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1. BBEJJEHHUE

[IporpamMmma BCTYNIUTENBHBIX UCIIBITAHUN NIPEIHA3HAUCHA JJISI UL, KETAIOIINX
noctynutb B Maructparypy ®I'bBOY BO «PXTY um. JI.H. MenaeneeBa» mno
HarmpaBieHu0 noArotoBku 28.04.02 — HaHouHXkeHepHss IO MarucTepcKoi
nporpamme «OYyHKIIMOHAJIBHBIE U KOMIIO3UIIMOHHBIE HAHOMATEPHUAIIbI, U3JEIHS U3
HUX.

[Iporpamma paspaborana B cooTBercTBUM C [lopsiakomM opraHuzanuu u
OCYUIECTBJICHUS  00pa30BaTENbHOM  JESATENIbHOCTH 10  00pa3oBaTEIbHBIM
nporpaMmam BBICHIET0 00pa3oBaHUs — MporpaMmam OakajaBpuaTa, MporpaMmam
CHEeIUAINTEeTa, MpPOrpaMMaM MarucTparypbl (yTB. TpHKa3oM MUHHUCTEPCTBA
oOpazoBanus u Hayku P® ot 5 anpens 2017 r. Ne 301).

IIporpamma peKOMEHyeTCs ISl MIOATOTOBKH K BCTYIHTEIBHBIMHUACIIBITAHUSAM
BBIITYCKHUKOB 0OakajaBpuaTa WM CHEIUAINTETa KIACCUYECKUX YHUBEPCUTETOB,
TEXHUYECKUX U TEXHOJOTMYECKHX BY30B, B OCHOBHBIX OOpa30BaTEIbHBIX
porpaMmax IMOATOTOBKHA KOTOPBIX COAEPMATCsA AMCLMILUIMHBI (MOaynH), pabouue
POrpamMMbl KOTOPBIX aHAJIOTHYHBI [T0 HAUMEHOBAHUIO U OCHOBHOMY COJIEPKAHUIO
paboyuM mporpaMmam IMEPEYUCICHHBIX HM)KE€ YYE€OHBIX IHUCLMIUIMH MO YPOBHIO
OakanaBpuara.

ConepxxaHue  mporpamMmbl  0azupyercss Ha  CIEAYIOIIUX  YYEOHBIX
JTHUCUUTUIMHAX, penoaaBaeMbix B PXTY um. [[.1. Menneneena:

l. «BBeneHne B HaHOMH)KEHEPUIO» KOTOpPAsk OTHOCUTCS K 00s13aTeNbHON
yacTu 0s10Ka «{MCHUIUIMHBD) OCHOBHOM 00pa30BaTeNIbHOM NpOrpaMMbl TOATOTOBKH
OaxayiaBpoB 1o HanpasieHuto «Hanounxenepus» (penepaibHblil rocyAapCTBEHHBIN
oOpa3oBaTenbHbIN cTaHaapT Beiciiero oopazoanus (PI'OC BO));

2. «MeToapl 1 HHCTPYMEHTAJIBHBIE CPEACTBA IIPOrHO3UPOBAHMS CBOMCTB
HAaHOMATEpHUAJIOB», KOTOpas OTHOCUTCS K oO0sA3aTeNbHOW yacTh  OJoKa
«/IucuunauHe OCHOBHOW 00pa30BaTeNbHON MPOrpaMMBbI MOJATOTOBKH OakajlaBpOB
no HampaBieHuto «HaHoumnxenepus»  (peaepanbHbli  TOCYyAapCTBEHHBIN
oOpazoBaTebHbIN cTaHaapT Beiciiero oopazoBanus (OI'OC BO));

3. «IIpoueccel M amnmapaTbl XWMHYECKOW TEXHOJOTUM», KOTOpas
OTHOCUTCA K O0O0s3aTelIbHbIM YacTaM OJIOKOB  «J{MCUMIUIMHBD) OCHOBHOM
o0pa3oBaTenpbHONl NpPOrpamMmbl  MOJATOTOBKM  OakajgaBpoB 1O  HaIpaBJICHUIO
«Hanounxxenepus» (penepanbHblii TOCYIapCTBEHHBIN 00pa30BaTENbHbIN CTaHAAPT
Boiciiero oopasoBanus (PI'OC BO)) u ocHOBHOUM 00pa3oBaTenbHON MPOrpaMMbl
NOJIFOTOBKKA OakajllaBpoB MO HAampaBleHUI0 «DHEPro- M pecypcocOeperaroniie
OpOLECChl B XHMHUYECKOM TEXHOJOTMHM, HEPTEXUMUHU U  OHUOTEXHOJOTHUN
(enepanpHbBIii  TOCYTApPCTBEHHBINM  OOpa3oBaTENbHBIM  CTAHAAPT  BBICIIETO
obpazoBanus (PI'OC BO)) ;

4. «HanounxkeHepusi B (apmalleBTUYECKUX TEXHOJIOTHIX», KOTopas
OTHOCUTCS K 4YacTh, (popMUpPYEeMOM ydacTHHUKaMU 0Opa30BATENbHBIX OTHOILIECHUH,
O5oka «JlMCHMIUIMHBD)Y OCHOBHOM 00Opa30BaTeNbHON MPOrpaMMbl IMOATOTOBKHU
OakanaBpoB 1o HampasieHuto « Hanounxenepus» (peaepanbHblil rocyaapCTBEHHBIN
oOpazoBaTeabHbIN cTaHaapT Bhiciiero oopazosanus (OI'OC BO));
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3. «TexHonornueckne CUCTEMbI B HAHOTEXHOJOTHM», OTHOCAILIEHCA K
gactd, (GOPMUPYEMOIl ydacTHUKaMHU OOpa30BaTENbHBIX OTHOLIEHUN OJoKa
«/IucuunauHbe) OCHOBHOM 00pa3oBaTeNbHON MPOTpaMMBbI MOJATOTOBKH OaKaiaBpOB
no HanpasiieHuto «Hanounxenepus» (OPI'OC BO);

6. «Metoapl KUOEPHETUKU B HAHOMH)KEHEPUM)», KOTOpas OTHOCUTCS K
yacTH, (opMupyeMol ydacTHUKaMu OOpa30BaTeIbHBIX OTHOILIEHUH Oi0Ka
«/IucuuIauHeD) OCHOBHOM 00pa30BaTeNbHON MPOTpaMMBbI MOJATOTOBKH OaKaiaBpOB
no Hanpasyennto «Hanoumxkenepus» (GI'OC BO);

7. «WupopmManmoHHBIE CHUCTEMBI XpaHCHHUS U OOpaOOTKH JaHHBIXY,
OTHOCSIIEHCS K 4acTH, PopMUpPyeMOi ydaCTHUKaMHU 00pa30BaTEIIbHBIX OTHOIIICHUH
«luctunimHeD) OCHOBHOM 00pa3oBaTENbHOM MPOrpaMMBbl IOJATOTOBKU OaKalaBpOB
[0 HAIpaBJICHUI0 «DHEPro- U pecypcocOeperarnme npoueccbl B XUMHYECKOM
TexHosorun, Heprexumun u 6morexuonorum» (OGPI'OC BO).

[IporpamMmma BKJIIOYAET MEPEUECHBb BOMPOCOB K BCTYMUTEIHLHBIM UCIIBITAHUSIM U
MepEeUYCHb PEKOMEHTYEMOW OCHOBHOM U JIOMOJHUTEILHON JTUTEPATYPHI.

BcerynuTenpHble MCIBITaHUS MPOBOAATCS B (OpME YCTHOTO dK3aMeHa I10
AK3aMCHAIMOHHBIM OMJIeTaM, KaXKIblii M3 KOTOPBIX BKJIIOYAET JBa 3aJaHUsS U3
CICAYIOIINX JIBYX JUCIUILUIMHAPHBIX OJIOKOB:

biox 1. OCHOBBI HAHOTEXHOJIOTHH.

bnokx 2. MopaenupoBaHue HAHOMPOILIECCOB U HaHocucTeM. llpomecchl u
anmapaTbl XUMUYECKUX TEXHOJIOTUH.



2. COIEP KAHMUE ITPOI'PAMMBLI BCTYIIUTEJIBHBIX UCIBITAHUN
2.1 Baok 1. OcHOBBI HAHOTEXHOJOT M

Paznen 1. BBenieHue B HAHOMHKEHEPHIO

[TonsiTHe HAHOTEXHOJIOTMU. BO3HUKHOBEHHME HaHOTEeXHOJoruu. KcTopus
pa3BUTUA HAHOTEXHOJOTUU. OCHOBHBIE ONPEACIICHUS U MOHSATHUS B HAHOMHKCHEPUH.
Knaccupukanun HaHOCTPYKTYPUPOBAaHHBIX W HaHoMarepuanioB. lloHsTus wu
OTIpENICTICHUS] ~ HAHOYACTHUI[, HAHOTPYOOK,  HAHOBOJIOKOH,  HAHOJUCIIEPCHUH,
HAHOCTPYKTYPHBIX  TOBEPXHOCTEM W  IUICHOK, HAHOKPUCTAUIMYECKUX U
HAHOMOPHUCTHIX MaTepruaioB. OUBNKO-XUMHUYECKUE U TEPMOJUHAMUYECKHUE OCHOBBI
MOJY4YEHUs HAHO- W HAHOCTPYKTYPHPOBAHHBIX MAaTEpPUAIIOB «CHU3Y-BBEPX» H
«CBEpXy-BHU3». CBSI3b HAHOMHKCHEPUU U XUMHUYECKOU TeXHOJIOTUH. COBPEMEHHBIE
TEHJICHIIMM W HaNpaBJEHUS Pa3BUTHS HAHOTEXHOJOTUM B OHUOTEXHOJIOTHUH,
(dhapMalieBTUKE U METUIIIHE.

Paznen 2. OcCo0eHHOCTHM TEeXHOJOTHYECKHX IPOLECCOB W AMNNApPaTOB
MOJIy4Y€eHUSI HAHO M HAHOCTPYKTYPHPOBAHHBIX MATEPHUAJIOB.

Knaccudukanys OCHOBHBIX  METOAOB  MOJYYEHUS  HAHOCTPYKTYPHBIX
MaTepuaioB U MX ONHUCAHME: MEXaHWYecKkue, (U3NYEeCKue, XHUMHYECKUE U
ouosiornyeckue. MeToabl HM3MENbUCHMS JJI1  TOJYYEHHs] HaHOMAaTEpHUasoB,
MPUMEHCHUE  PA3JIMYHBIX  MEIbHHUI. METOJ  MHTEHCMBHOM  IJIACTHYECKOU
nepopmanu. Meroasl pacnbuUieHUs. MeToabl HcHapeHusi-KoHAeHcanuu. MeTon
AIEKTPUYECKOTO B3PbIBA MPOBOJHUKOB. METONBI C MCIIOJIB30BAHUEM XUMHYECKHUX
peakiui. Mcnosp3oBaHWE TUIa3Mbl  PAa3HOM TEMIIEPATYypbl I MOJy4YEHUS
HAaHOMAaTEepPUAJIOB. Hcnonb30oBaHWe  MHUKPOOPraHU3MOB  JUISL  [OJYyYEHUs
HAaHOMATECpPUAJIOB. YJbTPAJAUCIEPCHBIE KOJUIOUAHBbIE cHUCTEMBbL. HaHowacTuilsl,
HaHOMAaTepUaJibl, HAHOCUCTEMBI. CBOMCTBA U KaU€CTBO HAHOMAaTepHalioB. Pa3zMepHbIit
abdext. DpakranbHbie KiaacTepbl, ¢dpakTaibHas pa3MepHOCThb. [leHapumepbl Ha
OCHOBE HAHOKOMIIO3UTHBIX TOJUMEPHBIX MaTepuanoB. HanoTpyOku, QysiepeHsl,
rpaden. Anporemu. VYpaBuenne KenbBuHa. Pacnpenenenue HaHOYACTHI[ TIO
pasmepaM. bronornyeckre HaHOCTPYKTYPhI Kak 00bEKThl OMOHAHOTEXHOJIOTHA.

Paszgen 3. AHaJuTHYeCKHE MCCJIEIOBAHUSL CTPYKTYPbl M CBOICTB
(GYyHKIHOHAJIBHBIX M KOMIIO3UIIMOHHBIX HAHOMATEPHUAJIOB

OcHOBHBIE METOJbl AHAIIUTUYECKUX HCCIECIOBAHUN HAHOCTPYKTYPHBIX
MarepuasioB. IIpocBeumBaromiasi 3JeKTpoHHass MuKpockonus. CkaHupyromas
ANEKTpOHHAss MUKpockomnus. CkaHupyrolas TyHHEJIbHAasT MUKPOCKONUSA. ATOMHO-
CUJIOBasi MUKPOCKOTIHSL. MeTo/Ibl ONpeNieTICHUsI CPEAHET0 pa3Mepa HAaHOOOBEKTOB H
UX TPaHYJIOMETPUYECKOTO cocTaBa. MeToabl ONpeAeneHUus] YASIbHOW IUIOIAan
MOBEPXHOCTH HAHOCTPYKTYPHBIX MarepuanaoB. MeToa ompeAereHus MOPUCTOCTH
HAHOCTPYKTYPHBIX MaTepualioB. MeToa onpeaeneHruss XUMHUYECKOTO COCTaBa
HAHOCTPYKTYPHBIX MaT€pUAIIOB.



2.2 bJiok 2. MoaeaupoBaHne HaHONpoueccoB M HaHocucTeM. [Iponeccs n
annapaTbl XUMHYECKUX TEXHOJIOTHil.

Paznen 1. IIpuHOUNBI MOCTPOEHMSI MATEMATHYECKUX MoOJAeJed W 3Tanbl
MaTeMaTH4YeCKOr0 MOAeJIMPOBAHNS

Omnpenenenue. B3auMocBsi3b MaTeMaTW4ecKuX M (U3MUECKUX MOJETCH.
[TpuOnmxeHHbI XapakTep MaTeMaTHUECKUX Mojenei. JlomyeHus, mpuHUMaeMble
NPy TIOCTPOCHMHM MaTeMaTthueckod wmojaenu. Kitaccuduxanus maTeMaTHUYeCKUX
MoJIesien o BPEMEHHOMY (cTarmoHapHbIe, HECTallMOHApHBIE,
KBa3MHECTAllMOHAPHBIE  MOJCIM) W  NIPOCTPAHCTBEHHOMY  TNpH3HaKaMm  (C
COCPEOTOYCHHBIMU TapaMeTpaMH, C Paclpe/IeICHHBIMUA NTapaMeTpaMHU, SYCCUHbBIC
MOJICIIH).

[IpencraBiieHre MaTeMaTHYECKOTO OINKMCAHUS B COOTBETCTBHE C OJIOYHBIM
npuHuunoM. OCHOBHBIE OJIOKM, COCTABJISIIOIIME OINKMCAHUE TIpoliecca W UX
B3aUMOCBS3b. OTpaKeHUE MPUHITUIIOB CUCTEMHOTO aHajIu3a B OJJOYHOM MOJX0JI€ K
MOCTPOCHUIO MATEMATUYECKUX MOJICIICH.

N3ydeHne XMMUKO-TEXHOJOTUUECKUX MPOIIECCOB METOJIOM MaTEMaTUUECKOTO
MOJICTUPOBaHUs. DTalbl MATEMAaTUYECKOTO MOACITUPOBAHUS:

a) CocTaBlieHHE MaTEMaTHYECKOTO OIMCAaHMUS AHAIMTHYECKHM CIIOCOOO0M,
AMITUPUYECKUM CITOCOOOM, AHATUTUKO-AMITUPUYECKUM CITOCOOOM.

06) BpiOop ™metona peiieHus. AHATUTUYECKUE U YHUCICHHBIE METOJIBI.
W cTOYHMKM BO3HMKHOBEHUSI MOTPEIIHOCTEN. AHAIN3 CXOJUMOCTH WUTEPALMOHHBIX
MeTo/10B. Peanu3aiius BIOpaHHOTO METO/1a pEIeHHs B BUJIE aliroputMa. PazpaboTtka
MIPOrpaMMBbl pacueTa Mo airOpUTMy.

B) YCTaHOBJICHHE  aJICKBATHOCTH  MOJCIH  pEaTbHOMY  OOBEKTY.
CraTucTUYECKHE TUIIOTE3bl U MPOBEPKA TUIIOTE3 MO CTATUCTUYECKUM KPUTEPHUSIM.
Kputepun ycTaHOBIIEHHSI aJIEKBATHOCTH OJHOOTKJIIMKOBBIX U MHOTOOTKJIMKOBBIX
MOJIEIIEH.

r) Koppekiiust Mmosienu 1o pe3ysibTaTaM HaKOTUICHHON MH(OpMaIIUH.

Paznen 2. MopgesupoBaHue HAHONPOUECCOB M HaHocucreM. Moaenu
NpeCTABJIEHNS] JAHHBIX, 023bI JAHHBIX

KBaHTOBO-ME€XaHMYECKHME MOAEIM W METOIBl MOJIEKYJISPHOW JWHAMHUKH.
OcHoOBHbIE ONIpeIeICHUS U MOHATUSA. KBaHTOBast XUMHUS U MOJIEKYJISIpHAst TUHAMUKA.
MogenupoBanue CTPYKTYpPbl U MOJIEKYJ KJIACCUUYECKUMHU TNoaxoaamu. KBaHTOBO-
MeXaHHueckue mnoctyjaaTtel. (OCHOBHOE ypaBHEHME KBAHTOBOM  MEXaHHKHU.
Marematrnueckue OCHOBBI MOJIEKYJISIPHOM JUHAMUKMU.

MaremMatuyeckoe  MOJEIMPOBAHUE  CTPYKTYpbl M CBOWMCTB  HOBBIX
HAHOCTPYKTYPUPOBAHHBIX MATEPHUATIOB C MCIOJIb30BAHUEM KJIETOYHO-ABTOMATHOTO
noaxona. Krnerounerii aBromar. Kieroynele aBTOMAThl JJIsi MOICIUPOBAHUSA
HAHOCTPYKTYp. Mojens arperanuu, orpanndeHHon nuddys3ueit. Mojens arperaiuu,
OTPaHUYEHHOW peakuuern. Mojenb KiacTep-KIACcTepHOU arperauvu. Mojenb
cnabonepexpoiBaromuxcs chep. Mojens nepekpoiBaromuxcs chep.

MexaHuKa CIUIOIIHBIX M TE€TEPOTr€HHBIX CpEeJ g ONUCAHUSA IPOLECCOB
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MOJy4YeHUs] HaHoMmaTepuaioB. IIpeaMeT W MeTOlIbl MEXaHWUKHU CIUIOLIHON CpEeJBbl.
OcHOBHbIE TUNOTE3bl. METO/IbI OMUCAHUS JBUKEHUS CIUIONTHOM Cpebl. Y paBHEHUS
MEXaHHUKHU CIUIOIIHOM CpEellbl: YPaBHEHUE HEPA3PBIBHOCTH; YPABHEHUS JIBUKCHUS
CIUIOIIHOW CPEJbl; YPABHEHHSI MOMEHTOB KOJIMYECTBA IBHKEHUA. [[ONTONHUTENBHBIE
COOTHOIIICHMS.  XapakTepucTUKu  MHorodasHou  cpenpl.  Kiaccuduxanus
MHOT0(a3HbIX (reTeporeHHBIX HEOTHOPOJTHBIX) cpen. OcobenHoctu
MaTeMaTUYECKOTO ONMKUCAHUs FETEPOreHHbIX cpell. OCHOBHBIE YpPaBHEHHUS.

[Touck KOJIMYECTBEHHBIX COOTHOIICHHM CTPYKTypa-cBoiicTBO (Quantitative
Structure-Activity  Relationship, QSAR). TIlonsatus geckpunrtopa. Bumsl
MOJIEKYJISIPHBIX JECKPUNITOPOB. METOIBI MIOCTPOEHUS MOJIENIEU CTPYKTYpPa- CBOMCTBO
U UX KpaTKasi XapaKTEePUCTHUKA.

TexHoI0THY U ATAMBI TPOCKTUPOBAHUS 0a3 JaHHBIX. METObI IPeICTaBICHHUS
JAHHBIX  (MEepapXWUECKHe, CETEBbIE,  PEJSILUOHHBIC,  MOCTPEISIUOHHBIC).
KomnbloTepubie  cpeactBa i NOCTpoeHuss 0a3  jgaHHbIX.  OCHOBHBIC
MaTeMaTU4YECKUE METO Ibl 00pabOTKM MaCCUBOB JIaHHBIX, XapaKTEPUCTUKA U 00JIaCTh
MpUMEHEHUsT Kaxaoro Metoja. Cuctemsl ynpaBieHUs 6a3aMu JaHHBIX: OCHOBHBIC
dbynkuuu, apxutekrypa. Cucrembl ympaBieHusi 0a3aMu JIJaHHBIX: OCHOBHBIC
GyHKIHUU, apXUTEKTYpa.

[Taketsr ASPEN kak mpuMep KOMMEPYECKHX MAKETOB JJISI TPOECKTUPOBAHUS
XUMHUKO- TEXHOJIOTMUECKHX, (apMaleBTUUECKuX, HedTenepepadaThIBAIOIINX
npou3BoicTB. CocTtaB naketoB ASPEN. IIpoekTupoBaHne TEXHOTOTHUECKUX CXEM.
[Ipumepsr.

[Taketst ANSYS miis pemieHns 3a1a4 MOACIMPOBAHUS TEUEHUS KUJIKOCTEU U
razoB, MeX(a3HbIX B3aUMOJICUCTBUI U TETNIOOOMEHOM METOJIaMH BBIYUCIUTEIHLHON
ruapoauHamMuku. ANSYS Fluent — kak oviH n3 naketoB ANSYS.

Pa3znes 3. TunoBbie MOIe 1M CTPYKTYPBI HOTOKOB. Q0111Me 3aKOHOMEPHOCTH
rugpoauHamMuku. I'mapomexanuvecKkue Mpoueccol

Monens uneanbHoro cMmeuieHus. BwiBog nuddepeHnuanbHOro ypaBHEHUs
Mozenn. MoJiens uaeanbHOro BeITeCHeHMsl. BbiBoa tuddepeninanbHOroypaBHEeHUS
Mojiend. CpaBHUTENIbHAS OIEHKA MCaIbHBIX Mojeeil. Slueeunas Mojenb. BbiBoj
YpaBHEHUS IMPEAENIBHOIO IepexoJa K MOJEIHM HJICaJbHOTO  BBITECHEHMS.
Hudbdysnonnas monens. KomOuHupoBaHHBIE (MHOTOMApaMETPUUECKUE MOJECIIN).
banniacupoBanue.

CBoucTBa KUIAKOCTEN. 3aKOH BHYTpEHHETO TpeHust HproToHa. /[nHamuyeckunii
U KUHeMaThudeckuil koa(pduimentsl Bs3kocTu. Kiaccuduxanus KugkocTen.
PexxuMbl BOKEHUS KUAKOCTEH. XapaKTEPUCTUKA TEYEHUS JKUIAKOCTEH I10
TpyOonposogam. [Tpoduiin ckopocTeil mpu pa3HbIX pexxumax. Mojenb CIIonIHOM
cpenbl. OCHOBHBIE TUAPOJUHAMUYECKUE BEIUYUHBL. YPaBHEHUE HEPA3PHIBHOCTH.
VYpasuenus Oinepa u HaBbe-Crokca.

Knaccudukanus KUIKMX M Ta30BbIX TE€TEPOreHHBIX CHUCTEM: CYCIEH3HH,
AMYJIbCUH, TEHBI, MbUIM, TyMaHbl. MaTepuanbHblid OanaHCc MPOLECCOB pa3eeHUs
reTeporeHHbIX cucreM. Baemnss 3anaya ruagpoauHaMuki. OOTekaHue TBEpAbIX Tell.
TedeHune yepe3HENnoABUKHBIE 3€PHUCTBIE CIOU. [ HIpOIMHAMHUKA IICEBA00KIKEHHBIX
(xurmsimux)  cnoeB.  OCHOBHBIE  XAPAKTEPUCTUKU  TICEBIOOKUAKEHHOIO  CIIOSI.
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3aBUCHUMOCTh TOTEpPHU JaBJICHUS OT cpelHed ckopocTu moToka. DumbTpoBaHue
cycrien3uii. OcHOBHOe ypaBHeHHE ¢uibTpoBaHus. OunbTpel 00BEMHOTO H
MIOBEPXHOCTHOTO JIEHCTBUS.

Pa3nen 4. TepmoagnHaMuvecKkne 1 MaccoOOMEHHbBIE PO ECChI

CucreMa U COCTOSTHHE CHUCTEMBbl. YpaBHEHHUS cOCTOsHUA. DHeprus. Padora.
Tennora. HyneBoi 1 nepBbIii 3aKOHBI TEPMOAMHAMUKN. PaBHOBECHBIC U OOpaTUMBbIE
nporeccel. BTOpoil M TpeTuid 3aKOHBI TEPMOJUHAMUKH. OJkceprus. OCHOBHBIE
TEIUIOBBIE  MPOLECCHI:  HAarpeBaHUE-OXJIAKICHUE, KOHJCHCAlUsA, HCHapeHue.
TenoBble OanaHChl MPU HU3MEHEHUHM M 0€3 M3MEHEHHH (Ha30BOro COCTOSIHUS
TEeIUIOHOCcUTENer. [IpsAMOTOK M MPOTUBOTOK TEILIOHOCUTENEH. Pacuer cpenHen
JOBIKYLIEH CWibl Mpouecca Ttermonepenadd. CpeaHss IBWXKyLIAs CHIIA MpU
IPSIMOTOKE M MPOTUBOTOKE TEMIOHOCUTEIIEH.

TennonpoBOIHOCTh, KOHBEKTHUBHBIM TEIJIOOOMEH, TEIUIOBOE H3IyYEHHE.

3akoH @ypbe u ypaBHenne Oypre-Kupxroda. Tennoornayua u Temionepeaya.
MateMatuyeckoe onucanue, GU3nYecKuii CMbICH KO3(DPUIIMEHTOB, TEMIIEpaTypPHBII
rpaguent. Jpmwxkymas cuna. Koappuuuentsl TemnooTnayn U MX pacyer Mpu
JBUKEHUU B TpyOax v KaHaiax.

Knaccuduxanust nporieccoB maccooomena. CriocoObl BBIPaXKEHUSI COCTABOB
¢da3. PaBHOBecHbIe yciioBus maccooOmeHa. uddysus, 3akon duka. YpaBHEHUs
HEpa3pbIBHOCTH, KOHBEKTHBHOW auddy3un. JBwkyumme cunel. llonstue o
mMaccooTnaye U Maccomepenaye. CooTHouleHHE Mexay KodpuuueHTaMu
MaccoOTIa4M U mMaccorepenadu. PacyeT cpeiHel IBHKYILEH CHUIIBI MacCONEpeIayn.
Martepuanbublii 0anaHc ¥ ypaBHeHHE paboyeil JNUHUM TpU Maccomepenade (Ha
npumepe adbcopOumu). Tumnsl abCOPOIMOHHBIX anmaparoB M WX MaTeMaTHUYeCKoe
onucanrie. MUHUMAaIIbHBIN pacxo abcopOeHTa.

3. Bonpocsl K BCTYNUTEIBHBIM HCIIBITAHUAM 110 MATUCTEPCKO NIporpaMmme
«DYHKIMOHAJIbHbIC U KOMIIO3ULMOHHbIC HAHOMATEPHUAJIbI, U3ACJIUA U3 HUX)

IlepeueHb BOMPOCOB BCTYMUTENBHBIX HUCIBITAHUNA BKJIIOYAET BOIPOCHI IO
CJIIEIYIONUM YYeOHBIM KypcaMm, OTHOCSIIMMCS K OCHOBHOW 4YacTH M 4YacTH,
dbopmupyemMoil ydaCTHUKaMU 00pa30BaTeIbHBIX OTHOILIEHUU MPOdheCCHOHATBHOTO
[MKJIa JUCHUIUIMH OCHOBHOW  0Opa3oBaTebHOM MHporpaMMmbl  MOATOTOBKH
OakanaBpoB 1o HampabiieHHI0 «Hanounxenepus» npoduis «DyHKIIMOHATIBHBIE U
KOMIIO3UIIUOHHBIE HaHOMAaTepHadbl, W3JeAUs U3 HUX» (B COOTBETCTBUH C
dbenepaabHBIMU TOCYJIapCTBEHHBIMU 00pa30BaTEIbHBIMU CTaHIAApPTaMU BBICILIETO
obpazoBanusa(PI'OC BO)) no nsym G0kam:

biok 1. OcHOBBI HAHOTEXHOJIOT U

biok 2. MoaennpoBanue HaHOMPOILIECCOB M HaHocucTeM. I[lporecchl u
anmnapaThl XUMUYECKUX TEXHOJIOTUI

Baok 1. OcHOBBI HAHOTEXHOJIOT Uil
1. [TonsiTne HaHOTEXHOJIOTMH. BO3HMKHOBEHHE HAHOTEXHOJIOTUU. McTOpHs
Pa3BUTHUS HAHOTEXHOJIOTHH.
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2. OCHOBHBIE ~ OmpelNeNeHuss M MOHATHS B  HAHOUMH)XXEHEPHH.
Knaccudukanum HaHOCTPYKTYpUPOBAHHBIX U HAHOMATEPHUAJIOB.

3. [TonsiTue HaHOMOPHUCTHIX TBEpAbIX MaTepuanoB. [Ipumepsl. OGnactu
npuMeHeHus1. OCHOBHBIE METO/IbI ITOIYYEHUSI HAHONOPUCTBIX TBEPBIX MaTEPUAIIOB.

4. [Tonsitue nHanouactuil. Ilpumepsl. OOnactu npumeHeHus. OCHOBHBIE
METO/IBbI OJIYYCHHUS] HAHOYACTHLL.

5. [lonsiTue HanoTpyOOK u©  HaHOBOJOKOH. [lpumepsl. OOGmactu
npuMmeHeHus. OCHOBHbBIE METOBI OTYyYEHUSI HAHOTPYOOK U HAHOBOJIOKOH.

6. [loHATHE HAHOCTPYKTYPHBIX IIOBEPXHOCTEM U IUIEHOK. lIpumepsl.

OOnacTy mpuMeHeHUs. MeTobl MOTYYCHHsS] HAHOCTPYKTYPHBIX ITOBEPXHOCTCH H
[JIEHOK.

7. Knaccupukaims MeEXaHHMYSCKAX METOAOB IOJyYEHHS HAHO W
HAHOCTPYKTYPHPOBAHHBIX ~MaTEpHajoB. MeToa HMHTEHCHBHOH  IIJIACTHYCCKOM
nedopmanum.

g. Knaccubukanus  Qu3nueckux  METOJOB  IMOJYYCHHS HAHO U
HAaHOCTPYKTYPUPOBAHHBIX MaTepraioB. MeToabl paclblICHUS.
0. Knaccudpukanuss XUMUYECKMX  METOJOB  MOJYyYEHUS] HAHO U

HAaHOCTPYKTYPUPOBAHHBIX MaTepUanoB. MeETOIbI C HCIIONb30BAHUEM XUMHUYECKUX
pEeaKUnil.

10. Ilomatne asporenel Kak HAHOCTPYKTYPUPOBAHHBIX MAaTEpPHAJIOB.
[lonyuyenue, npUMEHEHHE.

11. ®uU3NKO-XMMUYECKHE U TEPMOJUHAMUYECKHE OCHOBBI IIOJyUYECHHs HAHO-
Y HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAJIOB «CHU3Y-BBEPX» U «CBEPXY-BHU3M.

12. buonoruueckue HAHOCTPYKTYpbl KaK OOBEKTbl OMOHAHOTEXHOJOTHIA.
Onncanue, npuMepPsI UCTIOJIb30BAHNUS.

13.  OcHOBHBIE METOABI AHAIUTHYECKUX HCCIEAOBAHUN HAHOCTPYKTYPHBIX
MarepuaioB. MeToabl IPOCBEYMBAKOLIEM M CKAHHPYIOWIEW  AJIEKTPOHHOM
MHKPOCKOIINHU, OITUCAHHUE.

14.  Meroapl CKaHUPYIOIEH TYHHEJIBHOW U aTOMHO-CHJIOBOM MUKPOCKOITHH.

15. Metonsl omnpeneneHus CpeAHEro pa3Mepa HaHOOOBEKTOB, MX
I'PAHYJIOMETPUYECKOIO  COCTaBa M YAEJIBbHOW  IUIOIIAAM  ITOBEPXHOCTH
HAaHOCTPYKTYPUPOBAHHBIX MATEPUAIIOB.

baoxk 2. Ilpoueccsl H anmaparbl XUMHYECKMX TEXHOJIOIH.
MoaeanpoBaHue HAHONMPOLECCOB U HAHOCUCTEM

1. Onpenenenue MaTeMaTHYECKON MOJIEIIN. B3anmocBs3b
MareMaTudeckux ©  ¢usumdeckux  mojene.  I[IpuOmmkeHHBIM — XapakTep
MaTeMaTH4YEeCKUX Mojenei. JlomylieHus, mNpUHUMAEMblE MOpPU MOCTPOCHUHU
MaremMaTudeckod wmojaenu. Krnaccudukamuss MaTeMaTHUeCKHUX MOJCICH 10
BPEMEHHOMY U MPOCTPAHCTBEHHOMY ITPU3HAKAM.

2. TlpencraBneHne MaTeMaTUIECKOTO OMUCAHUS B COOTBETCTBHUE C OJIOYHBIM
npuHIUnoM. OCHOBHbIE OJIOKH, COCTABJISIFOIIME OIKCAHUE TIpolecca U UX
B3aMMOCBs3b. OTpaXeHUE MPUHIIMIIOB CHCTEMHOTO aHaIn3a B OJOYHOM MOAXO0JE K
MMOCTPOCHHUIO MATEMATUYECKUX MOJETIEH.
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3. Teopernueckue OCHOBBI CHUCTEMHOIo aHaiau3a. OCHOBHBIE MOHATHUS O
IIPUHLNANAX CUCTEMHOIO AaHAJIW3a XHMHUYECKMX HpoleccoB. MaremaTtnyeckue
METOABl pElIeHUs YypaBHEHM Mogxened. CTpykTypHas M IapamMeTphyecKas
uAeHTU(UKaLMS MOZEIIEH.

4. Marematnyeckoe MOJICJIMPOBAHUE  CTPYKTYpBI " CBOMCTB
HAHOCTPYKTYPUPOBAaHHBIX MAaTEPHAIOB C HCIOJIB30BAHMEM KJIETOYHO-aBTOMATHOTO
noaxona. lIlomsatme kieroyHoro asrtoMara. KieTouHele aBTOMaTrel UL
MOJICTTUPOBAHUS HAHOCTPYKTYp. Mojienb arperaiuu, orpaHuueHHon quddy3ueit.

5. [Ionck  KOJNMYECTBEHHBIX  COOTHOILIECHUM CTPYKTYpa-CBOMCTBO
(Quantitative Structure-Activity Relationship, QSAR). [Tonsitus neckpunrtopa. Bumbr
MOJIEKYJISIPHBIX I€CKPUNITOPOB. METOIBI TOCTPOEHUS MOAENEN CTPYKTYpa- CBOMCTBO
U UX KpaTKasi XapaKTepHUCTHKA.

6. MexaHuKa CIUIOIIHBIX ¥ T'E€TEPOreHHBIX CPEX Ul ONMMCAHUS MPOLIECCOB
IIOJIyYEHHUS] HAHOMAaTEepHAJIOB. Y PaBHEHHSI MEXAHUKH CIUIOIIHON Cpelbl: ypaBHEHUE
HEpa3pbIBHOCTH; YPAaBHEHMS JABWIKEHHUS CIUIOIIHOM CPEABbl; YPaBHEHUS MOMEHTOB
KOJIMYECTBA JIBU)KCHMSL.

7. Xapaxktepuctuku MHorogdasHoi cpenpl. Knaccudukanuss MHOroga3HbIX
(reTeporeHHbIX HEOJHOPOJHBIX) cpea. OCOOEHHOCTH MAaTeMaTU4YeCKOro OMHUCAaHUs
reTeporeHHbIX cpell. OCHOBHBIE YPABHEHUS.

8. [Taketet ASPEN kak npumMep KOMMEpPYECKMX MAaKETOB  JUIA
POECKTUPOBAHUS XUMHUKO- TEXHOJIOTHYECKUX, (apmaleBTUYECKHUX,
He(dTenepepadaThIBAOIIUX MPOU3BOACTB. IIpumeHeHue [uisi  pelieHust 3aaad
MOJICJIMPOBAHUSL TEYEHMS >KHIKOCTEH M Tra3oB, Mex(}a3HbIX B3aUMOJCUCTBUI H
TEII000MEHOM METOJIaMH BblunciuTeNnbHoU rupoanHaMuku. ANSYS Fluent — kak
oauH n3 maketoB ANSYS.

9. OCHOBHBIE MOJENM CTPYKTYpbl NOTOKOB, KX Hapamerpbl. Monenu
UJEAIBHOIO0 CMEIICHNs U BbITeCHEHUs. BbiBO ypaBHeHHd. CpaBHUTENbHAS OLIEHKA
MOJENEN.

10.  Sgyeeunas Moxenb. BpiBox ypaBHEHMsI NPENENBHOIO Iepexona K
MOJIeNIM UJI€alIbHOTO BbITeCHEeHUs. Juddysnonnas monens. KomOunHHpoBaHHBIE
(MHOTONapaMeTpPUUYECKUE MOJIENH ).

11. TenaeHuMH pa3BUTHSI HAHOMOJICIIUPOBAHUS.

12.  CsoucTBa KUAKOCTEW. 3aKOH BHYTpeHHero TpeHus HproToHa.
JlunaMuyeckuii M KUHEMaTH4ecKui kod3pduuueHTsl Bs3kocTu. Krnaccudukarms
JKUAKOCTEN. PeXUMBI IBMKEHUS JKUIKOCTEH.

13.  Mogens crutontHoi cpeapl. OCHOBHBIE THAPOJIUHAMUYECKUE BETUYHMHBI.
YpaBHeHue Hepa3pbIBHOCTH. Y paBHeHUe Jitnepa u HaBbe-CTokca.

14.  TemnonpoBOAHOCTb, KOHBEKTUBHBIN TEIJIOOOMEH, TEIJIOBOE U3TyUYEHHE.
3akon Dypre u ypaBuenne Oypoe-Kupxroda. Temnoornaya u rermtonepenaya.

15. Knaccudukamus mnpoueccoB maccooomena. JAuddysus, 3akon duka.
VYpaBHeHUs HEPA3PbIBHOCTH, KOHBEKTUBHOU nudPy3un. JIBuxyue cunbl. [lonstue
0 MaccooTaade u Maccornepeaade. COOTHOIIEHHE MEXIy KO3 (hUIMEeHTaMU
MaccooTIayl U Macconepenayu. MarepuaibHblii OalaHC U ypaBHEHHE paboyeil
JMHUU TIPU Maccomnepenayde (Ha npuMepe adcopoium).
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4. Pexomenayemast iureparypa

IIo 6s10Kky 1. OCHOBBI HAHOTEXHOJIOTHH

OcHoBHas:

1. Menbmytuna H.B. Beegenune B HaHOoTexHonoruto. M3n-Bo HayyHOU
muteparypsl H.®. boukapesoii, 2006.- 132 c.

2. Menbmytuna H.B. HanowacTuubl W HaAHOCTPYKTYPUPOBAHHBIC

MaTepuaisl A dpapmareBTuku — Kanyra: M3garenscTBo HayuHo# nutepatypsl H.O.
boukapesoii, 2008. — 192c.

3. I'yce, A. W. Hanomarepuasnbl, HaHOCTPYKTYpbl, HAHOTEXHOJIOTHH.
[Texct] / A. W. T'yces. - M. : "®uszmatiaut", 2009. - 414 c.
4. PakoB, O. I'. Heopranuueckue HaHomatepuanbl [TekcT]| : yueOHOe

nocobue / J. I'. Pakos. - M. : BUHOM. JlaGopatopus 3uanuii, 2013. - 477 c.

JlonoJiHUTEILHAS

1. Crapoctun B.B. Marepuanbsl 1 METOAbI HAHOTEXHOJOTUU. M.: bruHOM.
JlaGoparopus 3nanuii, 2012. — 432 c.

2. Otto M. CoBpeMeHHbIE METO Il aHATTUTHYECKOM XuMuu. — TexHocdepa,
2006.

3. Peoxonkos, [[. 1. Hanomatepuansl [Tekct] : yaebHoe nmocooue / J1. W.
Proxonkos, B. B. JI€Buna, 2. JI. [I3uma3urypu. - 2-e uza. - M. : BUHOM. JIaGoparopus
3Hanuii, 2010. - 365 c.

4. OproB, E. B. ITlpoueccsl monyyeHHus: HAHOYACTHUI] 1 HAHOMATEPUAIOB
[Tekct] : yuebHo-metonuueckuit komruieke / E. B. FOprtos. - M. : PXTVY uwm. JI.1.
Mennaeneena, 2010. - 152 c.

ITo 06710Ky 2. MogesupOBaHHE HAHONIPOLIECCOB U HAHOCUCTEM

OcHoBHas:

1. Menbimrytuna H. B., JlebeneB U.B., I'ycera E.B., Konnoouenko A.B.
[{udpoBbie TBOMHUKKA HOBBIX MAaTEPUATIOB: KJIETOYHO-aBTOMATHOE MOJIEIMPOBAHUE
CTPYKTYPBI 1 CBOMCTB: yueOHoe nmocodue / - M. : PXTY um. JI.1. Menneneena, 2020.
-104 c.

2. CoBpeMeHHble MHGOPMAIIMOHHBIE CHUCTEMBI XpaHEHUs, 00pabOTKH U
aHaNM3a JaHHBIX IS TPEANPUATUNA XMUMHYECKOM W CMEXKHBIX OTpaciel: yueo.
nocobue / H. B. Menbmrytuna, A. B. Maracos, U. B. Jlebenes. — M.: PXTY um. /.
H. Mengeneesa, 2022. — 300 c. ISBN 978-5-7237-1926-2.

3. AxnazapoBa, C. JI. MogenupoBanue HW ONTUMHU3AIUA XUMHUKO-
TEXHOJIOTUYECKUX TMPOLECCOB C HEMOJHOW uH(popmalueid o0 MexaHu3Me
[DnexTpoHHBIHN pecypc]: yueoHnoe nocodue / C. JI. Axnazaposa, JI. C. 'opaees, M.b.
I'ne6oB. — M.: PXTY um. JI.1. Menneneena, 2010. — 100 c.

4. H.B. Menbiytuna, A.B. MaracoB. CoBpeMeHHbIE HH(DOPMALIMOHHBIE
CHUCTEMBbI XpaHEHHUs JaHHBIX, 00paOOTKM W aHalW3a JAHHBIX IS TPEINPUATHN
XUMHUUYECKO# U cMexHBIX oTpaciei — M.: PXTY um. [I.. Menneneena, 2011. —308c.

3. Komuccapos, 1O. A. Ilpoueccsl u anmnapatbl XUMUYECKONW TEXHOJIOTHH
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[Texct]yueOnoe mocodue / FO. A. Komuccapos, JI. C. I'opaees, J1. I1. BenT; pex. 1O.
A. Komuccaposn. — M.: Xumus, 2011. — 1229 c.

6. Hurmarynun P.M. Mexanuka crmomson cpensl. — M.: TDOOTAP-
Menua, 2014.— 640 c.
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[Texcr]: yueOnuk 11 By30B: B 2 4. / FO.W. [IsitHepckwmii. — 3-¢ u3a. — M.: Xumus. —
Y.l: Teopermueckue  OCHOBBI  MPOLECCOB  XWMHUYECKOM  TEXHOJOTHM.
['mnpomMexaHHYecKHe U TEIJIOBBIE MPOLECCHl U alllapaThl: PEKOMEHA0BAHO MHUH.
oOpazoBanus. — 2002. — 400 c.

2. IeitHepekuid, FO. W. Ilpormecchl U anmapaTbl XMMUYECKOW TEXHOJOTHUH
[Tekcr]: yuebnuk st By3oB: B 2 4. / FO.W. IpitHepckuil. — M.: Xumusa. — Y.2:
MaccooOMeHHbIE TIPOIIeCChl U ammapaThl: peKOMEHA0BaHO MuH.00pa3oBaHUs. —
2002. - 368 c.

3. OcHOBHBIE TIPOLIECCHI U anmapaThl XUMUYECKON TEXHOJIOTUU: TTIOCOOUE 10
npoektupoBanuio / pea. FO. W. JIsitHepckuid. — 4-e¢ u3a., crep., Ilepemneu. ¢ u3m.
1991r. — M.: Anpsnc, 2008. — 493 c.

4. I1aBnos, K. ®. Ilpumepsl 1 3a1auu O KypcCy IPOLECCOB U anmapaTroB
XUMHUYECKON TeXHONoruu: yued. mocoouwe nns By3oB / K.®. IlaBnos, ILT.
PomankoB, A.A. HockoB. — 11-e u3na., crep. Ilepeneuarka ¢ u3a. 1987 r. — M.:
PycMennaKoncant, 2004. — 576 c.

3. Kadapor B.B. Metonpl KHUOEpHETHMKM B XHUMHUU U XUMHUYECKOM
texHosorun/B. B. Kadapos. — M.: Xumus, 1984.
6. Kadbapos B.B. Cucremssplii aHalu3 TMpOIECCOB XUMHUYECKOM

texHosoruu. T.1. OcuoBel ctpareruu / B.B. Kadapos, U.H. Jopoxos. — M.: Hayka,
1976.
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