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Mporpamma omcuunnmHbl "OCHOBbI KOHCTPYUpoBaHUs katanmaatopos”; 04.04.01 "Xumnga".

CopepxaHue

1. MNepeyeHb NnaHMpyeMbix pesynbTaToB 00y4eHWs No AMCUMUMIMHE (MOAY0), COOTHECEHHBIX C MNaHUPyEMbIMIA
pesynbtatamm ocsoeHms OlNMOI BO

2. MecTto gucumnnuxbl (mogyns) B cTpykType OIMOI BO

3. Obbem oncumnnnHbl (MOJJ,yJ'ISI) B 3a4€THbIX eOnHMUAax C yka3daHneM Konmyectsa 4acoB, BblAeNNIeHHbIX HA KOHTakKTHYHO
paboTy obyyatowmxcs ¢ npenogasatenem (Mo BuoamM y4ebHbIX 3aHATUI) 1 HA CaMOCTOSITeNbHYO paboTy 0byHaroWwmnxcs

4. CopepxaHue OMcuMnInHbl (MOayns), CTPYKTYpUpPOBaHHOE Mo TeMaMm (pa3fenam) ¢ ykasaHueM OTBeAEHHOro Ha HIX
KONMYeCTBa aKa4eMN4ecknx YacoB 1 BULOB yHeOHbIX 3aHSATUM

4.1. CTpyKTypa 1 TEMATNYECKMIA NMNaH KOHTAKTHOW 1 CAMOCTOSITENBHOM paboThl MO AUCLMNANHE (MOAYIIO)
4.2. ConepxaHue oMcuMnanHbl (Moayns)

5. NepeyeHb y4ebHO-MeToAMYECKOro 0BecrneyeHmnst AN CaMOCTOSTENbHOM paboTbl 0byyarowmxes no AUCLUUNInHe
(Momynio)

6. POHA OLEHOYHbIX CPEACTB NO AUCUMNIMHE (MOLOYHO)
7. MNepeyeHb nutepatypbl, HEO6XOANMOW A1 OCBOEHWS LMCLUMNAMHBI (MOAYNS)

8. MepeyeHb pecypcoB NHPOPMALIMOHHO-TENEKOMMYHUKALIMOHHOW ceTh "IHTepHeT", He0bX0ANMbIX AJ1s1 OCBOEHUS
ANCUUNAnHBI (MOayns)

9. MeTonmyeckue ykasaHusi ons oby4arowmnxcs no 0CBOEHWIO JUCUMIIHBI (MOZYNS)

10. MNMepeyeHb MHAOPMALMOHHBIX TEXHONMOTWIA, UCMOMNb3YEMbIX NPY OCYWECTBNEHM 06pasoBaTeNnbHOro npouecca no
OMCUMNIVHE (MOAYNio), BKNloYas NepeyeHb NporpaMMHOro obecrnedeHns n MHOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM (NpK
HeobX04MMOCTHN)

11. OnncaHue maTepuanbHO-TeXHUYecko 6a3bl, He0BX0AMMOI ANs ocylecTBNeHNs 0bpa3oBaTeNbHOro npoLecca no
OMcumnnanmHe (MoLynto)

12. Cpe,EI,CTBa agantaunm npenonaBaHnua oUCUNNNNHDI (MO,EI,yJ'I;I) K I'IOTpeéHOCTFIM 06yqa|ou4v|xc;| MHBanNnOoB 1 nny, C
orpaHn4eHHbIMM BO3MOXHOCTAMN 300p0BbA

13. MNpunoxeHne Ne1. doHA OLEHOYHbIX CPEaCTB
14. MpunoxeHue Ne2. MNepeyeHb nTepaTypbl, HEOHXOAMMON NS OCBOEHWS OUCLIMMNWHBI (MOLYNS)

15. MpunoxeHue Ne3. NepeyveHb NHPOPMALIMOHHBIX TEXHONOMNIA, UCMOMNb3YEMbIX OS5I OCBOEHUS OUCLMIMIMHBI (MOSYy”Ns),
BK/I0YAS NepeyeHb NPOrpaMMHOro obecneyeHms N MHEOOPMALIMOHHBIX CMPaBOYHBIX CUCTEM
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Mporpamma omcuunnmHbl "OCHOBbI KOHCTPYUpoBaHUs katanmaatopos”; 04.04.01 "Xumnga".

Mporpammy oucuunnnHebl paspaboTan(a)(n) 3aMecTUTeNb AUPEKTOPA MO CBSA3SM C MPOMbIWAEHHOCTBLIO U
KoMMepumanuzauum Nlambepos A.A. (AMPEKTOpPaT XMMUYECKOro MHCTUTYTa UM. A.M. ByTneposa, XMMnU4eCcknin UHCTUTYT
um. A.M. Bytneposa), Alexander.Lamberov@kpfu.ru

1. MepeyeHb NNaHMpyeMbIX pe3ynbTaToB 06yyeHUs No QUCLUNINHE (MOOYNI0), COOTHECEHHbIX C MIaHUPYEeMbIMU
pe3ynbtatamm ocsoeHus OMOn BO

Obyuqarowumitcsi, OCBOVBLWNIA AUCLUNAUHY (MOOY/b), LOMXEH obnafaTth CneayowmnmMy KOMNEeTEHUUAMU:

LWndop PaclumndppoBka
KOMMeTeHLUn npuobpeTaeMor KOMNETEHLUN

OK-1 CNOCOBHOCTbIO BNafeTb KyNbTYPOM MbIWAEHNS, YMEHNE apryMEHTUPOBAHO U SICHO
CTPOUTb YCTHYIO U MUCbMEHHYIO peYb

oK-2 CNOCOBHOCTBLIO YBaXUTENBHO 1 6EPEXHO OTHOCUTHLCS K UCTOPUYECKOMY HACNEeauo 1
KyNbTYPHbIM TPAAULMSAM, TONEPAHTHOCTb B BOCMPUATUN COLMANBHBIX U KYNbTYPHbIX
pasnuyunin

OK-6 CMOCOBHOCTBIO MCMONb30BaTh HOPMATMBHBIE NPABOBbIE AOKYMEHThI B CBOEA

nesTeNbHOCTU, NPOSBNSTL HACTONYNBOCTb B AOCTVMXEHUN LIENN C YHETOM MOPanbHbIX
N NPaBOBbLIX HOPM W 06s13aHHOCTENR

MnK-1 CNOCOBHOCTLIO AEMOHCTpAUMU 0bLLeHay4YHbIX 6A30BbIX 3HAHWA ECTECTBEHHBIX HayK,
MaremMaTtukm u MHPopMaTUKN, MOHNMaHNE OCHOBHbIX (PaKTOB, KOHLEMNLWiA,
NPWUHLMNOB TEOPWIA, CBA3AHHbIX C NPUKNAAHON MaremMatnkom 1 MHGOPMaTNKON

NK-3 CMOCOBHOCTbIO MOHMMATb U NPUMEHSTb B UCCNELOBATENbCKON N NPUKNALHON
[0eATeNbHOCTN COBPEMEHHbI MatemMaTnieckuin annapar

MK-4 crnocobHOCTbIO B cOCTaBe Hay4HO-unccnenosaTteibCKkoro 1 npon3soncTteBeHHOro
KONekTMBa pewaTb 3agadyn npoeccrnoHanbHoOm OeaTeNbHOCTH

MK-5 CMOCOBHOCTbIO KPUTUYECKM NEPEOCMbICIIMBATD HAKOMNEHHDIN OMbIT, UBMEHSATb NPY
HEeobx0AMMOCTY BUL M XapakTep CBOEN NPOHECCUOHANBHON LesATENbHOCTU

MnK-7 CNocoBHOCTbIO cobupaTh, 0bpabartbiBaTh U MHTEPNPETUPOBaTL AaHHbIE
COBPEMEHHBIX Hay4YHbIX UCCNeoBaHWi, HeobxoauMble ONs POPMUPOBAHUS BLIBOLOB
MO COOTBETCTBYIOWMM Hay4YHbIM, NPOPECCHOHANbHBIM, COLMANBHBIM U 3TUYECKUM
npobnemam

Obyuatowwpmincs, 0OCBOVBLUWA AUCLUMAWHY (MOLYNb):

JonxeH 3HaTh:

- OCHOBHbIe MpobnieMbl, pelaeMble KatanmaoM B NPOMbIWIEHHOCTH;

- CYWHOCTb SIBJIEHUI FOMOrEHHOr0 U reTEPOreHHOro Kartannaa, a Takxke u3nKo-XmuMmn4ecknx
NpoLLeCCOoB, NPOUCXOASAWMX HA MOBEPXHOCTA 1 B MOPUCTOM NPOCTPAHCTBE KaTannaaropa Ha
OCHOBHbIX CTaAUsAX KaTanMTn4ecKoro npouecca, MEXaHN3Mbl FOMOTEHHbIX U FETEPOreHHbIX
KaTtanntm4eckmx npoLeccos;

- OCHOBHbIE TUMbl FOMOMEHHbIX N FrETEPOreHHbIX KaTanm3aTopoBs, UCMOJb3YEMbIX B MPOMbILNEHHOCTH;
- OCHOBHbIE TPaANLUMOHHBbIE METObI MONYYEHNS Pa3NNYHbIX TUMOB KaTann3aTtopos C 3a4aHHbIMM
XapakTepucTmkamm CTPYKTypbl 1 cocTaBa

HonxeH ymeTb:

- MPUMEHATb MONYYEHHbIE 3HAHNS 0N OLEHKM BO3MOXHOCTM UCMOIb30BAHNS TOr0 UM MHOMO TMna
Katanuaartopa B TOM UM UHOM KaTanMTU4eckoMm npouecce, a Takxe npu solbope cnocoba ero
CUHTE3a C TpebyeMbIMM XapakTepucTmkamm CTPYKTypbl, COCTaBa 1, Kak CleacTBue,
aKcnnyaTauMOHHbIMW XapakTepuUcTuKamu, oNisi pelweHns KOHKPETHbIX MpakTUYeckmx 3aaad
JlonxeH BnaneTb:

- HaBbIKaMW aHanM3a 1 opraHnaauunn paboTbl KaTaNIUTUHECKMX MPOLECCOB, pa3paboTku 1
NPYMEHEHMs! KaTann3aTopoB Ha HOBbIX U OEACTBYIOLMX NPOMBbIWNEHHbIX 06 bekTax,

- HaBblIKaMU 3KCNEPUMEHTANBHOIO NCCNEOOBAHNS (PUBNKO-XUMUYECKNX CBOWCTB PasnnyHbIX
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Mporpamma omcuunnmHbl "OCHOBbI KOHCTPYUpoBaHUs katanmaatopos”; 04.04.01 "Xumnga".

KaTannTn4yeCckmx CUCTeMm, MaTteMaTunyeckom 06p8.60TKI/I Pe3ynbTaTtos |/|3MepeH|/||7| 1N conoctaBneHunsa nx
C TeopeTn4eCKknMn 3Ha4eHNAMIN.

JlonxeH neMoHCTprpoBaTb CNOCOOHOCTb Y FOTOBHOCTb:

NPUMEHATb NoJly4eHHble 3HaHUA 019 OLUEeHKN BO3MOXHOCTU NCMNONIb30BaHUA TOro Uin NMHOro tnna
KatanuaaTopa B TOM WM MHOM KaTaIMTUHECKOM mpoLecce, a Takxe npu Bbibope cnocoba ero
CUHTEe3a C Tpe6yeMbIMI/I XapakTepuctnkamun CTpykKTypbl, COCTasa 1, Kak cnencrteume,
aKcnnyatauMOHHbIMU XapakTepuctnkamun, onsa peweHnsa KOHKPEeTHbIX MpakTu4eckmnx 3agayd

2. Mecto aucuunnuHel (Moayns) B ctpyktype OMOIM BO

JaHHasa oucumnnmHa (Mogynb) BKNtodeHa B pasgen "61.B.0M.6 ducumnnmHbl (Mogynun)" OCHOBHOM NPOGIECCMOHASBHOA
obpazosatenbHol nporpammbl 04.04.01 "Xumusi (HedbTexmmus n katanus)" n oTHOCUTCS K 0643aTeNbHbIM AUCLUNINHAM.
OcBauBaetcs Ha 1 kypce B 1 cemecTpe.

3. O6beM AUCUMNMJINHDI (MO,IJ,yJ'ISl) B 3a4eTHbIX eauHUuLLax ¢ ykasaHmeM Kosnim4yecrtea 4acoB, BblaeJIeHHbIX Ha
KOHTaKTHyI0 paboTy obyyaloLmxcs ¢ npenogasarenem (Mo BUAam y4ebHbIX 3aHATUN) U Ha CaMOCTOSITENIbHYIO
paboty obyuaromxcs

Obwas TpyLoeMKOCTb AUCLMUMAUHBI COCTaBNSET 2 3a4eTHbIX(ble) eanHuUL(bl) Ha 72 Yaca(oB).

KoHTakTHasi paboTa - 28 4aca(oB), B TOM Yucie nekuun - 28 yaca(os), npakTuyeckune 3aHsTus - 0 yaca(os),
nabopatopHble paboTbl - 0 Yaca(oB), KOHTPOMb CaMOCTOSITENbHOW paboThl - 0 Yaca(os).

CamocTtositenbHas pabota - 44 yaca(oB).
KoHTponb (3a4€T / ak3ameH) - 0 yaca(os).
®dopma NPOMEXYTOYHOrO KOHTPONSA ANCLUUMNIWHLIL: 3a4eT B 1 cemecTpe.

4. CopepXxaHue OUCLUNNUHBI (MOAYNSA), CTPYKTYPUMPOBaHHOE MO TeMaMm (pa3penam) ¢ yKkasaHMeM OTBeAeHHOro Ha
HUX KonnyecTtBa akageMunyeckmnx yacos v BuooB yqe6|-|b|x 3aHATUNA

4.1 CTpyKTypa 1 TematM4yeckuin nnaH KOHTaKTHOM M CaMOCTOSITe/IbHOM PaboTbl NO AUCUUNAUHE (MOOYNIO)

Buabl 1 yachbl
KOHTaKTHOM paboThbl,

Paspenbl aMcuuninHbl / X TPYAOEMKOCTb CamocTtosiTenbHas
N Monyns Cemectp (B yacax) pabota
MpakTuueckuelllabopaTtopHble
Jlekumm 3aHATUA pabortbl
1 Tema 1. BeeneHue B 1 5 0 0 4

‘[KoHCTpYyMpoBaHue Kkatann3aTopos

Tema 2. SlBneHust onsnyeckomn un
2.|xmmnyeckoin agcopbuum B 1 2 0 0 10
KOHCTPyMpOBaHUW Katann3aTtopoB

Tema 3. KucnotHoO-oCHOBHbIE
XapakTepuCcTUKKN KaTanmsaTopos 1 nx

3.[rapaktep P 1 2 0 0 10
perynmpoBaHue npu

KOHCTPYMPOBaHUMN KaTtanns3aTtopos

4. Ig:nai 3.3;<TOOHF§:J§yMpOBaHme OKCUOHbIX 1 10 0 0 10
S s | 1 | 2 | 0 : 1
6. Iaeraiﬁég%%%?abl KOHCTPYMpOBaHNS y 10 0 0 0

toro 28 0 0 44

4.2 CopepXxaHue gUCLUNNNHbI (MOLYNSA)
Tema 1. BBepeHue B KOHCTpyMpoBaHUe KaTannsaTtopos

OnpeneneHve karanuaartopa. Tunbl KaTanutnyeckux npoueccos. JoCTOMHCTBA, HefocTatku. Ponb katanuTnieckux
MpoLIeccoB B HedoTenepepaboTke 1 HedpTeXnMUK.

OCHOBHblEe NMOHSATUS FeTEePOreHHOro Katanmaartopa. Hocutenb 1 BeiNonHsAeMble (YHKLUUN. DNEKTPOHHbIE 1 CTPYKTYPHbIE
goakTopbl kKaTanuaatopa. Ctaanmm KaTaMTMY4eckoro akra.
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Mporpamma omcuunnmHbl "OCHOBbI KOHCTPYUpoBaHUs katanmaatopos”; 04.04.01 "Xumnga".

KaTtanusartop ? 310 BewWweCTBO (MHANBUAYANTLHOE XMMUYECKOE COEANHEHNE NN CMECH), MPUCYTCTBME KOTOPOro B CMECHU
peareHToB NPMBOAUT K BO3BYXXAEHMIO NN YCKOPEHMWIO TEPMOONHAMUYECKO pa3peleHHON XMMNYECKoi peakumnmn Mexay
peareHTamu, B Xo4e KOTOPOM 3TO BEWECTBO He pacxoayeTtcs. Ecnu katanmsaTop v pearupytolwme BelwecTBa HaxooaTcs
B OHOI 1 TOl Xe goase (B BONbLIMHCTBE CNyYaeB XWOKOIR), KaTanua Ha3biBatoT rOMOreHHbIM. B aTom cnyyae
Katanmsatop paBHOMEPHO pacnpeneneH no peakumoHHOMy 06 beMy B aTOMHO- UK MONEKYNSIPHO-ANCIEPCMOHHOM
cocTosHuW. K npoueccaM roMOreHHoro katanmaa OTHOCSAT MHOFOYUCNIEHHbIE peakumy ruagpartauum, rmaponnsaa,
CynbdMpOBaHUS, ranoreHMpoBaHns, atepmncrkaumm, KoHgeHcaunn 1 Opyrne, yckopsemble KUcnotamm nunm
OCHOBaHUSMU B XNOKOW ¢hase, a TakXe XnIAKodas3Hoe OKMCNEHNE YrNeBoLOpoaoB B npucytcTeum conen Co, Mn, Fe,
Cu n op. Ecnu katanusaTtop v pearvpytowme BewecTBa HaxoaAaTCs B pasHbix dasax, Mexay KoTopbiM/ UMeeTCs
rpaHvua pasgena, katanua HasblBaloT reteporeHHblM. Hanbonee pacnpoctpaHeH cnyyali, koraa TBepablii katanmaaTop
(KOHTaKT) YCKOPSIET peakuuio Mexay razamMu Unm peakumio B pactesope. [ eTeporeHHo-kaTanuTnieckmne npoLecchl B
NPOMBbILWAEHHOCTU UCMONb3YIOT WUPE, YEM FOMOreHHO-KaTanmTnyeckue. K HUM OTHOCAT BaXHeNWmne NpoMbILLSIEHHbIE
peakuun cMHTe3a 1 oKUCNeHns ammmaka, okucneHust SO2 B SO3, rnybokoro 1 napumManbHOro OKUCIEHNS OpraHnyYeckmx
COelVHEeHWI, nonyvyeHns Bogopona koHesepcuei cmecn CO + H20 nnn CH4 + H20, nernpgpuposaHns ankaHos B
0oneoUHbl U ONECOMHOB B ANEHDI, TMAPUPOBAHUS XMPOB, KPEKUHIA 1 pUGOOPMUHIa HedpTK, a TakxXe MHormne gpyrue. K
IOCTOVMHCTBY FOMOIMEHHOr0 KaTtannaa MOXHO OTHECTU BbICOKYH 300dEKTUBHOCTb UCMO/Ib30BAHWS NMOBEPXHOCTH
Katanuaartopa Tak kak B3aMmomencTene ?katannsaTop-cybctpat? npoTtekaeT Ha MEXMONEKYNsSIPHOM YPOBHE.
PaBHOMepHOCTb pacnpeneneHunst katanmaaropa B 06 beMe KOHTakTHOWM Maccbl. OCHOBHbIMY NapamMeTpamm ynpasneHns
NPOLLECCOM SBNSIETCS TeMnepartypa 1 BpeMs KOHTakTMpoBaHus. B kayecTBe HenocTaTka roMOreHHOro katanmaa MoXHoO
OTMETUTb TPYOHOCTb BbIAENEHMS KaTtanmaaTopa M3 KOHTakTHOM Macchl, N0ABoAA UM 0TBOAA Tenna, CNOXHOCTb
ynpaBneHus BpeMEeHEM KOHTaKTMPOBaHUS, NPOTEKaHNeM BTOPMYHbIX MPOLLECCOB C y4acTUeM 06pasyolmnxcs peareHTos.
Mpwn KMCNOTHOM KaTanmnae ? BbiCOKast KOPPO3NOHHASA aKTUBHOCTb KOHTAKTHOM Macchl.

JlocToMHCTBaMM reTeporeHHOro Katannsa sBnstoTcs 6onee WUpoKne BO3IMOXHOCTM yrpaBieHns KaTauTuieckmm akTom
(BpEMSI KOHTAKTUPOBAHUS, TEMMepaTypa, JaBNeHNe peakumn), NerkocTb OTAENEHNe KaTanmaatopa 1 ero MHOrokpaTHoe
ncrnonb3oBaHue. BoaMoxHOCTb noaaepXxaHus Tennosoro 6anaHca.

Tema 2. dBneHusi onsanyeckom n XMMMYECKon aacop6bumum B KOHCTPYMPOBaAHUM KaTann3aTopoBs

duramnyeckas ancopbuns NCNoNb3yeTcs B Katanuae Ans onpeneneHns TEKCTYPHbIX XapakTepucTuk katanmaaropa (Vm,
Syn, makcmnmyMm pacnpenenenue nop), Rep =4V/S. Kputepumn n noteHuManbHble KpyBble ON3NYECKOW N XUMUYECKOW
apcopbuwnu. dBneHne ousnyeckor ancopbumm WNPOKO UCMONb3YeTCs ANsl UCCNEeA0BaHUI Y CO3LaHUS TEKCTYPHBIX
XapakTepucTrk katannsatopoB. OCHOBHbIE rPaHNYHbIE YCOBMS B Teopvn agcopbunm JleHrmiopa. Mpu o4eHb Manbix
3ano/HEHNSX NMOBEPXHOCTY afcopbumst NponopuroHanbHa JaBneHno (KOHLEeHTpaumm) agcopbara n nsotepma
onucbiBaeTCst ypaBHeHveM [eHpu. [ns 60Mblumx 3anofHEHNA MOBEPXHOCTM ypaBHeHWe ["'eHpu HeBbINonHMMO. Mpouecc
apcopbunmn pasHoBeceH. CkopocTb aacopbumm NponopumnoHansHa napuyuansHOMy OABMEHUIO UK KOHLEHTpaLUm
apcopbupytollerocs BelecTsa v gone cBoboLHON NOBEPXHOCTU, & CKOPOCTb AeCcOopbUmMU NPONOPLNOHaIbHA TOMBKO
LoMne 3anonHeHust nosepxHocTy. Obwwin BuO n3otepM ancopbumn JleHrmiopa npu pasHbix Temnepatypax T2 > T1. Ons
BblYMCNIEHUst Sya N3 BENUYMHBI MOHOCHOMHOW ancopbumn: . Ha npakTuke n3otepmbl JleHrMmopa HabnoaaTcs peako,
Tak Kak OHW OCNIOXHEHbI MONMMONEKYNsipHoin agcopbunein. ObbIYHO M30TepMbl UMetOT S-06pasHyto dhopmy. Teoputo
nonmmonekynsipHoi agcopbuun cosganu C.bpyHeyap, 1.9mmMeTT, n 3. Tennep (Meton B3T). CornacHo koTopo Npwu
TeMrnepaTtype HUXe KPUTUYECKON, KaxX4asi MONieKyna B MEPBOM C/OE C TEMNOTON aacopbuun SBRSEeTCS LEHTPOM
apcopbunmn ons monekyn obpasytowmx BTOpOo cnoi 1 1.4. TennoTta agcopbuum BO BCEX CNOSIX KPOME NEPBOro paBHa
TennoTe KoHaeHcauun. B paBHoBecun ckopocTb agcopbuum (KoHAeHcaumm) Ha nepeom (CBOOGOLHOM) Cloe paBHa
cKopocTU fecopbunm (McnapeHns) ¢ NEPBOro MOHOCNOS. AHANOMMYHO CKOPOCTh aacopbumy unm KoHAeHcaumm Ha
NepBOM CJI0€ NPUPABHMBAETCS K CKOPOCTU NCNapeHust co BToporo v 1.4. YpaeHeHue B3T. Knaccndmkaumsa IUPAC:
nopbl ¢ 30EKTUBHBIM BHYTPEHHMM PasMepoM Z < 2 HM HasblBatoT MrKpornopamu, ¢ Z =2+50 HM - me3onopamu, n ¢ Z >
50 HM - Makponopamu. B makponopax ¢ Z> 100 HM 06bIYHO MPOVCXOLUT NKLb MOHO- U MONMMONEKY ?nsipHast agcopbuus
Ha noBepxHocTu. [1ns me3onop (1 Makponop ¢ Z< 100 HM) LOMOMHUTENBHO XapaKTEPHO 06 bEMHOE 3aMoNHE?HME MO
MEXaHu3My KanunnsapHON KOHAEeHCaUmMm, KOTOPbIA CBA3aH C KPUBU3HOW NOBEPXHOCTY U ONPeaensieTcs ypaBHeHneM
KenbBn?Ha. 3anonHeHne MrKpomnop Npo?McXoanT Nno opyroMy 06 bEMHOMY MEXaHN3My, KOTOpbI 06yCnoB?neH
HanoXeHWeM nonel cun, OENCTBYIOWMX HA MONEKYNbl ancopbata co CTOPOHbI MOBEPXHOCTU CTEHOK. DTOT apcpeKT
ycunuBaeT ancopbuUMOHHBIA NOTeHUMArN, B pe3ynbTate Takue nopbl MOryT 3a?MoNHATLCS ancopbaTtom yxe npy Manbix
OTHOCUTENbHbIX Aasne?Husx P/Po.

Tema 3. KUCNOTHO-OCHOBHbIE XapaKTepUCTUKU KaTann3aTopoB U UX perynuposaHme npu KOHCTPyMpoBaHUM
KaTtann3aTtoposB
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NHomkaTopHbI MeTon. PyHKUMS KMCNOTHOCTU. HO ? doyHKLIMS| KUCIOTHOCTM, XapakTeprayeT NpoTOHOAOHOPHbIE
CBOWICTBa roMOreHHoi cpenbl. MNosiBneHve uBeTa KMcnor doopMbl MHAMKATOpa Npu agcopbuum Ha NOBEPXHOCTU
KaTanuaatopa ykasblBaeT Ha TO, YTO 3HaYeHVe oyHKLUMM KCnoTHocT HO Ha noBepxHOCTW kaTtanuaartopa Huxe pK
npuMeHsiemoro nHavkaropa. KucnoTHocTe psana katanusatopos, OnpeneneHHas BuayanbHbM METOLOM.
Pa3HOBMAHOCTLIO ABNSIETCS CNEKTPOGOTOMETPUYECKNI METOA, B KOTOPOM MHAMKATOPbLI aACcopOUPYIOT HA ONTUYECKU
Npo3padyHbIX NAeHKax katanusaropa u cHumaoT Y cnekTpbl B BUAMMOM obnactu. Ecnu nsesecteH KoadpdhuumeHT
SKCTUHKLUW, TO MOXXHO OMNpenenuTb KOHLEHTpauuto LeHTpoB. OCHOBHbIE UHAMKATOPbI, UCMONb3yeMble ANs
onpeneneHunsi CUbl KUCMNOTHBIX LLIEHTPOB, KUCNOTHbIE LIeHTPbl HEKOTOPbIX KatanuaaTopos. [NpenMylecTsa: npocToTta
meTona. Hemoctatku: TpyHO onpenenute KOHLEHTPALUIO LIEHTPOB, TaK Kak 4acTo LBET (CMEKTP) KUCNOTHON GoopMbl
MackmpyeTcsl LLBETOM OCHOBHOW oopMbl. VIHAMKaTopbl ancopbupytoTcsl Ha BPeHCTe[0BCKUX U NIbLOUCOBCKUX LIEHTPAX.
WHomkaTopHOe paBHOBecHe He BCerna ycTaHaBnMBaeTcs.

MeTon ancopbumn razoobpasHbix ocHoBaHMin. OCHOBaH Ha TOM, 4TO MONEKYNbI ra3006pa3HOr0 OCHOBAHWS,
ancopbupoBaHHble Ha CUMbHbIX KUCNOTHBIX LIEHTPax, 6onee cTabunbHbl 1 TPyOHEE YOANSAIOTCS.
TepMonporpaMmnpoBaHHast fecopbums OCHOBaHMS - YacTHbI cnyyai metona [ TA, COBMELEHHBI ¢
TepmorpasumeTpuein. B atom cnydae no TIA MOXHO onpeaenuTb KONMYECTBO YAEPXMBAEMOr0 OCHOBaHNSA 1 no ATA ?
KONNYeCTBO NOrnoweHHoro Tenna. Mepor cumbl KUCNOTHBIX LLEHTPOB MOBEPXHOCTM KaTann3aTtopoB MOXET CYXUTb U
TennoTa agcopbunm pasnnyHbix OCHOBaHWUIA. Tak, AN antoMOCUIMKATHOrO KatanmaaTopa KpekmHra AByX TUNnoB
KanopuMMeTpuyeckum MeTonoM bbina namepeHa tennoTa agcopbunm TpumeTunammHa A H, paBHasi COOTBETCTBEHHOM ?
138 1 ? 159 kOx/mMonb. Yalle Bcero B KaueCTBe OCHOBAHUS UCMONb3YIOT aMMUaK, MAPULNH, XUHONWH, H-ByTUnammH.

Tema 4. KOHCTpyMpoBaHUe OKCUOHbIX KaTann3aTopoB
OcHosHol kaTtanua. Npupoaa OCHOBHbIX LIEHTPOB

MNpencTaBneHbl NPOTOHOAOHOPHbIE CBOWCTBA OKCUAOB, 415 KOTOPbIX HalAeHbl 3HaveHns PA. MNpupona OCHOBHbIX
LeHTpoB Hanbonee nogpobHO uccnenoBanach Lnsi OKCUAOB KanbLMs U MarHus. [1okasaHo CylecTBOBaHNE HECKOMbKMX
TUMOB OCHOBHbIX LLEHTPOB Ha NMOBEPXHOCTW OKCMAA MarHWa 1 YaCTUYHO AErnapaTMpoBaHHOMO rMAPOKCMAA: CUNBbHO
ocHoBHble O2- LeHTPbI, NpeBpaLiatowmecs B npouecce ancopbumm B noHsl CO32-; CUNbHO OCHOBHBIE LIEHTPHI,
06pasoBaHHbie noHamy O2-, mpunerawiLMm K noBepxHocTHbiM OH-rpynnam; nosepxHocTHble OH-rpynnb,
npencrasnsowme coboi cnabble OCHOBHbIE LLEHTPbI.

CronbyaTtble rmuHbl

[ MWHBI SBNAIOTCS NPUPOLHBLIMA aNOMOCUIKATaMU 1 B TEYEHNE ONNTENBHOrO BPEMEHMN UX NCMONb3YIOT B KAYeCTBe
KaTtann3atopoB WU UX KOMMOHEHTOB. [TpMpPOaHbIE MNHBLI: MOHTMOPUINIOHNT
Mx/nn+0aH20(Al4-xMgx)oct(Si8)tetO20(OH)4 v rannyaant (H20)4[AI2(Si205)(OH)4] npuMeHsinu B kayecTee
KatanmaatopoB kpekuHra ¢ 1936r. no Tex nop, noka B 1950r. oHM He ObiN 3aMeHEHbI CUHTETUYECKUMM
antomocunmkatamu. Bce npmpoaHbie ryHbl cogepxart npumecu okenpos: TiO2, Fe203, FeO, CaO, MgO, K20, Na20.

,ﬂermnpaTauMﬂ cnmpTtoB

OLHMM 13 Hanbonee MHOTOTOHHAXHbIX KaTanuTUYeCckmx NPOLLECCOB, NMPOTEKAOWMX MO KMCNOTHOMY MEXaHU3MY,
asnsetca gernaparaumns cnuptos. OH kaTanmampyetcsa okcuaamm Al203, WO3, ThO2, TiO2 u 1.4., KoTopble
Masnio4yBCTBUTENbHbBI K OEACTBMIO S40B 1 NErko pereHepupytotcsa. B 3aBucumocTn oT Tvna katannsartopa npoayKTbl
peakumu MoryT 6biTb pasnnyHbl. Ha cerogHsAWHWM AeHb HET eAMHOr0 MHEHUS MO MEXaHM3My MPOoTekaHms npouecca. B
KaX[O0M KOHKPETHOM Cllyyae NpoLLEeCC OMUCHIBAETCS MEXAHM3MOM, JAOLWMM Hambonee afiekBaTHyO KapTUHY NONyYEHHbIX
pe3ynbTaTos. Tak, cHMTaeTcs, 4To Aernaparauuns aBnseTcs AByXCTaguiHbIM NPOLLECCOM 1 NpoTekaeT Yepes
obpasoBaHme acpupa. MNpn CHUXEeHMN TeMnepaTypbl Bbixon adupa Bo3pacTtaeT. Ha Al203 pasnoxeHue ataHona
npotekaet npu 250-350UC no4ytn co 100%-HOI CENEKTUBHOCTBIO B STWU/IEH U BOAY.

MpeBpaweHne metaHona

LpyruM npoLeccom, NpoTeKaoWwmM No KMCNOTHOMY MEXaHM3MY, SBNSIETCS NPeBpalleHme YyrneBoLoponoB (MeTaHorn,
onedouHbl, NapaduHbl) Ha ueonutax. B 1976 roay coupma ?Mobun? B CLUA coobwmna o paspaboTtke npouecca
npespaLeHs MetTaHona B yrnesonopoabl Ha ueonute HZSM-5. MNpouecc nonyynn HassaHve MTG
(methanol-to-gasoline), nnu ?Mobun-npouecc?. ObpasoBaHue yrneBo4OPOL0B MPOXOANT B HECKONLKO cTaauii. BHavane
npotekaeT obpaTumas gernaparaums MeTaHona B LMMETUNOBLI agomp, KOTOPLIV B AanbHEleM aernapatnpyeTcs ¢
nony4yeHnem oneconHoB. lNocneaHne BCTyNatoT B peakumy NoiMMepmaaLim n LMKnm3aumm, npueoasme Kk 06pasoBaHuto
anKaHoB, LUMKN0anKaHOB U apoMaTUYECKNX YrNeBOAOPOL0B.

Tema 5. KoHCTpyupoBaHUe MeTannmyeckux KatanmsaTropos

MeTannnyeckme HaHeCEeHHbIE KaTannaartopbl WMPOKO NCMONb3YIOTCS B peakuusix, NpoTekatowwmx ¢ y4acTnem BOAopoaa.
Kpome Toro, HaHeceHHble MeTannyeckne KatannmsaTopbl MCMONb3YIOTCS B NpoLeccax C y4acTUeM KMCNopoaa,
Harnpumep, cenekTuBHOro u rnybokoro okucnexus (Pt, Pd, Rh, Ag). Ha MoHosiAepHbIX LEHTPax akTueauus BOLOPOAa
NPUBOAUT K 06pa30BaAHUIO MOBEPXHOCTHBIX MMAPULHbIX hopM. [ns Takmnx metannos kak Ti, Pd u Pt 6onee rnybokoe
B3aMMOLENCTBME C BOLOPOLOM MOXET NMPUBOAUTL K 06pasoBaHuMio ¢pasbl ruapuaa Metanna.
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"ny6okoe u napumansHoe ruapuposaHne. B nepBom cnyyae BCce HEHACHIWEHHbIE CBA3M TMAPVPYIOTCS 00 NPeBpalleHns
B C?0-, C?C-, C?N-cBsi3u (Hanpumep, ruapunposaHue 6eHsona B Luknorekcat). MNpenensbHbiM cnydaem rnybokoro
rMapvpoBaHns SBNSeTCS rmpporeHonns ¢ obpasosaHuem ceazelr C?H, O?H, N?H. Bo BTopoM cnyyae napumanbHoe
rMopupoBaHne npoTekaeT oo HekoToporo npegena. Fe, Cu n Pt, xyxe nornowaroT BOAOPOS U COOTBETCTBEHHO NMEIOT
6onee HN3KYIO KaTaNnMTUYECKYIO aKTUBHOCTb, YeM Ni u Pd. B kauecTBe katanuaaTopoB rmaprpoBaHns MPUMEHSIIOT TakKe
okcuabl (xpomnt Menm CuCrO2), cynbcouasl (NiS, CoS, MoS2, WS2), kapbuabl (Mo2C).

Tema 6. OCHOBbI KOHCTPYUpPOBaHUA Katann3atopoB
OcHogbl KOHCTPYMpOBaAHNA KaTann3aTtopos

Hay4Hble OCHOBbI MPUrOTOBNEHNSI KATanM3aTopoB ? YCTAaHOBNEHNE 0BLWMX (PU3UKO-XUMUYECKUX 3aKOHOMEPHOCTEW,
LEVICTBYIOLLMX HA KaXOM 13 3TanoB BbIGPaHHOrO METOAA MOMyYEeHUs OTAENbHbIX KNIACCOB OLHOTUMHbIX MO CBOEN
NPUPOLE NMPOMEXYTOUHBIX Y1 CUHTE3VPYEMBIX U3 HUX LIENEBbIX NMPOLYKTOB. SMMNMPUYECKMIA NOOXOA K NMPUrOTOBNEHNIO
KaTanuaatopa COMpsiXeH C NPOBELEHNEM OFPOMHOMO HY/CHa 9KCMEPUMEHTOB, TaK Kak TpebyeTcs y4ecTb BNUSIHME
pasnuyHbIX onepauuii 1 PakTOPOB NMPUrOTOBEHNS HA NOKa3aTenu katanmaaTopa.

CenekTMBHOCTb (M36UpaTeNbHOCTL) KaTann3aTopoB, XapakTepnayemas OTHOWEHMEM CKOPOCTH 06pa3oBaHUs
Tpebyemoro npopykTa K obLweli CKOPOCTW NpeBpaLLeHNs UCXOLHOrO BelecTBa, 6onee YyBCTBMTENbHA K YCNOBUAM
NPUroToBNeHNs, NOCKONbKY OHa OnpeaenseTcs He TO/IbKO XMMUYECKMM 1 dpa3oBbiM COCTaBaMm akTMBHOMO KOMMOHEHTA,
HO 1 NMOPUCTON CTPYKTYPOIA.

MeTonpbl nony4yeHunsa Kkatanmn3aTtopos

1. MeToAbl ocaxaeHusi U3 pacTBOPOB (UM COOCAXAEHWS A1 MHOFOKOMMOHEHTHbIX cucTeM). 2. MeToabl HaHeceHus. 3.
MeToabl, OCHOBaHHbIE HA MEXaHWYeCKOM CMelleHM KOM?NoHEHTOoB. 4. MeToabl, 6a3mpytolunecs Ha TepPMUYECKOM
pasnoXeHnn NC?X0OHbIX BewecTs. 5. B oTOenbHyto rpynny OTHOCAT MeToAbl NMPUroTOBNEHNS NO?PUCTLIX TeN rybyaToi
CTPYKTYpbl, UCMONb3Ys XMMUYEeCKOoe BO3?AeMCTBME peareHToB Ha rpybo NopucToe niv Henopuctoe Teep?noe Teno:
BbllLeNayvBaHue CrniaBoB Npy CUHTE3e CKeNeTHOro Kka?TanmaaTopa Tuna Hukenb PeHes.

B kayecTBe UCX0OHbIX BEWECTB ANs 30/b ? refnb MeTo4a NPUMEHSIIOT HEOPraHn4Yeckme CoOeqUHEHNs (CUNNKaT HaTpus,
SiCl4, TiCl4, ZrCl4 v nop.) ankokcugel (Si, Al, Ti un gp.): tetpametokcucunaH (TMOC), TetpaatokcucunaH (TEOC),
Tetpanponokcucunan (TMOC), TetTpabytokcucunan (TBOC), TeTpans3onponoKCUTUTaH, N30NPONUNaT LMPKOHUS 1 Ap.
Mo 30nb?renb cnocoby ¢ MCNONbL30BAHMEM aNKOKCMAO0B MONYYaoT WNPO?KUiA HABoP ANCNEPCHBLIX MaTepuanos
pPasnnyHOro XMMM4Yeckoro cocrasa:

? nHgueuayanbHble okeuapl: Si0O2, Al203, TiO2, ZrO2, Fe203, MgO;

? BHapHbIE 1 MHOFOKOMMOHEHTHbIE okcuapl: SiO2 ? Al203, Si02 ? TiO2, Si02 ? ZrO2, Si02 ? Fe203, Al203 ? TiO2
Al203 ? ZrO2, A1203 ? MgO;

? HaHeceHHble MeTannmyeckue katanmaartopsl: Pt/AI203, Pt/SiO2, Pd/SiO2, Pt-Sn/Al203.

MexaHuaMmbl 3aKkpenneHns NpeawecTBeHHNKA akTUBHOrO KOMMOHEHTa Ha NOBEPXHOCTU HOCMTENS

1. Aocopbuus B MONeKynsipHO-AUCNEPCHOM COCTOSHUM

3akpenneHune Monekyn Xnopuaa nannaams IPOCXoauT 3a cHeT 06pa3oBaHmns NoBepxHocTHbIX [-komnnekcos ¢ C=C
rpynnamu yrnepogHoro HOCUTENS;

2. VIoHHbI (KaTUOHHbIN MW @aHUOHHbIN) 0BMEH C MOBEPXHO?CTHLIMU (OYHKLIMOHANIbHBIMU FPyMnamMim)

3. KaTnoHHbIn 06MeH ¢ NOBEPXHOCTHBIMM KaTUOHaMK, BXOAA?IUMMI B CTPYKTYPY HOCMTENS

4. XvmMunyeckoe B3auMogernicTeme

5. eﬂeKTpOXI/IMI/I'-IeCKOG BOCCTaHOB/NEHNE MeTanna Ha I'IOBer?HOCTI/I yrneponHoro Hocutend npun HaHeCceHnn B
aHa3p06HbIX (T.e. B OTCYTCTBUA BO3,EI,yX8.) ycnosusx

5. MNepeueHb yue6HO-MeTOOMYECKOr0 obecneyeHns M1 CaMOCTOSITeNIbHOWU paboTbl 06y4alLLLUXCS MO
AucuUnIMHe (MOAaYIHO)

CamocTosiTenbHas paboTta obyyatowmxcst BbIMONHSAETCS Mo 3a4aHWIo U NpU METOANYECKOM PYKOBOLACTBE Npernoasartens,
HO 6e3 ero HeNocpencTBEHHOro y4acTus. CamocTtoaTenbHasa pabota noapas3nensieTcs Ha CaMoCTOATENbHYO PaboTy Ha
ayanTOPHbIX 3aHATUAX U HA BHEAYAUTOPHYO caMocToaTeNbHYyto paboTy. CamocTtosiTenbHas paboTta obyyatowmxcst
BK/IOYAET KakK MONHOCTbIO CaMOCTOATE/IbHOE OCBOEHME OTAENbHbIX TEM (Pasfenos) ANCUUMAWHBI, Tak 1 NPopaboTKy TeM
(pa3penos), ocBavBaeMbIX BO BpEMS ayaUTOPHOI paboTbl. Bo BpeMsi caMocTosiTenbHOM paboTbl 06yyatolmecs YnuTaoT u
KOHCMEKTUPYIOT y4ebHYI0, Hay4HYO U CNPaBOYHYO NUTEpaTypy, BoINOMHSOT 3aaHNs, HanpaBneHHble Ha 3aKpeneHne
3HaHW 1 0TPabOTKY YMEHWIA N HABbLIKOB, FOTOBSITCS K TEKYLLEMY U MPOMEXYTOYHOMY KOHTPONIO MO ANCLMIINHE.
OpraHuzauusi caMocTosTeNnbHon paboTbl 0ByHaloWUXCS pPernaMmeHTMpyeTCsl HOPMATUBHBIMU LOKYMEHTaMU,
y4ebHO-MeTOANYECKON NMTepaTypoii N aNeKTPOHHbIMM 0Bpa3oBaTeNibHbIMU Pecypcamm, BKIoYas:

Mopsnok opraHM3aummn 1 OCyLWecTBAEHNS 0Dpa3oBaTeNbHON AeATENbHOCTM N0 06pasoBaTebHbLIM NPOrpamMMam BbICLIErO
obpaszoBaHus - nporpammam bakanaepuara, nporpamMmMam crieunanuteTa, nporpammam MarucTpatypbl (YyTBepXaeH
npvkasom MuHucTepcTBa obpasoBaHust U Hayku Poccuiickoin ®@enepauun ot 5 anpens 2017 ropa Ne301)

Mucemo MuHucTepcTBa obpasoBaHus Poccuiickoin ®enepaumm No14-55-996uH/15 ot 27 Hosibps 2002 r. "O6
aKTUBM3aUMM CAMOCTOATENbHON paboThbl CTYAEHTOB BbICIIMX Y4EOHbIX 3aBeaeHMN"
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YcTaB cheaepanbHOro rocyapcTBEHHOr0 aBTOHOMHOIO 06pa3oBaTensHOro yupexaeHns "KasaHckuin (MprBonxckuii)
doenepanbHbI yHuBepcuTet"

MpaBuna BHyTPeHHEro pacnopsaka enepansHOro rocynapCTBEHHOMO aBTOHOMHOMO 06pa30BaTeNbHOMO yHpEXaeHNs
BbICLWEro npodeccroHanbHoro obpasosanus "KasaHckuii (Mpreonxckuid) coenepanbHblii yHUBEpPCUTET"

JlokanbHble HOpPMaTunBHbIE aKTbl KazaHckoro (an/IBOﬂ)KCKOFO) hbenepanbHOro yHmeepcureta

6. POHA, OLLEHOYHbIX CPEeACTB NO AUCLUUMNIMHE (MOAYNIO)

®DOoHAO OLEHOYHbIX cpencTs no gucunninHe (Mo,u,ymo) BKIOYAET OUEeHO4YHble MaTepualibl, HanpaB/iEeHHble Ha NPOBEPKY
OCBOEHMNS KOMMETEHUWA, B TOM YMCIE 3HAHWIA, yMeHVII7I 1 HaBblkoB. POHAO OLEHOYHbIX cpencTs BKIO4YaeT OueHOYHbIe
cpencTea TeKylero KoOHTponAa 1 oueHo4YHble cpenctea ﬂpOMe)KyTOLIHOIZ arrecrtauumn.

B ¢hoH e OUeHOYHbIX CPEACTB COAEPXUTCS Creayiolas uHpopMaums:

- COOTBETCTBME KOMMETEHUUI NNaHMpPyeMbIM peadynbTatam 0by4eHus Mo AUCUUMNvHe (MoLynio);

- KPUTEPUM OLIEHMBAHNS CHOPMUPOBAHHOCTY KOMMNETEHLWIA;

- MEXaHU3M (DOPMUPOBAHWSI OLIEHKYM MO AMCUMNVHE (MOAYNIO);

- onucaHve Nopsiaka NPUMEHEHUs U NpoLeaypbl OLEHMBAHNS LS KaXA0r0 OLEHOYHOr0 CPencTBa;
- KpUTEepPUM OLIEHMBAHNS O KaXA0ro OLEeHOYHOro CpeacTBa;

- cogepXaHue OLEHOYHbIX CPeacTB, BK/oYas TpeboBaHus, NpeabsBisemMble K 0ecTBUSM 0Oydatowmxcs,
IEeMOHCTPVPYeMbIM pe3dynbTaTtaMm, 3aaHns PasnnyHbIX TUMOB.

DOoHAO OLEHOYHbIX cpencTs no gucumninHe HaxoonTcs B rlpI/IJ'IO)KeHI/II/I 1k nporpamme oucumnninHbl (MO,EI,y}'IPO).

7. NepeueHb nuTepatypbl, HEO6XO0AUMMON OJ1S1 OCBOEHUS OUCLUNUHBI (MOAynst)

OcBoeHVe aucUMNAUHBI (MOSYNS) NPeLnonaraeT U3yYeHrne OCHOBHOW 1 LONONHUTENLHOW y4ebHOM nuTepaTypbi.
NuTtepatypa MoXeT ObITb AOCTYMHA 00yyalowWwmuMcs B O4HOM U3 BYX BApPUaHTOB (M60 B 060MX N3 HKX):

- B 9/1EKTPOHHOM BUAE - Yepe3 3NEKTPOHHbIE BUBNMOTEYHbIE CUCTEMbI HA OCHOBaHMM 3ak/to4eHHbIXx KDY aorosopos ¢
npasoobnanatensimu;

- B NeyatHoM Buae - B HayyHoi 6ubnuoteke um. H.N. Nlobayesckoro. Obyyarowmecs nonyyaroT y4ebHyto nutepatypy Ha
aboHeMeHTe Mo YnTaTeNbCKM brneTam B COOTBETCTBUM C NMpaBunamy nonb3oBaHus HayyHol 6GnbnnoTekoii.

OneKTPOHHbIE N30aHUA OOCTYMHbI AUCTAHLUMOHHO 13 NoB0 TOUKM NpW BBEAEHNN 00yHaOLWMMCS CBOETO NOMMHA 1 Naponst
OT NNYHOro KabuHeTa B cMcTeMe "ONEeKTPOHHbIA yHMBepcUTeT". Mpu MCNONb30BaHUM NeYaTHbIX U3naHWi GbNNOTEYHbIN
hOHL [OMXKeEH BblTb YKOMMNEKTOBAH MUK 13 pacyeTa He MeHee 0,5 ak3emnnsipa (ans obyyatowmxcs no rocC 3++ - He
meHee 0,25 sk3emMnngapa) Kaxooro n3 n3gaHunini OCHOBHOM nuTepatypbl n He meHee 0,25 ak3emnngapa AONONHUTENbHON
nuTepaTypbl Ha Kaxaoro obyyatowerocs 13 yucna nuu, 0LHOBPEMEHHO OCBaMBAIOWMX OAHHYIO OUCLMNANHY.

MepeyeHb OCHOBHOW U [OMONHUTENBHOMN y4eBHON NTepaTtypbl, HEOOXOAMMON A1 OCBOEHUS AUCLUMMNAVHBI (MOOyns),
Haxonomutcs B MNpunoxeHun 2 Kk paboyeli nporpamMme AUCUMNAMHBL. OH NOANEXUT OBHOBNEHMIO NPY U3MEHEHUN YCITOBUIA
noroeopos K®Y ¢ npasoobnagatensiMm anekTPOHHbIX U3OAHWA U NPU N3MEHEeHM KOMMNIEKTOBaHNUS ooHa0B Hay4Hoi
onbnuotekn KdY.

8. MNepeueHb pecypcoB MHPOPMALLMOHHO-TEIEKOMMYHUKaLMOHHOMN ceTh "UHTepHeT", He06X0AUMbIX NS
OCBOEHUS1 AUCLUMNMUHBI (MOOYIS)

KaTtanua B npoMblwneHHOCTH, nepuoguydecknin xXypHan - http://elibrary.ru/contents.asp?issueid=1140752
KunHeTuka n katanuns, nepmogundecknii XxypHan - http://elibrary.ru/contents.asp?issueid=712147
HeopraHnyeckune matepuansl, Nnepuoan4ecknii xypHan - http://elibrary.ru/issues.asp?id=7918
HedTexmmuns, nepruoamnyecknii XxypHan - http://elibrary.ru/issues.asp?id=7920

pekomeHpauun no paspaboTke katanuaartopa - http://e.lanbook.com/view/book/32826/page249/

9. MeToguyeckme ykasaHus gnsi 06yyaroLLLMXCA MO OCBOEHUIO AUCLUNIMHBI (MOAYNS)

- OeMOHCTpaumen cnannos C NpUMeHeHneM MynbTUMEOVNAHON TEXHUKMN,

- UCNOMb30BaHMEM pa3faToyHOro Matepmuana Ncnonb3oBaHVEM pa3faTtoyHoro Matepuana c
n306paxkeHNEM CTPYKTYpPbl KaTannsaTopos, Ux qooTorpagousaMm, cxeMamm NPO3BOLCTB
KaTanu-3aTopoB U KX 3KCMayaTaumnm, KOHCTPYKLIMU XUMUYECKOro 060pyaoBaHMs, NprbopoB ans
CMHTe3a 1 aHanuaa KarannsaTopos.

- NCMOMb30BAHNEM MHTEPHET-PECYPCOB PA3/IMYHbIX MONCKOBBLIX CUCTEM, TaKMX Kak www.rambler.ru,
www.yandex.ru, www.wail.ru, www.yahoo.ru; www.rushim.ru, www.chem.msu.ru, www.Scirus.com,
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a TakXxe caiToB rocynapctBeHHbix BY3os: MI'Y, CIery, Hry, MK CO PAH, Scientopica,
ChemWeb, Researchlindex, ScientificWorld

10. MNepeyeHb NHPOPMALMOHHBIX TEXHOIONMIA, UCMO/Ib3YEeMbIX NMPU OCYLLLeCTBNEHUM 06pa3oBaTenbHOro
npouecca no gucuunanHe (MOAynNo), BKOYasi nepedeHb NPorpaMMHOro obecneyeHnst U UHCOOpPMaLMOHHbIX
CNpaBOYHbIX CUCTEM (MPU HEO06X0AMMOCTH)

MepeyeHb MHPOPMALMOHHBIX TEXHOMOMUIA, UCTONb3YEMbIX NMPU OCYILECTBEHU 06pa3oBaTebHOro npoLecca no
AUCUMNAVHE (MOLyNio), BKNOYas nepeyeHb NporpaMMHOro obecrneyeHns n MHGOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM,
npenctasneH B MpunoxeHnn 3 k paboyen nporpaMMe AUCLMNNVHBI (MOOYNS).

11. OnucaHue MaTepVIaanO-TEXHVI‘-IeCKOﬁ 6a3bl, Heob6xooumon ons ocyuiecTB/ieHus oﬁpaaoBaTeanoro
npouecca no gucuuvrimnHe (MO,IJ,an-O)

MatepunanbHO-TEXHUYECKOE obecrneyeHune o6pasoBaTeanoro npouecca no gucumnnmHe (MO4yNto) BKAKOYAET B cebs
cnepywouwme KOMMNOHEHTDI:

MomelleHnst onsi CaMOCTOSTENbHOM PaboTbl 0BYYAWUXCS, YKOMMNIEKTOBAHHBIE CMELNANU3NPOBAHHOR MEBENBIO (CTOMbI 1
CTYNbs1) U OCHAILEHHbIE KOMMbIOTEPHOM TEXHUKOM C BO3MOXHOCTbBIO MNOAK/OYeHUs K ceTu "MIHTepHeT" 1 obecneveHrem
JOCTyna B 3NEKTPOHHYIO MHGPOPMaLIMOHHO-06pa3oBaTensHyto cpeny KDY.

YyebHble ayamTopun oNns KOHTakTHOW paboThl C NpenonasateneM, yKOMNIeKkToBaHHble cneumanianpoBaHHol Mebenbio
(cTonbl 1 CTYNbA).

KomnboTep 1 NpuHTEp 4N pacneyvatku pa3aaToyHbiX MaTepranos.

MynbTMeouiiHas ayautopmsi.

CneumnannsmpoBaHHas nabopartopus.

12. CpencrtBa apanTtauuMm npenogaBaHUs AUCLUN/IMHBI K NOTPe6HOCTAM 06y4YaloLuxcsi MHBanuAa0B U AL, C
orpaHU4YeHHbIMU BO3MOXHOCTSIMUA 34,0POBbSI

Mpw HeobxoaMMoCTK B 06pa3oBaTeNibHOM NPOoLEcce NPUMEHSIOTCS creaytolme MeToabl 1 TexHonorum, obneryarowme
BOCMpUSTE NHpopMaLMKN 0By4YatoWMMNCs MHBANIMAAMI U NLAMW C OrPaHNYEeHHbIMU BO3MOXHOCTSIMI 3[00PO0BbS:

- cO3[aHve TEKCTOBOW BepcUM No6Oro HETEKCTOBOMO KOHTEHTA LS €r0 BO3MOXHOro npeobpasoBaHus B
anbTepHaTMBHBLIE (POPMbI, YO0OHbIE NS PA3NNYHbIX NOMb30BaTENEN;

- CoO3[JaHne KOHTeHTa, KOTOprI7I MO>XHO NpencTaBnTb B pa3/iM4yHbIX Bnoax 6e3 noTepun OaHHbIX UK CTPYKTYpPbI,
npenycMoTpeTb BO3MOXHOCTb MaCLUTaélllpOBaHl/lﬂ TekctTa un |/|306pa>|<eH|/||7| 6e3 noTepun KavyecTea, NpenycMoTpeTb
OOCTYNHOCTb ynpaBneHnda KOHTEHTOM C KnaBunatypbl;

- cO3[4aHne BO3MOXHOCTEW AN 06y4atoWwmxcs BOCIPUHUMATL OLHY W Ty XXe MHPOPMaLMIO U3 pasHbIX MCTOYHMKOB -
HanpuMmep, Tak, 4Tobbl NMLA C HAPYLWEHNUAMU CyXa NONyyYani MHGOPMaLLMIO BU3YarbHO, C HAPYILEHWSIMU 3PEHUS -
ayananbHo;

- MPUMEHEHVEe NPorpaMMHbIX CPencTB, obecrneynBatoWmx BO3MOXHOCTb OCBOEHNS HABbIKOB 1 YMEHWIA, CDOPMUPYEMbIX
OVNCLUMNMIMHOM, 3a CYET anbTepHaTUBHbLIX CNOCOO0B, B TOM YUCNE BUPTYanbHbIX NabopaTopuii U CUMYNSILNOHHBIX
TEXHONOIMIA;

- NPVMEHEHNEe ANCTaHUMOHHbIX 0Bpa3oBaTenbHbIX TEXHONOIMIA Ois nepeaayy MHGOPMaLUMW, OpraHn3auuy pasinyHbIX
POPM MHTEPAKTUBHOW KOHTaKTHOW paboThl 0by4yatowerocs ¢ npenonasatenem, B TOM Yucie BebUHapoB, KOTOPbIE MOTYT
ObITb UCMONb30BaHbI AJ1sl NPOBEAEHNS BUPTYaNbHbIX IEKLMIA C BO3MOXHOCTHI0 B3aUMOLEACTBUS BCEX YHACTHNKOB
OMCTaHUMOHHOro 0by4eHmsl, NpoBeaeHNsI CEMUHAPOB, BBICTYMNEHNS C AOKNAAaMM U 3aWmUTbl BbIMOHEHHbIX paborT,
NpoBeAeHNS TPEHVHIOB, OPraHM3aLmmn KONeKTUBHOWM paboThl;

- NpuMeHeHne oNCTaHUMOHHbIX o6pa303aTeanb|x TEXHONOrnin ang opraHusaumm oopM TeKYLLEro 1 NPOMEeXYTO4YHOro
KOHTPONA;

- YBENNYEHME NPOLONIXKNTENIbHOCTU caa4m oby4atolwmMMcst UHBANULOM UK NINLOM C OFPaHNYeHHbIMU BO3MOXHOCTSIMI
30p0Bbs DOPM NMPOMEXYTOYHON aTTeCTALMMN MO OTHOLWEHMIO K YCTAaHOBNIEHHOW NMPOAONXUTENBHOCTU UX COAYN:

- NPOAONIXXUTENIbHOCTU CcOayn 3a4éTa UM aK3ameHa, npoBoaonMOro B NMUCbMEHHOMN doopme, - He 6onee 4em Ha 90 MUHYT;

- NPOOONXNTENbHOCTM NOAroTOBKM 06y4atollerocs K 0TBeTy Ha 3a4éTe Unu aKk3ameHe, NPOBOAVMOM B YCTHON doopMe, - He
6onee yem Ha 20 MUHYT;

- NPOOOIXUTENTIbHOCTU BbICTYNNEHUA 06y'-|a+ou4eroc9| npu 3awunTte KprOBOI7I pa6OTbI - He bonee yem Ha 15 MUHYT.

Mporpamma cocTtaBneHa B cooTBeTcTBUM ¢ TpeboBaHnaMu IrOC BO 1 yyebHbIM nnaHom no HanpasneHuto 04.04.01
"Xvmus" n marmctepckon nporpamme "Hedbtexmmmng n katanms".
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lMpunoxerne 2
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
651.B.0.[].6 OcHOBbI KOHCTPYMPOBaHNS KaTaamn3aTopoB

MepeueHb nuTepartypbl, HEOOXOAUMOM 4Nt OCBOEHUS OUCLMIUINHBI (MOLOYNS)

Hanpasnenue noagrotosku: 04.04.01 - Xumuns

Mpodomnb noarotosku: Hedptexmmma n katanma
KBanucukaums BbinyCKHUKA: MarmcTp

dopma oby4eHus: o4Hoe

SA3bik 0by4eHmns: pycckuii

oo Havana obyyeHns no obpasoBaTenbHoi nporpamMme: 2016

OcHoBHas nuTeparypa:
1.MuHayes, Xabnb MuHayesuny. N3bpaHHbie Tpyobl: FeTeporeHHbI katanus. Hedorexmmus.
KaTanutnyecknin opraHudeckmin cunites / X. M. MuHades; Poc. akan. Hayk, UH-T opraH. xummum um. H.
L. 3enunHckoro; pen.-cocT. 4.X.H., npodp. H. 4. Ycayes; npeaucn. un.-kop. PAH A. J1. Jlanngyca v
I.X.H., npodp. H. 4. Ycayesa.?Mocksa: URSS: [[IMBPOKOM, 2011]. 844 c.,
2.HopkeHoopd, N6. CoBpeMeHHbI kaTtanns un xuMudeckas kuHetuka / . YopkeHgopd, X.
HanmaHTcBeopant ; nep. ¢ aHrn. B. N. Pongyruna. 2-e nsa. JonronpyaHein : MiitennekT, 2013. 500
C.
4.bynaros B.B., llomosa T.H. Xumuyeckas kuHeTuka: yiebHoe nocobue. - CaHkT-IMNeTtepbypr: JlaHb,
2014. - 288 c. hitp://e.lanbook.com/books/element.php?pl1_id=42196

JononHutenbHasa nuteparypa:
1.l 'eTeporeHHble KaTanMTUYecknue peakumm B NPOTOYHbIX PpeakTopax: PyKOBOLACTBO K nabopaTopHoMy
NpPakTUKyMy 4Nis CTYAEHTOB XuMuyeckoro Hctutyta um. A.M. bytneposa KdY / A.A. llambepos u
Ip. - KasaHb: KasaH. YH-T1, 2013. -77 c.
2.DPU3NKO-XMMMYECKME METOObI UCCNEeN0BaHNS FETEPOreHHbIX Katanm3aTopoB: PyKOBOLACTBO K
nabopatopHoMy npakTukymy / aBT.-cocT. A.A. Nambepos, C.P. Eroposa, A.H. KaTtaes u op. - KazaHb:
KasaH. YH-1, 2013. - 80c.
3.MopepHuM3aLmsa kKatanm3aTopoB U TEXHONOrMK cMHTe3a naonpeHa Ha OAO
'HuxHekamckHedoTexuM' / A.A. Nlambepos, X.X. M'mnbmaHoB. - KasaHb: KasaH. YH-T, 2012. - 404 c.
4. bokwTeliH B.C., MeHnenes M.N. ®dunanyeckas xmumms: TepmoanHammka n kuHetuka. - M.:MUCUC,
2012.- 258 c. http://e.lanbook.com/books/element.php?pl1_id=47443
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lMpunoxerve 3
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
651.B.0.[].6 OcHOBbI KOHCTPYMPOBaHNS KaTaamn3aTopoB

nepe'-IeHb MHPOPMaLIMOHHbIX TEXHONMOINMMK, UCNONb3YyeMbIX AJ1s1 OCBOEHUS AUCLUMIUHBI (MO,IJ,ynil), BKo4yas
nepe4yeHb nporpaMmMHOro obecneyeHns u MH(POPMaLIMOHHbIX CNPaBOYHbIX CUCTEM

Hanpasnenue noarotosku: 04.04.01 - Xumns

Mpodomnb noarotosku: Hedptexmmma n katanus
KBanucukaums BbinyCKHUKA: MarncTp

dopma 0by4eHus: o4Hoe

SA3bik 0by4eHuns: pycckuia

oo Havana obyyeHns no obpasoBatenbHoi nporpamMme: 2016

OcBoeHne oucuUnnInHbI (MO,EI,yl'IFI) npegnonaraet ncnosib3oBaHme cnenytowero nporpamMmHoOro obecrneyeHus 1
MHJPOpMaLMOHHO-CNPAaBOYHbIX CUCTEM:

OnepauunoHHas cuctema Microsoft Windows 7 MpodbeccuoranbHas unm Windows XP (Volume License)

MakeT odpucHoro nporpammHoro obecneverus Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayaep Mozilla Firefox

Bpaysep Google Chrome

Adobe Reader XI unn Adobe Acrobat Reader DC

Kaspersky Endpoint Security ang Windows

YyebHo-MeToAMYeCKas nutepatypa ons JaHHOW AUCLMMNANHBI UIMEETCS B HANMYMK B SNIEKTPOHHO-OMBNMOTEUHOI cucTeme
"ZNANIUM.COM", nocTyn K KoTopoii npenoctaeneH obyyatowmmes. I6C "ZNANIUM.COM" coaepXuT npon3BeneHns
KPYMHENWMX POCCUNCKUX YHEHbIX, PyKOBOAUTENEN rocy0apCTBEHHbIX OpraHoB, npenogaearenein segyLmx By30B CTPaHbl,
BbICOKOKBaNMULIMPOBAHHbLIX CMELMANNCTOB B pa3nnyHblx cdoepax busHeca. doHn 6ubnmotekn cpopMmnpoBaH C y4eToMm
BCEX M3MEHEHUA 06pa30oBaTeNbHbIX CTaHAAPTOB 1 BKNKOHYAET y4ebHMKN, y4ebHble nocobus, yuebHO-MeToanYeCcKme
KOMIekchbl, MOHOrpadoum, asTopedeparbl, AuccepraLmm, SHUUKIoNeaun, CnoBapu U CNpaBoYHNKN,
3akoHo4arteNbHO-HOPMaTUBHbIE [OKYMEHTbI, CrieumanbHble Nepuognyeckme n3gaHns n ndnaHusl, Boinyckaemble
nspartenbcteamu By30B. B HacTosiwee Bpems S5C ZNANIUM.COM cooTBeTCTBYET BCEM TPeOOBAHMSAM (oeepanbHbIX
rocynapcTBeHHbIX 06pasoBaTtenbHbIX CTaHAapToB Bbicwero obpasosaHust (PrOC BO) HoBOro NokoneHus.

YyebHo-meToamMYeckas nutepatypa s LaHHOW AUCLMNAUHBI UMEETCS B HANNYMU B SNEKTPOHHO-BMBNNOTEYHOR crncTeme
NapatenbcTBa "MaHb" , LOoCTyn K KOTOpOM NpepocTtasneH obyyatowmmes. 96C NapaTtenbcTea "MaHb" BktoyaeT B cebs
SNEKTPOHHbIE BEPCUM KHUT n3patenbcTsa "laHb" 1 opyrux BeLylwmx n3natenscts y4ebHoOM nuTepaTypsbl, a Takxe
SNEKTPOHHbIE BEPCUUN MEPNOANYECKUX U3OaHWUIA NO €CTECTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbIM Haykam. 9bC
N3paTenbcTea "MaHb" obecneunBaeT fOCTYN K HAYYHOW, y4ebHO NuTepaTtype 1 HayYHbIM NEPUOLNYECKAM U3LAHUSM MO
MakCMMarnbHOMY KONMYECTBY NPOOUNbHbLIX HANPaBReHUi A C COBNOAEHNEM BCEX aBTOPCKUX U CMEXHbIX Mpas.
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