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1. OEJU OCBOEHUA INCHUIIJIMHBI

[lenpro OCBOCHUSA NTUCHMILUIMHBI «MeETOIbI MMOIy4YeHUsT HAHOCTPYKTYPUPOBAHHBIX MaTepua-
JIOB U NOKPBITMM B MAalIMHOCTPOEHUMW» SIBISETCS M3YyYEHHE TEOPETUYECKHUX, TEXHOJIOTMYECKHUX W
JKCIIEPUMEHTAIIBHBIX OCHOB IIOJy4€HUsI HAHOCTPYKTYPUPOBAHHBIX IOKPBITUN B MAIlIMHOCTPOCHUMU.
OTO MNOoIpa3syMeBaeT OCBOCHHE M PEIICHUS PSAAAa B3aUMOCBSI3aHHBIX TCOPETHMYECKHX, HAy4YHO-
HCCIIEI0BATENIbCKUX U IPAKTUYECKUX 3a/1a4.

OCHOBHBIMU 337ja4aMU AUCLUAIIIINHBI ABJISIOTCS:

- TOJIy4YeHHE TEOPETHUECKUX HABBIKOB M KOMIETEHIMA B 00JACTH CYIIECTBYIOUIUX U MEp-
CIEKTUBHBIX TEXHOJIOTMH ITOJIy4€HUsI HAHOCTPYKTYPUPOBAHHBIX U HAHOIIOKPBITHH;

- (pM3UKO-XMMHUYECKUX OCHOB IOJYYEHUS Pa3IMYHBIX BUJOB MOKPHITUH;

- OCHOB MAaTeMAaTH4ECKOI'0 MOJEIUPOBAHMs JJaHHBIX ITPOLECCOB, aHAJIM3€ HOBBIX oOnacTeit
WCIIOJI30BaHNUs IIOKPBITUN B MALIMHOCTPOEHUH;

- JUarHOCTHKE M UCIBITAHUSAX HAHOMATEPUAIOB M HAHOCTPYKTYPUPOBAHHBIX IOKPBITHHA B
MalIMHOCTPOEHNUH;

- IPAKTUYECKUX HABBIKOB B 00JIACTU MOJIY4YEHUS OKPBITHI.

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OIIOII BO

JucuumnnuHa «MeToabl MOIyYeHHUs] HAHOCTPYKTYPUPOBAHHBIX MaTepUaoB U MOKPHITUI B
MAaIIMHOCTPOCHUHU» OTHOCUTCS K 4acTH, GOPMHUPYEMOM y4acTHUKaMH 00pa3oBaTeIbHBIX OTHOLIE-
HUH y4eOHOTO ITUTaHAa TOJATOTOBKM MarucTpoB mo HampasieHuto 15.04.05 «KoHCTpyKTOpCKO-
TEXHOJIOTHYECKOe 00ecrieueHre MalllMHOCTPOUTEIbHBIX TPOU3BOJICTBY.

[IpepexBu3uThl aucuumiuHel: TexHonoruu 21 Beka, MeToasl oOecriedeHus] kauecTBa Ma-
HIMHOCTPOUTENBHON MPOAYKIIMH, MoAenInpoBaHue NMpoLeccoB U cucTeM, HaHOTeXHOIOrHMH B Mally-
HOCTPOCHHHU.

HaumenoBanue o0ecrieurBarOIINX Pazaenbl maHHON TUCIUTUIMHBI, KOTOPHIE
(MpeABIAYIIHX ) AUCIUTUIMH U 00eCTIeYnBaeMbIX HEOOXOUMBI JJI U3YYEeHUS 00€CTIeYBaACMbIX
(mocneayrommXx ) AUCITUTUTMH (mocneayrommx) UCITUTUTHH
4 cemecTp
1 \ 2 | 3
IIpexmecTBy0OIIHE TUCHUITUHBI
1. Texunonoruu 21 Bexa. + + +
2. MeTonpl obecrieueHns KauecTBa +
MaITUHOCTPOUTEIHHON MPOAYKIIMH.
3. MonenvpoBaHe IPOIECCOB U CUCTEM. + + +
4. HaHOTEXHOJIOTUU B MAIIMHOCTPOCHHH. + +
Iocaenyromue 1M CUUITHHbBI

1. Texnonorudyeckoe odecreyeHrne KauecTna. + + +
2. MaTtemaTtuyeckoe MOACIMPOBAHNE B +
MaITHHOCTPOEHUHU.
3. BeimyckHas kBanudukamontas padora. + + +




3. INTAHUPYEMBIE PE3YJIbTATbBI OBYYEHUS 110 JMCHUIIJIMHE

[Tnanupyemble pe3ynabTaThl OOy4YeHHs] MO AUCLUUIUIMHE, COOTHECEHHBIE C IUIAHUPYEMBIMU
pesynbTaTtamu ocBoenusi OITOIT:

dopMupyemsle

KOMIIETeHIINN

(xon, conepxa-

HHUE KOMIIETCH-
IAN)

[Tnanupyemsie pe3yabTaThl 00y4YeHHUs 10 TUCIUIUIMHE, B
COOTBETCTBHHM C MHAMKATOPOM JOCTHXKEHHUSI KOMIIETCHIINU

WNHaukaTop MOCTHXKCHUS
KOMIICTCHIIUN
(kom, comeprkaHNe WHIUKA-
TOpA)

PCBy.]'ILTaTI)I 06y‘-ICHI/I$I 110
JUCIUIITIMHC

HaumenoBanue one-
HOYHOTO CpEJICTBA

[K-1

[IK-1.1. 3naet Tums! opo-
W3BOZCTBA JETANECH MalIu-
HOCTPOEHUS BBICOKOM
CJI0HOCTH, Pa3HOBH/IHO-
CTH TEXHOJOTMUYECKOT0
obopynoBaHus, CTaHAAPT-
HBIX HHCTPYMEHTOB, TIPH-
CIOCOOJICHUI U KOHTPOJIb-
HO-U3MEPUTEIBHOMN
OCHACTKH.

[IK-1.2. YMmeeT ananusupo-
BaTh TEXHUYECKHE TPeOO-
BaHUsI, IPEABSIBIAEMBIE K
JIeTalIIM MalllnHOCTPOEHUS
BBICOKOH CJIOKHOCTH.
I1K-1.3. YMmeer BoIOUpaTh
CXEMBI U CPEeJICTBA KOH-
TPOJIsl TEXHUYECKUX TpeOo-
BaHU, IPEABSIBIAEMBIX K
JEeTaJsIM MalTHHOCTPOEHHUS
BBICOKOMH CJIOKHOCTH.
I1K-1.4. YMmeer BbIOUpaThH
cXeMbl 0a3UpOBaHUS U 3a-
KpEIUIeHHUs 3aT0TOBOK JIe-
Tajiell MalllMHOCTPOCHHUS
BBICOKOW CIIOKHOCTH.
IIK-1.5. YMmeer pa3pabatbi-
BaTh TEXHOJOTHYECKHE
MapLIpyThl ¥ TEXHOJIOTHYe-
CKHE Ollepalryii U3roToBJIE-
HUS IeTaJlell MalllMHOCTPO-
€HUS BBICOKOH CJI0KHOCTH.
IIK-1.6. YMeeT paccuuThl-
BaTh TOYHOCTH 00OPabOTKH
TIPH TPOEKTUPOBAHUH OIle-
pauuii U3roTOBJICHUSI JeTa-
Jiel MaIlMHOCTPOEHUS BbI-
COKOH CIIO)KHOCTH.

IIK-1.7. BnageeT HaBBIKa-
MU BBIOOpa TEXHOJIOTHYE-
CKOT0 000pyIOBaHUA,
CTaHJApTHHIX UHCTPYMEH-
TOB, IPUCIIOCOOJICHUH H
KOHTPOJIbHO-

3HaerT:

— 0COOEHHOCTH CTPYKTYPHI U

OCHAILICHUS
BBICOKOA(p(heKTUBHBIX
MAaIIMHOCTPOUTENBHBIX
MPOU3BOJICTB C TEXHOJIOTHSAMHU
HaHECEHUs
HaHOCTPYKYTPHUPOBAHHBIX
MOKPBITUH;

— OCHOBHBIE ITPUHLUIIBI U TUIIBI
MAaIIMHOCTPOUTENBHBIX
MPOU3BOJICTB I10 HOMY4YEHHIO
HAHOCTPYKTYPHUPOBAHHBIX
MaTEpPHUAJIOB U MOKPBITHIL.
Ymeer:

— IPOEKTHUPOBATh YYacTKH B

COCTaBe 11eXa [0 HAHECEHHIO
HaHOCTPYKTYPHUPOBAHHBIX IO-
KPBITUI U IPOBEPKH UX CBOMCTB
C y4eToM TpeOOBaHUsI 110
6e30macHOCTH
JKM3HEJCATEIbHOCTH U Tpe-
0OBaHMSM 3KOJIOTUH;

— paccuuThIBaTh

3 PEKTUBHOCTh UCTIOIH30BAHUS
HAaHOCTPYKTYPHUPOBAHHBIX
MaTEepHUAIOB U MOKPBITUH B
BBIITyCKAEMBIX M3EIHAX
MAaIIMHOCTPOEHHUSL.

Brnaneer:

— METOJMKaMH MPOBEPKH Ka-

YECTBA HAHECEHUS TIOKPBITUI B
YacTH onpenaeneHus hakTuye-
CKUX (PUBUKO-MEXAHMUECKUX H
TPUOOIIOTHYECKUX XapaKTepH-
CTHK;

— IpUeMaMu POEKTHPOBAHNUS

YYacTKOB ¥ J1abopaTopuii mo
HaHECEHHIO HAHOCTPYKTY-
PUPOBaHHBIX MOKPBITUI U TTIO-
JIy4EHUI0 HAHOCTPYKTYPHUPO-
BaHHBIX MaTepPHUasoB.

TecToBBIC BOIPOCHI
OTtuér mo maboparop-
HOH / IPaKTUYECKON
pabote




WU3MEPUTEITHLHON OCHACTKH,
HEOOXOAMMBIX IIJIS peajTu-
3alUu pa3paObOTaHHBIX
TEXHOJIOTHUECKUX MPOoLIec-
COB U3rOTOBJICHUS AeTalICH
MAaIIMHOCTPOEHHUS BHICOKOM
CJIO’KHOCTH.

IIK-1.8. BnageeT HaBBIKa-
MH pa3pabOTKH TeXHUYIE-
CKHX 3aJIaHU{ Ha TTPOCKTH-
pPOBaHUE CIEIUATBHBIX
MIPUCTIOCOOJICHHIA U KOH-
TPOJIbHO-U3MEPUTENBHON
OCHACTKH I peanu3aluu
pa3paboTaHHBIX TEXHOJIO-
TUYECKHX MPOIIECCOB H3T0-
TOBJICHUS JIeTaJIed Mallln-
HOCTPOEHUS BBICOKOU
CJIOXHOCTH.

IIK-1.9. BnageeT HaBbIKa-
MU pa3padOTKH U COraco-
BEIBAHUS TEXHOJIOTHYECKOM
JIOKyMEHTAI[H Ha TEXHO-
JIOTUYECKUE MPOIIECCHI U3-
TOTOBJICHUS JETaJIe Ma-
LUIMHOCTPOEHUS BBICOKOU
CJIO’KHOCTH.




4. OBBEM U CTPYKTYPA JUCHHUIIVINHBI

Tpyn0eMKOCTh JUCHUIUIMHBI COCTABIAET 3 3a4eTHHIX enuHui, 108 yacos.

4.1. TemaTnyeckmnii mi1an (popma o0yyeHus - OUHAA)

KonTakTHas paboTa 00y4aro-
IIAXCS C MEarOrH4YecKuM pa- | &
< OOTHHKOM (B yacax) \(é; DopmBI TEKyILEro
g S.| KOHTpOJIS yCIieBaeMo-
Q 1
Ne HaumenoBanue Tem % S o ) S § e
o = = S 2| (o HemesIM CeMecCT-
n/ U/MIH pa3aenoB/TeM gl o < 2| E | 28 5 i
n JACIUTITAHBL 51 B 5| 25| 82| & =| §|°P 8), gopma MPOMERY
Oggg; 58 :Eg_g TOYHOHI
2 2 %§ S8l 22|19 3 aTTecTanun
S ‘g g8 2 (o cemecTpam)
= S = QO
[aa
Pasznmen 1.
Beenenne. Kimaccuduka-
1 | uust HAHOCTPYKTYPHUPO- 4 c_}: - 5 5 1 - | 13| PeiituHr-kouTpons 1
BaH-HBIX MIOKPBITHH U
MaTepuaoB.
Paznen 2.
Texnonorun GopmMupo-
o | DA CIIOCE HAHOMETPO= |y OL?) - 5 ) 1 - | 13| PelTHHr-KOHTPOJb 2
BOU TOJIIIIMHBI B TIOKPHI-
THAX N OG’LGMHBIX Mmarte-
puaax.
Paznen 3. Pa3zpabotka
TEXHOJIOTMYCCKUX MPOo-
[IECCOB M UCCIICJIOBAHUE
3 | HOKpHITHI U OOBEMHBIX 4 3 - 6 6 1,2 - | 14| Pe#THHT-KOHTpOIB 3
MaTepuaoB JUIs Mallu-
HOCTPOUTEJIbHBIX ITPpU-
MEHEHUI.
Hroro 3a 4 cemectp: - 16 16 3,2 - 140 Ox3ameH (36 1)
Hanunuue B qucuuuinHe
KII/KP N ] I ]
Wroro mo mucrurivye: -| 16 16 3,2 - 140 Ox3ameH (36 1)
4.2. Conep:kanue NPAKTHYECKUX 3aHATHH
Pazoen 1. Beeoenue. Knaccuguxayus Hanocmpykmypupo8aHHulX NOKPbIMUU U Mamepua-
J08.
Tema 1. [ToxpeiTis B MamurHocTpoeHnu. O01as XxapakTepruCcTHKa MOKPBITHIA U CITOCOOOB MX
HaHECEHUS.

Copepxanue 3aHsaTuii: M3ydeHne xapakTepuCTHK TOKPBITHI U cIOCOOOB MX HAHECEHUS.
Tema 2. MeTo/1pI TOATOTOBKH MTOBEPXHOCTH JIJIs1 HAHECEHHUSI TOKPBITHH.

Copepxanue 3aHaTuil: V3yueHue MeToj0B MOJATOTOBKU MOBEPXHOCTH JUIS HAHECEHMs IO-
KPBITUH Pa3IMYHBIMUA METOAAMH.
Paszoen 2. Texunonoeuu gpopmuposanus cioeé HaAHOMemposoU MONUWUHBL 8 HOKPLIMUAX U

00bEeMHbIX MAMEPUANax.
Tema 1. CtpoeHne 1 CBOMCTBA TOBEPXHOCTH.
Copnepxanue 3anstuii: 3yderre Mop(]oIoriun moBEpXHOCTH 00PA3IIOB C MOKPHITHEM.




Tema 2. Jledextsl moBepxHocTU. VX ponb B pOPMUPOBAHUH ITOKPHITHH.

Copepxanue 3ansaTuii: 3ydeHne npuuuH BOSHUKHOBEHUS A€(EKTOB IIOBEPXHOCTH.

Pasoen 3. Paspabomka mexnHonocuueckux npoyeccos u ucciedosanue NOKpulmuil u 0ovem-
HbIX MAMepuanos 0Jisk MauuHOCMpOUmeIbHblX NPUMeHeHUl.

Tema 1. [Ipoteccrl, mpoTekaroiye Npu B3auMOJIEHCTBUM MMOBEPXHOCTH C BHEILIHEW CPEOH.

Conepxxanue 3aHsaTui: M3ydyeHue 3aKOHOMEPHOCTEN MPOLECCOB MPOTEKAMIINX MPU B3aH-
MOJICYCTBUU ITOBEPXHOCTHU C BHEIIHEH CPENIOM.

Tema 2. ®usnueckrue METO/Ibl HAHECEHUS TTOKPBITHA.

Conepsxanue 3ansatuid: OnpeneneHue Hanbosiee ONTUMAIBHOTO METO/1a HAHECEHUS TTOKPBI-
THUH.

4.3. Conep:xaHue J1a0OPATOPHBIX 3aHATHH

Paszoen 1. Beeoenue. Knaccugukayus HaHocmpyKmypupo8aHHblX NOKPbIMULL U Mamepua-
J108.

Tema 1. MeToibl CHATHSI TOKPBITUH.

Copepxanue 3anstuii: 3ydeHre MEeTOI0B yJaleHUsI TIOKPBITUH.

Paszoen 2. Texunonocuu gpopmuposanus cioeé HaHOMemposou MONWUHBL 68 NOKPLIMUAX U
00beMHbIX MAMepPUanax.

Tema 1. Xumnueckas HEOITHOPOAHOCTh TOBEPXHOCTH.

Copepxanue 3aHATUI: XUMUYECKasi HEOJIHOPOAHOCTh MMOBEPXHOCTU U €€ BIHSHHE Ha CBOM-
CTBA TOJIy4aEMBbIX ITOKPBITHH.

Tema 2. HeogaopoaHoctu Ha moBepXHOCTH. VX poiib B (hOpMUPOBAHUH MTOKPBITUH.

Conepxanue 3anatuii: OuieHKa BIUSHUS HEOJAHOPOIHOCTH IOBEPXHOCTHU Ha CBOICTBa IO-
BEPXHOCTHOTO CJIOA.

Pazoen 3. Pazpabomka mexHono2uueckux npoyeccos u ucciedo8anue NOKpolmuil U 0o0vem-
HbIX MAmMepuanos 0Jisi MauuHOCMpPOUMeIbHbIX NPUMEHEHU.

Tema 1. XumMuueckue METOIbI HAHECEHUS TIOKPBITHM.

Conepxanue 3anatuil: Onpenenenue Hanboiee ONTUMAIBLHOTO METOAAa HAaHECEHUS MOKpPbI-
THH.

5. OHEHOYHBIE CPEACTBA JJISA TEKYIIETO KOHTPOJISAA YCIIEBAEMOCTMU,
IMPOMEXYTOYHOM ATTECTAIIMA IO UTOTAM OCBOEHUSA JUCITATLIAHBI
N YYEBHO-METOJJUYECKOE OBECIIEYEHUE
CAMOCTOSTEJBHOMN PABOTHI CTYJAEHTOB 11O TUCIIUILIVHE

5.1. Tekyuuii KOHTPOJIb yCIIeBAEMOCTH

[IpoBouTCS TPUXKABI B TeUeHHE yuyeOHOro cemecTtpa B cooTBeTcTBUU ¢ "[lonokeHuem o
PEUTHHTOBOM CHCTEME KOMIUIEKCHOW OILIEHKH 3HAaHWW CTYAEHTOB BO BragumupckoMm rocypap-
CTBEHHOM YHUBepcuTeTe UMeHu Anekcanzapa ['puropseBuda u Huxonas ['puropreBuua Cronero-
BbIX'" B CIIEAYIOIIUE CPOKH:

- pedTUHT-KOHTpOJb Ne 1 — 5 — 6 Hexens cemecTpa;

- peiituHr-KkoHTpOosb Ne 2 — 11 — 12 Henens cemecTpa;

- peiituHr-KOHTpOJb Ne 3 — 17 - 18 Henens cemecTpa.

Bonpocs! k pedTHHI-KOHTpOII0 Nel

1. ITokpsiTHs B MammHocTpoeHnu. O01as XxapakTepucTHKa MOKPHITHI U CIOCOOOB MX HaHece-
HUS.

2. TpeboBanus, npeabsABIIeMble K moBepXxHOCTH. Kitaccudukanms nporneccoB HaHECEHUS Me-
TaJNTMYECKUX MOKPBITHH.



3. OCHOBHBIE METO/IbI HAHECEHUS MOKPBITUI. CXEMBI IPOLIECCOB M OCHOBHBIE ITapaMeTPhl HaHeE-
CEHUS METAJUIMYECKUX MOKPHITHH (IIMHKOBBIX, A TFOMUHUEBBIX, OJIOBSIHHBIX, XPOMCOJIEPKALINX, MTaKH-
POBAHHBIX).

4. OcHOBHBIE U 00I1IME TapaMeTPbl TEXHOJIOTHUECKHUX MPOLIECCOB U MX BIUSIHUE HA YPPEKTUB-
HOCTB Tporecca. CrocoObl U TEXHOJIOTUYECKHE OCOOEHHOCTH OT/ENIbHBIX BUIOB MOMyYEHUS] METAUIH-
YECKHUX MOKPBITUH.

5. @YHKIMOHAJIBHBIE CXEMbI YCTAHOBOK ITOJIyYEHUS IOJTUMEPHBIX OKPBITHH.

6. O0mue TpeOOBaHNs, MPEABIBIIEMbIC K YCTAHOBKAM.

7. O0630p YCTAaHOBOK ISl Pa3IMYHBIX BUIOB OKPBITHA.

8. O0mme cBeeHus O MOrOTOBKE TTOBEPXHOCTH. MeXaHNYeCKHEe U XUMHYECKUE CTIOCOOBI 00-
paboTKH.

9. ITpuHuMmBl pabOTHI YIABTPA3BYKOBBIX, IECKO-U THIPOCTPYHHBIX YCTAHOBOK.

10. Cxems! nrdoBanus u noiaupoBanus. O0e3KUprUBaHUE U TPABJICHHUE.

Bonpochbl K pedTHHI-KOHTPOTI0 Ne2

1. ®usnveckrue OCHOBBI AIUTAKCUH HAHOMETPOBBIX CJIOEB.

2. [IpuHIMIIEI pabOTHI YCTAHOBOK JIJIS TIOTYYE€HUS HAHOMETPOBBIX CIIOEB B BaKyyMe.

3. OcHOBHBIE TapaMeTpbl NOBEPXHOCTH. CBEAEHUS O TOMOJOTUH TOBEPXHOCTEM.

4. Buasl HEOJHOPOAHOCTEH U 1e(heKTOB HA MOBEPXHOCTH. VX poib 1 MexaHnu3M (HOPMHUPOBAHUS
MTOKPBITUM.

5. I3MeHeHune cTpoeHUsI NPUIIOBEPXHOCTHBIX CJIOEB MTPU 00Pa30BaHUH OBEPXHOCTH.

6. AToMHBIE KOH(UTYpaLIUN TOBEPXHOCTH BO3MOKHBIE BAPHAHTHI PACTIONOKEHUS TIPHCOEINHS-
IOIIMXCSI AaTOMOB MPH (POPMUPOBAHUU CIIOS TOKPBITHSI.

7. Xummnueckass HEOAHOPOJHOCTh MOBEPXHOCTU. OCHOBBI MOHATHUA XUMUYECKONH HEOJAHOPOIHO-
cTu. XUMHUYecKas akTUBHOCTb BEIIECTBA.

8. du3nueckrue OCHOBHI MOJIyYE€HUS HAHOMETPOBOW CTPYKTYPHI B 00OBEMHBIX MaTepHagax METo-
nmamu UTT/T.

Bonpoch! kK pedTHHI-KOHTPOTI0 Ne3

1. O6mume noaxosl 1 TpedoBanus K TII momydeHust HAHOCTPYKTYPUPOBAHHBIX MTOKPBITHH.

2. MexaHu4yecKre U XUMHUYECKHE CIIOCOOBI CHATUS MTOKPBITHH.

3. IIpuniuIb! paboThl yCTAHOBOK TS CHATHS TOKPBITHH.

4. Pazpabotka BakyymubIx TII nonydenus: 2D/3D PVD-nokpbIThid.

5. OcHoBHblIe TexHONOorHueckue napamerpsl TII nomydenus nokpeituil. Bapsupyemsle n nocro-
stHHBIE apameTpsl T11

6. Pazpaborka TII momydeHust 0ObEMHBIX HAaHOCTPYKTYPHUPOBaHHBIX MaTepuasnioB OCHOBHbIE
Tex-Hosornyeckue napamerpsl TII. Bapeupyemsie n nocrostaasie mapametpsl TI1

7. MeTtoapl MCCIeIOBaHNS HAHOCTPYKTYPHPOBAHHBIX MAaTEPUAIIOB W TOKPBITHHA JJIS MAIIMHO-
CTPOUTENBHBIX IPUMEHEHHUN

8. O1eHKa KauecTBa MOIy4aeMbIX HAHOCTPYKTYPUPOBAHHBIX MAaTEPHAJIOB U TIOKPBITHH.

5.2 IIpoMeskyTOYHAasI aTTECTALUSI 110 HTOraM OCBOCHMS JMCIUIIIHHbI
Bonpocsl k 3a4ery 3K3aMeHy

1. IokpeiTus B MammHOcTpoeHHH. OOmias XapakTepUCTHKa MOKPHITHA M CIOCOOOB HX
HaHECEHMUs.

2. TpebGoBanus, npeabsBisieMble K MoBepxHOCTH. Knaccupukanus mpoueccoB HaHECEHUs
METAJITMYECKUX MOKPBITHH.

3. OCHOBHBIE METOJIbl HAaHECEHMsI MOKPHITHI. CXeMBbl MPOLIECCOB U OCHOBHBIE MapaMeETPhbI
HaHECEHUs] METAJTIMYECKUX MOKPBITUH (LIMHKOBBIX, AJIIOMHUHHUEBBIX, OJIOBSIHHBIX, XPOMCOZEpKa-
X, UIAKUPOBAHHBIX ).



4. OcHOBHBIE U 00IIKE MapaMeTPbl TEXHOJIOTHYECKUX MPOIIECCOB U MX BIUSHHE Ha Y dek-
TUBHOCTh mporecca. CrnocoObl U TEXHOJIOTMYECKHE OCOOCHHOCTU OTICIIBHBIX BUIOB IOJIYUYCHMS
METaJUIMYECKUX ITOKPBITUH.

5. @yHKIMOHAJIBHBIE CXEMBI YCTAHOBOK IIOJyYEHUS TIOJTUMEPHBIX TOKPBITHIA.

6. O0mue TpeGoBaHwMsl, MPEIBABISIEMbIC K YCTAHOBKAM.

7. O030p yCTaHOBOK JJISl pa3JIMUYHBIX BUJIOB ITOKPHITUH.

8. OOure cBefeHNs O MOATOTOBKE MOBEPXHOCTH. MEXaHWYEeCKHE U XMMUYECKHE CIIOCOOBI
00paboTKH.

9. IlpuHnmmnsl paboTh! YIbTPa3BYKOBBIX, IECKO-U THAPOCTPYHHBIX YCTaHOBOK.

10. Cxemsl nutndoBanus 1 nojgupoanus. O0e3KUpUBaHUEC U TPABJICHHE.

11. OcobenHoCTH MOTY4YEeHUSI OOBEMHBIX MaTEPHUATIOB C HAHOCTPYKTYPUPOBAHHMH CIIOSIMU C
HOMOILBIO METOI0B UHTEHCUBHOM IJIACTUYECKOH J1e(hopMalUH.

12. OcobeHHOCTH MOTydeHUs] 00BEMHBIX MaTEPUATIOB C HAHOCTPYKTYPUPOBAHHMH CIIOSIMU C
IIOMOUIBIO METOJOB JIUTHSI.

12. dusnyeckrie OCHOBBI AMUTAKCUA HAHOMETPOBBIX CIIOEB.

13. IIpuHLMIBI pabOTHl YCTAHOBOK IS ITOJIyYEHHsI HAHOMETPOBBIX CJIOEB B BaKyyMe.

14. OcHoBHbIE TapaMeTpbl MOBEPXHOCTH. CBEIEHUS O TONOJOTUU IOBEPXHOCTEM.

15. Bunel HeoHOpOJHOCTEH U 1e(heKTOB HAa MOBEPXHOCTH. VX posib U MexaHu3M (HopMUpo-
BaHMSI IOKPBITUH.

16. I3MeHeHMe CTPOEHUS PUIIOBEPXHOCTHBIX CJI0EB IPU 00pa30BaHUN TOBEPXHOCTH.

17. AtomHbple KOH(PHUTYpauy MOBEPXHOCTH BO3MOXKHBIE BAPUAHTHI PACIIOIOKEHHS TPHCO-
€IMHSAIOLINXCS aTOMOB IIPU (POPMHUPOBAHUU CIIOS OKPBITHUS.

18. Xumnueckas HEOJHOPOJHOCTb MOBEPXHOCTU. OCHOBBI MOHATUS XUMHUYECKOW HEOJHO-
POIHOCTH. XUMHUYECKAsi aKTUBHOCTb BELIECTBA.

19. ®uznueckne OCHOBBI MOJYUYEHUSI HAHOMETPOBOW CTPYKTYpHI B OOBEMHBIX MaTepuanax
metomamu UIT/I.

20. HanpspxeHHo-aehopMHUpPOBaHHOE COCTOSIHIE MaTepHalia nmpu paznudHbeix Mmerogax MITJI.
N3menenue ctpykrypsl Marepuana mpu MIIJI.

21. YerpolcTBO U COCTaBHBIE 3JIEMEHTHl YCTAHOBOK Il TIOJyY€HUS! HAHOMETPOBBIX CTPYK-
TYPp.

22. Cxembl M NPUHIUINBI pabOThl MOJOOHBIX arperatoB AJis MOJYyYEHUS HAHOMETPOBBIX
CTPYKTYP.

23. Obume noaxoas! U TpedoBanus K TII momyueHuss HAHOCTPYKTYPHUPBOAHHBIX TOKPBITUH.

24. MexaHn4ecKkue U XUMUYECKHE CIOCOOBI CHATHS MTOKPBITHH.

25. IlpuHuumnel paboThl YCTAHOBOK JJIsl CHATHS IOKPBITHH.

26. Pa3pabotka BakyymHbIX TII nomyuenust 2D/3D PVD-nokpbITHi.

27. OcHoBHBIE TexHOJOrn4eckue nmapaMmerpsl TII momydeHus: nmokpeituil. Bapeupyemsie u
OCTOsIHHBIE MapameTpsl TII.

28. Pazpabotka TII momydeHus: 00beMHBIX HAaHOCTPYKTYPUPOBAHHBIX MaTepuanoB OCHOB-
HbIe TexHonorudeckue napamerpsl TII. Bappupyemsie u nocrosuusie napamerps! TII.

29. MeToapl ucCIe10BaHNs HAHOCTPYKTYPUPOBAHHBIX MATEPUAJIOB U MOKPBITUH IS MAIlU-
HOCTPOUTEIIBHBIX IPUMEHEHUN

30. OneHka Ka4ecTBa NOJIy4aeMbIX HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAIIOB U ITOKPBITHH.

5.3. CamocTosiTe/IbHAsI padoTa 00y4aIOIIEr0Cst
Jlyis opraHM3aIil CaMOCTOSITENBHON pabOThl CTYJAEHTOB (CaMOCTOSITENBLHOW MpOopaboTKH
TEOPETUYECKOr0 MaTepuasa, MOArOTOBKH K JIa0OpaTOPHBIM U MPAKTHUECKUM 3aHITHUSIM) PEKOMEH-
IYIOTCST y4eOHO-METOUYECKIE MOCOOMS U yKa3aHUS U3 OCHOBHOTO U JIONOJHUTEIBHOTO CITMCKA,
MepeYrCIICHHBIE B pa3jiene 6 HacTOsIIeH pabodel MporpaMMEI.

3ajaHus K CaMOCTOATEIbLHOM padoTe Mo JUCUMILIHHE



Pasoen 1. Bsedenue. Knaccugpukayus HAHOCMPYKMYPUPOBAHHBIX — NOKPLIMUL U
Mamepuanos.

Tewma 1. Kiaccudukanusi HAHOTEXHOJIOTHI ¥ HAHOPa3MEPHBIX 00heKTOB. COCTOSTHUE U TIep-
CIIEKTHBbl IPUMEHEHUS HAHOTEXHOJOTWW s MamumHocTpoeHus. Dymiepensl. HaHnoBosmokHa u
HaHOTPYOKHU.

Tema 2. IlepcriekTuBbl UCHOIB30BaHUS rpadgeHa. HaHOMOKPBITHSA A pexylIero UHCTPY-
MeHTa. HaHOMOKpBITUSA B M3AEIMSIX MalIMHOCTpoeHUs. OObeMHblE HaHOMAaTepuasabl B MalIMHO-
CTPOCHHUH.

Tema 3. IlepcrieKTHBBI HAHOTEXHOJIOTHI B CUCTEMAaX 3allUCH U XpaHeHus nHpopmarun. Tu-
bl CTPYKTYp HaHOMarepuanoB. KoMno3uTHele HAHOMATEpUAJIbI.

Paszoen 2. Texnonocuu gpopmuposanusi cioeé HaAHOMEMpPoBOU MONUUHBL 8 NOKPLIMUAX U
00beMHbIX MaAmMepuanax.

Tema 1. O030p 3IEKTPOHHBIX MUKPOCKOMOB. IIpocBeunBaromas 3JIeKTpOHHAass MUKPOCKO-
nud. PacTtpoBas ckaHupyrolasi 31€KTpoHHass MUKpockonus. CKaHUpYrollas 30HI0Basi MUKPOCKO-
.

Tema 2. MeTonbl NOBEPXHOCTHBIX HaHOM3MepeHUW. COBpEMEHHbIE YCTPOMCTBA aTOMHO-
CHIJIOBOH MHKPOCKOITUH. Y CTpOICTBa A7 TU(PPAKIUOHHOTO aHAIN3A.

Tema 3. CnektpanbHble METOJbl OLEHKH HAaHOCTPYKTYp. PEHTreHOBCKME METONbl OLICHKU
HaHOCTPYKTYp. HanonHneHTHpOBaHue.

Pa3zoen 3. Paspabomka mexunonocuyeckux npoyeccos u ucciedo8arue noKpblmui u 0ovem-
HbIX MAMepuanos OJisi MauuHOCMpOUmeIbHblX NPUMEHEHUU.

Tema 1. Pazmepnas nanooOpabotka Ha crankax UITY. Knaccudpukanus. O630p obopynosa-
HUSA JUIs pa3MepHoi HaHooOpaboTku. Hanonurorpadus.

Tema 2. OcHOBHBIE TUIIBI YCTPOMCTB ISl HaHONIEpeMelleHnil. HaHoakTyaTopbl 1 HAHOIIO3H-
1uoHepsl. HaHopoOOTHI 1 HAHOMAHUIYJISITOPBI.

Tema 3. Metoabl HaHeceHHsI HaHOMOKPHITUN. [TonydeHne anmMa3zonog0OHBIX HAHOCTPYKTY-
pUpOBaHHBIX NMOKpbITUNA. Hanomammuabl. MHOroQyHKIIMOHANBHBIE HAHOCTPYKTYPUPOBAaHHBIE T1JICH-
KH.

®onp onieHouHbIX MaTepuaioB (POM) i1t NpoBEEHUS aTTECTAllK YPOBHS C(POPMUPOBAHHOCTH
KOMIETEHLIMH 00y4JaroIuxcst o JUCHUILIMHE 0(OPMIISIETCs OTIEIbHBIM IOKYMEHTOM.



6. YYHEBHO-METOANUYECKOE U HTHOOPMAIIMOHHOE OBECIIEYEHHUE

JAUCHUITINHBI
6.1. KHuroo0ecrne4eHHOCTh
HammeHnoBanme nmutepaTyphl: aBTOp, Tox KHUT'OOBECIIEYUEHHOCTbD
Ha3BaHWe, BU]| U3aHWs, U30aTEIbCTBO U3JaHus Hammaie 5 sIeKTporHof bromiorexe Bl'y
1 2 3
OcHoBHas auTeparypa*
1. OcHOBBI HAHOTEXHOJIOTHHI [ DNEKTPOHHbII 2017 http://znanium.com/bookread2.php?book=50001

pecypc] / T'onosun F0.U. - M.
MammnocTpoenue, ISBN 978-5-9558-0430-9.

2. MeTamioBeicHUE TYrOIUTABKUX METAIJIOB U 2018 http://znanium.com/bookread2.php?book=577278
CIIABOB Ha MX OCHOBE: yue0. mocodue s
BY30B. - M.: MammHoctpoerue, ISBN 978-5-
94275-720-5.

3. JIenewmes, A.A. IlnasMeHHOE HANILUIEHHE 2016 http://znanium.com/bookread2.php?book=492492
aMOp(HBIX 1 HAHOKPUCTAIUINIECKUX
MaTepHuaoB [ DIEKTPOHHBIN pecypc]:
MoHorpadusi / A.A. Jlenewes. - KpacHosipck:

Cub. denep. yu-1, - ISBN 978-5-7638-2803-0.

JlononHurenpHas nurepaTypa

1. ®u3UKO-XUMHYIECKHUE OCHOBBI CO3AaHNUS 2018 http://znanium.com/bookread2.php?book=556287
aKTHBHBIX MaTepualoB: yueOHuk / Kynpusios
M.®., Kabupos 10.B., Pyackas A.I'. - Poctog-
Ha-/lony:M3natensctBo FODY, ISBN 978-5-
9275-0847-1.

2. BapeiouH, A.A. OU3UKO-XUMHUS 2016 http://znanium.com/bookread2.php?book=441543
HAHOYACTHII, HAHOMATEPUAJIOB U
HaHOCTPYKTYp [DJIeKTpOH-HBIH pecypc]:
VYue6. mocodue / A.A. bapeioun, B.A.
baxtuna, B.U. Tommnmun, H.I1. Tomuiu-Ha. —
Kpacrosipck: COVY. ISBN 978-5-7638-2396-7.

6.2. [lepuoanyeckue U3aAHUA:
1. HanoTexHoNOrMu: HayKa U IpOU3BOJCTBO: MH(OPMALlMOHHO-aHAIUTUYECKUH JKypHail. - MockBa:
O06pa3zoBaHue IIIOC.
2. Poccuiickue HaHoTexHOIOTHU. - MockBa: [lapk-menua.
3. HanotexHosoruu: pa3paboTka ¥ NpUMEHEHHE: HaydHO-TeXHUYEeCKH KypHal. - Mocksa: CaiiHc-
ITpecc.

6.3. AHTepHeT-pecypchI:
http://www.portalnano.ru/ http://www.ru-tech.ru/pub/nano
http://www.ntsr.info/ http://www.nanotech.ru/
http://www.nanonewsnet.ru/ http://nano-info.ru/
http://www.rusnanoforum.ru/ http://www.iacnano.ru/
http://www.nanometer.ru/ http://www.nanoprom.net/
http://www.rusnano.com http://www.nanobusiness.fi/

YyeOHo-MeTOoANYEeCKHE N3TAHUSA

1. benses JI.B. MeTonuueckue ykazaHus K MPaKTHYECKUM pabOTaM MO IUCHUTLTHHE «MeToabl
MOJTyYeHUS HAHOCTPYKTYPUPOBAHHBIX MATEPUANOB M TOKPHITHIA B MAITUHOCTPOSHUW» IS
cryneHtoB HamnpasieHus 15.04.05 [Dnexrponnsiii pecypce] / coct. bensier JI.B.; Bnaa. roc.
yH-T. TMC - Bnagumup, 2022. - Jloctyn u3 kopnopatuBHoii cetu Bnl'Y. - Pexxum nocryna:
http://cs.cdo.vlsu.ru/



http://znanium.com/bookread2.php?book=50001
http://znanium.com/bookread2.php?book=577278
http://znanium.com/bookread2.php?book=492492
http://znanium.com/bookread2.php?book=556287
http://znanium.com/bookread2.php?book=441543
http://www.ru-tech.ru/pub/nano
http://www.nanotech.ru/
http://nano-info.ru/
http://www.iacnano.ru/
http://www.nanoprom.net/
http://www.nanobusiness.fi/
http://cs.cdo.vlsu.ru/

2. benser JI.B. MeToaudeckue yka3anusi K JJaDOpaTOPHBIM paboTaM MO TUCHUTUIHHE «MeTo bl
MOJIy4YEHUS HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAJIOB U MOKPHITUNA B MAIIMHOCTPOCHUN» JJIs
cryneHToB Hampasienus 15.04.05 [Dnekrponnsiii pecypce] / coct. benses JI.B.; Bnaa. roc.
yH-T. TMC - Bnagumup, 2022. - JToctyn u3 kopniopatuHoii cetn Bal'Y. - Pexxum nocryna:
http://cs.cdo.visu.ru/

3. bemser JI.B. Meroaudeckue peKOMEHIAIIMN K BBITIOJHEHUIO CaMOCTOSATEILHONH paOoOThI 110
quciumuiiae «MeTOoJbI TTOJTYyYeHUsT HAHOCTPYKTYPHPOBAHHBIX MAaTEPHANIOB M MOKPBITUH B
MaITuHOCTPOEHUNY» JUIsl cTyAeHTOB HampasieHus 15.04.05 [DnexktpoHHBIH pecypc] / cocT.
bensie JI.B.; Bnan. roc. yu-1. TMC - Bragumup, 2022. - JlocTyn U3 KOpIOpaTUBHON CETH
Bal'V. - Pexxum pocryma: http://cs.cdo.visu.ru/

4. benses JI.B. OueHounble cpeAcTBa M0 AUCHUILIUHE «METOobl MONTyYeHUsI HAHOCTPYKTYpPH-
POBaHHBIX MaTEPHAJIOB M TOKPBITUH B MAalIMHOCTPOSHHUM» JUIS CTYICHTOB HAarpaBJICHUS
15.04.05 [DnexTponnsiii pecype] / coct. bense JI.B.; Bian. roc. ya-t. TMC - Bragumup,
2022. - Toctyn u3 xoproparisHoii cetr Bil'Y. - Pexxum nocryna: http://cs.cdo.visu.ru/

Ilepeyenb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIMOHHOM ceTH « MHTEepHET», HE00XO0-
AMMBIX JI OCBOCHM S JUCUMILIIMHBI

1) [opran Lentp aucranunonHoro odydyenust Bal'V [anexkTponHslil pecypc]| / - Pexum noctyna:
http://cs.cdo.visu.ru/

2) Paznen odummansHoro caiita Bnl'Y, conmepkamuii onucanue o0pa3oBaTelbHON MPOTrpaMMbl
[anmekTponHBId pecypc] / - Pexum nmocryna: OOpazoBarenbHas mporpamma OOpaszoBaTenbHAS
nporpamma 15.04.05 «KoHCTpYyKTOPCKO-TEXHOIOTHYECKOE O0eCrneYeHne MaIlIMHOCTPOUTENbHBIX
npou3BocTB» http://op.visu.ru/index.php?id=4568



http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://op.vlsu.ru/index.php?id=4568

7. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYHEHUE JJUCHUIIJINHBI

JUia peanu3anuy JAHHOM AMCLUIIIMHBI UMEIOTCS CIIELHAIbHBIC NMOMEIIEHUS Ul TIPOBEe-
HUS 3aHATUM JIEKIIMOHHOIO TUIA U 3aHATUHM NPAKTUYECKOrO THIIA, IPYIIOBBIX U WHIUBUIYAIBHBIX
KOHCYJIbTAlMM, TEKYILEr0 KOHTPOJISI ¥ IIPOMEKYTOUYHOM aTTECTALMU, a TaKyKe MOMELICHMs Ul ca-
MOCTOSATEIBHOM paboTHI.

1. JTaGoparopust HAHOAUATHOCTUKH U PEMTOCEKYHIHOM Ja3epHoii TeXHUKH (ayn. 118-4).

Kparkas xapakTepuCTHKa IIOMEILECHHUS :

O6mas omanp — 102 kB.M (2 aTaxa). 1 ataxk — nabopaTopHOE U IPOU3BOJACTBEHHOE 000PY10-
BaHue (67 KB.M), KOMITBIOTEPHBIN KJ1acC Ha 16 MOcaJoYHBIX MECT; 2 3Ta) — BCIIOMOTaTelIbHBIC ITOMETIIe-
Husi, koHmumuoHep. CoorBercTByroT HopMam CanlluH 2.2.1./2.1.1.1278-03, CanlluH 2.2.4.548-96,
CanlluH 2.2.2/2.4.1340-03, CanlluH 2.4.3.1186-03, III1b 01-03, Caull 21-01-97, Cuull 23-05, HIIb
104-03

Obopyoosanue:

1) Yucras xomHara:

2) ycraHoBKa ()eMTOCEKYH/IHas JlazepHas "ynopsa04eHHOro HaHOCTpYKTypupoBaHus" (PD):

- umeeT 3 pabouuX JJIMHBI BOJIHBL, YIbTpa(UOIIeT, 3eJeHbIH, 1 HHPPaKpaCHBIH JTyd.

- 2 yuactka o6paboTku (100x100 mm; 20x20 MM € BO3MOKHOCTBIO MTO3UIIMOHUPOBAHUS C TOYHO-
CTBIO /10 2 HM)

- nuaMeTp mmydka okojo 60 mukpomeTpoB B ciydae noist 100x100 Mmm

- quaMeTp mydka ot 0,5 MUKpOMeTpOB (3aBUCHUT OT UCIIOJIb3YEMOI'O OOBEKTUBA)

- BO3MO’KHOCTb OOpPaOOTKH U AMArHOCTHKU MPOBOJSIIUX, AUIEKTPUUECKUX, IPO3PAYHbIX, He-
NPO3PaYyHbIX MAaTEPHAJIOB.

3) sonoosas rabopamopus "Humeepa cnexkmpa" (PD)

VuukanpHast uHTerpanus CkaHupyromero 30HI0BOro MUKpockona ¢ KOH(OKaJIbHOW MHKPO-
CKOIIHEH/CIIEKTPOCKONHEH TIOMUHECHIEHIIMY 1 KoMOuHamoHHoro paccesnus (KP). bnaronaps agdexry
rurantckoro ycwiennus KP mo3sonser mpoBoauts KP cnekTpockonuio 1 moiaydars n300pakeHus ¢ pas-
pEILIeHnEM B INIOCKOCTU A0 50 HM.

Cuctema 17151 KOH(GOKAIBHON ONTUYECKONH MUKPOCKOIMHU MpeACTaBiIseT co00i KOMOMHUPOBAH-
HYI0 CUCTEMY, BKJIIOUYAIONIYI0 KOH(OKAJIbHBIA CKAaHUPYIOUIMI JIa3ePHBIN CIIEKTPOMETP BBICOKOTO HPO-
CTPAaHCTBEHHOI'O Pa3pelleHMs], ONTUYECKUN MHUKPOCKOI M YHMBEPCAIbHBIA CKAHUPYIOIIUN 30HOBBIN
MuKpockon. CucreMa criocodHa paboTaTh B peXHMME PETMCTPALUU IPOCTPAHCTBEHHOTO, TPEXMEPHOTO
pacrpe/iesieHHsl CIIEKTPOB JIIOMUHECLIEHIIMA 1 KOMOMHALIMOHHOTO PAacCEesIHUS CBETA, a TAKXKE B pa3ivy-
HBIX pEeXHMMax CKAaHUPYIOILEH 30HJ0OBOM MMKpPOCKOIHWM, BKJIIOYAas HAHOMHACHTALMIO, HaHO-
MaHMITYJISIIMIO U HAHOJIUTOTrpaguIo.

Cuctema 11 CKaHUPYIOLIEH 30HA0BOM MUKpocKonmuu. OHOBPEMEHHO C ONTHYECKUM HaOIIO-
neanem, MHTEI'PA Cnekrpa no3BoisieT ucciieoBaTb OOBEKT C MOMOIIBIO apceHasla METOJI0B CKaHH-
pytomie 30H10B0i Mukpockormuu — ACM, MCM, CTM, ckanupyromiel OIMKHENoIbHOW MUKPOCKO-
MM, CUJIOBOM CHEKTPOCKOMHUH. YHHUKAJIbHOE COBMELICHHE ONTHYECKUX M 30HIOBBIX METOAOB B OJHOM
npudOpe MO3BOJISAET CTABUTh KOMILJIEKCHBIE SKCIIEPUMEHTHI, B KOTOPBIX MH(POPMALU O paclpeieleHun
ONTUYECKUX CBOMCTB 00pa3la U ero XMMHUYECKOI0 COCTaBa MOKET ObITh HAJIOKE€HA Ha paclpe/ieieHue
€ro MEXaHUYECKHUX, MIEKTPUIECKUX, MATHUTHBIX U JPYTUX CBOUCTB.

CucrteMa As MCClEOBaHMs ONTHYECKUX CBOMCTB 00BbeKTa 3a mpenenoM audpakuuu (¢iryo-
pecLeHIMs, CIIEKTPOCKONUsI KOMOMHAIIMOHHOTO paccesHus). OmmunrensHol ueproi Hanomabopato-
pruu MHTEI'PA Crniektpa sBisieTcss BO3MOXKHOCTh MCCIIE0BAaTh ONTHYECKHE CBOMCTBA OOBEKTOB 3a Ipe-
nenoM TupakIMOHHBIX orpaHnyeHnid. CkaHupyomas OJMKHENOoIbHAs ONTHYECKass MUKPOCKO-TIHS U
3¢ GeKThl JOKaIbHOTO ycuiieHUs komOuHanmonHoro paccesaust (TERS — tip enhanced Raman
scattering), TarOT BO3MOXKHOCTh KapTUPOBATh paclpeielleHue ONTHYECKIX CBOUCTB (TIPOIyCKaHue, pac-
CestHMe, MOJISPU3aIUsl CBETA U JIP.), @ TAKXKE OCYIIECTBIIATH CIIEKTPOCKONNI0 KOMOMHAIIMOHHOTO pacce-
sHUS ¢ paspemieHueM 10 50 HM B mmockocTd XY.

Ocobennocru

- Octpue ACM 30H1a 1 GOKYC Ja3€pHOro IMydyKka MOTYT ObITh CIIO3MLIMOHUPOBAHBI JPYT OTHO-
CUTEJIBHO JpYyra C BbICOKOW TOYHOCTBIO (HEOOXOAMMO JIsi MOJy4eHUs MakcumaibHoro 3¢ ¢exra KP-
TERS).



- IIpn ncmonb30BaHMM ONTHUYECKONW CXEMBI "Ha MPOCBET" BBICOKOTEMIEPATYpHBIH OOBEKTHUB
YKECTKO BCTpOeH B ocHoBaHHEe ACM. D10 o0ecreunBaeT JOITOBPEMEHHYIO CTAOMIBHOCTh CUCTEMBI, He-
00x0auMYyt0 JUIs paboThI CO C1a0BIMHU CUTHAJIAMH.

- YacTh OTpa)KEHHOI'O M3JIyY€HHsI UCIOJIb3YeTCs Ul HNOCTPOEHUs KOH(OKAIBHOIO J1a3epHOro
OTPaKEHMUS.

— Huzkomymsimass CCD kamepa ¢ oxnaxaeaunem 1o -70°C (kBanToBas 3pexTuBHOCTE 10 90%)
CIIY’KUT BBICOKOUYBCTBUTEIIBHBIM JIE€TEKTOPOM.

- B xauecTBe abTEpHATHBHOTO AETEKTOpPA MOKHO MCIIOJIb30BaTh JJABUHHBINA (POTOIMO/.

- 'uOkwmii BBIOOP MOSIPU3ANIMOHHBIX YCTPOMCTB.

- Bce kommonenTsl cuctembl (ACM, onTruueckre 1 MEXaHUYECKHUE YCTPONCTBA) MHTETPUPOBAHBI
C TIOMOUIBIO €JMHOTO MPOTPAMMHOTO 00ecTIeYeHHUsI. OOJIBIINHCTBO KIIIOYEBBIX y3JI0B U YCTPOMCTB CH-
CTeMBbI (J1a3ephl, peUIeTKH, Juadpparmbl, TOJIAIPU3ATOPHI U T.J.) MOKHO BEIOUPATh U / WIIK HACTPanUBaTh
HPSMO U3 IPOTPAMMBIL.

- Tpu pa3sbix cxemsl 1711 padotsl ¢ TERS.

HpI/IMeHSIeTCSI JUISL UCCIIEAOBAaHU A OHOJIOTUYECKHUX O6’I)CKTOB, KOHTPOJI KaueCTBa HOBerHOCTeI;’I
ONTUYECKUX JETANIEH, H3Iy4arOIUX MOJYIIPOBOJHUKOBBIX CTPYKTYP, XapaKTePUCTUK HAHOONTUYECKHUX
Y MHTETPAJIbHO-ONTHYECKHUX 3JIEMEHTOB, UCCIIEIOBAHUS XapaKTEPUCTHK HAHOIIEKTPOHHBIX JIEMEHTOB,
B YaCTHOCTH, CIIEKTPOB KBAHTOBBIX TOYEK.

- UccnenoBanue coenuauTensHOM TKanu, JJHK, BupycoB.

- OnpeenieHre XapakTePUCTUK OKOHEUHBIX ONTUYECKUX YCTPOHCTB.

- CIeKTPOCKOIMYECKHE U3MEPEHHUS.

4) oughpaxmomemp manoyanosozo paccesnusa SAXESess

IIpennasHaueH A aHaM3a TOHKUX IJICHOK WJIM XKUIKOCTEH, MOXET CTPOUTh KPUCTAIUYECKHE
PEILLIETKH BEIIECTBa, ONpeaesaTs pasmep vactul ot 10 no 100 nvanomeTpoB B pactBope. SAXSess 1o3-
BOJISIET MCCIIEI0BaTh HAHOMETPOBbIe CTPYKTYphl oT 0.2 HM 10 150 HM. SAXSess MoxeT paboraTh B pe-
YKUME JIMHEHHOW KOJUTMMAIUH /ISl OBICTPOTO cOOpa TaHHBIX M30TPOMHBIX 00Pa3IOB U B PEKUME TOUCU-
HOW KOJUTUMALIMU JIsl U3YYEHHsI aHU30TPOIMHBIX (OPHEHTHUPOBAHHBIX) 00pa3loB. [[Be cUCTEMBI MOTYT
paboTaTh OJJHOBPEMEHHO B PEIKUMAX JIMHEHHOW U TOYSUHOW KOJTMMALIUK, UCTIONB3Ysl OJIMH PEHTTECHOB-
CKUI UCTOYHUK U OJHY cucTeMy AerektupoBanus. Lllupokuit Habop nepikareneit 00pa3oB MO3BOISIOT
UCCIIEIOBATh MPAKTUYECKH JIFOOBIE TUITBI 00Pa3LioB OT OY€Hb HU3KHX JI0 BRICOKUX Temmeparyp. Cucrema
TrueSWAXS™ nenaet BO3MOKHBIM MOJTy4eHUE HH)OPMAIMK O HAHOCTPYKTYpE U (Pa30BOM COCTOSIHUH
oOpa3sia 3a ogHo n3Mepenne. Cucremsl AetekTupoBanus SAXSess He HYKIAIOTCS B CEPBUCHOM 00CITy-
JKUBAHUHM M 00ECNEYMBAIOT MPEBOCXOJHOE paspemieHune. beicTppiii cOop U coBepiieHHass 00padoTka
JKCIIePUMEHTaIbHBIX AaHHBIX. CucreMa SAXSess BKIO4aeT B ceOs CriennaibHbIN MaKeT MPOTrPaMMHO-
ro obecrieueHust st OBICTPOTO cOOpa M BCECTOPOHHEH 00pabOTKM AaHHBIX. ICTOYHUK PEHTT€HOBCKOTO
U3JTy4eHUs] UCIoib3yeMblii B SAXSess nuMeeT cieayronire 0COOEHHOCTH: JOJITOBPEMEHHAs! CTaOMIIb-
HOCTh pabOThl U MUHUMAJBHYIO CTOMMOCTH dKcIuTyatanui. CoBpeMeHHasi MHOTOCIOHHAs (POKYCHPYIO-
1asi ONTHUKa 00ECTIeYMBAET BHICOKOMHTCHCUBHBIH MOHOXPOMATUYECKUH PEHTTCHOBCKUHN My4OK. YITyd-
HICHHAas cucTeMa 0J0Ka KOJUTMMAaluK AaéT COPMHUPOBAHHBIN MEPBUYHBIA PEHTIC€HOBCKHIA ITy4OK U 3 (-
(dexTHBHO yOupaeT napasuTHoe paccessHue. OHa oIpelesseT pa3pelleHHe CUCTEMbl U TapaHTUPYeT
HU3KHI (OH.TeMIepaTypa O4eHb TOYHO KOHTpoJupyercsa B nuana3zone ot -150 mo 300°C. CymectByer
0OJIBIIION BBHIOOP NEprkaTesiel TI0J] caMble pa3HbIe THUIBI 00pa3ioB. [lomynpo3padynblii oTCceKaTeNb mep-
BUYHOI'O ITYYKa IMO3BOJIACT TOYHO OHNPECACIIUTDH Hy.]'[eBOﬁ yroji pacceaHus U U3MEPpUTbL MHTCHCUBHOCTDH
HNEePBUYHOTO ITyYKa ISl OTpeiesieHus Ko HUIMEeHTa MPOoITyc-KaHUs 00pa3iia MOXKHO MOJIy4aTh TaHHBIE
0 MaJIo- ¥ HIMPOKOYIJIOBOM pAacCesHUM 3a OJHO M3MEpPEHHE Ha OJHOM U TOM ke oOpasme. Cucrema
SAXSess npeanaraer 1Be BHICOKOKJIACCHBIE CUCTEMBI IETEKTUPOBAHUS, KOTOPBIE MOKHO HUCIOJIb30BaTh
aJIbTEPHAaTUBHO Ha oAHOM Ipudope SAXSess 06e3 HEOOXOIUMOCTH U3MEHEHUS €0 HACTPOEK UM KOH-
¢uryparmu:e CucremMa IETEKTHPOBAHUSI YYBCTBUTEIBHBIMH IUIACTUHAMHU 00JIaJaeT IIUPOKUM JTMHEH-
HBIM JIMHAMUYECKHM JIMANa30HOM M MOKPBIBAaET yribl paccesHus 2 10 40°.« Cucrema qeTEKTHPOBAHUS
CCD paét BO3MOXXHOCTbh HPOBOJIUTH aBTOMATHU3UpPOBaH-HbIe H3MepeHuss SAXS u u3mepeHus oHjailH
IPOLIECCOB BO BpeMeHH. MolHoe 1 pocToe B paboTe mporpaMMHoe odecnieueHre Bmecte ¢ mpudopom
SAXSess mocTaBiseTcsi MOITHBIN MAKET MPOrpamMm JJisi cOopa U OLEHKH JaHHBIX MaJOyIJIOBOTO PEHT-
reHoBckoro paccesaus (SAXS). Onenka JaHHBIX BKIFOYaeT 0a30BYI0 00paOOTKY MaHHBIX (TIOTydeHHE
CPeIHMX 3HA4YCHUH, BEIUUTaHUE (POHA U T.J.), MOJECTUPOBAHNE, YCTPAHEHUE Pa3MBITHH U alllPOKCHMa-
IHIO.



8. OBECIIEYEHHUE OBPA30BATEJIBHOI'O NPOLECCA AJIA JINL C
OB3

8.1. YueOHO-MeTOAMYeCKHE MOCOOUN ISl JIMI] ¢ OTPAHMYEHHBIMH BO3MOKHOCTSIMH
310POBbA

VY4eOHO-METOIMUECKHE MaTepHalIbl
o0yyaromuxcst M3 4YHCIa WHBAIMIOB TMPENOCTABISAIOTCS B (opmax,
OTPAaHMYEHUSIM UX 3/J0POBBS U BOCIPHUATHS HH(OPMAIHH.

JUist 1 ¢ HApyIICHUSIMH 3PEHHS:

— B (popMe JIEKTPOHHOTO JTOKYMEHTA;

— B TIeYaTHOH (popMe yBEeTMUECHHBIM MIPU(PTOM.

JIst I ¢ HapyIISHUSIMH CITyXa:

— B (hopMe FIIEKTPOHHOTO JOKYMEHTA;

— B reyatHou opme.

JUiist 1 ¢ HApyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO arapaTra:

— B (popMe IIEKTPOHHOTO JTOKYMEHTA;

— B [IEYaTHOH (opme.

JUISL  CaMOCTOSITeIbHOW UM ayAUTOPHOM paboThbI
aJanTHUPOBAHHBIX K

8.2. MaTepuajibHO-TEXHUYECKOE o0ecnedeHue TUCHUILTHHBI 1uis jun ¢ OB3

OcBoenue aucuuimHbel guuamMu ¢ OB3 ocyiiecTBisieTcss ¢ UCHOJIB30BAHUEM CPEACTB
00y4eHust 00IIEro U CreNUaTbHOTO Ha3HAUCHHUS.

[Ipu oO0y4yeHHHM CTYAEHTOB C HApyIICHUSMHU CIIyXa MPEAyCMOTPEHO HCIOJIb30BaHUE
3BYKOYCHWJIMBAIOIICH ammapaTypbl, MYJIbTUMEIUUHBIX CPEACTB U JIPYTUX TEXHUYECKUX CPEIICTB
npueMa-nepenaun yuebHo nHdopmanuu B JOCTYMHBIX (OpMax Ui CTYIACHTOB C HApyIICHUSMU
ClIyXa, MOOWJIBHOH CHCTEMBI OOY4YCHHS JUIS CTYACHTOB C WHBAJIUTHOCTBIO, TIOPTATUBHOMN
WHAYKIIMOHHOW CHCTEeMBI. YueOHas ayAuTopus, B KOTOPOM 0OydaroTCs CTYACHTHI C HApyIIEHUEM
ciyxa, 00opy/J0oBaHa KOMIBIOTEPHON TEXHUKOU, ayJMOTEXHUKOHN, BUACO-TEXHUKOMU, SIEKTPOHHOU
JIOCKOW, MYJIbTUMEUMHON CUCTEMOM.

[Ipu oOydeHHMH CTYIEHTOB C HApYHICHUSMU 3pEHUS MPEIYCMOTPEHO HCIOJIb30BAaHUE B
JICKIIMOHHBIX M YUEeOHBIX ayIUTOPHUAX BO3ZMOKHOCTH MPOCMOTPa YAAJIEHHBIX 00OBbEKTOB (HAampumep,
TEKCTa Ha JIOCKEe WIM cjaiila Ha dKpaHe) MpHU IOMOIIM BUICOYBEIUYUTENEH MJIs yIaIeHHOIO
[IPOCMOTpA.

[Ipu o0OydyeHWMM CTYIEHTOB C HApPYUICHUSMH OIMOPHO-IBUTATEIHLHOTO  ammapara
HCIIONIB3YIOTCS allbTePHATUBHBIE YCTPONUCTBA BBOJIa MHPOPMAIIMH U JPYTHE TEXHUYECKHE CPEICTBA
npuemMa-tiepeniadyu yuaeoHo uHbopMaIuu B JOCTYIMHBIX (opMax i CTYJIEHTOB C HapYIIECHUSIMU
OTIOPHO-/IBUTATEIILHOTO arlapaTa, MOOMJILHON CUCTEMBbI 00yUYEHUs JUTs JIFO/IEH ¢ MHBAJIUIHOCTHIO.

8.3. TpeGoBanusi k GoHIY OLIEHOYHBIX cpeacTs ajs Jui ¢ OB3

Jlis  CTyNEeHTOB C OrpaHMYEHHBIMH BO3MOXKHOCTSIMH  37I0POBbsI
JIOTIOTHUTEIFHBIC OIICHOYHBIE CPEJICTBA, TIEpeUeHb KOTOPHIX YKa3aH B TadiuIe 1.

Tabnuma 1 — JlononHUTENbHBIE CPEACTBA OIICHUBAHUS TSl CTYACHTOB C HHBAJIUTHOCTHIO

MPEAYCMOTPEHBI

Kareropuu crynenros Bunsl  1OMONHUTENBHBIX  OLEHOUHBIX | DOPMBI  KOHTPONA U OLEHKH
CpEnCTB pe3yIbTaTOB 0OyUECHHUS

C HapymIeHUAMH cITyXa TecTsl, MMACbMEHHBIE nmabopatopuble | [IpenMymiecTBeHHO MMUCHEMEHHAs
paboThI, BOIPOCH K 3a4eTy, KOHTPOJBHBIE | IMPOBEpKa

paboTsl

C HapyUIeHUSIMH 3pCHUS

CobecemoBanue IO BOIpPOCaM K 3adeTy,
OIIPOC MO TePMUHAM

[TpenMyIIeCTBEHHO YCTHAS TPOBEpKa
(MHIUBUYAITEHO)

C HapyUIEeHUSIMH OIOPHO-
JIBUTaTEJILHOTO amrmapara

Pemenne
KOHTPOJIbHBIC
J1a00paTopHBIE,

JUCTAHIITMOHHBIX TECTOB,
pa60TI)I, IIMCbMCHHBIC
CaMOCTOATCIIbHBIC

HpeI/IMyHICCTBCHHO
JUCTAaHIITUOHHBIMH MCTOdaMU




paGOTLI, BOIIPOCHI K 3a4€Ty

C orpanmueHunsMu 1o | TecTsl, TmmMCbMeHHbIe  JabopartopHsle, | [IpenMymecTBeHHO MIPOBEpKa
00IEMENITTHCKUAM CaMOCTOATENbHBIE PA0OTHI, BOMPOCHI K | METOJAMM, HCXOAS W3 COCTOSHUS
MOKa3aHMUAM 3a4eTy, KOHTPOJbHBIC palOTHl, YCTHBIC | 0OyJaromIErocst Ha MOMEHT IIPOBEPKU

OTBCTBI

8.4. Meroanueckne peKOMEeHJAANMH IO OLEHOYHBIM CpeacTBAM s JHI C
OrpaHHYeHHbIMH BO3MOKHOCTSIMU 3/10POBbSI

Js crynentoB ¢ OB3 mpenycmaTtpuBaeTcst AoctynHas (GopMa NMpeaoCTaBICHHs 3aJaHui
OLICHOYHBIX CPEJICTB, @ UMEHHO:

* B ie4aTHOM (hopme;

* B IIEYaTHON (OpPME C YBEITMUYCHHBIM HIPUPTOM;

* B (popme 3eKTPOHHOTO TJOKYMEHTA;

* METO/IOM UTEHUS ACCUCTEHTOM 3a/1aHUS BCITYX;

* IPEIOCTABJICHUE 33JJaHUS C UCIIOJIb30BAHUEM CYPAOIEPEeBO/Ia.

CryneHTaM ¢ MHBQJUJHOCTBIO YBEIMYMBAETCSI BpPEMslI Ha I[OATOTOBKY OTBETOB Ha
KOHTPOJIbHBIE BOTIPOCHI.

Jlist TaKUX CTYJEHTOB MPENyCMaTPUBACTCS JOCTYyIHAs (popMa mpeaocTaBieHHsI OTBETOB Ha
3aJjaHusl, a UMEHHO:

— NMUCbMEHHO Ha Oymare;

— Habop OTBETOB HAa KOMITBIOTEPE;

— HabOp OTBETOB C HCIOJIb30BAHUEM YCIIYT aCCUCTEHTA;

— MpeJICTaBJICHHE OTBETOB YCTHO.

[Iponienypa  oueHUBaHHSI  PE3yNbTAaTOB  OOYYEeHHS  WHBAIAJOB 1O  JUCHUIUIMHE
pelycMaTpuBaeT MpeaocTaBieHue nHpopMauu B hopMax, alaiTHPOBAHHBIX K OTPaHUYCHHSIM HX
3JI0POBBSI M BOCTIPHSITHS MHPOPMALIHH:

Jnis U1 ¢ HapyIISeHUSIMU 3PEHUSL:

— B (hopMe FIEKTPOHHOTO TOKYMEHTA;

— B IieyaTHOH (opMe yBETMUEHHBIM IIPUPTOM.

JIist L ¢ HapyIeHUsIMU CITyXa:

— B (popMe IEKTPOHHOTO JOKYMEHTA;

— B reyatHou dopme.

J1ig U1 ¢ HapyIIEeHUSIMA OTIOPHO-BUTATEIFHOTO amnmapara:

— B (hopMe FIEKTPOHHOTO JOKYMEHTA;

— B IieyaTHOH opme.

[Tpu HE0OXOAUMOCTH ISl 00YHAIOIIMXCS C MHBAJIMIHOCTBIO MTPOLEAypa OLEHUBAHUS
pe3yabTaTOB 00YUYEHUS MOXKET MPOBOJUTHCS B HECKOJIBKO ITAIOB.
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