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PABOYASA NPOrPAMMA YYEEHOW OAUCLUUMITUHDI

B1.0.15 Xumuuyeckana rexHonoruvs

1. Koa n HaumeHoBaHue cneunanbHocTu: 04.05.01 dyHgameHTanbHasa v NpuknagHas XMmus
2. Cneumnanusauma: dyHagameHTanbHas xumMms B npoceccroHansHoM obpasoBaHnm

3. KBanudwmkaumsa BbinyckHuka: Xumuk. Npenogasartesi Xummn

4. ®dopma oby4eHusa: O4yHasa

5. Kacdbenpa, oTBevarowas 3a peanusaumio AUCLUNIUHBI: BbICOKOMOSEKYNSIPHbIX COeAnHE-

HUN XU KONNOUOHOW XUMUMN

6. CoctaButenu nporpammsil: LLlectakoB AnekcaHap CtaHncnaBoBuMY, A.X.H., AOLEHT
Banabiwes OmuTtpun KOpbeBuY, K.X.H., JOLUEHT

7. PexomeHpoBaHa: HMC xumunyeckoro dakyneteTta, npotokon Ne 10-05 ot 22.05.2025

8. YuebGHbIN roa: 2025-2026, 2026-2027 CemecTtp(bl)/TpumecTp(bl): 6, 7



9. Uenu n 3apgaum y4e6HON AUCLMNIIUHDI

Llensmu oceoeHusi y4ebHOU OUCUUNIUHbI S8MISIIOMCS:
- ghopMUpOBaHUE OCHO8 MEXHO/I02UYECKO20 MbIWIEHUST;
- packpbimue 83aUMOC853U MEXAOY paseumuemM XUMUYECKOU HayKu U XUMUYECKOU mexHonoauu;
- nod2omoeKa 8blIrnyCKHUKO8 yHusepcumemos K pabome rno co30aHuro MnepcrieKmueHbIX Mpoyeccos,
Mamepuasios U mexHO/102U4eCKUX CXEM.

3adayu y4yebHoU OucyunuHbI:
- ¢hopmuposaHue  crocobHocmu
MexHOos1I02U4eCKOo20 rpouyecca;
- ghopmuposaHue criocobHocmu Haxodumb criocobbl pPeweHUsT 3KOSI02UYECKUX rpobrieM, 803HUKaOUUX
rpu co30aHuu XUMUKO-MEXHOI02U4EeCKO20 npoyecca;
- pazsumue criocobHocmu eblbupame Hauboriee adekeamHbil crocob arnapamypHo20 0hopMreHUs
XUMUKO-MeXHO/102U4eCKo20 rnpouyecca.

onpedenams  payuoHasibHbIl  Nymb  co30aHus  XUMUKO-

10. MecTo yye6HOM ancumnnmnHbl B cTpykType OOI:

O6saszatenbHas Yactb bnoka 1. QucuunnuHel (Mogynu)
TpebosaHusi K 8XO0HbIM 3HaHUSIM, YMEHUSIM U HaeblkaM: 3HaTb 6a30Bble pa3aenbl MaTeMaTukn, pusmkn
N NPUKNagHON MEXaHWKN, XMMUKU, B1Uonorun; ymMeTb NPoOBOAUTE MaTtemaTuyeckme, pusndeckne, XmMmmye-
CKMe N XUMWUKO-TEXHOMNOrMYEeCKne pacdeTbl C NpuBrieYeHneM HeobxoanMoro matemMaTuyeckoro annapa-
Ta, PU3NYECKNX N XUMUYECKUX DOPMYI, XMMUYECKUX peakuui. ducumnnuHa sBnseTca npeawecTByio-
wen ans kypca «BblCOKOMOMNEKYNspHble COeANUHEHUS».

11. MnaHupyemMble pe3ynbTaTbl 00y4YeHUsi MO AuUcuUNnNuHe/MoAaynko (3HaHUA, YMeHwus,
HaBblKW), COOTHECEHHbIe C NIaHUPYeMbIMU pe3ynbTaTaMu OCBOeHUs o6pa3oBaTesibHON
nporpaMmmbl (KOMNeTEeHLMSAMU) U UHAUKATOPaMU UX OOCTUXKEHUA:

Koa HassaHune komneTeH- Koa(bl) WHaukatop(bl) MnaHupyemble pe3ynbTaTtbl 00y4eHus
umm
OlK-1 | CnocobeH aHanuau- | OMK-1.1 | CuctemaTvavpyeT M aHanu- | 3HaTb:
poBaTb, MHTEpNpeTu- 3upyeT pesynbTaTbl XuMuye- | OCHOBHble 3aKOHOMEPHOCTU XMMWYECKON Tex-
poeaTb u obobwatb CKMX 3KCMEPUMEHTOB, Ha- | HOMOrUW Kak HayKu.
pesynbTaTtbl  3KCne- onogeHun, un3vepeHun, a | BnvaHue XxXumMuYecKkMx MNpoLEecCoB Ha OKpy-
pUMEHTanbHbIX " Takke pesynbTaToOB pacye- | Xalollylo cpeay.
pacyeTHo- TOB CBOWCTB BELLECTB U Ma- | YMeTb:
TeopeTnyeckux pabor Tepvarnos CoOTHOCUTb TeopeTNYEeCKNe 3HaHWUSA C NPaKkTu-
XMMWYECKON Hamnpas- YecKMMM 3agavamMm XMMUYECKOW TEXHOMOTUN.
NeHHOCTK [okymeHTUpoBaTb pe3ynbTaTbl 3KCMEPUMEH-
TOB M pPacy€ToB B COOTBETCTBMM C Hay4YHbIMM
cTaHgapTamu.
BnapeTtsb:
HaBblkamun paboTbl ¢ coBpeMeHHbIM nabopa-
TOPHLIM 06OpyAOBaHNEM ANA aHanm3a u Mo-
OEenvpoBaHWs TEXHOOTMYECKNX NPOLIECCOB.
OMK-1.2 | NpegnaraeT  uHTepnpeTa- | 3HaTb:
umio pesynbtaTtoB cobcTtBeH- | CoBpeMeHHble NOAxoAbl M TexHonoruv Ans
HbIX 3KCMEePMMEHTOB W pac- | co3gaHns MatepuarnoB C 3agaHHbIMW CBOWCT-
YeTHO-TeopeTM4eckux paboT | Bamw.
C ucnonb3oBaHnem Teope- | AKTyanbHble Npobnembl 1 peweHns B obnactu
TUYECKNX OCHOB TPaAMLMOH- | SHEPreTukn n pecypcocbepexenus.
HbIX N HOBbIX pa3genoB xu- | YMeTb:
MUK Mcnone3oBate nabopaTtopHoe obopyanoBaHue
Ans NpoBeAeHUst ccneaoBaHuin.
BnapeTtb:
MeTogamn nowvcka u aHanusa npodpeccuo-
HanbHOW nHdopMaunn.
OlMnK-1.3 | ®opmynupyeT 3aknoveHns u | 3HaTb:
BblBOAbI MO pe3ynbTatam | MNMpumeHeHne XUMWYECKUX OOCTWKEHWUI B pas-
aHanu3a nuTepaTypHbIX | JINYHBIX OTPACHSX, TAKMX KaK CenbCKoe XO351-
AaHHbIX, COOGCTBEHHbIX 3KC- | CTBO M NMPOMbILUEHHOCTD.
nepuMeHTanbHbIX U pacyeT- | YMmeTb:
HO-TEeOopeTNYECKNX paboT | MHTerpupoBaTb 3HaHWA M3 pasnuyHbIx obnac-
XMMWYECKOW HamnpaBrieHHO- | TeW  HaykM  Ans peleHns  XUMMKO-
ctm TEXHOMOrn4yeckMx 3agau.
BnapeTb:
HaBblkamn 9 dEKTUBHOIO  MCMONb30BaHUS




MH(OPMAaLMOHHBIX PECYPCOB B Mpodeccuo-
HanbHOW [esATensHOCTH.

OriK-2

CnocobeH npoBoauTb
XUMUYECKNA  BKCre-
PUMEHT C WCMOSb30-
BaHMEM COBPEMEHHO-
ro obopygoBaHus,
cobntogas HOPMbl
TEXHWKM ©e3onacHo-
cTn

Ork-2.1

PabotaeT c xuMmmyecknmmn
BelwlecTBamMn c cobnogeHu-
€M HOpM TexHUKU 6e3onac-
HOCTH

3HaTthb:

Tunbl 4YpesBblHarHbIX CUTyauWUn, MPUCYLLUX
NPOMbILUMIEHHBIM MPOU3BOACTBAM U nabopa-
TOPHBIM YCIIOBUSIM.

DUBMKO-XUMMYECKME U TOKCUKONOrM4eckune
CBOWCTBA ONacHbIX BELLIECTB.

YmeTtb:

MpumeHATb apdekTUBHbIE MEeTOAbl 3aluTbl
OT BO3OENCTBUS TOKCUYHBLIX M OMacHbIX Be-
LecTB.

OkasbiBaTb NEPBY MNOMOLLb NPY MHUUAEHTAX,
CBSI3aHHbIX C BO3[ENCTBMEM XMMWUYECKUX Be-
LecTB.

BnapeTtb:

KomneTteHumnammn 6e3onacHoro BegeHus nabo-
paTtopHbIXx paboT, BKMOYas UCNONb30BaHWE
CPeACTB MHAMBUAYANbHON 3aWUThI.

OriK-2.2

Wcnonb3yeT cyuiecTsytolme
n paspabaTbiBaeT HOBblE
METOAMKM MONYYeHUs u xa-
paKkTepucTMKM BeLecTB U
mMmaTtepuanos paOnda peleHuda
3aga4y  npodeccuoHarnbHom
n0eAaTenbHOCTU

3HaTb:

Jkonormyeckne acnektol U npobnembl, CBS-
3aHHble C MPOM3BOACTBOM M MPUMEHEHUEM
XUMUYECKNX NPOAYKTOB, a TaKke cTpaTernm nx
peLLeHus.

YmeTtb:

Cos3paBaTb 1M BHeApPATb METOOMKUN ONA CUHTE-
3a ¥ aHanm3a HOBbIX BELLECTB 1 MaTepUanos.
O dPeKTMBHO yCTpaHATbL NOCNeAcTBUst yTeyek
XMMUWYECKNX PEAreHToB.

BnapeTtb:

HaBblkamun paboTbl ¢ coBpeMeHHbIM nabopa-
TOpHbIM 0BOpygoBaHMEM AnNsi NpoBeAeHUs
TOYHbIX 3KCMEPMMEHTOB W aHanuM3a CBOWCTB
BELLECTB.

OriK-2.3

MpoBoautT  wccneaoBaHus
CBOWCTB BeLIEeCTB U mare-
puanoB C WCMOMb30BaHWEM
COBPEMEHHOTIO Hay4Horo
obopynoBaHus

3HaTtb:

MpuHuunel  adpdekTMBHOro M 6HesonacHoro
yrnpaBneHnst TEXHOreHHbIMU CUCTEMaMU U ne-
pexona Ha 6e30TX0Hble TEXHOMOTUN.

Ymethb:

OkcnnyaTtMpoBaTb  COBPEMEHHOE  HayyHoe
obopynoBaHve Ons AeTanbHOro mccrienoBa-
HWs1 CBONCTB MaTepuanos.

BnapeTtb:

HaBblkamMn nNpoBefeHUs1 3KCMEPUMEHTOB C
HEYKOCHUTENbHLIM  cobnofeHvemM  npasun
TEXHMKM 6e30nacHOCT M  WUCMONb30BaHUEM
nepegoBoro obopyaoBaHus.

OrK-3

CnocobeH npumeHaTb
pacyeTHO- TeopeTu-
yeckme meToabl Ons
n3yyeHus CBOWCTB
BeLlecTB W npouec-
COB C WX y4yacTvem,
ncnonb3ys coBpe-
MEHHOE  Mmporpamm-
Hoe obecrnevyeHve wn
6a3bl AaHHbIX Npo-
dheccuoHansHoro
Ha3HayeHus

OrkK-3.1

MpumeHseT TeopeTnyeckue
W NonyaMnupuyeckne mopge-
nv nNpv pelleHun 3agay xu-
MWYECKON HanpaBneHHOCTU

3HaTb:

MpuHUMNBl annapaTtypHoro odopMneHuns na-
bopaTopun  XMMUKO-TEXHOMOrMYECKOro npo-
duns.

OcobeHHOCTM 3KcnnyaTauuyM ycTaHOBOK W an-
napaTtypbl B XMMUYECKUX NPOM3BOACTBAX.
YmeTtb:

Onpenenatb onTuMarnbHbIe YCNOBUS ANis Npo-
BeZEHUS TEXHOSOMMYECKNX MPOLECCOB.
PewaTb TMNoBble 3agaym B o6nactn xmmuye-
CKOW TEXHOMOIMNN.

BnapeTtb:

TexHukon paboTbl ¢ NabopaTopHbIMU YCTPOW-
CTBaMM, UCMOMNb3yEMbIMU B XMMWUYECKOW TEX-
Homorum.

OrlK-3.2

WcnonbsyeTt cTaHaapTHoe
nporpaMmMHoe obecneveHve
" crneunannsMpoBaHHbIe
6a3bl AaHHbIX MpU peLUeHnm
3agady  npodbeccuoHanbHom
0eATenbHOCTH

3HaTb:

TpeboBaHMa K annapaTtype U WUCTOYHWKW MOo-
rpeLHocTen B OU3NKO-XMMNYECKUX MeToaax.
MpobnemMbl BOCNPOM3BOANMOCTU pe3ynbTaToB
B XMMUYECKOW TEXHOMOIUMU.

YmMmeThb:

OdekTMBHO McCnoMb3oBaTh MPOrpaMMHoOE
obecneveHvne 1 6a3bl AaHHbIX AN pelleHus
npodgpeccrmoHanbHbIX 3a4ay.




BnapeTb:

Horo o6opyaoBaHusI.
Cnocobamu

COBEPLLUEHCTBOBaHMUS
CMOHasbHbIX 3HaHWi U HaBbIKOB 4Yepe3 WH-
dhopMaLMOHHbIE pecypchbl.

MeTogamu perucrpaumv n o6paboTku AaHHbIX,
MOMyYeHHbIX C MCMonb3oBaHueM naopaTtop-

npocdec-

12. O6beM AUCUUNIUHBbI B 3a4eTHbIX eanHuUax/vyac. — 6 /216.

dopmMa NpoMeXyTOYHOW aTTecTauumn 3a4em ¢ OUEHKOU, IK3aMeH

13. TpyaoemkocTb No BMAaAM y4eOHOM paboTbl

TpyaoemMKoCTb
Bug y4ebHown paboThl Bcero Mo cemecTpam
6 cemecTtp 7 cemecTp
AyOouTOPHbIE 3aHATUSA 128 54 74
nekuum 54 36 18
B TOM 4ucne: npakTn4eckme 18 18 -
nabopaTopHble 56 - 56
CamocTosTenbHasi pabota 52 18 34
B TOM Yucne: kypcoBas pabota (NpoekT) - - -
$Popma NPpoOMEXYTOYHON aTTecTaumu 36 - 36
(3a4em ¢ oyeHkoU; sk3ameH — 36 4ac.)
Wtoro: 216 72 144

13.1. ComgepxaHne gUCUUNINHLI

Ne n/n

HanmeHoBaHve pasgena guc-

CopepxxaHue pasgena gUucumnimHbl

Peanunzauuns pas-
nena aucuunnu-
Hbl C MOMOLLIbIO

UMNNWHBI .
OHIanH-Kypca,
QYMK*
1. Jlekunn
Pazpgen 1. O6was xumnyeckas texHonorus (6 cemecTp)
1.1 Xumnyeckas TexHororms 1 | 1. OCHOBHbIe onpeaeneHust U NONOXeHUsI. IAYMK  «Xummnye-
XMMMYecKoe Npon3BoaCcTBO Xumnyeckasi TexHonorns. O6bEKT XMMUYECKOW TEXHOMOIMW. | ckasi TexXHonorms
MexxoTpacneBow xapakrep xvmMu4eckon TexHonornu. Passu- | (PMX)»

TME XMMUWYECKUX MPOU3BOACTB M XUMWYECKOW TEXHOMOruu.
MecTo XMMMYeCcKol TEXHOMNOrMM B MPOMbILLIIEHHON cdepe 1
METOAOB XMMWYECKON TEXHOMOrMM B HEXMMMUYECKUX oTpac-
NAX NPOMBbILLNEHHOCTUN. CUCTEMHBIA aHanu3 CrOXHbBIX CXeM
M B3aMMOAENCTBUI 3NIEMEHTOB CXeMbl — MOHATUE U COAep-
XaHue metoga. Pusnyeckoe M matemaTuyeckoe MoOenupo-
BaHue, ornpeaeneHne n OCHOBHbIE MOHATUS, NX MECTO B WUH-
XEHEPHO-XUMNYECKNX uccregoBaHmsax n paspabotkax. Me-
CTO W 3HA4YeHUe HaTypHOro W BbIYUCIIMTENBLHOIO 3JKCMepu-
meHTa. CogepxaHue n 3agaydm yuyebHoro kypca.

2. XumMunuyeckoe Nnpon3BoACTBO.

MoHATMe o XxumMuyeckom mnpoussoacTee. MHorodyHkumo-
HanbHOCTb XMMMYecKoro npoussoacTBa. ObLwas CTpykTypa
XMMMUYeckoro npomssoacTBa. OCHOBHbIE MOACUCTEMbI XMMMU-
yeckoro npoussofcTBa. OCHOBHbIE TEXHONOIMYECKNE KOM-
MOHEHTbI XMMWUYECKOro Mpomn3BOAcCTBa. KavyecTBeHHbIE N KO-
NYECTBEHHbIE MOKasaTenu XMMUYECKOro MNpOu3BOACTBaA:
TEXHOMOrM4Yeckne, 9KOHOMUYECKME,  IKCMIyaTauMOHHbIE,
counanbHble.

3. CbipbeBble pecypchbl, BoAa U 3HEPrusi B XMMUYECKOM
npou3BoAcCTBe.

Knaccudukaumsi cbipbeBbIX pecypcoB MO pasfnuyHbIM Npu-
3Hakam — ha30BOMY COCTOSIHWIO, MPOVCXOXOEHWUIO, UCTOYHU-
kaM. MuHepanbHoe cbipbe (pyabl U None3HbIe NCKoMaeMble),
OopraHnyeckoe MNpPUPOAHOE Chipbe (ropltoyne McKonaewble),
pacTMTenbHOE U XWBOTHOE Cbipbe, BTOPUYHOE CbIpbe — WX
ucnonb3oBaHve u nytn nepepaboTtkn. OCHOBHbIE CMOCOObLI
nepBuYyHON 06paboTkn cbipbs (oboralieHne, oyncTka, Nnoa-
roToBka K TpaHCnopTMpoBke W nepepaboTke). [ToHATue,
CYLLHOCTb M MpuMmepbl YrinybneHus MCnonb3oBaHWs Cbipbs,
KOMOWMHMPOBaHWNSA NPOU3BOACTB M KOMMIEKCHON nepepaboTkn
Cblpbs. 3Ha4yeHWe M MCNonb3oBaHWE BOAbl B XUMWYECKUX

https://edu.vsu.ru/
course/view.php?i
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npousBofcteax. MctouHnku Boabl. TpeBGoBaHWs K TEXHOMO-
rmyeckon u GblToBOM Boae. [poMbllNeHHasi NoaroToBka
BOAbI ¥ MeTofbl ee OYUCTKU OT npumMeceinr. OCHOBHbIE METO-
Abl KOHTPONS KayecTBa BOAbl. JKOHOMUS BOAONOTPeGneHns
B npousBoacTBe. BogoobopoTHble cuctemMsl. Bugbl n uctou-
HUKN 3HEPrUM B XMMUYECKOW MPOMbILLNIEHHOCTH. MacLluTabbl
noTpebrieHnst 1 cnocobbl YMEHbLUEHUSI 3HEPreTUYecknx 3a-
TpaT. CyLWHOCTb M MPUMEPbI pereHepauum u pekyrnepaumm
9Heprun. HEproTexHoNormyeckme cuctemMbl. BTopuuHbie
3HepreTnyeckne pecypcebl.

1.2

TeopeTnyeckne OCHOBbI XUMU-
YecKMX MPOLECCOB M peakTo-
poB.

1. OcHOBHbIe onpegerneHusi U NOJIoXeHUs.
PU3MKo-XMMMYeCkne 3aKOHOMEPHOCTU XMMUYECKUX MpeBpa-
LEHNA — CTEXMOMETPUYECKUE, TEPMOAUHAMUYECKME, KUHE-
Tuyeckne. MNokaszaTenu XMMWYECKOro MnpeBpalleHus — cTe-
neHb MpeBpalleHns, BbIXOA4 MPOAyKTa, WHTerpanbHas wu
anddepeHumanbHas CenekTUBHOCTU, CKOPOCTM peakumm u
npeBpaLLeHns peareHToB.

2. XumMunyeckue npouecchbl.

Onpepgenexune. Knaccudukaums XMMUYeCKnx npoueccos Mo
pasnuyHbiM NpU3HaKaMm — XUMWUYECKUM (BUO XUMWYECKON
peakuum, TepMOOUHAMUYECKME XapaKTEPUCTUKK, Cxema npe-
BpalleHunin) u ¢a3oBbIM (YACMO M arperatHoe COCTOSIHVE
das).

FoMoreHHbIn xuMnyeckuii npouecc. OnpegeneHve u npu-
Mepbl. BnvaHne xvMmnyecknx npusHakoB M YCNOBUIW MpoOTe-
KaHus npouecca Ha ero nokasarenu. Cnocobbl UHTEHCUU-
Kaumm.

MoHsTMe onTumaneHbIX TemnepaTyp. OnTuManbHble Temne-
paTtypbl Ana obpaTMMbIX U HeobpaTUMbIX 3K30- U SHOOTEP-
MUYECKMX peakLmi.

[eTeporeHHbI (HeKaTanUTUYECKNA) XMMUYECKUIA MNpOLEeCC.
Onpepenexne n npumepbl. CTpyKkTypa npouecca u ero co-
craBnsowme (ctaguu). Habnogaemas ckopoCcTb XMMUYECKO-
ro npespatieHns. ObnacTtn (pexvMbl) NpoTekaHUs npouec-
ca, NIMMUTUpYoLLaa cTaaus.

[eTeporeHHbIn XUMWYECKMI npouecc "ra3d (KuAKoCTb) —
TBeppoe". O6ocHOBaHWe, MOCTPOEHME U aHanu3 maremartu-
YeckoW MoAenu Ansd peakuui ropeHust (Mogenb "cxxvumaro-
wascsa cdepa”) u Tonoxmmuyeckon (mopens "C HeB3auMO-
aencteylowmMm agpom"). Habniogaemas CKoOpocTb npeBpa-
LLiEeHVs1, BPEMs MpeBpaLleHns U NyTU UHTeHCMdUKauum ons
pasnu4Hbix obnacTten npoTekaHus npouecca.

"eTeporeHHbIN XMMMYECKUin NpoLece "ras (KmMaKocTb) — Xua-
kocTb". OBOoCHOBaHWE, MNOCTPOEHME M aHanNu3 MaTeMaTunye-
cko mopenu. Habniogaemasi cKOpOCTb MpeBpalleHus u
obnactu npotekaHus npovecca. Myt nHTeHcndukaumm ans
pasnu4HbIX PEXMMOB MNpoLecca.

Katanutuuecknin npouecc. Onpenenexune, knaccudukaums,
npumepsbl. 'eTeporeHHbI kaTanua Ha TBepAOM KaTanmusaTo-
pe. O6ocHOBaHMEe, NOCTPOEHNE M aHann3 MaTemaTU4ecKomn
MOLENU Ha KaTanuMTU4ecKOW MOBEPXHOCTU M B MOPUCTOM
3epHe katanusatopa. Habniogaemass ckopocTb npespale-
HMA 1 obnactu npoTtekaHus npouecca. CTeneHb MCNonbL30-
BaHWsi BHYTpPEHHeW noBepxHoCcTU. [y WHTeHcudmKauum
KaTanuTu4ecKkmx npoLeccoB.

3. Xumunuyeckune peaktopbil.

OnpepeneHne 1 HasHaYeHUe XMMUYeCcKoro peakropa. Peak-
TOpPbl B XMMUYECKMX UM HEXMMMYECKMX OTPaCNsAX MPOMbILL-
neHHoctn. O630p TUMNOB XMMMUYECKMX PEaKTOPOB, UX CTPYK-
TYpHblE 3NEMEHTbI (pPeakUMOHHasa 30Ha, YCTPOMCTBa BBOAA U
BbIBOAA, CMELLEHMWSl, pasgeneHns u pacnpeneneHuss noTo-
KOB, TENNnooOMEHHbIE 3MEMEHTbI), OCHOBHbIE MPOLIECCHI U
ABMNEHNS B HUX.

CuctemaTtusaumsi NpoLeccoB B XMMUYECKOM peakTope Mo
MaclTaby MX MPOTEKAHUST: XMMMUYECKas peakuusi, Xumude-
CKU npouecc B aneMeHTapHOM obbeme, Npouecchl B peak-
LMOHHOM 3MIEMEHTE M B peakTope B LIeNOM, UX B3anMOCBHA3b
N nepapxmdeckas CTpyKTypa MateMaTU4eckon MoAenu npo-
uecca B peakTtope. [lpMmepbl NpoLeccoB B pasnuyHbIX BU-
Oax XMMUYECKMNX PEaKTOPOB.

Knaccudukaums npoueccoB B peakTopax Mo  pasnuyHbIM

JYMK  «Xumnue-
ckas  TexHororus
(DMX)»
https://edu.vsu.ru/
course/view.php?i
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npusHakaMm — BU4 XMMWUYECKOro npouecca, opraHnsaums no-
TOKOB peareHToB (Cxema ABWXEHWUSI pereHToB 4epe3 peak-
TOp, CTPYKTypa NOTOKOB B PEaKLMOHHOWN 30HE), opraHv3aums
TENMoBbIX MOTOKOB (TEMMOBOW PEXNM, Cxema TennoobmeHa),
cTauMoHapHOCTL mpoLecca.

O6ocHOBaHWe 1 MOCTPOEHME MaTemMaTUyYecKon Moaenu npo-
Lecca B peaKkTopax pasfMyHOro Tvna Kak CUCTeMbl ypaBHe-
HWI MaTepuanbHOro 1 TennoBoro 6anaHcoB Ha OCHOBE AaH-
HbIX O CTPYKTYpe MOTOKa, XMMUYECKNX NpeBpaLLEeHnsX, SBre-
HMAX MepeHoca Tenna W BelecTBa U UX B3auMOOENCTBUN.
Cuctematusaumsa n knaccudukaumss MatemaTtmyeckmx Mo-
Aenel nNpoLeccoB B peakTopax.

MN3oTepmuyeckme npouecchl B XMMUYECKOM peakTope. Bnuns-
HVWe CTPYKTypbl NOTOKa (uaeanbHOEe CMeLUeHVe WU BblTecHe-
HMe), CTauMoHapPHOCTH npouecca (MPOTOYHbIA U nepuoanye-
CKWi1), NnapameTpoB M YCMOBWUIN NPOTEKaHWUsA npouecca (Tem-
nepaTtypa, KOHUeHTpauus, AaBneHve, o6bem peakuMOHHOW
30HbI, BpeMS), B1uaa XMMUYECKON peakuun (npoctas u Cnox-
Has, obpaTtumasn u HeobpaTumasi) U ee napaMeTpPoB Ha Npo-
Vnn KOHUEHTpauMin 1 rnokasaTenu npouecca B peakTope
(cTeneHb npeBpalleHns, BbIXO4 NPOAYyKTa, CENeKTUBHOCTb
npouecca).

OcHoBbl pacyeTa npouecca B peaktope. ConocrtasneHve
3 EKTUBHOCTU MPOLIECCOB B peakTopax, OMnMCbIBaeMbIX
MoensamMu naeanbHOro CMeLLEHNs 1 BbITECHEHNS.
HeunsoTepmuyeckme npoueccbl B XMMUYECKUX peakTopax.
OpraHusauusi TEMNMOBbIX NOTOKOB U PEXMMOB B XUMNYECKNX
peakTtopax. PacnpegeneHue TemnepaTypbl, KOHLEHTpauui un
cTeneHn npesBpaLleHns B peakTope B pexumax naeanbHoro
CMeLleHNs 1 BbiTeCHeHUs, agnabaTnyeckom u ¢ Tennoobme-
Hom. CBsi3b TemMnepaTtypbl U CTENEHN NpeBpalleHns B agua-
6atnyeckom npouecce. CornocTaBneHne ¢ M30TEPMUYECKUM
pexmMom. Y1crno 1 yCTOMYMBOCTb CTaLMOHAPHbIX PEXMMOB B
peakTopax ngeanbHOro CMeLleHus.

4. NMpoMbILneHHble XUMUYECKUEe peakTopbl.

Ha KOHKpeTHbIX npumepax npeaMeTHO paccMaTpyBaloTCH
NPOMBILLSIEHHbIE PeaKTopbl ANS NPOBEAEHUS TOMOreHHbIX,
reTeporeHHbIX U KaTanuTUYeckmx NpoLLeccoB — TUMbl peakTo-
pOB, KOHCTPYKTUBHbIE XapaKTepuCTWKM U OcoBeHHoCTU pe-
XMma, obnacTi Ncnonb3oBaHus.

1.3

Xumnyeckoe NpPoOn3BOACTBO,
KaK XUMUKO-TEXHOJ1I0rm4yeckasa
cuctema.

1. CTpyKkTypa M oOnucaHue XWUMMUKO-TEXHONOrn4ecKom
CUCTEMbI.

XvMnyeckoe npou3BOACTBO Kak XMMMKO-TEXHOMOrM4eckas
cuctema (XTC). Monstne cuctembl n XTC. CoctaB XTC:
3MEMEHTbI, CBA3M, noacuctembl. OnemeHTbl XTC, knaccu-
dukauma nNo BuAy NpoLEecCoB M Ha3Ha4yeHuto. TexHonornye-
ckue cBsi3n anemeHtoB XTC (notokum). MocnepoBartenbHas,
napannenbHas, pa3BeTBeHHas, nocnepoBaTernbHO-
obBogHas (6avnac), obpaTHas (peumkn) TEeXHONornyeckue
cBA3N. VX cxeMbl 1 Ha3HayeHue.

Onucanne XTC. Buabl mogenen XTC - onucaTenbHble U
rpacudeckme. OnucaTenbHble MOOENN — XMMUYECKas cxema
n matematuyeckas mogens. 'padmyeckne mogenu — pyHk-
LMoHarnbHas, TexHonorm4eckas, CTpykTypHas u gpyrue (cne-
unanbHble) cxembl. HasHaueHue, npuMeHeHue u B3anMo-
CBs13b MoAenen.

2. AHanus XTC.

MoHATMe, 3agaun n pedynbtaTthl aHanusa XTC — cocTosiHve
XTC, martepuanbHbli 1M TennoBoWn 6anaHckl, nokasatenu
Xxmmuyeckoro npoussogctea. CeowictBa XTC kak cuctemsbl:
B3aMMOCBSI3aHHOCTb PEXUMOB 3M1EMEHTOB, pasnuyMe OonTu-
MarnbHOCTM 3MIEMEHTa OAMHOYHOIO U B CUCTEME, YCTOWYU-
BOCTb W CYLLECTBOBaHMNE CTaLMOHAPHbLIX PEXMMOB U Ap.
MaTepuanbHbill 1 TennoBow 6anaHcel. MeToagmka cocTtaBne-
HUS1 N pacyeTa maTepuanbHbIX U TennoBbix 6anaHcoB XTC un
ee nogcuctem. OcobeHHOCTH pacyeTa GanaHCoOB B CXxeMax C
peunknoM. Popmbl npeactaBneHuss GanaHcoB (Tabnuupl,
avarpaMmmbl 1 ap.).

MaTepuanbHbii 6anaHc Ans MacCOOOMEHHbBIX U peaKkLMOoH-
HblX 31eMeHTOB. Mcnonb3oBaHne CTEXMOMETPUYECKUX, Tep-
MOOMHAMUYECKMX N MexdasHbIX 6anaHCOBbIX COOTHOLLEHUN.
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CTeneHb NCMNoMNb30BaHUs CbipbEBbLIX PECYPCOB.
OHepreTnyecknin (No NonHoun aHeprum) 6anaHc un K.

3. Cunres XTC.

MoHsATue 1 3agaumn cuHteda XTC. OcHOBHbIe 3Tanbl paspa-
60TkM XTC. Ponb MaTeMaTUyecknx n 3BPUCTUHECKUX METO-
A0B.

OcHoBHble KoHUenuuu npu cuHTese XTC: nonHoe Ucnonb3o-
BaHWe CbIPbEBLIX W 3HEPreTU4EeCcKNX pecypcoB, MUHMMMU3A-
LUMs OTXOAOB, OMTUMarnbHOE WCMOMb3oBaHWe annapaTypbl.
Nx cogepxaHvne n cnocobbl peanusdauun. KombuHuposaH-
Hble MPOM3BOACTBA, COBMELLEHHbIE MPOLIECChl, BTOPUYHbIE
SHepreTnyeckne pecypchbl, 3HEpProTeXHONOrM4yeckne cucre-
Mbl, nepecTtpamBaemble XTC, 3aMKHyTble, ManoOTXOAHble
Npon3BOACTBA — UX NOHATUS, OCOBEHHOCTN 1 MPUMEHEHME.
OpHopoAHble TEXHOMOTMYECKMe CXeMbl: CUcTeMa pekynepa-
TMBHOrO TennoobmeHa, cuctema pasgerneHuss MHOroKOMMo-
HEeHTHOW cmecwn, cuctema peaktopoB. OCHOBbI MOCTPOEHMS
MX ONTUMarbHOW CTPYKTYpbl

1.4

rlpOMbILIJﬂeHHbIe XUMmn4yeckue
npon3BoacTea.

DU3NKO-XMMUYECKNE OCHOBbI KOHLENUMM MNOCTPOEHNA TeXHO-
JNIOrMYeCcKom cxembl npon3sBoacTea U ero nogcmucTem. TexHo-
JTOTMN OCHOBHbIX OpraHn4ecknx U HeopraHn4ecKux npoayk-
TOB.
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CoBpeMeHHble TeHAeHUMn B
pasBUTUN XMMUYECKOW TEXHO-
normm. OCHOBbI  MPOMBbILLSIEH-
HOW 3KOMOrnu.

Tekylluee COCTOSIHWE XMMUYECKOW MPOMBILLNIEHHOCTN B MUPE
W TeHdeHuun ee pas3suTusi. MepcnekTMBHbIE UCTOYHUKU Chbl-
pbsi U aHeprun. Knactepusaums XMMU4YeCcKow NPOMbILLIEHHO-
ctn. CoBMeLLeHHblE npouecckl. [Mbkue 1 nepecTpanBaemMble
TexHonornyeckne cxembl. HoBble XMMMKO-TEXHOMOMMYeckne
npouecchl 1 cnocobbl NoNy4YeHUst NPOAYKTOB.
MpoMbILNEHHAsa 3KOMOrMA: OCHOBHblE MOHATMSA. MeToapl,
HOpMaTWBHAasi JOKYMEHTaLMsI.
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Paspgen 2. MNpoueccbl n annapaTtbl XMMUYECKUX NPou3BoacTB (7 cemecTp)

1.6

OCHOBbI r’MAPOMEXaHUKU U
TpaHCNOPTUPOBKA XMAKOCTEN

BeeneHve. OCHOBHbIE MOHATUA U 3aKOHOMEPHOCTU AWCLMM-
NWHBbI MNpoueccbl W annapaTbl XMMWUYECKOW TEeXHOMOoruu.
Knaccudukaumsa npoueccoB. HenpepbiBHble U nepuoanye-
CKue, CTauuoHapHble 1 HecTauuoHapHble npouecchl. XKuako-
CTM U rasbl. VigeanbHasg xugkoctb. Cunbl, AencTByOLME B
XNOKOCTU. HanpsKeHus B XMOKOCTSX U rasax (TaHreHumanb-
Hble U HopManbHble). Mogenb HenpepbiBHOM cpedbl. [MoHs-
TMEe (U3MYecKoro anemeHtapHoro obvema. OuddepeHun-
anbHas u nHTerpanbHas opma ypaBHeHUs HepaspbIBHOCTH.
BanaHc cun npu ABUXEHUN BA3KOW HEC)KMMaEeMOW XXNOKOCTU.
YpaBHeHne HaBbe-CTokca u ero msnyeckuin cmbicn. Ypas-
HeHVe OBWXeHMsI naeanbHoOW XuakocTn Aunepa. Oudde-
peHunanbHble ypaBHeHus paBHoBecus Junepa. [magpocta-
TuKa. [IpakTuyeckme MpUNOXeHNA OCHOBHOMO YpPaBHEHUS
rmapoCTaTUKK.

MvapoavMHamuvka. JHepreTudeckun GanaHc CTauvMoHapHOro
OBWKEHUs naeanbHON XMOKOCTW. YpaBHeHue bepHynnu ans
naeanbHOM U peanbHOW XuakocTu. Ero npaktuyeckue npwu-
NoXeHus (McTedyeHue xuakocTen, Tpybka MNuto-MpaHaTns).
MpUHUMNBI M3MEepeHUs CKOPOCTEN U PacxofoB XKWAKOCTU
ApoccernbHbiMM NpubopaMu M NHEBMOMETPUYECKUMU TPYO-
kamu. OnpegeneHne pacxodoB MPU UCTEYEHUWN XUAKOCTEWN
yepes OTBEPCTUS UMK HacagKku.

OCHOBHbIE MOHATUS TMAPOAMHAMUKK. MapaBnUyecknii pa-
OVYC W 3KBMBaneHTHbI AnameTp. MmapoamHamudeckme pe-
XKMMbI ABUKEHUS XKMOKOCTEW: NAMUHAPHBIA U TYpOYNEHTHbIN.
OnbITbl PenHonbaca. Yncno PenHonbaca u ero kputnieckme
3HayeHusi. [MoHsATMe TypOyneHTHocTu. [peacTtaBneHuss o
rmapoanHaMmMyeckoM MOrpaHWYHOM Crioe npu TeyeHuu no
Tpy6am u kaHanam u npu obtekaHumn Ten. Pacnpepenenve
CKOpOCTel Mo papuycy Tpybbl MOCTOSIHHOIO CeYeHus npu
NaMnHapHOM CcTauMoHapHOM TeuveHun. YpasHeHue [lyaseit-
ns. Onopbl CKOPOCTEW MpU NaMMHApPHOM 1 TypOyneHTHOM
TEYEHUM XNOKOCTU B Tpybe.
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1.7

Pexnmbl TeveHnsa n conpotme-
neHne

MMopoaMHaMmMyeckoe COMPOTUBIIEHME MPU TEYEHUM KUOKO-
cTen u rasoB. PacueT notepb Ha TpeHue (ypaBHeHune Japcu-
Belicbaxa) n Ha mecTHble conpoTuBneHusi. PacyeT Hanopa
A5 nepemeLLeHns XnaKocTen yepes cnucremy TpybonpoBo-
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OOB 1 annapaToB. PacueT anameTtpa TpybonpoBogoB v an-
napaTtoB; BblGOp CKOpPOCTEN MOTOKOB M OMTUMarbHOro Aua-
MeTpa Tpy6onpoBOJoB.

OnemeHTbl Teopun nogobus B ruapoanHamuke. MogobHoe
npeobpasoBaHne ypaBHeHust HaBbe-CTokca. bespa3mepHble
NEepeMeHHble - KpUTEpPUM MOpPOAUHAMMYECKOro nogobus
(Onnepa, PenHonbaca, ®Ppyaa, roMmoOXpoHHOCTH), uX buan-
yecku cmbicn. KputepuanbHoe ypaBHEHWE ABWXEHWUsI BA3-
KOW KNOKOCTW.

Hacocbl. OcHoBHbIE napameTpbl paboTbl HACOCOB: NPOU3BO-
ANTENbHOCTb, Hanop, MOLLHOCTb, kng. Pacyet Hanopa Haco-
ca. OnpeneneHne JoMycTMMONM BbICOTbI BCacbiBaHUS. SABne-
HWEe KaBUTaUMM M €ero npenoTBpalleHne. XapakTepUCTUKM
LEHTPOBEXHBIX M MNMNyHXepHbIX HacocoB. Pabota ueHTpo-
BGEeXHbIX HACOCOB Ha MMAPaBMMYECKYIO CETb.

Knaccudpukaumsa HacocoB. ObbeMHble U AMHAMUYECKUe Ha-
cocbl. PacuyeT npou3BOAMTENBHOCTU MOPLUHEBLIX HaCOCB
nNpoCTOro u ABoWHOro AencTteus. Cxembl, n3obpaxeHus, goc-
TOVMHCTBA M He4OCTaTKM CrneayloLmnx HacOCOB: MOPLLHEBOrO,
NNyHXepHoro, AnadparmMoBoro (MembpaHHOro), LWecTepeH-
4yaToro, LEHTPOOEXKHOro, OCEBOrO, a TAKKE MOHTEXH).

course/view.php?i
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1.8

TennoobMeHHble npouecchbl

O6wue BoMpockl Tennonepegayn. YpaBHeEHVWE TennoBoro
6anaHca 6e3 N3MeHeHUs 1 Npu U3MEHEHUN arperaTHoro Co-
cTosAHUS. 3akoH Pypbe.

MoTeHuman nepeHoca. YpasHeHne dPypbe-Kupxroda. Sne-
MEHTbI Teopun nogobus B TennoobmeHe.
TennonpoBogHOCTb Yepe3 MNnockMe W  UunuHgpuyeckne
cTeHkn. KoadhdumumeHTbl TennonpoBogHOCTM ra3oB, XUOKO-
cTel, TBepAblx Ten. lNepeHoc Tenna m3nyyeHuem. Jlyvenc-
nyckaHue rasoB. PacyeT TOMLWWHbI TEMOBOW N30MAALMN.
Tennonepegaya B NOBEPXHOCTHbIX TensioobmeHHukax. Aa-
AVTUBHOCTb TEPMUYECKNX CONPOTUBINEHUN.

PacueT koadhpmumeHTOB TennooTaayum B npoueccax Tenno-
obmeHa 6e3 M3MEHEHVS M C U3MEHEHVWeM arperaTtHoro co-
CTOSAHUS.

PacuyeT cpegHen ABMXyLLeN cunbl npouecca Tennonepeaa-
yu. BnunsHvwe B3aMMHOrO HanpaBfeHUs ABWXEHWUS! TEMnOoHO-
cuTenen Ha ABUXYLLYIO CUMy Tennonepeaaydu.
MpoMbILLInEHHbIE TEMMOHOCUTENN: AbIMOBbIE rasbl, BOASAHOM
nap, napbl BbICOKOTEMNEPATYPHbIX OPraHNYecKMX TEemnnoHo-
cuTenen, BoAa, MVHeparnbHble macna, BbiCOKOTeMnepaTyp-
Hble opraHu4eckue TennoHocuTenu. Harpes aneKkTpnyeckum
TOKOM. TennoHocuTenu pAns OXNaXAeHus (xnagareHTbl):
BO3AyX, BOAA, XONOAWMbHblE Paccofbl, amMMuak, peoHbl
(xnagoHbt).

TennoobMeHHble annapaTtbl XMMUYECKUX NPOu3BOACTB. Ko-
XyxoTpybuaTtble TennoobmeHHuku. lnactuHyaTble Tenmno-
o6meHHukn. [ByxTpyOHble TennoobmeHHukn. OpocuTenb-
Hble  TennoobmeHHukn. [lorpyxHble  TennooGMEeHHUKN.
OpebpéHHble TennoobmeHHukn. CrnvpanbHble TeNNoooMeH-
HUKW. Annapatbl C [OBOWHLIMW CTeHKkamu (pybaiukamn).
BnoyHble TennoobmeHHukn. [pagupHu. PereHepaTvBHble
TENNOOBMEHHMUKN.
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1.9

MacconepeHoc v pasgenenune
CUCTEM

Knaccudukaumsa n oCHOBHbIE NMOHATUS NPOLECCOB Maccoo6-
MeHa. Cnocobbl BbipaxeHusi coctaBa ¢as. [NoHATMe o mac-
conepegaye 1 mMaccootgadve. Hanpaenenusi nepeHoca Be-
wectea 13 asbl B pasy. MatepuanbHbli 6anaHc Henpe-
PbIBHOTO npouecca. YpaBHeHUs pabounx NMHNNA.

OCHOBHOE ypaBHeHMe Macconepegayn. MexaHusmbl nepe-
Hoca Maccbl. Ouddy3noHHbIV NOrpaHUYHbIA CORN; Npodunu
KOHLEHTPaLMA N CKOPOCTEN B NOTOKax. AoAUTUBHOCTb And-
dy3nOHHLIX conpoTuBrneHni. PacyeT ABuxyllen cunbl mac-
conepeayu.

YpaBHeHuss nepeHoca macchl U sHepruv. dunddepeHumnans-
HOe ypaBHEHWe KOHBEKTMBHOIO MepeHoca Macchbl. YpaBHe-
HWe Hepa3pbIBHOCTU AN ABYXKOMMOHEHTHOW CUCTEMBI.
MopenvupoBaHne KOHBEKTMBHOro MaccoobmeHa. Kputepwu-
anbHble YpaBHEHNSI KOHBEKTUBHOIO MaccoobmeHa.

PacyeT maccoobMeHHbIX annapatoB C OAHWMM pacnpese-
NgeMblM KOMMOHEHTOM.

EguHnUbl nepeHoca.
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SpdekTnBHOCTL N0 Mepdpu.

YucneHHbli MeTos, pac4éta MacCoOOMEHHbIX annapaToB CO
CTyneH4aTbiM KOHTaKkTOM has. PacyeT «OT cTyneHu k cTyne-
HUY.

Abcopbuma. MrMHMManbHbIA M ONTUMarbHbIA pacxod Morno-
TuTensa. CreneHb wu3BnevyeHuns. HanpaeneHnve npouecca
macconepegayn. Knaccudukaums maccoobMeHHbIX npouec-
COB.

KoHcTpykuun, obnactb npuMmeHeHns abcopbepoB pasnmyHbIX
TUMOB.

PaBHoBecue B cucteme nap-xugkocTb. NeperoHka.
Pektndwmkaumsa. MatepuanbHbii 6anaHc, ypaBHeHus pabo-
4nx nUHUR. MuHMManeHoe U AencTBUTENbHOE hrermoBoe
yncno.

Pacuyet gnameTpa 1 BbICOTbl PEKTUMDUKALMOHHOW KOMOHHbI.
TennoBow 6anaHc KONMOHHbI. CXeMbl YCTAaHOBOK ANSA Hernpe-
PbIBHOW, MEPUOAUNYECKON 3SKCTPaAKTUBHOW M a3e0TpPOMnHON
pekTuduKaLmu.

Pasgenenune reteporeHHbix cuctem. OCHOBHblE MOHATUSA Y
3aBMCUMOCTM Mpouecca ocaxaeHus. KoHCTpykumn oTcTon-
HUKOB.

HenoaBwHble 3epHUCTbIE CIIOU U NCEBOOOXUKEHHbIE CIOW.
OcHoBHble 3aBucumocTu. KoHCcTpykuum annapaTtoB C nces-
LOOXWKEHHBIM CINOEM.

dunbtpoBaHne. OCHOBHble OMNpeferneHns U 3aBUCUMOCTM.
KOHCTpYKLUUN OUnbTPOB.

2. MpakTnyeckmne 3aHATUA (6 cemecTp)

21

Xnumudeckaa  TeXHOMorms n
XnMm4yeckoe npon3soacTeo

1. AHanu3 CTpyKTypbl XMMWU4YECKOro NpOM3BOACTBA U Chbipbe-
BbIX MOTOKOB:

CocTaBrneHve wmartepuanbHbix GanaHcoB AMis 3N1EMEHTOB
XTC (peakTopbl, TENNOOOMEHHMKN).

OnpepeneHve cTeneHern NCNonb30BaHWS Cbipbs U SHEPTUN B
YCINOBUAX peuunkna.

Pacyet aHepretTuyeckux satpaT npu oborawieHun MuHe-
panbHOro ChIpbS.

AHanua akoHoMmn4eckon 3PdEKTUBHOCTM KOMMSIEKCHOW ne-
pepaboTky BTOPUYHOTO ChIPbSI.

2. BogHblli U 3HepreTuyeckuin 6anaHc B XMMUYECKUX NPOun3-
BOACTBAX:

MpoekTpoBaHme BOAOOOOPOTHBIX CUCTEM C y4eTom Tpebo-
BaHMWIN K OYNCTKE N pacxody BoAbI.

PacueT aHepronoTpebneHus npu TepmoobpaboTke HeddTN n
yrnsi.

OueHka 3bdEKTMBHOCTN pekynepauum Tenna B cucTemax
"nuponus—rasundgukaums".

MopenupoBaHne LMKIOB UCMONb30BaHUA BTOPUYHbBIX 3HEp-
ropecypcoB (Bbl6pocCkl, 0TX0Abl).
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2.2

TeopeTuyeckne OCHOBbI XMMU-
YecKMX MpOLEeCCOB W peakTo-
poB.

1. PacyeTbl xmnyecknx npespaLLeHnin 1 napaMmeTpoB peak-
7178

OnpepeneHuve Bbixoda NpoayKTa, CENEKTUBHOCTU U CTEMNEHN
npeBpaLleHns AN CrOoXHbIX peakuun (Hanpumep, CUHTE3
amMMuaka).

MopgenvpoBaHve BnUAHWMA TemnepaTypbl U AaBneHus Ha
KMHETMKY OOpaTumbIX peakuui (Moaenb agvabatuyeckoro
peakTtopa).

AHanua ycnosun makcumanbHON 3¢peKkTUBHOCTN NS 3K30-
W 3HOOTEPMMYECKNX NPOLECCOB.

PacuyeT BpeMeHu npeBpalleHns Ans TOMOXMMUYECKMX peak-
umn (Mogenb "HenoABWKHOE 54po”).

2. MNpoekTnpoBaHMe XMMNYECKNX PEaKTOPOB:
CpaBHUTENbHBIN aHanM3 NPOM3BOAUTENBbHOCTM pPeaKTopoB
naeanbHOro CMeLeHUs N BbITECHEHUS (Ha npyMepe cuHTesa
MeTaHona).

PacueT TemnepaTypHbix npocdunen B agnabaTuUyeckmx wu
M30TEPMMYECKMX peakTopax (Mogenb TennoBoro 6anaHca).
OnTumMmn3auma CTpyKTypbl CTPYKTYPHOro NoToka B MeMbpaH-
HbIX U KaTanuTU4eCKUX peakTopax.

lMpoekTupoBaHue aHepreTUdeckn 3PPEKTUBHBLIX CXEM C pe-
LIMKINOM NPOAYKTOB (Hanpumep, okcug asota — aMMuak —
a30THas KMcnoTa).
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2.3

Xumnyeckoe NpPoOn3BOACTBO,

1. Mogenuposanne XTC:
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KaK XMMUKO-TEXHOJ1I0rn4yeckasa
cucrtema.

CoctaBneHve yHKUMOHAmMbHBIX U TEXHOINOMMYECKUX CXEM
XTC (npumep: CUHTE3 NONUaTUNEHa).

PacueTt maTtepuanbHoro 6anaHca ¢ y4eToM HecTauMoHapHbIX
pexmMoB paboTbl 3arIEMEHTOB (NepUoANYECKNe onepauun).
Wcnonb3oBaHue nporpammHbix mogener (Aspen, gPROMS)
ONsi onpefeneHns CTauMOHapHbIX M HEeCTalMOHapHbIX pe-
XVMMOB.

OnTMMM3aumnsa CTPYKTYpbl pekynepaTuBHbIX U pereHepaTus-
HbIX TENNOOBMEHHbIX CUCTEM.

2. OueHka 9KOMOrM4ecKkUX U 3SKOHOMWUYECKUX NapameTpoB
XTC:

Pacuet Bbibpocos CO, n Apyrux 3arpsisHuTtenei npu pas-
NNYHBIX CcueHapusax npousBoacTBa (HedTenepepaboTka,
Npou3BOACTBO NNAcTUKOB).

CpaBHeHMe 3aTpaT Ha MCMNOMb30oBaHWE MEPBUYHBIX W BTO-
PUYHBIX 9HEPTreTUYECKMX PECYPCOB.

MopgenvpoBaHMe 3aMKHYTbIX "HyneBbIX OTXOAOB" CUCTEM
(npumep: nepepaboTka yrnepoancTbiX OTXOAO0B).

AHanuns BRUAHUSA TEXHOMOMMYECKUX peLUeHWn Ha couunanb-
Hble nokasaTenu (3aHAToCTb, 6€30NacHOCTb).

ckasi  TexHororus
(PrX)»
https://edu.vsu.ru/
course/view.php?i
d=2311

2.4

[pOMbILWAEHHBIE  XUMUYECKUE
npon3BoacTea.

Mpon3BoOLCTBO CEPHOM KUCAOThI.

TexHonorust MMHeparnbeHbIX yaobpeHui.
TexHonorusi npon3BoAcTBa aMMuaka.
TexHonornsa asoTHOM KUCNOThI

MepsuyHan nepepaboTtka HedTL.
HecTtpyktuBHas nepepaboTka HedTK.
CwuHTesbl Ha ocHoBe CO u Ha.

TexHonorus nonyyeHus copmanbgervaa
TexHonorusi nonyyYeHus aueTuneHa
TexHonornsi Nony4YeHust YKCyCHOM KUCHOoThI
Kokcoxnmunyeckoe Npon3BoACcTBO.
Mpon3BoACTBO YyryHa.

MpownssoacTBo cTanu. Mugpekc-npovecc.
Menacca. lNpon3soacTeo STUMOBOrO cNupTa.
BruoTtexHonormnyeckme npouecchl. MonyyeHve nuanHa.
Mpon3BOACTBO CUHTETUYECKNX KaYUyKOB.
TexHonornst Nony4YeHnst pe3MHOBbLIX U3AENUIA.
Mpon3BoACTBO NOPTNaHALEMEHTA.

QYMK  «Xumnye-
ckasi TexHonorus
(DMX)»
https://edu.vsu.ru/
course/view.php?i
d=2311

2.5

CoBpeMeHHble TeHOeHUMn B
pasBUTUN XUMUYECKON TEXHO-
normm. OCHOBbI  MPOMBbILLIIEH-
HOW 3KOMOrnu.

1. CUHTE3 MHHOBALUMOHHBLIX XTC:

PaspaboTka CxeM COBMELLEHHbIX MPOLECCOB (Hanpumep,
rasumkaums yrnsa ¢ CMHTE30M MeTaHona v BOAOPOAaA).
MopenuposaHne nepectpamBaembix XTC (rmbkue npowns-
BOACTBEHHbIE NUHUM Anst OMO3TaHona M anbTepHATMBHBLIX
mMaTepuarnos).

OueHka 9KOHOMMUYECKON 3h(PEKTUBHOCTU KNACTEPHBLIX XUMMU-
YECKMX panoHOB.

MporHo3mpoBaHue BNUSIHUSI HOBbIX 3HEPreTUYEecKUx CcLeHa-
pueB (CONHeYHas SHeprusi, BO4OPOAHAast 3KOHOMMKa) Ha Npo-
uecchl XTC.

2. TNpvMeHeHne uMdpPOBLIX METOAOB U MaTeMaTU4YecKoro
MOLENMPOBAHUSA:

HanucaHnne ckpuntoB Ha Python gnsa yucneHHoro pelueHus
YPaBHEHUIN XMMUNYECKON KUHETUKM 1 TennoobmeHa.
MocTpoeHne rpagpudecknx cxem XTC ¢ ucnonb3oBaHuem
UML v gnarpamm nocrnenoBaTesibHOCTH.

Busyanusaumsa gaHHbix o napametpax XTC (Hanpumep, Ten-
noBble KapThbl, chepuyeckme guarpammbl).

CpaBHeHne pesynbTaToB (hM3NYeckoro MOAEeNnMpoBaHuS U
BbIYUCIIUTENbHBIX 3KCMEPUMEHTOB (KaBUTALUMOHHbIE 3dhdek-
Tbl B HAcocax, cenapaunoHHble NPOoLECChl).

QYMK  «Xumuye-
ckasi TexHonorus
(PMX)»
https://edu.vsu.ru/
course/view.php?i
d=2311

3. NabopaTopHble 3aHATUA (7 cemecTp)

3.1

Xnmudeckaa  TeXHOmorms n
XnMm4yeckoe npon3soacTeo

PelweHne 3agad Ha OCHOBbI MaTepuanbHOro U 3HepreTnye-
ckoro GanaHca, macco- u Tennoo6meHy, OCHOBaM runapoau-
HaMWKW.

3.2

TeopeTu4eckne OCHOBbI XUMU-
YeCKUX MpPOLIECCOB M peakTo-
poB

PeaKTopr B peXxumax naeanbHOro cMelleHna n naeanbHOro
BbITECHEHUNA

OkuncneHune guokcmaa cepbl (MPOLECChl U peakTopbl)
MonyyeHns rmapokcuaa HaTpus kaycTtudukaumern cogoBoro
pacTBopa

KvHeTuka peakuui germgpartaumm B TBepAbIx dasax
MN3yyeHne paboTbl peakTopa MaeanbHOro cMeLleHns nepuo-




[NYECKOro AencTBus

KuHeTnka oMblneHust aTunauetraTa B KUCMON U LLENOYHON
cpepax

MN3yyeHne KMHETUYECKMX 3aKOHOMEPHOCTEN peakuuii aTepu-
duKaLuuM 1 onpeaeneHne KUCMOTHOMO YMcna U Yucna oMbl-
NeHUs NoMy4YeHHoro agmpa

KvHeTMYeckve 3aKOHOMEPHOCTM Npu nonyyeHun Ouaxa

3.3

Xumnyeckoe NpPon3BOACTBO,
KaK XUMUKO-TEXHOJ10Orm4yeckasa
cucrema

Bbioenexve XNOPUCTOrOo Kanua n3 CUnbBUHUTA
CwuHTtes nonnakpunamuga B pacTtBope U uUccrnenoBaHne Ku-
HETUKM LeNoYHOoro rmgposnn3a MoHomepa u nonnmMmepa

3.4

[pOMbILNEHHbIE  XMMUYECKUE
npon3BoacTea

MN3y4yeHne pocdopHbix yaobpeHui
BblgeneHne nekTMHa U3 CbipbsS pacTUTENBHOrO NPOUCXOXAe-
HKS

3.5

CoBpeMeHHble TeHAeHUMn B
pasBUTUN XMMUYECKOW TEXHO-
norun. OCHOBbI MPOMBILLIEH-
HOW 3KOMOrMn

OnpepeneHne caxapa B KopHennogax u pykrax mMeTtogom
KCTpakumm

AHanuns HeTENPOAYKTOB

AHanu3 CMHTETUYECKMX NTAaTEKCOB

OnpepgeneHune cepbl B MeTannax v yrrne

AHanus ammunayHon cunuTpebl, kapbamuaa, kanbUMHUPOBaH-
HOW coapbl

MN3y4yeHne pocdopHbix yaobpeHui

BbloeneHve nekTMHa U3 cbipbs pacTUTENbHOIO NPOMCXoXae-
HUS

3.6

OCHOBbI  TMOPOMEXaHUKM U
TPaHCNOPTMPOBKA XUAKOCTEN

WMccnepoBaHne pexxmMmoB TEYEHUSA XKUOKOCTU
MmapoaomHamuyeckoe conpoTueneHne Tpybonposoaa
M3y4yeHne npocuns ckopocTer B ceveHnm Tpybonposoaa
MN3y4yeHne paboTbl LLeHTpOBEXHOro Hacoca
MvopoavMHamuyeckass CTpyKTypa MoToka B annapaTte ¢ Me-
Lankom

3.7

Pexunmbl TeveHus un conpoTme-
JleHune

WccrnenoBaHne pexuMoB TEYEeHUs XKUOKOCTH
mapoanHaMmnyeckoe conpoTuereHve Tpybonposoaa

3.8

TennoobmeHHble npoueccsl

Tennonepepava B ABYXTPYOHOM TennoobMeHHuKe

MN3yyeHne Tennonepepaun B YETbIPEXXOOOBOM KOXYXOTpYO-
YaTOM TennoobMeHHMKe

Tennonepenaya B KOXyxOoTpybyaToM CTEKNAHHOM Tensnoob-
MEHHMKe

MHTEHCHBHOCTL Tennonepefayn B MnacTMH4aToOM Tennoob-
MEHHUKe

Bpems oxnaxgeHust XMAKOCTU Npy HeCTauMoHapHOM Tenmno-
obmeHe

3.9

MacconepeHoc n pasgeneHue
CUCTEM

M3yyeHne maccooTgaum B Xuakow dase

OnpepgeneHne koagdurumeHTa MaccooTgaym B ra3oBon da-
3e

PasgeneHue npocTon neperoHkon GMHapHOM CMecK 13onpo-
naHon-Bsoga

MpocTasa neperoHka GMHapHOM CMeCK BOAa—3TUMNEHTTIUKOMb
M3yyeHre npouecca nepuognyeckon pektudmkauum buHap-
HOW CMEeCU XNaKoCTeNn

PasneneHne pacTBopoB HU3KOMOSEKYISIPHbIX BellecTB 00-
paTHbIM OCMOCOM

OnpepneneHne ckopocTu CBOOOAHOIO OCaXAEHWUst TBEPAbIX
YacTuL 1 BCMbITUS Ny3bIpel B XXUOKOCTSAX

MmaopoovHamMuka HEMOABWXKHOTO M NMCEBAOOXDKEHHOIO 3ep-
HUCTOrO Ccros

M3yyeHure npouecca punbTPoOBaHUSA CyCNeH3un

13.2. Tembl (pasgenbl) AUCUUMNIUHBI U BUAbI 3aHATUN

Buabl 3aHATUN (KONMYECTBO YacoB)

Ne HanmeHoBaHue TeMbl
CamocTonTenbHas
n/n (pasgena) gucumnnuHbl | Jekuun MpakTuyeckme | JlabopaTtopHble pabora Bcero
XuMuyeckas TeXHONorvs n
1 XMmn4yeckoe npomn3sogcTteso 6 2 8 4 20
TeopeTquCKme OCHOBbI XU-
2 MUWYECKMX NPOLIECCOB U pe- 12 4 6 6 28
aKTOpOB
X1Mmnyeckoe Npov3BOACTBO,
3 KaK XMMUKO- 6 4 6 6 22
TexXHonorn4yeckad cucrtema
[poMbILLINEHHbIE XUMUYE-
4 P 6 6 6 6 24
CKne npon3BoacTtea




COBpeMeHHbIe TeHaeHuun B
a3BUTUN XUMUYECKON TeX-
5 | P 6 2 6 6 20
Honorun. OCHOBbI NpoMbILU-
TIEHHOM 3KONormm

OcHoBbl rmapomMmexaHukn 1

6 TPaHCNOPTUPOBKA XKWAKO- 6 - 6 6 18
cTen
Pexumbl Te4eHns un conpo-

TUBNEHVe 4 ) 16
TennoobMeHHbIe NpoLEecchl 4 - 6 6 16
MacconepeHoc v pasaene- )

HUE CUCTEM 4 6 6 16
UToro: 54 18 56 52 180

14. MeToan4yeckue ykazaHMA AnNs o6y4aroLWMUXCcA No OCBOEHUIO AUCLUMNIIUHDI:

B yuebHOM npouecce ncnonb3ytoTes cnegyowwme dpopmbl paboTbi:

- NpoBeAeHmne Nekuni,

- NpoBeAEHME NPAKTUYECKMX 3aHATUIA 1 NabopaTopHbIX paboT,

- 3aHATUS B MHTEPaKTUBHOM bopmMe (anckyccun),

- BHeayguMTOpHasi caMmocTosiTenbHas paboTa CTyQeHTOB.

CTyneHTbl 3HaKOMATCA C TEOPETUYECKMM MaTepmarniom B Npouecce NeKUMOHHOro Kypca, CamoCcToATeNb-
HO npopabaTbiBasi €ero C WCMNOfb30BaHMEM pPEKOMEHOOBAHHOM Yy4yebHoW nutepatypbl M y4ebHo-
MeToan4veckmx nocobun (n. 15). JlabopaTopHbie 3aHATUSA NPOBOASTCA C LENbIO:

1. MpopaboTkM TEOPETUYECKNX OCHOB M3yYaeMblX NPOLLECCOB M 060pyaoBaHMS.

2. OOy4yeHnsas OCHOBHbIM NprMemMaM NPOBEAEHNSA pacvHeToOB XapakTepMCTMK npoueccoB 1 obopyaosa-
HUS.

3. BbInonHeHns npakTuyeckon Yactu paboThl.

4, OO6paboTkM NonyveHHbIX pe3ynbTaToB U Bbibopa ONTUMAanbHbIX YCAOBUN (DYHKLUMOHUPOBAHUS

KOHKPETHbIX NpoLeccoB 1 obopyaoBaHus.

Ha nabopaTopHbIXx 3aHATUSAX CTyaeHTbl Nnbo nHamesuayanbHo, NMB0 B cocTaBe Marnow rpynnbl BbINOS-
HAOT y4yebHo-nccnenoBartenbckyto paboty. B xoge nabopaTopHbix paboT cTyaeHTbl npuobpeTtatoT Ha-
BblK/M OOpalLleHns C XMMUYECKMMW peaKkTMBamu M nabopaTtopHbiM 0OOpyAOBaHWEM, CaMOCTOSITENbHO
OCYLLECTBIISIOT 3KCNEPUMEHTbI, PErMCTPUPYIOT, aHaNM3NPYT U UHTEPNpeTUpyT pedynbTaThl. 3awuTa
nabopaTtopHon paboTbl BKMOYaeT ohopMreHre pesynbTaToB, YCTHyIO Beceay ¢ npenogasaTtenem o no-
NyYEHHbIX JaHHbIX U OCHOBHbIX TEOPETUYECKMX MOHATUAX MO TeMe paboThbl.

Llenbto npakTu4ecknx 3aHATUN SIBMSIETCHA cMcTemMaTusauus 1 o6o0weHne 3HaHUA No U3y4aeMon TeMe
unu pasgeny, opmmpoBaHMe ymeHun pabotatb C AOMNOMHUTENbHBIMU UCTOYHMKaMK MHopMaumm, co-
NOCTaBMATb U CPaBHMBATb TOYKU 3PEHUS, BbICKa3blBaTb CBOK TOYKY 3peHus 1 T.M. [oaroToBka K npakTu-
YeCKUM 3aHATUAM npegnonaraeT CaMOCTOATENbHY NpopaboTky y4ebHOW nuTepaTypbl, NEKUMA U UH-
TEPHET-UCTOYHMKOB MO CHOPMYIMPOBAHHBLIM BOMPOCaM.

CamocTtodatenbHas paboTta npegnonaraeT, Kak perynsdpHyro nogroToBky CTyAeHTa K pasfuyHbiM op-
MaMm 3aHATUI, Tak U BbINONHEHWEe OTAEMbHbIX 3a4aHnin B npouecce pa3bopa TEoOPEeTUYECKUX MOMOXKEHUN
B XO4e npoBedeHus 3aHATUA. BHeayouTopHasi camoctosTenbHas paboTta BkroyaeT npopaboTKy KOH-
CMEeKTOB npeabiayLnx Nekuun, BbiMOSTHEHWE 3a4aHu B paMKax NOArOTOBKM K nabopaTopHbIM 1 NpaKTu-
YECKUM 3aHATUSAM, KOHCMEKTUPOBAHME MaTepuana no Temam, BbIHOCUMbIM Ha CaMOCTOATENbHOE N3y4e-
Hue.

Tekywasn atrectaunsa obecneynmBaeT NPoOBEPKY OCBOEHUSA y4ebHOro matepuana, npuobpeteHnsa 3HaHun,
YMEHUN U HaBbIKOB B NMpoLecce ayanTtopHoOm 1 camoctosTenbHon pabotel ctyaeHToB (OlK-1, OMK-2 n
Or1K-3). OHa BkntoyaeT perynspHble oT4eThl No nabopatopHbiM pabotam, paboTe Ha NpakTUYeckux 3a-
HATMAX, BbINOSIHEHME TECTOBbIX WU MHbIX 3a4aHui K nekumsm. MNMpy NOAroToBke K TeKyllewn aTTectauum
CTYOEHTbl M3y4aloT PeKOMEHOOBaHHYK MpenogaBsaTtenem nutepatypy No TemMam NEKUMOHHbIX, MpakTu-
Yeckux M nabopaTopHbIX 3aHATUIA, CAMOCTOSITENBHO OCBaMBAaKOT MOHATMWHBLIM annapaT U 3akpennsioT
TeopeTnyeckne 3HaHua. NnaHnpoBaHne 1M opraHM3auus TeKyLMX atTectaumm 3HaHUA, YMEHUN N HaBbl-
KOB OCYyLIECTBMNSAETCA B COOTBETCTBUM C coAepXaHuem paboyen nporpammbl U KarneHaapHo-
TeMaTU4EeCKMM MfaHOM C NMpUMEHeHMeM OOHOA OLEHOYHbIX CpeacTB. Tekywas aTTectaumst aBnsaeTcs
obsa3aTenbHON, ee pedynbTaTbl OLEHNBAKTCA B BannbHOM cucteme 1 MoryT BbITb y4TeHbl Npu NpomMe-
XXYTOYHOW aTTecTtaumm obyyaroLmxca.

Mpy NOAroToBKE K NPOMEXYTOYHOM aTTecTaumm (3a4eTy C OLIEHKOW, 3K3aMeHy) HeoBXoaMMOo onmpaThCs
Ha pPeKOMeHOOBaHHble NUTepaTypHble UCTOUHWKW, MaTepuan nekuun, npakTmiyecknx n nabopaTopHbIX
paboTt (TeopeTudeckas 4actb), obpasoBaTeribHble UHTEpPHET-pecypcbl. Heobxoammo CTpyKTypupoBaThb




BECb MaTepuvar, peKkoOMeHOYeTCs MO KaX4oMy BOMPOCY COCTaBUTb KPaTKWUMA OMOPHbLIA KOHCMEKT, cocTa-
BUTb CrOBapb KMYeBbIX TEPMUHOB. [Na nosblleHUs ahPEKTUBHOCTH, NO Mepe MNOBTOPEHUS maTepua-
na, Heob6xo4MMO NPOBOAMTL aHaNM3 B3aMMOCBSA3N PasfYHbIX pasfgenoB AUCLMNIUHGI.

O6yyeHune nvy ¢ orpaHNYeHHbIMU BO3MOXHOCTSIMU 300POBbS OCYLLECTBNAETCA C Y4eTOM UX MHOUBUAY-
anbHbIX ncmMxoduanyecknx ocobeHHocTen. [na nuu, ¢ HapylweHuem cnyxa uHdopmaums no yvyebHon
ANCUMNNNHE NpefocTaBnsaeTca Ha OyMaKHOM MInM 3NEKTPOHHOM HocuTene, AoMNyCcKaeTCsl NPUCyTCTBUE
aCCUCTEHTOB M CypAOnepeBOAYMNKOB Ha 3aHATUSX. [poMexyToyHasa aTTectaums Ans TakMx CTYAEeHTOB
npoBOAMTCA B NMUCbMEHHON (bopMe C OBLWMMKN KPUTEPUSAMU OLEHUBaAHUA; NPU HEOBXOAMMOCTU BpeMS
NoAroTOBKM Ha 9Kk3amMeHe MOXeT ObiTb yBENMUYEHO.

Ansa nvy ¢ HapyweHneM 3peHus AonyckaeTcs ayanansHoe npegoctasneHne nHgopmMaumm ¢ Ucnosib3o-
BaHMEM MporpaMm-CUHTE3aTOPOB peyn, a Takke WUCMNOMNb30BaHME 3BYKO3aMNWUCbIBaKOLWNX YCTPONCTB Ha
nekumax. Ha 3aHaTMAX Takke MOXET NPUCYTCTBOBATbL aCCUCTEHT. Mpn npoBeAeHUN NPOMEXYyTOYHON aT-
TecTaummn ansa nvy ¢ HapyleHneMm 3peHust TeCTMpoBaHne MoOXeT ObiTb 3aMeHEHO Ha yCTHoe cobeceno-
BaHWe; BpeMs NoaroToBKN Ha 3K3aMeHe MOXET BbITb yBENNYEHO.

CTyaoeHTbl C HapyLUeHUAMU ONOPHO-ABUraTenbHOro annaparta MoryT NPOXOoAnUTb YacTb 3aHATUA AUCTaH-
UMOHHO. [NpomexyTovHaa aTTecTaumst Ang HUX NpoBOAUTCA Ha OBGLUMX OCHOBaHMAX, NpU Heobxoanmo-
CTM npoueaypa aKk3ameHa MoXeT OblTb peanu3oBaHa AUCTaHLMOHHO.

Mpn peanusaumm AMCUMNANHBI C UCMOMb30BaHNEM OUCTAHUMOHHbLIX 0Bpa3oBaTefbHbIX TEXHOMOMN UC-
Nonb3ylTCs WHCTPYMEHTbl 3MNEKTPOHHOM WH(OpMaumMoHHO-0bpa3oBaTensHon cpeabl BIY «3Onek-
TPOHHLIN yHUBepcuTeT BIY» (https://edu.vsu.ru) n/mnmn “MOOK BI'Y” (https://mooc.vsu.ru), cepBuckl Bu-
neokoHdepeHumn (BigBlueButton), anekTpoHHas nouta, MECCEHIKEPBI U COLICETH.

15. Nepe4yeHb OCHOBHOM U AONOJIHUTENIbLHON NUTEpPaTypbl, peCypcoB UHTEPHET, Heob6xo-
AUMbIX ANS OCBOEHUA AUCLUNIINHbI

a) OCHOBHag nuTeparypa:

Ne n/n NcTOYHMK
Xapnamnudu, X. 3. Obwas xumudeckas mexHosnoaus. Memodonoausi npoekmupogaHuUsi XUMUKOMeEX-
1 Hornoeau4eckux npoueccos : y4ebHuk / X. 3. Xapnamnudu. — 2-e u30., nepepab. — CaHkm-

lMemepbype : JlaHb, 2022. — 448 c. — ISBN 978-5-8114-1478-9. — Tekcm : a51eKmMpOoHHbIl // JlaHb :
311eKMpPOHHO-6ubnuomeyHasi cucmema. - URL: https://e.lanbook.com/book/213269

Obwass  xumuveckass  mexHomnoausi.  OCHOBHblIE  KOHUENuUU  [POEKMuUpo8aHuUsi  XUMUKO-
mexHoroaudeckux cucmem : y4ebHuUk 0 ey3oe / M. M. Ky3Heuosa, X. 3. Xapnamnudu, B. I'. eaHos,
2 3. B. YupkyHoes ; [od pedakyuel X. 3. Xapnamnudu. — 3-e u3d., cmep. - CaHkm-llemepbype : JlaHb,
2022. — 384 c¢. — ISBN 978-5-8114-9158-2. — Tekcm : aneKmMpPOHHbIU // JlaHb : 311€KMPOHHO-
bubnuomeyHas cucmema. - URL: https://e.lanbook.com/book/187593

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

3 45950-6. — Tekcm : 3aneKmpoHHbIU // JlaHb : 3nekmpoHHo-6ubnuomeyHass cucmema. — URL:
https://e.lanbook.com/book/292058
AHypueHko, A. J1. lpoyecchl u annapamsl XuMudeckol mexHoroz2uu. MaccoobmeHHbIe MpPoyecch :
4 y4yebHoe nocobue / A. Jl. AHygpueHko, B. C. KanekuH. — Omck : OmI'TY, 2017. — 105 c. — ISBN

978-5-8149-2378-3. — Tekcm : a51eKmpoHHbIl // JlaHb @ anekmpoHHo-6ubnuomey4yHass cucmema. —
URL.: https://e.lanbook.com/book/149055

3axapos, M. K. lNpoueccsl u annapamsi XuMudeckux mexHomnoaud. 'udpasnuka : y4ebHoe nocobue /
5 M. K. 3axapos, FO. A. TapaH. — Mockea : PTY MUP3A, 2020. — 90 c. — Tekcm : anekmpoHHbIl [/
JlaHb : anekmpoHHO-6ubniuomeyHas cucmema. — URL.: https://e.lanbook.com/book/167574

3axapos, M. K. lpouecch! u annapamsl XUMUYECKUX mexHonoaul. TudpomexaHu4ecKue rnpoyeccsl,
nepemeuwieHue xudkocmeld, cxxamue 2a3oe : y4ebHoe rnocobue / M. K. 3axapos, FO. A. TapaH. — Mo-
ckea : PTY MUPJA, 2021. — 91 ¢. — Tekcm : anekmpoHHblIl // JlaHb : anekmpoHHo-6ubnuomeyHasi
cucmema. — URL.: https://e.lanbook.com/book/176519

lMumHesa, J1. A. lNpombiwneHHas akooaus | yyebHoe rnocobue / J1. A. MNumHesa, A. A. 3azopckast. —
7 TiomeHsb : TNY, 2020. — 106 c. — ISBN 978-5-9961-2376-6. — Texkcm : 371€KMpPOHHbIU // JlaHb :
31eKMPOHHO-6ubnuomeyHasi cucmema. — URL: https://e.lanbook.com/book/237167

Obwuli Kypc npouyeccos u arnapamos XUMUYECKOU mexHosioauu; 8 2 kH./nod ped. B.I. AluHwmelHa.

8 - M. : ®QusmamkHuea : Jloeoc, 2006.- KH.1. —881c; KH.2. —1757c.
9 beckoe B.C. Obwas xumuyeckass mexHosoausi. Y4ebHuk 0ns ey3os. — M.:MKL| «AkadeMmkHuza»,
2006. — 452¢.
Obuwas xumudyeckasi mexHornoaus : y4ebHoe rnocobue / cocmasumenu FO. b. Llleanés, . A. opnyw-
10 Ko. — 2-e u3d., don. — Tomck : TI1Y, 2019 — Yacmb 1 : Xumuyeckue rnpouecchl U peakmopbl —

2019. — 187 ¢. — Tekcm : anekKmpoHHbll // JlaHb : anekmpoHHo-6ubnuomeyHas cucmema. — URL:
https://e.lanbook.com/book/246338
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Obuwasa xumudyeckasi mexHoroaus : y4ebHoe rnocobue / cocmasumenu FO. b. lllsanés, . A. opnyw-
Ko. — 2-e u3d., don. — Tomck : TI1Y, 2019 — Yacmeb 2 : [poMbiWNeHHbIe XUMUKO-MEeXHOI02u4ecKue
npouyeccbl — 2020. — 193 ¢. — Tekcm : aneKmpoHHbIl // JlaHb : 3nekmpoHHO-6ubnuomeyHas cuc-
mema. — URL.: https://e.lanbook.com/book/246341

12

Obwas xumuyeckasi mexHoroausi : y4ebHoe nocobue / cocmasumenu . A. lNopnyweko, FO. b. lliga-
née. — Tomck : TIY, 2021 — Yacmb 3 : TexHonoauss kamanuszamopos. Memodbl npuzomosrieHusi
kamanu3amopog — 2021. — 80 c. — Tekcm : arieKmpoHHbIl // JlaHb : 35eKmpoHHO-6ubnuomeyHas
cucmema. — URL.: https://e.lanbook.com/book/246299

©) gononH

utenbHas nurtepaTypa:

Ne n/n

NcToYHMK

1

AbasnoHuH B.E. OcHosbl xumuyeckux npouszeodcme / b.E. AbanoHuH, .M. KysHeuoea, X.3. Xapnawm-
nudu /- M.: «Xumusi», 2001. — 472 c.

LbimHepckul KO.U. lpouecckl u annapamsi xumudeckol mexHonoauu / FO.U. [OeimHepckud. - M.:
Xumus, 1995.-T.1.-400c; T.2.-383c.

Obuwas xumuyeckass mexHosioeausi / nod ped A.I'. AmenuHa — M. «Xumusi», 1977. — 400 c.

TexHonoauyeckue U mepmoduHamudeckue ocobeHHocmu rnpoussoocmea ammuaka. Memoo. yka3a-
Hus1 0ns1 cmydeHmo8 4 Kypca OHeeH. omdesieHusi xum. ¢hak./ cocm.: B.A. KysHeuos. -BopoHex : Bl'Y,
2004. - 35c¢.

CagpoHos M.C. Kpumepuu mepmoduHaMu4eckoao cogeplweHcmea mexHosoaudeckux cucmem/M.C.
CacgpoHos. - M. : MI'Y, 1998. - 73c.

Jlebedes H.H. Xumusi u mexHomoaus OCHOBHO20 Op2aHUYeCKO20 U HeghmexumMu4ecko2o cuHmesa /
H.H. Jlebedes. - M.: Xumus, 1988. - 738c.

OcHosbl mexHonozuu nepepabomku nnacmmacc/nod ped. B.H. KynesHesa, B.K. ycesa. - M. : Xu-
mus, 1995.-367c.

Komuccapos, nebos, Mopdees, BeHm Xumuko-mexHOs02u4ecKue npouecchbl [OrneKmpoHHbIU pe-
cypc]:YuebHuk u npakmukym. - Mockea: Nsdamenbscmeo KOpaim, 2019. - 340 — Pexum docmyna:
https://www.biblio-online.ru/bcode/427344

Uoszen A. A., lMaccem b. B., CamapeHko B. 4., LlleHHukosa O. b. Xumu4yeckasi mexHos0ausi jiekapcm-
8eHHbIX sewjecms. OCHOBHbIE MPOUECChl XUMUYECKO20 CUHme3a buosio2udecKu akmueHbIX 8elecms
[OnekmpoHHbIli pecypc]:yyebHoe nocobue. - CaHkm-llemepbype: JlaHb, 2020. - 356 c. — Pexum
docmyna: https.//e.lanbook.com/book/130488

10

Sakeelim A. 0. Obwasi xumudyeckass mexHosiozausi. BeedeHue 8 modenupogaHUe XUMUKO-
MmeXxHOI02UYeCKUX rpoueccos [OnekmpoHHbIU pecypc]:YdebHoe nocobue. - Mockea: Jloeoc, 2012. -
304 c. — Pexum docmyna: http://www.iprbookshop.ru/9103.html

B) MH(pOPMALIMOHHbIE SNEKTPOHHO-06pa3oBaTenbHble pecypchl (orunaneHble pecypcbl MHTEPHET)™:

Ne n/n

Pecypc

1

www.lib.vsu.ru — 3HB Bl'Y

2

http://www.en.edu.ru/ - EcmecmeeHHO-HayYHbIlU 0bpa3ogameribHbIl Nopmarl - 8/55emcsi cocmasHou
yacmblo pedepanbHo20 nopmarna "Pocculickoe obpasosaHue”. Codepxxum pecypchl U CCbIfIKU Ha
pecypchbl 10 ecmecmeeHHO-HayYHbIM QucyuniauHam (husuka, xumusi U 6uosnozusi).

http://window.edu.ru/ - uHgbopmayuoHHass cucmema «EOQuHoe OkHO docmyrna K 0bpa3ogamesibHbIM
pecypcamy.

http//www.elibrary.ru —Hayy4Has anekmporHas 6ubnuomeka eLIBRARY.RU - kpynHetiwul poccul-
CKUU UHOPpMaUUOHHbIU nopmarn 8 obriacmu HayKku, mexHosnoauu, MeduyuHbl U 0bpa3ogaHusi, co-
Oepxkawyuli pechepamsi U nosiHble mekecmsi 6ornee 12 MAH. Hay4YHbIX cmamed u nybnukayud. Ha
nnamgpopme eLIBRARY.RU docmyriHbl 3nekmpoHHble eepcuu borniee 1400 pocculickux Hay4Ho-
mexHUYeCcKUX XypHaros, 8 mom dJucrie bosniee 500 xypHanos 8 omkpbimom docmyrie.

5

http://www.chem.msu.ru/rus/ - Chemnet - ogpuyuansHoe anekmpoHHoe usdaHue Xumudeckoeo ¢a-
kynbmema MI'Y e Internet

6

QYMK «Xumudeckas mexHonoaus (O1X)» https://edu.vsu.ru/course/view.php?id=2311

16. NMepe4yeHb y4eOHO-MeTOaNYECKOrO obecnevyeHns ANs CaMOCTOATENbHON paboThl

Ne n/n UcTouHuK
TexHomozauveckue u mepmMolOuHamu4eckue ocobeHHOCmMu rnpou3eodcmea ammuaka. Memod. yKkasaHusi
1 019 cmydeHmos 4 Kypca OHesH. omdeneHus xum. ¢hak./ cocm.: B.A. KysHeuyos. -BopoHex : BI'Y, 2004.
- 35¢.
lpakmukym rno obwel xumudeckol mexHonoauu / BopoHex. eoc. yH-m ; cocm.: 1.0. Kywes, B.A. Ky3-
> Heyos, C.A. lllecmakos .— 3nekmpoH. mekcmosbie 0aH. — Boporex : MisGamernbckuti dom BlI'Y,
2017.— C80600HbIl docmyn u3 uHmpacemu BI'Y .— http://www.lib.vsu.ru/elib/texts/method/vsu/m17-
133.pdf
3 WHcmpykyus no mexHuke 6esonacHocmu ripu pabome 8 nabopamopuu € NPUMEHEHUEM XUMUYECKUX



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

| sewecmes. Boporex : BIY, 2002 — 33 c.

17. O6pa3oBaTenbHble TEXHONOIrMKU, UCNONb3yeMble NpU peanusaumm y4ebHOW aucuumn-
JNINHbI, BKJOYas AUCTaHUMUOHHble obpasoBatenbHble TexHonoruu (OJOT, aneKkTpoHHoe
obyyeHue (30), cmewaHHOe 0Oy4eHue):

Mpu peanusaumm OUCLUMNIIMHBI UCMOMNb3YIOTCA Knaccudeckne obpasoBaTenbHble TexHonornm 6e3 same-
Hbl ayguUTOPHbIX 3aHATUN (NEKUUIN, NPaKTUYECKMX N nabopaTopHbiX 3aHATUn) Ha JOT. OCHOBHblE TuMbI
NeKuMn — BBOAHbIE Nekumn (B Hayane nsyvyeHnss QUCLMNINHbBI) U UHPOPMaLMOHHbIE NEKUMK C BU3yanu-
3aumen (MynbTUMeannHble npeseHTaumn). NpoBeaeHne TekyLux aTTectauun U NPoOMeXyToYHbIX aTTe-
cTaumm ocyuiectensietca B dopme yctHoro cobecepoBaHna no KMM. CamoctoaTtenbHas pabota no
BCEM pasgenam npegnonaraeT BbiNofnHeHne ob6a3aTenbHbIX MMCbMEHHbIX AOMAaLLHUX 3a4aHUN.

Mpun peanu3auun y4ebHOM ANCUMNINHBI UCNONB3YHTCA 3NEMEHTbI 3NEKTPOHHOrO 0by4eHusa 1 pasnuy-
Hble ANCTaHUMOHHble OGpasoBaTenibHble TEXHOMNOrMM, No3songwwme obecnevmBaTb ONocpeaoBaHHOE
B3aMMOAeNCTBMe (Ha pacCTosiHuM) npenogasaTtener u obyyaromxcs, BKNHOYASA WHCTPYMEHTbl 3rek-
TPOHHOW  MHOPMaUNOHHO-0bpasoBaTenbHon cpedbl BIY  «3nekTpoHHbIn  yHUBepcuTteT BlY»
(https://edu.vsu.ru) n/unun “MOOK BI'Y” (https://mooc.vsu.ru), npoeeaeHne BebOMHApPOB, BUOEOKOH(e-
peHumnn (B TOM 4ymcne ¢ npumeHeHuem cepsucoB Zoom, Discord n gp.), B3aumogenctene B coLceTsX,
nocpeacTBOM 3IEKTPOHHOW NOYTbI, MECCEHOXEPOB.

18. MaTepnanbHoO-TeXHU4YECKoe obecrneyeHne AUCUUNIIUHLI:

YuebHas aydumopus (ayd. 439): docka MagHUMHas Menogasi Myrnbmumedua-rnpoekmop, HoymoOyK, nNpoeKkmop, 3KkpaH Orns
npoekmopa

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

Jlabopamopus npakmukyma rno xumudeckol mexHonoauu (ayd. 159): xumuveckue nabopamopHble cmoribl, 8bIMSKHOU
wkag, Habopsbl xumuyveckol nocyobl, peakmusbl, HagpesamersbHbie npubopsl, pH-memp nabopamopHsiti AHMOH - 4100,
annapam 0O onpedeneHUss meMmriepamypb! 8CrbIWKU 8 3aKkpbimom muene TB3-/IAB-01, eecbl aHanumuyeckue HTR-224 CE
Shinko, secbi nabopamopHbie BM-153, mewarnka eepxHenpusodHast ES-8300D, pegppakmomemp RIDK-101, komnbromep,
npuHmMep, Makemsl peakmopos

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

lMomeweHue dnsi camocmosimesibHolU pabomel 0by4YatoUUXCsl, KOMIbOMEPHbIU Knacc (ayd. 271): cneyuanu3uposaHHas Me-
6€er1b, KOMMbIOMePbI C B03MOXHOCMbIO MOOKIIHOYEHUS K cemu «VIHmepHem» u obecrieyeHuem docmyra 6 37IEKMPOHHYIO UH-
gopmayuoHHO-obpasosamerbHyto cpedy BI'Y

WinPro 8, OfficeSTD, Kaspersky Endpoint Security, Google Chrome

19. OueHou4HbIe cpeacTBa ANsl NPOBeAEHUA TEKYLEeNn U NPOMEXYTOYHOM aTTecTauum

MopsiAoKk OUEHKN OCBOEHWUsi obyvarwmmuncs ydyebHoro martepuana onpegensieTcsi co-
AepXXaHneM crieayoLmx pasgenos AUCLUMIUHDIL:

WugukaTop(bl)
Ne HanmeHoBaHve pasgena KomneTeH-
OOCTUXKEHUST KOM- OueHouHble cpeacTBa
n/n AVcuMnNnnHbl (Moayns) uusi(n)
neTeHuun
Xnmudeckasa TEXHOMNOMMs 1 OrK-1.1 Komnrekm mecmos
1. XUMUYECKOE NPOU3BOACTBO OrnkK-1 OrlK-1.2 !
OMK-1.3 KoHmpornbHasi paboma (KUM)
TeopeTuyeckue OCHOBBbI OrK-2.1
XUMUYECKNX MPOLLECCOB U OMK-2 OriK-2.2 Komrnnekm mecmos,
2. peakTopoB OmK-3 OriK-2.3 npomokorn 1abopamopHbix pabom,
OlnK-3.1 KoHmpornbHas paboma (KUM).
OlK-3.2
Xnmunyeckoe Npom3BoacT- OriK-2.1
BO, KaK XMMMKO- OriK-2.2 Komnnekm mecmos,
OrK-2
3. TexHonornyeckas cucrema OMK-3 OriK-2.3 npomokosn nabopamopHbIx pabom,
OrK-3.1 KoHmpornbHas paboma (KUM).
OllK-3.2
[poMbILLNEHHLIE XUMUYE- OriK-2.1 Komnnekm mecmos,
4, CKMe npoussoacTea OrK-2 OrK-2.2 npomokosn iabopamopHbix pabom,
OlK-2.3 KoHmpornbHas paboma (KUM).
CoBpeMeHHble TEHAEHLMMN OrkK-1.1
B pasBUTUN XMMUYECKON OlK-1.2
TexHonornn. OCHOBbI NPO- OrnkK-1 OrlK-1.3 Komnnekm mecmos,
5. MBbILLITEHHOW 3KONOrnm OrK-2 OrkK-2.1 rnpomokorn nabopamopHbix pabom,
OlK-3 OriK-2.2 KoHmpornsHasi paboma (KUM).
OrkK-2.3
OlK-3.1



https://edu.vsu.ru/
https://mooc.vsu.ru/

WHaunkaTtop(bl)

Ne HanmeHoBaHuve pasgena KomneTeH-
[OCTUXEHUSI KOM- OueHouHble cpeacTea
n/n ONCUMNANHBLI (MOZYNst) ums(mn)
neTeHuun
OlK-3.2
OCHOBbI r’MaPOMEXaHMKU U OlnK-1.1
TpaHCNOPTMPOBKA XNOKO- OrK-1.2
cren OnkK-1 OnK-1.3 Komrnnekm mecmos,

6. OriK-2 8HE§ % rpomokorn nabopamopHbix pabom,

OrK-3 ONK-2.3 KoHmpornsHas paboma (KUM).

OnkK-3.1
OlK-3.2
Pexumbl TeueHnsa n co- OnkK-1.1
npoTuBneHue OlK-1.2

OnkK-1.3
OnkK-1 OMK-2.1 Komnnekm mecmos,

7. OriK-2 ONK-2.2 rnpomokorn nabopamopHsbix pabom,
OrK-3 on K-2. 3 KoHmpornsHas paboma (KUM).

OnkK-3.1
OlK-3.2
TennoobMeHHble npouec- OrnK-1.1
Cbl OrlK-1.2

OlnkK-1.3
OrnkK-1 OMK-2.1 Komnnekm mecmos,

8. OrK-2 OnK-2.2 rnpomokorn 1abopamopHbix pabom,

OrK-3 ONK-2.3 KoHmpornbHas paboma (KUM,).
OrK-3.1
OrlK-3.2
MacconepeHoc n pasge- OrK-1.1
neHune cuctem OrliK-1.2
OnkK-1 OrnK-1.3 Komnnekm mecmos,
OrnkK-2.1
9. OlK-2 rpomokorn nabopamopHbix pabom,
OlK-3 OMK-2.2 KoHmpornbHasi paboma (KUM)
OriK-2.3 ’
OrK-3.1
OrlK-3.2
npOMe)KyTO‘-IHaﬂ aTtrTectauua nepequb 80rnpocos
dopma KOHTPOrS — 3a4eT C OLIEHKOM, 9K3aMeH KUM k 3a4emy ¢ oueHkoU u 3K3aMeHy

20. TunoBble OUEHO4YHble CpeAcTBa U MeToAuYeckMe MaTepuanbl, onpeaensilowume npo-
LeAypbl oueHUBaHUA

20.1. TekyWwM KOHTPOSb YyCNeBaeMocTu

KoHTponb ycnesaeMoCcTv No AUCLMMINHE OCYLLECTBIISIETCS C MOMOLLbIO CreayoLwmX OLEeHOYHbIX
CcpeacTs:
nabopamopHbie pabombl, mecmbl, KOHMPOJsibHLIE pabombi, UHOUBUAYaslbHbIE MPoeKmbl (0oKnaobi).

[NepeyeHb nabopamopHsix pabom:
PeakTopbl B pexxMmax naeanbHOro CMeLLleHNs U naeanbHOro BbITECHEHUS
OxkucneHue guokcnaa cepbl (MPOLLECCHI M peaKkTopbl)
MonyyeHns rugpokcuaa HaTpusa KkaycTudpmkaumen cogqoBoro pactesopa
KuHeTuka peakuuin germgpataumm B TBepabix pasax
N3yueHne paboTbl peakTtopa ngeanbHOro CMeLEHNst NEPUOSNYECKOro 4ENCTBIS
KuHeTuka ombInieHmsa aTmnaueTaTa B KUCNON U LWEeNOYHON cpegax

. iayyeHne KMHeTUYeckMx 3aKOHOMEPHOCTEN peakuuin aTepudukaumm u onpenerieHne KUCIoTHOro
yucna v Ymcna ombleHust Nony4YeHHoro admpa

8. KnHeTnyeckme 3aKkoHOMEPHOCTU Npu nonydeHnn OQuanHa
9. BblgeneHne xropucToro Kanusi U3 CUNbBUHUTA

10. CuHTe3 nonuakpunamuga B pacTBope W UCCefoBaHNe KUHETUKM LLIENOYHOIO rMaponn3a MoHoMepa
1 nonvmMepa

11. N3y4veHune pochopHbIX yaobpeHun
12. BblgeneHue nekTnHa u3 Cbipbs PacTUTENbHOMO MPOUCXOXAEHMUS

NooswNe



13. OnpegeneHune caxapa B KOpPHeNnoaax u pykrax MeTogom 3KCTpakumm

14. AHanus HedTenpoayKToB

15. AHanua CUHTETMYECKNX NaTeKCcoB

16. OnpepgeneHune cepbl B MeTannax u yrne

17. AHanua ammuadHom cunutpsbl, kapbamuaa, kanbLMHUPOBAHHOW COabl

18. W3yueHune docopHbIx yoobpeHui

19. BblgeneHue nekTnHa 13 Cbipbsi PaCTUTENBHOIO MPOUCXOXKAEHUS

20. WNccnepoBaHue pexxMMOB TEYEHUS XUOKOCTH

21. 'vapoamHammyeckoe conpoTmeneHme Tpybonposoaa

22. WN3yyeHne npocuns ckopocTen B ceveHnn TpybonpoBoaa

23. WN3yyeHne paboTbl LEHTPOGEXHOrO Hacoca

24. TwgpoanHamuyeckasa CTPyKTypa NnoToka B annapaTte ¢ MeLlankown

25. VccnepnoBaHue pexxMMoB TEYEHUS XKUOKOCTH

26. 'vapoamHammyeckoe conpoTuBneHme Tpybonposoaa

27. Tennonepegaya B 4BYXTPYOHOM TeNnO0OMEHHMKE

28. W3yyeHne Tennonepeaayn B YETbIPEXXOAOBOM KOXYXOTpPyGYaTOM TEnnooOMeHHUKe
29. Tennonepegaya B KOXyXOTpyOG4YaTOM CTEKNSIHHOM TEMNIO0OMEHHMKE

30. MHTeHCcMBHOCTL Tennonepeaaym B NnacTMHYaTOM TENNO0OMEHHUKe

31. Bpems oxnaxgeHusi XMaKoCTU Npu HecTaLMoHapHOM TennoobmMeHe

32. N3yyeHne maccooThauu B Xugkon dase

33. OnpeaeneHune kKoadhduumeHTa MaccooTaaum B razoBon dase

34. PasgeneHue NnpocTor NeperoHKon GuHapHoOm cMecu nsonponaHon—seoaa

35. lNpocTas neperoHka GuHapHOM cMecKn BOAa—3TUIEHITINKOMb

36. M3yyeHne npouecca Nepnognveckon pektudurkauum GMHapHON CMECH XNOKOCTEN
37. PasgeneHve pacTBOPOB HN3KOMOSEKYISAPHbIX BeLecTB 06paTHbIM OCMOCOM

38. OnpeaeneHne CkOpoCTM CBOBOAHOIO OCaXXAEHUS TBEPAbIX YacTUL, U BCMIbITUSA Ny3bIpEr B XUOKO-
cTax

39. M'mgpoanHammka HENOABMXXHOMO N NCEBOOOXKIMKEHHOIO 3€PHUCTOrO CNos
40. N3yyeHue npouecca punbTpoBaHNUS CycneH3unm

[Mpumepsl 80NpPOco8 3adagaemMbix rpu 3auwume nabopamopHbix pabom:
1. Kak onpegenutb KMHETUYeckyro u Audy3noHHY0 06nacTM NPOTEKaHWS reTeporeHHOro XMUMWKO-
TexHonorn4eckoro npowecca? Cnocobbl onpeaeneHnsa obnactTv NpoTeKkaHNa peakunin.
2. Kak matemaTudeckm onmcaTb CKOPOCTb reTteporeHHoro npouecca? [lyTn yBenmyeHus CKOpOCTU
reteporeHHoro XTTI1: yBenuyeHue koappuUneHTa CKOPOCTW, OBWXYLLUEA CUMbl, MNOBEPXHOCTU
COMNPUKOCHOBEHNSA (has.
3. Yto Takoe akcTapkumsa? Kakve TpeboBaHusa NpeabaBngaoTCs K aKCTapreHTam?
4. insa vyero gobaensaoT aueTaT CBUHUA? HanuwuTte ypaBHEHE peakumn.
5. Yto Takoe nokasartenb npenomrieHns? KakoBa NorpelHoCTb M3MEPEHNS COOEPXKaHUS caxapa BUCC-
nepgyemom obpasue?
6. NceBOOOXMKEHHObBIN 3€PHUCTBIV CroK. [peaensl CylwecTBOBaHNSA NCEBAOOKUKEHHOMO CrOS.
7. T'ngpaBnunyeckoe CONpOTMBIIEHNE 3EPHUCTOrO Crosi, MOPO3HOCTb 3epHUCTOoro crnos. MNepenag oae-
NeHns B 3€PHUCTOM CrOe C YBENMYEHNEM CKOPOCTM rasa.
8. MNpeumyLecTsa n HeJOCTaTKU PACCMOTPEHHbIX TENNTOOOMEHHbIX annapaToB.
9. KoahduumeHT Tennonepeaauun: onpegeneHne, eavHuLbl smepeHuns, pusndeckuin cmbeicn. Bnuns-
HWe pasnnyHbIX PaKTOPOB U NapameTpoB TENIOOOMEHHbIX annapaToB BeNMYnHy KoaddurumeHTa Ten-
nonepegaywn.
10. KoacbdpuumneHT Tennootaayu.
11. MNMpoTMBOTOYHASA M NPAMOTOYHAA CUCTEMbI: CPABHUTENbHbIN aHanms.
12. B kakoMm K13 peakTopoB — uAearnbHOro BbITECHEHUS WNW MAeanbHOro0 CMeLleHUs — npu
OAMHAKOBOM OOBbEME peakTOpOB WM OOWHAKOBOW Harpyske No peareHTam cTeneHb MpeBpaleHus
NCXOLHOro KoMnoHeHTa 6yaet 6onbLue?
13.4T10 Takoe kackag peakTopoB MAaeanbHOro cMmelweHnsa? Fae M3oTepMUYECKMIn NpoLecc npoTekaeT
WHTEHCMBHEE: B Kackage nnu eguHUYHOM peakTope naeanbHOro CMeLLEeHWs Toro e obbema?




14.[lanTe onpeaeneHne peaktopa naeanbHOro CMeLeHNs 1 HanuwnTe ero MaTtemMaTuyeckyto Mogersb.
15.0anTte onpegeneHne peaktopa wnaeanbHOro BbITECHEHWS W HanuwMUTe ero mMaTeMaTUYecKyto
MoZenb.

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

17.B kakom n3 peaktopoB (MC unu UC-H) npouecc npotekaeT Hanbonee NMHTEHCMBHO? NosicHUTe 3TO.
18.CpaBHute no npowussogutensHoctn PUC n PUB, nvetowme paBHble 06bembl, Npu NpoBeAeHUU
NpocTon HeobpaTMMOW peakunn; NPOCTON obpaTn MO peakLumu.

19.B kakux peakropax unu peaktopHbix cuctemax (PUB, PUC, PUB-kackapn n PUC-kackag) Habnopaetca Hau-
Oonbllas MUHTEHCUBHOCTb npou,ecca?

[pumepb! 3a0aHull 8X0055WUX 8 KOMI/IEKM MeCcmos:

1. Ha kakon cxeme onepartop 3amMeHsieTCA Ha KOHKPEeTHbIN annapar, BbINOJIHAeMbIN B BUge
acku3a B macwTtabe 1:100 unm 1 : 50

a) TEXHONOrM4ecKom

b) onepaTopHoWn

c) rpadpuyeckom

d) CTPYKTYPHOW
2. OTHOLWEHME KONMYeCcTBa LieNieBOro nNpoaykra K obwemy KonmyecTsy nosiydyaeMbiX NpoAyKTOB
Ha3blBaeTcH...

a) CTEneHbto NpeBpaLleHnst
b) NpOM3BOANTENBHOCTLIO
C) MHTEHCUBHOCTbLIO

d) CENEKTUBHOCTLIO

3. KonuuyecrtBo BblpaﬁoTaHHOFO npoaykrta unun nepepa60TaHHoro CbipbsA B eAUMHUUY BpeMeHU
Ha3blBaeTcH...

a) CENEKTUBHOCTLIO

b) CTEneHbto NpeBpaLleHnst
c) NpOM3BOANTENBHOCTLIO
d) WHTEHCUBHOCTbLIO

4. NMponsBoanTenbHOCTb, OTHECEHHAA K KaKOW-NMMOO BenuuuHe, XapaKTepusylLllen pa3mMepbl
annaparta (06beMy, ce4eHU0), Ha3bIBaeTCA...

a) WHTEHCUBHOCTbLIO

b) CKOPOCTbIO peakuun

c) CENEKTUBHOCTLIO

d) CTeNeHbH NpeBpaLLeHns

5. Pacxop cbipbsi, BOAbl, 3HEPrMu U pasfMYHbIX peareHToOB, OTHECEHHbIW K eAuHULEe LeneBoro
NpoAyKTa 31O — ...

a) NpPOM3BOANTENBHOCTb

b) pacxogHbIn KOIDULMEHT

C) CEneKTUBHOCTb MHTEHCUMBHOCTb

6. B peanbHbIX peakTopax npoucxoauT nepemMmewumBaHume (B)...

a) TONbKO B NPOAOSIbHOM HanpaBfeHnn

b) NpoaosIbHOM 1 paananbHOM HanpaBNeHNsaX

C) TONbKO B pagnanbHOM HanpaBneHun

d) He npoucxoaunT

7. B peakTope ngeanbHOro cMeLeHUs HenpepbIBHOIO AEeNCTBUA BellecTBa...

a) NnepuoanYeCKn NOAAKTCS, MPOAYKTbI NEPUOLAMYECKM OTBOAATCA NOAAKTCS N0 Mepe HagobHOCTH

b) HenpepbIBHO NOAAKTCA, NPOAYKTLI HENPEPbLIBHO OTBOAATCS

C) He NogaroTcs, Noka He ByayT OTBeAeHbl BCE NPOAYKTbI peakumm

8. B peakTope naeanbHOro BbITECHEHUS. ..

a) KaXkgbl anemeHT obbema OBUXETCHA MO ANIMHE peakTopa, He CMeLLMBasACh C npeabigyLmmMmn 1
nocnegylowmnmMmn anemeHTamm obbema

b) Kaxxabl anemMeHT obbema ABMXETCS MO AfIMHE peakTopa, CMELUMBAasCh C NpeablaywmMmm 1 no-
cneaylowmMmn anemeHTamm obbema

C) KaXxabl aneMeHT obbema ABMXKETCA NO LUMPUHE peakTopa, CMeLMBasACh C NpeablayLwmmMmn n no-
crneaylowmMmmn aneMmeHtTamm obbema

d) KaXkabl anemMeHT obbema OBMXKETCS MO LUMPUHE peakTopa, He CMELUMBAasiCb C NpeablayLwmmm n

nocreayowumm aneMmeHTamm obbema
9. [ins ocyliecTBreHUs NepMoanYeCcKOro roMoreHHOro npouecca NpUMeHsIoT. ..



a) peakTop ngeanbHOro cmelleHns HenpepbiBHbIN (PUAC-H)

b) annapatbl 6e3 mewanok kombuHaumm PUC-IN n PUC-H

C) peakTop naeanbHoOro cmelleHuns nepuogmnyeckuin (PUC-I1)
10. [lna HenpepbIBHbIX NPOLECCOB NPUMEHSIOT. ..

a) peakTopbl MAeanbHOro BbITECHEHUS

b) peakTop ngeanbHoro cmelleHuns nepunogudeckun (PUC-I)
c) peakTop naeanbHOro cMeleHus HenpepbieHbIn (PUAC-H)

d) kombuHaumm PUC-IN n PUC-H
11. MNMpeumywectsom peaktopa ¢ KC siBnsieTcA Tak Xe BO3MOXHOCTb NOAA4u peareHTOB Npwu
Temnepartype, HUXe TemneparTypsbl...

a) KuneHns

b) nnasneHus

c) 3amep3aHus

d) 3aXuraHus KkatanusaTopa

12. Ecnu oTcyTCcTBYET TENNOOOMEH C OKpYXalolen cpeaon U Tenno XMMMYecKom peakumm pac-
XoAyeTcs Ha U3MEeHeHue TeMnepaTypbl peakLlMOHHON cpeAbl, TO TaKOW NpoLiecc Ha3biBaeTcs. ..
a) agnadbaTn4eckum

b) MONMTPONMUYECKUM
C) N30TEPMUYECKNM
d) n3obapmyecknv

13. Ecnn TemnepaTtypa B peakTope NOCTOsIHHA B pe3ynbTaTte NogBoAAa UnuM oTBoAa Tenna, To Ta-
KOW npouecc Ha3bIBaeTCA...

a) N30TEPMUNYECKNM
b) aanadbaTn4eckum
c) NONUTPONMUYECKUM
d) n3o6apunyeckm

14. YctaHoBUTE COOTBETCTBUE

1. Mpoueccbl, CKOPOCTb NPOTEKAHUSI KOTOPbLIX ONpeaensieTcs 3akoHaMu MexaHu- | A) TennooGmeHHble
KW U TMAPOAMHAMUKM, HanpUMep, NPoLecChl NepeMeLLeHns XULKOCTeN 1 ra3os npoLecchl

no TpybonpoBogam 1 annapaTtam, nepemMelunBaHne B XUAKUX cpeaax, pasgene-
HME CYCMEH3U U 3MYINbCUI MyTEM OTCTaMBaHUS, PUNbTPOBAHUS, LEHTPUDYrK-
POBaHUsi, NCEBAOOXKMKEHMS 3€PHUCTOro MaTepuana

2. 31K npouecchl CBA3aHbl C NEPEHOCOM TennoTbl OT 6onee HarpeTbix Ten (unu | B) MNmapomexaHuye-
Cped) K MeHee HarpeTbiM, Hanpumep, MPOLECChbl HarpeBaHusl, OXnaxaeHus, CKue npoveccol
KOHAEHcaLmu, BbinapuBaHus.

3. OTK npouecchl CBs3aHbl C NEPEHOCOM BelecTBa B pasnuyHbIX arperatHbiX | B) MaccooGmeHHble
COCTOSIHUAX U3 OAHOW hasbl B APYryto, Hanpumep, npouecchl abcopbumm un ge- npoLecchl
copbumsi, NeperoHkn 1 pekTuduKaLmmn, aKCTpakuum, agcopobummn, pacTBoOpeHUs,
KpUCTannnsauum, yBraxHeHus, CyLku, cybnmMaumm, MOHHOro obmeHa

4. lNMpoueccbl MEXaHNYECKOro B3anMOAENCTBUSA TeS, Hanpumep, NpoLecchl n3- M) MexaHnyeckne
MernbYeHus, Knaccudumkaumm cbiny4ynx Matepuanos, NPeccoBaHns 1 ap. npoueccol

15. MNonHyto aHepruto cuctemsl (E'), npuxoasiuyocs Ha eanHnLy MaccCbl, MOXXHO NPeACcTaBUTb Kak
E'=U+E, +E], JIx/kr.
3pecb U' - ..., E'k-...; E'n-... BcTaBbTe NponyLleHHble CriOBa.

16. BepHo nu cnegytollee yteepxaeHue?
TypOyneHTHbI NepeHoC aHepruy 3aaaeTcs creayoLuinM ypaBHeHNEM:

> -
"q=-AVI, rae A — KoapdnUMeHT MONEeKynspHON TENNONPOBOAHOCTMW.
17. «A» — nsbuparernbHoe NornoLlieHne KOMMNOHEHTOB NapoBbIX UMW ra3oBbIX CMECen XUAKUM NOrmo-
TuTenem. Mpu 3TOM oCyLLeCTBNAETCS Nepexo OOHOro UM HECKOMNbKNUX KOMMOHEHTOB CMEeCU U3 raso-
BOM (pasbl B xuakyto. ObpaTHbIN npouecc nepexoda OTAeNbHbIX KOMMNOHEHTOB XXWUAKON CMecu B raso-
BYyt0 (pa3y Ha3biBaeTcs «b».
1. A —abcopbuuns, b - oecopbuus; 3. A - aKkcTpakuus; b - Bo3roHka
2. A — neperoHka, b — guctnnnaums; 4. A — agcopbuuns, 6 - akcTparnpoBaHme
18. 3agaHue oTKpbITOro TMna. BctaBbTe nponyLieHHoe CroBo.
[BuxyLLlen cunon npouecca ... ABMASeTcs CTpeMreHne CUCTEMbI K YMEHbLLIEHUIO NOBEPXHOCTHOMO Ha-
TSKEHMS.




19. Ha puc. npuBeaeHbl pasnuyHble cxeMbl GrnopeakTopoB. epmeHTep 6apboTaxxHO-ras3nMTHBIA MNo-
kasaH nog Gykson «__ ». lNMosicHuTe npuHUMN ero paboTbl. HasoBuTe NpoHYMepOBaHHbIE 3fIEMEHTbI
annaparTa.

Basdyx

[Tpumepbl KOHMPOIbHLIX pabom (3adaHul exodsawux 8 cmpykmypy KWUM):
1. Mpn Temnepatype 773 K KOHCTaHTa CKOpPOCTWU okucreHus okcuga cepbl (IV) B okeug cepbl (V)
coctaensiet k1= 3,20-105. Onpegennte KOHCTaHTY CKOpOCTU K2 3TOM peakuun npu temnepatype 793
K. OHeprua aktuaumm peakuumn coctaenset 87900 kx/monb.

2. OTunosbi cnMpT obpasyeTca npu B3aMMOAEWCTBMM 3TUreHa C Bodown. Paccuutante BbIxoa
atunosoro cnvpta ®3T nNpu yCnoBUM MHOTOKPATHOM UUPKYNAUUM STUNEHa, ecnv NpakTU4ecKui
pacxoaHbln KoadhdunumeHT aTunena B=0,69 T/T aTMNoBoro cnupTa.

3. OHeprusa aktnBaumm peakuumn 2A+B = 2C, npotekatowen npu temnepartype 1073 K coctaBnsiet
89700 k[lx/kmonb. B pesynbTate npuMeEHEHMs1 KaTanu3aTopa oHa cHuaunacb go 59000 k[x/kmorb.
[pyrve napameTpbl OCTanncb HeUsMeHHbIMU. [lpu KakoW TemnepaTtype peakumsa ¢ ydacTuem
KaTanuaaTopa MOXET npoTeKkaTb C NPEeXHEN CKOPOCTLIO?

4. lMepen ocyuwecterieHnem peakummn A —B, Obina mM3MepeHa KOHUEHTpauus BewectBa A, OHa
coctaBmna 1 monb/n, nocne npoeeaeHns peakumm — 0,1 monb/n. CTeneHb KOHBEPCUMM BeLecTBa
cocTtaBuna...

5. Ha PUCYyHKE npencrtaslfieHbl CXeMbl Npoun3BoACTBa cepH0|7| kncnotbl. Onuwnte npouecchl,
npoTeKkarLine Ha KaXKaon cTagun. Ykaxute cxoacrea 1 pasrindna TEXHOJIOTMYECKNX CXEM.

Meran

B atmochepy

Barmocpepy |
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g
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6. Ha xumunuyeckom 3aBofe, Npons3BoasLLEM CUHTETUYECKME NONMMEpPSI, B aTMocdepy BbiGpacbkiBatoTCs
pasnunyHble 3arpsisHAOLLME BELLECTBA, BKIYas okcuAbl a3oTa U cepbl. B pesynbrate MOHUTOPUHra
ObINO YCTAaHOBMEHO, YTO YPOBEHb 3arpsi3HeHWst BONM3M 3aBofa NpeBblillaeT [OMYyCTUMbIE HOPMbI.
Kakune mepbl MOryT 6biTb NpeanpuHATLI ANA CHKEHMS BbIDPOCOB 3arpsA3HSIOLLIMX BELECTB Ha AaHHOM
3aBoge? KakoBbl MOTEHUMAnNbHbIE 3KONOrMYeckme nocrneacTBus Ans okpyKatollen cpeabl U 300pOoBbs
HaceneHus B criyyae NpoAomkeHns paboTsl 3aBoaa 6e3 yny4ylleHnst 9KONorn4eckor cutyaumum?

7. Broxumunyeckoe npegnpusTMe 3aHMMaeTcs NPOM3BOACTBOM GuopasnaraembiX NnacTMKOB M3 pacTu-
TENbHOro chipbsl. B npouecce nponssoacTBa obpa3sytoTcst No6oYHbIE NPOAYKTLI, KOTOPbIE B HacTosiLee
BpeMs YyTUNM3NPYTCA Kak oTxoabl. Kak MoxHO nepepaboTtaTb NoGoYHblE NPOAYKTHI ANS CO3AaHUs HO-
BbIX NPOAYKTOB UMW PecypcoB, YTOObl MUHMMM3NPOBATL KONMMYECTBO OTXoAdoB? Kakue akonoruyeckue
npenMyLlecTBa MOXeT NpPeaocTaBUTb nepexos Ha 6e30TxofdHble TEXHONOrMM B aHHOM MPOU3BO/ACTBE,
Kak 4nsa NpeanpuaTys, Tak U ANa okpyxatLen cpeabl?

8. Ha pucyHke nokasaHa abcopbumoHHasa KOnoHHa ansa ounctkmn 6uorasa ot CO..



‘Orpaboransutdi ras ( 6ea CO2 )
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xopanHit ras: copepaamui CO2

MosicHnTe NpuHUMN ee paboThbl.
Yto Takoe 6uoras? Ero coctas? Kak oH nony4daetcs. NpuBeante oCHOBHblE HEOOXOAMMbIE peakumnm

9. Onpegenute o6bem BrnopeakTopa C NHEBMATUYECKMM NEpeMeLLnBaHMeM Ans nonyyvyeHnsa 57 t/cyt
10 %-ro mac. BOAHOro pacrteopa xnopuga Hatpusa npu 25°C. Npon3BOACTBEHHbIN LMK BKAOYaET 3a-
rpy3Ky BoAbl B peaktops TeyeHne 20 MUH., pacTBOpeHUe Xnopuaa HaTpus, Bbirpy3Ky pactBopa B Teve-
Hue 10 myvH. CpegHuin pasmep 4YacTul, TBepOoro xnopuaa HaTpusa 2,2 MM, CKOPOCTb MacconepeHoca —
2 - 107° m/c, pasHMUa KOHLEHTpaumii npu MacconepeHoce — 430 kr/m®, koaddULMEHT 3anonHeHus!
peaktopa — 0,75, KOHeYHast NNOTHOCTb PeaKLMOHHOM cmecy —1070 kr/m.

10. Onpepenute guameTp 1 BbICOTY crosi agcopbeHTa B agcopbepe nepnognyeckoro AencTens ons
ynaBnMBaHUSA NapoB BoAbl M3 BO3gyxa Ha ueonute. Yvucnoo eamHuu nepeHoca pasHo 4,5, pacxon
naporasoson cmecu 1500 kr/u, ckopocTb naporasoson cmecn — 0,23 m/c, nnotHocTb — 0,82 Kkr/m®,
06bEeMHbIIT KOathPULMEHT MacconepeHoca — 1,5 ¢,

11. B annapate TpebyeTcs oxnaguTb XUaKocTb oT Temnepatypbl 85° C o Temnepatypsbl 45° C. Mac-
coBbI pacxog xugkoctn 500 Kkr/d, TennoemKocTb XUAKOCTU €. HavyanbHas Temnepartypa oxnaxgaro-
wevt Boabl 18 ° C, yaoenbHaa TennoémkocTtb Boabl 4186 Ox/(kr-K). KoadbdpuumeHT Tennonepenaum K =
270. OnpegennTte HeobxoaMMyto MOBEPXHOCTb TEM00OMEHa 1 pacxod BoAbl NPpU NMPSIMOTOKE U MPOTU-
BoTOke. OnunTE CXEMbl ABWXEHUSA TEMMNOHOCUTENEN N ONpeadenieHne CpeaHero TeMnepaTypHoro Ha-
nopa.

12. B koxyxoTpyb4aTtomM KoHOeHcaTope HeEOBX0ANMMO CKOHAEHCUPOBaTb Napbl 3TUOBOro cnupta. Mac-
coBbIn pacxod 200 kr/v, pasnenune 101,3 kla, koHUeHTpauna 96,5 % mac. CnmpT BbIXOAUT NpU Temre-
paType KoHaeHcauun 78,3 ° C. OxnaxaawLlwmm areHTOM CNyXWUT Boda C HadyanbHOW TemnepaTypo
18° C, koHeuHas Temnepatypa TennoHocutensa 45 ° C. Koadpdmument tennonepegaun K = 610.
YaoenbHas TennoTta KOHAEHcCauuu MapoB 3TWUMOBOro crnvpTta nNpwv 3adaHHbIX ycroBuax pasHa 921,1
kbx/kr. ViMeeTcs TennooBMeHHUK C NNoLLaasio NoBepXHOCTM Tennoobmera 3 M2 MoaxoauT nu Takoi
TennoobMeHHWK Ana peanu3auum npouecca? YUTo Takoe KOXyxoTpybudaTtbin koHaeHcaTop? Kakos
NPUHUMN ero paboTbl?

13. Paccuutante gnameTp annapata (OQHOKaMEPHOW CYLLUITKU C KAMSALLMM CNIOEM) U pacxod Bo3adyxa
npu cneayLwmnx UCXOAHbIX AaHHbIX: MPOU3BOAUTENBHOCTb MO MCXOAHOMY Matepuany — 850 Kr/v;
HadanbHoe BriarocogepkaHue npogykrta — 0,10 Kr/kr; KOHeYHoe BnarocogepxaHue npogykra — 0,05
Kr/Kr; HavyanbHble napameTpbl Bosayxa: Temnepatypa — 23 ° C, BnaxHocTb — 72 %; KOHe4Has
TemnepaTtypa Bo3ayxa B kanopugepe — 130 °C; koHe4yHas TemnepaTtypa Bo3gyxa B Cywurke — 65
% C; ckopocTb nogaym Bosayxa B cywumnky 0,72 m/c.

14. Mo Tpy6onposoay AvameTpom 0,25 M ABMKeTCS NOTOK BoAbl ¢ pacxoaom 90 m* /4. Temnepatypa
Boabl 25 ° C, aMHamuyeckas BsiskocTb 1-107 Ma-c, nnotHocTb 1000 kr/m°. YcTaHoBuTe peXum TevyeHus
B Tpybe. OnunwmnTe Kputepun PenHonbaca n BO3MOXHOCTb €ro UCMNonb30oBaHUs B npolecce Mogenu-
poBaHus.



15. PaccmoTpuTe npou3BoAcTBO OEfKOBO-BUTAMWHHOIO KOHLEHTpaTa u3 napaduHOBON dpakuum
HedTun. MNMpnBeaguTe Pr3nKo-XxMMmMYecKne OCHOBbLI Npolecca. MNpegnoxuTe n onuwntTe NPUHLMN padboTbl
TEXHOMNOrMYEeCKOn cxeMbl U OCHOBHbIX ee annapaTtoB. Kakne BapuaHTbl MHTEHCUMKaLMM NpoLeccoB
Bbl NPUMEHSIETE B 3TOM NPOM3BOACTBE?

16. Ha puc. nokasaHa TunoBasi cxeMa Npou3BoAcTBa Genka U3 NpuUpoaHOro rasa.

IMearotoska KoHzeHTpHpOBaHMe,
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MosicHute npuHUMN ee paboTbl. HazoBMTe NpoHyMepoBaHHblEe annapatbl. Mpeanoxute BapuaHTbl UH-
TeHcudmKaummn paboTbl 4aHHOro Npou3BoaCTBa.

17. CocTtaBnTb MaTepu1arnbHbI 6anaHc NPoON3BOACTBA BUHUITXIOpPUAA ranoreHMpoBaHnem aueTurneHa.
McxoaHble AaHHblE:

CTeneHb npespalleHna auvetmneHa — 99 %;

ceneKkTUBHOCTbL npouecca — 98 %;

YnucToTa UCXOLHOro xropuga sogopoga — 99 mac.a., %;

4yncToTa ucxogHoro auetuneHa — 99,5 mac.a., %;

n36bITOK xropmaa Bogopoga — 10 %;

No6GOYHbIV MPOAYKT — ANXIopaTaH. PacyeT npoBecTu Ha 1 T BUHMNXIopuaa.

18. BbluMcnutb pacxof MeTMnoBOro cnupta Ha 1 T dopmanbaernga, ecnv nponsBOAUTENbHOCTb
ycTaHoBkm 2000 kr/u oopmanuHa ¢ maccoBon gonen 37 %. Beixog dpopmanbgernga coctaensets 90
mac.a., %, npu creneHn npespaweHms 85%. lpu Knc- nuTenbHOM AernapupoBaHUN MEeTUOBOrO
cnupTa npoTeKkalT OAHOBPEMEHHO OBe peakuuun: germapupoBaHue (1) M OKUCNEHME METUIIOBOro
cnupTa (2):

(1)CH;OH — HCHO + H,,

(2)CH3;0OH + 0,5 O, — HCHO + H,0.

19. B annapat noctynatwT 2 BXOAHbIX NOTOKA, AN KOTOPbIX 3agaHbl o6bemHble pacxoabl V1 1 V2 (B
M3/4), n 2 BbIXOAHbIX C 0B6beMHbIMM pacxojamn V3 n V4. TNOTHOCTM BCEX MOTOKOB W3BECTHbI,
0003HauYuM unx Kak pl, p2, p3, p4 COOTBETCTBEHHO. 3anuunTe ypaBHeHNa maTepuanbHoro 6anaHca.

20. MNocTponTe maTeMaTU4YecKyto Moaernb rmapasnmyeckon cuctemol. OnpegenuTe n3aMeHeHe ypoBHS
Xngkoctn (beHson — Tonyon) B eMKocTaAx Ha uHTepBane [0, 60]. B HayanbHbI MOMEHT BpeMeHU
ypoBeHb xuakoctm B cocygax H1 = 10, H2 = 8 m. KoHueHTpauusa 6eH3dona-50 %. {1 = £3 = {2 = (1.
OnameTp natpy6kos 0,021 m. CeyeHune pesepsyapos S2 = S1 = 2 m°. TemnepaTypa Xuakoctn — 25
°C.

il s

Tembl uHOuUBUQyasibHbIX MPoeKkmos (0oknados)
1. Mpon3BOACTBO CEPHON KUCMOThI.
2. TexHonorns MmHepanbHbIX yaobpeHun.




3 TexHonorna NponssBoacTBa ammmaka.

4 TexHonornsa asoTHOM KNCNOTbI

5. MepBuyHasa nepepaboTka HedpTU.

6. HecTpykTBHasa nepepaboTka HedTW.

7 CuHTesbl Ha ocHoBe CO un H,.

8 TexHonorus nonyvyeHus popmMansgernia
9. TexHonornsa nony4yeHna aueTuneHa

10. TexHonorna nony4yeHnsa yKCycHOM KMCNoTbl
11. Kokcoxmmmnyeckoe Npon3sBoacTBo.

12. [Npon3BoACTBO YyryHa.

13. lNpouseoacTeo ctanu. Mugpekc-npouecc.

14. Menacca. Npon3soacTBo 3TUMNOBOro CNMpTa.
15. BuoTexHonornyeckme npouecchl. MNonyyeHne nuanHa.
16. [Npon3BOACTBO CUHTETUYECKMX Kay4YKOB.

17. TexHonorns nonyvyeHnst pe3nHoOBbIX U3enui.
18. [Npon3BoacTBO NopTHaHgLeMeHTa.

19. Cuctembl BOAONOATOTOBKM Y BOOOOUUCTKN.
20. CucrtemMbl OUMTKM BO3ayXa.

OnucaHne TEXHOOrMM NPOBEOEHUS

Tekywan arrecrtauma NnpoBoAUTCA B COOTBETCTBMU C lMonoxeHnem o Tekylien atrecraumm oby-
YaloLmMxcsa No nporpaMmmam Bbiclero obpasoBaHnsi BOpOHEXCKOro rocyaapCTBEHHOTO yHMBEpCUTETA.
OHa Bkno4vaeT B cebs HECKONbKO OOPM KOHTPOMSA, HanpaBfeHHbIX HA KOMMIIEKCHYIO OLEHKY 3HAHUN U
HaBbIKOB CTYEHTOB.

ATTecTaumsa BKMNOYaeT YCTHbIN OMPOC, KOTOPbIA MOXeT MpPOBOAUTBLCH Kak B hopMe MHAUBUAOY-
anbHOro onpoca, Tak n poHTaneHon 6ecenbl. [McbMeHHbIEe paboTbl NpeacTaBnNeHbl KOHTPOSbHLIMM
pabotamu n Tectamu. KoHTponbHble paboTbl MO3BONAIOT NPOBEPUTL 3HAHUSA N YMEHME CTYOEHTOB Npu-
MEHATb TeOpeTMYECKME KOHLEeNUUU Ha npakTuke. TecTupoBaHue Mcrnonb3yeTca Ans ObICTPOW OLEHKM
YPOBHSI 3HaHWI Mo onpegeneHHbLIM TEMaM.

KoHTpornbHble paboTbl M TECTbI MOTYT MPOBOANTLCS KaK B 3NIEKTPOHHOM hopMe, TaK U Ha 3aHATU-
sX. Bpems BbInonHeHMs 3TUX 3agaHnin yctaHaBnmuBaeTca npenogaBaTteneM. PeaynbTaThl Tekyllen atre-
cTaumm MoryT BbITb YY4TEHbI MPY NPOBEAEHMUM NPOMEXYTOUHON aTTecTauuu.

JTabopaTtopHbie paboTbl HanpaeneHbl HA Pa3BUTUE NMPAKTUYECKMX HABLIKOB B 06NacT XMMUK U TEXHONO-
run BAB, BKkItouYas BLINOMTHEHME 3KCMEPMMEHTA NO 3aJaHHON MeToAuKe, cOop M aHamnM3 OaHHbIX, a Tak-
xe hopmMmpoBaHue ymeHunin 6esonacHomn paboThbl C XMMMYECKUMU peakTuBamMmm U 060pyaoBaHUEM.

TexHonorns npoBeaeHns TeKyLlen aTTecTalmm BKIYaeT UCNOSb30BaHNE 3NTEKTPOHHbIX pecyp-
COB ANs opraHM3aunmn n KOHTPOMA NpoLlecca, YTo No3BOsSeT aBTOMAaTU3MPOBaTb OLEHKY U XpaHeHne
pe3ynbtatoB. MOHUTOPMHI YCNEBAaeMOCTU OCYLLECTBNAETCS Yepes SMNEKTPOHHbIN XypHan OLEHOK, YTO
Nno3BondeT NpenogaBaTtensiM 1 CTyAeHTaM OTCrexXusaTb NPOrpPecct B peXnme peanbHOro BpEMEHH.

TpeboBaHNA K BbINONHEHWIO 3a4aHUIA (MK LWKanbl U KpUTEPUM OLLEHUBAHMS)

OueHka pesynbTatoB 0bydeHUs Ha TekyLen atTectauum NpomcxoauT No cnegyroLwmnm nokasare-
nawm:
1) 3HaHne yyebHOro mMaTtepmana u BrageHue MOHATUMHBLIM annapaToM XMMWUYECKOW TEeXHONOorMn u
NPOMBbILLUNIEHHON 3KOIOrnu;
2) ymMeHue cBs3biBaTb TEOPUIO C NPAKTMKOM HA OCHOBE 3KCMEepUMEHTarnbHbIX pPe3yrbTaToB, NOMYy4YEeHHbIX
npwv BbINONMHEHUN NabopaTopHbIX paboT;
3) yMeHne wunnicTpupoBaTb OTBET NPUMEPAMW, YPaBHEHUSMU peakuui, IKCNepuMeHTanbHbIMN
JaHHbIMU;

Kputepuun oueHnBaHuns:

KpuTepum oueHnBaHnsa KOMNETEHLNN LLikana oueHokK

lMonHoe coomeemcmeue omeema 0byyarou,e20Csi 8CEM repeyUCieHHbIM KpUmMepusim.
lMpodemoHCcMpuUpoB8aHO 3HaHUE YUIUKO-XUMUYECKUX 0COBeHHOCMel OCHOBHO20 Mmex-
Hosoau4yeckoeo 06opydoeaHusi U XUMUKOMEXHOJI02UYECKUX MPOUeCcco8; 803MOXHO-
cmeli u crnocobos onmumu3ayuu Menso8biX U MacCoOOMEHHbIX MPOUeccos; yMeHUe
rpoeodums pacyém napamempo8 MexHOI02UYEeCKO20 Mpoyecca Ha 0CHO8E OaHHbIX O
cocmase peakUyuoHHoU cpedbl; OUEHKU napaMempos U xapakmepucmuK XUMUYECKUX

Omnu4Ho




rpoueccos, rnpoeKkmupoeaHus 3/IeMeHIMmo8 MmexHOJ/I0cU4YeCKUX cucmem U mexHorsioecu-
YecKUX Mpoueccos ;| ornucaHusi omoeribHbIX MexHOI02U4YeCKUX cucmemM U mexHoroau-
YeCKux rnpouyeccos

Omeem Ha KOHMPOJ/IbHO-U3MepuUmMerbHbIl Mamepuasn He coomeemcmeyem OOHOMY
(08ym) U3 nepeyucrieHHbIX rokasamesneul, HO obydarouuticss 0aem rpasuribHble om-
8emb! Ha O0nosIHUMesIbHbIe 80MpPOCkl. Hedocmamoy4Ho npodeMoHCMpUpPO8aHo 3HaHUe
U3UKO-XUMUYECKUX 0cobeHHOCmel OCHOBHO20 MeEXHOJIo2u4Yecko2o obopydosaHusi u
XUMUKOMEXHOI02UYECKUX MPOoUECcos8; 803MOXXHocmel u criocobos onmumu3auyuu me-
M/108bIX U MacCOOOMeHHbIX MPoyYeccos

Xopowio

Omeem Ha KOHMPOIbHO-U3MepUmMesbHbIU Mamepuasn He coomeemcmeyem fobbiM
0sym (mpem) U3 repeyucrieHHbIX rnokazamersel, obyyarowulics daem HerosHbIe om-
8embl Ha G0MNoIHUMesbHbIE 80MPOCkI. [JeMoHCcmpupyem YacmuyHble 3HaHUs (hU3UKO-
Xumu4yeckue OCObBEeHHOCMU OCHOBHOE mexHosoaudeckoe obopydosaHue U XUMUKO-
MEXHOI02U4YeCKUX MPOoUeCccos8; 803MOXHOCMU U Crlocobsl onmumu3auyuu mernmosbix u
MaccoobMeHHbIX MPOUECCo8, Unu uMmeem He rosiHoe rnpedcmasneHue o jabopamop-
HbIX pabomax 8 xumu4eckol mexHosoauu, Ooryckaem Cyu,ecmeeHHble owubku rpu
onucaHuu rnpoyeccos8 HanucaHuu ypasHeHUl peakyuu.

YoosnemeopumersbHO

Omeem Ha KOHMPOIbHO-U3MepUmMenbHbIl Mamepuasn He coomeemcmeyem tobbiM
mpem (4embipeM) U3 rnepeyqucieHHbIx nokasamesed. Obyyarouulica deMoHcmpupyem
0MpPbIBOYHbIE, hpacMeHmMapHble 3HaHUsI OCHOBHO20 MexHo02u4eckoeo obopydosa- | HeydosnemesopumerbHO
HUSI, XUMUKOMEXHOI02UYeCKUX npouyeccos; dornyckaem 2pybbie owubKku npu Hanuca-
HUU npoyeccos U ypasHeHUl peakyud.

20.2. MpomMmexyTo4yHasa aTrecTaums

MpomexyToyHas aTtTectaumsi No AUCLUMIIMHE OCYLLECTBNSETCA C MOMOLLbI CrieayrLlumx ole-
HOYHbIX CPeaCTB:

cobecedosaHue no KM codepxkawux 8ornpockl 05151 3a4ema ¢ OUEHKoU UflU 3K3aMeHa

[lepeyeHb 80MIPOCO8, 8LIHOCUMbLIX Ha 3a4em C OUEHKOU:
1. JanTte onpegeneHne «XxmMmmyeckasi TEXHOMOMUA» U ONULLINTE €€ MEXOTPACIIEBON XapaKkTep.
2. HasoBuTe 1 oxapaktepusymnTte OCHOBHble OOBHEKTbI U MOACUCTEMbI XMMUKO-TEXHOSTOMMYECKON CUCTEMDI
(XTC).
3. UTo Takoe CMCTEMHBIN aHanu3 CrOXHbIX CXeM XMMWUYECKMX MPOU3BOACTB U U3 KakmMx 3TanoB OH CO-
cTont?

4. B 4yem cocTtouT oTnuyune Cbl/l3|/1‘-IeCKOFO MogenmpoBaHnAa ot MaTemMaTmn4ecKkoro? an/IBe,D,VITe NnpUMeEpPLI
MX NPUMEeHEHUA.

5. OGbACHUTE PONb HATYPHOIO U BbIYUCIUTENBHOIO 3KCMEPUMEHTOB B UHXKEHEPHO-XMMUYECKMX UCChe-
JOBaHUAX.

6. JaviTe onpeaeneHne XMMM4Yeckoro Npon3BoACTBa U ONULIUTE €ro MHOrOOYHKLMOHANBHOCTb.

7. HasoBUTEe OCHOBHbIE TEXHONIOMMYECKME KOMMOHEHTbI XMMMUYECKOro Npou3BoAcTBa U NpuBeauTe npu-
Mepbl.

8. I'Iepetmcnvwe Ka4yeCTBEHHbIE N KOJINYECTBEHHbIEe MoKa3aTesin XMMN4eCKoro npon3sBoacTtea U obbsic-
HUTE UX 3Ha4YeHune.

9. Kak KJ'IaCCVICbI/ILI,I/lpyPOTCFI CbipbeBble pecCypcChbl Mo (*)GSOBOMy COCTOAHNIO U I'IpOI/ICXO)K,El,eHI/II'O?

10. OxapaktepusdynTe OCHOBHLIE CMOCObbI NEPBUYHON 00paboTkM MMHEPANbHOrO U OPraHNYECKOro Cbli-
pbs.

11. Yto noHumaeTcsa nog yrnyoneHHbIM UCMNONb30BaHMEM Cbipbst U KOMOUHMPOBAHHLIMM MPOM3BOACT-
BaMun?

12. OnuwmnTe OCHOBHbIE TPeBOBaHUS K TEXHONOMMYECKON N GbITOBOWN BOAE B XMMUYECKOM MPOM3BOACT-
BeE.

13. lMpuBeaunTe MeToAbl NPOMBILLFIEHHOW O4YUCTKM BOAbLI N OCHOBHbIE CMOCO6ObLI KOHTPOMNS eé KavyecTsa.
14. PackponTte NoHATWE pereHepaumm u pekyrnepauumn 3Heprum B XMMUYECKOW NPOMbILLIIEHHOCTM.

15. Yto Takoe cTexvomMeTpuyeckue, TepMOAUHAMUYECKUE U KMHETUYECKNE 3aKOHOMEPHOCTU XUMUYe-
CKUX NpeBpaLLeHnin?

16. JanTe onpefeneHusa CTeneHn npeBpalleHns, Bbixoda Npoaykra M CernekTMBHOCTUM XUMUYECKOro
npouecca.




17. Kak COOTHOCATCS CKOPOCTb peakuumn 1 CKOpoCTb NpeBpaLLeHns peareHToB?

18. O6bAcHUTE KrnaccupmKkaumio XMMUYECKMX NPoLECcCoB N0 XMMUYECKUM 1 ha30BbIM NpU3HaKaM.

19. Kakue akTopbl BfMAIOT Ha Noka3aTeny roMoreHHOro XMMn4eCcKoro npouecca u Kak ero MoXHo MH-
TeHcuuuuposaTtb?

20. Yrto Takoe onTMMarnbHasa Temnepartypa u Kak eé onpedensoT AN 9K30- U dHOOTEPMUYECKUX peak-
unn?

21. [awnTe onpeaeneHue n npuseanTe NpUMepbl reTepOreHHOro HekaTanMTMyYecKoro npowecca.

22. HasoBuTe cTtagumn reTeporeHHoro npowuecca n o6bsACHUTE NOHATME Habnogaemon CKopocTu npe-
BpaLLeHus.

23. OnuwunTe maTemaTUyecKyto Mogerb npouecca ropeHnst No MOAENU «CxXMMarowasncsa cgepar.

24. Yto xapaktepusyeT Moerb «C HEB3aMMOOENCTBYIOLLMM S0POM» B TONOXMMNYECKUX peakunax?

25. HasoBute Nyt MHTEHCUMUKALUKN reTepOoreHHOro NpoLecca «ras—xuaKkocTby.

26. [anTte onpefeneHue katanuTMyeckoMy npoueccy 1M Knaccuuumpymnte Buabl reTeporeHHoro KaTa-
nmaa.

27. OBbsACHUTE NOCTPOEHNEe MaTeMaTUYECKON MOAENW KaTanuMTU4eCcKoro npouecca Ha NopuUcTOM 3epHe
KaTanusaTopa.

28. YTt0 Takoe cTeneHb UCMNONb30BaHUA BHYTPEHHEN NOBEPXHOCTU KaTannsartopa un Kak eé yBenmuntb?

29. [awnte onpegerneHne XMMUYECKOrO peakTopa M NepevncnnTe ero OCHOBHbIE KOHCTPYKTUBHbIE ane-
MEHTBbI.

30. CpaBHuTEe MOAenu nageanbHOro CMeLeHNa N UaeanbHOro BbITECHEHUSA ANst M30TEPMUYECKUX peak-
TOPOB.

31. Kak cocTtaBnsieTca cuctema ypaBHEHMI MaTepuarnbHOro 1 TennoBoro 6anaHca ans peakropa?

32. Kakve napameTpbl BMAIOT HA NPOGUIIM KOHLLEHTPaUWIA 1 NokasaTenu npouecca B M30TEPMUYECKOM
peaktope?

33. OnunwunTe pacnpegeneHne TemnepaTypbl U CTENEHN NpeBpaLLeHnsa B agMabaTu4eckoM peakrope.
34. Y10 TaKoe 4Mcrno M yCTOMYNBOCTb CTALMOHAPHbIX PEXMMOB B peakTope naeanbHOro CMeLleHnsa?

35. lMpuBeante NpMMepbl NPOMBbILLIIEHHBIX PEAKTOPOB AJ11 TOMOreHHbIX, FreTePOreHHbIX U Katanutuye-
CKNX NPOLLECCOB.

36. Packponte NoHATME 1 3aa4M aHann3a XMMMUKO-TEXHOOMMYECKON CUCTEMbI.

37. Kak coctaBnseTca matepmanbHbii 6anaHc XTC co cxemon peunpkynsaummn? lMpruseguTte anroputm
pacyérta.

38. Ob6bscHMTE NpUHUMMBI 3HepreTudeckoro 6anaHca no nonHow aHeprum n pacyéta Ko npounssonct-
Ba.

39. lMepeuncnute oCHOBHbIE 3Tanbl cuHTe3a XTC 1 ponb MateMaTU4ecKkmMx U 3BPUCTUHECKUX METOAOB.
40. Kakvne KoHUEenuun «3enéHom» XMMmMuM U NPOMbILLIIEHHON 3KOMOrMn NPUMEHSIOTCA NPU NPOEKTMPOBa-
HUM ManNoOTXOAHbIX MPON3BOACTB?

41. HasoBuTe M OXapakTepulymTe IKOHOMUYECKME, 3KCMyaTauMOHHble W couMarnbHble nokasaTenu
OLIEHKN 3P (PEKTUBHOCTM XMMNYECKOrO NPON3BOACTBA.

42. Y70 NnoHMMmaeTca noa aHeproTexHonornyeckon cuctemon (OTC) B xummyeckom npomssogctee? lMe-
peyncnmnTe eé OCHOBHbIE KOMMOHEHTHI.

43. Kakve BMAbl BTOPUYHbIX SHEPreTUYECKMX PECYPCOB NPUMEHSAIOTCH B XMMUYECKOW NPOMbILLIEHHOCTM
N KaKkoBa MX POSib B CHKEHUW 3Hepro3aTpaT?

44. PackpounTe knaccudukaumio TEXHOMOIMYEeCKNX CBA3EeN B XMMMUKO-TEXHOSOrMYECKOM cucteme: no-
crnepoBaTenbHas, napannenbHas, pasBeTBNEHHas, nocrnegosatenbHo-06BogHas (6amnac) n obpatHas
(peumkn).

45. B 4ém oTnunume onucaTtenbHbIX (XMMMYEcKasi cxema, MaTemaTudeckas Moaenb) U rpaguyeckmnx
(cbyHKUMOHaNbHas1, TeExHoNorndeckas, CTpykTypHas) mogenen XTC? NpueeguTte npumepbl NPUMEHEHMS.
46. Kakue kntoveBble cucTeMHble cBoncTBa npucywm XTC kak cnoxHon cucteme? OBbACHUTE NOHATUSA
«B3aNMOCBSI3aHHOCTb PEXMMOBY, «YCTOMYMBOCTb» U «CYyLLLECTBOBAHME CTaLMOHAPHbIX PEXUMOBY.

47. OnuwmnTe NOpsiAOK cocTaBneHmsa Tennosoro 6anaHca XTC npu Hann4mMm peumKknoB: y4ET TEMIOBOro
noToka, cnocob npeacraeneHus pesynbTaTa.

48. B 4éM COCTOUT CMHTE3 3aMKHYTOM ManooOTXOQHON TEXHONOMMYECKON CXEMbI C MOSHbLIM UCMNOSb30Ba-
HMEM CbIPbEBbIX U AHEPreTUYECKUX PECYPCOB?



49. MNepeuncnnute U1  OXapaKTEpU3ymMTe OCHOBHble 3Tanbl pa3paboTku  (CMHTE3a)  XUMMKO-
TEXHOSOrMYECKON CUCTEMBI.

50. Yto Takoe KnacTepusaumsi XMMUYECKON MPOMbILLIEHHOCTU U KakMe npeumyLlecTBa oHa SaéT npwu
pasBUTUM pernoHa?

51. HasoBute COBpeMEHHblE TEHAEHLUN N MPUOPUTETHLIE HaMpaBfeHUs PasBUTUA MUPOBOWN XMMUYe-
CKOW NPOMbILLSIEHHOCTH.

52. Kakve nepcnekTMBHble HETPAOULMNOHHBLIE MCTOYHMKN ChiPbsi U QHEPrMM paccMaTpuBaloTCs Anga Xu-
MWUYECKOW OTpacnn?

53. Packponte hn3nMKo-XMMMUYECKNE OCHOBbLI MOCTPOEHNA TEXHOSOMMYECKON CXeMbl MPON3BOACTBA ITU-
neHa (Mnn ammunaka): Beibop peareHToB, 3HEPro- 1 pecypcocbeperarowmx NpUEMOoB.

54. OxapaKkTepuayiTe MPUHUMUMbI «3EMNEHOM» XMMUU U OCHOBHblE TPEGOBaHMS HOPM M HOPMAaTMBHbIX
[OKYMEHTOB MPOMBbILLIIEHHOW 3KOMOMUN.

55. anIBeD,I/ITe npunMepsbl rMoKNX n nepecrtpanBaeMbIX TEXHOJIOTNMYECKNX CXEM U obbsiIcCHUTE KX npakTun-
YEeCKYyt0 BaXXHOCTb.

lMpumep 6unema (KUM)::

YTBEPXIOAKO
3aBeayolmi kadenpon

.20
Hanpasnenue nogrotoBkn 04.05.01. dyHaameHTansHaa v NnpuknagHas xmmus
OucumnnmnHa XuMmuyeckas TeXHONorust
Kypc 3
®dopma obyueHusa oyHad
Bug aTtTectauumn npomexytoyHasa
Bua koHTpOns 3a4eT ¢ oueHkoun

KoHTponbHO-n3MepuTtenbHbIn MaTtepuan Ne 1

1. PackpownTte knaccudukaumio TEXHONOMMYECKUX CBA3EN B XMMUKO-TEXHOMOrMYECKON CucTeme: nocrnegosaTtenbHas, napan-
nenebHas, pasBeTBNEHHasA, nocnegoBaTenbHO-06BoAHas (bannac) n obpaTtHas (peuwnkn).
2. OxapaKkTepusyiTe OCHOBHblEe CMOCOGbLI MEPBUYHON 06PaboTKM MUHEPaNbHOrO Y OPraHNYEeCcKOro ChipbS.

MpenogasaTenb

[NepeyeHb 80MpPOCO8, 8bIHOCUMbIX HA 3K3aMEH:

1. Jante knaccuumkaumio XMMUKO-TEXHOSTOMMYECKUX MPOLIECCOB NO cnocoby npoTekaHust (Henpepbis-
Hble/nepnoanyeckune) n No CTaumoHapHOCTU (CTauMOHapHbIe/HECTaUNOHAPHbIE).

2. Packpovite noHsaTUe maeanbHON (HE3aBMCUMOW OT BSI3KOCTW) >XMOKOCTWU. Kakme cunbl AeWCTBYIOT B
naeanbHOW XNOKOCTU?

3. Yto Takoe moaenb HenpepbIBHON cpedbl U U3NYECKNIA SrIEMEHTAPHbIN 06beM?

4. 3anuwnte guddepeHumnanbHyo 1 MHTerpanbHyo OpMy YpaBHEHMS HEPa3PbIBHOCTM AN XKUOKOCTH.
5. Bbinuwnte 6anaHc cun ans BA3KOW HECKMMAEMOM KNOKOCTU U NOSICHUTE Ka)kaoe craraemoe.

6. MonyunTe ypaBHeHne HaBbe—CToOKCa 1 O6BACHUTE PUINYECKUI CMBICI KaXKO0ro YreHa ypaBHEHUS.
7. ChopmynupyirTe ypaBHEHME OBWXEHUS MaeanbHOW XUAKOCTU (Snnepa) n ypaBHEHUs paBHOBECUS
Onnepa.

8. BbiBegMTe OCHOBHOE ypaBHEHME TMAPOCTAaTUKM U HA30BUTE €ro NpakTn4eckme NpUMeHeHus.

9. BanuwwuTe aHepreTnyecknii 6anaHc CTauMOHapPHOrO ABMKEHUSA naeanbHOW XNOKOCTU.

10. BoiBeaute ypaBHeHWe BepHynnu aons vaeansHOW XUOKOCTU M YKaXnUTe, Kak OHO MoauduuupyeTcs
ONs peanbHON XXUAKOCTMW.

11. MNpuBeguTe npumMepbl NPaAKTUYECKOro NpUMEHeHUs ypaBHeHnss bepHynnu (McteyeHne Yepes conno,
Tpybka Muto—lpaHatns).

12. Kak n3amepsioT CKOpOCTb U pacxoq XnOKOCTU C MOMOLLbIO APOCCENbHbIX MPUOOPOB U MHEBMOMETPU-
YecKux Tpybok?

13. OnuwnTe MeTopq onpeaeneHns pacxona XuMaKoCTn Yepes OTBepPCTUE UM HaCaaky.

14. Oante onpegeneHns rmapaBrvyeckoro pagmyca u SKkBMBaneHTHoro guameTpa.

15. B 4em COCTOUT OTAMYNE NAMUHAPHOIO N TYPOYNEHTHOrO PEXMMOB TEYEHUS XKUAKOCTN?

16. OnuwwTe onbITbl PeriHonbaca u onpeaennte Kputuyeckoe Yncno PenHonbaca ansa tpy6si.

17. YTto Takoe NorpaHUYHbIN Crion Npy TEYEHUM XUOKOCTU No Tpybam 1 o6TekaHum Ten?




18. BbiBegnTe npodunb CKOPOCTEW NPV NAaMUHAPHOM CTaLUOHapHOM TeyeHun B Tpybe u ypaBHeHue
Myasenns.

19. 306pasunTe antopbl CKOPOCTU ANl TaMUHAPHOIO U TypOyNneHTHOro TeveHns B Tpyoe.

20. 3anuwute ypaBHeHue [Japcn—Bencbaxa ana notepb Hanopa Ha TPEHME U METOAbl y4eTa MECTHbIX
CONPOTMBEHNN.

21. Kak paccunTbiBalOT Hanop v guameTp Tpybonposoaa Ans 3agaHHOro pacxona?

22. Kakune Kputepum ruapoanHaMmyeckoro nogobusa ncnonbaytot (Ounepa, PerHonbaca, $pyaa v ap.) u
KaKoM Yy HUX OU3NYECKNIA CMbICTT?

23. TNokaxuTe, Kak NnpuBoanTCA ypaBHeHne HaBbe—CToOKCa K KpuTepuanbHoMy BUay Yepes Gespasmepu-
3aumio.

24. Mepedncnute OCHOBHblE NapameTpbl paboTbl LEHTPOBEXHOro Hacoca: NPON3BOAUTENBHOCTb, Hanop,
mMoLyHocTb, KIMA.

25. Kak onpegenseTtca gonyctumasl BbiCoTa BCacbiBaHWS U YTO Takoe kaBuTauma? Kak eé nsbexartb?

26. Oxapaktepusynte paboune xapakTepUCTUKN LEHTPOBEXKHOIO U NNYHXEPHOro HaCoOCOB B rMapaBiu-
4YecKon ceTw.

27. Nante knaccuduKkaumioo HacocoB Ha OOBLEMHbIE M AMHaAMUYEcKue, NpuBeauTe MpuUMepbl Kaxaoun
rpynnbi.

28. Pacuutante nporM3BoANTENbLHOCTb MOPLLUHEBOro Hacoca NPoCTOro U ABOMHOro AENCTBUA.

29. CpaBHVITe AOOCTOMHCTBaA U HEOOCTATKM NOPLUHEBOro, niyH>xXepHoro, ,El,l/lad)paFMOBOFO N wecTepeHHo-
ro0 HaCoCOB.

30. 3anuwuTe ypaBHeHWe TennoBoro 6anaHca 6e3 N3MeHeHUst arperaTHOro COCTOSIHUSA U NpU U3MeHe-
HWUM arperaTHOro COCTOSIHUSA.

31. Chopmynupyite 3akoH Pypbe ansa TENNONPOBOAHOCTH.

32. PackpownTte noHATUE NnoTeHuuarna TenIoBoro noToka u sanuwunte ypaBHeHue Pypbe—Knpxroda.
33. Kakne 6e3pasmepHble KpUTEPUM UCMONBb3YIOT B TEMMOOOMEHE U YTO OHM MOKa3bIBAKOT?

34. BoiBegute bopmyny TeNSIONPOBOAHOCTI Yepes NIOCKYH0 N Yepes LNNUHAPUYECKYIO CTEHKY.

35. Kak yunTbiBatoT Tennonepenady uanyvyeHmem? Nepeuncnnte oCHoOBHble hopmyribl.

36. PacuntanTte TonwmHy TENIOBOW N30NALUKN ANst UMNMHOPUYECKON TPYObI.

37. MNMepeuncnute BUAbI NOBEPXHOCTHLIX TEMNITOOOMEHHUKOB N MX OCHOBHbIE KOHCTPYKLWUN.

38. O6bACHMTE NPUHLMN aAAUTUBHOCTU TEPMUYECKMUX CONPOTUBIEHNI B TEMNOOOMEHHMKE.

39. Kak onpegensatoT kKoadhduUneHTbl TEMNOOTAAYM ANs cnyyYaeB 6e3 ha3oBoro nepexoga v ¢ ncnape-
Huem?

40. Pacuntainte cpefHIOKO ABVXYLLYO CUny Tennonepegayv ang npoTMBOTOYHbLIX U NMPAMOTOYHBIX CXEM.

41. MNepeyvncnure NpOMbILLSIEHHbIE TEMNNOHOCUTENN AN HAarpeea U OXnaXaeHus, Ux CBOMCTBa 1 obnac-
TV NPUMEHEHNS.

42. OxapakTepu13ynTe HarpeB 3NeKTPUYECKUM TOKOM 1 ero NpenMyLLecTBa.

43. Nante onpeneneHne maccoobmeHa. Kak BblpaxkatoT coctaB a3 1 HanpaBfieHUsa nepeHoca BeLecT-
Ba?

44. CoctaBbTe MaTepuarnbHbln 6GanaHc HeNpepbIBHOIO MaccoobMeHHOro annaparta u ypaBHeHus pabo-
YUX NINHWA.

45. 3anuwunTte OCHOBHOE yYpaBHEHME MacconepeHoca 1 NOSICHUTE MeXaHN3Mbl NepeHoca.

46. YTo Takoe AN py3nMOHHbIM NOrpaHnUyHbIA cnon? Hapucynte npodunnmn KOHLEHTpaUni U CKOPOCTEMN.
47. Kak npMMeHsA0T aganTMBHOCTb ANAY3NOHHBIX COMPOTUBMEHUI B pacyETe OBWXKYLLEN CUnbl?

48. Cdopmynupynte guddepeHumanbHoe ypaBHEHWE KOHBEKTMBHOIMO MacCOMepeHoca M ypaBHEHME
HepaspbIBHOCTY ANsi GUHAPHOW CUCTEMBI.

49. Kak cTpouTtcst KputepumarnbHOe ypaBHEHME KOHBEKTMBHOIO MacconepeHoca?

50. MeToga “oT CTyneHu K CTyneHn” npu pacyéTe CTyneH4YaTbiX MacCOOOMEHHbIX annapaToB: anroputM m
npumep.

51. [ante onpeneneHns abcopbumm, CTENEHN U3BNEYEHNA, MUHUMANbHOIO U ONTUMAIIbHOIO Pacxo4oB
nornoTuTens.

52. Kak knaccudunumpyotca abcopOumoHHbIe NPoLecChl U KOHCTPYKLMKM abcopbepoB?

53. PackpowTte 3aBMCUMOCTb paBHOBECUSA B CUCTEME NApP—XNOKOCTb N NpUBEANTE NPUMEP NEPErOHKMU.



54. Cchopmynupynte matepuan- n TennoBon 6anaHc pekTMUKaUMOHHOM KOMOHHbI. YTO Takoe MWHK-
MarnbHOe 1 AencTBUTenbHoe nermosoe 4mcno?

55. Pacuvtante gnameTp n BbICOTY pekTUdUKaLMOHHOW KOMOHHbLI 15 3a4aHHOro coctasa U pacxoja.

56. NMpnBeanTe cxembl YCTAHOBOK ANS1 HENPEPLIBHOW, NEPUOONYECKON, SKCTPAKTMBHON M a3e0TPOMHOM
pekTucrkaLmm.

57. OnnwIMTE OCHOBHbLIE NOHATUSA npouecca ocaxgeHnd B OTCTONHMKAX U KOHCTPYKUUN OEKAHTEPOB.

58. PackpoiiTe p13nKo-XMMUYECKNE 3aBUCMMOCTU B HEMOABWXKHBIX U NCEBAOOXMKEHHBLIX CINOSIX; KOHCT-
PYKLMM annapaTtos.

59. lMepeuncnnte OCHOBHblE 3aKOHOMEPHOCTU (UMbTPOBAHWUA, NpuBeauTe ypaBHeHwe [apcu Ons
dmnbTpaumm.

60. OxapakTepnaynTte KOHCTPYKLMM OUABbTPOB TOHKOW 1 rpyBOoNn O4NCTKN, NX AOCTOMHCTBA U HEQOCTaTKU.

61. Kak knaccndomumpytoTcst Npouecchl 1 annapatbl No Mmacwrtabam NpoTekaHUsa U nepapxmm matemartu-
yeckon moagenn?

62. B yemM cyTb CUCTEMHOIO aHann3a XMMUKO-TEXHOSTOMMYECKNX CXEM U Kakne MeTodbl Npu 3TOM Npume-
HAlTCA?

63. O6bsCHUTE Ha3Ha4YeHWe onucaTenbHbIX U Fpad)VI‘-IeCKVIX Moaenen XMMMUKO-TEXHONTOrMYECKUX CUCTEM.

64. Kakune Tnbl TEXHONOIMYECKNX CBA3EN (NnocnefoBaTernbHas, napannensHas, 6annac, peumkn) BcTpe-
yatoTcs B XTC?

65. PackpoinTe NoHsaTME YCTOMYMBOCTU CTaumMoHapHoro pexmma XTC n ero cBs3b C ONTUMAanbHOCTbIO
3NEeMEHTOB.

66. OnNuwKMTE METOAMKY COCTaBNEHUS MaTepUarnbHbIX U TensoBbiX 6anaHCOB CXEM C PELIMKITOM.

67. Kak paccunTbiBalOT CTENEHb MCNOMb30BaHUS Cbipbs MO CTEXMOMETPUYECKUM N TEPMOANHAMMNYECKUM
COOTHOLLUEHUAM?

68. [lanTe NOHATNE SHEPrOTEXHOMOMMYECKON CUCTEMBI U NpUBEANTE NPUMeEP €€ NPUMEHEHNS.

69. O6bsAICHNTE KOHLIEMUMM MOSTHOrO NCMNONb30BaHMS Cbipbs U MUHMMM3aUMN 0TX040B npu cuHTese XTC.
70. PackpownTte ngeto KOMOMHMPOBAHHbBIX NPON3BOACTE U BTOPUYHBLIX S3HEPreTUYECKNX PECYPCOB.

71. Kakme npuHUmMnbl exxat B OCHOBE NMOCTPOEHMS “3eNeHOon” ManooTXOAHOW TEXHONOIMYECKON CXeMbI?
72. YTto Takoe Knactepmsaumsi XMMYeCckon NpoMbILLNIEHHOCTM 1 KaKne OHa AaeT npenmyliecrTea?

73. HasoBuTe KntoYeBble MUPOBLIE TEHAEHUMN Pa3BUTUA XUMWYECKOW OTpacin U NepCrnekTUBHbIE UC-
TOYHUKN ChIPbSI.

74. Kakvne TpeboBaHMsa K HOpMaM NPOMBbILLIIEHHOWN 3KOMOrMM 1 MeToabl €€ obecneveHmns CyLecTByoT?
75. Oxapakrepuaynte rubkme n nepectpanBaemMble TEXHONOMMYECKUE CXEMbI: Ha3HaYeHMe U NpUMepbI.
76. Kakne matemaTudecKkmne n aBpuUCTUYECKNE METOAbI MPUMEHSIIOT Npu cuHTe3e XTC?

77. MNpueeguTte npumep PU3MKO-XMMUYECKUX OCHOB NMOCTPOEHUSI CXEMbI MOMy4YeHMs 3TuneHa (unu am-
Muaka).

78. B yem 3aknio4vaeTca porib BbIMMCIUTENBHOrO 3KCNepuMMeHTa npu paspaboTke TEXHONOrMYeCcKnx
cxem?

79. Kak B3aumMogencTByrOT MpoLecchl TeNNo- 1 MaccoobMeHa B KOMMAEKCHbIX annapaTax (Hanpumep,
KOMOHHaxX C Tapernkamu)?

80. OueHnTEe 3KOHOMWYECKME U IKOMOro-coumarnbHble nokasaTtenn 3dPEEKTUBHOCTU  XUMMKO-
TEXHONOMMYECKNX CUCTEM.

81. Kakue Tunbl NPOMBILLSIEHHBIX PEAKTOPOB NPUMEHSIOT AS19 rOMOrEeHHbIX MPOLLECCOB U Kakne gaKkTopbl
BNUSIOT Ha UX BbIGOP?

82. B 4ém 0CcobBeHHOCTN pacyé€Ta NPOTOYHOrO peakTopa C uaeanbHbIM CMeLleHneM s HeobpaTnmon
peakLumn NnepBoro nopsaka?

83. Onuwnte mogenb TpybyaToro peaktopa kak ngeanbHOro BelITECHEHMS 1 METO4 nogdopa ero AnvHbl
AN 3a4aHHON CTeNeHW NpeBpaLLeHms.

84. Kak yyecTb TennioBor adheKT peakuumn npu pacyéte agmabaTnyeckoro TpybyaToro peakropa v on-
penenutb TeMneparypy Ha Bbixoge?

85. Korga npMMeHsI0T cepuio peakTopoB uaeanbHOro CMeLLEHUS U Kak oueHUBalT nx apdekTUBHOCTb
Mo CPaBHEHWUIO C OAHNM PeaKTOPOM BbITECHEHUA?

86. [ante knaccudumkaumio reTeporeHHbIX NPOMbILLIEHHBIX KaTanmM3aTopoB No akTMBHOMY KOMMOHEHTY
N TUNY HOCUTENS.



87. OnuwmnTe OCHOBHbIE CTaaUN KaTanUTUYECKOro LnKNa Ha MeTaninyeckom NoBepxHOCTU (agcopbums,
peakums, oecopbuus).

88. Kakne meTtoabl hn3MKO-XMMUYECKOW XapaKTEPUCTUKM KaTann3aTopoB UCMOMb3yOT Ha NPaKTUKE N YTO
OHW NMoKasbiBaloT?

89. B 4ém cocTouT ponib BHYTPMMNOPOBOro ANddY3MoHHOro conpoTtueneHna (adpdekt MuxenscoHa) u
Kak ero yuumTbiBaTb B MaTeMaTU4eCcKon Moaenu katanusaTtopa?

90. HasoBuTe OCHOBHbIE MEXaHMU3Mbl JeakTUBaLuuKn NPOMbILLIEHHbIX KaTann3aTtopoB U MeToabl UX pere-
Hepauuw.

91. Ncnonb3ys ypaBHeHne BaHT-Modda, o6bACHUTE, Kak M3MEHEHNE TemnepaTypbl BIIMSIET HA PaBHO-
BECUKE IK30TEPMUYECKON peaKLmu.

92. Kak no gaHHbIM CTaHAApTHbIX TeNnoT obpas3oBaHWs paccuuTaTb TENNOBON 3PhPeKkT peakuum npu
3aaHHbIX YCNoBUSX?

93. OnnwnTe MeToAMKy OnpeneneHnsa 3Heprum akTuBaumm no 3aBUCUMOCTU CKOPOCTM peakuumn oT Tem-
nepaTtypbl (MOCTpoeHne AppeHnycoBa rpaguka).

94. [lante onpegeneHns nopsigka peakuum n MonekynsipHOCTU 1 NpuBeauTe NnpumMepbl peakumin HyneBo-
ro, NepBOro 1 BTOPOro nopsiaKoB.

95. YTto Takoe ncesgonepsBbI NOPAOOK B FOMOreHHON KMHETUKE, Kak BbICTPOUTb MOAENb U BbIYUCANUTD
KOHCTaHTY CKOpOCTU?

96. ONuWwKMTEe NPOMBbILLSIEHHbIE NPOLECCHI MOMYYEHNsS CEPHON KUCMOThI (KOHTaKTHbIN METOA): TUN peak-
TOpa, KaTanuM3aTop, OCHOBHLIE PEXMMHbIE MapameTpbl.

97. KakoBbl TepMOAMHaAMMUYECKMe U KMHETMYecKMe orpaHuMdeHus npouecca Xabepa—-Bowa npu npo-
MbILUNIEHHOM CUMHTE3e aMmMuaka?

98. lNepeyncnmte OCHOBHbIE METOAbI AMEKTPONIMTUYECKOrO MOSyYeHUsT Xropa U KaycTU4eCcKon coabl u
OXapaKTepu3ymnTe KOHCTPYKLNN SMNEKTPONN3EPOB.

99. OnNULLINTE TEXHOMOMMYECKY0 CXEMY MOSyYEeHUst 3TUNEHA NUPONN3OM: TUMbl PeaKTOpPoB, CNocobbl pe-
Kynepauwuu Tenna, o4nMcTka npoayKToB.

100. PackpoiiTe npuHLMNbI NPOMbILLIEHHOIO CUHTE3a MeTaHosa U3 CMHTe3-rasa: YCrnoBusi AaBneHUs U1
TemnepaTyphbl, KaTannaaTop, OCHOBHble 6anaHchi.

lpumep 6unema (KVM)::

YTBEPXOAIO
3aBeayowmi kadenpon

.20
Hanpaenenwue nogrotosku 04.05.01. dyHaameHTanbHasa v NpuknagHag XMMmms

OucumnnmnHa XvMmunyeckasi TeXHONorms

Kypc 4

dopma obyveHusa oyHasa

Bug atTectauun npomexyrtoyHas

Bua koHTponsa ak3ameH

KoHTponbHO-n3MepuTtenbHbin MaTtepuan Ne 1

1. CpaBHUTE OOCTOMHCTBA M HEAOCTATKMN MOPLLUHEBOrO, MAYHXEPHOro, AMadparMoBOro 1 LWECTEPEHHOIO HACOCOB.
2. B 4éMm cocTouT posb BHYTPMNOpPOBOro Anddy3nmoHHOro conpoTmuenenust (3ddekt MmnxenbcoHa) 1 kak ero yuntbiBaTb B Ma-
TemaTu4eckon MoAenu kaTanmsaTtopa?

MpenogasaTenb

OnucaHne TEXHOMOrMM NPoBESEHUS

lMpomexyToyHasa aTtTecTaums NpoBOANTCA B COOTBETCTBUM C [TonoxeHnemMm 0 NPOMEXyTOYHOW aT-
TecTaummn obyyarowmxca no obpasoBaTenbHbIM NporpammMaM Bbicllero obpasoBaHmsa BopoHexckoro ro-
Cyf0apCTBEHHOro yHMBepcuteTa. [pomMexyTodHas aTtrectauusa cTygeHToOB ABNAETCAS OCHOBHOW hOpMOM
KOHTpONsa ayguTopHon paboTbl CTYLEHTOB M MPOBOOMTCH C LENbl0 YCTAHOBMEHUS YPOBHS U KayecTBa
noarotoBku ctyaeHtoB ®rOC 3++ n onpegenser:

- MOMHOTY M NPOYHOCTb TEOPETUYECKUX 3HAHWIA;

- c(bOPMUPOBAHHOCTb YMEHUI NPUMEHATb TEOPETUYECKNE 3HAHUSA NPU PELLUEHUN NPaKTUYECKNX U
npodeccmnoHarnbHbIX 3a4au;

- chOPMMPOBAHHOCTL OBLLUX U MPOdECCUOHANBbHBIX KOMNETEHLNIA.



MogroToBka K MPOMEXYTOYHOW aTtTecTauum aBndetTcs opmMon CaMoCToATENbHOW paboThbl CTy-
AeHToB. [Npu 3aTom obyyarowmincsa 4ormKeH NCNoNb3oBaTh PEKOMEHA0BAHHbIN pabo4yert nporpaMmMmon ne-
peyeHb OCHOBHOW M OOMNOSHUTENbHOW NuTepaTypbl, Matepuansl Nekuun, MHpOpMaLMOHHbIE U anek-
TPOHHO-0Bpa3oBaTenbHble pecypcbl. [ns noaroToBKM K MPOMEXYTOYHOW aTTecTtaumm CTYAEeHT Takke
MOXeT UCNonb3oBaTh NepeyYeHb BOMPOCOB, BbIHECEHHbLIX HA 3a4eT C OLEHKON M 3K3aMeH, MO3BOSSOLL MM
OLEHUTb YPOBEHb C(POPMUPOBAHHOCTM MPOdEeCCUOHArbHbIX KOMMETEHLMIA MO OUCUUNINUHE «XUMUYe-
CKasi TEXHOMOrms».

MpomexxyToyHas aTTecTaumsi MPOBOAUTCS B YCTHOW UM NUCbMEHHON dopme. MNpenogasaTerns,
OTBETCTBEHHbIV 3a €€ NpoBefeHNe, BNpaBe 3aaBaTb CTyAeHTaM AOMNONHUTENbHbIE BONPOCHI MO N0GbIM
pasgenam y4eGHON AUCLMNMMHBI, BCE BOMPOCHI U OTBETbI (QUKCUPYHOTCS B JIUCTE OTBETOB CTyAEHTA.
Bpemsi 3ayeTa C OLEHKOM U 3K3aMeHa perfiameHTUpyeTcsl AeACTBYOLWMMN HOPMATUBHBIMU LOKYMEHTa-
MW. Pe3ynbTaT NpoMeXyTOYHOM aTTecTauum 3aHOCUTCSl NpenogaBaTenem B IMCT OTBETOB obyvatoLero-
csa (nocne 4Yero CTyAEHT pacnucbiBaeTcsl, NOATBEPXKAas CBOE corfiacvMe C BbICTaBMNEHHOW OLEHKOW), a
TaKkKe B 3a4€THO-3K3aMEHaLMOHHYI0 BEIOMOCTb U 3a4ETHYIO KHIKKY.

Tpe6OBaHI/IFI K BbIMOMNHEHMWIO 3a4aHuN, LWKanb! U Kputepun oueHnBaHUA

OueHka pes3ynbTaToB 0Oy4eHMSI HaA NPOMEXYTOYHOM aTTecTauum NpoMCXoauT MO Creaylowmm
nokasaTensam:

4) 3HaHMe y4ebHOro matepmana u BnageHuMe NoHATUMHBIM annapaToM XMMUYECKOW TEXHONOIrUK
M NPOMBILLUNIEHHOW 3KOMOru;

5) yMeHne cBA3bIBaTb TEOPUD C MNPAKTUKOM Ha OCHOBE 9KCMEpPUMEHTanbHbIX pe3yrbTaToB,
MOJTYYEHHbIX NP BbINOSIHEHNN NAaboOPaTOPHbLIX PaboT;

6) YyMeHne uUnncTpupoBaTb OTBET NpMMepamMu, YpaBHEHUSMWN peakunin, aKCnepuMeHTanbHbIMN
JaHHbIMU;

Mo pesynbTatam BCEX BbINOSIHEHHbIX 3a4aHUN TEKYLLEro KOHTPOMSA CTygeHTaM MOET ObiTb Bbl-
CTaBleH 3a4eT C OLIEHKOW UK 3K3aMEH aBTOMAaTOM:

cpenHsasa oueHka 3-3,75 — «yaoBNeTBOPUTENBHOY,

3,75-4,5 — «xopoLloy,

4, 5-5 — «OTNNYHOY».

,D,J'IFI oueHnBaHNUA pe3ynbTaToB 06y‘-IeHI/I$I Ha 3K3aMeHe UCMNoJib3yeTCA 4-6annbHaga wana: «oT-
JINYHO», «XOPOLO», «yaOBNEeTBOPUTESIbHO», «KHEYQOBIETBOPUTETIBHOY.

Kpumepuu oueHusaHus kKomrnemeHuyul Ll/kana oueHoK
lMonHekIl, ucyepnbigaowuli omeem, OeMoOHCMpupytowul 2rybokoe rnoHuUMaHuUe
npedmema u WUpPOKyto 3pyamumio 8 oueHusaemoul obrnacmu. Kpumuyeckul, opu- OmnuYHo
euHarnbHbIl nodxod K eblbopy Mamepuana npu nod2omoske K npoMexymoyHou
ammecmauyuu.
Omeem cmaHOapmHbIl, 8 UEIOM KayecmeeHHbIl, OCHO8aH Ha UCofb308aHuU
OCHOBHbIX UCMOYHUKO8 UHghopmayuu. lNpucymemeyrom HesHaqdumesibHble npobe- Xopowo

J1bl 8 3HAHUSIX UMU HECYWeCMBeHHbIe OWUBKU.

Omeem HenosiHbIU, OCHO8aH UCKIOYUMESIbHO Ha UCMOf1b308aHUU JTEKUUOHHbIX
mamepuarnos. [lpu noHumMaHuu cywHocmu ripedmema 8 UeroM UMeromcs cyuje- YdoesrnemeopumesnbHO
cmeeHHble npobersibl 8 3HaHUSIX.

HecrnocobHocmb omeemums Ha eonpoc 6e3 nomMowu sk3ameHamopa. HesHaHue
3HaqyumersibHOU Yacmu MPUHUUNUanbHO 8aXHbIX drnemMeHmos OucuyunnuHel. lpu- | HeydoernemeopumesnbHO
cymcmeytom MHO204UCTIeHHbIE 2pybble OWUBKU.

OueHouHble cpeacTBa ANS MHBANMAOB M NUL, C OFPaHUYEHHbIMU BO3MOXHOCTAMU 340POBbS Bbl-
BupatoTcsa ¢ y4eTOM UX NHAMBUAYaNbHbIX MCUXOMPU3NYECKUX OCOBEHHOCTEN.

— Npu HeobXoAMMOCTM MHBaNMAaM U fvuam C OrpaHUYeHHbIMU BO3MOXHOCTSIMU 310POBbS MNpe-
AOCTaBnseTca OOMNONHUTENbHOE BPeMS ANA MOArOTOBKU OTBETA HA 3K3aMeHe;

— Npv NpoBedeHWM npoueaypbl OLeHNBaHUSA pe3ynbTaTtoB 0bydYeHns MHBaNMaoB U NUL, C OrpaHu-
YeHHbIMW BO3MOXHOCTAMW 300POBbSA NpeaycMaTpnBaeTCs UCMoSib30BaHNE TEXHUYECKUX CPeacTB, He0b-
XOAMMbIX UM B CBA3M C UX MHAMBUAYaNbHBIMU OCOBEHHOCTSAMMU;

— MpU HeOBXO0AMMOCTU ANA 0BYy4aOWMXCHA C OrPaHNYEHHbIMU BO3MOXHOCTSIMU 30,0POBbS U UHBA-
nuaoB npoueaypa oueHVBaHUA pesynbTaToB 00yYeHUs Mo AUCUUMIIMHE MOXET NPOBOAUTLCHA B HECKOSb-
KO 3Taros.



lMpoueaypa oueHMBaHUSA pesynbTaTtoB 0bydYeHUs MHBaNWAoOB M fUL C OrpaHUYEeHHbIMU BO3MOX-
HOCTAMW 300pOBbA MO AuUCUMNAMHE (MOAYNI0) npedycMmatpuBaeT npeaocTaBrieHne uMHdopmaumm B
dopMax, afanTUpoBaHHbIX K OrpaHUYeHUAM UX 300pOBbS U BOCNPUATUSA MHopMaLmu:
Ansa nuy ¢ HapyLWeHNSMN 3peHns:
— B nevyaTHon popme yBennyeHHbIM LLIPUGTOM,
— B (bOpMe 3MEKTPOHHOIO JOKYMEHTA.
Anga nuy ¢ HapyLweHnamm cnyxa:
— B nevaTHoun chopme,
— B (hOpMe 3MEKTPOHHOIO JOKYMEHTA.
Anga nuy ¢ HapyLweHnaMn onopHoO-ABMraTensHOro annapara:
— B nevyaTHoun chopme,
— B (bOpMe 3MEKTPOHHOIO JOKYMEHTA.

[aHHbI nepeyeHb, MOXeT ObiTb, KOHKPETU3MPOBAH B 3aBUCMMOCTU OT KOHTUHIEeHTa oby4atoLLmxcs.

20.3 3apgaHusa, peKoOMeHOOoBaHHbIe K UCMOMIb30BaHUIO NPU NPOBeAeHUN ANarHoCTUYECKUX pabor c
Lenbi OLEeHKU OCTaTOUYHbIX 3HAHUM MO pe3ynbTaTaM OCBOEHUsI AAHHOW OUCLUMNIIMHDI;

OlK-1. CnocobeH aHannanpoBaTb, UHTEPNPETUPOBaTL U 0606WaTh pe3ynbTaTbl SKCNEePUMEH-
TanbHbIX N PACYETHO-TEOPETMYECKMX PAOOT XMMUYECKOW HanpaBNeHHOCTH

OrllK-1.1. Cucmemamu3supyem u aHasu3upyem pesysibmambl XUMUYECKUX 3KCrepumMeHmos, Habmode-
Hul, usmepeHul, a maKxe pe3yfbmamos pac4emos ceolicme eeujecme U Mamepuarnos

Or1K-1.2. Mpednazaem uHMeprnpemayuro pedynbmamos cobCmeeHHbIX 3KCNepPUMEHMOo8 U pPacyemHo-
meopemuyeckux pabom ¢ UCrosib308aHUEM MeoPemMuUYeCKUX 0CHO8 MPadUYUOHHbIX U HOBbIX pa3desios
Xumuu

Orl1K-1.3. @opmynupyem 3akoYeHUs U ebie0o0kl Mo pesyrnbmamam aHanusa umepamypHbix OaHHbIX,
COB6CMBEHHbIX 3KCMEPUMEHMarbHbIX U pacyYemHO-meopemuyeckux pabom Xumu4eckol HarpaeseHHo-
cmu

1) 3akpbITble 3agaHus (TeCToBble, CPeAHUN YPOBEHb CNOXHOCTU):
3AOAHUE 1. CooTHecuTe cTaamMm XMMUYECKOro NpoM3BoACTBa C UX OCHOBHbIMU (hYHKLMAMMW.
1. CuHTes

2. OuuncTKka
3. YnakoBka
OTBeTbI:

A. lNonyyeHne KOHeYHOro NpoayKTa
B. YaaneHune npumecein
C. MNogroToBka NpoayKTa K TPaHCMOPTUPOBKE
OTBET: 1-A, 2-B, 3-C
3A0AHUE 2. YcTtaHOBUTE COOTBETCTBME MEXAY TUNaMu XMMUYECKNX peakumum U NX Xxapakrepu-
CTUKaMM.

1. OK3oTepMmuyeckas peakums
2. OHOoTepMmnyeckasl peakuus
3. Katanutnyeckas peakums
OTBeTbI:

A. lMNorrnoweHne Tenna
B. BblaeneHnuve tenna
C. YckopeHue peakunn 6e3 nsmeHeHns katanusaropa
OTBET: 1-B, 2-A, 3-C
3AOAHUE 3. CooTHecuTe TUMNbI peakToOpoB C UX NpeuMyLLecTBaMu.

1. HenpepbIBHbIM peakTop

2. MakeTHbIN (MAPTUOHHLIN) peakTop
3. [NceBOOOKMKEHHbIN CION
OTtBeTbI:

A. Bbicokasi cTeneHb KOHTPOIs Had peakumen
B. MMGKOCTb B M3MEHEHUN NApaMETPOB
C. OhpekTmBHAA Nepenava Tenna n maccol



OTBET: 1-A, 2-B, 3-C
3A0AHUE 4. PacnonoxuTte ctagum XMMMYeCKON peakuun B peakTope B NpaBUIbHOW nocnegoBa-
TENbLHOCTM.

. Bxopg peareHToB
o lMpoTekaHne peakuunm
o Bbixoa npoayKkToB

OTBET: Bxopg peareHToB, NpoTekaHne peakuuu, Beixod NpoayKTos
3AO0AHUE 5. CooTHecuTe XMMn4yeckue npouecchbl ¢ UX NPUMEHEHNEM B NPOMbILLNEHHOCTHU.
1. Mapartauus

2. Muponus
3. Monumepunsaunsa
OTBeTbI:

A. MNpowunsBoacTBo aTUMNeHa
B. NMpon3BoacTBO NONMaTUNEHA
C. NMponsBoacTBo CNUPTOB
OTBET: 1-C, 2-A, 3-B
3AOAHUE 6. CooTHecuTe BUAbI CbIPbSA C UX OCHOBHbIM NPUMEHEeHUeM B XMMUY€CKOW NPOMbILL-
JNIeHHOCTM!.

1. HedpTb

2. MpupoaHbIn ras
3. Yronb

OTBeThI:

A. MNponsBoacTBO CUHTE3-rasa
B. NMpon3BoacTBO NNacTnkos
C. MNpowussoacTeo Tonnuea
OTBET: 1-B, 2-A, 3-C
3AO0AHUE 7. YcTtaHOBUTE COOTBETCTBME MEXAY TUMaMM PeakTOPOB U UX NPUMEHEHMEM.
1. TpybuaThinn peakTop

2. PeakTop ¢ nepemelunBaHnem
3. PeakTop ¢ nceBOOOXMKEHHbLIM CITOEM
OTBeThbI:

A. Katanutnyeckune npouecchl
B. M'oMoreHHble peakuun
C. leTeporeHHble peakumm
OTBET: 1-C, 2-B, 3-A
3A0AHUE 8. CooTHecuTe napameTpbl, BMUSAIOLLIME HA CKOPOCTb peakuuun, ¢ ux acpdekramm.
1. Temnepartypa

2. KoHueHTpauns peareHToB
3. Katanusatop
OTBeTbI:

A. YBennyeHune cCKOpoCTu peakumnm
B. YBenunyeHne BeposiTHOCTU CTOSTIKHOBEHMUM
C. CHMXeHMe akTMBaALMOHHOW 3Heprum
OTBET: 1-A, 2-B, 3-C
2) OTKpPbITble 3aaHUs (TECTOBbIE, NOBbLILLEHHbI YPOBEHb CITIOXHOCTU):
3AOAHUE 1. Paccuntante KoadhdULMEHT pasgeneHus, ecnn n3BecTHO, YTO BELLECTBO IKCTparmpyeTcs
N3 0QHOro pacTBOpMTENs B ApYyron ¢ KoHueHTpauunen 0.2 monb/n n 0.05 monb/n COOTBETCTBEHHO.
OTBET: 4
3AOAHUE 2. Buiuncnnte gaesneHune rasa B 6annoHe obvemom 10 nuTpoB, cogepxallem 2 mond rasa
npu Temnepatype 298 K. Ncnonb3ynte ypaBHeEHME COCTOSAHUS ugeanbHoro rasa: PV = nRT, rae R =
0.0821 n*atm/(Monb*K).

OTBET: 4.88 atm
3AOAHUE 3. O6bem cpegbl V = 200 n ¢ nnoTHocTeo p. =1100 kr/m® nepemeLunBaloT MeLLasnkon gma-
meTpom d, = 250 mM. Yucno obopotos Mewanku n = 300 06/MVH, a KpUTEPUIN MOLLHOCTU MeLuanku (Mo-
andvumpoBaHHbin kputepuin Aunepa) Ky = 10. Onpeaennte MHTEHCUBHOCTb NepeMeLUnBaHUSA 1 MOLL-

HOCTb, NOTPeGNsemMyto Npy NepemMeLLBaHUN.
OTBET: 1340 BT, 6700 B1/Mm°

3) oTKpbITble 3agaHud (MUHUN-KEWCbI, CpeaHUN YPOBEHb CNOXHOCTH):




3AOAHUE 1: . B xxugkoasHOM XMMUYECKOM npoLiecce nony4varoT BeLecTso B:

A+C—->B
Motepun BewwectB A n C coctaenstoT: My = 1,5%; MN¢ = 3%. CoaepkaHne OCHOBHbIX KOMMOHEHTOB B TEX-
HU4ecknx BellecTBax (umctorta): A — 59%; C — 35%; B — 95%. MNnoTtHocTu BewectB A n C: py = 1,794
kr/m®; pc = 1,7 kr/m®. M(A)=30 r/monb; M(C)=80 r/monb; M(B)=100 r/monb. LleHa ucxoaHbIx peareHTos:
LIA = 10 py6./m*; LIC = 20 py6/m*. PaccumtaTb pacxoaHble koadduumeHTbl Ans Bewects A n C Ha no-
nyyeHne 1 ToHHbI BelecTBa B, BuipaxeHHble B [T/T] 1 [M*/T] 1 3aTpaThbl 4ns nonyyernst 1 ToHHbI B.
PELWWEHUE:

1. Teopernueckuii pacXoaHBINH KOA(p(PUIMEHT A ¢ y4eTOM YHCTOTE! BEIleCTB:
M(A)=vy*Cy 30%1%0,95
M(B) *vg*C4 100%1 %0,59

2. Tk KOHBEPCHA H CCEIICKTHBHOCTH IIpOILEcCa IO BCUIECTBY A paBHBI €QUHHIIC, TO

T

Ya =

= 0,483 T/T

IIepeXOHM cpa3y K pacdeTy pacXoJHoro ko3(GHIHeHTa A ¢ Y4eTOM [OTepk:

1 1,5
darr _ A= —) =
yAaKT = yi x (1 +m) =0,483 (1 +m) =049 /T

3. PaccunrtaeM pacxofHblii kodddurment A B [m/1):

dakr _ y;\bam * 1000 _ 0.49 + 1000
o = Pa T 1,794

= 273,13 m3/T

4. Teopernveckuii pacxoHbli K03 duiueHT C ¢ y4eTOM YHCTOTHI BEIIECTB:

. MO *vexCp  80%1x0,95
VA= MB)+vy+C. 100+1+035

=21711/T

5. Tk KOHBCPCHA H CCIICKTHBHOCTE IIpoIEcca M0 BCIIECTBY C paBHa CAHHHILC, TO

IepexoIM cpasy K pacdery pacxojHoro koddduuuenra C ¢ y4eToM NnoTeps:

- 3
fart _ M — —
VBaKT—]’E*(l‘l'lOO) = 2,171»*(1+1 ) =2,236T/T

6. Paccunraem pacxoausii koaduuuent C B [mM*/1]:

dakt _ ]’(‘;ba” * 1000 _ 2,236 %1000
oot T 17

= 1315,29 m3/T

7. PaccuuMTaeM 3aTpaThl Ha oJMydeHUe | TOHHBI TeXHUYecKoro B:
3=273,13 10 + 1315,29 * 20 = 29037,1 py6

OTBET: Ha nony4yeHue 1 TOHHbI TexHMYeckoro BellecTea B Tpebyetcsa 0,49 T nnmn 273,13 M> TexHWYe-
ckoro BellectBa A 1 2,236 T unu 1315,29 m® TexHnueckoro Belectsa C. 3aTpartbl coctaBaTt 29037,1
py6./T B.

OMNK-2. CnocobeH NpoBOAUTL XMMUYECKUA IKCMEPUMEHT C MCMOSIb30BAHMEM COBPEMEHHOO
obopynoBaHus, cobnogas HopMbl TEXHMKN 6e3onacHOCTU
OrllK-2.1. Pabomaem ¢ xumu4eckumu geuiecmeamu ¢ cobriro0eHuUeMm HopM mexHUku besonacHocmu
Or1K-2.2. Ucnionb3yem cyuwiecmsyrowue u paspabamsieaem HO8bIe MEMOOUKU MOSTyHEeHUS U Xapakme-
pucmuku sewiecme u Mamepuarsos 051 peweHus 3adad npogeccuoHanbHoU 0essmenbHoCmu
Or1K-2.3. posodum uccriedogaHus ceolicme 8euw,ecms U Mamepuasios C UCrofib308aHUEM COBPEMEH-
HO20 Hay4Ho20 06opydosaHus

1) 3aKpbITble 3a4aHns (TECTOBbIE, CPEAHUIN YPOBEHb CIIOXKHOCTM):
3AOAHUE 1. CooTHecuTe TUMNbI TEYEHUS1 C UX XapaKTepUCcTUKamMu.
1. JTamuHapHoe TeveHue




2. TypbyneHTHOE TeyeHune
3. lMepexogHoe TeyeHne
OTBeThbl:
A. HeTkaga cnouctocTb
B. XaotnyHoe aBukeHue
C. iameH4mBOCTb MeXay NaMMHapHbIM 1 TYpOyneHTHbIM
OTBET: 1-A, 2-B, 3-C
3AOAHUE 2. PacnonoxuTte 3Tanbl YCTAHOBKM HACOCHOIro o60pyaoBaHusA B NpaBUIIbHOW nocne-
DOBaTeNbHOCTMU.

. MogroToBka coyHOameHTa
o MoHTax Hacoca
. MopkntodyeHne TpybonpoBoaoB

OTBET: lNogrotoeka pyHgameHTa, MoHTax Hacoca, NogknoyeHne Tpybonposoaos
3AOAHUE 3. CooTHecuTe TUNbI TENJTOOOMEHHUKOB C UX NpPeuMyLlecTBaMu.
1. MnacTuHYaTbI TENIO0OMEHHUK

2. Tpy6uaTbin TENNOOOMEHHMK
3. CnupanbHbI TEN006MEHHMK
OTBeTbI:

A. KoMnakTHOCTb U Bbicokasi adhdheKTUBHOCTb
B. lNpocToTa KOHCTPYKUNN U HAOEXHOCTb
C. Bbicokas nnowagb NoBEPXHOCTU TENNIO0OMeHa
OTBET: 1-A, 2-B, 3-C
3A0AHUE 4. CooTHecuTe npouecchl TenfI0o0MeHa ¢ X NPUMEHEeHUeM.

1. KoHaykums
2. KoHnBekums
3. NanyyeHne
OTBeThI:

A. lNepepadva Tenna vyepes OBMKEHNE XNOKOCTU
B. Nepepnayva Tenna 4Yepes TBEpPAOE TEMO
C. lNepenaya Tenna B BUAE 3NEKTPOMArHUTHbLIX BOJTH
OTBET: 1-B, 2-A, 3-C
3A0AHUE 5. CooTHecuTe TUNbl HACOCOB C UX XapaKTepUCcTUKamu.

1. BuxpeBon Hacoc

2. Onddy3noHHbIN Hacoc
3. LlectepeH4aTbln HAacoc
OTBeTbI:

A. Bbicokoe gaBneHue npu HU3Kom obbeme
B. Ncnonb3yeTcqa Ana co3gaHns Bakyyma
C. MoaxoauT ana BA3KUX XNOKOCTEN
OTBET: 1-A, 2-B, 3-C
3A0AHUE 6. CooTHecuTe napameTpbl TpyGonpoBoaa ¢ UX BIIMAHUEM Ha ruapaBnvyeckue nore-
pw.
1. OuameTp TpyO6bl
2. OnunHa Tpy6bl
3. LLlepoxoBaToCTb BHYTPEHHEN MOBEPXHOCTH
OTBeTbI:
A. YBenunyeHue rugpaBnmnyeckmx notepb
B. YMeHblIeHne rugpaBnmyecknx notepb
C. BnusaHue Ha TypbyneHTHOCTb NoToKa
OTBET: 1-B, 2-A, 3-C
3AOAHUE 7. CooTHecuTe TUNbI TEMNSIOHOCUTENEN C UX XapaKTepUCTUKaMW.

1. Bopa
2. Macno
3. Boaayx
OTBeTbI:

A. Bbicokas TennoemMkocTb
B. Bbicokas Temnepartypa KuneHus
C. Huskas TennoemkocTb



OTBET: 1-A, 2-B, 3-C
3A0AHUE 8. CooTHecuTe meToAabl yny4leHUA TennoooMeHa ¢ X NpuMMeHeHueM.

1. YBenuyeHue nnowagm noBepxXHoCTu
2. Ncnonb3oBaHue pebep

3. YBenuyeHne cKopoCcTy NoToka
OTBeTbI:

A. MNoBbiweHne adhdHeKTUBHOCTN TENNOOOMEHa
B. YMeHbLeHne conpoTUBAEHNS Tennonepegaye
C. MNoBblweHne TypbyneHTHOCTH
OTBET: 1-A, 2-B, 3-C

2) OTKpbITble 3afaH1S (TECTOBbIE, MOBbLILIEHHbLIN YPOBEHb COXHOCTH):
3AOAHUE 1. Onpegenute MUHUManbHYO TeMnepaTypy, NpyY KOTOPOW KaTanu3aTtop HadnHaeT paboTaTb
C 4OCTaTOYHOM CKOPOCTbLIO, ecnn oHa paBHa 150°C. Ykaxnte ee B KeflbBUHAX.

OTBET: 423.15K
3AOAHMUE 2. Ma3oBas cmeckb cogepxut (% 06.): ammumaka - 10,5; kncnopoga - 17,5; asota - 70,0; Boas-
Horo napa - 2. Paccuutatb, kakoB 6ygeT cocTaB rasa nocrne yganeHus u3 Hero napos BoAbl.
OTBET: ammuaka — 10,7%; kucnopoga — 17.9%; aszota — 71,4%.

3) OTKPbITblE 3a4aHUS (MUHN-KENCbI, CPEOHUN YPOBEHb CITOXHOCTH):
3AOAHUE 1: CoctaBuTb MaTepuarnbHbii 6anaHc nedn ans CxuraHusi cepbl NPOn3BoANTENbHOCTBIO 60
T/cytkn. CteneHb okmcneHus cepbl 0,95 (ocTanbHas cepa BO3rOHSIETCS M cropaeT BHe neun). Koaddu-
LUMEHT M30bITKa Bo3ayxa A=1,5. PacyeT BeCTM Ha NPOU3BOAUTENBHOCTbL NeYM MO CKUraemon cepe B Kr/u.
PELUEHUE (OTBET): lNpouecc ropeHnsa cepbl onucbiBaeTca ypaBHeHnem: S+0, = SO,. Npoussogu-
TENbHOCTb NeYun:

p=80-103 00 KT,
722 4

Haxoaum maccy cepbl:

- OKHCIIeHHOIL cepsl 1o S0,2500 - 0,95 = 2375 kr,
- HeokucneHnHoii cepsl 2500 — 2375 = 125 kr,

- H3PACX0/10BAHO KMCI0pOa;

2375-22,4 3
HA OKUCJIEHHE Cephbl =1663 m~.
2495-32
C yucrom &, 1663 - 1,5 = 2495 M3 wn T =3560 kr.
| 249579 .
[loctynwio ¢ KHCJIOPOAOM  a30Ta: — 9380 M*
9380-28
= 11700 xr.
2375-64
Obpazosanocs S0, no peakuuu: = 4750 kv wm
4750-22,4 ;
— = 1663 m3.
OcTanock HEU3PACXOLOBAHHOTO KHCIopoaa:1663 - 0,5 = 832 m3
B31-32
i —— = 1185 kr .
Marepuanerelii Oananc newd npeacrasiied B tadnuue 1.
Tabmuya. l
[Ipuxon KT M Pacxon KT '
S 2500 S 125
0 3560 2495 50, 4750 1663
Na 11700 9380 04 1185 831
N, 11700 9380
Hroro 17760 11875 Hroro 17760 11758

ONK-3. CnocoGeH MpUMeHsiTb pacyeTHO- TeopeTUdYeckne MeToabl AN U3yYeHUsi CBOWCTB Be-
LLEeCTB 1 MPOLECCOB C UX y4acTUeM, UCMOSb3ysi COBPEMEHHOE NporpaMmMHoe obecneyeHne 1 6asbl gaH-
HbIX NPOheCCUOHaANBHOIO Ha3HaYEHUS



OrlK-3.1. lpumeHsem meopemu4deckue U nosyamnupudeckue modenu npu peweHuu 3adady xumu4e-
CKol HaripasrneHHocmu
Or1K-3.2. Ucnonb3yem cmaHdapmHoe ripozpammHoe obecriedeHue U crieyuanuauposaHHbie basbl 0aH-
HbIX fipu peweHuu 3adad ripogheccuoHarnbHol dessmernibHocmu

1) 3akpbITble 3agaHus (TECTOBbIE, CPEAHMNN YPOBEHb CNOXHOCTU):
3AO0AHUE 1. CooTHecuTe pacuyeTHble MeTOoAbl C UX NMPUMEHEHUSMMU.

1. MeTo KOHEeYHbIX 3NIEMEHTOB

2. MeToa MoHTe-Kapno

3. MeTog nnoTHoCTM doyHKUKMOHana
OTBeTbI:

A. MogenvpoBaHue CNoXHbIX CUCTEM
B. CTaTuUCTMYeckun aHanua cnyyanHbix NpoLeccoB
C. VccnepoBaHue aneKTPOHHbIX CTPYKTYP MOMEKYr
OTBET: 1-A, 2-B, 3-C
3A0AHUE 2. YcTtaHOBUTE COOTBETCTBME MeXAY NPOorpaMMHbIM obecrnevyeHnem n ero PyHKUMAMU
B XMMUYECKOM NMpou3BoacTBe.
1. Aspen Plus

2. MATLAB
3. ChemCAD
OTBeThbI:

A. MogenupoBaHue 1 onTMmm3aumnsa NpoLeccoB
B. YncneHHble pacyeTbl U aHann3 AaHHbIX
C. lNpoeKkTnpoBaHne TEXHOMNOMMYECKNX NPOLECCOB
OTBET: 1-A, 2-B, 3-C
3A0AHUE 3. CooTHecuTe nporpaMMHoe obecrnevyeHune ¢ ero OCHOBHbIM MPUMEHEeHUeM B XMmMuye-
CKOM MoAenupoBaHUN.
1. Gaussian
2. COMSOL Multiphysics
3. ANSYS Fluent
OTBeTbI:
A. MogenvpoBaHne MONeKynapHbIX CTPYKTYP
B. MogennpoBaHne MHOFOMNPOLIECCHbLIX CUCTEM
C. MogennpoBaHue Te4deHnin n TennoobmeHa
OTBET: 1-A, 2-B, 3-C
3A0AHUE 4. CooTHecuTe TUNbl BbIMUCIIUTENbHbIX MOAENeN ¢ UX NPUMEeHEeHneM.

1. MonekynspHas guHamuka

2. KBaHTOBO-XMMUYECKMNE pacyeThl
3. MeToabl KOHEYHbIX 0ObEMOB
OTBeThI:

A. MogenvposaHue Ha aTOMHOM YpPOBHe
B. AHanm3 MakpoCKONnU4ecKnx npoLeccoB
C. ViccnepoBaHune aNeKTPOHHbIX CTPYKTYP
OTBET: 1-A, 2-C, 3-B
3AO0AHUE 5. YcTtaHOBUTE COOTBETCTBME MEXAY TUNaMu AaHHbIX U UX UCMOSIb3OBaHMEM B XMMMU-
YeCKOM MoaenupoBaHUN.

1. OKcnepuMeHTarbHblE JaHHbIE
2. TeopeTuyeckue gaHHble

3. Cratuctuyeckue gaHHble
OTBeThI:

A. lNoaTteepxaeHne moaenm
B. PaspaboTtka mogenu
C. AHanus pesynbTaTtoB
OTBET: 1-A, 2-B, 3-C

2) OTKpbITblE 3a4aHNS (TECTOBbLIE, MOBbLILIEHHbLIN YPOBEHb CIOXHOCTH):
3AOAHUE 1: 3anonHuTe nponyck B NpeasioKeHuu, Bbibpas NpaBuibHOE COBO B HYXXHOW dhopme (po-
OUTEnNbHbIN Nagex, MHOXXECTBEHHOE YMCHO0):
"CTpyKTypa XMMMKO-TEXHOMOMMYECKUX CUCTEM NpeacTaBnseT cobon COBOKYMHOCTb n cBs-
3en."




BapwuaHTbl: anemeHTa, arfieMeHToB, NoACUCTEM

OTBET: anemeHTOB
3AOAHUE 2: 3anonHuTte nponyck B NpeafoXeHnn, ykasas NpaBuiibHbIN TEPMUH:
"Agcopbumst — 9TO NPOLECC NOIMOLEHUS ra3oB U3 ra3oBOW CMECH nornotutenamm."
BapwuaHTbl: TBEpAbIMU, XUOKAMU, STUNEHTNKOSEBBIMU

OTBET: TBepabimMu
3AOAHUE 3: Onpepenvre OBMXKyLLYIO cuny npouecca MaccoobmeHa, BbibpaB npaBuIibHbIA TEPMUH:
"OCHOBHOW OBWXYLLEW CUITOM Mpouecca MaccoobmeHa siBnsieTcs pacnpenensemMoro Be-
wectea."
BapwuaHTbl: pa3HOCTb AaBNeHUI, rpagueHT TemnepaTtypbl, rPagneHT KOHLEeHTpauum

OTBET: rpagueHT KOHUEHTpaummn

3AOAHUE 4: 3anonHuTte nponyck, ykasas NpaBUibHbIA TEPMUH:
"B TennosbIX NpoLueccax ABWXKYLLEN CUon aBnseTca TemnepaTtypsbl."
BapuaHTbl: rpagneHT, KoapULMEHT, pasHOCTb

OTBET: rpagneHT
3AOAHUE 7: 3anonHuTe nponyck B nNpeanoXeHun, BblOpaB NpaBUIbHOE CIIOBO B HYXXHOW dhopme
(NpeanoXxHbIN Nagex, eAMHCTBEHHOE YNCHO):
"HepocTtaTtkoM peakTopa BbITECHEHUS SABMASETCS TPYAHOCTb OOCTMDKEHUSA XOPOLLEro nepemeLLmBaHns B

BapwuaHTbl: peakTope, kaTanusartope, annapaTte

OTBET: peakrtope
3AOAHUE 8: 3anonHuTe nponyck B NpeasioxKeHn, BbiIOpaB NpaBubHOE CroBO B HYy>kHOW dopMe (Mme-
HUTENbHbIV NageX, MHOXXEeCTBEHHOE YNCIO):
"(OMOreHHbIMWN Ha3blBalOTCA NPOLECCHI, OCYLLECTBIISIEMbIE B Kakon-nmbo dasbl."
BapwuaHTbl: 06bemax, cuctemax, ycrioBmsix

OTBET: o6bemax
3AOAHUE 10: 3anonHute nNponyck B NpeanoxeHun, Bbiopas NpaBuibHOE CIIOBO B HY>KHOW dhopme (po-
ANTEnNbHbIV Nagex, MHOXEeCTBEHHOE YNCIO):
"OCHOBHbIM HEJOCTaTKOM FOMOFEHHOro KaTtanusa SABnseTcs TPYAHOCTb BblOeNeHns n3
NPOAYKUMOHHOM cmecn."
BapwuaHTbl: KaTanu3aTopos, 0TX040B, NPOLECCOB

OTBET: kaTtann3atopoB

3) oTKpbITble 3a4aHUsa (MUHU-KEWNCI, CPEeOHUN YPOBEHb CIIOXHOCTU):

3AOAHUE 1: MNbinb, AbiM (rasoBasi CyCneHsnd) TaHreHunanbHO BBOAATCS B LIMKIOH (puUC.), NOTOK raso-
BOW (>KMAKOWM) hasbl 3aKpy4MBaETCs BOKPYr LieHTpanbHOW TpyObl, TBEpAbIE YacTuULbl 3a CHET BO3HUKatO-
Len LeHTpoBexHOM cunbl 0TOpackiBalOTCA K CTEHKE KOpMyca M OMyCKalTCA N0 KOHMYECKOMY OHULLY K

pa3rpy304HOMy OTBEPCTMIO. OUMLLEHHBIN ra30BbIA (KUAKWUIA) NOTOK BbIBOAUTCS Yepes3 LieHTparnbHyo Tpy-
oy.

W
yen

Gruernas Mepenaa gaenenust B umknoHe AP =1000 Ma, nnotHocTb rasa p = 1,3 kr/m® ko-
. Jeme|  3GMUMEHT conpoTmBreHuns umknoHa ¢ =100, 06beMHbIi pacxos rasoBon asbl
— o 2,2 M°/c. OnpenennTb AMameTp LMKIIOHa.
b PELUEHUE (OTBET):
D | b D OnpepeneHne yCrioBHOW CKOPOCTM rasa B LUKIOHE Wy,
Apuyec-
g 24P  [2-1000 ,
KOpnyc o H‘vrr = = =3, MoC.
- B p.& 1.3-100
L Onpegenenune guameTtpa uuknoHa D
N / T[D:
! r =0 ‘i yoca
1 4 X
Tae;u;me D = 41‘ = 4 i 12 = 0385 M
HacTuUbl . "\ - 3_’92



3AOAHUE 2: B TtennoobmeHHuke Tuna «Tpyba B Tpybe»
(puc.) koHgeHenpyeTca D = 3000 Kkr/4 HacbILLEHHbIX NapoB ce-
poyrnepoaa npu tu,. = 46 °C. No BHYTpeHHel TpyGe naeT ox-
naxpatouwas Boaa, t,, = 10 °C, ts, = 40 °C. TennoTta napoo6-
pasoBaHust cepoyrnepoga r = 340 k[bx/kr. KoHgeHcaT napa
cepoyrnepoaa BbiIxoauT M3 annapaTa c t... = 46 °C. Koaddu-
umMeHT Tennonepegayn K = 2000 BT/(MZK). Onpenenutb Ten-
NOBYIKO Harpysky TennoobMeHHMKa, pacxoq oxnaxaatowen
BOAbl 1 NOBEPXHOCTb TennoobmeHa (6e3 yyeTta TennosbIX Mo-
Tepb B OKPYXatoLLyto cpeay).
PELUEHUE (OTBET):
1. Tennosas nHarpyzka Terioco0MeHHHUKA

0 =rD =340-3000=1020000 x/{x/u.
2. Pacxon oxutaxaaroeil Boasl

welt, —t,)=0
Q0 1020000
e, —1,) 419(40-10)

B

riae
W=

=8115 kr/u,

¢, =419 w/lx/(xkrK) — TennoemMkocTs BOJIbL.
3. Cpeansas JBuKymas ciia rnpoiecca
At, =t —t, =46-10=36 C

(8]

At, =t —t, =46-40=06"C. THKKHKf“ =36>2

mo o Phae ] 1o

A, - A, 36-6
" n[Ar, /Ar,]  In[36/6)
4. lloeepxHocTh TennoodMeHa

po O _ 1020000 ..,
KAt 2,0-3600-168

At

=168 "C.

?

M
op

Kputepun 1 WwKanbl oueHUBaHUA:

[nsa oueHmBaHWS BbINONHEHWS 3a4aHunii ncnonb3dyeTca bannbHas wkana:
1) 3aKkpbITble 3a4aHMs (TECTOBbIE, CPeAHUN YPOBEHb CITIOXKHOCTU):
e 1 6ann — ykasaH BepHbIA OTBET;
e (0 6annoB — yka3aH HEBEPHbLIN OTBET, B TOM YNCIE YaCTUYHO.
2) OTKpbITble 3aaHuUsl (TECTOBbIE, NOBbILLIEHHbIV YPOBEHb CNOXHOCTH):
e 2 6anna — ykasaH BEpHbI OTBET;
¢ (0 6annoB — yka3aH HEBEPHbLIN OTBET, B TOM YNCIE YaCTUYHO.
3) oTKpbITble 3a4aHUA (MUHU-KENCHI, CPEAHUN YPOBEHb CINOXHOCTH):
e 5 6annos — 3agaHune BbINOIHEHO BEPHO (MOSyYeH nNpaBusibHbIN OTBET, OOOCHOBAH (apryMeHTMpOBaH)
XOA BbINOMHEHMSA (Npu HeobxoanmocTn));
e 2 Oanna — BbINOMHEHWE 3aJaHWNsi COAEPXKMUT He3HauMUTEeNbHble OLIMOKKM, HO NpUBEAEH MpaBUIbHbIN
XOA pacCyXOeHu, Unu nonyyYeH BEpPHbIN OTBET, HO OTCYTCTBYeT 060CHOBaHME Xoda ero BbINOSIHEHUS
(ecnn oHO ObINO HeoO6XxoAMMbIM), WM  3adaHWe BbINOMIHEHO He MOMHOCTbIO, HO  MOMyYeHbl
NPOMEXYTOYHbIE (YaCTUYHbIE) pe3ynbTaTbl, OTpaxawLme NPaBuUITbHOCTb XOA4a BbIMOSTHEHUSA 3a4aHug,
unu, B Crlydae ecnu 3agjaHue COCTOUT U3 BbINOMHEHUS HEeCKomnbkux noAasagaHun, 50% KOTopbIX
BbINOSIHEHO BEPHO;
e 0 6annoB — 3agaHMe He BbINOIHEHO WX BbIMNOSTHEHO HEBEPHO (XOA4 BbIMOSHEHMSA OWMOOYEH MK
coaepxuT rpybble ownbkmn, 3Ha4YMTENBHO BRUSAIOLINE HA AanbHeNLIee ero u3yyeHue).




