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IIporpamMma y4e6HOM IUCHMILIAHEL «PH3HYecKHe METO/IbI HCC/IEAOBAHAS BEMIECTBY

Ha3BaHUE NUCHMUIUIUHBL
COCTaBj€Ha HAa OCHOBAaHMM [ OCyZapcTBEHHOro 00pa30BaTeNbHOrO CTaHaapTa BBICHIETO
npodeccuonansroro obpaszopanus (IOC BIIO) [lonenkoi Haponso#t Pecny6muxu (JIHP) no
Hanpapjienuto moaroroku 04.03.01 Xwmus, YTBEPKICHHOTO IPHKa3OM MunucTepcTBa
o6paszopanus u Hayku JIHP Ne 454 ot «20» anpens 2016 T.;
[lopsizka OpraHM3auMe yd4eGHOro Iporecca B 00pa3’oBAaTEBHBIX OPraHM3alMAX —BBICIIETO
npodeccronansHoro obpasosanus Jlonerxoit Haponnoit Pecny6iuky, yTBEPXKIEHHOTO MPHKA30M
Munnctepcrpa obpasosanus u Hayku JIHP Ne 1171 ot «10» HosiGpst 2017 r.;
y4eGHOrO IVIAHA M OCHOBHOH 00pas’oBarTelbHOM NPOrpaMMBI BBICIIETO NPO(ECCHOHATLHOTO
obpasopanus Hanpasienuss moxaroroBkd 04.03.01 Xwumus, pa3paOOTaHHBIX B roy BIIO
«JloHEeIKH HAIIMOHATIBHBIA YHHUBEPCUTETY.

Pa3paboTyuk:

JIOIEHT Kag. OHOXMMHUHU B OPT. XHMHH baxtun C.I'.

IIporpaMma yueGHOM MCIMIUIMHBI YTBEP)KACHA Ha 3acefaHMM Kadeaps! OHOXWMHH H
OpraHN4ecKor XUMHH
ITporoxon Ne 10 ot «13» ampens 2020 .

.0. 3aBexyromero kadeapoi @/O@( Bapanoa O.B.

7
IlporpaMma y4eGHOM AMCUMIUIMHBI ONOOpeHa  y4eOHO-METOMUYECKOH KOMHCCHEN

XUMHYECKOro (aKyIpTeTa
ITporoxon Ne 3 ot «15» ampens 2020 r.

IMpencenarens yueOHO-METOAMIECKON % /

KOMHCCUH (aKyIbTeETa H.B. SI6104koBa




1. OBJIACTb ITIPUMEHEHUA 1 MECTO JUCHUIIJIMHBI B YHEGHOM ITPOLHECCE

Jucruninaa «Pu3ndecKre MEeTO bl NCCIeIOBAHMUS BEIIECTB» BXOAUT B BAPHATHBHYIO YacTh
npodeccHOHaIBHOr0 0J0Ka NOArOTOBKM OakanaBpoB 1o HanpasieHuio 04.03.01 «Xumus».

N3ydenne maHHOro Kypca Oaszupyercsi Ha MaTepHajie NPeNIIeCTBYIOIINX AWCIUIUIMH, a
UMEHHO pa3UYHBIX pa3/enoB KypcoB «®Pu3mka» (MEXaHHKa, ONTHKA, KOJNEOAHWUS W BOJIHBI,
JJIEKTPUYECTBO M MarHeTH3M, CTaTHuecKkas (usnka), «AHaIuTHYeCcKas XUMHs», «OpraHuueckas
xumus», «Duznueckas xumus», «KBaHTOBas xumusi». B cBOl ouepenp, HaHHas IUCIUILIMHA
aKTHBM3MpYeT (yHJAaMEHTAIbHBIE 3HAHUS CTYIACHTOB-XUMHKOB TIO (H3HMKE, MaTeMaTHKe,
CTaTUCTHKE M HWH(pOpMATHKE, CHOCOOCTBYeT Ooyiee TIIIyOOKOMY NOHUMAaHHMIO MIEH KBaHTOBOU
TEOPHUH CTPOCHHUS BemlecTBa. lIpakTWdeckne HABBIKM OMNPEAETCHUS CTPYKTYphl OPraHWYECKHX
MOJIEKYJ 1O CIEKTPaJbHBIM XapaKTepUCTHKaM HEOOXOAWMBI CTYJIEHTaM IpU BBITOJHEHUU
BBIITYCKHOW KBATM(UKAINOHHON pabOThI M CaMOCTOSTEIbHBIX HAYYHBIX HCCICIOBAaHNN.

2. CTPYKTYPA JUCHUIIJIMHBI

Xapakmepucmuka y4eonoi Oucyuniunsl

Hanpasnenrne noarotoBku 04.03.01 «Xumusi»
[Tpodwib -
OO0pa3oBarenbHas mporpaMmma OakayiaBpuaT
Kpamudukarus aKaJIeMUUYECKHil OaKataBp
KonnuecTBo copepxaTenbHbIX MOyIEH 2 copepKaTeabHbIX MOIyJIs, 4 TEMBI

Jucnurnmuaa 6a30B0# / BApHaTUBHON YacTH

. BapuaTtuBHas yacte npodeccuoHaIbsHOro 0J10Ka
00pa30BaTENIbHON MTPOrPaMMBbI

®opwmel kouTposist (MK, sk3ameH, 3auer) MOJTYJIbHBIN KOHTPOJIb, 3a4€T
TMoxasarem ouHas popma 3aouyHas popma
00y4YeHHS 00y4YeHHS
KonudecTBO 3a4eTHBIX eAUHUIT (KPEAUTOB) 3
T'ox moaroToBkxu 4
Cemectp 8
KonuuecTBo yacoB 108
- JICKIIMOHHBIX 24
- IPAKTUYECKUX, CEMUHAPCKHUX
- 1a00paTOPHBIX 24
- CAaMOCTOSITEIILHOM pabOTHI 60
B T.4. UHANBHUIYAJIbHOE 3aJJaHHE
HenenpHOE KOIMYECTBO YaCOB, 9
B T.4. AyAUTOPHBIX 4

3. OINHUCAHUE JUCHUIIJINHBI

Iean n 3agauu

Ilens — chopMHUpOBaTH Y CTYACHTOB HaBBIKM U yMeHUs pacmudpoBku criektpoB (YD, UK,
SAMP, macc-) ¥ yCTaHOBJIEHUS CTPYKTYPbl OPTaHUUECKUX COCIUHEHHH.

3aoauu:
U3YyYUTh TEOPETHUYECKHUE OCHOBBI (DPU3MKO-XMMHUYECKHUX METOIOB YCTAaHOBIEHHS CTPYKTYpBhI
OpraHMYECKUX  COEAMHEHMH, BKIIOYas  MacC-CIEKTPOMETPHIO, JJeKTpoHHyro (Y®) mu



4

konebarenbHyto (MK) crekTpockonuio, CHEKTPOCKOMHIO SASPHOTO MAarHUTHOTO pPE30HaHCa Ha
siIpax 'Hu 13C;

o0ecneunTh yMEHUE MPeICKa3bIBaTh CIEKTPaIbHbIE XapaKTEPUCTUKN OPraHUYECKUX BEIECTB
3aJIaHHOM CTPYKTYPHI (TIpsiMasi 3a7a4a Kypca);

chopmupoBaTh HaBBIKH pacmiPpoBku Macc-criekTpoB, K- u Y ®d-cnektpos, cniektpos AMP
'H u IMP "C (oOparHas 3a1a4a Kypca);

HAy4YUTh YCTAHABJIMBATH CTPOEHUE COEIMHEHWH HAa OCHOBE HCIIOJIb30BAaHUS KOMILIEKCa
CHCKTPAJIbHBIX JaHHBIX.

TpedoBaHUA K pe3yJbTaTaM OCBOEHHS JHCHMILIMHBI. Hpouecc HU3Y4YCHUS AUCHUIIINHBI

«PU3NYECKUE METOAbl MCCICAOBAHMS BEIICCTBY HarpasJICH Ha q)OpMI/IpOBaHI/Ie 9JICMCHTOB

cineayronmx komnereHuud B cootBercTBuu ¢ ['OC BIIO JIHP mo HampaBiieHHIO MOJATOTOBKU
04.03.01 «XuMusg» U OCHOBHOM 0Opa30BaTENbHON MPOrpaMMBbl BBICIIErO NPO(hecCHOHAIBHOTO

oOpazoBanwus HanpasiaeHus moarotoBku 04.03.01 «Xumusy»:

a) oowexynomypnuuix (OK):

CIOCOOHOCTBIO K caMoOopranu3amnuu u camoodpazoBanuto (OK-7);

CIIOCOOHOCTBIO K KOMMYHHKAIIUU B YCTHOW U TUCHbMEHHON (hOpMax Ha PyCCKOM U
MHOCTPAHHOM SI3BIKAX JJISl peICHHS 3a7a4 MEXINYHOCTHOTO U MEXKYJIBTYPHOTO
B3aumozeiicteus (OK-5);

0) oowenpogheccuonanvuvix (OIIK):

CIIOCOOHOCTBIO  HCIIOJIb30BAaTh  IOJYYEHHBIE 3HAaHUS  TEOPETUYECKHMX  OCHOB
(dbyHIaMEHTANBHBIX pa3/Ie]IOB XUMHUU TIPH peleHnn npodeccrnonanbubix 3amad (OITK-
1);

BJIQJICHUEM HaBBIKAMHM MPOBEICHUS XHUMHYECKOIO SKCIEpUMEHTa, OCHOBHBIMH
CUHTETHMYECKHUMU U aHAJUTUYECKUMH METOJAaMM I[OJIyY€HHS U UCCIIEOBAHUS
xuMuyeckux BemectB U peakuuid (OI1K-2);

CITOCOOHOCTBIO K TIOUCKY M TIEPBUYHOW 00pabOTKE HAYYHOM M HAYYHO-TEXHUYECKOM
nadopmanuu (OITK-5);

8) npogheccuonanvnvix (IIK):
Hay4YHO-HMCCIIEA0BATEIbCKAS ICITEIHbHOCTD:

® CrOCOOHOCTBIO BBIMOJIHATH CTaHAAPTHBIE ONEPAINH 110 Mpe/IaraeMbIM
meroaukam (ITK-1);

e BJaJeHHEeM 0a30BBIMHM HABBIKAMHU UCIIOJIb30BAHUS COBPEMEHHOH ammaparypsl
IIpU NIPOBEIEHUH Hay4YHbIX HccaenoBanuil (11K-2);

® BJAJCHHEM CUCTEeMOU (PyHIaMEHTAIbHBIX XuMHuueckux rnmousatui (ITK-3);

® CIOCOOHOCTHIO MPUMEHSATH OCHOBHBIE €CTECTBEHHOHAYYHbIE 3aKOHBI U
3aKOHOMEPHOCTH Pa3BUTHSA XUMUYECKON HAYKH MPH aHAIN3€ MOTYyISHHBIX
pesynbTaToB (I1K-4)

OPONU3BOACTBEHHO-TCXHOJOIMYCCKaA JCATCIIbHOCTD:

® CIOCOOHOCTBIO UCIIOIH30BaTh OCHOBHBIE 3aKOHOMEPHOCTH XUMHUUYECKOW HAYKH 1
byHIaMEHTAIBHBIC XUMUYECKHUE TTOHATHSI IPU PEIICHUH KOHKPETHBIX
npou3BoACTBeHHbIX 3a1au (I1K-8);

neaarormyccKas 1eaTeIbHOCTD:

CHOCOOHOCTBIO TUIAHUPOBATH, OPraHU30BBIBATh U AHATTM3UPOBATH PE3YIbTATHI CBOCH
nenarorudeckoit aestenbHocth (ITK-13).

B pe3yabrare uzyyenusi yueOHOW IMCHUIIMHBI CTYAEHT J0JIKEH:



3Hamb OCHOBBl METOJOB yIbTPa(UOJETOBOM, HH(PPAKpPaCHOW CHEKTPOCKOMHH,
CIEKTPOCKOIHUY SAEPHOTO MarHUTHOI'O PE30HAHca (Ha Aapax 'Hu 13C) U MacC-CIIEKTPOMETPUH;

YMemb yMETh IIPOBOJUTH CTPYKTYPHBIM aHAIN3 OPraHMYECKUX COCIUHEHUH 110 JaHHBIM
YO, UK, SIMP u Mmacc-crieKTpOMETpUH; OCYIIECTBISATh NMOUCK HEOOXOIMMOI CIEeKTpalbHOU
nH(OpMaIUU B TUTEPATYPE;

61a0emb HaBBIKAMHU PAaOOTHl U OCHOBHBIMH NMPAKTHUECKUMH MPUEMaMHU PACIIU(PPOBKH
CIEKTPOB OPraHMYECKUX COCIUHEHUI U YCTAHOBJICHHS UX CTPYKTYPBI.

4. COIEPXAHHME JUCHUIIVIMHBI U ®OPMbI OPTTAHU3ALIUU YYEBHOI'O

MPOLIECCA

IHopsiakoBbI HOMeEP

Kparkoe conep:kanue TeMbl

H TeMa
Cooeporcamenvuutii mooyas 1
Tema 1. Bsenenwue. | BozHUKHOBEHWE W pa3BUTHE (UBHUYECKUX METOJIOB HCCIEIOBAHUS
O6mas CTPOEHUSI OpraHUYecKux coeluHeHH. CIEeKTPOCKOMUUECKHE METO/IbI.
XapaKTePUCTUKA KoMriuiekcHOe MCIobh30BaHNE CIEKTPOCKOMMYECKUX METOMIOB B IIENSIX
(GU3MYECKUX METOJIOB | UACHTU(DHUKAIINK BEIIECTB U YCTAHOBJICHUS UX XUMUYECKOTO CTPOCHHUS.
HCCIIEAOBaHU. MonekynsapHas QopMymna, MeToasl ee ompenencHus. DopmanbHast
Mertonbl onpeneneHus | HenpeaeabHoCcTh. Macc-criekrpomerpus. @U3ndecKkue OCHOBBI METO/1A:
MOJICKYJIIPHOH NPUHIUIT PaObOTHl Macc-CIEKTPOMETPa, O0pa3oBaHHWE MacC-CIIEKTPaA,
bopMyITBI U | OCHOBHOE YpaBHEHUE MAaCC-CIIEKTPOMETPHUU, THUIIBI PETHCTPUPYEMBIX
uHpopmarus, HWOHOB (MoJeKyIsIpHBIE, OCKOJIOYHBIE, MeTacTaOuIbHBIC,

nojiyyaemMasi M3 HEe.
Macc-cnekrpoMeTpust

MHOTro3apsiHbIe). OnpeneneHne MOJICKYISIpHON OpyTTo-hopMynsl 1o
Macc-CIeKTPy: METOJ TOYHOTO HW3MEPEHHUS MacC MOJEKYISIPHBIX
HMOHOB, METOJl U3MEPEHUs] NHTEHCUBHOCTEH MUKOB MOHOB, M30TOMHBIX
MOJIEKYJISIPHOMY HOHY. Macc-CleKTpOMeTpHYECKHe TIpaBuia: a30THOE,
«YETHO-IJIEKTPOHHOEY, 3aTPYAHCHHBIN Pa3pbIB CBSA3EH, MPHUIICKAIIUX K
HEHACHINIEHHBIM cucTeMaM. OCHOBHBIE THITBI peEakIUil pacranga
OpPTaHWYECKUX COCTUHEHHH MO JIEKTPOHHBIM yIapoM. Y CTAaHOBJICHHE
CTPOCHHUSI OPraHUYECKUX COCAMHEHWH: MeToA (YHKIIMOHAIBHBIX
TPpyNN, METOA  XapaKTepUCTUYECKUX 3HaueHWd m/z. OCHOBHBIE
HampaBieHus: (parMeHTallMd  OPraHWYEeCKUX COCAMHEHWH  TOJ
DIIEKTPOHHBIM yJapoM (YTJIEBOAOPOJIOB M HMX TallOTEHIPOU3BOIHBIX,
CIHUPTOB, (DEHOJIOB, MPOCTHIX 3(PHUPOB, aJTbHIETHIOB, KETOHOB, AMHHOB,
KapOOHOBBIX KHCIOT W WX TNpou3BOAHBIX). [loHsATHE O Meroxae
XUMHYECKOW HMOHU3AIMH U Xpomaromacc-crieKTpoMeTpuu. [Ipumepst
CTPYKTYpHOTO aHallu3a OPTraHMYECKHX COCTUHEHHI 10 MacC-CIEKTPY
HHU3KOTO pa3penicHusI.

Tema 2. ®du3nuecKkue OCHOBBI METOJA: MarHUTHBIE CBOMCTBA s1€p, OCHOBHOE
CnekTpockonus ypaBHEHHUE SEPHOTO MarHUTHOTO pe3oHaHca. [IpunHIun padoter IMP
SIZIGPHOTO MArHUTHOTO | COEKTPOMETpA. AHAJIU3 CIEKTPOB SIIEPHOTO MArHUTHOTO PE30HAHCA
pe3oHaHca sep CO CHUHOBBIM KBaHTOBBIM 4ucioM [=1/2. Xumuueckas u

MariuTHass 5KBUBAJICHTHOCTL AACP, HOMCHKIIATYpa SAACPHLIX CUCTCM
ITomna: A,, AX, AB u A;B cucrtemMsbl, CIEKTphl MEPBOTO U BTOPOIO
MopsiIka, OCHOBHBIE MpaBWja aHalIW3a CIEKTPOB IEPBOTrO MOPSIKA,
pacmindpoBKa MPOCTEHIIMX CIEKTPOB BTOPOTO TMOPSAIKA, MPHUEMBI
YIOPOILUEHUS  CJHOXHBIX CHEKTpoB. CHEKTPOCKONHUsS IPOTOHHOTO
MarHUTHOTO pe30HaHca: MIKala XMMHUYECKUX CIBUTOB MPOTOHOB, HUX
XapaKTepUCTUYHOCTh, 3aKOHOMEPHOCTH B W3MEHEHUU 3HAYCHUU




XUMHYECKHUX C/IBUTOB; KOHCTaHTBI CIIUH-CIIUHOBOTO
B3auMOJIeUCTBUS Jyy. CHekTpocKkomusi  yriaepoaHOTO  MAarHUTHOTO
pesoHaHCA:  IIKala ~ XUMHYECKHX  caBuroB  sigep °C,  HX
XapaKTepUCTUYHOCTb, 3aKOHOMEPHOCTH B HW3MEHEHUH 3HAYEHUI
XUMHYECKHUX CIBUTOB, KOHCTAHTHI CIIUH-CIIUHOBOTO
B3aUMOJEHCTBUS Jc_p, TIOJHOE M YaCTUYHOE [OJIaBJIEHUE CIUH-
CIIMHOBOT'O B3aUMOJICHCTBHUS SIIEP BCu MPOTOHOB. SmepHbiil 3pdekT
Osepxaysepa. IloHsATHE O CHEKTPOCKOMHUU SIIEPHOTO MArHUTHOTO
pe30HaHca JMHAMUYECKUX cHCcTeM (0OOMEHHBIE Tporiecchl). JIBymepHas

CIIEKTPOCKOIIHS SAMP. IIpumepsr CTPYKTYPHOT'O aHaiu3a

OpraHn4ecKkux coequHeHuu no cnekrpam [IMP u AMP B,

Cooeprcamenvnuvlit mooyan 2
Tema 3. Metoasl | Y®-cnekTpockonusi. PU3MUYECKHE OCHOBBI METOZAA: AJIEKTPOHHBIE
ONTHYECKOM COCTOSTHUSI MOJIEKYJ, KiacCU(PUKaIus SJICKTPOHHBIX MEPEX0/l0B B
CHEKTPOCKOIUH. MOJIeKyJax, MpaBuia oToopa. B3anMOCBs3b AJIEKTPOHHBIX CIIEKTPOB U
DJIEKTPOHHAS Y® | cTpyKTypbl OpraHUYeCKHX MOJIEKYTd: XpOMO(OpBl U ayKCOXPOMBHI,
CHEKTPOCKOIHS. compspkeHre  xpomodopoB, Hecnenmduueckoe u - crenrduyeckoe
KonebGarenbnass  UK- | BiussHME pacTBOpUTENEH, O0aTOXpPOMHBIH W THIICOXPOMHBIA CIIBUTH,
CIEKTPOCKOMNUS THIIOXPOMHBIA M THUIEPXPOMHBIA 3(PQEKTh, Kiaccuukanus MojIoc

MOTJIOUICHHS] B JIEKTPOHHBIX CIeKTpax. M30uparenbHOe MorioneHne
BOXHEHIINX AayKCOXPOMHBIX M XPOMOGOPHBIX TPYII: HaCHIIIEHHbIC
reTepoaToMHbIe ayKCOXPOMBI, KapOOHWJIBHBIN XpoMoQop, JHUEHOBBII
xpomMo¢op, €HOHOBBIH XpoModop, OeH30IbHBI XpoModop, MpaBuia
Bynsopna-®uzepa. Ilpuamun padotet Y® cnektpodoromerpa.
VYcnoBus usmepenust Y@ cniekTpoB. [IpuMepsl CTpyKTypHOro aHainsa
HEHACBIIIEHHBIX OPTaHUYECKUX COCAMHEHUN MO CHEKTPY MOTJIOLICHHS
B OnmkHe# obmactu Y@ criekrpa.

HUK-cnekTpockonus. @PuU3MYECKHE OCHOBBI METOJA: YacToTa H
HNHTCHCUBHOCTH TIOT'JIOIIICHU A B KOHGG&TGHLHHX CHGKTp&X
JIBYXaTOMHBIX ~ MOJIEKYJ, OCHOBHBIE€ KOJ€OaHUS MHOTOATOMHBIX

MoJieKya. B3auMocBsi3b WHQPAKpaCHBIX CHEKTPOB M CTPYKTYPHI
OpraHMYECKUX MOJIEKYJ: BaJ€HTHBIE U JedopMalioHHbIe KoyieOaHus,

XapaKTEePUCTUYHOCTh KoleOaHui © ee (U3NYECKHe TMPUYUHBL
XapakTepuCTHUECKOE  TOTJIOMIEHHE  BAKHEWIIMX  CTPYKTYPHBIX
¢dparmeHToB U (GYHKIIMOHATBHBIX rpymni OpTraHUYeCcKuX

coegunenuil: C-C, C=C, C=C, Cypon—Capom> Csp3—H, Cspo—H, Csp,—H, C—
O, C-N, O-H, N-H, S-H, C=0, CHO, COOH, COOR, COHal, NO,,
C=N. Crpykrypubie obmactu UK cnekrpa. IlpuHIumnel oTHeceHHs
noJioc noryomeHus. IlocnenoBaTrenbHOCTh IPOBEAEHUS CTPYKTYPHOTO
ananmu3a. KomnuectBennas UK cnextpockonus. [Tpunaimun padoter UK
cnektpodoromerpa. YcnoBusi usmepenuss MK cnextpos. ITpumepst
CTPYKTYPHOTO aHaiu3a opranuueckux coeauHeHudt nmo MK cnekrpy
(o6macts 4000 — 650 cm™).

Tema 4. KommiaekcHoe
HPUMEHEHHUE
(GU3UYECKUX METOJI0B
HUCCICIOBAHUS

Oco0eHHOCTH CTPYKTYPHOTO aHall3a OpraHMYeCKUX COCTUHEHHM MpHu
COBMECTHOM HCIOJIb30BAaHUU CHEKTPAIbHBIX METOJIOB. AJITOPUTM
CTpyKTypHOro ananu3a [Ipumepbl pemieHus 3amad CTPYKTYPHOIO
aHaJIN3a, UMEIOIINX Pa3JIMYHYIO CTEIIEHb CIIOKHOCTH.




TemaTnuyeckuii mjian

Copep:xareybHbIii MOTYJIb 1

KoanuecTBOo 4acoB

QOunas popma o0yueHust 3aounas popma oOyueHust
B T.4. B T.4.
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Tema 1. Bseneune. OO1as
XapaKTepUCTHKA (PU3MIECKUX
METOJIOB HCCIIeI0BAHUS.
MeTob1 OIPEACIICHUS
A | onpea 27 | 6 6 | 15
MOJICKYJIIPHOH ~ (OpMYyIBI U
uHpopMaIus, mojsyJaeMas 13
Hee. Macc-CcneKTpoMeTpust
Tema 2. CrnexkTpocKomnus
SIIEPHOTO MargutHoro | 27 | 6 6 | 15
pe3oHaHca
Hmozo no
cooeprcamenvnomy mooyaio | 54 | 12 12| 30
1
ConepxareJibHbI MO1YJIb 2
KoJunyecTBo 4yacoB
QOunas popma o0yueHust 3aounas popma o0yueHust
B T.4. B T.4.
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Tema 3. MeToabl ONTUYECKOU
CHEKTPOCKOIHUHU.
DJIEKTpOHHAs Y-
P 27 | 6 6| 15
CHEKTPOCKOIHS.
Konebatenbuas HK-
CHEKTPOCKOMUS
Tema 4. KommekcHoe
IIPUMEHEHNE ¢usuueckux | 27 | 6 6 | 15
METOIOB HCCIICIOBAHUS
Hmozo no
cooepycamenvnomy mooyao | 54 | 12 12| 30
2




5.  METOAHWYECKHUE PEKOMEHJIALIMH IS IIPOBEJEHUA
JIEKIIMOHHBIX, IPAKTHYECKHUX U JIABOPATOPHBIX 3AHATUHU

TeMbl JeKIIMOHHBIX 3aHATHH

Hazeanue memui

Konuuecmeso
yacos

Bo03HUKHOBEHHE U pa3BUTHE (PU3NUECKUX METOJIOB HCCIIEI0BAHUS CTPOCHHUS
OpraHUYECKUX COCIMHEHUH. CHeKTpoCKOMMYEeCKue METO/IbI.
MounekynsapHas ¢opMmyia, MeEToabl ee omnpeneneHus. DopManmbHas
HCIIPCACIIbHOCTD.

Cnexrpockonusi AMP. duznueckre 0CHOBBI METOJ1a: MarHUTHBIE CBOICTBA
s71€p, OCHOBHOE YpPaBHEHHUE SIIEPHOIO MAarHUTHOrO pe3oHaHca. [IpmHumn
pabotel IMP cniektpomerpa.

CreKTpOoCKOMHUsl TPOTOHHOTO MarHuTHoro pe3onanca (IIMP). Illkana
XUMHNYCCKUX CABUI'OB IMPOTOHOB, ux XapaKTCPUCTHUYIHOCTD,
3aKOHOMEPHOCTH B HM3MCHEHUHM 3HAUEHHH XUMHYECKUX  CIIBUTOB.
XUMHUYecKasl SKBUBAJIEHTHOCTD AACP.

MynbTuIIETHOCTh curHaia B cnekrpe IIMP. KoHcTanTa crinH-CIMHOBOTO
B3aumoaecTBus (KCCB) Jyy u QakTopsl, BIMAIONINE HA €€ BEIUYUHY.
NHupopmanus o CTpyKType BELIecTBa, MOTy4aeMasi HA OCHOBAaHUU 3HAYECHUH
KCCB. Howmenknarypa sanepubix cucteM Ilomna. ChnexTpel mepBoro u
BTOPOT'O MOPsAKA. MarHUTHAast 5KBUBAJIEHTHOCTD SJIEP.

KommnekcHoe  pacmierienue B cnektpax  [IMP (Mynbrunierst
MYJIbTUIIJIETOB). AHaIU3 MYJNbTUIUIETOB MYJIbTUIUIETOB MPHU IOMOILH
uarpamm pacuierieHus (anroputM ManHa).

CHCKTpOCKOHI/I}I YJIEPpOAHOTO MArHUTHOT'O PE30HAHCA: IIKAJIa XUMHUYICCKUX
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CIABUI'OB AOCP C, HX XapaKTEPUCTUIHOCTb, 3aKOHOMCPHOCTH B U3BMCHCHUU

3HAUCHUN XMMHYECKHX CIBUT'OB.

MyJbTUIUIETHOCTS cUrHaNoB SIMP C 1 KOHCTAHTBI CIIMH-CITMHOBOTO
B3aMMOZICHCTBUS Jc_p, TOJHOE U YaCTUYHOE MOAABJICHNE CIIUH-CIIMHOBOTO
B3amMozeiicTBus sixep °C 1 mpoToHOB. SnepHbiii ahdext OBepxaysepa.
Cnextpsl DEPT.

NK-cnexktpockonusi.  Pu3nueckue  OCHOBBI ~ METOAA:  4YacTora W
WHTEHCUBHOCTH TIOTJIONIEHUS B KOJEOATENIbHBIX CHEKTpPax IBYXaTOMHBIX
MOJIEKYJI, OCHOBHBIE KOJeOaHWs MHOTOATOMHBIX MOJEKYyJ. B3anmMocCBs3h
WH(PpPaKpaCHBIX CIEKTPOB H  CTPYKTYPhl OPraHUYECKHUX  MOJICKYII:
BaJICHTHBIE U JeQOpMAIlMOHHBIE KOJeOaHUs, XapaKTePUCTUIHOCTH
KoJeOaHui U ee PU3NUECKHe MPUINHBI.

XapakTeprCcTHYeCKOe TOTJIONIEHHE BaXKHEHIIINX CTPYKTYPHBIX (hparMeHTOB
U (pyHKIIMOHANBHBIX rpynn opranudeckux coeaunenuit: C-C, C=C, C=C,
Capos—Capows Csp3—H, Csp2—H, Cyp—H, C-O, C-N, O-H, N-H, S-H, C=0,
CHO, COOH, COOR, COHal, NO,, C=N. Crpykrypabsie obnactu MK
criekTpa. [IpuHIMIBI OTHECEHHUS 1OJIOC ToriomeHus. [locienoBaTebHOCTH
NpoBeleHUs CTPYKTypHOro aHanu3a. Konmnuectsennas MK cnextpockomnus.
[Tpuatun pabotet MK cnextpodoromerpa. YcmoBus uzmepenus KK
crekTpoB. [IpuMepsl CTPYKTYpHOTO aHANIN3a OPraHUYECKUX COSAMHEHUH 110
VK crektpy (o6macts 4000 — 650 cv™).
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YV ®-cnexktpockonusi.  DU3WUECKHE  OCHOBBI ~ METOMIA:  DJIEKTPOHHBIE




COCTOSIHUSL MOJIEKYJ, KJIacCU(UKAIUS DIIEKTPOHHBIX IEPEXOJ0B B
MOJIEKYJax, MpaBwia oTOOpa. B3anMOCBSA3b ANEKTPOHHBIX CHEKTPOB U
CTPYKTYPbl ~OpPraHHMYECKHX MOJIEKYI: XpoMO(Opbl M  ayKCOXPOMBI,
conpspkeHre XpoModopoB, HecrenuPpuiaeckoe U crenuduaeckoe BIUSHHAC
[pacTBOpUTENEH, OATOXPOMHBIA M THIICOXPOMHBIN CIIBUTH, TUTIOXPOMHBIN U
TUTIEPXPOMHBIN 3P eKThl, KIacCUpUKAIUsA TIOJIOC TIOTJIOMICHUS] B
HIIEKTPOHHBIX CIIEKTPaX.

11

36upaTesbHOE MOTIIOIIEHNE BaXKHEHIITNX ayKCOXPOMHBIX M XpOMO(OPHBIX;
TPYII: HAaCHIIICHHBIE T'ETEPOAaTOMHBIE AayKCOXPOMBI, KapOOHMIIBHBIN
XpoMo(op, TUEHOBBIH XpOMOQOp, EHOHOBBII Xpomodop, OCH30ILHBIHN

xpomodop, mpaBuna Bynsopma-®uzepa. I[lpunmun  pabGoter YO 2
cnektpodoromerpa. VYcmoBus wusMmepeHus Y@ crnekTpoB. [Ipumepsr
CTPYKTYPHOTO aHaJu3a HEHACHIIIEHHBIX OPraHUYECKUX COEAUHEHHH I10
CIIEKTPY TOTJIONIeHHs B OnrkHel obnactu Y@ criekTpa.
12 |KoMIuIeKCHOE HCTOIb30BAHUE CIEKTPOCKONMYECKUX METOJ0B B IEJIX )
WUIeHTU(UKAIIMN BEIIECTB U YCTAHOBIICHUS UX XUMHUYECKOTO CTPOCHUS.
BCEI'O 24
Tembl 1abopaTOpHBIX padoT
No Konuvecmeso
Ha3zeanue memol
n/n 4acoe
1 |YcranoBnenue OpyTTo-POpMYINBI COSAMHEHUS UCXOISI U3 WHTEHCUBHOCTEH
MMKOB U30TOMHBIX MOHOB B MAacC-CIEKTPE HU3KOro paspeueHus. [Ipasuia )
(dbparMeHTau MOJIEKYJISIPHBIX HOHOB OCHOBHBIX KJIACCOB OPTaHUYECKHUX
COCTUHCHMI.
2 |AHamuM3 MW YCTAHOBJIEHUE CTPYKTYpPbl OPraHUYECKUX COCAMHEHUH IO 6
MpocTerum cnekrpam AMP '"H
3 |KoHcTaHTa COMH-CIIMHOBOTO  B3aUMOJICHCTBHUSA, €€ HU3MEpPEHUE U )
uHpOpMaLys, morydyaeMast U3 Hee.
4 |KommiekcHoe pacmierieHue. Anroput™ MaHHa 00pabOTKH CIIOKHBIX )
MYJIbTUILIETOB
5 |CoBmectHOoe wucnosb3oBaHue crnektpos IIMP wu  SMP B IS 4
UICHTU(UKAITUHA OPTAaHUIECKUX COCTMHEHUM
6 |Ompenenenne  Haaudusd  (QYHKIMOHAIBHBIX TPYNI B CTPYKType )
oprannueckux coequHenuit no MK cnexrpam
7 |PacueT MakcuMyMma IIOJIOCHI TOTJIOIIEHHUS] C UCIOJIb30BAHUEM MPABUII
Bynsopna-®uzepa. OnpeneneHue HaIW4YUs CONPSHKEHHBIX (parMeHTOB B 2
CTPYKTYPE OPraHUYECKUX COCAUHEHUH 110 Y D CIieKTpam.
8 |OmpeneneHue CTPYKTYpbl COEAMHEHUsI MO AaHHBIM Macc-, UK-, YO- u 4

SIMP-crieKTpoCKOUH.

BCET'O

24




6. METOIMYECKHME PEKOMEHIALIMU 110 OPTAHU3ALIUN

CAMOCTOSTEJBbHOM PABOTHI CTYJIEHTOB

Opranun3anusi CaMoOCTOAITEJIbHON PadOThI CTY/IECHTOB

10

CamocrosiTenbHas paboTa CTYAEHTOB IO Kypcy «®dusndeckne MeTOIBl HCCIETOBAHUS
BEIIIECTBY» 00eCIeunBaeTCs 3a CYET BHIMOIHEHHUS BApUAHTOB JJOMAIIHUX YIPaXHEHUH (5 TOMalIHuX
3a7aHui), paboThl ¢ WMEIOIUMHCS B HAJWMYUM COOPHHMKAMH 3a/1ad IO CHEKTPAJbHBIM METOIaM
UCCIIEIOBaHMs, TOMCKa HEOOXOAMMOM Mpu pacimdpoBke crieKTpoB nHpopManuu B cetd MHTEepHET
B COOTBETCTBYIOIINX CHEKTPAIbHBIX 0a3aX JaHHBIX.

No Konuuecmeso
Hazeanue memul
n/n uacoe
1 |Begenue. OOmas xapakTepucTuka (U3HUYECKHUX METOIOB HCCIICIOBAHMS. 15
MeTonbl  ompeAeNeHusT MOJEKYIspHOH Qopmyiasl ©u  uHGOpMALUS,
nmoyrydaemasi u3 Hee. Macc-CrieKTpoMeTpHst
2 |CrekTpocKomus SAepHOro MArHUTHOTO Pe30HAHca Ha siapax ' H u e 15
3 [Meroabl ONTHYECKONW CHEKTPOCKONUU. DNEKTPOHHASI Y P-CHEKTPOCKOMHUSL. 15
Koneb6arenpras MK-criekTpockomnmst
4  [KommiekcHoe mpuMeHeHHe GU3MIECKUX METOIOB UCCIICIOBAHMS 15

BCEI'O

60
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7. NHANBUAYAJIBHBIE 3AJTAHUSA

Oopa3zen MHAMBUIAYAJBHOTO 3a1aHuda no AMP 'H CIIEKTPOCKOIUM

Ornpezenute cTpyKTypHYI0 hopmyiy Bemecrsa CiH;sCl o ero IMP 'H criexrpy:

'H NMR Spectrum ’
(200 MHz, CDCI; solution) expansion expansion |“
I o
| __Jb - Y.V JL
—_————r T T T T
2.75 25 ppm 15 1.0 ppm
/
P %
| —j’ T™MS
W —— ___/|J - s —Jl\ - L _JH LAY l
1 1 | ! | 1 | L | L | ! | L | ) | L | f |
10 9 8 7 6 5 4 3 2 1 0

Oopa3zen MHAMBUIAYAJBHOTO 3aaaHuda no AMP B¢ CIIEKTPOCKONUM

VYcranoButh ctpoenue Bemiectsa C;H ;03 nmo npencraBienubiM criektpam AMP "HuBc:

Proton spectrum
C7H 705
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dc, m.a. | DEPT-135 DEPT-90
14 MMOJIOKUTENBHLIN | HET ITHKa
28 OTPULATEIIbHBIA | HET KA
30 MMOJIOKUTEIBHBIN | HET ITHKa
38 OTPULIATENIbHBINA | HET MUKa
61 OTPUIATEIIbHBIA | HET MUKa
173 HET IMMKa HET MHKa
207 HET IUKa HET IuKa

Oobpazen unauBuaAyaabHOro 3aganus no UK-cnexkrpockonumn

Ha pucynke npuBenenst UK-criextpsr (I — III) H-rekcana (A), rekcena-1 (B) u rekcuna-1
(C). IlpoBenute COOTHECEHHUE CHEKTPOB CO CTPYKTYpPOM KaXJAOro COEAMHEHUS. YKaXHUTe
XapaKTEPUCTHUECKUE YACTOTHI.

LoD

50 o

TRAMSHITTRAHCE] %1

— T — T T T T T T T T T T T T T T T
3000 2000 1500 1oon amo
HAVYENURBER! -1

4000

1T
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2000 1500 1ogo 0o
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T —
4000 3000
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Lon

50

TEHMSMLT THHLE] &1

T T T T T T T T T T T T T T T
2000 1500 1000 00
HAVENURBER -1l

T —
4000 3000

OO0pa3en MHAUBUAYAJIBHOIO 3aaHNs 10 Y D-CIEKTPOCKONNU

4-Xonecren-3-ou (I) obpasyer ameraT eHONBHOU (DOPMBI C Amax 238 HM. Ompenenwure,
kakyro cTpykrypy umeet amerar (II/III), paccunTaB Anax C MCHOJIbB30BaHWEM TpaBui BynBopna-
®dusepa.




AC2O

Omnpenenure CTpyKTypHYIO (hOpMyIly HOBOKaHHa.

% TRANSMITTANCE

3 g & 2 2 2 38 8

g,

MECRUNG
r 8

S

N
.

oty

OO0pa3en MHAMBUAYAJIBHOIO 32/IaHUSI M0 COBMECTHOMY NPHMEHEHUIO CNEKTPAJIbHBIX
METO/10B

AHecTeTHK HOBOKamH uMmeeT Opyrro-hopmyny Ci3Hy0N,O,. B ero SAMP 'H CIIEKTPE ABa
tpurieta pu 0 2.8 u 4.3 m.x. xapakrepusytorcs KCCB 6 I'ii; tpunner npu 1.2 M. 1 KBapTeT MpH
2.6 m.a. umeror KCCB 7 I'm. UK-cnekTp mpemnapaTta 3aperucTpupoBaH B Ba3eIMHOBOM Macle.

2800 2400 2000 1800

T ERS F

L wlbdin
1600 1400 1200
WAVENUMBERS (CM-1}

1000 800

8B SIMP °C,m.n. | DEPT-135 DEPT-90
12 MOJ0XKUTEIbHBIN HET IuKa
48 OTPHUIATEIIbHBIN HET MUKa
51 OTPHUIATEIIbHBIN HET MUKa
63 OTpHULIATENIbHBIN HET MUKa
114 MMOJIOKUTEIBHBIN | TTOJIOKUTEIBHBIN
120 HET IuKa HET IuKa
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132 HOJIOKUTELHBIN | MOJIOKUTEILHBIN
151 HET MIHKa HET IIHUKa
167 HET IIHKa HET IMUKa

8. KOHTPOJILHBIE BOITPOCHI K IPOMEXKYTOYHOM ATTECTAIIUHA

1. Macc-ciektpomerpusi. DPuU3HUECKHE OCHOBBI METOJA: TMPUHIMI PadOTHl Macc-
CHEKTPOMETpA, €ro paspelaromias cuia, o0pa3oBaHUE MAacC-CIIEKTpa, OCHOBHOE ypaBHEHHE Macc-
CHEKTPOMETPHUH, THUIIBI PETHCTPUPYEMBIX HOHOB (MOJEKYJISpPHbIE, OCKOJIOYHBIEC, METACTAOUIIBLHBIE,
MHOTO3apsiIHbIE).

2. OmpeneneHre MOJEKYISIPHOW OpyTTO-(POPMYINIBI TIO MAacC-CIEKTPY: METOJI TOYHOTO
U3MEpPEHUSI MacC MOJIEKYJISPHBIX HOHOB, METOJ HW3MEPEHUs WHTEHCUBHOCTEH IHMKOB HOHOB,
M30TOMHBIX MOJIEKYJIIPHOMY HOHY.

3. KauecTBeHHBIE TEOPHUM MACC-CIEKTPOMETPUM OpPraHUYECKUX COEOUHEHWI: Teopus
JIOKaJIM3alu1 3apsa, TeOpusl yCTOMYMBOCTH MPOAYKTOB (hparMeHTAIIH.

4. Macc-CrieKTpOMETPUYECKUE TpaBUiIa: a30THOE, «UETHO-3JIEKTPOHHOE», 3aTpyIHEHHBIN
pa3phIB CBA3EH, MPUIIEKAIINX K HEHACBHIILIEHHBIM CUCTEMaM.

5. OcCHOBHBIE THIIBI pPEAKLMH pacmaza OpraHMYEeCKUX COEIMHEHUH IOJ AJIEKTPOHHBIM
yIapoM: MPOCTOM pa3pbIB CBA3EH (0-pa3pbiB, OCH3WIBHBIN U AJTTUIBHBIA Pa3phIBbI), PETPO-PEAKIIHS
Junbsca-Anbnepa, mneperpynnupoBka Mak-JlagdepT, ckeneTHble NEperpyniupoBKH, OHUEBBIC
peakuuu. TepMuyeckne peakiii B MacC-CIIEKTPOMETPE.

6. YcTaHOBJIEHHE CTPOCHMS OPraHMYECKUX COEAMHEHHH: MeToa (YyHKIHMOHATIBHBIX TPYII,
METOJT  XapaKTepUCTHUECKUX  3HayeHWil m/z. OCHOBHbIE  HampaBlIeHUs  (parMeHTaluu
OpraHMYECKUX  COEIMHEHUH  TOJX  JJIEKTPOHHBIM  yaapoMm  (YIJIEBOAOPOJOB M MX
TaJIOTeHIIPOU3BOIHBIX, CHUPTOB, (DEHONIOB, MPOCTHIX S(UPOB, albIETUIOB, KETOHOB, AMHHOB,
KapOOHOBBIX KHCIIOT ¥ X MPOU3BOIHBIX).

7. IloHsiTve 0 METOJIE XUMUYECKON MOHU3ALIMHA U XPOMATOMACC-CIIEKTPOMETPHH.

8. IIpumepsl CTPYKTYpPHOIO aHallM3a OPraHMUYECKUX COEAMHEHUN M0 Macc-CIEKTPY HU3KOIO
paspenieHusl.

9. Y®-cnekrpockonusa. PU3NYECKUE OCHOBBI METOJA: JIEKTPOHHBIE COCTOSHUSA MOJIEKYII,
KJIacCU(pUKaLKs JIEKTPOHHBIX [IEPEX0/I0B B MOJIEKYJIax, MpaBuia 0Toopa.

10. B3auMmoOCBSI3b 3JEKTPOHHBIX CIEKTPOB U CTPYKTYPbl OPraHMYECKHMX MOJIEKYII:
XpoMO(OpEI U ayKCOXPOMBI, COMPSDKEHHE XPOMO(OpPOB, Hecnenu(PUIEcKoe H CIenupuIecKoe
BIMSHUE pAcTBOpHUTENEH, OaTOXpPOMHBIA W TUICOXPOMHBIM CABHUIH, THUIIOXPOMHBIA U
TUTIEPXPOMHBIN 3PP EKTHI.

11. Knaccuduxamust 1mosioc TMOTJIOUICHUsT B 3JIEKTPOHHBIX CHeKTpax. I3buparenbHoe
MOTJIOUICHHE BAaXKHEUIIUX ayKCOXPOMHBIX U XPOMO(MOPHBIX TI'PYII: HACHIIIEHHbIE T€TePOATOMHbIE
ayKCOXpPOMBI, KapOOHMJIBHBIH ~XpOMOQOp, AUEHOBBI XpoModoOp, €EHOHOBBI Xpomodop,
OeH30IBHBIN XpoModop.

12. IlpaBuna Bynsopna-®dusepa.

13. Ipunatun pabotel YO criektpodoromerpa. YcnoBust usmeperus YD CrieKTpos.

14. Ilpumepsl CTPYKTYpHOIO aHajln3a HEHACBHIIEHHBIX OPraHMYECKUX COEIUHEHUH IO
CIIEKTPY TOTJIOoMEeHUs B OmmxHel obmactu Y@ criekTpa.

15. UK-cnektpockonusi. @Pu3nueckre OCHOBBI METOJA: YacToTa W WHTEHCHUBHOCTH
MOTJIOUIEHUs] B KoJIeOaTeNbHBIX CIEKTpaX JBYXaTOMHBIX MOJEKYJ, OCHOBHbIE KojeOaHus
MHOT'OaTOMHBIX MOJIEKYII.

16. BzammocBsizb HWH(PPAKpACHBIX CIEKTPOB M CTPYKTYphl OPTraHUYECKHX MOJICKYII:
BAJICHTHBIE M Je(OopMaIlMOHHBIE KOJeOaHUs, XapaKTepPUCTHUYHOCTh KOJIeOaHUN U ee (u3ndeckue
MPUYUHBIL, (DaKTOPBI, BHI3IBAIOIIUE C/IBUT TOJIOC MOTJIOMIEHUS M U3MEHEHHE WX UHTEHCUBHOCTH.

17. XapakTepucTU4YecKOe TMOIJIOIIEHHE BAKHEHIIUX CTPYKTYPHBIX (pparMeHTOB U
¢GynxuronansHbeIx rpynn opranudeckux coenuHeHuii: C—C, C=C, C=C, Cypon—Capoms Csp3—H, Cypr—
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H, Cyx-H, C-O, C-N, O-H, N-H, S-H, C=0, CHO, COOH, COOR, COHal, NO,, C=N
18. Crpykrypuble obnactu UK cnextpa. [IpMHIMIIBI OTHECEHHMS MOJOC IOTJIOUICHHUS.
[TocnenoBaTenbHOCTH MIPOBEACHHS CTPYKTYPHOT'O aHAIH3A.

19. KonuuectBennas UK cnexkrpockonusi.

20. IMpuamun padorer UK cmektpodoromerpa. VYcmoBus usmepenuss WK crmexTpos.
[Tpumeps! cTpyKTypHOTO aHanu3a opranndeckux coenunennii mo UK cnexrpy (o6xacts 4000 — 650
cM ).

21. Cnextpockonust SIMP. ®usuueckue OCHOBBI METOJla: MarHUTHBIE CBOMCTBa sizEp,
OCHOBHOE ypaBHEHHE SIEPHOTO MAarHUTHOT'O PE30HAHCA, B3aMMOJCHCTBHUS MarHUTHBIX MOMEHTOB
siiep (TOHKasi M CBEPXTOHKAsI CTPYKTYpa CUTHAJIOB SIAEP).

22. BpIOOp pe30HAHCHOTO siipa TMPH HU3YYCHHUH CTPOCHUSI OPraHUYECKUX COCTUHCHUM.
[punuun pabotsl SAIMP cniekTpomeTpa. AHaNINU3 CIEKTPOB SAEPHOIO MarHUTHOTO PE30HAHCA sJIEp
CO CNHMHOBBIM KBAaHTOBBIM uucjioM [=1/2: Xxumuyeckas W MarHUTHas SKBUBAJEHTHOCThH SIED,
HOMEHKJIaTypa siiepHbIx cuctem, A, AX, AB u A,;B cucrembl, HHJIEKC CBS3bIBAHUS, CHEKTPHI
NEpPBOr0 M BTOPOTO IMOPSAJKA, OCHOBHBbIE TMpaBWJIa aHalK3a CIEKTPOB IEPBOT0O MOPAIKA,
pacungpoBKa MPOCTEHIINX CIIEKTPOB BTOPOT'O MOPSIKA, IPUEMBI YIIPOIIEHHS CJIOXKHBIX CIIEKTPOB.

23. CnekTpockonus MPOTOHHOTO MAarHUTHOTO PE30HAHCA: IIKaja XUMHUYECKHX CJIBUTOB
MPOTOHOB, HX XapaKTEPUCTHUYHOCTb, 3aKOHOMEPHOCTM B HU3MEHEHUU 3HAUYECHUM XHUMHYECKUX
CABHUTOB; KOHCTaHThI CIIMH-CIIUHOBOT'O B3aUMOJEHCTBUS Jy _ 1.

24. CnexTpocKOmusi YyriepoAHOTO MAarHUTHOIO PE30HAHCA: IIKaja XUMHYECKUX CJIBUTOB
smep °C, WX XapaKTePUCTHYHOCTb, 3aKOHOMEDHOCTH B H3MCHCHHWH 3HAYCHHIl XHMHYECKHX
CIABUTOB, KOHCTAHTbl CHUH-CIMHOBOTO B3aUMOJEHUCTBUS Jc p, TIOJIHOE M YaCTUYHOE IO/IABJICHHE
CIIUH-CIIMHOBOT'O B3aUMOJEHUCTBUS ALIEP BCu MIPOTOHOB.

25. Snepubrii adpdexr Opepxaysepa. [loHSATHE O CHEKTPOCKOMHH SAEPHOTO MArHUTHOTO
pe30HaHca TUHAMHUYECKHX cUcTeM (0OOMEHHBIE TTPOIIECCHI).

26. ITpumepsl CTPYKTYpPHOTO aHajiM3a OpPraHWyecKuX coenuHeHuit mo crektpam [IMP u
SIMP “C.

27. CoBMecTHOE HCIONb30BaHHE Macc-cnektpomerpun, YO, UK, IIMP u AMP Bc
cnekTpockonuu. OCOOEHHOCTH CTPYKTYpHOTO aHalnM3a OPraHU4ecKHX COEeIWHEHUH mpu
COBMECTHOM HCIOJIb30BaHUH CIIEKTPAIbHBIX METO/IOB.

28. Anroput™ cTpyKTypHOro ananusa Ilpumepsl pemieHus 3amad CTPYKTYPHOTI'O aHAJIM3a,
MMEIOUINX Pa3IMUHYIO0 CTEIIEHb CIOXKHOCTH.

9. OBPA3ELI MOAYJBHOI'O KOHTPOJIA
(obpasey eapuanma u Kpumepuu OYeHUBAHU)

IOy BIIO IOHEIIKA HAIIMOHAJIbHbIIA YHUBEPCUTET»

dakynpTeT XUMUYECKUIL
Hanpaenenue noocomosxu: 04.03.01 «Xumus»
Ipoghuns:
IIpocpamma noocomosxu: baxanagpuam
Cemecmp 8
Yuebnas oucyuniuna «Duzuueckue memoovl UCC1006AHUSL 8EULECHLB))

MOAYJIbBHASA KOHTPOJIBHASA PABOTA
BAPHUAHT Nel

1. Ha pucyHkax npuBeAeHbl MacCc-CIIEKTPhl JUIPONMIaAMUHA U TpUITHIIaMiHA. COOTHECTH CIIEKTP C
KOHKPETHBIM BeliecTBOM. [loka3aTh KIFOUeBbIe HAMPABICHUS (PparMeHTAIINH.



17

100 —
HS—HL- 0775

80—

@
o
|

Relative Intensity
I
L=
|

20—
L

o !H L

10 20 40 20 g0 20 100

m/z

100 —
ME-HU-2502

50—

@
o
|

Relative Intensity
o
=
|

20—

0 (- o 11y
||||||||||||||||||| ||||||||| 1 ||||||||||| ||||||||||||||| |||||||||||||||||||||||||||||||||||||||||||

10 20 20 0 70 50 an 100 110
m/z
2. Cootnecru curansl B SIMP 'H crektpe smokcuna crupona (vo = 100 MI', B pactBope CCly,
MoKa3aHa TOJBKO anmuarhyeckas 4acTh) ¢ KOHKpeTHbhIM u3 mpoToHoB (H;, H, u Hj3). HazoBure
MYJBTUIUIETHI, BRIYUCITUTE 3HAUYCHUsI KOHCTAHT CIUH-CIIMHOBOTO B3auMOJIeHCTBUS. J[1s ogHOTO U3
CHUTHAJIOB MMOCTPOMTE JIMHENYATYIO AUArpamMMy.
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H3 ,,,, f } - H1

Ph Ha

yi J|) .

i
3.5 3.0 2.5
5 (ppm from TMS)

3. Onpenenuth crpoenue BemniectBa CoH 203 mo mpencraBinenHsiM cnektpam [IMP u SAMP Bc.
Jloka3aTh IPEI0KEHHYIO CTPYKTYPY PACUETOM Opyry.



T 7 1 " i T
13C NMR Spectrum
{100.0 MHz, COCI, solution)

DEPT CHap cHi} cHi

proton decoupled

80 40 & (ppm)
H NMR Spectrum
(200 MHz, CDCI,, solution)
expansion
expansian M
' — O
7.0 64 ppm 38 3.7 ppm
_/_/_ o TMS
| L L
I | i 1 1 1 I | i | L | i 1 B —
10 9 8 7 6 4 1 0
& (ppm)
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4. OnpenenuTh, KakKUM W3 TPUBEACHHBIX COCIMHEHUU COOTBETCTBYET Kaxapli MK-—cmektp.
CoortHectn xapakrtepuctuyeckue mnosiockl B MK—cnektpe ¢ (QyHKIMOHATBHBIMU TpYHIaMU
COOTBETCTBYIOIIETO BEIIECTBA: a) TUIIPOMIIIOBEIN up; O0) MponuiamneTar; B) 3-MeTUI0YTEeH-2-allb;

I) rekces-1

(JU)

50

TRRHMSHITTRAHCED %1

T — T T
4000 3000 2000

T
1500

T
1000



LoD

o
[=]

TRAMSHITTRAHCE] %1

=0

TRAHSHITTANCEI %1

4.

Loo

=0

TRRMSHITTAMCEI %t
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— T T T T T T T T T T T T T T T T T
4000 3000 2000 1500 Lo 500
uANSHIHBEL
T T T T T T
4000 3000 2000 1500 1000 s00
— T T T T T T T T T T T T T T T T T
4000 3000 2000 1500 1000 s00



5. Onpenenuth CTpOCHHE HEM3BECTHOTO BEIIECTBA 110 €T0 CIIEKTPaM:

132 (M) — 100%, 133 (M+1) — 9.9%, 134 (M+2) — 0.6%.

T

T

7T T T T T T T T T T

Problem 171

IR Spectrum
{CCly Solution) 1719
.. N L] 1 P | : I R
4000 3000 2000 1600 1200 800
V (em’)
100F 104 | M* = 132 Mass Spectrum UV Spectrum
80F =
- A max =243 nm (log, & 4.1)
60f &
- 5 A =291 nm (log,,& 3.4)
405 max 10
¥ solvent : athancl
20f ' I L
3 N }
40 80 120 160 200 240 280
m/e
i T I T I T I T I' T I T I T i I T -l_ T r T [ T I
13C NMR Spectrum expansion
(100.0 MHz, CDCI, solution) ] J‘__
128 126 124 ppm
DEPT GHzl‘ GH,+ CH+ | gxpansion
128 126 124 ppm
proton decoupled
I l | solvent —= I
I 'l l L J 'l I il | I |. L IJ 'l I 1 I L I A _! 'S
200 160 120 80 40 0 &(ppm)
'H NMR Spectrum expanslon
{400 MHz, CDCI, solution) l
Jl{ U‘ Aw__
7.6 7.4 ppm .
™S
U7 L
1 L 1 1 1 L 1 L ] 1 | 1 1 1 1 | 1 | 1 J—
10 9 8 7 6 5 4 3 2 1
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VYTBepKaeHo Ha 3acenaHuu KageAapbl OWOXMMHHM W OPTraHUYECKOW XWMHH, TPOTOKOT No oT
« » 20 1.

W.o. 3aBenyromero kapeapoii Bbapanosa O. B.

[IpenonaBarens baxtug C.I'.

Kputepun oneHuBaHus MO1YJbHOT0 KOHTPOJISI

Homep 3a0anusn Koauuecmeo d6annoe
1 5
2 10
3 10
4 5
5 20
Bcezo 50

10. OBPA3EL 3AYETHOI'O BUJIETA
(meopemuueckue 6onpocwl Kk 3Kk3ameny, obpasey buiema u Kpumepuu oYeHuU8aHusl)

IOy BIIO IOHEIIKA HAIIMOHAJIbHbIIA YHUBEPCUTET»

dakynpTeT XUMUYECKUIL
Hanpaenenue noocomosxu: 04.03.01 «Xumusn
Ipoghuns:
IIpoepamma noocomosku:
Cemecmp

Yuebnasn oucyuniuna «Du3uueckue Memoovl UCC1006AHUSL 8EULECHLB))
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BUJIET Nel
1. OnpenenuTh CTpOEHUE BeLIeCcTBa M0 Habopy ero cnekTpanbHbix AaHHbX (MK-, macc-, YO, IMP
'Hu "0):
' | 28
3325
IR Spectrum
(liquid filrm) . . . |
4000 3000 2000 1800 1200 goo O0OF T
V (™) , (/ ]
100'{ 104 Mass Spectrum | o5} ﬁl R
N ]
80f = ]
cof & AR
:- 3. " ?:9 107 101 N lI UV spectrum -
40F 5 ~r ]
s M*= 122 5.815 mg/ 10 mis
20F path length : 1.00 ¢m ]
o solvent : ethanol
i i i L n i M i i i i i i 1~5—1,,_.__.| P | .
40 80 120 160 200 240 280 200 250 300 350
m/ie A (nm)
H NMR Spectrum
(400 MHz, CDCI, solution} expansions
axpansion |I “ “
48 ppm 18 1.4 ppm [
Exchanges
— with Dzo
7.5 7.3 ppm
™S
—
| 1
| L | L ] X | | | 1 |
10 9 8 7 6 5 4 3 1 0
& (ppm)

YTBepkaeHO Ha 3acenaHuu Kadeapbl
20

« »

T.

N.o. 3aBenyromiero kadeapoit

[IpenonaBarens

OMOXWMHU U OPraHUYECKON XUMHUHU, MPOTOKOT Ne oT

bapanosa O.B.
baxtug C.I'.
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Kpumepuu OUeHUe6aHus 3auema

CymMapHast OIIeHKa 32 3a4eTHYIO paboTy BBICTABIIAETCS HA OCHOBAaHUN 00OPaOOTKHU CTYIEHTOM
KaXJIOTO U3 CIIEKTPOB B KOMIUICKCHOM 3a4€THOM 3a1a4e (CM. 0Opaser] BhIIIe):

Tun cnexkmpa Koauuecmeo oannos
Macc- 10%
UK 10%
Yo 10%
SIMP 'H 35%
SMP C 35%
Bceero 100 6an10B




11. OBPA3EILl TECTOBOI'O 3AJAHUA

Tect 2. «Du3HUECKIIEe METOIBI UCCIETOBAHUS BEIIECTBY
Bapwuant 3

25

1. Kako#f u3 mpeacTaBieHHBIX MMOJUEHOB XapaKTEPHU3YEeTCs HAUOOJBITUM 3HAYCHHEM Ayaxc B

Y®-cnekrpe:

OO0 C

2. B UK-cnekTpe BemiecTBa npucyTcTBYIOT nosiockl npu 3300, 2960, 2200, 1600, 1450, 1380

em™. CtpyKkTypa COeTMHEHUS:
A) H-Oyran B) 6ytun-1  C) 6ytun-2 D) Oyten-1

3. Kakoii u3 uzomepoB C3HsCls umeer nBa curnana B ciektpe AMP 'Hu Tpu B AMP B

A) CH;CH,CCl3 B) CH,CICHCICH,Cl
C) CH3CHCICHCl, D) CH;CCl,CH,Cl

4. ®parment cnekrpa AMP 'H HaGrofaercs [uist COCIMHCHHUS

‘ il
A) 2-metun-1-xnoprpornan  B) 3,3-numerwii-1-xmopOyTan

C) 2-xnopOyran D) I-xnopnponan

5. B Haumbornee ciaboM 1ose pacnoioKeHbl CUTHAIBI 17151 BEIEeCTBa:

A) CH;CH,OH B) CH3;CH,Cl C) CH3CHO D) CH;COOH

6. Cur”asnbl ayOnera Habmomarorcs mpu o 7,82 ma. uw 7,95 ma. By=90 MI'n. KCCB
COCTaBIISIET:
A)0,13MI'n B) 11,7 C) 11,7 MI'u D) 13T

7. Kaxo# n3 anknHOB He gaer curgaia B oomactu 2300 — 2000 eml:
A) IlenTtun-1 B) rekcun-1 C) rekcun-2 D) rekcun-3

8. Kakoit Qusmyeckuii MeTonq HCCIenOBaHUS HauOoJliee paMOHATBHO HWCIONB30BATh IS

ornnuna coequdennii I u I1:

o
I II

A) SIMP 'H B) UK-cnektpockonus
C) YO-cnekrpockonus D) macc-cnexkrpomeTpust
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9. PaspemieH 1 o CUMMETPHH NIEPEXOA Ay, , eciii M= My = E, , M;=A,, ?
12. KPUTEPHUU OLIEHUBAHUNSA

Pacnpeodenenue d6annos, Komopsvie MOZym ROAYUUMb CHYOEHM bl
6 npoyecce u3y4eHus OUCYUNIUHDL

CPC
Opranu3anuoHHO- 0 Beero
yueOHasi padoTa CTyleHTa HH“;:QX:;“HM MoayibHBII KOHTPOJIb
Max 25 OGamos max 25  Gamios max 50 6amioB
BBITIOJTHEHUE U CJa4da BBITIOJIHCHUEC elIEHNE 34034 IO CIEKTDAM:
1abopaTOPHBIX padoT: WHIUBUTYTbHBIX P Ma(f[c (5%) pamt:
Macc-crekTpsl (5%), JOMAIITHUX 33 IaHHiL: | SA0h .
SIMP 'H (5%)? }I(M};) )130 wacc-crexrpet (3%), | M H ((11%(;//")) AMP =C | 100 Gaos
(5%), SMP 'H (5%), SIMP °C . o y
VK (5%), xomm. (5%) (5%). UK (5%), KO(I)VIHJ'IGKCHI)II/I
UK (5%), xommut. (5%) (20%)

HCOGXOI[I/IMLIM yCHOBI/IeM HOJIy‘-IeHI/IH CTYI[CHTOM 3a4c€Ta SABJISICTCS CBOGBpeMeHHOG
BBITIOJIHEHHE CTYJICHTOM WHAMBUAYAJbHBIX JIOMAlllHUX 3aJaHWi, OQOpMIIEHUS | CHAYH
naboparopHbeix pador. CymMmapHasi UTOTOBasi OIIEHKA 10 KypCY BBICTABIISICTCS B COOTBETCTBHH CO
CIEAYIOUIEH IIKAIOM:

IIxana coomeemcmeus 6a17108 HAUUOHAILHOU KAl

Onenka Ounenka mo OueHka 1o rocy1apcTBeHHOM IKaJIe Ouenka mo
no mkaJue | 100-6anabHoM (3x3amMeH, TP PepeHINPOBAHHBIN 3a4eT) rocy1apcTBeHHOMI
ECTS HIKaJie HIKaJie (3a4eT)
A 90-100 5 (0TIMYHO) 3a4TEHO
B 80-89 4 (xopor11o) 3a4TEHO
C 75-79 4 (xopo1io) 3a4TEHO
D 70-74 3 (y1OBIETBOPUTENHHO) 3a4TE€HO
E 60-69 3 (y1OBIETBOPUTENHHO) 3a4TEHO
FX 35-59 2 (HeyIOBJIETBOPUTEIHHO) HE 3a4TEHO

C BO3MOXHOCTBIO ITOBTOPHOU CHA4H
F 0-34 2 (HeyIOBJIETBOPHUTEIHHO) HE 3a4TEHO
C BO3MOXHOCTBIO IIOBTOPHOM Ca4¥ IIPU YCIIOBUH
00s13aTeIbHOTO HA0Opa JOTOTHUTEIBHBIX OAJITIOB

13. MATEPHUAJIBHO-TEXHHUYECKOE OBECIHHEYHEHUE YYEBHOI'O TIPOLHECCA

JlexuroHHBIE 3aHATUS IPOBOJATCA B Ay IUTOPUH, OCHALLIEHHON MYJIbTUMEIUMUHON TEXHUKOU U
JTOCKOH.
JlaGopaTopHble 3aHATUS TPOBOJATCS B JabopaTopuM, cojep)Kalieil HeoOXOoauMoe IS
BBITIOJIHEHHS paboT o0opyaoBaHue. B noctyne umerorcs:
IIepcoHaJIbHBIN KOMIIBIOTED
MynbTUMEAUITHBINA IPOEKTOP
Pedpaxromerp AbGGe
Crnekrpodoromerp CD-46
Nudpaxpacusiii ciekrpomerp UR-10 (I'Y UHOOY um. JI.M. JIuTBUHEHKO)




AMP crniekrpometp Bruker 400 MHz (I'Y UH®OY um. JI.M. JIuTBHHEHKO)
BonocTpyiHblil 1 MaciIssHbIA HaCOCHI

TexHOXUMHUYECKHUE BECHI

AHanuTHYeCcKUe BECHI

Juctumisarop

KommiekT cienuanbHOM XUMHUYECKON TTOCY/IbI

PeakTuBn!
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14. PEKOMEHIOBAHHASA JIUTEPATYPA

28

Ne
n/n

HanmenoBanue

KoJj-Bo
IK3EMILISIPOB
B OM0JIHMOTEKE

JouHY

Hannune
3JIEKTPOHHOM
BEpPCHHU B
IbC

Ocnosnas 1umepamypa

CnekTpalibHble METOZIbl MCCIEIOBAHHUS B OPraHUYECKOH
XUMHUU U OMOXMMHH : y4eOHO-METOIu4ecKoe mocodue K
ceMuHap. U Jal. 3aHATUAM (VIS CTYICHTOB JHEBHOW W
3a04yHOU opm obyuenus) / [cocT. A. H. [llennpuk, B. B.
Kocmbiaun, O. B. bapanoBa] ; JloHeukuil Hail. yH-T ;
benroponckuii roc. yH-T. - Jloneuk : JlonHY, 2012.

26

CreKTpOCKOMHS SASPHOTO MAarHUTHOTO PE30HAHCA TSI
XUMUKOB : [y9eOHUK IS XUM. CIICIUATBHOCTEH By30B] /
1O. M. Bonogenko, B. I'. Kapues, 1. B. Komapos u ap. -
Mocksa : MB®HII, 2011. - 694 c.

baxtun, C. I'. dusndeckue MeTOALl HCCICIOBAHUS .
cOopHUK 3anmau Uit camocrosTenbHor padontsl / C. T
baxtun, M. A. CunensnuxoBa, T. I'. Twopuna ; TOY
BIIO  "Jlomeukuii  HaIMOHAJIBHBIA  YHUBEPCUTET",
Kadenpa 6moxumum u opraHndeckod XuMuu. - JIoHeIK :
'OV BIIO "JouHVY", 2017.

17

Jlonoanumenwvnan numepamypa

Kasunemma JILA., Kymerckas H.b. Ilpumenenne YO-,
K-, SAMP- u Macc-CneKTpOCKONMU B OPTraHUYECKOH
xumuu. M.: U3n-Bo Mock. yH-Ta, 1979.

14

HNodde b.B., Koctukos P.P., Pazun B.B. ®uznyeckue
MCTOJbI OTIPCACIICHUA CTPOCHUA OPraHNYCCKUX MOJICKYJI.
M.: Breicmas mkoira, 1984.

19

bpayn JI., ®noiin A., Ceitaz6epun M.. Crnexkrpockomnus
opraHuueckux Bemects. M.: Mup, 1992.

Muponos, B. A. CiekTpocKonusi B OpraHu4eCcKo XUMUu
: C6. 3amau / B. A. Muponos, C. A. SIakoBckuii. - M.:
Xumus, 1985. - 230 c.

[Ipeu Opue. OnpeneneHue CTPOSHUS OPraHUUECKUX
COCTMHEHUH : TAOJIHUIIBI CIIEKTPATBHBIX JAHHBIX / 3.
[Ipeu, ®. bronemans, K. Apdonstep ; nep. ¢ anrn. b. H.
Tapacesuya. - M. : Mup : BUHOM. J1a6. 3nanuii, 2006.

15. UH®OPMALHUOHHBIE PECYPCbI
(c ykasanuem Hassamus u NOJIHO20 INEKMPOHHO20 adpeca)

http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi  (baza

COCTMHECHUN ).

https://elibrary.ru/ (Hayunas snekTpoHHast OMOINOTEKA).

TaHHBIX

CHEKTPOB  OpT.

rushim.ru/books/books.htm (DnexrponHast GMOIMOTEKA 10 XUMHU U TEXHHKE).

library.donnu.ru (Hayunast 6ubauorexa JJonHY).
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° http://mondnr.ru/ — MunucrepctBo oOpa3zoBanusi W Hayku Jlonernkoi Haponnoit
Pecniybnuku
° http://resobrnadzor.ru/ — PecriybmukaHckast ciry>k0a 1o KOHTPOJIIO U HaJI30py B cepe

00pa3zoBaHus U HAYKH

16. INPOI'PAMMHOE OBECIIEYEHHUE

1. Windows 7 PRO (kopnopamuenas nuyensus JJOHHY No 46484614)

2. Microsoft Office (kopnopamusnas nuyensus JJOHHY Ne 46472919)

3. Microsoft Visual Studio (nuyenszus npoepammor DreamSpark 0ns evicuiux yueOHwix 3a8edenuil)

4. Jluyensuu GPL, Apache, BSD 0ns c800600H020 npocpammHo20 obecneuenus:- Anmusupyc
Kacnepcroeo;- Adobe Acrobat Reader;- xPDF.

Pabouas nmporpamma paccMoTpeHa U MepeyTBep:kIeHa Ha 3aceJaHuU
¢ u3MeHeHusIMu (0e3 n3menenuit) Ha 20 roj.

IIpoToxkoi Ne OT « » 20 T.

3aBenyrommii kKageapoit




