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Ilepeuens Komnemenyuil u UHOUKAMOPOE OOCIMUNCEHUA KOMNEMEHYUI ¢ YKA3aHuem IManoe
dopmuposanus ¢ npoyecce 0ceoenus OUCUUNTUHBL

KomMnerennusa:

[IK-1 : Cnocoben k moucky, 00padoTKe, aHaIH3y M CUCTeMaTH3aluy Hayq9HO-TEXHHYeCKOH HH(popMaun
10 TeME UCCIEA0BaHuU, BBIOOPY METOAMK U CPEACTB PEIICHHS 3a/1a91

I/IHIII/lKaTopr JAOCTHKCHHUHA KOMIICTCHIIMHA:

[IK-1 : Cnocoben k moucky, 00padoTKe, aHAIH3Y M CUCTeMaTH3aluy Hay9HO-TEXHHYeCKOH HH(popMauu
10 TeME MCCIIeJ0BaHuUs, BEIOOPY METOIUK M CPEACTB PELICHUS 3a1a9u

[IK-1.1: 3HaeT npuHIMIBI (OPMUPOBAHHS STAlbl BBHIMTOJHEHUS HAYYHO-HCCIICIOBATEIBCKUX PadOT U
pa3paboToOK; METOJBI TMOWCKA, 00paOOTKM W Tepefadd HayIHOW WH(POPMAIMHA, COBPEMEHHBIC METOJIbI
aHaJIM3a MPOAYKTOB OPTaHUYECKOT0 U HE(DTEXUMHUYECKOTO CHHTE3a

[IK-1.2: YMeeT ocymiecTBIATh HOMCK HHPOPMALIUK C IPUMEHEHHEM COBPEMEHHON Hay4HOM 0a3sl (Scopus,
Web of Science, e-library, Pat Scape, Find Patent m np.); mporHo3upoBaTh XHMH3M IIPOIIECCA;
YCTaHABIIMBATh CTPYKTYPY XMMHUYECKOTO COCOMHEHUS C MOMOIIBIO COBPEMEHHBIX (PU3UKO-XUMHUUECKUX
METO/I0B aHAJIN3a

[IK-1.3: Bmageer (pu3MKO-XUMHUYESCKHMMU METOJAaMHU aHANIHM3a XMUMUYCCKUX COCIAMHEHUH IS pElICHUS
HAy4YHBIX, HAay4YHO-IIPOU3BOJICTBCHHBIX M TPOU3BOACTBEHHBIX 3a]ay; MNPUHLUIAMU OpPraHU3ALMU U
TUTAHUPOBAHUS HAYYHO-UCCIIEI0BATEILCKAX Pab0T; METOIaMU KOHTPOJIS TEXHOJIOTHYECKUX MPOIECCOB;

KomMnerennusa:

IIK-3 CriocobeH BinafeTh 3HAHUSAMH, ITO3BOJISIONMIAMH aHATU3UPOBATh TCHIACHITNN PAa3BUTHS TEXHOJIOTHIA
XUMHUYECKHUX TPOU3BOJICTB, COBEPIICHCTBOBATH JNEHCTBYIOIINE, BHEAPSATh HOBBIC TEXHOJIOTHH Ha OCHOBE
paIMOHANIBHBIX U AIbTCPHATUBHBIX UCTOYHUKOB CHIPHS

I/IHI[I/IKaTOI)bI JOCTHXKCHHUH KOMIICTCHIIMHA:

TIK-3 Cnocoben BJIAACTh 3HAHUSAMU, MO3BOJIAOIIUMU aHAJIU3UPOBAThL TCHACHIIUU PAa3BUTHUA TEXHOJIOTHI
XUMHYCCKHX IIPOU3BOACTB, COBEPIICHCTBOBATH HeﬁCTBYIOHlHe, BHCIPATH HOBBIC TEXHOJIOI'MM HAa OCHOBE
PAUOHAIBHBIX U aJIbTCPHATUBHBIX UICTOYHUKOB CBIPbA

[IK-3.1 3Haer TeopeTHdecKHe OCHOBBI IPOMBIIUIEHHBIX TEXHOJIOTHYECKHUX ITPOLIECCOB COBPEMEHHBIX
XUMUYECKUX TPOU3BOACTB; OCHOBHBIC HAIpPABJICHUS PA3BUTHUSI W COBEPLICHCTBOBAHUS TEXHOJOTHI
MPOMBIIIUIEHHBIX ~ TPOM3BOJCTB; MPHUHLMUIBI IMOCTPOSHUS TEXHOJOTHYECKHX CXeM XHMHUYECKHX
MPOU3BOJICTB; CHOCOOBI PAIMOHATHLHOTO HCIIONB30BAHUS CHIPhS W YTWIM3AIWU IPOU3BOICTBEHHBIX
OTXOJOB

IIK-3.2 VYmeer paBpa6aTBIBaTI: U COBCPIHICHCTBOBATL TCXHOJIOTMIO TPOU3BOJACTBA IMPOAYKTOB
OpPraHuYCCKOro n HC(bTCXI/IMI/I‘-ICCKOFO CHUHTEC3a, pa3pa6aTHBaTb TCXHOJOTMYCCKHUC CXCMbl XMMHYCCKUX
IIPOU3BOJICTB; AHAJIM3UPOBATH CITOCOOBI paoroOHAJIBHOI'O HCIIOJIB30BaHUA CBIPpbSA W YTHUIM3AIIUU
MMPOU3BOACTBCHHLIX OTXOJ0B, IPOBOAUTL aHAJIN3 KOHTPOJIA KaUCCTBA TCXHOJIOT'MICCKOT'O IIpoHecca

T1IK-3.3 Bnageer TCOPCTUYCCKUMU OCHOBAMH TMNPOMBINUICHHBIX  TCXHOJIOTMYCCKHUX  MPOLCCCOB
OpraHHUYCCKOro u He(l)TeXI/IMI/I‘-IeCKOFO CHHTC34, HaBbIKaMH paBpa6OTKI/I U COBCPHICHCTBOBAHUIA
TEXHOJIOTUH IIPOM3BOACTBA IMPOAYKTOB OPraHU4YE€CKOTro M He(bTeXI/IMI/I‘-IeCKOFO CHUHTE3a; NpUHIUIIAMHA
IMOCTPOCHHA  TCXHOJIOTMYCCKUX CXEM XHUMHYCCKUX TPOHU3BOJCTB; crocobamMu PallMOHAJILHOTO
HCIIOJIB30BaHUA CBIPpbS W YTHIHM3alOWKW IIPOU3BOACTBEHHBIX OTXOIOB; criocobamMy aHajn3a KOHTPOJIA
Ka4ueCTBa TEXHOJIOTMYECKOT'O IpoHecCa; HaBbIKaMU YCTPAaHCHUA TEXHOJIOTUYECKOT'O 6pa1<a



KonTponupyemsie pa3nensl (TEMBI)

Kon xonTponupyemoit

HaumenoBanue OLICHOYHOT'O CpEACTBA

/i JMCIATUTHHBL KOMIICTCHIMH
2 cemecTp
IIK- 1.1, ITIK-1.2,
| Paznen 1. Ilpomecchl  MOATOTOBKH M IIK-1.3 JlaboparopHast padora Nel, Kpyribiii
nepepaboTKu HeTH U MPUPOTHOTO ra3a I1K-3.1,I1K-3.2, TIK- croa Ne 1,3x3ameH(2 cemectp)
3.3
IK- 1.1, TIK-1.2,
Pazpnen 2. Mcxonnsle BemecTsa A OCHOBHOTO IK-1.3
2 OpPraHUYECKOro CHHTE3a I1K-3.1,I1K-3.2, TIK- PK3AMEH(2 cemecTp)
3.3
IK- 1.1, TIK-1.2,
3 Pasgen 3. XuMus W TEXHOJOTHS TPOIECCOB IIK-1.3 JlaGoparopuas pabora Ne2, sx3ameH
M30MEpH3AIINH I1K-3.1,ITK-3.2, TTK- (2 cemectp)
33
3 cemectp
Pasgen 4. XuMusi U TEXHOJIOTHS MPOLIECCOB
4 | Beemenuss  ramorenoB B oprammueckue | [TIK-3.1,ITK-3.2, TTIK- Dk3amet (3 cemectp)
COETMHCHUS 3.3
Pasgean 5. Xumust u texuomormst mpomeccos | IIK- 1.1, [IK-1.2,
TUApPONM3a,  THAPATallMy,  JeruapaTaliH, IK-1.3 Jlaboparopnast pabora Ne 3, .
5 TepHDHUKALMU H AMUAMPOBAHHS MK-3.1.1TK-3.2. TTK- nabopaTtopHas padota Ne 4, kpyribIii
I 33 B cton Ne 2, sk3ameH (3 cemectp)
Paznen 6. XuMus W TEXHOJIOTHS IPOIIECCOB
6 | IKHITHMPOBAHUA 1 BUHITHPOBAHUA ITK-3.1,ITK-3.2, TIK- Dk3amet (3 cemectp)
33
Pasmen 7. [Ilporeccsl  cynbdaTupoBaHus, IIK- 1.1, IIK-1.2,
. CyIb(pUPOBAHUS ¥ HUTPOBAHUS IK-1.3 . )Ia6opaTopHa6;1 pa6J\(J')T2 Ne's,
T1K-3.1,1TK-3.2, TTK- naboparophast pabora Ne 6, sx3amen
(3 ax3amen)
33
Pazgen 8. [Ilpoueccsl ruapupoBanus u
8 | ACTHIPUPOBAHUS I1K-3.1,ITK-3.2, TTK- Oxk3amed (3 cemectp)
3.3
Paznen 9. TIpouecchl OKUCTEHHS IK- 1.1, TIK-1.2,
9 IIK-1.3 JlaboparopHast padota Ne 7, Kpyrislit
ITK-3.1,ITK-3.2, [1K- cron Ne 3, sx3amed (3 cemecTp)
3.3
OueHuBawIe MEPONIPUATHS Kou-Bo Bbanabl
min max
2 cemecTp
MeponpusiTiusi TEKyl1ero KOHTPOJIA
JlabopaTopHbie paboTHI 2 26 40
Kpyrerit cron Ne 1 1 10 20
DK3aMeH 1 24 40




UTOI'O 60 100
3 cemecTp
MeponpusiTusi TEKyIIero KOHTPOoJIs
JlaGopatopHsbie paboTHI 5 30 50
Kpyrastit crom Ne 2,Ne 3 2 6 10
OK3amMeH 1 24 40
UTOI'O 60 100

[Ikana mepeBoa UTOTOBOIO PEHTUHTOBOro Oasia Rye B 4-0aIbHYI0 CHCTEMY OLICHKH 3HAHHH.

WNuTtepBan 6a10B pedTHHTA OrneHka
0<R, <60 «HEYIOBJIECTBOPUTEIBHO» (2)
60<R, <73 «YOBJIETBOPUTENHHOY (3)
73< R, <87 «xopouio» (4)
87 <R, <100 «otuaHO» (5)

Kpumepuu oyenku omeema mazucmpanma Ha dK3ameHe:
OneHka «oTIU4HO» WM 36-40 6anioB - OTBETH Ha BONMPOCHI CBUAETENLCTBYIOT 00 YBEpEHHBIX
3HAaHUIAX U YMEHUU CTYJICHTA.

Ornenka «xopomio» 32-35 0ajyIoB - OTBETHl Ha BOIMNPOCHI CBHIETEIBCTBYIOT O JOCTATOYHBIX
3HAHUSIX ¥ YMEHUH CTYJICHTA.

OrneHka «yIOBICTBOPUTEILHO» 25-31 0aioB - OTBETHI HA BOIPOCHI CBHICTCIBLCTBYIOT O
HEJIOCTATOYHBIX 3HAHUSIX U OTPAHUYCHHOM YMEHUU CTYJICHTA.

OreHKa «HEYIOBIECTBOPUTEILHO» 0-24 GaJIOB - OTBETHI Ha BOIPOCH! CBUACTEIBCTBYIOT O CJIA0BIX
3HAHUIX ¥ HEYMEHHE CTY/ICHTA.
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MuHHCTEpCTBO HAYKHW U BhICIIET0 oOpa3zoBanus Poccuiickoit deneparuu
HwmxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUN MHCTUTYT ((uinan)
beneparTbHOT0 TOCYIaPCTBEHHOTO OI0IKETHOTO 00Pa30BaTEIBLHOTO YUPESKICHHS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKkuil HAITMOHATIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTUYECKUN YHUBEPCUTET
(HXTU ®I'bBOY BO «KHUTVY»)

TexHonmorndyecknii hakyabTET
Kadenpa HehTrexuMudaeckoro CuHTE3a

KoMiuiekT BOonpocoB Jisl 3k3aMeHa (2 cemecTp)
o muctmmuinHe «b1.B.03 O6006menre n aHaIu3 CYIMECTBYIONAX XUMUYIECKAX TEXHOJIOT M.
[TnanupoBaHre MHOTOCTAMIHBIX CHHTE30B)»

TpeboBaHus, NpeabABIsIeMble B Ka4eCTBE CBHIPhS B MPOIECCOpPAX OCHOBHOTO OPTaHMYECKOTO
cuHTe3a. OUYNCTKa Ta3000pa3HBIX YIIIEBOJOPOAOB OT MEXaHWYECKUX MPUMECed U XHUMHYECKHUX
COCIUHCHUM.

TexHOJIIOTHS MHPOIU3a YIIEBOJAOPOAOB, 00OPYIOBAHUE U CXEMBI IMUPOJIU3a MPU MPOU3BOICTBE
STHJICHA U TPOTIFJIEHA.

OO6macTu MpUMEHEHUS KalpoiakTama.

3HadeHne mpolecca obeccepuBaHUs ChIpbs. MeTonbl obeccepuBanus. [IpuHIUNUATHHAS

TEXHOJIOTHYECKasi CXeMa CEPOOYHNCTKH MIPUPOJTHOTO ra3a.

Teopernyeckne OCHOBBI M METONBI MOTYYEHHUS alleTHIICHA, TEXHOJOTHS €Tr0 MPOM3BOJCTBA U
BBIJICIICHUS.

MexaHu3M OKCUMHUPOBAaHHS KapOOHUIBHBIX COSTMHEHUH.

Ocymka ra3000pasHBIX  YIVIEBONOPONOB. PaznencHme cMeceidl Ta3000pa3HBIX YTJIICBOJOPOIOB.
XapakTepucTuka METOAOB ajcopOrmu, abcopOIum, XeMOCOPOIMY, SKCTPAKTUBHON TUCTUILISINY,
HU3KOTEMITEPATYPHOU PEKTU(PHUKAIIUH.

TexHomoOTHA TPOM3BOACTBA APOMATHYECKHX YIIIEBOAOPOJOB M CHHTE3-Taza W METOABl WX
OYHCTKH.

ChIpbe IS TTOTYYCHUS KalpoJiaKTaMa.,

Oxpana OKpy>Karomieii Cpeibl B IpoLieccax MAPOIIH3a.

[IpuHIIMUansHas TEXHOJOTHMYECKass cXeMma BbIAeNeHus OyTanueHa H3 cMecel IyTeMm
AKCTPAKTUBHOM JTUCTHUILISIUHY.

Mexanusm neperpynnupoBku bekmana.

Ounctka OKUAKUX  yraeBoAopomgoB. Metoasl oOeccepuBaHus. TexHOJOTHSI — mporecca
KaTaTUTUYCCKOU THIPOOYUCTKH.

TeopeTrueckne OCHOBHI TPOIECCOB H30Mepu3anuu mnapauHoBbIX, onehuHOBBIX C4-Cs U
ANKUIAPOMATUIECKUX YTIEBOIOPOIOB.

AHUIMHOBAs CXeMa MOTyYCHHS KalpolaKTaMa.,

Paznenenne cmecell XUAKUX YTIEBOAOPOAOB. XapaKTEPUCTHKA OCHOBHBIX METOJOB (YeTKas
peKTuUKAINs, a3€0TPOITHAS TIEPETOHKA, SKCTPAKTHBHAS JUCTHILISAIMS, a1COPOIIUS, XeMOCOpOIIus,
KpHUCTaJUTH3AIHSL.

W3oMepuzanuss OKCHMMOB, OCHOBHBIE 3aKOHOMEPHOCTH TIpOIlecca, IOJYYaeMbIe MPOMYKTHL.
TexHOIOTHS U30MEPU3AIUY IUKIIOTEKCAHOKCHMA B KaIllPOJIaKTaM.

TpeOoBanus, IpeabABIsSIEMbIE B KaUe€CTBE CHIPhS B IPOIECCOPAX OCHOBHOTO OPTraHUYECKOTO
CUHTE3a.

[IpuHnUNIUaNBHAS TEXHOIOTHYECKAs cXeMa pekTudukanuu Gpakiuu yriieBoaopoaos Cs-Cs.
TeopeTnueckue W TEXHOJIOTUYECKHE OCHOBBI MpoIiecca MOMy4YeHHs n3omnapaduHOB Ha MpUMepe
MOJTyYeHUs M30IIEHTaHa N30Mepr3anreil H-eHTaHa.

[Momydenue xanposiaktama u3 QeHona.

[IpyHIMIIMATPHAS TEXHOJOTHYECKash CXeMa BBIIEICHHS TONyola METOJIOM a3e0TPOIMHON
TIEPETOHKH.

[IpuHIMIIaTEHAS TEXHOJIOTHYECKAS CXeMa M30MEPHU3allii H-TICHTaHa: OJIOK MOJITOTOBKU CHIPhS,
PEaKTOPHEIN OJIOK, OJIOK pa3AeiieHUus] peaKIIMOHHOW MACCHI.

TexHoIOTHS MOTy4eHNS KalpoakTaMa U3 TOyosa
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OCHOBHBIE METOJIBI OYUCTKH HE(YTEIPOAYKTOB: IIEJIOYHAs, CEPHOKHCIOTHAS, aJCOPOINOHHAS,
N30MpaTeNbHBIMU pacTBOpUTENsAMU. JKnuakodasHsie mapodasHble MPOLECCH OYUCTKH.

XuMHSL 1 TEXHOJIOTHS MPOLECCOB H30MEPU3ALIUH YTICBOJOPOAHOTO CHIPhS

DOTOXMMUYECKHUI CTIOCO0 MOTydeHHsI KarnpojiaKTama.

W3omepusanus Beicnx ankaHoB. OCOOCHHOCTH KaTaTUTHIECKOTO M THAPOKPEKUHTA.

IMpomecchl KOKCOBaHMS M TOJYKOKCOBAaHMS KaMEHHOTO YIJISI Ka CIIOCOO TOJIyYECHUS CHIPBS JUIS
HEPTEXUMUH.

TexHONOTHA H30MEPU3AIMN IUKIOTEKCAHOKCUMA B KaIIPOJIAKTaM.

Kputepun onenkn:

Jis ouHOM HOpMBI 00YUCHUS:

MaxcumanbHo 40 6anoB - 3a TIOJNHBIH, pa3BEPHYTHIH OTBET HA MIOCTABICHHBIE BOIIPOCHI;

30 GaywIoB - 32 HEMIOJTHBIN OTBET, BKJIIOYAIOIIUH OIIMOKK B PACKPBITUH MTOHSTH;

MuHnMansHO 24 6aiia — 3a HETIOTHBIA OTBET C JOIYIICHUEM I'PyObIX OMHOOK MPH OTIPEICIICHUH

CYITHOCTH PACKPBIBAEMbIX TTOHATUH, TEOPUH, SIBICHUM.



MuHHCTEpCTBO HAYKHW U BhICIIET0 oOpa3zoBanus Poccuiickoit deneparuu
HwmxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUN MHCTUTYT ((uinan)
beneparTbHOT0 TOCYIaPCTBEHHOTO OI0IKETHOTO 00Pa30BaTEIBLHOTO YUPESKICHHS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKkuil HAITMOHATIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTUYECKUN YHUBEPCUTET
(HXTU ®I'bBOY BO «KHUTVY»)

TexHonmorndyecknii hakyabTET
Kadenpa HehTrexuMudaeckoro CuHTE3a

Cemectp 2
KommnuiekT 3aianuii 11 1a00paTOPHBIX padoT

no guctuiumae «b1.B.03 O606menne u aHamm3 CyneCTBYIONNX XUMHUECKUX TEXHOJIOTHI.
[ImanupoBaHue MHOTOCTAIUUHBIX CUHTE30B)

JlabopaTopnasi padora Ne 1

«OrmpezneneHue cocTaBa )XUJIKUX MPOAYKTOB TUPOJIN3a METOAOM (PAKIIHOHHOMN
neperonku. OnpeaeneHne KOMIIOHEHTHOTO COCTaBa U BhIX0/a (hpaKIuii»
Tuacmp
IMoa6op oNTHMAIBLHOTO COCTABA YIJ1€BOJOPOIHOIO ChIPbsl € LEJbI0 YyBeJHUYeHHS BBIX0Aa
razoo0pa3HbIX NPOIYKTOB NMHPOJIU3A
[lesib paGoOThI: CIIAHUPOBATH IKCIEPUMEHT MOCIEAOBATENbHBIM CUMILIEKC- METOJIOM,
Ha#iTH COCTaB CHIPHS, PU KOTOPOM BBIXOJ] ra3000pa3HbIX MPOAYKTOB MaKCHMAaJEH.
IIpudopni: ycranoBka (puc. 1) BkIouaeT B cebs ciaeaywomue npudops:
- 1 — nenuTenbHas BopoHKa (MUTaHUE PEAKTOPA),
- 2 — Tepmonapa,
- 3 — snexTpomneydb Aig 000rpeBa pekTopa,
- 4 — XONOJUIBHUK,
- 5 — IpUEMHHUK,
- 6 — ra30CUeTUHK,
- 7 — nmpubop moKa3aHUS TEMIEPATypHl,
- 8 — perynarop temnepatypsl (JIATP),
- 9 — peakTtop.
PeakTHBBI: B KauyecTBE CHIPbS HCMOTB3YyeM 3-X KOMIOHEHTHYI CMeCh: TEKCaH,
0€H30J1, ¥ U30MPEH.

Pacyer cocTaBa cMecH YrieBoJ0poa0B

IMMocnenoBateabublit cumniaekc-meron (IICM). Ilouck onTUManbHOTO COCTaBa ChIPhA
Begercsa merogom [ICM. IICM o6nagaer psAaoM HPEHUMYLIECTB MO CPABHEHUIO C APYTHUMH
METOJaMH ONTHMHU3ALUU TEXHOJOrH4eckoro npouecca: npocrora I[ICM, nBukeHue Kk oNnTUMyMy
NPaKkTHYeCKH OCYI[ECTBISLETCSA MHPU OYepeIHOM OKCIepUMEeHTe, Ha H0bOoM »3Tame
HKCHEPUMEHTHPOBAHUS B TOUCK ONTHUMAJIbHBIX 3HaUEHUN aKTOPOB MOXKHO BBECTH HOBBIH (akTop
MYTEM JOTOJHUTENbHOTO BKIIOYEHNS B TEKYIMH CUMILIEKC-IIAH BCETO JIUIIb OJHOTO OIbITA.

Cymuocts Metona I[ICM nydiie Bcero npoaeMOHCTPUPOBATH HA CIAEAYIOIEM PUCYHKE
(puc.1). IIpeanonokumM, YTO HEU3BECTHAS HAM 3aBHCHMOCTh BBIX0Ja NPOAYKTa OT 3HAYECHUN ABYX
(GaxTOpoB BHITIAAUT TakK, Kak 3TO oTpaxeHo Ha puc. 1. [louck 3Hauenuin X u Xz, Ipu KOTOPHIX
BBIXOJ TPOJAYKTa MaKCHUMalleH, HauHeM C 00iacTu orpaHudeHHoil toukamu 1, 2, 3. Kaxjsiit
HCCIe0BaTENb-TEXHOJIOT J0JKEH HCXOJHYI0 00J1aCTh IKCIIEPUMEHTUPOBAHHS BHIOPATh KaK MOXKHO
OaMXe K ONTHMANbHON HAa OCHOBE CBOCH MPAKTHUECKOW MHTYMIMM MM HAa OCHOBAHMU KaKUX-TO
TEOPETUUYECKUX PEKOMEHJALUH.

[Mocne onmpeneneHus HCXOAHONH 00IaCTH IKCTIEPUMEHTHPOBAHHA HEOOXOAUMO PACCUUTATH
KOHKpETHbIE 3HAaUeHUs (HaKTOPOB B KaxJoM dKcnepumente. Pacuer 3Tux 3HaueHUH (pakTUUECKU
CBOAMTCS K pacyeTy KOOpAMHAT MPABUIBHOTO CUMILIEKcA - QUTyphl ¢ 4ucaoM BepmuH (k+1) Ha
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eauHuIy 6onpiie yucnaa pakTopos (k). B nanHoi#l paboTe CUMIIEKCOM SBISETCS TPEYTONbHUK, KaK
Ha puc.l.
KoopanHaTH BEpmIUH HCXOMAHOTO CHMILIEKCA OMPEACIAIOT U3 CeAYIOMEH MaTPHUIIbL:

—heh BT T

R —r—r.—-1r,—r

0 R, —r..—1,,—1,

()

0 Ry...—1,—-1,

00 0.. R, —-r,

00 0.. 0R,

Yucno cTpox B HCXOAHOW MATpPHUIE COOTBETCTBYeT uuciay onbiToB N=k+1. a uucio
CTOJNOLOB paBHO YKCITY HAKTOPOB.
3HayeHus 1k U Rk pacCUMTHIBAIOT MO YpaBHEHUAM:

1 k

ey T2k

B nannoit pabote ceippeM sBiSe€TCS 3-X KOMIIOHEHTHAsi CMECh, IOATOMY BapbUPYIOT JIBa
daxropa x1 u X2 (N=k+1=3) - npouieHTHOE CcofepKaHUE B CMECH TeKCaHa U OeH30J1a, MPOLIEHTHOE
coZiep KaHUE M3OIpPEHa SBJISIETCS JIMHEWHO 3aBUCUMOM NEPEMEHHOM OT COJEpaHMsl FeKcaHa U
msonpena: x3=100-(xi+x2).

Hcxonnas o6sacTh S3KCIEPUMEHTHPOBAHUS OIIPE/IENICHa B CIEYIOINUX HHTepBaiax:

x1=10 % 00 - comepxkanme rekcana; x>=70 % 00 - comepkanue Oenzomna; 6=5 % 00 -
MHTEpBaJl BapbUPOBaHUs (DAKTOPOB X| U X2.

ManI/II_Ia HCXOOHOI'0 CUMIIJIEKCA B OTHOCUTCIIbHBIX €ANHUIIaX 6yz[eT BBITJTIAACTH TaK:

Ta6ymma 1.1 MaTpuiia cuMILUIEKC - TUTaHa JIst K=2
X1 X2

W |—|Z

Jlnst onpenesneHust abCOMIOTHBIX 3HaYeHUH (PAKTOPOB B MICXOJHOM CUMILIEKCE UCIONb3YIOT
COOTHOLLEHUE:

agi_adi0
X =X

1
S
ol

rre X, - OTHOCHTEIbHOE 3HaueHHe 1-0ro pakTopa;

ioi

aan

x;""- abcotoTHOE 3HaUeHHE i-0ro (haxTopa;

aand

X, - abcoOTHOE 3HaYEHUE 1-010 (haKkTOpa,

0i - UHTEpBaJ BapbUPOBaHMS i-0r0 (pakTopa.
Marpuiia HICXOTHOTO CUMILIEKC - TUTaHA B a0COMIOTHBIX NHUIIAX:
X1, %00 X2, %00

W= |Z

Crparterus noucka ontumyma B Metoie [ICM 3akmouaercs B mepeMeIeHni CUMILIEKCa OTHOCUTENbHO
BEPUIMHBI, UMEIOIUA HAUXYAWHUHA pe3ynapTar. Hamxyamasg ToYka HMCXOMHOTO CHMIJIEKca
3aMEHAETCHd HOBOMH, PacmoJOKEHHON CHUMMETPHYHO OTHOCHUTENbHO BEPIIMHBI, HMEIOILUN
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Hauxyaumui pe3ynbrar. Hanxymas Touka UCX0HOTO CUMILIEKCa 3aMEHSETCsS HOBOM, pacmoI0KeHHOH CUMMETPUIHO
OTHOCHTEJIHO 1L[EHTPA TPaHH CHMIUICKCA, HAXOIALIEHCs HAampoTWB Hauxyamed Bepmuubl. Ha puc. 1
HaumxXyjamas TOYka | HMCXOAHOTO CHMMIeKca Obina 3aMeHEHAa TOYKOH 4, PacmoNOKEHHOH
cumMmeTpudno Ttouke 1. HoBwlit cummnexkc 2-3-4 mpu 3TOM mepeMeCTUiCs B CTOPOHY
ONTHMYMa.

KoopaunHatsl KaxJ0# HOBOH BEpPMHHB HAXoAATCcs [0 chHeaywomed dopmyne:

k

X = Eme —Mxio;i =12,...k

k ‘= k

[Tocne Toro Kak cocTaB yrieBOJOPOIHOIN CMECH pacCUYUTaH, MPOBOISAT IKCIIEPUMEHT.

BoinosiHenune padoTbl

[Tuponu3 yriieBoJJOpOHOTO ChIpbs BeieTcs Ha ycTaHoBKe (puc. 1) nmpu Temneparype 1000
oC.

Ilepen HavamoMmM oOmbiTa MOPOBEPSIOT MPAaBUIBHOCTh COOpPKH, HAAEXKHOCTb U
TEPMETUYHOCTH BCEX COSMHEHUN YCTAaHOBKH. BKITFOUAIOT 37IeKTpOoTieys 3 Ui 000rpeBa peakTopa.
[Tocne Toro kak Temmneparypa B peaktope nocturaet 1000 °C, B X010AWIbHUK 4 TOJAIOT BOAY.
3aJjlaHHYI0 TeMIIepaTypy B peaKkTope MOJACP>KUBAIOT C TOMOIIBIO TEPMOPETYIISITOpA 8.

[IpurotoBieHHy0 CMeCh YIJIEBOJOPOAOB MOAAIOT B 103aTop 1. MOMEHT mojiauu ChIpbs B
PEaKIMOHHYIO 30Hy TPUHUMAIOT 3a Hayajo ombiTa. Bce SKcepuMeHTh HEOOX0IUMO TPOBOIUTh
IIPU TIOCTOSTHHON 00bEMHOI CKOPOCTH I0/1a4H YTIIEBOJOPOIHOTO ChIPbs (BpEeMsl HCTEUEHHUS ChIPhS
30-35 Mun).

[To oxoHuaHuu omnbiTa GUKCUPYIOT 00BEM Tra30B MPOLISAUINX Yepe3 ra3oBble Yachl 6 U
Maccy kuakoi ¢a3pl. COCTaBISIOT MaTepHalbHBIM OamaHC Mpolecca, PacCUYUTHIBAIOT
BBIXOJl ra3000pa3HbIX MPOAYKTOB NHposin3a. CpaBHUBAIOT 3HAYEHHs] BBIXOJla Tra3000pa3zHbIX
NPOAYKTOB, HAaUXYAIIUN pe3ylbTaT OTOPACHIBAIOT M PACCUMTHIBAIOT HOBBIM COCTaB CMECH
YTJEBOJOPOIOB. DKCIEPUMEHTHl MNPOBOIAT [0 TeX MOp, NMOoka He OyJeTr JOCTUTHYTO
npeaeabHOe 3HAYEHHE BBIXOJAa Ta3000pa3HBIX MPOIYKTOB, MOCIE YXYJIICHHS IMOKa3aTels
nporecca paboTy MpeKpalaror.

Odopmiienne pe3y1bTaToOB
CocTaBisioT MaTepHalIbHBIN OajlaHC MpoIecca MUPOJIH3a;
L PaccunteiBaroT Maccy MoAIaHHOTO CBIPBst Mev=VYoem Pem, Te Vou, pov - 00beM (MIT) U
MJIOTHOCTH (T/MJT) yriaeBOnOpoaHOU cMecH. [IIIOTHOCTh CMECH pacCUYUTHIBAIOT MO (GopMyJie
Pas =0,-P, +0,-p, +0y-p;, X1, X2, X3-00bEMHBIE IPOLEHTHl COOTBETCTBEHHO TI'€KCaHa,

ni

u3onpena, 6enzoina, % o0; p,, 0,,P; - IIOTHOCTH COOTBETCTBEHHO I'eKCaHa, U30MpeHa, OeH30a,

I/MIL
2. PaccunTeiBatoT Maccy razoo0pa3HbIX MPOAYKTOB MHUPOIN3a, YCIOBHO CUMTAS,
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|
YTO B OCHOBHOM OHH COJEpXaT 3THiIeH m,, =——-1 , rae V - o0beM razoo0pa3HbIX

aag yo
Vi
MPOAYKTOB IO Ta30CUETUYHKY, JI; Vuy. - MOJSPHBIA 00bEM Tra3a MpU HOPMaJbHBIX YCIOBHUSX;
Viuy. =22,4 1/Monb; My - MOJISIpHAst Macca dTHIIeHA, Msr =28 1/MOJTb.

3. Maccy KHUAKHX TPOAYKTOB HAXOMAT IO PAa3HOCTH MacC CyXOro NMPUEMHUKA U
NPUEMHHKA C KUJIKOH (ppaximeit.
4. PaccunThIBalOT Maccy KOKCa, OTIOXEHHOTO BHYTPH PEAKTOPa Mgoxc=Men-Mras-

Mkn
Pesynbrarel 3aHocsT B Tabmuiy 1.2
Tabnuua 1.2 MarepuanbHblii OanaHc mpouecca MUpoIu3a

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

1. XKuakuie mpoayKThl MUPOIU3a
2. I'a3000pa3Hble MPOAYKTHI

reKCaH

TUPOJIH3a
H30IpeH 3. Koxe
0OeH30I1 :

PaccunTthiBatoT BBIX0/] ra3000pa3HbIX MPOIYKTOB: 77 = —-100%

cy,
Pe3ynbTarhl S5KCIEpUMEHTa MIPUBOAAT B Tadbnuie 1.3
Taommma 1.3 INouck metomom IICM onTuMaIbHOTO cocTaBa
X1, %00 | X2, %00 | n, % | [Ipumeuanue

{ UcxoHbIN CUMILIEKC

OTt6pomiena Touka i. HoBbii cumrmiekc *-*-*
OtOpomena Touka i. HoBelii cumruiekc *-*-*

WA (RN —|Z

Il yacmo
2.3y4yeHue BJIUSIHUS TeMIIePaTypPbl HA BBIXO/
ra3oo0pa3HbIX NPOAYKTOB MUPOJIM3a

[leab paGoThl: CIIAHUPOBATh JKCIEPUMEHT IOCJIEIOBAaTEIbHBIM CHMILIEKC-METO/IOM,
HAMTH COCTaB CHIPBS, PH KOTOPOM BBIXOJ] Ta3000pa3HBIX MPOTYKTOB MaKCHMAJICH.

IIpu6opkl: ycranoBka (puc. 1) BKIOUYaeT B ce0s CIeAyIOMUe MPUOOPHI

- 1 - nenuTenbHas BOpOHKA (IMTaHUE PEAKTOPA),

- 2 - TepMorapa,

- 3 - aneKTporeyb Al 000rpeBa peakTopa,

- 4 - XOnOOUIIbHUK,

- 5 - IpUEMHUK,

- 6 - Ta30CYETYMK,

- 7 - npubop MOKa3aHUs TEMIIEpPaTyphbl,

- 8 - perynstop Temniepatypsl (JIJITP),

- 9 - peakTop.

PeakTHBBI: B KaueCTBE CHIPbS HCIOJIB3YEM 3-X KOMIIOHEHTHYIO CMECh: I'EKCaH,
0eH30J1, U30MpEH.

Boinosinenne padoTol

DKCrepuMEHTHI TPOBOJAT Ha YCTAHOBKE NuUpoiusa (puc. 1), METOOUYECKUE yKa3aHUs K
BBITIOJIHEHHIO PabOThI U310KeHbI B padote Nel. Halinennsbiit B pabote Nel onTumalibHBINA COCTaB
CBIPBS OJIBEPraeTCs MUPONIM3Y IpH 4-X pasiudHbIX Temneparypax: 600 °C, 800 °C, 1000 °C, 1200
oc.
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DKCHEpUMEHTHl HEOOXOIMMO MPOBOJUTH MPHU MOCTOSIHHOW 0O0BEMHON CKOPOCTH TOJIaYu
YTIIEBOIOPOIHOTO CHIPbs (BpeMs ucteueHus cbipbsi 30-35 muH). [To okoHyaHuu omnpita GUKCUPYIOT
00BbEM I'a30B NPOILEAIINX Yepe3 ra30Bble Yachl 6 U Maccy KUAKON (a3bl.

Odopmitenne pe3y1bTaToB

CocTaBisioT MaTepHalbHBI OajlaHC, pe3ysbTaThl 3aHOCAT B Tabnuiy. PaccuuTeiBaroT
BBIXO/] ra3000pa3HbIX MPOIYKTOB, BEIYUCICHHS 3aHOCAT B Tabuiy 1.4

Tabmuna 1.4
N T, °C Vras, 1T n, %
1 600
2 800
3 1000
4 1200

Ha ocHOoBaHMM TMOJNYy4YeHHBIX JaHHBIX CTPOSAT TrpapuKd 3aBUCUMOCTEH BbIXOJA
ra3000pa3HbIX MPOAYKTOB UPOJIH3a OT TEMIIEPATYPHI.

Il wacmoe
3. 3aBHCHMMOCTDH BBIX0/1a ra3000pa3HbIX NPOAYKTOB MHPOJIH3A
OT BpeMeHH TNpeObIBAHMS YIVIEBOJIOPOJHOIO ChIPbSl B peakTope

[leab paGoThl: CIIAHUPOBATh JKCIEPUMEHT IOCIIEIOBATEIbHBIM CHMILIEKC-METO/IOM,
HAMTH COCTaB CHIPBS, PH KOTOPOM BBIXOJ] Ta3000pa3HBIX MPOIYKTOB MaKCHMAJICH.

IIpu6opsl: yctaHoBKa (puc. 1) BKIIFOYaeT B ce0sl ClIEYIONINE PUOOPHI:

- 1 — nenuTenbHas BOpOHKa (IMTAaHUE PEAKTOPA),

- 2 — Tepmonapa,

- 3 —anekTponeys Uit 000rpeBa peKTopa,

- 4 — XONOIUIBHHUK,

- 5 — IpUEMHUK,

- 6 — ra30CUeTYHK,

- 7 — npubop MoKazaHus TeMIepaTypsbl,

- 8 — perymnstop remneparypsl (JIATP),

- 9 — peakrop.

PeakTHBBI: B KAUECTBE ChIPbs UCIOJB3YEM 3-X KOMIIOHEHTHYIO CMECh: T'€KCaH,
OEH30JI, U30TPEH.

BoinosiHeHue padoThbl

DKCIEpUMEHTHl MPOBOJAAT Ha YyCTaHOBKE mnupoau3a (puc. 1), MeToamueckue
yKa3aHUs K BBINOJHEHUIO paboThl M310XKeHbl B pabore Nel. Halinenusiii B pabore Nel
ONITUMAJIBHBIA COCTaB CHIPhSI MOJBEPraeTCs MHUPOJU3Y MPU 4-X pPa3NIUYHBIX 3HAYCHUSIX
ckopocTu noxauu ceipbsi: 600 °C, 800°C, 1000°C, 1200°C.

DKCHepruMEHTH HE0OXOJAUMO NPOBOJUTH MPHU MOCTOSHHONU OOBEMHOUW CKOPOCTH
MOoJauu YTJIEBOJOPOJHOTO CHIphs (BpeMs ucTeueHus coipbsi 30-35 muH). [lo okoHuaHum
OTbITa PUKCHPYIOT BpEMS UCTEUCHUSI HCXOJHOTO CBIPhsi, 00BEM ra30B, MPOIIEAIINX Yepe3
ra3oBbl€ 4achl 6, U Maccy XUAKOH (assbl.

Odopmienue pe3yjbTaToB
CocTaBnsgioT MaTepualnbHBId OamaHc, pe3yabTaThl 3aHOCAT B Ta0IuUIy.
PaccuuTpiBaroT BbIX0J ra3000pa3HbIX MPOAYKTOB, BBIUMCICHHS 3aHOCAT B Tabnuimy 1.5
Tabnuma 1.5
N Tyer, C Vos, M°/¢ Tup, C n, %
1
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[98)

OO0BeMHYI0 CKOPOCTb MOJIa4H ChIPbS PACCUUTHIBAIOT 1O (HopMyie:

V..
V., =—"—=rne Vcm, Xucr - 00bEM U BpeMsl UCTEUEHUSI CMECHU yTIIEBOJOPOIOB.
éno
BpeMms npeObIBaHHS CHIPhS B PEaKTOPE HAXOIAT 1O GopmyJe:
2
T, =——,rae Vp-00beM peakTopa, V), :T-h ,rne d, h - ntmameTrp u BbICOTA
4]

peaxkTopa.

Ha ocHOBe moJIydeHHBIX JaHHBIX CTPOSAT rpaUKu 3aBUCUMOCTEH BBIXOJ[a ra3000pa3HBIX
MPOAYKTOB MHUPOJIM3a OT BPEMEHH NMPeOBIBAHUS B pEaKTOpe yriIeBOJOPOTHON CMECH.

Bonpocwet 011 ob6cyscoenus na kpyeaom cmone no meme «llpupoonoe coipver:

1. XapaKTepucTHKa MPUPOJTHOTO CHIPhS

2. OCHOBHBIE CHOCOOBI OYHMCTKH M  TNEepepabOTKH  CHIPhS C IEIbI0 IMOJYYCHUS
Pa3JUYHBIX TOBAPOB OPTaHUYECKON, HEOPraHUUECKON XUMUH, METAJIIyPrun

3. [lnanupoBaHue MHOTOCTAJUHHBIX CHHTE30B KaKk OCHOBAa KOMILIEKCHOTO

UCTI0IB30BaHUS CHIPHS,
4. Co3nanue 0€30TXOTHBIX NIPOU3BOJICTB
5. Hcmonp3oBaHME TEIUIOTHI XHMHUYCCKHX pPEaKMU (IpeBpalieHus] TEXHOJOTHH B
9HEPTrOTEXHOJIOTHUIO).

JlabopaTopnasi paGora Ne 2
«Ilonmy4yeHue kanposakTama

Ilesb padoThI: BOCIPOU3BEAECHUE B J1A0OPATOPHBIX YCJIOBUSAX M HU3Y4YEHHUE OTHENbHBIX
CTaJui MOTy4YeHMsI KallpojaKkTama U3 LHUKJIOreKCaHOHA — 00pa30BaHMsl LIUKIOIN€KCAaHOHOKCHMA U
NEPErpyNIupOBKH IOCIEIHEr0 B KalpoJIaKTaM; AHAJIUTHYECKOE OIpeAcIeHUuEe IpHUMeced B
COCTaBE MOJyYEHHOTO MPOIYKTa.

s Gonee riy0GOKOro M IMpOAYKTUBHOIO YCBOEHHS MaTepualla Kypca pe-KOMEHJOBaHa
caMoCTosITeIbHAs padoTa: MOATrOTOBKAa K 3allUTe Ja0OpaTOpHBIX pabOT, MOUCK OTBETOB Ha
BOMNpPOCHL. JlaHHBIE BUJIbI CAMOCTOATENBHOI pabOThl CIOCOOCTBYIOT HE TOJIBKO OoJiee Iiy0oKoMy
U IPOAYKTHBHOMY OCBOCHMIO MaTepHalla Kypca, HO U BBIpaOOTKE XMMUYECKOI'O MBIIIUICHHUS.

TeopeTnyeckue 0CHOBbI

Kampomakram  (J1aktaM  e-aMHHOKAIpPOHOBOW  KHUCIIOTBI)  SBISETCS  MOHOMEPOM
NOJIMKAIIPOAMUJA, M3 pacllaBa KOTOPOTO MOYKHO IOJy4aTh IIOJMAMMIHBIE BOJOKOHA.
[TonmaMuHOE BOJIOKHO HAa OCHOBE KalpoJIaKTaMa UMEET pa3IMuHble HA3BAHUS B 3aBUCUMOCTH OT
(UPMBI-IPOU3BOIUTENS: KAIIPOH, HAWIOH 6, EPJIOH, CUIIOH, JOACPOH, rpuiioH u ap. CBOKCTBa,
KOTOPBIMH 00J1aIaeT 3TO BOJIOKHO, ONPEAENSAIOT UX IIUPOKOE NPUMEHEHUE B IPOU3BOJICTBE
TEXHUYECKUX M3JeNUN M OBITOBBIX TOBAapOB. M3 MosimaMUIHOrO BOJIOKHA W3rOTaBIMBAIOT KOP/,
KpYy4eHble U37eus (KaHaTbl, BEPEBKU, TPOCHI), KAIPOHOBYIO TKaHb, UyJI0YHO-HOCOYHBIE U3AETHSL.

CnenctBueM HIMPOKOTO CIEKTpa INPUMEHEHUS TOJMAaMHIHBIX BOJIOKOH SIBJISETCS
IIOBCEMECTHOE HApaIMBAHWE NPOU3BOACTBEHHBIX MOIIHOCTEH Ul IMOJIyYEHHUs KalpoJIaKTaMa.
MupoBoe Hpou3BOJACTBO KalposlakTama COCTaBiIsieT Oosiee TpeEX MUJUIMOHOB TOHH B TOJ U
IIPOJOJDKAET yBEINYMBATHCS.

CaolicTBa NoNMKanpoamMuaa B 3HAYUTENIBHON CTENEHM 3aBUCAT OT IIPUMECEH, Jaxke B
HUYTOXHBIX KOJMYECTBAX COAEPIKAIIUXCS B KalpoJaKTamMe, B OCHOBHOM WX IIPUCYTCTBHE
CKa3bIBAa€TCsl Ha MpOIECCE IOJIMMEPU3aLUU U TEPMOCTOMKOCTH IOJIYYEHHOI'O IOJIMMEpa.
OCHOBHBIMU NIPUMECSIMH B TOBapHOM KallpOJIAKTaMe SBJIAIOTCS aMHUHBI, CIUPTHI, OCHOBAaHUS
udda, cynbdar ammonus, HOHBI xene3a u ap. CocTaB U KOJIMYECTBO MPUMECEH 3aBUCIT OT
ciocoba MOJydYeHMs; IO  (PU3MKO-XMMHUYECKHM IIOKa3aTeslssM  KamposlakTaM  JIOJIKEH

13



COOTBETCTBOBaTh TpeOoBaHusM 1 HopMaM 1o 'OCT 7850-86, ykazanHbsiM B Tabute 1.

B pamkax BbIIOMHEHHUS NaHHOHM JabOpaTopHON paboOThI Mpeajaraercs onpeaeieHue
HEKOTOPBIX MPUMECEH B KalpoaKkTaMe C MCIOJIb30BaHUEM METOJIUK, HE TPEOYIOUIUX CI0KHOTO
anmapatypHOro oOpMIICHHS : IEPMAHTAaHATHON MMOTPEOHOCTH, COACPKAHMS OCTATOYHOTO OKCUMA
IUKJIOT€KCAaHOHA U JIETYYMX OCHOBAHUM.

Ilepmanzanamnuasn nompeonocmo — 3TO  KOJHMYECTBO pacTBOpa
KMnQO4 (Mr), pacxonmyiomierocss Ha THUTpoBaHHe | Mr mpoObl; XapakTepu3yeT Haludue
JIETKOOKHUCJISIONIUXCSL TpUMecel B Karmposiaktame. MeToJl OCHOBaH Ha OKHCJICHHH TaKUX
npuMecei B Mpoliecce TUTPOBAHUS IEPMAHTaHATOM KaJIusl.

Onpedenenue codeprncanun OCMAMOYHO20 OKCUMA UUKI02eKCAHOHA OCHOBAHO Ha
TUAPOSIN3E HEMpPOpPEearupoBaBIIETO0 IUKIOTeKCAaHOHOKCHMA /O ILHKIOTeKCaHOHAa, KOTOPBIN
OTTOHSIETCS C BOASHBIM MapoM

Tabx. 1 - [Tokaszarenn, XapaKTepU3YIOLIHE Ka4eCTBO KalmpogakTama

HanmenoBanue Hopwma s copra
oKa3aTeIst
BEICIIIETO MIEPBOTO
[lepmaHTaHATHBIM MHJCKC, €]1., HE O0Jee 4 5

[{BeTHOCTh BOJHOTO pacTBOpa KamposiakTama

c maccoBoi monei 50%, ex. Xa3eHa, He Ooyee 3,0 4,0

OnTryeckast IOTHOCTh pacTBOpa KamposakTama 0,04 0,05
c MaccoBoit goneii 50%, He 6onee

Temnepatypa kpuctamumsanuu, °C, He Huxe 68,8 68,8
CojepkaHue JIETy9nX OCHOBaHUH, MMOJIB/KT, HE OoJiee 0,4 0,5
MaccoBas 10Js [UKJIOTeKCaHOHOKCHUMa, %, He Oolce 2,001073 2,001073
MaccoBast 107151 Kenesa, %, He bosee 2,010 2,010
[1le10uHOCTH, MMOJIB/KT, HE Ooiee 0,1 0,1
KuCII0THOCTE, MMOJIL/KT, He OoJjiee 0,05 0,05
pH 20% BoxHOrO pactBopa 6,7-7,3 6,7-7,3

HepBoﬁ CTaHHCﬁ CUHTC3a KallpOoJlaKTaMa, HCXOJAdA U3 MNUKIIOITCKCAHOHA, MABJISICTCA
MMPEBpAIlICHNUEC HUKIOIMCKCAHOHA B IUKIOI'CKCAHOHOKCHM. 910 MMPEBpaAIICHNUEC OCYIICCTBIACTCA
HeﬁCTBHeM BOJHOI'O paCTBOpPa CCPHOKUCIIOIO TMAPOKCHUIIAaMHUHA!

+H,0
2<:>:o + (NH,OH),H,S0, ——~ <:>:NOH H,S0,

l+2NH3

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

Ha Bropoit cragum 1moj  ACUCTBHEM  OJieyMa  OPOUCXOJUT  HM30MEpU3aALHUS
IIUKJIOTEKCAHOHOKCHMA B KampoJjiakTaM (0€KMaHOBCKas IeperpynipoBKa):

R
H,C—CH;Cx
2 2
Omve o= Omon oz O 15
-H,0

s
H,C—CH;CH,
+H,0

.
~0 _OH _OH,
H,C—CH;C H,C—CH;C3 H,C—CH;C3
NH N ‘
/ v . /
H,C—CH;CH, H,C—CH;CH, -H H,C—CH;CH,
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[Ipu 3TOM IPOUCXOMUT pacIIUpeHre KA ¢ BHeApeHueM NH-rpymmbl MexIy IByMsi aToMaMu
yriepoja.
L uacmo

1.CuHTE3 HUKJIOTeKCAHOKCHMA

ObopynoBaHue U peaKTUBbI KosanuyectBo

1. YcranoBka amns nmpoBefieHus cuntesa (puc. 1).

2. uknorekcanoH (d+° = 0,946) 30T
3. 'mapoxcunamuHCcynbdar 45r
4. Hatpus xapOoHat 30r

[Ipouiecc oxcMMHMpOBaHUS IUKIOTEKCAHOHA IMPOBOMAAT Ha JAOOPATOPHOM YCTaHOBKE
(puc. 1), cocrosieil U3 YETHIPEXTOPJION KOJIOBI, CHAOKEHHON MEIIAIKON C 3JIEKTPOIPUBOJIOM,
TEPMOMETPOM, KaleJIbHON BOPOHKOM U 0OpaTHBIM XOJIOAMIBHUKOM C BOJSHBIM OXJIQXKICHUEM.

B xonby momematot 45 r ruapoxcunaMuncyibdara u 150 M Boasl,

B KameibHyr0 BOpOHKY 30 T' IIMKJIOTE€KCAHOHA, TMOCJE Yero BKIIOYAOT Melanky. Bo Bpewms
pacTBOpeHUs THAPOKCUIaMUHCYIIb(haTa roToBT 25% pac-
TBOp KapOOHaTa HaTpus B BOJE (pacuemul nPosepumsy y npenooagameis).

[Tocme TONHOTO PACTBOPEHHS TUIAPOKCHIAMHHCYJIb(paTa pPEakIHOHHYK CMeCh
HarpeBatoT 10 50°C, OTKpBIBAIOT KpaH KaleJlbHOW BOPOHKH M MO KaruisiM (MedieHHo!) BBOIAT
[UKJIOTEKCAaHOH, HE JOMYyCKas TMOBBIIMICHUS TEMIEpaTypbl. 3aTeM B KamelbHYI0 BOPOHKY
nomenaioT 25% pactBop kapOoHaTa HATPHs U MPOBOAAT HEHTpaIH3alUI0 PEAKIIMOHHOW MacChl
no pH=15,5 16,0 (mo ynusepcaabHOMY UHAUKATOPY). HeliTpann3oBaHHbIN NPOAYKT HarpeBaroT
1o 60°C 1 npoiomKaroT nepeMenuBanme B reuenune 30 MuH.

Peakimonnyio cMmech OXJIOKIAIOT, BBINABIIMNH B OCAJOK OKCHUM IIHK-JOT€KCAaHOHA
OT(QUIBTPOBHIBAIOT Ha BOPOHKE BroxHepa u cymar Ha Bo3ayxe A0 cieayrouiero 3ansatus. Cyxou
MPOJIYKT B3BELIMBAIOT U OMPEACIISAIOT BBIXOJ] B IPOLIEHTAX OT TEOPETHUECKOTO.

Puc. 1. YcranoBka i1t mpoBeEHUsI CUHTE3a OKCUMA IIUKJIOTeKCaHOHA: |1— yeTbIpexropas
K0s10a; 2 — KamnenbHasi BOPOHKa; 3 — TepMOMETp; 4 — MeIanka; 5 — Tuapo3aTBop;
6 — XOJIOIUITLHUK
Il wacmy
2. IleperpynnupoBKa HUKJIOT€KCAHOHOKCUMA
O6opynoBaHue U peaKTHUBBI

1. YcranoBka Jjis mpoBeneHus cuHTe3a (puc. 1).
2. Xumnueckui crakad Ha 200 M.
3. JlenuTenbHas BOPOHKA.
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4. IIUuKJI0T€KCAaHOHOKCHUM 30r

5. CepHas kuciora (d/’=1,8370)

win oneyM (d4”’ = 1,8960) 110r
6. AMmuax, 25% BOIHBIN pacTBOP 100 mn
7. TpuxmopaTuieH 150 mn

Onucanue cuHTE32
1. Ilepezpynnupoeka

Crakan Ha 200 MJ TOMEIIAOT Ha BOASHYIO WIHM JICNSHYIO OaHIO M He-OOIbIIMMHU
MOPUUSMHU PacTBOPAIOT B HEM 30 T' IUKIOT€KCAHOHOKCHMA B 28 MJI CEpHOM KHCIIOTHI (0Jieyma),
TeMIEepaTypa Ipu 3TOM He JoyikHa npesbimaTts 20°C. [leperpynnupoBKy HUKIOT€KCaHOHOKCHMA
B KalpoJIaKTaM IpPOBOJAT Ha TOW JK€ YCTaHOBKE, 4YTO M OKcuMupoBaHue (puc. 1). B
YEeTBIPEXTOPIIyI0 KOJOy momermaroT 21 M1 cepHOM KUCIOTHI (MM OJieyMa) U HAarpeBaroT ee 0
120°C npu nocTossHHOM TnepemMeninBanuu. [10AroToB-JIeHHBIH pacTBOP HUKIOT€KCAHOHOKCHMA B
CEpHOI KHCIIOTE (0JIeyMe) OCTOPOXKHO Uepe3 KarelIbHYI0 BOPOHKY 100aBIIIOT K HArPETON CEpHOU
KHCJIOTE, IIPU ATOM TEMIIepaTypa He JoJkHa nogHumarbces Boiie 130°C.

Buumanue!!! Ilpu nposedenuu nepecpynnuposku ocpoMHoe 3HaAdeHue umeem
memnepamypHuiti  pexcum! Eciu 6 npoyecce cmewenuss memnepamypa 6 Koabe
crudicaemcsi 0o 115°C, dobasnenue okcuma ciedyem 8pemeHHO npeKpamums, 008ecmu
memnepamypy 0o 120°C u monvko nocie amoeo npodondxcams cunmes. llogvluenue
memnepa-mypul 00 135°C npusooum k ygenuuenuro ckopocmu 00pazo8anusi NOOOYHbLX
npodykmos, 00 140°C — k 6blOpocy npooykma uiu 63pulay.

[Tocne BBeaeHMsSI BCEro KOJMYECTBA IUKIOTEKCAHOHOKCHMA pEaKIH-OHHYIO CMECh
BbIIEp>KUBAOT B TeueHue 20 MuH npu temnepatype 125 [1 130°C, 3aTem oxax1at0T Ha BOASHON
uiu neasHoi 6ane g0 20°C. U3 peakimoHHO#M Maccel otOupatot 5 [ 7 T meperpynmnupoBaHHOTO
NpOJIyKTa JUIsl OMNPEICICHHUS OCTaTOYHOTO OKCHMA, OCTaBIIYIOCS YacTh MEIJICHHO, MpHU
NOCTOSIHHOM OXJIaXAeHUW U nepememnBanuu npu 7' = 20°C "eilTpanusyroT 25% aMMHa4dHON
Bos0M 10 pH = 8,0 (110 yHUBEpCAIbHOMY WHIUKATOPY ).

2. Bvloenenue kanponakmama

Kanponakram skcTparupyloT U3  pacTBopa, o0Opa3oBaBIIErocs B  IIpoLecce
HEUTpaau3aluuy, TPUXJIOPITUICHOM. [l NpoBeAeHMs] HKCTPAKLUM PEAKIHUOHHYI CMECh
IEPEeHOCAT B JICNIUTENIBHYI0 BOPOHKY, 100aBisitoT 30 M TPUXJIOPITUIEHA M SHEPrHYHO
nepeMemnBaloT. [locne mosHOro pasaeneHuss OpraHMYecKUid CIOH, COAEP KAIUN KalpoJaKTaM
(HMKHUI), OTIENsIeTCs, a OCTAaBIIMICS BOJHBIN (BEpXHUIT) SKCTparupylor eue B 2 || 4 npuema,
KaXJIbIH pa3 no6asmsist 30 MIT CBEXKEro TPUXJIOPITUIICHA.

OpraHuyeckue cjJOM CIMBAIOT B OAHY KOHMYECKYIO KOJOy M cymar Oe3BOIHBIM
XJIOPUCTBHIM KQJIBLIMEM JI0 CJIETYIOIIETO 3aHsTHSL.

I ywacmo

3. OuyucTka KanpoJjgakrama

OO0€3BOKEHHBIM SKCTPaKT OYMINAIOT OT pPAacTBOPUTENS IPOCTOW IIEPErOHKOH Ha
ycraHoBke puc 2. KyOoByro XKUAKOCTh CIMBAlOT B (Gap(opoByI0 HalIKy M OXJIaXIAIOT 110
3arBepacBanus. [lonydeHHBIN KapojgakTaM B3BEIIUBAIOT, ONPEACIAIOT BBIXOJ B MPOLEHTAX OT
TEOPETUYECKOro, TEMIIEpaTypy IIJIaBIE€HUs, IIEpPMaHraHATHYI0 MOTPEOHOCTh, COAEpIKAHUE
JIETY4YMX OCHOBAHUM.
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Pucynok 2 - Cxema ycTaHOBKHM Ul IPSAMOM MEPEroHKHU KUAKOCTel: 1 — 31eKTpomunTKa; 2 —
OaHs (BoJHas, MacisiHasi UJIM IlecyaHas); 3 — Koj0a KpyIyloJloHHast; 4 — HacaJlKka AJis IEperoHKH,
5 — repmoMeTp; 6 — NPSAMON XOJOIUIBHUK; 7 — aJIOHXK; 8 — IPUEMHUK

METOJIUKHA AHAJIUTUYECKHUX OIPEJIEJEHUA

1. OnpenesieHne KOHIEHTPALMHU OCTATOYHOI0 OKCHMA
HUKJIOTeKCAHOHA B MPOAYKTE MeperpynnupoBKu.

O0opynoBaHue U peaKTHBbI

1. IlpuGop ans NEperoHKH ¢ BOASHBIM IapoM (puc. 3).
2. Konba Dpnenmeitepa Ha 100 M.
3. Cepnas kucinota, 10% pacTtBop.

4. Tunpoxcmnamuncynbdar, 0,1 M pactBop 40 mn
5. Hatpus ruapoxcun, 0,1 M pactsop.
6. bpoMdeHomOBBIN CHHUI (MHIUKATOP).

Xoa anajausa

Cobupator npubop i NEPEroOHKH C BOASHBIM THapoM (puc. 2), COCTOSIIUN u3
napooOpa3oBaTeis, IPOMEKYTOUHOU KOJIOBI, XOJIOAUIFHUKA, AJIOHXA U KOJIOBI-TPHEMHHKA.
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Puc. 3. IIpuGop 115t IEPETOHKH C BOJSHBIM TTAPOM:
1 - ANEKTPUYECKas IUINTKA; 2 — mapooOpa3oBarelb; 3 - 3aKHUM;
4 — mOpoMexyTouyHas KoJjba, 5 —  XOJIOOUJILHUK; 6 — AJUTOHIK;
7 — xonba-nmpuéEMHUK

Hagecky npo6s1 (5-7 1) B3BEIIMBAIOT HA aHAJIUTHUYECKUX Becax
¢ tounocteio A0 0,0001 1, mepeHocsAT B MPOMEXKYTOUHYIO KojlOy, paszbamisior 20 mu 10%
pacTBOpa CEpHOU KHCIOTHI U OTTOHSIOT BBIACIUBIIHMICS ITUK-JIOTCKCAaHOH C BOJSHBIM MapoM B
tedenue 20 muH. K nmuctumary noGasmsror 40 mu 0,1 M pactBopa ruapoxcuiaMuHCyIbdaTa,
npenBapuTeNbHO HelTpanuzoBanHoro pactsopoM 0,1 M NaOH no romy0oro okparuBaHHs 1O
OpoMdeHoTOBOMY CHHEMY (IUCTUILIAT IPH J00aBIeHUN OpOMGPEHOIOBOTO CHHETO OKPAITMBACTCS
B JKENTHIM LBET). BrigenuBmiyrocs mpu OKCH-MHPOBAaHUHM CEpPHYIO KHUCIOTY TuTpyiorT 0,1 M
pactBopoM NaOH 10 nepexoia OKpackH U3 JKEITON B TOIyO0YIO.
Ilpouenmnoe codeporcanue ocmamounozo OKCUMAa pacCUUTHIBAIOT MO GopMyIie:

VxMx0,0113 x 100X
g

rone X —  CoJIepKaHME IUKJIOTeKCaHOHOKCUMa, %o;
V' — o0BeM pacTBopa IIEI0YH, MOMISANICH Ha THTPOBAHUE, MIT;
M - MOJIbHAsI KOHIIEHTPAIUSI PACTBOPA MICIIOYH, MOJIB/T;

0,0113 — KOTMYECTBO LMKJIOTEKCAHOHOKCHMA (T), COOTBETCTBYIOIIEE
1 mn 0,1 M pactBopa NaOH;

g — HaBCCKa HUCCJICAYCMOI'0 BCUICCTBA, I'.

2. OnpenesieHue NEPMAHTAHATHON MOTPEOHOCTH KANPoOJaKTaMa
OO0opynoBaHue U peaKTHBbI

1. Konba Dpnenmeiiepa Ha 100 mut.

2. Cepmnas kucnora, 10 % pactBop.

3. Kanus nepmanranar, 0,1 % pactsop.

Xoa anajausa

Ha ananutnueckux Becax B3BEHIMBAIOT KOOy DpiieHMeiiepa ¢ TouHocThio g0 0,0001 T,
BHOCAT B Hee HEOOJbIIOE KOJIMYECTBO MOXydyeHHOro kamponaktama (0,3 - 0,5 r), BHOBB
B3BEILMBAIOT, OIPEIEIISAs TOUHYIO HaBecKy. B konOy no6asmsitor 10 mi Boxsl, 40 M 10% cepHoit
KHCIOTHl U TUTpYT copepxumoe 0,1% pacrBopom KMnOs 10 po30BOro OKpalIMBaHUs, HE
MCYE3al0IIero B TeUeHHE | MUH.

Ilepmanzanamuyto nompednocms Onpenensior no Gopmysie

V=01
T=100x g-
V — 00bem pactBopa KMnQOs, OMIEIIETO HA TUTPOBAHKE, MIT;
0,1 — mnpouenTHOE coaepxkanue pactopa KMnOy;
g — HaBecKa MCCIIeyeMOro BeIlecTBa, I.
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3. OnpenesieHue coaepKAHUA JEeTYyYUX OCHOBAHUH

ObopynoBaHue U peaKTUBBI

Kpyrinogonnsie konos! Ha 250 mut.
HednermaTopsr.
Xomonunpauky JInbuxa.
Kon6wr Dpnenmetiepa Ha 100 mut.
Consanas kucnora, 0,01 M pactBop.
Harpus ruapokcun, 0,01 M u 4 M pacTBOpBI.
7. CMmemlaHHbIA UHIUKATODP.
Ilpumeuanue. Memoo npuzomoenenus cMeuwanHo20 UHOUKAmopa.
1. Ilpuzomoeums pacmeop 0,3 2 memun06020 kpacruozo ¢ 100 ma smanona.
2. Ilpuzomoeumu pacmeop 0,3 2 memuieno6o2o 20;1y6020 6 300 ma smanona.
3. Pacmeoput 1 u 2 cmemams, ucnoibzoeams He panee, yem uepe3 Cymku.

SR —

Xoa anajausa

B xpyrionoHHyto koi0y BHOCAT HaBECKy KampoJakrama (5—7 r), pacTBopsitoT ee B 150
MJI BOJIbI, 100aBIAIOT Kunenaku. CoOnparoT yCTaHOBKY AJIS IPSIMOM MEPErOHKH ¢ 1e(IerMaTopom,
IIPY 3TOM aJUIOHXX JIOJIKEH OBITh MOTIPY’KEH B JKUAKOCTh, HAXOJAIIYIOCS B KojOe-npueMHuke. B
npueMHyto konOy mnomemaror 10 mn 0,01 M pacrtBopa consHOM kuciotel, 30 wmi
JUCTWIIMPOBAHHOW BOJBI M IATh Kallelb CMEIIAHHOTO MHIUKATOpa. 3aTeéM B KPYIJIOJOHHYIO
kos0y BBoAT 50 Mi1 4 M pacTBOpa rufjpokcua HaTpusl.

Mennenno otroustor 100 mu guctuiiaTa (MPOJOKUTENBHOCTh NEPEroHKU J0JKHA
cocTaBJATh He MeHee 30—35 MUH), TPUEMHYIO KO0y OTCOEAUHSAIOT OT YCTAaHOBKH, XOJIOAUIBHUK
IIPOMBIBAIOT HEOOJBIIMM KOJIMYECTBOM AMCTUIUIMPOBAHHON BOJBI, CIMBAas €€ B INPUEMHUK.
Conepxxumoe npueMHoi koa0bl TUTpytoT 0,01 M pacTBOpOM ruapoKcHIa HaTPHUS.

OnHOBPEMEHHO MPOBOJAT KOHTPOJBHBIH ONBIT B TEX K€ YCIOBHUAX U C TEMH Xe
peakTUBaMu, HO 0€3 MpoObI KanpoiakTama.

OOBeMHYIO [0JII0 JIETyYUX OCHOBAaHMH B MMJUIMMOJISX Ha KHJIOTpaMM KalpoJjaKTama
BBIUUCIISIIOT 110 (hopMyIie:

x=00o=V) *c *1000
g
rae Vo — o0beM pacTBOpa I'MIPOKCHAa HATPHsl, U3PACXOJOBAaHHOIO HAa TUTPOBaHUE M30BITKA

KHCJIOTBl B KOHTPOJIBHOM OIIBITE, MJI;

V' — o0beM pacTBOpa I'MJIpOKCUAA HATPHsl, U3PACXOAOBAHHOIO Ha TUTPOBAaHUE M30BITKA

KHUCJIOTHI IIPU UCTBITAHUU NPOOBI KaposIakTaMa, Ml
¢ — MOJIbHAsI KOHIIEHTPAIUs THAPOKCHUIA HATPHUs, MOJIb/JI; g — HaBecKa KarpojakTama, T

TEXHUKA BE3OITACHOCTH
1. Bce omepanuu ¢ CepHOM KHUCIOTOW WM OJEYMOM CIEAyeT IPOBOAWUTH IOJA TATOH, C
IIPUMEHEHHUEM CPEJCTB MHIMBUAYAIbHON 3aIIUThI: PE3MHOBBIE IEPUATKH, 3aIUTHBIC OUKHU, KJICEHUYAThIiH
bapTyk.
2. Bo usbexanue BbBIOpOca MPOAYKTa WIM B3pbIBA HEOOXOOUMO TIIATENBHO COOJIOJATh
TEMIEPATYPHBII peXXUM NEPErPYNIUPOBKU.
3. Tpuxnopsmunen — s0!!! Bce paboThl ¢ HUM ciie1yeT TPOBOIUTD MO TSTO¥!
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MuHHCTEpCTBO HAYKHU U BhICIIETro oOpa3zoBanus Poccuiickoit deneparuu
HwmxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUN HHCTHTYT ((uinan)
¢benepanbHOro rocy1apCTBEHHOTO OI0PKETHOTO 00pa30BaTEIbHOTO YUPEKICHUS
BBICILIEr0 00pa3oBaHUs
«Ka3zaHckuii HalMOHAIBHBIN MCCIIEI0BATENbCKUM TEXHOJIOTMUYECKUN YHUBEPCUTET)
(HXTU ®I'bBOY BO «KHUTVY»)

TexHonmorndyecknii hakyabTET
Kadenpa HehTrexuMudaeckoro CuHTE3a

Hamnpasnenue nmoarorosku: 18.04.01 Xumudeckas TEXHOIOTHS

[Iporpamma noarotoBku: Pa3paboTka u co3aHue BRICOKOTEXHOIOTUIHBIX XUMAYECKUX
MIPOU3BOICTB

Cemectp 3

IK3aMeHALMOHHbIE BONPOCHI
o guctmruinHe «b1.B.03 O606menre 1 aHaIu3 CyIECTBYIONTHX XUMUIECKUX
TexHoJioruil. [InanupoBaHnre MHOTOCTaANMHBIX CHHTE30B)

1. Pudopmunr. Haznauenue nponecca. Karanuzatopsl pudopmunara. OCHOBHBIE PEaKTOPHBIE CXEMBI
pubOpMUHTa, NPUHIKI UX paboThl. MI3MeHeHHne TeMIiepaTyphl B X0A€ IpoLecca B 3aBUCHMOCTH OT BPEMEHU PabOThI
KaTalu3aTtopa M OT KOJMYECTBa peakTopoB. [IpuBeanTe ypaBHECHUS MPOTEKAIOIINX PEAKIIHA.

2. Peakuyn runposnmsa. I[lomydyaemble NpOAYKTHI HM 007acTH uX mnpuMmeHeHus. OCHOBHbIC
THAPONIU3YIOIIME areHThl W KaTanu3atopbl. CrocoObl peryinpOBaHMs CEJIEKTHBHOCTH B MPOLIECCAX THAPOJIH3A.
OGocHoBaHKE BBIOOpa PEaKTOPHOrO y3Jda A Mpolecca KUAKO(A3HOrO THAPOINH3a XJIOPHCHTaHAa B AJUTHIIOBBIC
CIIUPTEHI

3. KpekuHr: TepMUYECKUil, KATATUTHYCCKUHA, THAPOKPEKHHT 1 BUCOpeKHHT. Ha3sHaueHne Kaaoro U3 dTHX
nponeccoB. OTIMYHSA M CXOACTBA 3THX IPOLECCOB IO CHIPHIO, MPOAYKTaM U pexuMaM. Kakue TexHOJIOTrMYecKue
HPHEMBI IPUMEHATCS IIPH IPOBEICHUN ITHX IIPOLIECCOB?

4. CpaBHUTE METOJIBI ITOJIYYEHHUS STHIOBOrO cupTa. Jis mpsMoil ruapaTaluy >THICHA B apoBoil dase
3aNHIINTE OCHOBHYIO M NMOOOYHBIC PEAKIMH, YKaXKUTE KaTalIu3aTop Ipolecca, NpuBeaAnuTe MexaHusM. OOocHyiiTe
BBIOOp YCIIOBHH MPOBEAEHHMS IIPOLIECCa, THII M KOHCTPYKLUH peakTopa. TexHOJIOrHueckue 0cOOEHHOCTH Ipoliecca 1
CBSI3aHHBIC C HUIMH PELICHHs

5. CnocoObl MOMy4YeHHs CIOKHBIX 3UpoB. OCHOBHBIC MPOAYKTHI M OONACTH MX HNPHUMCHEHHS. Y CIIOBHS
NPOBENCHUsI PEAKIMU 3TepHUDUKALMNA OPTAHHYESCKUX KHCIOT co cnupTamu. Karamusaropsl mpouecca. OcoGeHHOCTH
TEXHOJIOTUYECKOT0 O(OPMIICHHUS PEAKLIHOHHOTO y3J1a dTepUPUKALIUH.

6. Kakue Bbl 3HaeTe crmocoObl moydeHUs 3THiIOeH301a? s BBIOpaHHOrO crmoco0a MpUBe-AUTE
OCHOBHYIO M MOOOYHYIO pEaKLUWH, YKaXHUTE KaTaJu3aTop MpoLecca, MPUBEIUTE MEXaHu3M. PexoMeHmyiite
OINTUMAJIbHBIC YCIIOBHS MPOBEACHHUS Tpoliecca. TeXHOMOrn4eckne 0COOCHHOCTH MpoLecca, KAKUMH CTaTusIMH OH
npencrasieH. BapuaHTsl anmapaTypHoOro o(OpMIICHUS PeaK-TOPHOTO OJI0Ka.

7. TlpomykThl, TmONydacMble aJKWIMPOBaHWEM (EHONIOB W WX Ha3HaueHue. CpaBHUTE
CYIIECTBYIOIINE KAaTaaU3aTOPhl U aJKWIUPYIOIIUE areHThl. PexoMeHayiTe KaTanu3aTop U ONTUMaIbHbIC
YCIIOBUS TONy4YeHUs 2,6-muTpeTOyTHI(heHO0Ia, 3alMIIUTe OCHOBHYIO M MOOOYHBIC PEAKIMH, MEXaHU3M
npeBpameHus. TexXHOIOTHIeCKHe 0COOCHHOCTH TIpoIlecca, U3 Kakmx cramuii oH coctout. OOOCHYyMHTE
BEIOOD KOHCTPYKITUH PEaKTOpa.

8. IlpomsBomcTBO mM30mMeHTaHa wW30oMepm3areil. OO0JacTH TEXHUYECKOTO TNPUMEHEHHUS W30-
neHTaHa. VICTOYHHMKM ChIpbS [JI INPOU3BOACTBA H30IEHTaHA. TeOpeTHYECKHME OCHOBBI IMpOLECCa,
MEXaHM3M, KaTalu3aTophbl, YCIOBUS U CTaJIUU MpoLecca.

9.Ha3zHaueHue  mpolecca  CEPHOKMCIOTHOTO  aNKHJIMPOBaHHsS  u3omapaduHOB  OJehHHAMH.
[poananusupyiite, kakue wuzomnapapuHbl U Kakue OJC(HHHBI MOXKHO HCIONB30BaTh B KA4YECTBE CHIPbS, 4YeM
00ycnoBlieH X BbIOOP? 3alMIINTE OCHOBHBIC W MOOOYHBIC PEaKMH, MpUBeAUTe MexaHu3M. OGOCHYHTE YCIOBUS
NpOBENeHUs Tpolecca. TeXHONIOrHIecKiHe 0COOCHHOCTH MPOLECCa M CBA3AHHBIC C HUMH TEXHHYECKHE PEIICHHUS,
KaKHMH CTAAWSIMU MpecTaBlieH npoiecc. OO00cHYiiTe BEIOOp THIMA M KOHCTPYKIIHH PEaKTopa.

10. Cnoco0bl monyueHusi KampojlakTama M3 HEepBUYHOTrO Chipbs (HedrH, rasza, yrist). Texuuko-
SKOHOMHYECKOE CpPaBHEHHE C YYETOM COBPEMEHHOH KOHBIOHKTYpPHI Ha CHIpbE W dHepropecypchl. [Ipobmema
nepepabdoTKH MOOOYHBIX TTPOIYKTOB.

11. TTuponu3z. HazHauenue mpouecca. Hanummre MexaHu3M MUpoOJIM3a Ha MpuMepe nieHTana. [loctpoiTe psia
[0 BO3pPAcTaHMIO YCTOWYMBOCTH COCNMHCHWII NPM NHPOIM3E OT MeTaHa A0 MEHTaHa, BKIIOYas H30MEphl H
HelpelenbHble coeluHeHns. Kakue TexXHOJOTMYecKHe NPHEMbl NPUMEHSIOTCS NPU IUPONU3E OIS YBEIMYCHHS
BBIXOJIOB MPOIYKTA

12. TIpou3BoACTBO H30OMEHTaHA wu3oMepu3anueld. OOMacTH TEXHUYECKOro MPHUMEHEHHUsS] H30MCHTAaHA.
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WcTOYHHKH CBHIPBS ISl POU3BOJCTBA M30ICHTAaHA. TEOpPETHYECKHE OCHOBBI MPOIECCa, MEXAHHU3M, KaTalU3aTOPBI,
YCIIOBHS U CTaJIMU TIPOIIECCa.

13. TeopeTudeckue v TEXHOJIOTMICCKHE OCHOBHI MPOIEcca MOTYYCeHU HU3MINX 0JIe()UMHOB HAa IPUMEpE
MOJMYYCHUST STUJICHA MUPOJIM30M MPSIMOTOHHOro OecH3uHA. [IpHHIUNHAIbHAS TEXHOJOTWYECKas cxema: OJIoK
MOJITOTOBKH CHIPBS, PEAKTOPHBIN OJIOK, OJIOK pa3/ie/ieHUs] PEakIIMOHHON MAacCCHl.

14. Teoperndeckne ¥ TEXHOJOTWYECKHE OCHOBBI IIpoIlecca TMONYYCHHS apOMaTHYCCKUX YT-
JIEBOJIOPOZIOB Ha TMpHUMeEpe TMONydeHHsl OeH30Jla THAPOACATKUIUPOBAHUEM MHpoiu3Hoi ¢pakuun C6-C8.
[IpuHIMNMaTbHAS TEXHOJIOTHYECKAs cXeMa: OJIOK TOATOTOBKH CBIPBS, PEaKTOPHBIM OJOK, OJIOK pa3meneHus
PEaKIIMOHHOW MacChl.

15. Xumus, TpoAyKTHl M TEXHOJIOTHS dTepudukanun. [Iporecc HepepsIBHOTO TONyYeHHUs ITHIANeTaTa.
Cunre3 kapOoHATOB M 3(PpHUPOB KUCIOT Pochopa

16. XuMusi 1 TEOPETHYCCKIE OCHOBHI aJKMIIUPOBAHHS apOMATHYECKUX COCIMHCHUH B AP0 M mapaduHOB.
IIpou3sBoacTBO M30MpPONMUIOEH30JIa U U300KTaHA

17. AnKunupoBaHHe TI0 aTOMaM KUCIIOPOJia, Cephl U a30Ta. [Ipon3BoacTBO TpeT-OyTHiIoBOro 3¢upa. CunTe3
AMHUHOB W3 XJIOPIPOU3BOIHBIX

18. TIpormecchl B-OKCHANKIINPOBAHHS U APYTHE CHHTE3bI HA OCHOBE 0-OKCHIOB. TEeXHOJIOTHS CHHTE3a U3 0
OKCHJIOB U IPOIYKTHI. [IpOU3BOICTBO ATUIICHTTUKOIIS

19. AnxwimpoBaHHe MO aToMaM JPYTHUX JJIEMEHTOB. Peakiuy ajlKWINpOBaHHUS MO aTOMy KpPEMHHS.
IIpon3BoACTBO KpEMHUHOPTAaHWUIECKUX MOTMMEPOB. AMIOMUHUHOPraHMYECKIE COeTMHEHNS  CHHTE3HI Ha X OCHOBE.
[Ipon3BOACTBO TPUATHIATIOMUHIS. XUMHS U TEXHOJIOTHS IIPOU3BOCTBA JINHEHHBIX (-0JIC(HUHOB

20. OxpaHa OKpy>KaroIIel cpebl B Mpolieccax aJKUIMPOBAHUS ¥ BUHIIIUPOBAHUS

Kpurtepun onenkn:

Onenka «oTIMYHO» WM 36-40 OanoB - OTBETHI Ha BONPOCHI CBUIETEIBCTBYIOT 00
YBEPEHHBIX 3HaHUSAX U YMEHHUHU CTYJCHTA.

Onenka «xopoio» 32-35 6ayu1oB - OTBETHI HA BOIIPOCHI CBUIETENBCTBYIOT O IOCTATOUYHBIX
3HAHUAX U YMEHHMHU CTYZCHTA.

OrneHka «yI0OBIETBOPUTENLHO» 25-31 0aIoB - OTBETHI Ha BONPOCH! CBUJIETENBCTBYIOT O
HEI0CTaTOYHBIX 3HAHUSAX U OTPAaHMYEHHOM YMEHHH CTYJCHTA.

Onenka «HeyA0BIeTBOPUTENBbHO» 0-24 GasIoB - OTBETHI HA BOIIPOCHI CBUIETEIBCTBYIOT O
cJ1a0bIX 3HAHUSAX U HEYMEHHUE CTYy/IEHTA.
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MuHHCTEpCTBO HAYKHU U BhICIIETro oOpa3zoBanus Poccuiickoit deneparuu
HwmxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUN HHCTHTYT ((uinan)
¢benepanbHOro rocy1apCTBEHHOTO OI0PKETHOTO 00pa30BaTEIbHOTO YUPEKICHUS
BBICILIEr0 00pa3oBaHUs
«Ka3zaHckuii HalMOHAIBHBIN MCCIIEI0BATENbCKUM TEXHOJIOTMUYECKUN YHUBEPCUTET)
(HXTU ®I'bBOY BO «KHUTVY»)

TexHonmorndyecknii hakyabTET
Kadenpa HehTrexuMudaeckoro CuHTE3a

KommnuiekT 3aganuii 111 1a00paTOPHBIX padoT

no gucturuae «b1.B.03 O60061ienre n aHamm3 CyIIeCTBYIONUX XUMHIECKUX TEXHOJIOTHI.
[ImannpoBaHMEe MHOTOCTAAUUHBIX CUHTE30B)

JlabopaTopnasi paGora Ne 3
«CHHTE3 CI0XHBIX 3()UPOB C MOCIEAYIOUIUM OMBUICHUEM»

Ileabp pa0doThl — M3y4YeHHE OPraHUYECKHX BELIECTB, METONOB IIPOBEIECHUS DPEAKIIUA,
pacder 3arpy3Kd UCXOJHBIX KOMIIOHEHTOB, YCTAHOBJIEHHE YUCTOTHI IIPOIYKTOB PEAKLIUH.

1. Teoperunyeckasi 4acThb

Peaxmust sTepudukaiyst 3To 00paTuMBbIi MPOLECC B3aUMOICHCTBUS OPTaHUYECKUX KHCIOT
CO CIIUPTAMH.

Ha xomuyecTBeHHBIH BBIXOX 3(UPOB, KPOME NPHUPOJBI PEAreHTOB BIIUSAET: COCTOSHHUE
peareHTOB B MCXOJHOM CMecH, MpuUpoJa KaralausaTopa, TeMIlepaTypa, TeMIlepaTypa,
MHTCHCUBHOCTh NepeMemuBanus ¥ T.J. OCHOBHBIM (DaKTOPOM, HpPHU TPOYHX OJWHAKOBBIX
YCIOBHSX, BIMSIOIIUM Ha CKOPOCTh 3STepU(UKALUH, SBISIETCA NPUPOAA YIIIEBOJOPOIHBIX
pazuKalioB KMCIOTHI U criupTa. CKOPOCTh PEAKIUM NAAAET NP MEPEXO/IE OT HUBLIUX CIUPTOB K
BBICILIUM, OT IIEPBUYHBIX K TPETUYHBIM. YeM BbIlIe KHCJIOTHBIE CBOMCTBA KHC/IOTHI M CIIUPTA,
TeM Jierye cCOeJMHeHHUs BCTYNAKT B PEAKIHIO dTepUPUKALNH.

MexaHu3M peakuu STepuUKALIK IPEICTABICH CIEIYIOIUM 00pa3oM:

OOm1as cxema peakiuu 3TepuuKanum:

t, H,SO,
RIC R,({H) R,COOR, + H,O0 (1)

Karanuzatop — cepHas kucinora, HeoOXxoauma Uil 00pa3oBaHUs KapOKaTHOHA U3
KapOOHOBOMW KHCIIOTHI.

R,C=0 + H' == R,;C’-OH
H “oH

Janee, kapOKaTHOH HYKJICO(DUIBHO aTaKyeTcs KUCIOPOAOM CIIUPTOBOU TPYIIIIBL:

H
R,C*-OH +:.|O.+- R, == R,C-OH
H H :lot R,

H

IIpoucxoaut oOpa3zoBaHME KapOKaTHOHA IPYroll CTPYKTYphl, KOTOPBIH, Jajiee, TepsieT
IIPOTOH U MOJIEKYJLY B BUIE KaTHOHA THIPOKCOHUS:
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ng;@ —— R,COOR, +H;0"

"

Bce cragum npouecca sTepuduKanuu paBHOBECHBI, IIPUYEM CIIBUTA PABHOBECHUS MOYKHO
JOCTUYb, B35SB HM30BITOK OJHOTO W3 HCXOJHBIX BELIECTB WIHW, YyJaldsd OJUH U3 KOHEUHBIX
NPOJIYKTOB. YIaJsIOT U3 PEAKIIMOHHOW Macchl HanmbOoJjee JErKOKUIAIUNA KOMIOHEHT. Bpewms
peaKIu ONpEAeIIeTCs] HE TOJBKO JTOCTHKEHHUEM PAaBHOBECHSI U COCTaBOM MPOAYKTOB PEaKIUH,
HO U CKOPOCTBIO T€UEHHS MOOOUYHBIX peakiuid. [Ipu mpogomxuTenbHOM MpeObIBAaHUM UCXOTHBIX
BEIIECTB B 30HE PEAKIINH, BHIXO 3()UPOB yMEHBIIAETCA.

MHuorue cnoxHbie JQUPH  00NATAIOT MPHUATHBIM 3aMaXxoM, I[O3TOMY IIHPOKO
ucnonp3ytorcs B napdromepun. CinoxHble d3QUPHl KUPHBIX KUCIOT U CIIUPTOB UCIOJB3YIOTCS B
KaueCTBE MOBEPXHOCTHO-aKTHUBHBIX BEIIECTB, KOTOPhIC MIUPOKO MPUMEHSIOTCS B MPOU3BOJICTBE
CUHTETUYECKUX MOIOLIUX CPEACTB, 3MYJIbraTOpPOB U T.A. NPUPOJHBIE MAacla U KUPbI TaKkKe
MPEJICTABISIFOT B CBOCH OCHOBE CIIOXKHBIC d(PUPEI.

2. DKCnepHUMEHTAJbHAS YaCTh.

CryneHTy  mpemjaraeTcsi  BBIIOJIHUTH  CHHTE3  CIOXHOro  3Qupa, Bblaaercs
WHIUBUIyaIbHOE 3aJJaHe Ha pacyueT 3arpy3Ku MCXOIHBIX BemiecTB ¢ yueroM 10 % u30bITKa
CIMPTA, CTYJIEHT JOJKEH MPOAHATM3UPOBATh (PU3UUECKHE KOHCTAHTHI UCXOAHBIX M KOHEUHBIX
NpPOJYKTOB CHHTE3a W Ha OCHOBAaHMHM JTOTO CHeNaTh BBIOOP MeToJa CHHTEe3a, o0beMa
HCIIOJIb3yEMOM MOCY ABI.

2.1. YpaBHeHHe OCHOBHOIl peaKknuu:

t, H,SO,
RIC R,H) === R,COOR, + H,0 (1)

Kucnora — ykcycHasi, ciupT — (3TUJIOBBIM, U30IPONUIOBBIN, TPOMUIOBBIM, OyTHUIOBBIH,
BTOP.OyTHIIOBBIN, TPET.Oy THIIOBBIN, N300y TUIIOBBIN, aMHJIOBBIHN, H30aMHUJIOBBIH.
2.2. YpaBHeHHs NOOOYHBIX peaKIHIi:

R,OH + H,S0, — ROSO;H +H,0 )

HETIOJTHBIN KHUCJIBIN aNKuiICyibgar

R'-CH=CH, +H,0

aJIKCH

R,-0O-R,

npocToit 3up

1.3 Cunres 3¢pupoB ¢ Temneparypoii kunenus menee 100 °C

Cxema yCTaHOBKH JIJIsl IPOBEACHUS CUHTE3a N300pakeHa Ha puc. 1.

2.3.1. IlpoBeneHue cuHTE3a

B xon6y Bropiia HanuBaroT cMech: 2,5 M1 ciupTa ¥ 2,5 MJ1 KOHIIGHTPUPOBAHHOW CEpHOM
KHCIJIOTBI, @ OCTAJIbHOE PACUETHOE KOJMYECTBO CHUPTAa M YKCYCHOM KHCIOTHI 3aJIUBAlOT B
JenuTebHYI0 BOpoHKy. Ilpu Temmeparype peakuuonHoit cmecu 100 °C HauMHAIOT NPUIMBATH
CMECh M3 JICTUTEIILHON BOPOHKH C TaKOH jK€ CKOPOCTBIO, KaK UIET OTTOHKA dupa.

[Tocne okoHYaHUsI CHHTE3a, KOT/Ia BCSI CMECh KUCJIOTHI M CIIUPTA MPUIINTA B PEAKLIUOHHYIO
K0JI0Y, a B K0J1I0€ OCTanoch 2-2,5 MJI )KUAKOCTH, CHHTE3 3aKaHuMBatOT. OTKIIIOUAIOT HAarpeBarTeib
U pa3buparoT yctaHoBKy. Coaepkumoe MpHEMHHKa MEPEHOCAT B JCIUTENbHYIO BOPOHKY U
npomeiBatoT  30-50 M pactBopa yraekucinoro Harpus (NaxCOs) g ynaneHus
HEIPOpearupoBaHHOM YKCYCHOM KUCIOTHI U 30-50 M1 BOABI.
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ITpy mpoMBIBKE CMECH B IEIUTEIBHOM BOPOHKE YHEPIMYHO BCTPSIXUBAIOT IS JyYILErO
nepeMenBaHus 3(gupa U IMPOMBIBOYHOTO pacTBOpa, JAIOT PACCIOUTHCS U HIKHUMN
IIPOMBIBOUHBIN CJION yAansaioT. DQuUp NepeHOCAT B KOHMUYECKYI0 KojlOy M cymaTr Oe3BOAHBIM
KPUCTAIIIMYECKUM CepHOKHUCIbIM HaTpueM (NaxSO4), 1uist yero B KojOy BHOCAT HEOOIbIINMU
HOPLMSIMU COJb U BeTpsxuBaroT. [locne mpocBetsienus 3dupa, ero mepeHocsT B Konly uis
NEPETOHKY, NPeBAPUTEIbHO, H3MEPHB 00beM.

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

Cxema yCTaHOBKH JJIsl IPOBEACHUS CUHTE3a N300pakeHa Ha puc.2.

2.4.1. IlpoBeneHue cuHTE3a

B xon0y 3ai1uBaroT pacdeTHOE KOJUYECTBO CIUPTA, YKCYCHOM KHCIOTHI U 2 MJI CEpHOM
KUCIOTHl. OCTOPOXXKHO NEpPEeMELINBAIOT, BHOCAT «KHIIEIKH». 3aTeM COOMpAIOT U 3aIlyCKaroT
ycTaHoBKY. KoHTpob 3a peakiueil, OCyecTBISAIOT 10 00BEMY BBIJICIUBILENHCS BOJIBI B JIOBYILIKE.
KonndecTBo BOJBI B JIOBYIIKE JOJIKHO OBITH IPUOIU3UTEIBHO PAaBHBIM «pacueTHOMY». OObIYHO
CHUHTE3 3aKaHYMBAIOT IIPH IPEKPALIEHUH IOCTYIUIEHNS BOJIbI B JIOBYIIKY Hacaaku /luna — Crapka.

ITo oKOHUaHUM CHHTE3a 3aMEPSIOT BOAY B JIOBYLIKE HACaJKH, COLEPKUMOE JIOBYIIKH U
pEaKIMOHHOM KOJIOBI IEPEHOCAT B JENINTENbHYIO YCTaHOBKY. Jlanee, 106aBisaroT 30-40 M Bobl,
BCTPSIXUBAIOT, JAIOT PACCIOUTHCS, HYKHUN CIIOH, COAEpKAIUN YKCYCHYIO U CEpPHYIO KUCIOTBI,
yaansior. 3ateM, npomsiBaioT 30-50 M pactBopa yriekucioro Hatpus (NaxCOs3) u 30-50 mn
BOJIBI.

IIpu mpoMBbIBKE CMECH B IEIUTEIBHON BOPOHKE PHEPIHYHO BCTPSIXMBAIOT JJIS JIYYILIErO
nepeMeluBaHus 3GUpa U TPOMBIBOYHOIO pacTBOpa, JAlOT pPACCIOUTHCS U HUKHUH
IPOMBIBOYHBIA CIOH yAANAOT. DPUp MEPEHOCAT B KOHUYECKYIO KOOy M cylIaT O€3BOAHBIM
KpUCTANINYECKUM cepHOKUCIbIM HaTpueM (NaxSOgs), ni1s yero B KoJOy BHOCAT HEOOJIBLUIMMHU
HOPIMSIMUA COJIb M BCTpsxuBaroT. [locne mpocBetiienus sdupa, ero mepeHocsT B Konly uis
IIEPETOHKH, IPEIBAPUTEIbHO, H3MepsAs 00beM.

3. Ileperonka

CxeMa yCcTaHOBKH JJIsl IPOBEJICHHs CUHTE3a U300pakeHa Ha puc.3.

3.1 IlpoBeneHue neperoHKu

B konly Broprna 3anuBaroT mosydyeHHbIH 3¢up, H00aBISAIOT «KUIEIKH», COOUPAIOT
YCTaHOBKY U neperoHsor a¢up. Iponecc 3akaHunBaior, korzna B konde Bropua ocranercs 1-1,5
MJI BEIIECTBA. 3aMepAT MOJYyYeHHbIH 00beM 3(pupa (BTOPUYHO) W ONPEAeJAT Ha
pedpakToMeTpe MOKa3aTe b MPeJoOMJIeHUs 3(PHUPAa (C TOUHOCTHIO JI0 YETBEPTOI'0 3HAKA). DPUp
TOTOB K OMBUICHHIO.

4. OmnpeneneHue YMCTOTHI 3PHPa ¢ IOMOIIBLI0 OMBLICHHUS.

Ecnu BBIUMCANTB, HMCXOIS M3 MOJIEKYJSPHOH Macchl 3(upa KOJIMYECTBO IEJIOYH,
HeoOxonuMmoe ansi oMbUieHHS | T 3¢dupa (Tak Ha3pIBaeMOE «YHCJI0 OMBLIECHHS»), a 3aTeM
JKCIIEPUMEHTAIIBHO ONPEIEIINTh 3Ty BEIMYMHY, TO, CPaBHUBAs UX, MOXKHO CYAUTb O YHUCTOTE
a¢upa. B ocHOBe onpeneneHns «4rciaa OMBUICHHUS JICKHUT PEaKIis OMBUICHHUS CIIOKHOTO 3¢upa.

R,COOR, +KOH R;COOK +R,0H

4.1. Cxema yCTaHOBKH

Cxema yCTaHOBKH JJIsl IPOBEACHUS CUHTE3a N300pakeHa Ha puc.4.

4.2. IIpoBenenne peakuuu

B kosibe moMemniaoT KoJIM4ecTBO 1ieJ0uu B3siToe B u30bIiTKe 10 — 20 %, 1 M 3dwupa,
COOMPAIOT yCTAaHOBKY U ITPOBOJAT oMblIeHHe. [TapaienbHo IpoBOAAT X0JI0CTOH onbIT 6€3 3dupa.
UYepes 1 yac comaepKuMoe OXJIaXAAr0T, CMbIBAIOT 10 M1 BOJBI 4epe3 XOJOAUIBHHUK JIETydHE
BEILlECTBA U OTTUTPOBBIBAIOT MO (eHondranenny (1% cnuptoBsiii pactBop) 0,5 H. pacTBOpoM
consiaoi kucnotel (HCI). U paccuuThIBAIOT «9rCiI0 OMBUIEHUS Y. ONPEAesioT YUCTOTY BEIIECTBA.
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Puc. 1. Cxema yCcTaHOBKH JUTSI IPOBEACHUS dTePUBUKAINY 71 TIOTydeHHs dupa ¢
Temrieparypoit kurnenus mwke 100 °C.
1 — snexTpoHarpeBaTenb; 2 — koji0a Bropua; 3 — repmometp; 4 — nenuTenabHas BOPOHKA; 5 —
XOJIOAWIBHUK JInOuxa; 6 — a;utomk; 7 — mpueMHas Kojioa

rnogaua
BOAbI

Puc. 2. Cxema yCTaHOBKH JUTSI IPOBEACHUS 3TePUGUKAIINY 71 TIOTydIeHHS d(hHpa ¢ TeMIIepaTypoit
kurenus 6onee 100 °C.
1 — anekTpoHarpeBaTenp; 2 — Kojaba KpyriaogoHHas; 3 — noBymka Juna - Ctapka; 4 — XOIOIUIEHUK
JIubuxa
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Puc. 3. Cxema yCTaHOBKH JIJIsl IEPETOHKU

1 — anekTpoHarpeBatenb; 2 — Bropia; 3 — repMometp; 4 — XonoaunsHuk JInbuxa; 5 —

AJJIOHXK; 6 — MpueMHas kosiba

Puc. 4. Cxema ycTaHOBKU AJI1 OMBUICHHUS

1 — anexTpoHarpeBarenb; 2 — BoAsHas OaHs; 3 — Koyi0a KoHMYecKast; 4 — BO3-AyIIHbIN

XOJIOAHUJIBHHUK

Ta6auna 1 - CnpaBoyHble JaHHbIE K JJa0opaTopHO# padoTe «CHHTe3 CJ10:KHbIN 3(PUPOB»

Ha3panue BemecTBa Moaexynsapuas | Temneparypa | IlnotHocts, | Iloka3zarenan
macca, r xunenus, "C r/em’ npeJoMJIeHHUs
YKcycHas Kuciora 60,05 118,10 1,0492 1,3720
ByTtunoseiii ciupt 74,12 117,25 0,8098 1,3991
(6byTanon-1)
N300y THIIOBBIH CIHPT 74,12 108,40 0,8027 1,3878
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(2-metunmponasosn-1)

[IponumnoBbiii cIUpT 60,06 97,20 0,8044 1,3854

(mpomnanon-1)

N3onponuoBeiit CIUPT 60,09 82,40 0,7851 1,3776

(mpomnanon-2)

N3oamMuinoBelil ciupT 88,15 132,00 0,812 1,4053

(3-meTnnbyTanon-1)

DTUIOBBIN CIIUPT 46,07 78,39 0,7893 1,3611

(aTanom)

YKCYCHOITHIIOBBIH 3¢up 88,10 77,15 0,9010 1,3728

YKCycHOOYTHIIOBBIIH 2(up 116,16 126,00 0,8825 1,3941

YKCYCHOM30aMUIIOBBIH 3¢dup 130,19 142,50 0,8719 1,40535

YKCYCHOM300y THIIOBBIH ddup 116,16 118,00 0,8700 1,3907

YKCYCHOM30IIPOIMIIOBBIN 3¢hup 102,14 89,00 0,8720 1,3770

YkcycHONpOnwIoBsIi 3dup 102,14 101,60 0,8870 1,3844

CepHas KuciI0Ta 98,07 279,60 1,8305 1,4290

Bona 18,00 100,00 1,0000 1,3333

Tabuuna 2 - BapuanThl CHHTE30B M HHAUBUAYAJbHbIX 32J1aHUH
Ne KouauuyecTBo ciupra KosaunuecTBo KouunuectBo KounuectBo
Bapua YKCYCHOM CJI03KHOTO 3(upa BOJbI
HTa KHCJIOTHI
Ha3Banue cnupTa r MJ | MOJb r | MJa | Mojb r MJI | MOJ | T | MJI | MOJIb
b

1 byrtunosslit 15,8 X X X X X X X X X | X X
2 OTHIIOBBIN X X X 17,0 | x X X X X X| X X
3 N300y THIOBEI# X 194, X X D. ¢ X X X X X| X X
4 OTHIIOBBIT X X X X X X 20,0 X X X| X X
5 ITpormunoBeIit X X X 12,0 | x X X X X X | X X
6 M3oamunoBsrit 18,5 X X X X X X X X X | X X
7 M3onponunoBerit X X X 12,0 | x X X X X X | X X
8 DTUIOBBII X X X X X X X 18,0 X X| X X
9 ByTtunoBsrit X X X X X X 23,2 X X X | X X
10 M30amunoBsrit X X 0,26 D. ¢ X X X X X X| X X
11 OTHIIOBBIT X X X 12,0 | x X X X X X| X X
12 IIponunosslit 12,0 X X X | x X X X X X | X X

5. Ilopsanok opopMiieHUs oTUeTA

1.Ha3Banue paGoTsI
2.1lenp paboThI

3.Cxema ycranoBk# (puc.l umu 2, puc.3, puc.4)

4.0Onucanue cuHTe3a (B COOTBETCTBUM C BAPUAHTOM).
5.YpaBHeHHE OCHOBHOM peakIMH (A7 CBOEro CIHUpPTa B COOTBETCTBHH C BAapUAHTOM,
dopmyxa (1)).
6.YpaBHEHHE MOOOYHBIX PEAKIUH (11 CBOETO CITUPTA B COOTBETCTBUU C BapHAHTOM (2)).
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7.Tabnuua WCXOOHBIX JAHHBIX B COOTBETCTBHMHM C BapHaHTOM (ILIalka aHaJOTHUYHA,
BBIMMCHIBAIOTCS JAHHBIC 10 CBOEMY CHHUPTY, CIOXKHOMY 3(HUPY, YKCYCHOH KHCJIOTE, BOJE
(Tabm.1)).

8. Tabnuila pacyeTHBIX JAaHHBIX MO BapHaHTy (Tabi.2) (CM. HUXKE).

IIPUMEP BBITIOJIHEHWA PACYETHOI O 34/[AHV A (na npumepe 1 BapuanTa).
1. Ucxo0s uz mabn.2 ogopmisem mabauyy no 6apuanmy:

Ne | Kon-BO Kon-Bo ciupra Kon-Bo a¢upa | Kon-Bo Bojb!
B KHCJIOTBI

Ma1 | Moib | HammenoB. | r MJI | MOJb | T | MJI | MOJIb | T | MJI | MOJb
I | x | x X OytunoBerii | 15,8 | x X X | X X X | X X

OmpenensgeM HenocTalolMe AaHHbIE (OKPYIJIgseM MOJH 10 BTOPOr0 3HAKa MOCje
3aNATOM; BCe OCTAJbHbIC 3HAYEHHUSA-/10 IEPBOrO0).
Heob6xomumebie nannbie aist pacyera (Tadmn.1):
VYkcycHag kucnota: Mmoj.Bec: 60,05; miotHocTs: 1,0492.
Byrtunossiit ciupt: Mmon.Bec: 74,12; mnotHocTh:0,8098.
YkcycHO-OyTuioBsIi 3¢gup: moma.sec:116,16; mmotHOCTH:0,8825.11
Bonma: moin.Bec:18; miaoTHOCTE: 1.
1.Ucxons u3 dopmynsl V=m/p, HaxoauMm oObeM crnupTa ( y KOro 3aJaHO YHCICHHOE
3HAUEHUE JIPYroro KOMIIOHEHTa, MO 3TOH (opmyrne HaxXomsT o0beM WM MacCy 3aJaHHOTO
KOMITOHCHTA).
V=15,8/0,8098=19,5.
2.0npenensieM Koa-Bo MoJiei ciupTa o popmyne: MOJIb=m\M, t.e.15,8\74,12=0,21.
3.Ilo ypaBHEHHIO peaKIMu BCE BellecTBa OepyTcst B KOJ-Be 1 MOJis, HO AJig TOTO, YTOOBI
CABHHYTbH PaBHOBECHE B CTOPOHY 00pa3oBaHus 3¢upa, Koia-Bo cupra 6epercs ¢ u3ouitkoM 10%,
T.€. B Koa-Be 1,1 monei
Kucnora Cnoupt Ddup Bona
1 1.1 1 1
Hcxoas U3 TeopeTHuecKoro KoJi-Ba MoJieil, mepexoAruM Ha MOJIM 110 BApHAHTY:
0,21 mouneit cnupra — 1,1
X Moseil KHCIIOTHI — 1 X=0,21xI\1,1=0,19
CrnenoBaTenbHO, UCXOIA U3 IAHHBIX M0 TEOPETHY.MOJISIM (CM.BBIIIE) MTUIIEM:
Kucnora Coupt Ddup Bona
0,19 0,21 0,19 0,19
B Tom cnyuae, ecnu pacder BeeTcs 1o APyroMy KOMIOHEHTY, Haripumep 3Gupy, pacyer
BEJIETCSI aHAJIOTM4HO, yuuThiBas 10% n30bITOK criupTa.
4.]lanee, ucnomnn3ys ¢popMyisl mi. 1,2, onpenensieM Bce OCTalbHbIE MPOTYKTHI:
Kucmnora: 0,19 x 60,05=11,4; 11,4\1,0492=10,9
O¢up: 0,19 x 116,16=22,1; 22,1\0,8825=25,0.
Bona: 0,19 x 18 =3,4; 3,4\1 =3 4.
3anonHseM Tabnuiy :

No Koi-Bo Koun-Bo ciupta Kon-Bo a¢pupa Kou-Bo BozibI
Bap | KUCJIOTHI
r M | Mon | HaumenoB |r M | MOA |T M |MOXI |T |M | MOI
i b . 1 b 1 b i b
1 1.4 [ 10, [o019 GyTroBbii 15, [ 19, [o021 2, |25 [019 3, [34 [o10
9 8 5 1 0 4
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6. Pacuer yncna oMbuIeHHS (TEOPETHUECKOTO)
CornacHo ypaBHeHHIO (3) pacuUTHIBAEM:

M radupa 3arpaunBaercs 56000 mr menoyn.
CrnengoBartenbHO,

_ 56000
M

q.0. @),

rae Y.O — 9mciao oMbUIeHuS;
M — MonekysipHBIN Bec 3¢upa, r
[To OKOHYaHNY OMBUICHHS ¥ THTPOBAHHUS, ONIPEAEIIIEM YHCIO OMBUIEHUS 110 opmyite (5):
(V. —V,)*K*0,28
B *
Vo*p

4y 0. *100 (5)

rae - Viu Vz—komudectBa i HCI1, momeamux Ha TUTpOBAHUE XOJIOCTOW W paboueit mpoo,
COOTBETCTBEHHO;

0 - IWIOTHOCTB 3dupa, Mr/ cm>;
K — monpaska k tutpy;
Vo — 00bem adupa , MiT;
0,28 — mepexoaHbIi KOAPPHUIUEHT.
K — nonpaBka k TUTpy paccuMTBIBaeTCs B OTHOLIEHUHU HCTUHHONW HOopMasnbHOCTH KOH K
TEOPETUUECKOU.
BbIYMCIsAIOT YMCTOTY BELIECTBA, IPUHAB TEOPETHUECKOE UnCiIo oMbulieHHs 3a 100%.
ITo pe3ynbTaTram BBIIOIHEHUS J1JAOOPATOPHON PabOTHI COCTABIIAIOT UTOTOBYIO TaOJIUILY:
Tab6anna 3. Utorosasi Tadiuna pe3yJibTaToOB padoThl

Orepudukarus HaunmeHnoBanue nokaszaresst
Temneparypa [Tokazarens O6Bem
kunenus, °C MPEIOMIICHUS adupa, M
pacu TEOD Pacu. Teop. pacd | Teop

YKCycHBIH 3hup

Temneparypa [Tokazarens O6Bem
[Ieperonka kunenus, °C MPETOMIICHUS adupa, M

Yuciio OMBUIEHUS
OMEbLIEHNE TEOPETUYECKOE pacyeTHOE

JlabopaTopnasi paGora Ne 4
«Ilosyuenne N30NpONUIOBOTO CIIUPTA CEPHOKUCIOTHON TUpaTanueil MponuiIeHa

CnupTel SBIAIOTCA OOHMM M3 CaMbIX BaXXHBIX M KPYHNHOTOHH@)XXHBIX IPOIYKTOB
HeTexuMHIecKor mpoMbinuieHHocTH. Llnpokoe pasHooOpasue, cBI3aHHOE CO CIIeUU(UKON X
UCIOJBb30BaHUSI B PA3JIMYHBIX 0O0NacTsAX, OOyCIOBIMBAET, B CBOIO OdYepelb, pa3HooOpaszue
METO/IOB UX IIPOU3BOJICTBA. B HacTosIIee BpeMsi OCHOBHBIMU METOJaMH IIPOU3BO/ICTBA STUIOBOTO
Y U30IIPONIIIOBOIO CIIUPTOB SBJISIFOTCS:

1) mpsimas rugparamys oneuHOB (3TWICHA U IPOMIIICHA);
2) CepHOKUCIIOTHAS THApaTaIus 0JieUHOB (ITUIICHA, TPONUJICHA, OYTUIICHOB).
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B HacTosmee BpeMs METOJ CEpHOKHCIOTHOW THApATallid HU3KOMOJIEKYJSPHBIX
OJICpMHOB HIMPOKO HCHOJIB3YETCS B MPOMBIIUICHHOCTH ISl TPOM3BOJCTBA HU3IIUX CIUPTOB.
I'mppararus oneuHOB ABIIETCS 0OPATHMBIM IPOLIECCOM U IMPOTEKAET B IBE CTaIUH: abcopOLus
0JIC(MHOB CEpPHON KUCIOTON M THIPOIIHU3 AJTKHWICYIh(PATOB.

Abcopb1yst 0s1e(pHOB CEPHOM KUCIOTON MOXKET ObITh NPE/ICTaBlIeHA YPaBHEHUEM:
0OSOzH

’R—(llH—CH3+35 KKaJl/MOJIb
ankuacyabdat :
R—CH—CH;
R—CH=CH,4+HsSO,—
\SOQ+23 KKaJ/MOJb .

o

| R—CH—CH;
AHarKuacyabdar

Jnankuiacynspar MOXET pearupoBaTh C CEpHOH KHCIOTOH C 0oOpa3oBaHHEM
IKHIICYJbdara:

R—CH—CH,
O/ R—?H—CH3
>5q+_52;2(mom._
0
1
R—CH —CH,

UYeM BblIIlIE CTENCHb HACHIIEHUS KUCIOTHI 0JIe(PUHOM, TeM MEHbILE B PEaKLIHOHHOW cMecu
COJICPKUTCS TUATKIICYITH(ATOB.

Karanutuueckoe neiicTBHE KHUCIOT B peakIUM TUApATalud OJe(PHUHOB CBS3aHO C
o0pa3oBaHUEM aJKWICYJIb(ATOB, MOITOMY TeMIepaTypHass 00JacTb peaklUH 3aBUCUT OT
OPUPOABl M CTPOCHHS OJE(PHUHOB, MX CIIOCOOHOCTH pearupoBaTh C CEpHOH Kucimoroil. U3
ra3o00pa3HbIX 0J€()UHOB TPyAHEH BCETO pearnpyeT ¢ CepHOM KUCIOTOM 3TUIIEH, JIerde MPOIIIIEH,
OyTuUJIEH, U OUEHB JIETKO U300yTHIIEH, KOTOPBIN nornomaercsa B 500 pa3 ObicTpee, yeM IpONuiIeH
U HOpMaJlbHbIe Oy TUIIECHBI.

Br16op ycnoBuii peakunu cynbhaTHpoBaHUs 00YCIOBIIEH HE TOJIBKO CKOPOCTHIO abcopOumn
0JICMHOB CEPHOM KHCIOTOM, HO ¥ pa3BUTHEM IMOOOYHOM peakIuy - MOJUMEPHU3ALNH 01e()UHOB.
[TosTromy muist Kaxxoro oneduHa moaoMparoT CBOM ycinoBusi: konueHrpanuto HaS04, Temmeparypy
U JIaBJICHUE .

C yBenmueHHEM MOJEKYJSPHON Macchl ojeuHa Temreparypa abcopOIMy MOHMKACTCS.
Taxk, nist aTUeHa Temmneparypa abcopouuu 65-75°C, mist nmponuieHa — 65-70, 1 H-OyTuiieHa —
45, st u3o0yTuieHa — 30°C; st Tex ke ole()MHOB JaBJICHUE COOTBETCTBEHHO TAaKKE CHIKACTCS:
2,5,0,8,0,3 u0,3 Mlla.

JIpyruM Ba)KHBIM TOKa3aTeJIeM SIBIISICTCS CTETIEHb HACHIIIEHUS oJie)uHA CEPHOM KUCIIOTOM.
OT 3TOro 3aBHCHUT KOJINYECTBO MOHO-H TUAIKUICYIb(aToB. [Ipn n30bITKE OnedrHa NoBbILIaeTCs
KOJINYECTBO JMAIKWICYIb(paTa, HO CHIIKACTCS PacXOJd KHUCIOTHL. DTO BaXKHO, TAaK KakK IOCIE
THJIPOJIM3a CepHas KHUCJIOTa IMOIydaeTcss B pa30aBIEHHOM BMJE M YMEHBIIEHHE €€ pacxoia
CKa3bIBAETCSl HA SKOHOMHUKE NMPOW3BOACTBA. [103TOMYy COOTHOIIEHUE CepHas-KHCIOTa - OJieUH
00b19HO OepyT paBHbIM 1-1,2:1.4.

Ckopocth abcopbuuu one)MHOB CEpHOM KHUCIOTOW 3aBUCHT OT JaBieHus. llpu
UCIIOJIb30BaHUH 3TaH-3TUICHOBOM (pakiuu, copepxamiei 50-60% sTuneHa, olliiee naBiIeHHE
cucremsl 2,5-3 Mlla. JlaBneHue crocoOCTBYET YyBEIMUYEHHUIO CKOPOCTU IOTJIOLIEHUS ITHIIEHA
CepHOM KucinoToi. Bpems abcopOimu 3 yaca.
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Bropoii craaueit mpouecca MONy4eHUs CHUPTOB sABIseTcad ruaponus ankui- (I) u
muankuicynbdartos (II). [Tpu rugponuse npoTeKaroT CIEAYIONINE PEAKIIHHU:

0SO,H OH
R*“'/CH—CHs‘*‘HzO OH . OSO,H
/ I ‘ |
O R—CH—CH,+R—CH—CH,
/802
O

N
R—CH—CH; ()
Kpome Toro, (II) moxxeT pearnpoBarh ¢ 00pa30BaBIIMMCS B 30HE PEAKIMU CIIUPTOM C
BBIX010M npocToro s¢upa (111) u ankuncynsdara (I):

R—CH~CH,
Ve
O\ .
/SOQ“*'R—CH'—CHags
0 | .
N OH
R—CH-—CH,
(I0)
R—?H—CHa
o)
z::R—éH—CH,+R—?H—CHh
(1 OSOH

0

Oo6pazoBanue npocroro d¢upa (I1I) BozmoxkHO Takxke myrem B3aumoaerictus (I1) c Bogoit

(I +H,0 = (I1I)+ H,SO,

I'maponus mnpoBogar npu nasinennu 0,4-0,5 MIla u temneparype 92-95° C. s
yMeHbleHus Beixoaa d¢upa (II1) ruaponus BeayT Mo BO3MOKHOCTH OBICTPO M 00pa30BaBIIHIACS
CHUPT OBICTPO OTTOHSIOT OT CMECH, YTOOBI €ro KOHIICHTpAIUs B pacTBope Oblja HEOOBIION.
MosxHO mocTynaTh W HMHaye. PeaklMOHHYIO cMeCh DPa30aBiIIOT BOJOHM, CEpHas KUCIOTa U
aNKWICyNb(aThl NEPEXOAT B PaCTBOP, a AUAIKUICYIb(GAT BBIIEISICTCS B BUAEC HMKHETO CIOA.
Brixon cimproB 96-97%, nipocroro 3¢gupa odpasyercs 1-2%.

Henocratkom MeTona CEpHOKHUCIOTHOW THIpaTaluy SBJISIETCS y4acTHE B IPOLECCE
00JBIINX 00BEMOB CEPHOI KUCIIOTHI, €€ Pa30aBlIeHUE, a 0TCI0/1a HEOOXOAUMOCTh €€ yIlapuBaHuUs,
nepekauyku OoJbIIKUX OO0BEMOB, UYTO CBSA3aHO C KOppO3HWeH ammapaTypel U OOJBIIUMHU
KallUTaJIbHBIMU 3aTpaTaMy Ha COOPY>KEHHE 3aBOJIOB.

CrnenyeT OTMETHTb, YTO MPOLIECC CEPHOKUCIOTHOW TUApaTaluu OJe(QHHOB IO3BOJISET
MPOBOJMTH PEAKIINIO HE C KOHIICHTPUPOBAHHBIMU ofieuHamu (95-98% cTemeHn 4MCTOTHI), KaK
9TO MMEET MECTO MpU MNPSAMOM THIpaTanud, a ¢ (pakuusMu OJeQHUHOB, TIe COJep:KaHue
onepunoB 30-50%. DTO OCHOBHOE MPEUMYIIIECTBO METO/1a CEPHOKUCIOTHOM THAPATAIIHH.

Lenv pabomut

[Tonyuyenue WM30NPONWIOBOrO CIHUpPTAa CEPHOKHUCIOTHOM THIpaTaluedl IPOIHUJICHA,
onpeJieJIeHue KOHBEPCUHU MPONMIIEHA, BBIXOJA CIUPTAa HAa MPOMYIIEHHBIH U IpOpearupoBaBIIni
IPOIUJIEH.

Ilopaook nposedenus pabomut
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[Ipu moarotoBke K JsabopaTtopHOil pabote cTyaeHT odopmisieT Tabnuimy 29, Kotopas
3aIOTHICTCS JAHHBIMU IO MEPE WX TOTYUYEHUS BO BPEMS OIIBITA.
Tabmuia 29
YcnoBus MpoBeIeHUs] IKCIEPUMEHTA U PE3YJIbTaThl HAOIIOACHUN

Coneprkanue NMponuieHa B MpOMUIECHCOAepKaIIeM rasze, % o0.

Temnepatypa, °C

HpOHOJDKI/ITCJIBHOCTB OIIBbITAa, 4

KomnnuectBo MMPOMYyIICHHOT'O MTPOINJICHA, MOJIb

KomnnuectBo IMPOMYIICHHOT'O MPOIMUJICHCOACPKALIECTO rasa, Ji

KonngectBo HCIIPOpCarupoOBaBUICTO MPOMUICHCOACPIKAIICTO Ira3a, JI

Copep:xanue MpomnuseHa B HEpopearupoBasileM rase, % 00.

Pacxon mponuiieHcOAepIKaIiero ra3a, Mii/MuH

Ycemanoeka ROJIYy4Y€HUA U30NPONRUI06020 chupma

OnsIT IPOBOAST HAa yCTaHOBKE, CXeMa KOTOPO MpUBEAEHA Ha puc. 1

[TponmneHcoaepxamuii ra3 u3 OamoHa 1, yepe3 peomeTp 2, OCyIIHUTENb 3 MOAAIOT B
peaxTop 4. Peaktop npezacrapisieT coOO0H CTEKISHHBIM IUIMHAPUUYECKUH COCYl, BHU3Y KOTOPOIO
BIIasiHA MIOPHUCTas IJIACTHHA JJI1 PABHOMEPHOT'O pacIpeleIeHHs ra3a 110 BCEMY Ce4eHUI0. BHyTpn
peakTopa HaxOIWUTCA 3MEEBHK I OTBOJA TeIula peakuuu. [lo meHTpy peakTopa BCTaBISAIOT
TepMoMeTp 5. Ha BbIXoJie n3 peakTopa yCTaHOBJIEH 0OpaTHBIHM XOJIOANIBHUK 6 U ra30BbIil CUETUHK
7 nas KOHTPOJISL 3a MOJHOTOM moruiomenus raza. He BCTynuBmuil B peakiuio raz coonparoT B
ra3omerp.

I

Puc. 1- Cxema yCTAaHOBKM MOJIyYeHHUS U30MPONUIOBOrO CIUPTA
1 — 6aJIOH C MPOMUJIEH COAEPKAIIUM ra3oM; 2 — pEOMETP; 3 — OCYIIUTENb; 4 — peakTop; 5 —
TepMOMETP; 6 — XOJIOJUIBHUK; 7 - Ta30BBIM CUETUUK
Ilpogeoenue onvima

B peakrop 3amuBator 60 Mn 87 % - HO#l cepHOUl KuCIOTHL. Yepe3 TyOyc BCTaBISIOT
TEPMOMETP 5 MO HEHTPY PEaKTOpa TaK, YTOOBI PTYTHBIM MIAPUK ObLI MOTPY>KEH B PEAKIIHOHHYIO
CMECh, U HAUMHAIOT MPOIYCKaTh MPOMIICH COJIEp>KaIIHil ra3 co CKOPOCThIO, oOecreunBaroen
€ro TMOJHOE TMOTJIOIIeHHE. 3Has CoJepXaHWE MPONUIeHa B MPOMUJIEH COAepKalleM rase,
PacCUMTHIBAIOT HEOOXOIUMOE KOJMYECTBO IMOCIETHET0 U OMPEAENSIOT pacxo] ra3a B MJI/MUH.
Pacxon raza ycraHaBnMBalOT IO IMOKa3aHUIO peomeTpa 2. B peakrtope 4 mnoanepx uBaioT
temneparypy 15-20°C, mogaBas B €ro 3MeeBUK BOAOIPOBOAHYIO Boay. [IpomycTuB paccuntanHoe
32



KOJIMYECTBO MPOIMMUJIEH COJAEP)KAILEro Trasza, OMbBIT MPEKpaIlaloT, 3alUChIBAIOT KOJIUYECTBO
MPOITYLIEHHOTO U HETIPOPEAarupoBaBIIETO ra3a, a peakIMOHHYI0 MacCy U3 peakTopa MepeHOoCsT B
KPYTJIOJOHHYIO KOJIOY Aiist ruaponusa. K conep:xumomy KosObl 1006aBISIOT YeThIpe 00BbeMa BOAbI
Y HarpeBaloT CMECh ¢ OOPATHBIM XOJOJAUIBHUKOM J0 TEMIEPATYyphl KUMIEHUS, 3aTeM KUTATIT 30
muH. [locie aToro 3ameHs0T 00paTHBINA XOJOJUIBHUK Ha MPSAMOM U U3 KOJIOBI OTTOHSIOT 150 M
a3e0TPOIHON cMecHu criupTa U Bofbl. /100aBUB kK cMecu 54 T MOBapeHHOM COJIM, CHOBA IIEPETOHSIOT
ee u3 KojoOwl Briopria, oroupas ¢pakuuro 80-84°C B mpeaBapuTEIbHO B3BEUICHHYIO KOJOY U
OTPENENAI0T MOKa3aTeNb MPEIOMIICHUS CIUPTA (YUCTHIM U30MPONMMUIOBBIN CIUPT — OeclBETHAs
JKUJIKOCTB C XapaKTEPHBIM CITUPTOBEIM 3aMaxoM, tuun=82,4°C, d*%4=0,7887, n*’p=1,3775. C Booit
CIUPT 00pa3yeT a3e0TPOIHYIO0 CMECh). B3BemIUBatOT MOTyUYEeHHBIN CIIUPT U PACCUUTHIBAIOT BBIXO/T
HAa TPOMYyLIEHHBIH W  mpopearupoBaBmuii mnpomnuieH. ConepkaHue NPONHIEHA B
HENPOPEarupoBaBIIeM Tra3e ONPElNesIoT — XpoMaTorpauueckuM MeEToAoM. JTO  Jaer
BO3MOXKHOCTbH OIPEIeINTh KOHBEPCHUIO IPOMUIICHA.
Oopadomka noyueHHbIX pe3yibmamos
O06beM MpoMuJIeH coAepKallero ra3a, HeoOX0IUMBIH ISt ONbITa (TIPU H.Y.):

N=*224
V,=—"—%100,1
Wi
IZie: Y1 — Co/iepKaHue MPONMICHa B HCXOJHOM TPOIWJICH cojepkaiieM rasze, % 00; N — uucio
MOJIEH MpOoINuIeHa, KOTOPOE M0 YCIOBUSAM OIbITa HEOOXOAMMO MOAATh Ha PEAKIIMIO.
2. OObeM NpONMIIEH COEPIKALIETO ra3a IpH yCIOBUAX OIBITA:
Vi(273 +1)
= —_— Jl

Vi
273
3. Pacxon mponuieH cofepIKaiiero ra3a, KOTopblii HEOOX0IUMO MOJIJEPKUBATh B TCYCHUE BCETO
OITBITA:
Vi
O =—,mn/ mun
T
T/Ie: T- MPOJIOJDKUTEIBHOCTD OIBITA, MUH.
4. OOBeM mpopearupoBaBIIETO MPOIUJICHA!
' V,1y1 - V’zyz
Vii=————
100
rne: Vi, V2, Vi — 00beM mpomyuieHHOro, HENpopeardpoBaBIIEr0 M MPOPEarHpOBABIIETO
IOPOMUICHA COOTBETCTBEHHO, JI, yi U Y2 — COJAEpKAHHE WPOMWICHA B HCXOJHOM U

HeMnpopearupoBaBIleM MPONUICHCOAEPKAIIEM Ta3e COOTBETCTBEHHO, % 00.
5. OOBeM npopearnpoBaBLIETo NPONMIIEHA IPHU H.Y.:

V'ix273
s=——— 1
(273+1)
6. KonuuecTBo npopearupoBaBIIero MporuieHa:
G.= v * M,Z
22,4
7. KonBepcus mponuieHa:
G-

K =—=%100,%macc

1
rae: G- KOJIMYEeCTBO NPONYIIEHHOTO MPOIUIICHA.
BbIxo U30MponuIoBoro cuupTa
a) Ha IPOMYIIEHHBIH MPOIUJICH:

B= E *100,%macc

4

0) Ha MpopearupoBaBUINIl IPOIUJIIEH:
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G = & *100,%macc

5

rae: G3, Gs, Gs — KoMYecTBa H30TPOITUIIOBOTO CITUPTA, 00Pa30BaBIIECTOCS U TEOPETHUCCKH
BO3MOJKHBIE 10 PEAKIMHA U3 IPOIYILIEHHOTO U MPOPEarupoOBaBIIErO MPOITHIEHA COOTBETCTBEHHO,
T.

Coneprxanue oT4yera

JlaGopaTopHasi paboTa cUMTAETCS BBIMOJHEHHON TOCIIE MPEAOCTABICHHS UCTIOJHUTEIIEM
MUCbMEHHOTO 0TueTa. B 0TUeT pekoMeHayeTcs: BKJII0YaTh CJIEIYIONIUE pa3ielbl: 1eJdb padoThl U
3aJlaHUE; XUMHA3M M MEXAHW3M PEaKIUM, OMHCAHUE YCTAHOBKHU, CXEM, MaTEpUAIIOB, PEAKTHBOB;
METO/IMKY BBIMIOJHEHHUS paObO0ThI; aHAIHU3bI Pe3yJIbTaTOB UCCIIET0BAHMS; BEIBOBI.

Bonpocut 015 0bcyxcoenusn na kpyenom cmoie no meme « Xumuyeckast mexuoni02usy:

1. XvMuUs v TEOPETUIECKUE OCHOBBI, TEXHOJIOTUS TUAPOIIU3a U MIEIOYHOTO JCTUAPOXIOPUPOBAHHS
XJIOPIPOHU3BOAHBIX.

2. TIponiecchl ruapaTanyy oJieUHOB U aneTrieHa. [IpoIyKThl, peaKIMOHHBIE Y3IIbI H TEXHOJIOTHH.

3. IIpouecchl U peakuMOHHBIE Y37IbI JETHAPATALIIH C 00pa30BaHNEM HEHACHIICHHBIX COCIMHEHHM,
¢ oOpa3oBaHueM NPOCTHIX 3¢upoB. Jeruaparanns KapOOHOBBIX KUCIIOT.

4. Xumusi, TPOMYKTHI M TEXHOIOTUs STepudukanuu. [Ipoliecc HENPEpHIBHOTO IONYUYCHUS
STHUJIAIETATA.

5. AMuaupoBaHue, AeTHapaTalns aMUOB ¥ THAPATAIUS HUTPUIOB, THAPOJIN3 U dTepUPHUKAIINS
HUTPHIIOB.

6. [omy4denue cnupToB. TEXHOIOTHS TOTYYEHHS U30MPOITHIOBOTO CITUPTA.

7. OxpaHa OKpyXawIleld cpeasl B MpoleccaXx THAPOIU3a, THAPATAIUM, eTHJpaTalluy,
ITepUPUKAIINN U AMUTHPOBAHHSL.

8. Cunre3 kapOboHaToB U 3PupoB KucI0T Gocdopa.

9. CuHTe3 U301MaHaTOB, KapOaMaToB (ypeTaHoOB), kKapOamuia (MOYEBHHEI) U €T0 3aMEIICHHBIX.

10. TexHOJOTHS TONYyYCHHUSI METHIMETAKPHUIIATA U3 alleTOHIIMAHTUAPUHA

JlabopaTtopnas padora Ne 5
«ITomydennie U30mMpONUIOEH30Ia

ANKUIMPOBAaHUEM Ha3bIBAIOT IPOLIECCHI, B KOTOPBIX IPOUCXOAUT BBEACHHE AIKMIIBHBIX
Ipynn B MOJIEKYJIbI OPraHUYECKHX M HEOpPraHWYecKux coeauHeHuid. Cpenu STHUX peakiuii
00JbIIOE TNPAKTUYECKOE 3HAYEHHE HMEIOT  IPOLECChl AJKWIMPOBAHUSA apOMaTHYECKHX
coeuHeHul B Aapo. Taxke BaKHO MpPOBEIEHUE ANKHINPOBaHUS U30Mapa(UHOB, MEPKAlTaHOB,
amMuHOB M Ap. IIporeccel ankuiaupoBaHUs YacTO SABISAIOTCS NPOMEKYTOUHBIMU CTaIusIMU B
IIPOM3BOJICTBE MOHOMEPOB, MOIOIIIUX BEIIECTB U T.1.

B mnponeccax ankuiumpoBaHHsS B KadyecTBE AJIKWIMPYIOIIMX areHTOB HCIOJb3YIOTCH:
HEHACBIILCHHbIE COEIMHEHUS — OoJIe(PUHBl M aleTuiIeH (y KOTOPBIX MPOMCXOOUT Pa3phlB CBS3U
MEXJy aTOMaMM YIJIEpOJa), XJIOPIPOU3BOAHBIE C JIOCTATOYHO IOABM)KHBIM aTOMOM XJopa
(cTIOCOOHBIM 3aMeIaThCs MO/ BIUSHUEM PA3JIUYHBIX areHTOB), CIUPTHI, IPOCTbIE U CIOXKHBIE
3¢upHI (HapuMep OKCUABI 0J1e(UHOB, Y KOTOPBIX NMPH AJKWINPOBAHUH Pa3pbIBACTCS YIIIEPO-
KHCJIOPO/IHAs CBSI3b). DTUJIEH, IPONUJIICH, OYTHIIEH U BBICIINE UMEIOT IIEPBOCTEIICHHOE 3HAUCHHE
B KaUECTBE AJIKUIIUPYIOLIUX areHTOB.

OpnHa U3 Kiaccuukanuil MpoLeccoB aIKUINPOBaHUS OCHOBaHA Ha TUIIE BHOBb OOpasyromeics
CBSI3H, T. €. HA TOM, C KAKMM aTOMOM CBSI3bIBA€TCS alIkuibHas rpynna. [1o aToif knaccuduxammm
pa3nuyaoT:

a) C-ankunupoBaHue mapaUHOBBIX M apOMATHYECKUX YTJIEBOJIOPOJOB (3aMelIeHHE Ha
QJIKWIBHYIO TPYIITy aTOMa BOJOPOJia, HaXOAAIIErocs Py yIJIEpOAHOM aToMe):

+ RCI R1 + HCI
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0) O-ankunupoBaHue (CBSA3bIBAHUE AIKHIIBHOM IPYIIIBI C aTOMOM KHCIIOPOA):

NaOH

OH + RCI O-RI1 + NaCl + H,O

B) N-ankunupoBanue (3aMellieHre aToMoB BOAOPO/Ia B aMMHaKe UM aMUHaX
Ha aJKUJIbHBIEC TPYIIIIbI):

NH; + RClI — RNH, + HCI
NH; + ROH — RNH; + H,O

K npoaykram ankuimpoBaHMs, KOTOPbIE MPOU3BOAATCS B OYEHb KPYMHBIX MacliTadax
OTHOCATCS: ATUIOEH301, H30mapa(UHOBBIN aKMJIAT, BBICIINE AIKHIOCH30JIbI, TIMKOJIN U IPYTHE
IOPOAYKTHl  TPEBpALIeHUs  0-OKCHAOB. JlaHHBIE NPOMYKTBHl  SIBIAIOTCS HE  TOJBKO
MMPOMECKYTOYHBIMH, HO W IIHUPOKO HCHOJB3YIOTCA B Ka4€CTBC KOMIIOHCHTOB TOIIJINMB,
pacTBopuTeleH, NIacTu(UKaTopoB, IPUCAIOK K MaciaaM U APYIHX LeJsX.

ITosryuyenne nzonponuideHsosa

N3onponunnOen3on (KyMoi) — apoMaTHYECKOe COEAMHEHHUE, KOTOPOE B MPOMBIIIICHHOCTH
HOJTy4aroT AJIKUIIMPOBaHuEM OeH301a mponuaeHoM. [Ipu 3ToM npoTekaet psi MOOOUYHbBIX peaKIUi
3aKJIIOYAIOIIUXCS B IOCIEA0BAaTEIbHOM BBEJCHUM AJKWIBHBIX PAaJUKaIOB B 00pa3oBaBILIMiiCA

M30IPONMIOEH301:

CH,
C-H -
7 + -
©R1 T H @Lm

KaranuzaTopom npoiiecca siBisieTcs XJI0paTioMUHIEBBIN KaTanuTtudeckuii kommuiekc (AlCls
¢ HCl n ankunapomatuueckum yriesogoponaom). Ilponecc nposoasr npu 100—130 °C u MonbHOM
COOTHOIIEHUH OEH30:IPONIIECH paBHBIM 3:3,5. 3a pyOekoM UCTONIB3YIOT (hOCHOPHOKUCIOTHBIE
KaTaau3aTophl Ha TBepJoM HocuTene. [Iporuecc ocymiecTBistoT mpu Temieparype okoio 200 °C
u nasienun 2,8—4,2 mlla. J{nsg ymMeHbIIeHHUs BbIX0/1a TOOOYHBIX MPOIYKTOB MPOIECC BEAYT MpHU
MOJIBHOM cooTHomeHuu 6en3on:nporuiex 10:1. Ilpu ato Beixoa kymoina gocturaet 96-97 %.

[TpuMeHsIOT U30MponuIOeH30 ISl TPOU3BOJACTBA (PeHoMa, alleToHa, 0-METUJICTUPOIIA, U B
KauecTBe J0OABKU K aBUALIMOHHBIM OCH3MHAM.

Lenv pabomur: 3yunTh peakluio aqKUIUPOBaHUs OEH30J1a MPOMHIEHOM B MPUCYTCTBUU
XJIOPUCTOTO AIIOMHUHUSL M PAacCMOTPETh (PAKTOPHI, BIMSIONIME HA BBIXOJA MPOJYKTOB
ANKWJIMPOBAHMS, OIIPEIEIUTh KOHCTAHTHI CKOPOCTH PEAKIUU.

XapakTepucTruKa peareHTOB, IPUMEHSEMbIX B CHHTE3€ U MOJIy4aeMbIX IIPOTyKTOB

benzon — GecuBeTHas mpo3pavyHasi )KUJIKOCTh CBO€OOpa3HOro 3amnaxa, fn=5,5°C, twn=80,1°C,
n p?° =1,5011, d 4*° =0,8890, tsocn=10,7°C, B3pHIBOOTIACHEIE KOHIIEHTPAIIMU B CMECH C BO3YXOM
= 1,5-8% 06., Temnepatypa camoBocinamenenus 534°C. C Bo-10if 1aéT a3e0TpoOIHYyI0 cMech
(91,17% wmacc Gen3ona), twn=96,25°C, 00pa3yet nBON-HBIE U TPOMHBIE a3€0TPOIBI CO MHOTUMU
coequHEHUsIMU. Bechbma akTHBeH (H3MONO-TUYECKH, B OOJBINIMX KOHIICHTPAIMSIX MapoB
JEHCTBYET HA IEHTPAIbHYIO HEPBHYIO CUCTEMY. Maiible KOHIIEHTPALMK MAapOB MPHU IITUTEIHHOM
Bo3zxel713CTBI/H/I BBI3BIBAIOT MU3MEHEHUE cocTaBa KpoBu. JKuakuii 6en3on pazapaxkaer koxy. [TIK =
5 mr/m™
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Hzonponunbenszon — OeclBETHasl >KUAKOCTb C apOMATUYHBIM 3amaxoM, f,,=-96,03°C,
tan=152,39°C, n p** =1,4913, d 42 =0,8618, TOpUT U 00pa3yeT B3pbIBOOIAC-
HBIE CMECH C BO3IAYXOM, t4cn=38°C. S110BUT (B OOJBIIICH CTETIEHN HEXKENH O€H30I1), TPY UHTANIALNN
BBI3BIBAET OCTPBIE U XPOHHUECKHE TIOPAKEHUs KPOBETBOPHBIX opra-Hos, [TJIK = 50 mr/m> .

IIponunen — GeCBETHBIN TOPIOYNIA Ta3 CO CIA0BIM 3aI1axoM,
tin = - 185,250C, tiun = - 47,700C, d 420 = 0,5139, teamosocnn = 455°C,
npeiesibl B3phIBAEMOCTH B cMecH ¢ Bo3ayxom 2,0-11,1% o6, ITJIK = 30 Mr/M>, 0011a-7aeT cabbM
HapKOTUYECKUM JIeHCTBUEM

Xnopuo anomunus (6e3BOAHBIN) — OecliBeTHbIe KpHcTamibsl, d 2> =2,44. Tlpu oOGBIYHOM
JaBJICHUM BO3TOHSAETCS, HE IUIaBACh. BcenenctBue ruaposnusa IObIMUT Ha BO3AyXe, OypHO
pearupyer ¢ BOJOH, IIPH 3TOM BBIJIEsIeTCS O0JIBIIOE KOJTUYECTBO Te-TJ1a M XJIOPUCTOTO BOAOPOA.
HepactBopum B GeH3zoe€.

H3zonponunoswiii cnupm (M30MPOIIAHON, MPOMAHOI-2, TUMETHIKAPOUHON) - fny = -

89,5°C, tun = 82,4°C, d 4*° = 0,7851, TIJIK = 980 Mr/m°>.

Kparkoe onncanue ycTaHOBKH aIKHIJINPOBAHHS

ANKHUIMpPOBaHUE IPOBOJUTCS B PEAKTOPE CMEIIEHHUS 5, TOMEUIEHHOM B TepMo-cTat (puc.l).
Peaktop cHaOxEH MemIaaKoil 6 11 MHTEHCUBHOTO MEpEMEIINBAHNS KaTAIU3aTOPHOTO KOMILJIEKCa
U pEareHToB, OOpaTHBIM XOJOIWIBHUKOM 8§ I YMEHBIICHHS yHOca OeH30jJa U IPOAYKTOB
pEaKIMU C HeMPOPEearupoBaBIIMM I'a30M, a TaKxke 6apOOTEPOM JIst TOJauu rasa.

[Tponuien moiy4yaroT MO peakluu Jeruaparaludy u3ompomnuiaoBoro crnupta. Ilo xomy
IPOINMJIEHA YCTaHOBJIEHBI I1OCJIE0OBATEIBHO CIEAYIOLINE IPUOOPHI: OCYIIUTEND 4 ¢ XJIOPUCTHIM
KaJbI[UEM; PEAKTOp aJIKWJIMPOBAHHS 5; OOpaTHBIM XONOAWIBLHUK 8, razomerp 9 mns cOopa
HEIpOpearupoBaBIIETro MPONUIEHA U 3aMepa ero o0bema.

KpaTkoe onucanue ycTaHOBKH JAJIsl IOJTYy4YEHUS MPOMHIICHA.

Jeruaparanus H30MPOMUIOBOTO CHUPTAa MPOBOAUTCS HAa YCTaHOBKE, COCTOAILIEH U3
peakTopa HJEalbHOTO BBITECHEHHS, IOMEHUICHHOIO B TEPMOCTATHPYEMYIO DSIEKTPHUYECKH
o0orpeBaemMyIo Meub, CUCTEMbI TIOJJa4H CIIHUPTA, CUCTEMBI KOHJEHCAIIMH HEMPOpPearupoBaBILEro
CIHpTa M CHCTEMBl OYUCTKH M OCYIIKM HpomnmieHa. Jleruaparanusi W30MPONUIOBOTO CIHUPTa
nposoauTcsa npu Temmeparype 350 - 400°C B mpHCyTCTBHH KaTaau3aTopa - 6€3BOJHOTO OKCHIA
amomuaus (Al2O3). IlpomykTel aermapaTaliu, MNPOWIsS CUCTEMY KOHJeHcaluu (0OpaTHBIN
XOJIOMMIBHUK ¥ COOPHUK KOHJEHCATa), MOCTYIAal0T Ha TPEXXO0A0BOI KpaH, OTKy/a ra3000pa3Hbie
IPOAYKTHI (MIPOMUIIEH) MOTYT MOCTYIATh WK B aTMOcdepy (Mpu HECTALlMOHAPHOM PEXHUME), TN
yepe3 CUCTEMY OCYLIKU B PEaKTOp aKHIMPOBAHUS.

s
-
]
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Puc.1 Cxema ycTaHOBKH alKUIUPOBAHUS

1-n03upoBoUHas Ol0peTKa; 2-peakTop AeruApupaTaliy U30MPOIUIOBOrO CIUPTA; 3-CUCTEMA
KOHJIEHCAIlUX HeNPOpearupoBaBIlero CnupTa; 4-ocyInTelb; S-peakTop; 6-Memanka; 7-
TEPMOCTAT; 8-XOJIOAWIBHUK; 9-Ta30MeTp
ITocnenoBaTenbHOCTH BBIMOIHEHUS pabOTHI.

1) [IpoBepka yCTaHOBKH Ha TEPMETUYHOCTH;

2) [ToaroroBka yCTaHOBKM JAETUAPATALIMU CIIAPTA;

3) [ToaroToBKa yCTaHOBKH aJKUJINPOBAHUS;

4) ITonroroBka KaTaATMTHUECKOTO KOMIIIEKCA,

5) [IpoBenenue npouecca aaKWINPOBaHUS;

6) [IpoBeneHNEe aHAIM30B - AJTKWJIaTa U Ta3a U3 ra3oMeTpa.

Meroauka npoBeACHUS IKCIIEPUMEHT

[lepen mpoBeneHNEM alKUIMPOBAaHUA (AIKWJIMPOBAHHUE MPOBOIAUTH TONBKO B BBITSKHOM
mkady) yCTaHOBKA MPOBEPSICTCS HA TE€PMETHYHOCTD, JUIS YET0 3aKPBIBACTCS KpaH «A» Ha JIMHUA
N0/1a4y MPONMWIEHA, OTKPBIBAIOTCS BCE KPaHbl MEXAY allapaTaMyd YCTaHOBKHM aJIKUIMPOBAHMS,
OTKpBIBaeTCs Takke KpaH «[» Ha TuHUM cuBa pacconia u3 razomerpa. Takum oOpa3oM, B cucTeMe
co3naércs paspexeHue. Ecnu ypoBeHb paccosia B ra3oMETpe CHUXKACTCS TOJIBKO B IIEpBbIE
MTHOBEHHUs, a 3areM B TedeHue 10 MUHYT OCTa€Tcsi MOCTOSIHHBIM, CHCTEMa CUYUTAETCS
FEPMETUYHON M MOXKHO IPUCTYNaThb K IPOBEAECHMIO ombiTa. EciM cucrema He repmMeTHYHa,
CIEAYET YCTPAHUTh MECTO YTEYKH U TOBTOPUTH ONEPALMIO TPOBEPKH HA TEPMETUYHOCT.

VYcnoBus anKUIMpPOBAaHUSA BBIOMPAIOTCS HAa OCHOBAaHUU JHUTEpaTypHOro o030pa WU
3a/1al0TCsl IpenojiaBaresieM. B mo0oM citydae, mpexae 4eM HadaTh MPOIECC aIKMIMPOBAHMUS,
TOTOBHUTCS KAaTaJIM3aTOPHBIM KOMIUIEKC, JUIsl YEr0 B PEaKTOpe MpPH ONpPEACIEHHONW TeMIIepaType
CMEIIMBAIOTCS B 33JaHHBIX COOTHOLIEHMSX CIEAYIOLIUME KOMIIOHEHTHI: OE€H30JI, XJIOPH]I
ATIOMUHHS, TOTHANKUI0eH301b1 (ITAB), XTTOpUCTHIN anKuII.

Bo Bpemsi mpuroToBieHUs KaTaau3aTOPHOTO KOMILIEKCA PEaKTOp JAOKEH ObITh OTKIIOUYEH
kpaHoM «b» oT nmuHuM nogaun nponuneHa. B o6paTHBIN X0IOAUIFHUK T0JKHA OBITH TOJaHa BOJIa
JUTSL OXJTQXKJICHUS.

OO06pa3oBaBIIUKCS KaTaIU3aTOPHBIA KOMIUICKC MPEACTABISAET COO0H TEMHYIO TSKETYIO
MacCJISHUCTYIO KUIKOCTb.

[Io OKOHYaHMHM NPUTOTOBIECHMS KaTaJIM3aTOPHOIO KOMILUIEKCA B PEAKTOpP BBOJMUTCS
HE00X0JMMOE KOJIMUECTBO OEH30J1a (10 pacUETHOIO WM 33JaHHOTO), pEaKTOp TEPMOCTATUPYETCS
IpU TeMIlepaType peakluu, U HAYMHAETCA MoJaya MPOIMMWIECHA, Ui Yero TPEeXXOJOBOM KpaH
MOBOPAYMBAIOT HA  peakTop  ankuiaupoBaHus. OJHOBPEMEHHO  OTMEYAIOT  YPOBEHBb
M30IMPONWIOBOIO CHOUPTA B J03aTtope. PekomeHayeTcs Ha alkKWJIMpOBaHUE H3PACXOJ0BATH HE
menee 0.5 monsa UIIC.

[lepen HauaaOM OMBITA Ta30METP JOJIKEH OBITH 3allOJTHEH.

[IponuieH B cucteMy CllelyeT IOAaBaTh C IOCTOSSHHON CKOPOCTBIO. BO BpeMs ombITa BeLyT
HaOmoieHus 3a cucreMoi. dopma 3anucu pe3yapTaToB HaOJII0IeHUH NpuBeaeHa B Ta0u. 3.1.

Tabauya 3.1 - Pe3ynbpTarsl HAOMIOACHUHN B X0/ YKCIIEPUMEHTA

IIpoKOmKUTENBHOCTD OIIBITA, YpoBeHb U30IIPOIUIOBOTO O0BeM 1o1aHHOTO U30TIPO-
MUH CIHpTa B OIOPETKE, MII MIAJIOBOTO CIIUPTA, MJI

Haugano onbiTa, 0 MuH
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[To wcredyenum BpemMeHu peakuuu ankuiaupoBanus mnogady MIIC mpekpamaror,
TPEXXOJ0BOM KpaH MEPEKII0YAI0T Ha BO3AYLIKY, 3aKPBIBAlOT BCE KPaHbl HA Fa30MET-PE, pEaKTop
QIKWJIMPOBaHUSA BBIHMMAIOT W3 TEPMOCTaTa, 3aKpbIBAlOT TpyOKamM. 3aTeM HPUCTYMAIOT K
00paboTKe U aHaIu3y aJIKWjlaTa v rasa.

AHanu3 KUJIKHUX MPOJYKTOB peakIiK (BCe onepay IpoBOIUTh TOJIBKO B TAre!)

Ankunat o00pa0OaThIBalOT AUCTHWIIIMPOBAHHOW BOJOM HENOCPEICTBEHHO B PEAKTOpE B
BHITSDKHOM InKady (mox Tsroif). Karanu3atopHbpli KOMIIJIEKC TPH 3TOM  pasjiaraeTcs.
PeaknmonHas Macca 10 00pabOTKH U BOJA JOJKHBI ObITh X0NOAHBIMU. OpraHndyeckue NpoLyKThl
OTIENSIOTCS. OT BOJHOIO CJIOSI B JIENMTEIbHOW BOPOHKE U NIpO-MbIBalOTCsl B Hel 10%-HbIM
pPacTBOPOM COJIbI 10 cIa0O0MIEIOUHON PeaKliiy IPOMBIBHBIX BOJ. 3aT€M OpraHMYeCKUe MPOAYKThI
IIPOMBIBAIOTCS AUCTHWJUIMPOBAHHON BOJOM 10 HEUTPAJIBHOW peakUUU IMPOMBIBHBIX BOX. Ilocie
3TOrO OHH OTAEIIAIOTCS THIATEIBHO OT BOJBI HA JEIUTEIbHOW BOPOHKE U MEPEHOCATCS B YACTYIO,
CYXYI0, IIPEBapUTEIHHO B3BELICHHYIO KOOy M BHOBb B3BEIIMBAIOTCS Ha Becax. Ilo pazHocTH
BECOB OIpeNENAeTCs BeCc ankuiara. [IpoayKTsl alKMIIMpOBaHUs CYIIATCs HAl XJIOPUIOM KalbLUs
J10 TIOJIy4EeHHS NTPO3pavHON MOJBHKHOM KuAKOCTU. [lociae 3Toro oHu pasaenstorcs NeperoHKon
¢ neduiermaropoM Ha (hpaKIuu:

OeH30/IbHYIO (H.K. - 85°),

KyMOJIbHYIO (85-155°),

nonuankmioen3onbuyto (155°).

B mepBbix AByx (pakuusx ompexensiercs coiepikaHue OeH3osla M HM30IMPONHIOEH301a
xpoMatorpapudecku wim pedpakromerpuuecku. Kpome Toro, ompenensTcs macca Kakiaon
bpakuuu.

Amnanu3 ra3o00pa3HbIX IPOAYKTOB

1. UsmepsieTcst 00beM rasa, moCTYNHUBIIETO B Ta30METD;

2. Omnpenensiercs coctas rasa (% o0) na BTU unu xpomaTtorpaduuecku: a)

coJiep;KaHue YIJIEKUCIIOro rasa; 0) coaepKaHue KIUCIOpoaa;
B) COZIEpKaHUE CYMMBI HETIPEeAEIbHBIX.
3.3anuckIBaloTCs TEMIeparypa B HOMeIeHnH U 0apomMeTpuueckoe nasieHue. [o
KOJIMYECTBY IMOJAHHOTO M HEMPOPEAarupoBaBILEro ra3a U COCTaBaM ajKuiiara

U raza B Ta30METPE pPaCCUUTHIBAETCS KOJMYECTBO Ka)KJOr0 KOMIIOHEHTa B ajkuiare. Bce
MIOJTy4YEHHBIE PE3yJIbTAThl 3aHOCATCS B Ta0. 2.
ITpumep.

Vcxonnble JaHHBIE: B pEakTOp alKWIMpoBaHus 3arpy3uiau 80 mi 6enzona u 7,1 . AlCls..
Jlng mody4deHusl KaTalUTHYeCKOro KOMILJIeKca B peakTtop BBeiaw 1,5 mi Opomucroro Oytuia
(MoxHO U xyopucroro). O6pa3oBaHrue KOMIUIEKca TpeOyeT mepeMenInBaHus U MOJO0rpeBa 10
temmepatypsl  75°C. OGpa3oBaHMEe KOMIIIEKCA MOXHO CUMTaTh 3aKOHUEHHBIM, ECIH BECh
nopourkoo6pasusiii AICI3 nepeiiaer B kuakyio (asy (KaTaaTuTHYECKH KOMIUIEKC MPEICTaBIIsET
c000i TEMHO-KOPUYHEBYIO KUAKOCTh, KOTOpasi IPY BBIKIIOYEHHON MeIIajKke coOupaercs Ha JHeE
peakTopa). C 3TOro MOMEHTa MOXHO Ha4aTh Moja4y MpOIuJIeHa.

W3omponuioBblil ciupT NoJaBajid Ha AETHApPATalMI0 C 00bEMHOM CKOPOCTHIO
1 gac™.

[Toy4eHHBII anKuiIar, Mociie OTMBIBKU U CYIIKH Haj OE3BOJHBIM Cylb()aToM HATpPHUS,
B3BECHIIH, ero Bec coctaBui 91 1, coctaB % Mou.: 6enzon -53,25; UI1b-43,68; nu — UIIb — 3,07
%, COOTBETCTBEHHO.

Paccunrtaem xonuuecTBo OeH307a, BcTynuBiiero B peakiuio — Ha UIIb - 0,397monb, Ha
au-UIb - 0,028 momb. CyMMapHO KOJHUYECTBO MOJICH O€H30ja BCTYNHBIIETO B PEAKIIUIO
cocraBut 0,425 mons. He npopearuposaino 6enzona 0.91
- 0,425 =0.485 Moib.

PaccunTaeM KOIMYECTBO MPONMICHA, BCTynUBIIEro B peakuuto = 0,4 + 0,06 = 0,46 momnei.
B rasomerpe ocrancs HenpopearuposaBmuii nponwieH (0,062 monw). ITorepu nponunena
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coctaBmwim 0,728 — 0,5295 = 0,1965 Monb, 8,25 T (4acTh MpONMIICHA 3allOJIMMEPU30BaIach B
peakTope Aeruparaluu), moTepu 6eH3ona cocra-suiu 5,37 r.
[To pe3ynbraram ombITa PacCUUTHIBAIOT B MPOLIEHTAX KOHBEPCHUIO M CEIEKTUB-HOCTH IO

OcH30ITy.

Konsepcust 6enzona = (0,397 + 0.028)/0,91 = 0,467 mour. god.
CenextuBHOCTH 110 O6eH3zomy = 0,397/0,425 = 0,934 mon. mou.
Tabauya.2 — Mamepuanvubiii 6ananc npoyecca arkuiuposanus 6eH3ona

Ilomano [Tonyueno
Kunkue peareHTbI Kuakue npoayKThl
KomMmmnoHeHT 00beM, Macca, [Kon-Bo, |[KoMIoHEHT 0O0BeM, [Macca, [Kon-Bo,
MIT. r. MOJTh MUT. r. MOJTh
benzou 80 71,12 0.91 ben3on 39,25 10,53 38,8
NIIC 80 62,5 1,04 1116 (48,2 0,4 47,64
[IpopearupoBaiio nu-NI1b 4,59 0,03 0.028
benzon 80 71,12 0.91 I"a3 B razomerpe
[ [porinnen
IIPOCKOK),
1,51 (Vo=1,4
NTIC 33,49 0.728 ) 2,6 0,062
[ToTepu 13,62
MTOI'O 104,61 0,44 ITOI'O 104.61

COI[ep)KaHI/IC OT4YCTa

JlabopaTopHast paboTa CUMTAETCs BBINOJIHEHHOM MOCIE MPEJOCTABICHHS UCTIOTHUTEIEM
MUCbMEHHOT0 O0TYeTa. B oTueT pexomMeHayeTcs BKIIOYATh CIEAYIOUIUE pa3ieibl: IeJib padoThl U
3alaHue; XUMHU3M U MEXaHU3M PEaKIUH, OIMCAHUE YCTAHOBKH, CXEM, MAaT€pUaIIOB, PEAKTUBOB;
METOJUKY BBIMOJIHEHUS PaOOThI; aHAJINU3BI PE3YJIbTATOB UCCIIETOBAHMS; BBIBOIBI.

KonTpoasnabie Bonpocs! k padote «Ilomyuenue uzonponuideH3onay
Hanumre ocHOBHbBIE peakIMK alKHIMPOBaHUsI OEH3051a MPOIHIICHOM.

NN R WD =

KHUCJIOTHI?

Kaxkue coeqnuenns MOXHO OTHECTH K KuciioTaMm JInrouca?

Yro onpenenseT rIyOrHyY Mporiecca alKHIHPOBaHUS?

[Ipu kakoif TemmnepaType cieayeT NPOBOIUTH MPOLIECC ATKUIUPOBAHUSA?
Kak M0oxHO paccuuTaTh TEOPETUYECKYIO KOHBEPCHIO ITPOLIecca aTKUIUpOBaHus?
UTto Takoe CeIeKTUBHOCTH Mpoliecca’?
['ne HaxoauT npuMeHEeHNE U30TPOMUITIOEH301?
Ha yTo BiiMsieT MOJIBHOE COOTHOIIEHHE OEH30JI : TPOIHIIEH?
MOXHO JTU TIPOBOJIUTBH TMPOIECC ANTKHUIUPOBAHHS OCH30JIa B MPHUCYTCTBUH (HochHOpHOU

[NPABUJIA TEXHUKU BE3OITACHOCTU ITPY PABOTE
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HA JJABOPATOPHOU YCTAHOBKE AJIKMJIMPOBAHUA

BEH30JIA

1. PaboTy ¢ XJIOpHUCTHIM aTFOMUHHEM BBITTOJIHATH TOJIBKO B BHITSHKHOM
mkady.

2. Bo Bpemss paboThl HeNb3sl KacaThCsl ~ HArpeBaTENIbHBIX  YCTPOWCTB U
AIIEKTPOTIPOBOJIKH.

3. [lpu 3amolHEHHH CUCTEMBI JO3UPOBAHMS CJIEAYET COONIIONATh TPEACITbHYIO
OCTOPOKHOCTh, YTOOBI HE JOMYCTUTH IMOMAIAHUS ChIPhS HA Pa30TPETYIO MEUb.

4. [Tpu cOopke yCTaHOBKM OOpaTHUTh BHUMAaHHUE Ha TEPMETUYHOCTD BCEX COSAMHEHUI C
ENBI0 IPEOTBPALICHHS YTEUEK ra3a HiTh KUIKOCTH.

5. YTIeBOJOPOIHBIE Ta3bl BEITECHATH M3 Ta30METPa TOJIBKO B JIMHUIO CTPABIMBAHUSI.

6. Kareropudecku 3armpemniaercsi OCTaBJIATh YCTAHOBKY 0€3 HaOI0ICHHUSI.

JlabopaTtopnasi padora Ne 6
«ITony4yenue n-Tonyoscyab(HOKUCIOTHD

n-Tonyoncynb(OKUCIOTY IPUMEHSIOT JUI CUHTE3a n-Kpe3ojia, B KadecTBe 0osiee MATKOro,
YyeM cepHas KHMCJIOTa, KUCIOTHOIO KaTalau3aTropa, IpU aHAIW3€ aMUHOB U T.X. Ee momydaror
OOBIYHO TPSMBIM CYIH(GUPOBAHUEM TOYOJIa CEPHOM KHCIOTOM:

QCH3 + H,80, HOSOz—QCH3 + H,0

[MapannensHo ¢ #-TOMYONICYIB(MOKHCIOTOH 00pa3yercss HEKOTOpoe KOJIUYECTBO O-
TOJIYOJICYJIb(OKUCIOTHI, TaK KaK METHJIbHAs TPpyIIa ABISETCA 3aMECTUTEIEeM IepBoro poaa. [
NpEIOTBPALICHUS OOpa30BaHUS U- M TOJHCYJIH(OKUCIOT Cynb()UpOBaHUE BEAYT B W3OBITKE
TOJIyOJIa U IIPH XOPOILIEM IIEPEMEUIMBAaHUN PEaKIIMOHHOW MaccChl, a JUIsl CMEIEHUSI PaBHOBECUS
peakuuu B CTOpPOHY oOOpa3oBaHMs CyJb()OKHUCIOTHI pEaKLUUOHHYIO BOAY B IIpolecce
CyIb(HUPOBAHUS OTTOHSIOT B BUJIE a3€0TPOIHOM CMECH € TOJIYyOJIOM.

Lenv pabomoi: I3ydueHnune peakuuu cyib(GUpOoBaHHs TOIYyO0JIa CEPHOM KUCIOTOM, BHIACTICHHE
N-TOIYOJICYJIb(OKHUCIOThI, ONpe/eNeHue TEeMIepaTypsl IUIABICHMs, KHUCIOTHOIO 4YHCIa H
COCTaBJICHUE MAaTEPHAJILHOTO OajaHca ONBITA.

Peaxmuesvi: Tomyon (46,1 1), cepHas kuciaora KoHueHTpupoBaHHas (13,3 T), comsHas
KHCI0Ta KoHIeHTpupoBaHHas (120 mi), runpokcun kanus (30 r)

Obopyoosanue: >NEKTPOIUINTKA, OaHs, KpYIJIOAOHHAs Koiba, TepMOMETp, Hacanka J(uHa-
Crapka, Melanka, X0JIOAUJIbHUK.

IIposedenue onvima:

CynbpupoBanue TOJyolna CEpPHOM KHCIOTOM BEOyT Ha YCTaHOBKE, CXeMa KOTOpOM
npuBefieHa Ha pucyHke 6. Ilepen HawyaloMm ombITa NPOBEPSIOT NPAaBUIBHOCTH COOPKH H
FEpPMETUYHOCTD BCEX COEIMHEHUN YCTAaHOBKHU. Y 0€XK/1al0TCs B HAJIS)KHON paboTe MEIIAIKH.

Baxno! OnbIT npoBOASAT B Pe3HMHOBBLIX IMEPYATKAX M 3AIIMTHBLIX OYKaX IMPH
c00/II0IeHNH PAaBHJI Pa00ThI C arpecCHBHBIMH BelecTBaMu!

40



Pucynox 1 - Cxema nabopaTopHOW yCTaHOBKH: 1 — 3JIeKTpOIUIMTKA, 2 — O6aHs, 3 —
KpYTJI0JOHHas Koi0a, 4 — TepMOMETp, 5 — KalenbHasi BOpOHKa, 6 — MeIlIaika

B peakTop, moMeneHHbIN B IECOYHYI0 OaHI0, OCTOPOKHO 3arpyskarT 46,1 r ronyona u 13,3
I' KOHLIEHTPUPOBAHHON CEPHON KHUCIIOTHI. Y CTAHABIMBAIOT TEPMOMETp, BKIIOYAIOT OOpaTHBIN
XOJIOMWIBHUK, MEIIAIKY U JJEKTPOIUINTKY. PeakiMOHHYI0O MacCy HarpeBaroT IPHU dHEPTUYHOM
HepEeMENINBAaHUH 10 YMEPEHHOro KuneHus. OnbIT IPOAOKAIOT 10 MPEKPAIIEHNUs OTTOHKH BOJbI
B HacasaKy J{nHa-Crapka, IpuMepHOE BpeMs PEaKIMM Ha MacCy 3arpy>K€HHOTO ChIPbs COCTABIISET
Su.

[Tocne BBIOECIEHHS MAaKCHMajabHO BO3MOXKHOI'O KOJIMYECTBA BOIBI PEAKIMOHHYI Maccy
OXJIAXKIAIT /10 KOMHATHOM TeMIleparypbl, I00aBISIOT AMCTUIUIMPOBAHHOM BoAbl (3 Mi).
BeinaBimie KpUCTamibl 7-TOXYOJICYJIb(OKUCIOTE OT()UIBTPOBHIBAIOT € MOMOIIBI0 (QHIBTPA
Hlotra. [TobouHO 00pa3oBaBIIaAsACs 0-TOTYOJICYIB(POKUCIOTA YAAIAETCS C PHIBTPATOM.

BbiienenHble KpUCTAIIBI 1-TOXYOJCYIb(GOKHUCIOTH MOABEPTalT odnucTKe. s 3Toro mx
pacTBOpPsIOT B 20 MJI TOpsiueii BOJBI, OXJIAXAAOT 10 KOMHATHON TeMIIepaTypbl, IpHIUBaoT 50 Mt
KOHIIEHTPUPOBAHHON COJISTHOM KUCJIOTHI M OXJIAXKIAIOT Ha JIeHON OaHe. BrinaBiiye KpucTasibl
OTJEISIOT Ha BOPOHKE CO CTEKJITHHBIM (DHIIBTPOM U IIPOMBIBAIOT XOJIOAHON KOHIICHTPHPOBAHHON
colsiHOM kucinotol B oobeme 10 mu. Oumctky npoBoasT aBaxabl. Ilociae BTopol oumMcTKH
KpPHCTaZIbl XOPOLIO OT)KUMAIOT Ha (PUIBTPE C MOMOILBIO CTEKISHHON MpOOKH, MEPEeHOCAT B
IIPEIBAPUTENBHO B3BEIIEHHYIO YaILIKy U CyLIaT B 3KCUKATOPE HaJ TBEPJbIM FHAPOKCUIOM Kalus
JI0 ITOCTOSIHHOM MAacCHhI.

[Tocne cymku onpeneistoT Maccy MOJIy4eHHOTO IPOAYKTa, €ro TeMIIeparypy IUIaBJIeHUs U
COCTaBJIAIOT MaTepHAIbHBIN OalaHC SKCIIEPUMEHTA.

JlaboparopHas paboTa CUMTAETCsl BBHINOJIHEHHOW MOCIE IMPEIOCTABIEHUS HCIOJHUTEIEM
INUCbMEHHOTO OT4eTa. B oT4yeT pekoMeHayeTcs BKIIOYATh CIEAYIOUINE pa3/iesbl: 1eJdb padoThl U
3a/laHue; XMMHM3M U MEXaHU3M pPEaKlM{, ONMCAHNE YCTAHOBKH, CXEM, MAaTEpPHAJIOB, PEaKTUBOB;
METOAMKY BBIITOJIHEHHsI pa0OThI; aHAJIN3bI PE3yJIbTATOB MCCIIEI0OBAHUS; BEIBOIBI.

JlabopaTopnasi paGora Ne 7

«HonyquI/Ie aJIMITMHOBOM KHCIIOTBI OKMCIICHHEM LIUKIJIOTEKCAHOIa»

AMNMHOBAsA KUCJIOTA — SABJIAETCS BaKHEHIIEH B TEXHUYECKOM OTHOIIEHUU HACBHIILEHHOM
OUKapOOHOBOM KHCIIOTOM, KOTOpas IPOMU3BOAUTCS B KPYNHBIX 3aBOJCKHMX MacluiTadax u
IpUMEHSIeTCs Ui MOTYYeHUs MOJIMAMUIHBIX, OIUI(UPHBIX U MOJUYPETAHOBBIX CMOJ, a TaKXe
IUIsl CHHTE32 TUIACTH()HUKATOPOB U Psilia IPYTHX MPOTYKTOB.

Hanbonee SKOHOMUYHBIMM METOJAaMM CHUHTE3a AJUIMHOBOW KHCJIOTHl SIBISIOTCS

OKHUCJIUTEIbHBIE TEXHOJIOTMHM, B KOTOPBIX HCHOJb3yeTCsl HauOoyiee JMAELIEBOE ChIpbEe —
LUKJIOI€KCAaHOJI, HUKJIOINCKCAHOH U IIUKIIOT€KCaH:
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Llenv pabomel: MOAYYNTh ATUNUHOBYIO KHUCJIOTY IYTE€M OKHUCIEHMS LUKIOTNE€KCaHoJa U
OLICHUTH (DaKTOPBI, BIUSIOIINE HA €€ BHIXO U YUCTOTY.

Peaxmuswl: nuknorekcanon (0,1 monp), a3otHas kuciota (51,7% -nas, 0,43 moust), BaHagaT
ammonus (0,02 r)

Obopyoosanue: Koilba KPYTJIOAOHHAS TpeXropiasi, XOJOAWJIbHUK OOpaTHBINA, MeIajka
MEXaHUYeCKasi, CTakaH XMMHYECKHM, TepMOMETp, KarelbHas BopoHka, punsTp LlloTTa, Konba
BbyHn3ena, 6aHst BoAsiHas, SJEKTPOILIUTKA.

IIposedenue onvima:

[lepen HauanoM BBIIOJHEHUS J1AOOPAaTOPHOM pabOThl HEOOXOAMMO paccunuTaTh TpeOyemoe
KOJIMYECTBO PEareHTOB, COrJIACHO BBIIAHHOMY 3a/1aHUIO.

B xpyrinononnyto tpéxropiyro kosly (puc. 1), cHaOKEHHYI0 MEXaHMYECKON MEIIAJIKOMH,
00paTHBIM XOJIOAMIEHUKOM, TEPMOMETPOM U KalleIbHOU BOPOHKOM, 3aJTMBAIOT a30THYIO KUCIIOTY
U J100aBISAIOT KaTalnu3aTop (peakiHio MOXHO MPOBOAUTH O€3 Karajau3aTopa, B ATOM cllydae
TeMIlepaTypa peakiuu A0kHa ObITh 85-90 °C).

Pucynok 1- Cxema nabopatopHoil ycTaHOBKU: 1 — 31eKTpoIunTKa, 2 — 6ans, 3 —
KPYIJIOIOHHAs K0J10a, 4 — TepMOMETp, 5 — KalneabHasi BOPOHKA, 6 — MelIanka
Kon0y narpeBator no 55 °C Ha BoagHON OaHe M NpU SHEPIrUYHOM IEpEMEIINBAHUU
(OCTOPOXHOQ!) mpunuBaioT M3 KarelbHOW BOPOHKH HECKOJBKO Kamnenb cnupta. Peaknus
HauyMHaeTcs 4vepe3 5 MUH (Tociae KOpPOTKOro Iepuoja HMHAyKUuHu). B pesynprate peakuuu
IPOMCXOIUT BbIAEICHUEM OypbIX OKCUAOB a3ora. Temmeparypy B kosbe (okoino 55-60 °C)
HNONJEPKUBAIOT MYTEM OXJIAXKIEHUS PEAKIMOHHON Macchl B OaHE €O JIBAOM M NPWIMBAHUS C
COOTBETCTBYIOLIEH CKOPOCTHIO IMKJIOreKcaHoa (B TeueHue 1-1,5 u). K koHIy peakuuu, koraa B
KalleJbHOW BOPOHKE OCTaHETCS HEOOJBIIOE KOJIMYECTBO LMKIOIEKCaHOJa, OXJIAaXAECHHE
IpeKpalaT U i noaaepxkanus temmeparypbl 55—60 °C cierka moJgorpeBaroT KojOy Ha
BOJASIHOM OaHe 1O OKOHuYaHUs NpUOaBIEHHUS OCTaTKa IUKJIorekcaHosa. HarpeBanue cmecu Ha
KUIIALIEeH BOASIHOM OaHe IpU HEeNPEepbIBHOM IEpEMELIMBAHNH MTPOOJIKAIOT U [OCyIe PUOABICHUS
BCEro KOJMYECTBA LIUKJIOTEKCAHONA 10 MPEKPALICHHs BBIIEICHUSI OKCHIIOB a30Ta. KHIKOCTh B
ropsiueM COCTOSHUU MEPEeNMBAIOT B CTAKaH U OCTaBJSAIOT KPHUCTAIJIM30BAaTHCS B IMPOXJIAJHOM
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MecTe. BplmaBmmii KpHCTaIIMYECKUH OCaJOK aJUIMHOBOM KHUCIOTHl OT(QUIBTPOBBIBAIOT,
npoMbIBatOT 10—12 M1 OYeHB XOJI0IHON BOJBI U CYIIIAT HA BO3JIyXE.

Jlanee onpenensoT Maccy U TeMIeparypy IUIaBICHMs MOTYy4eHHOW aJUIMMHOBONW KHCIIOTHI
U COCTaBJIAIOT MAaTepHUalbHBIM OamaHc mpouecca. OOCYXAarOT pe3ysibTaThl ONbITA U
(GopMyIHMpYIOT BEIBOBI O BBIITOJHEHHOH padoTe.

JlaboparopHas paboTa cuMTaeTCsi BBIIIOJIHEHHOM IOCIE MPEJOCTABICHUS HUCIIOJIHUTEIEM
IUCbMEHHOTO OT4eTa. B oT4yeT pexoMeHayeTcs BKIIOYATh CIEAYIOLINE pa3/iessl: ieidb padoThl U
3a/laHue; XMMHU3M U MEXaHU3M pEaKlU{, ONMCAHNUE YCTAHOBKH, CXEM, MAaTEpPHAJIOB, PEaKTUBOB;
METOAMKY BBIITOJIHEHHsI pa0OThI; aHAJIN3bI PE3yJIbTATOB MCCIIEIOBAHUS; BEIBOIBI.

Bonpocwet 0ns 0b6cyscoenus na xpyenom cmone no meme «llpoyeccol oxucienHusy:

1. Kinaccudukanus peakuumii OKHUCICHHUS, OKHCIUTENbHBIE areHThl, HYHEPreTHUYECKUe
XapaKTePUCTUKU

2. T'oMOreHHOe OKHCJIEHHME IO HACHILIEHHOMY aToMy yriepoja. MexaHus3M, KMHETUKA U
KaTaJlu3, CEeIEKTUBHOCTh TOMOT€HHOI'O OKHCIICHHUSL.

3. OcCHOBHBIE 3aKOHOMEPHOCTH IIOJyYEHHUS THMIPONEPOKCUIOB U UX KHCIOTHOI'O
pasznoxeHus. TexHoIorus Npou3BOJCTBA (PeHOJIA U alleTOHA.

4. Oxkucnenue napapuHoB. TeXHOJIOTHs OKUCICHUS HU3MIMX NapaduHOB B razoBoi (ase.
XKunxodaznoe okucienue napauHOB B CIIUPTHI.

5. TexHomnorus *XuaKo(hazHOro oKucieHus yriaeBogopoaoB Cs-Cig B KapOOHOBBIE KUCIIOTHI.

6. TexHomorus >kuAKo(})a3HOro OKUCIEHUS TBEPAOIo MapapuHa B CHHTETUYECKUE >KUPHBIE
KHUCIIOTHI

7. Oxucnenue Ha(TEHOB M HUX MPOU3BOAHBIX B CHUPTHI U KeToHBlL. [lomyueHue
JUKapOOHOBBIX KUCJIOT. TEXHOIOT M OKMCIEHHS LIMKJIOTeKCaHa B aJUIIMHOBYIO KHCIIOTY

8. OxwucineHne MeTHJIOEH30JI0B B apoMaTHYecKue KapOOHOBBIE KHUCIOTHL. TeXHOJIOrHs
npou3BojcTBa numeruaTepedranara. [lomyuenue tepedTaneBoil KUCIOTHI.

9. OkucIeHHE HACBHIIEHHBIX QJIbJETUAOB M cnuproB. OKUCIEHHE aleTanbAeruia B
YKCYCHY!O KUCJIOTY. COBMECTHOE IIOJyUEHUE YKCYCHOM KUCIOTHI M YKCYCHOTO aHTHIPUAA.
Oxucnenue BTOpUYHbBIX cIUPTOB. [lonydenue nepekrcu Bo1opoa

10. Oxucnenne oneUHOB MO HACBIIICHHOMY aroMy yriepona. OKuCIieHHe NpoNuieHa B
aKpoJIeMH W aKpWIOBYyl0 KHcIOTy. OKHCIeHHEe H300yTHIIEHA B METAKpOJIEeUH M|
METaKPHJIOBYIO KUCIOTY

11. OkucnuTenbHBIE  aMMOHOJIM3  yIiIeBoAOoponoB. CHHTE3  CHHMIBHOH  KHUCIIOTHI.
OKHCIUTENBHBIN aMMOHOJIN3 IPOIUIIEHA

12. IIpon3BoACTBO HUKIMYECKUX aHTHUAPHUIOB KUCIOT. [Ipon3BoICcTBO (hTaneBOro aHruapuia.
[IpousBoncTBO ManenHoBOro aHruapuaa. IIpou3BoACTBO OKcHIa STHIEHA IyTEM
OKHCIICHHSI 3THJIEHA BO3JJyXOM M KHCIOPOOM.

13. Okucnenne  oneUHOB B  MNPHUCYTCTBHM  METAUIOKOMIUIEKCHBIX  COCIMHEHHA.
ONOKCUIMPOBAaHUE  HEHACHIEHHBIX  COEIMHEHMH.  TEeXHOJOrHsi  COBMECTHOIO
IIPOM3BOJICTBA OKCHJIA IPOIMIIEHA U CTUPOJIa XaJIKOH-METOJJOM

14. OkucieHne W OKHCIUTENbHOE COYeTaHHe OJe(UHOB NpU KaTalu3e KOMIUIEKCaMHU
MmeTainos. [lonydenune aneranpaernia OKMCIEHUEM STUIIEHA
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MuHHCTEpPCTBO HAYKHW U BhICIIETro oOpa3oBanus Poccuiickoit deneparuu
HuxHexaMCKui XMMMKO-TEXHOJIOTMYECKUH HHCTUTYT (puiinan)
benepanbHOro rocy1apCTBEHHOTO OI0PKETHOTO 00pa30BaTEIbHOTO YUPEKICHUS
BBICILIEr0 00pa3oBaHUs
«Ka3zaHckuii HalMOHAIBHBIN HCCIIEI0BATENbCKUM TEXHOJIOTMUYECKUN YHUBEPCUTET)
(HXTU ®I'bBOY BO «KHUTVY»)

TexHonmorndyecknit hakyIbTeT
Kadenpa HerexumMuueckoro cuuTe3a
Cemectp 3

IK3aMeHALMOHHbIE BONIPOCHI
no quctumuiuHe «b1.B.03 O6o01ieH e 1 aHaHu3 CYNIeCTBYIOIINX XUMHUICSCKUX
TexHoJoruil. [lnannpoBaHue MHOTOCTAAMIHBIX CUHTE30B»

1. Teopernueckne W TEXHOJIOTHYECKHE OCHOBBI IIpoIlecca ITONYUYCHHS HH3MMX OJie(pHHOB Ha
MpUMEpPEe TOYYCHUS ITHICHA MTUPOJIM30M IPSIMOTOHHOTO O¢H3MHA. [IpuHIMNIanpHas TEXHOIOTHYECKas
cxema: OJIOK TIOJrOTOBKH CHIPhS, PEaKTOPHBIN OJIOK, OJIOK pa3/ieNcHus PEaKIIMOHHOW MACChI

2. Teopernueckne W TEXHOJIOTHYECKHE OCHOBBI IIpollecca IOMYyYCHHSI MPOCTHIX A(HUPOB Ha
MpUMEpe IOJIyYCHUS METWI-TPET-OyTHIOBOrO 3(upa aIKHIUPOBAHHEM METAaHONA HW300YTHICHOM.
[IpuHnMIMaNpHAS TEXHOJOTHYECKAs cxeMma: OJOK ITOATOTOBKU CHIPhS, PEAKTOPHBIA OJOK, OJIOK
pasmeneHus peaKIMOHHONH MacChI.

3. TeopeTndeckne U TEXHOIOTHIECKHUE OCHOBBI TIPOIIECCa MOTYUSHUS JIMHCHHBIX 0-0JIC(UHOB Ha
MpUMEpPE TMpoIecca ONUTOMEPU3AIUMU STUICHA B MPUCYTCTBUU TpHATUIAMIOMUHUSA. [IpuHumMnuanbHas
TEXHOJIOTHUYECKasi cXeMa: OJIOK IMOATOTOBKU CHIPHS, PEaKTOPHBIM OJIOK, OJIOK pa3ielieHus peaKIMOHHOMN
MAacCHI.

4. Teoperudeckne W TEXHOJOTHYECKHE OCHOBHI TpOIlEcca IMONyYEHUS OKHCeW OoJie(UHOB Ha
IpUMEpEe TONYUYCHUS OKHUCH JSTUJICHA OKHUCICHUEM OJTWICHAa KuciopoaoMm. lIpuHuunuanbHas
TEXHOJIOTHUYECKash cXeMa: OJIOK IMOATOTOBKU CHIPHS, PEaKTOPHBIM OJIOK, OJIOK pa3ielieHus peaKIMOHHOMN
MAacchl.

5. TeopeTuyeckue M TEXHOJOTUYECKHUE OCHOBBI MPOIIECCa MOJYUYCHHS BBICHIUX PAa3BETBICHHBIX
oleHOB Ha TIpUMEpPEe TOTYICHHUS TPUMEPOB MPOITHIICHA OJIUTOMEPH3aIlieil IPOIIICHA B TIPUCYTCTBHH
(hoCchOPHOKHMCIOTHOrO Karanu3aropa. [IpuHIMIHMAIbHAsE TEXHOJIOTHYECKas CXeMa: OJIOK IOATOTOBKHU
CBIPBSI, pEaKTOPHBIN OJIOK, OJIOK pa3/IeicHHS PEaKIIMOHHONW MacCHhI.

6. TeopeTrueckne W TEXHOJOTHYECKHE OCHOBBI IpoIlecca IMOJYyYeHHS OKHceld oie()UHOB Ha
MpUMEPE TTOYICHHUS OKHCH MPOIMIICHA TOKCHINPOBAHUEM MPONIIICHA THAPOIICPEKUCHIO ITHIIOCH301a.
[MpuHnMIManpHAs TEXHOJOTHYECKAas cxeMma: OJOK IIOATOTOBKU CHIPhS, PEAKTOPHBIH OJOK, OJIOK
paszneneHus peakiuOHHOW MacChI.

7. TeopeTHueCKUE ¥ TEXHOIOTMUECKHUE OCHOBBI IIPOIIECCa MOMYyUCHHUS H30Mapa@uHOB Ha IPUMEpe
MOJTyYeHUsS] W30TICHTaHA M30Mepu3anuell H-TieHTaHa. [IpuHIunuansHas TEeXHOJOTHYECKas cxema: OJIOK
MOJITOTOBKY CHIPHSI, PEAKTOPHEIH OJIOK, OJIOK pa3/esiecHUs] pEaKIIMOHHON MacChI.

8. TeopeTnmdeckue W TEXHOJOTHYECKHE OCHOBBI TIPOIlECCa TIOIYUYEHHS THIPOICPOKCHIOB Ha
MpUMepe TIOMYyYCHUS THAPOICPEKUCH JTHUIOCH30JIa OKHCIEHHEM OeH30j7a KHCIOpOJAOM BO3AyXa.
[MpuHnMIMaNpHAsS TEXHOJOTHYECKAs cxeMma: OJOK IIOATOTOBKU CHIPhS, PEAKTOPHBIA OJIOK, OJIOK
pasaeneHus: peakuOHHONH MacChl

9. TeopeTndeckne © TEXHOJOTHYCCKHE OCHOBBI IIpoIecca IONYYCHHS] HEHACHIIICHHBIX
COCJIMHEHUI Ha ITPUMEPE MOTyYEHUs CTUPOIIa AeTHapaTanuei Mmetwipenmikaporunona. [IpuHnumuansHas
TEXHOJIOTHUYECKAsi CXeMa: OJIOK ITOJATOTOBKU CHIPhS, PEaKTOPHBIA OJIOK, OJOK pa3/eliecHUs] PeaKIIMOHHON
MAacCHI.

10. TeopeTndeckne W TEXHOJOTHYCCKHE OCHOBBI IIporiecca IIONYyYCHHS alIKMIOEH30J1a Ha
mpuMepe  IOJIydeHUs  OTWIOEH30Jla  alKWJIUpOBaHWEM OCH307a  JTWiIeHa. [IpuHIMMuanbHas
TEXHOJIOTHYECKash cXeMa: OJIOK IMOATOTOBKU CHIPHS, PEaKTOPHBIM OJIOK, OJIOK pa3ielieHus peaKIMOHHOMN
Macchl

11. TeopeTuueckue M TEXHOJOTMUECKHE OCHOBBI IIpoliecca IMOJYUYCHHUS] apoOMaTHUECKUX
YTIIEBOIOPOJIOB HA MTPUMEPE MONIYICHUsT OCH30 12 THAPO/ICATKIITUPOBaHUEeM upoiu3Hon dpakiun Ce-Cg.
IIpunnunranbHass TEXHOJOTHYECKas cxema: OJIOK IIOATOTOBKU CHIPbS, PEaKTOPHBIA OJIOK, OJ0K
paszneneHus peakiuOHHOW MacChI.

44



12. Teoperudeckne U TEXHOJIOTHYECKHE OCHOBBI TIPOIIecca MOMYUYESHHSI CITUPTOB Ha MPUMEpe
MOJTYYEHUS] TPUMETIITKApOMHOIIA THApaTanyel N300y THIIeH cojiepkaniel ¢ppakiun. [IpuHInnansHas
TEXHOJIOTHYECKas cXeMa: OJI0K IMOATOTOBKH ChIPhs, PEAKTOPHBII 010K, OJIOK pa3/IelieHus] peaKIIMOHHON
MAacCCBl.

13. TeopeTrnyeckne W TEXHOJOTHUSCKHE OCHOBHI IPOIECca MONYUCHHS TIUKOJICH Ha MpuUMeEpe
MONTyYeHUs] MOHOJTHJICHIJIMKOJS THUApaTanued OKWCH HTwuieHa. [IpuHImMnmansHas TeXHOJIOTHYecKas
cxema: OJIOK TIOJIrOTOBKH CBHIPhSI, PEaKTOPHBIN OJIOK, OJIOK pa3ieicHHs PEaKIIMOHHONW MacCHI.

14. TeopeTnueckre M TEXHOJIOTWYECKHE OCHOBBI IpoIlecca MOMydeHHs oierHOB Ha TpUMEpe
mosTydeHus] M300yTHiieHa AeTuapaTanyedl TpuMeTWiKapOuHoma. [IpuHIMIMANbHAsS TEXHOJIOTHYEcKas
cxema: OJIOK TIOJrOTOBKH CBHIPhSI, pEaKTOPHBIN OJIOK, OJIOK pa3ieicHHs PEaKIIMOHHONW MacCHl.

15. TeopeTnueckue W TEXHOJOTMYECKHE OCHOBHI IIpoIlecca MOJMYYCHHs aNKHIOSH-301a Ha
mpUMepe  IOJNydeHUs OTWIOeH30lla  alKWIUpOBaHWEeM OeH3oia dTwieHa. [IpuHnumuanbHas
TEXHOJIOTHUYECKAsl CXeMa: OJIOK IMOATOTOBKU CHIPhS, PEaKTOPHBIN OJIOK, OJOK pa3elieHUs] PeaKIMOHHON
Macchl

16. Teopermueckne ¥ TEXHOJOTHYECKHE OCHOBBI IIpOIECCa MOMYYEHHS apOMaTHYECKHX
YTIIEBOIOPOJIOB HA MPUMEpPEe MOTy4eHUs OEH301a THAPO/IeaAlTKIIINpoBaHueM nuposnsHon ¢ppakiuu Ce-Cs.
[IpuHnMIMaNpHAsS TEXHOJOTHYECKAs cxeMma: OJOK IIOATOTOBKU CHIPhS, PEAKTOPHBIA OJIOK, OJIOK
paszeneHus peakllnOHHOM MacCHhI.

17. Teoperndeckne U TEXHOJIOTHUECKHE OCHOBHI MIPOIlEcca MOTyUEHHS BBICIIMX PAa3BETBICHHBIX
osie(hHOB Ha MpUMEPE TOITYUYCHHS TPUMEPOB NPOTMIICHA OJIMTOMEPH3AIINeH PONHIICHa B IPUCYTCTBUU
(hocopHOKHCTOTHOTO KaTanu3aropa. [IpuHIMNHManbHas TEXHOJIOTHYECKas cXeMa: OJIOK IOATOTOBKU
CBIPBSI, pEaKTOPHBIN OJIOK, OJIOK pa3/ieseHus PeaKIMOHHONW MacChl.

18. TeopeTnueckue W TEXHOJOTHMUECKHME OCHOBHI IMpoOIecca MOJIYYCHHS OKHCEW OJeUHOB Ha
MpUMEpPE MOTyYCHUS! OKHCH TPONUIICHA STIOKCUIUPOBAHUEM TPOMIIICHA THAPOIIEPEKUCHIO STIIIOEH30Ia.
[IpuHIMIIMATPHAS TEXHOJIOTHYECKas cxema: OJOK IOATOTOBKH CBIPhS, PEAKTOPHBIH OJOK, OJI0K
paszeneHus peakllnOHHON MacCHhI.

19. Teopernyeckre W TEXHOJOTHUYSCKHUE OCHOBBI IPOIECCa MONYYCHUS HUBMIUX OJIC(hUHOB HA
MIpUMEpEe TMOYUYCHUS ITHICHA MTUPOJIM30M NPSIMOTOHHOTO O¢H3MHA. [IpuHIMNIanbHas TEXHOIOTHYECKas
cxema: OJIOK TTOATOTOBKY CHIPHSI, peaKTOPHBINA OJIOK, OJIOK paseeHUs] peaKIIMOHHON MacChI

20. Teopernyeckue W TEXHOJOTMYECKHUE OCHOBBI MpOIlecca MOMYyYEHHUS MPOCTHIX I(PUPOB Ha
MpUMEpe IOJIyYCHUS METWI-TPET-OyTHIIOBOrO 3(upa aIKHIUPOBAHHEM METAHONA HW300yTHICHOM.
[IpuHIMIMATPHAS TEXHOJIOTHYECKass cxema: OJOK IMOATOTOBKH CBIPhS, PEAKTOPHBIH OJOK, OJI0K
paszeneHus peakllnOHHON MacCHhI.

Kpurtepun onenkn:

CTyneHT A0JKEH BBITIOJHUTD 5 1a00paTOPHBIX PaOOT M YY4aCTBOBATh B KPYIJIBIX CTOJIAX:

OuennBaomme MeponpusiTust Babl
min max
MeponpusiTUsi TeKYLIero KOHTPOJIs

JlaGopaTtopHas pabora Ne 3 6 10
JlaGoparophast pabota Ne 4 6 10
JlaGoparophast pabora Ne 5 6 10
JlaGoparopHast pabota Ne 6 6 10
JlaGopaTtopHast pabora Ne 7 6 10
Kpyrusrit cton Ne 2, Ne 3 6 10

HUTOI'O 36 60

Onenka «oTau4HO» WM 36-40 0a/mioB - OTBETHI Ha BOMPOCHI CBUIETEILCTBYIOT 00
YBEPEHHBIX 3HAHUSAX U YMEHUH CTYJCHTA.

Omnenka «xopomio» 32-35 6aioB - OTBETHI Ha BOIIPOCHI CBUAECTEIBCTBYIOT O TOCTaTOUHBIX
3HAHUSAX U YMEHHUH CTYJCHTA.

OrneHka «ynoBJIETBOPUTENLHO» 25-31 0aioB - OTBETHI Ha BOMPOCH! CBUJIETENBCTBYIOT O
HEJIOCTATOYHBIX 3HAHUSAX U OTPAaHUYEHHOM YMEHUU CTYJICHTA.

Onenka «HeyA0BIETBOPUTENbHO» 0-24 GasIoB - OTBETHI HA BOIIPOCHI CBUIECTENBCTBYIOT O
c1a0bIX 3HAHUAX U HEYMEHHUE CTYJICHTA.
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WHuTepBan 6amioB peiTuHra

Orenka

0< R, < 60 «HEYIOBJIETBOPUTEIHLHO (2)
60<R, <73 «YZLOBICTBOPUTEIBHO» (3)
73<R, <87 «xopormoy (4)

87 <R, <100

«OTIUIHO» (5)
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