MWHWCTEPCTBO HayKM M BbICLLUErO 06pa3oBaHns Poccuiickoit deaepaumm
HWXHEKAMCKUIA XMMUKO-TEXHONIOTUYECKUIA UHCTUTYT (chmnvan)
(heiepasibHOro rocyAapCTBEHHOIO GHOMKETHOrO 06Pa30BaTENbHOIO YUPEXKAEHMS

BbICLLEr0 06pa3oBaHuA

«KasaHCKuiA HaluMOHabHbIA UCCNef0BaTe/IbCKNIA TEXHONOTNYECKNIA YHUBEPCUTET>
(HXTN ©I'bOY BO «KHUTY»)

4 )

JOKYMEHT NOANNCAH
3NEKTPOHHOW NOANUCHIO

CepTudukar:
02C581C300FBAC248447298EECFD34536D
Bnapeneu: Axmetos Unbaap Nymeposuy
[ewcreutenex: ¢ 30.03.2021 po 30.06.2022

. J

TBEPXXAOARO

MCTUTeNb AupekTopa no YP
v ( H.N. Hukundoposa
££ 2021 T.

®OHJ, OLIEHOYHbIX CPEACTB

no gucumnivHe (Moay/o)

51.B.07CoBpeMeHHbIe TEXHONOMMK 1 060pyAoBaHKME Mo rnepepaboTKe
TSOKE/bIX HEPTAHbIX 0CTAaTKOB

(HaMeHOBaHWe AUCLMMNNHDI)

18.04,01 «XunmMmyeckast TeXHONOrnUs»
(KoA 1 HauMeHOBaHWe HampaB/ieHWs NOAr0TOBKM)

«[pouecchl ¥ TEXHONOrMK rNy60Kou nepepaboTKm HethT»

(nporpamma noAroToBKm)

MarmcTp

KBa/IMhnKaums

OYHO-3a04HadA

thopma 06yueHns

HwmwxHekamck, 2021 .



CocTtasutenb ®OC:
AOLEHT Kadeapbl HeTeXMMUECKOr0 CUHTE3a C.B. BooBnHa

(BomKHOCTB)

@dOC paccmMoTpeH 1 0406peH Ha 3acefaHnn Kadeapbl HedhTEXMMMUYECKOro CUHTE3A,
npoTokon ot 24 mapta 2021 r. Ne 8

3aB. Kaeapoi ,b. MuHuranves
(nognucs) (®.1.0)

JKCnepT:
Pykosoautens OOl

BoosuHa C.B., goueHT Kadegpbl HedTexmmmyeckoro cuHtesa HXTU ®IBOY
BO «KHUTI'Y»

®.1.0., [OMKHOCTb, opraHusaumsa/ne nucs



Ilepeuenv komnemenyuili U UHOUKAMOPOB 0OCMUICCHUS KOMNEMEHUUIL ¢ YKA3ZAHUEM IMAN08 hopMuposanus ¢ npoyecce 0C60CHUA
OUCUUNIUHBL
KoMmnerennus:

[TK-3 CniocoOeH BrafeTh 3HAHUSIMHE, MTO3BOJISIFOIIMMU aHATU3UPOBATH TCHCHITUHN PA3BUTHS TEXHOIOTHI He(PTEXMMUYECKHX TIPOU3BOJICTB,
COBEPIIICHCTBOBATH JICUCTBYIOIINE, BHEAPSATH HOBBIE TEXHOJIOTHH HA OCHOBE PAllMOHAIBHBIX U AIbTEPHATUBHBIX UCTOUYHHUKOB ChIPhS. UHIMKATOPBI
JAOCTHKEHHSI KOMIIETEHIINH

3.1 3HaeT TeOpEeTUYECKHUE OCHOBBI MPOMBIIIUICHHBIX TEXHOJOTHYECKUX IPOIECCOB COBPEMEHHBIX HE(DTEXHMHUUYECKHX MPOU3BOJICTB; OCHOBHBIC
HANpaBJICHUSI Pa3BUTHS W COBEPIICHCTBOBAHUS TEXHOJOTWUH IMPOMBIIUICHHBIX IPOW3BOJCTB;, NPHHIMUIIBI MOCTPOCHUS TEXHOJOTHYECKHX CXEM
MIPOU3BOJICTB; CIIOCOOBI PAllMOHATILHOTO HCIIOIb30BAHUSI ChIPbS U YTUIN3ALMU PON3BOACTBEHHBIX OTXO/I0B.

3.2 Ymeer pa3pabarbiBaTh M COBEPIICHCTBOBATH TEXHOJOTHIO IPOU3BOJCTBA MPOIYKTOB OPraHUYECKOTO M HE(PTEXMMHUYECKOTO CHHTE3a;
pa3pabaThiBaTh TEXHOJIOTHUYECKHUE CXEMbl XMMHUECKUX MPOU3BOACTB; aHATU3UPOBAThH CIIOCOOBI PAIMOHAIBHOTO UCIIOJIB30BAHUS CHIPhS U YTUIH3AIUN
MIPOU3BOJICTBEHHBIX OTXOOB, TPOBOANTH aHAIM3 KOHTPOJISI KA4eCTBA TEXHOJIOTUIECKOTO MPoIiecca.

3.3 Bnameer TEOpeTHYECKMMH OCHOBAaMH ITPOMBIIIICHHBIX TEXHOJIOTMUYECKHX ITPOIIECCOB OPTraHUYECKOTO U HE(YTEXUMHUUYECKOTO CHHTE3a;
HaBBIKaMU Pa3pabOTKH U COBEPIICHCTBOBAHMS TEXHOJIOTHH IPOHM3BOJICTBA MPOJIYKTOB OPTAaHMYECKOTO W HE(YTEXMMHUECKOTO CHHTE3a; MPUHIUIIAM U
MOCTPOCHUST TEXHOJOTMYECKUX CXEM XHMMHUYECKHUX TMPOU3BOJACTB; CHOCOOAMHM pPAIlMOHAIBHOTO HUCIHONB30BAaHUS CBHIPhS M yTUJIM3ALUU
MIPOM3BOJICTBEHHBIX OTXOOB; CIIOCOOAMM aHajaM3a KOHTPOJIS KadecTBa TEXHOJOTHYECKOIO MPOIECCa; HABBIKAMU YCTPAHCHHS TEXHOJOTHYECKOTO
Opaka.

Huouxamoput Imanwvl hopmuposanusn e npoyecce 0C60EHUA OUCYUNTUHDBL
- Haumenoeanue
oocmudiceHus Jlexyuu Ilpakmuueckue 3anamus, Jlabopamopnwie | Kypcoeoii npoexm
- OUEHOUYHO020 cpedcmea
KomnemeHnyuu 1a00pamopHblil NPAKMUKYM 3aHAmMUA (paboma)
IK-3.1 Temwvr 1-6 He npeoycmompenut Temwvr 1-3 He npeoycmompenul JlabopamopHvie
pabomul,
IK-3.2 Temovr 1- 6 He npedycmompenni Temwvr 1-3 He npedycmompenni KOJLIOKBUY MBI,
3a4em ¢ OYeHKoU
IK-3.3 Temovr 1- 6 He npeoycmompeHul Temwvr 1-3 He npeoycmompenul




Ilepeuens oyenounvix cpedcme no oucyuniune (Mooyno)

0151 0UHO-3a04HOoU (4 cemecmp) popmbl 00yueHusn

Ouyenounvle cpeocmsa Kon-60 Min, éannoe Max, oannos
Jlabopamopnas paboma 3 12 20
Konnoxeuym 2 24 40
3auem c oyenxoii 1 24 40
Hmoezo: 60 100




HlIxana ouenusanusn

Indposoe
BbIpaKeHue

Bripaxenue B
0aJsnax:

CioBecHoe
BbIpa:KeHHe

Kputepun onieHKH HHIUKATOPOB JOCTHKEHHS MPU (popMe KOHTPOJIS:

JK3aMeH / 3a4er ¢ OLIEHKOM

3adyeT

5

87 -100

OTan4HO
(3auteHo)

OneHka «OTJIIMYHO» BBICTABISIETCA CTYJIEHTY, €CJIH TEOpPETHUECKOe
coJiep>kaHue Kypca OCBOEHO MOJHOCTHIO, 0e3 Mpo0esyoB; McYepHbIBaoLIE,
[IOCJIEIOBATENIPHO, YETKO M JIOTMYECKH CTPOWHO H3JIaraeT Marepual;
CBOOOJHO CIpAaBISieTCs C 3afadyaMM, BOIPOCAMH W APYIMMH BHIAMH
MIPUMEHEHUs 3HAHW; HCIOJIB3yeT B OTBETE JONMOIHUTENBHBIN MaTepuan
BCE NPENyCMOTPEHHBIC MPOrPaMMOM 3allaHHs BBIIOJHEHbI, Ka4eCTBO HX
BBIMIOJIHEHHUS OLICHEHO YHCJIOM OamioB, OMM3KUM K MaKCUMaJbHOMY;
aHAJIM3UPYET TIOJIyYEHHBIE pe3yJIbTaThl; MPOSBIAET CaMOCTOSTENbHOCTh
TIpH BBIIOJTHEHUH 33 JaHUH

74 - 86

Xopo1o
(3auTeHO)

OLEeHKa «XOpOILO» BBICTABISIETCS CTYNEHTY, €CIU TEOPETUUECKOE
collep)KaHHEe Kypca OCBOSHO IIOJTHOCTHIO, HEOOXOIWMBIC IPAKTUIECKHE
KOMIIETEHIINK B OCHOBHOM C(OPMHPOBAHBI, BCE MPEIyCMOTPEHHBIE
porpaMMoi oOydeHus] y4deOHBle 3aJaHUs BBHITIOJIHEHBI, KadeCTBO WX
BBIMIOJIHEHUSI JOCTATOYHO BbICOKOE. CTYIOEHT TBEpAO 3HAET Marepua,
rpaMOTHO M MO CYUIECTBY M3Jarae€T €ro, He JOMNYyCKas CYLIECTBEHHBIX
HETOYHOCTEW B OTBETE HA BOIPOC.

60 -73

VY nosnersopu
TEJIBHO
(3auTeHo)

OueHka  «yIOBIETBOPUTENIBHO»  BBICTABISETCS  CTYIEHTY,  €CIU
TEOPETHYECKOE COAEpPIKaHWE Kypca OCBOCHO YaCTHYHO, HO TMPOOENbl He
HOCSAT CYIIECTBEHHOI'O XapakTepa, OOJBIIMHCTBO TPEIYCMOTPEHHBIX
MPOTPaMMOii 3aJ]aHN i BBITIONIHEHO, HO B HUX UMEIOTCS OIIMOKH, TIPH OTBETE
Ha MOCTAaBJICHHBIA BOIPOC CTYJIEHT AOMYCKA€T HETOUHOCTH, HEAOCTATOYHO
MpaBWIbHbIE (OPMYJIUPOBKH, HAOIIONAIOTCS HApYIIEHUS JIOTHYECKON
I10CJIEI0BATEIbHOCTH B U3JI0KEHUU IIPOTPAMMHOI0 MaTEpHAIIA.

Onenka «3aUTEHO
CTYJEHTY, €CJIH OTBETHI
TeMaM JUCHUIIIINHBI

JIOTHYCCKH

HC3HAYUTCIIBHBIC HCA0OYCThI
TaKHe
CaMOCTOSATCIIBHOT'O

CTYyJICHTA,

OIINOKY U TIp

BBICTaBJISICTCS
Ha BOMPOCHI IO
MIOCJICTOBATENIBHEI,
JIOIyCKaloTCA
B OTBETE
OTCYTCTBUE

peueBbie

H3JI03KEHBI,

Kak
BBIBOJIA,

Huxe 60

Heynosnersop
UTEIBHO
(He3aureHo)

OneHka «HEyAOBIETBOPUTEIBHO» BBICTABISIETCS CTYAECHTY, €CIIM OH HE
3HAeT 3HAYUTENBHOM YacTHM MPOTPaMMHOIO MaTepuana, JOIyCKaeT
CYIIECTBEHHbIC ONIMOKH, HEYBEPEHHO, C OONBIIUMH 3aTPYJHEHUSMU
BBHITIOJIHSIET ~— TIpaKTHUYeCKHe  paboThl, HEOOXOAMMBIE  IMPAKTHYCCKHE
KOMIIETEHIIMM He C(HOPMUPOBAHBI, OOJBIIMHCTBO MPEIYCMOTPEHHBIX
mporpaMMoii oOydeHusi y4eOHBIX 3aJaHW{ HE BBINIOJHEHO, KauecTBO HX
BBITIOJTHEHHS OIICHEHO YUCIIOM 0aiyioB, OJIM3KIM K MUHUMAJIBHOMY

OneHka «He

CTYACHTY, €CIlu

3a4TCHO»
CTYACHT

BBICTABJIACTCA
HC 3HACT

OCHOBHBIX TOHSTHH TEMBEI JWCIUITIIINHBI,

HC OTBCYHACT

Ha JOOIIOJIHUTCIBHBIC U

HaBOAIIMEC BOIIPOCHI MPETIOJaBaTCIIA.




MuHHCTEpCTBO HAyKH U BhICIIEro oOpa3oBaHus Poccuiickoit denepanun
HwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unan)

beaeparbHOr0 TOCYIaPCTBEHHOTO OOPKETHOTO 00pa30BaTEIBHOTO YUPEKICHUS

BBICIIEI'O O6pa3OBaHI/I$I

«Ka3zaHCkuil HAlMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTETY

Daxynvmem mexHor02U4ecKull
Kagpeopa HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.04.01 —XuMudeckas TEXHOJIOTHS

(K00 u HaumeHoBaHue)

[Tpoduns/crienmanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,

(Haumenosanue)

Cemectp 4 (04HO-3204HAs)

BOHPOCLI AJISI MOATOTOBKH K 32a49€TYy € OLIEHKOH

o nucuuruivee 51.B.07CoBpeMeHHbIe TEXHOJIOTHHA 1 000PYAOBAaHHUE 110 IIePEPAOOTKE TIHKEIBIX

HEe(TSIHBIX OCTATKOB
(HaumeHoB8anue OUCYUNTUHDL)

1. CoIpbe yCTaHOBOK NIEPEPAOOTKHU OCTATOUHOT'O ChIPhs

2. Karanuzaropsl nporecca KaTaIMTHYECKOT0 KPEKHHTa

3. OcobenHocTy nepepaboTKH THKENBIX HEPTIHBIX OCTATKOB

4. TexHonorus U 000pyJ0BaHHE TPOLIECCa BUCOPEKUHTA TyAPOHA

5. Chipbe, onepaTuBHbBIC MApaMETPhI, TPOYKIIUS YCTAHOBOK KaTATUTHYECKOTO KPEKHHTA.
6. Texnonorust 1 000pyAOBaHKE MpoIecca ra3uPUKALUN OCTATOYHOTO ChIPhS

7. CpIpbe, OlepaTUBHbIC TApaAMETPhbI, IPOAYKIIHS YCTAHOBOK 3aMEICHHOTO KOKCOBaHHUSI
8. Texnomorus m 00OpyJOBaHHE MpOILECCa KATATUTUYECKOTO KPEKHHIAa OCTaTOYHOIO

CBIPbs

9. AKBaKOHBepCI/IH OCTATOYHOI'O ChIpbA

10.
11.

Texnonorus u o0opynoBaHue Nporecca r’uAPOKPEKMHIa OCTATOUHOTO ChIPbs
Chlpbe, oOIEpaTUBHBIE IapaMETPbl MNPOAYKLHUS YCTAHOBOK T'MAPOKPEKUHIA

OCTAaTOYHOTI'O CBhIPpbA

12.

TexHomorus u O60py,HOBaHI/Ie YCTAaHOBOK 3aMCIJICHHOI'O KOKCOBAaHHA TSKCIIBIX

He(TAHBIX OCTATKOB.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

CBIPb

25.
26.
217.
28.
29.
30.

KaranuzaTopsl riApOTEPMUYECKHUX ITPOLIECCOB.

[IpowusBocTBO OUTYMOB

HeacdanbTuzanus ryipoHa

TepMokaTanuTUyecKuil KPEKUHT

I'uapoBUCOPEKHHT OCTATOUYHOTO ChIPbSI

Peaktopsl nporiecca KaTaTUTUYECKOTO KPEKUHTA.

AnmnapaTtypHoe opopMIIeHHEe ITpoliecca THAPOKPEKUHTa
ANCOpOLIMOHHO-KOHTAKTHAsl OYMCTKA TSHKENIOr0 HEPTSIHOTO ChIPhS
ITponecchl ruipoo01aropa)kuBaHUsl OCTATOUHOTO ChIPbSI
AmnmnaparypHoe odopmMIieHHEe Mpoliecca BUCOPEKUHTa TYIPOHa.
ITporecchl TepMUYECKON KOHBEPCUU HEPTSHOTO TSAKEIOTO CHIPbS
AmnmnapaTypHoe 0(QOpMIIEHHE YCTAHOBOK 3aMEUIEHHOIO KOKCOBAHHS OCTAaTOYHOIO

[Ipoueccel karaauTHUECKOH NepepabOTKU HEPTSIHOTO TAKEIOTO ChIPhs
3aKOHOMEPHOCTH TEPMUUECKUX MPEBPAIICHUI TPH TEPMOJIN3€e HEPTIHOTO ChIPhS
['MapOKPEKHHT OCTATOYHOTO CHIPHSI

OcobeHHOCTH TepepabOTKH TAKEIOro HEPTIHOTO ChIPbsS

JleacanbTuzanus ryipoHa ¢ KaTATUTHYECKUM KPEKHHTOM
ANCOpOIIMOHHO-KOHTAKTHAS! OYMCTKA TSHKEIOro HEPTSIHOTO ChIPhs



31. Teoperndeckue OCHOBBI MPOIIECCa KATATUTHYECKOTO KPEKHHTa

32. IIpou3BoACTBO OUTYMOB

33. [NomyueHne CBETIBIX HEPTENPOAYKTOB U3 OCTATOYHOTO CHIPbS

34. T'uApOKpPEKUHT OCTATOYHOT'O CHIPhS

35. ChIpbe yCTaHOBOK MEPEpadOTKH OCTATOYHOTO CHIPhS

36. KaranmuTtuueckuii KpeKMHT BaKYyMHOTO Ta30MJIs

37. BucOpekuHr ryapona

38. [Ipumenenre BoA0po/aa MPpHU NepepadoTKe THKEIOT0 HEPTIHOTO CHIPhS
39. YCcTaHOBKHM 3aMeIJICHHOTO KOKCOBaHUS

40. I'azudukanys 0CTaTOYHOTO CHIPHS

MakcumasibHOE KOJHYECTBO OAILUIOB, KOTOPOE CTYACHT MOYKET MOJY4YHTh 3a 3a4YeT C OIeHKoi -40,
MUHUMAJIBHOE KOJIM4ecTBO OaytoB— 0 .



MuHHCTEpCTBO HAyKH U BhICIIEro oOpa3oBaHus Poccuiickoit denepanun
HwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKnil HAalMOHAJIBHBIN UCCIIEIOBATEILCKUI TEXHOJIOTUYECKUI YHUBEPCUTET»

Daxynvmem mexHor02U4ecKull
Kagpeopa HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.04.01 —XumMudeckas TEXHOJIOTHS
(K00 u HaumeHoBaHue)

[Tpoduns/crienmanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)

Cemectp_4 (04HO-3204HAsT)

KoMmuieKT BonpocoB /151 KOJIJIOKBUYMOB
no mucrumuinge 51.B.07 CoBpeMeHHBIE TEXHOJIOIMU U 000PYIOBAHKE IO IIEPEpa0OTKE
TSDKEJIBIX HEDTIHBIX OCTATKOB

4 cemecTp

Komnokuym Nel
. OcobGenHocTH NIepepaboOTKU TAKENIbIX HEPTIHBIX OCTATKOB.
. ChIpbe YCTAaHOBOK NIEPEepabOTKH OCTATOYHOTO CHIPhS
. TeopeTnueckue OCHOBBHI Mpoliecca BUCOPEKHHTa TyApOHa
. TexHONOTMYECKME OCHOBBI IIpOIlecca BUCOPEKHHTA Ty JpOHa

AW

KomnokBuym Ne2

. TeopeTnueckue OCHOBBI MPOLECCA KATATUTUYECKOTO KPEKMHI'a OCTATOYHOI'O ChIPbS.
. TexHoJIOTHUECKE OCHOBEI nmponecca KaTaAIMTUICCKOro KPEKMHI'a OCTAaTOYHOI'O ChIPbA.
. TeopeTnueckne OCHOBBI NPoOIlECCa TMIAPOKPEKMHIA OCTaTOYHOTO ChIPhS
. TexHoJIOTHUECKHE OCHOBEI nmponecca riAPOKPEKUHIa OCTATOYHOI'O ChIPbhs
. TeopeTnyeckre OCHOBBI Mpoliecca 3aMEAJICHHOIO KOKCOBAHUS TSKENBbIX HEPTSIHBIX
OCTaTKOB.

6. TexHoMOrM4YeCKHEe OCHOBBI MPOLIECCA 3aMEAJIEHHOIO KOKCOBAHMSI TSHKEJBIX HEPTSIHbBIX
OCTaTKOB.

O~ wNE-

Kpurepuu onenkmn:

CTyneHT J0oKeH caaTh 2 KOJUIOKBUYMa JIJIsl OYHO-3a049HOM (popMbI 00yueHus:

Jiist kormmokBuyMoB Nel,2: makcumanbsHO 40 6auioB - 3a MOJTHBIN, pa3BEPHYTHIN OTBET Ha
MOCTaBJIEHHbIE BONPOCH]; MUHUMAJIbHO 24 GaJIJIOB - 3a HEMOJIHBINA OTBET C JOMYLIEHHEM IPyObIX
OIIMOOK MPH OIPEAETCHUH CYIIHOCTH PaCKPbIBAEMBbIX MOHITUN, TEOPHIL, ABIECHUH.



MuHHCTEpCTBO HAyKH U BhICIIEro oOpazoBanus Poccuiickoit denepanmu
HwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCkuil HAlMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTETY

Daxynvmem mexHor02U4ecKull
Kagpeopa HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.04.01 —XuMudeckas TEXHOJIOTHS
(K00 u HaumeHoBaHue)

[Tpoduns/crienmanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)

Cemectp_4 (04HO-3204HAsT)

Y4eOHBIM IUTAHOM M0 HampaBieHuo noarotoBku 18.04.01 —Xumudeckas TEXHOJIOIMS IS
O0y4aromUXCs MPEIyCMOTPEHO TPOBEICHHUE J1abopaTopHbIX 3aHsatuii mno aucimuimde b1.B.07
CoBpeMeHHBIE TEXHOJIOTUU U 000PY/IOBAHUE I10 TIEPEPAOOTKE TSHKEIBIX HETSIHBIX OCTATKOB.

JlaboparopHble 3aHATHS 1O JAUCHUIUIMHE TPOBOISTCA B CIENUaIbHO 000pYyJOBaHHBIX
naboparopusix ¢ NPUMEHEHHWEM HEOOXOAMMBIX CpEACTB OOy4YEeHHUs: JTabOpaTopHOTO OOOPYAOBAHHMS,
00pas3IoB Il HCCIIEOBAHNN, METOAMYECKUX MTOCOOHH.

Ilenb mpoBeacHUsS 1abOPaTOPHBIX PabOT - MPAKTHYECKOE OCBOCHHE TEOPETUYECKHX MMOJIOKEHHI
JICKIIMOHHOTO Marepuaia, a Takke BbIPAOOTKAa CTYJICHTAMHU OINPEICICHHBIX YMCHHH M HaBBIKOB
CaMOCTOATEIBHOTO SKCIIEPUMEHTHPOBAHHS.

KommiekT j1adopaTopHbIX padoT
no gucuuminae b1.B.07 CoBpeMeHHBIE TEXHOJOIMH M 000PYI0BaHHE 110 ITepepadoTKe
TSUKEJIBIX HeDTAHBIX 0CTATKOB
Cemectp:4 (04HO-3204UHANA)

JlaGoparopHas padora Nel « TepMudeckuii KpeKHHI 0CTATOYHOIO ChIPbS B
HeNpepPLIBHOM peKnUMe»

a) Annapamypa, peaxmugvi U MAmepua.ivl
* JabOpaTopHasi yCTaHOBKA TEPMUUYECKOI'O KPEKMHIa HEMTPEPBIBHOTO JIEMCTBUS (PUCYHOK
1);
" TEXHHYECKHUE BECHI; JIET;
"  [OTJIOTUTEIBHOE Macio (COsp);
" yccieyeMoe Chlpbe (TYApPOH).
0) I[Iposedenue sxcnepumenma
VYcioBus MpOBECHUS ONbITA B OCHOBHOM 3aBHUCST OT KQUeCTBa ChIPbS: YEM JIErye ChIphE,
TEM BBIIIE TEMIIEpaTypa Ha BBIXOJIE 3 PEAKTOPa; MPOJIOIDKUTEIHHOCTD ONBITA TAK)KE 3aBUCHT OT
CBIPbsI, TaK KaK ONpeAessieTcss ITyOMHON ero pasjioKeHUsl WIM BBIXOJOM Ta3a (B % OT ChIpbs).
PexumM mabopaTtopHOi YCTAaHOBKM YCTaHABIMBAIOT JUIS KaXKIOTO BUIA CBHIPhS OJIHOBPEMEHHOM
PETyJIMPOBKON TeMIEpaTyphl B peakTope, AaBICHUS HA BBIXOJAE U3 HEr0 M MPOU3BOIUTEIHLHOCTH
CBIPhEBOTO Hacoca. [Ipu yCTaHOBHBIIEMCSI PEKMME YCTAaHOBKH — ITOCTOSIHHBIX TEeMIIEpaType,
JIABJICHUM M TIPOU3BOAMTEIBHOCTH CBHIPHEBOIO HAacoca — CKOpPOCTh Ta3000pa3oBaHus (T. €.
00BbeM ra3a, BBIICISIONICTOCS B SIUHUILY BPEMEHHU, HalpuMep B | MHH) TOXe TOCTOSHHA, I10-
ATOMY TTTyOMHY KPEKHHIa MOKHO KOHTPOJIMPOBATh IO BBIXOY r'a3a, Kak MOKa3aHO paHee.
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K 203066im

1 — ceipbeBoii Hacoc; 2 — TpyOYaThlil MOJOrpeBaTesib; 3 — peakTop;
4 — penyKIIMOHHBIA BEHTUJIb; 5 — XOJIOAWIBHUK; 6 — IPUEMHUK; 7 — abcopoep.
Pucynok 1 — Cxema npoTouyHo#i 1a00paTOpHOI YCTaHOBKHU
TEPMUYECKOT0 KPEKHUHIa IIO]] IaBJIEHUEM

Bo Bpems moAroToBku ammaparypbl K OMbBITY BKJIIOYAIOT 3JIEKTPOOOOrpeB BHauaie
peakTopa, a 3aTeM mojorpesateins. [I[pueMHUKOB s TUCTUIUIATA CIIEAYEeT MPUTOTOBUTH JIBa,
OIMH AJii PEeXUMHOro mpolera, Apyroil — s cOopa AMCTUILUIATA BO BpeMs ITyCKOBOTO
Mepuo/ia; ero MOXKHO HE B3BeIIMBaTh. llepen HayasoM OmbITa K XOJOIUIBHUKY TMPUCOCIUHSIOT
TOJIbKO TPUEMHHUK (HEB3BELICHHBIN) U ra3oBble yachl. ChIphe 3aJUBAIOT B MEPHBIN IMIMHID
€MKOCTBIO 3 JI, OTKY/Ia €ro MoJaroT K HacocCy.

Pe3ynbTathl onbiTa 3anuckIBaioT Mo (hopMe, IpeacTaBiIeHHOM B Tadnuie 4 u tabnuue 5:

Tabnuna 1 — @opma 3anucH pe3ynbTaToB IKCIEPUMEHTA

KPeKHHT ..o, (HauMeHOBaHUE
CBIPBS)

YcnoBus onbITa
TEMITEPATYPA, “Cveeeee e,
maBiaeHue, MIIa...................ooiiiiiiiiii,
CpeIHsIsl MPOU3BOAUTEIBHOCTh HACOCa, JI/MHUH...
[IpogomKUTEN HOCTh  OMBITA TNPU  YCTAHOBUBILIEMCS
oL 20 (S S PP
[TpOMYIIEHO CHIPBST, T (T) ..t ueeneeeneeneaeeeneaeeaneeneanans
\Y BT 011002 (21013 170 2<: T
C KPEKHHT-TIPOTYKTOM. .. .eeenueeanteenneeanneannens
11076 10 RPN
Macca KPEKMHT IPOAYKTA, T.'uuveenneenneeenieennneanneennans
Macca a0COPOEPA, T.nuveeereeeeee et eieeeaeeiaeenaan,
NCTeh) (SR0) 100§ - D
D1 (00111 & - F
ITpupOCT MACCHI A0COPOCHTA, T..'uveeeeeienieaneeniannannes
TToKa3aHMS TA30BBIX UACOB, JT....evvunneeeerinnnneeeennnns
NCTeh) (SR0) 100§ - D




Tabnuia 2 — @opma 3ammcu pe3ysIbTaToB SKCIEPUMEHTA

Temmeparypa, "C
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Hauajo ombita

4  MHH
Yepes
9 MuH
4 MuH
q MUH

Konern onbiTa
q MHUH

Cpennuie 1anHble mpobera

Korga Ttemmneparypa B peaktope pocturaer 350 - 400 °C, myckaroT HACOC M HAUMHAIOT
II0J1aBaTh CBIPbE YEpPE3 IMOAOrpeBareiab B peakrop. OTperynupoBaB IOCTOSHHYIO CKOPOCTh
nogauu ceipbs (0T 400 1o 500 Mi1/4), HOCTETIEHHO AOBOAAT TEMIEpaTypy 10 3aJaHHON U OJHO-
BPEMEHHO MOBBINIAIOT JABJICHHE IPU IOMOIIM PEAYKIIMOHHOIO BEHTWIA. Temmneparypy B
peaktope peryiaupytotr npu nomomu JIATPoB, a Takke yBenuuuBas WM yMEHbIIAs MOJA4y
CBIpbSl B peakTop. TakuM oOpa3oM, COBMECTHOM pPEryJWpOBKOW TeMIlepaTypbl, AABICHUS U
[OJla4ll  ChIpbS  yCTAHABIMBAIOT TpeOyeMyl TIJyOMHY KpEKMHra [0 COOTHOILIEHUIO
MIPOU3BOJUTENBHOCTH U BbIX0/1a Fa3a — YCTAHOBKY «BBIBOJAT Ha peXUM». [IpoaomKUTENbHOCTD
ATOro NepUojAa 3aBHUCUT OT INPAKTHUECKHUX HABBIKOB U IPU HOPMAJBHBIX YCIOBHSX COCTaBIISIB
okoso 2 4. [locne TOro kak AOCTUTHYTHI 3aJaHHBIE YCJIOBHS OIbITA M PEXUM YCTAHOBJIEH,
MEHSFOT MPUEMHHK JUIS JAUCTHILIIATa Ha APYrod (B3BEIICHHBINH) W MPHCOESIUHSIOT abcopoep.
Ecnu Tpebyercs npoBecTH aHaiIM3 ra3a, TO MEXJy Ta30BbIMU 4acaMu U abcopOepoM ycTaHaBIIH-
BaIOT Ta30MeTp ISl 0TOOpa rasa.

IIpoaomKUTENPHOCTD ONBITA IIPU YCTaHOBUBIIEMCS pexume oT 2 1o 4 4. C MOMeHTa
CMEHBI IPUEMHUKA U B TEUEHUE BCETO ONBITA 3alIMCHIBAIOT TEMIIEPATYPY, JABJICHHE U CKOPOCTh
NoJauu ChIpbsl MO MpHUBEAeHHOH Bhimle Qopme. Ilepen mpekpaiieHHEM OMNbITa BBIKJIIOYAIOT
AJIEKTPOOOOTPEB, BHOBb MEHSIOT MPUEMHMK (HA MEPBBIA, UCIOJIB30BAaHHBIA B MEPHUO]] IYCKa),
OTKJIFOYAlOT abcopOep M (UKCUPYIOT BpeMsl OKOHYAHHUS OIBbITa U MOKa3aHUS Ta30BBIX YacCOB.
[Tomagy CwIpBSl MpeEKpamiarT, Koraa Temieparypa B peaktope cam3utcs 10 300 - 320 °C; Bo
BpEMs CHIKEHHMS TEMIIEPATypbl IOCTENEHHO OTKPBIBAIOT PENYKLIUOHHBIM BEHTWJIb, CHMKas
TakUM 00pa3oM J1aBJIEeHHE B peakTope /10 aTMoc(hepHoro.

8) Obpabomka pe3ynomamos

XKunkue npoAyKThl KPEKUHIa, MOJIyYEHHBbIE CMEUICHHEM IUCTHILISATA U3 MPUEMHHKA C
MPOJYKTOM ToJBeprarT pasronke. Kpekunr-6ensun orouparot qo 200 °C, 3aTem, OTTOHSIOT
npoMexyTounyto ¢pakiuto 200 - 350 °C, KOTOpYIO Ha MPOMBIIIIEHHOW YCTaHOBKE HAIPABIISIOT
B Meyb IIyOOKOro KpeKHuHra. ATMOC(hEpHYIO pa3roHKy BeayT npumepHo 1o 250 °C B mapax,
MocJie 3TOro KoJIOy OXJaXKAAroT U JajdbHEeHIIy0 pa3roHKY BeIyT B Bakyyme. TakuMm oOpasom,
MaTepHalbHbI OallaHC Pa3TOHKM JaeT BBIXOJI OCH3MHA, MPOMEXYTOUHOM (paKIMU U OCTATKA.
[TosryueHHbIE BBIXOJBI TEPECUMTHIBAIOT Ha 3arpy3k. OOmui MarepHalibHbI OajlaHC OmbITa
MpeJICTaBjIeH B Taduuiie 3.




Tabnuia 3 — O6mumii MaTepuaabHBIA OaTaHC

Brixon
r % (macc.)

Bssto

(033 10) PPN 100

B0 e 100

beusun no 200 O

Opakius 200 — 350 O

| o) X o Y 100

JlaGoparopHnasi padora Ne2 «Ilepuoanyeckoe KOKCOBaHUE THAKEJI0T0 HePTAHOTO
CBIPbS B KYOHKe»

a) Annapamypa, peaxmusbi U Mamepua.ivl
* ja0opaTopHasi yCTaHOBKA MEPUOJAMYECKOTO KOKCOBAHMS B KyOMKE WJIM aBTOKJIaBe
(pucyHok 1);

" TEXHUYECKHUE BECHI;

*  JensgHas OaHs,

"  Ta30BbIC YaCHI,

" BOJ3;

"  [IONIOTUTEIBHOE MAcIo (COsp);

" HccieayeMoe Chipbe (TYIPOH, KPEKUHT-OCTATOK).

K 2a306s1m

A

1 — kyOuK; 2 — XOJNOAUIBLHUK (METAJUTMUECKUN); 3 — MPUEMHUK;
4 - abcopOep; 5 — TepMoMeTp.
Pucynok 1 — Cxema nabopaTopHOii YCTaHOBKH MEPHOIUIECKOTO
JIeHCTBUSA

0) IIposedenue sxcnepumenma
B kyOuk 3arpyxkator 400 - 500 r cbipbs (TyapoHa, KPEeKHHI-OCTaTKa) M 3aKpPhIBAIOT
KPBIIKOW (MpH 3aBUHYMBAHWUU TaeK HE CleAyeT NOATATMBaTh HX KIOYOM MOApsa, a
00s3aTeNbHO HaKpecTexKalue, YTo0bl He MEPEeKOCUTh KpbIMIKY KyOuka). K oTBonHOI TpyOke
KyOuKa NPUBHUHYUBAIOT XOJIOAWIBHUK; Jajee NPUCOSAUHSIOT IMPEeIBApUTEIbHO B3BELICHHbIC



NpUeMHHUKH, abcopOep M ra3zoBble uachl. [ oTOopa mpoObl ra3a Ha aHaiM3 MapajuIeIbHO
ra3oBbIM YacaMm (4epe3 TPOWHUK) MPUCOSAMHSIOT razomeTp. [IpueMHHK W abcopOep CTaBsT B
JensHy0 OaHIO U 3alUCHIBAIOT HAYaJbHbIE TIOKA3aHUs Ta30BBIX YaCOB.

Ky6uk pazorpeBaroT mnpu IMOMOIIM Ta30BBIX ToOpesiok (Tpex — uyerbipex). Chycrts
HEKOTOpPOE BpeMsi IOCIIE BKIIOUEHHs HarpeBa TeMIlepaTypa B Mapax HauMHAET MOBBIIIATHCS U B
MPUEMHHUKE MOSIBIISIFOTCS MEPBbIE MOPLUH AUCTUILIATA. 3aTeM HAYMHAETCS MPOLIECC Pa3IoKEHUs
U KOKCOBAHHS ChIpbSl, TEMIIEpaTypa CTAHOBUTCS INpUMEPHO mNocTosiHHOM (okoino 400 °C) u
HaOJI01aeTCs 3HAUMTEIbHOE BbleneHue raza. Korma mporecc KOKCOBaHHS MOIXOJUT K KOHILY,
BBIJICJIEHUE JUCTWIUIATA IMOYTH MPEKpaIlaeTcs, a ra3oo0pa3oBaHME YCHIIMBAETCS; HAKOHEII,
BBIJICJICHHE Ta3a Takke mpekpamaercs. [locae storo emie 30 - 40 MuH HarpeBaroT KyOuK (AJis
NPOKAIMBAHUS KOKCA) M 3aTE€M TYIIAT TOPEIIKH.

8) Obpabomka pe3ynibmamos

[To oxoHUaHMM OMBITA ONPEAEISAIOT MAacCy OTOTHAHHOTO IUCTHIUIATA, MPUPOCT MACCHI
abcopOepa 1 Maccy rasza (onpeaenauB ero miIoTHOCTh). Koraa kyOuKk oxJiaguTcsi, €ro OTKPBIBAIOT,
[OCJI€ Yero THIATEIbHO OYMIIAIOT CTEHKH KyOMKa OT KOKCa M B3BEIIMBAIOT BECh OCTABIIMNCS
KOKC.

MarepuanbHbiii 0ajJaHC OIbITa COCTaBIAETCS MO (popme, MpecTaBIeHHON B Tabiuia 6.

Tabmuma 1 — MaTtepuanpHbIi OaslaHC TpoIecca MEPHOINISCKOT0 KOKCOBAHUS

B3ssito r | % (macc.)

(03 510) 1<t 100

BCOTO. ..ot 100
[Tonyueno

JIMCTHIIIAT B TIPHEMHUKE. . .. eevvveneeneaneananeeneanenneneenens
ITpUpOCT MACCHI A0COPOCHTA. .. ... veneeneeteaeeeaneeeaaenaenn,

BCOTO. oottt 100

JIMCTUILUIAT U3 MpPUEMHUKA MEPETOHSIIOT ¢ 0TOOpoM OeH3mHoBOU (pakuuu o 200 °C.
Beixon stoit ¢pakiuu u octarka Beime 200 °C mepecyuThIBaOT B MPOLEHTHl HA HCXOIHOE
ceipbe. Ilpupoct Maccel abcopbeHTa OTHOCAT K OeH3uHy. Takum o00pa3oMm, KOHEUHBIN
MaTepHalbHBI OanaHc Mmpolecca MEePUOJANYECKOr0 KOKCOBAaHHS COCTaBJsIeTCs MO ¢opme,
IpeJicTaBICHHOMN B Tabmuie 7.

Tabnuma 2 — Koneunslit MaTepuabHbIi 0ajnaHC npoliecca NeproandecKoro

KOKCOBaHUS
0
B3sto r &
(macc.)
(03 10) PPNt 100
BCRIO. .ttt 100
ITonyyeno

Bbensun no 200 T
Ocratok BBIIE 200 °C ... o

BCETO. oo 100




JlabopaTopnasi pabora Ne3 «KaTtaauTuyeckuii KpeKHHI THKeJbIX NPOAYKTOB
KPEKMHIa HEKOHANIHMOHHBIX BICOKOMOJIEKYJISIPHBIX COeIUHEHUI»

a) Annapamypa, peakmugbl U Mamepuabl

nabopaTopHasl yCTaHOBKA KaTAIUTHYECKOT0 KPEKUHTa (PUCYHOK 1);
HCCIIEIyeEMOE ChIPBE;

karanuzatop (NaxX-bKO);

D> ]
B
Bogaa obp.
\ -3 ~——————

T-5
A Bopa np.
l———

I
E-6
Mpoaykr
\ MasoobpasHbie
npoAyKTLl B

@ O BBITAIKHOW Wikad

rz Ps
Pucynok 1. Cxema nabopaTopHON YCTaHOBKH KaTaIUTHUECKOTO KPEKUHTa
0) IIposedenue sxcnepumenma

IIpouecc kaTaJIUTUYECKOTrO KPEKHHIa MPOBOJUTCS Ha YCTAHOBKE CO CTAallMOHAPHBIM
CJI0EM KaTaju3aTopa, B KaueCTBE KOTOPOro ObUI MCIIOJIb3YETCs LIEONIUTHBIN KaTanuzatop NaX-
BKO (naceimuas miaotHocts — 0,65 r/em?, cpenHuii auamerp yactul — 2-4,5 M, hopma rpaHyin
skerpyaar). Temmeparypa B 30HE peaklMu BapbupoBanachk B npexenax or 400 mo 550 °C,
00BEMHast CKOPOCTb MOJAYH ChIPbs — 0T 1 10 5 ™.

HcxonHoe chipbe nocne nogauu u3 MmepHoit emxoctu E-1 B mpoMexyrounyro EMkocTh E-
2, cHaOXeHHOM KpaHOM JUIsl PEryJMpOBaHUs IMOJIaud ChIPbs, MOCTYIAeT Ha MpeJBapUTENIbHBIN
HarpeB W UcnapeHue B neub-nuposmsep I1-3. B meun ucxoanoe ceipbe HarpeBaercs 10 300 °C, a
JUIs TIOBBILIEHHWS CKOPOCTH TeIulonepenayd TpyOKka Muposid3epa MpeacTaBiseT coOoi
negnermatop. M3 meum Harperoe chlpbe mojaercss B peakTtop P-4, B KOTOPOM C MOMOILBIO
3NIeKTpooOorpeBaTelis Mo iep >KUBaeTCsl He0OXoquMas Temreparypa npoiecca. O0beM peakTopa
cocraBmsier 100 cm’. [Tapbl MpOIYKTOB MOCTE peakTopa MPOXOAST TEII00OMeHHUK T-5 u
MOCTYMAlOT B eMKOCTh-cemaparop E-6, rne HakammuBaercs kuikas ¢aza. M3 emxocTH-
cenaparopa E-6 razoBas (¢aza momajgaer B ra3oBble 4Yachl, C MOMOIIbIO KOTOPBIX MPOHCXOAUT
3aMep WX KOJMYECTBa, a 3aTeM cOpackiBaeTcs uepes BenTmiarop H-7 B atmocdepy.

8) Obpabomka pe3yibmamos

XKunkue npoAyKTbl KPEKMHIA, MOJIyYEHHBIE CMEUICHHEM IUCTWILIATA U3 NMPUEMHHKA C
MPOJIYKTOM TO/ABEPraroT pasronke. Kpexkunr-6ensun orouparot g0 200 °C, 3atem, OTTOHSIOT
npomexyTounyto ¢gpakuuio 200 - 350 °C, KOTOpyr0 Ha IPOMBIIIJIEHHON YCTaHOBKE HANPABIISIIOT
B Ieub INIyOOKOTo KpekuHra. ATMoc(hepHyo pa3roHKy BeayT mpumepHo no 250 °C B mapax,
[I0CJI€ 3TOT0 KOJIOY OXJIaXAaloT U JalbHEHIIYI0 Pa3sTOHKY BeXyT B Bakyyme. Takum oOpazom,



MaTepHalbHbI OallaHC Pa3TOHKH JaeT BBIXOJ OCH3MHA, MPOMEXYTOUHOM (paKIMU U OCTATKA.
[TomydeHHBIE BBIXOMBI MEPECUUTHIBAIOT Ha 3arpy3k. OOmwmii MarepuanbHBIM OanaHC OmbITa
npezcTaBieH B Tabnuue 3.

Tabnuma 1 — OO0t MaTepraIbHBINA OaTaHC

Brixon
Bzsaro r %
(macc.)

CBIPDBC. .ottt et e 100

B0 e 100

bensun no 200 O

Opakiust 200 — 350 °C..... e,

KpPEKHHT — OCTATOK. ...\ttt ettt eeieaaaee e,

) Gye) ) o FU PP 100

Kpumepuu oyenxu nabopamopuvix pabom @ cemecmpe

Kpumepuit ouenku bann
(3a évinoineHUe 00HOU 1aDOPaAmopHOl padomut)

ﬂa6opaTopHa;1 pa60Ta OTIIMYACTCA  IMOCJICAOBATCIIbHOCTBIO, IIPABHUJIBHOCTBIO
IMOJIYYCHHBIX PE3YJIbTAaTOB, BbBIBOIAOB. HpI/I OTBCTC Ha BOIIPOCHI CTYIACHT

JIEMOHCTPUPYET XOpPOILIYIO CTENEHb BIAJCHUS IPEACTABICHHBIM MaTepUaIoM. 20
OtBeThI (HOPMYIUPYIOTCS apryMEHTHPOBAaHHO. OTCYTCTBHE OIMMOOYHBIX OTBETOB.
JlaGoparopHass paboTa OTJIMYAETCS IOCIIENA0BATEIbHOCTBIO, IPABUIBHOCTBHIO
MOJIYYEHHBIX PE3yJIbTaToB, BbIBOMOB. Ilpyu oTBeTe Ha BONPOCHI CTYIEHT JAeT 16

JIOCTATOYHO TIOJTHBIM OTBET, C HAPYIICHHEM ITOCIICI0BAaTEIbHOCTH H3JIOKeHHs. EcTh
HEOOJIBIIION MPOIICHT ONMTMOOYHBIX OTBETOB.

JlabGoparopHass paboTa BBIIOJHEHA C TpyObIMM OIIMOKaMH, IOJy4YEHHbIE
pe3y/bTaThl 3HAYMTENBHO OTIMYAIOTCS OT MCTHUHHBIX. Y CTyJI€HTa OTCYTCTBYET 12
YETKHI OTBET Ha [TOCTaBJICHHBIE BOIIPOCHI.

JlaGopaTtopHas paboTa He BBIIOJIHEHA. 0
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