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
HaumeHnoBanue o6pa3oBaTejbHOI nporpaMMbl. HaHOTeXHO/I0THM M HAHOMATEPHAJIBI B JHEPreTHKe
YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MaruCTPaTypa

®opma o0yuenusi: 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:

51.4.06.05.02

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

3 cemectp - 4,

Yacos (Bcero) no yueoHomy
IIAHY:

144 yaca

Jexnun

3 cemecTp - 16 yacos;

IIpakTnyeckue 3aHATHSA

3 cemectp - 32 yaca;

JladopaTopHbie padoThI

He NMPeyCMOTPEHO YUeOHbIM MJIAHOM

Kouncynabranuu

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

CamocTrosiTesibHasi padoTa

3 cemectp - 95,7 yaca;

B ToM unciae Ha KIT/KP

He NMPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnas koHTaKkTHasi padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ayIUTOPHbIX 3aHSATHH

BKJIIOYAs:
KontpoabsHnas padora
KoJssiokBHYM

IIpome:kyTouHast aTTecTALUS:

3ayer ¢ OLEHKOM

3 cemectp - 0,3 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

Bnageneyu Omutpues A.C.

WaenTudmKaTop R8d0ce031-DmitriyevAS-aaaeae2

A.C. Jlmutpuen

(I[OJ'I)KHOCTI), y4€Has CTCIICHb, YICHOE SBHHI/IC)

(mozmucs)

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

(pacuudpoBka
TIO/ITUCH)

3aBeyIoNIuil BhIMyCKaroen g rev— flysnna 1010,

Kadeapbl * MOl ¢ NaerTbnratop Re86e9ab6-Puzina-4dZacadl 10.10. Ily3una

(OIKHOCTB, YUCHAsI CTETICHb, YICHOE 3BaHUE) (mozmucs) (pacmudpoBka
TTO/ITUCH)



1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Heﬂb OCBOCHHUA JUCHUILJIMHLI:

SBISICTCSL M3YyYeHHE OCOOCHHOCTEH MPOIECCOB TIEPEeHOCa,

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

33[[3‘11/[ AUCHHUIIIMHBI

- 03HaKOMJICHHE C METOJ]aMH OMUCAHUS CUCTEM, pabOTAOIIMX B YCIOBUSAX CHIIbHOM
HEPaBHOBECHOCTH IIPOLIECCOB MIEPEHOCA;

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

000pyT0BaHUS.

dopmupyembie y 00ydaronierocsi KOMNneTeHIMH U 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

SKCIICPUMCHTAJIBHBIC METO/IbI
HUCCIICAOBAHUSA TCIINIOTUAPABIMYICCKUX
MponecCoOB B YCIIOBUAX 3HAYUTCIIBHOT'O
OTKJIOHCHUS OT COCTOSAHUA
TEPMOANHAMHUYCCKOI'0 paBHOBECCUSA U
MPUHIUIIBI UX MOACIIUPOBAHUS B
KOHKPCTHBIX TEXHUYCCKUX CHUCTEMAX.

YMETB:
- IPUMEHATh COBPEMEHHBIE METO/IbI

WCCJICIOBAHMSI, POBOUTH TEXHIUYCCKHE
UCIIBITaHUS U (UJTN) HAyYHBIE
9KCIIEPUMECHTEI;

- aHAIM3UPOBATh UHHOPMAITHUIO O
TEXHOJIOTUSX OCYIIECTBICHUS
CYIIECTBEHHO HEPABHOBECHBIX MPOIIECCOB
nepeHoca.

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JuctunnuHa OTHOCHUTCA K OCHOBHOM TpodeccrmoHanmbHON  00pa3oBaTeNbHONW —Iporpamme
Hanorexnonorun u HaHoMmaTepuaisl B sHepretuke (ganee — OIIOII), nanpasnenust nmoarorosku 14.04.01
SnepHast PHEpPTeTHKA U TETUTO(PH3HKa, YPOBEHb 00pa30BaHUs: BBICIIEE 00pa30BaHKE - MarUCTPaTypa.

TpeboBaHMs K BXOJHBIM 3HAHUSIM U YMEHHSIM:
- 3HaTh MccnenoBanue MOBEPXHOCTH B YCJIOBUAX BaKyyMa U HU3KHUX TeMIIEpaTyp
- 3HaTh TeIUIOBbIE NMPOLIECCH] B HAHOCTPYKTYpax




P€3y.HBTaTI>I O6y‘ICHI/ISI, MOJIYYCHHBIC TPpHU OCBOCHUU JUCHUIIIINHBI, HGOGXOI[I/IMBI IIpU BbIIIOJITHCHHUN
BBITTYCKHOM KBJIM(PUKAIIMOHHON pabOTHI.



3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

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

Pacnipenenenue Tpy10eMKOCTH pa3zena (B 4acax) Mo BUJIaM y4eOHOI paboTh

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemectpe | ATTECTALMH
m P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 ITocTaHoBKa 3ama4 18 3 2 - 4 - - - - - 12 - Camocmoamenvroe uzyuenue
pacdera ucrnapeHus u meopemuueckozo mamepuana: Visyaenue
KOHJICHCALIUH JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
11 [ToctanoBka 3amau 18 2 - 4 - - - - - 12 - "ITocTaHoBKa 3a/1a4 pacyeTa UCTIAPEHUS U
pacueTa ucnapeHust u KoHAeHcanuu"
KOHJICHCALIUH H3yuenue mamepuanog iumepamypnolx
UCHOYHUKOG:
[2], 32-41
[5], 56-64
[8], 56-64
2 MeToms! pacueTa 20.0 2.0 - 6 - - - - - 12 - CamocmosamensbHoe usyuenue
TEPMUYECKUX meopemuueckozo mamepuana: Vzyuenue
COTPOTHUBIICHUI JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
2.1 Pemenue ypaBHeHUs 7 1 - 2 - - - - - 4 - "MeTo1bI pacueTa TEpMUUIECKUX
Bonbimana Bo Bceit CONPOTHUBIICHUH"
o0nacTtu, 3aHsTOi H3yuenue mamepuanog iumepamypHsix
ra3oBoii (azoit UCHIOYHUKOG:
2.2 Vpasuenus Hapbe- 6.5 0.5 - 2 - - - - - 4 - [2],5-21
Crokca B [3], 40-51
ra30JHHAMHUYECKOM [5], 176-181
1o700671acTH U [8], 176-181
ypaBHeHust bosplmaHa
B cnoe Knyncena
2.3 YpaBHeHUst 6.5 0.5 - 2 - - - - - 4 -
COXpaHEHHs Macchl,
HMITYJIECA U SHEPTUH
JUIsL KOH/IGHCaTa
3 00630p MeTOI0B 16 2 - 2 - - - - - 12 - CamocmosmenbHoe usyuenue




pereHus meopemuueckozo mamepuana: Visyaenue
KHHETUYECKOTO JIOTIOJTHUTENIBHOTO MaTepHaia o paszierny
YpaBHEHUS "O0630p METOJIOB PEUICHUS KHHETUYECKOTO
3.1 00630p MeTO0B 16 2 2 - 12 - ypaBHEHHS"
penreHns H3yuenue mamepuanos numepamypHsix
KUHETHYECKOTO UCHOYHUKOG:
ypaBHeHHst bosbIiMana [4], 11-16
TPUMEHUTENHHO K [7], 13-28
3aga4yaM UCIapeHus-
KOHJICHCALUH
4 Pesynbrate 26 4 6 - 16 - CamocmoamensHoe usyuenue
UCCIIeI0BaHuUs 3a1a4 meopemuueckozo mamepuana: Visyaenue
UCrapeHus- JIOTIOJTHUTEJIBHOTO MaTepHaia o paszieny
KOHJICHCALIUH "Pe3ynbTaThl HCCIEIOBAHMS 33/1a4 UCTIAPEHHMSI-
4.1 PesynbraThl 26 4 6 - 16 - KOHJeHcauuu"
UCCIIeI0BaHuUs 3a1a4 H3yuenue mamepuanog 1umepamypnoix
UCrapeHus- UCIOYHUKOB:
KOHJICHCAIIUU [2], 41-110
[5], 69-77
[7],67-78
[8], 69-77
5 Pemenne mpukiaaHBIX 46 6 14 - 26 - CamocmosamensbHoe usyuenue
3a/1a4: KHIICHHE meopemuueckozo mamepuana: Vzyuenue
CBEPXTEKYYero reiius, JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
IIPOLIECCHI "Pemenne npuKIagHbIX 3a7a4: KATICHUE
KPHOBaKyyMHPOBaHHS, CBEPXTEKYYEro reliusl, IpOLecCh
KOH/JICHCAIIUS T1apOB KPHOBAaKyyMHUPOBaHHUsI, KOH/ICHCAIHS TapOB
METaJIIOB MeTaJuIoB"
51 Kunenue 18 2 6 - 10 - H3yuenue mamepuanog 1umepamypHsix
CBEPXTEKYYEro reius UCHOYHUKOG:
5.2 IMpoueccsr 14 2 4 - 8 - [1], 706-730
KPHOBAKYyMHUPOBAHHUSI [2], 74-82
5.3 KonieHcanus napos 14 2 4 - 8 - [3], 5-35; 57-74
METAJIOR [6], 59-77
3aueT ¢ OUEHKOH 18.0 - - 0.3 - 17.7
Bcero 3a cemecTp 144.0 16.0 32 0.3 78 17.7
Hroro 3a cemecTp 144.0 16.0 32 0.3 95.7




IIpumeuanue: Jlex — nexnuu; Jlab — mabopatopusie padotsl; [Ip — npaktuueckue 3anatusi; KIIP — ayautopHbie KOHCYIBTAIIMN 110 KYPCOBBIM
npoektam/pabotam; UKKII — nnauButyanbHble KOHCYIBTALUH 110 KypCOBBIM IpoekTam/padotam; ['K- rpymnmnoBsie KOHCYIbTaIlMK 1O pa3ienaM
muctumuael; CP — camoctosarensHas padora cryaenta; MKP — nnas konraktHas padota; TK — Texymmii KoHTpoib; [TA — nmpomexyTouHas
aTTecranus



3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Ilocmanoska 3aday pacuema ucnapeHus U KOHOeHcayuu

1.1. ITocTanoBKa 3a/1a4 pacyeTa UCMAPEHUs U KOHACHCALUU
TepMuyeckue CONPOTUBJICHMS: BHeHIHee (Ta3oquHaAMHUYecKoe), MexdasHoe, IUICHKH
KOHZIeHcaTa. PoJb Ka)X10ro B 3aBUCHMOCTH OT MHTEHCUBHOCTH IIPOLIECCa..

2. Memoovwl pacuema mepmuyeckKux COnpomueieHull

2.1. Pemenue ypaBHeHus bosbiiMaHa BoO Bcelt 001aCTH, 3aHATON Tra30Bo# (azoi
Pemenune ypaBuenus bonbiimana Bo Bceit 001acTu, 3aHATOM ra3oBoil (as3oi.

2.2. Ypauenus HaBbe-CToKkca B ra30JuHaMUYECKON 1TOA00IaCcTH B ypaBHeHUs boibiimMana B
cnoe Knyncena

VYpasuenust HaBbe-CToKkca B ra3oquHaMU4ecKoi moao01acTu U ypaBHeHus bonbiMana B cioe
Knyncena.

2.3. YPaBHeHI/IH COXPAaHCHUS MACChI, UMITYJIbCA U SHEPI'UU IJI1 KOHACHCATA
YPaBHeHI/ISI COXPAaHCHUA MACChI, UMITYJIbCAa U DHCPIrUun JIs1 KOHACHCATA.

3. 0630D Memooos pPEeUEerHUAl KUHEMU4YEeCKOocO0 YPpaBHEeRUA

3.1. O630p METO/10B pPEUICHUS] KWHETUUECKOI0 ypaBHEHUS boJibliMaHa IPUMEHUTENIBHO K
3aJa4aM UCIIapEHUs-KOHJCHC ALK

JInnelinasg teopus. MOMEHTHBI METOJ PpELIECHHs OJHOMEPHBIX 3azad. I[IpsMoe yucineHHoe
peleHre KMHETHYeCKOoro ypaBHeHus bosibliMana (i pasHbix uncesl KHyznceHa, MHOrOMepHbIE
3anaun). [Ipsimoe crarucTuyeckoe MojenupoBaHue. MosenbHble ypaBHEHHUS. .

4. P€3Vﬂbmal’l’Zbl UCC1e006anUs 3a0ay ucnapeHuﬂ-KOHdeHcauuu

4.1. Pe3ynbpTaThl HCCIIeIOBAHUS 3aa4 UCIIAPEHUSI-KOHICHCAIINH

[TapamMeTpU4HOCTh HCHApEHUs, JO03BYKOBOM M CBEPX3BYKOBOM KoHAecHcauuu. IIpenenbHble
NOTOKH HCHApEeHUA-KOHACHCAUU.. VH)KeHepHble COOTHOUIEHMsI JUIsl pacuera HWCIapeHus u
KOHJCHCALlUK B JIO3BYKOBOM pexume. Jlnarpamma npenenbHbIX IOTOKOB B CBEPX3BYKOBOM
obnactu.. KonneHcamust B NpUCYTCTBUM HEKOHAEHcHUpyeMblx ra3zoB. Kpussie q=f(AT) mis
KOHJICHCALIUN-UCIIapEHUsI BO BCEM JAMANAa30HE HM3MEHEHMs MHTEHCUBHOCTEW. PekoMenpauum 1o
ymenblieHuto AT.. OmpeneneHne UTOroBOro Inepenajga TEMIEpaTyp OT rasza uepe3 MexgasHyro
MOBEPXHOCTh, IJICHKY KOHJEHCaTa, CTEHKY TEIUIOOOMEHHUKA (KOHJIEHCATOpa) OXJIaXJaoLieMy
TEIUIOHOCUTENIO.. BiinsHre HEenoaHOW KOHAEHCALMK Ha TpaHUlle pa3zena ¢a3 Ha XapaKTepUCTUKU
nporecca.. Mojenu onucanusi: K03(h(HUIMEHTH UCTTAPEHUA-KOHAEHCAIUY, CUCTEeMa KHHETHYECKUX
ypaBHEHUH JUIsI MOJIEKYN Ta3a ¥ (JOHOHOB KOHJEHCATa; pacyeT B3auMOJEUCTBUN MOJIEKYJ rasa u
KOHJIEHCAaTa METOAAMU MOJIEKYJIIPHOW AMHAMMKH; MPEAEIbHBIE CKOPOCTH U INPEAEIbHBIE TOTOKU
MAacCBhl..

5. Pewenue npuwzadnblx 3a0ay. KUneHue ceepxmeKyueco cenuid, npoueccol
KPDUOBAKYYMUPOBAHUA, KOHOQHCCZMM}Z napoe memaJiijios

5.1. Kunenue cBepXTeKydero reyus
KpuBas kunenus cepxrekydero reius. [InkoBas u "BoccTaHOBHUTENBHAS" TEIUIOBAsl Harpys3kKa..
Pacuer "BoccTaHOBHTENBHOH" TEMJIOBOM HArpy3Kd MO JIMHEHHON Teopuu U B OOIIEM cllyyae..
[lepeHoc Tema yepe3 MapoBYIO IUICHKY [JI1 HEJIMHEHMHBIX 3a7a4 B OJJHOMEPHOW W JABYMEPHOH
8



nocraHoBke.. IlepeHOC Macchl W PHEPrUM B OTrPAaHMYCHHOM MapoBO 00JacTH NpU HATUYUHU
rpaJlueHTa TeMmmeparyp Ha Mexda3Hoil moBepxHOcTH.. Pacuer sBoonMHM MapoBOW IUICHKH TPH
OO0JIBIINX TETJIOBBIX HArpy3Kax JUIs IIOCKOTO, IMIIMHAPHYECKOTO U CPepUIeCKOro HarpeBaTese.

5.2. [Iponecchl KpUOBaKYyMUPOBAHUS

Ponp  HampaBiIeHHOCTM TIOTOKOB TMpH  KpUOKOHAEHcanuu (aecyOnmmanuu).. Pacuer
TEIUIONEepeHoca B 00JIACTH HENPUMEHMMOCTH 3aKOHOB IpafueHTHoro tumna.. Ilpumepsl pacuera
TEYEHUH, XapaKTEPU3YEMBbIX MAJIbIMU yucinamMu KHyzceHa, ¢ y4eTOM CHIIBHON HEPaBHOBECHOCTH HA
Mex(da3HoH rpaHule..

5.3. KonaeHcanust napoB METalIoB

Ponp mnpoueccoB mnepeHoca Ha Mex(pa3HOW IIOBEPXHOCTU IIpU ONPEAEICHUHM OOIIero
TEPMUYECKOIO CONPOTUBJICHUS B CUCTEME: Iap — IIJICHKA KOHJEHCAaTa — CTEHKa KOHJEHCaTopa —
OXJIXKJAIOUIMHA TerloHocuTeNb.. COoloCTaBIeHNE PE3yJIbTaTOB pacueTa C 3KCIEPUMEHTaIbHBIMU
JaHHBIMH..

3.3. Tembl NpaKTHYECKUX 3AHATHI
1. JIBmxeHue nepeMbruek renus-11 B kanwispax npy HaIMYUU 0CEBOTO TEIJIOBOTO MOTOKA;
2. DBoutroLMs TAPOBBIX IUIEHOK NpH kuneHuu renus-11. [IpubnmkeHHbIil moaxo U pacyer Ha
OCHOBE ypaBHeHUs Panes;
3. Pacuer BOCCTaHOBUTENBHBIX HArpPy30K IIPU KUIIeHNU renus-1I Ha HarpeBarensax
LWIMHJPUYECKOHN U IIapOoBOil POPMBIL;
4. OnpeneneHue NpeAeabHON IJIOTHOCTH ra3a IpHU 3allipaHuy KOHJCHCALMK U3 [1apora3oBou
Cpenbl;
5. McnapeHue 1 KOHIEHcalys IPY HAJIMYMKY HEKOHJCHCUPYEMBIX KOMIIOHEHTOB;
6. I[IpuMeHeHne METOJ0B MOJIEKYJIIPHON AUHAMUKH JUIS 33/1a4 SHEPIO-MaccollepeHoca B
IBYX(a3HbIX CUCTEMAX;
7. 3aKOHBI COXpaHEHUS B BUJE BHIPAKEHUIN MOJIEKYIIpHO-KMHETUYECKOM Teopun. Pacuer
TEIIOBOIO TIOTOKA I CBOOOTHOMOJIEKYJIIPHOTO MPeIena;
8. Biustaue ko3 unrenToB ucnapeHus 1 konaeHcanuu. Crnoco0 nepecyera pe3yabTaToB
peleHus 3aauu 00 MHTEHCUBHOM KOHAEHCAIUH;
9. Onpenenenre MIOTHOCTU OTOKA MacChl IPU MHTEHCUBHOW KOHAEHCALIUU C TIOMOILBIO
NpUOJIMKEHHOTO COOTHOIIEHUS, TOJIyYeHHOT0 Ha 6a3e MOJIEKYJIIPHO-KUHETUYECKON TEOpHUH.
CpaBHeHue ¢ pe3ysibTaTaMi IPUMEHEHUS TPAJUIIMOHHOTO MTOAX0/1a;
10. [TpuOGnu>keHHBIN METO] ONpeieNICHHs TEIIONEPEHOCa Yepe3 CIION pa3pekeHHOTo ra3a
IIpU IPOU3BOJIbHBIX unciax Kuyncena. [Ipumepsl IpUMEHEHHUs 1711 HAHOPA3MEPHBIX CUCTEM;
11. OcoGeHHOCTH IBOJIOIMH MTAPOBBIX 00pa30BaHU Ha HArpeBaTeNsIX LHJIMHAPUYECKON U
1apoBoi (hOPMBI, MOTPYKEHHBIX B AKHUJKOCTU C HU3KOH U BBICOKON 3()()EKTUBHOCTHIO
TEIIONEPEHOCA;
12. TlpumeHeHue 3aKOHOB coxpaHeHHs B nudepeHuanbHol popMme Ais pelieH s 3a1a4u O
KOHJICHCALlUU YMCTOT0 Mapa Ha IOBEPXHOCTH;
13. Pemenne ypaBHEHHS COXpaHEHUS SHEPTUM B MHTETPATBHOU (DOPMYITUPOBKE IS 33724
MHTEHCUBHOI'O NCIIAPEHUS U KOHAECHCALMU B PAMKaX MEXAHUKH CIIOLIHBIX CPEN;
14. TlpenenbHble 3HaUeHUS KOAP(PUIIUEHTOB KOHACHCALIUU U YIEJIbHBIX TIOTOKOB MAacChl;
15. Ilpumenenune ypaBHeHMs Panes s pemenus 3a1auu o CXJIONbIBAHUU IapOTra30BOro
y3bIps IpU cCOHOMOMUHecieHInU. [TpubmkenHoe onucanue saaeHus: GOpMUPOBAHUS
yZapHOW BOJIHBI BHYTPH ITy3bIPS.

3.4. TeMbl 1a00paTOPHBIX padoT
HE MIPEAYCMOTPEHO



3.5 Koncyabranumn

Ipynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I'K)

1. OOGcyxnenne MarepralioB 1o keiicam pasnena "[locTraHoBka 3amau pacueTa MCIApEHUS U

KoHaeHcanuy"

2. OOcyxneHue MaTepuajgoB 10 Kelicam pasmena "Merombl pacuera TEPMHYECKHX
CONPOTHUBIICHUIA"

3. OO6cyxaenue MarepralioB o kericam pasnena "O030p METOAOB pelIeHUs KHHETHIECKOTO
ypaBHeHUs"

4. OOcyxaeHue MaTepuaioB MO Keiicam pasnena "PesynbTaThl HCCemOBaHUS 3a1ad
HcrnapeHus-KoHAeHCauu"

5. OOcyxkaeHne MatepuayioB Mo KekicaM paszzena "PernieHune MPUKIAIHBIX 3a/1ad: KUTICHUE
CBEPXTEKYUYEero relins, IpoIecChl KpHOBAKYYMUPOBaHUs, KOHACHCAIUS TApOB METAJLIOB"

3.6 TemaTuka KypcoBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IpeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena
JTUCUUILTAHEI (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 Komnoksuym/IIppumeHeHe KHHETHYECKOTO
MCCIIEI0BAHUS TETUIOTHAPABINYECKHUX MTPOILIECCOB B YCIOBHUSIX ypaBHeHus bonpliMana 1uist penieHus 3aaa4
3HAYUTEJILHOTO OTKJIOHCHHUS OT COCTOSTHUS N /I-3nk-1 + + TEIJI0-MaccollepeHoca Ha rpaHuIax pasjesa
TEPMOJAMHAMUYECKOTO PABHOBECHUS U MIPUHITUIIBI UX da3
MOJICIIMPOBAHHUS B KOHKPETHBIX TEXHUYECKUX CHCTEMax
CIOCOOBI pacyeTa CyIMeCTBEHHO HEPAaBHOBECHBIX MTPOIIECCOB KonTponbras padorta/Pacder TepMUYECKUX
IepeHoca ¢ 1ebl0 MPUMEHECHHS UX Ha MIPAKTUKE JJIs V-3 + + COTNIPOTHUBIICHUHN MTPU UCTIAPCHUHU U
pa3paboTKH PHEPTOHAIPSDKEHHOTO 000pYy/I0BaHUS, MAIITUH H KOH/ICHCAIINH
anmnapaToB BBICOKMX TEXHOJIOTHMA
YMerh:
aHAIIM3UPOBATh MHPOPMAIIHIO O TEXHOJIOTHUSIX OCYIIECTBICHHS KonnokBuym/MeTozsl U pe3yiabTaThl
CYIIIECTBEHHO HEPAaBHOBECHBIX MPOIECCOB NIEPEHOCA N-3nx-1 + | + | uccnenoBaHUs 3a/1a4 TETUIO- MacComepeHoca
Ha MeK(a3HBIX TOBEPXHOCTSIX
MIPUMEHATh COBPEMEHHBIE METO/IbI UCCIIEIOBAHUS, IPOBOIUTD KonTponbnas pabota/Onpenenenue
TEXHUYECKUE UCTIBITAHUS U (WJIM) Hay4YHbIE IKCIIEPUMEHTHI V-3 + | 4 | TCIUIOBBIX HATPY30K CKOPOCTEH JIBHIKECHHUS

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
3 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. Meto/ibl U pe3ynbTaThl MCCIEIOBAHUS 331a4 TEIUIO- MAaccollepeHoca Ha MexX(a3HbIX
nosepxHocTax (KomiokBuym)
2. IlpuMeHeHrne KHHETUYECKOT0 YpaBHeHUs bosbiiMana 11t pereHus 3a/1a4 Tero-
MaccoliepeHoca Ha rpanunax pasnena ¢as (Komioksuym)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 Ilpome:KyTOYHAS aTTECTALMS 110 JUCHUIIMHE
3auem ¢ ouenxou (Cemecmp Ne3)

B numnmnoM BeICTaBIsETCS OICHKA 3a 3 CEMCCTD.

IIpumeuanue: OrieHOYHbIE MaTEpUAIIBI 10 AUCIUILIMHE PUBEJCHBI B (DOH/IE OLIEHOYHBIX
matepuanos OITOII.

5. YYEBHO-METOANYECKOE OBECHHEYHEHUE JUCLHUIIJINHbI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. Jlannay, JI. 1. Teopernueckas ¢usuka. B 10 1. T.6. ['mnpoaunamuka : yaeOHoe nocodue amns
¢usnueckux cnenuanbHoctel ynusepcutetoB / JI. J1. Jlannay, E. M. JInpumn . — 4-e usa., crep . —
M. : Hayka, 1988 . — 736 c. - ISBN 5-02-013850-9 .;

2. Kprokos, A. II. IIpoueccel nepeHoca B CyIIECTBEHHO HEPAaBHOBECHBIX CUCTEMAX : yueOHOe
nocobue 1o Kypcey "IIporieccel mepeHoca B CylecTBEHHO HEPABHOBECHBIX CHCTeMax " 1o
HarpasieHuto "SnepHas sHepretuka u temnodusuka” / A. I1. Kprokos, Hatr. uccnea. yu-t "MOU" .
— M. : I3n-Bo MOU, 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;

3. Kproxkos, A. I1. ®opMbl Mex(a3HbIX TOBEPXHOCTEH MPH MEPEHOCE MACChl, UMITYJIbCA, SHEPTUH :
yaeOHoe mocodue o kypey "[Iporecce mepeHoca B CyIeCTBEHHO HEPaBHOBECHBIX CUCTEMax " 1Mo
HarpasieHuto "SnepHas sHepretrka u terodusuka” u cnymareneit @ITIKIIC / A. T1. Kproxkos, HO.
1O. ITy3una, Ham. uccnen. ya-t "MOBU" . — M. : U3a-Bo MDY, 2015 . — 88 ¢. - ISBN 978-5-7046-
1638-2 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=7261,

4. Kopomes, I1. B. MeTop!1 onrcanusi KOHACHCUPOBAHHBIX CUCTEM : yU4eOHOE IMOCOoOHe 1Mo KypCy
"®u3nka KOHJEHCUPOBaHHBIX cucTeM" 110 HanpasieHHo "HanorexHomorun", u ciymarenen

12



OIIKIMuC MBU (TVY) / I1. B. Kopounes, A. I1. KptokoB, Mock. 3uepr. uH-t (MOU TY) . — M. :
Usnarensckuii nom MOU, 2010 . — 64 c. - ISBN 978-5-383-00428-9 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=1454;

5. JIaGynmos, /I. A. Mexanuka AByx¢a3HbIX CUCTEM : y4eOHOE ITOCOOHE JIJIsl BY30B IO
HarpaBieHuto "Texanueckas ¢puzuka" / JI. A. Jlabynmos, B. B. SIroB . — 2-e uz ., nepepad. u o1 .
— M. : U3parensckuii oM MOU, 2007 . — 384 c. - ISBN 978-5-383-00036-6 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=5286;

6. Kprokos, A. I1. DnemMeHThI THAPOIMHAMUKY U TeruionepeHoca B renu Il : Yyebnoe mocobue mo
kypcy "Kpuodusuka" no nanpasienuto "Texunueckas ¢puzuka" / A. I1. KprokoB, Mock. sHepr. uH-
T(MOUTY) .- M. : U3n-Bo MOU, 2004 . — 80 c. - ISBN 5-7046-1137-0 .;

7. UucneHHoe pelieHne KHHETHUECKOro ypaBHeHHs bosbliMaHa B MH)KEHEPHOM MPAaKTUKE : ydeOHOe
nocobue 1o kypcam "Kpuodusuka" u "[Iporneccr mepeHoca B CylmecTBEHHO HEPAaBHOBECHBIX
ycnoBusax" mo Hanpasienuto "Texunueckas ¢pusuka" / A. I1. Kprokos, B. 1O. JleBamos, U. H.
[HumkoBa, u ap., Mock. sHepr. uH-T (MOU TY) . — M. : U3a-8o MOU, 2005 . — 80 c. - ISBN 5-
7046-1316-0 .;

8. JIabynuos J[.A. , SIroB B.B. - "Mexanuka nByxdaszusix cucreM", U3narenscto: "M3garensckuii
nom MOU", Mockaa, 2016 - (384 c.)

http://e.lanbook.com/books/element.php?pll_id=72240.

5.2 JIuueH3M0HHOE 1 CBOOOIHO PAacPOCTPaHsieMoe NPOrpaMMHOe odecreyeHme:
1. Office / Poccuiickuii makeT 0(UCHBIX IPOTpamMMm;
2. Windows / OniepanionHasl cuctema cemeicTna Linux.

5.3 UnTepHeT-pecypcsl, BKJIKOYasA NpodeccHoOHAIbHBIE 0a3bl IaHHBIX U HH(OPMAIIHOHHO-
CIpaBOYHbIE CHCTEMbI:

1. 9BC Jlaub - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 0u0J1M0TeKa OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3JiekTponHasi 6udmoreka - https://elibrary.ru/

4. baza nannbix Web of Science - http://webofscience.com/

5. Ba3a naunbix Scopus - http://www.scopus.com

6. HanmoHanbHas dj1eKTpOHHas Oudmoreka - https://rusneb.ru/

7. dnexkrponnas oudmorexka MOU (36 MIOM) - http://elib.mpei.ru/login.php

8. ITopTan oTKpPHITHIX AaHHBIX Poccuiickoii @exepamuu - https://data.gov.ru

9. ba3a oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPYAA U COUMAILHOI 3a1UThI PD -
https://rosmintrud.ru/opendata

10. Ba3a OTKPBITHIX IaHHBIX NPO(ecCHOHAIBHBIX CTAHAAPTOB MUHMCTEPCTBA TPYAA H
conuaabHoi 3aumthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

11. ba3a oTKpBITHIX JaHHBIX MHHHCTEPCTBA IKOHOMUYECKOro pa3Butust P@ -
http://www.economy.gov.ru

12. Ba3a oTKpbITHIX A1aHHBIX PocuumonuTopunra - http://www.fedsfm.ru/opendata

13. DnexTpoHHasi oTkpbITast 6a3a naHHbIX '"'Polpred.com O630p CMHU" -
https://www.polpred.com

14. HanmoHa bHBII MOPTAJ OHJIaiH 00yuenus «OTKpbITOE 06pa3oBanme» - https://openedu.ru
15. O¢puunanbHblii caiiT @egepajabHOr0 areHTCTBA M0 TEXHUYECKOMY PeryJIMpoOBaHUIO U
MeTpoJiornu - http://protect.gost.ru/

16. OTkpbITas yHuBepcuTerckas nngpopmannonHas cucrema «POCCHSI» -
https://uisrussia.msu.ru
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6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun noMemeHnunst Homep aynuropun, OcHanenne
HAaUMEHOBaAHUEC

VY4eOHbIC ayIUTOPUH IS M-409/2, Aynutopus CTOJI IIpenoaaBaresis, CToJ, J0CKa

MIPOBEJICHUS JIEKIIMOHHBIX kad. "HT" MEJIOBAsI, MYJIbTUMEIUUHBIN IPOECKTOP
3aHATHI ¥ TEKYIIETO KOHTPOJIS M-422/4, YuebHas CTOJI, CTYJI, MyJIbTUMEIUAHBIN
nabopaTopus MIPOEKTOP
KpUODU3UKH
M-412, Yuebnas CTEJUJIaX JJIs1 XpAaHEHUsL KHUT, CTOJI,
ayAuTOpHUs CTYJ1, MYJIbTUMEIUUHBIA MPOEKTOP,

JIOCKa MapKepHasi

K-120, MammHHBIH

cepBep, KOHAULILOHED

3an1 UBI]

Y4eOHbIC ayAUTOPUH IS M-409/2, Aynutopus CTOJI IIpernoaaBaresis, CToJ, J0CKa
IIPOBEACHUS IIPAKTUYECKUX kagd. "HT" MEJI0Basi, MyJbTUMEIUUHBIN ITPOEKTOP
3ansatui, KP u KII M-422/4, YuebHas CTOJI, CTYJI, MyJbTUMEIUUHBIN

nabopaTopus MPOEKTOP
KpUODU3UKH
M-412, Yuebnas CTEJIJIaX JJIs1 XpAaHEHUsl KHUT, CTOJI,
ayuTopus CTYJ, MYJIbTUMETUNHBINA TPOEKTOP,

JI0CKa MapKepHasi

K-120, MamuHHBIH

cepBep, KOHIUITUOHED

3an MBI
Y4eOHbIC ayAUTOPHH TS M-409/2, Aynutopust CTOJI MIPEenoaBaTeisi, CTOJM, TOCKa
IIPOBEICHUS IPOMEKYTOUHOMN kad. "HT" MEJIOBasi, MyJIbTUMEIUNHBINA TPOEKTOP
aTTecTaluu M-422/4, YuebOuas CTOJI, CTYJI, MyJbTUMEIUMHBIN
naboparopus IPOEKTOP
KpUOPHU3UKH

M-412, YueOHas CTEeJIJIaX JJIsl XpaHEHUsl KHUT, CTOJI,
ayAuTOpHUs CTYJI, MyJIbTUMEIUMHBINA ITPOEKTOP,

JI0OCKa MapKepHasi

K-120, MamuHHEBIH
3an MBI]

cepBep, KOHIUITHOHED

ITomemntenus miis
CaMOCTOSITENTLHON pabOTHI

M-411/1,
KomMmnbrotepHslii kacce

CTOJI, CTYJI, AOCKA MEJOBas,
MYJIbTUMEIUNHBIN ITPOEKTOP,
KOMITBIOTEP NMEPCOHAIBHBIN

ITomentenus miis
KOHCYJIbTUPOBAHMS

M-423/1, Ayautopus
kad. "HT"

CTYJI, CTOJ MMHUCbMEHHBIN

HOMCHICHI/I?[ AJI XpaHCHUA
o0opynoBaHus U y4eOHOTO

WHBEHTAaps

M-407/1, Knagosas

CTCJIIAXK IJId XpaHCHUSA HHBCHTApPs,
CTCJUIAXK JIA XPAHCHUS KHUT,
WHBCHTAPb CHeI_[I/IaHI/ISPIpOBaHHBIﬁ
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

Hpoueccm MEPCHOCA B CYHICCTBCHHO HECPABHOBCCHBIX CUCTCMAX

(Ha3BaHME AUCIMILIMHBI)

3 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2

KM-3

KM-4

Pacyer TepMuuecKUX CONMPOTUBIICHUM TP ucnapeHuu U konaencauuu (KonrponpHas padorta)
[IpuMeHeHre KUHETUYECKOTO ypaBHEeHHs boibliMaHa /i pelieH s 3a/1a4 TeII0-MacconepeHoca

Ha rpaHumax paszaena ¢gas (Komiokeuym)

Mertoas! u PE3YIbTAThI UCCIICAOBAHM 3a4a4 TCIIJIO- MaCCOIICPCHOCA Ha MG)K(I)&?;HHX

noBepxHocTsax (KommokBuym)

Omnpeznenenne TEIIOBBIX HArPY30K M CKOPOCTEH JBIKEHHUS MEX(Da3HBIX TOBEPXHOCTEH MpH

KureHuu ceepxrekydero renus (Kontponbnas pabota)

Buja npomexyTouHOi aTTecTanMu — 3a4€T C OLICHKOM.

Nunekc KM- | KM- | KM- | KM-
Howep Pa3znen nucuuninHbl KM: L 2 3 4
pasjena Henens 4 8 12 15
KM:
1 [TocranoBKa 3a/1a4 pacuera UCHapeHusl U KOHJIEH AU
11 ITocraHOBKa 3a/1a4 pacyeTa UCIIAPEHUs U KOHJIEHCALUH +
2 MeTtoapl pacuera TEpMUYECKUX COIPOTUBIICHUN
21 Pemenue ypaBuenust bonbiiMana Bo Bceit 001acTu, 3aHATOM +
' ra3oBoM (hazoif
29 VpaBuenust HaBbe-CTOKCa B Ta30IMHAMUYECKON M010071aCTH +
' u ypaBHeHMs bonbpiiMana B ciioe Knyncena
23 VYpaBHEHUS COXpaHEHUS MacChl, UMITYJIbCA U SHEPTUH JUIs +
' KOHJIeHcaTa
3 O0630p METOJI0B pelIeHUsI KHHETHUECKOT0 YpaBHEHUS
0O0630p METOJIOB pelIEHNUs] KHHETUYECKOTO YPaBHEHUS
3.1 bonbuMana NpUMEHHUTENBHO K 3a/1a4aM UCIIapEHUs - +
KOHJICHCAllUU
4 PesynbTats!l uccnenoBanus 3a1a4 UCTIAPEHUS-KOHIEHCAI[UN
4.1 PesynbTats!l uccnenoBanus 3a1a4 UCTIAPEHUS-KOHIEHCAI[UN + +
Pemenuie npukiaaHbIX 3a7ja4: KUIIEHUE CBEPXTEKYUETO
5 relns, IPOLECCHl KpHOBAKYYMHUPOBaHUs, KOHIEHCAIUs TIapOB
METAJIJIOB
5.1 Kunenune cBepxTekydero reiaus + + +
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5.2 I[Mporiecchl KPHOBAKYYMHUPOBAHUS + + +
5.3 Konzaencanus napoB MeTaJljIOB + + +
BecKM,%:| 25 | 20 | 35 | 20

16




