MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagsienne noaroroBku/cnenuanbHocts: 14.04.01 SinepHas 3vepreruka u Temiopuznka
HaumeHnoBanune o6pa3oBaTejbHOI mporpaMMbl: PU3MKa M TEXHUKA HU3KUX TeMIepaTyp
YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MarucTparypa

®opma 00yueHusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
MNPOLECCHI IEPEHOCA B CYHIECTBEHHO HEPABHOBECHBIX

CUCTEMAX

BJok:

Baok 1 «/Iucuyuniaunbl (MoOxyJam)»

Yacrp 00pa3zoBaTebLHOM
NpPOrpaMMBblI:

Yacrb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBLIX OTHOIIEH Uil

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.03

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

2 cemecTp - 4,

Yacos (Bcero) no yueoHomy
IIAHY:

144 yaca

Jexnun

2 cemecTp - 32 yaca;

IIpakTnyeckue 3aHATHSA

2 cemecTp - 32 yaca;

JladopaTopHbie padoThI

He NMPeyCMOTPEHO YUeOHbIM MJIAHOM

Kouncynabranuu

2 cemecTp - 2 yaca;

CamocTrosiTesibHasi padoTa

2 cemecTp - 77,5 yaca;

B ToM unciae Ha KIT/KP

He NMPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnas koHTaKkTHasi padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ayIUTOPHbIX 3aHSATHH

BKJIIOYAs:
KosnokBuym
KontpoabsHas padora

IIpome:kyTouHast aTTecTALUS:

IK3aMeH

2 cemectp - 0,5 yaca;

Mockga 2021




NPOI'PAMMY COCTABMUJI:

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnageneyu Kptokos A.T.
[IpenomaBaTelib WaeHTaukatop RIbB11956-KryukovAP-8dactded A.Il. KprokoB
(OIKHOCTR) (moamuck) (pacummgpoBka
TIO/AITUCH)

COI'ZTACOBAHO:

PykoBogurenn
00pa30BaTeIbHON MPOTrPaMMBbI

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnapeney

Kprokos A.M.

Waentuduratop

R9b81f956-KryukovAP-8dacfded

A.Il. KprokoB

(Z[OJ'DKHOCTB, yd€Has CTCIICHb, YUCHOE 3BaHHe)

3aBenyIOLIMI BbIITyCKatOIeH
kadenpsl

(mozmycs)

%Mo ¢

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnapeney

My3uHa F0.H0.

Waentuduratop

Re86e9a56-Puzina-4d2acadl

(pacmudpoBka
MIOJITIHUCH)

10.10. Ily3una

(Z[OJ'DKHOCTB, yd€Has CTCIICHb, YUCHOE 3BaHHe)

(mozrucs)

(pacmudpoBka
MOJITTHCH)



1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

ear  ocBoeHusn

JUCHUNJINHBI

N3yuenue

0COOEHHOCTEH

NPOIIECCOB  TEPEHOcCa,

XAPaAKTCPUIYIOIUXCA 3HAYUTEILHOMN HCPAaBHOBCCHOCTBIO, IpHU HUX pCaIM3allMid B COOTBCTCTBYIOIINUX
IMPUKIAAHBIX 3a/ladaxX U YCTPOﬁCTBaX

33[[3‘11/[ AUCHHUIIIMHBI

- I3YUCHUC MCTOJOB OIIMCaHUs CUCTEM, pa60TaI-OH_II/IX B YCJIIOBHUAX CHIILHOM HCPABHOBCCHOCTU

IMpOoNIECCCOB MEPCHOCA;,

- IPHOOPETEHNE HABBIKOB MPUHATHS 1 000CHOBAHUS KOHKPETHBIX TEXHUYECKHUX PELICHUI pu
pa3paboTke HU3KOTEMIIEPATYPHBIX YCTPOUCTB U CUCTEM OXJIAXKICHUS TEIUIOHATIPSHKEHHOTO

000pyT0BaHUS.

dopmupyembie y 00y4aronierocs KOMNneTeHIHH 1 3alJIaHUPOBAaHHBIE Pe3yJIbTaThl 00yUeHHs 110
JTUCHHUIIIINHE, COOTHECEHHBIE C HHAMKATOPAMHU JOCTHKEHUS KOMIIeTEeHIHI !

Koa m HauMeHOBaHHue
KOMIIeTeHIINH

Kox 1 HamMeHOBaHHe
HHIMKATOPA T0CTHXKEHUS
KOMIIETEeHI{UH

3anaHupoBaHHbIE Pe3yJbTATHI 00yYeHH s

ITK-1 Crocoben
AHATM3UPOBATH U
MOJICJTUPOBATh (PU3UUYCCKUE
MIPOIIECCHI B DJIEMEHTAX
SHEPreTHYECKOT0
000pyI0BaHUS

NJ-3nk-1 YMeeT npuMeHsTh
Pa3JInMYHbIC TOAXOABI K
pacyery mpoieccoB
TEIIOMACCONIEPEHOCA B
3aBUCUMOCTH OT PEKUMHBIX
napameTpoB padoThI
DJIEMEHTOB 3HEPTrETHYECKOTO
000pyI0BaHUs

3HATh:
- CIIOCOOBI pacueTa CYIIECTBEHHO
HEPaBHOBECHBIX MPOIECCOB MEPEHOCA C
LIEJIbIO0 IPUMEHEHUS UX Ha MPAKTUKE IS
pa3pabOTKH SHEPTrOHATPSHKEHHOTO
000py0BaHusl, MAILIMH U alapaToB
BBICOKMX TE€XHOJIOTHH;

- pPaCUE€THO-TEOPETUUYECKHUE U
AKCIIEPUMEHTAIIbHBIE METO b
HCCIIEIOBAHUS TETUIOTUAPABINYECKUX
MIPOIIECCOB B YCJIOBUSX 3HAYUTEIHLHOTO
OTKJIOHEHHS OT COCTOSIHUS
TEPMOJIMHAMUYECKOTO PABHOBECHS U
MPUHIUIIBI UX MOJEIUPOBAHNUS B
KOHKPETHBIX TEXHUYECKHX CUCTEMaX.

YMETh:
- aHAJIM3UPOBATh MH(OPMAIIHIO O

TEXHOJIOTUSX OCYIIECTBICHUS
CYIIIECTBEHHO HEPABHOBECHBIX MPOIIECCOB
nepeHoca;

- IPUMEHSTH COBPEMEHHBIE METObI
WCCJICIOBAHMSI, TPOBOIUTH TEXHHUCCKUE
UCIIBITaHUS U (UJTN) HAyYHBIE
9KCIIEPUMEHTHI;.

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuuninHa OTHOCUTCSL K OCHOBHOM mpodeccroHanbHON oOpa3oBarenbHOM mporpamme dusnka u
TeXHMKa HU3KUX Temmnepatyp (nanee — OIIOII), nanpasnenus noarorosku 14.04.01 Snepuas sHepreTrka
U Teriou3rka, ypoBeHb 00pa30BaHUsI: BBICIIEE 00pa30BaHUE - MAaTUCTPaTypa.

TpC6OBaHI/I${ K BXOIHBIM 3HAHUAM U YMCHUAM:
- 3HAaTb paCYCTHO-TCOPECTUUCCKHE U SKCIICPUMCHTAJIbHBIC METOABI UCCIICAOBAHUA
TCINIOTUAPABIINYCCKUX MMPOUCCCOB B YCIOBUAX 3HAYUTCIBHOI'O OTKIIOHCHUSA OT COCTOSHUSA




TEPMOJIMHAMUYECKOTO PABHOBECHUS U IPUHIIUIIBI UX MOJICIIMPOBAHUS B KOHKPETHBIX TEXHUUECKHUX
cucTeMax

- 3HAaTh CIIOCOOBI pacueTa CYIIECTBEHHO HEPABHOBECHBIX MPOIIECCOB MEPEHOCA C LEIbI0 TPUMEHEHUS
UX Ha MPaKTHKE JJIsl pa3padO0TKH SHEProHANPSKEHHOT0 000pyI0BaHus, MAIlIMH U alllapaTOB BHICOKUX
TEXHOJIOTHI

- YMETb [IPUMEHATh COBPEMEHHBIE METO/IbI UCCIIEI0BAHHUS], IPOBOJANTh TEXHUUYECKHUE UCTIBITAHUS U
(WJ11) HAay4YHBIE IKCIIEPUMEHTHI;

- YMETb aHAJU3UPOBATh HH(OPMALIHIO O TEXHOJIOTUSX OCYLIECTBICHHUS CYIIECTBEHHO HEPABHOBECHBIX
IIPOLIECCOB IIEPEHOCA

Pe3ynbraTel 00yueHus, MOTydeHHBIE IPH OCBOCHUH JUCLUILIMHBL, HEOOXOAUMBI IIPH BHIITOJTHEHUH
BBIITYCKHON KBaTM(PHUKALIMOHHON pabOTHI.



3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

Pasnensr/TeMsl
JTUCIUTUTAHBL/ (D OPMBI
IIPOMEXKYTOUHOMI
aTTecTalluu

Ha paszen

Cemectp

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

KonrakTHas pabora

CP

Jlex

JIab

IIp

Koncynpranus

HKP

KIIP I'K

HKKII

TK

A

Pabora B
ceMecTpe

ITonroroBska x
aTTecTalun
/KOHTPOJIb

CopneprkaHue caMOCTOSTENTFHON paboThl/
METOIUYECKHE YKa3aHHs

2

]

~

8 9

10

11

12

13

14

15

ITocTaHoBKa 3a1a4
pacueTa ucnapeHust u
KOHAECHCALIUU
OJJHOKOMIIOHCHTHOM
cpeabl U apora3oBbIX
cMmecei

= ¢o| Beero sacos

o

N

4

11

ITocTaHoBKa 3a1a4
pacuera ucnapeHusi u
KOHJICHCAITUH
OJTHOKOMITIOHEHTHOM
Cpelibl U Mapora3oBbIX
cMecen

10

H3yuenue mamepuanos 1umepamypHsix
UCHIOUHUKOG.:

[1], 5-65

MeToms! pacueTa
TEPMUYECKUX
COINIPOTHUBIICHUH,
ONPEJICNICHHBIX B 11.1

18

2.1

Merons! pacuera
TEPMUYECKUX
COINIPOTHUBIICHUH,
OTpeJICNICHHBIX B 11.1

18

H3yuenue mamepuanos 1umepamypHslx
UCHIOUHUKOG:

[1], 65-84

00630p METOIOB
pelreHus
KHHETHYECKOTO
ypaBHeHus boibiMana
MIPUMEHHUTEIBHO K
3aJjauaM HCIapeHUsI-
KOHJICHCAIIUU

14

3.1

00630p MeTOI0B

14

H3yuenue mamepuanog 1umepamypHslix
UCHOUYHUKO6?

[2], 5-24




peuieHus
KUHETHYECKOTO
ypaBHeHHs bonbimMana
MIPUMEHHUTEIBHO K
3a/a4aM McrapeHus-
KOHIEHCALIUN

PesynbTaTsl
HCCIIEI0OBaHMS 3a0a4
UCTIApEHUS-
KOHJCHCALUI

26

12

4.1

PesynbTatsl
UCCIeI0BaHus 3aJa4
HCTIapeHUS-
KOHJICHCALIUU

26

12

H3yuenue mamepuanos 1umepamypHsix
UCMOUYHUKO6.

[1], 65-124

Pemenne npukiaaHbeix
3a1a4

40

12

14

14

H3yuenue mamepuanos 1umepamypHsix
UCHIOUHUKOG.

5.1

Kuneunne
CBEPXTEKYYEro rejust

12

5.2

[Iponeccer
KPHOBAaKyyMHUPOBAaHUS

10

5.3

Konpaencanus nmapos
METAJIIOB

5.4

Onpenenenne hopm
Mexpa3HbIX
MOBEPXHOCTEH MPH
NepeHOCca MaCCHI,
HMITYJIbCA, SHEPTHH.

5.5

COHOJIIOMUHECILIEHIINS

6

2

2

[3], 200-256

DK3aMeH

36.0

0.5

335

Bcero 3a cemectp

144.0

32

32

05

44

335

HToro 3a cemecTp

144.0

32

32

2

0.5

71.5

Ipumeuanue: Jlex — nexuuu; JIab — naboparopusie padboTsl; [Ip — npaktuueckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU IO KYPCOBBIM
npoektam/padboram; MKKII — unauBuyansHble KOHCYIbTAlMHU MO KYpCOBBIM MpoekTam/padoram; ['K- rpymnmnoBsie KOHCYIbTAIlUU 110 pa3jaenam
mucuuruinHel; CP — camocrostensbHas padora crynenta; UKP — unas konraktHas padora; TK — Texymmii KoHTpodb; [TA — npomexyrouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Ilocmanoska 3aday pacuema uchaperus U KOHOeHcayuu 00HOKOMNOHEHMHOU cpedbl U
napoeasoevix cmecell

1.1. TlocranoBKa 3a7a4 pacyeTa UCHapEeHUs] U KOHICHCALIMHU OJJHOKOMIIOHEHTHOU Cpebl U
Mapora3oBbIX CMecei

TepMuyeckue CONPOTHBJICHHS: BHeEIIHee (Ta3ogMHAMHUEcKoe), MexdasHoe, IUICHKU
KOHJIeHcaTa.. PoJib KakK10ro B 3aBUCHMOCTH OT MHTEHCUBHOCTH TPOIIECCa. .

2. Memoovl pacuema mepmuyeckux COnpomusieHull, onpeoeiertoblx 6 n.l

2.1. MeTtonbl pacyeTa TEPMUUYECKUX COTPOTUBIICHUM, ONIPEEIECHHBIX B II. 1

Pemenne ypaBHenus bonbiimMana BO Bcedl oOiacTu, 3aHATOW ra3oBoi (hazoil.. YpaBHeHUsS
HaBpe-CTokca B rasogmHaMuueckoi mojobiactd W ypaBHeHusi boimeiiMana B cioe KHyxacena.
YpaBHEHUs COXpaHEHHUSI MACChl, UMITYJIbCA M DPHEPTUH JUIsl KOHICHCATa.

3. O630p Memo00s peweHus KUHemu4ecko20 ypasHernus borvumana npumenumenvbro K
3a0a4am UCNApeHUsI-KOHOEeHCcayuu

3.1. O630p METOJOB peLIeHUs] KHHETHUECKOro ypaBHeHUs bosibliMaHa MPUMEHUTEIbHO K
3a/1a4aM HCIIapeHUs-KOHICHCAlUH

JIuneiinas Teopus.. MOMEHTHBIM METOJ pEIIEHUs OJHOMEpHBIX 3anad.. IIpsMoe ducieHHOe
pelleHre KMHETHMYECKOro ypaBHeHHUs bonbpimana (mis pasHbix uucesn KuynceHa, MHOroMepHbIe
3anaun). Ilpsmoe craructuueckoe MojenupoBanue. MojienbHble ypaBHEHUS. .

4. Pe3yiomambl UCCIe008aHUs 3a0ay Z/lCl’lClD@HZ/lﬂ'KOH()@HCCZUUU

4.1. Pe3ynpraThl HCCieI0BaHUS 3a7a4 UCTIAPEHUA-KOHICHCALIUN

[TapameTpU4HOCT HCHApEHUs], JO3BYKOBOM M CBEPX3BYKOBOM KoHJeHcauuu. [IpenenbHble
NIOTOKA HCHApEeHUA-KOHACHCAUNU.. H)KEeHepHbIE COOTHOLIEHMsI JUIsl pacdyeTa HCHApeHHus U
KOHJEHCAllUM B JI03BYKOBOM pexume. Jluarpamma npenenbHbIX IOTOKOB B CBEPX3BYKOBOM
obmactu.. KonzaeHcanus B TNpHCYTCTBUM HEKOHJEHcHpyeMbIX ra3oB.. Kpussle q=f(AT) nas
KOHJICHCALIUN-UCIIapEHUsI BO BCEM JMala30HEe HM3MEHEHMs] MHTEHCHUBHOCTEeW. PekoMenpanuu 1o
ymenbuieHnto AT.. OmpeneneHre UTOrOBOro Iepenaja TeMIepaTyp OT rasa depe3 MexdasHyro
MOBEPXHOCTh, TUICHKY KOHJEHCATa, CTEHKY TEIUIOOOMEHHUKA (KOHJEHCATOpa) OXJIaKIAIIIEMy
TEIUIOHOCHUTENI0. BiinsiHue HemomHOW KOHJIEHCAllMU Ha TrpaHulle pasfena ¢a3 Ha XapaKTepUCTUKU
npouecca.. Mojenu onucanus: ko3 GUIHUEHTH UCTapEeHUs-KOHIEHCAllUH, CUCTEMa KHHETHYECKUX
YpaBHEHMH JUIsl MOJIEKYN raza U ()OHOHOB KOHJIEHCATa; pacyeT B3aMMOJAEHUCTBUI MOJEKyN rasa u
KOHJIEHCAaTa METOJAMU MOJIEKYJIIPHOM AMHAMMKH; MPEAETIbHbIE CKOPOCTH U IMpEAEIbHbIE MOTOKU
MAaccBhl..

5. Pewenue npuriaouvix 3a0ay

5.1. Kunenue cBepXTeKy4ero reyus

KpuBas kunenns cBepxtekydero renus. [Inkosas n "BocCcTaHOBUTENBbHAS'" TEIIOBAas HArpys3Ka.
Pacuer "BoccTaHOBHTENBbHOH" TEMJIOBON HAarpy3Ku MO JIMHEHHOM Teopuu M B OOIIEM cllyyae..
IlepeHoc Tema yepe3 MapoBYIO IUICHKY I HEJIMHEHMHBIX 3a7a4 B OJJHOMEPHOW W JABYMEPHOH
nocraHoBke. IlepeHoc Macchl W SHEPrUM B OTPAaHUYEHHOH MapoBOil 00NACTH NpPH HATUYUHU
rpaJiueHTa TeMmIiepaTyp Ha MexXda3Hoil MmoBepXxHOCTH. PacyeT SBOIMIONMM TApOBOW IUICHKUA TPH
OOJBIINX TEIUIOBBIX Harpy3kax JJIs MJIOCKOTO, IUIUHIPHUUECKOTO M C(EepUIecKoro HarpeBaTese..
OcoOennoctu Ttemnooomena B Hell mpu moHmwkeHHOW rpaBuTanuu. 3ajadyd TeIJionepeHoca B

7



KallWJUIIPHO-TIOPUCTOM Tene, 3amonHeHHoM Hell. Pacuer mporeccoB mepeHoca B €QMHUYHOM
KallWIIspe Py HAJIMYUU IPOJOIBHOIO TEIIOBOTO MOTOKA..

5.2. IIpouecchl KprOBaKyyMUPOBaHUS

Ponp  HampaBiIeHHOCTM TIOTOKOB NpH  KpUOKOHIEHcanuu (necyOnmmarmu).. Pacder
TEIUIOTIEpeHoca B 00JIACTH HENPUMEHHMOCTH 3aKOHOB TI'paJMEeHTHOro Tuma.. llpumepsr pacuera
TEUCHHH, XapaKTepH3yeMbIX MAJIBIMU dnciamMu KHyaceHa, ¢ yueToM CHIbHOW HEpaBHOBECHOCTH Ha
Mex(dazHo rpaHuIie..

5.3. KonpaeHncanus napoB METaIoB

Ponp mpomeccoB mepeHoca Ha Mex(a3zHOW MOBEPXHOCTH TIPH  OMPEACIICHUH OOMIEeTOo
TEPMHUYECKOTO CONPOTHUBJICHUS B CHUCTEME: Map — IUICHKAa KOHJEHCaTa — CTEHKAa KOHJIeHcaTopa —
OXJIQXKJAIOUIUN  TEIUIOHOCUTENb.. BiMsHMe  HEKOHJEHCHUpYeMbIX ra3oB.. (ComocraBiieHUE
PE3yIBTATOB pacyeTa C SKCIIEPUMEHTATIbHBIMH JTAHHBIMU. .

5.4. Onpenencare Gpopm Mexk(pa3HBIX MOBEPXHOCTEH IPH MTEPEHOCA MACCHI, HMITYJIbCA,
SHEPIHH.

3aBucHUMOCTh (HOpMBI MeK(Pa3HOW MOBEPXHOCTH OT CIOCO0A IMOABOJA TEIUIOTHI K TPaHUIIC
pasnena ¢a3z map-xkuakoctb. COOTBETCTBYIOIIAs KiacCUpUKalUs 3aqad TErIoMaccolepeHoca..
[TnaBanue TOPSYMX Kameslb B XOJOIHBIX JKUAKOCTAX. [[JIEHOUYHOE KHUIIGHHWE HEIOTPETOM BOJBI Ha
HarpeBaTeNaX pa3iuyHONW (OpPMBL.. DBOMIONUS MApOBBIX IJIEHOK. HeoOxonmMocTh MpHUMEHEHUS
MIPH ONTMCAHWH HEPABHOBECHBIX TPAHUYHBIX YCIIOBHUH. .

5.5. COHOIIOMUHECIICHIIN

CyurHocTh siBieHHs. MareMaTuueckoe OINHMCAHHUE: YPaBHEHUSI COXPAHEHHUS ISl KUIKOCTH U
[apora3oBOd CMECH; YHUBEpPCAJIbHBIE U CHELUUAJIbHbIE YCJIOBUS COBMECTHOCTH.. BrusiHue
WCTIapEHUs-KOHIEHCAIIU Ha MeX(a3HOM MOBEPXHOCTH HAa XapaKTEPUCTUKHU MPOIIECCa..

3.3. TeMbl IpaAKTHYECKUX 3aHATHI
1. 3aKoHBI COXpaHEHUs B BUJE BHIPAKEHUIN MOJIEKYJIIPHO-KMHETUYECKOM Teopun. Pacuer
TEIIOBOIO MOTOKA I CBOOOTHOMOJIEKYJIIPHOTO MPeJIena;
2. [IpnOnm>xeHHbIN METO/ ONpEeNIeHNs TEIUIONEPEHOCca Yepe3 CIIOM pa3peKeHHOT0 ra3a npu
Ipou3BOJIbHBIX unciax Knyncena. [Ipumeps! npruMeHeHus A1 HAHOPa3MEPHBIX CUCTEM;
3. Onpenenenre MIOTHOCTU OTOKA Macchl IPU MHTEHCUBHOW KOHAEHCALIUU C TIOMOILBIO
NpUOJIMKEHHOTO COOTHOIIEHUS, TOJIyYeHHOT0 Ha 6a3e MOJIEKYJIIPHO-KUHETUYECKON TEOpHUH.
CpaBHeHue ¢ pe3ysibTaTaMi IPUMEHEHUS TPAJUIIMOHHOTO MTOAX0/1a;
4. Bnustaue ko3 puuneHToB ucnapenus U konaeHcanuu. Crocob nepecuera pe3yabTaToB
pelieHus 3a1a4i 00 UHTEHCUBHOM KOHIEHCAllH;
5. IlpenenbHble 3HaYeHUS KOA(PPHUIUEHTOB KOHIEHCAIIUU U YIEIbHBIX TOTOKOB MacChl;
6. [IpuMeHeHre METOJ0B MOJIEKYIIPHON AUHAMUKH IS 33/1a4 SHEPrO-MaccolepeHoca B
NBYX(a3HbIX CUCTEMAX;
7. UcnapeHue 1 KOHJIEHcalysl PY HATMYUKM HEKOHJEHCUPYEMbIX KOMIIOHEHTOB;
8. PacueT BOCCTaHOBUTENIBHBIX HArpy30K MpU KuIleHuu renus-Il Ha HarpeBarensax
WIMHPUYECKOH U IapoBOil pOpMBL;
9. DBoMIOIUS MAPOBBIX IIEHOK MpH KumeHuu renusi-11. [TpubnuxeHHblil moaxoa u pacyeT Ha
OCHOBE ypaBHeHUs Panes;
10. JIBnkenue nepempluek renus-1l B kanuuisipax npu HAJIMYMKM OCEBOTO TEIJIOBOTIO NOTOKA;
11. Onpenenenue Gpopmbl Mex(azHON TOBEPXHOCTH a30Ta MPH IJIABAHUH B HEM KaIlJld BOJIBI.
OTnnuus OT TPAIULIMOHHBIX «TUAPOCTATUYECKUX) 3314,
12. OcoOGeHHOCTH 3BOJIOLUY MAPOBBIX 00pPAa30BaHUN HA HarpeBaTeNsaX MUJINHAPUIECKON 1



1apOBOi (POPMBI, TOTPYKEHHBIX B XKHUJIKOCTHU C HU3KOU U BBICOKOH 3(p(peKTHBHOCTHIO
TETIONEPEHOCaA;

13. [Ipumenenue ypaBHeHHs Panest s pemieHus 3a1a4u 0 CXJIONBIBAHUH TapOTa30BOr0O
Iy3BIPsl TPU COHOMIOMUHecHeHInH. [IpubmmkenHoe onrcanue sBieHust GOPMUPOBAHUS
yIIapHOI BOJIHBI BHYTPH ITY3BIPS;

14. IlpumeHeHne 3aKOHOB COXpaHeHUs B AU epeHInaNbHON GopMe IS peIIeHHs 3a1a491 O
KOHJICHCAIIUU YMCTOTO T1apa Ha IOBEPXHOCTH;

15. Onpenenenne npenebHON MIOTHOCTHU Ta3a MPH 3allMPAHUU KOHICHCAINH U3
[apora3oBoOu CpeJibl;

16. Pemienne ypaBHEHUS! COXpaHEHUS SJHEPTHU B HHTETPAIBHON (OPMYIHPOBKE IS 33144
MHTEHCUBHOT'O UCTIAPEHUS M KOHJICHCAIIMH B PAMKAaX MEXaHHUKH CIUIOIIHBIX CPEI.

3.4. TeMbl 1a00paTOPHBIX padoT
HE NIPelyCMOTPEHO
3.5 KoncyabTauuu

3.6 TeMaTnka KypcoBbIX IPOEKTOB/KYPCOBBIX padoT
KypcoBoii mpoekT/ pabota He MpeayCMOTPEHBI



3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena
JUCIUILINHBI (B

OueHoYHOE CPeCTBO
(TUII ¥ HAUMEHOBAHUE)

3aruraHupPOBaHHBIE PE3YJIbTAThl OOYYCHHS 0 TUCIUTLINHE Konpr
COOTBETCTBHUU C
(B COOTBETCTBHHM C pazneisiom 1) WHJIUKaTOPOB n3.1)
1[2]3]4]5
3HaTh:
PacYETHO-TEOPETUUECKHUE B IKCIIEPUMEHTATBHBIC METOIbI Konnoksuym/Metonbl onpenencHust hGopm
MCCIIEI0BAHUS TETUIOTHAPABINYECKHUX MTPOILIECCOB B YCIOBHUSIX MeXK(pa3HbIX TOBEPXHOCTEH
3HAYUTEJILHOTO OTKJIOHCHHUS OT COCTOSTHUS N /I-3nk-1 +
TEPMOJAMHAMUYECKOTO PABHOBECHUS U MIPUHITUIIBI UX
MOJICIIMPOBAHHUS B KOHKPETHBIX TEXHUYECKUX CHCTEMax
CIOCOOBI pacyeTa CyIMeCTBEHHO HEPAaBHOBECHBIX MTPOIIECCOB KomnmokBuym/IIpuMeHeHe KHHETHYIECKOTO
IepeHoca ¢ 1ebl0 MPUMEHECHHS UX Ha MIPAKTUKE JJIs V-3 + | ypaBHeHUs BonbsiiMana juist perieHus 3aaaq
pa3paboTKH PHEPTOHAIPSDKEHHOTO 000pYy/I0BaHUS, MAIITUH H TEIJI0-MacCoIepeHoca Ha rpaHulax pasjesna
anmnapaToB BBICOKMX TEXHOJIOTHMA da3
YMerh:
MIPUMEHATh COBPEMEHHBIE METO/IbI UCCIIEIOBAHUS, IPOBOIUTD KonTponbnas padota/Pacuer TepMUUYECKUX
TEXHUYECKUE UCTIBITAaHUS U (WJIM) Hay4YHbIE IKCIIEPUMEHTHI; N-3nx-1 + |+ |+ COTIPOTHUBIICHUH TTPH UCTIAPEHUH U
KOHJICHCAIIUH
aHAIIM3UPOBATh MHPOPMAIIHIO O TEXHOJIOTHUSIX OCYIIECTBICHHS KonTponbnas pabota/Onpenenenue
CYIIIECTBEHHO HEPAaBHOBECHBIX MPOIECCOB NIEPEHOCA V-3 + | 4 | TCIUIOBBIX HATPY30K CKOIBOCTGI\/'I JIBYKCHUS
MexX(pa3zHbIX TOBEPXHOCTEH MPU KUTICHUU
CBEPXTEKYYEro reus
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
2 cemecTp

Dopma peanuzauuu: ITucbmenHas padora
1. Onpenenenne TEMIOBBIX HArPY30K M CKOPOCTEH IBMKEHUS MEX(a3HbIX TOBEPXHOCTEH MpH
KuIeHuu cBepxTekyuero renus (KontponasHas pabora)
2. Pacyer TepMHUECKUX COIIPOTUBIIEHU MTpU HcniapeHuH U KonaeHcauuu (KontponbpHas
pabora)

Dopma peanuzanuu: YcrHas popma
1. Metons! onpenenenus hopM MexdasHbix noBepxHocrel (Komnoksuym)
2. IlpuMeHeHne KHHETUYECKOTO YpaBHEHUs bobIiMana 1t pereHust 3a/1a4 TeTio-
MaccorepeHoca Ha rpanunax paszaena ¢as (Komioksuym)

bamibHO-pedTUHTOBasA CTPYKTYpa AUCLUILINHBI SBISETCS NPUIOKEHUEM A.

4.2 IIpoMe:XyTOUYHasI aTTECTALUSA 110 AU CHMUILJIMHE

Ixsamen (Cemecmp Ne2)
Onenka ompenensercs B cooTBeTCTBUM C [lonokeHuem o OayIbHO-PEHTHMHIOBOM cHUCTeME AJIs
ctynentoB HUY «MDW» Ha ocHOBaHMHM CEMECTPOBOM M 3K3aMEHAIIMOHHOM COCTABIIAIOIINX

B numnmnoM BeICTaBIsETCS OICHKA 3a 2 CEMCCTD.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO AUCHUILIMHE MPUBEIEHBI B (DOH/IE OLIEHOYHBIX
matepuanos OITOII.

5. YYEBHO-METOANYECKOE OBECHHEYHEHUE JUCLHUIIJINHbI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. Kprokos, A. I1. [Iporieccel nepeHoca B CyIIECTBEHHO HEPAaBHOBECHBIX CUCTEMaX : yueOHOe
nocobue o kypcy "lIporeccsl mepeHoca B CyIeCTBEHHO HEPAaBHOBECHBIX cucTeMax'" 1o
HanpasiieHuto "SnepHas snepreruka u terogpusuka” / A. I1. Kprokxos, Hau. uccnen. yu-tr "MOU" .
— M. : Uzn-Bo MDU, 2013 . — 124 c. - ISBN 978-5-9902974-9-4 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=5690;

2. UucneHHoe pelieHne KHHETUYECKOTo ypaBHeHUs1 bobiiMana B HH)KEHEPHOM TIPaKTUKE : yueOHoe
nocobwue o kypcam "Kpuoduszuka" u "IIporieccs nepeHoca B CyIIeCTBEHHO HEPAaBHOBECHBIX
ycnoBusix" o HampasieHuto "Texuundeckas ¢usuka" / A. I1. Kprokos, B. 1O. Jlepamos, 1. H.
[MumkoBa, u ap., Mock. sHepr. uH-T (MDOU TY) . — M. : U3a-80 MOU, 2005 . — 80 c. - ISBN 5-
7046-1316-0 ;

3. Jlanpay JI. [., Jludpmun E. M.- "Tunpoagunamuxa" T. 6, (6-e uza., ucnp.), UsnarenbcTBo:
"OU3SMATJIUT", Mocksa, 2021 - (728 c.)

https://e.lanbook.com/book/185671.

5.2 JIunieH3M0HHOE ¥ CBOOOHO pacnpocTpaHsieMoe MPOrpaMMHOe odecneyeHHe:
1. Windows / OnieparrionHasi cuctema cemeiictsa Linux.
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5.3 UaTepHeT-pecypcsl, BKJAIOYas NpodeccHOHAIbHBIE 0a3bI JaHHBIX 1 HH(POPMAIIHOHHO-

CIIPpaBOYHbBIC CUCTEMBI:

1. ba3a naHHBIX )KypHaJoB u3nareabcTBa Elsevier - https://www.sciencedirect.com/
2. DJIEKTPOHHBIE pecypchl H3aaTelbcTBa Springer - https://link.springer.com/

3. ba3za nannbix Web of Science - http://webofscience.com/

4. ba3za nanabIx Scopus - http://www.scopus.com
5. HanmoHanbHas dJ1eKTPpOHHas 0udmoTeka - https://rusneb.ru/

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUE JUCHUITJIMHBI

Tun nomemeHus Homep ayauropun, Ocnamenne
HAaMMCHOBaHUE

Y4eOHbIe ayAUTOPHH IS M-409/2, Aypuropust CTOJI MpenoaaBaTeisi, CTOJ, TOCKa

MPOBEICHUS JIEKIIMOHHBIX kad. "HT" MEJIOBasI, MYJIbTUMEIUMHBIN POECKTOP
3aHSATUN U TEKYIIETO KOHTPOJIS M-422/4, YueOnas CTOJI, CTYJI, MyJIbTUMEIUUHBIN
naboparopus IIPOEKTOP
KpUOPHU3UKH
M-412, YueOHas CTEJUTAX JJIs1 XpPAaHEHUS KHUT, CTOJI,
ayAuTOpHUs CTYJI, MyJIbTUMEIUMHBINA ITPOEKTOP,

JIOCKa MapKEpHasa

K-120, MamuHHBIH

cepBep, KOHIUIUOHED

3an MBI
Y4eOHbIC ayAUTOPHH IS M-409/2, Aynutopust CTOJI MIPEenoaBaTeisi, CTOJM, TOCKa
MIPOBEACHUS ITPAKTUUECKUX kad. "HT" MeJIOBasi, MyJbTUMEIUMHBIN POEKTOP
sangaTui, KP u KII M-422/4, YuebOuas CTOJI, CTYJI, MyJbTUMEIUUHBIN
nabopaTopus IIPOEKTOP
KpUOPHU3UKH

M-412, YueOHas CTEJUTAX JJIs1 XPAaHEHUs KHUT, CTOJI,
ayauTOpUs CTYJI, MyJIbTUMEIUMHBINA ITPOEKTOP,

JI0OCKa MapKepHasi

K-120, MammHHBIH

cepBep, KOHIULIMOHEP

3an MBI
VYyeOHble ayAUTOPUH IS M-409/2, Ayautopus CTOJI IIPENOAABATENS, CTOJ, JOCKA
IIPOBEICHUS IPOMEKYTOUHON kad. "HT" MEJIOBasi, MyJbTUMEIUUHBINA TPOEKTOP
aTTecTaluu M-422/4, YueOHas CTOJI, CTYJI, MYJIbTUMEIUMHBII
nabopaTopus MIPOEKTOP
Kpuo(u3uKH

M-412, Yuebnas CTEeJIIaX JJIs1 XpaHEHUs KHUT, CTOJI,
ayIuTOopus CTYJI, MYJIbTUMEIUNHBIA IPOEKTOD,

JI0CKa MapKepHast

K-120, MammHHBIH
3an MBI

cepBep, KOHIULIMOHEP

ITomentenus mis

CaMOCTOSITENTbHOM paboThI

M-411/1,
KommnsrorepHslii knacc

CTOJI, CTYJI, JOCKa MEJOBas,
MYJIbTUMEAUNHBIN IPOEKTOD,
KOMIIBIOTEP NEPCOHAIbHBIN

ITomemenus s

KOHCYJIbTUPOBAHUA

M-402, Aynuropus
kag. "HT"

CTeJUIaX U XPaHEHUSI KHUT, CTYII,
CTOJI MUCbMEHHBIN

[TomemeHus s XpaHeHUS
o0opyIoBaHUs U y4€OHOTO

HWHBCHTApPA

M-407/1, Knanosas

CTCJUIAK IJId XpaHCHUS MHBCHTAP,
CTCJIIAXK IJIA XPAaHCHUS KHUT,
HWHBCHTAPb CHCLII/IaHHSI/IpOBaHHBIﬁ
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IIpunoxenne A

BAJJIBHO-PEUTUHIT'OBAS CTPYKTYPA JIJUCHOUILJIAHBI

Hpoueccm MEPCHOCA B CYHICCTBCHHO HECPABHOBCCHBIX CUCTCMAX

(Ha3BaHME AUCIMILIMHBI)

2 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2
KM-3

KM-4

[IpumeHeHre KMHETHYECKOTo ypaBHeHUs bombiiMana [uist pelieHus 3a/1a4 Terio-MacconepeHoca
Ha rpaHuIax pazjaena ¢a3 (Komrioksuym)

Pacyer TepMuuecKUX CONMPOTUBIICHUI TP ucnapeHuu U konaencauuu (KonrponpHas padora)
OmnpeneneHne TEMIOBBIX HArPY30K M CKOPOCTEH IBHKEHUS MEK(Da3HBIX TTOBEPXHOCTEH MpH
KUIeHuu cBepxTekyuero renus (KontpoasHas pabora)

Mertoas! onpenenenus popm mMexdazubix moBepxHocteit (Kommoksuym)

Bujx npome:xyTo4HOI aTTecTanmu — JK3aMeH.

WNnupexe KM- | KM- | KM- | KM-
Howep Paznen pucuumimHbl KM: L 2 3 4
paznena Henens 6 8 12 16
KM:
1 [TocraHoBKa 3a/1a4 pacuera UCHapeHusl U KOHJIEH AU
OJIHOKOMIIOHEHTHOMH cpeJibl U Mapora3oBbIX cMecen
11 [TocraHoBKa 3a/1a4 pacuera UCHapeHusl U KOHJIEH AU +
' OJIHOKOMIIOHEHTHOMH cpeJibl U Mapora3oBbIX cMecel
2 Meroapl pacueTa TEpPMUYECKUX COIIPOTUBIICHUN,
ONpEeIETIEHHBIX B II. 1
21 Meroasl pacueTa TEPMUYECKUX COIIPOTUBIICHUN, +
] ONpEeIETIEHHBIX B II. 1
O0630p METOI0B pelIeHUs] KHHETHUECKOTO YpaBHEHUS
3 bonbiiMana npUMEeHHUTENBHO K 3a/1a4aM UCIIapeHUsI-
KOHJICHCALIUU
0O0630p METOJIOB pelICHNUs] KHHETUYECKOTO YPaBHEHUS
3.1 BonbiiMana mpUMeHUTENBHO K 337a4aM UCIapeHHsI- +
KOHJICHCAllUu
4 PesynbTarh! uccnenoBanus 3a/1a4 UCTIapEHUS-KOHIEH AN
4.1 Pe3ynpTaThl HccneoBaHus 3aa4 UCIIApPEHUS-KOHICHCALIUU +
5 Pemenune npukinagHbIX 3a1a4
5.1 Kunenne cBepxTekydero renus +
5.2 I[Tporecchl KpHOBAKYYMUPOBAHUS +
5.3 KonzaeHcanus napoB MeTajjaoB +
54 Omnpenenenne Gopm Mex(pa3HbIX MOBEPXHOCTEN MPU +

MEpeHOCa MACChl, UMITYJIbCA, SHCPTHUHU.
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5.5

COHOIIOMHUHECIIEHITAA

Bec KM, %:

25

20

35

20
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