degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: MerTonbl ncciie10BaHUsI MAKPOMOJIEKYIT
10 HANPABJIEHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: buodwuszuka n GuonHpopmaruka

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
JlenapTaMeHT MOJIEKYISIPHON U OUOJIOTHYeCcKoi pu3nku

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnuddepeHunpoBaHHbIi 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1
KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy coctaBuiIu:

M.IO. Breicokux, kaH/. OMOI. HayK, JOLIEHT
N.A. TlonoB, kaHj. puz.-mar. HayK, JOLUEHT
E.H. Kyxkaes, kanj. ¢u3.-mar. HayK, JOIECHT

[Iporpamma obcyxieHa Ha 3acefjaHny JIeTapTaMeHTa MOJIEKYJIApHON 1 Ononorundeckoit Gpusuku 04.06.2020



AHHOTANMA

JucnuruimHa (OpMHUPYET y CTYACHTOB MPEJCTABICHUS O HEOOXOJAMMOCTH TPHUMEHEHUS BBICOKOTOUHBIX
(hMBUKO-XMMHUYECKHX METOJIOB aHallM3a JUIs MPOBEACHUS HCCIIEAOBAHUN MAaKpPOMOJIEKYIN, UX KOMIUIEKCOB U
CBOMCTB Ha COBPEMEHHOM YpOBHE; MpPEICTaBICHHUS O MPHUHIMIAX aHaldu3a AAHHBIX, IOJYy4aeMbIX IPHU
WCCIICIOBAaHUN OWOJIOTUYECKUX ¥ a0UOJOTUYECKUX OOBEKTOB COBPEMEHHBIMH (DU3UKO-XMMHYECKIMHU
Metomamu. [lpomcxomuT oOydeHHE CTYIGHTOB OCHOBaM IUIAHUPOBAHWS OKCIEpUMEHTa, Toadopa
KOH(UTYpAIMH CIIOXKHBIX U3MEPHUTEILHBIX KOMILIEKCOB C YUETOM aHAIUTHYECKUX MapaMeTpoB, JOCTHKCHUE
KOTOPBIX HEOOXOIWMO JIJIsl pellieHHs] KOHKPETHOM HCCIIeOBaTeNbCcKO 3a7a4. Y CTYACHTOB (OPMHUPYIOTCS
HaBBIKHA CaMOCTOSATEIHLHOW HAyYHO-UCCIIEIOBATEILCKON paboThl HA 0a3e OIEHKH HEOOXOAMMOCTH MTPUMEHEHHSI
1 BBIOOpa ONpEACNCHHBIX (PU3UKO-XMMUYECKUX METOJIOB aHaju3a JUIsl PelICHHs 3a/1ad B paMKax pa3inyHbIX
oOmacTeld XMMHY, HayK O MaTepraiax, OMOXUMHUHU, MOJICKYJISIPHON OUOJIOrHH, HAayK O 3eMIIe.

1. leau u 3apa4u

eap AUCUMNIMHBI

- U3YYCHHUE COBPEMEHHBIX (PU3MKO-XUMHUYECKUX METOJOB aHAJN3a, IPUMEHSIEMbIX B (HU3UKE, XUMUH,
HayKax 0 Marepuanax, OnoXUMHUH, MOJIEKYJIIPHOM OMOJIOTHH, HayKax O 3emie.

3agaun AU COMIIHHBI
- (QopMupoBaHME y CTYAEHTOB IMPEIACTABICHUS O HEOOXOOUMOCTH HPUMEHEHHS BBICOKOTOYHBIX
(GU3UKO-XMMUYECKUX METOIOB aHaliM3a JuIi IPOBEJCHUS HCCIEIOBAaHMH MaKpPOMOJIEKYN, HX
KOMILJIEKCOB M CBOMCTB HA COBPEMEHHOM YPOBHE;
- (hopMHMpOBaHHE Y CTYIEHTOB IPEACTABICHHS O MPUHIMIIAX aHAIM3a JAHHBIX, MOJYYaeMBIX IPU
HCCIICAOBAaHUH OMOJIOTHYECKUX M aOMOJIOTrHYECKUX OOBEKTOB COBPEMEHHBIMHU (DH3MKO-XUMHUYECKUMHU
METO/laMU;
- o0y4yeHHE CTyICHTOB OCHOBaM IIJIAHMPOBAHUS SKCIEPUMEHTA, MOxdopa KOH(UTYypauuu CIOXKHBIX
HU3MEPUTENBHBIX KOMIUIEKCOB C YYETOM AaHAJIUTUYECKUX IapaMeTpoB, JOCTMXKEHUE KOTOPBIX
HE0OX0AUMO I PELIeHHUs] KOHKPETHON HCCIIe0BaTeNIbCKON 3a1a4;
- popMHpOBaHHUE Y CTYJCHTOB HABBIKOB CAMOCTOSITEIILHON HayYHO-UCCIIEI0BAaTENbCKONM paboThl Ha Oaze
OLICHKH HEOOXOIMMOCTH NPHUMEHEHHsS | BbIOOpa ONpENeNeHHBIX (PHU3MKO-XUMHUYECKUX METOH0B
aHaiu3a JAJs pelieHus 3a1a4 B paMKax pa3jiMyHbIX 00nacTeil XMMHHM, HayK O Marepuajiax, OMOXHMUH,
MOJIEKYJISIpHOM OMOJIOTHH, HayK O 3eMiIe;
- yriyOneHue y CTYyAEHTOB METOMOJOTMYECKHX OCHOB COBPEMEHHOW (HM3MKHM, XUMHH, HAyK O
Marepuainax, Hayk o 3emie, OMOXMMHH, MOJIEKYJISIPHON OHOIOTHH.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

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

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

OIIK-1.3 CnocobeH ompenensiTs T'paHHULbl MPUMEHUMOCTH

OIIK-1 CniocobeH npuMeHSITh IOy HEHHbIX PE3yJIBTATOR

(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTCCTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN JIeATeIBHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb MyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTH4YecKHue MOJEIH,
MPOU3BOAUTH KOJTMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-2 Crniocoben ucnonb3oBarb coppemernble |OIMK-2.2 3HaeT W yMmMeeT TIPUMEHSTH  YHCIICHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U MaTeMaTH4ecKue METOAbl W TNPHUKIAJHOE MPOrpaMMHOE
MpOrpaMMHbIE CPEACTBA IIPU PEIICHHUH 3a/1ad  |o0ecredeHre  Juid  pelleHus  Hay4yHbIX  3a7a4 B
npo¢eCcCHOHANBHON e TeNbHOCTH, coOIonas  |npodeccuoHaIbHON obnacTu

TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4 CriocoOeH oCyIIecTBIATE COOp U OIIK-4.2 3HaeT OCHOBHBIC HCTOYHUKH HAYYHO-TEXHHIECKOM
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH) u (W) TexHoJorHueckod wuHpopManmuu B OONACTH
TEXHOJIOTUYECKON HH(POPMAINH ISl pEIIeHUsT  |POpECCHOHATBHON ACATEIBHOCTH




(dyHIaMEHTANBHBIX U MPUKIATHBIX 3314

OIlK-4.4 Bnageer HaBbIKaMU pabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIbIO MMOTYYCHUS, XPAaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHYECKOH)
uHpopManun

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIC B

X0Jie H
JTaHHBI

ay4JHO-HMCCIIE0BATEILCKON PaboThI
€ U JIeJIaTh HayYHBIC BBHIBOJIBI

(3aKTrOueHMS)

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW OOpabOTKU U
aHaJIM3a HayYHbIX JaHHBIX

[IK-2.2 VYMmeer HaxOIUTh
OTIPECIIAIONINE H3y4yaeMoe SIBICHHE,
YHCIICHHBIE OIICHKH I10 MOPS/IKY BETHYHHBI

KJIIOYEBbIE  IapaMeTpbl,
U TPOU3BOIUTH

[1K-2.3 Cnioco0eH npencTaBiATh HayYHbIE YTBEPKACHUS, HX
000CHOBaHMS M JI0Ka3aTeNIbCTBA, HAYYHbIE NMPOOIEMBI M HX
pelieHUs] SCHO M TOYHO B TEPMUHAX, MOHATHBIX IS
mpoeCCUOHAIBHON ayTuTOpUH, B MHUCHMEHHOH M YCTHOW

dhopme

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETB:

- OCHOBHBIC ITPUHIIUIIBI COBPEMCHHBIX (1)I/I3I/IKO—XI/IMI/I‘leCKI/IX MCTOAOB aHaJIn3a MaKpOMOJICKYIJI.

- OLIEHUBATh MPUMEHUMOCTD M CONOCTABIATH 3(PPEKTUBHOCTb METOIOB (PU3NKO-XHUMUUYECKOTO aHaIn3a
MaKpOMOJIEKYJ, HEOOXOAMMBIX sl MoAdopa HMHCTPYMEHTAIbHOM 0a3bl C LENbI0 BBIIOIHEHHS
COOTBETCTBYIOLINX HAYYHO-HCCIIEOBATEIBCKUX JIAOOPAaTOPHBIX OMOJOrMYECKUX pPaboT B obnactu
XMMHH, HAyK O Marepuaiax, MOJICKYJIIPHOH U KJICTOYHOH OMOIOrHH, OMOXUMUH.

BJIaJIETh:

- TEOPETHYECKUMM 3HAHMAMH O COBPEMEHHBIX M MHHOBAIIMOHHBIX MeETOIaX OHOXMMHYECKUX
HCCJIEI0OBaHU; apCceHAJIOM COBPEMEHHBIX METOAOB HCCIIECHOBAHWNA, HHCTPYMEHTAJIbHOW TEXHUYECKON
0a30i1 BBITIOJIHEHNSI COBPEMEHHBIX HCCIEJOBAaHMH U COBOKYHMHOCTHIO (PU3MKO-XMMHUYECKHX METOOB

aHaJIn3a MaKpOMOJICKYIJI.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B 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. paboTsr
pabora
1 Beenenne Mertogonoruueckue OCHOBBI 4 1
pa3zneneHys U aHajau3a MaKpOMOJIEKYII
) Macc-cneKkTpoMeTpuuecKue METO/IbI 4 |
UACHTU(UKALMH MAaKPOMOJIEKYIT
3 Metonpl KOH(MOKAJIBHOW M KOTE€PEHTHON 4 1
MUKPOCKOIIUU
4 OnTudeckas CIIEKTPOCKOIHUS 6 )
MaKpPOMOJIEKYJT
Paznenenne MakpoMmoniekyn, dYacTuUl H
5 CYOKJIETOYHBIX CTPYKTYP, AaHAIUTHYECKHE 6 5
MOJXOBI
6 Xpomarorpadust MAaKpOMOJICKYI 6
Nroro gacos 30 15
[loaroroska k sK3aMeHy 0 gac.




OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 8 (Becennuit)

1. Beenenne MeTononornueckrue OCHOBBI Pa3ZIeiIeHUs M aHATIH3a MaKpPOMOJIEKYJI

Uctopuueckuit 0030p, aHanmm3 SBOIIOLWU MPEJCTABICHUA O BEIIECTBE, HCTOpUYECKAs IMIKala
pasBUTUS METOJOB pa3lelieHHS M HCCIICJOBAHUS MaKpOMOJEKYJ, BBEICHHE B METOIOJIOTHIO
OMOJIOTMYECKOTO  MCCJICIOBAHUS,  MPEACTaBICHHE O  CIEKTPE  COBPEMEHHBIX  METOJOB
(U3UKO-XMMHUYECKOTO aHAJIN3a MaKPOMOJIEKYJ, OOCYKICHUE KPUTEPHEB MPUMEHUMOCTH METO/IOB H
00paboTKM TOJYYCHHBIX pPe3yabTaToB, OnowH(popManuoHHble MeTo/bl. OCOOCHHOCTH BBIICICHUS
MaKpOMOJIEKYJ Pa3HBIX KJIACCOB U3 CIOKHBIX cMeceil. MeTobl peBapuTeIbHOM OYUCTKH 00pa3ma:
HeHTpU(YTrHpoBaHUE M 3aJadH, KOTOpPbIE MOXKHO pemuTh 3TUM MeromoM. Ounctka obpasia,
OCHOBaHHAas Ha pa3IMYAd B PACTBOPHUMOCTH MAKPOMOJICKYN, OYHCTKa OHOIOIMMEPOB C
UCTIONIb30BaHNEM (PEPMEHTOB M YACTHI C AKTHBUPOBAHHOM MOBEPXHOCTHIO.

2. Macc-cneKTpoMeTpHYEeCKHE METObI MICHTU(PHUKALIMH MaKPOMOJIEKYJI

KoHeTpyKuust Macc-CeKTpOMETpPOB IS MCCIIEAOBaHHS MAaKpOMOJEKYl. MeToIbl HMOHU3aLUH —
ANEKTPOpACIbUICHUE,  MaTpU4Has ~ Jla3epHash  JCCOpOLMSA/MOHU3AIMSA,  METOAbl  MPSIMOM
Macc-CIIeKTpOMETpHU.  Macc-aHalnu3aTopsl  BBICOKOTO,  CBEPXBBICOKOTO ¥ YIBTPaBBICOKOTO
paspemeHus. KoHCTpyKIHs Macc-CIIEKTpOMETpa Uil HCCIICAOBAHUS MAaKPOMOJICKYIL.

HccnenoBaHne  CTPYKTYpbl — OPraHHYECKHMX  MOJEKYT METOJaMH  MAacC-CIEKTPOMETPHH  C
¢parmenranueit (MC/MC). Metonsl pparmeHTaniu MOHOB MPH 3aXBaTe AJICKTPOHOB, MOTIONICHUN
WK wu3nydeHus, OpU CTOJKHOBEHHSX C HEUTpPAJsIMH, TpPHU CIOTKHOBEHHH C ITOBEPXHOCTBHIO.
TexHuyeckast peanu3alys CEJCKIMM ¥ (parMEeHTalMd HOHOB B  Macc-CIIEKTPOMETpax.
XpomaTo-Macc-CIeTKPOMETPHUsT MAaKPOMOJICKYII.

3. Metozps! KOH(POKATEHON U KOTEPEHTHONH MUKPOCKOITUU

OnTuyeckue METONbl BHU3YaIM3allMM BHYTPEHHEW CTPYKTYpbl M MHUKpopeibeda IOBEPXHOCTU
OOBEKTOB, TpeICTaBICHUS 00 00JacTH MNPUMEHEHUS W OrPAaHMYCHHUAX, HAKIAIbIBAEMBIX
(¢u3MYeCKUMH MPUHIMIIAMHE (YHKIMOHUPOBAHUS Ha MPOCTPAHCTBEHHOE W BPEMEHHOE pa3pelleHHe
paccMaTpuBaeMbIX METOJOB. DNH(IyopecHeHTHbIe MHUKPOCKOIIBI (XOA JIydel, YuciioBas ameprypa
00bEKTHBA, pa3pelieHne OObeKTMBA M (YHKUMSA paccesHus TO4YKW). Teopusi HHTEpepeHIHH
ONTHYECKUX MOJNeH M Teopus MHTEP(EPEHIIMOHHBIX HU3MEPEHHH; OCHOBBI TEOPUH KOTE€PEHTHOCTH
ONTUYECKUX II0JIEl M KOTePEeHTHBIE CBOICTBa ONTHYECKUX MOJIEH W Ja3epHOrO H3Iy4YCHHUS;
TEOPETUUECKUE U D3KCIIEPUMEHTAJIbHbIE OCHOBbI METOJOB YacTUYHO KOT€PEHTHBIX M JIa3€PHBIX
ONTUYECKNX HHTEP(PEPCHINOHHBIX HM3MEPEHHI; MaTreMaTuyecKue OCHOBBI MNpeoOpa3oBaHuil U
00paboTKM ONTHYECKHX CUTHAJIOB, MaT€MaTHYECKHE OCHOBBI BHU3yaJM3aLUH ABYyX- U TPEXMEPHBIX
n300pakeHUI; MPUHLUIBI [ONy4YeHHs HWHGOpMAIMA O BHYTPEHHEH CTpPyKType o0O0BeKTa IO
U3MEPEHHOMY uHTEp(EpPEHITIOHHOMY CUTHAIY. [Ipeumyiecrsa u OrpaHUYEHUs
uHTep(EPEHIMOHHBIX METOIOB U3MEPEHUSI BHYTPEHHEH cTpYKTYphl 00bexToB. Meronsl FRET, SIM,
STORM,STED, Light sheet, PALM. ®mroopeciieHTHbIE O€NKH, BHYTPUKIETOUHBIC (DIFOOPOGdOpHL,
npuUMeHeHHE (QIIOOPECHEHTHON MHUKPOCKOIHMH ISl HCCIEA0BAaHUS OBICTPBIX KIETOUHBIX HPOLIECCOB
Ha NpUMepe U3MEPEHUsI KOHLIEHTPaLluy HOHA KaJIbLIMsL.

4. Ontryeckas CreKTPOCKOIUS MaKPOMOJIEKYIT



OO01re 3aKOHOMEPHOCTH MOTIOIIEHUS MaKpoMoJieKya B Y®-auanazone. CreKTpanbHble apaMeTphl
MOHOMEPHBIX 3BEHBEB MTOJIMMEPOB U TOHKAsl CTPYKTYpa CIEKTpa. MI3MeHeHne ClieKTpoB aMMHOKHCIIOT
noj BIUSHHEM BHemHHX (akrtopoB (pH cpedpl, NpPOTOHMPOBaHME HMOHOTEHHBIX TPYIII).
VibrpaduoneToBbie CIIEKTPHI MoromeHus 0enkoB. OCOOCHHOCTH CTPYKTYpBI CIIEKTPOB OEJIKOB IO
CPaBHEHHIO CO CIIEKTPaMH CMECH apOMaTHYEeCKHX aMHUHOKHCIIOT, BXOJSIIUX B UX COCTaB. MeToabl
pacuera BKJIa/la CBETOPAcCEsiHUS B U3MepsieMoe nomioneHne 0enkoB. OIeHKa BKJIaga MOHOMEPHBIX
3BEHBEB, JIOCTYIHBIX BHEIIHEMY BO3JCHCTBHIO, METOAOM U PepeHIHAIBHON CIEKTPOPOTOMETPHUH.
Pacuer juis OenkoB (TpumncuHa ©W pPUOOHYKIIEa3bl) KOA(PQPHUIMEHTOB O3KCTUHKIUM W CEYCHUS
MOIVIOIIEHHST AMHHOKHCIIOTHBIX OCTaTKOB M3 DKCIIEPUMEHTAILHBIX JaHHBIX. Pacyer copepikaHus
XpoMopopoB B MoJekyie Oenka. YO TOIVIONIEHNE HYKJIEHHOBBIX KHCIOT, Xpomodopsl. Pacuer
runepxpomMHoro sddekra mpu mepexoae oT AByXcnHpaidbHbIX cTpykTyp JHK K omHOCTHpambHOIA.
Briag B3amMoneiicTBus OCHOBaHM B rUNepXxpoMHbid 3ddekr. Temnmosas jgeHarypaiusi u
penarypauns JIHK. Kpusbie mnaBnenuss JHK. Omnpenenenune KOHUEHTpalUMM MaKpOMOJEKYN IO
CIIEKTPaM IOIIOLICHUS.

PaccesiHue aeKTpOMarHUTHOTO U3TYYEHUS] U HEHTPOHHOB B OMOJIOTMYECKHUX CHCTEMAax

OOmas xapakTepuCTHKa paccesHusl CBETa, PEHTTCHOBCKUX JIyyeil W HeWTpoHoB. PaccesiHue cBeta
KaK paccesHue Ha "CBSI3aHHBIX' 3JEKTPOHAX, paccesHue PEeHTTeHOBCKUX JIyuyel Kak paccesHHe Ha
"cBOOOIHBIX" IEKTPOHAX, paccessHUEe HEUTPOHOB Kak paccesHue Ha siapax. OCHOBHbBIE (r3HUYECKue
cieactBus. OyHKIUS BHYTPUMONEKYIIpHOH mHTepdepeniuu Jlebas u ee coiictBa. PaccesHue Ha
HyneBol yron. Paguyc unepumu. Ero cBsisk ¢ (opMOi 4acTHLBI U C paclpeieieHueM 3JIeKTPOHHOM
(HeWTpOHHOMN) MIIOTHOCTH BHYTpH Hee. Obmacth Gopmbl. OOIIME 3aKOHBI Claja KPUBOW paccesHus
JUIA YacTUl pa3HOM (opmbl (manodka, AMCK, TaycCOB KIyOOK, KOMIIAKTHBIE 4YacTHIBI). Mertox
ceprHuecKuX TapMOHHUK M €ro INPHUMEHEHHE K BOCCTAHOBJIEHHIO TPEXMEPHOW CTPYKTYpHI
MakpomoJekyll. Paccesnue pentreHoBckux Jryueil. @opmyna Tomncona. McTOYHHKH PEHTIE€HOBCKOTO
n3IydeHus (TpyOKH, BpaIlaloluecs: aHO/bl, UCTOYHUKH CHHXPOTPOHHOTO M3inydeHus). [IpuemHukn
PEHTTEHOBCKOTO M3NMy4deHHsA. MeTonbl Bapuanuu KoHTpacta. Paccesnue cera. @opmyna Penes.
MeTozbl HHTEPIPETALNH YKCTIEPUMEHTAIbHBIX TaHHBIX. PaccessHne Ha MaibIX U OOJBIINX YaCTHLAX.
Meton 3umma. Ilpobnema ompeneneHUs MOJEKYISPHBIX MacC MU PagUyCOB WHEPUUH OOJIBILNX
Ononornuecknx Makpomoniekyn. M3ydenume crpykrypsl JIHK. Mertonsl Bapuanuu KOHTpAcTa.
Paccesnue HeitponoB. Heiitponnbie ucTouHuku. CTalUMOHApHBIE W IYJILCHPYIOLINE PEAKTOPHL.
Muraromye UCTOUHUKU. MalloyIJIOBbIE HEUTPOHHBIE CIIEKTPOMETPBI. MeTobl Bapyaluyu KOHTpacTa:
Meroq H20-D20 cmeceii, MeTon TBOWHOTO W TPOWHOTO HM30TONMHYECKOTO 3aMeleHus. MeTombl
TpUAHTyJsiLMK. MeETo[ CIHHOBOM Bapualuu KOHTpacTa. BHOCHHTETHUYECKOE JAeUTEpUpPOBaHHUE.
CoBMeECTHOE HCIOJIB30BAaHUE PACCESHUS CBETAa PEHTICHOBCKUX JIyded W HEUTpoHOB. OmpeneneHue
paauycoB HMHEpPLUMM KOMIIOHEHTOB UM  PpAacCTOSIHMH MEXIy HUX LEHTpaMH TSKECTU B
JBYXKOMITOHEHTHBIX yacTrulax. COBMECTHOE HCIOJIb30BaHHE KOHCTAHTHI MOCTYHATEJIBHOTO TPEHUS
YacTUIIbl U €€ Paluyca HHEPLUH.

JIuHeWHbIH JUXPOU3M B OpPUEHTAIINS MOJIEKYII B OMOIOTHYECKHX 00hEKTaxX

OcCHOBBI  crIeKTpONONsIpUMEeTpUd. JIMHEHHBIN AWXpOU3M, OUXPOMYHOE OTHOLIEHHE W CTENeHb
auxpousMa. MeToj pacueTa OpUEeHTAlMH XpoMOo(OpOB MOJEKYNl B OHOJIOTHUECKHX IIpernaparax
(MeMOpansbl, KoMIuIeKchl). CriocoObl OpHEHTALWU OaKTepHaIbHBIX U MUTMEHT-0ETKOBBIX KOMILIEKCOB
(meromom smHelHON — medopmarum).  YCTpOWCTBO ¥ NPUHIOUIN  pabOTBl  JABYXIYYEBOTO
PETUCTPUPYIOLIETO CHIEKTPO(GOTOMETPa C MPUCTABKOM IJIsl CLIEKTPOIIONIIPUMETPHUECKUX U3MEPEHHI.
Pacuer OUXPOMYHOCTH W CTENEHM IUXpOM3Ma. BbluMcieHHE YyINIOB OpHEHTAlMH XpoMo(dOpoB
MOJIEKYJBI OaKTepUOXJIOpOQHILIa B MeMOpaHax MypIrypHBIX OaKTepuil.

Mertonsl uccnenoBanusi GIIyopecleHIMH MaKpOMOJIEKYI B BUAUMOU M yIbTpaduoiIeToBON 00JIacTH
CIIEKTpa



KauecTBeHHBIII M KOJIMYECTBEHHBIM aHAJIM3 BEIIECTB IO CIEKTpaM (IyopecHeHIUH U CHEeKTpam
BO30ykaeHusa (ryopecueHunu. Ammaparypa O HM3MEpPEHHsl CIEKTPOB (IyopecleHLUH, ee
BO30YXKJCHUS M TPOU3BOAHBIX CIEKTPOB MpH KoMHaTHOW W Huskoil (770K) temmeparypax.
ComnocraBieHue CHEKTPOB (MIyOpecUeHIMH TMHWIMEHTOB B pacTBOpe M B KieTKe. TylieHue
duyopecuennmn.  MccnenoBanue addexra TymieHus (QIyopecleHIMM B 3aBUCUMOCTH  OT
KOHLEHTpauun Tymutensa. Wuaykuus —QuyopecueHumMd  (OTOCHHTE3UPYIOUIMX  OPraHU3MOB
(MHUKPOBOZOPOCIHN) U HCCIEAOBaHNE MexaHu3Ma (orocuHTe3a. DEPCTepoBCKUil MEepPeHOC YHEPTUH
anekrpoHHoro Bo30yxaeHus (FRET). Jlumons-aumonpHOE B3aWMOMAEWCTBHE JOHOpPA M aKIENTOpa
SHEPTUM WHAYKTHBHO-PE30HAHCHBIM MEXaHM3M, MHTEeprajl MepeKpbIBaHUS CIIEKTPOB — 3aBUCHMOCTh
OT PAacCTOSIHHSI MEXIy OOHOpoM M akudentopoM. Kpurmueckuit DEpcrepoBckuil pammyc. Ponb
OpPHEHTALMOHHOTO (akTopa. DEHOMEHOJIOTHS SIBICHUS — CEHCHOMIM3HPOBAaHHAS (DIyOpPECIICHITHS.
Pacuer mo skcnepuMeHTaIbHBIM JAHHBIM KBAaHTOBOTO BBIXOA NEPEHOCA SHEPTHH, KOHCTAHTHI
MepeHoca W PpAcCTOSHHUSA MEXAy IOHOPOM M aKUenTopoM. MeTton (IyopecleHTHBIX 30H[OB.
Omnpenenenne KOHCTAHTHI CBSA3BIBAHMSI M KOHLEHTpAllMM MECT CBSA3BIBAHHMs 30HOA B MeMOpaHe.
Onyopecuentasie nHAMKaTOpsl pH. Mcnonb3oBanue 3enenoro ¢oyopectupytomero 6enka (GFP) u
LBETHBIX OCNKOB [Jii BHYTPHKJIETOYHOTO u3MepeHuss pH, koHmentpaumu wuoHoB. IlpuHnun
nuddepeHIranbHON (IyopecleHTHOH CIIEKTPOCKOIINH.

CnextpouryopuMeTpuiIecKoe UCCIeJOBAHUE apOMATHUECKUX aMUHOKHCIIOT U OETIKOB

Croextpsl (QayopecueHIMH H ee BO30YKICHHE B apOMaTMYeCKHMX aMHHOKHCIIOTaX OENKOB.
ITpousBonHast crnexkrpodiayopumeTpusi. CHeKTpaabHbI KOMIUIEKC C JBYMS MOHOXpPOMAaTropaMu M
pabora na HeMm. KommbiorepHas o0paOoTka pe3ynbTaroB uzMepeHuil @DopMa OIUHOYHOM
CHEKTPaIbHON TOJOCH M €€ TPOM3BOAHBIX MPH OOBMHBIX M HU3KUX (-1960C) temmeparypax.
Uzmepenune cnekTpoB ¢uryopecueHIIMH CBOOOIHBIX aMHMHOKHUCIIOT U OenkoB. McciienoBaHue TOHKOM
CTPYKTYPBI CIIEKTPOB (MIyOpecleHIIuN OEIKOB METOJOM HM3MEpEHHs MEPBOH, BTOPOW W YETBEPTOU
npou3BoaHbIX. COMOCTaBICHUE CIIEKTPOB OEIIKOB CO CIIEKTPaMH CBOOOIHBIX aMHUHOKHUCIIOT. BriusiHue
JCHaTypallud Ha CHEKTp (IIyOpecleHIMH, OIeHKa BKJaJa THPO3MHOBOM M TpPUNTO(AHOBOM
KOMIIOHEHT  BO  ¢uyopecueHnuio  Oenka.  PasnokeHue ~— CHEKTpoB  (uyopecUeHIHH
MHOTOKOMITOHEHTHBIX CHCTeM (O€NKH, CMECH aMHUHOKHCIIOT) Ha COCTaBJIIONIME M OLEHKAa OJIH
MOMIOLICHNUS U (IIyOPECUEHIIMN COCTABIISIIOIINX B CYMMapHOM CIIEKTPE C MCIOJIb30BaHUEM JaHHBIX
NpOM3BONHON cnekTpockonuu. [lomspusammsa QiayopecueHuny, aHU30TPOnHs (IyopeCcleHINH.
VYpaBuenue Ileppena. Kopemnsuuonnsie cnektpsl ¢uyopecueHuuu. [lomyuenue mapopManmuu o
mudy3nn, BenruuuHe U (HopMe OpUEHTAIMK MOJIEKYJ B PacTBOpPE M KIETKE, MEPEHOCE JSHEPTHH
MEX]ly MOJICKYJIaMHu.

5. PaS,I[eJ'ICHI/IG MAaKpOMOJICKYJI, HaCTHUII U CY6K.TI6TOLIHBIX CTPYKTYpP, aHAJIUTUICCKUC MMOAXOAbI

AHanuTHYecKoe YIbTpaleHTpUyrupoBaHue M reib-xpomarorpadus, snextpodopes B ITAAIL
[TonsiTHE THIPOAMHAMHUYECKH OHKBUBAJCHTHOH Cc(epbl M THAPOANHAMUYECKH SKBHBAJIEHTHOTO
ammunconya. KoadduuueHnt noctynaTensHOro TPEHHUS U €r0 CBS3b € pazMepaMu U (OPMON YACTHII.
@®opmyna Crokca. ®opmyna Ileppena. 3aBUCHMOCTh KOHCTAHTHI MOCTYIATENIbHOTO TPEHHS OT
MOJICKYJISIPHOH Macchl B PALy 4acTULl pa3HOH ¢opmbl. Metox moctynarenbHoil nuddys3um U ero
WCIIOJNB30BaHUE JUIA aHallM3a KOH(POPMAIIMOHHOTO COCTOSIHHSI Makpomoiiekyia. [lepBbelii u BTOpoii
3akoHbl Duka. 3aBucumocTh KodhdunuenTa TUPQPy3un OT MOJIEKYISIPHOH MacChl MaKPOMOJIEKYIL.
CBs13p MKy KOHCTAaHTOM Mu(dy3uH 1 KOHCTAHTOH MOCTYNaTeIbHOIO TpeHUs yacTuipl. Dopmyna
OiHIITeHa. AHANN3 KOHQOPMAIMOHHOTO COCTOSIHHS MaKpPOMOJIEKYJl MCXOAS U3 3aBHCHUMOCTH HX
kodddunmenta nuddy3rur OT MOJEKYISIpHOH Macchl. MeToJ] CKOPOCTHOW —CeMMEHTAIIH.
Kosddunuent ceaumentaumy W ero CcBsi3b C  KO3(p(PULMEHTOM MOCTYNaTENbHOTO TPEHUSI.
3aBUCHUMOCTh KO3((UIMEHTa CeJUMEHTAlUH OT MOJIEKYISPHOH MacChl MakpOMOJIEKYN. AHaiu3
KOH()OPMAIIMOHHOTO COCTOSIHHS MAaKpOMOJIEKYJ1 M3 3aBHCHMOCTH HMX KOHCTAHTBI CEAMMEHTAllUH,
MOIIPABJIEHHON Ha apXUMeI0B (aKTop, OT MOJEKYIAPHON Macchl. ONTHUECKUE METO/bI PETHCTPALIUH
B aupQdy3un npu aHAIUTHYECKOM yiabTpaueHTpudyrupoBanun: meron @Dunmnora-CBeHCCOHA,
WHTEp(EPECHIIMOHHBI MeTo, a0copOnMOHHBIA Merofl. KoHcTpykinus yiaprpaneHTpudyru u eé
3JIEMEHTOB (POTOPOB, KIOBET).



OmnpeneneHne MOJIEKYISIPHOW Macchl  OMOJOTMYECKHX MAaKpOMOJIEKYJI METOIOM COUYETaHMSA
cenumentaniun  u  jguddysun. ITlepsas dopmyna Csenbepra. I'paHuibl MPUMEHUMOCTH.
Knaccuueckuii  Meron  cemMMEHTaMOHHOTO paBHOBecus. Bropas ¢opmyna Csenbepra.
[MpubnuxeHnss K CEIUMEHTAllMOHHOMY paBHOBecuto. Meron Apuubanbaa. Merox Wdantuca.
PaBHOBecHast ceauMeHTanusi B TIpafueHTe IoTHOCTU. JuddepeHuuanbHas ceIuMeHTalusl.
BsizkocTs. XapakrepucTudeckas BSI3KOCTb. BSI3KOCTH pacTBOpPOB CepHUECKHX YaCTHIl. Bs3kocTh
pPacTBOpPOB JKECTKHMX acHUMMETPUYHbIX 10 (Qopme, cruomHeix dyactul. QPopmyna Cumxa.
3aBUCUMOCTb XapaKTEPUCTHUECKOH BSI3KOCTH OCJIKOB M HYKJICONIPOTEUI0B OT MOJIEKY/ISIPHON MacChl.
Bsskocte  pacTBOpoB monmMepHbIX Mojekyl. Kondopmamus I'ayccoBa knmyOka. benku B
T'YaHUAUHTUAPOXIIOPUIIE M MOUYEBHHE. 3aBUCUMOCTD BA3KOCTH OT MOJIEKYJISIPHOM Macchl A7l OEIKOB
B I'yaHUJAMHTHIPOXJIOPHJIE U MOYEBHHE, BOZMOXHOCTh OIIPEIEICHUSI MOJIEKYIIPHONH Macchl OEJIKOB B
9TUX PacTBOpUTENAX. V3MepeHue BSI3KOCTU: TUIBI U KOHCTPYKLIMHU BHUCKO3MMETPOB. I'paaueHTHast
3aBHCUMOCTh Bsi3kocTU. Buckosumerp 3umma. Bsskocts JIHK. CoBmecTHOe wncnosib3oBaHue
KOHCTaHTBl IOCTYyNaTeJIbHOTO TpeHuss u Bsa3kocTh. Popmyna Illeparn-MannpenskepHa. Meron
JUHAMUYECKOTO J1BOMHOTO JyuenpenomiieHus (3ddexkr Makcsemna). OpueHTanns MakpoOMOJIEKYIl B
ruapoauHamMudeckoM mose. OmpeznerneHue pazmepos, (GOpMbI M THOKOCTH MakKpOMOJEKyd. Metox
3NIEKTPUUYECKOTO ABOMHOro iydenpenomienus (3dexr Keppa). OpueHTanus MakpoMOJEKylT B
aneKTpuueckoM nose. OnpeneneHne pasmMepoB U GOPMbI MAaKPOMOJIEKYII.

6. Xpomarorpadus MaKpoMOJIEKyI

VHHMBEpCaIbHOCTh MeToAa XpoMmarorpaduy MPUMEHHUTENIBHO K pa3[elCHUI0 M HICHTH(HKAIIH
CaMbIX Pa3HbIX KJIACCOB COEAMHEHHH OpPraHMYecKOW M HEeOpraHW4decKod mpupoabl. Vcmnons3oBaHue
Xxpomarorpaguu B HayKe, TEXHHKE M IPOU3BOACTBE. McTopus pa3BUTHE XpoMaTorpaduueckux
METO/IOB. 3HaYCHHE XpoMarorpaguu Uil pa3BUTHS COBPEMEHHOW HayKH, yCIIEXH, JOCTUTHYTHIE C
UCTIONIb30BaHUEM 3TOTO METO/IA.

OCHOBHbIE TOJIOKEHUSI TEOPUH Xpomarorpaduueckoro pasaeneHus. [IoaBHKHbIE W HEMOABHKHbIC
¢da3pl B xpomarorpaduueckux cucteMax. SIBJCeHHUs, MPOUCXOASIIME MPH IBMKEHHUH BEILIECTB IO
xpomartorpamme. Knaccudukamuss xpomarorpadpuyeckux MetonoB. Koaddumuent Heprera.
Uzotepmbl apcopbumu. Kunetnka ancopOunu-necopOunun B MOTOKe MOABWXHON (a3bl. KoHuemnus
Teopernueckux Tapenok. Illupumna u ¢dopma xpomarorpaduueckoro mnuka. Paspemaromas
CHoCcOOHOCTh  XpoMmarorpaduueckoid  KoJloHKH. [loHsITHE «BpeMsl yHepKHUBaHHS», «O0beM
YACP)KUBAHUSY, «UCTPaBICHHBIE BpeMs M 00beM yaepkuBaHus». KoadduuumeHt pasmeneHus.
O (HeKTUBHOCTD, CENEKTUBHOCTh U KOIPPHUIHUEHT EMKOCTH XpOMaTorpauueckoil CHCTEMBI.
Hcnionp30BaHNE TEOPETHUECKHUX MPEANOCHUIOK METO/Ia B IPAKTUYECKOM JIESTEIbHOCTH.

Ancopbunonnast xpomarorpadus. Ilpupoma B3auMOmEHCTBHUS pas3aesieMbIX COCAMHEHUH ¢
ajcopbeHramu. TpeOoBaHUs, TpEABABIsIEMbIE K COpOCHTaM aJCOpOIMOHHON XpoMmarorpaduu.
[lonspubie u HemonsipHble ancopOeHThl. Pasmep oOpasma u JuHEHHas €MKOCTh ajcopOeHTa.
AKTHBHBIE LIEHTPBHI U JI€3aKTHBAIM a1cOpOeHTOB. [IOISpHOCTH AIIOMPYIOMIHUX CHCTEM. DHEPrHs
aacopOIMM  DIIOUPYIOMIUX CHUCTEM. OIIOOTPOINHBIE psAAbl. XapaKTepUCTHKa O0COOEHHOCTEH
ancopOupyemMbIX COeIUHEHUH. BenuuuHbl SHeprum aacopOLUM pa3AeIsieMbIX COEIWHEHUIL.
OBomonus arcopOEHTOB U acOpOLMOHHON Xpomarorpaduu.

BricokoadhdextuBHas xuaKocTHas xpomaTtorpadus seicokoro aasnenus (BOXX) u ee ocodennocT.
CoBpeMeHHOe COCTOSIHUE 3TOTO BUaa XpoMarorpaduu. Jloctonncrsa u Hegocrarkn BOXKX.

PacnipenenurenbHas KHAKOCTHas xpomarorpadus. PacmpeneneHue COeAMHEHHH MEXIYy IBYMS
HecMmemuBaommuMucs Qgasamu. Pasnenenue OGnaromapsi XapakTepPUCTHKE MOJSPHOCTH Pa3elisieMbIX
Mosteky:1. [loaBrkHbIe 1 HENOABMKHBIE KHUAKUE (a3bl. IHEpTHbIE HOCUTENH, UX THAPO(UIBHOCTE U
rupodoOHOCTh. XapakTepuUCTHKa KHUIKOCTEH, HCHOJIb3YEeMBIX B KaueCTBE IOIBWXKHOH H
HENoABKHOW (a3pl B pacmpenenurtenbHOil xpomarorpadguu. HopmanbHas u  oOpatHOodasHas
pacnpenenurenbHas xpomarorpadusi. BapuanTel pacnpeaenuTeabHONH Xpomarorpaduu: KOJOHKH,
TOHKOCJIOHass XpoMmarorpadusi, Xpomarorpaduss Ha Oymare. JlocToMHCTBA ¥ HEJIOCTaTKH
pacnpenenuTenbHoi xpomMarorpaduu.

l'azoBas xpomarorpadus. [a3oamcopOumMoHHAass W razopacHpeAeiuTe]bHAas XpoMarorpaguu, HX
xapakTepuctuka. OCOOEHHOCTH JKHIKOCTEW W Ta30B B Ta30BOH Xpomarorpaduu. YCTpPOHCTBO
razoBoro xpomarorpaga. KoJOHKM M JETEeKTOpbI, HCHONb3yeMble B Ta30BOM Xpomarorpaduu.
JlocToMHCTBA ATOTO BHJIa XpoMarorpaduu U npenMyIecTsa nepe KU IKOCTHOW XpoMarorpaduei.



lenb-xpomarorpadus. [Tpunnun merona. [lapameTpsl, XapakTepu3yIoye MOIOKEHHE BENIECTB TIPU
stoM Buzae xpomarorpaduu: VT, VO, Vi, Vm, Ve, Vs, Kav. Ilpupoga u crpykrypa reneii B
rejb-Xxpomarorpauu, TeJIM Ha OCHOBE JIEKCTpaHa, araposbl, IOJMAaKpWiIaMHuIa W JIp.
KomOunnpoBanHbIe Tenu u ux koHueHrpanus. Kpussie cenekruBnoctu. Ilogcyer BO3MOKHOTO yncia
pasmensieMbix (Qpakuuidi B Xxpomarorpadudeckoil cucreme. OObeM BHOCHMBIX 00pasloB M HX
KoHUeHTpanus. CKOpoCcTh  TOKa  KHAKOCTM B Xpomarorpaduieckoll  cucreme  Npu
renb-xpomarorpaduu. BeicoTa W JuaMeTp KOJOHOK C HOCHTEISIMH. XpaHeHHWe Tejel. 3ajauw,
pelaemMble Telb-XpoMaTorpauei.

HNonooOmennast xpomarorpadus. [Ipunimn Merona. Xapakrepructuka HOHUTOB. CHIIbHBIE H ClIa0ble
noHUTHl. CTpyKTypa MaTpUIl HMOHUTOB, HCHOJNB3YEMBIX JUIS DPA3ACICHHUS HHU3KOMOJICKYISPHBIX
coeHeHUH. Penko u TUIOTHO ciiuThlie HOHHTHL. OOMEHHas E€MKOCTh HOHUTOB. MapKHpOBKa
MOHUTOB. MexaHH3M HMOHHOTO OOMeHa. 3aBHCUMOCTh KOHCTAHTBI CKOPOCTH OOMEHa OT BEJIWYHMHBI
3apsiia M pamumyca XpomarorpadupyeMblX COCTUHEHHUN. YCIIOBHS JecOpOLMU B HMOHOOOMEHHOM
xpomarorpaduu. ['pamuentHas smrouus. THIBI TrpagueHTOB. 3ajadd, pemiacMble MOHOOOMEHHOM
xpomarorpadueii. Paznenenne aMUHOKHCIIOT HA aMUHOKHCIIOTHOM aHallu3aTope.

OcoOeHHOCTH (PaKIIMOHMPOBAHHUS OEJIKOB METOIOM HOHOOOMEHHOH xpomarorpadun. Ilpupona
WOHUTOB, UX CTpOoeHHEe. VIOHUTHI Ha OCHOBE IEJUIIONO3bI, JEKCTpaHa, arapo3bl u jap. X cXoacTBo u
pasnuunsi. DyHKIHMOHAJIBHBIE TPYNIbl HOHUTOB, HCHONB3YEMBIX Ui pas3lelieHus OCIIKOB.
3aBUCHMOCTb 3apsJI0B HOHUTOB OT pH cpenpl. 3aBHCHMOCTh 3HaKa W BEJIMYHMHBI 3apsiia Oenka ot pH
cpensl. OcobeHHOCTH COpOIMM OENKOB HAa MOHWTaX. 30Ha crabuibHOCTH Oenka. BriOop woHWTa
(cunbHBIA-ca0kIi, KaTHOHUT-aHUOHUT). KonnuecTBo nonuta. bydepHble pacTBOPbI, HCIIOIb3yEMbIC
B HOHOOOMEHHOU Xxpomarorpaduu 0enkoB. pH, nonnas cuna u npuponaa oydepa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEOOXOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

yueOHas ayTuTOpHsl, OCHAILICHHAs! KOMITBIOTEPAMU, MYJIBTUMEINA ITPOSKTOPOM H IKPAHOM.
6.IlepeuyeHb pexoMeHYeMOM JINTEPATYPHI

OcHoBHas nuTeparypa
1. Metojipl B MONEKYIISIpHO# OModu3uKe: CTPyKTypa, QyHKIUs, TuHaMuka [Texct] : B 2 T. : yue®.
nocobue myis By3oB / WM. Cepmrok, H. 3akkan, [[x. 3akkan .— M. : K/[Y, 2009 — T. 1. - 2009. - 568 c.
2. Metoasl B MOJICKYIISIpHON Onodusuke: cTpykTypa, GyHKuus, tuHamuka [Texct] : B 2 T. : yue0.
nocobwue st By3oB / M. Cepmiok, H. 3akkau, /x. 3akkan .— M. : KJ1Y, 2009 .— T. 2. - 2009. - 736 c.

JomnonHurenbHas aureparypa

PeKOMeHI[OBaHHaH JuTeparypa Ajd CaMOCTOATCIIbHOTO U3YUCHUA:

1. BricokoaddexTuBHas KUIKOCTHAS Xpomarorpadus B Onoxumuu - baysp I., Durensrapg X., ... / mog
pen. Xenmex A., Xyne K.-I1., Jlormmaiix @., Bénsrep B., M. «Mup», 1988.

2. Muponos B.JI. OcHOBBI ckaHHpYyIOLIEH 30H10BON MUKpockonuu. M.: 2004.

3. J. R. Trainor, P. J. Derrick (auth.), Michael L. Gross (eds.) Mass Spectrometry in the Biological
Sciences- A Tutorial 1992 — pa3nenbl npo HOHHBIE JIOBYIIKH U TPOMHBIE KBAAPYIIOIH.

4. Opnos B.U. AparckoB A.A. KuakocTHas XpoMaTorpadusi, TECOPETUIECKUE OCHOBBI. [IPepKUHCK,
1997.

5. Jlenxora E.I'., Uynpuk A.A., boopunenxuii M.U., Hesonun B.K. Yue6Hoe nocobue «IIpudops! u
METOIbI 30H0BOM MUKpockonuu». M.: 2011.

6. JlabGopaTopHoe pyKOBOACTBO IO XpoMaTorpaduu U CMEXKHBIM MeTo/IaM, 1ol pe. O.Muxkenr., M.
«Mmupy, 1982. — paznensl no renb-anekrpodopesy u BOXX.

7. Jlebenes, A. T.Macc-ciekrpomeTpus B opranndeckoit xumun, M. : BUHOM. JIa6. 3uanuii 2006,
2009

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha neKumMoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKITFOYAsk IEMOHCTPAIIHIO
npe3enranuii B PowerPoint.

BeinonHeHne caMocTosTeNnbHOM padoThl O 3aJaHHOH MPENoJaBaTeIeM TeME OCYILECTBISETCS B
nporpammax MS Office.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yalOlM{ AWCUUIUIMHY, JOJDKEH C OJHOM CTOPOHBI, OBJAAETh OOIIMM IMOHITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare m3yueHus NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIEC OIpeNeieHHs AUCIUILINHBI,
YMETb IPUMEHSITh TOJYUCHHBIC 3HAHUS ISl PEILICHUS] PAa3IMUHbBIX 3a7ad.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPEAYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUA KOHCIIEKTa 3aHATUH;

— HANPSHKEHHOW CaMOCTOSTEITLHON PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMU JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeAaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTUCITUTUIMHEL. Ba)XKHO 1OOWTHCS MOHWMAHUS HM3y4yaeMOro Marepuaia, a He MEXaHHYeCKOTO €ero
3armoMuHaHusl. [Ipu 3arpyqHeHMHM W3Y4eHHs OTIENBHBIX TEM, BOIPOCOB, CIelyeT oOpamiarhcsi 3a
KOHCYJIBTAIIUSIMU K MIPENoaBaTeao. Bo3aMOKeH NPOMEXYTOUHBIA KOHTPOJIb 3HAHUM CTYJICHTOB B BUJE
peleHus 3a1a4 B COOTBETCTBUM C TEMATUKOM 3aHITUI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPaBJIEHHIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
Nnpo¢uJIb NOATOTOBKH: buodwuszuka n GuonHpopmaruka
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
JlenapTaMeHT MOJIEKYISIPHON 1 OUOJIOTHYecKoi Ppu3uku
Kypc: 4
KBaJU(PUKAHA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT
PaspaGorunkm:

M.IO. Breicokux, kaH/. OMOI. HayK, JOLEHT
N.A. TlonoB, kaHj. puz.-Mar. HayK, JOUEHT
E.H. Kyxkaes, kanj. ¢u3.-mar. HayK, JOIECHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.3 CnocobeH ompenensTs TpaHUIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuaTb IIyTH €€ PEeLCHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl H OLICHKH

OIIK-2 Cnocob6en ucnonb3oBars coppemennble |OIIK-2.2  3Haer ©  yMmMeeT TNPUMEHSTH YHCICHHBIC
MH()OPMALMOHHBIE TEXHOJIOTUHU U MaTeMaTHYecKue METOAbl U IPHUKIAJHOE IPOrpaMMHOE
MpPOrpaMMHBIE CPENICTBA [P PEILICHUM 3aJa4  |oOeclieueHue Uil pelIeHWs  Hay4YHbIX  3a7a4 B
npoeCCUOHANBHOM JIeITEeNLHOCTH, cOOMIonas  |npodeccuoHaIbHON obnacTu
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

OIIK-4.1 Bmageer weromaMu Hay4HOTO IIOMCKa U

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTMYECKOH MH(OPMAIIK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

MHTEJUIEKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHHYECKOI
u (win) TexHoJOormYeckod wuHpopMauud B OOJIACTH
npodeccuoHaIbHON 1S TeIbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIuu

[MK-2 CriocobeH aHanu3upoBaTh MOMTyUYCHHBIE B
XO0JIe HayYHO-HCCIIE0BATENLCKON paOOThI
JIAHHBIC U J€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOUCHMS )

[IK-2.1 Bnangeer merojamMH CTaTHCTUYECKOW OOpabOTKH U
aHaJM3a Hay4YHbIX JTaHHBIX

[IK-2.2  VYmeer HaxoouTh  KIIOYEBBIE  MapaMeTpHl,
OIIpEeNeNIAIOIIME HU3yyaeMoe SBJIEHHE, W IPOU3BOIUTH
YHCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI

[MK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
000CHOBaHMSI M J0Ka3aTelIbCTBa, HAYYHBIE MPOOJIEMBI U HX
pemieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIf
poeCCHOHANBHON ayTUTOPUM, B NHUCBMEHHOH M YCTHOU

dopme

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare n3ydeHus AUCIUTUIMHBL « METOMbI UCCIIEI0BAHUS MAKPOMOJIEKYID» 00yYaIONINICS JOIDKEH:

3HATb:

- OCHOBHBIC ITPUHIUIIBI COBPEMCHHBIX (I)I/ISI/IKO-XI/IMI/I‘-IECKI/IX MCETOAOB aHaJIn3a MaKpOMOJICKYIL.

yMeThb:

- OLICHMBATh NPUMEHHMOCTb M COIOCTABIATH AP HEKTUBHOCTD METOAOB (PH3UKO-XHMMHUUECKOTO aHAIN3a
MaKpOMOJIEKYJ, HEOOXOAMMBIX ISl MOAOOpa HMHCTPYMEHTAJIbHOW O0a3bl C LENBI0  BBIOIHEHUS
COOTBETCTBYIOIINX HAYYHO-HCCIIEIOBATEILCKUX JIA0OPATOPHBIX OWOJOTHMYECKHX PadoT B 00NacTu
XMMUH, HAYK O MarepualiaX, MOJICKYJISIPHOW M KIICTOYHOI OHOJIOTHH, OMOXUMUH.

BJIaJd€Th:

- TEOPETHYECKHMH 3HAHMSIMH O COBPEMEHHBIX M HHHOBAaLMOHHBIX METOJaX OHOXUMHYECKHX
HCCJICIOBAaHUM; apCEHAJIOM COBPEMEHHBIX METOJIOB MCCIENOBAHUM, HUHCTPYMEHTAIbHOM TEXHUYECKON
0a30i BBIMOJIHEHUSI COBPEMEHHBIX HCCICAOBAHUH M COBOKYIHOCTBIO (PM3UKO-XUMHUYECKHX METOIOB

aHaJM3a MaKpPOMOJIEKYI.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

[IpumMeps! BOIIPOCOB 171 TEKYILEr0 KOHTPOJIS YCIIEBAEMOCTH.



Onrtuyeckne METOAbl BU3YAIM3allMM BHYTPEHHEH CTPYKTYpbl M MHKpopenbeda IMOBEpXHOCTH
00BEKTOB, TPEACTABICHUS 00 00JIACTH NPUMEHEHHUS M OTPAHUYCHUSX, HAKIIAZABIBAEMbIX (PU3NUECKIMHU
OpUHOMIAMM  (QYHKIMOHUPOBAHUS ~ HA  IPOCTPAHCTBEHHOE W BPEMEHHOE  pa3pelieHue
paccMaTprUBaeMbIX METOOB.

OnugiryopecueHTHBIE MHKPOCKOIBI (XOJ JIyueHd, 4YucioBas amneprypa OObEKTHBA, pa3pelicHHe
00beKTHBA U (PYyHKIHSI pacCcesiHUsI TOUKH).

TeopeTnueckne M HKCIIEPUMEHTAIbHBIE OCHOBBI METOJOB YAaCTUYHO KOTEPEHTHBIX M JIa3epHBIX
ONTUYECKHX WHTEPPEPECHIUOHHBIX H3MEPEHHUH; MaTeMaTH4YeCKHe OCHOBBI NpeoOpa3oBaHUN H
00paboTKM ONTHYECKHX CHUTHAJIOB; MaTeMaTH4eCKHE OCHOBBI BU3YAJIM3AIlMM JBYX- U TPEXMEPHBIX
HM300paKEeHUH; NPUHLMIIBI TOJYYEeHUS HMHPOpPMAaUUM O BHYTPEHHEH CTPYKType oOOBbeKTa IO
N3MEpPEHHOMY MHTEP(EPEHIIMOHHOMY CUTHAITY.

[TpeumyiiecTBa U orpaHudeHHss MHTEP(YEPEHIIMOHHBIX METOOB M3MEPEHHs BHYTPEHHEH CTPYKTYpBI
OOBEKTOB.

Meronet  FRET, SIM, STORM,STED, Light sheet, PALM. @nroopecueHTHble OenkH,
BHYTpHUKJIETOUHBIE (I1t00podopsl, IpUMEHEHHE (DIIOOPECHEHTHOH MHUKPOCKONUHU AJISi MCCIICAOBAHUS
OBICTPBIX KJIETOUHBIX IIPOLIECCOB HA IIPUMeEpPE U3MEPEHHs KOHIICHTPAI[H HOHA KaJIbLus.

Metonsl HOHM3AaLMU: OBIEKTPOHHBIA ynap M XUMHUYecKas HoHu3auus , snekrpocnpeit (ESI),
XUMHYecKas MoHu3anus npu armochepHom nasiennu (APCI). Meroapl MOHM3alMU JIsl TPSIMOIA
macc-criekrpomerpun: DESI, DART u np.

Pemienue cTpyKTypHBIX 3a7a4 METOIAMHU Macc-criekTpoMeTpun. OnpesaeseHne 3JIeMEHTHOTO COCTaBa
(oneMeHTHBIH aHanmu3, ompeneneHue OpyrTo-popmyn). HWaentudukamuss 1o TOYHOH Macce.
Unentndukanuss mo m3oronHou cTpykrype. Tangemnas macc-cnextpomepus (MS/MS). Cenexuust
noHoB. Metonb! pparmentanuu nonos (CID, ECD, IRMPD). ®@parmenraius mentuaos.

KomOunanmm macc-criekTpoMeTpa € JKMOKOCTHBIM M Ta30BBIM xpomatorpadamu. llpumeHenus
Macc-CIeKTPOMETPUHN Ul peIleHHs 337ad OWOoJOTWMH, XHMHH, aHalu3a OKpY)KaloIled cpenpl,
(hapMakoIoruu, MOCTPOEHMs CUCTEM OE30MACHOCTH.

IlearpudyrupoBanue. AHAJIMTHYECKOE YIBTPAllEHTPU(PYTUPOBaHUE. YpaBHEHHE CEIUMEHTAlNU.
VYerpoiictBo uentpudyru. IlocnenoBarenvHble craguu  (pakIMOHUpPOBaHUS. JleTeKTHpOBaHHE B
aHAJMTUYECKOM yibTpaneHTpudyrupoanuu. [IpenaparnBHoe neHTpudyrupoBaHue.

Onekrpodopes. Senenue smekrpoocMmoca. [loABMKHOCTE HOHOB B Bs3KOW cpene. JIBoiiHoi
JNeKTpuUYecKui cnoil. J[3era-moreHuman. OnekTpodope3 ¢ MOABMKHON TpaHuued. JMCKOBBIHA
anekrpodopes. 30HOBBINA anekTpodopes. Wzosnextpudeckoit ¢okycupoBanue.  M3oraxodopes.
Kanwsipusiii anekrpodopes. dnekrpodope3 B nonmuakpuwiamuanom reie (PAGE). Unentudukanus
0eJIKOB C MOMOIIIBI0 IBYMepHOTO 3MekTpodopesa B PAGE c ucnonszoBanuem SDS.
BricokoaddexkruBhas xunkoctras xpomarorpadus (HPLC). dakropsl, Bnustomuye Ha GopMUpOBaHHUE
U JUCHEPCHI0  XpOMAaTrorpaMueckoro muka. ACHMMETpUYHOCTh muKa. CrocoObl OLEHKH
(tectupoBanust) apdexruBHocTH KoIOoHOK B HPLC. Crapenue KoloHOK.

AncopOiMoHHass W pacmpefenuTensHas — xpomarorpadus . JKujkocTHas — aacopOIHMOHHAS
xpomatorpadusi. Hopmanbho-azoBass u oOpamieHo-(hazoBasi pacnpeaeiauTesabHas XpoMaTtorpadus.
['panuentHoe amoupoBaHMe. YCTPOMCTBO KUAKOCTHOTO Xpomarorpada. JleTeKTopbl B KHIKOCTHOM
xpomatorpadur. BBom mpoObl: YCTpOMCTBO LIECTHXONOBOIO KpaHa-Io3aropa € pa3pblBacMoOi
WKEKIIMOHHOM  merneil. KomOumHammm  macc-clieKTpomMeTrpa € JKHAKOCTHBIM M Ta30BbIM
Xpomatorpadamu.

Paznenenue nommmepoB ¢ MOMOIIBIO refbnpoHuKaromeii xpomarorpaduu. [lonsTiue 06 HOHOOOMEHHOM
XpomMarorpaguu.

Teepnodasnas oskcrpakuusi (SPE, yaepxuBaromiass W HeynepkuBaromas). Buisl copOeHTOB,
ucnons3yemsix B SPE. Cranun SPE.

HpI/IMeHCHI/IC MNOBCPXHOCTHOI'O IJIa3MOHHOI'O PE30HAaHCA AJId aHaJIn3a MAKPOMOJICKYIJI.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[Tpumepsl BoripocoB nuddhepeHITMPOBaHHOTO 3a4eTa.

1. JluHeiiHblE KBaJpYIOJW W KBaJApYNOJIbHBIE HOHHBIE JOBYIIKH. [lapamerpuueckuil pe3oHaHC
JIBmxeHne B ObICTpO ocuwuMpyomeM mnoje . KBagpynonbHelid Macc-ananuzarop . KaapymnonbHbie
nonnsle JoBymku (lon Trap), nmpuHIMN AeHcTBUA, CKaHMpOBaHME MO MaccaM. CHCTeMBbl TpaHCIOpTa
HMOHOB C MOCTaANMHON OTKAYKOM M pagroYacTOTHBIMU KBaApynoiasaMu. TpolHON KBagpyHOib.



2. MeTtoipl Macc-CIIEKTPOMETPHH CBEPXBBICOKOTO pa3pelieH s U BBICOKOH TOUHOCTH U3MEPEHUS MaCChI
(FTMS). Macc-crieKTpoMeTpHrsi HOHHO-IIMKIIOTPOHHOTO pe3oHaHca ¢ npeodpazoBanneM Dypre (MLP
[I®, FT ICR). Bunet nosymex HWIIP. CnocoObl B030YXACHHS LIHUKJIOTPOHHOTO JBHIKCHHS.
HerextupoBanue curnana MIIP. [llupokornonocHoe U y3KOMOJIOCHOE JETEKTHPOBaHUE. AOCONIOTHBIN
MHUPOBOW PEKOpA pa3pelieHus B Macc-crnektpomerpuu. OpOutanbHeie HOHHBIE JOBYHKH (Orbitrap).
3axBar MOHa B opOutpene. JletektupoBanume curHama. Kak oCymiecTBUTh BBOA HOHOB B
Macc-ananuzaropsl ICR u Orbitrap?

3. Metonbl WMOHUW3AIUK: DICKTPOHHBIM ymap M XHMHYecKas HWoHu3anus , snekrpocnpei (ESI),
XUMHUYecKas HOHM3auus npu armocepHoMm nasieHun (APCI). Meroxbl noHM3anmuu Ui TPSMOMN
macc-cnektpomerpun: DESI, DART u ap.

4. PemieHne CTPyKTYpHBIX 3a]a4 METOIlaMH Macc-CrieKTpoMeTpuu. OnpeieneHie 3EeMEHTHOTO COCTaBa
(o7eMeHTHBIH  aHanmu3, ompeneneHue Opyrro-gopmyn). HWaentudukanuss 1o TOYHOH Macce.
Unentndukanus mo m3otomHou cTpykrype. Tanmemuas macc-cnektpomepus (MS/MS). Cenexius
noHoB. Metoap!l (hparmenTaruu nonoB (CID, ECD, IRMPD). ®parmenTaiius nentTuios.

5. KomOnHanmm macc-CrieKTpoMeTpa € JKHIKOCTHBIM M Ta30BbIM Xpomarorpadamu. Ilpumenenus
Macc-CIIeKTPOMETPUH Ul peIleHHus 337ad OWOJOTWUH, XHMHUH, aHalu3a OKpY)KaloleHd cpempl,
(hapMakoIoruu, MOCTPOEHHsSI CUCTEM OE30MACHOCTH.

6. LlentpudyrupoBanue. AHATUTHYECKOE YIBTPALCHTPU(PYrHpOBaHUE. YpaBHEHHE CEAUMEHTAINU.
YerpotictBo nieHTpudyru. [locnenoBarenvHble crajuu  (pakIMOHUPOBaHUS. JleTEeKTHpOBaHUE B
aHAJMTUYECKOM YibTpaneHTpudyrupoBanuu. [IpenaparnBHoe eHTpUpYyTrupoBaHuUE.

7. Dmnekrpodopes. SBnenue snexTpoocmoca. [logBMKHOCTE HWOHOB B Bsi3KOW cpene. JlBoiHOI
JNeKTpuUecKud cioil. J[3era-morenmnman. Onektpodope3 ¢ TMOABMKHON TpaHuied. JMCKOBBIHA
anekrpodopes. 30HOBBIA anekTpodopes. Mzosnextpudeckoil ¢okycupoBanue.  M3oraxodopes.
Kanmmnsipaeiii anekrpodopes. Dnekrpodope3 B nonuakpuwiamuaaom reie (PAGE). Unentudukanms
OEIKOB C ITOMOIIIBI0 ABYMepHOro Aekrpodopesa B PAGE ¢ ucnonszoBanuem SDS.

8. BrwicokoaddextuHas xuakoctHas xpomarorpadus (HPLC). ®axtopsl, Bhustone Ha
(OopMHUpOBaHHE M JUCHEPCUI0 XPOMAaTOrpa)MuecKoro nHKa. ACHMMETPUYHOCTh mNHuKa. CrocoObl
otieHKH (TectupoBanus) d3pdexruBHOCTH KoIoHOK B HPLC. Crapenue KoJIoOHOK.

AncopOuMoOHHasT W pacupenenuTenbHas —xpomarorpadus . JKuakocTtHas — ancopOIMOHHAs
xpomarorpadus. HopmanbHo-azoBass u oOpamieHo-(azoBasi pacrpenenuTesbHas xXpomaTtorpadusi.
['panuentHoe amiompoBaHue. YCTPOMCTBO KHUAKOCTHOTO Xpomarorpada. JleTeKkTopbl B KHIKOCTHOM
xpomarorpaguu. BBoxgy mpoObl:  yCTPOHCTBO IIECTHXOIOBOTO KpaHa-i03aropa C pa3pbIBaeMOM
WKEKIMOHHOM  merneil. KomOumHammm  macc-criekTpomMeTrpa C  JKHUAKOCTHBIM M Ta30BBIM
XpomMatorpadamu.

Paznenenune momumepoB ¢ MOMOIIBIO refbIpoHuKaromei xpomarorpaduu. [TorsTre 06 HOHOOOMEHHOM
XpomMatorpaguu.

9. Tsepmodasznas skctpakuus (SPE, ymepkuBaromias u Heyaepkuparomias). Buasl copOeHTOB,
ncnonb3yembix B SPE. Craguu SPE.

10. IlpumeHeHre TOBEPXHOCTHOTO IJIa3MOHHOTO PE30HAHCA JJIS aHAJIN3a MAaKPOMOJIEKYIL..

11. IIpunnunel paboThl CKAaHUPYIOIMX 30HI0BBIX MUKPOCKONOB. CKaHUPYIOILINE JIEMEHTHI 30HI0BBIX
MHUKpPOCKONOB  (mbe3ockaHepsl).  KoHCTpykums ~— aromMHO-CHIIOBOro — MHKpockorma — (ACM).
[TpunnunuaneHas cxema cuctemsl ynpasieHuss ACM npu pabore B KOHTAKTHOM U HOJYKOHTAKTHOM
kojeOaTenbHOM pexumax. 12. OCHOBHBIE XapaKTepUCTHKH KaHTeneBepoB i ACM. Cunosas
CIEKTPOCKONHA. THIIBI CHJI, BOBHUKAIOLIUX B KOHTAKTHOM H

0ECKOHTAKTHOM pexxumax. TunuuHble apTedaxTsl B ACM.

13. Muxpockomnus OnvkHero nosist. [IpuHIUIbI 1 aHATUTHYECKUE BO3MOXKHOCTH METO/A.

14. DnexTpoHHas MUKpocKonus. [IpHHIMIBI 1 aHATUTHYECKHE BOZMOXKHOCTH MeTona. KoHeTpyKius u
PEXKHUMBI CKAHUPOBAHUS JIEKTPOHHOTO MUKPOCKOIIA.

Kpurepun oneHuBaHus

Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKH
MPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka omM4YHO 9 Oa/uioB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON IMPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommyHO 8§ 0OamioB - BBICTABIISICTCS  CTYACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBJICTBOPUTENBHO | Oayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipu nposenenun auddepeHurpoBanHOro 3auera oOydaromemycsi npeaocrasmsercs 30 MUHYT Ha
noAroToBKy. Onpoc 00y4aronierocsi He I0JDKEH MPEBBIIATh OTHOI0 aCTPOHOMHUYECKOTO Jaca.



