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1. BBEAEHHE

[IporpamMmma BCTYNIUTENBHBIX UCIIBITAHUN NIPEIHA3HAUCHA JJISI UL, KETAIOIINX
noctynutb B Maructparypy ®I'bBOY BO «PXTY um. JI.H. MenaeneeBa» mno
HanpasieHuio mnoArotoBku 28.04.02 — HaHouHXkeHepuss IO MarucTepCKou
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
CIEUUAIINTETa, NPOrpaMMaM MarucTparypsl (yTB. NIpUKa3oM MwuHUCTEpCTBA
oOpazoBanus u Hayku P® ot 5 anpens 2017 1. Ne 301).

[Iporpamma peKOMEHIYETCS 111 MOATOTOBKH K BCTYNHUTEIbHBIMUCIIBITAHUSIM
BBIITYCKHUKOB 0OakajaBpuaTa WM CHEIUAINTETa KIACCUYECKUX YHUBEPCUTETOB,
TEXHUYECKUX U TEXHOJOTMYECKUX BY30B, B OCHOBHBIX OOpa30BaTEIbHBIX
porpaMmax MOATOTOBKH KOTOPBIX COAEpKaTCA AUCHUIUIMHBI (MOayNH), pabouue
IPOrpaMMbl KOTOPBIX aHAJIOTUYHBI [0 HAUMEHOBAHUIO U OCHOBHOMY COJAEPKaHUIO
paboyuM mporpaMmam IMEPEYUCICHHBIX HM)KE€ YYE€OHBIX IUCLUMIUIMH MO YPOBHIO
OakanaBpuara.

Conepxanue  mporpaMmbl  Oasupyercss Ha  CICAYIONIUX  Y4EOHBIX
THUCUUTUIMHAX, npenoaaBaeMbix B PXTY um. .. Menneneena:

1. «BBeneHne B HaHOMH)KEHEPUIO» KOTOpPAsk OTHOCUTCS K 00s13aTeNbHON
yacTH 0J10Ka « {MCIMIIIMHBD) OCHOBHOM 00pa30BaTeNbHOM MPOrpaMMbl TOATOTOBKU
OakanaBpoB o HampasieHuto « Hanounxenepus» (GpeaepanbHblil rocyaapCTBEHHBINA
oOpa3oBaTenbHbIN cTaHaapT Beiciiero oopazoanus (PI'OC BO));

2. «MeTobl U UHCTPYMEHTAJIbHBIE CPEICTBA MTPOTHO3UPOBAHUS CBOICTB
HAaHOMATEpHUAJIOB», KOTOpas OTHOCUTCS K oO0sA3aTeNbHOW yacTh  OJoKa
«JIMCIUTIIMHBD) OCHOBHOM 00pa30BaTebHON MPOTrpaMMbl MOATOTOBKU OaKalaBpOB
no HampaBieHuto «HaHounxenepus»  (peaepanbHblii  TrocyAapCTBEHHBIN
oOpa3oBarenbHbIi cTanaapT Beiciiero oopazoanus (GI'OC BO));

3. «IIpoueccel M ammapaTbl XWMHYECKOW TEXHOJOTUM», KOTOpas
OTHOCUTCA K OO0s3aTelIbHbIM YacTaM OJIOKOB  «J{MCUMIUTMHBD) OCHOBHOM
oOpa3oBaTeNbHONl IpOrpaMMbl  MOJATOTOBKM 0akajaBpoOB [0  HaIpaBJICHUIO
«Hanounxenepus» (peaepanbHbIii TOCY1apCTBEHHBIN 00pa30BaTeNbHbIN CTaHAAPT
Beiciero obOpasoBanus (PI'OC BO)) u ocHOBHO#M 00pa3oBaTenbHON MPOrPaMMbI
NOJIFOTOBKK OakajllaBpoB MO HAampaBlIeHUIO «DHEPro- M pecypcocOeperaromne
MpOIeCChl B XMMHYECKOW TEXHOJIOTMH, HePTeXuMuu U OMOTEXHOJIOTHI
(enepanpHbBIii  TOCYTApPCTBEHHBINM  OOpa3oBaTENbHBIM  CTAHAAPT  BBICIIETO
obpazoBanus (PI'OC BO)) ;

4, «HanounxeHepusi B (apMalleBTUYECKUX TEXHOJIOTHSIX», KOTOpas
OTHOCUTCS K 4YacTd, (popMUPYEeMOM ydacTHUKaMU 0Opa30BATENbHBIX OTHOILICHUH,
Ooka «JlMCUMIUIMHBD) OCHOBHOM 00pa3oBaTeIbHON MpPOrpaMMbl MOATOTOBKHU
OakanaBpoB o HampasieHuto « Hanounxenepus» (GpeaepanbHblil rocyaapCTBEHHBIN
oOpazoBaTebHbIN cTaHaapT Bhiciiero oopazosanus (OGI'OC BO));
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d. «TexHonmornueckue CHUCTEMbI B HAHOTEXHOJIOTHMHW), OTHOCSIIEHCA K
gactd, (GOPMUPYEMOIl ydacTHUKaMH OOpa30BaTENbHBIX OTHOLIEHUH OJoka
«/IucuunauHbe) OCHOBHOM 00pa3oBaTeNbHON MPOTpaMMBbI MOJATOTOBKH OaKaiaBpOB
no HanpasiieHuto «Hanounxenepus» (OPI'OC BO);

6. «Metoapl KUOCpPHETUKU B HAHOMH)KEHEPUM», KOTOpPas OTHOCUTCS K
yacTH, (opMupyeMol ydacTHUKaMU OOpa30BaTENbHBIX OTHOILIEHUH Oi0Ka
«/IucuuIauHeD) OCHOBHOM 00pa30BaTeNbHON MPOTpaMMBbI MOJATOTOBKH OaKaiaBpOB
no Hanpasyennto «Hanoumxkenepus» (GI'OC BO);

7. «uopmanmoHHBIE CHUCTEMBI XpaHECHHUS U OOpaOOTKH JAaHHBIXY,
OTHOCSIIEHCS K 4acTH, POpMUPYyEeMON ydaCTHUKaMU 00pa30BaTEIbHBIX OTHOIEHUN
«/IucuunauHe) OCHOBHOM 00Opa30BaTeNIbHOM MPOrpaMMbl MOATOTOBKU OaKanaBpoOB
[0 HaIpaBJICHUI0 «DHEPro- U pecypcocOeperarnme mpoueccbl B XHUMHYECKOM
TexHosoruu, Heprexumuu u 6uorexnosorun» (GI'OC BO).

[Iporpamma BKIIFOYAET MEPEYEHD BOMIPOCOB K BCTYIUTEIBHBIM UCIIBITAHUSAM U
MEpPEYEHb PEKOMEHAYEMOW OCHOBHOM M JIOTIOJIHUTEILHOW JIMTEPATYPHI.

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

baok 1. OCHOBBI HAHOTEXHOIOTUH.

brnok 2. MopaenupoBaHue HAHOIPOIIECCOB M HaHOcHCTeM. Ilporecchl u
arnmapaThl XUMUYECKUX TEXHOJIOTHUH.



2. COAEP’)KAHHUE ITPOI'PAMMBI BCTYIIUTEJBbHBIX UCIBITAHUN
2.1 Biaok 1. OcHOBBI HAHOTEXHOJIOT U

Pa3znen 1. BBeeHue B HAaHOMHKEHEPH IO

[TonsiTHe HAHOTEXHOJIOTMU. BO3HUKHOBEHHME HaHOTEeXHOJoruu. KcTopus
pa3BUTUA HAHOTEXHOJOTUU. OCHOBHBIE ONPEACIICHUS U MOHSATHUS B HAHOMHKCHEPUH.
Knaccudukanun HaHOCTPYKTYPUPOBAaHHBIX W HaHoMarepuaioB. lloHsTus wu
OTIpENICICHUS] ~ HAHOYACTHUI[, HAHOTPYOOK,  HAHOBOJIOKOH,  HAHOJUCIICPCHUH,
HAHOCTPYKTYPHBIX  TMOBEPXHOCTEM W  IUICHOK, HAHOKPUCTAUIMYECKUX U
HAHOMOPUCTHIX MaTepruaIoB. DUBNKO-XUMHUYECKUE U TEPMOJUHAMUYECKHUE OCHOBBI
MOJYYEHU HAHO- W HAHOCTPYKTYPHPOBAHHBIX MAaTEpPUAIOB «CHU3Y-BBEPX» H
«CBEpXy-BHU3». CBSI3b HAHOMHKCHEPUU U XUMHUYECKOU TeXHOJIOTUH. COBPEMEHHBIE
TEHJICHIIMM W HaNpaBJEHUS Pa3BUTHS HAHOTEXHOJOTUM B OHUOTEXHOJIOTHUH,
(dhapMalieBTUKE U METUIIIHE.

Paznen 2. OcCo0eHHOCTM TEeXHOJOTHMYECKHX IPOLECCOB W AMNNAPATOB
MOJIy4Y€eHUSI HAHO M HAHOCTPYKTYPHPOBAHHBIX MATEPHUAJIOB.

Knaccudukanys OCHOBHBIX  METOAOB  IMOJYYEHHUS  HAHOCTPYKTYPHBIX
MaTepuaioB U MX ONHUCAHME: MEXaHUYecKue, (U3NYecKue, XUMHUYECKUEe U
ouosiormyeckue. MeToabl M3MEJIbUCHMS JJI1  TOJYYEHHs] HaHOMAaTepHUasoB,
MPUMEHECHUE  PA3JIMYHBIX  MEJIbHHUI. METOJ  MHTEHCMBHOM  IJIACTHYECKOU
neopmanmu. Mertoasl pacnbuUieHus. MeToabl HcHapeHus-KoHAeHcanuu. MeTon
AIEKTPUYECKOTO B3PbIBA MPOBOAHUKOB. METONBI C MCIIOJIBb30BAHUEM 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, ¢dpakTajgbHas pa3MepHOCThb. [leHapumepbl Ha
OCHOBE HAHOKOMITO3WTHBIX TOJUMEPHBIX MaTepuanoB. HaHoTpyOku, QysiepeHsl,
rpaden. Anporemu. VYpaBuenwe KenbBuHa. Pacnpenenenue HaHOYACTHI[ TIO
pa3MepaM. bronornyeckre HaHOCTPYKTYPhI Kak 00bEKThl OMOHAHOTEXHOJIOTUMA.

Paznen 3. AHaauTHYeCKHE UCCJIEI0BAHUS CTPYKTYpPbl M CBOMCTB
(PYyHKIHOHAJIBHBIX M1 KOMIIO3UIIMOHHBIX HAHOMATEPHUAJIOB

OcHOBHBIE METOJbl AHAIIUTUYECKUX HCCIECIOBAHUN HAHOCTPYKTYPHBIX
MarepuasioB. IIpocBeumBaromiasi 3JeKTpoHHass MuKpockonus. CkaHupyromas
ANEKTpOHHAss MUKpockomnus. CKaHupyrolas TyHHEJIbHAasT MUKPOCKONUSA. ATOMHO-
CUJIOBasi MUKPOCKOTHsS. MeTobl ONpeeNIieHUsT CPEAHETO pa3Mepa HAaHOOOBEKTOB H
UX TPaHYJOMETPUYECKOrO cocTaBa. MeToabl OmpeAeneHus] YASAbHOW IUIOIAan
MTOBEPXHOCTH HAHOCTPYKTYPHBIX MATEpHAIOB. METOI ONpeAesneHus MOPUCTOCTH
HAaHOCTPYKTYPHBIX MarepuaioB. Meroa omnpeneneHuss XUMHUYECKOT0 COCTaBa
HAaHOCTPYKTYPHBIX MAaTEPHUAIIOB.



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

Paznen 1. [IpuHUMOBI MOCTPOEHUSI MATeMATHYECKHX MojeJieil M 3Tanbl
MaTeMaTH4YeCKOr0 MOAeJIMPOBAHNS

Omnpenenenue. B3auMocBsi3b MaTeMaTH4ecKuX 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
COCPEIOTOYEHHBIMU MapaMeTpaMu, C PacHpeAeICHHbBIMU MapaMeTpaMu, SYECUHbIC
MOJICIIH).

[IpeacTaBieHre MaTeMaTUYECKOTO OMHCAHUS B COOTBETCTBUE C OJIOYHBIM
npuHuunoM. OCHOBHBIE OJIOKM, COCTABJISIIONIME OINKMCAHUE TIpoliecca W UX
B3aUMOCBS3b. OTpaKEHUE MPUHITUIIOB CUCTEMHOTO aHajIu3a B OJOYHOM IOJX0JI€ K
MOCTPOCHUIO MATEMATUYECKUX MOJICIICH.

N3ydeHne XMMUKO-TEXHOJOTUUECKUX MTPOIIECCOB METOJIOM MAaTEMaTUYECKOTO
MOJICTUPOBaHUs. DTalbl MATEMAaTUYECKOTO MOACITUPOBAHUS:

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

0) BwiOop ™metonma pemieHus. AHATUTUYECKUE U YHUCICHHBIE METOJIBI.
WM cTOYHMKN BO3HMKHOBEHMSI MOTPELIHOCTEN. AHANM3 CXOAUMOCTU UTEPALMOHHBIX
MeTo/10B. Peanu3anus BEIOpaHHOTO METO/Ia PEIICHHs B BUJIe aliroput™Ma. PazpaboTtka
MPOrpaMMBbl pacueTa 1Mo airOpuTMy.

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

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

Paznen 2. MopgeJupoBaHue HAHONPOUECCOB M HaHocucreM. Moaenu
NpeACTABJIECHUS TAaHHBIX, 0a3bl JAHHBIX

KBaHTOBO-MEXaHMYECKHME MOAEIM KW METOIBl MOJIEKYJISPHOW JWHAMHUKH.
OcHoBHbIE onpe/iesieHus U MOHATUsA. KBaHTOBasi XUMUS M MOJIEKYJIIpHAs TMHAMUKA.
MogenupoBanue CTPYKTYpPbl U MOJIEKYJ KJIACCUUYECKUMHU TNoaxoaamu. KBaHTOBO-
MeXaHuueckue mnoctyiaaTbl. (OCHOBHOE ypaBHEHHE KBAaHTOBOW MEXAHUKH.
Marematrnueckue OCHOBBI MOJIEKYJISIPHOM JUHAMUKMU.

MareMatuyeckoe  MOJAEIMPOBAHUE  CTPYKTYpbl W CBOWCTB  HOBBIX
HAaHOCTPYKTYPUPOBAHHBIX MAaTE€pPUAJIOB C MCHOJIb30BAHUEM KJIETOYHO-aBTOMATHOTO
noaxona. Knerounslii aBromar. KieTouHele aBTOMAThl [JJIsi MOJEIMPOBAHUS
HAaHOCTPYKTYp. Mojens arperaiuu, orpanndeHHou nuddysueii. Mozens arperaiuu,
OTpaHUYEHHOW peakuuerd. Mojenb KiacTep-KIAacTepHOW arperauvu. Mojenb
ciabonepexpbiBaronuxcs cgep. Moaens nepexkpoiBarouxcs cgep.

MexaHHKa CIUIOIIHBIX M TETEPOreHHBIX Cpel [JIsl ONHCAHUS MPOLIECCOB
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MOJyYeHUs] HaHoMaTepuaioB. IIpeaMeT W MeTOllbl MEXaHUKHU CIUIOLIHON CpEeJbl.
OcHOBHBIE TUNOTE3bl. METO/IbI OMUCAHUS IBUKEHUS CIUIOLIHON Cpebl. Y paBHEHUS
MEXaHUKU CIUIONIHOW CpeJibl: YpaBHEHUE HEPa3phIBHOCTH;, YPABHEHUS JBUKEHUS
CIUIOLTHOM Cpe/ibl; YPaBHEHHSI MOMEHTOB KOJIMYECTBA JBUKEHUA. [lonOTHUTEIbHBIE
COOTHOIIICHMS.  XapakTepucTUKu  MHorodasHou  cpenpl.  Kiaccuduxanus
MHOT0(a3HbIX (reTeporeHHBIX HEOJTHOPOJIHBIX) cpen. Ocobennoctu
MaTEMaTUYECKOTr0 OMMCaHUs TeTepOTeHHbIX cpell. OCHOBHBIEC ypaBHEHMUSI.

[Touck KOJIMYECTBEHHBIX COOTHOIICHHM CTpyKTypa-cBoiicTBO (Quantitative
Structure-Activity  Relationship, QSAR). Ilonstus pgeckpurnropa. Buus
MOJIEKYJISIPHBIX AECKPUNITOPOB. METOIBI MIOCTPOEHUS MOJIEIIEU CTPYKTYpPa- CBOMCTBO
U UX KpaTKasi XapaKTEePUCTHKA.

TexHoJIOTHU U ATarbl IPOCKTUPOBaHUS 0a3 JaHHBIX. MeTO/ bl IPeACTaBICHUS
JAHHBIX  (MepapXHUECKHe, CETEBble,  PEJSIUOHHBIC,  MOCTPEISALUOHHBIC).
KomneioTepusie  cpeactBa s NOCTpoeHuss  0a3  naHHbIX.  OCHOBHBIE
MaTeMaTU4YECKUE METO Ibl 00pabOTKM MaCCUBOB JIaHHBIX, XapaKTEPUCTUKA U 00JIaCTh
MpUMEHEHUsT Kaxaoro meroja. Cucremsl ynpaBieHUs: 0a3aMu JTaHHBIX: OCHOBHbBIC
dbynkuuu, apxutekrypa. Cucrembl ympaBieHusi 0a3aMu JIJaHHBIX: OCHOBHBIC
GyHKIHUU, apXUTEKTYpa.

[Taketsr ASPEN kak npuMep KOMMEPYECKHX MAKETOB JJISI TPOCKTUPOBAHMS
XUMHUKO- TEXHOJIOTMUECKHX, (apMaleBTUUECKuX, HedTenepepadaThIBAIOIINX
npou3BoicTB. CoctaB nakeToB ASPEN. IIpoekTupoBaHne TEXHOIOTUYECKUX CXEM.
[Ipumepsr.

[Taketer ANSY'S miis pemieHus 3a1a4 MOICTUPOBAHKS TEUCHUS KUIKOCTEH U
ra3oB, MEK(a3HbIX B3aUMOJICHCTBUM U TEINIOOOMEHOM METOJIaMH BBIYUCIUTEILHON
ruapoanHaMukd. ANSYS Fluent — kak ofivH 13 naketoB ANSYS.

Pa3nes 3. TunoBbie Moge 1M CTPYKTYPbI HOTOKOB. O01111e 3aKOHOMEPHOCTH
rugpoauHamMuku. I'mapomexanuvecKkue Mpoueccol

Monens uneanbHoro cmeuieHus. BriBoj auddepeHuunanbHOro ypaBHEHUs
Mozenan. Mojiens naeanbHoro BeITeCHeHHs. BoiBoa nuddepeninanbHOroypaBHEHHS
Mojieni. CpaBHUTENIbHAS OIIEHKA MACAIbHBIX Mojeneil. Slueeunas Mojenb. BoiBoa
YpaBHEHUS TMPEAEIBHOIO IepexoJa K MOJEIHM HJICaJbHOTO  BBITECHEHMS.
Judbdysnonnass monens. KomOuHupOBaHHBIE (MHOTOMApAMETPUUECKUE MOJECIIN).
bannacupoBanue.

CBoiCcTBa KUIKOCTEN. 3aKOH BHYTpEHHETO TpeHust HproToHa. /[nHamuueckunii
U KUHeMaThudeckuil koa(pduimentsl Bs3kocTu. Kiaccuduxanus KugkocTen.
PexxuMbl NBIKEHUS KUIAKOCTEH. XapaKTEPUCTUKU TEUEHUSA KUIAKOCTEH IO
TpyOonposogam. [Tpoduiin ckopocTeil mpu pa3HbIX pexxumax. Mojenb CIIonIHOM
cpenbl. OCHOBHBIE TMAPOJMHAMUYECKHAE BEIMYMHBI. YPABHEHHE HEPa3pbIBHOCTH.
VYpasuenus Jitnepa u HaBbe-Crokca.

Knaccudukanus KUIKMX M Ta30BbIX TE€TEPOTCHHBIX CHUCTEM: CYCIEH3HH,
MYJIbCHUH, TEHBI, MbUIM, TyMaHbl. MaTepuanbHblii OanaHc MPOLECCOB pa3eieHUs
TeTepOreHHBIX cucTeM. BHemHsas 3a1aua rugpoguHaMuku. O0TekaHne TBepAbIX Tell.
TedeHune yepe3HenoABUKHbIE 3€PHUCTBIE CIOU. [ HIpOIMHAMHUKA IICEBA00KIKEHHBIX

(kumsAmumx) cnoeB.  OCHOBHBIE  XAPAaKTEPUCTUKU  MCEBIOOKMKEHHOIO  CIIOS.
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3aBUCHUMOCTh TOTEpPHU JaBJICHUS OT cpelHed ckopocTu moToka. DumbTpoBaHue
cycrien3uii. OcHOBHOe ypaBHeHHE ¢GuibTpoBaHus. OunbTpbel 00BEMHOTO H
MIOBEPXHOCTHOTO JIEHCTBUS.

Pa3znen 4. TepmoauHaMuvecKre 1 MaccOOOMEHHbBIE PO ECChI

CucreMa U COCTOSTHHE CHUCTEMBbl. YpaBHEHHUS cOCTOsHUA. DHeprus. Padora.
Tennora. HyneBoi 1 nepBbIii 3aKOHBI TEPMOAMHAMUKY. PaBHOBECHBIC M OOpaTUMBbIE
nporeccel. BTOpoil M TpeTuid 3aKOHBI TEPMOJUHAMUKH. OJkceprus. OCHOBHBIE
TEIUIOBBIE  MPOLECCHI:  HAarpeBaHUE-OXJIAKICHUE, KOHJACHCAlUsA, HCHapeHUe.
TenoBble OanaHChl MPU HU3MEHEHUHM M 0€3 M3MEHEHHH (Ha30BOro COCTOSIHUS
TeIUIOHOCcUTENer. [IpAMOTOK M MPOTUBOTOK TEILIOHOCUTENEeR. Pacuer cpenHen
JOBIKYIIEH CWibl Mpouecca Tteronepenaud. CpeaHss IOBWXKyLIAs CHIIA MpU
NPSIMOTOKE M MPOTUBOTOKE TEIMIOHOCUTEIIEH.

TennonpoBOIHOCTh, KOHBEKTHUBHBIM TEIJIOOOMEH, TEIUIOBOE H3IyYEHHE.

3akoH @ypbe u ypaBHenne Oypre-Kupxroda. Tennoornayua u Temionepeaya.
MateMatuyeckoe onucanue, GU3nYecKuii CMbICH KO3(DPUIIMEHTOB, TEMIIEpaTypPHBII
rpaaueHT. J[Bwxkymas cuna. Koadduiuentsl TemiooTaau W HMX pacyeT Mpu
JBUKEHUU B TpyOax v KaHaiax.

Knaccuduxanust nporieccoB maccooomena. CriocoObl BBIPaXKEHUSI COCTABOB
¢da3. PaBHOBecHbIe yciioBus maccooOmeHa. uddysus, 3akon duka. YpaBHEHUs
HEpa3pbhIBHOCTH, KOHBEKTHBHOW auddy3un. JBwkyumme cunel. llonstue o
Maccootnadye U Maccomepenade. CooTHomieHHe MeEXAy KoddduimeHtTamu
MAacCOOTIauu U Macconepeaadyu. Pacuer cpeaHen ABMKYILEN CAJIbI MaCCOIIEPEIayH.
Martepuanbuplii 0anaHc ¥ ypaBHeHHE pabodeil JUHUM TpU Maccomepenade (Ha
npumepe adbcopO1uu). Tumbsl abCOPOIMOHHBIX anmapaToB U UX MaTEMaTHYECKOE
onucanrie. MUHUMAaIIbHBIN pacxo abcopOeHTa.

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

IlepeueHb BOMPOCOB BCTYMUTENIbHBIX HUCIBITAHUNA BKJIIOYAET BOIPOCHI IO
CJIIEYIONUM YYeOHBIM KypcaMm, OTHOCSAIIMMCS K OCHOBHOW 4YacTH W 4YacTH,
dbopmupyemMoil ydaCTHUKaMU 00pa30BaTeIbHBIX OTHOILIEHUM TMPo¢dheCCHOHATIBHOTO
[MKJIa JUCIUIUIMH OCHOBHOM  0oOpa3oBaTebHOM MporpaMMmbl  MOATOTOBKH
OakaniaBpoB 1o HamnpabiieHHI0 «HaHounxenepus» npoduis «DyHKIIMOHATBHBIE U
KOMIIO3UIIUOHHBIE HaHOMAaTepHadbl, W3JEAUs U3 HUX» (B COOTBETCTBUH C
dbenepaabHBIMU TOCYJIapCTBEHHBIMU 00pa30BaTEIbHBIMU CTaHIAApPTaMU BBICILIETO
obpazoBanusa(P®I'OC BO)) no nsym G10kam:

biok 1. OcHOBBI HAHOTEXHOJIOT U

biok 2. MopaenupoBanue HaHOMNpolleCCOB M HaHocucteM. Ilpomecchl u
anmnapaThl XMMUYECKUX TEXHOJIOTUI

Bbaok 1. OcHOBBI HAHOTEXHOJIOTH I
1. IlonaTne HaHOTEXHONOTMH. BO3HMKHOBEHNE HaHOTEXHONOTMU. McTOpHs
pa3BUTHS HAHOTEXHOJIOTHH.
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2. OCHOBHBIE ~ OmpelNeNeHuss M MOHATHS B  HAHOUMH)XXEHEPHH.
Knaccudukanmm HaHOCTPYKTYpUPOBAHHBIX U HAHOMATEPHAJIOB.

3. [TonsiTue HaHOMOPHUCTHIX TBEpAbIX MaTepuanoB. [Ipumepsl. OGnactu
npuMeHeHus1. OCHOBHBIE METO/bI ITOTYYEHUSI HAHOTIOPUCTBIX TBEPABIX MAaTEPHAIIOB.

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

S. [lonsiTue HaHoTpyOOK ©  HaHOBOJNOKOH. [Ipumepsl. OOnacTu
npuMmeHeHus. OCHOBHbBIE METOBI OTYyYEHUSI HAHOTPYOOK U HAHOBOJIOKOH.

6. [loHATHE HAHOCTPYKTYPHBIX IIOBEPXHOCTEW M IUIEHOK. IIpmmepsl.

OOnacTy mpuMeHeHUs. MeTobl MOTYYCHHsS] HAHOCTPYKTYPHBIX ITOBEPXHOCTCH H
TUICHOK.

7. Knaccudukanus MeXaHHMYECKHX METOJOB IONYYCHHS HAaHO W
HAHOCTPYKTYPHPOBAaHHBIX MaTepuajoB. MeToJ WHTCHCHBHON IIIACTHUYECKOU
nedhopmariiu.

8. Knaccupukanuss  pusmueckux  METOJOB  IOJYyYEHUS HAHO U
HAaHOCTPYKTYPHPOBAHHBIX MaTepuagoB. MeTo bl paclbUICHHUS.
9. Knaccudukanms  XUMHUYECKHMX  METOAOB  TIOJYyYEHHs] HAHO H

HAaHOCTPYKTYPHPOBAaHHBIX MaTepuajgoB. MeToAbl ¢ UCHOJb30BAaHUEM XHMHYECKUX
pEeaKUnil.

10. Tlomsatme adporeneil Kak HAHOCTPYKTYPUPOBAHHBIX MAaTEpPHANIOB.
[Tonydyenue, npuMEeHEHUE.

11. Ou3NKO-XMMHUYECKHUE U TEPMOJIMHAMUYECKHUE OCHOBBI MOTYYEHUSI HAHO-
Y HAHOCTPYKTYPUPOBAHHBIX MaTEPUATIOB «CHU3Y-BBEPX)» U «CBEPXY-BHUBY.

12. buonornyeckue HAHOCTPYKTYPHI KaK OOBEKTh OMOHAHOTEXHOJIOTHH.
Onncanue, npuMepPsI UCTIOJIb30BAHNUS.

13. OcHOBHBIE METO/Bl AHAIUTUYECKUX HCCIIECTOBAHUN HAaHOCTPYKTYPHBIX
MarepuaioB. MeToabl IPOCBEYMBAKOLIEM M CKAHHPYIOWIEW  AJIEKTPOHHOM
MHKPOCKOIINHU, OITUCAHHUE.

14. Meronapl CKaHUPYIOIIEH TYHHEIBHON U aTOMHO-CUJIOBOM MUKPOCKOIIHH.

15. Meronpl ompeneneHuss CpPeIHETO pasMepa HAHOOOBEKTOB, UX
IPaHYJIOMETPUYECKOTO  COCTaBa M YyAEJIbHOW  IJIOMIAJAM  MOBEPXHOCTH
HaHOCTPYKTYPUPOBAHHBIX MATEPHUAIOB.

baok 2. Ilpomecchl W anmaparbl XHMHMYECKHX TeXHOJIOTMH.
MopaenpoBaHue HAHONPOLECCOB U HAHOCUCTEM

1. Onpenenenue MaTeMaTH4YeCcKou MOJIEJIH. B3aumMocBs3b
MaTteMaTudeckux ©  ¢usumdeckux  moaene.  I[IpuOmmkeHHBIM — XapakTep
MaTeMaTU4ecKux Moaener. JlomylieHus, IpUHUMAEMbIE [PU OCTPOCHUHU
MaTemMaTuueckoi wmoaenu. Krnaccudukanus MaTeMaTHUECKUX MOJENeH 1o
BPEMEHHOMY U IIPOCTPAHCTBEHHOMY IIPU3HAKAM.

2. llpencraBieHne MaTeMaTUYECKOTO OMUCAHUSI B COOTBETCTBHUE C OJIOYHBIM
npuHuunoM. OcCHOBHbIE OJIOKM, COCTABIAIOIIME OIKCAaHUE IMIpolecca M UX
B3aMMOCBs3b. OTpaK€HUE MPUHILMIIOB CUCTEMHOI'O aHajiu3a B OJIOYHOM MOAXOAE K
IIOCTPOCHUIO MATEMATUYECKUX MOJIEIIEH.
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3. Teopernueckne OCHOBBI CHCTeMHOTro aHanu3a. OCHOBHBIC TMOHSATHS O
NPUHIMIAX CUCTEMHOIO aHajlM3a XHMHYECKUMX IPOLECcCOB. MaremaTH4ecKue
METOAbl pelleHus1 ypaBHeHUM Mojeneid. CTpykTypHas H IapaMeTpuyeckas
uaeHTUUKAIIS MOJIETIEH.

4, MaremaTnueckoe MOJENUPOBAHUE  CTPYKTYPHI U CBOMCTB
HAaHOCTPYKTYPUPOBAHHBIX MAaTE€pPUAJIOB C HCIOJIb30BAHUEM KJIETOYHO-ABTOMATHOIO
noaxona. llonstme kierouyHoro aBTomara. KierouHele aBTOMAThl ISt
MOJICTTUPOBAHUS HAHOCTPYKTYp. MoJienb arperaiuu, orpaHuueHHoi nuddysuei.

d. [lonck  KOJMYECTBEHHBIX COOTHOIIEHUI CTPYKTYpa-CBOMCTBO
(Quantitative Structure-Activity Relationship, QSAR). [Tonsitust neckpurnropa. Busr
MOJIEKYJISIPHBIX IE€CKPUITOPOB. METOIBI TOCTPOECHUS MOAENEN CTPYKTYpa- CBOMCTBO
U UX KpaTKas XapaKTepHUCTHKA.

6. MexaHuKa CIJIOIIHBIX U T€TEPOTeHHBIX CpPel JJIsi OMMCAHUS MPOLIECCOB
IIOJIyYEHHUS] HAHOMAaTEepHAJIOB. Y PaBHEHHSI MEXAHUKH CIUIOIIHON Cpelbl: ypaBHEHUE
HEpa3pbIBHOCTH; YPAaBHEHHMsI JBW)KCHHS CIUIOIIHOM CpENbl; YPAaBHEHUS MOMEHTOB
KOJIMYECTBA JIBU)KCHMSL.

7. Xapakrepuctuku MHoOro(dazHoi cpenbl. Kinaccudukanus MHOroha3HbIX
(reTeporeHHbIX HEOJHOPOJHBIX) cpea. OCOOEHHOCTH MAaTeMaTU4YeCKOro OMHUCAaHUs
reTeporeHHsbIX cpell. OCHOBHBIE YpaBHEHUS.

8. [Taketet ASPEN kak npumMep KOMMEpPYECKMX MAaKETOB  JUIA
POECKTUPOBAHUS XUMUKO- TEXHOJIOTHYECKUX, (apmaleBTUYECKHUX,
He(dTenepepadaThIBAOIIUX MPOU3BOACTB. IIpumeHeHue Uil pelieHust 3ajad
MOJICTTUPOBAHUsI TEUCHMS KUIAKOCTEW M Ta3oB, MeX(]a3HbIX B3aUMOACHCTBUI U
TEIJI000MEHOM METOAaMH BbhlUMCIUTENbHON ruapoanHaMuku. ANSYS Fluent — kak
oauH n3 maketoB ANSYS.

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

10. flyeeunas Moxenb. BbIBoA ypaBHEHHMs NpeNeNbHOrO Iepexoda K
MOJIeNIA UJIealbHOTO BbITecHeHUs. Juddysnonnas monens. KomOuHHpOBaHHBIE
(MHOTOMapaMETPUUYECKUE MOJIENH ).

11. TenneHiuu pa3BUTHUSI HAHOMOICTUPOBAHUS.

12. CpoiictBa XHMAKOCTEH. 3akoH BHYTpeHHeEro TpeHuss HrpioToHa.
JlunaMuyeckuii M KUHEMaTH4ecKuid Kod(puuueHTsl Bs3koctu. Knaccubukarms
JKUJKOCTEN. PeKMMBI IBM)KEHUS )KUIKOCTEH.

13. Mogenb crutonHo#i cpeapl. OCHOBHBIE THAPOIMHAMUYECKIE BEJINYNHBI.
YpaBHeHue Hepa3pbIBHOCTH. Y paBHeHUe Jitnepa u HaBbe-CTokca.

14.  TemnnonpoBOJHOCTh, KOHBEKTUBHBIN TEMIOOOMEH, TEIIIOBOE U3ITyUEHHUE.
3akon ®ypre u ypaBuenne Oypoe-Kupxroda. Temnoornaya u rermwtonepenaya.

15. Knaccudukamus mnporeccoB maccooomena. uddysus, 3akon duka.
VYpaBHeHUs HEPA3PBIBHOCTH, KOHBEKTUBHOU nudPy3un. JBuxyuue cuinbl. [lonstue
0 MaccooTaaue u Maccornepeaade. COOTHOIIEHHE MEXIy KO3 dUIMeHTaMH
MaccooTIayl U Mmacconepenayr. MartepualibHbld OajaHC U ypaBHEHHE palboyeit
JMHUU TIPU Maccornepenayde (Ha nmpumepe adcopoIimm).
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4. PexomeHayeMasi JiuTepaTrypa

IIo 6s10Kky 1. OCHOBBI HAHOTEXHOJIOTHH

OcHoBHas:

1. Menbmytuna H.B. Beengenune B HaHoTexHonoruto. M3n-Bo HayuyHOU
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'yceB, A. W. Hanomarepuasnbl, HAaHOCTPYKTYpbl, HAHOTEXHOJIOTHH.
[Texct] / A. W. T'yces. - M. : "®uzmatiaut", 2009. - 414 c.
4, PakoB, O. I'. Heopranuueckue HaHomaTepuainbl [Tekct] : ydeOHOe

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

JlonoJiHUTEILHAS:

1. Crapoctun B.B. Marepuansl 1 METObI HAHOTEXHOJOTHH. M.: buHOM.
JlaGoparopus 3nanuii, 2012. — 432 c.

2. Otto M. CoBpeMeHHbIE METO Il aHATTUTHYECKOHM XxuMuu. — TexHocdepa,
2006.

3. Pepxonkos, [[. 1. Hanomatepuansr [Tekct] : yaebHoe nmocooue / J1. .
Pepxonkos, B. B. JIésuna, 2. JI. JI3umsurypu. - 2-¢ uza. - M. : BUHOM. JlaGoparopus
3Hanuii, 2010. - 365 c.

4, OproB, E. B. Ilpoueccsl monyyeHus: HAHOYACTHUI] 1 HAHOMATEPUAIOB
[Tekct] : yueOHO-MeToanueckuii komiuieke / E. B. FOptos. - M. : PXTVY um. JI.1.
Menneneena, 2010. - 152 c.

ITo 06710Ky 2. MogesupOBaHHE HAHONIPOLIECCOB U HAHOCUCTEM

OcHoBHas:

1. Menbimrytuna H. B., Jlebenes U.B., I'yceBa E.B., Konnoouenko A.B.
[{udpoBbie TBOMHUKKA HOBBIX MAaTEPUAIOB: KJIETOYHO-aBTOMATHOE MOJICIMPOBAHUE
CTPYKTYpPHI ¥ CBOMCTB: yueOHoe mocobue / - M. : PXTY um. JI.1. Menaeneesa, 2020.
- 104 c.

2. CoBpeMenHble MH(GOPMAIIMOHHBIE CHUCTEMBI XpaHEHUs, 00pabOTKH H
aHaNW3a JaHHBIX IS TPEANPUATHNA XMUMHYECKOM U CMEXKHBIX OTpaciei: yueo.
nocobue / H. B. Menbmrytuna, A. B. Maracos, U. B. Jlebenes. — M.: PXTY um. /.
N. Menaeneesa, 2022. — 300 c. ISBN 978-5-7237-1926-2.

3. AxnazapoBa, C. JI. MogenupoBaHue HW ONTUMHU3ALUA XUMHUKO-
TEXHOJIOTHYECKNX TIPOIIECCOB C HEMOJHOM WHpOpManued O MeXaHHU3Me
[DnexTpoHHBIN pecypc]: yueoHoe nocodue / C. JI. Axnazaposna, JI. C. I'opnees, M.b.
I'ne6oB. — M.: PXTY um. JI.1. Menneneena, 2010. — 100 c.

4, H.B. Menbpmytnna, A.B. MaracoB. CoBpemMeHHbIe HH(POPMAIMOHHBIE
CUCTEMBbl XpaHEHUsl JaHHBIX, 0OpaOOTKM M aHalW3a AAHHBIX I OPEANpPUSTUN
XUMHUYECKOHN U cMeKHbIX oTpacieid — M.: PXTVY um. /I.1. Mengaeneea, 2011. —308c.

d. Komuccapos, 0. A. Ilpoueccsl u annapaTbl XUMHYECKON TEXHOJIOTUH
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[Texct]yueOnoe mocodue / FO. A. Komuccapos, JI. C. I'opaees, J1. I1. BenT; pex. 1O.
A. Komuccapos. — M.: Xumus, 2011. — 1229 c.

6. Hurmarynun P.M. Mexanuka crmomson cpeasl. — M.: TDOOTAP-
Menua, 2014.— 640 c.

1. Kadapor B.B., I'me6oB M.b. Maremaruueckoe MOACIMPOBAHUE
OCHOBHBIX MTPOIIECCOB XMMUYECKUX MPOU3BOACTB. - M.: Bricmas mkona, 1991. — 400
C.

JlonmoJiHUTEILHAS

1. dwitHepckuii, FO. W. Tlponeccel U anmapaThl XUMHYECKOW TEXHOJOTUU
[Tekcr]: yaeOnuk mist By30B: B 2 u. / FO.W. [IpiTHepcKkwid. — 3-¢ u3a. — M.: Xumus. —
Y.l: Teopermueckue  OCHOBBI  MPOLECCOB  XWMHUYECKOM  TEXHOJOTHH.
['mapoMexaHnyeckre M TEIJIOBBIE MPOIECCHl U allapaThl: peKOMEHJ0BaHO MuH.
oOpazoBanus. — 2002. — 400 c.

2. Oeitaepckuii, 0. . Tlpouecchl U anmapaTtbl XUMHYECKOW TEXHOJIOTHH
[Texcr]: 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 aNMnapaThl XUMUYECKON TEXHOJIOTUU: TTIOCOOHE 10
npoektupoBanuio / pea. FO. W. JIseitHepckuid. — 4-e¢ u3a., crep., Ilepemneu. ¢ usm.
1991r. — M.: Anbsac, 2008. — 493 c.

4. TlaBnos, K. ®. [Ipumepsl U 3a7a4u MO Kypcy MPOIIECCOB M aIMapaTroB
XUMHYECKOW TexHojoruu: ydeO. mocobwe mins By3oB / K.®. Ilasnos, ILT.
PomankoB, A.A. HockoB. — 11-e u3zn., crep. Ilepeneuarka ¢ uza. 1987 r. — M.:
PycMenunaKoncant, 2004. — 576 c.

S. Kadapor B.B. Metonpl KHUOEpHETHMKM B XUMHUU U XUMHUYECKOM
texHosoruu/B. B. Kadapos. — M.: Xumust, 1984.
6. Kadapos B.B. Cucremnbplii aHamuM3 TpoOLECCOB XUMHYECKOU

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