THHCHUH OPTaHUYECKUX OCTATKOB,
coJiep Kaimux OENKH, y4acTBYs, TAKUM 0Opa3oM, B OMOT€OXHMHYECKOM IIHUKIIC
azota. bornpioe 3HaUeHNEe UMEIOT aMHUHBI M B OPTaHUYECKOM CHHTE3€ ISl MPO-
M3BOJICTBA KpacUTEJEH, JIEKAPCTBEHHBIX BEIIECTB, MOJIMMEPHBIX MAaTEpUaJIoOB,
YCKOpHTEIIeH BYJIKaHU3AIIUU KayIyKOB, CPEACTB 3alUThl pACTEHUI U JP.

6.1. O0mas xapakTepucTUKAa

Kaaccndpurxanmusa. AMuHbl K1accupuuupyoT 1O IBYM CTPYKTYPHBIM IMPH-
3HAKaM.

1. ITo KoaM4ECTBY YIVIEBOJOPOAHBIX PAJUKAJIOB, CBA3aHHBIX C aTOMOM a30-
Ta, Pa3INYarOT nepeuUyHble, GMOPUYHbLE U MPemudHble AMUHBL.

R—ITI—H R—ITI—H R—ITI—R'
H R' R"

Ilepeuunviu Bmopuunwiii Tpemuunwiii
amMuH amun aMUuH

Crenyer OTMETUTh, UYTO THOHSTHUS «IIEPBUYHBIN», «BTOPUYHBII» U «Tpe-
TUYHBIN» B pAly aMUHOB MUMEKOT MHOW CMBICH, YEM JIsI APYTUX MPOU3BOIHBIX
yTI€BOAOPOIOB (CIUPTOB, TAIOT€HAIKAHOB U T.11.). [[751 aMMHOB OHU O3HAYaIOT
HE TUIl YTIEPOJHOr0 aTOMa, CBSI3aHHOTO ¢ (DYHKIIMOHAJIBLHOW TPYIIION, a YHCIIO
paauKaJIOB MPU aTOME a30Ta.

BemecTBa, B KOTOPBIX C aTOMOM a30Ta CBSI3aHbl YETHIPE pajivKaia, OTHO-
CATCS K YemeepmuyHblM aMMOHUEBBIM COECIMHEHUSIM

R' R’
|+ - [+ -
R—ITI—R" X R—ITI—R" OH
R R
yemeepmuyHas yemeepmu4yHoe
aAMMOHUeBAasl Ccojlb aAMMOHUeBOe OCHOBAHUE
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2. B 3aBUCUMOCTH OT HNPUPOJIBI YIJIEBOAOPOJIHOTO parKaia aMHHbI TOIpas-
JICNIAIOT Ha TPU OCHOBHBIE TPyMIbl: anugamuueckue (ankwnamunsl): CH;NH, —
memunamun, apomamuyecxkue (apunamunbl): CcHsNH, — ¢penunamun (anunun) u
cmeutannvie (ankunapuiamunbl): CsHs-NH-CH3z — memunghenunamurn.

Kpome Toro, cymecTBytoT aMUHbI aruyuxkiuieckue (Hanmpumep, HUKIOTeK-
cunamud CqH;NH;) u eemepoyurxnuyeckue (munepuiva, TUPPOIUINH U T.I1.):

O Oxn Oien

YUKN02eKCUNAMUH nunepuouH NUPPOTUOUH
(TIepBUYHBIN aMUH) (BTOpUYHBIE aMHUHBI)

Homenkiarypa. IIpu nocrpoenuy Ha3BaHWM aMHHOB HCIOJIB3YIOTCS pas3-
JU4YHbIE cI0CcO0BI, npuHsAThIe npaBuiiamMu MIOTTAK.

1. HazBanus GOJbUIMHCTBA aMUHOB 00pa3yroT U3 Ha3BaHUU YTIJIEBOJOPOJI-
HBIX paJuKalioB U cyhdukca -amun (paaukanbHO-(QyHKIIMOHATbHAS HOMEHKJIA-
Typa. Pa3Hbie paaukanbl yka3piBaloT B aidaBuTHOM mopsanke. K HazBanusm
OJIMHAKOBBIX PAJMKAIOB JI00ABIISIIOT MPUCTABKU Ou- U mpu- (W11 mempa- — B
AMMOHHEBBIX COCAMHEHUSX ).

Hanpumep: CH;-CH,-NH, smunamun, CH;-CH,-NH-CH; memunomuna-
mun, (CoHs),N-CHs memunousmunamun, [(CH3)4N]™ CI” xz10puo mempamemu-
JIAMMOHUSL

NH NH

it C,H.NH, wim (C H,),NH

2

Qenunamun (anurun) ougenunamun

2. I[lepBuuHbIe aMUHBI Ha3bIBAIOT KaK MPOU3BOJIHBIE YTIIEBOAOPOIOB, B MO-
JIeKyJIaX KOTOPBIX OJHMH WJIM HECKOJBKO aTOMOB BOJOpOJa 3aMeIleHbl Ha aMu-
Horpynmnsl -NH, (3aMecturensHas HoMeHKIaTypa). B aTom ciiyyae aMmuHorpyn-
na yKa3blBaeTcsl B Ha3BaHuM cypduxcamu -amun (oaua rpynna -NH,), -ouamun
(mBe rpymmel -NH,) u 1.1, ¢ gobGaBnenueM 1udp, OTPaKAIOIMIUX TMOJOKECHUE
sTux Trpynn B raaBHoi yriepoanoi uenu: CH;-CH,-CH,-NH, nponanamun-1,
H,;N-CH,-CH,-CH(NH,)-CH; 6ymanouamun-1,3.

3. I amuHOB, coaepxkamux Ase rpynmbl -NH,, coennHeHHBIX ¢ Hepas-
BETBJICHHOU YTJIEPOJHON IENbIO WU C IIUKIIOM, UCIIOIb3YETCSl Ha3BaHUE JBYX-
BaJICHTHOT'O YTJIEBOJOPOIHOTO pagukaia u cyppukc -ouamun:

H,N-CH,-CH,-CH,-CH,-NH, mempamemunenouamun
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HN @NHz n-gheHunenouamun

4. B Ha3BaHUSIX CMEIIAHHBIX AMHHOB, COACPKAIIUX AJIKUJIBbHBIC U apoMa-
THYCCKUC pPaIHUKaAJIbI, 3a OCHOBY 6CpCTCH Ha3BaAHHUC IICPBOT'O0 INPCACTABUTCIIA
ApOMATHYCCKHUX aMUHOB — AHUJIUH.

NH_CH3 CumBoa N- CTaBUTCS Tepe]] Ha3BaHUEM AJIKUIHLHOTO
paaukana, 4ToObl OKa3aTh, YTO ATOT PaIUKaJl CBsI3aH
C aTOMOM a30Ta, a HE SABJISIETCS 3aMECTUTEIIEM B
N-memunanunun O€H30JILHOM KOJIBLIE.
(memungeHuramun)

N3omepusi aMuHOB
CmpyxkmypHas uzomepus
— HW30MepHs MOJ0KEeHUs: aMuHOTpy b, HaunHas ¢ CsH7NH,:

CH;-CH;-CH;-NH, CH;QH—CH3
NH,
H-NPONULAMUH U3ONPONUTAMUH
(nponanamun-1) (nponanamun-2)

— U30MeEpUs yriaepoaHoro ckenera, HaunHas ¢ C4HoNH,
— W30MEpUs AaMUHOTPYMIIbI, CBA3aHHASI C U3MEHEHUEM CTEIICHU 3aMENICH-
HOCTH aTOMOB BOJIOPOJA ITPHU a30TeE, T.€. MEKAY PA3IMUHBIMUA TUIIAMH aMUHOB:

NH-CH, NH,
H—ITI—H CH;ITI—H CH;ITI—CH3
CH,CH,CH, CH,CH, CH, CH,
H-NPONUAAMUN — MEMUIIMUNAMUH  mpumemunamur N-vemunanunun — 4-Memuianuiun
[IEPBUYHBIN BTOPUYHBIN TPETUYHBIN CMEILIaHHBINA apoMaTUYECKUN
aMuH aMHH aMUH BTOPUYHBIN AMUH IE€PBUYHBIA aMUH

IIpocmpancmeennas uzomepus. AMHUHBI, COACPKAIIUE ACUMMETPUUYCCKUMA
YIJIEPOAHBIN aTOM, IPOSIBIISIIOT ONMUYECKYIO U30MEPUI0 (IHAHMUoOMepuio). ITOT
BUJI CTEPEOM30MEPUU BO3MOKEH yisi coenuHenuii, Hauunas ¢ C4HyNH, (Ha-
npumep, eémop-6ytanamur CH;C H(NH,)C,Hs). DHaHTHOMEpHS XapakTepHa
TaKXe JJIsI aMMOHHUEBBIX COCIUHEHUH C aCUMMETPUYECKMM aTOMOM a30Ta:
[NHRR'R"]"X", [NHRR'R"]'OH u T.1.

6.2. CBoiicTBa aAMMHOB

[Ipu paccMOTpeHUN XUMHUYECKUX U (DU3NUECKUX CBOWCTB aMUHOB (KakK H
JTOOBIX OPTaHMYECKUX COCIUHEHHI) HEOOXOJMMO YYHTHIBATH CIEAYIOIIHNE
bakTopsI:
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— XapakTep XUMHUYECKHUX CBSI3€H U MPEUMYIIIECTBEHHBIN TUIl UX Pa3phIBa;

— PpEaKIHUOHHBIE HEHTPHI MOJICKYJIBL;

— XapakTep B3aWUMHOTO BIIMSHUS aTOMOB Ha AKTUBHOCTb PEAKI[MOHHBIX
IIEHTPOB (AJICKTPOHHBIE U TIPOCTPAHCTBEHHBIC 3PPEKTHI 3aMeCTUTETIEH );

— BO3MOXKHOCTh MEXMOJICKYJISIPHBIX B3aHMOJIEHCTBUM (Hampumep, odpa-
30BaHUE BOJIOPOIHBIX CBS3EH).

XHUMUYECKHE CBOMCTBA aMUHOB OINPENEISAIOTCS B OCHOBHOM JIBYMsI pEak-
MOHHBIMHU LIEHTPAMU — HEMOJEJIEHHOW Mapoil 3JEKTPOHOB HA aToMe a30oTa U
nossipHoM cBA3br0 N—H. [Ins apunamunoe peakimOHHBIM HEHTPOM I1OJ BIASTHU-
€M aMHHOTPYMIIbI IPH ONPEICTCHHBIX YCIOBHUIX MOXET TakxKe cTath cBi3b C—H
B apOMaTUYECKOM YTJIEBOJOPOJHOM paguKale.

Ces3p N—H criocobHa K TeTepoJIMTUUECKOMY Pa3phIiBy M PEaKIUsIM 3aMe-
HIEHUS] aTOMa BOJOPOJA HA AIEKTPOYHIBbHYIO YACTHILY, UAYLIMM 10 HOHHOMY
MEXaHU3MY.

Peakuuu no cBsizu C—N aJi1 aMMHOB MaJlO XapaKTEPHBbI, TaK KaK 3Ta CBS3b
HEJ0CTaTOYHO TMOJsipHa (Pa3HOCTh 3JIEKTPOOTPHUIIATEIHLHOCTEH aTOMOB paBHA
0,5), a MpOMeKyTOUHbIE YACTHUIbI C OTPHUIATEIbHBIM 3aps0M Ha aroMe a30Ta
(H,N7, RHN', R;N") neycroituuBel. [lo3TOMy aMHUHBI HE CKJIOHHBI K HYKJIECO-
bUIBHOMY 3aMEIIEHUI0 aMUHOTPYTIIIHL.

Hcxonsa U3 pacnpeneneHus 3JIeKTPOHHON IIOTHOCTH B MOJIEKYJIE U HaJu-
YHUsl HEMOJEJICHHOW Mapbl AJIEKTPOHOB HA aTOME a30Ta, MOKHO CUMUTATh, YTO
aMUHBI 00J1aJ1aI0T OCHOBHBIMH 1 HYKJI€O(WIbHBIMHU CBOMCTBAMH.

3amenienue X: [Ipucoenunenne H*
(ayksieo(UIIbHBIC CBOKCTBA) (OCHOBHBIE CBOMCTBA)

8+m
>C—X .@H+ - III

N
—C-NHR = =l R—NJ  — = |[R-N—H[X
- HX S - H

Hykneogunonocms — ciocoOOHOCTh YaCTULIBI IPEJOCTABUTD AJIEKTPOHHYIO Tapy Ha 00-
pa3oBaHue CBs3U C yriiepooM. OCHOBHOCMb — CTIOCOOHOCTh IPUCOEAUHATH TPOTOH.

DnekTpooTpuuareabHocTh azora (3,0) Hmxke, yeM kuciopoaa (3,5). Ilo-
ATOMY HEMOJIeJICHHAs SJIEKTPOHHAs Mapa MEHee MPOYHO CBsA3aHa C aTOMOM a30-
Ta B aMHUHAaX, YeM C aTOMOM KHUCJIOpOJia, HapuUMep, B CIUPTax. 3HAUYUT, OCHOB-
HOCTh Y HYKJICO(DHIBHOCTH aMHUHOB BBIIIEe, YeM cnupToB. HampoTus, KUCIOT-
HOCTb (CLIOCOOHOCTbH OTHICTUISITH MPOTOH MO/ AEHCTBHEM OCHOBAaHUS) Y aMUHOB
CYILIECTBEHHO HIDKE MO CPAaBHEHMIO CO CIUPTAMH WJIM BOJOW, TaK KakK CBS3b
N-H menee nosnsipHa, yem cBsizb O—H.
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ATOM a30Ta B aMUHAX UMEET CAMYI0 HU3KYIO NIl 3TOTO JIEMEHTA CTEIECHb
okucnenus (-3). CiaegoBaTenbHO, AMUHBI MOTYT BCTYIaTh B PEAKLUHUHU OKHUCIIE-
HUS1, IPOSIBIISASI BOCCTAHOBUTEILHBIE CBOMCTBA.

6.2.1. Duzuueckue ceoiicmea

CrneactBueM nosisipHocTu cBsi3M N—H sBisieTcsi ciocOOHOCTD nepsuyHblx U
8MOPUUHBIX AMUHOE K 00PA30BAHUIO MEXMOJIEKYJISIPHBIX BOJOPOIHBIX CBSI3EH:

R\ & & & Rsr 5 R
/:N—H...:N—H...:N—H...

ACCOI/;UCZI/!Mﬂ MOJIEKY]l amMuHa

DTO 00BSICHSAECT OTHOCUTEIBHO BBICOKYIO TEMIIEPATYPy KUIICHHUSI aMUHOB 110
CPABHEHUIO C HEMOJIAPHBIMU COECIUHEHUSMH CO CXOAHOW MOJIEKYJIIPHOM Mac-
cou. Hanpumep:

CH;3-CH,-CH,-NH, CH3-CH,-CH,-CH;,
T. ku. 49 °C T. ku. —0,5 °C

Tpemuunvle amunbl HE 00Pa3yIOT ACCOLMHUPYIOIIMX BOJOPOJHBIX CBSI3EH
(orcytcrByer rpynna N—H). TlosTtomy ux TemrepaTypbl KUNIEHUS HUXKE, YEM Y
M30MEPHBIX MEPBUYHBIX U BTOPUYHBIX aMUHOB (TPUATUIAMUH KUIUT npu §9°C,
a n-rekcwiamut — npu 133°C).

[To cpaBHEHUIO cO crUpTamMu anu(paTHIECKUE aMUHBI UMEIOT 00Jiee HU3KHE
TEMIIEPATYpbl KuMeHus (T. kum. MeTrmiamuHa —6°C, T. kun. metanoisa +64,5°C).
DTO CBUJIETEILCTBYET O TOM, YTO aMUHBI ACCOIMUPOBAHBI B MEHBIIIEH CTEICHH,
YeM CIHPTHI, MOCKOJbKY MPOYHOCTH BOJOPOJHBIX CBSA3€H C aTOMOM a30Ta
MEHBbIIIE, YEM C YYacCTUEM 00Jiee 3JIEKTPOOTPULIATEILHOTO KUCIOPO/Ia.

[Ipn oObIMHON TeMIlepaType TOJIBKO HH3LINE alu(paTUYeCKue aMHUHBI
CH;3NH,, (CH3),NH u (CH;);N — rassl (¢ 3armaxoM amMmMuaka), CpeJlHue roMoJio-
TU — )KUAKOCTH (C PE3KUM PHIOHBIM 3aaXxOM), BBICILIUE AMUHBI — TBEPbIC BEIle-
CTBa. ApOMaTHYECKUE aMUHBI — OECIIBETHBIC BBICOKOKHIISIINE JKUIKOCTH WIIH
TBEp/IbI€ BEILIECTBA.

AMMHBI CTTOCOOHBI K 00pa30BaHUIO BOJOPOJIHBIX CBSI3€l C BOAOM.

8- &+ 5 R+ & _H
O—H «¢«« :N—/H ... :O\
/ N H
H H
Tuopamayus amuros

HOC—)TOMy HU3IIHC aJII/I(i)aTI/I"IGCKI/Ie dAMHWHBI XOpOo1Io paCTBOPHUMEBI B BOZC. C
YBCIIMYCHUCM YHUCJIa U Pa3MCPOB YIJICBOAOPOAHBIX paaAWKaIOB PaCTBOPUMOCTD
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aMUHOB B BOJI€ YMEHbIIIAETCSI. APOMATUYECKUE aMUHBI B BOJI€ MMPAKTUYECKUA HE
pPacTBOPSIOTCSL.

Bce aMuHBI TOKCHYHBI, 0COOEHHO apOMaTUYECKUE U HEKOTOphIE U3 JHa-
MUHOB.

6.2.2. Xumuueckue ceoucmea amuHoeé

AMWHBI CXOJIHBI 1O CTPOEHUIO C aMMHUAKOM U TPOSBIISIOT MOJOOHBIE €My
. 3
cBoiicTBa. Kak B aMMmake, Tak U B aMHHaX, Sp -aTOM a30Ta UMEET HEIMOJeIeH-
HYIO [apy 3JIEKTPOHOB:

BN Y

[TosTOMYy B XUMHUUYECKUX PEAKIUSIX AMUHBI 1 aMMHAK MOTYT BBICTYyHaTh Kak
OCHOBAHUSL VI HYKIIeO(UIbHbIE PeaceHmbl.

CBoiicTBa aMHHOB KaK OCHOBaHHH

1. Boansie pacTBOpbl anudaTU4ecKuX aMUHOB MPOSIBIISAIOT IIEJIOUYHYIO pe-
aKIMIO, TaK KaK MPU UX B3aUMOJICUCTBUU C BOJION 00pa3yroTCs TUAPOKCUIBI al-
KWJIAMMOHUS, aHAJIOTUYHBIE TUPOKCUTY aMMOHUSL:

H/\ H

I | + _
H—Il\I: + H-O—-H +&T—/ H—ITI—H OH
H H
2UOPOKCUO AMMOHUSL
i i
I + _
H3C—>ITI: + H—-O—-H —/—/= H3C—ITI—H OH
H H
+I-3pdexr 2UOPOKCUO MEMUNAMMOHUS

CBs3p IPOTOHA C aMHHOM, KaK U C aMMHAaKoM, oOpasyercs IO JOHOPHO-
aKLEITOPHOMY MEXaHU3My 32 CUET HENOJEJIEHHOW 3JIEKTPOHHOW Mapbl aToMa
azoTa.

Anugpamuueckue amunvl — 00J€€ CUIbHBIE OCHOBaHMS, YEM aMMUAK, II0O-
CKOJIbKY aJIKMJIbHBIE PaJUKalibl YBEIMUYUBAIOT 3JIEKTPOHHYIO INIOTHOCTh HA aTo-
Me azora 3a cueT +/-3pdexra. [lo 3Toil mpuyMHE >SIEKTpOHHAs Mapa azoTa
YAEPKUBAETCA MEHEE IPOYHO U JIETYE B3aUMOJEHCTBYET C IIPOTOHOM.
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Apomamutzeczcue amunsl ABIAIOTCS OoJiee ClIaObIMHU OCHOBAaHUsJIMH, YCM
aMMMaK, TdK KaK HCIIOACJICHHAA JJICKTPOHHAA IIapa aTOMa a30Ta CMCIIACTCA B
CTOPOHY OCH30JILHOTO KOJIbIlAd, BCTYIIAA B COIIPSPKCHUC C CI'0 TT-OJICKTPOHAMM

N U

AHUIUH

YMeHblIIEHUE JIEKTPOHHOU IUIOTHOCTH HAa aTOME a30Ta CHUXKAET €ro CIIo-
COOHOCTh K NPHCOECIUWHEHHUIO MpOTOHA. [l03TOMy aHWIMH B3aUMOAEHCTBYET
JUIIh C CHJIBHBIMUA KUCJIOTaMH M B OTJIMYUE OT ain(PaTHUEeCKUX aMHUHOB U aM-
MHaKa He oOpasyeT ¢ Booi ruapokcuna [CsHsNH;]"OH ™.

2. Ilpu neicTBUU KUCIOT aMUHBI 00Pa3yIOT COJIU:

A I

| " .
HC-N: + HCl ——= | H,C-N—H| CI

H H

xzzopud MEMUTIAMMOHUA

Conu aMHUHOB — TBCPABIC BCIICCTBA, XOPOIIO PaCTBOPUMBIC B BOJC. H_[CJ'IO-
YH KakK 0ojiee CHJIbHBIC OCHOBAHMS JIETKO BBITCCHSIOT U3 HUX aMUHBI:

[CH,NH,]"Cl + NaOH —= CHNH,} + NaCl + H,0

CnocoOGHOCTh K 00pa30BaHUIO PACTBOPUMBIX COJIEM C MOCHEAYIOIIUM HX
pa3ioXeHNeM o]l JeHCTBUEM OCHOBAHWIN YacTO HMCIIOJB3YIOT JJISl BBIACICHUS U
OYUCTKU aMUHOB, HE paCTBOPUMBIX B Bojie. Hanmpumep, aHUINH, KOTOPBIN MpakK-
TUYECKH HE PACTBOPSIETCS B BOJE, MOXKHO PACTBOPUTH B COJISTHOW KUCIIOTE U OT-
JeTUTh HEpPAaCTBOPHMEBIE IIPUMECH, a 3aTeM, J00aBHB PAacTBOP IIesoun (HelTpa-
JU3aIUs BOJHOTO PacTBOPA), BHIJCIUTH aHWJIMH B CBOOOIHOM COCTOSTHHH.

Ha oCHOBHOCTH aMHUHOB BIUSIIOT pa3iIU4HbIC (DAaKTOPHI: SIEKTPOHHBIE (-
(eKThI yTIeBOJIOPOAHBIX PAJUKAIIOB, IPOCTPAHCTBEHHOE SKPAaHUPOBAHUE PaIu-
KaJaMH atoma a3oTa, a TaKXe CIIOCOOHOCTh 00pa3yroIIMXCsl HOHOB K CTaOMIIU-
3allMy 3a CUET COJbBATalluM B cpeie pactBoputensd. B pesynbrare +/-3¢dpdexra
AIKWIbHBIX TPYINI OCHOBHOCTh alM(aTHUYECKUX aMHHOB B Ta3oBoil ¢aze (0e3
pPacTBOPHUTENS) PacTeT B PsiAy: MEPBUUHbBIE < BTOPUUYHBbIE < TpeTHuHble. OIHAKO
B PACTBOPAaX OCHOBHBIE CBOMCTBA TPETUYHBIX aMUHOB MPOSIBIISIIOTCS cllabee, 4em
y BTOPUYHBIX U JIa)K€ MIEPBUYHBIX aMHHOB, TaK Kak TPH paJuKaja CO3Jai0T Mpo-
CTpaHCTBEHHBIC TPEMATCTBUS ISl COMbBAaTAllMd aMMOHHEBBIX MOHOB. [lo 3Toit
e MPUYNHE OCHOBHOCTH MEPBUYHBIX W BTOPUYHBIX AaMHUHOB CHUXKACTCS C yBe-

JMYEHUEM Pa3MEPOB U PA3BETBIEHHOCTH PAAUKAIIOB.
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OCHOBHOCTh apOMAaTUYECKUX AMUHOB 3aBUCHUT TAK)KE OT XapaKTepa 3aMec-
TUTEJIeH B OCH30IbHOM KOJIBIIE. DJIeKTpoHOaKIenTopHbie 3amectuten (-F, -Cl,
-NO; 4 T.1.) yMEHBIIIAIOT OCHOBHOCTh apuUjlaMUHa M0 CPAaBHEHUIO C aHUJIMHOM, a
AJIEKTPOHOAOHOPHBIE (ankui, opmo-, napa-OCH;, -N(CH3), u ap.), HanmpoTHs,
YBEJTUYHUBAIOT.

HyxkineoguibHbie CBOHCTBA AMHHOB

AMMHBI MOTYT BBICTYIIaTh B Ka4eCTBE HYKJICO(DUIBbHBIX PEareHTOB B pPeak-
[USAX C COCUHEHUSIMHU, COJAEPIKAIMMU JIEKTPOHOACPUIIMTHBINA aTOM yriepoja:
C TaJIoreHaJIKaHAMH, KapOOHOBBIMHM KHCIIOTAMH, WX MPOU3BOIHBIMH U JIp. DTH
peakuu uayT no cBa3u N—H B Mosekyne aMuHa ¢ 3aMeEeHueEM aToMa BOAOPO-
J1a Ha DIEKTPOPUIBHYIO TPYIIITY.

1. IIpu HarpeBaHuu ¢ rajJoreHa]IKaHAMH MEPBUYHbBIE aMUHBI MIPEBPAIIAIOT-
Cs BO BTOPUYHBIC U TPETUYHBIC, TO €CTh MPOUCXOAUT AIKUIUPOBAHUE AMUHOB
(peaxyusa Menwymxuna):

R'-Cl

R-NH, +R-Cl ——> RNHR R-N(RY),

JlaHHBIi c1oco0 Mo3BOJISET MOIyYaTh CMEIIAHHBIE AMUHBI:

C.H.-NH, + CH.B C.H.-NH-CH B N

- + —_— -NH- —_— —
etis~ Ny S 6115 3 _HBr 615 oy
AHUIUN N-memunanunun N, N-Oumemunanunun

DT npeBpalleHNs] MOKHO pacCMaTpPUBATh KaK alKUIUPOBAHUE AMUHOE.

Peakmus uaer mo MexaHU3My HYKJICO(HIBHOTO 3aMEIICHMs rajoreHa B
rajoreHankane. HykineopuibHbIM peareHToM SIBISIETCS aMUH 3a CYET Hemo/e-
JICHHOM 3JIEKTPOHHOM Iapbl aTroMa a3oTta. Ha mepBoil ctaauu peakuuu nepBuy-
HbIi aMHUH NPEBPAIIAETCS BO BTOPUYHBINA C BBIIECJICHUEM TallOr€HOBOJIOPOAA.
[IpoayKThl 3TON CTaIuU B3aMMOJECUCTBYIOT MEXy c000il, 0Opa3ys aMMOHUeE-
BYIO COJIb!

o s i i
+ -
R-N:~~ *CH, —= R-N—CH, + HCl —> |R-N—CH,| Cl
ol N

Ha BTOpOﬁ CTaIn pCaKI aMMOHHCBAA COJIb pa3pymIacTcCAa 1moJg HeﬁCTBH-
cM I[perI\/'I MOJICKYJIbI UCXOJAHOI'O aMHWHA, BBICTYIIAIOIICTO B POJIM OCHOBAHMA:

+ - . . + -
[R(CH,)NH,] CI” + RNH, === R-NH-CH, + [RNH,]CI

[Ipu u30BITKE rajoreHagkaHa 0Opa30BaBIIMIICS BTOPUYHBIN aMHUH MpeBpa-
LIAETCS B TPETUYHBIN:
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R oo 6-{— 6— + - 5 R\n
SNH + H,C—Cl — [R(CH,),NH]CIT —NHEHL__ - >N-cH
H3C - [RNH,CH,]"CI H3C

3

B kauecTBe HYyKICOPMIHPHOTO peareHTa MOXKET MCIIOJIB30BATHCSA HE TOJHKO
aMUH, HO U aMMUaK (PeaKiusl alKUIUpO8aHus AMMUAKQ).

OOBIYHO TpHU ATKUIUPOBAHMHM aMMHaKa U aMUHOB 00pa3yeTcsi CMech Iep-
BUYHBIX, BTOPUYHBIX U TPETUYHBIX AMUHOB.

TpeTuuHbie aMUHBI C rajoreHajJikaHaMu OOpa3yrT YETBEPTUYHBIE aMMO-

HHUCBbBIC COJIN.
@ 5 o G,

I -
H3C—N\ + H,C—Cl —= H3C—ITI—CH3 Cl
CH3 CH3
MpPUMEMULAMUH XJI0pUO mempamemuiamMmoHUs

OT10 Oelnble KPUCTANIMYECKHUE BEIIECTBA, MOJHOCTHIO TUCCOLMUPYIOIINE B
BOJHBIX pacTBopax. JeiictBuem AgOH u3 HUX MONMy4arOT YETBEPTUYHBIE AMMO-
auesble ocHoBaHus [Ry;N]'OH™, cpaBauMsle mo cune ¢ NaOH u KOH.

2. B peakiuu aMUHOB C KapOOHOBBIMU KHCIOTaMU U UX MPOU3BOIHBIMU
(aHTHApPUIAMH, TATIOTCHAHTUAPUIAMH ) 00Pa3yIOTCsl 3aMEIEHHbIE aMU/IbI:

--/H/\&L//O L0

CHyN.__ + R—=C —= R—C_
H 1] ~HC NH-CH,
X70paneuopuo N-memunamuo
KapOOHOBOU KUCIOMbL

OxucjieHne aMMHOB

Anudartnyeckne aMUHBI OKUCISIOTCS IEUCTBHUEM CHJIBHBIX OKHCITHTEIICH.
B ornnume oT aMMmmaka HHU3IIHE ra3000pa3HbIe aMHUHBI CIIOCOOHBI BOCILIaMeE-
HSTBCS OT OTKPBITOTO TIJIAMEHH.

Peaxiiust ropenus (IOJTHOTO OKMCICHUS) aMUHOB Ha MPUMEpe METHIIaMHUHA:

ACH;NH, + 90, — 4CO, + 10H,0 + 2N, T

ApOMaTI/ILICCKI/Ie aAMHUHBI JICTKO OKHCIIAIOTCA OAKE KHUCIOPOAOM BO31YyXa.
SBHSASCH B UMCTOM BUAC 6GCHB€TH]'::IMI/I BCIICCTBaAMHU, HAa BO3AYXC OHU TCMHCIOT.
HenonHoe oxuciaeHue ApOMAaTUYCCKUX AaMHWHOB IPUMCHAIOT IJIs1 IMOJYUYCHUA

Kpacuteneil. OTH peakuu OObIYHO OYEHb CIIOKHBI.
Hamnpumep, neiictBueM Ha aHWIMH JUXPOMATOM Kajus B KUCJIOW Cpelie MOIydaroT Kpa-
CUTEJb AHUIUHOBLIL YepPHblil, TIPEICTABISIONINN CO00M CMECh CIIOKHBIX COCTUHEHUM.
OnMH U3 KOMIIOHEHTOB 3TOTr0 KpacuTels UMeeT GopMyILy:
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oo,

Kpacutens Oen3uounoswiti cunuti 00pazyeTcs Mpu OKUCICHUH TUEHIIaMUHA a30THON
(WM a30TUCTOM) KUCTIOTOM:

HNO,
2 NH — N= — =N
oughenunamun OEH3UOUHOBBII CUHUIL

DTy peakiyio IPUMEHSIOT B YKOJIOTUH JIJIsl ONIPEICIICHHSI HUTPATOB ¥ HUTPUTOB (Kade-
ctBeHHas peakius Ha NO; u NO; ).

B3aumopaeiicTBue ¢ a30THCTON KHCJIOTOM

CtpoeHue npoayKTOB peakiuu ¢ azotuctor kuciaotod HNO, 3aBucut ot
tuna amuHa. [[o3ToMy HaHHYIO pEakIui0 NMPUMEHSIOT JIS Pa3IuyeHUs mep-
BUYHBIX, BTOPUYHBIX U TPETHUYHBIX aMUHOB. Ba)kHOE MPAKTHUYECKOE 3HAUYCHUE
MMEET B3aUMOJIEMCTBUE a30TUCTOW KHUCJIOTHI C IEPBUYHBIMU apOMATUYECKUMHU
aMHHaMH.

A3zotucras kuciora H-O-N=0O — HeyctoituuBoe coenuHeHue. [loatomy
OHa MCHOJIb3YETCSl TOJIbKO B MOMEHT BbleneHusi. O0paszyercs HNO,, kak Bce
cia0bble KUCTIOTHI, IEMCTBUEM Ha €€ COJIb (HUTPUT) CHIIBHOW KHCIIOTOM:

KNO, + HCl — HNO, + KCl

o [lepBuunsie amudarnueckue amuabsl ¢ HNO, oGpasytor cnupmur. Xa-
paKTEepHBIM MPU3HAKOM PEAKIIUU SBISICTCS BBIICIEHUE a30Ta (0e3amMunuposanue
aMUHOB):

R-NH, + HNO, —> R-OH + N,T + H,0

e IlepBuuHble apomMaTHYecKHe aMUHBI MPU KOMHATHOM TemIiepatype pea-
TUPYIOT aHAJIOTMYHO, 00pa3ysl T’UAPOKCUIIbHBIE TPOU3BOAHBIE (heHobl) U Bblie-
nsist a30T. [Ipu Huszkoi Temneparype (okosno 0°C) peakius uaet unaue (cm. 6.3).

e Bropuunbsie aMuHbl (anMdaTUyecKre 1 apoMaTUUYECKUE) 01 JEHCTBUEM
HNO, npeBpamatorcs B Humpozoamunst Ro;N-N=0 — macinoo0pa3Hble BeUecT-
Ba JKENTOTO LBETa (Humpo3o — HazBanue rpynnbl —N=0):

RoNH + H-O-N=O —— Ry,N-N=O + H,O

JUAJTIKUWITHUTPO30-
adMHUH

e Tpernunbie audaTUdecKue aMUHBI IPU HU3KON TeMIIepaType U HU3KOU
koH1eHTpauu HNO, ¢ Hell He pearupytoT. Peakius npy HarpeBaHUU IPUBOAUT

K 06pa3013aH1/1}0 CMCCH IMPOAYKTOB U HC UMCCT ITPAKTUYICCKOI'O 3HAUYCHUAI.
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e TpeTuuyHble CMEIIAHHBIE aMUHBI (JUATKUIAPUIAMUHBI) MPU JIEUCTBUU
HNO, BcTynarmT B peakiuio 37eKTpO(UIBHOTO 3aMenIeHUus Mo OCH30JbHOMY
KOJIbILlY W MPEBPAILIAIOTCS B nAPA-HUTPO3OMPOU3BOAHBIE (KPUCTATUIMUYECKUE BeE-
IIECTBA 3€JICHOTO 1IBETA):

O 10 o ™
“ch, -H0 “CH,

N, N-oumemunanuiun N, N-Oumemun-4-Humpo30aHuiun

6.3. AHUIMH

AnwmvH (dbermnamun, amuHooen3on) C¢HsNH, — Baknelmuii u3 apoma-
TUYECKUX aMUHOB. OH HAXOJIUT IMIMPOKOE MPUMEHEHHE B KauyeCTBE MOJIYIPO-
JIyKTa B TPOU3BOJCTBE KPACUTEINICH, B3PHIBUATHIX BEIIECTB M JIEKAPCTBEHHBIX
cpencTB (Cylb(paHWIaAMUIHBIE TIPETapaTh).

AHUIIMH TIPECTaBIIAEeT cO00M OECIBETHYIO MACISHUCTYIO XKUIKOCTh C Xa-
pakTepHbIM 3anaxom (T. kum. 184°C, 1. 1. —6°C). Ha Bo3ayxe OBICTPO OKHUCIIS-
€TCSl U IPUOOPETAET KPaCHO-OYpyI0 OKpacKy. S0BUT.

Jlist aHuIMHA XapaKTepHbI peaklMi Kak Mo aMUHOTPYMIE, TaK U Mo OeH-
30JIbHOMY KOJIbIYy. OCOOEHHOCTH 3THX pEaKIHii 00yCIOBIEHBI B3aUMHBIM BIIUSI-
HUEM aTOMOB.

C oxHo# cTOpOHBI, 0EH30IHHOE KOJBIIO, KaK OBUIO MOKA3aHO BBIIIE, OCTa0-
JISI€T OCHOBHBIC CBOMCTBA aMHHOTPYMIbI MO CPABHEHUIO C adu(aTUUYeCKUMU
aMUHaMU U JaKe€ C aMMHUAKOM.

C npyroif cTOpoHbI, OEH30JIbHOE KOJBIO MOJA BIUSHUEM aMUHOTPYIIIBI
CTAHOBUTCS 00Jiee aKTUBHBIM B PEAKIUAX AJEKTPOPUIBLHOTO 3aMElICHUS, YeM
OeH301.

Hampumep, aHWIMH 3HEPruyHO pearupyer ¢ OpOMHOM BOAOW, 00pasys
2,4,6-mpubpomanunun, KOTOPBHIA BBIAENSAETCA B BUAE OEJIOro ocajika. JTa peak-
[[USI MOXET MCIIOJIb30BATHCA JIJIsl KAUECTBEHHOTO M KOJMYECTBEHHOTO OMpeiese-
HUS aHWINHA!

NH, NH,
B H,0 Br Br .
+ r, —— = +
> e l HBr
Br

2,4,6-mpubpomanunun
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HanmomHauM, 4TO aMHUHOTpYyNa OTHOCUTCS K 3amecTuTensaM [-ro pona u siB-
JISIETCSl AKTUBUPYIOIIUM OpMO-napa-opueHTaHTOM B PEaKIIUSIX AIEKTPOYUILHO-
r0o 3aMelIeHUs B apoMaTuieckoM spe (cMm. 1.4.3.2).

B3auMHoe BiusiHHE aTOMOB B MOJIEKYJIE aHWJIMHA OOBSICHSAETCS COIpsIKe-
HUEM T-3JIEKTPOHOB OEH30JBbHOTO KOJIbIA C HEMOACIIEHHON 3JIeKTPOHHOMN Mapoit
aToma azota (+M-3(ppexT aMUHOTPYTITIBI):

~_H
(;(

[IpakTHueckoe 3HaYCHUE UMEET PEaKlvs aHWINHA C a30THUCTOM KUCIOTOU
HNO, npu temneparype 0-5 °C (peakyus ouazomuposanus), B pe3yjapTaTe Ko-
TOPOM 00pa3yeTcs conb OUA3OHUSL:

0 +
CHNH, + KNO, + 2HCI 2% [CH-N=N]CI™ + KCl + 2H,0

AHUTUH X70puo
(enunouazomnus

Conu 1ra3oHUs UCTIONB3YIOT B CUHTE3€ a30KpacuTeNeil U psja IpyTrux co-
CIMHCHMH.

[Ipu Gosee BBICOKOM TeMIiepaTrype u3-3a HeyCTOMYMBOCTH COJIeH THA30HUS
peaKIus UIEeT C BhIJEIICHUEM a30Ta, U aHWJIMH IIpeBpaniaeTcs B GeHOM:

C(H,NH, + NaNO, + H,S0, 225~ C H-OH + N,! + NaHSO, + H,0

qbeHOJz

[Togo6HO aHWIMHY pearupyroT ¢ a30THUCTOW KUCIOTOW M JPyTrHe MepBUY-
HbIE aPOMATUYECKUE AMUHBI.

Conu apunouazonus [AtN,] X~ croco6HBI BCTyNaTh B pa3HOOOPa3HBIE pe-
AKX U NIUPOKO UCIIOJIB3YIOTCS B OPraHUYECKOM CUHTE3E.

Hampumep, oluH U3 a30KkpacuTenel — mMemunosvii opaudxicesulil (MHINKA-
TOp Memuiopanic) — NOJIy4aroT B3auMoaeictBueM N, N-TuMeTuIaHWINHA C CO-
JBbI0 AMA30HUS, 00PA30BAHHON U3 7-aMUHOOEH30JICYIb(POKUCIOTHI (CyIbpaHu-
J0BOM KHCHIOTHI). IlepBblii 3Tam CHHTE3a — NHMAa30THUPOBAHUE CYJIb()AHUIOBOMN
KHCJIOTBI, BTOPON — peakyus a30Co4emaHus.

1. nazotupoBanue:

[H%S-@N N|CI + QN(CH3)2 H%S@N NON(CH3)2

COlb OUA30HUSL N,N-oumemunanuiun MEMULOBBILL OPAHICEBDL
0Uazo0cocmasnaowas a30coCcmasiaouas
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2. A3ocodeTaHue.

Peakiius mpoTekaer 1mo MexaHu3My AJIEKTPOGUIBHOTO 3aMelIeHUs B apo-
MatuueckoMm siape N, N-muMmeTtunanuinHa. B kadecTBe aiekTpoduiia BeICTyIIAeT
KaTHOH JIMa30HUSA:

+ -
[HQS@NEN} Cl + QN(CH3)2 WH@S@NW@N(CHQZ

COlb OUA30HUSA N, N-oumemunanunun Memun08bIl OPAHICEBBIU
ouasococmasnsaouas a30cocmasnsowias

MHorue npoayKrsl a30COYETaHUs SIPKO OKpPAILlIEHbl, YCTOMYUBBI U JIETKO-
nocTynHbl. 110 3TOi NpUYMHE UX IHUPOKO MCIOJIB3YIOT B KAUE€CTBE KpaCUTEIEH.
Okpacka 3THX BemIECTB 3aBUCUT OT pH cpenbl, MOATOMY MX 4acTO MPUMEHSIOT
KAaK KHCJIOTHO-OCHOBHBIE MHAMKATOPBL. Hampumep, METHIIOBBIA OpaHXEBBIN B
KHUCJIOW Cpelie IIpU OIPEACIEHHOM 3HaueHuu pH mmepexonur B KaTHMOH, 4TO CO-
IIPOBOKIAETCS U3MEHEHUEM OKPACKH M3 KEITOU B OPAHIKEBO-KPACHYIO:

+ - +
NaO3S-©—N=N@-N(CH3)2 —>‘Hi HO3S—©—N=N-©—N(CH3)2
OH H

JKENThIN OpaHKEBbIN

VYrinybnenne okpacku OOYCIOBIICHO JeNOKa3alued 3apsiia B apoMarhde-
CKOH CUCTEME KAaTUOHA:

+ . e +
HO3S-©-N=N-©-N(CH3)2 - HO3S—©—N-N-©-N(CH3)2 -
H H
- Ho3s—©—i§1-i\'1@—N(CH3)z<—> H@S—@—iﬁ-ﬁ@—mcm)z
H + H
+
s oo + .o .
> HO3S‘©‘N-N©N(CH3)2 - HO3S_®_N-NQN(CH3)2
H H
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IMPAKTUYECKASA YACTbH

Jlabopamopnaa paboma 7. Amunbl

OmnbiT 1. O0pa3zoBaHue U pa3Jio;KeHUe COJIM AHUJIMHA

3ajaHue: IPOBECTH PEAKIMM aHWUJIMHA C KUCJIOTAMH, COCTABUTH YpaBHE-
HUs, CAENATh BBIBOJABI O KMCJIOTHOCTH WM OCHOBHOCTH aHWJIMHA U O PaCTBOPH-
MOCTH €r0 COJIEH.

PeakTuBbI 1 000pyI0BaHMeE: aHIINH, JUCT. Boaa, pactBopsl NaOH, HCI
(xownit.), H,SO,4, nunetka, 2 mpoOUpKH.

BeinosiHeHue onbiTa

1. B nmpobupky HaiuTh 2 M BOJBI, IpUOaBUTH 8 Kamenb aHWINHA, B300JI-
TaTh, IEPEHECTH YaCTh IMYJIbCUU B APYTYIO IPOOUPKY.

2. K ogHOW yacTH MONMY4YEHHOM SMYJbCUHU J00aBUTh NPU BCTPSIXUBAHUU
COJIIHYIO KUCJIOTY 10 00pa30BaHUs OJTHOPOJHOTO PacTBOpa, 3aTeM J00aBUTH MO
KaIuIsIM PacTBOP IIEJIOYHU A0 IIOMYTHEHUS KUIKOCTH.

3. K nmpyroii yacTu sMyibCHHM aHWJIWHA B BOJAE 00ABHUTH MO KaIIsiM pac-
TBOP CEPHOM KUCIIOTHI JO 00pa30BaHUs KPUCTAJUIMYECKOTO OCAIKA.

OmnbIT 2. bpoMupoBaHue aHUITUHA

3agaHue: MpoBECTU peaKLMIO0 OPOMUPOBAHUS aHWIMHA, OTMETUTh BCE Ha-
OJro1aeMble U3MEHEHHMsI, HAlMCAaTh YpaBHEHUE U MEXaHU3M PEaklUH, CHENaTh
BBIBO/IBI.

PeakTuBbI 1 000py10BaHME: AaHWIWH, IUCT. BOJA, OpOMHas BOAA, NUIIET-
Ka, IpoOupKa.

Bbino/siHeHue onbITA: K 5 MJI BOJIbI 100aBUTH | Karlto aHUIMHA, BCTPSAXH-
BaTh /10 PaCTBOPEHMS, 3aT€M JA00aBUTh MO KaIjisiM OPOMHYIO BOJY A0 MOMYyTHe-
HUS PacTBOpA.

OnpiT 3. OKuC/IeHNEe AHUJINHA

3amaHue: MPOBECTH OKHUCICHUE AHWJIMHA, OTMETUTh BCE HaOII0/IaeMble
W3MEHEHHUSI, HAITMCATh YPAaBHEHUE PEAKLIUH, C/IENIaTh BHIBO/IBI.

PeakTuBbl M 000pyaOBaHMe: aHWIWH, TUCT. Bojaa, pacTBOpel K,Cr,Os,
H,S0O,, nunerka, npodbupka.

Boinosinenune onbita: K BOJHON 3MyJIbCUM aHWIMHA H00aBUTH 2-3 Karuiv
pactBopa K,Cr,O7 u 0.5 mi paz6aBnennoro pactsopa H,SO,.
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OmnpbIT 4. /IMa30THpOBaHUE AHWIHHA

3amaHue: NIpoOBECTH AMA30TUPOBAHKME AHWIMHA, TIIATEIBHO COOMIOAs Me-
TOAMKY BBIMIOJIHEHUS OIbITA, HAMUCATh YPABHEHUE M MEXaHM3M pPEaKIHH, CIe-
JIaTh BBIBO/JIBI.

PeakTuBbl M 00Opya0BaHMe: aHWIWH, nucT. Boga, NaNO,, HCIl koHir.,
Jes, uoJKpaxMaiabHas Oymara, MUIeTka, MpoOupka, XUMUUECKUN CTakaH, Tep-
MOMETp, OaHsl.

BrinosiHeHne onbiTa

1. B xuMHU4YeCcKOM CTakaHe cMellaTh | T aHuIMHA, 8§ MJI BOABI U 2 MJI KOH-
LHEHTPUPOBAHHOMN COJISIHOM KHUCIOTHI. [lomydeHHblid pacTBop oxiyaauth 10 0°C,
MIOMECTUB CTaKaH C TEPMOMETPOM B CMECH BOJIbI CO JIbJIOM.

2. OtnensHO B pobupke pactBoputh 0.7 r NaNO, B 2 MJ1 BOJIbI U ME/JICH-
HO TI0 KaruisiM JT0OaBJISITH €r0 B CTAKaH C PacTBOPOM aHUIIMHA, TEPEMEITUBas
CMECh Y MPOJI0JKasl OXJIaXKIATh €€.

3. Iocne poGaBneHus OOJBIIEH YAaCTU pacTBOpa HUTPUTA HATPUS KarlIio
pPEaKLMOHHON CMECh HAHECTH HA MOJIOCKY HOAKpaxmaibHOW Oymaru. [locune-
HUe OyMaru ykas3bIBaeT Ha MOSIBJICHHE B CMECHU CBOOOJHOM a30TUCTOU KUCIIOTHI,
B OTOM CJIy4ae CMeCh ClIeIyeT IepeMeniaTh, MoBTopuTh pody. PactBop NaNO,
MOKHO TIPOJIOIKATh MPUOABIIATH TOJIBKO TMOCIIE TOTO, KaK MOBTOPHAS Mpobda 1o-
KQXKET, YTO a30TUCTAasi KUCIIOTa UCYE3Jia, BCTYNHUB B PEAKITHUIO.

4. Jlnaz0oTUpOBaHUE MPEKPATUTH, KOTJAa B CMECH TOSBUTCS a30TUCTas KH-
CJIOTa, HE MCYe3alolllas Mpu BCTPSIXUBAHUM B TEYECHUE HECKOIbKUX MUHYT. TeM-
neparypa He JIoJkHa nogHuMarthces Boiiie S5 °C. IlomydeHHbIH PO3payvHbIi pac-
TBOP COJIU JIMA30HUSI OCTABUTH BO JIbJTy W UCIIOJIB30BATH JJIS CJIETYIOLIMX OIBITOB.

OmnbiT 5. O0pa3oBanue peHoJa (3aMeHa 1MA30-TPYIIbI HA
THAPOKCHJIBbHYIO)

3aaHue: IPOBECTH PEAKLUIO PA3JI0KEHUS COJU IUAa30HUSA, OTMETUTH BCE
IPOUCXOMAIINE U3MEHEHMS, ClIeJaTh BBIBOJBI 00 YCTOMYMBOCTH COJIEW AUa30-
HUS U O IPOAYKTAX PEAKLMU, HAIUCATh ypPaBHEHHUE.

PeakTuBbl 1 000pya0OBaHMe: PACTBOP COJIM AUA30HUS (U3 ombiTa 4), pac-
tBOp FeCls, 2 mpoOupku, mumerka, crakaH, 1a00paTOPHBIN IITATUB.

BbinosiHeHne onbITa: B MPOOUPKY MOMECTUTH 5 MII XOJIOAHOTO pacTBOpa
conu 1ua3onus. [IpoOupKy 3aKpenuTh B JanKe IITATUBA U IMOCTENEHHO HAarpeTh
KUIKOCTh, MCTONB3Yysl CTakaH ¢ ropsued Bogoi. K wactu oOpazoBaBmierocs
MYTHOTO pacTBOpa MpuOaBUTh KAIUIIO pacTBopa xyuopuaa xkenesa (I11), ormeturs
U3MEHEHUE OKPACKHU.
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OmnbIT 6. [TosryueHue azokpacuresiei

3aganme: U3 CONMU AMA30HUS TMOJYYUTh A30KpACUTEIN B MPOOUPKE W HA
TKaHU, OTMETUTh UX IIBET, COCTABUTh YPABHEHUS PEaKIIMii, HamucaTh MEXaHU3M
peaKkIuu a30COYETaHHUsl, C/IENIaTh BHIBO/IBI.

PeakTuBbl M 000pYyI0BaHUE: PACTBOP COJIM IMa30HUs (U3 ombiTa 4), de-
Hous, B-Hadton, pactBop NaOH, auerar Harpus, 4 npoOUpKU, KyCOUKH Oesoif
TKaHH, (pUIIbTpOBaIbHAs OyMara.

BrinosiHeHne onbiTa

1. ITpuroroBuTh B mpoOupKax pacTBopsl peHosna u B-nadrona (0,1 r) B 2-3
MJT pa30aBIIEHHOT'O PACTBOPA LIEIOYH, KAXKAbIA PACTBOP pa3JeiUTh HA 2 YACTH.

2. B 2 npoOupku ¢ pactBopamu (peHosna u B-HadTosa COOTBETCTBEHHO J10-
0aBUTh NPUMEPHO PABHBII 00BEM pacTBOpa COJIU AHAZOHUS.

3. OcraBiuecs 1ieNoYHbIe pacTBOPHI (heHoma u B-HadTona pazdaBuTh B 4
pasa BOJIOi, MOTPYy3UTh B HUX HA HECKOJIBKO MUHYT IO MOJIOCKE 0ol TKaHu. 3a
3TO BpeMs B CTAKAHYHMK C PACTBOPOM COJIM AMA30HUS AOOABUTH 2 MJI pacTBOpa
anerara Hatpus. BhIHYTh IpONMUTaHHBIE WICJIOYHBIMU PACTBOPAMHU IMOJOCKU
TKaHU, CJIETKa OTXaTh Ha (UIBTPOBAJIBLHONW Oymare W MOTPY3UTh B MPUTOTOB-
JIGHHBIM pacTBOp. YUepes 5-6 MHH OKpallleHHBIE TOJOCKH MPOMBITh, OTXKaTh U
npocymuTh. Takol cnocod KparieHus: TKaHel MPUMEHSIOT B MPOMBIIIIIECHHOCTH
Y Ha3bIBAIOT «JIEASIHBIM KPAILICHUEM).
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