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1. IEJIH OCBOEHIA JUCITHTTJIUMHBI

Ilenvio  Oucyunaunst  ABISETCA  M3YYEHHE  TEOPETHUECKHX, TEXHOJNOTHUYCCKHX H
3KCIIEPHMEHTaNbHBIX OCHOB IIONYYEHHUS HAHOCTPYKTYPHPOBAaHHBIX IIOKPHITHH B MalIMHOCTPOCHUH.
JTO ToIpa3yMeBaeT OCBOSHHE M peIIeHHs psaa B3aMMOCBS3AHHBIX TCOPETHUCCKHX, HAY4HO-
HCCIIEI0BATENECKAX W MPAKTHYCCKHX 3a/1a4.

3amaun:
- IONyYCHWE TCOPETHYECKUX HABLIKOB M KomiereHoud B 00nacT#  CymECTBYIOMME H
NIePCHEKTHBHEIX TEXHOJIOIHH MOIYIeHI HAHOCTPYKTYPUPOBAHHEIX ¥ HAHOTIOKPHITHI,
- (PU3UKO-XUMHYECKHX OCHOB IIOJIyHeHHS Pa3IMYHbIX BHIOB IIOKPHITHI,
- OCHOB MATE€MATHYECKOI0 MOICTMPOBAHMA NAaHHBIX IMPOLECCOB, aHaluW3e HOBBRIX oOnactei
HCIOJB30BANUSA [TIOKPLITHI B MalIUIIOCTPOCIIHEH;
- INAarfjOCTHKE H HCHLITAIIMAX IIAIIOMaTepHaloB H IANOCTPYKTYPHPOBAUIILIX IIOKPLITHH D
MAaIIHHOCTPOSHHH;
- IPaKTHYECKHX HABBIKOB B 00JIaCTH IOMYYCHHS ITOKPEITHIL

2. MECTO JUCIHHILIMHBI B CTPYKTYPE OHOIL

Hucuuimaa «MeToibl ToNny4eHHa HaHOCTPYKTYPHPORAHHAIX MOKPEITUIH B MaIITHOCTPOCHHH »
OTHOCHTCH K YacTH [UCHHIUIHH, GOpMHpPyeMOH YYacTHHKaMH o0O0pa30BaTEIBHBEIX OTHOIICHHH
yueOHOrO nnasa nNOAToToBKH OakanmaBpop 1o Hampaeneswro 28.03.02 nocne obg3aTensHOro
MPOXOKIEHHs JucHunmueE  «MeTonsl JMarHOCTHKM B HaHOMIDKEHEpHM», «BBemenHue B
HAHOWHKEHEPHION, «OCHOBLI ~ HAHOTEXHONIOTHH B MaIIHHOCTPOCHHH Y, «DuznKay,
«Marepuanobenerne», «DH3UKO-XUMHUYECKHE OCHOBBI HaHoTexHomoruit». Crexnyer obOparuth
BHHEMAHHE, YTO IIapajlIeNbHO C OTHM KypcoM H3yuaercd Kypce «Merojsl HaHECEHHS BaKYYMHBIX
PVD-nokperTii»y, B KOTOPOM GOJNBIIOE BHUMAHHE YJEIAETCS HMEHHO 3TOMY KIIACCY IOKPBITHIHA,
II09TOMY JaHHBIM Marepuan 37ieck OYNET HaRaThes B KOHTEKCTE O3HAKOMHTEIpHOTO. Jucmuminza
ABISETCS OAHOH M3 OCHOBHEIX B IIOIYYECHHM HaHOCTPYKTYPUPOBAHHBIX IUIEHOK H HOKPBITHH, 8 TAKKE
HAHOpa3MepHBIX OOBEKTOR pPa3IMYHOTO Ha3HAUeHWH, W 0A30BOH AIM M3YUEHHS NOCIEOYIOIIHX
nucipmiue OOII, B ToM yncie Ayt BRITyCKHOH KBATHGHKAHOEHOH paboTH,

IIpn usy4yeHHMH AMCIMIIIMHBI paccMaTpPHBAIOTCA BOIPOCH! TCOPETHYCCKOTO Xapaxmiepd, a
HMEHHO: KIAacCH(QMKalMs] METOJOB H TEXHONOTMI IMONYyYeHHS pa3lHYHBIX IOKPHITHE, 0030p
({U3HYECKUX TIPHHIHIOB M OCHOB YIONYYEHHS MOKPBITHH B MANIMHOCTPOEHHH, YCTAHOBKH VIS
NIONIY4YEeHHS TNOKPBITHH, aHamu3 obnacTell MCHONB30BAHHS HAHOCTPYKTYPHMPOBAHHBIX TOKPBITHH B
OTPaC/IsiX ~ MAlIMHOCTPOEHHd. Dosblloe BHUMaHHE YAEIAETCS H3YUCHHIO COBPEMEHHOTO
TEXHOIOTH4ecKoro o0OpyZOBaHHA NI HAHECEHUS MOKPHITHH, B TOM YHCIE I IONYICHHS
JIEKOpaTHBHBIX, KOPPO3UOHHO-CTOMKHMX HMOKPEITHH, a Takike MOKPEITHH MeTammoobpabaTeIBaIomero
HHCTPYMEHTA, OCHACTKH, OTBETCTREHHBIX HCTANICH.

B pamkxax wH3ydeHHS OUCHMIUIMHBI NPHOOPETAIOTCS MPAKMUYECKUE HAGLIKY pabomel ¢
yCTaHOBKAMH Uil HaHECeHMS TIOKPBITHH, TIOJATOTOBKH TOBEPXHOCTEH TII0H  HAaNBUICHHE
MEXaHUYEeCKHMH, XHMMHYECKMMH M (HM3MYeCKMMM  METONaMM; HaBhIKaMH  paboThHl ¢
IKCIEPHMEHTANBHEIME  NpHOOpaMH ¥ YCTAaHOBKAMH JUIA IIPOBEPKH (PHIUKO-MEXaHHYCCKHX,
XHMHYECKHX, CTPYKTYPHBIX H TPHOOJIOTHYUECKHX CBOMCTB IOKPLITHH ¥ IOATOTOBKE 00pasLoB Ul
3THX HCCIEAOBAHUM; a TaKKe HaBBIKM paboThl ¢ MONYYCHHBIMH HM300paKeHHAMH U Pe3yibTATAMH,
KOMIIBIOTepHOH 00paboTKoi peaynsTaTos.



3. INTAHHPYEMDBIE PE3YJIBTATBI OBYUEHHA ITO AUCHUATITUHE

[Inanupyemsle pe3ynbTaThl

o0y4YeHHs 10 [JHCIHILIHHE,

COOTHECCHHEBIC C¢ IJIaHHpPyeMEBEIMH

pesyneraramu oceoenys OITOIT (koMIeTeHIMAME H HHAMKATOPaMH JOCTIKEHMA KOMIISTEHIHI)

PopMUpyeMEIe IInanupyeMele pesyibTarsl 00yueHHA 10 JACUMIIHHE, B HaunmeHoBanue
KOMIETEHLIUH COOTBETCTBHH C HHIMKATOPOM DOCTHXKEHHS KOMITETEHIIHH OLIEHOYHOI'C CpelcTBa
(xon, coneprkanue Wnavkatop HOCTH:XEHHA Pesynurarhl 06yueHns no
KOMIIETEHLMHN ) KOMIIETeHLIHH JQUCLIMIUIHHE
(r00, codepaicarue
UHOUKAIMOPA

ITiC-1. [IK-1.1. 3HaeT TMNIOBEIE 3HaeT TUIIOBBIE METOIHKH TecToBsie BONPOCH
Crnocoben METOIMKH KOMIUIEKCHOPOD KOMIUIEKCHOTO AHANHMAA TtpakTHKO-
UCTIONK30BATH AHANH3a CTPYKIYPbI H CIPYKTYPBL H CBOHCTB OPHEHTHPOBAHHOE
METOAMKH CBOMCTB HAHOCTPYKTYPHPOBAHHBIX 3ajaHue
KOMIIJIEKCHOIO HAHOCTPYKTYPHPOBaHHEIX HOKPEITH.
aHalIH3a CTPYKTYPHI | MATEPHATIOR. VYuMeeT npoRoIUTE
U CBOHCTE ITK-1.2. ¥MmeeT npoBOIHTE HCCTIeIOBAHHUS CTPYKTYPHI U
HaHOCTPYKTYPHPOB | HCCNENOBAHUA CTPYKTYPBI H | CBOHCTB

AHHEBIX MaTEepHANOR
18 UCIIBITAHHH

CBOﬁCTB HaHOMa’I‘epHaﬂOB 5
H3JeNUi U3 HUX B

HAHOCTPYKTYPHPOBAHHEIX
MOKPBITHIH K U3ENHH.

HHHOBAUHOHHOH COOTBETCTBHH ¢ TeXHHYeckodl | Brnaneer HarEIkaMR
[P OZYKLIHH H 3KCINIY&TALMOHHOH KOMIJIEKCHOTI'O AHATH3a
HaHOUHAYCTPHK JOKYMEHTALHEH. CTPYKTYPHI M CBOHCTB

ITIK-1.3. Bnageet HaBbIKAMH | HAHOCTPYKTHPOBAHHBIX

KOMIUIEKCHOTO aHAITH3a FAOKPEITHIA,

CTPYKTYPbI i CBONCTB

HaHOCTPYKTHPOBAHHEIX

MATEPHAJIOB I HCIIBITAHUH

HHHOBallMOHHCH NPONYKLIHH

HAHOHHAYCTPHH.
TK-5. ITK-5.1. 3HaeT TunoBkIe 3nams:! TecToBBIE BONTPOCHL
Criocoben METOJIEL [IPOH3BOICTRA KnaccHpukanuio 1 Metoasl | IlpaxTuko-
TEXHONOTHYECKH M3ICHHA ¢ MOMy4eHHUA OpHEHTHPOBAHHOE
obecneunBaTh HaHOCTPYKTYPHPOBAHHEIM HAHOCTPYKTYPHPOBAHHBIX 3a/laHAe
IIPOH3BOACTBO KEPaMH4ECKUM TOKPBITHEM. | KEPAMHYECKUX [OKPBITHI.
M3JENniH ¢ IIK-5.2. ¥Ymeer nnanupoBathk | Ymems:
HaHOCTPYKTYPHPOB | W NIPOBOOHTE MEPOTIPHATHS paspabarsiBaTh
aHHBIM o pazpaboTke u3zenui c TEXHOIOTHYECKYIO
KepaMHUeCKHM HAHOCTPYKTYPHPOBAHHbLIM OCHACTKY 1 OIy4YeHHA
HOKPBITHEM. KEPAMHYECKMM TOKPBITHEM B | HAHOCTPYKTYPHPOBAHHBIX

YaCcTH, Kacawneics
TEXHONOTHYECKOro NpoLecca.
[1K-5.3. BnageeT HaBbiKamMH
BERITIO/THEHMA
TEXHOJIOTHYECKHX OIlepanyi
[poLecea Ipon3B0ACTBA
M3/eNni ¢
HAHOCTPYKTYPHPOBAHHBIM
KEPaMHYECKHM TIOKPEITHEM M
00CITY KUBAHHA
TEXHOIOTHYECKOTO
obopynoBaHus.

KepaMHYECKHX MOKPBITHH.
Brademp:

HaBBLIKaMH pazpaboTKH
TEXHOJIOTHYECKOT O
npolecca NonyHeHHs
HaHOCTPYKTYPHPOBAHHBIX
KepaMHYeCKHX MOKPBITHI.




4. OFBEM M CTPYKTYPA JUCIUITIJIMHBI

TpynoeMKoCTh HHCLUNIIMHEBI COCTARNSAET 4 3a4eTHBIE eUHUIIEL, 144 yacos

TemarTnvyecknit miaan
¢opma obydenns — ouHAaA

I/

HaumenoBanue TeMm W/Hnu
pa3neaos/TeM IUCIUTUTHHL]

Cemectp
Hepnens cemectpa

Kounraxrhasa pabota obyuaroumxcs

¢ MeJgarorHYecKHM paboTHHKOM

Jlexuuu
ROOZOMOGKY
CPI1

CamocrosrelbHas
pabora

DopMEI
TEKYLIETO
KOHTPOJIS

YCIEeBaeMOCTH,
dopma
IIPOMEIKY TOUHO I
ATTCCTALHH
(no cemecmpam)

Paznen 1 Beegenue B Kype.
Knaccnduranua MeTOIOB
MOJIY1eHHs NOKPLITHIL i
€rocod0B MOATOTOBKH
MOBEPXHOCTH.

1.1. O61as xapaKTepHcTHKA
IIOKPBITHH H CIIOCODOB HX
HaHeCeHMs.

1.2. MeTozpl 1oAroTOBKH
[IOBEPXHOCTH IS HaHECCHUA
IIOKPEITHH.

1.3. Metoasl cHATHA
TIOKPBITHA.

| I[IpaxTHyeckue 3aHATHA
| JabopatopHsle 3pabothl
| 6 hopme npaxmuuecxoii

PeirTiur-
KOHTpONE Nel,
CPII

Pazpnen 2. Ouzuxo-
XHMHYEKHE 0CHOBbI
NOJIyYCHHS
HaHOCTPYKTYPHPOBAHHLIX
HOKPLITHH B
MAITAHOCTPOEHHH.

2.1. Ctpoenue 1 cBOHCTEBA
[IOBEPXHOCTH.

2.2. HanounxeHepus
TIOBEPXHOCTHBIX CIIOEB.

2.3. TlopepxHOCTHAS SHEPrHIL
KPHCTAJVIOB H €€ POJIb TIPH
HaHEeCEHHH NOKPLITHH.

11

15

PetiTinr-
KOHTpOAb NoZ,
CPII

Pazpen 3. TexHojiornueckue
npouecchl NOIyIeHUus
HAROCTPYKTYPHPOBAHHBIX
MOKPLITHH B
MaIIHHOCTPOEHHH.

3.1. Hponeccel, npoTeKaOnMe
TIPH B3aUMOJEHCTBIH
[IOBEPXHOCTH C BHEIIHEH
cpeaoil. OCHOBHBIE HOHATHS

5 | 12-
18

15

Peiituur-
KOHTpOJIE Ne3,
CPII




npoleccos aacopdanuy.
3.2, PuszpdecKde MeTO bl
HAHECEHHS NOKPBITHH,
3.3. XuMuJeckye MeTOOb]
HaHECEHHA NOKPHITHH.

Bcero 3a 5 cemectp: i8 |18 18 18 45 IK3ameH (274.)
Hanwupe B ancunmuine KIVKP - - - - - - -
Hroro no aucimnmunie Sx3amen (2741.)

CopepsxaHue JIEKUHOHHBIX 3AHATHIH M0 JHCIUILIHHE

Paspen 1 Beegenne B xype. Knaccupuranusa MErogoB NOJYYCHHS HOKPLITHH U cHOCoOOB
MOATOTOBKH HOBEPXHOCTH.

Tema 1.1. Ob1as XapakTeprCcTUKa HOKPBITHIA U cIIOCODOR MX HAHECCHUS

Conepxanne TeMbl. IlokpriTus B MammHOCTpoenud. OOIIas xapakTepHCTHKA IOKPBLITHA H
croco0oB MX HaHeceHHS. | peboRauns, IpeabABNAeMEIe K ToBepxHocTH. Kiraccrpukaius nmpoieccon
HaHECEHHS MeTaJUIMYecKuX MNOKpBITHH. OCHOBHEIE METOJB! HaHeceHHs. (XeMBl TPOIIECCOB H
OCHOBHBIE TMapaMETphl HAHECEHHS METAIMYECKHX IIOKPHITHH (UMHKOBEIX, alIOMHHHEBHIX,
OJIOBAHHBIX, XPOMCOIEPKALIHX, TAKHPOoBaHHEIX) OCHOBHEIE H 00IIHE MapaMETPhl TEXHOJIOTHUESCKHX
NPOLECCOR ¥ MX BIMsHHE Ha 3 dexTuBHOCTS Iponecca. CrocoOsl # TEXHONIOTHYECKHE 0COOCHHOCTH
OTHENBHBIX BUJIOB IONYYEHHMA METALUIMYECKHX MOKPBITHI. (OYHKIIMOHANBHEIE CXEMBI YCTAHOBOK
IOJIY9EeHHS MOJHMEPHEIX MOKPEITHH. JIakOKpacodHEBIE TIOKPHITHA H MX CIIocoOnl HaneceHusa. Obmue
TpeboBaHus, IpeabaBisieMsle K yeTanoBKaM. O030p yCTaHOBOK I pa3THYHEIX BHIOB IOKPEITHA.

Tema 1.2. MeTobI TOATOTOBKH HOBEPXHOCTH IS HAHECSHHUS MMOKPBITHE.

Comepxanue Templ OOIIHe cBeJeHMA O IOATOTOBKE MMOBEPXHOCTH. MexaHudecKHe H
XMMHYECKHE cIIocOo0Bl 0OpaboTku. IIpuHimEl pabore!l YILTPazByKOBBIX, NECKO-H THAPOCTPYHHBIX
ycTaHoBoK. CxeMsl mumosanus ¥ noiuporanus, QO0e3KupUBaHEe H TPaBICHHE

Tema 1.3. MeToae! cHATHS TOKPLITUR

Conepxanne TeMsl. MexagudecKre ¥ XUMHYECKUe cOocoOB! cHATHS MOKpEITH. [[pramune
paboTE! YCTAHOBOK JUIA CHATHA NOKPHITHI

Pazpen 2. @HIMKO-XHMHYEKHE OCHOBBI IOJYYeHHS! HAHOCTPYKTYPHPOBAHHBIX
MOKPBITHH B MAIIHHOCTPOEHHH.

Tema 2.1, CtpoeHue 1 CROHCTBA IOBEPXHOCTH.

OcHoBHEIE napaMeTpbl noBepxHocTH. CBENEHHS O TOIOIOTHH IOBCPXHOCTEH. Buab
HeoJHOpOoHHOCTeH | NedeKTOR Ha MOBEPXHOCTHT. MX pons B MexaHu3M GopMHEPOBAHHS TIOKPEITHHA.

Coneprkanue TEMBL

Tema 2.2. HanoHmKeHepHA MOBEPXHOCTHBIX CIIOEB.

Conepxanme TeMmbl. V3MeHEHHE CTPOEHHS IIPUIOBEPXHOCTHBIX CIOEE NPH 0OpazoBaHuu
HOBEPXHOCTH. ATOMHBIE KOH(MIYpallMM IIOBEPXHOCTH BO3MOXKHBIE BApPHAHTBI PACIIOIOMKCHUA
IPHCOEIHHAIOINXCS aTOMOB IIPH (hOPMHPOBAHUH CIIOS IOKPHITHS. XUMHYECKad HEOZHOPOIHOCTD
noBepxHOCTH. OCHOBEI IOHATHS XUMUIECKOH HEOTHOPOAHOCTH. XUMHYecKad aKTHBHOCTE BELECTBA.

Tema 2.3. IloBepxHOCTHAY SHEPTHI KPHCTAIUIOB U €€ POJIb IIPY HAHECEHWH NOKPHITHHM.

Conepxanue Tembl HeHacwileHHble CBS3M HA aTOMHO-TIANKOH IUIOTHO YIIAKOBaHHOM
MOBEPXHOCTH KpHCTallia Ha rpaHHIe ¢ BakyyMoM. Kpuctann Koccens.

Pazgen 3. Texnonorudeckre mnpoixecehl MOJYYeHUS HAHOCTPYKTYPHPOBAHHBIX
NOKPBITHH B MAIIWHOCTPOEHHN.

3.1. llpomecchl, npoTekaloInMe HpPH B3aUMONEHCTBMM IOBEPXHOCTH C BHEINHEA cpenoif.
OCHOBHBIE HOHATHA IIPOLIECCOB ACOPOATHH.

Cogeprxanne Temsl AncopOims u xemocopOuua. OCHOBHBIC IIOHATHS W ONPEASIICHHA.

3.2. Ouzudeckre MeTO/b HAHECEHH A HOKPEITHH
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Conepxxanne Tembl. TepMuYecKoe HCIapeHHE HAaTpPEeBOM HPAMBIM IPOXOXKIEHHEM TOKa,
PaTHalHOHHBIM, MHAYKUHOHHBIM HArPeBOM; IIPAMOE BNECKTPOHHO-JIYYEBOE HCIIAPEHHE, KATOTHOE
pactbUIeHHe; BBICOKOYACTOTHOE pAaclBUICHHE; MAarHETPOHHOE PpACHBUICHHE, HOHHO-IYUEBOE
pacTBIIEHHE; PEaKTHRHOE HCIIapeHHE U PacIBUICHIE; MOHHOE OCAKIEHHE,

Tema 3.3. XuMudeckne METOABI HAHECCHHS! MOKPBITHH,

Conmepxanne TeMbl. [IHpomu3 NeTywuXx cCOeJMHEHMH METaUIOB M HEMETAIIOB;
BOCCTaHOBIIEHHE JIETYUHX COCIHHECHUH BOJOPO/ICOJEPKAIIMME BELIECTBAMHE HIIH HapaMy METAJLIOB;
THAPOIHM3 Tra3000pasHBIX TalOl€HHAOB BOJSHEIM [IAPOM HIIH  BONSHBIM Ta30M; PpEaKIMH
TUCIIPOIOPIHOHHPOBAHNA, BEICOKOTEMIIEPATYPHOE MPAMOE OKHCICHHE KUCIOPOIOM ra3000pasHbIX.

Copeprranne NpaKTHYECKUX 3AHATHI 110 JIMCIMILIMHE

Paspen 1 Beegenne B kype. Knaccnduxanna MeTON0B NOJAYHEHHA MNOKPBLITHI H Crocodos
NOATrOTOBKH MOBEPXHOCTH.

Tema 1.1. Obmas xapakTeprcTHKa TOKPRITHH H cHOCOOOR MX HAHECCHHU.

Coneprxanue npakTHYecKuX 3aHATHH: Kiaccuduxauus u ycnopnsle 0603HAYEHHS TOKPEITHIA
Ha YepTeXKax M TEXHUUECKOH nuTepaType.

Tema 1.2. MeToap! TOATOTOBKH IIOBEPXHOCTH AT HAHECEHUS TOKPLITHI.

Copepxanue MPaKTHYECKHX 3aHATHH: TeXHONOrHUECKHe OCHOBHI YIBTPASBYKOBOM OYHCTKH
TexHONMOTHYECKHE YCTAHOBKY [IUIS YABTPA3BYKOBOMH OUHCTKH.

Tema 1.3. MeTojip! CHATHS IOKPBITHIA.

ConepxaHne NpakTHYECKHX 3aHATHHE: TeXHoNOrMYeckwe YCTAHOBKH JUIL YIBTPasBYKOBOM
OUHCTKH.

Pazpen 2. OH3MKO-XHMHYEKHE OCHOBBI HOJAYYEHHS HAHOCTPYKTYPHPOBAHHLIX
IIOKPBITHH B MAIMMHOCTPOESHNH.

Tema 2.1. CTpoenue u cBolicTBa OBEPXHOCTH.

Comep>kaHHe IpakTHYECKHX/Na0opaTOpHBIX 3amaTwil: V3MepeHHe NIEpOXOBATOCTH H
TOIIOJIOTHH MOBEPXHOCTH PA3IHYHBIX BHIOB IOKPBITHI.

Tema 2.2. HanouHXeHepHs IOBEPXHOCTHEIX CIIOCB.

Conepxanune npakTHIecKux 3aHATHH: Olenka QU3NKO-MEXaHHIECKHX CBOMCTB IOKPBITHI.

Tema 2.3. IloBepxHOCTHAS DHEPTHA KPHCTAIUIOB H €€ POJh IPH HAHECEHHH IIOKPEITHIA.

ConeprraHue npakTH4ecKuX 3aHsTii. OueHKa afre3us HOKPEITHIA.

Pazgen 3. TexHojsorudeckne Imponecchbl IMOJYYEHHS HAHOCTPYKTYPHPOBAHHBIX
HOKPLITHH B MAIMHOCTPOCHHN.

3.1. Ilponeccrer, mpoTekawIlHe NpH B3aHMONCHCTBHH TOBEPXHOCTH C BHEUIHEH Cpenoil.
OcHOBHBIE IOHATHA IPOLIECCOB aicopOaruy.

CopeprxaHne NpaKTHYecKHX 3aHATHI: IlaTeHTHO-HHGOPMALHMOHHOE HCCIESHOBAHME HOBEIX
METOJIOB IOIYYEHHUS IIOKPEITHH.

3.2. Odu3uYecKre METONE! HAHECEHHS TIOKPHITHI.

Copepxanne NpakTH4eckwX 3aHaATHH: M3yuerne ycTpoicTBa YCTAHOBKH BaKyyMHOTO
Ha"eceHHs NokperTuit UNICOAT 600 SL+.

Tema 3.3, XuMHueckue METONEI HAHCCCHHS ITOKPBITHIE.

Conmepxanne  mpaxkTHdeckux  3amsiteil:  [laTeHTHO-AH(OPMAIMOHHOE  HCCIEIOBAHHE
XUMHYECKHX METO0B HAaHECEHH TOKPBITHH,

IpakTuyeckue 3aHATHA 10 JUCHHILTMHE CTPOATCS CleAyIomuM 00pazom:
BeopHas wacTh nperionaBatesis (LeNM  3aHATHA, OCHOBHEIG BOIPOCH,, KOTOPHIE JIOMKHBI OBITH
PAcCMCTPEHEI).
bernwiii onpoc.
Pewrennte 1 — 2 THIoBLIX 3amau y pockd. (0,3 wacna . 1 3).
CamocTogrensHoe peurenue zagad. (1 gac).
Pazfop THMOBEIX OLIMOOK NPH pemieHn, 0OLIBIEHHE OLUEHOK 1o Moayio (0,5 uac).

[

bl A
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IpaxTH4eckre 3aHATHI N0 JHCLIMILIMHE KPOMe TPaIHLHOHHOH (GhopMBI TPOBeeHNHS BKIIHOYAIOT BEIE3IHEE
3auATHA Ha npeanpuatia 1 HOLL, zarumarolmecs HAHOTEXHONOTHAMH M HMEIOIHE BaKyymHoe 00opynoBaHue
A HameceHHsA TNOKpeITHY, [IpenycMOTpeH MAacTep-KIACC € BEIyWHMH CHELMaTHCTaMM B 007acTH
HAHOTEXHOJIOTUH, CKaHupyroulell M 31eKTpOHHOH MHKPOCKOMMH U3 Bemylux BY30B cTpaHbl M NpeinpusTHii-

THJIEPOB.

Conep:xanne Ja60paTOPHLIX 3aHATHI N0 NUCHHILIHHE

Pazpen I Beegenne B kype. Knacenpurauns MeTO0B IOJyUYeHHS NOKPLITHA H cmocodoB
HNOJr0TOBKH NOBEPXHOCTH.

Tema 1.1. Oburas xapakTepHUcTHKA HOKPEITHH U CIIOCODOB HX HAHECEH U,

Conepxanue 1abopaTOpHBIX 3aHATHI: ONOrHYECKHe [IPOLECCHl HAHECEHUS IIOKPBITHIL.

Tema 1.2. MeTonpI IOATOTOBKY [MOBEPXHOCTH JUI HAHECEHU S TOKPLITH.

Coneprxanne naboparopHerx saHsTHi: OnpeencHHe TOMIUHBEL HAHOCTPYKTYPHUPOBAHMHLIX
[IOKPBITHI

Tema 1.3. MeTo/16t CHATHS MOKPBITHIA.

Coyepxanue nadopaTopHeix 3ausatuil: OnpeaeneHue MEKPOTREPAOCTH TOKPBITHIA.

Pazpen 2. OmHKO-XMMHYEKHE OCHOBBI I[IOJYYeHHS HAHOCTPYKTYPHPOBAHHBIX
NOKPBITHH B MALIIHHOCTPOCHUH.

Tema 2.1. Ctpoenne u croiicTBa HOBEPXHOCTH.

Cogep:xxanne mabopaTopHEIX 3aHaTHd: Onpenenenne TpHOONOTHYECKHX XapaKTEPHCTHK
TIOKPBITHI.

Tema 2.2. HaHOHHKEHEpHs IIOBEPXHOCTHEIX CIIOER.

Conmepxanne naboparopHelx 3auaruii: OmnpeneneHue (U3UKO-MEXaHHUYESCKHX CBOMCTB
TIOKPBITHH.

Tema 2.3. IloepxHoCTHAas 3HEPTHsI KPUCTAIIOB U €€ POJE TIPH HAHCCCHHH TOKPBITHI.

Copepxanne n1abopaTopHsIX 3aHATHH: Hamanka/mepeHamanmka YCTAHOBKH MIJisL IOJIYYEHHS
HAHOCTPYKTYPHPOBAHHBIX TOKPBITHH.

Pazpen 3. Texuogormdeckne mpouecchl [OJYHeHHS HAHOCTPYKTYPHPOBAHHBIX
MOKPBITHH B MAINHHOCTPOEHUH.

3.1. Ilpomecchl, mpoTeKarollde NPH B3aUMOJEHCTBHH TOBEPXHOCTH C BHEHIHEH Cpeoii.
OcHOBHBIE TOHSTHA IIPOLECCOB alcopOaIiu.

Conepkanne naboparopHbIXx 3aHATHE: TeXHONOTHYECKHe Mpoleccs! momydeHds 2]
HaHOCTPYKTYPHPOBAHHBIX ITOKPBITHH.

3.2. duszudeckye METOOB HAHECEHUS ITOKPBITHIA.

Conepxanne 7nabopaTOpHBIX 3aHATHH: TeXHONOTHMYecKHe IIpoueccsl rosyuerus 3]]
HaHOCTPYKTYPHPOBAHHEIX MOKPHITHH.

Tema 3.3. XuMudgeckue METOAB! HAHECEHUs IIOKPLITHIA.

Conepxanue  nabopaTopHeix  3aHsATHE:  TeXHONOTHMYECKHE  NPOLECCH  HOMYUEHHS
JEKOPAaTHBHBIX HOKPLITHH.

5. OI[EHOYHBIE CPEJCTBA JAJISI TEKVII[EFO KOHTPOJIS YCIIEBAEMOCTH,
IIPOMEJXYTOYHOM ATTECTAIIAN TIO MTOTAM OCBOEHUS TUCIINILIMHBI
¥ YYEBHO-METOJUYECKOE OBECHEYEHHE CAMOCTOSTEJBHOM PABOTHI
CTYAEHTOB

5.1. Texkymuii KOHTPOJIB YCHEBAEMOCTH.
Bonpocer k peiituar-korrpoaoNel
Knaccubuxanns IOKpEITHH.
Knaccnbuxanus TeXHOJIOTHI TONyYeHus TOKPEITHN | IUIEHOK.
0O030p ycTaHOBOK 14 TIOTYUEHHS BaKYYMHBIX ITOKPBITHH.
Ocobennoctt PVD TeXHONOrHH MONYYeHHS HAHOHOKPBITHIA.
VYerpoiicrea Bakyymuoi yetanoBka UNICOAT 600 SL.
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063013 YCTaHOBOK OJIA XOJIOJHOTO ra3oJifHaAMBYCCKOI0 HAlTEIIEHK L.
OcHoBHEIE @HBHKO-M@X&HI/I‘IGCI{HG CBOMCTRA HOKpBITPIfI H IICHOK.

Bonpocsl k pefiTUHT-KOHTPO.1ION2
MeTonn! H3MepeHHs B HCCleNoBaHus (H3MKO-MEXAHHIECKUX H TPHOONOTHYECKUX CBONCTB
BaKyyMHBIX ITOKPBITHH.
Oco0eHHOCTH TeXHONOTHY HaHeceHHs PVD-NoKpBITHE Ha IINacTMAacCEL.
Oco0eHHOCTH TIONYYeHHS BaKYYMHBIX HaHOCTPYKTYDPHPOBAaHHBIX IIOKPBITHEH pexXyIuero
HHCTPYMEHTA.
TII anvazononoOHEBIX MOKPHITHIA B BAKYYME
Ontumuzanua TII Hanecenmna PVD-oKpeITHE.
MeTronsl TOATOTOBKHM IIOBEPXHOCTH K HaNBUICHHKD: MEXaHHMYeCKasd, XHMHYecKasd,
ITA3MOXHMHYECKAS H HOHHAg o0padoTKa IOBEPXHOCTH, BAKYYM-TEPMUUECKAs M XUMHKO-
TEPMHUYIECKasA IIOJITOTOBKA IOBEPXHOCTH.
Ocobennocty HaneceHHs PVD-TIOKpHITMH: MeTOABI HarpeBa H OXJIAXKAECHHE IIOJIONKEK,
M3MEpPEHHS  TeMIepaTyphbl, IUIa3MOCTOHKHE  HarpeBaTeNd, TIEOMETpHS  BHEOCEBOTO
HAIBUIEHHS, BIHSHHE ITOTEHIIHATIA IIOJI0KKH Ha NIA3MEHHOE OKUC/ICHHE TIIeHOK.
CocTaBHEIe JacTH 000PYIOBaHMA /I HAHECEHWS MOKPBITHH: BaKyyMHBIE HacOChI, BEHTHIIH,
KOHTPOJIEPH Pacxo/a ra3or, OJIOKH MUTAHWA HcllapuTelei, SJeKTPOHHBIX IyNIeK, MUIIEHEeH,
[JaHeTAPHBIE MEXaHH3MEI IIOAI0KKOAEpKaTeIeH, 3aCIOHKH.

Bonpoce! k pefiTHRr-ROHTPOIION3
Mogemu Texnororageckux npomneccos HaneceHns CVD u PVD-nokpBITHi.
Du3UYeCKHE OCHOBHI IIpollecca BAaKYyMHOI0 HaHECCHUS IIOKPBITHH: CKOPOCTh TEPMHYECKOTO
HUCHIapeHHsl B BaKyyMe, OSHEpPreTHYeCKHil CIEKTp HCHOapeHHBIX aTOMOB, MX YITIOBOE
pacupeieleHue.
@u3MYeCKHE OCHOBBEI NPCHECCa BAKyyMHOIO HAHECEHHs] IOKDBITHH: DAacyeT CKOPOCTH
OCaXKOEHUA IIpH OannucTHIeckoM H IH({y3HOHEOM TPaHCIOPTE BEIECTRA OT MCTOYHHKA K
NOJI0KKe, ClIocoObl HarpeBa 3arpy3ky M KOHCTPYKIHH HCIIapHTeNel, HCllapeHHe CIIaBoB U
COeIHHeHH.
Du3uKa MarbmeTpOHHOTO PAacIBUICHMS: DJJIEKTPOHEI B CKPEINEHHEBIX 3JIEKTPHYECKOM H
MarHHTHOM IOJLIX.
THre! ¥ XapakTEPUCTHKH MArHETPOHHBIX PACIIBUIHTEIBHBIX CHCTEM.
[ToTOKH HHEPrHMYHBIX YACTHIl HA TIOBEPXHOCTh PACTYLIMX IUIEHOK IPH MarHeTpPOHHOM
BAKYYMHOM HatbIJICHHH.
OcofenHocTH (QH3HYECKHX OPOLECCOB IIPH PEakTHUBHOM HOHHO-IUIA3MEHHOM HAIBIICHUH:
IIOTNIOIEHHE I'a30B M I'HCTEPE3HCHBIE ABJICHHSA IIPH PEAKTHBHOM HAIlLUIEHHH, HAIBUIEHHE B
peKUME [TOCTOSHHEIX NaplUHAILHEIX JaBICHHH.
JlasepHoe HcnapeHue U ero (pH3NUecKHe 0CODEHHOCTH: B3aNMOICHCTBHE Na3ePHBIX TTYYKOB C
IIOBEPXHOCTEI0 MATepHaIOB, TINyOHHBEI TNPOHHKHOBEHHS, KO3(DDUIMEHTE OTPaKEHHS,
MEXAHM3MBl MEpeladd JHEepPIrud, HCIapeHHe MATEpHAallOB HOJ,  JIEHCTBHEM  JIA3EPOB,
HMITYJIBCHOE JIA3€PHOE UCHApEeHHe, BIHAHNE MOINHOCTH M AMUTENRHOCTH HMITYIIbCA.

5.2. HpOMB?RYTO‘HlﬂH aTTeCcTanua 110 HToraM OCBOCHHA AHCHHIIITHHELI.

Bonpock K 3x3aMeny
Knaccudukanus noxperti
Knaccudukauys TeXHONOTHIA TONMYyYeHNA NOKPHITHH ¥ THICHOK.
(O630p YCTaHOROK JULS HOJNyHUEHHUS BAKYYMHBIX IIOKPEITHH.
Ocobernoctu PVD TexHOIOTHH MOTyUeHHI HAHOTIOKPEITHH.
Yerpoticrea BakyymHo# yeranosku UNICOAT 600 SL.
O630p yCTaHOBOK JUISI XOJIOAHOTO Ta30{MHAMUUECKOT0 HANlBITIEHUA.
OcHOBHEIE (PHIMKO-MEXAHMYECKHE CROMCTBA ITOKPBITHH U IIEHOK.
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Metonsl u3MepeHHS H HCCIEAOBAHHS (U3HKO-MEXaHUYECKUX M TPHOOIOTHYECKHX CROHCTB
BAKyyMHBIX IIOKPBITHH,
Ocobennocty TexHOIOruy HaneceHna PVD-DoKpeITHIT Ha ITaCTMACCEL

10. OcobenHocTd TONyYeHHS BaKyYMHBIX HaHOCTPYKTYPHPOBAHHBIX IIOKPBITHH pexyluero

HHCTPYMCHTA.

11. TII anMazononoOHBIX TOKPHITHIT B BAKYYME.
12. Orrrumuzanus T varecenns PVD-nokpeITHIE.
13.MeTogpl NOATOTOBKM TIOBEPXHOCTM K  HANBUICHHIO: MeXaHHWYecKas, XHMHUYecKad,

Ia3MOXMHHYCCKad M HOHHad 06pa601‘1<a TIOBEPXHOCTH, BaKYYM-TCPMHUCCKaA H XHMHKO-
TEpPMHRYCCKasd IIOATrOTOBKA HOBEPXHOCTH.

14. Ocobernoctn naneceHust PVD-moxpeiThii: MeTOABl HarpeBa H OXNAXICHUE IIOJANONKEK,

H3MEPCHHUA TEMIICPATYPEL, TINa3sMOCTOHKHC Harpceparcii, FCOMETPHA BHEOCEBOIO
HANGIMCHVA, BNHAHKHC IIOTCHITHATNA [TOJNOMNKH Ha INasMeHHOoe OKHUCIIeCHNE IIJICHOK.

15. CoctaBHBIe YacTH oDOpPYXOBAHMS [Tl HAHECEHMs! IIOKPBITHIH: BAKYYMHBIE HACOCHI, BEHTHIIH,

KOHTPOJEPH! Pacxo)ia ra3os, OJOKY NUTAHHS MCHapUTeneH, SMeKTPOHHBIX [yIIeK, MULICHEeH,
IHIAHETAPHBIE MEXAHM3MBI ITOJUIOKKOIEpKaTeneH, 3aCOHKH.

16. Moaens TexHON0OrH4ecKuX npoueccor HaHecenus CVD 1 PVD-nokpriTuii.
17. ®u3uYecKre OCHOBEI IpOIlecca BaKyyMHOTO HAHECEHUS MOKPBITHH: CKOPOCTh TEPMHYECKOTO

HCIApEHHs B BAKyYME, SHEPIeTHUECKHII CIIEKTp HCIApeHHBIX ATOMOB, HX YIJIOBOE
pacnpeneneHue.

18. duznyeckue OCHOBEI Hpolccca BaKYYMHOI'O HaHCCEHHA HOKpLITHfIZ pacueT CKOpPOCTH

OCAXIICHUI IIpH OaUTHCTUYeCKOM U UG Y3MOHHOM TPAHCIIOPTE BEIeCTBA OT HCTOYHHMKA K
IIOUICKKE, CIIOCOOB! HArpera 3arpy3Ki ¥ KOHCTPYKIHH UCIapuTenei, UCIIapeHue CHIABOB |
COSJIHHEHHH.

19. @uzuka MArHETPOHHOTO DPACTIBUICHHA. 3JEKTPOHBL B CKPCIICHHBIX OSJCKTPHYCCKOM H

MaruuTHOM ITOTiZX.

20. Tuns u XapaxKTePHUCTHKH MarE€TPOHHBIX PACHBITATENBHBIX CHCTEM.
21. IToToxn JHEPTAYHBIX YACTHI Ha IMOBEPXHOCTE pPaCTyIODUX IINEHOK IIPH MATHETPOHHOM

BaKYYMHOM HANBUICHHH.

22. OcoberHoCcTH (1)H3H‘-IGCKI»IX I[IpOLECCOB HpH PEAaKTHBHOM HOHHO-IINa3MEHHOM HAIIbBUICHHH!

IIOIFIONICHHE I'a30B W THCTEPE3UCHBIC ABJIACHWA IIpH PEAKTHBHOM HAIILUICHWH, HAIBIICHHE B
PEKHME ITOCTOAHHBIX TaPHHAIBHBIX JABIICHHH,

23, .HEBEpHOG HCHapeHue H e€ro [IJI/ISI/IHCCKI/IE 0COOEHHOCTH: B3aHMOICHCTRHE JIA3CPHBIX IIYYKOB C

IIOREPXHOCTBI0 MATEPUAIOB, TAYOHHBI MPOHHMKHOBEHHS, KO3(PQUIHEHTHI OTpaxeHw,
MEXaHU3MBl IIepefladyl DHEPrHH, HCIapeHHe MAaTepHalOB II0J JcHCTBHEM IIa3epoB,
HMITYIbCHOE Ja3epHOE HCTIAPEHHE, BIHIHUE MOITHOCTH H JUIHTCITEHOCTH BMITYJIBCA.

5.3. CamocTonaTeabnasn padora 00yuaromerocs.
Ana opraHmzanuM caMocTosTensHOH paboTEl CTYAeHTOR (BBIMONHEHHWS OT4YeTa MO TNPaKTHKE,

CaMOCTOATENBHOH NpopaboTKH TeopeTHYecKoro MaTtepHana, noarotoekn k BKP) pexomennytotes y4eGHo-
MeTOIHYecKHe MOcOoOHS M YKa3aHMS M3 OCHOBHOTO M JIOMONHHTENLHOIO CIIMCKA, MepedtciIeHHble B pasliele
Hacrosuleil paboueii nporpaMmsl.

S s

Temwr ana pedeparor: .

VYnpouHeHHe NOBEPXHOCTH METONOM HOHHOM MMITIAHTALMH.

Cprl{Typa TMOBEPXHOCTHOrO CJIOA [IPH INIA3IMEHHOM HAllBUICHWH.

HpPlMepr MOITyMEHHA KOMITO3ULIMOHHOTO MaTeprala B HOKPBITHH,

HonxorasmenHoe HafbLISHHA ]'IOKpI:ITHﬁ.

TexHoNOrHUeCKHe NapaMeTPphl NOTYYeH s MOKPBITHI METONOM OKYHAHUA

CpaBHUTe IBHEIH AHATIM3 IOKPHITHH, MONYYeHHBIX METONAMHU Fa30TePMUHECKOT0 H BAKYYMHOFO
HalBIIEHHSL.

@oHn oneHounslx Marepuanop  (POM) gaa  npoBeneHMsS  aTTECTallMH  YPOBHSA

copMupoBatHocTH  KoMneTeHud  of0yqalolMxes 10 JUCHUIUIMHE 0GOPMISIETCS OTAENBHBIM
JIOKYMEHTOM.



6. YYHEBHO-METOAVMYECKOE H HHOPOPMAIIMOHHOE OBECITIEYUEHUE
JAUCHUITIMHBL

0.1. Kauroobecne4eHHOCTE

HanmeHnopaHHe TUTepaTYpEL 2BTOP, HA3RAHAES, BHA
H3IaHUH, H3JATENECTBO

Ton

KHUT'OOLECIIEYEHHOCTD

W3HaHHuA

Hannrune B anexrponsom karanore 35C

OcHopHas anreparypa™

1. Jlenemesr, A. A, IInasMeHHoe HanbleHKE
aMOp(HEIX ¥ HAHOKPHCTAUIHUECKHX MATEPHANIOB
[Onextponnslii pecype] : MoHorpadms / A, A.
Jenemes. - Kpacuosgpek: Cub. genep. yu-t, 2013. -
224 ¢. - ISBN 978-5-7638-2803-0

2013

http://znaniym.com/bookread?.php?book
=492492

2. MHKPOCTPYKTYPLI, IIANOCTPYKTYPLI H
TMAPOOHHAMU4ECKHE HEYCTOHYHBOCTH,
WHOYLHPOBAHHEIE TA3ePHBIM H3MyUeHHeM Ha
NOBEPXHOCTH TBEPIBIX Ten : MoHorpadws / C. M.
ApakensH [u 1p.] ; Bnagumupcekuii rocyiapcTReHHBIH
yuusepcuret (Bnl'Y) .— Bnagumup : Bnagumupcokui
rocynapcTeeHHBIH yHHBepeuTeT (Bnl'Y), 2010 .—
144 c. — ISBN 978-5-9984-0094-0.

2010

http://elib.visu.rw/bitstream/ 123456789/
3067/1/00698.pdf

3. TexHONOrHA KOHCTPYKLUHOHHEIX MATEPHATIOR:
VYueb. noc. / B.JL. Tumodees, B.IL.Tnyxos u up.; [ox
obur. pen. npod. B.JL.Tumodeesa - 3-e uzg., ucnp. u
pen. - M.HUILL MHOPA-M, 2014-272¢.: 60x90 1/16 -
(Brici. o6pas.: bakanaep.). () ISBN 978-5-16-
004749-2

2014

http://znanium.conybookread2.php?book
=428228

4, Mopozog B. B., Cricoer 3.I1. HanoTexnonoruu e
KepaMmKKe: MOHOFpadua B 2-X 4acTaX [DNeKTpOHHLIHA
pecypce]. U.1. Hanovactanws 2010 - 276 ¢, U.2:
HanomnneHkH, HAHOMOKPEITHA, HAHOMeMOpPaHBI,
HAHOTPYOKH, HAHOCTEPKHH, HaHonposonoka. 2011 —
167 c. 2011.

2011

http://e.lib.vlsu.ru:80/handle/123456789/
2226.

http://e.lib.vlsu.ru:80/handle/123456789/
2487

JolonHuTeIbHAS THTEPATY A

1. besses, U.B. Mndopmannonnslii katanor
COBPEMEHHOTO 3KCTIEPHMEHTANEHOTO 000pyIOBaHHA
U Hay4HbIX npubopos Ha Ha3e Hay4dHO-
06paz0BaTeNnbHEIX OPraHu3aliii H BEIXyLIHX
npeanpusaTué Bnagnmupekoii odnactu / H. B.
benses, B. A. Keuun, I. A. lnaakuii; — Bragumup:
BnapumMupckuii roc. yaueepeuter uM. Al u
H.I".Cronetopsix {(Bnl'Y), 2011. 44 ¢.

2011

http://e lib.visu.ru/bitstream/123456789/
2993/1/00588.pdf

2. Apaxenays C. M., lpokowes B. T"., A6pamor JI. B,
Kyuepuk A. Q. JlazepHoe HAHOCTPYKTYPUPOBARKE
MaTEPHAIIOB | METOIE! PeANHaLMU H AMATHOCTHKH :
yuebHoe nocobue, 2010,

2010

http://elib.visu.ru:80/handle/123456789/
2105

3. 10.E. Crniexrop P.I'. Epomacos Texxosnorus
HaHeceHus ¥ CBOHCTRA MOKPHITHE. KpacHoapek

2008

https://echemistry.ru/assets/files/n-
lectures.pdf

6.2. Ileprouuccikie HIAATIHSE
1. XKypuan BAK «Hanonmxeuepus»
2. Xypnan BAK «Poccuiickuie HAHOTEXHOIOTHH

6.3. HarepHeT-pecypenl
http://www.portalnano.ru/

http://www.nanobusiness.fi/
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http://www.ru-tech.ri/pub/nano http://www.i-mash.ru/

hitp.//www.ntsr.info/ hitp://www.mirstan, ru/index. php?page=tech
http://www.nanotech.ru/ http://window.edu.ru/library?p rubr=2.2.75.11.34
http://www.nanonewsnet.ru/ http://chertezhi.ru/

http://nano-info.ru/ http://dija-mashinostroitelja.info/

http://www rusnanoforum.iy/ http://www.sqyuzmash.ru

http://www.iacnano.ru/ http://www.stankoinform.au/index.him
http://www.nanometer.ru/ hitp://www.nanoprom.net/

WWW. rusnano.com

VuebHO-METOAHYICCKHE HIMAHNAS

1. Xganop A.B. Metomuveckue yKazaHHA K NPaKTHYECKUM paboramM 10 JUCIMIUIHHE
«MeTonpl MONMY4YeHHS HAHOCTPYKTYPHPOBAHHEIX IIOKDBITHI B MALINHOCTPOEHMH» JUIA CTYAEHTOB
HanpasieHud 28.03.02 [Dnexrpommsni pecypc] /cocr. Xapanoe A.B.; Bnap. roc. yn-r. TMC -
Brammmvup, 2021, - Joctym u3s xopropatusHol cetu Bnl'Y. - Pexxum moertyna: hitp://cs.cdo.visu.ru/

' 2. Xnmasor A.B. Meroamdeckre yxasanua K nabopaTopHeM paboTaM [0 OHCIHIIIHHE
«MeToapl NMOMYYeHHst HaHOCTPYKTYPHPOBAHHEIX MOKPHITHH B MAalUMHOCTPOECHHH» IS CTYACHTOB
Hanpagnenus 28.03.02 [Jnexrporusti pecype] /cocr. Xnawor A.B.; Bnanm. roc. yu-t. TMC -
Braaumup, 2021. - Jloctyn 13 xopriopatuBuoi ceru Bnl'Y. - Pexxum pocryna: http://cs.cdo.vlsu.rw/

3. Knanor A.B. Meronuueckue peKoMeHJallMM K BEIIOJHEHHK) CaMOCTOSTENbHOH paboThl
o gucuuniuHe «MeTonsl HoMyuYeHHs HAHOCTPYKTYPHPOBAHHBIX TOKPHITHMH B MalllHHOCTPOEHHM»
st cryneHToB Hanpasiaenus 28.03.02 [Onexrponnstit pecype] / coct. XKmanor A.B.; Bnaa. roc. yu-
1. TMC - Bragummp, 2021. - Joctym u3 kxopmopatuBHO#l cetu Bnl'Y. - PexuM poctyna:
http://cs.cdo.visu.ru/

4. Kpanos A.B. Ouecnounrple cpeicTsa II0 JUCHHIUIMHE «MeToAsl [OAydeHHS
HaHOCTPYKTYPHPOBAHHEIX NOKPHITHI B MAITHHOCTPOCHHU» IS CTYNEHTOR Hampasienns 28.03.02
[Dnexrponnsiit pecype] / cocr. Kiuanos A.B.; Biay. roc. ya-r. TMC - Bragumup, 2021. - Toctyn u3
Kopnoparueaoit cetu Bial'VY, - Pexum nocryna: hitp:/cs.cdo.visu.r/

IlepeueHs pecypcor HHGOPMANHOHHO-TENEKOMMYHHHKAMOHHOH ceTi «MnTeprery,
He00XO0MMEBIX IS OCBOEHHUH JUCIHILTHHEI

1) IToptan LenTtp auctanuuoHHoro odyueHus Bal'V [snextpomubiid pecype] / - Pexum
moctyia: http:/cs.cdo.visu.ru/

2) Pazgen o¢uuuanssoro catita Bnl'Y, comepxamuii omucanme oOpasoBaTeNbHOH
nporpamMMel [ArekTpoHHblH pecype] / - Pewum nocryna: OOpazosarensras mporpamma 28.03.02
«KOHCTPYKTOPCKO-TEXHOIOrHHecKoe o0ecnedeHue MallliHOCTPOUTENBHBIX IIPOH3BOICTRY
http://op.vlsu.ru/index.php?id=169




7. MATEPUAJBHO-TEXHHYECKOE OBECIIEYHEHUE JUCITUIIIUHBI

B kadecTBe MaTepHaNbHO-TEXHUYECKOTO O00ECHEYeHHSA HUCLHINIHHBI  YKA3BLIBASTCH
HeoOXomuMoe JuId  OOy4YeHHs JHIEH3MOHHOE IIporpaMmHOoe obecrmedenuii, o060pyIoBaHuE,
JIEMOHCTPAUHOHHEIE HPHOOPE, MyIETHMEAMHHEIE CPEICTBA, YueOHbIe (DHILMBI, TPEHaKEPEI, KAPTH,
TIJIAKaTEl, HATIAOHBIE TOCoOHS; TpeOOBaHUA K ayIUTOPHIM — KOMIIBIOTEPHBIC KIACCHI, CIIENHANBHO
000pyOBAHHbIE Ay IUTOPHH U Na00PaTOPHK U T.1

Ilepeyens ucnonkizyemoro o6opyRoBasus:
1. JIaGopaTopHsa HAHOZHATHOCTHKYA U (heMTOCEKYHHOI JTazepHoil Texuuka (aya. 118-4)
Kpamxas xapaxmepucmurxa nosmeufenus.
O6mas nnomans — 102 k.M (2 nTaxa). 1 sTaxk — rabopaTopHoe W MPOM3BOACTBEHHOE 060pyAoBaHye
(67 xB.M), KOMIILIOTEPHBIH Ki1acc Ha 16 rocafouHbIX MECT; 2 5TaX — BCIIOMOTATENBHBIE IIOMELLEHKS,
xogauuuonep. Cootreerciyor Hopmam CaulluH 2.2.1./2.1.1.1278-03, CaulluH 2.2.4.548-96,
CanlluH 2.2.2/2.4.1340-03, CanlluH 2.4.3.1186-03, IIIIb 01-03, Cuull 21-01-97, Cuull 23-05,
HITE 104-03
Obopydosanue:;
1) Yncras xomHaTa:
2) ycraHoBKa (peMTOCEeKyHIHAS JIazepHas "yIOpsAIodeHHOro HaHocTpykTypuposarus” (PO):
- uMeeT 3 pabounx MIMHLI BOMHE], YALTpahHONeT, 3eNeHbIH, 1 HH()PAKPACHEIH Tyd.
- 2 ydactka oOpaborkm (100x100 mv; 20x20 MM c BO3MOMXKHOCTBIO HO3ZHUMOHHPOBAHHA C
TOTHOCTBIO IO 2 HM)
- JIHaMeTp IIyuka ckoio 60 MuxpoMeTpoB B caydae moia 100x100 s
- IpaMeTp nmyuka oT 0,5 MEKpOMeTpoR (38BHCHT OT UCHOJIE3YEMOTO 00BEKTHBRA)
- BO3MOXHOCTH 00pabOTKHM M [IMAarHOCTHKH IIPOBOASINHX, IHOJICKTPHUECKHX, IPO3PAYHBIX,
HETpO3pPaYHbIX MATEPHAJIOB.
3) sondosas nabopamopua "Humezpa cnexmpa" (PP)

VuukaneHas wuHTerpanms CxaHupyiomero 3oHZoBoro MuKpockonma ¢ KOH(OKAIBHON
MEKPOCKOIHKEH/CIIEKTPOCKOIHEH IFOMHHECIIEHIMH 1 koMburanuorHoro paccesaus (KP). Braronaps
sddexty ruranrckoro ycwienus KP mospomsier nposojuts KP CHEKTPOCKONHIO H IIONYYaTh
u300paskeHus ¢ paspelicHieM B INTOCKOCTH 40 50 HM,

CrcreMa fAnd  koHQOKanpHOW  OUTHHECKOM  MMKPOCKOIIMH  MPEACTABIAET  Coboi
KOMOHHHPDOBAHHYIO  CHCTEMY, BKIIOYAIOIIYI0 KOH(MOKANBHBIM  CKAHEPYIOMMA  JasepHhIi
CIEKTPOMETP  BBICOKOIO INPOCTPAHCTBEHHOIO  pa3pellieHHs, OITHYECKMH  MHKPOCKON H
YHHBEPCANLHBIA CKaHHPYIOINHH 30HMOBBII MEKpockoIl. CHcTeMa cnocoOna pabotaTh B peuMe
PETHCTPAIMH TIPOCTPAHCTBEHHOTO, TPEXMEPHOIO pacIlpeleNleHusi CIEeKTPOR JIIOMHHECLEHIHH H
KOMOHHALMOHHOTO pacCesHHs CBETa, a Taloke B PA3/IMYHBIX PeXMMax CKaHHPYIOIIEH 30HIOBOMH
MHKPOCKOIINH, BKIFOYAS HAHOUHACHTAIMIO, HAHOMAHHITYJIAIKIO H HAHOIHTOrpadHIo.

CucTeMa [UIT CKaHHpYIOWEH 30H0BOH MuKpockomud. OMHOBpPEMEHHO C ONTHYECKHM
nabmopennem, IHTETPA Crexrtpa no3BosseT HCCaenoBaTh 0OBEKT ¢ MOMOINBIO apCeHaa MeTOOB
CkaHMpyIomeH 30H10B0H Mukpockomuu — ACM, MCM, CTM, ckanupyromeit OmKHenoasHoi
MHEKPOCKOIIMH, CHJIOBOH CIEKTPOCKONMH. YHHKAIBHOE COBMEILUEHHE OITHYECKHX H 30HIOBBIX
METOROB B OJHOM INpHOOpPE NO3BONAECT CTABHTH KOMIUIEKCHBIE OKCIEPHMEHTHl, B KOTOPBIX
HH(OpMAIHL O PACIpelcNeHHH ONTHIECKUX CBOHCTB 00paslia H ero XMMHUECKOTO COCTABA MOYKET
OBITH HalOKEHA Ha paclipefelleHHe ero MeXaHHUYECKHX, 3MeKTPHYECKHX, MArHHTHBIX M APYrHX
CBOMCTB.

Cucrema a5 HCCIEHOBAHHMA ONTHYECKHX CBOMCTIB 00BexTa 3a mnpefenoM mudpakiliHy
(thuyopecueduust, cueKrpockonus KoMOMHALMIOHHOro paccesHus). OTIMYUTENBHOH — dYepTOR
Hanona6oparopuun MHTEI'PA Crextpa sBusercst BO3MOKHOCTE MCCIEA0BATh ONTHYECKHE CROHCTRA
OOBEKTOB 34 IPeleNloM TUGPaKIHOHHEIX orpaHudesnid. CKaHHPYIOIAs OMHKHEIOIBHAS OTITHYECKAS!
MHKDPOCKOIIHsI # 3Gh{eKTs JTOKATBHOTO ycHNeHHs KoMmOmuarmonHoro paccesnus (TERS — tip
enhanced Raman scattering), afoT BO3ZMOXXHOCTD KAPTHPOBATEH PACHpEIETICHHE ONTHYECKUX CBONCTB
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(nponyckxanue, paccedHHe, [IONIPH3AIMS CBETA H Jp.), & TAKKE OCYINECTBIATH CIICKTPOCKOIHIO
KoMOHHAIMOHHOTC paccesiHus ¢ paspernerneM 10 50 HM B miockocTd XY.
OcodennocTu

* Octpre ACM 30H7a ¥ $OKYyC Ta3epHOro IIyHIKa MOTYT OLITEH CIIO3HIHOHHPOBAHE! IPYT
OTHOCHTENBHO JIPYTa ¢ BEICOKOH TOYHOCTLIO (HEOOXOANMO IS [IONYYEHHUS MAKCHMABHOTO
abdexra KP-TERS)

o llpu BcnoNbL30BAHUK ONITHYECKOH CXeMBI "Ha HpOcBeT" BBICOKOTEMIIEPATYPHEIM 00BEKTHE
XKECTKO BCTpoeH B ocHoarre ACM. Dro obecrieynpaeT 1onroBpeMeHHYIO CTabHIBHOCTE
cucreMsl, HeOOXOIUMYIO JUIA PaboTh! cO CAabbIMM CUTHAIAMH

» YacTe 0TpaskeHHOTr0 M3MyIeHHs HCIONB3YETCs U IIOCTPOSHAS KOHGOKAIEHOTO JIa3ePHOro
OTPaKEHUA

o  Huzxomymsntas CCD xamepa ¢ oxnaxnenueM 1o -70°C (xpantosas agQekTHRHOCTD 10
90%) cIyKHT BLICOKOTYBCTRBHTENLIILIM ACTEKTOPOM

« B xadecTBe ansTepHaTHBHOIO AETEKTOPA MOXKHO HCIIONB30BATE JABMHHBIN (DOTOHO

» ['ubkuit BEIOOP DONAPUIAITMOHHEIX YCTPORCTE

» Bce koMnonenTs! cucreMel (ACM, onTHHeCKHe U MEXAHHYECKHE YCTPORCTRA)
HHTErPUPOBAHEI C IIOMOHIBI) €JIMHOr0 NPOrpaMMHOro obecrnedeHus. OONbIIHHCTRO
KIFOUEBBIX Y3JI0B ¥ YCTPOHCTB CHCTEMEI (J1a3epPhl, PEMIETKH, AuadparMel, MOIPH3ATOPHI B
T.JI.) MO’KHO BHIOMPATh ¥ / MM HACTPauBaTh NPIMO H3 IIPOTPAMMEI

» Tpum pasupx cxemel g1 paboter ¢ TERS

[IpumeHseTcs AL uccieAoBaHus OHUOIOTHYECKNX 00BEKTOB, KOHTPOJI KA4eCTRBa TOBePXHOCTEH
ONTHYECKUX AeTalel, M3aydalouX IOXYIPOBOLHUKOBEIX CTPYKTYP, XapaKTePHCTHK
HAaHOONTHYECKHX H HHTETPATbHO-ONTHIECKUX 3eMEHTOB, HCCIIEAOBAHUS XapaKTEPUCTHK
HaHODIEKTPOHHEIX 3JEMEHTOB, B YACTHOCTH, CIIEKTPOB KBAHTOBBIX TOYEK.

» HccrnemoBanue coeuauTeNsHOM TRany, JIHK, Bupycor

« OmpeneneHre XapakTepHUCTHK OKOHEYIHBIX ONTHYECKUX YCTPOHCTB

»  CHexTpocKONHYEeCKHE U3MEPEHUS

»  KoHTpoIb: XUMHYECKHX peaKkLHi

4) oughpaxmonmemp manoyenosozo pacceanus SAXESess

IlpenHasHaden [nd adadusa TOHKMX IUICHOK HIHM  OKHAKOCTEH, MOXKET CTpPOHTH
KPHCTAIIMYECKHE PEHICTKH BeMIECTRA, Onpelelars pasmep uyactuy or 10 go 100 nHanmomeTpor B
pacTBope. SAXSess NO3BOISIET HCCIENOBAaTh HAHOMETPOBEIE CTPYKTYpHl oT 0.2 HM jo 150
HM.SAXSess moxeT paboTare B pexume NMHeHHOH KoinmuMmanuu n1s Oplcrporo cfopa JaHHBIX
H30TPONHAIX 00pasnoB M B pPeXUME TOUEYHOH KOMIMMAuMM JUil H3YYCHHS AHH30TPOMHEIX
(opuenTHpoBaHHbIX) 06pasLoB. JIpe cHcTeMBI MOTYT paboTaTh OZHOBPEMEHHO B PEXKHMaX JTHHeHHOM
H TOYEYHOH KOJUIMMAUWH, WCIONB3ysd ONHH pEHTTEHOBCKMHM HCTOYHHK H OIHY CHCTEMY
nerextupopanus. lupoxuit HaGop nepsxareneil 00pasloOB MO3BONAIOT MCCHELOBATH IPAKTHYECKH
mobLle THIEL 00pa31I0B OT OYUSHL HH3KUX O BBICOKUX Temreparyp. Cucrema TrueSWAXS™ nenaer
BO3MOXKHEIM TONyYeHHe HHQOPMAIHH O HAHOCTPYKTYpe ¥ (Hha30oBOM COCTOSHHH o0pasua 3a OJHO
namepeHue.CucTeMsl JeTeKTupoBanusl SAXSess He HYXXIAIOTCA B CEPBUCHOM OOCTYXHBAHWH H
obecneunBarOT IpeBocxonHoe paspemeHue.beicTperi cbop W coBepmienHas — obpaboTka
3KCIIEPHUMEHTaNBHBIX JaHHBIX. CHcrema SAXSess BxmouacT B ccOA CIEHUANBHBIA [AKET
IporpaMMHoro odecneuenus Oias ObICTporo c6opa M BcecTopoHHEH 0Opaborky paHHBIX. CTOUHMK
PEHTITEHOBCKOTO M3IydeHHs uCIonb3yeMeit B SAXSess uMeeT clelyrowne ocoOeHHOCTH:
JONTOBPEMEHHAs CTAOMABHOCTE PadOTHI M MUHHMANBHYIO CTOMMOCTE 3KCILTyaTauud. CoBpeMeHHAS
MHOrocinofiHas (HoKycupylomas ONTHKA 00eCIICUHBAST BBICOKOMHTEHCHBHEIH MOHOXPOMATHYECKHH
PCHTTCHOBCKHH IIy4oK. YIydIOeHHas cHcTeMa Olloka KOEMAIUH AaéT cQOpMUPOBaHHBLH
IIEpBUYHBII PEHTTEHOBCKUH Oy4oK H 3dekTHRHO yOHpaeT napasutHoe paccesrue. Ona onpenenser
paspellleHHe CHCTEMBl M TapaHTHPYeT HHU3KHil (pOH.TeMIeparypa OYeHb TOYHO KOHTPOJIHpPYETCS B
auanaszone ot -150 go 300°C. CyurectByer 60nB1I0H BRIOOD AepiareneH IMOJ CaMBIe pasHble THIIbL
obpaz1oB. [Tomynpo3padrblii OTCEKATENE TIEPEHYHOTO Iy4Ka II0O3R0JISET TOUHO ONpPEeNe/HTEL HYIeBOM
YroJl paccesHus W M3MEPUTH MHTCHCHBHOCTh IEPBUYHOIO IyYKa LI ompenercHAs xoadduimenta
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IIponyckaHus obpasna MOJKHO IIONYYaTh JAaHHBIC O MaJIO- ¥ IMHPOKOYIVIOBOM PACCESHHH 3a OJHO
M3MEPEHHe Ha OJHOM H ToM e obpasne. Cucrema SAXSess rnpejuiaraer JiBe BRICOKOKIACCHBIE
CHCTEMBI JETEKTHPOBaHHS, KOTOpPBIE MOXHO HCIIONB30BATH ANBTEPHATHBHO Ha OOHOM mpubope
SAXSess 0e3 HeoOXONMHMOCTH W3MEHEHMs €ro Hactpoek WM koHdurypanum:*» Cucrema
JNEeTeKTHPOBaHMs JYBCTBUTENHHBIMHU IJIACTHHAMH 00NaNaeT IMHPOKUM JTHHEHHBIM IHHAMAYECKHM
JHMana3oHoM M HOKpeIBaeT yriwl paccesHust 2 mo 40°« Cucrema perektupoBanma CCD pmadr
BO3MOXHOCTE IIPOBONTE aBTOMATH3HPOBaHHEBIe H3MepeHns SAXS u u3MepeEns OHIaHH IPOLECCOR
BO BpeMenu.MorHoe B npoctoe B pabote nporpaMMmuoe obecrieuerneBmecte ¢ mpubopom SAXSess
IIOCTABIAETCS MOLIHBIM IaKeT mporpamMm Ui c0opa H OUEHKH JaHHEIX MAalOYIIOBOTO
peHTreHoBckoro paccedHus (SAXS). Onenka HaHHBIX BKIIOYaeT 0a3oByio 00paboTKy HadmHBIX
(monmyveHMe CpEeRHHX 3HaueHHH, BEMUUTaHNE (pOHA U T.J.), MOIEIHPOBAHKE, YCTPAHEHHE Pa3MBITHHA K
ANMPOKCHMAITHIO.
3) Heyxnyuesoil ckanupyiowuit Y@/B cnexmpogomomemp LAMBDA 25
JByxnyderele  ckagupyronmie Y®/Bun  cmekTpodOTOMETpBl XIS PYTHHHEIX — H

ABTOMATHYECKHX M3MepeHHH. JTH npubophl IpenHazHauyeHbl I Pa3IHYHBIX HPOMEIIIICHHEIX,
yuebHpX, Ownonormyeckux u OHoxuMHUYecKuX nabopatopuii u nabopaTopHil IO KOHTPOJIO
oxpyxaronied cpenbl. OHE OTMHYAIOTCS BBICOKOH CTaOMIBHOCTEIO, THOKOCTEIO B BEIDOpE METOJ0B
aganM3a, yIoOCTBOM IpeACTaRICHAS H 00paboTKY MONyYeHHEIX JAHHEIX.
Kirouepsie ocobeHHOCTH CIIEKTPOQOTOMETPOR cepruH Lambda:
IMupoxuit BEIOOp METONOB H3MEPCHHA — CKaHUPOBAHHE IO JUIMHE BOJHBI, CKaHAPOBAHHE IIO

BpeMEHH (KMHETHICCKHE HCCIAEHOBAHMS) H KOIMYECTBEHHBIH aHANn3 (POTOMETPHA)
JIByxiTyueBasg OINTHYECKAs CXeMa — BBLICOKHE TEeXHHYECKHE XapaKTEPHCTHKM, TOYHOCTE M BOC~

IPOH3BOIUMOCTE ITOJIYYAEMBIX JAHHBIX
Bricokad (oroMerpHdeckas TOMHOCTH M HHM3KHUIl YPOBEHb IIyMa — NpPABHIBHEIE H HAAEK-HBIE

PE3yINBTATE H3MEPEHKUH IPH HU3KHUX KOHIEHTPAIMIX AHAIHTA
Huzkuli ypoBeHs paccesHHOTO CBETA — H3MEPEHH [IPH BBEICOKUX ONITHYCCKHUX MIOTHOCTSX
Berpoennas cucrema nosepkr Ipubopa (IPV) — Tectupopanue crexrpodioroMerpa Ha COOT-

BETCTBHE TEXHHYECKHM XapaKTCpHCTHKaM H TpebopanusM GLP

Lambda 25 — cnektpodoTtoMeTp ¢ (GHKCHPOBAHHOW CHEKTPAIBHON INMPHHON menx 1 HM,
COOTBET-CTBYIOIIUH TpeOoBaHusM AMepukaHckoM, EBponefickofi H JAPYTHM HAIHOHANLHEIM
thapMakoneaM. Ynpasierne npHOOpamM, IOIyYeHHe M 00paboTKa MaHHBIX OCYIIECTBIETCS C
NEPCOHANIBHOTO KOMIIBIOTEpa ¢ noMonisio 110 UV WinLab
IIpubopel MOryT XOMIIIEKTOBATBCA KIOBETAMH DPAa3TUYHOH JUIMHEI H o00beMa, CHC-TeMamu
aBTOMAaTHYeCKOH CMEHEl KIOBET M TEPMOCTATHPOBAHWS KIOBeT (BomdgHoe W IlesnnThe); aBTO-
7103aTOPOM, OEpKaTeIIMH I TBEpABIX 00pasIoB U reiei, UHTerpupyiomei chepoit 1 BOJIOKOHHO-
ONTHYECKOH CHCTEMOM IS MUCTAaHIMOHHOTO aHaNH3a, NPHUCTABKAMH JUIs aHAIH3a 3e€PKalbHOro OT-
paxkenus W IPYTEMH IpHCTaBKaMHM M akceccyapamu. Kpome toro, Ha 6ase crnexTpodoTOMETpOB
MOTYT OBITb CKOHQHIYPHPOBAHBEI CHEUHANBHBIE CHCTEMBI JUISI 4HANHM3A PACTEOPHMOCTH
NEKAPCTBEHHBIX NPENapaToR H [IPOTOYHO-MHXKEKIMOHHAS CHCTEMAa IS HEIPEPEIBHOIO MOTOUHOIO
aHanu3a.
6) Mnozogynryuonanvhutii nianuemustti ananuzamop VICTOR X3 (PerkinElmer)

MHoroyEKIIHOHANEHEIE AHATH3ATOPE! IIPEeiHAZHAYEHBI jUIS PAa3IHYHBIX BHAOB ACTEKI[HH

OITHYECKWX CHTHAJOB B NnamedHoM ¢opMare, 33 HCKIIOYEHHEM pPaIMOMETPHUYECKHX METOMOB:
dotomerpus; YD-doromerpust; Gpuuoopecuennus; QIHOOPECUEHLNS ¢ pa3pellcHHeM [0 BpeMeHH;
NoNspu3alHoHHas (urroopecleHlns; moMuHecnenus;, AlphaScreen; Label-Free. Amamusaropst
PerkinElmer o0magaroT npeBOCXOAHOH UYYBCTBHTENBIIOCTBIO, THOKOCTBIO IO TIpeiaraeMbIM
KOHQHUTypalHsM IIOJ pa3IuyHble II0NL30BAaTeNbCKHE 3afadd W MHOTO()YHKIMOHAIBHOCTBIO,
HETIPEB30MACHHLIME TEXHHYECKAMH XapaKTepHCTHKaMH. AHamuzatopsl PerkinElmer nmipoxo
H3BECTHEI BO BCEM MFMpEe M 3aBOEBANM HEOCNOPUMYIO PpeOyTalHio. AHaIH3aTOPEl MOTYT
HCIIONIb30BaThCA KaK JUIf PYTHHHEIX JTaOOPAaTOPHBIX HCCACNOBAHUIT B HAYYHBIX M MEIHIHHCKHX
nabopaTopuax, Tak H U1 BBICOKOIPOM3BOAMTENBHEIX MNPHIOKEHHH B (apMalEBTHYECKHX H
frorexHonorudeckux nadoparopusax. O6nacTH IpUMEHESHHS: MOJICKYIAPHAL H KIeTOYHasl OHOJIOTHS;
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TEHETHYECKMH 4HAIM3 W TeHOTHNHPOBAaHHE; MMMYHOGMEpMEHTHBI aHalu3 H (hepMEeHTATHBHLIE
PeaKiyy; AHAIM3 aKTHBHOCTH PELENTOPOB H MOJNEKYJAPHBIX B3aMMOJCHCTBUMN; xsaHTH()HKAIM;
TOKCHKOJIIOTHUECKHE U 0aKTepHOIOTHIECKHE HCCIICAOBAHUS 5 T.I.
Anamu3aTopsl MOTYT paboTaTh Kak caMOCTOSTENEHO, TaK H B COCTaBe MHOrO()YHKIHOHAIBHBIX
POGOTH3HPOBAaHHBIX KOMIDIEKCOB.
Texnonorun getexnun
@moopecyenyus: MsMepenue cooTHOMEHHUs (MIOOPECEHNIMK Ha IBYX JUIMHAX BolH, Mamepenune
(IIOOPECLIEHITNN CHU3Y B CBEPXY NMaHIeTsy, [Tonapusayuonnas puoopecyenyus; Orioopecyenyus,
omcpouentas no gpemenu (TRF): JIpyxoxonnas TRF, Mamepenue smuccun Ha ABYX JIHHAX BOJIH,
Jhosunecyenyua: Ilocrosnnas mromusectienys (Glow), MMmyascHas momurecnennua (Flash),
JBoliHas (koMOUHUpOBaHHAA) OMUHECHeBIUA, Pomomempun 6 eudumoii obracmu, Y-
gomomempus
Dopmam naanuten: 1 - 1536-1yHOUHEIC IIAHIIETHI
Bempoennoiii wedikep: TpU pekuMa; JIMHEHHLIH opOUTANBHEIR, 1BOHHOHN OpOATANEHEIH
Bempoennwviii memnepamyproiti konmpone: ot + 2°C Bele TeM-pbl 0Kp. cpenst 10 50°C
Onuynu: nucnencepsl 1-4 xanasa; crexeps! Ha 20 vy 50 nnaHIneT; CYMTHBATEb INTPUX-KOJO0B;
paznuunbie QHILTPEEL DY kpacHo#i 00MacTH CreKTpa s YCOBEPIICHCTBOBAHYS PaboTE 110
texunoaorHsM LANCE w TR-FRET
2. JlabopaTopus peHTreHOBCKOI HATHOCTHKH MaTepHanos (aya. 108-4)
Ob6opydosanue:
1) Penmeenoecxuii Ougpaxmomemp Bruker D8 ADVINCE
D8 ADVANCE — 310 caMbIif COBpeMEHHBIH, Ha CCTOMHSIIHNMN JIeHb, J1abopaTopHbIi
IudpaKTOMETp U3 IpecTaBlIeHHEIX Ha prike. D8 ADVANCE rio3sonser pemars IpakTHIECKH
BECHh KOMILIEKC CYIIECTBYIOIHX 3a1a4 B 00NacTH MOpOIIKoBol qudpakromerpun. B npubope
peanu3oBaHa NPHHITANHATLHO HOBAsS KOHIENIUS MOCTPOEHHS MOAYILHBIX CHCTEM
DAVINCI.DESIGN, xoTopas cyLecTBeHHO yHPOUIAET IPOLUECcC KOHOUIYPHUPOBAHHS
madpaxtomeTpa. [lepexon ot reomerpun Bperr-BpeHTaHO K napaniensHo-IydeBoil ONTHKE
IIPOMCXOJHUT MaKCHMAIBHO ObIcTpo Gnarogaps HoBolt penTrenoontideckoit TWIN-cucreme, B
KOTOPO# COBMENIEHB! TpalHIIMOHHBIE eI U 3epKailo ['€0end, nepeKnioueHne Mex1y KOTOPhIMH
TIPOUCXOAMT apToMaTH4ecKy. HoBas pentrenosekas TWIST-TpyOka nozeossieT 0CymecTBIATE
IIEPEKIIHOYESHUE MEXTY TOUCUHBIM U THHEHHBIM (hOKYCOM.
Hudpaxromerp D§ ADVANCE naet BO3MOXHOCTE HPOBOJIUTE HCCIEN0BAHII MATEPHATIOR B
Pa3HYHBIX YCIOBHAK: OXJIKATE Oo TeMmneparypel 10 K, garpepats mo 2000°C, co3gaBatk YCIOBHS C
IIOBEIIIEHHOH BIXHOCTEIO. [IpH ananmze B KOMHATHBIX YCIOBHSX CIIEHHANBHEIC 3aTPY3YHKH
00paz1LioB MO3BOIAIOT ABTOMATH3HPORATE NPOLECC U3MEPEHHSL.
BayHol cocrapnsromel 4acThio COBpeMEHHOr0 AubpakToMeTpa ABIIeTCs eTeKTop. Petuenns ot
Bruker AXS sxmo4aror B ce6s MOIHBIH CIEKTP TOUEUHLIX H MO3HIHOHHO-9yBCTBHTEBHBIX
neTekTopoB. B nudpaxromerpe D8 ADVANCE M0OXKHO UCIHONB30BATE SHEPrOAHNCIEPCHOHHBINA
nerextop Hosoro nokonerud SOL-XE 1 yxe 3apekoMeHioRaBIuHe ce0s B pasiHyuHbX
nudpakToMeTpax oT Bruker AXS nuHaMuveckHe CUHHTHIIIAIMOHHEIE IETEKTOPE! M THHCHHEIE
netektopsl LynxEye u VANTEC-1.
¢ KauecTBeHHBIY ¥ KOJIMYECTBEHHEIN aHAM3 KPUCTAIUIHYECKHX (a3,
o  CTIpyKTypHEIH aHaNK3.
s OnpesencHye pasMepoB KPUCTATHTOB.
¢ AHajHu3 CTPYKTYPHBIX H3MEHEHHH KPUCTAINIHYECKHX (a3 IPH H3IMEHEHUH TeMIICPaTypsl,
BJIAMHOCTH U JABICHUA C UCHONL30BAHMEM COOTBETCTRYIOIINX KaMmep.
» DBBICTPHIH aHANH3 ¢ IPHMEHEHHEM [I03NOHOHHO-IYBCTBUTENLHOTO JETEKTOPAE.
e ApromMaTmueckuil pesxuM cOopa JaHHBIX U JaibHeknas 06paboTka pe3yasTaToB
nporpaMMHEBIM naxetoM DIFFRACP
2) Penmeenoghnyopecyenmuerti cnexmpomemp ARL ADVANT X Thermo Scientific (USA)
Texaudeckye XapakTepUCTHKH:
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e BEICOKO3(hEeKTHRBHAS PEHTTEHOBCKas TpyOKa 4-ro mokonerus ¢ Rh anofoM ¥ TOHKEM TOPIEBHIM
Be oxuom (0,075 vm);
MaKCHMaJIbHAas! MOLHOCTE 5 KBT;
IPOMOPIMOHAIBHBE poTounklit gerexrop (3000 nmn/cex);
CHCTEMBI BpallleHHs Ipod U NPOrpaMMHEPYEMBIX KOJILTUMATOPHBIX MACOK;
IHaTa30H aHaTu3npyeMEIxX KoHerTparuii ot 0,0001 go 100 %;
JIBYXKOOPAMHATHEIH ripobonogaTynk Ha 98 xoaupoBaHHEIX ITO3MIN 114 Ipod B KacceTax.
Haripapnerust HCIIONBE30BAHMA:
» sneMmeHTHEI adHanu3 oT Be no U (ot ppb no 100%) obpasuos B BiAE METAIIIOR, IIPECCOBAHHOIO
1 CBODOAHOTO TTOPOINKa, CTEKON H KHIKHX IIpod;
®  aHANW2 Mace’, NOJUMEPOB, LIeMeHTa, TOPHEIX ITOPOJT, CTEKOI, METAJLIIOB, Py, OTHEYIIOPOB,
ICONIOTHYCCKIX MATCPHATIOB.
3. Jlaboparopus 2D- 1 3D HAHOCTPYKTYPHPOBAHHBIX HOKPBLITHI (aya. 119-4)
Kpamxas xapaxmepucmuxa NOMeujeHus.
O6mmas nnomank — 102 kB.M (2 sraxa). 1 stax — naboparopHoe U IPOU3BOICTBEHHOE 000pyIOBaHHE
(67 xB.M), 2 atax — yueOHbIH Knacc Ha 15 nocanounsix Mect (36 xB.M). COOTBETCTBYIOT HOpPMaM
CanlluH 2.2.1./2.1.1.1278-03, CaunlluH 2.2.4.548-96, CanlluH 2.2.2/2.4.1340-03, CanlluH
2.4.3.1186-03, IIII6 01-03, Cuull 21-01-97, Cauil 23-05, HIIb 104-03
Ob6opyodoeare:
1. VeranoBka a9 HaHCCCHHS  HAaHOCTPYKTypupoBauHBIX  HokpeitHit  UniCoat  600SL+;
TIpounzeoaurens — PO, rox sritycka - 2008.
YcraHoBKa JIA HAHECEHUS HOKPBITH MeTogoM PVD ¢ MakcUMallbHOH TOJIIHHOM MHOIOCIIOHHOIO
COHIOBHY-TIOKPHITHS 10 20 MKM Ha Bech JHalia30H HCIO0AB3YEMOr0 KOHIIEBOI'O HHCTPYMEHTa C
CHCTEMOM BH3yaIH3allHH, YIPABIEHHS B TEPMOMETPHPOBAHKS TEXHOIOTHIECKOTO IIpoliecca B
TEYEHHEe BCEro HKNIA H3TOTOBICHNA. OCHORBHBIE THITBI OKPBITHH: TPagHIHOHHEBIE HOKPRITHA — TIiN,
TiCN, Ti-C:H; 3D-HaHOKOMIIO3HTHEIE IOKPEITHS; 2D-HAHOKOMIIO3HUTHBIE IIOKPLITHS U IIIEHKHY (B
TOM YHCIe anMazononobuse)- cymepnartuku. CootBercTByeT Tpeboranusam OCT 107.444.0001.004
[IAKP440310.002TY
OcrosHble mexHUYecKue XxdpaKmepucmuxy: pasMep MulneHeH, MM - 492x78 , mwHMpHHa 30HEH
3((EeKTHBHOIO PACIILUICHHS MUINEHH, MM — 72; rabapWTHEIE pa3MEpBl MAarHETPOHOB, MM -
550x105x60; - BoaMOXKHOCTE paboThI Kax oK Napel B IyalbHOM PEKAME; KONHYECTBO MAaTHETPOHOB,
T, — 4; BRIXOZHAS MOLIHOCTE, KBT - 2x12; BbxXOjHOM TOK, A - 0.5-20; 6JI0K IHTAHUSI MAaTHETPOHOB
HMOYIBCHBIH ¢ 3amaBaemoit yactotoit 0.1-40 xI'n, ocHaien cucreMolt crabuim3allii napaMeTpoB U
CHCTEMOH JIYyTOTalleHus; BO3MOXKHOCTE paboThl 0710Ka B AyaIbHOM PexXMMe H He3aBHCHMOH paboTel
Ka)KJ0TO KaHaia; AHaMeTp HHCTpYMEHTa, MM - 0T 2 1o 200 MM; pasMepsl BaKyyMHOH KaMephl, MM —
600 x 600 x 600
2. CranuoHapHas yCTAHOBKA JUIs H3MEPEHHI MHKpoTRepaocT HVS 1000
[Tpouseomutens — Tairaus. [IpegHazHaueH I W3MEPEHHS. MEKPOTBEPIOCTH B TOM YHCIC H
TIOKPEITHI.
3. UcnrITaTenbHas CHCTEMa Ha pacTSKeHHe TepMoKkaMepod WDW-100
JKectrocts cunoBoi pamer: 100 xH/mM, Haubonpmas npeaensras Harpyska: 100 xH (10 Tc); Tun
IpUBOJA: SNiekTpoMexanuyeckuii, TodHocTs wusmepeHus Harpyskm: +1,0%(me 3zakasy 0,5%),
Jluanazon wamepenust Harpyaxu: 400 H ~ 100 kH; (0.4%-100% mnomgoit mKanel, aBTOMAaTHIECKH
IIepeKIoYacMble IKaael), 6 mxan, Paspemenue narpysxu: 0,001% FS , Juanazon msMepenus
aedopmanun: 2 — 100%, Tounocts usmepenus nedopmanmu: £1,0%
4. Kanorecrep CSM CA'T (Mogens CAT-S-AE), IIpoussozutens: CSM (Illeekiapus)
5. Muxpoxomurectep CSM MCT Hpoussomurens: CSM (LIseiinapris
6. Tpubomerp CSM (Mosens TRB-S-CE-000) Ilpomssomurens: CSM (HIseiinapus)



8. OBECIIEMEHUE OBPA30OBATEJIBHOI'O IPOLUECCA AJI51 JIML C OB3

8.1. YueGHo-MeToAHTeCKHE MOCOOHA A JHI ¢ OIPAHHYEHHLIMH BO3MOKHOCTAMH
3X0POBbS

Y4eOHO-METONUYECKHE MaTepHaNbl I CaMOCTOSTENBHOH W aymUTOpPHOH  paboThl
oOyyaroliExcsd H3 9Hcda HHBAIMIOB TIPEOCTABIAIOTCA B (QopMax, agalTUPOBAHHBIX K
OTpaHHYEHHAM HX 3[0POBBS H BOCIPHUATHI UH(OPMALIHH.

JUIs UL ¢ HapyIIeHASIME 3PEHEA:

— B (hOopMe BMEKTPOHHOTO JOKYMEHTA,

— B rie4aTHOH hopMe yReNHYeHHBIM IPHQTOM.

JIst uI ¢ HapyIIeHHsIMH CyXa:

— B (hopMe ANEKTPOHHOTO TOKYMEHTA;

- B IIe4aTHOI opme.

Jiist v ¢ HapyIIeHHsIMH OTIOPHO-IIBUTATEILHOIO allapara:

— B (hopMe INMEKTPOHHOTO TOKYMCHTA;

— B nedatHoit Gopme.

8.2. MaTepuaabHO-TeXHHYECKO0e oDecIerieHHe THCIAILTAHEI Auia ai ¢ OB3

Ocpoenue Jjucumiumesl JunaMe ¢ OB3  ocymecTBISETCS © HCHOJB30BAHHEM CPEJICTB
ofbyueHus 00LIErO U CHCIIHAIBHOTO Ha3HAUCHHIA.

Ilpn ofOy4eHHM CTYOEHTOB C HAPYMEHWAMH CIyXa OPeIyCMOTPEHO HCIONB30BAHHE
3BYKOYCHJIHBAIOIIEH ammapaTyphl, MYIBTHMEAMHHBIX CPEINCTB M JPYTHX TEXHHUECKHX CPElCTE
opueMa-niepefaun yueOHoH mHGoOpMaliy B NOCTYIHEIX dopMax AN CTYIEHTOB ¢ HApYNIEHHSMH
cllyxa, MOOHNBHOM cHCTeMBl OOydYeHHsS IId CTYOEHTOB C MHBATHIHOCTBIO, IIOPTATHBHOM
HHAYKIIMOHHOH CHCTEMEI. YueOHAd ayZHTOPHUH, B KOTOPOH 0OY4YaroTcs CTYAEHTHI ¢ HApyIIEHHEM
ciryxa, o0OpyIOORaHA KOMIBIOTEPHON TEXHHKOH, ayJHOTEXHHKOH, BHIEO-TEXHHKOM, 3NEKTPOHHOMN
OOCKOH, MYNTETUMEIUHHON CHCTEMOHR.

IIp oOy4eHMM CTY/ACHTOB C HapyHIEHHSMH 3pEeHHS NPedyCMOTPEHO HCIONb30BAaHUE B
JIEKIMOHHBIX B y4eOHBIX ayIHTOPHSX BO3MOKHOCTH IPOCMOTPa YHAJCHHBIX 00BEKTOB (HAaImpHMep,
TEKCTa Ha AOCKe WIKM chnafija Ha 5KpaHe) Npd NOMOIIM BUASO YBEIWUHTE/ICH I YAATCHHOTO
OPOCMOTpa.

IIpu obyueHnH CTY/IEHTOB ¢ HapyIIEHUSIMH OIOPHO-ABUTATENBHOTO alIapaTa UCHOIB3YHOTCS
albTepHaTHBHEIE YCTpoifcTBa BROJa HH(pOpPMAHH W JOpyrue TEXHHYECKHe CPEeICTBa NpHeMa-
nepenadn yucOHoH mHpoOpMauM B JOCTYIHBIX GopMax /Uil CTYXEHTOB ¢ HADYIIEHHSMM ONOPHO-
IBUTATENBLHOTO amnapara, MOOHIEHOH cucTeMBl 00ydeHRS JUIL JII0JeH ¢ HHBATMIHOCTRIO.

8.3. Tpebopanns k ¢oHIy ONEHOYHBLIX cpeAcTB As aay ¢ OB3

M1 CTymeHTOB C  OrpaHHYEHHBIMH  BO3MOMKHOCTSMH  30POBLS
JNOHONHUTENBLHEIE OLEHOYHEIE CPENICTRA, IEpedeHb KOTOPEIX YKa3aH B Tabmume 1.

Tabanna 1 — JoNONHATENBHEIC CPeNCTRBA OLEHUBAHUS JUIS CTYAEHTOB ¢ UHBAITHJIHOCTEHIO

TIPEAYCMOTpPEHB!

Kareropun Bungt
CTYREHTOB CpEACTB

JOHOITHHTENEHBIX OUSHOYHLEX q)Oprl KOHTpOAA H OLICHKH

pe3ynLTaToOB OGyIeHHS

C napymeHHAMH TecTst, NAcEMeHHBIe 1a00paTOPHBIE
Cliyxa paboThl, BOMPOCE] K 3a4€TY, KOHTPOJIbHbIE
paCoTel

TIpeuMyllecTBEHHO MHChMEHHASL
ApoRepKa

C HapymeHHAMY CoBeceioBaHKe 110 BONPOCAM K 3K3aMeHy, | [IpeHMyINeCTBEHHO YCTHAS MPOBEPKa

IpeHHs

ONpOC 0 TEpMIHAM

{MHIBHAYAIBHO)

C Hapywenusmu
OTIOpHO-
JBHTaTEIEHOTO

Pelenye AUCTAHLHOHHBIX TECTOR,
KOHTROJILHEIE pa60'r51, TIHCBMCHHEIE
na6opaToprIe, CaMOCTOATENLHEIC

[penmMylnecIBeHHO
IUCTAaHIHOHHBIMU METOBAMU




18

anmnapara pal0Thl, BOTIPOCH! K DK3aMEHY

C orpammiennaMi | TecTsl, MUCBMEHHEIE IAOOPaTOPHEIE, [TpenmyrecTBEHHO IPOBEPKA

o CAMOCTOATE/bHRIE PAOOTHI, ROIPOCH K METONAMH, HCXOAA U3 COCTOAHNUA
06ImEeMeAHUHHCKHM | DK3aMEHY, KOHTPOALHLIE paboTEl, YCTHRIE | 00Y4al0Ilerocs Ha MOMEHT IIPOBEPKH
TIOKA3AHUAM OTRETHI

8.4. Meroaguyeckne peKOMEHJALHM MO0 OLUEHOYHBLIM  CpeXcTBaM IS JHO ¢
OrpaHHYeHHBIMH BOZMOKHOCTAMH 300POBES

Hna crymentor ¢ OB3 mpenmycmartpuBaercst mocTymHas (opMa MpPenoCTABICHMSA 3aJaHui
OIIEHOYHBIX CPEJICTB, & UMEHHO:

* B nedatHo# Qopme;

* B euaTHoi QopMe ¢ yReNnudeHHbIM LIPUPTOM;

* B pOpMe 3NEKTPOHHOIO AOKYMEHTA;

* METOJOM UTEHHs aCCHCTEHTOM 3a/IaHHU BCIYX;

* IpeI0CTaBICHUE 3a0aHHS C HCMOMR30BAHHEM CYPJOTIEPEBOIA.

CryneHTaM ¢ HHBAMIHOCTBIO YBEIMYNBACTCS BPEMS Ha IIOATOTOBKY OTBETOB HA KOHTPOIBHEIE
BOTIPOCEHL

Jitst Takux CTYIOEeHTOB IIpeAycMAaTpHBaeTcsl NOCTYIHas (popMa IPefoCcTaBIEHHI OTBETOB Ha
3aaHusl, 8 MMEHHO!

— IIMCBMEHHO Ha Oymare;

— HabOop OTBETOB HA KOMIILIOTEPE;

— Habop OTBETOR € HCIIOJIL30BAHHEM YCIIYT aCCHCTEHTA;

— IIPEJCTABIEHNE OTBETOB YCTHO.

Iponenypa  oueHMBaHHS  pe3ynbTaToB  OOy4YeHHMs  MHBaIUAOB IO JHCLHIUIHHE
IpeAyCMAaTpHBaeT NIPEeAOCTaBIeH e HHpopMannuy B GopMax, ajanTHPOBaHHEIX K OTPAaHHYEHHAM HX
3J0POBBS M BOCIPHATHS HH(POPMALTHH:

Jlts a1 ¢ HapyIIeHUAMH 3pEHHS:

— B (hopMe 37IeKTPOHHOTO JOKYMEHTa;

~ B IIe4YaTHOH (opMe yBelHYeHHEM HpudTOM.

JIns L ¢ HapyIueHHaMK CIyXa:

— B hopMe INEKTPOHHOIO TOKYMEHTA;

— B IIeUaTHO#H Qopme.

JUis Ui ¢ HapyIIeHHAME OIIOPHO-IBUTATEIBHOIO alapara:

— B (opMe NEKTPOHHOIC HOKYMEHTA;

— B nievaTHol Qopme.
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