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MporpamMma aMcumnninHbl "SaepHo-MarHnTHbI pesoHaHc buonornyecknx o6bekTos"; 011200.68 dusmka; npodpeccop, 4.H. (AOLEHT)
Unbscos K.A. , XalipytanHos B.U.

Mporpammy ancumnnnHbl paspaboTan(a)(n) npodpeccop, o.H. (ooueHT) Nnbsicos K.A. Kadgenpa
obwei pnsnkm OToenenHne cmamku , Kamil.llyasov@kpfu.ru ; XapytamnHos 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

HaHHas yuebHas aucuunnnHa BkntodeHa B pasgen " M1.[B.2 ObweHay4yHbli" OCHOBHOWA
obpasoBaTtenbHol nporpammbl 011200.68 duanka 1 0THOCKMTCS K AUCUUMNANHAM MO BbIOOPY.
OcBauBaetcs Ha 1 kypce, 2 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:

PacwudcpoBka
LLincpp komneteHumu npuobpeTaeMor KoMneTeHLUn
OK-1
CNOCOBHOCTBLIO AEMOHCTPUPOBATL YriNybneHHble 3HaHNS B
(OBuwekynbTypHbie obnactu MmateMatuky N eCTECTBEHHbIX HayK
KoMMeTeHuunn) y
AK-1 CnocobHOCTbIO CBOOOAHO BNaneTb PyHOAMEHTaNbHbIMU
MU Pn3nKN, HEOOXOANMbIMUK AN peLl
(NMpodpeccmoHanbHble pasnenamy dusmky, Heobxon AN PELIeHIA o
KOMMETEHLIN) Hay4HO-1CCneloBaTeNbCKIX 3anad (B COOTBETCTBMM CO CBOEW
MarncTepcKom nporpammon)
MNnK-2 CNOCOBHOCTBIO UCMOMNb30BaTh 3HAHUS COBPEMEHHbIX NPO6NEM
(npodheccunoHanbHble PM3MKN, HOBENWKX OOCTUXEHUA OU3NKM B CBOEN
KOMNeTeHLmm) Hay4YHO-MccnenoBaTeNbCKON OesATeNIbHOCTY
CNocobHOCTbIO UCMONb30BaTh CBOHOAHOE BNaneHne
AK-5 npodheccrnoHanbHO-NPOMIMPOBAHHBIMU 3HAHNSIMK B 0bnacTu
NH MaLMOHHbIX TEXHOMOMNA, COBPEMEHHbIX KOMMbIOTEPH
(npodheccunoHanbHbIe cpopmaL1o exHonoriv, cospeme OMMbIOTEPHEIX
KOMMETEHLN) ceTei, NporpaMMHbIX MPOAYKTOB M pecypcoB VIHTepHeT ans
peleHns 3a8a4 npogeccnoHanbHoOm 4eaATeNbHOCTU, B TOM
ymcne HaxoL4AWMXCS 3a npegenamm NPOUIbLHON NOLATrOTOBKM
MK-6 CNOCOBHOCTLIO BNafeTb pasaenamm on3nkn, He0HXoaNMbIMM
(npodheccunoHanbHble ONS peleHns Hay4HO-UHHOBALMOHHbIX 32424 (B COOTBETCTBUM C
KOMNeTeHLmm) npodomnem NoAroToBKW)
nK-7 cnocobHOCTbIO CBOOOAHO BNaaeTb NPOECCMOHabHbIMM
(npodheccunoHanbHbie 3HaHUSAMU ONS aHanM3a u CnHTe3a PU3n4eckon nHgopmaunm
KOMreTeHuun) (B COOTBETCTBUM C NPOCOUIEM NOArOTOBKN)
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MporpamMma aMcumnninHbl "SaepHo-MarHnTHbI pesoHaHc buonornyecknx o6bekTos"; 011200.68 dusmka; npodpeccop, 4.H. (AOLEHT)
Unbscos K.A. , XalipytanHos B.U.

B pesynbtate 0CBOEHUS ONCUMMNUHBI CTYAEHT:
1. QONXeH 3HaThb:

ocHoBbl AMP cnekTpockonuu, B3anMooencTeme 31eKTPOMarHUTHOO U3Ny4EeHUs C BELWECTBOM,
npuHUMNbl nony4yeHns SIMP cnekTpoB BbICOKOro paspeLlleHns

2. DONTXEH yMeTb:

NHTEpPNpPeTUpoBaThb aKkcnepumeHTanbHblie AMP crnekTpbl, BbINONHATL OTHECEHME CMEKTPanbHbIX
NNHWIA ANA NPOCTbIX NEnTUO0B

3. OONIXEH BnafeThb:
HaBblkaMu paboTbl co cnekTpamu AMP

4. nONXeH OEeMOHCTPUPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:
NPUMEHATb NONYy4YEeHHble 3HAHWNS Ha NPaKTNKe

4. CTpyKTypa 1 cogepxaHue AUCLMUNIUHBI MOAYNS
Obwas Tpya0eMKOCTb ANCLIMMNIIMHBI COCTaBNSET 4 3a4eTHbIX(ble) eanHuL(bl) 144 yaca(os).
dopma NPOMEXYTOYHOr0 KOHTPONS AMCUUNIANHBI 3K3aMeH BO 2 CEMECTpeE.

CyMMapHo no AMcumnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCcTBO ANs AOMnycKa K 3a4eTy
28 6annos.

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

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

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

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

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl No gucuunnmHe/ MOAynto
TemaTtnyeckun nnaH gUCUUNIUHbI/MOAYNS

Bugabl n yachbl
Pasgen ayauTopHOM paboThbl,
Hepens UX TPYAOEeMKOCTb Tekywme coopmbl
N .DMKIILI.VIHJ"I.IV;IleI/ CemecTp o vectpa (B vacax) ‘{(ompaﬂp
ony Nex ImI'Ipal(wmecl(meJ1a6oparop|-u:|e
L 3aHATUA paborbl
Tema 1. BeeoeHue B
1 Iweton SMP 2 1 2 0 0
Tema 2. OcHosbl AMP
2. crnekTpockonus 6enkos 2 2 2 2 0
Tema 3. AMP
a30TUCTbIX OCHOBaHUM n
HYKNeoTUOOB.
Mpurotoenexve
3. |obpasuos AMP 2 3 2 0 0
a30TUCTbIX OCHOBaHUM n
HYKNeoTOOB.
Mpurotoenexve
obpasuos..
Tema 4. Metoabl 2D
4. CMNeKTpocKonmn 2 4 2 2 0
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MporpamMma aMcumnninHbl "SaepHo-MarHnTHbI pesoHaHc buonornyecknx o6bekTos"; 011200.68 dusmka; npodpeccop, 4.H. (AOLEHT)
Unbscos K.A. , XalipytanHos B.U.

Buabl n yachbl
ayauTopHOM paboThbl,

Pasnen
Henens MX TPy A0EMKOCTb Tekywume copmbl
N .D.ulc\:nuunlv;nbll Cemectp|, - cTpa (B uacax) ‘I'( ompg; ﬂp
ony Nek ImI'IpaKTw-leCI(l/leJ1a60pa1'op|-||>|e
u 3aHATUSA pa60TbI

Tema 5. Metoabl 3D
. CneKTpockonum 2 5 2 0 0

Tema 6. PekoHcTpyKLUS

CTPYKTYpPbl U3 CNEKTPOB
6. aMP 2 6 2 2 0

Tema 7. KOHCTaHThI

CMWH-CNUHOBOI0 1
7. OVnonb-4ANNoNbHOro 2 / 2 0 0

B3aMMOOeNCTBMA

Tema 8. Cnocobbl
g |opveHTpoBaHms > 8 5 5 0

6riomonekyn B
aHU30TPOMHbIX cpeaax

Tema 9. OcobeHHOCTH
9. |cnekTpos AMP 2 9 2 2 0
HYK/IEMHOBbIX KCNOT

Tema 10. iIMP B
N3y4yeHumn
OUHaMMNYyecKnx CBOMNCTB
6riomonekyn

Tema 11. MNpouecchbl
1 1'XI/IMI/I‘-IeCKOI'O obmeHa 2 11 2 2 0

Tema 12. iIMP B
N3y4yeHumn
MONEKYNSAPHbIX
KOMMIEKCOB

Tema 13.
13.|CnekTtpockonua AMP 2 13 2 0 0
KpYnHbIX Briomonekyn

Tema 14. HoBble
METOLbl N NEPCNEKTUBDI
‘Ipazsutua AMP
6romonekyn

Tema . UTorosas 5 0 0 0 3K3aMeH
doopma KOHTpons

NTtoro 28 12 0

10.

12.

14

4.2 CopepxaHue ANCLUMIUHDI
Tema 1. BeepeHue B meton SMP
JNleKLLMOHHOe 3aHsiTue (2 4aca(os)):

BeleHue B ocHoBbl MeTona AMP. Kpatkas ncropus metona. OCHOBHble 06n1acTu NpUMEHeHNs
METOA0B MarHMTHOro pe3oHaHca B Gronorun n MeguumHe. Viamepsiemole napametpbl AMP.

Tema 2. OcHoBbl AMP cnekTpockonusi 6enkos
JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

KETPOHHBH
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MporpamMma aMcumnninHbl "SaepHo-MarHnTHbI pesoHaHc buonornyecknx o6bekTos"; 011200.68 dusmka; npodpeccop, 4.H. (AOLEHT)
Unbscos K.A. , XalipytanHos B.U.

MepBble NONbITKM 3MePeHNst cnekTpoB 6enkoB. OCHOBHbIE Pa3nnyns MeX Oy NOBELEHNEM MasbiX U
6onbwux monekyn. Bpems koppensuny BpawatenbHoi Auddpy3nm Monekysbl. 3aBUCUMOCTb
penakcaLMOoHHbIX NapaMeTpoB OT pa3Mepa MONEKYN U BEANYNHBI MAarHUTHOro nNong. 9gaexkT
KOMbLIEBbIX TOKOB 1 €ro ponb B crnektpax AMP 6uomonekyn. CTepeoxnMmnsi aMMHOKUCIOTHbIX
ocTaTkoB. AMUHOKMCIOTHAs nocnenoBaTenbHocTh 6enka. MNepBrnyHas, BTOpUYHas n TpeTnyHas
cTpykTYypbl 6enka. HomeHknatypa IUPAC nonunenTuaHoii uenm n 60KoBbIX OCTaTKOB aMUHOKMCNOT.
O603Ha4YeHNst anaapanbHblX YrioB, atoMoB 1 rpynn. Knaccudomkaums OCHOBHbIX 91EMEHTOB
BTOPWYHOW CTPYKTYpbl NonMnenTuaHbix uenei. Cnupanu (310, anbgoa n nn), 6eTta-nncTbl
(napannenbHble 1 aHTUNapannenbHole), b-n3rmbbl. JonycTMble KOHGOPMALMN aMUHOKMUCIOTHBIX
0CTaTKoB

npakTnyeckoe 3aHsitne (2 4aca(os)):

MpuroTtoBneHme obpasua ons AMP aHanmsa, Ha npumepe ounentuaa. Pacyet HaBecku n
KOHLEeHTpauun ons ctaHgapTHoin AMP amnynbl 5MM 06 beMoM 600MKN UCXOAS U3 3HAHUS
MonekynspHoi maccel nentunaa. Pactoputens D20 10%, H20 90%.

Tema 3. AMP a30TUCTbIX OCHOBaHUM U HyKneoTuaos. MpurotoeneHue obpasuos AMP
a30TUCTbIX OCHOBaHU U HyKneoTtuaos. MpurotosneHne o6pas3LoB.

JNleKuMoHHoe 3aHsiTne (2 4yaca(os)):

A30TMCTblE OCHOBaHNS, HYKNEeo3nabl U HykneotTuabl. PoccoanachmnpHbie CBA3M U 0bpasoBaHme
NONMHYKNeoTnaHoM uenun. PnboHyknenHosble kncnotbl (PHK) n neaokcnprnboHyknenHoBbie KUCNOThI
(OHK). KomnnemeHTapHble ocHoBaHus 1 obpa3oBaHue asoviHow cnvpanu OHK. CtpykTypHble
Bapvaumm yknagky nonnHykneotngHon uenn ? A, B n Z-cpopmbl. Baanmonenctens B Guomonekynax.
BaH-nep-Baanbcoso Bzanmonenctene. BoooponHas cBSA3b. dnekTpocTatnyeckme B3arMogencTams.
MmapodhobHble B3anmonencTaus. MpuHUMnbl CTPYKTYPHO opraHuaaummn buomonekyn. TpebosaHus,
npenabsBnseMble K 0bpa3suy benka ons uccnenoBaHuini Metonom cnektpockonum AMP. Obwne
npeacTaBneHns o buocunHTese cuHTese benka. Akcnpeccust 6eNKoB B KNETOUYHbIX U BECKNETOYHbIX
ycnosusx (E.coli, metunotpodpbl, ranuepotpodbl, CHO, cell-free system). Cpenbl ons sbipawmnsaHus
knetok. MictouHnkm naotonos 15N, 13C n D. BoigeneHune n ounctka 6enkos. Ounctka METOLOM
agodomHHOM xpomaTorpadmm Ha Ni-NTA arapose. Onektpodoopes B [MAAl. MeTtoabl npenapaTtnBHOR
MOHOOOMEHHOI XpomaTorpacdcum.

Tema 4. Metoabl 2D cnekTpockonuu
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

NHdopmaums, nonyyaemas ns ogHomepHoro crnektpa AMP 6uomonekynbl. Metonbl 2D
cnektpockonum ? COSY, TOCSY, NOESY n ROESY. MeTtoabl retoposioepHoO KOppensiumm,
OCHOBaHHble Ha aetekTuposaHun curHanos 1H - HMQC, HSQC n HMBC. Metoapbl 2D
cnekTpockonun B ndydeHmmn Hebonblmx 6enkos (<10 ka). ioaeHTndgukaumsa Tunos
aMWHOKNCNOTHbIX ocTaTkoB no cnektpam COSY, TOCSY n 1H-13C HSQC. Metoa
nocnenoBaTtenbHoOro otHeceHns. OTHeceHme oparMeHToB 6enka, coaepXalmnx NPOavH.
npakTnyeckoe 3aHsitne (2 4aca(os)):

3HaKOMCTBO C YCTPOMCTBOM M OCHOBHbIMU y3namun AMP cnekTpomeTtpa Bruker Avance Il 600.
HacTtpoiika cnektpomeTpa: HacTporika 0AHOPOLHOCTM MarHUTHOro Nons, BO6OTHOCTU pe3oHaTopa,
CUCTEMBI CTabMNN3auun N3MEPEHINIA, pErynnpoBka TemMnepartypbl. 3anncb OOHOMEPHbIX CNEKTPOB
AMP.

Tema 5. Metoabl 3D cnekTpockonuu

JNleKL,MoHHoe 3aHsiTne (2 4yaca(oB)):

Metoabl 3D cnekTpockonun, oCHoBaHHbIe 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 akcnepumeHtol HNHA n HNHB. 'eteposinepHblie Mmetonbl IMP B
n3yy4eHnmn 6enkoB, MeveHHbIx n3otonamm 13C n 15N. NocnegoBatenbHoe oTHeCeHWEe 6enKoBOo Lenm
Ha ocHoBe akcnepumeHToB HNCA, HN(CO)CA, HNCO, HN(CA)CO, HNCACB, CBCA(CO)NH.
MeTonbl KOMNbIOTEPHOr0 aHannaa reteposaepHbix akcnepumeHtos. Metoabl HNHAHB u
HBHA(CO)NH nns otHeceHusi curHanos 1H. MeToabl 0THeCeHUs 6OKOBbIX 3aMecTuTenei
amunHokucnoTHblx octatkoB: HCC(CO)NH n HCCH-TOCSY.

Tema 6. PeKOHCTpYKLUS CTPYKTYpbl U3 cnektpos SAMP

neKuMnoHHoe 3aHsiThe (2 yaca(os)):

KTPOHHEBH
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MporpamMma aMcumnninHbl "SaepHo-MarHnTHbI pesoHaHc buonornyecknx o6bekTos"; 011200.68 dusmka; npodpeccop, 4.H. (AOLEHT)
Unbscos K.A. , XalipytanHos B.U.

NHaeke xmMmMmnyeckux caBuroB 1 onpeaeneHne BTOPUYHOM CTpyKTypbl 6enka. Ctatuctnyeckume
noaxonbl K onpeneneHno onyCTUMbIX 3HAYEHUA TOPCUOHHDBIX YrnoB ¢ 1 Y. CTepeocneumndunyeckoe
OTHECEHMWE CUrHaN0B METUNEHOBbLIX MPOTOHOB B 3-MOMOXEHUN U METUNMbHBIX FPYMNMN OCTAaTKOB BannHa
n nenumHa. OnpenenexHne N3 akcnepmmeHToB AMP 0onyCcTUMbIX 3HaYEHUIA TOPCUOHHbIX YrOB ¢, Y,
X1 1 x2. AHanua cnektpos NOESY n onpeneneHvne MexbanepHbix pacctosaHuin. 4D cnektpockonus
SAMP kak Meton ycTpaHeHUs HeornpeneneHHoOCT B OTHECEHNN MEXbSAOEPHbIX 3PIDEKTOB
Osepxayaepa. [NonyyeHne aHanornyHon nHcpopmaumm na 3D cnektpoB 1H-15N HSQC-NOESY un
1H-13C HSQC-NOESY. NtepaunoHHas npouenypa oTHeceHua A90 B npouecce pacyeTta
CTPYKTypbl 6enka. MeTtoabl aBToMaTnyeckoro otHeceHmst 490 B cnekTpax NOESY. Habop
OrpPaHUYeHNA Ha MEXbALEPHbIE PACCTOSHUS N TOPCUOHHbIE YTIibl - OCHOBA CTPYKTYPHbIX
nccneposaHuim metogom SAMP. Meton oucTaHUMOHHOM reoMeTpun B KapTesnaHCKmx KoopamHaTax un
NPOCTPaAHCTBE TOPCUMOHHbIX YrNoB. Knaccuko-mMexaHnyeckoe onnucaHme MexbaaepHbix
B3aMMoOenCcTBuin. Bknan OMCTaHUMOHHbBIX M TOPCUOHHBIX OFPaHNYEeHWi B MOMHYKO SHEPIU0 CUCTEMDI.
MeTtoabl MUHUMU3aLMK aHeprun. Mpobnema HaxoxaeHns rnobanbHOro MuHUMyMa. MonekynsipHoi
ovHamuka. Meton MenneHHoro otxura (simulated annealing) kak cnocob HaxoXxaeHusi rnobanbHOro
MUHUMYMa 3Heprum cuctemMbl. OCHOBHbIE KOMMbIOTEPHbIE MPOrpaMMmbl, NCNOMb3yeMble ANS pacyeTa
CTPYKTypbl 6uomMonekyn metonoM AMP. CTpyKTypHble NCCNEAOBaHNS KOHGPOPMALMOHHO NOABUXHbIX
nenTuaos.

npakTnyeckoe 3aHsitne (2 4aca(os)):

3anncb OBYMEpPHbIX FOMOSAEPHbIX KOppensunoHHbix cnektpos AMP: COSY, TOCSY.
Tema 7. KOHCTaHTbI CMIUH-CMMHOBOIO U AUMNONb-AUMNO/IbHOrO B3aUMOAEeNCTBUS
JNleKLMoHHoe 3aHsiTne (2 4yaca(oB)):

Meton HMBC B noeHtTudukauum coCToaHNS MMMAA30/bHOro KonbLua ructngnHa. NsyyeHuve
KOHCTaHT MOHM3auun KapboKCUNbHbIX FPYnn acnaparMHOBOM 1 rNyTaMUHOBOW KMCNOTbl. OCTaTo4YHble
KOHCTaHTbl AMNONb-ANMNONbHOr0 B3aUMOAENCTBUS, KaK MCTOYHUK MHAGpOpMaLMM 06 opueHTauum
MONeKyn B MarHuTHom none. MpumeHenune KO OB ona pacyeta CTpykTypbl Griomonekyn.

Tema 8. Cnoco6bl opueHTUpOoBaHUs 6UOMONEKYN B aHU3OTPOIHbIX cpepax
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

MeToabl onpeaeneHns 0CTatoYHbIX KOHCTAHT OMMNOMb-AUNONbHOro B3anmoaenctams. Cnocobbl
OPUEHTNPOBaHUS BUOMONEKYN B @aHM3OTPONHbIX cpeaax. OnpeneneHve opreHTauumn 6enkoBbIx
nomeHoB. CkanspHble B3aMMOLENCTBUS Yepesd BOAOPOOHYIO CBSA3b. OKCMEPUMEHTbI MO U3MEPEHUIO
koHcTaHT hJHN n hJHC yepes oaHy, oBe u Tpu cBa3n. KOHCTaHTbI Yepe3 BOAOPOAHYIO CBA3b B
HYKNEenHOBbIX Kucnotax, 6enkax n JHK-6enkoBbix komnnekcax.

npakTnyeckoe 3aHsitne (2 4aca(os)):

3anucb OByMeEpPHbIX reTeposaepHbIX KoppensaumoHHbix cnektpos AMP: HSQC, HMBC.
Tema 9. Ocob6eHHOCTH cnekTpoB AMP HyknenHoBbIX KUCNOT

JNleKLMOoHHoe 3aHsiTne (2 4yaca(oB)):

OcobeHHocTn cnekTpoB AMP HyknenHoBbIX KMCNoT. Jucnepcus xummyeckux casuros 1H.
KoHghopmaums pnbosHoro goparmeHTa. Likn nceBnoBpalleHns n onncaHne KoHGOPMaLUMOHHbIX
COCTOSIHUI oypaHO3bl. BuumHanbHble KOHCTaHTbI CNUH-CANMHOBOro B3aumogenctansa 1H-1H u
31P-31P. MeTtonbl onpeneneHnst KOHCTaAHT CMUH-CMMHOBOIO B3aMOLAENCTBUSA B HYK/TEMHOBbIX
kucnoTtax. Metoobl OTHECEHUS CUrHANIOB B OCTATKaX HYKNIENHOBbLIX KUCNOT 1 METOAObI
nocnepoBaTteNnbHOro oTHeceHus. Ctepeocneunduyeckoe otHeceHne curHanos H2' nu H2", H5' n
H5".

npaktnyeckoe 3aHsitne (2 4aca(os)):

3HakoMCcTBO € nporpammort Sparky ans aHannaa cnkektpos AMP. OCHOBHblE KOMaHAbI.
[MepekoauposaHue cnekTpos 13 popmara SAMP cnektpometpa Bruker B doopmaT nporpammbl
Sparky.

Tema 10. AMP B n3yyeHuMn pUHaMMYeCKMX CBOMCTB GMOMOneKyn

neKuMnoHHoe 3aHsiTne (2 yaca(os)):
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PacnpeneneHune 4acToT MONeKynsipHbIX ABUXeHUNn. MexaHuambl penakcaumn. Junonb-annonbHble
B3ammomencTaus. fomosaepHbIn agogoekT OBepxay3epa 1 ero CBs3b C MEXbALEPHBIM PACCTOSHNEM
N AMHAMNUYECKUMM CBOMCTBaMU MONeKynbl. MIamepeHune reteposaepHoro acpdpekta Osepxaysepa
X{1H}. OkcnepuMeHTbI N0 3MepeHunio BpeMeH penakcauun T1 n T2. IamepeHune BpeMeHn
penakcauum Bo Bpaulatouencs cucteme koopauHat T1p. DyHKUMSA CNEKTPaNbHON MNAOTHOCTU U
MeTOoLbl ee annpokcumMauumn ang cpepmnyeckon yactuubl. Bpems koppensumm spawarenbHOn
andpbpysum yactuusl Tm. MapameTtp ynopsoodeHHOCTH OBuxeHns S2. Bpemsa koppensauun
BHYTPEHHUX OBUXEHWIA TE.

Tema 11. Mpoueccbl xumMnyeckoro obmeHa
NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

N3mepeHmne ckopocTu xummnyeckoro obmeHa H—D. OnpeneneHve 3awmTHbIX (DakTOPOB aMUOHbIX
MPOTOHOB. V3y4yeHre BbICOKOAMMNINTY AHbIX MPOLECCOB PACKPbITUA-3aKPbITUS 6ENKOBOM rnobynbl.
SKkcneprMeHTanbHOE M3y4eHne MexaHm3ma passopadneaHns 6enka. ObMeH saep Mexay
NONOXEHMAMY C pasnMyHbIMK NamMopoBbiMK YacTotamu. ?Ring-flipping? 1 ero nposieneHue B
buonoruyecknx cuctemax. Baammopeiictemsa 6enok-nuraHa. CunbHoe n cnaboe B3anMoLeincTeme,
MEeLONEHHBIA 1 ObICTPbI 0OMEH MeX Ay CBA3aHHbIM 1 CBOOOAHBLIM COCTOSHUSMU. MeToAbl M30TOMHOW
domnbTpaumm N N30TONMHOrO PefakTMPOBaHNS B U3Y4EHUN KOMMNEKCOB CUNbHO CBSA3aHHbIX NMMraHaoB.
OcrtatouHble KO B B onpeneneHun opueHtTauum 6enok-nuraHa.

npaktnyeckoe 3aHsitne (2 4aca(os)):

AHanuna cnektpos AMP 1H, COSY, TOCSY, HSQC, HMBC. OTHeceHune cnekTpoB nccnenyemoro
nentnga

Tema 12. AMP B nsyyeHnu MoneKynsipHbiX KOMMNIeKcos
JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

AMP B n3y4yeHmmn KOMNNekKcoB cnabo cBa3biBaeMbIX NMraHaoB. MeToabl, OCHOBaHHbIE HA NepeHoce
A30. NepeHoc Kpocc-KoppenmpoBaHHOW penakcauumn n octatodHbix KB B pasHoBECUN MeX Oy
CBOOOIHBIM 1 CBA3AaHHOM cocTosHuAMU. MeToabl AMP-ckpuHmHra B noncke 6r1onornyeckm
akTuBHbIX coeanHeHnin. Meton SAR-by-NMR. Metoabl STD (saturation transfer difference) n
WaterLOGSY.

Tema 13. CnekTpockonus AMP KpynHbix 6uomonekyn
JNeKuMoHHoe 3aHsiTne (2 4yaca(oB)):

MpakTuyeckne acnekTbl M3y4yeHns buomonekyn metonom AMP. TpeboBaHuUs K 06BEKTY
nccnenoBaHus, 3atpatbl BpemeHu n cpencts. OCHOBHble HepocTatkm metoga AMP: Hu3kas
4yBCTBUTENBHOCTb, OFPAaHNYEHNE MONEKYNIAPHO MacChbl N3y4aeMblXx 0O bEKTOB, A/IMTENBHOCTb
akcnepumeHToB AMP. IMyTn npeoaoneHms ykasaHHbIX HegocTatkoB. MeToabl n3ydeHms 6onbwmnx
6romonekyn. HYactmyHoe nnm NonHoe NenTepupoBaHne, METObl CENEKTMBHOMO AeATEpPUPOBaHMIS 1
BBeeHusa nsotona 13C, metoapl SAIL (Stereo Array Isotope Labeling). Metoabl TROSY n
CRINEPT. Mpumepbl n3yyeHns KpynHbix 6noobbektoB Metogom AMP. MHoromepHble Metoabl AMP,
OCHOBaHHble Ha aeTekTupoBaHuy 13C B N3y4eHM KPYMHbIX N HEYNOPSA0YEHHbIX OENKOB.

Tema 14. HoBble meToabl U nepcnekTusbl pa3sutusa AMP 6uomonekyn
neKuMnoHHoe 3aHsiThe (2 yaca(os)):

MeTonbl AMP TBEepAoro Tena B U3y4eHun CTpyKTypbl U auHammky 6enkos. MeTonbl yCKOpeHUst
akcnepumeHToB AMP. BeicTpble umnynbcHble nocnenosatensHoctn (SOFAST, BEST). Metoabl
pas3psXeHHo Bbibopku (sparse sampling) 1 Noaxoabl, CNONMb3yeMble AN PEKOHCTPYKLMM
MHOrOMEpPHbIX CMEKTPOB. MeToabl PEKOHCTPYKUMKN Npoekunii. MeToabl CeNnekTUBHOro BO36yxaeHums
(Hadamard-cnektpockonus). Metoabl NpoCTpaHCTBEHHOroO KoanpoBaHus (spatial encoding, unn 2D
CMEeKTp 3a 04HO npoxoxaeHue). MNepcnekTuebl pa3suTns cnekTpockonun AMP 6uomonekyn.
dusnyeckne npuHumnnsl AMP Tomorpadoun. 'paaneHTbl MarHUTHOrO Nons N Nony4yeHne
NHGOPMaLMKN O NPOCTPAHCTBEHHOM CTPOoeHn obbekTa. MeToabl AeTeKTUPOBaHMS N3006paxeHus.
N306paxeHnsi, B3BeLEHHbIE N0 MHTEHCUBHOCTM curHana AMP v BpemeHam penakcaumm (T1 n T2).
MeTtogabl in vivo cnektpockonun AMP. CnekTpbl NPOTOHHOro pe3oHaHca. Cnektpbl AMP-31P u
[eTeKTUPOBaHNE SHEePreTU4ecKoro COCTOSHNS KNneTok opraHmama. Metoabl cnektpockonuun AMP in
Vivo 4ns gnarHoctuku 3aboneBaHuii, COCTOSIHMS OPraHoB 1 TKAHE U N3y4eHns MexaHn3ama
NEeNCTBMS NEeKapCTBEHHbIX Npenaparos.
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4.3 CTpyKTypa 1 copgepxaHume caMOCTOSITENIbHOM paboTbl AUCLUMINHBI (MOLYNISA)

Buabi
Hepens | camocTosiTenbHon [TPyA0eMKOCTb
cemecTpa pabortbl (B yacax)
CTYL,EHTOB
Ins
CaMOCTOATENBbHOIP
n3y4yeHus
npennaraercs
0630pHas 2 YCTHbI onpoc
cTaTb4,
HanucaHHasa nona
PyKOBOOCTBOM
Tema 1. BeeneHve B KpucTtnana I'p

" |[meton SAMP Mpennaraetcs
NpoYecTb
HeboNbLyto Hanncatb
OpUrMHanbHyo KpaTtkoe acce
Hay4HYy0 CTaTbto 2 Kak Bbl MOHSINN
Ha aHrMMNCKOM conepxaHve
A3blKe 1 3TOl cTaTbMm.
Hanucatb
KpaTtkoe 3

Ins
CaMOCTOSATENbHOIP
N3y4yeHns

npegnaraeTcst

Tema 2. OcHoBbl AMP -
2 2 Has

crnekTpockonusi 6enkos 0b3opHa 4 YCTHbI 0NpocC

cTarb4,
HanmcaHHas nog
PyKOBOOCTBOM
Kpuctunana I'p

Tema 3. AMP ons
a30TUCTbIX OCHOBAHWIA U CaMOoCTOATENbHOMP
HYKNeoTnaoB. N3y4eHns
MpurotoBneHne npeanaraeTcs
3. |obpa3zuos AMP 2 3 |ob30pHas 4 YCTHbI onpoc
a30TUCTbIX OCHOBAHWIA U cTatbs,
HYKNeoTnaoB. HanuncaHHas nog,
MpurotoBneHne PYKOBOACTBOM
06pasLo.. Kpuctunana INp

Ona
CaMOCTOSTENbHOrP
N3y4eHns
npepnaraetcs
2 4  |0630pHas 4 YCTHbI onpoc
cTatbs,
HanuncaHHas nog,
PYKOBOACTBOM
Kpuctunana I'p

dopMbl KOHTPONS
CaMOCTOSITeNIbHOW
paboTbl

N Paspen

JducumnnuHol CemecTp

Tema 4. MeTonobl 2D
CNeKTpocKonuu
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Buabi
Hepens | camocTtositenbHon [TpyAoeMKoCTb
ceMecTpa paboTbl (B yacax)

CTYAEHTOB

nOns
CaMOCTOSATENbHOMP
N3yyveHns
npennaraercs
0630pHas 4 YCTHbI onpoc
cTatbs,
HanucaHHas nog
PYKOBOACTBOM
Kpuctnana I'p

Lns

CaMOCTOATENIbHOIP

Tema 6. PekoHCTpyKLMSA n3yveHns

npepnaraetcst
6. ;TI\%KTypb' V3 CNekTpos 2 6 |ob630pHas 4 YCTHbI onpoc

cTarb4,
HanmcaHHas nog
PyKOBOACTBOM
BepHpa BaH b

Ons
CaMOCTOSATENBHOIP
N3y4eHuns
npepnaraeTcs
0630pHas 4 YCTHbI onpoc
cTaTtbs,
HanuncaHHas nog,
PYKOBOACTBOM
BepHoa Bax b

Lns
CaMOCTOSITENbHOIP
n3y4yeHuns
npennaraeTcs
0630pHas 4 YCTHbI onpoc
cTatbs,
HanncaHHasa non
PYKOBOLCTBOM
BepHnoa Ban b

Ons
CaMOCTOSATENbHOMP
N3y4eHns
Tema 9. OcobeHHoCTH npeanaraeTcs
9. [cnekTpos AMP 2 9 |ob30pHas 4 YCTHbIA onpoc
HYKNENHOBbIX KUCNOT cTatbs,
HanucaHHasa nog
PYKOBOACTBOM
BepHoa Bax b

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

N Paspen

JOucumnnuHbl CemecTp

5 Tema 5. MeTogbl 3D 5 5
" [cnekTpockonun

Tema 7. KoHCTaHTbI

2 |cnuH-cnuHosoro v 5 v
OMNONb-OUNONbHOIo

B3aMMoOencTens

Tema 8. Cnocobbl

g. |OPMEHTNPOBAHMS 5 8
" |buomonekyn B

aHN30TPOMHbIX cpenax
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Paspen
AdncumnnuHbl

CemecTp

Henens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKocTb
(B yacax)

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

10.

Tema 10. SIMP B
N3y4yeHun
LVNHAMUYeCKMX CBOMCTB
6riomonekyn

10

nOns
CaMOCTOSTENbHOT,
N3yyveHns
npennaraercs
0630pHas
cTatbs,
HanucaHHas nog
PYKOBOACTBOM
BepHoa Bax b

YCTHbIN onpoc

11.

Tema 11. Npoueccol
XmMmyeckoro obmeHa

11

Lns
CaMOCTOSATENbHOT
N3yyeHns
npegnaraercs
0630pHas

cTaTbs,
HanvcaHHas noj
PYKOBOACTBOM
lMpamonxom Ba

YCTHbIN onpoc

12.

Tema 12. AIMP B
N3y4eHuun
MONEKYNSAPHBbIX
KOMMMEKCOoB

12

Ons
CaMOCTOSTENBLHOT,
N3y4veHns
npennaraercs
0630pHas

cTatbs,
HanucaHHas nog
PYKOBOACTBOM
MNpamonxom Ba

YCTHbIN onpoc

13.

Tema 13.
Cnektpockonusa AMP
KpynHbIX Griomonekyn

13

Lns
CaMOCTOATENbHOr!
N3y4yeHns
npegnaraeTcs
cTaTbs,
HanmcaHHas nog,
PYyKOBOACTBOM
MeTepa
MoHTepTa: OnTn

YCTHbIN onpoc

14

Tema 14. HoBble
METOoLbl N NEepPCrneKTMBbI

‘Ipassutns AMP

6riomonekyn

14

Ons
CaMOCTOSTENBHOT,
N3y4yeHns
npennaraercs
0630pHas
cTatbs,
HanucaHHas
Mayn WaHpa:
IKCNepuMeHT
SOFAS

YCTHbIN onpoc

NTtoro

59

5. O6pazoBarenbHble TEXHONOrUU, BK/IOYAA MHTEPaKTUBHbIE hOpPMbl 06yUeHUs
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CrtpaHnua 11 n3 17.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

BAE
il YHH

ARl | AL O



MporpamMma aMcumnninHbl "SaepHo-MarHnTHbI pesoHaHc buonornyecknx o6bekTos"; 011200.68 dusmka; npodpeccop, 4.H. (AOLEHT)
Unbscos K.A. , XalipytanHos B.U.

JNleKUMOHHbIE 1 NPaKTUYECKMEe 3aHATUS NPOBOASTCS C UCMONb30BaHNEM MY/IbTUMEANAHOMO
KoMMekca, MO3BONSIOWEro HarnsaAHo nonyyatb CTyAeHTaM BCo HE0BX0AMMY0 MHGOPMALIMIO.
3aHsATUS NPOBOAATCS B MHTEPAKTMBHOM (HOPME, NMO3BOSISIOWENA CTYAEHTaM Nyyle ycBamBaTb
matepuan. B nekumsix yaeneHo 6onblioe BHUMaHWe pa3bopy KOHKPETHbIX CUTyauuii BO3MOXHbIX AJ1s
peanbHbIX KPUCTaNIMYecknx BewecTs. Kayectso obyyeHns OCTMraeTcs 3a c4eT MCNonb30BaHuUs
cnenyrowmnx goopM y4ebHon paboTbl: nekumnn (MCronb3oBaHne NPobneMHbIX cuTyaunii, pasbop
KOHKPETHbIX CUTyauuid), caMocTosiTenbHas paboTa cTyaeHTa (BbIMONHEHNE MHAVBUOYANbHbIX
LOMALWHMX 3a0aHWUI), KOHCYNbTaLMN.

6. OueHOYHble cpeacTBa AJisi TEKYLLLEro KOHTPOJISl yCreBaeMoCTu, MPOMeXYTOUHOM
aTTecTauum No UToram OCBOEHUs AUCLMMIMHBI U yYeOHO-MeToaMYeckoe obecneyeHune
CaMOCTOSsITe/IbHOW paboThl CTYAEHTOB

Tema 1. BeepeHue B metog AMP
Hanwncatb KpaTkoe acce Kak Bbl MOHSANN CoAepXaHne 3TON CTatby. , MPUMEPHbIE TEMbI:

B 0630pe 0TBETLTE HA Cnenytowme BONpock: YTo nccnenosanochb aBTopamu B ctatbe? Kakor
domsnyeckuin metog ucrnonbdosanca? Kak cerogHs knaccuuumpyoTcs OnucaHHbie B CTaTbe
CTPYKTypbl? Kakume CTpyKTypHble 0COBEHHOCTM UCCnenyeMoro ob6bekTa onncaHbl B ctatbe?

YCTHbIA ONpoC , NPYMEpPHbIE BOMPOCHI:

Kpatkas uctopusi metona. OCHOBHble 06n1aCTV NPUMEHEHNS METOA0B MAarHUTHOMO Pe3oHaHca B
6vonorun n meguumHe. Miamepsiemble napametpbl AMP.

Tema 2. OcHoBbl AMP cnekTpockonusi 6enkos

YCTHbI 0NpOoC , NPUMEpPHbIe BOMPOCHI:

OCHOBHbIE pasnuymsa Mexay noBegeHMeM Manbix 1 60nbWmNx Monekyn. 3aBUCUMOCTb
penakcaLMOoHHbIX NapaMeTpoB OT pa3mMepa MONEKyn U BENNYNHbI MarHUTHOro rnons. AMMHOKMCIOTHas
nocnenosatenbHoOCTb 6enka. MepBuyHas, BTopuyHag n TpetnyHas cTpyktypbl 6enka. O6o3HaveHms
AnaaparnbHbIX YrioB, atoMoB 1 rpynn. Knaccugoukaums OCHOBHbIX 9N1€MEHTOB BTOPUYHOM CTPYKTYPbI
nonunenTuaHbix uenen: Cnupanm (310, anbdha n nn), 6eTTa-NncTbl (NapannenbHble 1
aHTMnapannenoHbie), b-narnbsol.

Tema 3. IMP a3oTucTbix OCHOBaHWU U HYKNeoTuaos.. NMpurotosneHne obpasuos SMP
a30TUCTbIX OCHOBaHU U HyKNneoTuaoB. MpurotosneHne o6pa3LoB.

YCTHbI ONpOC , NPUMEpPHbIE BOMPOCHI:

A30TMCTblE OCHOBaHUS, HYKNeo3nabl U HykneotTuabl. PocdoanachmnpHble CBA3K U 0bpasoBaHme
NONMHYKNEeOTMAHONM uenun. PnboHyknenHoBble kucnotbl (PHK) 1 ne3okcrnpuboHyknemHoBbIE KUCOTbI
(OHK). KomnnemeHTapHble ocHoBaHUs 1 obpa3oBaHue aoiiHow cnvpann OHK. CtpykTypHble
Bapuauun yknagku nonvHykneotuaHom uenn ? A, B u Z-coopmbi.

Tema 4. Metoabl 2D cnekTpockonuu
YCTHbI ONpOC , NPUMEPHbIE BOMPOCHI:

WNHpopmaums, nonyyaemas n3 ogHomepHoro cnektpa AMP 6uomonekynbl. Metogpbl 2D
cnektpockonum ? COSY, TOCSY, NOESY. MeToabl reToposnepHoin Koppensaunm, OCHOBaHHbIE Ha
netektmposaHum curHanos HSQC n HMBC. Metoabl 2D cnekTpocKonum B U3y4eHnmn HebonbLumx
6enkoB (<10 k[a). Meton nocnenoBatenbHoro otHeceHns. OTHeceHne coparMeHToB Hernka.

Tema 5. Metoapbl 3D cnekTpockonuu
YCTHbI ONpOoC , NPUMEpPHble BOMPOCHI:

Metoabl 3D cnekTpockonun, oCHoBaHHble Ha koppenauuun aaep 15N n 1H. ConpsxeHne meToank
1H-15N HSQC (HMQC) c akcnepumeHtamn TOCSY, NOESY n ROESY. MeTtoapl
nocnenoBaTenbHOro oTHeceHus bonee KpynHoix 6enkos (8-16 k[a). SkcnepumeHT 1H-15N
HSQC-NOESY-HSQC. 3D askcnepumeHTsl HNHA 1 HNHB.

Tema 6. PeKOHCTpYKLUS CTPYKTYpPbI U3 cnektpos SAMP
YCTHbI ONpOC , MPUMEPHbIE BOMPOCHI:
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OnpepneneHne BTOpUYHOM CTPYKTypbl Benka. CtaTucTuieckne noaxonbl K onpeaeneHunio 4onyCcTuMblxX
3HaYEeHUN TOPCUOHHbIX YrnoB ¢ 1 Y. AHanna cnekTpos NOESY n onpeneneHne mexbaaepHbix
paccTosHWii. ViTepaumoHHas npouenypa oTHeceHns 90 B npouecce pacyeta CTPyKTypbl benka.
MeTonbl aBTomMatudeckoro otHeceHns 490 B cnekTpax NOESY.

Tema 7. KOHCTaHTbl CMUH-CMIMHOBOIO U AUMNOMNb-AUNONIbHOINO B3aMMOAENCTBUS
YCTHbIn onpoc , NpyMepHble BOMPOCHI:

OcTaTtoyHble KOHCTaHTbl AMNOMb-AUMONbHOrO B3aNMOLENCTBUS, KaK MCTOYHUK MHGpOopMaLMmn 06
OopvieHTaumnm Monekyn B MarHutHom none. MNpumenerne KO OB ons pacyeta cTpykTypbl GBUOMonekyn.

Tema 8. Cnoco6bl opueHTMpPOBaHUS 6UOMONEKYN B aHU3OTPOMHBIX cpepax
YCTHBbI ONpoC , NpMepHble BOMPOCHI:

MeToabl onpeaeneHnst 0OCTaToYHbIX KOHCTAHT AMMONb-AMMNONbHOr0 B3aumoaeincTems. Cnocobbl
OpVEeHTUPOBaHNS BMOMONEKyN B aHN30TPOMHbIX cpenax. OnpeaeneHne opneHTaunm 6enkoBbix
nomeHoB. CkansipHble B3aMMOAENCTBMS Yepes BOLOPOLHYIO CBSA3b. DKCMEPUMEHTbI MO N3MEPEHMIO
koHcTaHT hJHN n hdHC 4epes ogHy, ABe 1 Tpu CBSA3W.

Tema 9. Ocob6eHHOCTM cnekTpoB AMP HykKnenHoBbIX KUCNOT
YCTHbIN ONpOC , NPUMEPHbIE BOMPOCHI:

OcobeHHocTn cnekTpoB AMP HyknenHoBbIX KMcnoT. Jucnepcus xummyeckux capuros 1H.
BuunHanbHble KOHCTaHTbI CNUH-CNMHOBOrO B3aumogenctens 1H-1H n 31P-31P.

Tema 10. SMP B nayyeHun guHaMn4yeckmnx CBOMCTB 6MOMONEKyn
YCTHbI ONpOC , NPUMEPHbIE BOMPOCHI:

PacnpeneneHune 4acToT MONeKkynsipHbIX ABUXeHUN. MexaHnambl penakcaumn. Junonb-annonbHble
B3ammoencTeus. FomosaepHbln agogoekT OBepxay3epa 1 ero CBs3b C MEXbALEPHBLIM PACCTOSHNEM
N OUHAMWYECKMMM CBOMCTBaMK Monekynbl. I3amMepeHune reteposaepHoro adodekta OBepxaysepa
X{1H}. OkcnepnMeHTbI N0 3MepeHnIo BpeMeH penakcauun T1 n T2. IamepeHune BpeMeHn
penakcauum BO Bpawarouwemncs cucteme koopamHat T1p.

Tema 11. Mpoueccbl xumnyeckoro obmeHa
YCTHbI ONpoC , NPUMEpPHbIe BOMPOCHI:

N3mepeHmne ckopocTu xummnyeckoro obmeHa H—D. OnpeneneHve 3awnTHbIX (PaKTOPOB aMUAHbIX
MPOTOHOB. V3y4yeHne BbICOKOaMMNINTY AHbIX MPOLLECCOB PaCKpPbITUA-3aKPbITUS 6ENKOBOM rNobynbl.
AKkcneprMeHTanbHOE N3y4eHNe MexaHM3Ma pasBopadnBaHns benka.

Tema 12. SMP B nsyyeHmmn moneKynsipHbIX KOMMNiaeKcos
YCTHbI ONpOC , NPUMEPHbIE BOMPOCHI:

AMP B n3y4eHnmn KOMNNekcoB cnabo cBa3biBaeMblx nMraHaoB. MeTonbl, OCHOBaHHbIE HA NepeHoce
A30. lNepeHoC Kpocc-KoppennpoBaHHON penakcaumm n octatodHblix KO B B pasHoBeECUM MeX Oy
cBOOOAHbBIM 1 CBSI3aHHOM cocTosiHUSMU. MeToabl AMP-ckpyHMHra B nomcke 61onornyeckn akTMBHbIX
COoeVHEHUN.

Tema 13. Cnektpockonusi AMP KpynHbix 6MoMoneKkyn
YCTHbIA ONpOC , NPUMEPHbIE BOMPOCHI:

MpakTuyeckne acnekTbl M3y4eHust buomonekyn metonom AMP. TpeboBaHUst K 06BEKTY
nccnenoBaHus, 3aTpaTbl BpeMeHn n cpencts. OCHoBHble HepocTaTkn metona AMP: Hu3kas
4yBCTBUTENBHOCTb, OFPaHNYEHNE MONEKYNSIPHOM MaccChbl N3y4yaeMblXx 0O bEKTOB, A/IMTENbHOCTb
akcnepumeHToB AMP. Myt npeoaoneHns ykasaHHbIX HegocTatkoB. MeTombl U3ydeHns 6onbwmnx
6romonekyn. HYactmyHoe nnm NonHoe OenTepupoBaHne, MeToobl CENEKTUBHOMO AeTepupoBaHmMS 1
BBeneHusa nzotona 13C, metoanl SAIL (Stereo Array Isotope Labeling). Metoobl TROSY n CRINEPT.

Tema 14. HoBble MeToabl U NepcnekTuBbl pa3sutus SMP 6uomonekyn
YCTHbI ONpOC, NPUMEPHbIE BONPOCHI:

Metoabl AMP TBepLOro Tena B 3y4eHUn CTPYKTYpbl 1 AMHaMuky 6enkoB. MeTonbl yCKOpeHUs
akcnepumeHToB AMP. BeicTpble umnynbcHble nocnenosatensHoctn (SOFAST, BEST). Metoabl
paspsxXeHHOo BbIbopky (sparse sampling) 1 noaxoabl, UCNONb3yeMble 4151 PEKOHCTPYKLNM
MHOrOMEpPHbIX CNEKTPOB. MeToabl PEKOHCTPYKLMM NPoeKkLmMil. MeToabl CENEKTUBHOIO BO30YXAEHNS
(Hadamard-cnektpockonus). Metoabl NpocTpaHCTBEHHOIO kKoanpoBaHus (spatial encoding, unn 2D
CMeKTp 3a 04HO NpoxoxaeHwne). MepcnekTunebl pa3smTns cnekTpockonum AMP 6uomonekyn.
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Tema . UToroBasi oopma KOHTpOns

[MpnMepHbIe BONPOCHI K 9K3aMEHY:
[MpnmepHbIe BoNpoCkl TecTa:

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

b) Tonbko Ha NpoToHax

c) Ha agpax 1TH n 13C

d) Ha sgpax ¢ HeHyneBbIM CMINHOM

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

2) Kak BnusieT yBenmyeHme MonekynsapHoi maccol 6enka Ha popmy nuHum curHana AMP?
a) NPMBOANT K YMEHbLWEHNIO aMNnUTy4bl CUrHana

b) Bnnset xopowo

C) NPUBOAMT K yBE/IMYENIO MHTEHCUBHOCTI curHana

d) NpMBOANT K HANOXEHWNIO CNEKTPanbHbIX MMHUA OpYr HA opyra

€) NPUBOAUT K YWINPEHWIO CEKTPanbHbIX MMHUN

3) Kak HasblBaeTcs AnarpamMma Ha KOTOpOI OTpaXarTcsl pa3pelleHHble KOHopMaLmm
aMunHokucnor B benke?

a) onarpamma Anbakca

b) onarpamma PakmayaHgpa

C) Amarpamma paspeLeHHbIX KOHpopmauuia
d) onarpamma PamayaHopaH

e) anarpamma ['mbbea

)

)

)

)

)

)

)

)

)

)

)

)

)

M

)

)

)

)

)

4) Bokpyr Kakux cBsi3ei B NONMMNENTUAHON Lenu NnpoMcxoauT BpaleHme?

a) BOKPYr NenTuOHbIX CBA3EN

b) Bokpyr cesizen N-Ca snep

c) Bokpyr ceagdenn CO-N anep

d) Bokpyr cesa3enn Ca-CO anep

e) Bokpyr cesa3ert N-CO anep
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

5) Kakyo nHdgpopmaumnio MOXHO 13BneYb N3 KOHCTAHT CMNH-CNMHOBOrO B3auMO4encTens?
a) onpenenvTb KOHAPOPMAaLMIO LICC UK TPaHC

b) 3Ha4YeHnsa cNMHOB B3aMMOOENCTBYIOWMX S4ep

C) OUEHUTb 3Ha4yeHne ABYyrpaHHOro yrna

d) oLeHUTb paccTosiHNE Mexay B3aMMOOEeNCTBYIOWMMN NPOTOHAMM

€) KOHCTaHTYy XMMm4yeckoro obmeHa

6) Kakne cBa3un onpenensiot NepBuYHyIo CTPYKTYpy Monekyn benka
a) BOOOPOAHblE MexXay NOAUNEenTULHLIMU HUTSAMUA

b) nenTuoHble MeXAay aMMHOKMCNOTaMn

c) sogopofnHble mexay -NH- n -CO- rpynnamu

d) rmapocoobHble Mexay panvkanamm aMMHOKMCNOT

7) BTopuyHas cTpykTypa Monekynbl 6enka nMmeet popmy
a) knybka

b) cnupanu

C) OBOVHOW cnnpanmu

d) HUTK
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7.1. OcHOBHas nuTteparypa:

1. KBaHTOBas MexaHvka v KBaHTOBas XnuMng : yyebHoe nocobue : ansg CTyAEHTOB BbICWNX y4EOHbIX
3aBeneHuii, obyyarowmxca no cneumanbHoctn BMNO 020101.65 "Xumus" / A. U. Epmakos.? Mocksa:
tOpaiTt, 2014 .? 555 c.

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

3. Oumntpues, A. L. Bruoxmmmsa [9nekTpoHHbIA pecypc] : YuebHoe nocobue / A. [1. Oumntpues, E.
L. Ambpocbesa. - M. : UapaTtenbcko-Toproeas kopnopauns "Hawkos n K-", 2012. - 168 c.

http://znanium.com/catalog.php?bookinfo=415230

7.2. JlononHuTenbHasa 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.htmi
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. UHTEepHeT-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

Structure Determination of Proteins with NMR Spectroscopy -
http://www.cryst.bbk.ac.uk/PPS2/projects/schirra/html/home.htm

The Basics of NMR, Joseph P. Hornak - https://www.cis.rit.edu/htbooks/nmr/

Understanding NMR Spectroscopy, James Keeler -
http://www-keeler.ch.cam.ac.uk/lectures/index.htmi

8. MarepuanbHo-TexHM4Yeckoe obecrneyeHme oUCLMMINHBI(MOAYNS)

OcBoeHMe ONCUMNINHBI "FaepHO-MarHUTHbIR pe3oHaHc bruonornyeckmx 06bekToB" Npeanonaraet
MCMONb30BaHNE CNenyOWEro MaTepuanbHO-TEXHNYECKOro obecneyeHns:
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

KomnbtoTepHbIl kKnacc, npeacraensowmii coboi paboyee Mecto npenogasaTens n He MeHee 15
paboymx MECT CTYAEHTOB, BK/IHOYAOLWMX KOMMbIOTEPHbIN CTOM, CTYN, NEPCOHANbHbIA KOMMbLIOTEP,
NVLEH3NOHHOE NporpaMMHoe obecneyeHre. Kaxablii KOMAbIOTEP MMEET WNPOKOMONOCHbBIV JOCTYN B
ceTb NHTepHeT. Bce koMnbioTepbl NOAKNIOYEHbI K KOPNOPaTMBHON KOMMbioTepHON ceTn KDY n
HaxoOsTCs B €4MHOM OOMEHe.

MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopust
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanv3auum noboin Buaeo n ayamno
NHdpopMauuu, NoyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUnoBas KOMMeKTaums
MyNbTUMEONAHON ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
NPOEKLIMOHHOr0 3KpaHa, akyCTUYECKON CUCTEMDI, a TaKXe MHTepPaKTMBHON TpMbyHbI NpenoaasaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 O10IMOB, NepCoHasbHbI KOMMbIOTEP
(c TexHnyecknmm xapaktepmcTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJoepeHL-MUKPOoH, 6ecnpoBoaHOM MUKPOGOOH, 610K ynpaeneHns obopynoBaHueM, MHTePAElChI
noakntoyeHms: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens siBNsieTCs KAYEBbIM
3N1EMEHTOM yrpaBnieHns, 06 beANHSIIOWMNM BCE YCTPONCTBA B EOMNHYIO CUCTEMY, U CIYXUT
NONHOLeHHbIM paboymm MecToM npenoaasatens. lNpenoaasatenb MMeET BO3MOXHOCTb NIErKo
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONISIET MPOBOANTL NEKLUMMW, MPaKTUYEeCKue
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowwmxcs B yA06HON 1 OOCTYMHOW ONSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeacTB 0Oy4eHMsl, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0byyeHuns Bcex
KopnopaTusHbIX pecypcoB. MynbTumMeoninHas ayautopus Takxke oCHaleHa WupPoKOrnonoCHbIM
LOCTYNOM B CeTb MHTEepHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NMLEH3VMOHHOE NporpaMmMHoe obecneyeHue.

Mporpamma coctasneHa B cootBeTcTBum ¢ TpebosaHnsmm ®rOC BIMO 1 y4ebHbIM nnaHoM no
HanpasneHntio 011200.68 "Pusunka" n marncrepckon nporpamme MeguumHckas usmka .
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