MuHuCcTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit denepanun
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIIETO 0Opa30BaHMs
«HanuonanbHbIN Uccaen0BaTENbCKUN SAepHbI yHUBEpcUTET « MUDI)

MHCTUTYT JIA3BEPHBIX U TNTASMEHHBIX TEXHOJIOT M

KA®EAPA OPU3UKO-TEXHUYECKHUX ITPOBJIEM METPOJIOT'MA

OIOBPEHO HTC JIAIIJIA3
[Tporoxosn Ne 1/04-577

or 27.04.2023 1.

PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

ITOCTAHOBKA ®U3NYECKOI'O OKCIIEPUMEHTA

Hanpasnenue noarotroBku [1] 03.03.01 IlpuknagHsle MaTeMaTuKa U pusnKa
(cmennanbHOCTD)
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AHHOTALMS

B pamkax kypca ocBemeHbl cieayrone Tembl: OOMIre MOHSATUS O TMPOBEACHUH (PUINISCKUX

SKCIepUMEeHTOB. TexHuka Oe3omacHocTH. [IpoBenenue  QHU3MUECKUX  HKCHEPUMEHTOB  TI0

HCCIIEIOBAaHUIO CBOMCTB HAHOCTPYKTYP.

1. IEJIN U 3ATAYA OCBOEHUSI YYEBHOM JTUCIUILINHBI

IlenaMu  ocBoeHUs y4eOHOM JUCHMIUIMHBI  SABJISIOTCS: O3HAKOMJIEHHE CTYJEHTOB C
COBPEMEHHBIM COCTOSIHHEM HAayKU 00 MCCIIEOBAHUU MOBEPXHOCTH, B TOM 4YHCJIE HaHOMaTepHualas.
Ocoboe BHMUMaHUE yaensercss (U3MYECKUM OCHOBaM 3KCIEPUMEHTAIBHBIX METO/OB, SBIISIOLIMXCS
0a30BBIMH B HCCJIECOBAHUSAX HAHOCTPYKTYp M TIOBEPXHOCTH TBEPJOrO TeJla: PEHTICHOBCKas
(OTORTIEKTPOHHASL CIIEKTPOCKOMHMSI, O0XKE-3JEKTPOHHAS CIEKTPOCKOMHMS, CIIEKTPOCKOMIHS pacCesHus
ME/JICHHBIX HOHOB, CKAHUPYIOIIasi 30H0Bass MUKPOCKOIHS M TU(PPAKINS MEIJICHHBIX 3JICHKTPOHOB, a
TaK JK€ O3HAKOMIICHHIO C MPHUOOPHOM COCTaBISIONICH TOCTAHOBKM OKCIIEPHUMEHTa B  (U3UKE

HaHOMETPOBBIX MacIITa0O0B.

2. MECTO YYEBHOH JIJUCIIUILJIMHBI B CTPYKTYPE OOII BO

W3yyenne JaHHONW [AUCUMIUIMHBI TMPEIIIECTBYET HAy4HO-HCCIENOBATENbCKOW  pabdoTe
CTYJEHTOB, U 0OecreynBaeT MpopadOTKy TEOPETUYECKHX BOIPOCOB B paMKax BHIOPAHHOTO Mpoduis
MOJITOTOBKH, W3yYEHHE COBPEMEHHBIX METOJIOB MCCIEIOBAaHUS (DPU3NYECKMX CBOWCTB MaTepHalIoB,
ydacTHe€ B Hay4HbBIX HCCIIEOBaHMAX. B paMkax Kypca Hapsy cO 3HAHUSIMH TEOPETUYECKUX OCHOB
BaKyyMHOW TEXHUKH, KOHCTPYKIHMOHHBIX M (YHKIMOHAJIBHBIX MaTepHAJIOB, CTYACHTHI MOJIydar
MPAaKTUYECKHE HABBIKM: pacyeTa CIOXKHBIX BaKyyMHBIX KOHCTPYKIHUH, TOCTaHOBKU (pU3HUECKUX
HKCIEPUMEHTOB B 00JIaCTH MOJIEKYJISIPHON (DU3UKHM U HAHOMATEPHAJIOB.

VYyeOHasi mporpamMma COOTBETCTBYeT TpeOoBaHUSAM ['OCynapcTBEHHOro oOpa3oBaTeIbHOTO

crannapta u OC HUAY MHU®U no HanpaBiaeHUIO TOATOTOBKH.

3. ®OPMUPYEMBIE KOMIIETEHIIUU U ITVTAHUPYEMBIE PE3YJIBTATbBI
OBYYEHUA

YHuBepcanbHbIe H(WIH) 001enpoQeccuoHanbHble KOMIETECHIHH:

| KOI{ 1 HAUMCHOBAHUEC KOMIICTCHIINU | KO[I N HAMMCHOBAHUC MHAUKATOPA JOCTHIKCHUS KOMIICTCHIIUN

[TpodeccuonanbHble KOMIETEHIMM B COOTBECTBUM C 3aJadaMud U oObekTamMu (00aacTsaMu
3HaHUi) TpoecCHOHATBLHOM 1A TebHOCTH:

3amaua Oo0nexT miau o0aacth | Koa u HamMeHOBaHHe Koa n

npodeccuoHaIbLHOM 3HAHUA npodeccuoHaIbLHOM HaMMeHOBaHHe

nesiteabHoctu (3I1/1) KOMIIETEHIIMH; HHAUKATOPA
OcHoBaHue JMOCTUKEHM S
(nmpogeccuoHaIBbHBII npogeccHOHATBLHOM
cranaapr-IIC, ananu3 KOMIIeTEeHI[UH
oOnbITA)

AKCIEPTHO-aHATUTUYECKUI




y4acTue B IPOBEACHUU | MOJEIN, METOJbI U IMK-10 [1] - Cocoben k 3-1IK-10[1] - 3nath

TEOPETUUECKHUX CpelcTBa AQHAIUTUYECKOH U OCHOBHBIE METOJIUKH,
UCCIIeIOBAaHUIH, (GyHIaMEHTAJBHBIX U | KOJMYECTBEHHOW OLIEHKE | Iesu U 3ajaun
MIOCTPOCHUU MIPUKIIATHBIX MIPOLIECCOB B MPUPOJIE, MTOCTPOCHHUS
(bu3nIeCcKux, UCCIJIEIOBaHUN U TEXHUKE M O0IIIECTBE U K | QaHAJTMTUYECKHUX U
MaTeMaTHYECKUX U pa3paboToK B 00J1aCTH | BEIOOPY HA UX OCHOBE KOJINYECTBEHHBIX
KOMIIbIOTEPHBIX CYNEPKOMIBIOTEPHOTO | MyTEH peLICHUs MOJIENIEN MPOLIECCOB
MoJIeNiel U3yyaeMbIxX MOJIETTUPOBAHUS TEOPETUYECKUX U B IIPUPO/IE, TEXHUKE
IIPOLIECCOB U SIBJIEHUH, | MH)KEHEPHO- NPaKTUYECKUX MPOoOIeM 1 o0IeCTBe. ;
B MPOBEACHUHU bU3UIEeCKUX MPUPOIHOTO, V-TIIK-10[1] - YmeTn
aHAJTUTUYECKUX IIPOLIECCOB B HAyKe, 9KOJIOTMYECKOTO, CTPOMTH
HCCIIeIOBaHM B TEXHHUKE, TE€XHHUKO- AHAIUTUYECKHUE U
obnacTtu TEXHOJIOTHSX, @ TAK)KE | TEXHOJIOTMYECKOTO KOJIMYECTBEHHbBIE
CYNEPKOMIIBIOTEPHOTO | B cepax HAyKOEMKOIo | XapakTepa MO/IETH MPOLIECCOB B
MOJIETTUPOBaHUS IIPOU3BOJCTBA IIPUPOJIE, TEXHUKE U
HUHXEHEPHO- OcHosanue: o0uiecTse u
¢buznueckux [IpodeccuonanbHbIi BbIOMPATH HA UX
MPOLECCOB cranaapt: 26.003, 40.008, | ocHOBe myTen
40.011 peleHus
TEOPETUYECKUX U
MIPAKTUYECKUX
npoOem
IIPUPOJIHOTO,
9KOJIOTMYECKOTO,
TEXHUKO-
TEXHOJIOTMYECKOI0
Xapakxrepa. ;
B-IIK-10[1] -
Brnaners HaBbIKamMu
MTOCTPOEHHUSI
aHAJMTUYECKUX U
KOJIMYECTBEHHBIX

MOJIEJIEN ITPOLECCOB
B IIPUPO/IE, TEXHUKE
1 o011ecTBe U
BBIOOpA Ha UX OCHOBE
IIyTEN pELICHUs
TEOPETUYECKUX U

MPAKTUYECKHUX
pooieM
MIPUPOIHOTO,
9KOJIOTMYECKOTO,
TEXHUKO-
TEXHOJIOTMYECKOI 0
Xapakrepa

HAay4YHO-UCCIEN0BATEIbCKUN

[IpoBenenue Hayunsix | [edarenbHOCTH 1O [TIK-14.2 [1] - Criocoben 3-1IK-14.2[1] - 3HaTh

U aHAJIMTUYECKUX pa3paboTke POBOJIUTH HAYYHBIE OCHOBHEIC

HCCIIeIOBaHUi 1O MaTepuasos, UCCIIEIOBAHMSI B O0JIACTH | COBPEMEHHBIE

OTIENBHBIM pazfesiaM | MOKPBITHA, TpUOOpoB. | usuku TOCTIDKEHUS (PU3HKH

(aTamam, 3aJaHUsIM) KOHICHCUPOBAHHOTO TBEP/Oro Tela u

TeMbI (IPOEKTa) B COCTOSIHMSI BELIECTBA C BO3MOKHOCTH




paMKax MpeaMETHOU
o0acTu 1o npoQuIko
crielMaIn3aliy B
COOTBETCTBHUU C
YTBEP>KI€HHBIMU
TJIaHAMU U
METOANKAMHU
HUCCIIEJOBAHUN.
y4acTHe B MPOBEJCHUN
HaOJIIOEeHNI 1
U3MEPECHUH,
BBITIOJTHCHU T
SKCIEPUMEHTA U
00paboTKe TaHHBIX C
HCII0JIb30BaHUEM
COBPEMEHHBIX
KOMITbIOTEPHBIX
TE€XHOJIOTHI; y4acThe
B IIPOBEJCHUU
TEOPETUUECKHUX
HCCIIEJOBaHUIA,
MTOCTPOCHUH
(buznueckux,
MaTeMaTHYECKUX U
KOMITbIOTEPHBIX
MOJIEJIEN U3y4aeMbIX
MPOLIECCOB U SIBJICHUI,
B MMPOBEJICHUU
AHAITUTUYECKUX
HUCCIIEIOBAHUN B
MpeIMeTHOM 00IacTH
0 MPOPHITIO
CHelMaTU3alNH;
y4acTHe B CO3/TaHUH
HOBBIX METOJIOB U
TEXHUYECKUX CPEJICTB
HCCIIeJOBAaHUU U
HOBBIX pa3padoToK,
y4acTHe BO BHEIPEHUU
pe3ysbTaToB
HUCCIIeNOBaHUN 1
pa3paboToK.

LEJIBI0 Pa3paboTKU
MOJTyTIPOBOTHUKOBBIX,
CBEPXIPOBOJHUKOBBIX,
TOHKOIUIEHOYHBIX U

HAHOCTPYKTYPHUPOBAHHBIX

MaTepHaJIoB,
CBEPXITPOBOISIINX
YCTPOICTB U
OTITORJIEKTPOHHBIX
puOOpOB; B 00J1acTH
ONTUYECKOTO
MPUOOPOCTPOEHUS,

ONTUYECKUX MAaTEPHAIIOB
M TEXHOJIOTHI; B 00JIaCTH

na3epHON (PU3UKU C
LEbI0 CO3IaHUS HOBBIX
3TaJI0OHOB, METOAUK
BEJICHUS U3MEPEHUN U

CPEICTB U3MEPEHUH C UX

MoCHeAYOIIEN
aTTecTanued u BBOJOM B
peecTp CpeacTn
W3MEPEHUM JIJIS HY KT
HAaHOMETPOJIOTUHU

OcHosanue:
[IpodeccronanbHbIit
crangapt: 25.049

COBPEMEHHOMN
AKCIEPUMEHTAIBHOMN
TEXHUKH; OCHOBBI
(hU3UIECKOI ONTHKH,
TEOPUIO
uHTepPepeHIu,
T(paKIul, OCHOBBI
ATOMHOU 1
MOJIEKYJISIPHOU
CHEKTPOCKOINUH;
CIIOCOOBI M METO/IBI
CO3/1aHUS HOBBIX
ITaJIOHOB.;
V-TIK-14.2[1] -
YMETb IIOCTPOUTH
MaTeMaTHYECKYIO
MOJIENIb SIBJICHMS,
paccuuTaTh CXeMy
9KCIIEPUMEHTA,
MIPOBECTHU OLIEHKH
I1apaMeTpoB
MaTepHasoB.,
BbIOpATh
HEO0O0XOIUMEIE
Marepuaibl U
METOJIUKHU IS
pelieHus
KOHKPETHBIX 3a/1a4 C
Y4€TOM JaJIbHEUIIETO
MIPUMEHEHHUS B cepe
Hay4HO-
HCCIIEIOBATENbCKUX U
OIIBITHO-
KOHCTPYKTOPCKHX
pabot B o0mactu
¢buzuku
KOHJICHCUPOBaHHOTO
COCTOSIHUS BEIIECTBA
U CpPE/CTB
U3MEPEHMIL.
B-TIK-14.2[1] -
BJIaIETh OCHOBAMHU
CHEKTPOCKOIUU
aTOMOB M MOJIEKYI,
METOAMKAMH BEICHHS
U3MEPEHUH U CPEICTB
HU3MEPEHHIT;
METOJIaMHU
MOJIyYEHUs1, aHAIN3a
U ONHCAHUs
rapaMeTpoB U
XapaKTePUCTUK




MIPOIIECCOB B
IKCIIEPUMEHTATBHBIX
yYCTaHOBKaX (PU3UKH
TBEPJIOTO TeJa U
na3zepHoOU (HU3HKH.

4. BOCIIUTATEJIbHBINA MOTEHIIAAJI JUCHUATLIAHBI

Hamnpasnenus/nienu
BOCIIUTAHUSA
[IpodeccrnonanpHOE
BOCIIMTAHUC

[Ipodeccuonansuoe

3amaun BocriuTaHus (KOx)

Co3naHue ycaoBuid,
oOecnieunBaromux, GOpMHUPOBAHNE
TBOPYECKOTO
MH)XEHEPHOT0/TIPO()eCCHOHAIEHOTO
MBIIIICHUS, HABBIKOB OPTaHU3aLIH
KOJUIEKTUBHOM IIPOEKTHOU
nesitensHOCTH (B22)

Co3znanue yciaoBuil,

BocnouraTenbHbIN MOTEHITAAT
JTUCHUTUITIH

1.Mcnonp3oBanue
BOCITUTATEIBHOTO OTEHIINAIIA
JUCIUIUINH Tpo¢deCcCHOHaTBHOTO
MOYJISL AJ11 Pa3BUTHUSI HABBIKOB
KOMMYHUKAaIM1, KOMaHIHOU
paboThI U TMIEPCTBA,
TBOPYECKOTO UHKEHEPHOTO
MBIILICHHUS, CTPEMIICHHS
cJe10BaTh B MpodhecCHOHaATBHON
JeATEeTbHOCTH HOpMaM
MOBE/IEHNUs, 00ECIIeUNBAIOIIUM
HPaBCTBEHHBIN XapaKTep
TPYAOBOM ACATEILHOCTH U
HECITY)KEOHOTO TTOBEICHHSI,
OTBETCTBEHHOCTH 34 IIPUHATHIE
pELIeHUs Yepe3 MOArOTOBKY
IPYIIOBBIX KYPCOBBIX pabOT U
NPaKTUYECKUX 33JIaHUM, PeIlIeHHE
KEMCOB, MPOXO0XKICHHUE NPAKTUK U
noarotoBky BKP.
2.Acnons3oBaHue
BOCITUTATEIBHOTO OTEHIINAJIA
JUCIUIUINH Tpo¢deCCHOHATBHOTO
MOJYJIS JUIst: - POPMUPOBAHUS
MIPOU3BOICTBEHHOTO
KOJUIEKTUBHU3MA B X0JI€
COBMECTHOTO PEIICHHS KaK
MOJICJIbHBIX, TAK U MPAKTUYECKUX
3a/1a4, a TAaKXKe MyTeM
MOJAKPEIUIEHHE palliOHATbHO-
TEXHOJIOTHUYECKUX HaBBIKOB
B3aMMOJICUCTBHUS B IPOEKTHOU
JeSATeTLHOCTH YMOIIMOHATEHBIM
3¢ (deKkToM ycrenrHoro
B3aUMOJICHCTBUS, Oy IIICHUEM
pocTa o0uiei 3pPEeKTUBHOCTH
TP PACTIPEICIICHUH MPOEKTHBIX
3a/1a4 B COOTBETCTBUU C
CHUJIbHBIMH KOMIIETEHTHOCTHBIMH
Y HMOLIMOHAJIbHBIMU CBOMCTBaMHU
YJIEHOB MPOEKTHOM I'PYIIIBI.

1. cnonp3oBanue




BOCIIUTAHUC

o0ecnieunBaromux, GOpMHUPOBAHNE
KyJIbTYpbl O€30M1aCHOCTH P padboTe
Ha YKCTIEPUMEHTAIBHBIX H

MMPOMBIINIJICHHBIX YCTaAaHOBKAX BBICOKOH

morHocTr (B28)

BOCTIMTATEIHHOTO MOTEHIINAJA
POGUIBHBIX TUCITUTUIAH U BCEX
BUJIOB MPAKTUK JUIS: -
(bOpMUPOBAHUS KYIBTYPHI
Ja3epHON 6e30MacHOCTH
TIOCPEJICTBOM TEMAaTHYECKOTO
AKIIEHTUPOBAHUS B COJIEP>KaHUU
JUCITUIUIAH ¥ YIeOHBIX 3aaHHH,
HOJTOTOBKHU 3cce, pedepaTos,
JIUCKYCCHUH, a TaKXKE B XO/€
MPAKTHYECKON paboTHI ¢
Ja3epHBIM 000pYIOBaHUEM. -
dbopMUpOBaHUS KYIbTYPBI
0e30MmacHOCTH IpH paboTe Ha
9KCIIEPUMEHTAIBLHBIX U
MIPOMBINIICHHBIX YCTAHOBKAX
BBICOKO MOIITHOCTH U
UMEIOIITUMH TTOBBIIIICHHBIH
YPOBEHb OIMACHOCTH Yepe3
BBITIOJTHCHHE CTYICHTaMHU
MPAKTHYECKUX U Ta00OPaTOPHBIX
pabot, B TOM YHCIIe Ha
000pyI0OBaHUU JJIsl UCCIICIOBAHUS
BBICOKOTEMIIEPATYPHOH IJIa3MBbl.

S. CTPYKTYPA U COJAEP)KAHUE YUYEBHOM JUCIUILIUHBI

Pa3nensl yueOHON AMCHUIUIMHBL, UX 00BEM, CPOKH U3YUYEHUS U (POPMBI KOHTPOJIS:
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5 Cemecmp
1 Paszgen 1 1-8 8/16/0 25 KU-8 3-TIK-
10,
V-
IK-
10,
B-
K-
10,
3-TIK-
14.2,
V-




[K-
14.2,
B-
IIK-
14.2

2 Pasnen 2 9-16 | 8/16/0 25 KH-15 | 3-IIK-
10,

[K-
10,
B-
[1K-
10,
3-TIK-
14.2,
V-
[K-
14.2,
B-
K-
14.2

Umoeo 3a 5 Cemecmp 16/32/0 50

Kourtposnbnbie 50 3 3-TIK-
MeponpusiTuss 3a S 10,
CemecTtp V-
K-
10,
B-
IK-
10,
3-TK-
14.2,
V-
[K-
14.2,
B-
IK-
14.2

* — COKpalleHHOE HaMMEHOBaHUE (POPMBI KOHTPOJIS
** — cymMMa MakcUMallbHbIX OajIoB J0JKHA ObITh paBHa 100 3a cemecTp, BKJIOYas 3a4eT U
(unn) sK3aMeH

CoxkpaiieHre HauMeHOBaHUN ()OPM TEKYIIET0 KOHTPOJIS U aTTECTAllMH Pa3elioB:

O0o3na | Ilo1tHOE HAMMEHOBAHME

YeHue
KN KonTposb no uroram
3 3auer

KAJIEHJIAPHBIN IVIAH



Henea

Tembl 3ansaTuii / Conepxxanue

Jek.,
qac.

Ip./cem.
, Uac.

JIao.,
qac.

5 Cemecmp

16

32

0

1-8

Pa3zpen 1

8

16

0

1-8

Tema 1

WnxenepHbie 0OCHOBBI MaTepuaioBefieHusi? OCHOBHBIE METOIBI
UCCIIEIOBaHUS U (PU3NUECKUX U CTPYKTYPHBIX XapaKTEPUCTUK
MaTtepuanoB. OpraHndeckue U HeOpraHMueCcKue COpOCHTHI.
OxapakTepu30BaTb OPraHU4YECKHE U HEOPraHUUECKHe
MeMOpaHHbIe MaTepuainbl. HaHOCTpyKTypHrpOBaHHbBIE
(bYHKIMOHATIBHBIE MAaTEPUANBI U IEPEYHUCITUTh UX YHUKAIbHbIC
CBOMCTBA.

®du3uvecKre OCHOBbI COBPEMEHHBIX METOJ0OB MOIEITUPOBAHUS
CBOMCTB HAHOCTPYKTYPUPOBAaHHBIX MaTepuanoB. [locranoBka
(U3NIECKOT0 SKCIIEpUMEHTa U BaKyyMHast TeXxHUKa. OCHOBHBIE
BU/JIBI CPEJICTB JOCTUKEHHS BBICOKOTO BaKyyMa M KPaTKo
M3JI0KHUTH (PU3NIECKUE OCHOBBI MX (PYHKIIMOHUPOBAHHUSL.
[TocTaHoOBKa SKCIIEPUMEHTA B MOJICKYJISIPHOM QH3uKe.
ANTopuUTM pelleHus IKCIEPUMEHTAIbHON 3aJauH.
[TnanupoBanue skcriepuMeHTa. PaznenurensHbie mpuoophI.
Macc-crnekTpoMeTpuiecKkie Npuoopsl. DIEKTPOMarHUTHbIE
ycTaHoBkH. PaGouast monenb. TexHuueckuit mpoOTOTHIL.
OnbITHBIN 00pazen. ABTOMAaTHU3alMsI U3MEPEHUH B
AKCIIEpUMEHTAIbHON (hr3uKke. Buabl uamMepenuii u
norpemHocTe. OneHKa CUCTEMAaTHYECKON U CITy4aiiHON
MOTPEIIHOCTEH. XapaKTepUCTUKU TOYHOCTHU CPEJCTB
u3Mepenuii. OCHOBHBIE 33/1a4H, penraeMble pu 00padoTke
OTIBITHBIX TaHHBIX. O0NacTU MPUMEHEHUS BaKyyMHON TEXHUKH.
MeTonsl mosrydeHus Bakyyma. Kiaccudukanus cpencts
nosydeHus: Bakyyma. O0sactu 1eicTBUS BaKyyMHBIX HACOCOB.
CpaBHeHHUE pa3IMYHBIX TUIIOB HACOCOB U KPUTEPUHU BHIOOpA.
OcHOBHbIE XapaKTEPUCTUKU HAcOcOB. DOpBaKyyMHbIE HACOCHI:
IUIACTUHYATO-POTOPHBIE, IBYXPOTOPHBIE, JIp. HACOCHI.
[TpuHUIMIIBI NeHCTBUS, TapaMeTPhl U KOHCTPYKTUBHbBIE
0coO0CHHOCTH (POpPBaKyyMHBIX HACOCOB. Macina.
TypOoMonekysipHbIe HACOCHI. TAPOCTPYIHBIE HACOCHI.
[TpuHUMIIBI NEHCTBUS, XapaKTEPUCTUKU U KOHCTPYKTUBHBIE
0COOCHHOCTH BBICOKOBaKYyYMHBIX HacocoB. LleonunToBkle,
MOHHO-COPOLIOHHBIE, KPHOT€HHBIE U IPyTHe HACOCHI,
MIpUMEHsIeMbIe B Macc-criekTpoMeTrpax. JloBymiku. ['ertepsl.

Bcero ayiuTopHBIX 4acoB

8

| 16

| 0

Owntaiin

0

0

0

9-16

Paznen 2

8

16

0

9-16

Tema 2

ITonsiTHE 0 BakyyMHBIX CUCTEMax. bpicTpoTa OTKa4yKkM Hacoca u
obbekTa. [IpousBoaurenbHoOCTh. 3akoHbI KHyIcCeHa 1
[Tyazeins. ConpoTUBIEHHE U IPOMYCKHAsI ClIOCOOHOCTh
TpyOOIPOBOJOB B BA3KOCTHOM, MOJIEKYJIIPHO-BSI3KOCTHOM U
MOJIEKYJISIPHOM pexHuMax TeueHus rasa. [I[posogumoctsb
JJIEMEHTOB BaKyyMHBIX cucTeM. YpaBHeHue ['ene. M3menenune
COCTOSIHUSI Ta3a B BaKyyMHO# cucteme. PacueT nuadparm.
ITponyckHasi cmiocOOHOCTh OTBEPCTUA U Kanuiuigpa. Kputepuu
OTIpEJICIICHUS TPAHUI] PEKUMOB TEUECHHUS B TPYOOIIPOBOIAX.
Kuneruka npouecca orkauku. MHepunonssie u

Bcero AYAUTOPHLBIX 9YaCOB

8

| 16

|0

Ownutaiig

0

0

0




OE3MHEePLIMOHHBIE METOIBI OTIPEACIICHUS OBICTPOTHI OTKAUKH.
Bpemst oTkauku 3J1EeMEHTOB BaKyyMHBIX cCUCTEM. MeToauka
pacdeTa BakyyMHBIX cucteM. [Ipumepsl pacuera.

N3amepenne nasnenus. [louck Teun. DneMeHTbl BAKYyMHBIX
cucteM. CraTuyeckue, TEII03JEeKTPUIECKUEe, MOHU3AIMOHHEIE,
ANEKTPOPA3PAIHBIE U JIp. BAKYyMMETPbL. XapaKTEPUCTUKH U
PEXKHUMBI pabOTHI BAKYYMMETPOB. M3MepeHne napuuanbHbIX
naBiieHui. MHTeprperanus cnekTpa Macc OCTaTOYHOTO rasa.
[TpuGopsl A1 U3MEpeHUs NapLUUAIbHBIX TaBICHU:
MAarHUTHBIM CTATUYECKUH MACC-CIIEKTPOMETP,
BPEMSIIPOJIETHBIN MacC-CIIEKTPOMETP, OMETaTPOH, (PapBUTPOH,
KBaJPYIOJIbHBIA Macc crieKTpoMeTp. lcnblTaHne BaKyyMHBIX
CHUCTEM Ha T€PMETUYHOCTL. Teun. MeTosl JIoKan3auu
Teueil. Macc-cniekTpoMeTpruieckue Teueruckaresnu. Hamyck
ra3oB B BAKyyMHbIE CUCTEMBI. 1'a30BbIi IIOTOK Yepe3 Macc-
cnekrpomeTp. HamyckHble cucteMbl Macc-ClIEKTPOMETPOB.
Hamnyck razoB B nepruogn4eckoM 1 HEPEPHIBHOM PEKUMAX.
MewmOpannsiii BBOA. udpepennnanbapie CUCTEMBI OTKAUKH
MacC-CIIEKTPOMETPOB. DIEKTPOPACIBUICHUE KUKOCTEH.
HNonnzanus B kKopoHHOM paspsiae. @orononnszanms. Bon
TBEPABIX 00pa3iioB B BakyyM. CHCTEMBI IUTFO30BAHUS TBEPIBIX
o0OpasioB B BakyyM. BakyymHas apmatypa. Matepuaisl
3JIEMEHTOB BaKyyMHBIX CUCTEM. Y IJIOTHEHHS.
PerynupoBodHbIe BEHTUIN JJIT MacC-CIIEKTPOMETPOB.
Harekarenu. DieKTpuuecKre BBOJDI.

CokpalieHHbIe HAUMEHOBAHMS OHJIAH OMIUIA:

Oo6o03na | ITos1HOe HaMMeHOBaHME
YeHue
oK DJIEKTPOHHBIN KypC
JIY IToJIHOTEKCTOBBIM MaTepHanl
T IlomHOTEKCTOBBIE IEKIINHU
BM Buneo-marepuansl
AM Aynmo-marepuasl
I1p3 [Ipe3enTanmun
T Tectol
OCM DJIEKTPOHHBIE CIPABOYHBIE MAaTEPUAIIbI
ncC WMHTEepaKTUBHBINA CANUT
6. OBPA3OBATEJIBHBIE TEXHOJIOTUH

B cootBercTBum ¢ TpedoBanusmu @I'OC BO mo HampaBlIeHHIO TOJITOTOBKU , KypC peaau3yeT
KOMIIETEHTHOCTHBIM TMOAXO0J M TPEeAyCMaTpHBAaeT MIMPOKOE HCIIOJIb30BaHHE B Y4eOHOM Iporecce
aKTUBHBIX (OpM TMpoBeAEHUs 3aHATUI (pa3dop AOMaNIHMX 3aJaHUH,
M3MEpUTENIbHBIX MaTepualioB, BKJIIOYas TECThl) B COUETAHUHM C BHEAYJUTOPHOW pabOTOil ¢ 1Lebio

(dhopMupoBaHUs U Pa3BUTHUS NPOGECCHOHATbHBIX HABBIKOB CTYICHTOB.

7.

POHJ OHEHOYHBIX CPEICTB

CUCTCMAa KOHTPOJIBHO-



@®oH/1 OLIEHOYHBIX CPEACTB MO JAUCLUILIUHE 00ECIeYrBaeT MPOBEPKY OCBOCHUS IIAHUPYEMBIX
pe3yabTaToB O00y4YeHHs (KOMIIETEHIIMA W WX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHITUN TEKYIIETo,
PYOEKHOTO ¥ IPOMEKYTOYHOT'O KOHTPOJISI IO JUCIUTUIMHE.

CBs3p Mexny (opMHUpPYEMBIMH KOMITETCHIMSMH H (OpMaMH KOHTPOJII HUX OCBOCHHS
IIPEJCTaBICHA B ClIeAyIOLIeH TadnuLe:

KoMnerennus NHaukaTopbl 0CBOEHHS ATTecTaAllMOHHOE MEPONIPUATHE
(KIT 1)
IIK-10 3-TTIK-10 3, K-8, KI1-15
V-IIK-10 3, KH-8, KN-15
B-IIK-10 3, KH-8, K1-15
I1IK-14.2 3-11K-14.2 3, KU-8, KH-15
V-I1K-14.2 3, KH1-8, K1-15
B-IIK-14.2 3, K-8, KI-15

HIkanbl oeHKH 00pa3oBaTe/bHBIX JOCTHKEHU I

[lIxana KaXXq0r0 KOHTPOJIBHOTO MEPOMNPHUSITHS JISKUT B mpenenaax oT 0 A0 yCTaHOBJIEHHOTO
MaKCUMaJIbHOI'O Oajljla BKJIIOYMTEIBLHO. MTorosas arrecranus II0 JHCIHHILUIMHE oleHHBaeTca 1o 100-
OayIbHOM IIKaJie U MpeACcTaBiseT coboi cymmy 0auioB, 3apabOTaHHBIX CTYIEHTOM IPU BBINOJIHEHUU
3a/IaHAH B paMKaX TEKYIIETO W MPOMEXYTOYHOTO KOHTPOJIS.

Hrtorosas olieHKa BBICTaBISAETCS B COOTBETCTBUHU CO CIEIYIOIIEH IIKAJIOM:

Cymma Onenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOCHHIO
0asIoB OaJUTHHOM IIKaJe ECTS y4eOHOM TUCITUILIUHBI

OHCHKa «OTJIMYHO» BBICTABJIACTCS
CTYZCHTY, €CJIM OH IITyOOKO U MPOYHO
YCBOWII IPOTPAMMHBIN MaTepHal,
HCYEPITBIBAIOIIE, TIOCIIEN0BATENBHO,
90-100 5 — «omauuno» A YEeTKO U JIOTHYECKH CTPOHHO ero
M3JIaraet, yMeeT TECHO YBA3bIBAThH
TEOPHIO C TIPAKTHKOM, UCIIONB3YET B
OTBETE MaTepHall MOHOTPapHUIECKOM

JIUTEPATYPHIL.
85-89 B OreHKa «XOpOII0» BBHICTABIISAETCS
75-84 C CTY/ICHTY, €CITH OH TBEP/IO 3HACT

Marepua, paMOTHO U 110 CYHIECTBY
M3JIaraet ero, He J0MycKas

D CYIIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouioy
70-74

65-69 O1IeHKa «yIOBJICTBOPHUTEIBHO

BBICTABIIACTCS CTYACHTY, €CIIM OH HMEeT
3HAHHUA TOJNBKO OCHOBHOTO MaTepHala,
3- HO HE yCBOWII €ro JeTaeil, 1omycKaeT
60-64 «Y0061€MEOPUMETILHO E HETOYHOCTH, HEIOCTATOYHO IPABUIIbHbIC
(GopMyIHpOBKH, HapyLICHUS
JIOTHYECKOH MOCTIEIOBATENILHOCTH B
M3JI0)KEHUU IPOTrPAMMHOI0 MaTepuaa.

OLIeHKa «HCYAOBJICTBOPUTCIIBHO»

2— BBICTABIISICTCS CTYACHTY, KOTOPBIM HE
Hwxe 60 F YICHTY, p
«HEY0081eMB8OPUMENLHOY 3HAET 3HAYMTEIILHON YacTH

IpOrpaMMHOI'O MaTCpualia, JOIIyCKacT




cyliecTBeHHbIe omnOKu. Kak mpasuio,
OLICHKA «HEYIOBJIETBOPUTEIHHO»
CTaBHTCS CTY/ICHTaM, KOTOPbIE HE MOTYT
MPOJIOJKHUTE 00y4eHue Oe3
JOTIOJIHUTEIIBHBIX 3aHSATHH 110
COOTBETCTBYIOLICH AUCHHUIUINHE.

8.  YYEBHO-METOJWYECKOE U TH®OPMALIMOHHOE OBECIIEYUEHUE
YYEBHOI JUCIMUILINHEI

OCHOBHAZ JIMTEPATYPA:

1. DU Y66 Vacuum Technology : Practice for Scientific Instruments, Berlin, Heidelberg: Springer
Berlin Heidelberg,, 2008

2. O H61 Ananu3 naHHbIX : yaeOHOE mocodue it By30B, Mocksa: HUAY MUDU, 2012

3. O b82 dusnyeckas KUHETHKA aTOMHBIX IPOILIECCOB B HAHOCTPYKTYPAX : yueOHOe mocodue A
BYy30B, B. JI. bopman, B. H. Tponun, B. 1. Tposin, Mocksa: HUSAY MU®DU, 2011

4. 539.1 b82 ®usnueckas KHHETHKA aTOMHBIX IIPOLIECCOB B HAHOCTPYKTYpax : yueOHoe rmocodue ais
By30B, B. /I. bopman, B. H. Tponun, B. 1. Tposin, Mocksa: HUAY MUDU, 2011

5. O ®50 dusnueckre 0OCHOBBI METOAOB UCCIIEI0BAaHUS HAHOCTPYKTYP U IIOBEPXHOCTH TBEPAOIO
Tena : yueOHoe nmocobue s By30B, B. U. TposH [u ap.], MockBa: MUDU, 2008

JOITOJIHUTEJIbHA S JIMTEPATYPA:

1. 539.2 T175 I1puGopsl ¥ METOJIbI U3MEPEHUS XMMUYECKOTO COCTaBa M CTPYKTYPbl HAHOOOBEKTOB :
yueOHoe nocobue, B. W. Tposiu [u ap.], Mocka: MOTH, 2011

2.539.2 ®50 Pusnueckre 0OCHOBBI METOJIOB UCCIIEI0BAaHUSI HAHOCTPYKTYP U IOBEPXHOCTHU TBEPOTO
Tena : yueOHoe mocobue st By30B, B. U. TposH [u ap.], Mocksa: MUDH, 2008

3. 539.2 B24 Beenenue B ¢pusuky nosepxHocty : , K. Oypa [u ap.], Mocksa: Hayka, 2006
I[MPOI'PAMMHOE OBECIIEYEHUE:

CrienmanbpHOE IporpaMMHOE obecriedeHne He Tpedyercs

LMS U UHTEPHET-PECYPCBI:

https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJBLHO-TEXHMYECKOE OBECIIEYEHUE YYEBHOI
JUCLUIINHBI



CriennanbHOE MaTepUATBHO-TEXHUYECKOE 0OecrieueHne He TpedyeTcs

10. YYEBHO-METOAMYECKME PEKOMEHJIALIMU J1JIsA CTYAEHTOB

B pamkax kypca ocBemieHsl ciefyronie TeMbl: OOImue NOHATHS O MPOBEACHUU (U3NIECKUX
OKCIEpUMEHTOB. TexHuka Oe3omacHocTH. [IpoBemeHue  QU3MUECKUX  HKCHEPUMEHTOB  TI0
HCCIIEIOBAaHUIO CBOMCTB HAHOCTPYKTYP.

Texkymuii KOHTPOJIb MPEICTaBIICH CAEAYIOUUM BHAOM aTTeCTallUu:

— KonTtposnb utoros

Ha BpIOOp mpemonaBarens CTyACHTY BBIIAeTCS 5 BOMPOCOB M3 CIKCKAa BOMPOCOB. Bpems Ha
noArotoBky — 20 MuHyT. B paMkax mpeaioKeHHBIX TeM BOMPOCOB, MPEMOAaBATEb MOXKET 3a/1aBaTh
00001I1aI0IIe BOMIPOCHI, OXBATHIBAIOIINE HECKOIBKO TEM, UM KOHKPETHBIE 3aa9n-TIPOOJIEMbI TPYIIIe
(m1Ba M OoJiee) CTYIEHTOB C IEIBbIO0 OIEHUTH PabOTy CTYICHTOB B KOJUICKTHBE, a TaK e POJjb U
AKTUBHOCTH OTJ/ICTLHBIX CTYICHTOB.

MeToauka NpoBeACHUs OLICHUBAHMS CTYJEHTOB Ha pyOeKHOM KOHTpOJIE OCHOBBIBAETCS Ha
«Kontpone utoros» (KWN). B pamkax gaHHOi METOIUKH, OLICHKA B 0aj1ax BBICTABIIACTCS CTYJCHTY Ha
OCHOBaHUU pe3yJbTaToB TeKyIero KOHTPOJs OTIEIbHO ISl IEPBOM MOJIOBUHBI CEMeCTpa U OTAEIbHO
JUISL BTOPOW. YCHEIIHOe MPOXOXKIEHUE CTYJICHTOM PYOEKHOrO KOHTPOJS OTBEYAaeT AuanazoHy 15-25
6amioB o uroram kaxaoro KU.

K mpomMexxyTouHOMY KOHTpOJIIO JOMYCKAalOTCA CTYJIEHThI, uMeromue no uroram KoHTposs
uTOoroB B cymme He Menee 30 OamnoB. MakcuMmanbHas OIEHKAa Ha MPOMEXKYTOYHOM KOHTPOJIE
cocrasiuseT 50 Oanos.

PexoMennyemas nutepatypa:

@duznyeckre OCHOBBI METOJOB HCCIEAOBAHUS HAHOCTPYKTYP M MOBEPXHOCTH TBEPAOrO Tela
[Tekcr] : yueOHnoe mocobue anst By3oB / B. W. Tposu [u ap.]. - Mocksa : HUAY MU®U, 2014. - 257
c. - ISBN 978-5-7262-2076-5

Huzamernunos, 11.Y. Ananu3 manseix [Tekcr] : yuebHoe mocobue s By3os / 1. V.
Huzamernunos, B. I1. Pymsuues. - Mocksa : HUSAY MU®DU, 2012. - 285 c. - (YuebHas KkHura
uHxeHepa-pusnka). - ISBN 978-5-7262-1687-4

bopman, B.J]. ®usnueckas KWHETHKA aTOMHBIX TPOILECCOB B HaHOCTpykTypax [Tekct] :
yueOHoe nocobue s By3oB / B. JI. bopman, B. H. Tponun, B. U. TposiH. - Mocksa : HUSY MUOU,
2011. - 473 c. - (bubnmoreka siaepHoro yausepcuteta). - ISBN 978-5-7262-1667-6

11. YYEBHO-METOIWYECKHE PEKOMEHJIAIIUM JIJISI TIPENIOJJABATEJEN

B pamkax kypca ocelieHbl cieayronie Tembl: OOIIre MOHATUS O MPOBEACHUH (PUINIECKUX
JKCIIepUMEHTOB. TexHuka Oe3omacHoctu. [IpoBenmeHme  (GU3MYECKUX  DKCHEPUMEHTOB  TIO
HCCIIEA0BAaHUIO CBOMCTB HAHOCTPYKTYP.

Texkymuii KOHTPOJIb IPEACTABIICH CIEAYIOIMIMM BUIOM ATTECTALMM:

— KonTposabs uroros

Ha BeIOOp mpemogaBarensi CTyIEHTY BBIIAE€TCS 5 BOMPOCOB M3 CIUCKAa BONMPOCOB. Bpems Ha
noAroToBky — 20 MuHyT. B pamkax mpeasio)KeHHbIX TEM BOIIPOCOB, MPENOAABATENb MOKET 3a/1aBaTh
000011a1011I1ie BOTIPOCHI, OXBATHIBAIOIINE HECKOIBKO TEM, UM KOHKPETHBIE 3a7a4n-IIPOOIEMBbI TPYIIIe



(1Ba u Ooyee) CTYAEHTOB C IIENIBI0 OLCHUTh pabOTy CTYJEHTOB B KOJUIEKTHBE, a TaK K€ poOjb U
AKTUBHOCTb OT/IEIbHBIX CTYJCHTOB.

MeToauka NpoBEACHUS OLICHHBAHMS CTYJEHTOB Ha pyOekKHOM KOHTPOJIE OCHOBBIBAETCS Ha
«Konrpone utoros» (KN). B pamkax naHHO METOAMKY, OLIEHKA B 0ajulax BbICTABISETCS CTYJIEHTY Ha
OCHOBaHUU pe3yJIbTaTOB TeKyIero KOHTPOJs OTIEIbHO JUIsl IEPBOM MOJIOBUHBI CEMECTpa U OTAEIbHO
JUTSL BTOPOHW. Y CIeNTHOE MPOXOKIECHNE CTYACHTOM PYyOSKHOTO0 KOHTPOJS OTBEYAaeT Auamna3zoHy 15-25
OaJu10B 110 uToraMm Kaxknoro KI.

K mpomMexxyTouHOMY KOHTpOJIIO JOMYCKAalOTCA CTYJEHThbI, uMermue no uroram KoHTposns
uToroB B cymme He MeHee 30 OamioB. MakcumalnbHas OIlEHKa Ha INPOMEXKYTOYHOM KOHTpOJIE
coctaiisieT 50 6anos.

Pexomennyemas nurepatypa:

®dusnyeckrue OCHOBBI METOJIOB HCCIEAOBAaHUS HAHOCTPYKTYP M IOBEPXHOCTH TBEPAOIO Tella
[Tekct] : yuebnoe mocodue st By3oB / B. U. Tposin [u ap.]. - Mocksa : HUSAY MU®OU, 2014. - 257
c. - ISBN 978-5-7262-2076-5

Huzamernunos, LY. Ananu3 mansabix [Tekcr] : ydeOHoe mocoOue s By3oB / L. V.
Huzamernunos, B. II. PymsHues. - Mocksa : HUAY MU®DU, 2012. - 285 c. - (YueOHast KHuUTa
uHXeHepa-pusuka). - ISBN 978-5-7262-1687-4

bopman, B.J[. ®usuueckas KWHETHKA aTOMHBIX MPOLECCOB B HaHOCTpykTypax [Tekct] :
yaeOHoe mocobue ais By30B / B. /1. bopman, B. H. Tponun, B. . TposH. - Mocksa : HUAY MUDU,
2011. - 473 c. - (bubnuotexa simepHoro ynusepcurera). - ISBN 978-5-7262-1667-6
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