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Paboyas mporpaMMa JUCLMIJIMHBI pa3dpaboTaHa B COOTBETCTBHUU C CaMOCTOSITEJIbHO YyCTa-
HOBJIeHHbIM MI'Y o6pa3oBaTesbHbIM cTaHgapToM (OC MIY) pisa peannsyeMbIX OCHOBHBIX
npodeccruoHaIbHbIX 06pa30BaTeJbHbIX MPOTPaMM BhICLIET0 0Opa30BaHUS MO HAMPABJIEHUIO
noarotoBku 04.06.01 «XuMuyeckue Hayku» Ha ocHoBe O6pa3oBaTe/IbHOIO CTaHAAPTa, CaMo-
CTOAATEJNIbHO ycTaHOBJeHHOro MI'Y numenu M.B.JlomoHocoBa (manee - OC MI'Y), yTBepxJeH-
Horo [Ipukazom N2 552 ot 23.06.2014 r. no MI'Y ¢ yyeTom uameHenuit B OC MI'Y, BHeceHHBIX

[Iprkaszom Ne831 mo MI'Y ot 31.08.2015 r..

['ox (roabl) npueMa Ha o6ydeHue 2014/2015, 2015/2016, 2016/2017,2017/2018,
2018/2019, 2019/ 2020



1. KpaTkada anHoTauus: ucuunanHa "MHCTpyMeHTa/IbHble METO/bI ONpe/iesIeHUs CTPOEHHUA BellecTBa  NpeJAHa3HavyeHa JJjifg TOro, 4Toobl 00y-
YUTb aCIMPAHTOB, YK€ UMEeIIIUX HadaJlbHOe NIpe/iCTaB/IeHHe O MeTOo/laX U3y4eHUsl CTPOeHHUS BelleCTBa, TOMY, KaK IPOBOAATCA AUPPAKLHOH-
Hble U CIIEKTPOCKONMUYECKHE HCCIeL0BaHUs, IO3BOJIAOLHME MOJYYUTh MaKCUMaJbHO NOJHY MHPOPMAILMIO O peaJbHOM CTPYKType BellecTB.
Peyb nzeT o Npenyu3rMoOHHOM CTPYKTYPHOM aHa/iM3e MOHOKPHUCTA/IJIOB, METOJAX CTPYKTYPHBIX UCCAeL0BAaHUMI 10 NOPOIUKOBBIM AUPpPAKLIUOH-
HbIM JIJaHHBbIM, U3y4€HUHU CTPYKTYpbl HAHOYACTHUL, IPUMEHEHUHN KoJiebaTeJbHOU CIIEKTPOCKONUHU U creKTpockonuu AMP pisa musydeHus no-
BEPXHOCTHBIX CJIOEB U IPOLIECCOB HA MOBEPXHOCTH IeTepOreHHbIX KAaTaJIM3aTOPOB. ACIHUPAHTHI JOJLKHBI PACIIMPUTL CBOU TeOpeTHYeCKHe
npejcTaB/JeHUs 0 PU3NYECKUX OCHOBAX AUPPAKLUOHHBIX U CIIEKTPOCKONMUYECKHUX METO/0B, BOSMOXKHOCTSAX COBPEMEHHBIX IPUOOPOB, a TaKXe
U3YYUTb MeTOAbl 06pabOTKU U UHTepHpeTalyH 3KCIIepUMeHTaJbHbIX JaHHBIX C UCM0Jb30BaHUEM NPOdeCCHOHATBHOI0 COBPEMEHHOr0 Mpo-
IrpaMMHOI0 obecrnedyeHus.

2. YpoBeHb BbICLIEr0 06pa3oBaHUA— NOACOTOBKA HAYYHO-TIelarornieckux KaJipoB B acCIMpaHType
3. Hanpasienue nogarotoBku: 04.06.01 XuMyuieckre HayKy, HAIPABJIEHHOCTh: Heopranvyeckas XuMus

4. MecTo pucuuniauHel (MoayJis) B ctpykType OOIl: BapuaTtuBHag yactb OOIL, 610k 1 «/IMCHUNIINHDI (MOAYJIN)».

5. [lnanupyeMble pe3yibTaTbl 00y4YeHHUs M0 AUCHUIIMHE (MOJYJII0), COOTHECEHHBIE C IIJIAHUPYEMbIMU pe3yJibTaTaMU OCBOEHUs 0O6pa3oBaTeib-
HOU nporpaMMbl (KOMIeTeHMSMHU BbINYCKHUKOB)

KoMnetreHIus Il1aHUpyeMble pe3yJIbTaThl 06YYeHHs 10 JUCHHMIIHHE (MOAYJIIO)

CIIK-2: Cnoco6eH BBINOJHATH KOMILJIEKCHOe HcC/IefoBaHue | 3HATh MeCTO U POJIb CTPYKTYPHBIX UCC/I€JlOBAHUH B XUMHUU TBEPOr0 Tesia
00X M QYHKIIMOHAJBHBIX CBOMCTB TBePAOTEJbHBIX MaTe- | YMeTb HUCI0JIb30BaTh COBPEMEHHOE IPOrpaMMHOe obeclieyeHUe, IpeJjHa3Ha-
pHaJIoB C UCNO0JIb30BaHUEM COBPEMEHHBIX PU3NKO-XMMUYECKUX | YeHHOE /Il CTPYKTYPHOI'0 aHa/Iu3a HeOpraHW4eCcKUX BellecTB

MeTO/I0B; UHTEpNpeTUpoOBaTh U aHAJMW3UPOBAaThb pe3yJibTaThl | YMeThb HUCI0JIb30BaTh COBPEMEHHOEe IPOrpaMMHOe obeclieyeHUe, IpeJjHa3Ha-
yccael0BaHuU YeHHOe /IJI1 pacyeTa CTPYKTYPHBIX M 9HepreTU4eCKUX IapaMeTpOB BelleCTB
YMeTp UCII0JIb30BaTh COBpeMEHHble NIPOrpaMMBbl [/ BU3ya/IM3alMU U aHa-
JI3a pe3yJibTaTOB CTPYKTYPHBIX UCCIe0BAaHUN KPUCTA/IJINYECKUX BELeCTB




6. 06'beM AUCLUIIMHBI (MOAYJIS1) B 3a4eTHBIX €JMHULAX C yKa3aHUEeM KOJIMYeCTBa akaZleMUUeCKHX 4acoB, Bbl/leJIeHHbIX HA KOHTAKTHYI0 paboTy
00yyarouMxcs ¢ npenojaBaTeseM (M0 BUAAM YyUeOHbBIX 3aHATUIM) U HA CAMOCTOSITE/IbHYI0 PaboTy 00y4YaroLUXCs:

O6sem ducyunauHbsl (Modyas) cocmasasiem 3 3auemHbix eduHUYybl, 8ce2o 108 wacos, u3 Komopwuix 65 yacoe cocmasissem KOHmakmuas paboma ac-
nupanma c¢ npenodasamesem (54 uaca 3aHAMuA AEKYUOHHO20 muna, 5 yaca epynnosble KOHCY/Abmayuu, 6 4acoe Meponpusimusi mexKyue2o KOoH-
mpoJisi ycheeaemMocmu U NpoMexicymo4Holl ammecmayuu), 43 uaca cocmas/isiem camocmosimeabHasi paboma acnupaHma.

7. BxogHble TpeboBaHUA [J11 OCBOEHUS JUCLUIIJINHBI (MOLY/1s1), Ipe/iBapUTebHbIE YCA0BUSL.

B cneuuanuTeTe uau 6akajaBpuaTe U MarucTpaType A0JKHbI ObITh OCBOEHBI 00lIHMe Kypchl: «MaTeMaTUYeCKUN aHaIU3», «AHaJIUTUYeCcKas
reoMeTpusa», «JInHeliHasa anredpa», «Pusuka», «Teopuss BEpOATHOCTH U MaTeMaTHU4YecKasl CTaTUCTUKa», «Pusnyeckas xumusa», «Kpucranioxu-
MUSI», @ TaKKe KYPChl, IOCBSILeHHble KBAHTOBOW XMMUHU U CTPOEHUIO MoJieKyJl. Ha cTapmiux Kypcax WM B aCIMpPaHType J0J/XKHbI ObITh OCBOEHbI
CHeLUCLUIIIMHBI, TOCBALeHHbIe OCHOBAM CTPYKTYPHOIO aHa/Ju3a, HanpuMep, "PeHTreHoCTpYyKTypHasl aTTecTalus MaTepralioB U XUMUYECKHUX Be-
miecTB" win "JIudpakiimoHHbIE METOIBI ONIPEACIICHUS KPUCTATUIECKUX CTPYKTYD'".

8. CozieprkaHue AUCHUIIMHBI (MOAYJIs), CTPYKTYPHUPOBAHHOE 110 TEMaM.

HauMeHoOBaHHe U KpaTkoe cogep- | Bcero B ToM uuncie
»KaHMe pa3/ejioB M TeM AucLMN- | (4acskl)
JINHBI (MOAY.IfA), KoHTakTHas pa6oTa (pa6oTa BO B3aUMOAelCTBUH C Ipeno- | CamocTosATe/IbHasA pabdo-
(l)opMa Hp()Me)Ky'rquoﬁ aTTecTa- ,Z[aBaTeJIeM), qachbl Ta 06yqalol.uer0c;l, qachbl
MU N0 AMCIMILIUHe (MOAYJI10) 13 HUX W3 HUX
& g L < . YyebHble 3aHA- | Bcero & ~ | Bcero
g = E E ~ é i THS, Hamnpas- o ™ -
e 8 B v = s S JIEHHbIe Ha IIpo- § b Z m
2 o o E = o BeJleHHe  TeKy- o = m O
E = E § é § = = < | uero KoHTposs = E:: g g
58 |22 |EF | g 5|yoremenoemn 28: 52
T =~ © © SIS T B (5| DIPOMEXYTOUHOHU 4 0o o O
mn = Mm = —~ = T OB aTTecTalK m = o
Tema 1. [Ipeny3svOHHBIM peHTreHo- | 14 10 1 11 3 3
CTPYKTYPHBIM aHaJu3, BKJO4Yas OI-
penesienue aepopMalOHHOUN 3JEK-




TPOHHOMW MJIOTHOCTU M aHTapMOHMU3-
Ma TeIJIOBBbIX KoJieGa-HUU aTOMOB.
Xumnueckass UHbOpMa-1us, HU3BJe-
KaeMasl U3 pe3yJIbTaTOB NMpelu3U0oH-
HOI'0 aHaJIU3a.

Tema 2. Judpakuus Ha HecopasMep-
HO MOJYJIMPOBAHHBIX KPUCTaJ/JIaxXx U
KBasuKpucTa/iax. OmnpejeseHve U
yTOYHEHHUEe CTPYKTypbl Hecopa3Mep-
Hbix ¢a3. /luppakyuss peHTreHOB-
CKHUX JIyded U 3JIeKTPOHOB Ha HaHO-
00bekTaX. CTPYKTYpHBbIM aHa/IW3 1O
CIeKTpaM MOTIJIOUIeHHUs PEeHTTeHOB-
CKHUX JIy4eM.

15

10

12

Tema 3. OmnpeneneHve W yYTOYHEHHE
KPUCTAIIMYECKUX CTPYKTYp MO TIO-
POIIKOBBIM AU(PPAKIIHOHHBIM JTaH-HBIM.
OnpeneneHue CTPYKTYyp W3 TEp-BBIX
IMPUHIUIIOB METOAOM CUMYIIUPO-
BAaHHOTO OT)KUTa. Y TOUHEHUE METOJIOM
PI/ITBCHI[a C HCIIOJBb30BAaHHUECM I'€COMCT-
pudeckux orpaHuyeHuid. IIpumenenue
CHUHXPOTPOHHOIO H3JIy4yeHHUs. Maraur-
HbI€ CTPYKTYphl U WX YTOYHEHHE IO
JAHHBIM TU(PPAKINN HEUTPOHOB.

15

10

12

Tema 4. [IpuMeHeHUe KoJiebaTesb-
HOM CNEKTPOCKONHUU [ U3y4eHUs
MEXaHM3MOB M  INPOMEXYTOYHBIX
IPOAYKTOB KaTaJUTUYECKUX peak-

17

12

14




nuid. TexHMKa MHOTOKPATHOrO IIO-
BEPXHOCTHOTO OTpaxkeHus. M3mepe-
HHYe CUJIbl M KOHLIeHTpaluy 6peHCTe-
JIOBCKHX W JIBIOUCOBCKUX THUIIOB Ha
IOBEPXHOCTH KaTaJnu3aTopa.

Tema 5. HccnepoBaHue KaTaJiu3a-
TOPOB Y KaTaJIMTUYECKUX peaKL UM C
IpUMMeHeHUeM crnekTtpockonuu AMP.
JekanuHr (pa3Bsska). TBepoTeib-
Had crnekTpockonua AMP. MexaHus-
Mbl CIIMHOBOW peJsiakcauuu. Bpaiue-
HUe NoJ MaruyeckuM yrjioM. Kpocc-
noJisspu3anus.

17

12

14

[logroToBKka pedepara no npuMeHe-
HUIO HWHCTPYMEHTa/JbHbIX (QU3UKO-
XUMUYECKUX METOJIOB [IJIsl Ompeje-
JIEHUS CTPYKTYPhI BELeCTB

18

18

18

HpOMe}KYTO‘{HaH aTTeCTaluud: 3a4yem

12

10

10

HUToro

108

54

65

43

43

8. Obpa3oBaTe/ibHble TEXHOJIOTUU:

[IpoBoAATCA TpaAMLIMOHHBIE JIEKI[UU C UCII0JIb30BAaHUEM MYJIbTUMEJUWHBIX IPE3€HTAllMi; UHTePAaKTUBHbIE JIEKIIMH, B X0/le KOTOPbIX acCIUpaH-
Thl OTBEYAIOT Ha BONPOCHI JIEKTOPA U MO/, Er0 KOHTPOJIEM BbINOJHSIOT 3aJaHUs, CIOCOOCTBYIOIIME MPAKTUYECKOMY YCBOEHUIO JIEKIIMOHHOTO
MaTepuaJa; JIEKLUU-IeMOHCTPaALMM NPO6JEeMHOTO0 XapaKTepa, NOCBSIeHHbIE IPHEMaM BbIMOJHEHUS Pa3JIMUHbIX 3JIEMEHTOB HUCCJIeJOBAaHUS
CTPYKTYphI BellleCcTBa. JleMOHCTpaLMy COCTaBJ/JIeHbl HAa OCHOBE Pe3yJ/IbTaTOB UCC/IeJ0BAaHUM, TPOBEAEHHbIX aBTOPAaMU NPOTPaMMbl JJUCHUILIN-

HBI.




9. YuebHO-MeTOAMYECKHE MaTepHaJIbl [IJI CAMOCTOSATEJbHON paboThl 0 JUCLUIIMHE (MOAYJIIO):

AcniupaHTaM NpejocTaB/seTCs NporpaMMa Kypca, IJlaH 3aHSATUM U MepedyeHb 3a/laHui /Il CaMOCTOSITe/IbHOU paboThl. [lo TeMe KaxA0M JieK-
LJMU yKa3blBaeTCs MaTepraJsl B UICTOUHMKAX U3 CIIMCKOB OCHOBHOM U BCIIOMOraTeJIbHOW JINTePATYphl, a TAKXKe U3 UHTEePHEeT-pecypcoB. AcliMpaH-
Thl TaKXKe CHA0XXalTCA UHCTPYKLUAMHU 10 paboTe ¢ KOMIBIOTEPHBIMHU NIPOrpaMMaMU /Il UX CAMOCTOATEJNbHOI0 U3y4YeHHUs. JlONOTHUTEeIbHbIe
MaTepyasbl (PYKOBOACTBA K BBINOJHEHUID KOHKPETHbIX 3aJlaHUM) pasMellaloTcd Ha calTe Kadeapbl 0Oled  XUMUU:
www.chem.msu.ru/rus/teaching/general-spec.html

10. PecypcHoe obecrnieyeHue:
e [lepeyeHb OCHOBHOM M BCIIOMOTraTeJbHOW y4eOHOM JTUTePaTyphl KO BCEMY KypCy

OCHOBHas JiMTEpaTypa

1. JLA. Acnanos, E.H. TpeymaukoB OCHOBBI Teopu# TU(PpaKIuu peHTTeHOBCKUX yueid. M.: M3n-sBo MI'Y, 1985.

2. T.B. ®etucoB CunxpoTpoHHOe usnydenue. M.: DU3MATJIUT, 2007.

3. A.A. Umenko, I'B. ®eTucos, JI.LA. AcnaHoB HaHOKpeMHUI: CBOMCTBa, MOJy4eHHE, IPUMEHEeHWe, MeTO/Ibl UCCIeJOBaHUS U KOHTpoJsd. M.:
O®U3MATJINT, 2011.

4. 10.M. BosioBeHko, B.I'. Kapues, U.B. Komapos, A.B. Typos, B.Il. Xunsa CnekTpockonus siepHOro MarHUTHOrO pe3oHaHca B xuMuu. M.: ICSPF
Press ("HayuyHoe nmapTtHepcTBO"), 2011.

5. E.C.IMaykwtuc UHpakpacHas CIEKTPOCKONHS B reTePOTEHHOM KHCJIOTHO-OCHOBHOM KaTasin3e. HoBocubupck: Hayka, 1992.

6. P.CunbBepcreiiH, P. Be6cTep, [I. Kuma CrnekTpomeTpudeckas uaeHTUDUKALMS OpraHUYeCKUX coefluHeHui. M.: Bunowm, 2011.

Jlono/IHMTEe/IbHAS JIUTEPATYPa

JL.A. Acnanos, I'.B. ®eTucos, A.B. JIJakTUOHOB U Jp. [Ipeniu3avoHHbIN peHTreH U paKIiMOHHbIM 3KciepuMeHT. M.: U3a-Bo MI'Y, 1989.

B.I'. lupesibcoH KBaHTOBas xumMmus. MoJsieKyJibl, MOJIEKYJIIpHbIe CUCTEMBI U TBepAble Tesa. M.: bunowMm, 2010.

MoutekynsipHble CTPYKTYphI: [Iperiu3voHHble MeTOAbI UccaefoBaHusd. Pes. A. lomeHnukaHo, U. Xaprutrtau. M.: Mup, 1997.

B.B. PomaHoBckuii OcHoBBI KaTasu3a. M.: BuHowMm, 2013.

H. Yopkenaopd, X. HalimoHnTcBeipaiiT CoBpeMeHHbIN KaTalU3 U XUMHUYecKasi KUHeTHKa (nep c aHrJ.). M.: Uatesnexrt, 2010.

H.A. [TaxomoB HayuHble 0CHOBbI IPUTOTOBJIEHUS KaTaJU3aTOPOB. BBeeHue B Teoputo U npakTuky. HoBocubupck: Us3a-so CO PAH, 2011.
B.W. Ponayrun ®U3nKoXxuMusi NOBEPXHOCTH. — 2-€ u3J., ucnp. Joaronpyausii: U3gatenbckuit lom «MHTEI1EKTY, 201 1.

N Ut W e
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8. A.A. Enucees, A.B. JlykaminH. ®yHKIIMOHa/IbHbIE HAHOMaTepUasbl. M.: ®usmataut, 2010.

Ilepuoauyeckas aureparypa
Kypnansr «Kpucraminorpabusy, «KypHal CTpyKTYypHOU XUMUNY, <« KypHai GU3NIECKO XUMUM

e [lepeueHb UCNOJIb3yeMbIX MHGOPMALMOHHbBIX TEXHOJIOTUH, UCII0JIb3YEMbIX IPU OCYLLECTBJIEHUM 06pa30BaTeAbHOI0 NMPoIiecca, BKIKYast
nporpaMMHoe obecriedyeHue, UHGOpPMalMOHHbIE CIPABOYHbIE CHUCTEMbI:
- ba3bl JaHHbIX HalOHAIBHOT'O UHCTUTYTA CTAaHJAPTOB M TEXHOJOTUNA: Www.nist.gov
- ba3bl JaHHBIX IO MaTepuaoBeJeHUI0: materials.springer.com
- AIST - 6a3a cnekTpaJibHbIX JAHHBIX /IS OpraHUYeCcKUX coearHeHun: sdbs.db.aist.go.jp
- Kem6pumxckas 6a3a CTpYKTYPHbIX JaHHbIX: www.ccdc.cam.ac.uk
- JJIeKTPOHHBIN )KypHas Magnetic Resonance in Solids: http://mrsej.ksu.ru

L4 MaTepI/IaJIbHO-TEXHI/I‘leCKOG obecreyeHHe: 3aHATUS IMpOBOJATCA B 0ObIYHOU AyAUTOPHUHN C BOBMOXKHOCTBIO ITOAKJIIOY€HUA TEXHHUKH IJIA
AE€MOHCTpalUH HPEBGHTaLU/Iﬁ

11. fI3bIk npenojaBaHus — pyCCKUU

12. [IpennogaBaTenu:
AcnanoB Jleonua AnekcaHapoBuY, A.X.H., mpodeccop, aslanov@struct.chem.msu.ru
KyctoB Jleonug MoaectoBuy, A.x.H., mpodeccop, Imk@ioc.ac.ru

®OoHAbI OLIEHOYHBIX CpeacTB, Heo06XoaAuMble AJis1 OLEeHKH pe3yJjibTaToB Oﬁyqul/I}I

1. IlnanupyeMble pe3ysibTaTbl 00y4YeHUs IPUBEJIEHBI B I1.5.
2. O6pasiubl OLeHOYHBIX CPeJCTB AJ15 TEKYLEro KOHTPOJIS yCBOEHUs MaTepraJsla U IPOMeXXyTOYHOM aTTeCTalluu - 3a4eTa.

L4 O6paBU,bI KOHTPOJIBHBIX BOIIPOCOB AJIA TEKYLIEro KOHTPOJIA YCBOEHUA MaTepHUaJia:

1. Kakue aJiropuTMbI yueTa 3KCTUHKLMHU UCII0JIb3YIOTCA B IPELJM3UOHHOM PEHTTeHOCTPYKTYPHOM aHasiu3e?
2. YTo Takoe aHrapMOHM3M TeNJIOBbIX KOJIe6aHUU U KAKUM 06pa30M OH YYMTHIBAETCA NPU IPELM3UOHHOM YTOUHEHUHU CTPYKTYpPhI?

3. Kakue MOJeJIbHbIE l'IpI/I6JII/I}KeHI/IH JIeXKaT B OCHOBE KaHHa-YTO‘IHeHI/IH? Kakue BeJIMUMHBI IIpHu 3TOM YTO‘{HHI'OTCH?
8



O 0N s

11.

12.

13.

14.
15.
16.
17.
18.

MyJIbTUIIO/IM KaKUX NOPAAKOB UCIOJIb3YIOTCA IPU MYJIbTUIIOJIBHOM YTOYHEHHUU?

KakuM 06pa3om onpe/ie/IsloT HanpaBJeHUue BEKTOopa MOAY A UN?

KakoBa ¢usndeckass npupoja 06pa3oBaHUsI TOHKOW CTPYKTYPhI CIEKTPOB MOTJIOIEHUS PEHTT€HOBCKUX JIyden?

Kakre pasHOBUHOCTH CTPYKTYPHOTO aHa/IM3a 10 CIIeKTPaM NOTJIOLeHUs peHTTeHOBCKUX Jiy4el Bel 3HaeTe?

B 4eM cOCTOUT aJropyuTM MeToZ,a CUMYJIMPOBAaHHOTO oTKUra? YeM OH oT/IM4aeTcs OT 06bIYHOTO MeToZa MoHTe-KapJio?

[lepeuriciviTe OCHOBHBIE 3TAllbl ONpe/ie/IeHUs] KPUCTANIINYECKHX CTPYKTYP N0 JaHHBIM NOPOLIKOBOM JUPPAKLUU U HA30BUTE I'JIaBHbIE
TPYZHOCTH, BCTpeYarlluecs Ha KaXK/10M 3Talle.

. Hepqu/Icm/lTe H oxapaKTepHByﬁTe l'IpO6JIeMbI, BO3HHKaroue rnpyu UCIioJib30BAHWUHU MOHOKPHUCTAJIbHbBIX METOA0B AJIA pa60TbI C JIaHHBbIMHA

IOPOLIKOBOU JUPPaKLHH.

KakuM o6pa3om npu yTouHeHUH cTpYKTypbl MHK HasnaratoTcst reomeTpudeckre orpanuyeHus? Kak npu aToM u3aMeHsieTCsl MaTpULa
MHK?

OxapakTepu3yiTe 3KClIepUMeHTa/lbHble METOLUKH, KOTOPbIe MOTYT NPUMEHATLCA AJ151 UCCJIeJOBAHUSA IOBEPXHOCTHBIX CJI0EB METO/I0M
UK-criekTpockonuu.

Kakum o6pasom npu nomoiu MK-cnekTpockonuu onpezesaoT CUIY LeHTPOB KUCJIOTHOCTU U OCHOBHOCTH Ha NOBEPXHOCTH KaTa/IM3aTo-
pa?

Kak npu nomowmu UK-criekTpockonuu onpenesuTh, ABIAAETCH JIU KUCJTOTHBIN LLIeHTP OpeHCTeJ0BCKUM UJIY JIBIOUCOBCKUM?

B yeM cocTtouT a¢p ekt OBepxaysepa U Kak ero MO>KHO MCII0JIb30BATh [JIFl ONIpeJie/IeHUsl CTPYKTYpPbl MOJIEKYJIbI?

KakoBbl ¢pu3nUeCcKre 0OCHOBBI IByMepHOU crieKTpockonuu SMP?

JlJ151 4ero HY>KHO BpalleHue obpa3la noJ MarudyeCKuM yriaom?

Yto Takoe kpocc-noasgpusayusa? Yem pasandarotca MAS- u CP-MAS-cnekTpbi?

e OOpa3ibl JOMAIIHUX 3aJaHUM:

1.

2.
3.
4

[To pekoMeH/10BaHHOM JIMTEpaType U3yUUTe MPOoLeAYypy Kanna-yTOUHEeHUs.

[To pekoMeH/1I0BaHHOM JIUTEPATyPE U3YUYUTE MPOLEeAYPY MYJIbTUIIOJBHOTO YTOYHEHHUS.

O3HaKOMbTECh C IPUMeEpPaMHU MPELM3UOHHOI0 ONpeie/IeHUs] KPUCTA/UTMYECKUX CTPYKTYP U UX XMMUYECKOW UHTEepIpeTalUH.
[IpoaHa/M3upyiTe MOJIHYIO BblAa4yy NporpaMMbl Fox npu onpeseseHUH CTPYKTYPhI 110 MOPOLIKOBBIM JJaHHBIM U YCTAaHOBUTE, KaK MPOX0-
JIUJT CAMYJIMPOBAHHbBIN OT)KUT U KaKKe MapaMeTpPhl PU 3TOM BapbUPOBAIHCh.



11.

12.

13.

[lo pekOMeH/10BaHHOM JIMTepaType U3yUYUTe NPUMepbl UCI0JIb30BaHUS CIIEKTPOB NOTJIOLEHHUS PEHTTEHOBCKHUX JIy4el /11 CTPYKTYPHOTO
aHaJ/IM3a.

W3y4uTe aJlropuTMbl UCIOJIb30BAHUSA B X0/ie PUTBEJJOBCKOTO YTOUHEHUS CTPYKTYpPbl FreOMeTPUYECKHUX OTPAaHUYEHUH: IJIUH CBsA3€eH, Ba-
JIEHTHBIX YTJIOB, IJTAHAPHOCTH OTAEJbHbIX GparMeHTOB.

[lo pekoOMeHJ0BaHHOM JINTEPATYype U3YUUTeE IPUMeEPBl YTOYHEHUSA MarHUTHBIX CTPYKTYP.

CaMocTosATe/NbHO U3y4yuTe Pprusandeckre ocHOBBI 2D-cniekTpockonuu IMP: COSY, NOESY, HMQC u HMBC.

O3HaKOMbTECH C OMMMCAHUSIMU IPOTpaMM 06paboTku cieKTpoB AMP u cpaBHUTE UX BO3MOXKHOCTH.

Ilo pEKOMEH,ELOBaHHOﬁ JINTepaType U3yduTe IpuMepbl UCII0JIb30BAHUA JIAHTAHOWAHBIX CABHUTAOIMIUX peareHToB AJid olipeaesieHUA CTPYK-

TYpbI MOJIEKYJIBI.
[Io pekoMeHJJ0BaHHOW JIMTEepaType U3y4YuTe NpuMepbl ucnosib3oBaHuss MAS- u CP/MAS-cnekTpockonuu Ha sifpax 29Si [iyii U3ydeHUs
CTPYKTYPbI KaTaJIU3aTOPOB HA OCHOBE L[€0JIUTOB.

M3yuuTe cnoco6bl onpesiesieHUs1 KUCIO0THO-OCHOBHBIX LIeHTPOB Ha MOBEPXHOCTU KaTa/rM3aTopoB 1o UK-cnekTpam afcop6upoBaHHBIX MO-
JIEKYJL.

W3yuyuTe npuMephl YCTAaHOBJIEHUS MEXaHU3MOB peaKLMM Ha KaTaJIMTHYeCKUX LIeHTpax C UCI0JIb30BaHUEM KOJlebaTeJbHOU CIEeKTPOCKO-
1907078

e [I[puMepHble TeMbl pedepaToB:

1.

o

MeToapbl onpenesieHus JedbopMalMOHHON 3JIEKTPOHHOM MJIOTHOCTH B KpUCTa/JIax U XMMUYecKasd nHpopMalnus, nojaydyaeMasi U3 pacrnpe-
JeneHudt nepopMalMOHHOMN 3JIEKTPOHHOM MJIOTHOCTH.
YcTaHOBJIeHUE CTPOEHUSI KBa3sUKpPUCTA/IMYecKuX ¢a3 (Ha mpuMepe CIJIaBOB HAa OCHOBE aJIOMUHMUS) U POJIb KPUCTAJINYECKUX ANMPOK-
CUMaHTOB B CTPYKTYPHOM HCCJIe[JOBaHHUH.
[IporpamMHOe obGecrnieyeHre, IpUMeEHSIEMOE B MPELU3UOHHBIX CTPYKTYPHBIX MCCIe[J0BAaHUAX, €r0 BO3MOXXHOCTH U TPeOOBaHUSA K JKCIIe-
PUMEHTAJIbHBIM JJaHHBIM.
MeTo/bl onpesie/ieHHs] U YTOUHEHUs CTPYKTYPbl HECOpa3MePHbIX KPUCTA/IJIOB [0 peHTreHAUPpPpaKLIMOHHBIM JaHHBIM. BO3MOXXHOCTH Mpo-
rpaMMBl Jana.
JudpakimoHHble MeTO/ bl U3y4eHHUs Pa30BbIX IEPEXO0B: TEXHUKA, AJITOPUTMBbI UCCIEJ0BAaHUS U TPUMEPHI.
CnexkTpockonusa UK kaTanm3aToOpoB Ha OCHOBE OKCH/I0B MeTaJ/IJIOB U aHa/IM3 COCTOSAHUSA NOBepXHOCTHLIX OH-rpynm.
M3y4yeHHe CTPYKTYphI LEOJHUTOB NPU NOMOLHU criekTpockonuu AMP Ha aapax 29Si.
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8.  YcraHoBJ/IeHMe NpUPO/BI EHTPOB OPEHCTEJOBCKOM U JIBIOUCOBCKOM KUCJIOTHOCTHA OKCU/HBIX KaTaJIUu3aTOPOB.

9. MeTozbl onpesesieHUs MJIOLAAU IOBEPXHOCTU U U3yYeHHUe CTPYKTYPhl IOBEPXHOCTH KOMILJIEKCOM QU3UKO-XMMUYECKUX METO/,0B Ha
npuMepe XUMHUYeCKU MOJUPUIIMPOBAHHOIO0 KpeMHe3eMa.

10. BpI60p MeTOZ0B ¥ ONTUMAJIBHOTO IPOTOKOJIA UCCIe0BAaHUA MeXaHM3Ma KaTaJIUTUYeCKON peaKLMU — Ha JIMTepPaTypHBIX IPUMepax.

e O6pas1ibl BONPOCOB /J1s1 IPOMEXYTOYHOU aTTeCcTalMu - 3a4eTa:

KTeMaM 1 - 3:

1.  Mogenb CTPYKTYpPbl, UCIIOJIb3yeMasi B IPELU3UOHHOM PEHTTEeHOCTPYKTYPHOM aHa/nu3e. AHFapMOHM3M KoJie6aHuM aToMOB. AcheprUyHOCTh

aTOMHOM 3JIEKTPOHHOU 060/104KU. CIOCOOBI yyeTa 3TUX PaKTOPOB.
2. OpHOBpeMeHHble OTPa)KeHUsl: IPUYMHA BOSHUKHOBEHHUA U yYeT B CTPYKTYPHOM aHa/Iu3e.

3. Ilpoueaypa cUMy/JaMpOBaHHOTO OTHUra. KOHTpoJibHble W BapbupyeMble HapameTpbl. Pu3nyeckuil cMmbica "TeMminepaTypbl”. Cnocobbl

yIpaBJieHUd POLelypoil CHMYJIMPOBAaHHOTO OTKUTa.

4. OcHOBHBbIE AJITOPUTMBI oOIlipefe/ieHUd HEW3BECTHLIX ITapaMeTpOoB SJIeMEHTapHOﬁ STYEeUKHU KpucTaJlja. YcnoBuga NNPUMEHUMOCTHU U

po6J/ieMbl, BO3HUKalOLIYe IPU UX pealn3alyH.

5. OmnucaHue CTPYKTYpbl U JUPPAKIIMOHHON KapTHHBI Hecopa3sMepHOU $a3bl ¢ UcNoJb30BaHUEM popMasiu3Ma MHOIOMEPHOTO MPOCTPAHCT-

Ba. BekTOpbl MOAYIAIUHA.

6.  3aKOHBI paccessHUs TEMJIOBbIX HEUTPOHOB. Mcroib30BaHME MOHOKPHUCTAJIbHOW M MOPOIIKOBOW HEUTPOHOTpaduU [Jisl onpeesieHUs1 Mar-

HUTHBIX CTPYKTYP.

7.  BiMsHuMe pa3MepoB KpUCTA/JINTOB U Halps>KEHUH B KPUCTA/LJIMYECKOM pelleTKe HAa popMy U IUPUHY JUPPAKLIMOHHBIX JUHUU. Onipese-

JieHHe pa3MepoB U GOpMbl KPUCTAJIMTOB 10 pe3y/ibTaTaM MOJHONPOPHUIbHOTO YTOYHEHHUS.
8.  Cmoco6bl onpe/iesieHUs1 CTPOeHUs HaHo4YacTull. OYHKIUS MOJTHOTO PacCessHUS.

K TemMaM 4 - 5:

1. ®usuueckue ocHoBbl MAS u CP/MAS cnektpockonuu fAMP. AHuzoTponus xuMu4YecKux cABUTOB. lllMpMHA MU MHTEHCUBHOCTb JIMHUH.

[IpruyvHel pasinyusg MAS u CP MAS - criekTpoB.
2. Cmoco6bl onpefesieHUsI CTPYKTYpbl MOJIeKyJ MeToZaMu 2D-cnekTpockonuu IMP.
3. HHTepnpeTauus XMMHYeCKHX CABUTOB 29Si B KpeMHe3eMax U LieosinuTax. Onpe/iesieHre JIOKaJbHOTO OKPY>KeHUsI aTOMa KpeMHHUsI.
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4. Cnoco6nbl N3y4Y€HHA KHCJIOTHBIX HEHTPOB HA IOBEPXHOCTHU KpEeMHE3€eMOB, HEOJIMTOB U OKCHUJOB ME€TaJIJIOB METOA0OM AMP.

o1

[IpoaBiieHUe JMHAaMHUYECKUX MIPOLECCOB B cieKTpax AMP: npu4uHbI U ciaefCcTBUS.

6. MeToabl UIEHTUPUKALUN TUNIOB KaTaJIMTHUYECKUX LJEHTPOB HAa MOBEPXHOCTH KUCJOTHO-OCHOBHbBIX KaTa/IM3aTOPOB U ONpeJie/IeHHUs] CUJIbI
KUCJIOTHBIX LIEHTPOB.

7.  MeTojbl N3MepeHUs KOJMYeCTBa (KOHLIEHTPAIUH) KaTaTUTUUECKHUX LIEHTPOB C MCIOJIb30BaHUEM KOJIe6ATENbHOU CIEKTPOCKOIHH.

8. MeToabl U3yyeHUsI KHHETUKH U MEXaHU3MOB KaTaJUTUUYECKUX PeAKLIMU C UCII0JIb30BAaHUEM K0JiebaTe/IbHOM CIEKTPOCKOIUH.

MeToaunyeckue MaTepuasibl AJisl IPOBeJEeHUs NPOLEeAYDP OLleHUBAHUS Pe3y/IbTaTOB 00y4YeHUs

3ayeT NpoOXOAHWT MO 6UJIeTaM, BKJIKOYalolleM 2 Bonpoca: oAuH — o TemaM NeNe1-3, BTopoi — no TemaM NeNe4,5. Kpome aToro, 4jieHaMu KOMHUC-

CHU OLIEHUBAETCs TaKXKe MOATr0TOBJEHHbIM acliMpaHTOM pedepaT 1o TeMe, CBI3aHHOM C ero JUCCEPTALMOHHBIM UCCIel0BaHUEM. YPOBeHb 3Ha-

HUH acMpaHTa M0 KaXkJj0My BOIPOCY, @ TAKXKE Ka4eCTBO MO/JITOTOBKU pedepaTa U OTBETHI Ha [ONOJHUTE/IbHbIE BONIPOChI OLLEHUBAIOTCS Ha

OTJIMYHOY», XOPOIIO», «y/I0BJIETBOPUTEJNIbHO», KHEYJOBJIETBOPUTEJNBLHO». B ciiydae, ecyiu Ha Bce BONPOCHI OBbLJ JIaH OTBET, OLlEHEHHBIA He HUXKE

YeM «yJOBJIETBOPUTEJNbLHO», aCIUPAHT MOJIyYaeT OOLIYIO OLIEHKY «3auTeHOo». BeqoMocTh npreMa 3a4yeTa MONUChIBAETCA YeHaMHd KOMUCCUH,

NPUHUMAIOLIVMMHU 3a4eT.

[lIkasa olleHMBaHUS 3HAHUM, yMEHUW U HABBIKOB SIBJISIETCS €JUHOM [1J1S1 BCEX AWCLUIIMH (IpUBeJeHa B TabJiulie HUXKeE)

INKAJIA U KPUTEPUHU OUEHUBAHHWA PE3YJIbTATA OBYYEHHUA no aucuuniviie (MoAyJii0)

OneHka 2 3 4 5
PesysibTaT
3HaHuA OTcyTcTBHE dparmMeHTapHble 3HaHUA O61Me, HO He CTPYKTYpPUpPOBaHHbIE CdopmupoBaHHbIe cUCTeMaTHYe-
3HAHUU 3HaHUA CKHe 3HaHUdA
YMenusa OTtcyTtcTBUE B nesiom ycneiHoe, Ho He | B 1esioM ycneliHoe, HO cojepaxallee YcnemHoe v cucteMaTU4deckoe
yMEeHUH CUCTeMaTHU4YeCKoe yMeHUe OTJeJibHbIe TPo6eJibl yMeHue ([,0- yMeHHe
IyCKaeT HETOYHOCTH HEIIpUHIUIIU-
aJIbHOTO XapaKTepa)
HaBbiku (Bn1age- | OTcyTcTBUE Ha- Hasnyue oTae/IbHBIX Ha- B niesioM, copMUpOBaHHbIE HABBI- CdopmurpoBaHHbIe HaBbIKH, IPU-
HUs) BbIKOB BBIKOB KM, HO He B aKTUBHOH popMe MeHseMble [IPY pelleHUH 3aa4
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