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o qucuuiuimHe «IIporeccsl u anmnapaTsl XMMAYECKOM TEXHOJIOT UM
JUISL CTYJICHTOB HAIPABJICHUS MTOJATOTOBKU «XHUMUYECKasl TEXHOJIOT U

Bcex (hopM 00yUeHUs

bamakoBo



BBE/JIEHUE

KypcoBoit nmpoekt no aucuummmne «IIponeccel u anmaparsl XUMUYECKON
TEXHOJIOTUM SIBIIAETCS BaKHEHIIEH (opMOl caMOCTOSITEIbHON PabOThI CTY/I€H-
TOB HampaBJeHUsd «XUMHYECKas TEXHOJOTHs». KypcOoBOl MPOEKT BKIIOYAET
pacyeT TUIIOBOM YCTAHOBKH U €€ rpadudeckoe opopMiIeHUE.

[leap KypcOBOTO MPOEKTa — aHajdu3 U 0000IIeHHE JTUTEPATYPHBIX JTaH-
HBIX, 3aKpEIUICHUE U PACIIUPEHHUE 3HAHUH IO MpolieccaM U anmnapaTtaM XUMuJe-
CKOW TEXHOJIOTHUHU.

OCHOBHBIE ITOJIOXEHHKA

B xuMuueckoil TEXHOJIOTUU pacCcMaTPUBAIOTCS MPOLIECCHI, B KOTOPBIX UC-
XOJIHbIE MaTepHUalbl IPETEPHEBAIOT MPEBPAILIECHUS, HE TOJIBKO BbI3BIBAIOIINE W3-
MEHEHUS! (PU3UUYECKUX CBOMCTB BEIIECTBA, HO W MPHUBOJAIIME K 00Opa30BaHUIO
BEILIECTB JIPYTOr0 COCTaBa, C HOBBIMM XMMHUUYECKUM CBoMcTBamu. [Ipu BbIOOpE
anmapaTtoB IS TPOBEJIEHUS JTHX IPOIECCOB HEOOXOAMM y4YeT Ba)KHEHIIMX
(bakTOpOB: TEMIIEPATYPhl, JTABIICHUS, XUMUYECKUX CBOMCTB BelIeCcTBa U T.1. Tak,
MHOTHE TPOLECCHl MOTYT OBITh peaIn30BaHbl PA3IMYHBIMU METOAaMH (HaIpu-
Mep, MPOLECC Pa3eiICHUs MHOTOKOMIIOHEHTHBIX CHCTEM — METOJAMHU PEKTH-
(buUKanyu, UM SKCTPAKIIMHA) B COOTBETCTBYIOIIEM anmnapaTypHoOM 0hOpMIICHUHU.

Lenpro pacyeTa XMMHUYECKUX MPOLIECCOB U AIIApPATOB SIBISETCS OMpee-
JIEHUE MACCOBBIX IIOTOKOB IepepadaTbIBa€MbIX MAaTE€pHUAJIOB, OIpPEACICHHE
OHEPreTUYECKUX 3aTpaT, HEOOXOIUMBIX JIJIsl OCYIIECTBICHHS MPOIECCOB, U BbI-
YUCJIEHUE OCHOBHBIX pa3MepOB MAIlIMH U alnapaTos.

JInst XMMUKa-TEXHOJIOTa BaXXHO HE CTOJIBKO OMpeJIeSIeHUEe MaTepHualbHbIX
U DHEPreTHYECKUX COOTHOIICHUH IMpoiiecca, CKOIbKO TTyOOKHN aHaJIU3 €ro Ku-
HETUYECKUX 3aKOHOMEPHOCTEH. DTOT aHaliu3 TMO3BOJIICT HAWTH ONTHMAJIbHBIC
YCJIOBHS MPOIIECCca, MPU KOTOPBIX pa3MepPhl MAIlIMH U aniliapaTOB MUHUMAJIbHBI.

B mopasnsronieM OOJBITUHCTBE CIIy4aeB MPOU3BOJICTBECHHBIC YCTAHOBKH

XUMHUYECKON MPOMBIIIJICHHOCTH CO3/Ial0T M0 CXeMe, MPUBEACHHON Ha puc.1.



HcxoHoOE ChIpbe MOCTYMAeT B PeakTop, /e JIUIb YACTUYHO IMpeBpalia-
€TCsl B IPOAYKTHI peakiu. Beixoasias u3 peakropa cMech MPOAYKTOB PEAKLIAN
U HEMPOpPEarupoBaBIIETO ChIPbs HANPABISICTCS B MAacCOOOMEHHYIO pa3Jieiu-
TEJIBHYIO alllapaTypy, B KOTOPON MPOU3BOAUTCS Pa3AeI€HUEe CMECH Ha MPOAYK-
Thl pEaKLMKM U HEIpopearupoBasilee ceipbe. Ilociennee Bo3BpamaeTcss B peak-
TOP, & IPOYKTHI PEAKIIMH MOCTYNAIOT Ha JAIbHEHUIIYIO TepepadoTKy.

Hexonroe Peartmnonnas [TponyxTe
CBIPBE CMECh PazpenurensHan PEaRLIFH

Peaxtop

anmaparypa

Henpopearnpoeaemee ceipse

Puc. 1. CBsi3p peakTopa ¢ pa3AeTuTeNbHOI anmnaparypoi B TEXHOJIOTHUECKO cxeme

OcHOBa XMMHUYECKOTO POU3BOJCTBA — PEAKTOp — pabOTaeT ONTUMAb-
HO TOJIbKO B COYETAaHUHU C ONTUMAIbHO PabOTAIOIIUM Pa3eUTEbHbIM arpera-
TOM, U paboTa MOCIETHEr0 UMEET B XMMHUECKON MPOMBIIUIEHHOCTH HE MEHb-
1Iee 3HaueHue, YeM paboTa caMoro peakTopa.

B pa3menurensHOM arperate MOTYT IPOBOJUTHCA Pa3HOOOpa3HbIE MPO-
Hecchl. TeXHOJIOrM4ecKre MpPOLECChl, CKOPOCTh MPOTEKaHUsI KOTOPBIX OMpese-
JSIeTCS CKOPOCThIO TMEepeHoca BeliecTBa (Macchl) U3 OAHOW (ha3el B APYrylo,
Ha3bIBAIOT MACCOOOMEHHBIMU NPOYeCcamu, a armapaThl, TpeIHaA3HAYEHHbIE IS
IPOBEJCHUS ITUX MPOLIECCOB, - Maccoobmenubimu annapamamu. OCHOBHBIMU U
BOKHEUIITUMU MacCOOOMEHHBIMU TMPOLIECCAMHU SIBISIOTCS abcopOuus, pekTudu-
Kallys, S9KCTPAKIIM, KpUCTaIU3alus, aacopOLus, CyIKa 1 T.1.

Abcopoyueii Ha3pIBAETCS MPOLIECC MOTJIOIIEHUS ra30B WIKM MapoB U3 ra3o-
BBIX WJIM MApPOTa30BBIX CMECEH KUAKUMH MOTJIOTUTENIMU (a0copOeHTamu ).

Pexmughuxayus — npouecc pas3neneHus TOMOTEHHBIX CMECEi JIeTydnux
KUIKOCTEN MyTEeM JABYCTOPOHHETO Macco- U TEIMIO0OMEHAa MEXKIy HEepaBHOBEC-
HBIMU KMJIKOM M TapoBOil (hazamMu, MMEIOUIMMH Pa3IMYHyl0 TEeMIlepaTypy H

ABMXXKYHIUMHCS OTHOCUTCIIBHO APYT Apyra.



Oxcmpakyuell B IIMPOKOM CMbICIIE Ha3bIBAIOT MPOLIECCH] U3BJICYEHUS O/1-
HOTO WJIM HECKOJBKUX KOMIIOHEHTOB U3 PACTBOPOB WJIHM TBEPBIX TEN C MOMO-
1IbI0 U30UpaTEIBHBIX PACTBOPUTENIEH (IKCTPAreHTOB).

Kpucmannuzayueri Ha3pIBalOT BbIIENIEHUE TBEPI0OU (a3bl B BUAEC KPUCTAI-
JIOB, TJIABHBIM 00pa30M, U3 PaCTBOPOB U PACILJIABOB.

[lox aocopbyueii MOHUMAIOT TIPOLIECC MOMIOMIEHUSI OJHOTO MM HECKOb-
KUX KOMIIOHEHTOB M3 Ta30BOM CMECH WJIM paCTBOPA TBEPJAbIM BEIIECTBOM — aJI-
COpOCHTOM.

Cywixa — yJajneHue BJIard U3 TBEPbIX U MacTOOOpa3HbIX MaTEPHAJIOB.

O®OPMJIEHUE PACUETHO-TIOSICHUTEJIBHOM 3AITMCKU

PacueTHo-TIOsICHUTENIbHAS 3aICKA COICPKUT Pa3ACIIbl:

BBenenue

1. Texnomormyeckas cxeMa yCTaHOBKHU

2. MaccooOMeHHbIE pacyeThl

3aKIIFOYeHUE

Crucox uCcnoab3yeMon JIUTEpaTyphl.

Bo 66edenuu B kpatkoit hopMe HEOOXOUMO OMKCATH CYITHOCTh U Ha3Ha-
yeHrue aOCOpOIMOHHOTO Tpollecca, MPUBECTU OMpeAesieHue mpoiiecca abcopO-
[IUU, BUABI aOCOPOINH, MOHATHE AECOPOINH, MPUBECTH BHUJIBI alapaToB, B KO-
TOPBIX OCYIIECTBISIETCS MPOIlecC aOCOPOIMM U MX CPABHUTEIHHYIO XapaKTepH-
ctuky. Heobxonnmo Takxke yka3aTh pojib U MECTO B OTPAciy NOTpeOUTENs po-
IYKTa, MOJIy4eHHuEe KOTOPOro 00yCIIOBICHO 3aJJaHUEM Ha IPOEKTUPOBAHUE.

Texnonocuueckas cxema ycmawoeku BKIIOYAeT B ce0s €€ OMHCAaHUE C
YUETOM I0CJEI0BAaTEIbHOCTH OCHOBHBIX TEXHOJOTMYECKUX omepauuii. B omu-
CaHWM YyKa3bIBaeTCsl HA3HAYCHHE OTICNBHBIX CTaIWi TEXHOJOTHYECKOTrO TpO-
1[ecca ¢ yKa3aHueM COOTBETCTBYIOIIUX TO3HIINA MO CXEME.

Maccoobmennvie pacuemul BBITIOIHSAIOT C LIETBIO ONpPEACICHUS MOBEPX-
HOCTH MaccooOMeHa M rabapuToB MaccooOMEHHOro ammaparta. Bce pacuers

CIIEAyeT BBIIOJHATH 110 hopme [3].



B 3akniouenuu naetrcss aHanu3 IMOJIyYEHHBIX pPE3ylIbTaTOB, UX COOTBET-
CTBHS 3aJIaHUIO HA MPOEKT, a TAKXKE MPHUBOJATCS MPEATOKEHUS O BO3ZMOYKHBIX
NyTAX COBEPLIEHCTBOBAHMSI JAHHOT'O MIPOLIECCa U €ro anmnapaTypHOro odopmie-
HUS.

Cnucok ucnonvzyemou aumepamypuvl opopmiiseTcss B MOPAIKE yIIOMUHA-
HUs MyOJIuKauui B TEKCTE (HE MEHee S MepBOMCTOYHUKOB). OdopmiieHHe cChl-
JIOK TPEACTABIICHO B MPHJIOKECHUU.

O®OPMJIEHUE I'PAGUYECKON YACTU ITPOEKTA

I'paduyeckas yacTh IpoOEKTa AOHKHA comepikath 2 aucta (hopmar A4):

1) TEXHOJIOTUYECKYIO CXeMY MPOU3BOICTBA,

2) yepTex 0011Iero BUIa 000PYI0BAHUS.

O®OPMIJIEHUE CTIELIUDUKAIINIA

Ha yepresxe oOuiero Buaa ammapaTta A0DKHA ObITh BBINOJHEHA mabauya
HA3HAYEHUs] Wmyyepos, nampyoxkos, 2uib3 U Opyeux d1eMeHmos annapamd.
Texnuueckas xapaxkmepucmuka BKIIIOYaeT B ce0d Ha3HAUCHHUE anmnapara, o0beM
amnmnapara, pOU3BOAUTENBHOCTb, IJIOLAAb TOBEPXHOCTH TEINIOOOMEHA, MaKCH-
MaJbHOE JaBJICHHE, MAaKCUMaJIbHYIO TEMIIEPATypy Cpenbl, MOLUIHOCTh MPHUBOJIA,
Y4acTOTY BpaIlleHUs AeTaneil, TOKCHYHOCTh M B3PBIBOOIACHOCTH CPEJIbI M APYTHE
HeoOXoauMble aHHble. B mexuuueckux mpebosanusix Ha 4epTexe yKa3blBarOT
o0o3nauenue 'OCToB u TY, cornmacHO KOTOPBIM JOJIKEH ObITh U3TOTOBJIEH all-
napar, TpeOOBaHUS K UCHBITAHUIO HA MPOYHOCTH U MJIOTHOCTh CBAPHBIX IIBOB U
JIPYTUX BUJOB COECIUHEHMI; CBEACHUS O HEOOXOIUMOCTH TEIUIOBON H3O0JISILIMH,
TYMMHUPOBAHUSA U IPYTUX aHTUKOPPO3NOHHBIX MOKPHITUH. [lepeueHs cocTaBHBIX
yacTel U3enus cleAyeT BBIIOIHATh B BUAE TaOauibl. Hagnucu, TeXHUYeCKyto
XapaKTePUCTHKY, TEXHHUECKHE TpeOOBaHUS U TIepeueHb COCTABHBIX YacTel ciie-
ayeT BhIMONHATE 10 (opme [3]. TaOnuibl, TEXHUYECKYIO XapaKTEPUCTHKY |
TEXHUYECKHE TPEOOBAaHUA U MEPEUEHb COCTABHBIX YacTell CIeayeT pacrojiaraTh

HaJl OCHOBHOM HAJIIMCBHIO YEPTEXKA.



llepeuenv ocHoHbIX COCMABHbBIX Yacmeli U 21eMeHmo8 TEXHOIOTUYECKOU
CXEMBI pacIoyIaraloT Ha YEepTeX e HaJ OCHOBHOW HAANMCHIO Ha PACCTOSSHUM HE
MeHee 12 MM B BUJIE TaOIUIIbI. Vco6Hble uzobpasicerus u 0603uauenus mpyoo-
npo60006 NOKHBI ObITh pacIM(POBaHbI B TAOIUIIE YCIOBHBIX 0003HAYCHUM.

[MTOCJIIEAOBATEJIbHOCTH PABOTHI HAJI ITPOEKTOM

PaboTy Haj MpoeKTOM clieyeT HayuHATh C 0053aTeNbHOTO O3HaKOMJIe-
HUS C HA3HAYEHUEM TEXHOJOTMYECKOIO MPOILIEcca U €ro OCHOBHBIX CTaauil. 3a-
TE€M HEOOXOJUMO CeNaTh MAaCCOOOMEHHBIE PACYEThl PACCMATPUBAEMOI0 TEXHO-
JIOTUYECKOro mponecca. Ha 3akirouuTeNbHOM 3Tare KypcOBOTO IMPOEKTa BbI-
MOJIHSIFOTCS YEPTEKHU.

3AIIUTA KYPCOBOTI'O ITPOEKTA

3ammra KypcoBOro MpOEKTa OCYIIECTBIIIETCS BO BPEMsI 3a4ETHOM HEJIENH,
B BUJIC YCTHOT'O OTYETA B T€UCHHUE 15 MuUH.

OBIIME METOJIUYECKHUE YKA3AHUA HA TIPOEKTUPOBAHUE

TutynpHbIl nHCT odopmirgeTcs Mo 00pasily, KOTOPbIi HEOOXOIUMO CKa-
yaTth ¢ MOC caiita BUTU HUAY MUON.

O0beM KypcOBOro MPOEKTa JIOJKEH COCTaBJIATH He MeHee 20 cTpaHwil
TEKCTa, HAOPAHHOIO0 Ha KOoMIbloTepe. KypcoBol MPOEKT BBIMOIHSIETCS Ha JIU-
crax ¢opmara A4 mpudrom Times New Roman Nel4, Mex1yCcTpOUHBIH HHTEP-
Bas1 — nosyTopHbii (1,5). ITons: ceepxy u cHuzy no 2,0 cM, cieBa — 3,5 cwm,
cnpaBa — 1,0 cm. A63ansbiii otctyn 1,25 ¢M OT JIeBOM TpaHUIIBI TEKCTOBOTO
nosis. T. BelpaBHUBaHUE TEKCTa: 3aroJIOBKH riaB, maparpadoB, TEKCT pabOThHI -
M0 IIMPUHE; Ha3BaHUs TabIuIl — MO0 LeHTpy. HoMep cTpaHullbl CTaBUTCS BHU3Y
CTpaHuIilbl 1o 1eHTpy. [Ipu odopmiieHnn poekTa Helnb3s UCIOJIb30BaTh KUP-
HBIM MPUQT, KYPCHUB, MO TICPKUBAHNE, BBIICIICHUE IIBETOM.

B TekcTe pacueTHO-TIOSICHUTENIBHOM 3alMCKU JOJDKHBI OBITh CCBUIKM Ha
JUTEPATYPHBIC HICTOYHUKHU JIJISI BCEX PACUETHBIX (HOpMyI, GU3UIECKUX BEITUINH

Y IPYTUX JAHHBIX, B3ATHIX U3 JIUTepaTypbl. CCBUIKMA HA JIUTEPATYPY CIEAYET Ja-



BaTh B BHJI€ 3aKJIFOUEHHOTO B KBaJpPaTHbIE CKOOKH MOPSIKOBOIO HOMEpA UCTOY-
HUKA.

UepTeKu BBITTOIHAIOTCS B 3JIEKTPOHHOM BUJE MIPU TOMOIIY ITPOTPAMMHO-
ro obecneuenus: «Kommac» u pacreuatsiBatorcs Ha jucte popmarta A4. Tpebo-
BaHUS 10 BBIMOJHEHHUIO YEPTEXKEN TEXHOJIOTUUECKON CXEMbI 1 OCHOBHOTO amma-
parta u3JI0XKeHbI B [3].

[TosicHuTENbHAS 3aMMCKa BBITIOJIHSAETCS B paMKaxX: Ha CTPAHUIIE C COJEP-
’KaHheM paMka paBHa 40 MM, Ha BCEX OCTaJIbHBIX CTpaHULaX — |5 MM. 3anoJ-
HeHue pamku cienytomiee: XMTH. 00.00.000 II3 (BMecTo mepBbIX IBYX HyJeH
HEOOXOJIMMO yKa3aTh T'0Jl BBIMOJHEHUS] MPOEKTAa; BMECTO BTOPBIX JIBYX HYJIEH
HE0OXOIMMO yKa3aTh MOCJEIHNE MU(PPBI 3aU4eTKH; OCTAJbHBIEC HYJIU B MOSCHU-
TEJIbHOM 3alMCKH OCTaroTcsa 0e3 m3MeHeHus; 113 — mosicHuTeIpHas 3ammcka);
teMa npoekta; BUTU HUAY MUOU, rp. XMTH-43.

UepTeku BBITIOIHAIOTCS B paMKaX MIUPUHOW 55 MM. 3alOJHEHHE paMKH
cnenyromiee: XMTH. 00.00.000 CT wiu BO (BMecTo nepBbIX IBYX HYyJE HE0O-
XOJIMMO YKa3aTh T'OJl BHITIOJHEHUS MPOEKTa; BMECTO BTOPBIX JIBYX HyJell HE0O-
XOJIMMO YyKa3aTh MOCJeIHrUEe U(PBI 3a4ETKH; BMECTO TPEeX HyJied He0OXOAUMO
yKa3aTb HOMEp dYepTexka, Harmpumep Ui TexHosormyeckor cxemsl 001, s
yeprexka oomiero Buaa oobopynoBanus 002; CT — cxema texHomoruueckas; BO
— BUA 00mwif); rema npoekra; BUTU HUAY MUDU, rp. XMTH-43.

CryneHTsl 3a04HOM (HOpPMBI 00YUEHUS CIAIOT KypCOBOW MPOEKT HE TMO3/I-
Hee, YeM 3a 2 Hellenu /10 Havasia ceccuu Ha kadenpy «Dusuka u eCTeCTBEHHO-
Hay4YHBIC TUCITUTIIIUHBY.

Jns nomycka K 3allluTe CTYJIEHTa KypCOBOM MPOEKT MPOBEPSETCS HA aH-
turiaruatr. [lo TpeboBaHUIO K aHTUIJIArMaTy KOJWYECTBO OPUTHHAJIBHOCTU HE
OJKHO OBITE MeHee 50%.

KypcoBble IpOEKThI, UMEIOIIUE MTOJIOKUTENIbHBIE PELIEH3UH, JOTYCKAIOTCS
K 3alUTE, a MPOEKTHI C OTPULIATETLHOMN pelieH3ruel BO3BPAIlatoTCsl CTYACHTY Ha

TOpabOTKYy.



3AJAHHMA K KYPCOBbBIM ITPOEKTAM
Homep 3agaHus Ha KypcoBO€ MPOCKTUPOBAHUE BHIOMPACTCS WHIUBUIY-
aJIbHO IO BapUaHTaM, COOTBETCTBYIOIIMM MOCEAHEN HU]pe 3a4eTHON KHUKKH
CTyJeHTa; eciu nochenusis mudpa 0, To BapuaHT KOHTPOJIBHBIX 3amaHuii 10

(tabmn. 1). KypcoBoit mpoekT mpejjaraercsi BHINOIHUTh Ha TeMy «Pacuer ao-

COpPOIIMOHHOW YCTaHOBKUY.

Tabnuma 1
BapuaHTbl KOHTPOJIBHBIX 3aJJaHUH

Ne Bapuanra 112 (3|4 |5(6|78]9]10
Tun aGcopOIMOHHON KOJIOHHBI Haca0uHast
l'a3 KOKCOBBI
VY naBnuBaeMoe BEUIeCTBO OCH30JIbHBIC YTIICBOIOPOJIBI
[Tornorurens KaMEHHOYTOJIbHOE MAaCJIo
T[IpOKM3BOANTEIBHOCTD IO Ta3y MpH H.Y., M /¢ 212223124 |25(26|27 (28|29 | 30
KonieHTpaiusi 0eH30JbHBIX YTIIEBOJIOPOJIOB B rase
TpH H.Y., KT/M°:
- Ha BXoje B abcopoep, 1107 40 | 41|42 |43 |44 |45 |46 |47 | 48 | 49
- Ha BBIXOZE U3 aGcoplepa, -107 25(26(2,7128|29(3,0/3,1/3,2|33| 34
ConaeprxaHue yriieBoJOpOJOB B IOTJIOTUTEIEHOM 11131517 (19(10|12|14| 16 | 18
Maclie Ha BXoje B abcopoep, % (macc)
Temmeparypa B abcopOepe, °C 25|26 2728 29(30(31(32|33| 34
JlaBneHue raza Ha Bxoje B abcopbep, MIla 0,117 0,118
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