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

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: Mertozb! nccie10BaHUS MaKPOMOJIEKYJ
10 HANPABJICHHUIO: buorexHonorus
npo¢uib NOArOTOBKHU: CucreMHas U CHHTETHUYECKast OMOJIOTHS

dusrex-mrona buosgornueckot 1 Menunuackor OU3NKU
kadenpa Quandeckon XUMUN

Kypc: 4
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - nuddhepeHunpoBaHHbIi 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3au. ef.: 1
KonnuecTBo KOHTPONBHBIX PadoT, 3a1aHuil: 2
[IporpamMmy cocraBunu:

M.IO. Bricokux, kaH[. OO, HayK, TOIEHT
N.A. llonioB, kauf. (pu3.-MaT. HayK, TOIICHT
E.H. Kykaes, kan. ¢us.-Mar. HayK, JOLEHT

[Iporpamma obcyxneHa Ha 3aceqanuu kadpeaps! pusznueckos xumun 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-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aady,

OIIK-1 Crioco6eH u3yyarb, aHaTHM3UPOBATH, HAMEYAT MyTH €e PeleHHs

HCIOJIB30BAaTh OMOJIOrHYCCKUE O0OBCKTHI U
poueCChbl, OCHOBLIBAJACH HA MATEMAaTUUICCKUX,
(bHSI/I‘{CCKI/IX, XUMHUYCCKUX, OHOJIOTHYECKUX
3aKOHax, 3aKOHOMCPHOCTAX U B3aUMOCBA3AX

OIIK-1.3 CnocobeH ompeaensTs TpaHUIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

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

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIUMCIIUTENBHYIO TEXHHKY M CEpPBUCHI ceTH MHTepHeT B
OITK-2 CriocoGeH HCIIoNb30BaTh COBpeMeHHble |0071acTh (cdepe) npodecCHOHANBHOM NEITENbHOCTH
MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeT W yMeeT IPUMEHITb YHCICHHBIC
IPOrpaMMHBIE CPEACTBA [IPU PEIICHUHN 331a4  |MaTeMaTHYeCKHe METOAbl M NPUKIATHOE IPOrpaMMHOE
npodeccuoHaIbHON IeTeNbHOCTH, coOmoast  |o0ecrieueHre Uil PEHIeHWs  Hay4yHbIX  337a4 B
TpeboBanusa HHPOPMALMOHHOHN Oe30macHOCTH  (podeccHOHaNBLHON 00IacTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKAa H
MHTEJJIEKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH




OIIK-4 CriocoOeH oCymIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJIHBIX 33129

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUYECKOI
n (wiM) TexHoJOrHuYeckod wuHpopManmud B OOJACTH
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJyUEHUs], XpaHEHUs U

00pabOTKM Hay4yHOW (TEXHHYECKOH, TEXHOJOTHYECCKOMN)
nHpopMaIun
OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,

oubnuorpaduyeckue mepeyHr u 0030pbl MHPOPMALUHU B
o0JacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

OIIK-6 CriocoOeH sKCITyaTHpOBaTh
TEXHOJIOTHYECKOe 000Py/I0BaHHE, BBIIOIHSATh
TEXHOJIOTUYECKUE OTIepPaLUH, YIIPABISTH
OMOTEXHOJIOTHUECKUMHU MIPOLIECCAMH,
MPOEKTUPOBATH AIEMEHTHI TEXHUYECKHUX U
TEXHOJIOTHYECKUX CUCTEM, TEXHHYECKUX
00BEKTOB, TEXHOJIOTHUECKUX TPOLIECCOB

pUMeHEeHMs 0a30BBIX NHKEHEPHBIX U
TEXHOJIOTUYECKUX 3HAHUN

OHOTEXHOJIOIHYECKOTO IMPOU3BOACTBA HA OCHOBE

OIIK-6.2 CrnocobeH K OLIEHKE, aHAIM3y M WHTEPHpETaLlH
HOJIyYECHHBIX B pe3yJIbTaTe OMOTEXHOJIOTHYECKHUX MPOIIECCOB
JTaHHBIX

[IK-1 CnocoGeH mi1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MIIM) TEOPETUIECCKHUE
(aHaTMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

IK-1.1 Bnageer (QyHIameHTanpHBIMU  MOHSITHIMH,
3aKOHaMHM ¥ TEOPUSIMH COBPEMEHHON (PU3UKU M OHOJIOTHH

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEIOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHOW peMETHOM 00IacTH

[IK-3.3 Ymeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHON
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0beMa
TpeOyeMBIX BHIYHUCIUTEIBHBIX PECYPCOB

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[MK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIIEACTBEHHBIE
OTHOIIICHHS UCTIONB3YEMbIX TOHITUH U MOJesei

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HAThb:

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

YMETB:

- OLIEHUBATh MPUMEHUMOCTD M CONOCTABIATH 3(PPEKTUBHOCTb METOIOB (PU3NKO-XHMUYECKOTO aHaIn3a
MaKpOMOJIEKYJ, HEOOXOAMMBIX Ml Moadopa HWHCTPYMEHTAIbHOM 0a3bl € LENbI0 BBIIOIHEHHS
COOTBETCTBYIOLINX HAYYHO-HCCIIEOBATEIBCKUX JIAOOPATOPHBIX OMOJOTMYECKUX pPaboT B obnactu
XMMHH, HAyK O MaTepuaiaX, MOJICKYJIIPHON U KJICTOYHOI OHOIOrHH, OMOXUMUH.

BJIAJIETD:

- TEOPETHYECKUMM 3HAHMSAMH O COBPEMEHHBIX M MHHOBAIIMOHHBIX MeETOJIaX OHOXMMHYECKUX
HCCJIEI0OBaHU; apCceHAJIOM COBPEMEHHBIX METOAOB HCCIIECHOBAHWNA, HHCTPYMEHTAJIbHOU TEXHUYECKON
0a30i1 BBITIOJIHEHNSI COBPEMEHHBIX HCCIIEJOBAaHMH U COBOKYHMHOCTBIO (PU3MKO-XUMHUYECKHX METOJOB

aHaJIn3a MaKpOMOJICKYIJI.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

No Tema (pa3nen) TUCIUTUTMHBI

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.

CamocT.

Moavrrom (Contuancr TTaAAnar naAnTLT




o AN/INLAKLIKL \_/NAVLKAAIMIJUI JLuUUPuL- IJU\JUIUI pa6OTa

1 Beenenne MeTtogonoruueckue OCHOBBI 4 1
pa3zneneHys U aHajau3a MaKpOMOJIEKYII

) Macc-cneKkTpoMeTpuuecKue METO/IbI 4 |
UACHTU(UKALTH MAKPOMOJIEKYIT

3 Mertonpl KOH(MOKAJIBHOW M KOTE€PEHTHON 4 1
MUKPOCKOIIUU

4 OnTuueckas CIIEKTPOCKOIHUS 6 )
MaKpPOMOJIEKYJI
Paznenenne MakpoMmoiekyn, dYacTul H

5 CYOKJIETOYHBIX CTPYKTYP, aHAJTUTHUECKHUE 6 5
MOJXOBI

6 Xpomarorpadust MAaKpOMOJICKYI 6 5

Uroro wacos 30 15

[loaroroska k sK3aMeHy 0 gac.

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

4.2.

Coneprxanue UCIUIUIAHBI (MOAYIIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 8 (Becennuit)

1. Beenenne MeTononornueckrue OCHOBBI Pa3ZIeieHUs M aHAIH3a MaKpPOMOJIEKYJI

Uctopuueckuit 0030p, aHanmm3 SBOIIOLWU MPEJACTABICHUA O BEIIECTBE, HCTOpUYECKAs IIKala
pasBUTUS METOJOB pa3lelieHHS M HCCIICJOBAHUS MaKpOMOJEKYJ, BBEICHHE B METOIOJIOTHIO
OMOJIOTMYECKOTO  MCCJICIOBAHUS,  NPEACTaBICHHE 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 mpeBapuTeIbHOM OYUCTKH 00pasma:
HeHTpU(YTrHpoBaHUE M 3aadH, KOTOPbIE MOXKHO pemuTh 3TUM MetomoM. Ounctka oOpasia,
OCHOBaHHAas Ha pa3IMYMd B PACTBOPHUMOCTH MAKPOMOJICKYN, OYHCTKa OHOIOIMMEPOB C
UCTIONIb30BaHNEM (PEPMEHTOB M YAaCTHIl C aKTHBUPOBAHHOM MOBEPXHOCTHIO.

2. Macc-cneKTpoMeTpHYEeCKHE METOIbI MICHTU(PHUKALIMH MaKPOMOJIEKYJI

KoHeTpyKiust Macc-CeKTpOMETpPOB IS MCCIIEAOBaHHS MAaKpOMOJEKYl. MeToIbl HMOHU3aLUH —
JNEKTPOpACIbUICHHE,  MaTpU4YHas ~ Jla3epHash  JeCOpOLMS/MOHU3AIMS,  METOAbl  MPSIMOM
Macc-CIIeKTPOMETpHU.  Macc-aHanu3aTopsl  BBICOKOTO,  CBEPXBBICOKOTO ¥ YJIBTPaBBICOKOTO
paspemeHus. KoHCTpyKIHs Macc-CIIEKTpOMETpa Uil HCCIICAOBAHUS MaKPOMOJICKYIL.

HccnenoBaHne  CTPYKTYpbl —~ OPraHHYECKMX  MOJIGKYJT METOJAaMH  MAacC-CIIEKTPOMETPHH  C
¢parmenranueit (MC/MC). Metonsl pparmeHTaniu MOHOB MPH 3aXBaTe AJIEKTPOHOB, MOTIOUICHUN
WK wu3nydeHus, TpU CTOJKHOBEHHSX C HEUTpPAJsIMH, IpPHU CIOTKHOBEHHH C ITOBEPXHOCTBHIO.
TexHuyeckast peanu3anys CeJEKIMHM ¥ (parMEeHTalMd HMOHOB B  Macc-CIIEKTPOMETpax.
XpomaTo-Macc-CIeTKPOMETPHUsT MAaKPOMOJICKYII.

3. Merozps! KOH(POKaTBHON U KOTEPEHTHONH MUKPOCKOITUU



Onrtuueckne MeTOAbl BH3yaJM3allMM BHYTPEHHEH CTPYKTypbl U MHKpopeiabeda IMOBEPXHOCTH
OOBEKTOB, TpencTaBiIeHUs 00 00NacTH TNPUMEHEHUS W OrPAaHWYCHHUSAX, HAKIAbIBAEMBIX
bu3MUECKUMH IPUHIMIIAMH (DYHKIIMOHUPOBAHHS HA IPOCTPAHCTBEHHOE U BPEMEHHOE Pa3pelcHue
paccMarpuBaeMbIX METOIOB. DNH(IyopecHeHTHbIE MHKPOCKOIBI (X0 JIy4el, YucIioBas armeprypa
00bEKTHBA, paspelicHHe OObeKTMBA M (YHKIHS paccesHus TO4ukh). Teopuss HMHTEpPEepeHINH
ONITHYECKUX TOJNEH U Teopus MHTEP(HEPEHIIMOHHBIX M3MEPEHUIl; OCHOBBI TEOPHH KOTEPEHTHOCTH
ONTUYECKUX IIOJEd M KOIEPEHTHBIE CBOMCTBA OINTHYECKUX IIOJEH M Ja3€pHOTO H3IIyUYEHUs;
TEOPETUYECKUE M DKCIEPUMEHTAILHBIE OCHOBBI METOJOB YaCTHYHO KOTEPEHTHBIX W JIA3E€PHBIX
ONTHYECKUX HHTEPPEPEHIMOHHBIX M3MEPEHH; MaTeMaTH4yecKue OCHOBBI IpeoOpa3oBaHuil U
00pabOTKH ONTHYECKHX CUTHAJIOB;, MaTeMaTHYSCKUE OCHOBBI BH3yaJH3allUU JBYyX- U TPEXMEPHBIX
M300paKeHU; TMPHUHIUIBI TONydYeHHs WHGOpMAMA O BHYTPEHHEH CTPYKType o0OBeKTa 10
U3MEPCHHOMY uHTEp(EepEeHIIIOHHOMY CHUTHAITY. [MpeumymecrBa u OrpaHHYCHHUS
WHTEp(EPEHIIMOHHBIX METOIOB U3MEPEHUSI BHYTPEHHEH CTPYKTYphl 00bekToB. Metonst FRET, SIM,
STORM,STED, Light sheet, PALM. ®nioopecueHTHbIe O€NKH, BHYTPUKIETOUHBIE (HIIH00pPOdOpHL,
npUMeHeHHe (II0OPECIICHTHON MMKPOCKOIIUH JUIS UCCIIEIOBAaHMS OBICTPBIX KJIETOUHBIX IPOIIECCOB
Ha [pUMepe U3MEPEHHs KOHIICHTPAIIMH HOHA KaJIbIIUsI.

4. Onrtuyeckas CIICKTPOCKOIIUSA MaKPOMOJICKYII

OO1mye 3aKOHOMEPHOCTH HOINIOMICHNS MAaKpOMOJIeKyll B Y®-nnanazone. CrieKTpasibHbIE TapaMeTphbl
MOHOMEPHBIX 3B€HbEB ITOJIUMEPOB U TOHKASI CTPYKTypa crekrpa. Vi3MeHeHne CeKTPOB aMUHOKHUCIIOT
nox BIUSHMEM BHeImHHX (akrtopoB (pH cpedpl, NPOTOHMPOBAHME HMOHOTEHHBIX TPYIIIN).
VnprpaduonaeToBie CIEKTPHl MomiomeHns 0enkoB. OCOOCHHOCTH CTPYKTYPHI CIIEKTPOB OEJIKOB IO
CPaBHEHHIO CO CIIEKTpaMM CMECU apOMaTH4EeCKUX aMUHOKMCIIOT, BXOJSIIUX B UX COCTaB. MeToabl
pacueTa BKJIaJa CBETOpAcCEsHUS B U3MepsaeMoe norouienne 06enkoB. OLeHKa BKJIaJa MOHOMEPHBIX
3BEHBEB, IOCTYNHBIX BHEITHEMY BO3JECHCTBHIO, METOIOM TU((epeHIINaTIbHON CIEKTPOGOTOMETPHN.
Pacuer mysa OenkoB (TpumncuHa W pUOOHYKIIEa3bl) KOA(PQPHUIMEHTOB O3KCTUHKUIUM W CEUYCHUS
HOIVIOLEHUST aMUHOKMCIIOTHBIX OCTaTKOB M3 JKCIIEPUMEHTaJbHBIX JaHHbIX. Pacuer copepxanus
xpomModopoB B MoJekyine Oenka. Y@ NOIIONIEHWE HYKIEMHOBBIX KHCIOT, Xpomodopsl. Pacuer
runepxpomMHoro 3ddekra npu mepexone oT AByxcnupanbHbX cTpykTyp JHK K omHOCTMpansHOM.
Bxiag B3ammoneiicTBus oOcHOBaHMI B runepxpoMHbli 3¢ dekr. Temnmosas peHarypauus u
penarypauust JIHK. Kpussie mnasnenuss JJHK. OmpeneneHue KOHIEHTpalMH MaKpOMOJEKYS IO
CHEKTPaM MOIIOLICHUSI.

Paccesnue QJICKTPOMAaruiuTHOTO U3JIYUCHUA U HeﬁTpOHHOB B OMOJIOTHMYECKHUX CHCTEMAaX

OOmas xapakTepUCTHKa pacCcesHUsl CBETa, PEHTTEHOBCKHX ITydell W HeWTpoHOB. PaccesHue ceta
Kak paccesHue Ha "CBSI3aHHBIX'" 3JIEKTPOHAX, paccesHUEe PEHTICHOBCKHUX JIyuel KaK paccesHue Ha
"cBOOOMHBIX" IEKTPOHAX, paccessHUEe HEUTPOHOB Kak paccesHue Ha sipax. OcHOBHbBIE QU3HUYECKHE
cieactBus. OyHKUMS BHYTPUMOJNEKYIApHOH nHTepdepenuun Jlebas u ee coiictBa. Paccesnue Ha
HyneBol yron. Paguyc uaepimu. Ero cBsi3p ¢ (hopMoii 4acTHIIBI B C paclpeie]IeHHEeM 3JICKTPOHHOM
(HeWTpOHHOMN) MIOTHOCTU BHYTpH Hee. OOmacTh Gopmbl. OOIIKE 3aKOHBI CIaja KPUBOW paccesHus
JUIL 4acTIl pa3Hod (opmbl (manmodka, JHUCK, TaycCOB KIyOOK, KOMITAKTHBIE YacTHIBI). MeTtox
chepuyecKuX TapMOHUK M €ro INPUMEHEHHE K BOCCTAHOBJICHHIO TPEXMEPHOU CTPYKTYpPbI
MaKpoMoJIeKysl. PaccesHue peHTreHoBCKux Jiydyeil. @opmyna Tomncona. MICTOYHUMKY pEHTTEHOBCKOTO
u3ny4yeHus (TpyOKH, BpalIaroIlUuecs: aHOAbI, HCTOYHUKHA CHHXPOTPOHHOTO M3nyuyeHus ). IlpueMHuKn
PEHTTEHOBCKOTO H3iyuyeHus. Meroapl Bapuauuu KoHTpacTta. Paccesnue cera. @opmyna Pesnes.
MeTopl HHTEPIPETALUH SKCIIEPUMEHTAIBHBIX JaHHBIX. PaccesiHue Ha MabIX U OOJIBIINX YaCTHIIAX.
Metox 3umma. [IpoGnema ompeneneHuss MOJEKYISPHBIX MacC M PaJAWyCOB HHEPIMU OONBIIMX
Ouonornuecknx Makpomoniekyn. M3yuenue crpykrypsl [JHK. Mertonsl Bapuanum KOHTpacTa.
Paccesnue wueiTponoB. Helrponnsie ncrouyHukd. CTalMOHAPHBIE W MYJIbCUPYIOIINE PEAKTOPBHI.
Muratoniye UICTOYHUKH. MaoyrioBble HEUTPOHHBIE CIIEKTPOMETPhl. MeToabl BapHallui KOHTpacTa:
meroq H20-D20O cmeceil, MeTon OBOWMHOTO M TPOWHOTO HM30TOMHYECKOTO 3aMeleHus. MeTombl
TPUAHTYIALMK. MeToA CIMHOBOM BapualUu KOHTpacTa. bHocuHTeTHYEecKoe AeUTepHupOBaHHE.
CoBMECTHOE UCIIONb30BAaHUE PACCESHUSI CBETAa PEHTICHOBCKUX JIyuyed U HeWTpoHOB. OmnpeneneHue
paanycoB HMHEPUUMM KOMIIOHEHTOB UM  PAcCTOSIHMA MEXIy WX LEHTpaMH TSOKECTH B
JBYXKOMIIOHEHTHBIX yacTuliaXx. COBMECTHOE HCIOJIb30BaHHE KOHCTAHThI [IOCTYIATEJIbLHOTO TPEHUS
YacTHUIBI U €€ PaJuyca HHEPLUH.

JIuHeWHbIH AUXPOU3M B OpUEHTALMS MOJIEKYI B OMOIOTHYECKUX 00BbEKTaxX



OcHOBBI  crieKTpoOnoNsipUMeTprd. JIMHEHHBIN AWXpOW3M, OUXPOMYHOE OTHOLIEHHE W CTENeHb
auxpousMa. MeToj pacueTa OpUEeHTAlMH XpoMOo(OpoB MOJEKYNl B OHOJIOTHUECKHX IIperaparax
(MeMOpaHsbl, KoMIUIeKChl). CrocOObl OpHEHTALWU OaKTepHAIbHBIX U MUTMEHT-0EIKOBBIX KOMILIEKCOB
(meromom smHelHOW — nmedopmarym).  YCTpOWCTBO ¥ NPUHIOUIN  pabOTBl  JABYXIYYEBOTO
PETUCTPUPYIOLIETO CHEKTPO(GOTOMETPa C MPUCTABKOM IJIsl CLIEKTPOTIONIIPUMETPHUUECKUAX U3MEPEHHI.
Pacuer OUXPOMYHOCTH W CTENEHM IOUXPOM3MA. BbluMciieHHE yINIOB OpHEHTAlMH XpoMo(dOpoB
MOJIEKYJbI OaKTEepUOXJIOpOQHILIa B MeMOpaHax MypIrypHBIX OaKTepui.

Mertonbl uccienoBanus (GIyopecleHIIMd MaKpOMOJICKYJ B BUIUMON M yabTpaduoiIeToBOi o0nacTu
CIIEKTpa

KauecTBeHHBIII M KOJIMYECTBEHHBIM aHAJIM3 BEIIECTB IO CIEKTpaM (IyopecueHIMH U CHEeKTpam
BO30ykaeHusa (ryopecueHunu. Ammaparypa O M3MEpPEHHsl CIEKTPOB (IyopecleHLUH, ee
BO30YXKJCHUS M TPOU3BOAHBIX CIEKTPOB MpH KoMHaTHOW W Huskoil (770K) temmeparypax.
ComnocraBieHue CHEKTPOB (IyOpecUEeHIMH THWIMEHTOB B pacTBOpe M B KIeTKe. TylieHue
duyopecuennun.  MccnenoBanue addexra TymieHuss (QIyopecleHIMM B 3aBUCUMOCTH  OT
KOHLEeHTpauun Tymurtensa. Wuaykuus QuyopecueHumd  (OTOCHHTE3UPYIOUIMX  OPraHU3MOB
(MHUKPOBOZOPOCIHN) U HCCIEAOBaHNE MexaHu3Ma (orocuHTe3a. DEPCTepoBCKUil MEepeHOC YHEPTUH
anekrpoHHoro Bo30yxaeHus (FRET). /lumons-aumonpHOE B3aWMOMAEWCTBHE JOHOpPA M aKIENTOpa
SHEPTUM WHAYKTHBHO-PE30HAHCHBIM MEXaHM3M, MHTEprajl MepeKpbIBaHUS CIIEKTPOB — 3aBUCHMOCTh
OT PAacCTOSIHHSI MeEXIy OOHOpoM M akudentopoM. Kpuruueckuit DEpcrepoBckuil panmyc. Ponb
OpPHEHTALMOHHOTO (akTopa. DEHOMEHOJIOTHS SIBICHUS — CEHCHOMIM3HPOBAaHHAS (DIyOpPECIICHITHS.
Pacuer mo skcnepuMeHTaJbHBIM JAHHBIM KBAaHTOBOTO BBIXOA MEPEHOCA JHEPTHH, KOHCTAHTHI
MepeHoca W PpacCTOSHHUA MEXAy IOHOPOM M aKUenTopoM. Metox (IyopecleHTHBIX 30H[OB.
OmnpeneneHne KOHCTAHTBHI CBSA3BIBAHMSI M KOHLEHTpALlMM MECT CBSA3BIBAHHMs 30HJAa B MeMOpaHe.
Onyopecuentasie nHAMKaTOpbl pH. Mcnonb3oBanue 3enenoro ¢oyopectupytomero oenka (GFP) u
LBETHBIX OCNKOB [Jii BHYTPHKJIETOYHOTO u3MepeHuss pH, koHmentpaumu wuoHoB. IlpunHnun
nuddepeHIranbHON (IyopecleHTHOH CIIEKTPOCKOIINH.

CnextpouryopuMeTpudecKoe UCCIEJOBAaHUE apOMATHUECKUX aMUHOKHCIIOT M OETIKOB

Croextpsl  (QayopecueHIMH H ee BO30Y)KICHHE B apOMaTMYeCKHMX aMHHOKHCIIOTaX OEJKOB.
[TpousBonHast cnexrpodiayopumerpusi. CHeKTpaabHbI KOMIUIEKC C JBYMS MOHOXpPOMAaTropaMu M
pabora na HeMm. KommbioTepHass o0paOoTka pe3ynbTaroB wuzMepeHuil @DopMa OTUHOYHOM
CHEKTPAIbHON TOJOCH M €€ MPOM3BOAHBIX MPH OOBMHBIX M HU3KUX (-1960C) temmeparypax.
Usmepenne cnekTpoB ¢uryopectueHIMH CBOOOIHBIX aMMHOKHUCIIOT U OenkoB. McciienoBaHue TOHKOM
CTPYKTYPBI CIIEKTPOB (MIyOpecleHIIuN OEIKOB METOJOM HM3MEpEHHs MEPBOH, BTOPOW W YETBEPTOU
npou3BoaHbIX. COMOCTaBICHUE CIIEKTPOB OEJIKOB CO CIIEKTPaMH CBOOOIHBIX aMHUHOKHUCIIOT. BriusiHue
JCHaTypallud Ha CHEKTp (IIyOpEeCcleHIMM, OIeHKa BKJaJa THPO3MHOBOM M TpUNTO(AHOBOM
KOMIIOHEHT  BO  ¢uyopecueHnuio  Oenka.  PasnokeHue — CHEKTpoB  (uyopecUeHIHH
MHOTOKOMITOHEHTHBIX CHCTeM (O€NKH, CMECH aMHUHOKHCIIOT) Ha COCTaBIISIONIME M OLEHKAa [OJIH
MOMIOLICHNUS U (IIyOPECUEHIIMN COCTABIISIIOIINX B CYMMapHOM CIIEKTPE C MCIOJIb30BaHUEM JaHHBIX
NpOM3BONHON cHekTpockonuu. [lomspusammsa QiayopecueHInu, aHU30TPOnHs (IyopeCclEHINH.
VYpaBuenue Ileppena. Kopemnsuuonnsie cnektpsl ¢uyopecueHuuu. [lomyuenue mapopManmuu o
mudy3nn, BenmuuHe 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, aHAJIUTUUICCKUC MMOAXOAbI



AHanuTHYeCcKOe YIBTpAllCHTPU(YTUpOBaHUE W Telb-xpomarorpadus, siekrpodope3s B ITAAT.
[TonsiTHE THIPOTMHAMUYECKH OKBUBAJCHTHOH Cc(epbl M THUAPOAMHAMUYECKHA OSKBHUBAJICHTHOTO
smmnconsa. Koagduiment nocrynarenbHOro TpeHUS U €ro CBS3b ¢ pa3MepaMu U (pOpMOM yacTuil.
®opmyna Crokca. @opmyna Ileppena. 3aBUCHMOCTH KOHCTAHTBHI MOCTYHATEIBHOTO TPEHUS OT
MOJIEKYJISIPHONH Macchl B Py YacTHIl pa3HOH ¢opmbl. MeTox mocTtynarenbHoi nuddy3nn u ero
UCIIONIb30BaHME /ISl aHaIM3a KOH(POPMAIIMOHHOTO COCTOSHUS MakpoMoiekyid. IlepBwlii m BTOpO#
3akoHbl @uka. 3aBucuMocTh Kod(hduenTa TUPQPy3un OT MOJEKYISIPHOH MacChl MaKPOMOJIEKYIL.
CBs13p MEKIY KOHCTAHTOH MU(Qy3HH W KOHCTAHTOH IOCTYNaTEeIbHOTO TPEeHUs yacTuipl. Dopmyrna
OiHmTelHa. AHaIU3 KOH(OPMAIMOHHOTO COCTOSHHSI MaKpOMOJIEKYN MCXOIS M3 3aBUCHMOCTH HX
kodpdunuenta auddy3un OT MONEKYISIPHOH Macchl. MeTon CKOPOCTHOW —CeIMMEHTAIlHH.
Koaddurnment ceaumenTanmu W ero CBiI3b ¢ Kod(pduIMEeHTOM MOCTYNareN bHOTO TpPEHUSI.
3aBUCHUMOCTh KO3((UIMEHTa CeIUMEHTAlMH OT MOJICKYISIPHOH MacChl MaKpOMOJICKYN. AHamu3
KOH(OPMAIIMOHHOTO COCTOSIHMSI MaKpOMOJIEKYJI M3 3aBHCUMOCTH HMX KOHCTAHTBI CEJUMEHTalluH,
MIOIIPABJICHHON Ha apXUMeI0B (aKTop, OT MOJCKYIAPHON Macchl. ONTHUECKUE METOIBI PETHCTPALIUH
B 1uddy3un mnpu aHATUTHYECKOM YIbTpauneHTpudyrupoBanun: wmeron Punmnora-CBeHCCOHA,
uHTEep(PEpPEHIIMOHHBIH MeTo/, abcopOuMoHHBIA Meron. KoHcTpykims yimsrpaneHTpudyra u e€
AIIEMEHTOB (POTOPOB, KIOBET).

OmpeneneHre MOJEKYISIPHOH MacChl OHOJOTMYECKHX MAaKpPOMOJIEKYJI METOJOM COYeTaHUs
cenumentanun  u  jguddysun. ITlepsas  ¢dopmyna Csenbepra. I'paHuIbl MTPUMEHUMOCTH.
Krnaccuueckuii  Merox  ceIMMEHTAMOHHOTO  paBHOBecws. Bropas ¢opmymna Caexbepra.
[MpubnuxeHnss K CEIUMEHTAllMOHHOMY paBHOBecuto. Mertoj Apuubanbiaa. Merox Wdantuca.
PaBHOBecHass cemuMeHTanusi B TpamueHte IUIOTHOCTH. JluddepeHnmanbHas —CceAnMEHTAIHS.
BsizkocTs. XapakrepucTuieckas BSI3KOCTb. BSI3KOCTH pacTBOpPOB CEepHUECKHX YACTHIL. Bs3kocTh
pacTBOPOB IKECTKUX ACHMMETPUYHBIX 1O (opme, cruomHbx dvactun. Popmyrma Cumxa.
3aBUCHUMOCTb XapaKTEPUCTHUECKOM BSI3KOCTH OCJIKOB M HYKJICOIIPOTEUI0B OT MOJIEKY/ISIPHON MacChl.
BsizkocTh  pacTBOpoB monMMeEpHbIX Monekyl. Kondopmamms IayccoBa kimyOka. benku B
T'YaHUAUHTUAPOXIIOPUIIE M MOUYEBHHE. 3aBUCUMOCTD BA3KOCTH OT MOJIEKYJISIPHOM Macchl A7l OEIKOB
B I'YaHUMHTHIPOXJIOPH/IE H MOYEBHHE, BOSMOYKHOCTD OIIPECIICHNST MOJICKY/ISIPHON MacChl OEIIKOB B
3TUX pacTBOpHUTENsAX. M3MepeHne BSI3KOCTH: THIBI U KOHCTPYKIMM BUCKO3UMETpPOB. ['paaneHTHas
3aBHCUMOCTh Bsi3kocTU. Buckosumerp 3umma. Bsskocts JIHK. CoBmecTHOe wncnosib3oBaHue
KOHCTaHTBl IOCTYyNaTeJIbHOTO TpeHUuss u Bs3kocTh. Popmyna Illeparn-MannpenskepHa. Meron
JMHAMHYECKOTO JBOHHOTO JydernpenomieHus: (d¢pdexr Makcpema). OpueHTaiss MaKpOMOJIEKYI B
ruapoauHamMudeckoM mose. OmpeznerneHue pazmepos, (GOpMbI M THOKOCTH MakKpOMOJEeKyd. Metox
ANEKTPUUECKOTO JBOWHOrO nydenpenomienus (dddexr Keppa). OpueHTranms MakpoMOJEKyl B
aneKTpuuecKkoM nose. OnpeneneHne pasmMepoB U GOPMbI MAaKPOMOJICKYII.

6. Xpomarorpadus MaKpoMOJIEKyI

VHHMBEpCaIbHOCTh MeETOAa XpoMmarorpaduy MPUMEHHUTENIBHO K pa3leleHUI0 M HICHTH(HKAINH
CaMbIX Pa3HbIX KJIACCOB COEAMHEHHH OpPraHMYecKOW M HEeOpraHW4YecKod mpupoasl. Vcmons3oBaHue
Xxpomarorpaguu B HayKe, TEXHHKE M IPOU3BOACTBE. McTopus pa3BUTHE XpoMaTorpaduueckux
METO/IOB. 3HaYCHHE XpoMaTrorpaguu Uil Pa3BUTHS COBPEMEHHOW HAayKH, yCIEXH, JOCTUTHYTHIE C
UCTIONIb30BaHUEM 3TOTO METO/A.

OCHOBHbIE TOJIOKEHUSI TEOPUH Xpomarorpaduyeckoro pasaeneHus. [oaBrKHbIE W HEMOABHKHbIC
¢da3pl B xpomarorpaduueckux cucteMax. SIBieHHUs, MPOUCXOASIIME MPH IBMKEHHH BEILIECTB IO
xpomatorpamme. Knaccudukarnuss xpomarorpadpuyeckux MetonoB. Koaddumuent Hepnera.
Uzotepmbl aacopbumu. Kunetunka ancopOunu-necopOuun B MOTOKe MOABWXHON (a3bl. Konuemnmus
Teopernueckux Tapenok. Illupumna u ¢dopma xpomarorpaduueckoro mnuka. Paspemaromas
CHOCOOHOCTh  XpoMmarorpaduueckod  KoJloHKH. [loHsITHE «BpeMsl yHepKHUBaHHS», «O0beM
YACP)KUBAHUSY, «UCIPaBICHHBIE 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 B3aMMOAEHCTBHUS pa3aeisieMbIX COCAMHEHUH ¢
ajcopbeHramu. TpeOoBaHUs, TpEABABIsIEMbIe K COpOCHTaM aJCOpOIMOHHON XpoMmarorpaduu.
[lonspubie u HemonsipHble ancopOeHThl. Pasmep oOpasna W JuHEHHas EeMKOCTh ajcopOeHTa.
AKTHBHBIE LIEHTPBHI U JI€3aKTHBAIM aJcOpOeHTOB. [IOISpHOCTH AIIOMPYIOMIMX CHCTEM. DHEPrHs
aacopOIMM  DIIOUPYIOIIUX CHUCTEM. OIIOOTPOINHBIE psAAbl. XapaKTepUCTHKa O0COOEHHOCTEH
ancopOupyemMbIX COeIMHEHUH. BenuuuHbl SHeprum aacopOLUM pa3feIsieMblX COEIMHEHUIL.
OBomonus ancopOeHTOB U acOpOLMOHHON Xpomarorpaduu.

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



PacnipenenurensHas JxkuakoctHas xpomarorpadus. PacrpeneneHue COEAMHEHHH MEXTY ABYMS
HecMmemmBaromumucs Qasamu. Pasnenenue Onarogapsi XapakTepUCTUKE TOISPHOCTH pa3essieMbIX
Mostekyi. [logBrmkHBIE U HETIOJBIKHBIE XUAKUE (a3bl. IHEpTHBIE HOCUTENH, X THAPOGUIBLHOCTD U
ruapodoOHOCTh. XapaKTepHCTHKA JKUAKOCTEH, WCIOIb3YeMbIX B KadeCTBE MOABIKHOM U
HENoABKHOW (a3pl B pacmpenenurtenbHOil xpomarorpadguu. HopmanbHas u  oOpatHOodasHas
pacripenenutensHas xpomarorpadus. BapuaHTel pacnpenenuTenbHON XpomaTtorpaduu: KOJIOHKH,
TOHKOCJIOMHass XpoMmarorpadusi, Xxpomarorpadust Ha Oymare. JlocToMHCTBA ¥ HEJIOCTaTKH
pacIpeaeIuTeIbHON XpoMaTorpadum.

l'azoBast xpomarorpadus. [a3oamcopOumMoHHAass W razopacHpeAeiuTe]bHas XpoMarorpaguu, HX
xapakTepuctuka. OCOOEHHOCTH JXKHUIKOCTEH W Ta30B B Ta30BO Xpomarorpaduu. YCTpPOHCTBO
razoBoro xpomarorpada. KoJOHKM M JETEeKTOpbI, HCHONb3yeMble B Ta30BOM Xpomarorpaduu.
JlocToMHCTBA ATOTO BHJIa XpoMarorpaduu U nperuMyIecTsa nepe U IKOCTHOW XpoMarorpaduei.

lenb-xpomarorpadus. [Tpuanun merona. [lapameTpsl, XapakTepu3yIoye MOIOKEHHE BEIECTB TIPU
stoM Buzae xpomarorpaduu: VT, VO, Vi, Vm, Ve, Vs, Kav. Ilpupoga u crpykrypa reneii B
rejb-Xxpomarorpauu, TeJIM Ha OCHOBE JIGKCTpaHa, araposbl, IOJMAaKpWiIaMHuIa W Jp.
KomOunnpoBanHble renu u ux konueHrpanus. Kpussie cenekruBnoctu. [logcyer BO3MOKHOTO yuciia
pasmensieMblx (Qpakuuid B Xxpomarorpadudeckoil cucreme. OObeM BHOCHMBIX 00pasloB M HX
KoHUeHTpanus. CKOpoCTh  TOKa  KHAKOCTM B XpomarorpaduMieckoll  cucreme  Npu
renb-xpomarorpaduu. BeicoTa W JuaMeTp KOJOHOK C HOCHTEISIMH. XpaHeHHWe Tejel. 3ajauw,
pelaemMble Telb-XpoMaTorpaguei.

Honoobmennas xpomarorpadus. Ilpuauun merona. Xapakrepuctuka HOHUTOB. CHIIbHBIE U Cl1a0ble
noHUThl. CTpyKTypa MaTpUIl HMOHUTOB, HCHOJNB3YEMBIX JUIS DPA3dCNCHHUsS HHU3KOMOJICKYISPHBIX
coefHeHWH. Penko u TUIOTHO ciiuThie HOHHTHL. OOMEHHass E€MKOCTh HOHUTOB. MapKHpOBKa
HOHWUTOB. MexXaHW3M MOHHOTO OOMEHa. 3aBHUCMMOCTb KOHCTaHTHI CKOPOCTH OOMEHa OT BEIMYMHBI
3apsiia M pamumyca XpomarorpadupyeMblX COCTUHEHUN. YCIIOBHS JecOpOLMU B HMOHOOOMEHHOM
xpomatorpaduu. I'pamuentHas smouus. Turbel TpagueHTOB. 3agadyd, pelIaeMble HOHOOOMEHHOM
xpomarorpadueii. Paznenenne aMMHOKICIOT HA aMUHOKHCIIOTHOM aHAJIU3aTope.

OcobenHoctn (ppakIMOHUPOBaHHUS OEJKOB METOAOM HOHOOOMeHHOW xpomarorpaduu. Ilpupona
MOHUTOB, UX CTpOeHHE. MIOHNTHI Ha OCHOBE LIEJUIIONO3bI, AEKCTpaHa, arapo3sl U ap. Mx cxoncTtso u
pasmuuunsi. DyHKIHMOHAJIBHBIE TPYNIbl HOHUTOB, HCHONB3YEMBIX ISl pa3lelieHus OCIIKOB.
3aBUCUMOCTD 3aps10B HOHUTOB OT pH cpenbl. 3aBUCMMOCTD 3HAaKa W BEIMYMHBI 3apsiia Oenka ot pH
cpensl. OcobeHHOCTH COpOIMM OENKOB Ha MOHWTaX. 30Ha crabuibHOCTH Oenka. BriOop woHWTa
(cunbHBINA-cTa0BIN, KATHOHUT-aHUOHUT). KonmmuecTBo noHnTa. bydepHbie pacTBOPbI, UCTIOIb3YyeMbIe
B HOHOOOMEHHOU Xpomarorpaduu OenkoB. pH, nonnas cuna u npuponaa oydepa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIIeCTBICHHUS 00Pa30BATEJILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yudeOHas ayTuTOpHsl, OCHAILIEHHAs! KOMITBIOTEPAMU, MYJIBTUMEINA ITPOSKTOPOM H IKPAHOM.
6.IlepeyeHnb pexoMeHYeMOM JINTEPATYPhI

OcHoBHas 1uTeparypa

1. Metojpl B MOJIEKYISIpHO# OModu3HKe: CTPYKTYpa, QyHKIUs, TuHaMuka [Texct] : B 2 T. : yue®.
nocobue ayis By3oB / WM. Cepmrok, H. 3akkan, [x. 3akkan .— M. : K/[Y, 2009 — T. 1. - 2009. - 568 c.

2. Metonsl B MOJIEKYIISIpHON Onodusuke: cTpykTypa, GyHKuus, tuHamuka [Texct] : B 2 T. : yue0.
nocobwue st By3oB / WM. Cepmiok, H. 3akkau, Jx. 3akkan .— M. : KJ1Y, 2009 .— T. 2. - 2009. - 736 c.

JomnonHurensHas aureparypa



PeKOMeHI[OBaHHaH JuTeparypa Ajd CaMOCTOATCIIbHOTO U3YUCHUA:

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

2. Muponos B.JI. OcHoBBI ckaHHpYIOLIEeH 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 KBAAPYIOIH.

4. Opnos B.U. AparckoB A.A. XKuakocTHas XpoMaTorpadusi, TCOPETUIECKUE OCHOBBI. JIPepKUHCK,
1997.

5. Jenxosa E.I'., Uynpuk A.A., boopunenxuii .U., Hesonun B.K. Yue6Hoe nocobue «IIpubdops! u
METOBbI 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. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOIO0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha neKumMoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKITFOYAsk IEMOHCTPAIIHIO
npe3entanuii B PowerPoint.

BeinonHeHne caMocTosTenbHOM padoThl O 3aJaHHOH MPEoJaBaTeIeM TeME OCYILECTBISETCS B
nporpammax MS Office.

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

CryneHT, M3y4yalOM{ AWCUUIUIMHY, NOJDKEH C OJHOW CTOPOHBI, OBJAAETh OOIIMM IMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTare U3yUCHHUA AUCHUIUIMHBI CTYACHT AOJIKCH 3HAaThb OCHOBHBIC ONPCACIICHUSA NUCHUIIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCIICHUS PA3JIMYHBIX 3a/1a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

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

— peleHue 3aad, MpeaaraéMpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTUCITUTUIMHEL. Ba)XKHO 1OOWTHCS MOHWMAHUS HM3y4yaeMOro Marepuaia, a He MEXaHHYeCKOTO €ero
3aroMuHaHusl. [Ipu 3arpyqHeHMHM W3Y4YeHHs OTIENBHBIX TEM, BOMIPOCOB, CIelyeT oOpamiarhcsi 3a
KOHCYJIBTAIIUSIMU K MIPENoJaBaTeao. Bo3aMOKeH NPOMEXYTOUHBIA KOHTPOJIb 3HAHUM CTYJICHTOB B BUJE
peleHus 3a1a4 B COOTBETCTBUH C TEMATUKOM 3aHITHUI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: CucreMHas U CHHTETHYECKass OMOIOTHs
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadeapa QU3NIECKOl XUMUN

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 CniocobeH u3yyarb, aHaJIU3UPOBATH,
UCTIONIb30BaTh OMOJIOTMYECKHE OOBEKTHI U
MPOLIECCHI, OCHOBBIBASICh HA MATEMATHYECKUX,
bU3NUECKUX, XUMUIECKHUX, OMOJIOTMYECKIX
3aKOHAX, 3aKOHOMEPHOCTSIX U B3aUMOCBSI3SX

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

OIIK-1.3 CnocoOeH ompenensiTs I'paHHULbl MPUMEHUMOCTH
HOJIyYCHHBIX PEe3YJIbTaTOB

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

OIIK-2 CnocobeH uconbp30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTUU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHET B
obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
MaTeMaTH4ecKue METOAbl W TNPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHWs  HAay4yHBIX  337ad = B

npodeccruoHanbHOM 00IacTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS HMHPOPMALMOHHOU
0e30MmacHOCTH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00paboTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

OIIK-4.1 Brnageer weTromaMM Hay4HOrO TIOMCKa |
WHTEJUIEKTYyallbHOTO aHalin3a WHGOpMalH{ MpH PELICHUN
3a7a4 npodeccHoHABHOM IesITeNbHOCTH

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU
u (WiM) TexHoJOorMueckod wuHpopManmuu B OONIACTH
npo¢ecCHOHANBHON e TeNbHOCTH

OIlK-4.4 Bnaneer HaBbIKaMU pabOTHI C KOMIBIOTEPOM H
KOMITBIOTEPHBIMU CETAMU C LIEJIBIO MOMyYEHUsI, XpaHEHUS U

00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopManun
OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,

oubnuorpaduyeckue mepeyHr u 0030pbl WHPOPMALIUU B
oOmactu cBoeit mpodeCcCHOHAIBHON NeITeTbHOCTH

OIIK-6 CriocoOeH dKCITyaTHpOBaTh
TEXHOJIOTUYECKOE 000pYy/I0OBaHHUE, BHIIIOIHATh
TEXHOJIOTHYECKUE ONIepaLlUH, YIIPABIATh
OMOTEXHOJIOTUYECKUMH MPOIIECCAMH,
HPOEKTHPOBATH IEMEHTHI TEXHUYECCKUX U
TEXHOJIOTUYECKUX CHCTEM, TEXHUIECKHX
00BEKTOB, TEXHOJIOIHYECKUX MPOIIECCOB
OMOTEXHOJIOTUYECKOTO MTPOM3BOJICTBA HA OCHOBE
NpPUMEHEHUsI 0a30BbIX HH)KCHEPHBIX
TEXHOJIOTUYECKUX 3HAHUN

OIIK-6.2 CriocoOeH K OIeHKEe, aHAIM3y W WHTEepPIpETaIiu
MOJTyYEHHBIX B Pe3yJIbTare OMOTEXHOJIOTHYECKUX MPOLECCOB
JAHHBIX

[MK-1 CriocoGeH m1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Brnageer QyHIaMeHTaNbHBIMH — MOHSATHIMH,
3aKOHAMU ¥ TEOPHUSIMH COBPEMEHHOU (DU3UKHU M OUOIIOTHH

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh
noaxozsuiee 000pyaoBaHNE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlIeHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[IK-3.3 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIO)KHOCTH  WCIIONBb3yeMbIX  alTOPUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare n3ydeHus AUCIUTUIMHBL « METOIBI UCCIIEI0BAHUS MAKPOMOJIEKYID» 00yYatONIUICS JOIDKEH:




3HATh:
- OCHOBHBbIE IIPUHIIUIIBI COBPEMEHHBIX (PU3UKO-XUMHUYECKHX METO/IOB aHAJIN3a MAaKPOMOJIEKYII.

yYMeThb:
- OLICHUBATh IPUMEHUMOCTb U CONOCTABIATH 3(P(HEKTUBHOCTH METOIOB (PM3UKO-XUMHUECKOTO aHAIN3a
MaKpOMOJIEKYJl, HEOOXOAMMBIX MJIsi MOox0opa WHCTPYMEHTANbHOM 0a3bl C LEJIbI0 BBIIOIHEHUS
COOTBETCTBYIOIINX HAYYHO-HCCIIEIOBATEILCKUX JIA00OPATOPHBIX OWOJOTHYECKHX PadOT B o0nacTu
XMMHH, HAYK O MaTepuasiax, MOJEKYJIAPHON U KIETOYHOW OHOIOTHH, OMOXUMUU.

BJa/IeTh:
- TEOPETHYECKHMH 3HAHMSIMH O COBPEMEHHBIX M HHHOBAaLMOHHBIX METOJaX OHOXHMHYECKHX
HCCIICIOBAaHUM; apCEHAJIOM COBPEMEHHBIX METOJIOB MCCIENOBAaHUM, HHCTPYMEHTAIbHOM TEXHUYECKON
0a30i BBHIMOJIHEHUSI COBPEMEHHBIX HCCICAOBAHUH M COBOKYIHOCTBIO (PM3UKO-XUMHYECKHX METOIOB
aHaJln3a MaKpOMOJIEKYJI.

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

[IpumMeps! BOIIPOCOB 171 TEKYILEr0 KOHTPOJIS YCIIEBAEMOCTH.

Onrtuyeckne METOAbl BU3YAIM3allMM BHYTPEHHEH CTPYKTYpbl M MHKpopeibeda IMOBEpXHOCTH
00BEKTOB, TPEACTABICHUSI 00 00JIACTH NPUMEHEHHUS M OTPAHUYCHUSX, HAKIIAZABIBAEMBIX (PU3NUECKIMHU
OpUHOMNAMM  (YHKIMOHUPOBAHUS ~ HA  IPOCTPAHCTBEHHOE W BPEMEHHOE  pa3pelieHue
paccMaTpuBaeMbIX METOZOB.

OnudiryopeceHTHbIE MHKPOCKOIIBI (XOI JIydei, 4YMciioBas amneprypa OOBEKTHBA, pa3pelieHue
00beKTHBA U (PYyHKIIHS pacCessHUsI TOUKH).

Teoperuueckue U 3KCIEPUMEHTAIbHbIE OCHOBBI METOJOB YaCTHUYHO KOIEPEHTHBIX M JIA3€pPHBIX
ONTUYECKUX WHTEPPEPECHIUOHHBIX H3MEPEHHUI; MaTeMaTH4YeCKHe OCHOBBI NpeoOpa3oBaHUN H
00paboTKM ONTHYECKHX CHUTHAJIOB; MaTeMaTH4YeCKHE OCHOBBI BU3YAJIM3AIlMM JBYX- U TPEXMEPHBIX
HM300paKEeHUH; NPUHLMIIBI TOJYYEeHUS HMHPOpPMAaUUM O BHYTPEHHEH CTPYKType oObeKTa IO
N3MEpPEHHOMY MHTEP(EPEHIIMOHHOMY CUTHAITY.

[TpeumyiiecTBa U OrpaHuYeHHss UHTEP(HEPEHIIMOHHBIX METOIOB M3MEPEHHS BHYTPEHHEU CTPYKTYpBI
0OBEKTOB.

Meronet  FRET, SIM, STORM,STED, Light sheet, PALM. ®nroopecueHTHble OenkH,
BHYTPUKJICTOUHBIE (ITF0OPOGOPHI, TpUMEHEHHE (DITFOOPECIICHTHOW MUKPOCKONUHU JJI WUCCIICAOBAHHMS
OBICTPBIX KJIIETOUHBIX MIPOIIECCOB HA MTPUMEPE U3MEPEHHS KOHIICHTPAI[MH HOHA KaJIbIIUs.

Metonsl HOHM3aLMU: OBIEKTPOHHBIA ynap M XUMHUYecKas HoHu3auus , snekrpocnpeit (ESI),
XUMHYecKas MoHuzanus npu armochepHom nasiennu (APCI). Meroapl MOHM3alMU JJIsl TPSIMOMA
macc-criekrpomerpun: DESI, DART u np.

Pemienue cTpyKTypHBIX 3a7a4 METOIAMHU Macc-cliekTpoMeTpun. OnpesaeseHne 3JIEMEHTHOTO COCTaBa
(oneMeHTHBIH aHanmu3, ompeneneHue Opyrro-dopmyn). HWaentudukamuss mo TOYHOM Macce.
Unentndukanuss mo m3oronHou cTpykrype. Tangemuas 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 3a7ad OWOoJOTHMH, XHMHM, aHalu3a OKpY)KaloIled cpenpl,
(hapMakoIoruu, MOCTPOEHHs CUCTEM OE30MACHOCTH.

IlearpudyrupoBanue. AHAJIMTHYECKOE YIBTPAllEHTPU(PYTUPOBaHUE. YpaBHEHHE CEIUMEHTAlNU.
VYerpoiictBo uentpudyru. IlocnenoBarenvHble craguu  (pakIMOHUpPOBaHUS. JleTeKTHpoBaHHE B
aHAJMTUYECKOM YyibTpaneHTpudyruposanuu. [IpenaparnsHoe neHTpudyrupoBaHue.

Onekrpodopes. Senenue smekrpoocMmoca. [loABMKHOCTE HOHOB B Bs3KOW cpene. JIBoiiHoi
aNeKTpuuecKkui cnoil. J[3era-moreHuman. OnekTpodope3 ¢ MOABMKHON TpaHuued. JMCKOBBIHA
anekrpodopes. 30HOBBIN dnekTpodopes. Mzosnextpudeckoit ¢okycupoBanue.  M3oraxodopes.
Kanwsipusiii anexrpodopes. dnekrpodope3 B nonmuakpwiamuanom reie (PAGE). Unentudukanus
0eJIKOB C MOMOIIBI0 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 KoI0oHOK B HPLC. Crapenue KoloHOK.

AncopOiMoHHass W pachpefenuTenbHas — xpomarorpadust . JKujkocTHas — ajcopOIHOHHAS
xpomatorpadusi. Hopmanbho-azoBas u oOpamieHo-(hazoBasi pacnpeaeiauTesabHas XpoMaTtorpadus.
['panuentHoe amoupoBaHMe. YCTPOMCTBO KUAKOCTHOTO Xpomarorpada. JleTeKTopbl B KHIKOCTHOM
xpomatorpadunr. BBoa mpoObl: YCTpOMCTBO HIECTHXONOBOIO KpaHa-Io3aropa € pa3pblBacMOin
WKEKIIMOHHOM  merneil. KomOumHammm  macc-clieKTpomMeTrpa € JKHAKOCTHBIM M Ta30BbIM
Xpomatorpadamu.



Paznenenue mommmepoB ¢ MOMOIIBIO TelbIpoHuKaroteit xpomarorpaduu. [ToasTie 06 HOHOOOMEHHOM
Xpomatorpaguu.

Teepnodasznas oskcrpakuusi (SPE, ymepxuBaromas u  HeynepkuBaromas). Buasl copOeHTOB,
ucnonb3yembix B SPE. Craguu SPE.

ITpumeHeHre TOBEPXHOCTHOTO IIA3MOHHOTO PE30HAHCA Ul aHAJIN3a MAKPOMOJIEKYJI.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaroumuxcst

[Tpumepsl BorpocoB nudhepeHInPOBaHHOTO 3a4eTa.

1. JluHeiHble KBaJIpYIIOJM W KBaApyNOJbHBIE HOHHBIE JOBYWIKH. [lapameTpHueckuil pe3oHaHC
JIBmxeHnue B ObICTpO ociuiuupyonieM noie . KBaapynonsHblii Macc-aHanuzatop . KsagpymosnbHble
nonnele JoBywiku (lon Trap), npuHIUn neHCTBUs, cKaHHpOBaHUE MO MaccaMm. CHUCTeMbl TpaHCIOpTa
HMOHOB C IIOCTaAMHHON OTKAauYKOM M paIMOYACTOTHBIMU KBaJAPYIOIIMU. TPOMHON KBaAPYIIOJIb.

2. MeTtoipl Macc-CIIEKTPOMETPHH CBEPXBBICOKOTO pa3pelieH sl U BBICOKOH TOUHOCTH U3MEPEHUS MaCChI
(FTMS). Macc-crieKTpoMeTpHrsi HOHHO-IIMKIIOTPOHHOTO pe3oHaHca ¢ mnpeodpazoBanneM Dypre (MLP
[I®, FT ICR). Bunpet nosymex HWIIP. CnocoObl B030YXKACHHS IHUKJIOTPOHHOTO JBHIKCHHS.
HerextupoBanue curnana MIIP. [llupokornonocHoe U y3KOMOJIOCHOE JETEKTHpOBaHUE. AOCONOTHBIM
MHUPOBOW PEKOpA pa3pelieHus B Macc-crnekrtpomerpuu. OpOutanbHbeie HOHHBIE JOBYKH (Orbitrap).
3axBar uMOHa B opOurpene. JletekTupoBanume curHama. Kak oCyImIecTBUTh BBOA HOHOB B
Macc-ananuzaropsl ICR u Orbitrap?

3. MeTonbl WMOHUW3aIUK: DICKTPOHHBIM ynap M XHMHYecKas HWoHu3anmus , snekrpocnpei (ESI),
XUMHUYecKas HOoHHM3auus npu armocpepHoMm nasieHun (APCI). Meroabl noHM3anmuu Ui TPSMOR
macc-cnekrpomerpun: DESI, DART u ap.

4. PemieHne CTPyKTYpHBIX 3aJ1a4 METOlaMH Macc-CcrieKTpoMeTpuu. OnpeieneHne 3EeMEHTHOTO COCTaBa
(o7eMeHTHBIH  aHanmu3, ompeneneHue Opyrro-gpopmyn). HWaentudukanuss 1o TOYHOH Macce.
Unentndukanus mo m3otonHou cTpykrype. Tanmemuas macc-cnektpomepus (MS/MS). Cenexius
noHoB. Metoapl ¢hparmentaruu noHoB (CID, ECD, IRMPD). ®parmenTarius nenTuios.

5. KomOuHanum macc-CreKTpoMeTpa € JKHIKOCTHBIM M Ta30BbIM Xpomarorpadamu. Ilpumenenus
Macc-CIIeKTPOMETPUH Ul peIleHHs 3a7ad OWOJOTWUH, XHMHUH, aHalu3a OKpY)KalolIeH cpempl,
(hapMakoIoruu, MOCTPOEHHsSI CUCTEM 0E30MACHOCTH.

6. LenrpudyrupoBanue. AHAIUTHYECKOE YIBTPALICHTPUPYTUPOBAHUE. YpPaBHEHHE CEIMMEHTALIUH.
YerpotictBo 1ienTpudyru. [locnenoBarenvHble crajuu  (pakiMOHUPOBaHUS. JleTEeKTHpOBaHUE B
aHAJMTUYECKOM YibTpanieHTpudyruposanuu. [IpenaparnBHoe eHTpUpYTrUpoOBaHHUE.

7. Dmnekrpodopes. SBnenue snexTpoocmoca. [loaBMKHOCTE HWOHOB B Bs3KOW cpene. JlBoiHOI
JNeKTpuUecKui cioil. J[3era-morenmnman. Onektpodope3 ¢ MOABMKHON TpaHuiel. JIMCKOBBIHA
anekrpodopes. 30HOBBIA anekTpodopes. Mzosnextpudeckoit ¢okycupoBanue.  M3oraxodopes.
Kammnsipasiii anekrpodopes. Dnekrpodope3 B nonmuakpuwiamuaaom reie (PAGE). Unentudukanms
OEIKOB C ITOMOIIIBI0 ABYMepHOTro Aekrpodopesa B PAGE ¢ ucnonszoBanuem SDS.

8. BrwicokoaddextuHas xuakoctHas xpomarorpadus (HPLC). ®axropsl, Bhustone Ha
(dopMUpOBaHME W AWUCHEPCHIO XPOMATOrpa)Mueckoro mHKa. ACHMMETPHYHOCTh NHKa. CrocoOsl
otieHKH (TectupoBanus) d3pdexruBHOCTH KoIoHOK B HPLC. Crapenue KoJIoHOK.

AncopOuMoHHasT W pacupenenuTenbHas —xpomarorpadus . JKuakocTtHas — ancopOIMOHHAs
xpomarorpadus. HopmanbHo-azoBass u oOpamieHo-(azoBasi pacrpenenuTesbHas xXpomaTtorpadusi.
['pagueHTHOE 2MMIOMPOBAHUE. YCTPOMCTBO JKUAKOCTHOTO Xpomarorpada. JleTeKTopbl B >KHUAKOCTHOM
xpomarorpaguu. BBoxg mpoObl:  yCTPOHCTBO IIECTHXOIOBOTO KpaHa-io3aropa C pa3pbIBacMOM
WKEKIMOHHOM  merneil. KomOumHammm  macc-criekTpomMeTrpa C  JKHUAKOCTHBIM M Ta30BBIM
XpomMatorpadamu.

Paznenenue momumepoB ¢ MOMOIIBIO refbIpoHuKaromei xpomarorpaduu. [TorsTre 06 HOHOOOMEHHOM
Xpomatorpaguu.

9. Tsepmodasznas skctpakuus (SPE, ymepxuBaromas u Heyaepkuparomias). Buasl copOeHTOB,
ucnonb3yembix B SPE. Craguu SPE.

10. IIpumeHeHre TOBEPXHOCTHOTO MJIa3MOHHOTO PE30HAHCA JJIS aHAJIN3a MAaKPOMOJIEKYIL..

11. IIpununel paboThl CKAaHUPYIOIMX 30HI0BBIX MUKPOCKONOB. CKaHUPYIOLINE JIEMEHTHI 30HI0BBIX
MHUKpPOCKONIOB  (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 pexumax. TunuuHble apTedaxTsl B ACM.



13. Mukpockonust OJIMKHEro 1mois. [[pUHIHITEI ¥ aHATTUTHYECKHUE BO3MOKHOCTH METOJIA.

14. DnexTpoHHas MUKpOCKonus. [IpHHIMIIBI 1 aHATUTHYECKHE BOZMOXKHOCTH MeTona. KoHCTpyKIus u
PEXKUMBI CKAHUPOBAHUS JIEKTPOHHOTO MUKPOCKOIIA.

Kpurepuu onieHuBanus
Ouenka ommmyHo 10 OammoB - BBICTABIISICTCA ~ CTYJCHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIIAIOIIEMY
MHTEpeC K JaHHOW MPEAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHUE YBEPEHHO M TBOPYECKU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PEIICHUH.
Omenka ommMyHO 9 OamwioB -  BBICTABISETCA  CTYIACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE NPU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELLICHUAMN.
Ouenka ommyHO 8§ OamwioB - BBICTaBISETCA CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
IPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pelIeHnH, ¢ HEKOTOPBIMU HEIO0UeTaMHu.
Ouenka Xopo1o 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSTh IOJY4YCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJyYECHHBIC PE3YIIbTAThI.
OtmeHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOITyuYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMyCKaeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
W 10 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka yHIOBIETBOPUTENBHO 4 Oana - BBICTABISAETCSA CTYAEHTY, IHOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpU 3TOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NaJbHEHWIIero oOy4eHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ymIOBIETBOPUTENBHO 3 Oajula - BBICTABISETCSA CTYAEHTY, IHOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEeIOBAaTEIbHOCTH B H3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEyIOBJIETBOPUTENHHO 2 Oajuia - BHICTABISAETCS CTYACHTY, KOTOPBI HE 3HAaeT OOJIbIIeH YacTH
OCHOBHOTO COJCpKaHUsI y4eOHOH MpOorpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMIIOB U HE YMEET UCIIOJIB30BaTh IOJyYCHHBIE 3HAHUS NPH PEIICHUN
THUIIOBBIX 33]1a4.
OreHka HEYIOBJICTBOPUTENBHO | Oayulr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3ajad.

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

[Ipu npoBenenunn auddepeHurpoBaHHOro 3adera oOydaromemycsi npepocrasmsercs 30 MUHYT Ha
noAroToBKy. Onpoc 00y4aronierocsi He I0/DKEH MPEBBIIIATh OTHOI0 aCTPOHOMHUYECKOIO Jaca.



