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BBenenue

Huctunnuna «OO0mas XuMu4yecKasi TEXHOJIOTH») OTHOCUTCS K JAMCHUIUIMHE 00sS3aTenbHON
gyactu. OnHa HampaBieHa Ha QopMupoBaHUE  O00mENPOPEeCCHOHANBHBIX  KOMIIETCHIIHH,
oOydaromuxcst B mpoiiecce BhIMoTHeHHsI padoT, onpeneneHubix @I'OC BO.

MeTtoauueckue yka3aHUsl COCTaBJIEHbI HA COBPEMEHHOM HayYHOM YPOBHE M pPacCUMTaHbI Ha
CTYJEHTOB, 110 HampasyeHuto 18.03.01 Xumudeckass TEXHOJIOTHUS.

[TocnenoBaTenbHOCT, TEM COOTBETCTBYET JIOTHUECKON CTPYKType €€ MPOXOXKICHUS.
IIpennaraemple METOOMYECKHE YyKa3aHUS COAEpXKAaT MaTepuan, KOTOPBIH pPEKOMEHAYETCs
UCTIONB30BaTh CTYJEHTAM MPH MOATOTOBKE K MPAKTUYECKUM 3aHSATHUSIM.

JUid NMOATOTOBKM K IPaKTUYECKUM 3aHATHSIM CTYAEHT AOJDKEH HW3Yy4YUTh MaTepuan Io
COOTBETCTBYIOILIEH TEME, MCIIOJIb3Ys OCHOBHYK) U JIOIOJHUTEIBHYIO JIMTEpaTypy, a TaKxke
UCIOJNB3Ys nepuoandeckue u3aanuss CMU.



TEMA 1. TEOPETUYECKHE OCHOBBI XUMHNYECKOHN
TEXHOJIOT'UHN

ITPAKTUYECKOE 3AHATHUE 1. OCHOBHBIE IIOHATHUA U
OITPEAEJIEHUSA

Ieanb 3aHATHSI: 3aKPENHUTh ¥ PACIIUPHUTH 3HAHUS 0O OCHOBHBIX MOHATHAX U
ONPEACICHUSIX XUMUYECKON TEXHOJOTUHU.

Teopernveckass yacTb
B mmpokoM cwmbicie ciloBa TEXHOJNOTHST — OTO Hayka o Haubosee

DKOHOMHUYHBIX METOJaX M CpEeACTBAX MaccoBOW MepepabOTKU MPUPOIHBIX
MaTepuasoB B MPOIYKTHI MOTPEOIECHUS U CPEACTBA IIPOU3BOJICTBA.

[To cmoco6am nepepaboTKH TEXHOJIOTHUS JETUTCS Ha

-MEXaHUYECKYI0 (M3MeHsATCS (opMa M (U3HUECKHE CBOMCTBA HCXOJHBIX
MaTepuaoB)

-XUMUYECKYIO (U3MEHSETCSl CTPOCHUE UCXOJIHBIX MATEPUAJIOB)

XuMuyeckasi TEXHOJIOTHS — 3TO €CTECTBEHHAs! HayKa O Crioco0ax U MpUHIMIAaX
IIPOMU3BOJACTBA  NPOAYKLUMH, OCYLIECTBISIEMBIX €  YYaCTHEM  XHMHYECKHX
IIPEBPAILCHUMN.

OOBEKTOM HCCIIEJOBAHUS XUMUYECKOH TEXHOJOTHUU SABIISIETCS XHUMHYECKOE
MPOU3BOJACTBO, 1€lb MCCIEIOBAaHUS — CO3JaHUE PALMOHAIBHBIX CIOCOOOB
IIPOU3BOJCTBA HEOOXOJMMBIX YEJIOBEKY IPOJYKTOB, METOJbl HUCCIEIOBAHUS —
AKCIEPUMEHTAIbHBIN, MOJEIIMPOBAHUE U CUCTEMHBIIN aHaJIH3.

XUMHYECKOE TMPOU3BOACTBO — COBOKYIHOCTH IIPOLIECCOB U  Olepalui,
OCYILECTBISIEMBIX B MAIIMHAX U ammapaTax M IOpeJHa3HAYeHHbIX IJi1 nepepaboTKu
CBIPbS ITyTEM XUMUYECKUX MPEBPALLEHUI B HEOOXOAUMBII MPOITYKT.

XHUMHKO-TEXHOJIOTHYECKUI  MPOLIECCIIPEACTABISIET €000  COBOKYIHOCTh
olnepauuii, HO3BOJISIOIIUX MMOJTYYUTh HEIEBOM NPOAYKT U3 UCXOJHOT'O ChIPhS

1 — moAroToBKa CHIPHS;

2 — XMUMHUYECKHUE PEBPALLCHNUS;

3- BBIACJIICHHUC OCJICBOTO IIPOAYKTA



TexXHOJOTUYECKUM  pPEKMMOM  Ha3bIBA€TCSI COBOKYMHOCTH  MapaMeTpoB,
OTIPEISIISIFOIINX YCIOBHSI pa0OTHI anmapara Wid CUCTEMBI allmapaToB.

[lapameTpoM  TEXHOJIOTHUECKOTO  pPEKMMa  HA3bIBAETCS  BEIIMYWHA,
XapaKTepU3yIomIasi Kakoe-Tu00 YCTPONCTBO WU PEXUM padOTHI ammapara.

OCHOBHBIC TIapaMETPhI: TEMIIEPATyphl, AABJICHUS, KOHIIEHTpAIUs PEarcHTOB,
WHTEHCUBHOCTh KaTajiu3aTopa u JIpyrue

OnTumanbHBIC YCIOBHS BEIEHUS TMpoIlecca — 3TO COYETAaHHE OCHOBHBIX
napaMeTpoB, MO3BOJISIONIEE MOJYYUTh HAMOONBIIUNA BBIXOJ MPOJIYKTAa C BBICOKOU
CKOPOCTBIO HJIK 00€CTIeUNTh HAUMEHBIIIYIO0 CE0ECTOMMOCTD

Knaccudukamus mokaszareneid: 1. TeXHOIOTHMYECKHE, 2. SKOHOMHYECKHE 3.
HKCILTyaTallHOHHBIE.

Texnomornyeckue mokazatenu. [IpOM3BOAMTENHFHOCT — 3TO KOJUYECTBO
BEIPAOOTAaHHOTO MPOAYKTA WIIH MepepabOTaHHOTO CHIPhS B €]] BpEMEHU

WNuTencuBHOCThIO Tporiecca (M) — HaspBaeTcs MPOU3BOIUTEIHHOCTD
amnmapaTa, OTHECEHHAs K XapaKTepHOMY pa3Mmepy paboueii yactu ammapata. OOBIYHO
3a Xap-pHbIN pazMep MPUHUMAIOT PEAKIIMOHHBIA 00beM (V) WK IUIOIAId CeYeHUs
(S) anmmapara

Pacxomupiit k03¢ (PK) — pacxom chIpbsi, BOIBI, SHEPTUU W PA3ITHYHBIX
pEeareHToB Ha MPOU3BOJICTBO €IUHMUIIBI IIEJIEBOTO MPOAYKTA

Beixon mpoaykra — 3TO OTHOIICHHWE KOJHMYECTBA TIOMYYECHHOTO IICJIEBOTO
MPOYKTa K TEOPETUUECKH BO3MOKHOMY.

CrerneHb MpEeBpaIIeHUs — 3TO OTHOIICHUE KOJIMYECTBA peareHTa, BCTYIHUBIIETO
B PCAKIINIO, K €T0 UCXOTHOMY KOJUYCCTRY.

CenexkTUBHOCTBIO HA3bIBACTCSI OTHOIIECHUE MPOJYKTa K OOIIEMY KOJUYECTBY
MOJIy4aeMbIX TPOIYKTOB.

DKOHOMUYECKUE TTOKA3aTEIIH.

KamuraneHbie 3aTpartbl - OTO cyMMa BCeX 3aTpar, MPOU3BEACHHBIX TpU

CTPOUTCIILCTBC JAaHHOT'O I€Xa WJIH IIPCAIIPUATHUA B LICTIOM.



VYaenpHble KanuTajdbHbIE 3aTpaThl — OoJiee HArJISAHBIA IOKa3aTelb, 4YeM
KaIlluTalbHbIE 3aTPAThl, OHU MOJIYYarOTCs OT AEJIEHUS OOIIeH CTOMMOCTH YCTaHOBKHU
(uexa) Ha ee roJI0Byr0 MOLTHOCTh

CebecTouMOCThIO TPOAYKIIMK HA3bIBAETCS JICHEKHOE BBIPAKEHHUE CYMMBI
3aTpaT JAaHHOTO MPEANPHUSATHS Ha HW3TOTOBJICHHE U COBIT MPOIYKIUHU. 3aTpaThl
NPEINpPHUSITUS, HEMOCPEACTBEHHO CBS3aHHBIE C TPOU3BOACTBOM  MPOAYKIIUU
Ha3bIBAIOTCS  (PaOpUUYHO-3aBOJICKON  CE0ECTOMMOCTBIO, KOTOpas ciaraercsi u3
CJIEIYIOIIUX CTATEH:

[Tpon3BoaUTENBHOCTD TPyAa. DTO KOJIMYECTBO NPOAYKIMH, BbIpaOaThIBAEMOMN
pabouuM B €IMHUILY BPEMEHH, WM KOJINYECTBO pab0OvYero BpeMEHHU, 3aTPauuBaeMOro
Ha BBIPA0OTKY eAUHMLBI HpoAyKuuu. C yBEIUYEHHEM EJUHUYHOM MOILIHOCTH
YCTAaHOBKH BJIBO€ TMPOHM3BOAUTEIBHOCTh TpPyAa JUIS MHOTUX  XHMHUYECKHX
pou3BOACTB Bo3pacTaeT Ha 60-80%.

KayectBOM  mpoayKIMuW  Ha3bIBA€TCSl  COBOKYMHOCTh  TEXHUYECKUX,
OKCIUTYaTaIlMOHHBIX, DKOHOMHUYECKHX U JPYTHX CBOMCTB, OOYCIOBIMBAIOUINX €€
IPUTOJTHOCTD ISl YJIOBJIETBOPEHHUS JIMYHBIX WM MPOU3BOACTBEHHBIX MOTpEeOHOCTEN
B COOTBETCTBHUHM C €€ HA3HAUECHHUEM.

OKCITyaTallMOHHbIE TTOKA3aTeNu.

HanexxHocTh mpou3BOACTBA — CHOCOOHOCTh IPOM3BOJICTBA  BBINYCKATh
OPOAYKIMIO 3aJlaHHOTO KOJMYECTBA W KadecTBa NMPU HAJMYUM OTKa3a B pabore
o0opy1oBaHUSI.

CreneHp aBTOMATH3allMd W MEXaHM3AMK — JOJS PYYHOTO Tpyda B
IKCIUTyaTaIllH IPOU3BOJICTBA.

be3zonacHocTh omnpenensiercss BEpOATHOCTbIO HapyILIEHUH (PYHKIIMOHUPOBAHUS
00OpyI0BaHUS WJIM IPOU3BOJCTBA B LIEJIOM, NMPUBOJAALICH K HAHECEHUIO Bpela WU
yiiep6a 00cIy>KuBaroIeMy epcoHaty, OKp Cpejie U HaCETICHHIO.

DKoJoruyeckas YucToTa Npor3BOICTBA

-CO3/JTaHNE€ MAJIOOTXOJIHBIX, OE30TXOJHBIX MPOU3BOJCTB, OCHOBAaHHBIX Ha

NPUHIMIAX KOMIUIEKCHOU NepepabOTKH ChIPbs



- TNpUMEHEHUE 3aMKHYTBIX CHUCTEM BOJOCHaOkeHuss Oe3 cOpoca wiIM ¢
MUHUAMAJILHBIM COPOCOM SKOJIOTUYECKH OYHINICHHBIX CTOYHBIX BOJ B BOJIOEM
-3KOJIOTUYECKOE BO3JIEUCTBUE MPOU3BOACTBA HA MIPUPOJHYIO CPENY HE JTOJKHO

IPEBBIIIATH CAMOOYMILAIOLIYIOCS CIIOCOOHOCTh SKOCUCTEMBI B TOM PAOHE.

Bonpocs! u 3axanus:

1. UYto Takoe TeXHOJOTHusA?

2. UYewm orimyaeTcsd XUMHUYECKAst TEXHOJIOTHUS OT MEXaHHYCCKOM ?

3. Uro Takoe ChIphe, MPOMEXKYTOUYHBIM MPOIYKT, MOOOYHBIN MPOAYKT U
OTXOJ[bl XUMHYECKOTO MPOU3BOICTBA?

4. HazoBure OCHOBHBIC (GyHKIIMOHATBHBIC YacTH XUMHYECKOTO
MIPOU3BOJICTBA.

5. Kakue npoiiecchl BKIIOYAET MOATOTOBKA ChIPhs?

6. HazoBuTe TeXHHMYECKHUE MOKA3aTEIN XUMUYECKOTO ITPOM3BOICTBA.

7. Kakme  mokazareiam  XHMHUYECKOrO  IMPOM3BOACTBA  OTHOCATCS K
SKOHOMHYCCKHUM?

8. Kakme MexaHW4YecKuMe TIpOLECChl  HCHOJB3YKOTCI B XHUMHYECKOU
TEXHOJOTUNU?

9. HaszoBure ruapoMexaHUYECKHUE MPOLECCHI, UCIIOJIb3YyEMbIE B XUMUYECKOU
TEXHOJIOTHH.

10. Kakue TernoBble POLECCHl UCTIOIB3YIOTCS B XUMUYECKOW TEXHOJIOTUH?

11. HazoBute MaccoOOMEHHBIE MPOIIECChI, HUCIOIb3yeMble B XHUMHUYECKOU
TEXHOJIOTHH.

12.Yem  xapakTepu3yeTCsd  HENPEPHIBHOCTh  IMPOIECCOB  XUMHYECKOU
TEXHOJIOTHH.

TEMA 1. TEOPETHYECKHE OCHOBBI XUMNYECKOH
TEXHOJIOI'MH

IMPAKTUYECKOE 3AHATHE 2. CBIPBE XUMHNYECKOI'O
IHPOU3BOICTBA.

HCJII) 3aHATHUA: 3aKPCIIUTh MW PACIIUPHUTL 3HAHUA O CBIPbC XHMHYCCKOIO
IIpOMU3BOACTBA.

Teopernveckasi yacTb



Chblppe, NPHUMEHSEMOE B XHMHUKO-TEXHOJOTMYECKHX IPOILECCAX, TOJIKHO
YAOBIIETBOPSATH psiy TpeOOBaHUM, B YACTHOCTU, 00ECTIEUNBATD:

MuHuManpHOE YKCIIO CTaui IepepadOTKX B KOHEUHBIN MPOAYKT

MuHUMAIIBHBIE SHEPTETUYECKUE W MaTEpUAIbHBIE 3aTpaTbl HAa ITOATOTOBKY
CBhIPbSl K XUMHUYECKOMY MPEBPALICHHIO U B LIEJIOM Ha OCYIIECTBIICHUE ITpoLecca

MuHUMaIIBHOE paccesiHue UCXOHOU IHEPTUU

Bo3MoxkHO 00Jiee HU3KUM ypOBEHb TEeMIIEpaTyphl, JABJICHUS, PACX0/la SFHEPTUU
Ha U3MEHEHHE arperaTHOTO COCTOSIHUS PEarupyroIuX BEIIECTB

MaxkcumanbHYyH0 KOHIIEHTPALIMIO IIEJIEBOT0 MPOAYKTA B PEAKIIMOHHOW CMECH

B 3aBHCMMOCTH OT CBOMCTB M COCTaBa BBIACISIIOT TPU OCHOBHBIC TPYIIIBI
OTXO/IOB MPENPUITUNA XUMHYECKOU u HeTenepepabdarpiBaromen
MIPOMBIIIJIEHHOCTH:

bim3kue K uCXOAHOMY CBHIPBIO

bim3kue K 1eneBbIM IpoayKTam

bim3kue K ChIpbIO APYTUX MPOU3BOACTB MU OTPACIEH.

[Tpu oboraieHny TBEPJOTO CHIPhI UCTIOIB3YIOTCS (U3NUECKHUE, XUMUUECKHUE U
(bUBUKO-XUMUYECKUE METOJIBI.

dusnyeckue METOAbl  O0OTaleHHsA. JTO METOJIbl: TPABUTAIMOHHBIN,
OCHOBAHHBIM HA PAa3HOM CKOPOCTH OCENAHUA YaCTUIl PA3JIMYHON IUIOTHOCTH U
pa3MepoB B IOTOKE Ta30B WJIM JKUJIKOCTH JUOO B IOJ€ LIEHTPOOEKHOM CHIIBL
AIEKTPOMArHUTHBIM, OCHOBAaHHBIM HAa pPAa3JIMYHOM MAarHUTHOM IPOHULAEMOCTH
KOMIIOHEHTOB  CBIpbs;  QJIEKTPOCTATUYECKUN, OCHOBAHHBIM HA  pPa3jIUyHOU
AJIEKTPUYECKON MTPOBOJUMOCTH KOMIIOHEHTOB CHIPbS; TEPMUYECKHIN, OCHOBAaHHBIN Ha
Pa3HOCTH IJIABKOCTH KOMIIOHEHTOB CHIPbS.

['paBuTanIMOHHOE OOOTAIllEHWE HCIMONB3YETCS Uil pa3/ieNieHuss MHHEpasoB,
COZEpXKAIIMX B CBOEM COCTaBE KOMIIOHEHTBI, 3HAYUTEIBbHO OTJIHAYAIOLINAECS I10
IIPOYHOCTH U IUNIOTHOCTH. [ paBUTAIIMOHHOE JIEJIUTCS MOKPOE U CYXO€.

DNeKTpOMarHuTHOE OOOTaIllEeHuEe HCIOJb3YeTCS JUIsl OTACIICHUS MarHUTHO-
BOCHPUMMYHBBIX MATEPUAIIOB OT HEMATHUTHBIX.

Tepmudeckoe oboramieHrne OCHOBAaHO Ha Pa3IMYHbIX TEMITEpaTypax TUIaBICHHUS
KOMITOHEHTOB Y PUMEHSAETCS JIJIS BBIICJICHUS MOJIE3HOTO MPOAYKTA U3 IMTOPOBL.

XumMuyeckue  MeToapl  ooOorameHnsa.OCHOBAaHO HAa  B3aUMOJEHCTBUU
XMMHUYECKUX PEAreHTOB C IIOJE3HBIM MPOAYKTOM B TOPOJAE C MMOCIEAYIOIIUM
BbIJICJICHUEM 00pa30BaBIIUXCSA COSAUHEHUM OCaKJACHUEM, UCTIapEHUEM, TIJIaBJIeHUEM
U T.J.

OU3NKO-XUMUYECKHE METO/Abl O00OTalleHUus] TBEPAOTO ChIpbsi. OTHOCUTCS
draotauuss — MeToa oOOTalleHUs TBEPAOrO ChIPbsA, OCHOBAHHBIM Ha pPA3IUYUU B
CMAauMBa€MOCTH €ro KOMIIOHEHTOB. CMAauMBAEMOCTb TBEPIOIO Tejla ONPENEsAeTCs
aare3uei(?) KUIKOCTH K €ro MOBEPXHOCTH.



OCHOBHBIMM HamNpaBJICHUAMHU PALMOHAIBHOTO HCIIOJIb30BaHUSA XUMHYECKOTO
CBIPbSI SIBIIAFOTCSA:

[Tpumenenue 6osee ACeBOro Chipbs

Hcnonp30BaHuEe MEHEE KOHLIIEHTPUPOBAHHOTO ChIPbS

Pexynepanus oTx0/10B

3aMeHa MUILEBOTO ChIPhsI HE HEMUILEBOE

Perenepanus ceipbs

KommnekcHas nepepaboTka ChIpbs

KommiekcHOE€ HCTOJIb30BAHUE ChIPbSI TO3BOJIIET CBECTH K MHUHUMYMY
TEXHUYECKHUE TTOTEPH CHIPhsI M TIOJIHOCTHIO UCIIOIB30BaTh OTXO/IbI TPOU3BOJICTBA. ITO
MO3BOJIIET PACHIUPUTh CBHIPbEBYIO 0a3zy, YBEIMYUTh OOBEM MPOU3BOJIUMOMN
MPOAYKIIUH, CHU3UTH 3aTPaThl ChIPbS M YHEPTUM, a TAKXKE B 3HAUUTEIILHOW CTENEHU
YMEHBIIUTH 3arpsi3HEHNE OKPY KAIOIIEH cpeibl MPOMBIIUICHHBIMUA BHIOPOCAMU.

Metoapl MOATOTOBKHU CHIPBA3ABUCST OT €r0 arperaTHOIO COCTOSIHHUSL:

Ecnu ceipbe TBEpI0€, TO B KOMIUIEKC OINEPAIHil IO MOATOTOBKE ChIPbSl BXOAT:
Kiaccudukaius, u3MenpdeHue (Wi yKpynmHeHue), 00e3BoKMuBaHue (WM CYIIKa) U
o0oraieHue

Ecnu cbippe  KUAKOE,TO TBEpAbIE TMPUMECH YHalsioT (UILTPOBAHHEM,
IMKJIOHUPOBAHUEM, IEHTpU(YTrUpOBaHMEM U  OTCTauBaHueM. ['azoo0pa3Hbie
MPUMECH YJAJISII0T THTEHCUBHBIM MEXaHUYECKUM MEPEMEIIUBAHUEM WIIA HAaTPEBOM.

["a3000pa3HOE CHIPHEOUUIIAIOT OT XKUJKUX U TBEPABIX MpUMECEH, UCIONIb3Ys
aHAJIOTUYHBIE METOJIbI OYMCTKH KHUIKOTO ChIPbSI OT TBEPJBIX MPUMECEH, a TAaK¥Ke MO/
JEWCTBUEM DJIEKTPOCTATUUECKUX CHII.

Knaccudukanus — nporecc pas3ieieHuss OJHOPOJHBIX CBITYYHUX MaTepHUalIOB
Ha ¢pakuuu (KJIACChI) MO pa3MepaM COCTABIISIONINX WX YaCTHII.

Pa3genenune matepuanaoB OCYILIECTBIISIETCS: TPOXOUYEHHUEM, THIPABINYECKON U
BO3JIYITHOH KJ1acCH(pUKaIUEH.

N3menpueHrneM Ha3bIBAETCS MEXAHUUYECKUM MPOUECC NEJIEHUs TBEPAOro Tena
Ha YacTH 3a CYET MPUJIOKEHUs BHEWHUX cwil. M3mensuenue no yactun 10-3m —
npoOrnenue, 10 yactull pazmepoM oT 10-31010-6M — pa3MoaoM U OCYIIECTBISETCS B

D MEJIbHUIIAX.
@ @ @ i= _H Mepoii A3MEIIbUYECHUS
' y "' D > SBJISICTCS CTETNIEHD HU3MEIbYCHNS,
onpenenseMas Kak:

rae D uDk — cpeaHue pasmepbl 4YacTUI[ OO H MOCJIE U3MEIbYCHUS
COOTBETCTBEHHO.

Oo6orarieHue KkuJIKOro ChIpbsi

Kunkue pacTBOpbl pPa3IUYHBIX BEIIECTB KOHUEHTPUPYIOT yHapUBaHUEM
pacTBOpUTENsA,  BBIMOPAXMBAHUEM,  BBIACICHUEM  TpUMEced B OCAJOK



(kpucraymm3anus) Wiad B rasoByw ¢aszy (mecopOuus). g pasaeneHus KUIKUX
cMecel MPUMEHSIETCS TaK)Ke KUAKOCTHAS IKCTPAKIIHUAL.

Ob6orarieHre ra3000pa3HOro ChIPbs

["a3oBBIe cMecH pa3lensioTcss Ha OTACNbHbIE KOMIIOHEHTHI CIEAYIOIIUMHU
coco0amu:

1) mnocnenoBarenbHOM KOHJIEHCAIIMENW Ta30B MPU CHKATUM M TOHUKECHHUU
TEMIIEpaTyphbl, T. €. TEPEBOMAT WX B KHUIAKOE COCTOSHHUE TMPU TOCTCTICHHOM
MOHKCHUH TEMIIePaTypPhl U CKATHH;

2) mocieIoBaTeIbHBIM UCIIAPEHUEM Ta30B U3 MIPEIBAPUTEIHLHO CKIKCHHOU UX
CMecH;

3) aGcopOLIMOHHO-1ECOPOITMOHHBIM;

4) ancopOIMOHHO-1ECOPOIIMOHHBIM METOJIOM.

Bonpocekl u 3a1aHus:

1. Ilo kakum TIpU3HAKaM  KIACCU(PHUIUPYETCS ChIPbE  XUMHYECKOTO
MIPOU3BOJICTBA?

2. Kakoe npupoaHoe CbIpb€ OTHOCUTCS K MUHEPAIbHOMY ?

3. kakue TpeOOBaHUS MPEABIBISIIOTCS K CHIPHI0 XHMHUYECKOTO TIPOU3BOICTBA?

4. HazoBuTe OCHOBHBIC HalpaBJICHHUS PAIMOHATIBHOTO UCIIOJIb30BAHUS
XUMHUYECKOTO CHIPbSI.

5. Kaxkue meToabl UCTIOAB3YIOTCS JJIs1 TOATOTOBKH KUAKOTO ChIPhs?

6. Kakue MeToabl UCTIONB3YIOTCSA JIJISl TOATOTOBKHU TBEPJOTO ChIPHS?

7. Kaxkue crnocoObl UCTIONB3YIOTCS ISl HOJATOTOBKH ra3000pa3HOrO ChIPhs?

8. B uec 3akimodaercs mporecc o0oranieHus XUMUIECKOTO ChIPhsi?

9. HazoBute koMuecTBEHHBIE TTOKa3aTEIH IIpoliecca odoramieHus
XUMHYECKOTO CHIPhSI.

10. Kakue MeTOabI HCTIOIB3YIOTCS JIJIs1 000TaIEHUS TBEPIOTO CHIPhS JIJIs
XUMHYECKOTO TTPOU3BOCTBA?

11. Ha yem ocHOBaH rpaBHTAIMOHHBIN METO 00OTAIEHUS TBEPIOTO ChIPhs?

12. Ha yem OCHOBaH 3JICKTPOMarHUTHBIN METOJ1 OOOTAIICHHS TBEPIOTO CHIPhs?

13. Kakue criocoObl TpaBUTAIMOHHOTO O0OTAIIeHUs TBEPAOTO ChIPhS
HCTIOJIB3YIOTCA B XUMHUUYECKOW MPOMBIILIEHHOCTH?

14. B yem 3axitouaercs IOTallMOHHBIA METOJT 00OTAIIEHUS TBEPAOTO ChIPHS?

15. Kakue meToapl 000TaIeHus >KUIKOTO ChIPhs UCIIOIB3YIOTCSI B XUMHUUECKOM
MIPOMBILLJIEHHOCTH?



TEMA 1. TEOPETUYECKHE OCHOBBI XUMHNYECKOHN
TEXHOJIOT'UHN

INPAKTUYECKOE 3AHATHE 3. BOJA U BOIOIIOAT'OTOBKA B
XUMHNYECKOU TEXHOJIOI'NN.

eab 3aHATHA: 3aKPENUTh U PACIIUPUTH 3HAHUS O BOJIE M BOJOIIOJTOTOBKE B
XUMUYECKOU TEXHOJIOTHH.

Teopernueckas yactb
[IpupoaHbie BOABI OOBIYHO MOAPA3ACIAIOT Ha aTMOC(EPHbIE, TOBEPXHOCTHBIE U

noja3emMHble. B 3aBUCHUMOCTH OT coJiecoepKaHUsl PUPOIHBIE BOJBI MOIPA3ICISIOT
Ha!

 IPECHYIO0 BOJly — COJIECOJEpKaHue 10 1T/KT;

o cosioHOBaTy10 — 1...10 r/kT;

o cosienyto — 6onee 10 r/kr

Bonwr pa3inyaroT TaKxe o peo0IaIarIeMy B HUX
aAHUOHY: 2UOPOKAPOOHAMHBIUTUIL BOJBI C mpeoOnamaronM aHuoHoM HCOswmm
cymmoit  ammonoB  HCOswu  CO;™ ;cynvgpamuvieBonsLxopuonsieBopl. B
3aBUCUMOCTH OT Ha3HayeHUs TMoTpediisieMas BOAA YCIOBHO TMOJApa3JeseTcs
HANPOMBIULIEHHYIOUNUbEBYIO

BaxxnelmiMuy noka3arejsiMi KauecTBa BOJBISIBISIIOTCS Takue ee (PU3nYecKue
¥ XUMHYECKUE XapaKTEPUCTUKH, KaK

-3amnax -CyXou OCTaToK,

-BKYC - OKHUCJIIEMOCTb,

-IIPO3PAYHOCTD - PEAKIIUS BOJIBI

- LIBET, - 00U{as wye104HOCMY,

-COJIEp’KaHHE B3BEILICHHBIX BEILIECTB - HCECHKOCHIb,

Oo01mee coseconep:kanve (Cyxod OCTAaTOK) - Macca BEIIECTBA, OCTAIOIIASICA
MOCJI€ MCMApPEHHs] BOJbl M BBICYNIMBaHUA NoiydyeHHOro ocrarka npu 105-110°C
(mr/m).

OxkuciaseMocTb BOAbI (MI/JI) — KOJUYECTBO KHUCIOPOAA, HEOOXOAUMOE s

OKHCIIEHUSI TmpuMecel, coxepxkammuxcsa B 1 1 Boabl. OOYyCIOBIEHO MPHUCYTCTBUEM



OpraHMYEeCKUX  BEIIECTB U  OBICTPOOKHCIAIONIMXCA  COCAMHEHHM  Kejesa,
CEpOBOIOPO/Ia, HUTPUTOB.

AKTHBHAsl peaklusi BOJbI, T.€. CTCNEHb €€ KUCIOTHOCTH WJIH IIEIOYHOCTH,
KOJIMYECTBEHHO XapaKTEPU3YEeTCs KOHIICHTpAIeld BOJOPOJHBIX HWOHOB  WIIU
3HayeHuem pH.

O0meii menoynoctoio BoabI(LLl,) Ha3biBaeTcs cyMmapHas KOHILIEHTpalus
comepxamuxcs B Boge annonos OH, HCO; ,CO5* PO, HSi0;,Si05* 1 HEKOTOPBIX
cojie cnaObIX OpPraHWYECKUX KHCIOT (TyMaroB), BbIpakeHHas B (MMouib/i1). B
3aBUCUMOCTH OT THIIA AHHUOHOB, OOYCIOBJIMBAIOIIUX IIEJIOYHOCTh, PA3TUYAIOT
rugpokapbonatnyro  menounocts U (HCOs), xapbomarayro I (COs>),
cunukatHyo 1I[.(SiOs), rugpatayo I (OH), docharnyo le(H,PO, ,HPO,,
PO.). O6mas menognocts 1= M+ I+ I+ A+ 111,

B mpupoaHpIx Bogax MPHCYTCTBYIOT TOJBKO 2UOPOKAPOOHAM—UOHbL, TIOITOMY
Jutst 3TUX BoA xapakrepHo, uyTolll, = I«

KectkocTh BOABI — OJMH U3 BaXHEUIIMX IIOKa3aTeled e¢ KadecTBa.
’KecTtkocTh MPUPOAHBIX BOJ CBS3aHA C HAIIMYUEM B HUX COJICH KaJbI[Us U MarHwusl.
OHa BBIPaXKaeTcs B MMOIL/JI MJIM MMOJIL/KT noHoB Ca*‘minm Mg, Pasnmuuaror Tpn
BU/JIA KECTKOCTH:

Ca(HCO;); —» CaCO3+ H,0+ COy; BpeMeHHasi(KapOoHaTHAs WU yCTpaHUMas)
IMg(HCOs), — MgCO; - Mg(OH), + 3C0; + Hi0.
nocrosinHasi(HekapoonarHas) Hanuuue Cl,
NOs, SO42_, Si032_, PO,*

1 001asi — cyMMa BpEeMEHHOM U MOoCTOsIHHOM »kecTkocTH Ko = XKB + XKn

[Io oOmei xecTkocTH (MMOJIB/JI) TPUPOJHBIE BOJABI  MOAPA3JEISAIOT
Ha msexyro(Ko < 2);cpeonroro(Ko = 2...10);01cecmryro(PKo > 10).

Cxembl BOZ0000OpOTA

Ik ¢ oxmakaeHneM 000POTHOM BOJIBI

[{uks ¢ ouncTkol 060POTHOM BOABI—

sona 1 —yex, 2- nacocnas cmanyus,

5 2 3-epaoupHsl, 4- ouucmmuvie cOOpyHceHusl,

winam
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Ymazuenuem BOJBI Ha3bIBACTCA cC

OYKMCTKAa OT COEAMHEHUM KajablUsl U MarHus,
00yCIIOBIMBAIOIINX KECTKOCTH BOJIBI.
sDu3nyecKue
METOAbI(TEPMUYECKUM,  AUCTUILISALIMS,
BBIMOPaXUBAHUE);
o XuMnueckme (M3BECTKOBO-
COJIOBBIH, COJIO-HATPOBBIN, pochaTHbIi);

AJICKTPOOCMOC,

AIIEKTPOKOATrYJIALHS 1 HOHHOOOMEH)

1. Tepmuueckuit meron (kunsuenune) Ca(HCO;),= CaCO;| +CO:T + H,0

Mg(HCOs),= MgCO; +CO;1 + H,0 MgCO;+ H,0 = Mg(OH),|+CO;1

Ca(HCO;), +Ca(OH), — 2CaCO0; L +2H,0:

Mg(HCO;); + 2Ca(OH), — 2CaCO0; | + Mg(OH), | + 2H,0:

FeS04+ Ca(OH); — Fe(OH), | + CasS0y | :
€O, + Ca(OH); — CaC0s J + Hy0;

2. PeareHTHBIN METOT

1) Uzeecmroswviti  memoo(006paboTka

rameHoM HW3BECTBIO JUISl  YCTPAHEHHS

BPEMEHHOM KECTKOCTH, yAAJIICHUSI MOHOB keJe3a U cBs3biBanus CO2)

MgS0,
MeCl

CaS0;

N32C03 + 2H20

— MgCO; | + NSOy
+N2,C0; — |— MzCO; |+ 2NaCl
— CECD_ -+ Na;SO.;

2) Co0-HaTpOBBIM METOJ (1711 yCTpaHEHUs

MOCTOSHHOU KECTKOCTH:

Ca(HC03)2 +2NaOH = CﬂCOz.l +

Mg(HCO;),+2NaOH = Mg(OH),|+ Na,CO; +CO,1 + H;0



3) ®ocdatHblii MeTOn (MCHOIB3YIOT JUISl JOYMSITYEHUS BOJBI JO IOJHOIO
3Ca(HCO:); = 2Na;PO; — Cas(POs); L+ 6NaHCOy, ocakme-Hus katmonoB Ca*m Mg™™) T
IMgCT, + 2Na;PO; — Mgs(POs); 4 + 6NaCl »100°C
HNoHnooOMeHHBIHT €1oco0 OCHOBaH Ha CIIOCOOHOCTH WOHHUTOB
(TpyAHOpacTBOpHUMBIE TBEPABIE BEIIECTBa) OOMEHHBATh CBOM MOHBI HA MOHBI COJIEH,
PacTBOPEHHBIX B BOJIE

HNounutel nogpaznenstorcs Ha:l) xkaruonutsl (Na+, H+) (amroMocuIuKaThI:
NEPMYTHUT, [IEOJIUT, TOJIMMEPHBIC BEIIECTBA)

2) anmoHuThl (OH-)(MckyccTBeHHBIE CMOJIBI) KaTHMOHHUTBHI COOTBETCTBEHHO

Ha3bIBarOTCs Na-KaTHOHUTaAMU

H,0 CO:
* ¥ |_’ n H-xkatnonnramu.
P IT _TT
Krcmora 1
1 3 3
] _H0
kl z \_I_/ * — O

AHHOHHBLIH 00MeH
2[AH]OH + H,SO4 - [AH]2SO4 + 2H,0

[AHJOH + HCl - [An]Cl+ H,O
CxemMa yYCTaHOBKH A

YMsSITYeHUS] BOJBI:
1 — H-kxamuonumoswiii punomp,
2 — GHUOHUMOBLLU PUILMP,

3 — decazamop, 4 — cOOpHUK 800b1

Bomnpocs! u 3axanus:

1. Ha3zoBuTe myTH UCIOJIb30BAHUS BOJbI B POMBIIIUICHHOCTH.

2. IIpuBeauTe OCHOBHBIE MMOKA3aTEIN KAYECTBA BO/IBI.

3. UTo Takoe KECTKOCTh BOJBI U B UEM €€ BBIPAKAIOT?

4. Yto Takoe OKHUCISIEMOCTb BOJBI U B YEM Pa3IMUUE MEKIY XUMHUYECKUM U
OMOXUMHUYECKUM MOTpeOIeHNEeM KUCIopoa’?

5.Kak knaccupuiupyroT TpuUMecH NPUPOJAHOM  BOJBI 1O  (pa30BO-
JTIMCTIEPCUOHHOMY COCTOSTHUIO?



6. B yec pasznmuuue MIETOYHOCTH OOIIEH, TUapaTHOM, KapOOHATHOW U
ruApoKapOOHaTHON?

7. Kak knaccuuuupyroT BOJIbI 10 1EJI€BOMY HA3HAUCHUIO?

8. Kakue Pa3HOBUIHOCTHU TEXHUYECKOU BO/JIbI HCTIOJIB3YIOTCS
MIPOMBIIIJIEHHBIMU TIPEITPUSITUIMEU ?

9. KakoBbI OCHOBHBIE TpEeOOBaHHUSI, IPEABABIICMBIC K OXJIAXKIAIOMICH BOJC U K
TEXHUYECKOW BOJIE /JIs MUTAHUS TAPOBBIX KOTJIOB?

10. IlpuBenutre TpeOOBaHUA K TEXHUYECKOM BOJE B XUMHUYECKOU
MPOMBIIIJIEHHOCTH.

11. B yeM 3akirouaeTcsi CyuiHOCTh TEXHUUYECKON BOJIOMIOATOTOBKH ?

12. Kakue xoaryJssHTbl U (JIOKYJISIHTBI UCIIOJIB3YIOTCS JJISI KOAryJIMpOBaHUs
MIpUMECEN BOABI U OCBETIICHUSA?

13.  OOBsCHUTE CYIUTHOCTh TEPMUUECKOTO METOJa YMSATUYCHHS BOIBI.

14.  [laiiTe XapaKTEepUCTUKY pEarecHTHbIX METOJIOB YMSTYEHUS BOIbI.

15. Yro Takoe KaTHOHUTHI U aHUOHUTHI?

16. OOBsCHUTE MEXaHU3M HOHOOOMEHHBIX METOJOB YMSTUCHHS BOIBI.

17. Kak paccuutarb TMONHYI JWHAMHYECKYID OOMEHHYIO €MKOCTb
KaTHOHUTA U BpeMs paboThl prsibTpa?

18. B ueM cyurHocTh Aera3anuu?

19. Kak npoBonsar 06e33apaxuBaHue BObI?

20. IlpuBenure neneHHE CTOYHBIX BOJ B 3aBHUCUMOCTH OT YCJIOBHUU
o0pa3oBaHUs U XapaKTepa OCHOBHBIX 3arps3HEHUM.

21.  OObsicHUTE KIACCU(PUKAIIMIO METOJIOB OYMCTKH CTOYHBIX BOJI.

22. Kakue cxembl 00OOpPOTHOTO  BOJIOCHAOXXEHMSI  HCIOJB3YIOT B
MIPOMBIIIJIEHHOCTH ?

23. Uro mNOHMMAKT TMOJ 3aMKHYTOM CHCTEMOM BOJHOTO XO35MCTBa
MIPOMBIIIJIEHHOTO TIPEANPUSITHS?

TEMA 1. TEOPETHYECKHE OCHOBBI XUMHNYECKOU
TEXHOJIOI'MHU

IMPAKTUYECKOE 3AHATHE 4. BO3AYX U EI'O HCIIOJIb3OBAHUE B
XUMUYECKOHN TEXHOJOIUU. SHEPT'USI B XUMHUYECKOM
TEXHOJIOTI'MH.

HC.JIB 3aHATHUA: 3aKPCIIMTL W PpPaCHIMPUTbL 3HAHHA O BO3AYXE H CIro
HWCHOJIb30BAHUU B XHUMHUUYECKOM TEXHOJIOTHH. I/ISyIII/ITB O9HCPrur0 B XUMHUYECKOM
TCXHOJIOI'UH.



Hcrounukom Bo3ayxa aBisgercs atMocdepa 3emiau. ATmocdepa npeacTaBisieT co0oit
ra3oByl0 CHCTEMY, OIMOSCHIBAIOLIYIO0 3eMJII0 000J04KOM pazmepoM Oosiee 1500 kM.

DTta 000JI0YKa KpaﬁHe HCOJHOPOJHA KaK IIO INIOTHOCTH, TaK W IO XHUMHYCCKOMY

COCTaBYy.

Bo3ayx kak HMCTOYHHMK ChIPbS. [[pOMBIIITIEHHOE 3HAUCHUE MMEET M3BJICUCHHE W3
BO3/IyXa TaKMX 3JIEMEHTOB, KaK KHUCIOPOJI, a30T U OJaropojHbie Ta3bl (aproH, HEOH,
KPUIITOH, KCEHOH). YWCTBIA KHCJIOPOJ HEOOXOIWM, HalpuMep, B JIOMEHHOM
IIPOM3BOJICTBE, IMPHU CBApPOYHBIX paboTaxX. M3BeCTHO TakXke, 9TO BO3AYX SBJISCTCS TIO
CYLIECTBY €IUHCTBEHHBIM MCTOYHUKOM a30Ta, MPUMEHAEMOro Uil IOJyYCHUS

dMMHAKa W IOCICAYIOIIUX CHHTC30B Ha €ro OCHOBC. CBs3pIBaHUC SJICMCHTAPHOTO

Teopernveckass yacTb

a30Ta OCyHCCTBIIAIOT B COOTBCTCTBUU C peaKuHeﬁ:

N, + 3H, 2NH; (2.10)

Jlanee w3 amMMMaka TMOJYYalOT pPa3HOOOpas3HbIE a30TCOAEpXKalIe YAOOpeHH,

KaIllpoJIaKTaM, CHHTCTHYCCKHNC BOJIOKHA.

XUMUYECKHUM COCTaB BO3/IyXa IIPUBEJICH B Ta0I. 2.3.

Tabnuya 2.3

XUMHYECKHUH COCTAB CYyX0ro BO31yXa B IPU3EMHOM CJI0€

No I'az Konnenrparus, %

wn oObeMHas MaccoBas
1 Aot 78,09 75,5

2 Kucnopon 20,95 23,1

3 AproH 0,932 1,286

4 Oxkcup yraepoaa (IV) 10,032 0,046

5 Heon 1,8°10° 1,3 10°
6 ["enmii 4,610 7,2107




7 Kpunron 1,1-10* 2,9 10"

8 Oxkcuy azora (1) 5,010° 7,7 107
9 Bozxopon 5,0107 7,6:10°°
10 O3oH 2,010 3,310°

B mpaktuueckux pacderax, HEe TpeOyIOIIUX OOJBIION TOYHOCTH, MPUHUMAIOT, YTO
BO3JIyX cojepKut, % 00. (% Mmacc.): azota 79 (77) u kucnoponaa 21 (23).
Bo3nyx kak pearent. Kak Obulo ynmoMsiHyTO B Haudaje 3TOW TJIaBbl, BO3IYX IIUPKO
MPUMEHSIOT B XUMUYECKON TEXHOJOTUU KaK OKHUCIHTEINb, COAEPKAUUN KUCIOPO.
[Tpumepamu TaKUX MPOIECCOB MOTYT CITYKUTh PEaKITUH:
1. Heoecmpykxmuenoco okucnenus, B KOTOPbIX YHCIO aTOMOB Yyrliepojga B
o0pa3yroImeMcs KUCIOPOACOJAEPKAIIEM COSAMHEHHH TaKoe JKe, KaK B HCXOJHOM
COCIMHCHUH, HATIPUMED:
0,50,
. * RCH,CH; R(OH)CHCH3; (2.11) oqHOaTOMHBIN CIUPT
° AL

“x! HC - CH; HC-C
:«so2 + ﬁ 3H,0; (2.12)

'-.___. 4. HC - CH; HC - C

2-0yTeH MaJICMHOBBIN aHTUIPHU]T
(:_:) {_} ﬂ . . 0,50, OH uuknorekcanon ; (2.13) O,
mukiaorekcan O + H,O
Il UKJIOT€KCAaHOH
q q {:':: I . CH; + 1,50, COOH + H,0. (2.14)
TOJIyOJ1 OEH30/Hasl KHCIIOTa

2. Jlecmpyxkmugnozo okucnenus (¢ pacuemienuem ceszeid C — C):
2,50,
d.: CH;CH,CH-CH; 2CH;COOH + H,0; (2.15)



OyTaH yKCyCcHasi KUCIIOTa
.__.-" O
HC-C
_._..-' O _4. {'3 4,50, O + 2H,0 + 2COx; (2.16)
HC-C
O
O€H30J1 MaJICMHOBBINA aHTUIPU
.{_} 2,50,
4. HOOC(CH,);COOH + H,0. (2.17)
IIUKJIOTEKCaH aJNIIMHOBAs KUCIOTa
3. OxkucnaumenvHoti  KoHOeHcayuu (OKUcIumenvHoe  couemawue) — OKUCIICHHE,
COTIPOBOXKIAIOIIEECS CBA3BIBAHUEM MCXOHBIX KOMIIOHCHTOB:
1,502
4 2RH ROOR + H,0; (2.18)
aJIKaH TICPOKCH/T
1,50,
RCH; + NH; RCN + 3H,0; (2.19)
aJIKaH aMMHUaK HUTPHUII
1,50,
CH, = CH — CH; + NH; CH, = CH - C S N + 3H,0. (2.20)
aAKPUJIIOHUTPHUIT
Boznyx, npuMeHsieMblil B KauecTBE peareHTa, He0OX0AUMMO OYMINATH OT MBI, BIAru
U KOHTaKTHBIX SIOB. Takylr0 OYHCTKY BEAYT B IPOMBIBHBIX OAQIIHAX KUJIKAMH
MOTJIOTUTEISIMH (IT[eJI0YaMu, BOJIOH, ITAaHOJIAMUHAMU, PACTBOPOM aMMHUaKa), MOKPBIX
U CyXux QuiIbTpax, anmaparax ¢ TBEPAbIMU aJcOpOCHTaMHU.
CymecTByeT naBa HCTOYHUKA 3arpsi3HEHUs arMoc(epbl: eCTECTBEHHBIH W aH-
TpornoreHHbid. BTopoit nctounuk Hanbonee onacHblii. OH UMEET MECTO B pe3yJIbTaTe
BPEAHBIX BBIOPOCOB DJICKTPOIHEPICTHKH, I[BETHOH W YEPHOW METaJUTypTHH,

HedTenoObIBatomIeil U HedTenepepadaThiBaIONIe TPOMBIIUIEHHOCTH U JAPYTUX OT-



pacieil XOo3sIiICTBEHHOM AesTeIbHOCTH 4YelioBeka. B Tabin. 2.4 mpuBeneHbl 00BEMBI
BpPEIHBIX BEIOPOCOB mpombinieHHocTH Poccun B 19962002 T.1. (THIC. T).

2.4.3. Bo3ayx kak TelOHOCHTeJdb. HecMOTps Ha HHM3KYIO TEIIONPOBOAHOCTD,
BO3/IyX JIOBOJIbHO HIMPOKO HCHOJB3YEeTCSI B XMMUUYECKOM TEXHOJOTUM B KAYECTBE
XJIajlareHTa, 0co0eHHO B HedTenepepaboTke. ITO OOBICHICTCS HU3KOH CTOMMOCTBIO
BO3/lyXa II0 CPaBHEHUIO C JPYTMMH XJIQJareHTaMud W MPOCTOTOM YCTPOUCTB
BO3IYIIHBIX XOJI0IUJILHUKOB.

2.4.5. [Ipyrue o0/jiacTH NPUMEHEHUS BO31yXa B XMMHYECKONl NPOMBIIIJICH-
HOCTH. BO3lyX MNpUMEHSAIOT AJisi TMPOIYBKH amnmaparoB U TpyOONMpPOBOJOB, s
CKUTAHUS W PACTBUICHUS >KHJIKUX W Ta3000pa3HBIX TOIUIMB B (POPCYHOUHBIX H
TOpPEJIOYHBIX YCTPOMCTBAX, I NEPEMEIIMBAHUS TEKYLIUX Cpel, I CO3aHus
«BO3YIIHBIX MOAYIIECK» B pe3epByapax u Jp.

JHeprusi B XUMH4Y€CKO# TeXHOJIOTUH

2.2.1. YesoBeueckoe o00mecTBO M mpodJjieMa 3HEPruu. DHEProBOOPY-
YKEHHOCTb OOIIIECTBAa SIBJISIETCSl YCJIOBHEM IPOrpecca 4eIOBEUeCTBa, U YPOBEHb €T0
MaTepHAIBHOTO OJaroCOCTOSIHUS OIPEACNICTCS KOJIUYECTBOM DHEPTUH, BhIpaOaThI-
BaeMoiM Ha paymy HaceneHus. [loTrpebnenue sHepruu Ha 3emiie HENPEPHIBHO
Bo3pactaer. B 1975 ono coctaBmio 0,25Q, B 2000 r. — 0,8Q, a nmporuno3 Ha 2100 r.
COCTABJIIET KoJoccanbHyo uppy — 7,3Q, rme Q =2,3 - 10" kBm - u.

BoisiBiieHa omnpejelieHHass 3aBUCHUMOCTh MEXIY HOTpeOJeHueM OOIIEeCTBOM
SHEPIUM Ha AYUIy HACEJIICHUS U CPEAHEH MPOJOJLKUTEIIBHOCTBIO KU3HU. [l JOoCTH-
KEHUS YCTOWYMBOW CpEHEW MPOJOJDKUTEIIBHOCTH JKU3HM, paBHOW 80 jeT, mo-
TpeOIICHHEe DHEPIrHM Ha IyINy HaceleHus cocrtasuger 7 - 10° kxBm - u. DT1OoT mopor
JIOCTHUTJIA WM OJM3KK K HEMY Takue cTtpanbl, kak [IBernus, Anonus, N3pauns, OPI,
CIIA. B Poccum xe morpeOnenume sHeprum coctaBiser 4 - 10° kBm u, 4ro
COOTBETCTBYET MPOAOIKUTEILHOCTH KU3HU MeHee 70 JieT.

2.2.2. UcnoJb30BaHNe JHEPTMA B XHMHMYECKOH TEXHOJIOTHHM. XHUMHUYECOE
MPOU3BOJICTBO — OJIHO M3 CaMbIX dHEeproeMkux. [{oyist sHEpreTuueckux 3arpaT B Heu

coctaBiigeT 9 %, B TO BpeMs Kak B CPEJHEM I10 POMBILUIEHHOCTH OHA paBHa 2,5 %.



[Ipu none xumuyeckoi orpaciu 6 % BO BCel MPOMBINUIEHHOCTH OHA MOTPEOIISET 10
12 % Bceii BIpabaThiBa€MOW YHEPTHUU.

B XxuMu4eckoil TEXHOJOTUM DHEPTUS CIYXKHUT Uil MPOBEJACHUS CIIETYIONTUX
omnepanuii:

- XUMUYECKUX PEaKLd;

- KOMIIPECCHUHU Ta30B U KHUIKOCTECH;

- HarpeBa MaTEPHAJIOB;

- MPOBEJCHHS TEIUIOBBIX MPOIIECCOB, HE CBS3aHHBIX C XMMUYECKUMH pEak-
UAMH, (peKTUdUKALINS, HCTIapEHUE U Jp.);

- TIPOBEJICHUS MEXAHWYECKUX U THUIPOJIMHAMHUYECKHX TpoIreccoB ((puibTpo-
BaHUE, U3MEIIbUYEHHUE, CyIKa U T. J).

B xuMudeckoM TPOU3BOACTBE MCIONIB3YIOT JEKTPUUICCKYIO, TEIJIOBYIO, TOT-
JUBHYIO, CBETOBYIO, SICPHYIO K XUMUYECKYIO BHJIBI DHEPTUH.

Onexmposnepeus HeoOXoauMa JUISl SJICKTPOXHUMHYECKUX, 3JICKTPOTCPMHUYCC-
KHX, DJICKTPOMarHUTHBIX M JIEKTPOCTATHYECKUX IMPOIIECCOB, a TaKXKe ISl TIEPEeHOCca
Pa3IUYHBIX MAaTEPUAJIOB U IPUBECHUE B ICHUCTBUE MAIIMH U MEXAHU3MOB.

Tennosas >Heprusi MPUMEHSIETCS JJI1 BBICOKOTEMIIEPATYpPHOU TMepepadoTKu
ChIpbs (OOXKHT, HarpeB ammapaTypbl, peareHToB u T. 1.). [lepemady Temna BeayT 3a
CUYET KOHTAKTa HArpeBacMoOM CHCTEMbI C TEIUIOHOCHUTENIEM, B Ka4eCTBE KOTOPOTO
HanOoJiee PacpOCTPaHEHBI TOPSIYUNA BO3YX, TOIMIOYHBIC Ta3bl, TOPSIYIO BOAY U BO-
nHOW map. TeroBast dHEpPrus, UCHOJNb3yeMas B XMMHYECKOM IPOMBIIUIEHHOCTH,
JIeTTUTCS Ha BbICOKOoMoTeHIManbHy0 (Oosee 350 °C), cpeanenoreHnuanbayo (100—
350 °C) u mHuskonoreHumaabuyio (50-100 °C).

Tonnuenas >Heprust (PHEPrusi, MOJyUYECHHAs MPU CKUTAHUM TOIUIMBA HETO-
CPEIICTBEHHO Ha TEXHOJOTMYECKHX YCTaHOBKaXx), MPUMEHSIETCS ISl MPOU3BOJCTBA
TerIa ¥ SJISKTPOIHEPTHH B TIeUax CIEIUaIbHOTO HA3HAYCHUSI.

Ceemogyto SJHEPTUI0 TIPUMEHSIOT IS MPOBEACHUS MPOIEcCOB (OTOCHUHTE3A,
HaIMpuMep, MPU MPOU3BOJICTBE XJIOPOBOIOPO/IA U TAIOTEHOIIPOU3BOTHBIX.

Xumuueckas YHEPTUST HAXOAUT MPUMEHEHHE B pab0Te XUMUYECKUX HCTOYHU-

KOB TOKa.



Aoepnas >Heprusi MpUMEHsIETCS ISl MPOBEACHUS PaIUallMOHHO-XUMUYEC-KUX
MPOIIECCOB (HANpuUMep, HEKOTOPBIX MOJIMMEPU3ALMOHHBIX MPOIECCaX, a TAKKE IJIS
aHaJIu3a, KOHTPOJIS U PErYJINPOBAHUS TEXHOJIOTHUYECKUX MTPOIIECCOB.

B XumMuyeckol NPOMBIIIJIEHHOCTH HA JOJIO AJIEKTPUYECKOW DHEPTUM IIPHU-
xonutes npumepHo 40 %, temtoBoit — 50 %, TormmuBHON — 10 %. J{ons octanbHbIX
BHUJIOB SHEPIruu coctasisgeT Mmenee 1 %.

2.2.3. HUcrounuku yneprun. Knaccupukanus HCTOYHUKOB
3Hepruu. OCHOBHBIMM HMCTOYHUKAMHM DSHEPrUd [JIs TPOMBILIJIEHHOCTH CIYy’KaT
rOpIOYHE UCKOIMAaeMbIe U MPOAYKTHI UX NEepepadOTKH, SHEPTUs BOJbI, Tapa, Ouomacca
U siiepHOE TOIUIMBO. He3HauuTenbHas A0Js IPUXOJUTCA HA SHEPTUIO BETPA, COJIHIIA,
MPUINBOB U F€OTEPMAIBHYIO SHEPTHIO.

OO0bemM dHeprum, BbIpadaThIBAEMOW B HACTOSIIEE BpeMsi Ha IUJIaHETE
cocTaBisieT npuMepHo 3 - 10" xBm - uB rox.

Bce sHepreruueckue pecypchl JeNSTCs HAa MePBUYHbIE M BTOPUYHbIE, BO-
300HOBJIsieMble U HeBO30HOBJIsieMble, TOILUIMBHbIe U HETOIJIMBHBIE. He60300HO-
glslemble SHEPreTUUECKUE PECYPChI CBA3AHbI C TOPIOYUMHU UCKONaeMbiMU. Cpelin HUX
KaMEHHBIA yrojb, HedTh, TPUPOAHBINA ra3, TOPP, TOPIOYHE CIIaHIIbI, OUTYMUHO3HBIE
necku. OcTanbHbIe BUJIBI SHEPTUU — 3TO 80300H081aeMmble. K HUIM OTHOCSTCS SHEPrus
CONIHIIA, BeTpa, NPWIMBOB, OWO- U  TreoTepMaibHas  dSHepruu. Bcee
BBIIIETNIEPEYNCIICHHBIE BUJIbI SHEPIETHUYECKUX PECYPCOB SABIISIOTCS NEPEUUHBIMU.

Bmopuunvimu 3HEpropecypcaMu Ha3bIBalOT 3HEPreTUUYECKUN MOTEHLMAN KO-
HEYHBIX, MOOOYHBIX U MPOMEKYTOUHBIX MPOAYKTOB U OTXOJI0B XHMHUYECKOTO IMPO-
W3BOJICTBA, HCIOJb3yEMbIE€ Jisi DHEProCHAOXKEHUs YCTAaHOBOK, MAIllMH U MeXxa-
HU3MOB. K HUM OTHOCAT TEIJIOTY 3K30T€PMHUYECKUX DPEAKLMIl, SHTAIBIUI0 OTXO-
JAIIUX MPOAYKTOB IPOIECCa, a TAKKE MOTCHIMAIbHYIO SHEPTUIO CHKaThIX Ta3oB U

JKUJIKOCTEMH.

Bomnpocs! u 3axanus:
1. Ha xakue ciou n 06010uku neautcs atmocdepa?



2. HazoBute o007acTH TNpPUMEHEHUs BO3AyXa M  COCTABISIIOUIMX  €ro
KOMIIOHEHTOB.

3. KakoBbl ecTecTBEHHBIE UCTOYHHUKH 3arpsi3HEHUs aTMOC(epbI?

4. B d4em 3aKiIIOYaETCS POJb XMMHYECKOW IMPOMBIIIIEHHOCTH B BOIPOCAX
OXpaHbI Cpeibl 0OMTaHUA?

5. JlaiTe XapakTepUCTUKYy METOAOB M  amllaparoB Uil OYUCTKU W
00e3BpeKUBaHUS Ta30BbIX BEHIOPOCOB.

6. Kak ocymectBisiercss BbIOOp METOIOB M amapaToB IS yJIaBIMBaHUS
a’po3onen?

7. HazoBUTE OCHOBHBIE HAIPaBJIECHUS Pa3BUTUS TOIUIMBHO-IHEPTETHYECKOTO
Komiuiekca PO.

8. Ha ueM 0CHOBaHO MCHOJIB30BAHHUE BOJOPOAA B IHEPTETUKE?

9. Kakue BUIbl JHEPTUH UCTOJIB3YIOTCS B XUMUYECKOW MPOMBIIIEHHOCTH?

10.  Jlng kakux 1eneil UCHoab3yIoT 3JIEKTPUUYECKY0 SHEPTUI0 B XUMUYECKOU
MPOMBIILIIEHHOCTH?

11.  Jlna xakux wnened HMCHOJb3YIOT TEIUIOBYI0 JHEPrUI0 B XUMHUYECKOU
MPOMBIILIIEHHOCTU?

12.  [Insg xakux ILeled HMCHOJb3YIOT TOIUIMBHYIO SHEPIHMI0 B XHMHUYECKOU
IPOMBIIUIEHHOCTHU ?

13.  Yto Tako€ BTOPUYHBIE SJHEPTETUUECKUE PECYPCHI?

14. Ha3oBuTe OCHOBHBIC NMYyTH PALMOHAIBHOTO HMCIOJIB30BAHUS SHEPTUU B
XUMHAYECKON POMBIIIEHHOCTH.

TEMA 1. TEOPETUYECKHE OCHOBBI XUMHNYECKOHN
TEXHOJIOT'UHN

ITPAKTUYECKOE 3AHATHE 5. XUMHNYECKASA KHHETHUKA.

Hesb 3aHATHA: 3aKPENUTh U PACHIUPUTH 3HAHUS O XUMHUYECKON KMHETHUKE.

TeopeaneCKaﬂ qacTb
KuneTnka XMMHUYECKHX peaKuHﬁ - YUYCHHC O XMMHWYCCKHX IMPOUCCCaX, O 3aKOHAX

UX TPOTEKaHUsT BO BPEMEHU, CKOPOCTAX M MexaHu3Mmax. C  HCCleIOBaHUSMHU
KMHETHUKA XMUMHUYECKUX PEaKIHU CBSI3aHbl BAKHEHIINE HAIPABICHUS COBPEMEHHOM
XUMUU U XUMUYECKON MPOMBIIIUICHHOCTH: pa3padO0TKa pallMOHAIBHBIX MPUHIIUIIOB

YIpaBJICHUA XUMHWYCCKHUMU IIPOOCCCaMU; CTUMYJIIMPOBAHUC I10JIC3HBIX, TOPMOIKCHHC



U TIOJABJICHUE HEXKENATENbHBIX XUMHUYECKUX pEaKUUi; CO3JaHHE HOBBIX H
YCOBEPUICHCTBOBAHUE CYLIECTBYIOIMX IIPOLECCOB M anmapatoB B XUMHYECKOMN
TEXHOJIOTUHW; NU3YyUYEHHE MOBEACHUS XUMUYECKUX MPOAYKTOB, MAaTEPUATIOB U U3IEIHI
Y3 HUX B PA3JIMYHBIX YCIOBUSAX MPUMEHECHUS U SKCILTyaTaIUU.

BBuay CI0KHOCTH peajbHBIX XUMHUYECKHX CHCTEM M HEOOXOIMMOCTH y4YeTa
Oosnbioro yucia (akTOpoB M YCIOBUN MNPOBEJEHUS Npoliecca, MpPU BBISICHEHUU
ONTUMAJBHBIX PEKUMOB TIOJYYEHHUS HYXKHBIX MPOJIYKTOB B coBpemMeHHou K. x.
HIMPOKO HCIOIB3YIOTCS  OBICTPOJICHCTBYIONINE DJIEKTPOHHBIE BBIUUCIUTEIHHBIC
MAaIlVHBI.

OcCHOBHBIC IOHATHA XUMHUYECKOH KMHETHKHU

CucreMa- COBOKyIIHOCTh ~ HaXOJSIIMUXCA BO  B3aHUMOJCHCTBUM  BEILECTB,
MBICJIEHHO (WJIH (PaKTHUECKN) 000CO0ICHHAsI OT OKPYKAIOIIEH CPEIbI.

®a3a-3T0 4YacTb CHUCTEMBI, OJHOPOJHAs BO BCEX TOYKAaX IO COCTaBy U
CBOWCTBAM M OTHENEHHAsA OT JPYyIMX 4YacTEed CUCTEMbl MOBEPXHOCTBIO pasielna,
BemiecTBO MOXKET HAXOIUTHCS B TPEX (pazax: KUJIKOU, TBEPAOU U ra3000pa3HOM.

B 3aBucumocTu oT KonmuectBa (a3 BCE CHCTEMbI M PeaKIHM B HHUX JEIAT
HA 20MO2EHHblE Y 2emepOoZeHHble.

I'oMoreHHbIe peakiui TPOTEKAIOT B OMHOW (a3e (kKak MpaBUIIO- Ta30BOW).
Hanpumep, peakiusi B3auMOJEHCTBUS MEXIY XJIOPOM U BOJOPOJOM, IPHUBOASIIAS K
oOpazoBaHuIo xJiopoBoaopoaa (ogHodasnas cucrema): Cl,+ Hy=2HCI

I'eTeporenHble peakiiuu MPOTEKAIOT Ha MOBEPXHOCTU pazzaena ¢a3. [Ipumepam
reTEPOr€HHOM PEaKIMM MOJKET CIYKHTh pEaKlus TOPEHUs, NIPOTEKarIlas Ha
IpaHUIE yTOJIb-KUCIOpOo (cuctema, coctosias u3 aByx ¢az): C + O,=CO, :Ilpu 0
°C nen, BOJa M HAXOJSAUIUICS HAJl HUMU Map 0Opa3yloT T€TEPOTreHHYIO0 CHUCTEMY U3
Tpex (a3: TBepAOH — JIbJa, )KUJIKOH — BOJbI U Ta3000pa3HON — BOASHOTO MHapa.

Mo/1eKyJISIPHOCTh PeaKIUM OIPEACIISIETCS YUCIOM MOJIEKYJI, YYaCTBYIOIIHUX B
caMoil MeJJICHHOM, JIMMHUTHPYIOEH cranuu. Peakunu ObIBalOT MOHO-, OU-, TpHU- U
T.J. MOJIEKYJIAPHBIMU. MOHOMONEKYNAPHOU HA3BIBACTCSA TaKas PEaKUus, B KOTOPOH
JUMHATHPYIOIIEW CTaauel SBISIETCS NPEBPAICHUE OJHOM MOJIEKYJIBI, HAIpPHUMED

pacmag ee Ha cocTaBisomue (auccomumanus wmojiekyn wuoja b= 2I) wunum



npeBpalleHne B JPYryI0 MOJIEKYJy B pe3yibTaTe BHYTPUMOJEKYISPHOU

MEPECTPOUKH:
HC-COOH HC-COOH
|| HAT {2 E AFHFE ||
HC-COOH HOOC-CH
@ MANEHHOEAA b yMapoBant
ﬁ EHCIIOTA EHCIIOTA

Bbumonexynapnaa peakiysi — 3T0 B3aMMOJICHCTBUE JBYX MOJIEKYJ (Hampumep,
MOJIEKYJISIPHOTO Bojopoda ¢ MoJjekyisapHbiM uoaom, H, + I, = 2HI). Peakuus,
MIpOTEKaroIas OJTHOBPEMEHHO c y4acTUEM Tpex MOJIEKYI,
Ha3bIBAETCSA MPUMONEKYAAPHOU. ITOCKOTBKY BEPOSITHOCTh CTOJIKHOBEHHS Cpa3y TPEX
MOJIEKYJI, 1a €1I€ B IPAaBWJILHOM B3aMMHOW OPUEHTALIMHU, OYEHb MaJjla, TAKUE PEAKLINU
MPOUCXOJAT PEIKO.

Iopsinok peakumu. [IopsAI0K peakuu — 3TO SMIUPUIECKAsT BEIIMYNHA, PABHAA
CyMMe€ ITOKa3aTesel CTENEHEM, ¢ KOTOPbIMU KOHLEHTPALMHU PEAreHTOB BXOIAT B
BBIPAKEHUE JIJI1 CKOPOCTH peakiuu. Tak, 1y peakuun

aA + bB =mM + nN

[Topsimok peakiuu B 3TOM ciydae paBeH a + b.

Peaxkyuu nepeozo nopsaoka- 3T0 peakluu, B KOTOPBIX CKOPOCTb 3aBUCHUT OT
KOHIEHTPALIMM TOJBKO OJHOI'O peareHTa B IMEPBOM CTENEHU. Y PAaBHEHUIO IEPBOTO
nopsiika cieayroT MHorue xumuueckue peakuuu. Hanpumep, C;HsOH = C,H4 +
H,O

Peakyuu  emopozo nopadka —3TO  peakuus, B  KOTOPOM  CKOPOCTh
MPONOPUMOHAIBHA  KBaApaTy  KOHUEHTPAIMM  OTACJIBHOIO  pEareHTa  Wjiu
KOHIEHTPALMSAM KaXJOr0 M3 JIByX PEarupyrollnxX BEHIECTB B IEPBOM CTEIECHHU.
Hanpuwmep: 1) 2HBr = H; + Br; unu 2) CH;Br + KOH = CH;0H + KBr

Peakyuu mpemvezo nopadka 5TO peEakus, B KOTOPOH CKOPOCTb MOXKET
3aBUCETh OT KOHIICHTPAIIMM OJHOTO peareHTa B TPEThelW CTENeHu, JTuOo
KOHIICHTPAIIMX OJHOTO pPeareHTa BO BTOPOM CTENEHHU W BTOPOrO pEarcHTa B MEpPBOU

CTCIICHH, 00 OT KOHICHTPAINHN KAKAO0I'0 N3 TPEX PCArcHTOB B nepBoﬁ CTCIICHHU.



WccnenoBanusi KWHETUKU Pa3IMYHbIX B3aWMOJCHCTBUN MOKA3bIBAIOT, YTO Yallle
JAPYrMX BCTpEYarTCs peakuuu l-ro, 2-ro m uwHOrga TpeThero mnopsakoB. Ho
CYILLECTBYIOT PEAKIIMH U IPYTUX ITOPSAKOB.

Peakyuu Hyneeozo nopsaoka- 3T0 peakiys, B KOTOPOH CKOPOCTh HE 3aBUCUT OT
KOHIICHTpAIUI peareHTOB U ONpeAeIseTCs APYTUMHU JIUMHUTUPYIOMUMU (HaKTOpaMH,
HampuMep IUJIOMIAJbI0 TMOBEPXHOCTU Karainu3aropa (B peaklUsX TI'€TepOreHHOIo
KaTajin3a) Wik NOrJIoUEHuEM cBeTa (B (DOTOXMMHUYECKUX PEaKLUsX).

Kak npaBuio, st GOJBIIMHCTBA MPOCTBHIX pPEaKLUUN MOPSAOK PEaKIUU U €€
MOJIEKYJIIPHOCTh COBHAAAIOT U OIPEACISIOTCS BBIIICONUCAHHBIMU criocobamu. Ho
JUISL pEaKIMil, MPOTEKAIOIINUX B HECKOJIBKO CTAJHUN, MOPSIOK PEAKIIMH ONPENeIseTCs
HKCIIEPUMEHTAIBHO WJIM HA OCHOBAHMHM CJIO’KHBIX MAaTEMaTHYECKUX PACYETOB.

OCHOBHBIM MOHSTUEM B XUMUYECKON KUHETHUKE SIBJISETCS, MIOHATHE O CKOPOCTH
peaKuum.

OgHu  peakMu  NPOTEKAIOT  MPAKTUYECKH  MTHOBEHHO  (Hampumep,
HEUTpain3alusl KUCIOTHl OCHOBAaHUEM), JPYrue Mpu OOBIYHBIX YCIOBHUSX HUAYT
HACTOJIbKO MEJUIEHHO, YTO 3aMETHblE W3MEHEHMS KOHIICHTPAallUid pPEarcHTOB
HaAOJIIOAAIOTCS JIUIIb Yepe3 HECKOJIbKO JIET (HampuMep, B3auMOACHCTBUE BOJIOPOJA C
KHUCJIOPOJIOM C O0pa3oBaHHMEM BOJbI B OTCYTCTBUE Kartaiu3atopa). llpu sToM
CYLIECTBYET MHOXKECTBO pEaKLUMi, MPOTEKAIOIUX C BIOJHE W3MEPHUMBIMU
CKOPOCTSIMHU B  OOBIYHBIX YCJIOBHUSIX. XHUMHUYECKas KHHETHKA 3aHUMAETCs

OIpCACICHUCM CKOpOCTeﬁ XUMHWYCCKHUX peaKuHﬁ " N3YyUYCHUCM UX MCXaHH3MaA.

Bonpocekl u 3a1aHus:

1. Yto siBnsieTcsl NpeAMETOM U3YYEHUS XUMUYECKON KUHETUKU?

2. JlaiiTe onpeneneHne CKOPOCTH XUMHYECKON PEaKIINU.

3. [IpuBeaure npumeps! JudhepeHINaTbHBIX U UHTErPaIbHbIX YPABHEHUN
CKOpPOCTEW XUMHUYECKON PEAKIIHNH.

4. laitte popMyIHMpOBKY OCHOBHOMY 3aKOHY XUMHUECKON KHHETUKU — 3aKOHY
JEUCTBYIOIIUX MacCC.

5. Uto Takoe mopsI0K U MOJIEKYJISIPHOCTh XUMUYECKOM peakiuu’? B uem
paznuuue?



6. KakoB (pu3nueckuii CMbICII KOHCTaHTBl CKOPOCTH XUMHUUYECKON peakiuu? Ot
KaKMX [IapaMeTpoB OHA 3aBUCUT?

7. llpuBenuTe HHTErpaIbHyIO (OPMY KUHETHUYECKOTO YPAaBHEHUS MMPOCTOU
pEeaKIMK ePBOro MOPSAKa.

8. Kakue MeTo/1pl ¥ TpUeMbI MOTYT OBITh UCIIOJIB30BaHbI JJIs pacueTa
KOHCTAHTBI CKOPOCTH HEOOpaTUMOM peaKIMK MePBOro nopsiaka?

9. llpuBenure AudpepeHnnanbHy0 U UHTETPATbHYI0 (OPMY KHHETHYECKOTO
YpaBHEHUS IPOCTOM peaKkIMy BTOPOTO MOPsIKa.

10. Kakue MeTo/ibl U MPUEMBI MOTYT OBbITh UCIIOJIb30BaHbI ISl pacyeTa
KOHCTaHTbl CKOPOCTH MPOCTOM peakiMK BTOPOTo MopsaKa?

11. JlaiiTe onpeneneHue NOHATHIO «IIEPUO] OTYIPEBPALLEHUS.

12. TlpuBeaute nudpepeHralIbHYI0 U HHTErPATBbHYIO (DOPMbI KHHETUYECKUX
YpaBHEHUH AJIs ABYX HapajlieibHbIX peakluii IEPBOro NOPsIKa.

13. Ilpueaurte quddpepeHINATBHYIO U HHTETPAIbHYIO (DOPMbI KHHETHUECKUX
YPaBHEHUH IS [TOCJIEI0BATEIBbHOCTH JIBYX PEaKLMI NIEPBOrO MOPSAIKA C
HeoOpaTUMOI TIEpBOI CTaTueH.

14. TlpuBeaute nudpepeHHaTbHYI0 U HHTETPATbHYI0 (HOPMY KHHETHIECKOTO
ypaBHEHUSI 00paTUMOI peaKIMK MEPBOro MOPsIKa.

15. PaccmoTpute 1Ba OCHOBHBIX Cily4asi IPOTEKAHUS OOpaTUMON peaKLuu
CMEIIAHHOTO (IIEPBOT0 U BTOPOr0) NOPAJKA; MpuBeanuTe qudhepeHunanbHyo U
MHTErpajbHy10 (POPMY KUHETUUYECKUX YPaBHEHUH I 3TON peakiuu.

16. JlaiiTe onpeneneHue U NpUBEAUTE IPUMEPHl MATEMATUYECKUX BBIPAKEHUI,
WUTIOCTPUPYIOIIUE 3aBUCUMOCTh CKOPOCTH PEAKIIMK OT TEMIIEPATYPHI 110 IPABUILY
Bant-T'odda.

17. [aiiTe onpeneneHre YHEPIUM aKTUBALMU. B YEM 3aK/I04aeTcsl (PU3NUECKUN
CMBICJI 3TOM BETUYUHBI?

18. Kaxum 06pa3oM CKOpOCTbh XMMUYECKOMN peaklu U KOHCTAHThl CKOPOCTH
XUMHUYECKOMN PEAKIMU 3aBUCAT OT TEMIEPATYPHI 10 YpaBHEHHUIO AppeHuyca?

19. Kakumu MeToaMy ¥ IpUEMaMU MOKHO ONPEIEIUTh BEIUYUHY SHEPTUU
aKTHUBALIMM XUMUYECKON peakuuu?



TEMA 1. TEOPETUYECKHE OCHOBBI XUMHNYECKOHN
TEXHOJIOT'UHN

IPAKTUYECKOE 3AHATHE 6. KATAJIU3 B XUMHYECKOHN
TEXHOJIOTHU. 'TETEPOI'EHHBIN KATAJIN3.

eab 3aHATHA: 3aKPENUTHh U PACIIUPUTH 3HAHUA O KaTallu3€ B XUMHUYECKOU
TEXHOJIOTUU. I3yunTh reTepOreHHbl KaTanus.

Teopernueckasi yacThb
Hcnonb3oBaHue KaTtajau3aTtopoB - HauOosiee 3(PPeKTUBHBIA C€1mOCO0

NOBBINICHUSI CKOPOCTH M CEJeKTUBHOCTH  XHMMKO-TEXHOJIOTMYECKHX
npoueccoB. CyTh U BHABI KATAJIN3A

JUIss  TIpOMBIIIUIEHHOTO — WCIIOJIB30BAaHUSL  JIFOOOW  XMMHYECKOM  peakiuu
HEOOXOIMMBIM TPeOOBAaHUEM SIBIISIETCSI BBICOKAs CKOPOCTH JOCTHKEHHUS OOJIBIIIOTO
BbIXO/Ia Tpoaykra. HO MHOro XUMHMUYECKHUX peakiui, KOTOpbIE HMEIOT
MPOMBIILJICHHOE 3HAYeHUWE U  SBIAIOTCA TEPMOJAMHAMHUYECKH BO3MOKHBIMH,
MPAKTUYECKH HE MPOXOJAT Yepe3 OTPOMHYIO PHEPrui0 akTuBaluu. M3BeCTHO, 4TO
MPEOJI0JIETh BHICOKHUI SHEPreTUYECKU Oapbep MOMXKHO 3HAYUTEIbHBIM MOBBIIIICHUEM
temneparypel. Ilpu 3TOM peakuuss yCKOpSETCS  BCIEACTBUE  YBEIUYCHHUS
KHMHETUYECKOTO JIBUKEHUS MOJIEKYJ, T.€. pacTyT BEPOSTHOCTH WX CTOJIKHOBEHHUS U
XUMHYECKOTO B3aWMMOJEUCTBUA. TeM He MeHee, €cClId Jaxe IOBBIIICHHUE
TEMIIEpaTyphl SBISIETCSI SKOHOMUYECKU I€eCO00pa3HbIM, YTO BCTPEUAETCS OYCHD
PEIKO, TO Jisi OOJIBIIMHCTBA MPOIECCOB OCYIIECTBUTH €r0 HA MPAKTHUKE HEBO3MOXKHO.
B camom gmeme, B 0OOpaTMMBIX 9SK30TEPMHYECKHX IMPOIECCaX IMOBBINICHUE
TEMIIEPaTypbl MOXXET CMECTUTh PABHOBECHE B OOPAaTHYIO CTOPOHY HACTOJIBKO, YTO
peaKkiusi MOJHOCTBIO 3aTOPMO3UTCA. YacTo MOBBINIEHUE TEMIIEPATyphl MPUBOJUT K
TEPMHUUYECKOMY pacliajly PpeareHTOB WM NPOAYKTOB PEAKIMU, H3MEHEHUIO HUX
arperaTHOro COCTOSIHUS, YCKOPEHUIO 00pa30BaHUsl MOOOYHBIX WM HEXENIATeIbHBIX
MpPOAYKTOB peakuuu. Kpome TOro, 3HAYUTENBHOE MOBBIINIEHUE TEMIIEPATYPHI
OTPaHUYMBAETCS BO3MOKHOCTSIMA COBPEMEHHBIX KOHCTPYKIIMOHHBIX MatepuainoB. Bo

BCCX 9THUX CIIydasax HCO6XOI[I/IMO IMPUMCHATH KaTaJIns3.



Karanu3z - wambonee »dQexkTHBHOE M PpAIMOHATIBLHOE CPEACTBO YCKOpPEHUs
XUMUYECKUX MponeccoB. Kartaiurthueckue mpoueccshl IMIHPOKO HCIOIb3YIOTCS B
IPOMBIIUIEHHOCTH, IIpUYeM cdepa UX MPUMEHEHHUS MPOrPECCUBHO YBEIMYUBACTCS:
cepiie 90 9% HOBBIX IIPOM3BOJCTB, KOTOPBIE BHEAPSIOTCA B XHUMHUYECKYIO
IPOMBIIIEHHOCTh, OCHOBBIBAIOTCS HA KaTATUTHYECKHUX MPOLIECcCax.

Karanutnyeckue peakiyu OnuchIBalOTCS OOIIMMHU 3aKOHAMU TEPMOJIMHAMUKYU U
KMHETHKHU, TEM HE MEHEE B MPUCYTCTBUM KaTaJIU3aTOPOB 3TH PEAKIUU YCKOPSIOTCS B
TBICSYM W MWJUIMOHBI pa3 M TPeOYIOT 3HAUMUTEIBHO HM3IIUX TEMIEpaTryp, 4TO
HDKOHOMHUYECKH BBITOAHO. Llenblif psij TEXHOJOTMYECKUX MPOIECCOB YIANI0Ch
OCYUIECTBUTB JIMILIb Onarogaps NPUMEHEHHIO KaTaIu3aTOPOB.

Karanu3 npumeHsieTcss Uil MOJy4YeHHs BaXKHbIX HEOPraHWYECKHX IPOYKTOB:
BOJIOPOJIa, aMMHaKa, CEpHOM M a30THOM KHUCJIOT U T.M. OCOOCHHO IMIMPOKOE HU
pa3HOOOpa3HOe MPUMEHEHHE KaTalli3a B TEXHOJOTHMH OPraHUYECKUX BEIIECTB,
MPEXJIe BCETO B OPraHMYECKOM CHUHTE3€ - B MPOLIECCaxX OKUCIEHUs, TUAPUPOBAHUS,
JNErHIPUPOBAHMS, TUIpATAllMU, Aeruaparaiud U T.M.. C MOMOIIBI0 KaTaau3aTOpOB
NOJIYYarOT Ba)KHEWIME TMOJYNPOAYKTBI Uil CHHTe3a monuMmepoB. IlomydeHune
BBICOKOMOJICKYJISIDHBIX ~ COCIMHEHUN TOJMMEpU3alMe U  TOJMKOHJEHcalen
MOHOMEPOB TAKXE OCYILIECTBISETCS C ydyacTHeM Karainu3aropoB. Ha npumeneHuun
KaTaJIM3aTOpPOB 0a3upyercss MHOTO METOJIOB IepepadoTKh HedTENpOyKTOB:
KATAJIMTUYECKUNA  KPEKUHI, pUGOPMHUHI, HM30OMEpH3aLMUs, apoMaTu3alMs U
AIKWIMPOBAHUE YTIJIEBOJOPOA0OB. MHOIMX Ba)KHBIX MPOAYKTOB BOOOILE HE yAAIOCHh
Obl TOJy4HTh, €CIAM Obl B apceHaje XMMHMKOB HE ObUIO HY>KHBIX KaTaJlUu3aTOPOB.
CuHTeTHYEeCKH KaydyyK W SIpKHE KpacKH, MbUIO W MaprapuH, IUIACTMACChl U
JIEKapCTBa - B MX MOSBICHUH OIPOMHYIO POJIb CBHITPAJIA YCKOPUTEIH XHUMHUYECKHX
peakuuii. C MOMOINBIO KaTalM3aTOPOB NPHUPOAHBIE Ta3bl MepepadaThIBAlOTCS B
CUHTETUYECKUE TKAHU, KOTOPBIE CBEPKAIOT BCEMH LIBETAMU PAAYTH, a IO MPOYHOCTH
HE YCTYIAIT METaJIaM.

Ecnu B nporiecce oOpa3yeTcsi HECKOJIbKO MPOAYKTOB (1I€JIEBOM M MOOOYHBIE), TO
MaKCUMaJIbHBIN BBIXOJ] LEJIEBOrO OPOJIYyKTa MOKHO MOJIYYHTh,

IIPHUMCHSA CceneKmuBHblll KaTajin3, B KOTOPOM YCKOPACTCA XHUMHUUCCKAA PCaAKIUsA



o0pa30oBaHHsg HMMEHHO II€JIEBOr0 MPOAYKTa, a HAa CKOPOCTh MOOOYHBIX pPEAKIUN
KaTaJM3aTop B 3TOM CJIy4ae HE BIIUSET.

Kamanuzom Ha3pIBaeTCs M3MEHEHHE CKOPOCTHM XUMHUYECKHX PEaKUUWd IOJ
BJIUSIHUEM OCOOBIX BEIIECTB - KaTaJM3aTOpPOB, KOTOpbIEC, MPUHUMAs ydacTue B
pEeaKlnH, HE U3MEHSIOT CBOEr0 XMMUYECKOT0 COCTABA MOCIE OKOHYAHUS PEAKIIMH.

Karanuzaropamu Moryt OBbITh Ta3bl, XUIKOCTH W TBepjble Bemectsa. [lo
($a30BbIM COCTAaBOM pEAareHTOB M KaTalu3aTopa KaTAIUTUYECKHUE MPOLECCHI
pazzensatoT Ha TOMOI'CHHBIE, reTepOTreHHbIE 1 (depMeHTaTUBHBIE
(MUKpOTETEpOreHHbIE).

B comoeennom xatanuse KaTaau3aTop U BEIIECTBA, KOTOPBIE PEArupyrOT MEXKIY
co0oii, HaxoAsATCcsl B OJHOM (pase - raze minm pactBope. B eemepocennom karammse
peareHTbl M KaTalu3aTop HaxoIATCca B pasHbIX (azax. PepmenmamugHulil
(MuKkpocemepocennuil) KaTaau3 NPOXOAUT NPU YHaCTUH OMOKAaTaIu3aTopoB OEIKOBOM
npupoasl (PepMEHTOB, 3H3UMOB), KOTOpbIE O00pa3ylOT KOJIOUIHBIE PACTBOPHI.
DepMEHTATUBHBIM KaTajau3 MHOTMMHU MOKa3aTeIsIMU OTJIMYAETCd OT OOBIYHOTO
Karanu3a. GepMeHTAaTUBHBIN KaTalu3 MPOXOJUT 3HAYMTENbHO ObicTpee. Torma kak
Ha OCYUIECTBJICHHUE PEAKIHUH C MPUMEHEHHEM XUMHUUYECKUX KATAIM3aTOPOB HY KHBI
JTHU, HEJIEIN WIH J1aXe MecsSIbl, OMOXHUMUYECKUI KaTajanu3 00ecleuynuBaeT X0/ ITOU
peakuMM 3a HECKOJIBKO CEeKyHJ WIM Jaxe JoJed cexkyHabl. Bciencreue
(epMEHTaTUBHBIX pEaKUUi, B OTIMYHE OT Oe3epMEHTHBIX, HE O0O0pa3yroTCs
no6o4HbIe IPOAYKTHI (Hocturaetrcs modtu 100 %-# BBIXOJ KOHEYHOTO MPOAyKTa). B
KauecTBe Mpumepa (pPepMEHTAaTUBHOrO KaTajiu3a MOXKHO Ha3BaTh OOMEH BEIECTB U
MpEeBpPAILEHUE SHEPTUH B KJIETKaX KUBOI'O OpraHu3ma.

Ecnu B IpHCYTCTBHM KaTalM3aToOpa PEaklMM YCKOPSIOTCS, TO TaKOE SIBJIICHHE
Ha3bIBAIOT HOJIOHCUMETIbHBIM KATAIN30M. VICIIOIB3YIOTCS TAKKE BEIIECTBA, KOTOPHIE
3aMEeJISIOT WIH TOPMO3SIT XUMUYECKHE peakuuu
- AHMUKAMAAU3AMOPbL UIN UHZUOUMOPbBL. ITO SIBJICHHE
Ha3bIBAIOT OMpUYamenbHbiM KaTaaIu3oM.

BooOmie yckopsromiee AelicTBUE KaTanu3aTopa NPUHIMIHAILHO OTINYAETCS OT

NEUCTBUA JIpYTUX (PAaKTOPOB, KOTOPbIE€ HMHTEHCU(DHUIMPYIOT XUMUYECKHUE PEaKIIUU:



TEeMIlepaTyphl, JaBJICHUS, KOHIICHTPALUM, TUIONIAJAM TMOBEPXHOCTH KOHTaKTa ¢as,
TUAPOJMHAMHUYECKUX YCIIOBH. B ciiyyae BBelleHHMsI B CHCTEMYy Karalu3aTopa
CKOPOCTh JIBHKEHUSI MOJIEKYJ He U3MeHsieTcd. Kartanu3aTtop He BIMAET TakKKe Ha
CABUI PABHOBECHS, a JMIIb YCKOpSET €€ JOCTHKEHUE B YCIOBUAX 3aJlaHHOMN
TEMIIEpaTypbl ¥ JaBJIEHUSA, T.€. €CThb '"MATKUM'" CpPEICTBOM WHTEHCU(]HUKAIIUN
XUMUYECKUX PEaKIMii, KOTOPhIM HE MMEET OrpaHWYEHUMN, XapaKTEPHBIX, HAIPUMED,
JIJIsl TPUMEHEHHUS BBICOKUX TEMIIEPATyp U JaBJICHUM.

BinsiHue yckopsIolero JeWCTBUSL KaTalU3aTOPOB COCTOMT B CHWXKEHUU
DHEPIUM AKTUBALMHM, KOTOPOE IPOUCXOJMUT BCIEIACTBHE HU3MEHEHUS MEXaHU3Ma
peakuuu. [locneaHuii MOXKET U3MEHATHCS C U3BMEHCHUEM CTAIMMHOCTH PEAKLUNH WIIN
BCJICJICTBHE OCYIIECTBICHUS PEAKUMU MO I[enHoMy MexaHu3sMy. C u3MeHeHueM
MEXaHU3Ma I0J] AEUCTBUEM KaTajlu3aTopa XOJ PeaKIMu OCYUIECTBIISIETCS Yepe3 psll
QJIEMEHTAPHBIX CTaAWi, KaXkJas M3 KOTOPHIX TpeOyeT 3HAYUTEIHLHO MEHBIIEH
HHEPruy AaKTUBALIMM, 4YeM peakuus O0e3 kaTtaiuzatopa. CKOpPOCTh peaKIuu TeM
0O0JIbIIIEe, YEM MEHBLIE YHEPTUSl AKTUBAIIMU COTJIACHO YPABHEHUIO AppeHHyca.

I'omorennbiii  karaam3. CKOpocTb mNpeBpalieHUss B TOMOT€HHOM
KaTtaguse. BaiussHue ycjoBHH OCYHIECTBJICHHUSI TOMOI€HHOI0 KaTajau3a Ha ero
3¢ PeKTUBHOCTD

HaubGonee pacmpocTpaHeHHOW Teopued, KOTopas OOBSICHSET JeHCTBUE
KaTajau3aTopa B TOMOT€HHOM KaTajiu3e, €CTb TaK Ha3blBaeMas 'Teopus
IIPOMEKYTOUHBIX coequHeHuI". COrinacHo 3TOM TEOPUU MEXaHU3M KaTaln3a COCTOUT
B OBICTPOM 00pa30BaHMM MEXJy pearecHTaMu M KaTaJIu3aTOpPOM HEYCTONYMBBIX
MIPOMEKYTOUHBIX COEIUHEHUH, MOCIe pachajga KOTOpPbIX 00pa3yloTcs MNpPOAYKTHI
peaKIvy, a KaTaJiu3aTop BHICBOOOKIAETCSI B HEU3MEHHOM BHJIC.

[Iporuiecchl TOMOTeHHOro Karajau3a 1o (ha30BOMY COCTOSHUIO pearupyronimx
BCIIECTB W KaTajau3aropa MOXHO pa3JeiuTh Ha >KUAKO(Ma3Hbie W Ta3oga3HbIe
B orcuokoghasnwix porieccax  pearupyromige  BelIecTBA W KaTajau3aTtop  eCTh
KUIKOCTH, KOTOphle 00pasyroT onaHy (¢azy. Pa3nuuaror  OKHCIHUTEIBHO-
BOCCTAHOBUTEJbHBIN (TOMOJTUTUYECKHIT) U KUCIIOTHO-OCHOBHBIN (T€TEPOTUTUYECKUI)

MEXaHHN3MBbI )KI/IJIKO(baBHOFO T'OMOI'CHHOI'O KaTaJir3a.



OKHCIUTEIIbHO-BOCCTAHOBUTCIBHBI ~ MEXaHW3M  3aKIodaeTcss B OOMCHE

NEKTPOHAMH  MEXAY  KaTajau3aropoM U PEearupyrouiMMH  MOJIEKYJIAMH.
KaranusaTopamu B 5TOM Cllydae MPEMMYLIECTBEHHO CIy’KaT conmu Tuma Me" An™

, rie Me™ _ xatmon comu; AN - aHMOH CONM, WIM OpPraHMYECKHE BELIECTBA,
KOTOPBIE UMEIOT OKUCIUTEILHO-BOCCTAHOBUTENBHBIE CBOWCTBA.
[Ipumepom  xumkodazHoOTO Karaau3a  MOXET  OBITh OKHUCIICHHE

a0CopOMPOBAHHOTO CEPOBOJIOPOJIa XHHOHOM B KUJIKOM (haze ¢ 00pa30oBaHUEM CEPHI:

H,S,, + o=®=o — 5 + OH@OH + aq

r€ aq - MOJIEKYJIbI BOJBI.
OO0pa3oBaBIIUICS MO PEAKIIUU TUAPOXUHOH B3aUMOJICUCTBYET C PACTBOPEHHBIM

B JKUJIKOU (paze KUCIOPOIOM, IIPU 3TOM KaTaau3aTop - XMHOH - PEreHEPUPYETCS:

20H-©OH + Oy —>20:C>=o + 2H,0

Mexanu3M KHCJIOTHO-OCHOBHOTO KaTaiu3a 3aKIiodaceTcss B OOMEHE HOHAMH

MEXJy KaTalu3aTopoM u peareHramu. KarammszatopamMmu npu 3TOM  SIBISIFOTCS

KuCa0Thl (KatuoH H30") uin ocHoBanus (anuoH OH ™ ) B KHCIIOTHOM KaTalln3e
MPOTOH (WJIM TIOJOKUTEIBHBIM MOH) MEPEXOAUT OT KaTan3aTopa K peardupyroen
MOJIEKYyJIe, a B OCHOBHOM KaTajlu3e KaTalu3aTop OTAAaeT CBOM aHWOH MOJIEKYJIe
pearenta. B crienmyromed craauyM KaTaIMUTHYSCKOW PEAKIMM MPOTOH WM aHUOH
MEePEXOAUT B OOPAaTHOM HAINpaBIEHUH, M KaTATN3aTOP BOCCTAHABIMBAET CBOU COCTAB.

PaccMoTpuM B KadecTBE mpUMeEpa MEXaHU3M KUCJIOTHOTO KaTajiu3a B PacTBOPE

IPYU TUAPATALMH AJIKEHOB B CIIUPTHI, II€ KaTaIU3aTOPOM CIYKUT KucioTa (HAn):

RCH=CH, + HAn — RCH,-CH," + An
+ +
RCH,-CH, + H,0 —> RCH,-CH,0H,
RCH,-CH,0H, + An. —» RCH,-CH,OH + HAn

[Ipy >TOM HPOUCXOIUT MPHUCOEIMHEHUE KaTalu3aTopa K MOJIEKYJIe pearcHra,
KOTOPOE COIMPOBOXKIAETCS Pa3pbIBOM JIBOWHOM CBs3W, OOpa3oBaHMEM MHOHHOIO
MIPOMEKYTOUHOTO COEAMHEHUS, KOTOPOE OBICTPO pearupyeT CO BTOPHIM PEareHTOM,

H, B KOHIIC KOHIIOB, OTHICIIJICHUC ITPOTOHA C pereHepauI/Ieﬁ KaTaJin3aTopa



l'azoghasznolii TOMOTEHHBIN KaTalu3 TMPUMEHSCTCS CPaBHUTENBHO penko. OH
MOXXET OCYIIECTBISATHCA TIO MOJIGKYJSIPHOMY U paJuKaIbHOMY  (IICTTHBIM)
MeXaHU3MaMH.

[To wmomekynsspHOMY MEXaHU3MY MPOWCXOAUT OOMEH aToMaMu MEXIY
KaTau3aTopoM U peareHTamu. B kadecTBe mpumepa 3TOro MexaHu3Ma, pacCMOTPUM
okucnenue okcuaa cepol (IV) oxcumom azota(ll), koTopoe MOXKHO OmNUCATh TaKOU
CYMMapHOM pPEaKLUEN:

NO

SO, + 0,50, —> SO,

WJIU Yepe3 TaKue CTaJuu MPU YUYaCTUH KaTalnu3aTopa

0,50, + NO—NO,
NO, +SO, — SO; + NO

PanykanbHbIi MEXaHM3M TOMOTE€HHOTO KaTaln3a MOXKET NPOUCXOOUTh KakK B
ra3oBOi, TaK W B XUAKON (a3ze. YCKOpPEHHE PEaKIMH MPOUCXOIUT BCIICICTBUC
o0pa3oBaHMs B IMPOLECCE YACTHUUYEK C IOBBILIEHHOMW DJHEpPrued - CBOOOJHBIX
paavkaioB. TUOUYHBIM HOpUMEpPOM ra3o(a3HOM  KATATUTUYECKOHM  peaklHu
pajvKaJIbHOTO THUIIA MOXET CHYKUTh OKHCJICHHE MeTaHa B (opmanpierus B
npucyTcTBuM okcua azora (IV) kak karanuzaropa, KOTOPOE BBINJISIIUT TaK:

1. 3apokIeHUE Lenn

[ ]
2CH, + NO, — 2CH; + H,0 + NO
NO + 0,50, —> NO,

2. IIpogoinkeHue nenu

CH? + 0, —>» CH,0 + OH®
CH, + OH®*—> CH; + H,0

3. Bo3moskHbI# OOpBIB 1IETTH

CH? + OH®* —> CH;0H

CKOpOCTh TOMOTEHHOTO KAaTaJUTHYECKOTO TMpoIecca 3aBHCHUT OT psla
(GaKTOpPOB: KOHIICHTpAIIMU PEarupyroIINX BEIIECTB, KOHIICHTPAIMHM KaTaau3aTopa,
TEeMITepaTyphbl, TaBJICHUS.

N300pa3uM kaTanuTuueckuil mpoiecc B Buae Mmoxaenu. Ilycte peakmus 0e3

KaTajau3aTopa MPOUCXOJMUT MO ypaBHEHUIO A + B —>R u ee 3HEeprusi akTUBAIUU



MMeeT 3HadeHue £. B npucyTcTBUM Karanu3atopa peakuus I[POXOJUT 4epes
MOCJICIOBATEIbHBIC CTAAUM C OOpa30BaHUEM TMPOMEKYTOUHBIX HEYCTOWYUBBIX
COCJIMHEHUM, KaXKasi U3 KOTOPBIX TpeOYyeT 3HAYUTEIHHO HUBIINX 3HAYCHUH YHEPTUU

aKTHBALIMHU
A + Kao — A®Eao (yiadey adoeaacee A))
A®Eao + A — AA%as— R + Ead (yiadeyadoeaasee A,)
Ecoun mumuupyromeit cragueit seusercs (a), 1.e. E;»E, To 001Ias CKOPOCThH

npoiiecca OyeT MpOornopIMOHaIbHA KOHIIEHTPAIIMY peareHTa A u Karaauszaropa

:d—c :kCACKam
dr (2.161)

w

Ecnu nmumutupyromeit craaueit sisasierca (0), T.e. E;«E> To 0011as CKOPOCTh

e

mpouecca OyJeT MPONOPLHOHAILHA KOHIEHTPAMH aKTUBHOTO KOMILIEKca “xar

vupeareHra B

=96, =k;,Clr. G
dr fon"(2.162)

w
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KoHueHTpanuo MnpoMexXyTOYHOIO HEYCTOMYMBOIO KOMIUIEKCA — A'KAT MOXKHO

HAWTH 10 3HAYCHUIO KOHCTAHTHI PaBHOBCCHUA K JJIA CTalun (a)

C.
— A Kam

Ca Cran (2.163)
OTKy/1a
C o kam —KCa Cram (2.164)

N OKOHYAaTCJIbHO

o =9C2 _\ kc,C.Cr.
dz (2.165)

Temneparypa u JaBjieHHUE HAa CKOPOCTb T'OMOT€HHO-KATAIMTUYECKUX PEeaKUUin
BIIUSIIOT QHAJIOTMYHO, KaK M HA HEKATAIIMTUYECKUE TOMOTEHHBIE IMPOIECCHl, U 3TO
BJIUSIHUE OMKUCHIBACTCS] OOUIMMU KUHETUYECKUMH 3aKOHOMEPHOCTAMH.

['1aBHBIM HEJOCTaTKOM TOMOTEHHOIO KaTaliu3a €CThb TPYAHOCTH OTHAEJIEHUS
KaTajau3aropa OT KOHEYHOM IMPOIYyKTOBOM cMecH (KUAKOCTH WIM rasa), BCIEICTBUE
Yero 4acThb KaTaju3aTopa TepsieTcsi O€3BO3BpAaTHO, a MPOAYKT 3arpssHseTcs uMm. B

IreTCPOrcHHOM KAaTAJIN3C ra30Bas WM KUAKAA PCAaKIIHMOHHAA CMECh JICTKO OTHCIIACTCA



OT TBEPAOro Karaiuzaropa M 3TO MOCHYyXWUIO OJHOW W3 BaXHEUIIMX IPUYUH
IIMPOKOTO PaCIPOCTPAHEHUS ITeTEePOreHHOT0 KaTaan3a.

I'eTreporennblii  kaTaJm3 Ha TBepAbIX Karaau3aropax. OOgactu
NMPOTEKAHUSA TeTEPOreHHO-KAJIUTHYECKOr0 XMMHUYECKOro mnpouecca. Biausinue
YCJIOBHI O0CYLIECTBJICHUS MPOLECCA HA €r0 CKOPOCTh

['eTeporeHHbIil KaTaau3 MPUMEHSETCS B MPOMBIIUICHHOCTH 3HAYUTENIBHO IIUPE
YeM TOMOTE€HHBIM. DOJBIIMHCTBO TETEPOr€HHBIX KATAJUTUYECKHUX PEAKLUU - ITO
peaKIy MeXay ra3000pa3HbIMU pearecHTaMM MPU YYaCTHUH TBEPABIX KaTaau3aTOpOB.
B rereporeHHOM Kartajin3e, Kak ¥ B TOMOT€HHOM, PEAKLHS YCKOPSIETCS BCIECICTBUE
X0J1a HOBBIM PEAKIIMOHHBIM ITyTeM, KOTOPBII TpeOyeT MEHbIIIEH SHEPTUH aKTUBAIIHH.
W3MeHeHne peakIMOHHOIO IIyTH IPOMCXOIUT Onarojaps IPOMEKYTOUYHOMY
XMMHUYECKOMY B3aMMOJICMCTBUIO PEATMPYIOIIMX BEIIECTB C Karajau3aTtopoMm. B
TETEPOTE€HHOM KaTaJu3€ MPOMEKYTOUYHBIE COCAUHECHUSI BO3HUKAIOT HA IMOBEPXHOCTHU
KaTaJin3aTropa, He 00pa3OBBIBAIOT OTJEIBHBIX (a3 U HE OMPEACISIIOTCS XUMUUECKUM
aHAIIU30M. OTU KaTAIUTUYECKUE MPOMEKYTOUHBIE COCAUHEHUS HMEIOT MEHBIIYIO
DHEPTHI0 XMMHUYECKOU CBSI3U, Y€M MOJICKYJIbI B 00BbeMe, KOTOPBIA MpeaonpeiesseT
MaJIyI0 TPOYHOCTh ATUX COCIMHEHMUII.

Karanuszaropamu B T€TEpOTEHHOM KaTalin3e OOBIYHO CIY)KaT METaUThl U X
OKCH/IbI, KOTOPBIE XOPOIIO MPOBOIAT dJICKTpUueckuii ToK. [Ipu 3ToM HamOoJbIICH
KAaTAUIUTUYECKONM aKTUBHOCTBIO H pa3sHOOOpa3veM KaTaJIUTHYECKOro JICHCTBUS
oOnamaroT Metamibl Ooapmmx nepuoaos I, VI, VII u VII rpynn nepuoanyeckoi
cuctembl anemeHToB: Cu, Ag, Cr, Mo, W,U, Fe, Co,Ni, Pt, Pdu T.n.. Bce s1H
METaJIJIbl SBJISIOTCS MEPEXOJAHBIMHU JIEMEHTAMU C He3aBepIlIeHHOW d-000JI0uKoN U
o0Jaal0T  OMpeNeIeHHBIMU  CBOMCTBaMH,  KOTOpPBIE  CIIOCOOCTBYIOT  MX
KaTaJIUTUYECKOM aKTUBHOCTH, a HMEHHO: IIEPEMEHHOW CTENEHBIO OKHUCIICHHUS,
CKIIOHHOCTBIO K  KOMIUICKCOOOpPAa30BaHMIO, HEBBICOKOW paboToii  mepexoja
ANIEKTPOHOB C OJHOTO SHEPreTUYECKOro YpOBHA Ha Japyrod u T.im.. OcoOeHHO
BBICOKOW KAaTaJUTUYECKOM aKTUBHOCTHIO OO0JIaIal0T METAJIbI, KOTOpPbIE HMMEIOT
HECTIapeHHBIE 3JICKTPOHBI HAa BHEUIHUX S- U d-OopOUTaANSIX, TOTOMY YTO 3TO 0C000

BBII'OAHO JJIs1 IOBCPXHOCTHBIX BSaHMOHeﬁCTBHﬁ. KpOMC TOIr'o, KaTaJlnu3aTOopaMHu



MOTYT OBITh COEJIMHEHHUS, KOTOPhIE XOTS U HE UMEIOT B CBOEM COCTaBE MEPEXOAHBIX
AJIEMEHTOB, HO BJIAJCIOT MOJTYIPOBOAHUKOBBIMA CBOMCTBAMM: IIMHKA OKCHUJ, KaJIMUS
OKCHUJ, IIUHKa CcyiabGua U T.M. [udnekTpuku (M30JSTOPHI), KOTOPHIE HE MPOBOJISAT
TOK, HE MOTYT CIY>KUTbh KaTaJIn3aTOPaMH.

BaxHyro poiib B KaTajau3e WIPAlOT AKTUBHBIC LIEHTPBI, T.€. YYacTKH
MOBEPXHOCTH, KOTOpbIE€ OO0JaJal0T TOBBIMICHHOW AaKTUBHOCTBIO U OCOOBIMU
a7COpOIIMOHHBIMU ~ CBOMCTBAMHU. JTO - TEOMETPUUECKHE HEOJIHOPOJAHOCTH
MOBEPXHOCTU: THUKU, YIJbl, pedpa KpPUCTALIOB WIA JACPEKThl TOBEPXHOCTH.
AKTHUBHBIE LIEHTPBl MOXHO pacCMaTpUBaTh KaK TIPYIIBI aTOMOB, KOTOPbIE MEHBIIIE
BCEr0 CBSI3aHBI C MOBEPXHOCTHIO M HAXOJATCS B OJIATONPUSTHEUIIUX YCIOBUSIX JIS
AJIIEKTPOHHOTO OOMeHa. AJCOpOIMS pEareHTOB MPOUCXOIUT TPEXKIE BCEro Ha
AKTUBHBIX LIEHTPAX M COMPOBOXKIACTCS MEPEXO0JIOM AJIEKTPOHOB B d-000JI0YKY OT
pearupyromen MOJIEKYJIbl K KaTallu3aTopy W OT KaTalu3aropa K pearupyronien
MoJiekyse. XoJ KaTAIUTUYECKUX TPOIECCOB MO AJICKTPOHHOMY MEXAHU3MOM
TpakTOBaJIM U3BeCTHbIE yueHble mupa C.3. Porunckuii, @.®. Bonbkenmreis, K.
Xaydde, XK. Kepmen, I'. 11sad u ap.

[IIBa®, wHanpumep, [Aal HArJdsSgHYI0 pacliu@pPOBKY TaKOTO TUIUYHOIO
KaTaJIUTHYECKU-TETEPOTCHHOTO JJIEKTPOHHOTO MPOLIECCa, KaK OKHUCICHUE OKCHJa
yriepoaa (II) ma TBepaoM KaTanuzatope - okcuae UMHKA. [lo3HakoMHMCs ¢ 3TOM
CXEMOM.

Kucnopon agcopOupyercss akTHBHBIMU [IEHTPaMH MMOBEPXHOCTH KaTaIn3aTopa U
MPUTSATUBACT U3 HEro 3JIEKTPOoH. BeiencTBue 3Toro 00pa3oBbIBAIOTCS OTPUILIATEIHHO
3apsKEHHBIE MOHBI KUCJIOPOa

0,50, + ¢ —» O

[Ipu 5TOM KHCIIOPOJ BBIMOJIHSAET POJIb MPUEMILIUKA (aKIENTOPa) JIEKTPOHOB.

3aTeM K MOBEPXHOCTU KaTaiau3zaTopa noaxoauT okcun yriaepona (II), koropsiii
TOXKE aJIcCOpOUPYyeTCs] aKTUBHBIMU IEHTPAMHU TMOBEPXHOCTH KaTalu3aTopa U OTAAET
€My DJJIEKTPpOH, MpU O3TOM MoJIeKysdbl okcuga yriepoga (II) 3apspkarorcs
MTOJI0KUTEIIBHO

CO —> CO + ¢



Mexnay ancopOMpoBaHHBIMM Ha TIOBEPXHOCTH KaTajau3aTopa pasHOMMEHHO
3apsUKEHHBIMU HOHAMU Kuciopojaa 1 CO" HaunHACTCS XUMHUYECKOE B3aUMOJICHCTBHE
u oOpazyetcst okcup yriaeponaa (1V)

co + 0 —> Co,

W3 npuBeeHHOW CXeMbl CTAHOBUTCS MOHSTHBIM, YTO IJIABHAS POJIb B TaKUX
IpoIieccax MPUHAICKUT 00pa30BaHUIO 3aPSHKEHHBIX aJICOPOMPOBAHHBIX MOJIEKYI U
MOHOB. YKaxeMm, 4T0 3(h(PEeKT 3apsHyKEHHOCTH TOBEPXHOCTH KaTajau3zaTtopa Mpu
aacopOuMu  pa3sHOOOpa3HBIX Ta30B M MapoB  CErOJHA  IOJTBEPKJCH
HKCIIEPUMEHTAJIBHO.

B kagecTBe mnpuMmepa TETEpOTCHHOIO KaTajiW3a B CHCTEME pPEarcHTHI-Ta3bl;
KaTaJIn3aToOP-TBEPIOC BEMICCTBO (TJIaTHMHA) MOKHO MPUBECTH OKUCIICHUE aMMHaKa B
MPOM3BOJICTBE  pa30aBIEHHONW  a30THOM  KUCHOTBL.  [lpomecc  HaumHaeTcs
aKTUBHPOBAHHOM ajcOpOIMel KHCIOopoJa Ha AaKTUBHBIX IEHTpaxX IOBEPXHOCTU
karanu3zaropa. K ancopOMpoBaHHBIM aTOMaM KHCJIOPOJA TMOIXOIAT MOJIEKYJIbI
aMMUakKa, 00pa30BBIBAIOTCS HEYCTOMUMBBIC MPOMEKYTOUHBIE KOMITJIEKCHI "'peareHThI-
Katanu3atop", B KOTOPBIX CTapble XUMHUYCCKHE CBS3M PBYTCS, a HOBBIC
00pa30BBIBAIOTCS B BUJE MPOAYKTOB peakiuu - NO u H-O (puc. 2.33).

Ecnm e reTeporeHHbId KaTajiu3 MPOXOJUT 10 PaJUKAIBHOMY MEXaHHU3MY, TO
BCJIEJICTBUE  ajcopOluu  0Opa3oBbIBA€TCSl  MpOYHAs  CBsI3b  MOJIEKyjda -
KPUCTAJUIMYECKAsl PEIIETKA, YTO CIIOCOOCTBYET JUCCOIMAIIMN MOJIEKYJI peareéHTOB Ha
pagukansl. CBOOOAHBIE paAMKaibl, MEpPeMENIascCh MO MOBEPXHOCTU KaTalu3aropa,

00pa3yIoT HEUTpaIbHBIC MOJICKYJIBI MPOAYKTA, KOTOPHIC JECOPOUPYIOTCS.

IMecTa paspriea
CEAZEH

A
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Puc. 2.33. Mbwicnennaa cxema OKucieHus amMmuaxa HaA HOBEPXHOCMU
NIAMUH0B8020 KAMAIU3amopa (CaIOWHbIMU JUHUAMU 0O03HAYEHbL XUMUYECKUEe CE53U
8 MOJIeKYIax peazenmos a0copOYUOHHbIe C8A3U, NYHKMUPHbIMU - 00pa308aHHbIE
C853U 8Ce0cmeaue Kamanusa)

[Ipomecc karamm3a ra3oo0pa3HBIX pEareHTOB Ha TBEPIBIX KaTaau3aTopax
COCTOMUT U3 TAKUX AJIEMEHTAPHbIX CTAIUM:

1. mubdy3us  pearupyromMxX BeIIeCTB M3 Tra3oBodl  ¢da3bl K
IIOBEPXHOCTH KaTajau3aropa,

2. b dy3ust peareHTOB B TOPUCTHIX 3€pHAX KaTaau3aTropa;

3. AKTUBUPOBAaHHAs aJCcOpOLMs PEAreHTOB HAa AKTUBHBIX LEHTpax
KaTajau3aTopa ¢ 00pa3oBaHHEM MPOMEKYTOUHBIX TOBEPXHOCTHBIX COCTUHEHUM
- AKTUBHBIX KOMIUIEKCOB: "pEareHThl - KaTaau3aTop';

4. NEePEerpynmupoBKa aToMOB C 0Opa3OBaHUEM MOBEPXHOCTHBIX
KOMIIJIEKCOB TPOAYKThl PEAKIUU - KaTanuzaTop'" U JAecopOuus MpOIyKTOB
pEaKlU U3 aKTUBHBIX LIEHTPOB;

5. b dy3ust IpoAYKTOB B OpaxX 3€PEH KaTalIu3aTopa;

6. b dy3us TpPOAYKTOB U3 MOBEPXHOCTH KaTalu3aTopa B 00BEM
razoBoro mortoka. OOmas CKOPOCTh TIETEPOreHHOTO KaTAIUTHYECKOTO
Ipolecca 3aBUCUT OT CKOPOCTEH OTIEIBHBIX €ro CTaJuidl W JUMUTUPYETCS
MeJUIeHened 3 HuX. VMHOrga cambIM MEUIEHHBIM OKAa3bIBA€TCS OJHO W3
XUMHUYECKHUX B3aUMOJICHCTBUH, a HHOTA - AU Py3UOHHBIE TTpoLecchl. TpeThbs
W YyeTBepTas CTaJuu MMEIOT XMMHYECKHH XapaKTep M YCKOPSAIOTCS, Mpexie
BCEro MOBBIIIEHUEM Temmeparypbl. Eciv camMbiMU MEIJI€HHBIMH CTaIUSMH,
KOTOpbIE JMMHUTHUPYIOT OOIIYI0 CKOpPOCTH IpOLIECCa, SIBJISAIOTCS IEpBas WIH
MOCJIeIHSAA, TO TMpollecC MPOXOAUT BO BHemHeauby3moHHONH obiacTu U
HanOoJee A (HEKTUBHBIM CPEJICTBOM €TI0 YCKOPEHHUS CITY)KHT MEepEMEITUBAHNE
pearupyromux ¢as.

[Ipouecc mnpoxoautr B 00sacTh BHYTpeHHeW ud@y3unm Korgja cambIMH

MEIJICHHBIMH CTaIUsIMU SIBISIOTCA BTOpass M msTas. Haubonee sddexTuBHBIMU



CpelICTBAMH HWHTEHCU(DUKAIIMU TpoIlecca B ITOM Cllydae SIBJISIOTCS YMEHBIICHUE
pa3Mepa 3epeH U YBEJIIMYEHUE JUaMeTpa Iop KaTajau3aropa.

[loBbIlIEHNE KOHLEHTPALUA pEarupyrolux BEUIECTB WIM JABJICHUS YCKOPSET
Kak 1U(PQy3UOHHBIE, TAK U KHHETUYECKUE CTAJANH KaTaIHu3a.

Tpe6oBaHus K NPOMBINLIEHHBIM KATAJIN3aTOPOB

W3 wucropun pa3BUTHS XUMHUYECKOW TEXHOJOTMU HU3BECTHO, 4YTO pAHbIIE
MCCJIEIOBATENSAM MTPUXOJUIOCH UCTIBITHIBATh THICAYM XMMHUYECKUX BEILECTB, MPEXKIE
4yeM BBIOpaTh OJIHO, KOTOpas JEWCTBUTENIBHO 00JIaaeT JOCTaTOYHO CHJIbHBIM
KAaTaJIMTUYECKUM JIEUCTBHEM Ha OINPENCICHHYIO peakiuio. Spualiimii mpumepom
TaKOro IMIUPHUECKOro, "cienoro” moadopa MOTYT CIIYKUTh MOUCKH KaTaan3aTropa
JUIsl CMHTE€3a aMMMaKa, KOrja ObUIO UCHBITAHO CBBIIIE JABYX THICSY XUMHUYECKHUX
AJIEMEHTOB M COEJIMHEHMI, TOKa, B KOHIIE KOHLOB, HY)XHBIA KaTanu3aTop ObLIO
HaiiieH. IM okazanochk cnenuanbHO 00pabOTaHHOE XKejne30 ¢ JA00aBKaMU OKCHIOB
Kanus 1 anmoMuHusa. COBpeMEHHOE COCTOSIHME HAYKH U TE€XHOJIOTUM KaTaiau3a J1aeT
BO3MOYKHOCTbh OCYIIECTBJISITh HANpPaBJICHHBIA BBIOOp KaTalau3aTopa JUIsl Ka)ao0ro
KOHKPETHOTO XHMHYECKOTO TPOIECcca, KOTOPBIM OCHOBBIBAETCS HA  OOIIUX
3aKOHOMEPHOCTSIX KATaIUTHUYECKUX TMPOIECCOB U CBOMCTBAaX KaTaau3aTOPOB.
Hampumep, 1 1OpoueccOB  OKUCIEHUS, BOCCTAHOBJICHMS, TMIPUPOBAHUS,
JNETHJIPUPOBAHUS W JIPYTHUX, KOTOPBIE OCYILIECTBIIIOTCSA [0 BBIIIEONUCAHHBIM
AJIIEKTPOHHBIM MEXaHHW3MaM, KaTalh3aTopaMy CIIyXaT METaulbl U UX COEAUHEHUS
(MpOBOAHUKY M TOJYIPOBOAHUKH), KOTOPBIE XOPOIIO NPOBOAAT NEKTPUUECKUH TOK,
T.€. 00eCreunBalOT AJIEKTPOHHBIN 0OMEH MEX]ly peareHTamu M Kataiuzatopom. Kax
y>K€ OTMEYaJIOCh BbIIE, 3TO - IJIATUHA, AU, HUKEIb, )KeJe30, KOOAJIbT, OKCUIBI
nukens (II), mapranna (IV) xpoma (VI), Banaaus (V) , okcua HUHKA U CyIbGuU
[UHKA U T.II..

TunuaapIMA  KaTamu3aToOpaM ISl MPOIECCOB KATAIUTHUYECKOTO KPEKHHTa
HeTH M HePTENmpOAYKTOB, THApATAIIMK M JETUIpaTallid CIHPTOB, KOHJCHCAIINH,
M30MEpU3ALMA U TOJMMEpPU3ALMU  YIJIEBOJAOPOAOB, KOTOpbIE OOJBIIEH YacTbiO
OCYULIECTBIISIIOTCA MO KUCJIOTHO-OCHOBHBIM MEXaHU3MaM, CIIy)aT TaKhe BEIIeCTBA:

THAPOKCHABI METAJIOB CO CTEMEHBI0 OKHCICHHS 3 M Oojblne (THAPOKCHIBI



QIIOMMHUS,  JKele3a, LHMPKOHUS, TOpus MW  T.Ol.);  QJIIOMOCHUIMKAaThl U
UPKOHUNCUIIMKATBI;, HEOPraHW4YeCKHe KHUCIOThl (B uacTHOCTH, (ocdopHas), Ha
KOTOPBIX OCYILIECTBIISETCSI HOHHBIA OOMEH.

Wrak, cymecTByronMe TEOpUU KaTajn3a JAl0T BO3MOXKHOCTb IPEAYTraJbIBaTh
KaTaIUTUYECKOE JCHCTBHE pa3HBIX CcoeAuHEHWH. BplOpaHHBII HAa OCHOBAaHUU
TEOPETUUECKUX OCHOB KaTalM3aTOp O00S3aTENbHO IPOBEPSIETCS IKCIEPUMEHTAIBHO.
Ecin xaranmu3atop [uisi 3alaHHOro Ipouecca NOoJ00paH, TO MPEkKIE YeEM
PEKOMEHI0BaTh €ro Uil BHEIPEHHUs, HYXKHO BbIACHUTb, OTBEYaeT JIA OTOT
KaTaju3aTop OIPEIEICHHBIM TpEOOBAaHUSAM, KOTOPBIE NPEABSBISIIOTCS K HEMY

IMPOMBINIJIICHHOCTBIO.

Bonpocel u 3axanus:

1. Kakue BemiecTBa Ha3bIBAIOTCA KaranuzaTtopamu? B ueM otiuduue
KaTajau3aTropa OT HHUIIMATOpa U UHTHOUTOpa?

2. IlpuBenure  nud@epeHIUANIbHYIO W JUHEHHY0  QopMy  3amMcH
KUHETUYECKUX YPABHEHUW I TAJOTCHHOM KaTaJUTHUYECKOW pPEaKIMh BTOPOro
MOps KA.

3. O0ObsicuuTe cmbicn npubamxeHus boxaenmrelina-CeMeHOBa NMpPU BBIBOJE
UHTETpaIbHON (DOPMBI KMHETUYECKUX YPAaBHEHUU JJII TOMOTCHHO-KATaTUTUYECKUX
peaKiuu.

4. Ilpuseaure auddepeHuaIbHyl0 UM HUHTErpajbHyl0 (QopMy 3amucu
TOMOT€HHO-KaTAIMTUYECKUX peakunii Muxasnruca-MeHTeH.

5. Kakue mporeccel JieKaT B OCHOBE HMHTHOUPYIOIIETO  JCHCTBUSA
karanuzaropa? Kakue BemecTBa Ha3bIBAIOTCS HHTUOUTOpaMu?

6. Uto Takoe GhyHKIHS 3aKOMIIIICKCOBAHHOCTH KaTajan3aropa?

7. JlaiiTe XapakTEpUCTUKY OCHOBHBIM METOJaM OCYILIECTBICHUS I€TEPOr€HHO-
KaTaJIUTUYECKUX MPOLIECCOB.

8. [IpuBeanTe OCHOBHBIC XAPAKTEPUCTUKU TETEPOTCHHBIX KaTalnu3aTOPOB,
MPUMEHSIEMBIX B MPOMBIIUICHHOCTH. Kakum OCHOBHBIM TpeOOBaHUSM JIOJKHBI
YIOBJIETBOPSITh F€TEPOrE€HHbIE KaTAIN3ATOPHI?

9. JlaiiTe xapaKTEpUCTUKY OCHOBHBIM TEOPHUSM TE€TEPOTCHHOTO KaTalu3a:
TEOPUH TPOMEKYTOUHBIX COCAMHEHUH; aJCOPOIMOHHONW TEOPUH TE€TEPOreHHOIO
KaTaJln3a; MYJbTUIUIETHOW TEOPUU T'E€TEPOreHHOro karanuszatopa A.A. bananauHa;
AIIEKTPOHHON TEOPHUH I'€TEPOre€HHOTO KaTalu3a.



10. IlepeuncnuTe  OCHOBHBIE  CTaJAMM  TIE€TEPOTCHHO-KATAJTUTUYECKOU
peakuuu. JlaiiTe XapaKTepUCTUKY OCHOBHBIM OO0JIACTSIM IMPOTEKAHUS T€TePOTeHHO-
KaTAJIMTUYECKUX PEAKIIHM.

11. IlpuBenure nmpuMepbl KMHETUYECKHE YPaBHEHHS MPOTEKAHUS MOHO- H
OMMOJIEKYJISIPHBIX T€TEPOT€HHO-KATATUTUYECKUX PEAKIIUH.

12.  JlailTe XapakTEpUCTUKY METOJy CTAl[MOHAPHBIX IMOBEPXHOCTHBIX
KOHIEHTPALIMA W TMPUBEAUTE NPUMEPBl €ro MNPUMEHEHUS ISl TOCTPOCHUS
KMHETHYECKUX MOJEJIEN T€TEPOrC€HHO-KATATUTUUECKUX PEAKIIHM.

TEMA 1. TEOPETUYECKHUE OCHOBbBI XUMHWYECKOM
TEXHOJIOT'UHN

ITPAKTUYECKOE 3AHATHUE 7. OCHOBbBI MATEMATHYECKOI'O
MOIEJIMPOBAHUA XUMHUKO-TEXHOJIOI'HMYECKHUX ITPOLHECCOB.

Heab 3aHATHS: 3aKpenuTh U PACIIUPUTH 3HAHUSA 00  OCHOBax
MaTeMaTUYECKOr0 MOJICIUPOBAHMS XUMUKO-TEXHOJIOTUYECKUX MPOLIECCOB.

TeopeaneCRaﬂ qacTb
MaremaTtudeckoe MOJCIUPOBAHUC - MCTOA HCCICAOBAHHA IIPOLECCOB HJIIN

SBJICHUHA Ha MaTeMaTHYECKUX MOJAEIIAX C IpUMeHeHneM DBM.

COBpEMEHHBIN YPOBEHb pPa3BUTUSA BBIYMCIUTEIBHON TEXHUKH pPaCIIUpPSET
BO3MOKHOCTH HCIIOJIB30BaHUS METOAA MAaTeMaTHYECKOr0 MOJICIUPOBAHUSA IIPU
UCCIICJOBAHUM KHUHETUKA TOMOTE€HHBIX M T'E€TEPOTCHHBIX XUMHUYECKUX pEaKLMi,
JeXallUX B OCHOBE IPOMBINUICHHBIX IPOLIECCOB, BBIOOpPE THIIA XHUMHUYECKOIO
peakTopa, TEMIOOOMEHHOT0O M MacCOOOMEHHOTO O00OpYIOBaHHUSA, IOJYYCHUU
ONEPATUBHBIX IPOTHO30B M pEIICHWHM 3aAa4 ONTUMM3ALUH TEXHOJOTUYECKUX
PEXKUMOB BEJICHHS IPOMBIIUICHHBIX NPOLECCOB JEHUCTBYIOUIMX MPOU3BOJCTB B
YCIOBUSAX MEHAIOIIMXCS COCTaBa ChIpbA W IPOU3BOAUTEIIBHOCTH, a TAaKXKE IIPU
MIPOEKTUPOBAHMS TEXHOJOTHUYECKUX CXEM HOBBIX U MOJEPHU3UPYEMBIX IIPOU3BOJICTB
XUMUYECKOU MPOMBIIUIEHHOCTH.

IIpoueccsl, CBsA3aHHBIE C XWMHUYECKOH TEXHOJOTMEH OYEHb CIIOXKHBL. JTO,

IIPEXKAEC BCEr0, XUMUYECKHE NMPEBPALICHUSA B annaparax pasIMYHbIX KOHCTPYKIIMM,



00yCIIOBJIEHHBIX 0COOEHHOCTSIMU MIPOTEKAHUS XUMUYECKUX peakuuu,
MHOTOKOMIIOHEHTHOCTBIO 1 MHOT'OCTaIMHHOCTBIO MHOTHUX M3 HMX, HEOOXOIUMOCTBIO
npoBefeHUs Katanu3a. He MeHee CIIOXKHBI M MacCOOOMEHHbIE MPOLECCHI, B
YaCTHOCTH, NPOLECChl PEKTU(PUKALMK MHOMOKOMIIOHEHTHBIX CMECEH, IIUPOKO
UCIIOJIb3yEMbIE IIPU TMOATOTOBKE CBHIPbs JUII XHMHUYECKHX MPEBpAICHUA U
paslieJIeHud  MPOAYKTOB  pEakuui, JubO0 OTIEJIeHUS HenpopearupoBaBIINX
KOMIIOHEHTOB CBIpbSl OT MPOJYKTOBOTO NOTOKAa. B Hacrosmiee BpeMsl LIMPOKO
UCIIOJIb3YIOTCS. COBMEILEHHBIE PEaKIMOHHOPEKTU(PUKALMOHHBIE MPOLECCHl, Kak
Oojee »HHEpPro- u pecypcocodeperaromme MU HSproHoMuyHbie. TemnooOMeHHbIE
IPOLECCHI SABISIOTCS HEOTHEMIJIEMON YacThIO JIOOOT0 XMMHYECKOTO MPOU3BOCTBA.
Ux 3¢ dekTHBHOCTD 3aBUCUT OT KOHCTPYKIIMMA arapaToB, CBOMCTB TETIOHOCUTENCH
U psi/ia TEXHOJIOTMYECKUX [1apaMeTPOB.

[ToaTOMy BaXHBIM 3TallOM MAaTEMaTHYE€CKOrO MOJIEIMPOBAHUS  SIBIIAETCA
CO3JlaHMEe MaTeMaTUYeCKOM Mojeld, KoTopas Obl aJIeKBaTHO  OINKCHIBAJA
paccmaTpuBaeMblii  mpouecc. OOBIUHO  CO3JAIOTCS  MATEMAaTUYECKUE MOJENH
OTJEJIbHBIX alnapaToB, OazupyroLIMEecss Ha MOJENSIX MPOLECCOB, MPOTEKAIOUINX B
ATUX anmnaparax, a 3aTeéM MOJEIUPYIOTCA TEXHOJIOTHYECKUE CXEMBI, CBS3BIBAIOIINE
3TH anmnapatbl B €AMHBIA TEXHOJOTMYECKUN MTPOLIECC.

B 3aBHCHMMOCTH OT CJIOKHOCTH CaMOTO Ipoliecca U BO3MOXHOCTEH MOJyYEHHUS
HKCIIEPUMEHTAJIbHON UWH(pOpPMAMM O €ro MNpPOXOXACHUH, TpH pa3paboTke
MaTEMaTUYECKUX MOJENIEd HCIONb3yeTcsl JHO0 JAETEPMHUHHPOBAHHBIA MOJAXOJ, B
OCHOBE KOTOpOTO JiexaT (pyHIaMeHTalbHbIe 3aKOHBI, TU00 SMIIMPUYECKUIA, B OCHOBE
KOTOPOTO JIEXKHUT CTAaTUCTUYECKAs 00padOTKa SIKCIIEPUMEHTAIbHON HH(POPMALIMH.

[TockonbKky MaTeMaTHUECKUE MOJEIU MOTYT OBbITh MPEICTaBICHBI JTMHEHHBIMHU,
HEIUHEHHBIMY, AU(depeHIUaATbHBIMA YPAaBHEHUSIMHU, YPABHEHUSMU B YaCTHBIX
IPOU3BOJHBIX W UX CHUCTEMaMH, B 3aBHCHMOCTU OT CJIOXXHOCTH MOJEIHPYEMBIX
SBJICHUI, HEOOXOIUMO 3HAThb M YMETh NPUMEHATh UYUCICHHBIE METOAbl IS HX
pEILICHHUS.

Urobbl perieHue 3afad ONTUMHU3ALMK ObUIO pealn3yeMo, HYXKHO MPaBHIBHO

ONnpecACInTb KPUTCPHUHU OINTHUMAJIBHOCTH, IIPCACTABHUTL (1)YHKIII/IIO ociau, 3adaTh



OTpaHWYEHUs] Ha ONTUMHU3HUPYIOIIME IapaMeTpbl W TPaMOTHO BHIOpATh METOJ
OIITUMH3AIINH.

W nakoner, 4ToObI BOCIIOIB30BATHCS BBIYUCIUTEILHON TEXHUKOM M PEIIUTH
VHUKAJIbHYIO 3a7a4y, CBS3aHHYI0 C MOJCIMPOBAHUEM KOHKPETHOTO XHUMHKO-
TEXHOJIOTUYECKOTO TMpolecca, HEOOXOAUMO 3HaTh KaKOW-TMOO W3 COBPEMEHHBIX
S3BIKOB MIPOTrPAaMMUPOBAHMS U YMETh pab0TaTh B COOTBETCTBYIOIICH Cpejie, Co3/1aBast
yAOOHBIN 7151 TIOJIH30BATEIISI HHTEPQENC.

Koneuno nns pemieHust 3ajgad BbIOOpa HamOoJIee MOJIXOJSIIETO YHUCICHHOIO
METOJla MOTYyT OBITh NPHUBJICYCHHI MATEMaTUKH, IS CO3JaHUS IPOTrpaMMBbl C
YAOOHBIM JIsl TIOJIB30BATENsI MHTEpPEcoM — MPOPECCHOHAIBHBIE MTPOTPAMMHUCTHI,
HO caMy MAaT€MaTHYECKYH MOJEIb JOJDKHBI CO37aBaTh CIEIHAIUCTBI MPEIMETHOMN
001aCTH, T.€. CIIEIHAINCTHI, KOMIICTEHTHEIC B 00JaCTH XMUMHYECKOM TEXHOJIOTHMU H

HpOMLIHIJ'IGHHOfI peain3anuu XUMHUYCCKUX U He(bTeXI/IMI/I‘-IGCKI/IX IMPpOU3BOJICTB.

Bomnpocs! u 3a5anus:

1. Yro sBnsieTCA NpeAMETOM MAaTEMAaTHYECKOTO MOJAEIUPOBAHUSA?

2. YTo NOHUMAIOT MOJI MATEMATUYECKUM OITMCAHUEM XUMHUKO-
TEXHOJIOTUYECKOTO Mpoiiecca?

3. JlaiiTe XapaKTEpUCTUKY U MMPUBEIUTE TPUMEPHI TPAHUYHBIX U HAYAJIbHBIX
YCJIOBUU.

4. JlaiiTe onpeniesieHUs MOHSITUSIM BpeMEeHU NpeObIBaHUs U QYHKIIMH
pacrpeiefieHus BpeMEHHU MpeObIBaHMs TTOTOKOB B armapare.

5. JlaiiTe XapakTepuCTUKY U MPUBEAUTE NMPUMEPHI TudPepeHnnansHon
byHKIMM pacnpeesieHus BpeMeHU MPeObIBaHMs TTOTOKOB B arlmapare.

6. [laliTe XapakTepuCTUKY U IPUBEAUTE MPUMEPHI HHTETPAITbHON (DYHKITHH
pacripeielieHus: BpeMEeHU MpeObIBaHUs MIOTOKOB B alllapare.

7. UTO MOHUMAIOT IO MOJENbIO UACAIBHOIO NepeMemnBanua? Jlaite
XapaKTEPUCTHUKY ITOW MOJIENIN U IIPUBEIUTE €€ MATEMATHIECKOE OMMCAHNE.

8. UTO MOHUMAIOT 10,1 MOJAEIBIO UJICATbHOTO BEITeCHEHU? JlaliTe
XapaKTEPUCTHUKY 3TOW MOJIENIN U IIPUBEIUTE €€ MATEMATHYECKOE OMMCAHUE.

9. Uto nonumarot noj qudPpy3uoHHON Mojienbio? JlaiiTe XapaKTEpUCTUKY ITOMN
MOJENH U IPUBEIUTE €€ MATEMATUYECKOE OIUCAHUE.

10. B dem pasnnune Mexay OJHOIIapaMeETPUUYECKON U
JIByXIMapaMeTpudeckoil 1u@dy3uoHHBIMU MOJESIMU?



1. UTo moHUMarOT oA STYEEYHOM MoIebIo? J[aiiTe XapaKTepUCTUKY ATOU
MOJENH U IPUBEIUTE €€ MATEMATUYECKOE OIUCAHUE.

12. JlaliTe XapakTepUCTUKY NPEAEIbHBIM CIIy4YasiM, IIPA KOTOPBIX SUECECUHAs
MOJIEJIb MIEPEXOAUT B MOJIEIIb UICATTBHOIO CMELIEHUS U B MOJIEIIb UJI€ATIbHOTO
BBITECHEHHS.

TEMA 2. TIPOU3BOJACTBO HEOPTAHUYECKUX BEILIECTB.

MNPAKTUYECKOE 3AHATHE 8. IPOU3BOJICTBO CEPHOM KUCJIOTHL.
HPOU3BOJACTBO AMMMUMAKA.

Lenab 3aHATHA: 3aKPENUTh M PACIIMPUTH 3HAHUSA O IMPOU3BOJCTBE CEPHOMU
KHMCJIOTBI M IPOU3BOJICTBE AMMUAKA.

Teopernveckasi yacTb
Cpenu MHUHEPAIbHBIX KHUCJIOT, IIPOU3BOAMMBIX XUMUYECKOM

MIPOMBITIUICHHOCTBIO, CEPHAsl KHCIIOTa MO O00bEMY MPOM3BOJCTBA W TMOTPEOICHUS
3aHUMaeT repBoe MecTo. OOBICHASTCS 3TO TEM, YTO OHA camas JelieBas U3 BCeX
KHCJIOT, a TakKe ee cBoicTBamMu. CepHa KUCIO0TAa HE JBIMUT, B KOHIIEHTPUPOBAHHOM
BUJIE HE pa3pylllaeT YepHbIE METAJUIbl, B TO € BpPEMsl SIBISETCS OJHOW M3 CaMbIX
CHJILHBIX KHCJIOT.

OO6sactTd TpPUMEHEHUSI CEpPHOM KHUCIOTHl 4pe3BblYaliHO oOmmMpHbL. OHa
MPUMCHSICTCS TMPH TOJYYEHUH MHUHEPAJbHBIX yJAOOpPEHUM, KHCIOT, COJICH,
B3PBIBUATHIX  BEIIECTB, B  METAUITYPrHYECKOH,  TEKCTHJIBHOMW,  IHIIECBOM
MPOMBIILJICHHOCTH U T.1.

XuMHUUYECKasi TPOMBIIIJIEHHOCTh BBIITYCKAET TPU BHJIa TOBAPHON KUCIOTHI:

- bamenHas xucioTa - 75%

-KOHTaKTHAas kucaora - 92,5%

. Oneym - 20% cBo6oaHOTO SO3

CopIppeM B IIPOM3BOJICTBE CEPHOM KUCIOTHI MOTYT OBITH dJIEMEHTApHas cepa u

pa3JIMYHbBIC cepycoIepIKaIie COSTUHEHUSI, N3 KOTOPBIX MOTYT OBITh IOJIyYeHa cepa

WM HeocpeACTBEHHO okcu cepsl (IV).



[Ipuponanbie 3amexku caMOPOJHOM Cepbl HEBEIUKH. Hallle BCEro cepa HaXOAUuTCs
B npupojie B hopme CyabPumoB win cyiabhaToB METAJUIOB, a TAKKE BXOJUT B COCTAB
HedTH, KameHHoro yriia. [IpupogHOro u momyTHOro ra3os.

Takum o00pa3oM, CBHIPbEBbIE HWCTOYHUKHU MPOU3BOJCTBA CEPHOM KHUCIOTHI
JIOCTATOYHO MHOTOOOpAa3HbI, XOTA /10 CHUX IOpP B KA4YECTBE ChIPbSI HCIOJIB3YIOT
AJIEMEHTAPHYIO CEpy M KeJe3HbIM KomyeaaH. OrpaHuueHHOE MCIOJIb30BAHUE TAKUX
BUJIOB CBIPbSl, KaK TOMOYHbIE Ta3bl TEIUIOBBIX JJICKTPOCTAHIIMA U  Ta3bl
MEJICTUTABMIIBHOTO TIPOM3BOJICTBA, OOBICHSETCS HU3KOM KOHIIEHTpAaIlueld B HHX
okcupa cepsl (IV). [Ipuuem gons xkonmyeaaHa B 6anaHce ChIPbsl YMEHBIIAETCS, a JIOJIS
CEpbl BO3PACTAET.

OcHOBHBIE ITaNbI NOJYYEHHSI CEPHOM KUCJIOTHI.

[Tomy4yeHne cepHOU KUCIOTHI U3 CAMOPOJHOMN CEpbl COCTOUT U3 TpeX cTaaui: |-
MOJIYYECHUE JUOKCUJA CEPbl O0XKUTOM AJIEMEHTApHOM Cephbl, 2- OKUCICHHUE OKCHJIA
cepri(I1V) B okcup cepoi( V1), 3- aGcopOiiust TpHOKCHIA CEPBI.

[IpousBoacTBO  aMmuaka  COCTOMT W3 TpPeX  CTagui:  TOJyYEHHUE
a30TOBOJIOPOJTHOM CMECH, €€ OUMCTKA U COOCTBEHHO CUHTE3 aMMHAKa.

[lepBas cragusi — noayuenue a30mo6000poonoli  cmecu. ColpbeM IS
MIPOU3BOJICTBA aMMHAKa SBJISIIOTCS @30T U BOJIOPOJI. A30T BBIACISIOT U3 BO3/yXa —
ra3oBoi cMecH, cojepxaiieii mo ooremy 78,05% azora, 20,95% xuciopona, 0,94%
aproHa ¥ B HE3HAUUTEJIbHBIX KOJIMYECTBAX YTJICKUCIBIN ra3, HEOH, TeJIUi, KPUIITOH U
KCEHOH. J[7151 9TOTO BO3ayX TIyOOKMM OXJIQXKICHHEM IMEPEBOMIT B KHUIAKOE COCTOS-
HUE, a 3aTeM peKTUu(UKaIMe, OCHOBAHHOM Ha pa3IM4uM TeMIepaTyp KHUIICHUS
OT/AEJIBHBIX Ta30B, PA3/JCIAIOT HA COCTABHBIE YACTH.

Bonopon mony4aroT ofHUM U3 CIOCOOOB: 3JIEKTPOJIM30M BOJBI MM BOJHBIX
pacTBOpPOB MOBAPEHHOM COJIM; U3 KOKCOBOTO ra3a MOCIJIEIOBATEIIbHBIM COKMKEHUEM
BCEX €ro KOMIIOHEHTOB, KPOME€ BOJOpPOJA; KOHBEPCHEM OKCUIa yriepoja re-
HEpPaTOPHOTO I'a3a; KOHBEPCUEH METaHa WM €r0 TOMOJIOTOB.

[Tonyuenne Bomoposaa — HauOosiee Jgoporas cTajgusi MNpPOU3BOACTBA. B
HacTosIIee BpeMsi OOJIBIIYI0 YacTh BOJIOPOJA JIsl CHHTE3a aMMHAaKa IMOJIY4YaroT U3

HauOoJiee ACIICBBIX BUJIO0B CBIPbA — I'a30B, COACPIKAIIMX MCTAH U €0 roMOJIOTH. K



HUM  OTHOCSTCS TOMNYTHbIE Tra3bl HedTenoOblYM, TPUPOJHBIA Tra3, Tasbl
HedrenepepaboTkn. B mpucyTCTBMM BOISHOTO Tapa ¥ KHCIOpPOJa METaH
MpeBpaliaeTcs B BOAOPO:

— CH,;+H, 0O CO+H,-Q

f—

—F CH,+0.50,CO+2H,+Q

N T

a oOpasoBaBIIUiics OKcu yriepoaa kouBeptupyetcs 10 CO, u Ha:

— CO+H,0CO0,+H,+Q
f—

KonBepcuio npupoaHOro rasza npoBOJAT NMpU aTMOCHEPHOM HIIM MOBBIIIEHHOM
JABJICHUU C IPUMEHEHHEM KaTalu3aToOpoB (KaTaluTUYECKas KOHBEPCHs) UK 0€3 HUX
(BbICOKOTEMIIEpAaTypHasi KOHBepcusi). HacTo mpouecc Ha HUKEIEBOM KaTaau3aTope
BEIyT TaK, 4TOObI OCTaTOYHas KOHIEHTpamus meTaHa coctaBisia 8 — 10%. Ilpu
TaKOW KOHIIEHTPAIIMM METaHa €ro JajbHellllee KOHBEPTUPOBAHHE BO3AYyXOM (T. €.
CMEChI0 a30Ta M KHUCIOpPOJa B COOTHOIIEHUU 4:1) MO3BONSET MOIYYHUTH Cpasy
a30TOBOJOPOAHYI0 cMech ¢ cooTHomieHueM N,: H,= = 1:3. Dro wuckmouaer
HEOOXOJUMOCTh CTPOUTEILCTBA JOPOTOCTOSIIIIMX W IHEPrOEMKHUX YCTaHOBOK
pa3zielieHusl BO3JyXa W 3HAYUTEIBHO YJIy4IllaeT TEXHUKO-3KOHOMHYECKHE IIOKa-
3aTeln mpouecca.

OnHako MOJyYEeHHBIE a30T, BOJOPOJA U a30TOBOJOPOJHAS CMECh 3arpsi3HECHbI
MONABIIMMHU W3 MPUPOAHOTO Traza COCAUHEHHUSIMU CEPbl, a TaKXe OKCHUAAMHU H
JMOKCHJIAMU yTiepoia, 00pa30BaBIIMMUCS MpU KOHBepcuu. M3-3a BBICOKOI UyBCTBU-
TEIBHOCTU KaTaJIU3aToOpa CUHTE3a aMMHAaKa K 3TUM IMPUMECSIM, CHIIbHO CHUXKAIOIUM
€ro aKTUBHOCTh U BBI3BIBAIOIIUM HEOOpaTUMbIC OTPaABIICHHS (OCOOCHHO COCMHEHUS,
coJieprKalllie cepy), a3 MoIBEpraroT THIATEIbHON OUHCTKE.

Bropas cragua — ouucmra eaza. J[{na ynaneHuss TNPUMECEH CEPHUCTBIX
coequHeHurTuna cepoyriepona CS,, cepookucu yriepona COS u mepkantaHoB R
—SH wux rugpupyoT Ha KoOaThbTMOJMOJECHOBOM KaTalW3aTOpe MPU TeMIepaType
350-450 °C no yerkoysnaBIMBaeMoOro CepoBOI0pPOaa
: 9H, + npumecu (CS, + COS + R - SH) 4H,S + 2CH, 4+ H,O

OOpazoBaBUIMiiCS CEPOBONOPOA YIAIAIOT M3 Ta3a C MOMOIIBIO PA3IUYHBIX

norjoTuTenei, HanpuMmep okcuaa uuka: ZnO + H,S ¢ ZnS + H,O



[Tocrte Takol OUMCTKHU ra3 COAEPKHUT CEpOBOa0poa He Gonee 1 mr/m’.

Ouuctka raza ot CO, npoU3BOJUTCS C MOMOIIBIO XKUAKUX Toriotureneid. Ha
CMEHY BOJIHOM OYHCTKE, MOTPEOIISBIICH O0IBIIOE KOJTUIECTBO BOJIBI M DHEPTUU HA €€
nepekauky, npuuuia oosnee 3Pp¢GeKTuBHAS OYUCTKA C MOMOIIBI BOJAHBIX PACTBOPOB
ATAHOJIAMUHOB JIMOO TOPSYUX PACTBOPOB TOTAId, AKTUBUPOBAHHBIX MBIIIBIKOM.
[Ipn mpoMbIBKEe raza yka3aHHBIMU BOJHBIMH pacTBopamu mnpumecu CO, oO6pazyroT
kapOoHaThl U OukapOoHaThl. Perenepanus mnorjmotuteneit ¢ ynainenuem CO; B
necopbepe MPOU3BOJAUTCS: ISl STaHOJAaMUHOB — HarpeBanueM j0 120 °C, mis pac-
TBOPOB IOTalla — CHUKEHUEM JaBJICHUS.

[Tpumecu CO ynansroTcs U3 ra3a norjiolieHueM MeI-HOAMMHUAYHbIM PaCTBOPOM
caboil  yKCyCHOW WM MYpaBbUHOM  KUCTOTHL. D(PPEKTUBHOCTH OYUCTKU
YBEIIMUMBAETCS C NMOBbIIeHUEM aasieHus A0 30 MIla n nonmxkeHrnem temMnepaTtypsl
10 25 — 0 °C. Ilocne ounctku B raze ocraercs He 6oiee 0,003% CO. Ilpu ounctke
a30TOBOJIOPOJHON CMeECH, MOIy4yaeMOl W3 KOKCOBOro rasza, octatku CO ynanistor
MPOMBIBKOM >KUAKAM a30TOM. [Ipu 3TOM 4acTh a30Ta HCHapseTcs U MEePEeXOJUT B
a30TOBOJIOPOJIHYIO CMeCh, obOecmneunBasi cooTHomeHue N,: H, Onuskoe 1:3.
Pa30aBiisisi cMech JOMOJHUTEIBHBIM KOJUYECTBOM a30Ta, €€ JOBOJAAT 10 HeoOXxo-
JMMOTO JIJIsi CHHTE3a aMMHaka TOYHOro cootHoienusi N»: H, = 1:3. B Tex ciyuasx,
korpa octatounbsie konudecTBa CO u CO, B raze nebompimue (1o 1 %), ynanenue
MIPUMECEH OCYIIECTBIACTCS UX THIPUPOBAHUEM (METAHUPOBA-HUEM) 110 PEAKIIUSAM
— — CO +3H, CH, + HzO; CO, +4H, CH,4 + 2H,O
d— f—

Temnepatypa npouecca 200 — 400 °C, kaTanu3aTop — HUKEIb, HAHECEHHbIN
Ha OKCH/JI aJTIOMUHUSI.

Tpetbs cranus — cunmes ammuaxa. OO6pa3oBaHNE aMMHUAKA 110 PEAKITUU
: N>+3H, 2NH; + Q npotekaeT 10CTaTOYHO OBICTPO TOJIBKO B MPUCYTCTBUU
KaTaJIM3aTOPOB, COJIEPKAIIUX B KaUYECTBE AKTUBATOPOB OKCHJIbI ATIOMUHUS, KAJIUS U
Kanplug. TermmoBoil »¢h@dEeKT peakluuu pacTeT € YBEJIHMUYECHHEM TEeMIEpaTryphl, a
PABHOBECHBIH BBIXO/JI 3aBUCUT HE TOJIBKO OT TEMIIEPATYPhI, HO U OT JABJICHUSI.

CuHTe3 amMMMaka SBISIETCS OOpAaTHUMBIM SK30TEPMUUYECKHMM TIpoiieccom. B

COOTBCTCTBUHU C IIPHUHOUIIOM Jle-1IllaTense OTBOJ TCIUJIOTBI MAOJKEH CMCHIATh



peakuuio BopaBo. C 3TOM LENBbIO MPOMEXKYTOUYHOE OXJIAXKIEHUE Ta30BOM CMECH
MEHEE HarpeThiM BCTPEUHBIM MMOTOKOM MPOU3BOJUTCA MOCIE KaXJA0TO €€ KOHTAKTA C
KaTaJau3aTopoM. JTO 00ecrneuynBaeT aBTOTEPMUYHOCTD nporecca. OAHAKO HECMOTPS
Ha OTBOJA TEIUIOThI, TeMIeparypa IO XOJy IIpolecca BCE K€ HECKOJIbKO
yBenuuuBaeTcs. Ilo3ToMy B KOJIOHHE CHHTE3a aMMHaka HCIOJIb3YIOTCA
KaTanu3atopbl, 3 HEKTUBHO pabOTarONIUE B PA3IMUHBIX JUANA30HAX TEMIEPATYD.

CoBpeMeHHbIE KOJOHHBI CHUHTE€3a aMMHaka OOJIbIIONH €AMHUYHOW MOLIHOCTH
UMEIOT 4YeThIpe TMOJIKM ¢ KaTanu3aTopamu. Ha mepBoit (1o Xomy rasza) HaxoJIuTCs
HU3KOTeMIepatypHbii karanmuzatop (350— 500 °C), Ha BTOpOolt — cpeaHe-
temneparypubii (400 —550 °C); Ha  Tperbell M uUeTBEpTOM « —
BbICOKOTeMMeparypHbie (550 — 700 °C).

Ha (akTuyeckuii BBIXOJ amMMuaka KpOME€ IMEpPEYMCICHHBIX (aKTOpoB
OKa3bIBAalOT BJIUSHUE AaKTUBHOCTh KaTajllu3aTopa, COCTaB TIa30BOM CMECH,
KOHCTPYKTHBHbIE OCOOCHHOCTH ammapara (4eM MEHbIIE B HUX TUIPABIMYECKOE
COMPOTHUBJIEHUE, TEM BBIIIE MPOMYCKHAs CHOCOOHOCTh M HHUXXE JHEPreTHUYECKUE
3aTpaThl) ¥ MPOJODKUTEIBHOCTh COMPUKOCHOBEHHUS Ta3a C Karajau3aTopoM (Hiid
oOpaTHasi BeJIMYMHA, Ha3biBaeMasi OOBEMHON CKOpOCThIO rasza). C yBelWYECHUEM
00BEMHOM CKOPOCTH CheM aMMHAKa ¢ 1 M® KOHTaKTHOM Macchl pe3Ko Bospacraer. Ho
OJHOBPEMEHHO C  O3TUM  YBEIMYMBAaeTcd  00bEM  HempopearupoBaBIIECH
a30TOBOJIOPOAHON cMmecu. Bo wu3bexaHue mnorepp 3Ty CMeCh HEO0OXOAUMO
MHOTOKpPaTHO MPOKAaYMBaTh Yepe3 KaTajn3aTop MO 3aMKHYTOMY LHKIY. DTO MOBBI-
HIaeT pacxo]i PHepruu Ha nepekauky. C HSKOHOMHYECKOW TOYKM 3pEHUsl MOJI00HbIE
3aTpatbl MOTYT OBITh CBEIEHBl K MHUHUMYMY TIPpM HEKOTOPBIX ONTHUMAaJIbHBIX
3HaYeHMsAX 00beMHOM ckopoctH rasa (ot 15000 xo 30000 M’ rasosoii cMecu depes 1
M’ KaTaaM3aTopa B 4ac).

TexHuKO-3KOHOMHYECKHE TIOKa3aTelid 3TOT0 IPOU3BOJCTBA MOTYT OBIThH
yJIy4IlIEHbl MIEPEXO/IOM K IHEPro-, pecypco-u TpyaocOeperaromnieil TeXHOIOTuu. ITO
JOCTUTaeTCs MPUMEHEHUEM arperaTtoB OOJIBIION €IMHMYHON MOIIHOCTH, Mallo-
BoaHbIXx cxeM W ACVYTIL. Ocoboe BHMMaHHWE YAENAETCS YTUIU3ALMHU TEIUIOTHI

TOIIOYHEBIX I'a30B, BBIXOJANIMX M3 IICYHW HArp€Ba MCTaHA, a TAKKC Ia30BbIX ITOTOKOB,



NOKHJIAIOMIUX PEaKTOp THIPUPOBAHUS OPTaHUYECKOH cepbl, KOHBEPTEpHl METaHa U
OKCHJIa yTiepo/ia, KOJIOHHBI CHHTE3a aMMHaKa, MeTaHaTopa | T. JI.

VYTunu3upoBaHHasi ~ BBICOKONOTEHIMAJIbHAs  TEIUIOTAa  HMCHOJb3YyeTCs s
MOJyuyeHUs] Tapa BBICOKOTO JIaBJICHHsS. OHEPrusi OSTOr0 IMapa B TypOMHax
npeodpaszyeTcss B MEXaHMUYECKYIO Ul CXKaTHSl M TMEepEeMEIIeHHs] Ta30B C MOMOIIBIO
KoMIpeccopoB. HuskomoTeHImManpHas TEIUIOTa YTHIU3UPYETCS [UIsl TOJIyYCHUS
TEXHOJIOTHYECKOTO Tapa HU3KOTO JaBIIEHUS, MMOJAOTPEBa BOABI, MOTYYCHHS XOJI0a U
T. . [TogoOHBIN npUHIKIT YHEProcOepekeHnss caMoo0eCIeynBaeT MPoIeCcC MapoM U
MeXaHU4ecKoi sHeprueil. [[ns pailoHOB, MCHBITHIBAIOIIMX HEJOCTATOK B TOILIHBE,
3TO TO3BOJISIET OPraHU30BaTh MPOU3BOJCTBO C MHHUMAJIbHBIMU 3HEPro3aTpaTaMu.
3aMeHa JK€ BOJASHOTO OXJIQXACHUS BO3AYLIHBIM 3HAYMTEIbHO COKpallaeT |
BOJIONOTpeOIeHNe. YKa3aHHbIe MPHUHIIMITBI MUCTIOIB3YIOTCS B COBPEMEHHBIX CXEMax
IPOM3BOJICTBA aMMuUaka Ha arperatax Oosnpiioi (1500 1/cyT) eIMHUYHON MOIIHOCTH.
OnuH Takoi arperat o0ecrevnBaeT TOAOBYIO SIKOHOMUIO SKCIUTyaTal[MOHHBIX 3aTpaT
B cymMMe 15 mMuiH. pyO. M KanuTaJOBIOXKE€HUN A0 25 MuiH. pyO. YkazaHHas cxema

BKJIFOYAeT OJIOKH IMOJIYyUCHUA a3OTOBOIIOpOIIHOI‘/’I CMCCH, OYHMCTKH Iaza M CHHTC3a

aMMMHMaKa.
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Puc. 1

B O10kxe cuHTe3a aMMHaKa JJIs CKaTH a30ToBOaopoaHOM cmecu 10 30 MIla u
€€ UUPKYJSILIUM YTUJIW3UPOBAaHHAs TEIUIOTAa IMPEBPAIIAECTCS B MEXaHHYECKYIO
DHEPruI0 CKaTus U nepemenieHus (puc. 7.6). st 3Toro BOASHON map BBICOKOrO
JIABJICHUSI U TEMIIepaTyphl, MOJYYEHHBIM B KOTJIE-yTHIM3ATOPE, HAMpPaBISAIOT Ha
napoByro  TypOuHy 7, Ha  Bally  KOTOPOM  yCTaHOBJIEH  TypOOKOM-
npeccop 2. TypOokomMmpeccop CKHMAaeT CBEXYI a30TOBOJOPOJAHYIO CMECh, a B
MOCJIEAHEN CTYIIEHH €IIE U CMENIMBAIOT €€ C HEMPOPEArupoBaBIICi HAa KaTalu3aTope
BO3BpaTtHOUl cMmechio N, + 3H,, coaepxamei no 2 - 3 % NHs. [dna ynaBiauBaHus
aMMHUaka Ta3 TMocje TypOOKOMIIpeccopa MPOMYyCKAloT dYepe3 aMMHUAYHBIA XOJIo-
JTUIBHUK 3, TJ€ OH KOHJICHCUPYETCS U B BUJIE JKUJIKOCTH JIETKO OTAEJISIETCS B cerapa-
Ttope 4. [locne cemaparopa cMmech a3zoTa W BOAOPOAA NPOXOAUT 4YEPE3 JBa
TertooOMeHHuKa S u 6, HarpeBaetcs 110 425 °C

U HalpasiseTCs B IIOJOYHYK KOJIOHHY cuHTe3a /. Ilo cpaBHeHuIO ¢
TPaJMLIMOHHBIM KOHTAaKTHBIM amnmnapatoM C JBOWHOM TEMI000OMEHHON TpyOKol B
MOJIOYHBIX PAJUaJbHBIX KOJIOHHAX THJPABIMYECKOE COINPOTUBIICHHE, a Cle-
JIOBAaTEJIbHO, M DHEProNOTEpH 3HAUYMTENBHO CHIKEHBL. B Takol KOJIOHHE C
BHYTPEHHUM JuaMeTpoM a0 2,1 M, BBICOTOM 10 25 M M TOJIIMHON CTEHOK W3
xpomomonubaeHoBor cranmu 10 — 30 cm umeercss verbipe mosku. [lonku 3arpy-
JKAIOTCS  KaTalau3aToOpoOM B BO3pACTalOUIEM KOJMYECTBE W € BO3PACTAIOIIMM
JMana30HOM pabo4MX TeMIIEpaTyp OT MEPBOM K MOCIEIHEN.

Jlis mojepaHus 3aIaHHOTO TEMIIEPATyPHOIO PEXHMa MO BBICOTE KOJOHHBI
MOCJIe KaXKJOM MOJKU MPOU3ZBOASAT OTBOJ TEIUIOTHI IK30TEPMHYECKON pEaKIuu B
KOTEN-yTUIN3aTop. TOHKOE peryJiMpoBaHUE TEMIIEPATYPhI JOCTUTAETCS BBEICHUEM B
ropsYyI0 ra30BYI0 CMECh ONPEIEICHHOrO0 KOJIMYECTBA XOJIOJHON CMECH.

[Tpumepno 15-20% a30TOBOIOPOAHON CMECH Ha KaTaJIu3aToOpe MPEBPAIAETCS B
aMMmuak. Beiiinsg w3 KoJoHHBI cuHTe3a ¢ Temmeparypoud 320 — 380 °C, cmech
MOCJIEIOBATENbHO OTJAET TEIUIOTY MUTATeIbHOM BOJAE KOTJA-yTHIM3aTopa B
BOJIOIIOJIOTPEBATEIIE 8, a 3aT€M HArpeBacT BCTPEUHBIM XOJIOJHBIA Ta30BbIA MOTOK B

«ropAaucM» TEIJIOOOMEHHHKE 6. llanee OHAa OXJIAXKAACTCA B allllapaTc BO3AYHIHOI'O



OXJaXJIeHUd 9 U «X0JIoAHOM» TeruioooMeHHuke J. [Ipu naBnenuun oxono 30 Mlla B
TaKoM Tra30BOM cMecH aMMHaK KOHACHCUpYeTcs yxke npu temrneparype 25 — 40 °C u
MOCJI€ OTJIETIEHUs B cenapaTope /() HalpaBIsAeTCsl B XpaHUIUIIIE.

I'azoBas cmecs, copeprxkamas 10 2 - 3 % HECKOHAEHCHUPOBABILETOCSA aMMHAKA, U
HEMpPOpearupoBaBUINEe a30T W BOAOPOA TypOOKOMIpeccopoM 2 BO3BpAIllalOTCA B
MIPOU3BOJICTBEHHBIN ITUKIL.

Crenenp mpeBpalieHus a30TOBOJIOPOIHOM CMECH B aMMHUAK B KOJIOHHE CHHTE3a
kosnebnercs ot 15 mo 20%. Ho Omaromaps MHOTOKpAaTHOW €€ HUPKYJSIHUH TI0
3aMKHYTOW cXeMe (paKTUYECKHM BBIXOJ] aMMHaKa B CHCTEMaX CpPEIHEro JaBJICHUS
coctaBisier 91 — 95%. 1o cpaBHEHHMIO ¢ cCUCTEMaMH, paOOTAONIUMHU TP HU3KOM
(10 MIIa) u BeicokoMm (100 MIIa) naBienuu, B cuctemMax CpeaHEro JaBJEHUs, MOy -
YUBIIMX B MUPOBOM MPAKTUKE HAUOOJBIIEE PACIPOCTPAHEHUE, YJIAYHO PEIIAIOTCS
BOIIPOCHI BBIJICJICHUS aMMHUaKa MpU JOCTATOUYHOM CKOPOCTH Mpoliecca B KOHTAKTHOM
anmapare. IloMuMO J>KMJIKOTO amMMHaka TMOJy4arOT W Tra3000pa3Hblid, KOTOPBIM
OOBIYHO TYT € TepepadaThiBa€TCd B MOUYEBUHY, AMMHAYHYIO CEJUTPY, a30THYIO

KHUCJIOTY.

Bonpocel u 3a1aHus:

1. HazoBHUTE OCHOBHBIE CBOMCTBA CEPHOW KUCIIOTBHI.

2. HazoBuTe 0CHOBHBIEC 00JIACTH UCTIOIB30BAHUS CEPHON KUCIOTHI.

3. Kakue BUJIbI ChIpbsI UCIIOJIB3YIOT JIJIsl IPOU3BOJICTBA CEPHOM KUCIOTHI?

4. Y10 ABISIETCS OCHOBHBIM CEPOCOJIEPIKAIIMM COEAUHEHUEM KEJIE3HOIO
KojyegaHa’?

5. Ha3oBuTE€ OCHOBHBIE CTaJWH MPOU3BOJCTBA CEPHOM KHUCIOTHI U3 KEJIE3HOTO
KOJIYEJIaHa.

6. Ha3zoBUTE OCHOBHBIE CTaAUM MMPOU3BOJICTBA CEPHOU KUCIOTHI U3 CEPHI.

7. HazoBUTE OCHOBHBIE CTaguUd [POU3BOJACTBA CEPHOM  KHUCIOTHI U3
CEpPOBOIOPOA.

8. Kakne XxmMmuueckne peakuuyd MPOTEKAIOT B IMPOLECCE TOPEHUS KEIE3HOTO
KoJueaHa?

9.Uto BXOOUT B COCTaB OOXKHUIOBOTO Ta3a IIOCJIE CXKUTAHHS IKEJIE3HOTO
KonyegaHa’?

10. B uem 3aximrodaercs cyxasi ouncTKa 00KUTroBOro rasa’?



11. Kakue KOMITIOHEHTHI yAaJISIFOT U3 OOKUTOBOTO raza B IPOIECCe CyXOu
OYUCTKU?

12. B uem 3axirogaeTcst MOKpasi OYMCTKa 00KUTOBOTO Ta3a?

13. Kakne KOMITIOHEHTHI yAaJISIOT U3 00KUTOBOTO raza B IMPOIECCe MOKPOU
OYUCTKHU?

14. Kakue peaktopel uCHomb3yrT st oOxwura komuemana? Ux
IPEUMYILECTBA U HEJOCTATKHU.

15. Kakue karanmuzaTopbl UCHONB3YIOTCS st okuciienus cepol (IV)? Ux
IPEUMYILECTBA U HEJOCTATKHU.

16. Ha3zoBute MeToAbI MOMYyYEHHS CBA3aHHOIO a30Ta.

17. Ha3zoBure 0CHOBHBIE HAIIPABJICHUS UCIIOJIb30BAHUS aMMUAKa.

18. YTo ABNSETCA CHIPEM B POU3BOACTBE aMMHUaKa?

19. Kak ocymecTBisieTcss O4MCTKa MPUPOJHOrO raza OT CEPOCOAepKaIIuX
coeqUuHEHNI?

20. HazoBute crocoObl mosry4eHus a30TOBOJJOPOAHON CMECH.

21. Kakue peakuuu npoTeKkaroT NP KOHBEPCUU METaHA U TOMOJIOTOB?

22. Kakoil karamu3aTtop HCHOJB3YETCA U1 KOHBEPCHM METaHa W €ro
rOMOJIOTOB?

23. Kakwue cymiecTByIoT ciocoObl KOHBEPCHUU METaHa U €r0 TOMOJIOTOB?

24. Kakue katanuzaTopsl ncnonb3yroTes 1t Kousepcun CO?

25. HazoBute npomsinuieHHbIe criocoObl koHBepcuu CO.

26. Kakue meronpl OYMCTKHA a30TOBOAOPOJHOW CMECH HCIOJB3YIOTCS B
MIPOMBILIJIEHHOCTH?

27. Kakue (akTophl BIUSIOT Ha BBIXOJ aMMHaKa IpU ero cuHTe3e?

TEMA 2. ITPOU3BOJACTBO HEOPTAHUYECKUX BEIIIECTB.

MMPAKTUYECKOE 3AHSITHE 9. TIPOU3BOJICTBO A30THOM
KHWCJOTBIL ITPOU3BOJICTBO MUHEPAJIBHBIX COJIE.
AINEKTPOXUMHNYECKHUE ITPOU3BOACTBA.
Henab 3aHATHA: 3aKPENUTh U PACIIMPUTH 3HAHUS O MPOU3BOJCTBE a30THOU
KHMCJIOTBI, MUHEPAJIBHBIX COJIel. V3yUnTh 3JIEKTPOXUMHUYECKHE TPOU3BOICTBA.

Teopernyeckasi yacTb
A3o0THy10 kuciorty, usBectHyto ¢ VIII B., go XVIII B. nonydanu HarpeBaHuem

cenutpbl NaNO, ¢ xene3HbiM KynopocoM. [locneaHuid BHIOCIEACTBUM 3aMEHWIN



CEpHOM KHUCIOTON. DTOT crmocod MmpocyiecTBoBai 10 Havana XX B., KOT/Ia 3amachkl
OPUPOAHOM CENUTPHI  OBUIM  HWcYepmaHbl. W3 JApyruX HMCTOYHUKOB  CHIPBSA
MIPOMBIIIUICHHOE 3HAYE€HHE HMMEIOT a30T aTMoc(epbl U OpPraHMYeCKHe BEIeCTBa
(yronb, Topd, Ouomacca pacteHuilt u T.1.). CUHTETHMUECKHE CIOCOOBI (UKcaluu
aTMoc(epHOro a30Ta (IMIa3MEHHBIM U AMMHAYHbBIN) ObLTN pa3zpaboTanbl B Havame XX
B. [lo mepBOMy M3 HHX a30T pearupyer ¢ KHUCIOPOJOM TIOJI JICWCTBHEM BBICOKHX
temrepatyp (3000 — 4000° C), cozmaBaeMbIX MJIa3MOTPOHOM. AMMHUAYHBIN cr1OCO0
Osarosiapsi BICOKOM SKOHOMUYECKON 3(P(HEKTUBHOCTH B HACTOSAIIEE BPEMS SIBISIETCS
OCHOBHBIM (95% B MHUpOBO# npakTHKe). ChIpheM CIIYKHUT a30TOBOAOPOIHAS CMECH B
cootHomeHnu 1 : 3. CoBpeMeHHasi TEXHOJIOTHSI OCHOBaHA Ha KOHBEPCHUH MPUPOTHOTO
raza m Bo3jayxa. TakuMm CIocoOoM ceryac mojydaroT 6onee 95% a30ToBOIOPOIHOM
CMECH JJIsl CHHTE3a aMMHUaKa.

[Ipon3BoACTBO pa30aBIEeHHON a30THOW KHCIOTHI W3 aMMHaKa BKIIOYACT TPU

OCHOBHBIX Ipoliecca (puc. 52, B):
4NH;+50,=4NO+6H,0+Q
2NO+0,<->2N0,+Q
3N0,+H,0<->2HNO;+NO+Q

[TepBblif U3 HUX UJET UHTEHCUBHO B MPUCYTCTBUU KaTAIM3aTOPa U3 IUIATUHbBI WU
€€ CIUIaBOB, BBHIIIOJIHEHHOTO B BUJIE MaKeTa ToHUYaumux cetok (1024 sueiiku Ha 1 cm),
npu TteMmieparype okucieHus ammuaka 700—800° C, nBa apyrux — T1Ipu
MOBBIIIICHHOM JIaBJICHUM. YBeluuyeHue JnaBieHusi B 10 pa3 yckopsieT mpoiiecc
okucnenust okcuaa azota (II). Ilepen momadeit B KOHTaKTHBIN armapar pearcHTh
(NH3 u Bo3ayx) rinyOoko ouuImiaroT B (GUIbTpaX M OT MPUMECEH, MbUIM, Macla.
AMMHAK HarpeBaloT B MOJOTpEBaTe]e W IMOJAIOT BO BCTPOEHHBIN (BHYTPEHHHI)
TEMJI000MEHHUK KOHTAaKTHOIO amrmapara, a 3aTeM Ha IUlaTHHOBBIE ceTku. Crola ke
KOMIIPECCOPOM ~ HarHeTaroT Bo3ayxX. llociie oOXJaxIAeHUs HUTPO3HBIE Ta3bl
KOMIIPECCOPOM TIOJIAal0T B a0COPOIMOHHYIO KOJIOHHY, B KOTOPOW MapayiieibHO
MPOXOJIAT JIBA MOCIAEHUX Tpoiiecca. [I[poTUBOTOUHO B HEe MOCTYMAaeT BOja, HarpeTas
1o 30° C. HempopearupoBaBIlilie HUTPO3HBIE ra3bl YIaBIUBAIOT, @ BBIXJIOMHBIE Ta3bl

BBIOpachIBalOTCS B aTtMmocdepy uepe3 TpyOy Bwicotor g0 100 m. Temmepartypy



abcopOuuu noanepxxuBaroT B mnpenenax 30—40°C. Breitekaromas 60-mporieHTHas
a30THAas KUCJI0Ta U3 aOCOpPOIMOHHON KOJIOHHBI OCBOOOK/IA€TCS OT HUTPO3HBIX Ia30B
(orOenuBaeTCs) BO3AYXOM M HAIPaBJIACTCS Ha CKJaJ TOTOBOW MPOIYKIIMH WJIH, YTO
MPOUCXOJIUT Yalle BCEro, Ha MPOU3BOJCTBO MUHEPAIIbHBIX yI00OPEHUH.

Temnora 5SK30TEPMHUYECKUX PEAKIMl TMOJHOCThIO TMOKPHIBAET 3aTpaThl Ha
TEXHOJIOTUYECKUE HYXKJIbI, B PE3yJIbTaTe MOBBIIIAIOTCS BCE TEXHUKO-2KOHOMUYECKUE
MTOKa3aTeIu MPOU3BOACTBA. I [pON3BOANTENBHOCTD TAKUX arperatoB cocrasiser 1360
T/CyT, CTpOsITCS enie 0osiee MOITHbIe — 110 2260 T/CyT.

KOHIIEHTpUPOBAHHYIO a30THYIO KHCIOTY 4Yallle BCEro MOJYyYaloT MpPSIMbIM

CUHTE30M.

2N,04+2H,0<->2HNO;s+Q

[TocTynaroniye U3 KOHTAaKTHOTO OT/ACJICHHUS] HUTPO3HbBIE Ta3bl (puc. 44) mocie ox-
JaXICHUs B anmapare | koMIpeccopom 2 MOJArOTCA B OKHUCIUTEIBHYIO KOJIOHHY 3,
rae 96 — 97% NO npespaimaerca B NOs. [locne xonogunbauka 4 rassl NOCTYNaroT B
HUTPOOJIEYMHYIO KOJIOHHY 5, rae abcopobupyrorcs no 36% N.Os B otbenounoit
kosjonHe 6 N>O, gecopOupyercs, a B XOJIOAWIbHUKE 7 KOHACHCUPYETCS U B CMECH C
pa30aBIeHHON a30THOM KHUCJIOTOM MoOCTynaeT B aBTokiaB 9. Heokucnupiivecs u
HECKOHJICHCUPOBABIINECS HUTPO3HBIC Ta3bl, OT/AAaBasi TEIUIOTY B TEINIOOOMEHHHKE 8,
BO3BpAIAIOTCS B IMKJ, a OOpPa30BaBIIMIICS B KOJIOHHAX U XOJOJWIbHHKAX 25-
MPOLIEHTHBIN PACTBOP a30THOM KHUCIOTHI YACTUYHO Yepe3 KOJIOHHY 6 U XOJIOAWIbHHUK
7 mnojgaeTrca B AaBTOKJAB, a YAaCTUYHO HJIET HA MPOU3BOJICTBO MHMHEPAIbHBIX

ya00peHuid, HampuMep aMMUAYHON CETTUTPHI.
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Puc. 44. Cxema mnpous3BOACTBA KOHIEHTPHPOBAHHOH a30THON KHCJIOTHI
NpPAMBIM  CHHTe30M: l-anmmapatr I OXJAXKAeHUsl, 2-KoMmpeccop, 3-
OKHCJIMTEIbHAsl KOJOHHA, 4, 7-X0J0AWJIbHUK, S-HUTPOOJIeyMHAasi KOJIOHHA, 6-
0TO€JI0YHAs KOJIOHHA, 8-Tenj1000MeHHHK, 9-aBTOKJIaB

Ha coBpeMeHHBbIX NpeAnpUsITHSX, UCIOIL3YIOIIUX MOIIHBIC arperaThbl, MOKa3a-
TEJIX 3aTpaT 3JICKTPOIHEPIruH, Mapa U BOAbl B 3 — 5 pa3 HKe. BrIxyionHbie rasbl
MOABEPIatOTCsS BHICOKOTEMIIEPATYPHOU KaTAIUTHYECKON ouncTke. Coaep:KkaHue HUT-
PO3HBIX ra30B B HUX nocie 3Toro He npesbimaet 0,0005%.

Bonbmme 3arpaThl aMmMuaka OTpakaroTCs Ha ce0ECTOMMOCTH a30THOM KHUCIIOTHI,
KoTopas B 1,5 — 2 pa3a BblIlie ce0eCTOMMOCTH CEpHOM.

OCHOBHBIE HAImpaBJICHWA a30THO-KHMCJIOTHOI'O IPOW3BOJICTBA.

1. yBenmueHre mpou3BOACTBEHHOW MOIITHOCTH arperatoB 10 2500 1/cyT;

2. IoJHas aBTOMAaTU3aIUs;

3. IOBBIIIICHUE Ka4yecTBa MPOAYKIMH KOMIUIEKCHBIM HCIIOJIb30BaHUEM
CBIPBSI, PHEPTUHU U BObI, TOJHON YTUIU3AIMEH OTXO/I0B;

4. nouck 6o1ee 3p(HEKTUBHBIX TEXHOJIOTHUECKUX CXEM;

5. IPOMBIIIIIICHHOE OCBOCHHE croco06oB OMOJIOTHYECKOM u

HU3KOTEMIEepaTypHOU (pukcanmm atMochepHOro a3ora.

9H6KTpOXI/IMI/I‘leCKI/IMI/I Ha3bIBAIOT IIPOU3BOACTBA, B KOTOPbIX XHWMHYCCKHUC

IpoHICCChI MPOTCKAIOT IO, Ilel\/lICTBI/IGM IMOCTOSAHHOTO SJICKTPUYCCKOI'O TOKA.



B mpOMBIIIEHHOCTH MIMPOKOE PACIPOCTPAHEHUE MOIMYYUIT SJIEKTPOIU3 BOAHBIX
pPacTBOPOB U PACILIABOB.

DJIEKTPOXMMHYECKHE METOAbl IPOU3BOJACTBA B PSAE CIy4aeB HMEIOT
MPEUMYIIECTBA MEepe]l XUMUYECKUMU: 00JIee TTOJTHO UCIOIb3YETCS ChIPhE U IHEPTHUS,
OJTHOBPEMEHHO MOXKET IMPOU3BOAUTHCS HECKOJBKO LIEHHBIX MPOJYKTOB, MPOMYKTHI
MOJYy4aroTCs BBICOKOM CTENEHW YHUCTOTHI, HEIOCTHXKUMOW TPU XUMHUYECKUX
crocobax nmpou3BojcTBa. biaronaps ykazaHHbIM JOCTOMHCTBAM 3JIEKTPOXUMHUYECKUE
METO/Ibl ~ OXBaThIBAIOT MHOTOYHMCIICHHBIE M  pa3HOOOpa3Hble MPOU3BOJICTBA,
BAKHEMIIMMU U3 KOTOPBIX SIBISIETCS IOJYYEHHE XJIOpa, IIEeJNIoYed, BOAOpOAA,
KHCIIOPOJla, HEOPTaHWYECKHX OKUCIUTENeH (NepMaHTaHaToB, MepCyib(}aros,
MEPEKUCH BOJIOpOa H T.1I.), IOJydeHUe U paUHUPOBAHNE METAJIJIOB, IEKOPATUBHBIE
Y 3alIUTHBIEC OKPHITUS METAIIJIOB.

K HegocTaTkoM 3JIEKTPOXMMHUYECKHX MPOU3BOACTB OTHOCHUTCS BBICOKMH Pacxojl
DSHEPIUHM; B CEOCCTOMMOCTH TIPOJYKTOB pacxojbl Ha JHEPTUI0 COCTABJISIOT
3HAYUTENIBHYIO JOJIIO.

Kpurepussmyu pannoHaNbHOIO HCHOJIB30BAHUS JJIEKTPUUECKOM DHEPrUU IIpU

QJICKTPOJIN3C ABJIACTCA BBIXOM 11O TOKY U KOE)(b(bI/IHI/ICHT HCITIOJIb30BAHUA SHCPI'UH.

Beixon 1o TOKy - OTHOmIeHHWE KoindecTBa BeniectBa (g, MOIYYEHHOTO
MPAKTUYECKU TPHU JJIEKTPOJIU3E B PE3YJIbTATE 3aTPaT OMPEAECICHHOTO KOJUYECTBA
AIIEKTPUYECTBA, K KOJUYECTBY BemecTBa Gy, KOTOPOE JOJKHO ObLIO Obl BBIJETUTHCS
B COOTBETCTBHH B COOTBETCTBUU C 3akoHamu Dapanes. Boixoa 1o TOKy BbIpaxaercs

OOBIYHO B MTPOIICHTAX:
f| =G ¢,f G—I
(D)
Teopernyeckoe KOTUYECTBO MOTy4YEeHHOro BemecTBa G T (Kr) ompenemnsieTcs 1mo
bopmyie
G, =111/1000

3JIEKTPOJIN3 XJIOPUCTHIN BOJOPO HATPUU



[-cuna Toka, a; T - NPOJOJKUTEIBHOCTD IEKTPONIN3a, 4; E - anexTpoxuMuueckui
DKBUBAJIEHT - KOJMYECTBO BEIIECTBA, BBIACISIONIETOCS HA JJIEKTPOAE MpHU
npoxoxaenun 1 a*u (ana xmopa 1.323, eaxoro natpus 1.492, Bogopoma 0.0376).
Yem BblLIE CcHJIA TOKA, TEM OOJbIIEE KOIMYECTBO MPOIYKTAa MOXKHO IMOIYYUTh MpPU
AKCILTyaTalK 3JEKTPOJIU3EPA JAHHOTO TUIIA.

[Ipyr DpPOMBILIJIEHHOM 3JIEKTPOJIU3E€ BBIXOJ MO TOKY Bceraa Mmensuie 100%, uro
BBI3bIBAETCA MPOTEKAaHUEM MOOOUYHBIX MpoleccoB. I yBennueHus BbIXOJa M0 TOKY
HEOOXOJMMO MPETyCMOTPETh MEpbl, CIIOCOOCTBYIOIIME YMEHBIIEHUIO POJIM ITHX
IIPOLIECCOB.

KosdhduumenT  ucnonb3oBaHus  3HEPrUu BBIPAKAETCA  OTHOLIEHUEM
TEOPETUYECKH HEOOXOIMMOTO JUIsl BBIJCJICHUS €IWHHULBI IMPOAYKTa KOJUYECTBA

sHepruu Wy, K IEUCTBUTENBHO 3aTpaueHHOU W, B iporieHTax oH paBeH
u= (W, /Wy,) *100
Teopernyeckuid pacxoj SHEPIHMM KBT*Y Ha €IMHHIYy NOJYy4aeMOW HPOIyKUUU
OIIPEIEIISIETCS TI0 YPABHEHUIO:
Wt= v.It/G;
4)
IIpakTHuecknii pacxoJ HHEPIUM 3aBUCUT OT HAINPSDKEHUS, MPWIOKEHHOIO K

AIIEKTPOIIU3EPY Vip
Wip =(vgp 1 T/ Gyg) 100,
)

TakuM 00pa3om, ucxos u3 3, 4 U 5-ro ypaBHEHUH, MTOTYIHM

(6)

N3 ypaBuenus (6) ciemyeT, 4To KOA(PGUIMEHT UCIIOIB30BAHUS dHEPTUU OyleT
TeM OOJbIlle, YeM BHIIIC BBIXOJ IO TOKY M YE€M HWXKE HANpsHKEHWE Ha BaHHE.
TeopeTnyecku AMEKTPOIU3 JOJDKEH HAYaThCsl TOT/IA, KOT/Aa MPUIIOKEHHOE K BaHHE
HaIPsHKCHUE MPEBBICUT XOTS Obl Ha OCCKOHEYHO MAJIyl0 BEJIUYHHY TECOPETUYECKOE

HaIpsKCHUC PAa3JIOKCHHA.



B OpOMBINUIEHHBIX 3JEKTPOJU3EPAX, HECMOTPSA HA NPUHUMAEMbIE MEDHI,
BEJIMYMHA JCUCTBUTEIBLHOTIO HAIPSKEHUS 3HAYNUTEIIBHO BBILIE TEOPETHUECKOTO.

TexHUYecKHil 3NEKTPOJIM3 BOJHBIX PACTBOPOB MOMKET OCYIIECTBISThCA 0€3
BBIJICJICHUSI METAJJIOB WJIM C UX BBIJICJICHUEM Ha KaTOJE.

Cpean 3J€eKTPOXMMHMYECKHX MPOLIECCOB PA3JIOKEHHUs] BOJHBIX pPacTBOPOB 0e€3
BBIJIEJICHUSI METAJUIOB HauOOJIbIlIee PACIPOCTPAaHEHUE TOTYUUIT JIEKTPOIU3 BOAHBIX

PaCcTBOPOB XJIOPUCTOI'O HATPHUA.

Bonpocs! u 3axanus:

Ha3zoBute 0OCHOBHBIE CBOMCTBA a30THOM KUCIIOTHI.

B kakux oTpacisix IpOMBIIIJIEHHOCTH UCIIOIb3YETCS a30THAs KUCTOTa?
Kaxkue cnocoObl mpor3BOACTBA a30THOM KUCIOTHI CYIIECTBYIOT?

HazoBuTe 0CHOBHBIE CTaIMK MPOU3BOJICTBA A30THOM KUCIOTHI U3 aMMHUAKa.
Kakue xumuueckre peakiuu NpoTeKaT IPU OKUCIICHUHU aMMuaKa?

N3 xakux cTaguii COCTOUT KaTaJUTUUECKOE OKUCIIEHNE aMMHUaKa?

Kakue kaTanu3aTopsl UCIIOJIB3YIOTCS JJISI OKUCIICHUS aMMHuaKa?

XN R WD -

Kakue ¢akTopsl U Kak BIUSIOT Ha CKOPOCTh OKUCIICHUS aMMHaKa?

9. Kakue xumMu4ecKkue peakiuu mpoTeKaroT IpHU OKUCIIeHnu okcua azota (11)?

10. Kakue ¢akTopsl U Kak BIUSIOT Ha CKOPOCTh OKHCIIeHUH okcupa azota (11)?

11. YTo BXOOUT B COCTaB HUTPO3HBIX ra30B?

12. Kakue XuMHU4ecKue peakiiuu MpoTeKaroT Ipu adcopOLUU HUTPO3HBIX Ta30B?

13. U3 kakux cTaauii COCTOUT MpOoIecc aOCOPOIIMM HUTPO3HBIX Ta30B?

14. Kakue ¢hakTopsl 1 KaK BIUSIOT HA MPoIiecc abcopOInu HUTPO3HBIX Ta30B?

15. Kakue cnocoObl Mpon3BOACTBA pa30aBiIEeHHON a30THOM KUCIOTBI
UCIIOJIB3YIOTCSl B TPOMBIIUIEHHOCTH ?

16. Kakue cnocoObl Mpon3BOJACTBAa KOHLEHTPUPOBAHHON a30THOM KUCIOTHI
UCIIOJIB3YIOTCSl B IPOMBILIUIEHHOCTH ?

17. HazoBuTte 06acTu NpUMEHEHNUS MUHEPAJIbHBIX COJIEH.

18. Uto siBnsieTCst ChIpbeM JIJIs1 IPOM3BOJICTBA MUHEPATIBLHBIX COJICH?

19. Kakue ¢uszndeckue npouecchl UCIOIb3YIOT B TEXHOJIOTHUH MPOU3BOJICTBA
MUHEpaIbHBIX COJIEH?

20. Kakne xumMu4ecKue IpoLecchl UCIOJb3YIOT B TEXHOJIOTMHU IPOU3BOJICTBA
MUHEPAIIbHBIX COJICH?

21. Yto siBnsieTCs ChIPbEM JJIs POU3BOJCTBA YIJIEKUCIOTO HATPpUs?

22. Ha3oBuTe cTagny MPOU3BOACTBA YIJIEKUCIOTO HATPUS.

23. Kakue XMMUYEeCKUE peakliMy NPOTEKAIOT IIPA OYUCTKE paccoia B
IIPOU3BOJICTBE YIJIEKUCIIOTO HATpUsA?



24. Kakue XMMUYECKHE PEaKIMK NPOTEKAIOT Ha CTAIUSIX AMMOHU3AIUU U
KapOOHM3AIMHU paccoja B IPOU3BOJICTBE YIIIEKUCIOTO HATPUs?

25. B yem 3akirouaeTcs mpoliece KajablIMHAIIMY OnKapOoHaTa HaTpus?

26. Kakue MuHepanbHbIe yA0OPEHHS OTHOCSATCS K a30THBIM?

27. Ha xakoil peakiiu OCHOBAHO MPOU3BOJICTBO HUTPATa aMMOHUS?

28. 13 kakux cTaguil COCTOUT TEXHOJOTMYECKHUM MpoliecC MPOrU3BOACTBA
HUTpaTa aMMOHHUSA?

29. B yem 3akirouaeTcsi IPUHIUITUATIBHOE OTIMYHME 0€3yNapoOuyHOro METOAa
MIPOU3BO/JICTBA HUTPATa aMMOHUSI OT METO/Ia C UCIIOJIb30BaHUEM BhITAPUBAHUSA?

30. Kakue MuHepalibHbIE COJIM OTHOCSTCS K KaJTMHHBIM Y100pEeHUsIM?

31. Uro sABnsieTCs ChIphEM I MPOU3BOJICTBA XJIOPUIA Kauus?

32. Kakue MeTo/ bl UCIIOIB3YIOTCS JUIsl POU3BOCTBA XJIOPU/IA Kalus?

33. B uem 3axmmovaetcst pIOTallMOHHBIN METOJ] IPOU3BOJICTBA XJIOPHUAA KaJIHs?

34. U3 kakux cTaauii COCTOUT (IIOTAMOHHBIN METO] POM3BOJICTBA XJIOPpHUIA
KaJIns?

35. Kakue MuHepaabHbIe COSAMHEHUS OTHOCATCS K (pochopHBIM y00peHms M ?

36. Uto sBAsieTCS ChIpbeM ISl IPOM3BOJICTBA IBOMHOTO cynepdocdara?

37. Kakue cTaauu BKITIOYAET IPOIIECC MPOU3BOACTBA ABOMHOTO cynepdocdara?

38. Kakue npeumy1ecTsa UMEIOT 3JIEKTPOXUMUAYECKUE METOBI MOJyYEHUS
BEIIIECTBA NEPE] XUMHUUYECKUMU?

39. Ha3zoBute 001acTi IPUMEHEHHUS 3JIEKTPOXUMUYECKUX METO/IOB.

40. Kakue cymecTByIOT MPOMBIIUICHHBIE CIIOCOOBI AJIEKTPOJIN3a BOJHOTO
pacTBopa XJIOpUia HATpus?

41. Ha3oBuTe OCHOBHBIE CTaUU TUa(parMEHHOT0 Crocoda 3JIEeKTPOIU3a.

42. Kakas peakiuusi mpoTeKaeT Ha KaTtoje npu quadparMeHHOM crocobe
3JeKTpoJn3a’?

43. Kakoe 0OCHOBHOE BEIIECTBO BBIACISAETCS HA aHOJIE KAaTOJIe MPU
nuadparMeHHOM crocobe deKTpon3a?

44. Kakoe moO0YHOE BEIIECTBO BBIICTSETCS HA aHOJIE KaTOJIe TIPH
muadparMeHHOM CIoco0e dIeKTpon3a?

45. Kakast oOCHOBHasl peakiusi IpOTeKaeT Ha KaTofe NMpu AuadparMeHHOM
crioco0e 3eKTpoau3a?

46. Kakue noObo4YHbIE peakliMi MOTYT TPOTEKATh Ha KATOJIE MPU
nuadparMeHHOM croco0e 3IeKTpoau3a?

47. KakoBa poiib quadparmbl B 1uagparMeHHOM AJIEKTPOoJIn3e?

48. B ueM 3axitoyaroTcs 0COOCHHOCTH AIIEKTPOIN3a BOJHOTO pacTBOpa XJI0OpUIa
HaTpusl PTyTHBIM KaToJ0M?

49. Kakue moboYHbIE peaklMi MOTYT MIPOTEKATh HA KAaTO/E MPHU AIEKTPOIU3E C
PTYTHBIM KaTogom?



TEMA 3. TPOU3BOACTBO OPTAHUYECKUX ITPOAYKTOB.

IMPAKTUYECKOE 3AHATHE 10. OPTAHUYECKWIM CUHTES3.
MMPOU3BOACTBO HU3HINX HEHACBIIEHHBIX YIVIEBOAOPOAOB
Henab 3aHATHSA: 3aKPETUTh W PACITUPUTH 3HAHUS 00 OPTraHMYECKOM CHHTE3E.
N3yunuTth Npor3BOACTBO HU3IIMX HEHACKIIIIEHHBIX YTIIEBOIOPO/IOB.

TeopeTuveckast 4acTh
AJIKEHBI - HEHACBIIICHHBIE YIJIEBOJOPO/IbI, COEpKAIIME NBOMHYI0 CBsI3b C=C.

Panbliie 3TH coeTMHEHNs Ha3bIBAIIU OleQUHAMU

AnkeHbl B He(dTAX M TNPUPOAHBIX Tra3zax He cojepxkarcs. OpHako B
3HAYUTENBHBIX KOJIMYECTBaX OOpa3yloTcsi B MpoIeccax BBICOKOTEMIIEpATypHOU
nepepaboTKku He(TSHOTO CBIPhS, T.€. B PA3IMYHBIX Ipolieccax KpekuHra. B razax
KPEKHHTa COAEPKATCA alKEHbI C YMCIOM atoMoB yriiepona ot 1 no 4. Conepxxanue
X B cyMMe B razax kosieoiercs ot 10 o 50% , a B razax mporiecca muposmsa (700-
900°C) moxomut 10 80%.

XKunkue npoaykThl KpEKHHra coaepkar 0osee BRICOKOMOJIEKYIISIPHBIE aJIKEHBI,
UMEIOIIKEe B MoJIeKyJie 5 u 6osee aToMoB yriiepojaa. CojepkaHue alKEHOB B JKUJIKHX
MPOJYKTaX KPEKHUHIa COCTABIAET 00BIYHO OT 5 110 45%, HO MOXKET ObITh U BBIILIE.

HcrounnkoMm ra3000pa3HBIX ajJKeHOB (ITWUJICH, MPOMMICH) HJIsi XUMHYECKOU
IPOMBIIUIEHHOCTH  SIBJIAFOTCS B~ OCHOBHOM  rasbl  IIpoliecca  IUPOJIU3a
(BBICOKOTEMIIEPATYpPHOI'O KpEKUHTIa, npoBoaumoro npu temieparype 700-900°C).
AJKEHBl MOXXHO TaKKe IOJIy4aThb W JPYTMMHU METOJAMH, CPEOU KOTOPBIX CIEAYyEeT
OTMETUTD CIEAYIOIINE:

OCHOBHBIM  TIPOMBINLJICHHBIM ~ UCTOYHUKOM  QJIKEHOB CIY)XUT KPEKHHT

aJIKaHOB, BXOJISIINX B COCTAaB HEPTHU:

t

C CsH,

—>

sHis o + CsH;




KpekuHr mpotekaer mo CBOOOAHOPAIUKATLHOMY MEXAaHHU3MY IPH BBICOKHX
temmneparypax (400-700 °C).
1. T'a3000pa3Hbie aJIKEHBI MOJIY4YaloT ACTUAPHUPOBAHUEM COOTBETCTBYIOIIMX

ankaHoB HaJ okcuaoM xpoma (Cr,Os) mpu 300°C.

. w(CH,CH-CH=CH, + H
Cr, fymen-1

CH,—CH.-CH.-CH,

- b—CH,~CH=CH—CH, + H,
Gymen-2

2. Ilpu nevictBun Ha cnupThl BogooTHuMarommx cpeAactB (H.SOs, ALOs u ap.)
npu 300-400°C or cnupTa OTIIEIUISIETCS MOJIKYJa BOJBI U 00pa3yeTcs IBONHAs

CBs3b.

H H H H

[ i [
H—C—C—H ————= H—C=C—H + Hyl
ebodo o 300-400°C
tH OH )

IMaHEI IMUMEH
3. Ilpu neiicTBUM CHHUPTOBBIX PACTBOPOB IIEJIOYEH HA TaJOTE€HIIPOU3BOJHbBIC
YTIIEBOJ0OPOIOB OTHICTUIAECTCS TaJOT€HOBOIOPO] M 00pa3yeTcs ABOMHAS CBSI3b.

H H
t NaOH

{ZH;—{IZ—{IZ—H —— CHi—C={—H + HEr
deodoo e
1-Gpamnponas npomER

B oTaumume OT TEepMHUUYECKOTO KpEKMHra MpH MHPOIU3E PaCUICIJICHUE
YTJIEBOJOPOIOB TMPOUCXOAUT B TMapoBoil (aze mnpu aTMocPEepHOM JaBICHUU H
noBbImenHoi 10 (670-720 °C) Temmeparype. B pesynbTate riayOOKoOro pacmaga u
BTOPUYHBIX PEAKIHI CUHTE3a U3 KEPOCHHA WJIM JIETKOro Tra3oiiis noixydaroT 10 50 %
ra3a, apoMaTHYeCKHe yrieBoAOPOIbl U cMoTy. ["a3bl mupoau3a OTIAMYAOTCS OT Ta30B
KPEKHMHIa MTOBBIIIEHHBIM COJIEPKAHUEM ITHIICHA, TPONMUIIEHA, OyTa ueHa.

21. OcHOBHBIEC HaMpPaBIICHUS UCTIOIb30BaHUS HU3IINX 0JIEPUHOB

IIprumeHeHue anKeHoB:

-AJNIKEHbl TPUMEHSAIOTCA B KAau€CTBE MCXOJHBIX MPOAYKTOB B IMPOU3BOACTBE
MOJINMEPHBIX MAaTepUaIoB (IUIACTMACC, KAYYyKOB, TNIEHOK) U JPYTUX OPTaHMYECKHUX
BEILECTB.

-Otunen (3ren) H2C=CH2 wucnonb3yercs i MOJYy4YEHUS MOJUATUIICHA,

nonurerpadpTopITUIeHa (TedioHa), 3THIOBOIO CIHUPTA, YKCYCHOrO allbJIeTHAA,

rajJorcHOIpOnU3BOJHBIX U MHOTHUX APYTIHX OPraHUICCKUX COGI[PIHGHI/Iﬁ.



-IIpumensieTcst Kak CpeJICTBO AJIsi YCKOPEHHOTO CO3pEBaHUs (PYKTOB.

-ITponunen (nponen) H2C=CH2-CH3 ucnomnb3yercs A MOay4YeHUs! CIIUPTOB U
MOJIMMEPOB.

-U300yTunen (2-metunnponen) H2C=C(CH3)2 npumeHsieTcss B NpOU3BOJCTBE
CUHTETUYECKOTO KayuyKa.

[TpombIlIEeHHOE UCTIOB30BAHUE ITUIICHA

-OTUJIEH UCMOJB3YeTCsl IS MPOU3BOJACTBA IEJIOTO psifa XUMHYECKUX
COCIMHEHUW:  BUHWIXJIOPUIA,  CTHUPOJIA,  OSTWICHIJMKOJNSA,  ATUICHOKCHUIA,
ATAHOJIAMUHOB, ATaHOJA, JUOKCAaHA, TUXJIOPITAHA, YKCYCHOTO ajbJeruia u yKCyCHOU
KUCIOThl. [lonumepu3aiueil STUJIEHA M €ro MNPsIMbIX MPOU3BOJHBIX TMOJYyYaroT
MOJIMATUIIEH, MOJMBUHUIALETAT, TOJIUBUHWIXJIOPU/, KAYUYyKA U CMa304YHbIE MacJa.

[TpombIlIEeHHOE UCTIOJIB30BAHKUE MPOIUIICHA

-IIponniieH B TPOMBINIJIEHHOCTA NPUMEHSETCS, B OCHOBHOM, JJii CHHTE3a
nosunponuie. Takke U3 HEro Moy4aroT KyMoJI, OKUCh MPOMNUJIEHA, aKpUIIOHUTPUII,
W30MPOMNAHOJ, TJUIEPUH, MACISHBIA allbJICTU]I.

[TpoMBIILIEHHOE UCTIOb30BAHUE MMPOYUX AJTIKEHOB

ByTunensl  mpuMmeHsIOT Il NPOM3BOJICTBA  OyTajiueHa,  U30IpeHa,
MOJIMU300yTHIIeHa, OyTUIIKayUyKa, METHIIITUIIKETOHA .

N300yTriieH — ChIpbe JUIsl TMOJy4YeHUs OyTWiKaydykKa, H30IpEeHa, TpeT-
OyTaHoja; UCHoJIb3yeTcs Al ankuiaupoBanusi (enosioB npu cunrese [IAB. Ero
COMOJIUMEPHI C OyTEeHAMU MPUMEHSIOT KaK MPUCAJIKU K MacjiaM U TePMETUKH.

Buicuuue anxenvt C10—CI8 npumensiom npu cuumese [IAB, a maxoice 0ns

NOJIY4eHUs 8blCUUX CNUPMOE.

Bonpocekl u 3a1anus:

1. Uto Takoe opraHuuecKuil CUHTE3?

2. Kakue cuHTe3bl BKIIIOYAET OPraHUYECKUN CUHTE3?

3. IIpou3BOACTBO KaKUX MPOAYKTOB OTHOCUTCSI K OCHOBHOMY OPTaHUYECKOMY
CUHTE3Y?

4. Ykaxxute 0COOEHHOCTH TOHKOTO OPraHUYECKOro CUHTE3A.

5. KakoBbI OCHOBHBIE MMPOAYKTHI TOHKOTO OPTaHUYECKOTO CUHTE3a?

6. YKa)XUTe OCHOBHbBIC HCTOYHUKH TOJIy4EHUS 01€(hUHOB.



7. Uto Takoe mpoliecc MUpoJin3a yriieBOJIOPOIHOTO ChIPhs?

8. [IpuBeauTe ABE rPYMIbI PEAKIUi poliecca MUPOJIn3a.

9. Kakue (axTopsl BIUSIOT HA COCTaB MPOAYKTOB IpoIEcca MUPOIN3a U BBIXO
ATUJIEHA U JPYTUX 0JIe(hUHOB?

10. KakoBblI ycnoBUs MPOBEICHHS TUPOJIA3a YTIEBOJOPOIHOTO ChIPhs?

11. IIpu KakuX yCJIOBHSIX BBIAEIAETCS 3TUIIEH U3 ra3a NUpoJu3a?

12. Kak ocymiecTBiseTcs pa3JeieHue raza nupoausa?

TEMA 3. ITPOU3BOJACTBO OPTAHUYECKUX ITPOAYKTOB.

INPAKTUYECKOE 3AHATHUE 11. ITPOU3BOACTBO
BUHUJIXJIOPU/IA.
Henb 3aHATHA: 3aKpenuTh W PACIIMPUTH 3HAHUS O IIPOU3BOJCTBE
BUHUJIXJIOpUA.

Teopernveckas yacTb
Bunannxnopus (xsmopucteiii BUHWI, XJ10paTeH, Mmoroxyopatmwien) CH2=CH-CI -

OeciBeTHBIN Ta3 ¢ A3upHBIM 3amaxoM; T. . 114.6 K, 1. xun. 259,2 K, xopormio pac-
TBOPUM B OOBIYHBIX OPTaHUUYECKUX PACTBOPUTEISIX.

Bununxnopus sSBIsSE€TCS OCHOBHBIM IMPOJYKTOM XJIOPOPTraHUYECKOTO CHUHTE3a,
Ha €ro MojJy4eHue B pa3iInuHbIX CTpaHax pacxoayercs a0 20-35% xmopa.

OCHOBHBIM TMOTpPEOHUTENIEM BHHIIXJIOPUAA SBISIETCS TPOU3BOJICTBO TMOJIMBH-
HUJIXJIOPUJIA, KOTOPBIM MO 00BEMY BBITYCKa 3aHUMAET BTOPOE MECTO IOCIHE IMOJH-
stuieHa. B magane 1990-X TO10B €KErOHBIE TEMIIBI POCTA €r0 MPOU3BOJICTBA B MU-
pe coctaBisia 5%. O6mwmii 00beM ero MupoBoro npou3BojcTsa B 2000 r. goctur 25
MJTH T.

[TonMBUHWIXJIOpUT HAXOAUT MPUMEHEHUE B PA3JIMUHBIX OTPACISIX MPOMBIII-
JIEHHOCTH, B TOM YHUCJI€ B CTPOUTENIBCTBE, INEKTPOTEXHUKE U IIEKTPOHUKE, B MPOU3-
BOJCTBaX IEJUTION03bl U OyMaru, 3JaCTOMEPOB U BOJIOKHOOOPA3YIOIIUX MOJIUMEPOB,
HACTHUJIOB JIJISl TI0J1a, OJIeXkAbl, 00yBU. CaMbIM KPYITHBIM MOTPEOUTENEM TTOJTMBUHUII-
XJIOpH/Ia SIBJISIETCS TTPOU3BOJICTBO TPYO JIJIsl Ta30- M BOJOMPOBOIOB, HA KOTOPOE pac-

xoxyercsa 10 20-55% nonumepa. THTEHCUBHO yBEJIMYMBAETCS UCITOJIB30BAHUE MOJIH-



BUHWIXJIOpHUJIA B Ka4yecTBE 3ameHuTeNs jepeBa. CyMMapHbIi 00beM MpPOU3BOJICTBA
noymBUHWIXJIOpUAa B Poccun coctaBisier ~ 550 Thic. T/Toa, wim ~2% MHUPOBOTO
MIPOMBIIIIEHHOTO MPOU3BOJICTBA.

NcxonHbIM yTI€BOIOPOAHBIM CHIPHEM IJISI MPOM3BOJICTBA BUHWIXJIOpHUAA SIB-
JIAE€TCS ATaH, STUJICH WU AllCTUIICH.

Cy1iecTByeT 4eThIpe MPOMBIIIICHHBIX CII0C00a MOTYyYeHUs] BUHUIIXI0PU/IA:

1. CbanancupoBaHHbBIN JBYXCTAIUNHBIA METO/, BKJIIFOYAIOIIUNA CTaUK TPSIMOTO

XJIOPUPOBAHUS STUIICHA

CH2=CH2 + C12 CH2Cl—CH2ClI

WIHA €r0 OKUCIUTEIBHOTO XJIOPUPOBAHUS

CH2=CH2 + 2HCI + 0,502 CH2Cl—CH2CI + H20

10 1,2-nuxsopaTana ¢ MOCAEAyOMMM NTUPOJIN30M 10 BUHWIXJIOPUIA U XJIOPUIA
BO-ZI0pOJA

CICH2—CH2CI CH2=CHCI + HCl

OO6pa3zoBaBIIMiCA XJIOPU BOJOPO/a HAMPABISIETCS HAa OKUCIUTEIBHOE XJIOpPHU-
pOBaHME ATUJICHA.

2. KoMOuHUpOBaHHBINM METO]T Ha OCHOBE dTUJICHA U alleTHJICHA, COCTOSIINN U3

CTaJIli IPSIMOTrO XJIOPUPOBAHUS ITUIIEHA JO AUXJIOPITAHA C MOCIAEAYIOIINM €r0

MUPOJIM30M JI0 BUHWIXJIOPUIA U XJIOPHUIa BOAOPOAA:

CH2=CH2 + CI2 C2H4C(Cl12,

C2H4CI12 CH2=CHCI + HCL.

OO6pa3zoBaBIIMICS XJIOPUJT BOJOPO/IA UCTIOIB3YIOT ISl TUIPOXJIOPUPOBAHUS alle-

TWJICHA JO0 BUHWIXJIOPU/IA

CH=CH + HCI CH2=CHCI

WIA CYMMapHO

CH2=CH2 + CH=CH + CI2 2CH2=CHC(I

3. KomMOuHHUpOBaHHBIA METOJI HA OCHOBE JICTKOTO O€H3MHA, BKIFOYAIOIINMI CTa-
MY UPOJIn3a OCH3MHA C TIOJIyYEHHEM CMECH STUJICHA U alleTUJIeHa MPUMEPHO B CTe-
XHOMETPUYECKOM COOTHOIIEHUH C IMOCIECAYIOUIMM THIPOXJIOPUPOBAHUEM CMECHU JI0

BUHWJIXJIOpHUIA U XJIOPUPOBAHHUEM OCTABHICTOCA 3THIICHA 1O AUXJIOpPIOTaHa.



JuxmopaTaH 3aTeM MOABEPraloT MUPOIU3Y IO BUHUIXJIOPUIA C PELUKIOM 00-
pazoBaBUIErocs XJOpuaa BOAOPOIA.

4. I'uipoXJI0pupoOBaHUE allETUIICHA:

CH=CH + HCI CH2=CHCIl

N3 Bcex mepeyuciaeHHbIX METOJIOB HauboJyiee IIMPOKOE paclpOCTpaHEHUE B
MPOMBIILICHHOCTH MOJTYYUIT METOJI CUHTE3a BUHWIXJIOpHUIA Ha OCHOBE dTmieHa. Ha-
npumep, B CIIA B 1989 r. nmpakTuuecky BeChb BUHWIXJIOPHU MOJTYYArOT 3TUM METO-
JIOM.

Coanancupogannwlii Memoo cuHme3a 6UHUIAXT0PUOA

Ha OCHOGe Imulena

B ocHOBe cOalaHCUPOBAaHHOTO METO/IA JIEKAT TPU XUMHUECKUE PEAKIUU:

- IPSIMOE XJIOPUPOBAHUE ITUJIEHA JO IUXJIOPITAHA;

- OKUCJIUTEIBHOE XJIOPUPOBAHUE ATUJICHA JI0 TUXJIOPITAHA;

- MUPOJIU3 IUXJIOPITAHA 10 BUHWIXJIOPHUA.

IIpsimoe xJiopupoBaHue 3THJeHA. BaxHelyio poiib B cOalaHCHPOBAaHHOM
MpoIiecce MOJyYEHUs BUHWIXJIOPHUIA UTPAET CTAAUS MPSIMOTO XJIOPUPOBAHUS dTHUIIC-
Ha. iMeHnHo Ha 3TOM cTaanu oOpa3yeTcs JOMOTHUTEIbHOE KOJIMYECTBO TUXJIOPITAHA,
HE00X0IMMOe I TI0JIaYu Ha cTaAuio nmupoin3a. COOTHOIIEHHE KOJIUYECTB MPOIYK-
TOB TIPSIMOTO ¥ OKHCIIUTEITLHOTO XJIOPUPOBAHUS OOBIYHO Om3ko K 1:1.

Peakuust mnpsMoOro XJOpUpPOBaHMS STUIICHA, KaTalU3upyemasi KHUCIOTaMH
JIptouca, MpoOTEKAET MO MEXAHU3MY DJIEKTPOPUIHLHOTO MPUCOCIUHEHUS COTJIacHO
YPaBHEHUIO:

C2H4 + C12 C2H4C12 AH = 188 x/]x/M0b.

B3aumopeiicTBue xjopa U 3TUIIEHA TPOUCXOJUT B CPEle KUIISAIIETO JUXJIOPI-
taHa nipu 363-383 K. 3aMecTUTeNhHOrO XJOPUPOBAHUS 3THIIEHA ¢ 00pa3oBaHUEM
TPpU- U MOJUXJIOPHUIOB 3TaHA MOKHO M30€XKaTh IMMyTEeM MPOBEACHUS peakiuu npu 323-
343 K. Ucnonbs3oBaHue MHTHOUTOPOB (KUCIOPOJ, XJIOPH]L Kejie3a) MO3BOJSET MOHU-
3uTh Temreparypy peakunu 10 313-333 K npu npaktuuecku 100%-HOM CEIEKTUBHO-

CTH 110 JUXJIOPITAHY.



HpI/IHIII/IHI/IaJIBHaSI TCXHOJIOTHUYCCKAasd CXCMa IMPOoLCCCa IPAMOIo XJIOPpUPOBAHHA

STUJICHA NIPEACTaBJIeHa HA puc. S.1.

| | [ P uc. 5.1.

I[puHIUNMATBLHAS TEXHOJOTHYECKAs] CXeMa Mpolecca NPSIMoro XJIOpupoBa-

HHS ITWJIEHA H PeKTH(PUKAIMH IUXJI0PITAaHA

1, 3, 4 — pekTudUKAIMOHHBIE KOJOHHBI, 2 - PEAKTOP; 5 — PEakTOp XJIOPUPOBa-

HUSL.

[Totokwu: I — xmop; 11 — stunen; 111 — abraser; IV — Ha nepepaboTky; V — Ha CXH-

ranue; VI — toBapusiil nuxiopatad; VII — nuxnoparan Ha npombiBKy; VI —

JIETKOKUIIAIIME TIPOYKTHI Ha TepepadboTKy

OxuciaurenbHOe XJO0pUpoBaHMe 3TUIeHA. OCHOBHOW CTaaueld B MPOU3BOJ-
CTBE BUHWIXJIOpHIA COATaHCUPOBAHHBIM METOJIOM SIBJIIETCSI OKUCIUTEIBHOE XJIOPH-
poBaHKe 3THIIEHA. Bce MPOMBIIITIEHHBIE TPOLIECCHI OKCUXJIOPUPOBAHUS ATUJIIEHA MO-
I'yT OBITH pa3J/ieJieHbl MO JABYM TJIaBHBIM IPU3HAKaM: MPOBEJCHUE IpoIlecca Ha He-
MOJABUKHOM WJIM B KUITAILEM cJIo€" KaTanu3aTopa U UCHOJIb30BAHUE B KAUYECTBE

"

OKHCIIMTENS YUCTOrO0 KHUCIOpOJa WIM BO3ayxa. B Hacrtosimee Bpems
OOJIBIIMHCTBO KPYIHBIX MHPOBBIX MPOU3BOJUTENICH BUHUIXJIOPUIA HPUMEHSIOT
npouecc B "Kums-ueM cioe'.

OxkcuxJIopupoBaHue 3TUJIEHA NMPOBOIAT B razoBoil ¢aze mpu 600-615 K u nas-
nennu 150 xIla Ha cranmoHapHOM WM B "KUmseM cioe" karanuzaropa. B kauectse
KaTaJIn3aTopa MCIHOJIb3YIOT XJIOPUIbI MEAH, Kajdus, HATPUS U JAPYTHX METaUIOB Ha
HOCHUTEJISIX, OJTHAKO MPOMBIIUIEHHBIN KaTalnu3aTop MPEACTaBIIeT cOO0N XJIOpUI Me-
mu (IT), nanecennsit Ha cepuuecknii okcuy amomunns. CoaepikaHne MeIu B KaTa-
au3arope cocrtasisier 4-6% (Macc.). B kadecTBe OKHUCIUTENSI UCHOJIB3YIOT BO3IYX
wi kuciopos. [IpuMeHeHne kucimopoaa MoO3BOJSET B JECATKH pa3 CHU3UTH 00BEM
OTXOJISIIIIUX Ta30B U JIa€T BO3MOXKHOCTb ITPOBOJIUTH MPOIIECC MPU O0JIee HUZKOM TeM-

nepatype. Kpome TOro, ymMHSETCS CPOK CIyXKObl KaTaau3aTopa U IMOBBIIIACTCS



IMPONU3BOAUTCIIBHOCTL YCTAHOBKH. HCCMOTpH Ha BBICOKYIO CTOMMOCTL YHUCTOI'O KH-
ciopoaa, B IIPOMBINUICHHOCTH Ha6n}oz[aeTc>1 TCHACHIUA IICPCBOLAA HeﬁCTBYIOHIHX
YCTAaHOBOK C BO3AyXa Ha KUCJIIOPO.

[IpyHuunuanbHas TEXHOJIOIMYECKass CXeMa IMpoliecca OKCUXJIOPUPOBAHUS

TR ) e e

I}L"——:——

IIpeACTaBIEHAa HA puc. 5.2.

Puc. 5.2. IIlpyHIunuaJdbHasi TEXHOJIOIMYECKAs cXeMa Ipouecca moJy4eHus
1,2-

auxjopiTana (JIX3J) okcuxjopupoBaHuemM 3THIEHA

1 - peakTop; 2 - 3aKajioyHasi KOJIOHHA; 3 - XOJIOJUJIbHUK; 4 — HEUTpanu3arop; S,

— peKkTU(UKAIMOHHBIE KOJIOHHBI, 7 — HACOC; 8 — COOPHUK; 9 - KUMISITUIHHUK.

[Motoku: I —xnopun Bogopoaa; Il — Bozayx; Il — stunen; IV — npoaykrt Ha a0-

copouuto; V — crounsie Boabl; VI — Boaa; VII — NaOH; VIII — nerkas dbpakius;

IX —1,2-IX3; X — kyOOBbIE OCTaTKH

B tpy0Ouartsiii peakTop 1 momaroT 3THIIEH, XJIOPHUI BOJIOPOJA U BO3yX; Mpu 483-
533 K npoucxoAauT peakius B NPHUCYTCTBUM Karajau3aTopa XJIOpUAAa MEIH, HaHe-
CEHHOTO Ha OKCHJI QJIIOMUHUS WX alfoMocuiInKar. [IpumensieTcss HeOombImon n30bl-
TOK dTHiIeHa. B 3akanounoit kononue 2 otaensoT HCL, u3 KoToporo moyiy4aroT Ku-
cioTy. HepTHBIE ra3bl YXOAIT CBEpXY COOpHHUKA 8, BEPXHUMN CIIOM KOTOPOTO MOCTY-
IIaeT B KOJIOHHY 2; XJIOPCOAEPKANNA NPOIYKT HEUTPAIU3YIOT U IIPOMBIBAIOT B KO-
JIOHHE 4, a 3aTeM pa3JeNsIoT Ha JEerKyro (Ppakiuio 1 JUXJIOpITaH B KOJOHHAX 5 U 6.
Ky6oBbie ocTatku oTBOAAT. B KOJOHHE 5 MPOUCXOAMUT TaKKE OCYIIKA BIAKHOIO JIH-
XJIOp3TaHa a3€0TPOIHOM ITEPETOHKOM.

[uposn3 puxsopistana. lleneBoil mpoayKT cOallaHCHPOBAHHOTO MpOIEcca —
BUHWJIXJIOPHUJT - 00pa3yeTcsi Ha CTaIuu JETHAPOXJIOPUPOBaHUS (ITUPOIU3) TUXIIOPI-
TaHa.

IInponus quxnopatana npoBoAaT npu 723-793 K u nasnenun 2 Mlla:



CICH2—CH2C1 CH2=CHCI + HCl

CreneHb KOHBEpPCUM AMXJIOp3ITaHa 3a OJMUH Mpoxoj coctaisier 50-60% c ce-
JIEKTUBHOCTBIO 110 BUHUJIXJI0pUay 96-99%.

[Tuponu3 guxsiopaTaHa MPOTEKAET MO PAJAUKATHHOIICTTHOMY MEXaHW3My. Peak-
1usi HaunHaeTcs ¢ paspbeiBa cBsizu C—Cl B MoJeKkyse JuXJIopITaHa U 00pa3oBaHUs
CBOOOJHBIX PAJMKAIOB, KOTOPHIC Jajiee CIOCOOCTBYIOT Pa3BHTHIO I — OTPBIB
atroma H pagukanom CI° 0T MONEKyITBI IXJIOpAITaHA U MOJIEKYJISIpHBINA pacman 1,2-

1

84

TUXJIOPITUILHOTO paaukana. Peakmus oOpbiBa MMM MPOUCXOIUT TIPH
PEKOMOMHA-ITUN PATUKAJIOB:

CH2Cl—CH2C1 CH2Cl—CH2 + CI

C1®* + CH2Cl—CH2Cl CH2Cl—CHCI + HCI

CH2Cl—CHCI CH2=CHCl + CI*

C1* + CH2CI—CHCI CH2CIl—CHCI2

OcHOBHOE BIMSHHE Ha CKOPOCTL IIUPOJIH3a JUXJIOPITaHa OKa3bIBACT TEMIICpa-

Typa. Ha puc. 5.3 nokazaHa 3aBUCHMOCTh KOHBEPCHUH JIUXJIOPITAHA OT TEMIIEPATYPHI.

P uc. 5.3.
3aBHCHMOCTH

CTCIICHU KOHBECPCUU NU-

783~

773"

XJIOPITAHA OT TeMIIePaTyphl Mpouecca.
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MpoIIEcca U COCTaB MPOJAYKTOB MOTYT OKa-3bIBaTh JOOABKU WUHUIIMUPYIOIIETO U
WHTHOMpYIOIIEro aeicTBus. Ha ctaguio mupo-nm3a 0ObIYHO MOCTYHAeT TUXJIOPITAH,
coaepxxamuii He MeHee 99,2% OCHOBHOro Be-lecTBa. B kadecTBe mpuMecen, Kak
MpaBUJIO, COJEPXKATCS XJIOPATaHbl, XJOpPITE€Hbl W OeHzon. B Tabm. 5.2. m 5.3
MPUBECHBI MPUMEPHl UHUIIMUPYIOIIETO0 U MHTUOUPYIOIIE-TO JEHCTBUSI HEKOTOPBIX
BEILIECTB.

Tabnuya 5.2

Nuannunpyromas aKTUBHOCTh HEKOTOPBIX COeIMHEHU

NpHu TeMieparype npouecca 648 K B nporouHom peakrope

KonunuectBo CTenenb KOHBEpCUU

Nuunmarop

nHuIMaTopa, % (mac.) nuxiaopatana, %

be3 ununumaropa (tepmuueckuii 0 0,8

TUPOJIN3)

Oxcup a3zora 1,0 1,8

Juoxcup azota 1,0 3,6

Terpastwicsunen 0,1 8,4

Terpastwiicsunen + xmop 0,1+0,1 8,5

I'ekcaxnopartan 1,0 12,4

Juokcun azora + xiop 0,5 + 0.5 20,5

I'ekcaxmnopartan 2,5 25,0

I'ekcaxynopatan + xjop 2,5 + 0,1 32,0
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Oxkcup azota + xjop 0,5 + 0,5 55,9
Xmop 0,5 56,1



1,0 63,7

Xunopucteii HUTpO3ui 1,0 66,3

Kucnopon 1,0 67,9

1,571,0

Tabnuya 5.3

NHrndupyomas akTHBHOCTh HEKOTOPBIX COCAUHEHUI

npu temuneparype npouecca 773 K B nud¢epeHuuajbHOM peakTope

KommuecTBo Kongepc
MHTHOUTO- st
Nuruburop pa, % (Mac.) JTUXJIOP3
TaHa,

bes WHTUOUTOpA 0,0 41,2
(TEpMUYECKUI TUPOIIU3) 0,1 21,2

1,1 -nuxnopaTan

1,2-quxnopnponan 0,1 24,2

benzon 0,3 27,5

1,2,3-Tpuxnopnpornan 0,1 28,0

benzon 0,1 29,0

XJIOpUCTBIA AJUTHIT 0,1 31,0

benzon 0,5 32,5

COanaHCUpOBAaHHBIA METOJ| TOJYYEHUS BHHWIXJIOPHAA Ha OCHOBE JTHIICHA
paspaboran FO.A. Tperepom (HUU «Cunres», Poccust). IToT ciocod peann3oBaH B
IPOMBILUIEHHOM MaciuTade Ha psizie npeanpustuil B Poccun u 3a py6exom.

Oonocmaouiinslii npoyecc CUHmMe3a UHUIXA0PUOA U3 IMUTEHA

(npouecc gpupmot ""Cmagpgpep'’’)

Pupma "Craddep" OCYILECTBUIIA OJIHOCTAIUMHBIN IIPOIIECC
TEPMOXJIOPUPOBAHUS ATUIIEHA 10 BUHWiIXJopuaa npu 625-775 K u nasnenunn 0,35-
1,4 MIIa. B kauecTBe Katajqiu3aTOpPOB TEPMOXIOPUPOBAHUS STUIIEHA HCIIOJIb30BAJIUCH

JKCJIC30, MICJIOYHBIC U IICIIOYHO3CMCIIBHBIC MCTAJJIBI 1 UX OKCHIBI, XJIOpUI MCIOU B



cMecH ¢ acOecToM, pac-TjIaBbl XJIOPUJIOB MEIH U Apyrue KoMno3uuu. O0beuHeHue
CTaJui XJIOPUPOBAHUS U MUPOJU3a () MPEACTABIAECT HEKOTOPbIE TPYAHOCTH, TaK KaK

TEPMOXJIOPUPOBAHNUE

napameTpbl 3THUX IMPOILECCOB CYIIECTBEHHO paziuyaroTcs. PazpaboTanHblil 1is
TEP-MOXJIOPUPOBAHUSA PEAKTOP COCTOUT M3 TPEX CEKIHM, B OJHOW W3 KOTOPBIX
MIPOUCXO-TTUT TUPOJINU3 JTUXJIOPITaHA, MOCTYTAIOLIETO u3 peakTopa
OKCHUXJIOPUPOBAHMUS, BO BTOPOH - TEPMOXJIOPUPOBAHUE FTUJIEHA O BUHUIXJIOPHUAA U
IUXJIOp3TaHa, a B TpeTb-€d -  3aBepIIaeTcsl NUPOJW3  JUXJIOPITAHA,
HEIMPEBPATUBUIETOCS B IEPBBIX IBYX CEK-IUAX.

Jleyxcmaouiinwlit npoyecc cunmesa UHUNXIAOPUOA

U3 Imujiena

OIHMM W3 HEJAOCTAaTKOB OINMHUCAHHOW BBIIIE TEXHOJOTMYECKOM CXEMbI MOJyde-
HUS BUHWIXJIOPUJIA SIBIIIETCSI €€ MHOTOCTAIMMHOCTh. 3HAYUTEIbHBIE TPYAHOCTH CBSI-
3aHbI C MPOLIECCOM TEPMHUYECKOTO ACTUAPOXJIIOPUPOBAHUS TUXJIOPITAHA BCIEIACTBUE
3aTpaT OOJIPIIOTO KOJMYECTBa TeIula U 00pa30BaHMs MOOOYHBIX MPOIYKTOB: alleTH-
JeHa, OyTajueHa, XJIOpoIpeHa, a Tak’Ke MHTEHCUBHOTO CMOJIO- M KOKCOOOpa30BaHMUsI.
EcTecTBEHHBIM ITyTEM CHUKEHHS YHEPTUM AKTUBAIMU U, COOTBETCTBEHHO, TEMIIEPA-
TypbI TIpoIlecca SIBISIETCS MPUMEHEHHE Karanu3atopoB. Kpome toro, B camom cha-
JTAHCUPOBAHHOM MPOLIECCE CKPBhITA BO3MOKHOCTh MCIOJIb30BAHUS TEIJIa AK30TEPMHU-
YECKOM peaklu OKCUXJopupoBaHHs 3tuieHa (238,8 kJ[k/Moib) Iisl OCyllIecTBIIe-
HUS DHAOTEPMHUYECKOM peakluu JeruApOXJIOpUpoBaHusa auxiop3taHa (71,2
kJ>k/MoJib). OueBUAHO, YTO MOXXHO COBMECTHUTh ATH IMPOIECCH B OJHON pPEaKIMOH-
HOU 30HE MO0 cOATaHCUPOBATH UX MO TEINIOOOMEHY.

[IpuHLMOMaNbHAS TEXHOJOTMYECKAs CXEeMa COBMEIIEHHOTO Mpolecca Npea-

CTaBJieHa Ha puc. 5.4.

— Sy o P
V+II 1X uc. 5.4.
IIpuHUMNHATBHAA TEXHOJIOrHYeCKasi CXeMa COBMEILIEHHOI0 Ipolecca mojay4ve-
HUSI BAHHJIXJIOPH/IA U3 OTHJIEHA

1 - peakrTop; 2 - KOTeN-yTUIINU3ATOP; 3 - 3aKago4yHas KOJIoHHA; 4,9 - X0-



noawibHUKK; 5, 10 - cemapatopsr; 6, 8, 14 - cOopHuku; 7 - cmecurenp; 11 -
CKpyO-

oep; 12 - abcopOIoHHAas KOJIOHHA.

[Toroku: I - atunen; Il - xnopun Bogopona; I1I - Bozayx; IV —Boaa; V —nap; VI

— ciuB; VII — menounoit pactBop; VIII -NaOH; IX — nuxnopaTaH Ha OTMBIBKY;

X — abrassel; XI — nuxnoparan; XII — cMech TUXI0pITaHa U BUHUIXJIOPUIA.

CoBMeIlIeHHBI TPOIIeCC MOJYYEHUsT BUHWIXJIOPHAA MPOTEKAET B KOXKYXOT-
pyOHOM peakTope Ha CTAIlMOHAPHOM CJIoe KaTaiausaropa. B peakrop 1, 3amonHeHHbIN
KaTaiauzaTopom, noa aasieHueM 0,4 Mlla noaaroT 3TuiieH, XJI0pHUA BOJAOPOJA U BO3-
nyx, nogorpetsie 10 423 K. Peakuusa npotekaet npu 623 K. OcCHOBHBIE MOKa3aTeln
npoliecca MpuBEACHbBI HUKE.

CeneKkTUBHOCTh 10 BUHUIXJIOPUAY, Y0...ovuuve..... 54

CenektuBHOCTE IO CO M CO2, %.ovvvvvvaeennn.... 5

Crenenb KoHBepcuH, %o
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[Tponecc noaydyeHus: BUHWIXJIOPHUAA COCTOUT U3 JIBYX OCHOBHBIX CTaJui: Mpsi-
MOI'0 XJIOPUPOBAHUS 3TUJIEHA U COBMEILIEHHOTO MPOLECCa OKUCIUTEIBHOTO XJIOPH-
pPOBaHUS ATWICHA U MUPOJIM3a TUXJIOPITAHA.

B xone peakuuu B peaktope | mpoucXOAUT BBIACICHUE TEIUla, IJIs CHITHUS KO-
TOPOr0 B MEXTPYOHOE MPOCTPAHCTBO MOAAETCsS TEIJIOHOCUTENb. Perenepanus Ten-
JIOHOCHUTENSI OCYIIECTBIISIETCS] B KOTJIe-yTHIIM3aTope 2. Beixoasume U3 peakropa pe-
aKIIMOHHBIE Ta3bl, COJIEPKAIINE OPTaHUYECKUM MPOAYKTHI (, 1,2-

BUHUJIXJIOPH/T

TUXJIOPATAH, ATUIXJIOPU, AUXJIOPITHIECHBI U JIp.), OKCHUJIBI YTIepoja, mapbl
BOJIbI, @30T U HEMPOPEArupoOBaABIINE ATUJIEH, XJIOPU BOAOpoaa, kuciopoa npu 623 K
Mo-cTynaroT B KyO 3akajnouHod kojoHHbl 3. TemmnepaTypa Ta3oB B KOJIOHHE

cHmxkaercs 1o 383-393 K.



OxnaxxIeHHbIE U HEUTPAIM30BAHHBIC T'a3bl U3 BEPXHEH YACTU 3aKaJOYHOW KO-
JIOHHBI 3 TOCTYNAT B KOHJAEHCATOP 4, B KOTOPOM MPOUCXOJUT YaCTUYHAS KOHJCH-
carus BJaru u auxjopataHa. KongeHcaT noctynaet Ha pa3jenenue a3 B anmapar 5,
U3 KOTOPOro AMXJIOPITAH HaIpaBisieTcsl B COOPHUK JUXJIOpITaHa chipia 8, a BoJa - B
CMECHTEINb 7 I MPUTOTOBJIEHUS PacTBOpa LIenour. ['a30BbIM MOTOK, COAEp AN
BUHUJIXJIOPHJI, STUJIEH, HE CKOHJEHCUPOBABIIMECS OpraHUYeCKUe MPOAYKTHI, BIAry,
WHEPTHBIE Ta3bl, IOCTYNAET B XOJOAWIBHUK 9, B KOTOpOM oxJaxknaaercs 10 278 K,
npoxoaut uepe3 cenapatop 10 u ckpy6Oep 11, rae BeIcymMBaeTcs 10 CoJep KaHMs
Biaru 10-20 yacrteit Ha 1 MIJIH. ¥ Jajee HampapisIeTCs B aOCOPOIIMOHHYIO KOJIOHHY
12.

IIpu cyMMapHO#i CTeNEHU MPEBPAILCHUS STUJIEHAa B BUHWIXJIOpHI, paBHOU 89%,
IIPOLIECC CTAHOBUTCSA KOHKYPEHTOCHOCOOHBIM [0 OTHOLIEHUIO K TPaJUIIMOHHO-MY
cOATaHCHPOBAHHOMY IIPOIIECCY.

Cunmes eunuaX10puda u3 IMana

CoBpeMeHHbIe TPOU3BOICTBA BUHWIXJIOPUIA KaK U3 3TUJIEHA, TaK U U3 alleTH-
JIEHA XapaKTEPU3YIOTCS BBICOKMMH BBIXOJAMHU W OTHOCHUTEJIbHbIE HU3KUMHU KaluTa-
noBiokeHUsAMHU. [loaTOMy JanbpHelIlee yCOBEPLUIEHCTBOBAHME MpOLECCA JIOJKHO
NOWTH MO MyTH BbIOOpPaA JEHIEBOr0 M JOCTYIMHOTO YIJIEBOJAOPOIHOIO ChIpbs. Takum
CBIPbEM SIBIIIETCS ITaH.

B HUU "Cunte3" non pykoBoactsoM FO.A. Tperepa pazpabotan mpoiiecc mo-
Jy4YEHUs BUHWIXJIOPUAA U3 3TaHa, KOTOPBIMA BKIIOYAET CIAEAYIOIINE CTAIUN:

- OKCHXJIOPMPOBAHUE 3TaHA JI0 BUHWIXJIOPUJIA U ITHIICHA;

- XJIOpUPOBAHME 3TUJIEHA 0 JUXJIOPITAHA;

- MUPOJIU3 IUXJIOPITAHA;

- nepepaboTKa XJIOPOPraHUYECKUX MPOIYKTOB C MOJYyUYEHUEM TPHU- U MEPXJIO-
pPATHIIEHA.

Bce cragum mpouecca, UCKIIOYas OKCUXJIOPUPOBAHUE ATaHA, aHAJOTHYHBI CO-
OTBETCTBYIOIIMM CTaJUsM cOaJaHCUPOBAHHOIO MPOLECCa MOTYyYEHUs BUHUIXJIOpUIA

H3 3THUJICHA.



OKuCIUTEeNbHOE XJIOPUPOBAHHE 3TaHA - TETEPOTCHHO-KATATUTHYECKHH Ipo-
IECC, BKJIIOYAIOLIUH PSAJT IOCIEA0BATENbHO-TIApAICIbHBIX PEAKLIUH.

B 3aBucumoctu OT yCNIOBUIl NpPOBEACHUS pPEaKUUU MOTYT OOpa30BBIBATHCS
pa3IMYHBIC XJIOPIPOU3BOAHBIC 3TaHa U dTUieHa. CHHTE3 BUHIWIXJIOPH/IA TPOTEKACT B
uHTepBaie temnepatypsl 723-823 K. Ilpu 6onee Hu3kux temieparypax (573-623 K)
OCHOBHBIMH TPOAYKTAMHU PEAKIINU SIBISIOTCS ATHIXJIOPUT] U TUXJIOPITaH, BIXOJ BU-
HWIXJIOPH/Ia HEBEJIHK.

[Iporiecc OKUCIUTENBHOIO XJIOPUPOBAHHUS 3TaHAa COMPOBOXKJAeTcsi oOpa3oBa-
HHUEM STUICHA U XJIOPITHIECHOB B PE3YJIbTaTe COMPSHKEHUS PEaKIMi 3aMeCTUTENbHO-
r0 U aJJIMTUBHOTO XJIOPUPOBAHUS C PEAKIUSMU ACTUAPUPOBAHUSA U JIETHIPOXIIOPHU-
pOBaHHUA XJIOpajKkaHOB. PaznuuHble myTH oOpa3oBaHUs BUHWIXJIOpUIA U €0 Jallb-

HEWIINX PEBPALICHU MOYKHO ONIMCATD CIIETYIOIIEH CXEMOM:

C2H6 + HCI + 02
CO +CO2
C2H C2H C2H3 T.J.
5C1 A4C12 CI3
-HCl -HCl -HCl
C2H C2H C2H2 T.J.
A 3Cl ClI2
CO +CO2

Bununxnopug oOpasyercss TOIbKO B pe3ysibTaTe AETHApPOXJOopupoBaHus 1,2-
TUXJIopaTaHa. B mpoiiecce oKCUXJIOPUPOBAHUS 3TaHA IPOUCXOUT 3HAYUTENIbHOE 00-
pa3oBaHUE OKCHUJOB YIJIEPOJA 3@ CYET OKUCIIEHHUS YIJIIEBOAOPOIOB U XJIOPYTJIEBOIO-
ponoB. biok-cxema nonyuenust BuHwixjaopuaa (BX) u3 stana npencraBieHa HHXKE

(cxema 5.1)



OKCUXJIOpUPOBAHUE ATaHA OCYLIECTBIIAETCS B KUITAILIEM CJIO€ KaTaau3aropa Mnpu
temneparype 820 K u nasnenuun 0,2 Mlla. B kauectBe katanuzaropa UCHOIb3Y-IOT
CUJIMKAresb, IPONUTAHHBIN XJIOPUIAMUA MEIHN U KaJIusl.

Cxema 5.1

Otan HCI

ra3

BX

Oxcuxiopu-Ao6copoius xiop-Pektudukarms

BX-cripen

poBanue oprannyeckux BX

ATaHa MPOAYKTOB

02 35% Consnas k-ta

OtunenHCIBX-coipen

ra3
DKunkodasznoe PexTudu- [ Inponus
Cl IXD-ceipen J[XD-
PEKT.
F XJIOpMPOBAaHUE Karys JIXD
DTUJICHA JIXD
Xnopnpounssoansie C2
CI2 [TepxmopupoBanue | Cxuran | Consnas | Otron ner-HCl
me K-Ta
KyOOBBIX OTXOZ0B KUX  (pakuuif
ra3

ConsHas k-Ta
Terpaxnopatanst [1X9O

I'mppoxsiopupoBaHue aneTuJIeHa



B ocHoBe MeToAa nonydeHuss BAHWIXJIOpUIA THIPOXJIOPUPOBAHUEM alleTUIIe-HA
JICKUT KaTaTUTUYECKasi PeakKIlys, MPOTeKaroIas ¢ O0IbIINM BbIIEJICHHEM TEIUIa:

CH=CH + HCI CH2=CHCI AH = 112,9 kJI>x/m011b

OTOoT Ccnocod OTIMYaeTCs MPOCTOTOM TEXHOJIOTMYEeCKOro oQopmileHus Mpo-
1[€CCa, HU3KUMHU KalUTaJOBIOXKEHUSIMH, BBICOKOW CEJIEKTUBHOCTBIO IO BUHUIIXJIOPH-
1y, OJIHAKO CIOCOO HE Hallell IMIMPOKOIr0 MPOMBIIIEHHOTO MPUMEHEHHS B CBA3U C
BBICOKOW CTOMMOCTBIO areTwiieHa. KapOuaHblil alleTHIeH MOKET KOHKYpPUPOBaTh C
STWJIEHOM KaK ChIpb€ JJI MPOM3BOJICTBA BUHMUIIXJIOPHIA, €CIIM €r0 CTOMMOCTh HE
MPEBBINIAET CTOMMOCTH dTUIIeHa Oosee Ha 40%.

['unpoxnopupoBaHue aleTUieHa MPOBOJAT OOBIYHO B MPUCYTCTBUU XJIOPHA
pPTYTH, HaHECEHHOro B KojmyecTBe 10-15% Ha akTUBHPOBAHHBIN yroib, B CTALUO-
HapHOM cJioe Katanuzatopa npu 425-535 K u naBnenun 0,2-1,5 MIIa. Crenens npe-
BpAILICHUSA AlIETUIICHA COCTABIISIET 98,5% C CENEKTUBHOCTHIO MO BUHWIXI0pUAY 98%.

XOTS MHOTHE KaTAIUTUYECKHE CHCTEMBI MPOSIBIISIIOT BBICOKYHO aKTUBHOCTb, B
HACTOSIIIIEEe BPEMsI B TPOMBIIIUIEHHOCTH MTPUMEHSETCS TOJIBKO KaTaau3aTop Ha OCHOBE
HgCI2 (cynema), HeCMOTpsl Ha €r0 BBICOKYIO TOKCHUYHOCTbH. JlJil MOBBIIEHUS yAEp-
KUBAIOLIEH CIIOCOOHOCTH aKTHBUPOBAHHOIO YIJIsl MO OTHOIIECHHUIO K XJIOPHUIY PTYTH
BBO/JISITCSL TOOABKH aMUHOB.

[IpuHIMNIMaNbHAS TEXHOJIOTHYECKAS CXEMA MPOLEcca MPEACTABIICHA Ha pucC. S.5.

¥ J ' P uc.
5.5.

IpyuHIUNIMATBLHAS TEXHOJIOTHYECKAsl CXeMa MOJIyYeHUs] BUHWJIXJIOPUIA TH/I-
POXJIOPMPOBAHNEM ALlETUJICHA
1 — dunbtp; 2, 3 — cMecuTenu; 4 — peakTop; 5 — TeIT000MEHHUK; 6 — afcop-
oep; 7 — temnooOMeHHUK; 8 — kommpeccop; 9, 10— pekTuduKaMOHHbIE
KOJIOHHBI;
11 - koJIOHHA ETOYHOM OCYIIKA U HEUTPATIU3ALINH.
IToroku: I — anerunen; Il — xmopun Bogopoaa; III — NaOH; IV — Bona; V — Bu-

Huwixyiopun; VI — crounsie Boabl; VII — 0TX01b1 HA CKUTaHue



ALleTWIIEH TOcJie KOMIPUMHUPOBAHHS, OCYLIKHM M OYHUCTKU MPOXOJIUT 4YEepe3
bunsTp 1 1 mox gasnenunem 1m0 70 klla mocTtymaeT Ha cMeNIeHUE ¢ XJIOPHUIOM BOJIO-
poxa B anmapatsl 2 u 3. [lonyueHnHas cMech ra3oB ¢ Temneparypoi 1o 308 K nmocty-
naet B peaktop ruapoxiopupoBanus 4. TpyOku peakTopa 3amojHEHbI KaTalnu3aTo-
pOM - cysiema Ha HocuTene. Terno peakiuu CHUMAETCsl BOJOW WU JUATUIICHTIINKO-
JIeM, ITUPKYIUPYIOIIUM B MEXKTPYOHOM MPOCTPAHCTBE C MOCIECAYIOIINM OXJIAXKICHU-
€M B TeIJI00OMEHHUKE 5. BhIXoAsmmuili U3 peakropa ra3 nojaercs B ajgcopoep 6 ais
OYUCTKH OT COCAMHEHHUM PTYTH U TIOCIIE OXJIAXKICHHS B TEIJIOOOMEHHUKE 7 KOMIIpecC-
copoM 8 mojaercs Ha pekTudukanuio B kKoJoHHE 9 u 10. Bunmnxnopua nocrynaet
3aTeM B KOJIOHHY IIEJIOYHOM OCYIIKU U HeUTpanu3anuu 11.

B HUU "Cuntes" pa3paboTaH MpOMBIIIUICHHBIN MPOIECC THAPOXIOPUPOBAHUS
aneTwieHa B "KHUISIIEM ciioe" kaTtanuszatopa. TeXHOJIOTHYecKass cXemMa COCTOUT U3
CHEAYIOIINX CTAJUM:

- TUAPOXJIOPUPOBAHUE ALIETUIICHA;

- OYMCTKA U OCYLIKA PEAKIIMOHHOTO Ta3a;

- a0copO1Ms BUHIIXJIOpUIA U3 PEAKIIMOHHOTO ra3a;

-TUIPOXJIOPUPOBAHNE a0ra3HOTO AlleTUIICHA;

- pekTuduKanus BUHWIXJIOPUIA

Bonpocs! u 3a1anus:

1. IIpuBenuTEe OCHOBHBIE TEXHOJIOTHYECKUE CBOMCTBA BUHUJIXJIOPHU/IA.

2. YKaxuTe crnocoObl NOJTy4eHHs] BAHUIXJIOPUA.

3. KakoBsI TpeOOBaHMs TPOBEACHUS MPOIECCa MOTYUYSHUS] BUHIIIXJIOPUIA U3
arieTusacHa?

4. B yem 3aKIII04aeTCsl KAaTATUTUYECKOE JEUCTBUE KAaTAIU3aTOPOB?

5. KakoBbI HEAOCTATKH MpoIecca MPOU3BOACTBA BUHWIXJIOPU/A U3 alleTUIeHA?

6. [IpuBegnTE OCHOBHBIE PEAKIIMHU MOJYUYEHUS] BUHUIXJIOPU/IA U3 STUJICHA.

7. Kakue ctaauu npoiecca noay4eHus BUHWIXJIOPU/IA U3 STUIICHA MOXKHO
COBMECTHUTH U TPOBOJUTH B OJHOM peakTope?



TEMA 3. TPOU3BOJACTBO OPTAHUYECKUX ITPOAYKTOB.

MPAKTUYECKOE 3AHSATHE 12. TIPOU3BOJACTBO CTUPOJIA.
Lesb 3aHATHA: 3aKPENUTh U PACIIUPUTH 3HAHUS O MPOU3BOJCTBE CTUPOIIA.

Teopernveckas yacTb
[TpombinuienHoe npousBoAcTBO ctupoa B CIIA u I'epmanun B 30-x rogax XX

CTOJIETHS 3aKJII0YaJOCh B ACTUAPUPOBAHUU ITHIOCH3071a. DTOT METOJ HE yCTapen U
JI0 HACTOSIIETO BPEMEHH.

IMosyyenune ctuposa wu3 ITUiaden3ona. dtwidenzon coaepxurcs B Cs-
bpakuuu  apOMaTUYECKHX  YIJICBOJOPOJOB — MPOAYKTOB  KAaTaJUTHYCCKOTO
pudopMHHTa, OTKY/Ia U MOXET OBITh BbIICNICH pekTudukanueii. OHaKO 3TO TOPOTron
cnoco6. Ha mnpakTuke STUIOEH30JI MOMYy4aloT IyTeM alKWIMpPOBaHUS O€H30ja
STWJIICHOM B JKHAKOW (a3ze B MPUCYTCTBUU XJIOpHUIA QIIOMUHHUS B KadeCTBE

KaTalim3aTopa 110 KJIaCCHUYECKOU 3K30T€pMH‘-ICCKOI>i pPCaKnm:

AlCl;
CéHﬁ o CH:ZCHQ — CéH{CHgCI‘h

OToll peakiuu ONaronpusTCTBYIOT TOBBIINICHHE [aBJICHUS € TIOHIKCHUE
temneparypbl. Ee npoBonar B msrkux ycioBusx mnpu ~ 358 K u 0,1 MlIa. Beixon
sTunben3ona mnpesbimaer 90%. B kauecTBe MOOOYHBIX MPOIYKTOB 00pa3yroTCs
MOJIMATUIIMPOBAHHBIE OEH30JIbI, YacTh KOTOPHIX BO3BPAIIAIOT B PEAKTOp IS
YBEJIMUEHUSI BBIXOJIa ATUI0EH301a.

Peakiust permapupoBaHus ASTWIOEH30J1la 1O CBOEH NPUPOJAE  SBIAETCA
HHAOTEPMUYECKOI; €€ OOBIYHO MPOBOMASAT MPHU BhICOKMX Temriiepatypax (~873 K) u
HU3KUX TapIUaibHbIX JABJICHUSX OTUJIOEH30J1a, T.€. MPHU YCIOBHSIX, KOTOPBIC
TEPMOJIMHAMHYECKH CIIOCOOCTBYIOT 00OpPa30BaHUIO CTHPOJIA:

CsHsCH,CH; — CsHsCH=CH, + H»

N3 HecKOJbKHX BO3MOXKHBIX METOJOB YMEHBIICHHUS MapUUAIbLHOTO JaBICHUS
STIIIOEH30J1a HA MPAKTHUKE, KaK MPaBUIIO, MPUMEHSIOT pa30aBiIeHUE BOJSTHBIM TAPOM.
B nmnpomeccax monmydeHus CTHpoia, pa3pabOTaHHBIX B Pa3IMYHBIX CTpaHax,
UCIIOIB3YIOTCS OKCHJIHBIE KaTaJdu3aTopbl pa3IMYHOrO cocTaBa. B kauecTBe

KaTamu3aropa B Iporiecce, pa3paboTaHHOM B ['epMaHuM, MPUMEHSIOT OKCHUJ ITUHKA,



aKTUBUPOBaHHBIN KajmueM. B nporecce, paspaborannom B CIIA, uCrionb3y0T OKCHT
MarHusi, MPOMOTHUPOBAHHBIA IIEJIOYBI0 W OKCHUAAMM Keyie3a. [IpoMbIluieHHbIN
karanuzarop ¢upmsl "lemn" umeer cnenyrommii cocra: Fe,Os; — 75-80%, K,COs —
15-20%, Cr,0; —2-3%, S10, - 0,1-0,5%.

[IpuHIMNIanbHAsE TEXHOJOTMYECKAs CXEMa IMOJYYEHHs] CTUPOJIA MPEICTaBICHA

Ha puc. 6.1.

] IV S S SR S
| 1

2 ) 8 J K‘m H L_.JH

Puc. 6.1. IIpHHIHOHAJILHAS TEXHOJIOTHIECKAS CXEMA MOJYIEHHSA CTHPOIA
1 - peakTOp 114 aTKHIHPOBAHHA OeH30Ia: 2 - HeHTIpaTH3aTop: 3. 4 - PeKIH-
(pHKAIIHOHHBIE KOIOHHEL: 5 - anmapar A4 JeTHIPHPOBAHHA 3THAOeH301a: 6 -
KOHIeHcaTop: 7-9 - peKTH(QPHKAIHOHHBIE KOTOHHEL.
ITotokH: I - Gen3on: II - staaeHn: III - AICl;: IV - HenpopearH-poBaBIIHi OeH-
3011. V — 3THI-0eH301; VI — monH3THIHpoBaHHEBIe GeH30ibl: VII — map: VIII -
Boza: IX — cmecs 6eH3ona H Toayona: X — cTHpod: XI — ocTaTokK

JleruapupoBaHue 3THWIOEH30J1a MPOBOAAT B pEaKkTope aauadaTU4ecKoro THUIIA.
[lap mpoxoauT dyepe3 clOM Karanu3zaropa CHU3Yy BBepx. HeoOxoaumoe Temio
YACTUYHO MOJBOAMTCS 3a CUET TEIJIO0OMEHAa MEXAY BBIXOAAIIMMHU M3 peaKkTopa u
NOCTYMAIIUMK B HEro IMapaMu, a YacTUYHO — C IIOMOILbBIO MeperpeBaresne.
[TpoIyKThI, BBIXOASIIHME M3 PEAKTOpPA OXJIAXKIAKOTCA, MPU ITOM KOHJECHCHUPYIOTCS
napsl BOAbI U OpraHu4ecKux BemiecTB. OTXOAsIIME ra3bl COAepKaT BOJOPOL, OKCH]L
yriaepoaa, JAWOKCUI yriaepoaa (3a cuyeT B3auUMOJCHCTBUS Iapa € KOKCOM,
00pa30BaBIIMMCA B pe3yibTaTe MHPOJIM3a), METaH M 3TaH (3a CYET BTOPUYHBIX
peakuueit nuposnsa). [locne oraenenus Boabl )KUJIKUE YTIEBOI0POAbl HAPABISIOT B
PS HENPEPBHIBHO JEHCTBYIOIIMX MEPETOHHBIX allapaToB.

TUNUYHBIN COCTaB XUIKOTO KOoHaAeHcaTa (B % (Mac.)) mpuBeIeH HUKE.



Capon........ 37.0 DERIOE o iias 0.6

ITHI0H301 .. 61.1 CMOIH ........ 0.2

Tonyon ....... 1.1

CoBMeCTHOe TPOU3BOJACTBO CTHPOJA H NPONMMJIEHOKCHIA. DTOT MpPOLECC
BKJIFOYAET TP OCHOBHBIE CTA/IUU.

IlepBast U3 HUX COCTOUT B CHHTE3€ THAPOICPOKCHIA ITHIOCH30JIa OKHUCIICHUEM

STHIIOCH30I1a BO3AYXOM:

) 0,. 403 K
CsHs;CH-CH3; > CsHsCH(OOH)CH3

B kauecTtBe moOOYHBIX MPOJAYKTOB HA 3TOM CTaaUU 00pa3yroTcs aneTo(eHOH U

benmnmetmikapouno. OKUcIeHre BeIyT 10 HAKOIUICHUS] B PEaKIIMOHHON CMECH ~
10% rugponepokcuaa.

Bropas cragus — xxujkodazHoe 3MOKCUIUPOBAHKUE MPOMUICHA B MPUCYTCTBUU
TOMOT'€HHOT'O WIH TreTEePOreHHOIO KaTajau3zaTopa c oOpa3zoBaHHEM

benunmeTmIKaponHoa:

CeHsCH(OOH)CH; + CH;CH=CH, ———>  CgHsCH(OH)CH; + CHyCH—CH,
0

Kunkodaznsiii nporece npoBoasaT npu 353-403 K u naBnenun 1,6-6,5 Mlla, B
KaueCcTBE KaTajau3aTropa UCMOJb3yIT HadTeHaT moiubaeHa. CTerneHb MmpeBpalieHus
ruaponepokcuia dTuiden3omna gocruraet 90%.

Ha tpertbeit cramuu OCYIIECTBISIIOT JIeTHUApaTalidi0 (HEHUIMETHUIKapOUHOIa B

CTHUPOI:

TiO;. 373 K

CsHsCH(OH)CH;

Ilosyyenune cTHpoJia MeTaTe3UCOM ITHJIEHA ¢O0 CcTWiIbOeHoMm. [Iporecc

> C‘GHSC‘H:C‘HJ g HEO

MPOBOJIAT B JBE CTaUHU.
Ha mepBoii craguu mony4aroT CTHJIBOEH OKHCICHHEM TOJyoja B MPUCYTCTBUU
PbO, nnu B1,0Os mpu remmnepatype ~ 873 K:
2CsHsCH3 + O —> C¢HsCH=CHCsHs + 2H,0
Ha BTOpo#i crammu OCYIIECTBISIOT COOCTBEHHO METaTe3UC OJTHIIEHA CO

cTiiibOeHoM B mipucytctBur WO; nipu temneparype 723 K:



C‘GH -:CH:CH( 5H5 s % ¥ 3H4 —_— 2(.5H-3—(H:(.H3

[Moayuenune CTHpOJIA KAaTAJIUTHYEeCKOM HUKJIOAUMEpPU3anuen
Oyraguena. CTUpOI MOXKHO TMOJy4YaTh KAaTAIUTUYECKON UHUKIOAUMEpHU3ALUEH
OyragueHa ¢  TOCJIEAYIOIIUM  JICTUApPUpOBAHMEM  oOpazytomierocs — 4-

BUHHUIIUKIOI'CKCCHA:

0>
21 P ' 2 =—f 4 - 5 A" — ~ T -
2CH,=CHCH (Hg—></ : CH=CH, —> CsHsCH=CH, + H,O

TepMHUECKYI0 LMKIOJUMEPU3ALUIO MPOBOAIT B MPUCYTCTBUM HHIMOUTOPOB
nomumepusanuu. [Ipu 553 K m BpeMeHn KOHTakTa | 9 BBIXOJ LIEJIEBOrO MPOIYKTa
nocturaet 98% B mepecuere Ha UCXOnHbIM OyrtaaueH. Karamutunueckyio
LUKJIOAUMEPU3ALMIO OyTalieHa OCYIIECTBISAIOT B IPUCYTCTBUM KapOOHUIIOB JKENe3a.

OpHako B HacTosilee BpeMsl IPOU3BOJCTBO CTUpOJia U3 OyTajueHa

O9KOHOMHWYCCKHN MCHCC BBIT'OJJHO, YeM U3 BeH3ona.

Bonpoce! u 3axanus:

1. Pacckaxute 00 OCHOBHBIX TEXHOJIOIMYECKUX CBOMCTBAX CTUPOJIA U €T0
IPUMEHEHUE.

2. Kakwue BHIBI ChIPbS UCITONB3YIOTCS ISl OJyYEHUS CTUpOoIa?

3. Ha xakux karanu3aTopax IPOUCXOIUT MPOLECC AETUAPUPOBAHUS
TUIIOEH30J1a 10 CTHpoJia?

4. Kak MOXHO yBEJIMYUTh CTENEHb MPEBPAILECHUs ITHIIOEH30J1a 10 CTHpoJia?

5. Kakue noGouHble MPOAYKTHl 00pa3yroTCs NpHU AETUAPUPOBAHUN
TUIIOEH3051a?

6. Kakue noacrucreMsl BKIIFOYAET TEXHOJOTHUYECKAS] CXEMA JETUIPUPOBAHUS
TUIIOeH305a?

7. Kak mpoucxoauT pasaeneHrue NpoayKTOB AeTUAPUPOBAHUS STHIOEH301a?

8. Kakue azeoTponHbie cMecH 00pa3yroT NPOAYKThI JETHAPUPOBAHUS
TUIIOEH30J1a?

TEMA 3. ITPOU3BOJACTBO OPTAHUYECKUX ITPOAYKTOB.

HNPAKTUYECKOE 3AHATHUE 13. IPOU3BOACTBO ®EHOJIA
Heab 3aHATHA: 3aKPENTUTH U PACIIUPUTH 3HAHMS O POU3BOJICTBE (heHoIa



Teopernveckasi yacTb
Cnoco0b1 nosryyenusi GeHo10B

1. Koxcoeanue kamennozo yena. OCHOBHas IIeJIb 3TOrO IpoOLECCa COCTOUT B
IPOU3BOJICTBE METAJLTypruueckoro kokca. [lo6ouno oOpa3yroTcst KUAKUE TPOIYKTHI
KOKCOBaHUS W Ta3. lleperoHkodl IKHIKHX MPOAYKTOB KOKCOBAHHUS HapSAy C
OEH30JI0M, TOJYOJOM M HAPTAIMHOM MONy4aroT (eHoN, THUO(QEH, NUPUAUH U UX
TOMOJIOTH, a TaKkXke 0oJiee CII0KHBIE aHAJIOTH ¢ KOHJASHCUPOBAHHBIMU siipaMu. J{omst
KaMEHHOYTOJIbHOTO ()eHOJIa MO0 CPABHEHHIO C IMOIYYaeMbIM KYyMOJBHBIM METOJ0M
HE3HAYUTEIbHA.

2. 3amMeleHNe rajioreHa B apOMaTH4YeCKHUX COeIMHEeHUsX.

Cl O'Na'
350°C,
+ NaoH ———=5& © + NaCl + H,0
5-10%
., PP
O'Na OH
+ HCl ———> ©

3amMelnieHne rajJoreHa Ha TUAPOKCUIIBHYIO TPYIITY MPOTEKAET B )KECTKHUX yCIOBUSIX
1 U3BECTHO Kak «[lay»-miporiecc (1928 r.)

Panpmie stuM cnocobom mosydanu ¢eHon (M3 XJI0pOeH30ja), HO TEeHepb €ro
3HAYEHUE CHU3WUJIOCh B CBSI3U C Pa3pabOTKOW 00jee 3KOHOMUYHBIX CIOCOOOB, HE
CBSI3aHHBIX C 3aTpaTamMH XJIOpa U LIEJIOYM U 0Opa3oBaHHMEM OOJIBIIOTO KOJIHYECTBA
CTOYHBIX BOJI.

B akTUBMpOBAaHHBIX TrajoreHapeHax (CoAepXkKallux Hapsay C TaJIOreHOM
HUTPOTPYIIYy B O— U N-TIOJIOKEHUAX) 3aMEIlEHUE TajloreHa IpoTekaeT B Ooiiee
MSITKUX YCIOBUSAX:

Cl OH
160°C
+ NaOH —m™> + NaCl
5-10%
NO, PP NO,



DTO MOXHO OOBICHUTH QJICKTPOHOAKICIITOPHBIM  BJIMAHHUCM HHUTPOI'PYIIIILI,
KOTOpasd OTTArnBacT Ha cebs QJICKTPOHHYIO IINIOTHOCTH OCH30JILHOTO KOJblla 1 TAKHUM

00pa3oM y4acTBYeT B CTAOMIIM3AlNK G-KOMILIEKca:

Cl — [ Cl Cl
f_\OH OH OH
S AN
—_— - >

=

NO, N N NO
J+N VZ2uNe, S) 2

| 7 O@ 0/+\O /+\@ N4 +\ @_

3. Cnoco6 Pawwuza. OTO BHUJIOU3MCHEHHBIA XJIOPHBIA METOA: OEH30I1
MOJIBEPTaETCsl OKUCIUTEILHOMY XJIOPHUPOBAHUIO IEHCTBUEM XJIOPUCTOTO BOAOPOA U
BO3/yXa, U 3aTeM, HE BBIACNSAS O0Opa30BaBIIUICS XJIOPOEH30J, THAPOIU3YIOT €ro
BOASHBIM I1APOM B TIPUCYTCTBHUU COJICH Meau. B pesynbrare XJiop BooOIIe He

pacxoayercs, a CyMMapHbIi MPOLIECC CBOJIUTCSA K OKUCIIEHHUIO OeH30J1a B (DEHO:

Cl OH
200°C H,0 na
+ 120, + HCl —> O + H,0 ﬁ © + HCl

4. Cyavghonammnutit cnoco6d. OeHoIIbI MOKHO MOJYYUTh C XOPOIIUM BBIXOJOM IPHU

CIUIABJICHUHM apoMaThyeckux cyiabhokucior Ar-SOsH co cMecbo THAPOKCHIIOB

HaTpus W Kanus (peakuus wenounozo naaenenus) npu 300°C ¢ mocnemyromieit

HeWTpaau3amuei 00pa3yroerocs ajaKorojsiTa ImyTeM JI00aBIeHUs KUCIOThI:

SO3;H SO;Na
150°C NaOH
O'Na" . OH
—_— _ =

2-HadTon

MeTon 3KCIUTyaTUpyeTcsl B MPOMBIIIIEHHOCTH J0 CHUX TOp (ISl TOJy4eHHs
(dheHomna) U UCnoNb3yeTcs B JIA0OPATOPHOU MPAKTHUKE.
5. Kymonwvuwiit memoo. llepBoe KpymHOE TPOU3BOJACTBO (PeHONA KyMOIHHBIM

MeTtogoM ObuTo ocymectBieHo B 1949 r. B Comerckom Corose. Merton Obul




pazpaboran P.}JO. Vapucom, Bb.JI. KpyTanoBeiM u ap.; B HacTOsIIEe BpPEMsS 3TO
OCHOBHOMW METO]I MOTy4YeHus (DeHOoa U aleToHa.
MeTton BKIIIOYaeT [IB€ CTAaJUU: OKHUCJICHHE W30MPONUIOeH30a (KymoJa)

KHCJIOPOJAOM BO3ayXa A0 THAPOIICPOKCHUIA U €I'0 KHUCJIOTHOC PA3JIOKCHUC!

OOH
H,C- ¢- ~CH;

_ O
+ HC-C- CH3

[IpenmMyIiiecTBOM TaHHOTO METOJA SIBJISETCS OTCYTCTBHE MOOOYHBIX MPOAYKTOB U
BBICOKAs MTOTPEOHOCTH B KOHEYHBIX MPOYKTaX — (DEHOJIEC U alleTOHE.

6. U3 coneit ouazonusn. Metoy 3aKiO4aeTcss B HArpeBaHUU COJIEM JUA30HUS B
pa30aBIEHHON CEPHOI KHUCIIOTE, YTO MPUBOAUT K THJIPOJIU3Y — 3aMEHE JUA30TIPyIIIbI
Ha TuApokcurpymmy. CUHTE3 BecbMa YJI00€H IS MOJYy4YeHHUS THIAPOKCHAPEHOB B

71a00paTOPHBIX YCIOBHSIX:

NH, N=N HSO;
NaNOZ N .50
- -
1,50, 5°C A L
aHW/IMH TUIPOCYIb(UT (benon
(heHMIIHMA30HUA

Ctpoenne ¢eHo10B
CrtpoeHue u pacupeieJieHUE IEKTPOHHOHN MJIOTHOCTU B MOJIeKYJie (peHoIa MOKHO

M300pa3UTh CIEAYIOLIEH CXEMO:

+M :OH—I

- 5-

C
A

JlunonbHBIN MOMEHT (QeHona coctaBiaser 1.55 J[ u HampaBieH B CTOPOHY

OCH30JILHOTO KOJIbIIA. | MIPOKCHIIbHAS TPYIAa IO OTHOIICHHIO K OCH30JBbHOMY
Koibplly mposiBisieT —I addext u +M addexr. Tak kak me3oMmepHbId dhPeKT

TUAPOKCUTPYIIIIBI Hp606ﬂaﬂaCT Haad HWHAYKOHWMOHHBIM, COIIPSIKCHHUC HCEIIOACIICHHBIX



AJIEKTPOHHBIX TAp aroMa KHUCJIOpoJa C T-OpOMTAIAMH OEH30JBHOTO KOJIbIIA
OKa3bIBACT DJJICKTPOHOJOHOPHOE BIIUSHUE Ha AapOMaTUYECKYI0 CHUCTEMY, YTO
MOBBIINIAET €€ PEAKIHOHHYI0 CIIOCOOHOCTh B  PEAKIUAX  AIEKTPODOHILHOTO

3aMCIICHUA.

Bonpocs! u 3axanus:

1. IlpuBenuTe OCHOBHBIE TEXHOJOTUYECKHE CBOMCTBA (PEHOJIA U €T0
MIPUMEHECHHUE.

2. Kakue MeTojpl MpOoU3BOACTBA (DeHOJIa UMEIOT IPOMBIIILIEHHOE 3HAaYeHUE?

3. [Toyemy KyMOJBHBIN METOJ IPOM3BOICTBA (PeHOIa SBIIsIETCS Hauboee
SKOHOMHUYHBIM?

4. KakoBbl OCHOBHBIE CTaAMH MPOIECca MPOU3BOICTBA (PeHOIa U alleTOHA 10
KYMOJIbHOMY METO/Y?

5. Kaxoii kaTanu3aTop UCIIONb3yETCs IS aJKUIUPOBAHMS O€H30J1a TPOITHIICHOM
B KYMOJIbHOM METO/I€ ITPOU3BO/ICTBA (heHoma?

6. Uto npencrapisieT coOor ankuinatop?

7. Kak npoTekaeT mpoIecc OKUCISHUs U30MponmideH3oa?

8. Kak nmpoucxoaut pasiokeHue ruIponepoKCcria H30MponuaoeH3ona’?

9. I1o xkakOoMy MeXaHU3MY MIPOTEKAET OKUCICHHE U30MPONUIOEH30J1a U
pa3yIoKEHUE €ro THIponepokcuaa’?

TEMA 4. ITPOU3BOACTBO IIOJIMMEPHBIX MATEPHUAJIOB.

INPAKTUYECKOE 3AHATHE 14. OBINUE CBEJAEHUSA N3 XUMHUU
HOJIMMEPOB. NTIPOU3BOACTBO INIACTUYECKHUX MACC.
Leap 3aHATHSA: 3aKpENUTh U PACIIMPUTH 3HAHUSA 00 OOIIMX CBEICHUSIX W3
XUMHH NIOTUMEPOB. 3yunTh IPOU3BOACTBO IJIACTUYECKUX MacC.

Teoperudeckast 4acTh
K miactMaccam OTHOCST OOHIMPHYIO TPYIITy MaTepUaIOB, TJIABHOM COCTaBHOM

YacThIO KOTOPBIX SIBISIOTCSA MPUPOAHbIE WM cuHTeTnueckue BMC, criocoOHble npu
IIOBBIIICHHON TEMIIEpaType M AABJICHUIO IEPEXOIUTh B IIACTUYECKOE COCTOSHHE,
dbopMoBaThbCs MOJA BO3JEHCTBUEM BHEIIHUX CUJI M 3aTEM IOCJE OXJAXKACHUS WU

OTBEPIKJCHUSI yCTOUYUBO COXPAHATh IPUPOAHYIO (popMYy.



BMC — BaxHeilmas cocTaBHas 4acTh, CKPEIUISAIONIAS] BCE KOMIIOHEHTHI B OJTHO
MOHOJIMTHOE IIeJIo€ M TPUJAIONIee KOMIIO3UIUU IJIACTUYHOCTh, CIOCOOHOCTH
dbopMoBaThCs, a TaKKe dJIEKTPOU3OJSILIMOHHBIE, AHTUKOPPO3UOHHBIE U JApPYTUE
BOKHEMIIME CcBOMCTBA. JUJIsI 3TOrO0  MCHONB3YKOTCSA, KpPOME CHUHTETHYECKHUX
MOJTUMEPOB, YPHUPHI LIEIUTIONIO3bI, OSIIKOBHIE BEIIECTBA, aCaIbThI U MEKH.

[Io cocraBy 1uIacTMacchl MOXHO pa3leliuTh HAa  HEHAINOJIHEHHBIE,
MPEACTaBIAIONIME COOOM YHCThIE WM C OYEHb HE3HAUYUTEIbHBIMU J00aBKaMu
IIOJIMMEPBI, WU HAIOJHEHHbIE IUIACTUKM — CMECH, COAEp)Kallue HaIlOJIHUTEINH,
MIaCTU(UKATOPBI, KPAcCUTENU, CTAOWUIU3aTOPbl, OTBEPAUTENIN U JIpyrue 00aBKH,
PAaBHOMEPHO PaCIIPENEIIEHHBIE B CBS3YIOIIEM — CMOJIE.

Hamonxurenu — TBepable BEIIECTBA, KOTOPBIE BBOAATCA I NPUAAHUSA WIIU
YCWJICHMSI TUIACTHYECKOW Macce ONpeeNeHHBbIX (PU3NYECKHX CBOWMCTB: MPOYHOCTH,
TEIUIOCTOMKOCTH, A TakK€ CHWKEHHH YCAJKM BO BpEMS  OTBEPKICHMUS.
OOHOBPEMEHHO  HAIlOJIHUTENb  YBEIMYMBAECT HETOPHOYECTh  M3JEIUK, 4YacTo
BOJIOCTOMKOCTb. B KayecTBe HAIlOJHUTENEH IIPUMEHSAIOTCS OpPraHUYeCcKUue U
MUHEpaJbHble coenuHeHus. OHM MOryT ObITh B BHUJAE IOPOIIKOB (JIpeBECHasd,
CIIOAsHAsT M KBaplieBash MyKa, caxa rpa@uT U T.1.), BOJOKHHCTBIX MAaTe€pUajoB
(x71010K, acOECTOBOE BOJIOKHO | T.JI.) U B BUJIE MOJIOTHA (OyMara, citoia v T.J1.)

[Tnactudukaropsl — MajoneTyuyue, OoJbIIeH YacTblO JKHMJIKHE BEIECTBa,
MOBBIIAIOIINAE IUIACTUYHOCTh KOMITO3MIIMM IIPU TOBBIIMIEHHOM TeEMIIEpaType H
npujaronme  oTGOPMOBAHHOMY — M3JAETHI0  MOPO30CTOMKOCTD, 0O0JIBIIIYIO
AIIACTUYHOCTh M ymnpyroctb. Haumbonee pacnpocTpaHEHHBIMH ILIACTU(UKATOpAMU
ABIIAIOTCS. KACTOPOBOE Macio, NUOyTui(dTanat, 1 Apyrue CPaBHUTEIBHO JOCTYITHbIE
OpraHUYECKUE COCAUHEHUS.

Kpacurenn npuMeHsIoTCs I NpUAaHus U3JACIHI0 JKeJlaeMol okpacku. OHu
JIOJDKHBI HE TOJIBKO XOPOILIO COBMEIIATHCS € IJIACTMACCOM, HO M BBIAEPKMBATH 0€3
VW3MEHEHUN CBOWCTB BO3JICVCTBUE TEMIIEPATYPHI, BOJbI U, CIIEIOBATEIBHO, COXPAHIThH
CBOIl LIBET HE TOJBKO B Ipouecce (popMOBaHUSA, HO U B YCIOBHUSAX NOCIEIyHOUIEH

9KCILTyaTallu IMOJIYUYCHHOI'O U3JCJINS.



OTBepauTenu, HampuMmep, IeKCaMeTHJIEHTeTpaMuH (YpOTpPONMH) M JIpYyTHE,
BBI3BIBAIOT IEPEXOJ HEKOTOPBIX IIACTMACC B HEIUIABKOE COCTOSIHUE BCIIEJCTBUE
00pa30BaHUs MOJIUMEPOB TPEXMEPHOU CTPYKTYPHI.

B miactMacchbl 4acTo BBOAATCS U APyrue J00aBKU B HEOOJBIINX KOJIMYECTBAX:
YCKOpUTENH,  OOECHEeUMBAIOIIME  OTBEPXKIEHHE C  HYKHOM  CKOPOCTBIO;
CTaOMIIN3AaTOPBI, CIOCOOCTBYIOLIUE JITTUTEIHHOMY COXPAHEHHIO MJIACTMACCOM CBOMX
NEePBOHAYAIBLHBIX CBOMCTB; CMa3KH, 00JIErYalolIre MPecCoOBaHUE U TIp.

[InacTMaccel  UCHOJIB3YIOTCSI KaK KOHCTPYKLMOHHBIE MaTepuajbl IIpH
U3rOTOBJIIEHUH Pa3HOOOPA3HBIX Y3JIOB U JETajlell MallMH, alaparoB, IpHUOOpOB U
JIPYTUX TEXHUYECKUX YCTPOWCTB, KOTOPbIE NPEIHAa3HAUYEHBI JJI1 PaOOThI B YCIOBHSX
IIPOJIOJIKUTEIBHOTO KOPPO3WOHHOTO BO3JEHCTBHA. BOJBIIMHCTBO IUIACTMACC JIErde
MeTamioB B 4-6 pa3. CTOMKHE K MOPCKOW BOJAE IEHO-U IOPOIUIACTBI JaXe IpU
IPOJOJDKATEIPHOM NpeObIBAHUM B  BOAE INPAKTUYECKHM COXPAHAIOT  CBOIO
Ipy30M0bEMHOCTh. L[eHHBIM CBOMCTBOM MlacTMAacc SBISIETCS MX 3HAYMTEIbHAs
MEXaHU4ecKasi MPOYHOCTb, HE YCTyMAaromias A HEKOTOPBIX BUAOB JAXKE YEPHOMY
Merauty. [lmacTmaccel OTIMYAIOTCA BBICOKMMH JUAJIEKTPUYECKMMU CBOWCTBAMHU U
MaJIOl TerIonpoBoHOCThI0, B 100-500 pa3 MeHsbliei, yeM y MeTauioB. MHorue
IUTACTMACChl HErOPIOYM, HEKOTOpble M3 HHUX 00JalaloT BBICOKOW ONTHUYECKOW u
PaguoNpO3pavHOCTEI0. BOIBIIMM MPEUMYIIECTBOM IIACTMACC ABJISIETCSI UX BBICOKAS
CTOMKOCTh K aTMOC(HEpPHBIM  BO3ACHCTBUSAM, YCTOMYMBOCTH B  pa3JIMYHBIX
arpecCUBHBIX Cpefax MU CIOCOOHOCTh K (DOPMOBAHHMIO B H3ZIENIHS  CIOKHOU
KOH(pUrypanuu Haudosee Nporu3BOIUTEILHBIMA METOAMHU.

B 10 e BpeMs muiacTMacchl 00J1IaJJal0T U PSJIOM HEJOCTATKOB: OoJjiee HU3Kas
[0 CPaBHEHMIO C MeTalJIaMH TE€PMOCTOMKOCTH (OOJIBIIMHCTBO IUIACTMAcCC MOTYT
paboraTh 1pu Temreparype He Boiie 150°C), miacTMaccsl MoABEPralOTCs CTAPEHHMIO,
KOTOPOE NPOSBIIAETCS B IPOLECCAX OKUCIIEHMS], IOTEMHEHHUS, CHUKEHUS TBEPAOCTH U
IIPOYHOCTH.

1. Ilmactuueckme wmaccel, coxaepxamume BMC, mnoiyyaemble LENHOU

HOHHMepHBaHHCﬁ. B stoT kimacc BXOJT IJIACTMACCHI Ha OCHOBC IMOJIMMCPOB 3THUJICHA



U €ro pa3jaudyHbIX MPOU3BOJHBIX, ITOJIMMEPOB BHHWIOBOTO CIHUPTA U  €r0
MPOU3BOJIHBIX U JIP.

2. Ilnactuueckue Maccel Ha ocHoBe BMC, monyd4aeMbIX MOJUKOHICHCAIIUEH U
CTYIIEHYaTOMN noJiuMepu3anueil: (HeHono-anbAeruJHbiX cMoi ((PEeHOIIIacThl), aMUAQO -
U aMUHO-(OPMATBIACTHIHBIX CMOJ  (aMHHOIUIACTHI), KPEMHHUOPTAaHHMYECKHUX
MIOJIMMEPOB U Jp.

3. Ilnactuueckue  Macchl, coJepKallue  MPUPOIAHBIE  XUMHUYECKHUE
MOJAU(PUITUPOBAHHBIC TTOJIMMEPHI; TPOCTHIE U CIOKHBIE APUPHI LEIUTIOJIO3BI U JIP.

4. Tlnactuyeckre Macchl Ha OCHOBE MPUPOJIHBIX M HEPTAHBIX acdanabTOB, a
TaKXe CMOJI, MOJYyYaeMbIX JECTPYKIHUEH pa3IMUYHbIX OPraHUYECKUX BEIECTB.

W3 nmonuMepu3aiMoHHbIX CMOJT Han0oJIee IMUPOKO MPUMEHSIOTCS TTOJIMATUIICH,
MOJIUCTUPOJI, TOJHUMEPHI W COMOJUMEPHl XJIOPUCTOTO BHHWIA, MOJIUIPOMUICH,
MOJIMBUHUJIALIETAT, MOJTUU300YTUIIEH U JP.

B kadecTtBe mpuMepa MOXHO pPacCMOTpPETh TIOJIyde€HHE U CBOMCTBa
nomaTIiieHa (-CH2-CH2)n. Ero nony4aroT u3 3TUiIeHa TpeMsl Clloco0aMu:

— nonumepusanuein moj aasiaenueM 1000-2000atm mpu T=180-200°C ¢
MCIIOJIb30BAaHUEM B KaUeCTBE MHUIIMATOPA HEOONMbIINX KondecTB kuciopoaa (0.005-
0.05%);

— MoJIMMepu3aIeit mpu atMochepHOM WM HEOOIBIIOM J1aBlieHuu (2-6 aTM) u
HEBBICOKOU TeMIeparype (60-70°C) B MPUCYTCTBUH KOMIIJIEKCHBIX
METaJUIOPTaHUYECKUX KaTaJIM3aTOPOB B Cpelle HEPTIHOTO YTrIAEBOAOPOJIA TpHU
MIOJTHOM OTCYTCTBHUU BJIard U KUCJIOPOJIA;

— nosmMepu3anureil npu gasieHud 20-50 aTM Ha OKMCHBIX KaTajau3aTopax U
110-140°C.

[TonuaTHneH, NONYYEHHBIH MOCACAHUMHU JBYMSI CIOcO0aMu (TIOJUATHIICH
HU3KOTO JIaBJICHUS) HMEET CTPOro JIMHEHHOe CTpoeHue, Oojiee BBICOKUH
MONIEKyJIspHBI Bec m0 70000 m Temneparypy muiaBinenus Ha 20°C Bbime, dem

ITOJIMATUIIEH BBICOKOTO JJABJICHHS C PA3BETBIEHHON CTPYKTYPOH.



[Tonumepuzanusi STUJIEHA MPU BBICOKOM JIaBIICHUU TIPENCTABIsET COOOi
LEMHYI0 PEaKIHI0, MPOTEKAIOUIYI0 MO PaJUKaIbHOMY MEXaHHU3MY C BbIJICICHUEM
OO0JIBIIIOrO KOJMYECTBA TEIlIA

1’1C2H4 — (—C2H4—)1’1 + 3650 KI[)K,

MOATOMY Ba)KE€H JJIsI HOPMAJIbHOTO XOJa MPOIECcCa CUCTEMATHUYECKUU OTBOJ
Temjga W  CTPOroe  peryiupoBanue  Temmeparypbl. CkKoOpocTh  mpolecca
MOJIMMEPU3AIMU U BBIXOJI MOJUMEpA 3aBUCSIT OT CTENEHU YUCTOTHI UCXOJHOIO rasa,
KOJIMYECTBA WMHUILIMATOPA, TEMIIEpATypbl, AaBieHus. llonumepusanus 3TUIIEHA TOA
JABJICHUEM OCYILIECTBIISIETCS WM B amnmaparax TpyOdaToro TUIA WM B peakTopax ¢
MEIIAIKOW. OTHIEH ¢ HEOOXOIWMBIM KOJMYECTBOM KHCIOPOJA CHKUMAETCS B
kommnpeccope a0 aaBiaeHus 1200-1500 atM u mocTynmaeT B peakTop, TI€ MpH
temneparype 200°C uaer mpouecc 6a0uHOM momuMmepusanuu. IlonydeHHas cMech
PaCILIaBICHHOTO TOJIMATWIEHA W HENPOpPEarupoBaBIIETO JTHJIEHA IOCTYNaeT B
ra3oo0T/ICJIUTENIb, B KOTOPOM IIOCJE CHIDKCHHS JIaBJICHUS TPOUCXOJUT OTJEICHUE
noiuMepa oT rasa. [lomumep HampaBisieTcss Ha CTaOWJIM3aLMI0, OKpalllMBaHUE U
IPaHyJISALNIO, a 3TUICH UAET Ha MPOMBIBKY. CTEleHbh KOHBEPCUU UCXOJHOTO STUJICHA
B MOJIUMED 3a 0JuH npoxo cocrasisieT 10-20%. CymmapHOe npeBpanieHue 3THIICHA
B pe3yJibTaTe€ HEOJHOKPATHOW UUpKysiuuu pgocturaer 95-97%. Wznenusa wus
MOJIUATUJIEHA BBICOKOTO JIaBJICHUS BO M30ekaHue eopmMauu MOKHO HUCIIOIb30BATh
Tonbko mpu Temmeparype He Bbime 80°C. Takoil momudTHIEH 00IamaeT
AIEKTPOU3OISALNOHHBIMA CBOMCTBAMM, JJIACTUYHOCTBIO M BBICOKOW XHUMHUYECKOU
CTOMKOCTBIO.

HNonHass  monumepusanusi STWIEHAa B NPUCYTCTBUU  T€TEPOTCHHBIX
KOMILIEKCHBIX KaTaJu3aTopoB

[Murnepa (KOMIUIEKCHI YETHIPEXXJIOPUCTOTO THTAHA M TPUITHIATIOMUHUSA)
OCYIIECTBIISIETCS CIEAYIOIIMM 00pa30M: OUUIIIEHHBIN ATHIICH TI0JIA€TCS B CYCIICH3HIO
METaJUNIOPTaHUYECKOTO KOMIUIEKCHOTO KaTalu3aTopa B HHU3KOKHIISAIIEM OEH3UHE,
HEMPOpPEearupoBaBIINN STUJIEH OTACISETCS OT MOJUMEpa U KaTaau3aropa B CUCTEME
CenapaTopoB M MOCJI€ OYMCTKU BO3BpAIAETCsl B MPOILIECC, a MOJUMEp HAMPABIISIETCS

Ha nepepaboTky. I[Ipomecc MoxkeT OBITH NEPUOJUYECKUM U HEMPEPHIBHBIM.



[TonuaTHIEH HU3KOTO NABJIEHHS HMMEET OOJIBLIYI0 IJIOTHOCTh M 0O0Jiee BBICOKYIO
TEIIOCTOUKOCTb.

K nmonukoHIeHCAIIMOHHBIM CMOJIAaM OTHOCATCS (DEHOJI0-aIbJACTUIHBIC, aMUHO -
dbopmanperuanble, MNOAUA(QUPHBIE, AHNOKCUAHBIE U Ap. Yacth U3  HHX
TEPMOIUIACTUYHA, HO 0OJIbIIAS YaCTh TEPMOPEAKTUBHA.

W3nenust Ha OCHOBE 3TUX CMOJI IIOCJIE OTBEPKICHUS MOTYT SKCILTyaTUPOBATHCS
JUIUTENIbHOE BpeMs B OoJiee IIMPOKOM HMHTEpBAJIe TEMIIEpATyp U MPHU NOBBILICHUU
TEMIIEpaTypbl OHU MEHBIIE MEHSIOT CBOM (PU3UKO-XMMHUYECKHE CBONCTBA, 4YeM
U3JIeUs U3 OOJIBIIMHCTBA MOJIMMEPU3AIIMOHHBIX CMOJ.

Denono- gopmanvoecuonvie CMOJbI TIONYYAOTCA B pe3yJbTaTe peakluu
MOJIMKOHACHCAMN (PEHOJIOB WJIM POJICTBEHHBIX COCAMHEHUMN: Kpe30Jia, KCUIIOJIOB C
anpaerugamu (opmanbaerus, auetanbaerui, Gyppypon u T.A.) B NPUCYTCTBUHU
KAaTanu3aTopoB (KHCIBIX WJIM WIEJIIOYHBIX). B Xome peakuuu MNOJy4aroTcs
MPOMEKYTOUHBIE MPOAYKTHI, CIOCOOHbIE K JajbHEHIIeMYy B3aUMOJICUCTBHIO, C
oOpazoBaHueM Oojiee CIOXHBIX MPOAYKTOB KOHACHCAUU. ITO pazHOOOpaszue
OOBSICHAETCA TEM, YTO B siape (eHoa UMEIOTCS TPU MOJBIKHBIX aTOMa BOJOPO/IA,
CIOCOOHBIX K PEaKIMH 3aMeIICHUSI.

B pesynbrare monmkoHAeHCAMN (EHOJIA C ATbICTHAAMH TIOTYYatOTCS CMOJIBI
JBYX THUIIOB: TEPMOILUIACTUYHBIE U TEPMOpPEAKTUBHBIE. TEepMOIIACTUYHBIE CMOJIBI,
M3BECTHBIE I0JI Ha3BaHUEM HOBOJAYHbBIX, OOpa3yloTcsd HpH H30bITKE (eHona B
UCXOJIHOM CMECH M IPUMEHEHHUH KUCIIBIX KaTaIu3aTOpPOB.

TepmopeakTuBHble  (eHOJIO-POPMANBETUIHBIE  CMOJIbl,  Ha3bIBacMbIE
pPE30JIbHBIMHU  MOJYYaloTCsl NpU  H30bITKE (opManpleruia U B NPUCYTCTBUU
HIEJIOYHOI0 KaTanu3aropa. Pe3osbHbIE CMOJIBI MPU HAarpeBaHUM TNEPEXOJSAT B
HEIUIaBKOE U HEPACTBOPUMOE COCTOSIHME. B 3aBUCMMOCTH OT CTENEHU OTBEPKICHUS
pa3IUYaOT TPU COCTOSIHUSL PE30JBHBIX CMOJ: pe3on (wm Oakenut A)- cMmech
HU3KOMOJIEKYJISIPHBIX MPOJYKTOB, IUIABAIIAsCS MPU HArpeBaHWKW M PacTBOpUMAs B
CIUPTE WJIM allETOHE, UMEIOLIasl JIMHEHHYIO CTPYKTYpY; PE3UTON — BTOpasi CTaaus, B

KOTOPYIO MEPEXOAUT PE30JI IIPU HATPEBAHUU WIM IIPU JUIUTEIIBHOM XPAHEHUU; PEZUT



MoJIy4aeTcsl B IMOCJENHEW CTaAuM TMOJMKOHACHCAIIMHM IMPU MPOU3BOJCTBE TOTOBBIX
u3nenuid. Pe3aut xapakrepusyeTcsi HeIIaBKOCThIO U HEPACTBOPUMOCTHIO.

Haila nmpoOMBIIUIEHHOCTh BBITYCKAET HOBOJIAYHBIE U PE30JIbHBIE CMOJIBI B
CYXOM M KHUJIKOM COCTOSIHUH, a TAK:K€ B BUJIC IMYJIbCUM U JIakOB. TEeXHOIOTUYECKUI
MPOIIECC COCTOUT M3 OCHOBHBIX Omepanuii: 1) MmoAroToBKa ChIpbs (TutaBka ¢eHoa,
MOATOTOBKa (¢opManviHa); 2) JO3UPOBKA W 3arpy3ka CbIpbd B peaktop; 3)
KOHJIeHcaIusl (BapKa) cMoJibl; 4) CyIlKa W CJIMB CMOJIbI; 5) OXJIAXKJIEHHE TOTOBOM
CMOJIBI U €€ JabHelIIas nepepadoTka.

[lepepaboTka IMJIACTUYECKUX MACC MOXET MPOU3BOJUTHCA  CaMBIMH
pPa3IUYHBIMUA METOJIAMH.

@opMOBaHUE H3JEIUNA OCHOBAaHO Ha IUIACTUYHOCTH STHUX MaTEPHUAIOB IpHU
MOBBIINIEHUU TeMnepatypbl. OCHOBHBIMHU (PAaKTOpaMM, BIMSIONIMMH Ha TMPOLECC
dbopmoBaHuUsl, SBISIIOTCSI TEMIlepaTtypa, BpeMms U JAaBieHue. M3menuss moiydaror
MIPECCOBAHKEM, JTUTHEM TO/T IABJICHUEM, IIITAMIIOBKOH, CKIICMBAHUEM U CBapUBAHUEM
OTHENbHBIX YacTed. BriOOp TOro wim Apyroro Meroja sl TOJMYYCHUs W3ACTIUM

3aBUCHUT OT BUJIa UCXOTHOTO MaTepHalia U €ro TUMa, GopMbl OYIyIIUX U3IEITHMA.

Bonpocel u 3a1aHus:

1. Kakue BbICOKOMOJIEKYJISIPHBIE COEIMHEHUS HA3bIBAOTCS JIMHEUHBIMH,
Pa3BETBIICHHBIMU U CETYATHIMU?

2. Yto Ha3bIBaETCS, TOMOIIOIMMEPAMH, COITOJIMMEPAMHU, OJIOK-CONIOJIMMEPAMU U
MPUBUTBHIMU COTIOJIUMEPAMMU?

3. Kakue nmonumepsl Ha3bIBAIOTCS CTEPEOPETYIATPHBIMU (M30TAKTUYECKUMU U
CUHJMOTAKTUYECKUMH) U AaTAaKTUUECKUMU?

4. Ilepeuncnute roMoLenHbie (KapOOLETHbIE), TETEPOIICTTHEIE,
AJIIEMEHTOOPraHUYECKUE U HEOPTaHUYECKUE TTOTUMEPBI.

5. UeM oTHMYaIOTCS KPUCTAIUTMYECKUE MTOJTUMEPBI OT aMOP(PHBIX ?

6. Uem oTimyaroTcst GU3MUECKUE COCTOSHUS BHICOKOMOJIEKYJISIPHBIX
coequHEeHN?

7. N300pa3ute u oXapakTepu3ynTe TEPMOMEXAHUYECKYIO KPUBYIO TTOJUMEPOB.

8. Ha3zoBuTE OCHOBHBIE METO/IbI CUHTE3a BEICOKOMOJIEKYJISIPHBIX COEUHEHHUIA.

9. B uem 3akiaro4aeTcs CYyIIHOCTh PaJuKaIbHOW, HOHHON U KOOPKIUHAIIMOHHO-
MOHHOM MOJIMMEPU3ALINU?



10. JlaiiTe XapakTepuCTUKY OCHOBHBIX 3JIEMEHTAPHBIX aKTOB IMpoIlecca
MOJINMEPHU3AIIIH.

1. B deMm cymHOCTb noaumMepu3aiuu B Macce? YKaKHUTE €€ IPEeuMYyIIecTBa
Y HEJIOCTAaTKH.

12. JlaliTe XapakTepUCTUKY NOJIMMEpU3alnu B pactBope. HazoBure ee
JIOCTOMHCTBA W HEJOCTATKHU.

13. CpaBHUTE AMYJIBCUOHHYIO U CYCIIEH3MOHHYIO MOJIUMEpPHU3aIUU.

14. OOBbsicHUTE Pa3HOBUHOCTH MOJMKOHECHCAIINU: JTUHEHHOM,

TpeXMepHOfI, TOMOITIOJIMKOHACHCALINH, COIIOJIMKOHACHCAIINN,
IMOJIUIHUKIOKOHACHCALINH.

15. Yem oTIMYarOTCsl pAaBHOBECHAS MMOJUKOHICHCAIUS OT HEPAaBHOBECHOM,
oOpatumasi — OT HeoOpaTUMOM?

16. HazoBuTe KUHETHYEKHUE U APYTHUE XapaKTEPUCTUKU 00paTUMOIl U
HE0OpaTUMOI MOJTUKOHICHCAIUY.

17. B 4em cylHOCTh NOTMKOHIEHCAlMK B paciiase? HazoBure ee
MPEUMYIIECTBA U HEOCTATKHU.

18. JlaliTe XapakTepUCTUKY MOJUKOHICHCALIMU B PACTBOPE. Y KAXKUTE €€
JTOCTOMHCTBA U HEJIOCTATKHU.

19. Yro HazbiBaeTcd, Mex(pa3zHoU nonukoHaeHcaueil? Hazosure ee
JIOCTOMHCTBA U HEJIOCTATKH.

20. Yto Ha3bIBaeTC, IMJIACTUYCCKUMH MaccaMu?

21. Kaxkyo posb BBITONHSIOT MOJMMEPHBIE BEIIECTBA B IIACTMACCaX?

22. Y10 BXOJUT B COCTAB IJIacTMacc?

23. J{71s1 4ero BBOJASIT HAMIOJIHUTENH B TIJIACTUYECKUE MACChI?

24. YTo MCNONB3yIOT B KAUECTBE HAIOJHUTENCH ?

25. Kakyto posis urpatot miaactudukaTopsl B IjiactMaccax?

26. Jlns 9ero BBOAST CTAOMIIM3AaTOPBI U OTBEPIUTEIN B IJIACTMACCHI?

27. Yro HazbIBaeTcd, mopodopamMu u KakoBa UX Pojib B IutactMaccax?

28. JI1s1 yero BBOJAAT B IIACTMACCHI, CMa3bIBAIOIIME BEleCTBA?

29. Yem OTIIMYaIOTCS TOMOT€HHbBIE U T€TEPOT€HHbIE MIACTUKU?

30. Yem xapakTepu3yroTCsi TEPMOILIACTUYHBIE TOJIUMEPHI?

31. KakoBbI CBOMCTBA TEPMOPEAKTUBHBIE TOJIUMEPOB?

32. HazoBute 001acTi MpUMEHEHHUs TIaCTMACC.

33. KaxkoBbI HejocTaTKH tactMacc?



TEMA 4. ITPOU3BOJACTBO IIOJIMMEPHBIX MATEPHUAJIOB.

MPAKTUYECKOE 3AHSTHE 15. TIPOU3BOACTBO INOJINIOTUJIEHA.
Henabp 3aHaTHS: 3aKpenuTh M PACHIMPUTH 3HAHUA O TPOU3BOJICTBE
MOJIMATUIICHA

Teopernveckasi yacTb
1 HoausrTHieH: crnocoObl nmoaydyeHus. TexHosiornueckasi cxeMa MoJyYeHUs

NMOJIMATUJIEHA MPHU BHICOKOM JIaBJIEHUH, YCJIOBHsI. TUNIBI peakTOpPOoB.

[TonuaTHiIeH B IPOMBIIIJIEHHOCTH TTPOU3BOJIAT TPEMsI CLIOCOOAMHU: MPU BBICOKOM
JABJICHUH (TIOJUATUIIEH HU3KOM TUIOTHOCTH), IPU CPEIHEM JIABJICHUU U MPHU HU3KOM
JaBJICHUU (MIOJUATUIICH BHICOKOM TIOTHOCTH).

[TomaTunen uHuskoit wiotHocTH (0,92—0,93 1/cM3) mosyvaroT nmonuMepu3auen
ATUJIEHA HenpepblBHBIM MetogoM mnpu 150—250 MlIla u 180— 270°C.
NuunmaTopamMu  mporiecca SIBASIOTCS  KHUCJIOPOA W OPraHUYeCKUE MEPOKCHUJIBI
(mepokcup taypousia Wi Karpouia, TpeT-0yTHINEPOKCUI U Jp.).

B O6HICM BHU/IC MMOJUMCPHU3AIHA OTHIICHA MOXKET OBITH IMpeaAcTaBJICHA CXEMOU:
Og
nCH,=CH, — [—CH,—CH,—],.

[Ipouiecc mpoTekaeT MO IEMHOMY MEXaHU3MY M COCTOMT U3 TPEeX OCHOBHBIX
cTanuii: 00pa3oBaHMsi CBOOOTHBIX PaIUKaIOB, POCTA IIETH U 0OOPHIBA IETH.

CBoOoaHbIE paauKalbl 00pa3yrOTCSd 3a CUET PaA3JIOKEHUS WHUIUATOPOB MO
JEHCTBUEM TeMITepaTyphl U BEICOKOTO MaBieHus. [Ipy MCTIONbh30BaHUH KUCIOPOAa OH
B3aMMOJICUCTBYET C JTHJIEHOM M 00pa3yeT MEepOKCUIHBIC COCAMHCHHS, KOTOPHIC

pasjiararoTcia Ha CBO6OI[HI>IC paduKalibl:

CH,=CH, 4 0, —> H,C—CH, —> 2CH,0.

KoHueHTpaus Kuciopoia npyu Mpou3BOACTBE NoaudTUIIeHa cocTasisier 0,002—
0,006% (00.). Ilpu HCHOAB30BAHMM TEPOKCUIHBIX HWHULKAATOPOB CBOOOIHbBIE
paauKaibl 00pa3yroTcs 3a CUET pa3pblBa HEMPOUYHBIX MEPOKCUAHBIX cBsA3eil O—O.
Haubonee wacTto B KauecTBE HMHHULIMATOPA HCIOJB3YIOT TpPET- OyTHIIIEPOKCHL,

KOTOPBIN pa3iiaraeTcsi Ha PaJuKabl:



(CHy)sC—~0—0—C(CH,); — 2(CH,),C0.

OobpazoBaBmuecs: cBOOOIHBIE paJUKalIbl PEarupyIOT ¢ ATHIEHOM, U IPOUCXOIUT

POCT 1emu:

. CHa=CH, .
R+ +CH,=CH, — RCH,~CH, — —— RCH,—CH,—CH,—CH, & . 1.

OOpBIB 1IENH UJIET 32 CUET PEKOMOUHAIIMU (COSUHEHHUSI IBYX PAUKAIIOB)
2RCH,—CH,—CH,—CH, — > R—(CH,);—R
WU AUCTTPOTIOPIIUOHUPOBAHUS

RCH,—CH,~CH,—CH, + CH,—CH,~CH,~—CH,R —»
—> RCH,—CH,—CH=CH, + CH,~CH,—CH,—CH,R.

[Iporiecc mpu BBHICOKOM JaBJICHUM HMEET PsJ OCOOEHHOCTEH, BIMSIONMIMX Ha
CBOICTBAa MOJy4yaeMOro mnojaudTWiIeHa. (OCOOEHHO CYIIECTBEHHOE  BIIUSHUE
OKa3bIBAIOT TpPHUMECH K JTHIeHy. Takue mnpumecH, Kak areTuiieH, OyTtaaueH-1,3,
CEPOBOJIOPOJT M TMOKCH]T YTIIEPO/Ia, MOTYT BBI3bIBaTh MOOOYHBIC PEAKIIUH WJIH OOPHIB
nenu. [losToMy K 4MCTOTE STUJIEHA MPETBABISIOTCS JKECTKHE TPEOOBAHUS: ITHIICH
JIOJKEH UMETh KOHIIEHTpalrio He MeHee 99,90— 9,99%.

[Tonumepuzanus STUJIEHA MPOTEKAET C BbBIJAEICHUEM OOJIBIIOTO KOJIMYECTBA
TeIJa, KOTOPOE€ HEOOXOAMMO OTBOAUTh, TAaK KAaK HMHAYE MOXKET MPOUZOUTH
pasyioKEeHHEe STUIICHA U J1a)Ke B3PHIB.

[Iponiecc mpoBOIAT B peakToOpax ABYX THUIIOB: B TPyOUaThIX, 3MEEBUKOBBIX
anmnaparax Wil B aBTOKJIaBaxX C MEIIaJKaMH.

3MEEBUKOBBI PEAKTOP COCTOUT U3 MPSAMBIX TOJCTOCTEHHBIX IEIBHOTIHYTHIX
TpyO, cHaOXKeHHBIX pyOarikamu. Baytpennuii nuametp TpyOo 36—50 MM, ToNmuHA
cteHku 17—20 mM. PeakTop yciaoBHO LENUTCS Ha TpU 30HBL. B mepBoil 30HE
amrapara npoucxoaut noaorpeB stwieHa 10 180°C, Bo BTOpod—unonuMepu3anus
ATUJIEHA; 33 CUET TeIula peakiuu Temieparypa nossimaercs 10 240—270°C. OtBon
TEIJIa B PEAKTOPE MPOU3BOJUTCS MEPErPETOM BoAoM ¢ Temmeparypoit 190—225°C,
KOTOpasi MOCTyNaeT B pyOaliky MPOTUBOTOKOM K ATHUJIEHY M MOTOKY PEaKIIMOHHOU

Macchel. B Tpetbelt 30He TemnepaTtypa cHukaercs 10 250°C.



PeakTop  aBTOKIAaBHOTO  THUMAa  MPEACTABISIET  COOOW  TOJCTOCTEHHBIN
LEJTbHOKOBAaHBIN NUIMHApUYECKU annapat (¢ BHyTpeHHuM auamerpom 0,3—0,4 M u
BBICOTOM O M), CHa0KEHHBI BUHTOBOW MEIIATKOM.

Peaktop 3MeeBUKOBOTO THMA SIBJISICTCS alapaToM HACAJIbHOTO BBITECHEHUS, OH
KOHCTPYKTHUBHO TIPOIIE AaBTOKJIABHOTO, HO HEPAaBHOMEPHOCTh paCHpeleTICHUS
WHUIIMATOpa KUCIOPOJia) U U3MEHEHHE TEMIIEPaTyphl MO JJIMHE PEAKIIMOHHOW 30HBI
MPUBOJAT K TOJYYEHUIO TOJMATWICHA C IIUPOKUM HMHTEPBAJIOM MOJICKYJISIPHOM
Maccel. B peakTope aBTOKJIABHOTO THIA 33 CYET MHTEHCHUBHOTO MEpeMEIIMBaHUS
PEaKIIMOHHON MacChl TEIUIOBOM PEXUM OoJiee OJIaronpusiTeH, 4acTh BBIICISAIOUIETOCS
TEIJIa PacxoJlyeTcs Ha HarpeBaHUE ITWJIEHA J0 HYXHOU Temriieparypsl. biarogaps
MajoMy Tiepernaay TeMIepaTryp B peakTope aBTOKJIABHOTO THIA MOJydaercs Ooliee
OJTHOPOJHBIN 110 MOJIEKYJISIPHOM Macce MOIUITHIIEH.

TexHoyornyeckasl cxema Mpou3BOACTBA MOJTUAITUIICHA IPHU BHICOKOM JIaBJICHUU B
peakTope 3MEEeBHMKOBOrO THMNa ImpeicTaBieHa Ha puc. 1. Ilpomecc cocrout wus
CICAYIOIIMX CTAaJUM: CMEIIMBAHUE MCXOJHOIO0 OTUJIEHAa C HWHUIMATOPOM U
PEIUPKYJIUPYIONIUM  STUJICHOM, CKaThe OTUJICHA, TOJMMEPHU3AIMIO0 JTUJICHA,

BBIACJICHUC ITOJIUOTUIICHA, TPAHYJIIMPOBAHUC U BBII'PY3KY IMOJHUI3TUIICHA.

Peuuprynupyrouud. 3mungH

Kucnopod
3munen

3 5
2 N

i’ ) g Tonusmunen

Pucynoxk 1. - TexHonornyeckasi cxema MpoU3BOJICTBA MOJTUATHUIICHA TTPU BEICOKOM
JABJICHUH B 3MEEBUKOBOM PEaKTOpE:
1 — razronpaep; 2, 4— cmecurenu; 3, S—KOMIIPeCCOpPbl; 6— 3MEEBUKOBBIN

peakTop;



7, 9 - cenapatopsl; 8— skctpyaep; 10, 13— muknonst; 11, 14— XonoaunbHUKY;
12, 15— dunbtpsr

Ucxonnsiit stunen u3 raroapaepa 1 npu 0,8—1,2 MIIa noctynaer B cMecUTENb
2. Cioja e MOoJalT WHULMATOP (KUCIOPOJ) M PEUMPKYJIUPYIOIIUNA STUJIEH MNpU
HHU3KOM JIaBJ€HUU. [lanee cMech KOMIPECCOPOM 3 MEPBOro KackKajia CKUMAKT 110 25
— 30 MlIIa. Cxkarblii 3TUJIEH MOCTYyNaeT B CMecUTEeNb 4, TJ€ CMEIIMBAETCS C
PEUUPKYJIUPYIONIMM OSTUJIGHOM BBICOKOTO JaBieHus. M3 cMmecutens 3TUICH
KOMIIpECCOPOM 5 BTOpOTO Kackaja cxxkumaercs 10 150—250 Mlla. Ilocne kaxmoit
CTYNEHHU CXATUsl ATWIECH MPOXOAMUT XOJOAWIBHUKU M CEMmapaTopbl (s OTIEICHUS
cmasku). Cxatbiit 3TriieH npu 70 °C noctymnaer B peaktop 6 3MeeBUKOBOro tuna. B
peaKkTope UMEITCS TPU 30HBL: MepBas—30HA HarpeBaHus stuiieHa ¢ 70 mo 180 °C;
BTOpasi — 30HAa JOMOJHUTEJILHOTO HArPEeBaHUs STUJICHA U 30HA NOJIMMEPU3ALNY (TIPU
sToM TemnepaTrypa noBbimaercs 10 240—270 0C) u TpeTbss — 30HA OXJIAXKICHUS.
N30bITOYHOE TEIUIO OTBOAAT meperperod ao 220—225°C Bomo#l, NMepUOIUYECKU
MOHWXAas JaBJEHUE B peakTope. B peaklMOHHYIO 30HY JiS TOBBIIMICHUS CTENEHU
KOHBEPCHUU JIONOJIHUTEIBLHO BBOJAT CXaThli 3THiieH. Ha BhIXoAe U3 peakropa cMech
npoccenupytoT a0 25 Mlla u nogaroT B cemapatop 7 BBICOKOTro naBieHus. Tam
MPOUCXOJIUT pa3AeiICHUE dTUJICHA U TIOJIMATUIICHA TIpU TeMieparype He Huxe 220°C.
Oxomo 95% o6pa3zoBaBiierocs MOJUATUIICHA COOUPACTCS B HUYKHEH YacTH armapara,
a octanbHble 5% YHOCATCS W3 BEPXHEW 4YaCTH ceraparopa BMECTE C STUIICHOM.
HenpopearupoBaBmmii stunen depe3 mukioH 10, xomogwnehHuk 11 u ¢unstp 12
MOCTYMaeT B CMECHUTENIb BBICOKOTO JaBieHust 4. JKuakuil MOJUATHUIIEH C
pPacCTBOPEHHBIM B HEM OJTHJICHOM IOJAeTcs B cemaparop 9 HHU3KOro JaBJICHUS.
Hasnenne cHmxkaroT 10 0,15—0,60 MlIa. IIpu 3ToM HenpopearupoBaBIIMK 3THIICH
BBIJIEJISIETCA U3 pacIliaBa MOJHUATUIICHA. DTWIEH Yyepe3 UUKIOH 13, xononunpHuk 14
u GuibTp 15 mocTymaer B cMecuTeIh HU3KOTO JaBiieHus 2 PacriaB monudTuiieHa u3
anmapata 9 npu 180—190°C nocTtymaer Ha TrpaHyisuHIO0 B 3KcTpy3ep 8. Tam
MOJIMATWICH MPOJIABIUBAIOT uepe3 (UIBTPhI M PEXKYT BPAILAIOIIMMCI HOXXOM Ha

rpanysisl pazmepom 2,0—3,5 mm. UToObl MpenoTBpaTUTh CIUNAHUE TPaHyll, HUX



OXJaXJalT BOJOW. 3aTeM TrpaHyJbl MPOMBIBAIOT BOJOH Ha BHOpocHTE U

MOACYHIMNBAKOT TCIIJILIM BO31YXOM. BBICYH.IGHHBI@ I'paHyJIbl YIIAKOBBIBAOT B MCHIKH.

Bonpocel u 3a1anus:

1. HazoBuTe u3nuecKre u XUMHUYECKHUE CBOMCTBA MOIUATHUIICHA.

2. B yeMm oTiimure CBOMCTB MOJIMATUIIEHA BBICOKOTO JABJICHUS OT MOJHUATUIICHA
HHU3KOT'O JaBJICHHUS?

3. HazoBuTE OCHOBHBIE CTaJMH NIPOLIECCA PATUKATIBHON MTOJIMMEPU3ALIUT
MOJIUATUIICHA BBICOKOTO JIABJICHHSI.

4. Kak BpIpaXaeTcsi CKOPOCTh MHULIMMPOBAHMUS TIPY UCTIOJIL30BAHUH B KAUECTBE
WHHIMATOpa Kuciopoaa?

5. Kak BIUSIOT TaBJIE€HHUE U TEMIIEpaTypa Ha MPOLEeCC MOJIMMEpU3aLNKT ITUIICHA?

6. B ueMm nposBIS€TCS BIMSHUE UHUIIMATOPA A MOJUMEPHU3AIMIO ATUIICHA?

7. UeM OTIMYArOTCS MPOIECCH MTOJTMMEPHU3AIMU B TPyOUaToM peakTope u
aBTOKJIaBe?

8. HazoBuTE OCHOBHBIE CTAJIMM TIPOIECCa MPOU3BOICTBA MOJIUAITHUIICHA
BBICOKOTO JIABJICHHSI B TPyOUaTOM PEaKTOpE.

9. YkaxxuTte pexxuM NOJMMEPU3ALNH 3TUJIEHA B TPyOUYaTOM PEaKTOpE.

10. Kakol kaTann3aTopHbIi KOMILIEKC IPUMEHSIOT IIPU IPOU3BOJICTBE
MOJIMATWIIEHA HU3KOTO JABJICHUS?

1. Onuimure pexuM npouecca Nporu3BOACTBA MOJIMATUIEHA HU3KOTO
JTABJICHMUS.

12. KakoBbI HETOCTAaTKK METOa MOHHOM MOJMMEpPU3alUU MPU
IIPOU3BOJICTBE MOJUITUICHA HU3KOTO JABICHUS?

13. Kakum meTooM nepepabaThIBalOT MOJIMATHIICH?

14. Ykaxkure 0051acTh MPUMEHEHUS MOJIMITUIICHA.

TEMA 4. ITPOU3BOACTBO NIOJIMMEPHbBIX MATEPHUAJIOB.

HPAKTHYECKOE 3AHATHE 16. IPOU3BOACTBO
HOJIMBUHUJIXJIOPUTA.
Hens 3aHATHA: 3aKpENUTh W PACIIMPUTH 3HAHUS O IPOU3BOJCTBE
MOJIMBUHUWIIXJIOPU/IA.

Teopernveckasi yacTb



K rmracrmueckuM MaccaM Ha OCHOBE  IIOJMMEPOB  XJIOPUPOBAHHBIX
HEIpPENEIbHbIX YIVIEBOJOPOAOB (B OCHOBHOM 3THUJIEHA) OTHOCATCA IOJUMEPHI U
COIMOJIUMEPBl  BUHWIXJIOPMJIA M  BUHWIMJAEHXJIOpUJA, IJIaCTU(PUIMPOBAHHBIN
MTOJIMBUHWIXJIOPU/I, TEHOITOJIMBUHWIXJIOPH/I.

[Momusunminxnopun (IIBX) [-CH,—CHCl1-].sBisiercst BTOopbiM (mocie I19)
Hanbosiee KPyMHOTOHHAXKHBIM MPEICTaBUTENIEM I1JIaCTMACC.

IIBX cuHTE3UpYyIOT B 3MYJbCUH, B CYCIEH3UM U B Macce. Meroa 1monaydeHus
[IBX Binusier Ha ero cBoicTBa (MOJEKYJISIPHYIO MacCy, pa3Mep YacTHil),
OTHOCUTEJIbHYK0 CTOMMOCTb M BO3MOXHOCTB IIOJIY4Y€HMs cornosumepos. Ilomyuninn
pacrpocTpaHeHue COIOJIUMEPBI BUHUJIXJIOPHUIA C BUHUJIALIETATOM,
METWJIMETAKPUIIATOM, aKPUIIOHUTPUIOM, BUHUIIUIAEHXJIOPUIOM.

IIpousBoaACTBO NOJTMBUHMIIXJIOPHAA B Macce.

OcHoBHBIM chbIpbeM Juist mpousBoacTBa [IBX ciyxut Bunwixinopua (BX)
CH,=CHCI. BX — 6ecuBeTHbIil ra3 ¢ NpUATHBIM 3QUPHBIM 3aMaxoM, T -13,9°C u
w10THOCTBIO 970 kr/M° (1pr -15°C). BX pacTBOpsieTCs B alleTOHE, STUIOBOM CIIHPTE,
apoOMaTHUYECKUX U anu(paTHUIECKUX YIIIEBOJAOPOIaX, HO B BOJE HEPACTBOPHUM.

Ocobennoctu nonuMepusanuu BX: B oTCyTCTBHE KHCIOpOAa U MHULIMATOPOB
TEpMUUYECKasl IOJMMEPHU3aLMs MOHOMEPA HE IPOUCXOIUT, HO B IPUCYTCTBUHU
KHACJIOpOJia MOJIMMEP TOCI€ HEKOTOPOro MHIYKIIMOHHOTO Iepuojaa obOpaszyercs
noBoJIbHO ObIcTpo. [lomumepuszanus BX B NpHCYTCTBUM MHULMATOPOB MHPOTEKAET
ropaszio ObicTpee B aTMOc(epe a30Ta, 4eM Bo3ayxa. Peakius moiuMepu3anuy o4eHb
YyBCTBUTEJIbHA K HAJIWYUIO NPHUMECEH, KOTOPBIE CHIJIBHO 3aMEIJISIOT CKOPOCTH
IIPOLIECCA, @ HEKOTOPBIE MPEKPAIIAIOT €T0.

IIpn nonumepusannu BX B Macce peakuuro NpoBOAAT B KUJIKOM MOHOMEpPE, B
KOTOPOM TMpEABAPUTENIbHO PacTBOpeH HHUIMATOp. OHa MPUBOAUT K OOpa30BaHUIO
IIOPOIIKAa IIOJIMMEPA, HEPACTBOPUMOro B MoHoMepe. Ilpomecc ocyecTsisercs
MEPUOANYECKUM IIJIM HEMPEPHIBHBIM METOJOM Kak Mpu noHmwxkeHHbIX (-10 + -20 °C),

Tak W mnpu oO0buHBIX Temmeparypax (40+70°C). TexHomorm4eckuii mporiecc

BKJIFOYAET  CIEAYIOIIME  CTaauu: [peaBapuTesbHas  noauMmepuzauus  BX,



OKOHYaTeNbHas nonumepusanus BX, BbgeneHUE MOpOIIKa MOJMMEpPA, MPOMBIBKA,
CYIIIKa, TPOCEUBAHUE U YIIaKOBKa nopouika (puc. 8.1).

N3 cOopuuka / B aBTOKJIaB 2 3arpyxatoT BX u wuHUIMATOp (IAMHUTPUI
a300MCU30MAaCIISTHOM KUCIIOTHI), a B pyOalllKy aBTOKJIaBa MOAAIOT BOAY TEMIIEpaTypoi
60-65°C. laBnenue B aBTokjaBe nosbimaercs a0 0,9-1,0 Mlla. IIpu HenpepbIBHOM
nepeMelMBaHuu  TypOuHHOM Memankod B Teuenue 0,25-1 4y mpoucxoaut
npenBapurensHas nonumepuzanuss BX (nma 10%), mpuBogsmias Kk 00pa3oOBaHHIO
cycriensun [IBX B xuakom BX. KonTpons nonmmepusanuu OCYLIECTBISIOT I10
JABJICHUIO B aBTOKJIaBE U TEMIIEPAType BOJIbI, HIUPKYIUPYIOILIEH B pyOalike.

CycrnieH3uio CIIMBAaIOT B TOPU3OHTAJIBHBIN aBTOKJIAB 3, CHAOKEHHBIA PyOaIIKoi
Ui oborpeBa M JICHTOYHO-CHOUPAJIbHOW  MEIIANKOM JUIsl  MepeMellBaHus
PEaKLMOHHON cMecH, JOOAaBIAIOT PEryJsATOP MOJIEKYJSAPHOM Macchl (LIUKJIOMEHTEH,
TeTparuapoypaH) U HHU3KOTEMIEpPaTypHBIH HWHUIMATOP (IEPOKCHU] BOJOpOIA
—acKOpOMHOBasi KUCIOTa — Cyib(dar »xkeie3a) W peakiuio B TedeHue 7,5-9,5 u
noBoasaT no 60-85%-noit konBepcun BX mpu Temmneparype ot -10 mo -20°C.
Henpopearuposasmuit BX wu3 aBTOKiIaBa mocie (UIBTPOBAHMS, OXJAXKICHUS U
KOHJICHCAllMd BO3BpallaeTcsi B COOpPHUK /, a MOPOIIOK TMOJUMepa IOCTyMaeT B
OyHkep 4 nanee Ha BUOpOCUTO 5, T/ie oTOMpaeTcs (Ppakiusi ¢ pa3MEepoM YacTHIl HE
oonmee 1 wmMm. Ilopomok mnoaumepa NPOMBIBAIOT TOpsAYel  BOJOM  Ha
ueHTpudyre 6, moAaT B OyHKEp 7, @ 3aTe€M C IOMOIIbIO TPAHCHIOpPTEPa & 3arpyKaroT
B cymwiky 9. [locine Cymiku ToOpsSsYyMM  BO3AYXOM MOPOIIOK COOMpalOT B
OyHkep /0, npoceuBatoT Ha BuOpocute // U ymnakoBbIBalOT B Tapy /2. KpynHyto
dpakuuro [1BX n3menbuaroT v nepepadbaTbiBalOT OTIAEIBHO.

[Ipouecc nmpeaBapuTEIbHOM U OKOHYATEJIbHOU MoJimMepu3anuu BX npoBogAT B
aBTOKJIaBaX, U3 KOTOPBIX TUIATEJIBHO YAAIAIOT KUCIOPOJ BO31yXa ITyTEM IPOJYBKH
BX.

ITonydaemsiii [IBX oTiiMuaercsi BBICOKOM IOJUAMCHEPCHOCTBIO U IIMPOKUM
MOJIEKYJIIPHO-MACCOBBIM PaCpeIEICHUEM.

JlocTOMHCTBa TOJIMMEpPU3AlMK B Macce: BBICOKas YKHCTOTa IOJUMEpa, €ro

MOBBILICHHBIE AIEKTPOU3OISALNOHHBIE CBOMCTBA, MPO3PAYHOCTD U3ICIIHM.
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Puc.8.1. Cxema mnpou3BOACTBA MNOJUMBUHWIXJOpHAA B  Mmacce: ] —
COOpPHHUK; 2 — ABTOKJIAB; 3 — rOPU30HTAJIbHBIN aBTOKJIaB; 4, 7, 10
— Oynkepsbl; 5,11 — BubOpocura; 6 — uenrpudyra; § — TpaHcnoprep; 9 —
CymmJiKa; /2 — rapa 1Jif NOpomKa MOJUBUHWIXJI0PHIA

IIpou3BOACTBO MOJIMBUHMUIIXJIOPHAA B CyCHIEH3NH

bonpmags  wacte  IIBX  mpousBoaWTCs — CyCHEH3MOHHBIM  METOOM,
00€eCIeYnBaIOIIUM BBICOKOE KAdecTBO TojMMepa (CO CpaBHUTENIBHO Y3KUM
MOJIEKYJIIPHO-MACCOBBIM  pPACIpPENECICHHEM) W XOpOollee  PEryJIupOBaHUE
TEMIIEPATYPHOTIO pexuMa Imporecca. OTBOJ TEIIOTHl peakuuH (OCYIIECTBISETCS
yepe3 AUCIEPCUOHHYIO cpeny (BOoAHyI0 (a3y), B KOTOPOU NUCIEPTHPYIOT KUIKUN
BX B mpucyrctBum ruApOo(UIBHBIX 3alUTHBIX KOJUIOHIOB (CTAOMIM3aTOPOB
CYCIICH3UH).

Bununxnopus B BoJHOM (ha3e HaXOAUTCS B BUE OT/ICNbHBIX Karelb, B KOTOPBIX
U TNPOUCXOAUT ero mnoiaumepusauusa. CHayasia B KaXIOHM Karule BO3HUKAIOT
MIEPBUYHBIC YACTHIIbI, HAOYXIIIME B MOHOMEpPE, KOTOPhIE MO MEpPE YBEIMYCHUS HX
yuciia arperupyrorcsa (ciumarorcs). Takas kapThHa HaOmromaeTcs NpU KOHBEPCUU
BX nmo 20-30%. Ilo Mepe maibHEHIIEro pacxoJOBaHHUS MOHOMEpa W 3aBEpUICHUS
MOJINMEPHU3AIMU 00pa3yIOIMecss YaCTUIbI HAUMHAIOT YIUIOTHATHCSA ¢ 00pa3oBaHUEM
MOPUCTBIX MHUKPOOJIOKOB, B KOHEYHOM HWTOT€ MPEBPAIIAIONINXCS B MOHOJHMTHBIC

TBEPIbIe MUKPOOIOKH.



Cycnensuonnbiii [IBX mojiydaloT 1O TMOJYHENPEPHIBHOM CXeMe: CcTaaus
MOJIMMEPU3ALNHI — NIEPUOJINYECKUH ITPOLIECC, A MOCIEAYIOLIME ONIEPALN IPOBOJATCSA
HEMpephIBHO. B KauecTBe MHUIIMATOPOB NPUMEHSIOT PACTBOPUMBIE B MOHOMEPE
JTUHUTPUI a300MCU30MACIISTHOM KHUCIIOThI, IEPOKCH]T JTaypHIia, IEPOKCHIUKAPOOHATHI
u 1p. HexoTtopeie nepokcuankapOOHaThl YCKOPSAIOT Ipouece noaumepuzanuu BX B
2-3 pa3a. Haubonee >3pdekTruBHB cMecu MHUIMATOPoB. CTabunn3aTopaMu CIyKaT
METWILEIUII0NI03a, COMOJIMMEPbl BUHWJIOBOTO CIIMPTa C BUHWJALETATOM W Ap. s
oOecrieueHust MOCTosHHOTrO 3HaueHus: pH npu nonumepusanuu BX B cucremy BBOIAT
OydepHbie no6aBkH (BOJOPACTBOPUMBIEC KapOOHATHI WU (HoChaThI).

Temneparypa peakuuu omnpenesser MoyeKyysipHyro Maccy I[IBX, creneHp
Pa3BETBICHHOCTH  MAaKpOMOJIEKYJ M TEpPMOCTa0MIBHOCTH  monumepa. B
OMpE/ICICHHON CTENEeHH Ha CBOMCTBA MPOJIYKTA BIMSIOT TAKXKE PELENTYPhI 3arpy3KU
(MaccoBble COOTHOIICHUSI BOJBI U MOHOMEpPA), CTENEHb KOHBEPCUM U JpYyrue
(akTOpBHL.

PasMepnr yactuir mopomka noiaumepa (1o 600 MM, o0bidHO 75-150 MKM)
3aBUCAT OT THUIA MPUMEHAEMOro CTa0UIIN3aToOpa, €ro KOJIMYECTBA U UHTEHCUBHOCTU
MepeMEeIINBaHUS.

TexHonornueckut mpouecc mnpousBoactsa [IBX B cycrensun coctoutr wus
CIIEAYIOIIMX CTaaui: nonumepusanus BX, oxmaxaeHue U OTXKUM CyCIEH3HUH, CyIIKa

nopoiika noaumepa (puc. 8.2).
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Puc. 8.2. Cxema mnpou3BOACTBA MNOJUBHHWIXJIOPIAA MW cycneH3um: /
— peaKkTop; 2 — eMKOCTb 1eMOHU3MPOBAHHH BOAbI; 3 — eMKOCTb PpacTBOpa
cradbunuszaropa; 4 — GuUIbTP; 5 — BeCOBOIl MEPHUK PacTBOPa MHMUMATOPA; 6
— cOOpHHUK MOJMBUHMJIXJIOpUAA; 7 — COOPHMK-YCPEeAHUTEJIb; 8
— neHTpudyra; 9 — cymmiaka; 10 — Oynkep; 11 — y3ea pacceBa
nopomka; /2 — rapa Ajsi HOPOIIKA MOJMBUHUIXJIOPUAA

B paGoraromuii mox nasneHueM peaktop I o6bemom 20-40 M’, OCHAIECHHBIM
MEIIANIKON U pyOaIkoi ajsi o00rpeBa U OXJIaXKICHUS PEaKIIMOHHON CMECH, MOJatoT
ONpENICIICHHbIE KOJMYECTBA JIEMOHM3UPOBAHHOW BOABI M3 €MKOCTH 2, pacTBOpa
cTabuim3aropa u3 eMKOCTH 3 (depe3 GuibTp 4) U pacTBOpa MHUIIUATOPA B MOHOMEPE
M3 MEpHHKA 5. 3aTeM peakTop MpPOAyBalOT a30TOM W NpU IEePEeMEIINBAHUU
3arpyxatot xuakuid BX u3 coopnuka 6. [locie 3arpy3ku KOMIOHEHTOB B PEAKTOp B
py0Oamky peakTopa MOJAIOT TOPSYyI0 BOJY AJIsSi HAarpeBa PEaKIMOHHOM CMECH 0
40°C. IIpomoixkurenbHOCTh onumepuzaunu npu 42-88°C u nasnenun 0,5-1,4 Mlla
coctasisieT 20-30 4, kouBepcust MoHoMepa 80-90%. OkoHUaHHUEM TTpoLecca CYUTAIOT
MOHWKEeHUE aaBieHus B peaktope no 0,33-0,35MIla. Bakyym HeoOXomum is
yAalleHus W3 afmapaTta HempopearupoBasiero BX, koTopeiii 3atrem coOupaeTcs B
ra3rojplepe W HampaBisieTcss Ha pekTtudukanuio. [locie OYUCTKM OH BHOBB
WCIIOJIb3YETCS I MOJTUMEPU3aLUU.

Cycnen3uio  oOpa3oBaBIlIeroCsi — MOJuMepa  MepefaloT B COOpHUK-
YCPEIHUTEND 7, B KOTOPOM CE€ CMENIMBAIOT C JPYTMMH MAPTUSAMH, OXJIAXKIAOT U
CIIMBAIOT B UEHTPU(YTy HENPEpPHIBHOTO AECUCTBUS & sl OTIEICHUS MOJMMepa OT
BOJHOW (pa3bl U MPOMBIBKU ero Bofoi. [lopomiok ¢ BraxxHocThio 25-35% nonaercs B
CYyWIHIKY 9, e ero cymar ropsuum Bo3ayxom npu 80-120°C go copeprkaHus Biaru
0,3-0,5 %. 3aTemM MOPOIIOK CKATHIM BO3JIyXOM IepenatoT B OyHkep /0, a U3 Hero B
y3en pacceBa /. [lonydeHHbI MOPOIIOK YIAKOBBIBAETCS, a HEMPOCESIHHAsT KPYIHAs

dbpakius MocTymnaer Ha JOMOJTHUTEIbHBIA Pa3MOJI.

Bonpocs! u 3axanus:
1. HazoBuTe ¢usznueckre 1 XMUMUYECKHE CBOMCTBA MOJUBUHUIXIIOPHIA.



2. O0BsACHUTE MPOIIECC PATUKATBLHON MOJTUMEPU3allMi BUHIIIXJIOPHUIA.

3. KakoBa posb perysisiTopoB, BBOAUMBIX B TOJIUMEPU3AIIMOHHYIO MacCy?

4. Kak nposiBisieTcs BIUSHAE KUCIOPOAa B MPOLIECCE MOTUMEPU3ALIUI
BUHUJIXJIOpUIA?

5. B duem 3akitoyaercs poib KOMIIOHEHTOB, BBOJUMBIX B MOJIMMEPU3ALIMOHHYIO
Maccy B IPOU3BOJICTBE CYCIIEH3MOHHOIO MOJIMBUHWIXJI0pUAA?

6. KakoBbI OCHOBHBIE CTa/IMH MPOLECCa MOTYUYEHUs CYyCIIEH3HOHHOTO
MOJMBUHUIIXJIOpHUAA?

7. UeM OTaM4YaETCs TEXHOJIOTMYECKUI TOJyHENPEPHIBHBIN MPOLECC MOTYyUYECHHUS
CYCIIEH3MOHHOTO MOJUBUHUIIXJIOPHIA OT MEPUOANYECKOTO?

8. KakoBsI nmpeumy1iecTBa cnocoda 3MyJIbCUOHHON MOTUMEpHU3aLUU?

9. Kak mpoBoJsT mpoliecc SMYJIbCMOHHON MOJIMMEPU3alMKi BUHIIXJI0pUaa?

10. KakoBbI OCHOBHBIE CTAJIMM TEXHOJIOTUYECKOTO MpoIiecca MOTyYeHus
AMYJIbCHOHHOTO TTOJIMBUHWIXJIOPHUA 110 HEMPEPHIBHOMY CIIOCO0Y?

11.  Yewm oTinyaercs SMyJIbCUOHHBIN MOJUBUHWIXJIOPHUI OT
CYCIIEH3UOHHOTO?

12. HazoBute 00acTi npUMEHEHHs TOJIUBUHUIXJIOPUIA U €T
COIIOJIMMEPOB.

TEMA 4. ITPOU3BOACTBO ITOJIMMEPHBIX MATEPHUAJIOB.

HPAKTUYECKOE 3AHATHE 17. IPOU3BOACTBO INTOJIUCTHUPOJIA.
Hens 3aHATHA: 3aKpENUTh W PACIIMPUTH 3HAHUS O IPOU3BOJCTBE
IIOJINCTHPOJIA

Teopernveckass yacTb
[TommucTupost nosryyaroT NOJIMMEpPHU3alueEN CTUPOJIA:
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KOTOpask TMpOTEKaeT M0 paJdKaJbHOMY WM HWOHHOMY MexaHu3sMmy. B
MPOMBINLJICHHOCTH  TOJUMEPHU3ALMI0  CTUPOJAa  OCYHIECTBISIOT  OJIOYHBIM,
CYCIEH3UOHHBIM U HMYJBCUOHHBIM MeToaamu. HaubOosiee BBICOKHE TEXHUKO-
HDKOHOMHUYECKHE  TOKa3aTeld HMEET  MOJUCTUPOJd, TOJYyYEHHBIH  OJIOYHOU

HOHHMepHBaHHCﬁ o METOY HEIMOJHOM KOHBCPCHH CTHUPOJIA. OTO0T METO/J ITO3BOJIACT



CO3/1aTh HENpPEpPBhIBHBIE W BBICOKOMEXaHW3MPOBAHHBIE TIpoIllecchl. Bce Oonbimee
3HaYEHWE MPUOOPETAET U CYCIICH3MOHHAS TTOJIMMEPHU3AIIHS CTUPOTA (TIEPHOTUICCKUN
METO/J) B OCHOBHOM [UJISi TIOJIYYEHHUS PA3IUYHBIX MaJOTOHHAXXHBIX MapoK
MOJINCTUPOJIA. DMYJIBCHOHHBIA METOJ TOJMMEPHU3AIUU CTHUPOJa HCIOIb3YETCS B
MIPOMBITIIUICHHOCTH OTPaHUYCHHO.

[Tonmumepuzaius ctupojia B Oyioke (B Macce) MPOTEKACT MO PaJAUKaTIbHOMY
MexaHu3My. HuUIMupoBaHWe TMporiecca MOXET OBITh XUMHYECKHUM WA
TEPMUYECKUM.

[Ipy XUMUYECKHM WHHUIIMUPOBAHHONW TIOJUMEPHU3AIMHA CTUPOJa MPUMEHSIOT
WHUIIMATOPHI, pACTBOPUMBbIE B MOHOMepe (Tepokcua OeH30miIa, JUHUTPHI
a30M30MaCIISTHON KUCIOTHI M Jp.). HUIIMMpOBaHWE TMOJMMEpPU3AINN TEPOKCUIOM

OeH30MIIa MPOTEKAET 10 CXEME
SOttt
X A xx
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[Ipy TepMHYECKOM HHUIMUPOBAHUM TOJUMEPHU3ALIUS CTUPOJIA MPOTEKAET C

oOpa3oBaHrEM OMPaJUKAJIOB:
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CKopoCTh MOIMMEpPU3ALUN 3aBUCUT OT TEMIIEPATYPHI.

TexHOJOTMYEeCKUd  MPOLIECC ~ HEMPEPHIBHOIO  MPOU3BOACTBA  OJOYHOTO
IIOJIUCTUPOJIA C HENIOJIHOW KOHBEPCHUEU CTHPOJIA COCTOUT M3 CIEAYIOLIUX OCHOBHBIX
craauii (puc. 1): mpeaBapUTENbHON MOJMMEPU3AIUU CTUPOJIA, OKOHYATEIbHON
NOJIUMEpU3ALMM,  BaKyyM-  O3KCTPY3HHM, TpaHyJUpOBaHMs, pacPacoBKu U
CKJIQJIMPOBAHUS.

Crupon u3 emxoct 1 HacocoM 2 moAarOT B HAmopHbIA Oak 4, OTKyAa depes
bunbTp 3 OH HENpEephIBHO TNOCTyMaeT B ammaparsl 6 U 8, T€ NPOUCXOIUT

npeaBaputenpHas nonuMmepusaius  (doprnonumepusanusi). DopnoauMepuszaTopsl



MPEACTaBIAIOT CcOOOM ammaparbl €MOCTHOTO THMa C pyOallKkoi, 3MEeBUKOM U
memankoit. B dopnomumepuzarope 6 momumepuzanuro mnpoBoasaT npu 120°C u
ocratouHoM gnasieHuun 40 klla no crenenum kouBepcuu crupona 40%. B
dbopnonumepuzarope 8 moauMepuzanuio BeayT npu 125°C u Tom ke 0CTaTOUYHOM
JABJICHUU JO CTENeHUW KOHBepcuu ctupona 65—75%. [Insg mnpenoTBpalleHus
OKHUCJIMTEJNIbHBIX MPOIIECCOB MPOIECC MPOBOIAT B TOKE a30Ta.

®doprnosiiMep HANPABISIIOT B MOJUMEPU3ALMOHHYIO KOJOHHY 9, B KOTOpOMi
MOJIMMEPHU3ALMS  MPOXOJAUT A0  CTENEHW  KOHBepcuH  ctupona  95%.
[Tonumepu3anmoHHas KOJIOHHA COCTOUT U3 6—8 1apr U 3aKaHYMBAETCSI KOHUYECKUM
naumeM. Kaxxnas napra u nHumie uMeroT pyOamku u 3MeeBuku. s oborpesa mapr
W JIHMIL WCIOJIB3YIOT BBICOKOKHUIISIIUN OPraHMYECKH TEIUIOHOCHUTEINb, HalpHUMEP
cmech nupenwia u aupeHuwnokcuaa (auBuHwI). IlonmuMmepu3alnvoHHAs KOJIOHHA
paGotaer mpu armochepHoM naaBieHUM u Temmeparype 90°C B BepxHel dYacTu
KOJIOHHBI 1 230—250°C B HU)KHEHN YaCTU KOJIOHHBI.

®doprnosMMepu3aTopsl U MOJIUMEPU3ALMOHHAS KOJIOHHAa CHA0KE€HbI OOpaTHBIMU
XOJIOWJIBHUKAMH JUIsl KOHJIEHCAllMd NapoB CTUPOJa B PETYJIMPOBAHUSA TEIUIOBOIO
pexunmMa. PacrnaB monucTthpona ¢ COAEPKAHMEM OCTATOYHOrO MoHoMepa 10 5%
BBITPYKAIOT B Bakyym-3kctpy3ep 11. Tam crupon ypanstor u3 pacmiasa (10
conepxanus 0,5%). [lonucTupon BbIIABIUBAETCA B BUJE JKTYTOB JTHAMETPOM 3MM,
KOTOpBIE OxnaxaaroTcsa B BaHHE 12. JKryTel moctynmaror B rpanyistop 13, rae ux

PEXYT Ha TPAHYJIBL.
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Pucynox 1. TexHonmoruueckas cxema TIpoliecca TMOJIy4YeHus OJOYHOTO
MOJIMCTUPOIIA:

1 — emkocTh; 2—Hacoc; 3—unbTp; 4— HAMOPHBINA 0aK; 5, 7— XOJOIUIHLHUKH,
6, 8— ¢oprnoaumMepuszaTopsl; 9 — MoauMepu3alMoHHas KoJoHHa; 10— mIHeK-Tpecc;

11- Bakyym-3kcTpy3ep; 12 — oxnaxpgatowas BaHHa; 13 — rpaHynsitop

Bonpocekl u 3a1anus:

1. HazoBute dusnueckre u XUMUYECKHE CBOMCTBA MOJIUCTUPOIIA.

2. ITo kakuM MeXaHU3MaM MOKET IMOJTUMEPU30BATHCS CTUPOI?

3. Kakue ctaguu BKIIIOYAET MPOLIECC MPOU3BOJACTBA OJIOYHOTO MOIUCTHPOIA?

4. ITpu kakux napameTrpax NpoTEKaeT NOJIMMEPU3ALINS B PEAKTOPE NIEPBOU
CTYIIEHH Ipoliecca MPOU3BOCTBA OJIOYHOrO MOJUCTUPOIA?

5. Kak u3MeHs10TCs mapameTpsl polecca NoJMMEpPU3alii B pEaKTOpe BTOPOU
CTYIIE€HH MPOU3BOJICTBA OJIOYHOTO MOJUCTUPOIIA?

6. B yem nmpeuMyniecTBa 1 HEAOCTATKHU MIPOLECCA TPOU3BOJICTBA
CYCHEH3HUOHHOTO TOJIUCTUPOIa?

7. UeM oTIM4YAETCs MPOLIECC TPOU3BOICTBA 3MYJIBCHOHHOTO TOJIUCTUPOIA?

8. IToueMy UCIIOJIB3YIOT IEMUHEPAIM30BAHHYIO BOJly B IIPOLIECCE TPOU3BOJICTBA
AMYJIbCHOHHOTO TIOJIUCTUPOJIA?

9. Kak MeHs€TCSl OTHOCUTEINIbHASI MOJIEKYJISIPHASI Macca MPOMBIIIJIEHHBIX MapOK
noJucTuposa’?



10. KaxoBsl AJOCTOMHCTBA IIPOMBIINIJIICHHBIX MAPOK IMOJHUCTHUPOJIA U TAC UX

MPUMEHSAIOT?
11. KakoBbI HETOCTATKH MOJUCTUPOJIA?
12. Kak yny4maroT cBOiCTBa MOIUCTUPOIIA?

TEMA 4. ITPOU3BOACTBO NIOJIUMEPHbBIX MATEPHUAJIOB.

INPAKTHYECKOE 3AHSTHUE 18. IPOU3BOACTBO
OEHOJIO®OPMAJBIAEITTHBIX CMOJI.
Heap 3aHATHSI: 3aKpEeNUTh H PACIIMPUTH 3HAHHUSA O TIPOU3BOJICTBE
dbenonodopmanbIETUIAHBIX CMOJ

Teopernveckasi yacTb
CuHTe3 BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN TNpeNCTaBisseT coOoW mpoliecce

COCIMHEHUSI MHOTUX MOJIEKYJ MHANBUIYATbHBIX XUMAYECKUX BEIIECTB (MOHOMEPOB)
HOPMAaJIbHBIMU XUMHYECKUMU CBS3SIMU B €TUHYIO MAKPOMOJICKYJTy TMOJIUMEpA.

Peakmuss oOpa3oBaHus TMonMMepa, MpoTekaromias Oe3 BBIACICHUS IPYTUX
XUMUYECKUX COCIWHCHWM, HA3bIBACTCS peakiued monmmMmepusanuu. lIpeBpamenue
MOHOMEPOB B TMOJUMEPHI, COMPOBOKIAIOIICHCS BBIICICHUEM MOOOYHBIX MPOIYKTOB
HOCHT Ha3BaHUE MOJTMKOHICHCAIIIH.

BricokoMoneKysipHble OpPTaHUYECKHE COCIUHEHHUs, Ha OCHOBE KOTOPBIX
W3TOTaBIUBAIOT OOJIBIIMHCTBO IIACTMACC, TAKXKE HA3bIBAIOT CMOJIAMH.

K rpynmne moamkoHACHCAITMOHHBIX CMOJ OTHOCST MOMA(UPHEIE, MOTyJaecMbIe
MyTeM KOHJIEHCAIIMd MHOTOOCHOBHBIX KHCIOT C MHOTOAQTOMHBIMHU CHUPTAMH,
dbenondopmaIbaerUAHBIE U IPYTHE.

Ha ocHoBe ¢eHono-GpopManbAeruIHBIX CMOJI W3TOTOBJSIOT IIACTHYECKUE
MAaccChl, Ha3bIBacMble ()EHOTIACTAMH.

Bce muractudyeckue Macchl o COCTaBY JACTAT Ha MPOCThIE U CIOXKHBIE. [IpocThie
MJIaCTMAcChl COCTOSIT B OCHOBHOM M3 CBS3YIOIIET0, HWHOrJAa C J00aBleHHUEM
HEOOJIBIIIOTO KOJIMYECTBA BCIIOMOTATEIBHBIX BEIIECTB (KpacuTeNlb, cMa3ka H IIp.)

Takue miacTMacchl HOCST Ha3BaHUE CI0XKHBIX U KOMITIO3UMIIMOHHBIX.



[Ipecc matepuanbl Ha3bIBAIOT KOMITO3UIIMM HAa OCHOBE BBICOKOIOJIMMEPHBIX
MPOIYKTOB (MCKYCCTBEHHBIX CMOJ, 3(HUPOB IEIUTION03bI, OMTYMOB) W3 KOTOPBIX
pasnuYHBIMH ~ MeTojaMu  (opmupoBaHus  (TIpSIMOE  TPECCOBAaHUE,  JIUTHE)
M3TOTaBIUBAIOT PA3HOOOPA3HBIE H3ACITHSI.

[Ipecc maTepuansl, copepKaiiue CMOJIbl, KOTOPbIE YTBEPKIAIOTCS B MPOLIecce
MIPECCOBAHMS U3JICIIHMI, Ha3bIBAIOT TEPMOPEAKTHBHBIMH.

B pesynbpTrare OTBEp:KIAEHHUS CBS3YIOIIETO BEIIECTBAa HM3JAEIUE MPHOOpeTaeT
MEXaHUYECKYI0 MPOYHOCTh YK€ B mpecc-hopMe Mpu TeMIlepaType MPecCOBaHUS U
TEpsieT CIOCOOHOCTh pa3MsArdaTrbcsi MPU TOBTOPHOM HArpeBaHWM: CMoOjia B
YTBEPKJICHHOM U3JIEJIMN HECTIOCOOHA TUIABHTCS M PACTBOPATCS. TakoW IMporiecc
OTBEPXKICHUSI HEOOpaTUM.

K TepMOpeakTMBHBIM OTHOCSTCS TIpecC MaTepuaibl THMa (DEHOIIACTOB,
aAMUHOTUIACTOB COJICPKAIIHE TIIaBHBIM 00pa30M MOJUKOH ICHCAITMOHHBIE CMOJIBI.

[Ipecc maTtepualibl, Ha3bIBaGMbIE TEPMOIUIACTUYHBIMM WM TEPMOILIACTaMH,
COJIEpIKaT, CBA3YIOIIME BEIIECTBA HE OTBEPXKAAIOIIMECS B TPOIECCEe MPECCOBAHUS
WIM JUThs u3fenuil. B sTomM cnydae wuznmenus mnpuoOpeTardT MEXaHWYECKYIO
MPOYHOCTH TOJBKO MOCIIE HEKOTOPOT'0 OXJIAXACHUS B IIpecc-popme.

Jlnst msrotoBneHus (EHOIUIACTOB B KAdeCTBE CBS3YIOMIETO MPUMEHSIOT
dbenono-hopManbIeruaHbIe CMOJIBI, a TaKXKe€ CMOJIBI, MOJy4aeMble MPU YaCTHUHOUN
3aMeHe (eHOoJIa IPYTMMU BEIIeCTBaMU (aHWIMH M JAp.) ¥ YaCTHYHOW WJIU TIOJTHON
3aMeHe (popMabaeTua ApyrumMu anpaeruaamu (Gypdypora u ap.).

B 3aBHCHMOCTH OT COOTHOIICHHUS MEXIy ¢GeHosoM U (hopMaibaeruaoM
MPUMEHEHHOTO  Karajnu3aTopa (KUCIOW, IIEJTOYHOM) U  YCIOBUUM  peakiuid
CMO0JI000pa30BaHUs MOJTYUYAIOTCSI CMOJIBI IBYX TUIIOB - HOBOJIAYHBIC U PE30JIbHBIC.

HoBosiaunble CMOJBI COXPaHSIOT CHOCOOHOCTb, IUIABUTCS, W PACTBOPATCS
MOCJIE MHOTOKPAaTHOTO HAarpeBaHUsl J0 TEMIIEpaTyphl, MPUHATONW MPH MPECCOBAHUU
u3zienuil u3 HEeHorIacToB.

bricTpoe oTBepkKIeHNE HOBOJIAYHBIX CMOJI IPOUCXOIUT TOJHKO B MIPUCYTCTBHUH

CHELUANbHBIX  OTBEP)KJAIOLIMX  CPEICTB, [JIABHBIM  00pa3oM  ypOTpOIMHA



(rekcameTwiieHTeTpaMuH). JlJis OTBEp)KIEHUS PE30JBHBIX CMOJ HE Tpedyercs
N00aBJICHHS OTBEPKIAIOUINX CPEJICTB.

B npouiecce oTBepKaEHUS PE30IBHBIX CMOJI pa3jiinyaroT Tpu cTaauu. B cranun
A (pe3oJ1) cMoJia COXpaHSET CIIOCOOHOCTh IJIABUTHCS U PacTBOPAThCA. B craauu B
(pe3uToi1) cMona y)Ke MPAKTUYECKH HE TUIABUTCS, HO €Ie CIocOOHa HalyxaTh B
COOTBETCTBYIOIIMX pacTBoputeisix. B cramuu C pe3ut (cMoiia) He TUTaBKa U JaXKe HE
Ha0yXaeT B PaCTBOPUTEIISIX.

1. Penentypsl mipecc MaTepuanoB U XUMH3M Ipoliecca

cMmoJia (heHorutacT GaoauT pe30JIbHbBIN

Teopernueckue mnpeAcTaBICHUS O MEXaHHW3ME B3aUMOACHCTBUS (eHona ¢
dbopmanbaeruioMm B MPUCYTCTBUH KaTajau3aTopoB, 0 CTPOCHHUHU
dbeHomopopMaNbAESTUIHBIX CMOJ B TPOIECCaX HUX OTBEPXKIACHHS HEIO0CTaTOYHO
pa3palboTaHbI.

OCHOBHBIMH KOMIIOHEHTaMHU OOIIMMH JJIsl PAa3IUYHBIX TPECC MaTepHaioB
SBIISIFOTCSA: CMOJIa, BOJIOKHUCTBIA HAIMOJHUTEIh, OTBEPAMTENh WM YCKOPUTEINb
OTBEPIKJEHUSI CMOJIbI, CMa3Ka, KPACUTEIb U PA3IMYHbIE CIIEIUATbHbIC T00ABKH.

CMona sBIse€TCS, OCHOBOM Mpecc maTepuiia, T.€. CBI3YIOIIUM BEHIECTBOM,
KOTOPO€ TIPU COOTBETCTBYIOIEH TeMIlepaType M JaBICHUU TMPONHUTHIBAET U
COEJIMHSET YaCTHIIbI OCTATbHBIX KOMIIOHEHTOB C 00Opa30BaHUEM OJHOPOIAHON MacChl.

CBoiicTBaMH CMOJIBI OTPEACISAIOTCS OCHOBHBIE CBOWMCTBA IMpEcC MaTepHana.
Hanpumep, Ha ocHOBe (eHoIOo-POopMaATBbAETUIHOW CMOJBI  TOJYYEHHOW B
NPUCYTCTBUH KaTallu3aTopa €IKOro HaTpa, HEBO3MOXKHO IMOJIYYHTh TIPECC MaTepua,
KOTOPBIN MOCIIe IpeccoBaHMs 001agan Obl BRICOKOW BOAOCTOMKOCTHIO UM BBICOKUMU
AIIEKTPOU3OJISIIMOHHBIMHU CBOMCTBAMU.

[ToaToMy muisi mpenaHusi Mpecc MaTepualy ONpeleSCHHBIX CIelnnuPUIecKux
CBOWCTB, MPEXJIE, BCEro, HY’)KHO MPAaBHJILHO BHIOpaTh CMOJIY (MCXOHBIC BEIECTBA,
KaTaau3aTop, pexKUM CMOJI000pa30BaHuUs).

[Ipu sTOM mONMMMEp CTAaHOBUTCS TBEPABIM, HEPACTBOPUMBIM M HEILJIABKUM.

OTO0T IMPOAYKT KOHCUHOU CTaauy MOJIMKOHACHCAIIUN HA3bIBAIOT PC3UTOM.



[Ipy npomblIEeHHON TepepaboTKe CMOJIy Ha CTaAuu oOpa3oBaHUs pe3osa
BBUTMBAIOT B (GOpMBI M B HUX OTBepXkAatoT. OTBEepkKACHHE HEPEIKO 3aHUMAET
HECKOJIBKO JHEW. JTO HEOOXOIUMO JUIsl TOTO, YTOOBI O0O0pa3yromascs Npu peakiuu
BOJAa McHapsiachk MeJyIeHHO. IHaue cMoJ1a MoyYyuTCsl HEMPO3pavyHO U My3bIpYaTOM.
YroObl yCKOPUTH OTBEPXKIEHHUE, MOXHO JIOBECTH IOJMKOHJEHCAINIO 0
o0pa30oBaHus PE3UTa, 3aT€M IMOJYUYEHHYIO CMOJY Pa3MOJIOTh, TOMECTUTh B (hOPMBbI
nox pasiaenuem 200-250 at v moaBEprayTH OTBEp K AcHUIO pu 160-170 50 °C.

Ecnmu Mb1 Oynem mpoBOauTh 3Ty peakiuio npu pH Bbime 7,1.€. B MIEI0YHOM
cpelie, TO OHa CHJIBHO 3aMeJIMTCS Ha 00pa30BaHUM pe3oJia.

2. HoBoJiauHble CMOJIBI

B npou3sBojicTBe riaBHBIM 00pa3oM MPUMEHSIOTCS (peHo0-(hopmManbaeruIHbe
CMOJIbI 000X TUITOB: HOBOJIAYHBIE U PE30JIbHBIE.

[Ipu  w3rotoBrneHuu  (eHONO-POPMANBACTUIHBIX  CMOJ  MPUMEHSIOT
CUHTETHYECKUH PeHod, a Takxke (HeHOIbl, MOTyYyaeMble U3 KaMEHHOYTOJIbHOM CMOJIbI
(beHonpHass u (QeHoNo-Kpe3oybHass (Ppakiuu, TPUKPE30J, KCuieHoibl). [lomMumo
MEPEUUCICHHBIX (EHOJIOB TMPUMEHSIIOT HMX CMECH, a Takke cmecu (eHona ¢
aHWIMHOM  ((deHoJI0-aHWIHHO-(hopMallblieTHaAHas cMmoia). DopManbaeru WHOTIa
YaCTUYHO WJIM MOJIHOCTBIO 3aMeHsI0T Qypdyposom.

JIns moiydeHus HOBOJAYHBIX CMOJI KOHJEHCAIMIO, KaK MPaBUIIO, IPOBOASAT B
NPUCYTCTBUM KUCJIOTHBIX KaTAIM3aTOPOB NPHU U30BITKE (PeHOJIa.

TexHOJIOrn4eCKni MPOLECC MOMYYEHUS TBEPAOU HOBOJIAYHOU CMOJIBI, COCTOUT
U3 CTaJ Ui KOHJEHCAIIMU U CYLIKH MPOBOJUMBIX, KaK MPaBUJIO, B OJHOM arlrapare.

B cMmech ¢enona ¢ ¢dopmaibIeruioM BBOIAT TaKO€ KOJIMYECTBO KHUCIIOTO
Karanu3aropa, 4To0sl BenuurHa pH peakunonHoit cmecu cocrasisna 1,6-2,3. Cmech
IPU TOCTOSIHHOM TE€pEeMENIMBAaHUU HArpeBaroT A0 kuneHus B teueHue 40-60 MuUHYT
npu armochepHOM mdaBieHWM (pekKe B BaKyyMmMe) C BKJIIOYCHHBIM OOpaTHBIM
xoJoguibHUKOM. Yepe3d 20 MHUHYT MOCI€ Hayajla KUIEHUS B ammnapar BBOJIAT
JONOJHUTENbHYI0 nopuuto katanuszatopa (0,056 Bec). Yact. xuciotsl Ha 100 Bec.
vacreit (penona. Kunsuenune cmecu mpu 95-98 °C mpomomxkaror eme 1-1,5 gaca. Ilo

JOCTHXKCHHUIO YJCJIBbHOTO BECa CMCCH, OJINU3KOro K 1,2 r/cM 53, KOHACHCAIINIO CMOJbI



CUMTAIOT B OCHOBHOM 3aKOHYEHHOH, BKIIOUAIOT MPAMON XOJOAWIBHUK U HAYMHAIOT
CYIIKY, TPU OCTaTOYHOM JaBiieHnu He Bbimie 300 MM.pT.cT., oOorpeBasi ammapar
napom 5-8 ar. CymiKy MpOAOKAIOT 0 JOCTHUXKEHHUS TeMIIepaTypbl KarljienaJeHUs
cMoJtbl 95-105 °C. Tloce 3TOro cMOJTy CIMBAIOT U3 AIIIapaTa ¥ OXJIaXIaroT.

B HOBOJIauHBIE CMOJIBI YACTO JOOABIISIOT CMa3bIBAIOIIUE BEIlleCTBA (OJICMHOBAs
KHCJIOTa) U KPACUTEIIH.

®denono-hopmanpaeruaHas HOBOJIa4YHAsi CMOJia B TBEPAOM COCTOSHUHM HMEET
[[BET OT CBETJIO- JI0 TEMHO KOPUYHEBOTO, YJEIbHBIM Bec ee okoio 1,2 r/cm 53
0.Takast cmona, cmocoOHa MHOTOKPATHO TJIABUTCS U BHOBb 3aTBEPJIEBATH, XOPOIIIO
pacTBOpsieTcsl B COUPTE M MHOTUX pactBopurensx. Ilepexom cMonbsl U3
HepacIUIaBIeHHOro coctosuus npu 150-200 °C B HemuIaBKOE M HEPACTBOPUMOE
COCTOSIHUE B OTCYTCTBUM OTBEPAUTEIISI IPOUCXOAUT OUECHb MEIJICHHO.

Temmneparypa miaBiI€HHUS, BSI3KOCTh U CKOPOCTh OTBEPKICHUS HOBOJIAYHBIX
CMOJI M3MEHSIETCA C TEYCHHUEM BPEMEHU O4YeHb MeJIeHHO. [loaToMy Takue cMOJIbI
MOHO XPaHHUTh B TEYCHUE HECKOJIBKUX MECSIIEB MPHU JI000H TeMIieparype.

3. Pe3onbHbIE CMOIIBI

B oriuyrie oT HOBOJAYHBIX CMOJI pa3HbIe MAPKH PE30JIbHBIX CMOJI 00JIalatoT
HECXOJHBIMU CBOWCTBAMHU M HMEIOT pa3IMYHOE Ha3HaueHwe. YacTo OJHYy MapKy
PE30JIbHOM CMOJIbI HE YIa€TCs OJIHOLIEHHO 3aMEHHUTh JAPYTOM.

JInst mosiydeHus: pe30JbHBIX CMOJI MIPUMEHSIETCS TAKOE K€ ChIpbE, KaK U JUIs
HOBOJIAYHBIX ((heHOoIIBI, cMecu (eHOoIa ¢ aHUITUHOM, popManbaerun). Kataanzaropom
CIIY>KUT IIEJIOYM M OCHOBAHUSI, €JAKWU HATp, THIPOOKUCH Oapus, aMMHAK, OKHUCh
MarHus.

B mnpousBoAcTBE pPE30JBHBIE CMOJIBI NPUMEHSIOTCA B TBEPAOM U KUIKOM
cocTtosiHuU. Pe3ofibHasg cMoja B KUAKOM COCTOSIHUU MPEACTaBISIET cO00il cMmech
cMoJbl ¢ Bojoi. Takme cmecu, coaepxkaimue a0 35% BOJABL, HA3bIBAIOTCS
OMYJIbCUOHHBIMU CcMoJIaMHU. YacTUYHO O00E3BOKEHHBIE AMYIJILCHOHHBIE CMOJIBI (C
BJIAYXKHOCTBIO He OoJibiie 20%) Ha3bIBAIOT KUJKUMHU CMOJIaAMHU.

Bsi3kocTh 3MybCHOHHBIX cMoJT koieOneTces B mpeaenax 500-1800 Cantu myas,

KUJKUX cMOoJI - B nipenenax 500-1200 cantumnyas.



TBepable pPE30JIbHBIE CMOJIBI 110 BHEUIHEMY BHAY MajO OTJIMYAOTCS OT
TBEPJBIX HOBOJAYHBIX CMOJ. TEXHOJIOTMYECKMM IPOLECC IOJYyYEHUs TBEPIBIX
PE30JIBHBIX CMOJI BO MHOIOM QHAQJIOTMYEH IIOJYYEHHUIO HOBOJIAYHBIX CMOIJL
KoHzeHcanuio u Cymky npoBoasT B ogHOM anmapare. KonneHcanus, kak npaBuio,
IIPOUCXOAUT TPHU TEMIIEpAType KHUIIEHUS PEAKIHMOHHOW CMECH, B TEYEHHUE
ONPENIEIEHHOI0 BPEMEHHU, YCTAHOBICHHOTO [UISl KaXJOM MAapKH CMOJIbI, CYLIKY
IIPOBOJAT IpPU OCTATOYHOM naBieHun He Bble 200 Mm.pr.cT. IIponecc cymkun
KOHTPOJIMPYIOT, ONIPEIEAs CKOPOCTb OTBEPIKACHUS CMOJIBI Ha IIJIUTKE.

['oTOBYIO CMOJIy CIMBAIOT U3 amnmapara BO3MOYKHO OBICTpEe U OXJaXKIAIOT B
TOHKOM CJIO€ BO M30€KaHUE €€ OTBEPKICHHUSL.

BaxxnenmuMm IokasaresieM KadecTBa 3MYJIbCHOHHBIX M JKMIKUX PE30JIbHBIX
CMOJI SIBJISIETCA BA3KOCTh, KOTOPAsk PE3KO YMEHBIIAETCA C POCTOM TEMIIEPATYPBHI.

XpaHEHUE PE30JIBHBIX CMOJI JIOIYCKAETCS JHUIIb B TEYEHUE KOPOTKOIO
BpeMeHU (2-3 AHS Tmociie M3rOTOBIICHHMSI), TaK KaK MPU XPAHEHUH CPABHUTEIILHO
OBICTPO BO3PACTAET BA3KOCTh SMYJIbCUOHHBIX U KUAKUX CMOJI, a TAKXKE TeMIlepaTypa
KarulenaJeHus: U CKOPOCTb OTBEPIKIACHHUS TBEPABIX CMOJL.

BaxHBIM 1IOKa3areneM SBISETCS XPYIKOCTb TBEPABIX PE30JIBHBIX CMOJL.
CMozbl Temmeparypa KarulelaJeHus M CKOPOCTb OTBEPXKJIEHUS COOTBETCTBYET
TEXHUYECKUM YCIIOBUSM, HHOT/Ia 00J1aat0T HEIOCTATOYHOM XpYNKOCThIO. Torjaa oHu
IUIOXO MOAJAIOTCA M3MEIbYEHHIO, @ B H3MEJIbYEHHOM COCTOSIHUM OBICTPO
CJIE)KUBAOTCSL.

Pe3onpHbIe CMOJIBI U3MENBUAIOT HA TAKOM O0OPYIOBAaHUU, YTO U HOBOJIAUHBIC
cMonbl. Tak Kak HM3MEIbYEHHAsl PE30JIbHAs CMOJIA JTaXKe NMPU XOPOLIEH XPYNKOCTH
OBICTPO CIIEKHUBAETCSI, XPAHUTh €€ B TAKOM COCTOSTHUM HE CJIEIyeT.

Haubonee ynoOHOM Tapoil [uis BHYTPU3ABOJACKOTO TPAHCHOPTHUPOBAHUS
TBEPIBIX PE30JBHBIX CMOJI IPU Pa3AEIbHOM PACIIOJI0KEHUU IPOU3BOJACTBA CMOJIBI
SBIISIFOTCS MEIIKW W3 TOJCTOM, NbUICHENPOHUIIAEMON TKaHU (OENbTUHT), a A
AMYJIbCHOHHBIX CMOJI - CTAHAAPTHBIE METAIUNIMYECKUE OOUKH.

4. CriocoObl mpon3BOACTBA (DEHOMIACTOB U MEPEpadOTKU UX B H3ACIUE



HanonnureneMm st mpecc MOpoOIIKOB, THMNa (DEHOIIACTOB Yallle BCEro CIIYKUT
JpEeBECHAsT MYKa, 3HAYUTEJIBHO PEKE MEJIKOBOJIOKHUCTBIM acOecT. M3 MUHEpATBbHBIX
HOPOIIKOOOPa3HbIX HAIOJHUTENEH NPUMEHSIOT IJIAaBUKOBBIM ILIAT, MbIJICBUIHBIN
KBapll.

[Ipecc Marepwanbl TuMa (PEHOMIACTOB HW3TOTABIMBAIOT '"CyXwMH' W
"MokpbeiMH" MeTogamu. IIpu "cyxux" meromax cMona npuMeHsieTcs B CyXOM BHJIE, a
npu "MOKpbIX" B BHUJIE CIIMPTOBOTO Jaka (JAKOBBIM CIOCO0) WM BOJHOW 3MYJIbCUU
(3MYJILCHOHHBIN CITOCO0).

[lepepaboTka (eHOmIacTOB B  H3JACIHE MPOU3BOAUTCS  PaA3IUYHBIMU
cnocobamu. CambIM CTapplM M CaMbIM PacCIpOCTPAHEHHBIM MPOMBIIIJICHHBIM
criocoOoM sIBIIIETCS NpsSAMOE IpPEeccoBaHME (HA3bIBAEMOE TAaKXKE TOPSIYUM WU
KOMIIPECCUOHHBIM MPECCOBAHUEM) MPUMEHHM KO BCEM BHJaM OIMCHIBAEMBIX MpPeEcC
MaTepHaJIoB.

Crioco® JUTHEBOrO MPECCOBAHUS, HA3BIBAEMOrO TaKXKe TpPaHC(EPTHHIM WM
HIIPULITYCCOM, TMPUMEHSAIOT TOJBKO, JUIsl MEepepadOTKH Mpecc MOPOIIKOB, KOTIa
U3JIEIUE JOJDKHO BKIIFOYATh CIIOXKHYIO apMaTypy.

Crioco0 HenpepbhIBHOTO BBIJIABIUBAHUS MPUMEHSETCA [UII W3TOTOBIICHUS
pa3IMYHBIX TPOGUIBHBIX U3/IETHI U3 MPECC MOPOLIKOB (TPYOKHU, CTEPHKHH, YTOJIKH).

5. CgoiictBa ¢aonura

DaoauTOM Ha3bIBAETCS KMCIOTOCTOMKAS, INIACTUYECKAs Macca, modyyaeMas Ha
ocHOBE  (heHONO-hOPMANTBICTUAHON PE30JIBHOW CMOJBI U KHUCIOTOCTONKOTO
HAIOJIHUTENS acOecTa, rpaduTa U KBaplEBOro Mecka.

TepmopeakTuBHas GeHona-popMaibaeruiHasl CMOJia CIIOCOOHA MO/ BIUSIHUEM
HarpeBaHus NEPEXOAUTh B TBEPAOE, HEIIABKOE M HEPACTBOPUMOE COCTOsIHME. B
COOTBETCTBHE C ATUM U (HaoJIUTOBAs Macca, B KOTOPOM YACTUYKH HAMOJHUTEIS
CBSI3aHBI MEXIy COOO BS3KOH pPACTBOPUMOM CMOJIOM, TIpPH TEpMOOOpabOTKe
OTBEPKIAETCS, CTAHOBUTCS HEIUIABKOW U HEPACTBOPUMOM.

@aosuT - OAMH M3 ULEHHEWIIMX KOHCTPYKTHBHBIX MarepuasioB. OH

3apEKOMEHJIOBa] €e0s MpH JKCIUTyaTallMM B PAa3JIMYHBIX arpecCHBHBIX Cpeaax B



IIMPOKOM  HHTepBaje Temmeparyp. Ilo Koppo3uoHHOW cTOWKOCTH  (haosUT
PEBOCXOIUT CBHHEIL.

bonpimoe kommuecTBO (aonuTa BBIMyCKaeTcsi B BUJe moiydadbpukaTa
HEOTBEP)KJICHHBIX JIUCTOB, W3 KOTOPBIX 3aBOJBI-IOTPEOUTENN W3TOTABIUBAIOT
pa3MYHBIC U3JIETH U apMaTypy.

@daonmur  Hamen — MUPOKOE  NPUMEHEHHWE BO  MHOTHX  OTpacisx
IPOMBINUICHHOCTH KaK KOHCTPYKTHMBHBIM Marepual. B psjge ciaydaeB OH 3aMEHSET
[[BETHBIE METAJJIbl, 0COOEHHO cBUHel. Jlerkocts ¢aonura (p=1.5-1.7 r/ecm 53 0),
XUMHUYECKasi CTOMKOCTh K KHCJIBIM arpecCUBHBIM CpelaM TO3BOJISIET U3 HETo
W3TOTABIMBATh CTOWKYIO ammaparypy BECOM B HECKOJBKO pa3 MEHBIIE
METAIIINYECKOU.

daonmut MOAHO MPHUMEHITH MpU OoJiee BHICOKOM TeMmIeparype, YeM MHOTHE
Jpyrue KUCIOTOCTOMKHE MIACTUYECKUE MaCCHI.

6. OcHOBHOE ChIpbe AJiA (paoauTa U MPUrOTOBIEHUE PE30JILHOM CMOJIBI

Jns  mpousBoacTBa (aonMTa TPUMEHSIOT PE30JbHYI0 CMOJIY, KOTOpas
MPECTaBIACT MPOIAYKT KOHJEHcCAuu (eHona ¢ GopMaibIerujioM B MPUCYTCTBUU
KaTanu3aropa - aMMUayHOW BOJbl. Pe3osbHas cMosia B MpU HArpeBaHWU CHOCOOHA
NEPEXOIUTh B HETJIABKOE U HEPACTBOPUMOE COCTOSIHUE.

®deHon B YMCTOM BHJE - KPUCTAIUIMUECKOE BELIECTBO CO CHEIU(PUUYECKUM
3anaxoM. Temneparypa kunenus 182 0C m mmotHocts npu 15 0C cocrasnsier 1,066
r/cMm3.

@®enon xopomo pactBopsercs B 30-40 % -HOM BOJHOM pacTBOpe
dbopmanbpaeruaa (popmaiivg), cnupte, dpupe, runepuHe, OeH307e.

7. Bapka u cymika pe30JbHON CMOJIBI

Bapka u cymika pe3onbHOM CMOJIBI MPOU3BOJUTCA B BapOUYHO-CYIIUIHBHOM
anmapare. Amnmapar cHaOxeH memankod Ha 40-50 o6/muH. B kpeimky ammapara
BMOHTHUPOBAaHbl CMOTPOBBIE CTEKJA, IITYLEPhl JUISI HU3MEPEHUS TeMIepaTyphl,
napiienus. Pabouee nasnenue 10 2 atmocdep.

Bo BpeMst Bapku CMOJIbI IPOTEKAET PEaKiusi KOHACHCAIIUU - B3aUMOJICHCTBHE

dbenona ¢ QgopMasnpaeruIoM B MPUCYTCTBUM KaTaiau3aropa ammuaka. [Ipu stom



oOpasyercsi cMoja U BOAsSHOU cioil. Ilpu cylike B OCHOBHOM NPOUCXOIUT yAaJeHUE
BOJIbI M1 KOMIIOHEHTOB, HE BCTYNHUBIIMX B peakuuto. [Iporecc cyuiku B 3HaUNTENbHON
CTETIeHHU OTNpeeNiieT KaYeCTBO TOTOBOW CMOJIBI.

Chipbe B KOTEN 3arpyaercst B Takux konuuectax: (penon (100%-usbr1it) - 100
Bec.4., popmanun (37%-ubr1it)-103,5 Bec.u., ammuaunas Boaa (B nmepecuere Ha 100% -
HBIM ammuak) - 0,5 Bec.uactei.

[lepepaboTka cyxoro (aonauTa B U3JEIUE MOXKET OCYLIECTBISETCS CIOCOOOM
dbopmupoBaHus, mpeccoBaHusd. BcieacTBue Toro, 4uro MexaHudeckas oOpaboTka
(daonuTa sABISIETCA TPYJOEMKOW pabOTOM, HEOOXOIUMO CTPEMHUTCS K TOMY, YTOOBI
U3rOTOBJISIEMOM  (pAaOJMUTOBOM  JleTalid  MpUAaTh  OMNpelelieHHylo (opMmy B
HEOTBEP)KJIEHHOM COCTOSIHUU.

U3 ceiporo (paonuta U3roTaBIUBaIOT: TPYOBI, APTH, MUIHHAPUIECKUE COCYIBI,
MEIIAJKH.

W3 otBepxkaeHOTO (haouTa H3TOTABIUBAIOT YTOJIBHUKH, TPOMHUKH, BAHHBI.

8. TpyObl u uznenus u3 TeKcTodaoanta

Brinmyckaemblil B HacTosiiiee BpeMs (aojuT B psJe CIydaeB HE MOXKET OBbITh
UCIIOJIb30BaH BBUAY HE JIOCTATOYHOM MEXaHMYECKON NMPOYHOCTU. APMUPOBAHUE WU
TeKkcToNn3anusa (aoinTa TKAHBIO JIA€T BO3MOXHOCTh TOJYYUTh MaTepHal CoO
3HAYUTENBHO YIy4IIEHHBIMA MEXaHUUECKUMHU CBOMCTBaMH.

@daonuToBele TPYObl MONy4yaroT OOBIYHBIM crocoOoMm. HeoTBepxkaeHHOE
¢daonuTOoBOE W3AENME TIJIOTHO OOMATBHIBAIOT TMOJOCKAMHM TKAaHHW, CMa3aHHbIC
OakenuToBBIM JakoM. Eciaum He TpeOyeTcsi MOBTOPHOTO HaJNOXKEHHs (aoiwTa, TO B
TaKOM BHUJI€ U IPOU3BOIAT OTBEPKICHUE TEKCTO(DAOIUTA.

Takum o0pa3oM, nomy4daroT TpyObl M LAPIU PA3NIUYHBIX JUAMETPOB, U3
KOTOPBIX BIOCJIEACTBUY MOHTHPYIOT allapaThl WIN BbIXJIONHbIE TPYOBI.

[Ipouee

JUis TakupOBKH JEPEBSIHHBIX H3JEIUM MPUMEHSIOT CaMOOTBEPKAAIOIINECs
JaKu, KOTOPBIE TAK)KE M3TOTABIMBAIOT U3 (PEHOIO0-(POpMaTbIETHIHBIX CMOJ.

Pe3onbabIME  (heHOTOPOPMATBAECTHAHBIMU CMOJIAMH MOKHO TaK)X€ CKIICUTH

ACPEBO C ACPCBOM WK C MECTAJLJIOM. CHCHHCHI/IG IMoJIy4acTCsda O4YCHb IIPOYHBIM, U 3TOT



Croco0 CKJIEMBaHUS B HACTOSAIIEE BPeMsl HAXOAUT Bce OoJiee MIHUPOKOE MPUMEHEHHE,
0COOEHHO B aBHAIIMOHHOM MPOMBIIIJIEHHOCTH.

B mpOMBINIIEHHOCTH CKJIEMBaHUE CMOJAMU Ha OCHOBE (DeHOsa MpUMEHseTCs
IIPU U3TOTOBJIEHUU KJIEEHON (haHephl U JPEBECHOBOJIOKHUCTHIX IIACTUKOB. Kpome
TOT'0, TAKHE CMOJIbI YCIEIIHO UCIIONb3YIOTCS Il U3TOTOBJICHHS IETOK U KUCTEM, a B
ANIEKTPOTEXHUKE MMM OTJIMYHO CKJIEMBAIOT CTEKJIO C METauloM B JIaMIax
HaKaJIMBAHMSI, IIOMUHECIIEHTHBIX JIaMIax U pajuoiamiax.

9. IIpouzBoAcTBO PeHoIDOPMATBACTUIHBIX CMOJI

[Tonyyenue ¢denonpopMaabIeruIHBIX CMOJ PE30JILHOTO THUIA 3aBUCUT OT
yCJIOBHM U 00siacTu uX npuMmeHeHus. [Ipumensemsie B (haHepHO# MPOMBIIIICHHOCTH
TUTIBI (DEHOIBHBIX CMOJ TIOJYYAIOT MO TEXHOJOTUYECKON cxeMme, MMOKa3aHHOW Ha pHC.
1.

Puc. 1. TexHomoruueckas cxema NpPOU3BOACTBa (heHoIPOopMaTbIETUTHBIX
cmoit: 1 -- MmepHUK ¢deHoa, 2 -- MepHUK dhopmainHa, 3 -- MepHUK Kataiu3aTopa, 4, 6,
7, 12 -- TpyOOnpoBOabI, 5 -- XOJOAWUIBHUK, 8 -- BaKyyM-COOpHUK, 9 -- mapoBas
pyb6amka, 10 -- memranka, 11 -- peaktop

HcxonHoe  ChIpbe, MPEABAPUTEIBHO  IMPOAHAIM3UPOBAHHOE  3aBOACKOMU
naboparopueit B cootrBeTcTBUM ¢ JedcTtByromuMu ['OCTamu ¥ TeXHHUYECKUMHU
YCIIOBUSIMH, JIO3HPYETCS BECOBBIMU WM OOBEMHBIMU MepHUKamu. KoHjeHcaruio
IIPOBOJSIT B PEAKTOPAX, CHAOKEHHBIX MEIIAJKaMH, XOJIOJWIbHUKAMHU U MpUOOpamMu
(TepMOMETpPBI, MAHOMETpPBI, BaKyyMMETphI), TO3BOJSIONIMMU KOHTPOJIUPOBATH
npouecc. B obmiem Buae mpoliecc KOHJIEHCAUU (PEHOJBHBIX CMOJ B IIEJIOYHOU
cpelle MPOUCXOJUT clieayrouuM obpa3zom. B pybamky 9 peaktopa myckaroT nap u
HarpeBaroT peaktop 10 40--45 °C. B peakrop 11 3arpyxaroT pacruiaBieHHbINA (eHOI
win xuakue GeHosbl (peHonbHY0 (pakiuioo, TPUKPE30J U Ap.) U3 MEpHHKa 1 1o
TpyOomnpoBoay 12, a 3arem mpu pabotaromieii memanke 10 pacTBOp €AKOTO HaTpa
WIM Jpyroro IIEJIOYHOro Karanu3aTopa u3 MepHuka 3. IlepememmnBanue
npojoipkaroT 20--40 MUH. 3aTeM BKIIIOYAIOT XOJOJMUIBHUK 5 HAa 00paTHOE JEHCTBUE,
T.€. KOHJEHCAT MOXET MO0 TpyOompoBoay 4, XOJOAWILHUKY 5 W TpyOompoBomy 6

BEpHYThCS B peaktop 11.



[Ipu paboraromield MemIanke 3arpyxarT Boay U (GOpMalMH W3 MEpHHUKa
2.CMech HarpeBaroT 10 TeX Mop, Moka temmeparypa He aocturHer 50--70 °C, a
WHOTJIa M BBINIE, TOcle uYero oO0OrpeB BBHIKIIOYAIOT. Tak Kak MpoIecc
B3aUMOJIeHCTBUSL (peHosia ¢ (hopMaTbACTHIOM MPOTEKAET C OOJIHIIUM BbIJEICHUEM
Tera (peakuusi SK30TepMuYecKas), s MOAJIEepKaHUS TeMIepaTypbl B TpeOyeMbIX
npenenax IMEepUOJUYECKH BBOJAT B pyOalllKy peakTopa XOJOJHYH BOAY IS
OXJIQXKICHUS.

[Tocne BBIIEPKKH PEAKIIMOHHOM CMECH, KOTOpasi COOTBETCTBYET IEPUOTY
o0pa30oBaHUs TMEPBUYHBIX MPOAYKTOB M HUX YaCTUYHOW TOJUKOHIEHCAIUHU, ISt
OOJIBIIMHCTBA CMOJI TEMIIEPATypPy peakuuu noBbImatoT A0 kuneHus (96--98 °C).Ilpu
TOM CIIEJSIT, YTOOBl KHUIEHUE PEAKIMOHHOW MacChl OBLJIO PAaBHOMEPHBIM WM HE
OypHbIM. VHTEHCHMBHOCTb KHWIIEHUS pErYJUPYIOT NEPUOAUYECKON mojgadyeil B
py0alky peakTopa napa Wil X0JI0JHOW BOIBI.

B nporiiecce kumneHust yCKOpsieTCs MOJIMKOHSHCAIINS TIEPBUYHBIX COSTUHECHUM,
CHUYKAETCsl coJiepkaHue CBOOOAHOrO (eHosa U (hopMasbaerua B CMOJIe, HapacTaeT
ee Bsa3kocTh. [locnmenyromue omepanuu  MPEACTABISIOT  COOOW  pa3IMYHON
MPOJOJDKUTEILHOCTH BBIAEPAKKH CMOJbI ipu Temnepatype 70--90 °C no nomyueHus
TpeOyemMol BA3KOCTH. 3areM B pyOallky peakTopa MOJAI0T XOJOJHYIO BOIY H
oxXJaxmaarT cMoiy Ao Temmeparypsl 20--30 °C, mocie 4ero CIMBalOT €€ B
npueMHUKU. [[7s TodydeHHs] TOBBIIMIEHHON KOHIICHTPAIMU W BSI3KOCTH CMOJY
MOJIBEPral0T YaCTUYHOMY OO€3BOKMBAaHWIO B BakyyMme. JlJI1 3TOro mepexiIoyaror
XOJIOUJIBHUK Ha MpAMOE JEeUCTBHE MO TpyOompoBojaMm 4 v 7, BKIIIOYAIOT BAKYYyM-
Hacoc 4epe3 BakyyM-cOopHUK 8. BakyyMm-cymiky cmonbl BenyT npu 70--75 °C u
pazpexennu He MmeHee 480--500 MM pT.CT.

[lo oOxkOHYaHMM BaKyyM-CYIIKH BKJIIOUAlOT OOpaTHBIM XOJOJWIBHUK H
OXJaXJaT MNoidydeHHyro cmoiy 1o 20--30 °C. Ilo BHemHeMmy BHIY KIesAIue
dbenondopMaabIeTUIHBIE CMOJBI TMPEACTABISAIOT COOOM MpO3pavyHble KUIKOCTU
pa3IUYHON BA3KOCTH, OT CBETJIO-SHTAPHOIO J0 TEMHO-BUIIHEBOro 1BeTa. OHHU

obmamator cnenuduyeckuM  (GeHOIbHBIM 3amaxoM. llpeaensHO  nmomycTUMas



KOHIOCHTpAUA (beHOJ'Ia B BO3AYyXC IIPOU3BOIACTBCHHBIX IIOMEIICHUN COCTaBJISIET S

MT/Ky0.M.

Bonpocel u 3a1anus:

1. JlaiiTe XapaKTEpUCTUKY OCHOBHBIX KOMIIOHEHTOB, UCIOJIb3yEMbIX MPHU
cuHTe3e PeHon0GopManbIETUAHBIX CMO?

2. KakoBbI OCHOBHBIE CTaAuu 00pazoBaHus (peHoI0POpMalIbAETUIHBIX CMOJI?

3. Kak nporekaeT npoiiecc NoJIMKOHAeHCAUK GeHoa u popmabaeruia B
KHUCJIO0H cpene?

4. Onuiure npoiecc NoIMKOHAeHcaluu ¢peHoa u opMaibieruia B
IEJI0YHOM cpene?

5. Uto Ha3bIBAIOT HOBOJIAKAMHU U YTO PE30JIaMU?

6. KakoBbl OCHOBHBIE CTaIMM TEXHOJIOTHYECKOTO MpOIlecca MPOU3BO/ICTBA
HOBOJIAYHBIX CMOJI U KAKOBBI MOJIbHBIE OTHOIIIEHUSI OCHOBHBIX KOMITOHEHTOB?

7. Kakue karain3aTopbl UCIOIb3YIOT MIPU MIPOU3BO/ICTBE HOBOJIAUYHBIX U
PE30JIbHBIX CMOJT?

8. KakoBsI 001111€ CBOWICTBA HOBOJIAYHBIX M PE30JIBHBIX CMOJI?

9. Onummre cnoco6 xumMudeckon Mmoaudukanuu GpenonopopMabIeTHaHbIX
CMOIL.

10. HazoBute o6nactu npumeHenus: GeHoa0popMaitbAeTuIHbIX CMOJI.

1. YKaxkuTe OCHOBHBIE JOCTOMHCTBA U HEJIOCTATKHU
benonodopmanbAETUIHBIX CMOJL.

Cnucok JJuTepaTypbl, peKOMeHIyeMbIi K UCI0JIb30BAHUIO 110 TAHHOW TeMe

[lepeyeHb OCHOBHOW H JOIOJHHUTEIBHON JUTEPATYphl, HEOOXOIUMOM IS
OCBOEHUS TUCHUILIUHBI (MOYJIS)

8.1.1. IlepeueHb OCHOBHOW JIUTEPATYPHI:

1. Kongaypos, B.I1., Anekcanapos, B. 1., Apremos, A.B. O0miast xumuyeckas
TexHoJyiorus: yued. mocodue. — M.: Akagemus, 2012.

2. O0mass  xuMHuYecKas  TEXHOJOTHs. MeToJoJIorusi  MPOEKTUPOBAHUS
XUMHUUYECKHUX MpolieccoB: yueOHuk/ noj pea. X. 3. Xapnamnuau. — CII6.: Jlans, 2013

[lepeueHb TOMOJHUTENBHOM JIMTEPATYPHI:

1. 3umon, A. JI. Komtounnas xumus : yaeOHUK 171t By30B / A. JI. 3uMoH ; -
Axmero T.I'. Xumuueckas TEXHOJOTHS HEOPraHUYECKUX BEIIECTB Y4eOHOe
nmocobwue I CTyJeHTOB BY30B- M.: Xumus, 2002 r.-688c.



2. KyrenoB A.M., bounapesa T.U., bepenrapren M.C.. O6mas xuMmuueckas
TEXHOJIOTHA. YUeOHUK i TexHudeckux By30B.- M.: UKI] "Axanemknura". 2003.-
520c.

3. Kpatkuii crpaBounuk Qusnuko-xumudeckux BenuuuH / Ilom pem. A.A.
Papnens- Cn6.: "UBan denopon", 2002.-240c.



MuHHCTEPCTBO HAYKU U BhIcIIEero oOpazoBanus Poccuiickoit denepanun
denepanbHOE rOCYJapCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIETO 00Opa30BaHUs

«CEBEPO-KABKA3CKUI ®EJIEPAJIBHBINA YHUBEPCUTET»
HeBunHOMBICCKMIA TexHONIOTHYECKUI HHCTUTYT (punuan) CKOY

METOTUYECKHE YKA3AHUA

10 BBITTOJTHCHUIO KYPCOBOM PaOOTHI
no nucuuruHe «OO01as XuMru4ecKas TEXHOJIOTHsD)
JUISL CTYICHTOB OYHOMN/3a09HOM (hOpMBI O0yUCHHS
HaIpaBJICHUS MOJTOTOBKH
18.03.01 Xwumuyeckass TEXHOJIOTHS
HaIpaBiIeHHOCTh (MTpoduiib) TeXHOTOTHA XUMUYECKUX TIPOU3BOJICTB

Hesunuomreicck 2024



Meronnueckue ykazaHUsi pa3pabOTaHbl B COOTBETCTBUU C TPEOOBAHHSIMU
®I'OC BO u paboueii mporpaMMbl JUCITUTUTHHBI «O0IIast XUMHUECKasi TEXHOJIOTHS.
VYkazaHusi mpeaHa3HAuYeHbl JUIsl CTYJCHTOB OYHOW/3a04HOM (OpMBI O0yUYeHUS
HarnpasyieHust noArotoBku 18.03.01  Xumudeckasi TEXHOJIOTHSI.

ConepxaT OCHOBHBIE TEMAaTHKy KYypCOBBIX Pa0OOT, CTPYKTypy paboTHI,
nopsiiok  opopmiieHUsT pabOThl, KPUTEPUU OLEHHUBAHUSA, a TaKXKe CIHUCOK
PEKOMEHAYEMOM JINTEPATYPHI.

Cocmasumenu K.C. Coinxo, cmapwuii npenooasameis.
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BBenenue

JucnumuinHa «O01mas XuMu4eckass TeXHOJIOTUS» OTHOCUTCS K JTUCLMIUIMHE 00s3aTebHOM
gyactu. OnHa HampaBieHa Ha QopMupoBaHUE  O00mENPOPEeCCHOHANBHBIX  KOMIIETCHIIHH,
oOyuaromuxcs B mpoliecce BbIoJHeHUs padoTt, onpeaeneHHbx @I'OC BO.

Meroanyeckue ykazaHusl COCTaBJIEHbl HA COBPEMEHHOM HayYHOM YpPOBHE U pacCUMTaHbl HA
CTYJEHTOB, 110 HamnpasieHuto 18.03.01  XumMunyeckas TEXHOJIOTHS.

JUis  MOArOTOBKM  KYpCOBOM  pabOThl CTYAGHT JOJDKEH M3Yy4ydTh Marepuan 1o
COOTBETCTBYIOILIEN TEME, UCIOJIb3Ysl OCHOBHYIO U IONIOJHUTEIBHYIO JINTEPATYPY.



HEJIb, 3AJAYU 1 PEAJIM3YEMBIE KOMIIETEHIIUN

Heas: yrmyOnenue, o0O0OIIEHHE, CHCTEMAaTH3allMsl W 3aKpeIUICHHE IOJyYeHHBIX
TEOPETUYECKUX 3HAHUM U NMPAKTUYECKUX YMEHUHN

3agayM: TNPHOOpPETEHHWE HABBIKOB CAaMOCTOATENBHOW pabOTBl € TEOPETHYECKHM |
HNPaKTUYECKUM MaTepHaJIOM;

npruoOpeTeHre HABBIKOB AHAJIM3UPOBAHUS M OOOOLICHMS TMPAKTHYECKOTO MaTepuayia IIo
TeMe, YMEHHUH NPUMEHATh TEOPETHUECKHE 3HAHMS B PEILICHUH NPAKTUYECKUX 3a/1ad, a TaKxKe
pa3BUTHE TBOPYECKOM HWHHUIMATHUBBI CTYJEHTOB, WX CaMOCTOSTEIbHOCTH IMpU MoAdOpe
TEOPETUYECKOr0 MaTepuaia u U3y4YeHU! NPAaKTUUYECKUX CUTYaIHii;

(dbopmMHpOBaHUE YMEHHUH NMPUMEHSATh TEOPETHUECKUE 3HAHUS MPU PEUICHUH MOCTABICHHBIX
3ajiay, UCIOJIb30BaHUs CIIPABOYHON M HOPMATHBHOM TOKYMEHTALIUU 110 AUCLUITIIMHE.

HauMeHOBaHHE peanu3yeMbIX KOMIIETEHIMHA KOMIICTCHIAM

Kon DopMyIHpOBKa

OIIK-2 CriocoOeH UCoap30BaTh MaTeMaTudeckue, puzndeckue, (PM3NKO-XUMUIECKHEe, XUMUIECKHE
METO/IbI [T PELICHMS 3a1a4 TPO(HECCHOHATBHOMN e TSIbHOCTH

OIIK-4 Crocoben obecrieanBaTh MPOBEACHNE TEXHOJIOTHIECKOTO TIPOIIecca, HCITOIb30BaTh
TEXHUUECKHE CPECTBA JUI KOHTPOJIS TApaMeTPOB TEXHOJIOTHUYECKOTO MPoIecca, CBOMCTB
CBIPBS ¥ TOTOBOW MPOIYKITUH, OCYIIECTBIATh H3MEHEHHUE TAPAMETPOB TEXHOJIOTUIECKOTO
porecca Mpu U3MEHEHUH CBOCTB ChIPhS

OOPMYJIMPOBKA 3ATAHUA

[TepBBIM /IeIOM CTYJICHT BBIOEPET TEMY KYPCOBOIl pabOThI, KOTOpasi COOTBETCTBYET JTHUYHOMY U
npohecCHOHATLHOMY HHTEPECY.

[IpumepHas TemaTHKa KypCOBBIX pabOT

Harmpa IIpumepHast TemaTuka
BIICHUE
JesTen
BHOCTH

IIpon3BOACTBO ¥ METO/IBI MOJIYYEHUsI CEPHON KUCIIOTHI
[Ipon3BOACTBO M METO/IBI MOJYYECHHS] aMMHUAKA
[Ipon3BOACTBO ¥ METO/IBI MOJIYYEHUs A30THON KUCIIOTBI
[Ipon3BoCTBO U METO/IbI MOJIY4YEHUS KapOOHAaTa HATpUs
[Tpou3BoACTBO U METO/IBI MTOyYeHHs KapbaMuia
[Ipon3BOACTBO M METO/IBI MOJTYYECHHS] AMMHUAYHON CETTUTPBI
IIpon3BOACTBO ¥ METOJIBI MOJIYYEHUS CTUPOJIA
[Ipon3BOACTBO M METOIBI MOJTYUYEHNSI BUHWIXJIOpUIA
[Ipon3BOACTBO ¥ METO/IBI MOJIyYEHHUs ALICTUIICHA
[Tpon3BOACTBO U METOIBI MTOJTy4YeHHUs (heHoa
IIpou3BOACTBO ¥ METO/BI ITOTYUYEHUS ITOTUITUIICHA
[Ipon3BOACTBO M METO/BI MOTYUYEHUS TOTUBUHUIXIOPHIA
[Tpon3BOICTBO M METOJIBI MOTYUYeHHUs (HPeHOIPOPMATIBAECTHIHBIX CMOIT
[Ipon3BOACTBO M METO/IbI MOTYYEHHUS MOJTUCTUPOIIA
IIpou3BOACTBO M METO/IbI MOJIYYEHHUs XJIOPUJA KaIus

VXN R WD —

—_— =
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[Tocne ompeneneHus] TEMbl CTYIEHT JOJDKEH MO3HAKOMHUTBCS C BOIPOCAMH, MOJUICKAIUMHE
pa3paboTKe U PACCMOTPEHUIO W KOHTPOJBHBIMU CPOKaMHU IPEJICTaBICHHUS OTACIBHBIX Pa3/IeiioB
paboThl TpenojaBaTeio, OTPAKAIOIINXCS B 3aJaHWM Ha KypcoByro paborty. [lo comepkaHmio
KypcoBas paboTa MOXET HOCUTh pe(epaTHBHBIH, TPAKTUYCCKUH WM  ONBITHO  —
AKCIIEPUMEHTATBHBIA XapakTep, B 3aBUCUMOCTH OT BBIOPAHHOUN TEMBI, YPOBHS KOMIIETCHTHOCTH H
WHIMBUAYAIBHBIX CIIOCOOHOCTEH CTYICHTOB
CtpyKTypa paboThI

Paznen 1 Teoperudeckas 4acThb

YpoBHHU DopMyIHpOBKa KoHTponupyemble KOMIETEHIMH WM UX YaCTH
O0YYCHHOCTH | 3a/IaHMs ObwenpodeccuoHanbHble [Ipodeccrnonansubie
KOMIIETEHLIN U KOMIIETEHIIN U

3HaTL 3aganue 1 | OIIK- | OIIK-

N3yuuth 2 4

XapaKTEPUCTUKY

CBIPBS u

TOTOBOTO

MIPOJIYKTA

3amanue 2 | OIIK- | OIIK-

N3yuuts 2 4

¢uzuKo-

XUMHUYECKHUE

OCHOBHI ITpo1iecca

W3yunts OIIK- | OIIK-

TEXHOJIOTUYECKoe | 2 4

odopmiieHHE

mporiecca
YnMmets 3anaHue 1 | OIIK- | OIIK-

AHanu3 2 4

CYIIECTBYIOLINX

TEXHOJIOTUIECKUX

cXeM

MTPOM3BOJICTBA
Bnanern 3aganue 1 | OIIK- | OIIK-

Ananu3 2 4

CYIIECTBYIOIIIX

CXEM TIONy4eHHUS

MIPOJYKTa

['paduyeckuii Mmatepuan He MpeayCMOTPEH
Pa3nen 2 Ananutudeckas 4acThb

VYpoBHH dopmynupoBka KonTponanpyemble KOMIETEHIIMH WIJIM UX YaCTH
00y4CHHOCTH | 3aJaHHs Oo6menpodeccrnoHaabHbIE [Ipodeccronanbubie
KOMIIETEHIINH KOMTIETEHITNHT

3HaTh 3amanue 1 | OIIK- | OIIK-

Pacuer 2 4

MaTepuaaIbHOrO

OamaHca

nporiecca;

3amanme 2 pac | OIIK- | OIIK-

Pacuer 2 4

TEIJIOBOTO

Oaanca

poiecca,
Vmerts 3aanne 1 | OIIK- | OIIK-




CocraButh u|?2 4
paccuuTarb
MaTepUaIbHBIN
OanaHc
mporecca;

3ajanue 2 | OIIK- | OIIK-
CocTaBHUTh ul2 4
paccuuTarb
TEIUIOBOM Oajamc
mpolecca;

Bnanerts 3amanue 1 | OIIK- | OIIK-
CocTtaButh OJIOK- | 2 4
cXeMy
MPOU3BOJICTBA

['paduyeckuii Mmatepuan He MpeayCMOTPEH
[Tepedens nmomexamux pa3padoTKe BOMPOCOB:
a) TI0 TEOPETUUECKON YaCTH — XapaKTEPUCTUKA ChIPbS K TOTOBOTO MPOAYKTA;
—(U3UKO-XUMHUYECKHE OCHOBEI ITPOIIECCA ;
— TEXHOJOorn4Yeckoe ohopMIIeHHE Iporecca

0) O aHANMTUYECKOM YacTH: —_pacyeT MaTepuaabHOro OanaHca mpolecca;
— pacueT TeIIoBoro fanaHca mpolecca;

CTPYKTYPbI PAGOTbI

1. TUTYABHBIN JHCT.

2. 3agaHue Ha KypCOBYIO paboTy

3.Conepxanue

4. BBenenue

5. OcHOBHas 4acTh (COCTOUT U3 TEOPETUYECKON U aHAITUTUYECKON yacTeil)
6. 3akiroueHue

7. CIMCOK MCIOJIB30BaHHBIX UICTOYHUKOB

8. [Ipunoxenus.

9. OT3bIB pyKOBOUTEIS

TuryabHblii Juer — odopmisiercss o ycraHoBieHHOMY oOpasmy (IIpumoxenue 1).
[TepeHoc cioB Ha TUTYJIFHOM JIUCTE HE JOIycKaeTcs. Touka B KOHIIE IPEJIOKEHHUIM He CTaBUTCSL.

3aaHue HA KYPCOBYIO padoTy — BBIJIA€TCSl PYKOBOJAUTEIIEM

Coaepskanue — BKIIOYaeT BOMPOCHI TEMbI B BHJE 3arojIOBKOB, TJIaB WM maparpados,
HaUMEHOBAHUE BCEX Pa3JIeNIOB U MOJIpa3/eiioB, 3aKI0YEHNE, CIIMCOK UCII0JIb30BAHHOM JINTEPATYPHI,
HAaUMEHOBAaHHE TMPHIOKEHUH C yKa3aHUEM CTPaHUIl, C KOTOPBIX HAYMHAIOTCS ATH DSJIEMEHTHI
KypCOBO1 paOOTHI.

BBenenne — pacKkpbIBaeTCsl aKTyalIbHOCTh TEMbI, (DOPMYIHUPYIOTCS 1IeNIU U 33a]1a4H paOOTHI.
Bo BBeneHHMM MOXET OBITH OTpakeHa IPAKTHYECKash 3HAYUMOCTH pabOThI, KOTOpas COCTOWT,
NpekJe BCero, B TOM, YTO pe3yJdbTaTbl HCCIEAOBAHUS MOTYT OBITh PEKOMEHIOBAaHBI K
UCIIOJIb30BAaHUIO MX B OPraHMU3allMM U IUIAHWPOBAHUU XO3SHUCTBEHHOU JEATEIBHOCTU NPEATIPUSITHS,
BBIPa0OTKE €ro 1EHOBOW, aCCOPTUMEHTHOM, (PMHAHCOBOI U COLMATBHON MOTUTHKH.

B ocHOBHOM YacTM KypcoBOMl pabOThl MPAaKTUUYECKOTO0 WM SKCIEPUMEHTAIBHOTO
XapakTepa MPOU3BOAUTCS JieJIeHne COOPAaHHOTO MaTepualia Ha JBE YacTH:

— TEOpeTHYEeCKas YacThb COJEPXKATCA TEOPETUYECKHME OCHOBBI pa3padaTbIBA€MOM TEMBI;

paccMaTpUBAIOTCS XapaKTePUCTHKA CBIPhS M TOTOBOTO MPOAYKTa; (PU3MKO-XUMHUYECKHE OCHOBBI
npoliecca; TEXHOJIOTHYeCKoe 0(opMIIEHHE MPOIEecca;



— aHaJWTUYECKas 4acTh HOCUT aHAIMTUYECKUW (TmpakThueckuii) xapakrtep. ColepHUT pacuera
MaTEepHaJIBLHOTO U TEIUIOBOTO OajlaHCOB Mpolecca.

3aki0yeHHe KypcoBOil pabOThl IIOJDKHO OTpakaTb KPATKHH WMTOT TPOBEICHHOTO
TEMAaTUYEeCKOr0 aHalW3a W BKIIOYAaTh OCHOBHBIC BBIBOJBI. 3aKIIOUMTENbHAS YacTh KypCOBOH
paboThI TOJHKHA OBITh JOCTATOYHO KPATKOW M TIIATEIBHO OTPEAAKTUPOBAHHOM.

CHHCOK HCNOJIb30BAHHBIX MCTOYHUKOB COJCPKHUT BCE MCTOYHUKU, KOTOPHIE CTYACHT
UCIIOJIB30BaJl B TIPOIIECCE BBITIOJIHEHUSI KYPCOBOW PaOOTHI, TIPU 3TOM JIOJDKHBI OBITH COOIOJICHBI
oOmienpuHsATHIe paBuiIa OMOIMOrpaUIECcKOro ONMUCaHNsl UCTOYHUKOB.

Ipunoxkennsi K KypcoBoi pabOTe BKIFOYAIOT MAaTEPHAaJbl, CBSI3aHHBIC C BBITOJHCHUEM
KypcoBOi paboTbl, HO, KOTOpBIE MO KAKUM-JIMOO MPUYMHAM HE BKIIIOYEHBI B OCHOBHYIO 4acTb
(cxembl, TaOIUIIBI, POTOCHUMKH, TUIAKATHI, HIUTFOCTPALIUH U T.I1.).

OBIIUE TPEBOBAHMUSA K HAIIMCAHUIO U O®OPMJIEHUIO PABOTbBI

KypcoBast pabora odopmisiercs B coorBeTcTBuu ¢ TpeboBanusmu ECKJ]l Ha mucrax
dopmara A4 (210 297 mm), Ha OTHOW CTOPOHE JIUCTA, KOTOPBIE JOJDKHBI OBITH COPOILIIOPOBAHBI B
CIeIyIOIIel MOCIeI0BaTeIbHOCTH: TUTYJIbHBIN JIUCT, 33JlaHKe, CO/AEpKaHHe, BBEJCHHUE, OCHOBHOE
cojiepxaHue (TEKCT) KypCOBOM padOThI, 3aKIIOYEHHUE, CIHCOK HCIOJb30BAaHHBIX HCTOYHUKOB,
MPUIIOKEHUS, OT3bIB PYKOBOIAUTEIIS.

OO6muit 00BeM KypcoBOi pabOThI JOMKEH cOCTaBiIATh 30—40 CTpaHUI] IEYaTHOTO TEKCTa, HE
cuurtas mnpuioxkeHud. Tekct paboThl AOMKEH ObITH OTHEYaTaH depe3 moiarTopa uHTepBana (1,5
ctpok#), mpudtom Times New Roman, pazmepom 14. LigeT mpudra 10omKeH ObITh Y4epHbIM. TeKCT
cJeayeT IedyaraTrh, coOMoaas ClaeAyroIme pa3Mepsl moyel: Bepxaee — 20 MM, HIKHee — 20 MM,
aeBoe — 20 MM npaBoe —10 MM. PamMKu Ha MOJNSIX BBIMONHSAIOTCS B COOTBETCTBHH C TPEOOBAHUSIMHU
ECKJI. AO3am: BbeIpaBHMBaHHWE — [0 IIMPUHE; TepBas CTpoka-orctyn — 1,25; nomkeH ObITh
BBICTABJICH aBTOMAaTWYeCKH (HE JOMyCKaeTcsl [enaTh a03alHblii OoTCTyn mnpobernaMu MU
Tadyssueil) uHTepBan nepeq u nocie adzana — 0 myHkToB. DYHKIMS MEepeHOca CIOB «aBTO»
BBICTABJISIETCSl 00s13aTeNbHO. VI3/I0’KeHHE OCHOBHOTO TEKCTa KYpPCOBOM pabOTHI JOJKHO OBITH
MOCIIEI0BATENIbHBIM, JIOTUYHBIM, 4YeTKUM. Oco0oe BHHMMaHHE JOKHO OBbITh O0OpamlieHo Ha
opdorpaduto, cuHTakcuc. HemomycTUMO MeXaHHYeCKOe MEepenuChIBaHHE IIETUKOM ab3ales,
CTpaHull, TabauI 6€3 CChUIKM Ha UCTOYHMKH (IIUTaTa OepeTcs B KBaJIPpaTHBIX CKOOKAX yKa3bIBAaeTCs
HOMEp HMCTOYHHMKA IO CIUCKY auTepaTypsl). CokpallleHue CJIOB B TEKCTE HE JOITyCKaeTcs, 3a
UCKIIIOYeHHEM cokparneHul, ycraHoBiaeHHbIX ['OCTom. TekcT KypcoBod paOOThI JOJIKEH HUMETh
CIUIOIIHYI0 HyMmepanuio cTpaHun. CTpaHMIBI CIEAyeT HyMepoBaTh apaOCKuMu Ludpamu,
coOirofasi CKBO3HYIO HyMeEpaluio M0 BceMy TeKCTy paboTbl. Homep cTpaHuiel mpocTaBisercs
clipaBa B HIDKHEW 4acTH JUcTa 0€3 TOYKU. TUTYJbHBIA JIMCT BKJIIOYAETCS B OOIIYI0 HYyMEpalHio
cTpaHul] pabOTbl, HO HOMEp Ha HeM He mpocTaBiserca. [IpuiokeHus oQOPMISIOTCS Kak
MPOJOHKEHNE KYypPCOBOW padOThl Ha MOCIEAYIONUX JINCTaX, HO OOIMUH 00beM KypCOBOW padOThI
OHO HE BXOAWUT. B TekcTe KypcoBOW pabOThl Ha BCE MPUIIOKEHUS JOJDKHBI OBITH JaHbl CCHUIKH.
Kaxnoe nmpuiioskeHue cielyeT HauuHaTh C HOBOM CTpaHUIIbI C YKAa3aHHWEM HaBEpXy CIpaBa CoBa
«[Ipunoxenue» u ero HoMmepa. [IpunoxkeHus: JOHKHBI UMETh 3aroJIOBOK, KOTOPBIN 3alMChIBAETCS
CUMMETPUYHO OTHOCUTENILHO TEKCTA C IPOIUCHON OYKBBI OT/IEIBHON CTPOKOIA.

HOCJVIEAOBATEJBHOCTD BBIIIOJIHEHUA 3ATAHUSA

[lepBbIM [1€JIOM CTYIEHT BBIOEPET TeMy KypcOBOW pabOThl, KOTOPBIH COOTBETCTBYIOLIYIO
JUYHOMY M npodeccuoHambHOMY uHTepecy; llocie ompeneneHuss TeMbl CTYIEHT JOJDKEH
MO3HAKOMHUTBCSA C BOMPOCAMH, TMOMJISKANMMU pa3pabOoTKe U PAaCCMOTPEHHIO M KOHTPOJIbHBIMH
CpPOKaMH INPEACTaBICHUS OTIEJIbHBIX pa3/ieloB pabOThl NPENoJaBaTeIlo, OTPAXKAIOIIUXCA B
3aJ]aHUM Ha KypcoByIO paboTy. ClemyloliuM 3TaroM BBINOJIHEHHS KypCOBOH paboThI sBIIsETCA
non0op nuTeparypsl. B npornecce BbInosHEeHHsT paOOThl CTYJEHT MOXKET HCIOJIb30BaTh YUEOHYIO,
Hay4HYIO U METOJUYECKYIO JIUTEPATYPY, UCIIOJIB30BATh HUHTEPHET - PECYPCHI.



KPUTEPUU OLHEHUBAHMUS PABOTBI

Kpurepuu oreHnBaHus KypcoBOMl paOOThl npuBefaeHbl B DOHIE OLEHOYHBIX CPEICTB IO
mucuummnae OO01as XxuMuaeckast TEXHOJIOTHS

Kpurepuu onenku:

OneHka «OTJIMYHO» BBICTABIISIETCS CTYIEHTY, MOJHOCTBIO OCBOUBIIEMY BCE KOMIIETCHLIIMA U
MIOKA3aBIIEMY BCECTOPOHHHE, CHCTEMAaTU3WPOBAaHHBIC, TIyOOKHE 3HAHUS Y4eOHOW NpPOTrpaMMBI
JUCLMIUIMHBl U YMEHHE YBEPEHHO IPUMEHATh UX HA NPAKTUKE IIPYU PEIICHUU KOHKPETHBIX 3a/1ad,
CBOOOJHOE U MPaBUIbHOE 000CHOBAHNE IPUHATHIX PEILICHUM;

OneHka «XOpoIlO» BBICTABISACTCS CTYIEHTY, €CIIM OH B JOCTaTOYHOM Me€pe OCBOMI BCE
KOMIIETEHIIMM, HO JIOMyCKAaeT OIMIMOKH, TBEPAO 3HAET MaTepHall, 'PaMOTHO M MO CYIIECTBY
U3JIaraeT €ro, yMeeT IPUMEHATh IOJy4YEHHbIC 3HAHUS HA IPAKTUKE, HO JOIyCKAeT B OTBETE WJIM B
pELICHUH 3a]]a4 HEKOTOPbIE HETOYHOCTH;

OneHka «yJIOBJIETBOPUTEIBHO» BBICTABIIACTCA CTYACHTY YaCTUYHO M IIOBEPXHOCTHO
OCBOMBIIIEMY KOMIIETEHIIMM U TOKa3aBlleMmy (pparMEeHTapHBINA, pa3pO3HEHHBIH XapakTep 3HAHUH,
HEI0CTaTOYHO IpaBUJIbHBIE (OPMYJIMPOBKM Oa30BBIX TMOHSATHH, HapyLIEHUs JIOTMYECKOM
[IOCJIEIOBATEIIbHOCTY B H3JIOKEHUM IPOrPAMMHOIO Marepuayia, HO IIPM 3TOM OH BIAJEeT
OCHOBHBIMM pa3zfielaMM y4eOHOH mporpaMmbl, HEOOXOAMMBIMM Ul JalbHEHIIEro oOydeHUs H
MOYKET MIPUMEHSTH MOJTyUYeHHbIE 3HAHUS TI0 00pasily B CTAaHIAPTHOW CUTYallUH;

OneHka «HEYJOBJIETBOPUTENBHO»  BBICTABIAETCS  CTYINEHTY, KOTOPBII HE  OCBOMII
KOMIIETEHIIMM W HE 3HAeT OOoJblIeld 4YacTH OCHOBHOTO COJACP)KaHUS Y4eOHOH MporpamMmmbl
JUCLUIUIMHBL, JOIYCKaeT rpyOble OomMOKH B (POPMYJIMPOBKAX OCHOBHBIX MOHITUN JAUCLUILIMHBI U
HE yMEET UCIO0JIb30BaTh 0Jy4YCHHbIE 3HAHMS [IPU PELICHUH TUIIOBBIX IIPAKTUYECKUX 3a]1a4.

HNOPAJOK 3AIIUTHI PABOTbI

3ammra KypcoBoi paboTh! siBiIsseTCsl 00513aTeIbHOW (OPMOI IPOBEPKU BBIIIOJHEHUS PaOOTHI.
3ammra TPOM3BOAUTCA Ha 3aceJaHud Kadeaphl, CIEeUUATbHOW KOMHCCHEH, YyTBEp)KIaeMoil
JUPEKTOPOM  HMHCTUTYTa, COCTOsAIIEd OObIMHO U3 2 mpenojasatened  Kadeapbl, Ipu
HETIOCPEACTBEHHOM YYacTUU PYKOBOJAWTEINS, B NMPHCYTCTBUU CTYIEHTOB. Pe3ynpraThl Hamboiee
MHTEPECHBIX KypCOBBIX PA0OOT MOTYT ObITh JOJOXEHbBI HA HAYYHbBIX KOH(EpeHLUAX.

3amuTa COCTOUT B KOPOTKOM JI0KJa/le CTYAEHTa IO BBIOJIHEHHOH paboTe M B OTBETax Ha
BOIIPOCHI IPUCYTCTBYIOIMX Ha 3amuTe. HayuHblll pyKOBOJUTENb 3a4UTBIBAET OT3bIB HA KyPCOBYIO
paboTy cTyeHTa.

Pe3ynbTaThl 3aUThl KypcOBOI paboThl oOlleHHBarOTCs AU (HEepeHIUPOBaHHON OTMETKOH 1o
naTHOaIIbHON cucteme. OleHKa KypcoBOM paOOThI 3aHOCHUTCS B 3a4ETHYIO KHIDKKY CTYJCHTA H
3a4€THO-DK3aMEHALMOHHYIO BEJOMOCTb.

CryneHT, He NpPEICTaBUBLIMI B YCTAaHOBJEHHBI CpPOK KypCOBYIO pabOTy WIM HeE
3alIUTUBINANA €€ II0 HEYyBa)XKUTEIbHOW IPUYMHE, CUUTACTCS MMEIOIIMM aKaJeMUYECKYIO
3a/10JOKEHHOCTb.

KypcoBble paboThl, MNpeACTaBIAIOLIME TEOPETHUECKUH W IPAKTUYECKUH HMHTEepec,
NPECTaBIISIIOT Ha KOHKYPC B CTYJCHUYECKHE HAay4YHbIE 00IIECTBa, KOH(epeHIn .

ITpu nnpoBepke 3a1aHus, OLIEHUBAIOTCSA

IIOCJIEIOBATEIbHOCTD U PALIMOHATIBHOCTD BBIIIOJIHEHUS,

TOYHOCTb MCIIOJIB3YyEMbIX (GOpMYI,

CTETeHb COOTBETCTBHS 00BEMa U COAEPIKaHUS pabOTHI TEME, MPABIUIIBHOCTH M TOYHOCTH B PELLICHUN
3ajad4;

KauyecTBO 0OopMIICHHS PabOTHI;



[Tpu 3ammre pabOTH OLIEHUBAIOTCS:

CaMOCTOSTENIbHOCTh MBIIIJICHUS U TBOPUECKUH MMOAXO0 K PEIIEHHIO 3a/1a4;

JIOTUKY M YETKOCTb M3JIOKEHUS MaTepuaa;

000CHOBAaHHOCTb OCHOBHBIX IOJIOKEHUN PabOThI;

3HAHUE JIUTEPATYPHI 110 TEME;

IPaBUIBHOCTD U MOJHOTY OTBETOB Ha BOIIPOCHI B X0JI€ 3aILUTHI KypCOBOI paboTBhI.

CIIMCOK PEKOMEH/YEMOM JIUTEPATYPbI

OcHoBHas iMuTEpaTypa:
1 Konnaypos, Bb.I1., Anekcanapos, B. 1., Apremos, A.B. O0mas xumuueckasi TEXHOJIOT U
yue0. mocobue. — M.: Akagemus, 2012.

206]1_[3.51 XUMHNYCCKAA TCXHOJIOTUS. MCTO,Z[OJIOI‘I/ISI HpOCKTI/IpOBaHI/Iﬂ XUMHUYCCKUX HpOI_IeCCOB:
yueOnux/ mox pexa. X. O. Xapnammuau. — CI16.: Jlans, 2013

JlonoiHUTeIbHASA JTUTEpaTypa:

13umoH, A. JI. KomtonaHas xumus : yaeOHuK aiis By30B / A. JI. 3umoH ; - AxmetoB T.I.
XuMudeckasi TEXHOJIOTHSI HEOPTAHUUECKUX BEIIECTB Y4eOHOE MOCOOUE /ISl CTYACHTOB
BYy30B- M.: Xumus, 2002 r.-688c.

2 Kyrenos A.M., bounapesa T.U., bepenrapren M.C.. O01mas xumMuueckass TEXHOIOTHSL.
VYyebnuk it Texundeckux By30B.- M.: UKI] "Akagemknura". 2003.-520c¢.

3 Kparkwuii cipaBouHuK ¢pusnko-xumuyeckux BenuduH / [log pen. A.A. Pasnens- Cno.:
"UBan ®enopon", 2002.-240c.

Humepnem-pecypcowi:
1 http://window.edu.ru/ — eauHOE OKHO JIOCTYIa K 00pa30oBaTeIbHBIM pecypcam
2 http://biblioclub.ru/ — ObC «YHuBepcuterckas 6MOIMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KAaTaJOT acCOIUAIIAN IEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHnit u oprannzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTKpbITOE 0Opa3zoBaHue



https://openedu.ru/
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