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AHHOTANMA

PentreHoBckass kpuctamnorpadusi SBISETCS OOHUM M3 OCHOBHBIX METONOB OINPEACICHUS TPEXMEPHOM
CTPYKTYpPbI OHOIIOMMEPOB, B YaCTHOCTH OeKoB. biaronaps 3ToMy MeTOy MOIyYEHBI CTPYKTYpPBl MHOKECTBA
BaXHBIX JUI (apMakosorud (EpPMEHTOB U PELENTOPOB, YTO MO3BOJMJIO TOHATH (yHAaMEHTaJbHBIC
NPUHIMIBL, JISKAIIMe B OCHOBE (PYHKIMOHUPOBAHUS STHX MOJICKYJISPHBIX MAaIIWH, W IPUMEHUTH 3Ty
WH(OPMALIKIO B TOM YHUCIIE AJIs1 pa3pabOTKH JEKapCTBEHHBIX MOJIEKYJI, BIUSIOMINE Ha 3TH OCNKH.

HacTosimuii Kypc mo3HakOMUT OOydalolMXcsl ¢ MPUHLUMIAMHA U METOIaMu (U3UKU PacCesHUS] HEUTPOHOB U
PEHTI€HOBCKUX JIyd4ell M HX MPAaKTHYECKOTO WCIIONb30BaHUS B (u3nMKe TBEpAOro Tena U OTHACIBHO
MPUMEHUTENBHO K 00NacTH CTPYKTYpHOU Ononoruu. BynyT M3moxeHbl OCHOBHBIE NMPUHLMITBI COBPEMEHHON
Kpuctamiorpaduu, ¢usndyeckue OCHOBBI AU(PaKIMU PEHTIEHOBCKUX Jydel, TeXHHMKa JKCIEpUMEHTa MU
ITOJIXOZIbI K aHAJIN3Y €0 PE3yJbTaTOB.

Kypc 6asupyercs Ha Takux 00nacTax 3HAHMW Kak KpUCTAJUIOTpadusi, KPUCTAIUIOXUMHUS, aTOMHAs U siAepHas
¢du3MKa, aHATUTHYECKasi TEOMETPUSI.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

O3HAaKOMJICHHE CTYJICHTOB C IMPUHIMIAMH M MeTojaMH (U3MKH paccesHHs HEHTPOHOB W
PEHTTEHOBCKUX JIy4ed M MX HPAaKTHYECKOTO HCIONB30BaHUA B 0O0JAacTU CTPYKTYpHOH OHOJIOTHH,
¢dopMupoBaHHE CHENMANbHBIX KOMIETEHIMH B OONAaCTH HCIONB30BAaHHUS KpHcTamiorpapuu ams
Hay4HOU paboThl B 001aCTH CTPYKTYPHO-(YHKLIMOHATIBLHON XapaKTepu3auuu ONOIOTHIECKUX CHCTEM.

3agaun AUCHUILUITHHBI
1) To form knowledge on the theory and physical principles of X-ray and neutron scattering.
2) Give ideas about geometric crystallography, the basics of crystal chemistry and crystal physics.
3) Formation of basic knowledge on the crystallization of water-soluble and membrane proteins.

4) Studying the principles of organization of protein crystals and conducting experiments on protein
crystallization.

5) Formation of knowledge about the method of X-ray diffraction analysis of protein molecules.
6) Formation of practical skills in handling protein crystals and collecting diffraction data from them.

7) Formation of knowledge in the field of calculating the strategy for collecting crystallographic data,
as well as determining the structure of proteins, refining the model and validating the results obtained.

8) Formation of knowledge about the method of studying proteins in solution by neutron and X-ray
scattering methods.

9) Formation of skills for applying the acquired knowledge in independent, including research, work,
problem solving, as well as analysis of the results obtained.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 Cnocoben ocymectBnsaTs kputnueckuid | YK-1.1 Ananusupyer npoOineMHy0 CUTYalHIO KaK CUCTEMY,
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-6 Criocoben onpenensits 1 peann3oBbiBath |YK-6.1 Ymeer pemars 3a1aun cOOCTBEHHOTO JIMYHOCTHOTO

MPUOPUTCTHI COOCTBCHHOMU JACATCIIBHOCTH U n HpO(l)eCCI/IOHaJ'IBHOFO pa3BUTUA, OIIpCACIATh n
CIIOCOOBI €e COBCPLICHCTBOBAHUS Ha OCHOBE PpcaiM30BbIBATH IIPUOPUTETHL COBCPLICHCTBOBAHUA
CaMOOLCHKHN CcOOCTBEHHOU ACATCIIbHOCTH

OIIK-1.1 3HaeT W CcOocOOCH — HUCIOJB30BaTh B
npoeCCUOHANBHON  JesITeNbHOCTH  (yHIAaMeHTallbHbIC

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4HbIC 3HaHUS B 00JacTH (PU3NKO-MaTEeMaTHIECKUX HayK

Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT M PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00JAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.1 NUmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH




OIIK-2 Nmeer nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poheCcCUOHATBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jacth  cBoeil mpodeCCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIOIb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOH
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HayK JUIS PEIICHUS IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUST HAYYHOTO HCCIICOBAHUS

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl MCCIIEIOBAHUI K KOHKPETHOM
HAayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3ybTaThl

[IK-2 CnnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.1 CnocoGeH IulaHUpOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAay4HOIO
KOJIJIEKTHBA

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI

3HAThb!
I} Teopulo  aAudpaKIuH
MOJIMKPHCTAIIIMYECKUX 00pasiax;

PCHTICHOBCKUX

Jy4yel Ha KPHUCTAUIMYECKHX CTPYKTypax H

2) XHMHUYECKOE CTPOCHHUE OEJIKOB, UX AIIEMEHTHI BTOPUYHOU CTPYKTYPBHI;
3) mnpuHIMIBE PabOTH Pa3lIUYHBIX METONOB KPHCTAJUIM3ALUU BOIOPACTBOPHMBIX OENKOB, (a3oByro

AuarpaMmy KpUCTaJUJIM3alluu;

4) ycTpoHCTBO OMOIOTHYECKOM MEMOpaHbI, YTO COOOH MPEICTABISIOT MEMOpaHHbIE OCITKH;

5) cnoxHOCTH paboThl c MEeMOpPaHHBIMH OeJIKaMu;

6) MeToabl KPUCTAIUIN3AIMHA MEMOPAHHBIX OSIIKOB B pacTBOPE AETEPreHTa, THIThl KPUCTAILIOB,;

7) TPUHIMITEI TOAXOJA K KPHCTALTH3ALUN MEMOPaHHBIX OEJIKOB C MCIIOJIb30BaHUEM JIMIUAHBIX (a3,

(ha3oByI0 HarpaMMy MOHOOJICHUH/BOJIA;

8) MPUHLMIBI ONTUMHU3ALNH KPUCTAIUIM3ALMOHHBIX YCIOBHI;
9) sTambl pemeHust TPEXMEPHBIX CTPYKTYp OSTKOB METOOM PEHTTEHOCTPYKTYPHOTO aHAIN3a;
10) npuHLHKIIEI cOOpa KpUCTAILIOrpadUUECKUX TaHHBIX;

11) wHCTpyMEHTBI Juis pabOThl C
MPOCTPAHCTBEHHOHN CTPYKTYpHI O€JKa;

KpHCcTamIorpaguyeckuMu  JaHHBIMH U ONpEJeNCHUs

12) meToap! penieHust pazoBoii mpooIeMbL;

13) npuHUOHUITEL

HU3yUCHUA HpOCTpaHCTBeHHOﬁ

Ooprann3anvun OCIKOBBIX MOJICKYJI ~MCTOAOM

MaJIOyIJIOBOTO PacCesiHUsI PEHTT€HOBCKUX JIydeH.

YMETb:

1)

BJIAJIETD:

MPUMEHSATH 3KCIIEPUMEHTAIbHBIE METOABI PEHTTEHOCTPYKTYPHOIO aHAIN3a U METOJIOB PaCcCESIHHS;
MPUTOTOBUTH Ipemnapar Oenka Al KpUCTauI3alny;

MPOBECTH SKCIEPUMEHT 0 KPUCTAJUIM3ALNHN OeKa;

aHaJIM3UPOBaTh U ONTUMU3UPOBATH KPUCTAIN3ALMOHHBINA IIPOTOKOII;

MPOBOJUTH JU(PPAKLINOHHBIN SKCIICPUMEHT;

paboTarh ¢ KprcTaIIorpaguIecKUMu MPOrpaMMHBIMH MTAaKeTaMHU.




1) ™MeromamMu NpPUMEHEHHS IVIABHBIX 3aKOHOMEPHOCTEH IU(paKuru, OCHOBHBIX METOJIOB aHAIH3a
TUPPaKIMOHHON KapTHHBI,

2) MeToauKaMH KpUCTAJLIM3AlMHA BOJOPACTBOPUMBIX OEJIKOB;

3) MeToguKaMu KpHUCTAJUIM3alMM MEMOpaHHBIX OEJIKOB B pacTBOpE JAETepreHTa W B JIMIUAHBIX
Me3odaszax;

4) HaBbIKaMH paOOTHI HA ABTOMATU3UPOBAHHON KPUCTAJUTN3ALMOHHON CHCTEME;

5) HaBBIKAMH PaOOTHI HA AaBTOMAaTH3MPOBAHHOW CHCTEME Jisi HAOMIONEHH 332 KPUCTAIIN3AHOHHBIMU
npodamu;

6) METOAMKOW TOATOTOBKM BBIPAIICHHBIX KPHUCTAJUIOB JJIsi MPOBEACHUS AUPPAKLHOHHOTO
IKCTIEPUMEHTA;

7) meroaukoi coopa TuppaKIMOHHBIX JAHHBIX C KpUCTAJlIa OeJKa;

8)  IpakTUUECKMMHM HAaBbIKAMHU B pacueTe cTpaTerud cOopa JaHHBIX, WHTETPHUPOBAHHM H
MIKaJUPOBAHHUU JTaHHBIX;

9) mpakTHUECKUMM HaBBIKAMHU ONPEIEICHUs IPOCTPAHCTBEHHON CTPYKTYpbI OeliKa;

10) MeToAMKOM MPOBEACHUS SKCIIEPUMEHTA 110 MaJIOYIJIOBOMY PACCESIHUIO PEHTTCHOBCKUX JIY4eH.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 l'eomerpuueckas kpuctamuiorpadus 1 1 4
) OcHOBBI KPHCTAJIOXUMHU u ) ) 3
KpUCTAIIO(DU3UKH
3 Judpakius Ha KpUcTaiax 2 2 8
dusnka PEHTIEHOBCKHX JIy4ei.
4 OCHOBHEIC METOABI 2 2 8
PEHTIEHOCTPYKTYPHOTO aHAJIHM3a
5 OcHOBBI (pU3HUKH paccesHUus HEUTPOHOB 1 1 4
Teopus WHTCHCUBHOCTH
6 TUPPaKITOHHOTO paccesiHus 2 2 8
KpHCTaJJIaMU
7 Kpucrannmmuzanus 6enxoB 1 1 4
8 CHsitie MU PaKIMOHHBIX JaHHBIX 2 2 8
9 Omnpenenenne HPOCTPAHCTBEHHOMN ) ’ 3
CTPYKTYpBbI Oelka
Hroro yacos 15 15 60
[ToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. 'eomerpuueckas Kpucramiorpadus




[Honsitne o xpucramie. Ilpoexkunn kpucramia. DeMeHTapHas sdeilka, KaTerOpUU W CHHTOHUH.
Wnpexcbl minockocTed M HampaBiIeHUH. DJIEMEHTHl CUMMETPHUHM M WX B3auMmopercTBue. Kitacch
cuMMeTpun (ToueuHsle Tpynmbl). OOmee m yacTHOe monoxkeHUs. CHUMMETpHsl IUCKOHTHHYYMa.
Cucrema Tpancisiunit bpase. basuc. [IpoctpanctBenHbie rpymnsl. [IpaBuibHbIE CHCTEMBI TOYEK.

2. OCHOBBI KPUCTAITIOXUMUHU U KPUCTAIIO(DU3UKH

AtomHubIl (nOHHBIN) panuyc. IlnoTHble ynmakoBku, WX mopbl. llpencraBieHue CTPYKTyphl uepes
IUIOTHBIE YIIAKOBKM, KOOPAMHALMOHHBIE MNOJMAIAPbl U ceTKU. [loHsTHE CTPYKTypHOro THIIA.
CranpaptHass uHpopMmauusi O CTPYKTypHOM THre. OCHOBHBIE CTPYKTYpPHBIC THIIBI 3JIEMEHTOB H
COCIMHEHUH.

Onementsl kpuctamnodusuku. [Ipuanmn Kropu-Heiimana. [lpenenbHbie Tpynmbl CHMMETpPUH.
[IpuHLIMT TEH30pHOTO ONKCaHUS PU3NUECKUX CBOMCTB KpUCTaILIA.

3. dudpakus Ha KprCTAIIax

Paccessnue kpucramiamu manoro pasmepa. WHrepdepenumonnas ¢yHkius. YpaBHenue Jlayo.
VYpaBuenue Bynwga-bperra. Munexkcel unrepdepenunn. OOpaTHas pemieTka Kak MEPHOIUYECKOe
pacripeneneHue nHTeppepeHIMOHHBIX MAKCUMYMOB.

Panunyc-BekTop oOparHOW pemieTkn U ero cpoiictBa. CBsi3b OOpaTHOUM peHIeTKH C CTPYKTYPOH,
pasmepom u GopMOH KpHUCTaLIa.

l'eomerpuueckas mHTepuperanus ypaBHeHus Jlays (mocrpoenue DBanpaa). [IpuHIMITEI OCHOBHBIX
METO/I0B PEHTI€HOCTPYKTYPHOI'O aHAJIM3a.

4. ®u3uKa peHTTeHOBCKUX JIyyeil. OCHOBHBIE METO/Ibl PEHTIE€HOCTPYKTYPHOIO aHalln3a

[TonyueHue u cBOMCTBA PEHTIEHOBCKUX Jiydell. PeHTreHoBckue cnexkTpsl. BiaumoneiictBue
PEHTTEHOBCKUX Ny4eil ¢ BeniecTBoM. CriocoObl perucTpanuil peHTTeHOBCKOTO M3Iy4eHUsl. MeTob
HCCIeIoBaHUS MOHOKpUCTAILTOB (Meton JIays, meTox Bparienus). [lorstie qudpakiinoHHOTO Kiacca
cumMmerpur. Metox mnonukpuctamia. [lomydyeHne u pacder peHTreHorpamm. HMHauimpoBaHue
pentreHorpamm.  PentreHoBckas — mudpakroMerpus.  MoHOXpoMmarH3alus — PEHTTEHOBCKOTO
W3ITy4eHUS.

5. OcHOBBI (PU3HKH paccessHUsl HEUTPOHOB

PaccestHrie peHTTeHOBCKHX JTydel JIEKTPOHOM U aToMoM. AToMHasi (ByHKIHs paccesiaus. Paccesaue
HENPUMUTHBHOHN stueiikol. CTpyKTypHas amIuiuTyga. MHTerpajibHble, 30HAJIbHBIE M CEpHAIIbHBIC
roracaHusl. BiusiHue NOmIomeHns 1 TeIJIOBIX KoJeOaHni Ha HHTEHCUBHOCTh HHTEP(PEPEHIIMOHHBIX
MakCHUMyMOB. PopMyIIbI U pacueTa HHTErpaIbHOH MHTEHCUBHOCTH B KWNHEMATUYECKOW TEOPHUH.

6. TeOpI/Iﬁ HMHTCHCHUBHOCTH ):[I/I(l)paKL[I/IOHHOFO paccesaHuA KpuctajlslaMnu

BoiBog uHTErpanbHOH HWHTEHCUBHOCTH (MOLIHOCTH) pAacCesiHUsT MOHO- U IMOJUKPHCTAJIIOM.
OCHOBHBIE MOJIOKEHUS IUHAMUUYECKOW TEOpUM PACCESHUS PEHTICHOBCKUX Jydyed. OKCTHHKLHS.
OcobeHHOCTH paccesHusl OBICTPBIX JIEKTPOHOB M TEIUIOBBIX HEUTPOHOB KpucTaiiamu. llomyuenue
IU(PaKIMOHHBIX CIIEKTPOB pacCesHUs MEKTPOHOB U HEUTPOHOB. [IprMeHeHne HEHTPOHOTPaMM IS
aHaNIM3a KPpUCTAIUIMYECKON CTPYKTYphI BELIECTBA.

7. Kpucrammzanus O0enKoB

@OU3NKO-XUMHYECKHE  OCHOBBI ~ KPUCTAJUIM3AIMM ~ MaKpPOMOJICKYJI.  TeXHHYeCKHue  CrocoObl
KPUCTAJUTH3AIUM BOJOPACTBOPUMBIX OenkoB. buonmorndeckne memOpaHbl, MeMOpaHHBbIC OEIKH.
Ocobennoctu oOpaieHusi ¢ MeMOpaHHbIMU Oenkamu. Kpucramimsanuss MeMOpaHHBIX OEJIKOB B
pactBope paerepreHta, Tun | w Tum Il kpucramnoB MemOpaHHBIX OenkoB. Kpucrammmzanus
MeMOpaHHBIX  O€JNKOB C  HCIOJBb30BAaHMEM JIMNUAHBIX Me3oda3. DazoBas  nuarpamma
MOHOOJICHH/BOJIa. MEeXaHN3M KpUCTALIM3AIMH MEMOpPaHHBIX OCJIKOB B JIUMHIHONW KyOnueckoi (ase.
ABTOMaTH3MPOBaHHBIC KPUCTAJUIN3AIIMOHHBIE CHCTeMbl. OIIeHKa pe3yJIbTaTOB KPUCTAUTU3AIIMOHHOTO
IKCIIEPUMEHTA, ONTUMH3ALUS KPUCTAUTM3ALNOHHBIX yCIOBHI.



8. CHsTHe TU(PPAKIIMOHHBIX JTaHHBIX

IToaroroBka KpUCTAIOB Ui CHATUS JUGPAKIMOHHBIX AaHHBIX. Kpuomporekums. TexHuka
SKCIEPUMEHTa [0 CHATHIO JU(PPAKUMOHHBIX JaHHBIX. [lo3WIMOHMpOBaHHWE KpHCTalia Ha
pEHTTEHOBCKON ycTaHoBKe. CTpaTerusi W OCHOBHBIE mapameTpbl cOopa gaHHbIX. OOpaboTka
SKCIIEPUMEHTANILHBIX JaHHBIX. OmnpeneneHrue MapaMeTpoB SJIEMEHTApHOW PpEIIeTKH, WHACKCALUs
Kkpucrtamia. OmpeneieHre KOJIWYecTBa MOJIEKYJ B JJIEMEHTapHOW sueike. YTouHenue Jlaye wu
MPOCTPAHCTBEHHON rpynnbl Kpuctamia. [lomHota Habopa IUisi YTOYHEHHOM NPOCTPAHCTBEHHOU
rpynnsl. Pacyer crparermn cOopa audpakuMOHHBIX AaHHBIX. MHTerpupoBaHue AU(PAKINOHHBIX
JaHHBIX Ha TMpUMepe KpUCTAUIOrpadUYecKHX [OaHHBIX JIM30IMMa H OaKTepHOPOIOICHHA.
[[TxkanupoBaHKE TaHHBIX.

9. Onpenenenne NPOCTPAHCTBEHHOMN CTPYKTYPHI OenKa

dazoBas mpobiema. MeTox MOJEKYISpHOTO 3amelieHus. Beibop craproBoil momenu mo 6azam
JAHHbIX  TPEXMEPHBIX  MaKpPOMOJEKYISIpHbIX CTpykTyp. Kpurtudeckue mnapamerpel INpu
WCIOJIb30BaHUN (PYHKIMHM BpallEHUS W TPaHCISIMHA. MeTol aHOMajJbHOIO paccesHus. PemeHue
¢dazoBoii TPOOIEMBI METOIOM MOJIEKYISIPHOTO 3aMEIIeHUs] Ha TpUMepe KPUCTAILIOTpadruecKux
JAHHBIX JIM30IIMMa M OakTepuopoporncuHa. MHTeprperanusi KapT 3JIEKTPOHHOW IUIOTHOCTH H
[IOCTPOCHHUE MOZAEIM MaKpOMOJEKY/Ibl. YTOUYHEHHE MOJIEJIU CTPYKTYpbl € HCIOJIb30BaHUEM
CTCPECOXMMUYECKUX M DHEPreTHUYECKHX OTPaHWYCHMH, TapaMeTpbl YTOYHEHHs. AHanu3
KOPPEKTHOCTH TI€OMETPUM U CTEPEOXMMUU YTOYHEHHOM MOIENU CTPYKTYpbl MAaKpOMOJIEKYII.
ABTOMAaTH3UpPOBaHHOE MOCTPOCHHE CTPYKTYp OCNKOB. YTOYHEHHE CTPYKTYp JH30LUMAa H
OaktepropoyonicuHa. M3ydeHne KapT 9JNEKTPOHHBIX IUIOTHOCTEH. Bamupmanus momy4eHHBIX

CTPYKTYP.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

Teopernueckast yacTh Kypca OyeT YUTaThCsl B y4eOHOM KJIacce, OCHAIICHHOM MYJIBTUMETHA
MPOEKTOPOM U KPAHOM, WU C UCIIOJIb30BAHUEM JUCTAHIIMOHHBIX (popM 00ydeHUs ¢ IPUMEHEHHEM KaK
TEXHOJIOTUI BUICOKOH(EPEHIMI C HCIIOIB30BAHUEM MIPOTPAMMHOTO 00ECIICUEHHS IS
BujeokoH(epeHnunit (Zoom, Skype u 1.11.), BeOuHapubix cucteM (BigBlueButton, Google Meet u T.11.),
TakK ¥ ¢ ucnojibp3oBanueM pecypcoB MOTHU, Bkiouas cucremy Ims.mipt.ru 1 cTyIuro camo3anicu
MOTH.

[TpakTHYeCKO-OpUEKHTUPOBAHHAS YaCTh Kypca OyJeT POBOIUTHCS C UCTIOIb30BaHHEM 000PYyIOBaHUS
JUTsE OMOXUMHUYECKHUX 1 OMOo(U3NIECKUX UCCIieioBaHwmiA, 6asupytomerocs B LleHTpe nccnenoBanus
MOJICKYJISIPHBIX MEXaHU3MOB CTapEHUsI U BO3PACTHBIX 3a00JICBaHUIA.

1. [TnaTrdopma reHHON WHIKEHEPUH, TPETIAPATUBHON IKCIIPECCHH U OYHCTKE MEMOPaHHBIX OCJIKOB.
[Inardopma BritouaeT B ceOst mpruOOpHyIo 0a3y /i paboT O TeHHON MHKEHEPHH,
HIHKePBI-MHKYO0aTOphI U (ePMEHTEPHI AT KyIbTHBUPOBAHUS KYJIBTYp OaKTepHaIbHBIX U APOXKIKEBBIX
IITaMMOB-TIPOIYLICHTOB, IIPENapaTUBHbBIC U YIBTPALCHTPU(YTH, IPEeNapaTuBHbII MUKpOQIIONIaii3ep 1
(bpeHu-npecc A IU3Kca KIETOK, XpoMaTorpaduieckue CUCTeMBbl, CUCTeMBI i1 anekTpodopesa JJHK
1 OEITKOB, a TaKKe HEOOXOMMOE MEIIKOE JIAbopaTopHOe 000pyIOBaHHE.

2. [Mnardopma Juis BEICOKOTTPOU3BOJUTENHHON N MESO KPUCTaIN3allid MEMOPaHHBIX OEITKOB
BKJIFOYAaeT KOMIUIEKC HHHOBAIIMOHHBIC TIPHOOPHI KoMtanuu Formulatrix uis npoBeneHus
KpHCTAIIM3alui MEMOPaHHBIX OEJIKOB U BU3yalU3alluu KPUCTAIUIOB.

3. Ilnardopma O6eaKoBOI KpUCTAIUIOTpaQyu U paccesiHUs PEHTICHOBCKUX JIyuel Ha 6a3e Rigaku
HighFlux HomeLab Bxitouaer B cebst ObopymnoBanue st mpoBeeHus in-house
PEHTIEHOCTPYKTYPHOTO KCIIEPUMEHTA.

4. BerauciauTenbHble MOLTHOCTH AJIsl 00paOOTKH JaHHBIX JU(PPAKIIMOHHBIX U CIIEKTPOCKOIMYECKUX
n3MepeHnil. IMerorcs ToKaJbHbIe KOMITBIOTEPHBIE KIIACTEPHI ISl BHITIOIHEHNS! KOMITBIOTEPHOTO
MOZIEIMPOBaHUSA. B MOCTOSHHOM JOCTYIE COTPYAHUKOB HaXOASATCS PECYPChl IEHTpa 00paboTKu
nanabix MOTU, npenocTapinsiomem cepBepHoe 000pyI0BaHHE TSI COBMECTHOTO HCIIOIb30BaHMUS
(BKJIFOUAs BBIIETIEHHE BUPTYaAJIbHBIX CEPBEPOB U IOCTYII Ha OOIINIT BHIYUCIUTEIbHBIN KJIACTep).
Nmeercs poctyn k Berancnutensnomy CPU-kiactepy B Center for Free Electron Laser science (CFEL,
IamOypr, I'epmanus) ¢ 132 CPU-sapamu, a Takke CUCTEMOW IPUOPUTETHOTO JIOCTYTIA K BEIYUCICHUSIM
BO BpEMsI IIPOBEICHUS SKCIIEpUMEHTa. BO3MOXKHOCTH TOCT-00padOTKH U XpaHEHHUs TaHHBIX Ha
BBIYHCIUTENBHOM Kiactepe Ha koperickom PAL XFEL (72 CPU-saapa).



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa

1. OcHoBbl kpuctaiiorpagun [Tekcer] : yue6. mocobue ais By30B / E. B. Uynpynos, A. @. Xoxios, M.
A. ®agneeB .— M. : dusmaraut, 2004 .— 500 c.

2. ®usuka Oenka : Kypc nekuunii ¢ IBETHBIMU CTEPEOCKOIINYECKUMH WLTIOCTPALMSIMH U 3aJa4aMu
[Tekct] / A. B. ®unkensiteitn, O. b. ITtunpa - M.K/1Y,2014

3. CunxpoTpoHHOE u3ny4deHue. MeTonsl uccieaoBanus crpykrypsl Bemects [Teker] / I'. B. dertucos -
M. Duzmarimmt,2007

4. Cospemennas kpuctamtorpadus [Texcr] : B 4 1. T. 4/J1. A. lllyBanos [u ap.], -M., Hayka, 1981

5. lpunnune! crpykrypHoit opranuzanuu 6enkos [Texct]/T. E. Iynewn, P. X. upmep , -M., Mup,
1982

6. B.1. UBeponoga, [.I1. PeBkeBuu. Teopust pacceHust peHTreHOBCKUX Jtydeil. M., MI'Y, 1978.

7. B.I1.I1lextmaH, P.A./lunansiy. Beenenue B peHTT€HOBCKYIO KpucTayuiorpaduio. YepHoronoska,
2002.

8. T. L. Blundell, L. Johnson. Protein Crystallography (Molecular Biology Series), Academic Press,
1976.

9. Alberts B., Johnson A. et al. Molecular Biology of the Cell, 5th ed., Garland Science, N. Y. 2008.

10. I.U. CepryH, JI.A. ®eiirun, PentreHOBCKOE 1 HEUTPOHHOE MaJIOYTIIOBOE paccesiHue, - M.: Hayxka,
I'maBuas pegakuust duz-Mart Jlurepatypsl, 1986 — 278 c.

JomnonHutenbpHas auTeparypa

1. Kpucramorpadus [Tekcer] : yue6. mocodue mist By3oB / M. I1. lllackonbckas .— 2-e uzn., mepepaod.
u non. — M. : Beiciias mkoia, 1984 .— 375 c.

2. buodusuka [Tekcr] : [yued. mocobue ams By3os] / M. B. BonbkeHmteitn .— 2-e u3f., nepepad. u
non. — M. : Hayka, 1988 .— 592 c.

3. buodmzuka [Tekcr] : B2 T. T. 1 : yueOHUK a7t By30B. Teoperndeckas onopusuka / A. b. PyouH ;
Mock. roc. yH-T uM. M. B. JlIomoHocoBa .— 3-¢ u3n., uctp. u non. — M. : 3n-so MI'Y : Hayxka, 2004
— 448 c.

4. buodpusuxka [Texer] : B2 T. T. 2 : yueOnuk asnst By30B. buodusnka kiaerounsix mpoueccos / A. b.
Pybun ; Mock. roc. yH-T uM. M. B. JlomonocoBa .— 3-e u3n., uctp. u jorn. — M. : Mzn-Bo MI'Y :
Hayka, 2004 .— 469 c.

5. A. U. Kuraitroponckuii. PentrenoctpykrypHsblil ananuz. M., [ocrexuzaar, 1950

6. C. C. I'openux, JI. H. Pactopryes, FO. A. CkakoB. PeatrreHorpadudaeckuii u
aneKkTpoHHOTrpadudeckuit ananus. M., Meramryprus, 1970

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

OTxkpoIThIE 0a3bl JAHHBIX XMMAYECKOH 1 Meanko-ononorndeckoil nudopmanuu (Chembl, drugbank,
gencards, pubmed, GEO)

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

[Ipu moAroToBKe U NPOBEACHUY JIEKIUOHHBIX 3aHATUNA UCTIONB3YETCSl CETh UHTEPHET.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMi IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAACTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUsA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA IJId PCIICHUS PA3JIMYHBIX 3aa4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:
— MOCEUICHUS BCEX 3aHATHH, MPEAYCMOTPEHHBIX YUE€OHBIM INIAHOM MO JAUCIHILIAHE,



— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTYJICHTA.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATUSX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIaJieHUs MaTepuaIoM CITYy>KAT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 110 TeMaM
JUCIUTLIAHEL

BaxxHO m0OOWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrO ero 3amoMuHaHus. [lpwm
3aTPYJHCHUH HM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpaliarbcs 3a KOHCYIbTAUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kaeapa Onopusnku

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: A.B. Poraues, kana. ¢pu3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO

MPHOPUTETH COOCTBEHHOM JACSITEIBHOCTH H U npodeccHOHANBHOTO  pa3BUTHS,  ONPENeNiTh |
CIIOCOOBI €€ COBEPIIICHCTBOBAHHS Ha OCHOBE peaTn30BhIBATh MIPUOPUTETHI COBEPIIICHCTBOBAHHUS
CaMOOILIEHKH cOOCTBEHHOM AEATENHHOCTH
OIIK-1.1 3gaeT W cmocobeH  HCIOJIL30BaTh B
nmpoeCCHOHANFHOW ~ JIEATENhHOCTH  (DyHIaMEHTAILHBIC

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

Hay4HbIe 3HAaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUH B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeIbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHUKAIUU

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBECHUS HAYYHOTO MCCIIEO0BAHUS

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000INATH
nHpOpMANHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 Cnoco0eH IUIaHUPOBAaTh M TPOBOAWUTH HAYYHBIC
HCCIJICAOBAHUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesymprare u3ydeHHs JIMCHUILIHHBI
00yJaromuiics JOKeH:

3HATb:

«PentrenoBckas kpucramiorpadus MeMOpaHHBIX OEJIKOB»




1) TEOpHI0 JU(PPAaKUUK  PEHTTCHOBCKMX Jy4eld Ha KpPUCTAUTMYECKUX CTPYKTypax |
MOJIMKPHCTAIIIMYECKUX 00pasiax;
2) XMMHYECKOe CTPOCHHE OEJIKOB, MX 3JIEMEHTHI BTOPUYHOU CTPYKTYPHI;
3) mnpuHIMIBE PabOTH Pa3IWYHBIX METONOB KPHCTAJLIM3ALUU BOIOPACTBOPHMBIX OENKOB, (a3oByro
JaMarpaMMy KpHCTaJLTH3aLuH;
4) ycTpoHCTBO OMOIOTHYECKOM MEMOpaHbI, YTO COOOH MPEICTABISIOT MEMOpaHHbIE OCITKH;
5) cnoxHOCTH paboThl c MEeMOpPaHHBIMH OeJIKaMu;
6) MeToabl KPUCTAIUIN3AIMA MEMOPAHHBIX OSIIKOB B pacTBOPE JAETEPreHTa, THITbl KPUCTAILIOB,;
7) TPUHIMITEI TOAXOJA K KPHCTALTH3ALUN MEMOPaHHBIX OEJIKOB C MCIIOJIb30BaHUEM JIMIUAHBIX (a3,
(ha3oByI0 UarpaMMy MOHOOJICUH/BOJIA;
8) IpUHIMIBI ONTHMU3AIMY KPUCTAJUIN3AIMOHHBIX YCIIOBUH;
9) sTamsl pemeHust TPEXMEPHBIX CTPYKTYp OSTKOB METOOM PEHTTEHOCTPYKTYPHOTO aHAJIN3a;
10) npuHIMIBI cOOpa KprcTAILIOrpaguIecKuX JaHHBIX;
11) wuHCTpYyMEHTHI Ui pabOTBl C KPUCTAUIOrPaUUECKUMH JAaHHBIMM M OIpPEAEICHUs
MPOCTPAHCTBEHHOW CTPYKTYpHI OeJKa;
12) meTtoap! perieHus: pazoBoii MpooIeMbL;
13) npuHOMOBI H3yYeHHs TNPOCTPAHCTBEHHOH OpraHu3aluyd  OCNKOBBIX MOJEKYJI METOIOM
MaJIOYTJIOBOTO pacCesHUsI PEHTTCHOBCKUX JIy4eH.
yMeThb:
1) mpUMEHATH SKCIEPUMEHTAIBHBIE METO/Ibl PEHTTEHOCTPYKTYPHOTO aHAJIN3a U METOZOB PacCesHUS,;
2) TPUTOTOBUTH Mpernapar Oeska /i KpUCTalIn3alluy;
3) mpoBecTH SKCHEPUMEHT MO KPUCTAIUIA3AINH OeIKa;
4) aHaNM3UPOBATH U ONTHUMHU3UPOBATH KPHCTAIIM3ALMOHHBII TPOTOKOI;
5) mpoBoauTH MU(PAKIIMOHHBINA SKCIEPUMEHT;
6) paborarh ¢ KpucTaIIOrpaUIeCKUMHU IPOrPaMMHBIMH MTaKeTaMH.
BJIA/1eTh:
1) wMerogamMu NPUMEHEHUS IVIABHBIX 3aKOHOMEPHOCTEH AM(PAKIMU, OCHOBHBIX METOIOB aHAJH3a
TUPPaKIMOHHON KapTHHBI,
2) MeTOIMKaMH KPUCTAJUIN3AIH BOAOPACTBOPUMBIX OCIIKOB;
3) MeroguKaMu KpHUCTAJUIM3alMM MEMOpaHHBIX OEJIKOB B pacTBOpE JAETepreHTa W B JIMIUAHBIX
Me3odaszax;
4) HaBbIKaMH paOOTH HA ABTOMATU3UPOBAHHON KPUCTAJTN3ALMOHHON CHCTEME;
5) HaBbIKaMH paOOTHI HA aBTOMAaTH3HPOBAHHOW CHCTEME JJIsi HAOMIONEHHS 32 KPUCTAIUIN3AIHOHHBIMA
nmpooamu;
6) METOJMKOW MOATOTOBKM BBIPAIICHHBIX KPHCTAIOB ISl TPOBEACHUS JTUPPAKIIHOHHOTO
IKCTIEPUMEHTA;
7) meroaukoil coopa TupaKIMOHHBIX JAHHBIX C KpUCTa/lIa OeJKa;
8)  NpakTUUECKMMHM HAaBbIKAMH B pacueTre CcTpaTerud cOopa JaHHBIX, WHTETPHUPOBAHHMU H
MIKaJUPOBAHHUU JTaHHBIX;
9) mpakTHUECKUMM HaBBIKAMHU ONPEAEIECHUs IPOCTPAHCTBEHHON CTPYKTYpbI OelIKa;
10) MeToaHuKOl TIPOBEACHUSI SKCIIEPUMEHTA 110 MaJIOyIJIOBOMY PACCESHHIO PEHTTCHOBCKHX JTyUeH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHsATUA 1I0 TCMC ITPOULIOTO 3aHATUA.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

IepeueHb KOHTPOJIBHBIX BOMPOCOB (HE MEHEE MATH BONPOCOB/3aJaHUI )

1. JIudpakius pEeHTICHOBCKHMX Jydel Ha pa3IMYHBIX OOBEKTaX: DJICKTPOH, Ta3 3JCKTPOHOB, aToOM,
OJTHOATOMHBIE T'a3 M KHUJIKOCTh, KPHCTAJLITBI.

2. Kpucrannuueckas perierka: y3ibl, HampaBlIeHHUs U TIOCKOCcTH. KpucTamiorpaduieckre TOUCUHbIC U
MPOCTPAHCTBEHHBIE TPYIILI CHMMETpHH. KpucTamnuueckas CTpPyKTypa OBIEMEHTOB W IMPOCTHIX
COCIMHEHUH.

3. CrpykTypHas aMIUIUTyAa pa3jiM4YHBIX KPUCTAUTUYCCKUX CTPYKTYyp. [IposiBIieHHE CHMMETpHUU
kpuctamia B MmaccuBe {Fhkl2}.

4. DKcriepuMEeHTaIbHBIE METO/IbI n3MepeHus maccuBa {FhkI2}.



5. Pemenne oOparHOW 3aja4yd: ONpENEICHUE DJJICKTPOHHOW IUIOTHOCTH p(r) KpUCTaIa IIo
n3mepenHomy wmaccuBy {Fhkl2}. ®ynkuums Ilarrepcona, merton Tspkenoro aroma. dypbe-cuHTE3
ANEKTPOHHON MIOTHOCTU. Ompenenenue (a3 CTPYKTYPHBIX aMIUIUTYA: CTATHCTHUECKUM aHAIN3
maccuBa {FhklI2}, usomopdHoe 3amernienue.

6. OCHOBBI KPUCTAJUIOXUMHUH U KPUCTAIUIOPUIUKU

7. Audpaxuus Ha KprcTauiax

8. dusnka peHTreHOBCKUX JTydyel. OCHOBHBIE METO/bI PEHTIEHOCTPYKTYPHOIO aHaIn3a

9. OcHOBHI (hH3HUKH paccesHUsI HEUTPOHOB

10. Teopust ”YHTEHCUBHOCTH AU(PPAKLUOHHOTO PACCESHUS KPUCTALIAMH

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

T'oToBuTCS MOAOOPKaA M aHANU3 Marepuajia Ha MPUMEpPE PEUICHUsI CTPYKTYPhl OEJIKOB MO CIeXyroIei
cXeMe:

1. Beibupaercst mumens http:/pdb101.rcsb.org/motm/motm-by-date

2. lenaeTcst moa0opKa cTareld o BEIOPaHHOM MUIIICHU.

Ecnu 310 KItacc GenkoB, TO BEIOUpAETCs OIMH HanOOoJIee HHTEPECHBIN MPEICTABUTENb.

CozeprkaHue HayYHBIX CTaTeil: peleHne CTPYKTypbl BEBIOPaHHON MMIIEHN METOIOM KPUCTAILIOrpaduu
W/WIH KPUOAIEKTPOHHONH MUKPOCKOITUH.

3. Ilonbopka crareii, ecid 3TO BO3MOXKHO, IOJDKHA BKIIIOYATh MaTepHall O MOJYYEHHH CTPYKTYPHI
HECKOJIBKUMH METOJaMU M/WIIH C Pa3HbIM Pa3pelIeHUEM Ul Pa3HBIX yCIOBHIA.

4. Ha ocHOBe OTOOpaHHBIX CTaTeil 1O MUIIEHH, BBIOPAaHHOM B IMyHKTE |, TOTOBUTCS aHHOTHPOBAHHOE
onucanue (pedepar).

Pedepar nomkeH BKIOUaTh: BBIOOP MUILEHH; aKTYalIbHOCTH; HKCIPECCHs]; OYMCTKA, XapaKTepU3aLus
(13 pa3HBIX cTaTeil); KpuUCTAJUIM3AIUs B CJIy4yae, €cClIM CTPYKTypy pemanun wmeTtonoM XRD;
Kpuctayuiorpadusi; gpoOOMOAroTOBKa B Cllydyae KPHORJIEKTPOHHOH MHUKPOCKOIIMH; OIHCAHHE
IKCTIEPUMEHTA IO KPHOAJIEKTPOHHONH MHUKPOCKOIMH; OOOOIIEHHBIC BBIBOABI O CTPYKTYPE MHIICHH,
0COOCHHOCTH CTPYKTYPbI KOTOpPBIE OBbUIH BBISIBIICHBI B Pa3HBIX padoTax.

5. llpencraBisiercs AOKIaA 1o Marepuany pedepara umTenbHOCThIO 10-15 MuHYT.

Kpurepun oneHuBaHus
Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
MPUMEHATh UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIEHUM.
Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka oOmIMYHO 8§ Oa/IOB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJYYCHHBIE 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PELIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.
Ouenka Xopo1o 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh NOJIyYEHHbIE 3HaHHUS Ha NMPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.
OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABIISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOrMYECKON M0CIeJ0BaTebHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE s AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



OueHka ylOBJIETBOPUTENBHO 3 Oajula - BBICTABISETCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBATEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ci1abo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMH IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajlia - BHICTABISICTCS CTY/ICHTY, KOTOPBIH HE 3HAeT OOJIBbIIEH YacTH
OCHOBHOTO COJep)XaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aim - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

3a4ét MpoBOAUTCS B YCTHOH (hopMe 1o OuieraM. B kaxom Ouiiere peacTaBiIeHO JIBa TEOPETHYECKUX
Borpoca. [Ipu npoBenenun 3auéra oOydaromiemycs npegocrasisiercss 30 MUHYT Ha oAroToBKy. Ompoc
00y4aroIIerocst He JIOJDKEH MPEBBIIIATh OTHOTO aCTPOHOMHYECKOI'0 Jaca.



