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

Hanpagsienne noaroroBku/cnenuanbHocts: 14.03.01 SinepHas 3Hepreruka u Temiopuzuka
HaumeHnoBanue o6pa3oBaTejbHOI nporpaMMbl. HaHOTeXHO/I0THM M HAHOMATEPHAJIBI B JHEPreTHKe
YpoBeHb 00pa3oBaHus: BbIclIee 00pa3oBaHue - faKkajlaBpuaT

®opma o0yuenusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
MNPOLECCHI HA IIOBEPXHOCTHU PA3JIEJIA ®A3

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.01

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

8 cemectp - 4;

Yacos (Bcero) no yueoHomy
IJIAHY:

144 yaca

Jexknun

8 cemectp - 14 yacos;

HpaKTuquKne 3aHATHA

8 cemecTp - 28 yaca;

JlabopaTopHbie pa6oThI

He NMPeyCMOTPEeHO YUeOHbIM IIAHOM

KoncyabTanum

8 cemecTp - 2 yaca;

CamocrosiTesibHasi padoTa

8 cemecTp - 99,5 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYAS:
IlepexpecTHbIii onpoc
KontpoabHas padora

IIpome:kyTouHast aTTecTALUS:

IK3aMeH

8 cemecTp - 0,5 yaca;

Mockgsa 2020




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
Leabp ocBoeHUusi AUCHUILUIMHBI. U3y4Y€HHE OCHOB (DM3MYECKHUX SBJICHHM Ha MOBEPXHOCTU
KOHJCHCUPOBAHHBIX CPEJl, a TAK)KE METOJOB MOJEIMPOBAHNS COOTBETCTBYIOLIUX IIPOLIECCOB HA TPaHUILIE
pasnena ¢a3
3agauu AMCHMIIMHBI
- IPUOOPETEHNE HABBIKOB OCYIIECTBICHUS «BaKYYMHBIX» H «KPHOBAKYYMHBIX)» PaCUu€TOB;
- 03HAKOMJICHHE CO CIIOCO0aMM MCCIIEOBAHMS TIOBEPXHOCTEH;
- U3y4YeHHE OCHOB aJIcCOPOLINU U AeCOpOLUY;
- OBJIaJIEHUE MPAKTUKON pacyeTa TeII0Thl aJCOPOLIMH, apaMETPOB Pa3IMUHbIX U30TEPM
copO1uu;
- OBJIaJIEHUE METOAAMH MOJEIMPOBAHUS AIEMEHTAPHBIX IIPOLIECCOB HAa IOBEPXHOCTH;
- U3y4YeHHE OCHOB (PU3MKHU MPOIIECCOB MEpeHoca Ha MoBepxHOCTH cBepxTekyuero renus (He I1);
- OBJIQJICHUE METOJIMKOH pacyeTa Kod(pPHUIMEHTOB OTpaKeHH 3ByKa oT noBepxHoctu He 11
nBwxeHus nepembruek He 11 B kanussipe.

CDOpMI/IpyeMLIe y 06yqafomeroc>1 KOMIICTCHIUHU U 3allJTAaHUPOBAHHLBIC PE3yJibTaTbl Oﬁy‘IEHHﬂ 10
JUCHUIITIMHE, COOTHCCCHHBIC C HHANKATOPaAMHU JOCTUKCHU A KOMIIeTEeHIIMIi:

KOI[ U HAMMEHOBaAHUC KOI[ U HAUMECHOBAaHUC 3al'lJ'IaHI/Ip0BaHHI)Ie pe3yJabTaThl Oﬁy‘leHI/l‘il
KOMIIeTeHIIUH HHIMKATOPA T0CTHXKEHUS
KOMIICTCHIIUU
[TK-4 CriocoOeH k NJ1-2nk-4 3HAaET METOIbI 3HATh!
pa3paboTke OTpEeIeTICHUS TTapaMeTPOB - BO3MOKHOCTH U 0COOCHHOCTH
HaHOPa3MEPHBIX 3¢ PEeKTUBHBIX [IPUMCHCHHUS Pa3JINIHBIX METOIOB
MaTepuajoB U yCTPOUCTB HU3KOPa3MEPHBIX YCTPOHCTB 1 | MCCICTI0BAHMS TIOBEPXHOCTEH’;

CIIOCOGEH MPOBECTH HX OLEHKY | - OCHOBBI (bu3HKYU aIcopOIuK U Jecoponuu
U crienu UKy MpoIeCcCOB MEepeHoca Ha

IMOBEPXHOCTHU CBCPXTCKYUCTO I'CJIMA.

YMETB:
- BBIIIOJIHATD PAcy€Thl IIPOBOAUMOCTH

BaKyyMHBIX TpyOOIpOBOJIOB M ObICTPOTHI
OTKayKu 00bEMOB, 00OOCHOBBIBAThH
MPUMEHEHHUE METO/1a UCCIIEA0BAHUS
IIOBEPXHOCTEH;

- OCYILIECTBJIATH PacueThl TEILIOTHI
aicopOLIMU ¥ TapaMeTpOB pa3IMYHbIX
M30TEPM COPOIMH, IPUMEHSTh METO/IbI
MHTEpIpEeTaluy SKCIIEPUMEHTAIBHBIX
JTAHHBIX 110 B3aUMOJAECHCTBUIO MOJIEKYJ
rasza ¢ Mex¢a3Hoil 00JacThIo.

2. MECTO JUCIHUILIUHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JlucuuruiiHa OTHOCHTCS K OCHOBHOM IpodeccHOHaTbHOW —00pa3oBaTeNbHON mporpamme
Hanorexnomorun u HaHoMaTepuaisl B dHepreTuke (ganee — OITOIT), manpasnenus moarorosku 14.03.01
SnepHas sHEpreTHKa U Tero(pusnka, ypoBeHb 00pa3oBaHus: BhICIIee 00Opa3oBaHue - OakanaBpHar.

Tpe6OBaHI/I5{ K BXO/IHBIM 3HAHUAM U YMCHHAM:
- 3HaTh TepMoanHaMuUKa

- 3HaTh Pu3nka (oOuias)

- 3HaTh Maremaruka

- 3HaTh OuU3NKa KOHACHCUPOBAHHBIX CUCTEM




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.

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

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i [POMEIKYTOIHOM o &| 3 Koncynbranus UKP PaGora B [Toxroroska k METOIMYECKHE YKA3ZaHUs
aTTeCTAINH 8| © | Jlex JIab | Ip A CeMECTDE aTTeCTalluu
R KIIP | I'K | UKKII | TK p oo
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 [ToBepxHOCTH: 27 8 3 - 6 - - - - - 18 - Camocmosamenvnoe usyuenue
OCHOBHBbIE MTOHSTHS U meopemuueckozo mamepuana: Visyaenue
METO/Ibl aHAJIN3a JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
1.1 | Omnpenenenue NOHATUA 9 1 - 2 - - - - - 6 - "IToBepXHOCTh: OCHOBHBIE OHATHSI U METO/IBI
ITOBEPXHOCTH aHanm3a"
1.2 [Tonarus u ypaBHeHUS 9 1 - 2 - - - - - 6 - H3yuenue mamepuanog 1umepamypHsix
BaKyyMHOW TEXHUKHU UCHOYHUKOG:
13 Merto/p!l aHaM3a 9 1 - 2 - - - - - 6 - [1], 3-31
HOBEPXHOCTH [2], 67-202
[5], 333-349
2 AncopOmus u 28 4 - 8 - - - - - 16 - CamocmosamensbHoe usyuenue
JecopOuus meopemuueckozo mamepuana: Vzyuenue
2.1 OcHOBHBIE 7 1 - 2 - - - - - 4 - JIOTIOJTHUTEIFHOTO MaTepuana 1o pa3aeny
OTIpe/IeIeHUS "Ancop6ums u recopOrus”
2.2 Kuneruka agcopouuu, 7 1 - 2 - - - - - 4 - H3yuenue mamepuaniog 1umepamypHuvlx
CKOPOCTB aJICOPOIIMHU UCHOYHUKOG:
2.3 Awnanus 7 1 - 2 - - - - - 4 - [1], 32-52
9KCIIEPUMEHTATbHBIX [2], 332-362
JIAHHBIX TI0
KpUOBaKyyMHOM
OTKAayKe TeJusl
2.4 Tepmuaeckas 7 1 - 2 - - - - - 4 -
JecopOIms
3 MonenmupoBaHue 32 4 - 10 - - - - - 18 - CamocmosmenbHoe uzyuenue
B3aUMO/IeHCTBUH meopemuueckozo mamepuana: VIsydaenue
aTOMOB rasa JIOTIOJTHUTENIBHOTO MaTepHaa o paszierny
IIOBEPXHOCTBIO "MoaenupoBaHue B3aUMOIEHCTBUN aTOMOB

TBEPAOro Tejaa

rasa ¢ IOBEPXHOCTHIO TBEPAOTO Tema"

5




3.1 Monenu 16 2 - 5 - 9 - H3yuenue mamepuanog 1umepamypuoix
B3aMMOJICHCTBHI UCHIOYHUKOG:
3.2 Yucnenunoe 16 2 - 5 - 9 - [1], 53-77
MO/JICTTUPOBAHKE [3], 5-19
B3aUMOJEUCTBHS aTOMa
raza ¢ 6JJ0KOM aTOMOB
TBEPOTO Teja
4 [Ipormecce mepeHoca Ha 21 3 - 4 - 14 - CamocmosamensHnoe usyuenue
MexpazHoi meopemuyueckozo mamepuana: Vzyuenne
noBepxHocTH resus 11 JIOTIOJTHUTEIBHOTO MaTepHaa o pasjieny
4.1 OTpakeHHe 3ByKa OT 10 1 - 2 - 7 - "ITpouecchr nepeHoca Ha Mex(a3zHOH
MexdazHoit nosepxHocty renus 11"
MTOBEPXHOCTH H3yuenue mamepuanog iumepamypnolx
CBEPXTEKY4Eero rejus UCIOYHUKOB:
4.2 Iewxenue He-11 B 11 2 - 2 - 7 - [3], 46-56
KaIMJIAPE C HapoM [4], 42-44, 69-77
MIPY HAJTUYUN
IPOIOJBHOTO
TEIJIOBOTO OTOKA
Ok3aMeH 36.0 - - - 0.5 - 335
Bcero 3a cemectp 144.0 14 - 28 0.5 66 335
Hroro 3a cemecTp 144.0 14 - 28 2 - 05 99.5

IIpumeuanue: Jlex — nexuuu; JIab — nabopatopusie pabotsl; [1p — npaktuueckue 3ausatust; KIIP — ayautopHble KOHCYIbTAIMK 110 KYPCOBBIM
npoekTtam/padotam; MKKII — nnauBHTyanbHbIe KOHCYIBTALUH 110 KypCOBBIM IpoekTaM/pabotam; I'K- rpymnmnoBsie KOHCYIbTallMK O pa3ienaM
mucturuael; CP — camoctosarensHas padorta cryaenta; MKP — nunas konraktHas padota; TK — Texymumiit koHTposb; [TA — npomexyTrouHas
aTTecranus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. ITosepxnocmu: 0CHOBHbIE NOHAMUSA U MEMOObl AHANU3A

1.1. Onpenenenrie NOHATHS MOBEPXHOCTH

Heo6xoauMocTh BakyyMUpOBaHUSI IPU HM3YYCHHHM TOBEPXHOCTH TBEpJAOro Teina. Bpems
oOpa3oBaHusi MoOHOcCOsl. Pacuer OBICTPOTHI JEHCTBUS Hacoca B CBOOOJHOMOJICKYISIPHOM U
CIUIOLIHOCPEIHOM (BS3KOCTHOM) Tnpejenax. [I[puroroieHne aroMapHO-4uCTON MOBEPXHOCTH.

1.2. [ToHsiTUSA ¥ ypaBHEHUSI BAKYYMHOM TEXHUKHU
Brictpora neiictBust Hacoca. beictpora orkauku oObema. IlpoBogumocts. [Torox. OcHoBHOE
ypaBHEHHE BaKyyMHON T€XHUKHU(00JacTh ero npuMeHeHus ). KproBakyyMHbIE HACOCHI.

1.3. MeTozbl aHanM3a NOBEPXHOCTU

Judpakuuss  3IEKTPOHOB.  DJIEKTPOHHAs  CIEKTPOCKONMA.  30HAMPOBAHHE  HMOHAMHU.
Muxkpockonus. CkaHupyromas 30HI0Bas MHKPOCKONUS: TyHeJIbHas M aToMHO-cuioBas (ACM).
KoHTakTHBIH, 6ECKOHTAKTHBIH, MOJYKOHTAKTHBINA pekuMbl ACM.

2. Aocopbuus u oecopbuyus

2.1. OcHOBHBIE ONIpeACIICHUS
®dusnueckas U xummuieckas copomus. zorepmsel, n3ocrepsl U u300apsl copomu. Haxoxaenue
TEIUIOTHI COPOIUH 110 U30CTEPaM.

2.2. Kuneruka ajcopO1uu, CKOpocTh ajcopOnuu
BeipaxkeHust A M3MEHEHHs KOJHMYECTBA YACTUI[ HA EAMHHIE IOBEPXHOCTH B CIUHHUILY.
BI)Ipa)KeHI/IFI AJI1 UIBMCHCHH KOJIMYECTBA MOHOCJIOCB B CAMHUIY BPCMCHU.

2.3. AHanu3 SKCIEPUMEHTAJIbHBIX JAHHBIX 110 KPHOBAKYYMHOM OTKa4yKe reus
N3otepmbl u nzoctepbl. Koadduunent npunrnanus. 3aBUCUMOCTH JIaBJICHUS OT BPEMEHU JIs
peXuMa Kpuo3axBara.

2.4. Tepmuueckas gecopOius

VpaBuenue Ilomanu-Burnepa. Ilopsgok kunetuku necopOuuu. Ilomyuenuwe oOiero
BBIPQXEHUS JJI1 M30TEpPMbl COPOLIMM B BHJE 3aBHCHUMOCTH JABJIEHUS Ta3a OT IMOKPBITUS CIOS
ancopbarom. M3otepmsl I'enpu, JIaurmiopa, bpynayspa, Ommera, Temnepa(b3T).

3. MOO@]ZMDO6CIHH€ 83AUMOOCUCBUL AMOMOB 2434 C noeepxHocmyviro meepdoeo mena

3.1. Monenu B3auMoieiCTBUI

Monens bayne s omnpeneneHus kosguuueHTa 3HeEpreTuyeckoil akkomonauuu. Pacyer
CKOPOCTM 3axBaTa aTOMa Ha OCHOBE pELIETOYHOM TEOpUHU. YTPOLIEHHBIM METOJ pacyera
B3aMMOJICHCTBHS aTOMa ra3a ¢ MOBEPXHOCTBIO TBEPAOTO Tela Ha OCHOBE MOJIEIH «TPEYroJbHOM»
NOTEHLMAIBbHON sIMbl. CpaBHEHUE C PEIIETOUYHOMN TEOPUEH.

3.2. HucneHHoe MOJENMPOBAHNE B3aUMOJICHCTBUS aToMa Ta3a ¢ 6JJOKOM aTOMOB TBEPJIOTO Tela

Tpexmepubie 3anaun. [lomyueHue QYHKIMM paclpeneNeHUs] MOJEKYJ, IBUXKYIIUXCS OT
rpaHulbl pasgena ¢ga3. MeTonbl aHanM3a SKCIEPUMEHTAIBHBIX JTAaHHBIX 10 OTPAKEHUIO MOJIEKYI
raza oOT TrpaHulbl paaena ¢a3. HaxoxkneHue TUIOTHOCTH UM TeMIIEpaTtypbl s
«IOTYMaKCBEIIOBCKOW» (YHKIIUM pacHpe/esieHUs, OIMUCHIBAIOMICH IIOTOK OTPaXXEHHBIX OT
MOBEPXHOCTU MOJIEKYIL.
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4. IIpoyeccwl neperoca na mexcgasuon nosepxnocmu 2eaus 1l

4.1. OtpakeHue 3ByKa OT Mex(a3HOW MOBEPXHOCTH CBEPXTEKYUETO TeIUs

dusnueckasi MOCTAHOBKA M MaTemaTtudeckoe omucanue. Kospuuent orpaxeHus 3ByKa OT
MexX(pa3zHOM TMOBEPXHOCTH CBepXTekydero renus. llpeaenpHble 3HaueHUs. 3aBUCHUMOCTb OT
ko3 dunmenta konaeHcanuu. KospdpuueHt npoHuIaeMoCTH IpaHuIb pa3zaena ¢as.

4.2. Ismxenue He-11 B kanmmuispe ¢ mapoM npu HATMYUK TPOJIOIBLHOIO TEIIOBOTO MOTOKA
[TocranoBka 3anaun. MaTemarnueckoe onucaHue. Pe3yiabTaTsl pacdeToB U SKCIIEPUMEHTOB.

3.3. Tembl NpaKTHYECKUX 3AHATHI
1. Pacuet mpoBoanMOCTH TPYOOIIPOBOIa M OBICTPOTHI OTKAYKH 00BEMa;
2. PacueT TeruoThl aicopOLInu 110 H30CTEpaM COPOIUH U 110 33JaHHBIM BpEeMEHaM KHU3HU
aTOMOB Ha MOBEPXHOCTH TBEPJIOTO TEIIA;
3. Pacuer BeMUYUH MOKPBITHS CJI0s aficopbata 1o u3orepmam ['erpu u JIsHrMropa;
4. OnpeneneHue 3Ha9CHUH KOAPPUITUSHTOB aKKOMO/IAIIMH YHEPTUU aTOMOB ra3a Ha
MOBEPXHOCTSIX TBEPJIBIX TEJ MO PA3IMYHBIM MOJICIISIM;
5. MHTepripeTanus 3KCIIepUMEHTABHBIX JAaHHBIX 110 OTPAKEHUIO MOJICKYII T'a3a OT IPaHHIIbI
pazzena da3. HaxoxaeHre IIIOTHOCTH M TEMIIEPATYPHI IS «I10JTyMaKCBEIUIOBCKOM)
(GyHKIMU pacTpeie]IeHUs], OMTUCHIBAIONIEH TOTOK OTPAYKEHHBIX OT MOBEPXHOCTH MOJICKYJI.

3.4. Tembl 1a60paTOPHBIX PadoT
HE MPEyCMOTPEHO
3.5 KoncyabTauuu

[ pynnoewle koncyremauuu no pasoeaam oucyuniunsl (I°'K)

1. OO6cyxnenue matepuasioB 1o kedcam pasnena "[loBepXHOCTh: OCHOBHBIE TIOHATHS U
MeTO/bl aHaIn3a"
OO6cyxxneHre MaTepualioB 1o Keiicam pasjaena "Axacopomus u aecopomus”
: CyXKIEHHE MaTepualioB Mo Keiicam paznena "MoaenupoBaHue B3aUMOJICHCTBUN aTOMOB
3. 06 "M
ra3a c moBEpXHOCTbIO TBEpOro Tena"
4. OOcyxaeHue marepuaslioB mo kedicam pasnena "lIporeccsl mepeHoca Ha MexdasHOU
noBepxHoctu remus 1"

N

3.6 TemaTnka KypcoBbIX POEKTOB/KYPCOBBIX padoT
KypcoBoii nmpoekT/ paboTa He MPeayCMOTPEHBI



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

Howmep paznena
JTUCIUIUTUHBI (B

O1neHOYHOE CPEICTBO
(TN ¥ HAUMEHOBAaHUE)

3annaHUpOBaHHBIE PE3yabTaThl 00YUEHUS IO JUCIUILINHE Konpt
(B COOTBETCTBUH C pa3zeiioM 1) HMHJIMKaTOpOB COOT]::;CIT ;3 e
1]2[3]4
3HaTh:
OCHOBBI (PU3UKHU aACcOPOLIUHU U 1ecOpOIUH U crienuUKy MpOIECCOB [TepexpecTHblii onpoc/OCHOBHbBIE
MepeHoca Ha MOBEPXHOCTH CBEPXTEKYUETO Telus N-2m1k-4 + + | XapaKTepUCTUKHU ITPOLIECCOB
aJcopOIuu U IecopOun
BO3MOKHOCTH ¥ OCOOEHHOCTH MPUMEHEHHS Pa3JIMUYHbBIX METOI0B [Tepexpectusiit onpoc/I[Tpubope! u
UCCIIEIOBaHMS TTOBEPXHOCTEH METO/IbI aHAJIN3a TTIOBEPXHOCTH
N/1-2nk-4 +
KonTponbras padora/lIlporeccs Ha
rpanuie paszaena a3
Ymersb:
OCYIIECTBJISTh PACU€Thl TEIUIOTHI aICOPOLIMH U TAPAMETPOB PA3ITMUHBIX [TepexpecTHbIil onpoc/OCHOBHBIE
M30TEPM COPOIUH, IPUMEHITH METOAbI HHTEPIIPETALIUN XapaKTEPUCTUKHU MPOLIECCOB
AKCIIEPUMEHTATBHBIX JTAaHHBIX MO B3aUMOJICHCTBUIO MOJIEKYII Ta3a C a7IcopOIUu U 1ecopOIn
Mex(pasHoi 061acThio N1-2nk-4 + | + | IlepekpectHslii onpoc/ITpudopsr u
METO/JIbI aHAJIM3a TTIOBEPXHOCTH
Kontponbnas padota/llpotieccer Ha
rpanuiie pasaena a3
BBITIOJHATH PacyeThl MPOBOJIMMOCTH BaKyyMHBIX TPYOOTPOBOIOB U [TepexpecTHbIii onpoc/OCHOBHBIE
OBICTPOTHI OTKAYKH 00HEMOB, 0OOCHOBHIBATH MPUMEHEHHE METOIa MOHSTUS ¥ METO/Ibl aHATHN3a
HCCIIE0BAHUS TOBEPXHOCTEMN MOBEPXHOCTHU
I/II['ZHK—4 + + +
[TepexpecTHsriit onpoc/OcHOBHBIE
XapaKTEPUCTUKHU MPOILIECCOB
aJcopOIMu U Iecopomm




4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMIJINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
8 cemecTtp

®dopma peanuzanuu: buneTsl (MUCEMEHHBIN OTIPOC)
1. ITpoueccrl Ha rpanwuie pa3aena ¢as (KontponbHas paboTa)

®dopma peanmszainuu: YcTHas Gpopma
1. OcHOBHBIE TOHATHUS U METO bl aHaKM3a oBepxHocTu (IlepexpecTHslii ompoc)
2. OcHOBHBIE XapaKTEPUCTUKH IpolieccoB ancopouuu u necopounu (IlepekpectHslii onpoc)
3. [IpuGops! u MeTo b ananu3a nosepxHocTH (IlepexkpecTHbIil ompoc)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIIIHNHBI ABJISICTCA ITPUITOKCHUCM A.

4.2 Ilpome:KyTOYHAS aTTeCTALMS 10 JUCHUIIMHE

Oxzamen (Cemecmp NeS)
Wrorosasi oreHka 1Mo Kypcy BBICTaBISIETCS HAa OCHOBE OIIEHKH 32 MPOMEKYTOUHYIO aTTECTAIUIO.
Bo3moxkeHn ciydaid, Korja B CHJIy 3HAQUUTEIHHO OTIMYAIOLICICS TEKyIIed OLEHKU MOXKET ObITh
MIPUMEHEH MOBBIIIAIONIMA WM MIOHWKAOIIANA KOAPPUITUSHT

B nunnoM BeICTaBIsETCS OICHKA 3a 8 CEMCCTD.

Ipumeuyanue: ONieHOYHBIC MAaTEPUAITHI TI0 JUCIUILINHE TPUBEICHBI B (DOH/IEC OIICHOYHBIX
marepuasioB OITOII.

5. YYEBHO-METOANYECKOE OBECIHHEYHEHUE JUCLHUIIJINHBI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. Kprokos, A. I1. BBeneHnue B uzyueHue siBJI€HUI Ha OBEPXHOCTU KOH/IEHCUPOBAHHBIX CPEN :
yuebHoe nocobue no kypcey "[Iporieccsl Ha OBepXHOCTH pazjena ¢a3" mo HanpaBICHUIO
"Hanorexnonorun", u ciymarenein @IIKIIC / A. I1. Kprokos, 1. H. Hlumkosa, Mock. 3Hepr. HH-T
(MBU TY) . — M. : U3natenbckuii ;om MBOU, 2009 . — 80 c. - ISBN 978-5-383-00384-8 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=896;

2. Beenenue B pusuky nosepxuoctu / K. Oypa, u ap., Poc.akan. Hayk, JlaneHeBOCT. OTA-HHE, UH-T
aBTOMAaTHKH U IpolieccoB ynpasienus . — M. : Hayka, 2006 . — 490 c. - ISBN 5-02-034355-2 .;

3. Kprokos, A. II. DnemeHTs! pu3nUecKoil KHHETHKH : YueOHoe nocodue 1o Kypcey "OCHOBBI
kpuopuzuku" / A. I1. Kproko, Mock. snepr. ua-t (MOU) . — M. : M3a-Bo MOU, 1995 . - 69 c. :
890.00 .;

4. Kprokos, A. I1. DneMeHTh THAPOANHAMUKH U TerionepeHoca B renuu Il : YueOnoe nocobue no
kypey "Kprnoduzuka" no nanpasnenuto "Texuuueckas pusuka" / A. I1. KprokoB, Mock. 3Hepr. nH-
T (MU TY) .- M. : Uzn-so MOU, 2004 . — 80 c. - ISBN 5-7046-1137-0 .,

5. Jlanpay JI. [., Jlupmmn E. M.- "Tunponunamuxa" T. 6, (6-e usa., ucnp.), Usnarensctso:
"OUIMATIINUT", Mocksa, 2021 - (728 c.)

https://e.lanbook.com/book/185671.
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5.2 JIunieH3MOHHOE ¥ CBOOOHO pacnpocTpaHsaeMoe MPOrpaMMHOe ofecrnedeHue:
1. Office / Poccutickuii makeT o(pUCHBIX IPOTpamMM;

2. Windows / OniepanionHas cuctema cemeicTna Linux.

5.3 UuTepHeT-pecypcsl, BKJAOYas NpodeccHOHATbHBIE 0a3blI JIaHHBIX U HH(POPMAIIHOHHO-

CIIPpaBOYHbIC CUCTEMBbI:

1. 3BC Jlans - https://e.lanbook.com/

OO NO O WN

. Hayunas 3;1ekTpoHHasi ondmoreka - https://elibrary.ru/

. Ba3za nannbIx xxypHanoB m3nareabcra Elsevier - https://www.sciencedirect.com/
. DJIEKTPOHHBIE pecypchl H3aaTelbcTBa Springer - https://link.springer.com/

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

. ba3za mannbix Scopus - http://www.scopus.com
. HannoHanbHasi 3J1eKTpoHHAas 0ubmoTeka - https://rusneb.ru/

. 9BC "KoncyabTanT ctyaenra' - http://www.studentlibrary.ru/

. DaexkTponHasi 6udmmoreka MIU (36 MDIH) - http://elib.mpei.ru/login.php

10. IopTaa oTKPHITHIX AaHHBIX Poccuiickoit Mexepamun - https://data.gov.ru
11. Ba3a oTKpbITHIX 1aHHBIX PocuamonuTopunra - http://www.fedsfm.ru/opendata
12. DnexTpoHHas oTKpbITas 6a3a naHHbIX ""Polpred.com O630p CMHU" -

https://www.polpred.com

13. HanmoHabHbBIi MOPTAJ OHJIAlH 00yuenus «OTKpbITOE 06pa3oBanue» - https://openedu.ru
14. Opuunanbublii caiT @e1epajibHOI0 AreHTCTBA M0 TEXHUYECKOMY PeryJHupOBaHUIO U

MmetpoJioruu - http://protect.gost.ru/
15. OTkpbITas yHuBepcuTerckas nnpopmaunonnas cucrema «POCCHUSA» -

https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun nomemeHus Homep ayauropun, Ocnamenne
HauMCHOBaHue

VYueOHbIC ayAUTOPUH IS M-409/2, Aynutopus CTOJI IpenoaaBaresis, CToJ, J0CKa

MIPOBEACHUS JICKIIMOHHBIX kad. "HT" MEJIOBasi, MyJIbTUMEIUUHBINA TPOEKTOP
3aHATUHN U TEKYIIETO KOHTPOJISA M-422/4, Yuebnas CTOJI, CTYJI, MyJIbTUMEIUNHBIN
nmabopaTopus MIPOEKTOP
Kpuo(u3uKH
M-412, Yuebnas CTEeJIJIaX JJIs1 XpaHEHUs KHUT, CTOJI,
ayIUTOpUs CTYJI, MyJIbTUMEIUNHBINA TPOEKTOP,

JI0CKa MapKepHast

K-120, MammHHBIH

cepBep, KOHIAULIMOHEP

3an MBI
VYyeOHble ayAUTOPUH IS M-409/2, Ayautopus CTOJI IIPENOAABATENs, CTOJ, JOCKA
MIPOBEACHUS TPAKTUYECKUX kad. "HT" MEJIOBasi, MyJbTHUMEIUUHBIN TPOEKTOP
3ansatui, KP u KII M-422/4, YueOnas CTOJI, CTYJI, MyJIbTUMEIUUHBIN
nabopaTopus MIPOEKTOP
Kpuo(u3uKH

M-412, YuebOuas CTEIJUTAX JJISI XPAHEHUS KHUT, CTOII,
ayJIuTopuUs CTYJI, MYJIbTUMEIUNHBINA IPOEKTOD,

JI0CKa MapKepHasl

K-120, MamuHHBIH

cepBep, KOHIUIIMOHED

3an MBI
VY4eOHble ayAUTOpUH IS K-120, MammHHbINH cepBep, KOHAUIMOHED
MIPOBEJICHUS ITPOMEKYTOUHOU 3an MBI]

arrecTanun
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IMTomemenus misa
CaMOCTOSITENIbHON PabOTHI

M-411/1,
KomMmnbroTepHslii kacce

CTOJI, CTYJI, JOCKA MEJIOBas,
MYJIbTUMEIUNHBIN IIPOEKTOD,
KOMIIBIOTEP NEPCOHATIbHBIN

ITomemnienus miis
KOHCYJbTUPOBAHUS

M-423/1, Ayauropus
kag. "HT"

CTYJI, CTOJI IUCbMEHHBIN

[Tomemenust st XpaHeHUS
0o0opy0oBaHUs U y4€OHOTO
WHBEHTapS

M-407/1, Knanosas

CTEeJUIaX I XPAHEHUS MHBEHTaps,
CTEJUIaX I XPaHEHUS KHUT,
VHBEHTaph CIICUAIN3UPOBAHHBIN
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

[Ipotieccsl Ha TOBEPXHOCTH pazjena a3

(Ha3BaHME AUCIMILIMHBI)

8 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2
KM-3
KM-4

OcHoBHbIE TOHATHS U METOJIbI aHANK3a noepxHoctH ([lepekpecTHslii onpoc)

[Ipubops! u MeTobl aHanu3a nosepxHoctu (IlepexkpecTHblit ompoc)

OcHOBHBIE XapaKTEPUCTUKH MpolieccoB ancopoiuu u necopounu (IlepekpectHsiii onpoc)
[Tpoueccrl Ha rpanwuie pa3aena ¢as (KontponbHas paboTa)

Bujx npome:xyTo4HOI aTTecTalMu — JK3aMeH.

Nunexc KM- | KM- | KM- | KM-
Homep Paznen nucounanHbl KM: 1 2 3 4
paznena Henens 4 8 12 16
KM:
1 [ToBepXHOCTh: OCHOBHBIC ITOHATHS U METOJIbI aHAIN3a
11 Omnpenenenue NOHATHS IOBEPXHOCTH + +
1.2 IlonsATHA N ypaBHEHUS BAKYYMHON TEXHUKHU + +
1.3 MeTto/1bI aHaIM3a TOBEPXHOCTH + +
2 AncopOnust u iecopOnus
2.1 OCHOBHBIE OTIPE/ICICHHS +
2.2 Kuneruka agcopOuuu, ckopocTb aacoponuu +
23 AHanuM3 3KCIEePUMEHTANBHBIX JAHHBIX IO KPHOBAKYYMHOM + +
' OTKa4Ke Teaust
2.4 Tepmuueckas necopOrus +
3 MopnenupoBanue B3aMMOAEHCTBUN aTOMOB rasa ¢
MMOBEPXHOCTHIO TBEPJIOTO TEIA
3.1 Monenu B3auMoIENCTBHI + +
392 UucneHHoe MOJIETMPOBAHHUE B3aUMOJEHCTBUS aTOMa rasa C + + +
' OJIOKOM aTOMOB TBEPAOTO Tea
4 [Tponeccrl nepeHoca Ha Mex(a3Hoi moBepxHOCTH renus 11
41 OTtpakeHue 3ByKa OT MeK(pa3zHOIl MOBEPXHOCTH + + +
' CBEPXTEKYUYEro reiaust
4.9 Jsmwxenne He-1I B kanuimsipe ¢ mapom npu HATMYUU +

MMPOAOJBHOI'O TCIIJIOBOI'O ITIOTOKA
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Bec KM, %: | 20 | 20 | 20 | 40 |
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