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Pabouas nporpamMmma AMcUMNMHBLI COCTaBEHa B COOTBETCTBUM C heaeparnbHbiM rocyaapcTBeHHbIM 0b6pa3oBaTesbHbIM
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npukasom MuHncTepcTBa obpasoBaHus n Haykum Poccurickon ®epepauunn ot 07.08.2020 r. Ne 922

CoctaButens (u):

[lokTOp TEXHMYECKUX HayK, Npodeccop Kypos B.C.
[okTop TexHM4Yeckux Hayk, npodeccop Mwngykos H.I1.
Ot kadhenpbl cocTaBuTens: Hukndopos A.O.

3asegyowmn  kacdegpon  MpoueccoB M annapaTtos
XUMWYECKOW TEXHOMNOIMN

OT BbINyckatoLLen kacdeapbl: CmupHoBa E.I".
3asegytowmin kadeapon

MeToaunyeckuin otaen: CmupHoBa B.I'.



1 BBEAEHUE K PABOYEW NPOrPAMME OUCLUMMNIIUHBI

1.1lenbancumMnnuHbl:3aknagkabasoBbix3HaHWI, HEOOXOOUMbIXBNOCEAYOLLEMNPUNIYHEHUNTEXHONOTUYECKNX
NpOM3BOACTB,HAOCHOBEaHanM3anpac4eTaTMnoBbIXN3NYECKUXNPOLIECCOB

1.23agaungncumnimnHbl:

*N3y4EeHNEMEXAHN3MATUNOBLIXU3NYECKUXMPOLLECCOB

*N3y4YeHNneMeTo4oBMaTEMATUYECKOrOONMCaHMANPACcCHETadTUXNPOLIECCOB

*U3y4YeHnenpUHLMNmnanbHbIxannapaToBUMaLLMHXMMUYECKONTEXHOMOMMN

1.3TpeboBaHusAKNpeaBapUTENIbHONNOArOTOBKEOOYYaloLerocs:

MpenBapuTenbHasinogroToBkanpeanonaraeTCo34aHNeoCHOBbIANSOPMUPOBAHMSIKOMMNETEHLMIA, YKa3aHHbIXBMN.2
,IPUN3YYEHNNONCLUMNIIUH:

O6was xmummnyeckasi TeXHONorusi
VHxXeHepHasa n koMmnbloTepHas rpaduka
MaTtematuka

2 KOMMNETEHUMU OBYYAIOWWEIOCA, ®OPMUPYEMBbIE B PE3YJIbTATE OCBOEHUA OAUCLIUMNIIUHBI

OlNK-4: Cnoco6eH o6ecnevynBaTb NpoBeAeHne TeXHONOMrMYecKoro npouecca, MICnofib3oBaTb TeEXHUYECKMe
cpencTBa Ans KOHTPONA NapaMeTPOB TEXHOJNIONMYECKOro NnpoLecca, CBOMCTB Cbipbs U FOTOBOM NPOAYKLUM,
OCYLLECTBNATbL U3MEHEeHNe napaMeTPOB TEXHONIOMMYECKOro npolecca npu U3MeHeHMU CBOUCTB Cbipbs

3HaTb:0CHOBbLITEOPUUNIEPEHOCAMMITYLCA, TENNIAaMMacChl; TPUHLMUNBbIU3NYECKOrOMOAENMPOBAHNSXMMUKO-TEXHONOTUYECK
UXMPOLLECCOB;0CHOBHbIEYPaBHEHNAABUKEHUSXKMAKOCTEN;0OCHOBbLITEOPUMTENSIONEPEAaYM;0CHOBbITEOPUMMAcconepeaadn
BCMCTEMaxcoCcBOOOAHONMHENOABWXHOWIPaHuLeipasaenadas; TMnoBbIenpoL,eCcCbIXMMUYECKONTEXHONOMMN,COOTBETCTBYIO
LimeannapaTbiMeToabixpacyeTa.
YMeTb:onpeensTbxapakTepaBuKeHUsXKUAKOCTENUTa30B;0CHOBHbIEXapPaKTEPUCTUKUMNPOLLECCOBTENMO-MMacconepeaayu;
paccunTbiBaTbNapaMeTpbinBbiOMpaTeannapaTypyansikoHKPETHOrOXMMUKO-TEXHONOMMYECKoronpoLiecca.

Bnapetb: MeTOJJ,aMI/lTeXHOJ'IOI'VI‘-IECKVIXpaC‘-IeTOBOTﬂeJ'IbHblxySJ'IOBXVIMVI‘-IeCKOI'OO60py,D,OBaHVlﬂ.




3 PE3YJIbTATbI OBYYEHUA NO AUCLUUMINHE

KoHTakTHasa paboTa

cP MHHOBaL.

Tlexk. Mp. Jab. (4achI) dopmbl
(4achbt) | (4achl) | (4achl) 3aHATUI

HaumeHoBaHue 1 cogepxaHue pasgernos,
TeM U y4eGHbIX 3aHATMIA

CemecTp
(kypc ans
3A0)

Pasgen 1. OcHoBbI rMgpaBnnKn

Tema 1. OCHOBHbIE MOHATUSA ONpeaerneHuns.
Mpeamert " 3agjaun OUCLMNITUHBI
«lMpoueccbl ¥ annapaTtbl  XMMUYECKOW
TexHonormuy. [lpoueccbl M annapatbl B
LenonosHo- OymaxkHon
npombIWeHHocTn.  Paspabotka  HOBbIX
BbICOKO(PEKTMBHbIX npoLeccos "
annapatoB ang obecneyeHnsa BbiNycka
BbICOKOKaQ4Y€CTBEHHOM npoaykumn,| 3
3KOHOMUU MarepuanbHbIX 7 1 17
3HEpreTMyecKknx pPecypcoB U  OXpaHbl
oKpyxatwLlen  cpegbl  OT  BblOpocoB
npeanpuaTUn.

Knaccudukaums npoLEeCccoB. OcHoBblI
pac4éTtos TUNOBbIX npoLleccoB.
MaTtepuanbHbli 1M TennoBor OGanaHchbl
npouecca. [iBnxkywiasa cuna n KMHeTu4eckue
KO3(puMLMEHTb  NPOLIECCOB  NepeHoca.
O6wwii BUA ypaBHEHUN CKOPOCTW.




Tema 2. XKugkoctb. NoHATME O peanbHOW W
npeanbHon >xuagkoctax. Cunbl, AencTBylOWME
Ha >xugkocTb.['MgpocTatuka.Cxnumaemble u
HecXKnMaeMble XuakocTwu. [umgpocTtatudeckoe

AaBlieHune. OcHoBHOE ypaBHEHNE
r’mapocTaTukn n ero npakTn4yeckoe
I'Ipl/IJ'IO)KeHVIe.rVILI,pOE,VIHaMVIKa. BsaskocTb

XUgkoctem M rasoB. 3akoH HbloToHa.
MmopoanHammyeckme  pexumbl  OBUKEHUS

BSA3KOMN KNOKOCTU: namMuHapHbIN,
TYpOYNEHTHbIN. Yucno PenHonbAaca.
MpapoanHammuyeckun NOrpaHnUYHbIA  CIOW.

OcHoBHblE ypaBHEHUs rMapOAMHAMUKM.
YpaBHeHVEe Hepa3pbiBHOCTM noToka. Pacxop
xugkoctm  un rasa.  OudpdepeHunansHble
YPaBHEHUS [OBWKEHUS peanbHOW KUOKOCTU
(ypaBHeHne HaBbe-CTokca). PacnpeaeneHue
ckopocTen B noToKe. CpenHss n
MaKCMMarnbHasi CKOPOCTb MOTOKa. YpaBHEHue
BepHynnu gna  wmpgeanbHbIX W peanbHbIX
xugkocrten. NoTepu Hanopa B TpybonpoBogax
M Ha  yyacTkax MECTHbIX COMPOTUBIEHUN.
CymmapHble notepu Hanopa. OnTuManbHbIN
anaveTp Tpybonposoaa. TeueHve
HEHbIOTOHOBCKUX  Xnakocten. OcobeHHoCTH
OBWKEHMS BOMOKHUCTbIX CycneH3uin. Peonorus
OymakHOW Macchl.

OcHoBbl Teopuu nogobuss w“  NPUHLUMMDI
dmamyeckoro Mopenuposanus. [logobue wu
aHanormsa U3ndYecknx SBMEHWA, MNPOLECCOoB.
Teopemsbl nogobus. lMpeobpasoBaHne
anddepeHumnanbHbIX ypaBHEHWI B
KpuTepuanbHble. Kputepun  nogobusa u umx
U3NYECKMN CMbICIT. YCNOBUA U KpuTepun
rMApPOANHAMNYECKOrO nogo6us.
KpuTepuanbHble ypaBHEHWS OBWKEHUS] BA3KOW
XUOKOCTW.

JlaGopaTtopHas paboTta Ne 1 - Mmapaenuyeckne
CONpPOTMBMEHUS 3MNEMEHTOB HanopHoro
TpybonpoBoaa.
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Tema 3. MNepemelyeHne XNOKOCTEN.
Knaccudukaums HaCcoCOB. OcHOBHblE
napameTpbl HacocoB. [1pon3BOANTENBHOCTD.
Hanop. MouwHocTb. KoadhduumeHT nonesHoro
Jencteus. BoicoTa BcacbiBaHMS.

MopLlHeBbIE U NAYHXEPHbIE HACOChl NPOCTOro
W  MHOrokpaTtHoro pgenctsums. KoHCTpykuuu
MOPLUHEBLIX MU NIYHXEPHbIX HACOCOB, MPUHLMN
ux gencrteus. [uarpammbl Nogayn NOPLUHEBbIX
N NNyHXepPHbIX HacocoB. Bo3ayLuHble konnaku
LleHTpoGexHble  Hacocbl:  YCTPOWUCTBO U
npuHumn pgencteus.  OCHOBHOE YypaBHeEHMe
LeHTpoOeXHbIX MawwnH Aunepa. Bbibop Hacoca
no karanory. Paboune xapakTepuCTUKN.
Pabota Hacoca Ha ceTb, paboyas Touka.
dopmynbl NponopumoHansHocTU. Hacockl ansd
nepekadnBaHus GyMaykHOW Macchbl.

Kasutauyus. KoHcTpyKumm OCEBBbIX,
LecTtepeHyaTblX U AvadparmoBbiX HACOCOB.
CpaBHUTENbHbIE XapPaKTEPUCTUKU OCHOBHbIX
TMNOB HACOCOB M 06NacTu UX MPUMEHEHUS.
MepemewieHne un cxatme rasoB. [lpuHumMn
Oe’cTBUS 1 Knaccudmkaumsa KOMMNpeccopHbIX
mMawuH. CreneHb cxatuda. WHankaTopHas
anarpamma. O6BbEeMHbIN K.n.A. 7]
NpPOU3BOAUTENBHOCTb. MHorocTyneH4yaToe
cxaTwe. KoHcTpykuun KOMMpPECCOPOB:
NnopLUHEBbIE LueHTpobexHble, oceBble,
cTpynHble. CpaBHWUTENbHas XxapaKTepucTuka
KOMnpeccopoB M obnactu ux MNpUMEHEHMS.
KOHCTpYKUUN  BEHTUNATOPOB M BaKyyM-
HaCcoCOB.

JlabopatopHaga pabota Ne 2 — ViccnepoBaHue
paboThbl LEeHTPOOEXHbIX MaLlUuH Ha
rmapaBnnyeckyro CeThb.

Pasgen 2. T'mgpomexaHudyeckue mnpouecchl
HEeOOHOPOAHbLIX CUCTEM
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Tema 4. OcHOBHble noHaTMA. MeTtoabl
pasgeneHuns HEeOaHOPOAHbIX cucTem.
Knaccudmkaums, npuHumnsl Beibopa n oLeHka
3 PEKTUBHOCTN METOAOM pasdeneHus.
OcaxpgeHve B nomne cunbl TSKeCTU. [BuxkeHune
Tena B cnnowHon cpege. ConpoTueneHue
OBWKEHWIO Tena npu pasnuyHbIX
rMAPOANHAMUYECKNX pexnmax. OcHoBbI
Teopum  ocaxgeHusa. Pacuer  ckopocTm
cBobOAHOMO OCaXaeHus Yactuy B none
nencTeus MacCCOBbIX cuvn. CkopocTb
CTECHEHHOrO0 ocaxaeHus, KOHCTPYKUMMK
OTCTOMHUKOB. PacyeT nx oCHOBHbIX pa3MepoB.
OcaxpgeHne B none LEeHTPOGEXHbIX Cun.
dakTop pasgeneHunsa. PasgeneHue cycneHsui
W 3MyNbCUA B TUAPOLMKIIOHAX U OTCTOMHbIX
ueHTpudyrax. KoHCTpykuum rmugpoumKiioHoB 1
OTCTOWHbIX LeHTpudyr. MNponssogmMTenbHOCTb
1 3¢pEKTUBHOCTb PabOThbl MMAPOLMKIIOHOB.
Pasgenenne nog [ewcTBUMEM CUM pas3HOCTU
OaBrieHus. PunbTpoBaHUE CYCMNEH3NN.
dunbTpyowwme neperopoaku. CkopocTb
npouecca uneTpoBaHma. Bugbl ocagkos
(cxumaemble n HecxXnmaemble).
MakcumanbHas NPON3BOANTENBHOCTb
UNbLTPOB U UX IKOHOMUYECKU OMTUManbHas
NPOAOCIHKUTENBHOCTb uukna paboThbl.
WHTerpanbHoe ypaBHeHMEe unbTPOBaHUS,
onpegerneHne ero KoHCTaHT. dunbTpoBaHue

BOJTOKHUCTbIX CYCMEH3NI. dunbTpbl
(bapabaHHbIi  BakyyM-punbTp,  HanopHO-
BaKyyMHbIN, CEKLUMNOHHbIN, unbTPbI
BO3OYLUHOTO W XMOKOCTHOTO  OaBreHwus,
®IMAKM.)

Ounctka rasoB B none LEHTPOBEXHbIX W
WMHEPUUNOHHBbIX cur. KOHCTPYKUMW LMKITOHOB W
WHEPUUOHHbIX  Mbineynosutenen. OuucTka
rasos unbTpoBaHNEM. KoHCTpyKumnm
pykaBHOro uneTpa.

Ouuctka rasoB M pasgeneHve asposonen B
3ANeKTpocTaTUYecKoMm none. dusunyeckne
OCHOBbI npoLeccos. YcTponcteo
ANEeKTPOUNLTPOB. Mokpas ouncTka
3anbifieHHbIX rasoB. Teopust WMHEPLMOHHOro
ocaxaeHus. AnnapaTbl A1 MOKPOW OYUCTKM
rasoBblX BbIBGPOCOB LENNONO3HO-O6YMaXHOro
npoussoacTea (ckpybbepbl BeHTypu, neHHbIe n
Ap.).

TexHVKo-aKOHOMMYEeCKas OueHka annapaToB
ONsl O4YNCTKU rasos.

JTabopatopHasa paboTta Ne 3 — VccnepoBaHue
npouecca pasfeneHus CcycrneHsui MeToaoMm
ocaxgeHus, JlabopatopHas pabota Ne 4 —
WccneposaHue npotiecca pasgeneHus
CYCMNeH3ui MeToaoM (bUnbTPOBaHUS.
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Tema 5. ObpasoBaHe HEOOHOPOOHbLIX CUCTEM.
NceBOooOXmMxKeEHME. MmppoanHamuka
NCEeBOOOXKMKEHHbIX 3EPHNCTbIX CNnoeB.
OcCHoBHble XapakTepUCTUKN cnosi.
MmopaBnunyeckoe conpoTtuBneHne. Kpusas
NcCeBOOOXKMKEHNS. Pacuer CKOPOCTU
NnceBaOOXMKEHNS U yHoca. Pabo4dasi CKopocCThb.
BbicoTa 1 NOPO3HOCTb KMMSILLLETrO CrOS.

MNepemelwmnBaHne B XKNOKNX cpepax.
HasHauyeHne wn cnocobbl nepemMelLvBaHus.
OdPEeKTUBHOCTL  NEepeMeLlmBaHmMa U ee
OLIeHKa. MmpopoanHamuyeckme  CTPYKTYpbl
NOTOKOB B annapaTtax ¢ Melwankamu. Pacuet
MOLLLHOCTW Ha MEeXaHU4ecKkoe nepemMeLlnBaHue.

Tunosble KOHCTPYKLNM MeLLarok.
MHeBMaTMYeckoe n LUMPKYNSLMOHHOE
nepemeLLMBaHme. MpumeHeHne
POTOPHO-MNYbCALNOHHOIO annapaTta B
LieNono3Ho-6yMaxHOW  NMPOMBILLIIEHHOCTMU.
KoHcTpykuus " npUHUMN paboThl,

TeopeTU4eckne OCHOBbI, TEXHOMOTMYECKME |
KOHCTPYKTMBHbIE NapameTpbl.
UHTeHcndukaumsa npoueccoB nepemeLllnBaHns
B LLeNIH0NI03HO-6yMaXKHOM NPOMBILLEHHOCTMU.
JlabopatopHaga pabota Ne 5 - Pacxon aHeprum
Ha nepemMeLlVBaHne B XXMAKNX Cpeaax.

Pasgen 3. OcHOBbI TENOBbLIX NPOLLECCOB
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Tema 6. OnemeHTapHble cnocobsbl
pacnpocTpaHeHnst Tenna. TennonpoBOAHOCTb.
OBmxyulas cuna TennoBbIX  MPOLECCOB.
OuddepeHuymansHoe ypaBHeHune
KOHBEKTUBHOIO TennoobmeHa. Ycnosus
Tennosoro nogodus. OCHOBHbIE KpUTEpPUM
TennoBoro nogobusi 1 ux EU3NYECKMn CMbICIT.
KputepuanbHble ypaBHEHWST KOHBEKTUBHOIO

TennoobmeHa. TennooTtaava "
Tennonepegaya. WHTeHcndukaums
TennoobMeHHbIX NPOLIECCOoB.

TennoobmeHHbIe annaparthl, nx

Knaccugpukaumsi, BblIGOp NO kaTanoram u
FOCTaM. [loBepxHOCTHble TeEMI00OMEHHUKM
(koXXyxoTpyOHbIe, cnuparbHble,
nnacTuH4yaTble). CmecuTenbHble
TEennoobMeHHMKN (KOHAEHCATOpbl CMELLEHUS).
CpaBHuTENbHAsA XapakKTepUCTMKa, MNPUHLMMbI
Bbibopa TennoobmeHHbIx annapaToB. OCHOBbI
pacyeTa TennooOMEHHWKOB W ONMTUMarnbHbIX
PEXMMOB X paboThbl.

JlabopaTopHasi pabota Ne 6 — OnpegeneHve
KoappumumeHTa Tennonepeaayin B
TennoobmMeHHuKe Tuna Tpyba B Tpyoe.
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Tema 7. HaszHayeHne n TexHn4eckne MeTtombl
BbiMapuBaHus. BbinapuBaHue nog BakyyMOM.
OpHokpaTtHoe (npocToe) BbiNapuBaHue.
MaTtepuanbHbli M TennoBon  GanaHchl.
MHorokpaTHoe BbIiNapuBaHMe Kak cnocob
MoBbILIEHUS 9KOHOMWYHOCTU npouecca
BbINapuBaHusi. Cxembl MHOMOKOPMYCHbIX
BblNapHbIX YCTAHOBOK. MaTtepmanbHbini 1
Tennosown BanaHcbl MHOFOKOPNyCHOMN
BblMapHoW ycTaHoBkn. O6was wn nonesHas
pasHoCTH Temnepartyp. TemnepaTtypHble
notepu. PacnpegeneHve nomnesHon pasHOCTU
TemnepaTtyp no kopnycaM. OcobeHHOCTM
Tennonepeaayn B BbiNapHbIX annapartax. yTtu
coKkpalleHusi  BpedHblX  BbIOpOCOB  mpwu
BblMapuBaHum LLIENOKOB LeNnoNo3HOoro
npov3BoACTBa.

BbinapHble annapatbl. Knaccudumkauma un
OCHOBHbIE KOHCTPYKTUBHbIE TWMbI (annapatbl C
€CTeCTBEHHOM " NPUHYAUTENBHOW
LUupKynsauuen, NNeHOYHOro TMna).
CpaBHuTenbHasi xapakTepuctuka u npuHLAN
BblOopa no katanoram n FOCTamM KOHCTPYKLMK
BbIMapHbIX annapaTos.

JlabopaTopHasi pabota Ne 7 — OnpegeneHue
OCHOBHbIX MoOKa3aTtenen paboTbl BbIMAPHOro
annapara.

24

Pasgen 4. OcHoBbl Macconepegayn




Tema 8. Knaccuduvkaunsa MaccoOOMEHHbIX
npoueccoB. Ponb MaccoobMeHHbLIX NPoLEeccoB
B 3afjayax OXpaHbl OKpyXawwen cpefbl.
Ob6uwme 3aKkOHOMEPHOCTN NepeHoca BellecTBa
N  3HEprMM Kak MposiBlieHWe eauHCTBa
MaTepuanbHOro Mupa UM OCHOBa  [AJisl
npuMmeHeHns MeToga aHanormn. CTraTuka
MacCOOBMEHHbIX npoLeccos. 3aKoHbI
dasoBoro paBHOBECHSI. HanpasneHnue
npoLieccoB macconepeHoca, nx obpaTmmocTb.
KnHeTtunka MaccOOOMEHHbIX NnpoLeCCOoB.

MexaHun3mbl nepeHoca Maccebl —
MOJTIEKYNSIPHBIA N KOHBEKTMBHbIA. 3akoH Puka.
OuddepeHumansHoe ypaBHeHWe
KOHBEKTMBHOM anddysmn. YpaBHeHue

mMaccooTaaun. KoadhdpuumeHTbl mMaccooTaauu.
OswxyLas cuna npovecca. Mopobue

MaCcCOOBMEHHbIX MpOLLeCcCoB. Kputepun
Anddy3noHHOro nogobust n ux duanyeckni
CMbICIT. O606LeHHoe ypaBHeHwue
MaccooTaauw.

Macconepepava. OcHoBHOe ypaBHeHue
mMacconepegauiu. KoadpuuneHTsl
macconepegauu. Css3b mexay
koadduumeHTamn macconepegaiu "

maccootdaun. CpegHasa OBWXKywas cuna
npouecca macconepegayu.

AHamnornss mexgy npoueccamu Tenno- u
mMacconepeHoca. ObLwme mMeToabl
MHTEeHCUMKaL MM NPOLIECCOB Macconepeaayn.
Ponb 1 3Ha4yeHne rugpoanHamMmky npolecca.
JlabopatopHasa pabota Ne 8 - Onpepenenue
OCHOBHbIX MapamMeTpoB BMAXHOro BO34yXa M
rpacboaHanmMTU4eCcKmm pac4yeT npotecca
KOHBEKTMBHOW CYLLKMW.
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Tema 9. Cywka. OOwas xapakTepuctuka
npouecca u ero npuMeHeHns. MeTtoapbl CyLLKW.
PaBHOBecHasi BNaXHOCTb M CBs3b Bnarm cC
matepuarnom. KoHBekTmBHas CyLLKa.
Tennodumsanyeckne cBoncTBa BNaXKHbIX ra3oB.
[Ounarpamma COCTOSIHMA BMAXHOro BO34yxa
(anarpamma J1.K. PamsunHa). MatepuanbHbin 1
Tennoson  GanaHcbl  CywkW.  YaenbHble
pacxoabl Bo3ayxa u Ttenna. TeopeTudeckasi u
aencreutenbHas cylmrika. OcHoOBHbIE
BapuaHTb! KOHBEKTUBHOW CYLLKW, nx
nsobpaxeHme ” aHanu3 Ha AuarpaMmme.
KnHeTMka npouecca cywku. Tenno- wu
MaccoobmeH mexay BO34yXOM MU Matepuarnom.
TunoBble  KUHETUYECKME  KPWBbIE  CYLLKM.
Mepunoabl NOCTOAHHON 1 NagatoLLen CKOPOCTEN.
Mytn WHTEeHcndmKaumm [ NoBbILLEHNSA
3KOHOMWYHOCTU  Mpouecca  KOHBEKTUMBHOW
CyLKN. KOHCTPYKUMN KOHBEKTUBHbBIX CYLUWIIOK
(TyHHEenbHas, NHeBMaTU4eckas, 6apabaHHas, ¢
BO3YyXOOMOPHbIM ABMXEHMEM MOSOTHA).
KoHTakTHaa cywka. MexaHusm u KUHeTuKa
KOHTaKTHOM cyLwlkn. Cxema MHOrouMIMHOpOBOM
KOHTaKTHOW CYLUUIIbHOW YCTAHOBKW AMNSsi CYLUKU
uenntonosbl, 6ymarn n kaptoHa. KoHcTpykunm
CYLUMITbHOIO uunuHgpa. Cnocobbl
WHTEHCcUrKaLmm KOHTaKTHOW CYLLKW.
YTunusauus Tennotsl oTpaboTaHHOro Bo3ayxa
N NOBbILLEHNE S3KOHOMUYHOCTM CYLLIKU.
JlabopatopHaga pabota Ne 9 — ViccnepoBaHue
KMHETUKN KOHBEKTUBHOM CYLLKM.
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Tema 10. AGcopbuua. XapakrepucTtuka
npouecca n ob6ractTu €ero MNpUMEHEHUS.
dusnuyeckana abcopbuusas un  xemocopbuus.
PaBHOBecne B cucTeMe XWOKOCTb — ras.
BnusHue Temnepatypbl M gaBneHus Ha
paBHoBecue. MaTepuanbHbii  GanaHc w©
ypaBHeHne paboyen nuHUN. YaenbHbIn pacxon
abcopbeHTa, ero MUHUMambHOE "
9KOHOMUYECKN onTumarnbsHoe 3HaveHue.
KoHcTpykuun abcopbepoB. CpaBHuTenbHas
Xapaktepuctuka wn obnactm npuMeHeHus
annapaToB pasfuyHbIX KOHCTpyKuuK. Pacuet
abcopOumoHHON annapartypbl. Bbibop
abcopbepos no katanoram un FOCTam.
Ouctunnauma [ pekTugukaums.
Xapaktepuctvka npoueccoB AUCTUANSALMN U
pekTudukaumn. PaBHoBecne Mexay napom u
KNOKOCTbIO. Pektudoukauyus. dusnyeckas
CYWHOCTb  pekTudmkauun. MartepumanbHbii
6anaHc HenpepbIBHON pekTnmrkaumm
OUHApHbBIX  CMecel.  YpaBHEHWe  MMHUN
N3MeHeHust pabounx KOHUEHTpaLnn.
OnpepeneHne MuHUManNbHOrO U paboyero
cdnermoBoro 4uncna. TexHWKO-3KOHOMMYecKas
onTMMm3aumsi Bblbopa ¢nermMoBoro 4ucna
(3aBMCMMOCTb Mexay rnerMoBbIM  YMCIOM,
pacxodoM TpelLero napa, oxnaxaarwLlen
BOAbl, MNPOM3BOAUTENBHOCTBIO Y OCHOBHBIMU
pasMepamu annapaTa.

JlabopatopHaa pabota Ne 10 — W3syueHue
npotecca npocTomn neperoHKu
OBYXKOMMOHEHTHOW CMeCH CnNnpT-BoAa.

WUtoro B cemecTpe (Ha kypce ansa 3A0)

25

KoHcynbTauumn n npoMexyTovHas atrecrtauns
(Ok3ameH, KypcoBas paborta)

12

16

206

13

Paspen 5. Xumunyeckne peaktopbl. BeegeHne

Tema 11. Knaccudwukaunsa peaktopos. C
MOMOLLBIO  TepMOAMHAMMYECKUX  pacyeToB
HaxoaaT: KOHCTaHTbl PaBHOBECUS XMMWYECKUX
peakuui; paBHOBECHbIE cTeneHb
npeBpaLleHnsi, BbIXO4 W COCTaB MNPOAYKTOB
peakuun; TennoBble 3PdEKTbI  peakuun,
3aBMCMMOCTM  KOHCT@HT  paBHOBECUS U
CKOpOCTH XUMUYECKNX peakuni oT
TemnepaTypbl.

Tema 12. KuHeTnyeckme ypaBHEHUSI peakuui
NoO3BONAOT OMNPEeAenuTb 3Ha4YeHUE KOHCTAHT
CKOPOCTEN W MNPOAOIPKUTENBHOCTL pPeakuui,
HeobOXoouMMbIX AN pacdeTa CKOpOCTU U
BpeMeHU npouecca XUMUYECKOTO
npeBpaLLeHns BELLIECTBA B peakTope.

8,6

8,6




Tema 13. VYpaBHeHUa maTepuanbHOrO W
TennoBoro 6anaHca cnyxaT OCHOBOW pacyéTta
peakuMoHHOro obbema annaparta (npu
3a0aHHOM  CTeneHW npeBpalleHns)  umm
CTeneHn npeBpalleHuss B peakTope (npwu
3agaHHbIX ycnosusx). [Npu pacyeTe yalle Bcero
Nonb3ylTCs BblpaxeHnem obuwero 6GanaHca,
COCTaBMEHHOrO MO OAHOMY W3 WCXOLHbIX
BELLECTB, Y4YacTBYWLWMUX B  XUMUYECKOM
npouecce.

Tema 14. Bug ypaBHeHus 3aBUCUT OT Tuna
peaktopa, B KOTOPOM MpOTeKaeT npoLecc
XUMUYECKOTO npeBpaLLeHns BELLECTB.
MaTtepuanbHbii 6anaHc npegctaBnsieT cobon
OCHOBY 41151 BbIBOAA 3aBUCUMOCTM CBA3W MeXay
CTEMNEHbID  MPEBPALLEHUsi, CKOPOCTbO MU
BPEMEHEM XMMWYECKOro mnpouecca, KoTtopas
ABNAeTcA HeobGXOAMMbIM  3NIEMEHTOM  €ero
pacyeTta n HOCUT Ha3BaHue
XapakTepUCTUYECKOro ypaBHEHUS peakTopa.
Tennoson  GamaHc  npouecca  cnegyet
paccmaTpuBaTb COBMECTHO c ero
mMatepuanbHbiM GanaHcoM, ecnm XMMU4eckoe
npeeBpalleHMe  BellecTBa  NpoTekaeT B
HEeM30TEPMMNYECKUX YCITOBUSIX.

8,6

Pasgen 6. CpaBHeHVe M BbIGOP XMMUYECKOrO
peakTopa

8,6

Tema 15. Bpems npebbiBaHus, pacnpegeneHme
BpeMeHn npebbiBaHMSA, nepemellBaHue B
XUMUYeCKUX peaktopax. pu npoekTuposaHum
XMMUWYECKOro peakTopa W OLeHKe ero paboTbl
HeobxoAMMO 3HaTb CTeneHb npeBpaLleHns
MCXOOHBbIX BELeCTB B MNPOAYKTHI  peakuuu,
BbIXOA4  MPOAYKTOB M uM3bupaTenbHOCTb
XUMUYECKOTO npespaLleHns BELLECTB.
PacyeTHble hopMynbl ANs HaXOXAEHMA 3TUX
BEMMYMH, a TakkKe CBA3M Mexgy HuMK
onpepensalTcs, Nnpexae Bcero, TUNom peaxuunm
N peaktopa, a TaKKe KUHETUYEeCKUMMU
3aKOHOMEPHOCTSAMM XUMUYECKOro
npespaLleHns BeLlecTBa.

Tema 16. OCHOBHbIMM (haKTOpamMu CpaBHEHWUS
XUMUYECKUX  PEaKTopoB,  OMNpeaensowmmm
BbIOOp TuMa annaparta, SBNAETCA KMHETMKa
XUMUYECKON peakumn, OTHOLIEHMEe MNOopPSOKOB
OCHOBHOM M NOBOYHBIX peakunh, a Takke
pacnpegenexHve BPEMEHM npebbiBaHNs
peareHToB, KOHLEHTpauun wn TemnepaTtyp B
peakuMoHHoM obbeme. 3T dakTopbl B
pasnuyHbIX TUNax peakTopoB MOryT o
pasHOMYy BIMATbL Ha CTeneHb npeBpalleHus
peareHToB, n3bMpaTenbHOCTb UX XMMUYECKOrO
npespaileHus, a, cregoBaTeNnbHO, U Ha
cebecTonMOCTb Nony4yaemMoro npoaykra.

8,6




Utoro B cemecTpe (Ha kypce ans 3A0) 6 10 52

KoHcynbTaumm n npoMexyToyHas aTTectaums
(3auer)

0,25

Bcero koHTakTHasa pa6bota n CP no

49,25 271
OAUCLMMIVHE

4 KYPCOBOE NPOEKTUPOBAHUE

4.1UenunsapgaumnkypcoBonpabotbi(npoekTta): O6ydeHnecTyaeHTOBMETOANKEPACHETannpoOeKTUPOBAHNSKOMN
nekcaxmmmnyeckmxannapaToB,COCTaBNAOLWMNXYCTAHOBKYANANPOBEAEHNSIOAHOrON3MaccoobMeHHbIXMpoLeccoB.[dnsonpes
€NEeHUAKOHCTPYKUNN, pa3MepoBmBbIbOopanocTaHgapTaMmHopMansiMBcexannapaToB,COCTaBASIOLLNXYCTAaHOBKY,Heobxoam
MO,KaKnpaBuno,Nnpon3BeCcTUpacHeTIMaPOMeEXaHNYECKMX, TEMNOBLIXMMACCOOOMEHHBIXNPOLIECCOBBYKa3aHHONannapaTypec
NCMNONb30BaHMEMKOMMbIOTEPA. DTOMNO3BONAET3aKPENUTLTEOPETUYECKMEZHAHUACTYAEHTANOKYPCYNpOoLLeCCOBMannapaToBX
NMNYECKONTEXHONOMMMN, MPUBUTEEMYNPAKTUHECKUEHABBLIKMNPOEKTUPOBAHMUSNMUCIONb30BAHNSBLIYMCIIMTENBHONTEXHUKUMN
OArOTOBUTLCTYAEHTAKKYPCOBOMYMNPOEKTUPOBaHMIONOCNeLanbHbIMANCUMNITMHAM,aTakKeKaUNIoMHOMYNPOEKTUPOBAHWNIO

4.2TemaTunkakypcoBomnpaboTtbi(npoekra): 1.PacueTpekTndpunkaumoHHONyCTaHOBKNANApasaeneHnabnHapHbIXc
mecen.

2.PacyeTpeKkTnmnKauMoHHONYCTaHOBKNAApa3AeneHMAMHOrOKOMMNOHEHTHLIXCMECEN.

3.PacyetabcopbumOHHONYCTaHOBKM.

4.3TpeboBaHMAKBLINONMHEHUIOUNPEACTABNEHNIOPE3YIbTaTOBKYPCOBOMPaboThI(NpoeKTa):

PaboTaBbinonHseTcamHaneuayansHo,CUCNoNb30BaHEMCNELManu3MpoBaHHOronporpaMMHoroobecneyeHums.

PesynbTaTbinpeacraBnsoTCABBMAENOACHATENBbHOM3ANUCKMObbeMoM25-35¢cTpaHuu, cogepxallencneayoLmeo
6a3aTeNbHbIEANEMEHTDI:

1.BBeneHue.

2.MaTtepuanbHblibanaHcnpoLecca.

3.TennosonbanaHcnpouecca.

4.0cHoBHblepa3Mepblannapara.

5.BcrnomoratensHoeobopyaoBaHue.

6.BbiBOAbI.

7.BubnuorpadunyeckMmncnmcox.

MpadhmueckasyacTbnokypcoBoripaboTecocTaBnaeT1nnucrgopmartaAl.

5. ®OH[ OLIEHOYHbIX CPEACTB AN NPOBEAEHUA NPOMEXYTOYHOW ATTECTALMU

5.1 OnucaHue nokasarteneun, KPUTEPUEB U CUCTEMbI OLleHUBaHUS pe3ysibTaToB O0y4yeHus
5.1.1 NMoka3aTenun oueHUBaHUA

HaunmeHoBaHue

Kog komneTeHunn MokasaTenu oueHnBaHus pe3ynbTaTtoB o6yquV|;|
OLleHO4HOro cpeactea

[leMOHCTpMpyeT 3HaHWSI COBPEMEHHBLIX METOAO0B MaTemMaTU4ecKoro
MOOENVPOBaHUS  TEXHOMOrMYecknux nNpoLeccoB W annapaTtos
XUMUYeckon TexHomnorum. OCHOBHblE MOZENU CTPYKTYpbl MOTOKOB
TennoobMeHHbIX 1 MacCoOOBMEHHbIX MPOLLEeCCOB.
Mcnonb3yeT 4ymcneHHble MeToAbl Afsi PeLleHUusi MaTeMaTU4ecKux
3agad, £A3blkM M cUCTEeMbl MporpaMMUMpOBaHMSA AN peLleHus
. cobecenoBaHus.

npodeccnoHarnbHbIX 3agay;

2. MpakTuko-
OrlnK-4 OcylwiecTBnseT wuaeHTMdUKaUM napameTpoB MaTeMaTn4eckonf e
Mogenu, MOAENUPOBaHME MPOLIECCOB XMMUYECKOW TEeXHOMormu, 32 avap
NPOMBbILLNIEHHOW 3KOMNOrMM. A ’

o 3. KypcoBas paborTa.

Bnageet MeTogamu  MOCTPOEHMST  MaTeEMaTUYECKOW  Mogenwu
NpoLEeccoB XMMUYECKOW TEXHOMOMMN U MHTepnpeTaummn nosyyYeHHbIX
pes3ynbTaToB, a TaK )Xe MeTodamMmn noucka u obmeHa nHgopmaumen B
KOMMNbIOTEPHbIX CEeTAX, MNakeTamu MpUKNagHblX Mporpamm  Ans
MOENMPOBAHNST XUMUKO- TEXHONOMMYECKMNX NPOLIECCOB

1. Bonpocbkl  ycTHOro

5.1.2 Cnctema v KpuTepumn oLueHUBaHus

Kputepuu oueHnBaHUA CRHOPMUPOBAHHOCTY KOMMNETEHLMIA

LLikana oueHuBaHna

YcTHoe cobecenoBaHme MucbmeHHas paboTa
Ob6yu4atowmics nokasbiBaerT [[TofiHOe M pa3HOCTOPOHHEE pPaCcCMOTPEHME
BCECTOPOHHME 3HaHMs B  obnacTtu |Bonpocoe, cBUAETENbLCTBYOWEE o

MpoLeccoB M annapaTtHOro  UX |3HauuTenbHoW paboTe C  MCTOYHUKaMW.
ocdopmreHusi. BnageeT OCHOBHbIMU [KauecTBO WCMOSMHEHUS BCEX 3MEMEHTOB
MOHATUSIMU U TEPMUHONOTMEN BO BPEMS [NpOEKTa  COOTBETCTBYeT  TpebGoBaHusM,
OTBETOB. XOPOLLO 3HAKOM C OCHOBHOW U [cogepkaHue NonHOCTbIO COOTBETCTBYET

5 (oTnmn4HO)




OOMNOJTHUTENTbHOMN nutepaTypon.
LleneyctpemneHHo ncnonb3yet n
npuMeHsieT 6as3oBble 3HaHWs B obnacTtu
PU3nKo-maTemMaTmyecknx Hayk. MNposasnseT
apyauumto  npu  pabote C  y4yebBHbIM
MaTepuarnom.

3apgaHuio. [aHbl ucyeprbiBalolime BbIBOALI U
MONMHble OTBETbl Ha MOCTaBfieHHblE BOMPOCHI.
Pa6ota npeacTtasneHa k 3awuTe B Tpebyemble
CPOKM.

4 (xopoLuo)

O6yuatowmincsa nokasbiBaeT AOCTAaTOYHLIN
YPOBEHb 3HaHWA MO OCHOBaM TeopUM

npoueccos. B uenom pasbupaeTca B
TEPMVIHOSOTUN. Ycsoun OCHOBHYIO
nutepartypy; fonyckaet HekoTopble

NOrpeLlHOCTU U HECYLLeCTBEHHbIE OLLIUGKM
B OTBETax Ha BOMPOCHI 3K3aMeHaLMOHHOIo
Guneta M B oTBETaX Ha OOMOMHUTENbHbIE
BOMpPOChI NpenoaasaTens.

Pabota BbinONMHEHa B COOTBETCTBMM C
3agaHneM. NmetoTca oTAernbHble
HecyllecTBeHHble ownbkn B pabote wnn B
oTBeTax Ha NMOoCTaBl1eHHble npu 3awuTte
BOMPOCbI, MOryT WMeTb MeCTO OT MpaBun
ochopmneHus paboTbl WM HapyLlleHbl CPOKU
npenocTaBreHns MpoeKkTa K 3alumTe.

3 (yooBneTBopUTENbHO)

Obyuyatowuics nokasbiBaeT 3HaHWA
yyebHOro MaTepuana M3 nekumin wu
OCHOBHOM nntepaTypsbl. B Luenom
nokasbiBaeT 3HaHWsi 6a30BbIX 3aKOHOB MO
rmapaBrmMyeckum, TensoBbIM n
MaccoobmeHHbIM npoueccam. [onyckaeT
CyLecTBEHHble OLWMOKM B OTBETax, HO
MOXET WX YCTpaHUTb Mo PYKOBOACTBOM
npenoaasarens.

3agaHue BbINOSIHEHO MOJIHOCTLIO, HO B paboTe
€CTb CYLIECTBEHHble OLIMOKM, MNPUCYTCTBYIOT
HEeTOYHOCTM B OTBeTax, Jmbo KayecTBO
npeacTaeneHust paboTtbl HU3Koe, NMbo paboTa
npeacTasrieHa ¢ onosgaHuemM

2 (HeyaoBMETBOPUTENBLHO)

Obyuatowmiica He MMeeT [OCTAaTOYHOro
YPOBHSI 3HaHWN AucUMNMuHBIL. [yTaeTcs B
MOHATUSIX, TEepMUHONOrnn n
dopmynmpoBKax. Mnoxo 3HaeT
nutepatypy. [onyckaeT CyllecTBEHHbIE U
NPUHLUMNNAnNbHbIE OLWNOKN U HE MOXET WX

YCTpPaHUTb naxe c MOMOLLbHO
npenogaeatens. CnucbiBaHWe, MOMbITKA
MCnonb30oBaHus HepaspeLleHHbIX
TEXHMYECKMX CPEeACTB WM MOACKA3Ku
ApYroro Yenoseka.

CopepxaHue paboThbl
COOTBETCTBYET 3aaHuI0.
MpencraBnexue vyxon paboTel, nnarvaTt, Nnbéo
oTka3 OT npeacTaBneHns pabotbl. OTcyTCTBUE
OOHOTO  WNU  HECKONbKMX  0Bs3aTeNbHbIX
3MeMEHTOB 3afaHusl, NMMBO MHOroYUCIEHHbIE
rpybble owubkn B paboTte, nubo rpyboe
HapyLleHue npaBun oOPMIEHUS UM CPOKOB

NONMHOCTbIO He

npeacTtaeBneHnss  pabotel.  HecnocobHocTb
OTBETUTL  Ha Bonpoc  6Ge3 nomoLly
3Kk3amMeHaTopa.

3ayTeHo

O6Gyyvarowmincs OeMOHCTpUPYET  BbICOKUIA
YPOBEHb 3pyaULINK; XOPOLLIO pa3bupaeTcs B
OCHOBHbIX 3aKOHOMEPHOCTSIX, 6a30BbIX AN
NpOoLEeCcCcOoB U annapaToB; yCBOWIT OCHOBHYO
un, 4acTU4HO, OOMONMHUTENBHYHO
nutepartypy. TouHo oTBevaeT Ha
3aJaBaeMble npenogasartenem
AONONHUTENbHbIE BOMPOCHI.

CnocobeH K LeneycTpemreHHoOMy
NPUMEHEHMIO 0a30BbIX 3HaHWUN B
npodeccnoHanbHOM AeATENBHOCTH.

He 3auTteHo

O6yvalowmiics He MMeeT [OCTaTOYHOro
YPOBHSI 3HAHWIN OUCUMNIVHLI, He Brageet
chopmynunpoBkamu OCHOBHbIX
3aKoHOMepHoCTel npoueccos. MyTaeTtcs B
noHATMAX U onpegeneHusix. He Bnapgeet

OCHOBHOM NUTepaTypol; npu oOTBeTax
ponyckaeT CYLLIECTBEHHbIE "
npuHUUNUanbHble  oWwWbku U He B

COCTOAHUN UX YCTPAHUTDb.

5.2 TunoBble KOHTPOSbHbIE 3a4aHUA UNU UHbIe MaTepuanbl, Heo6xoAUMbIE ANA OLEeHKN 3HaHUIA, YMEHUN,
HaBbIKOB U (UNN) onbiTa AeATeNIbHOCTU
5.2.1 NepeyeHb KOHTPONbLHbLIX BOMNPOCOB

Ne n/n | dopMynnpoBKM BONpoCoB
Kypc 3
1 MHTeHcudumkaumnsa npoueccoB nepemMeLlBaHuns.
2 Pac4yeT MoLHOCTH, NOTpebnaemon MeLlankomn.
3 MepemelwmBaHue, aswxyLasa cuna. APPEeKTUBHOCTb N UHTEHCUBHOCTb NepeMeLlnBaHus.




4 PacueT ckopocTn NCeBOOOKMKEHNS U CKOPOCTUN YHOCA.

5 KpvBasi nceBOoOXImKEHNS.

6 lMceBOoOXMKEHME Y €70 rnapoAMHaMUKa.

7 Annapatbl Ans MOKPON OYUCTKMN.

8 OuncTka rasoB nog eNCTBNEM LIEHTPOBEXKHbLIX CUI.

9 MyTn noBbILWEHNA NPOM3BOANTENBHOCTU UILTPYIOLWLMX annapaTos.

10 KoHCTpyKUMM (PUnbTPOB U NX CPaBHUTENbHbLIN aHanua.

11 OnpepeneHne KOHCTaHT (PunbTPOBaHWS.

12 ®dunbLTpOBaHKE M CKOPOCTb Npouecca PUNbTPoBaHUA, PUILTPYOLWME NEPErOPOOKN.

13 KOHCTPYKLMM OTCTOMHMKOB U UX pacyeT.

14 PacueT ckopocTn cBobogHoro ocaxaeHunsi Yactu. CKOpOCTb CTECHEHHOIO OCaXXOEHWS.

15 |OcaxgeHue B Nnose Cum TSHKECTU.

16 Knaccudukaumm n metoapl pasgeneHms Heo4HOPOAHbBIX CUCTEM.

17 MepemelleHne n cxaTune rasos. IHaukaTopHasa gnarpamma.

18 PaboTta Hacoca Ha ceTb, pabo4as Touka.

19 OcCHOBHOE ypaBHEHNS LEHTPOOEXHbBIX MaLLWH dnnepa.

20 LleHTpo6GexHble HacoChl: yCTPONCTBA M NPUHLMN OENCTBUS.

21 MopLuHeBbIe U NAYHXepHble HAacoCkl NPOCTOrO U ABOWNHOIO AeUCTBUS.

22 BbicoTa BcacbkiBaHuS.

23 Hanop n nponsBogmTensHOCTb HAacoCcoB. MOLLHOCTbL 1 KO3 PULIMEHT NONE3HOro AENCTBUS.

24 Knaccudumkaums Hacocos.

25 Kputepuu rugpognHamMmmyeckoro nogobust n nx usnyeckuin cCMbICh.

26 M'mapasnuyecknuin pagnyc 1 dKBMBarneHTHbIN guameTp.

27 MoTepn Hanopa No AfIMHE N Ha MECTHbIX CONPOTUBIEHUSAX.

28 YpaBHeHue bepHynnu anga ngeanbHbIX XXUOKOCTEN.

29 Pacxop »xunakoctu 1 rasa.

30 Pexumbl apmxeHns xumakocten. Yncno PeliHonbaca.

31 BsA3kocTb Xnakocten. 3akoH BA3KOro TpeHus HooToHa.

32 'mopocTtatuka. OCHOBHOE ypaBHEHME TMAPOCTATUKM U €r0 NMPAKTUHECKOE UCMONb30BaHMe.

33 YKngkoctu. MNoHATNSA ngeanbHOM 1 peanbHOM XNUOKOCTMU.

34 |Oswxywasa cuna NpoueccoB U NpoLecchl nepeHoca.

35 MatepuanbHbIn 1 Tennosow 6anaHckl NPOLLECCOB.

36 Knaccudukaums npoueccos.

37 OcHOBHble NOHATUA U onpefeneHns B npoLeccax 1 annaparax.

38 Tennonepegaya. OnbiTHoe ypaBHeHue. KoadhdpmumeHT Tennonepegayu.

39 OnemMeHTapHbIe U CNOXHble MeXaHU3Mbl NepeHoca TSXKeCTH.

40 KoHnBekuusi n Tennootgada. Pn3nyeckmm cmbicrl.

41 Tennosoe nogobve. OCHOBHbIE KpUTEPUN TennoBoro nogobus. Onpegenstowme n onpeaensemblin KpUTEPUN.

42 MHTeHcudukaumsa TennoobMeHHbIX NPOLEeCcCOoB.

43 TennoobmeHHble annapaThbl, knaccugukaums u Bbioop no FOCTam.

44 PekynepaTvBHble TENNOOBMEHHUKN: KOXXYXOTPYOHbIe, cnvparbHble 1 NnacTuH4aThie.

45 OcHoBbI pacyeTa Tennoo6MeHHWKOB.

46 BeinapusaHue. MeTtoabl BeinapysaHus. Beinapka noa BakyyMoM.

47 OpaHokpaTHoe BbinapuBaHus. MatepuanbHbiid U TennoBon 6anaHchbl.

48 MHorokpaTHoe BbinapuBaHme 1 CxeMbl MHOTOKOPMYCHbIX  BbIMapHbIX YCTAHOBOK.

49 MaTepuanbHbiii U TENNOBOW 6anaHChl MHOFOKOPMYCHbIX BblNMapHbIX YCTaHOBOK.

50 O6Lwwas n nonesHas pasHOCT TemnepaTtyp. TemnepaTypHble NoTepu.

51 OcobeHHoCTH Tennonepegaym B BolnapHblx annapartax. CkpblTas Tennota KoHgeHcaumu.

52 BbinapHble annapaTbl U UX Kraccugukauus.

53 Vcnonb3oBaHKe BbiNapHbIX annapaToB, UX BbIOOP 1 cpaBHUTENbHasA xapakrepuctuka. lNoabop annapatos no
katanoram n FOCTawm.

54 Knaccudukaumsa maccoobmeHHbIX npoueccoB. ObLme 3aKOHOMEPHOCTY NepeHoca BeLecTBa 1 3Heprum.

55 HanpaBneHue npoLeccoB MmacconepeHoca, ux obpatumocTb. KnHeTnka MaccoobMeHHbIX MpoLeCccoB.

56 MexaHn3Mbl nepeHoca Macchbl — MONEKYNSAPHLIA U KOHBEKTUBHbLIA. 3aKoH Puka.

57 YpaBHeHue KOHBEKTUBHOW Anddy3nn 1 ypaBHeHMe MmaccooTaauu. [iBuxyLiasa cuna npouecca.




58 Kputepum guddysnoHHoro nogobums n nx mnsmyeckuii CMbicr.

59 Macconepenaya n eé ocHoBHOe ypaBHeHue. KoadbdunumneHTbl Macconepenaym n nx cBa3sb ¢ koadduumneHtamm
MaccooTAauu.

60 Mmppasnuka B MaccoobMeHHbIX Npoueccax.

Kypc 4

61 Knaccudukauns peaktopos.

62 TexHonornyeckme KpUTepum oueHKn adEKTUBHOCTM NPOTEKAHMUA MpoLecca B XMMUYECKOM peakTope:
CcTeneHb NpeBpaLlleHns peareHTa, BbiIxo NpoAyKTa, CBA3b MEXAY HUMMU.
TexHonornyeckne KpuTepmm oueHkn adeKTMBHOCTM NpoLecca, NPoTeKatLLero B XMMNYeCKOM peakTope:

63 CEeneKTUBHOCTb NpoLuecca Nony4YeHnst NpoayKTa, pacxogHble KoadULMEHTbI MO Cbipbio. CBA3b CENEKTUBHOCTU
CO CTENneHblo NpeBpaLLeHns U BbIXO4OM NPOAYyKTa.

64 MogennpoBaHne XMMnyecknx peakTopoB: NOHATME 06 aneMeHTapHOM o6bemMe 1 aneMeHTapHOM NMPOMEXYTKe
BPEMEHM, ypaBHEHNE MaTepuarnbHOro banaHca xMMM4eckoro peakropa (B o6LieM BUAE) U €r0 aHanma.

65 Obwasd xapakTepucTmka ngearbHbIX MogeNen XMMmn4eckux peaktopos (gonyLieHns o6 ngeanbHOCTU, XapakTep
M3MEHEHMS NapaMeTpoOB B 3aBMCMMOCTM OT 06beMa peakTopa 1 OT BpEMEHMU.

66 YpaBHeHue matepuanbHoro 6anaHca PUC-H. BbiBoa xapakTepucTnyeckoro ypaBHeHus.

67 YpaBHeHue matepuanbHoro 6anaHca PUC-I1. BblBog XxapakTepucTM4ecKoro ypaBHEHNS.

68 YpaBHeHue matepuansHoro 6anaHca PVB. BbiBog xapakTepucTU4EeCKOro ypaBHEHMS.

69 KPUC-H: xapakTepucTuka, HasHayeHue. YpaBHeHne matepuarnsHoro 6anaHca KPUC-H.

70 "paduyeckmn metog pacyeta KPUC-H.

71 YpaBHeHue TennoBoro 6anaHca XMMMYecKkoro peaktopa B obLiem Buae, ero aHanus. TennoBble pexumbl
paboThbl peakTopoB.

72 MaTematuyeckoe onucaHne PUC-H B pa3anmyHbIX TENMOBLIX PEXUMAX.

73 Matematundeckoe onncaHne PUC-I1 B pa3nuyHbIX TENAOBLIX pexnmax.

74 MaTtematuyeckoe onncaHve PUB B pa3nuyHbIX TENMOBLIX pexnmax.

75 TennoBas yCTONYMBOCTb PaboThl peaKTOPOB (Ha Npumepe agnabatuyeckoro PUC-H).

76 Cnocobbl NOBbLILIEHUS CTEMNEHN NPEBPALLEHMA peareHToB B Crlyvae NpoBeAeHUs npolecca B agmabatnyeckom
PUC-H.

77 Cnocobbl NOAAEPXaHWNS ONTUMANLHOTO TeMMNEePaTypHOro PexXMMa B Crly4ae NpoTekaHms obpaTtumon
3K30TEPMUYECKON peakLmm.

78 AHanutnyecknin metog pacdeta KPUC-H.

79 YpoBEHb XMMUYECKOrO NpoLecca 1 YpOBEHb XMMUYECKOTrO peakTtopa B MepapxXn4eckon CTPYKTYPe XMMUYECKOTO
Npou3BOACTBa.

80 Obwasa xapakTepucTnka roMmoreHHbIX NnpoLeccoB. AnnapatypHoe opopMieHne roMoreHHbIX HeKaTanuTU4ecKnx
NPOL,ECCOB.

81 "OMOreHHbIe HeKaTanMTUYeCKMe NPoLLECChl: TEPMOANHAMUYECKNE 3aKOHOMEPHOCTU BIMSIHUSA TeMnepaTypbl Ha
CTeneHb NpeBpaLlleHns peareHTa (BbIXo4 npogykTa.

82 "oMOreHHble HekaTanMTM4eckme NPoLLecChl: TEPMOLMHAMMYECKME 3aKOHOMEPHOCTU BIMSHUS AaBNEHNs Ha
CTeneHb NpeBpalleHns peareHTa (BbIXO4 NPOAYKTA).

83 TOMOreHHble HekaTanMTUYeCKMe NPoLLeCcChl: TEPMOANHAMMUHECKNE 3aKOHOMEPHOCTM BIMAHNS KOHLEeHTpaumn
peareHToB, NPOAYKTOB U MHEPTHbIX MPUMECEN Ha paBHOBECUE PEaKLINN.

84 eTeporeHHble npouecchl: obLan xapakTepuctuka u ocobeHHocTU. AnnapaTypHoe 0dOpMIIEHNE reTEePOreHHbIX
HekaTanuMTUYeCKMX NPOLECCOB B CUCTEME «Tra3-TBEPA0E TENO», «ra3-XUAKOCTbY.

85 KuHeTnyeckme 3akoHOMEPHOCTU reTEPOreHHbIX NPOLEeCcCoB. [yTn MHTEHCUMKALMN reTePOreHHbIX NPOLECCOB.

86 eTeporeHHble HEKATaNMTUYECKME MPOLIECChI «ra3-TBEPAOE TENO»: KBA3UrOMOreHHasi Moferb, ee
XapakTepucTuka.

87 eTeporeHHble HeKaTaNUTUYECKNE NPOLLECCHI B CUCTEME «ra3-TBEPAOE TENO»: MOAESb C (PPOHTaNbHbIM
nepemeLleHeM 30Hbl peakuun, ee xapakTepucrumka.

88 CpaBHeHne ahheKTMBHOCTU paboThl XMMUYECKMX PEAKTOPOB, OMMUCLIBAEMbIX Pa3NMYHLIMU MoAensMn (No
BbIXOAY NpoaykTa).

89 CpaBHeHne atheKTUBHOCTN paboTbl XMMUYECKUX PEAKTOPOB, ONUCHIBAEMbIX Pa3NNYHbIMK MogeNamMn (no
06BbEMY M UHTEHCUBHOCTM paboThl).

20 CpaBHeHne ahheKTMBHOCTU paboThl XMMUYECKMX PEAKTOPOB, OMMUCLIBAEMbIX Pa3NMYHLIMU MoAensMu (No

CENEeKTUBHOCTU NPOTEeKaHUA Lienesou peaKLl,I/IVI).




5.2.2 TunoBble TeCcTOBbIe 3aAaHUA

He npegycmoTpeHbl
5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3afaHuA (3afgaym, Kenchbl)

OnpegenuTb NOTEPIO AaBIEHMS Ha TPEeHWe Npu NpoTeKkaHuW BoAbl MO NaTyHHOW Tpybe anameTpoMm 19x2 mm
anvHon 10. CkopocTb Boabl 2 M/c. TemnepaTypa 550 C. LepoxosaTocTtb € = 0,005 mm.

Paccuntatb nnoTHOCTb BOAHOW cycneHsuu, cogepxawlen 10% (macc.) TBepgon dasel. OTHOcCUTENbHas
NNOTHOCTb TBEpaon a3kl 3.

BbiBecTn chopmyny, no KOTOPOW MOXHO BbIYUCIUTL CKOPOCTb LIETPUAYrMpoBaHUS TBepablX LapoobpasHbix
yacTtuu, ncxoaa ns 3akoHa Ctokca. Yactota BpawieHms B ob6/cek.

5.3 MeToanyeckue matepuansi, onpegensiloliMe npoueaypbl oLeHMBaHUA 3HaHUW, YMeHUI, BnaaeHUn (HaBbIKOB
1 (UnN) NPaKTUYECKOro onbITa AEeATENbLHOCTH)
5.3.1 YcnoBus gonycka oby4atrowerocsi K npomMexyTo4yHoW aTrectaumm U NopsaoK NMUKBMAALUKN akageMUiyeckon

3aA40JIXKeHHOCTU

lMpoBedeHne NPOMEXYTOYHOW aTTecTauun perfiameHTMpPoOBaHO foKalbHbIM HOpMaTMBHbIM aktom CM6rYMNTaO
«lMonoxeHne o0 NpoBeAeHMN TEKYLLLErO KOHTPONSA YCNeBAaeMOCTM U MPOMEXYTOYHOM aTTecTauumn obydaroLmxcay

5.3.2 dopma npoBeaeHUs NPOMEXYTOYHOM aTTecTaunm No AUCUUnInHe

YcTHas X

[NMncbmeHHasn X

KomnbloTepHoe TecTupoBaHue

5.3.3 Oco6eHHOCTU NpoBeaAeHUA NPOMEXYTOYHOM aTTecTauum No AMCLUNINHEe

Bpems Ha nogroToBky oTBeTa no ounety 45 MuHyT.

OtBeT no 6unety 15 MUHYT.

Bpemsi, oTBogMMOe Ha 3alwmTy KypcoBow paboThl, He JOMKHO NpeBbIWaTth 15 MUH, BKMOYas KpaTkuin Joknag no
pesyrnbTaTam KypcoBOW paboThbl 1 OTBETHI HA BOMPOCHI.

B TeueHne 5 1 7 ceMecTpoB BbIMOMHSAOTCSA KOHTPOSIbHbIE PaboThI.

NHasa

6. YHEBHO-METOOAWYECKOE U UHOOPMALIMOHHOE OBECNEYEHUE OUCLUUMIIUHBI
6.1 YuebHas nutepartypa

AsTop

3arnasue

MN3paTenbcTBO

lon nspaxua |

Ccblinka

6.1.1 OcHoBHas y4yeb6Hasa nuTepartypa

AnHwTtenH B.I. nog|Mpoueccol " annapatbl http://ibooks.ru/readi
pea. XUMNYECKON TEXHOMOornu. Mocksa: BMUHOM. 2017 ng.php?
O6wmin  Kypc y4ebHoe| JlaBopaTtopus 3HaHWUIA short=1&productid=3
nocobue : B 2 KH. — 6-e 13a. 59645
6.1.2 lononHuTenbHas y4yebHas nutepaTtypa
O.A. KokywkuH, A.O.|PektudmkaumoHHas http://nizrp.narod.ru/r
Hwukudopos, M.B.|ycTaHoBka HenpepbiBHoro| M-Bo obpasoBaHus PO, ectifustneprd.htm 17-
3aBbsnos aencrams [TekeT] CrnerTtypn. — Cre.: 2007 77
MeTtoaouyeckne ykasaHus K cnertyprn
pacyeTy KypcoBOro NpoekTa
H.M. Mwugykos, B.C.|lNpoueccol " annapatbl http://nizrp.narod.ru/
Kypos, A.O.|xumunueckom TexHonormn| M-Bo obpa3oBaHusa 1 metod/kafpriapxt/4.p
Hwvkudpopos [TekcT] y4ebHo- Haykn PO,BLUTS 2017 df
npaktuyeckoe nocobue pgna| CMH6IYNTH. — CI6. :
CaMOCTOSATENBbHON paboThl BWT3 Creryntg
CTYLEHTOB
H.M. Mwugykos, B.C.|lMpouecceol " annapartsl http://nizrp.narod.ru/
Kypos, A.O.|[TekcT] y4ebHo- M-80 06pasosanus metod/kafpriapxt//3.p
Hwukndopos npakTuyeckoe nocobue Aans Haykn PO, BLITS 2016 df
BbINONHEHMA nabopaTopHbIX Crieryrra. - Cr.:
BWTS Crnieryntg
paboT
Pomankos, 1. TI.,|MeTogbl pacyeta npoueccoB http://www.iprbooksh
®ponos, B. ®.,[n  annapatoB XxmMmuyeckomn Cankr-MNeTepbypr: 2020 0p.ru/97815.html
®nmciok, O. M. TexHonormn  (npumepbl XUMN3OAT
3agaun)
H.M. Mwugykos, B.C.[MaccoobmeHHble npouecchl B http://nizrp.narod.ru/
Kypos A.O.|uenntono3Ho-6ymaxHomn M-80 0BpasosaHms metod/kafpriapxt/2
o b y | Hayku PO, CNIGITYPI. — 2015 priapxtie.p
nkndopos npombiwneHHocTn [TekcT] : df

y4yeb.nocobue

Crie.: CrerTypn




6.2 MNepe4yeHb NpodeccMoHanbHbIX 6a3 AaHHbIX 1 UHPOPMAaLIMOHHO-CNPABOYHbIX CUCTEM

1. OneKkTpoHHO-bMbnuoTeyHas cuctema IPRbooks [OnekTpoHHbin pecypc]. URL: http://www.iprbookshop.ru/
2. OnekTpoHHas bubnuoteka BLUTSO CINbB INYMTL, [OnekTpoHHbii pecypc]. URL: http://nizrp.narod.ru
3. OnekTpoHHO-6ubnNuoTeyHasa cuctema «Anbyke» [OnekTpoHHbi pecypc]. URL: https://www.ibooks.ru/

6.3 Mepe4yeHb NNLEH3NOHHOIO U CBO6OAHO pacnpoCTpPaHAEeMOro NporpaMmMHoOro oéecnevyeHus
Microsoftwindows 8
MicrosoftOfficeProfessional 2013
Microsoft: Windows Professional 10 Russian Upgrade OLPNL AcademicEdition
Microsoft; Office Standard 2016 Russian OLP NL AcademicEdition
AutoCADDesign

6.4 OnncaHue maTepuanbHO-TEXHUYECKOMN 6a3bl, HeEOGXoAMMOWN AnsA ocyLlecTBeHMA o6pa3oBaTeNibHOro
npouecca no gucumnnuHe

AyanTtopus OcHalleHne

BbinapHasi ycTaHoBKa, YyCTaHOBKa [Ans ONpedeneHus ruapaBivyecknx COMpPOTUMBMEHWUN;
yCTaHOBKa A1 UCCNEeAoBaHWs NpoLecca pa3aeneHusi CycrneH3nu; ycTaHoBKa Arst ccriefoBaHust
B-203 KUHETUKN (DUNbTPOBaHUS; YCTaHOBKA MO OMpeferieHus Tennonepesayn B TenrooBMEHHUKE;
yCTaHOBKa [Arsi onpefereHusi napameTpoB BRaXHOr0 BO34yxa; YCTaHOBKA [Afsi npouecca
nepemeLLnBaHus.

HanopHasi ycTaHoBKa, YyCTaHOBKa rMOPaBMMYECKMX COMPOTUBMEHUN, pPeKTUUKaUMOHHas
yCTaHOBKa, YCTAHOBKa POTOPHO-MYyNbCaLMOHHAas, YCTAHOBKA AJ1si MCCNEeoBaHWs MpoLEeccoB

B-209 o
nepemMelinBaHnAa B XUOKMX cpedax, yCTaHOBKa A1A uccnegoBaHUA KUHETUKU I/IHCt)paKpaCHOVI
CYLLIKW.
MynbTuMeguinHoe obopyaoBaHue, crneumnanmanpoBaHHas mebenb, Jocka
JlekumoHHas Y A pyA H P A
ayauTtopus

MynbTumeauiiHoe o6opyaoBaHWe, cneuvanusnposaHHas Meberb, Aocka
YuyebHas ayautopus




