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Ilepeuenv komnemeHyUl U UHOUKAMOPOE OOCMUNCEHUA KOMNEMEHYLIL C YKA3aHUeM
IMAnoe Popmuposanus 6 npoyecce 0C60eHUA OUCYUNTIUHDL

Komnerenuus:

IIK-1 : CmocobeH k mouCKy, 00paOOTKe, aHaIu3y W CHUCTEMATU3AIMH HAYYHO-TECXHHYECKOU
uH(pOpPMAIIUU TI0 TEME MCCIIE0BaHNS, BEIOOPY METOIMK U CPEACTB PEIICHUS 3a/1a4H

I/IH)IHKaTOPLI JOCTHIKCHUA KOMIICTCHIMN

IIK-1 : CmocobeH k mouCKy, 00paOOTKe, aHaIu3y W CHUCTEMATU3aIMH HAYYHO-TECXHHYECKOU
uH(GOpPMAIIUU TI0 TEME MCCIIE0BaHMs, BELIOOPY METOAVK U CPEACTB PEIICHUS 33/1a4H

[MIK-1.1: 3nHaer npuHIUNB (OPMUPOBAHMS ATAMbBl BBINOJHECHUS HAYYHO-HCCIIETOBATEIBCKUX
paboT W pa3paboOTOK; METOIbI IOMCKAa, OOpabOTKM W TMepeaayr HaydHOW HWH(OpPMAIIWH,
COBPEMEHHBIC METO/IbI aHATIN3a IPOAYKTOB OPraHMUYECKOTO ¥ He(PTEXMMUIECKOTO CHHTE3a

[1K-1.2: YMeeT ocyiecTBIsATh MOUCK HHPOPMAIIMK ¢ TIPUMEHEHHUEM COBPEMEHHON HAayYHOH 0a3bl
(Scopus, Web of Science, e-library, Pat Scape, Find Patent u ap.); nporHo3upoBars XUMHU3M
Mpolecca; YCTaHABIMBATh CTPYKTYPY XUMHUYECKOTO COEIMHEHHUS C MOMOIIbIO COBPEMEHHBIX
(U3UKO-XMMHUYECKHUX METO/I0B aHAIN3a

[TIK-1.3: Bmameer (pU3MKO-XUMUYECKMMH METOJAMHU aHAIM3a XUMHUYCCKHX COCAMHCHUU IS
pELIeHUs] HAy4YHbIX, HAay4YHO-IIPOM3BOJCTBEHHBIX W MPOU3BOJCTBEHHBIX 3aJay; MPUHLUIIAMU
OpraHu3ali W IUIAHUPOBAHUS HAYYHO-HCCIIEOBATEIBCKUX padOT; METOJaMU KOHTPOJIS
TEXHOJIOTUYECKHUX MTPOIECCOB;

Komnerennus:

[IK-3 Crnocoben BnaAeTh 3HAHUSIMHU, MO3BOJISIIOIIMMHU AHAIM3UPOBATH TEHICHIIMU Pa3BUTHUS
TEXHOJIOTUH XUMHYECKUX TPOHM3BOJICTB, COBEPIICHCTBOBATh JCHCTBYIOIINE, BHEIPSATH HOBBIC
TEXHOJIOTHMH Ha OCHOBE PAIIMOHAIBHBIX U AIbTEPHATUBHBIX HCTOYHUKOB CBHIPhS

I/IH)II/IKaTopr JAOCTHKCHHUA KOMIICTCHIINMN:

IIK-3 Cnocoben BJIaACTb 3HAHUAMMH, ITO3BOJIIOIIHMU AHAJIIU3UPOBATH TCHACHIHWU PA3BUTHUA
TEXHOJIOTHH XHUMHYECKHX IMPOM3BOJACTB, COBCPUICHCTBOBATH I[GﬁCTB}H—OHIH@, BHCAPATHL HOBBIC
TC€XHOJIOTMHU Ha OCHOBC pAlMOHAIIBHBIX U AJIbTCPHATUBHBIX UCTOYHUKOB ChIPbA

IIK-3.1 3mnaer TCOPCTUYCCKHUEC OCHOBBI IMPOMBIINIJICHHBIX TCXHOJIOTUYCCKHUX IIPOLIECCOB
COBPEMECHHBIX XHMHUYCCKUX IMPOU3BOACTB, OCHOBHBIC HaIpaBJICHUA Pa3BUTHA u
COBCPHICHCTBOBAHUSA TEXHOJIOTUI MNPOMBINIJICHHBIX TPOU3BOACTB; MNPUHOUIIBI ITOCTPOCHUA
TEXHOJIOTHYCCKUX CXEM XHMHUUYCCKHUX IPOU3BOJCTB, CIIOCOOBI panroOHAJIBHOI'0 HCIIOJIb30BAHUA
ChIPpbA U YTUIIN3AllUH TPOU3BOJACTBCHHBIX OTXO10B

I1K-3.2 Ymeer pa3pabaTeiBaTh M COBEPIIEHCTBOBATh TEXHOJOTHIO IMPOU3BOJCTBA MPOJYKTOB
OpraHMYeCcKOro M He(TEeXMMHUYECKOTO CHHTE3a; pa3paldaThiBaThb TEXHOJIOTMYECKHE CXEMBbI
XUMHUYECKHX MPOU3BOJICTB; aHAINW3UPOBATh CHOCOOBI PAllMOHAILHOTO MCIOJIb30BaHUS ChIPbs U
YTUIN3AallUM ~ TPOU3BOJCTBEHHBIX  OTXOJOB, MPOBOAUTH aHaJIM3 KOHTPOJII  KauecTBa
TEXHOJIOTUYECKOTO IpoLecca

IIK-3.3 Brnaaeer TEOPETUYECKMMH OCHOBAaMH IPOMBIIIJIEHHBIX TEXHOJIOTMYECKUX IMPOLECCOB
OpPraHUYecKOTro M He(PTEXMMHUECKOTO0 CHHTE3a; HaBbIKAMH Pa3pabOTKH M COBEPIIEHCTBOBAHUS
TE€XHOJOTHMH MPOU3BOJCTBA MMPOAYKTOB OPraHMYECKOTO0 U HEPTEXUMUYECKOTO0 CHHTE3a;
OPUHIUIIAMA TIOCTPOCHUSI TEXHOJOTMYECKHX CXeM XHMHMYECKHX IPOM3BOJCTB; CIOCOOaMU
paIoOHaIbHOIO MCIIOIb30BAHMS CHIPhS U YTHIIM3AIMK MPOU3BOICTBEHHBIX OTXO0B; crlocobaMu
aHajau3a KOHTPOJIA KAauecTBa TEXHOJIOTMYECKOIO  IPOLECCa; HABBIKAMM  YCTpPaHEHUS
TEXHOJIOTHYECKOTO Opaka



Ne KonTtpommpyemsbie pa3menst (TEMbI) Kox koHTpOIHpYyeMOii FHauMCHOBAHKE OICHOUHOTO CPE/ICTBA
/I JICTIATUTAHBI KOMIIETCHIINN
2 cemectp
MK- 1.1, NK-1.2, MNK-
1 Pazgen 1. Ilpomeccsl  HOATOTOBKH U 1.3 Jlabopatophras pabora Nel, kKpyrJblii
nepepaboTku HeTH ¥ MPUPOHOTO ra3a MK-3.1,MK-3.2, MK- cton Ne 1,95x3ameH(2 cemecTp)
3.3
MK- 1.1, NK-1.2, NK-
Pa3znen 2. McXoHbIE BEMIECTBA /11 OCHOBHOTO 13
2 OPTraHMYECKOro CHHTE3a MNK-3.1,MK-3.2, MK- dK3AMEH(2 cemectp)
33
MK- 1.1, NK-1.2, MNK-
5 | Pasmen 3. XuMHus U TEXHONOTHS IPOLECCOB 1.3 Jla6opaTopHas pabota Ne2, sx3aMeH
HU30MEpU3aIUT MK-3.1,NK-3.2, NK- (2 cemectp)
33
3 cemecTp
Paznen 4. XumMus ¥ TEXHOJOTHS MPOIECCOB
4 | BBemeHus  rajoreHoB B opramudeckue | [1K-3.1,MK-3.2, MK- Ox3ameH (3 cemecTp)
COEUHEHNUs 3.3
Pazgen S. Xumua m TexHomorus npoueccos | K- 1.1, NK-1.2, MK-
TUIPOJIN3a, TUApPATALNH, JIETUIpaTalnH, 1.3 JlaboparopHas pa6ora Ne 3,
5 sTepu(UKAIIT 1 aMUIUPOBAHUS naboparopHas padora Ne 4, kpyrubrid
MK-3.1,MK-3.2, MK-
33 cton Ne 2, sx3ameH (3 cemecTp)
Pasgen 6. XuMusi W TEXHOJIOTHS MPOLECCOB
6 ANKUITMPOBAHITT 1 BUHITMPOBAHHNA MNK-3.1,MK-3.2, NK- Ok3ameH (3 cemecTp)
3.3
Paspen 7. [Ilpomeccet cymbdartupoBanus, | MK- 1.1, MK-1.2, MK-
cyib(UpoBaHUs U HUTPOBAHUS 1.3 JlaGoparopuast padora Ne 5,
7 MK-3.1,MK-3.2, K- naboparopnas pabota Ne 6, 3x3aMeH
(3 sx3amen)
33
Pa3gen 8. [Ilpomeccsl TuapHpoBaHHS W
8 | ACTHIpHUPOBaHUA MK-3.1,MNK-3.2, MK- Ox3samen (3 cemectp)
3.3
Paznen 9. [Ipoueccs! okucieHus MK-1.1, NK-1.2, NK-
9 13 JlaGopatopuas pabota Ne 7, Kpyriiblii
MK-3.1,MK-3.2, MK- crout Ne 3, sk3ameH (3 cemecTp)
3.3
OuenuBawuiue MeponpusaTus Koua-Bo Bbanasbl
min max
2 ceMecTp




MeponpusiTusi TEKyIIero KOHTpoJIs

JlaboparopHbie pabOTHI 2 26 40
Kpyrusriii cron Ne 1 1 10 20
OK3aMeH 1 24 40
HUTOI'O 60 100

3 cemecTp

MeponpusaTHs TeKyIero KOHTpoJst

JlaboparopHbie pabOTHI 5 30 50
Kpyrusiii crom Ne 2,No 3 2 6 10
DK3amMeH 1 24 40

UTOI'O 60 100

[IIxana mepeBoaa UTOrOBOTO PEUTHHTOBOTO 0aia R, B 4-0alIbHYIO CHCTEMY OLIEHKH 3HAHUH.

WuTtepBais 6ayi1oB peiiTHHra Onenka
0<R, <60 «HEYIOBJICTBOPUTEIHHOY (2)
60<R, <73 «yJIOBJICTBOPUTEIBHO» (3)
73< R, <87 «xopouio» (4)
87<R,. <100 «OTIAUYHOY (5)

Kpumepuu oyenxu omseema macucmpanma na dK3ameHe:
Onenka «oTiuuHO» wiaH 36-40 GamnoB - OTBETHl Ha BOMPOCHI CBUIETEIHCTBYIOT 00
YBEPEHHBIX 3HAHUSAX U YMEHUHM CTYJCHTA.

Onenka «xopoio» 32-35 6aioB - OTBETHI Ha BOIIPOCHI CBUJETENBCTBYIOT O IOCTATOUHBIX
3HAHUSAX U YMEHHUHU CTYCHTA.

OHCHKa «YOOBJICTBOPUTCIBHO» 25-31 GamnoB - OTBETHI Ha BOIIPOCHI CBUACTCIBLCTBYIOT O
HEAOCTAaTOYHBIX 3HAHUAX U OTPAHUYCHHOM YMCHUU CTYJACHTA.

OI.[GHKa «HCYHOOBJICTBOPUTCIIBHO» 0-24 6amiIoB - OTBETHI Ha BOIIPOCHI CBUACTCIILCTBYIOT O
cl1a0BIX 3HAHUAX U HCYMCHHUC CTYJACHTA.
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MuHHCTEpCTBO HAYKHW U BhICIIETro oOpa3zoBanus Poccuiickoit denepanun
HmxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUH MHCTUTYT ((uiinain)
benepanbHOro rocy1apCTBEHHOTO OIOPKETHOTO 00pa30BaTEIbHOIO YUPEKIACHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKui HaIlMOHATIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUN YHUBEPCUTET
(HXTHU ®I'bBOY BO «KHUTVY»)

TexHnomornyeckuii hakynpTeT
Kadenpa HehrexuMmudaeckoro CuaTE3a

KoMmiekT BOnpocoB /15 3Kk3aMeHa (2 cemecTp)

no qucturuinae «b1.B.03 O6o01enne n aHanu3 CyIeCTBYIONUX XUMHUYECKHX TEXHOJOTHIA.

HﬂaHHpOBaHI/Ie MHOT™ OCTa)II/II‘/'IHI)IX CHHTC30B»

TpebGoBanus, npeabsBiasieMble B KaUECTBE ChIPbS B NPOLECCOPaX OCHOBHOI'O OPraHMYECKOI'O
cuHTe3a. O4nucTKa ra3000pa3HbIX YIIEBOJOPOIOB OT MEXAaHWUYECKUX INPUMECEH U XUMHUYECKHUX
COEJMHEHHUH.
TexHOJOrug MUPONIKM3a YrieBOAOPOAOB, O0OPYAOBAHHE U CXEMbI MUPOJIH3a MPH MPOU3BOJICTBE
3TUJICHA U NIPOIMIICHA.
OO6nacTv NpUMEHEHUS KanpoJaKkTama.

3HaueHne mpolecca obeccepuBaHUsl ChIpbsi. MeToasl obeccepuBaHus. [IpuHIMNHMANBHAS
TEXHOJIOTMYECKasl CXeMa CEPOOUHCTKH MPUPOIHOTO rasa.
TeopeTnyeckne OCHOBBI U METOJbI MOJIYUYECHHs aleTHJIEHAa, TEXHOJOTHs €ro MpOU3BOIACTBA U
BBIJICTICHUS.
MexaHn3M OKCUMUPOBaHUS KapOOHMIBHBIX COCIUHEHHH.
Ocymka Tra3000pa3HBIX YIIIEBOIOPOMOB. PazmencHue cMecedl Ta3000pa3HBIX YTICBOAOPOIOB.
XapakTepucTUKa METOAOB aIcopOumK, abcopOIHMy, XeMOCOPOLINH, SKCTPAKTHBHON AMCTHILIALINH,
HU3KOTEMITepaTypHOI peKTH(UKAIIUH.
TexHOJOrHA NPOU3BOACTBA APOMATHYECKHX YIJIEBOAOPONOB M CHHTE3-Taza W METOABl HX
OYUCTKH.
CoIpbe U1 MONTy4eHHs KarpoakTaMa.
OxpaHa OKpy>KatoLe Cpeibl B IpoLieccax MUPOJIn3a.
[lpuHOunuanbHAs TEXHOJIOTMYECKAsh CXeMa BblAeNeHHs OyTagueHa W3 CMeced IyTeM
3KCTPAKTUBHOMW JTUCTUILIALIUY.
Mexanu3m neperpynnupoBku bekmana.
OuncTka KHIKHX YIJIEBOJOPOAOB. Metoxpl oOeccepuBaHusl. TeXHOJOrHWs mpolecca
KaTAUTUTUYECKON TUIPOOYHCTKH.
TeopeTudeckne OCHOBBI MPOIECCOB H30MepH3aluu TapapuHOBBIX, oNePUHOBBIX Ci-Cs H
AIKUJIAPOMATHYECKUX yTIIEBOAOPOIOB.
AHnIMHOBas cxeMa IMOJIYy4YCHH KallpoJIaKTaMa.
Paznenenue cmeceil JKUAKHX YIJIEBOJOPONOB. XapaKTePUCTHKA OCHOBHBIX METOJOB (deTKas
pexTuduKanys, a3e0TpoITHas IePErOHKa, SKCTPAKTUBHAS AUCTHIUILMSA, aACOpOLHs, XeMocopouus,
KPHCTaJUIH3ALIHSL.
W3omepur3anys OKCHMOB, OCHOBHbBIE 3aKOHOMEpPHOCTH TMIpOIiecca, MOJy4aeMble IPOTYKTHI.
TexHoMOrNsa N30MEpPU3aIUH IUKIOTEKCAHOKCHMA B KaIllPOJIaKTaM.
TpeboBanusi, npenbsBIsieMble B Ka4eCTBE CBHIPbsl B MPOLECCOPAX OCHOBHOIO OPTaHUYECKOI0
CHHTE3a.
IIpuHIIMIIIATBHAS TEXHOJIOTHYIECKAS CXeMa PEKTH(PUKAITIN (HpaKIuu yriaeBoaopoaoB Cs-Cs.
TeopeTnueckre U TEXHOJOTMYECKHE OCHOBBI Ipoliecca MOoydYeHHs h3onapa@uHOB Ha MpUMEpe
MOJTyYEHUs M30TIEHTaHa U30MEPHU3aLiel H-IIEHTaHa.
[Tomydenune xanponakrama u3 QeHona.
[IpyHUMIIUanbHAas TEXHONOTHYECKash CXeMa BBIJIENEHUS TONYyola METOJOM a3e0TPOIMHON
MIEPETOHKH.
HpI/IHHI/IHI/IaJ'II)HaSI TEXHOJIOTMYCCKas CXeMa U30MEpHU3alli H-TICHTaHa: 0JI0K IMOATOTOBKHU CBIPbA,
PEaKTOPHBINA OJI0K, OJIOK pa3aeieHus] PEaKIIMOHHON MacCHI.
TexHosIorus NoJIy4eHHs KarnpojakTaMa 13 ToJIyosa
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OCHOBHBIE METOBI OYHCTKH HE(PTEPOIYKTOB: HIETOYHASI, CEPHOKUCIIOTHASA, aICOPOIMOHHAS,
N30MpaTeNbHBIMU pacTBOpUTENAMH. JKunkodasHele nmapodasHble IPOIECChl OYNCTKH.

XuMHsI 1 TEXHOJIOTHSA MPOLIECCOB H30MEPU3ALMH YTIEBOAOPOAHOTO CHIPhS

DOTOXMMUYECKH CIOCO0 MOTyUeHHsI KalpolaKTaMa.

W3omepusanus BeicnX ankaHoB. OCOOCHHOCTH KaTaTUTHIECKOTO M THAPOKPEKUHTA.

ITpomecchl KOKCOBaHMS M TONYKOKCOBAHMS KaMEHHOTO YIJISI Ka CIIOCOO TOITyYESHUS CHIPBS JUIS
HEPTEXUMUH.

TexHONMOTHS H30MEPH3AIMN IUKIOTEKCAHOKCUMA B KaIIPOJIAKTaM.

Kputepun onenkn:

st ouHoM popmMBI 0OYUICHMS:

Maxkcumanbho 40 0aJIIoB - 3a MMOJIHBIHA, pa3BEPHYTHIN OTBET HA NTOCTABJICHHBIC BOMPOCHI;

30 6aJuIOB - 32 HEMOJIHBIN OTBET, BKJIFOUAIOIIHMI OIINOKU B PACKPBITHH ITOHSITHIA;

MunnmansHo 24 Gania — 3a HENMOJTHBINA OTBET C IOMYIIEHHEM IpyObIX OMMOOK MPH OMpPeeIeHUN

CYIIIHOCTH PaCKpbIBAEMBbIX MTOHATHUI, TEOPHIL, IBICHUM.



MuHHCTEPCTBO HAYKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannu
HuxHexaMCKuil XUMUKO-TEXHOJIOTMYECKUM HHCTUTYT ((puiinan)
benepanrbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIHbHOTO YUPEIKICHUS
BbICILIEr0 00pa3oBaHUs
«Ka3zaHCKunil HAlMOHAJIBHBIN UCCIIEIOBATEILCKUI TEXHOJIOTMYECKUN YHUBEPCUTET
(HXTHU ©I'bBOY BO «KHUTVY»)

TexHonornyeckuit pakynpTer
Kadenpa HerexuMrdaeckoro CHHTE3a

Cemectp 2
KommuiekT 3a1anuii 111 1a00paTOPHBIX padoT

no nucriuiuinae «b1.B.03 O6o0menre n aHaIu3 CYHIECTBYIONUX XUMHUYECKUX TEXHOJIOTHH.
[TnanupoBaHKe MHOTOCTAIUIHBIX CUHTE30B»

JlabopaTopHasi padora Ne 1

«OmnpeeneHne coCcTaBa )XUAKUX MPOAYKTOB IUPOJIN3a METOJIOM (PpaKIIMOHHON
neperonku. OmnpeeneHne KOMIOHEHTHOTO COCTaBa M BBIX0/1a (hpaKIIuii»
T uacmo
IMox0op onTUMAJILHOIO COCTABA YIJIeBOJOPOIHOI0 CHIPbS € LeJIbI0 YyBeJHYeHHs BbIX0Ja
ra3oo0pa3HbIX NPOAYKTOB IHPOJIH3a
[leJb paGoThl: CIIAHUPOBATH SKCIEPUMEHT MOCIEI0BATENbHBIM CHUMIIIEKC- METOIOM,
HAlTH COCTaB CHIPbA, IPH KOTOPOM BBIXOJ] Ta3000pa3HbIX MPOJYKTOB MaKCHMaleH.
IIpudopkl: ycranoBka (puc. 1) BkIroyaeT B cebs cieayoIue mpudophl:
- | — menutenbHas BOpOHKA (UTaHHE PEAKTOPA),
- 2 — TepMomnapa,
- 3 — anekTpomneyb a1 000rpeBa pekTopa,
- 4 — XONOJUIbHHUK,
- 5 — IpUeMHUK,
- 6 — ra3ocUeTYHK,
- 7 — npubop Moka3zaHus TeMIEpaTypsl,
- 8 — perynarop tremneparyps (JIATP),
- 9 — peaxTop.
PeakTuBBI: B KauecTBe CBHIPbA HCIONB3yeM 3-X KOMIOHEHTHYI0 CMECh: TEKCaH,
0€H30J1, ¥ U30MpEH.

Pacder cocTtaBa cmecH yriesonopoaos

IMocaenoBaTenbublii cummiaexc-meton (IICM). [louck onTuManbHOTO COCTaBa CHIPhA
Begercsa metonoM [ICM. IICM o6nanaer psaoM MpeMMYLIECTB MO CPAaBHEHHUIO C APYTUMHU
MEeToJlaMi ONTHMHU3ALMK TeXHoJorudyeckoro mpomecca: npocrora [ICM, nBuxeHue K ONTUMYyMY
NPaKTUYECKH OCYWECTBISLETCA INpPU OYEPEAHOM OKCIEpUMEHTe, Ha J00OOM »3Tame
HKCHEPUMEHTHPOBAHUSA B MOMCK ONTUMANbHBIX 3HAaU€HU I HaKTOPOB MOXKHO BBECTH HOBBIN (aKkTOP
NyTEM JOMOJHHUTEIbHOTO BKIUEHHS B TEKYIIUI CUMIUIEKC-TJIAH BCETO JIUIIb OJHOTO OTBITA.

CymHocTts MeTona IICM nydume Bcero mpoaeMOHCTPUPOBATh HA CIEAYHOIIEM PUCYHKE
(puc.1). [IpeanmonoxkuM, 4TO HEU3BECTHASL HAM 3aBUCUMOCTb BBIXOJa MPOAYKTA OT 3HAUEHUH JBYX
(GaxTOpOB BHITNAIUT TaK, Kak 3T0 oTpaxkeHo Ha puc. 1. [louck 3Hauenuit X1 u Xz, Ipu KOTOPHIX
BBIXOJ MpPOJYKTa MakCHMaieH, HayHeM ¢ o0nacTu orpaHmueHHoi Toukamu 1, 2, 3. Kaxnjsli
HCCIe10BATENb-TEXHOJIOT H0JIKEH HCXOHYI0 001acTh 3KCIEPUMEHTHPOBAHUS BHIOPATh KaK MOXHO
OJMke K ONTHMaJbHOM Ha OCHOBE CBOEH NPAKTHUECKOW MHTYULHMM WM HA OCHOBAHMM KAKHX-TO
TEOPETHYECKUX PEKOMEHIAlU.



[locne onmpeneneHus ucxoHO| 001aCTH SKCIEPUMEHTUPOBAHUSA HEOOXOJUMO PAaCCUUTATh
KOHKpETHbIC 3HaYCHUS (AKTOPOB B KaXJOM dKclepuMeHTe. Pacder 3Tux 3HaueHUH (akTHUeCKH
CBOAMTCS K pacdyeTy KOOpJAMHAT MPAaBUJIBHOTO CHUMIUIEKCA - QUIyphl ¢ 4ucioM BepwuH (k+1) Ha
enquHUIy Oonbine yncaa Gpaktopos (k). B manHoi paboTe CUMIIIEKCOM SABISETCA TPEYTOJNbHUK, KK

Ha puc.1.
KoopauHaThl BepinH HCXOTHOTO CUMIUIEKCA ONMPEACIAIOT U3 CIEYIOMeH MaTpHIlbl:

- —r.—-r_,—r
R-L—l.—-I,—r
0 R,—n..—1,—r,

0 0 Ry.—r -1,

Yucao CTPOK B HCXOAHOM Marpuile CcOOTBeTCTBYeT uuciay ombiToB N=Kk+1. a wugucio

cTOJ0I0B paBHO YUCITY (aKTOPOB.
3HavyeHus k 1 Rk pacCUMTHIBAIOT 110 YPaBHEHUAM:

1 K

h=—— R = |7
m 2(k +1)

B nanHO# paboTe ChIpheM SBIIICTCS 3-X KOMIIOHCHTHAsI CMECh, IOATOMY BaphbUPYIOT J1Ba
daxropa X1 u X2 (N=Kk+1=3) - nporeHTHOE coaepKaHUEe B CMECH TeKCaHa U OEH30J1a, POLCHTHOE
COoAEpKaHUE M3OIPEHA SABISIETCS JIMHEWHO 3aBUCUMOW MEPEMEHHON OT COAEpKaHUs Te€KCaHa U
msonpena: X3=100-(X1+x2).

HcxonHast 0051acTh SKCIIEPUMEHTHPOBAHUS OIpe/iesieHa B CISAYIONINX NHTEPBAJIaX:

X1=10 % 00 - coxepkanue rexcana; x2=70 % o0 - cogepkanue OeHzomna; 6=5 % 00 -
WHTEPBA BAPbUPOBAHUS (DAKTOPOB X1 U X2.

Martpuiia UCXOAHOTO CUMILIEKCA B OTHOCUTENBHBIX eMHUIAX OYJET BBITTISAAETh TaK:

Tabnuna 1.1 Martpuiia cuMITIEKC - TU1aHa i1 K=2
X1 X2

WIN (|2

Jlist onipeneneHust abCOMIOTHBRIX 3HaYEHUH (PaKTOPOB B UCXOTHOM CUMILIEKCE UCIIOJIb3YIOT
COOTHOIIICHHUC:
aa Aafo
_ X =X
6,

foi -
r7ie X, - OTHOCHTEJIHHOE 3HaYeHHE i-0r0 (haKTopa;
X"~ abcomoTHOE 3HaYEHKE i-0r0 PaKkTopa;

550 .
X;*" - abCOMOTHOE 3HAYEHHME i-0r0 (haKTopa;

i - UHTEpBaJ BapbUPOBaHUs 1-0r0 GaxkTopa.
Matpuira HCXOAHOTO CUMIUICKC - TUTaHa B A0COTFOTHBIX €IMHUIIAX:

X1, %00 X2, %00

WIN (|2




Crparerus noucka ontumyMa B Metozie [ICM 3akitoyaercs B mepeMeNIeHHH CUMILIEKCa OTHOCHUTEIbHO
BEPIIMHB, HMEHWIUNA Hauxyamuil pe3ynbtar. Hauxydamas Toyka MCXOZHOTO CHUMIIEKCa
3aMEHAETCA HOBOM, pACNONOKEHHON CHUMMETPUYHO OTHOCHUTEIbHO BEPUIMHBI, WMEIOLHUN
HaUXy/IIKHA pe3ynpraT. Hauxymas Touka HCXOAHOr0 CUMILIEKCA 3aMEHAETCS HOBOM, PAacTON0KEHHON CUMMETPUYHO
OTHOCHTEJIbHO LIEHTPA TPAaHM CHUMIUIEKCA, HAXOAAWICHCA HANMpOTHB Hauxyameid Bepmuubl. Ha puc. 1
HauXyjamas Touyka | HCXOJHOTO cuMIIeKkca Oblna 3aMeHEHAa TOYKOH 4, PacHoJOXKEHHOH
cuMmMeTpudHo Touke 1. HoBwH cumnmexkc 2-3-4 mpu 3TOM MHepeMECTHNICS B CTOPOHY
ONTHMYyMa.

KoopanuaTel Kaxa0d HOBOW BEpmMMHB HAXOAATCA 1O clHeaywmed dopmyne:

K
Xi 1 = E;xiu —%xio;i =12,..,k
iz

ITocne Toro kak cocras yriaeBOAOPOJIHON CMECU PACCUUTAH, IPOBOAAT dKCIIEPUMEHT.

BoinosiHenne padoTbl

[Tuponu3 yriieBoJopoaAHOTO ChIpbs BeieTcs Ha ycTaHoBke (puc. 1) nmpu Temneparype 1000
°C.

[lepen HavasoM oOmbBITa MPOBEPSIOT MPABUIBHOCTH COOpPKH, HAJNEKHOCTh U
repMETUYHOCTh BCEX COEMHEHHH YCTaHOBKH. BKitouaroT anekrporneds 3 a1 o00orpeBa peakropa.
[Tocne Toro kak Temneparypa B peakrope gocturaeT 1000 °C, B X010UIbHUK 4 IOAAIOT BOAY.
3aaHHyI0 TeMIIepaTypy B peakTope MOAEPKUBAOT C IIOMOLIbIO TEPMOpEryisiTopa 8.

[TpUroTOBICHHYIO CMECh YIIEBOAOPOAOB MOJAOT B 103aTop 1. MOMEHT mojaun ChIphs B
PEaKIMOHHYIO 30HY IPUHUMAIOT 32 Ha4yaJlo olbITa. Bee akcrnepuMeHTh He00X0JMMO IPOBOIUTh
IIPY TIOCTOSTHHOM 00BEMHOM CKOPOCTH TIOJJa4H YTIIEBOAOPOIHOTO CHIPHS (BPEMsI UCTEUCHHUS ChIPhS
30-35 muH).

[To oxoHuaHUM ombITa GUKCHPYIOT 00BEM Ta30B MPOMICAIINX Yepe3 Ta30BbIe Yachl 6 U
maccy KUAKOW (a3bl. CoCTaBisAIOT MaTepHajbHBIM OajllaHCc mpolecca, pPacCUUTHIBAIOT
BBIXOJl ra3000pa3HbIX MHPOAYKTOB NHposin3a. CpaBHUBAIOT 3HAYEHMsI BBIXOJA Ia3000pa3HBIX
IOPOIYKTOB, HAUXYJIIMH pe3yabTaT OTOPAchIBAlOT M PACCUUTBHIBAIOT HOBBIM COCTaB CMecH
YIJIE€BOAOPOIOB. DKCIEPUMEHTHl MPOBOJAT 10 Te€X MOp, MOKa He OyJeT AOCTUTHYTO
npenenbHOe 3HAYEHHE BBIXOJa Ta3000pa3HBIX MPOAYKTOB, TOCIE YXYIIICHUS ITOKa3aTels
mporiecca paboTy MpeKpaaor.

Odopmitenne pe3yabTaToB
CocTaBisroT MaTeprUabHBINA OaTaHC MPoIecca MUPOIIH3a:
1 PaccunteiBaroT Maccy mogIaHHOTO ChIpbst Mev=Vem:Pem, Tie Vem, Pem - 00beM (MiT) 1
MJIOTHOCTH (T/MJT) yriaeBoaopoaHON cMecH. [ImMoTHOCTh cMecH paccUUTHIBAIOT Mo (opmylie

Pu =0,-p+0,-p,+0,-p; , X1, X2, X3-OObEMHBIC MPOLECHTHl COOTBETCTBEHHO T'EKCaHa,

u30mpeHa, 6ensona, % 00; p,,'0,, P; - IIOTHOCTU COOTBETCTBEHHO I'€KCaHa, U30IIpeHa, OeH301a,
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I/MIL.
2. PaccuntpiBatoT Maccy ra3o00pa3HbIX MPOIYKTOB MUPOJIK3a, YCIOBHO CUUTAS,
éégzr-‘l o rne V - o0beM ra3o00pasHbIx
1.0.
MPOJYKTOB IO Ta30CYETUYUKY, JI; Viy. - MOJSAPHBIH 00bEM ra3a Mpu HOPMAJIbHBIX YCIIOBHUSX;
Vyuy. =22,4 1/Monb; My - MOJISIpHAst Macca THIeHA, My =28 1/MOJIh.

YTO B OCHOBHOM OHHM COACpKAT 3THICH M

3. Maccy JKMAKHX TpPOIYKTOB HAXOIST TIO Pa3sHOCTH MacC CyXOro NPUEMHUKA U
MPUEMHUKA C JKUIKOU (DpaKIuei.
4. PaccunThiBaloT Maccy KOKca, OTJIO)KEHHOTO BHYTPH PeaKkTopa Mioxe=Men-Mras-

m)KPII[
Pesynbrarel 3aHocsT B Tabmuiry 1.2
Tabnuna 1.2 MaTtepuanpHblid OaJlaHC TIpoIecca MUPOTU3a

[Ipuxon, r Pacxonm, r
1. YraepoaHoe cbipbe
B TOM YHCIIe

1. XKuakue npoayKThl MUPOIU3a
2. 'a3000pa3Hble TPOAYKTHI

reKca

UPOJIN3a
H30IpEH 3. Koxe
0eH30I1 )

PaccuuTtbiBatoT BBIXO/] ra3000pa3HbIX MPOILYKTOB: 7] = Masg -100%
Ccv,
Pe3ynbrarel sxcniepuMeHTa npuBoaAT B Tadnuue 1.3
Tab6muua 1.3 IMouck merogom IICM onTuMabHOro cocraBa
X1, %00 | X2, %00 | n, % | Ilpumeuanue

{ UcxonHbI#l CUMILIIEKC

OtOpouiena Touka i. HoBblii cumuieke *-*-*
OtOpouiena Touka i. HoBblii cumuiekc *-*-*

vl|b|w (k| =

Il yacmo
2.A3y4yeHue BJMSHUS TeMIepaTypbl HA BbIXO/
ra3oo0pa3HbIX MPOAYKTOB MUPOJIHN3a

[leqb paboThl: CIUTAHUPOBATH SKCHEPUMEHT MOCIEIOBATENbHBIM CHMILIEKC-METOAOM,
HAWTH COCTaB CHIPBS, PH KOTOPOM BBIXO]] Ta3000pa3HBIX MPOTYKTOB MaKCHMAJICH.

IIpuGopsl: yctaHoBKa (puc. 1) BKItOYaeT B ce0s clieaAyrome npudopbl

- 1 - nenuTenbHas BOPOHKA (TUTAHUE PEAKTOPa),

- 2 - TepMoriapa,

- 3 - DNIeKTpoIIeYb Il 000TpeBa peakTopa,

- 4 - XOJIOAUILHHUK,

- 5 - IPUEMHUK,

- 6 - ra30CYeTYHK,

- 7 - mpuOop NoKa3aHus TEMIEPATYPHL,

- 8 - perynsarop temneparypsl (JIJITP),

- 9 - peakTop.

PeakTuBBI: B KayecTBE CHIPbS HCIOJb3yeM 3-X KOMIIOHEHTHYIO CMECh: TI'eKCaH,
O€eH30J1, U30IPEH.

Boinonnenne padorsl

DKCIepUMEHTHI TIPOBOJIAT HA yCTAaHOBKE muposm3a (puc. 1), MeTogudeckne yKa3aHus K

BBITOJIHEHHUIO paboTHI U310KeHbl B pabote Nel. Haiinennsiii B pabote Nel ontumalnbHbIi cocTaB
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CBHIPBS TTOIBEPTAETCS MMPOIIN3Y MPH 4-X pasmM4HBIX Temmeparypax: 600 °C, 800 °C, 1000 °C, 1200
oC.

DKCIepUMEHThl HE0OXOAUMO MPOBOAUTH MPHU MOCTOSHHOW OOBEMHOM CKOPOCTH MOJauu
YTIIEBOIOPOTHOTO CHIPhsI (BpeMsi ucTedeHust Chipbsi 30-35 muH). [To okoHYaHUM ONTBITA (GUKCUPYIOT
00BeM ra3oB MPOLIEAINX Yepe3 ra30BbIe Yachl 6 U Maccy XKHUAKOH (a3bl.

Odopmitenne pe3yibTaToB

CocTaBngioT MaTepuaibHbId OanaHC, pe3yibTaThl 3aHOCAT B Tabnuiy. PaccuuTsiBaroT
BBIXOJI Ta3000pa3HbIX MPOYKTOB, BEIYMCIICHUS 3aHOCAT B Tabnuiy 1.4

Tab6muma 1.4
T, °C Vras, T n, %

600

800
1000
1200

AlwN|R|Z

Ha ocHoBaHMM TMONY4YEHHBIX MJaHHBIX CTPOSAT TrpapuKd 3aBUCUMOCTEH BBIXO/a
ra3o00pa3HbIX MPOYKTOB MUPOIHU3a OT TEMIIEPATYPHI.

I yvacmo
3. 3aBHCHMOCTDH BbIX0/1a ra3000pa3HbIX NPOAYKTOB MUPOJIN3a
OT BpeMeHH NpPeObIBAHMS YIJIEBOJAOPOJAHOIO ChIPbSl B pPeaKkTope

[leqb padoThI: CIUTAHUPOBATH ASKCIEPUMEHT TMOCIIEIOBATEIBHBIM CHMILICKC-METOIOM,
HAWTH COCTaB CHIPBS, PH KOTOPOM BBIXO]] Ta3000pa3HBIX MPOTYKTOB MaKCHMAJICH.

IIpu6opsl: yctaHoBKa (puc. 1) BKIIFOYAET B ce0s1 CIICTYIONTUE PUOOPHI:

- 1 — nenuTenbHas BOpOHKA (MIUTAaHUE PEAKTOPA),

- 2 — TepmMoriapa,

- 3 — anekTponeys Uit 000rpeBa peKTopa,

- 4 — XOIOIUIBHUK,

- 5 — IpueMHUK,

- 6 — ra30CYETUHK,

- 7 — mpubop MoKa3aHus TEMIEpPaTypsbl,

- 8 — perynsrop Temmieparypsl (JIATP),

- 9 — peakrop.

PeakTHBBI: B KA4ECTBE CHIPhS UCTOJB3yEeM 3-X KOMIIOHEHTHYIO CMECh: T€KCaH,
0€H30J1, U30IPEH.

BoinosiHenune padoTsl

DKcHnepuMEHTHl MNPOBOAST Ha YCTaHOBKe mnuponusza (puc. 1), meronuyeckue
yKa3aHUs K BBINOJHEHHIO paboThl u3noxxeHbl B pabdore Nel. Hailinennsiit B pabore Nel
ONTHUMAJIBHBIA COCTAB CHIPbSI MOJBEpPraeTcs MUPOJH3Y NMPH 4-X pa3NUYHbIX 3HAYEHUAX
ckopoctu nogauu ceipbsa: 600 °C, 800°C, 1000°C, 1200°C.

DKCHepUMEHTbl HEO0OXOJAMMO MPOBOJIHUTH MPHU MOCTOSHHOW 00BEMHONH CKOPOCTH
MoJayu YTJIEBOJOPOAHOTO Chipbs (Bpemsa uctedeHus coipbs 30-35 muHn). [lo okoHuaHumn
ONbITa PUKCUPYIOT BpeMs UCTEUYEHUS UCXOJHOTO ChIpbs, 00bEM ra30B, NPOUIEAMIUX Yepe3
ra3oBbl€ Yachl 6, 1 Maccy XKUJKOH (a3bl.

Odopmiaenne pe3yabTaToB
CocTaBisiloT MarepualdbHBIA  OalaHC, pe3yjabTaThl 3aHOCAT B  TaOIHUIy.
PaccuuThIBatoT BBIX0J] ra3000pa3HbIX MPOAYKTOB, BEIUMCIEHUS 3aHOCAT B Tabauny 1.5
Tab6muma 1.5
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3
Tuct, C V06, m°/c Tp, C n, %

Aw|N|R(Z

OO0BeMHYI0 CKOPOCTh MOJaUH ChIPbSl PACCUUTHIBAIOT IO popMyJie:

V.
V,; = ——rxne VcMm, Xucr - 00bEM U BpeMst HCTEUCHUS CMECH YTIIEBOLOPOIOB.
éhd
Bpewms npeObiBaHuS CHIPhS B PEAKTOPE HAXOAST MO opMmyIie:
2
7,; =——, rae Vp-o0beM peakropa, V, = T-h ,rne d, h - tmameTp U BbICOTA
d

peakrTopa.

Ha ocHoBe monydeHHBIX AaHHBIX CTPOSAT I'padUKH 3aBUCUMOCTEH BBIXOAa ra3000pa3HBIX
MPOAYKTOB MUPOJIM3a OT BpEMEHH NpeObIBaHUS B peaKTOpe YIJIeBOJOPOJHOM CMECH.

Bonpocur 0na ob6cysicoenus na kpyenom cmone no meme «Ilpupoonoe coipver:

1. XapaKTepUCTUKA TIPUPOTHOTO CHIPHS

2. OcHOBHBIE CMOCOOBI OYMCTKHM W  MepepabOTKH  CBIPbS C UENbI0 MOJXYyYeHUs
Pa3IUYHBIX TOBAPOB OPTaHMYECKOM, HEOPTraHUUECKOW XUMHUU, METAIITY PTHU

3. [ImanHupoBaHWE MHOTOCTAIWWHBIX CHHTE30B KaK OCHOBAa KOMIUIEKCHOTO

UCII0JIb30BAHUS CHIPbS,

4. Co3nanue 0€30TXOAHBIX MPOU3BOJICTB

5. Hcnonp3oBaHHWE TEIJIOTHI XUMHYECKHUX peaknui (IpeBpalleHus TEXHOJOTHU B
YHEPTOTEXHOIOTHIO).

JladopaTopHas padora Ne 2
«[TomyueHue KarpoiakTama»

Ileab padoThbl: BOCIPOM3BEACHUE B Ja0OPATOPHBIX YCIOBUSX U U3YYEHUE OTIEJIBbHBIX
CTaJuil MOJXy4YeHUs KalposlakTaMma U3 IUKIOreKCaHOHa — 00pa30BaHuUs IIUKJIOT€KCAHOHOKCUMA U
HEeperpyniupoBKU TOCIEIHET0 B KalpojaKTaM; aHAJIUTHUYECKOE OIpe/elieHue Npumeceil B
COCTaB€ MOJyYEHHOTO MPOTYKTa.

s 6onee riyOOKOro M MpOAYKTHBHOIO YCBOEHHUSI MaTepualia Kypca pe-KOMEHIOBaHa
CaMOCTOAITeIbHAs1 padoTa: MOJArOTOBKA K 3aIIUTE JIAOOPATOPHBIX PabOT, MOMCK OTBETOB HA
BOMPOCHI. JlaHHBIE BUBI CAMOCTOSTEIBHOM PabOThl CIOCOOCTBYIOT HE TOJBKO OoJsiee TITyOOKOMY
U POJTyKTUBHOMY OCBOCHHIO MaTepHaiia Kypca, HO ¥ BbIpaOOTKE XUMHUYECKOTO MBIIUIEHUS.

Teopernyeckue 0CHOBbI

Kanponakram  (1aktam  €-aMHHOKampOHOBOW  KHCIJIOTBI)  SIBJISIETCS ~ MOHOMEPOM
MOJIMKAPOAMHUa, W3 paciulaBa KOTOPOTO MOXHO TIONy4aTh TOJHMAMHUIHBIE BOJIOKOHA.
[TonmamMuHOE BOJIOKHO Ha OCHOBE KaIllpOJIaKTaMa UMEET Pa3JInyHble Ha3BaHUs B 3aBUCIMOCTH OT
(UPMBI-IPON3BOIUTENS: KAlPOH, HAlJIOH 6, IEpJIOH, CHIIOH, J10/1€pOH, I'puiioH U 1p. CBoiicTBa,
KOTOPBIMH 00JIalaeT 3TO BOJIOKHO, OINPENEISIOT MX IIUPOKOE NMPUMEHEHHWE B IMPOU3BOJICTBE
TEXHUYECKUX M3JIEUN W OBITOBBIX TOBapoB. M3 MOIMaMHIHOTO BOJIOKHA U3TOTABIMBAIOT KOPJ,
KpYy4eHble U3eus (KaHaTbl, BEpEBKU, TPOCHI), KAIPOHOBYIO TKaHb, UyJIOYHO-HOCOYHBIE H3/1ETHS.

CrencTBueM IIMPOKOTO CHEKTpa MPUMEHEHHUS MOJUAMHUIHBIX BOJIOKOH SIBIISETCS
MIOBCEMECTHOE HapallMBaHWE MPOW3BOJCTBEHHBIX MOIIHOCTEH IS TOyYEHHs KalpoJjaKTama.
MupoBoe MpOU3BOJACTBO KalpojakTamMa COCTaBiseT 0ojee TpexX MHJUIMOHOB TOHH B TOJ H
MIPOJIOJDKAET YBEITMUNBATHCS.

CBoiicTBa MoyiMKampoamMua B 3HAYUTEIHHON CTETEHU 3aBUCAT OT MpPHUMECeH, Jake B
HUYTOKHBIX KOJIMYECTBAX COJECPKAIIUXCS B KalpoJlaKTame, B OCHOBHOM WX IIPUCYTCTBHE
CKa3bIBa€TCs Ha THpolecce MOIMMEpPU3alUU U TEPMOCTOMKOCTH TOJIY4YEHHOTO MOJUMEpa.
OCHOBHBIMH TIPUMECSIMH B TOBAapHOM KalpoJIaKTaMe SIBJISFOTCS aMUHBI, CIHPTHI, OCHOBAHUS
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[Mudda, cynbdar aMMoHuUs1, HOHBI kene3a u aAp. CocTaB U KOJIMYECTBO MPUMECEH 3aBUCAT OT
crocoba TONy4eHHs; 1O (U3UKO-XMMHYECKHM IIOKa3aTelsM  KalpoJakTaM JOJKEH
COOTBETCTBOBaThH TpeOoBaHusM 1 HopMaM 1o 'OCT 7850-86, ykazanHbsiM B Tabute 1.

B pamkax BbIOSHEHUS NaHHOHM 1abOpaTopHON paboOThHI IMpeajaraercs onpeaeseHue
HEKOTOPBIX MPUMECEH B KallpoJaKkTaMe ¢ UCTOIb30BAHUEM METOJUK, HE TPEOYIOMIMX CII0KHOTO
anmaparypHoro oOpMIICHHS: IEPMAHTaHATHON MOTPEOHOCTH, COACPKAHUS OCTATOYHOTO OKCUMA
[UKJIOT€KCAaHOHA U JIETYYMX OCHOBAHUH.

Ilepmanzanamnuasn nompeonocms — 3TO  KOJIMYECTBO pacTBoOpa
KMnO4 (mr), pacxomyromerocs Ha THUTpoBaHMe 1 Mr mpoObl; XapaKTepu3yeT Haludue
JIETKOOKHUCIISIFONINXCS TPUMEcedl B Kamposiaktame. MeToJ OCHOBaH Ha OKHCICHHH TaKHX
npuMeceld B IPOIECCe TUTPOBAHUS ITEPMAHTaHATOM KaJIusl.

Onpeodenenue codepiyucanus OCMAMOYHO20 OKCUMA WUKI026KCAHOHA OCHOBAaHO Ha
TUAPOJIN3E HEMpPOPEearupoBaBIIETO0 IUKIOTeKCAHOHOKCHMA JI0 LHKIOT€KCAHOHA, KOTOPBIi
OTTOHSIETCS C BOJSIHBIM TTApOM

Taba. 1 - [Tokazarenu, XapaKTepU3YIOLIHE KaUeCTBO KampojlakTama

HaumenoBanue Hopwma s copra
ITOKAa3aTels
BBICILIETO IIEPBOTO
[ lepmaHTaHaTHBIM MHJICKC, €]1., HE Oosee 4 5

[[BeTHOCTH BOAHOI'O PacTBOPA KalpoJyiakTama

c MaccoBoii goneii 50%, en. XaseHa, He 6osee 3,0 4,0

OnTryeckast MI0THOCTh pacTBOpa KampoJiakrama 0,04 0,05
c MaccoBoit goneii 50%, He 6onee

Temmneparypa kpuctasumsanuu, °C, He HIKE 68,8 68,8
CopnepxaHue JEeTY4YMX OCHOBaHUN, MMOJIb/KT, HE OoJiee 0,4 0,5
MaccoBas 10JIs1 HUKIOreKcaHOHOKcUMa, %, He Oolee 2,0010°3 2,0010°8
MaccoBas moiis kenesa, %, He 6oiee 2,010 2,010
[1{e109HOCTH, MMOJIB/KT, HE OoJiee 0,1 0,1
KuCciI0THOCTE, MMOJIL/KT, HE OoJjiee 0,05 0,05
pH 20% BomHOTO pacTBOpa 6,7-7,3 6,7-7,3

HepBOﬁ cTaguell CHHTe3a KarpoJiakTaMa, HUCXOoAsA W3 NUKIOICKCAaHOHA, SABJIACTCA
MPEBpAIICHUEC HUKIOICKCAHOHA B HNUKIOI'CKCAHOHOKCHM. 910 MMpEeBpalICHUC OCYHICCTBIIACTCA
JIEHCTBHEM BOJTHOIO pacTBOpa CCPHOKUCIIOTO TUAPOKCHUIIAMHHA!

+H,0
2<:>:o + (NH,OH),H,SO0, <:>:NOH H,SO,

l+2 NH,

<:>:NOH + (NH,),SO,

Ha Bropoil cragmm 1moj — JIEWCTBHEM  OJ€yMa  MPOUCXOAUT  HM30MEpH3aLUs
[IUKJIOr€KCAaHOHOKCHMA B KaIlposiakTaM (OeKMaHOBCKasi EperpyIpoBKa):
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H,C—CH;Cx
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_0 _OH _OH,
H,C—CH;CZ_ H,C—CHy C H,C—CH; €
| N | — |
/ / H /
H,C—CH;CH, H,C—CH;CH, H,C—CH;CH,

[Tpu 3TOM IIPOUCXOAMT PACHIMPEHUE UKIA ¢ BHeApeHueM NH-rpynmbl MeXIy ABYMs aTOMaMu
yTaepoaa.
| wacmo

1.CuHTE3 HUKJIOTeKCAHOKCHMA

ObopynoBaHue U peaKTHBbI KosaunuyecTBo

1. YcranoBka s mpoBeeHust cuuTesa (puc. 1).

2. Iuxnorexcanon (ds2° = 0,946) 30 T
3. l'mapoxcunamuncynbdar 451
4. Hatpus xapOoHat 30r

[Ipouiecc OKCMMUPOBaHUA IMHMKJIOT€KCAaHOHA IMPOBOIAT Ha JaOOPaTOPHON yCTaHOBKE
(puc. 1), cocrosmieil U3 YETHIPEXTOPION KOJIOBI, CHA0KEHHOW MEMIAJIKOW C AJIEKTPOIIPUBOIOM,
TEPMOMETPOM, KaleJIbHON BOPOHKOM U 0OpPATHBIM XOJIOAWILHUKOM C BOJSHBIM OXJIQXKICHUEM.

B xonby nmomematot 45 r ruapoxkcunaMuncyibdara u 150 M Bojsl,

B KalejabHyI0 BOPOHKY 30 I IIMKJIOr€KCaHOHA, MOCJIE€ YEro BKIIOYalT Memanky. Bo Bpems
pacTBOpEeHHs TUAPOKCUIIAMUHCYIb(aTa roToBAT 25% pac-
TBOp KapOOHAaTa HaTpUs B BOJE (pacuemsl nposepums y npenooasameis).

[locne momHOrO pacTBOpEHUs TUAPOKCHIAMHHCYJIb(paTa pEaKIHOHHYIO CMeCh
HarpeBatoT 10 50°C, OTKpBIBAIOT KpaH KamelbHOW BOPOHKHU U IO KAIUIAM (MedneHHo!) BBOIAT
LUKJIOT€KCAaHOH, HE JIOMyCKas MOBBILICHUS TEMIIepaTypbl. 3aTeéM B KalelbHYl0 BOPOHKY
nomemaioT 25% pacTBop KapOoHaTa HATPHs U MPOBOJAAT HEUTpATHU3AIMIO PEAaKIIMOHHONW MacChl
1o pH = 5,5 [J 6,0 (mo yHuBepcaipHOMY MHAUKATOPY). HelTpann30BaHHBIN MPOIYyKT HATPEBAIOT
10 60°C u mpoaoxaioT nepemMenrnBanye B redeHue 30 MuH.

PeakuoHHy0 cMecCh OXJIaXX/al0T, BBIIABLUIMI B OCaZOK OKCHUM LHK-JIOTE€KCAHOHA
0T(hUIBTPOBHIBAIOT Ha BOpOHKE BroxHepa u cymar Ha Bo3ayxe J10 cienyromero 3anatus. Cyxoi
IPOAYKT B3BEIIMBAIOT M OMPEAEISIOT BHIXO/1 B IPOLIEHTaX OT TEOPETUYECKOTO.

Puc. 1. YcranoBka [yuist IpoBeIeHUsI CHHTE3a OKCHMA LIUKJIOT€KCAHOHA: 1— deThlpexropas
Koj10a; 2 — KarnenbHasi BOPOHKa; 3 — TepMOMETp; 4 — MeIIajka; 5 — TUIp0o3aTBop;
6 — XOJIOIMIIBHUK
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1/ yacmo
2. IleperpynnupoBKa HUKJIOT€KCAHOHOKCHMA
ObopynoBanue M peakTHUBbI

1. VYcranoBka aiisg npoBeaeHust cuatesa (puc. 1).
2. Xumuyeckuid crakad Ha 200 mur.
3. JlenurenpHas BOPOHKA.

4. IIMKJI0T€KCAaHOHOKCUM 30r

5. Cepnas kucnota (ds?° = 1,8370)

wm oneym (ds2° = 1,8960) 110r
6. AMMuak, 25% BOAHBIN pacTBOP 100 mn
7. TpuxsiopaTriieH 150 mn

Onucanme CHHTE3Aa
1. Ilepezpynnuposxa

Crakan Ha 200 M mMOMEHIAIOT HAa BOJSHYIO WIHM JIEASHYI0 OaHIO U HE-OONbLIINMHU
MOPLUHSAMHU pacTBOPSIOT B HeM 30 T' UKJIOTEKCAHOHOKCHMA B 28 MJI CEpHOM KUCIIOTHI (0JeyMa),
TeMIepaTypa Ipu 3TOM He JJoyikHa npesbimaTh 20°C. [leperpynnupoBKy HUKIOreKCaHOHOKCHMA
B KampoJlaKTaM TMPOBOJAT HA TOW >K€ YCTaHOBKE, 4YTO MU oOKcumupoBanue (puc. 1). B
YETBIPEXTOPIyI0 K00y momemaroT 21 Ml cepHOW KUCIOTH (MM OJieyMa) U HarpeBaloT ee /10
120°C npu noctositHHOM nepemeninBanuu. [10AroToB-neHHbIi pacTBOp LUKIOIT€KCAHOHOKCUMA B
CEpHOM KHUCIIOTE (0JIeyMe) OCTOPOKHO Yepe3 KareIbHYI0 BOPOHKY JOOABIISIOT K HATPETOM CEPHOM
KHCJIOTE, IPU 3TOM TeMIIepaTypa He JOJKHA ogHuMaThcs Bbie 130°C.

Buumanue!!! Ilpu npogedenuu nepecpynnupoéku 02poMHOe 3HAYEHUe UMeem
memnepamypHulii  pexcum! Eciu 6 npoyecce cmewieHus memnepamypa 6 Koibe
crudcaemces 0o 115°C, dobasnenue okcuma ciedyem 8pemeHHO npeKpamums, 008ecmu
memnepamypy 0o 120°C u moavko nocie smoeo npooonxcams cunmes. llosviwenue
memnepa-mypsi 00 135°C npusooum K ygenuueHuro ckopocmu o00pazoeanus N0OOYHvIX
npoodykmos, 0o 140°C — k ebibpocy npodykma uiu 63pule).

[locne BBeaeHMsI BCEro KOJIMYECTBA IUKIOT€KCAHOHOKCHMA PEaKIM-OHHYIO CMECh
BbIIEpKUBatOT B TeueHue 20 MuH npu temnepatype 125 [ 130°C, 3aTem oxJax1at0T Ha BOASHON
i nensHoi 6ane 1o 20°C. U3 peakiimoHHo# Macchl 0TOUpatoT 5 [J 7 T meperpynmnupoBaHHOTO
IPOAYKTa JUIsl ONPENENIEHUs OCTaTOYHOTO OKCHMA, OCTaBUIYIOCS YacTb MEIUIEHHO, IIpU
MOCTOSIHHOM OXJaKJAeHUH U nepememinBanuu npu 7 = 20°C nHeWrpanuzyror 25% aMMuaqyHOU
Bos10M 10 PH = 8,0 (10 yHUBEpCcaIbHOMY WHIUKATOPY ).

2. Bvioenenue kanponakmama

Kanponakram skcTparupyloT U3  pacTBopa, o0Opa3zoBaBLIerocss B  Ipoliecce
HEUTpaau3aluuu, TPUXJIOPITWICHOM. JlId TNpoOBEAEHHA DSKCTPAKIMHM PEAKIHOHHYIO CMECh
HEPEeHOCAT B JICNUTENIBHYIO BOPOHKY, H00aBisitoT 30 M TpPUXJIOpITHIEHA WU HHEPTUYHO
nepeMemnBaroT. [locne mosHOro pa3nesneHus OPraHudecKuil CloM, coaepKaliui KarpojaakTam
(HMKHUI), OTIENsIeTCs, a OCTaBIIUICS BOJIHBIN (BEpXHUIT) AKCTparupyior eue B 2 [1 4 npuema,
Kax /bl pa3 100aBsist 30 MII CBEXKEr0 TPUXIIOPITUIICHA.

Oprannueckue CJIOM CIMBAIOT B OJHY KOHHMYECKYIO KOJOy W cymar Oe3BOJHBIM
XJIOPUCTBHIM KaJIbIIUEM JI0 CJIETYIOIIETO 3aHSTHSL.

I yacmo

3. OuncTKa KanpoJakTaMa

OO0€e3BOKEHHBIM AKCTPaKT OYMINAIOT OT PACTBOPUTENS MPOCTOM TMEPEeroHKONM Ha
ycraHoBke puc 2. KyOoByro XHAKOCTh CiIMBalOT B (paphopoByr0 HalIKy M OXJAKIAIOT 0
3arBepAeBaHus. [lonydeHHBIN KallpojakTaM B3BELMBAIOT, ONPEACIAIOT BBIXOJ B MPOLEHTAxX OT
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TEOPETUYECKOr0, TEeMIIepaTypy IUIABJICHUS, TIEPMAaHTAaHATHYI0 TOTPEOHOCTh, COJEpIKaHUE
JIETYYUX OCHOBAHUM.

PucyHnok 2 - Cxema yCTaHOBKH JJisl IPSIMOM MEPETOHKU KUAKOCTEN: | — 3IeKTpoIuTKa; 2 —
OaHs (BoJHAs, MacisTHast MJIH TlecyaHasi); 3 — Koj0a KpyriioloHHast; 4 — Haca/lKa JJisl TIEPerOHKH,
5 — TepMOMETP; 6 — MPAMOM XOJOAUIIBHUK; 7 — aJIOHXK; 8 — IPUEMHUK

METOJIUKH AHAJIUTUYECKHUX OIPEJIEJEHUAN

1. OnpenesieHne KOHIEHTPALMHA OCTATOYHOT0 OKCUMA
HUKJIOTeKCAHOHA B MPOAYKTE MeperpynnupoBKH.
OGopynoBaHue U peaKTHUBbI

1. TIpuGop m1st mEpPEroHKU ¢ BOASHBIM mapom (puc. 3).
2. Konba Dpnenmeiiepa va 100 mur.
3. Cepnas kucnora, 10% pactBop.

4. T'uppoxcunamuncynbdar, 0,1 M pactBop 40 mn

5. Harpus ruapoxcun, 0,1 M pactsop.

6. bpoM(eHoI0BbIM cUHMI (MHIUKATOD).
Xo/ aHaju3a

Cobupator mpubop IJid TMEPEeroHKH C BOASHBIM MapoM (pHUC. 2), COCTOSIINN U3
napooOpa3oBaTeis, IPOMEXKYTOUHON KOJIObI, XOJIOAUIBFHUKA, AIOHXa U KOJIOBI-TPHEMHHKA.
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Puc. 3. [IpuGop 7151 IeperoHKH ¢ BOJSHBIM ITAPOM:
1 - AIIEKTPUYECKAs TUINTKA; 2 — mapoo0pazoBaTeb; 3 - 3aXKHM;
4 — mpoMmexyTodyHas Koioa; 5 — XOJIOJUIIbHUK; 6 — AILIOHK;
7 — xonba-puéMHUK

Hagecky mpo6st (5 -7 r) B3BEIIMBAIOT HAa AHAIMTUYECKHX BECAX
¢ tourocteio A0 0,0001 T, mepeHocAT B MPOMEKYTOUHYI0 KoiOy, pasdarmsror 20 M 10%
pacTBOpa CEpPHOW KHUCIOTHI U OTTOHSIOT BBIACIUBIINICS ITUK-JTOTCKCAHOH C BOJISHBIM TapOM B
teyenue 20 muH. K muctumnaty gobasistor 40 mu 0,1 M pactBopa rupokcuiaMuHcyibdara,
npenBapuTeNnbHo HelTpanuzoBanHoro pactsopom 0,1 M NaOH go romy6oro okparuBaHus MO
OpoMQeHOTIOBOMY CUHEMY (TUCTHIUIAT MPU JOOABICHUH OpOMQEHOIOBOTO CHHETO OKPAIIINBACTCS
B JKCNTHIA BET). BBIIEIMBIIYIOCS TPU OKCHU-MHPOBAHUHM CEPHYIO KHCIOTY THUTpyroT 0,1 M
pactBopom NaOH 1o nepexo/ia OKpacku U3 KEITOH B TOIYOYIO.
Ilpouyenmmnoe cooeprcanue ocmamounozo OKCUMAa PacCIUTHIBAIOT 1O (hopmyIe:

VxMx0,0113 x 100 X
g

rae X —  cojeprKaHHue UKJIOTeKCAaHOHOKCUMa, %o;
V - o0beMm pacTBOpa IIeN0UH, MOMIEANIEH Ha TUTPOBAHUE, MIT;
M —  MosbHas KOHIIEHTpAIUs PacTBOPA LIEIOYH, MOJIB/TI;

0,0113 — konIM4YeCTBO MHUKIOTEKCAHOHOKCUMA (T), COOTBETCTBYIOIIEE
1 M 0,1 M pactBopa NaOH,;

g — HaBECKa HUCCJICAYCMOI'0 BCUICCTBA, I'.

2. OnpenesieHne MEPMAHTAHATHON MOTPEOHOCTH KAaNpPoJaKTaMa
Oo0opynoBaHue U peakTHUBbI

1. Konba Dpnenmeiiepa Ha 100 mi.

2. CepHas kucinota, 10 % pacTtsop.

3. Kamms nmepmanranar, 0,1 % pactBop.

Xoxa ananusa

Ha ananutnuecknx Becax B3BEHIMBAIOT KOJOYy DpieHMeiiepa ¢ TouHocThio g0 0,0001 T,
BHOCAT B Hee HEOOJBIIOE KOJIMYECTBO MoydeHHOro Kamposmaktama (0,3 - 0,5 r), BHOBB
B3BEIIUBAIOT, OMPEACIIss TOUHYIO HaBecKy. B konOy mobasmsiror 10 M Boabl, 40 mur 10% cepHoit
KUCTOTH U TUTpyIT coaepxkumoe 0,1% pactBopom KMnOs 10 po3oBOro oxpaimruBaHusi, He
MCYE3aI0IIero B TeUeHHE | MUH.

Ilepmanzanammuyto nompednocms Onpenensior no popmyse

Vx0,1
T=100xg"

\ — o6beM pactBopa KMnOy, ommeniero Ha TATPOBAHUE, MIT;
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0,1- mponeHtHoe coaepxanue pactBopa KMnOg;

g — HaBCCKa UCCJICAYCMOI'O BCIICCTBA, T.

3. OnpenesieHue coaepKaHUs JEeTYy4YUX OCHOBAHM A

OobOopynoBaHue U peaKTUBBI

Kpyriononnsie koa0s! Ha 250 mut.
Jledbnermaropsl.
XomoamisHUKY JInouxa.
Kon6sr Dpnenmetiepa Ha 100 mut.
Consnas kucnorta, 0,01 M pactBop.
Harpus ruapokcun, 0,01 M u 4 M pacTBopsbI.
7. CMelaHHbIN UHAUKATOP.
Ilpumeuanue. Memoo npuzomoenenus cmMeuianHo20 UHOUKAmopa.
1. Ipuzomoseums pacmeop 0,3 z memunosozo kpacuozo é 100 ma smanona.
2. Ilpucomosums pacmeop 0,3 2 memunenoeozo 201ayoozo é 300 mn smanona.
3. Pacmeoput 1 u 2 cmewrams, ucnoip3osams He panee, uem uepe3 CymkKu.

OOk wnE

Xoa aHajamsa

B kpyriononnyio kon0y BHOCAT HaBeCKy Karmpoijakrama (5—7 r), pacTBopsitoT ee B 150
MJT BOJIbI, 100aBIISIIOT Kunenku. CoOMparoT yCTaHOBKY ISl IPSIMOM TMEPETOHKHU C Ae(IierMaTopom,
IIPY 3TOM AJUTOHXX JIOJDKEH OBITh TOTPYKEH B JKUAKOCTH, HAXOSAIIYIOCS B KoJOe-pueMHuKke. B
npueMHyto konOy mnomemaror 10 s 0,01 M pactBopa consiHOM kucioTsl, 30 M
JTUCTUUTUPOBAHHON BOJBI M IMATH Kamlellb CMEIIAHHOTO MHIMKATOpa. 3aTeéM B KPYIJIOJOHHYIO
kos10y BBoAT 50 Mi1 4 M pacTBOpa rufpoKcuIa HaTpusl.

Mennenno orrousoor 100 Ma auctuiisra (IPOJOKUTEIBHOCTD MEPETOHKU JOJIKHA
cocTaByATh He MeHee 30—35 MHH), TPUEMHYIO KO0y OTCOEINHSAIOT OT YCTAHOBKHU, XOJIOIMIbHUK
IPOMBIBAIOT HEOOJBITNM KOJMYECTBOM JUCTHJUIMPOBAHHOW BOJBI, CIIMBAsi €€ B TNPHEMHUK.
Cognepxumoe nprueMHo# kos0osl TUTpYytoT 0,01 M pacTBOpoM rugpokcuia HaTpusl.

OMHOBPEMEHHO MPOBOMSAT KOHTPOJBHBIA OMBIT B TEX JK€ YCIOBHSAX M C TEMH K€
peakTHBaMu, HO 6€3 MO0kl KarmpoJaKTama.

OO0beMHYI0 JOJIO JIETYYWX OCHOBAHHMHA B MUJUIMMOIIAX Ha KHIIOTPaMM KampojakTama
BBIYHCIISIOT IO popMyIIe:

x=(Mo=V) *c *1000
g
rne Vo — o0beM pacTBopa TMAPOKCHIIA HATPHSI, U3PACXOJOBAHHOTO Ha TUTPOBAHWE M30BITKA

KHUCTIOTHI B KOHTPOJILHOM OIIBITE, MIT;

V — 00beM pacTBOpa ruIpoKCcHa HATPHUsl, U3PACXOJOBAHHOIO Ha TUTPOBAaHUE U30BITKA

KHUCTIOTHI MPU UCTIBITAHUH MPOOKI KampoJiakTaMa, MIT;

C — MOJIbHAsI KOHIICHTPAIUS THAPOKCHIA HATPHUsI, MOJIB/JT; § — HAaBECKa KarpoJjaKTama, T
TEXHUKA BE3OITACHOCTH

1. Bce omepamuu ¢ CepHOW KHUCIOTOW HWJIM OJIEYMOM CJIEIYyeT TPOBOJIWTH IOJ TATOU, C
PUMEHEHHUEM CPEJICTB MHIMBUAYAIbHON 3aIIUTHI: PE3MHOBBIE EPUATKH, 3AIIUTHBIC OUKH, KIICCHUATHIN
daprTyk.

2. Bo wu3bexxanue BbIOpOCAa MPOAYKTa WMIM B3pbIBA HEOOXOJUMO TIIATENBHO COOIIOIATH
TEMIIEPaTyPHBIA PEKUM MTEePETPYIITHPOBKH.

3. Tpuxnopsmunen — a0!!! Bce paboThI ¢ HUM ClIeyeT MPOBOIUTH MOJ TATOM!
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MuHHCTEpCTBO HAYKHW U BhICIIEro oOpa3zoBanus Poccuiickoit denepanun
HmxHexkaMCKUl XUMHKO-TEXHOJIOTHYECKHI HHCTUTYT ((prinan)
benepanbHOro rocy1apCTBEHHOTO OIOPKETHOTO 00pa30BaTEIbHOIO YUPEKIACHHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHckuil HalMOHAIBHBIN HCCIIE0BATENBCKUM TEXHOJIOTMYECKUN YHUBEPCUTET)
(HXTHU ®I'bBOY BO «kKHUTVY»)

TexHnomornyeckuii hakynpTeT
Kadenpa neprexummudeckoro cuaresa

KomiuiekT 3aianuii 1Jis1 1a00paTOpHbIX padoT

no guctuiumae «b1.B.03 O60061menne u aHau3 CyIEeCTBYIOMNUX XUMHUYECKUX TEXHOJIOTHH.
[imannpoBaHue MHOTOCTAJUUHBIX CUHTE30B»

JladbopaTopHas padora Ne 3
«CHHTE3 CII0KHBIX 2(HPOB C MOCIEAYIOUIM OMBUICHUEM

Leab paGoThl — M3y4YCHHUE OPraHUYECKHX BELIECTB, METOJIOB IPOBEICHHS DPEaKIHi,
PaCUCT 3arpy3Ku UCXOAHBIX KOMIIOHCHTOB, YCTAHOBJICHUC YHUCTOTHI IIPOAYKTOB PCAKIINH.

1. Teoperuueckas 4acTh

Peaxnust sTepudukays 3To 00paTUuMBIN MPOLIECC B3AUMOICHCTBUS OPraHMYECKIX KHCIOT
CO CIIUPTaMH.

Ha xonumyecTBeHHbIN BbIXOA 3(QUPOB, KpOME MPUPOIbl PEAreHTOB BIIUAET: COCTOSIHHUE
peareHTOB B HCXOJHOW CMeCH, NpUpOJAa KaTaliu3aropa, TeMIeparypa, TeMIlepaTypa,
HHTCHCUBHOCTb NCPEMCIIMBAHUA W T.H. OCHOBHBIM (1)aKTOpOM, Inpu MpoYnux OJUHAKOBBIX
YCIOBHSX, BIMSIOIIMM Ha CKOPOCTh ASTepUUKAIMM, SBISIETCS IMPHUpPOJA YIIEBOAOPOAHBIX
PaavKalIOB KHUCJIOTHI U CIMpPTA. CKOpOCTB p€aKkuu maaacT npu nepexoac OT HU3MMUX CIIUPTOB K
BBICIIMM, OT IIEPBUYHBIX K TPETUUHBIM. UeM BbllIe KHCJIOTHBIE CBOMCTBA KUCJIOTHI H CIUPTA,
TeM Jierde coeAMHEHHsI BCTYNAIOT B PeaKIUI0 dTepupuKanum.

MexaHu3M peakuu STepuUKAILIMK IPEICTABICH CIEIYIOUIM 00pa3oM:

OO6mas cxema peakuu 3TepupuKalnu:

t, H,S0,
Rlc R,GH) R,COOR, + H,0 (1)

Karanmzatop — cepHas Kuciora, HeoOXoauma Juis 0Opa3oBaHHsA KapOKaTHOHA U3
KapOOHOBOM KUCIIOTHI.

R,C=0 + H* =—= R;C*-OH
H “OH

Hanee, kapOKaTHOH HYKJICOPHUIBHO aTaKyeTcsl KUCIOPOOM CIIUPTOBOM TPYIIIIbL:

H
R,C*-OH +0"R, == R;C-OH
H :|O+' Ry
H

[Ipoucxomut oOpa3zoBaHue KapOKaTHOHA JPYrod CTPYKTYpPBI, KOTOPBIH, aajnee, TepseT
IIPOTOH U MOJIEKYJTY B BUAE KaTHOHA THIPOKCOHUS:
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ng-o@) — R,;COOR, +H;0"

b

Bce craguu mpornecca aTepuduKanuyd paBHOBECHBI, TIPUYEM CABHIa PaBHOBECHUS MOXKHO
JIOCTHYb, B35B M30BITOK OJHOIO M3 HCXOJHBIX BEILIECTB WJIH, yJIausdsd OJUH W3 KOHEYHbIX
MPOIYKTOB. YJAISIOT U3 PEaKIMOHHON Macchl HanOoJiee JICTKOKHUIIAIIMN KOMIIOHEHT. Bpems
peaKuuu OnpenernseTcs He TOJIBKO JOCTH)KEHUEM PaBHOBECUS M COCTaBOM IPOAYKTOB PEAKLIHH,
HO M CKOPOCTBIO TeUEHHsI TOOOYHBIX peakiuii. [Ipu mpoaomkuTenbHOM NpeObIBAHUN UCXOIHBIX
BEILIECTB B 30HE PEaKLUH, BEIXOJ 3()UPOB YMEHBLIAETCS.

MHorue cnoxHble AQHUPHl  00JaAA0T TMPHUATHBIM  3alaxoM, I[O3TOMY IIMPOKO
UCnonb3yoTcs B napdromepun. CioxxHble 3QUPBI )KUPHBIX KUCIOT U CIIUPTOB UCIOJb3YIOTCS B
KayeCTBE MOBEPXHOCTHO-aKTUBHBIX BEILIECTB, KOTOPHIE IIMPOKO NMPUMEHSIOTCS B IIPOU3BOJICTBE
CUHTETHUYECKUX MOIOIUX CPEICTB, dMYJbIaTOpPOB W T.A. IPUPOJHBIE Macila U >KUPBl TaKkKe
HPEJCTABISIOT B CBOEH OCHOBE CIIOXKHbIE 3(DUPBHI.

2. JKcnepUMeHTAJIbHAS YaCTh.

CryneHty  mpeanaraercss  BBIIOJIHMTh — CHHTE3  CJIOXHOIO  3(Qupa, BblIaeTcs
MHAMBUAYaIbHOE 3aJlaHUE€ Ha pacyueT 3arpy3Kd MCXOJHBIX BewlecTB ¢ ydetoM 10 % u30bITKa
CIHUPTA, CTYJCHT JOJDKEH IMPOaHAIM3UPOBATh (PU3MUECKHE KOHCTAHThl MCXOJHBIX M KOHEYHBIX
IPOAYKTOB CHHTE€3a W Ha OCHOBAaHMM OTOr0 CJelaTh BBIOOp MeEToAa CHHTE3a, 0oObeMa
UCIIOJIb3YEMOMN MTOCYBI.

2.1. YpaBHeHHe OCHOBHOIl peaKkuMu:

t, H,S0,
R1C R,GH) === R,COOR; + H,0 (1)

Kucnora — ykcycHas, cnupt — (3TUII0OBBIN, N30MPONHMIIOBBIN, MPOMUIOBBIN, OyTHIIOBBIMH,
BTOP.OYTHIIOBBIH, TPET.OyTUIIOBBIN, N300y THIIOBBINA, aMUJIOBBIH, N30aMUIOBBIH.
2.2. YpaBHeHHsl NOOOYHBIX peaKIMii:

R,OH + H,S0, — ROSO3;H +H,0 )

HETOJHBIN KUCIBIA aJIKHICYIb(at

R'-CH=CH, +H,0
AJIKCH
R,-0-R,

mpoctoi 3¢up

1.3 Cunre3s 3¢upos ¢ Temneparypoii kunenusi menee 100 °C

Cxema yCTaHOBKH JJIsl IPOBEACHUSI CUHTE3a N300paxkeHa Ha puc. 1.

2.3.1. IlpoBeaeHue cMHTe3a

B xon6y Bropua HanuBaroT cmech: 2,5 Mil criupTa U 2,5 MJI KOHIIEGHTPUPOBAHHOM CepHOMN
KHCJIOTBI, @ OCTaJbHOE PACYETHOE KOJMYECTBO CIHMPTAa M YKCYCHOM KHCIIOTHI 3aJMBalOT B
NeTnTeNbHYI0 BOpoHKyY. IIpn Temmeparype peakumonnoi cmecr 100 °C HauMHAIOT MpUINBATH
CMecCh U3 JETUTEIHHON BOPOHKHU C TAKOH e CKOPOCThIO, KaK UIET OTIOHKA 3upa.

[Tocne okoHYaHMS CHHTE3a, KOTJa BCS CMECh KUCJIOTHI M CIIUPTA MPUIINTA B PEAKIIUOHHYIO
KoJIOY, a B KOJIOE OCTanoch 2-2,5 MJI )KUIKOCTH, CHHTE3 3aKaHYMBaloT. OTKIIIOYAIOT HarpeBaTeb
U pa3duparoT yctaHoBKy. CopaepKuMoe MpHUEeMHHKa MEPEHOCAT B ACIUTENbHYIO BOPOHKY U
npombiBatoT  30-50 M pactBopa yriekucioro Harpus (Na:COs) ans  ynaneHus
HEMPOpPEarupoBaHHON YKCYCHOM KUCIOTHI U 30-50 M1 BOABI.
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[Ipu mpombIBKE CMECh B JIEIUTEIHLHOM BOPOHKE SHEPIMYHO BCTPAXUBAIOT ISl JIYYILIETrO
nepeMemuBaHis 3puUpa U TMPOMBIBOYHOTO pacTBOpa, JAlOT pPACCIOUTHCS UM HUKHUH
MPOMBIBOYHBINA CJIOW yAaNsitoT. DPUp MEepeHoCAT B KOHUYECKYIO KOJIOYy M cyliaT Oe3BOAHBIM
KpUcTaTuieckuM cepHokucibiM HaTpueM (NazSOs), nnst yero B Koi0y BHOCST HEOOJIBIIMMU
NOpUUSMHU CONIb U BCTpsxuBaroT. [locne mpocBerienust 3¢dupa, ero mepeHocAT B Kojily ams
NEPEroHKY, MpeBapuTeIbHO, H3MEPUB 00bEM.

2.4.  Cunres 3¢pupoB ¢ Temneparypoii kunenus soime 100 °C

Cxema yCTaHOBKH JJIsl IPOBEACHUSI CUHTE3a N300pa)keHa Ha puc.2.

2.4.1. TlpoBeneHue cMHTe3a

B konly 3anmMBaroT pacyeTHOE KOJIMYECTBO CHUPTA, YKCYCHOW KHCIOTHI U 2 MJI CEpHOM
KUCIOThl. OCTOPOXKHO MEepEeMEIINBAIOT, BHOCAT «KHUIEIKW». 3aTeM COOMpPAIOT M 3aIlyCKaIoT
ycTaHoBKY. KOHTpOIIb 3a peakuueil, OCyIecTBIISIOT 10 00beMY BBIACTUBIIEHCS BOBI B JIOBYIIKE.
KonuuecTBo BOMBI B TOBYLIKE JOJIKHO OBITH MPUOIU3UTENILHO PABHBIM «pacdeTHOMY». OOBIYHO
CHHTE3 3aKaH4YMBAIOT MPH MPEKPaIEHHH TIOCTYIUICHUS BO/BI B TOBYIIKY Hacaaku J{una — Crapka.

[To okOHYaHUM CHHTE3a 3aMEPSAIOT BOJY B JIOBYIIKE HACAJKH, COIACPKUMOE JIOBYLIKU U
PEaKIIMOHHON KOJIOBI MIEPEHOCST B JEIUTEIIbHYIO YCTaHOBKY. [lanee, no6asmsitot 30-40 M1 BOHI,
BCTPSIXMBAIOT, JAIOT PACCIOUTHCS, HIDKHUHN CIIOM, Colep Kaluil YKCYCHYIO M CEPHYIO KHUCIIOTHI,
yaanstor. 3ateM, mpombiBaoT 30-50 M1 pactBopa yriekucioro Hatpust (Na2COs) u 30-50 mu
BOJIBI.

[Tpu mpoMBIBKE CMECh B JEIUTEILHOW BOPOHKE PHEPTUYHO BCTPSXHUBAIOT JUIS JTYUIIErO
nepeMennBaHus d(gupa W MNPOMBIBOYHOTO pACTBOpa, [HAIOT pPACCIOUTHCA U HIDKHUMN
IPOMBIBOYHBIN CIION yAAISAIOT. DPHUP MEpEeHOCAT B KOHUYECKYIO KOJOy M Cymar Oe3BOIHBIM
KpucTaymmueckuMm cepHokuciabiM HaTpueM (NaxSOs), mist yero B koidy BHOCAT HEOOIBIIUMU
HNOPIMSIMUA COJIb M BCTpAXHUBArOT. [locie mpoceetnieHust 3¢upa, €ro MmepeHocsAT B KOOy st
MEPETOHKY, MPeIBAPUTEIbHO, H3Mepsisl 00beM.

3. Ileperonka

Cxema yCTaHOBKH JJIsl IPOBEACHUSI CUHTE3a U300paxkeHa Ha puc.3.

3.1 IlpoBeneHue neperoHKu

B konly Broprna 3amuBaroT mosyuyeHHbIH 3¢up, A00aBISAIOT «KUMEIKW», COOUPAOT
YCTaHOBKY U meperoHstor 3¢up. IIporecc 3akaHuuBaroT, Korjaa B kojabe Bropiia ocranercs 1-1,5
MJI BELIECTBA. 3aMepSIOT MOJYy4YeHHbIH 00beM 3(pupa (BTOPMYHO) M ONpeeIsiiOT HA
pedpakToMeTpe NoKa3aTeb NpejsomaeHus 3¢upa (C TOYHOCTHIO 10 YETBEPTOTO 3HAKA). DPUp
TOTOB K OMBUIEHHUIO.

4. OnpeaesieHne YUCTOTHI I(PHUPA ¢ MOMOILIbIO OMbLIEHHS.

Ecnu  BBIUMCAMTB, HMCXOJS M3 MOJIEKYJSIPHOM Macchl 3(upa KOJIMYECTBO ILEJIOYH,
HeoOxoaumoe st oMbUieHMS 1 T 3¢dupa (Tak Ha3bIBa€MOE «YMCJI0 OMBLIEHHS»), a 3aTeM
HKCIEPUMEHTAIBHO ONPEAETUTh 3Ty BEJIMYMHY, TO, CPAaBHHBAs UX, MOXHO CYAMTb O YHCTOTE
a¢upa. B ocHOBe onpenenenns «4uciaa OMBUICHHS JISKUT PEaKIis OMBUICHHUS CIIOXKHOTO 3dupa.

R,COOR, + KOH R1COOK +R,0H

4.1. CxeMa yCTaHOBKH

CxeMa yCcTaHOBKH ISl IPOBEJICHHsI CHHTE3a U300pakeHa Ha puc.4.

4.2. IIpoBenenue peakuuu

B konbe momemaror koinyecTBo mesoun B3sitoe B u30biTke 10 — 20 %, 1 mu sdupa,
COOMPAIOT yCTAaHOBKY U MTPOBOJIAT oMbUIeHHE. [TapaienbHo TpoBOIAT XOIOCTOH OMBIT O0e3 3dupa.
Yepe3 1 yac comepxumoe OXJIaXKAal0T, cMbIBatloT 10 MiI BOJBI 4Yepe3 XOJOAMIBHHK JIETy4uHe
BElIeCTBa M OTTUTPOBBIBAIOT 1O (peHondTanenny (1% crnuprossiit pactBop) 0,5 H. pacTBOpoM
cosstaoi kucnotsl (HCI). U paccunThiBaroT «4uciao oMbuUIeHUs. ONpeeNsioT YUCTOTY BEeIeCTBa.
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Puc. 1. Cxema ycTaHOBKH JJIsl MPOBENEHUS dTeprpUKAAN 1T TTOTydeHus ddupa ¢
TemnepaTypoit kunenus Huke 100 °C.
1 — snekTpoHarpeBarenb; 2 — koyida Biopia; 3 — repmomMetp; 4 — nenuTenbHas BOPOHKA; 5 —
xonoaunbHUK JInOuxa; 6 — amiomk; 7 — mpueMHas Koioa

noaaua
BOAbI

Puc. 2. Cxema ycTaHOBKH JIJIsl POBEICHUS dTepr(HUKAIMN I IOTydeHHs d(hUpa ¢ TeMIepaTypoi
kunenus 6onee 100 °C.
1 — snekTpoHarpeBarelb; 2 — Kojiba KpyriojoHHas; 3 — jgoByiika JJuHa - Ctapka; 4 — X0JIOAUIbHUK
JInbuxa



Puc. 3. Cxema yCTaHOBKH ISl IEPETOHKU

1 — snekTponarpeBateinp; 2 — Bropua; 3 — repmometp; 4 — xonoauinbHuk Jlubuxa; 5 —

AITOHXK; 6 — mpueMHas Koyda

Puc. 4. Cxema ycTaHOBKH /1JI1 OMBUICHUS

1 — snmekTpoHarpeBateinb; 2 — BoasiHas O0aHs; 3 — konba KoHn4ueckas; 4 — BO3-TyIIHBIN

XOJOJHUJIIPHUK

Tab6auna 1 - CnpaBoyHble JaHHBbIE K J1a00opaTOpHO#i padoTe «CHHTE3 CI10:KHbII 3(PUPOB»

Ha3panue BemecTBa Moaexynspuas | Temneparypa | IlnotHocts, | Iloka3arenn
macea, r kunenns, °C r/em® npeJIoMJICHHSE
YKcycHas Kuciora 60,05 118,10 1,0492 1,3720
Byrtunoseliii ciupt 74,12 117,25 0,8098 1,3991
(6yranon-1)
N300y THIIOBBIH CIIMPT 74,12 108,40 0,8027 1,3878
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(2-metunmponanoi-1)
[IponunoBbiii cIupT 60,06 97,20 0,8044 1,3854
(mpomanoJ-1)
M30onponusioBsiii CUPT 60,09 82,40 0,7851 1,3776
(mpomanoJ-2)
W30amMusnoBelii ciupt 88,15 132,00 0,812 1,4053
(3-metunbyTanon-1)
DTUIIOBBIN CIUPT 46,07 78,39 0,7893 1,3611
(9Tanon)
YKCYCHOITHIIOBBIH 3Ghup 88,10 77,15 0,9010 1,3728
YKCycHOOYTHIIOBBIIH up 116,16 126,00 0,8825 1,3941
YKCYCHOM30aMUJIOBBIH 3¢hup 130,19 142,50 0,8719 1,40535
YKCyCHOM300yTHIIOBBIH ddup 116,16 118,00 0,8700 1,3907
Y KCYCHOM30IPOIHIIOBKIH 3hHUP 102,14 89,00 0,8720 1,3770
YxcycHOnponwioBsli 3dup 102,14 101,60 0,8870 1,3844
CepHas KUCIIOTa 98,07 279,60 1,8305 1,4290
Bopna 18,00 100,00 1,0000 1,3333
Tabauua 2 - BapuaHThl CHHTE30B U MHAMBUAYAJIbHbIX 32JaHUH
Ne KonuyectBo cimpra KonuyecTBo Konuuectpo KonuuectBo
Bapua YKCYCHOM CJIOKHOrO 3¢hupa BOJBI
HTA KHCJIOTBI
Ha3zBaHue cniupTa r MJ | MOJb | T | MJI|MOJb | T MJ | MOJ | T | MJI | MOJIB
b
1 ByTumnoBsrii 15,8 X X X X X X X X X | x X
2 DTUIOBHII X X X 170 | x X X X X X| Xx X
3 N300y THn0OBBIMH X 19,4, X X X X X X X X| X X
4 DTUNIOBLII X X X X X X 20,0 X X X| X X
5 IIpomumoBerit X X X 120 | x X X X X X | x X
6 W3oaMunoBeIit 18,5 X X X X X X X X X | x X
7 M3onponuioBsiii X X X 120 | x X X X X X | x X
8 DTHIIOBBINA X X X X X X X 18,0 X X | x X
9 ByTunossrit X X X X X X 23,2 X X X | x X
10 H30aMUIIOBBIM X X 0,26 X X X X X X X | X X
11 DTUNIOBLII X X X 120 | x X X X X X | X X
12 [IponmnoBerit 12,0 X X X | X X X X X x| x X

5. Ilopsanok opopMiieHUs oTHETA

1.Ha3Banue paboTbl
2.1lenp paboThI

3.Cxema ycraHoBk# (puc.l wiu 2, puc.3, puc.4)

4.0Onucanue cuHTE3a (B COOTBETCTBUU C BAPUAHTOM).
5.YpaBHeHHE OCHOBHOM peakuuu (sl CBOErO CIUpPTAa B COOTBETCTBHHM C BapHUaHTOM,
hopmyra (1)).
6.YpaBHeHHe MTOOOYHBIX PEAKIMA (17151 CBOETO CITUPTA B COOTBETCTBUU C BAPUAHTOM (2)).
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7.Tabnuma MCXOOHBIX JAHHBIX B COOTBETCTBMHM C BapHMaHTOM (IIarka aHAJIOTHYHA,
BBINKCBHIBAIOTCSL JaHHBIE IO CBOEMY CIIUPTY, CIOXXHOMY J(HpYy, YKCYCHOH KHCIIOTE, BOJE
(Tabm.1)).

8.Tabnuua pacueTHBIX JaHHBIX MO BapuaHTy (Tabn.2) (CM. HUXKeE).

IIPUMEP BbITIIOJIHEHWUA PACYETHOI' O 34/[AHHMA (na npumepe 1 BapuanTa).
1.Ucxo0s uz mabn.2 ogopmisem mabauyy no 6apuanmy:

Ne | Kon-BO Kou-Bo ciupra Kon-Bo apupa | Kon-Bo Bozb!
B KHCJIOTBI

MJI | Moib | HamMmeHoB. | T MJI | MOJB |T | MI | MOJIb | T | MJI | MOJb
1 |x |x X OoytunoBerii | 15,8 | x X X | X X X | x X

OrmpezensgeM HeIOCTAalONIME JaHHBIE (OKPYIJisieM MOJH 10 BTOPOro 3HAKa IoOCje
3alsATOM; BCEe OCTAJIbHbIE 3HAYEHUSI-10 NEPBOIO).
HeoOxomumbie nannbie A pacyeta (Tadm. l):
VYkcycHas kuciora: moja.sec: 60,05; mrotHocTs: 1,0492.
Byrtunossriit ciupt: Mmon.Bec: 74,12; mmotHocTh:0,8098.
VYkcycHo-0yTuinoBbIi 3¢gup: moin.Bec:116,16; mnornocts:0,8825.11
Bona: moin.Bec:18; mnotHOCTE: 1.
1.Ucxons u3 dopmyiasl V=m/p, Haxomum o0beM cnupTa ( Yy KOro 3aJaHO YHCICHHOE
3HAUEHUE JIPYroro KOMITIOHEHTa, MO A3TOH (opmyrie HaxomsaT o0beM HIM MacCy 3aJaHHOTO
KOMITOHCHTA).
V= 15,8/0,8098=19,5.
2.0mnpenenseM Koi-Bo Mosieit ciupra o hopmysie: MOJIb= m\M, t.e.15,8\74,12=0,21.
3.ITo ypaBHEHHIO PeaKIMH Bce BemecTBa OepyTcs B KoJ-Be | MOJISL, HO JJIsl TOTO, YTOOBI
CABUHYTbH PaBHOBECHE B CTOPOHY 00pa3oBaHus 3¢upa, Koi-Bo cnupra d6epercs ¢ u3ouitkoM 10%,
T.¢. B Koni-Be 1,1 Monei
Kucnora Cnupt D¢up Bona
1 1.1 1 1
Hcxons u3 TeopeTHuecKoro Koi-Ba MoJiel, mepexoAruM Ha MOJIU TI0 BapHAHTY:
0,21 moneit cniupra — 1,1
X MoJell KHCIOTHI — 1 X =0,21x1\1,1=0,19
CrnenoBatenbHO, UCXO/1 U3 TAHHBIX 10 TEOPETHY.MOJISIM (CM.BBIIIIE) MTUIIEM:
Kucnora Cnupt Dup Bona
0,19 0,21 0,19 0,19
B tom cnyuae, ecnu pacdert BefieTcs Mo APYroMy KOMIIOHEHTY, Harpumep 3Gupy, pacyer
BEJIETCSI aHAJIOTUYHO, YUuThIBasi 10% U30BITOK criMpTa.
4.Jlanee, ucnomnb3ys ¢hopMyIsl mil. 1,2, onpenensieM Bce OCTAIbHbBIE MPOITYKTHI:
Kucnora: 0,19 x 60,05=11,4; 11,4\1,0492=10,9
Doup: 0,19 x 116,16=22,1; 22,1\0,8825=25,0.
Boma: 0,19 x 18 =3,4; 3,4\1 = 3,4.
3anonHseM TabnuIy :

Ne | Koxn-Bo Kon-Bo cniupra Koun-Bo 3¢upa Ko:-Bo Bozbl
Bap | KHUCIIOTHI
r M | mon | HaumenoB | r M | MOI | T M | MOI |T | M | Mol
1 b . 1 b 1 b 1 |b
1 11.4 10, 0,19 Oy THUIIOBBII 15, 19, 0,21 22, 25, 0,19 3, 3,4 0,10
9 8 5 1 0 4
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6. Pacuer ynciia oMbUICHHS (TEOPETHIECKOTO)
CornacHo ypaBHeHHIO (3) pacuMTHIBAEM:

M radupa 3arpaunBaercs 56000 mr menoyu.
CnenoBarteibHO,

56000
0.= ——

4),
M
rae Y.O — yncino oMbUICHHS,
M — MonekyIsipHBIN Bec adupa, r

[To oxOHYaHUU OMBUICHUS U TUTPOBAHUS, OMIPEIENIIEM YICIIO OMbUIEHUS 10 hopmyiie (5):

(V,-V,)*K*0,28
HY.0.= ” *100 (5)
Vo*p
rie - Viu V2 - kommuectsa mi HC1, momeqmux Ha TUTPOBaHHUE XOJIOCTON U pabodeid mpoo,

COOTBETCTBEHHO;
0 - IIOTHOCTH Adupa, mr/ oM
K — nonpaska k TUTpY;
Vo — 06beM a¢upa , Mit;
0,28 — mepexoHbIi KOAPHUITHEHT.
K — nonpaBka k TUTpy paccUMTBIBAE€TCS B OTHOLIEHUH HCTUHHONW HOopMasibHOCTH KOH K
TEOPETUUECKOH.
BbluncisitoT 4MCTOTY BELIECTBA, IPUHSIB TEOPETHUECKOE Uuncio oMbuieHus 3a 100%.
ITo pe3yabTaTraM BBIIOJIHEHUS JIAOOPATOPHON PAOOTHI COCTABIISAIOT UTOIOBYIO TaOIUILY:
Ta6auna 3. Utorosasi Tad/iMia pe3yJibTaTOB padoThl

Orepudukanus HaumeHnoBanue mokasaresst
Temmeparypa [Tokazarenn O6bvem
kunenus, °C IPEJOMJICHUS s¢upa, Ma
pacu TEOp Pacu. Teop. paca | Teop

YkcycHblii a¢up

Temmnepatypa [TokazaTenn O6bem
[Teperonka kunenns, °C PeTOMIICHUS adupa, MI

Yucao oMbUIEHUS
OwMmbLieHHE TCOPECTUUCCKOC PACUCTHOC

JladopaTopnasi padora Ne 4
«ITomy4enre H30TPOIUIOBOTO CITUPTA CEPHOKUCITOTHON THAPATAIIMEH MTPOTTHIICHA»

CnupTel SBIAIOTCA OAHMM M3 CaMbIX B@XKHBIX M KPYHMHOTOHHAXXHBIX IPOJIYKTOB
HePTeXUMHUYECKOW TpoMbInuieHHOCTH. [IIupokoe pasHoOOpasue, CBI3aHHOE CO CIIEIU(PUKON MX
UCTOJIb30BaHUSI B PA3JIUYHBIX 0ONAcTsAX, OOyCIOBIMBAaeT, B CBOIO OdYepe/lb, pa3HooOpasue
METOJIOB WX MIPOU3BOJICTBA. B HacTosIIee BpeMsi OCHOBHBIMH METOJaMH TIPOU3BOICTBA STUIIOBOTO
Y M30IIPOMHIIIOBOTO CIIUPTOB SBJISIFOTCS:

1) mnpsmas ruaparaiyst ojieuHOB (ITHUIICHA U MTPOMUJICHA);
2) CepHOKHCIIOTHAs TUApaTanus oj1e(puHoB (ITHICHA, IPONUIICHA, OyTHIICHOB).
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B HacTosimee BpeMsi METOA CEPHOKMCIOTHOM THIpaTalMd HU3KOMOJICKYJISPHBIX
OJ'IG(I)I/IHOB IIAPOKO HCHOJB3YCTCA B HNPOMBIIUICHHOCTU JIA NPOU3BOJACTBA HHU3UIUX CIIHUPTOB.
'uapararust ojeUHOB ABJISIETCS 0OpPATHMBIM IPOLIECCOM U MPOTEKAET B JIBE CTAIUM: abCOpOIIns
0JIe()MHOB CEPHOU KUCIOTON U TUAPOIIU3 ATKUIICYIb(ATOB.

AGcopbuust 01eUHOB CEpHOI KUCIOTOM MOXKET OBITh IPE/ICTABIICHA YPABHECHUEM:
0SOzH

’R—(IIH—CH,-}-SS KKaJl/MOJb
ankuacyabdar :
R—CH—CH;,
R—CH=CH,+H,S0O;, — O/
\802-1-23 KKaJI/MOJIb .

o

| R—CH—CH,
AHAIKHACYAbdar

Juankuncynbhar MOXKET pearnpoBaTh C CEpHOM KHCJIOTOW ¢ oOpa3oBaHHEM
IKWICYJbdara:

R—CH—CH,
o/ R——?H—CHs
>so,+ M50 2 OSOH .
0
R—CH -CH,

UeM BblllIE CTENICHb HACHIILEHUS KUCIOTHI 0JIe(PUHOM, TEM MEHbILIE B PEAKLIHOHHOW CMecH
COAEPKUTCS TUAIKUIICYIIb(ATOB.

Karanmutudeckoe JneiicTBHE KHCIOT B pEAKIUHM THApATAlldH OJe(UHOB CBA3aHO C
o0pa3oBaHUEM aJKWICYJIb(}ATOB, MOITOMY TeMIepaTypHas o00JacTb pEeakUH 3aBUCUT OT
OPUPOABI M CTPOEHHUS O0JIePUHOB, UX CIIOCOOHOCTH pearupoBaTh C CEpHOM Kuciaortou. U3
ra3o00pa3HbIX 0J€(pHUHOB TPYyIHEH BCETro pearupyeT ¢ CepHON KMCIOTOM 3TUIIEH, JIerye MPOIHIIEH,
OyTuieH, U OYeHb JIETKO U300yTHIIEH, KOTOpbIM noromaercs B 500 pa3 ObicTpee, YeM NpONHiIeH
U HOpMaJlbHbIe OYTHJICHBI.

Br10op ycnoBuii peakiuu cyibdatupoBanusi 00yCIOBIICH HE TOJIBKO CKOPOCTHIO a0copOInu
0JIEMHOB CEPHOM KHCIOTOM, HO M pa3BUTHEM IMOOOYHOM peaKIMy - MOJTUMEPU3AH 01e(PUHOB.
[TosTOoMy Asist KaXkI0TO ONehrHa MOXOUPAIOT CBOM yCiIoBus: KoHIeHTparmio H2S04, Temmeparypy
U JIaBJICHUE .

C yBenuueHueM MOJEKYJISIpHOW Macchl osiepuHa Temmeparypa adcopOLUU MOHMKAETCS.
Tak, 11 3THUIIeHA TeMiiepaTypa abcopouuu 65-75°C, mis nponuiena — 65-70, 1yt H-OyTuieHa —
45, nns mzo0yTunena — 30°C; aist Tex xe 01e(pUHOB JaBICHHE COOTBETCTBEHHO TAK)KE CHIDKACTCS:
2,5,0,8,0,3u0,3 MIla.

JIpyruM Ba)KHBIM TIOKa3aTeJeM SIBIISIETCS CTETIEHb HACHIIIEHUS oJieHA CEPHON KHCIIOTOM.
OT 3TOro0 3aBHCUT KOJIMYECTBO MOHO-H TUAIKHUICYIb(aToB. [Ipu n30bITKE 0nedrHa NOBbIIIAeTCS
KOJIMYECTBO JHAIKWICYIb(daTa, HO CHIDKAETCS PacXOJ] KHUCIOTHI. DTO BaKHO, TaK KakK ITOCIE
THJIPOJIM3a CEpHas KHCJIOTa TMOIydaeTcss B pa30aBIEHHOM BHJE M YMEHBIIEHHE €€ pacxoia
CKa3bIBa€TCsl HAa YKOHOMHUKE MPOW3BOACTBA. [109TOMY COOTHOIIEHHE CepHas-KUCIOTa - onehruH
00bIyHO OepyT paBHbIM 1-1,2:1,4.

CkopocTts abcopOruu  0oNe(UHOB CEPHOM KHUCIOTOW 3aBUCHUT OT jdaBieHus. [lpu
UCIOJIb30BaHUM 3TaH-3THICHOBOM (pakimu, copepxamieid 50-60% sTuneHa, olliee naBieHHE
cucteMbl 2,5-3 MIla. JlaBneHue crnocoOCTBYET YBEIMUYEHUIO CKOPOCTH TIOTJIONMICHMS ATHIICHA
cepHoit kucioToii. Bpems abcopOiuu 3 gaca.
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Bropoit craameii mporecca MOJMy4YEeHHS CHUPTOB sBIsieTcs ruapoian3 ankuia- (1) u
muankuicynbdartos (I1). [Tpu rugponuse npoTeKaroT CIEAYIONINE PEAKIINN:

R-(EH—CH, (1) /R-—éH—GH,-pH,sm

R-CH—CH,+H,0 OH OSO,H

/ I ‘ I
O\ o R—CH—CH,+R—CH—CHj
o>

N
R—CH—CH; (1))
Kpome Toro, (II) moxxer pearnpoBarh ¢ 00pa30BaBIIMMCS B 30HE PEAKLIUU CIHHPTOM C
BEIX0J0M TIpocToro ddupa (I11) u ankuncysdara (1):

R —CH~—CH,
‘ Ve
O\ ‘
/SOg"i—R—CH"—CHag(:b
O .
AN H
R—CH—CH,
(i
R—CH—CH;,
|
O
|
= R-—--CH——CH;, + R—CH——CH,.

|
(D OSO,H

()

O6pazosanue npoctoro >dupa (I1I) Bo3moxkHO Takke mytem B3aumoerictus (1I) c Bogoi

(1)+H,O === (I11)+ H,SO,

I'mppomus mnposogsat npu pasnenun 0,4-0,5 Mlla u temmneparype 92-95° C. s
yMmenbieHus Beixoaa s¢upa (I11) ruaponus BeayT Mo BO3MOKHOCTH OBICTPO U 00pa30BaBIIUHCS
CHHUPT OBICTPO OTTOHSIOT OT CMECH, YTOOBI €r0 KOHLIEHTpAIMs B pacTBOpe ObLla HEOOIBIION.
MosxHO mocTynaTh W HMHaye. PeaklMOHHYIO cMech DPa30aBlIIOT BOJOHM, CepHas KHUCIOTa U
IKWICYIb(AThl MEPEXoAT B PacTBOP, a AUATIKWICYJIb(AT BBIACIACTCS B BHJIE HMKHETO CIIOA.
Berxon cimproB 96-97%, nipocroro 3¢gupa odpasyercs 1-2%.

Henocratkom MeTOna CEpHOKHUCIOTHOM THApAaTalluy SBISETCS ydacTHE B IpoLecce
00bIINX 00BEMOB CEPHOI KHCIIOTHI, €€ pa30aBiieHuE, a 0TCI0/1a HEOOXOAUMOCTh €€ yIapuBaHus,
nepekaykyd OosbIIMX OO0BEMOB, UYTO CBS3aHO C KOppo3ueill ammapatypbl M OOJBIIMMHU
KalUTaJIbHBIMU 3aTPaTaMy Ha COOPY>KEHUE 3aBOJIOB.

Crnenyer OTMETUTh, YTO MPOIECC CEPHOKUCIOTHON THMApaTalMu OJe(UHOB MO3BOJSET
MIPOBOJIUTH PEAKIIUIO HE C KOHIIEHTPUPOBaHHBIMU oyiepuHamu (95-98% crenenn 4ucToTH), Kak
3TO HMMEEeT MECTO NpHU MNpSIMOHM Tuipatanuu, a ¢ (pakuusmMu oJepHUHOB, TIE COJEpKAHHE
onepurOB 30-50%. DTO OCHOBHOE MPEUMYIIIECTBO METO/Ia CEPHOKUCIIOTHOM THIpaTaIUH.

Lenwv padbomot

[TonydyeHrne WM30MPONMIOBOTO CHHUPTa CEPHOKUCIOTHOM THapaTalMed MpomnuieHa,
olpeielieHne KOHBEPCHUHU MPOINUIICHA, BBIX0O/Aa CIMPTa Ha MPOIYIIEHHBIH U Mpopear upoBaBIIHNiA
MPOIUJIEH.

Ilopaook npoeedenus pabomuol
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[Ipu moaroTtoBke k JabopaTopHOW paboTe cTyneHT odopmiiser Tadauiyy 29, Kotopas
3aIoJIHACTCS JAHHBIMU IO Mepe MX MOIY4YEeHHUS! BO BPeMs OIIbITA.
Tabmuma 29
VYcnoBus IpoBeIeHUs IKCIEPUMEHTA U Pe3yJIbTaThl HAOIIOACHUN

Coneprkanue NponuieHa B MpONuIeHCoAepkKaIiemM rasze, % o0.

Temneparypa, °C

[IponoIKUTENBHOCTD ONBITA, U

KoinuecTBo npomynieHHOro nponuieHa, Mojb

KomnnuectBo MMPOMMYIICHHOI'O MMPOIMUJICHCOACPXKAICTO ra3a, Ji

KonnyecTBo HenpopearnpoBaBLIEro MPONMIEHCOACPKALIEro rasa, JI

Copep:xanue MpornuseHa B HelpopearupopasileM rase, % 00.

Pacxoj nmponuieHcoaepkalero rasa, Mi/MHH

Yemanoeka ROJIYHUEHUA U30nponui06020 cnupma

OMnbIT NPOBOAAT HA YCTAaHOBKE, CXeMa KOTOpOM MpUBeeHa Ha puc. 1

[Iponunencoaepxamuii raz u3 OaysioHa 1, yepe3 peomerp 2, ocylIUTeNb 3 IMOJAIOT B
peakrop 4. PeakTop npezacrasisieT coOO0M CTEKISHHBIN IUIUHAPUYECKUI COCYl, BHU3Y KOTOPOIO
BIIasiHA [IOPUCTAs IUIACTHUHA JIJI1 PABHOMEPHOTI'O paclpeesIeHNs Ia3a 10 BCeMy CeueHuI0. BHyTpu
peaKkTopa HaxOJMTCS 3MEEBUK JJI1 OTBOJA Telula peakuuu. I1o meHTpy peakTopa BCTaBISAIOT
TepMoMeTp 5. Ha BbIXoJie u3 peakTopa yCTaHOBJIEH 0OpaTHBIM XOJIOAMIBHUK 6 U ra30BbIi CUETUUK
7 U1 KOHTPOJIS 32 TOJHOTOM TOTJIONIEHHS ra3a. He BCTynMBIIMK B peakuuio ra3 cCOOMparoT B
ra3omerp.

p ¢

Puc. 1- Cxema ycTaHOBKH NOJIy4eHHS M30NPONMIOBOIO CIIUPTA
1 — GayIoOH ¢ IPOMMIIEH COACPIKAIINM Ta30M; 2 — peOMeTp; 3 — OCYIIUTENb; 4 — peakTop; 5 —
TEPMOMETP; 6 — XOJIOJWIBHUK; 7 - Fa30BBbIA CUETUUK
Ilposeoenue onvima
B peakrop 3amuBaror 60 mu 87 % - HOW cepHOW KuCIOTHL. Yepe3 TyOycC BCTaBISIOT
TEPMOMETP 5 MO LEHTPY peaKkTopa TakK, YTOObI PTYTHBIN MIApUK ObUT MOTPYKEH B PEAKIIMOHHYIO
CMecCh, 1 HAaUMHAIOT MPOITyCKaTh MPOMMJICH COJEpKalllii ra3 co CKOPOCThIO, 00ecreunBaroien
€ro IMOJIHOE TOIJIoNIeHHe. 3Hasl CoJep)KaHuEe MPOIWIeHa B MPONWIEH COJEpKalleM rase,
pPacCUUTHIBAIOT HEOOXOIUMOE KOJIMUYECTBO IMOCIEAHEr0 U OMPEIENAIOT pacxo] rasa B MJI/MUH.
Pacxon rasa ycraHaBiaMBaKOT IO NOKa3aHMIO peomerpa 2. B peakrope 4 mnoaaepKuBaroT
temneparypy 15-20°C, nogaBas B ero 3MeeBHK BOJAOIPOBOIHYIO BoLy. [IpormycTuB paccuutanHoe
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KOJIMYECTBO TMPOIMUJICH COJAEP)KAILEro ras3a, OINbIT IMPEKPaIlaloT, 3alUChIBAIOT KOJIUYECTBO
MPOMYIIEHHOTO ¥ HEMPOPEarupoBaBIIETO ra3a, a PEaKIMOHHYIO0 MacCy U3 PeakTopa MEePeHOCsT B
KPYTJIO0JOHHYIO0 KOJIOY asist ruaponusa. K cogep:kumomy KonObl 100aBIISIOT YeThIpe 00beMa BOIbI
¥ HarpeBarT CMECh C OOPATHBIM XOJOMIBHUKOM JI0 TEMIIEPATypPhl KUTICHUS, 3aTeM KUIATIT 30
MuH. [Tocne 3Toro 3amMeHsI0T 0OpaTHBIA XOJIOAWIHPHUK HA MPSMON U U3 KOJIOBI OTTOHSIOT 150 mut
a3e0TPOIHON CMEeCH CIUPTA 1 BOJIbL. Jl00aBHB K cMecH 54 T TOBapeHHOM COJIM, CHOBA MEPETOHSIOT
ee u3 Kojowl Brropra, oroupas dpakuuro 80-84°C B mpeaBapuTeIbHO B3BEUICHHYIO KOJOY U
OTIPEICIISIOT MMOKA3aTeNh MPEIOMIICHUSI CIUPTA (YUCTHI M3OMPONIIOBBIA CIUPT — OeclBeTHAs
JKUJIKOCTB C XapaKTEPHBIM CITUPTOBBIM 3araxom, tun=82,4°C, d%%,=0,7887, n*°p=1,3775. C Bozo0ii
CIUPT 00pa3yeT a3e0TPOIHYIO CMECh). B3BEIIMBAIOT MOMyYEHHBINH CITUPT U PACCUUTHIBAIOT BBIXO]]
HAa TMPONYLIEHHBIH U  mpopearupoBaBmmii mnponuieH. CoaepkaHue MpomnuieHa B
HENPOPEarupoBaBIIEM Ta3e ONPEIeISIIOT  XpoMaTorpauuecKuM METOAOM. JTO  JaeT
BO3MOXXHOCTbH OIPEIETUTh KOHBEPCHUIO MPOIUIICHA.
Oopabomka noiyueHHbIX pe3yibmamos
OO0BeM IPOIUIIEH COIEPIKAIIETO T'a3a, HEOOXOIUMBIN ISl OTbITa (TIPH H.Y.):

V, = N*224, 100, z
yl

rae: y1 — COACPIKAHUC IMPOIIUJICHA B HCXOAHOM IIPOIIUJICH COACPIKAIICM Ia3c, % 06; N — YUCIIO

MOJIGI71 HpOHI/IJIeHa, KOTOpOG 10 YCJIOBI/ISIM OIlbITa H606XO[[I/IMO ImogaTthb Ha peaKHI/IIO.
2. O6’beM IIPOIMUJICH COACPIKAIICTO Ia3a Ipu yCJ'IOBI/IHX OIIbITA:
Vo(273+1) ;

273

3. Pacxoja mponuieH coaeprKaliero ra3a, KOTopblii HEOOXOIUMO MOJIIEPKUBATh B TCUYCHHUE BCETO

OIIbITA:

1=

le\ﬁ,Mﬂ/MuH
T

I7i€: T- NPOJOJIKUTENBHOCTD OIBITA, MUH.
4. OObeM npopearupoBaBIIEro NPOMUIICHA:

V’S:V Yi—=Vhy, E

100
rne: Vi, V2, V5 — 06bem mpomymerHOro, HempopearnpoBaBIIero M MPOpearHpOBaBIIEro
IPONMJIEHA COOTBETCTBEHHO, JI, Y1 M Y2 — COAEpXkKAaHME NPONWIEHa B MCXOJHOM U

HEMpopearupoBaBIleM PONUICHCOAEPKAIIEM Ia3e COOTBETCTBEHHO, % 00.
5. O0beM npopearupoBaBIIEro NPONUIEHA IPU H.Y.:

V%273
3= —————, /1
(273+1)
6. KommuectBo IIpopearupoBaBIICTO MPOMUIICHA:
G:.= L *M, 2
22,4
7. KOHBCpCI/IH IIpOIHUJICHA:
G

K = —=*100,%macc
G

1
rzae: Gi- KOMM4ecTBO MPOIYIIEHHOTO MPOMUIICHA.
Brixox n3onponuinoBoro cnupra
a) Ha MPOIYIEHHbII MPOIIIIEH:

B= E *100,%macc

4

0) Ha MpOpearupoBaBIINI MTPOMHUIIEH:
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G= % *100,%macc

5

rae: Gz, G4, Gs — KommgecTBa U30IMPOITUIIOBOTO CITUPTA, 00Pa30BABIIETOCS U TEOPETHICCKH
BO3MOJKHBIE I10 peakly U3 IPONYLIEHHOTO U IIPOPEarupoBaBIIEeTrO IPONUIIEHA COOTBETCTBEHHO,
T.

Conepxanue oTyera

JIaboparopHasi paboTa cuuTaeTCs BBIIOJHEHHOW MOCIIE MPEIOCTABICHUS UCTIOTHUTEIIEM
MUCBMEHHOT0 O0T4YeTa. B oTueT pekoMeHIyeTcs BKIOYaTh CIEAYIOIINE pasienbl: ejdb padboThl U
3alaHue; XUMMHU3M U MEXAHW3M PEaKLNH, OIMCAHUE YCTAHOBKHU, CXEM, MAaTEPUAIIOB, PEAKTHUBOB;
METOJIMKY BBIIOJHEHUS Pa0OThI; aHAJIU3bI PE3YIbTATOB UCCIIEIOBAHMS; BBIBOIBI.

Bonpocul ons 0bcyocoenus na kpyanom cmone no meme « Xumuieckas mexnonous»:

1. Xumust 1 TeOpEeTHYECKHE OCHOBBI, TEXHOJIOTHS THIPOIN3a U MIETIOYHOTO ACTHAPOXJIOPUPOBAHNS
XJIOPIPOU3BOAHBIX.

2. IIpoueccsl ruapaTanny oaeGUHOB U aneTuieHa. IIpoayKThl, peakIMOHHbIE Y3715l U TEXHOJIOTHH.

3. IIpouecchl U peakMOHHBIE Y3716l JETHAPATALH C 00pa30BaHNEM HEHACHIICHHBIX COCIMHEHHH,
¢ 00pa3oBaHNEM MPOCTHIX 3PUPOoB. [ernapararyst KApOOHOBBIX KUCIIOT.

4. XuMmus, OPOLYKTHl M TEeXHOJOTus 3Tepuduranuu. llpouecc HempepbIBHOIO MONyYCHHUS
JTUNALEeTaTa.

5. AMuaupoBaHue, AeTHApaTalus aMUZ0B ¥ THAPATalys HUTPUIOB, THIPOJIN3 U dTepUPHUKALINS
HUTPHJIIOB.

6. [Tomyuenue criuptoB. TeXHONOTHUs MOTyYEHHUS U30MIPOITUIOBOTO CIIHPTA.

7. OxpaHa OKpyXamIliel cpeasl B IMpolieccax THAPONIN3a, TUIpaTaly, ICeTUApaTalluu,
3Tepu(pUKaALUT U AMUIUPOBAHUSL.

8. CunTe3 xapOoHaTOB 1 3(hUpoB KUCIOT pocdopa.

9. Cunres u3ounaHaToB, kapbamaroB (ypeTaHoB), kapOamua (MOYEBHHBI) H €T0 3aMEICHHBIX.

10. TexHODOrUs NOMYYECHHU METUIIMETAKPUIIATA U3 ALIETOHIUAHTUIPUHA

JlabopaTopnasi padora Ne 5
«ITonyuenune n3onponuadeH301a»

ANKUIMPOBAHUEM HA3bIBAIOT IMPOLIECCHl, B KOTOPBIX IMPOUCXOAUT BBEACHHE ATIKUIIBHBIX
Ipynn B MOJIEKYJIbl OPraHMYECKMX W HEOPraHW4ecKUX coequHeHui. Cpenm 3THX peakuui
0oJbIIOE TMPAKTUYECKOE 3HAYEHHE HUMEIOT  IPOLECChl aJKWJIMPOBAaHUS apOMaTHYECKUX
coenHeHul B sAapo. Takke BaKHO MpOBEEHUE ANKHINPOBaHUS U30Mapa(UHOB, MEPKANTaHOB,
amMuHOB M ap. [Iponecchsl ankuiaupoBaHUs 4acToO SBISIOTCS NMPOMEXKYTOUHBIMU CTaJAMSIMH B
IIPOU3BOJICTBE MOHOMEPOB, MOIOIIIMX BELECTB U T.1.

B mpomeccax ankunupoBaHHsS B KauecTBE AIKWIMPYIOIIUX AareHTOB MCIONb3YHOTCS:
HEHACBIILICHHbIE COCAMHEHUS — oe(DUHBl M aleTuiIeH (y KOTOPBIX MPOMCXOIUT Pa3pbiB CBS3U
MEXJly aTOMaMM YTJEepoJa), XJIOPIPOU3BOJAHBIE C JIOCTAaTOYHO IOJABM)KHBIM aTOMOM XJopa
(crIOCOOHBIM 3aMelaThCsl MO/ BIUSHUEM pa3iMYHBIX areHTOB), CIHMPTHI, IPOCTHIE U CIOMXKHbBIE
3¢upsl (Hanpumep OKCUAbl 0Je(UHOB, Y KOTOPBIX MPU AIKUIUPOBAHUM Pa3pbIBAeTCs YIIIEpO.I-
KHCJIOPO/IHAs CBSI3b). DTUJICH, IPONUJICH, OyTHIICH U BBICIINE UMEIOT MEPBOCTENIEHHOE 3HAUCHUE
B KaUECTBE AJIKUJIUPYIOLIUX areHTOB.

OpnHa u3 kiaccuuKanuii MpoLeccoB alKUIMPOBAHUS OCHOBAaHA Ha TUIE BHOBb OOpasyromieics
CBS3M, T. €. HA TOM, C KAKMM aTOMOM CBSI3bIBaeTCs alKuibHas rpymnmna. [1o 3Toit knaccupukanuu
pa3anyaroT:

a) C-ankunupoBaHue NapaUHOBBIX M apOMaTHYECKHX YIJIEBOJAOPOJOB (3aMelleHHe Ha
AIKWIBHYIO I'PYIITy aTOMa BOAOPOJa, HaXOJAIIET0Cs IPH YIJIEPOIHOM aTOME):

+ RCI R1 + HCI
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0) O-ankunupoBaHue (CBA3BIBAHUE ATKUIBHOM TPYIIBI C aTOMOM KHCJIOPO/Ia):

NaOH

OH + RCI O-R1 + NaCl + H,0

B) N-ankwirpoBaHue (3aMeIleHue aTOMOB BOJOPO/ia B aMMHAKE WJIM aMUHAX
Ha aJKUJIBHBIC TPYIIIIHI):

NH; + RCl — RNH; + HCI
NHs; + ROH — RNH; + H,O

K mponykram ankuiupoBaHHS, KOTOpBIE NPOU3BOIATCS B OYEHb KPYIHBIX MaciiTabax
OTHOCATCS: ATUIIOEH30J1, H30TapaUHOBBIN AJKUIIAT, BHICIINE ATKUIOEH30JIbI, TIIMKOIN U IPyTHe
NOPOXYKTHl ~ TPEBpAICHUs  O-OKCHIOB. JlaHHBIE NPOAYKTHI  SBISAIOTCS HE  TOJIBKO
MMPpOMCIKYTOYHBIMH, HO W IIHPOKO HCIHOJB3YIOTCA B Ka4€CTBC KOMIIOHCHTOB TOIIJIMB,
pacTBOpHUTENEH, TIIACTU(HHUKATOPOB, IPHCATOK K MACJIaM U APYTUX LEIsX.

IMosy4yeHue u3onponuidensoia

N3omponunbOen3on (KyMoi) — apOMaTHYECKOE COEANHEHNE, KOTOPOE B MPOMBIIIIEHHOCTH
MOJTYYaroT aTKWIMPOBaHUEM OeH30u1a mponieHoM. [Tpu 3ToM nmpoTekaeT psij HOOOYHBIX peaKIiii
3aKJTFOYAIOIIUXCS B TIOCIEIOBATEIFHOM BBEICHHH ANKWIBHBIX PAJUKAIOB B 0Opa30BaBIIMKCS

M30IPOMIIOEH30J1.
CH,
+ | +
+ RI—C—CH, C-H
H R1
CH i HCH

T3 T3
C-H _— C-H
R1 R1

KaranuzaTopom nporiecca sBisieTcs XJI0paTioMIHIEBBIN KaTanuTudeckuii komruiekc (AlCl3
¢ HCl u ankunapomaruueckum yrieBoioposom). [pouece mposoasat npu 100—-130 °C u mossHOM
COOTHOIIIEHUHU OCH30:IPONIIICH paBHBIM 3:3,5. 3a pyOekoM UCTONB3YIOT (hOCHOPHOKUCIOTHBIE
KaTaau3aTopbl Ha TBepJoM HocuTene. [Iporece ocymecTBisoT npu Temmneparype okosno 200 °C
u nasiennn 2,8—4,2 mlla. J{ns yMeHbIIeHHs BBIX0/1a TOOOYHBIX MPOAYKTOB MPOIlecC BEAYT MPHU
MOJIEHOM cooTHoIeHnn Oen3oi:mpornwieH 10:1. [Ipu 310 BeIx0x Kymona gocturaet 96—97 %.

[TpuMmeHsFoT u30nponuaOeH30 Tl TPOU3BOCTBA (PeHOMA, alleTOHa, 0.-METUJICTHPOJIA, U B
KauecTBe TOOABKU K aBUAIIMOHHBIM OCH3UHAM.

Lenv pabomwi: VI3yunTh peakivio alIKMIMPOBAHUS OEH30JIa TPOMUICHOM B MPHUCYTCTBUU
XJIOPDHCTOTO AJTIOMHUHHUS M PAcCMOTPETh (PAKTOPBI, BIMSIONIAEC HAa BBIXOJ TMPOIAYKTOB
ATKWIMPOBAHHUS, ONIPEEIUTh KOHCTAHTHI CKOPOCTH PEAKIUH.

XapakTepHuCcTHKa PeareHTOB, MPUMEHSIEMBIX B CHHTE3€ H MTOJTy9IaeMbIX TIPOIYKTOB

benszon — 6ecuBeTHas po3padHas )KUIKOCTh CBoeoOpa3Horo 3amaxa, t,=5,5°C, tw,=80,1°C,
n p?° =1,5011, d 42° =0,8890, teocn=10,7°C, B3pBIBOOHACHBIE KOHIIEHTPAIIUU B CMECH C BO3LYXOM
= 1,5-8% 06., Temneparypa camoBocramenernus 534°C. C Bo-70if 1aéT a3e0TPONHYIO CMeCh
(91,17% wmacc 6ensona), tw,=96,25°C, oOpa3yer ABOW-HBIE U TPOIHBIE a3€0TPOIBI CO MHOTUMHU
coequHeHUsIMU. BecbMa akTHBeH (DHU3MOJIO-TUYECKH, B OOJNBIINX KOHIICHTPAIHMSIX TapoB
JIEHCTBYET HA IICHTPAIBHYIO HEPBHYIO CHCTEMY. MaJjible KOHIICHTPAIMH TTAPOB MPH JTUTEITBHOM
B03)161>'I3CTBI/II/I BBI3bIBAIOT U3MEHEHHUE cocTaBa KpoBu. JKuakuii 0eHn3on pasznpaxkaer koxy. [IJIK =
5 mMr/m>
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Uszonponunbenzon — OeclBeTHAsh >KUIKOCTh C apoOMaTHYHBIM 3amaxom, t,,=-96,03°C,

tan=152,39°C, n p?° =1,4913, d 4%° =0,8618, roput u 06pasyer B3pbIBOOIAC-
HBIE CMECH C BO3ITyXOM, t4,=38°C. SImoBuT (B OOJIBIIIEH CTEIICHN HEXEIIN OCH30JT), PX MHT AN
BBI3BIBAET OCTPBIE U XPOHMUECKHE TIOPAKEHUs KPOBETBOPHBIX opra-Hos, ITJIK = 50 mr/m® .

Ilponunen — GeClIBETHBIN TOPIOYMIA T'a3 CO CIIA0BIM 3aIaxom,
b = - 185,250C, ticun = - 47,700C, d 420 =0,5139, teanosocns = 4550C:
TIpe/ieITbl B3PBIBAEMOCTH B CMECH ¢ Bo3ayxoM 2,0-11,1% 06, ITJIK = 30 mr/m3, 06mna-maer cnabbim
HApKOTUYECKUM JIeHCTBUEM

Xnopuo anomunus (6e3BoaHbIN) — GecrerHble kpuctamiel, d 2° =2,44. TIpu 06BIYHOM
JIABJICHUM BO3TOHSETCS, HE IUIaBACh. BciencTBue Tuaponu3a IbIMUT Ha BO3AyXe, OypHO
pearupyer ¢ BOJI0i, TP 3TOM BBIJEIIAETCS O0JIbIIOE KOJIMYECTBO Te-I1J1a U XJIOPUCTOTO BOJAOPOA.
HepacTtBopum B Genzore.

H3zonponunoswiii cnupm (M30TPOITAHON, MPONAHOJ-2, TUMETHIKapOUHON) - 1, = -

89,5°C, tim = 82,4°C, d 4°° = 0,7851, TIJIK = 980 mr/m>.

Kpartkoe ornucanue ycTaHOBKH aIKHJIUPOBAHHS

AJNKUIMPOBAaHUE ITPOBOJUTCS B PEAKTOPE CMELIEHUS 5, TOMEUIEHHOM B TepMo-cTaT (puc.l).
Peaktop cHaOxEH MemIaaKoii 6 17151 MHTEHCUBHOTO MEPEMEIINBAHNS KaTAIU3aTOPHOTO KOMITJIEKCa
U pPEareHToOB, OOpaTHBIM XOJOIWIBHHUKOM 8§ JUIsl YMEHbBIIEHUsS yHOca O€H30Jia U MPOJYKTOB
PEaKIfy ¢ HePOPEarupOBaBIINM ra3oM, a Takxke 0apOOTEPOM I oauu Ta3a.

[Iponuien monayyaroT MO peakiuu AeTruapaTaluu u3ompomnuwioBoro crnupta. [lo xomy
NPONHJICHA YCTAaHOBJICHBI MOCIEIOBATEIBHO CIEIYIONUE MPUOOPHI: OCYIIUTENb 4 C XJIOPUCTHIM
KaJbI[MEM; PEAKTOp AJIKWIMPOBAHHS S5; OOpaTHBIM XOJOAWIBLHUK 8, razomerp 9 mms cOopa
HETpOpearupoBaBIIero MPONUIICHa U 3aMepa ero o0bema.

Kpatkoe onucanue ycTaHOBKH JJIsl TOTYy4YEHUS MPOMHIICHA.

Jeruaparanus H30MPONMUIOBOTO CHOUpPTAa MPOBOAMTCS HAa YCTAaHOBKE, COCTOSIICH H3
peakTopa HWJCAbHOTO BBITECHEHUS, IOMEIICHHOTO B TEPMOCTATUPYEMYIO SJIEKTPUUECKU
o0orpeBaemMyIo Meub, CUCTEMbI MOJJa4l CIIUPTA, CUCTEMBbl KOHACHCALIUHA HETPOpPEarupoBaBIlero
CIHMpPTa M CHCTEMBl OYUCTKH M OCYIIKM HponmieHa. Jleruaparanusi W30MpONMIOBOTO CIHUPTa
npoBoauTcs npu Temmeparype 350 - 400°C B mpucyTcTBUM KaTaiu3aTopa - 6e3BOIHOr0 OKCHIA
amomunus (Al203). TlponykTel neruapaTanyiv, MPOWIsS CUCTEMY KOHJEHcaluuu (0OpaTHBIN
XOJOAUIBHUK U COOPHUK KOHJIEHCATa), MOCTYMAl0T Ha TPEXXO0A0BOU KpaH, OTKY/1a Ta3000pa3Hble
MPOIYKTHI (MPOMUIIEH) MOTYT MOCTYIATh WK B aTMOcdepy (MPU HECTATMOHAPHOM PEXKUME), UITU
yepe3 CUCTEMY OCYIIKU B PEAKTOp aJIKUIMPOBAHUS.
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1-no3upoBouHas Or0peTka; 2-peakTop AerHApUpaTalii U30MPONWIOBOIO CIIUPTA; 3-CUCTEMA
KOHJICHCALIMX HENPOPEArupoOBaBIIETO CIUPTA; 4-OCYLIUTEND; S-peakTop; 6-Memanka; 7-
TEPMOCTAT; 8-XOIOAWIbHUK; 9-Ta30MeTp
ITocnenoBaTenbHOCTH BBINOJIHEHUS paOOTHI.

1) [IpoBepka ycTaHOBKU Ha T€PMETHYHOCTD;

2) [ToaroroBka yCTaHOBKH JIETUAPATALIUU CIIUPTA;

3) [TonroroBka yCTaHOBKH aJlKUIHMPOBAHUS;

4) [TonroroBka KaTaJIUTHUECKOTO KOMILIEKCA;

5) [TpoBenenue npouecca alKWINPOBAHMUS,

6) [IpoBeneHmne aHaIM30B - aJKUJIaTa U ra3a u3 ra3oMeTpa.

MeTtoauka npoBeaEHUS 3KCIIEPUMEHT

[lepen mpoBeneHNEM alKUIMPOBaHUS (AIKHJIMPOBAHHE MPOBOAUTH TOJIBKO B BBITSDKHOM
mKkady) yCTaHOBKA IPOBEPSETCS HA TePMETHYHOCTb, JUISl YETO 3aKPhIBACTCA KpaH «A» Ha JIMHUU
MO/1aYM MPONMWIIEHA, OTKPBIBAIOTCS BCE KPAaHbl MEXAY allllapaTaMy yCTaHOBKHM AJIKWJIMPOBAHUSA,
OTKpBIBAETCs TakXKe KpaH «[» Ha TMHUM clIMBa paccoiia u3 razomerpa. Takum o0pazom, B cUcTeME
co3naércs paspexenHue. Ecnu ypoBeHb paccoiia B ra3oMETpe CHUXKAETCS TOJIBKO B IEpBbIE
MIHOBEHHUs, a 3areM B TeueHue 10 MHUHYT OCTaércsi NOCTOSHHBIM, CHUCTEMa CUUTAETCS
FEPMETUYHON M MOKHO MPUCTYNaThb K NPOBEACHMIO ombiTa. EciM cucrema He repMeTH4Ha,
CJIelyeT yCTPAHUTh MECTO YTE€UKHU U MIOBTOPUTH OIEPALNIO IPOBEPKU HA FEPMETUYHOCTD.

VYcnoBus ankuIMpOBaHUS BBIOMPAIOTCS HAa OCHOBAaHUU JIUTEPATypHOro o0030pa WU
3aJar0TCs mpernojaBaTeneM. B mo0oM ciydae, Ipeke 4eM HadaTh MPOLECC ANKHIUPOBAHHMS,
TOTOBHUTCS KAaTaJIU3aTOPHBIA KOMIUIEKC, JUISl YETO B PEAKTOPE MPU ONpPEAEIEHHON TeMIlepaType
CMEIIMBAIOTCSI B 33JaHHBIX COOTHOLICHMSIX CJEAYIOLIME KOMIIOHEHTHI: OE€H30JI, XJIOpHUJ
TFOMUHHS, TOTHANKuiI0eH301b1 (ITAB), XJTOpUCThIN anKuII.

Bo BpeMst IpUTOTOBJICHUST KaTAIU3aTOPHOTO KOMIUIEKCA PEaKTOP TOJKEH OBITh OTKIIIOUEH
kpaHoM «b» oT nmuHMM mogaun nponuieHa. B oOpaTHBIN X0IOAUIFHUK T0JKHA OBITH IT0/1aHA BOJA
JUTSL OXJIAXKICHUS.

OO0pa3zoBaBuIuiicss KaTaau3aTOPHBI KOMIUIEKC NPEACTaBIseT OO0 TEMHYIO TSKETYIO
MAaCJITHUCTYIO KUJIKOCTb.

[Io OKOHUaHMM MPUTOTOBIEHUS KaTAJIM3aTOPHOIO KOMILJIEKCA B PEAKTOP BBOJUTCS
HE00X0JMMOE KOJIMYECTBO OeH301a (10 PACUETHOTO WIIM 3aJJaHHOT0), pEaKTOp TEPMOCTAaTUPYETCS
IIpY TEMIIEpaType pEaKklMM, U HAYMHAETCS M0Jada NpONMIIEHA, I 4ero TPEXXOAOBOM KpaH
MOBOPAUYMBAIOT HA  peakTop  aJKWwinpoBaHud. OJHOBpPEMEHHO  OTMEYAalOT  ypOBEHb
M30IIPONMIIOBOTO CIUpPTa B J03arope. PexomeHayeTcs Ha aJKWIMPOBAHHME HM3PACXOJ0BaTh HE
menee 0.5 monsa UTIC.

Ilepen HauyaaOM OIBITA Ta30METP JIOJIKEH OBITh 3allOJIHEH.

[Tpomnuien B cucteMy cieayeT nojaBaTh ¢ IOCTOSIHHOW CKOPOCThbi0. Bo Bpemst ombiTa Be1yT
HaOIr0IeHus 3a cucreMoit. dopma 3anmcu pe3yIbTaToB HAOII0IeHUH puBeeHa B Ta0ur. 3.1.

Tabnuya 3.1 - Pe3ynbpTaThl HAOMIOACHUI B X0OJI€ SKCIIEPUMEHTA

HpOI{OJ’I)KI/ITCJ'ILHOCTB OIIbITA, ypOBeHL H30IIPOIIHUIIOBOTO O0beMm MMOAaHHOTI'0 U30IIPOo-
MHH CIIMpTa B 6IOpCTKe, MII MHUJIOBOI'0 crikupTa, M1

Hauano onbita, 0 Mmun
10
20
30
40
50

60
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[lo wucTeyeHun BpeMeHHM peakiuu ankuiaupoBanus mnomauy WIIC mnpekpamiaror,
TPEXXO0BOW KpaH MEPEKII0YaOT Ha BO3IYIIKY, 3aKPbIBAIOT BCE KpPaHbl HA Ta30MET-pe, PEaKTop
QIKWJIUPOBAaHMUSA BBIHUMAIOT W3 TEPMOCTATa, 3aKPHIBAIOT TpyOKaMu. 3aTeM NPUCTYHAOT K
00paboTKe U aHANMU3Yy aJIKUJIaTa U rasa.

AHanu3 )XKUJIKUX IPOAYKTOB PEAKIMH (BCE ONEepaliy IPOBOJUTH TOJIBKO B TAre!)

Ankunat o0pabaThiBalOT AUCTHIIIMPOBAHHOW BOJOM HENOCPEICTBEHHO B PEAKTOpE B
BBITSDKHOM InKady (mox Ttsaroi). Karanmm3aropHbli KOMIUIEKC MpHU 3TOM pas3jiaraercs.
Peaknmonnas Macca 10 00pabOTKH ¥ BOAA AOJKHBI ObITh X0IOAHBIMU. OpraHndyeckue npo yKThl
OTIEJSIFOTCSL OT BOJHOIO CJIOSI B JIEIMUTEIbHOW BOPOHKE M NpO-MbIBatOTCsl B Hel 10%-HbIM
pPacTBOPOM COJIbI 10 cIa0O0IIEIOUHON PEaKLIUU IPOMBIBHBIX BOJl. 3aT€M OpraHMYECKHe IPOLYKThI
IIPOMBIBAOTCS AUCTHWILUIMPOBAHHOM BOJOM 10 HEMTPAIBHOM pEeakUMU IPOMBIBHBIX BOX. llocie
3TOr0 OHU OTAEJSAIOTCS TIIATENIBHO OT BOJbI Ha ICJIUTEIILHOW BOPOHKE U NEPEHOCATCS B YUCTYIO,
CYXYI0, IPEJBapUTEIIbHO B3BEIICHHYIO KOJOY M BHOBb B3BEIIMBAIOTCS Ha Becax. 1o pasHocTH
BECOB OIpeieNsieTcs Bec ankuiaTa. [IpoayKThl alkKUIMpOBaHUs CyIIATCs HAJl XJIOPUJIOM KalbLins
JI0 TIOJYYEHUS MPO3PAYHON MOABUKHOW KUAKOCTU. [lociie 3Toro o pa3iensroTcs NeperoHKon
¢ neduierMaropoM Ha (HpaKIuu:

OeH30bHYI0 (H.K. - 859),

KyMOJbHYI0 (85-1559),

noMalkmioeH3opHyto (155°).

B mepBeIX aByx (pakmusx ompenensiercsi coiepaHue OeH3oiia M HM30MPONIIOCH30I1a
xpomarorpadudyecku wim pedpakromerpuyeckun. Kpome Toro, ompeaensTcs macca Kaxmaou
bpakuum.

AHanu3 ra3000pa3HbIX MPOTYKTOB

1. Usmepsiercss 00beM Iasza, HOCTYIIUBLIETO B Ta30METP;

2. Omnpenensercs coctas ra3a (% 00) na BTU wim xpomarorpaduyecku: a)

coJiepKaHue YIJIEKUCIIOro ra3a; 0) coiepkaHue KUCIOpoaa;
B) COJIEpYKaHUE CYMMbI HEIIPEIEIbHBIX.
3.3amuchIBalOTCS TeMIepaTypa B OMEIIEHUH 1 GapoMeTpuyeckoe nasienue. [1o
KOJIMYECTBY MOJAHHOT'O M HETIPOpEarupoBaBIlIero ra3a U cocTaBaM ajlkujiaTa

U raza B ra3oMETpEe pacCUUTHIBAETCS KOJIMYECTBO KaKJOTO KOMIIOHEHTa B ankuiate. Bce
MOJTy4Y€HHBIE PE3yJIbTaThl 3aHOCATCS B Ta0. 2.
ITpumep.

HcxonHpie qaHHBIE: B peakTop ankmimpoBanus 3arpy3uiu 80 mia 6enzona u 7,1 r. AlCls.
JUia mody4yeHusl KaTaIUTHYEeCKOro KOMIUIeKca B peakTop BBenu 1,5 mi Opomucroro Oyruia
(MoxxHO M xJopucToro). O6pa3oBaHue KOMILIeKca TpeOyeT MepeMelIMBaHus W MOoAOorpena Jio
temnepatypsl  75°C. O6pa3oBaHHe KOMIUIEKCA MOJKHO CUMTAaTh 3aKOHYEHHBIM, €CIH BECh
nopoikoo6pasubiii AlCl3 nepeitner B xkuakyto pasy (KaTaauTHUECKU KOMILIEKC MPEACTaBIsAET
co00i1 TEMHO-KOPUYHEBYIO KUAKOCTh, KOTOpask IPU BBIKJIIOYEHHON MeIIajaKe coOupaeTcs Ha JHE
peaktopa). C 3TOro MOMEHTa MOKHO HavaTh MOAa4dy NpONUIICHA.

W3omponuioBbiil ciupT NoJaBalid Ha AETUAPATAIINIO C 00bEMHOIN CKOPOCTHIO
1 yac™,

[Tonmy4yeHHBIH amKuiat, NOciae OTMBIBKM M CYIIKM HaJ O€3BOJHBIM CyIb(paToOM HaTpus,
B3BECHIIH, €ro Bec coctaBui 91 r, coctas % mou.: 0ensoun -53,25; UI1b-43,68; nu — UIIb — 3,07
%0, COOTBETCTBEHHO.

Paccunraem konmdectBo GeH30ma, BCTynuBIIero B peakiuto — Ha UIIb - 0,397Monb, Ha
mu-UIIb - 0,028 monb. CymMmapHO KOJMYECTBO MoOJjei OeH307a BCTYNHBIIETO B PEAKIUIO
coctasut 0,425 mons. He mpopearuposaino 6enzona 0.91
- 0,425 = 0.485 mo7b.

Paccunraem konmdecTBo nponuieHa, BCTynusIero B peakuuto = 0,4 + 0,06 = 0,46 monei.
B razomerpe ocrancs Hempopearuposapmnii nponuien (0,062 mons). IloTepu mponmineHa
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coctaBuim 0,728 — 0,5295 = 0,1965 monb, 8,25 T (4acTh NPOMIIICHA 3aMIOJIMMEPU30BAIACh B
peakTope neruparaium), morepu 6enszosna cocra-punu 5,37 T.
ITo pe3yJibTaTaM OIlIbITa PACCHUTLIBAOT B IMPOLCHTAX KOHBCPCUIO U CCICKTHUB-HOCTH IIO

OceH30Ty.

Kongepcust 6enzomna = (0,397 + 0.028)/0,91 = 0,467 mou1. god.
CenextuBHOCTH 110 O6eH3omy = 0,397/0,425 = 0,934 mon. mo.
Tabauya.2 — Mamepuanvhwsiii 6ananc npoyecca arkuiuposanus OeH3ona

ITomano [Tomyyeno
Kunkue peareHThI JKunkue npoyKThI
KomMmmoHeHT O0BeM, Macca, [Koa-Bo, |[KOMIIOHEHT 0O0BeM, Macca, [Kon-Bo,
M. r. MOJIb M. r. MOJIb
Bensoin 80 71,12 [0.91 Benson 39,25 0,53 38,8
NIIC 80 62,5 1,04 1Z0003) 48,2 0,4 47,64
[IpopearupoBaiio nu-UT1b 1,59 0,03 0.028
benzon 80 71,12 0.91 I'a3 B razometpe
[ [ponunen
MIPOCKOK),
1,51 (Vo=1,4
NTIC 33,49 [0.728 ) 2,6 0,062
[ToTepu 13,62
MTOI'O 104,61 0,44 ITOT'O 104.61

Conepxanue oTyeTa

JlaboparopHas paboTa cuuTaeTCsl BHIIOJHEHHOW MOCTE MPEIOCTABICHUS UCTIOIHUTEIEM
MUCBbMEHHOTO 0T4eTa. B oT4eT pexoMeHIyeTcs BKII0YaTh CIEAYIOLUE pa3aesbl: IeJdb padoThl U
3a/1aHNe; XUMHU3M U MEXaHU3M PEaKIMH, ONMCAHUE YCTAaHOBKU, CXEM, MaTEpUaIOB, PEaKTHUBOB;
METOJIMKY BBITMOJTHEHUS Pa0OThI; aHAIIM3bI PE3YIbTATOB UCCIICIOBAHMS; BBIBOIBI.

KonTponbublie Bonpock! k pabote «lloxyuenue nuzonponuideHsonar
HanumuTe ocCHOBHBIE peakIK alKIIMPOBAaHHs OEH3051a MPOMTUICHOM.

ONoOkwNE

KHUCIIOTHI?

Kaxkwe coequaennst MOKHO OTHECTH K KnuciaoraM JIbromca?

Uro omnpenenseT rIyOHHY Ipolecca aaKuInpoBaHus?

[Ipu kakoif Temneparype cieayeT NPOBOAUTh MPOLECC AIKUIUPOBAHUS?
Kak M0>XHO paccuuTaTh TEOPETHIECKYIO KOHBEPCUIO TIPOIECCa ATKUITUPOBAHUS?
UYTto Takoe CeIeKTUBHOCTD Mmporecca’?
['me HaxomUT MpUMEHEHHE N30TPONTHIOEeH30117
Ha 4to BriusieT MOIbHOE COOTHOIIIEHUE OEH30J : POUIICH?
MOoXHO J1 TIPOBOJUTH MPOIECC ATKWIMPOBAHUS OeH30j7a B MpUCyTCTBHH (PochopHOit

[MTPABUJIA TEXHUKU BE3OITACHOCTU I1PU PABOTE
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HA JIABOPATOPHOI YCTAHOBKE AJIKMJIMPOBAHM S

BEH30JIA

1. PaboTy ¢ XJIOpHUCTHIM aTFOMUHHEM BBITIOJIHATH TOJILKO B BHITSDKHOM
mkady.

2. Bo Bpemss paboThl HENB3sl KacaThCsl  HAarpeBaTENbHBIX  YCTPOWCTB U
AIIEKTPOIPOBOJIKH.

3. [lpu 3amolHEHHH CUCTEMBI JO3MPOBAHUS CIIEAYET COONOJATh TPEACIbHYIO
OCTOPOKHOCTh, YTOOBI HE JOMYCTHTh MOMAIaHUs ChIPhS HA PA30TPETYIO MEYb.

4. [Tpu cOopke yCTaHOBKM OOpaTUTh BHUMAaHUE Ha TEPMETUYHOCTD BCEX COCIIMHEHHIA C
IENBI0 IPEOTBPALICHHS YTEYEK ra3a Mk KUJIKOCTH.

5. VYTIeBOAOPOAHBIC T'a3bl BEITECHITH U3 TA30METPa TOJIBKO B JIMHUIO CTPABIIMBAHHUSL.

6. Kareropuyecku 3ampemniaercsi OCTaBIIsATh YCTAHOBKY 0e3 HaOOCHUSI.

JlaGoparopHnasi padora Ne 6
«IlomxyuyeHue n-Tonyoscyib(POKUCIOTHI»

N-Tomyoncynb(hOKUCIOTY IPUMEHSIOT Ul CHHTE3a N-Kpe30ia, B KauecTBe Oosee MATKoro,
YeM CepHas KHUCJIO0Ta, KUCIOTHOIO KaTajau3aTopa, IpU aHaiu3e aMuHOB U T.A. Ee momyuaror
OOBIYHO TPSMBIM CYIH(PUPOBAHNEM TOJIyOJIa CEPHON KHCIOTOM:

QCH3 + H,S0, Hosoz@CH3 + H0

[TapamnensHo € N-TOIYOJICYIB(POKHUCIOTONW 00pa3yercss HEKOTOpOE KOJIUYECTBO O-
TOJIyOJICYTB(OKUCIOTHI, TAK KaK METHIIbHAS TPYyIIIa SIBISETCS 3aMECTUTENEeM IepBoro poaa. s
NpeOTBpALICHUsS 00pa30BaHUs - M TOJHCYJIH(OKUCIOT Cynb()UpOBaHHE BEIyT B H30BITKE
TOJIyOJia W MPHU XOPOIIeM NepeMelINBaHNU PEeaKIIMOHHOW MacChl, a JUJIsl CMEIEHUSI paBHOBECHUS
peakuMu B CTOpOHY 0Opa3oBaHHUS CyJb(QOKHUCIOTHl PpPEAaKIHOHHYIO BOAY B Ipoliecce
CyJIb(GHUPOBaHUS OTTOHSIOT B BUJIE a3€0TPOIHOM CMECH C TOJIYyOJIOM.

Lenv pabomer: I3yueHue peakiivu CyJib(UPOBAHMS TOYO0JIa CEPHON KUCTIOTOM, BBIJICTICHUE
N-TOJIyOJCYNb(OKUCIOTHI, ONpeeNeHHe TeMIepaTypbl IUIAaBIECHUS, KUCIOTHOTO 4YHUClAa |
COCTaBJIEHHE MAaTE€pHAJIbHOTO OajlaHca ONbITA.

Peaxmuewvr: Tomyon (46,1 r), cepHas KucioTra KoHUeHTpupoBaHHas (13,3 r), consHas
KHCJIOTa KOHIeHTpupoBanHas (120 mi), ruapokcua kamus (30 r)

Obopyodosanue: dNEKTPOIUIUTKA, OaHs, KPYTIOJI0HHAs Koiba, TepMoMeTp, Hacanka [luHa-
Crapka, MeIIanaka, X0J0HIbHHK.

IIposedenue onvima:

CynbpupoBanue TOIyONa CEPHOW KHUCIOTOW BEOyT HAa YCTaHOBKE, CXeéMa KOTOpOM
npuBefieHa Ha pucyHke 6. Ilepen HawyamoMm ombITa NPOBEPSIIOT MPABUIBHOCTH COOPKH H
FepPMETUYHOCTh BCEX COEIMHEHUHN YCTaHOBKHU. Y 0€X/1al0TCs B HAJIe)KHOM paboTe MeIlIaIKy.

Baxkno! OnbIT NpoBOAAT B PE3HMHOBBLIX MNEPYATKAX M 3alIUTHBIX OYKaX MpH
€00JII0/IeHNH TPABUJ Pa0d0THI ¢ arPeCCUBHBIMM BelecTBamMm!
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Pucynok 1 - Cxema 1abopaTopHOii yCTaHOBKH: | — 3JIEKTPOIIINTKA, 2 — OaHs, 3 —
KpYyTJIOAOHHAs K0JI0a, 4 — TepMOMETP, 5 — KareabHas BOPOHKA, 6 — MerIajika

B peaktop, moMenieHHbIH B IECOYHYI0 0aHI0, OCTOPOXKHO 3arpyxaroT 46,1 r Tonyonau 13,3
I' KOHIICHTPUPOBAHHON CEPHOM KHUCIIOTHI. Y CTAaHABIMBAIOT TEPMOMETp, BKJIIOYAIOT OOpATHBIN
XOJIOIMJIBHUK, MEIIATKY U 3JeKTPOIUIUTKY. PeakilMoHHYI0 Maccy HarpeBaroT MpU SHEPTUYHOM
NEepPEMELINBAHUU 10 YMEPEHHOro KuneHus. OnbIT IPOAO0IKAIOT 10 MPEKPAIIEHNUs OTTOHKU BObI
B Hacasky J{una-Crapka, mpuMepHOe BpeMs PEaKIK Ha Maccy 3arpy>KeHHOTO ChIPbsI COCTABIISET
Su.

[Tocne BBIAENEHHUS MaKCHMajibHO BO3MOXKHOTO KOJMYECTBA BOJABI PEAKIIMOHHYIO Maccy
OXJIAX/IAIOT 10 KOMHATHOW TEeMIIEpaTyphl, TOOABIAIOT JAUCTHIUIMPOBAHHOW BOIBI (3 MI).
BrinaBmire kpuctamibsl N-TONYONCYIb()OKUCTOTH OTGUIBTPOBBIBAIOT € MOMOIMIbIO (GUIbTpPa
[oTTa. [To6ouHO 06pa30BaBIIASCS O-TOIYOJICYIb(HOKUCIOTA YIATSICTCS C QUITBTPATOM.

Brigenennbie KpucTamibl N-TONYONICYIb(MOKUCIOTH OBEPTalOT OYUCTKE. JlJig 3TOr0 uUx
pacTtBopsitoT B 20 M1 rOpsiueid BOJIbl, OXJIAKIAOT 10 KOMHATHOW TeMIepaTyphl, NpuiuBatoT 50 mi
KOHIIEHTPUPOBAHHOMN COJISTHOM KUCIIOTHI U OXJIKIAIOT Ha JIeJHOW OaHe. Brimapiime KpucTamibl
OTJIEJISIFOT Ha BOPOHKE CO CTEKISIHHBIM (PMIIBTPOM U IPOMBIBAIOT XOJIOIHOM KOHLIEHTPUPOBAHHOMN
consiHOM kucnmoToi B oobeme 10 mu. OuncTky mpoBoaaT ABaxkawl. Ilocrme BTOpoW OYMCTKH
KPUCTAIIJIBI XOPOILIO OTKUMAIOT Ha (PUIBTPE C MOMOIIBI0 CTEKISHHOM MpOOKH, MEPEHOCST B
IPE/IBAPUTENLHO B3BEIIEHHYIO YalIKy U CyLIaT B 9KCUKATOPE HaJ TBEPJbIM FHAPOKCUAOM Kalus
J10 TIOCTOSIHHON MacCCHlI.

[Tocne cymky onpeaensoT Maccy MOJy4YeHHOr0 MPOAYKTa, €ro TeMIepaTypy IUIaBICHUS U
COCTaBISIOT MaTepUaIbHBINA OalaHC KCIIEPUMEHTA.

JlaboparopHas paboTa cuMTaeTCsl BBHINOJIHEHHOM MOCE MPEJOCTaBICHUS UCIOIHUTEIEM
NUCbMEHHOTO OTYeTa. B oTder pekoMeHayeTcs BKIIOUATh CIEAYIOIIME pa3Aesbl: Lelb paboTsl U
3a/laHue; XUMHM3M U MEXaHU3M peakllid, ONHMCAaHUEe YCTaHOBKU, CXEM, MaTE€pPHUaJIOB, pEaKTHUBOB;
METOJIUKY BBITMOJTHEHUS Pa0OThI; aHAIM3BI PE3YIbTATOB UCCIICTOBAHMS; BBIBOIBI.

JlaGoparopunasi padora Ne 7

((HOJIy‘{CHI/IC aIMIIMHOBOM KHUCIOTHI OKHUCICHHEM ITUKJIOT€KCaHOJIa»

AIMNIMHOBAsI KUCIIOTA — SIBJIETCS Ba)KHEHIIEH B TEXHUYECKOM OTHOIIEHUM HACBHIIIEHHOU
TUKapOOHOBOM KHCJIOTOM, KOTOpas MpPOU3BOJAUTCS B KPYIMHBIX 3aBOJACKHMX MaclTabax u
NpUMEHSIETCA IS TIOTY4YEeHHUs MOJIMaMUAHBIX, MOJUI(PUPHBIX U MOJMYPETAHOBBIX CMOJ, a TaKKe
JUIS CUHTE3a I1acTU(UKATOPOB U psijia APYTUX MPOJYKTOB.

Haubosnee 5SKOHOMMYHBIMM METOJAMH CHHTE3a aJUIMHOBOM KHCJIOTBHI SBIISIOTCS

OKHUCJIUTEJIbHBIE TEXHOJIIOTUHM, B KOTOPBIX HCHOJb3yeTCsl Haubojiee JEUIeBOE ChIpbe —
LUKJIOT€KCAHOJI, IAKJIOIN€KCAHOH U UKIIOT€KCaH:
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= HOOC - (CH,),- COOH + H,0
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Llenv pabomobl: MOIYYUTh ATIUIUHOBYIO KHCIOTY IYyTEM OKHUCICHHUS ITUKIOTEKCAaHOJIA U
OIICHUTH (DAKTOPBI, BIUSIONINE Ha €€ BEIXO/ U YHCTOTY.

Peaxmueswi: ukiiorexcanou (0,1 Monb), a3oTHas kuciora (51,7% -nas, 0,43 moust), BaHagaT
ammonus (0,02 r)

Obopyoosanue: Konda KPyTJIOJAOHHAS TpexXropias, XOJOIUJIbHHUK OOpaTHBIN, MeIlajika
MEXaHWYECKasi, CTAKaH XUMHUYECKHI, TEPMOMETp, KamelbHas BopoHKa, puasTp LlloTTa, Komba
byHnzena, OaHs BOJIsSTHAs, SJIEKTPOIUIATKA.

IIposeoenue onvima:

[Tepen HayaJioM BBIMOJTHEHUS JIAOOPATOPHOM PaOOTHI HEOOXOAMMO PacCUUTATh TpeOyemoe
KOJIMYECTBO PEAareHTOB, COMVIACHO BBIIAHHOMY 3a/IaHHIO.

B kpyrnogonnyro Tpéxropiuyio kondy (puc. 1), cHaOKEHHYI0 MEXaHMUYECKON MeIIalKOH,
00paTHBIM XOJIOIUILHUKOM, TEPMOMETPOM M KaIreIbHON BOPOHKOM, 3aJIMBAIOT a30THYIO KUCIIOTY
U J100aBISAIOT KaTanu3aTop (peakiuio MOXHO MPOBOIUTH 0e3 Karaiau3aTopa, B 3TOM cliydae
TeMIeparypa peakuu 1oykHa ObiTh 85-90 °C).

Pucynok 1- Cxema nabopaTopHO# YCTaHOBKHU: 1 — 3JI€KTPOIUIUTKA, 2 — OaHs, 3 —
KpyTJIOAOHHAs K0JI0a, 4 — TepMOMETp, 5 — KareabHas BOPOHKA, 6 — MeIrIaika
KonGy narpeBator n0 55 °C Ha BojsHOW 0aHe M MpPHU HHEPTUYHOM IE€PEMEIINBAHUU
(OCTOPOXHO!) npuiuBaroT W3 KaleabHONW BOPOHKH HECKOJIBKO Kamenb crnupra. Peakrus
HauuMHaeTcs 4Yepe3 5 MUH (Tocie KOPOTKOro Mepuojia HMHAYKIMW). B pesymbraTe peakuuu
MIPOUCXOUT BBIJCIICHHEM OYpPBIX OKCHJIOB a30Ta. Temmeparypy B konbe (okono 55-60 °C)
HOJ/ICP)KUBAIOT MYTEM OXJAXKACHUS PEAKIMOHHOW Macchl B 0aHe €O JIbJAOM M MPUIMBAHUA C
COOTBETCTBYIOIIEH CKOPOCTHIO LIMKIIOTeKkcaHona (B Teuenue 1-1,5 u). K koH1y peakuuu, kornia B
KaleJbHOW BOPOHKE OCTAaHETCS HEOONbIIOE KOJUYECTBO LUKIOIeKCAHONA, OXJIaXICHHUE
MpeKpamaT W Ui nojaepkanus temmeparypsl 55—60 °C cierka moaorpeBaroT Koji0y Ha
BOJIIHOW OaHe 10 OKOHuYaHMs NpHOABIEHUs OCTaTka LUKJIOrekcaHosa. HarpeBanue cmecu Ha
KUTISIIEH BOASIHOM OaHe Py HeMPEePHIBHOM ITEPEMEIIMBAHNH MTPOJIOIDKAIOT U TIOCTIe TIPUOABIICHHS
BCEr0 KOJMYECTBA IMKJIOTEKCAHOJA IO MPEKpaIleHusl BbIJICIEHUs] OKCUIOB a30Ta. JKuakocTh B
ropsiYeM COCTOSIHMM TEpPEeINBAIOT B CTaKaH M OCTaBISIOT KPHUCTAJUIM30BATHCA B MPOXJIATHOM
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MecTe. BpImaBmmii KpUCTANTMYECKUA OCaTOK aATUMUHOBON KHCIOTHI OT(HUIBTPOBBIBAIOT,

npoMbIBatOT 10—12 M1 OYeHB XOJI0IHOM BOBI U CYIIAT HA BO3/IyXE.

Janee onpenensitoT Maccy U TeMIIepaTypy IUIaBICHUS MOJYYEHHON aJUMUHOBON KUCIOTHI
U COCTaBJIAIOT MarepuaibHblil Oamanc mporecca. OOCYXKIalOT pe3yiabTaThl OMNbBITa U
(GbopMyIHUPYIOT BBIBO/IBI O BHIMOJIHEHHON padoTe.

JIaGoparopHasi paboTa CUMTAETCS BBIIOJIHEHHOW TOCIE MPEIOCTABICHUS HCIIOIHUTEIEM
MUCHbMEHHOTO O0T4YeTa. B oTueT pekoMeHyeTcs BKIYATh CIEAYIONIME pa3elibl: 1eib padoThl U
3aJjaHKe; XUMHU3M U MEXaHU3M PEaKLMH, ONMHCAHUE YCTAHOBKHU, CXEM, MAaTEpUAJIOB, PEAKTHBOB;
METOJIMKY BBIINOJIHEHUS Pa0OThI; aHAINU3BI PE3YJIbTATOB UCCIIETOBAHMS; BBIBOIBI.

Bonpocwet 0ns 0b6cysicoenus na kpyerom cmoie no meme « Illpoyeccol oxucieHus»:

1. Knaccudukamuss peaxkiuii OKHCICHHS, OKHUCIUTENbHBIE AareHThbl, SHEPreTUYeCcKHue
XapaKTePUCTUKU

2. T'oMOreHHOE OKHCJICHHE IO HACBHIIIECHHOMY aToOMy yriepoja. MexaHu3M, KHHETHKa U
KaTajun3, CeIEKTUBHOCTh TOMOT'€HHOT'O OKUCJICHUS.

3. OcCHOBHbBIE 3aKOHOMEPHOCTH TMOJYYEHHS THIPONEPOKCHIOB U HMX KHUCIOTHOTO
paszioxeHus. TexHOJI0rus MPou3BOACTBA (DEHOIIA U alleTOHA.

4. Oxwucienve napaguHoB. TEXHOIOTHS OKUCIICHUS HU3IIWX NapaduHOB B Ta30Boi (ase.

Kunkodaznoe okuciaeHue napa@uHoB B CIIUPTHI.

TexHoOTHS KUAKOPAZHOTO OKHCICHUS YriIeBoaopooB Cg-Ci1g B KapOOHOBBIC KHCIIOTEHI.

6. TexHomorus *xkunko(}ha3HOro OKUCIECHUS TBEPAOTo MapaduHa B CHHTETUYECKUE KUPHBIC
KHCJIOTBHI

7. Oxwucnenue HAPTEHOB W UX TMPOU3BOJHBIX B CHUPTHI U KeTOHBL [lomyuenue
JTUKApOOHOBBIX KUCIOT. TeXHOJIOTHS OKUCIICHUS [IUKJIOTEKCaHa B QJIMITUHOBYIO KUCIIOTY

8. OxwucreHue METHIOEH30JI0B B apoMaTHYeCcKHe KapOOHOBbIE KHCIOTHL. TexHomorus
npou3BojcTBa numetuaTepedranara. [lomyuenue repedTaneBoil KHCIOTHI.

9. OkxwucieHue HACBHIIICHHBIX albACTUAOB M CHOUPTOB. OKHUCICHHE aleTalbleruia B
YKCYCHYIO KUCIIOTY. COBMECTHOE MOJyYeHHE YKCYCHOW KHCIIOTHI U YKCYCHOTO aHTHIPHIA.
OxkucneHne BTOPUYHBIX cIUPTOB. [lonydyeHue nepekucu Bo1opoaa

10. Oxucnenue onepUHOB MO HACHINEHHOMY aToMmy yriiepoaa. OKHCICHHE NPOIUJICHA B
aKpoJIeMH W akKpWIOBYyI KHcHoTy. OKHcIeHHe H300yTHIIeHa B METaKpOJeHH U
METaKPUIIOBYIO KHCIIOTY

11. OkucnUTENbHBI ~ aMMOHONU3  YIJIeBOJopoaoB. CHHTE3 CHHWIBHOH  KHUCIIOTHI.
OKHUCIUATENBHBI aMMOHOJIH3 TIPOITHJICHA

12. TTpon3BOICTBO MUKJINYECKUX aHTUPUIOB KUCIIOT. [Ipon3BOACTBO (pTaseBOro aHruapHIa.
[Tpon3BOICTBO MAaJEMHOBOTO aHTHIApHUIA. [IpOM3BOJACTBO OKCHIA JTHIEHA ITyTeM
OKHCIICHHSI 3THJIEHA BO3TyXOM M KHCIOPOIOM.

13. Okucnenue  osieUHOB B TPHUCYTCTBHH  METAUIOKOMILICKCHBIX  COCIMHCHUH.
ONOKCUIUPOBAaHME  HEHACBHILEHHBIX  COeIUHEHMHA.  TexXHOJIOorus  COBMECTHOTO
MPOM3BOJICTBA OKCH/IA IPOTIMIICHA U CTUPOJIa XaITKOH-METOJOM

14. Okucnenue M OKUCIMUTEIBHOE COYETaHHME OJIEQUHOB TPH KaTalu3e KOMILIEKCAaMH
MmeTaisioB. [lonydenue aneranpaernia OKUCICHHUEM STUIICHA

o
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MuHHCTEpCTBO HAYKHW U BhICIIET0 oOpa3zoBanus Poccuiickoit denepanun
HmxHexkaMCKUN XUMHKO-TEXHOJIOTHYECKUI HHCTUTYT ((prinan)
benepanbHOro rocy1apCTBEHHOTO OIOPKETHOTO 00pa30BaTEIbHOIO YUPEKICHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKui HaIlMOHATIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTUYECKUN YHUBEPCUTET
(HXTHU ®I'bBOY BO «KHUTVY»)

Texnomornyeckuii hakynpTeT
Kadenpa nedrexummudeckoro cuaresa
Cemectp 3

JK3aMeHANIHOHHBIE BOMPOCHI
o qucrumuinHe «b1.B.03 O6o01ieHre 1 aHau3 CyIIeCTBYOIIMX XUMHUICSCKUX
TexHojoruil. [nannpoBaHrue MHOTOCTAIUMHBIX CHHTE30BY

1. TeopeTHyeckne W TEXHOJIOTHYECKUE OCHOBBI Ipoliecca MONYYCHUS HU3MIMX ONC(HUHOB Ha
MpUMEpPE MOJIYUYCHHUS ITHICHA MTUPOJIM30M IPSIMOTOHHOTO O¢H3MHA. [IpuHIMNMaIbHAS TEXHOJIOTHUeCKas
cxema: OJIOK TIOJrOTOBKH ChIPhSI, PEaKTOPHBIN OJIOK, OJIOK pa3/IeicHHs PEaKIIMOHHOW MacChl

2. TeopeTuveckne W TEXHOJOTMYECKHE OCHOBBI MpOIecca IMONYyYeHHs MPOCThIX 3(QUPOB Ha
MpUMEpe IOJIYYCHUS METHII-TPET-OyTHIIOBOrO 3(Hpa aJKHIUPOBAHHUEM METAHONIA HW300yTHICHOM.
[lpuHIMIIHAIbHAS TEXHOJIOTHYECKAss cXema: OJIOK TMOJITOTOBKH CHIPbs, PEAKTOPHBIH 00K, OJIOK
pas/iesieHus] peakIIMOHHON MacChI.

3. TeopeTnuveckre U TEXHOIOTMIESCKHAE OCHOBBI MPOIIecca TONYUYCHHS JIMHEHHBIX (i-0JIeUHOB Ha
MpUMEpe TPoIecca OJMIOMEPH3AIMH ATHICHA B MPUCYTCTBHH TPUATHIATIOMUHHA. [IpUHIUNMATBHAS
TEXHOJIOTHYECKas cXeMa: OJIOK MOATOTOBKH ChIPhsI, PEAKTOPHBIN OJOK, OJIOK paszelicHus PeaKIMOHHOW
MAacCCHL.

4, TeopeTudeckne M TEXHOJOTMYECKHE OCHOBBI TpOIlECcCa IMOJIyUYEHHUS OKHCEH oJie(UHOB Ha
npuMepe TONYYCHHsS OKHUCH OSTWICHA OKHCIICHHEM OSTWICHAa KHCIOpoAoM. [IpuHIunuambHas
TEXHOJIOTHYECKas cXeMa: OJIOK MOATOTOBKH ChIPhs, PEAKTOPHBIN OJOK, OJIOK paszelicHus PeaKIMOHHOW
MAacCCHI.

5. Teopernyeckre U TEXHOJOTMYSCKHE OCHOBBI MPOIIECCA MOJYUYCHHUS BBICIIMX Pa3BETBICHHBIX
oJIie(MHOB HA MPUMEPE MONyYSHHS TPUMEPOB MPOIUIICHA OJUTOMEPH3allieil PONUIIeHa B TIPUCYTCTBUN
(b ochOpHOKUCIIOTHOTO KaTajau3aropa. [IpUHIMIHATBHAS TEXHOJIOTHYECKAas cXeMma: OJIOK TOATOTOBKH
CBIPBSI, PEAKTOPHBIN OJIOK, OJIOK pa3/ieCHUs PEaKIIMOHHONW MacChl.

6. Teoperrueckre W TEXHOJIOTHYECKHE OCHOBBI Mpollecca MONydeHHs OKHced ojeduHOB Ha
npuUMepe MOJyYSHHsT OKHUCH TPOMUIICHA SMOKCUMPOBAHUEM MPOIUIICHA THPONEPEKHUCHIO STUIIOCH30IA.
[lpuHIMIIHAIbHAS TEXHOJIOTHYECKass cXxema: OJIOK TMOJTOTOBKH ChIPbs, PEAKTOPHBIH OJI0K, OJIOK
pas3jesieHus] peaKIIMOHHON MacChl,

7. TeopeTrueckre U TEXHOJIOTHUECKUE OCHOBBI MIPOIIECCa MOMYYCHUs u3onapaduHOB HA IpUMepe
MOJIyYEHHUsS] U30IICHTaHa M30Mepu3anuell H-ieHTaHa. [IpyuHIMIUaIbHAS TEXHOJOTHYecKas cxema: OJIOK
MOJITOTOBKH ChIPbhsI, PEAKTOPHBIH OJIOK, OJIOK pa3jie/ieH|s] pEaKIIMOHHON MaCChl.

8. Teoperudeckrue M TEXHOJOTMYECKHE OCHOBBI TpOIECCA TMONyYEHHS THAPONEPOKCHUIOB Ha
npuMepe TONYYCHHsT THIPOTNEPEKHCH JTUIOCH3071a OKHUCICHHEM OeH3071a KHCIOPOJOM BO3/yXa.
[lpuHIMIIHAIbHAS TEXHOJIOTHYECKAass cXema: OJIOK TMOJITOTOBKH CHIPbs, PEAKTOPHBIH OJI0K, OJIOK
pas3jelieHus peaKIIMOHHON MacChl

9. Teopernueckne W TEXHOJOTHMYECKHE OCHOBBI IMpOIECCa TIONYYCHHUS HEHACBIIICHHBIX
COCIMHEHHI Ha ITPUMepE MOJyUeHUs] CTUPOJIa AeruapaTanuei MmetuiaheHmikaporutoa. [IpuHIunuanbpHas
TEXHOJIOTMUYECKas CXxeMa: OJIOK MMOATOTOBKU ChIPbs, PEAKTOPHBIN OJIOK, OJIOK pa3je/ieHus PeaKkiMOHHON
MacCHL.

10. TeopeTnueckue ¥ TEXHOJOTHMYECKHE OCHOBBI IIpollecca TONYYCHHs aJKWIOEH30JIa Ha
npuMepe  IMOJIydeHHs  OTWIOEH30Jla  alKMJIUpOBaHMEM  O€H30ja  JTWieHa. [IpHHIMIUAIbHAS
TEXHOJIOTHYECKasi CXeMa: OJIOK IMOATOTOBKU CHIPhs, PEAKTOPHBIN OJOK, OJIOK pa3esieHus] PeakMOHHON
Macchl

11. Teopernueckne M TEXHOJOTHYECKHE OCHOBBI MpOIECCa TMOJYYCHHUS apOMaTHYECKUX
YIJIEBOJIOPOJIOB Ha MIPUMEPE MOTy4YeHUs OCH301a THAPOICANIKIINPOBaHUueM uposiu3Hon ¢pakiuu Ce-Ca.
[IpuHnMIIMaNpHAsS TEXHOJIOTHYECKass cxema: OJIOK IOATOTOBKU ChIPhs, PEAKTOPHBIH OJ0K, OJIOK
pas3jesieHus peaKIIMOHHON MacChl.
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12. TeopeTrueckre U TEXHOJIOTHUYECKHE OCHOBBI ITpoIlecca MOMyYeHUs CITUPTOB Ha TIPUMEpPE
MOJYYEHUS] TPUMETIITKApOMHOIIA THApaTaiell H300yTHIIeH coJiepkanier ¢ppakiuun. [IpuHIumIansHas
TEXHOJIOTHYECKast cXxeMa: OJIOK MOATOTOBKH CBIPbS, pEAKTOPHBIN OJI0K, OJI0K pa3feneHns peaKMOHHOH
Macchbl.

13. TeopeTuyeckue W TEXHOJIOTHMYECKHE OCHOBBI Mpolecca MOJIYYCHUs TIHKOJNIEH Ha mHpuMepe
MOJMYYCHUST MOHOAITHJICHIIIMKOISl THApATAllMed OKHCH dSTWieHa. [IpuHIMNUaIbHAS TEXHOJIOTHIECKAs
cxeMa: OJIOK MOATOTOBKH CBIPbS, pEaKTOPHBIN OJI0K, OJI0K pa3aeneHus PeakKIHOHHON MaccChl.

14. Teopernueckue W TEXHOJOTHIECKHE OCHOBBI IpoIlecca MOMydeHHs oyie(rHOB Ha TpUMEpe
MONMYYCeHUsT W300YTHIICHA Jerujaparanieidl TpuMeTwikapOuHona. [IpHHIHMNUANIbHAS TEXHOJIOTHYECKAs
cxeMa: OJIOK MOATOTOBKH CBIPbS, pEaKTOPHBIN OJI0K, OJI0K pa3aeneHus PeakKIUOHHON Macchl.

15. TeopeTnueckne W TEXHOJIOTMYECKHE OCHOBBI Mpollecca MOJMy4YeHUs alkuiOeH-30/1a Ha
npuMepe  MONYYeHUs OTHIOCH307a  alKWIMpOBaHMEM  OcH3oma  dTHieHa.  [IpuHIUMUaNbHAs
TEXHOJIOTHYECKass cXxeMa: OJIOK MOATOTOBKH CBHIPbsI, PEaKTOPHBIN OJIOK, OJIOK pa3aesieHus] PeakUOHHON
Macchbl

16. Teopernyeckne W TEXHOJOTHYECKHE OCHOBBI TpoIllecca TONYYCHUS apOMATHUSCKUX
YTIIEBOIOPOIOB HA MIPUMEpPE MONYICHUS OEH3051a THAPOIeKIITUpoBaHueM upoin3Hon ¢paximn Ce-Ca.
[MpuHnumuaneHas TEXHOJOTHYECKas cxema: OJOK MOJArOTOBKM CHIPbSi, PEaKTOPHBIH OJIOK, OJIOK
pas/iesicHus] pEaKIIMOHHOW MacChI.

17. TeopeTrueckre U TEXHOJIOTHUECKHE OCHOBBI MPOIIECCa MOJyUSHHS BBICIIMX PAa3BETBICHHBIX
oJie()MHOB Ha MpUMEpE TMOIYUYCHHS TPUMEPOB MPOMHICHA OJIMTOMEPHU3aIMel TPONUICHA B TIPUCYTCTBUU
($ochOpHOKUCIOTHOTO KaTanmu3aropa. lIpuHIMNUaIbHAS TEXHOJIIOTHYECKass cxema: OJOK TOATOTOBKH
CBIPbsI, PEAKTOPHBINA OJIOK, OJIOK pa3/ieieH s PEaKIIMOHHON MACCHI.

18. Teoperuyeckue U TEXHOJIOTMYECKHE OCHOBBI IpOIIECCa IMOJIYYCHUS OKUCEH OJie)MHOB Ha
npuMepe MOyYeHHsI OKUCH MPOMMIICHA SMOKCUAMPOBAHUEM MPOITUIICHA THAPOIIEPEKUCHIO STHIIOCH301a.
[MpuHIMUanbHasT TEXHOJOTMYECKas cXema: OJOK MOJITOTOBKH CHIPbS, PEAKTOPHBIA OJIOK, OJIOK
pas/iesicHus] pEaKIIMOHHOW MacChI.

19. Teoperuueckue W TEXHOJIOTWYECKHE OCHOBBI IMpolecca MOMYyYeHHs] HU3MHX ONe(UHOB Ha
MMPUMEPE NOJYUCHHUA 3TUIICHA TUPOJIN30M NPAMOTrOHHOI'O 6CH3I/IHa. HpI/IHHI/IHI/IaHBHaH TEXHOJIOIrn4yecKas
cxeMa: OJIOK TIOATOTOBKH ChIPbS, PEAKTOPHBIN OJIOK, OJOK pas/ieNieHus PeaKIIMOHHONH MaCcChl

20. Teoperuueckue W TEXHOJOTHYECKHE OCHOBBI MpoOIecca IMOMYYeHHs TPOCTHIX S(PHUPOB Ha
npuMepe TMONyYeHUs METHI-TpPeT-OyTiinoBoro 3Qupa amkWiIMpoBaHHEM MeETaHONA H300yTHICHOM.
[MpuHIMIUanbHas TEXHOJOTMYECKas cXema: OJIOK TMOJArOTOBKH ChIPhbsi, PEAKTOPHBIA OJIOK, OJIOK
pas/iesieHns pEaKkIIMOHHOW MacChI.

Kpurepumn oueHku:

CTyAeHT JOKEH BBIIOTHUTH 5 1a00paTOPHBIX padOT M Y4aCTBOBATh B KPYTIBIX CTONAX:

OuennBaromme MeponpusiTHs Basuibl
min max
MeponpusTHs TEKYIIEro KOHTPOJIs

JlaGoparophast padora Ne 3 6 10
JlaboparopHas paborta Ne 4 6 10
Jlaboparophas padora Ne 5 6 10
Jlaboparophas padorta Ne 6 6 10
JlaGoparophast pabota Ne 7 6 10
Kpyrusiii crost Ne 2, Ne 3 6 10

HUTOI'O 36 60

Onenka «omnuyHO» wWin 36-40 OanoB - OTBETHl HAa BOMPOCHI CBHUJETENLCTBYIOT 00
YBEPEHHBIX 3HAHUSX U YMEHUH CTYACHTA.

Onenka «xopomio» 32-35 6aioB - 0TBEThI Ha BOIIPOCHI CBUETEIBCTBYIOT O JOCTATOUYHBIX
3HAHUAX U YMEHUH CTY/ICHTA.

O1eHKa «yIOBJIETBOPUTEILHO» 25-31 OasioB - OTBETHI Ha BONPOCH! CBUJIETENBCTBYIOT O
HEJ0CTAaTOYHBIX 3HAHUSIX U OTPAHUYEHHOM YMEHHHU CTYJIEHTA.

O1eHKa «HEYI0BIETBOPUTEIHHO» 0-24 6ayuioB - OTBETH HA BOIPOCH! CBUETEILCTBYIOT O
CJ1a0bIX 3HAHUSAX U HEYMEHHE CTYJIEHTA.
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MHTepBan 6annoB penTmHra

OueHka

0<R, <60 «Heya0BNeTBOpUTENbHOY (2)
60<R,. <73 «y[,0BNeTBOPUTENBHOY (3)
13<R, <87 «xopolo» (4)

87 <R, <100

«OTANYHO» (5)
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