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: IIpuknagHbie MaTeMaTHKa U (pU3MKa
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 obcyxaeHa Ha 3aceqanuu kadenps! pusndeckoin xumuu 04.06.2020



AHHOTANMA

JucuuruimHa (GOpMHUPYET Yy CTYJIEHTOB MPEACTABICHHS O HEOOXOJUMOCTH TPUMEHEHHS BBICOKOTOYHBIX
(PMBUKO-XMMHUYECKHX METOJIOB aHallM3a JUIsl TPOBEACHUS HMCCIIEIOBAHUN MaKPOMOJICKYI, UX KOMIUIEKCOB U
CBOICTB Ha COBPEMEHHOM YypOBHE; MPEIACTABICHHS O NPHUHIMIAX aHaIW3a [NAaHHBIX, MOJYYaeMBIX IIpH
WCCJICIOBAaHUN OWOJIOTUYECKUX H a0MOJOTHYECKUX OOBEKTOB COBPEMEHHBIMH (DU3HKO-XUMUYECKHUMHU
Metonamu. [Ipoucxomut oOydeHHWe CTYIEHTOB OCHOBaM IUIAHWPOBAaHUS JKCIIEPUMEHTa, Mmoxdopa
KOH(QUTYPAIMH CIOXKHBIX U3MEPHUTEIHLHBIX KOMILJIEKCOB C YIETOM aHAIUTHYECKUX IMapaMeTPOB, JOCTIKESHUE
KOTOPBIX HEOOXOIWMO JJIsl PElIeHHsT KOHKPETHOW HMCCIEeNOBATENbCKONW 3a1ad. Y CTYNEHTOB (OPMUPYIOTCS
HaBBIKHA CaMOCTOATEILHOW HAyYHO-UCCIIEIOBATEILCKONM pabOThI Ha 0a3e OIEHKH HEOOXOAMMOCTH TPUMEHEHUS
1 BBIOOpA OMpe/IeTICHHBIX (PU3NKO-XUMUYECKHX METOJIOB aHAJIM3a JJIsl pElIeHHUs 3a/1a4 B paMKax pa3inyHbIX
oOmacTeld XMMHY, HayK O MaTepraiax, OMOXUMHUHU, MOJICKYJISIPHON OUOJIOrHH, HAayK O 3eMIIe.

1. leau u 3apa4u

eap AUCUMNIMHBI

- U3Y4YCHHE COBPEMEHHBIX (DM3MKO-XMMHYECKUX METOJOB aHAIM3a, IPUMEHSEMBIX B (U3UKE, XUMUH,
HayKax 0 Marepuanax, OnoXUMHUH, MOJIEKYJIIPHOM OMOJIOTHH, HayKax O 3emie.

3agaun AU COMIIHHBI
- (opMupoBaHHEe y CTYIEHTOB NpPEACTABICHUA O HEOOXOAMMOCTH IPHUMEHEHHUS BBICOKOTOYHBIX
(GU3UKO-XMMUYECKUX METOIOB aHaliM3a JuIi IPOBEJCHUS HCCIEIOBAaHMH MaKpPOMOJIEKYN, HX
KOMILJIEKCOB M CBOMCTB HA COBPEMEHHOM YPOBHE;
- (hopMHpOBaHHE y CTYIEHTOB MpPEACTaBICHHA O INPUHLIMIAX AHAIN3a JAHHBIX, MOJIY4aeMbIX IpHU
UCCJICAOBAaHUH OMOIOTUYECKUX U aOMOJOTHYECKUX OOBEKTOB COBPEMEHHBIMH (DHU3UKO-XMMUYECCKUMHU
METO/laMU;
- o0y4yeHHE CTyICHTOB OCHOBaM IIJIAHMPOBAHUS SKCIEPUMEHTA, MOxdopa KOH(UTYypauuu CIOXKHBIX
U3MEPUTENBHBIX KOMIUIEKCOB C YYETOM aHAJIMTHYECKMX IapaMeTpoB, JOCTH)KEHHE KOTOPBIX
HE0OX0AUMO I PELIeHHUs] KOHKPETHON HCCIIe0BaTeNIbCKON 3a1a4;
- popMupoBaHHE y CTyACHTOB HABBIKOB CAMOCTOSATEIILHOM HAy4YHO-HUCCIIEA0BATEILCKOM paboThl Ha Oaze
OLICHKH HEOOXOAMMOCTH TNPHMEHEHHS U BBIOOpa OMNpPEAETCHHBIX (U3UKO-XMMUYECKUX METOJO0B
aHaiu3a JAJs pelieHus 3a1a4 B paMKax pa3jiMyHbIX 00nacTeil XMMHHM, HayK O Marepuajiax, OMOXHMUH,
MOJIEKYJISIpHOM OMOJIOTHH, HayK O 3eMiIe;
- ymiyOneHHe y CTyAEHTOB METOJOJOTHYECKHX OCHOB COBPEMEHHOM (HM3MKH, XHMHM, 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 ompenensTs IpaHULbl TPUMEHUMOCTH

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 aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeyarb MyTH €€ PELCHUS

OIIK-1.2 CpnocobeH CTpOUTb MareMaTU4ecKHue MOAEIH,
MPOU3BOAUTH KOJTMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-2 Crniocoben ucnonb3oBars coppemernble |OINK-2.2 3HaeT W yMeeT TNPUMEHSTh YWCICHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U MaTeMaTH4ecKue MEeToAbl M MPHUKIAJHOE MPOrpaMMHOE
IPOrpaMMHbIE CPEICTBA IIPU PEIICHUH 3a/1ad  |o0ecredyeHre  Juii  pelIeHUs]  Hay4yHbIX  337ad = B
npo¢eCcCHOHANBHON e TeNbHOCTH, coOIonas  |npodeccuoHaIbHON obnacTu

TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTyaJIbHOTO aHalin3a WHGOpPMAalKU NPU PElICHUH
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4 CriocoOeH oCyIIecTBIATE COOp U OIIK-4.2 3HaeT 0OCHOBHBIC HCTOYHUKY HAYYHO-TEXHUYECKOU
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH) u (WIM) TEXHOJIOTHMYeCKOH uWHpopManuu B o0JacTu
TEXHOJIOTUYECKON HH(POPMAINH ISl pEIIeHUsT  |POpECCHOHATBHON ACATEIBHOCTH




(dyHIaMEHTANBHBIX U MPUKIATHBIX 3314

OIlK-4.4 Bnageer HaBbIKaMU pabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIIbIO MOTYYCHUs, XpPaHESHHS 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 SIBJICHHE,
YHCIICHHBIE OIICHKH I10 MOPS/IKY BETHYHHBI

KJIIOUEBblE  IIapaMeTpsbl,
U TPOU3BOIUTH

[1K-2.3 CniocobeH npencTaBiiTh HayqHbIC YTBEPKACHHUS, HX
000CHOBaHMS M JI0Ka3aTeIbCTBA, HAy4yHbIE MPOOJIEMBI U UX
pelieHUs] SICHO M TOYHO B TEPMHUHAX, IOHSATHBIX JJIs
npoeCCUOHANBHON ayIUTOpUH, B MUCHMEHHOW W YCTHOM

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 MPUMEHUMOCTb U COMOCTABIATH () (HEKTUBHOCTD METOAOB (PU3UKO-XUMHUYECKOTO aHAIN3A
MaKpOMOJIEKYJ, HEOOXOAMMBIX sl MOoAOOpa HMHCTPYMEHTAJIbHOM ©a3bl C IENbI0  BBINOTHEHUS
COOTBETCTBYIOLINX HAYYHO-UCCIIEIOBATEIBCKUX J1A0OPAaTOPHBIX OHOJIOrHMYECKUX paboT B obnactu
XMMHH, HAyK O Marepuaiax, MOJICKYJIIPHOH U KJICTOYHOH OMOIOrHH, OMOXUMUH.

BJIaJIETh:

- TEOPEeTHMYECKUMM 3HAHHUSAMH O COBPEMEHHBIX M WHHOBAIMOHHBIX METOJaX OMOXHMHUYECKUX
HCCJIEI0OBaHU; apCceHaIOM COBPEMEHHBIX METOAOB MCCIEAOBAHNN, HHCTPYMEHTAIbHOW TEXHUYECKON
0a30i1 BBIMOIHEHNS! COBPEMEHHBIX HCCIEIOBAHUN M COBOKYNHOCTBIO (DPM3UKO-XMMUYECKHX METO/IOB

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 Mertogonoruyeckue 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  MCCIICIOBAHUS,  IPEACTABICHHE O  CHEKTpe  COBPEMEHHBIX  METOIOB
(U3UKO-XMMHUYECKOTO aHAJIM3a MaKPOMOJIEKYIN, O0CYKACHUE KPUTEPHUEB TPUMEHUMOCTH METOJI0B U
00pabOTKM TOJYYCHHBIX pPe3yabTaToB, OnomHbopMarmoHHble MeToAbl. OCOOCHHOCTH BBIJICICHUS
MaKpOMOJIEKYJI pa3HBIX KJIACCOB M3 CIIOKHBIX cMecel. MeTobl peIBapuTeNIbHOM OYMCTKH 00pasma:
HeHTpU(YTrUpOBaHUE M 3aJadd, KOTOpbIe MOXKHO pEIIUTh 3THUM MeTogoM. OuncTtka obpasia,
OCHOBaHHAas Ha pa3IMYMd B PACTBOPUMOCTH MAaKpOMOJIEKYJ, 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 —
JNEKTPOpACIbUICHHE,  MaTpuUyHas  Jia3epHas  JCCOpOLMS/MOHHM3ALMS,  METOAbl  NpPSIMOM
Macc-CIIeKTpOMETpHU.  Macc-aHalnu3aTopsl  BBICOKOTO,  CBEPXBBICOKOTO ¥ YJIBTPaBBICOKOTO
paspemeHus. KoHCTpyKIHs Macc-CIIEKTpOMETpa Uil HCCIICAOBAHUS MAaKPOMOJICKYIL.

HccnenoBanne  CTPYKTYpbl — OPraHMYECKHMX  MOJICKYJI  METOAaMH  MAacC-CIIEKTPOMETPHUU  C
¢parmenrarueit (MC/MC). Metonsl (hparmMeHTalMd MOHOB MPH 3axXBare AJIEKTPOHOB, MOIVIONICHUN
WK wu3nydeHus, TpU CTOJKHOBEHHSX C HEHTpasIMH, NpPU CIOTKHOBEHHUH C MOBEPXHOCTBIO.
TexHuyeckass peanu3anus CeNeKIMH M (QparMeHTalUd HMOHOB B  MAacC-CHEKTPOMETpax.
XpomaTo-Macc-CIeTKPOMETPHUsT MAaKPOMOJICKYII.

3. Metozps! KOH(POKATEHON U KOTEPEHTHONH MUKPOCKOITUU

OnTuyeckue METOIbl BHU3YQJIM3allMM BHYTPEHHEH CTPYKTYpPbl M MHKpOpeibeda MMOBEPXHOCTH
OOBEKTOB, TpEACTaBICHUSI 00 oOoOJacTM NPUMEHEHHS M OrPaHWYEHHSX, HAaKIIaIbIBaeMbIX
(U3NYECKUMH NIPUHLUKIIAMHE (YHKIMOHUPOBAHHS Ha MPOCTPAHCTBEHHOE M BPEMEHHOE pa3pelleHue
paccMaTpuBaeMbIX METOHOB. DMUIyOpECIeHTHbIE MUKPOCKOIBI (X0 JIyuell, 4ucioBasl amepTypa
00bEKTHBA, pa3pelieHne OObeKTMBAa M (YHKIMSA paccesHUs TO4YKW). Teopusi HHTEpepeHIHH
ONTHYECKUX MOJNEH U Teopus MHTEP(EPEHIMOHHBIX M3MEPEHHUH; OCHOBBI TEOPHU KOT€PEHTHOCTH
ONTUYECKUX IIOJIEHl M KOTepPeHTHBIC CBOMCTBAa ONTHYECKUX IOJIEH W JIa3epHOTO H3ITYUYCHHS;
TEOPETUUECKUE MU DIKCIEPHUMEHTAJIbHbIE OCHOBbl METOAOB YAaCTUYHO KOTEPEHTHBIX U JIa3€pHBIX
ONTUYECKUX HHTEP(EPECHUINOHHBIX HM3MEPEHHH; MareMaThyecKhe OCHOBHI NpeoOpa3oBaHUil U
00paboTKM ONTHYECKHX CUTHAJIOB, MaT€MaTHYECKHE OCHOBBI BHU3yaJIM3alUH ABYX- U TPEXMEPHBIX
M300paKeHUH; TPUHLMIBI MONy4YeHHs HHGOpMAlMK O BHYTPEHHEH CTpPyKType o0OBeKTa 10
U3MEPEHHOMY uHTEp(EpEeHIIHOHHOMY CUTHAIy. [Ipenmymectsa u OrpaHUYEHUs
UHTEp(EPEHIUOHHBIX METOJIOB U3MEPEHHsI BHYTpEHHEH CTPyKTypbl 00bekToB. Metonsl FRET, SIM,
STORM,STED, Light sheet, PALM. ®iroopeciieHTHbIE OENKH, BHYTPHUKICTOUHBIE (Qrroopodopsl,
npuMeHeHHe (QII0OPECHIEHTHOM MUKPOCKOIHMH JUISI UCCIEAOBAaHUS OBICTPHIX KJIETOYHBIX MPOLECCOB
Ha NpUMepe U3MEPEHUsI KOHLIEHTPaLluy HOHA KaJIbLIMsL.

4. Ontryeckas CreKTPOCKOIUS MaKPOMOJIEKYIT



OO01e 3aKOHOMEPHOCTH TOTIOUICHNSI MakKpoMoJieKy1 B Y®-nuana3one. CriekTpajibHble apaMeTpbl
MOHOMEPHBIX 3BEHBEB MTOJIMMEPOB U TOHKAsl CTPYKTypa CreKTpa. Mi3MeHeHne CeKTpOB aMUHOKHCIIOT
noj BIUSHHEM BHemHHX (akrtopoB (pH cpedpl, NpPOTOHMPOBaHME HMOHOTEHHBIX TPYIII).
VYibrpaduoneToBbie CIEKTPHI NoronieHus 0ekoB. OcOOEHHOCTH CTPYKTYPBI CIIEKTPOB OCIKOB 11O
CPaBHEHHIO CO CIIEKTPaMH CMECH apOMaTHYEeCKHX aMHUHOKHCIIOT, BXOJSIIUX B UX COCTaB. MeToabl
pacdera BKJIaJla CBETOPACCEsHUs B U3MepsieMoe mnononienne 6enkoB. OneHka BKIaja MOHOMEPHBIX
3BEHBEB, JIOCTYIHBIX BHEIIHEMY BO3JACHCTBHIO, METOAOM UG PEepeHIHAIbHON CIIEKTPO(POTOMETPHH.
Pacuer mus OenkoB (TpunicmHa u pUOOHYKIEa3bl) KOI(DPHUIMEHTOB SKCTHHKIMA W CEUCHUS
MOIVIOIIEHUST AMHHOKHCJIOTHBIX OCTaTKOB M3 JKCHEPUMEHTAIBHBIX JaHHBIX. Pacder conmepaHus
XpoMopopoB B MoJjiekyle Oenka. Y@ mornomieHre HYKJICHHOBBIX KHCIOT, xpomodopsl. Pacuer
runepxpomMHoro sddekra mpu mepexoae oT AByXcnHpaidbHbIX cTpykTyp JHK K omHOCTHpambHOIA.
Brxiiag B3amMojieiicTBHS OCHOBaHHMI B THIEepXpoMHBIH d¢dekt. TemnoBas aeHarypanust u
penarypauns JIHK. Kpusbie mnaBnenuss JHK. Omnpenenenune KOHUEHTpalUMM MaKpOMOJEKYN IO
CIIEKTPaM IOIIOLICHUS.

PaccesiHue aeKTpOMarHUTHOTO U3TYYEHUS] U HEHTPOHHOB B OMOJIOTMYECKHUX CHCTEMAax

OOmas xapakTepuCTHKa paccesHusl CBeTa, pEHTTEHOBCKUX Jydeill M HEeWTpoHOB. PaccesHue csera
KaK paccesHue Ha "CBSI3aHHBIX" AIEKTPOHAX, pacCesHHE PEHTTeHOBCKHUX JIydell Kak paccesHue Ha
"cBOOOIHBIX" IEKTPOHAX, paccesiHUEe HEMTPOHOB Kak paccessHue Ha sapax. OCHOBHbIE (HU3NUECKHE
cieactBus. OyHKIMS BHYTPUMONEKYIApHOH uHTepdepenimn Jlebas u ee cBoiicTBa. PaccesHue Ha
HyneBol yron. Paguyc nnepunu. Ero cBsi3b ¢ GpopmMoil yacTuIbl U € pacnpeneieHueM JIeKTPOHHOM
(HeWTpOHHOMN) MIOTHOCTH BHYTpH Hee. O6macTh Gopmbl. OOIHE 3aKOHBI ClIajja KPUBOM paccesiHus
JUIA YacTul pa3Hod (opmbl (manoyka, AWCK, TrayccoB KIyOOK, KOMIIAaKTHBIE YacTHLbI). Mertox
cepHueCKUX TapMOHHUK M €ro IPUMEHEHHE K BOCCTAHOBJICHHIO TPEXMEPHOH CTPYKTYpPHI
MakpomoJekyll. Paccesnue pentreHoBckux Jryueil. @opmyna Tomncona. McTOYHHKH PEHTIE€HOBCKOTO
n3IydeHus (TpyOKH, BpaIlAIOIINEcs] aHOIbI, HCTOYHUKM CHHXPOTPOHHOTO M3iy4yeHus). [Ipuemuukn
PEHTTEHOBCKOTO M3MydeHus. MeTonsl Bapuanuu KoHTpacTta. Paccesnue cBera. @opmyna Peres.
MeTozbl HHTEPIPETAIK YKCIIEPUMEHTAIBHBIX JaHHBIX. PaccesHue Ha MabIX ¥ OONBIIMX YaCTHUIIAX.
Merton 3umma. IlpoGnema ompeneneHHs MOJEKYISIPHBIX MacC M PaguyCOB HHEPLUUHU OOJIBIINX
Ononornueckux Makpomoniekyn. Mzydenue crpyktypsl JIHK. Mertonsl Bapuanmm KOHTpacTa.
Paccesnue HeitponoB. Heiitponnbie ucTouHuku. CTalUMOHApHBIE W IYJILCHPYIOLINE PEAKTOPHL.
Muraromye UCTOUHUKU. MaloyIJIOBbIE HEUTPOHHBIE CIIEKTPOMETPBI. MeTobl BapHallud KOHTPacTa:
meroq H20-D20O cmeceii, MeToq ABOWHOTO M TPOWHOTO HM30TOIMMYECKOTO 3aMeENIeHHs. MeTombl
TpUAHTyJsiIMM. MeTo[ CIHHOBOWM Bapualuu KOHTpacTa. buocHHTETHUYEeCKOE AeHUTEpUpOBaHHUE.
CoBMECTHOE MCHOJIB30BAHUE PACCESHUSI CBETAa PEHTICHOBCKUX JIyued W HEeHTpoHOB. OmpeneneHue
paauycoB MHEpPLUMM KOMIIOHEHTOB M  PAacCTOSHUI MeXAy HX LEHTpaMu TSXKECTH B
JBYXKOMITOHEHTHBIX 4yacThlaXx. COBMECTHOE HCIIOJIb30BaHHE KOHCTAHTBHI MOCTYNATEIIBHOTO TPEHUs
YacTUIIbl U €€ Paluyca HHEPLUH.

JIuHeWHbIH JUXPOU3M B OpPUEHTAIINS MOJIEKYII B OMOIOTHYECKHX 00hEKTaxX

OcHOBBI  crieKTpomnoasipuMeTpur. JIMHEHHBI AMXPOU3M, OUXPOWYHOE OTHOILICHHE U CTENeHb
auxpousMa. Mertoj pacyeTa OpHEHTAlMUd XpPOMOGOPOB MOJEKYd B OMOJIOTHYECKHX Ipernaparax
(MeMOpansbl, KoMIUIeKChl). CrIoCOOBI OPUEHTALNU OaKTEPUATIBLHBIX U MMTMEHT-0JIKOBBIX KOMITJIEKCOB
(meromoM sMHEHHOW — nmedopmarmu).  YCTpOWCTBO M NPHHIUN  paboOThl  JIBYXJIy4eBOTO
PETUCTPUPYIOLIETO CHEKTPOPOTOMETPA C MPUCTABKON IS CIIEKTPONOJISIPUMETPUIECKUX U3MEPEHUH.
Pacuer OUXpOMYHOCTM W CTENEHM AMXpoM3Ma. BbIUMCICHHME YIVIOB OpPHEHTAlUU XpOMOQOpOB
MOJIEKYJBI OaKTepUOXJIOpOQHILIa B MeMOpaHax MypIrypHBIX OaKTepuil.

Mertonsl uccnenoBanus GIyopecueHIIMH MaKpOMOJIEKY)l B BUIMMOW U yibTpaduoneToBoit obmactu
CIIEKTpa



KauecTBeHHBII M KOJNMYECTBEHHBIH aHAIM3 BEIIECTB IO CHEKTpaM (IIyOPECUEHIMH M CIEKTpaM
BO30yXIeHHsT (IyopecueHIMU. Armmaparypa Ui HM3MEpEHHUs CIEeKTpoB (uryopecneHmun, ee
BO30YXKJCHHUS M TPOW3BOJIHBIX CIHEKTPOB Tpu KoMHatHOM u Hm3kod (770K) Temmeparypax.
CormocraBieHue CHEKTPOB (IyOpecUeHIMH IUIMEHTOB B pacTBOpe W B KIeTKe. TymieHue
duyopecuenimn.  MccnenoBanue addexra TymeHUus (IIyOpecleHIMM B 3aBHCUMOCTH  OT
KOHIICHTpauu  Tymmrens. Wuayknus — ¢uryopecneHmun — (pOTOCHHTE3MPYIONIMX — OPraHU3MOB
(MHUKPOBOZOPOCIHN) M HCCIIeIOBaHUE MeXaHM3Ma (porocuHTe3a. DEPCTEPOBCKUN MEPEHOC IHEPTUU
anekrponHoro Bo3OyxzaeHus (FRET). [umonb-aumoiabHOE B3aMMOJICHCTBUE JOHOpPA M aKIENTopa
SHEPTUM WHAYKTHBHO-PE30HAHCHBIM MEXaHM3M, MHTEpraji MepeKpbIBaHUS CIIEKTPOB — 3aBUCHMOCTh
OT PacCTOSIHUSI MEXIy JOHOpoM H akmenTopoM. Kpurnueckuit DEpcrepoBckuii pamamyc. Pomb
OpHeHTalnOHHOTO (pakTopa. deHOMEHONOT S SBIEHUS — CEHCHOMIN3UpOBaHHAsS (DIIyopecIeHIus.
Pacyer mo JKCIepUMEHTANBHBIM JIaHHBIM KBaHTOBOTO BBIXOJIa IIEPEHOCA JHEPIUH, KOHCTAHTHI
MepeHoca W PpAcCTOSHHUSA MEXAy IOHOPOM M aKUenTopoM. MeTton (IyopecleHTHBIX 30H[OB.
OmpeneneHre KOHCTAHTHI CBSI3BIBAHMS M KOHIIGHTPAIIMM MECT CBSI3bIBaHUS 30HAa B MeMOpaHe.
Onyopecuentabie nHaAnKaTopsl pH. Mcnonb3oBanue 3enenoro duyopecuupytomiero o6enka (GFP) u
IBETHBIX OEJKOB Uil BHYTPHUKICTOYHOTO U3MepeHuss pH, KoHueHTpauuu wuoHOB. [IpuHImm
nuddepeHIranbHON (IyopecleHTHOH CIIEKTPOCKOIINH.

CnextpouryopuMeTpuiIecKoe UCCIeJOBAHUE apOMATHUECKUX aMUHOKHCIIOT U OETIKOB

Croektpsl (ryopecuieHIMH © ee BO30yXICHHE B AapOMaTHYECKUX aAMHHOKHCIOTaxX OEJIKOB.
ITpousBonHast cnexrpodiayopumerpusi. CrHeKTpaJabHbI KOMIUIEKC C JBYMS MOHOXPOMAaTOpaMHu H
pabora nHa HeMm. KommnbroTepHas o0paboTka pe3yasratoB wu3MepeHuid Popma OIWHOYHOM
CHEKTPAIbHON TOJOCHI M €€ MPOW3BOIHBIX NpU OObIUHBIX W HU3KUX (-1960C) temmeparypax.
Uzmepenune crieKTpoB (uyopecueHInn cBOOOIHBIX aMUHOKHCIIOT U OeskoB. MccnenoBanue TOHKOM
CTPYKTYPBI CIIEKTPOB (IIyopecleHIINH OETKOB METOIOM W3MEPEHUS TEpPBOW, BTOPOW W YETBEPTOU
pou3BoAHBIX. COMOCTAaBICHUE CIIEKTPOB OETIKOB CO CIIEKTpaMy CBOOOTHBIX aMUHOKHUCIIOT. Biusiaue
JICHaTypallud Ha CHEKTp (IyopecleHIMH, OLEHKa BKJIaJa THUPO3MHOBOW M TpHUNTO(AaHOBOH
KOMIIOHEHT  BO  ¢uyopecueHnuio  Oenka.  PasnokeHue ~— CHEKTpoB  (uyopecUeHIHH
MHOTOKOMIIOHEHTHBIX CHCTeM (O€NKH, CMEeCH aMHUHOKHCIIOT) Ha COCTaBIAIONUIME M OLIEHKAa 0NN
MOMIOLICHNUS U (IIyOPECUEHIIMN COCTABIISIIOIINX B CYMMapHOM CIIEKTPE C MCIOJIb30BaHUEM JaHHBIX
NpOM3BONHON cnekTpockonuu. [lomspusammsa QiayopecueHuny, aHU30TPOnHs (IyopeCcleHINH.
VYpaBuenue Ileppena. Kopemmsumonusie crextpsl (uayopecuenuuu. Ilomydenune unndopmanum o
mupQy3nun, BenuuruHe ¥ (opMe OPHCHTAIMM MOJIEKYJI B PAacTBOpE W KIIETKE, TepeHOCe JSHEPTUH
MEX]ly MOJICKYJIaMHu.

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

AHAIIMTHYECKOE YIBTPAlCHTPU(PYTUPOBAHUE W Tellb-xpoMarorpadus, snekrpodope3s B I[TAAT.
[TonsTHE THIPOAMHAMHYECKH OHKBUBAJCHTHOM C¢epbl M THIPOIAMHAMHYECKH HKBUBAJICHTHOTO
smmnconna. Koapduiment nocrynareibHOro TpEeHHs M €ro CBS3b C pa3MepamMH H (POPMO YacTHII.
®opmymna Crokca. Dopmyna [leppena. 3aBUCMMOCTh KOHCTAHTHI MOCTYIATENLHOTO TPEHHS OT
MOJICKYJISIDHOH MacChl B Psily YacTHIl pa3HoW (opMbl. Merton mocrynarenbHol muddy3un u ero
WCIONB30BaHUE JUIA aHaln3a KOH(POPMAIMOHHOTO COCTOSIHWSI MakKpoMoleKyn. llepBbiii U BTOpOH
3akoHbl Duka. 3aBucUMOCTh Kod(punueHTa AupPy3ud OT MOJCKYISIPHOH MAcChl MaKpOMOJIEKYIL.
CBs3p Mexay KOHCTaHTOW Mu(dy3un U KOHCTAHTON MOCTYIATENbHOTO TPeHUs dyacTHibl. Dopmyna
OiHmTelHa. AHaaU3 KOH(OPMAIIMOHHOTO COCTOSHHS MaKpOMOJIEKYJ MCXOAS M3 3aBUCHMOCTH HX
koddunmenta auddy3um OT MONEKYIIpHOH Macchl. MeToj CKOPOCTHOW —CEIUMEHTAIUH.
Kospduument ceauMeHTammum M €ro CBsi3b € KOI(PGHUIMEHTOM IOCTYNATEIbHOTO TPEHUSI.
3aBUCUMOCTh KO3()(UIMEHTa CEIUMEHTALUH OT MOJIEKYIIPHOM Macchl MakpOMOJEKyd. AHaiu3
KOH(OPMAIIMOHHOTO COCTOSIHHSI MaKpPOMOJICKYJI M3 3aBHCUMOCTH HMX KOHCTAHTBI CEJUMEHTAlUH,
MIOIIPABJIEHHOMN Ha apXUMeoB (PaKTOp, OT MOJIEKYIIPHOI Macchl. ONTHYECKHE METObI PErUCTPALIN
B muddy3un mnpum aHATMTHYECKOM YIbTpaneHTpudyrupoBanuu: meron Ounmora-CBeHCCOHA,
WHTEp(EPECHIMOHHBIA MeToJ], abcopOIMOHHBIH MeToa. KoHCTpykmus ynbTpaneHTpudyru u e€
3JIEMEHTOB (POTOPOB, KIOBET).



OmnpeneneHne MOJEKYISIPHOW MacChl OMONOTMYECKMX MAaKpOMOJIEKYT METOAOM COYETaHUs
cenumentanun  u  aupdy3un.  I[lepBas dopmyma Ceembepra. IpaHuIlBI  TPUMEHHMOCTH.
Knaccuueckuii  Meron  ceIMMEHTaMOHHOTO  paBHOBecus. Bropas ¢dopmyma CsexnOepra.
[MpubnuxeHnss K CEIUMEHTAllMOHHOMY paBHOBecuto. Merton Apuubanbaa. Merox Hdantuca.
PaBHOBecHast ceauMeHTanuMs B TpaauveHTe IUIOTHOCTH. JuddepeHunanbHas ceauMeHTalus.
BsizkocTh. XapakrepucTUdeckas BSI3KOCTh. BsI3KOcTh pacTBOpoB ceprueckux vacTull. Bs3kocTb
pacTBOpPOB JKECTKHMX aCHUMMETPUYHBIX 10 ¢opme, crmomHbix yactun. Popmyna Cumxa.
3aBUCUMOCTb XapaKTEPUCTHUECKOH BSI3KOCTH OCJIKOB M HYKJICONIPOTEUI0B OT MOJIEKY/ISIPHON MacChl.
Bsskocte  pacTBOpoB monuMepHbIX Mojekyl. Kondopmanus I'ayccoBa kmyOka. benku B
T'YaHUAMHTUAPOXIIOPUIIE M MOUYEBHHE. 3aBUCUMOCTD BS3KOCTH OT MOJIEKYJISIPHOIM Macchl At OEIKOB
B T'YaHUJAMHTHIPOXJIOPHJIE U MOYEBHHE, BOSMOXKHOCTD OIpeesIeHIs] MOJIEKYJISPHOI Macchl OEJIKOB B
9TUX pacTBOpUTEsIX. M3MepeHue BSI3KOCTU: TUIIBI U KOHCTPYKLUUHM BUCKO3UMETPOB. ['panueHTHas
3aBHCUMOCTh Bsi3kocTU. Buckosumerp 3umma. Bsskocts JIHK. CoBmecTHOe wncnosib3oBaHue
KOHCTaHTBl IOCTyHaTeJIbHOr0 TpeHus U Bs3kocth. Popmyna Illeparn-MannenskepHa. Meron
JUHAMUYECKOTO J1BOMHOTO nyuenpenomieHus (3¢ ekt Makcsemna). OpueHTanuss MaKpoOMOJIEKYJ B
ruapoauHamMudeckoM mose. OmnpezneneHue pasmepos, (GOpMbI U THOKOCTH MakpoMOJeKyl. Metox
3NIEKTPUUYECKOTO JABOMHOrO syudenpenomienus (3pdexr Keppa). Opuenramusi MakpoMoieKyl B
aneKTpuueckoM nose. OnpeneneHne pasmMepoB U GOPMbI MAaKPOMOJIEKYII.

6. Xpomarorpadus MaKpoMOJIEKyI

VHHMBepCaIbHOCTh METOAAa XpoMmarorpaguu HPUMEHUTEIbHO K pa3/eIeHHI0 U HACHTU(HUKALNU
CaMBbIX pa3HbIX KJIACCOB COCAMHEHMM OPraHWYECKOM M HEOpraHMYECKOl mpupoasl. Mcmonb3oBaHue
Xpomarorpaguu B HayKe, TEXHUKe W Tpou3BoacTBe. Mcropus pasButHe Xpomarorpaduyeckux
METO/IOB. 3HadeHHe Xpomarorpaduu Aisi pa3BUTUS COBPEMEHHOW HAyKH, YCIEXH, JOCTUTHYTHIE C
UCIIO0JIb30BaHUEM 3TOI'0 METOJA.

OCHOBHbIE TOJIOKEHUSI TEOPUH Xpomarorpaduueckoro pasaeneHus. [IoaBHKHbIE W HEMOABHKHbIC
¢a3pl B xpomarorpaguueckux cucteMax. SIBiICHHUs, MPOUCXOISIIME NPH IABMKEHHUH BELIECTB IO
xpomatorpamme. Krnaccudukamusi xpomarorpadpudyeckux wmetonoB. Koaddummenr Heprera.
Uzotepmbl aacopbumu. Kunernka ancopbunu-necopOouun B nmotoke noaBmwkHON (asbl. Konuenus
Teopernueckux Tapenok. IllupmHa u  dopma Xxpomartorpaduueckoro mnmka. Paspernarormas
CHoCcOOHOCTh  XpoMmarorpaduueckoid  KoJloHKH. [loHsITHE «BpeMsl yHepKHUBaHHS», «O0beM
YACP)KUBAHUSY), «HUCIPABICHHBIE BpeMs M o00beM yaepkuBaHus». Koadoumment pasneneHus.
O heKTUBHOCTD, CENEKTUBHOCTh W KO3(PPULMEHT EeMKOCTH XpoMarorpa@uueckod CHCTEMBI.
Hcnionp30BaHNE TEOPETHUECKHUX MPEANOCHUIOK METO/Ia B IPAKTUYECKOM JIESTEIbHOCTH.

Ancopbunonnast xpomarorpadus. Ilpupoma B3auMOmEHCTBHUS pas3aesieMbIX COCAMHEHUH ¢
ajcopOeHramu. TpeOoBaHus, TpembsBIsSeMble K copOeHTaM aacopOIMOHHON Xpomartorpaduu.
[lonspubie u HemomspHble aacopOeHTH.. Pa3zmep oOpasua u JMHEHHasT €MKOCTh aicopOeHTa.
AKXTHBHBIE LIEHTPBI U JE€3aKTHUBAIMA aJcOpOEeHTOB. IIoNApHOCTD SMIONMPYIOMUX CHUCTEM. DHEPrus
aacopOIMK  IMIOUPYIOIINX CHUCTEM. OJIOOTPOIHBIE psAbl.  XapaKTepUCTHKa O0COOEHHOCTEH
ancopOupyemMbIX COeIUHEHUH. BenuuuHbl SHeprum aacopOLUM pa3AeIsieMbIX COEIWHEHUIL.
OBomonus arcopOEHTOB U acOpOLMOHHON Xpomarorpaduu.

BricokoaddexktuBHas xuaKocTHas xpomaTtorpadus Beicokoro aasneHus (BOXKX) u ee ocodennocTH.
CoBpeMeHHOe COCTOSIHUE 3TOTO BUaa XpoMarorpaduu. Jloctonncrsa u Hegocrarkn BOXKX.

PacnipenenurenbHas KHAKOCTHas xpomarorpadus. Pacmpenenenue coeinHEHUH MEXAy IBYMs
HecMemuBaommuMucs Qgasamu. Paznenenue Gnaromaps XxapakTepUCTHKE MOJSIPHOCTH PaselisieMbIX
Moseky:. [logBukHbIe 1 HEMOABMKHBIE XKUAKHE (pa3bl. IHEpTHBIE HOCUTENH, X THAPOPHILHOCTD U
rupodoOHOCTh. XapakTepuUCTHKa KHUIKOCTEH, HCHOJIb3YEeMBIX B KaueCTBE IOIBWXKHOH H
HENoABKHOW (a3pl B pacmpenenurtenbHOil xpomarorpadguu. HopmanbHas u  oOpatHOodasHas
pacnpenenurenbHas xpomarorpadusi. BapuanTel pacnpeaenuTeabHONH Xpomarorpaduu: KOJOHKH,
TOHKOCJIOMHass Xpomarorpadus, xpomarorpadus Ha Oymare. JIOCTOMHCTBA W HEJOCTaTKH
pacnpenenuTenbHoi xpomMarorpaduu.

l'azoBast xpomatorpadus. ['azoancopOunoHHas M rasopacnpelnenuTeNnbHas Xpomarorpaduu, HX
xapakTepuctuka. OCOOCHHOCTH JKHIKOCTEH W Ta30B B Ta30BOM Xpomarorpaduu. YCTpOHCTBO
razoBoro xpomarorpada. KoJOHKM M JETEKTOpHI, HCIOJIb3yeMble B Ta30BOH XpomaTtorpadum.
JlocToMHCTBA ATOTO BHJIa XpoMarorpaduu U npenMyIecTsa nepe KU IKOCTHOW XpoMarorpaduei.



Ienb-xpomarorpadus. [Ipuanun meroaa. [Tlapamerpsl, XapakTepu3yOIIUE MOJOKECHNUE BEIIECTB MPH
stoM BuAe xpomarorpaduu: VT, VO, Vi, Vm, Ve, Vs, Kav. [lpupoma u crpykrypa reneii B
rejb-Xxpomarorpauu, TeJIM Ha OCHOBE JIEKCTpaHa, araposbl, IOJMAaKpWiIaMHuIa W JIp.
KomOunnpoBanHbIe renu U ux koHneHTpauus. Kpussle cenextuBHocTH. [logcueT BO3MOXKHOr0 yncia
pasmensieMbix (Qpakuuii B xpomarorpadudeckoil cucreme. OO0beM BHOCHMBIX 00Opa3lioB M HX
KoHUeHTpanusi. CKOpOCTh  TOKAa  KHJAKOCTH B XpomarorpadMueckoil  cucrtemMe  mpHu
renb-xpomarorpaduu. BeicoTa W auaMeTp KOJIOHOK C HOCHUTENSIMH. XpaHeHue reneil. 3agauw,
pelaemMble Telb-XpoMaTorpauei.

HNonoobmennas xpomarorpadus. [Ipuniun meroga. Xapakrepuctuka HOHUTOB. CuilbHBIE U calble
noHuThl. CTpyKTypa MaTpUIl HWOHUTOB, HCIOJNB3YEMBIX [UI DPa3ICiCHUS HH3KOMOJCKYISIPHBIX
coeHeHUH. Penko W minoTHO cmiuTble MOHUTBHL. OOMEHHas €MKOCTh HOHUTOB. MapKHpOBKa
HOHUTOB. MexXaHW3M MOHHOTO OOMEHAa. 3aBHUCMMOCTb KOHCTaHTHI CKOPOCTH OOMEHa OT BEIMYMHBI
3apsiia M pajuyca XxpomarorpadupyembiX COEAWHEHWH. YCIoBHS JecopOIH B HOHOOOMEHHOMH
xpomatorpaduu. I'paguentras smouus. Tumbel rpagueHToB. 3afaqd, peliacMble MOHOOOMEHHOM
xpomarorpadueii. Paznenenne aMMHOKUCIOT HA aMUHOKHCIIOTHOM aHAJIU3aTope.

OcobenHoctn (ppaKIMOHUPOBaHHUS OEKOB METOAOM HMOHOOOMEHHOH Xpomarorpaduu. [Ipupona
MOHUTOB, UX CTpOeHHEe. MIOHNTHI Ha OCHOBE LIEJUIIONO3bI, AEKCTpaHa, araposbl U ap. Mx cxoncTBo u
pasmuunsi. OyHKIHMOHAJIBHBIE TPYNIl HOHUTOB, WCIOJB3YEMBIX JUISl pa3[elieHus OCIKOB.
3aBUCUMOCTD 3aps10B HOHUTOB OT pH cpenpl. 3aBUCMMOCTD 3HAaKa U BEIMYMHBI 3apsia Oenka ot pH
cpensl. OcobeHHOCTH CcOpOIME OENKOB HAa MOHWUTAX. 30HA crabwibHOCTH Oeika. BeiOop monuTa
(cunbHBIN-cTa0BIN, KATHOHUT-aHUOHUT). KonmmuecTBo nonuta. BydepHbie pacTBOphI, HCHONb3yeMble
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, M3y4yaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTaTe U3YUCHHUS AUCHUIUIMHBI CTYACHT OOJDKEH 3HAThb OCHOBHBIC OIPCACIICHUA AUCHUIINHBI,
YMETh IPUMCHATH INOJTYUYCHHBIC 3HAHUA JId PCIICHUS PA3JIMYHBIX 3a/a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

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

— HANPSHKEHHOW CaMOCTOSTEITLHON PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— TpopaboTKy y4ueOHOro Marepuaia, MOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYEHHBIX JUIS
CaMOCTOATEJILHOIO U3yUCHMUS];

— pelleHue 3a/1a4, IpeaIaracMblx CTyIEeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

ITokazareneM BiIaJeHUs MaTEPHAIOM CIIy)KHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOIIPOCHI 110 TEMaM
JUCUUIUIMHBL. BakHO AOOWTHCS TMOHMMAaHHUS H3y4yaeMOro Marepuaia, a HE MEeXaHMYECKOrO €ro
3anomuHanud. [Ipu 3arpyaHeHMHM H3y4YeHHS OTHEIBHBIX TEM, BOIPOCOB, CIEAyeT oOpamarbcs 3a
KOHCYJIBTAallMsIMU K IIPENoAaBaTento. Bo3M0OKeH MPOMEKYyTOUHBIN KOHTPOJIb 3HAHUH CTYACHTOB B BHJIE
peleHus 3a1a4 B COOTBETCTBUM C TEMATUKOM 3aHITUI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)
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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 TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuaTb IIyTH €€ PEeLCHUs

OIIK-1.2 CnocobeH CcTpOuUTh MareMaTH4ecKhue MOJIeNH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl H OLICHKH

OIIK-2 Cnocob6en ucnonb3oBars coppemennble |OIIK-2.2  3Haer ®W  yMeeT NPUMEHATb YUCICHHBIC
MH()OPMALMOHHBIE TEXHOJIOTUHU U MaTeMaTUYeCKUe METOAbl M IPUKIAJHOE IPOrpaMMHOE
MPOrpaMMHBIE CPEJICTBA IIPH PELLICHUM 3a0ad  |oOeclieueHHe A peIleHUs]  HaydHbIX  3aJad = 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

MHTEJJIEKTYaJbHOTO aHajdu3a HMHGOPMAIMU IpPU pEIIeHUU
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT 0CHOBHBIE HCTOYHUKH HAYYHO-TEXHUYECKOM
u (W) TexHoJIornyeckod wuHpopMauum B objacTu
npodeccuoHaIbHON 1S TeIbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIENbIO [IOJYUYEHUs], XpPaHEHUS 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 HaxomuTh  KIIOYEBBIE  IapaMeTpBhl,
OIIpEeNeNIAIOIME U3yyaeMoe SIBJIEHHE, U IPOU3BOIUTH
YHCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI

[TK-2.3 CniocobeH npencTaBiiTh HaydyHbIC YTBEPKIACHUS, NX
000CHOBaHMSI M J0KA3aTeNbCTBA, HAYYHBIC MPOOJIEMBI U UX
pemeHnss SCHO M TOYHO B TEPMHHAX, HOHATHBIX IS
npoeCCHOHANBHON ayaIUTOpUH, B MUCHbMEHHOW M YCTHOM

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:

- OIICHMBATh NIPUMEHUMOCTb U CONOCTABIATH 3()(PEKTUBHOCTH METOIOB (PUBUKO-XUMHYECKOTO aHaH3a
MaKpOMOJICKYJ, HEOOXOAMMBIX ISl TOAOOpa HMHCTPYMEHTAJIbHOW O0a3bl C WENBI0 BBINOIHEHUS
COOTBETCTBYIOIINX HAYYHO-UCCIIEJ0BATENBCKUX JTA0OPATOPHBIX OHOJIOTHYECKUX paboT B obnactu
XMMUH, HAYK O MarepualiaX, MOJICKYJISIPHOW M KIICTOYHOI OHOJIOTHH, OMOXUMUH.

BJIaJd€Th:

- TEOPETHYECKHMH 3HAHUSIMH O COBPEMEHHBIX M WHHOBAIlMOHHBIX METOJaX OMOXMMHYECKHX
HCCJICIOBAHUM; apCEHAIOM COBPEMEHHBIX METOJIOB MCCIECIOBAHUM, HHCTPYMEHTAIbHON TEXHUYECKOU
0a30i BBIMOJIHEHUS] COBPEMEHHBIX HCCIEAOBAHUNA U COBOKYIHOCTBIO (PU3MKO-XMMHUYECKHUX METOAOB

aHaJM3a MaKpPOMOJIEKYI.

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

[IpumMeps! BOIIPOCOB 171 TEKYILEr0 KOHTPOJIS YCIIEBAEMOCTH.



Onrtuyeckne METOAbl BU3YAJIM3allMd BHYTPEHHEH CTPYKTyphl M MHKpopenbeda IOBEPXHOCTH
00BEKTOB, TIPEICTABICHUS 00 00JaCTH MPUMEHEHUS U OIPAaHUYCHUSIX, HAKJIaIbIBAEMBIX (HU3NUECKUMHU
OpUHOMIAMM  (yHKIMOHUPOBAHUS  HA  TPOCTPAHCTBEHHOE W BPEMEHHOE  pa3pelleHne
paccMaTprUBaeMbIX METOOB.

OnudiryopecueHTHBIE MHKPOCKOIBI (X0 JIyued, 4YuClIOBas ameprypa OOBEKTHBa, pa3pellieHHe
00beKTHBA U (PYyHKIHSI pacCcesiHUsI TOUKH).

TeopeTnueckne M HKCIEPUMEHTAIBHBIC OCHOBBI METOAOB YAaCTUYHO KOTE€PEHTHBIX M JIa3€PHBIX
ONTUYECKUX WHTEPPEPEHIUOHHBIX HM3MEPEHHU; MaTeMaTHUYeCKHe OCHOBBI TNPeoOpa3oBaHUA W
00paboTKM ONTHYECKHX CHUTHAJIOB; MaTeMaTHYeCKUE OCHOBBI BU3YAJIM3AlMU JIBYX- M TPEXMEPHBIX
M300paKEeHUH; NPUHLMIIBI TOJy4YeHUS HMHPOpPMAUM O BHYTPEHHEH CTPYKType OOBeKTa IO
N3MEpPEHHOMY MHTEP(EPEHIIMOHHOMY CUTHAITY.

[TpeumymecTBa U orpaHuueHUs UHTEP(EPEHIIMOHHBIX METOIOB M3MEpPEHUs BHYTPEHHEH CTPYKTYpHI
OOBEKTOB.

Meronet  FRET, SIM, STORM,STED, Light sheet, PALM. ®moopecueHTHbIE OCIKH,
BHYTPHUKJIETOUHBIE (It00podopsl, TpUMEHEHHE (QII0OPECHEHTHOW MHUKPOCKONUHU JIsi UCCIIEIOBAHUS
OBICTPBIX KJIETOUHBIX IIPOLIECCOB HA IIPUMeEpPE U3MEPEHHs KOHIICHTPAI[H HOHA KaJIbLus.

Metonel HOHM3AaLMU: OBIEKTPOHHBIA ynap M XUMHYeckas HoHu3auus , snekrpocrpein (ESI),
XUMHYecKash MoHu3anus npu armocdepHom nasieHuu (APCI). Meroapl MOHW3AIUU A TPSIMOMA
macc-criekrpomerpun: DESI, DART u np.

Pemienue cTpyKTypHBIX 3a7a4 METOIAMHU Macc-criekTpoMeTpun. OnpesaeseHne 3JIeMEHTHOTO COCTaBa
(o7eMeHTHBI  aHanmu3, ompeaeneHue OpyTro-popmyn). HWaeHtudukanuss 1Mo TOYHOW Macce.
Unentndukanus mo u3otonHOW cTpykrype. Tanmemuas macc-cnekrpomepus (MS/MS). Cenekuus
noHoB. Metonb! pparmentanuu nonos (CID, ECD, IRMPD). ®@parmenraius mentuaos.

KomOuHanmm Macc-criekTpoMeTpa ¢ SKUAKOCTHBIM M Ta30BBIM Xxpomarorpadamu. [IpumeneHus
Macc-CIeKTPOMETPUH Il pelIeHMs 3ajad OHOJIOTHMH, XUMMH, aHalu3a OKpYXKaloled Cpensl,
(hapMakoIoruu, MOCTPOEHMs CUCTEM OE30MACHOCTH.

LlearpudyrupoBanue. AHAJIMTHYECKOE YIBTPALIEHTPU(PYTUPOBAHUE. YpPAaBHEHHE CEIUMMEHTALUH.
YerpoiictBo nentpudyru. [locnenoBarenbHble cTaauud (QpakUMOHHMpOBaHUS. JleTekTUpoBaHHE B
aHAJMTUYECKOM yibTpaneHTpudyrupoanuu. [IpenaparnBHoe neHTpudyrupoBaHue.

Onekrpodopes. SpneHue snmekrpoocmoca. [loABMKHOCTL HWOHOB B BsI3KOH cpenme. JIBoitHOM
JNeKTpuUYecKui cnoil. J[3era-moreHuman. OnekTpodope3 ¢ MOABMKHON TpaHuued. JMCKOBBIHA
anekrpodopes. 30HOBBIH 3nekTpodope3. M3zoanekrpuueckoit Qokycuposanue.  HM3oraxodopes.
Kanwsipusiii anexrpodopes. Inexrpodopes B nomuakpunamuaaom rene (PAGE). Unentuduxanms
0eJIKOB C MOMOIIIBI0 IBYMepHOTO 3MekTpodopesa B PAGE c ucnonszoBanuem SDS.
BricokoaddexkruBhas xunkoctHas xpomarorpadpust (HPLC). dakropsl, Bausiomue Ha GpopMupoBaHue
U JUCHEPCHI0  XpOMAarorpaguyueckoro Iuka. ACHMMETpHUYHOCTh TmHKa. CnocoObl  OLEHKH
(tectupoBanust) apdexruBHocTH KoIOoHOK B HPLC. Crapenue KoloHOK.

AncopOiMoHHass W pacmpefenuTensHas — xpomarorpadus . JKujkocTHas — aacopOIHMOHHAS
xpomatorpadusi. HopmanbHo-(azoBasi u obOpaieHo-(pa3oBasi pacrnpeneinuTenbHas XpoMarorpaQus.
['panuentHoe amoupoBaHMe. YCTPOMCTBO KUAKOCTHOTO Xpomarorpada. JleTeKTopbl B KHIKOCTHOM
xpomarorpaduu. BBog mpoObl: yCTpOMCTBO WHIECTHXOJOBOrO KpaHa-[03aTtopa C pa3pblBacMoil
WOKEKIMOHHOM  memneil. KomOmHanmm  Macc-CnekTpomMeTrpa ¢ KMIKOCTHBIM U Ta30BBIM
Xpomatorpadamu.

Paznenenue monumMepoB ¢ HOMOIIBIO TeNbIIpOHUKatoel xpomarorpaduu. [lonstiue 06 HoHOOOMEHHOM
XpomMarorpaguu.

Teepnodasznas oskcrpakiusi (SPE, ynmepxwuBaromas u HeyjaepxkuBamomas). Buabl 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. JluneiHble KBagpyHoOAHd W KBaJAPYTOJNbHbIE HOHHBIE JOBYIIKH. [lapameTpuueckuil pe3oHaHC
JIBmxeHne B ObICTpO ocuwuMpyomeM mnoje . KBagpynonbHelid Macc-ananuzarop . KaapymnonbHbie
nonnsle JoBymkH (lon Trap), mpuHumn neiicTBus, ckaHupoBaHue 1Mo mMaccaM. CHUCTEMBI TpaHCIIOpTa
HMOHOB C MOCTaANMHON OTKAYKOM M pagroYacTOTHBIMU KBaApynoiasaMu. TpolHON KBagpyHOib.



2. MeTtoapl Macc-CIEKTPOMETPHH CBEPXBBICOKOTO Pa3pelIeHNs U BBICOKOM TOYHOCTH U3MEPEHHS MacChl
(FTMS). Macc-crekTpoMeTpusi HOHHO-ITUKIIOTPOHHOTO pe3oHaHca ¢ nmpeodpasosanneM dypoe (UIIP
[I®, FT ICR). Bunet noBymek HWIP. CnocoOGsl B030yXAeHHS LHUKIOTPOHHOTO JIBUKCHUS.
Herextupoanue curnana MIIP. [llupokononocHoe W y3KOMOIOCHOE NETEKTUPOBaHUE. AOCONIOTHBIN
MHUPOBOW PEKOpA pa3pelieHus B Macc-criekrpoMerpur. Opourtanbable noHHbIE JoBymKH (Orbitrap).
3axBar uoHa B opOurpene. JlerektupoBaHue curHaiga. Kak ocCymiecTBUTH BBOJ MOHOB B
Macc-ananuzaropsl ICR u Orbitrap?

3. Meronpl MOHM3AIMH: JJIEKTPOHHBIM yIap W XUMHUYecKas HoHu3auusa , snekrpocnpen (ESI),
XUMHUYecKas HOHM3auus npu armocdepHom nasineHun (APCI). Meroxbl moHM3amum s IpsSMOi
macc-cnektpomerpun: DESI, DART u ap.

4. PemieHne CTpyKTYpHBIX 3a[a4 METOaMH Macc-crieKTpoMeTpun. OnpenesieHue 3IeMEHTHOTO COCTaBa
(o11eMeHTHBI  aHanmu3, omnpenesneHue OpyTro-popmyn). HWaeHtudukanuss mo TOYHOW — Macce.
Unentndukanus mo w3oTonmHOW cTpykType. TammemHuass macc-cniekrpomepus (MS/MS). Ceneknus
noHoB. Metoap!l (hparmenTaruu nonoB (CID, ECD, IRMPD). ®parmenTaiius nentTuios.

5. KomOnHanmm macc-crieKTpoMeTpa C KMIKOCTHBIM M ra3oBbIM xpomarorpadamu. [Ipumenenus
Macc-CIIeKTPOMETPUH [Tl pEIIeHMsl 3a1ad OMOJIOTHH, XUMHHU, aHalu3a OKpPYXKAIoWeH Cpelsbl,
(hapMakoIoruu, MOCTPOEHHsSI CUCTEM OE30MACHOCTH.

6. LlentpudyrupoBanue. AHATUTHYECKOE YIbTpAalCeHTPU(PYTHpOBaHUE. YpaBHEHHE CEAMMEHTAIHU.
YerpotictBo nientpudyru. [locnenoBarenbHble cTaaud (QpakIUOHUpOBaHUS. JleTekTUpoBaHHE B
aHAJMTUYECKOM YibTpaneHTpudyrupoBanuu. [IpenaparnBHoe eHTpUpYyTrupoBaHuUE.

7. Omnexrpodopes. SBineHue smekrpoocmoca. [lomBMKHOCT, MOHOB B Bs3koW cpene. JIBoiHOI
JNeKTpuUecKud cioil. J[3era-morenmnman. Onektpodope3 ¢ TMOABMKHON TpaHuied. JMCKOBBIHA
anekrpodopes. 30HOBBIA 3nekTpodope3. M3zoanexrpuueckoit ¢okycupoanue.  M3oraxodopes.
Kanmwsipasiii anekrpodopes. Inekrpodopes B nommakpunamuaaom rene (PAGE). Unentudukanys
OEIKOB C ITOMOIIIBI0 ABYMepHOro Aekrpodopesa B PAGE ¢ ucnonszoBanuem SDS.

8. BreicokoadpdextuBHas xupkoctHas xpomarorpadus (HPLC). @aktopbl, Biusiomue Ha
(hopMHUpOBaHHE U IUCHEPCHIO XpOMaTorpaduueckoro nuka. ACUMMETPHUYHOCTh MHKa. CrocoOsl
otieHKH (TectupoBanus) d3pdexruBHOCTH KoIoHOK B HPLC. Crapenue KoJIoOHOK.

AncopOuMoOHHasT W pacupenenuTenbHas —xpomarorpadus . JKuakocTtHas — ancopOIMOHHAs
xpomarorpadus. HopmanbHo-dazoBas u oOpaineHo-(ha3oBasi pacnpelennuTeNbHas XpoMarorpadus.
['panuentHoe amiompoBaHue. YCTPOMCTBO KHUAKOCTHOTO Xpomarorpada. JleTeKkTopbl B KHIKOCTHOM
xpomarorpaguu. BBoxgy npoObl: yCTPOHCTBO IIECTHXOJOBOTO KpaHa-103aTopa C pa3pbIBaeMoit
WKEKIMOHHOM  merneil. KomOmHammm  Macc-CeKTpoMeTrpa ¢ KHIKOCTHBIM U Ta30BBIM
XpomMatorpadamu.

Paznenenue momumepoB ¢ IOMOIIBIO TeIbIIPOHUKAIONICH XpoMaTorpadun. [loHsTHE 06 HOHOOOMEHHOH
XpomMatorpaguu.

9. Tsepmodasznas skcrpakuus (SPE, ynmepxuBaromas u Heynep:kuparomas). Buabl copOeHTOB,
ncnonb3yembix B SPE. Craguu SPE.

10. IlpumeHeHre TOBEPXHOCTHOTO IJIa3MOHHOTO PE30HAHCA JJIS aHAJIN3a MAaKPOMOJIEKYIL..

11. [Ipunmunel paboThl CKAHUPYIOLIMX 30HIOBBIX MUKPOCKONOB. CKaHUPYIOIIHNE JIEMEHTHI 30HI0BBIX
MHUKpPOCKONIOB  (mbe3ockaHepsl).  KoHCcTpykums ~— atomMHO-cuiioBoro — Mukpockorna — (ACM).
[TpunnunuansHas cxema cucremsl ynpasieHust ACM mpu paboTe B KOHTAaKTHOM U TOJyKOHTAaKTHOM
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. [[puHIKIIBI M aHATUTHYECKHE BO3MOXKHOCTH MeTona. KoHCTpyKIus u
PEXKHUMBI CKAHUPOBAHUS JIEKTPOHHOTO MUKPOCKOIIA.

Kpurepun oneHuBaHus

Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.



Ouenka ommuyHO 8§ OawioB - BBICTABIISICTCSl  CTY/AGHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE MPU PEIICHUH KOHKPETHBIX 33714, NPaBHIbHOE 00OCHOBAHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BEICTABISIETCS CTYICHTY, €CJIM OH TBEP/O 3HACT MaTepHall, IPaMOTHO U MO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha IPAKTHKE, HO HEIO0CTAaTOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT ero, yMeeT NpUMEHSTh HOJIyYeHHbIC 3HaHHs Ha TPAKTHKE, HO JOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

Ouenka Xxopomo 5 6auioB - BEICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HA€T Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yaoOBIETBOPHUTENbHO 4 Oajula - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IpPAaBWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYILCHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO MaTrepuaa, HO IPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOyYeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBIETBOPUTEIBHO 3 Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHiA, JOIyCKAIOUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIIEH YyacTH
OCHOBHOTO cOAep)XaHUsI y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBIETBOPUTENHEHO | 0ajm - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipu mpoBenenun auddepenurpoBaHHoro 3adera obOyuarouiemycs: npepoctasisiercss 30 MHHYT Ha
noAroToBKy. Onpoc 00y4aronierocsi He I0JDKEH MPEBBIIATh OTHOI0 aCTPOHOMHUYECKOTO Jaca.



