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1. ]_Ie.]'lb U IINIAHUPYEMBIE PE3YJIbTATbI OCBOCHUS NUCIHUITIJIUHDBI

Lenbto OCBOEHMS TUCIMIUIMHEI ABISIETCS (POPMHUPOBAHUE CIIEAYIOIINUX KOMIETECHIIUI:

IIK-1 Crnocoben r1utaHupoBaTh pabOTy W BBIOMpATh aJE€KBATHBIE METOJbl PEUICHHUS
HAyYHO-HCCIICIOBATEIbCKUX W/MIU MPOU3BOJCTBEHHBIX 33/1ad B BBIOPAHHON 00JIaCTH XHMHH,
XUMHUYECKON TEXHOJIOTUU WIIM CMEXHBIX C XMMHUEHN HayKax.

PesynpTaTamu OCBOEHUS AUCUUIUIMHBI SIBJISIOTCS CIEIYIOIINE UHAUKATOPHI TOCTHKEHUS
KOMIIETECHIIUH:

NIIK 1.1 Pa3pabaTsiBaeT cTpaTeruio Hay4HbIX UCCIEI0BaHU, cOCTaBIIsIeT OO MJI1aH U
JIETaJIbHBIE IJIaHbl OTJIEJIbHBIX CTAAUM

HUIIK 1.2 BeiOupaeT skcrnepuMeHTaIbHbIE U PACUETHO-TEOPETHUECKUE METO/Ibl PEIICHHUS
IIOCTABJIEHHOM 3aJjau, UCIOJb3Ysl JOCTHKEHHSI COBPEMEHHON XMMUYECKON HAayKH, U UCXOIS U3
HUMEIOLIUXCSI, MaTEpUATIbHBIX, UH(POPMALIMOHHBIX ¥ BPEMEHHBIX PECYPCOB

HNIIK 1.3 Vcnons3yeT coBpeMeHHOE (PU3UKO-XMMUUECKOe 000pyI0BaHUE AJIS MTOJIYUECHHUS
U MHTEpIpPEeTaluu JOCTOBEPHBIX PE3YyJIbTATOB HCCIENA0BAaHUS B BbIOpaHHOW 0O0JAacTH XHMUU,
XMMHUYECKON TEXHOJIOIMM MJIM CMEXHBIX C XMMHUEM HayKax, MPUMEHsSs B3auMOJONOIHSIIONINE
MeTo/ibl HccienoBaHus. [IpoBOIUT MOUCK, aHAIU3UPYET U 0000IIAeT pe3ysbTaThl MAaTEHTHOIO
MOKCKA M0 TEMATUKE MCCIIEA0BaTENbCKONW paboThI

2. 3azlaqn O0CBOCHMUSA NUCHUIIJINHBI

— W3yunuth npuemsl razoxXpoMarorpauueckoro aHajiu3a COEAUHEHMH, yCTpOMCTBO U
Ha3HaYeHHUE 3JIEMEHTOB 000PYIOBaHNUS;

— OcBoUTH TEXHHUKY Ia30BOi Xpomarorpaduu;

— Hayuutbcs BOCIpOM3BOANUTH M TBOPYECKH MOAU(DUIIMPOBATH U3BECTHBIE METOJUKU U
MOAXOJBl Ui JOCTIDKEHHUS LeJiell aHanu3a CJIO0XKHBIX CMeceil, YNpoIeHUs, YCKOPEHUs u
yaemeByieHus npouenypsl I'X-ananusa.

3. MecTo THCHUIJIMHBI B CTPYKTYpe 00pa30oBaTe/IbHON NMPOrpaMMbl

Juctumnnuna otHOCUTCS K bioky 1 «/lucuummnab! (MOTyn)».
JlucrumniamHa OTHOCHTCS K 4YacTH 0oOpa30oBaTeIbHOM MporpamMmbl, (OpMHUPYEMOM
Y4aCTHUKaMH 00pa30BaTEIbHBIX OTHOLICHHH, SBIISIETCS 00s13aTEIbHON I U3YUYESHHUS.

4. Cemectp(bl) ocBoeHusi U GopMa(bl) MPOMEKYTOUYHOIM aTTeCTALMHU 1O JUCIUIJIMHE

Tpetuii cemectp, IK3aMeH

5. BxoaHble TpeOoBaHMsI AJIs1 OCBOEHHS THCIMILIMHBI

JUis  yCHEeImIHOrO OCBOEHHUS AMCHUUIUIMHBI TpeOYIoTCs pe3ysbTaThl OOYy4YeHHsS IO
cienyomuM  aucuuiuimHaMm:  «Heopranwueckas — xumus», — «Dusznyeckas — XUMHSD,
«AHanmuTHYecKas XuMus», «OpraHudeckas XuMus», Thae oOydaroluecss MNpUOOpETaroT
HeoOXouMbIe MPpodecCHOHAbHBIE KOMIIETEHIIMU TI0 aTOMHO-MOJIEKYJISIPHON TEOPUH CTPOCHUS
COCIMHEHMM, 00pa3oBaHUs XMMHUYECKUX CBs3€, a Takke MPUHIMIIAM M METoJaM
aHAIMTUYECKOW XUMUH (ITPUEMbI aHAITN3a U KOJIMYECTBEHHOT'O ONPEACTICHHUS COSIMHEHMUIA).

6. SI3bIK peaju3anuu

Pycckuit

7. O0beM TUCHUILIAHBI

OO61as TpyA0eMKOCTh AUCHUILINHBI cocTaBmseT 3 3.€., 108 yacoB, U3 KOTOPBIX:
-nexknuu: 12 4.
-npakTudeckue 3ausaTus: 20 u.

B TOM YHCJIE TPAKTUYECKast NOAroToBka: 20 4.



O0BeM caMOCTOSTENBHOM pabOTHI CTYIEHTA ONpeIesieH Y4eOHBIM TTAHOM.

8. Coz[epmalme AUCHUIIJIMHBI, CTPYKTYPHUPOBAHHOE€ 110 TEMaM

Tema 1. CymrHocTh ra3oBoit xpomarorpaduu, o0iacTu e€ MPUMEHEHHS U ammapaTypHoe
odopmiieHne

Hctopus BozHukHOBeHUs1 XpoMaTorpadpun. Cymuocts xpoMaTorpaduu. OCHOBHBIE BUIBI
xpomatorpadguu u obnactu ee mpumeHeHus. CBeneHus 00 ammapatype. OU3HKO-XUMHYCCKHE
OCHOBBI JIETEKTUPOBAHHUA, AECTEKTOPbl M HX XapakTepUCTHUKU. OCHOBHBIE XapaKTEPUCTHKU
yAEpKUBaHUS.

Tema 2. TeopeTnueckue 0OCHOBBI ra30BOM Xpomarorpapuu

Teopuss paBHOBECHOH ra3oBod XpoMaTorpaduu, ypaBHEHHE MaTepHajJbHOro OanaHca.
Teopus HEPaBHOBECHOMN ra3oBou Xpomarorpaduu. [Tprunns! pa3MBbIBaHUS
xpomatorpaduueckux mnosoc. Teopust Tapenok Maptuna. Teopus kpurepus paszieneHus
XKyxosuukoro u Typkenbrayba. BricoTa, sKBUBajeHTHas TeopeTHueckoi Tapenke. CrocoObl
OTIpe/IETICHUS YnCia TEOPETUYECKUX TapesIoK.

Teopus s¢ddextuBHON Tuddy3un. DpdpexkTuBHbI kod3pPuurent nuddy3un. YpaBHeHue
Ban-Jleemrepa u ero ananu3. @akropsl, BiMstomue Ha 3(Q(HEKTUBHOCTh XpoMaTorpaduieckon
KOJIOHKH.

[Ipumenenue ra3oBoi XxpoMarorpa@uu MpH HU3YYEHUH MEXaHU3MOB XUMHUYECKHX
peakuuii B opraHuyeckol xumuu. OrmnpeneneHue KUHETHUECKUX M TEPMOIUHAMHYECKHX
rapameTpoB.

l'azoBas xpomarorpadusi ¢ HOporpaMMHpPOBAHHUEM TeMIlepaTypbl U pacxoja Tasa-
HOCHTETIS.

[IpenapatuBHass razoBasg Xxpomarorpadusi. YCTpOHCTBO UM NPUHLMIBI  pabOThI
npenapatuBHoro  xpomarorpada. I[IpuMmeHenwe  npenapaTMBHOM — Xpomartorpaguu B
OpraHUYeCcKOM U (hapMaleBTUUECKOW XUMUH.

Tewma 3. I'a30-aacopOUMOHHAS ¥ Ta305KUIKOCTHAS XpoMaTorpadus

CymHocTh M OCOOCHHOCTH IPOLECCOB  PACHpPEAETCHHUs B TIa30-aACcopOLMOHHOMN
xpoMarorpaduu. AICOpOEHTHI, HCIOJB3yeMbIe B Ta30-aJCOPOIMOHHON XpoMarorpadum.
OcobeHHOCTH (PU3UKO-XMMHUYECKUX TPOIECCOB B Ta30-KHAKOCTHOM Xpomartorpadum (I7KX).
Hocutenm B I'KX, wux xnmaccudukaius, XapaKTEepPUCTUKH, CIOCOOBI MOIU(PHUITUPOBAHHMS.
Henonsmxnas xuakas ¢aza (HD). Tpedoranus k HO. Cnocobsr Hanecenuss H® Ha HOCHTED,
IIPUTOTOBJIEHHE KOJOHOK. [lONApHOCTh M CeneKTUBHOCTH (pa3bl. XapakTepUCTUKH Hambosee
pacnpoctpaneHHbIX HO 1 o6sacTu X MpUMeHEeHMUs.

Tema 4. KauecTBeHHBIN 1 KOJIMUECTBEHHBIN Ta30XpoMaTorpaduyecKuii aHaaus3

KadectBeHHblii  razoxpomarorpaduyeckuii  aHanu3.  OTanoHbl. I 'padudueckue
3aBUCHUMOCTH NpHU uaeHTHuKanuu. CucreMa HHIEKCOB yaep:kuBaHusi KoBaua, OTHOCHUTEIbHbBIE
napaMmeTpsl yaepKuBaHus. MeTo] CeIeKTUBHOTO BEIUMTAHUS U CIIBUTA.

KonuuecTBenHslil razoxpomarorpadudeckuii ananus. Meton abCoOMOTHONW KaIUOPOBKH,
METO]I TPOCTOM HOPMHUPOBKHU, BHYTPEHHSSI HOPMUPOBKA C KaTUOPOBOUYHBIMH KOA(h(ULIMEHTAMU
(ux ¢usnyeckuii cMmpicin). MeToJ KOHTPOJIUpPYeMOW BHYTpEHHEH HopMmanu3amuu. Metos
BHYTPEHHErO0  CTaHIapTa, METOJ CTaHgapTHOM  fgoOaBku. McTouyHukM  OmHUOOK B
XpomaTorpaduueckom aHamuse.

Tema 5. Kamummspuas xpomartorpadus. KomOuHMpOBaHHBIE (UIUKO-XHMHYECKHE
METObI

Kanunnsipuas xpomarorpadus. Ypauenue ['ones u ero ananus. KanuispHbie KOJTOHKH,
CrocoObl MX MPUroTOBIEHHUS. KanumispHble KOMTOHKH CO CIIMTHIMU M MPUBUTHIMU (POpMaMHU.
Kanwmnsapuele komonku ¢ ToincteiM — crnoemM  HOK®, nonukanumuispHble  KOJOHKH.
[MuponuTHueckas razoBas xpomaTorpadus ¢ UCIOIb30BaHUEM KaNWLISPHBIX KOMOHOK. O0nactu
MIPUMEHEHHSI KAMUTSIPHON XpoMaTorpagum.

Coueranue ra3zoBoit xpomarorpadpuu ¢ MK-ciekrpockonueii 1 Macc-ClieKTpOMETPHUE.



OcHoBbl Macc-ciekTpoMmeTpun. CrocoObl HMOHM3AaLMK MOJIEKYJI. YCTpPOHCTBO Macc-
cnekrpoMeTpa. OCHOBHBIE 3aKOHOMEPHOCTH (PparMeHTallMd OPTraHUYECKUX COCTUHEHUU.
XpomaTo-Macc-CleKTPOMETpUs U €€ IPUMEHEHHE I AaHAJIN3a CII0KHBIX CMECEH OpraHu4eCKUX
COEMHEHMH, pACTUTEIBHOTO U IPUPOIHOTO ChIPbSL.

Tema 6. Mertonbl KOHIICHTPUPOBAHHUS B ra3oBou Xxpomatorpapumu.
I"azoxpomarorpadudecknii aHaTU3 00BEKTOB XUMHUECKON IKCTIEPTHU3HI

CopOunoHHOE KOHIIEHTPUPOBAaHUE, TBEpAO(a3Hast SKCTPAKIIHSI, COBPEMEHHBIE BAPHAHTHI
YCKOPEHHOM KHMIKOCTHOW SKCTPAKIHMH. AHAIM3 PaBHOBECHOW IMapoBOW (as3bl, JHHAMUYECKAs
ra3oBas SKcTpakius. [IpuMeHeHune razoBod Xpomarorpapuu s ONpPENeSICHHs] Pa3IMnYHBIX
TUIIOB B3pBIBUATBIX M OTPABJISAIOLIMX BEILIECTB, CYNEPTOKCUKAaHTOB. ['azoxpomarorpaduueckoe
OTIpeJIeNIeHUs] KauecTBa He(TEIPOIYyKTOB, MHUIIEBON M AJIKOTOJILHOW MPOIYKIHH, TPUPOIHBIX U
CUHTETUYECKUX HAPKOTUYECKUX BEIIECTB.

9. Texkymuii KOHTPOJIb MO AUCIHUIJIHHE

Texkymuil KOHTpOJIb IO JUCUMIUIMHE IPOBOJUTCS ITyTEM KOHTPOJISA ITOCEIIAEMOCTH,
TECTOB IO JIEKIIMOHHOMY MaTepually, COCTaBJIE€HHs OTYETOB IO J1abopaTOpHBIM paboTam, U
¢ukcupyercs B hopMe KOHTPOIBHON TOUKH HE MEHEE OJTHOTO pa3a B CEMECT.

OrneHOYHBIE MaTepualibl TEKYIIEro KOHTPOJIS pa3MmenieHsl Ha caiite TI'Y B pasznene
«Mupopmarmst 06 o6pazoBaTensHON IporpamMmey - https://www.tsu.ru/sveden/education/eduop/.

10. MopsioKk MpOBeAeHUsI U KPUTEPUH OIleHUBAHNUS NMPOMEKYTOUYHOMN aTTeCTAIIUN

DK3aMeH B TPEThEM CEMECTpe MPOBOAUTCS B MUCbMEHHOM (hopMe 1o GuiieTam.

DK3aMEHAIMOHHBIM OMJIET COCTOUT M3 JIBYX BONPOCOB. IIpoaomkuTenbHOCTh 3K3aMeHa
1,5 4gaca. Ilepseiii n Bropoi Bompockl nmposepsitoT [IK-1. OTBeT Ha Ka bl BOIPOC AAETCS B
pa3BepHyTOH (opMme, TMpeArnoyaraeT TEOPETUYECKOE BBEICHUE, JONOIHEHHOE IpUMeEpaMU
IIPAKTUYECKOI O XapakTepa.

O1nieHOUHBIE MaTepHalIbl ISl MPOBEACHUS MPOMEKYTOUHOM aTTeCTallMd pa3MeElIeHbl Ha
cante TI'Y B pasmene «Mudopmamus o0  oOpazoBaTenbHOW  MporpaMme» -
https://www.tsu.ru/sveden/education/eduop/.

11. YuyeOHO-MeTOOAUYECKOE O0ecIIeYeHe

a) DIICKTPOHHBIA y4eOHBIN KypC M0 JUCHUIUIMHE B Cpeie AIeKTpoHHoro ooydenus iDO -
https://Ims.tsu.ru/course/view.php?id=22098

0) OnieHOYHBIE MaTEepHAIBl TEKYIIEro KOHTPOJISI W MPOMEKYTOUHOW aTTECTAI[MH 10
JMCIUTUIAHE.

B) [i1aH nmpakTHYECKUX 3aHATHIA IO JUCIUTUINHE.

r) Metoauyeckue yKa3zaHus 10 MPOBEACHUIO JIA00paTOPHBIX padoT.

1) Metonndeckue yka3aHus [0 OPraHU3allii CaMOCTOSATEIBHOM pabOThI CTYICHTOB.

12. Ilepeuenn yueOHOIi TuTEpPaTYyphl U pecypcoB ceTu UHTepHeT

a) OCHOBHas JUTeparypa:

— KonroxoB B. 0. Xpomarorpadus: yuebnuk / B. FO. Kontoxos. — Cankt-IletepOypr [u
ap.]. - Jlansp, 2012. - 222 c. - URL:
http://e.lanbook.com/books/element.php?pll_cid=25&pl1_id=4044

— Xaiisep K. u np. Beicokoad¢extuBHas razoBas xpomarorpadus // Ilep. ¢ anrm./
K. Xaiigep [m ap.]. —1993. 134 c. — URL: http://www.anchem.ru/chromos/vegh.pdf

— XKebGenrseB A. V. AHanutudeckas XuMus. Xpomarorpaduyeckue MeTOJbl aHalu3a:
[yueOHOe moOcoOMe M CTYJEHTOB YUYpeKAEeHUM Bbicmiero oOpa3oBaHus bemapycu 1o
(dapMareBTHUECKUM M XMUMHUYecKUM crnenuaibHocTsM] / A. W. XKebentseB [u ap.]. — MuHck
Hogoe 3nanue. — 360 c. — (DnexkTpoHHO-0MbOaMOTeuHas cuctema "Znanium.com").



http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=4044
http://www.anchem.ru/chromos/vegh.pdf

— CronspoB b. B., CaBunos U. M., Butenbepr A. I'. PykoBoACTBO K MpaKTHYECKUM
paboTam 1o razoBoi xpomarorpaduu. — JI. : Xumus, 1988. — 336 c.

— Kopons A. H. HemoaBmwxkHbie (a3el B Ta30KHIKOCTHOW xpomartorpadum. — M.:
Xumus, 1985. — 240 c.

— Tecapxuk K., Komapek K. KanumisapHsie KOJTOHKH B Ta30Boi XxpomaTorpapuu. — M.:
Mup, 1987. - 222 c.

0) IOTIOJIHUTENbHAS TUTEpaTypa:

— Hapes H. U. [Ipaktudeckas razokuakocTHas xpomarorpadus: Yuedbnoe nocodue / H.
N. Lapes, B. U. Hapes, U. b. KarpakoB; Antaiickuii roc. yH-T. — bapnayn: M3narenbctBo
AnTaickoro roCyJIapCTBEHHOTO YHUBEPCHUTETA, 2000. — 163c. — URL:
http://sun.tsu.ru/limit/2016/000115901/000115901.pdf</li>

— Tompbept K.A., Burneprayz M.C. Benenue B razoByw xpomarorpaduro. — M.:
Xumus, 1990 — 352 c.

— Summn A. U., Amun E. 4., Amwus A. 5. TasoBas xpomatorpadus. — M.: TpaucJlur —
2009. - 528 c.

— Kucenes A. B. MexmornekynsipHble B3aUMOJICHCTBUS B a[ICOPOIIMU U XpoMmaTorpaduu.
— M. : Beicmas mikona, 1986. — 360 c.

— JpyroB 1O. C., 3enkeBuu W. TI'., Pomur A. A. Tazoxpomarorpaduueckas
uAeHTU(PUKAIMS 3arpsi3HEHU BO3Iyxa, BOJbI, MouBbl U Ouocpen. — M.: BUHOMC, 2005. —
752 c.

B) pecypchl cetu HTepHeT:

— Xumuyeckuii mopran. Xpomarorpadus — http://orgchemlab.com/chromatography.html

— Poccuiickuii XUMHUKO-aHAIUTHYECKUi opTai — http://www.anchem.ru/

— CTaTucTHKa B aHAIMTHYECKOM xumuu — hitp://chemstat.com.ru/

— Jlexuun o xpomarorpadun OHJIaliH (anri.) —
https://www.khanacademy.org/science/organic-chemistry

13. Ilepeyenb HHGOPMALMOHHBIX TEXHOJIOT U

a) JINIICH3NOHHOE U CBOOOIHO PACIIPOCTPAHIEMOE MPOTPAMMHOE 00€CTICUeHUE:

— Microsoft Office Standart 2013 Russian: makeT mporpamm. BiimrodaeT MpHIOKCHHS:
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);

— myOIMYHO OCTymHBIe 00saunbie TexHonoruu (Google Docs, SIuaexc auck u T.11.).

0) nHPOPMAIIMOHHBIE CIIPABOYHBIE CUCTEMBI:

— DIEKTPOHHBIN KaTajaor Hayynou O6ubnuorexu Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DIIeKTpOHHAas oubnunoreka (pemo3uTopuii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlaus — http://e.lanbook.com/
— OBbC KoncynbranT crynenta — http://www.studentlibrary.ru/
— OOpasoBarenbHas mwiatdopma FOpaiit — https://urait.ru/
— OBC ZNANIUM.com — https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/

B) npodeccruoHanbHble 0a3bl JAHHBIX (MpU HATUYUL):
— basa mannsix NIST — https://webbook.nist.gov/chemistry/



http://chemstat.com.ru/
https://www.khanacademy.org/science/organic-chemistry
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
http://vital.lib.tsu.ru/vital/access/manager/Index
http://e.lanbook.com/
http://www.studentlibrary.ru/
https://urait.ru/
https://znanium.com/
http://www.iprbookshop.ru/
https://webbook.nist.gov/chemistry/

14. MaTepua/jibHO-TeXHHYECKOe obecrieyeHue

AynmuTtopuu 1715l IPOBEICHHUS 3aHATHH JIEKIIMOHHOTO THIIA.

Aymatopun U TPOBENEHHs 3aHATUH CEMUHApCKOTO THIA, HWHIUBUAYaJIbHBIX U
IPYMIIOBBIX KOHCYJIbTAUH, TEKYIIEro KOHTPOJIS ¥ MPOMEXKYTOUHOM aTTeCTaI|H.

[Tomemienns a8 caMOCTOSATENbHONW pabOThl, OCHAIIEHHBIE KOMIIBIOTEPHONH TEXHUKOH U
JIOCTYNOM K ceTd MHTepHeT, B 3JIEKTPOHHYI0 WH(POPMAIMOHHO-00pa30BaTEIbHYIO Cpeay U K
MH(POPMAIIMOHHBIM CITPABOYHBIM CUCTEMaM.

Crnenmanu3upoBaHHble Xpomarorpaduyeckue 1adopaTopuy, OCHAIIEHHBIE Ta30BBIMH
xpomarorpadpamu «Xpom-5», «MADCTPO 7820», «Agilent 6890N» ¢ mnpucraBkoit st
napodaszHoro ananuza «7694E Headspace Sampler», I'X/MC cuctemoii «Agilent 7890/5975C
GC/MSy.

JlaGopatopusi (u3nueckux MeTofoB HuccienoBaHus (ayauropus 103 6-ro yueGHOrO
kopnyca TTY).

15. Undopmauus o paspadorunkax

CmmxoB FOpuit ['eHHanpeBuY, KaHd. XUM. HayK, JOLIEHT, Kadenpa OpraHM4ecKol XUMUU
HanuonaneHOro MccinenoBaresbckoro TOMCKOro ToOCyJapCTBEHHOTO YHUBEPCHUTETA, 3aB.
Kadeapoii.

byraeBa Anekcanapa WropeBHa, KaHI. XUM. HayK, JOIEHT Kadeapbl OpraHH4YeCcKON
XUMUM  XUMH4eckoro  ¢akynpreta HamuonanpHoro  ucciemoBarenbckoro — Tomckoro
roCcy/1apCTBEHHOTO YHUBEPCUTETA.



