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|. AHHOTAIIMA
1. lleanb u 327294 JUCHUIIINHBI
eabi0 OCBOCHUS TUCIUTIIMHBI SBSIETCS (pOopMUpOBaHUE Yy 00YyJaArONTUXCS
KOMIETEHIIUH, CIOCOOCTBYIOIIMX MPaBUILHOMY HCIOJIb30BAHUIO TEOPETHUECKHUX
NpEACTAaBICHUN I TpeACKa3aHus U OOBSICHEHUS MEXaHU3MOB pEaKIui,
YCTAHOBJICHUSI CTPYKTYPbl OCHOBHBIX M BO3MOXHBIX TMOOOYHBIX MPOIYKTOB
peaKIny; BIUSHUS CTPYKTYPHBIX (DAKTOPOB M YCIOBUM MIPOBEIACHHUS IIPOIECCOB Ha
HAIMPAaBJICHUE U CKOPOCTh PEAKIIUH.
3amauu 0CBOEHHUS JUCHHUIIJIMHBI.
® pPACCMOTPEHHE OCHOBHBIX IIOAXOJOB W HAIpaBJICHUW B NO3HAHUU
MEXAHU3MOB PEAKIINM;
® BBISBJICHUE POJIU CTPOCHUS OPraHUYECKUX COeAMHEHUMN, 3PDHEKTOB CpeIbl
U Apyrux (hakTOpOB Ha HaMpaBJICHUE MTPOTEKAHUSA U CKOPOCTh PEaKITUU;
® Da3BUTHEC IPAKTUYECKHUX HABBIKOB IUIAHUPOBAHUS W OCYUICCTBICHUSA
CHHTE3a OPraHNYE€CKUX COCIUHEHHUI;
e (QopMupoBaHUE Y CTYJIEHTOB OCHOB IPO(PECCHOHATBLHOIO MBIIUICHUS U
0e30IacHOM pabOTHI IIPU CUHTE3E U aHAIN3€ OPTaHUYECKUX COCTMHEHUH.
JIeKIIMOHHOMY KYypCY COIYTCTBYIOT JIAa0OpAaTOpPHBIE 3aHATUA C IIEJbIO
3aKPEIUICHUS. COOTBETCTBYIOIIUX PA3[ECIOB TEOPETUUECKOTO Marepuaja |
MPUOOPETCHUS] MPAKTUYECKUX HABBIKOB MPU PEIICHUU MPOOJIEM, CBSI3aHHBIX C
M3YyYEHHEM MEXaHU3MOB pPEaKIHUi M PEaKIMOHHOW CIHOCOOHOCTH OPTaHUYECKUX

COEIMHEHUH.

2. Mecto mucuuiuinnbl B cTpykrype OOII
HNucunminHa «KuHeTMKa OpraHM4ecKHX peakluui» BXOAUT B DIJIEKTUBHBIC
JTUCHMIUIMHBI 3 00s13aTenbHoM yactu bioka 1. «lucuuminaeny yueOHOro miaHa.
CopnepkateTbHO B HEM paccMaTpUBAIOTCS  CIOCOOBI  yCTaHOBJICHHUS
MEXAHU3MOB OPraHUYECKUX PEAKIUN, BAXKHEUIIINE MEXAHU3MbI PEAKIIUNA, BIUSIHUE
pa3MYHBIX (PAKTOPOB Ha TMPOTEKAaHWE M CKOPOCTh pEakiui, a TaKxke
COBEPIIICHCTBYIOTCSI ~ CIOCOOHOCTH  OOydYalIIMXCI K  CaMOCTOSITEIIbHOMY

npo(ecCHOHANBHOMY  MbIIUIEHHI0. B mpouecce  1a00paTOpHBIX — 3aHATHN



MaruCTpaHTbl OBJIAJICBAIOT CII0CO0aMM  CaMOCTOSTEIBHOTO IUIAHUPOBAHHUA U

OCYHICCTBJICHUA CUHTC3a OPTaHUYCCKUX COC,Z[I/IHCHI/Iﬁ Pa3JINYHBIX KJIACCOB.

OcBoeHue I[EIHHOIZ JAUCITUITIIMHBI

YCBOCHHUIO  Marepuaiia
IIPOTPaMMOU, H

MarucTepCKON TUCCEPTALUH.

MOCJICAYIOITUX

3aKJIaAbIBACT TCOPCTHYCCKUC

Oyzer cmocoOCTBOBaTh YCIEUTHOMY

JAUCHUILINH, MpcaAyCMOTPCHHBIX

OCHOBBI [JI1  BBIIIOJTHCHHA

3. O0beM AMCHMILIMHBL: 4 3aucTHBIC enuHHIBI, 144 akageMHYeCcKHX daca, B TOM

yucJje:

KOHTAKTHAs1 ayIuMTOpPHasa padorta: jekiuu - 30 vacos, JadoparopHbie padotsl - 30

9acoB, B T.4. JJaOOpaTopHas MpaKTHIecKas MoAroToBka - 30 4acos;

camMocTosITe/IbHAsA padoTa: 57 4acoB, KOHTPOJIb 27 4acoB.

4. HJIaHI/IpyeMLIe pe3yJabTaThl OﬁyquI/IH nmo AucCIuIlJiImHe, COOTHECCHHBLIC C

IVIAHMPYEMBbIMHU Pe3yJIbTATAMH 0CBOCHHS 00Pa30BaTe/IbHOM MPOrPaMMBbI

KOMILIEKCHBIC
AKCTICPUMEHTATLHBIC u
pacyeTHO-TEOPETUUECKHE

UCCIICIOBaHUA B W30paHHOU
00J1aCTH XUMHUH WA CMEKHBIX
HayK C
COBPEMEHHBIX

MCIIOJIb30BaHUEM
pubOpPOB,
MIPOrPaMMHOT0 OOECTICUeHUs U

[InaHupyemple  pe3yabTaThl [TnaHnpyemble pe3yabTaThl 00yUSHHS 10
OCBOCHHUSI  00pa3z0oBaTENILHOM JTUCIUTLIHE

POTPaMMBI

(bopMupyembIe KOMIIETESHITHH )

OIIK-1 CrniocoGen Boimomnasth | OIIK-1.1  HMcnonp3yer — cyiiecTByrolme U

pa3pabaTbIBacT HOBBIC METOAWKH TIOJyYCHUS |
XapaKTepu3allii BEIISCTB W MaTepPHUaoB IS
pelieHus 3a7a4 B M30paHHOM 00JIaCTH XUMUU WA
CMEKHBIX HayK.
OIIK-1.2

o0opyioBaHue,
npodecCuoHaIbHBIC 0a3bl JAHHBIX JUIA PEIICHHS

Ucnons3yer COBPEMEHHOE

MporpaMMHOE  OOecCrieueHUue |

3a/1a4 B U30paHHOM 00JIACTH XUMHUU UJIH CMEKHBIX

OKCIICPUMCHTAJIbHBIX n

0a3 JAHHBIX | HAYK.

npo¢eCCHOHATBHOTO

Ha3HAYCHUSI.

OIIK-2 Crocoben | OIIK-2.1  TlpoBoguT  KPUTHYECKUM  aHAIM3
aHaJIM3UPOBATh, PE3YNIBTaTOB COOCTBEHHBIX 3KCIIEPUMEHTAIIBHBIX U
MHTEPIIPETHPOBATH U | paC4eTHO-TEOPETUIECKUX  paboOT,  KOPPEKTHO
000011aTh pE3yJbTaThl | UHTEPIPETUPYET UX.




pPacCdCTHO-TCOPCTUICCKHUX

XUMHH WK CMCKHBIX HAYK.

OIIK-2.2 ®opmynupyeT 3aKIOU€HHUsS U BBIBOJBI
paboT B m30paHHON 00JacTH | IO pe3ysibTaTaM aHalIu3a JUTEPATypHBIX JTAHHBIX,
XAMHH WA CMEXKHBIX HayK. COOCTBEHHBIX SKCIEPUMEHTAIBHBIX W PacyeTHO-
TEOPETHUECKUX pabdoT B H30paHHON oO0MacTu

5. ®opMa NPOMEKYTOYHOI aTTecTaluu
DK3aMeH B 1-M cemectpe.

6. SI3bIK penogaBaHusi PyCCKUM.

Il. Copep:xxanue TuCUMILVIMHBI, CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iejiam) ¢

YKa3aHUuEM OTBCACHHOI'0 HA HUX KOJIUYECTBA aKaACEMHUYCCKHUX YaCc0B U BU/10B

YUeOHBbIX 3aHATUH

peaxkuuii

Krnaccudukanmst opraHuuecKkux peakifuii.
Knaccugukarus pearento. O0mias cxema
IPOTEKaHUs peakiuil. JHepreTnka, KHHETHKA
Y UCCIIEZIOBAHNE MEXAHU3MOB pEaKLU.
Nnentuduxanus NpoayKTOB peaKIMH.
Kunernueckue nokaszarenscrtsa. M3oTonHsie
s dexTl. nenTudukanus npoMexyTOUHbIX
coenuHeHnl. CTepeoOXUMUYECKHE
JI0Ka3aTesIbcTBA. METObl YCTaHOBJICHUS
MeXaHU3MOB peakiuil. DaxkTopsl,
OTIpeeNAIoNe KOHCTAHThI PABHOBECHS U
CKOPOCTH peaKLuil.

THuIBI MEXXMONEKYISIPHBIX B3aUMOJICUCTBUI B
pacTtBopax. PU3NYECKUE KOHCTAHTBI
pacTBopuTeNel U uxX Kiaaccudukarus. Poib
pacTBOpHUTENEH B XUMUUYECKUX ITPOLIECCAX.
KonnuecTBeHHBIE TapaMeTPhl MOJIIPHOCTH
pPacTBOPUTEIIEH.

VY4eOHast mporpaMma — HAMMEHOBaHHE Bcero | KonraktHas padora (uac.) | CamocT.
pa3ziesioB U TEM (uac.) | Jlekuuu | Jla6. | Kourp | pabota, B
paboThl | OJIb | TOM YUCIE
camMoc | KOHTPOIb
T. (dac.)
pao.
BBenenue. Ipeaver u 3anaun Kypca. 4 4 - - -
OO61re npeacTaBieHus O peaKLIMOHHON
CIIOCOOHOCTH OPraHUYCCKUX COCTMHEHUHN U
MexaHu3Me peakiuu. OCHOBHBIE
HAIPaBJICHUS M ITyTH HAYYHBIX UCCIICIOBAHUN
P YCTAHOBJICHUH MEXaHU3MOB
OPraHUYeCKUX PEaKITH.
Tema 1. IlonsiTHe 0 MexaHU3Me 26 6 - 8 12




Tema 2. KosinuecTBeHHOE
paccMoTpeHne peaKIMOHHOU
CIIOCOOHOCTH OPraHMYeCKUX

COeIMHEeHNH

[ToHsiTHE OMHOTUIIHBIX PEAKIUNA U
PEaKLMOHHON CEPUH, UX TPUMEPBI.
KonnuectBeHHas Mmepa peakiimOHHOU
crocobHocTu coequHenui. ITpaBuiio
JMHEHHOCTH CBOOOIHBIX YHEPT U, TPUMEPHI
ero BbIMOJIHEHUSI. OCHOBHBIEC MPUHIIMUITBI
BIUSHUS (PAaKTOPOB CTPOCHUSI HA
PEAKIIMOHHYIO CTIOCOOHOCTh OPTaHUYECKUX
COEITMHEHUI B paBHOBECHBIX U UIYIUX IO
KOHIIa nporeccax. KoppensiunonHas CBA3b
PEaKIMOHHON CIIOCOOHOCTH M- U 1-
3aMEIICHHBIX aPOMATUYECKUX COSAMHEHUM C
ux cTpoeHueM (ypaBHeHHe ['amMmmera).
XapakTepucTuKa G-KOHCTaHT 3aMECTUTENICH.
CBs13b peakIIMOHHOIN KOHCTAHTHI P B

YpaBHCHHUUA TI'ammMeTa ¢ MeXaHHM3MOM pPCaKkuru.

KoHkpeTHbIe TpUMEPDI, WILTIOCTPUPYIOLINE
BO3MOKHOCTb YCTaHOBJICHUSI MEXaHN3Ma
peakLMK U IPUPOJIbl AKTUBUPOBAHHOTO
KOMIIJIEKCA C TOMOIIBIO P-KOHCTAHTBHI.
N3meHeHnne MexaHu3Ma peakliy B Ipeenax
OJIHOW PEaKIMOHHOM cepur (Ha puMepe
peakiuii HyKJIeo(PHIbHOTO 3aMeIICHUS
rajoreHa B OCH3WIXJIOPH/IAX, IIEITOYHOTO
TUAPOIN3a AUUIXJIOPUIOB, KOHJEHCAUN
apOMaTHYECKHX aJIbJIETHI0B C IEPBUYHBIMU
aMuHaMu # 1p.). CBA3b BEIMYUHBI p-
KOHCTaHTHI CO CTEIIEHBIO NIEpeIaun
AIIEKTPOHHBIX 3P (PEKTOB 3aMeCTUTENEH Ha
peaKUMOHHBIN LIEHTP, BIUSIHUE MOCTUKOBBIX
rpynn. PeakiinoHHas KOHCTaHTa Kak
KOJIMYECTBEHHAsI Mepa XUMUYECKOTO
CTPOEHHS ApOMATHYECKUX COSAUHEHUHN. p-
KoHcTaHTa 1 yCcli0BHs MPOTEKAHUS PEAKIUH.
OOparieHre MexaHu3Ma peakiuy MpHu U30-
KMHETHYECKOU Temmneparype. [Ipudannsl
OTKJIOHEHMS OT ypaBHEHUs ['amMmmeTa U ero
Monupuxanuu. [Ipumenenne npuHIuna
JUHEHHOCTH CBOOOIHBIX YHEPTHH K
anudaTuyecKomy psiiy, KOJINIeCTBEHHbII
yuet I-3¢dexra (ypaBuenue Tadra).

23

15

Tema 3. MexaHU3MBbI

IreTePOJUTUICCKUX peaKum‘i
JucconmaTuBHble HYKJI€O(hUIbHBIE
IIPOLIECCBL.

Baxneitmune Hykieopuibl 1 3JI€KTPO(UIIBL.
['eTepolMKINYECKUE PEAKLIUN KAK ITPOLIECCHI
C ydacTueM 0000IIa0IUX KUCTIOT U
OCHOBaHMU. Baxkneiimue HyKki1eopuisl u
COOTBETCTBYIOIINE UM

28

14




3JIEKTPOOTPHULIATENIBHBIE YXOSAIIUE TPYIIIIbI.
Baxueiimme sekTpoduiibl 1
JJIEKTPOIOJIOKUTEIbHBIE YXOASAILINE IPYIIIIHI.
JuccounaTuBHbIC HYKI€O(DUIbHBIC
npoueccbl. MOHOMOJIEKYISIPHOE
HYKJICO(DUIBHOE 3aMELICHUE U OTILEIUICHHE.
OO01uue nmpeacTaBaeHMs.

Kuneruka peakuuii. BiusHue CTpyKTypHBIX
(haKTOpPOB HA CKOPOCTb SN M SE PEaKIIUi.
Biistnue pactBoputeneil B peakuusax
MOJIEKYJISIPHOTO 3aMEIIECHHUS.
N30uparenbHOCTh peakiui.

Peakiiun MOHOMOJIEKYJISIPHOTO OTILIETICHHS.
CooTHo1IeHHE CKOPOCTEM
MOHOMOJIEKYJISIPHOT'O 3aMEILEeHHs U
OTLLEIUICHHUS.

CHHXPOHHBIE HYKJIEO(DUIbHbIE IPOLECCHI.
bumonexynspHoe HykieopuiabHOE
3ameleHue. BiusHue ctpoeHus cyocrpara.
Crepuueckue (pakTopbl. DIEKTPOHHBIE

2 eKTh 3amecTuTeNel B cyocTpare.
IIpupona yxoxsawmen rpynnsl. Biausaue
pacTBOpHUTEIIeH HAa CKOPOCTh SN2 PeaKIIHiA.
Pounb nykneoduna. Hykneodunbnas
peakLnOHHAsI CIOCOOHOCTh peareHTa.
PeakiimonHas ciocoOHOCTh aMOUICHTHBIX
Hykieopuios. [Ipasmio Kopabiroma.
KonkypeHius MOHO- 1 OMMOJIEKYIISIPHOTO
3aMellEeHusl.

Peakiun HykJ1€0(pUIBHOTO OTIIEIUICHUS.
KapOannonHsIit MexaHu3M. bUMONeKyspHbINA
MeXaHU3M. BiusiHue ctpoeHus peareHToB.
[To3unmoHHas CENEeKTUBHOCTD B PEAKIUAX
OuMoJIeKyIIIpHOTO OTIIeruieHus. [Ipasuna
3aiiueBa u ['opmana. Crepeoxumus
OMMOJIEKYJIIPHOTO OTILEIUICHUS.
KonkypeH1us 6MMOIeKyIIpHOro 3aMEIeHUS
Y OTLICTUICHUS.

AcconuatyBHbIE 3JeKTPO(UIBHBIE TPOLIECCHI.
Peaxiun 3nekTpouiIbHOr0 3aMelieHus B
apoOMaTHYECKOM psITy.

MexaHu3M peakiuii 31eKTpOUIBHOTO
apomarndeckoro 3amemnieHus (Sg). Poib
IPOMEKYTOUHBIX KOMIUIEKCOB. OpHeHTaIHs B
peakuusx 31eKTPoGUILHOTO 3aMEeIEeHUSI.
Bausinue ctpoenus cybcrpara Ha CKOpPOCTh U
n30uparenbHOCTh Ipolecca. BnusHue
3aMECTUTENEN Ha OTHOCUTEIBHOE KOJIMYECTBO
opmo- 1 napa-u3omMepoB. AHOMaIbHast
CEJIEKTUBHOCTh B PEAKIIUAX
ANEKTPOPUIHHOTO 3aMEIICHUSI.

Peakiuu 31eKTpopUIBLHOTO MPUCOSAUHEHHS K
KPaTHBIM CBSI3SIM.

PernocenexkTuBHOCTH peakuuii
ANIEKTPOPUIBHOTO NpucoenHeHus. Peakiumn




COTPSKEHHOTO MPUCOSAUHEHUS U
«aHOMAJIBbHOE)» TaJIOTCHUPOBAHHE.
Crepeoxumus NpUCOEINHEHUS TaJOTEHOB U
MOHSITHE O MOCTHUKOBBIX HOHaX. CTepeoXumMust
Y MEXaHU3M MPUCOETUHEHUS
raJIor€HOBOJIOPOIOB.

AccolMaTuBHbIC HYKJICO(QUIbHBIE MPOLIECCHI.
Peaknun Hyk1€0(UIBHOTO 3aMEIIEHUS B
apoOMaTHYECKOM DsIy.

MoHOoMOoJIEKYIISIpPHOE 3aMEIICHHUE.
JByXCTalUHBIN MEXaHU3M pPEaKIuu
HYKJICOUITHHOTO 3aMenieHus. KOMITIeKChI
Meiizenreiimepa. Bausaue ctpoeHus
PETreHTOB | MPUPOABI HYKIICOpHIIa Ha
CKOPOCTh 3aMEIIICHUS.

HyxneodunsHoe 3amenieHue B
HEaKTUBUPOBAHHBIX cucTemax. MoH-
pasuKalbHbII MEXaHU3M HYKJICO(PHUIBHOTO
3aMelleHusl.

Tema 4. Mexanu3mbl
TOMOJIUTHYECCKHUX U COIJIACOBAHHBIX
peakuuit

I[I/ICCOLII/IaTI/IBHI)IG TOMOJIMTHYCCKUEC
npoiiecchl. Peakiuu tepmoinuza
OPraHUYECKUX COCTUHECHUM.

CHHXPOHHBIE TOMOIUTUYECKHE TPOLIECCHI.
Peakuinu cBOOOAHOPAIMKATIEHOTO 3aMEIICHUS
B AJIM(UTHUECKOM PSTY.

OO01re 3aKOHOMEPHOCTH MTPOTEKAHUS
CBOOOTHOpAIMKAIbHBIX PEAKLIUH.
CeneKTHBHOCTH CBOOOTHOPAINKAIHHOTO
3amMerieHus. GakTopsl, BIUSIONINE HA
PEAKIIMOHHYIO CTIOCOOHOCTh OPTaHHYECKUX
COEJMHEHUH B peaKkIMIx
CBOOOTHOPAIMKAIBHOTO OTPHIBA aTOMA
BoslopoJia. TernoBoit 3pdeKT peakuuu u
Npupoja paankana. BinsHue noaspHbIx
3aMecTHTeNeN Ha CKOPOCTh
CBOOOTHOPAIMKAIBHOTO 3aMenIeHus. Posb
CTepUUECKUX (PAKTOPOB B peaKIMIX
CBOOOTHOPATUKATHFHOTO 3aMEIICHUSI.
Crepeoxumus peakiuu. Poib
COJIbBATAllMOHHBIX 3(()EKTOB. Y CTaHOBICHHE
MeXaHu3Ma Iepeiauu 1eMH.

ACCOHI/IaTI/IBHBIC TOMOJIUTHYCCKUEC ITPOILCCCHI.
Peakiinu cBOOOIHOPAIMKAIEHOTO
MMPUCOCOANHCHUS.

OO6patumocTb peakuuii. BmusHue cTpyKTypbl
cyOcTpara Ha HalpaBJICHHE U CKOPOCTh
npucoequHeHus. CTepeoxuMust
CBOOOTHOPAINKAIBHOTO TIPUCOETUHEHHSL.
Peakiiuu roMoNIMTHYECKOrO 3aMeIIeHus B
apOMaTHYECKOM PSIY.

63

10

30

16




CornacoBadgble Opolecckl. Peakiun
LHUKJIONPUCOETUHEHHUS.

Bo3MoxHbIe MexaHu3Mbl peakiuu Junbca-
Anbaepa. Kunernueckue u
CTEPEOXUMUYECKHE 3aKOHOMEPHOCTH
peaKIyu.

UTOI'O 144 30 30 27 57

I11. O0pa3oBare/ibHbIE TEXHOJIOTHH

Y4eOHas mporpaMMa — HAMMEHOBAHHE Bun 3anstus | OOpasoBarelibHBIC TEXHOJIOTHU
pa3lesioB U TeM

BBenenue. Ipeaver u 3anaun Kypca. Jlexums Tpanuuuonssie (ppoHTanbHas
OO01me mpeacTaBIeHUs O PEaKIIMOHHON JEKILMS)

CIIOCOOHOCTH OPTraHUYECKUX COCTUHEHUN U
MexaHu3Me peakuu. OCHOBHBIE
HAIpPaBJICHUS U IIyTH HAYYHBIX HCCIIEA0BaHUI
IPU YCTAaHOBJICHUU MEXaHU3MOB
OpraHNYECKHUX PEaKLHM.

Tema 1. IlonsiTe 0 MexaHU3Me Jlexuns Tpanunuonusie (ppoHTanbHast
peakumii JIEKIIKA)

Knaccudukanus opraHMuecKux peakiuu.
Knaccudukanus peareaToB. O0mas cxema
MIPOTEKaHUs peakIfii. JHepreTuka, KWHETUKa
Y UCCJIEIOBAHNE MEXaHU3MOB PEAKIIUM.
Wnentudukanus NpoayKTOB peaKIIHH.
Kunerndeckue nokazarensctsa. M3oTonHeie
s dextsl. UnenTudukanys mpoMexyTOUHbIX
coenuHeHU. CTEPEOXUMUUYECKHE
JI0Ka3aTesbcTBa. MeTO bl YCTaHOBJICHUS
MEXaHU3MOB peakiuil. akTopsl,
ONpEIENAOIINE KOHCTAHTBI PABHOBECUS U
CKOpPOCTH PEaKIUM.

THUIIBI MEKMOJIEKYJISIPHBIX B3aUMOJICVICTBUN B
pactBopax. OU3nYECKUE KOHCTAHThI
pacTtBopuTenel u ux kiaaccudukamus. Poias
pacTBOpUTENIEH B XUMHYECKHUX MPOIIECCax.
KonuuecTBeHHbIE MapaMeTpbl NOISIPHOCTH
pacTBOPUTEIEH.

[Mu¢posble (10Ka3
MIPE3CHTALINN )

Tema 2. KoJmuecTBeHHOE Jlexuus TpanuuuoHHsle (ppoHTanbHAS
paccMoOTpeHHue peammonﬂop“l JICKLIMS, PeﬂfeHPle
CIIOCOOHOCTH OPraHHYeCKHX YUP@XHEHHI 1 3a7124)

CoeJMHEeHUH

IToHsiTHE OMHOTHUITHBIX PEAKIIUN U
PEaKLMOHHON CEPUH, UX IIPUMEPBI.
KonnyecTBeHHas Mepa peakInOHHOMN
crocoOHOCTH coenHeHui. [IpaBuiio
JMHEHHOCTH CBOOOIHBIX SHEPT Ui, TPUMEPHI
€ro BbINOIHEHN. OCHOBHBIE IIPUHLIUIIB
BIUSIHUS ()AaKTOPOB CTPOCHHMSI HA




PEAKLIMOHHYIO CIIOCOOHOCTh OPraHUYECKUX
COCMHEHUI B pAaBHOBECHBIX U UAYIIUX 10
KOHIIa mporeccax. KoppensanuonHas cBA3b
PEaKIIMOHHOM CITIOCOOHOCTHU M- U M-
3aMEIlEHHBIX APOMaTHUECKUX COCIUHEHUH ¢
uXx cTpoeHueM (ypaBHeHue ['ammera).
XapakTepuCTUKA G-KOHCTAHT 3aMECTUTEIIEH.
CBsI3b peaKIIMOHHON KOHCTAHTHI P B
ypaBHEeHMH ['aMMeTa ¢ MEXaHU3MOM pEeaKIHH.
KoHKpeTHBIE TPUMEPHI, HIUTIOCTPHPYIOLIHE
BO3MOYKHOCTb YCTaHOBJICHUS] MEXaHU3Ma
pPEaKIMU U IPUPOJIbI AKTUBUPOBAHHOTO
KOMIIJIEKCA ¢ IOMOILBIO P-KOHCTAHTBHI.
M3MeHeHne MeXaHu3Ma peakuu B Ipeaesax
OJIHOW PEaKIMOHHOM cepur (Ha IpuMeEpe
peakiuii HyKJIeo(PHILHOTO 3aMeIICHHUS
rajjoreHa B O€H3WIXJIOpHIaxX, IEI0YHOr0
THJIPOJIN3a ALIIXJIOPUI0B, KOHAECHCAIIUU
apOMaTUYECKUX alIbJACTHIOB C IEPBUYHBIMH
aMHHaMU U Jp.). CBsI3b BEJIMUUHBI p-
KOHCTaHTBI CO CTENEHbIO Mepeaaun
3JIEKTPOHHBIX 3((HEKTOB 3aMecTUTENEeH Ha
PEaKIMOHHBIN IEHTp, BIUSHUE MOCTUKOBBIX
rpyni. PeakiimoHHast KOHCTaHTa Kak
KOJIMYECTBEHHAs! Mepa XUMHUUYECKOT O
CTPOEHUS apOMATUYECKUX COCIUHEHUMN. p-
KoHcTaHnTa 1 yciaoBus IpOTEKaHUsI peaKLuy.
OOparieHre MexaHu3Ma peakuy MpHu u3o-
KMHETHUYECKOU Temmneparype. [Ipuaunsl
OTKJIOHEHUS OT ypaBHeHUs ["ammerTa u ero
moudukanun. [lpumenenne npuHIUna
JUHEHHOCTH CBOOOJHBIX 3HEPrUil K
anudaTuyecKomy psiiy, KOJINIeCTBEHHbII
yuet I-3¢dexra (ypaBuenue Tadra).

Tema 3. MexaHu3MbI

reTepoJIMTHYCCKUX PeaKIMi
JucconnaTuBHbIC HYKI€O(hUIbHBIE
IPOLIECCHI.

Baxmuelime Hykineousl ¥ 31eKTpoQUIIbL.
['eTepounKiInYecKre peakliiy KaK MpoLecChl
¢ yyactueMm 0000IIal0UX KUCIOT U
OCHOBaHUM. BaxkHelime HykieoQpuibl 1
COOTBETCTBYIOILIUE UM
AIIEKTPOOTPHULATEIbHBIE YXOIALINE TPYIIIBL.
Baxueiimme >nexkTpopuiisl u
AIIEKTPONOIOKUTENIbHbBIE YXOASIINE TPYIIIHI.
JucconnaTuBHbIE HYKI€O(DUIbHBIE
npoueccbl. MOHOMOJIEKYISIPHOE
HYKJICO(DUIBHOE 3aMEIICHUE U OTIIEIUICHUE.
OO0mue mpecTaBIeHuUs.

Kuneruka peakuuil. BiusHue cTpyKTypHBIX
($akTOpOB Ha CKOPOCTh SN U Sg  peaxIuii.
BiusiHue pacTBOpUTENEH B peakuusax

Jlexuusa

Tpagunuonnsle (ppoHTaTBHAS
JEKUUs, peLICHUE
yIpaXXHEeHUH U 3a]1a4)

[Tudpossie (moka3
MIpe3eHTAalHi)




MOJIEKYJISIPHOTO 3aMEIICHHUS.
N361paTenbHOCTh peaKIHii.

Peakuinn MOHOMOJIEKYIISIPHOTO OTLIETICHUS.
CooTHo11eHHE CKOPOCTEN
MOHOMOJIEKYJISIPHOTO 3aMEIICHUS U
OTUICTIIICHHUS.

CHHXPOHHBIEC HYKJIEO(DUIbHBIE TPOLECCHI.
bumonekynspHoe HyKiIeohUIHbHOS
3amenieHue. Brnusnue crpoenus cydcrpara.
Crepuyeckue (hakTOpbl. DIEKTPOHHBIC

s dexTh 3amMecTuTeNel B cyocTpare.
IIpupona yxonsiuen rpynmnsl. BiusHue
pacTBOpHUTelNel Ha CKOPOCTh SN2 peaKIIHid.
Poub nykneopuna. Hykneopunbuas
peaKIMOHHAs CIIOCOOHOCTh peareHTa.
PeakmrionHas cnocoOHOCTh aMOUICHTHBIX
nykieodwmos. [IpaBuno Kopubmroma.
KonkypeH1us MOHO- 1 OUMOJIEKYJISIPHOTO
3aMelleHusl.

Peakuuu Hyki1€0(UIHHOTO OTIIEIUICHHUS.
KapOannonHslit MexaHu3M. bUMoNeKysipHbINA
MexaHu3M. BinsHue CTpoeHHs peareHToB.
[To3unmoHHast CENEKTUBHOCTD B PEAKIIHIX
oumonexynsipHoro ormervienus. [Ipasuna
3aiinieBa u ['opmana. Crepeoxumust
OMMOJIEKYISPHOTO OTIIEIUICHHUS.
KonkypeHiunst OMMOIIEKyISIPHOTO 3aMEIICHHUS
Y OTLICTUICHUS.

AccolraTruBHbIC IICKTPOPUIHHBIC TPOIIECCHI.
Peakuuu 3nekTpoduIbHOTO 3aMeIIeHUs B
apOMaTUYECKOM PSIy.

MexaHu3M peakuuit 31eKTpopuIbHOTO
apomatndeckoro 3amemnieHus (Sg). Poib
IPOMEKYTOUHBIX KOMIUIEKCOB. OpHeHTaIHs B
PEAKIHSIX SIEKTPOPHILHOTO 3aMETIEHHS.
Bausinue crpoenus cydbcrpara Ha CKOpOCTb U
n30uparenbHOCTh Ipolecca. BiusHue
3aMeCcTUTENeN Ha OTHOCUTEIbHOE KOJIMYECTBO
opmo- 1 napa-u3omMepoB. AHOMabHast
CEJIEKTUBHOCTh B PEAKIUAX
ANEKTPOPHIHHOTO 3aMEIICHUSI.

Peaxiun 31eKTpopUiabHOTO NPUCOSAUHEHHS K
KPaTHBIM CBSI3SIM.

PernocenekTuBHOCTD peakiun
ANIEKTPOGUITBHOTO MTPUCOSTUHEHNs. Peakmn
COIPSKEHHOT'O PUCOEANHEHUS U
«aHOMAaJIbHOE» raJIoT€HUPOBAHHE.
CrepeoXxuMusi MPUCOETNHEHHSI TAIOTEHOB U
TIOHSATHE O MOCTHKOBBIX HOHaX. CTepeoXuMHUs
U MEXaHMU3M MPUCOETUHEHUS
raJIor€HOBO/IOPOIOB.

AcconuaTuBHble HyKJICO(QHUIbHBIE TPOLIECCHI.
Peakiuu HykineopribHOTO 3aMeIeHUs B
apOMaTUYECKOM psiy.




MOHOMOJIEKYIISIPHOE 3aMELIEHUE.
JIByXCTaIUHBIN MEXAHU3M PEAKIIUU
HyKJ1eopuIbHOTO 3aMenieHus. KoMekcsl
Melizenreiimepa. Biusgaue crpoeHus
PEreHTOB U NMPUPOABI HyKJIeopHIa Ha
CKOpPOCTb 3aMEILICHUS.

HyxneodunsHoe 3amenieHue B
HEAKTUBUPOBAHHbIX cucreMax. MoH-
paauKalbHbII MEXaHU3M HYKJICOPHUIBHOTO

3aMeIIeHusI.

Tema 4. MexaHU3MBbI Jlexmms Tpanumonnsie (GpoHTATILHAS
TOMOJINTHYECKHX M COIJIaCOBAHHBIX TICKIHA, PEIICHUC

peakumii yIpaKHEHUH U 3a71a4)

JucconlMaTuBHbIE TOMOIUTUYECKHE
npoueccel. Peakuuu tepmosnsa
OpPraHUYECKUX COCIMHEHUH.

CHHXPOHHBIE TOMOJINTUYECKHUE MTPOLIECCHI.
Peakiun cBo001HOPaAUKATIBHOTO 3aMEILICHHSI
B aTU(UTUUECKOM PSTY.

OO111e 3aKOHOMEPHOCTH ITPOTEKAHUS
CBOOOAHOPAIUKAIIBHBIX PEAKIIUM.
CenekTUBHOCTb CBOOOIHOPAIUKAIBHOIO
3ameneHusi. akTopsl, BIUAIOMINE HA
PEAKIMOHHYIO CIIOCOOHOCTh OPraHUYECKUX
COCIMHEHUH B PEAKLUAX
cBOOOTHOPA/IMKAJIBHOI'O OTPhIBA aTOMA
BoIopoja. TernoBoit apdexT peaknmu u
IpUpoja pajukaia. BinusHue noispHbIx
3aMECTUTENEN Ha CKOPOCTh
cBOOOTHOpAIMKAIBHOI O 3aMelleHus. Posb
CTepUYECKUX (PAKTOPOB B PEAKIIHIX
CBOOOTHOPAIMKAIBHOTO 3aMELICHHUS.
Crepeoxumus peakuuu. Ponp
COJIbBaTallMOHHBIX 3(P(PeKToB. YcTaHOBICHNE
MeXaHHU3Ma Mepeayu ernH.

AccolMaTUBHbBIE TOMOJIUTHYECKHUE TPOLIECCHI.
Peakuuu cBoOOJHOpaAMKAIBEHOTO
IIPUCOEANHEHNS.

Ob6patumocTs peakiuil. BiusHue CTpyKTypsl
cyOcTpara Ha HalpaBJIeHHE U CKOPOCTh
npucoearHeHns. CTepeoxumust
CBOOOTHOPAIMKAIBHOTO IPUCOEAUHEHHS.
Peakiiy roMoIMTHYECKOTO 3aMEIlIeHNUs B
apoOMaTH4ECKOM psILLy.

CornacoBaHHbIe npoliecchl. Peakun
LUKJIOTIPUCOEINHEHUS.

Bo3mosxHbIe MexaHU3MBI peakunu unsca-
Anbaepa. Kunernueckue u
CTePEOXUMUYECKHE 3aKOHOMEPHOCTHU
peaKIuu.

udposeie (moka3
IIpe3EHTAaLHI)

JlaboparopHbie | TexHOIOTHS TPOOIEMHOTO
paboThI o0y4eHus
['pynmoBast pabora

IV. Ouneno4Hble MaTepuaJIbl ISl IPOBeIEeHUS TEKYLIed U MPOMEKYTOUYHOM
arrecTaluu



Pe3syabrTar
(mHAMKATOD)

TunoBbie KOHTPOJIbLHbIE
3aJlaHUA ISl OLEHKH
3HAHUI, yMEHU i, HABBIKOB

Iloka3zatenu n
KPUTEpHUN OLlEHUBAHUS
KOMIIETEeHIIMH, IIKAJIa
OIleHMBAHUSA

OIIK-2.1

|. YcTaHOBHTE COOTBETCTBHE MEKTY

MPOAYKTOM U pearcHTaMu,

HEOOXOIUMBIMH IS €T0 TIOTYICHHS U3

OeH3oma. YUHUTHIBAWTE MTOPSIOK

BBEJIEHHUS HOBOT0 3aMmecTtuTelst. Kaxxmon

nudpe U3 IePBOro CTONOIA TOCTABBTE B

COOTBETCTBHE OYKBY H3 BTOPOTO

cToJIOIa.

IIponyxr:

1. metun(3-HUTPOEHMIT)KETOH;

2. 3-6pomOeH3aNbaCTH

3. 3-HuTpOOEH30IHAS KUCIIOTA,

4. 4-auTpoOeH30iHas KHCIIOTA.

PeareHThI ¥ TOPSAIOK UX BBEACHUS:

A. CH3C|, A|C|3; KMI’]O4, HzSO4;
HNO3, H2SO4

B. CH3sCI, AICI3; HNO3, H2SOy;
KMHO4, H,SO,4

B. CH3COCI, AICl3; HNO3, H,SO4

I'. HNOg3, H2SO4; CH3COCI, AICIs

II. CO, HCI, AICls; Br,, FeBr;

E. CH3CHO, A|C|3; Bl’z, FeBrs

Il. Ins monyueHus xjmopuaa
N-TOJMJIUA30HUS] HEOOXOUMO
HCTIOJIB30BaTh:

1. x;mopMeTaH, aHWINH, H30BITOK
COJISTHOHM KUCIIOTBI, HUTPUT HATPHS,
TeMieparypa peakuuu 5...10°C;

2. TOIyOJI, METHIIAMUH, U30BITOK
COJISTHOHM KUCIIOTBI, HUTPAT HATPHS,
temrneparypa peakuu -10...-5°C;

3. n-MeTWIaHWINH, U30BITOK COJISTHOM
KHCJIOTBI, HUTPAT HATPUS,
Temneparypa peakuun 5...10°C;

4. n-TONyMIVH, U30BITOK COJISTHOM
KHCJIOTHI, HUTPUT HATPHS,
Temneparypa peakmun -10...-5°C.

Bribepure ouH NpaBUITBHBIA OTBET.

Hmeetcs nonHoe BepHOE
peleHue, BKIIoYaoniee
MIPaBUIIBHEIN OTBET — 4 Gaina; Tpu
MPaBHJIBHBIX OTBETa — 3 Oama,
JIBa IPaBHJIBHBIX OTBeTa — | Ga,
JOITyTIeHo TpH omuoku — 0
0aos.

1 Gamm — «3»

3 Gamna — «4»

4 bamna — «5»

3amaHue ¢ BEIOOPOM OIHOTO
IIPaBUJIBHOT'O OTBeTa. BepHslil
OTBeT — 2 Oaa.

OIIK-1.1

|. YcraHoBHTE COOTBETCTBHE MEXIY

peareHTaMu M MPOAYKTaMH X

B3aumoeiicTBus. Kaxxnoit mudpe u3

MIEPBOTO CTOJOIA TOCTABHTE B

COOTBETCTBHE OYKBY M3 BTOPOTO

cronbua.

Pearentst:

1. 2-6pom-2-MeTUIIOyTaH U BOJHBIN
pacTBOp 3TaHOJA;

2. 1,2-31I0KCHTIPOTIaH U STHIIAT HATPHUS
B CpeJie 9TaHOJa;

3. aneroH ¥ OPOMH] METHIIMArHus B
cpene 3¢dupa 1 nocneryonmi
THIPOJIN3 MPOJIYKTa;

4. 2-OpoMnpornaH ¥ 3THIIAT HATPUs B
cpene anerona, 20°C.

IIponykThI:

A. mponaHon-2;

b. 2-3ToKCHIIpOMaH;

B. 1-3TOKCHITpOIIAHOI-2;

Nmeercs moHOE BepHOE
pelIeHre, BKII0Yaromee
MIPaBHUJIBHEIN OTBET — 4 Oainta; Tpu
MpaBUIIBHBIX OTBeTa — 3 Oana,
JIBa TIPaBHJILHBIX OTBeTa — 1 Gam,
JIOMYIIEHO TPH OmuoKu — 0
0asioB.

1 6amt — «3»

3 Gamta — «4»

4 Gamna — «5»




I'. 2-3ToKCHIpOnaHo-1;
M. nmponananon-1,2;
E. 2-MeTnin-2-3TOKCHOyTaH.

I1. ITpu B3auMoAeHCTBUN TPONIAHOHA U
STaHaJIs B IPUCYTCTBUH THIPOKCHIA
KaJIMsl C HAauOOJBIIEH BEPOSITHOCTHIO
obpasyeTcsi:

1. 4-rUIPOKCUTICHTAHOH-2;

2. 2-ruApoKCcH-3-MEeTUIIOYTaHAIIb;

3. 3-THAPOKCUTICHTAHOH-2;

4. 3-runpokcu-3-MeTHiI0yTaHaNb.
Bribepure onuH NpaBUIIBHBIA OTBET.

3amanne ¢ BEIOOPOM OTHOTO
NIPaBUJIBHOI'O OTBeTa. BepHblil
oTBeT — 2 Oana.

OIIK-2.1

|. Iy peakiuii, mpOTEKarOIIX 0
MOHOMOJIEKYJIIPHOMY MEXaHU3MY
HYKJICO(QHUIHHOTO 3aMELICHHS,
XapaKTepHO:

A. CKOpOCTh pPEaKIK ONpeaesieTCs
KOHILIEHTpaluel cyocTpara n
KOHLICHTpAIMEH peareHTa;

B. ckopocTh peaknuu onpenenseTcs
TOJIBKO KOHIIEHTpanuei cyocrpara

B. Hasinune NONSPHOTO apOTOHHOTO
pacTBOpHTEIS;

I'. Hanu4YMe MONAPHOTO MPOTOHHOTO
pacTBOpHTEIS;

J1. Hague HEeTOJISIPHOTO aPOTOHHOTO
pacTBOpHTEIS;

E. BanpaeHOBCKOE OOpalleHNE;

7K. 9T0 CUHXpPOHHBIN OJTHOCTATUNHBIN
IIpOLIECC;

3. obpa3zoBaHHE YCTOHYHUBOTO
KapOOKaTHOHA Ha
CKOPOCTBIMMUTUPYIOLIEH CTAIUU.

BriOepure ueTbipe npaBUIbHBIX OTBETA.

Il. Ans peaknwm B3anMoeiicTBAS
n-HUTPOXJIOPOCH301a C BOJHBIM
pacTBOpOM aMMHUaKa IPH HATPEBaHUU
XapakKTepHO:
A. oOpa3yeTrcsi n-HUTPOAHWIIVH;
b. obpaszyercs CMECh HM30MEpPOB:
n-HUTPOAHWIVH U M-HUTPOAHIIUH,
B.peakiust umeT MO0  MEXaHU3MY
MPUCOCTUHECHUS-OTIICIUICHHS,

I'. peakiist WAET 1O  MEXaHU3MY
OTIHICTICHUS-TIPUCOCAHHEHIS,

J. mpoMexyTOIHO obpazyercst
JeTuapoOeH301T;

E. peakmmust mper dyepe3 oOpa3zoBaHHE
O-KOMIIJIEKCA;

K.9T0 CHUHXpPOHHBIH OZHOCTaAMMHBII
MPOIIECC;

3. 3JeKTPOHOAKIIETITOPHEIE
3aMECTHTEIM B apOMaTHYECKOM
KOJbIle  OOJIeT4aroT  MpOTEKaHue
peakuu.

BriOepuTe yeThIpe IPaBUIIbHBIX OTBETA.

MNmeercs nonHoe BepHOE
pelIeHne, BKII0YA0IIee
TIPaBUIIBHEIN OTBET — 4 Gaia; Tpu
MIPaBUJIBHBIX OTBETa — 3 Oama,
JiBa IPaBHJIBHBIX OTBETa — | Gam,
JIOMYIIEHO Tpu omuoOku — 0
6aioB.

1 6ayt — «3»

3 Gamna — «4»

4 Gamma — «5»

Nmeercs momHOE BepHOE
pelIeHre, BKII0Yaromee
MIPaBHJIBHEIN OTBET — 4 Oainia; Tpu
NpaBUIBHBIX OTBeTa — 3 Oana,
JIBa TIPaBHJILHBIX OTBeTa — 1 Gam,
JOMYIIEHO TpH omuoOku — 0
6asmoB.

1 6aymt — «3»

3 Gamna — «4»

4 6amta — «5»




OIIK-2.1

|. YcTanoBUTE COOTBETCTBHE MEXKITY

XUMHYECKIM TIPOIIECCOM U

HEO0OXOTUMBIM 000PYJOBAHHEM.

Kaxxmoii mudpe u3 mepBoro croidna

MIOCTaBBTE B COOTBETCTBHE OYKBY M3

BTOPOTO CTOJOIIA.

[Iponecc:

1. skcTpaknus;

2. TIEPEeroHKa B BAKyyMe;

3. meperoHka npu arMochepHOM
JIABJICHUH;

4. BBICYLIMBaHHE.

Ob6opynoBanue:

A. BKCHKATOP;

. mpubop Coxciera;

. kon6a Ksitzena;

. Konba Bropa;

. apeoMeTp;

. koj16a DpieHmeiiepa.

esl)o=aw lve i~

I1. PoTOpHBIN UCTIAPUTENH UCTIONB3YIOT
UL

1. ¢pakMOHHOW NEPEroHKH;

2. SKCTPaKIUH;

3. OXJaXKIEHHUS;

4. ynapuBaHUs KUIKOCTH B BAKYyME .
BriOepuTe 0IMH MPAaBUIILHBII OTBET.

NmeeTtcs nomHoe BepHOE
pelieHne, BKITIoYaromiee
MIPaBWIIBHBIN OTBET — 4 Oaia; Tpu
MPaBWIBHBIX OTBEeTa — 3 OaJia,
JIBa TIPaBWIILHBIX OTBeTa — 1 Oa,
JIOITYIIEHO TPH OmuOKH — O
0aoB.

1 6amt — «3»

3 Gamta — «4»

4 Gamna — «5»

3ananue ¢ BHIOOPOM OJHOTO
MIPaBUJILHOTO OTBeTa. BepHblit
oTBeT — 2 Gasia.

OIIK-2.2

|. YcTraHoBHUTE COOTBETCTBHE MEXKIY

peareHTaMHu U MEXaHHU3MOM PEaKIUH.

Kaxmoit mudpe u3 mepBoro crondia

MOCTAaBbTE B COOTBETCTBHE OYKBY M3

BTOPOTO CTOJIOIIA.

Pearenrsr:

1. yKCyCHBIH anbJeru/ 1 UaHHU]] KaJlHs;

2. 2-0poM -2-MEeTHJIPONaH ¥ BOIHBIH
pacTBOp LIEJI0YH;

3. TOJyOIX ¥ XJIODMETaH B IPUCYTCTBUH
XJIOpHA aTFOMHUHUS;

4. 2,4-nuHUTPOXIIOPOCH30I U aMMHAK.

MexaHn3M peaKIun:

A. HykIeoHIbHOE 3aMEeleHHE;

b. HykneopuIbHOE IPUCOCTHEHHE;

B. anexTpoduiibHOE 3amelieHue;

I'. anexTpomIIbHOE PIIUCOETNHEHHE;

J1. cBoOOJHOpaIMKANIbHOE 3aMEICHHUE;

E. snumunupoBaHue.

I11. Peakmus a3ocoueTanus 3T0:

1. peakuus ANEKTPOPUITEHOTO
3aMeIeHUs AKTHBHPOBAHHOTO
apOMaTHYEeCKOTO  COCJUHEHHS ¢
KaTHOHOM apWIIINa30HuS;

2. peakuus ANEKTPOPUIEHOTO
3aMeIeHUs JIe3aKTHBUPOBAHHOTO
apOMaTHYeCKOr0  COCJUHEHHS  C
KaTHOHOM apWJIINa30HUsL;

3. peakiyus HYKJICOQHIBHOTO
3aMeleHus AKTHUBUPOBAHHOTO
apOMaTHYeCKOT0  COCJUHEHHS  C
KaTHOHOM apuJIIHa30Husl;

4. peakys HYKJIEO(QHIBHOTO
3aMeIeHNUs JIe3aKTHBUPOBAHHOTO
apOMaTH4YEeCKOTO  COCJUHEHHS  C
KaTHOHOM apWJIAMA30HUSL.

HNmeetcs monHOE BepHOE
pelIeHne, BKII0YAoIIee
MIPaBUJIBHEIN OTBET — 4 Oaluia; Tpu
NpaBWIBHBIX OTBeTa — 3 Oasuia,
JIBa PaBWIbHBIX OTBeTa — 1 Oa,
JIOTYIIEHO TpH OImuOKu — O
6aoB.

1 6amn — «3»

3 bamna — «4»

4 bamma — «5»

3aganue ¢ BEIOOPOM OTHOTO
[IPaBWIBHOTO OTBETa. BepHbIil
oTBeT — 2 Oamna.




OIIK-2.2

I. JlerkoBoCIIIaMEeHAIOIIMUCS

KUAKOCTSMHU SIBIISIOTCS BCE COCIMHCHUS

psina:

1. aneroH, MIMLEPUH, TUI THIOBBIH
a¢up;

2. TeKCaH, IeTpoIeHHBIN 3up,
YKCYCHasi KHCIIOTa;

3. aTunamnerar, aleToH, AUITHIOBBIH
a¢up;

4. TIMUepuH, THOKCaH, aleTaT HaTpHsL.

Beibepute oiuH NpaBUIIbHBIN OTBET.

1. HammeHee TOKCUYHBIM BEIECTBOM
SIBIISIETC:

1. aneronuTpHI,

2. aHWINH;

3. Oensoux;

4. sTranerar.

BriOepute OfMH MpaBUIIBLHBIA OTBET.

I11. Kon6a Kinsiiizena ucnonb3yercs npu

MPOBEJCHUH Tpoliecca!

1. skcTpakius;

2. (punpTpOBaHMUE;

3. meperoHka npu aTMoc(hepHOM
JIaBIICHUH;

4. TIeperoHKa B BaKyyMe.

Beibepurte ofnH NpaBUIbHBIA OTBET.

Tpu TECTOBBIX 3aJ1aHUS C
BBIOOPOM OJTHOTO TIPaBUIIHLHOTO
pemenus. Tpu paBUILHBIX
oTBeTa — 3 Oaia, gBa
MIPaBWIIBHBIX OTBEeTa — 2 OaJia,
OJIMH TIPaBHIILHEIN OTBET — 1
Oa.

1 6amt — «3»

2 6ama — «4»

3 Gamta — «5»

V. Y4ebHo-MeTOoAMYecKoe H HH(POPMALIMOHHOE 00ecTieueHne TUCHMIITMHbBI

1. Pexomentyemast utepaTypa
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2) IIporpammHOe oOecrieueHne
a) JIureH3noHHOE MPOrpaMMHOE 00eCTICUeHHE
0) CBOOOTHO pacnpoCTpaHsIeMOe POrpaMMHOE 00ECIICUEHHE
3) CoBpeMeHHbIE MPOQEeCCHOHATBHBIC 0a3bl JJAHHBIX W HH(POPMAIIMOHHBIC
CITPABOYHBIC CHCTEMBI
4) [epedeHp pecypcoB HHPOPMAITIOHHO-TETICKOMMYHHUKAIIMOHHON ceTh «H-
TEPHET», HEOOXOIUMBIX JJIs1 OCBOCHUS TUCIIATUTAHBI
1. http://www.xumuk.ru/
2. http://nehudlit.ru/books/subcat283.html
3. http://www.krugosvet.ru/enc/nauka_i_tehnika/himiya/BIOHIMIYA.html
4. http://elibrary.ru/
5
6

. http://www.medbook.net.ru/23.shtml
. http://www.chem.msu.su/rus/teaching/kolman/index.htm

V1. MeToanueckue MaTepuaJibl VI 00y4aIOIIMXCS 110 OCBOEHHIO TUCIUTLIUHBI
[IPUMEPBI 3AJJAHUI 1J19 PYBEXXHOI'O KOHTPOJII
Mopynsb 1

1. Hanumure ypaBHEHHUS peaklUii U MPUBEAUTE UX MEXAHU3ZMBI:

a) OpOMATaH U MOAH] HATPUS;

0) OpoMdTaH U aMMHAK.

PaccmoTpuTe THIT 3apsiia MepeXxoHBIX COCTOSTHUM dTUX PEaKIuil U BEIOEpUTE
HanOoJiee MOAXOAAIIUN PACTBOPUTEND ISl MX OCYIIECTBICHUS: ITAHOJI WU
alEeTOH.

2. Onpegenure, MO KAKOMY MEXAHU3MY MPOTEKAIOT CIIEAYIOIINE PEaKIUH:


http://www.xumuk.ru/encyklopedia/571.html
http://nehudlit.ru/books/subcat283.html
http://www.krugosvet.ru/enc/nauka_i_tehnika/himiya/BIOHIMIYA.html
http://elibrary.ru/
http://www.medbook.net.ru/23.shtml
http://www.chem.msu.su/rus/teaching/kolman/index.htm

. FeBr,
a) CH, + CHBr ——> HC CH, + HBr

4) CH,-CH=CH, + Cl, — CH,-CHCL-CH,Cl
&) CH,-CH,-CH=0 + NH,0H —= CH,-CH,-CH=N-OH

ROOR
&) CH,-CH=CH, + C,H,;SH ——= CH,CH,CH,-S-CH,CH,
B CH,OH .
&) ON Br + CH,ONa ——= ON oCi, + NaBr

Moayns 2

1. Ha npumepe peakiiuu n-HUTPOOPOMOEH30J1a ¢ METUIIATOM HATPHUSI B METAHOJIE
PacKpOWTe CYITHOCTh MEXaHU3Ma HYKJICO(DHILHOTO 3aMelIeHUs Y
aKTUBHPOBAHHBIX apUITaToreHUI0B (Mexanm3M Sy2Ar). [lpusennte
HPHEPreTUYECKYIO JuarpaMmmy mpoiecca. PaccMotpute cTpoeHne npoMeKyTOYHOTO
COCIMHEHUS U OOBSICHUTE aKTUBUPYIOIIECE ACHCTBUE HUTPOTPYIIIIHI.

2. Onpasch Ha MexaHu3M Sy2Ar, 00BICHUTE, TOYeMy MPH HArPEBaHUH C BOJAHBIM
pacTBOpPOM aMMHaKa:

a) n-HUTPOXJIOPOEH30JI MPEBPAILIACTCA B 1-HUTPOAHUIIUH, a M-HUTPOXIJIOPOCH30] B
pEeaKIMIo HE BCTYTAET;

0) y 1-auTpO-3,4-1uxnopOeH3oi1a H30MpaTEeIbHO 3aMEeIIAaeTCsl aMUHOTPYIIION
TOJIBKO OJTUH aTOM XJiopa (Kakoi?);

B) PEaKIIMOHHAs! CIOCOOHOCTH 7-HUTPOTATIOT€HOEH30JI0B 3aBUCUT OT MPUPO/IBI
rajoreHa M U3MEHsSCTCs B caeayromem nopsiake: F> Cl>Br> | ?

3. Hanmmmmre ypaBHeHus peakuuii 2,4- TMHATPOXJIOPOEH301a CO CIEAYIONUMHU
peareHTamu:

a) 10%-us1it BogubIi pactBop KOH nipu HarpeBanuu;

0) ammuaxk, t=100°C;

B) OTUJIAT HATPHsI B 9TAHOJIE TIPU HATPEBaHUHU;

T') IUAHU HATPUS B STAHOJIE PU HarpeBaHUH;

1) TUMETUJIAaMUH TIpY HarpeBaHUU.

€) MUIIEPUIMH TP HarpEBaHUU.

4. Ha nmpumepe peakunu 6poMOeH3071a ¢ aMU0M HaTpUs B KUIKOM aMMHUAKe
pacKpoNTe CYIIHOCTh MEXaHNU3Ma HYKJI€O(UIHLHOTO 3aMEeIleHNs, BKIIOYAIOIIETO
CTauio 00pa3oBaHus AeruaApoOeH30Ma.

OTBeETHTE HA BOIPOCHI:

a) KaKOBO CTpOEHHE JieTuIpoOeH301a?

0) mouemy 2,6-1uMeTUIOPOMOEH30JI HE PearupyeT ¢ aMUI0M HaTpus?

B) MOYEMY PEAKIIMOHHAsI CIOCOOHOCTh apUITaIOreHUIOB 3aBUCUT OT TIPUPO/IBI
rajoreHa ¥ HauMeHee PeaKIIMOHHOCTIOCOOHBIMHU SBIIIOTCS (PTOp3aMenIeHHbIe?



KoHnTposbHbIe 3a1aHus 1)1 CAMOCTOATEIbHOM PadoThl

HekoTtopeie 13 mMpuBEICHHBIX HIKE COCIUHEHHM Y4acTBYIOT B OOpa30BaHUU
BOJIOPOJIHBIX CBSI3€H, UTO BIMSET HA UX TEMIEPATyphl KUIIEHUA. Y KakuTte boee
BBICOKOKHUITAILIEE BELIECTBO B KAXIAO0W Imape:

a) CH;COOH, CH3CHO

6) CH;CH,OH, CH3CH>CH3

B) 0-HOCsH4CHO, »-HOCsH4CHO

Onpenennre, 10 KAKOMY MEXaHU3MY IPOTEKAIOT CIEAYIOIINE PEAKIUU:

. FeBr,
a) CH, + CHBr —— H,C CH, + HBr

4) CH,-CH=CH, + Cl, —= CH,-CHCL-CH,Cl

8) CH,-CH,-CH=0 + NH,0H ——= CH,-CH,-CH=N-OH
- ROOR

&) CH,-CH=CH, + C,H,SH —— CH,CH,CH,-S-CH,CH,

. CH,0H .
a) O,N Br + CH,ONa —— O,N OCI, + NaBr

OOBsICHUTE NPUUMHY YMEHBIIICHHS BEJIMUYMHBI KOHCTAHTHI P C YBEJIMUEHUEM N B
CJIEIYIOLIUX PEAKIMOHHBIX CEPUSX:

a) Ar(CH,) COOH <:—5—°C> Ar(CH,),CO0™ +H,0*  n=0; p=1
) o n=1; p=0,489
4) Ar(CH,),NH; === Ar(CH,),NH, + H,0" n=0; p=2,77
n=1; p=1,06

OOBsicHUTE OOJBINIOE PA3INYUE B BEIMUMHAX KOHCTAHT P CICIYIONIUX PEeaKIuit
HYKJIEO(DHIBHOTO 3aMEIICHHUS:

0 a) CH,CL o
—_—
a) X CH,CL NaOH, 30°C X 2 48% C,H;OH, 30°C

p=-0,333 p=-2,178

[To kakomy mexanu3zmy — A win b — npoTekaer oOpazoBaHUe ITUAHTUAPUHOB,

€CJIM KOPPEISITUOHHOE YPABHEHUE ISl STOM CEPUU UMEET BUJL
lgk=0,26 +2,329 ¢



6. Hamummre ykasaHHble Huxke peakuud. [lpuBeautre uX MeXaHU3MBI,
COTJIACYIOIMECS C BEJIMYMHOM U 3HAKOM p. B KaKuX peakIMOHHBIX CEPUAX IS
NONydeHHs JIMHEHHOW 3aBucuMocTH IgK OT © cimemyer uCmonb30BaTh
MoauUITMPOBaHHBIE G-KOHCTAHTHI? Kakue?

H,0 , - C,HOH
a) OH =—— a) ONa + CHyl — o
X 250C X ’

p=2,113 p=-0,994
R i eoof 4ai i é . C,H,OH
a) ) N(CHy), + CHl ——=— @) ) CHCL=CgHs —
p=-2,29 p=-5,09
) Br, H,0, NaOH
_ —_—
a) N CH=CH, m e) N COOC,H; 50% C,HsOH, 25°C
p=_4,3 p=2,54

7. Jlns TpUBEACHHBIX HUKE PEAKIMOHHBIX CEPUM YKaXKHUTE, KaKyl IIKaly
G-KOHCTAHT TpeOyeTcs MPUMEHUTH ISl TOJIYUYEHUS JIMHEHHOW KOPPEAINU C
KOHCTAHTaMH CKOPOCTEU ITUX PEAKUUU. Y TOUHUTE, IS KAKUX 3aMECTUTEIICH U
B KakoM TIOJIO)KEHMH (MeTa- WM TMapa-) HEoOXOAUMO MPUMEHEHUE
MOJIU(PUITUPOBAHHBIX G-KOHCTAHT:

NaOH 4 CH,COOC faon
a) ) COOC,H; gt om. 30 a) N H,CO0CH; —ggs choom, s0c

p=2,43 p=0,843

METOJUYECKHUE PEKOMEH/JIAIIMNU 110 OPT’TAHU3ALINN
CAMOCTOSTEJIBHON PABOTBI

BOHpOCBI AJIs1 CaMOCTOATCIIbHOT'O NU3YUCHUA

dopmbl
Bomnpoce! s
Tema OTYETHOCTH
CaMOCTOSATENbHOTO U3YYECHUS
Y KOHTPOJIS
| Mmomynb
[lonsatne 0 1. Knaccudukanuss peakuuid u Koncnekr
MEXaHHU3ME PEaKIUi | pEareHTOB
2. Teopus MIEPEXOTHOTO Koncnekr
COCTOSIHUS
3. Kunetnueckue  M30TOMHBIC Koncnekr
b dexTsI
KonunyecTtBeHHoe 1. DnexTpoHHbBIE a3 eKThI Koncnexr
paccMOTpeHue 3amectutenei. [lomspusiii apdext u
pEaKIMOHHOMN s dexT conpspreHns




CIIOCOOHOCTH 2. KoppensiiimoHHbIe ypaBHEHUS KoHcrexT,
OpraHUYeCKUX s 3¢ pexToB pacTBOpHUTENEH ONpoC, peueHue
COCAMHEHUN 3a7a4
3. KucnotHOCTh 1 OCHOBHOCTD Koncnekr
Il Mmonymnn
MexaHu3Mbl 1. Crepeoxumus peakumii KoHcrekT,
reTePOITUTHIECKUX HYKJIEO(UIBHOTO 3aMEIEHUS OIpOC, pelIeHue
peakuin 3aJ1a4
2. BnusHue pacTBOopuTENed Ha KoHcrekT,
MEXaHU3M pEaKLH | OIIPOC
HYKJICO(PMIHHOTO 3aMEIICHHS
3. Tepmuueckue peaxkuuu Koncnekr,
OTILEIJIEHUS, POJICTBEHHBIE | OIIPOC
MIUPOJIN3Y CIOKHBIX 3()HUPOB
4. Peakuyn ~ HYKJI€O(UIBHOTO KoHcrekT,
IIPUCOEINHEHNUS 110 KPATHBIM CBSI35IM | OIPOC
Mexanu3mebl 1. [lonyuenne u OOHaApYyKEHHUE Koncnexr
TOMOJINTUYECKUX U | CBOOOJIHBIX PaJINKAJIOB
COTJIACOBAHHBIX 2. AyTOOKHCIIEHUE KoHcrnekT
peakumii 3. PapukanbHbie peakuuu KoHcrnekT

IMPUCOCANHCHM S

JlononHuTENBHAS IUTEPATYPa JUIsl CAMOCTOSTENBHOM pabOThI

Xumus, 1974,

1974.

1977.

[IycropoBuy E.M. Xumunueckas cBsi3b. M.: Hayka, 1973.

peakuuii. M.: Mup, 1968.

Jxxoncon K. Ypauenue I'ammera. M.: Mup, 1977.

[Tambm B.A. OCHOBBI KOJWYECTBEHHOM TEOPUU OPraHUYECKUX peakuui. M.:

Ommanyanns H.M., Knoppe [1.I'. Kypc xumnueckoit kunetuku. M.: Beicui. mik.,

Peaknuonnas criocoOHocTs 1 mytu peakuuit/Ilon. pea. I'.Kinonmana. M.: Mup,

Bbpecnoy P. Mexanusmel oprannyeckux peakuuii. M.: Mup, 1968.

Amuc D.A. BnusiHue pacTBOpUTENIEd HA CKOPOCTh MU MEXAHU3M OPTaHUYECKUX

METOAMYECKNE PEKOMEHIAILIMU 110 BBITOJIHEHUIO

JIABOPATOPHBIX PABOT

Jlabopamopnas paboma




«Peakuuu HyKJ1€0(pHJIBHOI0 3aMelleHUs] Y HACBIIEHHOI'0 aTOMa YIJIepoaa»

CuHre3 TN THWIAHWINHA

C,H.Br

215 + — NaOH
C H,-NH, [C4H,-NH,(C,H))]Br — -2 CH-NHC,H,
~H,0
C,H,Br NaOH ,C,Hy

+ —_
[C6H5—NH(C2H5)2]BI’ W C6H5-N\C 1

_HZO 2775

C,H,-NHC,H,

Peaxmuewi: anunuH  cBeXeneperHanHeli 9,8 mi;  OpomdTan 21 mu;

ruapokcus Hatpus 13,3 r.

B xpyrnmogonHoit konde emkocthio 100 mii, coeTMHEHHOM C OOpaTHBIM
BOJSHBIM XOJIOAWJIBHUKOM (JIydllle IIApUKOBBIM), KHUIIATIT Ha acOECTOBOM CEeTKe
9,8 Mn1 cBexeneperHaHHoro anwivHa ¢ 10,5 ma OpomdTaHa A0 TexX MOp, IMOKa
peakImoHHass mMacca He 3aTBepjeeT (okojo 2 4u). K oxnaxaeHHON peakiMOHHOM
Mmacce, cojaepkaieii OpoMuJ 3TUIPEHUIAMMOHUS, HEOOJBIINMH MOPLUAMU IPU
pa3MENIMBAHUM TNPUIMBAIOT pacTBOop 6,65 T ruapokcuaa Hatpus B 20 Mu1 BOZBI
(konOy mpu 3TOM OXJAXJalOT B 0OaHE C XOJIOJHOM BOJOI). BblaenuBmiuiics
STWIAHWINH OTAEISIOT C MOMOLIBIO JIETUTEIBHON BOPOHKM M CHOBA MEPEHOCST B
peakimoHHyro koio0y. JloOGasmsitor k Hemy 10,5 M OpoMdTaHa W KHUMSTAT 10
3aTBEPACHUSA pEaKIMOHHOM MAaccCBhl. Ilo OXJIAXKICHUU Opomu
TUATUI(EHUIAMMOHUSL pacTBOPSAIOT B Boje. [lepenuBaroT pacTBOp B CTakaH U
KUISTAT (8 8bimsdcHoM wikagy!) B TEUEHHE HECKOJIbKUX MUHYT JUISl YAAJICHUS HE
BCTYINHUBILETO B peaklMi0 OpoMiITaHa. 3aTeM pacTBOP OXJAKIAIOT U JOOABISIOT K
HEMY HEOOJBIIMMHU NOPUUSIMH MPU pa3MEIIUBaHUM pacTBOp 6,65 T rUApoKcHia
HaTpus B 20 M1 BOJbl. BblmenuBIIMIICS NUATUIAHWIMH OTACNAIOT C MOMOIIbIO
JIEIUTEIBHON BOPOHKH, BBICYIIMBAIOT TBEPbIM THAPOKCUAOM Kajius, (PUIBTPYIOT
yepe3 HeOOIbIION cKilaquaThiii GuibTp B K00y Bropna u neperonsitor. Cobupator

dbpakuuro, kumsinryro npu 214-216°C. Beixog 10 1.



Huoytwnaaunua  (N-peHmnaudTHIaMUH) —  MAaCHsSHUCTAs — KHUAKOCTh
KEJNITOBAaTOro I1Beta. JIerko pacTBOpsieTcsi B JIUATUIOBOM 3(dupe U 3THUIOBOM

CIIMPTE, TPYJAHO — B BOJAE; Ty -34,4°C 1 -38,8°C; T 215,5°C; p?% 0,9351 r/em®.

CuHTe3 riMuMHa (AMHHOYKCYCHOM KMCJIOTHI)

CI-CH,-COOH + (NH,),CO;—= H,N-CH,-COOH + NH,CI + CO, + H,0

Peaxmueswi: MOHOXJOpYKCYCcHast kuciora 12,5 r; kapboHatr amMmmMoHus 55 T;

amMmuak (25%-Hblii); METaHOJI; AKTUBUPOBAHHBIN YT OJIb.

Pabomy nposooumus 6 evimsscrom wxagy!

B Tpexropiyto konby emkocTthio 250 MJ, COCAMHEHHYIO C HUCXOISIIUM
XOJIOJUIBHUKOM, TEPMOMETPOM, JTOXOJSIIUM TOYTH /10 JHA KOJOBI, U KareJlbHOU
BOPOHKOM, moMemaroT 25 ma 25%-Horo pactBopa ammuaka, 12 Mi Boasl U 55T
KapOoHaTa aMMOHMS. PacTBOp OCTOPOKHO HarpeBarOT Ha BOjsiHOM Oane 10 60°C.
[Ipu yacTOM BCTPSIXMBAaHUM IMPUIMBAIOT U3 KaIleJIbHOW BOPOHKHU B TeueHUE 15 MuH
pactBop 12,517 MOHOXJOpPYKCYCHOW KHCIOTBI B 10 M Boxabl (Temmeparypa
pPEaKIMOHHON cMecu He JoJbkHa npeBwimarh 60°C!). 3atrem cmech HarpeBaroT B
TeueHue 4 4, HTOCTENEHHO NOBbImast TeMieparypy A0 80°C, 1 OTTOHSIOT aMMUAK U
okcup yriepona (1V) B mpuemuuk ¢ Bogoi. Korna ucuesner 3anax aMmmmuaka, koioy
HAacyXxO BBITUPAIOT M HArpeBalOT Ha IUIAMEHU TOpPEIKUM OO0 TeX Iop, MOoKa
Temreparypa  KuUJAkoctd  He  gocturHer  112°C. K moiydeHHOMY
KOHILIEHTPUPOBAHHOMY pacTBOpPY NMpUiAuBaOT 10 M BOABI, MMEOIIEH KOMHATHYIO
temneparypy. Korma xuakocte oxmamurcs go  70°C, gobGaBmsor 0,3 T
aKTUBUPOBAHHOTO yriisi ¥ KUOATIAT 10 MuH. ['opsiunit pactBop QUILTPYIOT uepes
CKJIa{yaThlil PUIBTP B KOHUYECKYIO KOJOY M K TEIUIOMY (PUILTpaTy MPUIIMBAIOT
90 M1 wmetaHona. PacTBOp OCTaBIsIOT HAa CYTKM B XOJOJWIbHUKE JUIS
KpUcTaJuin3anuu. BeigenuBiivecs OeCIBETHBIE Wbl aMUHOYKCYCHOM KHCJIOTBI
OTCachIBalOT Ha BOpOHKE broxHepa u cymar Ha Bo3ayxe. Beixon 6 T.

Jns OYMCTKM aMUHOYKCYCHYIO KHUCJIOTY PacTBOPAIOT B 12 mu kumsimiei

BOJIbI, J100aBysitoT 30 MJI METUJIOBOTO CHUPTa W OCTaBJIAIOT Ha 4 4. Beimasiiue



KpUCTaJUIbl OTCAaChIBAlOT Ha BOpPOHKE bBrOXHepa M cymaT Ha Bo3ayxe. Bbixon
OUYUIIICHHOW aMUHOYKCYCHOM KHUCIJIOTHI (TJIUIIMHA) 5,5 T.

AMuHOyKCycHass  Kuciota  (TAOMIHMH, TJHMKOKOJI) —  OECIBETHOE
KPUCTAJUIMYECKOE BEIIECTBO, CJIAJIKOTO BKyca, HepacTBopuMoe B 3¢upe. B 100 r
stanona npu 25°C pactBopsiercs 0,043 r; B 100 r Boasl npu 25°C — 25,3; ipu 75°C
— 57,5; Ty 232-236°C (c pas3yioxeHuem).

Jlabopamopnas paboma

«Peakumu 371eKTPOoGUIBHOI0 3aMellleHNsI B APOMATHYECKOM PSIY»
CyasdupoBanue

Peakuum, COIMPOBOXK/IAFOIIHECS 3aMeIleHUEM BOJOpO/Ia aapa
CyIb(OrpyIIoi, OTHOCAT K CyIb(pupoBaHnt0. OTKPBITHE PEAKIIMH CYJIb()UPOBAHUS
npuHagnexur B. bpanny, xoropeii B 1819r1. ocymectBunm  cuHTE3
CyJIb(ONPOU3BOTHOTO Ha(TATHHA.

Crneuuguka 3TOro mpouecca B OTJIMYUE OT APYTUX DIEKTPOPUIBHBIX

peakinii 3aKII0YAETCS B TOM, UTO OH HOCUT OOpaTHUMbIN XapaKTep:

ArH + H,80, == ArSO,H + H,0

MexaHn3Mm peakiuu
B 3aBucumoctu oT ycioBuil Cynb(UpOBaHMS B KAa4eCTBE CYIb(PHUPYIOLINX
areHTOB MOT'YT BBICTYIIATh Pa3JIMYHbIE YACTHULIBI, OJHAKO BO BCEX CIIy4asX IPOLECC

MMPOTCKACT 4CPC3 CTAANIO O6paBOBaHHH O—KOMIIJICKCA:

H SOH SO,H
+ +
+ SOH == e + H
H SO, SO, SO,H
+ +
+ SO, =—= —— + H -—=

Cynbshupyroiine areHTbl



HaunbGonee pacnpocTpaHeHHBIM CyIb(OUPYIONTUM areHTOM SIBJISIETCSI CepHas
KHCJIOTa Pa3IMYHON KOHIIEHTpAIuu (KymopoCHOE Maciyo ¢ cojaepkanueM 92-93%
H,SOs wmu monorumapar — 98-100% H,SO4). [ns Tpyano cynbdupyembix
COCJIMHEHUI MPUMEHSIOT OJICYM C pasinuHbIM cojepxanue okcuaa (1V), oObruHO
10 25% SOs; wmm ¢ 65% SO;z. Oneywm, comepxkanuit 40% SOs, mpu 0O0BIYHOM
TEMITepaType SBJISICTCS TBEPIBIM BEIIECTBOM, TIO3TOMY OH HEyZ00€H B 00paIieHnn
M W3 HEro nmyreM pa30aBieHHs] MOHOTHAPATOM  MOJY4YaloT  MEHee
KOHIICHTPUPOBAHHBIC PACTBOPHI.

CynbhupylOmKM areHTOM CIYKHUT TakXke XJI0pCylb(OoHOBas KHUCIOTA
CISO3H (MoHOXIOpaHruaApua cepHoi KUCIoThl). OHAKO ee IPUMEHEHHE TpeOyeT
TOYHOU JO3UPOBKH B COOTBETCTBHM CO CTEXMOMETPHUEH JAHHOW PEAKIHH, TaK KaK

U30BITOK MPUBOJUT K 00pa30BaHUIO Cylb(oxaopuaa:

ArH + CISO,;H —= ArSO,H + HCI
ArSO,H + CISO,H —= ArSO,Cl + H,S0,

Jlnia npoBeneHust cyib(upoBaHus B ra30Boi (ha3e MCIONb3yeTcs TPUOKCH]L
cepbl. MeHee pacnpocCTpaHEHHbIE CYIb(UPYIONINE Ar€HThl — COJM CEPHHUCTOU
KUCJIOTBI U KHUCJbIE COJMM cepHOWM Kuciaorel. CynbQupoBaHUE COEAUHEHUH,
TPEOYIOIUX MSTKUX YCIOBHUM, OCYHIECTBISIOT NUPUAHHCYIb(OTPHUOKCUIOM

CeHsN- SOs.

YcnoBus MPOBEICHUS PEAKIIAN

Bnusuaue crpoenus cyocTpara Ha peakiyio. IToT (HakTop SBISETCS BecbMa
CYIIIECTBEHHBIM B TIpoIIecce CYIb(UPOBaHUS. 3aMECTHTEN TIEPBOTO poja B 00IIEM
00JIeryaroT MeKTPOPHIIbHYIO aTaKy CyIb(OrpyIoi, HalpaBisis €€ BXOXKICHUE B
0- ¥ n-TI0JIOKEHUs. B 3TOM ciydae 10CTaTOYHO MCTIOIB30BAHMS KYITOPOCHOTO Maciia
WM MOHOTHJpaTa. 3aMECTUTENM BTOPOTO POJa 3aTPYIHSIOT 3JIEKTPO(HUIbHBIE
peakuuu, opueHTUpYst SOsH-rpynmsl B m-nionoxenue. s cyiabhupoBaHus TaKUX
COCIMHCHUIA TPUMEHSIOT oJieyM. Tak, JUIsl MOJydeHHUs OCH30JCYIb(OKUCIOTHI

O0eH30J1 He0OXO0AMMO CYJIb(PUPOBATH OJIEYMOM MPU HArpPEBaHUHU, B TO BpeMs Kak



TOJIyOJd CyIb(UPYeTCs MOHOTHUAPATOM, a ()EHOJI — MPOCTO KOHIIEHTPUPOBAHHOU
CEPHOU KUCIIOTOU.

CnenyeT y4MTHIBaTH CBOEOOpa3ve peakiuil Cylb(QUPOBAaHUS aHWIWHA U
HaTwiamMuHa. [Ipy SKBUMONEKYIISIPHBIX COOTHOIIEHUSAX CEPHOU KMCIIOTHI M aMHHA
00pa3yromascs CepHOKUCIAs COb MPH HArpEBaHUU MEPEXOAUT COOTBETCTBEHHO B

Cynb()aHMIOBYIO U HAQTHOHOBYIO KHCIOTHI

NH, NH, - H,SO, NH

| 180°C
+ HZSO4 —_— © + HZO

SO,H

Temmneparypa peakuuu. B 3aBUCUMOCTH OT TeMIlEpaTypbl peakius
Cyab(GUPOBaHUA  NPOTEKAET  C oOpa3oBaHMEM  MOHO-,  JU-  WJIH
NOJICYNb(PONPOU3BOIHbIX. Kpome Toro, temmnepaTypHbIil (DakTOp CYIIECTBEHHO
BIMSET HAa MECTO BXOXJEHHUS CYJIb(QOrpyIIbl B apoMaruueckoe sapo. Tak,
cyJab(upoBaHrue (PpeHoJa B 3aBUCUMOCTH OT TEMIEPATypbl MPUBOAUT K O- WIH H-

u30Mepy, CylbpupoBaHue HapTaTMHA — K O- WK [B-HaTaTuHCYIbPOKUCIIOTE:

OH OH
30°¢c SO,H
+ H,SO, ]
)
90-100° C
OH OH
+ H.,SO -~
© > % —H,0 @
SO,H
SO,H
SO 70°¢C
+
2 4 _Hzo
160°C

0 SO,H
suso, S (T



IIpeBpamenre ogHOrO M30Mepa B APYrOM IIPU IOBBIIEHUH TEMIIEPATypbl
OOBSCHSIETCSI TEM, 4YTO MpHU CyIb(PUPOBAHUU NPOTEKAIOT JBE IapaljielIbHbIE

oOpaTUMBbIEC PEAKIINH 110 CXEME:

SO,H
~ + H,0
+ H,S0, —
,SOH
— + H,0

2

CobmoieHne TemrepaTypHBIX MPEIEIOB YPE3BBIUAHHO BAXKHO TaKXkKe H
MOTOMY, YTO TOBBIIICHUE TEMIEPaTypbl MPUBOAUT K IMOOOYHBIM IpoOIlEccamM
OKHCIICHUS M KOHJICHCAITHH.

Konnentpanus cynbbupyromiero aredta. [lpu cynshupoBanuu 3ToT GhakTop
UTpaeT TMEPBOCTENICHHYI0 poOJib. BcleAcTBUE 3HAYUTENHHOTO YMEHBIICHUS
CKOPOCTH CYyJb(UPOBaHUS TIO Mepe pa30aBiICHUSI CEPHOU KHUCIOTHI BOJIOH,
BBIJICJISIFOIICHCS B XO/I€ PEaKIiy, TPU HEKOTOPOUM KOHIIEHTPALUU CYJIb(PUPYIOIIETO
areHTa peaklus TMPaKTUYeCKHu ocTaHaBiuBaeTcs. [loaTtomy cynbdupoBaHue
NPUXOAUTCS TPOBOAUTH B MU30OBITKE CEPHOM KHUCIOTHI, 4YTOOBI U30€XKaTh
YMEHBIIICHUSI €€ KOHIICHTPAIlMM B PacTBOpe. B mMpakTuke Takyr0 KOHIEHTPAIHIO
CEpHOM KHUCJIOTHI, BbIpakaemyro B mporeHTtax SOs;, o0003HAYAIOT Kak 7o
CyJb(pupoBaHuUs.

CrnenyeT OTMETHTh, YTO KOHIICHTPAIUS CYIb(PUPYIOIIETO areHTa BIMSET Ha
MECTO BXOXIEHUS CyJbQOrpymmbl B apoOMaTHYECKOE SAPO. YCTaHOBJIEHO,
HalpuUMep, YTO [JJs TMOJy4YeHUs Oo—HapTaTuHCYIb(OOKUCIOTH HE00X0AUMO
UCITI0JIb30BaTh 00Jie€ KOHUEHTPUPOBAHHYIO CEPHYIO KHCIIOTY, YEM JUIsl CUHTE3a [B—
nu30Mepa.

Bnusguaue karanusaropa. Bompoc o 3HaueHHMM KaTald3aTOpPOB B Ipoliecce
Cynb()UpPOBaHUS N3YUYEH HETOCTATOUHO. MEX Ty TeM UX POJIb B II€JICHANIPABICHHOM
cuHTe3e cynbdornpon3BogHbix HecomHeHHa. Eme B 1891 r. M.A. Unbunckuit
YCTaHOBWJI KaTaJTATHUECKOE JICHCTBUE COJICH PTYTH, KOTOPHIE BIUSIOT HE TOJIHKO HA

CKOpPOCTb, HO M Ha MCCTO BXOXXICHUA Cy.]'II)(bOprrIHBI B MOJICKYJIY aHTpAaXWHOHA.



CynbpupoBHane aHTpaXMHOHA B MPUCYTCTBUUM HOHOB PTYTH MPUBOAUT K O—

aHTPAaXMHOHCYIb(OKHUCIOTE, a 0€3 KaTaau3zaropa — K B—u3omepy:

O SOH

H,S0, (HgSO,)
—H,0

O

@)
O H,S0, SOH
@)

Cpemn apyrux katanm3atopoB wucciemoBanbl Takke CuSOs, NH4VO3,

Y

K2CrOg4, V20s, |, FeCls. Iocnenuuit ocodenno >h(eKTHUBEH ISl MMOBBIIICHUS
BBIXOJIOB JIU- U TPUCYJIb(HOKUCIOT HaTannHa.

[TepememmBanue. Peakuuio cynb(hUpoOBaHUS TPOBOMST, KaK MPAaBUIIO, MPHU
nepemenrBanuu. Mcnonb3oBanue 3¢(GEeKTUBHBIX MEIIAJIOK MO3BOJISIET YCKOPUTH
rerepodazHbie mpouecchl cynbhupoBanus. g KUAKUX PEAKIMOHHBIX Mace
(cynsdupoBanue O0€H30J1a, TOIYO0JIa) TPUMEHSIOTCS MPOTEIJIEPHBIE MEIIAIKH, IS
Macc cpeaHed Bs3KoCcTU (Cylb(upoBaHue HadTaIMHA) — SKOPHBIC MEIIATKHU.
TBep/bie HCXOAHBIE TPOIYKTHI, €CJIU UX BBOJISAT HEPACTUIABICHHBIMU, TOJKHBI OBIThH
XOpOIIIO M3MEJIbYEHBI, YTOOBI peakiiys MpoTeKajga ¢ OJAMHAKOBON CKOPOCTBHIO C
KaXJIOM dYacTelo mpubaBisgemMoro cyiabpupyemoro BemiectBa. [lopsgox
pUOABJICHUS] KOMIIOHEHTOB MOXET OBITh PA3JIMYHBIM B 3aBUCUMOCTH OT IEJIeH U
YCIJIOBUI CYIb(pUPOBAHUS.

Boinenenne cynbdonpousBogHbix. IlomyuyeHue B cBOOOJHOM  BHUAE
apOMaTUYECKUX CYIh(HOKUCIOT MPEACTABIISIET OOJIBIITNE TPYIHOCTH, TOCKOIBKY BCE
OHM SIBJISIFOTCSI CUJILHBIMU KUcToTaMu. Kpome Toro, G0JIBIIMHCTBO U3 HUX XOPOIIO
PacTBOPUMO B CEPHOM KUCJIOTE U BOJIE.

Haubonee pacnpocTpaHeHHBIM METOIOM BBIJICIICHUS SBJISICTCS] BHICAIMBAHUE

— BHECEHHE PEAKIMOHHON Macchl B PACTBOP MOBAPEHHOM COJM WIN A00aBIECHHUE



nocJieHel K pa30aBIeHHON BOJOW PEAKIMOHHOW Macce. DTOT MPHUEM TO3BOJSET

NEePEBECTHU CYIb(OKHUCIOTY B HATPUEBYIO COJIb:

ArSO;H + NaCl — ArSO,Na + HCI

NHorma mpu BBICAIMBAHWM  XJIOPUJIOM  HATPUS  KHUCHBIA  PacTBOP
IpEIBapUTEIFHO YaCTHYHO HEHUTpanmu3yroT. M3 apyrux comeil i BhICATHBAHWUS
PUMEHSIOT CyJIb(aThl HATPUS U MarHUsl.

Hekotopsie cynbhOKHCIOTH 00pa3ylOT MajIOpacTBOPUMBIC B PEAKITMOHHOM
cMecu coii ¢ Apyrumu katmoHamu (Mg, Fe); Takue cynb(hOnpou3BoIHbBIC
BBIICIISIFOT B BUJIE COJIEH ATUX METAJIJIOB.

B mnpaktuke BbIIETICHHS TOJUCYIB(OKUCIOT MPUMEHSIOT —IEpPEeBO/I
MOCJIETHUX B KaJbllMEBbIE U OapueBbIE COJIM, KOTOPHIE B OTIWYHE OT CYJb(aToB
KaJIbIUS W Oapusi XOpOIIO PacTBOPUMBI B BoJ€. BomHBIE pacTBOPBI ATUX COJEH

3aTCM 06pa6aTBIBaIOT CO,Z[Oﬁ H I10JIY4ar0OT HATPHUCBYIO COJIb:

(ArS0,),Ca + Na,CO,— 2 ArSO,Na + CaCO,

Mepsl ipenocTopokHOCTA. CHHTE3BI, POBOJANMBIC C 0JIEYMOM, HEOOXOTUMO
BBITIOJTHATH B BRITSDKHOM IKadyy! [Ipu BeIIeICHUN TPOTYKTOB PEAKITHOHHYIO MacCy
BBUIMBATh B BOJY WJIM Ha Jied, a He HaoOopoT. [IpuroroBieHue cepHOi KUCIOTHI
TpeOyeMOol KOHIIEHTPAIIMH OCYIIECTBIIATH B MIEpUYaTKaX U B 3aIIUTHBIX OYKaX.

Hoenmugpuxayus

JlokazaTtenbCTBO CTPOCHUSI CYIh(GOKHUCIOT TPEACTABISIET HE MEHBIIYIO
TPYAHOCTh, YEM MX BBIJICIICHUE U3 PEAKIIMOHHOW MacChl B CBOOOJHOM COCTOSHUM.
Cynb(hOKUCTOTHI, Kak IMPaBUIO, TOJYYalOT B BUJE COJIEH IIETOYHBIX WU
ICIOYHO3EMENBHBIX METAIIJIOB, KOTOPbIE HE TuTaBsATCA. [loaTOMY 1T KOCBEHHOM
UACHTU(DUKAINY CYJTb(QOKUCIIOT MOTYyYEHHBIE COJTH TIEPEBOIAT B COOTBETCTBYIOIITHE
cynboxiopuapl U CyabdaMHIbl, HWMEIIINE XapaKTepHbIE TeMIIepaTyphl

IIJTaBJICHUA:

ArSOH + PCl,—= Ar SO,Cl + POCI, + HCI

ArSO,Cl + NH, — ArSO,NH, + HCI



Boinenenne u  uaeHTUGUKAIMS TOCIEIHUX OOBIYHO HE BBI3BIBAIOT
3aTPYAHECHUN.

CynbhoKuCTOTH UASHTUDHUITUPYIOT TaKXKe 1o mojocam mororieHus (8 K-
CIIEKTpaX) CUMMETPHUYHBIX U aHTUCUMMETPUUYHBIX KoJjiebanui rpynmbsl SO, u SO
CyTb()OKHCIOT H WX PA3IUYHBIX MPOW3BOAHBIX —  CYJIb(OTATIOTCHHIOB,
cynb(hamMuaoB, 3GUPOB | IIp.

CunTe3 n-T0IYy0JCYab(POKHUCTOTHI

CH, CH,
+ HZSO4 + HZO
SOH
Peaxmusul: Tomyon — 32 mi; cepHas kucinora (p=1,84 r/cm®) — 19 mu;

aKTUBHPOBAHHBIN yroib — 1 T; ne.

Ilocyoa u obopyodosanue: xoibda KpyriiogoHHas BMeCTUMOCThIO 200 mut;
XOJIOMUIILHUK OOpaTHBIN; cTakaH BMecTUMOCThI0 500 mut; GaHst BOjsHAsS; pUOOp
UL modydeHuss — xjopoBoaopona;  ¢unstp  IlloTTa;  skcukarop ¢
KOHILICHTPUPOBAHHON CEPHOU KHUCIIOTOM.

B kpyrnogonnyto konly BmecTuMOCThIO 200 MJI, CHaOXEeHHYI0 OOpaTHBIM
XOJIOAWJIBHUKOM, TIOMEIAI0T TOJIYOJl M CEPHYIO KHUCJIOTY, CMECh HarpeBaroT 0
kunenus. Crnaboe KWIEHHE TOJyoja MOAJEPKUBAIOT B TeyeHHe | 9, XOpoIo
nepeMeIInBasl CMECh, JIJIs1 4Yero KoJIOy BCTPSIXUBAIOT Kaxable 2—3 muH. Uepes vac
CJIOM TOJIyOJla TIOYTH MCYE3AET, YTO CIY>KUT MPU3HAKOM KOHIIA peakiuu. Ternyro
PEaKIMOHHYI0 CMECh BBUIMBAIOT B CTakaH, B KOTopoM HaxoauTcs 100 mi BOgwI;
KOJIOY CHOJIACKMBAIOT HEOOJBIIMM KOJIMYECTBOM BOJbl. B pacTBOp n00aBisitoT 1 1
aKTUBMPOBAHHOTO YIJIA M KHUIIATAT IOJ TATOW Ha S3JCKTPOIUIUTKE C 3aKPBITOM
cupaliblo 0 oOeclBeunBaHUsS. 3aTeM yYrojib OT(HUILTPOBBIBAIOT, a PaCTBOP
ynapuBaroT Ha BoJsiHOM Oane 10 50 mi1. Ilocie 3Toro ero oxyakaaroT JbI0M J10 S—
7°C ¥ HaChIIAIOT Ta3000pa3HbBIM  XJOPOBOJAOPOJAOM IS OCAXKACHUS M-
TOJIYOJICYNb(POKUCTOTHL. [Ipy oOCaXaeHUM CONSIHOW KHUCJIOTOM BBIXOJ PE3KO

ITOHMXKXACTCA.



Brinasmime kpuctamisl OTGUIBTPOBBIBAIOT HAa BopoHke lloTTa, THiareabHO
OT)KMMAIOT ¥ MIOMEIAIOT B AKCUKATOP HaJl KOHIIEHTPUPOBAHHOM CEPHOI KUCIOTOM.
OIHOBPEMEHHO B 9KCHKATOP CTABSIT CTAKAHYUK C TBEPAOH MIEI0UBIO (OCTOPOKHO!)
JUIsL TIOTJIOLEHUS XJIOPOBOAOPOJA. BrIcyliMBaHUE NTPOJOIDKAETCS B TEUECHUE
HECKOJIbKUX JHEH.

Boixon 35-40 r (67-77% ot Teopetuueckoro). Ty, 104—105°C.

n-Tonyoncynbpokuciora o0pazyeT  OeCIBETHbIE  THTPOCKOIMHYECKUE
KpucTauibl MOHOTHIpaTa. be3Boanas kucinora kunut npu 140°C (2,66 klla, wim
20 mM. pT. cT.), Ty 104-105°C. Xopomio pacTBopsieTcs B Bojie, cupTe, 3dupe.

Konmponvnuvie onpocul

1. TlpuBenute cxembl Cyab(hUpOBaHUs O€H30Ja: a) CEPHON KUCIOTOM; 0) OKCHIOM
cepol (IV); B) SKBUMOJIIPHBIM KOJMYECTBOM XJIOPCYJIb(OHOBON KHUCIOTHI; T)
M30BITKOM  XJIOpCyNb(POoHOBOM KHCHOTHL. Kakume moOOYHBIE MPOIYKTHI
00pa3yroTcs Mpu 3ToM?

2. Tlpu cynbdupoBanuu Tonyona cepHoit kucnmotou mpu 0°C oOpasyercs 42%
o-tonyoJcynbhokucinotel U 54% n-uzomepa. Ilpu 100°C ob6pasyerca 13%
o-uzomepa u 79% n-uzomepa. OOBICHUTE ITU PE3YJILTATHI.

3. Pacmonoxxute mMpUBENCHHBIC HIKE COCAMHCHHS B TOPSAKE YMEHBIIICHUS WX
AKTUBHOCTH TI0 OTHOINCHHUIO K cynbdupytomemy areHty (SOsH™): Tomyou,
STIUI0EH30J1, OpoMOeH30J1, HUTPOOEH30J1, aHu30J1, HapTanuH. Kakue nmpoayKTh
peakiuu 00pas3yroTcs B pe3ybTaTe MOHOCYIb(UPOBaHNUs?

4. Kakue MOHOCYIH(GOKUCIOTH MOTYT OBITH TMOJY4YEHBI NpU CYIbGUPOBAHUU
anunuHa, N,N-nmuMmeTunanunnHa, xJopoeH3ona, OeH3anpaeruaa?

5. Kako#i mapamerp peakuuu cyiab(HUpOBaHUS HEOOXOAUMO H3MEHSTh, YTOOBI
MPEUMYIIECTBEHHO MOJIy4aTh: a) O.- Win B-HaPTaauHCYIbPOKUCIOTY; 0) o- UIn
B-anTpaxuHoHcyabdokucaoTy? Kakum o00pazoM MOXKHO OCYIIECTBISATH

B3aMMHBIE MMPEBPALICHUS U30MEPHBIX MOHOCYIb(POKUCIOT HapTammHa?

Jlabopamophas paboma
«Peakuuu 3J1eKTPOoPUIBHOIO 3aMellleHHs] B APOMATHYECKOM PSIY»

bpomupoBanue



Cunres 2,4,6-TpuOpoMaHUINHA

OcHosnas peakyus:
NH, NH,
Br _Br
+ 3Br, + 3HBr
|
Br
Peaxmueuvl, nocyoa u npubopul:
AHUIVH 255r Konba mnockoonnas mupokoropias (250
MJT)
(cBexeneperHanubiit) (2,5 mn) Crakan (100 mn)
bpom I5r Boponka kanenpHas
(4,8 M) bans BogsHas
bpomun kanus Or Konb6a konnueckas (150 mur)
DTaHOII 150 mn XO0J0IMIIBHUK OOPaTHBIM
ConsiHas kucioTa Kon6a byn3zena
(p=1,19 r/mn) Boponka broxnepa
I'mapokcuy xanus bans necuanas

(10%-Hbr1it pacTBOp)

Cbopka npubopos:

1. TlpuGop mjis cUHTE3a COCTOUT M3 IUIOCKOJAOHHON HIMPOKOTOPJION KOJOBI U
KareabHON BOPOHKHU.

2. Ilpubop nnsg KpUCTAIM3AIlMH, COCTOSIIIMN M3 KOHMYECKOH KOJOBI U
00paTHOTO XOJIOIUJIbHUKA.

Buvinonnenue cunmesa: (Paboty mpoBOJIUTH B BHITSHKHOM mIKady!)

B mmpokorop:ioii miockooHHOM Kosoe (mpubop 1) BMectumMocThio 250 mit
pacTBOpSAOT 2,5 M aHWIMHA B /5 M BOABI, coaepxkamen 2,5 wi
KOHILICHTPUPOBAHHOM COJISTHOM KUCIOTHI. B cTakane pacTtBopstoT B 50 mi1 Boabl 9 T
Opomua kanus u 4,8 mi1 Opoma npu nepemerminBaiuu. [lonydeHHbIN TPO3payHbIii
pPacTBOp BBUIMBAIOT B KalleJIbHYIO BOPOHKY, MOMENIEHHYIO HAJ PEAKUNOHHOU
koiOoil. IlocremeHHo, MO KarisiM MPWIKMBalOT ero B TedeHue 30 MHUH B
PEaKIMOHHYIO CMECh ITPU SHEPTUYHOM MOMEIIMBAaHUH. Peakiiyst J0KHA TPOXOAUTh
Ipu KOMHATHOH Temnepatype. [locne okoHuaHus peakuu okpacka Opoma rucue3aer
U BbINAJAeT ocagok TpuOpomaHunnHa. Ero otnmensior Ha BopoHke broxnepa,

npoMbiBalOT Ha QuibTpe 10%-HbIM pacTBOpPOM THUIAPOKCHAA Kalus, a 3aTeM



OOJMBIIMM KOJIMYECTBOM BOJbI. Ele BIaKHBIM TPUOPOMAHWIMH OUYUIIAIOT OT
pUMecei KpucTajuiu3amuei u3 ropsiuero cnupra (okosio 150 mi) (mpudop 2). s
KPUCTAJTM3AIMU CIIMPTOBOM PacTBOP MOMENIAIOT B JIEJsAHYIO OaHIo Ha 1 4, a 3aTeM
0CaJIOK OTIENSIOT Ha BOpoHKe broxHepa u cymart Ha Bo3ayxe. Beixon 7 r (77% ot
TEOPETHUYECKOTO).

2,4,6-Tpubpomannus  —  O€CLBETHOE KPUCTAIIMUYECKOE BEIIECTBO;
pactBopuM B 3dupe, xijopodopme, TPYIHO PACTBOPUM B ITUIOBOM CIUPTE,
HepacTBOpuUM B Boje. t;,=119-120°C.

Jlabopamopnas paboma
«Peakuuu 371eKTPOPUIBHOI0 3aMellleHNs] B APOMATHYECKOM PSILY»
AJIKMJIMPOBaHUE

PeakuusiMyu ankuivpoBaHUsS HA3bIBAIOT PEAKLIHM, BKIIOYAIOIINE 3aMEHY
aToMa BOJOpPOJA OPTraHMYECKOTO COEIMHEHUS aJKWJIbHBIM paaukaioMm. B
3aBUCUMOCTH OT TOrO, MPU KAKOM aTOME B MOJIEKYJIE MPOUCXOIUT 3aMeElICHHE
BojopoAa, paziuyarot N-, O- u C-ankunupoBaHue.
MexaHn3Mm peakiuu

HezaBucumo oT mpupoabl peaklIMOHHOTO LIEHTpa cyOcTpaTa U €ro CTpOEHUs,
a TaKKe OT CTPOEHHUS AJKWIMPYIOIIEr0 areHTa BO BCEX CIy4asX MHpPOLECCHI
IPOTEKAIOT MO BJeKTpopUiIbHOMY MexaHu3Mmy. Ha npumepe ankuimmpoBaHUs
aMUHOB CNHUpTaMud (B TPHUCYTCTBUHM CHJIHBHOM MUHEPAIbHON KHUCIIOTHI) CXeMma

BBITJIAAUT TaK:
+ +
AIKOH + H == Alk —OH,

Alk— OH, == Alk" + H,0
+ N +
Ar—NH, + Alk' — Ar—NH,— Alk == ArNHAIk + H
ITo AHAJIOTUYHOMY MCXaHU3MY IIPOTCKACT AJIKWJINPOBAHUC
THAPOKCUITPOU3BOAHBIX C O6pa?>OBaHI/IeM COOTBCTCTBYIOIIHUX AJIKHMJIOBBIX B(I)I/IpOB.
Mexanu3sm  C-aJIKWIMPOBaHUS apOMATUYECKOro siApa BKJIIOYAET  y4yacTue

KaTaJM3aTOPOB, CHOCOOCTBYIOIIUX 00Pa30BaHUIO KAPOOKATHUOHOB:

Alk—CI + AICL, —= Alk—CL..AICI; —= Alk + AICI,



H Alk Alk

+ +
+ Alk  —= — + H

H' + AICI, — HCI + AICI,

AJIKUIUPYIOIINE areHThI

B cunTe3e anKuianmpou3BOIHBIX IIMPOKO HCIOJB3YIOTCS OJHO-, JIBYX- H
MHOTOAQTOMHBIE CIUPTHI ATU(PATHUECKOTO psijia, a TAKKE >KUPHO-apOMATHUYECKUE
cnupThl U (eHoibl. He MeHbIIee 3HaueHne npuoOpey rajJoreHalKIb.

B ciydyae wmanoli peakiMOHHOM CIIOCOOHOCTH CYOCTpaTOB MPUMEHSIOT
TUaNKUICYIb(aThl — ankuioBbie 3¢Gupbl cepHoit kuciaothl (AlK),SO4. Bosee
yI0OHBI B paboTe MO CPaBHEHUIO C JUAJIKWICYJIb(paTaMud METHIOBBIE 3(PUPbI
0eH3071- 1 Toayoacynbhokucior (CsHsSO,0CH; n CH3CsH,SO,0OCHs3), koTopsie
COBEpIIEHHO Oe3BpeAHbl. B KadyecTBE MSITKOTO aJIKWIMPYIOLIErOo CpEeACTBa
UCIOJIB3YIOT 1ua3zomeTaH. Ero nmpeumMyIiecTBo B TOM, 4TO MOOOYHBINA MPOAYKT —
a30T — JIETKO YyAAISIeTCs W3 peakuuoHHou cmecu. J[nsa mnonydenus C-
KWIIPOU3BOIHBIX TPUMEHSAIOTCS TAKKE U HEMPEIETbHBIE YIIIEBOOPOIBI.
VYcnoBus npoBeiCHUS PEaKIUil

Anxunupoeanue amunog. Peakuus aqKWIMpOBaHUS CIHPTaMU B OOBIYHBIX
YCIOBUSIX TPOTEKAeT O4YeHb MeUIeHHO. [loaromy mpoliecc mTpoBOIAT NpHU
HarpeBaHWM W T[IOBBIIICHHOM JaBJIE€HUU. B 3aBUCUMOCTH OT MNPUPOABI
ANKUWIMPYEMOTO cyOcTpaTa W KaTajld3aTopa BpeMs U TeMIepaTypa, MpU KOTOPHIX
OCYIIECTBIISIETCS ATIKWJIMPOBAHUE, MOTYT OBbITh pa3HbIMU. CyIIECTBEHHOE BIIUSIHUE
OKa3blBAa€T  KaTauu3aTop —  TaJIOTEHOBOJAOPOAHBIE  KHCIOTBL. Tak, ¢
OpOMOBOJIOPOTHOM KHUCIOTOM CKOPOCTh PEAKIIUM BBIIIE, YEM C XJIOPOBOIOPOIHOM.
B npucyTcTBUM M010BOAOPOIHON KUCIOTHI OHA BO3PACTAET €Ilie OOJIbIIIE.

3HAUUTENHHOE BIMSAHHUE HA XOJ PEAKLHMHU OKa3bIBAET COOTHOIICHHE aMHUHA U
KHUCJIOTBI, KOTOpo€ MOeT MeHAThca oT 20:1 mo 1:1. XiopoBomopoa BBOIAT B
pEeaKIMIo B BUE THAPOXJIOpUAa amuHa. [Ipu ucnonp30BaHUU CEpHON KHUCIIOTHI €€
kosmuecTtBo coctasisier 0,05-0,3 Monp Ha Moab amMuHa. Beiaenstonryrocs B
MPOIIECCE PEAKIIMU BOAY YIAJAIOT a3€0TPOIMHOM OTTOHKOM MJTM BOJIOOTHUMAIOIITUMU

CpeICTBaMH.



AJKATUPOBaHUE AMHUHOTPYIIITBI MOXKET OBITh IOCTUTHYTO TaK)kKe 00pabOTKOM
aMuHa rajoreHankuiamMu. X nmpuMmeHeHue npecTaBiseT UHTEPEC sl BBEICHUS
TaKUX aJKWJIBHBIX TPYIII, TAJIOTCHONPOU3BOIHBIE KOTOPBIX OOJiee MOCTYIHBI U
Jierye BCTYIAIOT BO B3aMMOJCHCTBUE C aMUHAMU, YEM COOTBETCTBYIOIINE CITUPTHI.
[IpumeHeHne NPOCTEUIINX TaJOT€HAJKWIOB, HAIPUMEDP, XJIOPUCTOrO ITHUJIA,
peanusyercsi B TeX CiydasiX, KOrjJa aMHUHbl HE MOTYT ObITh aJKWJIMPOBAHBI
cnupTamMu. Bepiensiomuiics B mpolecce peakiuu TaloreHOBOAOPOJ HHOTAA
CBSI3BIBAIOT M30BITKOM aMHUHA, HO Yallle BCETO J00aBIEHUEM K PEaKIIMOHHOW Macce
HICJIOYHBIX U IIEJIOYHO3EMENIbHBIX METaJUIOB, KapOOHATOB HATPHsl M KaJbIUs.
Temmnepatypa peakmuu 00sr9HO He TpeBbimaeT 100°C, mo3ToMy CHHTE3bI TPOBOISAT
B KoyiO€ ¢ OOpaTHBIM XOJOAWJILHUKOM. C HU3KOKHUIISIIMMHU TajloreHaIKuIaMu
peaKIuu MPOBOIAT B aBTOKJIaBaX.

Anxunupoeanue cnupmog u ¢henonos. AJIKWIMPOBAHUE THUIIPOKCUTPYIIIBI
JEWCTBUEM CHUPTAa U MUHEPAIBHON KHCIOTHI UMEET OTPAaHUYCHHOE MPUMEHEHHUE,
MPEUMYIIIECTBEHHO JJIsI COeAMHEHNN HadTaTMHOBOIO M aHTPALIEHOBOTO PsiaoB. B
OCH30JIBHOM PSTy CIIUPTOM B KUCJION Cpejie MOTYT ObITh aJIKUIUPOBAHBI PE3OPIIUH
U 0COOEHHO JieTko GioporiaouuH. JIJisi aqkKwiMpoBaHUsS M, B YaCTHOCTH, s
METWJIUPOBAHUS TUIPOKCUCOCIUHEHUN IIMPOKO UCMOJB3YIOT AUMETWICYIb(AT U
METHUJIOBBIE d(DUpBI O€H30II- U n-TOMyonCyabhokucioT. [Iporecc mpoBoadaT, kKak

IpaBuiIo, C N30BITKOM mecJIo4u:

ArONa + (CH;0),S0,—= ArOCH, + CH,0S,0Na

OOpasyromiasicsi cHauajga HaTpUEBasl COJIb MOHOMETHIIOBOTO 3(upa cepHOU
KHCIIOTBI TIpH juyuTenbHOM HarpeBanuu a0 100-110°C metunmupyer BTOpYIO

MOJIEKYITY TUIPOKCUTIPOU3BOAHOTO:

ArONa + CH,08,0Na —> ArOCH, + Na,SO,

[lepcrieKTUBHBIMH ANKUJIUPYIOIIMMHA areHTaMH, OCOOEHHO i (DEHOJIOB,
OKa3aJMCh TaJOTCHAJKWIbBL. B 3TOM ciiyyae BCEro sl peakiuu HCIOIb30BaTh
(hEeHOISITHI HATPUS WA KaJIHSL.

AnKunuposanue apomamuieckux yeneeo0opooos. J1ns alKuIupoBaHUs dTUX

CO€,)1HHCHPII>1 HCIIOJB3YIOTCA TC KC pEarcHTbl, YTO W JJII aMHWUHOB KW CIIMPTOB. B



cllydae MPUMEHEHHs B KayeCTBE AQJIKWIMPYIOLIMX areHTOB CIHPTOB PEaKLIHs
IIPOTEKAET JIMIIb C Y4aCTHUEM KHUCIOT. XOpOLIME pe3yJbTaTbl JOCTUIAKOTCA B
CHUHTE3aX C BBICIIUMHU alu(paTHYECKUMH CIUPTaMH, TJABHBIM 00pa3oM C
TPETUYHBIMU. B mpoliecce peakuuy MpoUCXOAUT U30MEPU3aLHs PaIUKaIa CIUPTA,
MO3TOMY TaKUM CIOCOOOM HENb3s BBECTH B SAPO 3aMECTUTEIM C HOPMAIBHOMN
ueneto. [lepBuuHble CUPTHI U30MEPU3YIOTCA BO BTOPUYHBIE, & BTOPUYHBIE — B
TPETUYHBIE.

Kak mnpaBuio, nOpu ajdKWIMpOBAHMHM apOMATHYECKUX YIIIEBOJOPOAOB
CIMPTaMU B MPUCYTCTBUU CEPHOM KUCIOTHI MOCieaHIo0 HarpeBatoT 10 70—-80°C u
K HEH NpHU NEPEMEUIMBAHUM MEIJICHHO, B TE€YEHHE 3—5 4, NPUIMBAIOT CMECH
apOMaTHYECKOI0 YIIIEBOAOPOAA U CIIUPTA.

Mepvr npedocmoposicnocmu. Ocod0e BHIMaHUE IIPU NPOBENCHUN PEAKLUU
AJIKWJIMPOBAHUA 00OpaliaoT Ha IpaBuiia paboTsl ¢ qumeTwiicyibdarom. [locnennui,
SBIISSACH SJOBUTHIM MPOJIYKTOM, TpeOyeT MPOBEACHHUS CHHTE3a B BBITSDKHOM IIKa(y
C MPUCIYIICHHOW ABEPIEH U UCIOJIb30BAHUEM PE3MHOBBIX NEPUYATOK JJISI 3AIUTHI
pyk. Paboty c¢ ramoreHoBomopoiamMHM TakKe IMPOBOISAT B BBITSDKHOM HIKady,

co0Jro1ast Bce MmpaBmiia pabOThl C KUCITOTaMHU.

CuHTe3 aHn30J1a

OCH,
+ (CH,0),80, —= © + CH,0S0,0Na

ONa

Peaxmusvr: penon — 7,5; aumermwicynbdar — 14,6 r (11 mur); ruapoxcuy
HaTpusA, 2H pactBop — 60 mur; ausTHNOBEIN 3hup — 150 mi; kapOoHat HaTpus
(6e3BOIHBII).

Ilocyoa u obopyoosanue: xomba Tpexropias BMecTUMOCThi0 100 Mit; TepMomMeET);
XOJIOAWJIBHUK BOJISTHOM; OaHs BO/IsSIHAS; KanleIbHasi BOPOHKA; IeJIMTEIbHAsl BOPOHKA.
(Pabomy npoeooums ¢ ebimaxcHom wikagpy!)

B Tpexropiayo KpyriiooHHYIO K0i0y, CHA0KEHHYIO MEIIAKON, KaneIbHOU

BOPOHKOM U 0OpaTHBIM XOJIOAUIBHUKOM, 3arpyxarot 7,5 T eHosia, pacCTBOPEHHOTO



B 25 M BoAbL, 1 42,5 Mi1 2H pacTBOpa TUAPOKCHIA HATpHsl. 3aTeM IIpu paboTaromein

MelIajKe U3 KamneldbHOW BOpPOHKM BBOIAT 11 mu gumermicyinbgdara. Cpasy xe

HAUYMHAETCSl pa3orpeBaHue peaklMOHHONW Macchl. KamenbHy0 BOPOHKY 3aMEHSIOT

TEPMOMETPOM U PEAKIUIO Jjajee BEAYT IMPHU MepeMelIMBaHuu U TeMieparype 40—

50°C, mns yero MpUMEHSIIOT OXJaXKJeHue BoisHou Oanei. Ilocne mpexpaiieHus

peaklny, 0 YeM CYAST 10 NaieHUI0 TeMrnepatypsl Hike 40°C, peakIMOHHYIO CMECh

HarpeBatoT B TeueHue 30 MUH Ha KUIIAIIEH BOJSHOM OaHE MpPU MOCTOSHHOM

nepeMeTnBaHUH.

K oxmaxnenHoi peakimoHHON Macce poOamisitor 18,5 Ma 2H pacTBopa
THAPOKCUJA HATPUS 0 UIEJIOYHOM peakiuu Jisd TUAPOIH3a HU30BITOYHOIO
KoM4yecTBa auMeTHiIcynbdara. [IpoaykT peakmuu MEepeHOCST B JIEIUTEIbHYIO
BOPOHKY ¥ 9KCTParupymor B ABa nmprema 3pupom (1o 75 M1 Kakapli paz). DPUpHbIii
HKCTPAKT CyIIaT OE3BOJHBIM KapOOHATOM HATPHUS U (PUIBTPYIOT. DPUP OTTOHSIOT
Ha BOJIIHOM OaHe u3 HeOobIIoN KoJIObI Bropia, 700aBiss 3pUpHYIO BBITSKKY 10
Mepe OTFOHKM M3 KalleJIbHOW BOPOHKHU. 3aTe€M KalelbHYI0 BOPOHKY 3aMEHSIOT
TEPMOMETPOM U MIEPETOHSIOT aHU30J1, coOupas Gpakiuio ¢ Ty 153-155°C.
Brixon 6,4 T (75% OT TEOPETHYECKOTO).

AHunzo1 (MeTHII0BBIHN 2Qup PeHomna) — 6ecrBeTHas KUIKOCTh C Tyn 155°C; B
BOJIE HEPACTBOPHUM, JIETKO PACTBOPSETCS B STHIIOBOM CIIUPTE, dbupe, Gensone; ps?°
=0,9954, n,* = 1,51791.

Xpomatorpadusi: mnactuHku «Cuitydoi», cucteMa NMeTposielHbd ahup —
ATWIIAIIETAT — JieJisiHas yKeycHas kuciota (17:2:1). Rs = 0,42.

Bonpocwt u ynpasicnenus:

1. Pacnonoxxute B MOPSAKE YBETUUEHUS! PEAKIIMOHHON CIIOCOOHOCTH CIEAYIOIINE
AIKWIMPYIOIUE areHThl: METWIXJIOPUJ, HU3OMPONUIXIOPUA, OCH3WIXJIOPU],
STUIIXJIOPUJT U mpem-OyTHIIXIOPH/IL.

2. Kakue yrieBomoponbl o0pa3yroTcs MpU JACHUCTBUU Ha OEH30JI XJIOPUCTOTO
Mponujia B MPUCYTCTBUU XJIOPHUAA ATOMHUHHS (CIEIyeT YYUTHIBATh, YTO
KaTaJau3aTop BBI3BIBACT N30MEPU3AIIMIO MMPOIMUIBLHOTO panKaa)?

3. Kakue npoaykTbl 00pa3yroTcs Py HArPEBAaHUM CMECH STUIIOBOTO U H-TIPOIIHIIO-

BOI'O CIIUPTOB C CEPHOU KUCIOTOU?



4. HanummTe ypaBHEHUSA peaKUMA aJKWJIMPOBAHHUA OpPOMHCTBIM METHUIIOM
aMMHuaka, METWIaMWHa, JTWJIaMuHa, [poNWJIaMuHa, aHWiauHa,  N-
METWIAHWINHA, A-HUTpOAaHWIMHA. Pacnosoxxure ux B pAA MO JIETKOCTH

MCTHUIINPOBAHUAI.



10.

11.

12.

13.

14,

BOITPOCBI K OK3AMEHY

[Tonsitue o Mexanusme peakuuid. Knaccudukanus opraHUYeCKUX pPEaKLUi.
OO1mas cxema MpOTEKaHUs PEaKIHil.

MeTtoapl yCTaHOBJIEHUSI MEXaHM3MOB peakuuid. DakTopbl, ONPEIEISIONINe
KOHCTAHTBI PABHOBECHUS U CKOPOCTH PEAKIUN.

PacTBoputenu u ux posib B XUMHYECKUX NPOLIECCAX.

Baxueiiive HyKiIeoQuibl U COOTBETCTBYIOIIME UM 3JIEKTPOOTPUIIATEIIbHbBIE
YXOASIINE TPYIIIHL.

Bakneiimme 31eKTpo( bl ¥ 3JIEKTPOTIOIOKHUTEIIBHBIE YXOISIINAE TPYIIIIHI.
JlucconraTuBHbIE  HYKJICO(PUIbHBIE  IPOIIECCHI. MoHoOMONEKYISIpHOE
HYKJIEO(PUIBHOE 3aMellleHHe U oTiierieHrne. O01me npeacTaBiaeHMs.
Kunetnka peakuuii MOHOMOJEKYJISIPHOIO HYKJICO(UILHOTO 3aMEIICHUS.
Biusinue cTpyKTypHBIX (JaKTOPOB Ha CKOPOCTh HYKICO(UIBHOTO 3aMEIICHUS U
oTuierieHus. Bnusiaue pactBoputeneil. M30uparenbHOCTh peakiui.
CunxpoHHbIE HYKJIEO(pUIbHBIE MpOIecChl. bumonekynsipHoe HykiIeohUiIbHOe
3aMELICHHUE.

Peakiuu  nywieodunbHOro  ormersieHus.  KapOaHMOHHBIM — MEXaHH3M.
buMosnekyIsipHbI MEXaHU3M.

Peakuny MOHOMOJIEKYJISIPHOTO HYKJIEO(UIIBHOTO 3aMEILICHHS B ApOMATHUYECKOM
pany. JByXcTaaiuiHbld MEXaHU3M IpOLIECca.

HyxkneodunpHoe 3amenienre B HEAKTUBUPOBAHHBIX ApOMATHUUYECKUX CHCTEMAaX.
HNon-panukaibHbIl MEXaHU3M TIpolecca.

JlucconmaTtuBHbIE  TOMOJIMTUYECKME  mpouecchl. Peakuum — Tepmoinsa
OPTraHUYECKUX COCTUHECHUMU.

CHUHXpOHHBIE TOMOJIMTHUYECKHE MpPOIecChl. Peakiuu cBOOOTHOPAANKATIHLHOTO
3aMenieHus B anupaTuueckoM psiay.

Peakuuu cBoOOAHOpaIUKAIBLHOTO MpucoeauHeHuss. OOpaTUMOCTh peaKIuil.
Brusiare cTpyKTyphl cyOCTpaTa Ha HAMpPaBIICHUE U CKOPOCTh NIPUCOCTUHECHHUS.

Crepeoxumusl.

VIl. MaTtepuajibHO-TeXHU4YECKOE 00ecredeHue



1. Jlocka, CTOJIBI, CTYJIbS

2. llepeHocHast MyJIbTUMEANITHAS YCTAHOBKA.

VIIl. Cenenust 00 00HOBJIeHNH pa®oyeii MPOrpaMMbl JUCIUILUINHBI

Nerr.. OOGHOBIIEHHBIH Ornrcanrie BHECEHHBIX PexBu3uTel 10KymMeHTa,
paznen padboueit M3MEHEHUM YTBEPAUBILETO
MPOrPaAMMBI W3MEHEHUSA
JUCLIUTIIUHBI
1. Paznen V. YueOHo- Jlo6aBnens! HOoBBIE TocoOust B | [Iporokon Nell ot
METOUYECKOE U OCHOBHOM1 criucok ureparypbl | 28.04.21r. 3acenanus
uH(pOpPMaIMOHHOE YYEHOTO COBETa XMMHUKO-
obecrieueHne TEXHOJIOTUIECKOT0
JMCIIUTITHHEI daxynbreTa




