Cnekrpockonua AMP



OcHoBHBIE 3TanbI pa3BuTus Mmeroaa SAMP.

1945 1. nBe rpynnsl ¢pusukos - [lapeesia u bioxa, paGoTaBIlux HE3aBHCHMO,
HaOmoamu spicHue AMP B )KHAKOCTIX H TBEPABIX TEJax.

1943 E.K.3apoiuckui (1907 -1976), neppootkpriateis JIIP B
KOHIcHCHpoBaHHOH (aze (1943 r.).

Hayano 1950-x r. koHcTpyHpoBanue cuecktpoMeTpos [IMP u npumeHenne
SAMP st pelicHUS XUMHUYECKHUX 3a/1a4.

1966 r. P. OpHet paspabotan npuHiunsl Oypbe-criekTpockonuu. [ IpumeHenne
CBEPXIIPOBOISIIUX MATHUTOB.

1960-1970-¢ rr. NpOU3BOACTBO MPHOOPOB BHICOKOTO pa3pelicHUs I IPYTHX
aaep, kpome 1H u 13C.

1970-¢ IT. yCOBEPIICHC TBOBAHUE BHIYUCIIUTEIFHOW TEXHHKH H pa3padoTKa
nporpaMMHoOTo odecnieucHus s SIMP.

Pazputne JI. lxxunepom aeymepuont SAAMP-cniektpockonuu (2D-AMP).



MarHuTHbIe CBOICTBA HEKOTOPBIX AAAep

Sapa ¢ YeTHBLIM YHCJIOM MPOTOHOB U HEeHTPOHOB (YeTHBIH 3apajg Z U YeTHasl
mMacca VM He HMelOT MATHHTHBIX MOMEHTOB ( CIHHOBOE KBAHTOBOE YHCJIO I= 0)

Bce apyrue gapa mMeIOT MarHUTHBIE MOMEHTHI U MX MOMKHO M3y4aTh meTomon SIMP (Ha xoHely
2000 roma OBLIM W3MEpPEHBI MAarHUTHBIE MOMEHTHI 118 cralmnbHbix motoroB 104

XUMHMUYCCKIHX 3JI€M€HTOB)
CHuHORCE KBAHTSBGe UKCIIO siapa I MoKeT IPUHAMATH IOJIyIle/Ible
U 1eble 2ravdeHus: ot 1/2 no G/2.

CrnuH onpeneisicrt YMCJI0 BO3MOKHBIX (pa3pelleHHbIX) OpHeHTaIum
MATHUTHOT'O MOMEHTA BO BHEITHEM MAarHuTHoOM noJie: N =27 +1
IIpu uccieJOBAaHUH CTPOEHHS MOJIEKYJI YI00Hee BCero HCMob30BaTh siaApac / =%
1tH, 15N, 1P, 3, 298i, 19F, 1198n, 195Pt, 199Hg...

Anpa co cniunHoM [ > 1/2 HMeOT IeKTPHYECKHE KBAJAPYNOJbHbIe MOMEHTbL, H HMX MOKHO H3Y4aTh
metToaoM AKP.




OcHoBbBI criekTpockonun AMP
MarHuTHble CBOMCTBAa HEKOTOPBIX sAep.

* PacnpocTpanéHHOCTE MPUPOAHBIX H30TOMNOB
(at.%) — BaskHAs1 XapaKTEPUCTUKA 3JIEMEHTOB:

1H — 99,985 %
2H - 0,015%;
13C -1,108%;
15N — 0,365 %;
19K — 100%.



OcHosbl cniekTpockonuu IMP.

HOBG,[[EHI’IC fgaep ¢o CIIHHOM %, BO BHeIlIHEeM MATHHTHOM I10.1€ Ho.

lefl OTCYTCTBHH BHCITHET0O MAaIrHUTHOI'O ITOJH OPUCHT alliA CIIMHOB Xa0THYHA (a), INPpH HAJOKEHHH
MAarHlTHOIO ITOJH BOZHHKAET CUCTEMa CTIIHHOBBIX 3HEPIreTHYEeCKHX ypOBHeﬁ (b, C).
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OcHoBbl cnexkt pockonuu JAMP.
IloBenenne axep co CIMHOM 2 BO BHellIHeM MarHuTHoM noJjie H .

l B Spin state
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Mepexogbl Mexay CMUHOBBIMUA YPOBHAMU

2 |7 Z {(AMP)
107- 108 ¢!, SHepruA 7*102 Ox

y — TMPOMarHUTHOE OTHOLWWEHUE, NOCTOAHHAaA BENTMYNHA ANnA JaHHOIo
naorona.

SHepI'VIFI B3aMMOLENCTBUNA MarHUTHOIO A0pa ¢ BHELWWHUM MarHUTHbIM NnosiemM MOXKET NMPpUHMMaTb TOJbKO
HECKOJTbKO ANCKPETHbIX 3HadeHunn. Ecnn o6nyanb MarHnTHble A4pa nepeMeHHbIM MarHUTHbIM MnornemMm,
HacCTOTa KOTOPOro COOTBETCTBYET pa3HMLUE MeXay 3TUMN OUCKPETHBIMU SHEPTETUYECKMMUN YPOBHAMMU,
Bblpa)KeHHOVI B YAaCTOTHbIX eAnHMLUax, TO MarHUTHble A4pa Ha4vYnHaloT nepexogntb ¢ O4HOINO ypoOBHA Ha
,D,pyFOVI, npun 3TOM normnoLiad 3Heprmo nepemMeHHOro nors4.

B 3TOM U cocTONT IBNIeHNne MarHUTHOro pe3OoHaHCa.



MarHuTHoe AP0 MOXXHO NPeaCcTaBUTb Kak 3NEKTPUYECKN 3apsKEHHbIN LLIApWK,
BpaLLlaloLLUIACA BOKpPYr cBoel ock. CornacHo 3akoHam anekTpoaMHamMuku, BpalleHme
3apsiia NpUBOAUT K NOSIBNEHUIO MAarHUTHOIO MONS, T. €. MarHUTHOrO MOMEHTa A4pa,
KOTOpPbI HanpaBneH BAONb OCU BPaLLEHUs!.

Ecnu 9TOT MarHUTHbLIK MOMEHT MOMECTUTb B NOCTOSIHHOE
BHeELHee nosie, To BEKTOP 3TON0 MOMEHTa Ha4vYnHaeT
npeueccunpoBartb, T. €. BpalwaTbCA BOKPYIr HarpaBJieHUA
BHELUHETo Nnon4.

3aTtem, ecrniv KpoMe NOCTOSAHHOrO BHELUHEro MarHMTHOro nons
Ha sapo byaeT Bo3aencTBoBaTb NepeMeHHOe MarHUTHOE More,
TO AP0 Ha4YMHAET B3aUMOAENCTBOBATL C 3TUM NONIEM — OHO
CUNbHee packadmBaeT s4po, aMnnuTyaa npeLeccun
yBENUYNBAETCS, U SAPO NOrMOLLIAET SHEPTUIO NEPEMEHHOTIO
nons. OgHako 3To OyaeT NPOUCXOAUTb TONbKO NPWU YCNOBUK
pe3oHaHca, T. €. COBMNaaeHust YacToTbl MPELIECCUM N YaCTOThl
BHELLHEro nepemMeHHoro nonsi.

OKCNepPUMEHTAarbHO 3TO SIBEHNE NPOSBNAETCSA B 3aBUCUMOCTU
NOrnoweHNsa NepeMeHHOro noss OT ero 4actoTbl. B MOMeHT
pe30oHaHca rnormoLleHne pe3ko BO3pacTaeT, a NPoCTENLLNI
CNEKTP MarHUTHOIoO pe3oHaHca BbIrMAanT BOT Tak:

nornoweHune

none/yactora



Cam no cebe marHuTHbIN pe3oHaHC ocTarcs Obl He bornee YeM 3aHATHBIM
doun3nyeckmum aBrieHneM, ecnm 6ol He MarHMTHble B3auMMOAENCTBUSA Saep APYr C
OPYroM U C 9NEeKTPOHHOW 060N0YKON MOSIEKYITbI.

OTW B3aUMOLENCTBMUA BIUSAIOT HA NapaMeTpbl pe30HaHCca, U C X NOMOLLbHO
metogom AMP MoOXxHO nonyyaTtb pa3Hoobpa3Hyto MHOpMaLUnio 0 CBOUCTBaXxX
MONEKYN — UX OpUeHTaLmn, NPOCTPaHCTBEHHOM CTPYKTYpe (KoHopmaumn),
MEXMOMEKYISPHLIX B3aUMOAENCTBUAX, XMMUYECKOM OOMeHe, BpallaTernbHON U
TpaHCNALMOHHON JNHAMMUKE.

CeepxnposoaaLLnM MarHUT 8

paspese

OgHa 13 caMblX BaXHbIX U Oopormx YacTen CNMeKTpoMeTpa — MarHut,
co3galwolnm NOCTOAHHOE MarHuTHoe none. Yem cunbHee none, Tem
Bbllle YyBCTBUTEJIbHOCTb U CMNEKTPalsyibHOE pa3peLleHne.

MarHmTHoe none co3gaeTtcs ANEKTPNYECKNM TOKOM B COJiIEHOUOE — 4HEM
cunbHee TOK, TeM 6onblie none. OgHako npun OonbLOM TOoKe npoBO
coneHomga nMNpoCcto Ha4HEeT [J1aBUTbCA. I'IoaTomy NCMNOJIb3YHOT
cBepxnposogdLine MarHMUTbI. B atom Cclny4vae ArNeKTpnyeckoe
cornportumerieHne nposoga paBHO HYJIHO.

CBerI'IpOBOﬂ,FILLI,ee COCTOAHMNE MOXHO TOJ1IY4YUTb TOJIbKO MMPU OYEHb
HU3KUX TeEMMNePaTypax, BCEro HECKOJIbKMNX rpagycoB KenbBuHa



OcHoBbl ciekTpockonuu JAMP.

Pe3oHaHCHBIEC YaCTOTHI IS IIPOTOHOB HB PasHbIX Mal'HUTHBIX
roisax H 0 (Tecna)

H,(T¢) v,('H)
MaraurHoe moJjie 3emMJIH
Ha nmoytoce 6,5*10° 2,7 KIl'n
Ha 3KkBarope 3,5%10° 1.5 KTn
HA MOBEPXHOCTH e
FOnurepa 130105 34 Ki'n
il . Cnerpoverpoi SIMP
2,34 100 MI'ix
7,02 300 MI '
14,04 600 MI'nx
1755 7350 MI'n
21,06 900 MI'x




OcHoBbI criekTpockonuu AMP

Cxema npocmeriniezo CHEKMPOMEMPA C HERPEPOHIEHOU PA3ECPIIKOIL
HAZIAOHA 1 WILTTIOCIPUDY e 00uiie nPUHUURDL.

MOXHO 3armcaTh CIIEKTP, MEAIEHHO MEHIA
HaIlPSKEHHOCTh  ITONA MarHuTa H, IIpH
MOCTOSIHHOH JacTore reHepaTopa
(paseepmra nong) , WIH U3MEHII 4acTOTY
IIPH MOCTOSAHHOH HANPAREHHOCTH IOJIA
(vacmomunas paseepmra). Ha TIepBBIX
sTarax passuTH4d SIMP dalie Monb30Baluch
Pas3sBEPTKOM MO [Tpr 5TOM B CTaHIapTHBIX
SKCIIEPUMEHTAX  HaDIAKSHHOCTD  TICHA
yBeIIH4HRATaCk JIPH  IBHKCHHH KapeTK!
caMOITM<CIla Bipapd. [lostomy B 00MXON
BOIIUTM BBIPAKCHI «CO6UZ CUZHALA 6
CIMOPOHY CUILHO2G nojis» - T.e. BIPABO 110
CTaHAAPTHOMY CIICKTpPY. 4 ITOIMy4YeHHA
CIIEKTPa BBICOKOIO KauecTBa Pa3BEPTKY
OCYIICCTRIIAIM ¢  MalOM  CKOPOCTHIO,
IO3TOMY  3allich  OOBIMHO  3aHMMAla
OECATKH MHUHYT.
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Mpumep u3 Hobenesckon nekuuu P.3pHcTa (1991 r.). CnekTpbl AMP
pazbaBneHHOro pacTeopa 7-3TOKCU-4-MeTUNKyMapuHa, 3aperucTpupoBaHHble C

a) HenpepbIBHOW pa3BEPTKON U ©6) B UMNYNbCHOM PEXUME. (npedocmasneno
FO.A.YcmbiHio KOM)
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Cnekrpbl TH-AMP oueHb

pasbaBrieHHoro pacTeopa 7-3Tokcu-4-
MeTmanmapwHa. a) BepxHUU cnekTp 3anucax
Ha npubope ¢ pabouen yactoron 60 Ml'y, B
peXXume HENpPEpPbIBRHOWU pasBepTKU. Ero
peructpaymnsa 3aHana 00 cexyHy.

6) HuxHul cnekrp Toro xe obpasya 3anucaH
B UMMNYJIECHOM peXumMe. 3a To xe Bpem4a
Ebli10 cymmupoaHo 100 nmnynbcoBs, nocrne
yero curHan Bein nogeeprHyT Oypbe-
npeobpasoBaHuto.

370 BbIN OAWH U3 nepBbiX UMNYINbCHbIX
SKCNEPUMEHTOB, NPKU KOTOPOM
NCNoNb30Bar1OCh HAKOMIMEHUE.



CoBpeMeHHBIE criekTpoMeTphl AMP

.gg.

600
UltraShield"

Maruwut criekrpomerpa Bruker AVANCE 600

MI ' B [leHTpe MarHuTHOU ToMorpadun 1
cnekTpockonuu MIY

Maruaut cnexktpomerpa Varian 900
MI 11



/leiiTepupoBaHHbIE PACTBOPHUTEIH, HCIOJAb3YeMble B S MP

PacTBOPUTEb | Toienin: | Taunesias - o X UMWHCSCKIMA CABUT Tpuviepras | Ipumeuanus
et wi C° 1 C° | ocraroumsix mpoToHOB, M., | UeHazal
auMeTuncyasokena-dé6 | 18.5 189.0 2.50 39.5 1.5 BSI3KMH, OYCHb
TMIPOCKOITAYHBIM
aueToH-d6 -94.7 56.3 2.05 206.0; 29.8 1.5 | «xopommit» curran D
xiopodopm-d/ -63.5 61.1 7.27 77.0 0.2 | c1abbli CurHan D
BOda-d2 0 100.0 4.63 --- 0.5 ‘ COICPKUT TIOABHMKHBIN
IPOTOH, TUIPOCKOITAYHA
MeTaHoI-d4 -97.7 64.7 3.31 49.0 3.0 ‘ CCACPKMUT MOABUIKHBIA
7 y l B W | B  Bnjeron
3TaHon-d6 -114.1 78.3 3.7; 122 5#.3; 1k 340 | CONEpKMUT NMOABMIKHBIN
P e T . s %" W4 | NPOTOH
Ocnzon-44 55 80.1 716 128.0 1.5 ‘ BA3KHH, H3MCHSICT
L] B ¥ AP ¥ XHUMHHUCCKHC CABHUI'H
ykcycHas kucnoia-a4 | 16.7 1179 | 11.53:2.03 | 178.4; 20.0 2.2 |
TONYOI-dS -94 9 110.6 709:7:00s | 1371.5;:1289; 3.4 M3MEHSCT XUMHUYECKUE
6.98;2.09 | 128.0; 125.2; CABHUIH
20.4
verwicmxiopui-d? | 970 | 400 | 532 | 538 | 30 |
ALETOHUTPUII-d3 -44 .0 81.6 1.95 118:2:1.3 2.2 |
__ tetparuapodypas-d4 | -66.0 | 66.0 | 3.58,1.73 | 67.4;25.2 225 |
LMKIOreKCaH-d /2 6.6 | 80.7 1.38 26.4 113 | B
aumetunpopmamua-d7 | -604 | 153.0 8.01;2.91 167:7:35.2 195 | BA3KHH




OcHoBHbIE 00J1aCTH npUMeHeHNs crekTpockonnu AMP

1. IMP B opranuveckoii Xumuu
NpenTudpukanus opranndecKux coeinHeHHii
OnpeneneHue MOJIEKYJIAPHOI CTPYKTYPbI.
AHaJu3 CJI0KHBIX CMecCeii.
HccaenoBanue MmexaHU3MOB peaKIHii .

2. buo-AMP

OnpeaenecHUe reoOMETPUH MOJICKYJIT OSIIKOB M cyOCTpaT-(pepMEHTHBIX
KOMIUIEKCOB B PacTBOpPax.

AMP-tomorpadus, SAMP 1n vivo, uccieioBaHHE OHOIOTHUYSCKHX
KHUJIKOCTCH.

3. Texnuveckue npuaoxkenusa AMP
SAMP-tomorpadus B MaTepUATIOBEACHHH.
SAMP-kapoTak u reopU3HUESCKHE IPUMESHEHHS (THPOCKOTIBI).
CBepXTOUHAasE MarHETOMETPHSIL.



OcHoBHbIe napaMeTpbl ciekTpos SIMP
BbICOKOI'0 pa3pellieHus.

ITapameTp

Nudopmanus

XHMHYeCKHEe CIBHIH, O M.]I,

Tun cTpykTypHOTro ¢gparmMeHTa, OTHOCHTEIbHAS
IEKTPOHHAE HIOTHOCTE,

HNHTEHCHBHOCTD CHIrHAJIA, |

Kourzdecrso sigep JAaHHOTO THIIA B MOJICKYJIe
(KOHUEeHT PaLzEA)

KoEcTaHThI KOCBEAHOIe CIIHH-

CIHMHOBOTO B3anmoneicrrg, J; (')

Tun cTpykTypHOro pparmMeHTa,
CTepeoXHMHS

KOHCTaHTHI IIPIMOTO THITONh-AHUITONBHOTO
B3anMozieiicTBuA, D, (T'm)

(3TOT MapaMETp B FAHHOM KYPCe He pAacCMATHMEaeT CA)

Bpemena pemaxcarmn T, u T,

(3TOT AP AMETD B AAHHOM KYPCE He PaCCMATHME 46T CF)

MeKaTOMHBIE PacCTOIHHU S, BaICHTHBIE H
I BYTPaHHBIE YTIIBI

JIMHaMHYECKHE TTapaMeTPHI ,
TeOMeTPHYECKHE ITapaMeT PhI




OcHoBHbIe mapaMeTpbl crieKTpos A MP
BbICOKOI'0 pa3pelleHus .

KonmuuecTBO CUTHAJIOB = KOIMUECTBO HEIKBUBALCHIMHBIX JACP JaHHOI'O THIIA.

[TonoxkeHne CUTHAIOB (XUMUUECKUN CABUT) = paclpeaelieHue 3NIeKTPOHHO M
IUIOTHOCTH TI0 MOJIEKYJIE.

dopma cUTHATIOB (CIMHOBOE PACIIEIIIEHNE) = TUI U KOJIMUECTBO COCCOHUX STIED,
KOH(pOpMAITMOHHBIE 3 ()EeKTHI.

[Imoma b cUTHANOR (MHTEHCUBHOCTD )= KOIMUYECTRBO MAaTHUTHO 2K6U 8ATLCHINHBIX
4aep, AaBIINX CUTHA
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3KpaHI/IpOBaHI/Ie H JC3IOKPAHHPOBAHHNEC MAaI'HUTHLIX SCP
IICKTPOHAMH B MOJICKY/J/IAX. XUMHYeCKNH CABHI.

Induced magnetic field

External
magnetic
field

Circulating
electrons
of o bond

\

- T D
- ~‘~

Bo BHelIHEM MAarHUTHOM IIOJIE ABUKY IHECH
BIIEKTPOHBI TTOPOKIAROT JIOKaJIbHBLE
MarHUTHBIE IO (TIpaBwWiio JIeHIa ), KOTOphIe
MOTYT 3KpPaHHUPOBaTh WM JE€33KpaHUpPOBaTh
anpa

G - KOHCTaKTa SKpaHHPOBaHUSL

H.p: = Ho — Hyon = (Ho — OHg) =

H{1 - 0)
JUTA IIPOTOHOB © == 106 — 107

Bemmuuna G ompexendaerca AIEKTPOHHONM
IUIOTHOCTBIO OKOJIO 47pa M paclpedeIeHueM
BIIEKTPOHHOM  IUIOTHOCTH B COCEJHUX
CTPYKTYpHBIX  ¢parmeHTax. [lockombky
3HAUEHWUSA  BJIEKTPOHHOM  IUIOTHOCTH B
Pa3IMYHBIX YacTAX MOJEKYIILI pasHble, A1pa
OJIHOTO THWIIA, HAXOMAIHUECd B XUMHUYECKU
HESKBHBAJIEHTHBIX TIOJIOKEHUSAX B MOJIEKYJIIE
JTAFOT Pas3IMYHbIE CUTHAJIEL

TO 4BJIEHHE Ha3bIBaeTCA
XHMHYEeCKHIH C/IBHI.



DOKpaHUPOBAHUE U Jie33KpaHupoBaHue sjep PC B

STHJIOBOM CIIMPTC. PaccmarprpaeTces BAHAHHE MONOKUTEIHHOTO H OTPHIIATEIEHOTO
HHAYTHBHBIX ¢ dekToB Ha > hekTHBHOE MarHUTHOE IToJIe B o0macTH gaep 13C.

External
magnetic
field

Hacl:)d) = Ho - Hp,on

Externa:
magnetic
field

BHelWIHee
none
ocnabneHo
He3HauYnTer nNbHOo

ONEKTPOHHER NNOTHOCTE NOHIDKEHA,

0fnacTe Le33KpaHNPOBAHKA,
—— €3 )HBHCIIAA Y8CTOTA NOBLILEHE,
uurtian B honee cnabowm none

e N

~ B iCls7iiua

L/ —— TN
~%18,2m.0.

INEKTPOHHAS MNOTHOCTE NOBBILLEHE, H
obnactb SKPaHUpOBaHKUA,

PE30HaHCHAA YacToTa NOHKEeHa,

curian & Gonee cUNbHOKM None.

|

MaTrHuTHO®® JIOJe

J_. 1 Spin sate

My LA tia =
o Spin state
By = 7.04 tesls

(a) () le)



M3Mepenne moJioskeHHUsi CHTHAJIOB B cniekTpax JAMP.
Yo Takoe MUJ/VINOHHBIE 0JIH ?
[louemy xumuueckue cosueu USMeEpPAOm 6 MULIUOHHLIX OOAX (M.O. Wil ppm)

Brympennee smanoruposarue.

C yuetom skpaHupoBadud vy =Hy(1 - 6), B
CIIEKTPaxX OJHOTO M TOTO € COENWHEHW,
3allMCAaHHBIX Ha Ipudopax ¢ pasHBIMU
HallpSDKEHHOCTAMU  monell  marHutoB  H
3HAUEHUA PE30HAHCHBIX YacTOT JIMHUM OyIyT

pPazHBIMI. Takue CIEKTPHl  TPYIHO
CpaBHUBaTb. lIpeofoneTb 3Ty TPYAHOCTH
MO3KHO, SCIIM  Pa3fenuTh  3HAUCHI

PE30HAHCHBIX WacTOT Ha pabouyic YacToTy
mpubopa. Jng yaodcTra nepen U3MEpeHUEM
criekTpa B o0pasen Ao0aBAtOT HEOOILINOE
KOIIMUECTBO HTAJIOHHOTO coeauHeHud. J[ng
cuektpoB  AMP-TH wu  AMP-13C  »3T10
TeTpaMeTHICHJIAH (TMC, Si(CH,),).
CoenuHeHNe YCTONUMBO, MHEPTHO
XUMUUECKHU, JA€T CUIIbHBIM U Y3KUM CUTHAT
(12 »SKBMBaJIEHTHBIX IIPOTOHOB) Ha Kparo
cIiekTpa, jgerko yaangercsa ( T.xum. 270 C ).
(Ha puc. paGouas yactota npudopa 60 MI'm)

500.0 Hz

433.0 Hz

300.C Hz '

craHpapT

! T
7 6 5 A 3 2 1 03

—

VvV —
e il [ 0 )




M3MepeHne XUMMHUISCKOTO CBUTA.

*CTeneHb S‘KpaHI/IpOBaHI/IFI 3aBHCHT OT BHGKTpOHHOH ITIOTHOCTH BOKPYI' aToMa =

SHAUCHHC pCSOHaHCHOI/I HAaCTOTBI KOHKPCTHOI'O sAfipa 3aBHCHUT OT MOHGE}ZJEQHOI/I
CTPYVK bI.

* XMMHWUECKUWU CIBUL 8 — OCHOBHAaA XAPaKTCPHUCTHKA aTOMa (I‘p}’l’[l’[bl 9KB. aTOMOB),

BXOJAIMX B COCTaB MOJEKYIBI, MOpEACTaBIgiomag cobolf  pasHOCTL — MEXIY
PE30HAHCHBLIMU YacTOTaMU AJpa U CTaHAapTa:

V 5 N .
5 — eL[ - 1C’ ./Vc.d
PAO0HAe  HaCTNOMA

*Curdan 'H B CHROCH; orcrout ot cur"anma TMC ma 228 I'y ipu Hy = 1,41 Tec u

Vpabouas — 00 MI'1[. Torgma:
228—0
5 (228-0)
60-10

10°m.0. = 3,8Mm.0.



CHCKTp ITPOTOHHOI'O MAI'HUTHOI'O PC30HAHCA II-KCHUJIOJIA.

(HHTepBaJI XHMHYECKHX CABHIOB B criekrpockornun |1H 0-20 m.a.)

= 100000 700100000000 x106 _ 00 _ 7.0 w.n.
100000000 100
6H
(@)
100000700 Iy, @ F
4H CH3
b H H (b)
(b) 7
W S 100MIy
i i T ®E Y Hg) 5 1000000007
‘ I;ll() CH, T
| o @ ™S
J l s |
.
8 7 6 5 4 3 2 1 0
8y (ppm)

Bricora CTYIICHCK HHTCTPAJIbHBIX KPHBBIX ITPOITOPIIHOHAIIbHA YHCITY ITPOTOHOB JaHHOT'O THIIA.



BnusHue pabo4yen YacToTbl Npubopa Ha paspelleHUe CUrHanoB B CMeKTpax.
Criekmpbi SAMP 1H du(xriopamursiosoao) aghupa e CDCI,, 3apeaucmpuposaHHbie Ha

npubopax ¢ paboyumu yacmomamu 60 (a), 300 (6), 600 My (s).

CI-CHz-CH2-O-CH2-CH2-Cl

paboyas vacrota 60 My / oo /\
a e~ K \ =G
pabouasn yacrota 300 My ’ ‘ i

| L)
a P ) Jg_____, L UL

-Q-Ch2- | l -CH2-Cl
paboyas yacrota 600 My bU UU Alv=12
: J L L
| | e 2l IR LS| L | ¥ ZARET o AR Voar O
395 390 385 380 375 370 365 360 355 3.50

Ha =z2¢toTe 600 MI't cliekTp COCTOHT H3 IBYX IpO-
CTBIX TPHMIETOB nepsoro nopaxka. Ha wacrore 300 Ml
OPOHCXOIHT HEKOTOPOE BOSMYINEHHE COEKTPa. H B HeM
MOSEIAETCA HECKOIBED CA0bIX JOMOIHHTENbHEIX JIHHHH.
Ha =macrore 60 MI'nm cHrEamZn ¢ OYEBHIHOCTBIO Iepe-
KPHIBAIOTCH, H MOSBAMIOTCH JONONHHTEIbHBIE THHHH.
(CoBMemeHHe pacTAHYTHIX MYILTHIIETOB BOSMOXKHO
IOTOMY. 9TO BC BCEX CIEKTPax HCIOOIb30BATAch §-IIKata.)
Otaomenne Av/J cocraBazer 12 npm 600 MI'm (Gec-
CIOOPHO, CHeKTp mepsoro mopazka). 6 mpr 300 MI'n
(eme merxo pacmo3sHaeTCHA CHEKTP NepBOro MOpAIKa,
ecaH mpeHeGpeush NOMOJHHTEILHBIMH pPacilenIeHH:-
mH). Ha gactore 60 MI'nm mepexpuBaEHe MyIbTHILIE-
TOE H NOABIEHHE IONOIHHTeNbHEIX THHHEH OMHCHBAETCA
KAK BOSMYINEHHA «0oXee BHICOKOro» (MeM MmepBhIH) mo-
PAIKA



Crrextp AMP *C sTanona.

(I/IHTepBaJI XHMHYECKHX CABHTOB B criekTpockonuy 13C 0-220 m.a.)
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Mar"auTHast SKBUBAJICHTHOCTD AOCP.

Ot PSR als L34
Ao 2 A “';\~ e N Fapa XUMUYECKH
E e Pl " e T R | 3KBUBaSIeHTHbI, ECMN OHU
\ | bl 4 3aHWMaIOT B MOMeKynax

o ; : OAMHaKGBbIE CTPYKTYPHbIE
i | | nonoeHus. Takue siapa MMeIoT
OZMHaKCBbie XUMUIECKUE CABUIN.

OaHaKko Takue sapa MarHUTHO
He3KBUBAaNEHTHbI, ecnu

. | KOHCTaHTbI CMTIMH-CNUHOBOIO

| B3aUMOAEUCTBUSA Y HUX C NIOObLIM

16 : : |

-
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CUCTEME Pa3IMTUYHbI.

CnekTp 3C rekcaHANOBOW KUCNOTbI



BivstHHUE 3IEKTPOOTPULIATEIFHOCTH 3aMECTUTENS HA XUMHUYECKUMA CJIBUT
curHaioB 1potoHoB B CH,Hal. MuaykTuBHEIN 3(pEeKT raioreHoB.
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XUMHAYECCKUE CABHUIHY CUTHAJIOB PA3JIMYHLBIX IIPOTOHOB B CIICKTPAX
ﬂpOTOHHOFO MArduTHOI'O PC30HAHCA.

H2

C|3C\ C|\ /Cl HsC HZ?/C\CI:H2 ?Hs
H,C=O /C:C\ H3C-NO :S:O HzC\C/CHz H3C-§I-CH3
H H HaC Hz CH3
.
H H
H C N | 0 HzC CHy
e ol B vy ol Wl S S S
H 2 \O/ 2 3 CH:; [ 1
H. & | | LU 3=
& 19555 | = -13ma
- 184 | 5
13 1¢ 9 8 7 o6 S ¢ & 2 1 0 =1 =2

MWUININTMOHHBIE 401N

Boabmoii XVMWYeCKHIT COABHT Manwii

Caaboe Ilone Cunvroe

Boicoxas YacTtoTa Husraa
He3dkpanupoBaHde | 3SKpaHHpOBaHUeE Irpanuposaniie




Jluarpamma xumudeckux c¢uros SSIMP-13C B opranmueckux

COC/IMHCHIIX.
A1O0CCUOBI amuos APOMAMNRa.y UK TOWIKANbI
) d—l otedhunse —
. KUCOMBI H CJIOMCHbIC | " l
kenownu - wpupu "“l_".'lg uuenu(:leuu L H-QIKAN b
* o T « )
CHSCO0H
CHCHO “73 HCON (CHs),, CCly CHCl3  CH2Cl, CHaCH,Cl CHs Ot CHaBr |CH.
' Il 1 | | [ | .
* > * * CH,CN
(CH3),CO « CH Elf ?HsCOOCHs CiH;CN (CH),0 CHsGH {CH3),C0 CHaCHx | 2 Sn(CH3)4
3 % 5
S e |7 |enen o
1 C?" CHsl‘l:HzNDz ? CHslNHz ((|2H3)4 Pb
-~ ..- 73 %._ ~ ' < (g) * >
Cs, o s t.r,ihs CCl, CHCl, | CHZCINZDMSO (CH,),C0  Si(CH,),
lfﬁz?..’ 25,5 960 77,2 | 674 540|405 3
|
225 200 775 150 2% 100 75 50 25 0 -25
S, m.0. omr TMC
Boabmoii XynpIeCcKHI CIBUT Manwiit
Cuaadoe Ilone CunvHoe
Bobicokas YactoTa Huskas
He3dkpaHupoBaHue | DOKpaHHPOBAHHE Dxpanuposariie




BQQQQGKTBI SKPAHHUPOBAHWA W JIC3OKPDAHUPOBAHWA B APDOMATHUUCCKMX

COC CHIMAX
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DaxTopel, ONPEACTAIONTNC XUMUICCKUE CABUTH
CUTHaJIOB B crickTpax JAMP.

1. DneKTpOHHAs MIIOTHOCTh HA U3MEPSICMOM SIPE.

2. BmusiHue MarHUTHBIX ITOJICH, BO3ZHHUKAOLIUX 34
CUCT COCCAHUX AHM3OTPOIHEIX TIPyInl. HawnComee
APKO OHO MPOABAACTCA B CrieKTpockoruu JAMP-1H
(9(hBEKTE «KOMBIIEGBOTO TOKA» B apOMAaTHYCCKHUX
COCTTHCHUSIX ).

3. O0pa3zoBanHue BOJOPOTHBIX CBsI3CH 5|

KOOPAWHAITMOHHBIX CBS3CH, B TOM 4HCIC 3(P(PEKTHI
COIbBATALINN.



Ma2HuUmHoO 3KeueasieHmMHbie s0pa

MaerHumHO 3sKeueaneHmMHbLIMU Mbl Ha3blBaeM TaKue
aapa, KoTopble UMEIOT O4HY U TY Xe pe30HaHCHY YacToTy
M obuee Ana BCeX XapaKTepUCTudeckoe 3HaYeHue
KOHCTaHTbl CMUWH-CMUHOBOrO B2aXMOAEUCTBUA € slpaMu
nwbon  cocegHen rpynnbl. Aapa € O4UHAKOBOW
PEe30HaHCHOW YaCTOTOWN Ha3blBalOT U30XPOHHbBIMU. YacTo
OHU U XUMUYECKA 3KBUBAIIEHTHbI, T.€. UMEKT OAUHaKOBOE
XUMUYeCcKoe OKpYyXeHue. OaHako XUMUYECKU
OKBUBaANEHTHble SAapa He o0b6s3amesnibHO ABNAKTCSH
MarHUTHO SKBMBaNEHTHbLIMW.



KoHcmaHma cnuH-cnuHo8020 a83aumodoelicmeaus

CnuH-cNUHOBOE B3aUMOAEUCTBUE BO3HUKAET 3a CUYET MarHUTHOIO

B3aUMOJENCTBUA MeXIY OTAENbHbIMU NPOTOHAMU, KOTOPOE NepeaacTcs
Yyepes CMMHOBbIE COCTOAHUA SNEKTPOHOB XUMUMECKUX CBA3E, KOCBEHHO
COeNHAOLLMNX 3T NPOTOHDI.

cniektp SIMP 'H atunosoro crupta, [00MIy
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KOHCTaHTbl KOCBEHHOro CUMH-CNUHOBOIO
B3aumMoaencTBus "ny

BenunyuHel J 3aBUCAT OT :

L4

lMpupodsbi e3aumodeticmeayroujtix sidep

Yucna u xapakmepa pasdensarowjux amu ssdpa xumudecKux cessetl.
Cmepeoxumuu ecell yernoyku, rno Kkomopot nepedaemcsi e3aumodeticmeaue.
AneKmpoHHbIX ceolicme 3amecmumenetl e Monexkyne.

Ha Hux maioke oKa3biearom 3aMemHoe ejlusiHue cojlbeamatljucHHbie
ahpekmebi.

1Jcq — KOHCTaHTa Yepes 1 CBsI3k (NpaMad) Mexay aapamu C u H.
3Jyy — KOHCTaHTa Yepes 3 ¢BssUu (BULMHaNbHadA) Mexay agpamMu H u H.
2Jpc — KOHCTaHTa Yepes 2 ¢cBA3U (reMUHanbHaaA) Mexay aapamu P u C.

KOHCTaHTbI J MOTyT ObITb MONOXUTESIbHBIMU U oTpuuaTeribHbiMU. KOHCTaHTbI Yepes
HeYvYeTHOe YUCIO CBHSQﬁ, B CBOEM DOJIbLUMHCTBE, NONOXUTENbHbI.

KOHCTaHTbI 4Yepes3 YeTHoe YUCNO cBA3en MOryT UMETb nOOoN 3HaK.
Bua cnekTpoB NepBoro nopaaka He 3aBUCUT OT 3HaKa J.



CIMH-CIIMHOBOE B3aUMOJCUCTBUE ANCP U CT0 IIPOABIICHUC

H,
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B criekTpax 1 IMP (Ha mmpocTednmx mpumMepax).
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CIIMH-CITMHOBOE B3aUMOJIEUCTBUE SAJIEP U €0 IIPOSBIICHUE
B criekrpax 1 IMP. (MeTuiieHOBBIE IIPOTOHBI MATHUTHO SKBUBAJICHTHBHI ).
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CnnH-cNMHOBOE B3aUMOAEUCTBME a4ep U ero NposBreHne
B cnektpe [MMP 1,1,2-TpuxnopaTaHa.
VinmeeparnbHbie UHmeHcusHocmu.
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Mpaeuno (n+1) aAna NPOTOHOB B CMNeKTpax NepBoro nopsaka.
Yncno KOMNOHEHT MynbTUNNeTa:
2ni+1, n—4ncno aToMoB, C KOTOPbIMU NMPOUCXOAUT B3aUMOAEUCTBUE,
| — CNMMHOBOE KBAHTOBOE YMCIIO.
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CnexTtpsbl neporo nopsiaka: Av/J > 6

" 1. Pacmiennenue curHajga JaHHOTO

W
vAO>>J ” cnekTp AX IPOTOHA TPOHUCXOJAUT Ha COCEHHHUX
e o POTOHAX, YHCJIIO KOMITOHEHT
vAd>J || || cnektp AM MYJIBTHIUIETOR paBHO ntl, rae n —
o 1o YHCIIO  COCEJTHUX  3BKBHBAJEHTHO
B3aMMOJCUCTEVIOINYX MPOTOHOB, Ha
vAd=] .‘ ‘I ___ cnekrp AB KOTOPBIX MPOUCKOJUT pacIleIICHUE.
Wy 2. OTHOCHTCIIbHbIE HHTCHCUBHOCTH
u JMHHH B MYJbTHIUIETE ONPEACIISEOTCS
vAd<J dlo cnektp AB M3 TpEyrojbHuKa lacka:
2H 1 CHUHIJIET
1 1 Tyonet
vAd=0 | cnekTp Ay S | TPUILIIET

1 >+ 3 1 KBaPYILIET
PasnuyHbIe TUMNbI ABYXCMUHOBbIX CUCTEM

1 4 6 4 1 KBUHTET



B cooTBeTCcTBUM C NpaBuUriaMmm NepBoOro nopsiaka
YMCIIO KOMMOHEHT MyFLTUNSeTa:
2ni+1,

roe n-—dYnmCcno 3KkBUBAJNIeHTHbBIX aTOMOB, Ha KOTOPbIX MPOUCXOAUT
/ — cnnHoBoe Ynucno AAep 3TUX atrOMOB.

pacllenrieHue,
cx—z—z é —cl 17
oo "J _— 1 CD(JPH3
N A 2nl+1=73
| I’il ™S
A T S Y S - | , :
Onsa npoTtoHoB 1 Aaep 13C Sl} 6[} M.IO.
1=1/2.

Yucno KOMNOHEHT MYyNbTUNNETOB B 3TUX CryJyasax
n+1.



NMopaBneHue CNUH-CNIMHOBOIO B3aUMOAeUCTBUA obneryaeT aHanus
CNOXHbIX CMNEeKTPOB.

Cnektpbl AMP '3C xonectepuHa B CDCl, Ha uacTtoTte 150.9 MIy
6e3 nopaeneHmAa (@) N € NOAHLIM NogaeneHmnem (6) CNUH-CNUHOBOIO
B3aMMOOencTBMA C NpOoTOHamMm

CH
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140 130 120 110 100 9 8 70 60 50 40 30 20 10 m.a.



KoHcTaHTaKOHCTaHTa COWH-CNMHOBOIO  B3aumoaencTBusiKoHcTaHTa  CNUH-
CNWMHOBOIO  B3aMMOAEWNCTBMA  OMUCbLIBAET  CMMHOBYK  CBA3b  [JAHHOro
npoToHaKoHCTaHTa CAWH-CMMHOBOINO B3aMMOLEWUCTBUS OMNUCbIBAET CNNHOBYIO
CBA3b OaHHOro npoToHa C ApyrMMu AOpoToHamMuKoHCTaHTa ChWH-CMMHOBOIO
B3aMMOLENCTBUNA ONUCbIBAET CMMHOBYK CBA3b AAHHOroO MpoToHa C ApYrumu
NPOTOHAMMN B TOW Xe MorsiekyreKoHcTaHTa CnUH-CNMHOBOIMO B3aMMOOEWNCTBUS
ONMUCLIBAET CMMHOBYHO CBSA3b OAAHHOIO NMPOTOHA C APYrMMU MPOTOHAMM B TOM Xe
Monekyrne. 3TO B3aMMOLEWCTBME OCYLIECTBMAAETCA TOMbKO MO  Lenu
KOBaNEeHTHbIX cBsA3enKoHCcTaHTa CNMH-CMMHOBOIO B3aMOOENCTBUS ONUCbIBaAET

CTVMHOBNIO, BB H%‘i'&%ﬁﬁﬁ&’éﬂhﬁ REEE AU BRT AN gé’?héﬁg%?ﬂﬁ%y”e-

JT0 &?&W&&@M&F%ﬂgﬁﬁg Eg]éBﬂﬂeTCﬂ TOSMBbKO MO UEenn KOBAJIEHTHbLIX CBA3EN
M noaTomyv %bIC DO 'ocrnabeBaeT C VBENnMYeHMeM DaACCTOAHUA MeXxay
B3al Uncao Haspanue CuamBoa IIpumepsr KCCB
Qpo | PasAemaromux
e CBA3CH 3 (B
rpyr 1 IIpamas & “Jen, "Jap, "Ik TP orMi
1% 2 ['emMuHanBHAA jJ_\-_f JJ(-H, JJHH, BJ("ps.. eTpunA
COO n 3 ; 3 3

3 BunurateHaa Jxy Jum, “Jcw, “JyE..

>3 Tatpras "Tay “Jun, *Jam, “JHF.

OKBMBANEHTHOCTb ABYX NPOTOHOB B rpynne CH2 B anudarnyeckon Luenn ncyesaer,
€CIn 3TV NPOTOHbI duacmepeomornHbl. ATO SIBIEHME BO3HMKAET Toraa, Koraa B
MOJIEKYINE NOABMIAETCA XMparnbHbIN LEHTP.



BuunHanbHble KOHCTAHTbI CMNUH-CNMHOBOIO B3anmoaencTens Yepes 3 caa3v 3JHH,
6e3ycnoBHO, ABNATCA caMbiMi BaxkHbIMWU KCCB, KoTopble ncnosnb3ytoTca npu
peLLleHnnN CTPYKTYPHbIX 3a4a4y B opraHn4eckon xummn. OHM Takke NposiBnsaoT
OTYETINBO BbIPaXXEHHYI0 3aBUCUMOCTb OT HECKOSMbLKUX CTPYKTYPHbIX NapamMeTpoB,
HO Camasd BaXHasl N3 3TUX 3aBUCUMOCTEN — CBSA3b C BENUYMHON OBYrpaHHOro yrra
H-C-C-H B monekyne (yron @), kotopasi co3gaeT OCHOBY Ans onpeaeneHns
CTEpPeOXuMun. 3Ta 3aBUCUMOCTb NpeacTaBreHa Ha puc. TeopeTndeckn oHa beina
npeackasaHa Kapnsycom, a no3ToMy 4acTo 3Ty KPUBYHO, KOTOPada onvcbiBaeTcd
ypaBHeHneM (4.2), Ha3biBatoT Kaprisiycoeckou Kpueou.

NoYTK BCerga cnpaBeanueo crieqytollee
rpyboe npasuno: Ecnun gnagpanbHbIv yron
npmbnumxaetcs Kk 0 ° nnn 180 ° |, To KCCB —
«bonbluas», T.e. COCTaBMAET OKOMNO
8-10I'wy; ecnn atoT yron 6nm3ok Kk 90 °, TO
KCCB 6nuska k 0, ecrnu xe (1 3TO BECbMa
pacrnpoCTpaHeHHbIN crny4van B peanbHbIX
CTPYKTYypax) aT1oT yron 6nm3ok k 60 ° , To
0 20 w0 so s 100 120 uo wo e KCCB 6blBaeT «manas», T.e. nopaaka 1-3
® s [y,

. 3
Puc.4.3. 3aBucamocts ~J gy 0T aByrparHOro yriaa 6.

3Tyg=A + B cos® + C cos2® 4.2)



