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1. I_[e.m, U NINTIAHUPYEMBIC PE3YJbTATbI OCBOCHUSA TUCHHUIIJIMHBI:

[enbro 0OCBOEHUS AUCUUIUINHBI SBJIsIETCS (POPMUPOBAHUE CIEAYIOIUX KOMIETEHITHI:

I1IK-1. CnocobeH miaHupoBaTh pabOTy M BHIOMpPATh aJCKBAaTHBIE METOIbI PELICHUS
HAYYHO-HCCIIEIOBATeNIbCKUX W/WJIM TPOU3BOJACTBEHHBIX 3a/Jad B BBIOpaHHON oOnactu
OMOTEXHOJIOTUU

PesynbpTaTramu ocBOEHUS NUCUUIUIMHBI SIBISIOTCS CIEIYIONINE WHANKATOPBI JOCTHXKEHUS
KOMIIETEHLIHM:

HIIK-1.1. Pa3pabarpiBaeT cTpaTerui0 HAyYHBIX MCCIICIOBAHUM, COCTABIISICT OOIIMIA TIIaH
Y JIeTajJbHbIE IUIaHbI OTAEIBHBIX CTaIUM.

NIIK-1.2. Beibupaer 3KkcriepuMeHTaIbHbBIE U PACYETHO-TEOPETUUECKHE METOJIBI PEIICHHS
IIOCTABJICHHOW 3aJauM, UCIOJIb3Yysl IOCTH)KEHUS COBPEMEHHBIX OMOTEXHOJIOTMH, W HCXOHd W3
UMEIOLINXCS, MaTepUaibHbIX, UH()OPMALIMOHHBIX U BPEMEHHBIX PECYpPCOB.

NIIK-1.3. Ucnonb3yer obopyaoBaHUE AJIs MOITYUYEHHUS] U UHTEPHPETALMH JOCTOBEPHBIX
pe3yNIbTaTOB MCCIEA0BAHUS, IPUMEHSI B3aUMOIOTIOIHSIOIINE METO/IbI UCCIIEIOBaHHUSI.

2. 33}13‘11/1 OCBOCHUA TUCHHUIIIIMHBI

— ChopMupoBaTh NPEIACTABICHHUE O MPEAMETE MACC-CIEKTPOMETPHUS OPraHUYECKUX
COCIMHEHUH, COBPEMEHHOM COCTOSIHUU M IIYTAX Pa3BUTUS MACC-CIEKTPOMETPUU M CBS3U €€ ¢
JpPYTUMHU HayKaMH.

— IlomyunTh 3HAaHUS W HaABBIKH, HEOOXOAMMEBIC IJIs1 A(PPEKTUBHOTO HCIOIH30BAHUS
COBPEMEHHBIX MACC-CIIEKTPOMETPUUYECKUX NPUOOPOB JUIsl peLIeHUs pa3HOOOPa3HbIX 3ajay.

— Pa3BuTh 1O3HABaTENbHYI0O AKTUBHOCTb U CIIOCOOHOCTh TBOPYECKM peLIaTh 3aJadH,
CBSI3aHHBIE C U3yUYEHHEM CTPYKTYpbl OPTaHUYECKUX COEIUHEHUM METOAOM MacC-CIIEKTPOMETPHH.

—Biagers Meromamu IIPOBENEHUS MAacCC-CIIEKTPOMETPHUYECKOIO AaHajau3a W HaBBIKAMU
rpaMOTHOM MHTEpIpETallid MacC-CIIEKTPOB OCHOBHBIX KJIACCOB OPraHMYECKHX COEIMHEHHUH C
UCIIOJIb30BAaHMEM OCHOBHBIX 3aKOHOMEPHOCTEH Macc-CIEeKTPaIbHOTO pachasa.

— ChopmupoBath NpeICTaBICHUS O BO3MOXKHOCTH IPAKTUUECKOT0 IMPUMEHEHHS METO0/1a Macc-
CIIEKTPOMETPUH B PA3JIMUHBIX 00JACTAX YEIOBEUECKOM NesTeTbHOCTH.

3. MecTo aucuuJinHbl (MOYJIs) B CTPYKTYpe 00pa3oBaTeIbHOI MPOrpaMMbl
Jucuumnuna otHocuTes K broky 1 «/luctumnnuaet (MoLynn)y.
JlucuumianHa OTHOCUTCSA K 00513aTeIbHON 4acTH 00pa30BaTEIbHOM MPOTPaMMEI.

4. Cemectp(bl) ocBOeHHMA M opma(bl) IPOMEKYTOUHON ATTECTALMH 10 JUCHHUIIJIMHE

Cemectp 3, 3a4€T C OIIEHKOM.

5. Bxoanble TpeGoBaHus 1)1 OCBOEHUSI TN CUMIIIMHBI

JUis  yCHemHOro OCBOEHHUS AUCHUIUIMHBI TpeOYyIOTCS pe3ynbTaTbl OO0y4YeHHs IO
CIEIYIOIMM aucHuIUIMHaM: «CTpoeHHEe BelecTBa», « PU3HKO-XMMHYECKHE METOABI aHAIN3ay,
«XpoMaTorpapuueckue METOIbD».

6. SI3bIK peanuzanuun

Pycckuit

7. O0beM TUCUMIIMHBI (MOLYJI51)

OO6m1ast TpyA0€MKOCTh TUCIMIUIMHBI COCTABIISET 4 3.€., 144 daca, U3 KOTOPBIX:
— JIeKuu: 24 4.;
— pakTuyeckue 3aHaTus: 60 u.;



B TOM YHCJIE IPAKTUYECKAs MOATOTOBKA: 60 4.
O0BeM caMoCTOATENbHOI paboThI CTyIEHTa ONPEEICH YUeOHBIM TIAHOM.

8. Conepikanue TUCHUIIHHBI (MOIYJIfA), CTPYKTYPHUPOBAHHOE MO TEMaM

Tema 1. OcHOBBI Macc- CIEKTPOMETPUN

Jlexumsi: BBenenue. OOmme moHATHS W omnpeaeneHus. Mcropus co3laHus Macc-
criektpomeTpuu. biok-cxema Macc-criektpoMmerpa. Pu3MUYECKHE OCHOBBI METOJAA: MPUHIHUIT
paboTBl  Macc-CIIEKTpOMETpa, pa3pemiaronias CIocoOHOCTh, O00pa3oBaHUE MacC-CIIEKTpa,
OCHOBHO€ YpaBHEHHE MaCC-CIIEKTPOMETPUHU, THUIBI PErUCTPUPYEMBIX HMOHOB (MOJEKYJSPHBIE,
OCKOJIOYHBIE, METaCTa0OUIbHBIC, MHOTO3aPSHBIC).

[TpakTuka: OmnpeneneHue MOJEKYJISIPHOU OPYTTO-POPMYIIBI MO MACC-CHEKTPY HU3ZKOTO
paspenieHus. MeToa TOYHOTO H3MEPEHHS MAacC MOJEKYJISPHBIX HOHOB, METOJ HM3MEpPEHUS
WHTEHCUBHOCTEW NMUKOB MOHOB, M30TOMHBIX MOJEKYJSIPHOMY HMOHY. YCTaHOBJICHUE CTPOCHUS
OPTaHWYECKUX COCIMHECHHH: METOJl (YHKIMOHAJIBHBIX TPYII, METOJ XapaKTEPUCTUUECKHX
3HAYEHUNA N/Z.

Tema 2. MeToabl HOHU3ALMHT

Jlexnusi: Cuctembl BBoJa oOpa3iia B MOHHBIN UCTOYHHUK Macc-CIeKTpoMeTpa. Pa3nuunbie
METO/bI MOHU3AIUH (IJEKTPOHHBIA yIap, XUMUYECKask HOHU3ALNS, XUMAYECKass HOHU3AIHS TIPU
aTMoc(hepHOM JaBICHHUH, UHIYKTUBHO-CBSI3aHHAs Ma3Ma). MeToAbl MOHHU3AIMN COSAMHEHUN C
BBICOKOW MOJIEKYJIIPHOH Maccoil M BBICOKOMOJICKYJISIPHBIX COCTUHEHHH (TI0eBast necopOrus
(FD), xumnueckas nonuzauus (CI), snexrpocnpeii (ES), marpuunas nazepHasi necopOIMOHHAS
nonmszanus (MALDI)).

[IpakTuka: AnbTepHATUBHBIC METOIbI MOHU3AIUN OPTaHUYECKUX COCTMHEHUH.

JlaboparopHast paboTa: YcTpoiicTBO Macc-criekrpomerpa. Mcrounuku wionusanuu ESI,
APCI.

Tewma 3. MeToabl pa3fieneHus U perucTpaiii HOHOB

Jlexumsi:  [lpunnun ~ paGoOTBl  MAarHUTHOTO  CEKTOPHOTO  MacC-CIEKTPOMETPa,
IBYX(OKYCHOTO CEKTOpPHOTO Macc-criekTpoMerpa. KBaapymonbHblii ananuzatop. HonHas
JIOBYIIKAa W BPEMSNPOJETHBIM aHAIU3aTOP BBICOKOTO pa3pemeHus. J[eTeKTupoBaHHE HOHOB.
[TpunIMI pabOTHI AIEKTPOHHOTO YMHOXKHUTENS U (POTOYMHOKHUTETIS.

[Tpaktuka: OnpeaeneHne 3JIeMEHTHOTO COCTaBa HOHOB HA OCHOBAHUU M30TOITHBIX ITHKOB.
Pacuer m30TONMHONW 4YKMCTOTHI coenMHEHUU. MHTEpmpeTanus Macc-CIEKTPOB, MOJYYEHHBIX C
HCIIOJIb30BAHHUEM PA3HBIX METOA0B HOHU3AIUU.

JlaboparopHasi pabora: I[lomyueHne Macc-CIIEKTPOB pa3HBIX KJIACCOB OPraHUYECKUX
COCTUHEHUH.

Tema 4. [IpakTuyeckue OCHOBBI HHTEPIIPETALIMA MACC-CIIEKTPOB

Jlexuus: KadecTBEHHbIE TEOPHUM MAacC-CIIEKTPOMETPUM OPraHUYECKUX COEAVMHEHMMN:
Teopusl JIOKaJlM3alluK 3apsfa, TEopus YCTOMYMBOCTU MPOAYKTOB (parmeHrtanuu. Macce-
CHEKTPOMETPUUECKHE MTPaBHJIA: a30THOE, ‘UETHO-3JIEKTPOHHOE”, 3aTPYAHEHHBII pa3phIB CBA3EH,
MIPUJIEKAINX K HEHACBIIIEHHBIM CHCTEMaM.

OcHOBHbIE HaNpaBlIeHUs (pparMeHTaluU Pa3IMYHBIX KJIACCOB OPraHMUECKUX COEIMHEHUN
MOJl 3JIEKTPOHHBIM yJapoM (YIJIEBOJOPOJIOB UM MX TaJIOT€HIIPOU3BOJIHBIX, CIUPTOB, (HEHOIIOB,
IPOCTBIX APHUPOB, ANBAETUAOB, KETOHOB, aMUHOB, KAPOOHOBBIX KUCIIOT U UX MPOU3BOIHBIX).

OCHOBHBIE THIBI pEAKIUH pacraga OpPraHUYECKUX COEAVMHEHUM MOJ SJIEKTPOHHBIM
yZapoM: TPOCTOW pa3pbiB CBA3EH (0-pa3pbiB, OCH3WIBHBIA M aJUTMJIBHBIA Pa3phbIBBI), PETPO-
peaxuus Junsca-Anpaepa, neperpynnupoBka Mak-Jlagdeptu, ckeneTHble neperpynniupoBKH.

IIpaxtuka: IIpakTHueckue OCHOBBI MHTEPIIPETALUA MacC-CIEKTpOB. DparMeHTapHbIE
noHbl. 'omonornyeckue cepun HOHOB. BrIOpock nmpocrelnnx HeWTpanbHbIX yactull. Hanbomnee
MHTEHCUBHBIE UKH B criekTpe. Cxema hparmeHTanuy.



JlabopaTopHas paboTa: YcTaHOBIEHHUE CTPOSCHUS OPTaHUYECKHX coenuHeHUH. [Ipumepnl
CTPYKTYPHOT'O aHaJIN3a OPraHUYECKUX COCAMHEHHUI MO MacC-CIIEKTPY HU3KOTO Pa3pelieHHs.

Tema 5. KomOuHamust Mmacc-CeKTpOMETpa C CUCTEMaMH MPEIBAPUTEILHOTO Pa3/ICIeHUs
CcMeceH BEIIECTB

Jlexums: Xpomaro-macc-criekrpomeTpusi. CucreMsl BBOJA MPOOBI B MACC-CIIEKTPOMETP
JUIsE  Ta30BOM M KUAKOCTHOM  xpomatorpaduu. KuakoctHas Xxpomarorpadusi-macc-
cruekrpomerpus. Jlentounsli TpaHcnoprep. llpsmoit BBox kuakoctu. IloTok yacTtum.
TepMopacnbuieHUE.

[IpakTuka: KoJgn4yecTBEHHBIM aHaiu3 C MOMOILIBKD XPOMATO-MACC-CIEKTPOMETPHHU.
MeTobl BHEIIHETO U BHYTPEHHET O CTaHAAPTOB.

JlaboparopHasi paboTa: YCTaHOBIIEHUE CTPOCHUS OPTaHMYECKHUX coeAnHCHHM. [Iprumepsr
CTPYKTYPHOI'O aHaJIN3a OPraHUYECKUX COCIMHEHUI MO0 MAaCC-CIIEKTPY HU3KOTO Pa3pEIICHHUS.

Tema 6. OcHOBHBIE HAIIPABICHUSI IPUMEHEHHS MAaCC-CIIEKTPOMETPHUH

Jlexuusi: OCHOBHbBIE HAPaBJICHUS IPUMEHEHUS MacC-CIIEKTPOMETPUH

IIpaktuka: TangemHas Macc-cnektpomerpus. IlomydeHue cmekTpa JOYEpHUX U
pomuTenbckux HOHOB. CheMKa 00pasia B pexuMe MOHUTOPHHTA BbIOpaHHOW peakuuu (SRM) u
MOHUTOPHHra MHOKeCTBEeHHbIX peakiuii (MRM), kak croco0 MOBBILIEHHS YyBCTBUTEIIBHOCTH U
CEJIEKTUBHOCTHU aHaJIM3a MUKpPOIpUMeECEi.

JIaGopatopHas paboTa: YCTaHOBJIEHHE CTPOCHUS OPraHUYECKUX coequHEeHUU. [Ipumepsl
CTPYKTYPHOTI'O aHaJIM3a OPraHMYeCKUX COECIUHEHUH 110 MacCc-CIIEKTPY HU3KOTO pa3pelleHusl.

9. Tekymnii KOHTPOJIb MO AUCHUILIIIHHE

TGKYH_IHﬁ KOHTPOJIb 11O JUCHHUINIMHE ITPOBOAUTCA IIYTECM KOHTPOJIA ITOCCIIACMOCTH,
IIPOBEJICHUIO YCTHOTO OIPOCa, PEUICHMs 3a/a4, BHIIIOJIHEHUS OTYETa 110 IMPAKTHYECKON padorte.
BBITIOJIHCHHUSI KOHTPOJIbHOM paboThl U (GUKCHpyeTcs B (hOpME KOHTPOJBHOW TOYKH HE MEHEee
OJHOTO pasa B CEMECTP.

OLIGHOLIHHG MaTCepHuaJibl TCKYIICTO KOHTPOJIA Pa3MCIICHBI Ha caiite TI'Y B pasaeiie
«udopmarmst 06 obpazoBaTenbHOM mporpamme» — https://www.tsu.ru/sveden/education/eduop/.

10. INopsi0k NpoBeeHUS] U KPUTEPUH OLleHUBAHUSI IPOMEKYTOYHON aTTeCTALNU

3ader ¢ OmEHKOW NPOBOJUTCSA B MUCbMEHHOW (popme mo Oumneram. buier comepxur
TEOpeTUYEeCKHUii Bompoc U JBe 3a1a4n. [IponomxurensHOCTh 3aueta 1,5 yaca.

OneHouyHble MaTepuaiabl TEKYLIEro KOHTpOJis pa3MelieHbl Ha caifite TI'Y B pasnmene
«udopmarnmst 00 oOpazoBaTenbHOM mporpamme» — https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOAMYECKOE 00ecIIeueHue

a) DJEeKTPOHHBIN y4eOHBIN Kypc 10 AUCLUILIUHE B 3JIEKTPOHHOM yHHBepcuTeTe «Moodlex
— https://moodle.tsu.ru/course/view.php?id=00000

6) OI_ICHO‘-IHBIC MaTCepHrajibl TCKYHICTO KOHTPOJIA H HpOMC)KYTOHHOﬁ arrecraiguu 110
mucumuie (https://www.tsu.ru/sveden/education/eduop/).

12. Ilepeuyens y4eOHOIi TuTEpaTyphl U pecypcoB ceTu UHTepHeT

a) OCHOBHas JTUTEpaTypa:

— JleGeneB A. T. Macc-criektpomeTpus B opranuueckoit xumuu / A. T. Jlebenes. — 2-¢
3. — M.: Texnocdepa, 2015. — 702 ¢. — ISBN 978-5-94836-409-4. — TeKcT : 2IEKTPOHHBIN
// Llnposoit oopazoBareinbhblii pecypc IPR SMART : [caiit]. — URL: https://www-iprbookshop-
ru.ez.lib.tsu.ru/84686.htmil

— DxmaH P. Macc-criekTpoMeTpusi: anmnapaTtypa, TOJIKOBaHUE U NMPUIIOKEHUS : [0a30BbIi
KypC TI0 OCHOBAaM Macc-CIEKTPOMETPHH : OT TEOPETHUECKUX OCHOB JI0 TOHKOCTEH MPUMEHEHHUS
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merona] / P. Oxman, E. 3unsbepunr, O. Becrman-bpunkmanem, A. Kpait ; nep. ¢ anrn. I1. C.
Meranbnaukosa ; mox pen. A. T. JlebeneBa. — M.: Texnocdepa, 2013. - 352 c.

— XwmenpHunkuii P. A. Xpomarto-macc-criektpomerpus / P. A. Xwmenpuunkwuii, E. C.
Bbponckuii. - M. : Xumus, 1984. - 210, [6] c.: un. - ( Meroas! ananutudeckoir xumuu ) . URL:
http://sun.tsu.ru/limit/2016/000138516/000138516.djvu

0) IOTIOJIHUTEIbHAS JTUTEPATYpa:

— JlebeneB A. T. Macc-crieKTpoMeTpHs ISl aHaIu3a 0ObEKTOB OKpY Karommei cpeasl / A.
T. JIebeneB. — Mockaa : Texnocdepa, 2013. — 632 ¢. — ISBN 978-5-94836-363-9. — Teker :
anektpoHHblt // Ludposoit obpazoBatenbhbiii pecypc PR SMART : [caiit]. — URL:
https://www-iprbookshop-ru.ez.lib.tsu.ru/31868.html

— JlaBanbunu WM. KonnuectBenHsie MeTo bl B Macc-ciekrpomerpun / W. JlaBanbunu, O.
Mamnno, P. Cepainbs, I1. Tpansau ; nep. ¢ anri. FO. O. Kapartacco noa pen. E. H. Hukonaesa. —
M.: Texuocdepa, 2008. - 175 c.

— JIxoncton P. PykoBoICTBO MmO Macc-CIEKTPOMETPUU ISl XMMHKOB-OPraHUKOB / P.
Ixoucron; Ilep. ¢ amrn. 3. E. Camoiumooir, 0. b. I'pebenmmkosa; Ilox pen. P. T.
KoctsanoBckoro. - M. : Mup, 1975. — 236 c.

— bymsukeBnu [I'. MHTepmperamusi mMacc-CHEKTPOB OpraHuuYecKux coenuHenuid / I
bynzukesuu, K. [Ixepaccu, /1. Yunssamc ; iep. ¢ anria. B. U. 3apenkoro, B. A. [lyukoBa ; nox pexa.
H. C. Bynbdcona. - M. : Mup, 1966. - 324 c.

— Yenmen JI. P. Ilpaktuueckas opranudveckas macc-criekrpomerpus / JIx. Uenmen;
[lepeBon ¢ anrn. A. T. JleGenesa. - M. : Mup, 1988. - 216 c.

B) pecypchl cetn HTepHEeT:

— American Society for Mass Spectrometry - https://www.asms.org/

— Journal of mass spectrometry https://analyticalsciencejournals.onlinelibrary.wiley.com/
journal/10969888c

— Bceepoccuiickoe Macc-cniekrpomerpudeckoe O6rmectso - hitp://www.vmso.ru/

—XKypnan  Bcepoccuiickoro — Macc-criekTpomeTpuieckoro — obmectsa  «MACC-
CIIEKTPOMETPU» - http://mass-spektrometria.ru/

13. llepeyenb HHPOPMALMOHHBIX TEXHOJIOTHIA

a) JIMIIEH3MOHHOE U CBOOOIHO PACTIPOCTPAHIEMOE MPOrPAMMHOE 00ECTICUCHHE:

— Microsoft Office Standart 2013 Russian: maket nporpamM. Brirouaet npunoxenus: MS
Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office
Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);

— myOnmuyHO ocTynHbIe o0navynbie TexHomoruu (Google Docs, SIlnaexkc auck u T.11.).

0) UH(POPMALIMOHHBIE CIIPABOYHBIE CUCTEMBI:

— DnekTpoHHbI Kartanmor Haywnoit 6mOmmorexkm TI'Y — http://chamo.lib.tsu.ru/search/
query?locale=ru&theme=system

— DnextpoHHast OubOnmuoreka (penosuropuit) TI'Y — http://vital.lib.tsu.ru/vital/access/
manager/Index

— OBC Jlans — http://e.lanbook.com/

— OBC Koncynbrant cryaenrta — http://www.studentlibrary.ru/

— ObpasoBatenbHas mardopma FOpaiit — https://urait.ru/

—3bC ZNANIUM.com — https://znanium.com/

— OBC IPRbooks — http://www.iprbookshop.ru/

B) podeccHOHANBHBIE 0a3bl TaHHBIX:
— Mass Spectrometry Data Center, NIST — https://chemdata.nist.gov/
— European MassBank — https://massbank.eu/MassBank/
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14. MaTepuajibHO-TeXHHYECKOEe 00ecneuyeHue

Ayautopuu Juisl IPOBEIEHNUS 3aHATUHN JIEKIIMOHHOIO THUIIA.

Aynuropun JUis TIPOBENEHUS 3aHATHM CEMUHApCKOro THIIA, WHAWBUIYAJIBHBIX U
IPYIIIOBBIX KOHCYJIBTAlUN, TEKYILErO0 KOHTPOJIA U IIPOMEKYTOYHON aTTECTaLlUU.

ITomemieHus Uil cCaMOCTOSITENIbHONW pabOThI, OCHAILEHHbIE KOMIBIOTEPHONW TEXHUKOH U
JOCTYTIOM K ceTd VHTepHeT, B 3JIEKTPOHHYI0 HH(POPMAIMOHHO-00pa30BaTEIbHYIO Cpeay U K
UH(POPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

15. Undopmanus o paspadoTunkax

Cenuxosa Haranbs FOpbeBHa, KaHIUAAT XUMHUECKUX HAYK, JJAOOPATOPHUS OPraHUYECKOTIO
cunre3a X TT'Y, crapmuii Hay4HbIN COTPYAHUK.



