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1. OEJH OCBOEHMS JTHCHHMITJIUHBI

Lenvio  Oucyuniuner  SBJSETCH  M3YUCHHE  TEOPETHYSCKHX,  TEXHOJIOIMYECKHX U
9KCIIEPUMEHTANBHEIX OCHOB MONYHSHUSA HAHOCTPYKTYPHPOBAHHBIX MOKPHITHH B MalIMHOCTPOCHUM.
OTo0 moapazyMmeBaeT OCEOSHHE H pEIICHHS pPsJa B3aHUMOCBA3ZAHHBIX TCOPCTHHUCCKHX, HAyYHO-
HCCNEHOBATENECKUX 1 MPAKTUIECKHX 3a1a4.

Sapaun:
- ONyYeHUe TEOPSTHYECKMX HABBIKOB ¥ KOMIETEHIHE B oONacTH CymecTBYIOUHX K
HEPCHCKTUBHBIX TEXHONIOTUH MOAYYEHHS HAHOCTPYKTYPUPOBAHHBIX M HAHONOKPLITHI;
~ QU3UKO-XUMUUECKITX OCHOB ITOAYYCHAS PA3IMYHBIX BHICR TIOKPRITHIL,
- OCHOB MareMaTHYeCKOI'0 MOJSIMPOBAaHHA JaHHBIX NpOLECCOB, AaHATU3E HOBBIX obmacTeit
HCIONB30BANMS DOKPLITHH B MAIIHIOCTPOCIIKM;
- AMArgoOCTHKE M HCOLITAIMAX IAICMAaTepHATIOB H  NANOCTPYKTYPHPOBAIIILIX MOKPLITHH 1B
MAIIHHOCTPOSHHN;
- IPAKTHYECKHUX HABHIKOR B OONACTH NOIYUEHHS MOKPBITHI

2. MECTO JUCIHMIIJIMHBI B CTPYKTYPE OIIOII

Huciunmiaa «MeTombl IToNy4eHH HaHOCTPYKTYPHPORAHHEIX MOKPHITHH B MAIXHOCTPOCHHH Y
OTHOCHTCS. K YacTH JUCHMINME, (QOpPMHpYeMOH yuacTHHKaMi 00pa30BaTeIbHBIX OTHOIMEHHH
yuebHOTO IUTaBa NoXroToekn Oakatagpoe 1o Hanpawieswio 28.03.02 nocne o0s3aTensHOIO
OPOXOXKAEHUSE RUCUMIUH  «MeToAsl JWArHOCTAKM B HAHOMHXEHEpWH», «Bpemenume B
HAHOHHKEHEPHIOY, «QOcHOBEI HaHOTEXHONOIHH B MalIHHOCTPOCHHUH Y, «DuznKay,
«MarepuanopenieEney, «DHIUKO-XUMHUYECKHE OCHOBEI HaHOTexHonoruity. Cneayer obparuts
BHHMMAHME, YTO NapaluIe/IbHO C 3THM KypcoM H3yuaercd Kypc «Meroibl HAHECEHHs BaKYYMHBIX
PVD-noxpeiTHit»y, B KoTopoM 0H0NBIIOE BHUMAHHE YACIAETCS WMEHHO ATOMY KJIaccy IIOKPBITEHIA,
IIO3TOMY LAHHEIM Matepuan 3iech OyJeT HaBaThes B KOHTEKCTE O3HAKOMMTEILHOTO. JHCHMIIMEA
ABNIAETCA OFHOI W3 OCHOBHEIX B IICIYYCHHM HAHOCTPYKTYPUPOBAHHBIX IIEHOK M IOKPEITUH, & TAIOKE
HAHOpa3MepHBIX OOBEKTOB pasNMUHOIO HasHAYeHWH, W Oa30BOH I HM3YUSHHS TIOCHENYIOIIHNX
macipTrH OOl B ToM gree Uit BhIITyCKHOM KBAIUHKAIHOHHOH paboTst,

TIpy w3yuyeHHMH OUCIIUILIMHBI PacCMaTpPUBAIOTCH BONMPOCHI TEOPETUUECKOTO Xapakmepd, a
HMMEHHO: Kiaccu(puKalks MCTOJOB K TCXHOJOTHH IIOAyYCHMs pa3IMUHBIX [OKPBITUH; 0030p
(u3AUeCKHX NPHHIMIOB M OCHOB TONYHEHHS MMOKPHITHE B MAITHHOCTPOEHHH; YCTAHORKH A
IOJNYYCHHUS MOKPBITHH; aHam3 obilacTell UCHONBL3OBAHUS HAHOCTPYKTYPHPOBAHHBIX MOKPEITHH B
oTpacisX MAaIIHHOCTPOeHWS. bodelioe BHEMaHHE YOSTACTCS H3YYCHHIO  COBPEMEHHOIO
TEXHOJIOTHYECKOro 00OpyHOBaHWA 1714 HAHECEHHS IOKPHITHH, B TOM 4HMCHE ANd TOMydeHHS
IEKOPaTUBHBIX, KOPPO3UOKHO-CTOHKHMX HOKPBITHI, a TAaKXKe IIOKPEITHE MeTanioo0pabaTHBaIOEro
HHCTPYMEHTA, OCHACTKH, OTBETCTBEHHEBIX JIeTaNei.

B pamxax wM3ydcHMS ZDHCLUIUIMHBI HPUOOPETAIOTCH MPAKMUNECKUC HAGLIKY padomel ¢
YCTaHOBKaMHM [T HaHeCeHWS TIOKPHITHH, TWOJMTOTORKH MOBEpPXHOCTEH IIOX  HAIBUICHHE
MEXaHHYECKMMH, XUMHYECKMMM M  (QH3MYecKMMH  METOJAaMM; HaBeIKaMM  paboTBl ¢
SKCIIEPHMEHTANEHEIME NpHOOpaMU M YCTAHOBKAMH JUBL [POBEPKM (PH3MKO-MEXAHHHCCKHX,
XUMHUECKHX, CTPYKTYPHEIX H TPHOOMOTHYIECKHX CBOHCTB NMOKPHLITHH M MOATOTOBKE OOPa3moB Myis
3THX HCCIENOBAHHUM; 4 TAKKE HaBBIKM paboThl C [OIYYCHHBIMH H300paKCHHAMH H Pe3yibTaTaMu,
KOMIBIOTEPHOHN 00paboTKO# pe3ynbTaTos.



3. ILNAHUPYEMBIE PE3YJIBTATbIL OBYUEHMSI IO IUCHUTIIINHE

[inanupyemele pesyibTaThl O00yYeHHS 0O IWCOMILIHEHE,

COOTHECECHHDLIE C HIaHHpPYEeMBIMH

pesyasraramu ocoerns OO (koMIeTeHNusIME H HHMKATOPAMH JOCTHKCHUS KOMIIETEHIIHN)

Dopmupyemeie

IIJ'IHHHPYSMHE Pe3YIbTaThl OGY‘IBHH}'I 1o ARCUHIINHHE, B

Haumenopanue

KOMITETEHLIMHK COOTBETCTEHM C HHJIMKATOPOM JIOCTHKEHUS KOMIETEHIUH OLIEHOMHOI'O CPECTRa
(kon, cogepsKarye Hupukarop poctmsxeHus PesynrTaThl 00Y4EHMS 11O
KOMIICTCHLIHH) KOMITeTEHLIMH JHCUHTINHHE
(r00, cooepaicarye
uHOUKaMOPQ

[TK-1. [IK-1.1. 3HaeT THHOBBLIE 3HaeT THNOBEIS METOIHKH TecToBble BONpPOCH
Cnocoben METQIHUKH KOMIUICKCHOTO KOMIUIEKCHOTO AHATIMRA [tpakTHKO-
HCIIONIB30BATE aHanyaa CrPyKIyphbl U CIPYKTYPbI M CBOHCTS OPHEHTHPOBAHHOE
METOAMKH CBOMCTE HaHOCTPYKTYPHPOBAHHBIX sayaHne
KOMIUIEKCHOI'O HAHOCTPYKTYPHPORAHHEIX NOKPBITHIA.
aHaTM3a CTPYKTYPBI | MaTEpHanoB. YMeer NpoBROJIKTh
M CBOHCTB I1K-1.2. ¥Ymeer npoBogute HCCIIEZIOBAHUS CTPYKTYPHI U
HAHOCTPYKTYPHPOB | HCCHeA0BAHHA CTPYKTYPBI U CBOIICTB

dHHBIX MaTEpHAIOB

CBOMCTB HAHOMATEPHATIOB H | HAHOCTPYKTYPHPOBAHHDIX

LTS UCIIBITAHKH usAesnuit U3 HAX B NOKPBITHHA W W3Aenui.
HHHOBAUHOHHOH COOTBETCTBHY ¢ TexHHuYeckod | Brapgeer HaRrikaMu
NpOAYKLHH M IKCIITY aTaLMOHHOH KOMITIEKCHOTO aHANN3a
HaHOUHAYCTPHH JOKYMeHTaLueH. CTPYKTYPH! U CBOHCTR
ITK-1.3. Bnapgeer HapelkaMH | HAHOCTPYKTHPOBAHHLIX
KOMIUIEKCHOTO aHAITHzZa TIOKPBITHIA.
CTPYKTYPBI H CBOHCTB
HAHOCTPYKTHPORAHHEIX
MATCPHANICBE [I5 UCIIBITaHH
HHHOBALHOHHCH NPOAYKIINA
HAHOHHIYCTPHH.
IK-5. TTK-5.1. 3naer Tunossie 3uame: TecTorblie BONIPOCH
Crniocoben METOMEI [IPON3BOACTBA knaccuduranuo 1 metojsr | IMpaxrnxo-
TEXHONOTHUECKH W3OEHH ¢ MIOTYUEHHU OpHEHTHPOBAaHHOE
obecneunBaTs HAHOCTPYKTYPHPOBAHHEIM HAHOCTPYKTYPUPOBAHHEIX 3ajaHne
NIPOH3BOACTRO KEPaMUYECKUM IOKPBITHEM. | KEPAMHWYECKHX MOKPBITHIA.
u3fenuH ¢ IIK-5.2. Y™Meer nnavupoBath | Ywems:
HAHOCTPYKTYPMPOB | U NIPOBOAHTE MEPOTIPHATHA paspabarsisath
aHHBIM 110 pazpaboTke W3penui ¢ TeXHOAOTHUECKYO
KepaMHH4ECKHM HAHOCTPYKTYPHPORAHHBIM OCHACTKY A/ HONyHUeHH
TIOKPLITHEM. KepaMHYeCKHM TIOKPBITHEM B | HAHOCTPYKTYPHPORAHHBIX
YacTH, kacarouieHcs KEPAMUYECKHX TIOKPBITHH.

TEXHOJIOTHYECKOTO npouecca. | Baadenw:
[TK-5.3. Bnageer HaBbikaMM | HAaBLIKaMH pa3paboTKu

BBITIOJIHEHHSA TEXHOJIOIMHECKOr 0
TeXHOMOTHYECKHX ONepallMi | npouecca nony4eHus
LpoLEcea NPOU3BOACTBA HaHOCTPYKTYPHPOBAHHEIX
u3senyi ¢ KepaMHYEeCKHX MOKPHITHH,

HAHOCTPYKTYPHPOBAHHBIM
KEpaMUHECKHM NOKPEITHEM H
obCIyKHBAHHSL
TeXHOIOTHYECKOrO
060pYIOBAHMS.




4. OFBEM H CTPYKTVYPA JJUCITMILINHBI

TpynoeMKOCTh JUCIUIUIMHEL COCTABIACT 4 3a4eTHEIe eNHMIE], 144 qacon

Temarayeckuii IIaK
¢opma oBydeHns — ogHAR

KonrakrHas pabota o0yuarouuxcs Popmel
C TIe/larorHYecKuM paboTHHKOM TeKYLIeTo
KOHTpOJS
YCHEBAEMOCTH,
popma
IPOMEIKY TOUHOH
aTTCCTAlHK
(no cemecmpam)

Ne Haumenosanue tem w/unu
n/m Pa3aesioB/TeM THCIIUTIIHHEI

Cemectp

Hepens cemecrpa
Jlextiuun

HOAZOMOGKY
CPIi
CaMOCTOATENbHAN
paGora

| [IpakTHueckye 3aHATHS
@| NabopatopHsie 3paboThl
—| 6 hopme npaxmuvecioi

1 Pazaen 1 Beegenne B Kype. 5 16| 6 o 15 | Peiirunr-
Knacendrkanua MeTOOB KOHTpoas Nel,
HOAY4eHNA HOKPBITHH H CPII
¢ocoboB MOATOTOBKH
NOBEPXHOCTH.

1.1. O61uas XxapakTepucTHKA
HOKPBITHH U cIIOcO00B UX
HAHECEHHS,

1.2. MeToap! moAroTOBKYH
[TOBEPXHOCTH fijI8 HAaHCCCHUA
[IOKPBITHH.

1.3. Metous! cHATHA
ITOKPBITHH.

2 Pazaen 2. ®uzuxo- 5 8- 6 6 6 1 6 15 | Pefitnar-
XHMHYEKHE 0CHOBBI 11 KOHTpOIH Ne2,
Oy YCHHA CPII
HAHOCTPYKTYPHPOBAHHbIX
NOKPLITHH B
MANIMHOCTPOEHHN.

2.1. Crpoenue u cBOiCTBa
MIOBEPXHOCTH.

2.2. Hanounxenepus
TIOBEPXHOCTHBIX. CIIOCB.

2.3. [loBepxuocTHAad SHEprug
KPHCTAILIOE H €€ POJIb IIPH
HaHEeCEHHH TTOKPLITHIA.

3 Paznen 3. Texnonoraueckue 5 112-] 6 6 6 1 6 15 | Peiitunr-
NPoUECCHl MOJydeHHs 18 KOHTPOMB Ne3,
HAHOCTPYKTYPHPOBAHHBIX CPII
IIOKPBITHH B
MAHHOCTPOSHNH,

3.1. IIponeccel, mpoTekalonue
IpPH B3aUMOXSHCTBYHH
[IOBEPXHOCTH C BHEINHEHR
cpegoi, OCHOBHBIE [TOHATHSA




HpOLIECCOB ancopbdauuu.
3.2, OuzndeckHe MeTOJBL
HaHEeCEeHH IIOKPBITHH.
3.3. XuMH9eCKHEe MCTOIBI
HaHeCeHHs MOKPEITHIA.

Beero 3a 5 cemecrp: 18 |18 18 18 45 3KkzameH (274.)
Hanwupe s avcnuruine KIT/KP - “ - - - - -
Hroro rno aucuuniuie SOk3amen (274.)

Co,uepmamxe JIeKHHOHHBIX 3AHATHH 10 ARCHUILIAHE

Paspgea 1 Beegenue B kype. Knaceudguranns MErofos H0JyYeHHS HOKPLITHH U ¢HocoloB
IIOANOTOBKH HOBEPXHOCTH.

Tema 1.1, Ob1mas xapakTepHCTHKA TOKPEITHE U CITOCo0OB MX HaHECEHUs

Cozepxanne temsl. llokpeiTus B MamuHocTpocHMU. OO0Ias XapaKTepHCTHKA HOKPBITHH H
criocoboB MX HaneceHns. TpeboBanus, IpearaBngeMsle k nopepxuoctTy. Kiaccuduranns nporeccos
HAHECEHMs] META/UIM4ECKHX HOKpeITHH. OcCHOBEBlE MeTOAB! HaHeceHus. (CXeMmbl [POLECCOBR M
OCHORHBIE TapaMeTph! HAHECEHHS METANTHUECKHX TOKPBITHH (LIHHKOBEIX, aTIOMHHUEEBIX,
OJIOBEHHBIX, XPOMCOZEDKALIKX, IaKUPOBAHHEIX) OCHOBHEIC H 00IIHE IapaMeTPhl TEXHONOTHIYECKHX
TIPOTIECCOR ¥ MX BMHUSTHUE HA 3(heKTHBROCTS npouecca. Crocobbl # TeXHOIOIHIECKHE 0COOCHHOCTH
OTHENBHBIX BHIOB IOMYYeHHS METAUIMYECKMX IOKPEITHH. (DYHKIMOHANBHBIE CXEMBl YCTAHOBOK
HONYYEeHUA TIOIAMEPHBIX MOKPHITUHH. JlakoKpacousble MOKPBITHS H HX cnocobnl Hanecenus. Obume
TpeboBanud, NpeabsBiieMsle K yeTanopkaM. O030p yCTaHOBOK IS pa3fMHYHBIX BHAOB MOKPHITHIE.

Tema 1.2. Metoibl HOATOTOBKE HOBEPXHOCTH LI HAHCCCHHS IOKPBITHA.

Coaepxanue Templ OOmpe cBefieHMA O MOATOTOBKE TMOBEPXHOCTH. MeXaHHYECKHE H
XUMHYeCKHE cl10co0bl 0OpaboTku. IlpuHumMnel paboTel yIbTPA3BYKOBBIX, MECKO-H I'MAPOCTPYHHDIX
yctanoBok. Cxems! mimidosanwst u monumporarus, O0e3KUpHBAHEE U TPARICHHS

Tema 1.3. Merois! CHETHS NOKPBITUH

Coneprxanue TeMsl. MexXaHH9IeCKHe H XMMHUCCKHE cocO0B! CHsITHS [IOKpeITui. [IpuHiyie:
PabOTE! YCTAHOBOK Ul CHATHS IOKPBLITUH

Pazgen 2. OU3MKO-XUMHYCKHE OCHOBBI NOJYYEHHS HAHOCTPYKTYPHPOBAHHBIX
NOKPLITHHA B MAMUHHOCTPOCHHH.

Tema 2.1. Ctpoenue 1 cRoOMCTRA TOBEPXHOCTH.

OcHopHble TapaMeTpsl NOBepXHOCTH. CBeJieHWA © TOMONOrWH MOBEpXHOCTEH. BHmsr
HEOJHOPOAHOCTEH i nedekToB Ha noBepXHOCTHT, KX pois 1 MexaHu3M (OpPMEPOBAHHUS [IOKPEITHH.

Copneprxanne TeMEL

Tema 2.2. HanoHmXeHEpHs IOBEPXHOCTHEIX CIIOEB.

Conepxanme temst. M3MeHeHue CTPOEHHS TIPHIOBEPXHOCTHBIX CIIOEB NIpH 0OpasoBaHiu
HOBEPXHOCTH. ATOMHBIE KOH(GUIYpaLMM MOBEPXHOCTH BO3MOMKHBIE BAPHAHTEI DPACIIONOXKEHMA
TIPUCOEIHAONMXCS aTOMOB IIPU (BOPMUPOBAHHY CIIOS MOKPBITHS. XHMHYCCKas HCOAHOPOTHOCTE
noBepXHOCTH. OCHOBEI IOHATHA XMMHYIECKOH HEOTHOPOIHOCTH. XAMHUYECKad aKTUBHOCTE BENIECTRA.

Tema 2.3. [foBepxHOCTHAS 3HEPTUSL KPUCTAIOB ¥ €€ POJIb IPH HAHECEHHH TOKPBITHH.

Conepxanne TeMbl HeHachnuensibie CBI3M HA ATOMHO-INANKOH IIOTHO VIAKOBAHHON
IIOBEPXHOCTH KpHCTaIa Ha rpanule ¢ BakyymoM. Kpucrana Koccesns.

Pazmen 3. Texmosorudeckwe mpomecchl IMOJYYEHHUH HAHOCTPYKTYPHPOBAHMbBIX
NOKPBLITHI B MAIUMBOCTPOCHHH.

3.1. Tlpomecchl, TPOTEKAIOIHE TIPW B3AUMONEHCTBHMM IOREPXHOCTH C BHEINHEH Cpemoil.
OcHOBHBIE TOHATHS IIPOLIECCOB anCcopOaruH.

Coneprxanne Temsr Ancopbis i xeMocopOupd. OCHOBHBIC TOHATHS H ONPEACICHHA.

3.2. OQuzuyecKde MeTo/ B HAHECeHUS TOKPEITHHR
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Copep:xkarmue Temnl. TepMHYECKOe HCHADCHHUE HATPCBOM IMPAMBIM HPOXOMKIEHHMEM TOKa,
PAIMalMOHHEIM, MHAYKUIHOHHBIM HArpeBoM; NpPAMOE JNEKTPOHHO-JIYYEBOE WCIApEHHE; KATOLHOE
pacmblieHre; BRICOKOYACTOTHOE DACHBUICHHME; MAarHCTPOHHOE pAaclbUIEHHE; HOHHO-TYJeBoe
PacNBUICHHE; PEAKTHBHOE HCTIapEHWE H PACIEIIEHHE; HOHHOE OCAKIIEHHE,

Tema 3.3. Xumudeckue METOAbI HAHCCCHIS IIOKPLITHIA.

Conepxxanue  Tembl.  [IHpONHM3 JNETYyumX COEMMHEHHH METAIIOB M HEMCTAJIOB;
BOCCTAHOBNIEHHE JIETYYHX COCOUMHCHHN BCHOPOACOASPKAUIMME BEIIECTBAMH WITH TIapaMy METallioR;
THAPOJIN3 Ta3000pasHEIX TaNOTEHHIOB BONSHBIM [ApOM WM  BOASHBIM Ta30M; PEaklUM
TUCTIPOIIOPLUEOHHPOBAHIS, BEICOKOTEMIIEPATYPHOE APIMOE OKUCIHEHHE KACIOPOIOM ra3000pasHEIX.

Copep:xanne NPpAKTHYECKAX 3AHATHI IO THCIIAIHHE

Paznen 1 Beegenne B kype. Knacenduranna MeTog0B I10JyYeHMsI MOKPLITHI B cnocobon
IIOArOTOBKH TOBEPXHOCTH.

Tema 1.1. Ob1as XxapaxTepHCTHKA MOKPHITAR 1 criocoGoB MX HaHeCeHusl.

Copepixanne npaktudeckux samstuit: Kiaccnduxraums u yenoesble 0603Ha%eEds OKPHITHI
HA YepTe)Kax ¥ TeXHUHECKOH JTHTCpaType.

Tema 1.2. MeToznbI TOArOTOBKH ITOBEPXHOCTH A HAHECESHUS [IOKPBITHHA.

Coaepxanne NMPaKTHYECKUX 3aHSTHHA: TeXHONOTHYECKHe OCHOBEI YIBTPASBYKOBON OUHCTKH
TexnomoTHIeCKHe YCTAHOBKY LIS YIBTPA3BYKOBCH OUHCTKH.

Tema 1.3. Meron! cHATHS TOKPBITHE.

Copepxanne TIpaKTHYECKHX 3aHsATUil: TeXHOMOTHUYECKHE YCTAHOBKM IS YILTPa3ByKOBOM
OUHCTKH.

Pazaen 2. DOU3AKO-XHMHYEKMEC OCHOBBI IHOJYYeHHN HAHOCTPYKTYPHPOBAHHEIX
NOKPBLITHH B MALUHHOCTPOSHHM.

Tema 2.1. CTpoenue u cBoifcTBA TOBEPXHOCTH.

ComepxaHne NOpakTHYECKHX/abopaTOpHBIX 3amaTwit: M3MepeHuwe WIEpOXOBATOCTH M
TOTIOJOTHH TIOBEPXHOCTH PA3THYHEIX BUIOB IIOKPLITHHE,

Tema 2.2. HanoumkeHEpU IOBEPXHOCTHEIX CIIOEB.

Copepxanne npakTH9eckux 3ansTyi: OUcHKa QH3UKO-MEXAHHIECKUX CBONCTE TOKPLITHI,

Tema 2.3. [ToBepXHOCTHAS JHEPTHA KPUCTANIIOB U €€ PO TP HAHECEHUH TOKPBITHIA.

Conmeprxanne npakTHIeckyx 3aHsTHil. OLeHKa a[re3uy TOKPEITHI.

Pasgen 3. TexuoxorumyeckHe Tmponecchl MOXYYEHNH HAHOCTPYKTYPMPOBAHHBIX
NOKPBLITHIT B MANTHHOCTPOCHHH.

3.1. IIpoueccel, OpoTEKalOIHEe TIPH B3aUMONEHCTBHM TIOBEPXHOCTH ¢ BHEMHEH cpenoi.
OcHOBHBIE MOHATHA IPOUECCOB afcopbaum.

Copeprxanne mpaxkrtHyeckux sanatuit: TarenTHO-MHGOOPMALHOHHOE MCCISJOBAHHE HOBBIX
METOMOB IMONYYEHHUA IIOKPHITHIA.

3.2. Ou3uYecKue METOIB HAHECEHHS IOKPEITHHA.

ConepxaHue OPaKTHYECKHX 3aiaTil: Vi3ywenwe ycTpoMcTBa YCTAHOBKH BAKYYMHOTO
nHa"ecenus nokpertuit UNICOAT 600 SL+.

Tema 3.3. XumMudeckne METO/IBI HAHECEHHS TTOKPBITHIA.

Conmepxanne  npakrtudeckux — saHsTui:  IlarenTHO-UHGOPMALMOHHOE  MCCIENOBANHE
XEMHMYECKMX METO/IOB HaHECEHHS MOKPHITHH,

[NpakTrveckne 3aUATHA 110 JUCHHUINIMHE CTPOATCS CIELYIONINM 06pasom:
1. Beopuas wacth nipenofasartens (UeNM 3aHATHAS, OCHOBHEIE BONPOCH], KOTOPLIE JOMAKHBEI OBITH
pPaccMOTPEHEI).
Bermsiif onpoc.
Pewrenne 1 - 2 tTunonLix 3apay y gocii. (0,3 wac mann. 1 3).
CamocTosTenbHoe pelieHue 3anad. (1 yac).
Pasbop Tunoeeix cuumbok npu pemcHuy, 00bIBICHHe OLEeHOK o monyimo (0,5 1ac).

noa e
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Tpakryuueckue 3aHATHA 110 JUCLMILIHHE KPOME TPAIHLMOBHOH (GOpMBI [IPOBEIeHH? BKIIOYAIOT BLIC3LHEIe
3aHATHA Ha npeaAnpuatHs 1 HOLL, sanumarouecs HAHOTEXHONOTMSAMHI M MMEROIIHE BaKyyMHOE 000pya0BaHAE
Ul HaHeCeHHs TOKPBITHH. llpemycmoTpen wmacTep-wiacc ¢ BeAYIMMM creldanvctaMd B obnactu
HAHOTEXHOJIOTHH, CKAHMPYIOWEH H JIeKTPOHHOH MHKPOCKONMH W3 BeAyrHx BY3oB ctpausl ¥ NpeanpusTHii-
JIHJEPORB.

Coaep:xanne 1a60pATOPHBLIX 3AHATHIT N0 AUCIIMITTHHE

Pazgen 1 Beepenne B xype. Knacenpukaumna MeTOJ0B IIOJYUYEHHSI HOKPBLITHII M criocoboB
MOAr0OTOBKH NOBEPXHOCTH.

Tema 1.1. Obmas xapakTepucTHKA DOKPHITHI H ClIOCO0OB HX HAHECEHUS.

Conepxanue nabopaTOpHBIX 3aHATHIL: ONOrHYECKHE ITPOIECCH HAHECEH TS TIOKPRITHIA.

Tema 1.2. MeTozpl IOATOTOBKY IOBEPXHOCTH JJIS HAHECESHH S IIOKPLITHH.

Conepxanue naboparopHbx 3aHgsTHH: OupenencHHe TONMUMHBI HAHOCTPYKTYPUPOBEHHBIX
IICKPBITHI

Tema 1.3. MeTo b CHATHA TOKPBITHI.

Cogepaxanune 1abopaTOpHEIX 3arATHI: ONpeneneHue MUKPOTBEPIOCTH TIOKPBITHIA.

Paspen 2. Ou3uko-XMMHYEKHE OCHOBBI IOJYYEHHS HAHOCTPYKTYPHPOBAHHBIX
MOKPBITHH B MAITHHOCTPOCHHH.

Tema 2.1. CrpoeHue u cBOHCTBA IOBEPXHOCTH.

Conepxanne mabopaTopHbIX 3amsTai: Onpeneneane TpUOONOTHUECKNX XapaKTEPUCTHK
ITOKPBITHH.

Tema 2.2, HanourKxeHepHs IOBEPXHOCTHERIX CIIOER,

Coaepxarne Jabopatopublx 3aparuii: OmnpeneneHue (H3UKO-MEXZHHUECKHX CBONCTB
TIOKPBITHIA.

Tema 2.3. TloepxuocTHAsI DHEPTHS KPHCTAIIOR ¥ €€ POITh IIPH HaHECEHNH TTOKPBITHIA.

Conepxanne naboparopasrx 3assatuii; Hananka/nepenanagxa YCTAHOBKH AJSL IOJLyYEHHS
HAHOCTPYKTYPHUPOBAHHBIX HOKPBITHI.

Pazpen 3. TexwoaoruyeckHe Opouecchl [OJYYeHHS HAHOCTPYKTYPHPOBAHHBIX
NOKPBHITHH B MaAUIHHOCTPOEHHH.

3.1. Ilpouecchl, NpOTEKAOIIKME NPU B3auMOLEHCTBHM I1IOBEPXHOCTH C BHELIHEH Cpemoi.
OcHOBHBIE IOHATHA IPCIECCOB ancopOartnm.

Conepxanue naboparopHelx 3sauarai: Texmonmorumyeckue mponeccsr monyuenns 2]
HaHOCTPYKTYPHPOBAHHEIX TTOKPHITHH.

3.2. QusugecKue METOBI HAaHECEHUS TIOKPEITHH,

Conepxagme naboparopHbiX 3aHATHH: TCXHONOrHYECKHE IIpPoLecCHl mojaydeHus 3]]
HAHOCTPYKTYPHPOBAHHBIX MOKPHITHI.

Tewma 3.3. XuMuueckue MCTOAB! HAHECSHUS TOKPBITHIA.

Conepxanme  mabopartopurix  3aHSTHH:  TeXHONOTHYECKME  IPONECCH  HONYYEHHMS
IEKOPaTHBHBIX HOKPBITHH.

5. OI[EHOYHBIE CPEJACTBA JJIS TEKYINENO KOHTPOJIS YCIIEBAEMOCTH,
HPOMEKYTOYHOM ATTECTALIMH I10 HTOTAM OCBOEHMSA AUCIIUTIIAHBI
H YYEBHO-METOIUUECKOE OBECTIEYEHUE CAMOCTOATEJILHOMN PAGOTHI
CTYAEHTOB

5.1. Texymuii KOHTPOJH YCIIEBACMOCTH.

Bonpocel k peiiTHHI-KOHTpOJIION21
. Knaccudurauws noxkprITaii.
Krnaccuuranus TCXHOMOTHH TONYYEeH S IOKPEITAM X IIIEHOK.
O0630p yCTaHOBOK ANs TOSYUEHHS BAKYYMHBIX MOKPRITHH.
Ocobenroctu PVD TeXHOROIHE MOIYYEHNSA HAHONOKPBITHHA.
VYerpotictsa Baxyymuoi yetanoskn UNICOAT 600 SL.
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063013 YCTaHOBOK ATIA XOJIOOHOT O rasodHHaMRUCCKOTO HallblICHHA,
OcHoBuble (bH?»PIKO—MGX&HH‘-ICCKHe CBOMCTBA HOKPBITHIZ H IIJICHOK.

Bonpocsl k pefiTHHT-KOHTPOTION:2
MeToabl u3MEpeHHsS W HCCIeAOBaHus (U3MKO-MEXAHHYECKUX H TPUOOIOrHYECKHX CBOHCTB
BaKyYMHBIX TIOKPBITHI.
Oco0eHHOCTH TeXHOIOrHN HaHeceHus: PVD-NOKpEITHI Ha MIIaCTMACCHI.
OcobeHHOCTH TIONYYUeHHMS BAKYYMHBIX HAHOCTPYKTYPHPOBAHHBIX TOKPBITHH pesxyIiero
HUHCTPYMEHTA.
T1I amvazononoOHEX MOKPEITHIH B BaKyyMeE
Ontiumuzanua TII Hanecenns PVD-nokprITHA.
Meroisl [OArOTOBKK IIOBEPXHOCTH K  HAaOBIMEHHK): MCEXaHMHeCKas, XHUMHUYecKas,
nAa3MOXMMUYecKas M MOHHasg o0paboTka MOBEPXHOCTH, BAKYYM-TEpMHUYecKas M XHMHMKO-
TEPMHHYECKast NOATOTOBKA IIOBCPXHOCTH.
Ocobennocti HaneceHHs PVD-TIOKPHITHI: METONBI HAarpeBa W OXTAXKACHHE IOIIOXEK,
HU3MEPEHHs. TeMIEpaTyphl, IUIA3MOCTOHKHME  HarpeBaTeld, ICOMETpPUA  BHEOCEBOIO
HATTBUTEHUS, BITHSTHHE MOTEHITHAA TIO/UTOKKH Ha MIA3MEHHOe OKACTIEHHUE TUTEHOK.
CocraBuble yacTy 000PYIOBaHMA Ui HAHECCHUS! IOKPBITHH: BaKYyMHBIE HACOCHI, BEHTUIIH,
KOHTPOJICPH pacXoja Ta3oR, OJIOKK MATAHMS HCIapuTerei, 3IeKTPOHERIX MyIIeK, MHIICHEH,
MIaHeTapHBIe MEXaHU3MB] TIOJIOKKOACPIKATENEH, 3aCTIOHKH.

Borpockl k peiftTHHr-KOHTpoTION3
Mognenu Texnoaoraycckux npoueccco Hauecenus CVD u PVD-nokpsrruii.
du3nuecKkHde OCHOBH IIpoliecca BaKyyMHOTO HaHECeHHs MOKPLITHH: CKOPOCThH TEPMUUECKOr0
UCIIAPEHHsT B BAaKyyMe, OSHEPIeTHYECKHMH CIIEKTDP HCIApPCHHBIX 4TOMOB, HX YIJIOBOE
pacripesieneHue.
DHU3MYECKHE OCHOBBI INPOLECCA BAKYYMHOIO HAHECEHMs IIOKPBITHH: pacyeT CKOPOCTH
OCAKIOCHHA NpH SannuctudeckoM H OHG(Y3HOHHOM TPAaHCIOpPTE BEHIECTRA OT MCTOYHHKA K
HOAJIOMNKE, CIIOCOOB! HArpeBa 3arpy3ky H KOHCTPYKIMM HCIapuTenell, Mcrapenye CllaBoB |
COEIHHEHHH.
Pu3yKka MarbmeTpPOHHOTO pACIBIIEHHS: 3JEKTPOHEI B CKPEIEHHBIX JJEKTPUYECKOM H
MarHHTHOM IOJLIX.
THIIE! 1 XapaKTEPUCTHKH MATHETPOHHBIX PACTIBITHTETEHBIX CHCTEM.
IToTokM DHEPrHYHLIX YACTHL, HA IIOBEPXHOCTh PacTyLIMX ILIEHOK IPH MAarHE€TPOHHOM
BaKyyYMHOM HallBUICHHH.
OcofbeHHOCTH (H3HYECKHX ITPOLECCOB NPH PEaKTUBHOM HOHHO-IIA3MEHHOM HANBUICHUH:
IIOTTIOIEHHE I'a30B M HCTEPE3UCHBIE ABJICHUS 1IPH PEaKTHBHOM HAIBUICHHH, HAlBUICHUE B
peXuMe IMOCTOSHULIX MaplHUaNnbHbEIX JaBRIeHHH.
JlazepHoe ucnapenue U ero gusnyeckrue 0coOCHHOCTH: B3auMOACHCTBIUC JIA3EPHEIX IIYIKOB C
HOBEPXHOCTBIO MAaTEPHANOB, TIYOMHBI TIPOHWKHOBEHHS, KO3D(OUUHMEHTH OTpaKeHHH,
MEXaHHM3MEBl [epefady OHEprHy, HCHapeHHe MATEepHalioB II0J JEHCTBHEM ITa3epoB,
HUMIIYIECHOE JTa3epHOE HCapeHue, BIHIHIe MOIHOCTH ¥ JTUTENEHOCTH IMITYJIbCa.

5.2, IIpoMexXyTo9HAN ATTECTALMS 110 HTOraM OCBOCHUSA HUCIHIIIHHEL,

Bompock! K 3K3aMeny
Kraccudukanus noxkpsrtai
Knaccuduxanus TeXHOI0THI MOTyYeHNA MOKPRITHH 1 TIICHOK.
O630p yCTaHOBOK JUIS IONYIEHNS BAKYYMHBIX TIOKPBITHIA.
Ocoberroctn PVD Texnonoruil noiny4eHus HaHOIOKPBITHIH.
VYerpoticTra Bakyymuoit yeranosxu UNICOAT 600 SL.
O630p yCcTaHOBOK JJIS1 XOJI0/HOIO ra3odHHAMUYECKOr0 HAllBLICHHSL.
OcHoBHEBIE PUBHKO-MEXAHUYECKHE CROMCTRA TOKPHITHH | IIEHOK.
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MeTonpl M3MEPEHRA H HCCHENOBAHUA (PHU3IMKO-MEXaHMUIECKHX H TPHOOIOTHUYECKHX CBOMCTB
BAKYYMHBIX [IOKPBITHH,
OcoberHocTH TeXHONOTHH HaHecenusa PVD-IOKpEITHI Ha NAaCTMACCHL.

10. Ocobendocty TonydeHHUs BaKyyMHBIX HAHOCTPYKTYPHPOBAHHBIX IIOKPBHITHE DEXKYLIEro

HHCTPYMEHTA.

11. TII anmazonooOHEIX IIOKPEITHI B BAKYYME.
12. Onravmanus TI1 nagecenns PVD-okprITHE,
13.Metogsl NOArOTOBKM HOBEPXHOCTY K  HANBUICHHIO: MEXaHudecKkas, XHMHUECKasd,

OIaMOXHUMHYCCKAd H HOHHAA oﬁpaﬁon{a IIOBEPXHOCTH, BaKYYM-TCPMHYCCKaM H XHMHEKO-
TEpMHYECKas IIOAroTOBKA NICBEPXHOCTH.

14. Ocobennoctn HaneceHuss PVD-noxpeiTuii: MeTojbl HarpeBa M OXJIXKICHUE IIOJUIOKCK,

H3MEPEHHA TEMIIEPATYPHL, IIa3sMOCTOHKIE HarpeBartciii, TCOMETPHA BHECOCEBOID
HANLBUICHEA,BIIHUAHMC IIOTCHIIHATA [TOJITOMNKH Ha INa3MEHBOC OKHCIICHC INICHOK,

15. CoctaBuple wacTi 00OPYIOBAHUS JUI HAHECEHUS TIOKPHITHE: BAKyyMHBIE HACOCHI, BEHTHIIH,

KOHTPOIEPE! PACXOd I'a30B, DJIOKH LHTAHHS chapn'reﬂeﬁ, JNIEKTPOHHBIX IIYIIECK, MHUIIIEHeH,
IIAHETAPHBIE MEXAHHAIMEI HOI[JIOH{KOJIBP}I{aTBHGﬁ, 3aCIOHKH.

16. Mogeiu TexHonorneckux nponeccos HaneceHus CVD u PV D-nokprITHA.
17. ®u3pyYecKHe OCHORBI IPOIECCa BAKYYMHOIO HAHECEHUS IIOKPBITHHA: CKOPOCTE TEPMHYECKOrO

UCHAapeHus B BaKyyMe, OSHEPreTHIeCKME CIEKTp MCNapeHHBIX aTOMOB, HX YTIOBOE
PACIIpELEIICHHAE.

18. ®uznueckne OCHOBEI Hpouecca BaKyYyMHOTO HaHCCEHMA HOICpBITHfI: pacdeT CKCpPOCTH

OCAXKACHMS IIpH OUIHCTHUECKOM ¥ AU(Qy3HOHEOM TPaHCIOPTE BEIIECTBA OT HCTOYHHUKA K
TIOIIOYKKE, CTIOCOOB! HArPeBa 3arpy3ky M KOHCTPYKIIMH HCHAapHTenei, HCIapeHHe CIIaBoR |
COENFHEeHHH.

19. @uzuka MArHETPOHHOIO PACIIBITIEHHA. 3NEKTPOHEI B CKPCIICHHBIX 3MCKTPHYCCKOM H

MArHHUTHOM 108X,

20. THNEI H XapaKTEepUCTHKH MArHETPOHHBIX PACHBUIMTENEHBIX CHCTEM.
21.TToTOKH IHEPrHYHLIX YACTHIl Ha MOBEPXHOCThL PACTYINMX IUIEHOK TIPH MArHETPOHHOM

BAKYYMHOM HATBUICHHH,

22. OcobennocTH [bHBH‘-ICCKHX TIpOTECCOB HIPH PEaKTHBHOM HOHHO-TITA3MEHHOM HATBINEHHH!

IIOTAOLICHHC I'a30B H THCTCPE3HCHBIC SBICHHMA [pH PCAKTHBEHOM HAllBLICHHMHK, HANLLIICHHE B
PeXUME HOCTOAHHBIX MAPITHAIBHBIX JABI CHWH,

23, Hasepﬂoe HCIIAPEHNE H €10 Q)HSHHGC!{HG 0coBeHHOCTH: B3aHMONCHCTRIE JEa3€PHBIX IIYYKOB C

MORCPXHOCTRI0 MaTepHaloB, TIAYyOHHBI TNPOHHKHOBEHES, KO3(puIueHTH OTpajeHms,
MEXaHU3MBl IIepejayl JHEPriy, HCIapeHHe MaTepuanoB ToJ] JeHCTBHEM Ia3epos,
HMILYJIBCHOC Ja3€PHOE HCHAPEHNE, BIMSHIE MOIIBOCTH H JUIMTCIBHOCTH HMITYIIhCa.

5.3. CamocTonTeapHan pabora 00y4aromerocs.
Jns opraHMzaudM CaMOCTOATENEBHOH paboTEl CTYAeHTOR (BBIMONHEHHI OTYETA IO NPaKTHKE,

CaMOCTONTENIEHOM MpopaboTKy TeopeTHueckoro marepuana, noaroTtoBkk k BKP) pexomennytotrea yuebro-
MeToaMdeckHe nocobus 1 yKazaHus U3 OCHOBHOTO M JIOTIONHUTENBHOTO CIIHCKA, NCPCYMCACHHBIE B pasacic
Hacrogieil paboyeit mporpaMmel.

G Lol e

Temn! ana pedeparosn; .

VIpoUHEHHEe NOBEPXHOCTH METONOM HMOHHOM MMITIAHTALNH.

CT]))‘KT}’IJ& MOBEPXHOCTHOI'O CIIO4 [IPH INIA3MEHHOM HAITbUIICHHH.

HIPHMGPBI HOJI}"{BHH}I KOMIO3HULIHOHHQTD MﬂTE}pH&HH B HOKPLITHH.

HonnonnasmenHoe HAMBIAEHHA TTOKPRITHHA.

TexHonoruueckye NapaMeTpsl MONYYeBUs NMOKPLITUE METONOM OKYHAHMA

CpasHuTenbHBIH aHATNH3 NOKPHITHH, ONYUEHHBIX METOIAMY Fa30TEPMHUECKOTO H BAKYYMHOTO
HAaNkbINEBIA.

Dong oueHounesrx Marepuaiop (OOM) s OpoBeleHMs  ATTECTALMH  YPOBHS

CQJOPMH}JGB&HH(JCTH KOMITETEHITHN OGY%EOIIIHXCH o JUCHMIIHHE OCPOPMIHIBTCH OTHCNBHBIM
JOKYMCHTOM.



6. YYHEBHO-METOANMYECKOE H UHOOPMAUMOHHOE OBECIIEYEHUE
AACHHATUIAHBI

6.1. Kuaroodecne4eHHOCTE

HanmenoBanue auTepaTypel: aBTOp, HaZBaHUE, BHIL
H3Janus, H3JATENBCTBO

T'on

KHHUT'OOBECIIEYEHHOCTD

H3JaHus

Hannuue B anekrpoHHoM KaTasore DbC

OcHopHas nureparypa*

1. Jlenemeg, A, A. IlnasMeHHoe HanblICHHE 2013 http://znanium.com/bookread2. php?hook
aMOPQHEIX U HAHOKPHCTAIIMMECKUX MATEPHAIIOB =492492

[OnexTponHslil pecype] : monorpadms / A. A.

Jlemewes. - Kpacnoapcek: Cub. dpenep. yr-T, 2013. -

224 c. - ISBN 978-5-7638-2803-0

2. MHKpOCTPYKTYPLI, IIAIIOCTPYKTYPLI H 2010 http://edib.visu.w/bitstrecam/] 23456789/
TMAPOAMHAMU4ECKHE HEYCTOHYHBOCTH, 3067/1/00698.pdf
HH,BJ’L[I’IPOBEHHBIE Jia3EpPHbIM HAMYHYCHHEM Ha

ITOBEPXHOCTH TBEPABIX Ten : MoRorpagus / C. M.

ApakengH [4 gp.] ; BnagaMupekuit rocyapcTBeHHBI

yHusepeurer (Bal'V) .— Bnaaumup : Bragnmupekui

rocynapcreerHsii yareepeutet (Bal'V), 2010 —

144 c. .—— ISBN 978-5-9984-0094-0.

3. TeXHONOTHA KOHCTPYKIHOHHBIX MATEPHAIIOB! 2014 | http://znanium.cony/bookread2.php?book
Yueb. noc. / BJL.Tumodees, B.I1.T myxos u ap.; [Tox =428228

obur. pen. npod. B.JL.Tumodeesa - 3-e uzg., ucnp. u

non. - M HHTL MHOPA-M, 2014-272¢.: 60x90 1/16 -

(Beicin. o6pas.: baxanasp.). (1) ISBN 978-5-16-

004749-2

4, Mopozos B. B., Ceicoes 2.11. Ha#HoTeXHONOTHE B 2011 http://e.lib.visu.ru:80/handle/123456789/

Kepamuke: MoHorpadua B 2-X yacTax [DNeKTpoHHbIH
pecypce]. U.1. Hanowactuue 2010 - 276 ¢. U.2;
Hawnornienky, HAHOIIOKPBITHA, HAHOMEMOpPaHBHI,
HAHOTPYOKH, HAHOCTEPYCHH, HaHonposonoka. 2011 —
167 c. 2011.

2226.
http://e lib.visu.m:80/handle/123456789/
2487

JononnyTensHas IuTepatypa

1. Benses, U.B. HujopmMarmonnslii karanor
COBPEMEHHOIO SKCTIEPUMEHTANEHOro 000pyIoBaBHA
M Hay4HBIX Ipu0opoB Ha 6a3e HAYUHO-
oOpazoBaTeNsHBIX OPraHu3alyil U By LUHX
npeanpuateit Bnagumupexkoit abnacru / M. B.
Benses, B. A. Keuun, I'. A. I'nagkwii; — Bragumup:
Bnagumupcekuit roc. yuusepeurer uM. AI'. 1
H.I".Cronerosmx (Bnl'VY), 2011. 44 ¢.

2011

http://fe.lib.vIsu.ru/bitstream/123456789/
2993/1/00588.pdf

2. Apaxensan C. M., ITpoxowes B. T'., AGpamog 1. B..
Kyuepuk A. O. JIazeproe HAHOCTPYKTYPHPOBaHHE
MAaTepHaroB : METOb! PEAIMIALIMH H JIMATHOCTHKY
yuebHoe nocobue, 2010,

2010

http:He.lib.visu.ru:80/handle/123456789/
2105

3. YO.E. Cnextop P.I'. EpomacoB Texuonorus
HaHeCceHUs ¥ CBOMCTBa MOKpPhITHiL. KpacHosapek

2008

https://fechemistry.ru/assets/files/u-
lectures.pdf

6.2. Ilepuoanueckie HIIAINSE
1. XKypnan BAK «HanoumxeHepusay»
2. Xypunan BAK «Poccuitckiie HaHOTEXHOTOTHR

6.3. Harepuer-pecypesl
http://www.portalnano.ru/

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

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

http://mano-info.ru/ http://dlja-mashinostroitelja.info/

Litp://www rusnanoforum.ny/ hitp://www.soyuzmash.ru

http://www.iacnano.ru/ httn://www.stankoinform.ru/index. htm
http://www.nanometer.ru/ http://www.nanoprom.net/

WWW.rusnano.coim

VyelHO-METoHYECKITe H3NAHNA

1. XpganoB A.B. Meromuueckue ykasaHug K MpakTHYECKHM pabotaM 0O MAHMCUHIIIHHE
«Merompl mONYyYEHHS HAHOCTPYKTYPHPORBAHHBIX TOKPBITHII B MAIMHOCTPOCHHMH» IUIA CTYICHTOB
rHanpaenenusa 28.03.02 [Dnextpourwni pecype] /cocr. Xpawos A.B.; Bnag. roc. yu-r. TMC -
Bnamamup, 2021. - Hoctyn uz xopnoparueHoi cetu Bnl'Y. - Pexaum goeryra: http://es.cdo.visu.aw/

’ 2. KnarmoB A.B. Meronpdeckpe ykazanuda K nabopaTopHeM paboTaM 10 JHCIHUILIHHE
«MeToapl MOAYUYCHHsT HAaHOCTPYKTYPHPOBAHHBIX NOKPHITHH B MAalUMHOCTPOCHHM» JUIl CTYICHTOB
uampasrerus 28.03.02 [Duextponsstt pecype] /cocr. XKnawos A.B.; Brman. roc. yn-r. TMC -
Buapumup, 2021. - Jloctyn 13 xoprioparueuoii cety Bul'Y. - Pexkum goctyna: hitp://cs.cdo.vlsu.ru/

3. Knanor A.B. MetoamdecKue peKOMEHIAMHM K BRIIOMHEHHK) CAMOCTOSTENbHOR pabOTEI
M0 JUCUUINNHEE «METonsl NOIyYeHHa HaHOCTPYKTYPUPOBAHHLIX TIOKPLITHH B MAallHHOCTPOCHHM
st cryaerTtoB Hanpasnenus 28.03.02 [Onexrpornstit pecype] / cocr. XKuauor A.B.; Bnaa. roc. yH-
1. TMC - Bnagmmup, 2021. - Jloctym m3 xopnopatusro# ceru Bnl'Y. - Pexum mocryna:
http://cs.cdo, visurm/

4. )Xnmanor A.B. Ornenounnie cpeAcTBa M0 JHCHUIUIMHE «METOABl IOJMyYeHHS
HaHOCTPYKTYPUPOBAHHEIX NMOKPEITHI B MAIUHHOCTPOCHHH» I CTYLCHTOR Hanpasiecrua 28.03.02
[OnexTpornsni pecype] / coct. XKnanos A.B.; Bnan. roc. ya-r. TMC - Bnagumup, 2021. - loctyn 13
xopnioparusaoi cetn Bal'V. - Pexum noctyna: hitp://cs.cdo.visu.ru/

IlepeueHn pecypcor HHPOPMATHOHHO-TEAEKOMMYHHKANKONHOH ceTn «nreprery,
He00X0AUMBIX IS OCBOCHHS AU CHHILTHHb

1) Ilopran LleHTp AaucraHmHOoHHOrO oOyueHHA Bal'Y [anextpomusiid pecypel / - Pexum
noctyna: http:/cs.cdo.visu.rw/

2) Pazmen odummansHoro cafita Bnl'Y, cogepxamuii onucanue o00pa3oBaTcibHOM
HIPOTPAMMEI [3MeKTpoEHs pecype] / - Pexmm moctyna: OBpasosarensHas nporpamma 28.03.02
«KOHCTPYKTOPCKO-TEXHOAOTHYECKOE 00ecneueHHe MAUIMHOCTPORTENLHEIX IIPOM3BOICTEY
http://op.visu.ruw/index.php?id=169




7. MATEPHUAJIBHO-TEXHMYECKOE OBECIIEYEHUE TUCUHUAILIWUHBI

B xauecTtBE MarepHaJIbHO-TEXHUYECKOr0 oOecmedeHMs JACLMIINHHBEl  YKa3BIBaeTes
HeoOxXompuMoe 1% OOydYeHHs JHIEHIMOHHOE IIporpamMHoe obeciedeHuit, 06OpyaoBaHue,
JEMOHCTPaUMOHHEIC IPHOOPEI, MYJIbTHMEAMHNEIE CPEACTBA, yIeOHbIE QHITBMEL, TPeHAKEPEI, KAPTHI,
IIaKaTsl, HATNAAHEIE TOCoDN; TPeOOBAHMA K ayAUTOPHSM — KOMIIBIOTCPHBIC KJIACCHl, CIIEHHATLHO
00opyHOBaHEbIE 2y JUTOPUM U N1abopaToOpHA H T.1

Iepewens uenonszyeMoro obopyLOBaEuA:
1. JIaGopaTopus HAaHOAMATHOCTHKH U (PeMTOCEKYHAHOI Na3epHoit Texunxa (aya. 118-4)
Kpamkasa xapaxmepucmuxa nomewjeHus,
O6mmas momans — 102 k.M (2 sTaka). | sTax — rabopatopHoe B IPOH3BOACTEEHHOE 0G0pyACBaHHE
(67 xB.M), KOMIIBXOTEPHEIH Klacc Ha 16 nocajouHsIX MecT; 2 9TaX — BCTIOMOTATENRHEIE TIOMELEHUS,
xogmumuonep. Cootsercrytor Hopvam CamlluH 2.2.1./2.1.1.1278-03, CanlluH 2.2.4.548-96,
CanllaH 2.2.2/2.4.1340-03, CaulluH 2.4.3.1186-03, TIIIB 01-03, Caull 21-01-97, Cuull 23-05,
HITE 104-03
Obopydosanue:
1) Ynctas xomMHaTa:
2) ycTaHoBKa (heMTOCCKYHIHASN Ta3epHas "ynopsaaoueHHOro HaroCTpykTypuposanus” (PD):
- UMeeT 3 paboumx JJIMHBL BOAHBL, YABTPa(pHOIET, 3e/eHbId, 1 HH(paKpacHbI# y4.
- 2 ywactka obpabotkm (100x100 mm; 20x20 MM ¢ BOSMOXHOCTBIO MO3HIMOHHDPOBAHHA ¢
TOYHOCTBIO H0 2 BM)
- AaMeTp nyuyxa okoxo 60 MukpoMeTpoB B cnydac mong 100x100 mm
~ IpaMeTp Nyuka oT 0,5 MUKpOMETPORB (3aBUCHT OT HCIIONB3YEMOT0 0OHEKTHRA)
- BO3MOXHOCTh OOpaOTKH M OHArHOCTHKY IIPOBOASIIHX, IMAICKTPHUCCKHX, IIPO3PAYHEBIX,
HENpPO3padHbIX MATEPUAIIOB.
3) sondoeas nabopamopus "Humezpa cnexmpa” (P®)

VuukaneHas wuHTerpanus Cxanupyromero 3oHAoBoro Mukpockona ¢ KoH(BOKAMSHOM
MHKPOCKOITHEH/CIIEKTpoCcKoIHell InoMHHeCIcHINN B KoMOuHauwmon#oro paccesnus (KP). Braronapa
sddexry rurantckoro ycunenua KP mozsoiser npoBogutsh KP CHEKTPOCKONHIO M IIONY4YaTh
u300pakeHust ¢ paspeicHUEM B INIOCKOCTH 40 50 HM,

CncreMa ganga  xoHQOKanpHOM  ODTHYCCKOM  MHKPOCKONMH — mpeictasmseT  coloi
KOMOMHHDOBAHHYIO  CHCTEMY, BKIIOHAIOWIYIO KOH(MOKANBHBEIA  CKAaHWPYIOMIHH  nazepHsIid
CTMEKTPOMETP  BEICOKOTO  TPOCTPAHCTBEHHOIO  pAaspelicHMs, ONTHYCCKHE  MHKPOCKOI H
YHUBEPCANBHBIH CKaHMpyIOIMHA 30HAOBBIA MuKpockom. CucteMa crocobra pabotate B pexume
PETHCTPaIiM NMPOCTPAHCTBEHHOrO, TPEXMEPHOIQ PACIpPEeIeNeHHs] CIIEKTPOB JIIOMHHECIEHIHH H
KOMOMHAIMOHHOTO DAacCesHHs CBeTa, a TAKKe B PANHYHEIX PEeXMMaX CKAaHHpYIOUIeH 30HIOBOH
MHUKPOCKOIHH, BKJIOYAS HAHOHHICHTALMIO, HAHOMAHUIYIALMIO ¥ HaHOMUTOrpaduro.

CrcremMa JuI4 cxaHupyromedt 30HIOBOH MHKpockomuu. OJHOBPEMEHHO € ONTHYECKHM
natmoaennem, MHTETPA Crektpa no3songer ucciaeioBaTh 00HEKT ¢ MOMOINBIO apceHana MeTon0B
CKanupyrowmei sonaoerod MEKpocxonmuu — ACM, MCM, CTM, ckanapyrome#t OimkHenonsHodl
MHKPOCKOIIMH, CHIOBOH CIHEKTPOCKONHH. YHHMKANTBHOE COBMEINEHHWE ONTHYCCKHX M 30HIOBAIX
METOZOB B OHHOM IpHOOpE NHO3BOMSCT CTABHTh KOMILIEKCHBIE OKCIIEPHUMEHTHI, B KOTOPBIX
HHQOPMALMA O paclpencIeHIH ONTHIECKHX CBOMCTE 00pasla M ero XUMHYECKOTO COCTABA MOKET
OBITE HAIOKECHA HA PaclpelElCHHE €ro MEXaHMYECKHX, JNeKTPMYECKHX, MAarHUTHBIX # JIPYTHX
CBOHCTB.

Cucrema Uit HCCNEAOBAHMS ONTHYECKHX CRBOMCTR ofGbexrta 3a mpepeaoM gudpakiyu
(nyopecuennust, clekrpockonuss KoMOMHAUMOHHOro paccessus). OTIHYMTENLHON vepToR
Hanona6opatopuu UHTEI'PA Crextpa aBIsSeTCst BOIMOIKHOCT MCCIEMOBATE ONTHYECKHE CBOHCTRA
00BEKTOB 34 HpeAeioM M PaKUOHHEIX orparudenuid. Cxanupyowas SMHKHEeN0NbEad O THYecKas
MHKPOCKOTIES ¥ d{ekTsl NOKATBHOTO ycHueHMs KomOmmarmosHoro paccesnms (TERS — tip
enhanced Raman scattering), aioT BO3MOKHOCTb KaPTHPOBATE PacTpeAieNieHue ONTHYECKHX CBOHCTR
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(npomyckasMe, pacCesHHe, MOIApHU3ALHs CBETa M HP.), a4 TAKKE OCYIIECTBIITH CIICKTPOCKOIMIO
KOMGHHAUMOHHOTO paccesHusd ¢ paspernenneM a0 50 uM B mrockoctd XY.
Ocodennocrn

»  Octpue ACM 30872 ¥ Qoxyc Na3zepHOro Imyuka MOTYT OBITH CTIO3UITHOHHPOBAHE! IPYT
OTHOCHTEIILHO JAPYTa ¢ BEHICOKOH TOYHOCTHIO (HeoOX0AuMO A/ NONYYEeHHs MaKCHMANLHOTO
stdexra KP-TERS)

o llpu Bcnonp3oBaHKK ONTHYECKOH CXeMBI "HA IPOCBET" BLICOKOTEMIIEPATYPHEIH 0OBEKTHE
MECTKO BCTpoeH B ocHoBaHme ACM. OTo obecnieunraeT JONTOBPEMCHHYIO CTa0HABHOCTD
CHCTEMBI, HEOOXOAUMYIO JUI paboThl co cabhIMM CUTHATAMHU

o YacTe OTpaxxeHHOT0 M3MY4EHI HCIOIR3YETCS UL TOCTPOSHHMS KOH(DOKANEHOTO a3 PHOI0
OTpaKeHus

o Husxomymsirast CCD xamepa ¢ oxnaxaenueM o -70°C (xBanTosas 3 peKTHBHOCTE J10
60%) cny XHT BBICOKOTYBCTBHTENLILIM ASTEKTOPOM

« B xauecrse ankTepHaTHBHOIO AETCKTOPA MOKHO HCIONB30BATE JaBUHHLIA (HOTOANOA

» ['ubxuit BEIOOP MONAPU3ANMOHHBIX YCTPOHCTR

e Bce xomnoreHTE! ciucteMbl (ACM, onTHYecKkye H MeXaHHyeckue yerpoicTna)
HHTErPHPOBAHEI C TIOMOHIBI0 EJIFHOTO MPOrpaMMHOT0 00CCIeYeHH . GONBITHHCTBO
KIIKOYEBBIX Y3II0B ¥ YCTPOHCTB CUCTEMEI (J1a3ephl, PEMIETKH, AnadparMel, OASPU3ATOPET |
T./1.) MOKHO BRIOHPATh 1 / MIIH HACTPAKBATH NPSIMC K3 IIPOrPAMMBI

» Tpu pasunix cxems! st paboter ¢ TERS

[IpuMeHAeTCS JIBL HCCIEROBAEKS OHOTOIHIECKAX 0OBEKTOB, KOHTPOII KaUecCTBa IIOBEPXHOCTEH
ONTHYECKUX AeTanel, A3MyJarouX NOIYIPOBOJHUKOBEIX CTPYKTYD, XaPaKTePHCTHK
HAHOONITHYECKHX. ¥ MHTCIPATLHO-ONITHICCKHX 31EMCHTOB, HCCISHOBAHMS XapaKTePUCTHK
HAHODTIEKTPOHHLIX STEMEHTOR, B YACTHOCTH, CIIEKTPOB KBAHTOREIX TOYEK.

o UccnepoBanue coegunurensHoi tkanu, JTHK, Bapycos

o Omnpenenenre XapakTepPUCTHK OKOHEUHBIX ONTUYECCKHX YCTPOHCTR

» CHeKTpOCKOIHYeCKHEe H3MEPEHUA

o  KoHTpons XHMHYECKUX peakuuit

4) Sugppaxmomemp manoyanoeozo paccesnis SAXESess

IIpeprasnaven jAnd  aHak3a TOHKMX IUICHOK MM JKHIKOCTEH, MOXKET CTPOHTH
KpHCTATMYECKHE pPEMIeTKH BelecTRBa, Ompenendth pasmep uwactury ot 10 jgo 100 mamoMeTpoB B
pacTBope. SAXSess IO3BOJILET HCCISN0BaTE HAHOMETPOBble cIpykTyphl oT 0.2 mm mo 150
HM.SAXSess Moxer paboTats B pexuMe NHHEHHOH KOMHMAUHM ANg Opicrporo cbopa masHHBIX
H30TPOIHBEIX 0Opa3sloB M B DPEOKUME TOYEHHOH KOMIHMALMM JUTd H3YYeHWs aHH30TPOTMHBIX
(opMeHTHPORAKHEIX) 00pasor. J{Be crcTeMbl MOryT paboraTh 0JiHOBPEMCHHO B PEKAMAX JIHHEHHOM
W TOYEUHOH KONIHMAUMH, WCIONE3YS OAMH DPEHTTEHOBCKMH HCTOYHHK M OJHY CHCTEMY
nerexrupopanns. lHupoxuii nabop nepxareneil o0pa3LoB II03BOJAIOT HCCIEJOBATE HNPAKTHUECKH
moOpIe TN 00pa3NoR OT OMEHb HU3KUX A0 BBEICOKUX Temieparyp. Cuctema TrueSWAXS™ nenaer
BO3MOXKHEIM IOIy4YeHHE MHQOPMALHU O HAHOCTPYKType ¥ (asoBoM COCTOSHHH ofpasiia 3a OJHO
namepenne.CHCTEMB! AeTeKTHpoRaHMA SAXSess He HYXIOAIOTcd B CEPBUCHOM OOCIYXHBAHHE H
obecnieunpaloT NpeBOCXOJHOE paspemienue.beicTpeit  cGop W coBepmennas  ofpaboTra
SKCIIEPHMCHTaNBHBIX JasHelX. Cumerema SAXSess prmoudacT B ccOf CIHCHHANBHBIM  HaKer
NIPOrpaMMHOT0 obecredenns ansa OwicTporo cbopa U BcecTopoHHel 06pabotku marHsX.MCTOYRNK
PEHTICHOBCKOTO M3JIyUcHHsI ucnoib3yeMblt B SAXSess wmmeer clelyomme 0cobeHHOCTH:
JONroBpeMenHas CTaOMILEHOCTE PAbOTHI M MAHHMATRHEYIO CTOMMOCTh 3KCIUIyaTtanun. CoBpeMeHHAs
MHOroci0MHas (OKyCHpYIOIas ONTHKA 00ECIICUHBAST BLICOKOMHTEHCHBHEIM MOHOXPOMAaTHYECKHI
PCHTTCHOBCKMH IIyuoK. YiyyIuieHHas cucreMa Ofoxa KOUIMMaUEH 0aéT  CcQOopMHpOBAHHEIR
TIEPBUYHEIA PEHTTeHOBCKHH IMydoK U 3ddekTHRHO yOHpaeT napazuTHoe paccesuve. Ona onpenenser
Pa3peleHre CHCTEMbl H TapaHTUPYeT HU3KUH (OH.TEMIIEpATypa O4EHb TOYHO KOHTPOIMpYeTCA B
Juanasone oT -150 go 300°C. Cymecrpyer Gonpimoit BEIOOp AepikaTeneH oA CaMbIC PA3HBIC THIIB
obpasuoe. ITonynpospaynslit 0TCEKATENb NEPBULYHOTO IIYYKA [I03BOJISET TOUHO ONPEIETHTE HYIeBOH
YIoN paccesHys W M3MepHTh MHTCHCHBHOCTh NEPBUYHOIO IIyYKa I OnpejencHus kosdgduimenta
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HIPOIycKaHus 06pasia MOKHO IONY4aTh JAHHBIC O Majo- M LIMPOKOYITIOBOM DACCESHUH 33 OJHO
H3MEpeHne Ha OZHOM W ToM ke obpasue. Cucrema SAXSess mpemmaraer ABe BRICOKOKIACCHBIE
CHCTEMBI JETEKTHPOBAHHS, KOTOPHIE MOHO HCIOJB30BaTh alBTEPHATHBHO HA ofHOM npubope
SAXSess 0e3 HeOOXOAMMOCTH W3IMEHEHMS €ro HacTpoek wuimm kKoHpurypanum:» Cucrema
HNETEKTUPOBAHMS TyBCTBUTEIEHBIMM IUIACTHHAMM O0/afaeT IMHPOKUM JHUHEHHBIM IMHAMHYECKUM
AMAaNa3oHoM ¥ TOKpeIBaeT yrisl paccesHus 2 po 40°%+ Cucrema perexkrtupoeanus CCD magr
BO3MOJKHOCTE IIPOBOJMTEL 4BTOMATH3MPOBAaHHbBIE HaMeperua SAXS 1 n3Meperus OHITalH MpoHeccoB
BO BpeMenn.MomiHoe 1 npoctoe B paborte nporpammuoe obecnieueHneBmecte ¢ npuGopom SAXSess
MOCTABJIETCS MOIIHBIH MakeT TmporpamMM i cfopa M OUEHKH JAaHHBIX MaloyrioBOTO
pentreHoBckoro paccessnus (SAXS). Oneskxa paHHBIX BKI0YacT OazoByio 00paboTky JaHHBIX
(monmyvenye cpesiHMX 3HaUeHNWE, BEIMUTAHUE (JOHA H T.J.), MOJEHPOBAHE, YCTPAHEHIE Pa3MbITHH U
ANIIPOKCHMALIHIO,
5) Heyxayueesoii ckanupyrowuii Y®/B cnexmpoghomomemp LAMBDA 25
HeyxnydeBele ckamupyionue Y®/Bujy  cnexrpodoToMeTphl AN PYTHHHBIX H

AaBTOMATHYECKUX H3MEPeHHH. OTH TpuOOpEl NpeMHa3sHAYeHB! AT pasiIMuHbIX HPOMBILUICHHEIX,
y4eOHEIX, Oumomormueckux M Ouoxumuueckux naboparopuii u mabopatopmii TO KOHTpOIO
oKpyKarommel cpenpl. OHH OTAMYAROTCS BBICOKOH CTaOHIBHOCTBI), THOKOCTBIO B BBIOOPE METOIOB
ananusa, yIoOCTBOM NpeCTaBIeHAS H 00paboTKH MOMYyYeHHBIX JAHHEBIX.
Kimouesrle ocobernoctu cnekTpooToMeTpos cepur Lambda:
Hlupoxkuit BEIOOP METOAOB H3MEpPeHHS — CKaHMPOBAHHE II0 JUTMHE BONHE], CKAHWPOBAHHE IIO

BPeMEHH (KMHCTHYCCKHE HCCISHOBAHMS) H KOJIIMYECTBEHHEIR ananmu3 (HoToMeTpusd)
JIByXmydeBad ONTHUYECKass CXeMa — BBICOKHE TEXHWUYECKHE XapaKTEPHCTHKM, TOYHOCTE M BOC-

NPOH3BOAUMOCTE IIONLYYaEMBIX JAHHBIX
Bricoxas ¢oromerpHHeckas TOYHOCTE M HH3KHM YPOBSHB [IYyMa — IPABHWIBHBIC M HAIEK-HBIE

pe3yJIbTaThl H3MEPEHUE IIPH HU3KUX KOHIEHTPALKAX aHaJIHTA
Hwu3knii ypoReHs paccesHHOr0 CBETA — H3MEPEHHS IIPH BBICOKHX ONTHYCCKHUX IIOTHOCTAX
Berpoennas cucrema nosepku npmbopa (IPV) — Tectupomanme cmexrpodoromMerpa Ha COOT-

BETCTBHE TEXHUHECKUM XapaKTepucTHKaM 1 TpeboBanusam GLP

Lambda 25 — cnextpodoToMeTp ¢ (GUKCHPOBAHHOW CHEKTPATRHOH IMpHHOH memnm 1 mHm,
COOTBET-CTBYIOIUMH TpeboBammusaM Awmepuxanckoit, Esponefickofi ¥ ApyrdM HalHOHANBHEIM
hapmaxoneam. Yrnpasnenwe npubopammd, momyducHHe W 00paGoTKa HAHHBEIX OCYIIECTBIACICH C
NIEPCOHAIBHOI0 KoMIbIoTepa ¢ omMomisio I10 UV WinLab
IpnBopsl MOTyT KOMIUIEKTOBATBCS KIOBETAMM pA3IMYHOW [UIMEBL M 00BEMa, CHC-TEMaMM
ABTOMATHYCCKOM CMEHEI KIOBET MW TEPMOCTATHPOBaHMA KioBeT (Bomamoe u IllensThe); amrTO-
H03aTOPOM, JepiKaTeiisiMy [UId TBEpAbIX 00pa3uoB U rencil, HHTerpupyouei chepol U BOJIOKOHHO-
OTITMYECKOH CHCTEMOM I AUCTAaHITMOHHOTO aManu3a, NMPHCTABKAMH JUI AHATHAa 3¢PKalbHOrO OT-
paxenus W APYTHMH IPHCTaBKaMH H akceccyapamu. Kpome toro, Ha Gase cmektpodoromeTpos
MOTYT OBITh CKOH(UIYPHPORAHBI CHEIWANBHBIC CHCTEMBI IUIf AHAIM3A PACTBOPHMOCTH
JIEKAPCTBEHHBIX IIPENAPATOR M NPOTOYMHO-HHKEKUUOHHAA CHCTEMA JIS HETPEPBIBHOTO TIOTOUHOTO
aganmsa,
6) Muozogyurxyvonansuvtii naanwemneili ananuzamop VICTOR X3 (Perkink{mer)

MuoropysxMoHaIbHEbIEC aHAIH3ATOPEl NIPEJHAZHAYEHB! /I PamIi4HLIX BHAOB JCTEKIHH

ONTHYECKAX CHTHAIOB B MNAmIedHOM (lopMare, 3a HCKIIOYCHHCM PAaIMOMETDHYECKUX METOMOB:
poromerprst; YO-Qoromerpus; Quuoopecuennns; GIHOOpeCLCHLMS ¢ paspellleHHeM MO BpeMeHH;
Tonspu3aHoHEas (uroopecueHnust; moMudecnenuns; AlphaScreen; Label-Free. Awxanmsaropst
PerkinElmer ofnagaroT npeBocXoMHOM YYBCTBUTENGIIOCTHIO, THOKOCTBIO IO IPEIaracMbiM
KOH(QHTYpaUMsM 10k PasiIMYHBIC NOJb30BATCIBLCKHE 3aJadd W MHOIOQYHKIMOHATLHOCTEIO,
HETIPER30OHIEHHLIMH  TEXHHYECKHMH XapakrepucTukamu. Amnammzatopsl PerkinElmer wmpoxo
H3BCCTHEI BO BCEM MHpE M 3aBOEBAIM HEOCIOPUMYIO PpENyTalMio. AHANH3ATOPE MOTYT
KCTIONB30BATECH KAk JUId PYTHHHEIX JTaDOPATOPHBIX HCCISNOBAHUI B HAYYHBIX M MEIHLIMHCKHX
1a00paTopusX, TaKk M Uil BBHICOKOTIPOM3BOAMTENBHBIX TPUIMKEHHH B GapMaleBTHYECKHX |
OmoTexHOIOIMYCCcKHX Aadoparopusix. ObnacTd IpEMEHECHHS: MOJICKYILIpHAL H KIIeTOUHast OHOIOTH;
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TeHeTHYECKHH aHANM3 U TIeHOTHNHPOBAHHC; MMMYHOGMEpMEHTHBIH aHaniuz u (epMEeHTATHBHLIE
PeaKkUWH; aHajiu3 aKTHMBHOCTH DPELENTOPOB M MOJEKYNAPHBIX B3aUMONeHCTBUI; xBamTHhHKansdg;
TOKCHKOIIOTHYECKHC " DaKTEPHOJIOT HIECKUE HCCIICHOBAHMS %8 T..
AHAIM3aTOPEl MOTYT paboTaTh Kak CaMOCTOSTENHHO, TaK M B COCTARE MHOTO(YHKIIMOHATBHBIX
PoGOTHINPORAHHBIX KOMILIEKCOB.
Texnomoruy JeTeknyan
Dinoopecyenyus: Msmepeane cooTHomeHUs GIIO0PECEHIMH Ha IBYX ANMHAX BOjH, Mamepenne
GoopeciieHINT CHU3Y U cBepXy mnantersy; [Horapuzayronnas gioopecyenyus; Ouioopecyenyus,
omcepoyennas no epemeny (TRF): Opyxoxonnas TRF, Mamepenne SMUCCHE HA JABYX JUTMHAX BOJH;
Jhomunecyenyua: Ilocroannas momurecnieniws (Glow), UMnysibcnas momusecneHnus (Flash),
JBoitnas (koMOUHMpOBaHHAS) JIOMUHECHEHUMA, Pomomempus 6 6udumoit obaacmu, Yd-
domorempusn
Dopmam naamwem: 1 - 1536-1yHOYHEIC TUIARIIETH
Bempoennorii uieiikep: Tpu pesxaMa; IHHEHHBIE opOUTaNEHEIH, LBOMHOH OpOUTaNbHELH
Bempoenworii memnepamyprviii konmpoas: ot + 2°C Bhlilie TeM-phI 0Kp. cpeas! 1o 50°C
Onuyuu: pucnencepel 1-4 xanana; crexepet Ha 20 wiu 50 noaxuier; CYUTHIBATENb WTPUX-KOIOB:
paznuunsie GEALTPLE GV kpacHo 06MACTH CIEKTpa AT YCOREPILICHCTBOBAHLS PabOTE IO
texuonorusM LANCE u TR-FRET
2. JlabopaTopHa PeHTreHOBCKOM JHATHOCTHKH MaTepuaios (aya. 108-4)
Obopydosarive:
1) Peumeenoeckuii ougppaxmomemp Bruker D8 ADVINCE
D8 ADVANCE — 310 caMbIif COBpEMEHHBIH, HA CETOMHANIHMI AeHb, TabopaTopHETi
Iu(paKTOMETp U3 HpeAcTaBiIeHHBIX Ba peiHke. D8 ADVANCE 1o3sodiser peliath NpakTHIECKH
BECEH KOMIUIEKC CYIHECTRYIOINIX 3a7ay B obnacty nmopotnkoBoi mudpaktoMeTpri. B mpubope
peany30Bala IPHHUMNHAIEHO HOBas KOHLUENLUS I0CTPOSHHS MOJAYABLHEIX CHCTEM
DAVINCI.DESIGN, xoTopast cymecTBeHHO YIPOINAeT IPOUECcC KOH(UIYPHpOBaHIS
audpaxromMerpa. [lepexo ot reomerpuu bperr-Bpentano k napamiensHo-TyIeBol ONTHKE
MNPOUCKXOINT MAKCUMANTBEHO OBICTpO Onarogapsa Hoso# penrrenoontadcckoii TWIN-cucreme, B
KOTOPOH COBMEINEHL] TpaJHIIHOHHbIE WENH U 3epKano [ €6end, nepexmodenie MeX 1y KOTOPBIME
TpORCXoAUT asToMaTH4yecKy. Hosast pentresosekas TWIST-tpyOKka mosposisier ocyuiecTBIsATE
LEPEKIIOYEHHE MEKITY TOUEYHBIM U THHEHHEIM QoKycoM.
Hudpaxromerp D8 ADVANCE zaet BO3MOXXHOCTE IPOBOJUTE HCCIEAOBAHNA MATEPHATOB B
Pa3NIMYHEBIX YCIOBHAXK: OXJI@XATE To Temrepatyps! 10 K, garpepats mo 2000°C, co3gaears yCiIoBHS C
HOBBIUCHHOK BIIGXKHOCTEIO. IIpH aHanm3e B KOMHATHLIX YCIOBHSAX CHEUHATHHEIE 3arpy3uHKku
00pa3IioB MO3BOJAIOT ABTOMATAIHPORATE IIPOLIECC U3MEPEHMA.
BaxHOH cOCTaBILSIIOEH YACTBIO COBPEMEHHOrO qudpakToMeTpa SBAgeTca feTekrop. Pemenns ot
Bruker AXS rxmouaroT B cebs NOJHEIH CIEKTP TOUCHHAIX H IO3HUMOHHO-9yYBCTBHTENBHEIX
neTexTopoB. B pudpaxromerpe D8 ADVANCE MOKHO UCTIONB30BATE 3HEPrOAHCICPCHOHHBII
nerexrop Hoeoro noxoicHus SOL-XE u yxe sapekomenioBapIMe cebs B pasnuyuHbX
mudpaxTomeTpax oT Bruker AXS nuramMuueckne CUMBTHIIAMOHHEbIE JETSKTODSL M JIMHCHHEIS
I{ETGKTOPBI LynxEye u VANTEC-1.
KavecTBeHnbIH ¥ KOMHUECTBEHHRIN aHamH3 KpUCTAITAYECKHX (a3.
e CTpyKTypHbI! ananms.
e  OrpenescHHC Pa3MePOB KPHCTAIHTOB.
® AHanM3 CTPYKTYPHBIX M3MECHEHHH KPHCTAIUIHUECKUX (a3 MPH H3MEHEeHHH TeMIepaTypsl,
BIHXHOCTH U JABICHUS ¢ UCHONL30BAHMEM COOTRETCTBYIOIUX KaMep.
® DBRICTPHIH aHATH3 ¢ IPUMEHEHHEM [102HIHOHHO-1YBCTBHTEIBHOTO JETEKTOPA.
e ApromarHdecKui pexuM cbopa HaHHEIX U JaneHelnas o6paboTka pe3ynsTaTen
nporpaMmMubsM nakerom DIFFRAC?
2) Peumzenoghnyopecyenmuerii cneximpovemp ARL ADVANT X Thermo Scientific (USA)
Texanyeckue xapaKTepucTHKM:



16

* BHICOKO3((eKTHBHAS PEHTICHOBCKas TpyOKa 4-ro mokonerns ¢ Rh anooM 1 TOHKHM TOPLEBEIM
Be oxroMm (0,075 vm),
MAKCHMAaNsHAs MOWHOCTE 5 XKBT;
IPOTIOPIMOHABHET IpoToaHETH AeTexTop (3000 nmn/cex);
CHCTEMBI BparleHust Hpod U NporpaMMUpPyeMbIX KONITHMATOPHBIX MACOK;
IHATIA30H aHanu3upyeMeix kornenrpauui or 0,0001 go 100 %,;
JBYXKOOpUMHATHEIH po0oNoaaTydK Ha 98 KOAMPOBAHHBIX HO3UUKH [t Ipob B KacceTax.
Hanparitenus uenons30Banus:
e sneMmeHTHBIH agamnz oT Be 1o U (ot ppb mo 100%) o6pasuios B BuAE METANIOB, IIPECCOBAHHOIO
H CBOOOIHOTO TIOPOLIKa, CTEKON ¥ JKUAKUX Ipob;
® aHANW3 Maces, NOMUMEPOB, [IEMeHTa, TOPHEIX IT0PO/I, CTEKON, METAIOB, Py, OTHEYINOPOB,
I'CONOTHYCCKUX MATCPHAJIOB.
3. Jla6oparopus 2D- 1 3D HaHOCTPYKTYPHPOBAHHBIX HOKpLITHH (ayad. 119-4)
Kpamxas xapaxmepucmuxa nomeujenus.
Obmas wiomans — 102 kB.M (2 staxa). 1 stax — naboparopHoe 1 MPOU3BOACTBEHHOE 000pyOBaHHE
(67 xB.M), 2 otk — yueGHBIE Knace na 15 nocapounex Mecr (36 xB.M). COOTBETCTBYIOT HOpMaM
CanlluH 2.2.1./2.1.1.1278-03, CaulluH 2.2.4.548-96, CanlluH 2.2.2/2.4.1340-03, CaunlluH
2.4.3.1186-03, TIITh 01-03, Caull 21-01-97, CuulIl 23-05, HITE 104-03
Obopydosaiive.
1. YeranoBka 1N HAaHECEHHS  HAHOCTPYKTYpHpOBaHHLIX  HokpeiTHE  UniCoat  600SL+;
IIpoussogurens — PO, roxg Beimycka - 2008.
YcTaHoBKa JUTT HaHeceHUs MoxpeITiit MetosioM PVD ¢ MakcHManbHOH TOMIMHOK MHOTOCIOHHOrO
COHARHY-IIOKPBITHS 10 20 MKM Ha BeCh AHUaNa30H KCIOIB3YEMOI0 KOHUEBOI0 HHCTPYMEHTA C
CHCTEMOI BH3YaIH3alHH, YIPABICHNS ¥ TEPMOMETPHPOBAHI TEXHONOTHYECKOTO IIpolecca B
TEUEHHE BCEro UHKIA H3roTOoBNeHKUA. OCHOBHEIE TUIILI HOKPBITHA: TPaIULUHOHHBIE HOKPAITHA ~ TiN,
TiCN, Ti-C:H; 3D-HaHOKOMITIO3ATHEIC MOKPHITHA; 21D)-HaHOKOMITO3ZHTHEIE TIOKPBITHA U TIICHKY (B
TOM YHCIE anMazononobusie)- cynepnarraku. Cootserctiyer TpeboBanuam OCT 107.444.0001.004
I[1IWP440310.002TY
Ocrogrble MexHUYeCKUe XAPAKMEPUCMUKY: pa3Mep MHIIeHed, MM - 492x78 , mmpuHa 30HE
5 QeKTUBHOrO pPACIHBUIEHAS] MUIIEHH, MM — 72; rabapurHble pa3sMepbl MardeTpoHOB, MM -
550x105x60; - Bo3MOXHEOCTE pabOTH KX o# Dapsl B AyaTbHOM PEXHME; KONHYIECTBO MarHeTpoHOB,
T, — 4; BEIXOAHAS MONIHOCTE, KBT - 2x12; BBIXOJHOHE TOK, A - 0.5-20; 610K INTaHMS MarHeTPOHOB
MMILYIILCHBIH ¢ 2aiaBaemoit gactoToil 0.1-40 xI'1, ocHamen cucTemMolt cTabUNM3AKMH TaApaMETPOB U
CHCTEMOM JTYTOTaIeHus; BO3MOKHOCTE paboTel 6J10Ka B AyalbHOM pPeXKHME M He3aBHCHMOH paboTel
KayKIOro KaHajla, AHaMeTp HHCTPYMeHTa, MM - oT 2 7o 200 MM; pa3sMepsl BAKYYMHOM KaMephl, MM —
600 x 600 x 600
2. CrauuoHapHas yCTaHOBKa [ H3MepeHus Mukporeepgoctd HVS 1000
[IpomseomuTens — TaiiBane. [IpemnazHaven JuIs W3MEpeHUs MUKPOTBEPIOCTH B TOM YHCIE H
TTOKPBITHHA.
3. HcoprraTensHas cucremMa Ha pacTsiKeHHe TepymoKamepold WDW-100
XKectrocts cunopoit pams: 100 xH/Am, Hanbonsman npegensnas narpyska: 100 xH (10 c); Tan
HpHBOJA: BIEKTpoMexaHuyeckuii, TouHocTs mu3MepeHus Harpysku: =+1,0%(mo zexasy 0,5%),
Jlnamaszou wamepenus Harpyski: 400 H ~ 100 xH; (0.4%-100% nomHo#t mxaimel, aBTOMaTHYECKH
nepexmoyaeMsle MKaIel), 6 mkan, Paspemenue narpysku: 0,001% FS | duanasoH H3MepeHMs
aedopmanun: 2 — 100%, Tounocts mamepenns aeopmarnun: +£1,0%
4. Kanorectep CSM CA'l (Monens CAT-S-AE), TIpoussogurens: CSM (Ilseiinapus)
5. Mukpoxomdurecrep CSM MCT Llpoussommrens: CSM (lilsefinapus
6. Tpubomerp CSM (Mosens TRB-8-CE-000) Ilpomssomurens: CSM (Illseituapus)



8. OBECIIEYYEHHWE OGPA30OBATEJILHOI'O HPOLIECCA JJI4 JIMIL C OB3

8.1. YuebHo-MeTogu4eckne 0oco0Hs DA JHI ¢ OTFPAaHHYEHHBIMH BO3MOKHOCTAMHU
3M0pOBbA

Y4eOHO-METONHYESCKHE MATEPHANBL JULL  CAMOCTOSTCIBHOM M  ayJUTOPHOH paboThl
ofydarolxcs W3 YHCTa HHBAMIOB TIPENOCTaBIAIOTCS B (QopMaX, amanTHPOBAHHBIX K
OrPaHHYCHUAM HX 3J0POBbS ¥ BOCIPHATHL HHGOPMAaLHH.

JITst U1 ¢ HapYIIeHUsIMY 3PEHHS:

- B (popMe dIEKTPOHHOIO JOKYMEHTA,

— B I1eYaTHOH (hopMe YBENUIeHHBIM MIPHPTOM.

JiIst v ¢ HapylueHusMu cnyxa:

— B (hopMe BNEKTPOHHOTO NOKYMEHTa,

— B IIeUaTHOH hopme.

Jmst i ¢ HapyIIeRUsIMY OIIOPHO-/[BUTATEILHOIO allapara:

— B (popMe DIEKTPOHHOTO IOKYMEHTA;

— B Ile4aTHOH dopme.

8.2. MartepuaapHo-TeXHHYMECKOE o0ecnedenne ANCHANUIKHEI A i ¢ OB3

Ocpoenne jucumnimuHel nuuaMe ¢ OB3  oCYIIECTBIACTCS ¢ MCIOIB3OBAHMEM CPEACTB
o0y4enus o0IIEro M CIEIMANLHOTO Ha3HaueH .

Ilpm  oOy4eHMM CTYHEHTOB ¢ HAPYIUEHWAMH CIyXa OPeAyCMOTPEHO HCHOIh30BaHHe
3BYKOYCH/IMBAIOIIEH anmapaTypel, MYyJABTAMEIHHHBIX CPEACTB W APYTHX TEXHHYECKHX CPERCTR
npuemMa-repegauu yueGHoH uHpOpManuy B HOCTYNHEIX (opMax IV CTYLCHTOB C HapyLIEHHSMH
coyxa, MOOMNEHOH cHCTeMBl OOydeHMA [ CTYASHTOB C UHBATHAHOCTHIO, ITOPTATHBHOM
MHIYKUHMOHHOH CHCTEMEL YueOHas ayOuTopus, B KOTOpPOH 00y4aloTcd CTYIEHTEl ¢ HApYLICHHEM
cIyxXa, oDOpymOoBAHA KOMITBIOTEPHON TEXHHKOH, AyIHOTEXHUKON, BHAEO-TEXHHKOH, 3IeKTPOHHON
OOCKOH, MYNETHMEIHNHON CHCTEMOH.

IIpu obydgenuM CTYAEHTOB C© HApYIICHWSMH 3peHHS IPeAYCMOTPEHO HCIONB30BAHHE B
JIEKUMOHHBIX ¥ y4eOHBIX ayJUTOPUAX BO3MOXKHOCTH MPOCMOTPa YAAIECHHLIX 00BEKTOB (HampHMep,
TeKcTa Ha ACCKS WIM claiima Ha 5KpaHe) Ipu DOMOLH BUNEC YBEIHYHTENSH Ul yHajJcHHOTO
npocMoTpa.

Ilpu obyueruy CTYIEHTOB ¢ HAPYIICHHUSAMHE OIIOPHO-IBHIaTCIBHOIO allllapaTa HCIOIB3YIOTCH
anpTEpPHATHBHEIE YCTpolcTBA BBOJA HHGOPMAUMH W APYTHE TEXHHUECKHE CPeNcTBA MpHEMa-
nepenady yucOHoi HMHQOpPMaluKM B DOCTYNHBIX (GOpMaxX Ul CTYAEHTOB C HADYUICHMIMY ONOPHO-
JIBUraTeNbHOro armapara, MoOHIThHON cHCTeMBI 0OYIeHNS JUIS JIFONEH C HHBATMIHOCTEIO,

8.3. TpeboBanus K GoHAY OIeHOYHBIX ¢pencTB A any ¢ OB3

s CTYHEHTOR €  OIPAaHHYEHHBIMH  BO3MOXHOCTAMM  3JIOPOBBA  IIPESIYCMOTPEHBLI
JOIIOJIHAUTENBHEIC QIIEHOYHBIC CPEICTRA, ICPEUCHE KOTOPHIX YKa3aH B Tabmmue 1.

Tabmrma 1 — J[omoMHHUTENEHEIE CPENCTBA ONEHUBAHMS SISl CTYJACHTOB C MHBATHAHOCTRIQ

Karteropun Bupel  JOTMONHHTENBHEIX — OLEGHOYHHIX | POPMEL  KOHTPOAS H  OLEHKH
CTYNEHTOB CPEACTB pe3yNLTaTOR 00ydeHNR
C HapyILeHHAMH Tectrt, nuceMennsle n1adopaTopHLIe ITpenMylLecTBEHRO THChMEHHAR
CHyxa paboThl, BOMPOCEL K 3a4€Ty, KOHTPOALHLIE | ApoBepka

paboThI
C HApYUIEHHAMHA COGGCC,H,DBEHHC o BOIPOCAM K 3K3AMCEHY, HpeﬂMqu,{'}CTBE‘.‘-HHO YCTHas InpoRepKa
3pEHHA OfpOC HO TEPMHHAM (MHAMBHIYANIEHO)
C HADYUIEHHUAMH Pewmenye UHCTdHUHOHHBIX TECTOH, Hpeﬂmyluec'menﬂu
MIOpHO- KOHTPOJILHBIE paﬁo*m, ITHCBMCHHEIS AHCTAHOHOHHBIMI METOOAMH
JIBHTATENBHOrO nabopaTopHBIE, CAMOCTONTEILHBIC
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anmapara paloTsl, BOMPOCKH! K 3K3aMEHY

C orpainmenmsmMi | TecTel, THCEMEHHBIE TABOPaTOPHKIE, IpeumyiiecTREHHO IPOBEPKA

o CaMOCTOATEARHEIE PA0OTH], BONPOCH K METCIAMH, UCXOAA U3 COCTOAHMS
OBIEMENMUEHCKEM | 2K3aMEHY, KOHTPONEHbIE pafoTsl, yCTHEIE | 06Y4alONIETOCs Ha MOMEHT NPOBEPKH
TIOKA3aHMAM OTRETh!

8.4. MeroguyecKHe pPeKOMEHIAUHM 10 ONECHOYHBIM  cpeicTBaM JAf  JHO ¢
OTpAHIYEHHBIMH BO3MOKHOCTSIMA 310POBLS

It crymeutor ¢ OB3 mpenyemarpusaercst DocTylHas ¢opma IPEROCTABIEHMA 3amaHui
OTICHOTHEIX CPEJICTB, & HMEHHO!

* B rieyaTHOR opme;

* B eYaTHOM QopMe ¢ yRenHUYeHHBIM pU{pToM;

* B (hopMe BNEKTPOHHOIO JOKYMEHTA;

* METOJOM UTCHUA aCCUCTEHTOM 3a/1aHus BCIYX;

* MPEIOCTABICHUE 3a4aHUA ¢ HCIIOIL30BaHUEM CYDAOTEPEBOIA.

CryHeHTaM ¢ HHBAJIMHOCTBIO YREIMYHMBACTCS BPEMS HA ITOJATOTOBKY OTBETOB HA KOHTPOJIBHEIE
BOTIPOCHL

Jnt Takux CTYACHTOB NPEOyCMATPHBACTCS HOCTYMHAS (popMma TPEROCTABIEHHS OTBETOB Ha
3aaHus, 8 IMEHHO!

— NUCHMEHHO Ha Oymare;

- HaOopP OTRETOR HA KOMIILIOTEPE;

— Habop OTBETOR C HCICIL30BAHUEM YCIIYT aCCHCTCHTA;

— IPEACTABIEHHE OTRETOR YCTHO.

ITpomenypa  OnEHHBAHHA  pe3ynbTaroB  OOydYeHHA  HHBANMIOB [0  JMCIMINIMHE
[IPEAYCMATPUBAET lpejocTasienne nHdopMauy B GpopMax, afanTHPOBAHHLIX K OTPaHHYEHMAM HX
3/I0POBLS ¥ BOCTIPHATHA HHOpMaiu:

JLitst iU ¢ HapyLICHHAMH 3PEHHSL

— B (hopMe ATEKTPOHHOTO JOKYMEHTA;

— B MI€4aTHOH (OopMe YBeIMIEHHBIM IHPUQTOM.

st a1 ¢ HapyIUeHWAMHY CHyXa:

— B (popMe INEKTPOHHOTO JOKYMEHTE;

— B 1ie"aTHOM dopme.

JIns U ¢ HapyIeHusaMH ONTOPHO-IBUTaTeNBHOIO alnapara:

— B (hopMe 31EKTPOHHOTO JOKYMEHTA;

— B reuaTHol dopme.



7
(®UO, noKHOCTb, NOANHCH)

Pabo4yto nporpaMMy COCTaBHII Mﬂﬂ&‘é - f KT H LOUFHT %

Penensent (npeacraButelb paboToaarens):

I'naBueni uaxenep OO0 «KHUT»
CreneHbKuH A

(mecto paboTsl, nomxrocTs, DO, noagnee’

Hporpamma paccMOTpeHa H OI{O?EHE{ Ha 3aceclaHHuH Ka(l)eﬂpbl «Texmonorusky

Mpotrokon Ne 7 ot /4L A¥krona
3asenyrowmii kapeapoit  A/OL3CB B8, 4.7 ./ [IPOPLCCE, _.
(U0, noanucs) / 3

Pabouas nmporpamma paccMOTpeHa H 0100peHa
Ha 3acelaHHM y4eOHO-MeToauYecKoi KoMucchu HanpasieHus 28.03.02 «HanounxeHepus»

[Tpotokon Ne /! or A AhAona
P
r J

Ipencenarens komucenn 7 O0P0308 BB 4. 7. //,/, POPY, coco P

Fd
(®HO, 101KHOCTE, TIOAMHCH)

JIMCT NEPEYTBEPK/IEHUSA
PABOYEN ITIPOT'PAMMBI JTUCHHUTIINHbBI

Padouas nporpamma ogobpeHa Ha yueOHBIii rojt

IIpotokon 3acenanns xagenpnr Ne oT rojaa

3aBenyiomuii Kadeapoit

PaGouas nporpamma ofo0peHa Ha y4eOHBIN rox

ITporoxon 3acenanus kageapsr Ne oT roja

3aBeayrowmuii kapeapoi

Pabo4as nporpamma ogo0pena Ha yueOHbIiH roa

IIpotokon 3acenanus kadeapnl Ne oT roja

3asenyrouui Kadeapoii




