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Pa6oyas nporpaMmma JUCHUIJIMHBI (MO/yJis) pa3paboTaHa B COOTBETCTBUU C CAMOCTOSITEb-
HO ycTaHOBJIeHHbIM MI'Y o6pasoBaresibHbIM cTaHgapToM (OC MI'Y) ans peanusyeMblix oc-
HOBHBIX NpodeccHOHaIbHbIX 00pa3oBaTe/IbHbIX NPOrpaMM BBICIIEr0 06pa30BaHUs IO Ha-
npassieHu0 noArotoBku 18.04.01 «XuMuveckasi TeXHOJIOTUsI» (IporpaMMa MarucTpaTyphbl)

B pepakuuu npukasa MI'Y ot 01 nrona 2019 r., Ne842.

['op (roawl) npueMa Ha obyyenue 2019/2020, 2020/2021



1. MecTo aucuuniaunel (Moay.s) B cTpyktype OOIl: BapuaTuBHas yactb OO0, 6s10k [1/1.

2. I[lnanupyeMble pe3ysibTaTbl 00y4eHHs 10 JUCLUILIMHE, COOTHECEHHBIE C INITAaHUPYEeMbIMH pe3yJibTaTaMHA 0CBOEHUA 00pa30BaTeJIbHOM MPO-
rpaMMbl (KOMIIeTEHLUSIMU BbINYCKHUKOB). COOTBETCTBUE pe3y/JbTaTOB 00ydyeHUA MO AaHHOMY 3jieMeHTy OIIOIl pesysbTaTam ocBoeHUs

OIIOII (B popMe KoMneTeHIUSA — UHAUKATOP - 3YB) ykazano B 061ei xapaktepuctruke OITOII.

KomnereHuusa

Il1aHUpyeMble pe3yJIbTaThl 06YYEeHHs 0 JUCHHUIUIHHE (MOAYJTIO)

OIIK-1.M Cnoco6HOCTb MCI0JIb30BaTh pe3yJbTaTbl KOM-
IJIEKCHBIX 3KCIIEpUMEHTAJIbHBIX UCCAeJOBAaHUM NPU pa3pa-
00TKe HAayKOeMKOM M BBICOKOTEXHOJIOTMYHOU MPOJYKIUH,
WHHOBAIMOHHBIX TEXHOJIOTUU

BJIa,C[ETb 0a30BbIMM HaBbIKaMM B MCIOJIb30BAHUHM OCHOBHBIX METOJ0B HCCJie-
AOBaHHA BelleCTB U MaTepHraJIOB

CIIK-1.M Cnoco6HOCTb NPUMEHSATH TEOPETUYECKHE OCHOBBI
XUMUYECKOW TEeXHOJIOTUH [JIs1 MOJIEJIUPOBAHUS U ONTUMMU-
3alMU COCOOOB MOJIy4YeHHs] KOMIIO3UIIMOHHBIX MaTepuasoB
Y IPOJAYKTOB MaJIOTOHHQ»KHOT'O CUHTe3a

3HaTh TeopeTHYeCKHEe OCHOBbI GU3UKO-XMMHUYECKUX METOJ0B UCCJeL0BaHUSA
BelleCTB U MaTepHUaJIoB

YMeTb NPUMEHSTh TeOpeTHYECKUE METOJbl PU aHa/JIU3e Pe3ybTaTOB IKC-
NlepYMeHTaJIbHBIX UCCJIeJOBaHUM

CIIK-3.M Cnoco6HOCTh 060CHOBAaHHO BBIOWpPATh U NpUMe-
HATb COBpPEMEHHbIe MEeTO/bl UCCIeZJ0BAaHUsI PU CO3JaHUU
HOBBIX MaTepHasoB, NPOBOAUTH 0O6pabOTKYy W aHAJIU3UPO-
BaTb Pe3yJIbTaThbl 3KCIEPUMEHTAIbHBIX UCCJIEL0BAHUM

YMeTb BbIOMpaTh METOAbI UCCAel0BaHUs, B HAUOOJIbLIEN CTeNeHU XapaKTe-
pu3ylole MaTeprasbl Ollpe/ieIeHHOTr o KJiacca

BiaieTb 0OCHOBHBIMM MeTOJaMU NPO6GONOATOTOBKM AJI1 NPOBeJeHUs1 GU3U-
KO-XMMHYECKOIr'0 aHaJu3a

3. 06'beM AUCHUIIMHBI (MOAYJIs1) COCTaBJSAET 4 3a4eTHBIX eJUHUL, Bcero 144 yaca, u3 KoTopbix 88 4acoB cocTaB/sieT KOHTAaKTHas paboTa
MarucTpaHTa ¢ npenojasaTteseM (18 yacoB - 3aHATHA JIEKILTMOHHOIO THUMNA, 54 Yaca — 3aHATUSA CEMHUHAPCKOro TUNa, 12 4acoB — UHAUBUAY-
aJIbHble KOHCYJIbTalluK, 4 MepONpUATHUS IPOMEXYTOYHON aTTeCTaluK), 56 4acoB COCTaBJ/sET CAaMOCTOATebHAsA paboTa MarucTpaHTa.

4. BxoJiHble Tpeb6oBaHUs /IJIs1 OCBOEHUS JUCIUMIIMHBI (MOAYJIs1), TpeJiBapUTeIbHbIe YCI10BUSA (ecau ecmb).
JloJKHBI OBITh YCIEITHO OCBOEHBI eCTeCTBEHHOHAYUYHbIe AUCIUIIMHBI B paMKaxX 00pa30oBaTe/ibHOM MPOrpaMMbl 6aKasaBpa; U3yYeHHe JIUC-
[IMIIJIMH JJAaHHOT'0 MOJyJIsl ONIMPAaEeTCsl Ha TeOpeTUYECKHe 3HAaHUS B 06J1aCTU HEOPTaHUYECKOH, aHAIMTUYECKON U PU3UUEeCKON XUMHUH.

5. O6pa3oBaTesibHble TEXHOJIOTUU (OTMETUTD €CJIU IPUMEHSETCS 3JIEKTPOHHOE 00y4YeHUe U IUCTAaHIIMOHHbIE TEXHOJIOTUH).

Ucnosb3yloTca ciaeAyolde TeXHOJOTUH: JIeKIUU-AeMOHCTPALlMA U UHTepaKTUBHBIe JIeKIuH. [IpenofgaBanve AUMCLUIIIIMHBI NIPOBOAUTCS B
dbopMe aBTOPCKUX KypCOB 110 MporpaMMaM, KOTOpPbIe COCTaBJIeHbl HA OCHOBE Pe3yJIbTaTOB UCC/AeL0BaHUH, NOJYyYEeHHbIX HAQyYHbIMU LIKO-
Jamu MI'Y.




6. CozepkaHUe AUCLUUIJIMHBI (MOAYJIA), CTPYKTypUpPOBaHHOE N0 TeMaM (pa3/esiaM) ¢ yKa3aHUeM OTBEJEHHOT0 Ha HUX KOJIMYeCcTBa aka/ie-
MHYeCKHUX UM aCTPOHOMHUYECKHX YaCcOB U BU/bl Y4€OHBIX 3aHATUH

HaunmeHoBaHue u | Bcero B TOM uucie
KpaTKoe cojep:KaHue | (4achbl)
pas/e/ioB U TeM AMC- KoHTakTHas pa6oTa (pa6oTa BO B3auMoAelCTBUU c Ipe- | CamocTosiTesibHAass paboTa 00y-
IUIJIAHBI (MOAy.Tlﬂ), noaaBaTeJIeM), 4achbl qammerocs, 4achbl
Y3 HUX U3 HUX

dopma mnpomexyTou-
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Tema 1. OcHOBHBIE 10- 4 2 2 4
HaTHUs. 0630p TeopeTHu-
YeCKUX U IKCIIepHUMEeH-
TaJIbHbIX METO/I0B, 00-
JIACTU UX IPUMEHEHUSI.
Tema 2. ludpakumnoH- 22 4 12 2 18 2 2 4
Hble MeTO/bl UCCJIef0-
BaHUS CTPYKTYpPbl
TBep/bIX Tes. PeHTre-
HOBCKasl, HEUTPOHHa#,




3JIeKTpOHHas JUudpak-
1us,

Tema 3. Mukpockonu-
yeckue MeTobl. ONTH-
Yyeckasi, 3J1eKTPOHHas,
TYHHeJIbHasi MUKpO-
CKOMUs

22

10

18

Tema 4. MeTobl KcCe-
JIOBaHUSA JUCIIEPCHBIX
MaTepuasioB. AHa/Iu3
yAeJIbHOW OBEPXHOCTHU
Y TIOPUCTOU CTPYKTYPHI

16

12

Tema 5. TepmoaHanu-
TU4YecKkue MeToabl. JITA,
JACK, usorepmuyeckas
KaJIOpUMETPUS

16

12

Tema 6. CiekTpaJ/ibHbIE
MmeToabl. UK-, KP-, Mec-
cbayapoBckasi, AMP
CIIEKTPOMETPHUA

16

14

Tema 7. Dusuko-
MexXaHU4YecKHe MeTO/bl

12

10

IIpomMexyTOoUyHas aT-
TeCTaluA 5K3aMeH

36

32

HUToro

144

38

38

12

92

16

56




7. Y4eb6HO-MeToAuYeCKre MaTepHuaslbl /11 CaMOCTOATEbHON paboThI.
Cnai/bl JIeKIM{, IepeyHH BONIPOCOB /1S TOJTrOTOBKHU K 3aHATHUSAM U TeMbl pedepaToB.

[IpuMepHbIe TeMbl pedepaToB:

8.

Oco6eHHOCTH CUHXPOTPOHHOTO PEHTI€HOBCKOTO U3JIy4eHHUs, ero NperuMylecTBa IIPU UCCIeJOBAaHUU CTPYKTYPhbl TBEPAbIX TeJl.
OcobeHHOCTH peHTreHOPa30BOro U PeHTTeHOCTPYKTYPHOTr'0 aHa/IU3a.

CkaHupyolasd ¥ NPpOCBeYMBAILAA 3JIEKTPOHHAA MUKPOCKONHA. OCOOEHHOCTH MPOO6ONOArOTOBKU U 00/1aCTH IPUMEHEHHUH.
Tunbl U30TEpM aACOPOIUU U 0OCOOEHHOCTU MOPUCTOM CTPYKTYPHI.

CpaBHeHUe auddepeHHaNTbHON CKAaHUPYIOLeN U U30TEPMHUYECKON KaJTOPUMETPUU.

O6sactu npumeHeHus UK- u KP-cnekTpockonuu.

OcobeHHOCTH PU3UKO-MeEXaHUYECKOI0 T0Be/leHUs MOJIMMePHbIX MaTepHUaJoB.

Nk wh e

PecypcHoe o6ecnedeHue:
e [lepeyeHb OCHOBHOH U JIONIOJIHUTEJbHON YUE€OHOHU JIMTEPATYPHI

Co Bcex koMnboTepoB MI'Y opranu3oBaH JOCTYN K MOJHBIM TEKCTaM HAay4HBIX XKYPHAJIOB U KHUT Ha PyCCKOM U MHOCTPAaHHBIX fA3bIKax. Jlo-
CTyn OTKpBIT 1o IP-azipecaM, ioruH 1 napoJsib He TpebyroTcs: http://nbmgu.ru/

OcHOBHas JiMTepaTypa

SANE O M

No

8.

JL.LM. KoBb6a. PenTrenorpadus B Heopranuieckoi xumuu. M. : U3a-Bo Mock.yH-Ta, 1991

T.B.boraaH. OCHOBBI peHTTeHOBCKOU AudpakTOoMeTpHU. M. : Mock.roc. yH-T, XuMudeckuit ¢pakyabreT, 2012

J.BpannoH. MUKpOCTpyKTypa MaTepuasioB. MeTo/bl McciiefoBaHus U KOHTpoJs. M. : Texnocdepa, 2006

Knapk 3.P., 36enxapat K.H. Mukpockonuyeckue MeTO/bl UCC/Ie/JoBaHUS MaTepuaJsioB. M., TexHocdepa, 2007

B. 0. BBegenckui, A. C. Jlunees, A. C. [lepMUHOB. JKCIEpUMEHTaIbHbIe MeTO/Ibl GU3UUECKOTO MaTepUasoBeZeHus. M. : U3a. som MUCuUC,
2011

TeopeTHuueckre u NpakTHYECKHE OCHOBBI TeMJIoPpU3nYeCKUX u3MepeHuii/; nox pea.C.B.[lonomapera. M. : dusmataut, 2008
[1.B.®abpuunsbiii, K.B.[loxos0k. MeccbayapoBckasi CHEKTPOCKOMNUS U ee IPUMEHEHUE [IJIsl XUMUYECKOU JJUarHOCTUKU HEOPraHUYECKHUX Ma-
TepuasioB. M., MI'Y, 2012.

MsTTbt03 @., PosinHrc P. KoMmno3uTHble MaTepuasbl. MexaHUKa U TexHoJiorus. M., TexHocdepa, 2007

JlonosIHUTeIbHASA JIUTEpaTypa

1. Buacos E.A.Kowmyr /JI.I',IlocyxoBa T.B. MeTozbl ucciejoBaHUS MUHepaJsoB : PacTpoBas U npocBeyrBawUias 3JIeKTPOHHAsA MUKPOCKO-
MU U 3JIEKTPOHHO-30H0BbIM MUKpoaHaius. M. : MAKC Ilpecc, 2009
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2. A. M. ApceHKUH U Jip. MeTozbl U CpeJicTBA U3MEPEHUH, UCNIBITAHUN U KOHTPOJisA. COBpeMeHHbIe MeTO/lbl UCC/IeOBAaHUN PYHKIIMO-
HaJIbHbIX MaTepuaJsioB; noj pex. C. Jl. Kasomkuna ; M.: U3a. njom MUCuC, 2010

3. B.IL. EryHoB u gp. TepMuyeckut aHaiu3 U KanopuMetpus. Camapa : Camap. roc. TexH. yH-T, 2013

4. T.B.BekusoBa, H0.[.Aroakun. JudpaKiimoHHbIe © MUKPOCKONIMYECKHE MeTO/bl aHa/IM3a HaHoMaTepuasioB. M. : U3x. jom MUCuC, 2011

5. I'.B.®eTurcoB. CHHXpPOTPOHHOE U3JlydyeHUe. MeTo bl UCCe0BaHUS CTPYKTYPHI BelecTBa. M. ®usmataut, 2007.

VHTepHeT-pecypchl
http://nbmgu.ru/

[lepeyeHb MHPOPMAIMOHHBIX TEXHOJIOTUM, HCIOJb3yeMbIX MPHU OCYIECTBJEHHUH 0OpA30BaTEJbHOrO MpOLiecca, BKJKOYAss NPOrpaMMHOe
obecnedyeHue, THPOPMALOHHBIE CIPAaBOYHbIE CUCTEMbI: WWwW.chem.msu.ru

e OmnucaHue MaTepUaJbHO-TEXHUYECKOW 0a3bl.
3aHATUS NPOBOJATCS B ClEeMAJIbHO 060pyZ0BaHHBbIX ayauTopusx (aya. 208, aya. 308 kopnyca XT). AyAUTOpPUU CHAGXeHbI CpeJICTBAaMH
MyJIbTUMeJa Ipe3eHTalul U JOCTYyIIOM B ceTb UHTEpHET.

9. fI3bIKk NpenojaBaHUsI - pYCCKUU

10. [IpenogaBaTeb (MpemnogaBaTesiu): mpodeccop, AOKTOP XMMUYeCcKUX HayK KnsamkuH CemeH HucoHoBHY

®oHBbI OLIEHOYHBIX CpeAacCTB, Heo06XoAuMble AJIS1 O eHKH pe3yJjbTaToB Oﬁy‘{eﬂﬂﬂ

O6pasLbl OLEHOYHBIX CPEJCTB /I TeKYIlero KOHTPOJI yCBOEHUs MaTepraJ/ia ¥ IPOMeXXyTOYHOU aTTeCcTal My - 3k3aMeHa. Ha sk3aMeHe npo-
BepsieTCs JOCTHXKeHUe pe3y/IbTaTOB 00y4eHUs, IepeYHCIeHHbIX B 1.2,

O6paBU,bI OLEHOYHBIX CPeACTB AJIAd TEKYLEero KOHTPOJIA YCBO€HHUA MaTepHaJiad.

IIpumepbl KOHMPOILHBIX 80NPOCOB
1. BueM cOCTOUT pas/iMiyue peHTTeHOPpa30BOro U peHTTeHOCTPYKTYPHOTO aHaIn3a?
2. Kakwue pasMepsnl nop cooTBeTCTBYIOT 10 HOMeHK1aType UIOITAK Mukpo-, Me3o- 1 Makponopam?
3. Kakue MeTo bl NOATOTOBKU 06Pa3L0B UCIOIB3YOTCA B IPOCBEYUBAIOLEH 3JIEKTPOHHOM MUKPOCKOIIUU
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Ilpumepuol [IK3

1. llpensioxuTe KOMIJIEKC METOAOB /IJIs yCTAHOBJIEHUS COCTABa U CTPYKTYPhI TUAPUA0B UHTEPMETA/IJINYECKUX COEJUHEHU.
2. KakoBbl yc/10BUS 1I€pHOT0 raMMa-pe30HaHCa, AJis1 KAKUX 00 bEKTOB U C KAKOU LIeJIbI0 3TOT METO/] UCCJIe[J0BAaHUS IPUMEHSETCs?

W

Bonpocuwl k sk3ameHy
1. PeHTreHOBCKOe U3JIy4YeHUE U ero B3aUMOJIEUCTBUE C BELeCTBOM

OcHOBBI peHTTreHOoPa30BOI0 aHa/IU3a. AJITOPUTMbI [TOMCKa 110 6a3e JaHHBIX.
BivsiHMe MUKpPOCTPYKTYpbl 06pasia Ha BUA AudpaktorpaMmM. Pasmep obJiactelt korepeHTHoro paccesiHnus (OKP) u koHueHTpanus

MUKPOHANPSKEHUU TYyp MO0 JaHHbIM JUPPaKIUMU [J1s1 TOJUKPHUCTAJIJIOB.

© N

MeTozbl pacyeTa yieJIbHOM NOBEPXHOCTH U TApaMeTPOB NOPUCTOM CTPYKTYPHI 110 aZiCOPOLIMOHHBIM JAHHBIM.
OcHOBHbIe MeTO/bl ONIpe/ie/IeHUs] JUCIIEPCUOHHOr0 COCTaBa TBEP/bIX MaTepUaJoB.
MeTo/bl TEpMUYECKOTO aHAIN3aA U 00JIaCTH UX IPUMEHEeHHUs.

[IpocBeynBaroLiye U CKAHUPYIOLIUE 3JIeKTPOHHbIE MUKPOCKOIBL. [IpUHIIUMIIBI pabOoTHI.
Ocob6eHHOCTH NPOOONOATOTOBKHY /ISl CKAHUPYIOLEN U NPOCBEYUBAIOLEeN 3/IEKTPOHHOU MUKPOCKOTHUH.

9. HapaMeprl MeCC6ay3pOBCKI/IX CIIEKTPOB U UX B3dUMOCBA3b C XUMHWY€CKHNM COCTOAHHNEM PE30HAHCHOI'O ATOMA.

10. KonebaTtenbHas cnekTpockonusi. 0cobeHHOCTH U obsacTu npuMeHeHus UK- u KP-cekTpockonuu.

11.OcHOBHbIe MeXaHUYeCKHe TapaMeTPbl COBPEMEHHbIX MaTepUalOB U METO/Ibl UX ONIpe/ieJIeHUs.
12.0co6eHHOCTH PU3MK-MeXaHUIECKOI0 UCCae0OBaHUs TOJMMEPHBIX U KOMIIO3UIIMOHHbBIX MaTepHaJloB.

MeToauyeckue MaTepuasibl JJisl IPOBeJeHHs NPOLeAyp OLleHUBAHUS Pe3yIbTaTOB 00y4eHUs
[[Ikasia olleHMBAaHUS 3HAHUW, yMEHUW U HABBIKOB AIBJISIETCS €JMHOM JJIS1 BCEX AUCLUIIMH (IpUBeJieHa B TabJIULe HUXKE)

IIIKAJIA U KPUTEPUHU OLEHUBAHUSA PE3YJIbTATA OBYYEHHUA no aucuunianHe (MOAyJI10)

OneHka 2 3 4 5
PesysibTaT
3HaHuA OTtcyTcTBUE ®parMeHTapHble 3HaHUA | O61IMe, HO He CTpyKTypupoBaHHble | CdopMUpOBaHHbIE CUCTEMATUYeE-
3HaHUH 3HaHHUA CKHe 3HAaHUA
YMeHus OTcyTcTBHE B njesioM ycnemHoe, Ho He | B mesioM ycnemHoe, HO cofepakaliee YcneurHoe ¥ cucteMaTudeckoe
yMeHUuH cUCTeMaTH4YeCcKoe YMeHUe | OTJeJsbHble Ipob6esbl yMeHUe (0- yMeHue

NyCKaeT HeTOYHOCTU HENPUHI U -
aJIbHOT0 XapakTepa)




HaBnbiku (BJ1a-
JleHUs)

OTCYTCTBI/Ie Hannuue OTAeEJ/IbHbIX Ha-
HABBIKOB BBIKOB

B 1jesioM, cdopMUpoBaHHbIE HABbI-
KM, HO He B aKTUBHOH dpopMe

CdopMUpoBaHHbBIE HABBIKY, IIPU-
MeHsieMble NIPU pelleHUH 33434

PE3YJIbTAT OBYYEHUA
N0 AUCHUIIMHE (MOAYJII0)

®OPMA OHEHUBAHHUA

3HaThb CYyLHOCTb OCHOBHBIX IOHAATUH, TEPMUHOB, ONIpe/ie/IeHUH, 3aKOHOB, CIIOCOO0B NOJIy4YeHHUs
MHOToQyHKLMOHAJbHBIX MaTepHaJioB

3HaThb: MeTO/AbI UCCIe[,0BaHUA GU3MKO-XMMHUYECKHUX CBOWCTB MHOTOQYHKIMOHA/IbHBIX MaTepUa-
JIOB, MCNIOJIb3YEMBIX B XMMUU U QU3UKe TBEPAOIO Tesla U COBpeMeHHOM MaTepHuaoBeleHUU

MepONpUATHUSA TEKYLEro KOHTPOJIA
yCIieBaeMOCTH, YCTHBIX ONIPOC Ha 3K-
3aMeHe

YMeTb NpOBOAUTD OLIEHKY CTPYKTYpPbl MaTepUaJoB

YMeTb 06pabaThiBaTh U UHTEPNIPETUPOBATD N0Jy4eHHbIE IKCIIEpUMEHTalbHbIe pe3yIbTaThbl, UC-
M0J1b3ysl COBpeMEHHbIe TEOPUH, 3aKOHBI U MOJIe/IY, OMUChbIBAKOIHe GU3NIeCKHe U XUMUYeCKUe
CBOMCTBA MaTepHUaJIOB IPU Pa3JIMUYHbIX BHELITHUX BO3JeUCTBUAX

MeponpHUATUSA TEKYILLero KOHTPOJIs
yCIieBaeMOCTH, YCTHbBIN OMPOC Ha 3K-
3aMeHe

BJIa,CLETb COBpEMEHHbIMH METOAAMH HCCTI€JOBAHUA CBOMCTB MaTepHaJJioB

MepONpUATHUSA TEKYLEro KOHTPOJIS
yCIieBaeMOCTH, YCTHBIX ONIPOC Ha 3K-
3aMeHe




