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BBEJAEHUE

Hacrosie Meronuueckue pekoMeHAAMM pa3paboTaHbl HA OCHOBE padoueit
NporpaMMbl  JUCHUIUIMHBI  «TE€XHOJIOTMSI ~ HEOPraHMYECKHMX  BEIIECTB» U
MpeaHa3HAYEHBI JIJI CAMOCTOATEIBHOTO U3YYEHUS 00yYarOUMHUCS.

I'pamMoTHBIN cHeUaIUCT IS YCIEIIHOW paboThl B 00JACTH XUMHUYECKOU
TEXHOJIOTUM HEOPraHWYECKUX BEIIECTB JOJDKEH 001aaTh NPEACTaBICHUSIMU O
COBPEMEHHBIX JIMIICH3UPYEMBIX TEXHOJOTHSAX MPOU3BOACTBA  KaTaJW3aTOPOB,
COpOEHTOB, HOCUTEJICH KaTalM3aTOPOB, MUHEPAIBHBIX yJIOOpEHUN, HEOPTaHUYECKUX
KHCJIOT, IIEI0YEeH, COICH.

JInsd  yCHEemHOro  BBINOJHEHHUS  HAay4YHO-HUCCIEAOBATEIIbCKUX,  OIBITHO-
MPOMBIIIUICHHBIX U MPOMBIIUICHHBIX PabOT MO CO3JaHUI0 COBPEMEHHOW TEXHOJIOTHU
HEOPTaHUYECKUX BEHIECTB OOydaroneMycsi HE0OXOAUMO BIaJACTh 3HAHUSIMU O
CYLIECTBYIOIIUX MOJEIAX TEXHOJOIMYECKUX MPOLIECCOB, UX XUMHU3ME, MEXAHU3ME,
JIOCTOMHCTBAX, HEJIOCTaTKaX, OCOOCHHOCTH HCIIOJIb30BaHUs, a TAKXKE HaBBIKAMU

BJIaACHUSA U YMCHUAMMU ITPUMCHCHUA OTHUX 3HAHMU.



COAEPXKXAHUE U METOANYECKHUE PEKOMEHJIAIIUU 11O
N3YUYEHUIO JNCIUIIJINHBI
«TEXHOJIOT'USA HEOPTAHUYECKUX BEIIECTB»
Tema 1. BBoanblii pa3zae

Ienu u 3a0auu 3anamus:

OO06o3HaUWTh MENMM W 3aJauyd Kypca, CBSI3b C JPYTUMH JUCIUTIMHAMMU.
Opranuzanusi u3y4eHus: AUCHUIUIMHBL. OOOOHIUTH CBEJACHUS O KATAJTUTHYECKUX U
COpOLIMOHHBIX Tmporeccax. PaccMoTpers poib  KaTalm3a B COBPEMEHHOM
MPOMBIIIUICHHOCTH (XUMUYECKOM, HeTeXuMUYECKON U HedTenepepadaThIBAIOLIEH ).
[Tpou3BOACTBO MUHEPATBHBIX YAOOPEHH, KUCIOT U IIETOYECH.

Yueonwie 6onpocwvt no camocmoamenwvnoi pabome:
Knaccudukanus HeopraHnuecKux BeIeCTB;
Tunbl IPUPOTHBIX U CUHTETUYECKUX KAaTaTu3aTOPOB U COPOCHTOB,;

Buibl XUMHKO-TEXHOJIOTMYECKUX MPOU3BOJICTB KATAJIM3aTOPOB U COPOECHTOB;

B W e

CxeMbI POU3BO/ICTBA MUHEPATLHBIX YI00PEHUI.

Temwt 0oxknaoos, cooowenuil, rcce.

=

Opranuzarust pabOThI MPEANPUITHI HEOPTAHUUECKOTO CUHTE34,

2. Wcropus pa3BUTHS KaTajau3a U TEXHOJOTUU KaTaln3aTopoB B Poccuu u mupe;
3. HWcropus pa3BUTHS IPOU3BOICTBA MHHEPATBHBIX YIOOPCHHIA.
Memoouueckue ykazanus:

Knaccudukanus Heopraunyeckux Bemiects. [IpocTeie BelecTBa pa3ouBaroTCs

Ha IBC OoJIbIIINE rpynIibl: MCTAJJIbI 1 HCMCTAJIJIBI.

Meraib — rpymnmna AJIEMEHTOB, obnagaroras
XapaKTEPHBIMIMETAJUTMYCCKUMHU CBOWCTBAMH: TBEPABIC BeEMIeCTBa (MCKIIOYCHUE
COCTABJISIET PTYTh) HMEIOT METAUIMYSCKUN OJIeCK, SBISIOTCS  XOPOIIMMHU
MPOBOJHUKAMHM TEIUIOTHI M dJiekTpuuecTBa, KoBkue (kene3o (Fe), menp (Cu),

amomunuit (Al), pryts (Hg), 301010 (AU), cepedpo (Ag) u ap.).

Hemerannsl — rpymma 35neMeHTOB: TBEPbIE, XuIKUe (OpoM) U Ta3000pa3HbIe
BEILECTB, KOTOPbIE HE O0JIAJal0T METAJUIMYECKUM OJIECKOM, SIBIISIOTCS U3O0JSTOPHI,

XPYIIKHE.



A clOXHBIE HCOPraHNM4YCCKHUEC BCIICCTBA B CBOKO OYCPC/Ab IOAPA3ACIIATCA Ha

YCTBIPC I'PYIIIIBLI, HJIN KJIaCCa: OKCUJAbI, OCHOBAHHUA, KUCJIOTBI U COJIH.

OKCI/II[BI — 3TO CJIOKHBIC BCUICCTBA, B COCTAB MOJICKYJ KOTOPBIX BXOAAT aTOMbI

KHCJIOPpOda U KaKOFO-HI/I6y,Z[L APYyroro BCUIcCTBa.

OcHOBaHUSI — D3TO CJIOXKHBIC BCOICCTBA, B KOTOPBIX A4aTOMblI MCTAJJIOB

COCIHUHCHBI C OI[HOI71 HJIN HCCKOJIbBKMMHU TMAPOKCUJIBHBIMU I'pYIIIaMHU.

C TOUYKM 3peHHs TEOPUU 3JIEKTPOJIUTUYECKOM IUCCOLMALMU, OCHOBAHUS —
CJIOKHBIE BEILECTBA, IIPU JUCCOLMALMN KOTOPBIX B BOJHOM pPacTBOpE O0Opa3yroTCs

kaTHoHbl MeTanna (uamu NH,") u rugpokcun — aanonsl OH',

KucaoTrel — 3TO CIOXKHBIC BCIICCTBA, B COCTAB MOJICKYJ KOTOPBIX BXOIAT

4aTOMBI BOAOPOAA, CIIOCOOHBIC 3aMCIIaThCA UJIN 0OMEHHMBATHCS HA aTOMBI METAJIJIA.

Conm — 3TO CIIOKHBIE BEIIECTBA, MOJIEKYJIBI KOTOPBIX COCTOAT W3 aTOMOB
METaJUIOB U KHUCIOTHBIX OCTaTKOB. COJIb PEACTABIAET COOOM MPOIYKT YACTHUHOTO
WJIM TTOJIHOTO 3aMELIEHHsI aTOMOB BOAOPOa KUCIOTHI METAJIIOM.

Tunel INPpUPOAHBIX W CHHTCTHYCCKHX KATAJIHN34dTOPOB H COD6€HTOB .

K mpupomHbIM MaTepraiaM, UCITOIB3YIOITUMCS B POIECCaX OYNUCTKU 3arPSI3HCHHBIX
CTOKOB (COpOeHTaMm), OTHOCST: KBapIEBbIN MECOK, MEJ, JUATOMHUT, aHTPAI[UTOBYIO

KPOILIKY, OTIOKY, TPENENa, LEOJIUT, T0JIOMUT, MATHETUT U JP.

CBoiicTBa HOPUPOAHBIX COPOEHTOB BO MHOIOM  OMNPEIETSAIOTCA  UX
(GU3UYECKUMHU  TMOKaszaTesiIMUA: OOBEMHBIM BEC, WCTUHHBIA YIEIbHBIA BeC,

HOPUCTOCT.

bonpmme NEPCHEKTUBBI U HIMPOKOE IIPUMEHEHUE HaXOoJsT
MOJIyCUHTETUYECKUE COPOEHTHI M KaTalu3aTopbl JJs MNPOMBILUICHHBIX HYX]I.
CopOeHThl MOJy4YaloT U3 MHUHEPAIbHOIO ChIpbi, OOpPabOTAaHHOTO pPa3IUYHBIMHU
Croco06aMu — OPraHU4YEeCKUMH MM HEOPTaHUYECKUMU COCTUHEHHUSIMH, OCaXICHUEM

Ha HUX HIPOCTBIX WJIN CIOXHBIX OKCUAOB U T.II.

Oco0eHHOTO BHUMAaHUS 3aCJIYyKUBArOT oOnactu IIPUMCHCHUS HAHOMATCPHUAJIOB

HAa OCHOBE YTIJIEPOAHBIX M HEOPraHM4ecKux CTpykTyp. [lomydaembie COpOEHTHI
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MMEIOT NOPHUCTYIO CTPYKTYPY, OTJIMYAIOLIYIOCS OT HCXOJHOTO MHUHEpana, u

HpI/IO6peTaI-OT JOITOJIHUTCJIIBHBIC ITIOJIC3HBIC CBOMCTBA CUHTETUYCCKHUX COp6€HTOB.

CuHTeTHYecKHe COpPOCHTHI TMOJMY4YalOT U3 CBIphS  HEPYTEXUMHUYECKON
POMBIIIVIEHHOCTH. DTO MOXET OBITh PYJIOHHBIN MaTepuan U3 MOJIUIPONUICHOBBIX
BOJIOKOH, TyO4aThli WM TpaHyJUpPOBaHHBIM  MOJMYypeTaH, (OPMOBAHHBIN
MOJIMATUJIEH WIIH JPYTUE TUIACTUKOBBIE MATEPUAIIBIL.

KaTaJ'II/ISaTODBI MOJKHO IIPOU3BOJUTH CICAYIOIINMHU criocobamu:

® - XHMHYCCKMM C IIPUMCHCHUCM pCaKInn I[BOfIHOFO O6M€Ha, OKHUCJICHHUA,

TUAPUPOBAHUSA U JIp.;
* - CIUIABJICHHEM METAIIJIOB;

* - 30JIb-T€JIb METOJIOM;

* - CMEIICHHEM OKCHJOB U THAPOKCHIOB METAJIOB;

* - CYXHUM Pa3JIOKECHUEM COJIEH;

* - HaHECEHWEM OJIHUX (a3 Ha apyrue ¢as3bl TBEPAbIX TEII;
* - CHHTE30M KOJUIOMJHBIX CUCTEM;

* - TPUBUMBKOM pA3NIMYHBIX COEIWHEHMA Ha TBEpAbIH HOCUTENb (TIPUBUBKA

dbepMeHTa Ha aKTUBUPOBAHHBIN yTOJIb);
* - IPOIUTKON HOCHUTETIECH;
* - MEXAaHUYECKHUM IMEPEMENIMBAHUEM TBEP/IBIX KAaTaINU3aTOPOB;

¢ - HOHHBIM O6MCHOM, 3aMCHsIA OJTHU KaTHUOHBI B PCHICTKE KaTaJIn3aTopa Ha APYIHUC

(mampumep, tieoaut NaX mox Bozzaeiicteuem CaCl2 nepeBoast B CaX - nieomnur).

MuHepaibHble YIOOpEeHUS KIACCUPUITUPYIOT MO TPEM TIABHBIM TPU3HAKAM:

AIrpoOXuMHNYCCKOMY Ha3HAYCHHUIO, COCTABY, CBOMCTBaM U cioco0am MOJIYUYCHUA.

[lo arpoxumMu4ecKOMy Ha3HAYEHUIO YIOOpEHUs pa3leNsioT Ha MpsMBIE,
ABJISIOIIMECS MCTOYHUKOM IMTATENBHBIX JJIEMEHTOB JUIA PACTEHUM, U KOCBEHHBIE,
ClIy>Kalue JJi1 MOOWJIM3aluy MUTATENIbHbIX BELECTB MOUYBbI IIyTEM YJIyULIECHUS €€
(pu3nyecKux, XUMUYECKUX U OMOJIOTMYECKUX CBOMCTB. K KOCBEHHBIM yJ100pEeHMSIM
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MpPUHAJICKAT, HANPUMEpP, W3BECTKOBBIC  YAOOpPEHUS, TPHUMEHSEMBbIC IS
HEUTpaIn3auu KHCJIBIX MIOYB, CTPYKTYpOOOpa3zyroliue y00peHus,
CIIOCOOCTBYIOIIME arperupoOBaHUI0 MOYBEHHBIX YACTHI[ TSDKENBIX W CYTJIMHHUCTBIX

ITOYB U JP.

[IpsiMble MuHEpasibHbIE YAOOPEHHUS MOTYT COJAEpX aTh OJAMH WA HECKOJIBKO
pa3HBIX TMUTATENbHBIX JJIEMEHTOB. [l0 KOJMMYECTBY MNUTATEIBHBIX SJIEMEHTOB
yIOOpeHHs] TMOAPA3ACISIIOTCS Ha TNPOCThie (OAHOCTOPOHHHWE, OJIMHAPHBIE) U

KOMIIJICKCHBIC.

B IIPOCTBIC y,u06peHH;1 BXOOHUT TOJIBKO OOHWH M3 TPCX IJIABHLIX IMHTATCIBHBIX
QJICMCHTOB: a30T, (1)0C(1)0p WM KaJIui. COOTBGTCTBGHHO, IIPOCTBIC y,Z[O6p€HI/IH ACIIAT

Ha a30THbBIC, PoCcHOpHBIC U KATUNHEIE.

KomruiekcHble ygoOpeHust coiepskaT JBa WM TPU TJIABHBIX MHUTATEIbHBIX
sreMeHTOB. [10 4KCiy TJIaBHBIX MUTATEIBHBIX JIEMEHTOB KOMIUICKCHBIE YI00pEHUs
Ha3bpIBalOTCS JBOMHBIMU (Hampumep, tuna NP wimu PK) u tpoitneimu (NPK);
MOCJICTHUE HA3BIBAIOT TAKXKE TMOJHBIMU. Y IOOpEHUs, COJAEpKallie 3HAYUTEIIbHbIC
KOJINYECTBA MUTATEJBbHBIX AJIEMEHTOB M Majio Oa/sIaCTHBIX BEIIECTB, HA3bIBAOTCS

KOHIIEHTPUPOBAHHBIMU.

KommnnekcHbie y,[[O6p€HI/I$I, KpoOMC TOro, pasaci/iaroTCa Ha CMCIIAHHBIC H
CJIOKHBIC. CMemaHHBIMM ~ HA3bIBAIOTCA  MEXaHHUUYECKHE CcMECHU YI[O6pCHHfI,
COCTOAIMC U3 PA3HOPOAHBIX YAaCTHI, ITOJTYYaCMBIC IIPOCTHIM TYKOCMCIICHHUCM. Ecan
XKE y,2106pCHI/IC, coAcpiKamece HCCKOJBbKO IMUTATCIBbHBIX 3JICMCHTOB, IMOJYYacTCA B
pe3yiibTarc XUMHUYECKOM pCaknuun B 33BOI[CKOI>'I arraparype, OHO Ha3bIBACTCA

CJIOKHBIM.

Ynobpenusi, mnpeaHa3HAuYCHHBbIC [IJI1 TIMUTaHUS PACTECHUH DJIEMEHTaMH,
CTUMYJIMPYIOIIUMH POCT pAcTEHUHW U TPEeOYIOIMMMHUCS B BEChbMa MAaJbIX
KOJMYECTBAX, HA3bIBAIOTCA MHUKPOYAOOPEHUSIMU, a CoJepKaluecs B HHX
MUTATEJbHBIC AJIEMEHTBl — MUKpPO3JIEMEHTaMU. Takue yJ100peHus BHOCAT B MOYBY B
KOJIMYECTBAX, U3MEPSEMBIX JOJAMU KUJIOTPAMMA WM KWiorpamMmamu Ha rexkrap. K
HUM OTHOCSITCSI COJIM, COZIep Kalue 00p, MapraHell, Me/ib, IIMHK U IPYTHUE DJIEMEHTHI.
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[To arperaTHOMY COCTOSTHUIO yIOOpEHHUS Pa3[ESIOTCS HA TBEPABIE U KUIKUAC

(Hanpumep, aMMHUaK, BOJIHbIE pACTBOPHI U CYCIICH3UN).

Pexomenoyeman numepamypa:
ocHoBHas: [1-13];

JOTOJIHATENbHAS: [14-24].

Tema 2. [IpomMbIlIIeHHBIE KATAJIN3ATOPHI U COPOEHTHI
Ilenu u 3a0auu 3anamusn:

PaCCMOTpCTB OCHOBHBIC Tpe6OBaHI/I$I K IMIPOMBINIJICHHBIM KaTaJIn3aTOpaM, THIIBI

KaTaau3aTopoB HedTenepepadoTKU, UX CTPYKTYpPY M CIOCOOBI OTpaBieHus. V3yduTh

THUIIBI

HOCUTENIEH KaTajau3aTOpOB M CIOCOOb MOAM(DUKAIUM KaTaiu3aropa

HCOPraHNYCCKUMHU ,Z[O6aBKaMI/I. PaCCMOTpeTI) OCHOBHBIC THIIBI MOJICKYJIAPHBIX CHT,

IPUPOAHBIE U CUHTETUYECKUE 1IeoNuThl. Lleonutel Tuna A u X. O603HauUTH 00J1aCTH

IMPUMCHCHHUA MOJICKYJIIPHBIX CUT B XUMHUH U TCXHOJIOT'HH.

N o g B~ W

Yueonvie 6onpocot no camocmoamenvnoii pabome:

OcobeHHOCTH  (OPMHUPOBAHUS TEKCTYpbl M  IMOBEPXHOCTHBIX  CBOMCTB
HEOPTaHUYECKUX BEIIECTB, TAKUX KaK KaTaIU3aTOPbl U COPOCHTHI;

Brnusaue ycrnoBuil MNpPUTOTOBIICEHHWS HEOPTaHUYECKUX BEIIECTB Ha (PU3UKO-
XUMUYECKHE CBOMCTBA METAJUTMYECKUX KaTaIU3aTOPOB;

Mertobl onipenieneHus yaeabHOM MOBEPXHOCTH COPOCHTOB U KaTaau3aTopoB;
Ponb HOCUTENS B pOopMUPOBAaHUN aKTUBHOTO IICHTPA,

[TonmudyHKIIMOHATBHBIEC KAaTAIN3aTOPHI,;

OcHOBHBIE MOJX0/IbI K CHHTE3Y KaTAIUTHUYECKUX CUCTEM,

Hocurenu katanu3atopoB u TpeOboBaHUs K HUM, (DYHKIIUU U PA3HOBUIHOCTH.
Temwt 0oxknaoos, cooowenuil, rcce.

CoipbeBble  pecypchl Il  MPOU3BOJACTBA  KaTalM3aTOPOB  MPOLECCOB
HedTenepepadbotku B Poccun u crpanax CHI,

CoBpeMeHHbIE METO/bl OMPEACIICHUSI TMOPUCTOCTA U YNIEIbHOW MOBEPXHOCTH
KaTaJnu3aToOpOB U COPOCHTOB XUMUYECKON TEXHOJIOTHUH;

MupoBble TuLEeH3Hapbl IPOU3BOACTBA KATAIN3aTOPOB,;
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4. MeTonpl CHHTE3a KaTaIn3aTOPOB KaTATMTHIECKOTO KPEKHUHTA.

Memoouueckue ykazanusa:

[ToBepxHOCTh eTUHUIIBI 00bEMa KaTaau3aTopa ONpeAesaeTcs pa3MepoM YacTHIl
(rmoOyi), H3 KOTOPBIX CJAraeTcs 3€pHO KaTaliu3aTopa, M IUIOTHOCTBIO HUX
pacniosioxkeHusi. [Ipu yMeHbllleHHMH pa3Mepa I100yJl aKTUBHOCTh €IMHMIIBI 00bheMa
KaTaju3aTopa pacTeT TOJbKO B OOJACTH OTHOCHTENBHO KPYMHBIX 1o0yid. Ilpu
JanbHEHIIeM YMEHBIICHUH UX pa3Mepa Ha aKTUBHOCTh HAYMHAET BIIUATH BHYTPECHHSIS
mud¢y3us, KOTopas OCYIIECTBISETCS BHAYajle MO MOJIEKYJISIPHOMY 3aKOHY, a Jaliee
nepexoauT B o0iacth Kuycena.

JlanbHeiilee yBeIWYEHUE AKTHUBHOCTH BO3MOXHO TIpU  MEpexojie K
OMIHUCTIEPCHBIM CTPYKTYpaM, COCTOSIIIIM U3 MEJIKUX TJIOTHBIX YaCTHII, COCTMHECHHBIX
B 0oJiee KpyIHBIEC MOPUCTHIC YACTHIIBI.

[Tepexon k OMIUCIIEPCHBIM CTPYKTYPaM MO3BOJISET YBEIHMUYUTh AaKTUBHOCTD B 5-
8 pa3. Iy1s1 HaHECEHHBIX KaTalu3aToOpPOB, B KOTOPBIX MOPHUCTask CTPYKTypa oOpazyercs
HOCHUTEJIEM, JIMCIIEPCHOCTh AaKTUBHOTO KOMIIOHEHTa HE BIMSET Ha CKOPOCTb
nuddy3un 1 ero 1enecoodpa3Ho pacrojiaraTh Ha MOBEPXHOCTU HOCUTENST B opme,
oOpasymoleil MaKCUMaIbHYIO TOBEPXHOCTb.

CeneKkTUBHOCTh PEAKIMM TAaKKE 3aBUCUT OT MOPHUCTOM CTPYKTypbl. [lpum
napaIeTbHBIX PEaKIuix AUPPYy3MOHHOE TOPMOKECHHE MOXET KaK CHIKATh, TaK H
MOBBINIATH CEJIEKTUBHOCTh. Tak, HampuMep, €ClI OCHOBHAs pPEaKIlUs UMEET MEepPBbIN
MOPSAZIOK, a BpeaHas MOOOYHas peakius - BTOPOH, TO B OONAacTH BHYTpPEHHEH
mubdy3un  HapsAy ¢ yMEHbIIEHHEeM OO0miel ckopocth OyaeTr Bo3pacTaTh
CEJIEKTUBHOCTb.

[Ipu mocrmemoBaTENbHBIX PEAKIUAX, KOTJIA ITOJC3HBIM TPOAYKT SBISETCS
MIPOMEKYTOUHBIM, TU(PPy3nOHHOE TOPMOKEHHUE BCETJ]a CHUKACT CEIEKTUBHOCTD.

Ha crenenp WCMONB30BaHUS KaTalIM3aropa MOXKET BIHATH TPAaTUCHT
TEeMITepaTyphbl MEXKTy HApYKHOW M BHYTPEHHEH YacTSIMH IpaHyJIbl KaTaau3aTopa.

MexaHnuveckass TPOYHOCTH OMNpPEACNACTCS TJIABHBIM 00pa3oM crocobom

IIPHUTOTOBJICHUA. Tpe6OBaHI/I}I K IPOYHOCTHU 3aBUCAT OT YCJIOBI/Iﬁ OKCILTyaTallun



Karaigu3atopa. HyXHO y4uMTHIBaTh H3MEHEHHE TMPOYHOCTH TOJ BO3ACHCTBHEM
PEaKIMOHHOMN Cpe/Ibl U TIOBBIIIICHHON TeMITepaTyphl.

Hannune MakpoCTpyKTYpHBIX HEOJHOPOIHOCTEH (TPEIIUH U JPYTUX AePEKTOB)
U OONBIINX BHYTPCHHUX HAMPSDKEHUH CHIDKAET MPOYHOCTh. [lo3TOMy MexaHM4Yeckas
MPOYHOCTh CYIIECTBEHHO 3aBUCHUT OT MOPUCTOW CTPYKTypbl. Heobxomumo n3berarhb
00pa30BaHMsI OYE€Hb KPYIHBIX TOP.

HenocraTounass  MexaHWdYeckass MPOYHOCTb  MHOTHUX  IPOMBINIJICHHBIX
KaTaJu3aTOPOB NPHUBOJUT HE TOJBKO K TMOTEPSIM KaTaiau3aTropa, HO M K POCTY
TUJIPaBIMYECKOTO COMPOTHUBIICHUSI KATAIMTUUYECKOIO pEaKTopa M MOCIEAYIOUINX
anmapaToB M K 4YacTbIM BBIHYXJEHHBIM OCTaHOBKaM. MHOrue axkTHUBHBIE
KaTaJn3aTOPhl HE MOTYT ObITh MPUMEHEHBI B MPOMBIIICHHOCTH M3-32 HEIOCTATOYHOMN
IPOYHOCTH.

['uaponuHamMuueckne XapakTepUCTHKH, OMpeaessieMble pa3MepoM U (GopMoid
3epeH KaTalnu3aTopa, MOJHOCTBHIO 3aBUCAT OT CIOco0a MPUTOTOBICHUA. MeETOJbI
(OopMOBKH - TaOIETUPOBAHUE, IKCTPY3HUS WIH OTBEPJICHUE KAIeNb 30715 B )KUIKOCTH.

JI7is KaTaan3aTopoB, UCIIOJIB3YEMBIX B TICEBAOOKIKEHHOM CJI0€, CYIIECTBEHHA
CIIOCOOHOCTh K TICEBIOOKIKEHUIO ((IIOMIu3ainm), 3aBUCSIIEMY HE TOJIBKO OT
pa3Mmepa, GOpMbI U Macchl 3€peH, HO U OT NMPOYHOCTU UX CUEIUICHHUS, ONpeaeasieMon
XUMHYECKUM COCTaBOM TIOBEPXHOCTH 3epeH. [lms Oosee TOYHOTO BBIYUCICHHS
ONTUMAJBHOIO pa3Mepa 3€peH HaJ0 YUYUThIBaTh CTOMMOCTb Karajau3aTopa H
KOHTAKTHOTO ammapaTa, a TaKk)Ke pacxo]] SHEPruH Ha MPOTAIKHUBaHHUE Ta3a Yepe3 CIou
katanuzatopa. C yBearueHHEeM pa3Mepa 3epeH KaTalu3aTopa BO3pacTaloT 3aTpaThl HA
KaTtaau3aTop. 3HAYuTeIbHOTrO 3¢ (deKTa MOXXHO JTOCTUTHYTh H3MEHEHUEM (OpMBI
3epeH. BeirogHoit siBisieTcst KonblieoOpa3Has (popma 3epeH.

[IpuMmeHeHne peryssipHO YIJIOKEHHOIOo Karanu3aropa. Bce mepompustus mo
YBEJIMYEHUIO JOJIM CBOOOAHOTO 0OBbEeMa CJIOS KaTajau3aTtopa IeaecooOpasHbl st
MPOLIECCOB, OCYIIECTBISIEMBIX MPU JABICHUSX, OJMM3KUX K armocepHomy. s
IPOLECCOB MPH BBICOKHUX JIaBJICHUSIX BEJIMUMHA THAPABINYECKOrO CONPOTUBIICHUS HE

OKa3bIBACT CYIICCTBCHHOI'O BJIMAHHWA Ha OKCIUIYTAIMOHHBIC  pPaCXObI. I[J'ISI



KOHTAKTHBIX MPOIECCOB IMPHU MOBBIIICHHBIX JABJICHUSIX BBITOHEE MOATOMY Oosee
IUIOTHAs yIaKOBKa KaTajau3aropa.

OnHOM W3 TTAaBHBIX XapaKTEPUCTUK KATaIM3aTOPOB SIBISIETCS YCTOMYMBOCTH K
JUIMTENIbHOM paboTe, KOTOpash 3aBUCUT OT O4YEeHb OOJbIIOTrO 4yuciaa (HaKTOpOB.
CHIKEHHE KAaTaIMTUYECKONM aKTUBHOCTH MOKET HACTYNHTh B pPE3ysbTaTe JNEHCTBUS
Pa3IMYHBIX S7J0B, XUMUYECKUX MPEBPALECHUI aKTUBHOTO KOMIIOHEHTA, YMEHbBIIICHUS
MOBEPXHOCTU ¥ U3MEHEHUSI IOPUCTON CTPYKTYPHI KaTaIM3aTOpa U MHOTHUX APYTHX.

VYCcTOoMYMBOCTh KaTaau3aTopa 4acTo OIpPEAessieTcs MPOTEKAHHEM IPOLIECCOB
PEKpPUCTAJUIM3AIMM AKTUBHOTO KOMIIOHEHTA, NPUBOASIIMX K YMEHBIIECHUIO €ro
NOBEPXHOCTH. J[J1s1 NOBBILIEHHS CTAOMIIBHOCTH MHOT/A B COCTAB KaTajlu3aTopa BBOJST
N00aBKH, TPEIOXPAHSIONINE AKTUBHBI KOMIIOHEHT OT PEKPUCTAIUTM3AINH IyTeM
pasleNieHnss €ro KpUCTAUIUTOB JIpyr OT Jpyra. OTOT cmnoco0 HCHoJb3yeTcs,
HanpuMep, B cIydyae MPUTOTOBJICHUS KaTaln3aTOPOB CUHTE3a aMMHUaKa.

[IpumeHeHne  yCTOMYMBOIO  HOCHUTENI HE  HMCKIIOYAET  BO3MOXKHOCTH
pEeKpUCTAUIU3AlMA aKTUBHOT'O KOMIIOHEHTA.

K nHambonee THMUYHBIM CIIOCOOAM COXpaHEHHUS YCTOMUMBOCTH KaTaln3aTopa B
YCIOBUSIX JJINTENbHOM €ro 3KCIUTyaTalliM OTHOCSITCS: MpEeNOTBpAlllEHUE Ieperpena
KaTajan3aTopa, IpeaBapUTeSbHas OYMCTKA UCXOAHBIX PEareéHTOB, MOA00P JOCTaTOYHO
WHEPTHBIX HOCHUTEJICH, MPOBEICHUE TIEPUOIUYECKON pereHepaluu, npeaBapuTebHas
cTabuIM3upyroias TepMooopadboTka KaTaiuzaTopa.

MGTO)II::I MPUIOTOBJICHWA KaTaJIW3aTOPOB AJIS PA3JIMYHBIX IIPOLHECCOB BEChbMaA

pa3HOOOpa3Hbl, OJHAKO Haubosjee yHOTpeOUTEIbHBIE MOXXHO pa3AeiuTh Ha
CJIEYIONTUE TPYIIHBI: a) BKIIOYAIOIIEEe CTaAUM Teieo0pa3oBaHUE U OCAKICHUS, O)
OCHOBaHHbIE HA HAHECEHUM aKTUBHOTO KOMIIOHEHTa Ha HOCUTENb; B) OCHOBaHHBIC HA
CMEILIEHUH UCXOHBIX BEIIECTB.

1. IlomyyeHue OCHOBHOIO KOMIIOHEHTa KaTaJM3aTOpa  OCaXJACHUEM
TUAPOKCHUIOB

[Tpu yBenmuennu pH cpenbl qo0aBieHrEeM K PaCTBOPY COJIM OCAIUTENS IEPBOM
cTajueil rmpoiiecca OOBIYHO SIBISETCS O0O0pa30BaHUE TUAPOKCHIA, COJIEPHKAILETOo

OCHOBHBIE WM KHUCIble coid. [IpoayKTel THIpOIM3a MOJIBEPTaloTCcs OBICTPO
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NoJUMEpU3allM M KOHJEHCAIlMKM C OO0pa3oBaHME OTHOCUTENBHO YCTONYMBBIX
MOJIMMOJIEKYJI, KOTOPBIE MOKHO paccMaTpUBAaTh KaK MEPBUYHBIE JIEMEHTHI OCAJIKA.

[To cnocoOHOCTH K KPUCTAUIM3AIMM THIPOKCHIBI MOXKHO DPa3OUTh Ha TpuU
rpynnel. K mepBoit  rpynme  oTHoOcSTCS — aMmopdHBIE, PAKTUYECKH  HE
KPUCTAIUTA3YIOIIMECS THAPOKCUIBI, TUIIMYHBIM IPEACTABUTEIEM KOTOPBIX SIBJISIETCS
CHJIMKareib. [ MApOKCHUIBI MarHus, KaJAMHs U JIByXBaJIEHTHOTO OJIOBa, 0Opa3yrolne
BTOPYIO TPYIIY, KPUCTAJUIM3YIOTCSL HACTOJIBKO OBICTPO, 4TO aMmopdHYyto a3y ymaercs
HAOMI0aTh JIMIIL B OCOOBIX YCIOBHSIX. B TpeTbio rpymnmy BXOAAT THAPOKCHIBI
TUTaHA, IUPKOHUS, JKEJIe3a, MEIU U ATIOMHHUS, a TAK)KE TMIPATUPOBAHHBIE OKCHUbI
MATUBAJIEHTHON CypbMbI U YETHIPEXBAJIEHTHOTO OJIOBA.

PaccmoTpum moapoOHee mpolecc YKpyNHEHUs Ha npumepe (popMUpOBaHUS
CTPYKTYpHBI cuinkarens. [lepBuuHble 4acTUIbl 301151 pa3MEPOM OKOJIO 4 HM OOBIYHO
3allMIIEHbl HOHHO-COJIbBATHOM O0O0JIOUKOM, MPENSATCTBYIOUIEH UX CIUSHUIO B Oojee
KkpynHsbie. /{51 oOpa3oBaHUsI KOHIIEHTPUPOBAHHOTO M CTAOMIIBHOTO 30JI IOCTATOYHO
Hanuuus 1-4 nonos Hatpus Ha 1,0 HM’ MOBEPXHOCTH NIEPBUYHBIX TJI00YII.

3almuUTHOE JEHCTBUE HMOHHO-COJIbBATHOM OOOJIOUKM MPOJAOJDKAETCS /10
KOHEYHOM CTaJNM CYIIKH Ieisi, KOr/a B pe3yJpTaTe UCIApEeHUs BOABI MO/ JIEHCTBUEM
KalWUIAPHBIX CHJI TMPOUCXOJUT MPUHYAUTEIbHOE cOmmxeHue rinodyn. Crnenyer
OTMETHUTh JIBOMCTBEHHOE BJIMSHUE MOHOB HATPUS HA MOBEPXHOCTh CHIIMKarens. B
HayaJbHOH CTQJWM OH TIOBBINIACT 3AIMTHOE JSHCTBHE THUIPATHOM OOOJIOYKH U
NpeIoTBpallaeT CIWSHUE TEePBUYHBIX TIJIOOYJ, B YCIOBUAX K€ CYLIKH IOCHEe
pa3pylieHus THAPATHBIX 000JI0YEK MOBBIIIAET PACTBOPUMOCTh KPEMHUEBOW KHUCIIOTHI
U YCKOPSIET POCT pa3MepPOB III00YII B pe3yIbTaTe UX CIUSHUA.

Meroabl ocaxaeHus MO3BOJISIOT B LIMPOKKUX Mpejieiax BapbUpOBATh OPUCTYIO
CTPYKTYPY M BHYTPEHHIOIO IOBEPXHOCTh MOJYYa€MbIX KATAJIM3aTOPOB U HOCUTENEH.
B TexHONOrMYeckoM OTHOIIEHMHM OHU  O0JIalaloT, OJIHAKO, CEPbE3HBIMU
HEJ0CTaTKaMU, 3aKJIIOYAIOIMMUCA B 3HAUUTEIIBHOM pAacXo0Jie€ PEaKTHUBOB, OOJIBIIOM
KOJMYECTBE CTOYHBIX BoA. [lodromMy mis  KaTanu3aTopoB M HOCHTENEH,
MPOU3BOJAMMBIX B KOJMYECTBE HECKOJBKUX TOHH B TOJ, LIEIECOO0pPa3HO HCKATh

Apyrue IyTH JHACHEPTUPOBAHMS - TEPMUYECKUE, MEXAHMYECKHE WM IIyTEM
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OCYILIECTBICHUS XUMHUECKUX MpeBpalieHuil B TBepaon ¢aze. [Ipumepom nocneanero
MOKET CITY>KUTh CTIOCO0 MOTYYEHHUsI aKTUBHOTO OKCHJIa alTFOMUHUS

KoHeuHyro MOpPUCTOCTE MOKHO MEHATHb, BapbUpPysA CKOPOCTH Cymkd. Ha
PUCYHKE MOKAa3aHO YBEJIWYEHHUE MOPUCTOCTH CUIIMKAresasi ¢ BO3PACTaHHEM CKOPOCTH
CYILKH B CJIy4ae TUJIpOrelisl, HOJABEPTHYTOIO JIUTEIBHON BBIICPKKE ISl YIPOUHECHHUS
KOHTAKTOB MEX]y TJIO0yJIaMHu.

2. llomyyeHue KaTaauM3aTOpPOB HAHECEHHMEM aKTUBHOIO KOMIIOHEHTa Ha
HOCHUTEIIb

[IpenmyiiecTBaMu METOAOB MPUTOTOBJIICHUSI KAaTalnW3aTOPOB, OCHOBAaHHBIX Ha
HAHECEHWU aKTHUBHOTO KOMIIOHEHTa Ha HOCHUTENb, ABIAIOTCA dddexTuBHOE
WCIIOJIb30BAaHUE AKTUBHOIO KOMIIOHEHTA BCJIEACTBHE €T0O BBICOKOW JUCIIEPCHOCTH,
MEHBbIIIEE KOJMYECTBO BPEAHBIX OTXOAOB M JAp. B 3aBucMMOCTH OT MexaHu3Ma
B3aMMOJICUCTBUSI HAHECEHHBIE KATAJM3aTOPbl MOYKHO pPA3JENHUTh Ha JBa OOJIBIIUX
Kjlacca, KOTOpble B JalbHeimeM OyAeM Ha3biBaThb 'COPOLMOHHBIMU" U
"mponutouHeiMH". B ciayyae CcOpOLMOHHBIX  KaTaJlW3aTOpPOB B  IIpoliecce
IIPUTOTOBJICHUSI MMEET MECTO B3aUMOACHCTBHE MEKIY HOCUTEIIEM M HCXOIHBIM
BELIECTBOM, aJCOpPOMPYIOIIMMCS Ha TOBEPXHOCTUH. B ciydyae mNpONMTOYHBIX
KAaTaJIM3aTOPOB TAaKO€ B3aMMOJCHUCTBUE IIPAKTUYECKA OTCYTCTBYET M HCXOIHOE
COEIMHEHNE AKTUBHOTO KOMITOHEHTA HAXOJUTCS B PACTBOPEHHOM COCTOSIHUH B IOPAxX
HOCUTEIIS.

[Ipu HEOONBIIOM COJAEPKAHUM AKTUBHOTO KOMIIOHEHTA MOPUCTasl CTPYKTypa
HAaHECEHHOI'0 KaTaJu3aTopa OYE€Hb MajO0 OTIMYAETCS OT CTPYKTYpPbl HOCHUTEIS,
MOATOMY JUIsI CO3/IaHUSI aKTUBHBIX KAaTaM3aTOPOB OYCHHb BAXKHBIM SIBIISIETCS MOAOOD
HOCHUTEJISI C ONITUMAJIBHON TEKCTYPOM.

XapakTepHbIM  CBOWCTBOM  HAHECEHHBIX  KAaTaJIM3aTOPOB  SIBJISIETCS
HEPAaBHOMEPHOCTh PACHPENEIICHUS] AKTUBHOIO KOMIIOHEHTA MO CEYEHHUIO TPaHYJIbL.
Psanom umccnenoBarenell MpUHATO JIEJIEHUE HAHECEHHBIX KATAJIM3aTOPOB HA YEThIPE
OCHOBHBIE TUNA: | - ¢ paBHOMEpHBIM pacnpenesiennem; Il - "KopouKoBbIit", y KOTOPBIX
aKTUBHBIA KOMIIOHEHT cocpefoToueH y nepudepun rpanyi; Il - axkTuBHBIN

KOMITIOHEHT COCPEJOTOYEH B LEHTPE rpaHyJsibl (TaK HA3bIBAEMbIN "AWUYHBIA KENTOK");
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IV - akTuBHBII KOMIIOHEHT pacmlojOXeH B CpeAHel o0JacTH, yJaleHHON Kak OT
LEHTPA, TaK U OT BHEIIHEN TOBEPXHOCTH 3€pHA KaTalau3aTropa.

OnTumalnbHas r1yOMHa HaHECEHUS TUIAaTUHBI 3aBUCUT B OCHOBHOM OT 3HAYEHUS
Kputepusi Psi, omnpenensoniero COOTHOUIEHUE MEXIY CKOPOCTBIO pEaKIUuu U
ckopocThio nuddy3un. [Tpu Mmaneix 3HaueHusx Psi ( < 0,5), korja peakius NpoTeKaeT
B KMHETHUYECKON 00JIaCTH, 11eJIeCO00pa3HO HAaHOCHUTH IUIATHHY PaBHOMEPHO IO BCe
BHYTpeHHel moBepxHocTH 3epHa (Tun ). Dddext or yBenuueHHs KOHIIEHTPALUU
IUIATUHBI B HApYXKHBIX CJOAX 3€pHAa HayuMHAeT cKa3piBaTbest mpu  Psi>10.
[IpuroroBieHue TakK Ha3bIBAEMBIX KOPOYKOBBIX KaTaJau3aTOPOB, COJAEPIKALLUX
AKTUBHBI KOMIIOHEHT BOJM3M HapyKHOM IOBEPXHOCTU 3€pHA, IeJIecCO00pa3HO
TOJIBKO B YCJIOBUAX BBICOKOW CKOPOCTH PEAKLHU.

JUia peakuuii, NpOTeKaloUIMX B KHHETUUECKON 00acT (Masble 3HaueHus Psi),
B pAJlle CIIydaeB LEIecO00pa3HO pacrnojararb akTUBHBIA KOMIOHEHT B LIEHTPAJIbHOU
yactu 3epHa (cMm. tum III). IIpm 3TOM BHEUIHss, JIMIIEHHAs aKTUBHOIO KOMIIOHEHTa
30Ha HOCHUTEJSA MOJKET 3allMINATh AKTUBHBIA KOMIIOHEHT OT $J0B, KOKCa WU T.X.,
CHWKATb IOTEPU AKTUBHOI'O KOMITOHEHTA ITPX UCTUPAHUH KaTaau3aTopa.

Uucno BapuaHTOB pacupeneseHUs CYLECTBEHHO YBEINYMBACTCS MPU IIEPEX0Ie
K Karaqu3atopaMm ¢ OMAHMCIEepCHON CTpyKTypoi. HampaBrienHoe uepenoBaHHe 30H C
Pa3HBIMM AKTUBHBIMU KOMIIOHEHTAMHU MOXET SIBIIATHCS JOIOJHUTEIBHBIM PE3EPBOM
JUIl  YIPaBICHMUS  CEJIIEKTUBHOCTBIO  peakuui. IIpumep Takoro  cCioHOro
MHOTOKOMITOHEHTHOT'O KaTajiu3aTopa omucaH coTpyaHukamu ¢upMbl "JkeHepan
MoOTOpC", MPEIOKUBILIMMU KaTaaU3aTop JOXKHUTaHUsS aBTOMOOMJIBHBIX BBIOPOCOB, B
KOTOPOM Yy BHEIIHEH MOBEpXHOCTU pasmenieHa ruiatuHa (II tunm pacnpeneneHus),
Janee Mo rIyOrMHe 3epHa MOoCIe0BaTENbHO pa3MENIeHbl 30HbI, COJEpKAILUE PYyTEHUN
U nayagui (pactpenenenue [V tumna), U, HAaKOHEl, PaBHOMEPHO MO 3€pHY pa3MelleH
uepuii (I Tun pacnpenenenus).

Meron HaHeceHHMs UCIOJIb3yeTCsl M JJid TMOJy4YeHHUs KaTalau3aTopoB Ooliee
CIIO)KHOTO COCTaBa, AaKTHBHBIH KOMIIOHEHT KOTOpPBIX BKIIIOYaeT JBa MiIu Oosee

9JICMCHTOB.
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HecmoTtpss Ha pasHooOpasWe XUMHUYECKOTO COCTaBa, Ui HAHECEHHBIX
METaJUIOOKCUHBIX KaTajlu3aTOPOB MOKHO BBIICIUTh OCHOBHBIE OCOOEHHOCTH,
0OyCJIOBJIEHHBIE METOJIOM HAHECEHHsI aKTUBHOTO KOMIIOHEHTA: IJIi COPOITMOHHOTO
croco0a XapakTepHbl BBICOKAs, OJM3Kas K aTOMapHbIM, JUCIEPCHOCTh YACTHII
aKTUBHOTO KOMITIOHEHTA, COXPaHSAIONIAsICS B IMPOKOM JUANA30HE €r0 COACpPIKAHUs, U
MOBBINICHHAS TEPMOCTOUKOCTD, B CITydae OMAIEMEHTHBIX KaTaau3aTOPOB.

KaranuzaTtopsl, mojgydeHHbIe CIOCOOOM MPOIMUTKH, BHICOKOJUCIIEPCHBI TOJIBKO
IIPU MaJOM COJIEP’)KaHUM aKTUBHOTO KOMIOHEHTa. K JTOCTOMHCTBAM MPOMHTOYHOTO
METO/Ia CJIEAYeT OTHECTH €ro MPOCTOTY M JOCTYMHOCTh HCXOJHBIX BEIIECTB, B
OCHOBHOM HHUTPATOB M KapOoHaTtoB. OJHAKO ClEAyeT yKa3aThb U Pl HEAOCTATKOB:
OTPaHWYCHHS 1O KOHIIGHTpPAIlMd AaKTUBHOTO KOMIIOHEHTa, OOYCIIOBJICHHBIC
PacTBOPUMOCTBIO MCXOJIHOTO BEIIeCTBA M OOBEMOM IOp HOCHUTENS; BO3MOKHOCTH
HEPABHOMEPHOTO PACIIPECIICHUS] AaKTHUBHOTO KOMITOHEHTa IO CEYCHHUIO TPaHYJIbI
BCJICZICTBHE BEIHOCA B MPOIIECCE CYITKHM YaCTH PacTBOpa Ha MEepUQEPHIo 3epHa U T.1I.

OT yKa3aHHBIX HEJAOCTATKOB CBOOOJHBI COPOIIMOHHBIE METOABI Osaromaps
o0Opa30BaHUIO XHMHYECKOW CBS3M MEXAY aacoOpOMpPyeMbIM BEIIECTBOM H
GyHKIHMOHATIBHBIME TpynnamMu HocuTens. OrpaHuueHus METOJla CBSI3aHbI TMPEXKE
BCETO C HEJOCTATOYHBIM ACCOPTUMEHTOM COCIMHEHMM, 00JaatonuXx HEOOXOIUMOM
PacTBOPUMOCTBIO M CTIOCOOHBIX OCAKIATHCS HA TTIOBEPXHOCTH HOCUTETICH.

Pexkomenoyeman rnumepamypa:

ocHoBHas: [1-13];

JonoJHUTEbHA: [14-24].

Tema 3. IIpon3BoaCcTBO HOCHTE/ICH KATAJIU3ATOPOB

Ienu u 3a0auu 3anamusn:

PaccmorpeTs  xapakTepucTukd HocuTened. (OxapakTepu3oBaTh — IPOIIECC
MOJIYYCHUS THAPOKCHJA M OKCHAA aJTIOMUHHUS W HOCUTEICH Ha WX OCHOBE,
dbopMHupoOBaHUE OKCHAA ATIOMUHHUA. M3ydnth CcnocoObl TepMHUECKOW 00pabOTKH
THJIPOKCHIA aTIOMHHMS. PaccMOTpeTh mpoliece peryjIupoBaHUe MTOPUCTON CTPYKTYPHI

AKTHUBHOI'O OKCHJa aJIOMHUHMUA. O3HaKOMHUTBCS C TEXHOJIOTHEH MOI[I/I(I)I/IKEII_[I/II/I OKCHaa
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ATIOMUHUSA HEOPTraHWYECKUMHU Jo0aBKamMu. M3yuuTh TOHITHE MEXaHUYECKOM
MIPOYHOCTH HOCUTEIICH.
Yueonvie eonpocot no camocmosamenvnoii pabome:
1. OteuecTBeHHBIC U 3apyOCIKHBIC MPOU3BOAUTEIN HOCUTENICH KaTalnu3aTOpOB;
2. Buppl CbIpbs ¥ TEXHOJIOTHH CUHTE3a HOCUTENIEH JIs KaTalu3aTOpOB
XUMHUUYECKUX MPOLIECCOB,;
3. KucnotrHple 1 OCHOBHBIC LICHTPHI KaTaJIM3aTOPOB;
4. Meramnyeckue LEHTPbI KaTalu3aToOpOB;
5. Jlumutupyromas cTaaus KaTATUTHISCKUX ITPOIIECCOB He(TernepepadoTKY.
Temwt 0oxknaoos, cooowenuil, rcce.
[IpoMbINUIeHHBIE YCTAHOBKH KaTaTUTHYECKOTO KPEKUHTA;
MOINTHOCTH KaTAIMTHYECKUX TIpolieccoB HedTenepepadboTku B Poccun;

CocraB 1 CBOMCTBA KaTaJIM3aTOPOB KPEKUHIa U pUPOPMHUHTa;

> W

CoBpeMeHHbIE TEXHOJIOTMU ITPOU3BOICTBA HOCUTENECH.

Memoouueckue ykazanus:

ITon xaramuTUUEeCKUM MPOIECCOM MbI OyAeM MoApa3yMeBaTh MPOLECCHl, B
KOTOPBIX IS TOBBINIEHUS CKOPOCTH XHWMHYECKOM pEaKUUU U  YIy4ILICHHS

CCJICKTHUBHOCTH IIpOoLCCCa IMPUMCHAIOTCA KaTaJIU3aTOPLI.

KaTtanuzaropel — 3TO BelecTBa, KOTOPBIE YYACTBYIOT B XMMHUUYECKON PEaKLMH,

HO He pacxoxaytorcs. Karamuzaropsl HedTenepepaOOTKH MPUMEHSIOTCS B TBEPIAOM H
KUJKOM CcocTOsiHUSIX. HedTenpoaykTel B YCIOBUSIX HMX TPUMEHEHHUS peaibHO
HAxXOJIATCSA B TApPOBOM, XUIAKOW W TBEpJAOM (¢aze, B ATOM clydae HUMEET MEeCTO
re€TEPOreHHbIN KaTajin3. ECTh cillydan TOMOT€HHOTO KaTaln3a.

OCHOBHOW CMBICT TPUMEHEHUSI KaTalIM3aropa - B CTPEMJICHUM YBEIMYUTH
MPOITYCKHYIO CITOCOOHOCTh PEAKIIMOHHBIX YCTPOWCTB M YBEIWYUTH BBIXOJ IEJIEBOTO
MPOAYKTA.

- YMEHBIIAIOTCS JIA 3aTPAThl SHEPTUU MPU UCIIOIb30BAHUYN KaTaauzaTopa’?

- C TeopeTuyecKoll TOYKH 3pEHMS 3aTpaThl SHEPrUU Ha MPOLECC MPU PaBHOM
rJyOMHE peakIMy KaKk TePMUUYECKHX, TaK U KaTAIUTUYECKHUX MPOILIECCOB OAMHAKOBHI.
Ortcroma cienyer, 4TO KaTajau3aTopbl, BCTyNas B PEAKIHIO, JHIIb YBEIUYUBAIOT
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CKOPOCTb XMMHUYECKOM PEAKIIMH, HO HE OTHAIOT CUCTEME CBOIO dHEPrur0. dakTnuecku
IIPU HCIOJIb30BAHUM KaTaJIU3aTOPOB PACXOJl PHEPIUM Ha MPOLIECC HHMKE 3a CUET
CHIDKEHHUSI TEIUIOBBIX TMOTEph (B OKpyXawilyio cpeny). [Ipm mameix rayOuHax
MpEeBpallleHus] KaTajau3aTop CHIDKAET TeMIleparypy Ipoliecca M TakuM o0pa3om,
MOJHUMAET OOIIMH K.1.JI. IpoLiecca.

Karanuzatop mpu paBHOU TiyOWHE peaklMd, PaBHOM CKOPOCTH IO3BOJISIET
CHU3UTH TEMIIEpaTypy, WJIK HA00OpOT, MPU PAaBHOW TeMIIepaType MOBBICUTH BBIXO]I
IIPOYKTOB.

CymiecTByeT MHOTO TEOPHI KaTalan3a, OCHOBHBIX JIBE:

- DJIEKTPOHHAS;

- KapOOHUI-UOHHAS.

1) Ilo s1exTpOHHOW TeOpHUH KaTalau3a KaTaau3aTop U pearupyroline MOJIEKYJIbI
B3aMMHO OOMEHUBAIOTCS 3JEKTPOHAMHU, B pe3yJibTaTe€ 4YEro yrieBOAOPOJHAs
MOJIEKYJIa CTaHOBHUTCS OoJjiee pPEaKUMOHHOCHOCOOHOW, a KaTalu3aTop MAOJDKEH
001a1aTh CIOCOOHOCTHIO MepeaaTh CBOM 3JEKTPOH.

MynbTUIIETHASA TEOPHS - OJHA U3 YACTHBIX (POPM AIIEKTPOHHOUN TEOPHUH.

Teopus akTUBHBIX LIEHTPOB- 3TO TOXE YACTHBIM CIydall 3JEKTPOHHOM TEOPHH,
TO K€ TEOPHUsI MOJIYIIPOBOJIHUKOB.

2) CormacHO BTOpPOMl TEOpPUU YTJIEBOJOPOABI TIPU B3aUMOJACHCTBUM C
KaTajiu3aTopoM oOpa3yloT KapOOHMH-MOHBI, T.€. MOJIEKYJbl YIJIEBOJOPOJIOB
MPEACTABIIAIOT COOOW MOJOXKUTENBHO 3apSKEHHBIM MOH. Takue MOHBI B COCTOSIHUU
00pa30BBIBATH TOJIBKO OJIE(UHOBBIE YIJIEBOJOPOABI M JApPYTM€ C HEHACBIIEHHOU
CBSI3bI0. A KaTajau3aTop JOJDKEH ObITh CHOCOOHBIM NepenaBaTh MPOTOH BOJIOPOAA.
CrnenoBaTelibHO, KaTalIM3aTOp B 30HE PEaKUUU JOHKEH Kak Obl JUCCOLMHPOBATH. A
TaKUMHU CBOMCTBaMH 00J1a/1at0T KUCIOTHI U 11e0oun. KuciaoTel MOTYT OBITH TBEpbIE U
KUJKHE.

Karanuzatopsl 0051a1al0T MHOTUMHU CBOMCTBaMHU, UMEIOIIUMH MPAKTUYECKOE
3HaY€HHE. DTHU CBOWCTBA JEJAT HA TPU YaCTH:

1) Xumudeckure CBONCTBA;

2) ®Ou3nyecKue CBOWCTBA;
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3) OKcIuTyaTaliMOHHBIC CBOMCTBA (KaTATUTHUSCKHC).
duznyueckre M HKCIUTyaTallMOHHBIE CBOMCTBA OMNPENEINSIOTCS XHUMHYECKUM
COCTABOM.

XUMHUYECKUE CBOWCTBA.

1) DieMEeHTHBIH COCTaB;
2) MonekyspHasi CTpYKTypa;
3) KucinotHocTb;

[[len0YHOCTh MM HEUTPATBHOCTh KaTAIN3ATOPA.

KaTtanuzatopsl COBpEMEHHBIX KPYITHOTOHHAKHBIX MPOLECCOB KaTATUTUUECKOTO
KpPEKHHTa, OCYIIECTBIIEMbIX NpH BbICOKHX Temmeparypax (500-800 °C) B pexume
WHTEHCUBHOIO Macco- M TemIooOMEHa B ammaparax C JBIXKYLIUMCS WM
TMICEB/IOOKMKEHHBIM CIIOEM KaTajln3aTopa, JOHKHBI 00J1aaTh HE TOJIBKO BBICOKUMU
aKTUBHOCTBIO, CEJIEKTHUBHOCTBIO M TEPMOCTAOUIBHOCTBIO, HO MW YJIOBJIETBOPATH
MOBBIINIEHHBIM TpPEeOOBaHUSIM K HHUM IO pEreHepalMOHHBIM, MEXaHHUYECKUM U
HEKOTOPBIM JPYTUM 3KCILUTyaTallHOHHBIM CBOMCTBAaM. [IpOMBIIILIEHHbIE KaTalInu3aTOPbI
KPEKHHIa MPEICTaBIsAI0OT COOOM B ATOW CBSA3M CIOXXKHBIE MHOTOKOMIIOHEHTHbIE
CUCTEMBI, COCTOSIIIIHE:

1) U3 MaTpuIbl (HOCUTENS);

2) aKTUBHOTO KOMITIOHEHTa — I€0JIUTA;

3) BCIOMOTaTeNbHBIX aKTUBHBIX U HEAKTHUBHBIX JJOOABOK.

Martpuia Karaaum3aToOpoB KPEKHHIA BBIMOJIHSAET (DYHKIMM KAaK HOCUTENS —
IIOBEPXHOCTH, HA KOTOPOM 3aTE€M TUCHEPTUPYIOT OCHOBHOM AKTHUBHBIM KOMITOHEHT —
IIEOJIUT W BCIIOMOTATENbHBIE JO00aBKH, TaK W CIA0OT0 KHUCIOTHOTO KaTajiu3aropa
NPEeABAPUTENHHOTO (IMIEPBUYHOT0) KPEKHUPOBAHUS BBICOKOMOJEKYIISIPHOTO MUCXOIHOTO
He(DTIHOTO CHIPhS. B KauecTBe marepuana MaTpPHUIlbI COBPEMEHHBIX KaTalnu3aTOPOB
KPEKHHTa MPEUMYIIECTBEHHO MPUMEHSIOT CHHTETUYECKU aMOP(HBIN alIfOMOCHIIUKAT
C BBICOKOM YIEJIIbHOM NOBEPXHOCTBIO U OITUMAJIBbHOW IIOPOBOU CTPYKTYpPOU,
o0ecrneunBaroIIen JOCTYI JUIsl KPYIHBIX MOJIEKYJ KPEKUPYEMOTO ChIPbSI.

AMOpQHBIE  aMOMOCHUIIMKATBl  SIBJISJTUCH  OCHOBHBIMU  MPOMBILIUICHHBIMU

KaTajinu3aropaMu KpPCKHHIa A0 pa3pa60TI<H HECOJIUTCOACPIKAIIUX KaTaJIn3aToOpOB.
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CHUHTE3UpYIOTCSI OHM TMpPU B3aUMOJEHCTBUM PACTBOPOB, COJACPKAIIUX OKCHJIbI
ATIOMUHUSA U KPEMHUs, Hanmpumep xkuakoro crekia Na,O - 3Si0; u cepHOKUCIOTrOo
amoMuHES Aly(SQOy4);. XuMudeckuii coctaB aMOp(pHOTO aTIOMOCHIINKATa MOXKET OBbITH
BeIpakeH (opmyioit Na,O(Al,Oz - xSi0,) rae x — uyucno moiei SiO, Ha 1 MoJb
Al;O3. O0bIYHO B MPOMBIIUICHHBIX aMOP(HBIX ATFOMOCHIIMKATAaX COJCPKAHUE OKCHIA
ATIOMHUHUS HaxXoAUTCs B npenenax 6...30 % macc.

AMOpdHBIE aTIOMOCUIMKATHI 00J1aJJal0T MOHOOOMEHHBIMU CBOWMCTBAMH, a IS
MpUJAHUS KaTAIUTUUYECKON aKTUBHOCTH 00pa0daThIBAIOT UX PACTBOPOM CEPHOKHUCIIOTO
ATIOMUHUA JJI 3aMellleHusi KaTuoHOB Na+ Ha Als+. BricylieHHble U MpoKajieHHbIE
amop(HbBIEC aTIOMOCUIMKATHI TPOSBIISIIOT MTPOTOHHYIO M AlPOTOHHYIO KHCIOTHOCTH.
[Ippy »STOM 1O Mepe TOBBINICHUS TEMIEPATYpPhl TPOKAIUBAHUS IPOUCXOIUT
MpeBpaIleHUe MPOTOHHBIX KUCIOTHBIX IEHTPOB B allPOTOHHBIE.

AKTHBHBIM KOMIIOHCHTOM KaTaJIN3aTOPOB KPEKUHTA SIBIISCTCS [IEOJTUT, KOTOPBIN
MO3BOJISIET OCYIIECTBIISITh BTOPUYHBIE KaTATUTUYECKUE TTPEBPAIICHUS YTIIIEBOJOPOI0OB
CBIPbs ¢ 00pa30BAHNEM KOHEYHBIX IIEJIEBBIX MPOIYKTOB.

[eonuTs! (OT Tped. LIEO — KUNAWUL, TUMOC — KAMEHb) NPedCmasisaiom cooou
AJFOMOCHUJIMKATBI C TPEXMEPHOU KPUCTALUIMYECKOU CTPYKTYPOU.

Opaniy3ckuii  yuensiit [lonp Cabatbe, O KOTOPOM YIOMHHAJIOCH BBIIIIE,
MOKa3aja, YTO METAUIMYECKUE KaTaau3aTopbl B MEJIKOJIUCIIEPCHOM COCTOSTHUU
MPOSIBJISIIOT ~ BBICOKYIO ~ aKTHUBHOCTb. Jlist  TOBBIIEHUST ~ YCTOMYMBOCTH
MEJIKOJIUCTIEPCHBIX METAJIJIOB OH MEPBBIM Hayal MCIOJIb30BaTh TAaK Ha3bIBAEMbIC
HOCHUTENIM KaTanu3aTtopoB («moioxky»). B 1912 r. I1. Cabartse Oblia mpuCyxkacHa
HoGeneBckass mpemusi Mo XUMHM «3a TMPEIOKEHHBI UM METOJl THAPOTCHU3AIUU
OpraHUYECKUX COCIMHEHUN B MPUCYTCTBUHU MEJIKOIUCIIEPCHBIX METAJIOBY», KOTOPHII
PE3KO CTUMYJIHMPOBAT PA3BUTHE OPTAaHUYECKOW XUMHUW», BKIIOYAs OTKPBITHE TakK
Ha3biBaeMon peakuun Cabatbe; mpemuio pazgenus ¢ HuM Buktop ['punbsp. B
HACTOAIIEE BpeMs B  TPOMBIIUICHHOCTH «METAI  /HOCUTEIb» —  CaMbIi

pacrpOCTpaHEHHBIN TUIT KaTAIN3aTOPOB.

Hcnonbp30BaHue HOCUTEIICH A1 3aKpCIIJICHUA AKTUBHOM (I)&SBI IIO3BOJIACT:
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— YBEJIMYUTH JUCHEPCHOCTh aKTUBHOM (ha3bl (Ualle BCEro — MeTaslia), YTO MOBBIIIAET

CTCIICHDb NCIIOJIb30BaHUA HOCJ'IGI[HGI\/'I.
— CTa6I/IJII/13PIpOBaTB MaJIbIC YaCTUbI, T.C. IPCAOTBPATUTDL CIICKAHUC UX.
— OKOHOMUTDH aKTHBHOC BCIICCTBO.

TpC6OBaHH5{, NpCaABABILICMBIC K BCIICCTBAM, HCIIOJIB3YCMBIM B Ka4CCTBC

HOCUTENEH aKTUBHOM (Da3bl:
— XUMHUYECKasi UHEPTHOCTD;

— MCEXaHHUYCCKasA IIPOYHOCTb (YCTOfIQHBOCTB K THAPOJHMHAMHUYCCKUM Harpy3kKaMm, K

UCTUPAHUIO);

— CTaOMIBHOCTH B YCIOBHAX PCAKIHNHU (OH AOJDKCH BBIACPKHNBATL IICPCIPCBBI OO

100 °C);

— YyACIbHAsA IIOBCPXHOCTH — OOBIYHO JKeJlaTeJIbHA 6OJII>I]Ia}I, HO HEC BCCraa

(FI/II[pI/IPOBaHI/IC aliICTUJICHA, OKHCJICHUEC DTHUJICHA B BTHHCHOKCI/II[);

— TIOPUCTOCTh, OMpeAeisieMasl CPSAHUM pa3MepoM TIOp U paclpenesiecHueM 00beMOB

1op MO paguycam;

— BBICOKasI TETUIOMPOBOAHOCTH (BO M30EKaHUE JIOKATBHBIX MEPErpPeBOB KaTain3aTopa
u sl oOecriedyeHusi OBICTPOrO TMOABOJA WM OTBOAA Teruia s JK30- U

SHIOTEPMUYECKHUX PEAKIIUN);
— JIOCTYIHOCTH U JICIICBU3HA.

Pexomenoyeman numepamypa:
ocHoBHas: [1-13];

AonoJHUTebHas: [14-24].

Tema 4. AHaIUTHUYECKHE METOAbI UCCJIEIOBAHMS KATAJIU3ATOPOB,
HOCHTe el U COPOEHTOB
Ienu u 3a0auu 3anamusn:

PaccmoTpeTrs  TeOopui0 M MPAKTHYECKOE  MPUMEHEHHE:  BJIEKTPOHHOU
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MUKPOCKOIIUHU, PEHTIeHO(pA3HOTO aHaIN3a, PEHTTEHOBCKOM (HOTOINEKTPOHHON CIIEK-
tpockonny, HK-crnektpockonuu. HM3ydnts nponecc ONpEAcNICeHHs KHCIOTHO-
OCHOBHBIX CBOMCTB MOBEPXHOCTH KaTayiuzatopa. PaccMmotpers muddepeHnmnanbHbli
TEPMUUECKUN  aHamu3. M3yuuTh  pa3HOBUAHOCTH  CIOCOOOB  OINpEesICHUs
MEXaHUYECKOM MPOYHOCTH KaTanu3aropoB. OOOCHOBaTh CYIIECTBOBAHUE IPUPOJIBI
KATAJIMTUYECKOM aKTHUBHOCTH, CIOCOOBI OIpEAENICHUs YIEIbHOM IOBEPXHOCTH
TBEPOTO TENA.
Yueonwie 6onpocwvt no camocmoamenwvnoi pabome:
1. Bunpl cCHeKTpajdbHBIX aHAJIM30B Ui M3y4eHUs CTPYKTypbl U COCTaBa
KaTaJIu3aTOpPOB, HOCUTENEH U COpOEHTOB;
2. CtanmapTHble ¥ HCCIEIOBATEIbCKAE METOJBI OMPEACICHUS XUMHYECKHX U
(U3UKO-MEXaHUYECKUX CBOMCTB KaTallu3aTOPOB U COPOCHTOB.
Temwt 0oxknaoos, cooouwenuil, rcce.
1. Pentrenogas3Hsplii aHaIU3 B CHHTE3€ KaTajau3aTopoOB;
2. O0nacTy NPUMEHEHUS 3JEKTPOHHOM MHUKPOCKOINUU JUIsl CUHTE3a HOCHUTENEH u
KaTaJn3aToOpOB,;
3. UccnengoBarenbckue METOABl  ONPEIEICHHUS XUMHUYECKMX U (DU3HKO-
MEXaHUYECKUX CBOMCTB KaTalu3aTOPOB U COPOECHTOB,;
4. Cra"zmapTHble METO/bl OINpPEACIICHUS XUMHUYECKUX U (PU3HKO-MEXaHUYECKUX
CBOMCTB KaTaJu3aTOPOB U COPOEHTOB.
Memoouueckue ykazanua:

CHCKT‘D&J'IBHLIC MCTOJAblI aHAJIN3a CTPYKTVPHI. COBpeMeHHaﬂ HayKa U TCXHHKaA

HEMBICTUMBI 0€3 3HaHUS XUMHUYECKOIO COCTaBa BEIIECTB, KOTOPBIE SBISIOTCA
O0OBEKTaMH AEATENBHOCTU uejoBeka. MuHepasbl, HallIECHHbIE T'€0JIOTAMH, U HOBBIE
BEILECTBA U MaTepHalIbl, MOJyYECHHbIE XUMHUKAaMH, MPEXKIE BCETO XapaKTEPU3YIOTCS
0 XMUMHUYECKOMY cOCTaBy. JIJisi MpaBUIIBHOTO BEIECHUSI TEXHOJIOTMYECKUX MPOIECCOB
B CaMbIX PA3JIMYHBIX OTPACISX HAPOJHOIO XO034icTBAa HEOOXOIMMO TOYHOE 3HAHHE

XUMHUYICCKOI'0 COCTaBa UCXOAHOTO ChIPbA, IPOMCKYTOYHBIX U I'OTOBLIX IIPOAYKTOB.

BypHOG Pa3sBUTHC TCXHUKH IHNPCABABIACT BCC HOBBIC Tp€6OBaHI/I$I K METOAaM
dHaJIn3a BCIICCTBA. EI]_Ie CPaBHUTCIIbHO HCAABHO MOKHO OBLIO OTPaHUYIUTBLCA
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" 2 103
OTIpEJICIICHHEM TPUMECeH, NPHUCYTCTBYIOMUX B KoHMeHTpamuu g0 10°-10" %.
[TosiBneHue u OBICTPOE Pa3BUTHUE B MOCIEBOCHHBIE T'OJIbI TPOMBIIIUIEHHOCTH aTOMHBIX
MaTepUaJiOB, a TAKKE MPOU3BOJICTBA TBEP/IBIX, KAPOMPOUHBIX U APYTUX CHEHUATBHBIX
CTaJiel M CIUIaBOB MOTPEOOBAJIO TOBBIIICHUS YYBCTBUTEIBHOCTH aHATUTHYECKUX

-4 60 o
meronoB 10 107 10™%, Tak kak ObUIO YCTaHOBJIEHO, YTO MPUCYTCTBUE MpHUMECEH
JIaXK€ B TAKMX MaJIbIX KOHIEHTPALUIX CYIIECTBEHHO BJIMSIET Ha CBOMCTBA MaTepUaIoB

N X0 HCKOTOPBIX TCXHOJIOTHICCKHUX ITPOICCCOB.

B mocnemgHee BpeMs B CBS3M € PAa3BUTHUEM  NPOMBIIIJIEHHOCTH
MOJIYNIPOBOJHUKOBBIX MaTEpUalIOB K YHUCTOTE€ BEUIECTB, a CJEAOBATEIbHO, M K
YYBCTBUTEJIIBHOCTH AHAJTUTUYECKUX METOJIOB MPEABABISIIOTCS erie Oojiee BBICOKHE
TpeOOBaHUS — HEOOXOIUMO OIPEALIATh IPUMECH, COJIEPKAHNE KOTOPHIX COBEPILICHHO
HUYTOXKHO (10'7—10'9 %). Koneuno, momoOHasi CBEpXBBICOKAsh YMCTOTa BEILECTB
HY>)XHa TOJIbKO B OT/ACJIbHBIX CIydasiX, HO B TOM WJIM MHOW CTENEHU MOBBIIICHUE
YYBCTBUTEJILHOCTH aHalIM3a CTall0 HEOOXOJAMMBIM TpeOOBaHMEM IIOYTH BO BCEX

o0acTax HAaYKHN U TCXHHKHMH.

[Ipu mpowm3BOACTBE MOJUMEPHBIX MAaTEpPUAJIOB KOHIICHTpAIUs TMpUMeEced B
HCXOJHBIX BellecTBax (MOHOMEpax) ObliIa BechbMa OOJIBIIION — YacTO JECAThIC O U
Jaxe IeJIoe 4uciao TporeHToB. HemaBHO oOHapyKeHO, YTO KayeCTBO MHOTHX
TOTOBBIX MOJMMEPOB OYEHBb CHUIIHBHO 3aBHUCHUT OT MX YHUCTOTHL. [loaTOMYy B HacrosIiee
BpeMsl HCXOJHBIE HENpPEACIbHBIC COCIUHEHUS W HEKOTOPBIC JPYyrue MOHOMEPHI
MPOBEPSIOT Ha TMPUCYTCTBUE TIPUMECEH, COJCp)KaHWE KOTOPBIX HE JOJDKHO
npessimats 107~ 10 %. B reomoruu Bee wmmpe VCIIOJIB3YIOTCSI THIPOXUMHYECKUE
METO/bl Pa3BEAKU PYIHBIX MECTOPOXKIEHUU. [[ns WX YCHemHOro NpUMEHECHUS
HEOOXOJMMO OMNPEACIATh COJMM METAIOB B IMPUPOJHBIX BOJAX IMPH KOHIEHTPAIUH

10*-10® /1 u JTa)ke MEHBIIIE.

[ToBbIieHHBIE TPEOOBAHUS TPEIBABISIOTCSA B HACTOSIINEE BPeMs HE TOJBKO K
YyBCTBUTEIBHOCTH aHaM3a. BHEIpEHHE B MPOM3BOJICTBO HOBBIX TEXHOJOTHUYECKUX
IPOIECCOB OOBIYHO TECHO CBS3aHO C Ppa3pabOTKOW METONOB, OOECIICYMBAIOIINX

AOCTATOYHO BBICOKYHO CKOPOCTb H TOYHOCTHL aHAJIM3aA. Hap;my C 3TUM OT
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AaHAJIMTUYECKUX METOAOB TPeOyeTcs BBICOKAs MPOU3BOJUTEIHHOCTh U BO3MOXKHOCTD
aBTOMAaTHU3allMM OTJIEIbHBIX OIEpaluil WM BCEr0 aHaln3a. XUMHUYECKHUE METOIbI
aHallM3a JaJeKo He BCErJa OTBEYAIOT TPEOOBAHUAM COBPEMEHHON HAyKHW U TEXHUKH.
[ToaToMy Bce mIMpe BHEIPSIOTCA B MPAKTUKY (PU3MKOXUMUYECKHE U (PU3HUECKHE
METO/Ibl OMPENEICHUSI XUMUYECKOTO COCTaBa, KOTOpbIE OOJAJAar0T PSJAOM LIEHHBIX
xapakTepucTuk. Cpeau 3TUX METOAOB OJHO M3 IVIABHBIX MECT NO MPaBy 3aHUMAET

CHGKTp&JIBHBIfI aHaJIn3.

brnarogapss BBICOKOWM W30MPATEIbHOCTU CIHEKTPAJIBHOIO AaHAIM3a MOYKHO C
NOMOUIbIO OJJHOW U TOM K€ MPUHLMIIUAIBLHONW CXEMBbI, Ha OJIHUX U TEX ke Mpuodopax
aHaAJIM3UPOBATh CaMble Pa3JIMYHbIC BEIIECTBA, BHIOMpAsk B KaXKJIOM OTJEIBHOM Cllyyae
TOJIbKO Hanbosee OJaronpusTHBIE YCIOBUS ISl NOJTYYEHHUS] MaKCUMAJIbHONW CKOPOCTH,
YYBCTBUTEJIBHOCTH U TOYHOCTH aHanu3a. [103TOMy HECMOTps Ha IpOMaJHOE YHCIIO
aHAIMTHYECKUX METOJMK, NMPEJHA3HAYEHHBIX IS aHAJIu3a Pa3jIuYHbIX 0OBEKTOB, BCE

OHHM OCHOBaHBI Ha OONIEH MPUHIUITHATBHON CXeMeE.

B ocHOBe crniekTpanbHOTO aHAIM3a JICKUT U3yYeHHUE CTPOCHHUS CBETa, KOTOPHIN
U3ITydaeTCs WK TOTJIOMACTCS aHATM3UPYEMBIM BEIIECTBOM. METOIbI CIIEKTPATBLHOTO
aHajgu3a JIeNATCS Ha SMHCCHOHHBIE (IMHCCHA — HCIyCKaHWE) M abCOpOIMOHHBIC
(abcopOITrst — MOTJIOIIEHHUE).

MeToabl UCCIETOBAHUS CBOMCTB KaTaJIU3aTOPOB. Hccaenosanue

KaTalu3aToOpoB JIOJDKHO HOCUTh KOMIUIEKCHBIM — XapakTep, 00ecreuynBaroIIHii
BBISIBJICHUE WX OCHOBHBIX MOTPEOUTEIBCKUX XapakKTepucTHK. K TakoBbIM, Mpexie

BCCT0, OTHOCATCA aKTUBHOCTb, MCXaHHWYCCKAsA IIPOYHOCTDb U CcTaOMIBHOCTE B pa60Te.

Pesynprrpyromen M «riIaBHOM» XapaKTEPUCTHKOW SIBISIETCS AKTUBHOCTD,
MoKas3arejieM KOTOPOM B 3aBUCHUMOCTH OT HCIOJIb3yeMONW METOAUKH MOTYT OBITh

CTCIICHD IIPCBPAICHHUA BCIICCTBA, KOHCTAHTA CKOPOCTHU pCAKIINH U IIPOCTO CKOPOCTh.

CymiectByet 00J1b110i1 HA0OP METOAOB, MO3BOJSIOMINX (PUKCUPOBATH CBOMCTBA
KaTaJnu3aTopoB. DTO OMpeaereHrue XUMHUueckoro u ¢asoBoro coctaBoB. Ilpu ux

U3YYE€HUU MOTYT OBITh MCIIOJIb30BAHBI MPUEMBI «MOKPOID» XUMUU, PEHTTEHO(PA30BBIN
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aHanu3, peHTreHoBcKas (oTodnekTpoHHas cuekTpockomnus (PDIC), snekrpoHHas u

Mecc - 0ayPpoBcKasi CieKTpocKomnus, a Takxke metonbl JI1P u IMP.

Tak kak IIpru BCACHHUU TI'CTCPOICHHBIX IIPOLCCCOB I-IpeSBIJI‘IElI\;IHO Ba’XHbI TAaKHC
XAPAKTCPUCTHUKH, KadK JOCTYIIHOCTH H IUIOIIAJAb IIOBCPXHOCTHU KaTaJIHU3aTOPOB, TO
OIIpCACIACHUA HUX IIPCACTABIICHBI IIHUPOKHUM CIICKTPOM MCTOIOB HCCIICOIOBAHUAI. 910
HN3MCPCHHUC CYMMapHOﬁ mIomaan IMOBCPXHOCTU KOHTaKTHOM MacCChbI, ITOBCPXHOCTH
HAaHECEHHOr0 MeTalla M o0beMa nmop 1o aI[COp6HI/II/I ra3oB; OIIPCACIICHUC

pacrpeiesieHus mop no pazMepaM METOJIOM PTYTHOM MOPOMETPUU U Jp.

N3yuenne MexaHUYECKON MPOYHOCTH KOHTAKTHBIX MAacC TaKX e MHOT000pa3HO
U ONpenenseTcss THAPOAMHAMUYECKUMH PEaKIMOHHBIMU ycioBusiMH. Eciu mmeer
MeCTO (PHIIBTPYIOIIMI CJIOM, TO 3aMEPSIETCS MPOYHOCTh MaTepuasa Ha pa3/laBIiMBaHuUeE,

CCJIn KI/IHSIHII/Iﬁ CHOﬁ, TO OIIPCACIACTCA MHACKC HCTUPAHHNA.

OTOT mepedyeHb MOr Obl OBITH MPOAODKEH, TaK Kak pa3paboTkKa METOJ0B
UCCIIEOBaHMs KaTalu3aTOpPOB B HACTOSALIEE BpeMs OIEpekaeT HX pa3paboTKy.

Oco0eHHO UHTEHCUBHO UJCT PAa3BUTHE U3yUCHUs pabOTAIOIIET0 KaTaau3aTopa.

HaumMenee pa3paboTaHHBIMH  METOJAMU  HWCCICIOBAHUS  KaTaaM3aTOPOB
SBJISIIOTCS T€, KOTOPBIC TIO3BOJISIFOT OLIEHUTh CTA0OMIIBHOCTD, & CJICI0BATEIbHO, U CPOK
CITY)KObI KOHTAKTHBIX Macc. B HacTosIee BpeMst MOJIb3yHTCS 00 IKCTPAIOJIAIUCH
JAHHBIX 10 TMPSIMON MaacHWs aKTUBHOCTH, JIMOO MPOBOIAT YCKOPEHHYIO
BBICOKOTEMITIEPATYPHYIO JC3aKTHBAIIMIO KaTaIN3aTOPOB.

Pexomenoyeman numepamypa:

ocHoBHas: [1-13];

JOonoJHUTEIbHA: [14-24].

Tema 5. MuHepasibHbIe y100peHUs
Ilenu u 3a0auu 3anamus:
N3yunuths Ha3HaYeHUE MPOU3BOJACTBA MUHEPAIBHBIX yAoOpeHuii. Paccmorpers
TEXHOJIOTHYECKHE CXEMbl MPOM3BOACTBA MHUHEPAIbHBIX yaoOpeHuil. W3y4uuth

yI0OpEeHHs: a30THbIE: aMMHUaYyHas CeJIUTPa, CyJb(paT aMMOHUS, KapOaMuUJ; KaJIUUHBIE;
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docdopusie: cynepdocdar, Hurpodocka, ammodoc.
Yueonwie 6onpocwt no camocmoamenwvnoil pabome:
1. I'panynsuus MUHEPATBHBIX YI0OPEHHUIA;
2. MarepualibHbIN U TEIUIOBOM OajlaHC MIPOU3BOICTBA MUHEPAIILHBIX YI00PEHHI;
3. ToBapHasi U UHHOBAIIMOHHAS MOJIUTHKA B chepe MPOU3BOJICTBA MUHEPATILHBIX
yA0OpEHUI.

Temwt 0oknaoos, cooowenuil, rcce.

1. TexHoJIOrMM NPOU3BOJACTBA KAIUUHBIX YIOOPEHUM;
2. TexHoJ0TMYU TPOU3BOJCTBA a30THBIX yI0OPEHUIA;
3. TexHonoruu npousBoacTBa PocPaTHBIX YI0OPEHUH.

Memoouueckue ykazanus:

CyIHOCTh IPOU3BOJACTBA MPOCTOro cymnepdocdara COCTOUT B MPEBpaICHUU
npUpoAHOro (Top-anaTtuta, HEPACTBOPUMOIO B BOJE M TOYBEHHBIX pPAaCTBOpax, B
pacTBOPUMBIC COCIAMHCHUS, NMPEeUMyIIecTBEHHO B MOoHOKabiuhdochar Ca(H,POy),.
[Ipouiecc pasznoxkeHuss MOXKET OBbITh TPEACTABICH CICAYIONIMM CyMMapHbIM

YPaBHEHUEM:

[IpakTruecku B mporecce MPOU3BOCTBA MPOCTOro cynepdocdara pasiokeHue
npoTekaet B ABe cTtaauu. Ha nepBoii craauu okosio 70% anatura pearupyeT ¢ CepHOU
kucioto. Ilpu sTomM  oOpasyrorcs QocpopHas KucIoTa U HOJYTHIPAT

cynb(darakaabIus:

BrikpucraminzoBaBimmecs MUKPOKPUCTAUIBI Cylib(aTa Kajlblusg 00pa3yroT
CTPYKTYPHYIO CETKY, YJEPKHBAIOIIYI0 OOJBIIOE KOJUYECTBO >KUIKOW (a3bl, u
cynepdocharnas macca 3arBepaeBaeT. llepBas cramus mporiecca pasoKCHUS
HAYMHAETCS Cpa3y IOCJe CMEIICHUsS] PeareHToB U 3akaHuuBaeTcs B TedeHue 20 — 40

MUH B cynepocdaTHbIX KaMepax.

[Tocre moTHOTO M3pacXOAOBaHMS CEPHON KUCIOTHI HAYMHAETCS BTOpPAs CTaIHS
pasnoxeHusi, B KoTopoil octaBumiics anatuT (30%) pasnaraercs ¢dochopHoi

KHUCJIOTOU:

24



OcCHOBHBIE TPOIECCHI MPOXOJAT HA MEPBBIX TPEX CTAAUSAX: CMEUIEHUE ChIPbS,
oOpazoBaHue W  3arBepieBaHus  cynepdocdaTHOM  MyNbIbI,  J103PEBaHMUS

cynepdocdara Ha ckiaje.

ITpocToit rpanynupoBaHHbIi cyniepdocdar — aemeBoe GochopHoe yaoOpeHue.
OmHako OH MMEET CYIICCTBCHHBIH HEIOCTaTOK — HHU3KOE COJep)KaHHE OCHOBHOTO
komrioHeHTa (19 — 21% ycBosieMOro ) W BBICOKYIO JOJIIO Oayacta — cynbdara
KanbpIusa. Ero mpou3BoAsT, Kak MpaBuiio, B pailOHaX MOTpeOJeHHs yIoOpeHuH, Tak
KaK dJKOHOMHUYHEE JOCTABJSITH KOHIIGHTPUpOBaHHOE (QocdaTHOE CBHIphE K
cynepdocharnpiM  3aBojamM, YeM MEPEBO3UTh Ha  JAIbHUE  PACCTOSHUS

HU3KOKOHIICHTPUPOBAHHBIN IIpocToi cynepdocdar.

[Tonyuuts koHUEHTpUpOBaHHOE (ochopHOe ynOOpEeHHUE MOXKHO, 3aMECHUB
CEpHYIO KHCIIOTY TpHU paszioxeHuu ¢ocdaTHOoro cbipbsi Ha (ochopHyro. Ha stom

MIPUHIIAIIE OCHOBAHO MPOU3BOACTBO ABOMHOTO cynepdocdara.

JIBoiiHoro cymnepdochara — KoHIEHTpUpoBaHHOE (QochopHOe yaoOpeHue,
MoJIy4aeMoe paszjiokeHueM mnpupoasbix ¢ocdaroB QocdopHoit kucmoroit. O
conepxut 42 — 50% ycBosieMoro , B TOM 4HCIIe B BojgopacTBopumoi popme 27 — 42%
, T. €. B 2 — 3 pa3a Oosnblie, yem npoctoid. [1o BHemHeMy Buy U (ha3oBOMy COCTaBY
nBoiHOM cynepdocdar moxoxk Ha mpoctoil cymepdocdar. OnHako OH MOYTH HE

COJIEpKUT OasiacTta — cyiabdara Kaablus.

JIBoiiHOl cynepdochar MOXKHO IOIy4YaTh I10 TEXHOJIOTHYECKOW CcXeMe,
aHAJIOTUYHOW CXeMe IMOJydeHHus mpocToro cynepdocdara. Takoit MeTon moydeHHs
nBoiHOTO cynepdocdara HOCUT Ha3BaHUE KaMmepHOTo. Ero HegocTaTkaMu SIBISTFOTCS
JUTUTEIHLHOS CKJIaJIHOC JI03pEBaHUE MPOJTYKTa, COTIPOBOK/IAFOIIIECECS
HEOPTaHWBAHHBIMU BBIJICJICHUSIMH BPEIHBIX (DTOPUCTBIX COSAUHEHUN B aTMOChepy, H

HEO0OXOIMMOCTh MPUMEHEHHUS KOHIIEHTPUPOBaHHOU (PocHOpPHOI KUCTOTHI.

bonee mporpecCMBHBIM SIBISIETCSA MOTOYHBIM METOJ ITPOU3BOJCTBA ABOWHOIO
cynepdocdara. B Hem wucnonp3yror Oosee AcHIeBYH0 HeynapeHHyr (ochopHyro
KHCIIOTY. MeTon SBIAETCS TOJTHOCTHIO HEMPEPHIBHBIM  (OTCYCTBYET CTaaus
JUTUTEIIBHOTO CKJIaJICKOTO TO3PEBAHUS MTPOIYKTA).
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[IpocToit u nBoitHOW cymepdocdarbl coaepkar B JIETKO yCBaMBacMOU
pactenusiMmu ¢popme. OgHAKO B MOCIEHUE TOAbl 00JIbIlIE BHUMAHUS CTAJO yAEIAThCA
BBIMYCKY yIOOpeHHil C peryiupyeMaMm CpOKOM JEHCTBUS, B  YaCTHOCTHU
JIOJITOBPEMEHHO JIeUCTBYIOMUX. J[J1s MOTydyeHus: TakuxX yJoOpeHUN MOKHO MOKPHITH
rpanyinbl cynepdocdara 000JI0YKOHN, pETyIUPYIONIEH BHICBOOOKACHUE MUTATEIbHbBIX
BemlecTB. [[pyroil myTh — cmemieHue ABoiHOTO cymnepdocdarta ¢ pochoputHoit
MyKol. 1o ynoOpenue coaepxkut 37 — 38% , B TOM 4ucCIe OKOJIO MOJOBUHBI — B
OBICTPOIICTBYIONIEH BOAOpPAcCTBOpUMOM (oOpME U OKOJIO TMOJOBUHBI — B
MeasieHHoieHcTRyomen. [lpuMeHeHne Takoro yaoOpeHus YIUIMHSET CpPOK €ro
3 PEKTUBHOTO JEHCTBUS B IIOYBE.

B ocHoBe mporiecca mpou3BOACTBa AMMUAYHON CEJTUTPHI JICKHUT TeTEPOTCHHAsS

peaKknuAd BBaHMOHCﬁCTBHH F&3006p33HOI‘0 aMMHakKa ¢ paCTBOpPOM a30THOM KUCJIOTHI:

XvMHUYecKas Peakiys MPOTEKaeT ¢ OOJBIION CKOPOCTHIO; B MPOMBIITUICHHOM
peakTope OHa JMMHUTHPYETCS PACTBOPEHHEM Trasza B JKUAKOCTH. (71 yMEHBIICHUS
nuhPy3MOHHOTO TOPMOKEHHUS MpoIecca OOJBIIOE 3HAUYCHUE UMEET MepeMEIIMBaHUE

pPEareHTOB.

Peakiuro mpoBomsAT B HempephlBHO  aeWcTByromieM —anmapare  WTH
(ucnonp30BaHKME  TEIUIOTHI  HeWTpanu3aumu). Peaktop mpexacTaBisieT  coOoit
BEPTHUKAJIbHBIM LWIMHIPUYECKUN aIapar, COCTOSAIIMKA W3 PEAKIUOHHOU U
CenapalMoHHONW 30H. B peakimoHHOW 30HE HMMeeTCs CTakaH 1,B HUXKHEM 4YacTu
KOTOPOTO HaxOJATCS OTBEPCTUS A LUPKYJIAIUUA pacTBopa. HECKOJIbKO BbIlIe
OTBEpCTUI BHYTPU CTaKaHa pas3MeiieH Oapborep 2 s ToJayu ra3000pasHOro
aMMuaka, Hajg HUM OapOotrep 3 Uil mMojgayM a30THOW KHUCIOTHL. PeakinmoHHas
MAPOKUJIKOCTHASI CMECh BBIXOJUT U3 BEPXHEH YaCTH PEAKIMOHHOrO cTakaHa. YacTtb
pactBopa BeIBoguTcsa u3 anmapara MUTH wu mocrymaer B goHeWTpanusarop, a
OoCTaJibHAsl 4YacTh (LMPKYJSIIMOHHAS) BHOBb WJIET BHHU3. BBIJETUBIIMNACT U3
MAPAKUAKOCTHOM CMECU COKOBBIA Map OTMBIBAETCS HA KOJITAYKOBBIX Tapeykax 6 oT
OpbI3r pacTBOpa aMMHUAYHOM CEIUTPhl M MapoB a30THOM KHUCHOTHl 20%-HbIM
pacTBOpOM CEIUTPBL, a 3aTE€M KOHJIEHCATOM COKOBOTO mapa. Temiora peakuuu

HCIIOJIB3YCTCA 11 YaCTHYIHOT'O HMCIIapCHHA BOAbI U3 peaKHHOHHOﬁ cMECHu (OTCIOI[a n
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Ha3BaHue annapara UTH). Pasauna B TeMrepaTypax B pa3jivM4HbIX YacTAX armapara

IIPUBOAUT K 0oJice MHTCHCUBHOM MUPKYJEIOUH peaKHHOHHOﬁ CMCCH.

TeXHOTOTUYECKUN MPOILECC MPOU3BOACTBA AMMHUAYHOM CEJUTPBI BKIIOYAECT
KpOME€ CTaJuu HEWTpalu3aluMyd Aa30THOM KHUCJIOTHl aMMHAKOM TakKe CTaguu
yOApUBaHUSL PacTBOpA CEIUTPHI, TPaHYJUPOBAHMS CIUIABA CEJIUTPBI, OXJIAXKIACHUS
rpaHysi, oOpaOOTKM TpaHyd IOBEPXHOCTHO-aKTUBHBIMH BEIIECTBAMH, YITAKOBKH,
XPaHEHHUSI U MTOTPY3KH CEIUTPhI, OUUCTKHU Ta30BBIX BEHIOPOCOB M CTOYHBIX BOJI.

Kap6amuy (ModeBHHA) cpeiu a30THBIX YAOOPEHHUI 3aHUMAET BTOPOE MECTO I10
o0BeMy TMPOU3BOACTBA MOCIE aMMHUAYHOM cenuTpbl. PocT nmpousBojcTBa kapbammuia
0OyCJIOBJIEH IIUPOKO chepoii ero MpuMEHEHUs B CEIbCKOM Xo3siiicTBe. OH 00amaet
OoJIbllIel YCTOMYMBOCTBIO K BBIICIAYMBAHUIO 110 CPABHEHHUIO C JIPYTMMHU a30THBIMU
yIOOpeHusiMU, T. €. MEHee TOJBEPKEH BBIMBIBAHUIO W3 T[OYBBI, MEHEE
TUTPOCKOMUYEH, MOXKET MPUMEHATHCS HE TOJIbKO KaK yJA0OpeHHEe, HO U B KadyeCTBE
N00aBKM K KOPMY KpPYMHOrO poratoro ckorta. KapbGamun, Kpome TOro, MIHUPOKO
UCIIOJIB3YETCSl JIUIS TOJYYEHHUs CIOXKHBIX YIOOpEHUi, YAOOPEHHI C peryiupyeMbiM

CpPOKOM HGﬁCTBHH, a TaKXKXC IJIA MOJYUYCHUA IJ1aCTMACC, KIJIICCB, JIAKOB U HOKpBITPIfI.

KapGamupg - Gemoe KpucCTa/IMyecKoe BEUIECTBO, cojepkamiee 46,6 mac. %
azota. Ero moy4yeHusi OCHOBaHO Ha peakliy B3aMMOJICUCTBHSI aMMHUAKa C IMOKCUIOM

yIJIAPOJIA:

Takum 00pa3om, ChIpbeM [JIsi MPOU3BOJCTBA KapOaMuaa CIYXUT aMMHaK U
JTMOKCH]T YTJIEpO/ia, TTOJTy4aeMbIi B KA4ECTBE MOOOYHOTO MPOIYKTa MPH MPOU3BOICTBE
TEXHOJIOTUYECKOTO Ta3a I CHHTe3a amMmHuaka. [loatomy mpous3BOACTBO KapOamuaa

Ha XUMHWYCCKHX 3aBOAax 0OBIYHO KOM6I/IHI/Ip}IIOT C IIpOMU3BOJACTBOM aMMMHAKa.

Peakunss — cymmaphas; oHa mpoTekaeT B ABe craauv. Ha mepBou craguu

IMPOTCKACT CUHTC3 Kap6aMI/II[aI

Ha BTopoy crtagnu npoucXoauT S3HIOTEPMUAYECKUN TTPOLIECC OTIIECIUICHUS BOIbI
OT MOJIEKYJbl KapOaMuja, B pe3yJbTaTe KOTOPOTO M IPOMCXOIUT OOpa3oBaHHUE

Kapbamuja:
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Peakuust oOpa3oBanus kapbOamaTa aMMOHHUSI — oOpaThMasi 3K30TepMHUYecKas
peakuus, IpoTeKaeT ¢ yMEHbIIEHHEM 00beMa. [l cMelleH!s] paBHOBECHS B CTOPOHY
IPOAYKTa ee HeoOX0UMMO MPOBOAUTD MPH MOBBIIIEHHOM JaBiIeHUU. [[1s1 TOro 4TOOBI
IPOLECC MPOTEKAET C JIOCTATOYHO BBICOKOW CKOPOCTHIO, HEOOXOAMMO IOBBIIICHHBIE
temneparypbl. IloBblllleHHE [aBJIEHUS KOMIIEHCUPYET OTpPULATENIBHOE BIIUSHHE
BBICOKHX TEMIIEpaTyp Ha CMEILEHHWE PaBHOBECHHU PEaKIMHU B 0OpaTHYyIO cTopoHy. Ha
MPAKTHKE CHHTE3 KapOaMuia mpoTeKaeT npH Temmeparypax 150 — 190°C u napnenun
15 — 20 MIla. B 3Tux ycnoBHSX peakuus MNPOTEKAET C BBICOKOW CKOPOCTBIO W

IMPAKTHUYCCKHU 1O KOHIIA.

Pasznoxxenne kapOamaza aMMOHHUS — oOpaTHMasl SHAOTEPMHMYECKas peakius,
WHTEHCUBHO MpOTEeKaromas B XKUAKOM ¢aze. s TOro 4troObl B peakTope He
IPOUCXOAWIO KPUCTAUIM3ALMU TBEPABIX IMPOJIYKTOB, MPOLECC HEOOXOIUMO BECTU
IIpU TEMIlEpaTypax HE HUKe 98°C. Bomee BBICOKHE TEMIEpaTypbl CMELAI0T
pPaBHOBECHE PEAKLMU BIOPABO U MOBBIIAIOT €€ CKOPOCTh. MakcuMasnbpHas CTENEHb
npeBpaiieHusi kapbamaaa B kapOaMul JTIOCTUKAETCA MpU TeMIepaType 220°C. s
CMEIICHUS] PABHOBECUS ASTOM peaKIuu NPUMEHSIOT TaKXe BBEJICHUE H30bITKA
aMMHaKa, KOTOpBIM, CBS3bIBasl PEAKIIMOHHYIO BOAY, YAAJISET €€ U3 chepbl peakiuH.
Opnako 100aBUTH MOJTHOTO MPEBpallleHus: kKapOaMasa B kapOaMu/l BCE K€ HE YAaeTCsl.
PeaknmonHasi cMech MOMHUMO MPOAYKTOB peakiuM (KapOdamuaa v BOJABI) COAEPKHUT
Tak)ke KapOOHAT aMMOHHMS M IPOAYKTHI €ro pasioxkeHus — ammuak u CO,.

Pexomendyeman numepamypa:

ocHoBHas: [1-13];

JOonoJHUTEIbHA: [14-24].

Tema 6. TexHos0rusi IPOU3BOJACTBA KUCJIOT, LIeJ04el U coJieil

Ilenu u 3a0auu 3anamus:

N3yunth TEXHOJOTMM TNPOU3BOACTBA HEOPraHMYECKHX KHUCIOT H HX
pererepauuu. PaccMOTpeTh mporeccsl NOJdydYeHHs] U 00JacTU MPUMEHEHHs] a30THOM
CEpHOI1, COJIIHON U (POCHPOPHON KUCIOT. MPOLECCHl epepabOTKH MPUPOAHOIO Tras3a B
YIJIEBOJOPOABI BBICOKOW YHMCTOTHI. PaccMOTpeTs mpOM3BOACTBO KaJIbLMHUPOBAHHOU
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coApbl, norama. M3ydnTs TEXHOJIOTUIO NPOU3BOICTBA IIECIOYECH.

Yueonwie éonpocet no camocmoamenwvnoi pabome:

1. TexHoJsorusi pereHepau oTpadOTAaHHBIX KUCIOT B BUXPEBBIX allllaparax;

2. XUMHUYECKas CTOMKOCTb MaTEpHaJOB K CEPHOM KHCJIOT€ B XHMHYECKOM
TEXHOJIOTHH,

3. KucmoTsl 1 menoun Kak KaTan3aTophl XUMHUKO-TEXHOJIOTHUECKHIX MTPOIIECCOB.
Temwt 0oknaoos, cooowenuil, rcce.

1. IIpuMeHeHrEe HEOPTraHUUYECKUX KHUCIOT B KAU€CTBE KaTaJIM3aTOPOB MPOIIECCOB
HeTenepepabOTKU M OpraHUYECKOro CHHTE3a,;

2. TexHoJIOTHS pereHepanui HeOPraHUIECKUX KUCIIOT;

3. IlpousBoactBo notamia B Poccum.
Memoouueckue ykazanusa:

CGDHOKI/ICHOTHaH O4YMCTKa — OAWMH H3 IICPBBIX MCTOAOB OYHUCTKH

He(TENpPOAYKTOB, TMOJYYMBIIMA pacnpocTpaHeHre enie B KoHue XIX B. Ilpu
o0paboTke HePTenpoAyKTa CEPHON KHUCIOTOM YHAISIOTCS CMOJIUCTHIE MPUMECH;
pa3pylialoTcsi CcepoBOJAOPOA M MepkanTaHbl; cyibpuasl (RSR') u nucynsdumsi
(RSSR'") pactBopsitoTcsi B CepHOM KHCIIOTE;, HENpPEACIbHBIC COCIMHEHUS TOXKE

00pa3yroT pacCTBOPUMBIE B KHCIIOTE ajkuicepubie KuciaoTel (RSO,0H).

B kauecTBe 0TXOIAa CEPHOKHUCIOTHOM OYMCTKH ITOJIYYa€TCsl KUCIBIM T'yIpPOH, B
KOTOPBIM IepexonaT yaauseMble npumecu. [locie otneneHuss KUCIOro TyapoHa

He(TENPOAYKT MPOMBIBAIOT BOJAOW U HEUTPAIU3YIOT LIEJIOUBIO.

B 3aBuCMMOCTM OT YCIOBUHA OYMCTKM IPHUMEHSIETCS KHUCIOTa Pa3JIUYHOU
KoHIleHTpaiu (10 96 %-ii) u oneym. Pacxom KHUCIOTBI MPU OYUCTKE CBETIIBIX
HedrenpoaykroB cocrasisieT 0,5-5,0 % or ux Beca, Ipu OYUCTKE OOBIYHBIX Maces —
1,5-6 %, cnenuanbHbx Macell — 10 10 %, MEIUIIMHCKUX M TaK Ha3bIBAEMBIX OEJIBIX

Macel — 10 50 % u Oouiee.

N3-3a Oonpmmx mnoteph HEPTENPOIYKTOB MPU CEPHOKHUCIOTHOM OYHMCTKE,
JIOPOTOBU3HBI KUCIOTHI U 00pa30BaHUs OOPEMEHHUTEIbHBIX OTXOAOB HCIOJIb30BaHUE

9TOro M€ToJia COKpamacTCs. On COXpaHsACT 3HAYCHUEC JIUIIb JJII OUUCTKH MAaCCII.
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Kucnble ryapoHbI, MOJydaeMble B peE3yibTaTe CEPHOKHCIOTHOM OYHUCTKH,
coJiepKaT KpoOMe OpraHMYeCcKOM 4YacTu, MpPEeJICTaBISIONIe co00i cMeCh CMOJIUCTBIX
BEIECTB, NPOAYKTOB  TMOJUMEPU3ALMH  HENPEAENIbHBIX  YIVIEBOJOPOJOB H
KOMITIOHEHTOB 1I€JIEBOTO MPOAYKTa, TaKXke CBOOOJHYIO, HE HCIIOJIb30BAaHHYIO B
MPOLIECCE OYUCTKU CEepHYI0 KucaoTy. CrnocoObl yTHIM3AUU KHUCIBIX TYIPOHOB: 1)
nepepaboTka KHCIOrO TYApPOHA B CEPHYIO KHCIOTY; 2) MOJIy4YeHHE M3 KHUCIIOTO
ryapoHa Outyma; 3) mnepepaboTKa KHUCIOrO0 TyJIpOHA METOJOM KOKCOBaHUSI C
noiydeHueM SO; W BBICOKOCEPHUCTOTO KOKCa, HCIOJb3yEMOr0 B I[BETHOM
METaJUTypTruid U XUMUYECKON MTPOMBIIIUIEHHOCTH; 4) UCTIOJIb30BaHUE CEPHON KHUCIIOTHI;
MOJIy4YaeMOW B pe3ylbTaTe€ OTCTaWMBaHUA KHCJIOrO TyJIpOHA, ISl TMPOU3BOACTBA
JKEJE3HOTO Kymnopoca, cylb(aTa aMMOHHS W JAPYTUX OTPACISIX HMPOMBIIUICHHOCTH.
[Tonyyaemblii TIpM OYHMCTKE CEPHBIM AHTUAPUAOM MAJIOBA3KOTO JUCTUIUISATA
MacJ0pacTBOPUMBIE CYJIb(OHATHI HCIOJIB3YIOT MPU H3TOTOBIEHUH SMYJIbCHOHHBIX
Maces; CyJab()OHAThI, BBIACICHHbBIE MPU OYMCTKE BBICOKOBA3KHUX JMCTHIUISTOB - MPHU

IMOJIYUYCHHUH MOIOIIUX IIPHUCAN0OK K MacCJIaM.

CepHas xuciora W (PTOPUCTOBOAOPOJHAA KHCIOTa HCIONB3YIOTCA Kak

KaTaJInu3aTOpPhbI B ITPOHCCCAX AJIKUIUPOBAHUA.

[Ipomiecc  ankunupoBanus W300yTaHa oliepuHAMH, MPEUMYIIECTBEHHO
OyTuieHamMu, pa3pabOTaHHBIA C MPUMEHEHHEM B KayecTBE KarTaju3aropa CEepHOM
KHCJIOTBI M Mo3AHee (PTOPHCTOrO  BOAOPOAA, OBUI  OBICTPO BHEIPEH B
MPOMBIILJICHHOCTh.  [lepBble  NPOMBIIIJIEHHBIE  YCTAHOBKU  CEPHOKHUCIOTHOTO
AIKWINPOBaHUS OBUTM BBEIEHBI B OKCIUTyaTanuio B Konie 30-Xx TOfo0B, a
(GTOPUCTOBOAOPOTHOTO ANKMWIHPOBaHUS — B 1942 . [{eneBbIM MpoIyKTOM Mporiecca
ObT BHauajie MCKIIOYUTEIBHO KOMIIOHEHT aBHAI[MOHHOTO BBICOKOOKTAHOBOTO
OCH3WHA, W JIUIIh B TOCIEBOCHHBIC TOJbl AIKWIMPOBAHUE CTAIHM HCIOIH30BaTh IS

YIyYHICHHA MOTOPHBIX Ka4€CTB TOBAPHBIX aBTOMOOMJIBHBIX OCH3WHOB.

JIist ankuiarpoBaHUs OOBIYHO MPUMEHSIOT CepHYyI0 KUCIoTy (96-98 %). Ilpu
JANbHEHIIEM YBEIMYEHHH KOHLIEHTPAMU KHUCJIOTBI BO3PACTAE€T pPOJb IPOLECCOB

OKHMCJICHUA U Cy.TIB(baTI/IPOBaHI/IH YII€BOAOPOI0B. CHuxeHue KOHIOCHTpPpAIUH KHCJIOTEI
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YMEHBUIAET €€ aKTHUBHOCTh B PEAKLUMHU AJIKWIUPOBAHMS,. A TAK KAK PACTBOPUMOCTH
QJIKECHOB B CEPHOM KHCJIOTE€ 3HAYUTEIbHO OOJIbIIE PAacCTBOPUMOCTH H300yTaHa,
CYLIECTBEHHO BO3pacTaeT CKOpPOCTb IIOJIMMEpU3aluu alkeHoB. Kpome Toro,
pa3z0aBieHHE KHUCIOTHI CO3[ACT OINACHOCTb KOPpO3uM oOopyaoBaHus. CHMXKEHUE
KOHIIEHTpaluu (U, CJIeI0BaTEeIbHO, aKTUBHOCTH) CEPHOM KUCJIOTHI B XOJ€ Mpoliecca
00yCIOBJIEHO pa30aBJI€HUEM BOJIOM, COAEpIKaIlIeiics B ChIpbe M OOpasyromieics 3a
CUET YACTUYHOI'O OKUCJIEHUS YII€BOJIOPOAOB, U B MEHbBILIEH CTENIEHU — MPOIYyKTaMU
OKHCIICHUSI U CyJib(aTupoBaHus. Pacxoa cepHOW KHCIOTHI B MOOOYHBIX IpOIEccax

coctaByigeT 100-160 kr va 1 T ajnkwuiara.

O6€3BD€}KI/IBaHI/IG U YTHJIN3aIIHUIO OTDa6OTaHHOI>'I CEpPHOM KHCJIOTHI BO3MOKHO

IPOU3BONTH CIEAYIOIMIMMHU CHOCOO0aMHU: HEUTpalu3aleil pacTBOPOB WM UX
OTHEBBIM 00€3BpEKMBaHMEM O€3 HCIOJIB30BaHUS O0pa3yoLUXcs MPOJYKTOB;
UCITIOJIb30BaHUEM (BO3MOKHO IOCJE MPEABAPUTENILHOIO YIIAPUBAHMS) 3arpsi3HEHHBIX
pacTBOpPOB B JIPYTUX TEXHOJOTMYECKUX IMPOIECCaX; pEreHepalrel OTXOJ0B C

MIOJIyY€HUEM TOBAPHOU CEPHOMN KHUCIIOTHI.

B 3aBucumoctn OoT coctaBa OTpaOOTaHHOW KHUCJIOTHI MPUMEHSIOT Pa3IUYHbIC
METOJbl pereHepalny (TEPMHUUECKOE PACIICTUICHUE, IKCTPArUPOBAHUE OPTaHUYECKUX
npuMecei, anacopOIrio, KaTaTUTUYECKOE OKHUCICHHE TIEPOKCHIOM BOJOPO/IA,

KOaryJupoBaHHe, BbITAPUBAHUE U P.).

OKuCAUTENBHBI METOJ, HE Hallell MIUPOKOTO paclpOCTPAaHEHUsS BBUIY
BBICOKON CTOMMOCTH MCITOJIB3YEMBbIX OKHUCIIUTENICH, UX MOKApO- U B3PHIBOONACHOCTH,
oOpa30oBaHUs JOTOJTHHUTEIBHBIX BBICOKOTOKCHYHBIX OTXOJOB, a TaKXe TPYIHOCTEH,

BO3ZHHKAIOIIUX TPHU alrapaTypHoM oQpopMIICHUH TIpoliecca.

K Hegocratkam aicopOLMOHHBIX METOJIOB pEereHepali OTpabOTAHHOW CEepHOM
KHMCJIOTBHI C MCIIOJIb30BAaHUEM TBEPIABIX NOTIIOTUTEIEH OTHOCUTCS HEBBICOKAs CTEIICHb
OUYMCTKH B OJIHY OIEpalyI0 U TPYJHOCTH pereHepaiuu aacopoenrta. B cBsizu ¢ atum

METOJ a7ICOPOLIUM TaKXKe MTPUMEHSIETCS BEChMa OIPaHUYCHHO.

[Ipy koarynsiiuu HMCHOJNB3YIOT CIHElHUaIbHBIE BEHIECTBA — KOAryJsHThH. B
KauecTBe HHUX MOTYT MNPUMEHSTHhCS IMOBEPXHOCTHO-akTHBHbIE BemiecTBa (IIAB), y
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KOTOPBIX HCT OSJICKTPOIUTUUCCKUX CBOﬁCTB, QJICKTPOJINTBI OPraHU4YCCKOIO U
HCOPTaHUYCCKOI'O IIPOUCXOKACHUA, a4 TAKIKCE l“I/II[pO(bI/IJIBHI)Ie BBICOKOMOJICKYJIAPHBIC

COEIMHEHNS U KOJUTOUHbIE pacTBOpbI [TAB.

OI[HaKO MCTOA KOArypsiiii HWMCECT CYIICCTBCHHBIC HCIOCTATKH: Tpe6yeT
MMPUMCHCHHA CJIOKHBIX OYHUCTHBIX COOpy}KCHI/Iﬁ, OOJIBIIIOr0 KOJWYECTBA PCAKTHBOB,

JUTUTEIHLHOTO BPEMEHH 00pabOTKH.

OnnuMm u3 crnoco0oB nepepabOTKU OTPAOOTAHHOW CEPHOM KHUCIIOTHI SIBISIETCS
UCITOJIb30BAHUE €€ B KAaY€CTBE CHIPbS AJIA MOIYYEHUS MUHEPAIbHOTO yAOOpEHUs —
cyiabpata aMMOHUsS. CII0KHOCTh JaHHOM TEXHOJOTMM 3aKII0YaeTcss B SKCTPaKIHUU
OpPraHUYECKUX COEAMHEHUN U3 MOJIyYEHHBIX MPOJAYKTOB. DTO O0YCIOBIEHO TEM, YTO
coJiepKalyecss B OTpabOTaHHOM CEpHOM KHUCIIOTE JIETy4yHe C MapoM OPraHUYECKHe
OPOAYKTBI XOpOILIO pacTBOPUMBI B BOJE, pacTBOpe cyib(ara aMMOHUS U HE
BBIICJISIFOTCSL U3 PAacTBOpa MpU pa30aBIE€HUU KHUCIOTHI BOJOM U HEUTpaIu3aluU ee

AMMHUAKOM.

HaubGonee momynsipubiii B Poccun cnoco0 pereHeparyii CepHOMl KUCIOTHI —
OTHEBOM, MPU KOTOPOM MPOUCXOAUT BBICOKOTEMIIEpPATYpHOE pacuienieHue. Meron

YHUBEPCAJICH U BBICOKOA((DEKTUBEH.

IIpy OrHeBOM METOZI€ WCIOJIB3YETCS KOHLUECHTPUPOBAHHAS CEpHAasl KUCIOTA,
MO3TOMY MPEABAPUTENBHO TMPOBOASAT YyHNAapUBaHHWE OTPAOOTaHHOM KHUCIOTHI [0
HEO0OXOIMMON KOHIIEHTPAIIMH, a 3aTeM CepHasi KUCJIOTa PAaCbUISETCS B PEAKTOPE Hal
ropsAIIAM TOIDIMBOM. Tyna e 4epe3 BO3AyXOINOJAOTpEeBaTENb IMOMAETCS BO3AYX.
OOpa3zyrouuiicss CepHUCTBHIA Ta3 OUMIIAETCS OT MBbUIM M CEPHOKHCIOTHOIO TyMaHa,
CYIIMTCS M TMOCTYIMAeT B Yy3€l MOJY4YeHUs KUCIOThl. Ha Beixome mnomydaercs
MPOAYKIMSI BBICOKOTO KauecTBa, HA TPETh CHIKAIOILIAsA 3aTParbl IO MPOU3BOACTBY

TOI'O K€ BCUICCTBA HAIIPSAMYIO U3 CCPBLI.

OrueBas pereacpannsa MnpeaHasHaudCHa OJId M3BJICYHCHUA M3 OTXOJO0B KaKOI'O-
0o IMpOU3BOACTBA PCArcHTOB, MCIIOJIbB3YCMbIX B OTOM IIPOUM3BOJACTBC, HIIN

BOCCTAHOBJICHHMsSI CBOMCTB OTpaOOTaHHBIX pEarecHTOB WJIM MaTepuanoB. OJTa
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Pa3sSHOBUJIHOCTDb OIrHEBOI'O 0663Bpe)KI/IBaHI/I$I oOecrieunBaeT HC TOJIBKO

MPUPOJOOXPAHHBIE, HO U pecypcocOeperaronife melu.

VYcranoBka perenepanuu orpadbotanHoi cepnoit kuciaotsl (POCK) ¢ yctaHoBKku
CEPHOKHCIIOTHOTO AJIKWUJIMPOBAHUSI 00ECIIeYMBAET HEMPEPHIBHYIO PETeHEPAIUIO ATOTO
OTX0/la C TIOJTYYEHUEM CBEXKEHl CepHOM KHCIOThl, BHOBH BOBJIEKAEMOMl B
TEXHOJIOTUYECKUN TMPOIECC YCTAHOBKU CEPHOKUCIOTHOTO alKWIMPOBAHUS IO
3aKpBITOM CXEeMe, YTO MCKJIIOYaeT €€ MPUBIIEYEHUE CO CTOPOHBI W CHHUXKAET

9KOJIOTHUYCCKUC PUCKHU.

Ha ycranoBke POCK oOpasytorcss oTpaOOTaHHBIE WHIYCTpUAIbHBIE U
KOMIIPECCOPHBIE Macja, PTYTHbIE M JIIOMUHECLIEHTHBIE JIaMIIbl, OTpabOTaHHBIC
PTYTbCOAEpKaIe TPYOKH, ImIIaM MHUPOPOPHBIX OTIOKECHUNW W3 ammapaToB M
TpyOONPOBOJIOB, OTPAOOTAaHHBIM BaHAJAMM COAEpPKAITUN KaTaau3aTop, OOTHUPOUHBIN
Matepual (coaep:xkanue macena MeHee 15%), MUHEpadbHBIE OTXOJIBI OT ra300YHUCTKU
(MBUTH  OT DIEKTPOCTATHYECKOTO OCAAMTENS), KEepaMHUeCKHe Cceljia, IOTepsIBIINE
NOTPEeOUTEHCKUE CBOMCTBA, OTPAaOOTAHHBIE SJEKTPUUYECKUE JIAMIIbI HAKAJIWBAHMS,

YJIIUYHBIA CMET.

[Tpu yrunuzanuu oTpabOTaHHOW CEPHOM KHUCIIOTHI MPOIecca CEPHOKUCIOTHOTO
AIKUIUPOBAHUS M30aJIKAHOB AJIKEHAMH BO3MOXXHO HCIIOJIb30BaTh OTPAOOTAHHYIO

CEPHYIO KUCJIOTY JJIs OJIy4eHUs CyIb()aToOB HATPUS U aMMOHHUS.

MeTtoabl IIpOM3BOACTBA moTauia. JIuib HCKOTOPBIC M3 MHOI'NX crroco0oB

MOJYYCHUA ITOTalla HAIJIXW ITPAKTHYCCKOC IIPUMCHCHUC.

OauH U3 CTapbIX CIIOCOOOB — H3BJIEYEHHE MOTAIla U3 PACTUTEIBHON 30JIbl—
NOYTH TMOJHOCTBIO MOTEPSUT MPEKHEE CBOE 3HAYEHHUE BCIEIACTBUE HEIOCTATOYHOU
skoHOMUYHOCTU. B psnge ctpan ('[P, Yexocnomakusa, [lonbma, Urtamus u ap.)
CYLIECTBYET IPOMU3BOJACTBO IMOTama K3 OapAsHOro yris (MpoAyKTa KOKCOBAaHHUSA
yHapeHHOW MaTOYHO-CHUPTOBOM Oapawl). bapasHoit yroyb coaepxkut okoio 60 %
K;CO3, HO Hapsy € YIVIEKMCIIBIM KaJIMEM B HEM HaxOIATCA COJA, CEPHOKHUCIBIA U

XJIOPUCTBIN KaJIMU U JIp.
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IToTain MoOHO BBIACIIAATD U U3 30JIbI, nonyqaeMoﬁ IMOCJIC BBIIMMAPKKU H IMOJHOIO

CXKUI'aHUA H&TO‘IHO-CHI/IpTOBOﬁ 6ap,I[I)I.

[Tpon3BoscTBO MOTaIIa U3 30Jbl PACTEHUH, OAPASHOIO YIJI U 30JIbl, OBEYBETO
noTa HMEET cedvac JuIIb MECTHOE 3HadeHue. B Hacrosmiee BpeMs MoTall
BbIpa0aTHIBAIOT TIJIaBHBIM 00pa3oM U3 MHHEpalIbHOro chbipbid. B Poccum ero
NPOU3BOIAT MpPH KOMIUIEKCHOW mepepaboTke HedenuHoB. Ilpu 3ToM mosydarot
IJIMHO3EM, LEMEHT U COJAO-TIOTalIHbIE PacTBOpHI, MepepadaThiBAEMbIE HAa COAY U

notanl. B HEOONbIINX KOMMYECTBAX MOTAI MOTYYalOT U3 03EPHOI paIbl.

3a pyOexxoM Haunbosiee paclpOCTPaHEHbI CIOCOOBI TOJYYEHHS TOTalla H3
XJIOpHJIa KaJiusi — DJIEKTPOJIUTUYECKUM, 3aKIIIOUAIOIINICS B KapOOHHU3AIIMU pacTBOpa
€IKOr0 KaJM, TMOJYYEHHOrO0 »JJEKTPOIU30M XJIOpUJA Kajus, U aMHUHOBBIH,
aHAJIOTUYHBIA aMMHUAYHOMY CIIOCOOy TIOJNy4eHHsI COJbl, HO C 3aMEHON amMMuaka
pa3IMUYHBIMU aMHUHAMHU. ODTH CHOCOOBI JIOPOTHE, CTOMMOCTb MPOJYKTa BBICOKA U

IIO9TOMY €T0 BBIpa6aTBIBaIOT B HEOOIBIIMX KOJTNYECTBAX.

XJopua Kaiaush MOXHO TIepepadoTaTh B IOTalll MarHe3WalbHBIM CIIOCOOOM
Ourens-IIpexta. OH 3akitouaercss B kapOoHM3auuu moj JaBieHueM (5-18 ar)

CYCIICH3UU aKTUBHOTO KapOOHATa MarHus B pacTBOPE XJIOpUJIa KaJUsl.

OO6pa3yronryrocsi JBONHYIO COJIb DHIENs, OT/ICJICHHYI0 OT MaTOYHOTa PacTBOpa,
paznaraloT NpU HArpeBaHUM BOJOW WM CYCHEH3UMEW THUJIPOOKUCH MArHUs —
MOJIYHYarOT pacTBOP IMOTaIla, nepepadaTbiBaeMblil Ha TBEPABIA MPOIYKT, U MAarHe3uio,
BO3BpaIllaeMyl0 B Mpouecc. B Hacrosiee BpeMs 3TOT C€Hoco0, MO3BOJISIOLIUN
MoJIy4aTh BeCbMa YKCTBIM MOTAll, UMEET OrpaHuYeHHOEe npumeHeHue (B Poccuu He
MPUMEHSIETCS) BCIICJICTBUE CBOEHW CIIOKHOCTH, CBS3aHHOW TJaBHBIM 00pa3oM C

obOecrieueHueM yCJIoBU 00pa30BaHUsI AKTUBHOTO KapOOHATa MarHusl.

JUis modydeHusl JIeTKO (QUIbTpYIOLIEHCcs conmu DHrens U 0ojee MOJHOTO
UCTIONIb30BaHUsl MarHusi pekoMeHayloT 3ameHuTb CO, OukapOOHATOM HATPHS.
Bmecro KCl MOXHO WCMONB30BaTh COAO-TIOTAIIHBIC INEIOKA, MOJBEPracMbIe

kapoonuzauuu B npucyrctun MgCOj3 ¢ 3H,0.
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W3 xnopuga Kaiaust MOXHO MOJy4yaTh MOTall yepe3 KpeMHeDTOpH Kaaus

OJIHOBPEMEHHO ¢ (PTOPUAOM HATPHSI.

[Totam mpou3BOAST mepepabOTKOM MPUPOAHOTO CEPHOKUCIOTO  Kallus
dbopmuatHeiM criocoboM. M3BecTHbl M Apyrue crnocoObl TOJYYEHHs IMOTalla,
HarpuMmep, crnoco6 Jlebnana, muaHaMuIHBINA, OapueBbll (U3 cylbdara Kaiaus), HO Ha
MPAKTUKE OHU HE UCTIOIB3YIOTCS.
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ocHoBHas: [1-13];

JONOJTHUTEbHAS: [14-24].
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