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PABOYAS NMPOrPAMMA YYEBHOWU OUCLUUMNITUHDI

B1.0.15 Xumnuyeckasa TexHonorusa

1. Koa n HaumeHoBaHue cneymnanbHocTn: 04.05.01 dyHgameHTanbHasa v NpuknagHas XuMms
2. Cneuymanusauma: dyHgameHTanbHasa xumms B npodeccmoHanbHoM o6pa3oBaHnm

3. Keanudumkauuma BbinyckHuka: Xumuk. [penogasartesie Xumumn

4. ®dopma oby4yeHusn: OyHas

5. Kadegpa, oTBevawwasa 3a peanumsauuio AUCLUMIUHBI:  BbICOKOMOSEKYNAPHbIX

COeVHEHNIN N KONIOUOHOW XMMUn

6. CoctaBuTenu nporpammsl: LLlectakoB AnekcaHap CtaHncnaBoBuY, 4.X.H., AOLEHT
Banabiwes Omntpun KOpbeBnY, K.X.H., OOLEHT

7. PekomeHpoBaHa: HMC xumundeckoro dakynbteTta, npotokon Ne 10-05 ot 22.05.2025

8. YuebOHbIn roa: 2027-2028, 2028-2029 CewmecTp(bl)/TpumecTp(bl): 6, 7



9. llenu n 3agaum y4e6HOM ANCLUMUNIIUHBI

Llensimu ocgoeHusi y4ebHOU OuCUUnIUHbI 811SF0MCS:
- hopMUPOBAHUE OCHOB MEXHOI02UYECKO20 MbILUEHUS;
- packpbimue 83auMOoC8s3uU MeXX0y pa3sumueM XUMUYEeCKOU HayKu U XUMUYeCKOU mexHoIo2uu;
- nodzomoeka 8blIrnyCKHUKO8 yHusepcumemos K pabome o co30aHuro nepcrieKmueHbIX MpPoyeccos,
Mamepuasios U mexHOI02UYECKUX CXEM.

3adayu y4yebHol ducyunuHbI:
- ¢hopmuposaHue  criocobHocmu
MmeXxHO102U4eCcKo20 rpouyecca;
- ghopmuposaHue criocobHocmu Haxoo0ums criocobbl PeweHuUst 3K0I02U4ecKUX npobrem, 803HUKaroWUX
rpu co3daHuu XUMUKO-MeXHO102U4eCKO20 Mpouecca;
- pazsumue criocobHocmu eblbupame Haubornee adekeamHbil criocob anrnapamypHoao 0ghopMIeHUSs
XUMUKO-MEeXHOI02U4eCKo20 npouecca.

onpedenambs  pauyuoHanbHbIU rnymsb co30aHusi  XUMUKO-

10. MecTo y4yeb6HOM AMcuUNUHbI B cTpyKType OOI:

O6sa3aTenbHas Yactb bnoka 1. QucunnnuHel (mogynu)

TpebosaHusi K 8X00HbIM 3HaHUSIM, YMEHUSIM U HasbiKaM: 3HaTb 6a30Bble pa3fernbl MaTeMaTukn, usnkm
N MPUKNagHOW MexaHuku, xumun, 6uonorun; ymeTb NpPOBOAUTL MaTemaTtudeckue, usndeckue,
XUMUYECKME N XMMWUKO-TEXHOMNOIMYECKNEe pacyeTbl C NpuBrAeYeHneM HeobxoaMMoro MaTemaTU4eckoro
annaparta, WU3NYEeCKUX U XUMUYECKUX OPMYyr, XMMUYECKUX peakumn. [AducumnnuHa sBnseTcs
npegLwecTByowwen Ans Kypca «BblcOKOMONeKynsipHble COeaNHEHUN .

11. MNMnaHupyemble pe3ynbTaTbl OOy4YeHMA MO AUcCUMNNMHE/MOAyMio (3HAHUA, YMEeHUS,
HaBblKU), COOTHECEHHbIE C MIaHMpPYeMbIMU pe3yfnbTaTaMU OCBOEHUA obGpa3oBaTeNlbHOM
nporpamMmbl (KOMNeTeHLUAMM) U UHAUKATOPaMN UX JOCTUXKEHUS:

Koga HassaHwne Koa(b1) MupmnkaTop(bl) MnaHvpyemble pesynbTaTbl 00y4eHNs
KOMNeTeHuun
OlK-1 | CnocobeH OlK-1.1 | Cucrematunampyet n | 3HaTtb:
aHanuanpoBaThb, aHanuanpyeT  pesynbTaTbl | OCHOBHbIE ~ 3aKOHOMEPHOCTU  XMMWYECKOW
WHTepnpeTnpoBaTb W XMMUWYECKNX SKCMEPUMEHTOB, | TEXHOMOMU Kak HayKw.
obobLatb HabnogeHun, namepeHun, a | BnvaHue XUMUNYECKMX npoLieccoB Ha
pesynbTaTbl Takke pe3ynbTaToOB | OKpyXatoLLyto cpeay.
3KCMEepPUMEHTAarbHbIX pacyeToB CBOWCTB BeLlecTB | YMeTb:
" pacyeTHo- W martepuanos COOTHOCUTE ~ TeopeTuyeckue  3HaHWs C
TeopeTnyeckux pabot NPaKTU4eCKNMmn 3agadvamu XMIMUYECKOM
XMIMUYECKOM TEXHOMOTUN.
HanpaBneHHOCTU JokymeHTnpoBaTh pesynbTaThl
9KCMNEPUMEHTOB N PacYETOB B COOTBETCTBUM C
Hay4HbIMU CTaHOapTaMu.
BnapeTtsb:
HaBbikamu paboThl c COBPEMEHHbIM
nabopartopHbiM 0b6opyfoBaHNEM ANs aHanu3a
" MOOENMPOBaHWA TEXHONOTMYECKUX
npoLEeCcCcoB.
OrnkK-1.2 Mpennaraet 3HaTb:
WHTEepnpeTaumo CoBpeMeHHble MoaxoAbl M TEXHONorMM Ans
pe3ynbTaToB COOCTBEHHbLIX | CO34aHUs  maTepuanoB C  3afaHHbIMU
3KCMEPVMMEHTOB N Pac4eTHO- | CBOMCTBaMMW.
Teopetndeckux pabot ¢ | AkTyanbHble Npobnembl U pelleHns B obnactu
UCrnonb30BaHNeM 3HEPreTVKN N pecypcocoepexeHms.
TEOpPETUYECKUX OCHOB | YMmeTb:
TPaguMUMOHHBIX U HOBbIX | Mcnonb3oBaTe nabopatopHoe obopyaoBaHve
pasgenos XMMum ONsi NPOBEAEHUS NCCNefoBaHNN.
Bnapetb:
MeTtogamu nowvcka " aHanusa
npogeccnoHanbHoN MHopmaLunu.
OlMK-1.3 | ®opmynupyeT 3akmoyeHns n | 3HaTb:
BbIBOAbl MO pe3ynbTatam | [MpuUMEHeHUE XMMUYECKMX OOCTUXKEHUA B
aHanusa nMTepaTypHbIX | Pas3nMYHbIX OTPaCnsiX, TakUX KaK Cenbckoe
OaHHBbIX, COBCTBEHHbIX | XO3AWCTBO M NPOMbILLIIEHHOCTb.
3KCMEPMMEHTAIbHbIX n | Ymetb:
pacyeTHO-TEOPETUYECKMX WHTerpvpoBaTb  3HaHWA U3 pasfUYHbIX
pabot XMMUYecKon | obnacten Hayku [Ong  peleHust  XUMUKO-
HarnpaBNeHHOCTU TEXHOMOIMYECKMX 3a4au.




Bnapetb:

HaBblkamn  3(phekTUBHOIO  UCMONb30BaHUS
WMHPOPMaLMOHHbBIX pecypcoB B
npocpeccnoHansHoOM AesTensHOCTU.

OlK-2 | CnocobeH nposognts | OlMK-2.1 Pabotaet ¢ xumuyeckumu | 3HaThb:
XUMUYECKNIA BelllecTBamMu c | Tunbl 4pe3BblYaMHbLIX CUTYaLWA, MPUCYLLMX
3KCMNEPUMEHT c cobntogeHnem HOPM | NMPOMBbILLIIEHHBIM Npon3BoACTBaM "
ncrnonb3oBaHNeM TexHuKn 6esonacHocTu nabopaTopHbIM YCIOBUAIM.
COBpPEMEHHOIo DU3NKo-XUMUYECKME 1 TOKCUKONOrm4yeckme
obopynoBaHus, CBOWCTBa OMacHbIX BELLECTB.
cobntopgas HOPMBbI YmeTb:
TEXHUKN MpumeHsaTb adhdekTMBHbIE MeToAbl 3alUThl
6esonacHocTn OT BO3OENCTBMSI TOKCUYHBLIX W OMacHbIX
BELLIECTB.
OkasblBaTb NEPBY MOMOLLb NPU MHUMAEHTAX,
CBSI3aHHbIX C BO3OEWCTBMEM  XUMUYECKUX
BELLIECTB.
Bnapetb:
KomneteHumamm ©6e3onacHoro BeOEeHUs
nabopaTopHbIX pabor, BKItOYasi
UCMofb30BaHNe CpPeacTB  MHAMBUAYarNbHOWN
3aLMUTHI.
OlK-2.2 | WcnonbayeT cyuwiecTByolime | 3HaTb:
n paspabatbiBaeT HOBble | OKOMorMyeckme  acnektel U Npobnemsl,
METOOUKM  MONyYeHUss U | CBsi3aHHble C NMPOW3BOACTBOM U NMPUMEHeHem
XapaKTEPUCTUKN BELLEeCTB M | XMMUYECKMUX NPOAYKTOB, a Takke cTpaTerum ux
MaTepuanoB Ans PELeHUs | peLLeHus.
3ajad  npodeccrmoHarnbHou | YMmeTb:
neaTenbHOCTU CosgaBaTb W BHegpsTb METOAMKM  Ans
CMHTE3a W aHanmMsa HOBbIX BELLeCTB W
MaTepuaros.
OpheKkTMBHO yCTpaHATL NOCNEACTBMSA yTedek
XMMWYECKNX PEareHToB.
BnapeTb:
HaBbikamu paboThbl c COBPEMEHHbIM
nabopartopHbiM obopyanoBaHvem ons
NPOBEAEHUS  TOYHbIX  OKCMEPUMEHTOB WU
aHanusa CBOWCTB BELLECTB.
OrlK-2.3 Mposogut vnccnenoBaHust | 3HaTb:
CBOWNCTB BELLECTB n | MpyHumnbl  3ddekTMBHOrO KU Ge3onacHoro
maTtepuanos C | yNnpaBneHusi TEXHOreHHbIMW CcUCTEMamMn U
NCMoNb30BaHNEM nepexofa Ha 6e30TXoaHbIE TEXHOMOMMN.
COBPEMEHHOIO Hay4Horo | YmeTb:
o6opynoBaHus SkcnnyaTMpoBatb  COBPEMEHHOE  HayyHoe
obopynoBaHve ans AeTanbHoro
nccnegoBaHusi CBOMCTB MaTepuarnos.
Bnagetb:
HaBblkaMn NpOBEAEHUs] 3KCMEPUMEHTOB C
HEYKOCHUTENbHLIM  COBMOAEHMEM  NpaBun
TEXHUKM 6e30MacHOCT W UCMOoSfb30BaHWMEM
nepenoBoro 06opyaoBaHus.
OrlMK-3 | CnocobeH npumeHaTts | OlK-3.1 | MNpumeHsieT TeopeTuyveckue | 3HaTb:
pacyeTHo- " nonyamnupuyeckme | MpuHuMnbl  annapatypHoro  odbopMIeHus
TeopeTnyeckne MoZenu npu pelleHun 3agad | nabopatopui XMMUKO-TEXHOSIOMMYECKOTO
MeToabl ans XUMUYEecKom npocurns.
n3yyeHus CBOICTB HanpaBneHHOCTU OcobeHHOCTM  3KchnyaTauuum  YCTAHOBOK U
BELLEeCTB n annaparypbl B XMMUYECKUX NMPON3BOLACTBAX.
npoueccoB c WX YmeTb:
y4yacTuem, Mcrosnb3ys Onpenensite  ONTUMarbHble  yCNoBUs  Afis
COBpPEMEHHOE NpoBeAEHUSI TEXHOMOMMYECKMX MPOLECCOB.
nporpaMMHoe Pewatb Tunoeble 3agaum B obnactu
obecneyeHve 1 6asbl XMMUYECKOI TEXHONOTUN.
OaHHbIX BnapeTb:
npodeccrnoHarnbHOro TexHukoh  paboTbl Cc  nabopaTopHbIMU
HasHayeHus! yCTpOWCTBaMMK, ncnosb3yembiMu B
XMMWYECKOW TEXHOMOTUN.
OlMK-3.2 | Wcnonb3ayetr  ctaHgapTHoe | 3HaTb:
nporpaMMHoe obecnedeHve | TpeboBaHWa K annapatype W UCTOYHUKK
" cneunanmampoBaHHble | NOrpeLuHoCTeN B HUBUNKO-XMMUYECKMX
6a3bl AaHHbIX NPU pelleHnn | MeTogax.

3agavy  npogeccuoHanbHom

Mpo6nembl BOCMPOWU3BOAMMOCTY pe3ynbTaToB




AeATenbHOCTU

B XMMUYECKOI TEXHONOMM.

YmeTb:

OcbhekTMBHO UCMonb3oBaTh  MporpamMmmHoe
obecneveHne 1 6asbl AaHHbIX ONS peLlleHus]
npodeccroHarnbHbIX 3aaad.

Bnapetb:

MeTogamu pernctpauum n o6paboTKM AaHHbIX,
NOSy4YeHHbIX c MCMNoNb30BaHNEM
nabopaTtopHoro obopyaoBaHus.

Cnocobamu COBEPLLEHCTBOBAHUSA
NpodecCcMoHarnbHbIX 3HaHUA N HABLIKOB Yepes3

MHPOPMaLMOHHbIE PECYPCHI.

12. O6beM gucumunnuHbI B 3a4eTHbIX eauHuUax/yac. — 6 /216.

Popma NpoMeXyTOHHOM aTTecTauumn 3ayem c oueHKol, IK3aMeH

13. TpyAoeMKoCTb Mo BuAam y4yeoHom paboTbl

TpyaoemKkocTb
Bug yueGHown paboTbi Bcero Mo cemecTpam
6 cemecTp 7 cemecTp
AyauTOpHbIE 3aHATUSA 128 54 74
nekuum 54 36 18
B TOM 4ucne: npakTu4ecKne 18 18 -
nabopaTtopHble 56 - 56
CamocTosTenbHasi pabota 52 18 34
B TOM 4ucne: kypcosasi pabota (NnpoekT) - - -
dopma NpOMEXYTO4HON aTTecTaumm 36 - 36
(3a4em c oyeHkou; s3k3ameH — 36 yac.)
Wtoro: 216 72 144

13.1. CopepxxaHue AUCLUMNIIUHDI

Peanusauunsa
pasgena
Ne n/n HaumeHoBanue pasnena CopepxxaHue pasaena gUCLMNINHBI AncunninHbL €
OVCLMNINHBI NMOMOLLIbIO
OHNawH-Kypca,
OYMK*
1. Nekuun
Paspgen 1. O6was xumunyeckas TexHonorus (6 cemectp)
1.1 Xumnyeckas  TexHomnormss 1 | 1. OCHOBHbIe onpeaesieHUs U NONOXEeHMUS. JYMK
XUMNYECKOE NPON3BOACTBO Xumnyeckas TexHonornst. O6bEKT XMMUYECKON TEXHONMOIMK. | «XMMmyeckas
MexoTpacneBo  xapakTep  XMMWYECKOW  TEeXHONOrMW. | TEXHOMOorus
Passntne  xvmudeckmx npousBoactB M xumwudeckon | (Pr1X)»
TEXHOMOTNK. MecTto XMIMUYECKOMN TEXHOMOoru B | https://edu.vsu.ru/

NPOMBILLIEHHON cdepe Y METOAOB XUMUYECKON TEXHONOMMK
B HEXMMUYECKUX OTPACHSX MPOMbILLNEHHOCTU. CUCTEMHBI
aHanu3 CIIOKHbIX CXeM W B3aMMOLEWCTBUIA 3rEeMEHTOB
CXeMbl — MOHSITUE W coaepxaHue metopa. duamyeckoe u
MaTeMaTU4yeckoe  MOLENWPOBaHWE,  ONpederieHue U
OCHOBHbIE TMOHSTWSI, UX MECTO B WHXEHEPHO-XMMUYECKUX
uccrefoBaHusix U paspabotkax. Mecto W 3HaueHve
HaTypHOTO U BbIMUCTIUTENBHOMO 3KcnepuMeHTa. CoaepxaHve
1 3agaun y4eBGHoro Kypca.

2. Xumnyeckoe NponsBoaCcTBO.

MoHaTne o XUMUYECKOM NpOU3BOACTBE.
MHOroYHKLMOHANBHOCTL  XMMWYECKOTO  MPOU3BOACTEA.
O6Luas cTpykTypa XuMudeckoro npoussofctsa. OCHOBHble
MOACUCTEMbI  XMMMYeckoro  npousBoacTBa.  OCHOBHble
TEXHONOMMYECKNE KOMMOHEHTbI XMMUYECKOrO NPOW3BOACTBA.
KauecTBeHHbIE U KONMUYECTBEHHbIE MOKA3aTeNU XUMUYECKOTO
Npou3BOACTBA: TEXHOMNOTUYECKME, 3KOHOMMUYECKHE,
3KcnryaTauuoHHble, couuancHble.

3. CbipbeBble pecypchbl, BoAa U 3Heprusi B XMMU4YeCKOM
npousBoAcCTBe.

Knaccudvkaumsi CbipbeBbIX PECYPCOB MO pas3nuyHbIM
npuaHakam — Ha3oBOMy COCTOSIHUIO, MPOUCXOXKAEHWUIO,
UcTouHMKaMm. MwuHepanbHoe cbipbe (pyAbl U MOne3Hble
“ckonaeMble), OpraHUYeckoe MpUpPOJHOE Cbipbe (roproyvie

course/view.php?i
d=2311




MCKOMaemble), pacTUTENbLHOE U XMBOTHOE Cbipbe, BTOPUYHOE
cblpbe — X wucnonb3oBaHWe W Nyt nepepaboTku.
OcHoBHble ~ cnocobbl  MepBuMYHOM  0BPaboTKM  Cbipbs
(oboralleHne, o4ncTka, MOAroToBKa K TPaHCMOPTUMPOBKE WU
nepepaboTke). MoHATNE, CYLLHOCTb U NpUMepbI Yriy6reHus
NCMOMb30BaHNA Cbipbsi, KOMOMHMPOBaHWA MNPOW3BOACTB U
KOMMIIEKCHOMN nepepaboTku ChIpbS. 3HayeHune "
UCMonb3oBaHNWe BOAbI B  XUMWYECKUX MPOM3BOACTBAX.
McTtouHukn Bogbl. TpeboBaHMS K  TEXHONOrMYECKOW WU
ObiToBoM BoAe. [MpombilneHHass MOAroToBKka BOAbl U
MeToabl ee o4YucTkm oT npumeceir. OCHOBHblE MeTOAbI
KOHTpOns KadecTBa BOAbl. DKOHOMMSI BOAOMNOTPEONEHns B
npoussoacTee. BopoobopoTHble cuctembl.  Bugbl  wu
WUCTOYHMKM 3HEPrMM B XMMWUYECKOW MPOMBILLIIEHHOCTHM.
Macwrtabbl noTpebneHuss ©  cnocobbl  YMEeHbLUEHUS
3HEpPreTnyYeckmx 3aTpar. CyLHOCTb " npumepsbl
pereHepaumm " pekynepaumm aHepruu.
OHeproTexHonormyeckne CUCTEMBI. BTopuyHble
3HEpreTnyeckme pecypcsbi.

1.2

Teopetnyeckune
XUMUNYECKUX
peakTopoB.

OCHOBbI

npoLieccoB

n

1. OCHOBHbI€ onpeaeneHUsa 1 NOoJIoXKeHus.
DdursnKo-xummn4eckme 3aKOHOMEPHOCTU XUMUYECKNX
npesBpaLleHnii — CTEXMOMETPUYECKME, TEPMOANHAMUYECKNE,
KnHeTuveckme. [lokasaTenu XMMUYECKOro npeBpalleHuns —
cTeneHb NpeBpaLleHnsi, BbIxod NpoayKTa, UHTerpanbHasi v
oudbdepeHumanbHaa CenekTMBHOCTU, CKOPOCTU peakuun 1
npespaLLeHnst peareHToB.

2. Xumunyeckue npoueccsil.

Onpepenenue. Knaccudukaums XMMMYeckux npoLeccoB no
pasnuYHbIM NpU3HaKaMm — XUMUYECKUM (BUA XMMUYECKON
peakumu, TepMoaAMHaMUYECKME XapaKTEPUCTUKKM, Cxema
npespaLleHrin) n ¢asoBbIM (YMCNO 1 arperatHoe COCTOAHME
das).

[OMOreHHbIN  XMMWYECKMIN  MpoLiecc. Onpepenexne wn
npumMepbl. BnvgHue XuMmnyeckux mnpusHakoB W YCrOBWN
npoTtekaHus npouecca Ha ero nokasatenn. Cnocobbl
WNHTEHCMdMKaLMN.

lMoHaTMe  onTumanbHbIX  Temnepatyp.  OnTumanbHble
Temnepatypbl And obpaTumbiX M HeOBpaTUMbIX 3K30- U
3HOO0TEPMMYECKMX PeaKLMA.

[eTeporeHHbI (HekaTanUTUYECKNA) XMMUYECKUA MNpoLecc.
Onpenenenne u npumepbl. CTpykTypa npouecca u ero
cocTasnswoLwme (ctragun). Habntopaemas CKOPOCTb
XUMNYECKOTO npeBpaLLeHust. O6nactn (pexumbl)
npoTekaHus npolecca, MMMUTUPYOLLAsa cTagus.
[eTeporeHHbIn xMmMu4eckun npouecc "ra3 (KMOKOCTb) —
TBEpAOE". ObocHoBaHue, NOCTPOEHNE [ aHanus
MaTemaTM4eckoh Mogenu Ans peakuun ropeHus (Mogenb
"oxumarowanca cdepa") m Tonoxmmmyeckon (mogenb "
HeB3aumogencTeyolwmm sapom”). Habniogaemasa ckopocTb
npeBpaLLeHuns, BpeMs npespaLleHns " nyTm
WHTEHCMMUKAUMN ONS  pasnuyHbIX obnacTten npoTekaHus
npotecca.

[eTeporeHHbIn XMMUYECKMn npouecc "ra3 (KMOKOCTb) —
xngkoctb".  OOOCHOBaHME, MOCTPOEHME U  aHanu3
MaTeMaTu4eckon mMoaenw. Habntopaemas CKOPOCTb
npespalleHMs u obnactm npoTekaHus npouecca. [lyTu
WMHTEHCMdUKALMKN O pasnMyHbIX PEXXMMOB MpoLiecca.
KaTanutnyecknin npouecc. OnpegeneHune, knaccudukauus,
npumepbl. [eTeporeHHbIn KaTanus Ha TBEPAOM
katanmsatope. O6ocHOBaHME, TMOCTPOEHME W aHanu3
MaTemMaTM4YecKkorn MOOEeNnn Ha KaTanuTUYEeCKOW MOBEPXHOCTU
M B TMOpPUCTOM 3epHe KaTtanusatopa. Habniogaemas
CKOpOCTb NpeBpaLlleHus n obnactu npoTekaHusi npolecca.
CreneHb UCMONb30BaHUSA BHYTPEHHEW noBepxHocTu. [lyTn
WHTEHCHdMKaLMN KaTanMTUYECKUX MPOLIECCOB.

3. Xumunyeckue peaktopbl.

OnpepeneHne © HasHaYeHME XUMWYECKOTO peakTopa.
Peaktopbl B XMMWYECKMX U HEXUMWYECKMX OTpacrsx
npoMbILLNeHHoCTM. O630p TUMOB XMMUYECKUX PEAKTOPOB, UX
CTPYKTYPHblE 3reMeHTbl (peakLMOoHHasi 30Ha, YCTPOWCTBA
BBOJA W BbIBOAA, CMELLEHWS, pa3feneHnsi 1 pacrnpegeneHus

QYMK
«Xnmmyeckas
TexHonormnga
(DrX)»
https://edu.vsu.ru/
course/view.php?i
d=2311




MOTOKOB, TeNI00bMeHHble 3MeMeHTbI), OCHOBHbIE NPOLECChI
N SABMNEHNSI B HUX.

Cuctematusaums npoLeccoB B XMMMYECKOM peakTope Mo
MacwTaby ux NpoTeKaHusi:  XMMUYecKass  peakuus,
XMMWYECKMIA NPOLLECC B dnieMeHTapHOM o6beme, NpoLecchbl B
peakUMOHHOM dneMeHTe W B peakTtope B LENoM, WX
B3aMMOCBSI3b 1 Mepapxuyeckasi CTPyKTypa MaTemaTnyeckon
Mogenu npouecca B peaktope. [Mpumepbl NpoLeccoB B
pasnu4HbIX BUAAX XUMUYECKMX PEAKTOPOB.

Knaccudukaumsa npoueccoB B peakTopax Mo pasnuyHbIM
npu3Hakam — BWO XMMWYECKOro npouecca, opraHusauus
MOTOKOB peareHToB (CxemMa [OBWXKEHUSI pereHToB 4epes
peakTop, CTPyKTypa TMOTOKOB B PeaKUMOHHOW 30He),
opraHv3aums TennoBbIX MOTOKOB (TENOBOW pexuM, cxema
TennoobmeHa), cTaLMoHapHOCTb Npouecca.

O6ocHOBaHME M MNOCTPOEHME MaTemMaTU4eckoW MOAENU
npouecca B peakTopax pasnMyHoOro TuMna Kak CUcTembl
ypaBHEHW MaTepuanbHOro U TennoBoro 6GanaHCcoB Ha
OCHOBE [aHHbIX O CTPYKType MOoToKa, XMMWUYECKNX
npeBpaLLeHnsiX, SBNEHNAX rnepeHoca Tenna v Bewectsa U
ux B3aumogemctesuu. Cuctemartm3aumsa u knaccudpmkauusi
MaTemMaTU4eCcKnx MoAenen npoLeccoB B peakTopax.
M3oTepmmyeckue npoueccbl B XMMUYECKOM  peakTope.
BrnivsHne cTpykTypbl  MOTOKa (uaeanbHOE CMeLLeHVne U
BbITECHEHUE), CTaLMOHAPHOCTM npouecca (MPOTOYHbIN 1
nepnuoanyecknii), napamMeTpoB W YCroOBUA NPOTEKaHWA
npouecca (TemnepaTypa, KOHUEHTpauus, gasneHue, obbem
PEaKkLUMOHHOM 30Hbl, BPEMsl), BuOa XMMUYECKOM peakumm
(npoctaa n cnoxHas, obpatumas m Heobpatumas) n ee
napameTpoB Ha MpodunM KOHUEHTpauui 1 nokasatenu
npouecca B peakTope (CTeneHb npeBpalleHns, BbIXOA
NpoAyKTa, CENeKTUBHOCTbL NpoLiecca).

OcHoBbl pacyeTa npouecca B peaktope. ConocrtaBneHue
3(hPEKTMBHOCTM NPOLIECCOB B peakTopax, OnucbiBaeMbIX
MoensaMU naeanbHOro CMELLEHNS U BbITECHEHWS.
HensoTepmuyeckne npoueccbl B XMMUYECKUX peakTopax.
OpraHn3aums TennoBbIX NMOTOKOB N PEXMMOB B XUMUYECKMX
peakTtopax. PacnpegeneHue temnepaTtypbl, KOHLEHTPALUA 1
CTeneHn npeBpalleHnss B peakTope B pexnMax maeanbHoro
CMEelleHNss W  BbITECHEHWs, agmabaTtmdeckom U C
TennoobmeHom.  CBA3b  Temnepatypbl U CTEneHu
npespaLLeHns B agnabaTnyeckom npouecce.
ConocraBrneHne C M30TEPMUYECKMM pPexXumom. Ymcno un
YCTOMYMBOCTb  CTALMOHapHbIX PEXMMOB B peaKkTopax
naeanbHOro CMeLLeHs.

4. NMpoMbILLIeHHbIE XUMUYECKME PeaKTopbl.

Ha KOHKpeTHbIX npumepax NpeaMeTHO paccMaTpuBakoTCA
NPOMBILLUIIEHHbIE PEaKTOPbl ANA MPOBEAEHWUST TOMOTEHHbIX,
rETEPOreHHbIX W  KaTanuTUYecKMx MpoLeccoB — TuMbl
peakTopos, KOHCTPYKTUBHbIE XapaKTepUCTUKU "
0cobeHHOCTM pexxuma, 06nacTu Ncnonb3oBaHWS.

1.3

Xnmnyeckoe npon3BoacTBoO,
KaK XUMUKO-TEXHOJIOrn4yeckasa
cucrtemMa.

1. CTpyKTypa M onucaHue XUMMUKO-TEXHOJIOTMYECKOW
CcCUCTEMBI.

XMn4yeckoe npomn3BOACTBO KaK XMMMKO-TEXHOSOrMYyeckas
cuctema (XTC). MNonsatue cuctembl n XTC. CoctaB XTC:
arNeMeHTbl, CcBfA3W, nogcuctembl.  3nemeHTbl  XTC,
KnaccudvkaumMa Mo BuAy MPOLECCOB U Ha3HAYEHWIO.
TexHonornyeckne cBA3mM  anemeHtoB  XTC  (NOTOKM).
MNocnenoBaTenbHas, napannernbHas, pa3BeTBIEHHas,
nocnepoBaTenbHO-06BoaHan (bavinac), obpaTtHas (pewmkn)
TEXHONOrMYeckne cBssn. X cxembl N Ha3Ha4YeHue.
Onucanve XTC. Bugbl mogenenr XTC - onucaTenbHble U
rpacmyeckme. OnucatenbHble MOgENN — XMMUYECKas cxema
M matemaTuyeckass mogenb. [padwudeckme mopenn —
(byHKUMOHarbHas, TEXHOMNorm4eckas, CTpykTypHast u apyrue
(cneumnanbHble) cxembl. HasHaveHve, npuUMeHeHne n
B3aMMOCBSI3b Moaenen.

2. AHanus XTC.

MoHaTre, 3agaum u pesynbTaTtbl aHanm3a XTC — cocTosiHne
XTC, maTepuanbHbIii 1 TennoBon 6GanaHcbl, nokasaTenuv
xvmMmyeckoro npomussogctBa. CeorictBa XTC Kak CUCTEMBbI:

QYMK
«XrMmn4eckas
TexHonorns
(PrX)»
https://edu.vsu.ru/
course/view.php?i
d=2311




B3aMMOCBSI3@aHHOCTb ~ PEXMMOB  3NIEMEHTOB,  pasnuuve
ONTUMAnbHOCTU 3fNEeMEHTa OAMHOYHOMO M B CUCTEME,
YCTOMYMBOCTb U CYLLECTBOBaHUE CTaLMOHaPHBLIX PEXUMOB U
Aap.

MatepuanbHbli 1M TennoBol  GanaHcbl.  MeTtoawka
COCTaBMEHMS M pacdeTa MaTepuanbHbIX W  TEnnoBbIX
6anaHcoB XTC wn ee nogcucrtem. OcobeHHOCTM pacyeTta
OanaHcoB B cxemax C peuumkrnioM. ®opmbl NpeacTtaBrneHns
6anaHcoB (Tabnuubl, Anarpammel 1 gp.).

MatepuanbHbii ~ 6anaHc  ans MacCOOOMEHHbIX 1
peakUMOHHbIX 3N1EMEHTOB. Mcnonb3oBaHue
CTEXVOMETPUYECKUX, TEPMOOAUHAMMYECKNX U MeKdasHbIX
GanaHcoBbIX  COOTHOLWIEHUA. CTeneHb  MCNosb30BaHUS
ChbIPbEBbLIX PECYPCOB.

OHepreTnyeckuii (No NonHom aHeprn) 6ananc n K.

3. Cunre3 XTC.

MoHatme wn 3apgaunm cuHTe3a XTC. OcHoBHble a3Tanbl
paspaboTtkm XTC. Porb mMaTtemMaTtUyeckmx U 3BPUCTUHECKUX
MEeTO0B.

OcHOBHble  KOHUenumun npu  cuHTese XTC: nomnHoe
MCNONb30BaHME CbIPbEBbIX W 3HEPreTUYEecKUX pecypcoB,
MUHMMM3AUMST  OTXOAOB, ONTMMAarbHOE UCMOoNb3oBaHWe
annapatypbl. WX cogepkaHne u cnocobbl peanusauuu.
KomBuHupoBaHHbIe NpoOV3BOACTBA, COBMELLEHHbIE
npouecchl, BTOPUYHbIE 3HepreTMyeckme pecypchl,
3HEproTexHonormyeckne cuctemol, nepectpavsaemsie XTC,
3aMKHYTble, ManooTXodHble MPOU3BOACTBA — WX MOHATMS,
0COBEHHOCTU N NPUMEHEHNME.

OgaHopoaHble TEXHONornyeckmne CXEMbl: cucrtema
pekynepaTMBHOroO TennoobmeHa, cucTtema pasgeneHuvs
MHOIOKOMMOHEHTHOW CMecK, cuctema peaktopoB. OCHOBbI
NOCTPOEHUS UX ONTUMaIrbHOW CTPYKTYPbI

1.4 MpoMbiWwneHHble  xuMmmnyeckne | PU3NKO-XMMMYECKME  OCHOBbI  KOHUenuum  noctpoeHus | AYMK
npon3BoACTBa. TEXHOJTOMMYECKON CXeMbl MPOM3BOACTBA M €ro noAcuctem. | «XmmMmuyeckas
TexHONOrmMm OCHOBHbBIX OPraHWYeCKMX W HEOPraHUYecKux | TexHororns
NPOAYKTOB. (DMX)»
https://edu.vsu.ru/
course/view.php?i
d=2311
1.5 CoBpemeHHble TeHOeHuuMn B | Tekyllee COCTOSHUE XUMWYECKOW MPOMBILNIEHHOCTH B Mupe | AYMK
pasBuTUn XUMWYECKOW | U TeHAeHUun ee pas3BuTus. [lepCrneKkTMBHbIE WCTOYHUKU | «XMMUYeckas
TEXHOMNOrNM. OcHoBBI | Cbipbsi 7 3Heprum. Knacrtepusauus XUMUYECKON | TEXHOMOrUS
NPOMBbILLIIEHHON 3KOMOTnMn. npombiwneHHocT. CoBmelleHHble npouecchl. [nbkme un | (Pr1X)»
nepectpavBaemble  TexHoOmorumyeckme cxembl. Hosble | https://edu.vsu.ru/
XMMMKO-TEXHOMNOIrMYeCckMe npouecchbl U cnocobbl nonyyeHus | course/view.php?i
NPOAYKTOB. d=2311
[MpoMbIlNeHHasa 3KOMOrMsa: OCHOBHble MNOHATUS. MeToapl,
HOpPMaTVBHasA AOKYMEHTaLMS.
Paspgen 2. MNpoueccbl n annapaTtbl XMMUYECKUX Npou3BoAcTB (7 ceMmecTp)
1.6 OCHOBbI r’MOPOMEXAHMKUN U BeeneHne. OCHOBHble TMOHATMA U 3aKkoHOMepHocT | QYMK
TPaHCNOPTMPOBKA XNOKOCTEN OUCUMNNKUHBI  Mpoueccbl M annapaTtbl  XMMUYECKOM | «XMmu4yeckasi
TexHonorun. Knaccudpukaumsa npoueccoB. HenpepbiBHbIE U | TEXHONOrna
nepuoguyeckme, CTaumMoHapHble ¥ HecTaumoHapHbie | (PrX)»

npoueccol. XKuakoctu u rasbl. VigeansHas xugkoctb. Cunel,
OENCTBYOWME B XUOKOCTU. HanpsikeHust B KUOKOCTAX U
rasax (TaHreHuwanbHble U  HopMmanbHble). Mopgenb
HenpepbIBHON cpenbl. [NoHaTHe domaundeckoro
aneMeHTapHoro obbema. OnddepeHumnansHas "
WHTEerpansHasi hopma ypaBHEHUS HEPA3PbLIBHOCTMY.

BanaHc cun npu ABWKEHUM BA3KOWN HEC)KUMAEMOW XKUOKOCTU.
YpaBHeHne HaBbe-CTokca M ero usnyecknin Ccmbich.
YpaBHeHNEe [OBWKEHUSI uMOeanbHOM >XMAKOCTU  Ownepa.
OuddepeHumnansHele ypaBHeEHWS paBHOBecus Junepa.
Mmppoctatuka. [pakTuyeckne MpUNOXKEHUs  OCHOBHOIO
YPaBHEHUS TMAPOCTATUKU.

MmppoouHamuka. OHepreTudecknii 6anaHc cTaumoHapHOro
OBWXEHWS naeanbHon XnakocTu. YpasHeHve bepHynnu ans
uwaeanbHoOM W pearnbHOM XuakocTun. Ero npaktuyeckue
NpuUnoXeHust  (McTedeHne  xuagkoctew, Tpybka  [MuTo-
MpanaTtnsa). MNpyHUMNBl N3MEpeHUs CKOPOCTEN M pacxodoB
XWUOKOCTU OpoccenbHbIMU npnbopamm "

https://edu.vsu.ru/
course/view.php?i
d=2311




nHeBMOMeTpuyecknmmn Tpybkamu. OnpegeneHne pacxonos
NpU NCTEYEHUM XXNOKOCTEN Yepes OTBEPCTUS UMK HACaaKu.
OCHOBHble MOHATWSA  rMagpoAvHaMuKK.  [mapaBnUYecKun
paguvyc W 3KBMBaneHTHbIN AuvameTp. [mapoauHamuyeckue
PEeXUMbl  OBWKEHUS  XWOKOCTEN:  faMUHapHbin - 1
TypbyneHTHbIA. OnbITbl PeHonbaca. Yncno PenHonbaca u
ero kputuyeckne 3HadveHusi. [loHsiTMe TypOyneHTHOCTU.
MpencraeneHns o rmapoguHamMmYeckom NorpaHUYHOM croe
npu TevyeHun no Tpybam n kaHanam v npu obTekaHun Ten.
PacnpegeneHune ckopocTel no paguycy TpyObl NOCTOSIHHOrO
cevyeHVss npuv  fNaMUHapHOM  CTauMOHAPHOM  TEYEeHWM.
YpaBHeHue [yaseninsa. 3nopbl CKOPOCTEN MPU NaMUHAPHOM
1 TypbyNneHTHOM TeYEHUM XNAKOCTH B Tpy6e.

1.7

Pexumbl TeveHns n
conpoTueneHne

MmaopoouHammuyeckoe  COMPOTMBIIEHME  NMPU  TEYEHUU
Xnakocten n raszoB. Pacuer notepb Ha TpeHue (ypaBHEHUE
Hapcu-Beiicbaxa) n Ha MecTHble conpoTuBneHus. Pacuet
Haropa [Anis NepeMeLleHns XMOKOCTEN 4epe3 cuctemy
TpybonpoBogoB M annapatoB. Pacuyer  guameTtpa
TpybGONpoOBOAOB M annapaTtoB; BbIGOP CKOPOCTEW MOTOKOB U
onTMMarnbHoro auameTtpa Tpy6onpoBoaoB.

OnemeHTbl Teopun nopobust B rugpoavHamuke. MNogobHoe
npeobpasoBaHne ypaBHeHusi HaBbe-CTokca. Be3apa3vepHslie
nepemMeHHble - Kputepun rungpoanHamMmmyeckoro I'IO,D,OGI/IFI
(Onnepa, PenHonbaca, ®Ppyoa, TOMOXPOHHOCTM), KX
dusuyeckmnin cmbicn. KputepranbHoe ypaBHEHWE ABUXEHWUS
BSA3KOW XXMOKOCTWN.

Hacocbl. OcHoBHble napameTtpbl  paboTbl  HACOCOB:
NpPOu3BOANTENBHOCTb, HAMop, MOLWHOCTb, Kkna. Pacuyer
Harnopa Hacoca. OnpepgeneHve [OOMNYCTUMOW  BbICOThI
BcacblBaHuA. ABneHue KaBuTauum n ero npepnotepalleHue.
XapakTepucTukn LEeHTPOBOEXHbIX M MIYHXEPHbIX HAaCOCOB.
PaboTa LeHTpobexxHbIX HAaCOCOB Ha MMAPaBNYECKYIO CETb.
Knaccudpmkauma HacocoB. O6GbemMHble UM OUHaAMUYECKMe
Hacocbl. PacyeT npounsBoaUTENbHOCTM MOPLUHEBbLIX HACOCB
npoCcToro 1 [ABOMHOro Aencteus. Cxembl, n3obpaxeHus,
OOCTOMHCTBA M HeJocTaTkM  Criedylowmx — HacoCOB:
NMOPLLHEBOTO, NAYHXEPHOrO, awnadcpparmoBoro
(membBpaHHOro), LectepeH4yaToro, LLeHTpobEXHOro, 0CeBoro,
a TaKkKe MOHTEXIO.

QYMK
«Xnmmyeckas
TexHonormnga
(DrX)»
https://edu.vsu.ru/
coursefview.php?i
d=2311

1.8

TennoobMeHHble NpoLecchl

O6wme Bonpockbl Tennonepenayvn. YpaBHEHME TEMMOBOro
OanaHca 6e3 M3MEHEeHMs U MpU U3MEHEHWM arperaTtHoro
cocTosiHus. 3akoH Pypbe.

MoTeHunman nepeHoca. YpasHeHne ®ypbe-Kupxroda.
OnemeHTbl Teopun Nogobms B TENNOOOMEHE.
TennonpoBOAHOCTb 4Yepe3 Mfockne W  UUNUHApPUYECKMe
CTEHKM. KoadhdpmumeHThbl TENNONpPOBOAHOCTH rasos,
Xnakocten, TBepablix Ten. [lepeHoc Tenma un3nydeHuem.
JlyyencnyckaHve rasoB. PacyeT TOMWWHbI  TENNOBOM
N30NALUN.

Tennonepegadya B  MOBEPXHOCTHbIX  TEMNOOOMEHHMKaX.
AOONTUBHOCTb TEPMUYECKUX COMPOTUBIIEHUIA.

Pacuetr koadhduuMeHTOB TenmyooTgadn B npoueccax
TennoobmeHa 6e3 M3MEHEHUS! U C N3MEHEHMEM arperaTHoro
COCTOSIHUSA.

Pacyet cpenHemn OBWXKyLLEen cunbl npotecca
Tennonepenayn. BnusHne  B3aMMHOro  HanpaBneHus
OBWXEHMs  TennoHocuTenemn Ha  JABWKYyWYyl  cuny
Tennonepenayn.

MpoMmblLfeHHbIE TENNOHOCUTENW: ObIMOBLIE ra3bl, BOASAHOM
nap, napbl BbICOKOTEMMEPATYPHBIX OpraHN4Yeckux
TennoHocuTenem, BoAa, MUWHeparbHble mMacna,
BbICOKOTEMMEPATYPHbIE  OpraHWYeckMe  TEMNOHOCUTEMNM.
HarpeB anekTpuyeckum TOKOM. TenmoHocuTenu AOns
oxnaxgeHus (xnagareHTbl): BO34yX, BOAA, XONOAUIbHbIE
pacconbl, ammunak, ppeoHbl (XnagoHsbl).

TennoobmeHHble annapatbl  XMMWYECKMX MPOU3BOLCTB.

KoxyxoTpybuatble TENNOOBMEHHUKN. MnacTtuHyaTbIe
TENNOOOMEHHUKM. [ByxTpy6HbIE TENNOOOMEHHMKN.
OpocuTtenbHble TENNOOOMEHHNKN. MorpyxHble
TENNOOOMEHHUKM. OpebpéHHble TENNOOOMEHHUKM.

Cnmpaanble TENNOOOMEHHMKN. AI'II'IapaTbI C [OBOWHbLIMU

QYMK
«Xnummnyeckas
TexHonorns
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cteHkamn  (pybaiwikamu).  BrioyHble  TENNOOOMEHHMKN.
"pagmpHu. PereHepaTmBHblE TENITOOOMEHHWKN.

1.9 MacconepeHoc 1 pasgeneHve Knaccudukaumss ©n OCHOBHble  MOHATMA  nmpoueccoB | QYMK
cucrtem maccoobmeHa. Cnocobbl BelpaxeHus coctaBa das. [MoHaTue | «Xumudeckas
0 Maccorepegaye 1 maccootaadve. HanpasneHusa nepeHoca | TexHOnorns
BelwlectBa 43 a3bl B pasy. MaTepuanbHbii HanaHc | (PrX)»
HenpepbIBHOIO npoLiecca. YpaBHeHNs pabounx NUMHUA. https://edu.vsu.ru/
OcHOBHOe  ypaBHeHMe  Maccornepegadn.  MexaHuambl | course/view.php?i
nepeHoca macchbl. [Ouddy3mMoHHbIN norpaHndHbIn  cnow; | d=2311
npocomnm  KOHUEHTpauMm U CKOpocTe B MOTOKax.
AOAWMTUBHOCTL  ANMPAY3MOHHBIX CONPOTUBIEHMIR. Pacuet
OBWXYLLEN curnbl Macconepeaayu.
YpaBHeHus nepeHoca macchbl " 3HEeprum.
OudbdpepeHumanbHoe ypaBHEHWE KOHBEKTUBHOIO nepeHoca
mMaccbl. YpaBHeHWe Hepa3pbIBHOCTM AN OBYXKOMMOHEHTHOM
CUCTEMbI.
MogenupoBaHve KOHBEKTMBHOIO mMaccoobmeHa.
KpuTepuranbHble ypaBHEHUS] KOHBEKTUBHOTO MaccoobmMeHa.
Pacuet MacCOOBMEHHbIX annapartoB c OOHUM
pacnpegensemMbiM KOMMNOHEHTOM.
EanHuupel nepeHoca.
OdpdhexTmBHOCTL No Mepdhpu.
YncneHHbIn MeTof, pacyéTa MacCOOOMEHHbIX annapaToB CO
CTyneH4yaTbiM KOHTakToM pa3. Pacuyer «OT cCTyneHn k
CTYNneHn».
A6copbuma. MuHMManbHbIM KU ONTUMAIbHbLIA  PacxoA
nornoTuTens. CrteneHb N3BneYeHuns. Hanpasnenwne
npouecca mMacconepegayu. Knaccudukauma
MacCOOOMEHHbIX MPOLIECCOB.
KoHcTpykumm, obnacts npumeHeHus abcopbepoB pasnmnyHbIxX
TUMOB.
PaBHoBecue B cucteme nap-xkmakocTb. [eperoHka.
Pektndomkauma.  MaTepuanbHbii  6anaHc,  ypaBHeHus
paboumx nuHUA.  MuHMManbHOe WU OeNCTBUTENbHOE
drermoBoe 4mcno.
Pacuet gnameTtpa un BbICOTbI PEKTUDUKALUMOHHOM KOFOHHbI.
TennoBon 6GanaHC KOMOHHbL. Cxembl YCTAHOBOK ANs
HernpepbIBHOW, neprMoamn4eckon 3KCTPAKTUBHOM "
a3e0TPONHON pekTudmKaLum.
PasgeneHue reteporeHHbix cuctem. OCHOBHbIE MOHATUSA U
3aBMCMMOCTH npouecca ocaxaeHus. KoHcTpykuun
OTCTONHWKOB.
HenoaBwxHble 3epHUCTBIE CINIOM U NCEBOOOXKUKEHHbIE CIOW.
OcHoBHble  3aBUCMMOCTW.  KOHCTpyKuMM annapatoB C
NCEBOOOKUKEHHBIM CITOEM.
dunbTpoBaHmne. OCHOBHblE oOnpedeneHns 1M 3aBUCUMOCTW.
KoHcTpyKumm cpunbTpos.
2. MNpakTnyeckue 3aHATUA (6 cemecTp)
2.1 Xumundeckas  TexHonorvss  um | 1. AHanus CTpPYyKTypbl XuMM4eckoro npoussoactBa wu | QYMK
XMMUYECKOe NPOU3BOACTBO CbIPbEBbIX NMOTOKOB: «XrMmn4yeckas
CocrtaBneHve maTtepuanbHbiXx 6anaHcoB [Ansi 3MEeMEHTOB | TEXHOMOrusi
XTC (peakTopbl, TENITOOOMEHHVKM). (DMNX)»
OnpepneneHue cTeneHen MCNonb3oBaHWs Cbipbs U aHeprun B | https://edu.vsu.ru/
YCINOBUSIX peLMKNa. course/view.php?i
Pacuetr  sHepretmyeckmx 3atpat npu  oboraweHum | d=2311
MUWHEPanbHOro CbIpbS.
AHanua aKoHOMMYeCKOM 3PEEKTUBHOCTM  KOMMSEKCHOW
nepepaboTKkn BTOPUYHOIO ChipbS.
2. BogHblh U 3HepreTMyeckuin 0GanaHC B XMMUYECKUX
npon3BoaCcTBax:
MpoekTnpoBaHne BOAOOOOPOTHBIX CUCTEM C  YYETOM
TpebOBaHU K OYNCTKE U pacxony BOAbI.
Pacuet aHepronotpebnexus npu tepmoobpaboTke HedpTn 1
yrns.
OueHka 3(hEKTUBHOCTN pekynepauum Tenna B cucTeMax
"nnuponuns—rasudukauyuns”.
MogenvpoBaHne  LMKMOB  WCMOMb30BaHUS  BTOPWUYHBIX
3HEepropecypcoB (BbIGPOCHI, 0TXOAb!).
2.2 Teopetnyeckune ocHOBbI | 1. PacuyeTbl Xxummyeckmx npesBpalleHnid u napametpoB | AYMK
XMMUYECKMX  MPOLECCOB U | peakuumn: «XrMmn4yeckas
peaKkTopoB. OnpepeneHue BbiIxoda NPOAYKTa, CENEKTUBHOCTM U CTENEHU | TEXHOMOruUsi




npeBpalleHns AN CrOXHbIX peakuuid (Hanpumep, CUHTE3
ammuaka).

MopenvpoBaHne BnusHWA TemnepaTypbl U OaBreHus Ha
KMHETUKY obpaTuMbIX peakuuii (Mopenb aauabaTuyeckoro
peaktopa).

AHanus ycnosuin MakcmmarnbHON adheKTUBHOCTU AN 3K30-
N 3HOO0TEPMUYECKNX NPOLIECCOB.

Pacyer BpemeHVn npeBpaweHus AOns  TONOXMMUYECKUX
peakuuii (Mogenbs "HenoaBwKHoOe S4po”).

2. MNMpoekTnpoBaHe XMMUYECKNX PEaKTOPOB:
CpaBHUTENbHLI aHanuM3 MPON3BOAMTENBHOCTU pPeakTopoB
naeanbHOro CMELLEHWS 1 BbITECHEHUS (Ha NpMMepe CUHTe3a
MeTaHona).

Pacuetr TemnepaTypHbix npodunen B agmabatnyeckux u
N30TepPMUYECKUX peakTopax (Modenb TennoBoro 6anaHca).
OnTMu3aumsa  CTPYKTYpbl  CTPYKTYPHOrO  MoToka B
MeMOPaHHBIX U KaTanUTUYECKMX peakTopax.
[MpoekTMpoBaHMe aHepreTudeckn 3PPEKTUBHLIX CXEM C
peLmnKnomM NpoAyKToB (HanpumMep, okcua asota — ammmak —
a30THag KucnoTa).

(PMX)»
https://edu.vsu.ru/
coursel/view.php?i
d=2311

2.3

Xumunyeckoe NpPon3BOACTBO,
KaK XUMUKO-TEXHOJIIorm4eckas
cuctema.

1. MogenuposaHue XTC:

CocTaBneHune qDyHKLl,VIOHaﬂbeIX N TEXHONOIMNMYECKNX CXem
XTC (npuvmep: CHTE3 NONUITUNEHA).

PacuyeTt maTepuanbHoro 6anaHca ¢ y4eToOM HeCTaLMOHAPHbIX
pexmmMoB paboTbl ANEMEHTOB (Nepuoan4eckmne onepawmn).
Mcnonb3oBaHue nporpammHbix mogenen (Aspen, gPROMS)
0N onpefeneHns CTauMOHapHbIX WM HecTauMoHapHbIX
pPEeXnMOB.

OnTnmmsaums CTPYKTYpbl pekynepaTuBHbIX 7
pereHepaTuBHbIX TennooOMEHHbIX CUCTEM.

2. OueHka 3KOMOorM4yeckMx M 3KOHOMUYECKUX NapameTpoB
XTC:

Pacuer Bblbpocos CO, wu pgpyrux 3arpsisHutenein npu
pasnuyHbIX CLeHapusix npoussoacTBa (HedpTenepepaboTka,
Npon3BoACTBO NIacTVKOB).

CpaBHeHVe 3aTpaT Ha WCNoNb30BaHME MEPBUYHBbIX U
BTOPUYHBIX 9HEPreTUYECKNX pecypcoB.

MopgenvpoBaHne 3aMKkHyTbIX "HyneBbIX OTXOAOB" CUCTEM
(npumep: nepepaboTka yrnepoancTbIX OTXOAO0B).

AHann3  BAMAHMSA  TEXHOMOTMYECKMX  peLleHMn  Ha
coumarnbHble Nokas3aTenu (3aHAToCTb, 6€30MacHOCTb ).

QYMK
«Xnmmyeckas
TexHonormnga
(DMNX)»
https://edu.vsu.ru/
course/view.php?i
d=2311

2.4

MPOMBILLMIEHHBIE  XUMUYECKUE
NPON3BOACTBEA.

[Mpon3BOACTBO CEPHOM KNCNOThI.

TexHonorusa MrHeparnbHbIX YA0OpeHni.
TexHonorvs NponsBoacTBa aMmmMuaka.
TexHonorus asoTHOW KNCMOTbI

MepBrnyHaga nepepaboTka HedTH.
HectpykTBHasa nepepaboTtka HedTn.
CwuHTesbl Ha ocHoBe CO n Ha.

TexHomnorus nonyveHust choopmanbaernga
TexHonorus NonyveHns aueTmneHa
TexHOMormsl Nony4eHUst YKCYCHOW KUCNOTbI
Kokcoxvmmnyeckoe Npon3BOACTBO.
Mpown3soacTeo uyryHa.

MpownssoacTeo ctanu. Mugpekc-npouecc.
Menacca. MNpou3BoacTBO 3TUNOBOrO CNUpTa.
BroTexHonornyeckune npouecchl. [NonyyeHne nusuHa.
Mpon3BOACTBO CUHTETUYECKUX KaydYKOB.
TexHOMornsl Nony4YeHUs: PE3NHOBbLIX U3OENUNA.
Mpon3BoacTBO NOPTNAHALEMEHTA.

QYMK
«Xnummnyeckas
TexHonorns
(PrIX)»
https://edu.vsu.ru/
course/view.php?i
d=2311

2.5

COBpeMeHHbIe TeHaeHumn B
pa3BnUTUN XUMUYECKON
TEXHONOIMnNn. OcHoBbl
NPOMbILLUNIEHHOW 3KOMNOTUMN.

1. CuHTE3 MHHOBALMOHHbIX XTC:

PaspaboTka cxem COBMELLEHHbIX MNPOLIECCOB (Hampumep,
rasudukaums yrnsa ¢ CMUHTE30M MeTaHona 1 BO4OPOaa).
MogenvpoBaHue nepecTpanBaemblx XTC (rmbkune
NpOn3BOACTBEHHbIE nHUN ans BburoaTtaHona 7
anbTepHaTMBHbLIX MaTepuarnos).

OueHka 3KOHOMMYECKON  3dPPeKTUBHOCTMU
XMMUYECKNX PafiOHOB.

MporHo3vpoBaHne  BAWSIHWSA ~ HOBbIX  3HEPreTUYECKUX
CLieHapueB (COnHeYHas 3Heprusl, BOAOPOAHAs 3KOHOMMUKA)
Ha npoueccbl XTC.

2. lMNpvMeHeHVe LMPPOBLIX METOAOB M MaTeMaTU4ecKoro

KnacTepHbIX

QYMK
«Xnmnyeckas
TexHonorns
(PMX)»
https://edu.vsu.ru/
course/view.php?i
d=2311




MOoAEeNMpPoBaHWS:
Hanucanune ckpuntoB Ha Python ans 4vucneHHoro pelueHus
YpPaBHEHWI XMMUYECKOW KUHETUKM 1 TennoobmeHa.
MocTtpoeHne rpaduyeckmx cxem XTC c uMcnonb3oBaHWMEM
UML » gmarpamm nocrefoBaTtenbHOCTH.

Busyanmsauua pgaHHbix o0 napametpax XTC (Hanpumep,
Tennosble KapTbl, chepnyeckme guarpammel).

CpaBHeHVe pesynbTaToB (OM3NYECKOro MOAENUPOBaHUS U
BbIYNCIIUTENBHbIX 3KCNEPUMEHTOB (kaBUTALMOHHbIE
adpekTbl B Hacocax, cenapaunoHHble NpoLecehl).

3. labopaTtopHble 3aHATUA (7 cemecTp)

3.1 Xvmnyeckasa  TexHonorms v | PelweHne 3agad Ha  OCHOBbl  MaTepuanbHOro U
XMMUYECKOe NPOn3BoaCTBO 3HepreTnyeckoro GanaHca, Macco- W TennoobMeHy,
OCHOBaM 'MAPOANHAMMKN.
3.2 TeopeTnyeckune OCHOBbI | PeakTopbl B pexumax naeanbHOro CMeLleHus U ngeansHoro
XMMUYECKMX  MPOLECCOB U | BbITECHEHWS
peakTopoB OkucneHne guokcmaa cepbl (NPOLIECCHI U peakTopbl)
MonyyeHuns rugpokcuaa HaTpus KaycTtudmkaumen cogoBoro
pacTteopa
KnHeTunka peakuuii germgpartaumm B TBepabix hasax
M3yyeHne paboTbl peakTopa WAeanbHOro CMeLleHust
nepvoamn4eckoro AencTanst
KnHeTka ombineHns aTunauerata B KUCMON U LLENOYHOWN
cpenax
M3ydeHne  KMHETMYECKMX  3aKOHOMEPHOCTEN  peakuun
aTepudpmkaummn 1 onpegeneHme KACNOTHOrO YmMcna 1 yicna
OMBISTEHNST NONyYEHHOro achmpa
KuHeTnyeckne 3akoHOMEpHOCTU Npy nonyyYeHun JuaxHa
3.3 Xumunyeckoe npon3BoACTBO, | BbliaeneHne xnopucToro Kanusi 3 CUnbBUHUTA
KaK XuUMUKO-TexHomnoruveckasa | CMHTe3 nonuvakpunammga B pacTBOpe W MCCregoBaHue
cucrema KMHETUKM LLENOYHOro rmaponmnsa MoHomMepa v nonuvepa
3.4 MpombiwneHHble  xuMuydeckne | MdyyeHue choccopHbIX yaobpeHuin
npou3soacTea BbigeneHne nexkTuHa n3 CbIpbs pacTUTenbHOro
NPONCXOXAEHNS
3.5 CoBpemeHHble TeHgeHuun B | OnpegeneHve caxapa B KOpHenmnogax u dpykrax MeTtoaom
passuTUn XMMUWYECKON | SKCTpaKumm
TEXHOIOTUN. OcHoBbl | AHanns HedhTENPOOYKTOB
NPOMBbILLNIEHHOW 3KOMOrnm AHanuns CMHTETMYECKNX NaTekcoB
OnpegeneHue cepbl B MeTanmnax v yrne
AHanus aMMMnavHomn CUNNTPBLI, kapbamuaa,
KanbLMHUPOBaHHON Coabl
M3yyeHne dpocdopHbIx yaobpeHui
Bbigenenne nexkTuHa u3 Cblpbsi pacTUTEnNbHOro
NPONCXOXAEHNS
3.6 OcHoBbI  rMapomexaHukn U | ccnegoBaHme peXnMoB TEYEHUS XKUOKOCTU
TPaAHCNOPTMPOBKA XNOKOCTEN M'mppoguHamuyeckoe conpoTueneHne Tpybonposoaa
M3yyeHne npodmnsa ckopocTen B cedeHnn Tpybonposoaa
M3yyeHne paboTbl LeHTpOBEXHOro Hacoca
MmppoouHamuyeckas CTpykTypa MOTOka B annapate c
MeLLasnkomn
3.7 Pexunmbl TeYeHus n | VccnepoBaHne peXuMoB TEYEHUS XNOKOCTU
COMNpPOTUBIEHME "'mppoguHamuyeckoe conpoTmeneHne Tpybonposoaa
3.8 TennoobMeHHble NPOLIECChHI Tennonepenava B ABYXTPYOHOM TEMNOOOMEHHMKE
M3yyeHne Tennonepegayn B YETbIPEXXOAOBOM
KOXXYXOTpybyaTom TennoobmMeHHuKe
Tennonepenaya B KOXXyxOTpy6uaTom CTEKITAHHOM
TEeNnNoobMeHHMKe
MHTEHCUBHOCTL Tennonepegayn B nnacTuH4aTom
TEeNnNoobMeHHMKe
Bpemsa oxnaxgeHus  KuOKOCTM MNpyM  HECTALUOHAPHOM
TennoobmeHe
3.9 MacconepeHoc u pasgeneHue | MisyyeHre maccooTaauum B Xuakomn gase

CuctemMm

OnpegeneHve KoadduLMeHTa MacCoOTAa4YM B ra3oBON
dase

PasgeneHne npocTtovi  neperoHkow  GuHapHoM  cmecwu
nsonponaHosn—soaa

lMpocTas neperoHka GuHapHON CMecu BOAa—3TUNEHITIMKOSb
M3yyeHne npouecca  nNepuogMyeckon  pekTudumKaumm
OMHapHOI cMecH XnaKocTen

PasgeneHne pacTBOpPOB  HW3KOMOMEKYNSAPHbIX BeLeCcTB
obpaTHbIM OCMOCOM




OnpepneneHne ckopocTM CBOOGOAHOrO OcaxAeHus TBEPAbIX
YyacTuL, U BCNNbITUS Ny3bIpelt B )KNMOKOCTSIX

M'MapoaHamuKka HenoABWXKHOMO U MCEeBOOOXKPKEHHOTO
3epHUCTOro Crosl

M3yyeHune npouecca hunbTpoBaHWS CyCrieH3ui

13.2. Temsbl (pa3aensl) AUCUUNNUHBI U BUAbI 3aHATUN

Buabl 3aHATMI (KONMYECTBO YacoB)

Ne HanmeHoBaHue Temsbl

CamoctosaTenbHas
n/nm | (pasgena) gucumnnuHel | Jlekumm Mpaktuyeckne | JlabopaTopHbie

Bcero

paboTta
XumMmnyeckasi TEXHOIOrA n

1 XUMM4ecKoe npomnssBoacTtBo 6 2 8 4 20

TeopeTnyeckue OCHOBBbI

2 XUMMWYECKMX MPOLECCOB U 12 4 6 6 28
peakTopoB
XvmMmunyeckoe NnpomsBoacTBo,
3 KaK XMMUKO- 6 4 6 6 22

TeXHoJsiorndyeckaa cmcrema

MpoMbILNEHHbIE

4 XMMUYECKne Npon3BoACTBa 6 6 6 6 24
CoBpemMeHHble TeHaeHUMN B
pasBUTUN XMMNYECKOWN
> TexHonornn. OCHOBBbI 6 2 6 6 20
NPOMbILUNIEHHON 3KOOrnmn
OCHOBbI r’MaPOMEXaHUKN 1
6 TpaHCNopTUPOBKa 6 - 6 6 18
Xugkocrten
Pexnmbl TeveHns n
COMpPOTMBIIEHNE 4 B 6 6 16
TennoobmeHHble NpoLecchl 4 - 6 6 16
MacconepeHoc u
9 pasfeneHve cucTem 4 } 6 6 16
Wroro: 54 18 56 52 180

14. MeToan4yeckue ykasaHus Ana oby4yaroLWmnxca Nno 0CBOEHUIO AUCLUNIIUHDI:

B yuyebHomM npouecce ncnonbaytoTtes cnegyowime gopmbl paboThbl:

- NpoBeAeHne Nekunn,

- NpOBEAEHMNE NPAKTUYECKNX 3aHATUIN 1 NTabopaTopHbIX paboT,

- 3aHATUA B MHTEPaKTUBHOM cbopmMe (amMckyccum),

- BHeayauTopHas camocTodATenbHas paboTa CTyAeHTOB.

CTyOoeHTbl 3HAKOMATCSA C TeopeTMyeckum mMmaTepuaniom B npouecce  JIeKUMOHHOro  Kypca,
caMoCToATeNbHO npopabaTbiBas ero C MCMnorb30BaHWEM pPeKOMeHAOBaHHOW ydebHoW nutepatypbl U
yuyebHo-meTogn4decknx nocobuni (n. 15). JlabopaTopHble 3aHATUS NPOBOAATCS C LIENbIO:

1. MpopaboTkM TeOpeTUHECKMX OCHOB U3ydYaeMbiX NPOLECCOB 1 060pyAOBaHUS.

2. O6yyeHnss OCHOBHbIM MpveMaM MpoBeAEeHUS pacyYeTOB XapaKTEPUCTUK NPOLECcCOoB U
obopynoBaHus.

3. BbInonHeHus npakTnyeckon Yyactu paboThbl.

4, O6paboTkn MNonyYeHHbIX pPe3ynbTaToB U BbidOpa OMTMMAarbHbIX YCoBUA (DYHKLMOHMPOBAHUS

KOHKPETHbIX NPoLeccoB 1 060pyaoBaHuS.

Ha nabopaTopHbiX 3aHATMAX CTyAeHTbl Nnbo wnHAMBMAyanbHO, NGO B COCTaBe Marown rpynnbl
BbINONHAT  y4ebHO-uccnegosaTensckyto paboty. B xoge nabopaTopHbix paboT CTyaeHTbl
npuobpeTaloT HaBblkM OOpaLLUEHMsT C XUMUYECKMMU peakTuBaMyn n nabopaTopHbiM 000pyaOBaHUNEM,
CaMOCTOATENbHO OCYLLECTBNAT 3KCNEPUMEHTbI, PErMcTpUpyloT, aHanuavpylT W UHTepnpeTupyoT
pesynbTathl. 3awmTa nabopatopHon paboTbl BKNOYaeT oopmMreHe pesynbTaToB, YCTHYO Beceay ¢
npenogaBaTeneM O MosyYeHHbIX AaHHbIX U OCHOBHbIX TEOPETUYECKNX MOHATMAX NO TeMe paboTbl.
Llenbio npakTMyecknx 3aHATUI 9BnsieTCA cuctematmsaumsa u obobLleHne 3HaHu No U3yvyaemonm Teme
unu pasgeny, opmMupoBaHne ymeHun paboTtaTe C OOMNOMHUTENbHBIMU UCTOMHWKaMK MHGOPMaumu,
COMOCTaBNATb M CpaBHMBATb TOYKM 3PEHMS, BbiCKasblBaTb CBOK TOYKY 3peHus u T.n. [logrotoBka K
NpaKTU4ECKUM 3aHATUSM npegnonaraeT caMoCTOATENbHYO NpopaboTKy y4ebHon nuTepaTtyphbl, NEKUM 1
WHTEPHET-UCTOYHNKOB NO CCPOPMYNMPOBAHHLIM BOMPOCaM.

CamocTosaTenbHas paboTa npegnonaraeTt, Kak perynspHyt MoaroToBKy CTyAeHTa K pasnvyHbiM
dopmam 3aHATUN, Tak U BbINOMHEHVWE OTAENbHbIX 3adaHui B npouecce pasbopa TeopeTU4eckux
NMONoOXeHWn B Xode npoBedeHusa 3aHATUA. BHeayautopHaa camocTtoaTenbHas paboTa BknwovaeT




npopaboTKy KOHCMEKTOB Mpeablaylimx JeKuMn, BbINOMIHEHWE 3afaHui B pamKax MOArOTOBKM K
nabopaTopHbIM 1 NPaKTUYECKUM 3aHATUSAM, KOHCNEKTMPOBaHWE MaTtepuana no TeMaMm, BbIHOCUMbIM Ha
camMoCTodATENbHOE U3yyeHue.

TekyLwian atrectauna obecneunBaeT NPOBEPKY OCBOEHNA y4ebHOro matepuana, npuobpeTeHns 3HaHuin,
YMEHUI 1 HaBLIKOB B NpoLecce ayauTopHoM n camoctosaTensHon paboTel ctygeHToB (OMMK-1, OMNK-2 un
OlK-3). OHa BkNto4aeT perynsipHble oTt4yeTbl Mo nabopaTopHbiM paboTam, paboTe Ha npaKTUYEeCKMX
3aHATUSAX, BbINOMHEHNE TECTOBbLIX U MHbIX 3adaHunin K nekuuam. MNMpu noaroToBKe K TEKyLen atTectaumm
CTYOEHTbl M3y4aloT pPeKOMEeHOOBaHHYK fpenogaBatenem nutepatypy MO TemMaM  JEKLMOHHbIX,
npakTU4yecknx n nabopaTopHbIX 3aHATUN, CaMOCTOSATENIbHO OCBaMBAKOT MOHATUMHBLIA annapaTt u
3aKpPENnAT TeopeTuyeckme 3HaHus. [naHupoBaHWe M opraHu3auns Tekylux aTTecTaumMuM 3HaHum,
YMEHUA W HaBbIKOB OCYLLECTBNSAETCA B COOTBETCTBUM C coAepXaHvem paboyen nporpammbl ©
KaneHgapHO-TeMaTMYECKUM MaHOM C MpUMEHeHNeM oHAa OLIEHOYHbIX CpeacTB. Tekylwaa atrectaumns
aBnseTca oba3aTtenbHoOn, ee pesynbTaTbl OLeHMBaOTCS B BannbHOM CUCTEME U MOTYT BbITb YYTEHbI NpU
NPOMEXYTOUHOM aTTecTauumn obyyaroLmnxcs.

Mpy NOAroToOBKE K NPOMEXYTOYHOW aTTecTauum (3a4eTy C OLIEHKOM, 3K3aMeHy) Heobxoaumo onupaTbCa
Ha peKOMeHOOBaHHblE NUTEpaTypHble UCTOYHUKW, MaTepuan Nekuun, npaktmyecknx u nadopatopHbIX
paboT (TeopeTunyeckas 4acTb), obpasoBaTeribHble UHTEpPHeT-pecypcbl. Heobxoaumo CTpykTypupoBaThb
BeCb MaTepuan, pekoMeHOyeTCcs N0 KaXAoMy BOMPOCY COCTaBUTb KPaTKUW OMOPHbLIN  KOHCMEKT,
COCTaBWUTb CIioBapb KMOYeBbIX TEPMUMHOB. [Ons noBbiweHns 3¢dEKTUBHOCTU, MO Mepe MNOBTOPEHUSN
MaTtepuana, Heob6xoanmo NPOBOAUTL aHanNM3 B3aMMOCBA3N PasnNUYHbIX pasgesioB AUCUUNINHDI.
O6yyeHne nuy C OrpaHMYEHHbIMU BO3MOXHOCTAMM 300POBbS  OCYLLECTBASETCA C  Yy4EeTOM UX
MHOMBUAYaAnNbHbIX NCuxoduandecknx ocobeHHocTen. [na nuuy ¢ HapyweHueM crniyxa mHdopmaumsa no
y4yebHOM aucumnnmHe npefocTaBndeTcd Ha OymMaXXHOM WM 3NEKTPOHHOM HocuTene, [onyckaeTtcsd
NPUCYTCTBNE AaCCUCTEHTOB U CypAONEPEBOAUYNKOB Ha 3aHATUSAX. [TpomexyTouHasa atTectaums ons Takmx
CTYOEHTOB MpOBOAMTCA B MNUCbMEHHOW opMe C OobWuMKM  KPUTEPUAMM  OLEHMBAHUS; MpwU
Heo6Xxo0OUMMOCTM BpeEMS NOATOTOBKU Ha 3K3aMeHe MOoXeT BbITb YBenmnyeHo.

Ona nuy C HapyweHuem 3peHus [JonyckaeTcs ayauanbHoe npedocTaBneHne WHgopmaummn ¢
NCNoNb30BaHNEM MNPOrpaMM-CUHTE3aTOPOB peyn, a Takke WUCNoNb3oBaHWe 3BYKO3anuCblBaKOLNX
YCTPOMUCTB Ha nekumsx. Ha 3aHaTuax Takke MOXET NPUCYTCTBOBaTb acCcUCTeHT. [pn npoBegeHum
NPOMEXYTOYHOW aTTecTauum ANs Ny, C HapyLleHWeM 3peHus TeCTUpOBaHWe MOXeT ObiTb 3aMeHeHO Ha
yCTHOe cobecefoBaHune; BpeMs NoAroTOBKM Ha aK3aMeHe MOXET ObITb YBENUYEHO.

CTyOeHTbl C HapyleHUsMU OMOpHO-ABUraTenbHOro annapata MOryT MpoXOAUTb YacTb 3aHATUN
ANCTaHUMOHHO. [MpomMexyToyHasa aTtTecTtauus Ansg HUX MPOBOAUTCHA Ha OOLIMX OCHOBaHWUSX, Mpu
Heo6xoOMMOCTM NpoLeaypa 3Kk3aMmeHa MOXET ObITb peanu3oBaHa ANCTAHUMOHHO.

Mpn peanusaumm OUCUUNAWHBI C WCMNOMNb30BaHWEM AUCTAHLMOHHbIX OOpasoBaTeflbHbIX TEXHOMNOrnm
NCMOMb3YyTCA WHCTPYMEHTbI 3MEKTPOHHON WHAOPMaLMOHHO-00pa3oBaTenbHoM cpeabl BIY «Onek-
TpoHHbIM yHMBepcuteT BIY» (https://edu.vsu.ru) w/unn “MOOK BI'Y” (https://mooc.vsu.ru), cepsucol
BngeokoHdepeHumn (BigBlueButton), anekTpoHHas noyTta, MecceHaXepbl 1 COLCETH.

15. lMepe4yeHb OCHOBHOM WU [OMNONHUTENLHOM nUTepaTypbl, PeCypCOB WHTEpPHeET,
Heo6Xx0AMMbIX AN OCBOEHUA AUCLMUNIUHbI

a) OCHOBHas nutepartypa:

Ne n/n N CTOYHMK
Xapnamnudu, X. 3. O6was xumu4yeckass mexHomoaus. Memodonozusi npPoekmupo8aHusl
1 XUMUKOMEXHO/I02U4EeCKUX rpoyeccos : y4ebHuk / X. 3. Xapnamnudu. — 2-e u30., nepepab. —

CaHnkm-llemepbype : JlaHb, 2022. — 448 c. — ISBN 978-5-8114-1478-9. — Tekcm : a51€KMPOHHbIU //
JlaHb : anekmpoHHO-6ubniuomeyHasi cucmema. - URL: https://e.lanbook.com/book/213269

Obwass  xumuyeckasi mexHomnoausi.  OCHOBHble  KOHUENUUU  MPOEKMUPOBaHUS  XUMUKO-
mexHoso2u4Yeckux cucmem : y4ebHuk 0ns eysoe / V. M. KysHeuosa, X. 3. Xapnamnudu, B. I. NsaHos,
2 3. B. YupkyHos ; o0 pedakyuelt X. 3. Xapnamnudu. — 3-e u3d., cmep. - CaHkm-llemepbype : JlaHb,
2022. — 384 c. — ISBN 978-5-8114-9158-2. — Tekcm : arieKMpPOHHbIU // JlaHb | 311eKmMpoOHHO-
bubnuomeyHas cucmema. - URL: https://e.lanbook.com/book/187593

PasuHos, A. U. [pouecce! u annapamse! xumudeckol mexHonoauu / A. Y. Pa3uHos, A. B. KnuHos, T.
C. [bsikoHos. — 4-e u3d., cmep. — CaHkm-llemepbype : JlaHb, 2023. — 688 ¢. — ISBN 978-5-507-

3 45950-6. — Tekcm : anekmpoHHbIl // JlaHb @ 3anekmpoHHo-6ubnuomeyHasi cucmema. — URL:
https://e.lanbook.com/book/292058
AHycbpueHko, A. J1. lpouecchi u annapamasl XuMudeckol mexHosioauu. MaccoobmeHHbie rnpoyecch :
4 y4yebHoe riocobue / A. J1. AHycbpueHko, B. C. KanekuH. — Omck : OmITY, 2017. — 105 c. — ISBN

978-5-8149-2378-3. — Tekcm : arneKmpoHHbIl // JlaHb . 3nekmpoHHO-6ubnuomeyHas cucmema. —
URL.: https://e.lanbook.com/book/149055




Baxapos, M. K. lNpouecch! u annapambl XuMudeckux mexHosnoeul. 'udpasnuka : y4ebHoe nocobue /
M. K. 3axapos, HO. A. TapaH. — Mocksa : PTY MUP3A, 2020. — 90 c. — Tekcm : 371€KmMpPOHHbIU I/
JlaHb : anekmpoHHO-6ubriuomeyHas cucmema. — URL: https://e.lanbook.com/book/167574

3axapos, M. K. lNpouecchl u annapamsbi XUMUYecKux mexHosnoaut. udpomexaHu4eckue rnpouecchi,
nepemeujeHue xudkocmel, cxamue 2a3oe ;| y4ebHoe nocobue / M. K. Baxapos, FO. A. TapaH. —
Mockea : PTY MUP3A, 2021. — 91 c.— Tekcm : 371eKmMpOHHbIU // JlaHb :© 371eKmpOHHO-
bubnuomeyHas cucmema. — URL.: https://e.lanbook.com/book/176519

lNumHesa, J1. A. lNpomMbiwineHHas akonoaus | ydebHoe riocobue / J1. A. lNumHesa, A. A. Sazopckas. —
TiomeHs : TWUY, 2020. — 106 c. — ISBN 978-5-9961-2376-6. — Tekcm : a1eKmpoHHbIl // JlaHb :
ariekmpoHHo-bubniuomeyHas cucmema. — URL: https://e.lanbook.com/book/237167

Obwut Kypc npoueccos U arnnapamos Xumu4yeckol mexHonoauu: 8 2 KH./mod ped. B.I". AlHwmedlHa.
- M. : @usmamkHuea : Jloezoc, 2006.- KH.1. —881c; KH.2. —1757c.

Beckoe B.C. Obwas xumu4yeckas mexHonoaus: YdyebHuk dns ey3os. — M.:UKL| «AkademkHuza»,
2006. — 452¢.
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Obuwas xumudeckasi mexHonoaus :@: y4ebHoe riocobue / cocmasumenu FO. b. lleanés, [. A.
lopnywko. — 2-e us0., don. — Tomck : TI1Y, 2019 — Yacmb 1 : Xumudeckue npouecch! U peakmopsb!
— 2019. — 187 ¢. — Tekcm : a11eKmpoHHbIU // JlaHb @ 3r1ekmpoHHO-bubnuomeyHasi cucmema. —
URL: https://e.lanbook.com/book/246338

11

Obuwas xumudeckasi mexHonoaus :@: y4ebHoe riocobue / cocmasumenu FO. b. lleanés, [. A.
lopnywko. — 2-e u3d., don. — Tomck : TIY, 2019 — Yacmb 2 : [NpoMbiWwnieHHbIe XUMUKO-
mexHonoeaudeckue ripoyeccbl — 2020. — 193 ¢. — Tekcm : 371eKMPOHHbIU // JlaHb @ 371eKMpPOHHO-
bubniuomeyHas cucmema. — URL.: https://e.lanbook.com/book/246341

12

Obwasi xumudeckasi mexHornoaus @ y4ebHoe riocobue / cocmasumenu L. A. lopnywko, 1O. b.
Lisanés. — Tomck : TI1Y, 2021 — Yacmb 3 : TexHonoeus kamanusamopos. Memodsi
npueomosneHusi kamanusamopos — 2021. — 80 c. — Tekcm : an1eKmMpOHHbIU // JlaHb : 311€KmMpPOHHO-

bubnuomeyHasa cucmema. — URL.: https://e.lanbook.com/book/246299

©) gononH

nTenbHasa nuTepaTtypa:

Ne n/n

McTo4uHnk

1

AbanoHuH B.E. OcHoebl xumuueckux npousgodcme / B.E. AbamnoHuH, U.M. KysHeuosa, X.O.
Xapnamnudu /- M.: «Xumusi», 2001. — 472 c.

LAbimHepckud KO.U. lNMpoueccsl u annapamel xumudeckol mexHomoauu / KO.U. [OeimHepckud. - M.:
Xumusi, 1995.-T.1.-400c; T.2.-383c.

Obwas xumudeckas mexHonoausi / nod ped A.I'. AmenuHa — M. «Xumusi», 1977. — 400 c.

TexHomoau4yeckue U mepModuHaMudeckue ocobeHHocmu rpou3eodcmea ammuaka. Memoo.
yKasaHusi 0nsi cmy0eHmoes 4 Kypca OHesH. omOeneHust xuMm. ¢hak./ cocm.: B.A. Ky3Heuos. -BopoHex :
BIry, 2004. - 35c.

CagpoHos M.C. Kpumepuu mepmMoOuHamu4yeckKoz20 cogepuieHcmeaa mexHosnoaudeckux cucmem/M.C.
CacgpoHos. - M. : MI'y, 1998. - 73c.

Jlebedes H.H. Xumusi u mexHoroausi OCHOBHO20 OP2aHUYeCKo20 U HeghmexumMu4eckoao cuHmesa /
H.H. Jlebedes. - M.: Xumusi, 1988. - 738c.

OcHosbl mexHonoauu rnepepabomku rnacmmacc/nod ped. B.H. KynesHeea, B.K. lycesa. - M. : Xu-
musi, 1995.-367c.

Komuccapos, [nebos, [opdees, BeHm Xumuko-mexHorioeudeckue rpouecchbl [OrneKmpoHHbIl
pecypc]:YaebHuk u npakmukym. - Mockea: Nsdamenbcmeo KOpaum, 2019. - 340 — Pexxum docmyna:
https://www.biblio-online.ru/bcode/427344

UNoszen A. A., laccem b. B., CamapeHko B. 4., lleHHukosa O. b. Xumu4deckasi mexHOroeusi
nekapcmeeHHbix seujecms. OCHOBHbIE MPOUECCHI XUMUYECKO20 CUHMmMe3a 6uoocu4ecKU aKmueHbIX
seujecms [OrieKmpoHHbIU pecypc].y4ebHoe nocobue. - CaHkm-lNemepbype: flaHb, 2020. - 356 c. —
Pexum docmyna: https://e.lanbook.com/book/130488

10

3akzelim A. KO. Obwass xumudeckass mexHorioeusi. BeedeHue 6 ModenuposaHue XUMUKO-
MeXHO/I02UHECKUX rpoyeccos [OnekmpoHHbIl pecypc].YuebHoe nocobue. - Mockea: Jloeoc, 2012. -

304 c. — Pexxum 0ocmyna: http.//www.iprbookshop.ru/9103.html

B) MHOPMALIMOHHBIE 3NEKTPOHHO-06pa3oBaTenbHbIE pECYpPChl (OhuLManbHbIe PECYPChl MHTEPHET)™:

Ne n/n

Pecypc

1

www.lib.vsu.ru — 3HB Blry

2

http:/iwww.en.edu.ru/ - EcmecmeeHHO-Hay4Hbili 0bpa3osameribHbili ropmarl - 8/1s5emcs cocmasHouU
yacmebto ¢hedeparbHo20 nopmarna "Poccutickoe obpasosaHue”. CoOepum pecypchl U CCbIfIKU Ha
pecypchbl 110 ecmecmeeHHO-HayYHbIM OucyuniauHam (ghusuka, xumus u buooausi).

http://window.edu.ru/ - uHghopmayuoHHasi cucmema «EQuHoe okHO docmyria Kk obpa3oeameribHbIM
pecypcamy.

http//www.elibrary.ru —Hay4yHas anekmporHasa bubnuomeka eLIBRARY.RU - kpynHetwul



http://www.lib.vsu.ru/

poccutickuli UHhopMayUOHHbIU nopmar 8 obriacmu HayKu, mexHonoauu, MeduyuHbl U 0bpa3osaHus,

codepxauwjuli peghepamsi U rnosiHble mekcmsi 6onee 12 MiH. Hay4YHbix cmamel u nybnukauyud. Ha

nnamgpopme eLIBRARY.RU docmyriHbl anekmpoHHbie sepcuu 6onee 1400 pocculicKux Hay4YHo-

MeXHUYECKUX XYypHasos, 8 mom ducne bonee 500 XypHanoe 8 omkpbimom docmyrie.

5 http:/imwww.chem.msu.ru/rus/ - Chemnet - ogbuyuasnbHoe anekmpoHHoe u3daHue XUMu4ecKo20
akynbmema MI'Y e Internet

6 AYMK «Xumuyeckas mexHonoaus (Pr1X)» https://edu.vsu.ru/course/view.php?id=2311

16. NMepeyveHb y4e6HO-MeTOANYECKOrO 06ecneyeHUs Ansi CaMOCTOATeNIbHOW paboThl

Ne n/n NcToYHUK
TexHonoeau4yeckue u mepMoOuHaMmu4eckue ocobeHHocmu rpou3eodcmesa aMmmuaka. Memoo. yKa3aHusi
1 0nsi cmydeHmos 4 Kypca 0HeeH. omdeneHusi xuMm. ¢hak./ cocm.: B.A. Ky3Heuyos. -BopoHex : BI'Y, 2004.
- 35¢.

lMpakmukym o obweli xumudeckol mexHomnoauu / BopoHex. eoc. yH-m ; cocm.: [1.0. Kywes, B.A.
KysHeuos, C.A. LLlecmakog .— 3nekmpoH. mekcmosabie 0aH. — BopoHex : sdamenbckuli dom BIY,

2 2017.— C80600HbIlU Bocmyn u3 uHmpacemu BI'Y .— http://www.lib.vsu.ru/elib/texts/method/vsu/m17-
133.pdf
3 UHcmpykyus no mexHuke bezonacHocmu npu pabome 8 nabopamopuu ¢ NPUMEHEeHUEeM XUMUYECKUX

sewecms. Boporex : BI'Y, 2002 — 33 c.

17. OOpa3oBaTenbHble TEeXHOSNOrMU, WUCMNOSib3yeMble Mpu peanusaumm Yy4yeOHoOM
OUCUMNIINHBI, BKMOYass AUCTaHUMOHHble oOpasoBaTtenbHble TexHonormu (OOT,
3neKTpoHHoe oby4yeHue (J0), cmewaHHOe 0Oy4eHue):

Mpn peanusauuym JUCUMNIUHBI UCMONB3YKTCH Knaccuyeckne obpasoBaTerbHble TexHonorun 6es
3aMeHbl ayaUTOPHbIX 3aHATUN (NeKkuun, npaktnyecknx u nabopatopHbix 3aHaTun) Ha JOT. OcHoBHble
TUNbI NEKUMA — BBOAHbIE NEKUMWM (B Hayane M3yydeHust OUCUMMIMHBI) U MHCPOPMAaLUMNOHHBIE NEeKUUn C
BM3yanusaumen  (MynbTUMeaunHbole  npeseHTaumn). [lpoBegeHue  Tekywmx  aTTectauMm w
NPOMEXYTOUHbIX aTTecTauuMm ocywectensietcas B ¢dopme YCTHoro cobecepoBaHusa no KUM.
CamocTosaTenbHas paboTta no BceM pasgenam npeanonaraeT BbiMofHeHNE 06s13aTeNbHbIX MUCbMEHHbIX
JoMaLllHUX 3adaHun.

Mpn peanusaumn y4ebHOWM AUCUUNIMHBI  UCMOMB3YITCA 3NEeMEHTbl 3MNEKTPOHHOro Oby4vyeHus wu
pasnuyHble  OUCTaHUMOHHble  obpasoBaTeribHble  TexXHoforuu, nosponswwme obecneunBaTb
onocpeaoBaHHOE B3aMMOAEWCTBME (HA pacCcTosiHMM) npenodasaTtenen un obydvarlumxcsd, BkoYasd
WHCTPYMEHTbl  3NIEKTPOHHOW  MHGOpPMaUMOHHO-0OpasoBaTensHon  cpegbl  BIY  «OnekTpoHHbIN
yHmBepcuteTr BIY» (https://edu.vsu.ru) wwmnn “MOOK BIY” (https://mooc.vsu.ru), npoBegeHune
BebuHapoB, BMOEOKOHdEPEHUUN (B TOM uucne c npumeHeHmem cepsucoB Zoom, Discord u gp.),
B3aMMOAENCTBUE B COLICETSIX, MOCPEACTBOM 3MEKTPOHHOWN NOYTbI, MECCEHOKEPOB.

18. MaTepunanbHO-TeXHUYECKOe obecnevyeHne AUCLUMNITUHbI:

YuebHas aydumopus (ayd. 439): docka macHUMHas Mesiogas Mybmumedua-rnpoeKmop, HoymOykK, npoeKmop, aKkpaH 0rns
npoekmopa
WinPro 8, Office Standard 2019, Kaspersky Endpoint Security, Google Chrome, Mozilla Firefox

Jlabopamopusi npakmukyma rno xumudeckou mexHosnoauu (ay0. 159): xumudeckue nabopamopHbie Cmoribl, 8bIMSXKHOU
wkagh, Habopsb! xumuveckol rnocydbl, peakmuebl, HagpesamesibHble npubopsi, pH-memp nabopamopHbiti AHMOH - 4100,
annapam 0ns onpedeneHuUs memrepamypbl 8CribIWKU 8 3akpbimom muane TB3-JIAB-01, eecbl aHanumuyeckue HTR-224 CE
Shinko, eecbr nabopamopHbsie BM-153, mewarka eepxHenpueodHasi ES-8300D, pechpakmomemp RIDK-101, komrsromep,
npuUHMep, Makemsl peakmoposa

WinPro 8, Office Standard 2019, Kaspersky Endpoint Security, Google Chrome, Mozilla Firefox

lMomeweHue dna camocmosimernbHol pabombi 0byyarouUXxcs, KOMAbIOMEePHbIU Kacc (ayd. 271): cneyuanusupogaHHasi
meberib, KOMMbOMepPb! C 803MOXHOCMbIO MOOKIFOYEHUS K cemu «MIHmepHem» u obecriedeHuem docmyra 8 371eKMpPOHHYI0
UHgbopmayuoHHo-obpa3zosamerbHyto cpedy BI'Y

WinPro 8, OfficeSTD, Kaspersky Endpoint Security, Google Chrome

19. OueHo4HbIe cpeacTBa ANA NPOBeAEHUNA TEKYLLEeN N NPOMEXYTOYHOWN aTTecTauum

MopsigoK OLEHKM OCBOEHMs1 obyvalwummncss yd4ebGHOro matepuana onpepensietcs
coaepkaHneMm crneayowmnx pasgenos AUCUUNUHGIL

MHpukaTop(bl)

Ne HaumeHoBaHuwe pasgena KomneTeHy,
OOCTUXEHMSI OueHouHble cpeacTea
n/n ancumnnunHbl (Mogynsi) ns(n)
KoMneTeHuun
1 Xumunyeckas TexHonormsa n OMK-1 OnkK-1.1 Kommnnekm mecmos,
) XMMUWY€ECKOE NMPOU3BOACTBO OlK-1.2 KOHmporsbHas paboma (KVIM)



http://www.lib.vsu.ru/elib/texts/method/vsu/m17-133.pdf
http://www.lib.vsu.ru/elib/texts/method/vsu/m17-133.pdf
https://edu.vsu.ru/
https://mooc.vsu.ru/

MHankatop(bl)

Ne HaumeHoBaHuWe pasgena KomneTeHy, [OCTIKEHUS! OLieHOuHbIE CpeacTBa
n/n AVcuMnnuHbl (Mogyns) ns(n) KOMNETEHLIMM
OlK-1.3
TeopeTnyeckue OCHOBBbI OrkK-2.1
XMMUWYECKMX NPOLIECCOB U OMK-2 OlK-2.2 Komrinekm mecmos,
2. peakTopoB OnK-3 OlK-2.3 rpomokor fiabopamopHbix pabom,
OlkK-3.1 KoHmposbHasi paboma (KVIM).
OlK-3.2
Xummnyeckoe OrkK-2.1
npon3BOACTBO, KaK OnK-2 OlnK-2.2 Kommnnekm mecmos,
3. XNMUKO-TEXHOMNOrn4yeckas OrMK-3 OlK-2.3 rpomokorn fiabopamopHbix pabom,
cuctema OlkK-3.1 KoHmposbHasi paboma (KVIM).
OlK-3.2
MpombilwneHHble OrkK-2.1 Komrinekm mecmos,
4, XMMUyeckne Npon3soacTBa OrllK-2 OrliK-2.2 rnpomokon nabopamopHsix pabom,
OlK-2.3 KoHmpornbHas paboma (KUIM).
CoBpemeHHble TeHOeHUN OrK-1.1
B Pa3BUTUUN XMMUYECKON OlK-1.2
TexHonornn. OCHOBSbI OMK-1 OlK-1.3 Kommnexm mecmos
NPOMbILLNIEHHOW 3KONOrnn OrkK-2.1 ’

OrlK-2 OMnK-2.2 rnpomokon nabopamopHbix pabom,
OrK-3 ) KoHmpornbHas paboma (KUM).

OlK-2.3
OlK-3.1
OlK-3.2
OCHOBbI rMOPOMEXaHMKN 1 OlK-1.1
TpaHCNopTMpOBKa OrliK-1.2
XnakocTten OlK-1.3

OlK-1 Komnnekm mecmos,
OrnkK-2.1
6. OrlK-2 rpomokor n1abopamopHbix pabom,
OrK-2.2
OlK-3 OnK-2.3 KoHmpornbHas paboma (KUM).

OrlK-3.1
OrK-3.2
Pexnmbl TeveHns n OrkK-1.1
COMpoTUBIEHNE OrliK-1.2

OrlK-1.3
OrnK-1 OnK-2.1 Komnnekm mecmos,

7. OrK-2 OMK-2.2 rpomokon nabopamopHbix pabom,
OrlIK-3 OI'IK-2. 3 KoHmpornbHas paboma (KUM).

OrlK-3.1
OrK-3.2
TennoobMmeHHble OrkK-1.1
npoLecchbl OrnkK-1.2

OlMK-1 825%? Komnnekm mecmos,
8. OrlnK-2 e

OMK-2.2 rnpomokosn nabopamopHbix pabom,
OlK-3 OI'IK-2.3 KoHmpornbHas paboma (KVM).

OrlK-3.1
OrK-3.2
MacconepeHoc u OrlK-1.1
pasgeneHne cuctem OrnkK-1.2

OnkK-1 825%? Kommnnekm mecmos,
9. OrK-2 -

OMK-2.2 rpomokosn nabopamopHbix pabom,
OrlK-3 OI'IK-2'3 KoHmpornbHas paboma (KUM).

OlK-3.1
OlK-3.2

MpomexyToyHas aTTecTauus [NepeyeHnb 80rpocoe
dhopMa KOHTPONS — 3a4eT C OLEHKOW, 3K3ameH KUM k 3a4emy ¢ oueHKoli U 3K3aMeHy

20. TunoBble OLEHOYHble cpeacTBa M MeToguYecKMe MaTepuanbl, onpegensiowme
npouenypbl OLeHUBaHUS

20.1. TeKywmi KOHTPOSMb yCNeBaeMoCT1

KoHTponb ycneBaemocTn Mo ANUCLMMNIIMHE OCYLLECTBNAETCA C MOMOLLbIO CNeAYLWMX OLEHOYHbIX
CpeAacTs:
nabopamopHbie pabombl, mecmbl, KOHMPOJIbHLIE pabombl, UHOUBUOYasIbHbIE MPOeKmbl (O0KIaokbl).




[NepeyeHb nabopamopHbIx pabom:
PeakTopbl B pexumax ngearnbHOro CMeLLIEHNs N naeanbHOro BbITECHEHNUS
OkucrneHune guokcmaa cepbl (MPOLECCHl N peakTophbl)
MonyyeHna rmgpokcuaa HaTpus Kayctudmkaumen cogoBoro pactsopa
KnHeTnka peakuui germgpatauum B TBepabix dasax
N3yyeHne paboTbl peakTopa naeanbHOro CMeLLEHNst Nepnoanyeckoro AencTBus
KnHeTunka omMmbineHus atunauetaTa B KUCNOW M LENOYHON cpeaax

I/I3yqu|/|e KMHETUYECKNX 3aKOHOMepHOCTeVI peaKLl,I/IVI 3TepVId)I/IKaLI,I/II/I n onpepgeneHne KnUCrioTHoOro
yuycna un 4Yyncna omMblinieHna nony4eHHoro Sd)l/lpa

8. KnHetunueckne 3aKOHOMEpPHOCTU Npn nonyvyeHun leaHa
9. BblogeneHue XINOPUCTOro Kannda n3 CUnbBNHUTa

10. CuHTe3 nonuakpunamuaa B pacTBOPe U UCCNeaoBaHNe KUHETUKM LLENOYHOro rmaponm3a MoHomepa
n nonumepa

11. WNsyueHune cocopHbix yaobpeHuii

12. BblgeneHue nektnHa ns Cblpbsi PaCTUTENBHOIO NPOUCXOXAEHUS

13. OnpegeneHve caxapa B KopHennogax n pykrax MeTog0oM 3KCTpaKLum

14. AHanus HeddTeNpoOayKTOB

15. AHanus CMHTETMYECKUX NaTEKCOB

16. OnpegeneHve cepbl B MeTanmnax u yrne

17. AHanus ammuadHom cunuTpebl, kapbammaa, KanbUMHUPOBAHHOM COAbI

18. WN3y4eHne dhochopHbIX yaobpeHni

19. BblgeneHue nektnHa ns Cblpbsi PaCTUTENBHOIO NPOUCXOXAEHUS

20. WNccnepoBaHune pexXMMoB TeYEHUS XKUAKOCTU

21. T'mgpoanHammudeckoe conpoTneneHne Tpybonposoaa

22. NayyeHne npodunsa ckopocTen B ceveHmumn Tpybonposoaa

23. N3yyeHune paboTbl LEHTPOBEXKHOIO Hacoca

24. 'nppoanHaMmnyeckas CTpyKTypa noToka B annapaTte C MeLLankon

25. WccnepoBaHune pexxnMMoB TeYeHUS XKUAKOCTU

26. 'mgpoanHammn4deckoe conpoTueBneHne Tpybonposoaa

27. Tennonepegada B ABYXTPYOHOM TeNnooOMeHHMke

28. W3yyeHwne Tennonepeaayn B YETbIPEXXOAOBOM KOXYyXOTpybyaToM TennoobMeHHuke
29. Tennonepegaya B KOXYXOTPYOYaTOM CTEKNAHHOM TEMNNOOOMEHHMKE

30. NHTeHcUBHOCTL Tennonepeaaym B NacTMHYaToOM TeNI00OMeHHVKe

31. Bpems oxnaxgeHus XXMAKOCTU Npu HecTauuoHapHOM TennoobmeHe

32. M3y4yeHune maccooTaaun B Xuagkon dase

33. OnpegeneHue koadduumeHTa MaccooTaaun B ra3oBon dase

34. PasgeneHune NpocTol NeperoHkon BHapHOM cMecu n3onponaHon—eoaa

35. lNpocTtas neperoHka GuHapHO cMecn BOAA—3TUINEHITIMKONb

36. M3yuyeHne npouecca nepmoanyeckon pektndunkaumm 6MHapHON CMEeCK XNOKOCTEN
37. PasgeneHve pacTBOpOB HU3KOMOMEKYNSPHbIX BeLecTB 06paTHbIM OCMOCOM

38. OnpefeneHve CKOPOCTU CBOGOAHOMO OCaXAEHUS TBEPAbIX 4YacTul M BCMNbITUS Ny3blpeit B
XMOKOCTSX

39. 'vapoavHamMmKka HenogBMXXHOIO U NCEBAOOXMKEHHOIO 3€PHUCTOrO CIos
40. N3yyeHue npouecca punbTPOBaHUSA CYyCrNeH3nn

N U s ®N R

[Mpumepbl 8onpocos 3adagaembix Npu 3auwume gabopamopHbix pabom:
1. Kak onpegenntb KMHETUYeCKyro M Oudy3noHHYy0 0Bnactv NpoTeKaHWs reTepOreHHOro XMMMKO-
TexHonornyeckoro npouecca? Cnocobbl onpegeneHnst o6nactu NPoTeEKaHNS peakumm.
2. Kak matemaTtmyecks onucaTb CKOPOCTb reTeporeHHoro npouecca? [lyTu yBenuyeHms CKopoCTu
reteporeHHoro XTT1: yBennyeHue Koa(ppuUMEHTa CKOPOCTU, [OBWXKYLLEW CUIlbl, MOBEPXHOCTH
CONPUKOCHOBEHNSA has.
3. Yto Takoe akcTapkuma? Kakve TpeboBaHuA NpeabaBnstoTCcsa K aKCTapreHTam?




4. Insa yero gobaensaoT aueTtaT CBMHUA? Hanvwunte ypaBHEHWE peakuuu.

5. YUto Takoe nokasaTenb npenomneHnn? KakoBa MOrpelHOCTb U3MEPEHUS COAepXaHus caxapa
BMccrnegyemom obpasue?

6. NceBOOOXMKEHHObIN 3€PHUCTLIN Cnon. MNpeaens! CyLecTBOBaHMS NCEBOOOXMKEHHOO Crost.

7. T'vapaBnuMyeckoe CONPOTMBIIEHNE 3epPHUCTOro Cros, MNOPO3HOCTbL 3epHUcToro crod. [lepenag
JaBneHus B 3epHUCTOM Crnoe ¢ yBenuyeHMeM CKopoCcTU rasa.

8. MNpenmyLiecTBa N HEAOCTaTKN PACCMOTPEHHBIX TENITO0OMEHHbIX annapaToB.

9. KoadbdmumeHT Tennonepegaun: onpegernieHne, eauHuubl M3MepeHusl, OU3NYECKMA  CMBbICH.
BrnivaHune pasnmyHbiX hakTOpoB 1 NapamMeTpoB TENNIOOOMEHHbIX annapaToB BENMYNHY KOadduumeHTa
Tennonepenayn.

10. KoacbdhuumeHT Tennootgauu.

11. NpoTMBOTOYHASA M NPAMOTOYHAS CUCTEMbI: CPABHUTENbHbLIN aHanms.

12. B kakoM M3 peakTOpoB — WAEAINbHOrO BbITECHEHUS UMM MOeanbHOro CMeLUeHust — npu
OAMHAKOBOM 0ObemMe peakTopoB M OAWHAKOBOW Harpyske MO peareHTaMm CTeneHb npeBpalleHus
NCXO4HOro KOMMNoHeHTa byaeTt 6onbLue?

13.4T10 Takoe Kackag peakTopoB uaeanbHOro cMmelweHusa? Fae N3oTepMuYeckuin npouecc npoTekaeT
WHTEHCUBHEE: B Kackage Unn eaQMHNYHOM peakTope naeanbHOro CMeLLeHUs TOro e obbema?
14.[JanTte onpeneneHve peaktopa naeanbHOro CMELLIEHUS U HanUWnTe ero MmaTeMaTMYeCKy0 MOaerb.
15.[Jante onpegeneHne peakTtopa wWAeanbHOrO BbLITECHEHUS W HaNUWKMTE €ero maTemMaTUyeckyto
Mopenb.

16.B yem pasnuune matematmnyeckmx mogenen PUC-n n PUB?

17.B kakom n3 peaktopos (MIC unm UC-H) npouecc npotekaeT Hanboree MHTEHCMBHO? NosicH1Te 3To.
18.CpaBHute no npoussogutensHoctn PUAC n PUB, umetowme paBHble 06beMbl, Npy NpoBeaeHUn
NpocTon HeoBpaTUMOWn peakumn; NPoOCTon obpaTn MON peakumn.

19.B kakmx peaktopax wnum peakTopHbix cuctemax (PUB, PUC, PWUB-kackag n PWC-kackag) Habniogaetcs
HanbonbLLas MHTEHCMBHOCTb NpoLlecca?

[Npumepsbi 3adaHuli 8X00IWUX 8 KOMIIEKM MeCcmos:

1. Ha kakon cxeme onepaTtop 3aMeHSIeTCA Ha KOHKPEeTHbIW annapaT, BbINONIHAEMbIN B Buge
acku3a B macwTtabe 1: 100 unn 1 : 50

a) TEXHONorn4eckom

b) onepaTtopHon

c) rpacmyeckom

d) CTPYKTYpHON
2. OTHOLWEeHMWe Konn4yecTBa LienieBoro npoaykra K oéwemMy KonmiecTBy nony4vyaemMbiXx NPOAYyKTOB
Ha3biBaeTCA...

a) CTEMNEeHbIO NpeBpaLLEeHns
b) NpPoOn3BOAUTESNIbHOCTLIO
c) WHTEHCUBHOCTbIO

d) CENEKTUBHOCTbLIO

3. KonnyectBo BbipaGoTaHHOro nNpoAykTa UnM nepepaboTaHHOro Cbipbs B €4UHULY BpeMeHM
Ha3bIBaeTCA...

a) CENEKTUBHOCTbLIO

b) CTEMNEHbIO NPEBpPALLEHNS
c) NPOnN3BOAUTESNIBHOCTLIO
d) WHTEHCUBHOCTbIO

4. MNMpou3BoAUTENIbHOCTb, OTHECEHHAsA K KaKoM-NMbOo BenMuuYuHe, XapaKTepusyluwen pasmepbl
annaparta (o6bemy, ce4eHuo), Ha3biBaeTCH. ..

a) WHTEHCUBHOCTbIO

b) CKOPOCTbIO peakumm

c) CENEKTUBHOCTbLIO

d) CTeneHbIo NpeBpaLLeHs

5. Pacxop cbipbsi, BOAbl, 3HEPrMn U pasfiMyHbIX peareHToB, OTHECEHHbIN K eAuHULE LereBoro
npoAaykKTa 3To — ...

a) NpPon3BOANTENBHOCTb
b) pacxogHbin koadpuUMEeHT
C) CEneKTMBHOCTb MHTEHCMBHOCTb

6. B peanbHbIX peakTopax NpoucxoauT nepemMmewumBaHue (B)...



a) TOJNbKO B NpoAoJibHOM HarnpaBleHnn

b) NpoAoNbHOM M pagnanbHOM HanpaBreHmaX

C) TONbKO B pagnanbHOM HanpaBnieHnn

d) He npoucxoauT

7. B peakTtope naeanbHOro cMeLeHUs HenpepbIBHOroO AENCTBUA BellecTBa...

a) nepuoanYecKn NoAaTCA, NPOAYKTbI NEPUOAMNYECKM OTBOAATCSA NOAAKTCS NO Mepe HagobHOCTK
b) HenpepbIBHO NOAATCS, NPOAYKTbI HEMPEPbLIBHO OTBOAATCSA

C) He nogatTcs, Noka He OyayT OTBeAEHbl BCE NPOAYKTbI peakuum

8. B peakTope naeanbHOro BbITECHEHUS. ..

a) Kaxkablh anemeHT obbema OBMXKETCS NO ASIMHE peakTopa, He CMELUMBAsiCb C NPeablayLmMmm un
nocregylwmnmMm anemeHTamm obbema

b) Kakabli aneMeHT obbema OBWMXKETCS MO ASIMHE peakTopa, CMELUMBasiCb C npeablayLmmmn u
nocregylwmnmMm anemMmeHTamm obbema

C) Kaxkablh aneMeHT obbema ABMXKETCA MO LUMPUHE peakTopa, CMELUMBasiCb C NpeablaylmMmmn u
nocreaylwnmMm anemMmeHTamm obbema

d) Kaxkabli anemMeHT obbema ABUKETCA MO LUMPUHE peakTopa, He CMEeLUMBasiCb C NpeablayLwmmMm n

nocnegyvwnmm anemMeHTamm obbema
9. Ona ocyuwieCTBieHuUsa nepnognyeckoro romoreHHoOro npowlecca npuMeHsorT...

a) peakTop naeanbHOro cMmeLleHns HenpepbiBHbIn (PUC-H)
b) annapatbl 6e3 mewanok kombuHaumm PUC-M un PUC-H

C) peakTop uaearnbHoro cMmewenus nepunoguydeckun (PUC-M)
10. Ansa HenpepbIBHbIX NPOLLECCOB NPUMEHSIIOT...

a) peakTopbl MAearbHOro BbITECHEHUSA

b) peakTop naeanbHoro cmelueHuns nepuoamyecku (PUC-I)
C) peakTop ngeansHoro cmelleHns HenpepbiBHbi (PUC-H)

d) kombuHaumm PUC-MNM n PUC-H
11. MNMpeumylectBoM peaktopa ¢ KC sBnseTcsa Tak ke BO3MOXHOCTb Nogayn peareHToB Npwu
TemnepaType, HUKe TemnepaTypbl...

a) KnneHuns

b) nraenexHns

c) 3amMep3aHuns

d) 3aXuraHug katanmsaTopa

12. Ecnn otcyTcTBYeT TeN/IOOOMEH C OKpyXarolwewn cpenonm M Tensno XMMMYECKOW peakuuu
pacxogyeTcA Ha WU3MEHeHuMe TemnepaTtypbl peakuMOHHOW cpeAbl, TO TakOM npouecc
Ha3blBaeTcH...

a) agmnabaTnyecknm
b) NONUTPONNYECKUM
c) N30TEPMUNYECKUM
d) n3obapnyeckum

13. Ecnu Temnepatypa B peakTope NOCTOsIHHA B pe3ynbTaTe nogsogda Mnv oTBoga Tenna, To
TaKoW npouecc Ha3biBaeTCH...

a) N30TEPMUNYECKUM
b) agmabatnyeckum
c) NONNTPONMUYECKUM
d) n3o6apnyeckum

14. YctaHOBUTE COOTBETCTBUE

1. Tllpouecchbl, CKOPOCTb MNPOTEKAHUS KOTOPbIX onpegenseTca 3akoHamu | A) TennooObMeHHbIe
MEXaHUKN 1 TMAPOANHAMUKA, HAaNpUMep, NPOLECCHl NepeMeLLEHNS XUOKOCTEN U npouecceol
rasoB no TpybonpoBogam W annapatam, nepemeluvBaHWe B XWUAOKUX cpepax,
pasgeneHne CyCneHaurh u SMYNbCUA MyTEM OTCTaMmBaHUS, UITbTPOBAHMUS,
LEeHTPMAYrMpoBaHus, NCEBLOOXIMMKEHNSA 3€PHUCTOrO MaTepuana

2. 3Tn npouecchbl CBA3aHbl C MEPEHOCOM TenoThl OT Bonee HarpeTbix Ten (unm B)

cpen) K MeHee HarpeTbiM, Hanpumep, MPOLECCHl HarpeBaHWs, OXnaxaeHus, | MMapomexaHuyeckue
KOHOEHcaumK, BbiNapuBaHus. npoLecchl

3. OTu npouecchbl cBsi3aHbl C NEPEHOCOM BeLLEeCTBa B pas3nuyHbiX arperatHbix | B) MaccoobmeHHble
COCTOSIHUAX U3 oAHoW (pasbl B Apyryto, Hanpumep, npoueccbl abcopbuun m npouecceol

aecopbums, NEeperoHkn U1 pekTudumkaumm,  SKCTpakumm,  agcopouum,
pPacTBOPEHUS, KpUCTannn3auuu, YBIAXHEHUS, CYLUKM, CyOnvmMaumm, WNOHHOrO
obmeHa




4. Tlpoueccbl MexaHW4ecKoro B3aMMOAEWCTBMS Tern, Hanpumep, npoLecchl M) MexaHun4yeckne
na3mMenbyeHns, Knaccudukalmm cbinyvymx MaTepuanos, NpeccoBaHng v ap. npoLecchbl

15. MonHyto aHepruto cuctemsl (E'), NpUxoasLLyoca Ha eaUHULLY MacChl, MOXHO NpeacTaBUTb Kak
E'=U'+E_+E], JIx/Kr.
3oecb U' - ...; E'k-...; E'n- ... BcTaBbTe nponyLleHHbIe CrioBa.

16. BepHo nu cnegytollee yteepxaeHue?
TypOyneHTHbI NepeHOC 3Hepruy 3aaaeTcs CrneayoLwmnM ypaBHEHNEM:

3 5
"q=-AVT, roe A — KoadUUMEHT MONEKYNAPHOM TENMONPOBOAHOCTH.
17. «A» — wn3bupaTenbHoe MornoLeHMe KOMMOHEHTOB MNAapOBbIX WM ra3oBblX CMECEN XWUAKUM
norrnotutenem. Npu aTOM OCyLLEeCTBNAETCA nNepexoq OAHOMO UMM HECKOMNbKMX KOMMOHEHTOB CMECU 13
rasoBol asbl B xumakyto. O6paTHbIN npouecc nepexofa OTAerbHbIX KOMMOHEHTOB XXWUAKON CMecu B
rasoBylo a3y HasbiBaeTcs «b».
1. A—abcopbuus, b - aecopbuus; 3. A - aKkcTpakuus; b - Bo3roHka
2. A — neperoHka, b — guctunnaums; 4. A — apcopbums, 6 - skcTparmpoBaHme
18. 3agaHue oTKpbITOro TUNa. BctaBbTe NponyLeHHoe CNoBo.
[Bvxyuien cunon npouecca ... ABMASETCA CTPEMIIEHME CUCTEMbI K YMEHbLUEHUIO MOBEPXHOCTHOrO
HaTsKEHWS.
19. Ha puc. npuBefeHbl pasnuyHble cxembl BuopeakTopoB. PepmeHTep 6apboTaHO-rasnUTHbLIN
nokasaH nop 6ykson «__ ». [lossicHuTe npuHUMn ero paboTbl. Ha3oBUTe NPOHyMEepPOBaHHbIE SMIEMEHTbI
annapara.

Boadyx

[Mpumepbl KOHMPOJIbHBLIX pabom (3adaHuli 8x00auux 8 cmpykmypy KUM):
1. MNpn Temnepatype 773 K KOHCTaHTa CKOpPOCTM okucreHus okcuaa cepbl (IV) B okemng cepbl (VI)
coctaenseT k1= 3,20-105. Onpegennte KOHCTaHTY cKkopocTn k2 aTon peakuum npu temnepatype 793
K. OHeprus aktuaumm peakuumn coctasnseT 87900 kx/monb.

2. Omnnoebin cnupT obpasyeTcsa npu B3aMMOAENCTBMM 3TuUneHa C Bogow. Paccuntanmte BbIXog
atunosoro cnvpta ®3T npu yCrnoBUM MHOFOKPATHOW LMPKYNAUUW 3TUMEHA, €CnNn NPakTU4eCKUn
pacxogHbin koadhduumeHT atuneHa =0,69 T/T s3TMnoBoro cnupTa.

3. OHeprusa aktnBauum peakuumn 2A+B = 2C, npotekatowen npu Temnepatype 1073 K cocraensieT
89700 k[x/kmonb. B pesynbrate npuMeHeHUs KatanusaTopa oHa cHuaunacb o 59000 k[x/kmorb.
Opyrve napameTpbl OCTanuCb HeuaMmeHHbiMU. [lpy Kakon TemnepaType peakums C yyacTuem
KaTanmsaTopa MOXeT NpoTeKaTb C NPEXHEN CKOPOCTbIO?

4. lepen ocywectBrneHnem peakumm A —B, 6bina namepeHa KOHUEHTpauus BelwlectBa A, OHa
coctaBuna 1 monb/n, nocrne npoeedeHns peakumm — 0,1 monb/n. CteneHb KOHBEPCUW BELLECTBA
cocTasuna...

5. Ha pucyHke npeactaBneHbl Cxembl MPOM3BOACTBA CEPHOM KUCMNOTbl. Onuwnte npouecchl,
npoTekarLme Ha Kaxkaon ctaaun. YKaxuTe CXOACTBa M pasnnymns TEXHONOMMYECKUX CXEM.




Boaa

B armocdepy

BarMoctepy |

2 Orxopsuume rass

g
g

TpuponHsiif ra3
JUIA PO3KHUIa

18

6. Ha xummnyeckom 3aBoge, npon3BoadLiemMm CMHTeETU4eCKMe nosimMepbl, B aTMOCCbepy Bbl6paCbIBa|'OTC$I
pa3nn4yHble 3arpAa3Hdrollmne BellecTtBa, BKIHOYad OKCUAbl a30Ta U Cepbl. B pe3ynbtateé MOHUTOPUHIa
Obino yCTaHOBJIEHO, 4YTO YpPOBEHb 3arpA3HeHud BO6NM3n 3aBoaa npesblillaeT OonyCctuMmblie HOPMBbI.
Kakne Mepbl MOTyT ObITb npeanpuHATbl ANnAa CHUXEeHUA Bbl6pOCOB 3arp4a3Harwmx sewects Ha JaHHOM
3aBoae? KakoBbl NOTEHUMANbHbIE 3KONOrMYyeckne nocneacTens ons 0|<py>|<a+ou_|,e|71 cpenbl 1 300p0OBbA
HaceneHua B cltiydae npoaoJikKeHnA pa60TbI 3aBoga 6es ynydiieHunda 3KONOrn4yeckom CI/ITyaLI,I/II/I?

7. Buoxumunyeckoe npeanpusiTUe 3aHMMaeTcsi MPOWM3BOACTBOM OuopasnaraeMblXx NNacTUKoB U3
pacTutenbHOro chipbs. B npouecce npousBoactBa obpasytoTcs NobGoYHble MNPOAYKTbl, KOTOpble B
HacTosilLlee BpeMs YTUIU3UPYIOTCA Kak oTxoAdbl. Kak MoxHO nepepaboTaTb nob6oyHble NpoAyKTbl Ans
CO30aHMsA HOBbIX MPOAYKTOB MIIN PECypcoB, YTOObI MUHMMMU3UPOBATbL KONMMYECTBO OTxo4oB? Kakue
3KOMorMyeckne npeumMyLLecTBa MOXeT NpefoCcTaBuTb nepexos Ha 6e30TxodHble TEXHONOMK B JaHHOM
NpPon3BOACTBE, KaK AN NPeAnpuUsaTUS, Tak U AN oKpyatoLlen cpeapbl?

8. Ha pucyHke nokasaHa abcopObumoHHas KONoHHa Anist ouncTkm 6rnorasa ot COo.
‘Otpaboranmsii ras ( Ges CO2 )
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” CJINB BOIBI € pac-
TBopenubM CO2

mymit ras: cogepsxanit CO2

MosicHMTE NpuHUMN ee paboThbl.
Yrto Takoe 6uoras? Ero coctas? Kak oH nonyyaetcs. [pnBeanTe oCHOBHblE HEO6XOOMMbIE peakumm

9. Onpegenute 06bemM GuopeakTopa C MHEBMATUYECKUM NEPEMELLMBAHNEM AN NMonyveHust 57 T/cyT
10 %-ro mac. BogHOro pacrtBopa xsiopuga Hatpus npu 25¢C. [Npon3BOACTBEHHbIV LMKIT BKIOYaAET
3arpysky BoAbl B peaktopB TeueHne 20 MVH., pacTBOpeHue xnopuaa HaTpusi, BbIrpy3Ky pacTtBopa B
TeyeHne 10 muH. CpegHunm pasmep uYacTvuy TBEpOoro xrnopuga HaTpus 2,2 MM, CKOPOCTb
macconepeHoca — 2 - 107° m/c, pasHuua KOHUeHTpauui npu MacconepeHoce — 430 Kr/im®,
K03 PULIMEHT 3anonHeHus peaktopa — 0,75, KOHeYHas NNOTHOCTb peakLUMoHHON cmecn —1070 kr/m3.

10. Onpegenute guameTp M BbICOTY crnosi agcopbeHTa B agcopbepe nepnoamyeckoro 4erncTBus anst
ynaBnuBaHUS NapoB BOAbl M3 BO34yxa Ha ueonuTe. Yucnoo eamHuy nepeHoca pasHo 4,5, pacxof
naporasoBoit cmecu 1500 kr/4, ckopocTb naporasosoit cmecu — 0,23 m/c, nnotHocTe — 0,82 kr/m3,
06BbEeMHBbIN KOaPULIMEHT MacconepeHoca — 1,5 ¢,

11. B annapaTe TpebyeTcsa oxnaguTb XMAKOCTb OT TemnepaTypbl 85°C po temnepaTypbl 45°C.
MaccoBbin pacxog xuagkoctn 500 «kr/4, TennoemMKocTb >XuAKOCTUM C. HavanbHas Temnepartypa



oxnaxpgawwen Boabl 18 °C, ypenbHaa TennoémkocTb Boabl 4186 [x/(kr-K). KoadbdmumeHT
Tennonepeaaum K = 270. Onpegenvte Heo6X0AMMYHO MOBEPXHOCTb TENoobMeHa 1 pacxod BOAbl Npwu
NpsIMOTOKE U NPOTUBOTOKE. ONULLIMTE CXEMbl OBUXEHUS TENNOHOCUTENEN N onpeneneHne cpegHero
TemnepaTypHOro Hanopa.

12. B koXyxoTpybuaToM KOHAeHcaTope HeobXxoouMMO CKOHAEHCMpOBaTb Mapbl 3TUMOBOrO CrnvpTa.
Maccosbint pacxog 200 kr/4, npaBneHne 101,3 klla, koHueHTpauus 96,5 % mac. CnupT BbIXOAUT Npu
Temnepatype koHgeHcauum 78,3 °C. Oxnaxgalowmm areHToM ChAyXMT BOoAa C HadanbHOM
Temnepatypon 18°C, KoHe4YHas TemnepaTypa TennoHocutens 45 °C. KoadhduumeHT Tennonepegaum K
= 610. YpgenbHas TennoTta KOHAEHCaLMM NapoB 3TUMOBOrO CiMpTa NpW 3adaHHbIX YCIOBMAX paBHa
921,1 k[Dk/kr. meeTcst TennooBGMEHHUK C MnoLaabio NoBepxHOCTU TennoobmeHa 3 m2. MoaxoauT nu
Takon TennoobMeHHVK Ans peanu3auum npouecca? YTo Takoe KOXyxoTpybuaTbii KoHOeHcaTop?
KakoB npuHumn ero paboTbl?

13. Paccuutante gnameTp annapaTa (OQHOKaMEPHOW CYLUMIIKM C KUMSLLMM CIOEeM) 1 pacxon Bo3ayxa
npyv cneaylLlmx MCXOAHbIX AaHHbIX: NPOU3BOAUTENBHOCTbL MO MCXOAHOMY MaTepuany — 850 kr/v;
HadanbHoe BriarocogepkaHue npogykrta — 0,10 kr/kr; KOHeYHoe BnarocogepXxaHue npogykrta — 0,05
Kr/Kr; HadanbHble napameTpbl Bo3gyxa: Temnepatypa — 23 °C, BnaxHoctb — 72 %; KOHe4yHas
Temnepartypa Bo3gyxa B kanopudepe — 130 °C; koHeyHasa TemnepaTypa BO3gyxa B cyluumnke — 65
9C; ckopocTb nogayn Bo3gyxa B cywwmnky 0,72 m/c.

14. Mo Tpy6onposoay anameTtpom 0,25 M ABUXKETCA NOTOK BoAbl ¢ pacxogom 90 m3 /4. Temnepatypa
Boabl 25 °C, anHamuyeckas BaskocTb 11072 Ma-c, nnotHocTb 1000 kr/m3. YcTaHoBUTE pexum TeveHus
B Tpybe. Onuwute kputepun PenHonbaca W BO3MOXHOCTb €ro MCMonb30BaHUA B Mpouecce
MOZeNupoBaHus.

15. PaccmoTpuTe npou3BoAcTBO OENKOBO-BUTAMUHHOINO KOHLEHTpaTta w3 napadumHoBON dpakumm
HedbTw. MNpnBeante prsamko-xmMMmmnyeckne ocHoBbl Npouecca. lNpennoxunTte n onNnUWMTE NPUHLKMN PpadoTol
TEXHOMOMMYEeCKON CXeMbl M OCHOBHbIX ee arnnapatoB. Kakune BapuaHTbl MHTEHCUMUKaLMM NPoLEeccoB
Bbl NPUMEHseTe B 3TOM Npon3BoACTBE?

16. Ha puc. nokasaHa Tunoeas cxemMa npov3BoacTBa 6ernka U3 NnpupoaHoro rasa.

Moarotoeka KonuentpupoBanue,
| upha__ | lbepmcmazia |
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MosicHute npuHUMn ee paboTbl. HasoBuTe npoHyMepoBaHHble annapaTtbl. [lpeanoxuTe BapuaHThbl
NHTEHcMMKaLumm paboTbl 4aHHOMO NPOU3BOACTRA.

17. CoctaBnTb MaTepmanbHbIn 6GanaHc NPon3BOACTBA BUHUITXIOPUAA rarioreHUPOBaHNEM aueTUIeHa.
McxoaHble AaHHbIE:

CTerneHb npeBpaweHna auveturneHa — 99 %;

CeneKkTUBHOCTbL npouecca — 98 %;

YnucToTa UCXOLHOro xnopuaa sogopoda — 99 mac.a., %;

4YMCTOTa UCXoaHoro auetTuneHa — 99,5 mac.a., %;

n36bITOK xnopmaa sogopoaa — 10 %;

no6oYHbIV NPOAYKT — ANXIopaTaH. PacyeT nposBecTu Ha 1 T BUHUNIXNopuaa.

18. BblumMcnuTb pacxog MeTunoBoro cnvpta Ha 1 T dopmanbaervga, ecnv npounsBoaUTENbHOCTb
yctaHoBkn 2000 kr/4 doopmanuHa ¢ maccosou gonen 37 %. Boixog dopmanbaernga coctaensets 90



mac.A., %, npu creneHn npespaiieHns 85%. MNpu kuc- NUTenbHOM AervapupoBaHUM MeTUITOBOrO
crnupTa npoTekalT OOHOBPEMEHHO OBe peakuuun: germgpupoBaHue (1) M okucrieHme MeTUrioBOro
cnupTa (2):

(1)CHsOH — HCHO + Hy,

(2)CH30H + 0,5 O2 —» HCHO + H20.

19. B annapaT nocTynarT 2 BXOAHbIX MNOTOKA, AN1s KOTOPbIX 3adaHbl o6beMHble pacxoabl V1 n V2 (B
M3/4), M 2 BbIXOAHbIX C 06beMHbIMM pacxogamu V3 u V4. TINOTHOCTM BCEX MOTOKOB M3BECTHbI,
0603Ha4nM ux kak pl, p2, p3, p4 COOTBETCTBEHHO. 3anuwunMTe ypaBHEHUS MaTepuanbHoro 6anaHca.

20. MNocTporTe MaTeMaTU4eCKyo Moaensb ruapasnuyeckon cuctemol. OnpegenuTe N3amMeHeHne ypoBHSA
Xuagkoctn (6eHson — Tonyon) B emkocTax Ha uHTepsane [0, 60]. B HavanbHbIM MOMEHT BpeMeHu
ypoBeHb xuakoctu B cocygax H1 = 10, H2 = 8 m. KoHueHTpauusa 6eHsona-50 %. 1 = {3 = {2 = 1.
OunameTp naTpy6kos 0,021 m. CeueHune pesepByapoB S2 = S1 = 2 M2 Temnepatypa XuUakoctn — 25
°C.

=N wMa

Tembl uHOusudyarsibHbIX Poekmos (0okiados)
Mpon3BoOACTBO CEPHON KNCHOThI.

TexHonornsa MmHeparbHbIX yaobpeHui.
TexHonornsa npovMssoacTBa ammuaca.
TexHonorna azoTHOM KUCNOTbI

MepBnyHasa nepepaboTka HedTU.
[ecTpykTnBHasa nepepaboTka HeTK.
CwuHTesbl Ha ocHoBe CO 1 Ha.

TexHonorna nonyvyeHna popmansgermia
TexHonorna nonyyeHns auetTuneHa

10. TexHonorna nosTly4eHnsa yKCyCcHOM KMCoTbI

11. Kokcoxmmmnyeckoe Npon3sBonCcTBO.

12. [Mpoun3BoaCTBO YyryHa.

13. lMpounssoacTeo ctanu. Mngpekc-npouecc.

14. Menacca. Npon3BoacTBO 3TUMAOBOrO cnmpTa.
15. BbuoTtexHonornyeckue npoueccsl. [onyyeHne nuanHa.
16. Mpon3BOACTBO CUHTETUYECKMX Kay4yKOB.

17. TexHonorna nosly4eHnsa pesnHoBbIX N3LENNNA.
18. [Mpon3BoaCcTBO NopTHaHgUemMeHTa.

19. CunctemMbl BOOOMNOATOTOBKM Y BOAOOYNCTKM.

20. Cucrembl OUMTKM BO3AyXa.

©CoNoO~wNE

OnucaHue TexHONorMm NpoBeaeHNs

Tekywaa atrectauus NpPOBOAMTCS B COOTBETCTBUM C [lonoxeHnem O Tekylwewn aTTectaumm
obyvarowmxca no nporpammMamMm  Bbicwero obpasoBaHuMs  BOpOHEXCKOro  rocyaapCTBEHHOro
yHuBepcuTteTa. OHa BKkntoyaeT B cebs HeCKOnbKo (POpM KOHTPOMS, HanpaBfiEHHbIX HA KOMMIIEKCHYHO
OLE€HKY 3HaHMIN N HaBbIKOB CTYAEHTOB.

ATTecTaums BKMHOYaeT YCTHbIA OMpPOC, KOTOPbIA MOXET MpoBOAUTLCA Kak B opme
WHOWBMAYANbHOIrO Onpoca, Tak W dpoHTanbHon 6ecedpbl. [McbMeHHble paboTbl npeacTaBneHbl
KOHTPOSbHbIMM paboTamun 1 Tectamu. KOHTponbHble paboThl NO3BOMAOT NPOBEPUTL 3HAHUA U YMEHME
CTYOEHTOB MPUMEHATb TeopeTU4ecKne KOHLEenuuu Ha npaktuke. TecTupoBaHue ucnonb3yeTcd Ong
ObICTPOW OLIEHKN YPOBHSA 3HAHMI NO onpeaerieHHbIM TEMaM.

KoHTponbHble paboTbl M TeCTbl MOryT MPOBOAUTBLCS Kak B JMEKTPOHHOW dhopme, Tak U Ha
3aHATMAX. Bpemsa BbINOMHEHWs 3TUX 3afjaHuMK  ycTaHaBnuBaeTcsa npenogaBaTteneM. PeaynbTaThbl
TeKyLlen atTectauumn MoryT BbITb Y4TEHbI MPY NPOBESEHUN MPOMEXYTOYHOM aTTecTaumm.



JlabopaTopHble paboTbl HanpaefeHbl Ha pas3BUTME MPAaKTUYECKUX HaBbIKOB B obnactu xumunn wn
TexHonorun BAB, BKMo4yasi BbINOMHEHWE 3SKCNEPUMMEHTa MO 3adaHHOM MeToamke, cOop M aHanua
AaHHbIX, a Takke (OpMMpPOBaHNE yMeHuh 6GesonacHon paboTbl C XMMUYECKMMWU peakTuBamMu U
obopynoBaHueM.

TexHonorna npoBeaeHns TekyLen aTTectTaumm BKNoYaeT UCMONb30BaHNE 3MEKTPOHHbIX
pecypcoB Ans opraHMsaLmm U KOHTPOSS npouecca, YTo No3BosieT aBTOMaTU3NPOBAaTh OLIEHKY U
XpaHeHue pesynbTaToB. MOHUTOPUHI yCNeBAeMOCTM OCYLLECTBIISETCS Yepes ANeKTPOHHbIN XXypHan
OLIEHOK, YTO MO3BONSET NpenogaBaTeniaM U CTyaeHTaM OTCIeXmnBaTh NPOrpecc B pexmme peasibHOro
BPEMEHMW.

TpeboBaHUA K BbINOSTHEHWIO 3a4aHUA (MW LWIKanbl U KPUTEPUU OLIEHUBAHWS)

OueHka pesynbTaToB O0O0y4YeHMs Ha Tekywlen aTtTectauum npoOMCXOAUT NO  Creaylwmum
nokasaTtensam:
1) 3HaHMe y4yebHOro maTepvana W BriafeHWe MNOHATUWHBLIM annapaTtoM XUMUYECKOW TEXHOMorun u
NPOMbILLIIEHHOW 3KOIornu;
2) yMeHue cBA3biBaTb TEOPUIO C NPAKTUKOM HA OCHOBE 3KCNepUMeEHTanbHbIX pe3ynbTaToB, NOMy4YeHHbIX
npw BbINOMHEHUN NabopaTopHbIx paboT;
3) yMeHue wunniocTpupoBaTb OTBET MNpUMepaMn, YpaBHEHUAMMW peakuuin, IKCnepuMeHTarbHbIMU
AaHHbIMMU;

Kputepum oueHnBaHus:

KpuTepuu oueHvBaHMsa KOMNeTEHLUIA LLkana oueHok

lMonHoe coomeemcmaue omeema obyqarou,e20csi 8CeM MePeYUCTIEeHHbIM KpUmepusim.
lNpodemoHcmpuposaHo 3HaHUe (bU3UKO-XUMUYECKUX OCcOobeHHocmeli  OCHO8HO20
mexHosioau4ecko2o  obopydosaHusi U XUMUKOMEXHO/I02UYECKUX  MPOYEeccos;
803MOXHOCMel u crnocobos onmumusayuu merisiosbiX U MacCOOBMEHHbIX MPoUeccos;
yMeHue nposodums pacyém rnapamempos8 mMexHO/102UYECKO20 npoyecca Ha OCHO8e OmnuyHo
0aHHbIX O cocmase peakUyUOHHOU Cpeldbl; OUEHKU napaMempos U Xapakmepucmuk
XUMUYECKUX MPOUECCO8; MPOEKMUPOBaHUSsT 3/IEMEHIMO8 MEeXHOI02UYECKUX cucmem u
MEXHOI02UYECKUX MPOYECCO8 ;| OnuUcaHuUsi omoesibHbIX MEXHOI02UYEeCKUX cucmem u
MEXHOI02U4eCKUX MPoyeccos

Omeem Ha KOHMPOIbLHO-U3MePUMEsbHbIU Mamepuarn He coomgeemcmayem OOHOMY
(08yM) u3 riepe4qucrieHHbIX roKkasamesel, HO obydarowulica daem npasusibHbIE
omeemsbl Ha OOrMofTHUMEsbHbIE 80Mpockl. HedocmamoyHO pPoGeMOoHCMpPUPO8aHO
3HaHUe  (U3UKO-XUMUYECKUX  OcObeHHocmeli  OCHOBHO20  MEXHO02Uu4ecKozo
obopydosaHusi U XUMUKOMEXHOI02UYECKUX POUEeCccos; 803MoXHocmel u crocobos
onmumu3sayuu merniosebix U MacCoObMEHHbIX MPOYECCo8

Xopowo

Omeem Ha KOHMPOIbHO-U3MEpPUMerbHbIU Mamepuara He coomeemcmeayem sobbiM
0sym (mpem) u3 nepeyucrieHHbIX rokasamened, oby4qarouwuticss daem HerosHbIe
omeembl Ha OOMoIHUMESbHbIE 80MpPOChkl. [JeMoHCmpupyem YacmuyHble 3HaHUsl
u3uKo-xumMu4eckue 0cobeHHOCMU OCHOBHOE MmexHorioeu4Yeckoe obopydosaHue u
XUMUKOMEXHO/I02UYECKUX MPOUECCO8;, B803MOXHOCMU U C€rocobbl onmumusayuu
mennosbix U MaccoobMeHHbIX MPOYeccos, Unu umMeem He nosiHoe rnpedcmasrieHue o
nabopamopHbix pabomax 8 XuMu4Yeckol mexHosoeuu, Ooryckaem CyuleCmeeHHbIe
OWUBKU rpuU onucaHuUU npoyeccos8 HanucaHuu ypasHeHUl peakyuu.

YOoenemeopumesibHO

Omeem Ha KOHMPOJ/IbHO-U3MEPUMErbHbIU Mamepuas He coomeemcmeyem tobbiM
mpem (Yembipem) u3 rnepevucreHHbIx nokasamesedl. Obyyarowulics 0eMoHecmpupyem
OMPbIBOYHbIE, ppacmeHmapHble  3HaHUSI ~ OCHOBHO20  MEXHOo02u4Yeckozo | HeydoernemeopumeribHO
0bopydosaHus, XUMUKOMEXHOIo2U4YeCcKUX npouyeccos; doryckaem epybbie owubkKu
fpuU HanucaHuu rpoyeccos U ypasHeHuUl peakyud.

20.2. NMpomexyToyHas aTrecTauums

MNpomexyToyHas aTTecTauusi No AWUCLUMMNMHE OCYLLECTBNSETCH C MOMOLLUbIO  CreayoLmX
OLIEHOYHbIX CPEACTB:

cobecedosaHue no KM codepxxawjux sonpockl 0718 3a4ema ¢ oUeHKoU usiu 3K3aMeHa

[lepe4yeHb 80rPOCO8, 8bLIHOCUMbIX Ha 3a4em C OUEHKOU:
1. Jante onpeaeneHne «XMMnYeckasi TEXHOMOMNA» N ONULLNTE €€ MEXO0TpacrieBOn Xxapakrep.




2. HasoBuTte 1 oxapaktepuaynTe OCHOBHblE OOBbEKTbI U NOACUCTEMbI XMMUKO-TEXHONOMYECKON CUCTEMDI
(XTC).

3. UTo Takoe CUCTEMHLIN aHanu3 CNOXHbIX CXEM XUMMYECKUX MPOU3BOACTB U U3 KaKMX 3TanoB OH
cocToUT?

4. B 4em cocTtouT oTnnyme d)VI3VI‘-IeCKOFO MoagenmMpoBaHnAa oT MaTemMaTmn4ecKoro? an/IBeD,I/ITe npuMepsbl
NX NpUMEHEHNA.

5. OGbACHUTE pPONlb HATYPHOrO W BbIYUCIIUTENBHOIO 3SKCMEPUMEHTOB B  UHXEHEPHO-XUMUYECKUX
nccneaoBaHusaX.

6. JanTe onpeaeneHne XMMUYecKoro Npon3BoACTBa 1 ONULIKUTE €ro MHOroyHKLMOHANBHOCTb.

7. HasoBUTE OCHOBHbIE TEXHONOMMYECKUE KOMMOHEHTbI XMMMWUYECKOro MpPOU3BOACTBA M NpuBeauTe
npumepsbl.

8. Mepeuncnute KayecTBEHHblE W KOMWYECTBEHHbIE MOKa3aTenu XMMUYECKOro MNPOM3BOACTBA M
0OBbACHUTE UX 3HAYEHME.

9. Kak knaccugmumpyoTcs CbipbeBble pecypchbl MO (da30BOMY COCTOSIHUIO M MPOUCXOXAEHUIO?

10. Oxapaktepusynte OCHOBHblIE CNocoObl NepBuYHON 0BPaABOTKM MUHEpParbHOrO M OpraHM4yecKkoro
CbIpbA.

11. Yto noHuMmMaeTca noA  YrnyGreHHbIM  UCMOSb30BaHWEM  CbipbA U KOMOWHMPOBAHHLIMK
npovssoacTeamn?

12. Onuwmnte oOCHOBHble TpeboBaHMS K TEXHOMOrMYeckom u ObITOBOM BOAE B XMMWYECKOM
npoun3BoacTBe.

13. MNpuBeanTe MeToabl MPOMbILLNIEHHOW OYUCTKA BOAbl M OCHOBHbIE CNOCOObLI KOHTPONS €€ KayecTBa.
14. PackpoiTe NOHATME pereHepaumun n pekynepauum aHeprmm B XMMNUYECKON NPOM bILLFIEHHOCTM.

15. Yto Takoe CTexMoMeTpuyeckne, TEepMOAMHAMUYECKME U  KUHETUYECKMEe 3aKOHOMEPHOCTU
XMMUYECKMX NpeBpaLLeHnin?

16. [aiiTe onpedeneHns CTEMNeHW NpeBpalleHusi, BbixO4a MpPOoAyKTa WU CENeKTUBHOCTM XUMUYECKOro
npouecca.

17. Kak COOTHOCATCS CKOPOCTb peaKLyn 1 CKOPOCTb NPEBpPaLLEHUS peareHToB?
18. O6BbsACHUTE KNnaccumKaLmio XMMUYECKUX NPOLECCOB MO XMMUYECKUM U (ha30BbIM NpU3HaKaM.

19. Kakve dakTopbl BMMSAIOT Ha NOKa3aTenu roMOreHHOro XMMMUYECKOro Mpouecca M Kak ero MOXHO
WHTEeHcMdMUMpoBaTb?

20. Yto Takoe onTumaribHas TemnepaTtypa M Kak eé onpeaensioT Ans 9K30- U 3HO0TEPMUYECKMX
peakunmn?

21. [anTte onpegeneHue u npmeeauTe NpMMepbl reTepOreHHoro HekaTannmTMyeckoro npouecca.

22. HasoBute cTagum reteporeHHoro npouecca M OObSICHMTE MOHATUE HAGMOaeMon CKOPOCTU
npesBpaLleHms.

23. OnnwuTe matemaTU4eCcKyto MOAENb NMpoLiecca ropeHnst No MOAENN «Cxxmnmarowasncs chepa.

24. Yto xapakrtepusyeT MOAENb «C HEB3AMMOAENCTBYHOLLMM S4POM» B TONMOXMMUYECKUX PEAKUUSIX?

25. HasoBute NyTn MHTEHCUMUKALMKN FrEeTEPOreHHOro NPOLIECCa «ras3—KnOKOCTbY.

26. [Jante onpegeneHne KaTanUMTUYECKOMY nMpoueccy W Knaccuduumpynte BuAbl reTeporeHHoro
KaTanuaa.

27. OB6bACHUTE NOCTPOEHNE MaTeMaTUYEeCKON MOAENN KaTanMTMYecKoro npoLlecca Ha nopuctoM 3epHe
KaTanusaTopa.

28. Y10 Takoe cTeneHb UCMONb30BaHUS BHYTPEHHEN NOBEPXHOCTU KaTanuaaTtopa 1 kak eé yBenmyunTb?

29. [aiiTe onpepeneHne XMMUYECKOrO peakTopa M MNEepeyvncrniuTe ero OCHOBHblE KOHCTPYKTUBHbIE
3MEMEHTbI.

30. CpaBH/iTEe MOAENW WOeanbHOro CMELUeHUS U MOeanbHOro BbITECHEHWS ANs U30TEPMUYECKUX
peaKkTopoB.

31. Kak cocTtaBnsieTcs cucteMa ypaBHEHUIA MaTepumanbHOro n TennoBoro 6anaHca ans peakropa?

32. Kakve napameTpbl BMAIOT HA NPOGUIN KOHLIEHTPaUUA 1 nokasaTenu npouecca B U30TEPMUYECKOM
peakTtope?

33. OnuwwuTe pacnpegenenne TemMmnepaTtypbl U CTENEHN NPEBPALLEHNS B aaMabaTuyeckom peakTope.
34. YT0 TaKkoe 4MCcno 1 yCTOMYMBOCTb CTALMOHAPHBLIX PEXMMOB B PeakTope MaeanbHOro CMeLeHnna?



35. an/IBeD,I/ITe npuMmepbl  NPOMBbLILLUNEHHbIX peakKTopoB AOJid FTOMOr€HHbIX, reteporeHHblX u
KaTarimTn4eCckmnx npoueccos.

36. PackponTe noHATME 1 3a4a4m aHannsa XMMMKO-TEXHONOMMYECKON CUCTEMBI.

37. Kak coctaBnsieTca matepuanbHbii 6anaHc XTC co cxemon peunpkynaumm? NpuseguTte anroputm
pac4éTa.

38. Ob6bsicCHNTE MPUHUMMbLI 3HEepreTM4eckoro ©OanaHca No nomHoW aHeprum KU pacdéta  KI4
NpPo13BOACTBA.

39. lNepeuncnumte ocHoBHLIE aTanbl cMHTe3a XTC 1 ponb MaTeMaTUYECKUX U IBPUCTUHECKUX METOLOB.
40. Kakne KoHUEenuun «3en€HOM» XUMUA W MNPOMbBILSIEHHONW  3KOSOrMKM  MPUMEHSAOTCS  MpU
NPOEKTUPOBaHMMN MaSIOOTXOAHbLIX MPOU3BOACTB?

41. HasoBuTe 1M oxapakTepusynTe IKOHOMMUYECKME, IKCNIyaTauMOHHble U coumarbHble nokasaTenu
OLEeHKN 3P PEKTUBHOCTN XMMUYECKOrO NPOM3BOACTRA.

42. YT0 noHMmaeTca nop 3HeproTexHororndyeckom cuctemon (BOTC) B XMMMYECKOM Npoun3BOACTBE?
Mepeuncnute eé OCHOBHbIE KOMMOHEHTbI.

43. Kakune BMAbl BTOPUYHBIX 3HEPreTUYECKUX PECYPCOB NPUMEHSAIOTCS B XMMUYECKON MPOMbILLSIEHHOCTU
N KaKoBa WX POSib B CHKEHUN aHeprosaTpaT?

44, PackponTe Knaccuukaumio TEeXHOMOIMMYECKUX CBA3EN B XMMWKO-TEXHONOMMYECKONW CUCTEME:
nocrniegosartenbHasi, napannenbHasi, pasBeTBNEHHas, nocrnegoBaTenibHO-06BoOAHass (bGannac) u
obpatHas (peuukn).

45. B 4ém oTnuume onucaTtenbHbIX (XMMUYecKass cxema, maTemaTudeckas Mogenb) U rpaduyeckmx
(cbyHKUMOHanNbHas, TexHonornyeckasi, CTpyktypHas) mogenen XTC? MNpusegute npumepsl NPUMEHEHUS.
46. Kakue knoyeBble cUCTEeMHble cBoncTBa npucywm XTC kak crioxHon cucteme? OBbSACHUTE MOHATUSA
«B3aNMOCBSA3aHHOCTb PEXUMOBY, «YCTOMYMBOCTbY U «CYLLLEECTBOBAHUE CTaLMOHAPHbLIX PEXMMOBY.

47. OnuwmnTe NOpsAOK cocTarneHms Tennosoro 6anaHca XTC npu HannumMm peumKnoB: YY4ET TENNOBOroO
noToka, cnocob npeacTaeneHus pesynbraTta.

48. B 4éM COCTOMT CUHTE3 3aMKHYTOW ManoOOTXOOHON TEXHOSIOTMYECKON CXEMbl C MOMHbIM
NCNONb30BaHNEM CbIPbEBBIX U AHEPreTUYECKNX PecypcoB?

49. lMNepeuncnute U1  OxapakTepuaynTe OCHOBHble 3Tanbl pas3paboTkM  (CMHTE3a)  XUMMKO-
TEXHONOrM4YeCKON CUCTEMBI.

50. YTo Takoe knacrtepusauns XMMUYECKOW MPOMBILLIIEHHOCTU U Kakue npeumyLlectsa oHa OaéT npwu
pas3BuTUN pernonHa?

51. Ha3oBuTe COBpEMEHHbIE TEHAEHUMM U NPUOPUTETHbIE HanpaBfeHUs pasBUTUS  MUPOBOM
XUMUYECKON NPOMbILLNIEHHOCTMW.

52. Kakve nepcnekTuBHble HeTpaauUMOHHbIE WUCTOYHUKU CbIpbS M 3HEpPrMm paccmaTpusaloTcs Ans
XUMMYeckon otpacnm?

53. PackponTte OU3MKO-XMMUYECKME OCHOBbI MOCTPOEHUSI TEXHOMOMMYECKOM CXEMbl MNPOU3BOACTBA
aTuneHa (unu amMmmunaka): BbIbop peareHToB, 3HEProO- U pecypcocbeperatomx NpUEMOB.

54. OxapakTtepusynTe NpUHUMMNbI «3EefEHON» XUMUU U OCHOBHble TPeboBaHUA HOPM M HOPMAaTUBHbIX
OOKYMEHTOB NPOMbILLNIEHHON 3KOSTOMUN.

55. lMpuBeante npumepbl rMBKUX W NepecTpanBaeMblX TEXHOSNOMMYECKUX CXeM W OBbACHUTE UX
NPaKTUYECKY0 BaXXHOCTb.

lMpumep 6unema (KNM)::

YTBEPXXOAKO
3aBenyownii kadenpon
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Hanpaenenue nogrotoBkn 04.05.01. dyHoameHTanbHas v NpuknagHas Xumust

OucumnnnuHa Xumuyeckasi TEXHONOrusi

Kypc 3

dopma obyyeHusa o4yHas

Bua aTTectaumm npomMexyToyHas

Bua KOHTpONs 3a4€eT C OLEeHKON

KoHTponbHo-uameputenbHbin matepuan Ne 1
1. Packponte knaccuduvKaumio TEXHOMOMMYECKNX CBSI3EM B XUMMKO-TEXHONOMMYECKOW CucTeMe: mnocrnegoBaTternbHas,
napannenbHas, pa3BeTBnéHHasA, nocnegoBaTenbHo-06BoaHast (bannac) u obpaTHas (peuunkn).
2. OxapakTepu3syinte OCHOBHbIE CMOCOObI NepBNYHON 06PaboTKN MUHEParibHOIO U OPraHNYECKOro Chipbsl.
lMpenogasaTenb




[NepeyeHb 80POCO8, 8LIHOCUMbIX HA SK3aMEH:

1. [Jante knaccuukaumi  XUMUKO-TEXHONOTMYECKMX MPOLEeCcCOB MO  Cnocoby npoTekaHus
(HenpepbIBHbIE/MEPMOANYECKME) U NO CTAaUMOHAPHOCTU (CTaLMOHapHble/HeCTaunMoHapHbIE).

2. Packpovte noHsaTHe mnpaeanbHOW (HE3aBUCMMOW OT BSA3KOCTW) XMAKOCTU. Kakme curbl OEeNCTBYIOT B
naeanbHOM XNOKOCTU?

3. YT0 Takoe moaenb HeENPepbIBHOW cpeabl U (PU3NYECKNIA ANEMEHTAPHbIN 06beEM?

4. 3anuwmnte andepeHLmnanbHyo U MHTerpasnbHyo opMy YpaBHEHUSA HEPa3pPbIBHOCTM ANS XUOKOCTH.
5. Beinnwmnte 6anaHc cun Anst BA3KOM HECKMMaEeMOWN XUAOKOCTU U NOSICHUTE Kaxaoe criaraemMoe.

6. Mony4ynte ypaBHeHMe HaBbe—CToOKCa 1 06BACHUTE PUINYECKUIA CMbICIT KaXXO0r0 YfieHa ypaBHEHWS.
7. ChopmynupynTe ypaBHEHUE OBWKEHUS naeanbHOW XuakocTu (Snnepa) n ypaBHEHUA paBHOBECUSA
nnepa.

8. BbiBeauTe OCHOBHOE YpaBHEHME rMapoCcTaTUKN U Ha30BUTE ero NpakTu4eckne npuMeHeHns.

9. 3anuwuTe aHepreTnyecknii 6anaHc cTauMoHapPHOro ABWKEHNUS uaearbHON XUAKOCTH.

10. BoiBeante ypaBHeHne BepHynnn ona naeansHOM XUOKOCTU U YKaXUTE, Kak OHO MoaudumumpyeTcs
ANA peanbHOW XUOKOCTK.

11. MNpuBeguTe NpuMepbl NPaKTUYECKOro NPUMEHeHNsa ypaBHeHus BepHynnu (ucteyeHne Yepes conno,
Tpybka Muto—TpaHatng).

12. Kak u13MepsloT CKOpPOCTb W pacxod XWOKOCTM C  MOMOLLbIO  ApoccerbHbiX npubopoB w
NMHEBMOMETPUYECKMX TPYOOK?

13. OnnwmnTe meTon onpeneneHns pacxoda XngkocTn Yepes OTBEpPCTME UM Hacagky.

14. JanTte onpegeneHus rmapaenmMyeckoro paguyca u SKkBUBanieHTHOro gnameTpa.

15. B 4em cOCTOUT OTNAMYNE NAMUHAPHOIO N TYPBYNEHTHOro PEXNMOB TEYEHUS XNOKOCTU?

16. OnunwunTe onbiTbl PenHonbaca 1 onpegenuTe Kputndeckoe yncno PenHonbaca ansa 1pyobl.

17. Y70 Takoe norpaHnYHbIA CRON NPY TEYEHMUM XKNOKOCTU No Tpybam n obtekaHum ten?

18. BbiBeguTe npodunb CKOpPOCTEN MpU flaMUHApPHOM CTauMOHapHOM TeyeHun B Tpybe u ypaBHeHue
Myasenns.

19. N306pasunTe anopbl CKOPOCTU AN NamMMHapHOro 1 TypbyneHTHoro TedeHns B Tpybe.

20. 3annwute ypaBHeHue [Japcn—Bencbaxa gnst notepb Hanopa Ha TPEHWE N MeToAbl ydeTa MECTHbIX
COMPOTUBMEHUN.

21. Kak paccuuTbIBalOT Hanop n guameTp TpybonpoBoaa Ansa 3agaHHoro pacxoga?

22. Kakne kputepum rugpoanHaMmmyeckoro nogobust ncnonbaytot (Ounepa, PerHonbgca, $pyga v gp.) u
KaKoW y HUX OU3NYECKNIA CMbICN?

23. Tlokaxnte, kak npumBoguTCs YypaBHeHMe HaBbe—CToKkca K KpuTepuanbHOMY BuOy 4epes
©e3pasmepunsaumio.

24 MepeuncnuTe OCHOBHbIE NapameTpbl paboTbl LEHTPOBEXHOTO Hacoca: NPON3BOAMTENBHOCTb, HaMop,
MoLLHocTb, KM.

25. Kak onpegensietca gonyctMmas BeicOTa BCacbiBaHMS M YTO Takoe kaButauua? Kak eé nsbexatb?
26. Oxapaktepusymnte paboume XxapakTepUCTUKM LEHTPODEXHOrO W MIYHXEPHOro HaCoCOB B
rmapaBnnyecKon CeTu.

27. Nante knaccndukaumio HacoCOB Ha OOBLEMHbIE M AMHAMWU4YECKMe, NpUBEONTE MPUMEpPbI KaXOoM
rpynnebi.

28. PacuuTtainte npom3BoanTESNIbHOCTb MOPLUHEBOrO HAacoca NPOCTOro U ABONHOIo AENCTBUS.

29. CpaBHUTE [OOCTOMHCTBA W HeOOCTaTKM MOPLUHEBOrO, MIYHXEPHOro, AuadparMoBOro U
LUECTEPEHHOro HacOCOB.

30. 3anuwmuTe ypaBHeHMe TennoBoro 6GanaHca 6e3 WM3MEHEeHWUs arperatHoro COCTOSAHUSE U MNpU
N3MEHEHWM arperaTHoro COCTOSHMS.

31. CchopmynupywnTte 3akoH Pypbe Anst TENNONPOBOAHOCTH.

32. PackpouTe NoHATUEe noTeHumara TennoBoro noTtoka v sanuwmnte ypasHeHue dypbe—Knpxroda.
33. Kakne 6e3spasmepHble KpuTepum NCMNOMb3YHOT B TENIO0OOMEHE 1 YTO OHM NOKa3bIBaOT?

34. BbiBeauTe hopMyny TennonpoBOAHOCTU Yepes NITOCKYI N Yepes UUITMHOPUYECKYIO CTEHKY.




35. Kak yunTbiBatloT Tennonepenady nanyyeHmem? lNepeyncnmte OCHOBHbIE (POpMYIbl.

36. PacuntanTe TONWmMHy TENI0BOM M30NAUMM AN UANNHAPUYECKON TPYObI.

37. MNMepeuncnute BMOblI NOBEPXHOCTHBLIX TEMNTOOOMEHHMKOB U X OCHOBHbIE KOHCTPYKLIMW.
38. O6BbACHUTE NPUHLMN agaUTUBHOCTM TEPMUYECKUX CONPOTUBNEHUI B TENNOOOMEHHMKE.

39. Kak onpegensatoT koadpumumeHTbl Tennootgadum nna cnyydaeB 6e3 ¢pasoBoro nepexoga u C
ncnapeHmem?

40. Pacuntante CpeH OABMXKYLLYIO CUny Tennonepenaydn and npoTuBOTOYHbLIX U NPAMOTOYHbIX CXEM.

41. TMepeuyncnute nNPOMbILMEHHbIE TEMMOHOCUTENW AN HarpeBa U OXMaXAeHWsl, UX CBOWCTBA M
o6nacti npuMeHeHs.

42. OxapaKkTepusyinTe HarpeB AreKTPUYECKMM TOKOM U €ro NpemmyLLecTsa.

43. [Nante onpeneneHve maccooOmeHa. Kak BblpaxaloT cocTaB a3 M HanpaBreHusi nepeHoca
BellecTBa?

44. CoctaBbTe MaTepuanbHbli 6anaHC HenpepbiBHOMO MAacCOOOMEHHOro annapata M ypaBHEHUs
pabounx NMHUN.

45, 3anuwmTe OCHOBHOE ypaBHEHME MAcConepeHoca N NOSICHNTE MeXaHU3Mbl NepeHoca.
46. Yto Takoe anddy3noHHLIN NorpaHnYHbIA cnoin? Hapucynte npogunmn KOHLEHTpaLNin N CKOPOCTEN.
47. Kak NpMMEHSI0T agauTUBHOCTb AN Y3NOHHBIX CONPOTUBIIEHMI B pacyéTe ABMXYLLEN Cunbl?

48. Cchopmynupyinte anddepeHumansHoe ypaBHEHME KOHBEKTMBHONO MacconepeHoca U ypaBHeHue
HepaspbIBHOCTW A51si BMHAPHON CUCTEMBI.

49. Kak cTpouTcs KputepmanbHoe ypaBHEHME KOHBEKTMBHOIO MaccornepeHoca?

50. MeTog “OT CTyneHu K CTyneHn” npu pacyéTte cTyneH4YaTbiX MacCcoobMEHHbIX annapaToB: anroputm 1
npumep.

51. Oante onpepenerHns abcopbuun, cTteneHn n3snevyeHns, MMHUMarnbHOro 1 oNTUMarnbHOrO PacxodoB
nornoTuTens.

52. Kak knaccudmumpyotca abcopOumoHHbIe NPOoLECcChl N KOHCTPYKUun abcopbepoB?

53. PackpoviTe 3aBMCMMOCTb paBHOBECUS B CUCTEME Nap—KUAKOCTb U NpuBeanTe NpuMep neperoHKu.

54. Cdopmynupynte martepuan- u TennoBon 6anaHc pekTUUKALMOHHOM KOMOHHbLI. YTO Takoe
MUHMMaIbHOE N OeNCTBUTENBbHOE (hnerMmoBoe Yncro?

55. Pacuntante guameTp 1 BbICOTY PEKTUPUKALIMOHHOW KONOHHbLI A4 3a4aHHOro cocTaBa U pacxoja.

56. lNMpnBeanTe cxembl YCTAHOBOK AN HENPEPLIBHOW, NEPUOANYECKON, SKCTPAKTUBHOW U a3e0TPOMNHON
pekTudmkaumnu.

57. OnuLIMTE OCHOBHbIE MOHATUS NPOLEecca OCaXAEHUS B OTCTOMHMKAX M KOHCTPYKLUM AeKaHTEPOB.

58. PackponTte UINKO-XMMUYECKME 3ABUCUMOCTU B HEMOOBWMXHBIX M MCEBAOOXKWMKEHHbBIX CMOSX;
KOHCTPYKLMM annapaToB.

59. lNepeuncnnte OCHOBHbIE 3aKOHOMEPHOCTU UNLTPOBaHWS, NpuBeauTe ypaBHeHue [apcu ans
dunbTpaumm.
60. OxapakTepnaynTe KOHCTPYKLUMN (OUITbTPOB TOHKOW M rpybon OUNCTKN, NX AOCTOMHCTBA U HEOOCTaTKMU.

61. Kak knaccudmumpytotcss npoueccbl M annapaTtbl MO Macwrtabam npoTekaHust U nepapxum
MaTemaTundeckon mogenu?

62. B 4yem cyTb CUCTEMHOrO aHanu3a XUMWKO-TEXHOJIOTMYECKUX CXEM W Kakme MeTodbl Mpu 3TOM
NPUMEHSIOTCA?

63. O6bsACHUTE Ha3HA4YeHMe onucaTerbHbIX U rpadnUyecknx Mogenen XMMNKO-TEXHOSTOTMYECKNX CUCTEM.

64. Kakvme Tunbl TexXHOMOrMYECKUX CBA3eW (nocnepoBaTenbHas, napannenbHas, 6amnac, peuukn)
BCTpeyatoTcs B XTC?

65. PackpoinTe NoHATME YCTOMYMBOCTM cTaumoHapHoro pexuma XTC 1 ero cesisb C ONTMMarbHOCTbIO
3N1EeMEHTOB.

66. OnMwnTe METOAMKY COCTaBINEHUS MaTepuarnbHbIX U TeNnoBbIX 6anaHCOB CXEM C PELMKITOM.

67. Kak paccunTbiBalOT CTEMEHbL MUCMONb30BaHUSA Chbipbs MO CTEXMOMETPUYECKMM U TEPMOOUHAMUYECKUM
COOTHOLUEHUAM?

68. [ante NOHATME SHEPrOoTEXHOIOMMYECKON CUCTEMbI U NPUBEANTE NPUMEP €€ NPUMEHEHUS.

69. O6bACHNTE KOHLIEMUMN MOSHOIO NCMONb30BaHUS CbiPpbA 1 MUHMMM3aLUMM OTXOO0B Npu cuHTesde XTC.
70. Packpovite ngeto KOMOMHMPOBAHHBLIX NPOM3BOACTB Y BTOPUYHbBIX SHEPreTUYECKMX PECYPCOB.

71. Kakne npuHUmnbI Niexxat B OCHOBE NMOCTPOEHMUS “3eNeHon” ManooTXOAHOM TEXHONOMMYECKON CXEMbI?



72. YT0 Takoe Kinactepuni3auus XUMUNYECKON NPOMBLILLJIEHHOCTU N KakKne OHa AaeT I'IpeI/IMyLLl,eCTBa?

73. HasoBute knto4eBble MUpoBble TEeHOEeHUWNN pa3BUTUA XUMUNYECKOWN oTpacimn " nepcnekTnBHbIe
MCTOYHUKWN CblIpbA.

74. Kakve TpeboBaHMsA K HOpMaM NMPOMBbILLIIEHHOW 3KOMOrMM U MeToabl €€ obecneveHns CyLecTByoT?
75. Oxapakrepuayinte rmbkme n nepecTpanBaemMble TEXHONOMMYECKNE CXEMbI: HA3HAYeHNEe 1 NPUMeEpHI.
76. Kakne matemaTndeckume n 3BpUCTUHECKME MeToabl MPUMEHSIOT Npu cnHtese XTC?

77. MNpuBeante npumep U3MKO-XMMUYECKMX OCHOB MOCTPOEHMUSI CXEMbl MOSyYeHuss aTuneHa (mnm
aMmMmuaka).

78. B 4yem 3aknoyaeTcs posib BbIYUCIIMTENBHOIO 3KCMEpMMEHTa Mpu pas3paboTke TEXHOMOrnyecknx
cxem?

79. Kak B3anmogencTBytoT NpoLecchbl Tenso- 1 MaccoobmeHa B KOMMMEKCHbIX annapaTax (Hanpumep,
KOMNOHHax C Tapenkamn)?

80. OueHnTe 3KOHOMMYECKME W 3KOMOro-coumanbHble nokasaTenn 3pdEeKTUBHOCTU  XUMUKO-
TEXHONOMMYECKMNX CUCTEM.

81. Kakne Tunbl NPOMbILLMEHHbLIX PEAKTOPOB NPUMEHSIIOT AN TOMOreHHbIX NPOLECCOB M Kakne akTopbl
BNUSAIOT Ha UX BbIGOP?

82. B 4ém ocobeHHOCTM pacyéTa NPOTOYHOro peakTopa C uaearnbHbIM CMeLleHneM ansa HeobpaTumom
peakuun NnepBoro nopsigka?

83. Onuwnte moaenb TpybyaToro peakropa Kak ngeanbHOro BbITECHEHMS 1 MeTog nogbopa ero AfimHbl
AN 3a4aHHON CTeneHu NpeBpaLLeHus.

84. Kak yyecTb TennoBon adhhekT peakumm npu pacyérte agmabatmyeckoro TpybyaTtoro peakrtopa wu
onpegennTb TemnepaTtypy Ha Bbixoae?

85. Korga npuMMeHsIloT cepuio peakTopoB NaeanbHOro CMELLEHUS U Kak OLeHUBaT NX 3eKTUBHOCTb
MO CPaBHEHWIO C OOHUM PEaKTOPOM BbITECHEHUS?

86. Jante knaccuurkaumio reTeporeHHbIX MNPOMbILLIIEHHbIX KaTannu3aTopoB MO akTMBHOMY KOMMOHEHTY
n TNy HOCUTENS.

87. OnuwmnTe OCHOBHbIE CTaaUN KaTanMTMYECKOro LMKNa Ha MeTannnmyeckon noBepxHocTh (agcopbuus,
peakuus, gecopbuus).

88. Kakve meToabl (Pr3NKO-XMMNYECKON XapaKTEPUCTUKM KaTanns3aTopoB UCMOSb3yl0T Ha NPakTUKe U 4To
OHM MoKa3bIBaOT?

89. B 4ém coctouT ponb BHYTpMNOpoBoro Anddy3noHHoOro conpotmeneHnsa (addekt MuxenbcoHa) u
KaK ero y4vTbiBaTb B MaTeMaTU4eCKOn Mogenu katanusaTtopa?

90. HasoBuTe OCHOBHble MeEXaHW3Mbl AeaKkTUBaUUW MPOMBILLNIEHHbIX KaTanms3aTopoB U MeToAbl WX
pereHepauuu.

91. Wcnonb3ysa ypaBHeHne BaHT-lodda, obbacHMTE, Kak M3MEHeHWe TemnepaTypbl BrMSeT Ha
paBHOBECWE 3K30TEPMMUYECKON peakumm.

92. Kak no gaHHbIM CTaHOapTHbIX TENSIOT 0bOpa3oBaHMA paccunTaTb TennoBon addekT peakuun npu
3aaHHbIX YCIoBUSX?

93. OnuwuTe MeToAMKYy OnpedeneHus 3Heprum akTMBauum no 3aBMCUMMOCTU CKOPOCTUM peakumm OT
Temnepartypbl (moctpoeHne AppeHnycosa rpaduka).

94. [anTte onpefeneHus nopsgka peakuum W MOSEKYNSPHOCTM U MpUBEOUTE MNPUMEPLI peakuummn
HyIieBOro, NepBoro N BTOPOro NOpsaKoB.

95. Yto Takoe ncesaonepBLIM NOPSOOK B FOMOreHHOM KMHETUKE, KaK BbICTPOUTb MOAENb M BblYUCUTD
KOHCTaHTY CKOpPOCTU?

96. OnuwnTEe NPOMbILWEHHbIE MNPOLECCHl MOMYYEHUS CEepPHOW KUCMNOTbl (KOHTaKTHbIM MeTon): Twn
peakTopa, kKaTanm3aTtop, OCHOBHbIE PEXUMHbIE NapameTpbl.

97. KakoBbl TepMOOWHAMMYECKME W KMHETMYECKME OrpaHudeHna npouecca Xabepa—bowa npu
NPOMbILLIIEHHOM CUHTE3e amMuaka?

98. lMNMepeuncnuTe OCHOBHbIE METOAbl 3MEKTPOSIUTUYECKOrO MOMyYeHUs Xropa U KayCcTU4ecKon codbl U
OXapakTepu3ynTe KOHCTPYKLMM SNEKTPONIN3EPOB.

99. OnMWwNTE TEXHOMOTMYECKYID CXEMY MOSTyYEHUS STUNEHa NUPONN3OM: TUMbl PEaKTOPOB, CNOCObbI
pekynepauuu Tenna, 04MCcTka NpoOAYKTOB.

100. PackponTe NpuHUMNbI NPOMbILLIIEHHOTO CUMHTE3a MeTaHoNa U3 CUHTE3-rasa: yCroBuUs AaBfeHns m
TemnepaTtypsbl, KaTanns3aTtop, OCHOBHblE GanaHchbl.
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OucunnnuHa Xummuyeckass TEXHONOrms

Kypc 4

®opma 06yyeHns ouHas

Bug atTectauumn npoMexyTovHas

Bug KoHTponsi ak3ameH

KoHTponbHo-u3meputenbHbin maTtepuan Ne 1
1. CpaBHUTE 4OCTOMHCTBA Y HEAOCTATKM NMOPLLUHEBOrO, MAYHXEPHOro, AnadparMoBoro 1 LWecTepeHHOro HacoCoB.
2. B 4ém cocTtouT pornb BHYTpMUNopoBoro Anddy3MoHHOro conpoTneneHns (addpekT MuxenbcoHa) 1 Kak ero y4mtbiBaTb B
mMaTemaTu4ecKorn Moaenu katanusartopa?
lMpenopaBaTenb

OnucaHne TexHonormm nposeneHnA

MpomexyToyHas aTTecTauus NpPoBOAUTCS B COOTBETCTBUM C [1ONIOXKEHMEM O MNPOMEXYTOYHOM
atTectaumm oby4arowmxca no obpasoBaTesibHbIM NporpaMmam BbiCLIEro obpasoBaHua BoOpoHEXCKOro
rocygapCTBEHHOIO yHuBepcuteTa. [lpomexyTouHass aTtTectaumsd CTYAEHTOB SBNSIETCS OCHOBHOW
dopMON KOHTpONs ayguTopHon paboTbl CTYOAEHTOB M MPOBOAUTCHA C LIEMbK YCTAHOBIIEHUS YPOBHA U
kayecTBa nogrotoBku ctygeHTos ®rOC 3++ n onpegenser:

- NOJTHOTY M NPOYHOCTb TEOPETUHECKUX 3HaHVII7I;

- cOOPMUPOBAHHOCTb YMEHUIN NPUMEHATL TEOPETUYECKNE 3HAHUSA NPU PELLEHUN NPAKTUYECKUX U
npogeccmoHanbHbIX 3agay;

- COOPMMNPOBAHHOCTL 0OLLMX 1 NPOodeCCMOoHamnbHbIX KOMMNETEHLUN.

lMogroToBka K MPOMEXYTOYHOW aTTecTaumm 4BnsieTcd OpPMON CamMoCTOSTENbHOM paboThbl
ctygeHToB. MNpu aTom obyvalowmnness 4OMKEH NCMONb30BaTb PEKOMEHOOBaHHbIN paboyer nporpaMmmon
nepeyeHo OCHOBHOW W JOMNOSTHATENbLHOW nuTepaTypbl, Matepuanbl nekuun, UHPOPMAaLMOHHbIE W
3NeKTPOHHO-06pa3oBaTefibHble pecypcbl. [AnA MOArOTOBKM K MPOMEXYTOYHOW aTTecTaumm CTyaeHT
TaKkKe MOXeT MCMNonb30oBaTb MepeyvyeHb BOMPOCOB, BbIHECEHHbIX HA 3a4yeT C OLUEHKOW W 3K3aMeH,
NO3BOMAWNA OLEHUTb YPOBEHb CEOPMUPOBAHHOCTM  MpodecCUoHarnbHbIX KOMMAETEHUMA Mo
ANCUUNINHE « XMMUYecKas TEXHONOrns».

lMpomexyToyHasa aTTecTauumsi NpoBOgMTCA B YCTHOM UM NUCbMEHHOW hopMme. lNpenogasaTens,
OTBETCTBEHHbIN 3a €€ NpoBedeHne, BNpase 3adaBaTb CTyAeHTaM OOMNOMHUTENbHbIE BOMPOCH! MO Mo6biM
pasgenam yyebHOM AMCUMNMMHBI; BCE BOMPOCHI U OTBETbl (OUKCUPYIOTCA B NIUCTE OTBETOB CTyAEHTa.
Bpema 3adeta C OuUEHKOW W 3K3aMeHa pernamMeHTupyeTca OencTBYLWMMU  HOPMaTUBHbLIMU
OOKyMeHTaMn. PesynbTaT NpoMexyTo4YHOW aTTecTaumm 3aHOCUTCH npenogasaTefnieM B NUCT OTBETOB
obyvatoLierocs (nocne 4ero CTyAeHT pacnucbiBaeTcd, NoATBEpXKO4as CBOE corflacue C BbICTaBIEHHON
OLEHKOW), a Takke B 3a4€THO-9K3aMeHaLMOHHYI0 BEAOMOCTb U 3a4ETHYIO KHUXKKY.

TpeboBaHUs K BbINOMHEHMIO 3a4aHWUIA, Kbl M KPUTEPUM OLIEHUBAHUS

OueHka pesynbTaToB 00y4YEHMSI HA MPOMEXYTOYHOW aTTecTaumm NPOUCXOOUT MO CneayloLwmm
nokasaTtensm:

4) 3HaHue y4yebHOro matepuana v BrnageHue NoHATUMHBLIM annapaToM XMMUYECKOM TEXHOMOMn
M MPOMBbILLUSIEHHOW 3KOSOTNN;

5) ymMeHne cBA3biBaTb TEOPUIO C MPaKTUKOMW Ha OCHOBE 3KCMEPUMEHTamnbHbIX Pe3ynbTaToB,
NONyYeHHbIX NPY BbINOMHEHUN NabopaTopHbIX paboT;

6) yMeHue MnncTpupoBaTb OTBET NMPMMEPaAMU, YPaBHEHUSIMU peakuuin, SKCNepuMeHTanbHbIMN
OaHHbIMU;

Mo pesynbTaTaM BCeX BbINOSIHEHHbIX 3a04aHUA TEKYLLEero KOHTPOMs CTygeHTam MoeT ObiTb
BbICTABIIEH 3a4€T C OLIEHKON UMW 3K3aMeH aBTOMAaTOM:

cpenHasa oueHka 3-3,75 — «y4oBNETBOPUTENBHOY,

3,75-4,5 — «xopoLloy,

4,5-5 — «oTNNYHOY.



,D,J'IF-I oueHunBaHNA pe3yrbTaToB 06y‘-IeHI/IFI Ha O3K3aMeHe WCNOoJb3yeTCd 4-6annbHaga wana:
COTITMHHO», «XOPOLIO», «yAoBNEeTBOPUTEINIbHO», KHEYOOBJIIETBOPUTETTBHO».

Kpumepuu oyeHusaHuUsi KomremeHyul LlIkana oyeHok
lMonHell, ucyepnbigarowull omeem, OeMoHcmpupyrowul 2r1ybokoe MoHUMaHue
npedmema U WUPOKY0 3pyauLMIl0 8 oueHusaemoli obnacmu. Kpumuyeckud,
opuauHarbHbll  Modxod K eblbopy Mamepuana rpu rnodzomoske K
MPOMeXymoyHou ammecmauyuu.

Omeem cmaHOapmHbIl, 8 UeroM KayeCmeeHHbIl, OCHO8aH Ha UCMo/b308aHUU
OCHOBHbIX  UCMOYHUKO8 UHopmauyuu. [lpucymecmeyrom  He3HayumesibHble Xopowo
npoberibl 8 3HaHUSX UMU HECYLECMBEHHbIE OUIUBKU.

Omeem HernorHbIl, OCHOBaH UCK/IHYUMEbHO Ha UCMOb308aHUU J1EKUUOHHbIX
mamepuarnos. [lpu noHumMaHuu cywHocmu rnpedmema 8 UEeSIoM UMemcs Y0oenemeopumeribHo
cyujecmeeHHble npoberibl 8 3HaHUSIX.

HecrocobHocmb omeemums Ha goripoc 6e3 nomowu 3k3ameHamopa. HesHaHue
3HayumesibHOU 4Yacmu MPUHUUNUanbHO BaXHbIX 371eMeHmos8 OucyuniuHbl. | HeydosnemeopumernbHo
lpucymcmeyrom MHo2o4UcIeHHbIe 2pybbie OWUbKU.

Omnu4Ho

OueHouHble cpeacTBa ANd UHBANMAOB W ML, C OrpaHMYEHHbIMU BO3MOXHOCTSAMMU 340POBbS
BbIGMpaloTCsa ¢ y4eToM NX UHAMBUAYASbHBIX NCUXOM3MYECKUX OCOBEHHOCTEN.

— nNpu HeobxogMMOCTM WMHBanNMgamMm M nvuam C OrpaHUYeHHbIMU BO3MOXHOCTAMM 340pOBbS
npenocTaBnsieTca AONONHNTENbHOE BPEMS AN NOArOTOBKM OTBETA HA 3K3aMeEHE;

— npu npoBegeHMn npouenypbl OLEHMBaHMS pes3ynbTaToB OOy4YeHUs MHBaANMAOB WM nvu C
OrpaHMYEHHbIMWU  BO3MOXHOCTSIMW  340pOBbSI  MpeayCMaTpPUBAETCs  MCMONb30BaHUE  TEXHUYECKUX
CcpencTB, HEOOXOAUMbBIX UM B CBA3M C UX MHAMBUAYASbHBIMU OCOOEHHOCTAMY;

— Npu HeobxogmMmocTn Onsi obyyarLWmuxcs C OrpaHMYeHHbIMU BO3MOXKHOCTAMU 300POBbS U
WHBaNUAOB Mpouefypa OLUEHUBaHUA pe3ynbTaTtoB OOydeHWs Nno OUCUMMNIIMHE MOXET MpPOBOOUTLCA B
HEeCKOSbKO 3Tarnos.

Mpouenypa oueHVBaHWSA pesynbTaTtoB OOyYeHUs WHBaNMOOB WM NUL C  OrpaHUYeHHbIMU
BO3MOXHOCTSIMM 340POBbS MO AucuunnnHe (Mogyno) npegycmaTpysaeT npegocTaBnenne nHgopmaumnm
B hopmax, afanTMpOBaHHbIX K OFpaHUYEHMAM UX 300POBbS U BOCMPUATUS MHAOPMaLNN:

[nsa nuy ¢ HapyLWeHUaMN 3peHuns:

— B nevaTHon oopmMe yBESTIMYEHHBLIM LWPUGTOM,
— B hOpMe 3NEeKTPOHHOTO AOKYMEHTA.
[nsa nuy ¢ HapyweHnamu cnyxa:
— B nevaTHown chopwme,
— B pOpMe 3MEeKTPOHHOIO AOKYMEHTA.

[nsa nuy ¢ HapylweHnaMn onopHO-ABMraTenbHOro annapara:

— B nevyaTHown chopme,
— B hOpMe 3MEeKTPOHHOIO AOKYMEHTA.

[aHHbIi nepeyeHb, MOXeT ObiTb, KOHKPETU3MPOBAH B 3aBUCMMOCTU OT KOHTUHrEHTa 00y4YatoLLMXCS.

20.3 3agaHusa, peKoMeHOOBaHHbIe K UCMOMb30BaHUIO NPU NPOBeAeHUN AUarHocTU4eCKUX paboT ¢
Lenbi OLeHKM OCTAaTOYHbIX 3HAHUN MO pe3yfibTaTaM OCBOEHUsl AAaHHOW AUCLMMNIIUHbI:

ONK-1. CrocobeH aHanusuMpoBaTb, MWHTeprnpetTupoBatb M  0606wWaTtb  pes3ynbTaThl
SKCNEPUMEHTAsbHbIX U PaCYETHO-TEOPETUYECKUX PAbOT XMMUYECKON HANPaBNEeHHOCTU
OrlK-1.1. Cucmemamu3upyem U aHajusupyem pe3ynbmambl XUMUYECKUX 3KCMepUMEHMOS,
HabnodeHul, usMepeHul, a makxe pe3yibmamos pacyemos ceolicme 8elecms U Mamepuasnos

OrIK-1.2. [Mpednacaem uHmMepnpemayuo pe3yrnbmamog cobCmeeHHbIX 3KCIepUMeHmMo8 U pacyemHo-
meopemuyeckux pabom ¢ ucrosib308aHUEM MEOPEeMUYECKUX OCHO8 mMpPaduyUOHHbIX U HO8bIX pa30esios
xumuu
Or1K-1.3. ®opmynupyem 3aKnHYeHUs U 8bi800bI MO pe3ynbmamam aHanau3a fumepamypHbiX 0aHHbIX,
cO6CMBEHHbIX  3KCrepUMEeHMarsbHbIX U  pacyemHOo-meopemuyeckux  pabom  Xumuyeckou
HarnpasneHHocmu

1) 3aKpbITble 3a4aHUsa (TECTOBbIE, CPeAHUI YPOBEHb CIOXHOCTU):
3AOAHUE 1. CooTHecuTe cTagauM XMMUYECKOIro Npon3BOACTBa C X OCHOBHbIMU (hYHKLUSIMU.




1. CuHres
2. Ouunctka
3. YnakoBka
OT1BeThbI:
A. lNony4yeHne KOHEYHOro NPoAyKTa
B. YoaneHue npumecen
C. MNopgroToBka NPOAyKTa K TPAHCMOPTMPOBKE
OTBET: 1-A, 2-B, 3-C
3AO0AHUE 2. YcTaHOBUTE COOTBETCTBUE MeXAY TUNAMU XUMUYECKUX peaKkLUmM U nx
XapaKTepucTuKamu.

1. OK30Tepmmyeckas peakumsi
2. OHOoTeEpMUYEcKas peakuus
3. KaTanutunyeckas peakuus
OTtBeThbI:

A. MNMornowieHne Tenna
B. Bbigenenue tenna
C. YckopeHue peakuun 6e3 nameHeHus katanuaaTtopa
OTBET: 1-B, 2-A, 3-C
3AOAHUE 3. CooTHecuTe TUMNbI PpEaKTOPOB C UX NpPeUMyLLeCTBaMU.

1. HenpepbIBHbIV peakTop

2. MakeTHbIN (MAPTUOHHLIN) peakTop
3. MceBOOOXKMKEHHBIN CNoW
OTBeThI:

A. Bbicokasi cTeneHb KOHTPONS Hag peakumen
B. MMBGKOCTb B NI3MEHEHUN NapamMeTpoB
C. OhpekTmBHAA nepenava Tenna n Mmaccol
OTBET: 1-A, 2-B, 3-C
3A0AHUE 4. PacnonoxuTte ctagum XuMM4YeCKOM peakuun B peakTope B NpaBUIIbHOMN
nocrnenoBaTesibHOCTH.

. Bxopg peareHToB
o lMpoTekaHne peakunm
. Bbixog npoayktos

OTBET: Bxopg peareHToB, NpoTekaHne peakuum, Beixog npoaykTos
3AOAHUE 5. CootHecuTe XumMmmnyeckue npouecchbl C X NPUMEHEHMEM B NMPOMbILLUIIEHHOCTW.

1. Mmopatauus

2. Muponns

3. Monuvepunsauus
OT1BeThbI:

A. lNpon3BoAcTBO 3TUNEHA
B. NMponaBoacTBO NONMITUNEHA
C. lNpownsBoacTeoO CNUPTOB
OTBET: 1-C, 2-A, 3-B
3A0AHUE 6. CooTtHecuTe BuAbIl Cbipbs C UX OCHOBHbIM MPUMEHEHMEM B XUMUYECKOMN
NPOMBbILLUNIEHHOCTW.

1. HedTb

2. MpupoaHbIn ras
3. Yronb

OTBeTHI:

A. lNpon3BoacTBO CUHTE3-rasa
B. MNMpon3BoacTBoO NNacTnkos
C. MNpownsBoacTeo TONNMBA
OTBET: 1-B, 2-A, 3-C
3AOAHUE 7. YctaHOoBUTE COOTBETCTBME MeXAY TUNAaMM PeakTOpPOB U UX NPUMEHEHUEeM.
1. TpyGuaTtbin peakTop
2. Peaktop ¢ nepemelunBaHneM
3. Peaktop ¢ NCeBAOOXMKEHHbIM CroeM
OTtBeThI:



A. Katanutnyeckue npouecchl
B. MoMoreHHble peakuum
C. leTeporeHHble peakLmm
OTBET: 1-C, 2-B, 3-A
3AO0AHUE 8. CooTHecuTe napameTphbl, BIIUAIOLLUE HA CKOPOCTb peakuuu, ¢ ux acgpdekramu.
1. Temnepatypa

2. KoHueHTpauusa peareHToB
3. Katanusatop
OTBeTHI:

A. YBenunyeHue CKOpoCTu peakumm
B. YBenuyeHne BepOsATHOCTU CTOSIKHOBEHUI
C. CHmKeHWe akTMBaLMOHHOW 3Heprm
OTBET: 1-A, 2-B, 3-C
2) OTKpbITblE 3aaHNs (TECTOBbLIE, NOBbILIEHHbLIW YPOBEHb CMNOXHOCTW):
3AOAHUE 1. Paccuntamnte KOadULMEHT pasaeneHns, ecnm 3BecTHO, YTO BELLECTBO aKCTparnpyeTcs
N3 O4HOro pacTBOpUTENS B ApYron ¢ KoHueHTpauuen 0.2 monb/n n 0.05 Monb/n COOTBETCTBEHHO.
OTBET: 4
3AOAHME 2. Buiuncnute gaeneHuve rasa B 6annoHe ob6bemom 10 nuTpoB, coaepxawem 2 Mons rasa
npu temnepatype 298 K. Vcnonb3ynte ypaBHeHME COCTOSAHUS ugeanbHoro rasa: PV = nRT, rge R =
0.0821 n*atm/(monb*K).

OTBET: 4.88 atm
3AO0AHUE 3. O6bem cpeabl V = 200 n ¢ nnoTHoCcTbio P =1100 kr/M® nepemelLnBaloT MeLLankom
anameTpom dw = 250 mMm. Yucno obopotoB Mewankm n = 300 06/MUH, a KpUTEPUIA MOLLHOCTU MeLUanku
(mogmndmumpoBaHHbIn kpuTepun Aunepa) Ky = 10. Onpegenute MHTEHCUBHOCTb MEpeMeLInBaHnS ©
MOLLHOCTb, NOTpebnsieMyo Npu NnepemMeLLnBaHnu.
OTBET: 1340 BT, 6700 B1/™M®
3) OTKpbITblE 3a4aHNS (MUHU-KENCbI, CPeQHUN YPOBEHb CNOXHOCTH):
3AOAHUE 1: . B xxngkodasHOM XMMMYECKOM MpoLecce nosny4varT BellecTso B:
A+C—-B
Motepun BewectB A n C coctaensawT: Ma = 1,5%; MNc = 3%. CogepxaHne OCHOBHbIX KOMMOHEHTOB B
TexHun4yeckux BewecTtBax (yicrtorta): A — 59%; C — 35%; B — 95%. NnotHoctn BewectB An C: pa = 1,794
kr/m3; pc = 1,7 kr/m3. M(A)=30 r/monb; M(C)=80 r/mornb; M(B)=100 r/monb. LleHa ncxoaHbIX peareHToB:
LA = 10 py6./m% LIC = 20 py6/m3. Paccuntatb pacxofHble KoadduumeHTbl ans sewects A n C Ha
nony4yeHne 1 TOHHbI BellecTBa B, BbipaxeHHble B [T/T] n [M3/T] n 3aTpaThbl Ana nonyyeHus 1 TOHHbI B.
PELUEHMUE:

1. Teoperndeckni pacXoHbIH k03 PUIHMEHT A ¢ y4eTOM YHCTOTHI BEIIECTB:
M(A) vy *Cy 30%1x095
M(B) xvg*Cy, 100%1%0,59

T

Ya =

=0,483T1/T

2. Tk KOHBCPCHA U CEJIICKTHUBHOCTE IIpoHecca IIo BELIECTBY A PaBHBI €0WHHILE, TO

IIepeXoUM cpa3y K pacueTy pacXoJHoro ko3(pHIueHTa A ¢ y4eToM IoTeps:

QAT — T (1+£) = 0,483 * (1+£) = 0,49 T/T
ho =T 100/~ 100~
3. PaccunraeM pacXoHblii Kodpduuuent A B [M/1]:

dakr _ y;;bax'r * 1000 _ 0.49 =+ 1000
o = Pa T 1,794

= 273,13 m3/1

4. Teopernueckuii pacxoiHbli Koagduiuent C ¢ y4eTOM YHCTOTHI BELIECTB:

+ MO =*vexCg 801095
VA= M(B)*vg+C. 100+1+%0,35

=2171T1/T



5. Tk KOHBCPCHA H CCIICKTHBHOCTD IIpolLEcca 110 BECIIECTBY C paBHa CIUHHILC, TO

HepexoJUM cpasy K pacueTy pacxojHoro kodddunuenra C ¢ yaeToM NOTepb:

I 3
dakr _ () —
Ye o = yh* (1 + 100) =2171 (1 + 100) =2,236T/T
6. PaccunTaem pacxoauslii koaduuuent C B [m*/1]:

dakt _ ]’(_‘?MT * 1000 _ 2,236 %1000
L W

=1315,29 m3/T

7. PaccuMTaeM 3aTpaThl Ha IolydeHUe | TOHHBI TexHUYeckoro B:
3=273,13 10 + 1315,29 * 20 = 29037,1 py6

OTBET: Ha nony4yeHue 1 TOHHbI TEXHUYECKOro BelllecTBa B TpeGyetca 0,49 T unm 273,13 m3
TexHuyeckoro Bellectsa A 1 2,236 T unmn 1315,29 m3 TexHnyeckoro BellecTsa C. 3atpaThl coCTaBsAT
29037,1 py6./T B.

OlNK-2. CnocobeH npoBOAUTb XMMUYECKMI IKCMEPUMEHT C MCMONb30BaHMEM COBPEMEHHOMO
obopynoBaHusd, cobnogas HoOpMbl TEXHUKN Be30nacHOCTH

Or1K-2.1. Pabomaem ¢ xumu4deckumu geujecmeamu ¢ cobrirodeHuem HOpM mexHUKU 6esonacHocmu
OrllK-2.2. Ucnonb3syem cywecmsyrowue u paspabambeieaem HOBblIe MemoOOUKU [Osy4eHUs U
Xxapakmepucmuku eewecmes u mamepuaJsios 055 peweHus 3aday rnpogheccuoHasibHol dessmesibHoCcmu
OrllK-2.3. [lposodum uccnedoeaHuss cgolicme eewecme U Mamepuasoe C UCMO/Ib308aHUEM
co8peMeHHOo20 Hay4Ho20 obopydoeaHus

1) 3aKkpbITble 3a4aHns (TEeCTOBble, CPeaHUN YPOBEHb CNOXKHOCTU):
3A0AHUE 1. CooTHecuTe TUMNbl TeYEHUA C UX XapaKTepUCTUKaMU.

1. JlamnHapHoe TeyeHne
2. TypbyneHTHOE TeyeHne
3. lMNepexogHoe TeveHne
OTBeThI:

A. YeTtkasa crionctocTb
B. XaoTnyHoe gBmxeHue
C. 'lameH4MBOCTb Mexay NaMmnHapHbIM 1 TypOyneHTHbIM
OTBET: 1-A, 2-B, 3-C
3AOAHUE 2. PacnonoxuTte aTanbl yCTAHOBKUM HACOCHOro o6opyaoBaHusA B NpaBUITbHOMN
nocrnenoBaTesibHOCTH.

o MogroToBka coyHOaMeHTa
. MoHTax Hacoca
. MoakntoveHne TpybonpoBoaoB

OTBET: lNoarotoeka pyHaameHTa, MoHTax Hacoca, [NogknoveHne Tpybonpoeoaos
3A0AHUE 3. CooTHecuTe TUNbl TENNOOOMEHHUKOB C UX NpenMyLLecTBamMu.
1. MnacTnHyaTbin TENNO00OMEHHUK

2. Tpyb4aTbii TENNOOBMEHHMK
3. CnupanbHbIi TENNO0OBMEHHMK
OTBeThI:

A. KOMNakTHOCTb 1 BbICOKast 3apdeKTUBHOCTb
B. lNpocToTa KOHCTPYKUUM N HAOEXHOCTb
C. Bbicokas nnowagb NoBEPXHOCTU TENNTIOOOMEHA
OTBET: 1-A, 2-B, 3-C
3A0AHUE 4. CooTtHecuTe npouecchl TeNnoobMeHa ¢ UX NPUMMEeHeHueM.

1. KoHaykumsa
2. KoHBekums
3. N3nyyeHune

OT1BeTbI:



A. MNepepnaya Tenna yepes ABMKEHUE XUOKOCTU
B. MNepepnaya Tenna 4Yepes TBepaoe Teno
C. MNepepaya Tenna B BMAE 3NEKTPOMarHUTHbIX BOSTH
OTBET: 1-B, 2-A, 3-C
3AO0AHUE 5. CooTHecuTe TUMNbl HACOCOB € UX XapaKTepUCTUKaAMMU.

1. BuxpeBon Hacoc

2. Oundbdy3noHHbIN Hacoc
3. LlectepeH4aTbIn Hacoc
OTBeTHI:

A. Bbicokoe gaBneHue npu HU3KoM obbeme
B. NcnonbayeTca Ans cosgaHna Bakyyma
C. MoaxoauT onsa BA3KUX XNOKOCTEN
OTBET: 1-A, 2-B, 3-C
3AO0AHUE 6. CooTtHecuTe napameTpbl TpybonpoBoaa ¢ MX BNMAHUEM Ha rugpaBnnyeckue
noTepwu.
1. OuameTp TpyObI
2. OnuHa Tpy6bl
3. LLlepoxoBaTOCTb BHYTPEHHEN MOBEPXHOCTH
OTBeThI:
A. YBenu4yeHue rugpaBnnyeckmx notepb
B. YMeHbLUeHne rmagpaBnnyecknx notepb
C. BnusaHue Ha TypbyneHTHOCTb NOTOKa
OTBET: 1-B, 2-A, 3-C
3AOAHUE 7. CooTHecuTe TUMNbI TeNSIOHOCUTENEN C UX XapaKTepUCTUKAMM.

1. Bopa
2. Macno
3. Bosayx
OT1BeThbI:

A. Bbicokas TennoemMKkocTb
B. Bbicokas Temnepatypa KuneHus
C. Huskasa tennoemkocTb
OTBET: 1-A, 2-B, 3-C
3A0AHUE 8. CooTtHecuTe MeToAbl yNy4lleHUA TensIoooMeHa € X NPUMEHEHUEM.

1. YBenuyeHue nnowagn noBepxHoCTu
2. Mcnonb3oBaHue pebep

3. YBenuyeHme cKopocTn NoToka
OTBeThI:

A. MNoBbiweHne adhPekTUBHOCTHN TeNNoobmMeHa
B. YMeHbLeHne conpoTUBIEHNS Tennonepenaye
C. MNoBblweHne TypOyneHTHOCTH
OTBET: 1-A, 2-B, 3-C

2) OTKPbITblE 3a4aH1A (TECTOBbIE, NOBbILIEHHbIV YPOBEHb COXHOCTH):
3AOAHUE 1. Onpegenute MUHUMAarbHYO TEMNEPATYPY, NPU KOTOPOWN KaTanu3aTtop HaynMHaeT paboTaTb
C OOCTaTO4YHOW CKOPOCTLIO, ecnn oHa paBHa 150°C. YkaxuTe ee B KeNnbBUHaX.

OTBET: 423.15K
3AOAHUE 2. asoBas cmecb cogepxut (% 06.): ammmaka - 10,5; kucnopoga - 17,5; asota - 70,0;
BOASHOroO napa - 2. PaccunTaTb, KakoB BygeT cocTaB rasa nocrne yganeHnsa n3 Hero napos BoAbl.
OTBET: ammuaka — 10,7%; kucnopoga — 17.9%; asota — 71,4%.

3) OTKpbITblE 3a4aHNSA (MUHU-KENCbI, CPEQHUN YPOBEHb CMOXHOCTH):
3AOAHUE 1: CocTtaBntb MatepuarbHblIl GanaHc neyn ans CKuraHusi cepbl NPON3BOANTENbHOCTLIO 60
T/cyTkn. CTteneHb okucneHus cepbl 0,95 (ocTanbHas cepa BO3FOHAETCH M CropaeT BHE neuyn).
KoadbdbmumeHT n3bbiTka Bo3gyxa A=1,5. PacueT BeCTM Ha MPOM3BOAMTENBHOCTb MEYN MO CKUraemMomn
cepe B Kr/u.
PELWUEHUE (OTBET): [lpouecc ropeHna cepbl onucbiBaetcs ypaBHeHuem: S+0, = SO..
Mpon3BOANTENBHOCTL NEYMn:




OlNK-3. CnocobeH npuMMEHSTb pacyeTHO-

60- 103
P =—

= 2500 KI/,, .
24 /4

Haxoaum maccy cepsl:

- OKHCIIeHHOIl cepel 1o S0,2500 - 0,95 = 2375 kr,
- HeokucneHHoi cepet 2500 — 2375 = 125 kr,

- H3PACX0/10BAHO KMCI0PO1a;

2375-224 3
HA OKUCJIEHHE Cephl =1663 m~.

2495-32

C yucrom &, 1663 - 1,5 = 2495 M3 wnn =3560 kr.

¥

2495-79 3
[loctynuno ¢ kucnopogom  azora: T:‘S‘SBG M3 mm

9380-28

= 11700 kr.
2375-64
Obpazosanoce SO, 1o  peakuuu: — = 4750 kr W
4750224 ;
— = 1663 m*.
OcTanock HEH3PACXOJ0BAHHOTO KHCI0poa:1663 - 0,5 = 832 m?
831-32
i —— = 1185 kr .
Marepuanenelii Oanane nevn npejacrasied B tadnuue 1.
Tadmua. |
[puxon KT M Pacxon KT TN
5 2500 5 125
0 3560 2495 S50, 4750 1663
Na 11700 9380 0 1185 831
N, 11700 9380
Hroro 17760 11875 Hroro 17760 11758

OaHHbIX I'IpO(*)eCCVIOHaJ'IbHOI'O Ha3Ha4eHunA

OrllK-3.1. [lpumeHsem meopemudeckue U rosysMiupudyeckue modesnu npu peuweHuu 3aday

XUMuYeckoU HarnpasrneHHocmu

OrllK-3.2. Ucnonb3yem cmaHOapmHoe ripoepaMmHoe obecrieyeHue U crieyuanu3upoeaHHbie basbi

OaHHbIX rpu peweHuu 3aday ripogheccuoHarnbHoU dessmeribHocmu
1) 3aKpbITble 3a4aHns (TecToBble, CPeaHUN YPOBEHb CNOXKHOCTH):

3A0AHUE 1. CooTtHecuTe pacuyeTHble MeToAbl C UX MPUMEHEHUAMM.

1. MeTon KOHEYHbIX 3NIeMEHTOB

2. MeToa MoHTe-Kapno

3. MeToa nNnoTHOCTU doyHKLUMOHana
OTBeThI:

A. MogenupoBaHue CNoXHbIX CUCTEM
B. Ctatuctmnyeckun aHanms cnyyYyanHbix NpoLECcCcoB
C. VccnepoBaHue aneKTPOHHbIX CTPYKTYP MOMEKY
OTBET: 1-A, 2-B, 3-C

3AOAHUE 2. YctaHOBUTE COOTBETCTBME MEXAY NPOrpaMMHbIM obecnevyeHnem n ero pyHKUnAMmn

B XMMMY€CKOM NpPOU3BOACTBE.
1. Aspen Plus

2. MATLAB
3. ChemCAD
OT1BeTbI:

A. MogenupoBaHue 1 onTMMM3auns npoLeccoB
B. UncneHHble pacyeTbl N aHann3 gaHHbIX
C. lNpoekTnpoBaHue TEXHOMOIMMYECKMX NPOLIECCOB

TeopeTuyeckMe MeTodbl ANA W3y4YeHus CBOWCTB
BELLECTB U MPOLECCOB C MX y4acTheMm, UCMOoSb3yss COBPEMEHHOE nporpammHoe obecrieyeHne u Gasbl




OTBET: 1-A, 2-B, 3-C
3A0AHUE 3. CooTtHecuTe nporpaMmmMHoe obecrneyeHune ¢ ero OCHOBHbIM MPUMeEHEeHMeM B
XUMUYECKOM MOAENUPOBaHUMN.
1. Gaussian
2. COMSOL Multiphysics
3. ANSYS Fluent
OTBeTHI:
A. MogenvpoBaHue MONeKynsipHbIX CTPYKTYP
B. MogennpoBaHmMe MHOronpoLEeCCHbIX CUCTEM
C. MogenvpoBaHue TedeHuin n TennoobmeHa
OTBET: 1-A, 2-B, 3-C
3AOAHME 4. CooTHecuTe TUNbI BbIMUCIUTENbHbLIX MOAeNen ¢ X NPUMeHeHneM.

1. MonekynsipHas AnHamuka

2. KBaHTOBO-Xnmm4yeckne pacyeTbl
3. MeToabl KOHEYHbIX 0ObEMOB
OT1BeThbI:

A. MogenvnpoBaHme Ha aTOMHOM YPOBHE
B. AHann3 mMakpoCKonn4ecknx npoLeccoB
C. ViccnepoBaHue aneKTPOHHbIX CTPYKTYP
OTBET: 1-A, 2-C, 3-B
3A0AHUE 5. YcTaHOBUTE COOTBETCTBME MEXAY TUNaMN AaHHbIX U UX UCMOJSIb3OBaHUEM B
XUMUYECKOM MOAEeNMPOBaHUM.

1. OKcnepuMeHTarnbHble JaHHble
2. TeopeTundeckne gaHHble

3. CraTtucTtnyeckme gaHHble
OTtBeThbI:

A. MNoaTteepxaeHne mogenu
B. PaspaboTtka mogenu
C. AHanus pesynbTaToB
OTBET: 1-A, 2-B, 3-C
2) OTKpbITblE 3a4aHNA (TECTOBbIE, NOBbILIEHHbIV YPOBEHb CMOXHOCTH):
3AOAHUE 1: 3anonHuTe nNponyck B MpeanoxeHun, BblbpaB MpaBUIIbHOE CROBO B HyXXHOW dopme
(poauTenbHbIN NageX, MHOXECTBEHHOE YNCHO):
"CTpyKTypa XMMMUKO-TEXHOMOMMYECKUX CUCTEM npeacTaBnsieT cobOON COBOKYMHOCTb n
cBaszen."
BapwuaHTbl: anemMeHTa, afeMeHTOoB, NoACUCTEM
OTBET: anemeHTOB
3AOAHUE 2: 3anonHuTte nponyck B NpeafioXkeHnn, ykasae NpaBuUiibHbIN TEPMUH:
"Agcopbums — 3TO NpoLEecc NOrnoLweHns ra3oB U3 ra3oBol CMecK nornotTutenamn."
BapwuaHTbl: TBEPObIMU, XUOKAMU, STUNEHITIUKONEBLIMU
OTBET: tBepabiMu
3AOAHUE 3: Onpegennte OBMXYLLYHO CUITy NpoLecca MaccooOmeHa, BblopaB NnpaBuIibHbI TEPMUH:
"OCHOBHOM [OBWXKYLUEW CWUIIOM npouecca MaccoobmeHa sBNsieTcs pacnpenensaemoro
BewecTea."
BapwuaHTbl: pa3HOCTb AaBNEHUN, rpaaneHT TemnepaTypbl, FpaaneHT KOHLeHTpaumm
OTBET: rpagneHT KOHUEHTpauun
3AOAHUE 4: 3anonHuTe Nponyck, ykasas NpaBuIibHbIA TEPMUH:
"B TennosbIX Npoueccax ABUXYLLEN CUON aBnsieTcs TemnepaTtypsbl."
BapuaHThbl: rpagneHT, KoaddUUMEHT, pa3HOCTb
OTBET: rpaguneHT
3AODAHUE 7: 3anonHuiTe nponyck B MpeanoXeHun, BblbpaB MpaBUITbHOE CHOBO B HYXXHOW dopme
(NpeanoXHbIN Nagex, e4UHCTBEHHOE YMCHO):
"HepocTtaTtkom peakTtopa BbITECHEHUS ABMSETCA TPYAHOCTb OOCTWKEHUS XOPOLLEro nepemeLunBaHns B

BapvaHTbl: peakTope, kaTanu3artope, annaparte

OTBET: peakTope
3AOAHUE 8: 3anonHuTe nNponyck B NpenniokeHun, BbiOpaB nNpaBuilbHOE CIOBO B HYXHOW dhopme
(MMeHUTENbHBIN NaaeX, MHOXXECTBEHHOE YNCIIO):



"oOMOreHHbIMM Ha3bIBaTCS NPOLECCHI, OCYLLEeCTBSEMbIE B kakon-nmbo casbl.”
BapwuaHTbl: o6bemax, cuctemax, yCroBusx
OTBET: ob6bemax
3AOAHUE 10: 3anonHuTe nponyck B NpeanoXeHuun, BblOpaB npaBuiibHOE CIOBO B HY>XHOW hopme
(poauTenbHbIN NagexX, MHOXeCTBEHHOE YNCHO):
"OCHOBHbIM HEOOCTaTKOM FOMOFEeHHOro KaTanusa aBnaeTcd TPYAHOCTb BblAeneHus n3
NPOAYKUMOHHOM cmecn."
BapunaHThl: KaTannsaTopos, 0TX040B, NPOLIECCOB
OTBET: kaTtanusatopoB
3) oTKpbIThIE 3adaHUs (MUHU-KENCHI, CPEOHNIN YPOBEHL CIOXHOCTHN):
3AOAHUE 1: lMbinb, Abim (ra3oBas CyCneH3Us) TaHreHuManbHO BBOAATCH B LMKMOH (puUC.), NOTOK
rasoBol (KmMAkon) dasbl 3aKpyyMBaeTCs BOKPYr LEHTpanbHOM TpyObl, TBepAble 4YacTuubl 3a c4yeT
BO3HUMKalOLLEN LeHTPOOEXHON Curbl OTOPachIBAKOTCA K CTEHKE KOpMyca M OnycKatoTCs N0 KOHUYECKOMY
OHUWY K pasrpy3odyHoMy oTBepcTuio. OunlleHHbI rasoBbi  (KMOKMMA) MOTOK BbIBOAUTCHA 4epes
LeHTpanbHyto Tpyoby.

<Quaar Mepenan AasneHust B umkriioHe AP =1000 MMa, nnoTHocTb rasa p = 1,3 kr/im®
o Jone KoahuumeHT conpotmeneHns umknoHa & =100, oGbeMHbIN pacxon rasoBomn
1 o dasbl 2,2 M%/c. OnpegennTb AvaMmeTp LMKIOHA.
b PELUEHUE (OTBET):
TP B OnpegeneHve yCrioBHOM CKOPOCTU ra3a B LMKITOHE Wycn
| P 2AP  [2-1000 ,
KOpNyG = H‘\'cn.' = i = = . '\-'I‘C
- NN p.& 1,3-100
— Onpegenexve gunameTpa umknoHa D
' J': = _“13-'&'[“
Tae:)r,me D = 4IJ = 4 212 = 0.,85 M
HacThubl n.“"l‘.c_.[ \I\ TE 3)92

3AO0AHUE 2: B TennoobmeHHunke Tuna «Tpyba B Tpyber
(puc.) kongeHcupyetca D = 3000 kr/4 HacbIWEHHbIX NapoB
cepoyrnepoga npu twac = 46 °C. Mo BHyTpeHHen Tpybe uaet
oxnaxkgawwasa Boaa, tsw = 10 °C, tx = 40 °C. TennoTta
napoobpasoBaHusa cepoyrnepoga r = 340 k[lk/kr. KoHgeHcat
napa cepoyrnepoga BbIXOAMT M3 annapaTta C twc = 46 °C.
KoadhduumeHt Tenmonepegaun K = 2000 BT1/(m?K).
OnpegenuTb TenmnoByl Harpysky TennoobMeHHWKa, pacxon
oxnaxgarollen BOAbl W MNOBEPXHOCTb TennoobmeHa (6e3
Vi yyeTa TensoBbIX NOTEPb B OKPYXatoLLyo cpeay).

PELUEHUE (OTBET):
1. Tennosas Harpy3ska Tennoo0OMeHHHKA

O =rD=340-3000=1020000 &/ 4.

2. Pacxon oxjaxnaroueil BOJIbI
we,lt, —t,)=0
W= 0 ~ 1020000

c,(t,.—t,) 4]19(40-10)

c, =419 x/lx/(krK) — TennoemMkocTs BOJBL.

rjae

=8115 kr/u,

3. Cpennss ABuxkyLas cuia npouececa



At =t —t =46-10=36"C

(8] HaC

At, =t —t, =46—-40=06 "C. Tax kak Ay =36>2

M HaC

At , TO
At = A m A, 366 _6gec
" In|Ar, /At | In[36/6]
4. lloeepxHOCTB '1'&||J1006MEH&1020000
F= 843>

£l

ﬁ’é.fcp 2.0-3600-16,8

Kputepuu n wikanbsl oleHUBaHUA:

[ns oueHMBaHUA BbINOMHEHWS 3a4aHWI UCNoNb3yeTcsa BannbHas Wwkana:
1) 3akpbITble 3adaHus (TECTOBbIE, CPEeAHMNN YPOBEHb CNOXHOCTU):
e 1 6ann — ykasaH BEpPHbI OTBET,;
o 0 H6annos — ykasaH HEBEpPHLIN OTBET, B TOM YMCIIE YaCTUYHO.
2) OTKpbITble 3aaHus (TECTOBbIE, NOBbILLUEHHbI YPOBEHb CITIOXHOCTU):
e 2 6anna — ykasaH BEpHbI OTBET;
e 0 6annos — ykasaH HEBEpPHbLIN OTBET, B TOM YMCIE YaCTUYHO.
3) oTKpbITble 3a4aHUSA (MUHMN-KENCbI, CPEAHUN YPOBEHb CIOXHOCTH):
e 5 Gannos — 3agaHue BbINOIHEHO BEPHO (MNONyYeH NpaBunbHbIN OTBET, 0O0CHOBaH (apryMeHTUpoBaH)
X0[, BbINOSHEHMS (NpY HEOBX0ANMOCTN));
e 2 Banna — BbINOJSIHEHNE 3aJaHUA COOAEPKUT HE3HAUUTENbHbIE OWNOKM, HO NPUBELEH MPaBUIbHbLIN
X0[L, pacCy>XOeHWIA, UM NOofyyYeH BEPHbIN OTBET, HO OTCYTCTBYeT OOOCHOBaHME XOA4a €ro BbINOSIHEHUS
(ecrim oHO 6bINO HeO6XOAMMBIM), WM 3a4aHME BbIMOSIHEHO HEe MOSIHOCTbIO, HO  MOJSTyYeHbI
NPOMEXYTOUHbIE (YaCTU4HbIE) pe3ynbTaThl, OTpaXxatlolme NpaBUbHOCTb XOA4a BbIMOSTHEHMS 3agaHus,
unu, B Cfnyyae ecnu 3agaHue COCTOMT U3 BbINOJSIHEHUS HECKOmbkux noasagaHun, 50% KoTopbiX
BbIMOSIHEHO BEPHO;
e 0 B6annoB — 3agaHve He BbINOSTHEHO WM BbIMOMTHEHO HEBEPHO (XO4 BbIMOSTHEHMS OLWMBOYEH UK
coaepXxuT rpybble oLnBKN, 3HAYMTENBHO BIMSIOLME HA JaNbHENLLEE €ro n3yveHue).




	10. Место учебной дисциплины в структуре ООП:
	Обязательная часть Блока 1. Дисциплины (модули)
	Требования к входным знаниям, умениям и навыкам: знать базовые разделы математики, физики и прикладной механики, химии, биологии; уметь проводить математические, физические, химические и химико-технологические расчеты с привлечением необходимого матем...
	11. Планируемые результаты обучения по дисциплине/модулю (знания, умения, навыки), соотнесенные с планируемыми результатами освоения образовательной программы (компетенциями) и индикаторами их достижения:

