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BBEJIEHUE

Heab 1 321241 OCBOCHUA AMCHUIIIMHBI.
Hensmu ocBoeHMsT AUCHUIIMHBL «OCHOBHBIE IIPOLIECCHI IOATOTOBKU CBHIPbS
HEOPraHUYECKOTO CHUHTE3a» SBIISIIOTCS:
-[I03HAKOMUTh CTYAEHTOB C TEOPETUYECKUMU OCHOBAMHM THUIIOBBIX XHMHUKO-
TEXHOJIOTUYECKUX MPOLECCOB;
- 00JIbIIOE BHUMAHUE YAEIAETCS MATEMaTUUYECKOMY MOJEIMPOBAHUIO U aHAIU3Y
XUMUKO-TEXHOJIOTUYECKUX CUCTEM;
- Ha KOHKPETHBIX MPHUMEPAX OTIAEIbHBIX MPOU3BOJCTB pacCMaTpHUBAIOTCA 0OIIHE
Hay4HbIE€ PUHIIUIIBI U 3aKOHOMEPHOCTH XUMHUYECKON TEXHOJIOTUU.
3axaum ocBOeHMSI AUCHMILIUHBI:

- Pa3BUTHE HABBIKOB PAaCYeTa XMMUKO-TEXHOJOTHUYECKUX MPOLIECCOB;

- Pa3BUTHE HABBIKOB aHAJIN3a U MOAEIUPOBAHUS.

Ilpu  nodcomoske K  NPpAKMUYECKUM  3AHAMUAM  HEOOXOOUMO
PYKOBOOCMBOBAMBCSL CLeOVIOWUMU MPeDOBAHUAMU.

1. Heo6x0a1MO 03HAKOMUTHCS ¢ PEKOMEHIYEMOM TUTEpaTypoii (OCHOBHOM U
JOTIOJIHUTENIBHOM ), HaliTH HeoOXo UMy nHpopmanuio B ceTr IHTEpHET, BHISBHUTH
HOBBIE AaCIMEKThl MPOOJEMBl W YK€ TOCTaBJICHHBIE M HW3YyYCHHBIC CIOCOOBI ee
pemeHusi. [loMuMO pEKOMEHIyeMOH JUTepaTypbl acMUpPaHT CcaM  MOXKET
JOTIOJIHUTENIBHO To00paTh M W3YyYUTh JUTEpPATYpy IO HWHTEPECYIOIIeH ero
npobieme.

2. Bo Bpemsi paboThl ¢ BBIOpAaHHBIMU HCTOYHUKAMH >KENATENBHO JeNaTh
3anucH. 3anucu (B pa3iuyHOM ¢dopme, Hampumep, KOHCIEKT, IJIaH, aHHOTAIMs,
pe3loMe, TE3HCHI, IIUTATHI) HE TOJBKO CIIOCOOCTBYIOT MOHUMAHUIO U YCBOEHHUIO
U3y4aeMoro MaTepuasa, HO U IOMOTat0T BEIPa0AThIBATh HABBIKH SICHOTO U3JI0KEHUS
B MUCbMEHHOM (hOpMe TE€X WJIM UHBIX TEOPETHUECKHX BOIIPOCOB.



Knaccnd)m(auml HCOPraHM4YCCKHMX BCIIICCTB.

[IpocThie BemiecTBa pa3dHMBalOTCAd Ha JBE OOJBLIME TPYNINbl: METAUIBl U
HEMETalIbI.

Merannel —  rpynma 3JIEMEHTOB, — OOJlajjarolas — XapaKTepHBIMU
METaNIMYECKUMH CBOMCTBAMHU: TBEPAbIE BelIeCTBa (MCKIIOYEHUE COCTABIISIET
PTYTh) HUMEIOT METAUIMYECKUN OJIECK, SIBISIOTCS XOPOIIMMHU IMPOBOJHUKAMU
TCIUTOTHI U dJICKTpHUecTBa, KoBKHe (kene3o (Fe), meas (Cu), amomunnii (Al), pryTh
(HQ), 30mmoto (Au), cepedpo (AQ) u ap.).

HemeTtamnbr — rpynmna aineMeHTOB: TBEPbIE, KUAKHUE (OpOM) U ra3000pa3HbIe
BEIIECTB, KOTOPbIE HE 001a1al0T METAINIUYECKUM OJIECKOM, SIBISIOTCS U30JISITOPBI,
XpyIKHE.

CrnoxxHble HEOpraHMYECKUE BEUIECTBAa B CBOIO OYepelb MOAPA3ENATCS Ha
YeTbIpe TPYMIIbl, WK KJIacca: OKCHJIbI, OCHOBAHUSI, KUCIIOTHI U COJIH.

Oxkcuzibl — 3TO CIIOKHBIE BEIIECTBA, B COCTaB MOJEKYJI KOTOPBIX BXOMST
aTOMBI KHCIIOPO/ia U KaKOTO-HUOY b IPYToTO BEUIECTRA.

OcHoBaHUSI — JTO CIJIOXKHBIE BEIECTBAa, B KOTOPHIX AaTOMbl METAaJIOB
COCJIMHEHBI C OJTHOU UJIM HECKOJIbBKUMHU TUIPOKCUIILHBIMU TPYTIIaMHU.

C TOUYKHM 3peHHs] TEOPUHU DIIEKTPOIUTHUECKON NHUCCOIMAIMN, OCHOBAHUS —
CJIOHBIE€ BEIIECTBA, MPU JTUCCOIUAIIMN KOTOPBIX B BOJJHOM PacTBOpe o0pa3yrorcs
kaTtuoHbl MeTasuia (min NH4+) u ruapokcua — anuonsr OH-.

Kucnorsl — 3T0 ClOXHBIE BEIIECTBA, B COCTaB MOJIEKYJ KOTOPBIX BXOJST
aTOMBI BOJIOPO/Ia, CITIOCOOHBIE 3aMEIaThCS WIH OOMEHUBATHCS HA aTOMBI METaJLja.

Conu — 3TO CJHOKHBIE BEIIECTBA, MOJEKYJIbl KOTOPHIX COCTOSIT M3 aTOMOB
METAJIOB ¥ KUCJIOTHBIX 0cTaTKOB. CoJb IpeICcTaBIsAeT COO0M MPOIYKT YaCTUYHOTO
WJIH TIOJTHOTO 3aMEIIeHUsI aTOMOB BOJIOPOa KUCIOTHI METAIIJIOM.

Tunel NpPUPOTHBIX M CHHTETHMYECKHX KaTanu3aTopoB U copOeHtoB. K
IPUPOJHBIM MaTepuajaM, UCIOJIb3YIOIMIMMCS B TIPOIECCAX OUYMCTKU 3arpsi3HEHHBIX
CTOKOB (COpO€HTaM), OTHOCSIT: KBapIEBbIN MECOK, MEJ, TUATOMUT, aHTPAIIUTOBYIO
KpOUIKY, OMIOKY, TpEIeia, L€OIUT, J0JIOMUT, MATHETUT U JIp.

CBoiicTBa TOPUPOJHBIX COPOEHTOB BO MHOIOM  OINPEIETSAIOTCS  HX
¢u3nueckuMH MOKa3aTesIMU: OOBEMHBIM BEC, WMCTUHHBIA YNETbHBIM BeC,
IIOPUCTOCT.

Bonpmme  mepcnekTMBBI 0 M IIMPOKOE ~ NPUMEHEHHE  HaXOHST
MOJIyCUHTETUYECKHE COPOEHThl M KaTaJIM3aTOPbl ISl HPOMBIIUIEHHBIX HYX].
CopOeHThl TONMydYarT W3 MHUHEPAIBHOTO CHIPBS, 00paOOTAaHHOTO pPa3TUYHBIMU
cnocobaMu —  OpraHMYEeCKUMU WM  HEOPraHUYEeCKUMHU  COEAUHEHUSMHU,
OCaX/I€HUEM Ha HHUX MPOCTHIX MJIHU CJIOKHBIX OKCUJIOB U T.II.



OcobenHoro BHUMAaHUs 3aCIIyKUBAIOT oOnactu IIPUMEHEHUS
HAaHOMATepUaJIOB HAa OCHOBE YIVIEPOJHBIX U HEOPraHUYECKUX CTPYKTYP.
[lonyyaemble COpPOEHTBI HMMEIOT MOPHUCTYIO CTPYKTYpPY, OTJIMYAIOLIYIOCA OT
HCXOJHOTO MHUHEpasla, U MNPUOOPETAIOT JOMOJHUTENIbHBIE IOJIE3HbIE CBOMCTBA
CUHTETUUYECKUX COPOCHTOB.

CuHreTnyeckue COpOEHThl TMOJY4YalOT U3 ChIpbid HEYTEXMMUYECKOU
MPOMBIIIEHHOCTH. DTO MOKET OBITh PYJOHHBIN MaTepra U3 MOJIUIPOIUICHOBBIX
BOJIOKOH, TIyOyaThlii WM TpPaHYJIMPOBAHHBIA MONMYypeTaH, (OPMOBAHHBIN
MOJIUATUJIEH WK JPYTUe TIACTUKOBBIE MaTEepUAIbI.

Karanuzatopsl MOXHO MPOU3BOAUTH CIEIYIOUIUMHU CIIOCOOAMHU:

* - XUMHUYECKHM C MPUMEHEHUEM pPEAKIUHU JBOMHOrO OOMEHa, OKUCIIEHUS,
TUAPUPOBAHUS U JIP.;

* - CIUIaBJICHHEM METAIJIOB,;

* - 30J1b-T€Jb METOJIOM;

* - CMELICHUEM OKCHUIOB M TUJPOKCHIOB METAJIIOB;

* - CyXHUM Pa3lIO’KEHHEM COJIeH;

* - HaHeceHueM oiHuX (a3 Ha apyrue (a3bl TBEPABIX TEI;

* - CHHTE30M KOJUIOUJHBIX CUCTEM;

* - IPUBMBKOM PA3JIMYHBIX COCAMHEHMI Ha TBEPAbIM HOCUTENb (IIPUBUBKA
(epMeHTa Ha aKTUBUPOBAHHBIN yroOJIb);

* - IPONUTKOW HOCUTENIEH;

* - MEXaHUYECKUM NIEPEMEIINBAHUEM TBEPABIX KaTaIU3aTOPOB;

* - HOHHBIM OOMEHOM, 3aMEHssl OJJHM KaTHOHBI B pEIIeTKE KaTaau3aTopa Ha
apyrue (Hampumep, eoaur NaX mox BosaeiictBuem CaCl; mepesomsr B CaX -
1ICOJIUT).

MunepasbHble YI00pEeHHs KIACCU(DUIIMPYIOT IO TPEM TJIABHBIM MPU3HAKAM:

arpoOXMMHUYECKOMY Ha3HAYEHHUIO, COCTaBY, CBOWCTBAM M CIIOCO0aM IMOJTydeHHUSI.

[lo arpoxumMuyeckoMy Ha3HAYCHHUIO YJIOOPEHHsS pa3leNsioT Ha TpsSMbIC,
SBJIIONINECS] UICTOYHHKOM MHUTATEIbHBIX AJIEMEHTOB JUIsl PACTEHUN, U KOCBEHHBIE,
CITyKaIllie JJI1 MOOWIH3AIIMU TUTATEIHHBIX BEIIECTB MOYBBI IyTEM yIyUIIICHUS €€
bu3nUecKnX, XUMUIECKUX U OUOIOTHIECKUX CBOMCTB. K KOCBEHHBIM y100pEHUSIM
MpUHAANICKAT, HANPUMEpP, W3BECTKOBBIE YIOOpEHUs, MpPUMEHSEMbIE IS
HEUTpalM3alud  KHUCJIBIX  TIOYB, CTpYKTypooOpasytone  ynoOpeHus,
CIIOCOOCTBYIOIINE arperupOBAHUIO TIOYBEHHBIX YACTHII TSKEIBIX U CYTJIMHUCTHIX
MOYB | JIp.

[Ipsimbie MUHEpaTbHBIE YAO0OPEHUS MOTYT COJIEPKAaTh OJMH MM HECKOJIBKO
pPa3HBIX TMHTATEIBHBIX 3JeMEHTOB. [l0 KONMMYECTBY NHUTATENBHBIX JIIEMEHTOB



yAOOpEeHUs] MOAPA3AEIAIOTCS Ha MpOCThbie (OJAHOCTOPOHHUE, OJUHApHbIE) U
KOMILJIEKCHBIE.

B npoctbie yaoOpeHusi BXOAUT TOJBKO OJWH U3 TPEX IIaBHBIX MUTATEIbHBIX
AJIIEMEHTOB: a30T, pocdop nnu kanuii. COOTBETCTBEHHO, IPOCTHIE YAOOPEHUS IEIAT
Ha a30THbIC, PocPOpHbIC U KATUHHEIE.

KommuiekcHbie yaoOpeHusi couepsKar JBa WJIM TPU TJIaBHBIX MUTATEIbHBIX
a1eMeHTOB. [1o yucity riiaBHBIX MTUTATEIBHBIX AJIEMEHTOB KOMILIEKCHBIE Y00pEHUS
HaspiBatoTCs aBOMHBIMU (Hampumep, Tuma NP wmm PK) u TpoitaeiMu (NPK);
MOCJICHUE HA3BIBAIOT TAK)KE MOJHBIMU. Y TOOPEHUS, COACpKAIUE 3HAUUTEIIbHBIC
KOJIMYECTBA MUTATEJIbHBIX AJIEMEHTOB U Majio 0ajuTaCTHBIX BEIIECTB, HA3BIBAIOTCS
KOHIICHTPUPOBAHHBIMH.

KommiekcHbie ynoOpeHusi, KpoMe TOro, pasfeisiioTcsi Ha CMEIIaHHbIE U
cinoxkubie. CMENIaHHBIMU  HAa3bIBAIOTCS MEXAaHUUYECKHE CMECH YJIOOpEeHHH,
COCTOSIIIIKE W3 PA3HOPOJHBIX YACTHIl, IMOJy4aeMbI€ MPOCTBIM TYKOCMEIICHUEM.
Eciu e ynoOpenue, cojaepaiiee HECKOJIbKO MHUTATEIbHBIX 3JIEMEHTOB,
NoJIydaeTcs B pe3ysibTaTe XMMHUYECKOW peakiMyd B 3aBOJCKOW ammaparype, OHO
HA3bIBACTCS CJIOKHBIM.

Ynobpenusi, mnpeaHa3HAUYCHHBIC [JII TUTAHUS PACTCHUM DJIEMEHTaMH,
CTUMYJIMPYIOIIMMH POCT pAcTeHUW U TpeOyIoUUMMHUCI B BeChbMa MaJbIX
KOJIMYECTBAX, HA3bIBAIOTCA MUKPOYJIOOPEHUSIMH, a CoJep)Kalluecs B HUX
UTATENIbHBIE JIEMEHTHI — MUKPORJIEeMEHTaMU. Takue yJoOpeHusi BHOCST B IOYBY B
KOJIMYECTBAX, U3MEPSAEMbIX JIOJISIMU KAJIOTpaMMa WM KWIorpaMMamu Ha rektap. K
HUM OTHOCSTCS COJIM, COJepXalrire Oop, MapraHel, Melb, LUHK WU Jpyrue
aneMeHTHl. [lo arperaTHOMy COCTOSIHUIO YIOOpEHHUS Pa3AeNsIOTCS Ha TBEPHAbIE U
KUJKue (Hampumep, aMMHUaK, BOJHbIC paCTBOPHI U CYCIICH3UN).

HDOMI)IHIJ'IGHHBIG KaTaJIM3aTOPbI U COD6€HTI)I

[ToBepXHOCTh emWHUIIBI 00bEMa KaTaau3aTropa OMpENessieTCs pa3MepoM
yacTull (ro0yin), U3 KOTOPBIX CJIAraeTcsl 3€pHO KaTaau3aTtopa, U MIOTHOCTHIO UX
pacnonoxxenus. [Ipu ymeHbIeHun pasmepa riao0yin akTUBHOCTh €IMHUIIBI 00beMa
KaTaau3aTopa pacTeT TOJIBKO B 00JIACTH OTHOCUTENBHO KpPYHHBIX Tio0yn. [lpu
JadbHEWIIEM YMEHBIIEHHWH HX pa3Mepa Ha AaKTUBHOCTh HAYMHAET BJIUATH
BHYTpEHHsIST MU Py3usi, KOTOpasi OCYIIECTBISETCS BHAYale MO MOJICKYJISPHOMY
3aKOHY, a Jajiee mepexoauT B o0nacth Kuyacena.

JlanpHelilee yBeNWYEHUWE AaKTUBHOCTH BO3MOXHO TP IMEpexoje K
OMINCTIEPCHBIM  CTPYKTypaM, COCTOSIIIIAM W3 MEJIKUX TUIOTHBIX YaCTHII,
COEIMHEHHBIX B 00JIe€ KPYITHbIE TOPUCTHIE YACTUIIBIL.

[lepexon k OMAUCTIEPCHBIM CTPYKTYpaM MO3BOJISIET YBEIUYUTH AKTUBHOCTD B
5- 8 pa3. [Ins HaHECEHHBIX KaTaju3aTOPOB, B KOTOPBIX MOPHUCTasi CTPYKTypa



o0Opa3yeTcss HOCUTENIEM, IUCIEPCHOCTh AKTHMBHOTO KOMIIOHEHTa HE BIIMSAET HA
ckopocTh ¢ dy3uu U ero 1e1ecoo0pa3Ho pacnoiaraTb Ha TOBEPXHOCTH HOCUTES
B (hopme, oOpa3zyronieii MaKCUMaJIbHYIO TOBEPXHOCTb.

CeneKkTUBHOCTh PEAKIIMU TaK)Ke 3aBUCHUT OT TMOPHUCTOW CTPYKTyphl. [Ipm
nMapaJIeIbHBIX peaknusiax Tudy3noHHOE TOPMOKCHIE MOKET KaK CHUKATh, TaK H
MOBBIMIATH CEJICKTUBHOCTD. Tak, HAIpUMED, €CJIM OCHOBHAS PEaKIIUs UMEET MePBhIN
MOPSJIOK, a BpeaHas MoOOYHAs peakIus - BTOPOH, TO B 00JacTH BHYTpPEHHEH
muddy3un  HapsAy C yMEHbIIEHHEM o0IIed ckopocTd OyAeT Bo3pacTaTh
CEJIEKTUBHOCT.

[Tpu mociemoBaTeIbHBIX PEAKIUAX, KOT/a IOJIC3HBIH MPOJYKT SBISCTCS
IPOMEKYTOYHBIM, TH(HPY3NOHHOE TOPMOKEHUE BCET/Ia CHIKACT CEJICKTUBHOCTD.

Ha creneHp HCMOMB30BaHMS KaTaM3aTOpa MOXKET BIUATH TPATUCHT
TEMIIEPaTyphl MEXKy HAPY>KHOW M BHYTPECHHEH YacTSIMU TPaHyJIbl KaTaIu3aTopa.

MexaHndeckasi TMPOYHOCTh OMPEACISETCS TIaBHBIM 00pa3oM CIocoOoM
NPUrOTOBJICHUs. TpeOOBaHMS K TPOYHOCTH 3aBUCAT OT YCIOBH I IKCILTyaTaIHH.

Hy>XHO y4YHTBIBaTh H3MEHEHUE TPOYHOCTH T10]] BO3JICHCTBHEM PEAKIIMOHHON
CpeIbl ¥ TIOBBIIIICHHOM TEMITepaTypHhI.

Hanuume MakpoOCTPYKTYPHBIX HEOJHOPOAHOCTEH (TpEeUMH H JAPYTHX
nedeKToB) U OOJBIINX BHYTPEHHUX HAMPSIXKEHUM CHUXKAET MPOYHOCTh. [loaTomy
MeXaHH4YecKkasi MPOYHOCTh CYIIECTBEHHO 3aBUCHUT OT TMOPHUCTON CTPYKTYpBHI.
Heobxoaumo nzberats 00pa3oBaHus 04eHb KPYIHBIX TOP.

Henocrarounast wmexaHudeckass MPOYHOCTh MHOTHX —IPOMBIIUICHHBIX
KaTaJu3aToOpoB MPUBOAUT HE TOJBKO K MOTEPAM KaTaiu3aTopa, HO U K POCTY
TUAPABIUYECKOTO COMPOTHUBIICHUS KATAIMTUYECKOTO PEaKTOopa M IMOCIEIYIOUIUX
anmapatoB M K YacTbIM BBIHYKICHHBIM OCTaHOBKaM. MHOTHE aKTHUBHBIC
KaTaju3aTopbl HE MOTYT OBbITh TNPUMEHEHBl B MPOMBIIUICHHOCTH M3-3a
HEJIOCTATOYHOW MTPOYHOCTH.

[MunponnHaMuyeckre XxapakTepuCTHKHU, OTpeieNiieMble pa3MepoM U Gopmoit
3epeH KaTalu3aTtopa, MOJHOCTHIO 3aBUCIT OT CrOco0a MPUTOTOBICHHS. MeETObI
GbopMOBKHM - TaOJIETHUPOBAHHME, HKCTPY3Us WJIM OTBEpJICHHWE Kareidb 3071 B
KHUJTKOCTH.

Jist  KaTtanu3aTopoB, HCIIOJNB3YeMBIX B TICEBIOOKIKEHHOM  CJIOE,
CYIIIECTBEHHA CIIOCOOHOCTD K TICEBIOOKMKEHUIO ((pIIronan3aium), 3aBUCSIIEMy He
TOJILKO OT pa3mepa, GOpMBI U MAaCChl 3€PEH, HO M OT MPOYHOCTH UX CICTUICHHSI,
OTIpeJIeISIEMO XUMUYECKUM COCTaBOM IMOBEPXHOCTH 3epeH. [[ns Gonee To4HOTO
BBIYHCIICHUS ONTUMAJBHOTO pa3Mepa 3€peH HaJA0 YYHUTHIBAaTh CTOMMOCTH
Karamu3atopa ¥ KOHTAKTHOTO afmapaTra, a TakKe pacxoll DJHEpPruh Ha
MPOTaJKUBAHKUE Ta3a depe3 cioi kartammszatopa. C yBenmueHWeM pas3Mepa 3epeH
KaTaau3aTopa BO3pACTalOT 3aTpaThl Ha KaTaau3arop. 3HAYUTEIHHOTO d(pdekTta



MOXHO JIOCTUTHYTh HW3MEHeHueM (opmbl 3epeH. BrirogHoit  sBisieTcs
KOJIblleoOpa3Has opma 3epeH.

[IpuMeHeHue peryisipHO YJIOXKEHHOTO KatanuzaTopa. Bce mepornpusitus mo
YBEIIMYEHUIO JI0JU CBOOOJIHOTO 0OBbeMa Cosl KaTajiu3aTopa 1eaecooOpa3Hbl st
MIPOLIECCOB, OCYIIECTBISIEMbIX MpPHU JaBICHUSAX, OJNM3KUX K aTMocpepHoMy. Jlis
MIPOIIECCOB MPH BBICOKUX JIABJIICHUSIX BEJIMYMHA TUIPABIUYECKOTO COMPOTUBICHUS
HE OKa3bIBaeT CYIIECTBEHHOTO BIUSHUS Ha SKCIUTyTallMOHHBIE pacxonabl. s
KOHTaKTHBIX MPOIIECCOB P MOBBIIICHHBIX JABICHUSAX BBITOJIHEE TOITOMY Oosiee
IJIOTHAs yIAaKOBKa KaTalau3aTopa.

OnHolt U3 TJIABHBIX XapaKTEPUCTUK KaTaIU3aTOPOB SIBISETCS YCTOMUUBOCTH
K JUTUTENbHONW paboTe, KOTopas 3aBUCUT OT O4Y€Hb OOJIBIIOro yucia (akTOpoB.
CHIKEeHHUE KaTaTMTUYECKON aKTUBHOCTH MOKET HACTYIIUTh B PE3yJIbTaTe ACHCTBUS
pPa3IUYHBIX 0B, XUMHUYCCKUX TNPECBPAIICHUH aKTUBHOTO  KOMIIOHEHTA,
YMEHBIIICHHSI TTIOBEPXHOCTH M WU3MEHEHHUsI TOPHUCTOM CTPYKTYphl KaTajausaropa u
MHOTHX JIPYTHX.

VY CcTOMUMBOCTh KaTaIM3aTOPa YaCcTO OMPENESETCsl MPOTEKaHUEM ITPOLIECCOB
PEKPUCTAIIITU3AIMN aKTUBHOTO KOMIIOHEHTA, MPHUBOJSAIINX K YMEHBIICHUIO €Tr0
MOBEPXHOCTH. J[Ji1 MOBBIIEHUsS] CTAOMILHOCTH WHOT/IA B COCTaB KaTaju3aTopa
BBOJST 100aBKH, MPEAOXPAHSIONINE AKTUBHBIA KOMIIOHEHT OT PEKPUCTAIITU3ALNH
MyTeM pa3/ielIeHUus €ro KpUCTAJUIMTOB APYT OT Apyra. ITOT CIOCOO UCIONIb3yeTCs,
HaIpuMep, B CIy4yae MPUTOTOBICHUS KaTAIM3aTOPOB CHHTE3a aMMHAKa.

[IpumeHeHue yCTOWYMBOTO HOCUTENS HE UCKIIOYaeT BO3MOXKHOCTHU
PEKPUCTAITU3AIMN AKTUBHOT'O KOMITOHEHTA.

K nHanbosnee THIMYHBIM CITIOCOOAM COXPaHEHHUS YCTOMYMBOCTH KaTalIN3aTOpa
B YCIOBUAX JUIMTEIBHOW €ro SKCIUIyaTalldd OTHOCATCS: TNPENOTBpallleHHe
neperpeBa KaraauszaTopa, IpeiBapuTeIbHas OYMCTKA UCXOIHBIX PEareéHToB, Moa00p
JI0OCTaTOYHO HMHEPTHBIX HOCHTENEH, MPOBEJCHUE MEePUOIUYECKON pereHepauu,
npeaBapuTeIbHas CTAOMIN3UPYIOIIas TepMO0oOpaboTKa KaTaauzaTopa.

MeTo1bl TPUTOTOBIICHUS KAaTAJIN3aTOPOB JIJIsl PA3TUYHBIX MPOIIECCOB BEChMa
pa3HoOOpa3Hbl, OJHAKO HaubOoyee YINOTPEOUTENbHBIE MOXKHO pa3JeiuTh Ha
CJIEIYIONTUE TPYIIBI: a) BKIIOYAIOIIEEe CTauU TeIe00pa3oBaHUe U OCAXKIICHUS; 0)
OCHOBaHHbIE HA HAHECEHUH aKTUBHOTO KOMIIOHEHTA Ha HOCUTENb; B) OCHOBAHHbBIC
Ha CMEIICHUU UCXO/IHBIX BEIECTB.

1. TlomydyeHme OCHOBHOIO KOMIIOHEHTA KaTallu3aToOpa OCAXKICHUEM
TUAPOKCUIOB

[Tpu yBemuuenun pH cpenpl goOaBiIeHWEM K PAacTBOPY COJM OCAAUTEIS
MepBOM cTaaWedl mpomecca OOBIYHO SIBIETCS 00pa3oBaHHE THAPOKCHUAA,
COJIep>Kalller0 OCHOBHbBIC WJIM KUCIbIE coNU. [IpoyKThl THApOIN3a MOABEPTatOTCS
OBICTpON MOJIMMEPH3ALMM U KOHJCHCAlUHU C O0Opa3oBaHUE OTHOCUTEIHHO



YCTOMYMBBIX TOJIMMOJIEKYJI, KOTOpPbIE MOKHO paccMaTpUBaTh KakK IEPBUYHbBIC
3JIEMEHTHI OCAAKA.

[To cnocoOHOCTH K KpHUCTaJUIU3AIUA TUAPOKCUIALI MOXXHO pa30OUTh Ha TpH
rpynnel. K mepBoit  rpynme  OTHOCATCS  amop(HbIe, TMPAKTUUYECKH HE
KPUCTAJUTU3YIOIINECS TUAPOKCHUJIBI, TUIHYHBIM TPEACTABUTEIEM  KOTOPBIX
SBJISIETCSL CWIMKareidb. [ MAPOKCUABI MarHus, KaaMus U JBYXBaJECHTHOTO OJIOBA,
oOpasyoniue BTOPYI TpPYIIY, KPHUCTAUIM3YIOTCS HACTOJIBKO OBICTPO, YTO
amopdHyto a3y ynaercst HaOJIOAATh JIUIb B 0COOBIX YCIOBUSIX. B TpeThio rpyrmimy
BXOJST THAPOKCHUIBI TUTaHA, LIUPKOHMS, Kejie3a, MEIU U allOMUHUSA, a TaKxKe
TUAPATUPOBAHHBIC OKCHUIBI MSTUBAIICHTHOW CYpbMbI U YETHIPEXBAJICHTHOTO OJIOBA.

PaccmoTpum monipobHee mpoliecc YKpPYIHEHUs: Ha npuMepe popMHUpOBaHUS
CTPYKTYpbI cuiukaresis. [lepBudHbIe 4acTUIIBI 30711 pa3MepPOM OKO0JIO 4 HM 0OBIYHO
3aIMIIEHBl HOHHO-COJIBBATHOM 000JI0UKOM, MPENATCTBYIOIIEH UX CITUSHUIO B O0Jiee
kpynHbele. [l oOpa3oBaHHMS KOHIIEHTPUPOBAHHOTO U  CTAaOWIJIBHOTO  30JIs
n0oCcTaToyHO Hanuuus 1-4 noHoB HaTpus Ha 1,0 HM2 MOBEPXHOCTH MEPBUUHBIX
TJI00YI.

3ammuTHOE JCHCTBHE WOHHO-COJIbBATHOM OOOJIOYKH MPOJOJDKACTCS 0
KOHEYHOW CTaauu CYIIKA Tejs, KOrja B pe3ysibTaTe HCHApEHUs BOJBI O]
JEUCTBUEM KAMWJUISIPHBIX CHJI MPOUCXOAUT MPUHYAUTEIBbHOE COMMKEHUE TI00YI.
Cnenyer OTMETUTH [BOMCTBEHHOE BIMSHHE HOHOB HATpPUs HA IOBEPXHOCTH
cuiukaresns. B HauanbHOM CTaauU OH MOBBINIAET 3AIUTHOE JEHCTBHUE THIIPATHOMN
000JIOYKM M MPEJOTBPALIACT CIUSHUE NEPBUYHBIX II00YII, B YCIOBUSX K€ CYUIKU
nocJie pa3pymeHus THIPATHBIX 000JI0YEK MOBBIIIAET PACTBOPUMOCTh KPEMHUEBO I
KHACTIOTHI M YCKOPSIET POCT Pa3MepoB TII00YI B Pe3yJIbTaTe UX CIUSHHUS.

Mertonpl ocaxkaeHusi MO3BOJSIOT B IIUPOKUX IMpEaesaax BapbHPOBATh
HOPUCTYIO CTPYKTYPY ¥ BHYTPEHHIOIO TIOBEPXHOCTH MOIYyYaE€MbIX KaTaJIn3aTOPOB U
HocuTeNel. B TeXHOIOrnYecKkoM OTHOIIIEHUU OHH 00JIa/1al0T, OHAKO, CEPhE3HBIMU
HEJ0CTAaTKAMH, 3aKII0YAIOIMMUCS B 3HAUYUTEIBHOM PacXojie peakTUBOB, OOJIBIIIOM
KOJIMYECTBE CTOYHBIX BOJ. IloaTOMy myig Katanmu3aTOpoB U HOCHUTEJEH,
MPOU3BOIUMBIX B KOJHMYECTBE HECKOIBKMX TOHH B TOJI, II€I€COO0OpPa3HO HCKATh
Apyrue NyTH JUCIIEPTUPOBAHUSL - TEPMUUYECKHE, MEXaHMYECKUE WIH IyTeM
OCYIIECTBJICHHS] XUMUYECKUX TMpeBpamieHuid B TBepaoi ¢aze. [Ipumepom
MOCJIEHETO MOXKET CIYKHUTh CIOCOO MOTYyYEHHUS] aKTHBHOTO OKCH/Ia AJIFOMUHUS

KoneuHylo mOpHUCTOCTH MOXKHO MEHSITh, BapbUpPYs CKOPOCTh cyliku. Ha
PUCYHKE MMOKAa3aHO YBEJIMUYECHHE MOPUCTOCTU CUIIMKAressi C BO3pacTaHUEM CKOPOCTH
CYyIIKM B CJydae THUIPOress, MOABEPTHYTOrO JUIMTEIbHOW BBIAEPKKE IS
YOPOYHEHUSI KOHTAKTOB MEXKTy TII00yIaMH.

2. TlonydeHue KaTaau3aTOPOB HAHECEHUEM AKTHUBHOI'O KOMIIOHEHTa Ha
HOCHUTEJb



[IpenmyiecTBaMu METOI0B IPUTOTOBIIEHUS KaTaIU3aTOPOB, OCHOBAHHBIX Ha
HAHECEHWU AaKTUBHOTO KOMIIOHEHTa Ha HOCHUTEINb, SBISIOTCA 3(PQPEKTUBHOE
MCI0JIb30BaHUE AKTUBHOI'O KOMIIOHEHTA BCJIEACTBHE €0 BHICOKOW AMCIEPCHOCTH,
MEHbLIEE KOJMYECTBO BPEIHBIX OTXOAOB U JAp. B 3aBHCHMMOCTH OT MeXaHH3Ma
B3aMMOJICUCTBYSI HAHECEHHBIE KAaTaJIM3aTOPhl MOXKHO Pa3JeiuTh Ha JBa OOJBIIMX
Kjlacca, KOTOpble B JalbpHelmeM OyneM Ha3blBaTh 'COPOLMOHHBIMU" U
"mpornuToyHbIMU". B ciyyae COpPOLIMOHHBIX KaTajJu3aTOPOB B IMpoLEcce
MPUTOTOBJICHUSI UMEET MECTO B3aMMOJIEMCTBUE MEXAY HOCUTEIEM U HCXOJHBIM
BEILIECTBOM, aJICOPOMPYIOMIMMCS Ha IMOBEPXHOCTU. B ciyyae NpONUTOYHBIX
KaTajau3aTopoB TAKOE B3aMMOJIEHCTBHE MPAKTUYECKH OTCYTCTBYET M HCXOJHOE
COE/IMHEHHE AaKTHBHOI'O KOMIIOHEHTa HAXOAMUTCS B PACTBOPEHHOM COCTOSIHUU B
nopax HOCHUTEJIS.

[Tpu HEOONBIIOM COAEP)KaHUM AKTUBHOI'O KOMIIOHEHTA MOPHUCTasi CTPYKTypa
HAHECEHHOr0 KaTaju3aTopa O4YeHb MaJl0 OTJIWYAeTCsl OT CTPYKTYpbl HOCHUTEI,
MO3TOMY JUIS CO3/IaHUsI aKTUBHBIX KAaTAIU3aTOPOB OYEHBb BaXKHBIM SIBIISIETCS TIOJI00D
HOCHUTEJISl C ONTUMAIBHOM TEKCTYPOM.

XapakTepHbIM  CBOMCTBOM  HAHECEHHBIX  KaTajJu3aTOpOB  SBJISETCS
HEPaBHOMEPHOCTh pacIipe/ielieHrs aKTUBHOTO KOMIIOHEHTA 110 CEUYCHUIO FPAHYJIBI.
Psanom uccnegoBaTeneil NpUHTO AEIEHUE HAHECEHHBIX KATAJIM3aTOPOB HA YETHIPE
ocHOBHbIe THHA: | - ¢ paBHOMepHBIM pacnpeneneHuem; |l - "kopoukoBsiil", y
KOTOPBIX AaKTHUBHBIM KOMIOHEHT cocpefoToueH y nepudepun rpanym; I -
AKTUBHBII KOMIIOHEHT COCPEJOTOYEH B LIEHTPE TIpaHysbl (TaK Ha3bIBaeMbId
"SMYHBIN KEATOK").

IV - akTUBHBIM KOMITOHEHT PACIIOIOKEH B CpeHEH 00J1acTH, yIaJeHHON KaK
OT LICHTPA, TaK U OT BHEUIHEW MOBEPXHOCTH 3€pPHA KaTaanu3aTopa.

OnTtumanbHas TIIyOMHAa HAHECEHHWS IUIATHHBI 3aBUCUT B OCHOBHOM OT
3HAYCHUS KpUTepus PSi, Ompeensioniero COOTHOMICHHE MEXIy CKOPOCTBIO
peakiuu U ckopocthio mupdysum. Ilpu maneix 3umauenusx Psi ( < 0,5), xorma
peaknus MpoTeKaeT B KWHETHYECKOW 00J1acTH, 1e1ecoo0pa3H0 HAHOCUTD TUTATUHY
paBHOMEpHO 10 Bcell BHyTpeHHed mnoBepxHocTH 3epHa (tum 1). Dddekr or
YBEIIMYEHUSI KOHUEHTPAUMU IUJIATUHBl B HAPYXKHBIX CIOSX 3€pHAa HAayMHAET
ckaspiBaThesi mpu  PSi>10. [IpuroTtoBineHWe Tak Ha3bIBAEMBIX KOPOYKOBBIX
KaTaqu3aTopoB, COJEPKAIUX AaKTUBHBIM KOMIIOHEHT BOJM3M  HApY>KHOU
MOBEPXHOCTH 3€pHA, LEIeco000pa3HO TOJBKO B YCIOBUSAX BBICOKOW CKOPOCTH
peakiuu.

JIns peakuuii, MpOTEKAIOMUX B KUHETUYECKON oOnactu (Majble 3HAa4YeHHS
Psi), B psae ciydaeB IenecooOpa3HO pacroyiaraTh aKTUBHBIH KOMIIOHCHT B
neHTpabHOU yacty 3epHa (cM. Tu 1), [Ipu 3ToM BHENTHSS, TUIIICHHAS aKTUBHOTO
KOMIIOHEHTa 30HAa HOCUTENSI MOXXET 3allullaTh aKTUBHBI KOMIOHEHT OT SJOB,



KOKCAa U T.A., CHW)XaTb IOTEPU AaKTUBHOTO KOMIIOHEHTa MpU HCTUPAHUU
KaTaJIA3aTopa.

Yucio BapHaHTOB pacHpelesieHus CYIIECTBEHHO YBEJIMYUBACTCA IpHU
nepexo/ie K KaTaliu3aTopaMmM C OugucrepcHod crpykrypoil. HampaBneHnHoe
YepeJoBaHUE 30H C pPa3HbIMU AKTUBHBIMM KOMIIOHEHTAMH MOXET SIBISITHCS
JOTIOTHUTENIbHBIM PE3EPBOM JUIsl YIIPABJICHUsS CENEKTUBHOCThIO peakuuii. [Ipumep
TAaKOT'O CJIO)KHOI'O MHOTOKOMIIOHEHTHOTO KaTajll3aTopa ONHUCaH COTPYIHUKAMHU
¢upmbl  "JlkeHepan MoTopc", MPEUIOKUBIIMMHU  KaTalIU3aTop JOKUTaHUS
aBTOMOOWJIBHBIX BBIOPOCOB, B KOTOPOM Yy BHEIIHEH MOBEPXHOCTU pa3MelleHa
mwiatuda (Il tun pacnpenenenus), nanee Mo IIyOMHE 3€pHA MOCIEIOBATEIBHO
pa3MeIieHbl 30HbI, COJIepIKalie pyTeHu u nauiaauii (pactpeaenenue 1V tumna), u,
HaKOHEI[, PABHOMEPHO IO 3epHY pa3melieH nepuii (I Tun pacnpenencHus).

Meton HaHeceHMsI MCHOJIb3YeTCs U IS MOJyYEHHUs KaTalu3aTopoB Ooliee
CJIOHOTO COCTaBa, AKTHBHBIM KOMIIOHEHT KOTOPBIX BKJIOYAeT JBa WM Oosee
AJIEMEHTOB.

Hecmotpst Ha pa3zHooOpa3zue XHMMHYECKOTO COCTaBa, Jisi HaHECEHHBIX
METAJUTOOKCUIHBIX KAaTajJu3aTOPOB MOXHO BBIJICIUTh OCHOBHBIE OCOOEHHOCTH,
00yCJIOBJIEHHBIE METOJIOM HAaHECEHMsI aKTUBHOT'O KOMIIOHEHTA: sl COPOIIMOHHOTO
crocoba XapakTepHbI BbICOKas, OJM3Kas K aTOMapHBIM, JHUCIIEPCHOCTbh YaCTHIL
aKTUBHOTO KOMIIOHEHTA, COXPaHAIOIIAsCA B IIUPOKOM JUAIA30HE €r0 COJIEPKAHUS,
Y TIOBBIIIIEHHAS! TEPMOCTONKOCTD, B CITy4ae OMAJIEMEHTHBIX KaTallu3aTOPOB.

Karanuzaropsl, mnojydyeHHbIE CHOCOOOM MPOMUTKH, BBICOKOAUCIIEPCHBI
TOJIKO TIPU MajoM COAEPKAaHUU AaKTUBHOro KommoHeHTa. K gocTonHCTBaM
IPOMMUTOYHOTIO METOJA CIEAYET OTHECTU €ro MPOCTOTY U JOCTYIMHOCTh UCXOIHBIX
BEIIECTB, B OCHOBHOM HUTPATOB U KapOoHaTOB. OJIHAKO CIENyeT yKa3aTh U DS
HEJOCTAaTKOB: OrPAaHUYEHHS] [0 KOHUEHTPAUUH AaKTHBHOIO KOMIIOHEHTA,
00yCJIOBIIEHHBIE PACTBOPUMOCTBIO UCXOTHOTO BEIIECTBA U 00BHEMOM TMOP HOCHUTEIIS;
BO3MOKHOCTb HEPAaBHOMEPHOT'O pAaCIpPE/ICICHUs] AKTUBHOIO KOMIIOHEHTa IIO
CEUYECHMIO I'PAaHyJbl BCJIEACTBUE BBIHOCA B IPOLIECCE CYIIKM YacTH pacTBOpa Ha
nepudepuro 3epHa u T.1I.

OT yKka3aHHBIX HEJIOCTAaTKOB CBOOOJHBI COPOIMOHHBIE METOMbI Ojarogaps
00pa30BaHMUIO XHMHUYECKOW CBSI3U MEXIy aJcOpOUpPYEMBbIM BELIECTBOM H
(GYHKITMOHAIBHBIMU TpyITiaMu HocuTend. OrpaHUdeHUs METOJa CBSI3aHBI MPEXKIC
BCEr0 C HEJIOCTAaTOUYHBIM aCCOPTUMEHTOM COE€TMHEHHUH, 001a1at0UX HEOOXOAUMON
PacTBOPUMOCTBIO U CIIOCOOHBIX OCAXAAThCsl HA IOBEPXHOCTH HOCUTENEH.

[Ipou3BOJICTBO HOCUTEICH KAaTAIM3aTOPOB




[Tox kaTadTUTUYECKUM MPOILECCOM MBI OyJeM MOoJpa3yMeBaTh MPOIIECCHI, B
KOTOPBIX JUJI1 TIOBBIMICHUS CKOPOCTH XHUMHYECKOM pEAKUMU U YIyUIICHUA
CEJIEKTUBHOCTH IpolLIecca MPUMEHSFOTCS KaTAIM3aTOPHI.

KaranuzaTopsl — 3TO BemecTBa, KOTOPHIE YHACTBYIOT B XUMUYECKOW PEAKIINH,
HO He pacxonytorcs. KartanuzaTopsl HepTenepepaOOTKH MPUMEHSIOTCS B TBEPAOM
U KUJIKOM cocTosiHUAX. HedTenpoayKkThl B YCIOBUSX MX MPUMEHEHHUS PeajbHO
HaxXoJATCA B MAapOBOM, MUAKOM W TBepIOW (a3e, B 3TOM CiIyyae HMEET MECTO
reTepOreHHbIN KaTannu3. ECTh cilydan rOMOIeHHOI O KaTajausa.

OCHOBHOWM CMBICI PUMEHEHHUSI KATAIU3AaTOpa - B CTPEMJIEHUHM YBEIUYUTH
MPOITYCKHYIO CTOCOOHOCTh PEAKIIMOHHBIX YCTPOUCTB U YBEIUYUTH BHIXO/I 1IEJIEBOTO
MPOAYKTA.

- YMEHBIIAI0TCS JIM 3aTPaThl SHEPTUU MPU UCIIOIB30BAHUM KaTaauzaTopa?

- C TeOpeTU4EeCKOM TOUKH 3pEHUS 3aTPAThl SHEPTUM HA MPOLIECC NMPU PABHOU
NIyOMHE peaknuu KaK TEPMHYECKUX, TaK M KaTATUTHYECKHX TPOIIECCOB
oauHaKkoBbl. OTClO/Ia CIEAYET, YTO KaTajau3aTopbl, BCTyIas B PEAKIIMIO, JIMIIb
YBEJIIUUUBAIOT CKOPOCTh XUMHUYECKOW pEakiMy, HO HE OTHAIOT CHUCTEME CBOIO
sHepruo. MakTUYECKU MPHU KCMHOJIB30BAaHUM KATAJIM3aTOPOB PAcXoj SHEPruu Ha
MPOIIECC HUKE 32 CUET CHIKEHUS TEIUIOBBIX MOTEPh (B OKPYKAIOITYIO cpeny). [Ipu
MaJbIX TIyOMHAX MPeBpallleHUs KaTajJu3aTop CHIDKAET TeMIEeparypy Ipolecca u
TaKUM 00pa30M, MOJHUMAET OOUTUH K.I1.J. poIiecca.

Karanuzarop npu paBHOU riyOuHE peakivd, paBHOW CKOPOCTH MO3BOJIAET
CHU3UTDH TEMIIEpATypy, WIK HA000POT, IPU PaBHOU TeMIIepaType MOBBICUTH BbIXOJ
IPOJIYKTOB.

Cy1iiecTByeT MHOTO TEOPUM KaTajan3a, OCHOBHBIX JIBE:

- DJIEKTPOHHA;

- KapOOHMI-UOHHAS.

1) Ilo »71eKTpOHHOM TEOpUM KaTalid3a KaTajlu3aTop W pearupyrone
MOJIEKYJIbI

B3aMMHO OOMEHMBAIOTCS DJIEKTPOHAMH, B pE3yJIbTaTe YETO YIIIEBOJOPOIHAS
MOJIEKYyJIa CTAHOBUTCS 00Jiee PEeaKIIMOHHOCIIOCOOHOW, a KaTalu3aTop JOJHKEH
o0naaaTh CIIOCOOHOCTHIO MEepPeaTh CBOM AJIEKTPOH.

MynbTUIIIETHAS TEOPUS - OJIHA U3 YACTHBIX (POPM AIEKTPOHHOUN TEOPHUH.

Teopuss akTUBHBIX LIEHTPOB- OTO TOXKE YACTHBIM CIydall 3JIEKTPOHHOU
TEOPHUH, TO K€ TEOPHUs MOJIYIIPOBOIHUKOB.

2) CornacHO BTOpPOM TEOpUM YTIJIEBOJOPOABI NPU B3aUMOJICHCTBUU C
KaTaJIM3aTOPOM OO0pa3yloT KapOOHUN-UOHBI, T.€. MOJIEKYJbl YTJIE€BOJOPOJOB
MPEACTABISIOT COOOM MOJIOKUTEIBHO 3apsIKEHHBIN HOH. Takue HOHBI B COCTOSIHUU
00pa3oBBIBaTh TOJBKO OJIE(PUHOBBIE YTIEBOJOPOJBI U APYrHE C HEHACHIIICHHOMU
CBS3bI0. A KaTaJlU3aTOp JOJKEH OBITh CIIOCOOHBIM MepeaBaTh MPOTOH BOAOPO/A.



CrnenoBartenbHO, KaTaaU3aTOP B 30HE PEAKLUU JOJKEH KaK Obl IUCCOLMUPOBATh. A
TaKUMU CBOMCTBaMU 00JIaJIal0T KUCJIOTHI U 1e04n. KUCIOThI MOTYT OBITh TBEP/bIC
U KUJKHE.

Karanuzaropsl 00;1a1a10T MHOTUMHU CBOMCTBaMU, UMEIOIIUMU MTPAKTUYECKOE
3Ha4YE€HHUE. ITU CBOMCTBA JEAT HA TPU YACTH:

1) Xumuyeckue CBOMCTBA;

2) dusnyeckue CBONUCTBA;

3) DkcruTyaTallmOHHbBIE CBOMCTBA (KaTaTUTUYECKUE).

dusnyuecKre U dKCIUTyaTallMOHHBIE CBOMCTBA ONMPEIEIISIOTCS XUMUYECKUM
COCTaBOM.

XUMHYECKUE CBOWCTBA:

1) DneMeHTHBIN COCTaB;

2) MonekynsapHasi CTPYKTYpa;

3) KuciaoTHOCTB;

[en0YyHOCTh WIIM HEUTPAITBHOCTD KaTaJIU3aTopa.

Karanuzaropsi COBPEMEHHBIX KPYITHOTOHHAXKHBIX MIPOIIECCOB
KaTaJINTUYECKOTO KPEKUHTA, OCYIIECTBISIEMBIX MPU BHICOKUX TemrmepaTypax (500-
800 °C) B pexuMe HHTEHCHBHOI'O Macco- W TeruiooOMeHa B ammaparax ¢
JIBUKYIIUMCS UITH TICEBA00KIKEHHBIM CIIOEM KaTalu3aTopa, JOJKHBI 00J1aaTh He
TOJIbKO BBICOKUMHU aKTHUBHOCTHIO, CEJIEKTUBHOCTBIO U TEPMOCTAOUILHOCTHIO, HO U
yIOBIETBOPSTh TOBBIIEHHBIM TPeOOBaHUSIM K HHUM 1O pPEreHepalioOHHBIM,
MEXaHUYECKUM W  HEKOTOPbIM JIPyTMM  JKCIUTyaTallHOHHBIM  CBOMCTBaM.
[IpoMbIlIUIEHHBIE KAaTalW3aTOPhl KPEKWHTa MPEACTABIAIOT COOOW B ATOW CBS3U
CJI0’KHBIE MHOTOKOMITOHEHTHBIE CUCTEMBI, COCTOSIIIHE:

1) u3 maTpubl (HOCUTES);

2) aKTUBHOT'O KOMIIOHEHTA — 1I€0JIUTA;

3) BcrioMoOraTeIbHbIX aKTUBHBIX M HEAKTUBHBIX J100aBOK.

Martpuiia KaTanu3aTOpOB KPEKHHTa BHITIONHIET (PYHKIIUU KaK HOCUTEIST —
ITOBEPXHOCTH, HA KOTOPOU 3aTE€M JUCHEPTUPYIOT OCHOBHOUW AKTWBHBIA KOMIIOHEHT
— IIEOJIUT U BCIIOMOTaTeIbHbIE TOOABKHU, TaK U CJIA00TO KUCIOTHOTO KaTaanu3aropa
MpEeABAPUTEIBLHOTO  (EPBUYHOI0)  KPEKUPOBAHUS  BBICOKOMOJIEKYJIIPHOTO
HCXOJHOTO HE(PTSHOTO CHIPhs. B KadecTBe Marepuana MaTpPHUIlbl COBPEMEHHBIX
KaTaJIM3aTOPOB  KPEKUHTra MPEUMYLIECTBEHHO MPUMEHSIOT CHHTETUYECKUU
aMOp(HBIN aTIOMOCHIIMKAT C BBICOKOW yAEIBbHON MOBEPXHOCTHIO U ONTUMATBHOM
MOPOBOM  CTPYKTYpOi, oOOecTneunBaromieil MOCTym [l KPYMHBIX MOJEKYJ
KPEKUPYEMOTO ChIPbSI.

AMOp(}HBIE aTIOMOCHUIUKATHI SIBISIUCH OCHOBHBIMH TPOMBIIIJICHHBIMHU
KaTaJIM3aTOpPaMu KPEKUHTa J0 pa3pabOoTKHU LEOIUTCOICPKAIIUX KaTalu3aTOPOB.



CHHTE3HUpYIOTCSI OHU NIPU B3AUMOJAEHCTBUHU PACTBOPOB, COAEPIKAIINX OKCHIBI
AMIOMUHMSI M KpeMHUs1, Hanpumep xkuakoro crekina Na;O - 3Si0; u cepHOKUCIOTO
amoMuHus Aly(SO4)3. Xumudeckuii cocTaB aMOp(GHOr0 aJFOMOCHIMKATA MOXKET
obITh BBIpakeH Gopmysoir Na,O(Al,Oz - XSiO2) rae x — yucino mounei SiOz Ha 1
MoJ1b Al203. OOBIYHO B MPOMBILUIEHHBIX aMOP(HBIX aTIOMOCUIIMKATAX COJIEpKAHUE
OKCHJIa aTIOMUHUS HaxoAauTcd B nipenenax 6...30 % macc.

AMOp(QHBIE aTIOMOCUIMKATHI 001a/1al0T MOHOOOMEHHBIMU CBOWCTBAMH, a
JUIsl TPUJAHUS KAaTaJUTUYECKOM aKTUBHOCTH 0O0pabaThIBalOT HX PacTBOPOM
CEPHOKHCIIOTO aJIFOMUHUS AJId 3aMelleHust KaTuoHOB Na+ Ha AP+, BricyuienHsie u
IpoKaJieHHbIe aMOP(HbIE ATFOMOCUIMKATHI MPOSBISAIOT IPOTOHHYIO U AIIPOTOHHYIO
KUCTOTHOCTU. IIpM 3TOM MO Mepe MOBBILIEHUS TEMIIEpaTypbl MPOKaTUBAHUS
OPOUCXOJUT MPEBPAILIEHUE MPOTOHHBIX KUCIOTHBIX IEHTPOB B allPOTOHHBIE.

AKTHBHBIM KOMIIOHEHTOM KaTaJlW3aTOPOB KPEKHHra SBISETCA LEOJIUT,
KOTOPBIA TO3BOJSIET OCYUIECTBIIATh BTOPUYHBIE KATATUTHYECKUE MNPEBPALICHUS
YTJIEBO0POJIOB CHIPhs C 00pa30BaHMEM KOHEUHBIX 1IEJIEBBIX MPOAYKTOB.

[eonuts! (0T rped. 11e0 — KUMSIIHNI, TUTOC — KaMEHb) MPECTaBISAIOT CO00i
AJFOMOCHUJIMKATBI C TPEXMEPHOU KPUCTALIUYECKOU CTPYKTYPOH.

Opaniy3ckuii yueHnbii [lonp Cabathe, 0 KOTOPOM YIIOMHHAJIOCH BBIIIIE,
NOKa3ajl, 4TO METAJUNINYECKUE KaTajJu3aTopbl B MEIKOAUCIEPCHOM COCTOSIHUM
OPOSIBJISIFOT ~ BBICOKYKO ~ aKTMBHOCTh.  JlJIsI  TOBBIMIEHUST  YCTOMYHMBOCTH
MEJIKOJUCIIEPCHBIX METAJUIOB OH MEPBBIM Hayall HUCMOJb30BaTh TaK HA3bIBa€MbIC
HOCHUTENH KaTaanu3aTopoB («momioxky»). B 1912 r. I1. Cabatse Oblia mpucysxaeHa
HobGeneBckasi mpemusi o XUMHH «3a TPEIJIOKEHHBIA UM METOJ THIIPOTEeHU3AINH
OpraHWYECKUX COCIMHEHUH B MPHUCYTCTBUU MEIKOJIUCIEPCHBIX METAIIOBY,
KOTOpPBIA pE3KO CTUMYJUPOBAJ pPa3BUTHUE OPraHUYECKOW XHUMHUMW», BKIIIOYAs
OTKpBITHE TaK Ha3biBaeMoU peakuuu CadaThe; MPEMUIO pa3aenui ¢ HUM BuUKTOp
I'pusbsp. B HacTosmIee BpeMs B MPOMBIIICHHOCTH «METAJT /HOCUTEIbY» — CaMbIi
pacrpoOCTpaHEHHBIN TUI KaTAIM3aTOPOB.

Hcnonb3oBanue HOCUTENEH SISl 3aKPEIJICHUS] aKTUBHOM (pa3bl MO3BOJISET:

— YBEJIMYUTH JUCIIEPCHOCTh aKTUBHOM (ha3bl (Halle BCEro — MeTajuia), 4To
MOBBIIIAET CTENEHBb UCIIOJIB30BaHUS MOCIIETHEM.

— CTaOWJIM3UPOBATh MaJlble YaCTHIIbI, T.€. MPEIOTBPATUTh CIIEKAHUE HUX. —
DKOHOMHUTH AKTUBHOE BELIECTBO.

TpeboBanus, mpeabsBisieMble K BEIIECTBAM, HCIOJIb3yEeMbIM B KaueCTBE
HOCHTEJICH aKTUBHOU (ha3bl:

— XUMHYECKasi THEPTHOCTH;

— MEXaHMYecKass MPOYHOCTh (YCTOWYMBOCTh K THAPOAUHAMUYECKUM
Harpy3kam, K UICTUPaHHUIO);



— CTaOMJIBHOCTH B YCIIOBUSAX peaKInu (OH JOJKEH BBIICPKUBATH MEPETPEBEI
1o 100 °C);

— yIenbHas MOBEPXHOCTh — OOBIYHO JKelaTeidbHa OoJblasi, HO HE BCETaa
(TuapupoBaHUE alleTUICHa, OKUCIICHUE STHUJICHA B ATHIICHOKCHT);

— MOPUCTOCTD, OMpenessieMas CPEAHUM Pa3MEepOM IOp M pacmpeesieHueM
00BEMOB TOp IO pagnuycam;

— BBICOKasl TETUIOMPOBOJHOCTh (BO H30€KaHUE JIOKAIBHBIX IEPETPEBOB
KaTanau3aTopa u Ajs o0ecredeHus ObICTPOro MOIBOAA WM OTBOJAA TeIla IS 9K30-
Y SHJOTEPMHUYECKUX PEAKIIH);

— IOCTYITHOCTD U JICTIIEBU3HA.

AHanUTHYECKUE METOJIBI MCCIICOBAHUS KAaTAIM3aTOPOB, HOCUTEICH U COD6CHTOB

CrnexTpanabHble METOJIBI aHATN3a CTPYKTYpbl. COBpeMeHHasl HayKa U TEXHHUKA
HEMBICJTUMBI 0€3 3HAHUS XUMHUUYECKOTO COCTaBa BEIECTB, KOTOPHIC SIBIISIOTCS
00BbEeKTaMU JICATEILHOCTH YeoBeka. MuHepasbl, HaliICHHbIC T€0JI0TaMH, U HOBbIE
BEIIECTBA U MaTEPHAIIbI, TOJIyYEHHbIE XUMUKAMU, TIPEKJIC BCETO XapaKTEPU3YIOTCS
M0 XUMHUYECKOMY COCTaBy. JIJis TIpaBUIBHOTO BEICHMS TEXHOJIOTHYECKUX
IIPOIIECCOB B CaMbIX PA3JIMUHBIX OTPACISIX HAPOIHOTO XO3SHCTBA HEOOXOAMMO
TOYHOE 3HAHWE XHUMHYECKOTO COCTaBa HCXOJHOTO CHIPbS, MPOMEXKYTOUHBIX H
TOTOBBIX MTPOJTYKTOB.

BbypHoe pa3BuTHE TEXHUKH MPEIBSBISET BCE HOBbIE TPEOOBAHUS K METOAaM
aHanuza BellecTBa. Elie cpaBHUTEIBHO HEJABHO MOXHO OBLIO OrPaHHUYUTHCS
onpezieNieHueM TpUMeceii, NPUCYTCTBYIONMX B KoHIeHTpauuu 10 102-102 %.
[losiBnenue u OBICTPOE pa3BUTHE B TMOCICBOCHHBIC TOJBI MPOMBIIIIICHHOCTH
ATOMHBIX MaTEepUajoB, a TAKKE MPOU3BOACTBA TBEPIBIX, KAPOIPOUHBIX U JPYTUX
CHEIUANBHBIX CTAJIE M CIUIABOB MOTPEOOBAIIO TMOBBIMICHUS YyBCTBUTEIBLHOCTH
aHanuTHYeCKuX MeTofoB no 10— 10°%%, Tak kak OBUIO YCTaHOBIEHO, YTO
MPUCYTCTBUE IPUMECEH TaKe B TAKUX MAJIbIX KOHLEHTPALMIX CYIIECTBEHHO BIHSIET
Ha CBOMCTBA MaTE€pPUAJIOB U X0l HEKOTOPBIX TEXHOJOTHYECKUX IPOLIECCOB.

B nmocnegHee BpemMs B CBA3M C  Pa3BUTHUEM  IPOMBIIIJIEHHOCTH
MOJIYIIPOBOJHUKOBBIX MaTEpPHAJIOB K YKHCTOTE BEIIECTB, a CIEI0BAaTEIbHO, U K
YyBCTBUTEJIBHOCTH AHAIIMTUYECKUX METOJIOB MPEABSIBISIIOTCA €IIe 0oJiee BBICOKHE
TpeOOBaHUA — HEOOXOAMMO ONPENEsATh MPUMECH, COJEPKAHHE KOTOPBIX
copepuieHHo HUUTOXHO (107-10°%). Koneuno, nogo6Has cBepXBHICOKAs UMCTOTA
BEILIECTB HY>KHA TOJIbKO B OTHAEJIbHBIX CIydasX, HO B TOW WM HHOW CTENEHU
MOBBINIEHNE YYBCTBUTEIBHOCTH aHAJIM3a CTAJI0 HEOOXOIMMBIM TPEOOBAHUEM ITOUTH
BO BCEX 00JIACTSX HAYKU U TEXHUKHU.



[Ipu mpou3BOJICTBE MOJMMEPHBIX MaTEpPHATIOB KOHIEHTpaLUs IpuMecei B
MCXOJHBIX BelllecTBaX (MOHOMEpax) ObLIa BecbMa OOJBIION — YacTO JAECSAThIE AOJIU
U JaXe LEJ0€ YUCIO MpoueHTOB. HegaBHO OOHapy»KeHO, YTO KaueCTBO MHOI'MX
TOTOBBIX MOJIMMEPOB OUE€Hb CHIIBHO 3aBUCHUT OT UX YUCTOTHI. [loaTOMY B HacTosI1IEE
BpeMsI MCXOJHBbIE HEMNpPEICNIbHbIC COCAMHEHUS U HEKOTOPhIE JIPYrue€ MOHOMEPHI
MPOBEPSIOT HAa MPUCYTCTBUE NIPUMECEH, coJepkKaHUE KOTOPHIX HE JOJKHO
npesbimarh 102 10 %. B reonoruu Bce Mupe UCHOIB3YIOTCS THAPOXUMHIECKUE
METOJbl Pa3BEAKU PYAHBIX MECTOPOXKACHUU. J[JIT MX YCHENIHOro MNPUMEHEHUS
HEO0OXO0IMMO OMpPEEsATh COJIU METAIUIOB B MPUPOJAHBIX BOJIaX MPU KOHIEHTPALUU
10— 108 r/n u naxe menbLIe.

[ToBbItIeHHBIE TPEOOBAHUS MPEBSABISIOTCS B HACTOSIIEE BPEMsI HE TOJBKO K
YyBCTBUTEJILHOCTH aHa/IU3a. BHeIpeHNe B TPOU3BOICTBO HOBBIX TEXHOJIOTHUECKUX
POLIECCOB OOBIYHO TECHO CBSI3aHO C pa3pabOTKON METOJ0B, 0OeCHeurnBaAIOIINX
JIOCTaTOYHO BBICOKYIO CKOPOCTh M TOYHOCTh aHanmuza. Hapsigy ¢ 3Ttum ot
AQHAJTUTUYCCKUX  METOJOB  TpeOyeTcss  BBICOKAsT  MPOU3BOAUTEIBLHOCTH |
BO3MOXHOCTh aBTOMAaTH3allUd OTHEIBHBIX OINEpaluid WIM BCEro aHajiuza.
XYMMHUYECKHE METOJbl aHalM3a JaJieko HE BCerja OTBEYalT TpeOoBaHUSAM
COBPEMEHHOW Hayku W TeXHUKH. [lodTOMYy BCe mIMpe BHEIPSIOTCS B MPAKTUKY
duznKoxuMUUeckre U (HU3NUECKUE METOAbI OINpeIeNIeHus XUMHUUYECKOT0 COCTaBa,
KOTOpBIE 00JIaAt0T PSIIOM LIEHHBIX XapakTepucTuk. Cpeau 3TUX METOJ0B OJIHO U3
TJIaBHBIX MECT IO MIPaBy 3aHUMAET CIEKTPaIbHBIN aHAN3.

bnarogapst BHICOKON H30MPATETBHOCTH CIEKTPAIBbHOTO aHallh3a MOXHO C
MIOMOIIBIO0 OJTHOU U TOM 7K€ MPUHIIUITHATBHOM CXEMBI, Ha OJTHUX U TeX ke Mpudopax
aHAIM3UPOBATH CaMbIE pa3NIMYHbIC BEIIECTBA, BbIOMpas B KaXJAOM OTIEIHLHOM
cilydae TOJIbKO HamboJee OJIaronpusTHBIC YCIOBUS ISl MOJTYYEHUsT MaKCUMaIbHO I
CKOPOCTH, YYBCTBUTEJIBHOCTH M TOYHOCTH aHanu3a. lloaTomy HecMoTps Ha
IrPOMAJHOE YHCIIO AHATUTUYECKUX METOJWK, TpPEIHAa3HAYCHHBIX JUIsl aHaau3a
pPa3TUYHBIX O0BEKTOB, BCE OHM OCHOBAHbI Ha OOIIEH MPUHITUITHAIBHON CXEME.

B ocHOBe cHeKTpalbHOTO aHalih3a JIEKUT H3YyUYECHHE CTPOCHHS CBETa,
KOTOPBIM M3JydaeTcsl WIH TOIJIOAETCS aHAIU3UPYEMbIM BEUIECTBOM. MeTObl
CHEKTPAJIbHOTO aHallh3a JAENSTCS Ha 3MHUCCUOHHBIE (AMHUCCHS — HMCIYCKaHUE) U
abcopO1monnbIe (a0copO1us — MOTIIONIIEHNUE).

MeTobl Hccne0BaHNS CBOMCTB KaTAJIM3aTOPOB.

HccnenoBanne Katain3aTopoB JOJKHO HOCUTHh KOMIUIEKCHBIA XapakTep,
00ecCIeunBalONINiA BBISIBIICHUE UX OCHOBHBIX MOTPEOUTEIHCKUX XapaKTepUCTHK. K
TaKOBBIM, NPEXKIE BCETO, OTHOCATCA AKTUBHOCTb, MEXAHWYECKAas MPOYHOCTH U
CTaOUJIBHOCTH B padoTe.

PesynpTHpyronieid u «riaBHOW» XapaKTEPUCTUKOW SBIETCS AKTUBHOCTD,
MOKa3aTeJIeM KOTOPOM B 3aBHCUMOCTU OT HMCIOJIb3yeMOW METOAUKH MOTYT OBITh



CTETICHb TPEBPAIlCHUSI BEIIECTBA, KOHCTAaHTa CKOPOCTH PEAKIHUU U MPOCTO
CKOPOCTb.

CymectByer OosbIIol HAO0Op METOJIOB, MO3BOJISIIOIIUX (DUKCUPOBATH
CBOIMCTBA KaTaau3aTOPOB. DTO OMPEIECICHNE XHMHUECKOTO M (pa30BOTO COCTABOB.
[lpy WX wW3y4YeHUHM MOTYT OBITh HCIOIB30BAHBI MPHUEMBI «MOKPO» XHMHH,
peHTreHO(a30BBId aHANU3, PEHTICHOBCKas (HOTOIIEKTPOHHAS CHEKTPOCKOIHS
(PD3C), anextponHas u Mecc - 0ay3poBCKasi CIEKTPOCKONUS, a Takke MeTo sl DI1P
u SIMP.

Tax kak Mpu BeIeHUU TETEPOTCHHBIX MPOIECCOB YPE3BBIUAHO BaKHBI TAKHE
XapaKTEePUCTUKH, KaK JOCTYIMHOCTh U IJIOMIAJbh MOBEPXHOCTH KaTaJH3aTOPOB, TO
OTIpe/ICTICHUS X MPEICTABICHBI ITUPOKUM CIIEKTPOM METOJIOB UCCIICIOBAHHS. DTO
M3MEpeHHe CyMMapHOW TUTOMIAAN MOBEPXHOCTH KOHTAKTHON MAacChl, TOBEPXHOCTH
HAaHECEHHOTO MeTajia u o0beMa Mmop MO aAcopOlMU Ta3oB; OIpeIeCHHE
pacmpeziesieHus Iop 0 pa3MepaM METOJIOM PTYTHOM MOPOMETPHH U JIp.

W3ydyeHne  MeXaHWMYECKOHW MPOYHOCTH  KOHTAKTHBIX  MacC  TaKXkKe
MHOTOOOpa3HO ¥ ONpENeNsIeTcs  THIPOJUHAMHYECKAMH  PEaKIIMOHHBIMU
ycnoBusiMU. Eciiu nMeeT MecTo QUIBTPYIOMIME CIIOH, TO 3aMepsieTcsi IPOYHOCTh
MaTepuaia Ha pa3faBIMBaHHUE, €CIU KHUIISIIMK CIOW, TO ONpENeNseTcs WHICKC
UCTUPAHUSL.

OTOT mepedeHb MOT Obl OBITH MPOJOKEH, TaK KakK pa3paboTka METOA0B
MCCIIeIOBaHNS KaTalU3aTOPOB B HACTOAIIEE BpPEMs ONEpEKaeT UX Pa3pabOTKy.
Oco0eHHO MHTEHCUBHO UET Pa3BUTHE U3yUeHHs pabOTaloIero KaTaau3aTopa.

Haumenee pa3paOoTaHHBIMH METOJAaMHU HCCIEIOBaHUS KaTaJM3aTOPOB
SIBIISIIOTCS. T€, KOTOPBIE MO3BOJISIIOT OLEHUTHh CTAOMIBHOCTB, @ CIIEOBATENbHO, U
CpPOK cIyXObl KOHTAKTHBIX Macc. B Hacrosiee BpeMs TMOJB3YIOTCS JHOO
OKCTpANOSIIMEN NaHHBIX IO TPSMOW TAaJeHHs AaKTHBHOCTH, JHOO MPOBOIST
YCKOPEHHYIO BEICOKOTEMITEPATYPHYIO J1€3aKTUBAIIUIO KAaTaIN3aTOPOB.

MuHepalbHbIE VIOOPEHUS

CymiHocTh TPOU3BOACTBA MPOCTOTO cynepdocdara cocTOUT B peBpalieHUH

OpUPOAHOTO (PTOp-amaTUTa, HEPACTBOPUMOTO B BOJAE U IMOYBEHHBIX
pacTBopax, B pacTBOpUMBIE COEUHEHUS, MPEUMYIIECTBEHHO B
moHokanbIiipochar  Ca(HoPOy),.  Tlpomecc  pasnokeHUS  MOXET — OBIThH
MPECTABIIEH CIAEAYIOUMM CYMMapHbIM YPAaBHEHUEM:

[IpakTuecku B mpoliecce MNPOU3BOACTBA Impoctoro cymnepdocdara
pasiiokeHue MpoTeKaeT B ABe cTaauu. Ha mepBoil cramgum okosio 70% amatuta
pearupyeT ¢ cepHou kuciotoi. [Ipum atom oOpasytorcs dochopHas KucCIoTa U
MOJIYTUAPAT CyJb(aTakaibIus:



BrikpucTtanin3oBaBImecss MUKPOKPUCTAIIBL Cyib(dara Kaiablius 00pa3yloT
CTPYKTYPHYIO CETKY, YACP’KUBAIOMIYIO OOJBIIOE KOJIMYECTBO JKUIAKOW (a3bl, u
cynepdocharHas Macca 3aTtBepaeBaer. llepBas crTaamsi mporiecca pasiiokCHUS
HAYMHACTCS Cpasy MOCe CMEIICHUS peareHTOB U 3akaH4YnBaeTcs B TeueHue 20 — 40
MUH B cynepoc@aTHbIX KaMepax.

[Tocrie MOMHOTO W3PACXOMOBAaHUS CEPHOW KHCIOTHI HAYMHAETCS BTOpas
CTajusl pasliokKEeHUs, B KOTOpol ocrtaBmwuiicas amatut (30%) pasmaraercs
dbochopHOit KUCTOTOH:

OCHOBHBIE TTPOIIECCHI IPOXOIAT Ha MIEPBBIX TPEX CTATUAX: CMEIICHHUE ChIPbS,
oOpazoBaHne W 3arBepieBaHus cynepdochaTHOW  MyJbIBI, JO3PEBaHUS
cynepdocdara Ha ckiIaje.

[IpocToit rpanynupoBanHbi cynepdochar — gemeBoe HochopHoe
ynoopenne. OHAKO OH UMEET CYIICCTBEHHBIN HEIOCTATOK — HU3KOE COJICPIKAHKE
OCHOBHOTO KOoMIIOHEHTa (19 — 21% ycBOsSieMOTO ) M BBICOKYIO JIOJIO Oajiacta —
cynbdara kamplms. Ero mpou3BOAAT, Kak NPaBWIO, B pallOHaX MOTPEOJICHHUS
yI0OpEeHHH, TaK KaK dKOHOMHUYHEE JIOCTAaBJIATh KOHIICHTPHpPOBaHHOE (ochaTHOE
ceIpbe K cynepdochaTHBIM 3aBOjJaM, YeM IEPEBO3UTHh Ha JIAJIbHUE PACCTOSHUS
HU3KOKOHIICHTPUPOBAHHBIN MpocToi cynepdocdar.

[lonyunTh KOHIIEHTpUpOBaHHOE (ochopHOEe yAOOpeHHE MOMKHO, 3aMEHHUB
CEPHYIO KUCJIOTY TIpH pasiiokeHuH ¢ocdaTHOro chiphs Ha (pochopnHyro. Ha satom
IIPUHIIMIIE OCHOBAHO MPOU3BOJICTBO ABOMHOTO cyrnepdocdara.

JIBoiiHoro cymnepdocdara — KOHIEHTpUpoBaHHOE (PocdopHOoe ymoOpeHue,
nojlydaeMoe pasjiokeHueM MNpupoiHbeix (ocdaroB dochopHoit kucioroin. On
conepxut 42 — 50% ycBosieMoro , B TOM 4KCJE B BOJOpacTBopuMoi dopme 27 —
42% , 1. e. B 2 — 3 paza Oomnblie, ueM npoctoi. [lo BHemHeMy Buay u (azoBomy
cocTaBy JBOWHOM cynepdocdar moxox Ha mpocroi cymnepdocdar. OgHako oH
MIOYTH HE COJCPKUT Oaiiacta — cyibgara KaabIlusl.

JIBoriHol cymepdocdar MOXKHO IOIydYaTh IO TEXHOJIOTMYECKOM CXeMe,
aHAJJOTUYHOM CcXeMe ToJlydeHus mpoctoro cymepdocdara. Takoir meTon
MoJIy4eHusl  ABOHOro cymepdocdara HocuT Ha3zBaHuWe KamepHoro. Ero
HEJIOCTaTKaMHU  SIBIIAIOTCS  JUIMTENIBHOE  CKJIQJHOE JI03pEBaHHUE TPOAYKTA,
COIMPOBOXK/IAIOIIEECS HEOPTaHMBAHHBIMHU BBIJICICHUSAMH BPEIHBIX (TOPHUCTHIX
COCIMHEHUM B aTMoc(epy, U HeOOXOAMMOCTh MPUMEHEHHSI KOHIIEHTPUPOBAHHOM
dbochopHOM KUCITOTHI.

bosiee mporpeccuBHBIM ABISETCS MOTOYHBIM METOJI MPOU3BOJICTBA IBOMHOIO
cynepdocdara. B HeM mcnonb3yroT Oojee ACIIeBy0 HeynapeHHyo (hochopHyro
KACITOTY. MeTon SBISE€TCA TIOTHOCTHIO HEMPEPBIBHBIM (OTCYCTBYET CTaaus
JUTUTETTLHOTO CKIIAZICKOTO J03PEBAHUS TIPOTYKTA).



[Ipoctoii u ABOMHON cynepdocdaTsl comepk’aT B JETKO yCBauBAEMOMU
pactenusimu (¢opme. OnHAKO B MOCAEAHUE TOABI OOJIbLIE BHUMAHHUSA CTajo
YAENATHCS BBIIYCKY YJIOOPEHUN C peryjaupyemMaM CpPOKOM JEHCTBHUSA, B YACTHOCTU
JOJTOBPEMEHHO JEHCTBYIOUMX. /[l moiydeHus Takux yAOOpPEeHHH MOXKHO
MOKPBITh TpaHyJibl cynepdocdara 000IOUKON, pEryIupyromieil BHICBOOOKIECHUE
MUTATENIbHBIX BellecTB. Jlpyroit myTh — cMelleHue ABOitHOro cymepdocdara c
dbochoputHoit MyKkoi. D10 yaoOpenue coaepkut 37 — 38% , B TOM 4Uuciie OKOJIO
MOJIOBUHBI — B OBICTPOAMCTBYIOLIEH BOAOPACTBOPUMOM (hOpME U OKOJIO MOJTOBUHBI
— B MEJJICHHOJIeUCTBYoMIEH. [IpuMeHeHre Takoro y100peHust YJIUHSIET CPOK €Tro
3 PeKTUBHOTO JEHCTBUS B IMOYBE.

B ocHoBe mpomecca MNpPOM3BOJACTBA AMMHUAYHOM  CEIUTPBI  JIEKUT
reTeporeHHasl peakiisi B3aMMOAEHCTBUS ra3000pa3HOro aMMHaka C PacTBOPOM
A30THOU KHCJIOTHI:

XUMHYECKas peakiys MPOTEKaeT ¢ OOJIBIION CKOPOCTHIO; B IPOMBIIINIEHHOM
peaKkTope OHa JUMUTHUPYETCS pPAaCTBOPEHHEM ras3a B KUJIKOCTH. JJI1 yMEHbIIEHUS
b (y3MOHHOTO  TOPMOXEHHUS  Mpoiiecca  OOJbIIOE  3HAYEHHE  MMEET
epeEMEIIMBAHUE PEATEHTOB.

Peakuuto mipoBomsT B HempepbhlBHO JeHcTByromeMm anmnapare WTH
(ucronp30BaHME TEIJIOTHl HeWTpanuzauuu). Peaktop mpeacraBiser coboil
BEPTUKAIbHBIN LWIMHAPUYECKUN amnmapar, COCTOSIINA W3 pPEaKUUOHHOW U
cenapalrvoHHOM 30H. B peaklMOHHOW 30HE MMeeTcs CTakaH |,B HUYKHEH 4acTu
KOTOPOr0 HaXOJATCS OTBEPCTHS ISl LUPKYJSIMUU pacTBopa. HeckKonbko Bbllie
OTBEpCTUN BHYTPU CTakaHa pa3MmelneH O6apOorep 2 ajig MoJayd ra3zo000pa3HOro
aMMuaka, Hajg HUM OapOotep 3 Juisl Mojga4yM a30THOM KUCIOTHL. PeakimoHHas
NapOKUJIKOCTHASI CMECh BBIXOJIUT U3 BEPXHEH YaCTH PEAKIIMOHHOrO cTakaHa. YacTh
pactBopa BbeIBoaMTCS W3 anmapata UTH w mocrymaer B noHeWTpanuszatop, a
OCTaJIbHAasi 4acTh (UMPKYJISLMOHHAs) BHOBb HJIET BHH3. BpinenuBmuiics wu3
napaXUIKOCTHOM CMECH COKOBBIW ITap OTMBIBAETCS HA KOJIMAYKOBBIX Tapeiakax 6 oT
OpBI3T pacTBOpa aMMHUAYHOM CEJIMTPHI W IMApOB a30THON KHCIOTHI 20%-HbIM
pacTBOPOM CEJIMTPBI, a 3aTEM KOHJEHCATOM COKOBOro napa. Teruiora peakuuu
UCITIOJIB3YETCS ISl YACTUYHOIO MCIIAPEHUS BOABI U3 PEAKLIMOHHON cMecHu (0TCroaa
n Ha3Banue anmnapata MTH). Pa3numa B Temmeparypax B pa3iMYHBIX YacTAX
ammapara MpUBOJMT K 00Jee MHTEHCHUBHOM ITUPKYJISIIUYA PEAKIIMOHHON CMECH.

TexXHOIOrn4eCcKnil NpoLecC NPOU3BOJACTBA AMMHUAYHON CENUTPBI BKIIOYAET
KpOME CTaJMM HEUTpaIu3aluMd a30THOM KHUCJIOThl aMMHAKOM TaKXe CTaguu
YIIApUBAHUSI PACTBOPA CEIUTPBI, TPAHYJIMPOBAHMS CIUIABA CEJIUTPBI, OXJIAXKICHUS
rpaHyil, oOpadOTKH TpaHysl MOBEPXHOCTHO-aKTUBHBIMH BEILIECTBAMHU, YMNAKOBKH,
XPaHEHUS U MOTPY3KU CEIUTPhI, OUUCTKHU T'a30BbIX BEIOPOCOB U CTOYHBIX BOJI.



KapOamuyg (MoueBHMHA) cpeii a30THBIX yA0OpEeHUI 3aHUMAET BTOPOE MECTO
no o0beMy MNPOU3BOACTBA IMOCIE€ aMMHAYHOW ceauTpbl. PocT mnpou3BoacTBa
KkapOamua 00yCIIOBIIEH IIUPOKOM cepoii ero MpUuMEHEHUs B CETLCKOM X035MCTBE.
On o6Omamaer OousblIel YCTOMYMBOCTBIO K BBIIIETAYUBAHUIO MO CPABHEHUIO C
JIPYTUMU a30THBIMU yI0OPEHUSIMH, T. €. MEHEE MOABEPKEH BHIMBIBAHUIO U3 MOYBHI,
MEHEe TMIPOCKONHMYEH, MOXKET MPUMEHSIThCA HE TOJNBKO Kak yJA0OpeHHe, HO U B
KauecTBe J00aBKM K KOPMY KpyIHOro poratoro ckora. Kapbamupa, kpome Toro,
IIMPOKO MCHOJIb3YeTCsl Uil TOJNYyYEHHUs CIOXKHBIX YAOOpeHuH, yaoOpeHuil c
PEryJIMpPYyEMbIM CPOKOM JIEMCTBHSI, a TakkKe JJIsl MOJy4YeHHUs IJIacCTMAacC, KJIEEB,
JIAKOB U IOKPBITUH.

Kap6amup - 6enoe kpucraminyeckoe BELIeCcTBO, coaepxaiiee 46,6 mac. %
azota. Ero mnoyuyeHuss OCHOBAaHO Ha peaKIMM B3aUMOACHCTBUS aMMHaKa C
JUOKCUIOM yTJIepoJia:

Takum 00pa3oM, ChIpbeM ISl TPOM3BOJICTBA KapOaMuia CIY>KUT aMMHUAK U
JUOKCUJ yTIepoJa, TMOoJdy4yaeMblif B KayecTBE MMOOOYHOTO MPOAYKTa TMIpH
NPOU3BOJICTBE TEXHOJOTHYECKOTO Tra3za Juisl CcuHTe3a ammuaka. l[losromy
NPOU3BOJICTBO KapbamMuaa Ha XUMUYECKHUX 3aBOJaX OOBIYHO KOMOWHHUPYIOT C
IPOM3BOJICTBOM aMMHMAKA.

Peakuusa — cymMmapHasi; oHa mporekaeT B JBe craauu. Ha mepBoil craguu
IPOTEKAET CUHTE3 KapOaMuaa:

Ha Bropoil cTaguu mNpoUCXOAUT SHIOTEPMUYECKUN MPOLECC OTIICTUICHUS
BOJBI OT MOJIEKYJIbI KapOamuaa, B pe3yjibTaTe KOTOPOrO M TMPOUCXOAUT
oOpa3zoBaHue kapOamuaa:

Peaknius o6pa3zoBanms kapbamMaTta aMMOHHSI — oOpaTUMasi SK30TepMUuYecKas
peakuus, MpPOTEeKaeT C yMEHblleHHneM oObema. Jlyisi cMelieHusi paBHOBECHs B
CTOPOHY IPOJYKTa €€ HeOOXOAMMO MPOBOJIUTH MPHU MOBBIIEHHOM JaBiieHuu. J{is
TOrO YTOOBI MPOIIECC MPOTEKAET C JOCTATOYHO BBICOKOM CKOPOCTHIO, HEOOXOUMO
NOBBIIICHHBIE  TEMIIEPATYPBHI. [loBbiIeHWE ~ fNaBIEHUS  KOMIIEHCHPYET
OTPULATENBHOE BIUSHNE BBICOKMX TEMIIEPATYp Ha CMEIIEHUE PABHOBECHH PEAKIIUU
B oOpatHyio cTopoHy. Ha mpakrtuke cuHTe3 Kapbamujga MpoOTEeKaeT Mpu
temneparypax 150 — 190°C u naBnenuu 15 — 20 MIla. B 5THX yCIOBHAX peakuus
IIPOTEKAET C BBICOKOM CKOPOCTHIO M MPAKTHYECKH 10 KOHIIA.

Paznoxenune kapbamaga aMMOHUSL — oOpaTUMasi SHIOTEPMUYECKAs PEAKITHS,
MHTEHCUBHO MpoOTeKaromas B XuAkoi ¢aze. [nsg Toro 4robbl B peakTope He
IIPOUCXOIUIIO KPUCTAJUIM3ALMU TBEPABIX MPOIYKTOB, MPOLECC HEOOXOAUMO BECTH
npu Temnepatypax He Hmke 98°C. Bosee BBICOKHE TeMIEpaTypbl CMEIIAIOT
pPaBHOBECHE PEAKLMHU BIPABO U IMOBBIMIAIOT €€ CKOPOCTh. MaKCHUMallbHAsI CTENIEHb
npespalleHus kapbamana B KapoaMuj JocTUKaeTcs npu Temnepatype 220°C. Jns
CMELICHUs] PABHOBECHS 3TOW pEaKLUHMHM I[PUMEHSIOT TAaKXe BBEICHHE H30BITKA



aMMHaKa, KOTOPbIH, CBSI3bIBas PEaKIIMOHHYIO BOJY, yAAJSIET €€ U3 chephl peakium.
Onnako 100aBUTH TMOJIHOTO TpeBpalleHus kapOamaaa B KapOamua BCe K€ HE
yaaetcs. PeakilMoHHas cMech MOMUMO NPOAYKTOB peakiuu (kapdamuaa u BOJbI)
COJICPKUT TaKXKe KapOOHAT aMMOHHUS M MPOAYKTHI €ro Pa3lIOKEeHUsS — aMMHUAK U

COo.

TexH07I0rUI IPOU3BOACTBA KUCIOT, IIEJIOYEN U COJIEN

CepHOKHMCIIOTHAsT OYMCTKA — OJWUH M3 TEPBBIX METOJAOB OYHUCTKH
He(TENpOayKTOB, MOJYyYMBIIMM pacnpocTpaHeHue eme B koHue XIX B. Ilpu
00paboTke HedTEeNpOAYKTa CEPHOU KUCIOTON YAAISIOTCS CMOJHUCTBIE MPUMECH;
pa3pylaTcsl cepoBOIOpo U MepkanTtanbl; cynbduasl (RSR') u aucynbduast
(RSSR') pacTtBOpsitoTCS B CEpHOM KHCIIOTE; HEMPEACIbHbIE COCIUHCHHS TOXKE
00pa3yroT pacTBOPUMBIC B KUCIOTE ankuicepHbie Kuciaotel (RSO,0H).

B kadecTBe 0TX0/1a CEPHOKHCIOTHOW OYMCTKH TOTYyYaeTCsl KUCIBIN T'yApOH,
B KOTOPBIM MepexoasaT yaansieMble mpumecu. [locie oTneneHusi KUCIOro rypoHa
HEe(DTENPOIYKT MPOMBIBAIOT BOJIOW M HEUTPATU3YIOT IIETOYbIO.

B 3aBucuMocTH OT YCIOBWM OYMCTKH TPUMEHSETCS KHUCIOTa PazInyHOU
KoHIeHTpamu (10 96 %-if) u oneym. Pacxon KUCIOTHI MpPH OYKMCTKE CBETIIBIX
HedTenpoaykToB cocTaiseT 0,5-5,0 % oT ux Beca, MPU OUMUCTKE OOBIYHBIX Macel
—1,5-6 %, cnenmanbHBIX Maced — 10 10 %, MEAUITMHCKUX U TaK Ha3bIBa€MBIX O€JIbIX
Maces — 10 50 % u Oouiee.

N3-3a OonblIuxX MOTEPh HE(PTENMPOAYKTOB IMPHU CEPHOKUCIOTHONW OYHUCTKE,
JOPOTOBU3HBI ~ KHUCIOTBI W 00Opa3oBaHMs  OOPEMEHHUTENbHBIX  OTXOJOB
UCIIOJIb30BaHUE ATOTO MeToAa cokpamaercs. OH COXpaHseT 3HaYCHUE JIHIIb IS
OYUCTKH Macell.

Kucnbie rynponsl, moigydaeMble B pe3yibTaTe CEPHOKHUCIOTHOW OYUCTKH,
coJiepKaT KpoMe OpraHMYeCKOM YacTH, MPECTABIISAIONIEH COO0M CMECh CMOJIMCTHIX
BEIIECTB, TNPOAYKTOB TOJUMEPHU3AIMU  HENPEACIbHBIX  YIJIEBOJOPOJOB U
KOMITOHEHTOB IIEJIEBOTO MPOJYKTa, TaKKe CBOOOJHYIO, HE HCIIOJIH30BAaHHYIO B
MPOIIECCE OUUCTKHU CEPHYIO KUCIOTY. CrIOCOOBI YTHIIM3AIIUU KUCIBIX TYJIPOHOB:

1) mepepaboTKa KMCIOTO TYJpOHA B CEPHYIO KUCTIOTY;

2) NoJay4YeHHE U3 KUCIOro TyJpoHa OUTyMa;

3) nmepepaboTKa KMUCIOTO TYJPOHA METOJOM KOKCOBaHHUS ¢ monydeHuem SO;
U BBICOKOCEPHHCTOTO KOKCa, HCIOJIb3YEMOr0 B I[BETHOW METALIypruu U
XUMUYECKOU MPOMBIIIIEHHOCTH;

4) UCrOIB30BaHUE CEPHOUM KUCIIOTHI; TOJIy4aeMOi B pe3yJIbTaTe OTCTAaMBAHUS
KHCJIOTO TYJIpOHA, /i1 MPOU3BOJCTBA KEJIE3HOr0 Kymnopoca, cyiabhara aMMOHHUS U
JIPYTUX OTpACIsSIX MOPOMBIIUIEHHOCTH. [lolyyaeMblii TpU OUYHUCTKE CEPHBIM
AHTUAPUIOM  MAJIOBSI3KOIO  JUCTWIUIATA  MAaclOpacTBOPUMBIE  CYJIb(POHATHI



MCIOJIb3YIOT MPU U3rOTOBJIEHUHU 3MYJIbCUOHHBIX Maces; CyJab()OHATHI, BbIIEIECHHbIE
IIPU OYMCTKE BBICOKOBS3KUX AUCTHIUIATOB - IPH MOJYYEHUH MOIOIIMX MPUCATIOK K
Macjam.

CepHast kucinota ¥ (QTOPUCTOBOAOPOAHAS KHUCIOTA MCHOJIB3YIOTCS Kak
KaTaJu3aTophl B MPOLIECCAX ATKUIMPOBAHMUS.

[Ipouecc ankunupoBanus u3o0yTaHa oJepUHAMH, MPEUMYIIECTBEHHO
OyTuieHamu, pa3paOOTaHHbIA C IPUMEHEHUEM B KaueCTBE KaTajau3aTopa CepHOM
KHCIIOTBl M TMO3[Hee (TOPUCTOrO BOAOPOJA, ObUT OBICTPO BHEIPEH B
MPOMBIIIEHHOCTh. [lepBble MPOMBINIJIEHHBIE YCTAHOBKM CEPHOKHUCIOTHOIO
AJKUJIMPOBAaHUS ObUIM BBEJEHBI B OKCIUlyaTanuio B KoHie 30-X TonoB, a
(GTOPUCTOBOIOPOIHOTO ayKuiIupoBaHus — B 1942 1. lleneBbiM mpoayKTOM
nporecca  ObUI  BHauajge  MCKIIOYUTENBHO  KOMIOHEHT  aBHAIIMOHHOTO
BBICOKOOKTaHOBOI'O OCH3MHA, U JIMILb B MOCJIEBOCHHBIE TObl ATKUIMPOBAHUE CTAIIN
UCIIOJIb30BaTh JJI YJIY4YIIEHUS MOTOPHBIX KayeCTB TOBAaPHBIX aBTOMOOMIIBHBIX
OCH3MHOB.

JIist ankuarpoBaHus OOBIYHO MPUMEHSIOT CEPHYIO KUcToTy (96-98 %). Ilpu
JanbHEWIIeM YBETUYEHUN KOHIEHTPAIlMM KHUCIOTHI BO3PACTaET POJb IMPOIIECCOB
OKHUCJICHHSI M CyJb(aTHpoBaHus YrieBoaopoaoB. CHMKEHHWE KOHIIEHTpalUU
KHUCJIOTBl YMEHBIIAET €€ AKTUBHOCTh B PEAaKUUU aJKWIMPOBAHMS, a TaK Kak
PacTBOPUMOCTD QJIKEHOB B CEPHOU KUCJIOTE 3HAUUTEIHHO OOJIbIIE PACTBOPUMOCTHU
n300yTaHa, CYIIECTBEHHO BO3PACTaET CKOPOCTh MOJIMMepU3aIni aikeHoB. Kpome
TOro, pa30aBieHHE KHUCIOTHl CO3/a€T OMACHOCTh KOPPO3UU OOOpYHAOBAHUS.
CHmKeHue KOHUEHTpauuu (M, CIeH0BaTEIbHO, aKTUBHOCTH) CEPHOM KHUCIOTHI B
X0JIe Tpolecca O0YCIOBICHO pa30aBICHHEM BOJOM, COAEpIKAIIEHCS B ChIpbE U
oOpa3syroleicss 3a cueT YaCTUYHOTO OKUCIIEHHUS YTJIEBOJOPOJOB, U B MEHbIIEH
CTETIeHU — MPOAYKTaMH OKUCIIEHUS U cyib(haTtupoBaHus. Pacxos cepHO KUCIOTHI
B 1T0OOYHBIX Mporieccax coctapisieT 100-160 kr Ha 1 T ankuiara.

O0e3BpexuBaHNEC U YTUIN3ALNUIO OTPAOOTAHHOMN CEPHOM KUCIOTHI BO3MOKHO
NPOU3BOANTH CIEAYIOIIMMHU CIIOCOOAMU: HEWTpaau3alued pacTBOPOB WM HX
OTHEBBIM 00€3BpEKMBaHUEM O€3 HCIOIb30BaHUS O0pa3yIoLUXcs MPOIYKTOB;
UCIIOJIb30BaHUEM  (BO3MOKHO  IIOCJIE  IPEIBAPUTEIBHOTO  yHapHUBaHMS)
3arpsiI3HEHHBIX PACTBOPOB B JIPYTHUX TEXHOJOTMYECKHUX IPOLECCAX; pereHepanue i
OTXOJIOB C MOJIyYEHUEM TOBAPHOM CEPHOU KHUCIIOTBHI.

B 3aBucumocTtu ot coctaBa oTpabOTaHHOW KHCIOTHI MPUMEHSIOT pa3IUYHbIe
METO/bl  pereHepauvu  (TEPMHYECKOE  pacllelUIeHHe,  3KCTPAarupoBaHHE
OpPraHUYEeCKUX MpHUMEceH, agcopOLnio, KaTaTUTUYECKOE OKUCICHHE MEPOKCHIOM
BOJIOPO/1a, KOAryJMpPOBAHUE, BBITAPUBAHUE U 1. ).

OKHCIUTENBHBIM METOJ HE Halle]d HIMPOKOIO paclpOCTPAHEHUS BBHIY
BBICOKOM ~ CTOMMOCTH  HCIOJIB3yEMBIX  OKHUCIUTENEH, MX [OoXapo- U



B3pPBIBOONIACHOCTH, 00pa30BaHMsI JOTIOJHUTEIBHBIX BEBICOKOTOKCHUHBIX OTXO/OB, a
TaKKe TPYIHOCTEH, BO3HUKAIOIIUX MIPH anmapaTypHoM o(pOopMIIEHHH TpoIiecca.

K HemocraTkaM aacoOpOLMOHHBIX METOJOB pEereHepanuu OTpadOTaHHOMN
CEpHO KUCIOTHI C UCTIOIB30BAHUEM TBEP/BIX MOTTIOTHTEIEH OTHOCUTCS HEBBICOKAS
CTETICHb OYMCTKUA B OJHY OIEpaIMio M TPYIHOCTH pereHepanuu ajcopoenrta. B
CBSI3M C OTHM METO]I aJICOPOIINU TaKKe MPUMEHIETCS BECbMa OTpaHHYEHHO.

[Ipu xoarymsanuu HCMONB3YIOT CHEIHaIbHbIE BEIIECTBA — KOATyJSHTHL B
KayecTBe HUX MOTYT NMPUMEHSITHCS MOBEPXHOCTHO-akTHBHBIE BemiecTBa (IIAB), y
KOTOPBIX HET DJJEKTPOJUTHYECKUX CBOWCTB, AJIEKTPOIUTHI OPraHUYECKOro |
HEOPTaHUYECKOTO MIPOUCXOXKICHUS, a TaKXKe rUIpOUIBHBIC
BBICOKOMOJICKYJISIPHBIC COSTMHEHUS ¥ KOJUTOUIHBIE pacTBOphI [IAB.

OpHako MeTOJ KOaryJsui HMEET CYIIECTBEHHBIE HEIOCTATKH: Tpedyer
MPUMEHEHUS CIIOKHBIX OYMCTHBIX COOPYKEHHH, OOJBIIOr0 KOJMYeCTBA PEAKTHBOB,
JUTUTETLHOTO BpeMeHU 00pabOTKH.

OnHuM U3 crioco00B nepepaboTKH 0TPaOOTAaHHOM CEPHON KUCIIOTHI SIBISICTCS
MCTIOJIh30BaHKE €€ B KAUECTBE CHIPhS ISl TTOMyUYEHUS] MUHEPATLHOTO YI00pSHHS —
cynbdara aMMoHUs. CIIO)KHOCTH JAaHHOW TEXHOJIOTHU 3aKITF0YACTCS B DKCTPAKIHH
OpPTaHUYECKUX COCIMHEHUN W3 TOJIYYCHHBIX MPOIYKTOB. DTO OOYCIOBIEHO TEM,
4TO CcoJep)Kaluecss B OTPaOOTAaHHONW CEpHOM KHUCIIOTE JIETydhe C IapoMm
OpPTaHWYEeCKUE TMPOMYKTHI XOPOIIO pPAacCTBOPHMBI B BOJE, pacTBOpe cyliib(dara
aMMOHHUS W HE BBIIEJSIOTCS M3 PacTBOpa MpH pa30aBICHUHM KUCIOTHI BOJOW M
HEUTpan3aiy ee aMMHUaKOM.

Haubonee momymnspueiii B Poccun cioco® pereHepanuu CepHONW KUCIOTHI —
OTHEBO, ITPH KOTOPOM IIPOUCXOJHUT BRICOKOTEMITEPATYpHOE paciieruieHne. Meton
yHUBEpCaJieH U BBICOKOA(P(hEKTUBEH.

[Ipu orHeBOM METOJIe HMCIIOJIB3YETCS KOHIICHTPUPOBAaHHAs CepHasl KHCIOTa,
MIOTOMY TIPEIBAPHUTEIHHO IPOBOJIAT YIapUBAaHHE OTPAOOTAHHOW KHCIOTHI JIO
HEOOXOAMMON KOHIICHTPAIIUH, a 3aTEeM CepHasl KHCIIOTa PACIbULICTCS B PEaKTOpPE
HaJ FOPSIIMM TOILIMBOM. Ty/a jke uepe3 Bo31yX0HoJorpeBaTesb NogaéTcs BO3AyX.
OO0pa3zyronuiicst CepHUCTBIN ra3 OYUIAETCS OT MbUIM M CEPHOKUCIOTHOTO TyMaHa,
CYLIUTCS U TOCTyNMaeT B y3eJ MOIy4eHHsl KHUcIOoThl. Ha BbIxozme mnoiyuaetcs
MPOYKITMSI BEICOKOTO KaueCcTBa, HA TPETh CHIDKAIOIIAS 3aTPAThl IO MTPOU3BOICTBY
TOTO YK€ BEIIECTBA HAPSMYIO U3 CEpPBHI.

OrneBas pereHepanus npeaHasHaueHa JUIsl U3BJICUEHUS U3 OTXO0JI0B KaKoro-
an00 TPOM3BOJACTBA PEAreHTOB, HCIOIb3YEMBIX B 3TOM MPOU3BOJCTBE, WU
BOCCTAHOBJICHHS CBOWCTB OTPaOOTaHHBIX pEareHTOB WM MaTepuajoB. ITa
Pa3HOBHIHOCTH  OTHEBOTO  OOE3BpeXHBaHUS  oOecreynBaeT HE  TOJBKO
PUPOIOOXPAaHHBIE, HO U pecypcocOeperaronue eiu.



VYcranoBka pereHepauuu ortpabdotaHHoi cepHoi kucinotel (POCK) c¢
YCTAaHOBKU CEPHOKHMCIOTHOTO aJKUJIUPOBAHUS OOECHEYMBAET HEMPEPHIBHYIO
pereHepanuo 3TOro OTXOAa C IIOJYYEHHEM CBEXKEW CEPHOM KHCIOThI, BHOBH
BOBJIEKAEMOM B TEXHOJIOTMYECKMH IIPOLECC YCTAHOBKU CEPHOKHUCIOTHOIO
ANKWJIMPOBAHUS 110 3aKPBITOM CXEME, UTO UCKIIFOYAET €€ MPUBICUYEHUE CO CTOPOHBI
Y CHHYKAET DKOJIOTUYECKHUE PUCKHU.

Ha ycranoBke POCK o00pa3yiorcst oTpaOOTaHHbIE HMHIyCTpUAJIbHbIE U
KOMIIPECCOPHBbIE Maciia, PTYTHbIE W JIIOMUHECLUEHTHBIE JIaMIIbl, OTpaOOTaHHBIE
pTyThcoAepKaume TpyOkH, LIIaM NUPO(OPHBIX OTIOXKEHUM W3 anmapaTroB U
TpyOOIPOBOIOB, OTPAOOTAHHBIN BaHAIUM COJIEPKAITUN KaTaIU3aTOpP, OOTUPOUHBIN
maTepual (coaepkanue macen menee 15%), MuHepaabHbIe OTXO/IbI OT Ta300YUCTKU
(IBUTB OT 3JEKTPOCTATHUYECKOI'O OCAIUTENIs), KepaMHUECKHe Ceasia, MOTepsBIINe
NOTPEOUTENICKUE CBOICTBA, OTPAaOOTaHHBIE JEKTPUUECKUE JIAMIThl HAKAJIMBAHMS,
YJIIUYHBINA CMET.

[Ipu  yrtunuzanum  OTpaOOTAaHHOM  CEepHOM  KHMCIOTBHI  Ipoliecca
CEPHOKHUCIOTHOTO aJKWIMPOBAHUS U30AIKAHOB AJIKEHAMH BO3MOKHO UCIIOJIb30BATh
O0TpabOTaHHYIO CEPHYIO KUCIOTY JJIS MOJTYUYEHUs CyIb(PaToOB HATPUS U AMMOHHUSI.

Meronpl npou3BoAcTBa motamia. JIMIIbL HEKOTOpbIE M3 MHOTHX CIIOCOOOB
NOJIyYEHUS MOTallla HAILIY TPAKTHYECKOE TPUMEHEHHE.

OnuH U3 CTaphIX CIIOCOOOB — M3BJICUYECHHE MOTAIlIA U3 PACTUTEILHOMN 30JIbI—
NOYTH TOJIHOCTBIO MOTEPSI MPEKHEE CBOE 3HAUCHHUE BCIIEICTBUE HEIOCTATOYHOM
HSKOHOMHYHOCTHU. B pssie cTpaH cyiiecTByeT IpOM3BOJICTBO MOTalIa U3 6apasHOTO
yrias (MpoIyKTa KOKCOBAaHUS YMapeHHOW MaTOYHO-CIHUPTOBOM Oapabl). bapasHoi
yroib coaepxkut okojo 60 % KoCOsz, HO Hapsay C yIVIEKUCIBIM KaJlueEM B HEM
HaXOJISITCA COAa, CEPHOKHUCIBIA U XJIOPUCTBIA KUK U JIp.

[ToTam MOKHO BBIAENAThH U U3 30J1bl, IOJIy4a€MOMW MTOCJIE BBIAPKHU U ITOJTHOTO
C)KUTaHUA MaTOYHO-CITUPTOBON Oapbl.

[IpousBoaCTBO MOTAaIIA U3 30716 PACTEHU, OAPASTHOTO YTIIS U 30J1bI, OBEYBETO
[I0Ta MMeEeT celdac JIUIIb MECTHOE 3HadyeHWe. B Hacrosmiee BpeMs IOTall
BbIpa0aThIBalOT IJIaBHBIM 00pa3oM M3 MHUHEpalbHOro chipbsi. B Poccum ero
IPOU3BOAAT MpPU KOMIUIEKCHOHM mepepaboTke HedenuHoB. [Ipu 3ToM momydarot
INIMHO3EM, LIEMEHT M COAO-IIOTAIIHbIE PAacTBOPHI, NepepadaTbiBa€Mble HA CONY H
notaml. B HEOONBIIMX KOJIMYECTBAX NOTAII MTOJIYYarOT U3 03€PHOM paIlbl.

3a pyOexxom Hambosee pacHpOCTPaHEHBI CIIOCOOBI MOJTYYCHHS IOTaIla U3
XJIOpHJIa Kallusg — OJJIEKTPOJIMTHYECKHH, 3aKIIOYaroluiics B KapOOHM3aLUU
pacTBopa €4KOro Kajiu, IOJy4eHHOTO JIEKTPOIU30M XJIOPUIa KaJKsl, 1 aMAHOBBIH,
AQHAJIOTMYHBIA aMMHAYHOMY CHOCOOY IOJY4YEHHUsS COJbl, HO C 3aMEHOW aMMHaka
pa3IMYHBIMA aMHUHAMH. DTH CIIOCOOBI JOPOTME, CTOMMOCTh MPOAYKTa BBICOKA U
MI03TOMY €r0 BbIpa0aThIBAIOT B HEOOJIBIIMX KOJIUYECTBAX.



Xaopu Kanus MOXHO nepepadoTaTh B MOTAIl MarHe3uajabHbIM CIIOCOOOM
Ourensi-IIpexta. OH 3akntouaercs B kapOoHM3auuu Toja jAaBieHueM (5-18 ar)
CYCIIEH3UHU aKTUBHOI'0 KapOOHATa MarHus B paCTBOPE XJIOpUIa KaJusl.

OO6pasyromiytocsi ABONWHYIO COJb OHreNs, OTACICHHYI0 OT MAaTOYHOIO
pacTBOpa, pa3iararoT IIPU HATPEBAHUU BOJAOW WA CYCIICH3UEN TUIPOOKUCH MarHus
— TMOJy4YalT pacTBOp IMoOTalla, nepepadaTbiBaeMblii HA TBEPIBIA TPOIYKT, U
MarHe3uio, BO3BpallaeMyl0 B IMpoliecc. B HacTosiiee Bpems 3TOT CHocoo,
MO3BOJISIIOLIMM  TOJy4aTh BECbMa UMCTBIM TOTall, HMMEET OrPaHUYEHHOE
npumeHenue (B Poccun He mpumeHsieTcs) BCIEICTBUE CBOEH CI0XKHOCTH,
CBSI3aHHOM TJIaBHBIM 00pa3oM ¢ o0ecreueHUEM YCIIOBUM 00pa3oBaHUsl aKTUBHOTO
KapOoHaTa MarHus.

Jist momyyeHust jerko ¢GuibTpyroleics conu JHrenss u 0osee MOJHOTo
UCIIOJIb30BaHUSl MarHusi pekoMeHayroT 3aMeHuTb CO; OuxkapOOHATOM HaTpHs.
Bmecto KCl MOXHO HCHONIB30BaTh COAO-TIOTAIIHBIE IIEJIOKA, MOJABEpracMble
kap6onuzaiuu B npucyrcteun MgCO3 « 3H>0.

W3 xnopuaa kamusi MOXKHO TOJy4yaTh MOTAll 4yepe3 KpeMHEPTOPUA Kaaus
OJIHOBPEMEHHO ¢ (PTOPUAOM HATPHSI.

[loTam mnpou3BOAAT TMepepabOTKONW MPUPOIHOTO CEPHOKUCIOrO Kajus
dopMuatHeiM criocoOoM. M3BeCTHB W Jpyrue CcrnocoObl MONy4YeHHs IoTalla,
Hanpumep, crocod Jlebnana, inaHaMHUIHbIN, OapueBbIi (U3 cynbdara Kauus), HO Ha
IPAKTUKE OHU HE UCTIOIB3YIOTCS.
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Lens camocTOsATENBHOM pabOTHI CTYIEHTOB:

1. CucremaTu3npoBaTh COBPEMEHHBIE MPOLIECChl UHTETpanuu Poccuiickoro
BBICIIETO OOpa3oBaHUsi B OOIIEEBPONEHCKYI0O W MHUPOBYIO 00pa30oBaTelbHYIO
MPAKTUKY; PACKPBITh CYITHOCTh MPOOJIEM OpraHU3alMKi Yu4eOHO-BOCTIUTATEIHLHOTO
mpoiiecca Ha COBPEMEHHOM 3Tarle pa3BUTHS BBICIIETO0 00pa30BaHMUS.

2. IlopoOpaTh Tako IUAAKTUYECKUU MaTepHasl ISl CaAMOCTOSITEIbHOU
paboThl, KOTOPBIM OBl MO3BOJIUI MPUMEHUTH MOJTYyUYCHHBIC 3HAHUS HA MPAKTUKE U
pa3BUBaTh UHUIIMATUBY, AKTUBHOCTH U TBOPUECKUE CIIOCOOHOCTH.

3. I[Tomous cTyneHTam B (pOPMUPOBAHMHM Yy HUX KOMIETEHIIMM, COTJIACHO
y4eOHOro TUIaHa.

OcHoBHBIMU popMamMu PaOOTHI U KOHTPOJISI CTYICHTOB SIBJISTFOTCSI:

NunuBuayanbHOe perieHue 3aJlaHuii, TMO3BOJISIIONIUX OLICHUBATh U
JMarHOCTUPOBATh YpPOBEHb OOYYEHHOCTH, YpPOBEHb YMEHUN U HaBBIKOB IO
JTUCIUTIIAHE.

CobGecenoBannie - (popMa yueOHON IeATENBHOCTH, CHeIuaabHas Oecesa
IpernoaBaTeisl co CTYyJCHTOM Ha TEMBbI, CBSI3aHHBIC C M3y4aeMOUN IUCIUIUIMHOM,
paccuMTaHHasT Ha BBISICHEHME O0beMa 3HAHUN CTYACHTa IO OINpeaeICHHOMY
pasnmeny, TeMme, mpoOjieMe U T. 1., IMO3BOJSIONIAS OIEHUTh HUX YMEHHE
apryMEHTHUPOBAaTh COOCTBEHHYIO TOYKY 3pEHUs, MpEeAroarampiias BCECTOPOHHEE
o0CyXJIeHHE KaKoro-11ubo Bompoca, mpodeMbl WM COMOCTaBICHUH UH(GOpMAIIUH,
UJIe, MHEHHH, NIPEIJIOKEHUM.

Pedepar — packpbiTe CyHMIHOCTH HUCCIEAYEeMON MpoOIeMbl, BKIIOUYAOIIEe
oOpalieHre K pa3ju4yHbIM TOYKaM 3pPEHUS Ha BOIPOC, a TaKKe H3JI0KEHUE
COOCTBEHHBIX B3IJIS/IOB Ha HEe.

NuauBuayanbHOE pElIEHUE 3aJaHdil, [O3BOJAIOIIMX OLICHUBAaTh U
JMATHOCTUPOBATHh YPOBEHb 00YUYEHHOCTH, YPOBEHb YMEHUH 1 HABBIKOB aCIIUPAHTOB
10 JUCLUIUIMHE

JInd TDOATOTOBKM K  BBIIOJHEHHMIO 3aJaHusd  CJIEAyeT W3y4uTh U
[IPOAHAJIU3UPOBATh PEKOMEHAOBAHHYIO JIUTEPATYpy M HAa HUX OCHOBAHUU
MMOATOTOBUTHCS K U3JIOKEHUIO TEMBI.

[Ipn npoBepke 3a1aHUsI OLEHUBAOTCSA

*  YBEPEHHOE BJIAJICHUE MATEPUATIOM;

*  YMEHHE YETKO M JIOTUYHO U3J1araTb CBOM MBICIIH:

*  YMEHHE TBOPUYECKH MOJIXOJUTH K PEIICHUIO OCHOBHBIX MPOOJIEM TEMBI;

*  CAMOCTOSITEJIBHOCTH MBILIJIEHUS, YMEHUE OTCTANBATH CBOIO MO3ULIMIO B
X0J1€ TOCHENYIOINX TUCKYCCHH,



*  CcaMOCTOSITENbHAs MW BBIPA3WTENbHAS YyCTHAs pPEdYb, TOJHOCTHIO
pacKphIBaroNIas CyTh MPOOJIEMaTHKH 3aaHUsI.

CobGecenoBannie - (popMa yueOHON NeATENLHOCTH, CHeluaibHas Oecera
MIPeToIaBaTessl CO CTYJASCHTOM Ha TEMBI, CBS3aHHBIC C U3YYaeMOU ITUCIUTTUHOM,
paccuWTaHHas Ha BBISICHCHHE OObeMa 3HAHWN CTYACHTa 10 OINPEACICHHOMY
pasmeny, Teme, MpoOiieMe U T.I., T[IO3BOJSIONMIAS OICHWTh WX YMCHHE
apryMEHTHPOBAaTh COOCTBEHHYIO TOYKY 3pPEHUS, MPEAIOarampiias BCECTOPOHHEE
00-cyXeHue Kakoro-1rbo Bompoca, MpoodJieMbl UM COMTOCTaBIEHUH HH(pOopMaInH,
nJiel, MHEHUH, PEAJI0KEHNUM.

[TpuHIMNIHATBHBIC OTJIMYUS 33aJlaHUK 0A30BOTO YPOBHS OT IMOBBIIICHHOTO
3aKIIOYAlOTCS B OousiblieM oO0beMe (AKTOB M COOBITHH, B CpaBHUTEIBHO-
AHAIMTUYECKOM  XapaKTepe W3JI0KEHUS Marephayia, €ro TEOpPETHYCCKOU
(METOI0JTIOTHYECKOW) COCTABJISFOIIICH.

JIJIst IOATOTOBKM K KaXKIOW TeME CJICAYyeT M3YYUTh M 3aKOHCIICKTHPOBATH
PEKOMEHIOBaHHBIC WCTOYHWUKA M HAYYHYIO JIUTEpaTypy M Ha WX OCHOBAaHHH
MOJIFOTOBUTHCS K YyKa3aHHBIM B METOJWYCCKUX MaTepuanax BOIpocaM s
00CYXKIeHUs.

[Tpu mpoBepke 3aaHusI, OIICHUBAIOTCS:

*  aKTUBHOE y4yacTue B pabore;

*  YBEpPEHHOE BJIaJICHUE MAaTEePUAIIOM;

*  YMEHHE YETKO U JIOTUYHO M3JIaratb CBOU MBICIIH:

*  YMEHHE TBOPYECKH MOJXOIUTH K PEIICHHIO OCHOBHBIX BOIIPOCOB TEMBI;

*  CaMOCTOSITENIbHOCTb MBIIIICHHUS,

*  TOJHOE COOTBETCTBUE KOHCIIEKTA YCTAHOBJICHHBIM TPEOOBAHUSM;

*  CcaMOCTOsITeNbHAas YCTHAas peYb, MOJHOCTHIO PACKPHIBAIOIIAS CYTh
poOJIeMaTHKH COOECeTOBAHMUS.

Pedepar — packpbiTe CyIIHOCTH HUCCIAEAYEMO MpoOIeMbl, BKIIOUYAIOIIIEE
oOpalieHre K pa3ju4yHbIM TOYKaM 3pPEHUS Ha BOIPOC, a TaKKe H3JI0KEHUE
COOCTBEHHBIX B3IJIS/IOB HA HEe.

CrtpykTypa u conepxkanue pedepara

Crpykrypa pedepara BKIIOUYAST B ¢eOsI CICTYIOIIHE JICMCHTHI:

- TUTYJIbHBIN JIUCT;

- OIJIaBIICHUE;

- BBEJCHWHE;

- OCHOBHAas YacCTh;

- 3aKIIIOYEHUE;

- COHCOK JIUTEPATYPhl U UCTOYHHUKOB,;

- TIpUJIOKEHUE.



TuTyNbHBIN JIUCT — 3TO UHGOPMAIUS O BHIXOJAHBIX JIAHHBIX Balllei paOOThI.
OH sABNA€TCS NEPBOM CTpaHULIEW HAYYHOU pPaOOThl M 3aAIOJHSIETCS IO CTPOro
OnpeieSICHHBIM MpaBuiiaM. TUTYJIbHBIA TUCT HE HYMEPYETCH.

B ornaBnenun Tekcta mocien0BaTEIbHO HM3JAraloTCs Ha3BaHUSI MMyHKTOB
pedepara ¢ ykazaHHMEM CTpPaHUIIBI, C KOTOPOW HAUYMHAETCS KaXKIbIA ITYHKT.
3aroj0BKH OTJIABJICHUS TOJKHBI TOYHO MTOBTOPSITH 3ar0JIOBKU B TeKcTe. CoKpalarh
WIM JaBaTh WX B Jpyrod  (QopMynupoBKe, TMOCIEAOBATEIBHOCTH U
COTIOJTYMHEHHOCTH IO CPaBHEHUIO C 3arojloBKaMU B TEKCTE HEINb3s. 3aroJIOBKU
OJIMHAKOBBIX CTYNEHEH pyOpHUKaly HEOOXOAUMO pacrojiaraTh APYT MO APYTOM.
3aro0BKH Ka)J10¥ MOCIEYIONIeH CTYIIeH! CMENIAl0T Ha TPU—TISITh 3HAKOB BIIPABO
0 OTHOIIICHMIO K 3arojIoBKaM MpeNbIAyIIe cTyneHu. Bee 3aroioBKM HaUMHAIOT €
npornucHoi OykBbel 0e3 Touku Ha KoHue. [locienHee ciioBO Ka)a0ro 3arojoBKa
COCIMHSIOT OTTOYHMEM C COOTBETCTBYIOIIMM €MY HOMEPOM CTpPaHMIIbI B MPABOM
CTOJIOIIE OTJIABJICHHUS.

Brenenue k pabore. 3mech 0OBIYHO OOOCHOBBIBAIOTCS AKTyaJIbHOCTH
BLIOPAHHOM TEMBI, 1I€JIb U COJIEpKaHUE TOCTABJICHHBIX 3a/1ad, (POPMYIUPYIOTCS
O00BEKT W MPEIMET UCCIICIOBAHMS, YKa3bIBaeTCsl N30paHHBIA METO | (MJIM METO/IbI)
UCCJIEIOBAHUS.

CopeprkaHue TJ1aB OCHOBHOM YacCTH JIOJKHO TOYHO COOTBETCTBOBATH TEME
pedepaTa U MOJHOCTHIO €€ pacKpbIBaTh. DTU TJaBbl JOJDKHBI MMOKa3aTh YMEHHE
aBTOpa CXXaro, JIOTUYHO M apryMEHTHPOBAHO WU3jaraTh Marepuans. BaxHo
NOHMMAaTh, YTO KaXJas TjaBa JIOJDKHA TMPEJCTaBIsATh COOOM 3aKOHYEHHOE
npousBeneHue. E€ ciepyer HauMHAaTh OCTAHOBKOM paccMaTpuUBaeMou 3ajayu, a
3aBepiaTh YETKUMHU, apryMEHTHPOBAHHBIMU BbIBOJaMH. Bce mnpuBogumbie B
paboTre maHHBIE 00s3aTEIBHO CIEAYET COMPOBOXKAATh MOACTPOYHON CCHUIKOW Ha
UCTOYHUK, OIMCAaHWE KOTOPOTO JOJDKHO TNPHUBOJUTHCS B COOTBETCTBUU C
TpeboBaHusAMH OuOIMorpaduueckux craHgapToB. Kak mpaBuiio, OCHOBHAs 4acTh
pedepara cocTouT u3 2—3 TIaB, KOTOPHIE B Clydae HEOOXOIUMOCTH Pa3OMBaIOTCS
Ha maparpadpsl.

Pedepar 3akaHumBaeTcs 3aKIIOYUTENBHOW YACThIO, KOTOpas TaK H
Ha3bIBACTCS «3aKIIOUYECHHE». OITOT CHHTE3 — IIOCJIEIOBATENIbHOE, JIOTHYECKU
CTPOMHOE M3JIOKEHUE MOJTYUYEHHBIX UTOTOB U UX COOTHOUIIEHUE C OOILIEH LETbI0 U
KOHKPETHBIMH 33J]a4aMy, ITOCTABJICHHBIMHU ¥ C(POPMYITMPOBAHHBIMHU BO BBEJICHUMU.

[locme  3akmioueHus  MOMeMAeTCs  OMOMMOrpadUYEecKUil  CIHCOK
UCIIOJIb30BAaHHON JUTEPATyphbl, KyJa BKIIOYAIOTCS OPUTHMHAIbHBIE TEKCTHI,
MoOHOTpadUIeCKue HWCCICAOBAHMS, HAYYHBIC CTaThbH, y4eOHBIE MOCOOWSI | JIp.
Kaxnp1ii BKIIFOUEHHBI B TAKOW CIIMUCOK JIMTEPATYPHBIM MCTOYHHMK JOJIKEH HUMETh
oTpaxkeHue B Tekcte pedeparta. Ecnu aBTop pedepara enaer cChbUIKY Ha Kakue-
nub0 3aMMCTBOBaHHbIE (DAKThl WM LUTUPYET PadOThl APYTrMX aBTOPOB, TO OH



JOJKEH 00513aTE€NIbHO YKa3aTh B OJICTPOYHOM CCBUIKE, OTKY/A B3AThl IPUBEICHHBIE
Matepuanbl. CIUCOK JIUTEPATYPHI JOMKEH BKIIOYaTh HE MeHee 10 HICTOUHUKOB.

O6beM pedepata JOMKEH COCTaBIATH HE MeHee 24  CTpaHWII
MalIMHOMKUCHOTO TeKcTa. OOBEM MPUIOKEHUN HE OTPAHUYNBAETCS.

O61mue TpedboBanus K 0popMIIEHUIO pedepaTa

Tekcr pedepara qomxeH ObITh HarleyaTaH Ha OJJHOM CTOPOHE CTAHIaPTHOTO
nucrta Oenoil omHocopTHOM Oymaru dopmata A4 (2104297 mm) yepe3 moatopa
uHTepBana (pasmep mpudra — 14) ¢ NpUMEHEHHEM YEpPHBIX YEPHWI C TMOISIMHU
BOKpPYT TekcTa. Pasmep nmesoro nosst 30 mMm, npaBoro — 10 mM, BepxHero — 20 Mw,
HwkHero — 20 mMm. Ilpu Takux mojsX Kaxkaas CTpaHUIA JODKHA COJepKaTh
npubnausurenasHo 1800 3nakoB (30 cTpok, mo 60 3HAKOB B CTPOKE, CUUTAs KaXIAbIN
3HAK MPENHUHAHMS U POOEST MEXAY CJIOBaMH TaKXkKe 3a NMeYaTHbIN 3HAK).

Texct mnepenevarbiBaeTcs B CTPOro MmoclefoBaTesibHOM mopsiake. He
JIOIYCKAIOTCSl pPa3HOTO pojia TEKCTOBBIE BCTABKU U JOMOJIHEHUS, TOMEIIaeMble Ha
OTJIEIBHBIX CTPAHMIIAX WUIM HAa OOOPOTHON CTOPOHE JIMCTA, U MEPEHOCHI KYCKOB
TEKCTa B JApyrue Mecta. Bce CHOCKM H  TOACTPOYHbIE NpPHUMEYaHUS
neperneyaTeiBaloTCs (Uepe3 0JIMH UHTEPBaJl) Ha TOM CTpaHUIle, K KOTOPOil OHU OTHO-
catcs. Bce cTpaHuibl HyMepyroTcs, HauuHasi C TUTyJbHOro Jsucrta. [ludpy,
0003HaYaIoIy10 MOPSAIKOBBIA HOMEDP CTPAHUIIbI, CTABST B MPABOM YTy BEPXHErO
1OJIs JIUCTa (Ha TIEPBOM M BTOPOM cTpaHulle U py, 0003HAYAIONIYIO TOPSIKOBBIN
HOMeEp, HE CTaBsT).

[Mpunoxenne i pedepaToB  SBISIOTCA  JKelaTeIbHBIM,  HO
HeoOsA3aTENbHBIM JJIEMEHTOM. B  mpuiiokeHre OOBIYHO BXOAST pa3IUvHbIC
TaOJIUILIBI, TPAQUKU, CXEMBI, PUCYHKH | T.1I1. [IpriioxkeHuss moMemaroT mocie Cucka
UCIIOJIb30BaHHBIX OMOIMOTpaduIecKUX UCTOYHUKOB B TIOPSAJKE WX YIIOMUHAHUS B
tekcre. Kaxxkoe mpuiiokeHue cienyeT HauuHaTh ¢ HOBOTO JucTa. [Ipunoxkenue He
BXOJIMT B TIapaMeTPhl MUHUMAJILHOT'O 00BbeMa pabOThI

Kpurepun o1ieHKH caMOCTOSATEIbHOM pabOTHI CTYIEHTOB

Kpurepun ornieHuBaHus pe3ylbTaTOB CaMOCTOSATEIBLHON PabOThI CTY/IEHTOB
paspabortanbl ¢ ydetom TpeboBanuii ®I'OC BO. 3amaHus, BBIHOCHMBIC Ha
CaMOCTOATENbHYI0 paboTy, OILEHHUBAIOTCA IO MIKAJE «OTIUYHO», «XOPOIIOY,
«YZIOBJIETBOPUTEIHHO» U «HEYAOBICTBOPUTEIHHOY.

OneHka «OTJIIMYHO» BBICTABISICTCA CTYIEHTY, €CIIH TEOPETUYECKOE
CollepKaHMe Kypca OCBOEHO TIOJHOCTBIO, 0€3 MpoOesoB; WCYEPIBIBAOIIE,
MOCJICTIOBATEIPHO, Y€TKO W JIOTHYECKH CTPOWHO H3JaraeT MaTepHal,; CBOOOIHO
CIpABIISECTCS C 3aJa4aMH, BOMPOCAMH W JAPYTUMHU BUAAMU TPUMCHECHHS 3HAHU;
WCITIOJIB3YET B OTBETE JOMIOJTHUTEILHBIN MaTeprai BCe IPEeIyCMOTPEHHBIE TPOTpam-
MO 3aJlaHWs BBITIOJIHCHBI, KAYECTBO WX BBITIOJHEHUS OIEHEHO YHCIIOM OallIoB,



OJIN3KMM K MAaKCUMAaJbHOMY; aHAJIU3UPYET IMOJTYUYEHHBIE PE3YJNbTATHI; MPOSBIISIET
CaMOCTOSTEIbHOCTh MPHU BBIIIOJHEHUH 3aJaHHM.

OneHka «XOpouio» BBICTABISIETCS CTYAEHTY, €CJIH TEOPETUYECKOe
collepKaHHE Kypca OCBOEHO IMOJHOCTBIO, HEOOXOAMMBIE MPAKTUYECKUE
KOMIIETEHIIUH B OCHOBHOM C(OPMHUPOBAHBI, BCE MPEITyCMOTPEHHBIE MPOTrPaMMOi
oOydeHusl yueOHbIe 3aJJaHUsl BBIOJIHEHbI, KAYECTBO MX BBIIIOJIHEHUS JOCTATOYHO
BbicOoKko€. CTy/IEeHT TBEPI0 3HAET MaTepHuall, IpaMOTHO U IO CYILIECTBY U3Jaraer ero,
HE JOIYCKasl CyHIIECTBEHHBIX HETOUHOCTEN B OTBETE Ha BOIPOC.

OneHka  «yIOBJETBOPUTEIBHO»  BBICTaBISETCA  CTYJEHTY,  €Cld
TEOPETUYECKOE COJIep)KaHHE Kypca OCBOEHO YaCTUYHO, HO MpOOeNbl HE HOCAT
CYILLIECTBEHHOTO XapakTepa, OOJBIIMHCTBO MPEIyCMOTPEHHBIX MPOrpaMMoi
3aJlaHUi BBIMOJIHEHO, HO B HUX UMEIOTCA OLIMOKH, IPU OTBETE HA MOCTaB-JIEHHbBIN
BONPOC  CTYACHT  JOMYCKaeT HETOYHOCTH, HEJOCTAaTOYHO  MpPaBUJIbHbBIC
(bopMyIHPOBKH, HAOIIOAAIOTCS HAPYIICHUS JIOTUYECKOM MOCIIE0BATEILHOCTH B
U3JI0’KEHUHU MTPOTrPaMMHOT0 MaTe-puara.

OneHka «HEyAOBJIETBOPUTENIBHO» BBICTABISIETCS CTYACHTY, €CIM OH HeE
3HAET 3HAYUTEJIBLHON YacTU MPOrpaMMHOr0 MaTrepuaia, JOMyCKaeT CYIEeCTBEHHbIE
OLIMOKHU, HEYBEPEHHO, C OOJIBIIUMHU 3aTPYJHEHUSMH BBITIOJIHAET MPAKTUYECKUE
paboThl, HEOOXOJUMBbIE TMPAKTHUECKHE KOMIETEHIIMH He CGHOPMHUPOBAHBI,
OOJBIIMHCTBO TPEIYCMOTPEHHBIX MPOrpamMMoil oOydeHHs] y4eOHBIX 3aJaHuN He
BBIMIOJTHEHO, KAueCTBO MX BBIMOJHEHHUS OIICHEHO YHCIOM O0ajuioB, OJIM3KUM K

MUHUMAJIBHOMY.
Bonpocsl 1iist caMOCTOATEIbHOM TOATOTOBKU:

1. [TonsiTHSI aHTOTOHU3MA U CHHEPUT3Ma yI00pEHUH.

2. OGXur B TMPOU3BOJICTBE MHHEPAIBHBIX yAOOpeHUN. BuIbl 00XKHUTOB.

Ckopoctb 00xura. ®akTopsl, BIUSIONIME HA CKOPOCTh 00XKHUTa.

3. CniocoObl pa3zeneHust Coleil B IMPOM3BOACTBE MHUHEPATBHBIX YAOOpPEHUMH.

Kpucrannmmzarms u3 BOJHBIX paCTBOPOB.

4, OU3NKO—XMMUYECKUE OCHOBBI TTOTyYCHHS] aMMUAYHOU CETTUTPHI

S. OU3NKO—XMMHUYECKHE OCHOBBI CHHTE3a KapOamuja. OCHOBHBIE CTaiud B

MIPOM3BOJICTBE KapOaMuia

6. OU3NKO—XMMUIECKUE OCHOBBI TTOJTyYSHHS JBOMHOTO cynepdocdaTa

7. ChIpbe J71s1 MPOU3BOICTBA KaTUHHBIX yI0OpEHMUIA, CTOCOOBI €T0 epepadoTKH

8. OU3NKO—XMMUYECKUE OCHOBBI TEPEePa0OTKH CHIIBBHHHUTA TalyprHUYeCKUM

METO/IOM

Q. Cwmemanunblie ynoopeHusi. MeToapl UX MOTYYEHHUS.



10. OcHoBHble cnocoObl nonyueHus: JKMY. CpaBHUTENbHAs XapaKTEpPHCTHKA
CIOCO0OB.

11. Coocobbl nepepaOOTKM  a30THO-KHCIOTHOM  BBITSDKKM. WX  KpaTkas
XapaKTEePUCTHUKA C TOUYKH 3PEHUS YIyUIICHHs KaueCTBa HUTPO(POCOB.

12. Cwmemannbie XKKMY. CiocoObl UX MOTYyUYEHHUS.

13. CynbdatHbiii cnocod ymenbuieHusi cootHomeHus CaO:1P205 npu
nepepadoTKe a30THO-KUCIOTHOM BBITSKKU. OIHA U3 CXEM MPOU3BOJICTBA

14.  Xwumusm nporuiecca s3kcTpakumu HochaTtoB CEpHON KUCIOTOM B TPOU3BOICTBE
DOK.

15. IIpuBeauTe nmpuMep MO pacyeTy cocTaBa TYKOCMECEH.

16. CpaBHurenpHas xapakrtepuctuka MAO®, JTA®, TA®. IIpousBoacTBO €
JIBYXCTaIUMTHOM aMMOHU3ALIUEN.

17. CynbdaTtHbiii crnoco0 mnepepaboTKU a30THOKUCIOTHON BBITSXKKH. (Cxema
IPOU3BOJICTBA HUTPOPOCOK C UCTIONB30BAHUEM JIAHHOTO CIoco0a.

18. ®DuU3HKO—XMMHYECKHE OCHOBBI MOJIYYCHHUS CIOXKHBIX YA0OpeHui: ammodoca,
nuammodoca, HUTpoaMMo@ocku, kapOodocku u ap.

19. TlpousBoacTBO yAOOpeHHI Ha OCHOBE a30THO-KUCJIOTHOTO pPAa3iO0KEHUs
docdaros.

20. ®u3NKO—XUMHUYECKHE OCHOBBI pa3iiokeHus GpocdaToB a30THON KHUCIOTOM.
21. ®OuU3NKO—XUMHUYECKHE OCHOBBI IPOIECCOB, MPOTEKAIOIIUX Ha KAXKION CTaalH
IPOM3BOJICTBA.

22. U3BecTKOBBIII METOJA TMOJYYEHHUS €IKOro HaTpa, (U3HUKO—XUMUYECKHE
OCHOBBI.

23. TpeOGoBanms, mnpeabsBiasieMble K TiuHO3eMy. [lonydeHuwe TIHMHO3eMa
MeToaaMu baiiepa u criekanus.

24. DuU3NKO—XUMHYECKHE OCHOBBI METO0B baiiepa u criekaHusl.

25. Ou3MKO—XUMHUYECKHUE CBOMCTBA OKCHJIa aJJIOMUHUS U €TO TUIPATOB

26. TexHomormueckas cxema MoJydeHHs TpaHyJIUPOBAHHOTO cynepdocdara.

27. TwunoBas cxeMa MPOU3BOJICTBA HUTPOPOCKH.

28. TexHomormueckas cxema MOJyUEHUs XJI0pHUAa Kajaus u3 cuinbBuHUTA. CTanus
MOJTyYEHUS TOPSIYUX HACBIILEHHBIX PACTBOPOB.

29. TexHonmoruyeckas cxema MpOU3BOJICTBA TUAMMOHUTPO(OCKH.

30. TexHomornyeckas cxema MOJYyUYEHHUSI BHICOKOKOHIIEHTPUPOBAHHBIX XKUAKUX
KOMIUIEKCHBIX MUHEPAJIbHBIX y100pEHUII.

31. Cxema mpousBojcTBa Kap00aMMOGOCKH C HMCIOJIb30BaHHEM OapabaHHBIHI
IpaHyJIsATOp CYLINIIKA .

32. Texuomormueckass cxema TMPOU3BOJACTBA JABOWHOro  cymepdocdara
OeckaMepHBIM (MIOTOYHBIM ) METOJIOM.

33.  YcrpoiicTBO rpaHyIsTOpa-aMMOHU3ATOPa C BHYTPEHHUM PEITUKIIOM.



34. Peaktop nns  paznoxeHus ¢docdara B TEXHOJOTUM MPOU3BOJCTBA
HUTPO(DOCKHU.

35. Kononna ajist cuHTe3a kapbamua.

36. bapaOanHblii rpanysaTop. ¥YcrpoictBo. [IpuHiun paboTsl.

37. bapabannslii rpanynstop — cymmuika (BI'C).
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