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1. HEJX OCBOEHUA INCHUIIJIMHBI

N3yuenue nucuurummnsl «Memoobl nonyyeHus HaHOCMPYKMYPUpOBaAHHbIX MAmepuanios u no-
Kpblmuil 8 MAwUuHOCMpoeHuu» HaNpaBIeHO Ha nocTwkeHue cuenyromux nenerr OITOIT 15.04.05
«KOHCTPYKTOPCKO-TEXHOJIOTHIECKOE 00ECTICUeHNE MAIIIMHOCTPOUTEILHBIX TIPOU3BOJICTBY:

Kon nemu DopMynupoBKa IeTH

112 [ToaroroBka BBITYCKHUKOB K NPOEKMHO-KOHCIMPYKMOPCKOU 0esmenbHocmu, odecneyn-
BalolIel CO3AaHUE MPOEKTOB MAIIMHOCTPOUTENHHOIO MPOU3BOACTBA U BHEAPEHUE TEX-
HOJIOTUH W3TOTOBJIEHHMS MAIIMHOCTPOUTENBHBIX U3JIENHMA, C YUEeTOM BHEIIHHUX U BHYT-
PEHHUX TPeOOBAaHMH K WX HPOU3BOJCTBY M KaueCTBY, 6HeOpeHUe U IKCIIYAMAYUu0 HO-
BBIX MAaTEpHUAJIOB, TEXHOJIOTHI, 00OpyJOBaHHS, BOCTPCOOBAHHBIX HA PETHOHAIBLHOM,
OTEYECTBEHHOM M 3apyOEsKHOM PBIHKE.

114 [ToaroroBka BBIMYCKHUKOB K HPOU3E00CHIBEHHO-MEXHOLO2UYECKOU OesimeIbHOCmU TIPU
BEITIOJTHEHUH TIPOM3BOJICTBEHHBIX M UCCIIEAOBATEIFCKUX IPOCKTOB B MPO(eCCHOHATBEHON
00J7acTH, COMPOBOKACHUIO HX OM3HEC-TIPOIIECCOB, OCYUIECMBICHUI) OP2AHU3AYUOHHO-
YIPAGIeHUeCKOl 0essmelbHOCHIU.

Lenvio Oucyunnunvl SBIAETCS U3yYCHHE TEOPETHMUYECKUX, TEXHOJOTHYECKUX M HKCHEPUMEH-
TaJbHBIX OCHOB MOJYYEHHS] HAHOCTPYKTYPUPOBAHHBIX MOKPBITUI B MAIIMHOCTPOCHUU. DTO MOAPA3Y-
MEBAET OCBOCHUE U PELICHUS Psa B3aUMOCBA3aHHBIX TEOPETUYECKUX, HAYYHO-UCCIIEN0BATEIbCKUX U
IIPAaKTHUYECKUX 3a/1a4.

OcHhosHbiMu 3a0auamu OUCYUNIUHBL AGTAIOMCA

- [IOJIyYE€HHE TEOPETUYECKUX HABBIKOB U KOMIIETEHIMI B 00JaCTH CYIIECTBYIOLIUX U MEPCIIEK-
TUBHBIX TEXHOJIOTUH ITOJIy4CHHS] HAHOCTPYKTYPUPOBAHHBIX U HAHOIIOKPBITUH;

- (pU3UKO-XMMUYECKUX OCHOB IOJIyUYEHUS PA3IMYHBIX BUAOB TOKPBITHUI;

- OCHOB MaTeMaTH4YECKOT0 MOJIEIMPOBAHUS JTaHHBIX MPOLIECCOB, aHAIN3€ HOBBIX oOJsacTell uc-
ITOJIb30BaHHUS IOKPBITUI B MAaIlIMHOCTPOEHUU;

- IUarHOCTUKE U HCIBITAaHUSAX HAHOMATEPHUAIIOB U HAHOCTPYKTYPUPOBAHHBIX MOKPBHITUNA B Ma-
HIMHOCTPOEHNH;

- IPAaKTUYECKUX HABBIKOB B 00JaCTH MOTY4YEHUS MOKPBITHIA.

2. MECTO JUCHHUIIJIMHBI B CTPYKTYPE OIIOII BO

Jucuunnuna «Memoobl noiyuenus HaAaHOCMPYKMYPUPOBAHHbIX MAMEPUATIO8 U NOKPLIMULL 8 Md-
WUHOCMPOEHUUY N3yJaeTcs B 3-eM CeMecTpe MOATOTOBKM MarucTpoB 1o HampasieHuto 15.04.05 mo-
clie 00s13aTeTbHOr0 MPOXO0KACHUS AUCHUIITUHBI «HaHOTEXHOJIOTUU B MAIIIMHOCTPOCHUM.

[Ipy u3ydyeHUH IUCLUIUIMHBI PAacCMaTPUBAIOTCS BOIPOCHI MeopemuiecKko2o xapakmepd, a
MMEHHO: KJIacCU(pHUKAIMA METOAOB M TEXHOJIOTUH MOIY4YEHUs pa3IMyHbIX MMOKPHITUN; 0030p pusnye-
CKUX NPHUHIUIIOB U OCHOB IMOJYYEHUS] MaTEPUAJIOB U MOKPBHITUN B MAIIMHOCTPOCHUHU; YCTAHOBKHU JIS
MOJTyYeHUs] MOKPBITUH M HOBBIX MaTEpUaOB; aHAIU3 00JacTel MCIOJIB30BAHUS HAHOCTPYKTYPHPO-
BaHHBIX MMOKPBHITUH U 00BEMHBIX MaTEpUaIOB B OTPACIIAX MAIIMHOCTPOEHUs. boiblioe BHUMaHUE yie-
JsieTCs U3yYSHUIO COBPEMEHHOT0 TEXHOJIOTHUECKOro 000pyJOBAHUs JIUIsl HAHECEHUS TIOKPBITHHA U TO-
Jy4eHUs TIOKPBITHI, B TOM YHCIIE JJIS TOJIy4YEHUs JeKOPATUBHBIX, KOPPO3HOHHO-CTONKUX MOKPBITUH, a
TaKXe MOKPBITUIA MEeTa1000pabaThIBaIOIET0 HHCTPYMEHTA, OCHACTKHU, OTBETCTBEHHBIX JieTaleil.

B pamkax u3ydyeHus] TUCHUIUIMHBI IPUOOPETAIOTCS npakmuieckue HAblKu pabomvl C yCTAaHOB-
KaMH JIJI1 HAHECEHMSI TIOKPBITH, TOATOTOBKYU MIOBEPXHOCTEHN O] HAIIBJIEHUE MEXAHUYECKUMH, XUMH-
YeCKUMH U (PU3MUECKUMU METO/IaMU; HaBbIKAMU pabOThI ¢ SKCIIEpUMEHTAIbHBIMU IpUOOpaMu U ycTa-
HOBKaMHM JUIS TPOBEPKU (PU3UKO-MEXAHUUYECKUX, XUMHUECKUX, CTPYKTYPHBIX U TPUOOIOTHYECKHX
CBOMCTB MaTepuasoB M MOKPHITHI U MOATOTOBKE 00PA3IOB AJIsl 3TUX MCCIEAOBAHUMN; a TaK)Ke€ HaBbIKU
paboThI ¢ NOTYYCHHBIMU U300paKEHUSIMU U pe3yIbTaTaMu, KOMIIBIOTEpPHONH 00paObOTKOM pe3yabTaToB.

Heabio TMCHUNIMHBI SBISETCS U3YYEHHUE METO0B M TEXHOJIIOTHIA MOJyYeHHs] HOBBIX MaTepHa-
JIOB MOKPBITUH B MAIIMHOCTPOEHUHU, KOTOPbIE HOCAT KaK TEOPETHUUECKUI, TaK U 3KCIEPUMEHTAIbHbBIN



Xapakrep. OTO TMOApPa3yMEBAaET OCBOEGHME U PELIEHUS psa B3aUMOCBSI3aHHBIX HAay4dHO-
HCCIIEI0BATEIbCKUX U MPAKTHUECKUX 3a7au. OCHOBHbIMU 3A0a4amu OUCYUNTUHbL SAGTAIOMCA
® [IOJIyuYeHHE TEOPETUYECKHX HABBHIKOB M KOMIETEHIMH B 00JACTH MAaTEeMaTHYECKOTO OMHCAHUS
CYHIECTBYIOIIUX U NMEPCIEKTUBHBIX TEXHOJIOTUH MOIYYEHHs] HAHOCTPYKTYPUPOBAHHBIX IIOKPBI-
TUW U MaTEepPUAJIOB;
®  (PU3MKO-XMMUYECKUX OCHOB IOJIY4YEHUS HAHOCTPYKTYPUPOBAHHBIX OKPHITUN U MaTEpHAJIOB;
® OCHOB MOJEIHMPOBAHMS JaHHBIX IIPOLECCOB,
® aHanM3e HOBBIX 00OJacTell UCHOIB30BAHUSA METOAOB MOJIYYEHUs HAHOCTPYKTYPUPOBAHHBIX IO-
KPBITHHH MaTEpUAJIOB JUIsl pa3IUYHbIX IPUMEHECHUN;
® JIMarHOCTUKHM U HCIBITAHUN HAHOCTPYKTYPUPOBAHHBIX NOKPHITHMIM MaTepuaioB B MallUHO-

CTPOEHMH; IPAKTUYECKUX HABBIKOB B 00JIACTH AUATHOCTUKH ITOKPBITUNA U MaTepHaJIOB.

OCHOBHO# ynop B Kypce JellaeTcsi Ha HaydyHOoe HarpaBiieHue kadenpsl «Texnonocuu mawiuno-
cmpoeHus», a UIMEHHO «Hanocmpykmypuposanhvie 8aKyyMHble NOKPbIMUAL 6 MAUUHOCIPOCHUUY, A
takke Ha pabotel B HOL[ «Hanorexnonorun» Bal'y.

B pamkax naHHoro xypca OyAeT pacCMOTPEHO yCTPOMCTBO M MPUHLUI pabOThl YCTAaHOBOK JJIs
IIOJIyYEHUS MTOKPBITUN PA3JIMYHOIO HA3HAYEHUS U MPHUHIMIA JEHCTBUSA, METOABI U TEXHOJIOIMYECKHE
IIPOLIECCHI MOJIYYE€HNUS HaHOCTPYKTYPHUPOBAHHBIX MOKPBITUN U MaTepUaioB, OyayT U3ydeHbl Oa30BbIE
¢bu3nyeckue sBICHUS, JISKAIINE B OCHOBE PAa3IMUHBIX METOJOB MOJIy4Y€HHs] HAHOCTPYKTYPHPOBAHHBIX
MaTEepUajIoB U MOKPBITUHM, PEACTABIECHBI IPUMEPHI UCIIOIb30BAHUS MUKPOCKOIIUHU U TUArHOCTUKHU JJIs1
UCCJIEIOBaHMs Pa3IMYHbIX HAHOCTPYKTYPUPOBAHHBIX IOKPBITUN M MaTepuanoB. B xoxe ocBoeHus
Kypca CTYIEHTBI I10JIy4aT peajbHble MPAKTUUECKNE HABbIKU PabOThl Ha YCTAHOBKAaX HAHECEHUs HAHO-
CTPYKTYPUPOBAHHBIX MOKPBITUN U MAaTEpUaJIOB, CKAHUPYIOIIUX 30HOBBIX MUKPOCKOINAX U IPOBEAYT
U3MEpPEHUs] Pa3jIMyYHbIX IJICHOK M IMOKPBITUHM W MaTepUajoB ¢ HAaHOMETPOBBIM MPOCTPAHCTBEHHBIM
paspeuieHueM. Ocoboe BHUMaHUE OyJeT yIelIeHO TEOPETUYECKOMY U NMPAKTUUYECKOMY OCBOCHMIO Me-
TO/IOB MaTeMaTU4YecKoi 00pabOTKMU M KOJUYECTBEHHOTO aHajIN3a U300pakeHUl cpaTd TECTUPOBAHMUS,
KaJIOTECTUPOBAaHUS, MUKPOCKOIIUU M JIMarHOCTUKK HaHOMaTepuasioB. B xone m3yueHus kypca Oyzner
MIPOBEJIEHO HECKOJIBKO CEMHUHApPOB, HA KOTOPBIX CTYIEHTHI MOJIYy4YaT BO3MOKHOCTH CHENATh JOKJIAJb
10 UCIIOJIB30BAHUIO METOJI0OB HAHECEHUS MOKPBITHI JUIsl IEPCIEKTUBHBIX U3JEIUNA MAIIMHOCTPOEHMS,
10 UCCJIEJOBAaHUIO HOBBIX MEPCHEKTUBHBIX HAHOCTPYKTYPUPOBAHHBIX IJIEHOK U HAHOMAaTepUajoB, OC-
HOBBIBASICh Ha CTAThsIX BEAYIINX MUPOBBIX HAYYHBIX U3JaHUN U HHTEPHET-MyOINKALIUAX.

Jl1s ycnenHoro ycBOeHMsl MaTepuaa JUCHUIUIMHBI He00X0JUMO 3HaHHE OOIIMX KypcoB «Du-
3uKu» U3 IUKJIAa OOIIMX MaTeMaTHYeCKMX M €CTECTBEHHOHAYUHBIX IUCHUUIUIMH. V3yueHue naHHON
JTUCHUIUIMHBI TaK’K€ PEKOMEHJ0BAaHO CTY/AEHTaM, OakajlaBpaM M Marucrpam, IJIaHUPYIOIIUM HUCIOJIb-
30BaTh Pa3HOOOPA3HbIE METObI MOTYUEHHS BAKYYMHBIX MOKPBITUI IPU BHINOJIHEHUH KYPCOBBIX U 1H-
MIJIOMHBIX pa0oT.

B pesynbTare mzyueHHs! AUCHUIUIMHBI CTYACHTHI TOJDKHBI MMETh YETKOE MpejacTaBieHue o0
OOIIMX MPHUHIHMIIAX paOdOThl YCTAHOBOK JJIS MOJYUYEHUS! TOKPBITHM, TEXHOJIOIMYECKUX IMpolleccax Mo-
Jy4eHUs HAaHOCTPYKTYPUPOBAHHBIX MOKPBITHHA, 00IAaCTIX NPUMEHEHHUS HAaHOCTPYKTYPUPOBAHHBIX IO-
KpPBITUI M MaTEpHUajoB B MAIMHOCTPOCHUU M JPYTUX OOJACTSIX MPOMBIIUIEHHOCTH, METOJaX MpOBEp-
KM KauecTBa MOJy4aeMbIX HAHOCTPYKTYPUPOBAHHBIX TOKPBITUN U MAaTEPHAIIOB.

3. KOMIIETEHIIMHX OBYYAIOIIETOCs1l, ®OPMUPYEMBIE B PE3YJIbTATE OCBOE-
HUA JMCHUITVINHBI

[Tocne u3ydeHus: JaHHOM TUCHMIUIMHBI CTYEHT NPHOOpETaeT 3HaHUS, YMEHHUS U OIIBIT, COOTBETCT-
Byromue pezynbratam OIIOII HanpaBnenns 15.04.05:
P2, P4 (pactmdposka pe3ynabratoB 00yuenus npuBoautcs B OIIOII nanpasnenus 15.04.05).
B pe3yibpTraTre 0CBOCHHS TUCIHILIHHBI O0YYAIONIUICS TOJHKEH JEeMOHCTPHPOBATH CIIETYIOIIHE
pe3yabTaThl 00yueHusl, cornacyroumecs ¢ popmupyeMbiM komnereHusm OITOIT:
CIOCOOHOCTRIO pa3padaThiBaTh W BHEAPATH d(DPEKTUBHBIC TEXHOJIOTUU H3TOTOBJICHUS MaIllU-
HOCTPOUTENBHBIX U3CIHUH, y4acTBOBATh B MOJICPHU3ALIMN U aBTOMATHU3ALUHU JCHCTBYIOIUX U MPOEK-
TUPOBAaHUM HOBBIX MAIIMHOCTPOUTEIBHBIX NPOU3BOACTB PA3JIMYHOTO HA3HAYEHHUS, CPEACTB U CHCTEM



WX OCHAIICHUs, TIPOU3BOJICTBEHHBIX U TEXHOJIOTUYECKUX MPOIIECCOB C MCIOJIB30BAHUEM aBTOMATHU3U-
POBAHHBIX CHCTEM TEXHOJOIMYECKO# MoAroToBKu mpou3sosctea ([TK-5):

3Hamb. 0OCOOCHHOCTH CTPYKTYPBI U OCHAIIEHUS BHICOKOA((HEKTHUBHBIX MAIIHHOCTPOUTEIBHBIX
MIPOU3BOJICTB C TEXHOJIOTUSIMA HAHECEHUSI HAHOCTPYKYTPHUPOBAHHBIX TTOKPBITHH;

YMemb: WCHOJB30BATh PACUETHBIE METOAWKH Ui pa3pabOTKH TEXHOJOTMYECKHX IPOIECCOB
MOJTyYCHUSI HAHOCTPYKTYPUPOBAHHBIX MaTEPUAIOB M MTOKPBITHH;

61adems. HaBBIKAMU pa3pabOTKH TEXHOJIOTMYECKHX MPOLIECCOB HAHECEHUSI HAHOCTPYKTYPHPO-
BaHHBIX [TOKPBITUHN JIJIS1 K3TOTOBJICHUST MAITUHOCTPOUTEIIBHBIX H3ICIHIA;

CIOCOOHOCTBIO OPraHU30BBIBATH PA0OTHI MO0 MPOECKTUPOBAHHIO HOBBIX BBICOKOI((EKTHBHBIX
MAaIIMHOCTPOUTEIBHBIX MMPOU3BOJICTB M MX DJIEMCHTOB, MOJACPHHU3AIMA U aBTOMATHU3AIMH JICHCTBYIO-
IIHX, 10 BEIOOPY TEXHOJIOTHI, HHCTPYMEHTAIBHBIX CPEJICTB M CPEICTB BBIYMUCIUTEIBLHON TEXHUKH TIPU
peanu3aly IpoIecCOoB MPOSKTUPOBAHUS, M3TOTOBJICHHUS, KOHTPOJIS, TEXHUYECKOTO THArHOCTHPOBA-
HUSI M TPOMBIIUICHHBIX UCIIBITAHUN MAITMHOCTPOUTENLHBIX U3/CIHIA, TTOMCKY ONTHMAIbHBIX PEIICHUI
[IPU UX CO3JIaHKH, Pa3pabOTKE TEXHOJOTHI MAITHHOCTPOUTEIILHBIX POU3BOJICTB, U 3JICMEHTOB M CHC-
TEM TEXHHYECKOTO W allapaTHO-IPOrPaMMHOIO OOECIEeYEeHUsI ¢ y4eTOM TpeOOBaHHW KayecTBa, Ha-
JISKHOCTH, & TAK)KE CPOKOB MCITOJHCHHUSI, OE30MIaCHOCTH JKU3HEACATSIIbHOCTH U TPEOOBAHH SKOJIOTHH
(TIK-11):

3HQMb: OCHOBHBIC TIPUHIIMITBI M TUIIBI MAIIHHOCTPOUTEIBHBIX MPOU3BOICTB I10 MOJYYCHHIO Ha-
HOCTPYKTYPHPOBAaHHBIX MaTEPUAIIOB U MIOKPBITHIA,

yMemb: IPOSKTUPOBATh YYaCTKH B COCTABE I1eXa [0 HAHECCHHIO HAHOCTPYKTYPUPOBAHHBIX I1O-
KPBITHI U NMPOBEPKU UX CBOKMCTB C yueTOM TpeOOBaHHUs MO OE30MaCHOCTH KU3HEACITEILHOCTH U TPEe-
OOBaHMIM DKOJIOTHH;

e1ademsb: IPUEMaMH TIPOCKTUPOBAHUS YIACTKOB U JTa0OPATOPHiA M0 HAHECEHHIO HAHOCTPYKTY-
PUPOBAHHBIX TOKPBITHI U TOJTYYCHUIO HAHOCTPYKTYPUPOBAHHBIX MaTEPHAJIOB;

CIOCOOHOCTBIO Y4aCTBOBATh B IPOBEIEHUHM PadOT MO COBEPIICHCTBOBAHHIO, MOJEPHU3ALUH,
YHU(UKALMU BBITYCKaeMON MPOAYKIUH, NEHCTBYIOLIMX T€XHOJOTHH, MPOU3BOJCTB UX 3JEMEHTOB, IO
CO3/IaHUIO TIPOEKTOB CTaH/IAPTOB U CEPTU(HUKATOB, 3aKJIIOUEHUI HA HUX, [0 aBTOPCKOMY HaJ[30py MpHU
U3rOTOBJIEHUH, MOHTAXE, HAJaJKe, UCHBITAHUAX U CAade€ B DKCIUIyaTallMIO BBITYCKAEMbIX W3IEIINH,
00BEKTOB, BHEJIPEHUIO TEXHOJOTHI, MO MPOBEIECHUI0O MAapKETHHra M IMOATOTOBKE OM3HEC-IUIaHA BbI-
MyCKa U pealn3aliu NepcreKTUBHBIX KOHKYPEHTOCTIOCOOHBIX U3/IeNUH, 110 pa3padoTKe IIaHOB U MPO-
rpaMM HHHOBaIMOHHO# nesrensHocTH ([TK-13):

3HamMb: OCHOBHBIE CTAHAAPThI, CEPTUPHUKATHI U HOPMATHBHbBIE JOKYMEHTHI IO BBITYCKY MaIllM-
HOCTPOMUTEIBHOW MPOAYKIIMH C HAHOCTPYKTYPHUPOBAaHHBIMU MaTepraiaMH U MOKPBITUSIMU;

yMemb: PaCcCUUTHIBATH 3((PEKTUBHOCTh MCIIOJIb30BAaHHSI HAHOCTPYKTYPHUPOBAHHBIX MaTepHaiOB
Y TIOKPBITHH B BBITYCKAEMbIX M3/ETUSIX MAITMHOCTPOCHUS;

BJIAJICTh: METOJMKAaMHU MPOBEPKU KayecTBa HAHECEHUsS! MOKPBHITUH B YAaCTH OIpeneseHus pak-
TUYECKUX (PU3UKO-MEXaHMUECKHUX U TPUOOIOTMUYECKUX XapaKTEPUCTHUK.



3. CTPYKTYPA U COAEP/)KAHUE JUCLHUIIJIMHBI

OOm1as TpyI0EMKOCTh JUCIUTLTMHBI COCTABISET 6 3a4eTHBIX eqUHUIBI 216 JacoB.

(/11

Paznen
JTUCIUILINHEL

Cemectp

Henens cemectpa

Buner yae6HOM paboThI, BKITIOYAs ca-
MOCTOSITEIIEHYIO pabOTy CTYIEHTOB
1 TPYIOEMKOCTb (B Jacax)

Jlexmn
Kouncynbra-
CeMuHapbl
IIpaktuueckue
Jlaboparop-
KontponbHbie
CPC
KIT/KP

O6beM yueb-
HOM PabOTHI g
NpUMEHEHUEM
UHTEPAKTHB-
HBIX METO/IOB
(B wacax / %)

DOpMEI TEKY-
LIero KOHTPO-
1
YCIIEBAEMOCTH
hopma mpo-
MEKYTOYHOU
aTTecTaluu

Pa3nen 1. BBenenue B
kypc. Kinacenpuxauus
HAHOCTPYKTYPHUPOBAH-
HBIX MOKPBITHHA M Ma-
TepuaioB.

6/50%

1.1

OO0miast xapakTepUCTHKA
MOKPBITUHA U MaTepHa-
JIOB B MALIMHOCTPOCHUU
1 CTIOCO0OOB HX TOJTy4e-
HUSIL.

2/50%

1.2

Mertoapl noTy4eHus
00BbEMHBIX HAHOMATE-
pHaoB.

2/50%

1.3

OO61ue TpedboBaHus K
TII HaHeceHust HAHOCT-
PYKTYPHUPOBAHHBIX TIO-
KpBITHH.

2/50%

Peiimune-
Konmpoab Nol

Pasnes 2. Texnonoruu
¢opmupoBaHus cjioeB
HAHOMETPOBOM TOJI-
IIUHBI B IOKPBITUAX U
00beMHBIX MaTepHa-
JIax.

6/50%

2.1

Ddusznueckrue 0CHOBBI
SMUTAKCUU HAHOMETPO-
BbIX cJioeB. [IpuHIHIbI
paboThl yCTAHOBOK ISt
MOJYy4YEHHS] HAHOMETPO-
BBIX CJIOEB B BAKYyM€E

2/50%

2.2

®u3nvecKre OCHOBBI
IIOJIy4ECHUS] HAHOMET-
POBOI1 CTPYKTYpHI B
00BEMHBIX MaTeprazax
Merogamu WITJ]

2/50%

2.3

YCTpoHCTBO U COCTaB-

HBIE 3JIEMEHTHI YCTaHO-
BOK JIJIS1 IOJTyYEHUS Ha-
HOMETPOBBIX CTPYKTYP

2/50%

Peiimune-
KOHmpoab No2

Pasnen 3. Pazpadorka
TeXHOJIOTHYeCKUX

6/50%

Peiimune-
Konmponb Ne3




npoueccos (TII) u uc-
cJieIoBaHue MOKPBITHH
H 00beMHBIX MaTepHa-
JIOB /11l MALIIUHO-
CTPOUTEJbHBIX PUMe-
HEeHUIi.

Pa3paboTka BaKyyMHBIX
3.1 TII monmy4enus 2D/3D 712 2 16 2/50%
PV D-niokpbITHHA.
Pazpabotka TII nonyude-
3.2 HHs 00OBEMHBIX HAHOCT-
PYKTYpHPOBAaHHBIX Ma-
TepHUaJIoB.

8 | 2 2 16 2/50%

MeToabl UCCIIeIOBaHUS
HaHOCTPYKTYPHUPOBaH-
HBIX MaTepPHAIIOB H I10-
KPBITHH 17151 MaIlIMHO-
CTPOUTENHHBIX ITPUMeE-
HEHUH.

3.3 9| 2 2 16 2/50%

Bcero IK3aMeH
144 0
18 18 18/50% (364)

TemaTnueckni MJIaH JeKIAKA

Pa3znen 1. Beegenune B kype. Kiaccupukanuss HaAHOCTPYKTYPHMPOBAHHBIX NMOKPBITHI U
MaTepuajoB.

Tema 1-1. OOmias xapakTepuUCTHKA MOKPBHITUH U MaTEPUAIOB B MATUHOCTPOCHUU H CIIOCOOOB
UX TOJTY4YEHHUS.

[TokpeiTuss B MammHOCTpoeHHH. OOImas XapakTepUCTUKAa TIOKPHITHA U CIOCOOOB UX
HaHeceHMs. TpeOoBaHus, mpeabsaBisieMble K MoBepxHOCcTH. Kiaccuukanus mporeccoB HaHECEHUs
METANIMYECKUX MOKpbITUH. OCHOBHBIE MeTOAbl HaHeceHHsA. (CXEMbl MpOLECCOB U OCHOBHBIE
napaMeTpbl HAHECEHHUsS METANIMYECKMX MOKPHITHM (IIMHKOBBIX, aJIOMUHUEBBIX, OJIOBSHHBIX,
XpOMCO/IeprKallluX, MAKUPOBaHHBIX) OCHOBHBIE U OOLIME MapaMeTpbl TEXHOJOTHYECKUX MPOLIECCOB U
ux BiausHUE Ha 3¢ deKkTuBHOCTH nporecca. CrnocoObl U TEXHOJIOTUYECKHE OCOOCHHOCTH OTAENbHBIX
BHUJIOB TOJYYEHUS METANIMYECKUX NOKPHITUN. (DYHKIMOHAJIBHBIE CXEMbl YCTAaHOBOK IOJYYEHHS
MOJINMEPHBIX MOKPBITUH. JlakoKpaco4yHbIE MOKPHITHS U UX cOocoObl HaHeceHus. O0mue TpeboBaHMs,
npenbsBisieMble K ycraHoBkaM. OO030p yCTaHOBOK /ISl PasiIMYHBIX BHUAOB MOKpbITHHA. OOmue
CBEIICHUS O TIOATOTOBKE TIOBEPXHOCTH. MeXaHMYeCKHe W XHUMHUYECKHE CIoCOOb 00paboTKH.
[TpuHIMIBI pabOTHl YIBTPa3BYKOBBIX, MECKO-U TUAPOCTPYHHBIX YCTaHOBOK. Cxembl NITUGOBAHUS U
nosniupoBanust. O0e3KUpUBaHUE U TPABJICHHE.

Tema 1-2. Metoap! oydeHus: 00bEMHBIX HAHOMATEPUATIOB.

PaccmoTpeHbl 0COOEHHOCTH MMOJIy4eHUsI 0OBbEMHBIX MaTEpUajOB C HAHOCTPYKTYPHUPOBAHHMU
CJIOSIMU C TIOMOIIbIO METOJI0OB HHTEHCUBHOM IIIACTUYECKOM eOopMaLliy U JTUTHS.

Tema 1-3. O6me TpeboBanus xk TI1 HaHECEHUST HAHOCTPYKTYPUPOBAHHBIX TOKPHITHH.

PaccmaTpuBaroTcst obmue moaxoasl u TpedboBanus k TII momydeHnss HAHOCTPYKTYpPHUPBOAHHBIX
MOKPBHITHI. MeXaHn4eCKrue U XUMUUYECKHE CTIOCOOBI CHATHUSI MOKPBITHH. [IpuHIMIEI paboTel ycTaHo-
BOK JIJISl CHSITUSI IOKPBITHH.

Paznen 2. Texnonorun ¢popMHUpPOBaAHUS CJ10€B HAHOMETPOBOH TOJIIMHBI B MOKPBITHAX H
00beMHBIX MaTepHuaJax.

Tema 2-1. ®usnyeckre OCHOBBI AMUTAKCUU HAHOMETPOBBIX ciioeB. [IpuHIIMIIBI pabOThI yCTaHO-
BOK IS ITOJIyYE€HHUSI HAHOMETPOBBIX CJI0EB B BakyyMe. OCHOBHBIE ITApaMETPhI NOBEPXHOCTH. CBEACHUS



O TOMOJIOTHU IMOBEpXHOCTEH. Buabl HEOTHOpPOAHOCTEH M NEPEeKTOB Ha MOBEPXHOCTUT. WX poib u
MeXaHu3M (OpPMHUPOBAHUS MOKPBITUM. VI3MeHeHHe CTpOeHUsI MPUIIOBEPXHOCTHBIX CIOEB MPH 00pa3o-
BaHUM TOBEPXHOCTH. ATOMHbIE KOH(HUTypalnuu MOBEPXHOCTH BO3MOXKHBIE BAPHAHTHI PACTIOIOKEHUS
IPUCOCTUHSIOIUXCA aTOMOB IIpU (POPMHUPOBAHUU CJIOS MOKPBITUSA. XHUMHUYECKass HEOIHOPOJHOCTh
1oBepXHOCTU. OCHOBBI MOHATUS XMMUUYECKON HEOAHOPOJHOCTU. XUMHUYECKasi aKTUBHOCTh BEIIECTBA.
Tema 2-2. ®dusnyeckre OCHOBBI MOJIy4Y€HHs] HAHOMETPOBOU CTPYKTYpPbl B 00BEMHBIX MaTepHuagax Me-
tomamu UII/I.

HanpskeHHO-1epOpMUPOBaHHOE COCTOSIHUME MaTepuana IHpu pasnuyHbix Metomax WILJI.
N3menenue ctpykrypsl Marepuana npu UL/,

Tema 2-3. YCTpOMCTBO M COCTABHBIE 3JEMEHThl YCTAHOBOK JUIS IMOJIyYE€HUS HAHOMETPOBBIX
CTPYKTYP.

Jlaercst 0630p yCTaHOBOK ISl IOJIYYEHUSI HAHOMETPOBBIX CTPYKTYP, CXEMbI M IPUHLHUIIBI palo-
ThI TIOJIOOHBIX arperaTos.

Pa3znen 3. Pa3paborka TexHonorndeckux npomeccoB (TII) u ucciaenoBanue NOKpPbITHI U
00beMHBIX MaTepPHAJIOB /ISl MAIIMHOCTPOUTEIbHBIX IPUMEHEHMIA.

Tema 3-1. Pa3pabotka Bakyymubix TII nonyuenus 2D/3D PVD-nokpeiTuii.

OcHosnble TexHONOrHueckue napamerpsl TII. Bappupyemsie u nocrosiuasie napamerps TII.

Tema 3-2. Pa3zpabotka TII nmomyuennst 00beMHBIX HAHOCTPYKTYPHUPOBAHHBIX MAaTEPUAIIOB.

OcHosnble TexHONOrHUeckue napamerpsl TII. Bappupyemsie u nocrosiuasie napamerpsl T11

Tema 3-3. MeTonbl HCCIEIOBAHUS HAHOCTPYKTYPHPOBAHHBIX MAaTEPHAJIOB M TOKPBITHHA IS
MAaIIMHOCTPOUTEIbHBIX IPUMEHEHUN

OneHka KayecTBa M0JIy4aeMbIX HAHOCTPYKTYPUPOBAHHBIX MaTEpUaIOB U OKPHITHIM.

TeMaTuka NPaAaKTHYECKUX 3AHATHI
Hroxe npuBoauTCs repedyeHb MPaKTUYECKUX 3aHATHN:
Pazoen 1. Knaccuguxayus memo0oe nonyyerus noKpuimuii U cnoco608 noo02omosKu Ho8epPXHOCIU.
1. TlokperiTuss B MamuHOCTpoeHuH. OOmas XapaKTepUCTHKA TOKPBITUH M CHOCOOOB HX
HaHEeCEHUS.
2. MeTo/pI MOATOTOBKH MOBEPXHOCTH JJI1 HAHECEHUSI IOKPBITUH.
3. MeToabl CHATHUS TTOKPBITHA.

Pazoen 2. Qusuxo-xumuuexue OCHOBbl NONYYEHUS HAHOCMPYKMYPUPOBAHHLIX NOKPLIMUL 8
MAWUHOCIPOEHUU.
4. Crpoenue u cBoicTBa noBepxHocTu. HeomHoponHoctn Ha mnoBepxHocTHT. WX posb B
(bopMHPOBAHNUYU TTOKPBITHIA.
5. Hedextsl moBepxHoCcTU. VX ponb B GopMUPOBAHNN TOKPHITHA.
6. Xumuyeckas HEOJHOPOJHOCTH MTOBEPXHOCTH.
7. IloBepxHOCTHasi PHEPTHS KPUCTAIIIOB U €€ POJIb PU HAHECEHUU MOKPBITHI.

Pazoen 3. Texunonoeuueckue npoyeccol NOnYYeHUs HAHOCMPYKMYPUPOBAHHLIX NOKPLIMUL 8
MAUUHOCMPOEHUU.
8. IIporecchl, MpoTeKaroIke IPH B3aUMOCHCTBHH TIOBEPXHOCTH ¢ BHEIIHEH cpenoi. OCHOBHEIC
MIOHSTHSI POLIECCOB a/ICOPOAITHH.
9. ®wusnyeckue METObl HAHECCHUS TTOKPBITHH.
10. Xumudeckre METO Ibl HAHECEHUS TTOKPBITHIA.



5. OBPA3BOBATEJIBHBIE TEXHOJIOT A
Jucuunnnza «Memoovl nonyueHus HaHOCMPYKMypPUPOBAHHbIX MAMEPUAnos U NOKPbIMUL 6
MAWUHOCMpoeHuu» BKIIIOYAeT B ce€0sl JEKIMOHHbIC U MPAKTUYECKUE 3aHATUSA U B KOMIUIEKCE JIaHHBIX
3aHATHI 00eCTIeunBaeT y CTYJJCHTOB TpeOyeMble KOMIIETCHIINH.
Jlexyuonnvle 3ansamus MPOBOAATCS B (popMe JEeKIMH, KaK B TPAAULIMOHHONW Gopme, Tak U ¢ uc-
MOJIb30BaHUEM MPE3EHTALUN 1 BUJCOPOIUKOB, MYJIbTUMEIUHHBIX (PHIBMOB.
Jlns mpakTU4eckux pador:
IIpenycMoTpeH MacTep-KJlace CO CHELHaIUCTaMu B 00JaCTH HAHOU3MEPEHUil (aTOMHO-CHIIOBAs
U 3JIEKTPOHHAsi MUKPOCKOIIUS, HAHOMHJIEHTUPOBAaHUE), OJYYEHNUsI HAHOTPYOOK U HAHOBOJIOKOH, Ha-
HOCTPYKTYPHBIX ITOKPBITHH.

6. OHEHOYHBIE CPEJICTBA JIJISA TEKYIEI'O KOHTPOJISA YCIIEBAEMOCTMU, ITPO-
MEXYTOUYHOM ATTECTAIIMA IO UTOI'AM OCBOEHMSI JUCHUILINHBI U YUEB-
HO-METOJAYECKOE OBECIIEYEHUE CAMOCTOSTEJBbHON PABOTHI CTYJIEH-
TOB
Bormpocs! U1t peUTHHI-KOHTPOJIS

Pevmune konmpons Nel.

1. TlokpeiTust B MammHOcTpoeHHH. OOImas XapakTepUCTHKAa TOKPBITUH W CHoco0OB MX
HAHECECHMS.

2. TpeOoBanus, mpeabsBIseMble K MOBEpXHOCTH. Kiaccupukamuss NpOIEecCOB HAHECEHUS
METAJIIMYECKUX TOKPBITHH.

3. OcHOBHBIE METOIBI HAHECEHHsS MOKPHITUHA. CXeMBbl TMPOLECCOB M OCHOBHBIC IapaMeTpHhI
HAaHECEHUs]  METAUIMYECKUX  TOKPBITUM  (LUMHKOBBIX,  aJIIOMHHHEBBIX,  OJIOBSIHHBIX,
XPOMCOJIEpKalNX, TAKUPOBAHHBIX ).

4. OcHOBHBIE U 0OLIMEe MapaMeTpbl TEXHOJIOTHYECKUX INPOLIECCOB M UX BIUSAHUE Ha
sddextuBHOCTh mMporecca. CrnocoObl W TEXHOJIOTHYECKHE OCOOCHHOCTH OTACIBHBIX BHJIOB
MOJIyYEHUS METAIIMYECKUX TTOKPBITH.

@OYHKIMOHAIbHBIE CXEMbI YCTAHOBOK ITOJIyYE€HHUS TOJIMMEPHBIX TOKPBITUH.

OO6u1me TpeboBaHus, MPEIbABISIEMbIE K YCTAHOBKAM.

0O0630p yCTaHOBOK ISl pa3IMYHBIX BUIOB MOKPHITUH.

OOue cBeaeHHs O MOJrOTOBKE IMOBEPXHOCTH. MeXaHW4ecKHe M XUMHYECKHE CIIOCOObI
00paboTKH.

9. TlpuHnmmnsl paboThI yIbTPa3BYKOBBIX, IECKO-U THAPOCTPYHHBIX YCTAaHOBOK.

10. CxemsI nmudoBanus u nomupoBanus. O0e3KupUBaHUE U TPABJICHHUE.

11. OcobGeHHOCTH MOJTyYeHHsI OOBEMHBIX MaTEPHAIOB C HAHOCTPYKTYPUPOBAHHMH CIIOSIMH C

MTOMOIIIBIO METOJI0B MHTEHCUBHOM IJIACTUYECKOM JIePOpMaIIiH.

12. OcobGeHHOCTH MOJTy4eHHsI 0OBEMHBIX MAaTEPHATIOB ¢ HAHOCTPYKTYPUPOBAHHMH CIIOSIMU C

MOMOIIbIO METOJIOB JIUThSI.
Petimune-konmpons Ne2.

1. dusnyeckue OCHOBBI AMUTAKCUM HAHOMETPOBBIX CIIOEB.

2. IlpuHnumnsl pabOThl YCTaHOBOK IS OJYYEHUsI HAHOMETPOBBIX CIIOEB B BaKyyMe.

3. OcHOBHBIE TTapaMeTphl TOBEPXHOCTH. CBEIEHUS O TOTIOJIOTHU TTIOBEPXHOCTEMH.

4. Bupapl HeoHOpPOIHOCTEH U 1e(heKTOB Ha MOBEpXHOCTH. X poib U MexaHU3M (HOPMUPOBAHHS
MTOKPBITH.

M3MeHeHne CTpoeHus! MPUIIOBEPXHOCTHBIX CI0EB IPU 00pa30BaHUM MOBEPXHOCTH.
6. AromHBIE KOH(UTYpaIli TOBEPXHOCTH BO3MOYKHBIC BApHAHTHI PACIIONIOKEHHS MPUCOCIH-

HSIOIIMXCSI aTOMOB NPH (POPMUPOBAHUU CII0S1 TOKPBITHSI.

7. Xumudeckas HEOJHOPOIHOCTh MOBEPXHOCTH. OCHOBBI HOHATUA XUMHUYECKOHU

HEOJTHOPOJAHOCTH. XUMUYECKasi aKTUBHOCTH BEILIECTBA.

8. ®dusnueckue OCHOBBI NOIYYECHUsI HAHOMETPOBOH CTPYKTYPhl B OOBEMHBIX MaTepuanax MeTo-
mamu UII/T.

NGO

o



9. HamnpspkenHo-aeopMupoBaHHOE COCTOSIHUE MaTepuala Ipu pa3anaHbix mertogax UIT/I.
N3menenue ctpykTypsl matepuana npu NI,

10. YcTpoiicTBO M cOCTaBHBIE 3JIEMEHTHI YCTAHOBOK JIJIS TTOJIYYEHHS] HAHOMETPOBBIX CTPYKTYP.

11. CxeMbl 1 npUHLHUIIEL PA0OTHI TOJOOHBIX arperaTtoB JUIsl MOJy4YeHHsI HAHOMETPOBBIX CTPYKTYP.

Petimune-xonmpons No3.

1. OGmwue noaxosel u TpedoBanus K TII nosyueHust HAHOCTPYKTYPUPBOAHHBIX OKPBITHI.

2. MexaHMYeCKHE U XUMHUYECKUE CTIOCOOBI CHATHUS TTOKPBITHHA.

3. IlpuHuuns! paboTsl YCTAHOBOK JUISl CHATHSI TOKPBITHH.

4. Pa3pabotka BakyyMHbIX TII momyuenust 2D/3D PV D-nokpsITHiA.

5. OcHoBHbIC TexHOJNIOTHYecKHe napameTpbl TII momydeHust mokpeiTHid. Bapbupyembie u OCTO-
saHHble apamerpst TI1.

6. Paspaborka TII nomaydeHus oObeMHBIX HAHOCTPYKTYPHUPOBAHHBIX MaTepuanoB OCHOBHBIE TEX-
Hosiorndeckue napamerpsl TII. Bappupyemslie u nocrossHHble napameTps TI1L

7. Meronpl uCCleN0BaHUS HAaHOCTPYKTYPHUPOBAHHBIX MaTEpPHAIOB W IOKPBITUH ISl MalIMHO-
CTPOUTENIbHBIX TPUMEHEHUN

8. OueHka KayecTBa MOIy4aeMbIX HAHOCTPYKTYPUPOBAHHBIX MaTepHaIOB U IOKPBITHII.

Bomnpocs! Kk 3k3aMeHy

1. TlokpeiTuist B MammHOcTpoeHHH. OOImas XapakTepUCTHKAa TOKPBITUH W CcHoco0OB MX
HaHEeCeHUsl.

2. TpeOoBanus, mpeabsBIsieMble K MOBEpXHOCTH. Kiaccupukamusi NpoIeccoB HaHECEHUs
METAJUINYECKUX MTOKPBITHH.

3. OcHOBHBIE METOIBI HAHECEHHsS MOKPHITUHA. CXeMBbl TMPOLECCOB M OCHOBHBIC IapaMeTpHhI
HAaHECEHUs]  METAUIMYECKUX  TOKPBITUM  (UMHKOBBIX,  AIIOMHMHUEBBIX,  OJIOBSHHBIX,
XPOMCOJIEpKalNX, TAKUPOBAHHBIX ).

4. OcHOBHBIE U 0OLIMEe MapaMeTpbl TEXHOJOTMYECKUX TNPOLIECCOB M UX BIUSHUE Ha

sddextuBHOCTh mMporecca. CrnocoObl W TEXHOJIOTHYECKHE OCOOCHHOCTH OTACIBHBIX BHJIOB

MOJIyYEHUS METAIIMYECKUX TTOKPBITH.

@OYHKIMOHAIbHBIE CXEMbI YCTAHOBOK IOJIYYE€HUS TOJIMMEPHBIX TOKPBITUH.

OO6u1me TpeboBaHus, PEIbABISIEMbIE K YCTAHOBKAM.

0O0630p yCTaHOBOK ISl pa3IMYHBIX BUIOB MOKPHITUH.

OOue cBeaeHHs O MOJrOTOBKE IMOBEPXHOCTH. MeXaHW4ecKHe M XUMHYECKHE CIIOCOObI

00paboTKH.

9. TlpunHnmmnsl pabOThI yIbTPa3BYKOBBIX, IECKO-U THAPOCTPYHHBIX YCTAaHOBOK.

10. CxemsI mudoBanus u nomupoBanus. O0e3KuprUBaHUE U TPABJICHHUE.

11. OcobGeHHOCTH MOJTy4eHHsI OOBEMHBIX MaTEPHANIOB C HAHOCTPYKTYPUPOBAHHMH CIIOSIMH C
MTOMOIIIBIO METOJI0B MHTEHCUBHOM IJIACTUYECKOM JIePOpMaIIiH.

12. OcobGeHHOCTH MONTyYeHHsI 0OBEMHBIX MaTEPHAIOB C HAHOCTPYKTYPUPOBAHHMH CIIOSIMH C
MOMOIIbIO METOJIOB JIUThSI.

12. ®duznyeckre OCHOBBI AMUTAKCUM HAHOMETPOBBIX CJIOEB.

13. IIpuHIHATIEL pabOTHl YCTAHOBOK IS TIOTYYEHUSI HAHOMETPOBBIX CIIOEB B BaKyyMe.

14. OcHoBHbIE TapaMeTpbl MOBEPXHOCTH. CBEJICHUS O TOTIOJIOTUH TOBEPXHOCTEH.

15. Buabl HEOTHOPOAHOCTEN U AePEeKTOB Ha MOBEPXHOCTU. VX poib U MexaHu3M (OpMHUpPOBAHUSA
MTOKPBITHH.

16. I3mMeHeHue cTpOeHHS MTPUTTOBEPXHOCTHBIX CIIOEB MPH 00pa30BaHUM MTOBEPXHOCTH.

17. ATromMHbIe KOH(Urypaluyd MOBEPXHOCTH BO3MOXHBIE BApPHAHTBHI PACHOJIOKEHUS MPUCOEHH-
HSIOLMXCSI aTOMOB ITPH (POPMUPOBAHUU CJIOSI TTOKPBITHSL.

18. Xumuueckass ~ HEOJHOPOAHOCTb  MOBEPXHOCTH.  OCHOBBI ~ TOHATHA  XUMHYECKOU
HEOJHOPOAHOCTU. XMMUYECKasl aKTUBHOCTh BEILIECTBA.

19. ®usnyeckre OCHOBBI OTYYEHUSI HAHOMETPOBOUM CTPYKTYPHI B 00BEMHBIX MaTepUaIaX METO-
nmamu UTT.

NGO



20. HampsixeHHO-1e(hopMUpOBAaHHOE COCTOSTHIE MaTepualia Mpu pazaunuHbix Metogax WUITI.

21.
22.
23.
24.
25.
26.
27.

28.

29.

30.

[EEY
[EEN

BOoo~NoORWDNE

BO0oo~NoGRWDNE

CoNoa~wNE

0.

. Kommio3utHbIE HaHOMaTCPUAJIbI.

N3menenue ctpykTypsl matepuaina npu NI,

VY CTpONCTBO U COCTABHBIE 3JIEMEHTHI YCTAHOBOK ISl TOIY4YEHHSI HAHOMETPOBBIX CTPYKTYP.
CxeMbl ¥ TPUHLIUITIBI paOOTHI MTOJOOHBIX arperaToB /Uil MMOJIy4€HHs HAHOMETPOBBIX CTPYKTYP.
O6ume moxxoxas! u TpedoBanus K TII moaydeHnss HAHOCTPYKTYPUPBOAHHBIX TTOKPBITHIA.
MexaHnyeckue 1 XUMUYECKHE CIIOCOOBI CHATHUS TIOKPBITHIA.

[TpuHIUIB pabOTHl YCTAHOBOK ISl CHSATHSI ITOKPBITHIA.

Paspabotka Bakyymusix TII noixyuenus 2D/3D PVD-nokpsiTuii.

OcHoBHble TexHONIOrHYeckue napameTpsl TII nmosnyuenus nokpsiTuil. Baperupyemsie u nocro-
sHHbIe napameTpsl TI1.

Pazpabotka TII momydenuss 00beMHBIX HAHOCTPYKTYPHPOBAHHBIX MaTepruanoB OCHOBHBIE TEX-
Hosnoruueckue nmapametpsl TII. Bappupyemsblie u nocrosinabie napametpsl T11L

MeTto1b1 Hccae10BaHUS! HAHOCTPYKTYPHUPOBAHHBIX MAaTEPUAIIOB U IMTOKPBITUH /711 MaILIMHO-
CTPOUTEIbHBIX IPUMEHEHUI

OneHka KayecTBa I0JIy4aeMbIX HAHOCTPYKTYPUPOBAHHBIX MAaTEPUATIOB U TOKPHITHI.

CamocrosiTesibHast paboTa CTYAEHTOB
Temsl o pazgeny 1:
Knaccugukaius HAaHOTEXHOJIOTUH ¥ HAHOPa3MEPHBIX OOBEKTOB.
CocTrosiHME U EPCIIEKTUBbI TPUMEHEHHS] HAHOTEXHOJIOTUH JIJIs1 MAIlIMHOCTPOEHHUSL.
QyinepeHsl.
HaHoBos0KHa 1 HAHOTPYOKHU.
[TepcnieKTHBBI HCTIONIB30BaHMS I'padeHa.
HaHonokpeITus A5 pexXyIlero MHCTpYMEHTA.
HaHOMOKpBITHS B M3AETHSIX MAITHHOCTPOCHUS.
OObemMHbIE HAHOMATEpUAJIbl B MAIIMHOCTPOEHUH.
[TepcnekTHBBI HAHOTEXHOJIOTHI B CHCTEMAax 3alliCH U XpaHEHUs HH()OpMAIIHH.
TuMbI CTPYKTYp HaHOMAaTEPUAIOB.

Temsl 1o pazaeny 2:

0O0630p AIEKTPOHHBIX MUKPOCKOIIOB.

ITpocBeunBaromas 3J€KTPOHHAs MUKPOCKOIIHS.

PactpoBas ckaHupyoias 31eKTpOHHAasT MUKPOCKOIIHS.
Ckanupyromas 30H10Basi MUKPOCKOIIHS.

Mertoab! MOBEPXHOCTHBIX HAHOU3MEPECHHUI.

CoBpeMeHHbIE YCTPOHCTBA aTOMHO-CHIIOBON MUKPOCKOIIHH.
VYerpoiicTBa 11 qudpakIMOHHOTO aHATU3A.
CrnexTpanbHble METOBI OLIEHKH HAHOCTPYKTYP.
PeHTreHoBckre MeTO/1bl OLIEHKU HAHOCTPYKTYD.

. HaHOI/IHI[eHTI/IpOBaHI/IC.

Tewmsl 110 pazneny 3:

Pasmepnas HanooOpaboTka Ha ctankax UITY. Knaccudukarus.
00630p obopymoBaHus AT pa3MEPHONH HAHOOOPAOOTKH.
Hanonurorpadus.

Hanonopomiku u uX UCTIOb30BaHUE B MAIIIMHOCTPOSHHH.
OCHOBHBIE THIIBI YCTPOUCTB JIJIs1 HAHOTIEPEMEIICHUH.
HanoakTyaTopsl M HAHOIIO3UIIOHEPHI.

HanopoO6oThl 1 HAHOMAHUTTYJISITOPHI.

MeTo/1b1 HaHECEHUSI HAHOTIOKPBITHA.

[Tony4yeHnue anmMa3onog00HbIX HAHOCTPYKTYPUPOBAHHBIX MTOKPBITHH.

10. Hanomarmger.
11. MuOroyHKIIMOHANbHBIE HAHOCTPYKTYPUPOBAHHBIC TNICHKH.



7. YYHEBHO-METOANUYECKOE U THOOPMAIIMOHHOE OBECIHEYEHHUE TUCIHAII-
JIMHBbI
@) OCHOBHas 1umepamypa (IneKmpoHHo-oubauomeunas cucmema Bul'y):

1. OcHoBBI HaHOTEXHOJOTUH [DnekTpoHHBI pecypce] / T'onoBun FO.UM. - M.: MammHOCTpOCHHE,
2012. - http://www.studentlibrary.ru/book/ISBN9785942756628.html.

2. MertamioBeeHIE TYroIIaBKUX METaNIOB U CIIJIAaBOB Ha UX OCHOBE: yuel. mocoOue i By30B.
- M.: MammHoctpoenue, 2013. - 156 c., wr - ISBN 978-5-94275-720-5. -
http://www.studentlibrary.ru/book/ISBN9785942757205.html.

3. Jlememen, A.A. [lna3MeHHOe HambUieHHE aMOP(HBIX M HAHOKPHUCTAUIMYCCKUX MaTepUaIOB
[OnekTponHbiii pecypc]: moHorpadus / A.A. Jlenmemen. - Kpacnosipck: Cub. denep. yH-T,
2013. - 224 c. - ISBN 978-5-7638-2803-0. Pexum JIOCTYTIA:
http://znanium.com/bookread2.php?book=492492.

0) dononnumenvuas iumepamypa (IneKmpoHuo-oudbauomeunas cucmema Bal'y):

1. Mopo3sos B.B. Hanorexnonoruu B kepamuke: MmoHorpadus: B 2 4. / B.B. Mopo3sos, 3.I1. CbI-
coeB; Bnanmumupckuit rocynapctBennbiii yuuepeuteT (Bal'Y). — Brnagumup: Brnagumupckuit
rocynapcTBernbli yausepcuret (Bnl'Y), 2010-2011. — ISBN 978-5-9984-0075-9. Y. 1: Ha-
HOYACTHUIIBI [ DNIEKTPOHHBIN pecypc]. — DIeKTpoHHbIe TeKCToBbIe naHHbIe (1 daiin: 18,5 MO).
— 2010. — 274 c.: wn. — 3arnaBue ¢ TUTYJA dKpaHa. — DJIEKTPOHHAS BEPCHS TIEYaTHOM ITy0-
aukanuu. — bubnumorp.: ¢. 262-269. — Csoboanbiii noctyn. — Adobe Acrobat Reader 4.0. —
ISBN 978-5-9984-0056-8. —
<URL:http://e.lib.vIsu.ru/bitstream/123456789/3076/1/00687.pdf>.

2. Mopo3os B.B. Hanorexnonoruu B kepamuke: MmoHorpadus: B 2 4. / B.B. Mopo3os, D.11. CsI-
coeB; Bnanmumupckuit rocynapctBennbiii yuuepcuteT (Binl'Y). — Brnagumup: Brnagumupckuit
rocynapcTBeHHblil yausepcuret (Bnl'Y), 2010-2011. — ISBN 978-5-9984-0075-9. Y. 2: Ha-
HOIIJICHKH, HAHOMOKPBITUS, HaHOMEMOpaHbI, HAaHOTPYOKH, HAaHOCTEP)KHH, HAHOMPOBOJOKA
[DnmexTpoHHEIH pecypc]. — DieKTpoHHbIe TeKCTOBBIe AanHbie (1 daitn: 24,9 M06). — 2011. —
167 c.: un. — B Hajzar.: Bragumupckuii rocyJapCTBEHHbIN YHUBEPCUTET UMEHU AJleKcaHapa
I'puropreBuuya u Hukonass ['puropseBuua CroseToBbIX. — 3arjiaBU€ C TUTYyJa JKpaHa. —
DJeKTpoHHas BepcHs MeyaTHol myosnkanuu. — bubauorp.: ¢. 159-165. — CBoboaHbli 10cC-
TYI B 3JEKTPOHHBIX YMTAIBHBIX 3asax Onbnuoreku. — Adobe Acrobat Reader. — ISBN 978-
5-9984-0137-4. — <URL.:http://e.lib.vIsu.ru/bitstream/123456789/3055/1/00633.pdf>.

3. HaHoTexHOJOrMM W cHelHManbHbIE MaTepuaibl: YduebHoe mocodue mis By30B. - CI16.: XNM-
U3JAT, 2009. -336 c.: wun. - [ISBN 978-5-93808-177-2. Pexum poctyma:
http://www.studentlibrary.ru/book/ISBN9785938081772.html.

4. Bursse, [1.A. OcHOBBI HAaHOTEXHOJOTUH W HaHOMATEPHANIOB [DIEKTPOHHBIN pecypc]: yueo.
noc. / TI.A. Butsa3p, H.A. CBunyroBrd. - Munck: B, mik., 2010. - 302 c. - ISBN 978-985-
06-1783-5. Pexxum nocryna: http://www.studentlibrary.ru/book/ISBN9785938081772.html.

5. MEKpOCTPYKTYpHI, HAHOCTPYKTYPHI U THIPOAMHAMHYECKHE HEYCTOHYMBOCTH, WHIYIIUPOBAH-
HBIE JIA3€PHBIM U3JIYYeHHUEM Ha MMOBEPXHOCTU TBEPAbIX Ted: MoHorpadus / C.M. ApaxkensH [u
np.]; Bnagumupckuii rocynapcrsenubiii yausepcuret (Bial'Y). — Brnagumup: Bragumupckuit
rocynapcTBeHHbI yHuBepcuteT (Bnl'Y), 2010. — 144 c¢. — ISBN 978-5-9984-0094-0. Pexum
noctyna: http://e.lib.visu.ru/bitstream/123456789/3067/1/00698.pdf.

6. Du3MKO-XUMHUYECKHE OCHOBBI CO3/IaHUS aKTUBHBIX MaTepuanoB: yueOHuk / Kynpusnos M.O.,
Kabupos 10.B., Pynckas A.I'. - Pocro-na-/lony:U3narenscreo FODY, 2011. - 278 c. ISBN
978-5-9275-0847-1. Pexxum nocryma: http://znanium.com/bookread2.php?book=556287.

7. bapeioun, A.A. ®U3NKO-XUMHUS HAHOYACTHI], HAHOMATEPUATIOB U HAHOCTPYKTYp [DIEKTpOH-
HBIH pecype]: YueO. mocobue / A.A. bapeioun, B.A. baxtuna, B.M. Tomunun, H.IT. Tomunu-
Ha. — Kpacuospck: COY, 2011. - 236 c. - ISBN 978-5-7638-2396-7. Pexum nocryma:
http://znanium.com/bookread2.php?book=441543.


http://www.studentlibrary.ru/book/ISBN9785942756628.html
http://www.studentlibrary.ru/book/ISBN9785942757205.html
http://znanium.com/bookread2.php?book=492492
http://e.lib.vlsu.ru/bitstream/123456789/3076/1/00687.pdf
http://e.lib.vlsu.ru/bitstream/123456789/3055/1/00633.pdf
http://www.studentlibrary.ru/book/ISBN9785938081772.html
http://www.studentlibrary.ru/book/ISBN9785938081772.html
http://e.lib.vlsu.ru/bitstream/123456789/3067/1/00698.pdf
http://znanium.com/bookread2.php?book=556287
http://znanium.com/bookread2.php?book=441543

N

8) nepuoouueckue uzoanus (bubruomexa Bal'y):

HanoTtexHosoruu: Hayka ¥ MPOU3BOJICTBO: MH(OPMAITMOHHO-aHAIUTUYECKHUH KypHaia. — Mo-
ckBa: OO6pa3oBaHueE ILIIOC.

Poccuiickue nanorexnonoruu. — Mocksa: [Tapk-menua.

Hanotexnonoruu: pa3zpaboTka M NpPUMEHEHHE: HAy4YHO-TEXHUYECKUHM >KypHal. — Mockaa:
Caitnc-IIpecc.

2)  Humepnem-pecypcoi

http://www.portalnano.ru/ http://www.ru-tech.ru/pub/nano
http://www.ntsr.info/ http://www.nanotech.ru/
http://www.nanonewsnet.ru/ http://nano-info.ru/
http://www.rusnanoforum.ru/ http://www.iachano.ru/
http://www.nanometer.ru/ http://www.nanoprom.net/
WWW.rusnano.com http://www.nanobusiness.fi/

YuyeoHo-MeTOAUYECKHE U3AAHUS

Knanos A.B. Meronuyeckue ykazaHUsl K MPAKTHUYECKUM paboTam Mo JUCHUILTHHE «MeTOo b
MOJIYYEHUSI HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAIOB U TOKPBHITUA B MAIIUHOCTPOCHUMY IS
cTyneHToB HampasieHus 15.04.05 [Dnextponusiii pecype] / coct. XKnanos A.B.; Bnaa. roc.
yH-T. TMC - Bnagumup, 2016. - Joctyn u3 xopnoparuBnoii cetu Bil'Y. - Pexxum mocryna:
http://cs.cdo.vlsu.ru/

KnanoB A.B.Meroauueckue peKOMEHAAIIMU K BBITIOJIHEHHIO CaMOCTOATEIBbHON pPabOThI IO
muctuminHe «MeTo/Ibl MOY4YeHUs HAHOCTPYKTYPHUPOBAHHBIX MAaTEPUAIOB U MOKPBITHIA B Ma-
IIUHOCTPOEHUN» JJIsl CTyAeHTOB Hampasienus 15.04.05 [DnexTponHbiit pecypc] / coct. Knua-
HOB A.B.; Bnax. roc. ya-1. TMC - Bnagumup, 2016. - [loctyn u3 kopnoparuBHoii cetu Bal'V.
- Pexxum moctyna: http://cs.cdo.visu.ru/

KnanoB A.B.OueHounslie cpeAcTBa N0 AUCHUILIUHE «MeTOoabl MOIYyYeHUs: HAHOCTPYKTYPHPO-
BAHHBIX MAaTEPUAJIOB U MOKPHITHI B MAIIMHOCTPOCHUM ISl CTYICHTOB HampasieHus 15.04.05
[DnexTpoHHbIi pecypc] / coct. KmanoB A.B.; Bnag. roc. yu-t. TMC - Brnagumup, 2016. -
Joctyn u3 kopriopatuBHoii cetu Bal'V. - Pesxxum pocrtyma: http://cs.cdo.visu.ru/

Ilepeuenb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTu «AHTEepHET», HE00OX0AH-

MBIX 1JId OCBOCHHUA NTUCHUIIJIMHBI

1) Iopran Lentp mucranuuonHoro odyudenus Bal'V [anmexTponHbIit pecypc] / - Pexxum mocrymna:
http://cs.cdo.vlsu.ru/

2) Paznen odumnmanbHoro caiita Bnl'Y, copeprkamnuii onvcanue oOpa3oBaTeIbHOM MTPOTrpaMMBbI [IIeK-
TpoHHBIN pecype] / - Pesxxum noctyma: OOpa3oBatensHas mporpamma OOpa3oBarenbHasi mporpamMmma
15.04.05 «KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE OOECIEUCHHE MAIIMHOCTPOUTEIBHBIX TMPOU3BOJICTBY»
http://op.visu.ru/index.php?id=56

8. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUIIJIMHBI

Jns obecnieuenuss yueOHOTo mpolecca no JUCHUIUIMHE «MeTo/1bl IOJy4eHUs HAaHOCTPYKTYpH-

POBaHHBIX MAaTE€PHAaJOB U MOKPHITUH B MAIIMHOCTPOSHHUHY» TPEAYCMOTPEHO HCIIOJIE30BAaHHE CIIEIYTO-
KX JTJabopaTopuil.

1. JlaGopaTopusi HAHOAMATHOCTHKH M (PeMTOCEKYH/IHOI JiazepHOii Texuuku (aya. 118-4).

Kpammﬂ xapakmepucmuka noOMewleHusl.


http://www.portalnano.ru/
http://www.ntsr.info/
http://www.nanonewsnet.ru/
http://nano-info.ru/
http://www.rusnanoforum.ru/
http://www.nanometer.ru/
http://www.rusnano.com/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://op.vlsu.ru/index.php?id=56

O6mas miomans — 102 kB.M (2 3Taxa). 1 3Tax — 1abopaTopHOE U MPOU3BOJICTBEHHOE 000pY-
noBaHue (67 KB.M), KOMIIBIOTEPHBIN Kiacc Ha 16 mOCaOYHBIX MECT; 2 3TaXK — BCIIOMOTATEIbHBIE T10-
MereHus1, kounaunuonep. CoorserctByror Hopmam CanlluH 2.2.1./2.1.1.1278-03, CanlluH 2.2.4.548-
96, CaulluH 2.2.2/2.4.1340-03, CaunlluH 2.4.3.1186-03, III1b 01-03, Cuull 21-01-97, Cuull 23-05,
HIIb 104-03

Obopyoosanue:

1) Yncras komHaTa:

2) ycraHoBKa (heMTOCeKyHIHas Ja3epHas "yrnopsa04eHHOro HaHOCTpyKTypupoBanus" (PD):

- uMmeeT 3 pabouux JAJIMHBI BOJHBI, YIBTpa(UOIIeT, 3eJeHbli, U MHQpaKpacHbIH J1yy.

- 2 yuactka 06padoTku (100x100 mm; 20x20 MM ¢ BO3MOKHOCTBIO MTO3UIIMOHUPOBAHUS C TOY-
HOCTBIO JI0 2 HM)

- IMameTp my4ka okoisio 60 MukpomeTpoB B citydae noiist 100x100 mm

- quaMeTp nmydka ot 0,5 MUKpOMETPOB (3aBUCUT OT UCHOJIB3YEMOro 00BEKTHBA)

- BO3MOKHOCTh 00paOOTKU M JUATHOCTUKH MPOBOJASILIUX, AUIIEKTPUUECKUX, IPO3PAUHbIX, HE-
IIPO3payHbIX MaTEPUAIIOB.

3) sonoo0sasn nabopamopus "Humeepa cnexkmpa"” (P®)

VuukanpHast uHTerpanus CkaHupyoomero 30H10Boro Mukpockona ¢ KOH(QOKaIbHOW MUKPO-
CKOTIMCH/CTICKTPOCKOTIMEH JIIOMHUHECIICHIIMM U KomOuHannoHHoro paccessaust (KP). Bmaromapst 3¢-
¢exty rurantckoro ycunenus KP nossonser npoBoauts KP criekrpockonuio u mnoiyyarb nu3oopaxe-
HUS C pa3pelieHUeM B IIIOCKOCTH 10 50 HM.

Cucrema 11 KOH(POKAJIbHON ONTHYECKON MHUKPOCKONMHU IPEACTaBIsAET COOOH KOMOMHHPO-
BaHHYIO CHCTEMY, BKIIIOYAIOIIYIO KOH(OKAIbHBIN CKaHUPYIOIIUH Ja3epHBIA CIIEKTPOMETP BBICOKOTO
IIPOCTPAHCTBEHHOI'O Pa3pelleHus, ONTUYECKHI MUKPOCKOI U YHUBEPCAJIbHBIM CKaHUPYIOIUI 30H10-
BBl MUKpockor. Cucrema crnocoOHa paboTaTh B PEKMME PETUCTpAIlUU MPOCTPAHCTBEHHOIO, TPEX-
MEpPHOTO pacHpeeNeHus CIEKTPOB JIOMUHECIICHIIMN U KOMOMHALMOHHOTO PAaCCEesIHUS CBETA, a TaKKe
B Pa3/IMYHBIX PEKHUMax CKAaHHUPYIOIIEH 30HIOBOM MHUKPOCKOIWH, BKJIHOYAs HAHOWHJEHTAIUIO, HAHO-
MaHMITYJISLUIO 1 HAHOJIUTOTpaduIo.

Cucrema 1151 CKaHMPYIOIIEH 30H0BOM MUKpOCKONUU. OJJTHOBPEMEHHO € ONTHYECKUM HalIto-
neanem, UHTEI'PA CnexTpa mo3BoJjsieT uccie0BaTh 0OBEKT ¢ MOMOIIBIO apceHaaa METO/10B CKaHH-
pyromieit 30510Boi Mukpockonuu — ACM, MCM, CTM, ckanupyrouieil OiIMKHENOIbHON MHUKpPO-
CKOIIMH, CUJIOBON CIIEKTPOCKOIMH. Y HUKAJIBHOE COBMEILIEHNE ONITUYECKUX U 30HIOBBIX METOJOB B OJI-
HOM NpUOOpE MO3BOJISAET CTABUTh KOMILIEKCHBIE SKCIIEPUMEHTHI, B KOTOPBIX MHPOpMAIUs O pacipe-
JIeNICHUH ONTUYECKUX CBOMCTB 0oOpaslia M €ro XMMHYECKOI'0 COCTaBa MOXKET ObITh HaJIOKE€Ha Ha pac-
Mpe/ieJIeHNE €ro MEXaHUYECKUX, FTIEKTPUUECKNUX, MArHUTHBIX U JPYTUX CBOWCTB.

Cucrema Juisl McceloBaHUA ONTHYECKUX CBOMCTB 0ObekTa 3a mpenenoM audpakmuu (Payo-
pECIeHIINSI, CIEKTPOCKONUS KOMOMHAIIMOHHOTO paccesHust). OTnnuntensHoil yeproit Hanonmaboparo-
pun UHTEI'PA Crnekrtpa sBisieTcss BO3MOKHOCTh HCCIIEIOBaTh ONTHYECKUE CBOIMCTBa OOBEKTOB 32
npeneiaoM TuGpakIUOHHBIX orpaHnueHuid. CkaHupyromas OJMKHENOoJNbHAs ONTHYECKash MUKPOCKO-
st ¥ 3 dexThl JoKaIbHOTO yeriieHus komonHanmonHoro paccestaust (TERS — tip enhanced Raman
scattering), Jal0T BO3MOXXHOCTh KapTUPOBATh pacHpelesIeHHe ONTUYECKUX CBOMCTB (MpOmycKaHHeE,
paccesiHue, TOJSpU3ALUs CBETa U JIP.), @ TAaKXKE OCYIIECTBIATH CIEKTPOCKONMHIO KOMOMHAIIMOHHOTO
paccesinus ¢ pazpemeHueM 10 S0 HM B iockoct XY.

Ocob0ennocTu
e Octpue ACM 30812 1 (HOKYyC J1a3€pHOTO MydKa MOTYT OBITH CIO3UIIMOHUPOBAHBI IPYT OTHOCH-

TEJIHO JIpyra ¢ BBICOKOW TOYHOCTBIO (HEOOXOIUMO JUISl MOTyYeHHUs MaKCUMaJIbHOTro 3(dexra

KP-TERS).

e [lpu ucnonb30BaHUM ONTHYECKOW CXeMbI "Ha MPOCBET" BBICOKOTEMITEPATYPHBIA OOBEKTUB XKe-

CTKO BCTpoeH B ocHOoBaHHe ACM. D10 obOecneunBaeT TONTOBPEMEHHYIO CTAOMIBHOCTD CHUCTE-

MBI, HEOOXOIUMYIO JIJISl pa0OTHI CO CIAOBIMU CUTHATIAMH.

e YacTh OTpaKCHHOTIO HU3IYYEHUS HUCIOJIb3YyeTCs ISl MOCTPOEHUS KOH(POKAIBHOIO JAa3epHOrO

OTpa’kKEHUH.



e Huskomymsimas CCD kamepa ¢ oxnaxaeHueM 10 -70°C (kBanToBast 3pPpekTHBHOCTH 10 90%)
CIIy’KUT BBICOKOUYBCTBUTEJIBHBIM JETEKTOPOM.
e B kauecTBe aJIbTEpHATHBHOIO IETEKTOPA MOKHO MCIOIB30BATH JIABUHHBIN (POTOTUO.
e ['mOkwuit BEIOOP MOJISIPU3ALMOHHBIX YCTPOWCTB.
o Bce xomnoneHTsl cucteMbl (ACM, onTHYecKHe U MEXaHUUYECKUE YCTPOUCTBA) HHTETPUPOBAHBI
C TIOMOIIBIO €IMHOTO MPOrpaMMHOr0 oOecreyeHusl. OONBIIMHCTBO KIIOYEBBIX Y3JIOB M YCT-
POMCTB CUCTEMBI (J1a3ephl, PEHIeTKH, JuaparMpl, MOIIPU3ATOPHI U T.J1.) MOKHO BHIOMpATH U /
WJIY HACTPAUBaTh IPSIMO U3 IPOTrPaAMMBI.
o Tpu pa3zsbix cxemsl aist pabotsl ¢ TERS.
[Tpumensiercs Ui UcciaeloBaHUS OMOJIOTHMYECKUX OOBEKTOB, KOHTPOJS KauecTBa MOBEPXHO-
CTEM ONTUYECKUX JeTalle, U3JIy4aroluX MOJYIPOBOJIHUKOBBIX CTPYKTYpP, XapaKTEpUCTUK HaHOOITH-
YECKUX W HHTErpajJbHO-ONTHYECKUX 3JEMEHTOB, MCCIIEIOBAHUSA XapaKTEPUCTUK HAHOIIEKTPOHHBIX
3JIEMEHTOB, B YACTHOCTH, CIIEKTPOB KBAHTOBBIX TOYEK.
e Hccnenosanue coequnutenbHoil Tkanu, JIHK, Bupycos.
e Omnpenenenue XxapakTEPUCTUK OKOHEUHBIX ONITUYECKUX YCTPOMCTB.
e CHexTpoCKONMMYECKUE U3MEPEHUS.
e  KoOHTpOJIb XUMHUYECKHUX PEAKIUN.

4) oughpaxmomemp manoyenosoco paccesnus SAXESess

[IpennazHaueH Asl aHAIKM3a TOHKUX TUICHOK UJTH JKUJIKOCTEH, MOXKET CTPOUTH KPUCTAIUYECKHE
pELIEeTKH BElIeCcTBa, onpeneisaTh pasmep yactul ot 10 1o 100 HaHomeTpoB B pactBope. SAXSess 1mo-
3BOJISIET MCCIIEZIOBAaTh HAHOMETPOBBIE CTPYKTYpHI OT 0.2 HM 10 150 HM.SAXSess moxer paboTaTh B
peXuMe TMHEHHOH KOJUITMMAIMH [T OBICTPOTO cOOpa JaHHBIX U30TPOIHBIX 00PA3IoB U B PEKUME TO-
YEUHOM KOJUTUMAIINH JJISl U3YYeHUS] aHU30TPOIHBIX (OpUEHTUPOBAHHBIX) 00pa3IoB. J[Be cucTeMbl MO-
r'yT paboTaTh OJJHOBPEMEHHO B peXUMax JUHEHHON U TOUEUHOM KOJIITMMAlLMM, UCIIONIb3Yysl OJUH PEHT-
TeHOBCKHUI UCTOYHMK U OJIHY cUcTeMy aerektupoBanus. [lIupoxuit Habop nepxareneit 06pa3oB mo-
3BOJISIFOT UCCIIE0BATh MPAKTUUECKU JIF0ObIE THUIIBI 00pa3lloB OT OYEHb HU3KUX JI0 BHICOKUX TeMIepa-
Typ. Cucrema TrueSWAXS™ nenaer BO3MOXHBIM MOJydYeHHE MHPOPMALIUU O HAHOCTPYKTYpe U (a-
30BOM COCTOSIHMHM 00Opasla 3a 0HO u3MepeHue.CucreMsl JeTeKTupoBaHus SAXSess HE HYKAAlOTCs B
CEpBUCHOM OOCIYXKMBAHHU U O0ECIEUMBAIOT MPEBOCXOAHOE pasperieHue.beicTpblil cOop U coBep-
meHHasi 00padoTKa SKCIIEpUMEHTAIBHBIX JaHHBIX. Cuctema SAXSess BKIItOUaeT B ceOsl CrieruaabHbIi
IakeT MpOorpaMMHOro oobecneueHust s ObICTporo cOopa M BCECTOPOHHEH 0OpabOTKH JaH-
HBIX.VICTOYHUK PEHTTeHOBCKOTO U3JIy4eHHUs UCoib3yeMblil B SAXSess nMmeer crieayomune 0cooeHHo-
CTH: JIOJITOBPEMEHHasi CTaOMIIBHOCTh paboThl 1 MUHUMAIIBHYIO CTOMMOCTD 3KcItyaTanuu. CoBpeMeH-
Hasi MHOTOCIIOIHas (oKycHpymoolas ONTHKAa 00eCHeuYrBAaeT BBICOKOMHTEHCUBHBIM MOHOXpOMaTHye-
CKUIl PEHTI€HOBCKHUI My4OK. YIydlIeHHas cucTeMa 0JIoKka KOJTMMaluu JaéT chopMupoBaHHBIHN ep-
BUYHBIA PEHTT€HOBCKUHN My4OK U 3D PekTUBHO yOupaeT napasuTHoe paccessuue. OHa onpenenser pas-
pelleHre CUCTEMBI U TapaHTUPYET HU3KUM (OH.TeMIlepaTypa OueHb TOYHO KOHTPOJIMPYETCS B Juamna-
30H€ OT -150 10 300°C. CymecTByeT 00MBINON BRIOOP AeprKaTeseil Mol caMble pa3HbIe THUITBI 00pa3-
1oB. Ilomynpo3paunslii OTCEKaTENb NEPBUYHOIO MYYKa MO3BOJIIET TOYHO ONPEACIUTh HYJIEBON yroi
paccestHisl 1 U3MEPUTh MHTEHCUBHOCTh MEPBUYHOIO IyYKa JJIs OnpeeseHnus ko3pduirenTa npomyc-
KaHus 0Opa3ia MOYKHO MOJIy4aTh JaHHbIE O Majio- U IIMPOKOYIJIOBOM PacCEesHUU 3a OJJHO U3MEpEHHe
Ha OJTHOM U TOM ke oOpasie. Cucrema SAXSess mpeanaraet JIB€ BHICOKOKJIACCHBIE CUCTEMBI JIETECK-
TUPOBAHMsI, KOTOPbIE MOXHO HCIIOJIb30BaTh allbTEPHATUBHO Ha 0JHOM npubdope SAXSess 6e3 He0OXo-
JUMOCTH U3MEHEHUS ero HacTpoeK Win KoHurypauuu:* CucreMa J1eTeKTHUPOBaHMS YyBCTBUTEIbHbI-
MU MJACTHHAMHU O0JIaJJaeT MUPOKUM JIMHEWHBIM JUHAMUYECKUM TUATIa30HOM U MOKPBIBAET YTIIBI pac-
cesaus 2 1o 40°. Cucrema aerekrupoBanuss CCD n1aér BO3MOXKHOCTh TPOBOAUTH aBTOMAaTU3UPOBAaH-
Hble n3MepeHuss SAXS U U3MepeHHs OHJIalH MpOoLecCOB BO BpeMeHHW.MoIHOe U npocToe B paboTe
nporpamMmmHoe obecrnieueHneBMecte ¢ nmpubopom SAXSess MocTaBisgeTcss MOIIHBIA MAKET MPOrpaMm
Ui cOopa M OLIEHKH JaHHBIX MaJOyrioOBOTO peHTreHoBckoro paccesHus (SAXS). OueHnka JaHHBIX
BKJTIOYAET 0a30ByI0 00pabOTKY MaHHBIX (TIOJYUCHHE CPEIHUX 3HaYEHUH, BEIYMTaHue (OoHA U T.1.), MO-
JeJIMPOBAaHNE, YCTPAaHEHHUE Pa3MBITUN U alllPOKCUMAIUIO.



5) Heyxnyuesoii ckanupyrowuii YO/B cnekmpogpomomemp LAMBDA 25

JByxmyueBsle ckanupytonme Y ®/Bup ciekrpooToMeTphl A1l pyTHHHBIX 1 aBTOMaTHUYECKHX
u3MepeHuil. ITH npuOOpHI MpeIHa3HAYEHBI ISl PA3TUYHBIX POMBIIUIEHHBIX, Y4eOHbIX, OHOJIOTHYe-
CKUX U OMOXMMHUYECKHX JIAOOpAaTOpUil M J1aOOPaTOPHil IO KOHTPOJIIO OKpYXKaromiei cpeasl. OHu OTIH-
YaroTCsl BBICOKOM CTaOUIIbHOCTBIO, TMOKOCTBIO B BHIOOpPE METOJIOB aHANM3a, yI0OCTBOM Ipe/cTaBe-
HUS 1 00paOOTKH MOJTYYSHHBIX JTaHHBIX.

KiroueBbie ocobeHHOCTH criekTpodhoToMeTpoB cepuu Lambda:

HIupokuii BEIOOp METOZOB M3MEPEHUS — CKAHMPOBAHHE 110 JJIMHE BOJHBI, CKAHMPOBAHUE IO
BpeMeHHU (KMHETHYECKHE UCCIICIOBAHUS) U KOJMYECTBEHHBIN aHamu3 ((hoTOMEeTpHs)

JIByxiryueBasi ONTHYECKAsi CXeMa — BBICOKHME TEXHHUYECKUE XapaKTEPUCTUKH, TOYHOCTh U BOC-
MIPOU3BOIUMOCTD IOJIy4aeMbIX JaHHBIX

Bricokast oTomeTprueckasi TOYHOCTh M HU3KUI YpOBEHb IIyMa — IPaBUIbHbBIC U HaJlEK-HbIC
pE3yNbTaThl U3MEPEHUH MPU HU3KUX KOHIICHTPAIMAX aHaJIUTa

Hwu3kwii ypoBeHb pacCesTHHOTO CBETa — U3MEPEHUS P BHICOKUX ONTHYECKUX TIOTHOCTSX

Berpoennas cucrema mosepku npubopa (IPV) — tectupoBanue cnektpodhoToMeTpa Ha COOT-
BETCTBHE TEXHUYECKUM XapaKTepucTuKaM u TpedoBanusim GLP

Lambda 25 — criekrpodoromerp ¢ PUKCHPOBAHHOM CIEKTPAIBLHOM IMPUHON Ienu 1 HM, COOT-
BET-CTBYIOIINH TpeOOBaHUSAM AMEpUKAaHCKOW, EBporeiickoll U IpyruM HalMOHAIBHBIM (apMakorie-
aM. YTpaBlieHuEe Mpudopami, MoJiydeHHe M 00paboTKa NaHHBIX OCYILECTBISETCS C MEPCOHAIBHOTO
KomIiboTepa ¢ nomoinsio [10 UV WinLab

[TprGopbl MOTYT KOMILIEKTOBATHCS KIOBETAMH PA3JIMYHON JIMHBI U 00beMa, CUC-TeMaMH aB-
TOMAaTHYECKO CMEHBI KIOBET M TEPMOCTATUPOBAHUS KIOBET (BoJsiHOE M llenbThe); aBTO-103aTOPOM,
JepKaTelssMU ISl TBEPAbIX 00pas3IoB U relied, HHTErpupyomiei chepoil 1 BOJOKOHHO-ONTUYECKOM
CHCTEMOH ISl AUCTAHIIMOHHOTO aHaIN3a, IPUCTaBKAMU ISl aHAJIN3a 3€PKAIBHOTO OT-PaXXEHUS U IPY-
I'MMH NIpUCTaBKaMU U akceccyapamu. Kpome toro, Ha 6a3e cieKTpopOoTOMETpOB MOT'YT ObITh CKOH(DU-
TYPUPOBaHBI CIENHATbHBIE CHUCTEMBI U aHAJTW3a PAacCTBOPHMOCTH JIEKAPCTBEHHBIX NpPENapaToB H
MPOTOYHO-MHKEKI[MOHHAs CUCTEMA JIJIsl HEIIPEPBIBHOTO MTOTOYHOT'O aHAJIN3A.

6) Muocogpynkyuonanvnviii nianuwemuwii anaauzamop VICTOR X3 (PerkinElmer)

MHoro¢pyHKIIMOHaIbHbIE aHAIU3ATOPBl IPEIHA3HAYEHBI JJI Pa3IMYHbIX BUJOB JETEKIUU OIl-
TUYECKUX CUTHAJIOB B IUIAIIEYHOM (hopmaTe, 3a MCKIIOYEHHEM PaJMOMETPUUYECKHX METOJ0B: (OTO-
Metpust; Y D-botomerpus; (iroopecteHnus; GIroopecieHns ¢ pa3penieHueM 1Mo BpeMeHH; TOJISpHU-
3alMOHHas  ¢uoopecueHnMs;  moMuHecueHus;  AlphaScreen;  Label-Free. AHanuzaTopsl
PerkinElmer o6nagaroT mpeBoCX0JHONW YyBCTBUTENbHOCTHIO, THOKOCTBIO 110 IpeiaraeMbIM KOHQUTY-
panusaM Moj pa3IMuHble MOJIb30BATENbCKHUE 33/1a4M U MHOTO(YHKIIMOHAIBHOCTBIO, HEMPEB30MACHH bl-
MU TEXHUYECKUMU XapakTepuctukamu. Ananuzatopsl PerkinElmer mrpoko n3BecTHbl BO BceM MUpe U
3aBOEBAJIM HEOCIIOPUMYIO PENyTaluio. AHAIN3aTOPbl MOTYT HUCIIOJIB30BAThCs KakK JUlsl pyTUHHBIX Ja-
OOpaTOpHBIX UCCIEIOBAaHUMN B HAYYHBIX M MEIULIMHCKUX JIaOOpATOPHUSX, TaK U JJI1 BHICOKOIIPOU3BOIH-
TEJBHBIX MPUIIOKEHUH B (papMalleBTUYECKHX U OMOTEXHOJOTHYECKuX Jlaboparopusx. Obmactu npu-
MEHEHUS: MOJIEKYJIIpHasl ¥ KJIETOUHasi OMOJIOTHs; TeHETUYECKUI aHaIu3 U TeHOTUIIMPOBAHUE; UMMY-
HO(EepPMEHTHBIN aHAIN3 U (EePMEHTATUBHBIC PEAKIINU; aHAIN3 aKTUBHOCTU PELIETITOPOB M MOJIEKYISp-
HBIX B3aMMOJICHCTBHI; KBaHTU(UKALINS; TOKCUKOJIOTMYECKUE U 0aKTEpPHOIOrHUECKUEe UCCIeI0OBaHUS U
T.J.

AHanu3aTopsl MOT'YT paboTaTh Kak CaMOCTOSITENIbHO, TaK U B COCTaBE MHOTO(YHKIIMOHAIbHBIX
POOOTU3NPOBAHHBIX KOMILJIEKCOB.

TexHOTOTNHN TETEKITNH.

Dnrwopecyenyus: 3mepenue cooTHOIIEHUS (IIIOOPECHEHIIMY Ha IBYX JJIMHAX BOJH, V3Mepe-
HUe (QIIOOPECLUEHIIMN CHU3Y U CBEpXY IUIaHIIeThl; [lonsapusayuonnasn gaioopecyenyus, Prioopecyen-
yus, omcpouennas no epemenu (TRF): JIByxokonnas TRF, VM3mepeHue sMUCCHM Ha NBYX JUTMHAX
BoiH; Jlromunecyenyus: TloctosaHas mromuHectieHnust (Glow), WMmynbcHas TIOMHHECIICHITUS



(Flash), Boiinas (koMOMHUpOBaHHAs) TIOMHHECUEHIUs; Domomempus 8 guoumou ooracmu, Y-
domomempust

Dopmam naAaHWem: 1 - 1536-nyHounbie TUTAHIIETHI
Bcmpoennvii  wetikep:  Tpu  peXUMa: JIMHCWHBIM ~ OpOWTAIBHBIA, JBOWHON  OpOWTAIBHBIN
Bcempoennvii  memnepamypuoii konmponw: ot + 2°C Belie TeM-pbl OKp. cpenbl a0 50°C
Onyuu: nucnencepsl 1-4 xanana; crekepsl Ha 20 win 50 IUIaHIIET; CYUTHIBATEND IITPUX-KOJOB; pa3-
muaHble QrIbTpel; @DY KpacHOW 001acTH CHEKTpa JUIsi YCOBEPIICHCTBOBAHUS PAOOTHI IO TEXHOJIO-
rusim LANCE u TR-FRET

2. JlabopaTopusi peHTreHOBCKO# TMArHOCTHKH MaTepuaos (aya. 108-4)
Obopyoosanue:
1) Penmeenosckuii ougppaxmomemp Bruker D8 ADVINCE

D8 ADVANCE — 3t0 camblii COBpeMEHHBIN, Ha CETOIHSIIHUN JICHb, 1a00paTOPHBIN U pak-
ToMeTp u3 mpencrabieHHbIX Ha peiHKe. D8 ADVANCE no3Bonser pemarb NpakTHYECKH BECh KOM-
TUIEKC CYIIECTBYIOMIMX 3a7ad B OOJACTH TOPOIIKOBOH nudppakromerpun. B mpubope peannsoBaHa
MPUHLUIIMATIBHO HOBasg KoHuenuus noctpoeHuss monyinbHbix cucteM DAVINCLDESIGN, koropas
CYIIECTBEHHO YIIPOIIAeT Tmporecc KoH(urypupoBanus audpaxromerpa. Ilepexon or reomerpuu
Bbperr-bpenrano k napamienbHO-Ty4eBOil ONTUKE MPOUCXOIUT MaKCUMAIIBHO OBICTpO Onaromaps HO-
Boil peHTreHoonTuyeckoi TWIN-cucreme, B KOTOpOM COBMEIIECHBI TPAAUIIMOHHBIE IIEIN U 3EPKATIO
['é0enst, mepexitoueHHE MEXKIY KOTOPHIMH MPOMCXOAUT aBToMaTudeckd. HoBasi peHTreHoBcKas
TWIST-TpyOKka mo3BOJISET OCYIIECTBIATH EPEKITIOUEHIE MEX/Ty TOUYSUHBIM U JIMHEHHBIM (DOKYCOM.

Hudpakromerp D8 ADVANCE naer BO3MOXHOCTh IIPOBOJIUTH MCCIICIOBAHUS MAaTCPUAIOB B
Pa3IMYHBIX YCIOBUAX: OXJIaXKAThH 10 Temneparypsl 10 K, marpears 1o 2000°C, co3aaBaTh yCIOBHS C
MOBBILICHHON BIAXXHOCTBIO. [Ipu aHanm3e B KOMHATHBIX YCIOBHSX CIieLMalIbHbIE 3arpy3uyuKku 0Opas-
1IOB MO3BOJISIIOT aBTOMATU3UPOBATh MPOLIECC U3MEPEHMUSL.

BaxxHoii cocTaBIsIIoNIeH YaCThl0 COBPEMEHHOTO AU(PPAKTOMETpA SIBISIETCS JeTeKTop. Perenus
ot Bruker AXS BkitouatoT B ce0s MOJIHBIN CIIEKTP TOUEYHBIX U MO3UIIMOHHO-UYBCTBUTENIBHBIX JIE€TEK-
topoB. B mudpakromerpe D8 ADVANCE M0XHO MCHONB30BaTh YHEPTOIUCIEPCUOHHBIA JIETEKTOP
HoBoro mokoneHusi SOL-XE u yxe 3apekoMeHioBaBiIMe ceOs B pa3iMyYHbIX AU(pakToMeTpax oOT
Bruker AXS nunHammuueckue CHUHTWUISIIMOHHBIE AETEKTOPHI M JIHMHEWHHble neTekTophl LynxEye u
VANTEC-1.

e KauecTBeHHBII U KOMMYECTBEHHBIN aHAIN3 KpUCTATTNYECKUX (as.

e CTpYKTYpHBIN aHAIU3.

e OrmnpeneneHue pa3MepoB KPUCTAIIIUTOB.

e AHanM3 CTPYKTYPHBIX M3MCHCHHH KPUCTAUIMYCCKUX (a3 Mpu M3MEHCHHH TEMIICPATyphI,
BJIQXKHOCTH U JJaBJIEHUSI C UCIIOJIBb30BAaHUEM COOTBETCTBYIOIUX Kamep.

BrICTpBIil aHamn3 ¢ MpUMEHEHNEM MTO3UIIMOHHO-UYBCTBUTEIHHOTO JIETEKTOPA.
e ABTOMAaTHYECKHI pexuM cOopa NaHHBIX U JanbHeWmas o0paboTka pe3ynbTaToOB MPO-
rpaMMHBIM akeTom DIFFRACP,
2) Penmeenogpnyopecyenmuwiti cnexkmpomemp ARL ADVANT X Thermo Scientific (USA)
TexHuyeckue XxapakTePUCTUKHU:
e BbICOKOd(DPeKTUBHAS PEeHTIeHOBCKas TpyOka 4-ro mokosienus ¢ Rh aHOqOM M TOHKMM TOpPLIEBBIM
Be oxnaom (0,075 mm);
MaKCHMaJlbHas MOIIHOCTH 5 KBT;
MPONOPIMOHANBHBIN NpoTouHbIN AeTekTop (3000 umrt/cex);
CUCTEMBI BpAIIeHUS TPO0 U MPOrPaMMHUPYEMBIX KOJUTUMATOPHBIX MACOK;
JMana3oH aHamu3upyembix kKoHuenrtparuii ot 0,0001 o 100 %;
JBYXKOOPAMHATHBIN MpoOomoaaTInK Ha 98 KOAMPOBAHHBIX MO3UITUH It MPOO B KacceTax.
Hanpasnenust ucnosab30BaHus:
e sjeMmeHTHBIN aHanu3 oT Be 1o U (ot ppb no 100%) oOpa3iioB B BiIe METAIIOB, TPECCOBAHHOTO U
CBOOOHOT'O TIOPOIIKA, CTEKOI U KHUIKUX MPOo;



¢ aHaJIM3 Maccll, MOJIUMCPOB, HCMCHTA, TOPHBIX ITOPOI, CTéKOJI, MCTAJIJIOB, pyA, OTHCYIIOPOB, I'€OJIO-
THYCCKUX MaTCpUaJioB.

3. JIabopaTopust 2D- 1 3D HaHOCTPYKTYPHPOBAHHBIX MOKPBITHII (aya. 119-4).

Kpamkas xapakmepucmuxa nomewenus:

O6mras mromanp — 102 kB.M (2 3Ttaxa). 1 3Taxk — mabopaTopHOE M MPOU3BOJCTBEHHOE 000pPY-
noBanue (67 KB.M), 2 3Taxx — y4eOHBIA Kiacc Ha 15 mocamounbix mecT (36 kB.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, II16 01-03, Cuull 21-01-97, Cuull 23-05, HIIb 104-03.

Obopyodosanue:

1. YcraHoBKa 15l HaHECEHHSI HAHOCTPYKTypupoBaHHbIX mokpeituii UniCoat 600SL+; Tpowus-
Boautenb — PD, rox Bemycka - 2008.

VYcraHoBka i1 HaHeceHUs MOKpbITUH MeTonoM PVD ¢ makcuManbHOW TOJIIMHOW MHOTO-
CJIOMHOTO C3HJBUY-TIOKPBITUSA 70 20 MKM Ha BECh JUAala30H UCIOIb3yEMOro KOHILIEBOTO MHCTPYMEHTA
C CUCTEMOM BU3yaJIM3allUM, YIPABIECHUS U TEPMOMETPUPOBAHUS TEXHOJIOTUYECKOTO MIpoliecca B Teue-
HHE BCEro IUKJIa H3roToBiicHUs. OCHOBHBIC THIbI MOKPBHITHH: TpagUIUOHHBIE MOKPBITUS — TIN,
TIiCN, Ti-C:H; 3D-HaHOKOMITO3UTHBIC TOKPBITUS; 2D-HaHOKOMITO3UTHBIE MIOKPBITUS U IUICHKHU (B TOM
qucie anMasononobnsie)- cynepnartuku. CoorBerctByer TpeboBanusiMm OCT 107.444.0001.004
[1111P440310.002TY.

OcHo8Hble mexHuYecKue Xapakmepucmuky: pa3mMep MUIlieHen, MM - 492x78 , mmupuHa 30HbBI
3G (GEKTUBHOIO paACHbUIEHUS MHUIIEHH, MM — 72; rabapuTHble pa3Mepbl MarHeTpoOHOB, MM -
550x105x60; - BO3MOXHOCTb padOThI Ka)KJ0M Napbl B JyaJbHOM PEKHUME; KOJIUYECTBO MarHeTPOHOB,
T. — 4; BBIXO/IHAsI MOIIHOCTb, KBT - 2x12; BbIXOAHOM TOK, A - 0.5-20; 6JIOK MUTaHUS MarHETPOHOB
UMITYJICHBIN ¢ 3amaBaeMoi yactoton 0.1-40 xI'1, ocHaieHn cucreMoi cTaOMiIM3anuy MMapaMeTpoB U
CHCTEMOH JYrorameHus; BO3MOKHOCTb paOOThl 0JI0OKa B JAyaJlbHOM PEKUME M HE3aBUCUMOU PabOTHI
Ka)XJI0ro KaHajia; JuaMeTp UHCTPYMEHTa, MM - OT 2 10 200 MM; pa3mepbl BAKYyMHON KaMepbl, MM —
600 x 600 x 600.

2. CranmoHapHast ycTaHOBKa [t u3Mepenus: mukporsepaoctu HVS 1000.

[TpousBonutens — TaiiBanb. [IpenHazHaueH Ui U3MEPEHUsT MUKPOTBEPIOCTH B TOM YHCIE U
MTOKPBITUH.

3. UcnbiTatenbHas cucreMa Ha pacTsbkeHue tepmokamepoir WDW-100.

Kectkocts cunosoit pambl: 100 kH/mMM, Hanbonsimas npenensaas Harpyska: 100 xkH (10 tc);
Tun mpuBoga: snekrpoMexaHndeckuid, TouHocTs m3mepeHus Harpysku: +1,0%(mo 3akazy 0,5%),
JHuanaszon usmepenus Harpysku: 400 H ~ 100 xH; (0.4%-100% monHOM 1IKanbl, aBTOMaTUYECKHU Tie-
pexiouaeMble mKanbl), 6 mkan, Paspemenue narpysku: 0,001% FS | Jlnanazon uzmepenus nedop-
Maruu: 2 — 100%, Tounocts nu3mepenus aedpopmanuu: +1,0%.

4. Kanorectep CSM CAT (Mogens CAT-S-AE), IIpoussoautens: CSM (IlBeinapmus).

5. Muxpokomourectep CSM MCT IlpounsBoxurens: CSM (IlBetinapmus).

6. Tpubomerp CSM (Mogens TRB-S-CE-000) ITpoussoaurens: CSM (Ilseitnapus).
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JIUCT NIEPEYTBEPXXJEHW S
PABOYEMN ITIPOI'PAMMBI JUCHUITIINHBI

PaGouast mporpamMma ofnoOpeHa Ha A4/6/A€/#  y4eOHBIH rog
IIpoTokon 3acenanus Kapenpsi Ne 7 or _7#Z. A% 6 rona

3aBemyrommii kadenpoi 1.1.H., mpodeccop Mopozos B.B. ' L/{ s

Pa6ouas mporpamma ogobpeHa Ha yueOHBIA rox

ITporokoin 3acemanus Kadpenps! Ne oT roza

3aBemyroumit kKadeapoit 1.71.H., mpodeccop Moposos B.B.

Pa6ouas mporpamma ogobpeHa Ha y4eOHBIH IO

I[IpoTokoun 3acenanus Kapenpsr Ne oT roja

3aBemyromuii kadeapoi 1.T.H., mpodeccop Moposos B.B.




