MuHHCTEPCTBO HAYKH U BbICIIEro oopazosanusi P@
DenepabHOE TOCYyIAPCTBEHHOE 0K0IKeTHOE 00pa3oBaTe/IbHOE YUPeKACHUe
BbICIIETr0 00pa30BaHUSA
«HaumoHaibHBIM HCCJIE0BATENbCKUN YHUBepcUuTeT «MIU»

Hanpagienue noaroroBku/cnenuaiabioctsh: 13.04.01 TeniooHepreTnka u TEMJIOTEXHHKA

HaumeHnoBanue o0pa3oBaTe/ibHOI mporpaMMsbl: I deKTHBHDbIE TEMIOIHEPreTHYeCKUe CHCTEeMbI MpeINpHATHI
u KKX

YpoBeHb 00pa3oBaHus: Bbiciiee 00pa3oBaHNe - MATHCTPaTypa

®opma o0yuenusi: Ounas

OueHo4YHbIE MaTepuajabl
o IMCIOMIIJIMHE
3HepI‘OTeXHOJIOI‘H‘IeCKl/II7I KOMIIJIEKC MPOMBINIVICHHBIX HpeI[HpI/ISITI/Iﬁ

MockBa
2022



OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MNopnucaHo 3NeKTPOHHO| noanuckio $TEOY BO «HUY «M3U»

CeeneHuna o enagensue L3N M3KU A H
3 Brageney enruHcKnin AA. o .
IIpenonaBarenb » MO - Waentnbnratop Rf4e21674-ShelginskyAY-88390ed Ilenruackuii
(IOIKHOCTD) (moamnucek) (pacumdpoBka
TIO/ITUCH)
COI'TIACOBAHO:
MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
PyKOBOI[HTeHB o CeepieHua o Bnagensue L3N M3u IO B
o0OpasoBarebHON Bragenew, SlBopoBCKWA 10.B. o .
HpOFpaMMBI WaeHTuduraTop R7e35b260-YavorovskyYV-dabb149 HBOpOBCKI/H/I
(OIKHOCTBD, yUeHasl CTEIeHb, (moamucs) (pacuudpoBka
Y4YEHOE 3BaHUE) TIO/ITUCH)
MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»

w Ceenennn o enagensue L3N M3K B
3aB€l[yIOH-II/II/I . Bnageney, FIBODOBCKMPI 10.B. IO. : o
BLIHyCKaIOH_[eI/I Ka(be[[pbl WaeHTuduraTop R7e35b260-YavorovskyYV-dabb149 HBOpOBCKI/H/I

(IOIKHOCTBD, yUeHasl CTEIeHb, (moamucs) (pacmudpoBka

Y4YEHOE 3BaHUE)

TIO/ITUCH)



OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-3 CniocoGeH yuacTBOBaTh B 3KCIUTyaTallUH TEIJIOHEPTETHICCKUX CUCTEM MPEINPUATHN U
KKX
NJI-1 Cnocoben yuacTBOBaTh B IPOEKTUPOBAHUU TETUIOAHEPIeTUUECKUX CUCTEM
npeanpuatuii u JKKX

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

Dopma peanmn3alum: KOMHLIOTepHOG 3aJaHHC
1. 3H€pFOTeXHOJIOFI/I‘I€CKI/Ie CHUCTCMbI U KOMIIJICKCHI ITIPOMBIIIJICHHOTO IPEAIIPUATHA. MCTOIH)I
CHHTE3a ONTHMAJIBHEIX CHCTEM TEIIOOOMEHA (HH,I[I/IBI/II[yaJ'IbHHﬁ HpOCKT)

®Popma peanmsanuu: [Iposepka 3ananus
1. AHanu3 >HEProucnoIb30BaHUs B TEMJIOIHEPI€TUUECKUX U TEIJIOTEXHOJIOTHUECKUX
cuctemax (MHauBUIyanbHBIN IPOEKT)
2. MeToibl CHHTE3a SHEPrOTEXHOJOITMUECKUX CUCTEM M KOMIUIEKCOB. Perienune 3a1ay cunTesa
(MunuBuyanbHBIA IPOEKT)
3. Onpenenenue 3¢pPeKTHBHOCTU MOTYUYEHHBIX pe3yabTaToB (VHAMBUya bHbII IPOEKT)

BPC nucuuminHbl

1 cemectp
Beca KOHTPOJIBHBIX MEPONIPUATHI, %o
Nunexc KM- | KM- | KM- | KM-
Paznen nucuunianHb KM: 1 5 3 4

Cpok KM: 4 8 12 16

DHEProTeXHOJIOTHYECKHUE CHCTEMbI M KOMITJIEKCHI POMBITILIIEHHOTO
npeanpusaTHs. METOIbI CHHTE3a ONITUMATBHBIX CHCTEM
Termioo0OMeHa

O6H_II/IC CBCACHU 00 OHCPrOTCXHOJOTHUYCCKUX CUCTCMAX U
KOMILIeKcaX. MeTo bl CHHTE3A.

Amnanus OHCEPTONCIIOIBb30BaHHUA B TCIINIOOHCPICTUUCCKUX U
TCINIOTEXHOJIOTHYECKNX CUCTEMax

CrniocoOs1 ananu3a u onpenenenne xapakrepuctuk O TKIIIT + +

MeTto1bl CHHTE3a SHEPTOTEXHOJIOTMYECKUX CUCTEM U KOMIUIEKCOB.
Penrenue 3amau cuaTe3a

3aI[aHI/I U MIPUMCHCHUC CUHTC3a CUCTEM U KOMJICKCOB + +

Bec KM: | 20 20 40 20

$06m1as gacts/JIy1s1 MPOMEKYTOYHOM aTrTecTaund




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETEHIIUH pe3ysbTaTel  00y4eHMsI IO
JUCLIUILINHE
I1K-3 N-1nk-3 Criocoben | 3HaTh: DHEProTexXHOJIOTMYECKUE CUCTEMbI U KOMILIEKCHI IPOMBIIIJIEHHOTO
y4acTBOBAaTh B | HODMAaTUBHBIE IOKYMEHTHI npeanpusaTHs. MeToabl CHHTe3a ONTUMAIbHBIX CUCTEM TEII00OMEHa
IIPOEKTUPOBAHUU JUIS y4acTus B (MunuBUyanbHBIA IPOEKT)
TEII0IHEPTrETUUYECKUX IIPOEKTUPOBAHUU U AHanu3 3HEProucrob30BaHus B TEIUIOOHEPTETUYECKUX U
CUCTEM  MpPEANpHUSATHH U | SKCIUTyaTaluu TEIUIOTEXHOJNIOrMuecKux cucreMax (MHauBuayanbHbIN IPOEKT)
KKX TEIUIOPHEPTETUUECKUX MeTobl CHHTE3a PHEPrOTEXHOJIOTMYECKUX CUCTEM U KOMIUIEKCOB.
CUCTEM IIPEANPUATHN U Pemenue 3anay cunresa (MuauBuayaibHbIN IPOEKT)
AKKX Onpenenenue >3pPeKTUBHOCTH MOTYYEHHBIX PE3yJIbTaTOB
YMers: (MunuBUyanbHBIA IPOEKT)
pa3pabaTbIBaTh
MEPOIPUATHS 1711 y4acTHs B
IIPOEKTUPOBAHUU U
JKCILTyaTaluu
TEIIOPHEPTETUUECKUX
CUCTEM IIPEANPUATHN U
AKKX




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. aﬂepFOTeXHOJIOFI/I'{eCKI/Ie CUCTEMBI 1 KOMIIJIEKCHI IPOMBINVICHHOI'O
npeanpuaTus. MeToabl CHHTE3a ONITUMAJbHBIX CHCTEM TenJioo0MeHa

®opmbl peajn3anuu: KoMIbroTEPHOE 3a1aHKE

Tun KOHTPOJBLHOr0 MeponpusaTusi: UHAMBUIyaIbHBINA TPOEKT

Bec koHTpobHOr0 Meponpustusi B BPC: 20

Ilpouenypa  mnpoBeaeHMs  KOHTPOJIbHOro  meponpusaTHsi:  CTyIEeHTBl  BBINOJHSAIOT
VHAUBUAYAJIbHbIE TPOEKTHI COCTOSILME U3 4 pa3[elioB B COOTBETCTBUU C IPEAOCTaBICHHBIMU
JaHHBIMA. MUHHMaNbHBIM 00BEM MOJHOCTHIO BBIMOJIHEHHOIO KypCOBOrO IMpoekTa — 55 crp.
MalIMHONMUCHOTO TeKcTa. CPOK BHIMIOJIHEHUS] MHAUBUAYAIBLHOTO TpoekTa 14 Heelb.

KpaTkoe conep:kanue 3a1aHusi:
CHHTE3UpOBaATh CHCTEMY TEIIO0OMEHA

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

3HaTh: HOPMATHBHBIC JTOKYMEHTHI 1. TonnuBHO-?HEPTreTUYECKUN KOMILUIEKC CTPAHbI
JUI y4acTHusi B NPOCKTUPOBAHUU U 2.CoctaBuTh TEIIOBOI Oananc mpousBoacTBa JPK.
AKCIUTyaTallluu

TEIJIO3HEPreTUYECKUX CUCTEM

npeanpuatuii u JXKKX

Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 3a4TEHO
Onucanue xapaxmepucmuxu binoneHus snanus: OLueHKa "3a4TeHo0" BBICTABIISECTCS €CIIN 3aJaHUE
BBITIOJTHEHO MTPaBWJIBHO WJIM C HE3HAUNTEIbHBIMU HEJI0U€TaMuU

Oyenka: HE 3a4TEHO
Onucanue xapaxmepucmuxu evlnoaneHus 3nanus: OleHKa "He 3a4TeHO" BBICTABIISAECTCS €CIIU
3a/laHue He BBIMTOJIHEHO B OTBEACHHBIN CPOK WM PE3yJIbTAT HE COOTBETCTBYET 33aJaHUIO

KM-2. AHa;In3 JHeproucnoyIb30BaHNus B TEIVIOIHEPIreTHYECKUX U
TeMJIOTEXHOJTOTHYECKUX CHCTeMAaX

®opmbl peamszanun: IIposepka 3aganus

THun KOHTPOILHOI0 MeponpuATHs: VIHIUBHTyaIbHBIN TPOECKT

Bec koHTpOBbHOrO Meponpusitusi B BPC: 20

IIpoueaypa npoBeaeHusi KOHTPOJIBLHOro MeponpusaTHs: [IpoBepka TeKyniero xoaa BBITIOJHEHUS
VHAWBHUAYAJIBHOTO 3aJaHUs

Kpatkoe cogepxanue 3agaHusi:
Omnpenenenne >HEProdHPEeKTUBHOCTU TEIUIOTEXHOIOTUYECKON CHUCTEMBI

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: HOPMATHUBHBIE JIOKYMEHTHI 1.9BpucTHyecKre METO bl CHHTE3a CHCTEM TEII000MEHa
JUIA y4acTHsl B NIPOEKTUPOBAHUU U 2. Pa3paborath Metos! oBbimeHust KITW mpoussoacTa
JKCILTyaTaluu OOK.

TEIUIODHEPTreTUYECKUX CUCTEM 3.0mnpenenuts KITU npounssoactsa DK

npennpustuil n XXKX




Onucanue MKAJbI OIICHUBAHUSA:

Ouyenka: 3a4TCHO
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: OleHKa "3a4TeH0" BBICTaBJISETCS €CIIH 3aJJaHue
BBITIOJIHCHO MTPABUJILHO WM C HE3HAUYNTEILHBIMHU HET0YETaMHU

Oyenka: HE 3a4TEHO
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "He 3a4TeHO" BBICTABIISIETCA €CIIH
3a/IaHKE HE BBIMOJIHEHO B OTBEJICHHBIN CPOK HIIA PE3YJITAT HE COOTBETCTBYET 3aJJaHUIO

KM-3. MeToabl CHHTE3a IHEPIroTEXHOJOIHYECCKUX CUCTEM U KOMIIJIEKCOB. Pemenue
3agad CMHTE3a

®opmbl peaausanun: [Iposepka 3aganus

Tun KOHTPOJBLHOr0 MeponpusaTusi: UHAMBUIyaIbHBINA IPOEKT

Bec koHTpobHOr0 Meponpustusi B BPC: 40

IIpoueaypa npoBeaeHusi KOHTPOJIbLHOro MeponpusaTHs: [I[poBepka Tekyniero xoaa BbIITIOJIHEHUS
MHAMBUYaJIbHOTO 3aaHUsI

Kpartkoe coaep:kanue 3a1aHus:
TennoBoii 6ananc npousBozacTBa ammodoca u onpenenenre KITN

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

YMers: pa3pabaTbIiBaTh 1. CocTaBuTh TETIOBOM OaaHC MPOU3BO/ICTBA
MEpONpHUATHS JUId  y4yacTus B ammodoca.

IIPOCKTUPOBAHUMU M IKCILTyaTalluu 2.0mpenenuts KT nmpousBoacTBa ammodoca
TEIUIO3HEPreTUYECKUX cucTeM 3.Metoa cuHTE3a 110 GJIM3KUM TEIJIOBBIM SKBUBAJICHTAM
npeanpuatuii u JKKX

Onucanue MIKAJbI OLlEHUBAHUS

Ouyenka: 3a4TEHO
Onucanue xapaxmepucmuxu ebinonneHus snanus: OLeHKa "3a4TeHo0" BBICTABIISECTCS €CIIN 3aJaHUE
BBITIOJTHEHO MTPaBWJIBHO WJIM C HE3HAUNTEIbHBIMU HEJI0U€TaMuU

Oyenka: HE 3a4TEHO
Onucanue xapaxmepucmuxu evlnoaneHus 3nanus: OleHKa "He 3a4TeHO" BBICTABIIAECTCS €CIIU
3a/laHue He BBIIIOJIHEHO B OTBEJACHHBIN CPOK WM PE3yJIbTaT HE COOTBETCTBYET 3a/IaHUIO

KM-4. Onpenesenne 3 GpeKTHBHOCTH MOJTYy4YeHHBIX Pe3yJIbTATOB

®opmsl peasmzanuu: IIposepka 3aganus

Tun KOHTPOILHOI0 MeponpuATHA: VHIUBUIyaIbHBIN TPOCKT

Bec konTposbHoro meponpusitusi B BPC: 20

IIpoueaypa npoBeaeHUsi KOHTPOJILHOIO MeponpusaATHsa: [IpoekT mpencraBisgeTcs K 3alure B
NUCbMEHHOU (opMe, HareyaTaHHOM BHAE. MHUHHMalbHBIM 00BEM MOJTHOCTHIO BBIMOJIHEHHOTO
KYPCOBOI'O IIPOEKTA — 55 CTpP. MALIUHOIIUCHOIO TEKCTA

Kparkoe conepxanue 3a1aHus:
Onpenenenne KIIN n metonel noseimenus KIIM nponsBoacTBa cepHOM KMCIOTHI

KoHTpoJibHbIC BONIPOCHI/3aJaHUA:

YMers: pa3pabarbIBaTh 1. Pa3pabotats metoas! noeimenus KIIW npousBoacTaa
MEpONpUITHS s y4dacTHsl B CEpHOIl KUCIIOTHI
IIPOEKTUPOBAHUM U OJKCILTyaTalluu 2. Onpenenenue 3HeprodhHeKTHBHOCTH




TEIUIOIHEPreTUYECKUX cuCcTeM TEIIOTEXHOJIOTUYECKON CUCTEMBI
npennpustuil u XXKX

Onucanne MKAJbI OIleHUBaAHUS:

Ouyenka. 3a4TE€HO
Onucanue xapakmepucmuku btnonenus 3Hanus; OUeHKa "3a4TeH0" BBICTABISECTCS €CIIM 3aJlaHue
BBITIOJIHEHO MPaBUJILHO WK C HE3HAUUTEIbHBIMU HE1I0YETaMHU

Ouyenka: HE 3a4TECHO
Onucanue xapaxmepucmuxu 6blnoaneHus 3nanus: OUeHKa "He 3a4TeHO" BBICTABIIACTCS €CIU
3aJIaHiE HE BBITTOJTHEHO B OTBEJICHHBIN CPOK MJIM PE3YJIbTaT HE COOTBETCTBYET 3aJaHUIO




COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
1 cemectp
@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

MDOU | Dx3amenannonubnid omaet Nel Kabenpa [1TC

1 Cdopmynupyiite npobdaemsl coznanus paruonanpaoro DTKIIILL

Bnusinue temriepatypHoro rpaduka CUCTEMbI TEIIOCHAOXKEHUS IIPOMIIPEANPHUATHS HA
3¢ PeKTUBHOCTH MCTIOB30Banus BOP.

CuHTE3UpOBaTh CUCTEMY TETNIOOOMEHA MEXKIY TOPSYUMH U XOJIOJHBIMH ITOTOKAMHU:
Grl=5«xr/c; trl =250 °C; tS = 1200C - map BoAbI

3 Gr2=15«kr/c; tr2 =150 °C - Bona

G x1 = 36«r/c; txl= 5°C -Bo3myx

G x2=25kr/c; tx2= 10°C - Boga

IIpoueaypa npoBenenust

[TpoBoauTcs B ycTHOW popme 1o OuiieTaM B BUAE MOATOTOBKU U U3JI0KEHUS pa3BEPHYTOTO OTBETa
Ha BOIIPOCHI M PE3YJIbTATATOB PEHICHHUS 33Jaud. BpeMsi Ha BBIOJHEHHE MOJTrOTOBKY oTBeTa — 60
MUHYT

L. Ilepeuenv Komnemenyuit/uHOUKAMOPoO8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbIANO8
0C80eHUA OUCUUNTUHDL

1. Komnerenumnst/Muankarop: NJI-1nk-3 Cioco6eH yyacTBOBaTh B IPOEKTUPOBAHUU
TEIUIOPHEPTETUUECKUX cucTeM npeanpusatuil u XXKX

Bomnpocel, 3axanus
1.Copmynupyiite npodaemy cozganus paunoHaibHoro DTKIIII
2.Ilytu a¢pdexTuBHOrO Hcnonb3oBanust BOP Ha npomnpeanpuarusax
3.latb onpenenenne NOHATHIO «TeImIoTeXHOIOTNYECKasi CXeMa IIPOU3BOJCTBAY

Matepuasnbl 1J151 IPOBEPKH OCTATOYHbIX 3HAHUM
1.Anroput™m peuieHus npo0aeMbl pallMOHAILHOTO UCTIONIBb30BaHUS SHEProHOCUTeNel Ha
IpeNPUITHH
2.KomnpumupoBaHue BTOPUYHOIO Tapa - oleHKa 3¢ (HeKTUBHOCTH HcTob30BaHus BOP

II. Onucanue wikanvl oueHuBanUA

Oyenka: 5
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 10
Onucanue xapaxmepucmuxu 6binoIHeHUs 3Hanus: BbICTaBIIeTCs CTYIEHTY, KOTOPBI MPaBUILHO
peNImiI 3371a49y, MOKa3ajl P OTBETE Ha BOTIPOCH! IK3aMEHAIIMOHHOTO OWMJIETa M Ha JOMOJIHATETbHBIE
BOMPOCHI, UTO BJIAJICET MATEPUAIOM H3yUYE€HHOW JUCIUILTHHBI, CBOOOIHO IPUMEHSET CBOM 3HAHUS
JUTSE OOBSICHEHUS PA3JIMYHBIX SIBJICHUN U PEIICHHS 3a,1a4.

Ouyenka: 4
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60



Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. BrictraBnsercs CTYACHTY, KOTOpHﬁ MMpaBUJIBHO
pelni 3aaa4y 1 B OCHOBHOM IIPaBUJIBHO OTBCTUBIIEMY Ha BOIIPOCHI 3K3aMCHAITMOHHOI'O ouiera u
Ha JOIOJHUTCIILHBIC BOIIPOCHI, HO JOITYCTUBIICMY IIPH 3TOM HCIIPUHIHIIUAJIbHBIC OIIINOKH.

Ouenxa: 3
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 50
Onucanue xapakmepucmukuy 6blNOIHeHUs 3HaHUs: BBICTaBIIAETCS CTYICHTY, KOTOPBIA B OTBETaX Ha
BOTIPOCHI PK3aMEHAIIMOHHOTO OMJIeTa JOMYCTUI CYIIIECTBEHHBIE H JaXKe TPyObIe OMMOKH, HO 3aTeEM
UCIIPABWII UX CaM, a TAK)KE HE PELIII 33/1a4y U3 IK3aMEHAIIMOHHOTO OWieTa, HO JTH00 HaMETHII
MPABWIBHBIN ITyTh €T0 BBITIOJHEHUS, JIN0OO M0 YKA3aHHIO K3aMEHATOpa PEIiI APYTYIO 3a1a9y U3
TOTO € pa3jiesa JUCIUIUTHHEI.

II1. IIpaguna évicmaegnenus umo2o80i OYeHKu no Kypcy

BBICTaBIISIETCS CTYJIEHTY, KOTOPBIN: a) HE OTBETHJI Ha BOINPOCHI K3aMEHALMOHHOIO OWJIeTa U He
CMOT PelINTh, TH00 HAMETUTH NPABUIBHBINA ITyTh PEHICHUS 33/1a4u U3 Owmiera; 0) He CMOT PeIINTb,
a100 HaMEeTUTh NPAaBUJBbHBIN MyTh pelleHHs 3aJaud W3 SK3aMEHAI[MOHHOro Oujiera W Apyrou
3a/1a4M Ha TOT K€ pa3/iell JUCLMILIMHBL, BbIIAHHOM B3aMEH Hee; B) MIPU OTBETE HA JIOTIOJIHUTEIbHbBIE
BOIPOCHI OOHAPYKMJI He3HAHUE OOJIBILIOrO pa3ziesa FK3aMEeHAIMOHHON IPOTrPaMMBI.



