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Mporpammy ancumnanHbl paspaboTan(a)(n) npodpeccop, O.H. (noueHT) Nnbsico K.A. kadbenpa
mMeamumHckon cpmanku OtoeneHne puaunkm , Kamil.llyasov@kpfu.ru ; XarpytamHos B.U. |
Bulat.Khairutdinov@kpfu.ru ; lNMonbwakos Bnagummp MeBaHoBMY

1. Uenn ocBOEHNS AUCLUMINHBI

LlensiMn ocBoeHMs oucumnimHbl (Moaynst) "SaepHblii MArHUTHbIA pe30HaHC BLUONOrnYeckunx

06 bEKTOB" ABNAOTCSA MNOMyYEHME 3HAHMIA 06 OCHOBHbIX NPUHLMNAX COBPEMEHHbLIX METOA0NOrMYECKMX
noaxonax AMP ncrnonb3yembix 45 NONy4EHNS TPEXMEPHBIX CTPYKTYP BENKOB, HYKNEWHOBBIX KUCOT,
a Takxe B N3y4YeHUM UX OMHAMUYECKMX CBOMCTB M BEeNoK-nnraHaHbIX B3anMoOenCTBUIA.

2. MecTo OUCLMMN/MNHDLI B CTPYKTYpe OCHOBHOM o6pa3oBaTesibHOM NPorpaMmbl BbiCLLIEro
npodpeccrmoHanbHoro o6pa3oBaHus

JaHHas yuebHas aucuunnmnHa BkntodeHa B pasgen " 51.B.[0B.8 ducumnnmHbl (Mogynn)" OCHOBHOM
obpasoBaTtesbHol nporpammbl 03.04.02 duramka 1 0OTHOCUTCS K AUCLUMNIMHAM MO Bblbopy.
OcBavBaetcs Ha 1 kypce, 1 cemecTp.

LaHHas yyebHas oncumnnnHa BkodeHa B pasgen " 51.B.OB.8 OucuunnunHel (Mogynm)" OCHOBHOW
obpasoBaTtenbHol nporpammbl 03.04.02 dursmka n oTHOCUTCS K 6a30BOI (06WeNnpPodeccnoHanbHON)
yactn. OcBauBaetcs Ha 1 kypce, 1 cemecTp.

OvcumnnuHa "SnepHblii MarHUTHbIR pe3oHaHC BMonornyeckmx 06 bEKTOB" OTHOCUTCS K
npocpbeccrmoHanbHoMy unkny. OHa UMeeT Kak (pyHOaMeHTanbHoe, Tak U NpuknagHoe 3HavyeHne B
cucTeMe Meamko-brnonornyeckoro obpasoBaHus.

oTa gMcumnnmHa ces3aHa co cnenyrowumMm gucumnivHamun: anekTpoanHammka, ousmka MarHUTHbIX
SABNEHUN, MarHMTHO-pe30HaHCHbIE METObI, obwas broxmmms.

3. KomneteHuuu obyyarowierocs, hopMmpyemble B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pesynbTate oCBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeayoWwme KOMNEeTEHUNN:

LLincpp komneteHumu npuoﬁpepf:::avc:?ggm?ﬂenum
OK-1
(0bLweKynbTypHbIE CMOCOBHOCTBIO K aBCTPakTHOMY MbIWEHWUIO, aHaNN3y, CUHTE3Y
KoMMeTeHuunn)
CNOCOBHOCTBIO METOANYECKUN FPAMOTHO CTPOUTL MNaHbI
MK-8 NEKLMOHHbIX U NPaKTUYeCKUX 3aHATUIA No pasaenam y4ebHbIx
(npodbeccmoHanbHble OVCUMMAVH 1 NyBnnYHO n3naratb TeopeTUYeckune u
KOMneTeHuunm) npakTuieckune pasaenbl y4ebHbIX OUCUUMANH B COOTBETCTBUM C
YTBEPX OEHHbIMK Yy4eOHO-METOANYECKMMM NOCOOMAMM

B pe3ynbtaTe 0CBOEHMS OUCUUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

ocHosbl AMP cnekTpockonuu, B3anMonencTeme 3/1eKTPOMarHUTHOO U3Ny4eHUs C BELWeCTBOM,
npuHUMnbl nony4yeHns SIMP cnekTpoB BbICOKOro paspelleHns

2. IONXEH yMeTb:

MHTEpNpeTnpoBaTb 3KCNepunMmeHTasbHble AMP CMNEeKTpbl, BbIMONMHATE OTHECEHNE CMEKTPAabHbIX
NVHWIA Ong NPOCTbIX NenTnaooB

3. ONXeH BnageTb:
HaBblkaMu paboTbl co cnekTpamu AMP

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbii Homep 666017 5AE
il YHH

Crpanunua 3 us 15. — o

o



MporpamMma aucumnivHbl "SnepHblil MarHUTHbIA pe3oHaHe Bronornyeckmx 06bekToB"; 03.04.02 duranka; npodoeccop, 4.H. (AOoLEHT)
Unbscos K.A. , XalipytanHos B.U.

4. NONXeH OEeMOHCTPUPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:
MNPUMEHATb NONYy4YEeHHble 3HaHWNS Ha NPaKTNKe

4. CTpyKTypa u cogepxaHve AUCLUMNIUHbI/ Moayns
Ob6was TpyooeMKOCTb AMCLMMANHBI COCTABNSIET 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yyaca(oB).
dopma NPOMEXYTOYHOro KOHTPONS AUCUMMNNUHBI 3a4eT B 1 cemecTpe.

CyMMapHo no amcumnnnHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCTBO ANs OMNycKa K 3a4eTy
28 6annos.

86 6annos 1 6onee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHo" (yaooB.);

54 6anna n MeHee - "HeynoBNeTBOpPUTENbHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl No gucuunnmHe/ MOAynto
TemaTtnyecknu nnaH gUCUUNIUHbI/MOAYNS

Buabl n yachbl
Pasgen ayauTopHOM paborThbl,
Henens WX TPYNOEMKOCTb Tekyuine coopmbl
N .DMKIILI.VIHJ"I.IV;IleI/ CemecTp o vectpa (B vacax) ‘{(I::'mpaﬂp
ony Nex ImI'IpaKTvmecKmeJ1a'160parop|-u:|e
L 3aHATUA paborbl
Tema 1. BBepoeHue B
1. lveton IMP 1 1 1 0 0
Tema 2. OcHoBbl AMP
2. crnekTpockonus 6enkos 1 2 1 0 2
Tema 3. AMP
a30TUCTbIX OCHOBAHUI 1~
3. |HyKneoTnaos. 1 3 1 0 0
[MpurotoBneHne
obpasuos
Tema 4. MeTtonbl 2D
4. CMNeKTpocKonmn 1 4 1 0 2
Tema 5. Metoabl 3D
S. cneKkTpockonmu 1 5 1 0 0
Tema 6. PekoHCTpyKUMS
CTPYKTYpPbl U3 CNEKTPOB
Tema 7. KoHCTaAHTbI
- [cnuH-cnnHoBoro ¢ ’ 5 ’ 9 0 Kgggg:anaﬂ
" [AMNonb-oMNONbHOro P
B3aMMoOencTBus
Tema 8. Cnocobbl
OPVEHTUPOBAHMSA
8. 6romonekyn B 1 & 1 0 2
aHN30TPOMHbIX cpeaax
Tema 9. OcobeHHOCTH
9. [cnektpos AMP 1 9 1 0 0
HYKNIEMHOBbIX KUCNOT
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Bugbl n yachbl
Pasgen ayauTopHOM paboThbl,
Hepens MX TPyAOEMKOCTb Tekywme coopmbli
N .D.VII(\:’ILI.VIHJ',I.IV;I'HI:I/ Cemectp|, - cTpa (B uacax) ‘I'( OHTp$I ﬂp
ony Nek ImI'IpaKTW-lecm/leJ1a60pa1'op|-||>|e
u 3aHATUSA pa60TbI

Tema 10. $IMP B

n3yyeHnn
10. ONHaMNYeCKnX CBOMNCTB 1 10 1 0 2

6riomonekyn

Tema 11. lNpouecchl
1. XMMmnyeckoro obMeHa 1 1 1 0 0

Iquae;ﬁl.ﬂﬂMP B KoHTponbHas
12. MONEKYNSADHBIX 1 12 1 0 2 pabota

KOMMJIeKCOoB

Tema . Itorosas 1 0 0 0 3avet

doopma KOHTponsA

Ntoro 12 0 12

4.2 CopepxaHue oUCLUNMUHbBI
Tema 1. BeeneHue B metog AMP
NeKuunoHHoe 3aHsitne (1 yaca(os)):

BeleHue B ocHoBbl MeToaa AMP. Kpatkas ncrtopusi Metona. OCHoBHble 061acTu MpUMEHeHNs
METOA0B MarHMTHOro pe3oHaHca B Guonorun n MeanumHe. Miamepsiemole napametpbl AMP.

Tema 2. OcHoBbl AMP cnekTpockonusi 6enkos
nekumnoHHoe 3aHsitne (1 yaca(os)):

MNepBble NONbITKM 3MEPEHNS cNeKTPOB 6enkoB. OCHOBHbIE Pa3NNYNS MEX DY NOBEAEHNEM MAsbIX U
6onbwux monekyn. Bpemsa koppensuuy BpawatensHoi Anddpy3nm Monekysbl. 3aBUCUMOCTb
penakcaLMOoHHbIX NapaMeTpoB OT pa3mMepa MONEKYn U BENNYNHbI MarHUTHOro nons. 9gdekT
KONbLIEBbIX TOKOB 1 €ro ponb B cnektpax AMP 6uomonekyn. CTepeoxnuMmns aMMHOKNCIOTHbIX
ocTaTkoB. AMMHOKMCNIOTHAs nocnenoBaTenbHocTb 6enka. MNepernyHas, BTOpUYHasa n TpeTnyHas
cTpykTypbl 6enka. HomeHknatypa IUPAC nonunenTnaHoi ueny n 60KoBbIX OCTaTKOB aMUHOKMCNOT.
O603Ha4YeHNs auagpanbHblX YrnoBs, atoMoB 1 rpynn. Knaccudomkaums OCHOBHbIX 9N1EMEHTOB
BTOPWYHOW CTPYKTYpbl NnonMnenTuaHbix uenei. Cnupanu (310, anbgpa n nn), 6eTta-nucTbl
(napannenbHble 1 aHTUNapannenbHole), b-n3rnbel. [onycTrMbie KOHGPOPMALMN aMUHOKMCIOTHBIX
OCTaTKOB

naboparopHasi pabora (2 yaca(oB)):

MpurotoBneHune obpasua ans AMP aHanusa, Ha npumepe aunentuaa. PacyeTt HaBecku u
KOHLEeHTpauun ons ctaHgapTtHoin AMP amnynbl 5MM 06beMoM 600MKN UCXOA5 U3 3HAHUS
MonekynsapHom maccel nentuga. Pactoputens D20 10%, H20 90%.

Tema 3. AMP a30TUCTbIX OCHOBaHUM U HyKNneotuaos. MpuroroeneHne o6pasuoB
JNeKunoHHoe 3aHsitne (1 yaca(os)):

A30TNCTble OCHOBaHMS, HyKNeo3uasl U Hykneotuasl. @ocopoanacupHble cBs3n 1 0bpasoBaHmne
NONMHYKNeoTnaHONM uenun. PnboHyknenHosble kucnotbl (PHK) 1 ne3okcmpuboHyknemHoBbIE KMCOTbI
(OHK). KomnnemeHTapHble 0OCHOBaHUS 1 obpasoBaHue aoiHon cnupann OHK. CTpykTypHble
Bapuaunmn yknagku nonvHykneotuaoHom uenn ? A, B n Z-coopmel. Baanmopeinctensi B bmomonekynax.
BaH-nep-BaanbcoBo Bzanmonenctene. BoooponHas cBA3b. DnekTpocTatnyeckmne B3arMoaencTams.
MmapodbobHble B3anmoaenctams. MNpuHUMnbI CTPYKTYPHOR opraHu3aunn buomonekyn. TpeboBaHus,
npeabsBnsemMblie K 0bpasuy benka ons uccnenosaHmini Metonom cnektpockonum AMP. Obwne
npencrtasneHns o buocnHTese cnHTe3e benka. dkcnpeccus 6enkKoB B KNETOYHbIX M OECKNIETOYHbIX
ycnosusx (E.coli, metunotposbl, ravuepotpodbl, CHO, cell-free system). Cpeabl Ang sbipawmsaHus
kneTtok. ictouHmku nsotonos 15N, 13C n D. BbioeneHue n odynctka 6enkos. O4ncTka MetTooom
adpdpuHHon xpomaTorpadomm Ha Ni-NTA arapose. Snektpocpopes B [MAAIT. MeToabl npenapaTnBHOWA
MOHOOOMEHHOI XpomaTorpadum.
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Tema 4. MeTtoabl 2D cnekTpockonuu
JNleKunoHHoe 3aHsitne (1 yaca(os)):

WNHpopmauus, nonyyaemas n3 ogHomepHoro cnektpa AMP 6uomonekynbl. Metoabl 2D
cnektpockonum ? COSY, TOCSY, NOESY n ROESY. MeToabl reToposaepHon Koppensumu,
OCHOBaHHble Ha aeTtekTuposaHmm curHanos 1H - HMQC, HSQC n HMBC. Metoabl 2D
CnekTpocKonuu B n3yyeHmmn Hebonblumx 6enkos (<10 k[a). MaeHTndomkaums tTunos
aMWHOKNCNOTHbIX ocTaTkoB no cnektpam COSY, TOCSY n 1H-13C HSQC. Meton
nocnenoBatenbHoro otTHeceHusi. OTHeceHne doparMeHToB 6enka, cogepXatmx NPOvH.

naboparopHas pabora (2 4aca(oB)):

3HaKOMCTBO C YCTPOMCTBOM M OCHOBHbIMU y3namun AMP cnektpomeTtpa Bruker Avance 11 600.
HacTpoiika cnekTpomeTpa: HacTporika 0AHOPOLHOCTM MarHUTHOrO Nons, LO6OTHOCTM pPe3oHaTopa,
CUCTEMbI CTabunmsaumm N3MepeHnii, perynnpoBka TemnepaTypbl. 3anncb 0OHOMEPHbIX CMEKTPOB
AMP.

Tema 5. Metoabl 3D cnekTpockonuu
NeKLuMoHHoe 3aHsiTue (1 Haca(os)):

Metonbl 3D cnekTpockonun, oCHoBaHHble Ha koppenauuun saep 15N n 1H. ConpsixeHne meToamk
1H-15N HSQC (HMQC) c akcnepumeHtamn TOCSY, NOESY 1 ROESY. MeTtoapl
nocnenoBaTenbHOro oTHeceHns 6onee KpynHbix 6enkoB (8-16 k[a). 9kcnepumeHT 1H-15N
HSQC-NOESY-HSQC. 3D akcnepumeHtol HNHA n HNHB. "'eteposinepHbie Mmetonbl IMP B
n3yy4eHnmn 6enkoB, MeveHHbIx n3otonamm 13C n 15N. MNocnepnoBatenbHoe oTHeceHWe 6enKoBOo Lenm
Ha ocHoBe akcrnepumeHToB HNCA, HN(CO)CA, HNCO, HN(CA)CO, HNCACB, CBCA(CO)NH.
MeToabl KOMMNbIOTEPHOrO aHanM3a reteposaepHbix akcrnepumeHTos. Metonbl HNHAHB n
HBHA(CO)NH nns otHeceHusi curHanos 1H. MeToabl 0THECEHUS BOKOBbIX 3aMecTUTenei
amunHokucnoTHblx octatkoB: HCC(CO)NH n HCCH-TOCSY.

Tema 6. PeKOHCTPYKLUSA CTPYKTYpPbI N3 cnektpos AMP
JNeKunoHHoe 3aHsitne (1 4aca(os)):

MHOekc xmuMmyecknx COBUrOB 1 ONpeneneHne BTOPUYHON CTPykTypbl benka. Ctatuctuyeckue
noaxonbl K onpeneneHnto onyCTUMbIX 3HAYEHUN TOPCUOHHDBIX YrnoB ¢ 1 Y. CTepeocneumndunyeckoe
OTHECEHWe CUrHaNoB METUNEHOBbLIX NPOTOHOB B B-MONOXEHUN U METUNbHBIX FPYMM OCTaTKOB BalvHA
n nenumnHa. OnpenenexHne n3 akcnepmumeHToB AMP fonyCTUMBIX 3HAYEHWIA TOPCUMOHHDBIX YIOB ), Y,
X1 1 x2. AHanuna cnektpoB NOESY n onpeneneHvne mexbanepHbix pacctosaHuin. 4D cnektpockonus
AMP kak MeTon ycTpaHeHUs HeornpeneneHHoOCT B OTHECEHNN MEXbSAOEPHbIX 3PJDEKTOB
Osepxayaepa. [NonyyeHne aHanornyHom nHcpopmaumm na 3D cnektpoB 1H-15N HSQC-NOESY n
1H-13C HSQC-NOESY. VtepaunoHHas npouenypa otHeceHus A30 B npouecce pacyeta
CTPYKTYpbl 6enka. MeTtoabl aBTomMmatnyeckoro otHeceHns A30 B cnektpax NOESY. Habop
OrpaHNyYeHnin Ha MeXbsdepHblIe PACCTOSHUS N TOPCUOHHbBIE YI bl - OCHOBA CTPYKTYPHbIX
nccneposaHuin metogom AMP. Meton oucTaHUMOHHOM reoMeTpun B KapTe3naHCKmMx KoopamHaTax un
NPOCTPAHCTBE TOPCUMOHHbIX YrNioB. Knaccuko-mexaHn4yeckoe onnucaHme MexbaaepHbIX
B3avMoLenCcTBMI. Bknaa OUCTaHUMOHHBIX U TOPCUOHHbIX OrPaHNYeHUIA B MONHYIO SHEPIUI0 CUCTEMDI.
MeTonbl MUHUMU3aunn aHepruu. MNMpobnema HaxoxaeHus rnobanbHOro MMHUMyma. MonekynsipHow
anHamuka. MeTton MmeoneHHoro otxura (simulated annealing) kak cnocob HaxoxaeHust rnobanbHoro
MUHUMYMa 3Heprmm cnuctemMbl. OCHOBHbIE KOMMbIOTEPHbIE MPOrpaMMmbl, NCNONb3yeMbIE ANS pacyeTa
CTPYKTYpbl 6uomonekyn metogom AMP. CTpyKTypHble NCCNenoBaHNS KOH(POPMALIMOHHO NOOBUXHbIX
nenTnaos.

naboparopHasi pabora (2 4aca(oB)):

3anncb OBYMEpPHbIX FOMOSAEPHbIX KOppensunoHHbIx cnektpos AMP: COSY, TOCSY.
Tema 7. KOHCTaHTbI CMIUH-CNMHOBOIO U AUMONb-AUMNONIbHOrO B3aUMOAENCTBUS
neKuunoHHoe 3aHsitne (1 yaca(os)):

Meton HMBC B ngeHTudukauum coCToOSHNS MMUAA30/IbHOrO KonbLa ructngnHa. NayyeHuve
KOHCTaHT MOHM3aumn KapboKCUNbHbIX FPYNn acnaparMHOBOM 1 rNyTaMUHOBOW KMCNOTbl. OCTaTo4Hble
KOHCTaHTbl AMNONb-ANMNONbHOrO B3aUMOAENCTBUS, KAk MCTOYHUK MHGpOpMaLMn 06 opueHTauum
MONeKyn B MarHutTHom none. MpumeHenne KO OB ons pacyeta cTpykTypbl GromMonekyn.

Tema 8. Cnoco6bl opueHTMpoBaHUsl 6UOMONEKYN B aHU3OTPOIHbIX cpepax

nekumoHHoe 3aHsitTne (1 yaca(os)):

KETPOHHBH
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MeToabl onpeaeneHnst 0CTaToYHbIX KOHCTAHT AMMONb-AMMNONbHOro B3aumoaeincTems. Cnocobbl
OpPVEHTUPOBaHNS BMOMONEKYN B aHN30TPOMHbIX cpeaax. OnpeaeneHne opneHTaunm 6enkoBbix
noMeHOoB. CkangpHble B3aMMOAENCTBMS Yepe3 BOAOPOLHYIO CBA3b. DKCNEPUMEHTbI MO U3MEPEHNIO
koHcTaHT hJHN n hJHC yepes oaHy, oBe u Tpu cBa3n. KOHCTaHTbI Yepe3 BOAOPOAHYIO CBA3b B
HYKNeuHoBbIx Knucnotax, 6enkax n JHK-6enkoBbix koMnnekcax.

naboparopHas pabora (2 4aca(oB)):

3anncb OBYMEpPHbIX reTeposaepHbIX KoppensunoHHbix cnektpos AMP: HSQC, HMBC.
Tema 9. Ocob6eHHOCTM cnekTpoB AMP HyknenHoBbIX KUCNOT

neKkuunoHHoe 3aHsitne (1 yaca(os)):

OcobeHHocTn cnekTpoB AMP HyknenHoBbIX KMcnoT. Jucnepcus xummyeckux casuros 1H.
KoHghopmaums pnbosHoro goparmeHTa. Likn nceBnoBpalleHns n onncaHne KOHGOPMaLUMOHHbIX
COCTOSIHUI dpypaHo3bl. BuunHanbHble KOHCTaHTbI CMUH-CNMHOBOro B3aumoenctens 1H-1H n
31P-31P. MeTtoabl onpeneneHns KOHCTaHT CMWH-CMUHOBOMO B3aMMOOENCTBUS B HYK/TEUHOBbIX
kucnotax. Metonbl OTHECEHNS CUTHANOB B OCTATKax HYKNENHOBbLIX KNCNOT U METOLbI
nocneposartefibHoOro oTHeceHus. Ctepeocneunduyeckoe otHeceHne curHanos H2' v H2", H5' n
H5".

Tema 10. AMP B nayyeHuMm auHaMm4eckux CBOMCTB Guomonekyn

nekumoHHoe 3aHsitne (1 yaca(os)):

PacnpeneneHune 4actoT MoONeKynsapHbIX ABUXeHUA. MexaHn3Mbl penakcaumn. Junonb-annonbHble
B3ammoencTeus. FomosaepHbln agogoekT OBepxay3epa 1 ero CBs3b C MEXbALEPHBLIM PACCTOSHNEM
N OMHaMUYEeCKMI CBOMCTBAMU MONEKynbl. VIaMepeHune reteposaepHoro acpdpekta Osepxaysepa
X{1H}. OkcnepnMeHTbI N0 3MepeHnIo BpeMeH penakcauun T1 n T2. IamepeHune BpeMeHn
penakcauum Bo Bpaulatouencs cumcteme koopaunHat T1p. DyHKUMSA CNEKTPanbHOM MNAOTHOCTU U
MeTOoLbl ee annpokcumMauumn ang cpepmnyeckon Yactuubl. Bpems koppensumm spawarenbHOm
andbdpysum yactuusl Tm. MapameTtp ynopsoodeHHOCTH aBuxeHns S2. Bpemsa koppensauun
BHYTPEHHUX OBUXEHWIA TE.

naboparopHasi pabora (2 4aca(oB)):

3HakoMcTBO ¢ nporpammort Sparky ans aHannaa cnkektpoB AMP. OCHOBHbIE KOMaHAbI.
[MepekoauposaHue cnekTpos 13 popmara AMP cnektpometpa Bruker B doopmaT nporpammbl
Sparky.

Tema 11. Mpoueccbl xumnyeckoro obmeHa

neKkuunoHHoe 3aHsitne (1 yaca(os)):

N3mepeHmne ckopocTu xummnyeckoro obmeHa H—D. OnpeneneHve 3awmTHbIX (DaKTOPOB aMUAHBIX
MPOTOHOB. V3y4yeHre BbICOKOaMMNINTY AHbIX MPOLECCOB PaCKPbITUA-3aKPbITUS 6ENKOBOM rnobynbl.
AkcneprMeHTanbHOE M3y4eHne MexaHM3ma passopadneaHuns benka. ObMeH saep Mexay
NONOXEHMAMY C pasnmMyHbIMK NamMopoBbiMK YacToTamu. ?Ring-flipping? n ero nposieneHue B
buonormnyeckux cuctemax. Baanmonencteus 6enok-nurann. CunbHoe n cnaboe B3anmogeinicTeme,
MeLONEHHDbIA 1 ObICTPbI 0OMEH Mexay CBA3aHHbIM 1 CBOOOAHBLIM COCTOSIHUSIMUA. MeTo bl M30TOMHOW
domnbTpaumm N N30TONMHOrO PefakTMPOBaHUS B U3YYEHUN KOMMNIEKCOB CUNbHO CBSA3aHHbIX NMMraHaoB.
OcrtatouHble KO B B onpeneneHun opueHTauum 6enok-nuraHa.

Tema 12. SMP B nsyyeHmmn moneKynsipHbIX KOMMNiaeKcos
nekumoHHoe 3aHsitTne (1 yaca(os)):

AMP B n3y4eHnmn KOMNNeKcoB cnabo cBa3biBaeMbIx NMraHaoB. MeTonbl, OCHOBaHHbIE HA NepeHoce
A30. lNepeHoc Kpocc-kKoppennpoBaHHON penakcaumm n octatodHbix KO B B pasHOBECUM MeEXOY
cBOOOAHBIM 1 CBA3aHHOM cocTosiHusaMKU. MeToabl AMP-ckpuHMHra B nomcke 6ruonornyecku
akTuBHbIX coeanHeHnin. Meton SAR-by-NMR. Metoabl STD (saturation transfer difference) n
WaterLOGSY.

naboparopHasi pabora (2 4aca(oB)):

Ananuna cnektpos AMP 1H, COSY, TOCSY, HSQC, HMBC. OTHeceHune cnekTpoBs nccnegyemoro
nentnga

4.3 CTpyKTypa 1 copepXxaHume caMoOCTOSITe/IbHOM paboTbl AUCLMMIUHBI (MOLYNSA)
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Buabi
Hepens | camocTtositenbHon [TpyAoeMKoCTb
ceMecTpa paboTbl (B yacax)

CTYAEHTOB

nOns
CaMOCTOSATENbHOMP
N3y4yeHns
npennaraercs
0630pHas 2 YCTHbI onpoc
cTatbs,
HanucaHHas nog
PYKOBOACTBOM

1 [Tema 1. BeeneHue B 1 Kpuctnana I'p

" [meTon SIMP Mpennaraercs
npo4YecTb
HebonbLyto Hanncatb
OPUrMHANbHYO KpaTkoe acce
Hay4YHyIO CTaTbiO 2 KaK Bbl MOHSN
Ha aHrNUNCKOM comepxaHue
A3blke U 9TOM CTaTbW.
Hanucatb
KpaTtkoe 9

Ons
CaMOCTOSATENbHOrP
N3y4YeHns

npepnaraetcs
Tewma 2. OcHosbl AMP .
- lenekTpockonust 6enkos 1 2  |ob3opHas 4 YCTHbIR onpoc

cratbs,
HanvcaHHas nog
PyKOBOACTBOM
Kpuctnana I'p

Ins
CaMOCTOATENbHOP
Tema 3. AMP n3yyeHns
a30TUCTbIX OCHOBaHWI U npepnaraetcs
3. |HykneoTnnos. 1 3 |o630opHas 4 YCTHbI onpoc
[MpurotoBneHne cTaTbs,
obpasuos HanucaHHas nop,
PYyKOBOACTBOM
Kpuctunana I'p

Ons
CaMOCTOSATENBHOIP
N3y4YeHns
npeanaraeTcs
4  |ob3opHas 4 YCTHbI onpoc
cTartbs,
HanmncaHHas nog,
PYKOBOACTBOM
Kpuctnana I'p

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

N Paspen

JOucumnnuHbl CemecTp

4 Tema 4. Metonbl 2D 1
" |cnekTpockonumn

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbii Homep 666017 5AE
CtpaHnua 8 ns 15. 111 yHlf[

S OEMALIGH



MporpamMma aucumnivHbl "SnepHblil MarHUTHbIA pe3oHaHe Bronornyeckmx 06bekToB"; 03.04.02 duranka; npodoeccop, 4.H. (AOoLEHT)
Unbscos K.A. , XalipytanHos B.U.

Buabi
Hepens | camocTtositenbHon [TpyAoeMKoCTb
ceMecTpa paboTbl (B yacax)

CTYAEHTOB

nOns
CaMOCTOSATENbHOMP
N3yyveHns
npennaraercs
1 5 |ob630opHas 4 YCTHbI onpoc
cTatbs,
HanucaHHas nog
PYKOBOACTBOM
Kpuctnana I'p

Ins

CaMOCTOATENIbHOIP

Tema 6. PekoHCTpyKLMSA n3yveHns

npennaraetcs
6. ;TI\%KTypb' V3 CNekTpos 1 6 |0630pHas 3 YCTHbIn onpoc

cTarb4,
HanmcaHHas nog
PyKOBOACTBOM
BepHpa BaH b

Ins
CaMOCTOSATENBHOIP
N3y4eHns
npegnaraercs
Tema 7. KOHCTaHThI 063opHas 3 YCTHbI onpoc
CMWH-CNUHOBOIO U cratbs,
AMnonb-AUNONbHOro HanvcaHHas nog
B3aMMOOenCcTBunS PYKOBOOCTBOM
BepHoa Bax b
NOAroToBKa K
KOHTPONbHOMN 2
paboTe

Ons
CaMOCTOSATENBHOIP
N3y4eHuns
npeanaraeTcs
1 8 |ob30pHas 4 YCTHbI onpoc
cTaTtbs,
HanmncaHHas nog,
PYKOBOACTBOM
BepHoa Ban b

Lns
CaMOCTOATENbHOrP
N3yyeHus
Tema 9. OcobeHHOCTH npennaraeTcs
9. |cnekTtpos AMP 1 9 |ob30pHas 4 YCTHbI onpoc
HYKNEeWnHOBbIX KUCNOT cTaThb4,
HanncaHHasa non
PYKOBOACTBOM
BepHnoa Ban b

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

N Paspen

JOucumnnuHbl CemecTp

5 Tema 5. MeTogbl 3D
" [cnekTpockonun

KOHTpONbHas
paboTa

Tema 8. Cnocobbl
g, [OPVeHTpOBaHNS

" |briomonekyn B
aHM30TPOMHbIX cpenax
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Buabi
Hepens | camocTtositenbHon [TpyAoeMKoCTb
ceMecTpa paboTbl (B yacax)
CTYAEHTOB

nOns

CaMOCTOATENIbHOIP

Tema 10. iMP B 233éqen"ggemﬂ
10 [13yHeHmMM pea

‘| aMHaMNYECKUX CBOMCTB 1 10 |o63opHas 4 YCTHbIN onpoc
6romonekyn cTarbs,
HanvcaHHas nog
PYyKOBOACTBOM
BepHoa Bax b

Lns
CaMOCTOATENbHOP
N3yyeHuns
npeanaraeTcst
1 11 |0630pHas 3 YCTHbI onpoc
cTaTtbs,
HanucaHHas nog,
PYKOBOACTBOM
lMpamonxom Ba

Ins
CaMOCTOSATENBHOIP
N3y4YeHns
npepnaraeTcs
Tema 12. AMP B 063opHas 3 YCTHbI onpoc
N3y4eHnm cTartbs,
MONEKYNSIPHbIX HanuncaHHas nog,
KOMMIEeKCoB PYKOBOLCTBOM
MNpamonoxom Ba

noaroToeka K
KOHTPONbHOMN 2
paboTe

NTtoro 48

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

N Paspen

JOucumnnuHbl CemecTp

11 Tema 11. Npoueccol
‘IXuMn4eckoro obmeHa

12.

KOHTpONbHas
paboTa

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

NeKUMOHHbIE 1 NPaKTUYECKME 3aHATUS NPOBOASATCS C UCMONb30BAHNEM MYIbTUMEANAHOMO
KOMMekca, MO3BONSOWEro HarnsaaHo NonyyaTb CTyAeHTaM BCO HE0OX0AMMYI0 MHGDOPMALMIO.
3aHATUS NPOBOAATCS B MHTEPAKTMBHOW CHOPME, NMO3BOMSAIOWEN CTYAEHTaM Nlyyle ycBamBaTb
matepuan. B nekumsix yaoeneHo 6onblioe BHUMaHMe pasbopy KOHKPETHbIX CUTyauuii BO3MOXHbIX AJ1s
peanbHbIX KPUCTaNIMYeCKNX BewecTs. KayecTBo 0byyeHns 4OCTMraeTcs 3a C4eT MCnonb30BaHUs
cnenytowmx goopM y4ebHon paboTbl: nekumun (MCNonb3oBaHne NPobNeMHbIX cuTyaunii, pasbop
KOHKPETHbIX CUTyauuid), caMocTosiTeNbHas paboTa cTyaeHTa (BbIMONHEHNE NHOVBUOYANIbHBIX
LOMALWHMX 3a8aHWUIA), KOHCYNbTaLWN.

6. OLeHOYHble cpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOW
aTTecrauum rno uToramMm OCBOeHUsi AUCLUMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTeNIbHOM paboThbl CTYAEHTOB

Tema 1. BBeneHue B Meton AMP
HanucaTtb KpaTkoe acce Kak Bbl NOHANM COAepXaHne 3TOM CTatby. , NPUMEPHbIE TEMbI:

B 0630pe 0TBETbTE Ha Cnedytolme Bonpockl: Yto nccnenosanoch asBTopamu B ctatbe? Kakor
domaunyeckuii MeToq ncnonb3osanca? Kak cerogHs KnaccuduumpyoTcsl OnncaHHble B CTaTbe
CTPYKTYpbI? Kakune CTpyKTypHble 0COOEHHOCTV UCCNeoyeMoro o0 bekTa onncaHbl B CTatbe?
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YCTHbI onpoc , NpyMepHble BOMPOCHI:

Kpatkas uctopus metona. OCHOBHble 06naCcT NPUMEHEHNS METOA0B MAarHUTHOMO pe3oHaHca B
6vonorun n meguumHe. iamepsemole napametpbl AMP.

Tema 2. OcHoBbl AMP cnekTpockonusi 6enkos
YCTHbIA ONpPOC , NPUMEPHbIE BOMPOCHI:

OCHOBHbIE pasnuuns Mexay noBefeHneM manbix u 6onblnX Monekyn. 3aBUCUMOCTb
penakcauMoHHbIX MapaMeTpoB OT pa3mMepa MONeKyn U BENNYUHBI MarHUTHOrO Nonsi. AMUHOKMCNOTHAS
nocnenoBatenbHOCTb 6enka. MNepBrnyHas, BTOpUYHas 1 TpetTrndHas cTpykTypbl 6enka. Obo3HaYeHns
OM3apanbHbIX YrNoB, aToMOB M rpynn. Knaccudpmkaums OCHOBHbIX 9NEMEHTOB BTOPUYHOI CTPYKTYPbI
nonunentuaHbix uenen: Cnupann (310, anbga 1 nu), 6eTta-nMcTbl (NapannenbHble 1
aHTMnapannenbHble), b-n3rnbobi.

Tema 3. AMP a30TUCTbIX OCHOBaHWIM U HyKNneoTuaos. NMpuroroeneHne oobpasuoB
YCTHbIA ONpoC , NPYMEpPHbIE BOMPOCHI:

A30TMCTblE OCHOBaHNS, HYKNEeo3nabl U HykneoTuabl. PoccoanachmnpHbie CBA3K U 06pasoBaHme
NONMHYKNEeoTMAHOM uenun. PnboHyknenHosble kucnotbl (PHK) 1 ne3okcpuboHyknemHoBbIE KUCOTbI
(OHK). KomnnemeHTapHble ocHoBaHUs 1 obpa3oBaHue aoviHow cnvpann OHK. CtpykTypHble
Bapuaunn yknagku nonvHykneotuaHon uenn ? A, B u Z-coopmbl.

Tema 4. Metoabl 2D cnekTpockonuu
YCTHbI 0NpOoC , NPUMEpPHbIe BOMPOCHI:

WHcpopmaums, nonyyaemas n3 ogHomepHoro cnektpa SAMP 6uomonekynbl. Metoabl 2D
cnektpockonum ? COSY, TOCSY, NOESY. MeToabl reToposaepHon Koppensunm, OCHOBaHHbIE Ha
netektuposaHum curHanos HSQC n HMBC. MeToabl 2D cnektpockonuu B U3y4eHnn Hebonbwmx
6enkoB (<10 k[a). Meton nocnepoBatenbHOro otTHeceHus. OTHeceHne doparMeHToB Henka.

Tema 5. Metoabl 3D cnekTpockonuu
YCTHbI ONpoC , NpYMepHble BOMPOCHI:

Metoabl 3D cnekTpockonun, oCHoBaHHble Ha koppenauuun aaep 15N n 1H. ConpsxeHne MeToamk
1H-15N HSQC (HMQC) c akcnepumeHtamn TOCSY, NOESY n ROESY. MeTtoapl
nocnenoBaTenbHOro oTHeceHUst bonee KpynHbix 6enkos (8-16 k[a). 9kcnepumeHT 1H-15N
HSQC-NOESY-HSQC. 3D skcnepumeHTsl HNHA 1 HNHB.

Tema 6. PeKOHCTpYKLUS CTPYKTYpPbI U3 cnektpos SAMP
YCTHbI ONpOC , NPUMEPHbIE BOMPOCHI:

OnpepneneHne BTOpUYHOW CTPYKTypbl Benka. Ctatuctuieckne noaxonbl K ONpeaeneHunio 4onyCTumbIx
3Ha4YeHUn TOPCUOHHbIX yrnoB ¢ 1 Y. AHanns cnektpos NOESY 1 onpeneneHne mexbanepHbix
paccTosHuii. VITepaumoHHas npouenypa otHeceHmsa A90 B npouecce pacyeTta CTpyKTypbl 6enka.
Metonbl aBTomatudeckoro otHeceHns 430 B cnekTpax NOESY.

Tema 7. KOHCTaHTbl CMUH-CMMHOBOIO U AUNOJb-AUMNONIbHOrO B3aUMO4EeNCTBUS
KOHTpO/bHas paboTa , NpUMepHbIe BOMPOCHI:

KoHTponbHas paboTta no npoinaeHbiM TeMam.

YCTHbI ONpocC , MpUMEpPHbIE BOMPOCHI:

OcTaTto4Hble KOHCTaHTbl AMNONb-ANMNONbHOr0 B3aNMOLENCTBUS, KaK MCTOYHUK MHGpopMaLmMmn 0b
OopvieHTaumnm Monekyn B MarHutHoM none. MNpumeneHne KO OB ons pacyeTa cTpykTypbl 6MoOMonekysn.

Tema 8. Cnoco6bl opueHTMpoBaHUsA 6MOMONEKY/T B aHM3O0TPONMHbIX cpepax
YCTHBbI ONpocC , MpUMEpPHbIE BOMPOCHI:

MeTtoabl onpeneneHns 0CTaToYHbIX KOHCTAHT AMMNONb-AMMNONbHOI0 B3ammonencTems. Cnocobbl
OpPVEHTUPOBaHNS BMOMONEKYN B aHN30TPOMHbIX cpenax. OnpeneneHne opneHTaunm 6enkoBbix
noMeHoB. CkansipHble B3aMMOOenCTBMS Yepe3 BOAOPOAHYIO CBSA3b. DKCNEPUMEHTbI MO N3MEPEHNIO
koHcTaHT hJHN 1 hJHC 4yepes oaHy, nBe 1 Tpu CBSA3WN.

Tema 9. OcobeHHOCTM cnekTpoB AMP HyKNneMHOBbIX KUCNOT

YCTHbI ONpOC , NPUMEPHbIEe BOMPOCHI:

OcobeHHocTn cnekTpoB AMP HyknenHoBbix KucnoT. ducnepcus xummydeckux cosuros 1H.
BuunHanbHble KOHCTaHTbI CNUH-cNHOBOro B3anmoaernctensa 1H-1H n 31P-31P.
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Tema 10. AMP B nayyeHuMm pUHaMM4YeCKMX CBOMCTB GMoMoneKkyn
YCTHbI ONpOC , NPUMEpPHbIEe BOMPOCHI:

PacnpeneneHue 4acToT MONeKkynsipHbIX ABUXeHUNn. MexaHnambl penakcaumn. Junonb-annonbHble
B3ammomerncTaus. FomosaepHbln agogoekT OBepxay3epa 1 ero CBs3b C MEXbALEPHBIM PACCTOSHNEM
N QUHAMUYECKMMM CBOMCTBaMK Monekynbl. IamMepeHue reteposaepHoro adodekta OBepxaysepa
X{1H}. OkcnepuMeHTbI N0 3MepeHnio BpeMeH penakcauun T1 n T2. IamepeHune BpeMeHn
penakcauum Bo Bpallatouencsa cucteme koopamHat T1p.

Tema 11. Mpoueccbl xuMnyeckoro obmeHa
YCTHbIA ONpoC , NPYMEPHbIE BOMPOCHI:

N3mepeHmne ckopocTu xummnyeckoro obmeHa H—D. OnpeneneHre 3awmTHbIX (DakTOPOB aMUAHbIX
MPOTOHOB. V3y4yeHre BbICOKOAMMNINTY AHbIX MPOLECCOB PACKPbITUA-3aKPbITUS 6ENKOBOM rNobynbl.
SKkcneprMeHTanbHOE N3y4eHne MexaHM3Ma pasBopadnBaHns benka.

Tema 12. AMP B nayyeHUn MonekynspHbiX KOMMNJEKCOB
KOHTponbHas paboTa , NpUMepHbie BONPOCHI:

BbInonHNTL OTHECEHMEe cnekTpAbHbIX NnHMIA cnekTpos AMP COSY, TOCSY, HSQC, HMBC ans
npennoxexoix gunentmnoos GA, GS.

YCTHbI onpoc , NpYMepHble BONPOCHI:

AMP B n3y4eHnmn KOMNNeKcoB cnabo cBaA3biBaeMbIX MraHaoB. MeTobl, OCHOBaHHbIE HA NepeHoce
A30. lNepeHoC Kpocc-KoppennmpoBaHHON penakcaumm n octatodHbix KB B paBHOBeCUM Mexay
cB0OOOHBIM 1 CBSA3aHHOM cocTosiHusMU. MeToabl AMP-cKprHUHra B noucke BUonormyeckn akTMBHbIX
COoeVUHEHUN.

Tema . UToroBas coopma KOHTpons

[MprMepHble BOMPOCHI K 3a4eTy:
[MprMepHble BonpocChl TecTa:

1) Ha kakux sppax HabnopatoT ssneHme AMP?
a) Ha Bcex aapax

b) Tonbko Ha NpoToHax

c) Ha sapax 1THn 13C

d) Ha aapax ¢ HEHYNEBbIM CMNHOM

e) Ha sgpax 1H, 13C n 15N

)
)
)
2) Kak BnusieT yBenmyeHme MonekynspHoi maccol 6enka Ha popmy nuHum curHana AMP?
a) NPMBOONT K YMEHbLWEHNIO aMNInTyAbl CUrHana
b) Bnnsiet xopouwo
C) NPUBOAMT K YBEIMYENIO MHTEHCUBHOCTN CcuUrHana
d) NpMBOONT K HANOXEHWNIO CNEKTPanbHbIX TMHUA OpYr Ha opyra
€) NPMBOOUT K YIWMPEHWIO CNEKTPanbHbIX TMHUNA
3) Kak Ha3blBaeTCsa gmarpamma Ha KOTOpOW OTpaxarTCs paspelleHHble KOHghopMaLmm
aMUHOKUCNOT B benke?
a) onarpamma Apgbakca
b) onarpamma PakmavyaHopa
C) Amarpamma paspeLeHHbIX KOHhopMauui
d) amarpamma PamavyaHopaH
e) anarpamma 'mbbca
)
)

4) Bokpyr Kakux CBA3ei B NOAMNENTUAHONM LLenu NpoucxoauT BpatweHue?
a) BOKPYr NenTuaHbIX CBA3ewn
b) Bokpyr cesi3ent N-Ca snep
c) sokpyr ceazdenn CO-N anep
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d) Bokpyr cesa3ennt Ca-CO anep
e) sBokpyr cesa3ert N-CO anep

5) Kakyto nHopopMaLmio MOXHO M3BNeYb N3 KOHCTAHT CMH-CMMHOBOro B3aMMOAencTBna?
a) onpenennTb KOHGPOPMAaLMIO LIMCC UK TPpaHC

b) 3HaYeHNs CNMHOB B3aMMOAENCTBYIOWMX SOeP

C) OLUEHUTb 3HaYeHMe OBYrpaHHOro yrna

d) oueHNTb paccTosiHMe MeXy B3avMOLENCTBYOWMMI NPOTOHAMM

€) KOHCTaHTy XMMmn4yeckoro obmeHa

a) BOOOPOAHbIE MexX Ay NOANNENTULHLIMU HUTAMU

b) nenTnoHble MeXay aMMHOKMCNOTaMn

c) BogopoaHble mexay -NH- n -CO- rpynnamum

d) rmopodobHble Mexay panukanamm aMMHOKUCHOT

7) BropnyHas cTpykTypa monekynbl 6enka nmeet popmy
a) knybka

b) cnnpanu

C) ABOMHOW cnupanu

)
)
)
)
)
)
)
)
6) Kakume cBs3u onpeaenstoT NePBUYHYIO CTPYKTYPY Monekyn b6enka
)
)
)
)
)
)
)
)
d) HUTK

7.1. OcHOBHas nuTeparypa:

1. KBaHTOBas MexaHuka 1 KBaHToBas XMMns : y4ebHoe nocobue : Ans CTyOEeHTOB BbICIMX Y4EOHbIX
3aBefeHniA, obyyarowmxcsa no cneunansHocTn BMNO 020101.65 "Xumuna" / A. U. Epmakos.? Mockaa:
lOpaiit, 2014 .? 555 c.

2. Ceprees, H. A. OcHOBbI KBAHTOBOW TEOPUW SAEPHONO MarHUTHOrO pe3oHaHca: MoHorpadums / H.
A. Ceprees, [. C. PabywkuH. - M. : Iloroc, 2013. - 272 c. - ISBN 978-5-98704-754-5
http://znanium.com/catalog.php?bookinfo=469025

3. Oumutpues, A. . Buoxmmns [SnekTpoHHbI pecypc] : YuebHoe nocobue / A. . Oumntpues, E.
L. Ambpocbesa. - M. : Iapatenbcko-Toprosas kopnopaums "Hawkos 1 K-", 2012. - 168 c.
http://znanium.com/catalog.php?bookinfo=415230

7.2. lononHutenbHasa nuteparypa:

1. James Keeler, Understanding NMR Spectroscopy, University of Cambridge, Department of
Chemistry, Published by John Wiley & Sons, 2010

http://www-keeler.ch.cam.ac.uk/lectures/index.html
http://rsc.anu.edu.au/~go/lectures/CHEM3204/Keeler_chapters.pdf

2. Roger S. Macomber, A Complete Introduction to Modern NMR Spectroscopy
http://ftp.kdis.edu.cn/211-xkkr-04/doc/fineCourses/A%20Complete%20Introduction%20t0%20NMR%20Spe

7.3. UHTepHeT-pecypcChl:

Biological Magnetic Resonance Data Bank - http://www.bmrb.wisc.edu/

Nuclear magnetic resonance spectroscopy of proteins -
http://en.wikipedia.org/wiki/Nuclear_magnetic_resonance_spectroscopy_of proteins

Protein NMR. A Practical Guide. - http://www.protein-nmr.org.uk/

Structural Biochemistry/Proteins/NMR Spectroscopy -
http://en.wikibooks.org/wiki/Structural_Biochemistry/Proteins/NMR_Spectroscopy
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Structure Determination of Proteins with NMR Spectroscopy -
http://www.cryst.bbk.ac.uk/PPS2/projects/schirra/html/home.htm

8. MatepuanbHo-TexHM4Yeckoe obecrneyeHme oUCLMMINHBI(MOAYNS)

OcBoeHMe ONCUMNINHBI "SaepHbIA MarHUTHBIA pe3oHaHC buonormyecknx o6 bekToB" npennonaraeT
NCMONb30BaHNE CNeyOWEro MaTepuanbHO-TEXHNYECKOro obecneyeHns:

MynbTumMeguiiHas ayantopus, BMECTUMOCTbIO bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMOWN yNpaBneHns, OCHaLWeHHas
COBPEMEHHBIMM CPeacTBamMy BOCMPOU3BEAEHNS 1 BU3yannaaumm nobo Bnaeo n ayamo
NHpopMaLUK, NONy4EeHNS 1 Nepenadn dNeKTPOHHbIX JOKYMEHTOB. TnoBas KoMnnekTaums
MyNbTUMEAVNIAHON ayanTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTOPa, aBTOMAaTU3NPOBAHHOIO
MPOEKLMOHHOr0 9KpaHa, akyCTMYECKON CUCTEMBI, a TAKXe MHTEPAKTMBHOW TPpMOYHbI MpenonaBaTens,
BK/OYaoLWen Ta4-CKPUH MOHUTOP C AnaroHasnbio He MeHee 22 OI0MOB, NepCOoHaNbHbIn KOMMbIOTEP
(C TexHU4ecknMm xapaktepuctmkamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHdpepeHL-MUKPOOoH, 6ecnpoBoaHOM MUKPOMOH, 610K ynpaeneHus 060pynoBaHNEM, UHTEPGEACHI
noakntoyeHms: USB,audio, HDMI. HTepakTnBHas TpnbyHa npenofnasaTens SBnsetcs KNo4YeBbiM
9NEMEHTOM yrnpaBneHns, 06 beANHAOWNM BCE YCTPONCTBA B €AMHYIO CUCTEMY, N CNYXUT
MONHOLUEHHbIM paboynm MecToM npenogasartens. lNpenonasatenb MMeET BO3MOXHOCTb NIErko
yrnpaBnsiTb BCE CUCTEMOW, HE OTX0AS OT TPMOYHbI, YTO MO3BONSIET NPOBOAMTDL NEKLUMN, NPaKTUYecKne
3aHATUSA, Npe3eHTaumm, BebrHapbl, KOHEPEHLMN 1 Opyrie BUabl ayAMTOPHON Harpy3km
oby4yarowmxcs B yooOHON 1 AOCTYNHOW ONsi HUX POPME C MPUMEHEHNEM COBPEMEHHbIX
MHTEPaKTMBHbIX CPEACTB 0Oy4eHMs, B TOM YMCne C MCNONb30BaHMEM B poLecce oby4yeHns Bcex
KopnopaTusHbIX pecypcoB. MynbTumMeguinHas ayautopums Takxke oCHaleHa WupPOoKOrnonoCHbIM
LOCTYrNOM B CE€Tb MHTEpHET. KoMnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NIMLLEH3NOHHOE NPOorpaMMHoOe obecneyeHue.

KomnbtoTepHbIl knacc, npeacraensowmii coboi paboyee Mecto npenogasaTtens n He meHee 15
paboymx MECT CTYAEHTOB, BK/IHOYAIOLWMX KOMMbIOTEPHbIN CTON, CTYN, NEPCOHANbHbIA KOMMbLIOTEP,
NVLEH3MOHHOE NporpaMMHoe obecneyeHre. Kaxablii KOMAbIOTEP MMEET WNPOKOMONOCHBIA JOCTYN B
ceTb NHTepHeT. Bce koMnbioTepbl NOAKNOYEHbI K KOPNOpaTMBHON KOMMboTepHON ceTn KDY n
HaxoO4sTCs B €4MHOM OOMEHe.

MynbTumMeguiiHas ayantopus, BMECTUMOCTbO bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMOWN yNpaBneHns, OCHaLlWeHHas
COBPEMEHHBIMM CPeacTBamMy BOCMPOU3BEAEHNS 1 BU3yannaaumm nobo Bnaeo n ayamo
NHpopMaLUK, NONyY4EHNS 1 Nepenayn dNeKTPOHHbIX JOKYMEHTOB. TnoBas KoMnaekTaums
MyNbTUMEANIAHOM ayaNTOPUN COCTOUT U3: MyNbTMMEAMIAHOIO NPOEKTOpa, aBTOMaATU3NPOBAHHOIO
MPOEKLMOHHOr0 9KpaHa, akyCTMYECKON CUCTEMBI, a TAKXe MHTEPAKTMBHOW TPpMOYHbI MpenonaBaTens,
BK/IOYaoLWen Ta4-CKPUH MOHUTOP C AnaroHasnbio He MeHee 22 OI0MOB, NepCOHaNbHbIA KOMMbIOTEP
(c TexHnyecknmm xapaktepucTtukamm He Huxe Intel Cre i3-2100, DDR3 4096Mb, 500Gb),
KOHpepeHL-MUKPOOOoH, 6ecnpoBofHOM MUKPOMOH, 610K ynpaeneHus 060pynoBaHNEM, UHTEPGECHI
nonokntodeHms: USB,audi, HDMI. MHTepakTnBHas TpubyHa npenonaeartenst ABNsSeTCs KNYEBbIM
9NEMEHTOM yrNpaBneHns, 06 beANHAIOWNM BCE YCTPONCTBA B €AMHYIO CUCTEMY, N CNYXUT
MONHOLUEHHbIM paboynm MecToM npenonasartens. Npenonasarenb UMeET BO3MOXHOCTb NErko
yrnpaBnsiTb BCE CUCTEMOWN, HE OTXOAS OT TPMOYHbI, YTO MO3BONSIET NPOBOAMTDL NEKLUN, NPaKTU4eckne
3aHATUSA, Npe3eHTaumm, BebrnHapbl, KOHEPEHLMN 1 Opyrie BUabl ayAMTOPHON Harpy3km
oby4varowmxcs B yooOHON 1 AOCTYNHOW ONsi HUX POPME C MPUMEHEHNEM COBPEMEHHbIX
MHTEPaKTMBHbIX CPeACTB 0Oy4eHMs, B TOM YMCNE C MCMONb30BaHMEM B NpoLecce 0byyeHns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeoninHas ayautopus TakXke oCHaleHa WupPOoKOrnonoCHbIM
LOCTYNOM B CeTb MHTEepHET. KoMnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NIMLLEH3NOHHOE NPOrpaMMHoOe obecneyeHue.

Mporpamma cocTtasneHa B cooteeTcTeum ¢ TpebosaHnsmm ®rOC BIMO 1 y4ebHbIM nnaHoM no
HanpasneHuio 03.04.02 "®dusuka" n maructepckon nporpamme MeguumHckasa ousmka .
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