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BBEJIEHUE

Heab n 3a1a4u 0CBOEHUA TUCIHUILINHBI.
[enssMu  OCBOGHMSI AUCHUILIMHBI «T€XHOMOTHs TMOMY4YEHUST MHUHEPATbHBIX
yA0OpEHUY SBIISIIOTCS:
-MIO3HAKOMUTH CTYJEHTOB C TEOPETUUYECKUMH OCHOBAMHU THUIOBBIX XHWMHKO-
TEXHOJIOTMUYECKHUX MTPOLIECCOB;
- OoJbllIOE BHUMAaHUE YACISIETCS MAaTeMaTHYeCKOMY MOJICTMPOBAHUIO U aHAIU3Y
XUMUKO-TEXHOJIOTUUECKUX CUCTEM;
- Ha KOHKPETHBIX MpUMEpPaX OTACIbHBIX MPOU3BOJCTB paccMaTPUBAIOTCS OOIIHE
Hay4YHbIC MPUHITUIIBI U 3aKOHOMEPHOCTH XUMHUYECKON TEXHOJIOTHH.
3aiauu ocBOeHNS] AUCUUILIMHBI:

- pa3BUTHE HAaBBIKOB pacueTa XUMUKO-TEXHOJOTMUYECKUX MTPOIIECCOB;

- pa3BUTHE HABBIKOB aHAJIN3a U MOJEIUPOBAHUSI.

Ilpu  nodzomoske K  NPAKMUYECKUM  3AHAMUAM  HEOOXOOUMO
PYKOBOOCMBOBAMbCSL CLeOVIOWUMU MPeDOBAHUAMU.

1. HeoOxonuMo 03HaKOMHUTBCS C PEKOMEHAYEMOM JInTepaTypoil (OCHOBHOM 1
JIOTIOJTHUTENIBHOM ), HAMTH HE0OXO0AUMYIO HH(pOpMaLUIO B ceTh HTEpHET, BBISIBUTH
HOBBIE aCIEKThl NPOOJIEMBbl M YK€ IOCTABICHHBIE M M3yYEHHBIE CIIOCOOBI €e
pemienus. IloMuMO peKOMEHIyeMOl JUTepaTypbl AacCHHMpPAaHT CcaM  MOXKET
JOMOJIHUTENIBHO MOA00paTh W M3YyYUTh JIUTEPATYpy IO HUHTEPECYIOLIEH €ro
npobieme.

2. Bo Bpems paboThl ¢ BBIOpaHHBIMH HWCTOYHMKAMHU KEJNATEJIbHO JENaTh
3anucu. 3anucu (B pa3iuuHoOM (opme, Hampumep, KOHCIEKT, IUIaH, aHHOTAIMS,
pe3loMe, TE3UChl, LIUTaThl) HE TOJBKO CHOCOOCTBYIOT NMOHMMAHHUIO M YCBOECHHIO
M3y4aeMoro Marepuaa, Ho U IOMOTatoT BbIpa0aThIBATh HABBIKU SICHOTO U3JI0KECHHSI
B MUCbMEHHOMU (DOpME TE€X WIIM UHBIX TEOPETUUECKUX BOMPOCOB.



KHaCCI/Id)I/IKaHI/IH HCOPTraHMYCCKHNX BCIIICCTB.

[IpocThie BemiecTBa pa3OMBAIOTCS HA JBE OONBIIUE TPYIIIBI: METAIBI U
HEMETaJLIbI.

Mertansl — rpyIra AJIEMEHTOB, o0nanaromast
XapaKTEPHBIMUMETANIMYECKUMU CBOMCTBaMU: TBEPJbIE BelllecTBa (MCKIIOUECHUE
COCTaBJISIET PTYTh) HMEIOT METAUIMYECKUH OJecK, SBIAIOTCA XOPOIIUMH
MPOBOJHUKAMHU TEIUIOTHI U 3JeKTpuuecTBa, koBkue (xkenezo (Fe), mear (Cu),
amomunuii (Al), pryts (Hg), 30010 (Au), cepedbpo (Ag) u np.).

Hewmetanbl — rpynna 31eMeHTOB: TBEpPbIE, KUAKUE (OpoM) U ra3000pa3HbIe
BEILIECTB, KOTOPhIE HE 001aal0T METAUIMYECKUM OJIECKOM, SIBISIOTCS U30JISITOPHI,
XpyTKHE.

CnoxHble HEOPraHWYECKHE BEIECTBA B CBOIO OuUepeab MOApa3JeisaTcs Ha
YEThIpE IPYIIbI, WU KJIACCA: OKCUIbI, OCHOBAHUS, KHUCJIOTHI U COJIU.

Okcuabpl — 3TO CIIOXKHBIE BEHIECTBA, B COCTAB MOJIEKYJ KOTOPBIX BXOJHSIT
aTOMBI KUCJIOPOJa U KaKOr0-HUOYb APYrOoro BEIleCTRa.

OcHOBaHMS — 3TO CJOXHBIE BEIIECTBA, B KOTOPHIX aTOMbl METaJJIOB
COCIMHEHBI C OJTHOM MJIU HECKOJIBKUMHU TUPOKCUIIbHBIMU TPYTIIAMHU.

C Touku 3peHUs TEOPUHU IJICKTPOIUTHUECKON TUCCOIMALIMM, OCHOBAHUS —
CJIOKHBIE BEIIECTBA, MPHU JIUCCOLMAIIMN KOTOPHIX B BOJJHOM PAacTBOpE 00pa3yroTcs
kaTuoHbl MeTasa (nau NH4+) u rugpokcun — annonst OH-.

Kucnotsl — 3T0 Cl0OXHBIE BEHIECTBA, B COCTAB MOJIEKYJ KOTOPBIX BXOJST
aTOMBI BOJIOPO/Ia, CIIOCOOHBIE 3aMeIIaThCsl UM OOMEHUBATLCA HA aTOMbI METaJLIa.

Conu — 3TO CIOXKHBIE BEHIECTBA, MOJEKYJBI KOTOPBIX COCTOSIT U3 aTOMOB
METAJIJIOB ¥ KUCTOTHBIX OCTaTKOB. CoJb MPEICTAaBIISIET COO0M NPOIYKT YACTUYHOTO
WJIU TIOJIHOTO 3aMEIIEHUSI aTOMOB BOJIOPO/Ia KUCIOTHI METAJIJIOM.

Tunbl TPUPOIHBIX W CHUHTETHYECKHX KaTalu3aTopoB M copOeHToB. K
MPUPOJIHBIM MaTepHuaiaM, UCIOIL3YIOMIMMCS B TIPOIIECCaX OYUCTKH 3arps3HEHHBIX
CTOKOB (COpOEHTaM), OTHOCST: KBapLEBbII MECOK, MEJl, TUATOMUT, aHTPALIMTOBY O
KpOIIKY, OTIOKY, Tpernea, e0JIUT, J0JIOMUT, MATHETUT U JIp.

CBoiicTBa TPUPOJHBIX COPOECHTOB BO MHOTOM  OMNPEICTSAIOTCS UX
(¢u3nYeCcKUMU TIOKa3aTeasIMU: OOBEMHBIM BEC, WMCTUHHBIA YJENbHBIA BEC,
MTOPUCTOCTh.

bonpimme  mepcnekTUBBI M HIMPOKOE ~ MPUMEHEHUE  HaXOMST
MOJIYyCUHTETUYECKHE COPOEHThl M KaTalU3aTOphbl I TPOMBIIUICHHBIX HYXKII.
CopOeHThl TONyYarT M3 MUHEPAIbHOTO ChIpbs, OOpa0OTaHHOIO pPa3IUYHBIMU
cnoco0aMM —  OpPraHWYECKUMHU WM  HEOPraHWYECKUMU  COCAUHEHUSMU,
OCXKJICHHUEM Ha HUX MPOCTHIX WU CI0KHBIX OKCUJIOB U T.II.



OcoOeHHoro BHUMAaHHSI 3aCITy’KABAIOT obnacTu IIPUMEHEHUS
HAaHOMATEpHUAJIOB HAa OCHOBE YIJEPOAHBIX M HEOPraHUYECKUX CTPYKTYP.
[Tonyyaemble COpOEHTBI HMMEIOT MOPUCTYIO CTPYKTYPY, OTIMYAIOUIYIOCS OT
HCXOJHOTO MHUHEpasla, U MNpUOOPETaIOT JIOMOJHUTEIbHBIE IOJE3HbIE CBOMCTBA
CUHTETUUYECKUX COPOCHTOB.

CuHreTnyeckue COpOEHTHl IMONYYalOT U3 ChIpbd HE(YTEXUMUYECKON
MIPOMBIIIVIEHHOCTH. DTO MOKET OBITh PYJIOHHBIN MaTepra U3 MOJIUIPONUICHOBBIX
BOJIOKOH, TIyOyaThli WM TPaHYJIMPOBAHHBIA MOJUYypETaH, (POPMOBAHHBIN
ITOJINATHJIEH WIH IPYTHE TUIACTUKOBBIE MATEPHUAIIBI.

Karanuzatopsl MOXHO MPOU3BOAUTH CIEIYIOUIUMHU CIIOCOOAMHU:

* - XUMHUYECKUM C MPUMEHEHUEM PEAKIUHU JBOMHOrO0 OOMEHA, OKUCIEHUS,
TUAPUPOBAHMS U JD.;

* - CIUTIABJICHUEM METAIIJIOB;

* - 30J1b-T€JIb METOOM;

* - CMEIICHUEM OKCHJIOB U TUIAPOKCUIOB METAILIIOB;

* - CYyXUM PA3JIOKEHUEM COJIEH;

* - HaHeceHueM ofHuX ¢a3 Ha Apyrue (pasbl TBEPABIX TEN;

* - CHHTE30M KOJUIOWJIHBIX CUCTEM;

* - MPUBHMBKOM pPA3IMYHBIX COCAMHEHHN Ha TBEPAbIA HOCUTENb (IPUBUBKA
(epMeHTa Ha aKTUBUPOBAHHBIN yIroJib);

* - IPOIIUTKOW HOCHUTETIEH;

* - MEXaHWYECKUM NIEPEMEIIMBAHUEM TBEPABIX KATAIN3aTOPOB;

* - HOHHBIM OOMEHOM, 3aMeHss OJIHU KaTHOHBI B PEIIETKE KaTalau3aTopa Ha
apyrue (Hampumep, neonut NaX non Boznericteuem CaCl2 mepeBogsat B CaX -
II€OJINT).

MunepanbHble y100peHUs KIaCCU(DUIMPYIOT IO TPEM TJIABHBIM MPU3HAKAM:
arpoOXMMHYECKOMY Ha3HAYEHHUIO, COCTaBYy, CBOMCTBAM U CIOCOOaM MOyYEHHS.

[To arpoxumMudeckoMy Ha3HAUYEHUIO yIOOpPEHHUsS pa3lesAloT Ha MpsSMBbIE,
SBIISIOLIUECS UCTOUHUKOM MHUTATENBHBIX JIEMEHTOB JIJIsl pAaCTCHUN, M KOCBEHHBIE,
CITy>Kalue A1 MOOWIH3AIH MTUTATEIHHBIX BEIIECTB MMOYBHI IyTEM yIyUIICHUS €€
bu3NYECKUX, XUMUIECKIX U OMOIOTMYECKUX CBOMCTB. K KOCBEHHBIM yI00peHHUIM
NpUHAJJIeKAT, HAmpuUMep, W3BECTKOBBIE YAOOpEHUs, NpPHUMEHSEMbIE s
HEUTpalu3allid  KHUCJIBIX  IIOYB, CTPYKTypooOpa3yromue  yao0peHus,
CHOCOOCTBYIOIINE arperupOBAHUIO MOYBEHHBIX YACTHI] TSDKEIBIX U CYTIIMHUCTBIX
MOYB U JIp.

[TpsiMble MUHEpaATbHBIE YIOOPEHHUS MOTYT COAEPkATh OAMH WM HECKOIHKO
pa3HBIX THUTATEIBHBIX 3JIEMEHTOB. [0 KOIWYEeCTBY MNUTATENbHBIX JJIEMEHTOB



yAOOpEeHHs] TOAPA3NENAIOTCS Ha MpOCThie (OAHOCTOPOHHHUE, OAWHAPHBIE) U
KOMILJIEKCHBIE.

B mpocTeie yn0o0peHns BXOAUT TOJIBKO OJWH U3 TPEX TIIaBHBIX MUTATEIHHBIX
AJIIEMEHTOB: a30T, pochop nnu kanuii. COOTBETCTBEHHO, TPOCTHIE YAOOPEHUS 1ETAT
Ha a30THBIE, (PochOopHbIE U KATUUHBIE.

KommuiekcHble ymoOpeHusi copepKaT /1Ba WM TPU TIABHBIX MHUTATEIbHBIX
aneMeHTOB. 110 uncity rmaBHBIX MUTATEIBHBIX 3JIEMEHTOB KOMIUIEKCHBIE y100pEHHUS
Ha3zbIBatoTCs JBoWHbIMU (Hampumep, tuna NP wunu PK) u Tpoinsimu (NPK);
MOCJIETHUE HA3bIBAIOT TAKXKE MOIHBIMU. Y TOOpEHUs, COJEpKaIUe 3HAUUTEIbHbIE
KOJIMYECTBA MUTATEIbHBIX 3JEMEHTOB U MaJIo OAJIaCTHBIX BELIECTB, HA3bIBAIOTCS
KOHIICHTPUPOBAHHBIMH.

KommekcHble yao0peHusi, KpoOME TOro, pa3AesisiloTCs Ha CMEIIaHHbIE U
cinoxHble. CMENIaHHBIMA  HA3bIBAIOTCS MEXAHMYECKHE CMECH YAOOpeHHid,
COCTOSIIIIUE U3 PA3HOPOJIHBIX YACTHUII, MOJYyYAE€MbIE MPOCTHIM TYKOCMEIIEHHEM.
Ecnu e ynoOpeHue, cojaepKaliee HECKOJIbKO MHUTATENIbHBIX 3JEMEHTOB,
MOJYy4YaeTCs B PE3YyJIbTATE XMMHUUYECKOM PEaKUMH B 3aBOACKOM ammaparype, OHO
Ha3bIBAETCA CII0KHBIM.

Yno06penusi, npeaHa3HAUYECHHbIE U1 [WUTAaHUS pPACTEHUN SJIEMEHTaMH,
CTUMYJHMPYIOIIUMHA POCT pACTCHHM U TpeOYIOIMMHUCS B BECbMa MaJbIX
KOJIMYECTBAaX, HAa3bIBAIOTCS MMKPOYAOOpPEHUSIMU, a CoAepXkaliuecss B HHUX
MUTAaTEIbHBIC DJIEMEHTHI — MUKpPOdJIEeMEHTaMH. Takue yJoOpeHrs BHOCST B TIOYBY B
KOJIMYECTBAX, U3MEPSEMBIX JOISIMH KHJIOTpaMMa WM KWJorpaMMaMu Ha Tektap. K
HUM OTHOCATCS COJHM, cOjAepKaue Oop, MapraHel, Meab, LUUHK W JpyTue
aneMeHThl. [lo arperaTHOMy COCTOSIHUIO YJIOOpEHUs pa3AelstoTCs Ha TBEpAbIE U
KuJKue (HampuMep, aMMHaK, BOJHBIC PACTBOPHI M CYCTICH3HH).

[IpOMBIIUICHHBIC KATAJIM3aTOPhI U COD6CHTBI

[ToBepxHOCTh eAMHHUIBI OOBEMa KaTalu3aTopa OIpeeNsIeTcss pa3MepoM
gacTull (ria00yi1), U3 KOTOPBIX CJIAraeTcsl 3epHO KaTajau3aTopa, U IUIOTHOCTBIO MX
pacnionoxenus. [lpu ymensiennn pa3mepa rio0ya akKTUBHOCTh €AHMHUIIBI 00beMa
KaTaJln3aTopa pacTeT TOJIbKO B 00JACTH OTHOCUTENBHO KpyHHbIX Tio0yid. Ilpu
JalbHEHIIEeM YMEHBUICHHH UX pa3Mepa Ha AaKTUBHOCTh HAYMHAET BIUATH
BHYTpeHHSs U y3us, KOTOpas OCYIIECTBISETCS BHAYale MO MOJEKYJISIPHOMY
3aKOHY, a Jlanee nepexoauT B o0nacts KHyacena.

JlanpHelilee yBeNMWYEHHE AaKTUBHOCTH BO3MOXXHO TIpH TEpexoie K
OMIMCIIEPCHBIM  CTPYKTYpaMm, COCTOSIIIUM M3 MEJNKHX IUIOTHBIX YacTHII,
COCJMHEHHBIX B 00Jie€ KPYITHBIE TOPUCTHIE YACTHIIBI.

[lepexon kK OMAUCTIEPCHBIM CTPYKTYpaM MO3BOJSET YBEIHMYUTh aKTUBHOCTD B
5- 8 pa3. [Insd HaHECEHHBIX KaTaaM3aTOpPOB, B KOTOPHIX MOPHUCTasl CTPYKTypa



o0Opa3yeTcsi HOCHUTEJIEM, JHUCIEPCHOCTh AKTUBHOIO KOMIIOHEHTa HE BJIMSET Ha
ckopocTh Audy3un u ero 1eaecoodpa3Ho pacnoaratb Ha MOBEPXHOCTH HOCUTEIIS
B (popMe, 00pa3yrolieil MaKCUMaIbHYIO TOBEPXHOCTb.

CeneKTUBHOCTh pEeaklUW TakKe 3aBHUCHT OT MOPUCTON CTPYKTYpbl. [lpu
napauIeIbHBIX peakusX TudHy3nOHHOE TOPMOKEHUE MOXKET KaK CHUKATh, TaK U
MOBBIIIATH CEJIEKTUBHOCTH. Tak, HApUMED, €CITM OCHOBHAS pEeaKIU UMEET NMEPBHIT
MOPAJIOK, a BpeaHas NMoOOYHAsl peakiusi - BTOPOH, TO B 00JIaCTU BHYTpPEHHEM
muddy3un  HapsAy C yMEHbIIEHHEM 00Iieil ckopocTtu OyAeT Bo3pacTaTh
CEJIEKTUBHOCTb.

[Ipu mocnenoBaTENbHBIX PEAKIMIX, KOT/a MOJE3HBIM MPOAYKT SBISETCS
MPOMEXKYTOUHBIM, TU(H(HY3NOHHOE TOPMOKEHUE BCETJA CHIKAET CEIEKTUBHOCTb.

Ha crenenp wucCmonb30BaHMA KaTajau3aTopa MOXET BIUSATh TPaJUCHT
TEMIEPaTypbl MEKAY HApYKHOU U BHYTPEHHEH YacTsIMU TpaHyJsIbl KaTaau3aTopa.

Mexanudeckass TPOYHOCTh ONpPENENseTCs TJIaBHBIM 00pa3oM CrocoOoM
NpUroTOBJICHUS. TpeOoBaHMUS K MPOYHOCTH 3aBUCAT OT YCIOBHI SKCILTyaTalllu.

Hy>xHO y4uTBIBaTh N3MEHEHHUE TMPOYHOCTH IO/ BO3IEHCTBUEM PEAKIIMOHHOM
CpelIbl ¥ TIOBBIIICHHON TeMIepaTyphl.

Hanmuume MakpOCTPYKTYPHBIX HEOJHOPOJHOCTEH (TPEIIMH H JAPYTUX
ne(eKTOB) U OOJBIIMX BHYTPEHHUX HANPSLKEHUM CHUXKAeT Mpo4yHOCTh. [loaTomy
MEXaHWYeCKass MNPOYHOCTh CYIIECTBEHHO 3aBHUCUT OT TOPHCTOH CTPYKTYPBHI.
Heo0Oxonumo n3berate 00pa3oBaHHs OYEHb KPYIHBIX TOP.

HenocraTounass MexaHudeckass NPOYHOCTh MHOTHX IPOMBIIIJICHHBIX
KaTajJu3aToOpOB MPUBOJUT HE TOJBKO K MOTEPSIM KaTaau3aTtopa, HO U K POCTY
TUIPABIMYECKOTO COMPOTHUBICHUS KAaTAIUTHYECKOIO0 PEaKTOpa M MOCIEAYIOIINX
anmapaToB M K YacThIM BBIHY)KJIEHHBIM OCTaHOBKaM. MHOTHUE aKTUBHBIC
KaTaau3aTopbl HE MOryT OBITh TPHUMEHEHBl B TPOMBIIUICHHOCTH H3-3a
HEIO0CTaTOYHOU IIPOYHOCTH.

['unponrHaMuyecKre XapakTepUCTUKH, OIpeielisieMble pa3MepoM U (popmoit
3epeH KaTajlu3aTropa, MOJIHOCTBbIO 3aBUCAT OT CIOCO0a MPUTOTOBIEHUSA. MeTonbl
dbopMOBKHM - TabNeTHpOBAHUE, JKCTPY3Usl WM OTBEpPACHUE Kamelb 3071 B
KHUJIKOCTH.

JUiss  KaTaiau3aTopoB, HUCIOJIb3YyEMBIX B  IICEBAOOKHKEHHOM  CJIOE,
CYIIIECTBEHHA CIIOCOOHOCTD K MCEBA0O0KMKEHUIO ((DIIrOMIu3aInm), 3aBUCAILEMY HE
TOJIBKO OT pa3Mmepa, (JOpMbl U MACChl 3€p€H, HO U OT MPOYHOCTH UX CLEIUICHUS,
OIpeensIieMOl XUMUYECKUM COCTaBOM IOBEPXHOCTU 3epeH. [[ns Oonee TOYHOrO
BBIUMCIICHUST ONTHMAJbHOTO pa3Mepa 3€peH HaJ0 YYUTBIBAaTb CTOUMOCTH
Karaau3aropa M KOHTAaKTHOIO afmaparta, a TakXke pacxoJ »DSHEpruu Ha
MpOTaJKUBaHUE raza uyepe3 ciaod kartanuszatopa. C yBelMuUEHHEM pa3Mepa 3epeH
KaTajgu3aTtopa BO3pPAacTalOT 3aTpaThl HA KaTalu3aTop. 3HAYUTENIbHOro 3¢dexra



MOXXHO JOCTHUTHYTh U3MeHeHueM (opmbl 3epeH. BriromHoit  sBhsieTcs
KOJIblleoOpa3Hasi popma 3epeH.

[IpuMeHneHne perynspHO yJIOKEHHOTO Karaiu3aTopa. Bce meponpusitus mo
YBEIIMYEHUIO J10JU CBOOOJHOr0 O00BhEMa CJOsl KaTalu3aTopa lienecooOpasHbl s
MIPOLIECCOB, OCYIIECTBIIAEMBIX MPHU JABIEHUAX, ONM3KUX K atMochepHomy. Jls
MPOIECCOB MPU BHICOKHUX JABICHUIX BEIMUYMHA TUAPABINYECKOrO COMPOTUBICHHUS
HE OKa3bIBaeT CYIIECTBEHHOT'O BIHUSHHUS Ha SKCIUTYyTAIMOHHBIE pacxoabl. Jlims
KOHTAKTHBIX MPOIIECCOB MPH MOBBIMIEHHBIX AABICHUSAX BBITOJHEE TOITOMY Oojee
TUTOTHAs YIIaKOBKA KaTaau3aTopa.

OxHOI 13 TNIaBHBIX XapaKTEPUCTUK KaTaIH3aTOPOB SIBISETCS YCTOWYUBOCTD
K JUIMTETbHOW paboTe, KOTOpas 3aBUCHUT OT OYEHb OONBIIOro umcia (akTOpoOB.
CHMXeHHe KaTaTUTUYECKON aKTUBHOCTH MOXKET HACTYITUTH B pe3yJIbTaTe ACHCTBHS
pa3IMYHBIX SI0B, XHMHUYECKUX TMPEBpAllEeHUH AaKTHBHOIO KOMITOHEHTA,
YMEHBIIIEHUSI TTOBEPXHOCTH M M3MEHEHHS] MOPUCTOM CTPYKTYpbI KaTalu3atopa u
MHOTHX JPYTHX.

Y CTOWYMBOCTH KaTaM3aToOpa 4acTo OIMpenessieTcs] MPOTeKaHUEM MPOIECCOB
PEKPUCTAIUIN3AINHA AKTUBHOT'O KOMIIOHEHTA, MPUBOAAIIUMX K YMEHBIICHHUIO €ro
MOBEPXHOCTH. J[7I1 TOBBIMIEHHs CTAOMIBHOCTH WHOTJAa B COCTaB KaTajau3aTopa
BBOJISIT TOOABKH, MPEIOXPAHSIONINE aKTUBHBIA KOMIIOHEHT OT PEeKPUCTAIIN3AIUU
MyTeM pa3JeeHNs ero KPUCTAJUIUTOB IPYT OT JIpyra. ITOT CIOCO0 MCMONIb3yeTcCs,
HaIpuUMep, B clydae MPUTOTOBICHUS KaTaTu3aTOPOB CHHTE3a aMMHUaKa.

IIpuMmeHeHne yCTOMYMBOIO HOCHUTEIA HE WCKIIYAaeT BO3MOXXHOCTH
PEKpHCTANIN3AINNA AKTUBHOTO KOMIIOHEHTA.

K nHanbonee THMMYHBIM cIIOCOOAM COXpaHEHHUS! yCTOMYMBOCTH KaTalu3aTopa
B YCIOBHSX JUINTEIBHOW €ro OJKCIUTyaTalil OTHOCATCA: MPEeIOTBpAIlCHUE
neperpeBa KaTaanu3aTopa, MpeiBapuTesIbHas OYMCTKA HCXOIHBIX PEareHToB, TO00p
JIOCTATOYHO HMHEPTHBIX HOCHTEJCH, MpOBEACHHE NEPUOIUYECKON pereHepaluu,
npeBapuTeIbHas CTa0WIN3UPYIOIas TepMOOOpPadbOTKa KaTalin3aTopa.

MeToapl MPUTrOTOBIEHUS KaTaTH3aTOPOB JJISl Pa3IMYHBIX POIECCOB BEChMa
pa3HoOOpa3Hbl, OAHAKO HauboJiee YMOTPEOUTENbHbIE MOXKHO pa3AeiuTh Ha
CJIelyIolMe TPYNMbl: a) BKIKOYAIOUIEE CTAUU I'eJIe00pa30BaHUe U OCAXJIEHUS; 0)
OCHOBaHHBIC Ha HAHECEHHH aKTUBHOTO KOMIIOHEHTAa HAa HOCHUTEIb; B) OCHOBAHHBIC
Ha CMEIIEHUHU UCXOIHBIX BEIIECTB.

1. TlomyueHme OCHOBHOrO KOMIIOHEHTa KaTalu3aTopa OCAKICHHEM
THJIPOKCH]IOB

IIpu yBenuuenunm pH cpenbl go0GaBiIeHUMEM K PACTBOPY COJU OCAIUTENS
NepBOM CTaaMel Tmpolecca OOBIYHO SBISETCA 00pa3oBaHUE THIPOKCHIA,
COJIEpIKAIIEeT0 OCHOBHBIE WJIM KHCIbIe coiu. [IpoayKThl ruaponn3a moaBepraroTcs
OBICTpOl TOoNMMMEpH3alMM W KOHACHCAIlMM C 00pa3oBaHHE OTHOCHTEIHHO



YCTOMYMBBIX TOJIMMOJIEKYJI, KOTOPBIE MOKHO paccMaTpUBaTh KaK II€PBUYHBIC
AJIEMEHTHI OCAJIKA.

[To crmocoOHOCTH K KPUCTANTM3ALMKN THAPOKCHIBI MOXKHO pa3OuTh Ha TpU
rpynnel. K mepBoit  rpymme  OoTHOCATCA — amMop(HblE, MPAaKTUYECKH HE
KPUCTAIM3YIOIIUECS THAPOKCHUIBI, THUIWYHBIM NPEACTABUTENIEM  KOTOPBIX
ABJISIETCS CUIMKareab. ['MApOKCUABI MarHus, KaJMHs W JBYXBAJEHTHOI'O OJIOBA,
oOpa3yrolue BTOPYIO TpYyIIy, KPUCTAUIU3YIOTCS HACTOJIBKO OBICTPO, 4YTO
amopduyto a3y ynaercs HaOIOAATh JUIIL B 0COOBIX YCIOBUAX. B TpeThio rpynmy
BXOAAT THAPOKCUABI TUTAaHA, LIUPKOHUS, XKEJIe3d, MEAU U AITIOMHUHMS, a TaKKe
TUAPATUPOBAHHBIE OKCUBI IATUBAIIEHTHOW CYpbMbI U YETBIPEXBAJIEHTHOI O OJIOBA.

PaccmoTpum noapoGHee nmpouecc yKpynHEeHHsl Ha npuMepe (OopMHUpPOBaHUS
CTPYKTYpbI cuiukaresns. [lepBUuHbIe 4acTULIBI 30J11 pa3MEPOM OKOJIO 4 HM OOBIYHO
3aIMIIEHBl HOHHO-COJIbBATHON 000JIOUKOM, MPENATCTBYOIIEH UX CIIUSAHUIO B Oosee
KpynHsle. [[ns oOpa3oBaHMs KOHLEHTPUPOBAHHOTO M  CTAOWJIBHOTO  30JI
JOCTATOYHO Hanmuuus 1-4 moHoB HaTpus Ha 1,0 HM2 NOBEPXHOCTH IMEPBUYHBIX
TJI00Y L.

3alUTHOE JEHCTBUE MOHHO-COJBBATHOM OOOJIOUYKM MPOJOJIKAETCA /0
KOHEUYHOM CTaJWHd CYWIKH TIefsd, KOrjga B PE3yJbTaTe HCIAPEHUS BOABI I1OJ
JEHUCTBUEM KANMWJUIIPHBIX CHJI MPOUCXOAUT MPUHYAUTENIBHOE CONMKEHUE TII00YII.
Crnenyer OTMETUTH JABOWCTBEHHOE BIMSHHME HWOHOB HATpUs Ha ITOBEPXHOCTh
cuiuKaresnsa. B Ha4aJbHOM CTaJuKU OH IOBBIIIACT 3ALIUTHOEC NEUCTBUE TMAPATHOMU
000JIOUKM M MPEJOTBPALIAET CAUSHUE MEPBUYHBIX IJ100YII, B YCIOBUSAX K€ CYLIKH
1ocJie pa3pylIeHUs] TUAPATHBIX 000JI0YEK MOBBIIIAET PACTBOPUMOCTh KPEMHHUEBOM
KHCJIOTBI U YCKOPSAET POCT pa3MEPOB II00YJI B PE3YIbTATE UX CIHUSHUS.

Mertoasl oOCaxIeHUS MO3BOJAIOT B IIMPOKUX IMpeaerax BapbUpPOBATH
MIOPUCTYIO CTPYKTYPY U BHYTPEHHIOIO IOBEPXHOCTH MOTYyYAEMBIX KaTaIU3aTOPOB U
HOocHTeJNel. B TeXHOIOrnuecKoM OTHOLLIEHUH OHU 00J1a/1at0T, OJJHAKO, CEPbE3HBIMU
HEJ0CTaTKaMH, 3aKJII0YAIOIIUMHKCS B 3HAUUTEIBHOM PaCcX0Jl€ PEaKTUBOB, OOJIBIIOM
KOJMYECTBE CTOYHBIX BOA. [loaTOMy mid Karamm3aTOpoB M HOCHUTENEH,
MPOU3BOJUMBIX B KOJIMYECTBE HECKOJIBKMX TOHH B TOJl, 11€JIeCO00pa3HO HCKaTh
Apyrue NyTH JUCIEPrUpPOBaHUS - TEPMUYECKHE, MEXAaHHYECKHME WIM IIyTEM
OCYIIECTBJICHHS] XUMHUYECKHUX MpeBpamieHud B TBepaod ¢aze. [Ipumepom
MOCJIETHETO0 MOXKET CIY>KUTh CIIOCO0 MOTYUYEHUs aKTUBHOTO OKCUAA AJIFOMUHUS

KoHeuHyI0 NOpPUCTOCTP MOXHO MEHSTh, BapbUpys CKOpPOCTh cymku. Ha
PUCYHKE ITOKA3aHO YBEJIMUYEHUE IIOPUCTOCTU CUITUKATEIIS C BO3PACTAHUEM CKOPOCTHU
CyIIKM B CJydae THUIAPOress, IOABEPTHYTOrO JUIMTENBHOM BBIAEPKKE IS
YOPOYHEHUS! KOHTAKTOB MEXKY IJ100yJIaMH.

2. TlonmyuyeHue KaTaauM3aTOpPOB HAHECEHHWEM AaKTUBHOIO KOMIIOHEHTa Ha
HOCHUTENb



[IpeumyniecTBaMu METOIOB IPUTOTOBIICHHS KATaJIU3aTOPOB, OCHOBAHHBIX HA
HAHECEHWU AaKTUBHOTO KOMIIOHEHTa Ha HOCHUTEINb, SBISIOTCA 3(PQEKTUBHOE
HCIIOJIb30BAHUE aKTMBHOI'O KOMIIOHEHTA BCIIEJICTBHE €TI0 BBICOKOM JUCIEPCHOCTH,
MEHBIIIEE KOJIMYECTBO BPEIHBIX OTXOAOB M Jp. B 3aBMCcHMMOCTH OT MexaHU3Ma
B3aMMOJIEUCTBUSI HAHECEHHbIE KaTaau3aTOpbl MOXKHO pa3/IeUTh Ha J1Ba OOJIBIINX
Kjlacca, KOTOpble B JajbpHednieM OyneM Ha3biBaTh "COpOLMOHHBIMH" U
"mponutoyHsIMU". B ciayyae COpPOIIMOHHBIX KaTaJlM3aTOPOB B  Ipolecce
IIPUTOTOBJICHUSI UMEET MECTO B3aMMOJEUCTBHE MEXIY HOCUTEIEM M HCXOJHBIM
BEILLECTBOM, aJCOpPOMPYIOIIMMCS Ha MOBEPXHOCTH. B ciydae mNpONMUTOYHBIX
KAaTAJIM3aTOPOB TAaKOE B3aMMOJECHCTBUE IPAKTUYECKH OTCYTCTBYET M HMCXOJHOE
COCIMHEHUE AKTMBHOI'O KOMIIOHEHTa HAXOJAUTCS B PACTBOPEHHOM COCTOSIHUM B
IIOpax HOCHUTEIIS.

[Ipr HEOONBIIOM COAEP)KAHUHM AaKTUBHOI'O KOMITOHEHTA IOPUCTas CTPYKTYypa
HAaHECEHHOI0 KaTaJau3aTropa O4YE€Hb MO OTIMYAETCA OT CTPYKTYpPbl HOCHUTEINS,
MO3TOMY JUIsl CO3/IaHUS AKTUBHBIX KaTaIM3aTOPOB OUYEHb BaXKHBIM SIBIIAETCS TOAO0D
HOCHUTEJISA C ONTUMAIIbHON TEKCTYPOM.

XapakTepHbIM  CBOMCTBOM  HAHECEHHBIX  KaTaJu3aTOPOB  SIBIIAETCS
HEPAaBHOMEPHOCTH PACIPENECICHUS aKTUBHOIO KOMIIOHEHTA 10 CEYEHUIO IPAHYJIBI.
Panom uccnenoBaTeneil NpUHATO IEJIEHUE HAHECEHHBIX KATAJIN3aTOPOB HA YETHIPE
OCHOBHBIE THHA: [ - ¢ paBHOMepHBIM pacnpenenenueM; Il - "kopoukoBslii", y
KOTOPBIX AaKTUBHBI KOMIIOHEHT cocpefoToueH y mnepudepun rpanyn; I -
AKTUBHBI KOMIIOHEHT COCPEJIOTOYEH B LEHTpPE TIpaHyJibl (Tak Ha3bIBa€MbI
"SIMYHBIN KEATOK").

IV - akTUBHBIN KOMIIOHEHT PACIOI0XKEH B cpeaHel 001acTh, yaIeHHON KaK
OT LIEHTPA, TaK U OT BHELIHEN ITOBEPXHOCTH 3€pPHA KaTaJIN3aTOopA.

OnTumanbHas TJIyOMHAa HAHECEHUS IUIATHMHBI 3aBUCUT B OCHOBHOM OT
3HaueHus1 Kputepus Psi, onpenensoomero COOTHOIIEHHE MEXKIY CKOPOCTBIO
peakuuu M ckopoctbio aud@ys3uu. [lpum maneix 3Hauenusx Psi ( < 0,5), xorna
peakuys NpoTeKaeT B KHHETHUECKOW 00JacTH, LeNeco00pa3HO HAHOCUTh TUIATHHY
pPaBHOMEPHO MO Bceil BHyTpeHHeW mnoBepxHocTH 3epHa (tun [). Dddexr ot
YBEIIMYEHNs] KOHUEHTPAUWHU IUIATHHBI B HAPYXKHBIX CIOSX 3€pHA HAYUMHACT
ckasbiBarbcsi mpu  Psi>10. IlpuroroBneHune Tak Ha3bIBAEMbIX KOPOYKOBBIX
KaTajqu3aTopoB, COJAEPXKAIIMX AKTUBHBIM KOMIIOHEHT BOJIU3M  Hapy>KHOU
MOBEPXHOCTH 3€pHA, LEJIeCO00pPa3HO TOJBKO B YCIOBHUAX BBICOKOW CKOpPOCTH
peaKkuu.

Jlns peakuuii, MpOTEKAIOMMX B KUHETUYECKOW oOnacTu (Majble 3HAYCHHS
Psi), B psnme caydaeB I1ieiecooOpa3HO pacrnojiaraTb aKTUBHBIA KOMIIOHEHT B
neHTpaibHoi yactu 3epHa (cm. tumn III). Ilpu sToM BHelHS S, IUIlIeHHAs: aKTUBHOT O
KOMIIOHEHTa 30HA HOCHUTENS MOXKET 3allMIIaTh AKTHBHBIM KOMIIOHEHT OT SJOB,



KOKCAa U T.A., CHWXaTb IOTEPU AKTUBHOIO KOMIIOHEHTAa MpPU HUCTUPAHUU
KaTaJIn3aTopa.

Yuciio BapHaHTOB paclpeiesieHus CYIIECTBEHHO YBEIMYMBAETCS MPH
nepexojie K KaraiumzaTopam ¢ OujucrepcHod crpykTypoil. HampaBienHoe
YepeJOBaHUE 30H C pPa3HbIMU AKTHUBHBIMM KOMIIOHEHTAMHU MOXET SBIATHCS
JOTIOJTHUTENIbHBIM PE3EPBOM JUIsl YIIPABJICHUs CEJIEKTUBHOCThIO peakiuil. [Ipumep
TAKOr'0 CJIOKHOTO MHOI'OKOMIIOHEHTHOI'O KaTajiu3aTopa OINWCaH COTPYIHHUKaMU
¢upmel  "Jlxenepan wmoropc", NPEIIOKUBIIMMU KaTaau3aTop JIOKUTaHUS
aBTOMOOWJIBHBIX BBIOPOCOB, B KOTOPOM Yy BHEIIHEW IMMOBEPXHOCTU pa3MelIeHa
miatuHa (II Tun pacnpenenenusi), nanee mo riiyOMHE 3€pHA IOCJIEI0BATEIBHO
pa3MelnieHbl 30Hbl, CoJIepKaIIue pyTeHU 1 namuiaaui (pacnpeaenenue 1V tumna), u,
HAKOHEL, paBHOMEPHO 1O 3€pHy pa3zMmernieH uepuil (I Tun pacnpenenenus).

Meton HaHeceHHs HMCHOJb3YeTCs U ISl MOJYUYEHHUs KaTalu3aTopoB Oosee
CJIIO)KHOTO COCTaBa, AKTUBHBIM KOMIIOHEHT KOTOPBIX BKJIIOYAeT JBa MU Oolee
DJIEMEHTOB.

HecmoTpst Ha pa3zHooOpa3zue XHMMHYECKOTO COCTaBa, MJII HaHECEHHBIX
METaJUIOOKCUIHBIX KaTaJM3aTOPOB MOXKHO BBIJIETUTh OCHOBHBIE OCOOEHHOCTH,
00yCIJIOBJIEHHBIE METOJIOM HAaHECEHHsI aKTUBHOIO KOMITOHEHTA: /ISl COPOLIMOHHOI O
crnocoba XapaKTepHbl BBICOKas, OJM3Kas K aTOMapHbIM, JHUCIEPCHOCTh YACTHUIIL
AKTUBHOI'O KOMIIOHEHTA, COXPAHSIOIAsACA B LIMPOKOM JUANa30HE €ro COAEpKaHus,
Y TIOBBILLIEHHAs! TEPMOCTOMKOCTD, B CIIy4ae OM3JIEMEHTHBIX KaTaIu3aTOPOB.

Karanuzaropsl, mnoly4yeHHbIE CHOCOOOM MPOMUTKH, BBICOKOAUCIIEPCHBI
TOJIBKO MpU MajoOM COJEpPKaHUM AaKTUBHOro KommoHeHTa. K mocTtonmHcTBam
MPOMUTOYHOI'O METOAA CIEAYET OTHECTH €ro MPOCTOTY U JOCTYIMHOCTh UCXOAHBIX
BEIIECTB, B OCHOBHOM HUTPATOB U KapOOHaToOB. OJIHAKO ClENyeT yKa3aTb U Psj
HEJOCTaTKOB: OTFPaHUYEHUs] MO KOHLEHTpAlMd aKTHUBHOTO KOMIIOHEHTA,
00yCIJIOBJIEHHBIE PACTBOPUMOCTBIO HCXOJJHOI' O BEILIECTBA K OOBEMOM MOP HOCHUTEIIS;
BO3MOXXHOCTh HEPaBHOMEPHOT'O pacHpe/iesieHuss aKTUBHOIO KOMIIOHEHTa 10
CEUYECHMIO T'paHyJbl BCIEACTBHE BBIHOCA B IMPOLECCE CYIIKM YacTH pacTBOpa Ha
nepudepuro 3epHa u T.1.

OT yka3zaHHBIX HEJIOCTAaTKOB CBOOOAHBI COpPOLIMOHHBIE METOAbI Ojaronaps
00pa30BaHMUIO XUMHUYECKOM CBSI3M MEXIY aJCOpOMpPYEMbIM BEUIECTBOM H
(yHKUMOHANBHBIMU TpyIIaMu HocuTens. OrpaHUYeHUs] METO/Ia CBS3aHbl MPEXkKIe
BCET0 C HEJJOCTATOYHBIM ACCOPTUMEHTOM COEAMHEHM, 00Ia1at0IINX HEOOXOUM O
PacTBOPUMOCTBIO M CIIOCOOHBIX OCAXAAThCS HA TOBEPXHOCTH HOCUTENEH.

[Ipou3BOACTBO HOCUTEIECH KAaTaJIM3aTOPOB




[lon kaTamuTUYECKUM MPOLECCOM Mbl OyAeM MoApa3syMeBaTh MPOLECCHI, B
KOTOPBIX JUIS TIOBBIMIEHUS CKOPOCTH XMMHUYECKOW pEaKIMU W YJIy4IICHUS
CEJIEKTUBHOCTH IIPOLIECCA TPUMEHSIIOTCS KaTalln3aTOpPHI.

Kartanuzatopsl — 3T0 BemecTBa, KOTOPBIE y4aCTBYIOT B XUMHUECKON PEAKIINH,
HO He pacxonytorcsa. Karanuzaropsl HeprenepepaOOTKU NPUMEHSIOTCS B TBEPIOM
U KUJKOM COCTOAHMAX. HepTenpoaykTel B yCIOBHSIX MX NMPUMEHEHHS PEATbHO
HaxXOJATCA B MApOBOH, XUAKOM M TBEpHOM (a3e, B 3TOM CiIydyae MMEET MECTO
reTepOreHHbIN KaTaanu3. ECTh cilydan rOMOIreHHOI 0 KaTajausa.

OCHOBHOW CMBICII IPUMEHEHUS KaTaau3aTopa - B CTPEMIICHHHM YBEJIMYMTH
MPOIYCKHYIO CITOCOOHOCTh PEAKIIMOHHBIX YCTPOMCTB U YBEJIMYUTh BBIXO/I LIEIEBOTO
MIPOAYKTA.

- YMEHBIIAIOTCS JIU 3aTPaThl JHEPTUH NPU MCIOJb30BAHUH KaTanu3aropa?

- C TeopeTnyeCcKOM TOYKH 3pEHHMS 3aTpaThl SJHEPTUU HA MPOLECC IPU PABHON
rIyOMHEe peakuud KakK TEPMUYECKMX, TaK M KATAJIUTUYECKUX MPOLIECCOB
OIMHAKOBBL. OTCIOAA CIEAYET, YTO KATaau3aTopbl, BCTyHas B PEAKLHIO, JHUIIb
YBEIIMYUBAKOT CKOPOCTh XMMHYECKOM pPEAKIMM, HO HE OTHAIOT CHCTEME CBOIO
sHepruto. MaKTUYECKU NPHU UCIOIB30BAaHUM KaTaJIUu3aTOPOB pPacXoj] JHEPrHHM Ha
MPOLIECC HUKE 33 CUET CHUIKEHUS TEIUIOBBIX MOTEPH (B OKpYsKarolyto cpeay). [pu
MaJbIX MIyOMHAX MPEeBpAIlEHUs KaTaau3aTop CHUXKAET TeMIlepaTypy Ipolecca U
TakKMM 00pa3oM, NOJHUMAET OOLIMH K.I1.J[. pOIlecca.

Karanuzarop npu paBHOHM riyOuHE peaklyy, paBHOM CKOPOCTH MO3BOJIAET
CHU3UTH TEMIIEPATypy, WIH HA00OPOT, IPU PaBHON TEMIIEpaType MOBBICUTH BbIXOA
IIPOIYKTOB.

CymiecTByeT MHOIO TEOPHM KaTajan3a, OCHOBHBIX JIBE:

- DJIEKTPOHHAS;

- KapOOHUH-NOHHASL.

1) Ilo »neKTpOHHOM TEOpUU KaTalu3a KaTalu3aTop W pearupyrolime
MOJIEKYJIBI

B3aMMHO OOMEHMBAIOTCA AJIEKTPOHAMH, B PE3yJIbTaTe YEro YIJIEBOJOPOAHAS
MOJIEKYyJla CTAHOBUTCSA Oo0Jiee PpEeaKIMOHHOCIIOCOOHOM, a KaTaau3aTop AOJDKEH
00J1a71aTh CIIOCOOHOCTHIO MEPEIaTh CBOM AIEKTPOH.

MynbTUIIeTHAs TEOPHUS - OJIHA U3 YACTHBIX (DOPM JIEKTPOHHOM TEOPHH.

Teopuss aKTUBHBIX LIEHTPOB- 3TO TOXKE YACTHBIM CiIydaill JJIEKTPOHHOU
TEOPHUH, TO K€ TEOPHS MOITYIIPOBOJHUKOB.

2) CornacHo BTOpPOW TEOPUU YIVIEBOJOPOABI NPH B3aUMOJEUCTBHHM C
KaTajau3aTopoM o00pa3yroT KapOOHUH-HOHBI, T.€. MOJIEKYJbl YIJIEBOJOPOAOB
MPEACTABIIAIOT COOOM MOJIOKHUTENIBHO 3apsKEHHBINA HOH. Takue HOHBI B COCTOSIHUU
00pa30BbIBaTh TOJBKO OJ€()UHOBBIE YIJIEBOJOPOABI U JIPYTH€ C HEHACBIIEHHOM
CBA3BIO. A KaTaqu3aTop JOJKEH ObITh CIIOCOOHBIM MEpelaBaTh MPOTOH BOJAOPOAA.



CrnenoBaTtesibHO, KaTaIM3aTOP B 30HE PEAKLUU JOJIKEH KaK Obl JUCCOUMUPOBATH. A
TaKMMH CBOMCTBaMHM 00JIaJal0T KUCIOTHI U 11eJI0uH. KHCIIOTHI MOTYT OBITH TBEPABIE
U KUJKHE.

Karanuzaropsl 0071a1a0T MHOTUMH CBOMCTBAaMU, UMEIOILIMMHU MIPAKTUYECKOE
3Ha4YE€HUE. DTU CBOWCTBA JEIAT HA TPU YACTH:

1) Xumuyeckrie CBOMCTBA;

2) duznyeckue CBOMUCTBA;

3) DkcIuTyaTalluOHHBIE CBOMCTBA (KaTAIUTHYECKUE).

Pu3NYECKUE U IKCIUTYyaTAl[MOHHBIE CBOMCTBA ONPENAEIAIOTCS XUMUYECKUM
COCTAaBOM.

XUMHUYECKUE CBOMCTBA!

1) DneMeHTHBIN COCTaB,;

2) MonekynsipHas CTPYKTypa;

3) KucinotHOCTR;

[Ilen104HOCTh MK HEUTPAIIBHOCTD KaTAIIU3aTOPA.

Karanuzaropsl COBPEMEHHBIX KPYITHOTOHHAKHBIX IIPOLIECCOB
KAaTaJIMTUYECKOTr0 KPEKUHIa, OCYLIECTBISIEMbIX IPH BBICOKMX TeMiepaTypax (500-
800 °C) B pexuMe HMHTEHCHBHOI'O MAaccO- M TEIUIOOOMEHa B ammaparax ¢
JBUKYILIUMCS UITU TICEBAO0KIKEHHBIM CII0EM KaTalln3aTopa, JOJKHBI 00J1a1aTh HE
TOJIBKO BBICOKUMH aKTUBHOCTBIO, CEJIEKTUBHOCTBIO U TEPMOCTAOUIBLHOCTBIO, HO U
YAOBJIETBOPSTh MOBBIIIEHHBIM TPEOOBAHUSAM K HHM 110 PEreHEpalMOHHBIM,
MEXaHWYECKUM M  HEKOTOPBIM JPYIMM  OKCIUTyaTallMOHHBIM  CBOMCTBaM.
[IpoMBbIIIUIEHHBIE KaTAJIM3aTOPhl KPEKUWHIa MPEACTABISIIOT COOOH B 3TOM CBA3M
CJIO’KHBIE MHOI'OKOMITOHEHTHBIE CUCTEMBI, COCTOSIIHE:

1) u3 MaTpuibl (HOCUTEIA);

2) aKTUBHOT'O KOMITOHEHTA — I€OJINTA;

3) BcrioMorareabHbIX aKTUBHBIX U HEAKTUBHBIX JOOABOK.

Martpuiia KaTanu3aTOpOB KPEKHHIa BBIITOMHAET QYHKIUU KaK HOCUTEIS —
IIOBEPXHOCTH, HA KOTOPOU 3aTE€M JUCIEPIUPYIOT OCHOBHOM aKTUBHBIA KOMIIOHEHT
— LIEOJIUT U BCIIOMOraTebHbIE 100aBKH, TaK U C1a00ro KMCIOTHOrO KaTaJIu3aTopa
MpPEeABAPUTEIBLHOIO  (IEPBUYHOI0)  KPEKUPOBAHHUS  BBICOKOMOJIEKYJISIPHOTO
HCXOJHOr0 HE(PTAHOro Chipbsi. B kaduecTBe maTepuana MaTpHIbl COBPEMEHHBIX
KATAIM3aTOPOB  KPEKMHra MPEUMYLIECTBEHHO IPUMEHSIOT CUHTETHYECKUI
aMOp(HBIN aTIOMOCUIIMKAT C BBICOKON YJI€TBbHOM MOBEPXHOCTHIO U ONTHUMAIbHOM
MOPOBOM  CTPYKTYpOW, OO€CleunBamoIel A0CTyn [Jjs KPYNHBIX MOJEKYJ
KPEKUPYEMOTO CBIPbSI.

AMOp(HBIE aTIOMOCHJIMKATBHl SBJSUIMCh OCHOBHBIMH MPOMBILUICHHBIMH
KaTajau3aTopamMu KpeKHUHra 0 pa3padOoTKH LIEOTUTCOAEPKAIINX KaTAIN3aTOPOB.



CuHTE3UpYOTCS OHH IIPU B3aUMOJIEHCTBUH PACTBOPOB, COJIEPIKAIINX OKCHJIBI
AIIOMUHUS U KpEMHUS, HanpuMep xuakoro crekyia Na2O - 3S102 u cepHOKHUCIOro
amtoMuaust Alx(SOs)3. Xumudeckuii coctaB aMOpPHOTO aTFOMOCUIUKATA MOXKET
ObITh BoIpaxkeH Gopmyiioit Na;O(ALOs - xSi02) roe x — uwncio moneit Si0; Ha 1
MoJib Al203. OOBIYHO B TPOMBIIIEHHBIX aMOP(HBIX aTIOMOCHIMKATaX COAEPKAHHE
OKCHJIa aTIOMUHHUS HaxoauTcd B nipeaenax 6...30 % macc.

AMOp(HBIE ATIOMOCHUIUKATHI 00Ja1al0T MOHOOOMEHHBIMH CBOWMCTBamMu, a
JUIsl TPUJAHUS KAaTaJIMTUYECKOM aKTUBHOCTH 00pabaThIBalOT HX PacTBOPOM
CEPHOKHUCIIOro aJIOMUHUS JUIS 3aMeNIeHns KaTnoHoB Na+ Ha AlI*+. BricyrieHHbIe u
MIPOKaJICHHbIE aMOP(HbIE AITFOMOCHIIMKATBI TPOSABIIAIOT MPOTOHHYIO U ATPOTOHHY O
KUCIOTHOCTU. llpn 3TOM Mo Mepe MNOBBILIEHUS TEMIEPATYpbl MNPOKATUBAHMS
MIPOUCXOJIUT MPEBPAILICHHE POTOHHBIX KUCIOTHBIX LEHTPOB B allPOTOHHBIE.

AKTUBHBIM KOMIIOHEHTOM KaTajlu3aTOpPOB KPEKUHIA SBISETCS LIEOIUT,
KOTOpBIN MO3BOJSET OCYLIECTBISATh BTOPUYHBIE KATAIUTHUUYECKUE NPEBPALLCHUS
YTJIEBOAOPO/IOB ChIPhs C 00pa30BaHUEM KOHEUHBIX LEIEBBIX TPOIYKTOB.

[eonuTs (0T rpey. 11e0 — KUMSAIIUHN, TUTOC — KaMeHb) MPEICTABIISIOT CO00
AJFOMOCUJIMKATBI C TPEXMEPHOU KPUCTALUIMYECKOU CTPYKTYPOH.

Opaniy3ckuii yuenbiii [lons Cabatbe, 0 KOTOPOM YIOMHHAIOChH BBIIIE,
MOKa3aJl, YTO METAJUIMYECKUE KATAIU3aTOpPhl B MEJKOAMCIEPCHOM COCTOSIHUU
NPOSABIIAIOT  BBICOKYIO  aKTHUBHOCTb.  JlJI1  MOBBIMIEHHS  YCTOMYMBOCTH
MEJIKOIMCIIEPCHBIX METAJUIOB OH MEPBBIM Hayall UCIOJb30BaTh TAK HA3bIBAEMBbIE
HOCUTEIHU KaTan3aTopoB («mooxkky»). B 1912 r. I1. CabaTtee Obu1a npucyxkaeHa
HoOeneBckast nmpemMusi Mo XUMHUH «3a MPEJIOKEHHBIA UM METOJ THIPOreHu3auu
OPraHMYECKUX COEAMHEHUH B NPUCYTCTBUM MEIKOAUCIEPCHBIX METAIIOBY,
KOTOpPBI PE3KO CTUMYJIHPOBAN pa3BUTUE OPraHUYECKON XHMHH», BKIIOYAs
OTKpBITUE TaK Ha3biBaeMol peakuuu CadaThe; MPEMUIO pa3ieiaui ¢ HUM BuUKTOp
I'punbsp. B HacTosmiee BpeMsi B TPOMBIIIIEHHOCTH «METaJT /HOCUTEIbY» — CaMbIi
pacupoCTpaHEHHBIH TUIT KaTAJIN3aTOPOB.

Hcnonb3oBaHue HOCUTENEH JUIsl 3aKPEIJIEHUSI aKTUBHOU (pa3bl MO3BOJISET:

— YBEJMYUTH JAMCHEPCHOCTh aKTUBHOM (ha3bl (Yamie BCero — MeTrasia), 4yTo
MOBBIILIAET CTENEHb UCIIOJIB30BAHUS MTOCIIEIHEM.

— CTAaOWJIM3UPOBATh Majibleé YaCTULbI, T.€. MPEAOTBPATUTh CHEKAHHUE HUX. —
SKOHOMUTH aKTUBHOE BEILECTBO.

TpeOoBaHus, npeabsABIsEMble K BELIECTBAM, HCIOIb3YEMBIM B KayeCTBE
HOCUTEJEH akKTUBHOM (ha3bl:

— XUMUYECKasi THEPTHOCTH;

— MEXaHHuYecKas NpPOYHOCTh (YCTOMYMBOCTh K THUAPOJUHAMUYECKUM
Harpy3kam, K UCTUPAHHIO);



— CTaOMJIBHOCTH B YCIIOBUAX peakInu (OH JODKEH BBIICPKUBATH MEPErPEeBhI
1o 100 °C);

— yJIenbHas MOBEPXHOCTh — OOBIYHO JKenaTeiabHa Oousblias, HO HE BCerna
(TuapupoBaHUE alleTHICHA, OKUCIICHUE STUJICHA B STHIICHOKCHUI);

— MOPHUCTOCTD, OMpenaesieMasl CpeHIUM Pa3MEPOM TMOp U pacHpeeTIeHueM
00BEMOB TIOp IO paguycam;

— BBICOKas TEIUIOMPOBOJHOCTh (BO H30€KaHUE JIOKATBHBIX IEPETPEBOB
KaTajau3aTopa u ajs o0ecnedeHus: ObICTPOro MoBO/Ia MM OTBOAA TeIIa ISl 9K30-
Y DHJIOTEPMUYECKHUX PEAKIIHii);

— IOCTYITHOCTD U JICTIIEBU3HA.

AHAIUTHYECKHNE METONBI HUCCIEIOBAHNS KATAIIN3ATOPOB, HOCUTEIEU U COPOESHTOB

CrieKTpallbHbIE METO/bI aHANIN3a CTPYKTyphl. COBpEMEHHAs HayKa M TEXHUKA
HEMBICIUMBI 0€3 3HAHMS XUMHUYECKOTO COCTABA BEIUECTB, KOTOPHIE SABIISIOTCS
00BEKTAMHU JEATEIBHOCTH YeI0BeKa. MuHepabl, HaiilcHHbIE TE0I0raMH, U HOBBIE
BEIIECTBA M MaTEPHUAIIbl, HONyYEeHHbIE XUMUKAMH, IPEXKIE BCETO XapaKTEPU3YOTCS
0 XUMHUYECKOMY cOcTaBy. Jlad IPaBWILHOTO BEIEHUS TEXHOJIOTHYECKHX
IPOLIECCOB B CaMBIX Pa3IMYHBIX OTPACIAX HAPOJHOIO XO3AHCTBA HEOOXOIHUMO
TOYHOE 3HAHME XUMHUYECKOrO COCTABA MCXOMHOTO CBIPbS, MPOMEXKYTOUHBIX U
TOTOBBIX IPOJYKTOB.

BypHOe pa3BUTHE TEXHUKU NPEbABIAET BCE HOBbIC TPEOOBAHUA K METOAAM
aHanM3a BEILECTBA. Elle CPaBHUTEIBHO HENABHO MOXKHO OBLIO OIPaHMYUTHCS
OIpesieieHueM TpHMecel, IPUCYTCTBYIOIMX B KoHUeHTparuu 10 102107 %.
[MosBneHue M OBICTPOE pa3BUTHE B MOCIEBOCHHBIE TOAbI IPOMBIIIEHHOCTH
ATOMHBIX MAaTEpHallOB, a TAKXKE MPOM3BOJCTBA TBEPBIX, KAPOIPOUHBIX U JAPYTHX
CHIEUANBHBIX CTajell ¥ CILIABOB IOTPEOOBAlO MOBBILECHHUS YyBCTBHTEIEHOCTH
AHATMTHYECKUX MeTodoB 10 10— 10°%%, Tak kak OBLIO yCTaHOBIEHO, 4YTO
IPUCYTCTBUE IPUMECEH J1aKe B TAKAX MAJIBIX KOHLIEHTPALHUAX CYILECTBEHHO BIUACT
Ha CBOICTBA MaTEPHANIOB M XOJ HEKOTOPBIX TEXHOIOTMYECKHX MPOLIECCOB.

B nocnemHee BpeMs B CBA3M C  Pa3sBUTHEM  HPOMBIIIIEHHOCTH
HOTYIIPOBOJHUKOBBIX MAaTEpPHAOB K YUCTOTE BEILECTB, a CIEIOBATENbHO, U K
YyBCTBUTEIBHOCTH AHAJUTHYECKUX METOIOB HPEbABIAIOTCS elle 00JIee BHICOKUE
TpeOOBaHUS — HEOOXOAUMO ONpPENENsATh NPUMECH, COJIEpKAHUE KOTOPBIX
coBepieHHo HUUTOkHO (107-10%). Koneuno, mogo6Has cBEpXBBICOKAs YUCTOTA
BEIIECTB HYKHA TOIBKO B OTHEIBHBIX CIIydasX, HO B TOW WM MHOU CTENEHU
TOBBIIIEHUE YyBCTBUTEIFHOCTH aHAJIN3A CTAJI0 HEOOXOUMBIM TPeOOBAHUEM ITOYTH
BO BCEX 00IACTAX HAYKU U TEXHHUKH.



[Ipu mpou3BOJICTBE MOJMUMEPHBIX MaTEpHaATIOB KOHIIEHTpaIMs MpUMecei B
MCXOJIHBIX BelllecTBax (MOHOMepax) Obla BechbMa OOJIbIION — YacTO JAECSAThIE JOMIU
U JaXxe 1EeJ0€ YMCIo MpoleHToB. HegaBHO 0OHApY’KEeHO, YTO KauyeCTBO MHOTHX
TOTOBBIX MOJMMEPOB OYE€Hb CHJIBHO 3aBUCUT OT UX YUCTOTHI. [loaTOMY B HacTosIIee
BpeMsI MCXOJHBbIE HEMNPENCNIbHbIE COSAUHEHHS] U HEKOTOphIE APYrue MOHOMEPHI
MPOBEPSAIOT HAa MPUCYTCTBUE TMPUMECEH, cojepKaHue KOTOPBhIX HE JOJDKHO
npesbimars 10— 10 %. B reonoruu Bce mmpe UCHOIB3YIOTCS THAPOXUMHIECKUE
METOABl PA3BEIKU PYAHBIX MECTOPOXKIACHUU. J[JI1 MX YCHENIHOro MPUMEHEHHS
HEOOXOJUMO OIpPEEsATh COIU METAJUIOB B MPUPOAHBIX BOAAX MPU KOHIICHTPAIUU
10~ 10"® r/n u maxxe MeHbLIE.

[ToBbItIeHHBIE TPEOOBAHUS MPEIBSABISIIOTCS B HACTOSIIEE BPEMsI HE TOJIBKO K
YyBCTBUTEJIBHOCTH aHA/IN3a. BHepeHHe B MPOU3BOICTBO HOBBIX TEXHOJIOTUUECKUX
MPOIIECCOB OOBIYHO TECHO CBS3AaHO C Pa3pabOTKONW METOAO0B, OOECIEUMBAIOLIUX
JIOCTATOYHO BBICOKYI0 CKOPOCTh U TOYHOCTh aHaidu3a. Hapsgy ¢ 3Tum  OT
AHAJTUTUYECKUX  METOAOB  TpeOyeTcsi  BBICOKas  MNPOU3BOAUTEIBHOCTh U
BO3MOXKHOCTh aBTOMAaTH3allMU OTJEIbHBIX OIEpaluii WM BCEro aHalIu3a.
XUMUYEeCKHEe METOAbl aHaldu3a JaJIeKO HEe BCerja OTBEYaroT TpeOOoBaHUSIM
COBpPEMEHHOW Hayku U TexHUKH. [lodToMy Bce MIMpe BHEAPSIOTCA B MPAKTUKY
bu3uKoxuMuueckue 1 (HU3NYECKHE METObI ONMpEeIeNICHUs] XUMUYECKOr0 COCTaBa,
KOTOpBbIE 00JaJat0T PSIIOM IIEHHBIX XapakTepucTuk. Cpeid 3TUX METOJIOB OJTHO U3
TJIABHBIX MECT MO MPaBy 3aHUMAET CIEKTPAJIbHBIN aHAIN3.

brnarogapst BeICOKOW HM30UPATENIBHOCTH CHEKTPAJIbHOI'O aHalii3a MOXKHO C
MOMOIIIBIO OJTHOM U TOM K€ MPUHIMITHATBLHON CXeMbI, Ha OTHUX U T€X e Mpudopax
aHAJU3UPOBATH CAMbI€ PaA3JIMUHbIE BEHIECTBA, BBIOMpAs B KaXJAOM OTACIHHOM
cilydyae TOJIbKO Haubosee OaronpusiTHbIE YCIOBUS JIsl TOJyYEHUs MaKCUMaIbHOMN
CKOPOCTH, YYBCTBUTEIBHOCTM W TOYHOCTM aHanuza. [loaTomy HecMoTps Ha
rPOMaJIHOE YHCJIO AHAIUTUYECKUX METOAMK, NpEeIHA3HAUYCHHBIX JIS aHallu3a
pa3IUYHBIX OOBEKTOB, BCE OHU OCHOBAHBI HA 00IIEH MPUHIIUITHATIEHON CXEME.

B ocHOBe CHEKTpaJIbHOTO aHalu3a JIEKUT H3YyYCHHE CTPOCHUSI CBETA,
KOTOPBIM M3JIydaeTcsl WIM MOIJIOMAETCS aHAIU3UPYyEMbIM BelIeCTBOM. MeTobl
CIEKTPAJIbHOTO aHaJIM3a JACJSTCS HAa DMUCCHOHHBIE (AMHCCHUSI — UCIyCKaHUE) U
abcopOLroHHbIE (a0COpOLIUS — MOTJIOIECHUE ).

MeTobl HcclieIOBaHUSL CBOMCTB KaTaJIN3aTOPOB.

HccnenoBanue katamu3atopoB JOJKHO HOCHUTbh KOMIUIEKCHBIA XapakTep,
o0ecrneunBaIOIINi BRISIBICHUE WX OCHOBHBIX MOTPEOUTENIbCKUX XapakTepucTuk. K
TaKOBBIM, IIPEKJE BCErO, OTHOCATCA AKTUBHOCTb, MEXAHHUUYECKas IPOYHOCTb U
CTaOMIBLHOCTH B padoTe.

PesynbTupyromen U «riaBHOM» XapaKTEPUCTUKOM SBISIETCA AKTUBHOCTD,
MoKa3aTeJeM KOTOpPOM B 3aBUCUMOCTH OT HCIOJB3yeMON METOAMKHA MOTYT OBITh



CTENEHb MpPEBpAIICHUs BEIIECTBA, KOHCTAHTA CKOPOCTH pEaKUMH U MPOCTO
CKOpPOCTb.

CymectByer OonbIioi HabOp METON0B, MO3BOJSIONIUX (DUKCHUPOBATH
CBOICTBA KAaTaJM3aTOPOB. JTO ONPEACICHUE XUMUYECKOI0 U (a30BOr0 COCTABOB.
[Ipy uX wW3yyeHHH MOTYT OBITb HCIOJIB30BaHbl MPHUEMBI «MOKPOID» XUMUH,
peHTreHo(a30Bblid  aHaJIU3, PEHTTEHOBCKAs (POTORJIEKTPOHHAS CHEKTPOCKOMUS
(PDIC), anextpoHHas u Mecc - 0ay3pOBCKasi CIEKTPOCKON U, a Takke MeTo bl DIIP
u SAMP.

Tak Kak nIpH BeI€HUH IeTEPOreHHBIX MPOLIECCOB YPE3BbIUAHO Ba’KHbI TAKUE
XapaKTEPUCTUKH, KAK JTOCTYMHOCTh U IJIOIIAJb MOBEPXHOCTH KAaTaJIU3aTOPOB, TO
OIpEJIEICHHS UX MPEACTABICHBI IIUPOKUM CIIEKTPOM METOAO0B UCCIEIOBAHUSA. DTO
M3MEpPEHHE CyMMapHOH IJIOMIAIA TOBEPXHOCTH KOHTAKTHOW MacChl, TOBEPXHOCTH
HAaHECEHHOro MeTajyla M o0beMa MOop MO aaAcopOLMM Ta30B; ONpeJeIeHHUE
pacnpeneneHus nop mno pasMepam METOJIOM PTYTHOW MOPOMETPUU U AP.

WN3yyeHne  MEXaHMYECKOM TMPOYHOCTHM  KOHTAKTHBIX  Macc  TaKke
MHOrooOpa3HO U ONpeleNnsieTcs  TUAPOAMHAMHUYECKUMHU  PEaKLMOHHBIMU
ycnoBusaMH. Ecnu mumeer MecTo (GUIBTPYIOIIMNA CIIOM, TO 3aMepsieTCsl MPOYHOCTh
Marepuajia Ha pa3/JIaBIMBaHUE, €CIU KUIALIUNA CIOH, TO ONpEAeNIeTcs] WHIEKC
HCTUPAHMUSL.

OTOT nepedyeHb MOr Obl OBITh MPOJOJIKEH, TaK Kak pa3paboTka METOJI0B
WCCJIEI0BaHMs KaTalIM3aTOPOB B HACTOSIIEE BPEMs OINEpPEexXaeT UX pa3paboTKy.
Oco0eHHO MHTEHCUBHO UAET pa3BUTHE U3yUEHUs paOOTAIOUIEr0 KaTaau3aTopa.

Haumenee pa3paOOTaHHBIMM METOJAMHM UCCIENIOBAaHUS KaTaJlIU3aTOPOB
ABJIAIOTCS T€, KOTOPbIE MO3BOJSIOT OLUEHUTh CTAOMJIBHOCTB, @ CJIEIOBATENbHO, U
CPOK CIy>)KObl KOHTAKTHBIX Macc. B Hacrosmiee BpeMs MOIb3YIOTCS JHMOO
AKCTPANOSALMEeH JaHHBIX N0 MNPSAMON MNaJeHHs AKTUBHOCTH, JIMOO MPOBOAST
YCKOPEHHYIO BBICOKOTEMIIEPATYPHYIO J€3aKTUBALIMIO KATaIH3aTOPOB.

MuHepalbHbIE VIOODEHUS

Cy1HoCcTh MPOU3BOJICTBA TPOCTOro cynepdocdara COCTOUT B MPEBPAILICHUN

IpUPOAHOrO (TOp-anaTuTa, HEPACTBOPHUMOTO B BOJAE W IMOYBEHHBIX
pacTBopax, B pacTBOpUMBIE COCIMHCHHSI, MPEUMYIIECTBEHHO B
MoHokanbiiipocpar Ca(H2PO4)2. Ilpomecc pa3noxkeHus MOXKET  OBITh
MPEICTABIICH CICAYIOMUM CYMMAapHBIM YPaBHEHUEM:

[IpakTyecku B Tmpollecce MNPOU3BOACTBA Tmpoctoro cynepdocdara
pas3iokeHue mpoTekaeT B ABe craauu. Ha mepBoi ctaguu okono 70% anarura
pearupyet ¢ cepHoil kuciotou. IIpu stom oOpasyrorcs dochopHas kuciora u
MOJTYTHIPAT CyIb(haTaKambIIHs:



BrikpucTtanin3oBaBmmecss MUKPOKPUCTAIBI Cyab(dara Kajablus 0o0pa3yroT
CTPYKTYPHYIO CETKY, YJEp>KMBAIOIIYyI0 OONBIIOE KOTUYECTBO KHUIKOW (hasbl, H
cynepdocharnas macca 3aTBepaeBaeT. [lepBas cragusi mporecca pa3ioKECHHs
HAUYMHAETCA Cpa3y MOCJE CMEIIEHUs PeareHToB U 3akaHnunBaercs B Teuenue 20 — 40
MUH B cynepdocdaTHbIX KamMmepax.

[Tocne mOMHOTO W3PAcXOAOBAaHUS CEPHOW KHUCIOTHI HAYMHAETCS BTOpas
CTajusi pasjioKeHus, B KoTopou ocrtaBmuiics amatut (30%) pasmaraercs
dbochopHOil KUCTOTOI:

OCHOBHBI€ MPOIIECCHI MPOXOAT HA MEPBBIX TPEX CTAAUIX: CMEIICHUE CBIPbS,
oOpazoBaHue W 3arBepieBaHus cynepdochaTHOM  MyJbIbI, JJA03PEBaHMS
cynepdocdara Ha CKIaE.

[IpocToit rpanynupoBaHHbll cynepdochar — gemeBoe dochopHoe
ynobpenue. OqHAKO OH UMEET CYIIECTBEHHBIH HEAOCTATOK — HU3KOE COJEpIKaHue
OCHOBHOTO KomIioHeHTa (19 — 21% ycBosieMoro ) u BBICOKYIO JOJI0 Oamiacta —
cyabdaTta Kamplusa. Ero mpousBOAAT, KaKk MNpaBuUjio, B paiOHAX MOTPEOICHHS
yAOOpEeHM, TaK KaK SKOHOMUYHEE JOCTaBIATh KOHLEHTPUPOBaHHOE (hochaTHOE
CeIpbe K cymepdocdaTHBIM 3aBOJaM, Y€M IEPEBO3UTH HAa JajJbHHE PACCTOSHHUS
HU3KOKOHIICHTPUPOBaHHBIN npocToit cynepdocdar.

[Tonyunth KoOHIIEHTpUpOBaHHOE (ochopHOe ymoOpeHue MOKHO, 3aMEHUB
CEepHYIO KHUCJIOTY MpHU pasyioxkeHuu GocdatHoro ceipbs Ha dochopuyro. Ha aTom
MIPUHIIAIIE OCHOBAHO MPOU3BOACTBO ABOITHOrO cynepdocdara.

JIBoiiHoro cymnepdocdara — KoHIEHTpUpoBaHHOE (PocdopHOe ymodOpeHue,
MoJIy4yaeMoe pasjiokeHueM npupofHbix ¢ocdaroB dochopHoit kucioroil. OH
coaepxut 42 — 50% ycBosieMoro , B TOM 4McCi€ B BOJOPACTBOPUMOM (popme 27 —
42% , 1. e. B 2 — 3 paza Oonsblie, yeM npoctoil. [lo BHemHeMy Buay u (azoBoMy
cocTtaBy JBoWHON cynepdocdar moxox Ha mpoctod cymnepdocdar. OgHako oH
MOYTH HE COJIEPKUT OaruiacTta — cyiabdara Kalblusl.

JIBoitHOl cynepdochaT MOXKHO MOJydYaTh MO TEXHOJIOTMUYECKOW CXeMe,
aHAJIOTUYHOM cXeMe moiiydeHusi mnpoctoro cynepdocdara. Taxoit wmeron
nojly4eHust ABOMHOro cymnepdocdara HocUT Ha3BaHue KamepHoro. FEro
HEJOCTaTKaMHU  SIBISIOTCS  JUIMTEIbHOE CKJIaJHOE JO3pEBaHHE TMPOAYKTa,
COIMIPOBOXK/IAIOIIEECS HEOPTaHMBAHHBIMHU BBIICICHUSIMH BPEIHBIX (PTOPUCTHIX
COCMHEHU B aTMocdepy, U HEOOXOAUMOCTh MPUMEHEHUS KOHIICHTPUPOBAHHOM
dbochopHOl KUCTOTHI.

bonee nporpeccuBHBIM ABIAETCS MOTOYHBIA METOJ IPOU3BOJACTBA JBOWHOIO
cynepdocdara. B HeM uCnonp3yroT 0ojee AeleByl0 HeynapeHHY (HochOpHYIo
KACIOTYy. MeTon SBISETCS TMONHOCTHIO HEMPEepPHIBHBIM (OTCYCTBYET CTaIHs
JUTATENBHOTO CKJIAJICKOT0 JO3PEBaHUs MPOIYKTA).



[Ipoctoit u paBoitHON cynepdocdaTsl coiaepkaT B JIETKO yCBauBaeMou
pacteHusiMu  (opme. OpHako B mMOCHEIHUE TOABI OOJbIIE BHUMAaHHUS CTaJlo
YAENATHCS BBIIYCKY yIOOPEHUN € peryiaupyemMaM CpPOKOM JEHCTBHUS, B YACTHOCTHU
JOJTOBPEMEHHO JEUCTBYIOUIMX. /[l monydeHuss Takux yAOOpEHHd MOXKHO
MOKPBITh TpaHylibl cynepocdara 0OOIOUKON, PEryJUpYIOIIEH BbICBOOOXKAECHHUE
NMUTaTEeNbHBIX BelecTB. J[pyroit myTh — cMelieHue ABoiHoOro cymepdocdara c
dbochoputHoit mykoi. D10 ynoOpenue coaepxkut 37 — 38% , B TOM yucie OKOJIO
MOJIOBUHBI — B OBICTPOAMCTBYIOIIEH BOAOPACTBOPUMOM (POpME M OKOJIO TTOJIOBUHBI
— B MeJyIeHHoAeHcTBYolel. [I[puMeHenre Takoro y100peHHus yaJIMHIET CPOK €ro
3 PeKTUBHOrO JEHCTBUS B MOYBE.

B ocHoBe mpomecca MNpOM3BOACTBA AMMHAYHOM  CEIUTPHI  JIEKHUT
reTepOreHHasl peakiys B3aUMOJEHCTBUSA ra3000pa3HOr0 aMMHaKa C PacTBOPOM
A30THOW KUCJIOTHL:

XuUMHUECKasi peakusi MPOTEKAaeT ¢ OONBIION CKOPOCTHIO; B TPOMBILIIEHHOM
peaKkTope OHa JMMHUTHPYETCS PACTBOPEHHUEM ras3a B KMAKOCTH. J[JI1 yMEHbIIECHUA
mudPy3uOHHOTO  TOPMOXKEHHUSI ~ Mporecca  OOJbIIOe  3HAYEHUE  HMEET
IIepEMEIINBAHUE PEATEHTOB.

Peaxuuio mpoBomAT B HEHmpepblBHO JAelcTByromeMm anmapare WTH
(ucnonb3oBaHWE TEIUIOTHl HeWTpanuzauuun). PeakTtop mnpencrasmser coOoit
BEPTUKAIBHBIN LUIMHAPUYECKUM ammapar, COCTOSAUIUMNA W3 PEaKUUOHHOU U
CEMapaIlMOHHON 30H. B peakimoHHON 30HE€ MMEETCA CTakaH |,B HMKHEW 4acTu
KOTOPOr0 HaxOIATCS OTBEPCTUSA Il LUPKYISALMH pacTBopa. Heckonbko BbIIe
OTBEpCTUI BHYTPU CTaKaHa pasMmelleH OapOorep 2 mjid mojayd razoo0pa3HOro
aMMuaka, Hajg HUM OapOorep 3 myid MOJa4yM a30THOM KHUCIOTHI. PeakimoHHas
MapOKUIKOCTHAS CMECh BBIXOAUT U3 BEPXHEN YACTH PEAKLIMOHHOIO CTakaHa. YacTtp
pactBopa BbIBOguTCs u3 anmapara MTH wm mocrymaer B moHedTpanus3aTop, a
ocTajpHasl YacTh (LMPKYJISLMOHHAS) BHOBb WAET BHU3. BblaenuBmuiics u3
MapaXUJKOCTHOM CMECH COKOBBIN ITap OTMBIBAETCS HA KOJIMAYKOBBIX Tapeakax 6 oT
OpbI3T pacTBOpa aMMHUAYHON CEIUTPhl M MApOB a30THOM KHUCIOTHI 20%-HbIM
pPacTBOPOM CEJIMTPHI, a 3aT€M KOHJEHCATOM COKOBOro mnapa. Temnora peakuuu
UCIIOJIB3YETCS JIJISl YACTUYHOrO MCIIapeHUsl BOJblI U3 PEAKIMOHHON cMecHu (0TCroaa
u Ha3BaHue anmapara WTH). Pazuuiia B Temmeparypax B pa3iMyHBIX YacTAX
anmnapara NpUBOAUT K 00ee MHTEHCUBHOMN LIUPKYJISLUHA PEAKIIMOHHON CMECH.

TexXHOJIOrn4eCKu IMPOLECC MPOU3BOACTBA AMMHUAYHOU CEJUTPHI BKIOYAET
KpOME€ CTaJIuM HEWUTpaIu3aluy a30THOW KHCIOThl AMMHUAKOM TaKXe CTaauu
YIIAPUBaHMs PacTBOpPA CEIUTPHI, TPAHYJIMPOBAHUS CIUIABA CEIUTPBI, OXIAKICHUS
rpaHys, oOpabOTKH T'paHysl MOBEPXHOCTHO-AaKTUBHBIMU BEIIECTBAMU, YIAKOBKH,
XpaHEHHUS U MOTPY3KH CEIUTPBI, OYMCTKU T'a30BbIX BEHIOPOCOB U CTOYHBIX BOJ.



KapOamuy (MoyeBHHA) cpeid a30THBIX YA0OpEHUM 3aHUMAET BTOPOE MECTO
no o0beMy MPOU3BOJACTBA IMOCIE€ aMMHA4YHOM ceauTpbl. PocT mpou3BoacTBa
KapOamua 00yCIIOBIIEH IUPOKOU cepoii ero MpUMEHEHUS B CEILCKOM XO35HUCTRBE.
On oOnajgaer OosbLIEH YCTOWYMBOCTBIO K BBIIIETAYUMBAHUIO MO CPABHEHUIO C
JAPYTUMU a30THBIMU yI00PEHUSIMH, T. €. MEHEE MOABEPKEH BHIMBIBAHUIO U3 TIOYBHI,
MEHEE TMIPOCKOMHMYEH, MOKET NPHUMEHAThCA HE TOJIBKO KakK yAoOpeHHE, HO U B
KadecTBe J00AaBKU K KOPMY KpPyHHOro poraroro ckora. Kapbamum, kpome TOro,
IIMPOKO MCHOJIb3YeTCs [JIsl TOJY4YEHHUs CIOXKHBIX YAOOpeHHH, yaoOpeHuil c
pPEryJIMpPYEMbIM CPOKOM JI€UCTBHSI, a TakXkKe JJIs MOJy4YeHUs IUIacTMAaccC, KIIEEB,
JIAKOB U IOKPBITUH.

Kapbamup - 6enoe kpucramuiMyeckoe BeIlecTBO, coaepxkamiee 46,6 mac. %
azota. Ero mnoyuyeHuss OCHOBaHO Ha pPEAKUUU B3aUMOJECHCTBUS aMMHMaKa C
JUOKCHUIOM YTJIMpOJa:

Takum 00pa3oM, ChIpbeM ISl TPOU3BOACTBA KapOaMuaa CIyKUT aMMHUAK U
JUOKCHUJ yriepoja, IMOJy4aeMblii B KayecTBE MOOOYHOrO MPOAYKTa MpHU
MIPOU3BOJICTBE TEXHOJOTMYECKOro Tras3a s cHHTe3a aMmmuaka. [loaTomy
MPOU3BOJICTBO KapOamuja Ha XMUMHUYECKUX 3aBOAaX OOBIYHO KOMOUHHUPYIOT C
MIPOU3BOJICTBOM aMMHAKA.

Peakuus — cymmapnas; oHa mporekaer B ABE craauu. Ha mepBou craauu
IIPOTEKAET CUHTE3 KapObamMuaa:

Ha BrOpo# cTraguu NpOUCXOAUT DSHAOTEPMUYECKUN MPOLECC OTILECIUICHUS
BOABl OT MOJEKyJbl KapOamuaa, B pe3yJbTaTe KOTOPOrO M MPOUCXOAUT
oOpa3zoBaHue kapOamujaa:

Peakius o6pa3oBaHusi kapbamaTa aMMOHHS — oOpaTHMasi 3K30TepMHUUecKas
peakuus, MpPOTEKAeT C yMEHbIIeHHEM oObema. /[ cmelleHus paBHOBECUS B
CTOPOHY IPOAYKTa €€ HEOOXOAMMO MPOBOJUTH MPH MOBBIILICHHOM AaBieHUH. s
TOr0 4TOOBI MPOLECC MPOTEKAET C TOCTATOYHO BBICOKOH CKOPOCTBIO, HEOOXOIUMO
MOBBIIIEHHBIE  TEMIEPATYPBHI. [loBbllIeHHE ~ JABIEHUS  KOMIIEHCHUPYET
OTpULATENBHOE BIUSHUE BEICOKMX TEMIIEPATYp Ha CMEIICHUE PABHOBECUH PEAKIIMU
B oOpatHyio crTopoHy. Ha mpakTuke cuHTe3 KapOamuja NpOTEKaeT MpHu
temmneparypax 150 — 190°C u naBnenun 15 — 20 MIla. B 5THX yCIOBUSX peakius
MIPOTEKAET C BICOKOM CKOPOCTHIO M MPAKTHYECKH 10 KOHIIA.

Pasnoxenue kapbamaga aMMOHUS — oOpaTUMasi SHAOTEPMUYECKAsT peaKuus,
MHTEHCUBHO MpoTeKarouas B >KUIKOM ¢aze. s Toro 4toObl B peakTope He
MPOUCXOIUIIO KPUCTAJUTM3ALMU TBEPABIX MPOIYKTOB, IPOLECC HEOOXOJUMO BECTH
npu Temmeparypax He Hmke 98°C. Bomee BBICOKHME TeMIEpaTyphl CMEIIAIOT
paBHOBECHE PEAKLMU BIIPABO M IMOBBIIIAIOT €€ CKOPOCTh. MakcuMasnbHas CTENEHb
npeBpalenus kapbamana B kapOamu gocTukaercs npu Temmnepatype 220°C. Jlns
CMELICHUS] PABHOBECHUS ATOW pEaKUMHM MNPUMEHSIOT TakKe BBEJCHHE H30BbITKA



aMMHaKa, KOTOPbIi, CBSI3bIBasl pEaKIIMOHHYIO BOAY, yIAJseT €€ U3 chephl peakiiuu.
Onnako n00aBUTH TOJIHOTO TMpeBpalleHus kapOamaaa B kapObamuj Bce XKe He
yaaetcs. PeakiimoHHass cMech MOMUMO MPOAYKTOB peakuuu (kapOamuia U BOAbI)
COZICPKUT Tak)Ke KapOOHAT aMMOHHUS M MPOAYKTHI €T0 PA3IOKEHHUSI — aMMHUAK U
COs..

TexHonorusa Nmponu3BOACTBA KUCIOT, HIEJOUYEN U COJIEUN

CepHOKHMCIIOTHAsT OYUCTKA — OJWH M3 TEPBBIX METOAOB OYUCTKHU
He(TEeNpPONYKTOB, NOJYyYMBIIMA pacnpocTpaHeHue eme B koHue XIX B. Ilpu
00paboTke HedTEeNpoayKTa CEPHOM KUCIOTON YAAISIOTCS CMOJUCTBHIE MPUMECH;
paspymiaroTcst cepoBoiopon U Mmepkantanbl; cyiabdunabl (RSR') u aucynbhumnst
(RSSR'") pacTBOpsitOTCS B CEpHOM KHUCIOTE; HEMPEACNIbHBIE COCIUHEHUS TOXE
00pa3yroT pacCTBOPUMBIE B KHCJIOTE alkmicepHbie KucaoTsl (RSO20H).

B kauecTBe 0TX0/1a CEPHOKHUCIOTHON OYMCTKH MOIYYaETCs KUCIBIN T'yIPOH,
B KOTOPBIM NEpEeXoAsT yaanseMble npuMecH. [locne oTaeneHus Kuciaoro ryipoHa
He(TENPOAYKT IPOMBIBAIOT BOJIOM U HEUTPAIHU3YIOT LIET0YBIO.

B 3aBUCMMOCTH OT yCJIOBUM OYMCTKH IIPUMEHSETCS KHUCIOTa PasiIn4HON
KOHIIEHTpauu (10 96 %-it) u oneym. Pacxon KUCIOTBI MPU OYUCTKE CBETJIBIX
HedrenpoaykroB coctasiusieT 0,5-5,0 % ot ux Beca, mpu OYUCTKE OOBIYHBIX Macel
—1,5-6 %, cnenuanbHBIX Macesl — 10 10 %, Me TUIIMHCKUX U TaK Ha3bIBa€MBIX O€IbIX
Mmacen — 110 50 % u Gonee.

N3-3a OonplInX MOTEPh HEPTENPOAYKTOB NMPU CEPHOKUCIOTHOM OYHUCTKE,
JOPOTOBU3HBI ~ KHCIOTBI M O0Opa3oBaHMs  OOPEMEHMTENBbHBIX  OTXOJOB
MCIIOJIb30BaHUE ATOro MeToja cokpauiaercs. OH coxpaHsSeT 3HAUEHUE JUIIb IS
OYUCTKH Macell.

Kucnble rynpoHsl, noiaydaeMble B pe3ysbTaTe CEPHOKUCIOTHOM OYUCTKH,
CoJiepKaT KpoMe OpraHUYECKOM YacTH, MPEeCTaBIsIONIEH cOO0M CMECh CMOJIUCTBIX
BELIECTB, MPOAYKTOB TNOJMMEPU3ALMH HENpPEAEIbHBIX YIJIEBOJOPOAOB U
KOMIIOHEHTOB LEJIE€BOr0 MPOAYKTa, TAaKKe CBOOOAHYIO, HE HCIONb30BAaHHYIO B
MPOIIECCE OUUCTKU CEPHYIO KUCTOTY. CrocOObI yTHIN3AIUK KUCTBIX TYAPOHOB:

1) mepepaboTKa KMCJIOr0 TYJpPOHA B CEPHYIO KUCIIOTY;

2) noxy4eHue U3 KMCIOro ryJpoHa Outyma;

3) nepepaboTKa KUCJIOro IyIpoHa METOJIOM KOKCOBaHUs C noiayudeHnem SO;
U BBICOKOCEPHHUCTOIO KOKCa, MCIHOJIb3YEMOIO B [IBETHOW METALUIYPruud U
XUMUYECKOU MPOMBIIIIEHHOCTH;

4) uCcnoIb30BaHUE CEPHOM KUCIIOTHI; TOIYyYaeMOM B pe3yJIbTaTe OTCTAUBAHUS
KHCJIOTO TyIpOHa, JUIsl MPOU3BOICTBA KEJIE3HOT0 Kynopoca, cyjib(ara aMMOHUS U
JIPYTUX OTpacifaX MPOMBIIUIEHHOCTH. [lonmyuyaemblii MOpH OYHUCTKE CEPHBIM
AHTHJIPUAOM  MAJIOBA3KOTO  JUCTHIUIATA  MAaclIOpacTBOPUMBIE  CYJIb()OHATHI



MCIIOJIB3YIOT MPU U3rOTOBJIEHUU IMYJIbCUOHHBIX Maces; Cyab()OHATHI, BbIIEJICHHbIE
IIPU OYUCTKE BBICOKOBSA3KUX JUCTHIUIATOB - MPU MOJYYEHUH MOIOIIMX MPUCATIOK K
Macjam.

CepHass kucinota 4 (PTOPUCTOBOJOPOAHAS KHCIOTa HUCHOJB3YIOTCS Kak
KaTaJu3aTophl B MpoLieccax aaKUINPOBAHUS.

[Ipouecc ankuaupoBanus wu3o0yTaHa oJepUHAMH, TPEUMYIIECTBEHHO
OyTuieHamu, pa3pa0OTaHHBIN ¢ NIPUMEHEHUEM B KaueCTBE KaTajau3aTopa CEepHOM
KHCJIOTBI M mo3aHee (TOPUCTOrO BOJAOpOAa, ObLT OBICTPO BHEAPEH B
MPOMBIIIEHHOCTb. [lepBbleé MPOMBIIIJIEHHBIE YCTAaHOBKH CEPHOKHCIOTHOIO
ANKWIMPOBaHUA OBLIM BBEJEHBI B OJKCIUTyaTanuioo B KoHue 30-x romos, a
(GTOPUCTOBOAOPOAHOTO alKuiupoBanuss — B 1942 r. lleneBbiM mNpoayKTOM
mpouecca  ObT  BHA4ajlle  MCKJIIOYUTEIBHO  KOMIIOHEHT  aBHALMOHHOIO
BBICOKOOKTAaHOBOI'0 O€H3MHA, U JIUIIb B IOCJIEBOEHHBIE I'0JIbl ATIKUJIUPOBAHHUE CTATU
UCIIOJIB30BaTh JUIsl YJIYYIIEHHUS MOTOPHBIX KayeCTB TOBApPHBIX aBTOMOOMIBHBIX
OEH3MHOB.

JUtst ankunrpoBaHus OOBIYHO MPUMEHSIOT CEpHYIO KHCIOTY (96-98 %). Ilpu
JanbHEHIIEM YBETUYEHUH KOHUEHTpAIMM KHUCIOTHl BO3PACTaeT POJib MPOLIECCOB
OKHUCJIEHMSI U CyJIb(paTUpOBaHUA YriaeBOAOPOAOB. CHMKEHHE KOHIEHTPALUU
KHCJIOTbl YMEHBIIAET €€ aKTUBHOCTh B PEAKIUU AJIKWIMPOBAaHUA,. a TaK Kak
pPacTBOPUMOCTD AJIKEHOB B CEPHOU KUCJIOTE 3HAUYUTEIBHO OOJIBIIE PACTBOPUMOCTHU
M300yTaHa, CyIIECTBEHHO BO3PAaCcTaeT CKOPOCTh MOIMMEPHU3ALUHU alKkeHOB. Kpome
TOro, pa30aBiI€HUE KHUCIOThl CO3/1a€T ONACHOCTb KOPPO3HH 0O0OpYIdOBaHUS.
CHMIXEHUE KOHIEHTpalMuH (M, CJIEeIOBAaTEIbHO, aKTUBHOCTH) CEPHOM KHCIOTHI B
X0JIe Tpoiiecca OOYCIOBJICHO pa30aBICHHMEM BOJOW, COAEpPIKAIICHCS B ChIpbE U
oOpa3yroleincss 3a cueT YaCTUYHOrO OKHUCIIEHHUS YTIJIEBOJOPOJAOB, U B MEHbILIEH
CTENEeHU — MPOJYKTaMH OKUCIEHUS U cyib(haTupoBaHus. Pacxos cepHOI KMCIOTHI
B 000YHBIX npoueccax cocrabiuger 100-160 kr Ha 1 T ankunara.

O0e3BpexuBaHNE U YTUIN3ALNIO OTPAOOTAHHOM CEpHOM KUCIOTHI BO3MOKHO
MIPOU3BOJUTH CIENYIOIIMMU CHOCOO0aMU: HeUTpaau3aluueld pacTBOPOB WM HUX
OTHEBBIM 00€3BpeXKMBaHUEM 0€3 HCIONb30BaHUA OO0pa3yIOMMXCA MPOAYKTOB;
UCIIOJIb30BaHUEM  (BO3MOXKHO  ITOCJI€  NPEIBAPUTEIBHOrO  yHapHUBaHUS)
3arpsi3HEHHBIX PACTBOPOB B JIPYTHX TEXHOJOTMYECKHUX IMpolieccax; pereHeparuei
OTXOJOB C IOJIyYEHUEM TOBAPHON CEPHOU KUCIIOTHI.

B 3aBucuMOCTH OT cocTaBa OTpaOOTaHHON KUCIIOTHI IPUMEHSIOT Pa3INuHbIE
METOJIbl ~ pereHepanuu  (TEPMHUYECKOE  paclIeIUIeHHe,  JIKCTparupoBaHHUe
OpPraHMYECKUX MPUMECEH, aJCOpPOINI0, KaTaJUTHYECKOE OKHCIEHHE MEPOKCUIOM
BOJI0PO/1a, KOAryJUpOBAaHUE, BbIMTAPUBAHUE H JIP.).

OKHCIUTENBHBIM METOJl HE Hallle]d LIMPOKOro paclpOCTPAHEHUS BBHUIY
BBICOKOM  CTOMMOCTM  HUCIOJIB3YEMBIX  OKHUCIUTENEH, HX MOoXapo- U



B3PBIBOONIACHOCTH, 00pa30BaHUs JOMOTHUTEIbHBIX BHICOKOTOKCUYHBIX OTXOJIOB, a
TaK)Xe TPYJHOCTEH, BOSHUKAIOMIMX TP annaparypHoM o OpMIIEHUH Mpoliecca.

K HenmoctatkaM aJcOpOILMOHHBIX METOJOB pEreHepaluu OTpadOTaHHOU
CEPHOM KUCIOTHI C UCTIOIB30BAHUEM TBEPABIX MOTJIOTUTENEH OTHOCUTCS HEBBICOKAS
CTENEHb OYMCTKH B OJIHY ONEpalMI0 M TPYAHOCTHU pereHepauuu ajacopOenra. B
CBSI3M C ATHM METO]I aACOPOLIMU TaKkKe MPUMEHSIETCS BEChMa OIrPaHUYCHHO.

[lpu Koarynsnuy HMCHONB3YIOT CHEIHaIbHbIE BEIIECTBA — KOAryJsSHTHL. B
KayecTBe HUX MOTYT MPUMEHATHCS MOBEPXHOCTHO-akTHBHBIC BemlecTBa (IIAB), y
KOTOPBIX HET OJJIEKTPOJIUTUYECKHX CBOWCTB, JJIEKTPOIUTHI OPraHUYECKOTO U
HEOPraHU4eCKOro MPOUCXOXKICHHUSA, a TaKKe rupoUIbHBIC
BBICOKOMOJICKYJISIPHBIE COEIMHEHNUS U KOJTouIHbIe pacTBopsl [TAB.

OpHako METOA KOaryjisiqud HUMEeT CYUIECTBEHHbIE HEJIOCTAaTKH: TpeOyer
MPUMEHEHUS CII0KHBIX OUUCTHBIX COOPYKEHUH, OOIBIIOr0 KOIMYECTBA PEAaKTUBOB,
JUIUTETILHOTO BpEMEHU 00pabOTKH.

OnxuM U3 cioco0o0B nepepadoTKu 0TPAOOTAHHONM CEPHOM KUCIIOTHI SIBISETCS
MCTIOJIb30BaHUE €€ B KAUeCTBE CHIPhS JJIS MOMYYCHUs MUHEPAIBHOTO yI00peHus —
cyibdara aMMoHuUsA. CI0)KHOCTh TAHHOW TEXHOJIOTMU 3aKII0YAETCA B AKCTPAKLIUU
OpPraHUYECKUX COEAMHEHUI M3 MOJYYEHHBIX MPOAYKTOB. DTO OOYCIOBIIEHO TEM,
4YTO coJepXKaluecs B OTpaOOTaHHOM CEpHOM KHUCIOTE JIeTydyhe C Mapom
OpraHWYecKUue TPOAYKTHI XOPOILIO pPACTBOPUMBI B BOJE, PAcTBOpE cCyibdaTa
aMMOHHUSI M HE BBIICTSIOTCS M3 pacTBOpa MpH pa30aBIEHUU KHUCIOTHI BOAOU H
HEUTpAIM3aLuU €€ aMMHUAKOM.

Haubonee nonynspueiit B Poccuu crnocod perenepanuu CEpHOU KUCIOTHI —
OTHEBOM, IPU KOTOPOM MPOUCXOJUT BHICOKOTEMIIEPATYPHOE pacuierieHre. Meton
YHUBEPCAJIEH U BBICOKOI((HEKTUBEH.

IIpy orHeBOM METOJE MCIOJIb3YETCs] KOHUEHTPUPOBAaHHAsA CEpHAsl KUCIOTA,
MOATOMY TMpPEIBAPUTEIFHO TMPOBOIAT yMapuBaHUE OTPAOOTAHHOW KHCIOTHI 0
HEOOXOIMMOM KOHILIEHTpALlMH, a 3aTEM CEpHasl KUCI0Ta PaCIbUISIETCSI B PEAKTOPE
HaJ| rOpAIIKUM TOIIMBOM. TyJa ke yepe3 BO3AyXOMoAorpeBaTeilb NoJaETCs BO3AYX.
OO6pa3yromuiicss CEepHUCTBINA Ta3 OYUIIAETCS OT MbUIA U CEPHOKHUCIOTHOTO TyMaHa,
CYIIUTCS W TIOCTYMaeT B Yy3€l MONy4deHHs KHUCIOThl. Ha BeIXome momydaeTcs
IPOAYKIMS BHICOKOT'O Ka4eCTBAa, HA TPETh CHIDKAIOIIAS 3aTPAThl IO MPOU3BOICTBY
TOTO K€ BEIIECTBA HAMPSAMYIO U3 CEPBHI.

OrneBast pereHepalys npeaHa3HayeHa JJisl U3BJICUEHUS U3 OTXOJ0B KaKOIo-
au00 MPOU3BOACTBA PEAreHTOB, MCIOJIB3YEMBIX B 3TOM HPOU3BOJCTBE, WIIU
BOCCTaHOBJICHHMSI CBOMCTB OTpaOOTaHHBIX pEareéHTOB WJIM MaTepuayioB. ITa
Pa3HOBUJHOCTb  OFHEBOTO  OOE3BPEKMBAHMS  OOECHEUYMBAET HE  TOJBKO
MPUPOAOOXPAHHBIE, HO U pecypcocOeperaronine 1eH.



VYcranoBka perenepanuu otpadboranHor cepHoit kucinotel (POCK) c
YCTAHOBKM CEPHOKHMCIIOTHOTO aJKUJIMPOBAaHUS OOECIEYMBAET HEMPEPBHIBHYIO
pereHepanuo 3TOro OTXO0Aa C IOJIyYEHUEM CBEXKEHM CEPHOM KHUCIOThI, BHOBB
BOBJICKAEMOM B TEXHOJIOTMYECKUH IIPOLECC YCTAHOBKU CEPHOKUCIOTHOIO
ANKWIMPOBAHUSA 110 3aKPBITON CXEME, UTO UCKIIIOYAET €€ MPHUBJICUEHUE CO CTOPOHBI
U CHU)KAET 3KOJIOTMYECKHUE PUCKH.

Ha ycranoBke POCK o00pa3yroTcss oTpaOoTaHHbBIE HWHAYCTpUAIbHBIE H
KOMIIPECCOPHBIE Macila, PTYTHbIE U JIOMHUHECLIEHTHBIE JIaMIIbl, OTpabOTaHHBIE
pTyThcoAepKalue TpyOKH, MIIaM NUPO(OPHBIX OTIOKEHUN W3 anmnapatoB u
TpyOOIPOBOAOB, OTPA0OTAaHHBIN BaHAINM COJEpKAIIUN KaTalu3aTop, OOTUPOUHBIN
Marepual (coaepxanue maces mernee 15%), MUHEpaJIbHbIE OTXO/IbI OT Ta300YNUCTKHU
(IBUTB OT 3JEKTPOCTATHUECKOrO0 OCATUTEINS), KEPAMUYECKUE CEeIIa, MOTEPSBIIHNE
MOTPEOUTENBCKUE CBOMCTBA, OTPAOOTAHHbIE AJIEKTPUUYECKHE JIaMIIbl HaKaJIUBaHUS,
YJIUYHBIN CMET.

I[Ipu  ytunuzauuu ~ OTpaOOTAaHHOM ~ CEpHOM  KHUCIOTHI  Ipolecca
CEPHOKHCIIOTHOTO AIKMIMPOBAHUS N30JIKAHOB aJJKEHaMH BO3MOXHO HCIOJIb30BATh
O0TpabOTaHHYIO CEPHYIO KUCIOTY IS MOAYUYEHHUs CyIb(PaToOB HATPUS U AMMOHUS.

Mertonpl npousBoAcTBa mnorama. JIMmb HEKOTOpblE M3 MHOTMX CIHOCOOOB
MOJIy4YEeHHMsI TOTalla HAIUIA PAKTUYECKOE TPUMEHEHHE.

OpauH U3 cTapbIX CIOCOOOB — M3BJIEUECHUE MOTAILIA U3 PACTUTEIBHOMN 30JIbI—
IIOYTH IOJIHOCTBIO MOTEPSII MPEKHEE CBOE 3HAYEHHE BCJEICTBHE HENOCTATOYHOMU
SKOHOMHUYHOCTHU. B psize cTpaH cyliecTByeT Npou3BOJACTBO MoTauia u3 0apasHOro
yris (MpOAyKTa KOKCOBAHMS yHapeHHOW MaTOYHO-CHUPTOBOM Oapaswl). bapnsHoi
yroiib conepkutT okoino 60 % K2COs, HO HapsAy C YIrIE€KUCIbIM KajdueM B HEM
HaxXOoAATCs COAA, CEPHOKUCIBIN U XJIOPUCTBIN KaJIUN U 1.

[ToTai MOXKHO BBIIESATH U U3 30J1bl, OJy4aeMOU NOCIIE BBIMAPKU U TOJIHOTO
CKMTaHUs MaTOYHO-CIIUPTOBOU Oap/bl.

[Ipou3BoACTBO MOTAIA U3 3016l PACTEHU, OAPASHOTO YISl U 30JIbI, OBEYBETO
oTa KMEET cedyac JMIIb MECTHOE 3HaueHue. B HacTosmee Bpems moTaul
BbIpa0aThIBAIOT TJIABHBIM 00pa3oM M3 MHHEpajJbHOro chipbsi. B Poccum ero
MIPOU3BOJAAT MpPHU KOMIUIEKCHOW nepepaboTrke HedenuHoB. Ilpu 3TomM mosydaror
IJIMHO3EM, LIEMEHT U COJO-NOTAIIHbIE PACTBOPHI, MepepadaTbiBa€Mble Ha COAY U
noTaml. B HEOONBIINX KOJIMYECTBAX MOTAII MOJIYYarOT U3 03€PHOM parlbl.

3a pyOexxoM Haunbojiee pacnpoCTpPaHEHbI CIOCOOBI MOJYYEHUS MOTalla W3
XJIOpUJa Kalusg — DIJIEKTPOJIUTUUYECKUHM, 3aKIIovalomuiics B KapOOHHU3aIUuU
pacTBOpa €KOro Kaji, MOJy4eHHOI'0 3JIEKTPOJIM30M XJIOpUAa Kaausl, 1 aMUHOBBIH,
aHAJIOIMYHBIA aMMHUAYHOMY CHOCOOY MOJIYyYEHHUS! COIbl, HO C 3aMEHOM amMMuakKa
pa3IUYHBIMU aMHUHAMH. DTH CIOCOOBI JOPOTME€, CTOMMOCTb MPOAYKTa BBICOKA U
MO3TOMY €r0 BbIpa0aThIBAIOT B HEOOJIBIINX KOJINYECTBAX.



Xnopua Kaiaush MOXHO IepepadoTaTh B MOTAll MarHe3ualbHbIM CIOCOOOM
Ourensi-IIpexta. OH 3akntouaercsa B kapOoHM3auuu 1oja jAaBieHueMm (5-18 ar)
CYCIIEH3UHU aKTUBHOI'0 KapOOHATa MarHusi B pacTBOPE XJIOpHJIa KA.

OO6pa3yroiiytocsi JBOMHYIO COJb OHIeINs, OTJACJIECHHYI0 OT MaTo4yHOra
pacTBOpa, pa3nararoT IIPU HArpEBaHUU BOJAOW WM CYCIICH3UEN TUIPOOKUCH MarHus
— MOJIy4yaroT pacTBOp IMOTalla, nepepadaThiBa€Mblii Ha TBEpAbIM MNPOAYKT, U
MarHe3uio, BO3BpallaeMyl0 B Ipolecc. B HacTrosmiee Bpems 3TOT CIOCO0,
MO3BOJISIIOLIMM  TOJy4aTh BECbMa YWCTBIM MOTall, HMMEET OrpPaHUYEHHOE
npuMenenne (B Poccum He mnpuMeHseTCs) BCIEICTBUE CBOEH CIOXKHOCTH,
CBSI3aHHOW TI'JIaBHBIM 00pa3oM ¢ 00eCleYeHUEM yCIOBUU 0Opa30BaHUS aKTUBHOIO
KapOoHaTa MarHusl.

JUist momy4eHus: JIETKO (QuiIbTpyroLencs coid ODHreias U 0osee IMOJHOro
WCIIOJIb30BaHUSl MarHusi pekoMeHayroT 3ameHuTb CO; OuxapOOHAaTOM HaTpHs.
Bmecto KCl MOXHO HMCHONB30BaTh COAO-NOTAIIHBIE IIEJIOKA, MOJIBEPracMble
kapOonuszanuu B npucyrctsun MgCOs ¢ 3H>0.

W3 xnopuaa kanus MOXXKHO MOJy4yaTh MOTAll Yyepe3 KpeMHEePTOpu[ Kaius
OJTHOBPEMEHHO C PTOPUAOM HATPHSL.

[Totam mnpousBoASIT TmepepadOTKON MPUPOJHOTO CEPHOKHUCIOTO Kaaus
(¢opMuatHeiM crnocoboMm. M3BecTHBI W Jpyrue crnocoObl IMOMY4YEHHUs IoTalia,
HarnpuMmep, cnocob Jlebnana, imaHaMuIHbIA, OapueBbIil (U3 cynbdara Kaaus), HO Ha
MIPAKTUKE OHU HE UCIIOJIB3YIOTCS.
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Lens camocTOATENBHOM pabOTHI CTYI€HTOB:

1. CucreMaTu3upoBaTh COBPEMEHHBIE TPOIECCH MHTerpamuu Poccuiickoro
BBICIIIETO O00pa-30BaHUsS B OOIIEEBPONEHCKYI0O M MHUPOBYIO 00pPa30BaTEIIbHYIO
MPAKTHKY; PACKPBITh CYITHOCTH MPOOJIEM OpraHU3alui y4eOHO-BOCIIUTATEILHOTO
npoliecca Ha COBPEMEHHOM 3Tarle pa3BUTHS BBICIIEr0 00pa3oBaHU.

2. TlopoOpaTth Takol OUAAKTUYECKUA Marepuan sl CaMOCTOSTEIbHOU
paboThl, KOTOPBIA OBl TO3BOJNHII NMPUMEHHUTDH MOTYYCHHBIC 3HAHUS Ha MPAKTUKE U
pa3BUBaTh UHUIMATHBY, aKTUBHOCTh U TBOPUYECKUE CIIOCOOHOCTH.

3. Ilomoup cTyneHTam B (POPMHUPOBAHUHU Yy HUX KOMIETCHIIHMA, COTJIACHO
y4eOHOro IUIaHa.

OcHoBHBIMH (opMaMH paOOTHI U KOHTPOJISI CTYACHTOB SIBIISIIOTCS:

WunuBunyanbHOE pelIeHHE 3aJaHuii, TO3BOJSIONIMX OLEHUBATh U
AMAarHOCTUPOBATh  YPOBEHb OOYYEHHOCTH, YPOBEHb YMEHHUH U HaBBIKOB IO
TUCIUTIIIHE.

CobGecenoBanne - (opma yuyeOHOUN JEATENbHOCTH, CIelualibHas Oecena
MpEeroAaBaTess Co CTyJIGHTOM Ha TeMbl, CBSI3aHHBIE C M3y4aeMOW JMCIUIUIHHOH,
paccuMTaHHas Ha BbIICHEHHE O0be-Ma 3HAHUU CTYAEHTa MO OINPEACICHHOMY
paszneny, TeMme, MpoOjiemMe U T. 1., MO3BOJAIOMIAs OLEHUTh HMX YMEHHUE
apryMEHTHUPOBATh COOCTBEHHYIO TOYKY 3pEHHs, MPEANoiarampias BCECTOPOHHEE
00-CyXJeHUE KaKoro-i1rubo Bompoca, Mpo0dJeMbl WU COMTOCTaBICHUH HH(POpMAITUH,
Wi, MHCHUH, NPEII0KEHNUM.

Pedepar — packpbiTe CyHIHOCTH HCCIEAYyEMOW MPOOJIEMbl, BKIIOYAIOIIEe
oOpallleHHe K pa3jIM4HbIM TOYKaM 3pEHHUS Ha BOINPOC, a TAKXKE H3JI0KEHHUE
COOCTBEHHBIX B3IJISIIOB HA HEE.

NupuBuayanbHoe pelIeHWE 3aJaHuM, I[O3BOJSIIOIIMX OLEHUBATh U
JMAarHOCTUPOBaTh  YpPOBEHb OOYYEHHOCTH, YpPOBEHb YMEHUH U HaBBIKOB
ACIUPAHTOB 10 JUCLIUIINHE

JImg  TMOArOTOBKM K  BBINIOJHEHWUIO 3aJaHUs  CIEAYET U3Yy4YUTb U
NPOAHAIM3UPOBAaTh PEKOMEHIOBAHHYIO JIMTEPATypy M HA HMX OCHOBAaHWUU
MOATOTOBUTHCS K U3JI0KEHUIO TEMBI.

[Ipu npoBepke 3a7aHUA OLIEHUBAKOTCS

*  YBEPEHOE BIAJCHUE MATEPUATIOM;

*  YMEHME YETKO U JIOTUYHO U3JIaraTb CBOU MBICIIH:

*  yMEHHUE TBOPYECKH MOJXOJUTH K PEHICHUIO OCHOBHBIX MPOOJIEM TEMBI;

*  CaMOCTOSITEJILHOCTbH MBILIJICHUS, YMEHUE OTCTABMBATh CBOIO MTO3ULIUIO
B XOJI€ NOCJEAYIOLINUX TUCKYCCHUH,



*  caMOCTOsITeNIbHAas U BBIpa3uTeNbHAs YCTHAs peyb, MOJHOCTHIO
packpbIBaroIIas CyTh MPOOJIIEMaTUKU 3a/IaHuUsI.

CobecenoBanne - (opma yuyeOHON IEATEeNbHOCTH, CIelualibHas Oecena
MPEeToAaBaTess Co CTy/IGHTOM Ha TeMbl, CBSI3aHHBIE C M3y4aeMOW JAMCIUTUIHHOH,
paccunMTaHHas Ha BBIACHEHHE O0BEMa 3HAHWU CTYACHTAa IO OINpPEACICHHOMY
pa3geny, Teme, IMpoOieMe H T.I., TMO3BOJSIONIas OLEHUTh WX YMEHHE
apryMEHTHUPOBAaTh COOCTBEHHYIO TOYKY 3pEHUS, MPEANOiararonias BCECTOpOHHEE
00-CyXJeHUE KaKoro-i1rudo Bompoca, Mpo0dJieMbl WU COMTOCTaBICHUH HH(POpMAITUH,
Wi, MHCHUH, NPEII0KEHNUM.

[TpuHIMNIUATBHBIC OTIMYHS 3aJaHUN  0a30BOTO YPOBHS OT IMOBBIIICHHOT O
3aKIIOYaoTcss B OonblieM oObeMe (akToB U COOBITUH, B CpPaBHUTENIBHO-
aHAIMTHYECKOM  XapakTepe W3JIOKEHHUS MaTepuana, ero TEeOpeTUYECKOM
(METOIOIOrMUECKOM) COCTABISIONICH.

JI7is IOATOTOBKM K KaKJOW TeMe CIeAyeT M3YYHTh M 3aKOHCTIEKTUPOBATH
PEKOMEHIOBaH-HbIC WMCTOYHWKH W HAyYHYIO JINTEpaTypy W Ha WX OCHOBAaHUU
MOJATOTOBUTHCS K YKa3aHHBIM B METO-IUYECKHX MaTepuanax BOMpOcaM IS
00CyXICHUS.

[Tpu mpoBepke 3a1aHusl, OLIEHUBAIOTCS:

*  aKTUMBHOE y4yacTue B palorTe;

*  yBEepeHOE BIAJCHHE MAaTEPHAIIOM;

*  yYMEHHE YETKO U JIOTHYHO M3JIaraTh CBOU MBICIH:

*  yMEHHE TBOPYECKH MOIXOAUTH K PEIICHHIO OCHOBHBIX BOIPOCOB TEMBI;

*  CaMOCTOSITEIIbHOCTH MBIIIICHUS,

*  TOJHOE COOTBETCTBHE KOHCIIEKTAa YCTAHOBIEHHBIM TPEOOBAHUIM;

*  CcaMOCTOsITeNIbHAs yCTHAas peuyb, MOJHOCTHIO PAaCKpPHIBAIOIIAs CYTh
npoOJIeMaTUKU COOCETOBAHUS.

Pedepar — packpbiTHe CYHIHOCTH HCCIEAYEeMOIl MpOoOIeMbl, BKIIOYAIOIIEe
oOpaieHre K pa3lInYHbIM TOYKaM 3pEHHs Ha BOMPOC, a TaKXkKe H3JI0KEHUE
COOCTBEHHBIX B3TJISIJIOB HA HEe.

Crpykrtypa u conepkanue pedepara

Crpykrypa pedeparta BKIIOUYAET B c€0sl CIEAYIOIINE JIEMEHTHI:

- TUTYJIbHBIM JIUCT;

- OrJaBJICHHUE;

- BBEJCHUE;

- OCHOBHAas 4acTb;

- 3aKJIIOYCHUE;

- CIIMCOK JINTEPATypPbl © HCTOUHUKOB;

- TPUTIOKCHHE.



TUTyaBHBIN JIUCT — 3TO HHPOPMALIUS O BBIXOJHBIX JIAHHBIX Balleil paOOTHl.
OH sBnAeTCS NEPBOM CTpaHULIEW HAy4YHOH pPaOOThl M 3aIMONHSETCS MO CTPOro
OIpeIeIeHHBIM MTpaBuiaM. TU-TyJIbHBINA JTUCT HE HYMEPYETCS.

B ornaBneHuu TekcTa MOCAEAOBATENIBHO M3JararoTCsl Ha3BaHUS ITYHKTOB
pedepara ¢ ykaza-HMEM CTpPaHMIIbI, C KOTOPOW HAUYMHAETCA KaXKIbIA MyHKT.
3aroJIOBKM OIJIaBJIEHUS JOJKHBI TOYHO MOBTOPATH 3aroJIOBKHU B TekcTe. CokpaniaTh
WIM JaBaTb MX B JIpyrol (QoOpMyJIMpOBKE, TMOCIEA0-BaTEIbHOCTH U
COMOAYMHEHHOCTH MO CPaBHEHUIO C 3arojOBKAMHU B TEKCTE HENb35. 3arojOBKH
OJIMHAKOBBIX CTyIEHEH pyOpHKaluyu HEOOXOIMMO pacroiarath ApYr MO JIPYroM.
3aroyIoBKM KaxKJ0M MOCIeAYIOEel CTylIEHM CMEUIAloT Ha TPU—TISATh 3HAKOB BIIPABO
10 OTHOILIEHUIO K 3aro-JTI0BKaM MpebIIyIIeil CTyleHu. Bee 3arojoBKy HAUMHAIOT ©
MPONUCHON OYyKBBI 0€3 TOUKHM Ha KOH-1ie. IlociieHee CIOBO Ka)a0ro 3arojioBKa
COEJIUHSAIOT OTTOYHMEM C COOTBETCTBYIOLIMM €My HOME-pPOM CTPAaHMIIBI B MPaBOM
CTOJIOIIE OTJIABJICHHS.

BBenenne k pabore. 31ech OOBIYHO OOOCHOBBIBAIOTCS AKTYyalbHOCTb
BBIOpPaHHON TEMBbI, LE€Jb U COAEP)KaHHWE MOCTABJIEHHBIX 3aJay, (HOPMYIUPYIOTCS
OOBEKT W MPEIMET UCCIICIOBAHMS, YKA3bIBAETCA M30paHHBIM METOJ| (MJIM METO/IbI)
UCCJIEI0BAaHHUS.

CopeprxaHue rj1aB OCHOBHOM YacTH JOKHO TOYHO COOTBETCTBOBATH TEME
pedepara U MONHOCTHIO €€ pacKpbIiBaTb. IJTU TJIaBbl JOJDKHBI MOKa3aTh YMEHUE
aBTOpa CXaTo, JOrCMYHO W ap-TyMEHTHUPOBAHO H3Jararb marepuan. BaxHo
MOHUMAaTh, YTO KaXJaas TJiaBa JOJDKHA NPEICTaBIsATh COOOM 3aKOHYEHHOE
npousBeneHue. E€ ciienyer HauMHaATh [MOCTAHOBKOM pacCMaTpUBaeMOM 3a1aud, a
3aBeplIaTh YETKUMHU, apryMEHTUPOBAHHBIMU BbIBOJaMH. Bce mnpuBogumbie B
pabotre naHHbIE 00A3aTENBHO CIEAYET CONMPOBOXKAATH MOACTPOYHOM CCBUIKOW Ha
UCTOYHUK, OIMCAHUE KOTOPOro JIOJDKHO NPHUBOAUTHCS B COOTBETCTBUM C
TpeboBaHuAMU OubIuorpaduyeckux cranaaproB. Kak mpaBuio, OCHOBHAs 4acThb
pedepara cocTouT U3 2—3 riIaB, KOTOPHIE B CIydyae HEOOXOAUMOCTH pa30MBaIOTCS
Ha naparpadpsl.

Pedepar 3akaHuMBaeTcs 3aKIIOYMTENBHOW 4YacThlO, KOTOpas Tak H
Ha3bIBACTCA «3aKIIOUe-HUE». OJTOT CHHTE3 — IIOCJIEI0BATENbHOE, JIOTMYECKHU
CTPOMHOE M3JIOKEHUE MOTYUYEHHBIX UTOTOB U UX COOTHOIIEHHE ¢ OOLIEH LIENbI0 U
KOHKPETHBIMU 3aJ1a4aMU, IOCTABJIEHHBIMU U C(HOPMYIUPO-BAHHBIMU BO BBEJCHUU.

[locne  3akmroueHus  momMemiaercs  OUOIMOrpauUecKuid  CIHCOK
WCIIOJIb30BAaHHOM JHMTEpa-Typhbl, KyJa BKIIOYAIOTCS OPHUIMHAJIBHBIE TEKCTHI,
MOHOTrpaMYeCcKue HCCIEAOBAHMS, HAy4YHbIE CTaTbd, y4eOHblE MOCOOHMS M Jp.
Kaxxnplii BKIIFOUEHHBIM B TAKOM CIMCOK JINTEPATYPHBIM MCTOYHUK JOJKEH MMETH
oTpakeHue B TekcTe pedeparta. Ecnu aBTOop pedepara nenaeT cChUIKy Ha Kakue-
aM00 3aMMCTBOBaHHBIE (PAKThl WJIM LUTUPYET pabOThl APYTHX aBTOPOB, TO OH



JIOJDKEH 00s3aTelnb-HO YyKa3aThb B IOJCTPOYHOW CCBUIKE, OTKyJa B3SThI
npuBeAeHHbIe MaTepuaibl. CIMCOK JUTEpaTy-pbl JOJKEH BKIIOYAaTh HE MeHee 10
MCTOYHHUKOB.

O6beM pedepata JOMKEH COCTaBISITH He MeHee 24  cTpaHull
MalIMHOMKUCHOr0 TeKcTa. OObEeM MPUIOKEHUN HE OTPAaHUYHBACTCS.

O6mume TpedboBanus Kk opopMieHuto pedepara

Tekcr pedepara qomxeH ObITh HarleyaTaH HAa OJJHON CTOPOHE CTaHAAPTHOIO
nucta Oenoit ogHocopTHOM Oymaru ¢dopmarta A4 (2104297 mm) yepe3 moaTopa
uHTepBasia (pazmep mpudra — 14) ¢ OpUMEHEHHEM YEPHBIX UYEPHUI C TMOJISIMU
BOKpYT TekcTa. Pazmep neBoro nons 30 mm, ripa-soro — 10 mm, Bepxuero — 20 mm,
HIwkHero — 20 mM. Ilpym Takux monsix kKaxkjaas CTpaHUIA OJKHA COAEPKATh
npuonusurenbHo 1800 3nakoB (30 cTpok, mo 60 3HAKOB B CTPOKE, CUUTAs KaXKIbIN
3HAK OPEMUHAHMS U MPOOES MEXKIy CIIOBaMU TaKXKe 3a IMeYaTHBIA 3HAK).

Texct mnepenevarbiBaeTcs B CTPOro mocieqoBaTelbHOM mnopsake. He
JIOIYCKAIOTCSl Pa3HOro poja TEKCTOBBbIE BCTABKU U JOMOIHEHUS, TOMEIlaeMble Ha
OTJEIbHBIX CTPAHULIAX WM HAa 00O-POTHOM CTOPOHE JHUCTA, U NMEPEHOCHl KYCKOB
TEKCTa B Jpyrue wmecta. Bce CHOCKM W TOACTPOYHBIE MpPUMEYaHUS
nepeneyvaTbiBaloTCs (4epe3 OMH UHTEPBAN) HAa TOM CTPaHULE, K KOTOPOW OHU OTHO-
caTcsa. Bce cTpaHuIbl HyMEpYIOTCs, HayuHas C TUTyJbHOro sucta. Ludpy,
0003HaYaIOILYI0 MOPAJIKOBBIA HOMEDP CTPAHULIbI, CTaBIT B MPABOM YTy BEPXHETO
1oJIs1 JIUCTa (Ha MEPBOM U BTOPOW CTpaHuIle Lu(ppy, 0003HAYAIOLIYIO TOPSIKOBbIN
HOMEp, HE CTaBAT).

[Ipunoxenne st pedepaToB  SABIAIOTCS — KEJIATEIBHBIM,  HO
HEOOsA3aTENbHBIM 3JIEMEHTOM. B mpuiokeHue OOBIYHO BXOASAT pa3IUyHbIE
TaONMIbl, TpapUKHU, CXeMbl, PUCYHKH MU T.N. [lpmioxe-Hus moMemarT mocie
CIIUCKAa HCIOJIb30BAaHHBIX OHOIMOrpauyecKux MCTOYHUKOB B TOPSAJKE HUX
yHOOMHHaHUsS B TekcTe. Kaxaoe nmpuioxeHue ciaeayeT HauuHaTh C HOBOT'O JIUCTA.
[IpunoxeHue He BXOJUT B apaMeTPbl MUHUMAJIBHOTO 00beMa pabOoThI

Kpurepun orieHKH caMOCTOSATEIBbHON pabOThI CTYICHTOB

Kpurepun orneHnBaHus pe3yIbTaTOB CaMOCTOSTEILHON paOOTHI CTYACHTOB
pazpabota-uel ¢ ydetom TpeboBanuii ®I'OC BO. 3ananHusi, BBIHOCHMBIE Ha
CaMOCTOSITETILHYIO paboTy, OIEe-HUBAIOTCS M0 IIKAIe «OTIUYHO», «XOPOIIOY,
«YZOBJICTBOPUTENHHO» U «HEYOBICTBOPUTEITHHOY.

OneHka «OTJIMYHO» BBICTABISACTCS CTYICHTY, €CIIH TEOPETHUECKOE
COZiepKaHHe Kypca OCBOEHO IMONHOCTHIO, 0e3 Tpo0esoB; HCUYEPIBIBAIOLIE,
MOCJIeI0BATEIBbHO, Y€TKO M JIOTHUECKH CTPOMHO M3-JaraeT maTepuai; CBOOOIHO
CIpaBJISICTCS C 3aJa4aMH, BOMPOCAMHU W APYTMMH BUJAMU TIPUMEHE-HUS 3HAHUN;
MCIIOJIB3YET B OTBETE JOMOJTHUTEILHBIN MaTepral BCe MPEeTyCMOTPEHHBIE MPOTpaM-



MOM 3aJjaHusl BBIIIOJIHEHBI, KAUECTBO MX BBIINOJHEHHS OLEHEHO YHMCIOM Oaiios,
OJIN3KUM K MaK-CUMaJIbHOMY; aHAJIU3UPYET MOITYUYEHHBIE PE3yJbTaThl; IPOSBISIET
CaMOCTOSITETILHOCTh MPU BbI-NIOJTHEHUH 3a1aHHM.

OneHka «XOpowIo» BBICTABISIETCS CTYIAEHTY, €CIM TEOpPETUYECKOe
COIEpKaHUE Kypca OCBOCHO IOJHOCTBIO, HEOOXOIHMMBIE IPAKTUYECKHUE
KOMIIETEHLIUH B OCHOBHOM C(OPMHUPOBAHBI, BCE MPEy-CMOTPEHHBIE MPOrpaMMOi
o0ydeHHs yueOHbIe 3aJlaHUs BBIMOIHEHBI, KAYECTBO MX BBINOJIHEHUS JOCTATOYHO
BbICOKOE. CTyIEHT TBEpPAO 3HAET MaTepUall, TPaMOTHO U 110 CYILIECTBY U3J1araeT ero,
HE JI0MyCKas CYUIECTBEHHbBIX HETOUHOCTEN B OTBETE HA BOIPOC.

OneHka  «yIOBJETBOPHUTEIBHO»  BBICTABISAETCA  CTYAEHTY,  €CIH
TEOPETUYECKOE COJEPKAHUE Kypca OCBOCHO 4YaCTUYHO, HO IPOOENbI HE HOCAT
CYILLIECTBEHHOI'0 XapakTepa, OOJBUIMHCTBO MPEAYCMOT-PEHHBIX POrpaMMoOin
3aJlaHUi BBIMOJHEHO, HO B HUX UMEIOTCS OIHUOKH, IPU OTBETE HA MOCTaB-JI€HHBIN
BONPOC  CTYAEHT  JIOMYCKAaeT HETOYHOCTH, HEJOCTATOYHO  MPaBUJIbHBIE
(GopMyIUPOBKH, HAOIIOJAIOTCS HApYyLIEHMs JIOIMYECKOM IOCIIENOBATEIbHOCTU B
U3JI0)KEHUH MTPOrPaMMHOI'0 MaTe-pHara.

OueHka «HEyAOBJIETBOPUTEIHHO» BBICTABISAETCA CTYIEHTY, €CJIM OH HeE
3HAET 3HAYUTEIBHOW YaCTU MPOrpaMMHOI0 MaTepuaa, JOMyCKaeT CYLUIECTBEHHbIE
OLIMOKH, HEYBEPEHHO, C OOJIBIIMMHU 3a-TPYAHEHUSMHU BBINOJIHSAET MPAKTHYECKHUE
paboThl, HEOOXOAUMBIE MNPAKTUYECKHME KOMIETEHUMH He Cc(HOpPMHUPOBAHBI,
OOJBIIMHCTBO MPETYCMOTPEHHBIX MPOrpaMMoil oOydeHHsl y4eOHbIX 3aJlaHui He
BBINIOJIHEHO, Ka4e€CTBO WX BBIMOJHEHHUSI OLEHEHO YHUCIOM OaiioB, OJU3KUM K

MUHUMAJIbHOMY.
Bonpocsl /151 caMOCTOATEILHOM MOATOTOBKU:

1. [TonsiTUst aHTOrOHKU3MA U CHHEPUT3Ma YA0OPEHUH.

2. OO0xur B MNPOU3BOACTBE MHMHEpAIbHBIX yn0OpeHuid. Buasl 00XKuros.

CkopocTtb 00xura. @akTopsl, BIUSIOLINE HA CKOPOCTh 00KHTa.

3. CnocoObl pa3zenieHus cojlel B MPOU3BOJCTBE MHUHEPAIbHBIX YJIOOpEHUH.

Kpucrannuszamus u3 BOIHBIX PaCTBOPOB.

4. OHU3NKO—XUMHUYECKHE OCHOBHI MOTYUYEHHS] aMMHAYHONU CETUTPHI

5. OU3NKO—XUMHUYECKUE OCHOBBI CHHTe3a KapOamuja. OCHOBHBIE CTaJiuH B

MIPOU3BOJICTBE KapOammia

6. DuU3NKO—XUMUYECKUE OCHOBBI MOTYUYEHHs ABOMHOrO cynepdocdara

7. ChIpbe 1151 NPOM3BOACTBA KaJTUNHBIX Y10OpEHUI, CTOCOOBI €ro nepepadboTKu

8. OU3NKO—XUMHUYECKHE OCHOBBI TMEpPepadOTKH CUIBBHHHUTA TalyprHu4eCKUM

METOJI0M

0. Cwmemanunblie ynoopenusi. MeToabl UX MOTyUYEHHUS.



10.  OcnoBHble cnocoObl monyuyeHus KMY. CpaBHUTENbHAs XapaKTepUCTUKA
CIOCO0OB.

11. Cnocobsl mnepepaOOTKH  a30THO-KUCIOTHOM  BBITSOKKM. WX  kpaTkas
XapaKTepUCTHKA C TOUKU 3PEHHU YIyUIIEHUs] KayeCTBAa HUTPO(OCOB.

12. Cwmemannsie 2KMY. CiocoObl UX MONTYYEHUS.

13.  Cynbsbarsasiii  cnoco6 ymenbiienus cootHomienus CaO:P205  npu
nepepadoTKe a30THO-KUCIOTHOM BBITSDKKU. OJIHA U3 CXEM IIPOU3BOJICTBA

14.  Xumwu3M mpoiiecca IKCTpakiuu GpochaToB CEpHOM KUCIOTON B IPOU3BOJICTBE
DOPK.

15. IlpuBeaurte mpuMep MO pacueTy cocTaBa TYKOCMECEH.

16. CpaBuutensHas xapaktepuctuka MA®, JJAD, TA®. IlIpom3BoacTBo C
JIBYXCTaIUMHON AaMMOHU3ALIUEH.

17.  Cynbbharasiii crnocod mnepepabOTKM a30THOKHMCIOTHOM BBITSIKKH. (Cxema
MPOU3BOJICTBA HUTPOPOCOK C UCIOIB30BAaHUEM JIAHHOT'O CIIOCO0a.

18. ®u3NKO—XMMHUYECKHE OCHOBBI MOTYUYCHHUS CIOXKHBIX y100peHui: ammodoca,
nuammodoca, HUTpoaMModocku, kapobodocku u ap.

19. IIpou3BoAcTBO yI0OpEeHUN HA OCHOBE a30THO-KUCIOTHOI'O Pa3OKEHHUS
docdaros.

20. OUBMKO—XMUMUYECKHE OCHOBBI paszyioxeHus ¢ochaToB a30THON KUCIOTOM.
21. DU3MKO—XHMHYECKHE OCHOBBI IIPOLIECCOB, MPOTEKAIOUINX HA KaXKIOW CTaANU
MIPOU3BOJICTBA.

22. 1I3BeCTKOBBIH METOJ MOJYYEHHUS €AKOro HaTpa, (HU3MKO—XUMUYECKHE
OCHOBBI.

23. TpebOoBanus, mnpeabsBiasieMble K TIiMHO3eMy. llomydyeHue rnMHO3EMa
Metogamu baiiepa u cnekanus.

24.  DuU3NKO—XMMHYECKHE OCHOBBI METOM0B baliepa u ciekaHus.

25. DU3NKO—XMMHYECKHE CBOMCTBA OKCHJIA AJIFOMUHUA U €r0 TUJIPaTOB

26. TexHomornueckas cxema Moiay4yeHus rpaHyJIMpOBAHHOTrO cynepdocdara.

27. TunoBasg cxema MpoU3BOACTBA HUTPOQ OCKH.

28. Texunomoruueckas cxema MNoJy4yeHHUs XJIOpHUAa Kajlus U3 cuibBUHUTA. CTaaus
MOJIYYEHHSI TOPSIYUX HACBIILIEHHBIX PACTBOPOB.

29. Texunomoruueckas cxema NpoOU3BOJCTBA TUAMMOHUTPO(OCKH.

30. TexHonmoruyeckas cxema MOJIY4YEHHUs BbICOKOKOHIIEHTPUPOBAHHBIX KUIKUX
KOMIIJIEKCHBIX MUHEPAJIbHBIX YA00pEHUIA.

31. Cxema mpousBoACTBa Kap00amMMO(OCKU € HCIOJb30BaHUEM OapabaHHBIN
IPaHyJISATOP CYLINIIKA .

32. TexHonmorudeckas cxemMa NPOMU3BOJCTBa JBOWHOro cynepdocdara
OeckaMepHBIM (MIOTOYHBIM) METOJIOM.

33.  YCTpOWCTBO rpaHyIsITOPA-aMMOHHU3ATOPA C BHYTPEHHUM PELIUKIIOM.



34, Peaktop Jnns pasznoxkenuss ¢docdarta B TEXHOJOTMH MPOU3BOJICTBA
HUTPO(DOCKHU.

35. Kononna ayist cunTe3a Kapbamu/a.

36. bapaOannslii rpanynarop. Ycrpoiicto. [IpuHuun padoThl.

37. bapaOannslii rpanynarop — cymuika (BI'C).
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