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An Introduction
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NPEANCIIOBHUE MEPEBOAYMKOB

SiBneHHe AMePHOrO MarHHTHOrO pesoHanca (SIMP), oTkpuToe
B 1945 r. ®. Baoxom u 3. [lepcensom, ubiHe Jaypeatamn HoGe-
JIeBCKOH [IPEMHH, JIeTJI0 B OCHOBY CO3JaHHSi HOBOI'O BHAZ CHEeKTPO-
CKONHH, KOTOPHIH B OYeHb KOPOTKHH CPOK NPEBPATHJICS B OAHH H3
CaMblX HH(GODMATHBHBLIX MeETOJOB HCCJIENOBAHHS MOJIEKYJsIPHOH
CTPYKTYPH H AHHAMHKH MOJIEKYJ, MeXMOJIEKYJISIPHBIX B3aHMOJEH-
CTBHH, MEXaHH3MOB XHMHYECKHX peakuufi U KOJHYECTBEHHOTO aHa-
JHM3a BelleCTB B PasJjIMYHBIX arperaTHeIX COCTOsHHUAX. Hauunas
¢ 1953 r., xorga OblIH BHINYLIEHH MNepBHe cneKTpoMmerpnl SIMP,
texunka YIMP HelipephiBHO coBeplueHcTByeTCd, JNaBuHOOOpPa3HO Ha-
pacraer IOTOK HCC/AeN0BAaHHH, BO3HHKAIOT HOBhIE H PAaCHIHDSIOTCH
TPalHUHOHHBE 06,1aCTH NMpHMeHeHHss B XHMHH, (H3HKe, GHOJIOTHH
H MeldlHHe. B COOTBeTCTBHH € 3TUM GOLICTPO pacliMpsercs Kpyr
cnennaJucToB, aKTHBHO CTPeMAIIUXCA OBJAadeTb 3THM MeTO/JOM.

HckmounTenbrass poab Merofa SIMP B XHMHYECKHX HCCJIENO-
BaHHAX omnpeje/seTcss TeM, UTO OH OKa3hiBaeTCsi MOJEe3HbIM, a 4a-
CTO He3aMEHHMbIM HCTOUHHKOM HH(ODMaUHH Ha BceX CTajHAX HC-
CNel0BAaHUA — OT H3YUEHUS COCTAaBA CJOXHBIX PEAaKLUHOHHHIX CMe-
Ceil 110 yCTaHOBJEHHS] CTPOEHHSI U NHHAMHYECKHX XapPaKTePHCTHK
CIOXKHHIX COeJHHeHHH, pacnpefeneHdst 3JeKTPOHHOH IJOTHOCTH
B HHX W MeXMOJEKY/JISAPHbBIX B3aHMOAeHCTBHA.

CoBpeMeHHbIii 06pa30BaHHBI XHMHK, B Kakofi 6b 06JacTH OH
HU paboraJ, ROJKeH MNOJAYYHTL AOCTATOUHO OoJblIOR 00beM 3Ha-
HUd O sjepHOM MarHuTHOM pe3onafce, [loaToMy nporpamma Bcex
BeIylMX By30B XHMHYECKOT0 NpoQuas 00653aTeJbHO BKJIOYAET
JeKIHOHHBIE KYPChl Pa3JHYHOro ypoBHs MO cheKkTpockonuu SIMP.
Baxknyio posb B OBNajeHHH MeTONOM HrpaioT YueOHHKH # yueGHble
Noco6us, noTpeGHOCTE B KOTOPHIX HENPepPbIBHO PACTET.

KHura wusBectHoro cremuanucta B O0GJACTH CIEKTPOCKOIHH
pog. X. l'ontepa (®PT) «BBeneuue B Kypc crnekrpockonuu SSMP»
6bina mnepsbie ony6iMKOBaHA Ha HeMeUKOM si3bike B 1973 r.* u
CPady npuobpesa INHPOKYK H3BECTHOCTh CPeIM CHEUHaJaHCTOB.

1980 r. BbiLIes aHTAHACKHA MepeBOA STOH KHHTH.

\_—
* Ginther H. NMR-Spectroskopie, Gearg Thieme Verlag, Stuttgart, 1973,
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Kuura npo®. X. ['onTepa OueHb yAayHO COUETAET JIOCTYITHOCTh
H3JIOKEHHs] ¢ IOJNHOTOH H CTPOTOCTBIO. ABTOp TOYTH Be3le ONy-
cKaeT MaTeMaTHUeCKHe BHIK/IAJKH, HO TNpH STOM CTPEMHTCS CO-
XpaHuTb (U3MYECKHH CMBICT MPUHIHIOB H METOJMYeCKHX [PHEMOB.
Kuura HachbillleHa GOJBIIHM KOJHYECTEOM HJTIOCTpalui, HarjasaiHo
W KOHKPETHO NOKa3blBaiolluX MpaKTHIECKHE BO3MOXKHOCTH CIEKTPO-
ckonud JIMP.

Vemex KHHTH CYyUIeCTBEHHO OIIpejessieTcs ee obuiell CTPYKTY-
poit. OHa KaK Gr COCTOMT M3 TPeX YpPOBHeH. Huxuuil, «obuieo-
CTYNHHIA» YPOBEHb, npefHasHauenHB# 1JA XMMHKOB BCEX npodHu-
jeft, BKJAOUAeT I [—IV. OH maeT BO3MOMHOCTb OCBOHMTH CIEKTPO-
CKOMHMIO MPOTOHHOIO MAarHHTHOrO pesoHaHca, no-npexHeMy HaH-
Gonee MOMyJSIPHBIH BHJ CIEKTPOCKOIHH AMP, a Takxke HayYHTbCH
MCIIOJb30BATh 3TOT METOA NMpH HeCJIOXKHOH (XOTS H HeNoJHOH) 00-
pa6oTke CNeKTPOB s pelUeRHs] 3ajlay IO YCTAHOBJEHHIO CTPYK-
TYpH OpraHUYeCKHX MOJEKyJ. Bropoit, GoJee BHICOKHH YypOBEHD,
srmiouatomuii ra. V, VI, VIII u X, npeinasHatuex A KeJAMUX
yray6uTh CBOH 3HAHHS CHEKTPOCKOIHH SAMP u HCHOJb30BaTh €€
KaK OCHOBHOH MeTOJl CTPYKTYypHOrO aHajusa B cBoeil pabote. DTOT
ypOBeHb I03BOJIsIET OCBOHTH TEXHHKY aHaju3a CIEKTPOB BBICOKOTO
paspelleHHs, a TaKxe aHa/lHu3a 30} eKToB, CBA3aHHBIX C CHMMET-
pHeli M XHPaJbHOCTbIO MOJEKYJL. Kpome Toro, Ha 3TOM YypOBHE
MPOUCXOMUT 3HAKOMCTBO CO CNeKTpOCKOMH el JdMP na sagpax '3C
u 19F. Hakonen, TpeTuil, cambli pricokult, yposerp (ra. VII, 1X)
npeaHasHaueH i XHAMHKOB, CrelMaJu3HpyIOIHXCst B 06JacTH
cnextpockonuu SIMP. DTOT ypOBeHBb MpeAnonaraer OCBOEHHE 60-
Jee TOHKMX (DH3HUECKHX HJeH, 3aJOXKeHHBIX B SMP-3KCciepHMEHTE,
Y BBITEKAIOMMX M3 3THX HJEeH HEKOTOPBIX HOBeHIlIHX MEeTOAHK H
obsacTell MPUJIOXKEHHs CIIEKTPOCKOTIHH AMP.

Tlocqennne AOCTHIKEHHsl CHEKTPOCKONHUH IMP cBsizaHBb C BHEl-
peHHEeM B MPAKTHKY HMITYJbCHBIX MeTOJOB pEerucTpailiu H HIHPO-
KAM NpUMEHEeHMeM MHHH- H MuKpo-9BM, obecneunBalOUHX peru-
CTpAIHIO CMEKTPOB, 06pabOTKy U HaCTHUHYIO pacuHpoBKy, a Tak-
e MO3BOJSIOUIAX OCYLIECTBHTb UACTHUHYIO HJH MOJHYIO aBTOMa-
TH3AUMIO TMPOBEIEHHS CJONKHBIX IKCMEPHMEHTOB. ATo NO3BOJMJIO B
COTHM H THICSUM pa3 MOBbICHTb 3D(PEKTUBHYIO YyBCTBUTEJNBHOCTD
CIIEKTPOMETPOB, OTKPHIIO BO3MOXHOCTH pEerHCTPHPOBATH CTEKTPbE

TSKEJNBIX H DPeIKHX f/1ep, HMEeOlHX MaJble MArHUTHEIE MOMEHTBHI
WIH HH3KOoe TPHPOJHOE CONepKaHHe H, N0 CYIIeCTBY, npeicTaBIsIo-
MHX 5JeMeHTh Bced MepHOANUeCKOd CHCTEMBL. B cBs3W C 3THM
AHTJMHCKOe H3/aHue KHHUTH, KOTOpOe BBIILIO B CBET B 1980 r.,
6LLI0 CYlLleCTBEHHO TIepepaboTaHO H JLOMOJHEHO 2aBTOPOM, 4TO o
GHLIO YUTEHO B PYCCKOM H3JaHHH.

B xojle MepeBoja MpH TOCTOAHHBIX KOHTaKTax C aBTOPOM yla-
JIOCh YCTPaHHTb DAL OKB0OK W HETOUHOCTEH, HMEBUIHXCS B TEKCTe.
Tlo npemoxennio npod. X. TionTepa Ml Takke BENIOIHIH B pyc-
cKuii nepeBoj. 3aHOBO nepepafoTaHHbie pasi. 445 ra IX u3 uo-
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Boro HEMELKOro H3JaHHS ITOH KHHMTH *. B HHX BKJIIOYeHB NPaBHJIa
Orilﬁgﬂ?(ﬂ::;le;%::f}{a aétptpema XUMHUECKOH TosiApH3alHuu sAnep (1pa
B H Oosee MOAPOOHO On 7 -

H
B arenton. p CaHbl CBOHCTBa CJIBHTAIO-
E{Igroorcp;;cc B 06J1aCTH crnekTpockonuu SIMP cToab cTpeMuTeseh
Hnrm OCKOTII)OHEH,NL‘ITO HHKaKHe H3/1a10lHeCs] KHHTH U YUYeOHUKH 10
¢ mm?e ﬂocnu ’S{ P He ycnesaloT B NOJMHOH Mepe OTPa3uTh HO-
ﬁeHMep SMT;f;eHuﬂ B 3TO# o6aacTu. [[OoCTaToOYHO Ha3BaTh, Ha-

TS} ep, Al HTpockonHwo 4 IMP B TBepawix Tenax, ynon;[smy—
T iHEKTpOC?{:r?:}(())Hb;EK/\S TaKXKe IBYMEPHYIO (Pypbe-CNEeKTPOCKOMHUIO

pelKHX sAJep, KOTOphle
), He paccMmatpu-
agfofc;Tc:eggfcz;:g.T(,)I[nﬁ TOro 4To6bl B KAKOH-TO Mepe CKOMnchnpongb
K, MBl COYJH TIOJIE3Hb
IM BKJKUYHTb B KHHT
B
gsgiaﬁzgénuorpaqmﬂ» CIIHCOK [IOTIOJIHUTENbHOH JUTEpPaTyphl yco_

(1978—-1982K)ng H 0630pH, ONy6JHKOBAHHEE B IOCHELHHE 1"0111,1
e ) Hcsﬂau C STHM BBIPaXKaeM MPH3HATENBHOCTH

. . Hayk H. II. CepreeBoii, npuHuMaBinei yuactue B

roTOBKe 3TOTO CITUCKa, o

M
oxam:;cl:la/lr[e(f;e?, YTO MpeljaraeMas BHHMAHHIO UHTaTesed KHHra
HOM KakK JJs CTYIeHTOB
H aclHpaHTOB, I -
rmamomHux K udyyeHuio SIMP oparench
TaK ¥ JAJS ONBITHHX HC %
KOTOpHe HafAyT B Hed 60 ATHI samh opa.
1 { rateli U yao6u %
ot wame E yao6uo tabynupoBaHHBIH crpa-
[Te
pesoj raas I, II, IV, VIII, X, a takxe pasa. 12 raasw XI ocy-

mwectsaed 0. A. YerTwu
. A IOKOM, OCTaJIbHBle Pa3jeNbl
Hennl H. M. CepreeBhim. PASICIIRI KHHTH Miepepe

H. Cepeees
0. Ycronox

* Ginther H. NMR- i :
besserte Auflage, 1983.R Spectroskopie, Georg Thieme Verlag, Stuttgart, 2. ver-



MPEANCIIOBUE ABTOPA

K aHrnMicKoMy M3paHuio

TTocsie BHIXOJa B CBeT HEMEIKOro H3AaHus 3Toil KHHTH (1973T.)
Mbl CTaJH CBHJAETEJNSIMH OIDOMHBIX H3MEHeHHI B CINEKTPOCKOMHH
SIMP BBHICOKOro paspelieHusl, 0OyC/IOBJIEHHBX BHEJIpEHHEM B Npak-
THKY MeTONHKH Qypbe-npeo6pasosanus (PII). Ha nepsbix cCTa-
JMSX Ka3aJoch, YTO OHA NpejcTaBJser co6ofi He Gosee ueM 0colGyio
SKCIEPHMEHTAMbHYIO METOAHKY, NPHIOJHYIO JHIIb A H3GpaHHBIX
npukaAaaubix 3afad. OfHAaKO oHa OHLICTPO MpeBpaTHjach B caMblfl
MOLLHBIH MeTosi coBpemenHoro $IMP, KOTOpBHIH BO MHOTHX obna-
CTSX 3aMeHHJ TPaJAMUMOHHBIH MeTOJ MEIJEHHOIO MPOXOKACHHS.
B mepBonauajbHoM TekcTe Meron SIMP-OII Obl1 ONMHCAH O4YeHb
KpaTKO, NMOITOMY TeKcT 6bl1 mepepaboTaH M NMPUBEIEH B COOTBET-
CTBHE ¢ HALIHMH CErOJHSIIHHMH TPeGOBaHHSAMH.

Takum 06pa3oM, B aHIJIHHCKOe H3JaHHE BKJIOYEHB OCHOBHEIE

dusnueckue npunuuns IMP-OI1 —B ra. VII, a B ra. IX pano |

ofuiee npeicTaBjeHHe 06 3KCNEPHMEHTAJbHOM €ro achekre. Ycne-
XH, JOCTHTHyTble B O6JACTH YIJIEPOJHOTO MArHHTHOrO pe3oHaHCa
B pesyJbTaTe HCNOJb30OBaHHA MeETOAA ®II, obycnoBHJH TaKKe
nepepabotrky ria. X. Hakonel, B I IX 6bliu Takxke BKJIOYEHB!
KpaTKHe OOLiHe CBelleHHs] O HOBBIX JOCTHXKEHHAX B ob6nactn SIMP
TBepaAbiX Ted M SIMP-HHTpPOCKONHH. MOrjo MOKa3aTbCs KeJaTe/lb-
HHIM BKJIOUeHHe cBeieHHA o SIMP apyrux siiep, Takux, Kak !°N,
29§{ § UM NOAOGHBIX, NOCKOJLKY B IOCJ€IHee BpPeMs HCCICNOBAHHA

B 3THX 06JacTax pa3BHBaIOTCA OYEHD aktHBHO. OJHAKO 3TOTO HEJb- |

351 cleJaTh B KHHI'€ OTPaHHYEHHOTo oGbeMa, HOCslled XapakTep
BBeflenust B SIMP. Ona Jo/XKHA KOHLEHTPHPOBATb BHHMaHHE Ha
Tex siApax, KOTopble HaHGOJee IIHPOKO HCTIOJIL3YIOTCA B HCCJEA0-
panusix SIMP. Eume OfHO H3MeHeHHE IO CPaBHEHHIO C IEPBBIM H3-

JaHHeM COCTOMT B TOM, UTO CHCTeMa (QH3HYeCKHX eIHHHIl CH 6bina

NMPHHATA NOBCEMECTHO B KHHTE.

3a HCKJIOUEHHEM 35THX IJIaBHBIX NepepaboTOK, a TaKXe 60Jib- |

oro uHcJaa 6oJee MeJKHX H3MeHeHHH H no6aBJeHUil, oCTaJbHOH
MaTepHa/J B OCHOBHOM He MeHsica. Kak H HeMELKOe H3/laHHE
1973 r., 3TOT TeKCT NpeJHa3HaueH AJsi MepBOro 3HAKOMCTBA CTy-
JEHTOB-XHMHKOB C METOIOM, a TakKxke MOXeT CJYXHTb KaK DPYyKO-
BOACTBO TIpH Gosiee [eTaJbHOM H3YYEHHH SMP H ero NpHJOXKeHHH
B PA3JHYHBEX 06JaCTAX XHMHH.

Mpeducrosue asropa 9

51 xoTen Obl BbIPa3uTb MOI0 6/1aroJapHOCTb NEPeBOJAYHKY H
u3jfaTeNnio 3a COTPyAHHuecTBO. Buaromapio Takwxke n-pa I. 3uas
u a-pa [. [IMHKIepa 3a MOATOTOBKY HEKOTOPHIX HOBBLIX PHCYHKOB
OcoGeHHYI0 NPH3HATEJNbHOCTb BhIpaxkalo mpodeccopy P. JI. JTux-
repy (Hbio-Mopk) 3a npoutenne ra. VII u npodeccopy 3. ®. duapmo
(HOTTHHI3M), KOTODBHIfi MO3BOJHJ MHe HCIOJb30OBAThL elle He Omy-
OJHMKOBaHHbIEe JaHHbIE, NOJyYeHHHe B ero JaGopatopun. Hako-
getl, fi ¢ OJarofapHOCTbIO OTMEYAl0 HEOLEHHMYIO NOMOILIb T-KH
H. [lTeMMaH npH MOArOTOBKE HOBHIX YacTell PYKONHMCH H NpPOBepKe
KODPEKTYPHL

3ureH, aBryer 1979 r.

K pycckomy umspanmio

Hecomnenno, uto cnekrpockonuss IMP B HacTosmee BpeMs
SIBSETCS OJHUM H3 HanbGoJiee BAXKHbIX (M3UYECKHX METOAOB, HC-
NO/Ib3yeMbIX B OPraHHYeCcKOH XHMHH. XOpollee 3HaHHe OCHOB
cnektpockonud SIMP, a Takxe pasaHuHbIX o6nacTel npHMeHeHus
3TOr0 MeToAa HABJSAETCS MNPEANOCHJKOH IS YCIeMHOH JesTelb-
HOCTH B MPOMBIUIJICHHOCTH M B 006J1aCTH BHICIIEro 06pa3oBaHUs
Hacrosimas Kuura, mepsoe M3afanHe KOTOPOH O6HLIO Xopouio npu-.
HATO, JOJDKHA TNOMOYbL CTYAEHTAM MNOJNYYHTh 3HAHHSA B 5TOH 00-
JacTH. ABTOP C YIOBOJIBCTBHEM BBIPAXKaeT NPH3HATENbHOCTD o-py
B. C. He"rpocimy 3a HHHIHATHUBY, MPOSIBJCHHYIO MPH OPTraHU3alMH
(I€peBOJla 3TOH KHHMIM Ha DYCCKHH 43mlK. [lepeBoa caemnan ¢ we-
NaBHErO AHIVIHACKOrO W3JlaHHsl, H aBTOP NPH3HATENEH XOPOLIO H3-
IEIeCTHbIM CrendaJucTaM B 06aactd  SIMP-cneKTPOCKONHH 1-pam
KH.H?’L Xepreesy u 0. A. YCTHHIOKY 3a TpyA IO NepeBoAy 3TOH

H. ABTOp XOUYeT TOXeJaTb PAJOCTH U YCNEXOB BCeM YHTATEJISAM
PYCCKOTO M3aHUs 3TOH KHHTH IIPH OCBOeHHH MeToda SIMP.

X. T'tourep
3uren, despann 1983 r.




BBEAEHME

CpellH BaXKHBIX CIIEKTPOCKOTHYECKHX METOJ]0B, KOTOpbie XHMHK
HCNOJb3YeT JJIsi YCTAHOBJEHHS CTPYKTYPbl BeIeCTBA, CIEKTPOCKO-
MHsi ePHOTO MAarHUTHOrO pPe30HaHca — MeTOA OTHOCHTEJBHO HO-
spiii. B 1945 r. ABe rpynnsl GpHU3HKOB, pabOTaBIIHX HE3aBHCHMO,—
[Tepcenn, Toppu u [laynx B apBapackoM yHHBepcuTeTe H brox,
Xancen u Ilakkapa B CrandOpACKOM YyHHBepCHTeTe — BIEPBbIE
ycrelHo Haba0anH sBJeHHe SAEePHOTO MAarHMTHOrO pesoHaHca
(IMP) B TBepAHX TeJNaX H XKHJKOCTSX. YXKe yepe3 OyeHb KOpOT-
KHMii TlepMOj BPeMeHH, B Hauaje 50-Xx rofoB, 3TO siBJEHHE 61110
BIepBble TPHMEHEHO st pelleHHs XMMHUecKod 3anaud. C TOro
BpEMEHH 3HaueHHe XHMHUECKHX mpuioxenHil IMP TOCTOSIHHO BO3-
pacTajo u ObUIO ONMyB/IMKOBaHO GecuHCeHHOe KOJNHYECTBO craTel
MO fi/lepHOMY MArHHTHOMY DE30OHAHCY HJIH ero NPHMEHEHHSM BO
Bcex 06J1acTAX XUMHH.

du3HyecKHe OCHOBBLI CINEKTPOCKONHH SII€PHOIO MArHHTHOTO pe-
30HAHCA OINpENeJAITCS MATHMTHBIMM CBOHCTBAMH AaTOMHBIX SJCp.
B3auMomelicTBHe MATHMTHOTO MOMeHTa sipa C BHEWIHHM MAarHuT-
HbIM T0oJeM By NPHBOAHT B COOTBETCTBHH C NpaBHJIaMH KBaHTOBO#H
MeXaHHKH K JAHarpaMMe S/IeDHBIX JHEePreTHUECKHX YDOBHeH, TakK
KAK MATHUTHAS 3HEPTHs siipa MOXeT NMPUHHMATb JWUIb HEKOTOPBIE
JHCKDeTHbie 3HaueHHsi E;— Tak HasbiBaeMble COOCTBeHHble 3HA4E-
Hus. DTAM COGCTBEHHBIM 3HAYEHHSAM SHEPTHH COOTBETCTBYIOT COO-
CcT@eHHble COCTOAHUSA — T€ COCTOSIHHS, B KOTOPBIX TOJNbKO H MOXKET
HAXOMHTbCA 3JeMeHTapHas yacTHna. OHM TakxKe HasblBaloTCsa CTd-
yuonaproimy cocrosrusmy. C IMOMOILbIO BbHICOKOUACTOTHOTO reHe-
paTopa MOKHO BBI3BAaTb ITEPeXOJAbl MEXAY COOGCTBEHHBIMH COCTOSi-
HUSMH Ha JMarpaMme 9HepreTHueckux yposHeil. [lorsolenue
SHEPIuH MOXKHO OGHApYXHTb, YCHJHTb H 3amucaTb Kak CNEKTpalb-
HYIO JIMHHIO, HJIH TaK Ha3blBaeMblil pesoHancHoll cuenans (puc. 1).

STHM CHOCO60M MOKHO MOJYUHTb CHAEKTp COeJHHEHHs, COdep-
Jalllero aTOMBI C HEHYJEBLIMH $i/leDHBIMH MAarHMTHHIME MOMEH-
Tamu. K 4HcJy TaKux aTOMOB OTHOCATCH NMpPOTOH 'H, sapo ¢Topa
19F  ysotonsl asora N u N, a Takxe MHOTHe ApYrHe, MpPeACTaB-
JSIONIHe MHTEpPeC ¢ XAMUYeckoil Touku 3pexus. Ho anpo yraepona
12C crosb BaXKHOE JJIA OPTaHMYECKOH XHMHH, & TaKxke Bce Jpyrue
fAApa C YETHHIM MAacCCOBBIM HHC/JOM H YETHBIM ATOMHLIM HOMepOM
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Puc. 1.
a — o6pa3el, B MAarHHTHOM Bo; — .,
AHCHLIH CHIHA. noite By; 6 — AMarpaMMa 3HepreTHYecKHX yposHedl; & — peso-

He HMEIOT MAarHMTHHIX MoMeHTOB. [lo3TOoMy MoOKHO HccaefOBaTh
merofioM SIMP tonbko u3oron '3C, mpupopHOe coAepaHHe KOTO-
poro cocraBasier auwb 1,1 %. Kak npuMep cnexrpa sdeprozo maz-
HUTHO20 Pe30HAHCA C ero XapaKTepHUCTHKAMH Ha PHC. 2 TIOKa3aH
NPOTOHHBIA CIeKTp 3TH/IdOpMHATA. DTOT CHEKTP H3MepeH B Mar-
HHTHOM T1oJie HanpsixkeHHOcTb0 1,4 T Ha uyactore 60 MI'. Ha uem
KPOMe De30HAHCHBIX CHTHAJIOB, HAOJ/IOJAIOMIMXCH TNPH Pa3JHUHBIX
4acCToTax, TNpHBeJeHbl CTyNeHYaThie KPHBBIE, IMOJYYEHHBE C 10-
MOIIBI0 BCTPOGHHOrO B CIEKTPOMETD unTezparopa. BuicoTa Kax-
A0M CTYNeHbKH TPONOPILHOHAJbHA NJOMIAAH IO COOTBETCTBYIOILEH
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¢. 2. CnekTp MPOTOHHOFG MArHHTHOTO Pe30HaHca 3THAGOpPMHATA.
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Puc. 3. Criekrpbl NpOTOHHOro MAarHHTHONO Pe30HAHCA puMetuadbopMaMnia NpH
JBYX TeMIneparypax.

cnekTpajbHoll quuned. OTMeTHM CJelylolliHe 0COGEHHOCTH 3TOTO
crekTpa. Bo-MepBbiX, HAaGMI0aeTcs HECKOJBKO pAa3HBIX CHIHAJIOB
AJis PA3AHUHBIX MPOTOHOB B MOJEKYyJe. ITO 06yCJIOBJIEHO pa3JHy-
HBIM XHMHYECKHM OKpYKeHHeM MpPOTOHOB. Pe30HAHCHBIE CHIHAJbL
pa3jiefieHbl TaK Ha3blBAEMbIM XUMUHECKUM cdsueom. Bo-BTODHIX,
MOIAAb TOJ PEe3OHAHCHBIM CHPHAJOM TPONMOPUHOHAJNbHA HYHCIY
NMPOTOHOB, AAIOUINX 3TOT cHrHal. Ee MOXHO H3MEpHTDH uHTeZpupo-
BaHUeM CNeKTpa. B-TpeTbHX, He BCe CMEKTPaJbHbie JHHHH HMEIOT
npoctyio ¢GopMy, T. €. He BCe OHH CHHIVIETHL Jaa HeKOTODHIX CHT-
HAJOB HabJIOfaeTcs XapaKTepHOoe pacllelyienne H 06pasyloTcs
TPUIIETH HJM KBaJpymJers. JTO pacllenienue sBJeTc: ciel-
CTBHEM CRUN-CRUHOB020 B3aumodedcTsus — MarHUTHOrO B3aHMO-
JeficTBHsl OJHOTO A4pa ¢ APYTHM.

OcHOBy NpHMeHEHHs CIEKTPOCKOMHH MPOTOHHOTO MarHHT-
HOro pes3oHanca H B OOuieM s1ePHOro MarHHTHOO pe3oHaHca
(SIMP) nns onpedererus CTPYKTYPol. HEHIBECTHBIX BellleCTB CO-
CTABASIIOT SMIIHPHUECKH HaiileHHble KOPPeJAlHH MeXy CNEKTpa/lb-
HBIMH TapaMeTPaMH, XUMUHECKUM c08UZOM U CNUN-CRUHOBbIM B3Ql-
modelicreuem, ¢ OJHOH CTODOHBI, H CTPOEHHEM ofpasna — ¢ apy-
rofi, B 3TOM OTHOUIEHHH sAldepHBIH MardHTHBIE MOMEHT OKasaJcs
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oyeHb YYBCTBHTEJbHBEIM 30HIOM, C IMOMOLIBIO KOTOPOrO MOXHO MO
Ay4uTh OOIIMPHYI0 HHbOpMaumio. Tak, MO 3HAYEHHIO XHMH‘IeCKOI‘-
c/lBUTa MOXKHO CYJHTb O TOM, B KaKOM XHMHUYECKOM OK )KEHHO
HAXOAHTCS ANpO, Naiolllee AAHHBIH DE30HAHCHBIH CHrHAJ pz}; ud ;
rpHPOBAHHE CMEKTpa MO3BOJSIET C/eJaTh BHIBOAHI 06 OT,HOCHTe;e-
HBIX KOJHYECTBAX MPHCYTCTBYWOIUX slep. CIUH-CIHHOBOe Bsa:
MOJEHCTBHE [aeT BO3MOXHOCTb ONpPEAEJUTb MOJOKEHHS sigep O -
HOCHTEJbHO ADPYT Apyra, MOCKOJBbKY BEJHYMHA 3TOrO BsauMg eg-
CTBHS, KOHCTAHTA CNUH-CNUHOB020 83aumoldeticTeus J 3aBncnl1 o-
yHcsla M THMA CBf3ed, pasjensolux sapa. BoJee T0r0, M 111 :
NJIETHOCTH DE30HAHCHBIX CHTHAJOB H pacnpejelieHHe HH:I‘EHZHBTH-
CTeH BHYTDH MYJbBTHIUIETOB B TNPOCTBIX CJAYYaAX, KAK 3TO BH,U},{}?(;
Ha TIPHMEpE STHJbHOH Tpynnbel B 3THAGOPMHATE, CTPOrO OIpese-
JIAIOTCS YHCJIOM NPOTOHOB B COCEIHUX rpynrmposxe;x Pex
Eme oana o61acTh BO3MOXKHBIX anMEHEHl/If/’I.CHeKTpOCKOH
S1eDHOTO MAarHUTHOrO pe30HaHCAa OCHOBAHA Ha TOM, UYTO CHNEKT b
SIMP MHOTHX COeJHHEHHH 3aBHCAT OT TeMnepaTypr.,C TaKUM cnpb-I
;3311\; M[_IilpHCTZ.(I)Ig(CHBaEMCﬂ n,pn6 H3YYeHHH CIeKTpa nnmemnq)opmz_
. B HeM wHabgawaaercs i %
CHTHAJ OT MPOTOHOB METHJBHBIX TPy, l;YGrfpe:H?gIO°Cpe31;)HcanHeCKHTbm
BIa{lIeH TOJIbKO CHHrJeT (puc. 3). [lpuunHa 3TUx pasanunil B cneKIf
}prr rclguanﬂsyxéTeMnepaIypax—Bblcoxnﬁ 6apbep BpalieHHS BO-
Ko¥opaﬂﬂ Oé}fnaapﬂa(:;n.r:{l;};blu aToMm yrJjlepoja — asot (87,8 k[ /Moab),
THYHO [BOHHBIM XapaKT
NPEICTaBUTb DPe30HAHCHOH ¢GopMOH a. HoaI;OM;p(;gé q:\Tq(e)Tuhjl(::;Z

HC o]
ool "o OI°
VAN N=C
H3C VAR
3 k H3C H
a

r
KiMHRCCKI OKPYRENIAR, & Hotormo 5 e, 1 oo DAL
0 OTHOLIEHHIO K aTOMY ’Kncnopona Kzpgg;nnnbﬂz)[:‘ianrc—nr?r][fxe“mx

I, 4T

Iﬁossoggﬁge H:Sél;(}){ﬂarb OT HHX OT/JeJbHble pesoHaHC}%e CP;I‘HafI)I];
M3 BOSPACTACT, B PeayARTATE METHAbRME LpyMI & Gonuti 1.
. , e rpynnsl ¢ 6oJ i -
;THOT(;H MOSME:(I;B&IOTCF[ XHMHYECKH HeSKBHBaJII:)eyHTHbIMH no;:i:{)gﬂ:s-
60J’IbU.IOI‘O l{yPICJIaHI\e/I MOXeM HMX DasjHYHTb. DTO O3HAYaeT, 4YTO /IS
Hestonny o ecco(;nexyn dopma curnaga SIMP 3aBucHT oT duHa-
e 1 Cl'LfeKT O’CH CKOPOCTU TAKHX MPOLECCOB MOMKHO M3yuaTb
e PICCJIeﬂ,OBagb }éoru»m SAMP. U ocobeHHO BaxKHO TO, Y4TO Tak
e oe BICTPHIE oépaﬁmmme peakuuH, Aas KOTODHIX
JIHBl  MeTOAbl KJACCHYeCKOH KHHeTHKH. Hamnpumep, 6e3
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Puc. 4. Mamenende BHUAA CHeKTpa NPOTOHOB OeH30/ia NPH TEPMHUECKOM pachaje
GeH3OHJIMEPOKCH/IA B 3aBHCHMOCTH OT BPEMEHM IPOBEJCHHS PeaKIHH.

CHEKTPOCKONMHH SIMP HeBO3MOXKHO AaKe mpeJCTaBHTb cebe Te ycie-
XH, KOTOpHE OBLIM JOCTHTHYTH B TOCJelHHe TOAH B 006JacTH U3y-
yeHdst QJAYKTYHPYIOIHX MOJIEKYJ H B KOH(POPMALHMOHHOM aHaJju3e.

Hakoueu, B camoe mocjeiiee BpeMsi CeKTpocKonusa JIMP Onina
YCIEUIHO TNpHMeHeHa /i HCCJAeNOBAHHS MEXaHU3MO8 peakyuil.
drta HoBasm o6JacTb pas3BUTHs 00513aHa CBOMM IIPOHCXOXKIEHHEM
clenyouieMy oTkpuTHio. OKasaJjoch, 4TO ecJH TePMHUYeCKoe pas-
JOoXeHHe GeH30HANepoKcHiaa B uukaorekcanojge CeHs—CO—O—

—O—CO-CGHs—A’—tiH—; 2CHg+2CO, npoBOANTL NPAMO B aMIIyJie

cnekTpoMmerpa JMP, To HabgawjaeMblii CHrHaJ NPOTOHOB OeHsoJa
NepBOHAYAJbHO MPOSABJSIETCS KaK CHIHAJ IMHCCHH, a He KaK OXH-
Jaemblfi curHan mnorjgomenus. Ha puc. 4 mpeiacraBjieHb pesyJib-
TaThl 3TOTO 3KCIEepHMeHTa uepe3 pasHble HHTEPBaJbl BPeMeHH !
nocse ero Hawaja. MoXHO BH/AETb, YTO C TEUEHHEM BPEMEHH mep-
BOHA4aJbHO BO3HHKAOUIHA CHrHaJ 3MHCCHH HCue3aeT, NMOABJAETCA
CHauaJla csaabblif, a 3aTeM CHJbHBIA CHI'HAJ MNOIJOUWeHHs. DTO Ha-
GJI0fleHHe MOXHO paccMaTPHBATh KaK JOKA3aTeJbCTBO NPOMeXxy-
TOYHOIO BO3HHKHOBEHHsA paiHKaJbHHIX Nap. DPPeKT MOJyuus Ha-
3BAHHE XuMuuecku UHOYYUPOBAHHAA OUHRAMUHECKASL NOAAPU3AUUS
adep (XUIISA) u cefiuac IUHPOKO H3YUaeTCs.

Pasnuunbie acnekrtor MpHMeHeHusl SIIepHOr0 MAarHHTHOTO pe3o-
HaHca AN pellleHHst npobjeM HeOPraHWUeCKOH, OpraHWYecKod u
PH3HYECKOH XHMUH OGecTeuMBalOTCH OYeHb GOJIbLIMM pasHoob6pa-
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syeM OKCIEePHMEHTAJbHHX METOJHK, YTO CTABHT CIIEKTPOCKOMHIO
JgMP B 0cO0Oe IOJIOXKEHHEe MO OTHOWIEHHIO K APYFHM CHeKTpasb-
oM MetonaM. [loMuMo MHOroo6pasust (PH3HUECKHX B3KCNepHMeH-
rop o SAMP UIHDOKOMY HCIOJb30BAHMIO 3TOTO MeTOAa CHOCOO-
CTBYeT TaK¥e Oosbliloe pasHooOpasve MATHUTHBIX fAJ€p, BaXKHBIX
¢ XxuMHMUeCcKofl ToukW 3penus. Kpome cmekrpockonuu SIMP Hna mpo-
TOHAX 10Je3Hyl0 HHPOPMaUHIo AJsd OpPraHHYeCKOH XUMHH H GHO-
UMUK AaeT cmekTpockomust IMP ma sapax !°F, 13C, 15N u 3P,
1y A4pa BaKHH H NIPH HCCJAe[OBaHHAX B HeOPraHHYeCKOH XHMHH.
Kpome TOro, 3HauHTeJbHBIH HHTEPeC JPELCTABJSET CHEKTPOCKOMHS
AMP na sapax MHorux MeTa/noB. CleKTpaJibHHe MapaMeTpH, T. €.
XMMHUECKHE C/IBHI'H M KOHCTAHTHI CIIHH-CIIHHOBOIO B3aHMOJEHCTBHS,
SBJISIOTCSL MOJIEKYJSIPHBIMH TIOCTOSIHHBIMH, KOTOPBle B&XHBI IS
XHMHKOB-TEOPETHKOB. K3MepeHHe 5THX MOCTOSIHHBIX NO3BOJIsIET
NIPOBEPHTh HANEXHOCTb KBAHTOBOMEXAHHYECKHX METOMAOB, HCIOJb-
3yeMBIX JUIS OMNMCAHHs 3JIEKTPOHHOH CTPYKTYPH MoJekyJ. Takum
0o6pa3oM, Ha CeroJHsILIHUA JeHb cnekTpockomus SIMP sasasercs
He0OXOAHMBIM MeTONOM [Js1 Bcex obsactedfl HaykH, 6yab TO OHOJO-
rus, XUMHA HJIH QH3HKa.

EONHULIBI USMEPEHUA

Mexnaynaponnas cucrema eaunun, (CH), B KOTOpo# OCHOBHHI-
MH eJMHHIaMM #ABJSIOTCA MeTpP, KHJIOIPaMM, CeKyHIa U aMmiep,
B HacTosilliee BpeMs NPHHATA AJs BceX (GH3HKO-XHMHYECKHX Be-
AUYAH. B cooTBeTCTBHH ¢ 3THM eluHunsl CH B OCHOBHOM u uc-
NoJb3yIoTcs B 3TOH KHHre. OJHaKO B XHMHH NMO-NPEXHEMY HCHOJb-
syercss u crapas cucreMa CI'C (cantumerp, rpaMM, ceKyHjaa), H,
KOHeuHO, B GoJjiee CTapbpix yueGHHKAX H HAay4YHBIX CTaThsiX IpHMe-
Haercss sta cHcteMa. [lo3ToMy KaxeTcsl HeOOGXOJUMBIM OTMETHTb
rJiaBHble H3MeHeHHs, KOTOphie TPOHCXOAAT NpPH Tepexoje K elH-
ninam CH.

1. Jliss Mar"HuTHOrO TOJsS MBI HCOOJb3yeM CHMBOJ B — mar-
HHTHYIO MHIYKIMIO TOJisl, HJH IJIOTHOCTh MAarHHTHOro moroka. He-
IPaBHJAbHO HCMOJb30BaTh paHee [MPHMeHSIBUIHACA cHMBOJ f, mo-
CKORBKY OH O3HayaeT HAMPAXKEHHOCTb MAarHuTHOro mnoas *. Enu-
nunet CH aas MarHuTHOM HHAYKUMH fBJaseTcss Tecaa (T); 3Ta
eiuHdAna B 10* pas OoJblie, YeM 3JEKTPOMArHHTHAs eAHHHIA
raycc (Ic).

* HanpsixennocTs MarauTHoro nosst H cpsisana ¢ marautHo# uuaykuyedi B
JHHeAHON 3aBUCHMOCTBIO, H B JUTepaType o SIMP Gosblueli 1acTbi0 HCIONBL3YETCS
TePMHUH «HaNpsiKEHHOCTb». — J/pum. nepes.
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2. Kak equHuua suepruun B cucteMe CU HCIIOJIb3YEeTCsl [12KOYJIb
(Ix), a He KaJOpHS. B COOTBETCTBHH C 3THM JHEPrHH aKTHBALHH
¥

Tenepb BbIPAXKAKTCA B Kﬂ)K/MOJIb, a 3SHTPOITHH aKTHBaLlHH—BV

Hk/(K-Monb), H B 9THX eNMHHLAX OHH B 4,184 pa3a 6o.ble Be-
JIMYHH, BBIDAXKEHHBIX B KKaja/Moib H Kaa/(K-Moab) cooTBeTcT
BeHHO. _
3. HcnonbsoBanne cucrembr CH genaer ypaBHeHHs GoJee pa
UHOHAJNbHBIMH. [IpH 3TOM B ypaBHEHHAX NOSABJSIOTCS MHOMKHTEJH
2 MM 47, ecau TI0 TeOMETPHYECKHM COOGPAMKEHHSIM OIKHaeTcs
TPHS.

KpyroBas Hau cepuueckas cHMMe ]
py4' MarduTHas NPOHHUAEMOCTb BaKyyMa po 4acTo Henocgeﬁ_
CTBEHHO (DUIYPHDYeT B ypaBHeHHSIX MeX/IyHapOIHOH CHCTEMBI €]

HHI. OHa paBHa 4;-10-7 Kr-M-c—2. A-2,

Mnasa |

®U3NYECKME OCHOBBI 3KCNEPUMEHTOB
Nno A0EPHOMY MATHUTHOMY PE3OHAHCY
HACTb |

B sr0ii raame pamo 9NEMEHTADHOE npencTasaenne 06 9KCMepUMeHTax no

AJEPHOMY MarHHTHOMY pesoHaiicy, nocrarounoe aag NPHMEHEHUS MeTona

Ha SMIHDHYECKOM ypoBHe mpu PCIIEHHH DYTHHHBIX XHMHueCKuX sanay wu

CryXallee MOATOTOBHTENAbHBIM Marepuaaom x ra. [H—VI. Du3nueckue ApHH-
UHNB Gosee neTanbHo ofcyxnanr: g g ra. VII.

1. KBAHTOBOMEXAHH‘-IECKAH MOJENb
U30/IMPOBAHHOrO NPOTOHA

COOTHOU_IeHHeM
b= yP (1. 1)
3LIECI> Y ~eupomaeﬁumoe OTHOUleHUe, STO KOHCTaHTa, xapaKTepH-

SylolWas nanxoe sgpo.
B coorserctBHu ¢ kBanTOBON TEODHeH YIJI0BOH MOMeHT y afep-

MeHTa mga ocp 2 POH3BOJILHO BRIGPAHHON CcHCTEeME JNIEKAPTOBBIX
Koopaupat H3MepAIOTCA B eAMHHUAX h(=h/2z) u onpelensorcs
COOTHOWIEeHHEeM

Pz == ﬁm, (I. 2)
3necs m; — MAZHUTHOE KBAHTOBOE wuc0, KOTOpoe xapakTepusyer

‘Tayuonaphple COCTOANUA, UNH COBCTBeHHbIE tocroanus, anpa. Co-
TlacHo ycaosuro K8AHTOBAHSA

My=101—1,1-2 ..., —] (I.3)
Ple | — cnunogoe K6arT0B0¢ 4ucro cootBeTcTBYIOUIErO anpa. Ioa-

foe yyeno BOSMOXKHEIX COGCTBEHHBIX 3HAYeHUH My PHepreTHUeCkHx
YPoBheg COCTaBJISIET, TAKHM oépaaoM, 21—f— l. CnuHoBOe KBaHTOBOe
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Puc. L. 1.
6 — maruuTHoiH MomenT sapa (I = 1/2) B MarHuT-

a — KBaHTOBAHHE MarHHTHOrO MOMEHTa;
rnoM noxe Bo.

yHCJIO MPOTOHA paBHO [ = 1/2, u 2z-KOMIOHEHTa ero yrjoBoro Mo-
MEeHTa, KOTOPYIO YacTO Ha3hBaloT CRUKOM * B COOTBETCTBHH C YpPaB-

nenneM (I.2) npaercst cOOTHOLIEHHEM

P Al 0.4

CJaepoBaTteJbHO, NMPOTOH MOJKET HAaXOJAUTbCA TOJIBKO B IBYX CIMHHO-

BBHIX COCTOSIHHSIX, KOTOpBlE XapaKTepH3YIOTC MarHHTHBRIMH KBaHTO-
BLIMH uHcaaMH my = 1/2 u m;=—1/2. Torjia BejHYHHa NPOEKIHH
MAFHHTHOTO MOMEHTA Ha Z-HallpaBJieHHe Ollpefe/deTcd dopmyJoi

u, = yhm, = = yhl = = yA/2 (I.5)
Takum 06pa3oM, MPOTOH MOXKHO MpPEACTaBHTb Kak maesHuTHbLL Ou-
noAb, z-KOMIIOHEHTa KOTOPOTO e MOMKET HMETb napajsieJbHyO HJIH
AHTHIIAPAJJIeJbHYI0 ODHEHTAlHIO OTHOCHTEJBHO NOJIOKUTEJTLHOTO
HaIpaBJieHHs OCH 2 CHCTeMbl KOOpAHHAT. dTo HampaBJ/eHHe BEKTOpa
kBanToBaHo (puc. I.1,a). Ilo anajorun ¢ COOTHOIIEHHSAMH, OIIHCHI-

BAIOLIHMH MATHHTHEIE CBOMCTBA 3/1eKTPOHOB, YPABHEHHE (1.5) wacrto
npejCcTaBJIsA0T B APYyrol dbopme

B, = gnINmy

31ech gn — sAepHBl g-daxrop, KOTOPBIH XapakTepH3yeT OTHOILe-
HHe 3apsAja sjApa K €ro Macce, a pw — sifiepHbIl MarHeToH. 3Haue-
HHe SIIePHOTO MarHeTOHa PaCCYMTHIBACTCA H3 COOTHOLIEHHS

(1.6)

py = ehf4mump (I1.7)
rJle e — 3apsij 3/1€KTpoHa, i — MoCTosiHHAA [11auka, a mpy — Macca
mpoToHa. BesnunHa pn COCTABJACT 5,0505-10—27 x/T. HUs ypas-

nennit (1.5) u (I.6) caenyer, 4TO vh = gnpn.

* CoGeTBeHHblE COCTOSIRMS, MM CTalHOHAPHbIE COCTOSHHS, siep MOSTOMY TaK-
e HARLIBAIOT CRUHOBGIMU COCTOSHUAMU.

dusuneckue ocroget sKchepumentos no SAMP. Yacre | 19

M=41/2 ()

¢

mp =-1/2 (f)

Puc. 1. 2. Pacmennenne suep-
reTHYECKHX YPOBHefl NpoTOHa
B MAarHHTHOM no.e, By=0 By >0

0= 0>

¥

B KBaHTOBO}

ol d)yﬂxgsgzuMi?Tﬂnxe ATOMHAsl CHCTEMAa ONMUCHIBACTCS BOAHO-
M mpe;&?lre ABJISIIOTCS] PELLeHUSIMH XOPOLIO H3BecT-
hotnen” aoponmn Wy d)ymcepa. Hna nanbeefimero paccMoTpeHnus
coCTOmEM 1 e |72 m?ﬂl al/H.‘Z BngQTOHa, COOTBETCTBYIOLIHE

e = —1/2. HCTBAa 3THUX H i
iy SO;;?SSM:HTp:;«e H onmuuem B ra1. V. [Tosab3ysace (apTymj[(gH;y:}S
HOM moJae. A ceﬁqgc Mgﬂg;ﬂiliMepnfcﬂnlgﬂ(;I;ggOBOﬁ ¢ MPOCTO An oGen.

aTh HX MPOCT

™ g;;(;ﬂg: ci};e}?or;Til}{;CKHx YPOBHeH NpOTOHa. CocTogﬁnﬂoaﬂJ;IHBO?IOJlas;
Q Goba co coHoM HMEIOT O/IHHAKOBYIO SHEPTHIO, T. €. OHH BbLPOMNC-
rona. Sto b POXK/ICHHE CHHMACTCS TOJIBKO B OJHOPOJHOM MAarHHT
o o oz BO 3; C4eT B3aHMOJEHCTBHS SAEPHOTO MATHHUTHOrO
N o- LC/IH HampaBJenHe B, coBnajgaer ¢ ocbio z, KaKMx-?a

NOCKO .
o Bﬂbl;(};aSHepl‘Hﬂ MAardHTHOTO AKNOJSA B noJe By paBHa p,By ua
Z

yposugﬁ COCBT}:)chgcm OT €ro opuentauuu (puc. 1.2). Pacmén;eﬂng

Mo ot AHHH, BO3HWKAalOUlee [IPH 3TOM, NPONOPIHOHANBHO B

oo 3¥or NPENMYLIECTBEHHO 3aHHMATh B-COCTOSIHME HOCKOJIbKO.

i R 1ol oBbcI(;gTO;iHna HHXKe. UTO6h BHI3BaTh nepexo’a B COC’I‘OHy
KOH 5Hepruef, Heo6xoauM .

B COOTB
POBCKHM yc/i0BHeM uacToT AE = Av, KBaHT af,{eprnn ereTei ¢ 6o

hvo = 2p.By = yhB, v (1.9
HJH H3Jly4eHHe C 4acTOTOH ”

Vo= (y/27) By uam @, =yB(rak Kak ® = 2nv) (I. 10)

Ypas

HeH

. KOTOupeOIéll.qla(é)TOonHCbIBaeT TaK Ha3BIBAEMOe YCA0BUE Pe30HAHCQ
Ta H3JYYeHUS TOY ’

oot HO COOTBETCTBYET 3Hepr -

COOTB(ﬁi{:g&gnsggganbﬂaﬂ JHHHA ALEePHOTO MaFHHT};[OPO pegoiiTaH:cea
X0Ny, KOTOPBIH 06 7

oy , 03HAYEH CTPeJKOf

T Ha pHc. I.
”3M0eH(;[eapM0p0Ba 4acCTOTa) B COOTBETCTBHH C ypaBHeHneMp (I 1102,
TCSl B 3aBUCHMOCTH OT BeJIHYHHEBI 019 B, HCIl o

Rospwaguan
8i6iaToka
BECccp

o r L Rocieg
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B skcrepumenTe. [l pOTOHA NPH Yn == 2,675-10% T-'-c~! B nose
1,4 T noJyuaem vo = 60 MTI1, 4TO COOTBETCTBYET AJHHE BOJIHBI A =
=5 M, T. €. PaJHOBOJIHAM Ha IDaHHLE PalAHOA¥ala3oHa H nana-

sona CBY.

2. SKCMEPUMEHTAJIbHOE MO TBEPYAEHUE
KBAHTOBAHUWS YTNOBOrO MOMEHTA
M YPABHEHWE PE3OHAHCA (1.10)

[ToJse3H0 yIOMsAHYTH 3[1eCh O ABYX UPe3BbIYalHO BAaXKHBIX IKCIE-
PUMEHTaX, KOTOpble MOATBEPKAAIOT CYlIeCTBOBAHHE SAEPHOTO Mar-
HHTHOTO MOMEHTAa H [0Ka3blBAalOT, 4TO OH BeJeT ce0s B MarHUTHOM
noJle Tak, KaK OMHCAHO BhlIe. DTO KCMEPHMEHTHI [IItepua — I'ep-
Jaxa M onbiT Pabu ¢ MOJIeKy/AsDHBIMH MYYKaMH.

lltepn n Tepnax mpomyckajsu 4epe3 HEOAHOPOIHOE MarHHTHOE
moJie NMy4oK aTOMOB cepeGpa, KOTOpble B OCHOBHOM COCTOSIHHH 00-
JafaloT MOJHBM yraoBbiM Momentom J = 1/2. Ha ¢dororpaduyeckoi
nJIacTHHKe, KOTOpas HCIO0Jb30Bajach Kak JeTeKTOp, OHH obHapy-
KHJIH ABa OTAesbHbx matHa (puc. 1.3). Pacuienyienne mydka aro-
MOB SIBJISIeTCS NMPSMBIM CJIEJCTBHEM H CTPOTHM 3KCIE€PHMEHTAJIbHBIM
NOATBEPAAeHHEM KBAHTOBOH IDHPOJEI MAarHHTHOH 3HEPrHH aTOMOB.
MAarHUTHBIH MOMEHT OTAeJNbHOro aroMa cepefpa MOXKeT GBITb ODHEH-
THpOBaH JHO0 MapaJJjenbHo, JH60 aHTHIIAPaJJIeNbHO N0 OTHOLICHHIO
K BHeLIHEMY MarHHTHOMY INOJIO, T. €. aTOM B MarHHTHOM I[oJe Mo-
JKeT GHITb AHMAMATHATHBIM HJIH napaMarHuTHbIM. OJHaKo Auamar-
HUTHBIe W MapaMarHuTHbe YaCTHIbl 0-DA3HOMY BedyT ceba B Heol-
HOPOJHOM MarHHTHOM IoOJie (pHC. [.3,0). HanpskeHHOCTb NOJs Ha
KOHIIAX AHNOJS Pa3JuuHa, YTO HJTIOCTPHPYETCs MJIOTHOCTBIO CHJIO-
BLIX JHHHi Ha pucyHKe. [ToaTOMY OfHH KOHEL AHIIONA GoJiee CHAbHO
NPHTATUBAETCS MJIM OTTAJKHBAETCs, 4eM [DYroH, H TEM CAMBIM
co3/aeTCR M3OHITOUHAsA cuja, yckopsiiowas uactuiy. Ecou paspe-

Jemenmap
napamaziuimnas Buamaznumnas
yacmuya HRCITIUUA

L ens

TTIOMKEIE TTY Y0,
GITIOMREIE RYYOR — fporrisie Hanonewnncy

Puc. 1. 3.
a — cxema 3KcnepHMeHTa Iltepna — [epnaxa; 6 — noBelleHue fnapaMarHHTHOR H JAHaMar-
HHTHOH 4YacTHL B HEOAHOPOAHOM MarHuTHoM nose. CTpeNKH YyKasblBAlOT HArMpablieHHe ABH-

KEHHSA.

W >
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Puc. I 4. IIPHHHH” SKC”e[)HMeHldﬂbHOIO mMetoaa obHa JYXKEHHA -
i ] H PE€30HAaHCHBIX ycJjo

, N

UIEeHBI
Hmﬂorglofgle OPHENTALUHH aTOMHBIX MOMEHTOB OTHOCHTEbHO Mar
" 9KcnepuM2:, KaK 3TO NpeNCKa3bIBaeT KJacCHuYecKas TEOpHS, TO
e Te JO/XKHa HAaOMIOAAThCs I0POKKA aTOMOB cepeépa
pemARyTaL AOJIb TOPU3OHTANbHOR ocH. Habuogenue Toabko BYX
e opmien :ap:ﬂCTBeHHO YKa3pIBaeT Ha TO, 4YTO CYLIECTBYIOT Jmu};z
HH, T. e. JBa mH
ot , NHCKDETHBIX 3HAYEHHA MAaTHUTHOM
Ksanto i
o oy, SKC?IiH]:liie MAari¥THOH — SHepPrHd, NPOAEMOHCTPHPOBAHHOE
o COCTOp CHTE, ABJAETCA PE3yJbTaTOM DPACIIEIJIEHHS 3JEKT-
Doy 0 AHUH, HO OHO CNpPaBeAJIHBO H JJIS COCTOSIHHI AIepHOTO
e hoaeugOKasaﬂu CBOMMH onnitaMu PaGu u corp., koTopoie 3y
vy -
npeucmanenﬂge MOJIEKYJISIDHBIX NMY4KOB B IPHGOPe, cxemamqecxyu
nben TOJIbKOHMI(\)dJI::yJII)I}:IC.ILL‘L B 3THX 3kcnepuMeHTax HCHONB3OBA-
X JISl KOTODBIX IOJIHBIH H
b T , SJIEKTDOHHBIH Mar-
et h;gﬁ)z}:;gu&palaen HYJIO, IO3TOMY BCe HabJi0faeMble Mar-
€l0BaJIO OTHOCHTb K i
nane 3 C MarHMTHBIM CBOHCTBaM
Mex?uano?lz ONILITE MOJICKY/IAPHEIN MYYOK HAMPABJSETCH HAKJIOHHO
Horoms MaCIl:lbIMH HAKOHEYHHKAaMH MaruuTa A, co3namuero neoj
HATHOe mnoJe. Kak 6bLi .
. O OIHCAHO BbILI
poMtoe € B OIHTe
Hapa%arnngebggajgﬁe?{yﬂehd NY49OK pacuiemyisercs Ha ABa. TOJBKO
JIBL 10 -TPAaeKTOPHH a .
bes Komom ae Mo JOCTHraloT wiesu, ye-
NajalT B OJHOPOAHOE :
it GOl nnoJsie Marauta B. 3atem
A B noJjie Maruuta C, ne
5 TOMHON o H » HEOTHOPOAHOCTL KOTOPOTo
OMOJIOXKHA HEOJHODPO
cay s peromean poanoctn maruuta A. dkpan S
OM, ¢ IIOMOUIbIO KOTOPO
o JETERT , pOro MOXHO H3MEDHTbL HHTEH-
KYJIAPHOTO my4ykKa, c¢oKyc
HPOBaHHOTO
€nepr ecau obJyya , Y e e M
Tb MOJIEKYJ/ISIPHBIH '
Tomar M NYy4YoK B 006J1aCTH Mex
rHuTa B paanoyactor o
O nenl ¥ ) HBIM IIOJIEM, TO NPH OmpejeJseH-
3aBHCcALIEH OT Han
S , PAXKEHHOCTH NOJIA Maruuta B
ac Ta Ha-
qu}(}; © iqu;;e%;o% YMEHbLIeHHe HHTEHCHBHOCTH MOJleKyJIHp,HOI‘O
. H 3TOM OTHOUIEHHH
Moy B T8 p YaCTOTa — HANPAKEHHOCTH
HfIETCS YCJIOBHE pe30H
e, p anca (I.10). BesnencTsue norso-
SHEPTHH YaCTb AJEPHbIX MAarHHTHBIX MOMEHTOB H3MeHseT
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CBOIO opueHTaumo, H 9TH JHaMarduTHbie HaCTHLbI OTKJIOHAKTCA OT
TpaEKTOPHH b noj BJHsSHHEM HEOIAHOPOIHOTO moas C W ABHralwTCs
o TpaEKTOpHH C. HOSTOMY OHH He MOoMNajalT Ha IeTEKTOp B TOY-

ke M.

3. DKCNEPUMEHT NO SAEPHOMY MATHUTHOMY
PE3OHAHCY B KOHAEHCUPOBAHHOW CPEAE
U MPUHLIMMBLI YCTPOUCTBA CMNEKTPOMETPA AMP

3pauenue skcnepuMentoB rpymn Buoxa u [lepcesna, ymoMsHy-
THIX BO BBEIEHHH, COCTOMT B TOM, YTO B HHX BII€pBbIe OBlIO OCYILECT-
BeHO HAOJII07eHHe SAepHOr0 MarHHTHOTO Pe3OHaHCa B KOHAEHCH-
poBaHHOH cpele. B TBepAnx TeJax H B KHIKOCTAX MarHUTHbIE
sApa paclpejie/leHbl M0 SHEPreTHueCKHM COCTOSHUSM. Hanpumep,
115t OUeHb GOJBLIOTO YHC/IA TPOTOHOB B MAKPOCKOTHHECKOM obpasie

BellleCTBa, cojepxallero BOJAODPOA, OCYLIECTBJACTCA pacnpeiejeHue °
NPpOTOHOB MeXJy OCHOBHBIM COCTOsSIHHEM H BOSGY)KlIEHHbIM cocrosi-

HHEeM B COOTBETCTBHH C YPaBHEHHEM Boasymana

No/Ng=-exp (— AE[RT) =
=exp (— yhBy/2nkT) = 1 — (yhB,/2nkT) (1.11)

3xecs Ng u N, — KoauuecTBa sijiep B OCHOBHOM H B030yxK/1eHHOM
COCTOSIHHSX COOTBeTcTBeHHO, AE — Pa3HOCTb SHePrui Mexay HHMH,
b — mocTosimnasi Boapumana, T — abconioTHas TeMmIepaTypa. Pas-
HocTh Hepruii AE B paccMaTpuBaeMOM ciayuae OueHb Mala, nos-
TOMy TIpH PABHOBECHH YHCJIO Allep B HHXKHEM COCTOSHHH JIHIIb OYeHb
HEMHOrO TpeBbIlUaeT HX YHCJIO B BEPXHEM COCTOSHHH (Ng > Ng).
[1pu HanpsXKEHHOCTH TMOJs 1,4 T u KoMuaTHOH Temneparype AE
JJis mpoToHa cocraBjsier okoso 0,021 JIx/Monb. Toria H3GHITOK
HACENEHHOCTH HHIKHEro COCTOSIHHSI, KOTOPHIH ONpeNeJsierT B8epoAr-
HOCT6 Tepexola, a CJIeloBAaTebHO, H HHTEHCHBHOCTb PErMCTpHpye-
MOr'0 CHTHAJIa B AKCIIEPHUMEHTE, COCTABJIAET TOJMBKO 0,001 9%.

B ombITe MO SAPHOMY MaTHHTHOMY pe30HaHCy MOMEIAloT obpa-
el B CTEKJsHHO TpyOKe AHAMETPOM OKOJIO 5 MM B AaTHHK CIIEKT-
poMeTpa Mex/y NOJIOCHBIMH HAKOHEYHWKaMH MariHTa (puc. 1.5).
Ero nojiBepralotT BO3AEHCTBHIO 3JEKTPOMArHHTHOrO HM3JIydE€HH:, 4a-
CTOTY KOTOPOFO MOXHO MEHATDb, TaK 4TO A/pa BO36yXKAAI0TCA, KOT1a
HaKJaAbIBalOTCsl COOTBETCTBYIOLLME Pe30HaHCHbIE YaCTOTHI- Kak wuc-
TOYHHK BO30YK/AIOUIEr0 H3JMYYeHHs UCTIOJIb3yeTCs paauo4acTOTHBI
reHepaTop, WJH MepelaTydk, a MOrJOUleHHe AApaMH SHEPTHH Tepe-
JATYHKA MOXKHO 3aperHCTPHPOBATh C MOMOLIBIO PajHOYACTOTHOrO
MocTa. CHrHaJ, BblleJeHHBIH MOCTOM, YCH/JIHBAETCS H 3alHCBIBAETC
caMmonucieM. Tak nojyyaercs CNEKTp, MO KOTOPOMYy MeTOAOM Ka-
JHOPOBKH MOXKHO OIPEe/leJUTh Pe30HAHCHYI0 4acToTy. TakuMm obpa-
3oM, crekTpoMeTp SIMP BK/IOuYaeT BCe 3JIeMEHTHl, KOTOPHIE €CTb H
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5. Baiok-cxeMa cnektpomerpa AJIEPHOTO MArHHTHOT'O pPe3OHaHca

B oI :
06pa;:;egxng:nTeKTp((>)MeTpax: UCTOYHUK u3ay4eHus, adetixa Oig
kTOp. OIHAKO HYXHO OTMe ’
THTb HECKOJILKO
BEeHHBIX MOApo6HOcTel. [1 e, o
. llepBas coctour B TOM, uTO
HepHpyeMoe KaTyIUKoH L ( , P Ay
P MPAKTHYECKH MOHOX
AopupYeMOe k: , POMATUYHO NNA JIO-
H 4acToThl, NMO3TOMY MNpH3Ma
43BePTKH CIeKT
nyxna. Bropas ocobennoct 4 basis
b — HeOOXOHMOCTb IOMe
B CHJIbHOE MAaTHHTHOE MO cor Torapas
JIe 10 TOro, KakK OH CMO
sHepruio. Kpome toro, 3 ’ oMHAR Do
. » 3lleCb OOHapyKuBaeTcs Or
MeXJly CIeKTpaMu Teepd Oxocrer wan pe
biX Tea W CNeKTpaMHu ud i
CTBOPOB. [l TBEpPABIX T AP Mo
. €J1 IOMHMO B3aUMO/eliCcTB
HHTHBIX MOMEHTOB C BHeIl iyt pacen.
HHM MarHHTHBIM IIOJIeM HYX
PHBATb H HX B3aHMOJeHCT | i anenma,
BHe ApPYyr c apyrom, Ecuau
MAarHdTHLIX MOMEHTA HaXx : HeHTHpoY
3 ONLAITCA HA PACCTOSIHHH r H
10 OTHOULIEHHIO K HAmpas MDA Coc
JEeHHIO noJaA B, Tak, 4To
HflOmasA ux, ob6pasyer : : e ToKATEROG
, C HHM yroa 0, To H3MeHeHHU
MarHUTHOTO MOJisi B TOYKA ’ 5 i 33 eaes
YKaX PacCHONOXEHHS KaXKAoT
(7] O
B3aHMOAEHCTBUSI COCTABJIALT 8 O T sa cuer

AB = (3/2) 1 (3¢0s*0 — 1) r™2 - (y/4m) (112)

Tie —
o Bp,o MarHuTHasg MNPOHHIAEMOCTb BakyyMa. [1osToMy Besuyu-
BO B TBepAOM Tejle H3MEHSeTCst OT TOYKH K TOYKe
B .
becs Hymxocm akrop 3cos?6 — | ycpeansercs A0 yJas 3a cuer
. Mp AOHYHOrO TEIMVIOBOrO MOCTYIATENbHOrO JBHXKEHHA H Bpalle-
. OJIeKyJl. ITO JIETKO NOKAa3aTb, €C/H yCPelHeHHe I
g BbIpaXKeHus 3cos?0 — 0 KoopaL.
oz 5 2l 3aMEeHHTb Ha YCPeJHEHHe N0 KOOpAH-
Pt B BHIE x; y,z(3 cos*0,, ,, , — l)/3. TakuMm ob6pasom, duno-
MO}KHoe ﬁsaumodeucraue MexIy iipaMu Hcye3aeT. TObKO MPH 3TOM
o OJIy9HTb CNIEKTPBl BEICOKOrO pa3pelleHusi ¢ LIHPHHOH JH-
enplre | I'u. B 3ToM cayuae roBopart o cnexTpockonuu SIMP
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Puc. 1. 6. DiekTpoMariNTHoIH CNeKTP H AHMANA30HH CIEKTPaJbHbIX METOAOB.

8bLCOK020 paspeuienus. B CIeKTpaX KPHCTAJJNHYECKHX BelLeCTB, Ha-
MPOTHB, CHIHAJBI NIOrJIOLUIEHHST HMEIOT LIHPHHY O HECKOJIbKHX KHJO-
repu. [ToaToMy He yAMBHTENbHO, 4TO H3ydeHHe meToJoM FIMP TBep-
IBIX TeJ COCTaBJsieT CIeLHaJbHBIH pasjen (pnanfm TBEPAOTO TeJa,
{ MBI JIMIIb KPATKO PACCMOTPHM ero B IVI. IX 3TOH KHHIH, NpeACTaB-
Jasoulell co60f H3J0XKeHHE TOJbKO OCHOB SIIePHOTO MAarHUTHOTO pe-
30HaHca.

O/IHAaKO HMHTEPECHO OTMETHTb, YTO B COOTBETCTBHH C ypaBHe-
nvem (I.12) numossipHble B3aHMOJEHCTBHS MEX1y SIAPaMH HcYe-
3a0T, ecaH § = 54,7°. [T03TOMY eCJiH OYeHb 6b1cquo Bpaulath Hccae-
AYeMBIH KpPHCTaJJ BOKPYr oOcH, 00pasyiolledl C HamnpasJeHHeM
BHELIHEro MoJs «MarHyeckHil» yroJ 54,7°, TO TeOpeTHYeCKH MOXKHO
H36aBHTbCS OT BO3MYILAOUIEr0 B3aHMOJeHCTBHS, [OCKOJbKY BCe
JIHHHH, COeJHHSIOUIHE B3aHMOJEHCTBYIOIHE MAarHHTHBIE MOMEHTHI,
6yayT o6pa3oBLIBATH C II0JIEM YTOJ ¢ YCPeIHEHHBIM 3HAYeHHeM O =

o]

Eﬁg CHX IOp Mb B OCHOBHOM pacCCMaTPHBaJH B 3KCIepPHMeHTe
SIMP npouecc, NPHBOAALIHEA K NOMVIOIEHHIO 3Heprud. OJHaKO pas-
HOBeCHOe paclpefie/ieHHe siep MeXJAy CIHHOBBIMH COCTOSIHHSIMH,
BHipaxkaemoe ypasHenuem (I.11), mpeamosnaraer, 4to BO3GyXAeH-
Hble A/pa MOTYT BO3BPAIIaThCsl B HHXKHee CIHHOBOE COCTOSIHHE.
B npoTHBHOM caydae pa3HOCTb HaceJEeHHOCTeH IBYX COCTOsiHHE Oy-
JleT CTPEMHTbCS K HYJI0 H cHcTeMa Oyler Hacoiuyarecs. §IBiende
mepefaud 3HEPrHH BO3GYXKJIEHHOIO COCTOSIHHS B OKPYXKaIOULYIO
cpely B BHJe TeNJOBOH SHEPTHH, B pe3yJbTaTe 4ero siApo BO3Bpa-
UlaeTcs B HHIXKHee CIMHOBOE COCTOSIHHe, HA3bIBaeTCsl pedakcayuel.
Ero Mul jerajbHo paccMoTpuM B 1. VII. A 31ech Mbl JO/KHBI JIHILb
3aOMHHUTb, YTO AJs ycmewmHoro nposefeHus SMP-skcrnepuMenta
penakcalHs TaK e JKH3HeHHO HeoOXO[uMa, KaK H IOIJIOLIeHHe
JHEPTHH.

O6biuHO B cnekTpoMeTpax AMP HCIONL3YIOTCSA 3JeKTPOMArHUTH
¢ HanpsxeHHocTbio noas 1,4 uan 2,3 T. TlostoMy, Kak ObIO NMOKa-
3aHO Bbllle, Pe30HAHCHAs 4acTOTa AJsl MPOTOHOB JIEXHT B pajHo-
nuanasone. TakuM 06pa3oM, B psdy APYrHX XOPOIIO HU3BECTHBIX
CNIEKTPOMETPHUECKHX  METOJ0B  CMIEKTPOCKONHS SIMP 3anuMaer
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MeCTO Ha [JIMHHOBOJIHOBOM Kpal 3JeKTPOMarHHTHOTO cheKTpa
(pHc. 1.6).

Ycnosue pesonanca (I.10) makHO 3KcIepuMeHTalbHO ocylle-
CTBHTb [IBYMSl NYTAMH: MOXHO H3MEHSTh YacTOTy [PH IOCTOSH-
HOM 3HAYEHHH NOJIsl (4ACTOTHAA PA36EPTKA) WAW U3MEHSTb Hampsi-
XKEHHOCTb TOJIf, OCTABJIAA NOCTOSIHHOM YacTOTYy OGJYYeHHs, BHI-
3bIBAIOLIETO nepexonnl siiep (nosesas passeprxka). Ha npaktuke
HCIOMB3YIOTCH 06a Meropa. [lIpH nosneBoi passepTKe CHEKTPH
3aiMCBHIBAIOT TAK, YTO HANPSIKEHHOCTb I1OJIS BO3pacTaeT cJeBa Ha-
npaBo. B crmekTpomerpax ¢ mosieBoH pa3BepTKOH Ha MOMOCHBIX
HaKOHEYHHKAaX MarHHTa HUMeEIOTcsl CllellHaJbHble KaTyWKH, Tak Ha-
SbIBAEMbIE  KATYWKU pPA38EPTKY, C TOMOLIbI0 KOTOPHIX MOXKHO
HENPEPBIBHO M3MEHATb HANpPSKEHHOCTb nojst Bo B MaJjioM HHTep-
BaJe AB.

[Ipn yacToTHOH pa3BepTKe YacTOTa MOHMXKAeTCs MPH ABHXKEHHH
IO CHeKTpy cJeBa Hanpaso. [losTomy, ecan, Kak OOBLIYHO, caMOIH-
Cell ABHXeTcs cJieBa HalpaBO, MEPBBIMH 3allHCLIBAIOTCS CHTHAJHI
siflep ¢ GOJbLIMMH Pe30HaHCHBIMH uacToTaMH. Kpome YHIOMSIHY THIX
yKe 3JIeKTPOMarHuTOB B cnekTpomerpax SIMP ucnosbsyoTes Takxe
NOCTOsIHHBle MAarHWTH. KX nemocTaTkoM siBisieTcss Gosblmas d9ys-
CTBHTEJBHOCTb K BJIHAHHIO OKPYXKEHHSl — H3MEHEHHSIM TeMIlepaTyphl
W MIOCTOPOHHHX MAarHHTHHIX moJjei. Ho 3ato He Tpe6yercs crmeunasn-
HOr0 KOHIHUHOHEpA MJs OXJaXXAeHHs BOAH, OTBOASLIEH TENJO OT
5/MEKTPOMArHuToB. B mociepnne rofn CKOHCTPYHPOBaHBI CHEKTpoO-
MeTpnl SIMP, B KOTOpBIX MarHuWTHOe IoJe coO3AaeTcs CBEPXNPOBO-
ASLLUME cONeHOHfaMu. TakHe «CBepXNpOBOAfLIHE» MATHHTH MOTYT
oGecreYnBaTh M0JIs 3HAYHTEBHO 6OJIbIIEH HANPSIKEHHOCTH (mo 10 T),
4eM OOblYHble 3I€KTPOMArHHTHl U MOCTOSIHHBiE MaTHHTH. B COOTBeT-
CTBHH ¢ ypaBHeHHeM (I.11) 3To pesko yBesuuHBaeT uyBCTBHTe/Db-
HocTb B 3kcnepumentax HMP. [lo3gHee CTaHYT OYeBHAHBIMH H
Apyrue npeumMyiecTBa 3THX MarHutoB. OMHAKO CTOHMOCTb TaKHX
npHGOPOB M 3aTPaTh HAa HX SKCIVIyaTalHI0 3HAUHTEJNbHO BBIIIE,
ueM JjIst OObIYHBIX clekTpoMerpos SIMP, mockosbky cBepxmpoBoas-
UHA COJICHOHMA [OJIXKEH NMOCTOSIHHO OXJIAaXKAAaTbCs XKHAKHM TesHeM,

4, MATHUTHBIE CBOUCTBA APYIMX S4EP

Kak MBI oTMeuann BO BBeleHHH, He Bce sApa 06JagaioT Mar-
HHTHBRIMH MOMeHTaMH. Kpome Toro, sapa Gosee Taxesble, uem
NPOTOH, MOTYT HMETb CIHHOBhle 4HcaIa Gosblie 1/2. CnuHOBbHIE
COCTOSIHHSI TaKHX SIleP B COOTBETCTBHH ¢ ypaBHenuem (I.2) xapak-
TEPH3YIOTC MArHHTHBIMH KBaHTOBBIMH UYHCJIaMH m; =1, [— |,
I—2, ..., —I. Hanpumep, ans AeATPOHAa JHarpaMma SHepreTH-
4eCKHX YDOBHeH HMeeT BHJ, MOKa3aHHBIA Ha pHc. 1.7. Smpa ¢ uer-
HOA MaccOH H YeTHbIM aTOMHBIM HOMEPOM, TaK Ha3biBaeMble YeTHO-
UeTHbIEe s1/1pa, He HMEIOT MAarHWTHOro MoMenta (/ = 0), a a5 Bcex
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Mr=+1
4E
/7/[-: 0
4E
=1 Puc. 1.7, Jduarpamma sHepreTHue-
I~ CKHX YPOBHEH AJS fJpa CO CITHHOM
> I =1 B MarHHTHOM moJIe.

'6930 E‘))O

apyrux sgep I = 1/2. UerHo-HedeTHHIE siipa HMEIOT UEJBIH CIHH,
KpaTHHIH [, a HeYeTHO-HeYeTHhHE H HeUeTHO-4eTHble 006s1a1ai0T MO-
NyLeabIM COHHOM, $S1apa, HanOoJsiee BaxKHble A XHMHKa-OpraHHka,
H HUX CBOHCTBa, CBA3aHHble C AJEPHHIM MATHUTHBIM pE30HAHCOM,
nepeurcnensl B Ta6.. I.1. B yacTHOCTH, IOMHMO CHEKTPOB IPOTOH-
HOTO MAarHHTHOTO pe30OHaHCa HIMPOKO HCCJAeJOBaJHCh CHEKTPH Ta-
KHX snaep, xak '°F, 13C, 2°Si u *'P.

M3 ta6a. 1.1 moxHO BHAETb, YTO BCe Aapa ¢ / > 1/2 oBnagawr
adepubim KBAODYNOALHbIM MOMEHTOM BCJENCTBHe HechepHUecKOro
pacnpeieneHus siaepHoro 3apajaa. [losTomy takue aApa MOTYT B3aH-
MOJeHCTBOBaTh C IpajgHeHTaMH BHEIUHHX 3JAEKTPHUECKHX MoJiei,
B8 0COGEHHOCTH ¢ TpPafgueHTaMu NOJed 3JeKTPOHHBIX 060/04eK MOoJie-

Ta6auua 1.1. MarHuTHHe cBOHCTBa s/lep, BAXHBIX A/A crmekTpockonun HMP op-
raHHYeCKHX COeJHHEeHHH

OTt1ocu-

Marnut- Pe3so- TeJbHas
HHlft . ITpupoa- Keanpy-
. [upomarmuTaoe ~HaHcdaa  uymcrsm- - PF nonbANA
siapo f:anﬂn'r%?a%i x‘on;e;m_ oTHOWleHHE ¥, :ic}'\g;i ;%f:’"ocn’ comepia- MOMeHT
uuacao | HHMAX 10° pan-T™ +¢” " g hose nocrosH-  HHE, T—28
N 1T HOM % e-10 M*
noae
'H 1/2 2,79277 2,675 42,577 1,000 99,98 —
2 1 0,85735 0,411 6,536 0,009 0,0156 0,003
B 3 1,8007 0,288 4575 0,02 18,83 0,111
U 3/2 2,6880 0,858 13,660 0,165 81,17 0,036
B3¢ 1/2 0,70216 0,673 10,705 0,016 1,108 —
IV | 0,40369 0,193 3,076 0,001 99,635 0,02
5N 1/2 —0,28298 —0,271 4,315 0,001 0,365 —
10 5/2 —1,8930 —0,363 5,772 0,029 0,037 —0,004
BF - 1/2 2,6273 2,517 40,0655 0,834 100,0 —
28i 1/2 —0,55492 —0,531 8,460 0,079 4,70 —
sip 1/2 1,1316 1,083 17,235 0,066 100,0 -

busuueckue ocroser axcnepumentos no SIMP. Yacre 1 27
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Pue. 1.8. Tunotetuueckuit cnektp SAIMP aumertnarpudropameramusa-'*N,"70O Ha
sapax 15N, 170, 13C, 1%F u ‘H B nose 1,0 T.

KyJbl, B KOTOPOH HaXOJAHTCS SAAPO. OTH B3aUMONCHCTBHS HIpaloT
Ba)KHYI0O pOJIb B peJlaKCalHOHHLIX sBJAeHHsX. Dosee TOro, us3-aa
YIOMSHYTBIX B3aHMOAEHCTBHH sjApa TakKoro Tuna o6/aadaloT CHH-
HOBBIMH COCTOSIHMSIMHM Pa3JIMUHBIX 3HEPrufi fAaXke B OTCYTCTBUE MpHU-
JIOKeHHOTO BHeIIHero noJisi. MOXKHO BbI3BaTb MepeXOodsl Mexay
35THMH coCTOAHUSIMH. CTUMYJAUUA H oOHapyXKeHHe TaKHUX [Iepexo-
NIOB — OpeIMeT TaK HA3HBaeMOH cnexTpockonuu adeprozo xkeadpy-
noavHozo peaonarnca (SAKP).

Yyscreureavrocro Merona SIMP npu ncc/elOBaHHH HEKOTOPOTO
Alpa 3aBHCHT OT BeJHYMHB MArHMTHOrO MOMeEHTa f[pa pu, KOTOpas
onpenessier PasHOCTb IHEepPruil MexXAy sJepHHIMH CIIHHOBBIMH CO-
CTOSIHHMSAMY, 4 CJ1el0BATENbHO, ¥ H3OBLITOK HACEJNEHHOCTH HHKHEro
COCTOSIHUSL B COOTBETCTBHH ¢ ypaBHeHuneM (I.11). MoxHo moxasarts,
4TO PH NOCTOAHHOM [0JiI€ HHTEHCHBHOCTb CHI'HAJ/1a MPONOPLHOHA/b-
Ha BeJHYHHE

[t + 1y w'Bs (1.13)

W3 s10r0 BhHIpameHHs BHAHO, YTO GOJblIOE 3HAUEHHE HMEET H Be-
mypHa noas By Kpome TOro, KpHTHYECKHM (aKTOPOM SIBJSETCS
npupodunoe codepmcanue. ViMenno Huskas kouteutpauus '2C u 5N
B MOJIeKy/naXx C NPHPOJAHBIM COAEPXKAHHEM H30TQNOB CHJABHO CHep-
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’KHBaJla Ha MepBblXx NOpax pa3BHTHE cOeKTPocKonHH AMP Ha 3THX
aapax. Tonbko mocie BBeleHHS MmeTo0a ¢hypoe-npeobpazosanus,
koTopblit o6¢cyxaaercsa B ra. VII u IX, B nocneanee BpeMs yaasocs
peofoeTb 3Ty TPYAHOCTb.

Mbl MOXXeM MOoABeCTH HTOI BCEMY CKAa3aHHOMY CJEAYIOUIHM 06-
pa3oM. JKCNEPHMEHT MO siAepPHOMY MAarHHTHOMY pe30HaHCy no3Bo-
JsieT 3alHCaTb Pe30HAHCHble CHTHAJB MAarHHTHHIX saep. Kaxabiil
THI SIAPA NMPH 3TOM HMEET CBOIO XapPaKTEPHCTHUYECKYIO Pe30HaHCHYIO
yactoTy. MoOXHO npeiacTaBHTb cefe TeOpETHYECKH SKCIIepHMeHT
C TUMOTETHYECKOH MOJIEKYJIOH IHMeTHITpHdTOpaueTaMuaa-sN Q,
pe3ysibTaT KOTOPOro mokasaH Ha pHc. 1.8. [uia ynpouwenus sroii
WJLTIOCTPaLHA NPeANoJ/araJjoch, 4To BCe fApa HMEIOT OJAMHAKOBOE
NPHPOLHOE COAEpXKaHHE H OJHHAKOBYIO YYBCTBHTEJLHOCTL B METOME

SIMP.

Jlutepatypa

PexomenayloTcss anf uyTenns yuebuuku B23, B5, B3, B6, Bll (cM. pasa.
«Bbu6anorpagusis B KOHIE KHHIH).

Fnaea |

CNEKTPbI MPOTOHHOIO MATHUTHOTO
PESOHAHCA OPFrAHMYECKMX MOJEKYA

Mo paccmoTpean MarwuTHMA pesonanc oTaeabHOro AP H JaJH 06GbAcCHe-

HHe (H3HUECKHX OCHOB 3KkcmepHmenta SIMP. Teneps cocpeprorounm nawe

BHHMAHHE Ha CNEKTPaX AEPHOTO MATHHTHOIG PE3OHAHCA OPTAHHYECKHX MO-

Aekya. Tlpn atom ™Mbl o3HakoMHMcs ¢ ABYMSl HABJIEHHAMH — XMMHYECKHM

CABHFOM pE30HAHCHOH YaCTOTHI M CNHH-CNHHOBLIM B3aHMOE/CTBHEM, KOTo-

Pbie CO31AI0T OCHOBY NpHMeHeHHil cnexTpockonuu SAMP B XHMHH H poAacT-
BEHHBIX AHCUMIJHHAX.

. XMMHUUYECKUHA CABMUT

lunoternueckuit  cnekrp AMMETHJATPHTOpaneTaMuia-'5N, 170,
TPHBEACHHbIH B KOHUE rJ. I, MOr 6bl HaBeCTH Ha MBbICJIb, YTO CIIeK-
Tpockonusa SIMP wucnonbsyercs anas OOHapyXXeHHS B COCJHHEHHH
MAarHHTHO pas/nHyalolluxcs ffep. JTO He TaK, NO KpaliHel Mepe,
Mo AByM mpHuYHHaM. Bo-nmepBbix, ¢ 3KcnepuMeHTAJbHOH TOYKHU ape-
HHSl TaKoe HCINOJIb30BAaHHE SIBAAETCA TPYAHBIM, €CJH BOOGIIE BO3-
MOXHBIM, TMOCKOJNBLKY YC/NOBHS H METOLHKY HEOGXOZMMO H3MEHSTh
AN H3MEDPEHHS DE3OHAHCHHIX 4YacTOT pPasHbIX sjep. Bo-Brophix,
SJIEMEHTHBIH COCTAB OPraHHYECKHX COEAMHEHHH MOIKHO ONpeneHTL
FOpasjno Jierye u TOYHee C MOMOWIBIO APYrHX METOMLOB, TaKHX, Kak
3JIEMEHTHBI aHaJ U3 HJH Macc-cekTpoMeTpus. TakuM o6pasom,
SHaueHne crnexktpockonuu SIMP aiasi XHMHH OCHOBBIBaeTCS He Ha
TOM, 4TO.OHa CNOCOOHA PA3NHUHTL BJEMEHTH, a HA ee CIOCOBHOCTH
OTJIHYHTHL HEKOTOPOE SIAPO, HAXOASALIEECH B ONpele/IEeHHOM OKpyKe-
HHH B MoJIeKyJle, OT APYTHX SIA€p TOTO Ke THHA. Bbiio HafileHo, 4To
Ha pesoHaHCible 4aCTOTHl OTHEJbHBIX SJep OXHOTO copTa BJIHsAeT
Pacnpesiesenre 37eKTPOHOB B XHMHUYECKHX CBS3SX B MoJsiekyJie, [1o-
STOMY 3Ha4yeHHe Pe30HaHCHON YaCTOTHI KOHKPETHOIO fiipa 3aBHCHT
OT mosexkyaapuod crpyxkrypel. Ecau naas JE€MOHCTPALHH 3TOrO SIBJIE-
HuA BRIGpATh NPOTOH, TO B CIHEKTpPe TaKOro COeJHHEHHA, KAK GeH3HJI-
auerar, Hanpumep, GYAYT NPHCYTCTBOBATb TPH PA3JIMYHHIX CHIHAJa
OT NPOTOHOB (heHHJIBHOTO SIAPA, METHJEHOBOH H METHJIbHOH Tpynn
(puc. I1.1). dror 3 (GEKT BbI3BAH PA3JIHIHBIM XHMHUYECKUM OKpY-
eHueM NPOTOHOB B Mosekyse. Ero HaswiBaior XHMHUYECKHUM CABUIOM
PE30HAHCHOA YacTOTHI WJIH NpOCTO xumuteckum cOsueom. Takum
o6pasom, B moJe 1,4 T npotouHbli pesoHaHc NPOUCXOAHT He MpH
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Puc. 11. 1. CnekTp npOTOHHOTO MATHHTHOTO Pe3OHaHca GeH3HJIaleTara.

vo =60 MI'L, a B HeKOTOPOM HHTepBaJje 4aCToT vo = Av, rne Av
06biyHO MeHbmle 1 kI, AHajornunsle 3¢ dekTs HabawoawTCs H
B CHEKTpax JPYrHx siiep, H 3TO SBJEHHE COCTaBJIsieT OCHOBY MNpH-
KJaJHO¥ crnekTpockonHd JAMP. .

B nmepBom npuOJHKEeHHH NPHYMHOH XHMHYECKOTO CIBHra SBJS-
forcsl saekTponnl cBsiazn C — H, B o6pa3oBaHHH KOTOPOH ygaCTByeT
IaHHBIE aToM Bojopoza. [IpuyoXeHHOe MATHHTHOE NOJE Do HHg%’T
UHPYeT TaKHe UHMPKYJAALHH OKPYXKawUIero sapo aJIeKTpOHHorc;HHﬁ
JaKa, 4TO B COOTBETCTBHH ¢ 3aKOHOM JleHua [BO3HHKaeT Mlzirgu tui
MOMEHT, 10 HalpaBJeHHI0 NMPOTHBOMOJOXKHBIH Bo (puc. 11.2). ;
KHM 06pasoM, JIOKa/JbHOe IoJle Ha sjpe OKAa3blBaeTCs MeHblle Ip :
JIOXKEHHOro. ATOoT 3(pGdeKT COOTBETCTBYeT MarHHTHOMY SKpaHHpOBft-
HHIO fipa, KOTOpOe NOHHXKaeT By Ha BEJHYHHY oBg, roe ¢ — Ko
CTAHTA 3KPAHUPOBAHUS /I JAHHOIO MPOTOHA:

Box = By (1 — 0)

KoHcTaHTa 5KpaHHPOBaHHS G [1PONOPUHOHANbHA 3JEKTPOHHOM MJIOT4
HOCTH Ha ls-opbutanu 4aToMa BoJOpona, a 6By — 3t0 Bennqn:a.
BTOPHYHOrO MOJISl, HHAYUHPOBAHHOIO y NMPOTOHA. B pedyJibTaTe I;dKHI;)
HHUTHOTO SKPAHHPOBaHHS B SKCIEPUMEHTE C Pa3BEPTKOH moJs HY

(IL.1

Is - gpbumans

uHBYRUPOEOHH B
MALHUMESIT MOMERTT M

Ha #ipe

UH TR U POERHI I 0K

Puc. 1L 2. OxpannpoBaHie MPOTOHa B MAarHUTHOM NOJE,
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JOBBICHTb BHEILIHEE I1I0Jie, YTOOLI YCJIOBHSI pe30HaHCa BHINOJIHAJHCH
(pH JAHHOH 4acTOTe. A ec/li SKCIEPHMEHT OCYILECTBASIETCS ¢ 4acToT-
40 pa3BEPTKOH, TO NPH NOCTOSIHHOM NoJsie By pe3oHaHCHBIe yCJA0BHS
GyAyT BBINOJNHATbCS NpPH GoJiee HH3KOH 4acTOTe, YeM MOMKHO GLiIo
Obl 0KHJATb.

B cayyae HeHCKaXKEHHOro cdepHuecKoro 3JIEKTPOHHOIO pacmpe-
AeJIeHUs, KOTOPOE CyWIeCTBYeT, HallpuMep, B aTOMeé BOAOPOAA, WH-
AyuHpOBaHHOe ABHKEHHe 3apsja NPHBOIUT K YHCTO AHaMarHUTHOMY
3¢ ¢pexty. B 9TOM ciyyae KOHCTaHTy 3KPaHHPOBAHHS 6 MOXKHO pac-
CYHTHIBATh MO ¢opmyne JIsmb6a, ecaun H3BecTHA 3JIeKTPOHHAas
NJIOTHOCTD p(r) BOKPYT siapa:

oo

0 = (noe%/3m,) S ro (r) dr (11.2)

0

rie p(r)— QyHKUHS PacCTOSIHHS r OT AApa, a APYrue BeJHYHHB —
H3BECTHble KOHCTAHTHL.

I MoJieKyJs cHTyauus YCIOXKHAETCH, MOCKOJIbKY 3[1€Ch HYXKHO
PACCMATPUBATL  5JEKTPOHHYIO UHMPKYJIALHMIO 1O BCeH MOJeKyue.
MoXHO MOKa3aTh, 4TO HCKaKeHHe chepryeckoii CHMMETPHH 3JeK-
TPOHHOIO pacnpelle/IeHHs, BbI3BAHHOE MPHCYTCTBHEM JIPYrHX anep,
YMEHBILIAET NHAMArHHTHHHA 3QdeKT. ITO yMeHbIIEHHe MOKHO pac-
CMaTPHBATb KAaK BO3HHKHOBEHHe NMapaMarHHTHOIO MOMEHTa, YCHJIH-
Baioluero BHellHee noJse By Takum o6pasom, sHaueHHe ¢ B MoJe-
Kynax siBJAsieTCi CyMMOH [AHaMarHMUTHOH M NMapaMarHHTHOH KOMIIO-
HEHT HHAYUHPOBAHHOIO JBHXXEHHS 3JIEKTPOHOB:

0= 0pua + Onapa (II. 3)

IIprn KONMHYECTBEHHHIX OlEHKAX BeJHUHHB @ npeanoJaraercsi, uto
HSBECTHA MPHPOAA 3JIEKTPOHHOTO JBHIKEHHS, WHAYUHPOBAHHOrO
BHEIIHHM mnoJsieM mo Bcedt MoJieKyJe. IT0CKOMIbKY 4715 GOJBMIHX MO-
JICKYJl 3THX 3HAHHA Y HAC HET, TO NPAKTHUYECKH IMOJE3HOE npubJau-
KeHHe [1JI ONpelle/ileHHs] XHMHYECKOTrO CABHra YAaercs HOJYYHTh
TOJILKO MIPH YCJIOBHH, UTO 3KPAHHPOBAHHE MOXKHO pa3ieJdTh Ha
BRJajip OT OTAE/JBHBIX 4TOMOB H TPYII, KOTOPble B CBOIO ouepeb
MOXXHO OUEHHTDb C MOMOIUBIO MPOCTHIX MOAeNel. TH BKAAAB MOKHO
IPEACTaBHTbL TpeTbHUM 4YieHom B ypaBHewuwd (I1.3), u Ttorma omo
npuo6peraer BH '

G = 7oK | giok | g’ (I1. 4)

AHa napa

3necs Onna H 095 NPEICTABAAIT Tenepb AOKAAbHbLE OuamMazHuT-
Holll W NOKAAbHGLI NAPAMAZHUTHGLE BKIAagb B KOHCTAaHTY 3KpaHH-
POBaHHA COOTBeTCTBYIOULEro siApa. [l MPOTOHOB OCHOBHON BKJaJ

AalT o;% M o, TeoperHueckue pacyerl MMOKAa3bIBAIOT, YTO CHJIb-

Hbie mapamarHuTHble 3Q(EKTH BOZHHKAIOT TOMBKO AJf GoJee TsiKe-
TbX s1ep, HMEIOLMX 3HEePreTHYECKH HH3KOJIeKallue JOCTVIHbE
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aToMHble OpOHTa/NH, TaK KaK B 3TOM cJyyae BHellHee MAarHHTHOe
noJie BHI3LIBAET CMEIHBAHHE BOJHOBBIX (PYHKIHH OCHOBHOTO H BO3-
6yxjaeHHOro cocrosuuii. Hanpumep, ajs aroma ¢ropa napamar-
HUTHBIH BKJAJ SBJSIETCA €CTeCTBEHHBIM CJeJCTBHEM JAOCTYNHOCTH
HHU3KOJIeKAINHX p-op6HTajel. 3aBHCHMOCTb KOHCTAHTBHI 3KPaHHPO-
BaHHA OT XHMHUECKOrO CTpPOeHHs Oyjier noApob6Hee paccMOTpeHa
B ra. IV. 31ech e MH OPOCTO NMPHMEM, UTO [Js NIPOTOHOB B MoJle-
KyJax ¢ Bceraa noaoxcureavna. Hanpumep, KOHCTaHTa 3KpaHHpPO-
BaHHs IPOTOHOB B MOJIeKyJie BOJOpOJa, ONpele/eHHasi MNOJTy3MITH-
pHueckHd, cocraBaser 26,6-10-%, W anA J10KaJbLHOTO MAarHHTHOTO
Noas Ha sjpe CIpaBelJHBO cooTHOWleHHe Bhox < Bp. Bee snpa
3KpaHHPOBAHbl, ¥ HX PE30HAHCHBIH cHrHaja Habualopaercs B Gosee
CHJBLHOM moJie (HJH npH 6osiee HH3KOH yacTOTe), YeM JJIsi H30JHPO-
BAHHOTO NPoToHA. /i OTAeJbHBIX COeJHHEHHH IIPOTOHBI DPasHBIX

IPYII HA3BLIBAIOT IKPAHUPOBAHHbIMU WIH 0E33KPAHUPOBAHKLIMU OT- §
HOCHTeJIbHO HEKOTOPOH 3TAJOHHOH JIHHHH B CHEKTDE, €CJIH WX CHIHA- §

JBl HaXOJSITCS COOTBETCTBEHHO B 6oJiee CHJIBHOM HJIH GoJe caabom
OT Hee noJsie. TO BHAHO B cnekTpe 6eHsnnanerara (puc. 11.1). B nem
MEeTHJIbHble MPOTOHbH IO OTHOLIEHHIO K METHJIEHOBBHIM IMPOTOHAM
3KPAHHPOBAHHB, a apoMaTHYeCKHE NMPOTOHBI MO OTHOLIEHHIO K HHM
Jle35KpaHHpoBaHE. B MoA06HBEIX cayyasiX 4acTo TrOBOPST COOTBETCT-

BEHHO O JAHAMArHHTHOM HJH NapaMarHUTHOM CJIBHre pPe3OHAHCHBIX :

CHI'HaJIOB.

1.1. EnquHHNb H3MepeHHs] XHMHYECKOro CABHra

Yro6bl 06CykK/1aTh pa3iHYHA B 3KPAHHPOBAHHH OT/JEJBHBIX IIPO-
TOHOB, HEOOXOJKWMO YCTAHOBHTBH CHCTEMY H3MepeHHs XHMHYECKOro §
capura. s toro 4yToOBnl yKa3aTb MNOJOXeHHe pPe30HAHCHOTO CHI- 4
Hasna B cnekTpe SIMP, B NpHHIHIE MOXHO H3MEPHThL BHEILHEE NOJe }
By uiM pe3OHAHCHYIO 4acTOTy v, IPH KOTOPOH MOSBJIAETCA HHTEpe- |
cylomas Hac pe3oHaHcHas qauHHA. ONHAaKO 3TH MapaMeTpsl HeyA00- §
Hbl [/ H3MEpeHHsi XMMHYECKOro CIBHra, TaK Kak CIIEKTPOMETPH i
SIMP pa6oTaioT NpH pas3HbIX noasx Bo (uampumep, 1,4, 2,3 nih |
5,2T) u B coorBetcTBHH ¢ ypaBHenHeM (l.10) ¢ usaMeHeHHeM n0OJId

MeHseTCcd H DPe30HAaHCHAd 4YacToTa. Boaee Toro, abcosoTHOE onpe-

fejleHHe BeJHYMHBl IIOJIS HJIH PE30HAHCHOH YaCTOTBI TEXHHYECKH |
TpyaHO ocyllecTBHTb. CJ/I€10BAaTeNbHO, MOJOXKEHHE PE30HaHCHOTO |
CHTHAJa HeOOXOJHMO H3MEpPSATb OTHOCUTEAbHO CHTHANA 3TAAOHHOZO
coedunenusn, 1. e. crandapra. O6biyHO A48 npoToHHoro SIMP TtakuM |
coennHenneM cayxur rerpameruacusran (TMC). Ero nsenaauats,

NPOTOHOB [T Y3KHH CHTHaJ, KOTODHIH 3amHChiBaeTcss Bcerja Of-
HOBPEMEHHO CO CIIEKTPOM HCCJeRyeMOro coefuHeHus. bBeHsunaue-
taT npH paboueil yacroTe cnekrpoMerpa 60 MI'n naer B sTom cay-
yae CNeKTp, MOKa3aHHuIH Ha pHc. 1. 3,a.

Cjepyolluii IIar B ONpeleJeHHH XHMHYECKOro CABHra — Ka-

aubposka cnektpa. B mpocrefiliem ciyyae oHa OCyLIECTBAACTCA MY-
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a—cn
€KTD TDPOTOHHOTO MAFHHTHOTO pe3OHaHCa GeH3mia

CHIaHa KaK BHyTpeHHer
O CTaHjapra u H
KO no Gokomol mnoadoce. Aap ? wactore 60 MIu;

nerata ¢ 106aBKOR TeTpaMeTHJ-
6 — ToT XKe cmekTp c KaJu6poBa

LZI\;I) nggg)(/}n?innnamnoxmoro CHTHaJia M3BECTHOH YaCTOTOH, HampH-
(60)606[1;1 nonbca)p}:{aaTOM B CNIEKTpe N0sBJsAeTCst GOKOBOM CHrHaJs

sooKC ‘ 9TOM PaCCTOSAHHH OT OCHOBHOTO CHIHaJla, ero
s BIBAIOT, H N0 OOKOBOH M0JIOCE B NaHHOM HHTEePBaJjie MOXHO
Tg?ﬁmuwosarb cnekTp. TakuM cmoco6oM Mh noJiyyaeM OTHOCH-
e Hble DACCTOSIHUSI MEXJAY CHTHAaJIaMM B CIIEKTPe MPOTOHHOIG

TPOT;H?H;?: ??Hgnélauslrara OT CHTHaJjJa 3TaJoHA B eJHHHIAX Yac-
Hsmepugb o ).u aCTOTHI, Jiexallue B 3TOM [HalasoHe, JIETKO
Hame pouren ToyHocTbi0. [TosTOMYy onmucaHHBIE MeTon nos-
; €T IIPAMO ONpelesisiTh XMMHYeCKHi caBHur. TeM He MeHee noJy-
OSS:TbgB}B;im:mHu HMEIOT TOT HENOCTATOK, YTO OHH 3aBHCAT B CO-
SDeTCT} Cnex¥paBHeHHe1§ (I.10) or HanpsxenHocTH moas. Ecam
San p B mose 2,3 T u npu yacrore 100 MTI'y, to paccros-
MeXJy CHrHalaMH B HeM G6YIyT COCTaBJISTH 721, 500 mn

2 X. Tlourep




34 Trasa 11

193 T'u pas Tpex rpynn npoToHoB OeHsuaanerara. Ilostomy ans
XMMHUECKOro c/BHra Oblia BBeJeHa Oe3pasMepHasi BeJIHYHHA, KOTO-
pasi onpejessieTcsl cjaeLylOMHM 06pa3oM:

0= (’Vnemecrao - vsranoﬂ)/vo (I 5)

3mech vo— pabouas UacTOTa HCHOJb3yeMOro CIeKTpoMeTpa (Ha-
npumep, 60 MI'n), a B KauecTBe eJMHHIl B §-UiKa.Le HCHONb3YIOTCA
MHJIJIHOHHBIE A0JH (M. A.). Tak, 4751 pe3oHaHCHHX CHIHaJOB B rép(())d
TOHHOM CIleKTpe GeH3ujaneraTa moJydaroTcs 3HauyeHds 6 7,21, 5,

H 1,93 M. 1. He3aBHCHMO OT TOro, H3MepsJcsl CIHEKTP Ha %aCTOTe
60 MI'u B noae 1,4 T uau Ha uacrore 100 MI'y B noae 2,3 T.

OTcyTcTBHEe abCOMIOTHOH IIKaJbl 3SHEPTHA JieJlaeT TPYAHBIM,

CpaBHEHHE CNEKTPOB SAEPHOr0O MAarHHTHOTO pe30HaHCa, eCcJH H;
JIOCTHTHYTO coIviallleHHe 06 yHHBePCaJbHOM 3TaJIOHe. yHOMHHyTbIe
Bhillle TETPAMETHJCHJAH YJOBJeTBOPSeT TpPeGOBaHHUSAM, 15191\TA0CI:)H
MOXKHO TNPEIbABHTb K 3TaJOHHOMY coelHHeHHI0. CHrHai —
HHTEHCHBHBIK cHHIVIET. [Io XHMHUeCKOMYy CABHTY OH OT/JHYaercs OT
GOJIbIIMHCTBA APYTHX CHCHAJOB B CNEKTPAaX MPOTOHHOrO pe3oHaHca,
nostToMy nepekpuiBanne cHrHasa TMC ¢ cuHrHajaMH H3yyaeMoro
obpasuna Habmwogaercs peako. OH XHMHYECKH BecbMa méelpﬁeﬂ H
JleTKO yAaaseTcs H3 o6pasla mocje 3alHCH CHeKTpa. O- xanﬂa
B MPOTOHHOM MAarHHTHOM pe30HaHCe OCHOBaHa Ha 3TOM COG}IH}éeHPl .
Kpome TOro, npHMeHsieMble CEroJHsi CNIEKTPOMETPhI NPHCHOCOGIEH
IUIS HCHOJb30BaHMA GyMaKHbIX OJaHKOB, Ha KOTOpble yXe HaHe-
ceHa LIKaJa B MHJJHOHHBIX Roasix. [losTomy xannGpoBKa MeTOLOM
60KOBHIX MOJIOC, 0 KOTOPOH YNOMHHAJIOCh Bhillle, HCNOJb3YeTCs TOJb-
KO TOT/a, KorJa HyXHbie 00JIacTH CleKTpa IeTaJjbHO 3anncunalo'rcsf
Ha y3KHMX pa3BeprTkax (Hampumep, 1 FH/CM). O6biyHO B amﬁx c.rlya
Yasx He YAQeTCs 3alHCATh STAJOHHEIA CHTHAJ H CHIHAJNH O paaal?c_
onHoBpeMeHHo. (B cienywoiled rjaBe Mbl BEepPHEMCS K TaKHM 3xe-
nepuMeHTaM.) B HeKOoTOpHIX ciydasix Kpome §-luika/nl ele Henl
3yeTca M t-wKasa. OHa OTJIHYAeTCs OT O-IIKaJbl TOJbKO TeM, YTO
B §-mkase curiag TMC TPHHAT 3a HyJb OTCYETa, a B T-LIKaJe eMy
npunucaHo snavyeHne 10 M. 1. Takum o6pasom, obe mkaJjb cBs3a-
HBl COOTHOLLIEHHEM

=10,0— b (I1.6)

3HaueHHs XHMHYeCKHX CJBHIOB, CTCYHTaHHHe B <t-lIKaJje, BO3pac-
TAlOT MO CNEKTPy CJeBa Hampaso. DTo YAOGHO, MOCKOJbKY Mbl rm;r;
meM ToXe cJeBa HanpaBo. Ho cHekTpockonmHYeCcKH NpaBHJbHO

sBJSeTCs TOJbKO O-lIKajJa, H MO MeXAyHapoAHOMY comaméeﬂmo
peKoMeHAYeTcsl NPHIHCHIBATD CHFHAJaM TMOIVIOLIEHHA NpH 6o’nee
BBICOKHX 4YacTOTax, T.e. epexojaM 6oJiee BBICOKOH 3Heprm16, 6J1b-
1IHe 3HAYEHHS CABHIOB B MHJJHOHHBIX JoJsiXx. TakHM o6pa3oM,
-CHTHAJIbl, - COOTBETCTBYIOIHe GoJiee BBICOKHM .3HEPrHAM B cneKTpe-
4IMP, JexaT Ha ero JieBOM KOHIe, TOYHO TaK Xe, Kak B HH(ppa
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Puc. II.4. CpaBHenHe 8- ¥ T-mKaJ H 9acToT B CIeKTpax NPOTOHHOTO De3OHaHCa
IJIS CneKTpomeTpoB Ha 60w 100 MIw. i

KPaCHOM = CMEKTPe BLICOKOYACTOTHBlE KOJIEeOAHHS 3alHCHIBAIOTCH
cleBa. B aToli KHHre Mbl GygeM HCIONbB3OBATH MOUYTH HCKJIIOUHTEJIb-
HO §-lKany, a t-3HauYeHHs BKJIOYHM JHUIbL B HEKOTODHle TabJIHIIH.
Ho ans nosichenns cssu MexXJy 8- H T-lIKajaMH, a Takke MexXay
COOTBETCTBYIOIUMMH YacToTaMu npu 60 u 100 MTu Ha puc. II. 4 sTu
4aCTOTHl M IIKAJbl COMOCTABJIEHH B TabJHLe. B OpHrHHANBLHON JH-
TEpaType HacTO MPHUBOAATCS 3HAYEHHS §, KOTOPBHlE MO TeXHHYECKUM
NPHYHHAM " OJNYYeHbl ¢ HCHOJb30BaHHEM APYTHX 3TAJOHHBIX CO-
CIHMHEHHH, TAKHX, KaK LHKJOreKCaH, METHJEHXJIODH] HJH 6eH30J.
Heo6xonuMocts Henosb3oBaTh APYro# 3TajiOH OYEBH/HA, €CJH MOI-
JIeXKALHA HCCeNOBaHHIO o6pasel, HMeeT CHrHAJI, NepeKphiBaOUIHH-
¢ ¢ curHasoM TMC. B TakoMm cayyae oGBYHO 3HauyeHHs 6 nome-
1a10T IONOJIHHTEJIbHO HHXXHHM HHIEKCOM, HallpHMep dc,n,- O6osna-
UCHHUS TAKOTO THMA OCOGEHHO BaXKHH B CNEKTPOCKONHH SIMP Gonee
TAKENbIX A1ep, rlle BO MHOTHX c/ayyasfix He -IOCTHTHYTO 06Illee co-
Tnacue 06 yHHBEpCaJbHOM CTaHAapTe.

Bkaagsl otaenbHBX 3aMecTHTesel B XHMHYECKHe CABHIH B CIIeK-
TPax NPOTOHHOrO pe3oHaHca MBI GyaeM 0603HAYAaTh B TEKCTE CHM-
BosoM Ao (M. A.), MOCKOJIBKY OHH NPeACTaBJAAIOT H3MEHEeHHs B KOH-
CTaHTe >KpaHHpOBaHHs. [lOMOXHTENbHBI 3HAK AG O3Hayaer yBe-
JIHYeHHe, a OTPHUATEJNbHbIH — yYMeHblleHHe 3KpPaHHPOBaHHS.

1.2. HMHrerpupoBanne pe3onaHcHoro curuana

C BBOJOM §-IIKa/Mbi MBI MOXEM COOTHOCHTE NPOTOHH B OTHe/b-
HBIX CTPYKTYDHBIX ()parMeHTax W CHrHaJjbl B onpelejeHHol objaactu
Clektpa. Ho nepen stum Heo6xoaumo YKas3aTh elle Ha OAHO
CBOHCTBO cnekTpa SIMP, KOTOpO€ MOXHO OBJIO yXe 3aMeTHTb Ha
puc. II. 1. Curnansl umeror pasHble unrencusHoctu. Bosee neradpb-
Hoe usyyenne nokasmBaer, yto maomanp N0Jl Pe30HAHCHBIM CHTHa-
JIOM nponopuxoHasbHa uYHCTY OpOTOHOB, JAOLHX ITOT CHrHaJg.
SJIeKTpOHHbIﬁ UHKTEZparop, BCTPOeHHBIH B cnekTpomerp SIMP, ap-
TOMaTuyeckn pucyer CTYNEHYAaTYyI0 KpHUBYIO, NNOKAa3aHHYIO Ha
buc. II.5. OtHomenne BwICOT CTYIEHEK Ha KpHUBOH NOKa3biBacT

a»
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Puc. I11.5. CnekTp NPOTOHHOro MarHMTHOTO pe3OHaHCa OeH3HnaueTaTa ¢ HHTerpH-
pOBaHHeM. BricoThl CTyneHeK yKa3aHHW B MHJJIHMETpax.

COOTHOIIIEHHE YHCEeJ NPOTOHOB B GeH3Wsaaunerate — 5:2:3. D10 us-
MepeHHe JaeT IleHHYI0o, & 4YacTO pellalomylo JONOJHHTENbHYIO
HHbOpPMALHIO.

BaXHO OTMETHTb 3A€Ch, YTO HHTETPHPOBAHHE HaeT BO3MOXKHOCTb
ONpEe/NHUTb JHIIb OTHOCUTEAbHOE 4UCAO0 TIPOTOHOB. Tak, ecan Ol
He pas/HyMs B XMMHYECKHMX CABHrax, TO 3THAQODMHAT H AHITHI-
MaJIoHaT AaJiu Obl OAHHAKOBHIE CIIEKTDHI.

H N /COOCqu'la

HCOOCH,CH; A
H” COOCHCH3

WHTerpupoBaHue pe3oHaHCHBIX CHTHAJOB HAaXOJAMT BaxKHOe IMpPH-
MeHeHHe B aHAJHWTHUYECKOH XHMHH MJs olnpele/ieHusl cOCTaBa CMe-
cedl M TPOIEHTHOrO COAEPXKAaHHs NPHCYTCTBYIOHIMX IpHMeECEH.
Hanpumep, MOXHO ONpele/uTb Maccy ma KOMIOHEHTa A B CMecH,
ecan J06aBHTh HEKOTOPOE KOJHYECTBO mp H3BECTHOTO BewlecTBa B
K 00pasiy H3BeCTHOH MAacChH, a 3aTeM NPOHHTErPHPOBATb CHTHAJIHI,
oTHOcsiliHecss K A u B. B atom cayyae Macca A B o6pasue onpene-

Jsercs no gopmyse
ma = ms (No/Na) - (Aa/Au) - (Ma/Ms) .7

31ecs N — 4HC/IO NPOTOHOB B MOJeKyJe, HAlOIIHX BHODaHHHA pe-
SOHAHCHHIE curHana, A — miaowany InoA cHrHagamu, My 1 Mg —
MoJiekyasipHas Macca A u B cooTBeTCTBEHHO.

Has  uUIOCTpallHH TIPHMEHEHHsT MHTErPHPOBAHMS CHTHAJIOB
SIMP na puc. I1.6 nokasaH cmeKTp cMecH MeTH/0eH3HJI0BOro 3¢dH-
pa 4 TOJyoJa B MOJspHOM cooTHomeHuH 1:1,491 (mo naHHbIM,
TI01yYeHHBIM B3BemHBaHHeM). [Ipu HHTerpHpOBaHHH ABYX CHTHAJIOB
MeTHJIbHHIX rpynn npH 62,2 u 3,2 Kak cpeflHee H3 NATH H3MepeHHH
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. C“ p p ArHUTHOrO pEBOHaHCa CMECH MerT HJ166H3HJIOBOI 0
pHC II 6. €KT NPOTOHHOI0 MAarH O
d(bﬂpa H IOJI) 0J1a B 06~HaC1H 6 OT O Ao 6 M. A.; 60 h‘l I

HoTyyaeM MOJIbHOE COOTHOIIeHHe 1:1,519 + 0,030. ITpasuabuoe
f—;gﬁ:i}ge ;;;KH(’)I‘HB Tpe/iej1ax OWHOKH, a BENHYHHA OIUMGKH 2 %)

Pele/eHd sTOro THma (2—4 %). Ha puc. I1.8
BUIIHO, YTO goicOTA cuenasa He sBAsiETCS TOUHON Mepoii uHcaa mpo-
TOHOB, AKOWMX CHrHAM, TAK KAK WHPHHH CHIHANOB paBJIH‘{aEOTI()‘,ﬂ

3ana
. Toaygﬂ;an(l)l.;éugggeﬁx??e MOJIAPHOE COOTHOLIEHHE MeTHJIGEH3HJIOBOrO 3¢pupa
TPHPOBAHHSA, NPHBEAEHHH
. y M Ha pHc. II. -
OBLIX NIPOTOHOB 3HPA H METHAbHHIX IPOTOHOB TOJyONa. P 6 ans metuze

1.3. 3aBucumocts H
PE30HAHCHOM YacTOTH OT CT
O6wuii 0630p 'Pymypu.

HHHXHKL:)I;I;eiKMH CABHI' B CHeKTpocKonuH SIMP naer BaxkHble cBeje-
— chog;e, MOJAOGHO TPYNNOBLIM YacTOTaM B HK-cnekrpocko-
Wears o 3I¥IOTICI$'1 7}1JIH ONpeNeNeHNs] CTPOEHHS] HEH3BECTHLIX Be-
eﬂowe‘ﬂuﬂ m;;ﬂc. p NIOKa3aHbl Xapakrepuctuweckue obaacry no-
e OpI‘aHI/Il{eCKHHaH OJIeé BaKHLIX THIIOB NPOTOHOB, BCTPEYalOHXCH
s e ﬂx MoJieKy1ax. MoxHO clenaTh caefyouire o6uipe
pozamm M-eH Js. IPOTOHOB asugparuqeckux cesseli C—H 3KpaHH-
o ymenoiraercs B psagy CHs > CH, > CH. Tax, IPOTOHHI

bHBIX IPYNN y HACHILEHHOTO aTOMa YIVIEPOAa AAIOT CHrHAM
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; FSERS) g Puc. [1. 8. CnekTp npoTOHHOro MarHHTHOrO PE3OHAHCA NPONHOAMHAA.
f . T, - E
— |~ Corf g :
k x To Q z - npu § 0,9, a3 pe3oHaHC NMPOTOHOB UHKJOreKcaHa HalMIOfaeTca MpH
Lot
iﬁ © S Lz g 5 1,4. Mickalouenne cocTapjserT IHKJIONPONAH, NMPOTOHH KOTOPOro
S 1 — < g paior curHan npH § 0,22, Pe3oHaHCHBle ¢HTHAJB 04eUHOBLIX TIPO-
— | & TOHOB JiexaT B obaactd ot § 4,0 xo 6 6,5. U auiib B ocobuix cny-
% N - yasX, TaKHX, KaK COeflMHeHHs, ToJo0Hble akpoaeHHy (CH,=
- o x ¥ = =CHCHO), oun cmemalorcsi Huxe §6,5. PesoHaHcHBle cHTHanW
5 — |- Tr— S|—/1v = IPOTOHOB QPOMATUXECKUX MOJIEKYJl HPOSBJSIOTCA B XapaKTepHCTH-
j i © T % yecKoli ob6aactd Mexay 87,0 u 9,0. Xora B HHX, KaK H B ouedH-
) S S HaX, aTOMBI yrjepoja TaKkxe HaXOAATCH B Sp>-THOPHAN3ALMY, 3]€Ch,
< o = OYEBH/IHO, CYUIECTBYeT JONONHHTE/BHOE [Ee33KPaHHPOBAHHE. Hanst
— O}~ 5 alueTuaeHoB HabMOaeTcA IPOTHBONOJOXKHMIE 3ddeKT, u ayeruiero-
S E goti IpoTOH morJomiaer npu § 2,9. DuekTpooTpunaTesbHbIE 3eMeH-
1 - S TH, TaKHe, KaK a30T, KMCJIOPOJ H rajoreHsl, BRISLIBAKOT IapamMar-
It = ) HHTHBI€ CIBMT'H COCEAHHX C HHMH npoToHOB, ToT Xe 3dpdekT naiwor
— | o) NS Ll
i 3 3 b coce/lHHE KpaTHBle CBA3H. Pe3OHaHCHble CHTHaJbl NPOTOHOB aJlb-
3 3 Z nerugHol U KapOOKCHABHO! rpynn HaxoAATCs B OYeHb ciabom moJe.
S T E = g Ocoforo paccMOTpeHHsi 3aC/ayXHBAIOT CHrHaJbl HPOTOHOB TIpynn
1N 1.El—4 e & OH, NH, NH, u COOH. Hx mofioxeHHe B CIEKTpe CHJILHO 3aBH-
5 P g CHT OT KOHUEHTPalHH, TEMIEPATYPH M HCIHOJb3OBAHHOTO PACTBOPH-
1 = tensi. Hanpumep, curHan mporoHa rpynnsl OH B ouHlleHHOM Me-
T o : TaHoje Habawonaercs npu 6 1,4, a B o6pa3sue, conepxaiieM npume-
— - ‘é cd,— npu 6 4,0. M3 Oosee neranbHOro oGbsCHEeHHS, KOoTOopoe Oyner
\ 2 5 1aHo mnosjHee, cjelyeT, YTO NPHYUHA ITOTO PABJIHUKH COCTOHMT B
- 5 cnoco6Hoctn rpynnsl OH o6pasoBmBaTh BOROPOAHBIE cBs3H. I1pu-
S o 5 CYTCTEHE CJEN0B KHCJIOTH HJAH BOABI YCKOpAieT mpouecch oGMeHa,
Nt [
) < H 3TO0 TakKe IPHUBOAMT K CABHIY DE30HAHCHOM YacTOTHl MPOTOHA.
3 =5 lloMumo sTOoro mpu xuMuyecKoM OGMeHe MOXKET MeHAThCS H (op-
o} - . E Ma pesonaHcHoro curtHasna. B dactHocT, nporonnt rpynn COOH,
(o s o QDl—o =~ SR
g 3
! N/ ] ‘343

NH; u NH uacro naioT UIHPOKHE Pe30HAHCHHle CHTHAJH, KOTOpHIE
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Ta6auua Il. 1. PesonancHue cHrHafin (3HaueHHs § B T)
HEKOTOPHIX OPTaHHYECKHX COeJHHEeHHi

CoejlHeHue THo npoToHa 8 T
Iukaonponan - CsHs 0,22 9,78
JTan . CH3;—CH, 0,88 9,12
DTHIeH CH,=CH, 5,84 4,16
Auetunen . CH=CH 2,88 7,12
Bensoa ; CeHg 7,27 2,73
Ilponuaen CHy;=CH—CH; 1,71. 8,29
[Tponun CH=C—CH, 1,80 8,20
Anerton . CH;—CO—CH; 2,17 7,83 . )
Iuxkaorekcan CeH 12 1,44 8,56
Mertnaxyopun CH,Cl 3,10 6,90 :
MeTH/IeHXI0 UL CH,Cl, 530 4,70
Xmopodopm CHCl; 7,27 2,73
DTaHou CH3CH20H 1,22 8,78
CH3;CH,OH 3,70 6,30
CH;CH.OH 2,58 7,42
VKcycHas KHCJIOTa CH,COOH 2,10 7,90
CH,COOH 8,63 1,37
AneTaJbgerun CH;CHO 2,20 7,80
- CH3;CHO 9,80 0,20
Justuaosuit sdup (CH,CH,) 0 1,16 8,84
(CHsCH,) 0 3,36 6,64
Stuaanerar CH;COOCH.CHj, 2,03 7,97
CH;3;COOCHCH, 1,25 8,75
CH;COOCH:CHj,4 4,12 5,88
TpuMeTHJIaMHH (CH3)sN 2,12 7,88
TpUITHIAMHH (CH,CHj3)3N 2,42 7,58
Toayoa CgHsCH,; 2,32 7,68
Bensanbaerun C¢H;CHO 9,96 0,04

HHorHa TepsaroTcs B mwymax (puc. I1.8). B 3aBepuienue 3Toro mnpen-
BapuTeJbHOro 0030pa mbl npuBoxum B Taba. II.1 3nayeHns xuMmH-
YeCKHX CABHIOB B §- H T-IIKaJax AJs HEKOTODHX NPOTOHOB psifa
MaJBlX OpPraHHYECKHMX MOJIEKYJ, ABJSIOLIUXCHI XapaKTepHBIMH Ipel-
CTaBUTEJISAMU HECKOJbKHX KJacCOB COeJHHEHHH.

3apava I1.2. [IpH HHTerpHpOBaHHH CNeKTpa NPOTOHHOIO pe30HaHCa CMeCH

aleToHa, METHJEHXJOpHAAa H XxJopodhopma ObiJIH TMOJY4YeHH CJIeIYIOLIHE BHICOTH
CTyIMeHeK Ha HHTerpaJbHOH KpHBoi: 10, 18 u 36 MM masa curnanos npu § 7,27, 5,30
A 2,17 cOOTBETCTBEHHO B KAaKHX MOJSIPHBIX COOTHOLIEHHSX NMPHCYTCTBYIOT S3TH TpH
BellecTBa?

3apaua II.3. Ha puc. I1.9 npusegnennt cnexktp SIMP u uHTerpaJbuas Kpupas
JUIl CMECH ToJyoJua, O6eH3osla H MetHJeHxJopuaa. ChenaiiTe OTHeceHHe CHTHAJIOB |

¢ moMouiblo AaHHBx Ta6sa. II.] W onpexenuTe MoJspHBEIE COOTHOLIEHHS TPeX CoO-
eJvHeHHR.

3apaua 1. 4. B cnekTpe NpPOTOHHOrO Pe3OHAHCA HEH3BECTHOTO COeJHHeHHS Ha

gactote 100 MTL mabaofaiorcs asa curHaia opd 82,32 m 87,10 ¢ cootHoue-
HHem muomaneii 3:5. Kakas pasHocTh XHMHYECKHX CABHIOB B repuax Mexay
THMH CHrHajJaMH G6YAeT HabuwonaTecad B cnektpe Ha 60 MI'u? K xakomy coeas-
HEHHIO OTHOCATCA 3TH - JAHHElE, eclu ero MoJekyaspHas ¢opmyna C;Hg?
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Puc. I1.9. CnekTp npoToHHOro MarHHTHOro pesoHaHCa cMecH ToJyoJa, GeH3oJa H

METHJIEHXJIOpH I a.

3apaua II.5. Kakne pasimuus cnektpax SIMP B nosoxenwH u miomagsix
PE30OHAHCHHIX CHTHAJIOB MOXHO OXHHATL AJA CIEHYIOLIUX nap H3oMepoB:

. ?H_a% o CH,

a) CHy—C—OCH,CgHs a’) CH3~O—(':—C6H4CH,
CH3 CI—I3
CH3 CI—I3

! I
6) CHy—C—C=C—CH, 6") CHy—C—CH,—C=C—H

CH; CH,

3apaua I1.6. Tlo cmexTpam mnpoToHHOrO Pe3oHaHca, IpHBeNeHHWM Ha
puc. I1. 10, onpenennte cTpoene coefHmeHHit a—=. Ilpusenens Takxe MoJeKy-
JspHast GopMysa A KaKLOTO COeNHHEHHS H OTHOCHTEIbHEe TJIOIIA/AH CUTHAJIOB
o:aesaﬂne: peinedne 3allau obJervaercs, eCJH CHavala AJs KaXIOTO COeNHHEHHS
HLIP ACIHTh SKBHBAJNEHTH ABOAHON cBAsH. [[ns coefuHenus CeHp(O¢) wncao gsoii-
X cBsised naercs dopmysolt [(2a - 2)— b)/2.

2. CMNH-CMMHOBOE B3AMMO/EACTBME

2.1. O6une samMeuanus

. CpaBnuBas CIeKTp GeH3HJaleTaTa M CHEKTp aTuiadhopmuara,
ngHBeﬂeHHble Ha puc. II.11, mMb 3ameuyaeM He TOJBKO pasjauune B
VIOXKEHHH De3OHAHCHBIX CHMrHaJ0B. CHrHAJB OTJIHYAIOTCH TaKiKe
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Puc. I1. 10. Crektpun SIMP oprannueckux coenuHenufi (k 3amaue 1L 6).
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Puc. 11. 11. Cnektpu SIMP Gensunanerata H stHabopMuara.

MYAbTUNAETHOCTb10. B OHOM cJydae Kak METHJIbHBIE, ;ag HBM;’II)‘I;’:
JIEeHOBBIE INPOTOHBHI IPOSIBJASIOTCS B leelg;peTpll(;};ecTnH;nK;abTeT Y-
— TNPOTOHH TaKHX Ke Tpymn -
I;)c’;‘hf;lETCTBIZEHHO C BIIOJIHE OlpefleIeHHbIM I%;;gﬁflﬁeﬂﬁﬁzﬁxe::;eHacTI{oBﬁ
i H 3THX MYJbTHIIJIETOB. a
’}I‘{(c))}({:;?;’l g:g;ETypbl——ann-cnuuoeoe Buaau)uodeucreue. OHOHE::-;;;
KaeT 3a CYeT MAaTHHTHOTO B3aHMOJEHCTBHA MeXJy OTle M
IPOTOHAMH, KOTOpoe I[epefaercs 4Yepe3 3JIEKTPOHH ﬁgMéI;i:eTBeH-
o wepes mpocrpaverso. Ha prc. T 12 576, Cremariieonn nokasa.
npoctrpancreo. Ha puc. II. 1
:8 ;igeiao;exy}:u ¢hTOpOBOAOPOJIa H NPOTOHOB MEEHHQHOBOHHI;I}){yI;
nel. MarHHTHHIH MOMeHT sapa A BH3bIBaer ciaabyio M';I;CH Ze-
HOJISIPH3AIHIO CBSI3LIBAIOUINX 3JEKTPOHOB, KOTOPas nepenTBHe e
pes mepekpriBajoliHecss op6uTaau Ha sgpo X. Kak Cneﬂ((::HHHOBOI‘O
ro, BHelllHee moJjie Ha sape X OyaeT B 3aBHCHMOCTH OT ﬂ' roporo
cocTosHHsa fapa A /6o BO3pacTaTth, JHGO YMEHbIIATHC ésoHch-
o6pasoM, JIOKaJbHOe MAarHHTHOe IOJe, onpeﬂe%gmee perumeTca
HYI0 4YacToTy siapa X, H3MeHseTCA H cnrHaJIAH })Cicldu;o%l o
B ny6aer. To ke cnpaBelaHBo H AasA sanpa A. Isa OB O
CTOSIHHS siipa A IOYTH PaBHOBEPOSATHHI, NO3TOMY JIHH L ew)ll e
Te HMEIOT DaBHYIO HHTEHCHBHOCTb. B nanvHefimmem mbl 6yn
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3HBATh s/pa, MEXNIY KOTODHIMH CylIecTByer CIHH-CIIHHOBOE B3aH-
MOJICACTBHE, CRUHOBOL CUCTeMOL.

OHEPTrHs CIHH-CIHHOBOro BsauMonencteusi E  Mexay asyma
aapaMu A u X mpomnopuuonasnbua CKaJIIDHOMY IPOU3BEJEHHIO HX
ANEPHEIX MACHUTHBIX MOMEHTOB Ma M pux, H C NOMOIULIO YpaBHeHus
(1. 5) ee MoxHO 3amucats B BHje

E = Jaxlalx (I1. 8)

3nece Ia n Ix — Tak HasmBaemue Adeprsie cnunossie 8eKTOpbE
o0oHX smep, a Jax — CRAARPHARA -KOKCTANTA CNUN-CNUN0B020 @3qu-
nodedcreun mexay mumu. s ypaBHenus (1.5) rtakxke caenyer,
4TO B32HMOJIEACTBHE MPONOPIHOHaAbHO [IPOHU3BEEHHIO IHPOMArHHT-
HBIX OTHOWeHMH sinep. UToGnl u36aBHTbCS OT 3TOfH 3aBHCHMOCTH,

NEPEXONAT K npusedennoll KOMCTAWTE cnuN-cnuno8ozo 83aumoder-
cr8uA Kax:

Kax=(1/vy¥x) I ax (IL. 9)

Ee uuorna ucnosmssyior, ecan CPaBHMBAIOT BEJHYHHBl KOHCTAHT
CITHH-CIIHHOBOIO B3aHMOJEHCTBHS MEXAY PAsHHIMH sApaMH WJH Aas
TOro, 4To6bl KOMIEHCHPOBATh OTPHLIATENbHEH 3HAK, 06ycJ/0B/eH-
HBI OTPHUATENBHEM THPOMAarHHTHbIM OTHOIUEHHEM OJ(HOTO H3 sifiep.

Baxnoe cneacrsue ‘ypaBnenus (II. 8) coctour B TOM, uTO 3Hep-
THS CIIHH-CIIHHOBOTO B3aHMOJAHCTBHsI, a C1€0OBATEJNbHO, H KOHCTAH+
Ta CNHH-CIIHHOBOTO B3aMMOJEHCTBHS B MPOTHBOHO/IOKHOCTD XHMH-~
ICCKOMY CIBHIY He 3aBHCAT OT HaNPSKEHHOCTH BHELIHero MAarHuT-
Horo mosisi. IMosToMmy KoHCTaHTH Bhipaxaior B elHHHIAX YaCTOTH,

4

a : 5

T.ﬁz?lph’b/[f MAHUITINGIE MOMEHTT

A macrumpas nanspusasy gpdumangi

Puc. 11.12. Cxema ANEPHOTO CIHH-CIIHHOBOTO B3aHMOLCHCTBHS Jepes MOCPeNCTBO
CBA3BIBAIOWIAX 3JEKTPOHOB.

4 —pB moiekynre HF; 6 —p rpynne CH,. CocTofiHHe ¢ HH3Kof 3HEPTHEA COOTBETCTBYyeT aH~
THNApaLNeNbRO! OpHeHTauHu ANEPHOTO M SJICKTPOHHOTO MAalHHTHbLIX MOMEHTOB, Mepenaua
MArHHTHOA NONAPH3AUHH NoAuMASETCH UpHHUNNY Ilayau u npasuay XyHpa. ITostoMy Mar-
HHTHasl NONAPH3aUUs opGuTanel Y DA3HBLIX UEHTPOB, T. e. OpGHTaJeft, YYacTBYIOILHX B
00pasoBaHUM cBn3H, TPOTHBONONIOKHR, A [N BBLIDOKZEHHBIX opGHTanelt Ha oxHOM ueHTpe,
HanpuMep Aast FHGPHAHBLIX opbHuTanelt aToma yriepoaa, oHa OLHHAKOBA,
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B repuax. Koncranra cnHH-CHHHOBOrO B3aHMOJEHCTBHS He 3aBHUCHT
OT paGoyell YyacToThl crnekTpoMeTpa. [IpoBOAs H3MepeHHs B pas3HBIX
moasix Bo, MOXKHO oOmnpefie/iHTb, OGYCJIOBIEHO JIH pacIlelIeHHe JH-
HHI CIHH-CIHHOBBIM B3aHMOJeficTBHeM. B ciyyae CIHH-CIIHHOBOrO
B3aHMOJEACTBHSI PAaCCTOSHHE MeXJY JHHHSMH B replax OCTaHeTCs
HEHM3MEHHBIM, a €eCJH pacllellJieHHe CBS3aHO C XMMHYECKHM CIBH-
rOM, OHO H3MEHHTCH.

‘Uro6b yriyOHTh Halle NOHHMAaHWe DACUIENJIEHHS JHHHH, Bhi-
3BAHHOrO CIHH-CIIHHOBBIM B3aMMOJEACTBHEM, DAaCCMOTPHM ero c
TMOMOLIBI0 JHArPaMMbl 3HEPreTHYeCKHX YPOBHEH ABYXCIHHOBOH CH-
creMHb. B orcyrcrBHe cnuH-CNHHOBOro B3auMmopeiicTBHA (J = 0)
MBI TMOJIyYHM 4 Da3/HYHBIX COCTOSIHHS IJISl [BYX filep BO BHeNIHEM
nosie By. dto 03Hauaer, 4T0 06a AMEPHBIX MATHHTHHIX MOMEHTA MO-
IYT OHITb OPHEHTHPOBAaHbI JHGO NapajsienbHO, JU60 aHTHIApaJ-
JIeJIbHO IO OTHOUIEHHIO K NOJIO0 Bg; KpoMe TOro, OfHH H3 HHX MOMKET
OniTh napaJjiened NoJ0, a APYroii — aHTHNapaJsJeneH, u Hao6opor
(puc. 11.13,a). Tlepexoanl A, u A, ans sagpa A uMewT 3mech
OIMHaKOBYIO 3HEPTHI0, H, CJeJOBATEJBHO, NJA Hero HaGJiomaercs
TOJILKO OJHA pe3oHaHCHas JUHUA. EciAH chnUH-CIHHOBOE B3aHMO-
neiicrBHe Habmogaercs (J 5=0), To cOGCTBEHHBle COCTOSIHHS CIIH-
HOBOH cHcTeMb! JTHOO CTaGHAH3HPYlOTCHA, JHOO JecTabuIH3HPYIOTCS
B COOTBETCTBHH C OTHOCHTEJILHOH OpHEHTAalUHeH SJIePHBIX MOMEHTOB.
Ilpunsto cuntate, o npu J > 0 HHXKHee SHEPreTHYECKOE COCTOSHHE
COOTBETCTBYeT aHTHNApaJIeNIbHOH OpHEHTAUHH SAEPHBIX MOMEHTOB,
H Mbl 6y/leM cJIe0BaTh 3TOMY corJamenuo. Torna aAnarpamma smep-
TeTHYeCKHX YpOBHe# Oy/leT HMeTh BHJ, IpHBeNeHHbIH Ha pHc. I1. 13, 6.
MoxHo BuIerh, uTO Temepsr nepexolbl A; H A, yXe pasanuaorcs
MO 3HEPrHH, H 3TO NPHBOJAHMT K PaCUICIVIEHHIO CIEKTPaJbHON JHHHUH
B ny6Jer.

Koauuecteennas TpaxkTO8Ka CUHH-CIIHHOBOTO B3aHMOIEHCTBHS
B cayvae cHcTembl AX, T. e. asa aBYyX simep A u X, BecbMa npo-
€Ta, IIOCKOJIbKY, KaK OyJeT MOKa3aHO HHXKe, COGCTBEHHble 3HAYCHHS
CIHHOBOH CHCTEMBI JIETKO PacCYHTATh, HCIOMb3YS COOTHOIIEHHe

E(Tw) =D vim; () + 2, X Juymy (1) m () (IL. 10)

B 0603HaueHHAX DE3OHAHCHBIX YACTOT (B repuax) v, H vx H KOH-
CTaHTBI CIHH-CIHHOBOTO B3aHMOMEHCTBHSA Jax NMOAYYHM

1) Ey=(1/2)va 4+ (1/2) vx 4 (1/4) Iax
2) By=(1/2)va — (1/2) vx — (1/4) Iax
3) Ey=— (1/2)va + (1/2) vx — (1/4) Jax
4) Ey=— (1/2)va— (1/2) vx + (1/4) I ax

Iecrabunusauus HIH cTaGHIH3aLHSA COGCTBEHHBIX COCTOSIHHH CH-
creMbl AX 3a cyeT CHHH-CIHHOBOTO B3aHMOAEHCTBHS COCTaBJISIET, |
TakHM 06pa3oM, = (1/4)/ax B 3aBHCHMOCTH OT TOro, mapanienbHa

M
K(()):IGHTOB. Cymecrayer o6o61enHoe npaBuJIo,
CTaHTBH CNHH-CHHHOBOTrO B3auMoJelcTBHs y

S ...
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AX AX

(1) W - wole
2 W

I M, S

. Aq o T+

N
J =0 J#0

Puc. II. 13. JHarpamma 3HepreTHye-
CKHX YDOBHel 145 aByXcnHHOBOR
CHCTEMHI. a &

a — Gea CNHH-CTHHOBOrO B
CTBHR; 0 — NPH HanAyHK cnm?-acl;zgﬁ:g-
ro B3aHMomeficTBHz, AHTHNapaanencras
ODHEHTALHSA  AREPHBIX MOMeHTOB Guina ' Jax
IDHHATA Kak cooTBeTcTByiomag HHXHeMy Az “"““‘(-l
SHEPreTHYecKOMy COCTOAHMIO. (J>>0). ITosTo- :
MY cOGCTBEHHNe COCTORHHA (2) u (3) '
cradﬂnuaﬂposanuu, 2 cocTosiHHs (1) l ‘
(4) nec‘radnnnanpoaanﬂcz, No cpasHeHHIO A
1

€O ciydaem a. Oas sich
A OCTH 1
TOTBKO JNHHHH sapa A. oxasamm

YX sIA€PHHX MOMeHTOB. [Tpy-
é\;eﬂﬂﬂ npasuao orbopa Am = 4 l(rue my, =Z,m, (i) — noxmlz):ﬁ
UK paccMaTpuBaeMoro Co6CTBEHHOrO COCTOSIHHS1) |
CHEKTDAJILHBIX JIHHU noyyyum A Sdctor
((i)—»(;): EI—E3=VA+.(,1/2)JAX (2)—»(1): E,—E2=vx+(l/2)JAx
)_)( ). Ez—E4=’VA—(I/2)-’AX (4) _>(3): Ea—E4=Vx~(l/2)JAx
Takum oGpasom, paciuennenue Jaunuy NpH v4 H

:gﬂcrama CITACTCA OTpuyaressnod. Tak, kom
e BOTO B3auMonelicteusg J JABYX IIDOTOHOB B Me
PHUATEIbHA, NOCKOMLKY 3ecH CnapHBaHHe cry

llee HH3KOH SHEPIrHH, BeleT K napaJjIieJIbHOi op

CTaHTa CHHH-COH-
THJIE€HOBOH rpymmne
HOB, cooTBeTCTBYIO-
HEHTAUHH saepHbIX
COTVIaCHO KOTOpOMY
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Gosiee ferasnbHOe OOCYXK/JEHHE COOTHOLIEHHS! MeXJAy BeJHYHHOH
KOHCTAHT CIHH-CIIHHOBOTO B3aHMOJEHCTBHS Jun H CTPOEHHeM opra-
HHYECKHX MOJIEKYJ, M O0bACHHM NpPOCTHE NpaBH/a, KOTOPHIE HC-
NOb3YIOTCS MPH HHTEPIPETAlMH THIHUYHBLIX paculenyeHHd. TH mpa-
BHJIa, HashlBaeMLle ApABUAGMU Nnepsoeo NOpAO0KA, BO3HHKJIH Kak
npejesnbHple CJAyYaH IPH KBaHTOBOMEXaHHYECKOM aHaJjH3e CIeKs
TPOB sIIGPHOTO MAarHHTHOrO pe30HaHCa, KOTOPHIH Mbl 6yieM pac-
cMaTpuBaTh B M. IV. IT0o3TOMy LleHHOCTb TaKHX NMpaBHJa OTrPaHHYEH-
Ha, H B CBfI3H C HMX BBeJeHHEM MBl JOJIXKHH OGCYIHTb HECKOJNbKO
TIOJIOKEHHH, KOTOpble NMO3BOJIAT .HAM OYEPTHTb MpejieJsl HX NpHMe-
HHMOCTH.

2.2, NipocTbie MpaBHJa HHTEPNPETALMU
CBEPXTOHKOH CTPYKTYPBI B CHEKTpax

Paccmorpum | eme pas cHrHajsl STHJBHOM TPYNNH B CIEKTPe
stuagopmuara (puc. IL 11). ITo uHTeHCHBHOCTAM TpHIVIET H KBap-
TET MOXHO OTHECTH K METHJbHOH H METHJEeHOBOH IPyNIaM cOOT-
BeTCTBeHHO. UHc/0 JMHHA B KaxXJAOM CHrHaJje, T. €. €0 MYJbTH-
NJIETHOCTb, Ha €JHHHIY O6O0./bllle, YeM YHCJO NPOTOHOB B COCEeNHEH
rpynne. To MOXHO MOHATb, €CTH MB PACCMOTPHM BO3MOXHEE KOM-
OHHAUMH MAarHHTHBIX KBAaHTOBLIX WYHceJs (i) NPOTOHOB KaxA0H
rpynnbl, Eciin Mpl Tenmepp HcnoJib3yeM BOJHOBHeE GOYHKUHH ¢ H B
KaK XapaKTePHCTHKH JBYX BO3MOXKHEIX CNHHOBBIX COCTOSIHHH OT-
HAe/bHBIX MPOTOHOB, TO MOJYYHM CJEAYIOUYIO CXeMY:

CHa-rpynna My CHa-rpynna mr -
aa +1 aaa | +3/2
of pa 0 aaf cafa Paa +1/2
Bp —1 off  Paf Ppo —1/2
BAB —3/2

OraenbHble KOMOHHAILME OTJHMYAKIOTCS 3HAYCHHSAMH NOAHO20 CHRUNMG
mr, KOTOPHI XapakTepu3yeT MarHHTHbHle CBOHCTBA paccMaTpHBae-
MO# rpynnsl siiep. Tpu mpoToOHa MeTHJBHOM TPYNNBI MOTYT Haxo-
JHTbCA B YeTHIPEeX pAa3JIHUYHBIX MArHUTHHX COCTOAHHAX., 10 aHaJ0-
FHH C aHA/JH30M, NMPOBEJEHHHIM Bhille AJSA JBYXCIHHOBOH CHCTEMH,
9TO NPUBOJUT K BOSHMKHOBEHHIO KBapTeTa B PE3OHAHCHOM CHrHase
METHJICHOBBIX TPOTOHOB. A pacnpejiefleHHe HHTEHCHBHOCTEH B HeM
1:3:3:1 cooTsercTByeT BepOATHOCTSIM DpeaJH3aUMH Pa3JHUYHBIX
KOMOHHAUHUi COHHOB. [TOMHOCTBIO aHAJOTHMYHOE DAaCCMOTPEHHe NpH-
MEHHMMO K CTPYKType€ Pe30HAHCHOTO cHrHaja Metusna. O6obiieHHe
BeJleT K CJEAYIOLIUM INpPaBHIaM, KOTODBE@ MOXKHO JIErKO IMOATBEp-
JAHTb ¢ noMoiubio ypaBHenus (II.10).
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1. Jlnst sinep co CNHHOBBIM KBAHTOBbIM qhcaoM [ = 1/2 myao-
TUNAETHOCTL CU2ZHAAG DaBHA n -1, rae n— uneno sajep B co-
celHeH rpymme. Ecnu umeercss npyras COCeNIHsASl rpynmna, npOTOHH
KOTOPOH OTJIHYAIOTCS O XHMHYECKOMY CABHTY OT HPOTOHOB mep-
BOH, €e BJHSIHHE Ha MYJbTHIJIETHOCTD CJIelyeT pacCMaTpHBAaThb OT-
aenbHO. Ilpu 3tom TI0C/IE/I0BATENIBHOCTb, B KOTOPOH paccMaTpHBa-
0TCA 3QdeKTH NMPOTOHOB cocenHHX Ipynn, He uMeeT 3HAYeHHS
Tak, ecau agpo Hm umeer npa XHMHYeCKH Pa3JIMYHBIX COCEIHUX
snpa Ha n Hx, 1o curman Hy paciiennsercs B ny6ser ay6seros
Tpunner 6yner HabmogaTthes JHIIB B TOM ClydYae, eCJH CryuaiiHo
Jam M Jmx OKaxKyTcs OJMHAKOBBIMH, , Y

2. Paccroanus memdy arunusmu MYJbTHIVIETOB B Tepuax (Be«
JIMYHHBL DACILEN/ICHHH) COOTBETCTBYIOT KOHCTAHTAM CNHH-COHHOBO-
TO B3aUMOJCHCTBH MeX/1y DaccMaTPHBAeMBIMH AApaMH.

3. Otnocurensnvie untencusmocty JHHHA  BHYTPH MyJIbTH-
IJI€Ta  COOTBETCTBYIOT K03 dbHUHeHTaM GHHOMHAJIBHOTO ~ psifa
Lin/lin{n—1)/(2 - D:nin—1) (n—2)/(3-2-1)... 31H K03 Pu-
ILHEHTB! -MOXKHO ONPENE/NHTb H3 TPeyroJbHHKA [Tackaans.

n=7( 1
. 1 : 1 1
2 1 2 1
3 1 3 3 1
4 1 4 6 4 1
5. 1 35 10 10 5 1
6 1 6 15 20 15 6 1

Tpeyeonvnux Mackans

4. Bgﬂuttul-ta CIMH-CIIHHOBOrO B3aHMOJEHCTBHS B 06IIeM YMeHb-
WaeTcsi TPH BO3PACTAHMM YHCIA CBs3efl, pasjensiomux B3auMo-
ACHCTBYIOLUME s1pa. B koHeuHOM mTOre KOHCTaHTa CIIHH-CITHHOBOrO
DSaHMOACHCTBUA N0 MNOPSAKY BEJHYHHBI CTaHOBHUTCS OJIH3KOH K
€CTECTBEHHOH INMPHHE JIHHHH, U B 3TOM ciaydae yxe He Haburo-
LaeTcs pacilensenus,

5. Bud cnunosozo MYAbTUNAETA HEe 3aBHCHT OT 3HAKOS KOK-
CTART CRUK-CNUKHOB020 83aumolelicTéus. 3Haky KOHCTaHT He06x0+
lr}g;a;}[ec:lpeuenmb APYTHMH cnOcOGaMH, ¥ MHl BepHeMcs K 3TOMY

HeTBepToe mpaBmaO cTaHOBHTCH
CIEKTpHI smmppopMHaTa H 6eH3HI;x(e)111{J,;c{e'TrI;l;T ’ e;g;BeMu e

, NeHHble Ha
puc. II.12. B nepsom Ciydae B3aMMOJEHCTBHE NPOTOHOB rpynn
CH, u CH, OCYIIECTBJISIeTCS Yepe3 TPH CBSI3H, a BO BTOPOM — ye-
Pe3 maATb cBasedi. B GensaunaueraTe omHo OKa3blBAeTC CJHMIKOM
CaGbiM M He NPHBOAUT K PACUICNVICHHIO,

XapakTep pacilenJeHH#i CHrHas0B PAla  aNKHIBHBIX rpynn
AEMOHCTPHPYeT HPHMEHHMOCTD NPUBENCHHLIX BbIle nNpaBua. Bug
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Puc. 11. 14. XapakTepHule OpHMEp

B CMHHOBHIX MYJBTHIUIETOB HEKOTOPBIX aJKHJb-
dennnnponasa u OyTHiauerara Haba0AAI0TCA
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H
He NO2
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A i Hp Ha
Hp NO2 4
Yot >t /Q
Jse —> </ p¢
> (—jab
1 ! ! 1 1 i L4 i | | |
838 8,6 8,4 82 175 73 s

Puc. I1.15. CnHH-CIHHOBHE pacluen/eHHss CHrHajoB B CIEKTPe IPOTOHHOrO Mar-
HUTHOTrO pe3oHaHca -2.4-a1uHATpodeHoma Ha uactote 100 MIu. Haxomzum Joc =
= 9,1 I'n, Jop = 2,8 T. Joc He HAGmONaeTCst (MpasHio 4).

MYyJbTHIJIETA 3THJABHOH TIpynnsl yxe o6cyxpaajaca swiue. Ha
puc. 1. 14 nokasaHsl XxapaKTepHEHe paclIelJIeHHs CHIHAJOB HeCKOJb-
kKHX Apyrux rpynn. OgHako naxe 3mech 3aMeTHbl OTKJIOHEHHs OT
npaBuJ nepBoro nopsiaka. OHu NPOABJSAIOTCA H B YHCJIE JTHHHH, T. €.
B MYAbTUNAETHOCTU CHTHAJIOB, H B pacnpedeienul UHTEHCUBHOCTEL
JIMHHH.

U3 npeamectsyioniero o6CcyXAeHHs SCHO, YTO KOHCTAHTa CIVHH-
CIIHHOBOTO B3aUMOJEHCTBHS ONpelesseTcsd H3 CIeKTPa H3MepeHHeM
PACCTOSIHUSL MEXIY COCEIHHMH JMHHSAMH PacCMaTpHBAEMOro MYJb-
thniera, HabaiogaeMoe paclllenyieHHe JOJXKHO TOTAA NPHCYTCTBO-
BaTh B CBEPXTOHKOH CTPYKTyp€ CHI'HAJIOB NPOTOHOB COCEIHHX TPYIIIL
Kak npumep Ha puc. 1115 nokasaHel CHTrHaJB apOMaTHYECKHX
npoToHOB 2,4-puHHTpodeHOoaa. [IpHMeM 3a OCHOBY mpaBHJO 4, co-
IJIACHO KOTOPOMY BesJHUHHA J yMeHbIIaeTcsi ¢ YBeJHUEHHEM HHcja
CBs3eH MexKJy B3auMOJeACTBYIOLWHME NpoToHaMH, Ha stom ocHoBa-
HHH JOJIKHO OBITb CHesdaHo cJaelyoollee OTHeceHHe: Jar << Jap <<
< Jpe.

B Tex cayuasx, Kornxa B CIHH-CIHHOBOM B3aHMOJEHCTBHH y4a-
CTByeT #JpO, AJS KOTOPOrO CIIHHOBOE KBAaHTOBoe 4YHCJIO [ GoJblue
1/2, MynbTHIOJETHOCTb M pacnpeleieHHe HHTEHCHBHOCTEH OTKJIO-
HSIOTCS OT TPHBEAEHHHIX BhIle ITpaBu/. Hanpumep, cocedHui nei-
TpoH (/ ==1) pacuiensisier CHrHajJ NpPOTOHA B TPHIUIET C JHHHIMH
PaBHOH KHTeHCHBHOCTH. [leficTBHTENLHO, AJs CIHHA ReHTPOHA BO3-
MOXKHB! TPH ODHEHTALHH OTHOCHUTE/JIbHO BHELIHEro IOJHA, a HMEHHO

HblX rpymm. B caysae 3-Gpom-1-
OTKJOHEHHS OT MpaBHJ TNepBOro MOpsika.




52 T'rasa 11

m; = 41,0 1 —1, KoTOpHle MPAKTHYECKH paBHOBEPOATHHL. B obuiem
MYJABbTHILIETHOCTb curHasna JMP (uucno nunuii N), obycnoBjeH-
Has CNHH-CIMHOBBIM B3aUMOJeHCTBHEM ¢ A COCEIHHMH fiApaMH, Of-
penensiercsa cootHomennem N = 2nf + 1.

3anaua 11.7. KakoBH MOMKHH GHTb MYJbTHIJIETHOCTb H pacnpejie/eHHe HH-
TEHCHBHOCTe#l B COOTBETCTBHH C NPaBHJIaMH NE€PBOTO MOPAIKA JJA CHrHajoB AAep

10 Iy,
p— ]

i e

¢

e

1l

II [ I l”ll !

Puc. 1L 16. CxemaTHYecKOe NpeACTaBJeHHe CIHHOBEIX pacHienyeHHA B CHEKTpax
psixa cucTeM TpeX rpynn mpoToHoB (K 3agaue II. 8).

e 4
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Puc. I1.17. Crexrpu SIMP NaBHs, CeDsCHDs, “NH; n ""NH! (k sagase IL 9).

g, b, ¢ u d B coemumenHHnx 1—

6. CnenyeT yuHTHIBaTb CIHH
K X -CIIHHOBOE -
AEHCTBHE Yepe3 2 HJH 3 CBR3H. BAmIo

1) CH;—OH; 2) (CH3);C—CH,Br; 3) CH3;—CHCI—CH,—O—CHg;
a b a b a b c d
4) CFs—CHF—CH;; 5) (CH3),CH—O—CH,—CH;; 6) CHDCl,.
a be d a b ¢ d a b

o 3“a1laqa I1.8. Ha puc. II. 16 cxemaTHYeCKH NMOKA3aHH COHHOBLE paciensieHHs
HH B CNEKTpaX TPeX PA3/HYHHIX MPOTOHOB HJH TPYINN, KOTOPHE MBI 0GO3HAUHM
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uepes A, M u X. OnpenennTe KOHCTAHTH CIHH-CIIHHOBOrO B3aHMOJZEHCTBHA Jam,
Jax ¥ Jmx, @ TaKKe YHCJO siep B KaXKJOH rPynme, MOJb3YSCh MYJbTHIJIETHOCTBIO
CHTHAJIOB H pacnpefle/ieHHeM HHTEHCHBHOCTeH B HHX. . ‘

3anaua I1.9. Ha puc. I1. 17 nokasaHn crnekTpnl npoToHHOro pesonanca NaBH,
u CegHsCHD,, a TakXke aMMOHHEBHIX HOHOB“NH:- H 15NH:. CaenaiiTe OTHeceHHe
CIEKTPOB, OGDBACHHTE MYJbTHIJIETHOCTh CHTHAJOB M YKa)KHTe 3HAYEHHS KOHCTAHT
CIHH-CIIHHOBOrO B3aHMOJEHCTBHA.

2.3. Ipeneap NPHMEHHMOCTH MPOCTHIX NPaBHJA
pacuienyieHus

2.3.1. Hpedcrasrenue 0 MAcHUTHOU 3KBUBAAEHTHOCTU. MH yikKe
OTMeYaJiH, 4YT0 HeOOXOAHMO CAeJaTh HECKOJbKO Pa3biACHSIOUIHX 3a-
MeYaHHd O UeHHOCTH NpaBHJ NepBOro NOpsAKA AJIS aHaJM3a TOHKOH
CTPYKTYpu cHruajos JIMP. YacTto aawoTcs o6bsicCHEHHs, KOTOpbIe
IPHBOAAT K OUIHO0OUHOMY MHEHHIO, OYATO MEXJAY NIPDOTOHAMY BHYTPH
TPYNNB HEeT CNHH-CIHHOBOrO B3amMofeficTBHs. Hanpumep, ero Her
MEeXJy TpeMs NPOTOHAMH METHJIbHOH IPYINbI, TOCKOJLKY 3TO HHKAK
He CKasbiBaercsi Ha CHekTpe. B cBA3H ¢ 3THM MH chopMyJHpyeM
3leCb NpaBHJIO, KOTOpoe GyJeT JeTasbHO pa3bsicHeHO mosgHee. OHO
TJIACHT: CRUH-CRUHOB0e 83aumo0elicT8ue Mexcly MAeHUTHO 3K8uBQ-
AEHTHOIMU A0pamu He nposasaseTcs 8 cnekTpe. Maenutno sxsusa-
AEHTHbLIMU MBI Ha3blBaeM TaKHe sipa, KOTOPbe HMEIOT OJIHY H Ty XKe
‘PE30HAHCHYIO YacTOTY H obllee AJs BCeX XapaKTePHCTHYECKOe 3Ha-
YeHHe KOHCTAHTH CIIHH-CIIHHOBOTO B3aHMOJEHCTBHS ¢ SIApaMH JIO-
‘60l cocenHell rpynnul. fapa ¢ OAHHAKOBOH pe30HAHCHOH Y4acCTOTOH
‘Ha3LIBAIOT UB0XPOHHbLIMU. YAaCTO OHH M XHMHUYECKH 3KBHBAJIEHTHH,
T. €. HMEIOT OJHHAKOBOe XHMHUYecKOoe OKpy:xkeHHe. OJHAKO XHMHUe-
CKH{ 3KBHBaJIEHTHBIE f1pa He 00S3aTeJbHO SBJSIOTCA MArHHTHO 3K-
BHBAJIEHTHBIMH (CM. Takxke pasf. 1, ra. VI). [IpOTOHH MeTHABbHOM
CPYNNbl MarHHTHO 3KBHBaJICHTHH, MOCKOJIbKY BCJEJCTBHE GHICTPOro
‘BpallleHHst BOKPYT ¢BsisH C — C Bce TPH NPOTOHA NPHOGpeTaloT OH-
HaKOBble yCpeJHeHHbIe [10 BpeMeHH Pe30HaHCHbie YacTOTH. KoHcran-
‘Ta CIIHH-CIIHHOBOTO B3aHMOAEHCTBHA ¢ mpoTonaMu cocenneli CH,-
wiad CH-rpynnel anajoruyHeiM o6pasoM OJHHAKOBa AJsS BCeX TpeX
TIPOTOHOB, NOCKOJIBKY BCe TpH KOHdopMalHH a, 6 H 8 OAHHAKOBHE MO
JHeprHy H PaBHO 3acesieHnl. [103TOMy reoMeTpHUYecKHe COOTHOUIEHHS

H H H H H H
Hl H3 H3 H2 H2 H’
CgHsg CeHs CeHs
a 5 §

MEXKAy MeTHJbHBIMH NMPOTOHAMH H COCeJsIMH, omnpeledsioliie BeJu-
HHHY KOHCTaHTBI CIIHH-CIIHHOBOIO BSaHMOﬂeﬁCTBHH, CTAHOBSATCA OAH-

Cnextpo. AIMP 'H opeanuseckux MoseKya 55
mpem-CHg
'CHg)S
Puc. 11.18. CHrHanw npotownos

XHMHYECKH HEIKBHBAJeHTHHX Me-
THIBHGIX TPYNN Tper-6yTHIBHOrO
paArkaia B 6-6poM-4-neHTaxsop-
(eHOKCH-2,4- 11 (7peT-6yTHa) LHK-
JI0reKca nHeH-2,4-one-1 npu —90 °C

Ha 220 M (Keccaep [2]). 9 7 CHy

Cl‘luH-Cl‘IHHOBOe B3aHMoneﬁCTBHe Me- mﬂ!m -CAHS B' Hc CH:C:O

KAY I[POTOHAMH MeTH =

WAt W memet meTHLEX rpyIn clctsly =

JURHA. H3C CHy
0CsClg Br

HAaKOBBIMH AJIsSl KaXKAOTO H3 HHX. Pe ke APryMeHTHl NDHMEHHMH M
Ui 1€BATH NDOTOHOB Tper-GyTHMbHOK rpynmel. OfHakKo CKODOCThH
BPalleHHsl 3TOH IPYNNBl BOKPYT CBSI3H C COCeTHHM YIJIEPOIOM B He-
KOTODBIX OCOGBIX CJyYasiX MOXKHO B TAKOH CTeleHH NOHH3HTb NyTeM
OXJNAXK/ICHHS 10 HH3KHX TEeMIIepaTyp, 4To B cnektpe JIMP yaaercst
PA3/HYHTL XHUMHYECKH DA3JHYHBIE METHJIbHbie rpynnet (pwuc. I1. 18)
B npyrax knaccax coeamHenn#i MarsuThas He3KBHBAJIEHTHOCTD.
IDOTOHOB NpeAONpefeasieTcs Ux crpoennem. [1poroun B 1,1-anudrop-
9THJeHe (1), Tak *e Kak H ABa saApa ¢ropa, XHMHYECKH 3KBHBa-
JICHTHbBI, HO MAaTHHTHO HE3KBHBAJEHTHH, IOCKOJIbKY JJiI1 HHX Ha6Ji0-
AIOTCS /1Be PA3JIHUHbIE KOHCTAHTH CHHH-CIIHHOBOIO B3aHMOJeHCT-
gtgﬂ. B atoM caywae Jy 53 5= J,, (nan Jyue 5= Jrpane). AHAMOrHYHBIM
Pa3oM 17 npoToHOB ¢ypana (2) umeoTcs ABe HeoAHMHAKOBBIE
KOHCTaHThbl CNIHH-CIIHHOBOTO B3aHMOJeHCTBHS Ji,3 1 Ji4. Toatomy
B HeM 1Ba @-IpOTOHa M COOTBETCTBeHHO 1B B-NPOTOKA MarmHTHO
HeSKBHBa/NeHTHH. HanmpoTus, B audropmerane (3) nporounl, a Tak-
&e M A1pa (PTOPa MArHHTHO . SKBHBAJIEHTHb] ws=la=1Jy; =

=— 2'4 .

3 .
Fl\ /H3 H H Hl N \\\F3
c=c{ AN AN
AW H™ 0 HE YF
1 2 3

B 06bIyHOM KaAaCCHUKALHH CIHHOBBIX CHCTEM NPHHHMAIOTCS BG
BHUMaHHe 3TH pas/iuYHble cBoficTBa simep. Kak 6yner aertanabHO
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audTopMerana u L,1-nudropstunena na puc. I1.19. B mnepsom
(puc. I1.19,0), kak u OXHIAJ0Ch, Pe30HAHCHBIH CHTHAJ IIPOTOHOB:
HabJo/laeTcs B BHJe TPHILIETA, a BO BTopoM (pHc. II. 19, 6) Bozuu--
KaeT CJOXHHH MYJbTHIJIET. B aToM Clydae KOHCTAHTHI CIIHH-CIIHHO--
BOTO B3aHMOJEHCTBHS MOXHO ONPeeNHTb TONbKO IDH TOYHOM aHa-
JIH3€, TIPOLENYPY KOTOPOrO MH pPaccMOTpuM B rii. V. B JOTIOJTHEHHe
K STOMY MEl IOJXKHH 0CO60 NMOJYEPKHYTb, 4TO HAJNHYHe B CIIEKTpe-
IPOCTEIX CIIHHOBLIX MYJIbTHIUIETOB He BCEerfa faer TrapanTHIO Npu-
MCHUMOCTH NpaBHJ [€PBOT0 MOpsAKA. Hanpumep, B cnekrpe dbypa-
Ha IPHCYTCTBYIOT JBa TPHIJIETa C UeATpaMH npu 66,37 u 7,42
(puc. I1.19,8). Ho, kak yxke 6bu10 06bicHeHo BhIllle, 5TOT CHeKTp-

H F ‘ MOJEHCTBHS 3JleCh HeJIbas ONpPENeJHTb W3 PacCTOSHHI MEXIy JH-
HHAMH B MyJbTHIIeTe. K TpakToBKe Takux O6GMaHYHBO MpPOCTHIX.
CIEKTPOB MBI BepHeMcCH B ru. V.

Y } ‘ ) 2.3.2. 3nauenue ornowenus J/ve8. Eme omno Baxuoe OTpaHH-~-
ueHHe TIPUMEHHMOCTH NPaBHJI IEPBOTO NOPAJKA COCTOMT B TOM, YTO-
HX MOXHO C YBEPEHHOCTbIO HCIIOJNb30BATb, TOJNBKO €CIIH Pa3sHOCTh.
XHMHYECKHX CIBHIOB OTAEJbHBIX IPYHIN MAarHHTHO 9KBHBAJIEHTHRIX

] H H : 1 ARep vod (') BesHKa 1O CpaBHeHHIO ¢ KOHCTAHTOR CIIHH-CITHHOBOT O
I—\g\ 4 B3aHMONEHCTBHA MEXIYy STHMH rpynnamu. Torza Mel rosopum:
H N H o O CrnekTpe nepsozo nopsdra. Eclu xe BelHUHHA vod TOTO e nopsig-

: : Ka, 4TO U KOHCTaHTa CHHH-CIHHOBOIO B3aHMO/EHCTBHS, TO B CIIEKTpe-

Niva ; HabJaogaercss 6oJplre JHHHH, 4eM MOXKHO OXHIATh Ha OCHOBaHHK
: NIPaBHJI nepsoro nopsaka (puc. I1.20). Hyxno 3ameruts, uto ko-

PeHHBIM 06pasom 3aTparuBaerca u pacnpene/sieHHe MHTEHCHBHOCTefk

B IBYX rpymnnax cureanos. HuTencuBHOCTS JHHHH, O6aHXKafmux,

A 8y — K MyJIbTHIUIETY COCeJHeH IPYNILL, CHJBHO VYBEJHYHBAETCS, @ MHTEH--
P 11.19. CnekTpnl NpPOTOHHOTO -MAarHATHOTO pe3oHaHnca andTopMmerana (a), ] CHBHOCTh YJIaJIeHHBIX JHHHH najpaer. ITtor a¢pdekT HasmBaIOT ags--
liif:qnq)'i"opé‘rnneﬂa {Berkep [3]) (6) u dypana (8). : | dexrom xpoimu. dpdexr KDBIIIH HIPaeT 3HAYHTEJNbHYIO JHATHOCTH-

1€CKYI0 DOJIb NIPH OTHECEHHH KOHCTAHT CIHH-CIHHOBOIG B3aHMoJel--

CTBHA. OH YKa3HBAaeT, DACHOJOKEH JH CHIHAJ COCelHeH TpyNMEI,,

B3anMoneHCTBYOIel ¢ paccMaTpuBaeMod, B 6oJiee CHJIBHOM HJH
1 B GoJiee c1aGoM MoJie IO OTHOLIEHHIO K ee CHTHaJy.

TaHe — CHCTeMy ApXo. e Ha TO, UTO NIpOCTHe Mpa- | YBeJHYeHHe My/IbTHIIETHOCTH H HCKAMXEHHe pacnpenesnenuss uu--

Caenyer 0GpathTy 0CoGoe BRHMAnn GLACHeHHs CBEDXTOHKOH TCHCHBHOCTEH sBJSETCA, TaKHM 006pa3oM, yKasaHHeM Ha CneKkTpol

BHJIA, CHOPMYJIHPOBAHHBIE BhHIUE I OO boaee soicokozo nopadia, xotopwe clellyeT aHaJH3HPOBATH GoJiee-

HH-
Or0 MarHHTHOTrO PE30HAaHCa, NpHMe
Mo oMLKO K TpyNIAN m;?‘g};THO SKBHBMCHTH};X fifep. Ecnu anpa TOUHBIME MeTomaMu. TIpHMeHSIT K HHM NpaBHJIa [epBOro NopsaKa
MBI TOJIBKO K FPYHH%M :ICSKBHBaJIeHTHbI TO HeNOCPEeACTBEHHO H3 AJIsL ONpe/ieNleHHst XUMHUECKHX CABHIOB H KOHCTAHT CIIHH-CIIHHOBOTO-
B Tpynne MAarHHTH , ‘

HeJIb3sl MOJIYYHTb OTJe/bHble KOHCTAHTHl CIHH-CIHHO- B3anMonedctBus, nonyuaor auum NpHO/HKEHHBe 3HaYenus. [1pu
CIEKTpa yxe

STOM OMIHGKH CTAaHOBSTCA BCe GOJbIIE H GoJibllle IO Mepe yBeJnye--
7 H HI MOXHO C JO0CTaTOYHOM 7 / ‘
POUHOCTEIO ONpETeAHTE MO NEHTDY MyILTE HHUs OoTHOWIeHHst J /vo8. B o6meM MOxKHO NPHHATD, 4TO NpH-J/ved <<

00BsACHEeHo Huxke (pasn. | ra. V), MarHHTHEE A1pa B 1,1-nudrop-
atuneHe H Qypane npeacrasasior cucreMu AA’XX’, a B aupropme-

bTHIJIETA 6€3 aHaJH3a CIleKs
Toa m onp;ﬂfgglgg Irlx(;oug;;%};u?;}g;c; cooTHolueHHe J/vob << 0,1 | << 0,1 BosmHKamowue OMmWHGKH 1O BeJHYHHe OJIM3KH K 3KCIEPHMeH~
Tpa JHIIb OPH YC , ‘ |

i aBHHB CIIEKTDHI
{cM. pasa. 2.3.2 arto#i riaBH), JTO JETKO BUIAETH, CP p

TAIbHOK ONIMOKE H HMH MOIKHO npene6peus.
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Prc. 11.20. CieKTpn NpOTOHHOro MAarHHTHOrO pe3oHaHca 1,1,2,3,3-nentaxaopnpo-
nasa #u 1,2,3-rpuxaop6ensoJia.

B nepsoM cayuae otHomehme J/ve8 coctasaser 0,06, a Bo BTOpOM ~— 0,7. UHcao aHHUA BO
BTOPOM CMEKTPe YBEJHIHBAETCH OT MATH A0 BOCHMH.

B 3akuioueHHe HEOGXOMMMO NMOAYEPKHYTb, YTO BCe CHNEKTPH 60-
Jlee BBICOKOro Nopsilka B OTJIHYHE OT CIIeKTPOB NepBOIO MOPsiAKa
3aBUCAT OT OTHOCUTEAbHbLX 3HAKOS KOHCTAHT, €CJIH B CIHHOBYIO CH-
€TeMy BXOAHUT GoJsiblle ABYX siiep. [103TOMY B CmEKTpax BBICOKHX
NOPS/IKOB OTHOCHTEJ/IbHbIE 3HAKH KOHCTAHT MOXHO ONpEeNEeJHTb NpH
JAeTaJbHOM aHaJ/H3e CeKTpa. B cHeKTpe mepBOro mopsiika ompeje-
JIUTh 3HAKH MOXHO TOJBKO C TNOMOILBIO JONOJHHTENbHBIX 3KCIepH-
MEHTOB. Ity npobiemy Mbl paccMoTpHM B ra. IX. Onpelenenne a6-
COMIOTHbIX 3HAKOB KOHCTAHT CNHH-CIHHOBOTO B3aHMOJEHCTBHS OKa-
-38JI0Ch BO3MOXKHBIM JIHIIbL B HECKOJBKHX CJyyasgX. 3HAKH 3THX
nlapaMeTpoB, 3HaHHE KOTOPBHIX CYLIECTBEHHO AJS COAEPKATeJbHOTO
00CYXKJIeHHsI SKCIIEDHMEHTANbHBIX [aHHBIX, TpHBeleHH B 1. V.
B GosbuinHcTBe cayyaeB 3TH 3HAKH ONpeenslOT MO OTHOLIEHHIO
K KOHCTAaHTE CIHH-CIIMHOBOTO B3aHMOJEHCTBHS Yepe3 OJHY CBs3b
MexJy nporosem H aapoM '*C, NOJOXKHTENbHHA 3HaK KOTOPO# Ha-
JIeXKHO YCTaHOBJIEH.

2.4. 3aBHCHMOCTb CNHH-CIIHHOBOTO B3aHMOJeHCTBHS

oT cTpyKTypbl. O61HE 0630p

Mu 3akaHuHBaeM 3T0 06CyK/leHHe; KaK H B Cydae XHMHYECKOTO
C/\BHra, o6uuM o630poM 3aBHCHMOCTH CIHH-CIHHOBOIO B3aHMolell-
-<tBus H — H or crpoenns. C stoii uensio B Ta6a. I1.2 npHeesenu
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Ta6anua I1. 2. Tunuussie aHayenus KOHCTAHT CIHH-CHHHOBOTO B3aHMOJEHACTBHS
(Tu) B OpraHHYeCKHX COeLHHEeHHsX

N H
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H. H H
HC—CH Ne=c”/ \c= c=c/ 1
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H
3;ll;/lbélo.nee Ba)KH]:Ie THIIB CRHH-CNUHOBBIX- B3aHMOIeHCTBHA H AHama-
H3MCHEHHH KOHCTAaHT Aas Hux. U3 3THX JaHHHX BHIHO, 4TO

Iporonos. Ins napm H30MEePOB Jrpauc Bcerna Gosbute, gem J e
HaJIOrHIHO MBI BHAMM, 4TO B LHKJOreKCaHax Jaa > Jee. C npy?oi"i
CTOPOHBI, B IHKJIONPONaHe MBI HabmonaeM, 4t0 Jrpgue < J Kpo-
Me Toro, B rpymmax tuna H—C — O — HueH—C-—N ~uIl:Ic'cn£H-
;HHHOBOG B3aUMO/IEACTBHE MOKeT NepefaBaTbes Jyepe3 reTepoaro-
> ,th _a HE TOJIBKO MO YIVIEDOLHOMY  ckestety. [laasnue KoscTamTs:
R-Cnunosozo esaumodedicTeus Gonee yey uyepe3 TPH CBA3H OOBIY-

HO HaluawopaTes B HEHACHIEHHBIX CHCTEMax, B KOTOPHIX 3 dek-
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Hakonen, Ha KOHCTaHTH CHHH-CIIHHOBOI'O B3aHMOJEHCTBHUSA BO
MHOI'HX MOJIEKYJlaX OKa3HBAIOT BAHAHHEe KOHGOpPMAIHOHHBIE PaBHO-
BecHs, H--HabJiogaeMble 3HAYEHHs SBJSIOTCS -CPEAHEB3BEIIeHHBIMH
BeJIHYHHAMH OT [IapaMeTpPOB pas3/JHUHHX KOoHpopmepoB. To ke
CIpaBe/lJIHBO, KOHEYHO, M B OTHOIIEHHH XHMHUYECKHX CHABHTOB
(cm. ra. VIII).

3apaua II.10. Ha puc. 11. 2] mpeacTaBneHn CMEKTPH MPOTOHHOTO MaTHUTHOIO
pe3oHaHca Ha 60 MI'm ana pana coefHHeHHHA, B KOTOPHX 3HaUHTeJbHOE paclien-
JIEHHe CHTHAJ0B OOYC/IOB/AEHO CMHH-CMHHOBHM B3auModeficTeHeM. 1. Omnpepesnnre
CTpoeHHe coefHHeHHH a —e. 2. CaenafiTe. OTHECEHHe CHFHAJIOB B CHEKTPe BHHHJ-
apgetaTa 0 ¢ NOMOLIBID OMpPEeAe/eHHS KOHCTAHT CNHH-CIIHHOBOrO B3aHMOAEHCTBHA.
3. Tlpoananu3upyiiTe CHrHaJIH TOTJIOLIEHHS OJeHHOBHX MPOTOHOB B CIEKTpe Kpo-
TOHOBOrO ajbJerija e, ONpelesIATé KOHCTAHTH CIHH-CIHHOBOTO B3aHMoJeHcTBHS,
cpenafite Ux oTHeceHHe. Kakoil mpoToH HaeT curHaa B 6ogee caabom moJe?

3apaua II. 11, Ha puc. I1. 22 nokasan cnektp nporoHoB H, v H, nHpHMuauna
Ha.yacrore 90 MIn. CpenaiiTe OTHeceHHe CHTHaJIOB H ONpefesIATe KOHCTAaHTH
CIHH-CIMHOBOrO B3aHMOJAENCTBHUA.

3apaua II. 12, Ha puc. I1. 23 npHBeleHH pe3OHaHCHHE CHrHaJH 0JebHHOBHX
1IDOTOHOB TyeBOTO 5(Hpa. ChenafiTe OTHECEHHEe CHIHAJIOB H ONpEJeJHTE BHIHHaJib-
HEle KOHCTAHTH CNUH-CIHHOBOrO B3aHMOJeficTBHS.

a
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_ m | }
¥4
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Puc. 11. 21. CnieKTpH NMpPOTOHHOrO MAarHHTHOTO Pe30HAaHCa pAja CoelHHeHHA (K 3a-
Jaaue II. 10).

CizH4;04 i J
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B npexwaymen raase Guan ssenenm OCHOBHbLIE MapamMeTpnl cnekTpos ffep-
HOro MAarHHTHOr0 pe3oHaHca BHICOKOro paspewenns. Temepb M o6cynnm
Gosee nera’nno skcmepumenTaIbHime acneKTn Meropa.

1. NPUrOTOBNEHUE OBPA3LA U AMMYb!

]
8,77 MATHHTHOTO De30HAHCA IpeAeNbHO MpocTo. [Ipeanouturensuee yc-

zapave II.11). i
Puc. 1. 22, Cargaan nporonos H, 1 Hp B cekTpe nupuMuauna (K 2an ) MoJIb30BaTh PacTBOpHTenH, He COAepxKallue NPOTOHOB, OAHAKO 3TO
2 1

20T , H3COOCCH TE€pHpOBaHHbIe pacTBopHTeNH. [Ias HENOJISIDHBIX COeAHHEHHH MOYTH
3-
FA

6 a4 AN TOJNSIPHHIX COENHHEHHH B GOJbLIHHCTRe CIy4aeB MOAXOZHT

CHrHaJla NpOTOHA XxJ0pogopMa, HCIO/Ib3YeTCSl MPOAAKHBIH JefiTe-
pox;opodopm (u3oTonHueckas wucTOTA 99,8 %). 3tu npa pactso-
PHTENst HCONB3YIOT B 90 % cayvaes, a AJISL c1a60PacTBOPHMBIX 06-
Pa3uoB ROCTYynHBI Apyrue nefTepHPOBaHHbIE pPacTBOpHTeNH: nuMe-
THJICYbOKCHA-ds, aleToH-dg, aUeTOHHTPUI-d3, GeHson-dg u D,O.
CaolictBa nauGosee wyacro HCIIO/Ib3yeMbIX pacTBODHTeNel NpHBee-
HBl B Taba. I11. 1. .

Hpyroit acnmekr BbIGOpa pacTBopuTens cBsizan C TeM, 4TO B He-

J f\ o ll y KOTOpHIX cilyyasx Hecnenyemoe Co€anHenHe nonayyaor B IMP-au-
. i TyJle IyTeM peakuHH HCXOAHOTO NPOAYKTa ¢ pacTBOpHTesNeM un
—_— . . g v
- , 6.63 6,17 537 - 505 KaKuM-JH60 TPETbHM KOMIOHEHTOM. Hanpuwmep, nporonnposanime
¥

23. C oneMHOBLIX NPOTOHOB B CNEKTPe TyeBoro adupa (x 3a- KE€TOHBI MoJyyaroTes B Tpn(p'ropyxcycnoﬁ KHCJIOTe, a npocThie Kap-
Pre. II. 23. CurHann

Aave 11.12). MOnNeACTBHH anudaTHYeCKHX ¢ropuros ¢ SbF; ¢ o6pasopanuem co-
JurepaTvpa * OTBETCTBYIOIIHX TeKCahTOPaAHTUHMOHATOR R-F—I—SbF5—>-R+[SbF6 -
HTepaTyp AHanornynple PE3YJILTATEL MOJIy4aloTCs NPH HCMOAL30BAHHK TaK Ha-

. B71. 5 & #
}2 Kessler H., Angew. Chem., 82, 237 (1970). SHIBAEMOH «Maruyeckof KHCJIOTBI», T. €. CMecCH dropeyabdonosoit
3 B3, c. 92. Kucaotsl u SbFs. OueBnano, uto B Taknx clyuasx Bel6Op pacTBopu-
) T Tens npeacrasiser co6ol Heuto 6oJbIee, YeM MPOCTO CTaHAaPTHYIO
Pexomennyemas anreparypa pouenypy; kpome Toro, B 3THx u APYTHX NONOGHHIX NMpUMepax
Yue6unkn B3, B4, B7, B17. 1 SAMP-amnynn HCIOB3YIOTCS B KauecTBe BeChbMa MOJE3HOro «peak-

——C—— ekcom B MoxHo ‘HaiTH B pasj. «bu6anorpadusas B_KoHlEe IIHOHHOTO COCyZla» B OpraHH4ecKoOH XHUMHUH.
* CChlIKH C HHI

KHHTIH.
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Ta6auua IIL. 1. CBoficTBa HEKOTOPHIX PACTBOPHTENEH, YacTO HCIOJb3YyeMHX B
cnektpockonun IMP .

PacteopuTeb gaéy':’eM‘
T. xum., T. na x:;{-ﬂm‘ Beun- Besm-
o6 " e¢ " gocmpu- uuna & quHA €
HaspaHue ®opMyia gg‘g:;
%y 107
TerpaxJopui yriepoia CCl, 76,8 —22,8 —0,684 — —
Cepoyryepon CS, 46,3 —111,5 —0,681 — —
Xsopodopm CHCl, 61,3 —63,5 —0,733 7,27 2,73
Xaopodopm-d CDCls
JTumeTHACYIbHOKCHL CH;SOCH; 189 18,4 —0,609 2,58 7,42
T uMeTracyasQpokcua-dg CD3SOCD,
ALETOHHTPHI CH3CN 82 —45,7 —0,486 1,95 8,05
AnetonuTpui-d; CD;CN
Aneron CH3COCH; 56,5 —95 —0,460 2,05 7,95
Aneron-ds CD;COCD3
MeTHJIeHXJIOPHA CH,Cl,q 40,1 —95,1 —0,733 5,35 4,65
1,4-JIuoKcaH C4H;0. 101,5 12 —0,589 3,68 6,32
IugaorekcaH CgHi2 81,4 6,5 —0,631 1,43 8,57
Benzon CeHsg 80,1 55 —0,626 7,27 2,73
INupunaun CsHsN 115,3 —42 —0,612 6,9—85 1,5—3,1
Bona H,0 100 0,0 —0,721 4,8 5,2
Tpudropykcycnas kucaora CF;COOH 72,4 —153 — 11,6 —1,6
JlvokcHa cephi SO, —10,0 —75,5 —0,812 — —_

HyXHo 3aMeTHTb, uT0 HeGoJbliHe (o6biyHO MeHee 0,5 %) mnpu-
MeCH HeleATepHpPOBAaHHOTO BellleCTBa B JeHTepHPOBAHHOM PacTBODH-
TeJe AAIOT, Kak NpaBHJoO, cjaabue cHTHaaH B cnektpe SIMP. [las
psila pacTBopHTesell 3TH CHTHaJbl NokaszaHw Ha puc. III. 1. Cnun-
CIIMHOBBIE paclieneHusi, Hab/a0jaeMbpe B CJyyae JHMETHJCYJb-

@ Hy0

>

A

4 3 2 1 ¢ §  crHano

JNeATepHPOBAHHEIX

smpuMeceii» B AHMETHJCYJIbdr
) okcuie-de (a), anerone-de (6)

H Gensone-de (8).

JumeTuacyabdokcnn FHFPOCKO-

N MHYeH, H NO3TOMY B HeM, Kak
v it npaBulo, OGHAapyXKHBalOTCA cae-
e Boabl. YTo KacaeTcs TOH=

'8 Vi 6 5 4 & nauy 11.9.

Puc. 111. 1. SIMP-cniekTpH 4a- :

KOl CTPYKTYPbl CHEKTPOB, CM. 3as’
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Puc. IIL 2. SIMP-amnyam. 9};
a— AJIS HaMepeHHA ¢ BHYTpeH- J J ”IOOMKTQ/’

HHM cTaHpapToM; 6 W 8 — ¢ Ka-
MUAAAPAMH  AAS  H3MepeHHH ¢
BHENIHHM CTaHAApPTOM; & — MHK-
poammnyJa.

a g é >

dokcuna u aunerona, oGycJoB/aens naanuuem rpyan CHD,: B 3THx
TPYNNax B3aMMOJEHCTBHe NPOTOHA C ABYMs AeHTpOHAMH, H’MeIOIIJ,H-
MH 2-NIDOCKIOHH CYMMAapHOro COHMHA My, paBHHe 2, 1, 0, —], —2
NPHBOJAHT K MYJbTHIJETY Buma 1:2:3:2:1. He cuntas He60Mb.
[IOT0 CMEIIEHHST B CHJbHbIE 10o1s *, curHaaw AMP 'H ygactuuno
ACHTEDHPOBAHHBIX DACTBOPHTEJEH JIeXAT B TexX Xe MOJAX, YTO W
CHIHaJIbl HeeHTePHPOBAaHHBIX PACTBOPHTEJIEH. ’

Yro6w1 NPUTOTOBUTh o6pasen, 20—30 MT HAH 50 MK BEIlleCTB&
MOMEIIAIOT B amnyAy BHEWHHM AuameTpoMm 5 MM (puc. III.2,a) n
PAacTBOPAIOT 3TO BelleCTBO, Ko6aBjssa okosao 0,5 MJ paCTBOpH:I‘eJIH.
PactBop posxen 3anosnsth aMmnyJay no ypoBHs 3—4 cMm. Hakonen
106aBASIOT cTAHOAPT (T. . ITAAOHHOE sewecrso), O6BIYHO TeTpa-
Merhiacuaan. Terpamernicuaan (TMC) HMeeT HH3KyIO TeMImepa-
TYpy kuneHHs (26°C) u BBICOKOE NaBJeHHE NapoB; ¢ HUM TPYRHO
paboraTh B MasbiX KOJHYecTBaX. [103TOMY HYXHO MMETh MO pyKoil
5% (06.)-Hble pacTBOpHl TMC B Haubosee uaCTO HCIIOJb3yeMBIX pac-
TBODHTEJAX.

BriGop crampapra, Tak xe kKak m BHOGOp pacTBOpHTeNs, Ompe-
Aeasiercs uccaenyeMoli cHeTeMoll. HanpuMep, Henoab3oBanue TMC
Al NPOH3BOAHBIX LHMKJONPONAHA HJIM OCOGEHHO B CJydae COefH-
HCHHN, COMEPKAIHX TPUMETH/CHIHIbHBIE TPYIIbl, MOXKET NPHBECTH
K TepeKkpHBAHHIO DE3OHAHCHBIX CHTHAJIOB BEIleCcTBAa H CTaHAapTa.

3THX CIydasx B KayecTBe CTAHAAPTA HCIOJB3YIOTCH LHKIOTEK-
CaH, METH/IEHXJIODHJ HJIH GeH30J. B BONHBLIX PAaCTBOPHTENAX MOMHO
UpuMeHsiTb 1,4-IMOKCAaH HJH TPETHUHBIH GYTHJOBBIL CIIUPT, HC
——

*
e B pesysbraTe u3otomHoro capmra iH, BuspaHhoro samenofi 'H — 2D, —
pus. nepes. '

3 X. T'onrep
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oco6eHHO yM06HO HCIOJb30BATh HATPHEBYIO COJIb YACTHYHO J€HTe-
PHPOBAHHOH 3-TpUMETHICHIAHANPOnHOHOBOH KucaoThl (CHs)sSi—
—CD,;CD;COONa (4), curaaJ KOTOpOH B BOAHBIX H METAHOJbHBIX
pactBopax HaxoguTcsa TouHo npu 6 = 0,00. Boobme ke B KauecTBe
craHjgapra Moxer ObITh HCIOJb30BaHo J06oe coelHHeHHe, Aalollee
CHrHaJl JOCTATOYHOH HHTEHCHBHOCTH. B 3TOH CBsi3H Lesecoo6pazHo
06CyAuTh BOMPOC, B KAKOH CTENeHH H3MEPEHHs, BHIIOJHEHHLIe C pPas-
JIMYHBIMH CTaHJAapTaMH, MOryT OLITb CONOCTABJIEHH C HCTHHHBIMH
XHMHYECKHMH CJABHTaMH De30HAHCHBIX CHIHAJIOB.

2. BHYTPEHHME M BHELUHUE CTAHAAPTHI.
BJIMAHHUE PACTBOPUTENA

B COOTBeTCTBHH € KJA4CCHYECKOfi 3JIeKTPOMArHHTHOH TeopueH
IJIOTHOCTH MarHWTHOrO MOTOKa B B BellleCTBe, Ha KOTOPOe HaJOXe-
HO MarHHTHO€ MoJie, MOXKeT OBbIThb IPe/CTaBJieHa B BHAE ABYX YacTel:

B=po(H + M) (111. 1)

rae H — HanpseHHOCTb BHELIHEr0 MAarHHTHOrO moJs, M — HHAyLH-
pOBaHHasi HAMarHHYeHHOCTh B 06paslle, po— MarHMTHas NpPOHHIae-
MOCTb, paBHas 4m-10-7 kr-m-c—2- A2, HaMaruuuennocte M B cBowo
Odgepeflb 3aBHCHT OT BHeUIHEro IoJs, T. €.

M =1y, H (111. 2)

rie y,— Geapa3mepHasi BeJHYHHA, Ha3biBaeMas OOBHEMHO! MarHHT-
HOH BOCIPHHMUYHBOCTBIO, SIBJSIOILASICS XaPAKTEPHCTUKOA MaTepHa-
na. Jlag THaMarHATHBIX BENIECTB y, OTPHLATEJbHA, H B O6GIIEM Cay-
Yyae OHa He 3aBHCHT OT Temneparypel. B cayyae SIMP-usmepennit
HaNpPAXeHHOCTh MOJIsi BHYTPH 0Opasna ORpejesIsieTCss MarHHTHOR
BOCIIDHHMUHBOCTBIO PacTBOpa, MOITOMY IDHMEHSIETCS BHYTPEHRRUL

crandapr. [1pu 3TOM KaK PaCTBOPEHHOE BeIleCTBO, TAK H CTAHAAPT §

HaXOJATCA B OJMHAKOBOM OKPYKEHHH H He TpebyeTcs HONpaBOK K
3KCTePHMEHTAaNbHBIM 3HaueHHaM. C ApPYro#l CTOPOHHI, NIPH HCIOJb30-

BaHHU BHeWHeeo cTaHdapra, T. e. B TOM CJydae, KOIAa CTAHAAPT |
HaXOMUTCS B KOAKCHAJbHOM KamuJJispe, PACHOJOKEHHOM BHYTDH |
uccaenyeMmoro o6pasua (puc. II1.2,6,8), HanpsizKeHHOCTH TMOJS
BHYTPH KanujJspa ¥ BHYTPH 00pas3iia PasiuyaloTcd H3-3a pasnuuif |
B 06BEMHBIX BOCIPHHMYHBOCTSAX H B 3HAUeHHS XHMHYECKOro C/BHTa |

cJe/yeT BBOJMThL COOTBETCTBYIOLLYIO NONpaBKy. [l LHJIHHApDHUe-

CKMX aMIyJ, OChb KOTODHIX MepHeHAHKYJfPHA HaNpPaBJCHHIO MATHAT- |
HOTO MOJs, CKOPPEKTHPOBAHHBIH XHMHYECKHH CIABHT onpejesisieTcs |

BLHIpaxKeHHEM

2 . s
8 =0, + 5 (X — xgP) - 108 (I11.3)

B cayuae pasGaBieHHBEIX 06pa3lioB 06beMHas BOCIPHHMYHBOCTb pac-
TBOpa MOXeT OBbITb NPHHATA DaBHOH BOCIHDHHMYHBOCTH pacTBOPH-
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puc. IIL. 3, Kommentpaunonnas sapucumocth curaana CH,OH B  6enausosom
cnHpTe B PAaCTBOPAxX aUeTOHA.

a — COOTHOLIeHHe aleTOH : GEH3HJOBBIA CNHPT =7 :5 (no 06beMy); 6 — YHCTLIA GeH3HJAOBHI
CTHPT.

»

teas. Pasnuuna d-BeqHuHH, OGYCJOBJNEHHBE BOCIPHHMYHBOCTDBIO
MOTYT AOCTHUraTh 1 M. 1.

HyXHO N0oJYepKHYTb, YTO XOTS IPH HCIOJb3OBAHMH BHYTPEHHErO
CTaHAApPTa HET HeOGXOAMMOCTH BBOAHTb MONPABKH HA BOCHPHHMYH-
BOCTb, OJJHAKO IIDH 3TOM HeJIb3sl HCKJIIOUHTb creyuguveckue a3au-
#noldedcTéus MeXAy PacTBODHTeJeM H 3TaJOHHBIM BellecTBOM. Kak
TPEAebHHIA Cydali pacCMOTPHM, HampHMeEp, XJ0Po(GOpM, HCHOJb-
3yeMblii B KaueCTBe BHYTPEeHHEro CTaHjapra B pactBope GeHsona-de.
B sTOM ciyuae pe3oHaHCHBIH CHTHAJ LHKJOreKCcaHa (C KOHIEHTpa-
uueit 20 9% 06.) okaswmBaercsi npu —4,96 M. a. I1pu HcoONb30BaHUH
CCl4 B XauecTBe PaCTBOPHTEJSI U NPH TOM Ke BHYTPEHHEM CTaHAap-
Te XUMHYeCKHH CJABHI LHKJOrekcana paBeH —5,80 M. A. Pasanune
B 0,84 M. 1. MexXAy ABYMS H3MePEHHUAMH OGDBACHSAETCS TEM, YTO XJO-
podopm obpasyer B GeH30JIe aCCOLHATH, B KOTOPHIX MPOTOH XJOPO-
dbopma crmeunduyeckn 3kpaHHpoBaH (cMm. pasi. 1.7 ra. IV). Ecan
MBI TNONbITaeMCs ONpeleJHTb «8-BelMHYHHY» LHKJIOreKcaHa Ha OC-
HOBE 3THX M3MepEeHHH IPH ydeTe H3BeCTHOH 6-BeJHUHHBI XJ0podop-
Ma, TO MH NoJy4ydM 3HaueHusa 2,31(7,27—4,96) uaum 1,47(7,27—
5,80) M. 1. TakuM 06pa3oM, TobKO B caydae pactBopos B CCly
Nosny4aloTcs npHeMJeMble pe3yiabTaTh (cM. Tabu. II.1): Dtor npn-
Mep NoKa3blBaeT, YTO H3MepeHHS, MPOBOAMMBIE B Pa3JHUYHBIX pac-
TBODHTEJIAX MJH ¢ HCIOJb30BaHHEM pa3JIHYHHX CTaHAapTOB, NDH-
BOJAT K OJHHM H TeM 2Ke Pe3yJbTaTaM TOJbKO B TOM CJjiyuae, KOrjia
OTCYTCTBYIOT cheyuduueckue 83aumodelicTéus MexAy DacTBOpHTe-
JeM H CTaHZApTOM WM H3MepseMbIM BeliecTBOM. CienyeT uaberaTo
HCIO/MIb30BaHUS TeX KOMOHHALH#A pacTBOpuUTe/]b — CTaHJAAPT, AJs KO-
TOPHIX M3BeCTHHI HJIH OXHJAI0TCA NOJOGHHE clelli(pHyecKHe B3aHMO-
ReitctBUsl- BopoueM, sdpdexTrl accouHauunu MOryT GBITb H IOJIEe3HbI-
MH, MOCKOJIbKY B3aHMOJAEHCTBHA 3TOrO THNA 4YacTO NPHUBOJAAT K H3-
MeHeHUSIM B OTHOCHTEJbHBIX XHMHUeCKHX CJBHrax, 4TO BJHSET Ha
BHJ cnekTpa.

HaMenenus XHMHYECKHX CABHIOB MOTYT OHITb BHI3BaHBI He TOJb-
KO pacTBOpUTEJNAMH, HO H TPOCTO KOHIEHTPALHOHHONK 3aBHCHMOCTBIO
PesoHaHcHBIX yacToT. Hanpumep, AJs onpe/eNeHHOH KOHLEHTpalH#

3*
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Puc. 111. 4. Cnektp SAMP !'H 4,4-guMerni-5a-aunpocranona-3 8 aeiirepoxaopodop-
me (a) 4 B 6eHsose (6) (Bxakka, Yuabsamc [1]).

GensuaoBoro cnupra B anerone pesonanc rpynnsl CH,OH BHrzg-
JIUT KaK CHHIJVIET, B TO BpeMsl KaK YHCTHIl OEH3HJOBHI CNHDPT Aaer
oxunaemyio cucreMy AB, (puc. III.3). B nepsom cayyae onpeleJe-
une Koucraute J(CH,OH) HeBosmoxuo., TakuM o006pa3oMm, B JAaH-
HOM NpHMepe KOHUEHTDAIlHOHHAs 3aBHCHMOCTb XHMHYECKOIO CJIBHra
IPHUBOJUT X YBeAHueHHI0O oObeMa HHGODPMAaIMH, NOJyYaeMOH H3
CIIeKTpa.

Cneunduueckue apgexre. pacrsopuress 0co6eHHO AeTAJbHO
#3y4aJHuch H MCIOJb30BaJHCh B XMMHH CTepOHAO0B. MCKIIOUHTENBHO
I[EHHO B TOM OTHOIIEHHH HCIOJb30BaHHEe 6eH30ja H3-3a €ro BHICO-
KOH MarHMTHOH aHMU3OTPONHH H CKJOHHOCTH OOGDa3oBLIBATL CIENH-
duueckHe KOMILIEKCHI C pacTBOPEHHHIM BemlecTBoM. Ecin BMmecro
XJIOpo(hopMa HCIOJIB30BaTh 0€H30.1, TO 3aYacTyi0 MOXKHO Pas/HYHTD
Pe3OHaHCHBlE CHIHAJB HHAMBHAVAJIbHBIX METHJIBHBIX TPynnm B CTe-
poraax. B KauecrBe mpuMepa Ha pHc. I11.4 npusenen cnekrtp 4,4-1u-
MeTHJ-5a-aHApPOCTaHOHA-3. ALeTOH 1O cBOEMY AUNIOJNBHOMY MOMEHTY
TaKXe BecbMa MNpPUrofleH AJs CO3AaHHA CHEeLH(pHIeCKHX COJbBaTa-
LHOHHBIX 3((EKTOB.

3aBHCHMOCTL KOHCTAHT CIHH-CIIHHOBOTO B3aHMOJAEHCTBHA OT pa-
CTBOpHTensd B O6leM MeHee 3aMeTHa, 4eM 3aBHCHMOCTb PE3OHAHC-
HEIX YaCTOT, OJHAKO B TOJISIPHLIX PaCTBOPUTEJAX HaOMIOAQIOTCA H3-
MEHEHHS W 3THX MapameTpoB. Tak, [Js ABYyX NPHMePOB — (popMalb-
Jokcuma (5) u 1-xJ0p-2-3TOKCH3ITHNEeHa (B) — U3MEHEHHst B TeMH-
HaJbHHIX M BHLIMHAJbHBIX KOHCTAHTax yepe3 JBe M TPH CBS3H IO
JAHHBIM H3MEpeHHMil Jexar B AHanasonax 7,6 —9,9 u 4,2—6,3 I'u
COOTBETCTBEHHO.

H\ /O 'L{\ /H
C=N c=C
/ 7 \ -
H Cl 0CzHg
B 6
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Crnenyer Takxke OTMETHTb CBOACTBO JHMETHJCYAbDOKCHIA
yMeHbIIATh CKOPOCTb 06MeHa mporoHoB OH-rpynm, a takxe rpymn
NH u NH,. ITostomy auMeruncyab$okCua HCNONB3YETC B TeX CJy-
gasix, Korja TpeOyeTCs M3yYHTb CIHH-CIIMHOBHIE B3aUMOJEHCTBHA
tmina H—C—0—H, H—C—C—0O—H umu H—C—N—H. 3t
KOHCTAHTHI, 3aBHCALIHe OT CTEePEOXUMHH XHMHUECKHX cCBsi3eil,
HeJMb3A H3MEPHUTb TpPH HaJUYUH OBICTPOro MPOTOHHOTO oOMeHa
(em. ra. VIII),

3. HACTPOUKA CMEKTPOMETPA

CoBpeMeHHBIE CHEKTPOMETPhl CTaJH HACTOJbKO NPOCTH B VII-
paB/eHHH, YTO H3MepeHHe clieKTpa TpeGyeT JHLIbL HEeCKOJbKHX Ha-
CTPOEK, KOTOPHe OOHYHO MOAPOOHO ONHCHIBAIOTCS B HHCTPYKIUAX
kK npubopaM. ITosToMy 3jech AaHB TOJIBKO HEKOTOpHie 00iliue 3a-
MeJaHHs.

Bo Bcex 3kcnmepHMeHTax aMmyJbl GHICTPO BpallAKTCH BOKPYT
cBOE# IPOJOJBLHOH OCH C NOMOINbIO HEOOJNBIIOH BO3AYLIHOH TYp-
oupkn (cM. puc. I11.2 n L 5). 310 mpuBoauT K yJyumieHwio OAHO-
POJHOCTH MOJIH, TAK KAK B pe3yJbTaTe MaKPOCKOINHYECKOTO JBHXKe-
HHa oOpasla HHAMBHAYaJbHBE siApa HUCIHHITHIBAIOT BO3AEHCTBHE
YCPEJHEHHOTO N0 BpeMeHH BHEIIHEro moJss By, HanpsKeHHOCTb KO-
TOPOro HECKOJIbKO pasjiHuaercs mno obbemy obpasna. Kak BujHO

——

P

aic;—) 111. 5. ‘Bunsinue Bpamienuss aMnyJs Ha GopMy PE30HAHCHOI'O CHI'HaNa.

¢ _ € BpameHnns; 6 — c BpalleHHeM; GOKOBble MOJIOCHl OT BpAUleHHSA LAHE C YCHJEHHeM;
C HH3KOH CKOpOCThbio Bpaureuus (~10 06./c).




70 Trasa 111
a & 8o

| f‘
.f |

Suenus |

/ (buznu)
| . Hanpabneruve
‘ pasBepmry

2 w—— 0,45 My

110c7€ Hacmpoury

7EPEd Hacmpolino?

Puc. I11. 6.

a — cHTHAJ NpPOTOHHOTO pe30HAHCA TEeTPAMETH/ACHJAHA NDH DAa3HBIX HacTpoHKax Y-TpajHeH-
Ta; 6 — CHMMETDHYHBie CHTHaJbl NPH NPOXOXKIEHHAX B DAasHbIX HaNpaBJEeHHsX; 8 — BJIHAHHE
KOpDpPEKUHH y-TPajHEHTa HAa BHJA KBapTeTa B al(e€TalbleTHAe; & —- ONpelelicHHe pa3pelleHHs
¢ DOMOUbI0 BTOPOR mapnl JHHHA B cnekTpe o-AHXJOpOeH30.a.

PacuienneHHe MAOAXHO cocTaBasth 0,45 Tu (60 MI'n). Bosee MeJlKHEe <pAacCIIENJeHHH» SB-
asioTcs apredaKTOM, BBI3BaHHBIM NOJOXEHHeM OHEHHfi NepBOro H BTOPOro cHrHazoB. Ecan
H3MEHHTL HanpaBJeHHe Da3BepTKH, To 3¢ @deKT NposBHTCH Ha ApYrofl JHHHH.

u3 puc. II1. 5, rae mpuBefeH PE30HAHCHBIA CHTHAJ TETPaAMETHJICH-
JlaHa, 3TOT 3KCNEDUMEHTAJbHEIH NpHEM He3aMeHHMM IIPH MOJyYeHHH
OCTPHIX PE30HAHCHBIX MHKOB. B pesysbTaTe BpalleHHs obpasua mo
06e CTOPOHH OT OCHOBHOTO CHrHala (M Ha PaBHOM PAacCTOSIHHH OT
HEro) MOSIBJSIOTCA GOK0B8ble NOAOCHL OT 8paujerus. Pasnnuue B ya-
CTOTaxX IEHTPAJbHOrO CHrHAaJa H GOKOBLHIX CHTHAJOB PAaBHO YacTOTE
Bpauenuss amnyabl. C yBeJHYeHHEM CKOPOCTH BpallleHHsi GOKOBHIE
MOJOCHl OTOABUralOTCsi OT OCHOBHOIO CHTFHajla H, KPOME TOro,
YMEHBbIIAIOTCST N0 HHTEHCHBHOCTH. [IpH TNpaBHJBHOH HACTpOMKe
CNEKTPOMETPa M AOCTATOYHO ObICTPOM BpallleHHH 00pasua HHTEeH-
CHBHOCTb GOKOBHIX IOJIOC CTAHOBHTCS CTOJb MAaJoOH, UYTO KaKHX-
au60 BO3MYIIEHHH B CIEKTpe, BHI3BAHHBIX 3THM 3(QdekToM, He Ha-
6aropaerces.

[Tepes KaXKAHM H3MEDEHHEM IKeNATeJbHO NPOBEPHTb 00HOPOO-
HOCT6 MArHHTHOIO MOJS H, €CAH HeoOXOAHMMO, YJYYIHTH ee C TO-
MOLIbI0 KODPEKIHHM F'PaJAHEHTOB MOJs MO X-, Y- H 2-HANpPaBJICHHAM,
HCNIOJIb3YSl TAK HasbiBaeMble wummupyrowjue xarywku. Ecnu mpH-
Gop peryJasipHO HAaCTPAHBAETCs MO OJHOPOAHOCTH, TO OOBIYHO AO-
c¢TatoyHo 3amucatb curHaa TMC H nmoanpaButh Y-rpajHeHT TaK,

\
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Pac. II1. 7. Bansinve HecKoJbKHX MPHGOPHHIX IOCTHPOBOK Ha (DOPMY Pe3OHaHCHOro
CHrHAJA.

@ — pas/HiHan NOCTOSHHAs BpEMEHH 3aNHCH COEKTPA; 6 — Da3sHYHble CKOPOCTH NPOXOXKae-
ﬁg?hogb—mpa::c};x::;e Moumocn;v BY-renepatopa; npm MommHoctH 0,32 MI'c Pe30HaHC NOYTH
; cd, T. €. a_Nﬁ (cM. pasa. 3 ra. I); e — HenpapHabHas ycTaHOBKa

da3bl nerekTopa.

4TOGbl aMILIHTYAa GHeHHH, MOABISIOIUXCS BCJeX 32 PE3OHAHCHHIM
CHTHaJ/IoM (MHayYe TOBOPS, aMIUIMTYAA 6uzael *), Gblia MaKCHMaJb-
na. ®opMa CHrHana A0MKHA GHITh CHMMETPHUHOM NMPH MPOXOXKIEHUH
cnekTpa B 06oux HampabieHusix (puc. 111.6,a, 6).

Ecan criektpoMeTp He ymaercsi HaCTPOMTb 3THM IyTeM, TO HYX-
HO TONBITATBCS MOJYYHTb JYUIIyI0 IOCTHPOBKY MOJS C NOMOLLbIO
CTAHAApTHOro o6pasua aueTajibAerHia. B kauectBe KpuTepust
8ACCh MCIOMb3yeTcs BHA KBApTeTa albAEerHAHOTO NpoToHa. [locue-
AoBare/ibHast MOACTPOAKA OTAENbHHIX TI'PAJHEHTOB IOJSI, OCOGEHHO
MO~ y-HaUpaBleHHIO, NPHBOLMT K CHEKTPY, [IOKAa3aHHOMY Ha
puc. IIL. 6, 8.

B TeX HM3MepeHHsX, Koria TpebyeTcs BHICOKasi TOYHOCTb, AJIS
AaNbHeHero yayyueHuss paboThl CLIEKTPOMETPA MOKHO HCIOJb30-
Barb Bropyio mapy JsiMHHA B cleKTpe O-AuxJop6eHzoaa. as xo-
POWIO HACTPOEHHOTO CNEKTPOMETPA MHHHMYM MEXAY CHIHAJaMHu
%ﬂaHHOM caydae omyckaercss A0 OasucHodt JauHuu (puc. III.6,e).

dKnM 06pa3oM, ueM Bbillle paspeulexue CIEKTPOMETPa, TEM MeHb-
HIe Pa3HOCTh YaCTOT ABYX PE3OHAHCHBIX CHTHAJIOB, KOTOPHIE MOTYT
ObiTh 3anHcanbl pasienbHo, T. e. paspeuiens.

——

* O :
T aHrI. wiggles — BonHoOGpa3Hue ABHMEHHA KHYTa [ocje —
puy, nepes. P Y yaapa
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Puc. III. 8. Pesonancusie JuauH npotoHa Ha B 6,6-1HMeTHI-2,4-IHKAOTEKC A 1HeHO-
He ¢ MOJYJSLHOHHBIMH OOKOBBIMH moJjocaMi oT cHrHasa TMC (kaauBpoBka mno
MeToAy 60KOBHIX mMosoc). YacToTa MOAYJSLIHA H3Meps/ach € NMOMOLIBIO 3/1eKTPOH-
Horo yacroroMepa (Xuspukc [2]).

| i
i ‘ 401,861y,
|

dakTHyecKkoe H3MepeHHEe CIIEKTPa HAaYHHAETCHd ¢ YCTAHOBJEHHS
9TAJIOHHOr0 CHIHa/Jla Ha HYJb ILKaJbl, BHOOpPA NPaBHJIBHOH amuAl-
TYObl cuerasa W Haubosiee yIOOHOH NOCTOAHHOU 8pemeru 3amuCH.
Heob6xoauM0 Takxe HacCTPOHTb (ha3060e coOTHOweHue mexay BY-
reHepaTopoM H NPHEMHHMKOM, HJHM TakK HasbiBaemyio ¢asy JeTek-
TOpa, ¢ TeM YTOGH 3alMHCATh YHCTHIA CHrHaJ Torjomenus. Kpome
TOrO, BbIXOAHAs MoulHOCTb BU-reHepaTtopa HO/MXKHA JexKaTb HHXKeE
mopora HacHiUleHHsi, DTH Co00paXeHHs HJ/LIIOCTPHPYIOTCS Ha
puc. IIl. 7, rie npuBejdeHH HEKOTOpbie MpHUMepHl, ®H3HUECCKHE OC-
HOBHl 3THX TpeboBaHHH Oosee moApo6GHO obcyxpawrca B ra. VIIL

Ilocne 3anucu chnekTp uHrezpupyercs. st 0ueHb TOYHOrO HH-
TerPHPOBAHHA HEOOXOAHMO NPOBECTH YycpefHeHHe IO HECKOJLKHM
usMepenusM. HHrterpupoBanHe He JdacT peaNMCTHYHBIX pe3yJbTa-
TOB, €c/id ()asa HeTeKTOpa HacTpOeHa HEBEPHO HJIHM HHTErPUPyEMBIE

CHTHAJILI PEe3KO pasjHyaloTcs N0 HHTEHCHBHOCTH. Tak, 4YHCJA0 Me-

THJICHOBHX TPyNN B aJjbAerufe c obuet popmynoit CHz— (CHy)n—
—CHO Henp3st onpeneuTb ¢ JAOCTATOYHOH TOYHOCTBIO, €CJIH
n > 20. HakoHnen, co cranzapTHHM O0GOpYZOBAHHEM HEBO3MOXKHO
pasJeNbHO NPOMHTETPHPOBAThL NMEPEKPHIBAIOUIHECS CHTHAJB. B 3THX
C/IyYasix MOXKHO NPHMEHHTb aHaJH3aTOD KPHBBIX, €CJH TOJNBKO (op-
Ma JIHHHH 00OHX cHrHaJoB H3BecTHA (cM. rui. VII),

[TocKonbKy B COBpPeMEHHHIX CIEKTPOMETPAX HCNOJMb3YIOTCS Ka-
nu6poBaHHbie GJaHKH, 3alHChb CNEKTPA CYLUIECTBEHHO YIIPOCTHJIACK.
Onnako Kaaubposka npubopa MOABEPKeHA BJAHAHHIO BHEMIHHUX MO-
MeX, MO3TOMY ee CJjeAyeT BPeMsl OT BPEeMEHH TPOBEPATb H, eCc/aH
HeoOXOAHMO, MOACTpauBaTh. KOHTPOAbL JierKO MPOBECTH ¢ IIO-
MOIllbI0 CTaHAAPTHOrO 06pasua — xJopedopMa H TeTpaMeTHJCHIA-
Ha B TeTPaxJiopHjie yrjepola. PasnHuHe pe3OHaHCHBIX 44CTOT 3THX
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cHUrHaJoB cocrapasieT 436 u 727 'n npu paGouell yacToTe clEKTPoO-
merpa 60 u 100 MT'L cooTBeTCTBEHHO.

Ecnu TpebyloTca OueHb TOUHBlE NaHHBIE, TO NPHMEHSIIOT paHee
OIIHCAHHYIO TexHUuKy 6OKOBblX NOAOC, TIPH TOM CHrHAJ H3yuaeMOH
rpynnel o0pamisieTcs ABYMs MOJIYJAIHOHHBIMH OOKOBBIMH IOJIO-
caMd OT 3TaJIOHHOro cHriaja. Yacrora MOZYJSUHH, T. €. pacCTof-
gue (B ') MeXJAy OCHOBHHIM CHIHaJOM H GOKOBOH MOJOCOH, MO-
eT ObITb HeNOCPeJACTBEHHO H3MepeHa ¢ IOMOMIbIO 3JEKTPOHHOIO
yacroromepa (puc. III. 8). Ycpennenue faHHBIX HECKONbKHX CIIEKT-
pOB, H3MEDCHHBIX HPH 3alHCH B OGOHX HaNpaBJCHHSX BHEUIHErO
noJfA, AaeT pe30HAHCHBIE YaCTOTHl ¢ 3SKCHEpPHMEHTaJbHOH mHOrpell-
HocThlO, Meybiel 0,1 T,

B ofueM TOUHOCTb, ¢ KOTOPOH cJeAyeT H3MepPATb CIEeKTp, Olpe-
JenseTcs CyHIeCTBOM u3ydyaeMoH mpobJseMul. BaxHas uHdopMauus
clefyeT YXe M3 NMPOCTOTO H3MepeHHs CNeKTpa 0e3 CKOJbKO-HHOYAb
JeTaJibHOrO aHaJjiu3a. Hampumep, AMCTH/AALHUS HJIH XpoMartorpa-
¢upoBaHHe MOryT OBITb JONMOJIHEHBI NMPOCTHIM HabJI0JeHHEM H3Me-
HeHHs] HHTeHCHBHOCTEH De30HAHCHOIO CHTHAajla HM3BECTHOTO KOMIIO-
HeHTa ouHmlaeMod cMmecH. Caelyer OXHAaTb H  JETAJbHOTO
NpeACKa3saHUs MOJEKYJ/APHOH CTPYKTYDHI, OMHAKO 3TO TpebyeT BHH-
MAaTeJBHOTO aHajH3a CIeKTpa. ¥ DOBEHb U3BJiEKaeMOH HHQOpMAaILHH
HJId HaJeXHOCTH 3allHCH CIIeKTpa B KOHEYHOM CUeTe OIpejessercs
MAacTepPCTBOM 3KcHepHMeHTaTopa. (QUeBHAHO, danlpuUMep, UTO H3Me-
peHHe JaJbHHX KOHCTAHT CIHH-COIHHOBOTO B3aHMOJEHCTBHS C Be-
JUYHHAMH, MeHbIUHMH 1 ', BO3MOXKHO TOJBKO NPH ONTHMAaJbHOM
noa6ope ycJaoBHA 3KCIepHMEHTA.

4, NOBbILLEHUE YYBCTBUTESILHOCTHU

KonnuectBo BeulecTBa, HEOOXOAMMOE AN H3MEDEHHS CIIEKTpa
SIMP, cocraBasier 20—30 Mr, ¥ 5TO IIOKa3bIBA€T, YTO CIEKTPOCKO-
nusi SIMP B uesoM Ha MOPAJOK HHUXKe IO YYBCTBHTEAbHOCTH, YeM
HK-cnekrpockonus. IlostoMy B BhICLICH CTeleHH XKeJaTeJbHH Me-
TOJAHMKH, NTO3BOJIAION[HE YMEHBIIHTD 3TOT HEJOCTATOK.

Ecan oOpatuTbca K O0JbLIMAHOBCKOMY pacnpelelieHHIo saep-
HBIX cmuHOB (cM. pasa. 3 ra. I), To oueBHAHO, uUTO C POCTOM Ha-
HPSIXKEHHOCTH MATrHHTHOTO HOJsi 6yAeT NPOUCXOAHTb POCT HacCeJeH-
HOCTH COCTOSIHHA C HH3KOH 3Hepruefi. Bonee aeraibpHblli aHanus
HOKa3bBaeT, YTO HHTEHCHBHOCTb CHTHAMA JOJXKHA OHITb IIPONOPLHO-
HagbHa B2. Hanpumep, oTHoulenue cuenair/uwiym, H3MepeHHOE IO
KBApTeTy METHJEHOBHIX NMPOTOHOB sTunbensosna (puc. II1.9), yayu-
mutes ot 25:1 mo 50: 1, eciu BMecto cmekrpomerpa Ha 60 MIn
Oyner ucmoab3oBaH cnektpomerp Ha 100 MTIu, T. e. mpu yBeaude-
Huu moas ot 1,4 mo 2,3 T.

HanpHeHWHA pOCT YYBCTBHTEJNLHOCTH MOXKHO JOCTHTHYTb 3a
CY4eT pocTa BpeMeHH HaOJIOAEHHS f, HOCKOJbLKY TEOPETHYECKH 3JICK-
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TPOHHBlE IIYMBl PAacTyT NPONOPUHOHAJBHO 4/f, a HHTEHCHBHOCTb
KOT€PEHTHOrO CHTHaJjla NpOmopHHOHANbHA £, CyUIECTBYIOT OJHAKO
OrpaHHMYeHHs JJs 3TOTO MeTOJa, BbI3BaHHLIe BPEMEHHHIMH H3Me-
HeHHSIMH JPYTHX NapaMeTPOB, TAKHX, KaK OJHOPOAHOCTL MAarHHT-
HOTO 1oJf; BA0OABOK HEOOXOAMMO OYeHb TIHiATedbHOe cobJI0LeHHe
npefesyoB HaCHILIeHHS.

[IpakTHueckoe pemeHne 3Toft mpo6JieMBH CTAHOBHTCS BO3MOXK-
HBIM IIPH HCIO0JIb30BAHHH MHHHKOMILIOTePOB. [IpH 3TOM chmekTpasb-
Hag o6JaacTb oyugposeisaerca, T. e, pasbHBaeTcsi Ha KOHEUHoOe
HHCJIO KaHasoB, TaK YTO BO BpeMsl PETHCTPAIHH CHEeKTpa ¢ HOp-
MaJIbHOA CKOPOCTBIO COOTBETCTBYIOLLEE UYHCJIO 3KCIEePHMEHTaJbHBIX
TOYeK CUHTHIBAETC H 3alMHCHBaercd B NaMsiTh. [IpH IIOBTOPEHHH
SKCIepUMeHTa MOXHO I1pocyMMHpoBaTh 50 W Gojee HHAHBHAYaJb-
HBIX CreKTPOB. [IOCKOJMBKY cHrHaJjbl, OOYCJOBJEHHbIE CJy4YaHHBIM
UIYMOM, H3MEHSIIOTCA NO HMHTEHCHBHOCTH M, 4TO 6ojiee BaxKHO, IO
%HaKy, a UCTHHHBE curHan $IMP Bcerga KaeT mnosOXHTe bHHI
OTKJIHK, TO OTHOWMIEHHe CHTHAJ/ImyM yJayumaercs. B cooTBercTBHH
C OTMeueHHOH Koppessuuell MexAy BpeMeHeM HabJsiojieHHs f M HH-

TEHCHBHOCTBIO YJ/yUlleHHE OKa3blBA€TCsl NPONOPLUHOHANbHEM A/7,
rje n — 4ucao npoxoxaeHui cnekrpa (puc. III. 10). B macrosiiee
BpeMsi JOCTYNHH ycTpofictBa ¢ 1024 (i Gosee) KaHanamu, 4TO B
LeJOM MO3BOJISIET JAOCTHYL JOCTATOUHO BLICOKOTO paspellieHHs]
oungpoBaHHoro cnekrpa. ITogo6ubil npu6op H3BECTEH IOJ Ha3Ba-
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Puc. 111.9. TecT Ha uyBCTBHTENBHOCT MO METHJEHOBOMY KBapTery 19 -Horo pac-
TBOpa 3THJI6eH30.a.

O1HoweHHe CcHrHaN/WIyM onpejenserTcs KaK YacTHOE OT AeNeHHs AMNJHTYAb CHrHada S
Ha CpeAHHR ypoBeHb WUyMa N, pacCUMTHIBaeMHfl 00 COOTHOWeHH N-(BhicoTa IyMa)/2,5.

30 I
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Puc. 111 10. HakonnecHue crektpos ¢ mnomotnsio Hakonureas CAT ans 0,2 %-Horo

pactBOpa 4-metokcuGensunosoro cnupra B CCli

Pe3aoHaHc THADOKCHJABHOTO NPOTOHA He YAAJOCh OGHapyXHTb (pasa. 1.3 ra. II); n— gucno
NpOxoXKAeHHl; BPeMs KaXIOTo NpPOXOoxaeHHs — 250 c.

HHEM «HAKOIHTEeJb CNEeKTpoB» *. Be3ycnoBHO, HakoluleHHe Tpefyer
CyLleCTBEHHO 6OJIblle BpeMeHH, YeM 3allHCh OOBIYHOro CHEeKTpa, H
II05TOMY B JAaHHOM cJyyae OYeHb Ba)KHa CTalHJIbHOCTb HACTPOHKH
cnekTpoMerpa. TakHM 06pasoM, ONTHMaJbHble Pe3yJabTaThl MOJY-
Ya0TCs B TOM cJyude, €CJH OJHOPOAHOCTb MATHMTHOrO HOJS KOHT-
poimpyercss aBTOMaTHUeCKH (C MOMOINbIO TAK HAa3bIBAE€MbIX AaBTO-
weMMupyomux Karymek). [losTomy iKesnaTelbHO COEIHHEHHE
CIeKTPOMETPa ¢ HeOOJbIIAM HH(POBEIM KOMNDBIOTEPOM, KOTOPbLIH
IpH 3TOM MOKET HCIOJIb30BaTbCs KaK MJs HAKOIIEHHA CHTHAJIOB,
Tak M 1/ KOHTPOJs YCHOBHH 3KcllepuMeHTa. ITO moc/efHee yc-
JIOBHE OCOGEHHO BaXKHO B CBSi3H C HE/IaBHO BHEJPEHHOH TEXHHKOH
cnektpockonun SIMP-dypbe-npeobpasoBants, 0 UeM IOHAET peub
Bru VII uIX.

5. U3MEPEHUE CNEKTPOB MNPU PA3JIMUHbBIX
TEMMNEPATYPAX

[lo psigy NpHYHH HEOOXOXMMO DErHCTPHPOBaThb cmekTpbl SIMP
NpH pasJHYHBHX TeMmepatypax. OCHOBHMHE TNPHJIOXEHHA 3TUX

* CAT — B aHra. JaHTepaType; N0 mepBuM GyKBam CJo — compuler of ave-
raged transients — DBM-aHan#3aTop yCpelHeHHEX MPOXOXJeHHH. — [Tpum. nepes.
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3KCIHEPHMEHTOB COCTOAT B H3YUEHHH 3aBHCHMOCTH GOPMBI JHHHH OT
TEMIEpaTyphl, B peay/bTaTe 4Yero MoxeT GbITh MosydyeHa HHGOP-
MallHsi O KOHCTaHTaX CKOPOCTeH peaKIHH, KaK IPaBHJIO, OTHOCH-
IHXCs K TpoleccaM BHYTPHMOJEKYJSIPHOH JAMHAMHMKH. Jrta 06-
Jactb moApo6Ho obeyxkpaerca B ra. VIIIL Kpome toro, ¢ nomoubio
HH3KOTEMIIEPATYPHBIX H3MEPEHHH MOXHO [CTEeKTHPOBATh HeCTa-
OubHBIE MHTEPMEJHMAaThl, a C MOBBILUEHHEM TeMIIepaTyPhl MOXKHO
YJAYUNIHTD PACTBOPHMOCTb IJIOXO PaCTBOPSIIOLUIHXCS BEILECTB.

CoBpeMeHHBIE CNIEKTPOMETPHI, KaK IPaBujo, 060pylOBaHb JaT-
YHKAMH ¢ BO3MOXKHOCTBbIO BapbHpOBaHHS TeMOepaTypol B Auanaso-
He oT —170 no +200°C. llns npoBefeHHsi 3THX H3MepPeHHH a3oT,
OXJIaXJeHHBI B NPOTOYHOH Kamepe, OXJaxkjaeMOH XHUJIKHM a3o-
TOM, WJIH HATPETHIH C NIOMOLILIO 3JEKTPHUECKOH INeud, mojaercs B
Aatuuk. TemnepaTypa IOTOKa rasa NpPOBEPSIETCS C NOMOILBIO Tep-
MOHaphl H PEryJHpyeTcs aBTOMaTHuYeckH. [pyrasi cucrema oxJax-
JAEHUS JUIs] HU3KOTeMIepaTypHBIX M3MePeHMl OCHOBaHA HAa HCIOJb-
30BAHHMH Ta30BOrO NMOTOKA HCIAPSIOLLErOCs KHJAKOTO a30Ta, OXJaxK-
nawouiero obpaseu. B sToM ciyuae TeMnepatypa H3MeHsieTcs C
MOMOUIbI0 BAPbUPOBAHHS MOTOKa ra3a. CpaBHHTEAbHO HeAABHO
InIpeAJoxeHa MeTOJHKa, B KOTOpOﬁ HCIIOJIL30BAHbl BO3MOXXHOCTH
spoekra [xkoyns — Tomncona. OxyaxieHHe B JaHHOM Cjydae
OCYILECTBJISIETCA € TNMOMOIILbI0 BHE3aNHOrO PACIIHPEHHs rasa, Haxo-
IsLlerocs: moj nasjieHHeM. TemI006MeHHHK, Ile Ta3 IpelBapHTeb-
HO (IO paCIIMPEHHs) OXJIaXKAaeTcs ¢ MOMOIIbIO Ta3a, YXOASLIEero H3
KaMmephbl, I0NyCKaeT BO3MOXKHOCTb MOHHXXEHHSI TeMIepaTypu BIJIOTH
po —100°C.

B uiealbHOM ciyuae usmepenue TeMneparyps: cJefoBajo Obl
NPOBOJHTL B CAMOH ammyJie, HO H3-3a TeXHHYECKHX TPYAHOCTEH 3TO
He Bcerja Bo3Moxno. Ha npakruke Temmeparypa ompegensieTcs
C IIOMOIIbIO TEPMONApH, HaXOAsllefics B NMOTOKE a30Ta y HHIKHETrO
KOHIlA aMIyJbl, WIH C MOMOLLbIO PErHCTPAlHH CIIEKTPOB CTaHAAPT-
HOTO 00pasia MeTaHOJIA WM 3THJEHIVIHKOJS A0 H IOCHe H3Mepe-
HHSl CIIeKTpa HHTepecylounlero Hac o6pasua. Jlas 3THX coefuHeHH
pasinuus B XMMHYECKHX ciBurax Av(s I'l) pesoHaHcOB mpoToHOB
CH;- u CHy-rpynn, ¢ oaHO# cTOpPOHbBI, H THAPOKCHIBHOTO NPOTOHA,
¢ JAPYTrOH CTOPOHBI, SIBAAIOTCS TeMIlepaTypHO-3aBHCHMBIMH. TOYHBIE
u3MepeHHs NpuBeJH K cooTHowenusam (III. 4)—(IIL. 7), cnpaBennu-
BBIM IpH paboueli wacrore 60 MTI'm. S

Huskue remneparypot, meranon:

175 —225K; T ==537,4 — 2,380 Av (I11. 4)
220 — 270K; T =498,4 — 2,038 Av (I11. 5)
965 —313K; T =468,1 — 1,810 Av (111.6)
Bbwoxue TemnepaTypbt, STUNCHEAUKON:

310 —410K; T ==466,0 — 1,694 Av (111.7)
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D1u ypaBHEHHs NaloT omHOKy, He mpespunarniy +0,5°C ans un-
¢THIX Ta3HPOBAHHBIX 06pa3LOB OGOUX BEHIECTB, B KOTOPHIX pacllen-
sennsi, 06yCJIOBJIEHHble CITHH-CIIHHOBBIM B3aHMOJEeHCTBHEM, HCKJIO-
yaanch myTem pnoGamiaenus ciaenoB (0,03 % 06.) KOHIeHTpHpOBaH-
HOH COJISIHOH KHCJIOTHI.

Eci¥ cHrHajbl METaHOJA HJIM STWIEHIVIMKOJS He TNepeKpulBaloT-
csl ¢ CHTHaJlaMHu ucciaenyemoro obpasina, To HauboJee TOUHBIE TEM-
nepaTypHble namepenust B o6aactn o1 —100 po 4-140°C mposoasr-
cs ¢ TIOMOLIBbI0 ammyJsl, mokasaHHO# Ha puc. IIl.2,8; B nannom
ciydae KamHJUIAP COAEPXKHT METAHON HIH STHJIEHINHKOJIb. Ilpu
3TOM TEMIEepaTypa H3MepsieTcss OJHOBpPEMEHHO C permcrpanues
CIIEKTPA.

Boibop pacréopuress NpHU TPOBEJEHHH TeMIEpPaTypHbBIX H3Me-
peHuii TpefcTaBiser co6oll crenuaabHyo npobiaemy. Ilasi BEICOKHX
TeMIEPATyp HCIOJb3YIOTCS AHMETHJCYNbPOKCHA, TrekcaxJopOyra-
qyieH, AeKaJnH, HHTpoGeH30J4., De3ycsoBHO, B 3THX 3KCIepHMEHTaX
HU3KOKHIISIIIHA TeTPAMEeTHJCHJIAH AOJXKeH ObITh 3aMeHeH KaKHM-
aubo apyrum crappaproM. [as 3TOH LeJH, BepOATHO, IPHTOJEH
uukaocunan-dig (7) ¢ temneparypoit kuneHus 208°C, xapaxTepH-
syowuiicss cuaraerom npu 80,327, ITlpu HH3KMX TeMmmeparypax
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MOJKHO HCIOJb30BaTh aleTOH-dg H cepoyr/iepos (BO3MOXKHO, B CMe-
¢H ¢ XJ0podopMOM), YTO IO3BOJIAET MNOJYHaThb TeMICPaTypel A0
—100°C. Huxe —100°C 06bYHO NPUMeHSIOT (TOPYIJIEBOAOPOLBL,
HampuMep TpudTOpOpoMMeTaH MM AHdTOpAHXIOpMeTaH. Kpome
TOr0, MOXKHO HCIIOJIb30BATH AWMeTHIOBHH 3dup u COS (TOuKH
maaBieduss —138,5 1 —138°C cooTBeTcTBeHHO). YacTo ynOBJIETBO-
PHTeJILHBIX Pe3yJbTATOB MOXKHO JOCTHYb TOJBKO C MOMOLIbIO CMeCH
HECKOJIbKHX KOMIOHEHTOB.
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Mnaea IV

CBA3b XMMHYECKOIO CABMrA
MU KOHCTAHT CINMH-CNMUMHOBOIO
B3SAUMOJAENUCTBUA CO CTPOEHUEM
MOJIEKY

B ra. Il 6bia0 SCHO MOKa3aHo, YTO 3ABHCHMOCTb Pe30HAHCHLIX 4acTOT Npo-
TOHOB H KOHCTAHT CMHH-CIHHOBOTO B3aHMOJIEHACTBHA OT XHMHYECKOro CTpoe-
HHS TIPHBOJHT K MOJYYEHHI0 BAXHOA HHQpOPMauuH, HMeWmeR Kak TeopeTH-
yeCKHH, Tak W npaxTiueckuii uurepec. BuicTpoe pasBuTHe MeTOga AmEPHOro
MarHHTHOTO pe30HAaHCA, HECOMHEHHO, Gbio 06yciaoBleHO B 3HAUMTEAbHON Me-
pe TeM, UTO yXKe Ha paHHEH CTaJMH BHISIBHJHCh €ro 3aMeyaTejbHhe BO3MOXK-
HOCTH KaK HHCTPYMEHTA JJif pelleHHs OJHOH H3 LEHTPAJbHMX NPOGAEeM XHMH-
YECKOTQ MCC/IeIOBAHHA — OnpefieJeHHs CTPYKTypw BemectBa. Kaxioe Hosoe
H3MepeHHe JaBajo HHGOpPMAaLHIO, KOTOpPas OKA3LBANACH XAPAKTEPHCTHUHOR
IJs Onpefie]leHHOro Kjacca COeJHHEHHH HJIH HEKOTODOM CTPYKTYpHOH elu-
HHUbL. 9THM cnocofom Oblio HaliieHo Goablloe YHCAO BMIHPHYECKHX KOp-
peasinHii Mexay napamerpaMH IMP H ctpoeHHem. HakonaeHHe skcnepHMeH-
TaJbHHX AAHHHIX BO3GYAHMJI0 HHTepec K 6onee ray60KOMy NMOHHMAaHHIO Teo-
PEeTHYECKHX OCHOB STHX KOppeasiuHd, H Tenepp GONbIIHHCTBY aTHX 3ddex-
TOB HAXOLHTCsl YAOBJAETBOPHTeabHOEe OGbscHeHHe. Mojean, pasBuTHe AAs
HHTEpnpeTauHH 9THX S¢¢eKToB, onHcaHb B AAHHOA raaBe.

1. ®AKTOPbI, ONPEAENAIOLLME MPOTOHHLIE
XMMMUYECKUE CABUMN

O6iee npejcTaBJ/eHHe O XapaKTepHCTHUECKHX 06JacTsaX MONIO-
IeHHs HanboJiee BaXKHHX THIOB IIPOTOHOB B OPTraHHYECKHX COeMH-
HeHusix paer puc. II. 6. Teneps B paMkax moaxoaa, cpOpMyJaHpo-
BaHHOro B Hawaje pasi. 1 ra. II, HaM caenyer o6CyaHTL BKJAAH
B XHMHYECKHH CJBHI OT OT/JEJbHHX CTPYKTYPHHIX (pparMeHTOB. Yike
paHee OTMeUaJOCh, YTO JIOKAJbHBI MapaMarHHTHHIA BKJAaJ B KOH-
CTaHTy 3KDPAHHPOBAHHA A NPOTOHOB TpeHeOpeXHMO MaJ, mo-
CKOJIbKY DPa3HOCTb 3Hepruil ls- u 2s-opburaneii atoMa BOAOpPOAZ
BesiHKa, [lo3TOMY MBI MOXeM OrpPaHHUHTBCS BHayajle paccMoTpe-
HHeM JBYX clefyIUHX 3¢¢ekToB: 1) 10karbHO20 OUAMALHUTHOZO

BKnajga o70% 3JEeKTPOHHOTO o6s1aKa BOKPYr paccMaTpHBaeMoro mpo-

TOHa; 2) aghghexTa cocednux aTomos U TPYNN B MoseKkyJje o’. B pam-
Kax 3TOro HpHOJNHXKEHHSI 3aMeCTHTEJH H COCEJIHHEe aTOMBl BIHAIOT
Ha XHMHYeCKHH CJABHI IBOSKHM 06pa3oM. Bo-mepBHIX, OHH OKa3bl-
BajOT BJHSHHE HA G}%, TAK KaK H3MEHSIOT 3JIEKTPOHHYIO MJIOTHOCTb
Ha NpOTOHe MO HHIAYKTHBHOMY H Me30MepHOMY MeXaHH3MaM. Bo-
BTODBIX, UHPKYJASLUHH 3JEKTPOHOB, HHJYLHpyeMble BHEUITHHM MOJIeM
o B 3THX COCEIHHX aTOMax H Ipynnax, NMOPOXKA3IOT MAarHHTHHE
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MOMEHTHl, T. €. BTOPHYHBIE HOJIf, KOTODble H3MEHSIOT JOKaJbHOe
nose Biox #a mporose. KpoMe 3TOro HYKHO ydYecTb 3JIeKTPHUECKOE
noJie U BaHAepBaajbCOBH 3(¢eKTh, a TakxKe BJAHSIHHEe OKPYyKalo-
wedl cpeanl. CiefoBaTesbHO, JI060e H3MeHeHHe B SKPaHHDOBAHHH
IIPOTOHA MOXKHO BHIPA3UTh CYMMOH HECKOJbKHX YJIEHOB:

Ao = Ao o8 + AOMBPH + Aosn. n + AO‘BB + AO'cp (IV 1)

AHa
UeTbipe TOCJEIHHX BKJ3aja OTHOCSTCH COOTBETCTBEHHO K MAarHHT-
dbiM  3dderTaM, 5JeKTpPUUECKOMY TOMI0, BAHAEPBaaJbCOBHIM
s¢dexTam u 3¢ dekTaM cpeanl.

1.1. Bausnue aJeKTPOHHOH NJOTHOCTH HA NMPOTOHE

Kak MH yxe OoTMeuanH, AHAMArHHTHHBI BKJaj B 3KPaHHPOBA-
HHe Iipa MOXKHO paccuuTaTth mo ¢opmyJe JIamba (ypasrenue 1. 2).
OpHako OHa CTPOTO IpPHMeHHMa TOJbLKO B cJaydae c¢epHiecKoH
CHMMETpHH, T. €, JJIs HeHTpaJbHOro atoMa BOAODPOAA, AJsS KOTOpO-
[0 Onua = 17,8 M. A. Ecin uMewluecss B MOJI€KyJe HHAYyKTHBHbIE
3 (peKTh MOHUKAIOT 3JEKTPOHHYIO IIJIOTHOCTh Ha ls-op6urann
atroMa BOAOPOAA, TO [JOJKHO HabJ0JaTbhcd JAe33KpaHHPOBaHHE.
B cooTBeTcTBHH ¢ 3THM, HalpuMep, KOHCTaHTa 3KPAaHHPOBAHHSA ra-
JIOTEHOBOAOPOAOB OXKHJAaeMbiM o0paszoM najgaer B paay HF <
<< HCIl << HBr << HI. OaHako Ha Hee BJMAIOT U MardHTHLIE CBOM-
CTBa aTOMOB TaJiOreHOB.

1.2. BaudHue 3JeKTPOHHON MJOTHOCTH Ha COCENHHX
aToMax yrJjepojia

B opranuyeckux coefMHEHHSX MNPOTOHH OOBLIUAO He CBA3AHH
HenocpeACTBEHHO ¢ 3JIEKTPOOTPHIATeJLHLIMH 3/leMeHTaMH. Tem He
MeHee BJHSHHE TAKHX 3JeMEHTOB JaJleKo MepejaeTcs IO YIJepoAd-
HOMY CKeJIeTy COeJHHeHHs, H H3MeHeHHe 3apsJO0BOH MNJIOTHOCTH HA
coceHeM aToMe yriepoja CTaHOBHTCA onpelde]foIiuM (akToOpoM
IUIsl PE30HAHCHOH 4YacTOTH IpoToHa. /s HJNIOCTPAllHH OXHjae-
MOr0 COOTHOUIEHHS MEXKJAY IPOTOHHBIM XHMHUECKHM CJIBHIOM ~H
3JIeKTPOOTPHIIATEIbHOCTHIO 3aMecTHTenss Ha puc. IV. 1 npusemens
pesyJabTaThl, NOJNyYeHHHE [/ METHAraJoreHHjoB. 3HaueHud 6, mo
3THM JAaHHBIM, COOTBETCTBYIOT IIOHHIKEHHIO 3AEKTPOOTPULATEAbHO-

CTU TaAJIOTEHOB:
CH3F CH3C1 CHsBr CHa/ CH3H

8 (CHs) 4,13 2,84 2,45 1,98 0,13
E (nmo Ilonnury) 4,0 3,0 2,8 2,5 2,1

Tagas e KOppeJslHs MeXJAy Pe3OHAHCHOH 4acTOTOH MeTHJb-
HBIX TIPOTOHOB H NOJApHOCTbIO cBA3H C—X cylllecTByeT u Adf APY-
rUX MeTHJAbHBIX npou3BoAHbX THna CHsX. Jrto sBjenne B 006006-
ILeHHOM BHJe mnpeicraBieHo Ha pHc. IV.2. Jlerko BuaeTb, 4TO B
paay X ==Hg, Sn, Cd, Zn, Al, Mg u Li skpanupoBaHue IpOTOHOB
yBE/JIHYMBAETCH C POCTOM HOHHOrO XapakKrepa COOTBETCTBYIOULEH Me-
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Puc. IV. I. Koppeasun
LIVOL S MEXIY XMMHYEeCKHMH CABHIaMH
npoTo -
HHJOB H 3.TEKTPOOTPHLATENbHOCTSAMH TajOreHOR, poTonon amuaranore

TaJJI-yrJepoaHON CBSI3H, KOTO

crasiser 9, 12, 15, 18, 2’2, 35 sz;t%no Hotumry, » stou pazy co
BeJmthua HHAYKTHBHOIO 3(pdekra u ero 3aTyXaHHe 10 LenH

C—C-cBsizeli OTWeTIHBO mposBASIOTCH B CIEKTPe HHTPONponaHa

(puc. IV.3). Ecau Hcmoap3osaTh kak Havano OTCUETa PE30HAHC-

Hble HaCTOTHI COOTBETCTBYIONIHX MPOTOHOB nponata [§(CH;) 0,91;
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Prc. 1V. 2. Xumuueckue o

‘ JABATH NPOTOHOB METH.JL
Ton (XSM’ Mo [1]) p bHBIX TNIPOH3BOJAHLIX pAna aneMeH-
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Puc. IV. 3. CneKTp NPOTOHHOTO MaTHHTHOTO pe3oHaHca 1-HHTpONponata.

JlupeliHblE COOTHOIIEHHS, MNOJOOHHIE MNpEJCTaBJEHHBIM HA
puc. IV.1, maloT OCHOBaHHe NOJAararb, 4TO NAHHBIE IMP moxHO
HCIOJAb30BATh KAK MEpY 3JeKTPOOTPHIATeNbHOCTH. [leHCTBHTEILHO,
6EIH MpeNJIOKEHH COOTBETCTBYIOLHE YpaBHEHHs, HO HCIQJb30BaTh
HX HYXHO C OmpeJe/ieHHOH OCTOPOXKHOCTBIO, MOCKOJBKY O6GBIYHO
BaXXKHBH BKJajA B H3MeHeHHS Pe30HAHCHHIX 4acTOT MPOTOHOB AAIOT
JonoJHUTEeNbHEE 3P (eKTH. Bo3aMOXHOCTb APYrHX BKJIaJA0B B 3Kpa-
HHPOBaHHe NPOTOHOB fICHO MNPOSIBJSETCS B JAHHBIX, MOJYYEHHBIX
aas stuaranorenuaos (puc. IV.1). Jlaa HHX OXHAaeMOe H3Me-
HeHHe PE30HAHCHBIX 4acTOT HabJiofaercs A1 METHJEHOBBIX IpO-
TOHOB, a AJA METHJbHHX NPOTOHOB TEH/JEHIHsS] NPOTHBONOJOXKHA.
B sToM cayuae GoJbIIOe 3HAUEHHE UMEET MArHHTHAs AHH30TPONHS
casel C—H u C—X, uto 06yc/OBJIEHO TeOMeTPHIECKHMH (PakTo-
paMu, KOTOpHEe Mbl o6cynum nosxe. [TosToMy IOMHHHPYIOLUHM OKa-
3bIBAETCS MATHHTHHIfl BKJajJ B KOHCTAHTY 3KPaHHPOBaHHSA AGwarn.

B HeHacHIeHHBIX COeJHHEHHAX, TAe aTOM YyrJepojaa paccMart-
puBaemoii cBs3n C—H Hecer wacTHYHBIH MOJIOXKHUTEJNBHB HJIH OT-
punaTeJbHBIA 3apaj, HaGJOAA0TCS CABHTH B CTOPOHY cnaboro
HJIH CHJBHOTO TIOJIS1 COOTBeTCTBeHHO. Ec/H moJIoXKeHHe pe3OHaHC-
HBIX CHTHAJIOB TPONHJIHH-KATHOHA W UHKJONEHTaJAHEHHJIbHOrO aHHO-
Ha CPaBHHTb C NOJIOXKEHHeM CHrHaja GeH30s1a, TO MOJYUYHM -BesH-

ypae Ac —1,90 u 41,90, oTpaxaiomue HeZocTaTok 1/7 4/ H3- |
6uITOK 1/5 3apsjia 3/JeKTPOHA COOTBETCTBEHHO Ha | aToM yraepoia. |

5('H)9,17 7,27 5,37

Ceasb xumuueckozo cdeuza co crpoenuen MOAEKY A 83

06 07 0,8 09 10 11 12 13

q

IV = FNENITIPORHGS NADTIHOCTIE P

Puc. IV. 4. CooTHomenne MeX/]y Pe3OHaHCHOH yacToTofl n
TJIOTHOCTBIO HA aTOME YrJIepOAa B apOMATHYECKHX HOHAX.

foe;;p;gcnonmfm dHAJIN3 COBOKYNHOCTH TOY€K paer YpaBHeHHe AQ =
ppeisiiiiy 0,993 H CTaHZapTHHIM OTKAOHEHHeM 0,65 M. 1

POTOHA H T-3JIEKTPOHHON

9,54Ap ¢ KosddHuHen-

910 HabJIOfeHHEe NPHBEIO K OTKDBITHIO JIHHEHHOH KOppeJsHn
240e>x11y T-3JIEKTPOHHOH IJIOTHOCTBIO M XHMHYECKHM CABHIOM apo-
cﬂH;): B 3THX coeluHeHHsAX (puc. IV.4), xoropas pacnpocrpanser-

KXe M Ha Jpyrue apoMarHyeckne HOHH. Ha oCHOBaHHM 3THX
JaHHBIX BHIBEJEHO 3MNHPHUYECKOE COOTHOLICHHE

Ao =10,0 A
0 (Iv.2)

gﬁ: A-O'—HBMGHEHUHe KOHCTaHTH 9KPAaHHPOBaHHsA, a Ap — H3MeHe-
e 7-3JIEKTPOHHOH IUVIOTHOCTH IO CPaBHEHHIO ¢ GeH30jioM, C ¢du-
Meﬁgg?{ﬁezggémngpeﬂnﬂ 3TOT 3PPEKT MOXKHO OGBACHHTL TeM, YTO
o pmeckoe JI€ NapUHAJIbHOrO 3apsifa Ha 2p,-Op6HTaJdH aTo-
npo;iBnﬂchﬂ HACT HA 3JIEKTPOHHOe 06gako cBsasy C—H. Sto
ahos B CIBHI€ 3JIEKTPOHOB JIHOO K yraepoay, qu6o K Bo-

POZIHOMY aTOMY, H COOTBETCTBEHHO SKPaHHPOBaHHe OpOTOHA

-
SJIQKTpOHHaH IIOTHOCTDb Ha COOTBETCTBYIOLLIEM aToMe yraepoaa

Okas
biBaeT CYUlECTBEHHOE BJIUSIHHE TaK¥e H Ha P€30OHaHCHBIE ua-
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Puc. 1V.5. Koppeaauusi Mex1y H3MEHEHHEM KOHCTAHTH YKDaHHPOBAHHA OPTO- H

napa-npoTOHOB MOHO3aMelleHHbHX $eH30/I0B H COOTBeTCTByIOIIlHM6H Haxfﬂe&nﬂgﬁ
3JIEKTPOHHON MJIOTHOCTH Ap = p(CeHsX)— 1,00 oTHOCHTesPHO OeH30 p

sep [2]).

CTOTHl MIPOTOHOB B 3amMeueHnolx ben3onax, 0coOeHHO HaXOAsMIHXCH
B OpTO- H napa-nojJoXenusx K 3aMecTHTeJI0. 31ech TaK}Keo cyuie-
CTBYET JIHHeHHAas KOoppeJasinusg MexXay H3MEHEHHSIMH 3apAA0BOH IJIOT-

HoctH Ap, paccumtanHoii Meromom MO Xiokkend, ¢ I/I3MeHeHI/I$$JIHH :
KOHCTAHTHI 5KpanupoBanus Ao (puc. IV.5). B sTom caydae K03 ;

QUeHT MPONOPLUOHANBHOCTH paBeH 12,7.

AHaJNoruuHble HabJIOIeHH s IMpoBeleHbl JJisi HaChIIECHHBIX coe-

JuHeHH{t, n B Ta6a. 1V.1 gaHa TpelcTaBHTeJbHasi MOAGOPKA AaH-
’

HBIX [J51 KApGAHHOHOB U KapGOKaTHOHOB. MOXHO BHJETb, 4TO Npo-
TOHB B KapGOKATHOHAX CHJILHO [1€35KPaHHPOBAHBI, HO BJHSHHE IO- 4
TOMUTENbHOTO 3apsia B HACHILEHHBIX cHCTeMaX GBICTPO 3aTyXaer !

¢ yBeJHUYEHHEM PACCTOSHHs OT 3aPFKEHHOro LEHTPA. dtor 3 dexT
XOPOIIO HJIMIOCTPHPYIOT AAHHBIE ISl H3OMPOMHJIBLHOTO KaTHOHA H

JMIPONUINHKIONponeHunuii-nona. Ha  pesysapraros, nonyquHb(l))f ;
U1 QJUIHILHOTO KaTHOHA, MOXHO CH@JIaTb BBIBOJ, YTO B IPOTHB ]
TOIOKHOCTh TPENCKa3aHHsM NPOCTOH TEOPHH Pe30HAHCA U Meu_
toga MO XioKKeJs LUEHTPAJbHbIA aTOM YIIEPOAd NOJIKeH Hec(T)ﬁ:
aHauMTeNbHBIA 3apsil. B aliunbHOM aHHOHe (B TOH Mepe, B KaKOH
MOMHO CUHMTATh €ro CYLIeCTBYIOLINM B aJJIHIMarauiiépomuie) 011;
pHIIATeNbHBIA 3apsf, MO BCeHl BHAMMOCTH, COCPELOTOYEH rnasm:ﬂ_}
06pa3oM Ha KOHIEBHIX aToMax yriepoaa. 3T0, HECOMHEHHO, CleA-]
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Tabanua IV. 1. [Tonoxkenne CHrHANOB B CHeKT

pax NPOTOHHOrO pe3oHaHca
KapOGOKATHOHOB H Kap6aHHOHOB

H 6 ‘073 ICHZmCH;CHZIT
CH,
CHa_, AN 68,97 9,64 8,97
C—H CH—C* . -
ciy” Lo C3Hy CHy=CH,—CHy [CH,p CH=CH]
? 5315 188 101
52,46 6,28 2,46
85,06 13,50 84,35
CHsLi CHy—CHsLi (CHy):Mg (CHy—CHy)aMg (CHy—CHy—CHay)oMg:
6—13 133 —099  —13 1,26 —064 090 150 —057
H4C CH, 5121 + . +
CHy 63,07
HA CHy & 333 8,80 3, 6,09 7,98
H 797 8, 6,30 7,66
68,02 845 &, 5 50 7,60

CTBHE 3JICKTPOHHOrO OTTasIKHBaHHs. B HachlleHHBIX KapGaHHOHax
CH/IbHO€ 3KDaHHDOBaHHe HaO6JIONaeTCs TOJNBKO JJIs Q@-IIPOTOHOB,.
CHTHaJ/Ibl KOTOPBLIX HaXOATCS B 6oJiee CHJIBHOM IOJie, YeM CHIHaJ
TeTpaMernicuiaana. Hanporus, 6-3HaueHus ais apoMaTHYECKHX
NPOTOHOB GEH3HUJIUTHA H beHUNANMEeTHIKAP6OHHEBOTO HOHA ONATE-
YKa3HBAIOT HA CHJDbHYIO JeJOKaJu3auuio 3apsiga. Ilpu sToMm Ham-
Oonburee BJHSIHHE HCMBITBIBAKT OPTO- U napa-npotonnl. Ilpumeua-
TEIbHO B 3TOM IIaHe CPaBHeHHe §-3HAYeHHH IJIsI TOCJEeNHero Kap-
0onneBOro HoHa H TPUMETHJIAHHJIMHUA-HOHA, THAe TNPOsBJsETCS
ToabkOo —/-3¢)pekT. B nepsoM pasonauc METQ-TIPOTOHOB cMeLuaeT-
C MeHbllle BCEro, a B TPHMETHJIAHHAHHHH-HOHE BJHSHHE 3aMeCTH-
TeJs1 yMeHblUaeTCsl B HOPSIAKE OPTO > MeTa > napa.

_ 3anaua IV.1. PaccunraiiTe xUMHuecKHe CABHIH NPOTOHOB B aHH30Je (@) H
TPHCHHIMETHIBHOM KaTHOHe (6) 1O TpHBENEHHLIM 3HAUEHHSM TL-3JIEKTPOHHOH
'I0THOCTH, Hemonb3ys ypabuenHe (IV.2) H xuMuueckHi ciBar Gemsona § 7,27 xax:
Touky orcyera. Hcnonsayiite rtakxe gas a K03 QHUHEHT NPONOPIUHOHAMLHOCTH.
*/ M CPaBHHTe pe3yJIbTaTl ¢ IKCIEPHMEHTAJIbHHMH NAHHWMH B Ta6u. IV. 6.

1,000 1,020 0,94 0,95
+/C5 Hsg
1,018 0 —CHj 0,81 N
CgHs
a




86 Taasa IV

B 3akjueHHe 3TOro pasfesna OTMETHM, YTO XHMHUYECKHe CIIBH~*
Il MPOTOHOB HOHH3HPYIOIIMXCSl COeJMHEeHHH, TaKHX, Kak Kap6oHO
BHle KHCJOTH HJM aMHHOKHCJOTH, OOHADYXHMBAlOT CHJILHYIO 3aBH
CHMOCTh OT 3HaueHHil pH pacTBOpa, YTO MOXKHO HCNOJb3OBATH AJA i
onpenenenns BeauunH pKa. [IpoTOHHHIA o6MeH NpOTEKaeT C BHICO-
KOH CKOpOCTbIO, IIO3TOMY Ha6MIONaeMBlll CeKTp sBJsETCS CpejHe- §
B3BeIIEHHBIM CIHEKTPOM pPAa3JHYHBIX COCTOSIHHH, NMPHCYTCTBYIOUIMX B
pacTBOpe, U 3a XOJOM THTPOBAHHA MOXHO CJ€JUTb METOIOM AMP. 4

1.3. Bansinne HHAYUHPOBAHHBIX MATHHTHBIX MOMEHTOB
COCEIHHX ATOMOB H Tpynn

JlHaMarHHTHOE SKPaHHPOBAHHE NPOTOHA 3JEKTPOHHOH J10T- §
HOCTBIO Ha ero 1s-op6HTa/M OTHOCHTEJbHO HEBENHKO MO CPABHEHHID
¢ 5SKPaHHDOBAHHEM siliep TSKeNbIX aTOMOB, HMeEKOLIHX 3anojHeH-}
Hble BHyTpeHHHe 060J10uKH. [109TOMY NOMONHHTENbHbIE (AKTOPH, KO-
TOpble H3MEHSIOT JOKaJbHOE MAarHHTHOE IOJje, ompejessiollee pe-
30HAHCHYIO 4acTOTy, 3HAYHTeJbHO 0OJblle BJHAIOT HA XUMHYECKHE
C/BHTH TIPOTOHOB, YeM Ha XHMHYECKHE CABHIH TAXKEJBIX SAEP. k

PaccMOTpHM CHayana O08YXaTOMHYIO MOJNEKYJIY AB. Brelneg]
nofie Bo HHAYLHPYET Ha aroMe A MarHHTHEIH MOMEHT A, KOTOPHH
6yleM CYHTAThb TOUEYHBIM JHMNOJEM, JOKAJH30BAHHBIM B LEHTpe '
MOMeHT pa NPOMOpLHOHAJNEH MAarHHTHOH BOCIHPHHMYHBOCTH YA aTO
Ma A, ¥ B JeKapTOBOH CHCTeMe KOODAMHAT €ro MOXHO Da3JIOXKHTHY
Ha KOMIOHEHTH pa(x), pa(y) ¥ pa(2). Braax pa B 9KpPaHUPOBAHHG
sinpa B naercs BhHIpaKEHHEM b

Ao =(1/127) Y. xi(1—3cos’6,)/R? (Iv.
=X, Y, Z

TZe 0 — yron Mexj]y HampaBJeHHeM Ma(X,Y,Z) M Ocbio cBsi3n ABY
a R — paccrosinne Mexay ueaTpoM A u sapom B. Ilpu reomerp
4ecKofi ODHEHTAlMH a BTOPWYHOE Moje Ha siipe B mapasesibHf
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Puc. I \/ . 6. CXeMaIquCKoe npeacraBJicHH lblb
Cc € 3 €KTO MAarHuTHoOHu a T
B HH30 ponHHu

noawo B
BHeHIHeeo.HI/IHAyquOBaHHoe noJie, TakHM 06pasoM, yBeJuHYHBaeT
phemtiee pnﬁnomeﬂﬂoe Mose, H pesoHaHc aapa B Gyper Habio-
AHanoqu:;ﬂ 2;1:; Hnsmznéa) none, T. e. AAp0 B messkpanupyercs
anus cosjaercd, eca :
H HanpasJieHHe B -
HajaeT ¢ ochlo y MoJek 2 \ ; Ay o
YJASPHOH CHCTEMH KOO
OPHEHTALHK 8 HHAYLMP R ornnaio IpH
OBaHHOe Mo0Jie Ha f
o Ape B NpoTHBOMOJOX-
06pa:fl,[aanO PHBOJHT K SKPaHHPOBAaHHIO. B pactBope MOJIeKYJIEl
oopas HOC[;(EO’I‘EPHEBa}OT GBICTPOE BpallleHHe, H MPOHCXOAHT ycpen-
rone- 1 ) TJ:)be B ypaBHenue (IV.3) BxoZuT MHOXKHTeJH (1 —
A S JI0 Tex NOp, NOKa KOMNOHEHTH ya(x), ya(y) w
T HSMEHEH’II;HEOHA BOGCHpPIHM'{PIBOCTPI XA ONHHAKOBBI, Pe3yJbTHPYIO-
o Oyner paBHO Hyaw0. B 3
HasbiBaeTcst MazHuT . "Xe  rommonnma A
HO-u3orponnol. Eca ’
- . H e KOMIIOHeHTHI
e A{a?{}él;lgp::n:q::u, T0 A obaanaer mazrurnoil auusmp)cc)lj
, BHCHMOCTH OT OpHe
i PHEHTALUHH MOXeT NpPHBO-
THUTHOMY HJIH- AHAMAarHH
wactors aon B A THOMY CABHTY Pe30HaHCHOMH
. AHH30TPONHSl TPYIIH C i
onpese AP AKCHAJIbHOH CHMMeTpHefi
KaK pPa3HOCTb MeXAy B
oeh Y BOCNDHHMYHBOCTAMH mapaJ-
O M NepHeHNHKY/ISIPHO OCH CHMMETPHH H JdeTcs Bblan(erPIEM

Ay =y

=% —X

_— I L u (iv.4)

e MOX{I\;I{&I‘HHTHI»IH BK/IaJ B XHMHYeCKHA CABHI OTAeJbHOTO HpOTO-
A O OmpelleiuTh MO ypaBHeHHI0 Mak-KonHesa:

. 0 =Ay (I — 3 cos?0)/12nR? (IV.5)
PH 37 .

. aKc:gaanHenunqnﬂa H SHAaK MATHHTHOH &HM30TPONHH Ay TPYNNHI

OH  CHMMeTpHed [OMKHB GOHTb H3BecTHH. Ha

Puc. IV 6 T TaT y 0 T

) a Hpellc aBJICHBI pe3yJIb aThl JJId ABYX TOUYeK B6HH3H 0

I CCIOH CB;ISH (:_C, HaXOAHmHXCSI Ha paCCIOHHHH R = 03 HM OT
E)
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IeHTpa CBsi3H, W i yraos 0 =0 u 90°3 COOTBETCTBEHHO. 3Haues |
nine Ay Gbimo B3sTO paBHbIM 140-10-%¢ M°/MosekyJa. O6nuno pe- :
3yJbTaTH, NOJyYeHnble mo ypasuenuio (IV.5), rpaduuecku mpen-
CTABJIAKT B BHJAe KOHYCOB 3KPaHMPOBaHHS DasJHUYHBIX TDYIIN
(puc. 1V.6,6). ¥Y3noBas MJIOCKOCTh KOHYCOB (Ao = 0) duxcupo-

Q
Bana 3HaueHWeM MAarnueckoro yraa 54,7°.

DKcnepuMeHTaIbHOE TOATBEPK/IEHHE PACCMOTPEHHOTO  BhHILIE §
Bauauus npocroli cBsisn C—C Ha KpaHHPOBaHHe HAHJEHO HA TIPH- |
Mepe LHKJIOrekcaHa. PasHoCTh XHMHUYECKHX |

Ha CIBHIOB AKCHAJBHBIX H 3KBATOPHAJBHBIX §

MPOTOHOB B HEM, KOTODYIO MOXKHO H3Me«

He pHTb TIpH HH3KOH TeMrepaType, KOI'/a. CKO-

pOCTb HMHTEPKOHBEDCHH JBYX KPeCJOBHA-

HbIX KOH(OpMalMi MaJ/a B IIKaje BPEMEHH §

SIMP (cM. pasa. 2.3 ra. VIII), cocras-{

aser okodo 0,5 M. A. Ouesuano, uto H, GoJsee 35KpaHHPOBAH,

yeM He.

Ao audepennupymollee BJAHAHHE HA MOJOXKEHHE DPE30HAHCA |
SIBJISIETCST BaXKHBIM CPEACTBOM KOH(OPMAIMOHHOrO aHa/nu3a. B xa-§
yecTBe NMPHMEPOB TPHBENeHbl a- H [P-MeTokchrasnaxrosa (8a u 86
.COOTBETCTBEHHO). BHAHO, 4TO 3Jech 3TOT 3(PQeKT TNpPOABJIAETCA

_[a¥e /ISl AKCHAJBHOH M 3KBATOPHAJBbHOH METOKCHIDYIITIL.

H OCH; 53,78 H H 6489
H 55,8 HOH,C OCH3
HOHZC H 0 H H 0 53}97
H~"OH OH H—"oH OH
OH H OH H
8a 83

JIns TIPOTOHHBIX XHMHUECKHX CJBHIOB BaXXHO TO, YTO TOYTH]
‘Bce XMMHUYECKHEe CBA3H MAarHHTHO-2HH3OTPOTHBI, H IMOSTOMY UHPY
KyJAuus 3J€KTPOHOB B HHX, HHAYUHDPOBAHHAs BHELUHHM MarHHTY
HBIM TIOJIEM, AaeT 3HaYHTeJbHble BKJAJbl B KOHCTAHTH 9KDPaHHPO
, OHOB. . ,:
Baﬂégerxllpp)lofcpambtx cBsidelt OCOOEHHO CHJIbHOA MArHHTHOH aHH30Y
“rponuedt o6nanaior ABoiHble cBA3H C=C H C=0, a rakxe TpOH
uvie cssn C=C 1 C=N. dtum obbscHsaeTcs 0coboe nonome}m
‘DE3OHAHCHBIX CHTHAJIOB aleTHJIEHOBBIX MPOTOHOB, OTM(J,anmeec6
BuauaJsie. Kak mokasano Ha puc. IV.7, atn NPOTOHDI JieKaT B o]
JIaCTH SKPAHHPOBAHHS 3JEKTPOHHBIX ILHDPKYJALMH, HHAyLHPOBaH
HBIX MarHaTHHIM ToJeM. Takum 00pasom, 3/eCb MarHATHas aHH]
'30TPOIHMs OTPHIATEJbHA B IPOTHBONONOMKHOCTD TOMY, HTO nMe
MecTo st mpoctoii cBs3u. CpaBHeuHe NOJOXKEHHS CUrHANIOB M
THJbHBIX IIPOTOHOB B TOJYOJi€ H B TNPOMHHE (traba. 11.1) TaK}K.
CBHJIeTEJbCTBYET O IMOBBIINIEHHH 3KPaHHPOBAHHA BOJIH3H OCH caﬂsl
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Puc. IV.7. CxeMarHueckoe npeicrapiense >(p(eKTOB MarHHTHON AHH30TPOTNH U
TPOHHOH CBSI3H.

C=C. Hanporus, B o6nacrax, YAAJEeHHBIX OT OCH TPOHHOH CBsA3M,.
OXKHAAETCA NE39KPAHAPYIOIIHA P dekT. DKCIepUMeHTaabHOEe IOj-
TBEPK/EHHE 3TOr0 3pdexTa OblIO HAKHAEHO NPH HM3YUCHHH 4-3TH-
niapenantpena (9). Curnan nporona H(5) B meM CABUHYT Ha:
1,71 M. 1. B caaboe moje 1o CPaBHEHHIO C €ro Io-

JOXKEHUEM B camMoM deHaHTpeHe. AHajoruunoe '-l{
paccMOTpeHHe NMPHMEHHUMO H K HHTPHJIBHOH TpymIe. C
MarnuTible cBOHCTBA alleTH/IEHA NPOSCHAIOTCS ellle #1Il

6o/blle, €CM PaccMOTPeTh CJydYad, MPH KOTOPOM O
OCb MOJIEKYJIBl H HalpaBJjeHHe NoJsi Bo mepleniu-
KyJssipHBL (puc. IV.7,6). Teneps uupkynanus n-snex-
TPOHOB 3aTPy/HeHa; B LIEHTPe CBA3H BO3HHKAET Ia-
paMarHUTHBIA MOMEHT M 3KpaHUPOBAaHHE MPOTOHOB 9
BHOBbL BO3PACTaerT.

HBoiinbie ¢Bsish C=C n C=0 He UMEWT UUJIMHADHUECKOH CUM-
METPHH, TIO3TOMY CHTyauus ocjaoxuserca., OAHAKO ONBIT TOKA3b--
BaeT, 4TO B XOpOUIeM NPHOJMXKEHHH BAMSHHE OGeHX 3THUX Tpynm
M HHTPOTPYNTBI HA 3KPAHHPOBAHHE MOXKHO NPEJACTABHTH AMArpaM-"
MaMmiy, noxasaHHbIME Ha puc. [V. 8.

Hanpuwmep, B coeannenusx 10 u 11 NPeACTABJAIOT HHTEPeC Npo-:
TOHBI, PacCHOJIOKEHHBIE HaX CHUCTeMON ABOHHBIX cBfizel. Ux curua-
Jbl CMeIleHbl B CTOPOHY Gojiee CHJIBHOTO NOJsA. B CHekTpax WHK-
Jorentarpuena-1,3,5 (12) nosoxenne CHIrHAJIOB METHJCHOBHIX MpO-
TOHOB MOXHO ONMpele/UTb NpH HU3KOH Temmepatype (cp. pasi. 2.3
ML VIID). B HeMm KBasMaKCHa/bHBIA NPOTOH 3KPAHHPOBAH CHJbHEE:

Puc. [V.8 Cxemariyeckoe npeicTaBietHe 3((HEKTOB MATHHTHOH aHM30TpONHM:

ABOHHOI YTJIepOA-YIVIEpDOAHOH CBs3H, KapOGOHHJABHOH IPYNIH H HATPOTPYIILL
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3a cuer BJHsIHHSL ABOHHOH cBsidn C3=C,. B6au3H y3710BOH moBepx-
HOCTH, pasrpaHHuMBaiolledl 00JacTH 3KPaHHDOBAHHS H JAE33KPaHH- |
POBAaHHS, TPYAHO c/ejaTh HajJeXKHble MPeJCKa3aHHsi OTHOCHTEJBHO |
BJIMSIHHSI JBOHHOH CBSI3M Ha Pe30HAHCHYIO 4acToTy npotoHa. C of- |
HOH CTODOHBI, 3TO CBA3aHO € MNPHOJHKEHHAMH, IDHHATBIMH IIpy |
BhIBOJle ypaBrenust (IV.5), a ¢ napyro, oGyc/ioBjeHO OOHIYHO He- j
Olpe/le/JeHHOCTAMH B TeOMeTPHH H3yuaeMbXx MoJekyJ. Hampuwmep, §

CHTHAJ CUH-TIDOTOHA B HOpOOpHeHe (13) Haxoautcd B GoJsee caa-

60M TIOJIe, YEM CHTHaJ QAHTU-NIPOTOHA. A B 3aMellleHHHIX HOpOOD- |

HeHax, KaK 3TO BHJHO Ha NIpMMepe Napel u3omepos 13a u 136, stor
f10psIIOK obpalaercs.

5209 5023
6-062 H H 5142
’ ! H P cets OWEH 1 5282
g =
& H— =N
CgHsg
10 n 12

51,324 H 51,03 53,53 H_ OH HO_ H 5375

/ LB /

13 13 a 133

Casur curunajoB osedHHOBHIX IPOTOHOB B CTOPOHY c¢aaboro f
TIOJIst 1O CPABHEHHIO C CHTHAJaMH HACBILIEHHBIX YIJeBOJ0DO/IOB j
TAK»#e YKa3blBaeT Ha BJHsAHHE [Ae33KpaHupymolled obsacTH ABOA-3
HO#t cBsisu C=C, XOTH BaKHOe 3HAUEHHEe MOXKET TaKXe HUMETb H ]
pasjuyHas THOPHAH3AUHS ATOMOB YyrJepoJa. B xopoueM cOTJIACHH
C 9TOH TOUYKOH 3PEHHST HAXOAMTCS MapaMarHUTHBIH CJBHI CHTHAJIOB j
LUEeHTpaJbHBIX NPOTOHOB B Oyraiuene-1,3 (14), KoTopbii cyle- ]
CTBYeT MOYTH MOJHOCTHIO B MJOCKOH $-TPAHC-KOH()OPMAILHH, a TakK-
K€ HH3KONOJIbHOE DAaCIOJNOXKeHHe CHTHAJOB BHHUJBHBIX IPOTOHOB

B cnextpe 1,1,2,5,6,6-rekcamernirekcarpuena-1,3,5 (15).

H H5 5,‘5 R H R
HNH 55,06 R = R
R H R R=CH
5 6,27 5 6,52 3

14 15
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Tonoxxenne pe3oHAHCHOro CHrHaja a160e2udnozo nporona B
0COGEHHO CJ1a6OM II0Jle SIBJSIETCA Pe3yJIbTATOM COBMECTHOIO neii-
CTBHS JIEKTPOHHHIX W MarHHTHBIX (aKTOpoB. B03MOXKHO, uTO J0-
TNOJAHHTENBHYIO POJIb HIDAeT M JWNOJbHBIA MOMEHT 3TOH TpymTH
(cM. pasn. 1.6). [esskpanupyiomuii sddekr KapOOHHIBHOR TPynIE
C=0 1o OTHOWIEHHIO K NPOTOHAM, JeXallHM B Y3JI0BOH MJIOCKO-
CTH 7-CBASH, OTUETIIHBO MPOSBJISETCA B cOeAHHEHUsX (16) u (17).

Hoo >=§=0__,>e~\<ﬁoe

4a~-0,7m.8. 40~-1,8m.8,
16 17 18a 185

B a,p-nenacouyennsix arvdecudax w xerovax ocoGoe 3HaueHUe
HMEET BKJIall pE30HAHCHOH CTPYKTYphl THna 186. B pe3yJjbTaTte Xu-
MHYECKHH CABHTI' ONpPELEJAETCS MPEHMYIEeCTBEHHO 3JIEKTPOHHBIMK
3pdeKTaMH M B-IPOTOHBI OKa3BLIBAIOTCH CHJIBHO J€33KPAHUPOBAH-
HEIMH. B c/yyae wMaJjewHoBOro aurmapuia (19) Me3omepublit
s3bdexT u addexT MarauTHOH AHH30TPONHH JEHCTBYIOT COrJiaco-
BAHHO, M DE3OHAHCHBLIH CHTHAN OJedHHOBBLIX NPOTOHOB JEXKHT B
oco6eHHO cJabHX moJsix. Ta xe CUTyanusi HabJIIONAeTCa B JHUITHI-
dbymapare (20) u nukJIONEHTeHOHE (21). B DpoTHBONOJOXKHOCTH
STOMY oJlepUHOBblE NPOTOHH B AHATHAMAJOHATE Gosee 3KPaHHpO-
BAHPI, MOCKOJIBKY 3/eChb [Be KapGITOKCHIDYNIbI, HAXOASIIHECS B
4UC-TIOJIOXKEHHH, HapyIIalOT KOMJIAHAPHOCTb I-CHCTEMBI M TeM ca-
MbIM YMEHbIIAIOT /1e39KPaHHPOBAaHHE, OB6YCIOBJIEHHOE Me30MepHBIM
30(eKTOM ¥ AHAMATHUTHOH aHuzotponuedl rpynnet C=Q. Hako-
HelU, B coyyae uuKaOrekcaanen-2,4-oma-1 (23) BHOBb IOMHHUDYET

0
A H_ COOR sen 0 H. COOR
S S
ROOC” H H” coor
57,0 56,83 57,71 56,28
19 20 21 22
0 P&
, R 2 1007 593
N 3 099 707
3 . 4 1004 628
; 5 0986 6,38
23
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Puc. IV.9. Cxemarnueckoe npezcTapienue 5GGEKTOB MArHHTHOR aHH3QTPOIHA j
HEKOTOPHIX a30TCOJAepXKAaWKX (yHKHHoHanbHbix rpynnm (IlayanceH u cotp. [3]). |

BJIHAHHE 3JEKTPOHHBIX (PAaKTOPOB, M 3/eCb IIOJOMKEHHE pe3oHaHC-
HBIX CHCHAJOB COOTBETCTBYET DPACCUHTAHHBIM 3HAYEHHUSM J-3JeK-
TPoHHOH mJoTHOCTH. Tak, mporon H?, pacnosnoxenHsli y aroma |
yraepoja ¢ HauOOJbleH IJIOTHOCTBIO 3apsAfa, MOTJIOUIAET B CAMOM |
CHJBHOM 10JIe, B TO BpeMsi Kak nporon H3 y atoma yraepona |
C HaHMeHbUIEA 3JIEKTPOHHOH MJIOTHOCTBIO CHJBHO AE33KPAHHPOBAH.
OTOT KOPOTKHH aHANH3 NOKA3bIBAET, YTO K YHOBJETBODHTENbHOMY
OGbACHEHHIO SKCIIEPHMEHTANbHEX (AaKTOB, KaK IPABHJIO, IPHBOJHT
JIMIIb PAacCMOTPeHHe BceX (aKTOPOB, ONPENEASONINX H3MEHEHHE |
KOHCTAHT SKPaHHPOBAHHS. ]

Ha puc. IV.9 cxemaruuecku npeacrtaBieHbl 3QdeKTH Marsut- §
HOH aHHM30TPONMH ellle PAJLa 3aMecTHTesell 0 NaHHBIM 3KCIIepPUMeH-
TaJbHbIX Habawaenui. HyxXHo NMOA4epKHYTb, YTO TaKHe Auarpa- |
MBIl MO3BOJIAIOT JeJaTb TOJNbKO KaueCTBEHHble MNpeAcKasaHHs. He §
BCerja MpHToJHB M KOJHYECTBEHHBIE ONEHKH N0 ypaBHenuwo (IV.5),;
Tak KakK C MOJENbI0 TOYeUHHIX AUNOJeH, jJexameHd B ero OCHOBe, |
CBsi3aHbl rpy6ble npu6anxKenus. [IoMHMO 3TOr0 BO MHOTHX CJyyasx j
HeT [aHHBIX O MAarHHTHOH AaHH30TPOIIHH CBs3ef, a 3HAYEHHS, HC- |
noab3yembie aasa cBasei C—H, C—C u C=C (Ayc-n =90,
Ayc—c = 140, Axc=c==340-10-%¢ M%/MoseKkyna), X0 CHX MOp CAY- ]
JKar IpeAMeTOM CIIOPOB. {

3anaua IV.2. Ha ocHoBe TOJIbKO uTO OGCYyXAaBiiuxcs 3(deKTOB OGbIACHHTE §
XHMHYECKHE CABHTH OJICDHHOBBHIX NPOTOHOB B COENHHEHHSX ¢ BHHHJIbHOH rpymmod §

a—B.

56,1 6,52 3,74 393 58 594

H:D:H HIH H H H H
CH :ﬂ:
Vet |

H H H ¢ H OCHy H CN

F 5,29 563 § 52 5,46
a ] £
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Puc. IV.10. Cxemaruueckoe npeacTas- ~ T LS
JIeHHe MArHHTHOH aHU3OTPONHH GeH30- B RN
aa. . -

1.4. 3ddekr Koabuesoro Toka B IHKJHYECKHX
CONPSANKEHHBIX T-CHCTeMax

ABHTAIOTCA 1O Kpyry, 06pa3oBaHHOMY 0-0cTOBOM. Ecu HOMECTUTh
510 COCLHHCHHE B MAarHUTHOE mosie By, TO BO3HHKAGT AHaMarHuT-
;kg}i;;on:gsagﬁ TOK. Bropuunoe nose, cosmapaemoe 3THM TOKOM,
THBOIIOJIO}KHg CgMHpOBaTb TOIeM HNOJIA, HANDPABNEHHOTO mpo-
e 1V 105 0 M DAaCHOJOXEHHOrO B  meHTpe KOJIbIia
e 1V 10). PE3YJbTaTe NMPOTOHEI, JexalHe B MIOCKOCTH Mo-

YL H BHe KOMIbLA, Ne339KpaHHPYOTCA. Hanporus, skpanuposa-

II;{}OHJIOM. ECJIHuéeHBOJIbHOQ KOJIBLIO pacCMaTpHBATh KaK BHTOK, nep-
: HIMKYJIADHBIH HaNpPaBJEHHIO [OJs Bo, T0 m-snmexTpommr JBH-
al0TCs 10 O-CKeJleTy ¢ JIaDMOPOBOH 4acTOTON

0= (no/4m) (eBy/2m,) (Iv.6)

T . .

nfe €~ 3apsL SJeKTpoHa, By — HanpskeHHOCT BHELUHETO noJs,

: iu Macca 3J1eKTpoua, [y — IpPOHHIaeMOCTh Bakyyma. B cucreme
€CTbIO 7-3/IEKTPOHAMH CHJIA TOKA JaeTcs BBIDAKEHHeM

1= 3ew/n = (1o/4m) (3¢*By/2nm,) Iv.7)

}Ir(oaK IDHOJHKEHHE IS MaTHHTHBIX CBOHCTB KOJIbLEBOrO TOKa MO¥K-
MIPUHATE MATHUTHBLIA AHIOMb, HAXOASMIHHCH B IeHTDe KoubHa
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BeJHYHHA KOTOPOTo AaeTcs GopMysoH

u=inr? (IV.8)
HJIH, B KOMOHHalMK ¢ ypaBHenueM (IV.7), BelpaxenueM
B == (1o/4n) (3¢*Bor?/2m) (IV.9)

rjge r — pajuyc KoJblia. BTopuuHOe MarHHTHOe NOJe 3TOTO AHMIOJS,
JeflcTBYIOIlee Ha MPOTOH, DACNOJIOKEHHBIH Ha DaccTOAHMH R OT
LeHTpa KoJblla, paBHO W/R® WM, B COOTBETCTBHH C YypaBHe-

auem (IL. 1),

B, _ B()O' —_ (p.o/4ﬁ) (38230f2/2meR3) (IV. 10)
Torna BKJIaJ B KOHCTAHTY 2KPaHHDPOBaHHsI COCTaBJISAET
AG = — (/4m) (2r%/2m R?) (IV. 11)

Cratuctuyeckuii Qakrop 1/3 BBeleH 3jechb MAJfA ydyeTa TaKoi
OpHEHTAl[MH, KOTrJa IJIOCKOCTh KOJblla mapaJJesbHa By U KoJble-
BOH TOK He BO3HHKaeT.

EcJau HCIOJB30BaTh H3BECTHHIE 3HAUEHHSA e, Me H Wy, a TaKKe
npuuats r = 0,14 uM, R = 0,25 M, To noaydnM Ac = —1,77-10-°
uan A§ = 41,77 M. A. DTOT pe3yJ bTaT XOPOIWIO COTJIACYETCA C pas-
HOCTbI0O XHMHYECKHX CABHIOB OJie(UMHOBBIX HPOTOHOB IHKJIOTE€KCa-
nuena-1,3 (8 5,8) u npotoHoB Gensoaa (§7,3).

[pu Gosee TOYHOM aHAJH3e He HCIOJb3yeTCss NpPUOJIHKeHHE
TOYEUHOTO JAMIOJS H YUHUTHIBA€TCH, YTO IUIOTHOCTh mi-3JEKTPOHOB
Goabille TaM, TAe CHJIbHee I[EPEeKPLIBAIOTC 2p.-OpOHTaM  yTJe-

poia. 3To NMPHBOJAHT K ABYM MNETJsIM TOKa,

B, OlHa H3 KOTOPHIX JEXHT Hald IJIOCKOCThIO

o-cBsizef, a Apyrasi — nof He#t. [Tostomy mist

NpPOTOHA, €CAH OB ero MOXHO ObLIO MOMe-

CTHTb BHYTDH MepHMeTpa GEH30JbHOTO KOJb-

a, AOJKHO HabMoAaTbcsi yBeJNHYeHHe 3Kpa-
HHPOBAHHA.

It 6eH30AbHOrO KoJblla GBIIH PacCuuTa-
Hel ¥ TabyJHpOBaHB BeJHYHHB HHIYLHPO-

JKHUTCS TpadHuecKoe MpPe/CTaBjieHHe 3THX pe-
3yJbTAaTOB, KOTOPOe MOXHO HCIOJNB30BaTh
JJS pacyeTa BKJAJA0B (EHHJIbHOH TPYNNB B XHMHYECKHH CJBHT
MPOTOHA B H3yyaeMoM coefuHeHuH. Kpome Toro, Agsi GoJsee yna-
JEeHHBIX MNPOTOHOB MOXKHO TaKXe IPHUMEHSTb, II0 aHAJOTHH ¢ NpO-

CTOH MOJEJbIO KOJIBIEBOro TOKa, ypaBHenue (IV.5), ecau HCnofb- |

30BaTh JJIfi JMAMAarHUTHOH aHH30TPONUH OeH3oJia 3HaueHHe Ay =
= —630-10-3¢ m3/moJeKkyJa.

Mojesb KOJbIEBOro TOKA MO3BOJSET JaThb KaueCTBEHHYIO HH+
TEPNPETALHIO CIEKTPOB N0AUAOEPHbLX aPOMATHUECKHX COe/MHEHHH,

BAHHOTO NOJsi B’ M HM3MEHEHHs B KOHCTaHTE |
5KpaHUpOBaHHS Ao. B IpHIOXKEHHH COJep-

3
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T
ue, IV.11. Koppeasuus MEXKAY OTHOCHT®JILHBIMH XHMHYECKHMH CIBHFAMH MNpO-

TOHOB B HadrasHue W auTpa
LeHe H PAacCTOsiHHeM R, OT mpoT
BETCTBYIOLlero GeH30.1bHOrO KOJbIlA. ’ POTORa Ao tiextpa coor-

g;ng paccMaTpuBaTh HaG/IO4aeMBIH CABHI KaK CyMMY BKAaj0B OT
° i JIbeI)§ KOJIell, NMOCKOJIBKY Be/lHYHHA Ao OGPaTHO NPONOPLHO-
Gsﬁbﬁzﬂlj. Taxk, o-nporons HadTasuna norJomwanT B Gosee cia-
3Haqmenb’nzeM B-IIPOTOHBI, MOCKOJIBKY BKMafkl 060HX KoJjel 6oJee
Ko T; Jisi a-TIPOTOHOB, HO6O0 O-IPOTOHBI GJHKE K OGOHM
o, KHM JKe CIOCOGOM MOXKHO OOBACHHTb NOPSJOK pe-
(s );l;la(l:)TOT IPOTOHOB B aHTpaueHe. 3aech 8y, > §, > 8
-HaTb.rlo - 11). Pacuer BeJHunHB Ag B TaKHX CHCTEMax MOIXKHO Clle-
ypaBuenuio (IV.12):

Ao = — (uo/dn) (e%/2m,) ¥, R® (IV.12)

3anay 7
301a) Iltlnﬂanw. 3. PaccunTalite spdexT KosbueBoro Toka Ag (oTHOCHTENIBHO GeH-
pororos H; u Hs B denantpene, nenonnsopas ypasHenue (IV.35).
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B HeansTepHAHTHOLX YIIE€BOLOPOAAX, TAKHX, KaK a3yJieH, IOJO- :
JKeHHe Pe30HAHCHEIX CHTHAJOB OTHEJbHHIX MPOTOHOB MOXKHO ONpe-
JeNUTh C YAOBJIETBOPHTENLHOH TOYHOCTBIO TOJBKO MPH YCJIOBHM, !
uTO NMOMHMO 3(ddeKTa KOJbLEBOIO TOKA YUHTHIBAETCS M pasianuve S
B IJIOTHOCTSIX 3apsijia HAa COOTBETCTBYIOUIHX aTOMax yrJjepoja. -

B nocjenanne rogsl 6vl1 OCYHIECTBJIEH CHHTE3 PANa LHKJIHYECKHX
CONPSIXKEHHKIX CHCTEM, NOJNYUYHBUIMX Ha3BaHHe aHHyAaeHsl. H3ayue-
HHe uX chekTpoB FIMP NOJHOCTbIO MOATBEPIMJO CNPABEIJHBOCTD
HOJIOKEHHUH, OGCYXKAABUIMXCA Bhillle Jjs O€H30/a, Takxke H A
6osbiunx m-cicreM. Kak mpuMepsl 3aech NPHBEJIEHBI TPH COEMIH-
Henus1 — 1,6-Merano|10] aunynen (24), Tpauc-15,16-1umerua-15,16-
auruaponuper (25) u [18) annynen (26).

8(rwonsyn)7,27; 6,95 @

6 (CHZ ) '0751 6(”’0/761(0}8)14 - 8,67
5(CH3) -4,25
6(Hguewmy 9,28 =
5(Mgyymp) =299
2a 25 26 ] 3

BMecTe ¢ GeH30/10M 3TH COEJAHHEHHS COCTABJAIOT TPynmy an-
HYJIGHOB ¢ 4n 4 2 m-snektponamu (n=20, 1, 2, ...), KOTOpHe
B COOTBETCTBHM C H3BECTHHIM npasuiom Xwxkeas obramalot apo-
MAaTHYECKHM XapaKTepoM. [103TOMY Ae/NOKAJH3ALHUIO TI-3JEKTDOHOR
B LHKJE B OCHOBHOM COCTOSIHUM 3THX CHCTE€M MOXKHO YCTAHOBHTb
C NOMOLIBI0 cHekTpocKonuu JIMP no 3d@dekTy KOJblLEeBOTO TOKA.
DnBHIXK H J3KeKMaH NPeJIOXKHUIH HCIOMb30BATH HAJHUYHE TAKOIO |
3 dekTa Kak KaueCTBEHHBI KPHTepDUH apOMaTHUYHOCTH. Takue Mo-
JIEKYJIbl HA3LIBAKOT OUATPONHbIMLL. .

A Kak Xe BelyT ce6sg B MarHMTHOM II0Jle aHHYJIEHBl C YHCJOM
TT-3JIeKTPOHOB 4n? KBaHTOBOXUMHUecKHe pacueThl NpPeACKa3bIBAIOT. |
JUisT HUX MapaMarHUTHBIA 3G @eKT KOJbLEeBOro TOKa, KOTODHIH OKa- }
3BIBA€T Ha PE30HAHCHEIE YaCTOTHl NPOTOHOB JeHCTBHE, NPSAMO IIPO-
THBONOJIOXKHOe OOCYXKAABLIEMYyCsl BbIlle BJIHAHHIO AHAMATHUTHOTO 4
KOJBLEBOrO TOK4. B 3TOM ciyuae NMPOTOHH, HAXOISUIKECT BHYTPH j
mepUMeTpa KOJbla, AeSKPaHHPYIOTCS, a Jexalllie B IJIOCKOCTH |
KOJIblla H BHE ero — 3KPaHHPYIOTCsI. 3

Cronp pasauyHoe nHoBeldeHHE (47 4 2)- U 47-7-371eKTPOHHEIX |
CHCTeM MOXKHO OOGBACHHTb C I[OMOIIBIO NPOCTOH KBAHTOBOMEXaHH-
yecKoft Mojesnu. PaccMoTpuM IABHIKEeHHE 3JeKTPOHa IO OKpPYXKHO- §
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Puc. IV.12. duarpaMma sHepreTHuecKHX YpPOBHeH [J11 MOJENH <«3JIEKTPOH Ha
OKPYKHOCTHY,

CTH JuiuHO# L. Ero QJHHA BOJHBEI A MOXET NPHHHMAaTh JIHIIb OINpe-
JeJieHHble 3HAYEHHS] H, CJefO0BaTeNbHO, CAM 3JeKTPOH MOXKeT Cy-
IeCTBOBaTh TOJBKO B ONpelesIeHHbIX COCTOSIHUAX — TAK HasblBae-
MBIX COGCTBEHHbIX COCTOAHUAX. DTO sIBJEHHE aHAJOTHYHO CHTya-
UYH, TIOCTYJHPOBAHHOH B I, I AJs 3HepPTHH IIPOTOHA BO BHELIHEM
MarHuTHoM mnoje. OueBHAHO, YTOOH 3JEKTDOH HAXOAHJCS HA Op-
OuTe L, NOJIKHO BHINOJIHSTbCS ycaoBue L =gk, rie g =0, =1,
42, ... TaxkoBO ycA08ue KBAHTOBAHUs AJS Halled 3ajaud, a g —
KBAHTOBOE YHCJO, XapakTepuayiollee KaxJoe cOOCTBEHHOe CO-

CTOdAHHE:

9=0 - Q=2 q=t2
Ilo ne Bpofinio MOMeHT 3JIeKTPOHA p BbIpaxKaercsd Kak p =
== h/\, a ero KHHeTHYeCKas 3HeDIHd [aeTcsl TOr/la COOTHOIIEHHEM
E = mv?¥2 == p¥2m = h*2m)\?* = h*q*/2mL? (IV.13)

CrenoBatenbno, KaKAOMy KBAHTOBOMY UHCJY 3/€Cb COOTBETCTBYeET
HEKOTOpOe 3HaueHHe 3HepPTHH, cO6CTBEHHOe 3Ha4eHue, W Halla MO-
Ae/lb IPUBOAMT K AHArpaMMe 3HePreTHUeCKHX YPOBHeH, NpeACTaB-
JIeHHOH na puc. IV. 12, a.

4  X. I'ontep
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Puc. IV.13. Cpashenne cnektpop SIMP anuysenos 25 u 27 ¢ 14 u 16 T-3JIEKTPO-
Ha8MH COOTBETCTBEHHO.

Ecan ucnosbsoBath Momesan «9JIEKTPOH HA OKPYXKHOCTH» /151
ONHMCAHH5 7I-3JIEKTPOHOB B LMKJIMYECKHX CONDSIKEHHBIX CHCTeMax,
TO HYXKHO 34CeJIHTb JHEPreTHUeCKHe YDPOBHH 3IMEKTPOHAMH B COOT-
BETCTBHH C NpURYUNOM B3GNOAHEHUs, T. e. cobM0OAas HPHHLHN
uckmouenuss [laynn n mpasuio Xymma. B COOTBETCTBHH © 5THM
bi8)¢: (4n 4 2)-n-cHcTeM  BO3HHKaer 3aMKHyTas 060s10uKa
(puc. IV. 12, a) u 3ansTbie co6CTBEHHbBIE COCTOSIHMSA, HJH opburaiu,
AalOT JMAMarHUTHBIA BKJaJ B MArHHTHYK BOCIHPHHMYHBOCTb.
B npoTHBONONOKHOCTE 3TOMY B 4n-71-3/1eKTPOHHEIX CHCTEMAX BHIC-
LIHe 3aHATbIe OPOHTAH COAeDKAT Kamk/Jasl JHIIb N0 OJHOMY SJeK-
TPOHY, CHOHMHBI KOTOPBIX He cmapeHsl (puc. 1V.12,6), u aru coe-
OHHEHHA JOJKHBE ObIThb NAapaMarHHTHBIMH. B MeHCTBHTEbHOCTH
HH LMKJOOKTaTeTPaeH, HH [pyrue [4n]aHHynseHBl He npoABASIOT
MOJIEKYJIAPHOrO napamarseTuama. Kak ruiacur Tteopema, chopmy-
JAupoBaHHast fInoM u TensepoM, BEIPOXKeHHE BHICIIEH 3aHATOLN op-
OHTanu MOXKeT OBITb CHATO 3a CYeT HeGOJBLIOTO HCKAXKEHHS CHM-
METPHH MOJIEKYJIBl, BO3MOXHO 3a CYeT aJbTePHHDOBAHHS JJIMH
CBA3eH. JTO KaeT BO3MOMKHOCTD OGOHM 3/JeKTDOHAM 3aHATb OIKH
Go/lee HH3KO Jexalluii SHepreTHueckKHil ypoBeHb. Ha BO3HHKAIO-
led sHepretnueckoli aumarpamme (puc. IV.12,8) B COOTBeTCTBHY
C STHM BbICIasd 3aHATAA H HHXKHAS CBoOoAHas op6uraiaum pasje-
JeHbl JIMIIb HEeGOJIBIION IHePreTHUeCKOH INeJblo. JTO pasiuude B
SHEPTHaX 3HAYHTEJBHO MeHblle, 4eM B ciaydae (41 -- 2)-m-cucrem.
B3auMozeiicTBHe ¢ MarHUTHHIM moJeM B, BbI3bIBaeT CMeLIHBaHHe
9THX 3JIEKTPDOHHBIX COCTOSIHHH, YTO B COOTBeTCTBHHM C HALIHM aHas
AU30M, HauaThiM B pasf. 1 ra. II, mpuBomuT K mapamarHuTHOMY
BKJIaly B KOHCTaHTY 3KPaHHDOBAaHHA ¢o. OH IO BesuuuHe GOJbIUeE,

CBAa3b xumudeckoeo cosuza CO CTPOEHUEM MONEKYA

yeM IHAMarHUTHBIH BkJaj 6ojee HH3KO JeKaIIHX opburaJeii, no-
5TOMYy B LleJlOM BO3HHKaeT MapaMarHHTHbIH 3¢dext. Takum 06-
pasoM, B caydae [4n]aHHY/IeHOB MBI TOBODHM O «IapaMarHHTHOM
KO/IbIEBOM TOKe» JIHUIb [UIS HJJIOCTPAllHH, N0 aHAJOrHH C KJjac-
cHUECKOH MOJeJbIo KOJbIIeBOTO TOKa, obcyKAaBuielics Boiire. Mo-
JEKYJbl TAaKOro THIIA HA3LIBAIOT AGPATPORHLIMU, a Te MOJIEeKYJIbl,
B KOTOPHIX COBCEM HeT KOJIbLIEBOTO TOKa,— ATPORHbIMU.
TeopeTHueckHe TNpelcKa3aHUsi NOATBepPXKAEHbl HECKOJbKHMH
5KCIIEPHMEHTAJBHBIMH HaOJ/I0eHUSIMH, B KOTOPHIX OblIH OBHADY-
;keHbl 3 ¢eKTh MapaMarHuTHOrO KOJbleBOro Toka. CoelHHeHHe 25
NpH BOCCTAHOBJIEHHH METAJUIHUECKHM KajHeM IpeBpallaercsi B
ABy3apAAHBIH aHHOH 27, KOTODBIH COJAEPXKHT 16 m-3J1€KTPOHOB.
Pe3oHAaHC METHJbHBIX IPOTOHOB B 3TOM COeJHHEHHH HabJIofaeTcs
npd 6 21,0, a cHrHa;n KOJbUEBBIX NPOTOHOB DPACIHOJIOXKEH MPH § OT
—3,2 1o —4,0. DTo CyllecTBEHHOe pa3juH4yhe MeXJy CIeKTPaMH
HeHTpaJbHOH (41 4 2)-n-CHCTEMBI H ee 3aPAXKEHHOIO 4n-y-aHaJjora
nokasaHo Ha puc. 1V.13. i
[lBa TpHUMKJAa3HHA, 28 H 29, NpeACTaBJAIOT nmapy COelMHeHHH,
rie SICHO NPOSBJsieTCs pasJjiMude B CBOACTBAax HEHTpAJbHBHIX [47 4
-+ 2]- u [4n]aHHyneHoB. ATOM a3oTa B HHX BBICTYNAeT B KayecTBe

T & oy

517,20-7,86 5 2,07-3,65
29 30

S(xoney) S)7-66
6§ (CHz) 15,23, 2,4, 27

31

CBSI3BIBAIOLILErG y3Ja H CYLIECTBEHHO He BJIHSIET Ha pPe30HAaHCHble
yactorel. CHrHaJs coeluHeHHs, uMewlnero 10m-3JeKTpPOHOB, cMe-
lleysl B caaboe mnone, a B 12m-371eKTPOHHOH CHCTEMe — B CHJIbHOE
noJe.

B Hen.sockux HAKJIHYECKHX ri-CHCTEMAax C OTYETJIHBBIM aJjbTep-
HHpOBaHUeM cBsidefi He NposBasercd 3(QeKT KOJbIEBOTO TOKA,
MOCKONbKY B HHMX [€JOKAJH3alHst -3/1eKTPOHOB IOHHXKEeHa HJIH
CoBceM OTCyTCTBYeT. Tak, MPOTOHH LMKJOOKTaTeTpaeHa, KOTOPHIH
cyulecTByer B KoH®opMmauuu BaHHB (30), NalOT PE30HAHCHBIA CHI-
Han opu 65,80, T. e. DpPaKTHUYECKH TaM e, IJe H LHKJIOTeKca-

4%
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Puc. 1V.14. Cnektpn SIMP 1,6-merano[10]annynena 24 u 1,6;13,!18-6uc-Mera-
Ho[l4]annyaena 31.

Puc. IV.15.  HurencHBHOCTD
KOJIbIIEBOrO TOKa | Ha emdHHny
njiomanH A B amHyseHax B 3a-
BHCHMOCTH OT IapaMeTpa aJbTep-
Huponanna A. (Ilomn, Yuu [4])

30HAHCHLIX HHTerpasos B anasa co-
CeAHHX YIepoX-yrIepoiHbiX cBssefl.
Nas f10JIHOCTBIO 9KBHBANEHTHRIX
cBAse#t A = 1. OTpuuartenbHbld 3HaK
COOTBETCTBYET AHaMarHeTHaMy. M —
MHCAO (DHCYTCTBYIOUHX  J-3J€KTPO-
HOB.

A sBasiercs Mepoft oTHOLieRHs pe- |
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nueH-1,3. Bor eume oaun npuMep. CpaBHHBAas NPOTOHHBIE XHUMHUe-
ckne caBurd 1,6;8,13-6uc-merano[14] annynena (31) u jpanHble A5
|,6-Merano[10] aHHyIeHa, MOMXKHO NPHATH K 3aKMIOUEHHIO, 4TO B
31 HeT KOJbLEBOr0 TOKa, CYLIeCTBOBaAHHE KOTOPOrO MOXHO Ipea-
noJlaraTh, MCXOAS H3 4HCJAA f-3JIEKTPOHOB. B cHekTpax 3THX [IBYX
coeguHenuii (puc. IV. 14) oT4eT/HBO NPOABJIAIOTCA Pa3JIHUUA B pe-
30HAHCHBIX 4aCTOTAX MOCTHKOBBIX NMPOTOHOB H NPOTOHOB, PacmoJo-
XKeHHBIX 1Mo nepuMeTpy. Kak obcyxaasoch Bhillle, MPOTOHBL TPyIl-
ne CHy B 10m-3/IeKTPOHHOH CHCTEMe HCHBITBIBAIOT OXXHAaeMblit
AMAMarHATHBIH CABHI, a CHTHaJbl METHJEHOBEIX NMPOTOHOB [l14]an-
HyJeHa MMeIOT BHJ 1BYX cHcteM AB H jexar B XapaKTepHCTHuYe-
CKOH o6JacT¥ AJS METHJEHOBBIX TPYNN B aJIMJIBHOM IOJOXEHHH,
KaK M B LuKJorenrartpuene-1,3,5. Bonee TOro, JAesskpaHupoBaHHe
IPOTOHOB, PAaCHOJIOKEHHBIX MO NepuMeTpy, B 31 Menee 3dderTus-
Ho, ueM B 24. Kak moka3biBaeT H3yueHHe MOJEKYJSPHHIX Mojesef,
MexJy LeHTpamu 6, 7, 8 u 13, 14, | DPOHCXOAHT CHJIbHOE CKpY-
YHBaHHE YTJEPOI-YIJePOLHBIX CBsI3eH, KOTOpPOe HAacCTOJIBKO 3aTpynh-
usieT 3¢bdeKTHBHOEe mNepeKphiBaHHe 2p.-opOuTajeld yriepopa, uTo
3/leCb BIIEpBHIE COEJMHEHHE, HMEIOUIee UYHCJIO ;-3JE€KTPOHOB, TOUHO
COOTBETCTBYIONlee INPABHJAY apPOMaTHYHOCTH XIOKKess, MPOSBJSET
onedunoBue cBoficTBa. [To3fHee MH ellle BepHEMCSl K 3TOH HHTepec-
HOH MOJIeKyJIe.

Ha puc. IV. 15 nokasana 3aBHCHMOCTb HHTEHCHBHOCTH KOJble-
BOro TOKa | B IHKJIWUECKHX f-CHCTeMax OT CTelleHH aJIbTePHHPO-
BaHHs JUIMH CBsI3efl, MOJyueHHass NyTeM KBAaHTOBOMEXaHHYECKHX
pacueToB. BHIHO, YTO C pOCTOM albTEPHHPOBAHHS NapaMaTHETH3M
yMeHblllaeTcss OBICTpee, UeM JAHAMarHeTHaM, HO HHTEHCHBHOCTb
KOJIbIIEBOTO TOKa, HANpPOTHB, 3HAUHTEJNbHO BhIle AJsi 47-les0OKa-
JH30BAHHBIX T-CHCTEM. DTH NpelCKa3aHHs C OUeBHAHOCTBIO NO[-
TBepxkAaer puc. IV. 13, MOoCKOAbKY XMMHYeCKHe CABHTH B JAHaHUOHE
27 cyllectBeHHO Oosblle, ueM B yraeBoaopofe 25. Ecan npumewm,
YTO B HEKOTOPOM THIIOTETHUECKOM MOJe/]bHOM COEIHHEHHH C JIO-
KaJH30BaHHBIMU YIJIEDOJA-YIVIEPOJHEIMH CBSI3SIMH 3HAUYGHHUA ¢ MAJs
KOJBUEBLIX NPOTOHOB H MeTHJbHEIX IPOTOHOB COCTaBJAIT 6 H
| M. I, TO B cOelHHEHHH 25 CHTHAJBI CMENIAIOTCS OT 3TOrO MOJIOXKe-
Huss Ha 2—3 M. A. U 4—5 M. A, a B 27 CHABHIH COCTaBJSIOT
9—10 M. a. 1 20 M. 1. COOTBETCTBEHHO. BuMsiHHe pasauuuil 3apsifo-
BhIX HJIOTHOCTEH B nepBOM NPHOJHXKEHHH CKa3blBaeTCst TOJbKO Ha
NONIOXKEHHH CHTHAJIOB NPOTOHOB KOJbIA, KOTODHE 6Jarofaps eMmy
IoMxHB GBITh CHIBHEE S5KpaHHPOBaHH Ha 1,5 M. 1. (ypaBHeHHe IV. 2).

1.5. MarauTHas aHM30TPONHS WHKJONPOMAHOBOrO KOJbLUA

B 3aknoueHue cjefyeT pacCMOTPeTb LHKJONPONAHOBOE KOJhIO,
TIOCKOJIbKY OHO TakxKe 06.1aflaeT MarHHTHOH aHH30TPONHeH, IepreH-
AHKy/ISpHOH NJOCKOCTH KoJsibia. Ho H3-3a TOTO, 4TO OpHeHTalud
CBa3ell C—H OTHOCHTEJIBHO IJIOCKOCTH KOJbLA OT/AHHHEA OT TOH, 4TO
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Puc. IV.16. Temneparyp-

Hasi 3aBHCHMOCTb XHMHue-

54 - CKOrO  CABHTa  MPOTOHA

L s L L L H, B BUHHIHHKJONpODAHE

-60  -30 0 +30 +60 +90 (demap, Maprun [5]).

o —»
cyulecTByeT B GeH3oJie, AJs1 MPOTOHOB LHKJIONponaHa Habawjaercs
3kpanupoBanHe {§0,22), a uX pe30OHAHCHAs YacCTOTa 3HAUYUTEJBHO
HHXKe, yeM B JPYTHX UHKJHYECKHX HAaCBIUIEHHBIX YIJIeBOAOPOAAX.
HBe napn coeauneHHit 32/33 u 34/35 sCHO NMOKA3HBAIOT 3KPaHH-
pyoumni 3¢p¢ekT TpexuneHHoro udkaa. Ha puc. 1V. 16 npexncrabie-
Ha TeMnepaTypHas 3aBHCHMOCTb XMMHUECKOTO CABHra npoTtoHa Hp
B BHHHJLHKJONPONaHe. B 3TOM COeIHHEHHH OCYILECTBJSETCS OBICT-
poe o6paTHMOe DaBHOBeCcHe MeXAY OAHHM S-TPAHC- W IABYMs 2Oui-
KOHpOpMepaMH, B KOTOPHIX NMOJIOKEHHE BHHHUJIbHOH I'DYNNBl OTHOCH-
TeJbHO TpexuJeHHoro mnuk/aa (36, 37) cyumecTBeHHO pasnaHyaeTcs.

Poct auaMariutHoro skpaHupoBaHusi H, ¢ NOHHXKeHHEM TeMIle-
pPATYpPBl CBHAETENLCTBYET O TOM, UTO S-TPanc-KOHGOpMep HMeer
foJiee HHM3KYIO Hepruio, U 3Ta ¢opMa HMeeT OoJjiee BHICOKYIO Hace-
JEeHHOCTb. B 3TOM KOH(pOpMepe mporos H, Haxomutcs B oOsacTH
9KPAHHUPOBAHHUS HUKJIOMPONAHOBOIO KOJbLA.

0

aé T Ha 8§ =1809

36 37
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1.6. dddexT anekTpuieckoro noas MOAKPHLIX rpymn
H BJIMSIHHE BaHAEPBAaaJbCOBBIX B3aHMOAEHCTBUH

[10OMHMO 3/I€KTPOHHBIX H MAarHUTHBIX BKJAJ0B B NPOTOHHDBIE XH-
MHYECKHe CABHTH JJIsi MOJHOTH KapTHHB HYXKHO PacCMOTpeTb erlle
1Ba 3¢ dekTa, KOTOphle HMEIOT HHOTAA BecbMa G0JIbIIOe 3HAYEHHE.
B MoOJIeKyJax ¢ CHAbHO MOJISPHBIMH TPYNIHPOBKAMH ITIOJ BJIHAHHEM
3JIEKTPHYECKOr0 AHIOJbHOTO MOMEHTAa MOTYT NPOHCXOAHTH H3Me-
HEHHs1 IJIOTHOCTH 3apsila Ha HEKOTOPBIX NPOTOHAX, TAK KaK 3JeKT-
pocTaTHYECKHe CHJIBI MOTYT HCKa)KaThb 3apsioBoe 0BJAaKO COOTBET-
crBytouleid cBssy C—H. CBA3bBawouue 3JeKTPOHB CMEINaoTCs JIH-
60 K aTOMy BOAOpPO/la, JHOO OT HEro B 3aBHCHMOCTH OT HaNpaBJeHHA
cBsidd C—H 1o OTHOWEHHIO K BEKTOPY MOJS, YTO MPHBOAUT COOT-
BeTCTBEHHO K 3KPAHHPOBAHHIO HJH Ae33KPAaHHUPOBAHUIO MNDPOTOHA.
Kax MOXHO npeicTaBuTh cebe Ha ocHOBaHHM puc. IV.17, IHmosb-
Hble MOMEHTbl B NHDHJAHHe H HHTPOGEeH30Je, JIOKAJH30BAHHBEIE Ha
aToMe a3oTa M Ha ueHTpe ¢BA3H C—N COOTBETCTBEHHO, BHI3BIBAIOT
Le33KpaHHpPOBaHHe MPOTOHOB, [IOCKOJbKY 3JEKTPOHBI CMeLlalTcs
BJOJIb CHJIOBBIX JIMHMH K IOJIOXKHTEJIbHOMY KOHLY Aumoas. B coort-
BETCTBUH C TeopHed ByKHHreMa adeKT 3/1eKTpHYECKOro MO MOXK-
HO KOJIHYECTBEHHO ONHCATh COOTHOLIEHHEM

Ao = — AE, — BE? (IV.14)

rie E; — KOMIIOHEHTa 3JIeKTPHYECKOrO MOJisi B HalpPaBJeHHH CBS-
3n C—H, a E? —KBaJpaT HaNpPsKEHHOCTH IOJSI HA MPOTOHe (062
YJieHa PACCUHTHIBAIOTCA MO H3BECTHBIM COOTHOIUEHHSIM AJS MOJS
SJIEKTPHUECKOro AUMONs p, A H B — KoHCTaHTH, paBubie 2-10-12
10-1% cooTBeTcTBeHHO, ecH p H3MmepeH B nebasix). [lo ypaBHeHuiwo
(IV.14) nns opro-, mera- v napa-npotoHoB HHTPOGeH30.1a GbLIH
paccuMTaHbl BKIaas B 3KpaHupoBanne: —0,70, —0,19 u —0,14 M. x.
COOTBETCTBEHHO, YTO KAYECTBEHHO COTJacyeTcsl ¢ 3KCHepHUMEeHTa/lb-
HbiMu faHEbiME (—0,97, —0,30 1 —0,45 M. 1. B ToM ke mopsaxe).
YToYHeHHasi MOJe/Ib YUHTHIBAET NOJSIPH3ALHIO CPebl OAAPHBIM pPac-
TBOPEHHbIM BellecTBOM, YTO NPHBOAHT K TaK Ha3BIBAEMOMY MOJIO
PeaklHH, KOTOPOe TAaKKe BJHAET Ha 3KPaHHpOBaHHe NpoTOHOB. Ho
MH He OyleM AaJjiee pacCMaTpPHBATh 3TOT 3ddeKrT.

Puc. 1V. 17. 9@dekT snekTpu-
€CKOro mnosit B MHPHAHHE H
HHTpoGeH304e.




104 Taaga IV

MoxHO TakKe I0Ka3aTh, YTO IMIHpHYECKOe cooTHOUeH e (V. 2)
BoiTeKaer 13 ypaBHenust (IV.14). Iloasipusaunio cesizau C—H,
00yCJ/IOBJIEHHYI0 JIOKaJH3alHell B MOJIEKYJe I[10JOXKHTeJIbHOTO HJIH
OTPHIATEJbHOTO 3aps/a, H BO3HHKAIOIlee NPH HTOM H3MEHeHHe K-
paHupoBaHHs Ag AJif NPOTOHA, BXOASIIETO B 3Ty CBsI3b, MOXKHO KO-
JIHYeCTBEHHO PACCUHTATEH MO YPABHEHHIO

Ao = 0,125; (A0i/R?) cos 8, — 0, 170[2 (ApJR?)]2 (IV. 15)
rie Ap; —u30GHITOK 3apsiia Ha arome i, R; — paccTosiHue MeXAy

aToMom { u nporoHoM H (B HM), 6 — yroa Mexay cBsspio C—H u
ocbro { — H.

3anaua 1V.4.. Onpenesnre, Henoab3ys ypasdenue (IV.15), oxujgaeMmbe H3-
MEHeHHMsl B SKDaHHDOBaHHH NPOTOHOB B INHPHIHHHEBOM HOHE HA OCHOBE YKa3aH-
HOTO pacnpefieleHHst 3apsinop. MoJieKyJly MOXKHO CYHTATb MNpPaBHJBLYEM [IECTH-
yroJbHHKOM ¢ JiHamd cBsaseit 0,140 um (C—C) u 0,110 am (C—H). .

Hy
Hp 0,981 0,829
5 01,004 @0,927
[ ~
N2 H, \N 0,952 N 0,899
' 1,107 | £520
H

Tax HasbiBaeMblli k8adparudnsii aggext noas, GUrypupyomni

B ypaBHennd (IV.14) kak unen BE? TecHO CBsi3aH C aghpexTom
Ban-dep-Baaabca, KOTOpbIH BO3HHKAET MPH CHJABHOM MPOCTPAaHCT-
BeHHOM B3aHMOJeHCTBMH MeXJy HDOTOHOM H COCeIHeH TIpymmoi
(oHa Moxer OBITb H IPYTHM IIPOTOHOM). B 3TOM ciydae 3J€KTPOH-
Hoe o6JaKo BOKpyr nporoHa nedopmupyercs. [ToHuxeHue chepu-
YeCKOH CHMMETDHH 3JIEKTPOHHOTO paclpele/eHHs BhHI3bIBAeT Napa-
MarHNTHHH BKJaJ, B KOHCTAHTY 3KpaHupoBanus (pasia. | ra. [I),
KOTODBIfl TIPHBOAMT K CABHTY CHrHaja B ciaaboe noJe. JlesskpaHu-
poBaHne ofMeueHHBEIX NPOTOHOB B coelHHeHHsix 38—40 B cywieci-
;efmoﬁ Mepe MOXeT OLITh OTHEeCEHO 3a cYeT BaHAepBaasbcOBa 3(-
eKTa.

4o =-1pm.8. do=-24m.B. 8§ 0,92 dd:-o,gm.a.
Ha Hb 5 -4
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Puc. 1V. 18. Koppeasinusi MeX1y HHAYIHPOBAHHEIM CIBHTOM PEe30HAaHCHOM 4aCTOTDI
xJ0po¢opMa H OpGHTANLHEIM JHIONBHHIM MOMEHTOM JJIS PAa3/iHYHBIX NPOTOHOAK-

uentopunx atomos (®puapux [6]).

1.7. XuMHYecKHe COBHTH 10J, BIHAHHEM BOJOPOJHOH CBSA3H

Ml yxe ormeuanu B pasa, 1.3 ra. Il, uTo pe3oHaHCHBIM CHIHa-
N1aM OoOMeHHBAIOLIMXCS TNPOTOHOB HEJNb3sl NPHIHCATh KaKylo-1ubo
o6aacTb B §-lUKaJje, IIOCKOJBbKY IIOJOMKeHHe THX CHTHAJOB CHJIbHO
3aBHCHT OT Cpelibl M TeMmepartyphl. B ofmem o0pa3osaHHe BOJO-
DOJHBIX CBSi3eH IPUBOIMT K 3HAYHTEJbHOMY CABHTY B caaloe mnoJe,
XOTfl (JOPMAJIBHO OHO MOJKHO COINPOBOXKIATbCsl NMOBLILIEHHEM 3JeK-
TPOHHOHA IJIOTHOCTH Ha MPOTOHE 3a CUeT B3AHMOJEACTBHS CO CBO-
GOLHOH S/MeKTPOHHOH mapoil aKLEeNTOPHOro aToMa, a cJeloBaTelb-
HO, MPHUBOLUTH K POCTy 3KpaHHpoBanus. Ho ecan paccMarpuBath
BOJOPOAHYIO CBfI3b KaK YHCTO 3JIEKTPOCTATHUECKOE NDHTAXKEHHE,
TO moJie BO3HHKAIOIIEro 3JIeKTPHUECKOro AHNOJA NpHBEAET K [1e3-
3KkpanupoBaHuio. Kak nokasaso na puc. 1V.18, cyluecrsyer JH-
HellHOe COOTHOLIeHHe MeXJy 3KPaHHDOBaHHEM INPOTOHA XJ0po¢op-
Ma H [QMIOJbHBIM MOMEHTOM HeCBfi3bIBaIOmMX opOuTaneil pasauy-
HBIX aKIeNTOPHbIX aTOMOB B Pa3HBIX KJaccaX COeJHHEHHH.
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Euc. IV. 19. KoHueHTpausHoHHble 3aBHCHMOCTH DESOHAHCHHIX YACTOT THDOKCHJIb-
1:15)((J NPOTOHOB CAMHUMJIOBOTO aJpJersia H 3TaHOJA A UYHCTHIX JKHAKOCTell (a)
H 5 %-unix pacrsopos B CCl; (6).

B ciyyae HHTPHJIOB NMpPOTOH XJO0POGOPMA OKA3BIBAETCS B 06Jia-
CTH 3KDaHHPOBaHHs TPOHHOH CBsisM (cM. pasm. 1.3), kak mpesn-
cTaBiaeHo gopmysoi 41. [lostomy B JaHHbIe Ha pHC. ’IV. 18 6bina
BHECeHa NONPABKA HA JOMOJHHTE/bHHEI AHAMATHUTHBIA CABHT, 06-
YC/IOB/IEHHBIH TaKOH oOpHeHTauHed. AHAJOrHYHBI 3h¢err BO3HH-
Kaer npH o6pa3soBaHHH BOAOPOAHOH CBA3H C GEH30JOM, KOTOpHIA
BHICTYNaeT KaK 7-3J€KTPOHHBIH JOHOP. 3a CYeT 3Toro Hp,OTOH XJI0-
podopMa B €ro KOMIUIEKce ¢ GeH30/10M 42 CHIBHO SKPaHHPOBAH

BHYTpH- H MeXMOJeKy/IsipHble BOJAOPOAHEIE CBSI3H JIETKO pésnn-
YHTb C MOMOIIbIO cnekTpocKonuu SIMP, MOCKOABKY TOJBLKO mpH 06-
Pa30BaHHH MeXMOJEKYJSPHBIX BOJOPOAHBIX CBfi3eH pPe30HaHCHblE
YacTOTH THAPOKCHJIBHOFO INPOTOHA HJM MPOTOHOB aMHUHOIPYIIbHL
CHJIHO 3aBHCAT OT KOHLEHTpPauWH. B xauecTse uamioctpanuu Ha
puc. IV.19 cpaBHHBalOTCA CNEKTPHl CaJHIHJIOBOFO aJbierHia H
3TaHoJIa TPH PAa3JIMYHBIX KOHIEHTPAaLHSIX.

Caa3b xumuieckozo c0suea €O CTPOEHUeM MOACKYA 107

1.8. XuMHuecKHe CABUTH MPOTOHOB
B METAAJOOPraHHYECKHX COeAHHEHHAX

B pasn. 1.2 Mb ob6cyxjiajdM 3KpaHHpOBaHHEe MPOTOHOB B Kap-
GaHHOHAX 3a CUeT NOBLILIEHHs 3JeKTPOHHOH IJIOTHOCTH Ha COCEA-
geM aToMe yriepoja. B stom pasjese Ha HECKOJNIbKHX NpHMEpax
MBI PACCMOTDPHM BJ/IHSIHME Ha 3KpaHHpOBaHHe MeTanKapOOHUIbHBIX
rpylnn B R-KOMIUIEKCaXx OJeHHOB H apoMaTHYECKHX COeTHHEHHH.
Kak BugHo H3 puc. IV.20, obpasoBaHHe KOMIIJIeKCa NPHBOAHT K
yBE/IHYEHHIO SKPAHUPOBAHHS MPOTOHOB, CBA3AHHBIX C NPHHHMAIO-
IIIMH yyacTHe B KOOPAHHALIMM ATOMaMH yIJepoAa, MPHMEPHO Ha
9—3 M. A, IlpuuuHa 3TOrO A0 CHX NOp He BBISICHEHA. OueBHHO,
4TO OCHOBHYIO POJIb HrpaeT IPHCYTCTBHE MeTaJ/a, HO MOXKET Tak-
ke OKa3blBaTh BJHSHHE M AaHH30TPONMHSI MeTaJIKapGOHHIBHOH
rpynnel. B Tta6a. IV.2 mpuBeleH emie psA NPHMEpOB. [Tosozxenxe
DE30HAHCHBIX ~CHTHAJOB B CBOGONHBIX JHMraHiAax yKasaHo B
taba. XI. 1 B OpHJIOKEHHH.

OcofenHO CHIbHOE SKpaHHpOBaHHE HA6J/I04aeTCs A IPOTOHOB,
KOTOpBle HenocpedcT8eHHO CBS3aHbl C METAJIIOM. Taxk, pesonanc-
Hble YAaCTOTH INPOTOHOB B KOMIIEKCAX THADHIOB NEPEXOJHBIX Me-
TaJJIOB HaxoAsTcs B obaacth 8§ <C 0, a B HEKOTOPHIX CJayYasix CABH-
ru pocturaior gaxe anauennii —30 M. & Ecin KOMIUIeKC MeTasna
3apsiKeH MOJIOKHTENbHO, TO SKPaHHPOBAHHE yMeHblllaeTcd, Kak H
MOJKHO OMHAaThb. B NPOTOHMDOBAHHBIX KOMIIEKCax KapGOHHJIOB

H(2) H(S)

H{1 ), H(6) 3

| | ] 1 | i i ] 1
0 85 8,0 55 50 45 40 35 30 &

Puc. 1V.20. Crektpu AMP oneduHOBHX NMPOTOHOB UMKJIOreNTaTpHeHa H LHKJO-
TeNTaTpHeHXPOMTPHKapOoHHIA.
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Ta6auua 1V. 2. Monoxenne PE€30HAHCHBIX CHTHAJIOB B CHEeKTPax
SIMP 7-KOMIIEKCOB KapGOHKIOB METajIoB H TH/IPHJOB MeTaJn0B
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§ 28,1 s 18,6

IIEPEXOLHLIX MeTa/I0B 06pasoBaHHe CBSA3M MeTasll — BOAOPOL B
POTHBOTIOJIOKHOCT  OKHAAHHIO ONATb BeleT K I[OBBLIIEHHOMY
SKpaHHPOBaHHIO npoToHa. Heckosbko mpHMepoB Takoro poja rtax-
Xe npuBelieHo B Taba, IV. 2.

B 6osblIoi cTeneHu CHALHBIN JHAMATHUTHBIE CABHT pe3oHaHc-
HBIX CHTHAJIOB TPOTOHOB OGYC/IOBJEH aCHMMETPHYHBIM pacipese-

Cease xumuneckoeo c0suea co CTPOECHUEM MOAEKYA 109

JeHneM 3apfAla Ha BaJICHTHHIX OpﬁPlTaJIHX MeTaJJoB B 3THX CO-
eJIUHEHHAX. Bosnukawiiui HapaMaI‘HHTHbII:I MOMCHT JI€33KpDaHH-
pyer sIApPO MeTaJJa, HP YBeJIHUHBAET 3KpanHpoBaHHe MPOTOHA CO-
rJJaCHO MpeACTaBJCHHOH 3J€Cb CXEMe.

1.9. 3ddekTn pacTBOpHTENA

Cpenan (axTopoB, ONpelessIOUIHX BeJHUHHY KOHCTAHTH 3Kpa-
HIDOBAHHA IPOTOHOB, B HauaJe pasl. | yNoOMHKEa/JOCL M BJHSHHE
pactBopHTesns. B o6lieM MoOXHO moJiarartb, 4TO BCe 3QeKTH, Ko-
TOpble Mbl 0 CHX NMOp OGCYXKAaJH KaK BHYTPHMOJEKYJspPHLE, NPO-
ABJSIIOTCS TaKKe W Ha MeXMoJeKyaspuom ypoHe. Hanpumep,
yCTAHOBJIEHO, YTO PE30HAHCHLIE CHIHAJbl BEIeCTB, PACTBOPEHHBIX B
apoMaTHYeCKHX pPacTBOPHTEAX, NPOABAAIOTCS B 6oJee CHIBHOM
nojie, 4eM B pacTBopuTeJie aJudpaTHUeCKOA NMpHPOAL. ITOT 3 PexT
fpl1 MPHMHCAH NHAMAarHHTHOMY KOJbLEBOMY TOKY GeH3osa U ero
npon3BoiHbIX. [Tofno6HOE Ke BJHSIHHE COCEAHHX MOJIEKYJ, CBS3aH-
HOe, 0HaKo, JH00 ¢ 3KpaHHpOBaHHEM, JAHGO C Ae33KPaHHPOBaHHEM,
MOXKEeT IIPOSIBISITbCS B pe3yJsbTaTe MAarHUTHOH aHHU3OTPONHMH Kpart-
HbIX CBsi3efi MJIM BJHAHHA 3JeKTPHYECKOrO MOJs1 MOJeKyJa ¢
BOJIbUIHMH  AHNOJbHLIMH ~MOMeHTaMHu. O¢dekTs pacTBOpHTeIA
CTAHOBSITCA OCODEHHO 3HAUHTENbHBIMH, €CJIH MeXKMOJEeKyJaspHble
B3aUMOJEACTBUA B pacTBOpe NMPHBOAAT K 06pa3oBaHHIO clelHbpHYe-
CKHX KOMILIEKCOB. 3a CYeT AHMNOJb-AHMNOJBHBIX HJIH BaHIepBaalb-
COBBIX B3aHMO/EHCTBHiI HEKOTODble B3aHMHBIE NPOCTPAHCTBEHHbIE
OpHeHTallHH B3aUMOJEHCTBYIOWHX MOJeKyJ CcTaHoBsiTcA GoJsee
NpeANOYTHTEIbHEIMY, 4YeM ApyrHe. B pesyabrate Moryr HabJio-
AaTbest cneunpHyecKHe U3MEHEHHUS] Pe30HAHCHBIX YAaCTOT OTJEeJbHbIX
IPOTOHOB pAacTBOpeHHOro BelilecTBa, Mx B cBO0 Ouepelb MOXKHO
HCIIO/Ib30BATh HJS NOJYYEHHS CBeJeHHH O CTPOEHHH TaKHX KOM-
nnekcon. [Tosromy cmekrpockonHs SIMP okasasnach BaXKHBIM Me-
TOLOM HCCAEAOBAaHUS MeXMOJIEKYJAPHbIX B3auMofedcTBuHA. HaMe-
HeHHs] XHMMYECKHX CJBUICOB NOJ BJIHSHHEM pacTBOPHTeNd OGBLIYHO
MeHbmie 1 M. 4. Mbl yxke paccMorpead B . 1II ux cmeunaabHsie
NDHMeHeHHS H IOCJAEACTBHS A/ PE30HAHCHBLIX 4aCTOT 35Ta/JOHHBIX
BemectB. 15 u36eKaHHa OCJOXKHEHHH, BHI3BAHHBIX BJHAHHEM pac-
TBODHUTEJS, PEKOMeHAyeTcsl HCIOJb30BaTh TaKHe «HHEPTHHIe» pac-
TBOpHTE/H, KAK TETPAXJOPHJ YIJepoja HJH UHKJIOrekcad. MoxHo
HCKJIIOUHTb, KPOME TOTO, H KOHUEHTPauHOHHble 3(pGeKTH, ecJaH
poBecTy H3MepeHHs TPH HeCKOJhKHX KOHLEHTpAlHSAX BeIlecTBa M
3KCTpamoqHpoBaThL NaHHble K OeckoHeuHoMy pasbaBienulo, KHame-
Peunst B rasosoil ¢ase, rie MeXMOJEKYJIspHble B3aHMOJEHCTBHS
CBOASITCS K MHHHMYMY, CTaJH OCYLUECTBHMBI H AJ15 BellecTB C BhI-
COKONl ympyrocTbi0 HapoB TOJbKO MOCJe DAa3BHTHA HMIYJIbCHBIX
MeToM0B ¢ pypbe-npeobpasoBaHUEM.
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1.10. 3MnupuyecKkHe KOHCTAHTBI 3aMecTHTedel

Ouenp BaxkHOe 3HauenHe AJd HHTEPNpeTalHH CIEKTPOB MPOTOH-
HOTO pe3oHaHca HMeeT TOT (I)aKT, YTO BJIHSIHHE 3aMecTHTeJeH Ha

pe30HaHCHBIE YacTOTH B TNePBOM NpHGJAHKeHHH addurusno. Ha
3TOM OCHOBaHHMH 0Ka3aJjJoCb BO3MOXKHLIM BBIBECTH 3SMIHPHYECKHE |

KOHCTAHTHI 3aMecTuTeNed S(8), HIH UHKpemeHTsl, KOTOpble B 06-
€M IO3BOJIAIOT XOPOLIO I[PEeACKa3biBATL pPe30HAHCHBIe YacTOTHI.
KoHneuHo, cleiyeT OxHJIaThb HCKJIIOYEHHH, €CJH He coOJIOfaercs
yCJIOBHE AJ51 aJJIMTHBHOCTH S (8), a WMEHHO NPH HAJHYHH CHJbHEIX
3JIEKTPOHHBIX HJIH NPOCTPAHCTBEHHBIX B3aHMOJEHCTBHI MexXIy 3a-
MecTHTeAMH. B atux ciyuasx 3sHaueHuss S(6) 3aBHCAT OT CTpykK-
TYPBl OCTaBIIEHCS YaCTH MOJIEKYJIEL.

1.10.1. Arugparuneckue coedunenusn. CBejeHHS O BJIHSHHH IO-

C/IeIOBATEJbHOIO 3aMelleHHsl aTOMOB BOJOpPOJa B MeTaHe JAPYTHMH |
rpynnaMH Ha Pe30OHAHCHYIO YacTOTy NpPOTOHA AaeT npasduso Lly- §
Aepu, COIVIaCHO KOTOpOMY 3HaueHHe § JJs NPOTOHAa H3yYaeMoro

CO€JHHEHHSA MOXHO PaCCuuTaThb 10 YpaBHEHHIO

8=0,23 4. S(8) (IV. 16)

€C/IH HCIoJb30BaTh 3HadeHua S(8) w3 raba. IV.3. Hanpumep, nas
XMMHYECKHX CJIBHIOB IIPDOTOHOB METHJIXJOPH/A, METHJEHXJOpH/A

H xJopodopma ypaBHenHe (IV.16) naer 3naueHus § 2,76, 529 u f

7,82 COOTBETCTBEHHO, KOTOPHIE COMOCTAaBHMBI C 3KCIEPHMEHTAJbHHI-
MH jaaHHbiME § 3,1, 5,3 m 7,27. Jlas tpetuuHoro mpotona B TpH(e-

Ta6anua 1V. 3. Ilocroannbie saMectuTesedt S(8)
IJIsi CIEKTPOB NPOTOHHOTO pPe30HaHCA 3aMEIIEHHHX METaHOB

3aMecTHTeab S (5, M. n. 3aMecTUTeab S(8), M. 1.
Cl 2,53 C=CH 1,44
Br 2,33 C=N 1,70
I 1,82 CH; 0,47
NRR’ 1,67 Dennn 1,85
OR 2,36 OH 2,56
SR 1,64 OCOR 3,13
CR=0 1,70 COOR 1,65
CR=CR’R” 1,32 CF; 1,14

Tab6auua 1V.4. Nukpementn S (8) (M. §.) ANs PASAHYHOTO CKeJN@THOrO
samemenns (Ltpenor [7])

/G Cs ,
—C, 0,248 —C;—C; 0,244 —C, 0,147 —C,—C3; 0,006 -
\C3 \C3
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Ta6auua [V.5. MukpemenTs oTAeabHux 3amecTHTeqell (IlrTpeaos [7])

3amecTuTeNb :‘ll:enom& Si8), M. A 3amecTHTeNb E;:ome' S6), M. 1,
—CR3 3 —0,038 —OCOCR;3 1 2,931
Jlpofinas ceasp 1 3,802 2 0,041
2 0,583 3 —0,086
3 0,203 —F 2 8,029
ofinas cBaA3b 1 1,032 3 ,131
Teot 2 0,694 —C1 1 2,170
=0 2 1,021 2 0,254
3 0,004 3 0,17;
—OCH 2 —0,374 —Br 1 1,99
-——OCH;CRe 2 —0,237 2 0,363
3 0,210 3 0,023
—OH 1 2,467 —I 1 1,846
2 0,048 2 0,388
3 0,235 —NH, 2 0,094

HHJIMeTaHe TeM Ke croco6oM 6bl0 paccumtano § 4,22, a skcnepu-
MeHTaJibHOe 3HaueHHe cocTaBJjser 6 4,70.

C nomouplo HHKpeMeHTOB S(8), co6paHHBIX B Taba. IV.4 u
IV.5, TakKe MOXKHO ONHCATb GOJIbLIOE UHCJIO CTPYKTYPHBIX OCO-
6eHHocTefi. Jlas 3TOro cHauajsa HyMepyeTcsl YIVIEPOAHBIH CKeJeT
paccMATPHBAE€MOTO COeIHMHEHHS H «-aTOMY YIJIepofAa, Hecyllemy
HHTepecylOWHA HAC MPOTOH, MpucBaHBaeTcss HOMep 1. 3aTteM B co-
OTBETCTBHH €O CTPYKTYpPOH /151 B-yTJIEPOIAHBIX aTOMOB HCIOJb3YIOT-
csl 3HaueHHd W3 Taba. I1V.4, a HOMOJHHTEeNbHble 3aMECTHTEJNH YYH-
THIBAIOTCS ¢ NOMOLLbio 3Hauenud S(8) w3 taba. IV.5. Bxaaawm
(QYHKIHOHAJbHBIX TPYII, HANPHMep CJI0XHOI(HPHOH, BHIYHCASAIOTCS
¢ TNOMOIIbI0O HHKpeMeHTOB s 3aMectHtejed =—O u —OR. B 3a-
KJI0UcHHe 3HaYeHHe § pacCYHTHIBAETCH MO YPABHEHHIO

8=10,933 4+ 2. S (%) (IV.17)

TpouamocTpupyeM mpoueAypy pacdera Ha [Byx npumepax. 1. Onpeneautsb
XuMnyeckuii casur meTuapHuX npoToHoB B CHs—CO-—~CO—CHs.

3
[posoanm mymepanuio ckenera; CH;—CO—CO—~CH; u swuucasem ZS(8):

C; —C; +0,244
=0y C; +1,021
=0y Cs +0,004
—CRs y C; —0,038

+1,231

A 3atem uaxomum 8(CHs) mo ypasmenmio (IV 17): 8(CHs) = 0,933 4+ 1,231 =
=: 2164. [TosydyenHoe 3HAYEHHE XOPOWUIO COTVIACYETCH C IKCMEPHMEHTAJbHEIM 3Ha-
eHnem § 2,33,
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2. OnpeaeauTs XUMHYeCKHll CABMT METHJIEHOBBIX NPOTOHOB B

2 1 3
H,C— 0C,H
3 OIN/N\oo 2Hs

3 \o/w
C,He  COOCHs

B COOTBETCTBHM C YKa3aHHONH HyMepalMed MmoJydaeM CJACAYOULYO TabJHIy:

—Cy,—C; 40,006

¢,
—C, 40,248
HOpa =0 y C; -+0,008
Jesa —OCzHs; y Cs 40,420
—OR; vy Cs —0,038
40,644

B pesysnrate noayyaem sHayenme §(CHz) = 0,933 + 0,644 = 1,677 M. 1., a 3Kc-

nepuMenTaNbHO Hakjeno §1,84.

1.10.2. 3amewennoie 6ensorbl. CucreMaTHueCKOe H3yueHHE NPO-
TOHHBIX XHMHUECKHX C/BUTOB B 3aMeuleHHbIX OeH30JaX IMOKa3hIBaeT,
4To M 37leCh BJIHSIHHe 3aMecTHTesell ¢ XOpOIleH CTeNeHb0 TOUHOCTH
aBsieTcsl afMHTHBHEIM. C NOMOIILIO IaHHbIX, NPHBEJEHHBIX B Ta0JL.
IV.6, MOXHO IpeJCKasbiBaTh DPE30OHAHCHBIE YacTOTHI NPOTOHOB B
npon3BonHblx Gensona. Tax, ans 1,4-xuGpombensona HHKPEMEHTH

TaGauma IV.6. 3Suauenus S(8) aas 3aMeilennbix  Gensonos  ([lkekMan H
Crepuxuan [8])
S(8), M. n. S(0), M. A

3aMecTHTEND 3aMecTUTEND

opro MmeTa napa opro nera napa
NO, 0,95 0,17 0,33 C(CHa)s 0,01 —0,10 —0,24
CHO 0,58 0,21 0.27 CH,OH -01 —-01 -0,
COCl 0,83 0,16 0,3 || CH;NH, 0,0 0,0 0,0
COOH 0,8 0,14 02 | F —0,30 —0,02 —0,22
COOQOCH;,4 0,74 0,07 0,20|| C1 0,02 —0,06 —0,04
COCH;,4 0,64 0,09 0,3 | Br 022 —0,13 —0,03
CN 0,27 0,11 03 || I 0,40 —0,26 —0,03
CeHs 0,18 0,00 0,08 OCHs —0,43 —0,08 —0,37
CCl; 08 0,2 0,2 | OCOCH; —0,21 —0,02 —
CHCl, 0,1 0,06 0,1 | OH —0,50 —0,14 —0,4
CH,CI 0,0 0,01 0,0 | n-CHyCsH,SO; —0,26 ~—0,05 —
CH; —0,17 —0,09 —0,18| NH; —0,75 —0,24 —0,63
CH,CH; —0,15 —0,06 —0,18{ SCHs —0,03 0,0 —
CH(CHzs)2 —0,14 —0,09 —0,18] N(CHs), —0,60 —0,10 —0,62
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Ta6muua IV.7. 3nagenus S(6) nas sameiienusix stuienos ([lackann, Meiiep r Cumon [9])
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yerci B TOM cJyyae, eCJIH 3aMeCTHTeJb HJH H3y4yaeMasi ABofiHAfA CBSi3b COMDAMEHH! C JIOMOJHHTEJbHEIMH 3aMECTHTEJSIMH
TOrAa, Koria paccMaTpHBaeMHfl 3aMecTHTeNb H XBoftHasi cBSI3b 0GDa3yIOT IHKJ.

-
H30JIHP.— H30JHDOBAHHBIA; COMPAX.—conpsmeHrbli; anud.—anudartugeckut. HukpeMmeuT pan «R conpsk.» BMECTO HHKPEMEHTa
<AJIKHJ KOJIbLEBOR> HCOOJb3yeTCsl

JUp.> HCHOJb3
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NpeCKa3biBAIOT Ae339KPaHHPOBaHHe MPOTOHOB MO CPABHEHHIO C OeH-
z0iq0M Ha 0,09 M. 4., a 3KcliepUMeHTa/JbHOe 3HaueHHe COCTaBJseT
0,06 m.n. Jdas 3-6pomuuTpOGEH30Jla pAacyeT MOMKHO BHIIOJHUTH TaK:

y Br y 8 (H,) ==7,27 + 0,22 + 0,95 = 8,44
s 2 §(H,) =727 +0,22 + 0,33 = 7,82
8(H,) =7,27T—0,1340,17=7,31

H; H 2 (H,)=7,27 — 0,03 4 0,95 = 8,19

ATH pesyJbTaThl NPEKPACHO COTNAacyIOTCsi € IKCNePHMEHTaJbHBIMH
sHauennsmMu (68,38, 7,80, 7,36 u 8,16 B ToM Ke mopsiKe)-
OTKJIOHEHHs OT aJAUTHBHOCTH, KOHEYHO, HabJ/110/al0TCe, eCJH ABa
Wi Goaplue 3aMecTHTesefl B GeH30JBHOM KOJblle HaXoAsATCA B
COCeJHHX TOJIOXKEHHAX APYyr K Apyry. Hampumep, XuMHueckui
CIBHT OpTO-TIPOTOHOB B JAHMETH/I(TanaTe NPH pacyeTe 10 HHKPEMeH-
taM TabJa. IV.6 moayuaercsi paBHuM § 8,08, B TO BpeMs KakK 3KC-
nepHMeHTaJibHOe 3HayeHHe paBHO § 7,66. OueBHAHO, B 3TOM Ciyvae

He BHINIOJHAETCI NPeANnoJNoXKEeHHe O TOM, YTO 3aMeCTHTEeH BJUAIOT 4

Ha XUMHYeCKHH CABUT HE3aBUCHMO ApYyr OT Apyra.

1.10.3. Ozegunoseie cucremol. B 3akniouenue B Taba. IV.7 npu-

BelleHbl 3Ha4YeHHs] S () HJisi 3aMelIeHHHBIX 3THJEHOB, KOTOPHIE TAKKE |
OCHOBaHbl Ha OOLIHPHBIX 3KCIEPHMEHTAJbHBIX JaHHBIX. XHMHYECKHE |

CIABHTH DACCYHTBHIBAIOTCS MO ypaBHEHHIO

3=5,28 4+ 2, S(9) (IV.18) {

1.11. Ta0aHubl XHMHYECKHX C/ABHFOB B CIIEKTpax
NPOTOHHOTO Pe30HAHCA OPraHHUECKHX MOJIEKYJ

XUMHUecKHe CABHIH NPOTOHOB AJs PAa3JHYHBIX KJAaCCOB OpraHu-
YeCKHX COeJIuHeHHH cBefieHH B Ta6u. XI.1 B mpuaoxenuu. Ty 06- ;
mylo noA6OPKY MOXKHO HCIOJIb30BaTh KakK CNPAaBOYHHK H Kak f
BCIIOMOTaTe/JbHOEe CPEeICTBO IJf OLEeHKH XMMHYECKHX CHBHIOB, KO- |

TOPHIX MOXKHO OXHJA4Th B Pa3HHIX CTPpYKTypax.

2. CMUH-CNHUHOBOE B3AMMO/ENACTBUE
U XMMUHECKOE CTPOEHMUE

B 3TOoM pasfene Mbl OOCYAHM KOPPETSUHH MeXIy KOHCTAHTaMH |
CTHH-CITHHOBOrO B3anMmofelcTBHss H—H ¥ XMMHYeCKHM CTpPOEHHEM. §

O6uuit 0630p 3Tol TeMbl yKe Gbla JAaH B Konue ra. II B ta6a.Il.2.
[pu masbHeiileM AeTaNbHOM OOCYIKIEHHH PAa3JHYHBIX THIIOB CITHH-

CNHHOBBIX B3aHMOJAEHCTBHi Mbl GyJeM HCIOJb30BaTbh KJaacCH(HKa- |

LMI0, YKa3bIBAIOLIYI0 UYHCJAO CBf3efl MeXIy CBSI3aHHBIMH spaMH.

Mbl GyleM pasjHYaTh 2eMUHAAbHOE, BUYUHAAbHOe W OaabHee |
CIIHH-CIIMHOBOE B3aHMOJEHCTBHE, €C/JH CBSI3aHHBIE siApa pa3leseHH |
Osymsa, Tpems WM O0Abwum 4UCAOM CBSI3ell COOTBETCTBEHHO |
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TaGauua 1V.8. KnaccHdukauus clHH-COMHOBLIX

B3auMoJe#cTBHH
Tun CBA3RIBAHHA HaaaaHHe n CHMBOJI
H
\C H\C— Femun 2 2
== anbHoe
v’ w/ '
H H’
\C——C/ Bununanbhoe 3 3y
H H’
Nc—=c”
] » 3 3.11‘;”c
Nc—=c » 3 3y
\H, Tpauc

I[aanee CIIHH-CIIHHOBOE B3aNMOJeEHCTBRUE:

H—C—C=C—H’ AnanapHoe 4 i
H—C—C=C—C—H’ ToMoanaunbuoe 5 57

(raGn. IV.8). Yucno cBaselt n ucnosb3yercs Kax BePXHHH HHIEKC
nepell ciMBOJIOM J. B HeHachllleHHBIX cHCTEMAaxX MOKHO OJHOBpe-
MEHHO YKa3aTb C NMOMOIUbIO HHXKHEro HHJEKCa NOJIOXKEHHe CBSI3aH-
HBIX €P OTHOCHTEJIBHO JBONHHOA CBSI3M (yuc HAH Tpawnc). B npunum-
fe YHCJIO CBsI3€H, Yepe3 KOTOPbIE MOXKET HAGMI04aThes CIIHH-CITUHOBOE
B3aHMOJleHCTBHe, He orpaHH4YeHo. Ho B oflleM BeuuMna KOHCTAH-
Thl CNIHH-CIIMHOBOTO B3aHMOJEHCTBHS yMeHbLIAEeTCsi ¢ POCTOM 1, H
SHaYHTeNbHOC B3aHMOAEHCTBHe OoJiee 4YeM uepe3 nATbH cBAizel
Habnogaercss peako.

CaieftyeT Take 3aMeTHTb, YTO 3HAKH BceX 3/ M GOJbIIHHCTBAS/
O/I0XHTe/IbHDbL, a 2] ¥ *J MOryT GbITb H MOJOKHTENbHBIMH, U OTpH-
latenbHeiMH. [Ipu cHcTeMaTHYecKOM 06CYXXAeHHH 3a31:1cuMocm
KOHCTAHT CIHH-CIIHHOBOTO B3aHMOJEHCTBilsl OT CTPOEHHS, eCTECTBEH-
HO, HEOGXOJMMO YYHTHIBATb M HMX 3HAaKi. BeJHUYHHA KOHCTAHT H3-
MepsieTcs B reprax.

2.1. TeMHHANbHBIE KOHCTAHTb CIHH-CIHHOBOLO
B3aumonencTBus (2J)

OI[HBCéIeJl 3211! KOHCTAHTOH CIHH-CIIHHOBOTO B3aHMOJEHCTBHA uepe3
HpeZchgsb un B MOJIEKYJIe BONOPOa, BeJHYHHA KoTOpo#t 276 Iy
CHHH-ann:eT TeopeTHYeCKHH I/IHT2epeC, reMUHaJbHble KOHCTAHTHI
SomH HOBOTO B3aHMOAEHCTBHS *Jyy 06pasyioT Ipymmy caMbix

: X NPOTOH-POTOHHHIX KOHCTAHT, 3HAYEHHS KOTOPHIX JexaT

B
y Avanasone ot — 23 no -+ 42 T'm. Benuuuna 2/, ompenensercs
HOorumu akTopaMu,
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2.1.1. 3asucumocte 2y, or eubpudusayuu yeaepoda. Tlpu nepe-
X0lle OT METHJEHOBOH Tpynmbl ¢ Sp3-rHODHAHBIM YrJIepoAOM B Me-
TaHe K Sp?-rUGpHAHM3ALNH B 3THJEHe TeMHHaJbHafA KOHCTAHTa H3-
MenseTcd oT — 12,4 10 -+ 2,5 T'u. B uukgonponane ¢ ero ocobnM
THTIOM CBSA3H Ha6/I0JaeTcs TPOMeXYTOuHoe 3HavyeHHe. B Apyrux
HANpPSKEHHBIX LHUKJIHYECKHX CHCTeMaX 3HayeHHs 2/ MOTYT JOCTH-
ratb — 5,0 T, HO reMHHaJbHas KOHCTaHTa B UHKJA0OOyTaHe He
CHJABHO OT/IHYAeTcsl OT KOHCTAHTH B MeraHe (ra6u. 1V.9).

TaGauua IV.9. 3aBHCHMOCTb TEMHHAJbHOTO  CIHH-CIHHOBOTO
B3aumoeiicteus 2/un (1) or ru6pHAN3anMH yriepola

H, H H B
] /’C<H /><H H2C=C<H
-124 -43 .25

H
<X, H
H
“U..-15 -5

2.1.2. Bausnue 3amecruteaei. Ha Beanunnbl ?J o0KasbiBaloT
BJIHsIHHE 3aMecTHTeNH Kak B a-, Tak H B [-rnojoxkeHud. B
ta6a. 1V.10 nmpeacTaBieHsl XapaKTepHble AaHHblE. MOXHO BHIETb,
YyTO BBeJeHHE 3JEeKTPOOTPHIATEJNbHBIX 3aMeCTHTeJed K MeTHJEeHO-
BOMY aTOMy YrJepoja NPHBOJAHT K CMELIEHHIO TeMHHAJBHOH KOH-
ctanThl 2/, B 06JacTh Gosee MOJOXKHTEIbHBIX 3HaUYeHHH. [1pu aTOM
JJ5 METHJEHOBOH TPyMNbt ¢ SP3-rUOPHAHBIM Yr/iepolaoM abCcoJoTHOe
3HaueHHe KOHCTAHTH yMeHbillaeTcsi. B mosH3aMelleHHBIX MeTaHax
BJAHSIHHe 3aMeCcTHTeslel B IepBOM NPHOJMXKeHHH anauTHBHO. [lox

BJHAHHEM KHCJOpOJda reMHHAJbHasl KOHCTAHTA B 3THJIEHOKCHIe CcTa- §
HOBHTCS MOJOXKUTeNbHOH. OcoOeHHO 60JbII0e NON0XKHTEJNbHOE 3HaYe- i

HHE B (pOpMaJ]bIleI‘H}le oﬁycnoaneﬂo JOMOJIHHTEJIbHBIM BJIHSAHHEM HE-

mojeJieHHbIX 3JEeKTPOHHBIX Map aToMa Kucaopopa. B caydae sp®-

rHOpHAH30BAHHON METHJIEHOBOH TIpYNIbl HMeeT 3HaueHHe TaKxe
OpHEHTALUs HenodeAeHHbLX IAEKTPOHKbIX NAp OTHOCHTEJBHO paccMma-
tpuBaeMbix cBsizei C—H. 31oT 3ddekr npociexnpaercs npH

cpaBHeHHH 3HaueHHH 2Juy B 1,3-1MOKcaHe U KOH(OPMaLHOHHO 6oJiee |

KECTKOM JHOKCOJaHE (pOpMaJlb,U,EFHILa.

B npOTHBOMOJIOKHOCTb BJIHAHHIO Q-3aMECTHTeJEH 3/1eKTPOOTpPH-
LaTeNbHble TPYNNE B P-MONOXKEHHH CMeIaloT BeJHYHHY 2J4n K OT-
pHLATEJNbHBIM 3HAYEHHAM. IJTO $SICHO MNOKa3bIBAIOT 3HAYeHHs 2J |
B 3aMelIeHHBIX 3THJeHaX. HanmpoTHB, 3/1€KTPONOJIOXKHTE/bHBIE 3a-
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Ta6muua 1V.10. Bausinue 3aMecTHTeslell Ha reMHHasbHbIC
KOHCTAHTH CHMH-CIHHOBOTO B3anMogmeficTHs (I'u)

1. a-3ameluenne

O\
CH, -12,4 L-CH2 + 55
CH5CL -10,8 RN=CH, +16,5
CH,Cl -5 0=CH, 422
HN. R
. .
L>CH, 2,0 <: [H2 5
0
0

0
\
@[o,cm + 15 EO>C”2 o

2. B-3ameuenne

H H
H H
>e=c +25 Ne=c” "
H H CI/ N\ - h
H
Np—pn” H H
o ¥ pe=c * 20
R,P H
H H
Ne=r” H H
oC=C{ - 20 Ne=¢c” 7
HiCO H u” \H t

3. Coceanne m-cBs3H
CHEN - 16,9 D
CN-CHCN - 204 s J1he

;I/IecmTeJm CMellaoT 21}15 B CTOPOHY MOJIOXKHTENbHBIX 3HAYEHHH, H
T;I}S{i)KBem:)mnnmﬂ OHa HaujeHa paBHo# -+ 7,1 Tu. Cocedrue mn-csazu
o KOHKé;IBI)IBalOT 3HAUYUTEJNBbHOE BJIUSHHE Ha BEJIHYHHY reMHHAJb-
K o KaHTbI CIIHH-CIUHOBOro B3auMoOfeACcTBHA. OHH NPUBOAAT
donnr KgHCTOTpHIJ,aTeJIbelM 3HAYeHHsIM, II03TOMY abCOJIIOTHOE 3Ha-
rana o 4HTBl MPH 3TOM BO3pacTaeT. Tak, NpU Mepexoje OT Me-
10 90 1“Jlogomnppmy reMHHAa/NbHAsE KOHCTAHTa MeHsdeTcsa oT 12,4
TeMHH’aanm aXXHO OTMETHTb, YTO BJHSHHE COCELHHUX M-CBS3eH Ha
Tonp, TOqHyoxo KOHCTAHTY 3aBHCHT OT CTE€PeOXHMHH H3yuyaeMOfl CHC-
nap. o o0 TaK e, KaK BJHSHHE HENOJIeJEeHHBIX 3JEKTPOHHBIX
MeH:l‘aJIbele OBOpHJIOCH Bbilre. TeopeTHuyeckHe pacyeTsl H 3KCIIepH-
a renmn! JaHHBIE noxasbgsaxor, 4YTO BJIHSIHHE COCelHell m-CBSI3H
m-optn JIBHYIO KOHCTaHTy ?Jau siBasiercst QyHKuuedt yria ¢ Mex 1y

Tanbio W cBA3blo C—H. 3Ta 3aBHCHMOCTBH SICHO NOKA3aHa
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Pue. IV. 21 I/IéMeHeHue reMHHaJbHOH KOHCTaHTHI CHHH-CI}}({)IiI)OBOI‘O B3aHMOAEHICTBUNA S
ZJHH' I0A BAHSIHHEM coceAHHX m-op6utajeii (Crepuxenn [ .

Ha puc. IV.21. Haubospliiee BAHSHHE NOJKHO HpOﬂBJ‘IHTI;[CéIT}’{I‘J(I)eI‘}I::-:
KOTa cOCelHsiss 7-opGHUTanb mapaJulesbHa HHOCKOCTI:IOILTBEP)K,ZI&
Boro (parmenrta. D10 TeOpeTHYECKOe npeﬂcx‘;i;,aﬂne et
eTcsi BeqMuMHAMH 2J B uMKJOnmeHTeHAHOHe (43), day I;me 44)5
a4 TaKXKe OTHOCHTEeJhbHBIMH 3HAYEHHSIMHM [BYX TIeMHHaJ :

CTAHT B COelHHeHNH (45).

-1n,6Ty
H H

o) \ H ]

H Q OO -1590 |

y “25 Ty O. H ]
0 H H

-22,3Ty,

a3 aa as

YnomuHaBLiasicss 3aBHCHMOCTD 2/, OT rHOpHAH3ALHH aTOM;C’)I";J;,
poja JaeT OCHOBaHHe NOJIAraTh, YTO CyuleCTByIEEIT xapaKT:)p icTirie
CKasd KOppeasilHs C BeJHUYHHOH Yyria H——C— , KOTO}]{)g’ e
6bl10 6bl HCIOAB30BaTh [J1s TNOJyueHAss HHGpopMal 0 Y
C—C—C. Ho 310 cooTHolleHne He yraerca chopMyJaHp
AOCTATOYHO TOYHO, YTOOH OHO OBbLIO MOJE3HO A npeﬁc::;(ig «
MOCKOJILKY CJHIIKOM Da3HOOOpasHbl BJHSAHHSA 3aMeCTm’(r) -
reMuHa/JbHYI0 KOHCTaHTY. Dosee mosesuyro HH(opMall

isct
clydae [JaiOT NPSIMbIE KOHCTAHTbl  Yepe3 OJHY  CBSA3b stc.

(cM. pasa. 2.3 ra. X).
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ANa® Qs

[

Puc. 1V.22. Cxema nocrpoenns u AMArpaMMa SHEpreTHYECKHX YPOBHeHl MoJeky-
JApHBIX opbutanel rpynne CH,.

2.1.3. Mousekyanpno-opburarsnas modess 08 unTepnperayuu
6AUARUA 3amecTuTesed na %]. B 3ToM pasgene Mul paccMoTpuMm
MOJIEKYIAPHO-0pOHTaAbHyl0 (MO) Momess, NO3BOJIAIONLYIO PaLHO-
HA/JARHO OODBSACHHTb BJAHAHHE 3aMecTHTeNeH Ha FeMHHAJIBHYIO KOH-
cranty %/y,. OHa ocHOBaHa Ha TEOPETHYECKOM pe3yJbTaTe, COTJIACHO
KOTODOMY KOHCTAHTA Juy MeXIy ABYMS NPOTOHAMH IPSIMO NPOTOP-
UHOHA/MbHA TaK Ha3HIBAEMOH B83aUMHOL QATOM-ATOMHOL noaapusaye-
MOCTU IBYX ls-opGuTasedt Bogoposa:

Iun o< qpp (IV.19)

STa nossipusyeMocts B MeToge MO ONpesensieTCsl COOTHOLIEHHeM
34H He3aH

T =—4 2 X |CuCipCine wl(E;— E)) (IV. 20)

T
TAE Cipy Cip M T.A. — KO3PDHUHEHTH ls-opburasnest A u A’ B MoJe-

KYy/JsipubIx opburansx W; u W, UPEACTABIAIOMHNX co00H, Kak xopo-
0 H3BECTHO, JIHHEHHYI0 KOMGHHALMIO ATOMHLIX opburaneii:

‘I’i———eiA«}SA—{—ciB«#B—i— coe oty (Iv.2n

Ei y E; — aHeprun opGurasedt, a CYMMHpOBaHHe MNPOBOJUTCH IO
BCeM 3aHATHIM u cBOGOXHKIM MOJIEKY/ISIpHBHIM opOHTansM. B Teopunu
O aToM-aToMHHe TIOJIAPH3YEMOCTH 71;; MOXKHO HCNOJB30BaTh, Ha-
UpuMep, misi OLeHKH BOSMYINEHHSI KYJOHOBCKHX HHTErpajioB LEH-
Tpa i mox BaMsHHEM 3/IEKTPOHHOH IUIOTHOCTH HA aToMe |j.
Mounexyaspubie op6utanu rpynnet CH: Mbl MOXeM HOCTPOHTH
I3 YeThipex aTOMHBIX opGuraseii: nByx }s-op6HTaneli aToMoB BojO-
Pora u npyx rHOPHAHBIX Op6HTasel yraepona, KOTOpele MOTYT GbLITh
$P%- nau spS-tuna. Toraa Mbt monyunm nnarpammy suepreTiyeckix
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7 Ha nefi pa3HblM 3HaKaM Ko- §
nokasanHyio na puc. IV.22. ‘
ey ' H T. J. COOTBETCTBYET pas3/HYHAasl 3aTeMHEH-

[Tocsie0BATENBHOCTD  SHEPTHH  MOJIEKYJAPHBIX |
— W, ompefleNiA€TCs YHCIOM CBA3LIBAIOIHX B3aHMO- §

3¢ GHULHEHTOB Cin, Cip
HOCTb DHCYHKA.
opburaneit ¥,

NeficTBHil MeXAy aTOMHBIMK OpOHTAJISIMH, T. €. IEPEKPEIBAHHN C OlH-

HAKOBHIMH 3HaKaMH. Kpome TOro, MoJIeKyJ/ApHbIE Opémaf{Hnﬁgﬁ(}? i
i 10 OTHOLIEHHIO - ]

aBHCHMOCTH OT HX CBOHCTB - |

D oo ph OTPaXKeHHH B MJOCKO™ |
MMeTpuyHble § (IpH OTp ‘

CTH CHMMETPHH Gp Ha CH . tocio” |
ctu ¥; naer ¥;) H aHTHCHMMETDHUYHbIE O (orpaxenne ¥; naer —¥;) :

®parment CH: umeer 4 CBASEIBAIOLIHX SJIEKTPOHA. B ocHoBHOM

cocrosiiig MO W, n W, nsaxkian 3aHaTH. C yd4eToM nponogu;c())- “

pajbHocTH (IV.19) BeJHYHHB KOHCTAHT cnun-cnnnom:};c;pgiﬂp;m“ 3
‘ 34

i yeTHIpbMSI BO3MOXKHBIMH ;

eficTBHSL ONPeAEJAITCS 1 ] .

ﬁepexoaaMu A—D wmexay opbutanamu i U j. C yueroM Hsc};:;ﬁgn.

KO3 PHIHEHTOB Cin, Cip's Cin M Cjpy 3TH NEPEXOADI AT B KO V-

BKJ1a/Ibl CJIeyIOUIHX BHAKOB!
A: nepexon ¢ ¥, na Wy
B: nepexox ¢ ¥, na ¥y
C: mnepexop ¢ W, na W
D: nepexon ¢ ¥, na ¥y

|+ +

Tenepb, AJasi TOrO0 YTOGHI OIpeNEeNHTDH sdekTH 3aMecm;ec:)J;?
JOCTATOUHO JIHHIb HCCJEN0BATb, KAaK 3aMElICHHE BJIHACT H:Tb ot
(bHIHEHTH Cip H Cip'- UTo6H 3TO cHeJaTb, BaXHO IIOMHHTDb, 4T

B3aMMOJEHCTBHE MeXIy OpOHTA/IbIo 3aMECTHTE]s H gogeon);J;Aﬂop;{xg
H H $

npejesnseTcss CHMMETpPHEH.

opbutaabio rpynnsl CH: o :

JIII?IIHb npH ognﬂaxosoﬁ cuMMeTpHH 06enx opOurasnedl OTHOCHTENB
be 3¢

HO Oy. I103TOMYy HHAYKTHBH )

MeHﬂva K03(p(pHUIHEHTH TOJBKO B ¥, (u ‘Ifgu COOTBeTCTBi})Ingr,raJIb :

BpeMs KaK THIEPKOHBIOraTHBHHIE B3aHMOJEHCTBHA C pz-0p ]

OrpaHHYHBAIOTCS OPGHTAJBIO ¥, (uan W4 COOTBETCTBEHHO).

2 2 p
% %, Y
& -
————— = — - ——
s
s
¥ 4 Yy 4
i JIKH]

Jlns 3aMecTHTEJeH C — I-apdexkToM MBI II03TOMY JIO ,

oXuaaTh IepeHoca 3apffla C opburand ¥, Hang};{)TéongaCnb :acn:
cTHTeJsl. DTO NPHBEAET K YMEHbIIEHHIO K03(.’p¢>gu HTO t;’;acray
Ho cymma Ko3(QHUHEHTOB NPH ATOMHLIX OpPOHTA O,Jm);ﬂa ok
X B 06pa30BaHHM MOJIEKYJSPHBIX op6HTaJ1eu,C 11“ aa oot
BaTbCS MOCTOSIHHOH. HoaTOIYIy npH yMEHbHIEiHH(I)/I 61;;%“ 23,, 034
(UIHEHTE B CHMMETPHYHOH paspHixJswoled op

dexThl 110 0-op6uTasAM OyAYyT H33
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AOJIMKHBI YBEJIHYMTLCH. B COOTBeTCTBHH ¢ ypaBHeHHSIMH (IV.20) u
(IV.19) Bkaan B B reMuHajbuyio KOHCTAHTY IIPH 3TOM yMeHb-
wutest, a BkaAax C Bo3spacter. Bkaaas A u D B nepBoM mnpuGIH-
JKEHHH oOcTaHyTcA Oe3 usMeHeHHH. PasHocThb sHeprud E;—EFE,
MeHbuwe, yeM E,—FE;. ITostoMy yBeauueHne Bkaaga C npeBaJu-
pyeT H 2J cTaHOBHTCS 6oJiee NMOJOKHTEAbHON. DT0 u Habaogaercs
SKCNEPHMENTaIbHO (Tabs. 1V.10). OueBumHo, uTo TeM ke nyTeMm
MBI NIDHAEM 17 3aMecTutens ¢ - I-addextom K IPOTHBOIOJIONK -
HOMY IpeJCKa3aHHIo.

Paccyxknas TeM ke cnoco6om, MoxKHO npeackKasaTh, 4TO B Cay-
Hae SUNEPKONDI02ATUBROZO 83AUMO0ICTEUR ¢ AKYENTOPOM 3NEKTPO-
HO8 yMeHbUIMTCA BKAaA C u yBeamuutcs BkAag B, a BKaAagsl A u D
B NMEPBOM NPHOIHKEHHH ONATH He HU3MeHseTcs. Ho H3-3a MeHbliefi
Pa3HOCTH SHepruil H3MeHeHHs Bk/iaja C 6yIyT HMeTb GoJbliee
3HAaY€HHe H KOHCTAHTa B3aUMOJEHCTBHS cTaHeT GoJiee OTpHIA-
TeJBHOH. IDTO TaKXKe MNOATBepKIaercs 3KCIIEPHUMEHTaJNbHO (Tab..
IV. 10, puc. 1V.21). Peskoe yBeiuueHHe BeJHUHHDBI reMHHaJbHOH
KOHCTaHTbl B (OpMaJibJeTHe NpPEeACTABAAET OCOBEHHO BIEYATISIO-
WHi NPHMEP NPHMEHHMOCTH mpoctoli MO-Mopesny. 3necy — I-30p-
dexT aToMa kucaoposa u THIIEPKOHBIOraTHBHBIH MEPEeHOC 3apsia
C HECBSA3BIBAIOILMX OpGHTaTE/el HEMOAENEHHBIX 3MEKTPOHHBIX nap ua
rpynny CH, ycunusaior aApyr Apyra. AHaloruyHbiM o6pasoM rumep-
KOHDIOTalHsl B UMKJIHYECKHX NPOCTBIX 3GHPAX NPHBOAHT K MOJO-
KHUTeJNbHBIM H3MeHeHHAM 2J. HaxkoHenw, ¢ 3Tux nosuuuii crao-
BUTCSL TIOHATHOH H OMHCAHHAS BEHIIIE KOHGDOPMAUHOHHAA 3aBHCH-
MOCTL BIHSHHS 7i-CBA3€H W CBOGOAHBIX 3JIEKTPOHHHIX nmap Ha 2J.
Hx anektponnoe B3ammopeiicTeue c opburasbio W, onpeaensercs
BEJMYHHON COS ¢, T@ ¢ — yroa MexAy OChI0 2 U OChIO opburanu
3aMecTuTeN .

2.2. BHUMHANLHAS KOHCTAHTA CIIHH-CITHHOBOTO
B3aumonehctBus (3J)

CBefeHHs 0 BHLHHAJNBHEIX KOHCTAHTAX CIHH-CIIHHOBOLO B3au-
MONeACTBHS K 06 MX B3aHMOCBSI3H C XHMUYECKHM CTPOEHHEM Bech-
Ma o6mMpHH. B coraacuu ¢ TEOPETHUECKHMH pacueTaMH 6bijo
ll0kasano, uTo BesmuuHa 3/, 3Hak KoTopofi, Kak pamee 6BLIO ycra-
HOBJIeHO, BCEr/la MOMOXKHTENEH, B OCHOBHOM OMpefedsercs YeTHIPb-
M paktopamu: 1) Odsyepanueim yeaom ¢ Mexay paccMmaTpuBae-
MbiMu C—H-cBsisaMu (a); 2) daunoii cessu Ry, (6); 3) sasent-
Houmu yeaamu 6 u 6 (8); 4) SAEKTPOOTPUYATEAbHOCTbIO 3aMECTH-
Teast R Bo ¢parmente H—C—C—H (2). '

H

2 g “e—c” HA & H v
- N

\>\ C ’/C; ’ C—C\/
Rﬂly R

“a > 5 :
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Taéauua IV.11. 3aBuCHMOCTD BHUMHALHOH KOHCTAHTH CRHH-CIHHOBOTO B3aHMO-
neiicteua (I'n) ot asyrpanxoro yraa
12 ’
% ;
3 : H
J,ru, H H H CN ,OH o‘ OH
10 § / - Se=c( Se=c{ 04-H
HaC CN H,C H OH OH
8 [ H H
N 1,0 16,0 3,0 74
4L 1
‘ e M CoHe, _COOM H i
2 ' SO SC=C 7 A / '
R » COOH H
| H H H H
{ 1
o 20° so 80° 1oo° 120° u.o" 160"180" i 15,8 12,3 3,9 9,0 93
¢
Puc. 1V.23. Kpusan Kapnayca — KoHposi, onHchiBaionias 3aBHCHMOCTb BHIHHAJb- |
HONl KOHCTAHTBbl CIHH-CIIHHOBOTO B3aHMOJAEHCTBHA 3/uu OT ABYTPAaHHOIO yrJia ¢. @ H? iz 14 120 .COOR H
CnaouwHag JIHHHH—LEODETH‘IECKHS{ KpHBafl; SallITPHXOB&HHAasA naouans — 061acTb 3KCTIepH-  § " ‘. 3 /
MEHTa/bHLIX 3HAYEHHH. ! .g- » I (Jzoza ) 3,2 ) tooR
» 4 = 3 H H
2.2.1. 3asucumocts 0T 08Yy2parHoz0 yzad. 3aBHCHMOCTH BUIH- § H ezt Wopy ) 4,0
HaJbHOH KOHCTAHTH CHHH-CIHHOBOTO B3aHMOJEHCTBHSI OT ABYIpaH- | M - GO i ”7!7””5) 12,3 Jiu9,0 Jywe 9,4
HOro yrJia ¢ Oblla BHEDBHE TeOPeTHYeCKH npelickasana Kapmaycom
u Konpoem. Ona npeacrasnena na puc. 1V.23. Dta kpuBas onucol- Inpanc 4yh mpane 442
Baetcsi cooTHomennem (IV.22), roe nmocrosuubie A, B u C paBubl o

422, — 0,5 1 4,5 cOOTBETCTBEHHO. DKCNepHMEHTAJIbHbIE AaHHbIE Ka-

3] = A 4+ Bcos ¢ + C cos 2¢ (IvV.22) ; H>A(= H)AC " S
: COOR H =

YeCTBEHHO XOPOLIO COrJIACylOTCSl ¢ pacCyeTaMM, NPOBEIEeHHBIMH IJf | COOR H H
dparMenta H—C—C—H. Onrako 3KCNepHMEHT INOKa3bIBAET, UTO | 38 84

sHaueHus 3y 207 ¢ = 0 u 180° B o6wem Ha 2—4 T Gosbire, yem Jgue 12
paccudTaHHble, XOTsI TEOPETHYECKH NPEJCKa3aHHOE COOTHOLIEHHE § ‘//”/W’ 8,0
/1800 > 3Jo, Bcerna mnoATBepxkAaerca. [losToMy AJa  ypaBHeHHs i

(IV.22) Obuiu npelsoMeHbl 3MIMPHUECKHE HOCTOSIHHBE A =7, Br COOR Br Br

B= —1 u C=5. Kpusas Kapnayca — Koupos oObacHseT psal | .

BaXKHBLIX 3aKoHoMepHocTel (tab6a. 1V.11). Hanpumep, B osneduno- | HB, HCOOR
BHIX CHCTEMaXx CIHH-CIIHHOBOE B3aHMOJeHCTBHE MEXAY TPAHC-TIPOTO-

HaMH Bcerda OoJibllle, yeM MexXAy yuc-mpoToHamH. [TosToMy Jerko H? HE H? He
pas3iH4uaTh Yuc- W Tpanc-uzomepnl. s 1,2-AM3aMelleHHBIX 3TaHOB | oy 13 ,
CpaBe/lJIHBO COOTBETCTBYIolLee COOTHOWEHHE Joow << Jrpanc. Besten- Sl 90y Ud g
CTBHE 3TOI'O B KPECJOBHJIHOH KOHbOPMalUHH UUKJIOTeKcaHa B3aHMO- i rpane) 10,0 s ) 8p
DeHCTBHe MeXJAY JABYMS aKCHaJbHBHIMH NPOTOHaMI 60Jbllie, veM 2 (’J,,,W,,[) 33 J“._,n(ymm) 67
MeXIy NBYMs 3KBaTODHAJhLHBIMH HJIH MEXAY AKCHJIBHBIMH H 3KBa- —_—

TOpHAAbHBIMY (Jag > Jea & Joo). DTa 3aKOHOMEPHOCTH HCIOJIB3YET-
¢l KaK BaXKHbIH KpUTepHH B KOH(MOPMALHOHHOM aHaJiH3e NPOH3BOA-
HBIX [LHKJIOTeKCaHa H caxapoB. Tak, B f-thopMe IJIIOKO3bl aHOMEPHBIH
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Puc. V. 24. CooTHOWEHHE MEXILY BHILHH A/IbHOH KOHCTAHTOH 3Jun H nmﬁou CBA3
Ruv 8 HenachIlleHHbX WECTHUEHHEIX KOabLaX (TTaBauuex, Frou:ep E/”]).6 .
- N — 6eH30a3
— H — aHTpalieH; Vi — uuc-S,G-AHMﬂunuHKnoreKca)meH 1,3; -
IVIIlHa—cpt;:ﬁgg-’rpeHY X —Pﬁidoeﬂﬂneﬂ; X — GeHaoUHKI0GYTeH; X1 — uHMKJOTreKCeH:; X1

rpumol 4.3.1.04+6] xexannen-2.4.
y:Ke 0TMeuasnoch (cM

TO
OTOH He TOJbKO CHJIbHEE SKPaHHpOBaH, q
oa 10 KOHCTaHTy, Ue€M

pasi. 1.3), HO H HMEET 66bLIYI0 BHLHHAIBHY
-bopMme.
* (b?)%oﬁble 06CTOATENBCTBA HMEOT MeCTo s TPEeXUJIEHHOro LMK
na. 34ech AByrpaHHbIfi yroa AJA {Uc-TPOTOHOB paBen 0°, a Ax
TPAHC-TIPOTOHOB OH COCTaBJSICT npHMepHO 13(3). B CO?}BGTCTI;HI;
KpHBOH Ha PHC. IV. 23 MOXHO OXKHAATb, 4TO Jyue = Y rpanx,
Beernaa TOATBEpKAAETCS SKCIIEPHMEHTAbHO JJIA Mapbl YUC, TPAH
aMellleHHBIX [HKJIOMPONaHOB.
mo?‘?i{i 3COOT]:{lOUleHH$I cripaBe/IHBEL ISl STHICHOKCHAA H asup
auna. Jlis MpOH3BOAHBIX UMK/IOOyTaHa W LHKJIOMEHTaHa AByrpa
HBle yribl MeHee YeTKO onpenensioTes, Tak KaK LHKJB! oyeHb 10
BuKHB. [103TOMY OJHO3HAUHOE onpeneneHne KOHGHrypalu# H
ocrope 3naueHuil 3J B 3THX cHCTeMAaX, KaK IMPaBHJIO, HEBO3MOXKH

9.9.9. 3asucumocTs OT OAuUHbL C6A3U R,,. Ha puc. IV. 24 B
KOHCTaHTH
Lcligiﬁggeﬂeﬂacmmeﬂﬂux LIECTHUJIEHHBIX LMKJIAX OTJIOKEHB TP
cup QJMH cBA3eldl Ry, OMPEACTCHHBIX MpH TOUHBIX CTPYKTYPH
ycc/ieIOBaHHSX COOTBETCTBYIOLLHX cOoeHHEHHH.
. JByrpannbie yrasl B paccMaTpHBaeMbIX coenuﬂeﬂmg oﬁg
HO TpPHHATb PaBHHIMH 0°, a MOCKOJIbKY BJMfHHE YLJICBOL p

CIIHH-CTHHOBOTO p3auMmojeicTBHsT B HE
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3aMeCTHTeJIeH rIpeHe6pe>KnMo MaJo, JHHelHOe COOTHOLIEHHEe

(IV.23) MOXHO paccMaTpHBaT
. b KakK CleJlCTBHe H3MeHeHUH IJHH
cpsisu C-—C. 3nauenuns 3/yuy, A

3/ = — 35,10R,, + 56,65 (IV.23)

TAaKHM 00pa3’oM, OYeHb UYBCTBHTEJBHB K MaJbM pPa3/IHUHAM B
nanHax ceased C—C. Ecan apyrue ¢akTopel MOCTOSHHBL, ¢ HX
IOMOIIbIO MOXKHO NOJIYYHTb CBEAEHHA O CTeleHH aJIbTepHHp’OBaHHSI
cBA3EH B UHKIHYECKHX fi-cucTemax. [lockosibky B Teopun MO ro-
pANOK CBS3H JIHHEHHO KOPPENHpPYeT ¢ JUIHHOH CBA3H R, Cylle-
CTBYeT TaK¥Ke JIMHEHHOe COOTHOILIEHHE MeXy HOleIKal\ldL;’ B34
Pyv n snaueHuamu 3J. /s apoMaTHUeCKHX COeJAMHEHHHI GeH30JIb-
HOTO pfila BbOJNHsAETCA ypaBHeHHe (IV.24). Takue e cooTHOLIe-

% =12,47 P,,— 0,71 (IV.24)

HUsl ObLIH BbIBeeHb H JJIA IVIOCKHX [OATH- H CeMHUJIEHHBIX IIHK-
JIOB, HO H3-332 pasiuuust BaJjeHTHHX yrioB HCC B artux nukmiax
B HHX ApYyrHe KO3 HIMEHTHI.

ITarudnennole yuxaor: 3 =17,12P,, — 1,18 (V. 25)
% = —32,62R,, + 48,45 (IV. 26)
Cemuurennoie yurkaor: 3] =21,91P,, — 3,85 (IvV.27)
%] = —36,74R,,, + 60,68 (IV.28)

2.2.3. 3asucumocte or sasenruoix yeaos HCC. Bausiame 3Toro
(pakTopa Ha BeaHuuHy 3/up siCHee BCEro MpPOSIBJIAETCA B 3HAUEHUSX
BHIHHAJBHBIX KOHCTAHT YUC-IPOTOHOB NpPH MBOHHOH CBSI3H B IHK-
JHYECKHX MOHOOJME(pHHAX C pasJHYHBIMA pa3MepaMH LHKJIOB. B
HUX JByrpaHHblil yros paBen 0°, H MOMHO NpPHHSITb, UTO oTCyT-
cTBylOT 3dGeKTn samecrutenedi. Kak mnokasmsaer Ta6m. IV )1’2

. .12,

Ta6auna 1V. 12. 3a

. 12. 3aBUCHMOCTb BHUHMHANBHOA KOHCTAHTH CIH
) HH-
B3auMoelicTBHA 3J oT yryo O 1 0/ critioBoro

H H
q( 05-15 @( 88-110 H 40
H«
H H H
G[ 25-37 @ 9-126 @E 7,5
?
H H H
H H A
G( 51-70 @ 10-13 “Nn 10a
H H = )
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HabawaaeTcs ycToHuuBbIH poct 3J,uc NMPH Iepexoie OT LHKJONPO-
nmaHa K GOJbIIAM [HKJaM, J/1s BOCbMHUJEHHLIX LHKJOB Ha0JIo-
HZaloTCs TakHe e OoJsbliMe BHUHHAJbHBle KOHCTAHTHl, Kak B
alyK/AHUecKuX ogeduHax. M3 3TuX AaHHBHIX Mbl 3aKJ/HOYaeM, YTO
yMeHbllleHHe BaJeHTHHX yrioB 6 u 6 Beger x pocty *Jum. 70
HabJi0/leHHe MOATBEPKAAETCA H JAHHBIMH JJisl aPOMATHYECKHX CO-
eJHHeHHH.

2.24. d¢gexror 3amecruress. IIpH BBeJleHHH 3JIEKPOOTpHLA-
tenpHoro 3amectuteass kK ¢parmenty H—C—C—H mnabawonaerca
yMeHbllleHHe BHUHHAJbHOH KOHCTaHTBl KaK B HACHILIEHHBIX, TaK
U B HeHacHILIeHHHX cHcTeMax. Jl/1si 3aMellleHHbIX 3TaHOB COOTHOLIe-
HHe MeXJAy H3MeHeHHeM 3JeKTpooTpHuarteabHocTH AE = E(X)—
— E(H), BHI3BaHHBHIM 3aMeHO}i BOJOpPOJHOro aroma Ha rpymny X,
H KoHCcTaHTOH 3/un HMeeT BHA

3Juy =9,41 — 0,80 AE (IV.29)
,UJIH 3aMelleHHbIX 3THJEHOB MOJYYEHDI IIOILOGHbIe COOTHOIIIEHUd:

3 rpanc = 19,0 — 3,3 AE (IV. 30)

yue = 11,7 — 4,7AE (Iv.31)

Ilaunble Ta6a. 1V. 13 xopowo HAMIOCTPHPYIOT 3TOT 3(h(exT.
Pasauune ko3pduunmentos B ypaBHenuax (IV.30) u (IV.3l)
IOKa3blBaeT, YTO HMeeT 3HaueHHe H IIPOCTPaHCTBEHHAs OpHeHTa-
uusi samecturenss X so ¢parmentre H—C—C—H. Ilpumepom Mo-
KeT CIyXKHTb 4-¢eHua-1,3-nuokcan (46). OObeMHCTHI (eHHIIb-
HBI 3aMeCTHTeJb, KaK MOXHO ToJarath, (PUKCHDYeT 3Ty MOJeKy-
ay B Koupopmanuu 46a. IIpocTpaHCTBEHHOE OKpyXKeHHE CBS3H
Cs—Cs MOKa3ablBaeT HbIOMEHOBCKas mnpoekuns 466. HecmoTps Ha
HeGo/bIIHe H3THOB LHKJAA, ABYTPaHHbE YIJb $cq H Pap PaBHBL

Tem ne MeHee 3J.s oTyiHYaerTcs OT 3Jgp, KaK I0KA3BIBAIOT JKCNEPH- 4
MeHTaJbHEle 3HaueHHs Ha dopmyde 466. Cyis no HHM, BJIHSHHE |

Ta6auua 1V. 13, Bansune saMecTHTeNed Ha BHUHHAJBHYKO KOHCTaHTY
CITHH-CIIHHOBOTO B3aumoneficrans 3/ (I'm)

Coeavnenue U CoeAxnenne yue Irpanc
CH,CHa—Li 8,9 H H
—SiRs 8,0 Nec” 193 239
_CN 7,6 #”  \Li
—Cl 7,2 \SiR, 46 204
—OCH,CH; 7.0 N
N CH, 10,0 16,8
—OR, 47 N
cl 7,3 14,6
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Puc. 1V

saawou.egxi'mggm;yﬂe 3AMECTHTEJNIS HA BHUHHAJIBHYIO KOHCTaHTY CHIHH-CNHHOBOLO
2itio] HH B ST4HE H STHAQTOPHAE B 3ABHCHMOCTH OT TOPCHOHHOIO
y pesyJbTatam pacyeros metogom MO (Iaxaep [12])

SMEKTPOOTPHIATENILHOCTH KHCIOPOAa GOJble CKA3HIBAETCS HA Nape

Bonmoponos H,, Hs MakcuManbHoe piusiHue 3aMeCcTHTeJd Ha BII){-

UMHAJLHYIO KOHCTaHTY CIIHH-CIIHHOBOTO B3aHMOIEHCTBHS HaGIi0-

A4ETCA B TOM Calyyae, €C/IM 3aMECTHTENb HAaXONHTCH B TPARC-TI0J10-

;}\aeémn K OMHOMYy H3 mpoTOHOB cocenneii CHp-rpynnm (49). 3to

Koﬂggieéx:& I;?ﬂTBer{ﬂaeTCﬂ H JpYTHMH JaHHbIMH, HalpHMep
HH B H30MEDHBIX LHKJOreKcaHosax 47 wu 48.

H
CgHs™ 0/\ ch a H, Ha
5 ’ X 10 . %OAB
0 H H
Ha b )

Yag= 51 My
Jra® 2970, 46742,
46a 4608 a7
OAc H

H,

49
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| - uc. IV.26. 3aBHCHMOCTL BHIH-
E - HalbHOTO CIIHH-COMHOBOTO B3a-
L ©. Mg - HmonedcTBHA 3/z 3 B NpOH3BOA-
L 1 HBIX GeH3ONM2 OT 3/MeKTPOOTPHUA-
65 { TeJbHOCTH 3amecTHTeneli  (Ka-:
L I N I .Sl L1 7 creanaso, Can [13]). :
1 2 3
E

Hafimennasd 1mo 3TUM LAaHHBIM 3aBHCHMOCTb BJIHSIHHS 3aMecTH- §
TeJs1 Ha BHIHHAJbHbBIE KOHCTAHThI CIIHH-CIIHHOBOIO B3aHMOJel-}
CTBHS MOATBepxkjeHa pacuetaMu no Meroxy MO. Kpusbie Kapm-
ayca — KoHpost pis sTaHa M 3TUA(TOpHAA, ITpHBEJEHHbIE Ha
puc. IV.25, nOKaswBalOT, YTO BBEJEHHE 3JEKTPOOTPHLATENHHOIOH
3aMECTHTe/IS CHBHTaeT KPHBYIO TaK, 4TO BO3PAcTaloT BeJHYHHH |
3] mna HekOTOpPHIX KOHpopmauui (Hampumep, ¢ = 240° 0 = 120 )4
Ectb n 3KChepHMeHTaJbHble YKa3aHHA Ha 5T0. KpoMme TOro, Mox-j
HO TNOKa3aTb, YTO HHTErpajbHbIH 3((EKT 3aMECTHTENS C YUeTOM]
MOTHOTO BpAllleHHs. JOJKeH IPHBECTH K yMEHbIIEHHIO KOHCTaHThif
3Juu, ycpelHeHHOH MO BCeM BO3MOXKHBIM KOHpOpManusaMm. IT1o CO-
rJacyercsl ¢ SMIHpHYecKHM cooTHomeHHeM (IV. 29).3 |

Mexanuam BIMAHUS 3aMeCTHTeJNs Ha BeJHUHHY 3/ B mocjennuel
roabl 6B HCCaeNoBaH TeoperHueckH. [IpoABHHYThiE pacyeTol Ha
CBHIL[EHHBIX M HeHAaCHILIEHHLIX CHCTeM OOHAapy:KHJH IIHPOKO pac
IPOCTpaHEeHHOe aJbTeDHHPOBAHHE 3apANOB B MOJADHBHIX MOJEKY
jJax. (910 npotuBopeunT O6oJjiee pPaHHHM B3ILJIALAM, corJ1acig
KOTODHIM MpeAMNoJarajoch, YT0 NPH nepejaye HHAYKTHBHOTO 3¢ ek
Ta MO YIJIEPOJHOH ILleNH MPOHCXOAHT MOCTelleHHOe 3aTyXaHue 3aj
pala, a He ajpTepHuHpoBanue.) Takum obpasom, aIbTePHHPOBAHNE
3HakoB AJ TaKXe HaxOQUT pauHOHaJbHOe OOGBbsCHeHHe. DTH COO
HolleHHs ObIH 0COGEHHO TLIATeJbHO HCCJeNOBaHH Ha MpHMep
MoHO3aMelleHHbBIX GeH30J0B. BhisiBJeHHAS HPH 3TOM 3aBHCHMOCTH
KOHCTaHT Jg, 3 OT 3JEKTPOOTPHLATEIbHOCTH 3aMECTHTENS IpH
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Ta6anua 1V. 14. BunMHaJbHREE KOHCTAHTH CNIUH-CIIHHOBOI'0  R3aHMO-
neficteust 3yy (Tu) B m-KOMNZIeRcax NIEPeXOAHBbIX 'METaJJIoB C Opra-
HHUYECKHUMH JIHTaHAaMH

- —
KP Fe(cm,- E—--F.(co),
H H H ’

H

H
9 6,6 0
4
H HL H‘ )
3 --,-Mo(CO_)3 3
H | H? H! H.e
AL H? FelCO2
Jy =89 Jip = 86 Jn=18
J3 =12 3= 8,4 J3,= 7,8
H' H
H? J_ H?
o e
H3 H3
H* H¢
Jo = 83 Jip = 6,7
Jyy = 69 Jyg = 6,

lokasana na puc. IV.26. Ho HamGosee HmOCTpaTHBHO cpaBHe-
Hue 3HaueHui *J B GeH3osie W MHPHIMHE;

H 756 T

H H
=
CI ) 7,54 Iy, < | )L,eeru
N™ H

H

Biusnne samecrurens wa snauenme 3/ Bo ¢parmente HC—
—HC—CoX nposBasercs co peeii OYEeBHIHOCTbIO, a 3ddeKT npu
SaMelleHHH Ha y/laJleHHH TpeX CBssell OT ¢parmenta H—C—
—~C—H, kak, nanpumep, B cTpykTypHO# eaunnne HC—CH—C,—
—CgX, MOXHO BHIIBHTH TOJIBKO IpH OYeHb NPEUH3HOHHHX H3Me-
PeHusx. Touunl aHanu3 CIEKTDOB MOHO3aMeLUeHHHX 6eH30J0B
Ipuoaut x cootHowenuio (IV.32), KOTOpOe ellle pa3 MOATBepi-
Alaer usMeHenue 3HaKa addeKTa 3aMecrutess AJ:

%' =7,634 0,51 AE, — 0,10AE (Iv.32)
B

5 X CodTep




180 Faasa 1V

Ocoboe BaHAHHE 3aMecTHTeJeld Ha BHIHHaAJbHble KOHCTAHTHI
Ha6J/0aeTcsl B KOMIJIEKCAX MepeXOJHBIX MEeTaJlJIoB C oJiepHHaMHU
u apenaMi. B Hux 3HaueHHs 3J4uc YMEHDBIIAIOTCH 110 CPaBHEHHIO
CO 3HAYEHHAMH JJI51 HEKOOPAMHHPOBAHHOM MABOHHOW CBA3H Ha 2—
3 T'm, a 310 yMeHblieHHe B JKeNe30KapOOHHJbHBIX KOMILIEKCAX
Gosbllle, 4eM B KOMIJIeKCaXx KapOGOHHJIOB XpoMa H MoJu6JeHa.
JlanHble AN HECKOJbKHX TaKHUX COEJHHeHHH, a TaKXKe [ CBO-
GoMHBIX JHTraHIOB MpeiacTaBieHsl B Tabs. IV.14. B xesnesokapGo-
HHJBbHBIX KOMILIEKCAX MPOM3BOAHBIX HUKA0OyTaJHeHa BJIHSHHe Me-
TajJga MOpOfABAsercs B TOM, YTO MaJjasl BHUMHAaJAbHAS KOHCTaHTa
KOJIbIIeBbIX IPOTOHOB B KOMILJIEKCAX CTAHOBUTCA DaBHOH HYyJIo0.

2.3. JlaJbHHe KOHCTAHThLI CIIHH-CIIHHOBOIO
paaumopeicteua (4, 5J)

3HayeHHs FeMHUHAJbHBIX H BHIMHAJbHBIX KOHCTAHT CIHH-CIIHHO-
BOTO B3aHMOJIEiCTBHSl JieXXaT OOBIYHO B HHTepBase 5—20 'l u
NposIBJAAIOTCS B BHAE JIErKO paclo3HaBaeMbiX pacllemyeHuit B

crnekTpax. DOJBIIMHCTBO 2Ke JAaJbHHX KOHCTAaHT Yepe3 4YeThlpe, §

5T WJAH GOJbliee UYHCAO CBfA3efl MPUBOAHT K MaJbiM paclielJe-
HUSIM B HeCKOJbKO repli Mau MeHblie. [loaToMy TakHe pacllene-
HHSl OBIM OGHApYIXKEHb! JIHIIb NOCJe TOro, Kak paspeuiamoinas cro-
co6HocTb crnekrpomerpoB IMP Obuia cuabHo yaydmena. Ha ce-

rOAHSIIHRKI JAeHL 6e3 GOJbIINX TPYAHOCTEH MOKHO OOHADYXKHTDH §

pacmensenuss 0,2 [y u naxke MeHbure. JTO CHesal0 JAOCTYIHBIM

GoraTyio CTPYKTypHYI0 HHGOpPManHMio, CKPHITYI0 B JAaJbHUX KOH- ]
CTAHTAX CIHH-CIIHHOBOrO B3auMoOJeicTBHA. Kak mpaBuno, 3Ta §

rpynna KOHCTAHT CHOHH-CIIHHOBOIO B3aUMOLEHCTBUSA YKJIaabiBaeTCA

B uHTepBaa 0,1—3,0 [u. Berpewalorcss u GOsblive 3HAYEHHs, HO

3HAYHTEBHO pexe, 4eM Jis KOHCTaHT 2J u 3/,

Jlns MHTepnpeTalMH JaJbHHX KOHCTAHT OKa3asoCh MOJIE3HbIM
paccCMOTPeTb O- M T-MeXaHH3MBl MMepelaud CIHH-CIHHOBOTO B3aH- §
MomelicTBHs, B 3TOM NpuGAHXKEHHH MOJAralT, YTO CIHH-CIIHHOBOE }
B3aMMojeHcTBHe TnpelcraBiseT coboii cymMMmy BkaajoB J(o) H j

J(x), mepeRarolIMXcs O- H T-3JEKTPOHAMH COOTBETCTBEHHO.

CHHH-CIHHOBOE B3aHMOJEHCTBHE, IepefaBaeMoe O-3JeKTPOHA- |

MH, yXKe Obl10 mpeicTaBieHo cxemartuuecku Ha puc. II. 12. Mox-

HO COCTaBUTb AHAJOTHUHYI0 AHArpaMMy H 1js ni-MexaHusma. Pac- |
cmorpum rpymny CH ¢ sp?-ruGpHIHBIM  aTOMOM yrJiepoxa §
(puc. IV.27,a). B nepsoM NpUOJHKEHHH B3aHMOJEHCTBHE MEXAY §
NPOTOHOM H -3/1eKTPOHOM Ha 2p,-OPGHTaNM HEBO3MOXKHO, IO: §
CKOJIbKY TIPOTOH JI€KHT TOYHO B Y3JOBOH IJIOCKOCTH 3TOH OPOH- |
raau. OJHAKO M3 JAaHHHX  cnekTpockonmHu IIIP  u3BecTHO, UTO |
5TO 3aKJIHeHHe He BepHO, TaK KakK HabJII0JaeTcs CBEPXTOHKOE:
pacuienyerue JuHHH B crnektpax IJI1P HOH-PajMKalOB J-CHCTEM

38 CYEeT MpsIMOro B3aUMOJEeHCTBHSA [IpOTOHA C HeCHapeHHLIM 3JIEK-

TPOHOM, DACNOJIOKEHHBIM Ha 2p-OPOUTANM TOTO e YI/IepOIHOIO §
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Puc. IV. 27. CxemaTHuecKoe npeAcTaB/eHHe T-MeXaHH3Ma CHHH-COHHOBOFO B3aHMO-
JEHCTBHST MEeXAY NpPOTOHAaMH.

aroma. [Ins Toro 4to6b 06bACHUTL 3TOT (aKT, MPEANoJaralT, YyTo
HECNapeHHbI 3JIEKTPOH TOJISIPH3yeT JABa 3JaeKTpoHa cBssH C—H
TakMM 006pasoM, YTO OJMH M3 HHX C NapaJjsIeIbHOH OpHeHTalHeil
CIHHA TNPEHMYIIeCTBEHHO JIOKaJH3yeTCs Ha aToMe yrjepoja
(puc. 1V.27,6). Tax Ha npoToHe BO3HHMKaeT Mpeobaajamomas Mar-
HHUTHAsl NOJISIPH3alMsl NPOTHBOMOJNOXKHOTO 3HaKa, KOTOPAsi MOXeT
OBITb NMapalieJbHOH WJIH AHTHNAPaJJeNbHOH SAEPHOMY MAarHHTHO-
My MOMEHTY. DTH /BEe BO3MOXXHOCTH JHePreTHUeCKH pas/iHuYaioTcs
BCJIEICTBHE 3€eMaHOBCKOIO pacllenJ/ieHHss ypOBHell 3JIeKTpPOHa B
MAarHHTHOM I[I0JI€, a TIO3TOMY BOSHHKAaeT H pacllellieHHe JHHHH
SIP.

ITpeano/oxKHM, YTO TAKOB K€ 7-MEXaHH3M Nepelayd CIHH-CIH-
HOBOro B3auMojelcTBusa B crnektpockonuu SIMP. Orauuue cocrout
TOJIBKO B TOM, YTO MOJISIPH3allHsl CIIHHA BO3HHKAeT Ha OJHOM MpO-
TOHe M INepelaeTcss Ha APyrod. Mbl MoxeM o6CyXaaTb oG- H 7i-
BKJaAbl B BHIHHAJbHYI0 KOHCTAaHTY CIIHH-CIIHHOBOTO B3aHMOJel-
CTBHSl Jaxe B NMPOCTOM CJyyae ONHOH IABOHHOH cBsisH. CxeMmaTHue-
CKH 3TO mpefcTaBjeHo Ha puc. 1V.27,s Pacyer no meroay sa-
ACHTHOLX C6A3etl TIPUBOJHT K BBIBOAY, YTO J-BKJAad B BHIUHAJD-
HYI0 KOHCTaHTy 3J(m) NpONOPLHUOHAJEH NPOH3BENEHHI0 KOHCTAHT
csepxtoHkoro s3auMojeictsua a(C—H) B crnektpe IIIP, kotophie
XapaKTepPH3YIOT MAarHHTHOE B32aHMOJAEHCTBHE MEXIY 3JIeKTPOHOM H
finepHpiM cnuHoM B rpynne =C—H. JletanbHble pacuers MoKasbl-
BAIOT, YTO BKJaJ J(7) B BHUHHAJBHYIO KOHCTAHTY CIIHH-CIHHOBOrQ
B3aUMOAEHCTBHUsl cocTaBiaser okogao 109 obuwell’ Beaugunsl. Crus-
CIHHOBOe B3aHMOJeHCTBHE yepe3 O-3JeKTPOHHBI GLICTPO YMEHblIaeT-
Csd Cc DOCTOM 4YHCJA CBsi3eH, pa3fe/sOUIMX B3aUMOAEHCTBYIOLIHE
aapa. [losTOMy MOXHO MpeanoJaraTh, YTO BKJal M-3JEKTPOHOB
B JanbHee CIHH-CIIMHOBOE B3aUMOAEHCTBHE HMEET 3HAYHTEJbHO
Oonblee 3HaueHHe. DTO ACHO NOKA3LIBAIOT PE3yJbTATH, NOJyYeH-
Hble 1J18 HEHACHILUEHHBIX COeNHHeHHi. B cieayomem paspgene Mbl
CHayasa oGCYyNHM CHTYallHio, CYUIECTBYIOILYIO B HACHILIEHHLIX CO-
€lMHeHHAX, a 3aTeM paCCMOTPHUM JajibHee CHHH-CIUHOBOE B3AU-

o*
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MOJEHCTBHE B HeHAacCbIUIEHHBIX COeJHHEHHSX, OﬁpaTHB ocoboe BHH-
MaHHe Ha m-BKJaJd B HETO.

2.3.1. Haceuuernoie cucremo.. KOHCTAHTH CIOHH-COHHOBOIO B3a-
uMoneHcTBHS *Juy W %Jun HAOJIODAIOTCS B HACHIULCHHBIX COEMH-
HeHHUsiX, B uactHocTH ecaH cBsidhi C—H u C—C o6pasyor koH(H-
rypauHio 3uraara THOa

C C H

WY e Sy e OO

B cayuae 4/ roBopaTt cooTBeTcTBeHHO 0 M- uau W-kongpueypayuu.
Tak, B a-OPOMUHKJOIeKCAHOHE, KOTOPHI} CylIeCcTBYeT B KpeCJOBHA-
Holt Kondopmauuu 50, mexnay nporoHamu Hs, Hs u Hc 6b1H 06-
HapyXeHbl CIHH-CIHHOBHE B3auMojeHcTBUs BeauunHod 1,1 T,

B 6uuHKJHYecKHX cHcTeMax 51 u 52 KoHpurypauus cBsizefl AJs
NPOTOHOB, CBSI3aHHBIX JaJbHHM CIHH-CIHHOBBIM B3aHMOJEHCTBHEM, |
TakXe yaoBaeTBopsier M-KpHTepHio. Benuuuna ¢/ mnosesHa TpH |

onpeaeJeHHH CTCPCOXHUMHH H3OMEPHBIX 3HdO- H 3K30-IIPOH3BOAHBIX
OHLHKJOTENTaHa, MOCKOJbKY TOJBKO SHOO-HPOTOH pacuiennasercsa

Ha QHTU-TIPOTOHE B TojoBe MmocTa. Oco6enHO OO/bUIHE 3HAUEHHS |

HafileHl B HaNpsXKEHHBIX CHCTeMaX, TaKHX, Kak OHuukao[2,1,1]-
rekcan (53) u 6uuukao[l,1,1]menran (54). 3To He yAHBHTENBHO,
ec/IH ydecTb, YTO B 3THX COEJHHEHHSIX CYIIECTBYIOT JBa HJIH TpH
pasJHYHBIX MYTH, N0 KOTOPHIM NepejaeTcs CIHH-CIHHOBOEe B3aHMO-
JleicTBHe, B TO BpeMs KaK B COEJHHEHHSX, PAacCMAaTPHUBABIUHXCH
[0 CHX NOp, TAKOH NYTb TOJIBKO OJHH.

H
Br H H
Ha HC
H
0
H, H H
Jab Jgo~Jpe~ My, J=0,9Ty, J=3-4Ty, J=8,7-81y,
50 51 52 53
H—~{>—H H-@—H
10y, 18
54

B HachlmieHHHIX cHCTeMax 2/ BCTpeyaeTcd 3HAUHTENBHO pexe.
B kauecTBe MmpuMepOB NpHBEAEM 3J]eCb COeAHHeHHsa 55 u 56, Ecan;
HapyllaeTcsi KOMJIAHAPHOCTb CBA3eH, TO BEJHUHHB */ W 8/ GHICTDO
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ymenbllaioTes. TeM He MeHee B CTepOHJax ellie MOXKHO Pas/HUHTD
5KBATOPHANLHYIO W AKCHAJbHYIO OPHEHTALUMH METHJAbHBIX TpyMH,
MOCKOJIbKY, HECMOTPSl Ha BpallleHHe MEeTHJIOB, [WHPHHB pPe30HaHC-
HbIX JHHHA pasnuuaiorcs (57, 58).

H

H. CeHs %
0 0

0 CH3
/ _CH3
H H H H

H
CoMs !
J=23 10y J=1,25y 4 ~15My 4~ 100y
55 56 57 58

2.3.2. Henacoruennole coedunenus. B coepuHeHusx, comepa-
IHX T-CBA3H, HeOOXOAUMO paccMaTpPHBaTb Kak oO-, TAK H m-BKJa-
ALl B KOHCTaHTHl CNHH-CIHHOBOro B3aumonaedctBud Juu. [dag m-
BKJaja YyNOMHMHABIIHeCS BBIIIE pacueTbl 10 METOAY BAaJEHTHBHX
cBA3EH MNpENCKa3blBAIOT NPONOPUUOHANBLHOCTL J(m) M KOHCTAHT
CBEPXTOHKOro paculenjenus a p cnekrpax IIIP suma (IV.33)—
(IV. 35). 9Tn cooTHOlIeHHS NO3BOJAIT NpeACKa3HBaTh 3Hak J (i)
H OlleHHBATb €0 BEJHUHHY.

HC=CH: 3] () o< a(C—H) - a (C—H) (IV.33)
HC=C—CH: Y (1) o« a(C—H) - @ (C—C—H) (IV. 34)
HC—C=C—CH: % (1) o< as(C—C—H) - a (C—C—H) (IV.35)

Has 4J(n} B araursnoti epynne Tima HC=C—C—H 3nak no-
JyyaeTcsi OTPHLATENbHBIM, HNOCKOJBKY a((']——-H)=—65-106 Fu u

a(C—C—H)=150cos ?¢-105 T'u. Kpome Toro, moaxHa Habuio-
JaThcA 3aBHCHMOCTb OT TOPCHOHHOTO yraa ¢;

BC;TIEHC’I‘BI/Ie 3T0r0 GOJbliMe fM-BKJA3aAB B CIIHH-CIHHOBOE B3aUMO-
AencTBHe OOHapyXHBalOTcd AJas KoHpopmauuii ¢ ¢ =0° u ¢ =
== 180° a npu ¢ = 90° u ¢ = 270° ujen cos? ¢ obpauaerca B HyJb
I T-BKJ1afl Hcuesaer.

Ilna nponenos 59—61 Geiv HajifieHn 3HaueHHss *J, KOTOphie
SKCIepHMEHTANbHO MOATBEPKIAIOT 00CYXKIABLIHECS BbILIE COOTHO-
lieHHs, Tak, BBeJeHH¢ OODBLEMHCTON aJKHJABHOH Tpymmbl IPHUBOJUT
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-2k / \ Puc. 1V. 28. Kondopmann-
/ \ /) \ OHHAasi 3aBHCHMOCTb aj-
- K N_~ N JHMJABHOTO CITHH-CITHHOBOTO
pzaumogeiicteus  {(CrepH-
[ TS U RN RN MUY WHN TR NN TR S xean {10]).
90 180 270 360°¢

K npeo6/afaHHI0 KOHPOPMAlHH C ¢, TPUOAHSUTEIDHO PABHLIM 270°,
[osTomy B psagy 59—61 m-BK/IaJ B aJUIHJbHYIO KOHCTAHTYy HaiaeT
u 4/ yMeHbliaercs. DTH pe3yJbTaThl MOATBEPKAAIOT TAKKE, HTO
4J(m) UMeeT OTPHUATENBHBIH 3HAK. B uHK/JIHYECKHX CHCTeMax, Ha-
npuMep B JakToHe 62, wacro HaGumonaTCs OdeHb 6oJiblliHe 3Ha-
yenus 4J, MOCKOJBKY sl HHX IpeoGsajfaioT KOH(pOpMalHH C ¢ =
= 0° uan ¢ = 180°. C napyroit cTOpOHbI, s KoHopMaLHi ¢ ¢ =
— 90° Ha OCHOBe ITHX AAHHBLIX H B COOTBETCTBHH C OODBACHEHHEM,
npuBeJeHHEIM B pasi. 2.3.1, caenyer OXHAATb, HTO 6yner IOMH-
HHPOBaTh BK/AaA *J(0) H KOHCTAHTA JO/I2KHa 6BITh MOJOXKHTEJNbHOR.
JleficTBHTENIbHO, B IMKJIOreKcalHeHax 63 3HaueHus *J cocTaBAAIOT
or +0,5 a0 +1,0 I'n. Tor xe MOPAAOK BEJHYHHBI MMeECT H IO-
JOMKHTEJbHAS KOHCTAHTA CNHH-CIHHOBOrO B3aHMOJEHCTBHA MeTa-
MIPOTOHOB B MPOH3BOJAHBIX Gensona (64).

H\C§ H\ \\\\\CHg i} H\ :Ten—Bu
H H
- N\ /.
‘ \C=c/ > >C=C< CH4 /C=C\ mpem-Bu
H” H H H H H
Sgwe 133 -117 -0,10
f'/mpwm' 175 - 143 -083
59 60 61
H
H i .
= H H
H{LO R ><:><
H 0 H H
AL 9:05-11Ty Y=1-3ry %255 - 11Ty
62 63 64 65

Ha OCHOBAaHMH 3KCIepPHMEHTAJbHLIX [aHHbBIX 3aBHCHMOCTDb
4] panc KAK CyMMBl BKaaj0B *J(o) m *J(m) B CTPYKTYpHOM ¢dpar-
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MeHTeUHC=C—CH OT TODCHOHHOTO yrjia ¢ MOXKHO MpPEJICTaBHTh
KpHBOH, NpHBeleHHOH Ha puc. IV.28. AnajoruuHbli pesysbTaT no-
aydaeTcss U Aas 4J,uc, HO B 3TOM caydae s KOHGOpMAUHH ¢ ¢ =
== 90° HeT GOJIbIIOTO MOJOXKHUTEJNBHOIO O-BKJa/a.

Hast eomoaraunrvrod xoHctautsl °Juy, HabaogaeMofl B CTpyk-
rypHbiX @parmentrax HC—C=C—CH, xoudopmannoHHas 3aBHCH-
MOCTb COBEPIIEHHO AHAJOTHYHA TOJbBKO 4YTO 0BCyxkAaBUIECs BhIlle
st 4. OgHako, nockoabky °J(m) HMeeT IOJNOXKHTEIBHBI 3HAK
(cM. ypaBHenue 1V.35), o- H m-BKAaAb B 5Juy CKJIAJBIBAIOTCS
B 6/aronpHATHHIX CJydYasX yAaercd HabJa0AaTb OuYeHb GoibIHe
sHaueHus °J, kak B 1,4-muruapo6ensonax (65), riae cyliecTByior
jBa MYTH TMepefayd CIOHHOBOH WHpOpMauHu. B mnpoTHBOmoJox-
HOCTb 3TOMY B CaMoM O€H30Jieé KOHCTAHTa B3aHMOJEHCTBHA napa-
NpOTOHOB cocTaBJjser ToabKo 0,69 I,

H
H H H
OO N\ ~05-10m
X

J~08My H J~0,2Ty H X=0.S NH
66 67
H N
H R H/W Q—C\\
(o}
; ; ) " |
mpanc,mpone = 1130 T ./WWNM;O,GOF“ J=04Tu
68 69

Ilns psilla HeHACHILEHHBIX CHCTeM OGHAPYKHBAKTCA KOHCTaH-
Tbl CITHH-CIHHOBOTO B3aHMOJEHCTBHS uepe3 MAThH WM (OJbllee YHC-
J0 cBsA3eHl, rje B3aHMOJEHCTBHE BEPOSITHO, IIePElaeTcsl TJIaBHBIM
00pa3cM uepes3 o-CBsI3H, KOTOPble HaXOAATCS B 3THX COeAHHEHHSX
B OnaronpHsATHOM KOHQUrypauHu THma 3ursar (cM. pasa. 2.3.1).

YHCJY TaKHX OTHOCATCS CHHH-CIIMHOBOE B3aHMOJECHCTBHE MeK-
Ay Hy n Hg, a takxke coorBercrBenHo Hy; u H; B nadranune (66)
;iﬂ 4AHAJIOTHUHBIE B3aHMOJEHCTBHS B TIeTEPOIHKJIHUECKHX CHCTEMaX
. na (67). Bonbmee 3HaueHHe 3Jrpaue, rpanc B OyTammene-1,3 mno
TS;E:SHH}O ¢ SJyuc, rpane  TAKIKE MOMKHO OTHECTH 3a CuUeT AONOJHH-
Sk ro o-Bxkjaajga (68). AHasornuHo B chaydae OeH3aJbAerHaa
o YCTAHOBJICHO, YTO TOJIbKO MeTQ-NPOTOHbI CBA3AHBI CIHH-CIIHHO-
OHHTbBBaHMOﬂeHCTBHeM C aJbJerMIHEIMH TnpoToHaMH (69), uto
Homr” yKasbiBaeT Ha 3HauuTeabHoCTs 5J(0). B mpoTtuBOmOMOX-
CHHH-CHSTOMY B NOAUAYUETUNCHAX, QAAEHAX W KYMYAEHax Jafibhee

HHOBO€ B3aHMOJAEHCTBHE MPOHCXOAUT IOYTH HCKJKUHTEb-
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Ta6auua 1V. 15, [Lanabdee CHHH-CIHHOBOE B3aHMO/eHCTBHE B HCKOTODBIX TOJIH-
aleTHJAeHax " aJuleHax

HyC—C=C—H —2,93 (HyC)oC=C=CH, 3,0
H;C—C=C—CH, +2,7 H:C—CH=:C=CHC! —b8
H—C=C—C=C—-H +2,2 H,C—CH=C=CHCI  +2,4
HyC—C=C—C=C—H —1.27
H3C—C=C—C=C—C=C—CH,O0H +0,4

C=CH: 4,58

HO mo m-Mexanuamy. Jas asjena u OyraTpAeHa TaKOE€ B3aHMO/IeH-
CTBMe MOXHO [MpEJCTAaBHTb JHarpaMMoi, u3o6paxKeHHOH Ha §
puc. IV.29. Kak nokassiBalOT NPUMEPSI, co6pannsie B Taba. IV. 15, §
NMepefaua CIHH-CIHHOBOTO B3aHMOJIEHCTBHS UEpE3 JI-CHCTEMY OUCHDL |
s¢p¢dexruBra. [Ipu yBeauyeHHH 4HCIA cBsisefl KOHCTaHTa B3aHMO-

JefiCTBHA yMeHbllIaeTCd He OYeHb 3HAYHTEJIBLHO. Tak, MOXHO Ha- |
60aTh B3aHMO/EHCTBHE JlaXe Yepe3 AeBsTb CBs3EH. BoJiee TOrO, }
jaMeHa KOHIEBOTO BOJOpPOjAa B CTPYKTYpe CH;— (C=C),—H na }
MeTHJbHYIO Tpynmy, (opMasbHO MpeBpalllaiollas CrHH-CIHHOBOE 3
B3aMMO/AeHCTBHE aJHJABHOIO THIA B TOMOAJIHJIbHOE, BEAET TOJb- {
X0 K CMeHe 3HAKA KOHCTAHTHI, TNOYTH He MEHss ee aGCOMIOTHOH Be- |
JMYMHBL B JefCTBHTENLHOCTH pas/HuMsi B 3HAKaX 1Js NMPHMEPOB B

+150 + 100

e ——
- T —

-65 - 10°
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~ —~—
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Puc. 1V.29. JluarpamMa nepejady CiuH-CIHHOBOTO B3aMMO/1eficTBUSL TIO f-MeXa-4
HM3My B aJjJjene ¥ OyTaTpueHe. YKkasalbl 3HaueHHs KOHCTaHT CBEPXTOHKOro B3aHy

MojeficTBHa a {(cM. pasd. 2.3.2).
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ra6a. IV.15 He ObLIIH NOATBEPXKJAEHbI 3KCIEPUMEHTAJLHO, HO HX
MOXKHO CYHTaTh NPaBUJIbHLIMH HAa OCHOBE pe3y/JbTaToB, NOJYUYEH-
HBIX AJsg JPYTHX CHCTEM, H TEOPETHUECKHX PACUETOB.

9.4, CnHH-CMIHHOBOE B3aHMOJEHCTBHE Yepe3
NPOCTPAHCTBO

B sakmouenne Mol o6Cy MM [Ba MeXaHM3Ma CIHH-CIHHOBOTIO
B3aHMOJZEHACTBHS, KOTOpble HIPAalOT JHIIb OCPAHHYCHHYIO POJbL HJIH
COBCEM He OCYIILECTBJSIOTCA B CreKTpocKonHu IMP Bhicokoro pas-
petienns. IlepBblii mpencrapasier coGo¥ npamoe MAZHUTHOE B83au-
unodelicTaue A0epHbIX MOMEHTO8 4epe3 NpPOCTPAHCTBO, YKe YIOMHU-
uaplieeca paublie (pasia. 3, ri. I). Ero rakxke HasbBaOT AHNOMNb-
JHIONbHBIM HJAH NPOCTO OUNOAAPH6IM CIHH-CIIHHOBBIM B3aHMOJEH-
CTBHEM. Kak nokasniBaeT KaueCTBEHHOE pacCMOTPEHHe, 3TO B3aH-
MoJleficTBHE BeJleT K paclleN/JeHHI0 pe3o-
HAaHCHOTO CHTHajsa Ha BesHunHy AB:

AB =3u (3 cos*0 — 1) r 3 (uy/4m) (IV.36) B,

rie p — MarHUTHBIH MOMEHT IPOTOHA,
r — paccTosinhe MexAy JABYyMs sApaMHu,
a 0 —yroJ Mexay JuHHel, COe JHHAIOIEH
A4pa, ¥ HalpaBJICHHEM BHEIIHEro noJs.
YpasHeHHe SIV. 36) LIPHMMEHHMO K CHCTeMe JABYX H30XPOHHBIX MpO-
TOHOB, TA4KOH, HANPHMED, KAK B METHJCHX/IODHIE. B pacTtBope usn
B 4YHCTOM KHAKOCTH yroa 0 MeHsieTCs CO BpeMeHeM, 4TO 00ycJOoB-
JIeHO GBLICTPLIM BpalllaTeqbHLIM ABHXKEeHHeM MoJeKya. B pesysbra-
Te ujgeH 3cos?O — 1 obpamaercss B HYJb, ciaeloBaTesbHO, AB =

Ha

CH,Cl = CH,Cl 90 K

L ] | ! L ] !
—-10 =5 0 +5 +10 ¢

I e, [V 30 CneK p M H BepA 1,2-
; . - SqIMP 1 oro 2 IHXJ H q TO
I c l_ ]) P » Oop3TaHa Ha ac € 29,5 M I,

gy i

M“”:«lﬂpﬂoe CHHP-CIIHHOBOE B3aHMOAEHCTBHe MPOTOHOB METHJEROBLIX Tpynl ABAseTCA J0-
Hora 93Y7K)5HLHM CorJlacHo pacuety, Ha OCHOBe H3Me€peHHoro AyOJeTHOTo pacllelsieHHsn, pas-
ocrort k['u, paccrosnHe Mexay nportoHaMmu coctapaser 0,170 um PeayabTatnl reopeTh-
CymTCr; gacqe-ra (cBeTqble KPiyoKKH) NOvyil€Hr JJs 3TOro pacctoands. OHH Jyule corja-

3KCNepUMeHTanbHOl KpHBOH, deM pacuer
4 AN PAaCCTORHHST MeX f

0,172y (TeMHBIE KPYWKKH), ’ P P Y- mpoTommm
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Puc. IV.31. CnekTp NpoOTOHHONO MAarHUTHOTO pe3oHaHca 2,3-0eH30KCeNHHAa HA 4a- §
crote 60 MI'n ‘

=0 u He HabJiofaerTcsl pacllelJeHHs JHHHH 3a cYeT AHIOJSPHOIO]
BaauMojeHcTBus. HanpoTus, B TBEPAOM TeJle, Ijie MOJEKYJIbLl HMEIOT
(pukcuposannble OPHEHTALMH OTHOCHTENbHO HanpaB/eHHs BHellHe-
ro noss By M OTHOCHTENBHO ApPYr ADyra, pacllelJeHHe [pOsBJjser-
cs1. Benegerbue storo cnexkrper IMP t8epOoix Tea cOBeplleHHO He
MOXO0XH Ha CHEKTPHl KHMJAKOcTeH. B 4acTHOCTH, WHPHHBI JHHHH B
HHX Pas3/HyaloTCsl Ha HECKOJIbKO mopsakos (pHc. IV.30). M3 ypas-
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Puc. IV. 32. OnepunoBas ofnactb cekTpa 6-X10p-1-TpHMeTHACHIMATEKCERA-1.

nenus (IV.36) craenyer, 4To M3 TaKUX CIOEKTPOB MOXKHO onpeje-
JUTh paccrosnde Mexnay aapamu. [lostomy AMP tBepanix red,
KOTOPHI# HA3bIBAIOT Takke cnekrpockonuel AMP wupokux aunui,
oGpasyeT BeTBb (U3HKH TBEPHOro TeJja.

BTopoli MexaHU3M, KOTOPHIH MBI OOGCYAHM 3/i€Cb, SIBASCTCSA BH-
IOH3MEHEHHeM CHHH-CIIHHOBOTO B3aHMOJeHCTBHA uepe3 3JEKTPOHHI
cBsizell, /eTaJbHO PAacCMOTPEHHOro B HPeAblAYLIHX pa3sjenax. bBeuio
00HapyKEHO HECKOJIbKO CJYyYaeB, KOTJa H3-332 IIPOCTPAHCTBEHHOTO
CXKaTHs POMCXOJHT HeCBA3bIBAKLlee B3aHMO-

IeficTBHe opGuTaJsell BaHAepBaa/bcoBa THIA. cl HzHs
Torna wmaruuTHasi wHdoOpMauus nepenaercs cl ClOAC
0 «KOPOTKOMY MPOBOLY», A€ HeT GopManab- ¢, -I°
HOH cBfA3H. Tak, B coeguHeHun 70 Habaio-

AaeTcsl CIHH-CIHHOBOE B3aHMoOJeHdcTBHe mpo- ¢f Cl
roHos He ¥ Hy B 1,1 ', DT nporoHw pas-

le/IeHBl IeCThIO O-CBSI3AIMH B KOH(HUIypaLHH, 70
HeGsaronpusaTHo#l Aas OGBIYHOFG  JLaJibHEro
CIHH-CIIHHOBOTO B3auMoJeHcTBHs. [1o3TOMy OYeHb BepOsITHO HpAMOE
CIIHH-CIHHOBOE B3aHMOJeHcTBHE MmexXAy ls-opOuTanamu ABYX aro-
MOB BojJopoja. JTOT MexaHH3M, KOTODbIH HAa3bIBAIOT CBA36I8aHUEM
“epes npocTpancTso, uMeeT- 60JbLIOe 3HAYEHHE [JIA CIHH-CIIHHOBOTO
B3anmomefcTBHST MEXAY NPOTOHOM H SIAPOM (PTOpa, a TaKXKe Mexay
Alpamu ¢Topa (cM. ra.X).

2.5. Ta6JHUB KOHCTAHT CHH-CHHOBOTO
B34UMONEHCTBHS B OPTAHHUYECKHX MOJIEKyJax

XapakTepucTHUECKHe JaHHble O CIUH-CIHHOBOM B3aHMOIEHCTBHH,
TaK e Kak M 0 XMMHYECKHX CABHrax, B Pa3jHYHbIX Kjaccax opra-
HHYeckux coepunenuit co6pannl B T261. X1.2 (cM. mpujoxenHe).
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3apaua IV.5. Ha puc. [V. 3l nokasau cliekTp npoTounoro pesonauca 2,3-Gens-

okcennHa. Ha ocHoBe paHHBIX MHTErpHpPCBAaHHA H XapaxkTepa paciienieHHs npose-
JUTe OTHeceHHe CHMHAJOB M ONpEHesHTEe 3HAUEHHS KOHCTAHT CIHH -CIHHOBOTO B3a-
HMOJefiCTBHA /s OJe(HHOBBIX NPOTOHOB 3TOH MoJeKyan. [lpcpepbTe, sApasercs
JH Balule OTHeCeHHe OLHO3HAYHbIM, Kak MOXHO Ompele/HTb NPaBHJbHOE OTHE-
ceHue?

3apaua IV.6. Buag onedpunosoii o6sacTH cnekrpa 6-xa0p-1-TPHMETHACHAHA-

rekcena-1 npupefed Ha puc. IV.32. HaifiauTe senHYHHy KOHCTAHT CHHH-CIHHOBOrO
BaanMojeilcToua. OnpesesHie, NPHHAJNEKHT NH CNEKTP YUC-HUIOMEPY, TPAHC-M30-
Mepy HJAM HX CMeCH. B nociesseM ciayyae OLEHHTe COOTHOUIEHHe H30MEPOB.

3apaua 1V.7. LukjaorenTaTpHeHbl, MOHO33MeleHHble B 7-MOJOXKEHHH, MOTYT

CyLIeCTBOBAThL B ABYX KoHdopmanuax (7la u 716). Jasa 7-beHANUNKAOrenTaTpHe-
Ha SKCIEPHMEHTAJbHO NOKa3aHO, YTO AJIHAbHA# KOHCTAHTA J2 7 OTPHUATE/NbHA

R H7

71a 715

Kako#t H3 ABYx KoHOpMAIHA COOTHETCTBYET 3TOT (axT? B kakod W3 KoHdopma-
HHIl MOMKHO OXKHAATb, 4TO OYAeT IKCMepHMEHTaNbHO H3IMepsAeMOH TOMOaJHAbHAs

KoHcTaHTa J3, 7?

3apaua 1V.8. Heo6xoauMo pasaHuuTL Koudopmaunn 72 u 73 Koabua A B

alleTHJIHPOBAHHOM cTeponie. Curnaa npotona He npeacrasader cobofi ayGuer ay6-
setos ¢ pacmenaennem 13,1 n 6,6 I'i. Kaxko#l koHdOpMamHH COOTBETCTBYET 3TOT
BHJ CHrHaJja?

THA-4-Tper-6yTHJuHKIOTeKcaHonax 74 u 75 cocrapaswor 1,0—1,3 0,6—0,7 Tu
COOTBETCTBEHHO, O6DBACHHTE 3TOT peaysbrar. Kakoe oTHeceiHe HYXHO CHeNaTh? |

72 73

3apaua 1V, 9. II¥pusb JMHHE CHTHAJAOB METHJLHBIX TPYNN B H30MepHBIX l-me-
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3apaua 1V. 10. [lJs1 HeH3peCTHOro BelleCTBa NpPeJoXKeHbl ABE CTPYKTYph: 76

# 77. BHUHHA/IBHAA KOHCTaHTa OJe)MHOBBIX NpoToHUB cocraBaser 2,8 Tu. Kakas
CTPYKTYpa npaBHJbHA?

H
(0]
L Qe
H 0
H
Jiutepatypa *
1. Ham N. S., Mole T. Cm. B74, T. 4.
2. Bremser W., Dissertation, Cologne, 1968.
3. Paulsen H., Todt K., Chem. Ber., 100, 3385 (1967); Paulsen H., Todt K.,
Ripperger H., Chem. Ber.,, 101, 3365 (1968).
4. Pople J. A., Untch K. G., J. Am. Chem. Soc., 88, 4811 (1966).
5. DeMare G. R., Martin J S., J. Am. Chem. Soc., 88, 5033 (1966).
6. Friederich H. F., Z. Naturforsch., 20b, 1021 (1965).
7. B15.
8. B7.
9. Pascual C., Meier J., Simon W., Helv. Chim. Acta, 48, 164 (1969).
10. Sternhell S., Quart. Rev., 23, 236 (1969).
\1. Pawliczek I. B., Giinther H., Tetrahedron, 26, 1755 (1970).
12. Pachler K. G. R., Tetrahedron, 27, 187 (1971).
13. Castellano S., Sun C., J. Am Chem. Soc., 88, 4741 (1966).
14. Gutowsky H. S., Kistiakowsky G. B., Pake G. E., Purcell E. M., J. Chem.

Phys., 17, 972 (1949).

Pekomenpyemas antepatypa

Yue6nuru: b3, b4, b7, B14, B53.
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AHAJIM3 CMEKTPOB AAEPHOIO
MATHUTHOTIO PE3OHAHCA
BbICOKOIo PA3PELLEHWMA

B ra. Il mbt BBeJAH MpOCTHE NPaBHAA, KOTOPbie NMO3BOJASIOT HENOCPENCTBEHHO
ONpeaeJHTh XYMHYECKHe CABHIH H KOHCTAHTBI CMHH-CNMHHOBOIO B3aHMOJEH-
cTBHA no (OpMe MYJbTHILIETOB, HAaGJI0AAlOLKUXCA B CNEKTpPax sAEepPHOro
MarHHTHOrO pe3oHaHca. YiKe OTMe4ajoch, YTO 3TH NPaBHJAa HMEKT OrpaHH-
4yeHHYI0 06/1acTh NPHMEHEHHS, TAK KaK OHM OMHCLIBAIOT YacTHbie CAYYaH Ha
ocHoBe O0ulel TeopHH aHaau3a cnektpoB AMP npu Hcnoab3oBanuM psja
ynpomawowux npeanosoxeHud. Takum oGpa3om, Heo6XOAHMO paccMOTpeTh
noJHbii GopmMasu3M, H B 3TOI riaBe Mbl JeTajJbHO Pa3OBheM OGIHA MOAXON
K aHaau3y cnekTpoB AMP. Bo-nepBbiX, Mbi NONbiTaeMcCs H3J0XHTb BaXKHEH-
IIHe TIPHHLHNbI; AaJjee Mbl PAacCMOTPHM HHIHBHAYAJbHble THNbl CNEKTPOB H
B KOHUE rJaBbl JaJHM psaj BaXHbix o6oGuieHHi. OQHAKO NPH 3TOM Mbl Or-
pPaHHYHMCH paccMOTpeHHeM HanGoJee 4acTO BCTPEYAIOUIMXCH CIHHOBBIX CH-
CTEM, MOCKOJbKY HCUEpNbIBAIOLIMA AHAJM3 BOMPOCA JIEXKHT BHE pPaMOK yuel-
HHKa.

LlenTpansHas npoGaema, oGcyxkjaaemas B HacToslued raase, GopmyJn-
pyetrcs cjelylollMM oGpa3oM: KaK MOXKHO MNOJYYHTb CNEKTpajbHbie Mapa-
MeTPbl — XHMHYECKHe CJBHIH H KOHCTaHTH CINHH-CTIHHOBOTO B3aHMOJeH-
CTBHSl —— 3 CNEKTPOB SJEPHOr0 MArHWTHoro pe3oHanca? Jlas Toro utTo6mi
OTBETHTL Ha 3TOT BONMPOC, HEOGXOAMMO 3HaTb NPHHUHMMbLI pacyeTa CMeKTPOB
SIMP Bricokoro paspeiwenus. [JosToMy BHauane mMbl OTBETHM Ha BONPOC: Ka-
KHM 06pPa3oM MOXHO ONPEIEJHTb YaCTOTHl M HHTEHCHBHOCTH JIHHHH CMeKTpa,
€CJH H3BecTeH HAGOp XHMHYECKHX CABHIOB H KOHCTAHT CNHH-CMHHOBOrO
B3aumoneitctena? Hrak, npexje uem paccMOTPeTb aHdAu3 CNEKTPOB, HaM

Heo6X0AHMO MOHATb, KAK NPOHCXOMHT CUHTE3 CNEKTPOB.

1. HOMEHKNATYPA CIMMHOBbIX CUCTEM

BBesem BHauaJie KIacCH(PHKALHIO PA3JHYHBIX CIHHOBBIX CHCTEM.
TepMHH «CIIHHOBAsi CHCTEMAa» HCIOJb3YyeTCsl AJs 0003HAUYeHHS TPyM-
Ih sIlep, XapakTepu3ylomleiics He 6ojee 4eM 1 PE30HAHCHBIMH yac-
ToraMH v; U n(n — 1) /2 KoHcTaHTAMU CIIHH-CIIHHOBOIO B3aUMOJeH-

crBusi Ji;. Ilpeanmonaraercs, uto Kakue-1HOO CIHH-CIIHHOBBIE B3aH- |

MONEHACTBUA 3TOH TPpyNNnb C J1OObIMH JPYTHMH TpyINNaMH sijep
OTCYTCTBYIOT. $1Ipa ¢ OJMHAKOBBIMH XHMHYECKHMH CIBHraMu 0003-
HAyaloTCsl OJHOH H TOH e HNPONHCHOH OYKBOH; UHMCJIO TaKHX silep
B TpYyINIE yKa3blBaeTcsl B HHXKHeM HHAeKce. TakuM o0pasoM, HampH-

Mep, IPOTOHBI METH/JIbHOH TPYINNbl 06pa3yloT cucreMy Az, a MPOTOHH

S3THJABHOH Trpymnbl — cucrteMy As;B.. OTHOCHTe/IbHBIE XHMHUYECKHE
CABHTH pPa3/JHYHBIX silep B CIHHOBOH CHCTeMe 0603HAYaloTCd mno-
JOXKEHHSMH COOTBETCTBYOWIHX OykB B aJddasute. Jas rpynnsl
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CH.CF; ucmonb3yercsi o6o3HaueHne A3;X,;, yKasbiBamliee Ha 3Ha-
yHTeJbHOE pa3JiHuHe XHMHUYECKHX CABHIOB IPOTOHOB U siiep ¢Topa.
MarHHTHO HeJKBHBAJIEHTHBle S14pa, TaKHe, HApUMep, KaK ABa IIpO-
tona u ABa ¢ropa B 1,1-nudTopatuiene (pasn. 2.3.1 ra. II) uim
JAB€ Napb INpoToHOB B 1,2-miHxsop6eH3ose, 0603HaualwOTCs C MO-
MOILbIO BEPXHHX LITPHXOBLIX HHIEKCOB. DTH ABe CIHHOBLIE CHCTEMBI
o6o3HauatoTcss kak AA’XX’ u AA’BB’ coorBerctBeHHo. Ilpn 3TOM
110C/1€J0BATENbHOCTh PE30HAHCHBIX YaCTOT B HATIPaBJEHHH BO3pacTa-
HHSl HalPSKEHHOCTH MAarHHTHOTO MHOJIS JOJIXXHA MO BO3MOXKHOCTH
COOTBETCTBOBATDH IOCJE0BATeIbHOCTH OYKB andaBuTa.

3anaua V. 1. Onpegennte CnekTpaJbHLIH THI MPOTOHOB B COEAHHEHHAX d — H.

H
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2. KBAHTOBOMEXAHUYECKUHA DOPMAJTU3M

Hanuuue y simep cuHa He MOXeT OBITb OGBSCHEHO C MOMOLLBIO
Kjlaccuyeckoll MexaHHKH, npobJjeMa pacueTa CIOEKTPOB SAepHOTO
MarHHTHOTO pe30HaHca MOXeT ObIThb pellleHa TOJbKO € HOMOILBIO
KBAaHTOBOH MeXaHHKH. B 3To#l riiaBe Mbl BBeJeM HeoOXOAHMble MPUH-
UMbl B METOABl KBAHTOBOH MeXaHHKH, NpHUeM cjaenaeM 310 Oe3
Jl0Ka3aTeJIbCTB, MOCKOJbKY, C OJHOH CTODOHBI, MBI He MOXeM Mpef-
nojiaraTh, YTO YHTATeNb JETAaJbHO 3HAKOM C TeOpHeH, HO, ¢ APYrof
CTOPOHBI, XOTesnH Obl 1aTh KaK MOxKHO GoJiee MOJIHOE IpeACTaBJeHHe
0 ¢dopmanusme. Brnpouem, Hall NoAXoJ HMeeT H TO OGOCHOBaHHE,
YTO KBAaHTOBas MEXaHHMKAa HCXOJMT H3 IIOCTYJAaTOB, KOTOpble He
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MOryT GBITb HM [JOKa3aHbl, HH CTPOr0 MaTeMaTHUeCKH BRIBEJEHBI, a
OCHOBaHbI Ha 3KCNEPUMEHTAJNbHBIX HabMofleHusx. UnTaTesnH, 3HaKo-
Mble ¢ METOJOM MOJIEKYNSIpHBIX OpOHTaNel (MeToA XIOKKeJs), OblCT-
po ofHapyxaT, YyTo MaTeMaTHYeCKHH (POPMaNH3M, HCIONb3YEMEIH
B MeTole XIOKKeNs JJis pacuera COOCTBEHHBIX 3HAUYEeHHH H BOJHOBHIX
GbyHKIHH - 9/eKTPOHOB, aHAJOrHYeH TOMY, KOTODHIH HCHOJb3yeTcs
B HaHHOH rsaBe. CyllecTByeT MHOIO HHTEPECHBIX NapaJJeneil y o6o-
HX NMOJXO0JO0B, H CPABHEHHE HX UPe3BHYafHO NJOAOTBOPHO.

Tor ¢akr, yT0o MB MOxeM HaGJIOAAThb CIEKTpP fJAEpPHOro Mar-
HHTHOTO pe30HaHCca ¢ OT/JeJbHBIMU paspelleHHBIMH JIMHHAMH, MO-
Ka3BIBaeT, YTO SHEPrus CIHHOBOH CHCTEMbl B MATHHTHOM II0JIe K6QH-
Tyerca. COBeplIeHHO aHAJOrHYHO HHAHBHAYAJIbHOMY CIIHHY CIHHO-
Bas CHCTeMa KakK Iejoe MOXKeT HAXOAHTbCS TOJBbKO B ONpEAeJeHHBIX
COCTOSIHHSIX, Ha3bIBAEMBIX CTAYUOHAPHbIMU UAL COOCTEEHHbIMU CO-
CTOAHUAMU. DHEPTHSI 3THX COCTOSIHHH, HJH COGCTBeHHble 3HAYeHus,
onpejensioTcss B3aHMOAeHCTBHEM MeXIy SAPAMH M BHEIIHHM Mar-
HHTHBIM moJeM Bg, a Tak¥Ke CIOHH-CIHHOBBIM B3aHMOJEACTBHEM siaep
Mexay cobof. Kamaoe cocTosHue XapakTepusyeTcs 804HOB0U, WU
cobcTeennod, pyuxkyued W,

Yactoter IMP-cHrHANOB [pq COOTBETCTBYIOT Pa3HOCTSAM 3Heprdfl j
CTALHOHAPHBIX COCTOSIHHA CHHHOBOH CHCTeMH. Pacyer 3THX 4acToT
npeanoJaraer 3HaHue coOCTBEHHBIX 3Ha4YeHHll E, H Eg:

qu = (l/h) (Eq - Ep)

Ins pacueTa OTHOCHTEJNbHBIX HHTEHCHBHOCTEH CHIHAaJ/OB, Kak 3TO
OyleT BHAHO BIOCJEACTBHH, TakkKe HAaAO 3HATb BOJHOBHE (PYHK-
una V.

(V.1) |

2.1. ¥paBHenne Ulpenunrepa

Mbl mocTyaHpyeMm, YTO B MHKPOMHpEe CBSi3b MEXAY 3Hepruefl
yacTHIBI H ee BOJHOBOH ¢yHKuueld W oNoucHBaeTcs ypasHeHuem
HIpeduncepa. B npocrefimiedi, He 3aBHCsILeH OT BpeMeHH HopMe 3TO
ypaBHeHHe 3aIHCHIBaeTcsl B BHJe TAK Ha3bIBAEMOro ypaBHEHHs A
COOCTBEHHbLX 3HAUEHU:

Y = EV (V.2

rae 6 — oneparop ['amuabprona. [leficTBHe 3Toro omeparopa Ha §
co6cTBeHHY0 GyHKUMI0 ¥ NPHBOAHT K NMPOH3BEAEHHIO COOCTBEHHOTO |
3HayeHHs Ha coOcTBeHHYI0 ¢YyHKHHIO. YpaBHeHue (V.2) nosBojser §
pPacCYHTaThb SHEPrUH CTALHOHAPHBIX COCTOSHHH OLHOH UJH HECKOJb-
KHX 4YacCTHI, HAaIlDHMED 3JEKTPOHOB B MOJEKyJe HJIH MarHUTHBIX 3
silep CIOHHOBOH CHCTEMBI, €CJH TOJbKO H3BECTHH T[aMHJIBLTOHHAH
# coGcTBeHHBle QyHKIHH. Tak Kak 3HEPrHs Moxer GhITbL Ompejese-
Ha 3KCIEePHMEHTaJbHO, TO BelHuYHnHy E HaswBaloT Hab.awodaemol, §
COOTBETCTBYIOLeH JaHHOMY raMHJIbTOHHAHY.
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[ToHsiTHE OnepaTop, NCIOJb3yeMOe HAMH B JaJjbHelllieM, TpebyeT
KpaTKOro mnosichenusi. [Ipexae Bcero onepaTopbl — 3TO HH YTO HHOE,
kak HHCTpYKiHH. CuMBOJ YW 03HAUaET TOJBKO, YTO AEHCTBHE, OIH-
cniBaeMoe omepatopoMm ['amuibTOHa (M MOKa elle HAMH He 00bscC-
HeHHOe), OyneT OTHOCHTbCA K GyHKUHH W. B 3TOM cMbicjie CHMBOJIBI
«KBaJpaTHHH KOPEHb>» HJIH «HHTETPHPOBAHHE» TAKXKe [pedCcTaBJIsoT
co60f OMepaTophl, MOCKOJbKY OHH MPEeANHCHBAIOT BHINOJHEHHE OIl-
pefle/IeHHBIX ONepalH# Hal 3ajaHHBIMH ¢yHKuusmu. Tak, eciau
NpeACTOMT MNpOoAH(dEpeHuHpOoBaTh HEKYl0 (GYHKUHIO 1O X, TO HC-
gonb3yeTcs oneparop AnddepenunpoBanus d/dx. M3 stux npume-
poB BH/IHO, YTO ONEPATOPH BCeria 3alHCHIBAIOTCA cJeBa OT (YyHK-
[IHH, K KOTOPOH OHH NpHMeHsioTcsl. TakuM 0o6GpasoM, nmepecTaHOBKA
HY — VH HegonycTUMa.

[enTtpanbHas npofieMa TeOPHH XHMHUYECKOH CBSI3H 3aKJIOUaeT-
¢l B PeIIeHHH 3aJayd O ABHKEHHH 3JeKTPOHA B MOTEHIHAaJbHOM
noje AAepP H JAPYTHX 3JeKTPOHOB MOJeEKyJH. B 3sToMm cayuyae uc-
MoJb3yeTcsl XOpowlo H3BecTHas ¢opMa oneparopa [amuibTOHA
(V.3). B sToM ypaBheHHH HcmoJb3yercs oneparop Jlanaaca nis
KHHETHYeCKOH 3HepruH u omepatop V — 1Jisi NOTeHUHAJbHOH 3Hep-
CHH:

= (— h¥8n*m) (0%0x2 + 0%dy? + 0%022) + V (V.3)

TpyanocTn peuieHHs npobJjeMbl XHMHUYECKOH CBSI3H, COrJIACHO
ypasuenuio (V. 3), onpenensiorcsi riaBHBIM 06pasoM coxkHOH dop-
MOH raMHJIbTOHHAaHA, TaK KaK 3Heprusi siBjsiercss QyHKIHeH KOop-
IHHAT BceX 3JeKTpoHOB. I[IpH HCHONb30BaAHHH MOJENH -— 3JIEKTPOH
Ha KpyroBoil opOuTe, KOTOPYIO MBI mpuUMeHsiH B . IV, stu Tpya-
HOCTH CHJIBHO yMeHbuualorcsi. [losToMy mpencraBisieTcsi 11e1ecoo6-
Pa3HbIM [IOKa3aTb Ha 9TOM INpPHMeEpEe, KAK peLIaeTcss ypaBHEHHe
(V.2).

[TockosbKy [BHKEHHE 3JEKTPOHA CBEAEHO K KPYrOBOMY JBHIKe-
HHIO 0 OpOHTe pajHyca r, TO MOXKHO HCNOJb30BaTb yrosa ¢, oGpa-

SOBAHHEIA pajHyC-BEeKTOPOM C IPOH3BOJIbHBIM HallpaBjeHHeM, B Ka-
1€CTBe eNHHCTBEHHON NEPEMEHHOH, XapakTepHaylollleil NOJOXKeHHe
dactuupl. lanee, noTeHUHa bHAS SHEPTHSA NOJKHA PABHATLCA HYJLIO,
TaK 4TO ramu/JbTOHHAH, 3aMHCAHHBIH B MOJSIPHBIX KOOPAHHATAX (CM.
punoxenne ra. X1, pasa. 3) npuMer caefyloWUil BHA:

I = (— h*/8n2mr?) (0%/09?) (V.4)

BosHoast npuposa 3JekTpoHa M03BOJIAET MPELNONOKHTh, YTO B
KauecTse ¢oGCTBEHHOH (YHKIHM MOTYT GhIThb HCMOJb3OBAHBI CHHYC-
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WIH KOCHHYC-(YHKLHH. [LOMyCTHM, 4TO B KauyecTBe NPOGHOMH (DYHK- }
uuH B3sita (yukuus ¥ = N sin ¢$; Torna ypasHenue (V.2) npu}
nogctanoBke (V.4) OPHBOAHT K BHIPAKEHHIO

(— H%8n2mr?) (0%04?) (N sin qp) = EN sin g¢ (V.5)1
KOTOpOE MOC/€ BHUMOJIHEHHS Olepaudd AHd(PepeHUHPOBAHUA MNpHU- ‘
BOAHUT K 3

(h¥/8n*mr?) N sin q¢q> = EN sinq¢ (V.6) 1
Orcoga caenyet '

E = (h*2mlL?q? (V.7)1
Flle HCHOJIb30BaHA MOACTAHOBKA L = 2nr (L — OJMHa OKPYKHOCTH). |
YeJoBue kBaHTOBaHHA ¢ = 0, =1, =2, ..., *=n caeayer u3 1pe6o-

BaHHs, YTO co6CTBeHHas (GYHKUHS JOJKHA ObITb OJHO3HAYHOH JJIf |
BCeX 3HauYeHHH ¢. [/l NBHXKEHHs 3JEKTPOHA IO OKPYKHOCTH JOJIXK- ]
HO BHIMOJAHATBCS ycaoBue W ($) = ¥ (2n 4 ¢). CoGecTBeHHBIE 3HA“
yeuust Eo, E;, Es U T. J. COOTBETCTBYIOT JHEPIHsiM, NPHBeNACHHbIM]
B ra. IV. Jlanee paccMOTpHM KBajipaT cOGCTBeHHGH (QYHKUHH Wy,
KOTOPHIfi PaBEH BepPOSTHOCTH HAXOXJEHHS 3JEKTPOHA B OMpe/le/ieH- 3
HOH TOYKE OKPYXKHOCTH, TaK 4TO -4
o 2n
S N?sin?qé dp =1 (V. 8)1
¢
2n K
Hopmuposounsil muoscuress N pasen 1/4/m, Tak kak S sin®q¢ d¢=/
g ¥
==mx. Takum o6pasom, co6cTBeHHAs! QYHKIIHS HMEET BHA

¥, =+/Tnsing$, rae =0, =1, +2, =3, ..., =1 (V.9}

3apaua V.2. Ucnoavsya ypasuemde (V.2), ramuibToHHaH B BHIe (V.3) #
npobuylo ¢ynkuuo W = N sinax, paccuHTraiiTe COGCTBEHHble 3HAuYeHHss H C00Y
CTBeHHHle (DYHKIHH 3JeKTPOHA, HAXOAAIErocs B OJHOMEPHOM sIlHKe AJHHBI
¢ norenuuasom V =0

3. OMEPATOP TAMWUJIbTOHA

QNS CMEKTPOCKOMMU SAEPHOTO MATHUTHOMO
PE3OHAHCA BbICOKOTrO PA3PELLEHUA ,

Teneps HaM MNPEICTOHT HCNONb30BaTh ypaBHeHHe Llpennnreps
DJI pellieHHsl HATepecylolled Hac NPOGJeMbl — Onpejie/ieHnus SHep
reTHUECKHX YpOBHEH CNHHOBOH cuCTeMbl B MarHutHom mnoae. Hcy
NoJb3yeMbl B JAaHHOM cJaydyae (EeHOMEeHOJOTHYeCKH MOCTPOeHHE
raMmuJbTOHHAH HMeeT BHA j
#=0"+ "= vV + ET‘ ,Z J,I G T3) (V. 104
i< :
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rae NepBbiil 4wien —JB(°) — cOOTBETCTBYeT B3aMMOJEHCTBHIO slep
¢ BHEIIHUM TosieM Bo, a BTopofi wieH —aB"V — oTBeuaeT 3HEpPruu
cMHUH-CIIHHOBOro B3auMojedcTBusi. COOTBETCTBEHHO JB(® colepKUT
4acTOTHl Pe3oHaHca v;, a ) — KOHCTAHTH CHHH-CMTHHOBOIO B3aHMO-
nefictBust J;;. Takum o6pasom, () B TOUHOCTH COOTBETCTBYET ypaB-
wenuto (II. 10), BBeJleHHOMYy paHee 1Js 3HEPrHH CIHH-CIHHOBOrO
B3aUMOAEHCTBHA, a 4jeH J£(°) CTaHOBHTCA NOHATHBIM Ha OCHOBE CO-
ofpaxenu, npuBeleHHEX B 1. I. TaMm 6bIO AaHO COOTHOLIeHHe
E = — n:Bo ANs NOTeHUHANbHOH SHEPrHH sipa B MATHUTHOM IIOJeE,
13 ypaBuenns (I.5) u ycnoBus pesonanca (I.10) caeayer, uto
E =vil.(i)*. Ecan nofenurh 3eeMaHOBCKYI0 3HEPrHIO Ha IOCTOSH-
gyto [lynanka h, TO 5Heprus, Kax U B cjaydae CIUH-CIIUHOBOTO B3aH-
MOJEHCTBHS, Oy/leT BHIpaXXaThCAd B repuax. TakuMm o6pasom, MHO-
#uteans 1/h B ypaBHenun (V. 1) Hcuesaer.

Ecnn Tenepb BepHYTbCA K BOJHOBBIM (DYHKIHSIM, TO OKa3blBaeT-
csi, YTO MOXHO HCIOJIb30BaTh BBeJeHHble paHee QYHKUHH o H P B
KkauecTBe QYHKIHHA, COOTBETCTBYIOMHUX aHTHNAPAJIENbHOH H MapaJ-
JIeJIbHOH OPHEHTALHSIM SIIePHOTO MAarHHUTHOIO MOMEHTAa OTHOCHTE]b-
HO BHEIUHEro MAarHuTHOrO noas. Huxe Mbl 06cyauMm Baxkuefilipe
CBOHCTBA 3THX (QYHKIHA.

['amunbronuan (V. 10) comepXHT AOMOJHHTENbHEIE ONEPATOPHI,
2 UMEHHO CNHHOBHe onepatopwl I, u I. CBoficTBa 3THX OnepaTopoB
HOCTgJIHleOTCﬂ B GopMe npaBHJ AEHCTBHS Ha BOJHOBBlE ()YHKIHH
ou P

la=(1/2)p T,a=i(1/2)p Lo=(1/2)a
I1.8=(1/2a Ip=—i(1/2a [B=—(1/2)p (V.11)

Bekrop I onpefensiercst cBOMMH KOMOOHeHTaMu I, I, u I.. 3a-
MeruM, 4yto cooTHouwleHHs (V.11) ana onepatopa I. Moryr OwmiTh
HHTepOpPeTHPOBAHH KaK ypaBHeHHS AJs cOGCTBEHHHIX 3HAaYeHHH, Tak
Kax QYHKUHMH o u  ABASIOTCS COGCTBEHHBIMH C COGCTBEHHLIMH 3Ha-
denusMu +1/2 u —1/2 coorBercrBeHHo. MHBIMU clloBaMH, MarauT-
Hble KBaHTOBbHIE UHMCJA /;, BBeJleHHbe B 1. I, sBasioTcs coGeTBeH-
HbIMM 3HAYEHHSIMH onlepaTopa I..

B orHowesnn BOMHOBHIX QYHKNUA MB!I Tak¥Ke BBeNeM JOTOJHH-
TRJILHO YCJIOBHSI OPTOZOHAALHOCTU W HOPMUpPOSKU- B 3ToM ciyuwae

Saadv:—— S BB du = 1| (V. 12a)
i Saﬁcu;:gﬁadv:o (V. 126)

Flle yHTErpHpOBAHHE NPOBOAUTCS IO BCEMY NPOCTPAHCTBY.
\._

*
X Bo, No NpeAnoJIOKEHHIO, HalpaBJ€HO BAOJb OTpHU.aTeJIbHOﬁ 2-OCH CHCTeMH
OOPHHHaT, TaK 4To 3HaueHHe E MOJI0KHTEJbHO.
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OueBHAHBIA CMBICA 3THX YCJIOBHH 3aKJMI0YaeTCsi B TOM, YTO HH-j
IHBHAYaNbHOEe PO MOXeET CyLleCTBOBATb TOJbKO B @- HJH P-CO-
CTOSIHHSIX M UYTO BEpPOSTHOCTb CYLIeCTBOBAHHSI B KAaKOM-IH6O M3}
IBYX COCTOSIHWI paBHa eAHHHILE. E

4. PACYETb! CMEKTPOB UHOUBUAYATIbHbIX
CNMHOBbLIX CUCTEM

Tenepbs Mbl B MPHHILHIIE TOTOBLI PACCYHTHIBATL COGCTBEHHBIE 3HA
yeHHUs AJ JIOGHX CIHHOBLIX CHCTEM € MOMOIIbo ypaBHenus (V.2)
npasHJ, chOpMyNHPOBaHHLIX B ypaBHeHHAX (V. 11), u cBoficTB Boa
HOBLIX QYHKUHHA o U B, onpeneneHHblx ypaBHeHHAMH (V. 12). Bax-1
HO, BIIpOYeM, MOAYEPKHYTb, YTO C IOMOHIbIO DA3BHTOrO Bhillle (HOp-3
MaJu3Ma MOryT GbITb ONpejeseHH TOJbKO OTHOCHTE/bHble 3HEPrHH)
CcOGCTBEHHBIX COCTOSIHHH CIHHOBOH CHCTeMBl. Mbl NMPaKTHYECKH YCT-}
paHUJH Bompoc 06 abCOJIOTHBIX 3HEepPrHaAX, BBeAsl Pe3OHAHCHblE yac
TOTH v; H KOHCTaHTH CIIHH-CMIHHOBOTO B3aUMOJEHCTBHA J;; Kaki
(peHOMEHOJIOTHYECKHEe TapaMeTprl. Jta npoueaypa oOXOAUT 3HauK
TeJbHO GO0Jiee cepbe3Hble TPYAHOCTH abCOMIOTHOrO pacueTa CleKTs
pajibHBIX TapaMeTpoB, MPH KOTOPOM BO3HHKAIOT TE XKe 3aTPyNAHEHH
KaK ¥ NPH TOYHOM DeIIeHHH NMPoO/eMbl XHMHYECKOH CBA3H, TaK KaK,;
IpeXae 4YeM BBLIYHCJAATb KOHCTAHTH 3KPAHHPOBAHHA B MAarHHTHOM
noJje W KOHCTAHTHl CIIHH-CIIHHOBOrO B3aHMOJCHCTBHS, CJAeAyeT pe
wuth ypaBHende llIpeaunrepa ans HeBO3MYyIUEHHBIX MoJekya. On-|
HAKO 3HaHHe OTHOCHTeJbHHX 3Hepruii cOOGCTBEHHBIX COCTOSIHHM CH-}
CTeMbl — 3TO BCe, 4TO HEOGXOAMMO B cHekTpocKomHH $IMP, Takj
KAaK CNEKTPaJibHble YacTOThl 3aBHCAT TOJAbKO OT Pa3HOCTH 3Hepruii
cOBCTBEHHBIX cOCTOSHUHA, [lajlee MBI IpOBeJeM pacueT AJs HEKOTO-}
PHIX MPOCTLIX CIIMHOBLIX CHCTEM C HCMOJib30BaHHEM OCHOB, PAa3BHTHIX]
BHILIE, H MO XOAYy H3J0XKeHHS OyleM BBOJAUTH JOMOJHHTENbHHE
BaxKHble IIpaBHJIa. g

4.1, CranvoHapHble COCTOSIHHSA H30JHPOBAHHOrO
aapa A

DTOT TPHBHAJBHBIHA cJayuall paccMaTPHBAeTCsl 3/1eCh TOJbKO JIJIfH
NOJNHOTH aHa/ln3a. B 1aHHOM ciyuae J6 = F60, u U3 ypaBHeHHH
(V.2) u (V.11) caenyer, 4To 3Heprus CTAUHMOHAPHOrO COCTOSIHHSH;
@ OMpeJesieTcs COOTHOIEHHAMH

H#Oa(A)=Eypa(d), val:(A)a(A)=
= Ei1p0(A), va(l/2a(A)=E iza(A), E+1/2=(1/2)VA_‘

Aunasnornuio E_y, = —('/2)va M dacTOTa Mepexoia fapa A H3 cO4
croanus £, B coctosHue Ey, paBHa va.
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4.2. JlBa aapa, He CBSiI3aHHble CIIHH-CNIHHOBLIM
s3aumoseiictBuem (J;; = 0). MpaBuaa or6opa

PaccmaTpuBaemas cucTeMa COCTOHT U3 ABYX safep A u B, kax-
q0e M3 KOTOPHIX XapaKTepH3yeTcs BOJHOBHIMH (DYHKUHAMH o H P.
Jl1s1 TOro 4TOo6bl ONHCATh CTALHOHAPHBIE COCTOSIHUS TAKOH CHCTEMBI,
HCIIOJb3YIOTCA UYeThipe MYJIbTHIJIHKATHBHBlE (YHKIHH, XapakTepH-
3yIOIHECs ONpeleNeHHbIMH 3HAYEHHSAMH /Mt CYMMbl MAarHHTHBIX
x2aHTOBBIX YHcen m;(A) u m,(B), wan cymmapuneim cnunom, BBe-
JcHHBIM B pasa. 2.1 ra. II:

(1) ¢p=0(A)a(B) mr=+1 (3) ¢3=P(A)a(B)
(2) po=0(A)B(B) mr= (4) ¢s=P(A)B(B)

Mcnonb3oBaHne MYJbTHIMIMKATUBHBIX (YHKIHA MOXHO ROscC-
HHTB CJeAylouimM o6pasom. [ aMHAbTOHHAHB HHAHBHAYAJbHBIX Alep
MOTYT OBITH 3allHCAHBl KaK 6 U JBp COOTBETCTBEHHO. Tak 4To AJsA
CHCTeMHB M3 JIBYX slep J6 = J6a +s; Ana 3HeprHu uMeeM E =
= Ex + Es. Bo3sbMeMm Temepb MYJbTHIIMKATHBHYI0 (GYHKLUHIO ¢y,
TaKylo, yTOObl JieBas yacTb ypaBHenus Llpenunrepa okasanach, pas-
noit  Ha(A)a(B) = Hara(A)a(B) 4+ #sa(A)a(B). T[lockoabky
B3AUMOJIEACTBHs MEXKAY AAPaMH OTCYTCTBYIOT, TO Mbl MOXKEM pac-
CMaTpHBaTb BOJIHOBYIO ¢YHKUHIO a(B) Kak KOHCTaHTY mo oTHouIe-
Huio K onepauun Fac(A)a(B). [loctynas ananoruyno ¢ onepauneit
Hpo(A)a(B), HaxomuM, uto Haa(A)="E,x(A) u Hsa(B)=
= Epa(B):

F6a.(A) @ (B) = Era (A) @ (B) + Epa (A) a (B) =
= (Ex + Eg)a(A)a(B) = Ea (A)a(B)

mr=O
m]‘=-—1

Takum o6pa3om, MyJbTHIIMKATHBHASA OYHKLUHS ¢y yAOBJAETBOPSET
ypasHenHio Hlpennnrepa 56¢, = E¢;. Ucnonesys ypasuenune (V.2)
U MyJbTHIVINKATHBHbIe QYHKUHH Pi, o, P35 U Py, M MOKEM TEmepb
paccyuTaTh SHEPTHH YeThblpeX CIHHOBBIX COCTOSIHHH JBYXCIIHHOBOH
CHC;%)I:I. [ockoabKy B3aHMoOAEHCTBHE CIHHOB OTCYTCTBYET, 56 =
= H

[val:(A) + val: (B)la(A) a (B) = E\x (A) a (B)
[(1/2) va 4+ (1/2) vg]a (A) a (B) = E,a(A)a(B)
Ey=(1/2)(va + vs)
[Ipy BLIMOMHEHHH pacyeTOB cjelyeT NOMHHTb, YTO ONEpaTOp
I2(A) mpuMensieTcst TOJILKO K BOJHOBbIM ¢yukuuam sapa A. Coor-

Bercteenno omeparop 7.(B) mefictByer ToabKo Ha QyHKuHMIO a(B).
AHaJIOrHyHO MOJTyYnM

Ey=(1/2)(va — v»),
Ey=(—1/2) (va + vs)

Ey=(—1/2) (va — vp),




151

Anaauz cnektpos SMP aeicokozo paspewenus

Trasa 'V

150
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Puc. V.1. Jlzarpamma 3HepreTHYeCKUX YypOBHeH u cnekTp cucTeMel AB ¢ KoH- |
CTAHTOH CNHH-CMHHOBOrO B3auMojeicTBUA Jap = O.
a — aHarpaMma 3HepreTHYecKHX YypoBHefl; 6 — crekTp.

Wrak, auarpamMMa SHePTeTHYECKHX YPOBHeH JABYXCIIHHOBOH CH-
cTeMbl 0e3 CIHH-CIIHHOBOIO B3aHMOJAEHCTBHS HMeeT BHJ, MNpHBe- §
JeHHbIH Ha puc. V. 1. HacToTel nepexofoB COOTBETCTBYIOT PA3HOCTSIM §
coO6CTBEHHBIX 3HAUYEHHH, H CIEKTP COCTOMT M3 [ABYX JHHHH C YacTo- §
TaMH va U V. ;

[Tepexon (3) — (2) ne yuuThIBaeTCsl, TAK KAK B COOTBETCTBHH j
¢ npagusamy 0760pa AONYCTHMBI TOJBKO TakHe NePexoibl, AJs KO-
TOPbIX CYMMAapHbIfl CIHH BOJHOBOH (YHKLUHHM H3MeHseTcss Ha ejH- §
unny (Amr = z1). 3To COOTBeTCTBYeT pPa3yMHOMY JAONYILEHHIO O
TOM, YTO OJAMH KBaHT MOXET H3MEeHHTb OPHEHTALHIO JIHIIb 00HO2O
sigpa. B taba. V. 1(A) npuBeneHbl pe3ysnbTaThl dHAJH3a CHCTEMHL
AB 6e3 cnHH-CIIHHOBOrO B3aWMojeHcTBHS. PacyeT OTHOCHTEJbHEIX §
HHTEHCHBHOCTEH OT/Ae/bHBIX [IEPEXOAOB paccMoTpeH B pasa. 4.3.2.1

3apavya V.3. OfpasyfiTe MyJbTHNJIHKATHBHbIC (QYHKIHH TPeXCIIHHOBOH cHCTe-
MBl M paccudTafite coGCTBEHHBIE 3HAYeHHA AUt cayyas, KOT4a CIIMH-CIHHOBbLIE
B3 aHMOJEHCTBHS MEXAY SIAPaMH OTCYTCTBYIOT.

Jns pacuera coGCTBEHHLIX 3HAUeHHH B pacCMaTPHBAEMbIX BhHILIE
npuMepax Mbl MOIVIH HENOCPeACTBEHHO BOCHOJNb30BATHCS ypaBHE-;
nuem llpeaunrepa (V.2). 910 MoXHO OblJIO CAe1aTh, TAK KAK HAM
yKe OblH H3BeCTHb COOCTBeHHBIE (YHKUHH COOTBETCTBYIOUIHX CH-J
crem B popme dyHkuuit o u p unu aa, ap, fa 1 p. Oanako 310 HEY
Bceraa rtak. Hanporus, B paibHeiimeM Mbl OyleM, Kak NDaBH/IO4
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1IMETb €0 ¢ npo6aemMoli pacueTa SHEPTHH CIHHOBBIX CHCTEM C IO-
MOILLBIO MPOOHLIX QYHKUEH, OTJIHUAIOUIHXCA OT UCTHHHBLIX COGCTBEH-
HbLIX QYHKUHA. DHEPrus CIHHOBOH CHCTEMBl MOXKET ObiThb BbIUHCJEHA
¢ HCIIOJNL30BAHHEM MPOOHBLIX HJAH IPHOIMKEHHBN (GYHKUHE ¢ 10-
MOUIBIO COOTHOILEHHUS

E= S WY dv/S W2 dy = (¥ | 6| W)W |0

Coornowenne (V. 13) caenyer u3 ypasuenus (V.2)mocje yMmHOKe-
nist Ha W ou mocnenyromero unterpuposanns. B (V. 13) ncmoab-
3y10TCsl 0003HaYeHHs HHTErpaJoB, BBelenHble JlHpaKOM.

(V.13)

4.3. JBa aapa, cBsI3aHHbIe CTHH-CMTHHOBBIM
B3aumoneicrauem (J;; 5= 0)

4.3.1. Cayuad cucremor Ay u sapuayuonnoui merod. Teneps Mbl
PBEJEM CIIHH-CIIHHOBOE B3aMMOAEHCTBHE MEXKAY SAPAMH B KauecTBe
JONOJHUTEJNbHOrO B3aHMO/ACHCTBUS; NpH ITOM [/ pacyera cobCT-
BEHHBIX 3HA4YeHHH JOJKeH OBITb HCMOJAb30BAH MOJHBIH T'dMHJbBTO-
nuan (V. 10). Ipexae Bcero ciefyer onpeiennTs, He SBASIOTCS JH
MYJbTHNIHKATHBHbIE (QYHKUHH ¢ — ¢, NOAXOAALMMH IJs1 ONHCA-
HHST CTALlHOHAPHBIX COCTOSIHMH, T. €. HE ABJSIOTCS JH OHH coOCTBeH-
HBIMH.

CHayana paccMOTPHM [IBYXCMHMHOBYIO CHCTEMY, B KOTOpO#t fiipa
[IMEIOT OAWHAKOBbIE DEe30HAHCHBIE UYacTOTH (Va = vg) H KOTOpas
KiaccHQHUEpYeTcst KaK cucTeMa A, OueBHAHO, UTO B JaHHOM CJy-
uae HeJb3sl pacrno3HaTh yacTuubl A(l) u A(2), a MyJabTHIIHKATHB-
Hble GyHKUHH a(1)B(2) nan B(1)a(2) yxKe He OTHOCATCS K KAKHUM-
160 AHCKPEeTHBIM cocTosiHuAM (2) u (3). B stom cayuae ropopsr,
4T0 cocTosiuus (2) u (3) cMewnBaoTces. [l03TOMy He06XOAHMO HAHTH
1OBble BOJMHOBBIE (YHKUHH ANl STHX COCTOSHHH. 3aMeTHM, BHpoO-
ueM, 4TO QYHKUUH ¢ u ¢4 MOAXOmAT Aasi coctosuuii (1) u (4),
nockombky a(1)e(2) u a(2)a(l), a raxxe B(1)B(2) u B(2)B(1),
OYeBHJAHO, IONaPHO HAEHTHYHbI.

Kakue e BOHOBBe (YHKLHK caefyeT u3bpaTb AJSI COCTOSHHUIL
(2) u (3)? /lns pewenns Takoro poaa 3agay B KBAHTOBOH Mexa-
HHKe HCTIONb3YETCsl  Bapuayuonnsii merod. BonHoBast QyHKIUSA
COOTBETCTBYIOLUHX COCTOSIHHMHA CHayasJa amnpoOKCHMHUPYeTcs Kak Au-
tednas kombunayus. VIckoMble COCTOAHHS AOKHBI 06MaAaTh HEKO-
TOPLIMH CBOHCTBAMH MYJbTHIIHKATUBHBIX QYHKUUA ¢o H ¢4, H, cae-
10BaTe/IbHO, OHH MOTYT ObITh NpPeJACTaBJEHbl BhIpaKeHHeM *

Wy, 3=1cy(aB) + c3(Ba) (V. 14)
9ta npobHas QYHKUHS IpemnosaraeT pacuer 5HePTHH He MO ypas-
vennio (V. 2), Kak 3To Aenasioch paHee, a 1o ypasHeHHwo (V. 13).

* 3nech H ganee WHAEKCH NPH QYHKOUAX o H B OYLYT ONycKaThes B Hessx
ynpowennust ¢opmyn. [Moapasymesaercst, uTo nocne10BaTeasHOCT: SAep Beeria
OHA M Ta xke: a umenno (1), (2), (3) ... (n).




154 Trasa 'V

BapunaunoHHass Teopema yTBepiKAaeT, 4TO IHEPrHsi &, MOJyYEHHAn
TAKHM CIIOCOGOM, He MOXET ObITb MeHblle HCTHHHOTO 3HAYeHHS H §
OyZeT paBHa HCTHHHOMY 3HAUEHHIO TOJBKO B TOM cJydae, ecJju §
npobHasi ® HCTHHHAs (GYHKUHH OYAYT uAeHTHYHb, Takum 00GpaszoM, |
Jyyllee pelleHHe MOJYYaeTcsi, KOrAa SHEPTHsl CHCTEMbl MHHHMAJbHA. §
Tak Kak A0 CHX IIOp Mbl He OIpeleJHJIH KOI()QUIHEHTOB C; H C3 §
B ¢yHkUHK (V. l4), Mbpl MOMKeM BBIJABHHYTb B KaueCTBe YCJAOBUH j
noJy4eHHsl HaWJydlIero pelleHis caeaylouiee TpeGoBanue: O0g/0cy == }
= 0e/dc; = 0. [IpyruMu cJoBaMH, Jyullee pelileHHe NOJNYYaeTcs B 4
TOM cJyuae, KOrja BapHalHs Ko3h(HHIHEHTOB €y U €3 yXKE€ He IPHU- 4
BOAHT K MOHHXKeHHI0 sHepruu. [loacraBuB (V.14) B (V.13) un BH-
TNOJTHHB COOTBETCTBYIOIIHE ONEPAliuH, TOJYUHM

e = {[ez (aB) + c3 (Ba)] | | [cs (af) 4 c3 (Ba)]) —
([ea (aB) + cs (Ba)] { [ca (aB) + 3 (Ba)])

_ c5(aB | 96 | aB) + cocg(af | 6 | Pa) + cyeo (Ba | | af) + c2 (Ba | # | Ba)
c3{aB | aB) + cocy (aB | Ba) + cacy (B | aB) + cZ (Ba | fa)

UTo6bl ynpocTHUTh BBIPa2K€HHE, Mbl HCHOJBb3YeM CJAEAYIOLIHe COKpa-
[ eHHS: ’

Hyp=/{(ap |5 |aB) Hy==(aP|5E]|pa)

Hyy={Ba| 76 |Ba) Hz={(Ba|ib|ap)
[Tpumensis ypaBHeHHe (V. 12) u ycjoBHe HAeHTHUHOCTH 3y = Hys, ,'
B KOHLEKOHLOB NoMyunme == (c§H,, + 2¢,c,H ,, + c3H3)/(c5 + c3) == |
= u/v. YuHTbIBass BBeJEHHBIH BbIllle KPHTEPHH HAHAYYLIETO pelleHus, §
cjlejyeT NPOBECTH yacTHoe AHpdepeHUHpoBaHHe O ¢z H ¢3. [lo npa-
sy AHG(epeHUHPOBaHHS APOOHBIX BEIpa)KeHHH umeeM Og/0cy = §
= (1/v) [0u/dcz — (1/v)dv/dc,). Tlockoabky #/v paBHO &, TO ;

0ej0cy = (1/v) (Ou/dcy — e0v/0c,) =
= [1/(0% -+ c%)] (202H22 + 2¢,H,, — 3202)

Jast toro yTo6bl MHHHMH3HDOBATh € OTHOCHTEJNBHO Cy, NPHDPABHH-
BaeM Og/dcg K HYJIO. DTO BO3MOXKHO TOJNBKO B TOM CJydae, KOrjaa
HOCJEAHSAs] BeJHUHHA, 3aK/II0UeHHass B CKOOKH, PaBHA HYJI0; OTCIOAA
HaXO0AHM

co(Hyy — &)+ c3Hyy =0
Anajornuno pacuer 0¢/dcs (upu Hap = Hy3) naer ‘
coflyy + ¢35 (Hg3 —€) =0 (V.lﬁ)
Ypasrenus (V.15) u (V. 16), nonyueHusle Takum o6pa3oM, Hasbl- ;
BAIOTCS CUCTEMOL OOHOPOOHbGIX AUHEIHbIX YPABHEHU!] ¢ HeH3BecT- |

HEIMH KO3(G(dUUHEHTaMH ¢z H 3. OHH TakKe HA3LIBAIOTCA CEKYAAP- |
Hoimu ypasrenuamu. CoOrJacHo OLHOH H3 TeopeM ajare6pH, CHCTEMA

(V.15) §
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ypaBHeHHﬁ sTOr0 THNa o6JajaeT HeTPHUBHAJNLHBIMH (T.e, HeHyJe-
pLIMH) DCLICHHSIMH /51 KO3(GGHUHEHTOB, TOJbKO €Cc/H JeTepMHHAHT
ClICTEMbl, HA3BIBAEMBIAl CEKYASPHbIM OCTePMUHAXTOM, DAaBEH HYJIO.
B namiem cjayuyae 3To AaeT

Hyp—e Hy 0
Hsy Hy—e€

[Ipy pelleHHH 3TOro AETePMHHAHTA BTOPOro NOpPsAAKa INOJyyaeTcs
KBaJApaTHOe ypaBHEHHE, OTKY/la OIpPEeAe/IsIeTCsl IHEPTHS €.

Jlnst Toro 4ToGHl IIPOBECTH PacueT, Mbl JOJIXKHE BHauyaJje BBECTH
sneMeHTBl Has, Hiy, Hy w His B ypaBuenue (V. 17). Hcenoassys
ramuabToHHaH (V. 10), noayunm

Hypy=(aB | 36 | aB) = (af | 76 | aB) + (@B | 56| af)
PaCCManPlBaH OTA€JbHO YJEHBI 3TOTO ypaBHEHHS], [TOJYUIHM
(@B |36 |aB) = (@B | val2 (1) + valz (2)| af) =
=<aB|(%VA ———%VA)aﬁ)=O
(aB |8V o) =(aB | JT (1) [ (2) |ap) =
=JaB T I, +T1,1,+ I,I,1a) =
=J (@B T, af) + @B |T,[,] 0B)+ (@8 | .1, |aB))=
=1 (@B 1Ba) + - (af | Ba) — 4 (B (o)) = — + /

Takum o6pasoM, Hap = — (!/4)J; ananoruyno umeeM Haz= — ('/4)J].
Pacuer HeZHaroHaJbHBIX 3JE€MEHTOB MPOHUCXOAHT CJEAYIOLIHM 006-
pasom:

Hy = (aB]6|Bo)=(aB] 8" |Ba) + (@ | pa)
(af | |Ba) = (af [valz (1) + valz (2)|Ba) =

—@BI(— 5 va+5va)lp0)=0
(@B 1560 poy = (@B /T ()T (D) 1By =
=1 (@B | T, 1po) +<aB 1,1, o) + (@B | T, 1, | po)) =
=1 (5 (@ 1of) + 5 (aB |08) — 5 @B |Bo)) = 5/

Onement Hsp Takke paBed (1/2)J, T. e. AeTepMHHAHT CBOAMTCA K

(V. 17)

—(1/4)] —e (1/2)J
/21 —(ysi—el
’\
* 3nech cxagsipuoe npousscaende [] npeacTasiaeHo B pPasAoKeHHH 10 KOop-

J‘J.HllaTaM L.+ 1,0, + 1.1, a udaekcu npid onepaTopax ONyLiEHB B LeadX YNpo-
thHHﬂ (popMyer
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Puc. V.2. Inarpamma 3HepreTHYeCKHX ypOBHell H CHEKTP CHCTeMbl Az ¢ KOHCTaH
TOH CIHH-CIHHOBOTO B2auMmogedcTsda J > 0. ;
a — pHarpaMMa 3HepreTHYecKHx ypoBHeR: 6 — cnekrp.

3t10 naer kBajgpaTHoe ypasHenne [—(1/4)J —e]?2—(1/4)J2 =0,
KOTOpOe MMeeT pellenus e = 4 (1/4)J u g5 = —(3/4)J.

BapHauvoHHbIH MeTOJ ¢ NPUOJHKEHHOH HJAH NpobHOH dyHKUHeH
NPUBOAHT, TaKHUM 00pa3oM, K JABYM 3HAUEHUSAM 3HEPruu, OAHO u
KOTOPBIX COOTBETCTBYeT AecTabu/u3allii, a APyroe — CTAGH/IH3ag
uun cuctemsl. Tor $akr, yto ABa AApa ¢ OJUHAKOBHIMH YaCTOTaMY
B3aHMOAEHCTBYIOT MEX Ay COGOH NOCPEACTBOM CIHH-CIHHOBOH CBS3H]
MPHBOJIUT K pacllellJIeHHIO 3HEPreTHYECKHX YPOBHeH & H &3, KOTO]
pele B cayuae J =0 H va = vs OKa3bBa/IHCb BLIPOKJEHHHMH (C
pasl. 4.2). Mpl MoxeM yTBepXjJaTb 0e3 JOKa3aTelbCTBA, UTO NPH
6/iM3KeHHe BapHAlLHOHHOTO METOJAa JOCTAaTOYHO TOYHO, TaK 4TO [0
Jy4eHHble SHEPrHH € M €3 SBJSIOTCA HCTHHHBIMHM 3HauyeHusiMH Ej
n E;. CrnenoBaTe/bHO, AHATPAMMA 3HEPFeTHUECKHX YPOBHEH B CJaY!
yae cucreMbnl A; umeer ¢Gopmy, nokazaHHyio Ha puc. V.2, Coben
BeHHHle 3Hauenus E, u E., paBubie va +(1/4)J nu —vs 4 (1/4)1
COOTBETCTBEHHO, M0JYy4aioTcsl NpH MOJACTAHOBKE COOTBETCTBYIOLIH
MYJbTHIIHKATHBHBIX QYHKUMA ao 0 BB B ypaBHenne (V.2), ral
KaK 3TH QYHKUHY ABAATCA cOOCTBEHHBIMH.

Mp1 3aBepulMM paccMOTpeHHe cHcTeMbl Ap pacueTom KO3D(H
IIHEHTOB Cy U €3 B JUHeHHOA koMmOuHauuu (V. 14). HOlICTaHOBK
sHaueHus Ep B ypaBHeHus (V.15) u (V. 16) naer

Co(—1/2)J 4 ¢3(1/2) ] =0
e (1/2) T + ¢5(—1/2) ] =0

OTciofa caelyer, 4To C; == C3. B KadecTBe JONOJHHTEJbHOIO ycn'
BHSI A5 HEHU3BECTHhIX KO3((PHUIKEHTOB HCHOJNb3yeM YCJOBHe HOMN

R 5 e S S
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mupoBku (V. 12a), cnpaBelsuBoe U A/si 3TOH JMHEHHOW KOMOHHa-
nuH. 2T0 ycnom»xe tpebyer (W|W) =1, uTo NPHBOAUT K ypaBHe-
HHUIO 3+ ci=1. Takum o6pasom, 02——03—-1/4/2, H HUCTHHHas
goJiHOBasA (YHKUHS HMeeT BHUJ ‘If2=(l/q/2)(a6+ﬁa). [Ipu moaz-
craHOBKe E3 HaXoAuM €3 = —€3 U aHAJOTHYHO TOMY, KaK 3TO Aena-
j0ch paHee, noJyvyaem

Wy =(1/4/2) (o — pa)

Takum o6pasoM, ABa COOCTBEHHBIX COCTOSHMSI C CyMMapHBIM
cniHoM mr =0 XapakKTepU3YOTCA DPa3JHYHBIMH BOJHOBBIMH (PYHK-
ppaMH. B 3akJjloueHHe OTMETHM, YTO BapHALHOHHBIA TMPHHUHUI MHO-
ycka BOJHOBHIX (GyHKUHH cocTosHu#l (2) u (3) DpHBOAUT Hac CHa-
qajla K JHEPrHH 3THX COCTOSIHMH, a 3aTeM H3 SHepruil noJyuarnTcs
k02 QD HULHUEHTH Co U €3 B yinHeHHOH KoMGuHauuu (V. 14).

4.3.2. Pacuer OTHOCuTeabHblXx uHTewcusHocrey. PaHee Mbl pac-
CYHTAJH 3IHEPTHH NePEXOJOB ¢ NOMOUIBIO Pa3HOCTedl COGCTBEHHBIX
3HAYEeHHHA COOTBETCTBYIOIIHX CHHHOBBIX CHCTEM Ha OCHOBE MPaBHJ
orbopa Amr = =4-1. On1HaKo Npu 3TOM MHl He oOpallajy BHHMaHHS
Ha OTHOCHTE/NbHble HHTEHCHBHOCTH JIMHHH, T.e. Ha OTHOCHTEJbHHIC
BepPOSITHOCTH NepexoloB. B cayuae cucrembl A; Mbl xOTen Obl Io-
CTYyNUTb ApyrHM o6pasoMm. [IpHMeM BHadaje B KayecTBe YCJOBHH,
gT0 B OOLIEM CJy4ae OTHOCHTECJBbHblC HHTEHCHBHOCTH IPONOPLHO-
HaJbHBI KBaJpaTy TakK Ha3biBAEMOrO MOMeHTa hepexoda M mexay
paccMaTpHBaeMBbIMH COOGCTBeHHBIMH cOCTOSHHSAMH W, u W, On on-
penensiercs no ypasHenuwo (V.18), B XoTOpOM HCIONb3yeTCs onepa-
T0op I.. [IpuMensisi ypaBHenune (V. 18)

K CJy4aio CHCTeMbl A, MBI MOJYYHM CJelYIOUIHe OTHOCHTEJbHHIE
HHTeHCHBHOCTH. Jlng nepexona Wy, — Wy:

= (5 (@B + B I (1) + [, (2) a0y =
— 1 (5 ©@B 1B+ (B |ap) + 5 (B |Bo) + 5 (B |af)) =&

Hans nepexoga W3 — W¥p:

M? = «/_( B —Ba)l I, (1) + 7, (2) |agy* =
1 1 1 2
+(5 (@B 1By + 5 (@B lap) — 5 (Ba|pa) — 5 (Ba |ap)) =0
AHajiordynble pacyeTbl OTHOCHTENbHBIX MHTEHCHBHOCTEH mepexo-
0B W, — ¥, u ¥, - ¥; nawT 3HaueHus 1/2 u 0 cOOTBETCTBEHHO.

Takum o6pasom, nepexombl, cBsisanubie ¢ ypoBHeM Es, HMeOT HY-
JIeBble HHTEHCHBHOCTH, TaK UTO B CHEKTpe O0HAPYKHUBAIOTCS TOJLKO

(V.18)
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JiBe JIWHHH ¢ OAMHAKOBOH 4acTOTOH, T. €. HabJ10aaeTcs TONbKO OfHA-
¢JHHCTBEHHAas JIUHHA Ha 4acTOTE Va. 10 ABASETCA MNOATBEPKACHH~
€M paHee BBIABHHYTOI'O NOCTYyJaTa O TOM, HTO CIIHH-CIIHHOBOE¢ B3a-
HMOJeHCTBHE MEXJY MarHuTHO 3KBHBAJEHTHBIMH SIApDaMH HeE IIPOSB-
JIsIeTCcs B 3KCIIEPHMEHTaNbHOM CIIEKTPE.

3agaua V.4. Ucnosnbsys sosHoBble QYHKLHH, npHBeleHHHe B Taba V. 1(A),
u ypasHenHe (V.18), paccuHraiiTe OTHOCHTeJ/bHBIE HHTEHCHBHOCTH MEpEX0A0B B
cayyae cucTemsn AB B MpeAnoJIOXEHHH, YTO CIHH-CMIHHOBOE B3aHMOAEHCTBHE OT-

CYTCTBYeT.

4.8.3. Cummerpuunsle u GHTUCUMMETDUYHbIE BOAHOBbIE (PYHK-
yuu. PaccMoTpeHHe cHeTeMbl Ay ¢ HCIOJb30BAHHEM NpedCcTaBJ/CHHH
TEOPHHU CHMMETPHH NPHBOAHT K aHAJOTHYHBIM pe-
3yJbTaTaM, i Mbl 3TO ceHyac IOKaXeM, 4TO MO-
3BOJTUT HaM IIONYTHO NO3HAKOMHTLCA C HEKOTO-
PBIMH BaXXHbIMH CBOHCTBAMH OIEpPaTOPOB.

Kpome ocu BpamieHus, coBNAAAOMIEH ¢ MEXD”
A/lepHbIM HampaB/eHHeM, cHcreMa Ay obsmagaer
JIPYrUMH 3J€eMeHTaMH CHMMETDHH: 3€pKaJbHOH
IJIOCKOCTBIO ¢ U 0Cbio Broporo nopsaka C, (cxe-
ma V.1). OTHOCUTEJNBHO 3THX 3JIEMEHTOB CHM-
MeTpHH BoJHOBBle @YyHKIHH W n Wy BeayT cebs
pasanuibiM obpasom. B To Bpems kak W, ocra-
€TC HeM3MeHHOH TpH MpOBeJeHHH OlepalHi

¢z

Cxema V.1

CHMMETpPHH, T. €, NpPH [ePecTaHoBKe ABYX siep, §
¢yukuns ¥, usmensier snak. Takum obpasom, ¥, u W; saBasioTcs §
CHUMMETPHUHBIMH H AHTHCHMMETPHUHBIMH QYHKUHSIMH COOTBETCTBEH- £

HO:
= @ + p) = (B + ap) = (@f + o)
i (@p — p) -5 - (Ba—ap) = — = (B — Bo)

Onepauun CUMMETPHH — OTPaXKeHHe B IJIOCKOCTH ¢ HJIH Bpallle- §
ure BOKpyr ocH Cy— ONHCHIBAIOTCA OMEPATOPOM S, HUMEIOUIUM COO-
CTBEHHBle 3HAuYeHHd S=-+1 u U § =—I1, TaKk Kak ClIpaBelJHBH }
cJIelyIOllHe ypaBHeRHs 145t coGCTBeHHbIX 3Hauennit: SWy = (4-1) ¥4
u SW¥, = (—1)W¥s. [lasee, n3BecTHas TeopeMa KBAHTOBOW MeXaHHUKH ]

yTBep&AaeT, YTO AJ8 KOMMYTHDPYIOLUIHX ONEPaTOpOB Q u R (1. e

0llepaTopOB, YAOBJETBOPsiioNHX yeaoBuio QRY = RQW) coorHole- |

nust tuna << Wa|R|Wm> paBun uyawo, ecid W, u Wn ABAAOTCH

COBCTBEHHLIMH (DYHKUHSIMH Oneparopa, NPHHAAJeRalMMH pas/nd-;
HbiM COGCTBEHHBIM 3HAYCHUSAM Gn W §m, T. €. €CJH CIPaBefJHBO:
yCJoBHE Gn F= Gm. Jas uacThOro caydas BeposTHOCTER Mepexoid§
B cucTeMe A, 3Ta TeopemMa O3HAuaeT, 4YTO MNepPeXOAbl YW, H
Y, — ¥, «3anpelilenbl». [L0Ka3aTe/1bcTBO TOTO MOJNOKEHHS MOXKES,
pafity B npuiaoxenun (ra. XI). Tak Kak HHTEHCHBHOCTH JIUHYHg
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OYeBHAHO, HE JOJKHbBI 3aBHCETh OT TOTO, BHINIOJIHEHA JIM OTNepalus
CHMMETPHH HJIH HET, TO oneparopbl 8 u I J0/XKHB KOMMYTHDPOBATb.
Ianee, BosqHOBble PYHKUHH Wi, W u Wy aBASIOTCS COOCTBEHHBIMHU
(pyHKUUsiMH omepaTopa S Aaa COOCTBEHHOrO 3HaueHusa §= -1,
a ¢yukuus Wy siBaserca coOGCTBeHHOH A s = —]. Takum o6pasom,
porpakenuss <<Wi|I.[W,> u <W|I.|W3>> NOMKHH DPaBHATHCS
HyJlI0 H HHTEHCHBHOCTH (coraacHo (V. 18)) coorBercTByIOIIHX Nepe-
X0710B JOJKHBI OBITb PABHBI HYJIIO.

Otciona caelyer obuuii BHIBOA, 4TO nepexodol mexcody BoAHOBbL-
N pYRRYUAML Pa3AuYHOL cummeTpuu 3anpeujensi. B 3Tofl cBsI3H
coOCTBeHHbIe 3HadenHs omnepatropa S MOXKHO paccMaTpHBaTb Kak
«XOpOIUHEe KBAHTOBHIE YHCJA», KOTOPHE HE H3MEHSITCH B Xole
SIMP-3kcnepumentoB. TakuM o6pa3oM, B KayecTBe ellle OJHOrO mpa-
BHJa OTOODa AJs paspellieHHbIX IePexoioB uMeeM As = (.

[Tonyuennbie pesyabTaThl AJSl CHCTeMBl A, TpHBEIEHH B
tabs. V. 1(B) u V.1(B). BonHOBHIM pYHKUMAM IPHCBAHUBAETCS HH-
JEKC 0 3HAYEHHIO CYMMADHOTO CIIMHA M M IO CBOHCTBAM CHMMeT-
pud. Kak MOXHO BHJETh, BBeJeHHE CIHH-CIKHOBOrO B3aWMOJeHCT-
BHsl BHI3bIBaeT JAecTa0HIH3alHI0 CHMMETPHYHOrO COCTOSIHHSI Ha
(1/4)J u pecrabuiau3aunioc aHTHCHMMETPHYHOIO COCTOSIHHSL Ha
(3/4)J. IDtoT BBLIBOJ HAXOJAMTCSH B COOTBETCTBHH C NOJIOXKEHHSIMH TeO-
PHH BaJEHTHOCTH, KaCalOMIMMHCSA COCTOSHHA 3JEKTPOHHBIX CHHHOB
B XHMHUYECKHX cBs3sIX. TpH CHMMeTPHUHBIE BOMHOBBIE (PYHKUHH OIH-
CLIBAIOT COCTOSIHHE JBYX YaCTHI, KOTOpble (OpMasbHO 086aanaiorT
napaJ/ebHeIME OPHEHTALHMAMH CHHMHA H, C/1e0BaTesNbHO, XapakTe-
PH3YIOTCA CHHHOBBLIM KBAHTOBBIM YHCJAOM [ = -}1 ¢ Opoekuusamu 1,
0, —1. 9tu Tpu OYHKUHH OOPAa3yIOT TAaK Ha3HIBAEMOe TPUNAETHOE
cocroatue *. CHHIJIETHO® COCTOsIHHE ¢ [/ = ( XapaKTepu3yeTcsl aHTH-
CHMMeTDHYHOH (YHKUMeH ag, cTabHAH3alHsA KOTOPOUH NMOATBEPKAALT
H3BeCTHBIH NpuHUMN [layJsu, cOrnacHO KOTOPOMY CBSI3LIBAIOUiee COo-
CTOSIHMe JBYX 3JIEKTPOHOB XapaKTepH3yeTcsl aHTHIIAPaJJieJbHbIM
pacnosoxeHHeM CIHHOB. [IpaBuJia 0T60OpA AJS NEPEX0J0B B CHCTEMe
Ay, oBCcy)IeHIbIe TOABKO UTO, TAKKE MOTYT OLITh BBHIPAXKEHBI B 3THUX
Tepmunax. CorsacHo oOIMM 3aKOHAM KBAHTOBOH MeXaHHKH, Mepe-
XOIBl MeXJAy COCTOSIHHSIMH C Das3JHUHOH MYJBTHIJNETHOCTHIO, T. e.
MEXKly CHHIJIETOM M TPHIJIETOM B JaHHOM cJjydae, sanpeuiesnl. [10
STOH NpuuyHHe, HANPHMeEp, OPTOBOJOPOJA MeTacTabu/jeH BOJAW3H OT
0 K B TeueHHe HECKOBLKHX MECSLEB.

44. Cucrema AB

Bapnanuonnsii npunuun u cootsomenue (V.18) aas MomeHTa
lepexona nail0T HaM BO3MOMKHOCTb PACCMATPHBATL CIIHHOBBHIE CHCTE-

* MyabrrusnetnocTs N cOCTOAHHA (CHHIJIET, AY6JET, TpUmIeT H T. 1.) onpee-
JACTC CnHHOBBIM KBAHTOBLIM ducaom [ cornacko dopmyae N = 21 + 1 (eM. yero-
?g:l KBaH’I:OBaHHH (I.2)). Beanyuna N rnoxasbiBaeT KOJHYECTBO MATHHTHBIX KBaH-
me»l‘( “HCE] AA5% NABHOTO COCTOSHHS HJM, HHBIMH C/OBAMH, KOJHUECTBO BO3MOX-

OPHeHTAIH OTHOCHTeJbHO HanpaBJeHHS BHEUIHETO MATHHTHOTO MOJS.
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Mbl, KOTOphle He HMEIT YNPOULAIOUHX JONOJHHTENbHBEIX YCJIOBHH.
O6paTuMcs Temepb K cucTeMaM AB-Tu@a, B KOTOPBIX NapaMeTphl vod
u J uMeloT cpaBHUMBble 3HauyeHds. ByjeM ciel0BaTh pacCMOTPEHHIO
cayuast A, BILIoTh 70 BbiBoAa AeTepmunanta (V.17). Oanako Te-
NMephb ynpollamplilee yCJAOBHE VA == VB yXKe He HMeeT MecTa, u noJfy-
YaloTCs CJEAYIOlHe BbIPaKEHHs! /IS MAaTPHUHBIX 3JEMEHTOB Hy,

fjgg H H331
Hgy = (1/2) v¢ — (/Y J; Hyu= Hay=(1/2) J;
Hagy==—(1/2) v — (1/4)J

,ZleTepMHHaHT HMeeT BH

(o —d1) - y
Y (o= tr) =
PackphiBas feTeDMHHAHT, MOJYUHM KBa/paTHOE ypaBHeHHe
E2 4 (1/2) JE — (1/4) (vo0)* — (3/16) I =10
pellenreM KOTOPOTrO fBJANOTCA
Eya=— (/4] = (1/2) V/J* + (o)’

Co6crBennble 3nauenns Ey u E, caelyior u3 ypabuenus (V.2) u
MYJIbTHTIHKATHBHBIX QYHKIHH o H B COOTBETCTBEHHO:

Ey=(1/2) (v +vu) + (/4 15 Ey=—(1/2) (va + ve) 4 (1/4) ]

Creayollii [ar COCTOHT B pacueTe KO3()(HHIUHEHTOB B HpO6HOﬁ"’
dynxkuun (V. 14). Jlas storo moicraBuM BHauasne peiuenne Ej |
B ypasHenue (V.15). [lns ynpoueHust popMyJ 6yleM HCONb3OBATD |

cokpatuenne C =(1/2) A/ TF 4 (ved)?, Tak uro
o [(1/2) vd — C] + ¢3(1/2) / =0

Jlanbueliline pacueThl MOXKHO YNPOCTHTb, €CJH BBECTH yrOJ 20 c;
OMOILBIO cooTHOLIeHHH vd/2C = cos 20 u J/2C = sin 20. Orcio- |

Aa caepyeTt, UTO
¢y (1 == c0s 20) — ¢3 8in 20 =0
H €y == (g sin 20/(1 — cos 20)

[Tpumenenue paBeHCTB sin20=2cos0sin® u cos20=cos?) —|
—sin?0 NMPUBOAHT K YPaBHEHHIO Cp == C3C0s8/sin®, n mpu yuere]
HOPMHPOBKH ¢%+ ¢2== | TNoJyyawTCs 3HauYeHHss KO3(PHUHEHTOB!

Co=1co0s 0 u c3=-sinf.
ANajsOTHUHO MOJACTAHOBKAa E; MPUBOAHT K KO3 bhHUHEHTAM Cp ==
= —sin@® u c3=cosB. Takum 06pasoM, NPaBHU/IbHEIE BOJHOBBLIE

GYHKUHMH AJiS1 COCTOSHUH (2) W (3) HMEKT BHI
W, =cos 0 (ap) + sin0(Pa); W= — sinB(ap)+ cosb(fa)

=0 (V. 19) :
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ho A

!
Z= (y+vg)/2
Puc. V. 3. Cnekrp AB-cuctemn npu |Jas| > 0.

OGpaTuMcs Temepb K pacueTy OTHOCHTe/NbHBIX HHTEHCHBHOCTEH,
/17 Y€ro Mbl BHOBb Gy/1eM HCIOJb30BaTh cooTHolrenue (V.18). Ha-
npuMep, A nepexoga Wo— W, noayuum

M?=([cos B(aB) + sin O (Ba)] |7, (A) + 1, (B)] aa)? =
=[(1/2) sin 0 4 (1/2) cos 8]2 =(1/4) (1 + sin 20)

OTHOCHTEJIbHBIE WHTEHCHBHOCTH OCTAJbHBIX NepexoJ0B PaCCUHTH-
BalOTCA aHAJOTHUHBIM 00PasoM.

B oxoHuarenbHofi (GoOpMe pe3yJbTaThl aHAJdH3a cHCTeMbl AB
Aatorest B Taba. V. 1(T'). CnekTp COCTOMT W3 ueTHpex JHHHI, KOTO-
Pble CHMMETPHUYHO PACIOJIOXKEHbl OTHOCHTE/IBHO HeHTPa (va + vs) /2.
Buewnue sunnn AB-KBapTeTa HMEIOT yMEHbIIEHHYIO HHTEHCHBHOCTD
0 cpaBHeHHIO ¢ BHYTDEHHHMH; 3TOT pe3ysabTaT panee (pasg. 2.3.2
I IT) Mpl BBesH MIHDHUYECKH KaK «3D(EKT KPBIIl». Huarpamma
SHEPTETHYGCKHX YDPOBHEH OTJMYaeTcss OT TOH, KOTOpas MHpHBeleHa
Ha pHe. V. 1, TOJBKO TeM, uTo cOGCTBEHHbIE 3HAUEHHS HHBIM 06Pa3oM
CTaGUIHBHPYIOTCA W JecTabuaMsupylorcs W uto Junud A, (f;) n
A2(f2) 1 Bi(fs) n By(fs) cOOTBETCTBEHHO yixe He SABAAIOTCS MOMAPHO
BbIPOZK I€HHBIMH.

Ha puc. V.3 npuBenen cinekrp cucreMm AB, paccunTauumbil s
NapaMerpoB vo§ = 15 Tu u J = 12 T'w.

3anaua V.5. B npeiblaymiux pasjenax He Bce BHIPaXeHHS AJS1 COBCTBEHHBIX
SHaueHufi BOJMHOBHIX (BYHKUHUH H BepOSTHOCTEH NEpexoJ0B OBLIIH [1eTaJbHO BhIBe-
Ackel TIpoBepute Bce HEOGXOAUMBIE MPOMEAYTOUHLIE BBIKJIALKH,

3apnaya V.6. Hcnosssyst cooTHOMeHHS, NpHBeAeHHbie B Taba. V. (T}, pac-
CUNTaliTe Y4acTOTHI M HHTEHCHBHOCTH JuHUH B cucTeme AB npi ved = 20 T'n u
I =15 Iy

3anaua V.7. 3anumure CEKYJSAPHBIl JeTepPMHHAHT ¢ NOMOILK BapPHAIHOH-
oro merona anst anneiinofi KombuHanHH W = o (o) + cz(apa) 4 ci(faa).
3anava V.8. Nns cuctemsi AB oka3anock, 9T0 [y — fa= [o — [s = fa— fu
Kakoso ornomwenne vo8/J? 6) PaccuuTaiiTe HHTEHCHBHOCTH .JIHHHIL B} Kak
MOXKNO NOKa3aTh, 4T0 CIEKTP He SBASETCA KBapTeTOM MEePBOro NOpsAKa?

)

6  X. I'outep
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4.5. Cacrema AX 4 npuGJHIKeHHE NMEePBOro NopaaKa

[Tocie Toro xak OblaM OmpefeneHs COOCTBEHHbIe 3HAueHHsI H
co6crBenHble GyHkIMA cHcTeMbl AB, Obiio Gbl HHTEPECHO HCCAEN0-
BaTb 3aBHCHMOCTb YaCTOT M HMHTEHCHBHOCTEH JHMHHHE OT OTHOIIEHHS
napamerpoB vob u J.

CHagana o6CyauMm cayuai, KOTAA OTHOCUTEAbHbLL XUMU4ecKul
cO08uUe Vo HAMHO20 NPesbLULAeT KOHCTAHTY CRUK-CRUHOB8020 83AUMO-
deiicreus. Tlpu stom napamerp C gocturaer snauenuit (1/2) (vod)
U BhlpaxeHnde sin20 npubiamxaerca Kk Hyaio. OJHAKO MOCKOJNbKY
sin20 = 2sin® cos 6, To 160 sin O, au6o cos B LOMKHBI ObITh PaB-
HBl HyJi0. [lasee, MOCKOJMBKY sin?0® + cos?0 =1, To ecau sin B =0,
torna cos O = 1. CoGerBennbie GYHKUHH H COGCTBeHHble 3HAUCHHSH
B 3TOM TNpe/e/bHOM Ciydae, Ha3blBaeMOM CHCTeMOH AX, HMEIOT cJe-
AYIOIHH BHJ:

(1) aa  (1/2) (va + vx) +(1/4)/

@) ap  (1/2)(va —vx) = (1/4)]
(3) pa  —(1/2)(va — vx) — (1/4)J
(4) g — (1/2)(va+ vx) + (1/4)J

2 JHEPTHH B MHTEHCHBHOCTH NEPEXOAOB MJs 3TOH CHCTEMBbI, MpHBe-
Jensble B Ta6a. V. 1 ([1), moaydatoTcss oObIYHBIM MIYTEM.

Bepuemcsi Tenepb BHOBb K AeTepMunanty (V.19) u nocMorpHm,
KaKue OH uMeJ Obl COGCTBEHHDBIE 3HAUEHHsT U COOCTBEHHblE (QYHKUHH,
ec/M HeAHaroHadbHble 3jaeMeHThl Hoy U Hsp GBIIM Obl MpeHeOperH-
MO MaJbl 1 HX MOXHO GblJ0 OBl IOJOXHTb PAaBHBIMU HYJIIO:

HQQ_‘E 0 l—

0 Hua—E|"

1 1

3%6——4-1)—5 0 .,

0 (——-;—voé—%l)—E

JleTepMHHAHT paBeH HYJIO IPH YCJAOBHH, UTO 2JIEMEHTHl OJHOTO H3 |
CTONOUOB MM OJHOH H3 CTPOK TOXKe PaBHBLI HYJIO, 0TCI0Aa MOJYyUHM

cpasy

Ey=Hy=(1/2)ved — (1/4)] u Ey= Hyy=— (1/2)ved — (1/4)7 )

ITojgcTanOBKa 3THX pellleHH#l B ceKyaspHble ypaBHeuus (V.15) H

(V. 16) B coueraHun ¢ ycaoBHeM HOPMHPOBKH €, -+ ¢;= | mpuBo-

JIMT K 3HAUEHHUAM KOI(PQPHIMEHTOB Cy U C3, PaBHBHIM | 1 0 1aa PyHK-
ung Wy u O v 1 aas dynkiun Wy coorBerctBento. [ToatoMy BOJIHO-

Bole ¢yuxiud uMetor il Wy =af u W3 = Ba.

Takum 06pas3oM, peHeOpexKeHne HeJHaroHaJbHLIMU snemenTaMy;
HENoCpeACTBEHIO NPHBOAUT OT cayyas AB-cuctemMsl K cucTeme AX.
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OueBHAHO, 4TO IOAOGHOE YIPOLleHHe IPAaBOMOYHO TOJNBKO B TOM CJIy-
gae, KOrla HelHaroHaJbHble 3J€MEHTH MHOIO MeHblle JHATOHAJb-
ublX. COOTBeTCTByOWIAst CHTYAUHS HMEET MeCTO, KOTAa vod 3> J;
5TOT KpHTepHi Obla BBefleH B pasd. 2.3.2 1. Il B cBA3H ¢ mpaBu-
JIAMH, KacawUHUMHCSA CIEKTPOB MepBoro nopsiaika. Kak MOXKHO Te-
nepb BHAETb, 3TH NpaBHJa MNPEACTaBJAIT CO60H 0coOmH cayuail,
BHITEKAIOIIHA H3 OO6MIer0 MOAX0Aa, U CTPOrO HPHMEHHMBl TOJbLKO
K CHCTEMaM C OueHb OOJNBIIHMH XHMHUECKHMH CJBHIAMH.

Mpb1 paccMOTpPHM Tellepb BTOPOH uacTHBHIf cayuail, KOria OTHOCU-
TeAbHble xumuieckue c08uUU vod CTAHOBATCS MHO20 MeHblULE NO CPAB-
Heruto ¢ koucrantamu J. Ilapamerp C B 5TOM cayuae CTPEMHTCH
k (1/2)J, a sin20 —x 1. Corsiacuo ta6a. V.1(T'), HHTEHCHBHOCTH
JMHHA f; B f, YMeHbIIAIOTCH, a YacTOTH HEPexXoloB f, U f3 GYAyT
COBNAAATh, T. €. PaBHATbCSA (va + vB)/2, TAK YTO CHEKTP BHIPOK-
NaeTCsl 00 CHCTEMH Ao,

Ha npakruxe cucreMsl AB, ouenp Gau3Kue K Ap-C/yuaio, BCTpe-
yaloTest JNOBOJbHO 4acTo. C OFZHOH CTODOHBI, LEHTpaJbHBE JHHHH
MOTYT OKasaTbCs TaK OJH3KO APYr K JPYry, 9TO CHEKTpajbHOe
paspellleHHe He MO3BOJsAeT HX paspewHtb. C apyro#l cropousl,
MHTEHCHBHOCTH BHEWIHHX JIHHHA MOryT OHITb TakK MaJjbl, YTO YyB-
CTBUTE/JbHOCTH CIIEKTPOMETpPa OKa3bBaeTCsl HeAOCTAaTOUHO IAs HX
JeTeKTHPOBaHHA. Takue CIeKTPbl Ha3bIBAIOTCSA «OOMAHYHBO HPOCTHI-
mu», Kputepuit anag Takux cnekrpoB B cayuae AB-cucrem paercs
COOTHOLIEHHEM

(vod)?

(vod)?
55— <A 0

272
rie A — ecrecTBeHHas IIUDHHA JIMHHH, { — HUXKHUH npefes JeTeKTd-

pyeMol HHTeHCHBHOCTH. [103:Ke MBI BHOBb BEPHEMCS K 3TOMY SBJE-~
HHIO NIpU OOCYIKIEeHHH APYrHX CIHHOBLIX CHCTEM.

<i

4.6. O6wHe NpUHIUHKILI AHAAH3a CNEKTPOB GoJee
CJAOXKHBIX CMHHOBHLIX CHCTEM

B nmpeabaymux pasjenax ObuIO MOKA3aHO, YTO COOCTBEHHLIE
3HauyeHHs U COOCTBeHHble QYHKIHH CTALlHOHAPHBIX COCTOSHHH C OH-
HaKOBHIM 3HAuYeHUEM CYMMAapDHOTO CIIHHA MOTYT OBITb TIOJYYEHEH
C NMOMOLIBK BapHaLUOHHOIO MeToma. ToT e QopmannaM MOXKeT
ObiTh HCMOMB30BaH a5t GoJiee CJAOKHBIX CIHHOBBHIX CHCTEM, TaK Kak
Bcerga MOXKHO B3sTb B KauecTBe 6asuca MYJbTHINIHKAaTHBHbIE QYHK-
UHu tuna o ... f.

[Ipexzne Bcero cucreMaTHyecKHil MOACUET uHcaa cOGCTBEHHEIX
COCTOSIHHH H MYJbTHIIMKATUBHBIX (QYHKUHH, CTPYNIUPOBAHHBIX MO
CYMMapHOMY CIIMHY, AJS CHCTEMBI 7 YacTHIL cO cuHoM 1/2 Moxker
ObITh mpoBeJeH ¢ MOMOWIBIO TpeyroJbHuka [lackans. B obuem cay-
Hae uMeercsl 2" COOGCTBEHHBIX COCTOSIHHU [JIs1 CHCTeM H3 # s]lep, OT-
KyJla BUAHO, UTO YHCJIO HX GHICTPO BO3PACTAET ¢ YBEJHUEHHEM CJ0X+
HOCTH CHMHOBOH CHCTEMHL.

6%




164 Trasga V

Takum o6pasoM, AJsi TPEXCRUHOBOL CucTemb. HMEKTCA TpH Oa-
3HcHBle QYHKUUH aof, afa H Pao, COOTBETCTBYIOlIHE BEJHYHHE mMir,
paBHOH |/2. B sToM cayuyae BhIpaXKeHHe

W = ¢, (aaB) + ¢3(aBa) + ¢4 (Baa)

MPUrOJHO B KavecTBe NpoGHO#A JuHeliHOA KoMOHHaUMH. B obulem
cJayuae, HCIIOJIB3Ysl BEKTOPHBe 0003HAUeHHA, HMeeM

W=c; X ¢

rlle ¢; — BEKTOP-CTPOKA, a P; — BEKTOP-CTOJ6el

¥=(crcr...cn)x [,
?2

P

[TockoJIbKY KO3(DPUUHEHTH ¢; HOpeobpasyroT CHCTeMY 6a3nc1—xbn§
$yHKUHE ¢; B COOGCTBeHHble (YHKLHH DacCMaTPHUBAaeMOH CNHHOBOH
CHCTEMB], TO OHH Ha3BIBAIOTCS COOCTB8eHHuiMU 8ekTOpamu. Jlas ciy-
yasg AB-cHCTeMBl OHH CTPOSITCS Ha coCTOSiHHAX (2) u (3): (cos®,

Q
sin @) X (gg) i (— sin®, cosB) X (BE)

Hakonen, ¢ noMoubio TPeyroJbHHKA I"Iac5<anﬂ MEl MOXeM - 11o-
JYYHTb TEOPETHYECKH BO3MOXKHOE YHCJ/IO JHHHH B CIeKTPe CIHHOBOMH
CHCTEMBI, eCJIH BHIIIOJHSAETCS MpaBHJao oT6opa Amr = 4=1. KoneuHo,
5TO YHCJAO BKJIOYAeT H TaK HAa3biBaeMhble KOMOUHAYUOHHblE AUHUL,
JJIS KOTOPBIX IPOMUCXOJHT OJHOBPeMEHHOe H3MeHeHHe ODHEeHTallHH
CIIHHOB HECKOJIbKHX fi/lep H KOTODbie BCJEJICTBHE 3TOTO 3alpelleHH
(nanpumep, ofp — Baa). Bosee TouHo cienyer mepedopMyaHpPOBATH
npaBuja OT60pa OTHOCHTENbHO MAarHHTHBIX KBAHTOBHIX YHCEJ My

HHAUBHIYaJbHBIX ssaep:
> Am()=+1, tae Am;({@)=0, +1 (V. 20)
i=1

Ecau Tenepb NpUMeHATb oNepaTop FaMI:IJIbTOHa (V.10) k 6a3ucHbIM
GOYHKUMAM pacCMaTpHBaeMOH CIHHOBOH CHCTEMBI, TO IMOJYYHM Be-
JUYUHB Hyy, ..., Her 8 Hyg, ..., Hr, KOTOPBIE MOJKHO OpraHH30BaTh
B marpuyy eamuavToruarna H. Iad IBYXCIHHOBOH CHCTeMBI 3Ta

MaTpHila uMeeT Gopmy
Hy O 0 0 )
H=lo Hy Hy 0
0 0 0 Hy
B cBa3u ¢ 3THM cielyeT 06CyIUThb Psil MOMEHTOB.

0 Hyp Hy O v.21) |

Ananus cnexrpos SIMP gsicokozo paspeuwtenus 165

l. Marpuya eamuroronuana umeer KBaJpaTHyIo GOpPMYy H Bcaes-
CTBHE paBeHCTBa fy; = Hj, (a B obwem cayuae Hy — Hit) cum-
METPHUHA OTHOCHTEJBHO IJIABHOH AHATOHAJIH.

2. HeduaeonaavHoie saemenTol MeX1Yy COOCTBEHHBIMH COCTOSI-
HUAMH C PABJIHYHBIMA 3HAYEHHSIMH CYMMapHOTO CIIHHA PaBHbI HYJIIO.
[Tostomy Marpuua pacmamaercs (nu dakTopusyerca) Ha moaMart-
PHILBL:

HleulX

H22 H23
H H X,H44l

ITOT pPesy/bTaT NONOGEH CJAEACTBHIO U3 TeOpeMbl, BBIABHHYTOH pa-
Hee( pasl. 4.3.2) OTHOCHTEJDbHO KOMMYTHDYIOUIHX ONepaTopoB.
B naHHOM ciyyae KOMMYyTHDYIOT TaMUJABTOHHAH W oneparop F,
(eM. 1. XI) u MaTpHuHBle 3JeMEHTH <VY.|#|¥n> nas cober-
BEHHBIX (QYHKUMH, NDHHAIEKAUMX PA3/IHYHBIM COGCTBOHHLIM 3HA-
YEHHAM 1 U m onepatopa F,, paBubl HyIO.

3. Eciu Mbl BbIuTeM 5Hepruio F M3 JAHATOHAIbHBIX MaTPHYHBIX
SJIEMEHTOB Hyy U MPOBeeM (GaKTOPH3ALUMIO MATPHIBI TAMUJLTOHHA-
Ha, TO MOJYYHM Halop CeKYJsSPHBIX NeTeDMHHAHTOB, PaBHBIX HYJIIO
H HMEIUINX CJAeAYIOIUNA OO HH BUI:

| Hyp — 0pE =0, rae Oy =1 npn k=1
Op; =0 npu k<l

CornacHo m. 2, ux yHCJO pPaBHO YHCJNY Pa3/HYHBIX 3HAYEHHH COOT-
BETCTBYIOUIHX CMHHOBBIX CHCTEM. KX pasMepHOCTb HemocpeaCcTBEHHO
CJaelyeT H3 4yucaa OasHCHBIX GYHKUME, MPHHAIIEKALIHX JaHHOMY
3HAYEHHIO CYMMapHOTO CMHHA. JTH YHCJAA MOTYT GHITH OnpejeseHbl
HENOCPEACTBEHHO U3 TPeYroJbHHKa [lackass. Pelllenue ceKyJspHbX
ACTEPMHUHAHTOB JaeT COGCTBEHHbIE 3HAYEHHS! COOTBETCTBYIOMHX CIIH-
HOBBIX CHCTEM, 4 MCIOJb3ys CEKYJSIPHblE YDABHEHHS, MOXHO OIpe-
Je/IUTb COGCTBEHHBIE BEKTOPH C IOMOLLBIO KO3 (HIHUEHTOB B OG-
CTBEHHDBIX (PyHKUMMAX,

4. BHe 3aBHCHMOCTH OT NOPsAJKA COHMHOBOH CHCTeMB JHATOHAJb-
Hble sj1eMeHTel My, u Hg, Bcerga mnpeacraBisiioT coB60# HCTHHHbIE
BOJHOBble (DYHKUHH COCTOSHHA C CYMMAapHBIM CIHHOM +1/2 nan
—1/2, a 6asucubie GyHkuHU ao ... o H BB ... B Bcerga sBJasOTCS
COOCTBEHHBIMH (YHKIUAMU 3THX CIIHHOBBIX COCTOSHUII. »

Matpuua raMHIbTOHHaHa MOXeT GBHITh MOCTPOEHA AJsi 06O
COHHOBOH CHCTEMBI C HCIOJAb30BaHHeM O6a3HCHOM GYHKUHH ¢, Ha
OCHOBAHHH NPOCTbIX (popMya. [IJsi AHATOHAILHBIX 3JEMEHTOB HMeeM

n

<¢kl%l‘}sk):Hkk:Zviml(i)‘F%Z ZfijTu

i=l1 i<

e Ty =1, ecau sapa { u | MMeoT mapaJjiejbHble CIHHE B CO-
OTBeTcTBYIOMIEH 6a3HCHOMN Gyukuun, 0 Ti;j = —1, €C/IH CIHHBI Aanepi
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opmy”na
¥ j B 6a3UCHOM (YHKUHH anTHIAPAANSALHEL. [1pusenennas ¢popmy

I11.10).
OTBETCTBYET YPaBHEHHIO ( ) .
« Hellﬂal‘}(])HaXbeIe S7eMeHTHl Jisi 6a3ucHBIX OYHKUHI $e H ¢

pejlessiioTCa BhIpaXKeHHeM
1 . .
: = == asa {55,
(Pp| 76| Py = Hrt QJz]U it J u
rie U=1, eciu ¢, u ¢, OTJIHYAIOTCA TOJBKO nepeCTaHOB};oybc_riuo-
HOBBIX (pyx’munﬁ sgep ( u | (nampumep, afap yyll gggg)),
BO BCeX APYTHX caydasx (Hanpumep, /11 apop .

HCTEM

FaCCMOIpHM HJI.HEOC[an,HlO 3THX HpaBH.H Hau HpHMepe C leI

lpeX Slllep A B H (: ]IH}Ke anBOﬂHICH TIOJIHBIH HaGOp (SaSHCHbX
)

byHKIMHA:

=32 mp=1/2 mp==12 m=—32
(2) aof (5) afp (8) BB
o (3) afa (6) Pap
(4) Beoa (7) Bpa

3/lech IHArOHAJABHBIMH 3JEMEHTaMH ABJISIOTCA
Hy=1(1/2) (va+ v +vc) + (1/4) (I ap + Jac + JBc)
Hop=(1/2) (va + v8 — vc) + (1/4) (Jap — Jac — IB0)

Hoy = — (1/2) (v 4 vo -+ ¥0) + (1/4) Uxs + Jac + Jnc)
He}IHaFOHaJIbeIe 3JeMEHTHI anBeﬂeHbI HHXKE:

Hyp—Hig= ... = Hiz=0

Hap = (1/2) Jac

H24 == (1/2) Jac

Hyy=(1/2) I s

|[ OCTO —_— - .__“ =V ] p—
A— v, y C »

EY 0 0 0 0 0 0 0 |
0 ! 1 0 0 0 0

o Y 1 %j 0 0 0 0

0 iy -1y 3

0 Y N 0 0 0 g

0 0 0 0 — v-—%.l 5.’ ?J

0 0 0 0 iy iy Y 0

0 0 0 0 iy iy v-1J 0
0 0 0 0 0 0 0 37
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He Bxoasl B seTann MaTeMaTHYeCKOI 006paboTKH MOAOGHBIX MaT-
pHL, MBbl XOTean OBl YKa3aTb elle OdHH IIyTh, IpeACTAaBJA O
aabTEPHATHBY paHee OGCYXAEHHOH Npoueaype bakTOpHzanuy Mmar-
PHLLL Ha CEKyApHBIE ACTePMHHAHTBL. ITOT IyTh CAYKHT OCHOBO
AJs CEPHH KOMTIBIOTEPHBIX NPOTPAaMM pelIeHHs] KBAHTOBOMEXAHHYe-
CKHX 3ajad. PaccMaTpHBaeMblil 34ech BONPOC M3/aTaeTcss B MaTe-
MATHYECKHX DYKOBOACTBAX NMOA PYOPHKOH npobiema cobcTeemmbiy
3Hauerul.

MoxHO noKasaTh, yTo a106as KBajJpaTHasi MaTpHLa, Halpumep
MATpHIa raMu/ibTonuHana H, cBA3ana MaTPHUHBIM ypaBHeHUeM

HU =UD (V.22
C 1HaroHaabHOH MaTpuuefi D co6CTBEHHBIX 3HaueHui, T. e. ¢ Marpu-
Lefl, 371eMeHTH KOTOPOH ONpexensioTes CJAeAYIIHM 06paszom: D, =—
:Ekl/le:ADszO.

Marpuua U upencrasiasier co6oi MaTpHLy Takoro npeofpaszosa-
Hsl, KOTOpoe, corsacuo (V.23), nepeBoaurt MaTtpuny H B muaro-
HaJbHYIO GopMy. OcoBeHHOCTBIO 3TOM MAaTPHUbLl ABJSIETCA TO, UTO
oHia TOYHO COOTBETCTBYET MaTplle cOOCTBEHHbIX BEKTOPOB, T. €. CO-
ACPKHT KOIDOHUHEHTH Ci, ..., C; JHHEHHDLIX KomMOuHauui (V. 14).
Marpuna U wasbiBaercs Ju60 OPTOSOHAAbHOU, MHbO YHUTApHOL

varpuued, a ypasuenue (V.23) HasbBaercs YyHUTaApreIM npeobpa-
308aHUEM:

UTHO=D (V. 23)

Hanpumep, 1151 co6erBeHumx cocrosumii (2) m (3) cHcremMb A,
UKa3bIBAETCs, COTIACHO ypaBHeHHIO (V.22), uTo

1 1 1 1 1 .
T4 5/ e 7 —= — s
g = \2 \’/2 »_ \//2 \/2 4
AT 5 T 5 - ——= 0 —=J
2 2 /2 /2 o)
- N v \ < Ve

JTO COOTHOIIEHHE JIETKO NIPOBEPSACTCS HENOCPEACTBEHHBIM BBHINOJHE-
fIIeM yKA3aHHBIX Olepauuil yMHOKEHHS MaTpHIL.

MsBecTHLr crantapTable MaTeMaTHUECKIe NpoUeAyPBl, N03BOJISIO-
llife uaroiraIn3upoBaTh MaTpHUY raMuabrounana H. Mx npHMeHe-
Hie He TOJLKO /1aeT AMarOHAIBIYIO MATPHIY D COBCTBENHbIX 3HAe-
nul, 1o Takke u Matpuny kosdpduunentos U. [Tocae Toro xax
Pellena mpoG.ema coBCTBEIHDIX 3HAYeHHH, MOXKHO ONpEeJeJHTb ya-
CIOTLL 1 MNTEHCHBIOCTH JHIHI COTIACHO YpABHEUUAM (V. 1) unau
(V. 18).

[Hockombky onncannmit 31ech MaTemaTHIeCKHH bopMasu3mM MOXK-
10 3anmporpaMMupPOBAT, TO CHEKTPH PATHUILIX CIIHHOBLIX CHCTEM
“ICTKO PacCUMTBIBAIOTCSA C HCMOL30BAHHEM UH(POBLIX KOMILIOTEPOB.
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[Tos:ke ™Mbl BepHeMcst K IporpamMmam, KOTODble MOTYT OBbITb HC-
NOJIb30BAHK [ pacyera TEOPETHUECKHX CIEKTPOB HA OCHOBE H3-
BECTHBIX Pe30HAHCHLIX 44CTOT M KOHCTAHT CIHH-CIHHOBOI'O B3aHMO-
AeficrBus, Tem He MeHee B CJeAYIOLIMX pasjenax MbH yxe Oyaem
HCIIONB30BaTh Pe3YJbTaThl MOAOOHBIX pacyeTos, MJsS TOrO 4TOOsI
NPOBEPUTL MapaMeTphl, NOJyyaeMble B X0/ aHaJH3a CIHHOBLIX CH-
CTEM,

5. PACHET MAPAMETPOB v; u J;;
u3 DKCMEPUMEHTAJIbHbLIX CMEKTPOB

Tenepp Mbl cobUpaeMcsl paccMOTPeETh BOMPOC, NMOCTABJAEHHBIN BO
BBe/eHUH K 3TOH IJaBe: KakUM o0pa3oM MOKHO paccuudTaTtb napa-
MeTpbl H3YYaeMOH CIMHOBOM CHCTeMBbl — XUMHUECKHE CABUIH U KOH-
CTAHTHl CIIHH-CMIUHOBOrO B3aUMOJEHCTBHA — H3 HAOJIOfaeMBIX uYa-
CTOT W HHTEHCUBHOCTe#l JHHHIA? MHpIMH caoBaMH, Kak aHaJ/ M3HPO-
BaTb 3KCIEPUMEHTAJbHBII CIHEKTP?

HauBHo mnosaraTh, uto 3Ta mnpobjeMa AoJkHa OBTh pelleHa
C TNOMOULbI0 «O0pallleHHd» MaTeMaTHUecKoro thopmanuama, o6Cyx-
JeHHOTO Bbille. Ha mpakTHKe 3TO BO3MOXKHO TOJbKO N/ ABYXCIIH-
HOBBLIX CHCTE€M, IIOCKOJbKY B 3TOM cJ/yuae Mpl IoJyuaeM ajarebpau-
Jyeckue ypaBHEHHS BTOPOro nopsiika. Bce 6onee cinoKHble COHHOBBIE
CHCTEMBbl [IPUBOAAT K ypaBHeHHUSIM OoJiee BLICOKOTO MOPsSIKA, KOTO-
pble Heb3d PeUIHMTb aHaJHTHUeCKH. B 3TOM cMbicae NpsiMOH pacuer
crnekTpoB HeBo3MoxkKeH., OIHAKO HMeeTcsl HEeCKOJbKO NyTefl, n03Bo-
JAOMIUX YIPOCTUTL NpobieMy U NMOJYUHTL YPaBHEHHS BTOPOro Mo-
psi/lka Jdaxe JJis YeTHIpeXCNUHOBHIX cucteM. Kak 3To nenaercs, mbl
NOKa)KeM B CHeJAVIOIIUX pasjesnax Ha OOJLUIOM KOJHYecTBe 4acTo
BCTPEYAIOLIUXCH COHHOBBIX CHCTEM.

5.1. Mpamoii anaan3 cuctem AB

CucreMbl AB-THNa 4acTC BCTPevaloTCss B OPraHHYECKHUX COeIH-
Henusix. Oaun npumep cnektpa AB-Tuma, xapakTepHBIl 1Js apoma-
THYeCKHUX INPOTOHOB B l-aMuHO-3,6-AuMeTHN-2-HUTpPOBeH30Me, TNpH-
Beflen Ha puc. V.4. JpyruMu npumepamu crnekTpos AB-tuna
ABASIOTCA CHEKTphl 2-6poM-5-xjopTHotena (78), 1-6pom-1-xa0paTH-
gena (79), 2,5-1ubpom-1,6-metano[10]annyiena (80) u gubensua-
auerans aueraabieruga (81). Ha puc. V.5 nmokasaHa 3aBHCHMOCTb
cnextpoB AB-tuna or otHomenus J/vgd.

Hy H
H H AP
A/Z_LB By & P CHale=Cs
I\ = —HC
N7 Br =4 CO HaC=HE
Cl Hg 5 0—CHaHg—Cs
78 79 80 81
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CHs
Ha Heg Ha NH2
Hg NO2
CH;
! ;
|‘ ‘,
1 i
i H
1 '
y T T T T T —

Puc. V. 4. Cnekrp JIMP tH 1-amitHo-3,6-auMeTHI-2-HUTPOGeH30Ma npH 60 ML,

72 fy
a 4
f

JL AJL S

AV )

Puc. v.5. 3amucumocts cnektpa AB-cHcTeMbt 0T oTHowenHs J/vod. TlpuBomstcs
CliekTpr ania J/vo, paBnoro 1:3 (a), 1:1 6),5:3 (8) ub5:1 (e).
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g anannsa cnektpoB AB-THmAa MBI HCNOJb3YeM TPHBHANBIIbI
BBIBOJ, KOTOPBHIH caeayeT U3 1abJa. V.1, o TOM, 4TO KOHCTAHTA CIIHH-
CIIMHOBOTO B3aHMOAelcTBHSL J paBHa pasHoctd fi—fe AW f3— 4.
Boaee toro, f| — f3 ==f, — f4+ =2 C, n nockosnky C = \/12 + (ve0)2/2,
TO OTHOCHTE/bHBbIH XHMHYECKHH CIBHr B cHcTeMe AB ompenensercs
COOTHOLIEHHEM

Vvd =A/ACT — P =+/2C—1)2C + D)=/ — ) (], — [)

Ecan menTp MyJbTHIIIETA, T. e. CPEIHION TOUKY MEXAY [, H f4
wan f, u f;, o6o3Hauuth Z, TO va=2Z— (1/2)ved u v =7+
+ (1/2)ved. danee, HENOCPEACTBEHHO M3 COOTHONIEHHH, MPHBEAEH-
HBIX B Tabu. V.1, MOXHO NONYYHTh OTHOIIEHHE HHTEHCHBHOCTEH

L/h=Is{ly= (fy—f) /(. —I5)

L f
Re—~
v
Al N\ A
/ \
/ \
P, R

HMeeTcst Takxke reomerpHueckoe pelleHHe mias cHcTemMul AB.
Jas 3TOro MpoBOAAT Kpyr ¢ pamuycoM 2C = f, — f, = +/J7 + (v,0)2
C HEeHTPOM B TOUKe P; M IPH 3TOM MOJYYAIOT NPSMOYTOJbHBIH Tpe-
yroapHuk PyPyP;. Ilockoabky PiP; pasHo J, To PoP3 = v¢S. ¥roa
P,P3P;, paBen yray 20, BBeICHHOMY paHee.

3anaua V.9, Onpefennte pe3oHaHCHble YACTOTH Va H vg cucTemsl AB ¢ au-
gusimu [ = 38,5, f2 = 28,0, f3 = 20,6 u fy == 10,0 Tu. Paccunrajite Takxke OTHO-
CHTEJbHbIe HHTEHCHBHOCTH JIHHHIL

5.2. TpexcnuHOBbIE CHCTEMBI

B kauecTBe 6asHCHBLIX (PYHKUHH TPEXCIIHHOBBLIX CHCTEM B 0blleM
clyyae MOryT OBITb HCMOJIb30BAHBl MYJIbTHIIMKATHBHblE (YHKIHH,
VIIOpAJOUEHHBIE 1[I0 WX CyMMapHOMY CIHHY H IIpHBeJeHHblE B
pasd. 4.6. daa ¢yHKIHI C cCyMMapHBIM COHHOM my = 1/2 u mr =
= —1/2 nomxKeH 6GBITh HCIOJb30BAH BapHAIMOHHBLIA METOJ Orpeac-
JIeHHs HCTHHHBIX COOCTBEHHBIX (PYHKLHH H COOCTBeHHBIX 3HaueHHH.
Tonbko ¢yHKIHY oo H BPH ABASIOTCS yxKe HaBepHAKA COOCTBEHHDI-
MH H MOTYT ObITh HENOCPELCTBEHHO HOJACTaBJEeHb B ypaBHeHue (V.2).

B aanbnefiuieM Mb OyjgeM paccMaTpHBATh CHHHOBBIE CHCTEMBEI,
B KOTOPLIX BO3MOXHBI YNPOLLEHHs,, OCHOBAHHBle Ha HAJHUUH 3Je-
MEHTOB CHMMETPHH HJIH OOJBLUIHX OTHOCHTENBHBIX XHMHYECKHX
CABHIOB. TO IT03BOJSIET ONPEAEIUTb AOMOJHHTEIbHLIE COGCTBEHHbIE
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QYHKUHH HENOCPEeACTBEHHO H3 0a3HCHBIX (PyHKUHA 0e3 IpoBeleHHSA
HOJHBIX BapHALUMOHHBLIX BuluHcaeHHl. B TakoMm cayuae cobGcTBeHHbIE
3HAUYEHHS MOJy4aloTcs ¢ NoMollbio ypaBHeHHs (V. 2). B stoM cMbic-
Je pacueTbl TPEXCHHHOBBIX CHCTEM MOryT OBIThb OrpaHH4YeHbl KBal-
paTHBIMH YPABHEHHSIMH, UTO II03BOJAET MOJYYHTb TOUHBIE pelleHHd
1J151 CeKTPasbHBIX NapaMeTposB.

5.2.1. Cucrema AB, (AyB). Crnektpur ABy-cuerem Habaonaiores
A5l cOelMHEHHH, HMEIOILHX OChb CHMMETPHH BTOPOro MOpsijika, Ta-
KHX, Kak 2,6-auMetuanupuanyd (82) u 1,2,3-tpuxsopGenson (83).
B KavecTBe ApPYrHX MPHMEPOB MOZXKHO NPHBECTH TpH3aMellEHHbIE
nHkJomponanel ¢ cumMmetpueit C, (84, 85) u OGeH3HAMAJIOHOBBIE
s¢upnt (86).

Ha cl
He e ct c e He  He Ha
| cl cL CN CN
H;C N “CHj Hs Hg
Ha Ha Br
82 83 84 85
COOR
CeHs—CHy—HC
COOR

Tunuunelfi cnekTp ABjy-THna mnokasan ua puc. V.6. B ofuem
cayuae HabJaIO4aeTCss ceMb HAH BOCeMb (MAaKCHMAaJbHO AeBSITb) JH-
HHH, H3 KOTOPHIX YeTwipe [ — f, HaxoxsTes B A-gactu. B Bs-uacru
CIIeKTpa JIHHHH 7 H fs paspeiaroTcs XOpollo, a JHHHH fs U [g 0OBIU-
HO He paspelaloTcs.

Kak o6bscHAnoch BO BBedeHHH, B o0lleM ciydae TPeXCIHHOBLIC
CHCTEMBI XapaKTepH3YIOTCS TpeMs Pe30HAHCHLIMH YaCTOTAMH H Tpe-
Mfl KOHCTAHTaMM CIHH-CIHHOBOrO B3aHMOJeHcTBHA *. B xoxe aHa-
JIM3a TAKHX CHCTEM HeOOXOIHMO PeLIHTb JBa CeKYJAspHbIX AeTepMH-
naurta 3 X 3, BO3HMKAIOUIHX NPH CMeEIINBAHHH COCTOSIHHN CO 3HA-
YeHHAMH Mt = /2 0 mr = —1/2. D10 NPUBOAMT K KyOHUECKHM
VPaBHEHHAM, KOTOPBIE Helb3sl PpelllHTb TOYHO OTHOCHTEJNbLHO napameT-
pPoOB v; H [y

B cayuae ABj-cucTem 3TH TPYZHOCTH MOXKHO OGOHTH, e€CiH BOC-
N0J1b30BAThCA pe3y/bTaTaMH aHanu3a cucrem A, [Tonyuennble Tam
BOJIHOBBElE (PYHKUHH MOTYT OLITb HCIOMb30OBAHB AJS TPYIIBl MATCHHT-
HO 3KBHBaJ/JEeHTHHIX silep Bo. Tak kak aapo A MoxKeT HaXOAMTbCS

* IIOCTETO‘IHO N4aTH HAPpaMeTPOB, Tak Kak BHA CIEKTPa 3aBHCHT TOJLKO OT
OTHOCHTeJIbHBIX XHMHUYECKHX CABHIOB.
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fs
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Ha Ha

Puc. V.6. Cucrema AB, apoMaTHYeCKHX IPOTOHOB NHpora/iona (B xJopodopwme)
npu 60 Ml

TOJIbKO B O- U P-COCTOSIHHSIX, TO HYTeM TIPOCTOr0 IepeMHOMXKeHHUs
MOJYYaeTCsl BOCEMb MYJbTHINIMKATHBHBIX (YHKUHH B KauecTBe Oa-
3HCHHIX QYHKUIHH cHCTeMBl AB,. 2TH QYHKUHHM KJACCHPHIIHPOBAHBI
B Taba. V.2a nmo CUMMeTpPHH H 1O CYMMapHOMY CHHHY my. Ecad

TaGauua V.2a. Basncure dynkuun cucremu AB,

CuMMerpHuHble GYHKUHH

A B, mp
(1) 1 o ao. +3/2
(2) ¢ a (aB + pa)/V2 +1/2
3) o3 g aa 4172
(4) ¢4 a BB —1/2
(6) ¢s B (ap + Ba)/V2 —1/2
(6) @6 B Bp —3/2

AnTHcMMMeTpHYHble QYHKIHR

(af — pa)/V'2 +1/2
(aB — Ba)/V2 —1/2

(7} & a
(8) #s p
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E my
3
*
2
1
1
2 @
1 fs
-y ®
2
puc. V. 7. Jduarpamma sHepreTHue-
CKHX YpoBHelt cHcTeMubl AB.. 3
@ — CHUMMETPpHUHOE COCTOSIHHE; 6 — an- 2
THCHMMETPHYHOE COCTOSTHHE.
a v

MBI Y4TEM, YTO MePeXOAbl MeKAY COCTOAHHAMH PasJHUYHOH CHMMeET-
PHH 3ampellleHsl, TO OTCI0fa CJaeAyeT, uto Jbas JHHHA B A-tacTti
AOJKHA COOTBETCTBOBATH aHTHCHMMETPHUHOMY Iiepexony (8) —
— (7). TlockonbKy GasucHble GYHKUHM ¢; U Pg MPEACTABJISIOT CO-
Gofi co6cTBeHHble (YHKIHH, TO cOOCTBeHHHE 3nauenns E; u Eg mno-
Jy4aloTCsl MPH NPsIMOH IOACTaHOBKe ¢; H $g B ypaBHeHue (V.2).
B pesyabrate mnoayuutca: E; = (1/2)va— (3/4)Jes u Ez=
= —(1/2)va — (3/4)Js; TakuM 06pa3oM, UacToTa Iepexoia paB-
Ha va. Hrak, mm060ii cnextp ABo-tuna comep:kuT JaMHHIO B A-ua-
CTH, KOTOpas He 3aBHCHT OT KOHCTAHTHI CINHH-COIHHOBOIO B3aHMO-
AeficTBUA Jag M KOTOpAs HENOCPELCTBEHHO AAeT Pe30HAHCHYI0 Ya-
ctoty aapa A. Jlasnee, 103BoJIeHbI CJAeLYIOIIHE TTePEXOLHL:

A-ZMHHUH * B-aunny * KoMmOuHalHOHHKEE JUHHH
@0  @-=>Q) 43
®>~1 (@W->?
B >@ ) ~>(O)

(5)~>3

OxonuaTesnbnas aMarpaMma 3HEPreTHUECKHX YDOBHeH INIpHBeleHa
Ha pHC. V. 7. ,

Cummerpuunble 0OasucHble (QYHKUHH $; U ¢g HENOCPeACTBEHHO
npeacraBasior cobofi coOcTBeHHBle (QYHKUHM TaMHJbTOHHAHA, 0
COOTBETCTBYIOIHE HM COOCTBCHHBIC 3HAUCHHUSI MOTYT OBITh BBLIUHC-
Jdetipl 1o ypaBHeHHio (V.2). HWcrtunnwoe co6cTBeHnble GyHKUHH
Wy — W5 onpeneasiioTcss ¢ NMOMOIIbIO BAPHALMOHHOTO MeToid. Tak
Kak cMemMBAOTCA TOJBKO (PYHKINHM C OJAUHAKOBHIM 3HAUEHHEM
CYMMapHOTo CIIHHA, TO MNOJAYYdlOTCS CJaelyloliHe CeKYJsSpHble Je-
TePMHHAHTHI:

Hy—E Hg
Hs, Hg —E

OTeMENTH  5THX JETePMHHAHTOB (Hop = <3| | P>, Hy3 =
= <¢,|H|¢$;> u T. 1.) MOTYT ObITb BBIUHCJIEHH TOUHO, UTO
\*—

H

* Ota kaacCH(QHKAUKA CTPOTO MPHMEHHMA TOJBKO K cayyaio cucTem AXp-tnma.
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TI03BOJISIET ONpPeEAeNUuTh COOCTBEHHbIE 3HAUCHHS U COOCTBEHHBIE (DYHK-
LHH cocTosHUl (2)—(5). MBI onycTHM NOJIHOE paccMOTpeHHe, 1ato-
ulee BBIPAXKEHHS JUIS BCeX YaCTOT M OTHOCHTEJbHBIX HHTEHCHBHO-
creit B cucteMe AB.; 3TOT MaTepuas NpPHBOAMTCA B IPHJOKEHHH
(cM. ra. XID).

M3 pesyabraTtoB mnpsiMoro anagusa cucteMsl AB, mosyuatorcs
cJeJyIOlHe BaXKHblEe COOTHOLIEHHS:

va=Tfs ve=(fs+ )2 Jas=[(Ffi — s+ (fe— [s)]/3

3agaua V. 10. [lpoanasnsupyiite crnektp AB:-THna, npuBejeHHbI HHXKe, H
paccuuTafite napameTpbl va, Ve H Jas.

[ 1 ] | 1 ]
87,74 91,74 9500 99,00 /\ 107,26 10,00 My,
102,74 103,26

B cBsi3H ¢ TeM YTO CIHH-CIIHHOBOE B3aHMOJeHCTBHE MeXK/1y Mar-
HHTHO 3KBHBaNeHTHBIMH sipaMH B He BJMseT Ha BHI CIEKTpa,
dopma crmekTpa AB.-THIA 3aBHCHT TOJBKO OT OTHOUIEHHA Jap/vod
H, TakuM 00pa3oM, YacTOTbl M HHTEHCHBHOCTH JHHHH B TOI06HBIX
CleKTpax MoOryT ObiTb TabyJaupoBaHbl HA OCHOBE OTHOLIEHHS
JaB/vod (cM. ri1. XI). Ha puc. V.8 BocnpousBeieHo HECKOJbKO TeO-

PETHYECKHX CIEKTPOB, KOTOpPbLIe HJLIIOCTPHPYIOT IePeXOJ CHEeKTDPOB |
AB,-Tunma uyepe3 BHIPOXKAEHHBIH As-THN K cnekTpam A,B-tuna. Kak §
MBL yKe oTMeuaau (pasd. 2 ra. III), aToT nepexoa MoxHO nabJio-

AaTb 3KCICDUMEHTAJbHO IJI1 CIEKTPOB 0€eH3HJI0BOTO CIIUpTa.

]
:
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b

Puc. V. 8. Ilepexoa ot cucremn AB» k AsB-cucteme.

Bo Bcex cinywaax J =60 I'm. Bennunna wv8 pasHa: 14,0 Tu (a), 6,0 I'n (6), 1,0 Tu (8),
—8,0 I'm (e).

CnenuanpHoro KoMMeHTapusi TpebyeT JHHHS fo. DTO OJHA H3
KOMOMHALMOHHBIX JIHHHH, OTMEUYEHHBIX BHIIIE, KOTOpasi COOTBET-
CTBYeT 3aMlpenleHHOMY nepexoay oaf —fac. Ee HHTEHCHBHOCTh
o0ObIYHO OYeHb MaJja (cp. puc. V.6 u sagauy V. 10) *,

5.2.2. Cnun coctasHoti sacTuysl. MBl BOCIOJIB30BAJHCH CAYYaEM
AB; ans Toro, yTo6Bl NPOHJJNIOCTPUPOBATL YIPOLIEHHS, BO3HHKAIO-
IIHe NpPH aHaJH3e B TOM cCJyyde, KOTJa HMEITCS MArHHTHO 3KBH-
BaJileHTHble Tpynnbel. Eule OAMH METOA paccMOTDEHHUS] 3KBHBAJEHT-
HBIX silep, NMPHBOASIIIHA K AaHAJOTHYHBIM pe3yJabTaTaM, MOXKHO
TaKxKe MNPOJEMOHCTPHPOBATL Ha cucteMe AB,. OToT MeTon ocHOBaH
Ha HCMOJb30BAaHHH TaK HA3bIBAEMOIO CHUKHA COCTABHOL 4ACTULbL.

Ecau Mbr 6yneM paccMaTpuBarh B, Kak oJHY dYacTuuy, TO ee
CYMMapHBIA cmuH [ *, OUEBHJAHO, NOJIKeH [pHHHMAaTh 3HaueHHs: {
(cmuHBl sifep aHTHIApAJIENbHB) HJH | (CIHHBI SAep NapaJJesb-
HBl), T. e, rpynna B, cymecTtByer Ju60 Kak cuuraetrHoe (S), saubo
rak tpungernoe (T) cocrostuue. §flapo A, uMeromee cnuu /2, Ha-
XomuTcst B AyGJeTHOM (D) COCTOSIHHM H CBSI3aHO TO C THIOTETH-
YeCKHM SIIPOM CO CIHHOM, PaBHHIM HYJI0, TO ¢ THIOTETHYECKHUM
A1pOM €O CIIHHOM, paBHBIM |. [ * — Xopolllee KBaHTOBOE YHCJIO, He
H3MeHsionleecst B xone JAMP-skcnepuMenta. B xauecTBe elle OJI-
HOro mpaBuJa oT6opa uMeeM yciaoBHe Al* = 0. Takum obpasoM,
CTIEKTP MOXKET paccMaTPHBATbCs KaK HaJOXeHHe [ABYX MOJACIeKT-
poB, Kotophie obosmaualorcad ApBy U ApBi, ABasomuxces abco-
JIOTHO HE3aBHCHMBIMH., 2DTH [Ba IIOJCIEKTpa MOTryT OBITb paccMOT-
PeHBl Kak ABa Henpusodumeix npedcrasierus cucreMbl AB..

Co6crBennnle GyHKUHH cucteM AB, MOryT OnITb NpejCTaBJ/eHbH
KaKk MyJbTHIJIMKATUBHBEIE (YHKIHH, YHODSAOYEHHBIe IO HX CyM-
MapHOMYy cnuHy mr (Taba. V. 206).

B noacucreme Ay By uactuuia B He ofsajiaeT MarHHTHBIM MO-
MEHTOM, TaK 4TO B JAHHOM IOJACIEKTPE MOKHO HAb/10JaTb TOJbKO
——

* 3a HCKJIOUeHHeM TIepexojOB, 3anpelleHHHX 10 CHMMETpHH, npaBujia oT6opa,
KAK ¥ gpyrue yTBepK/eHHS KRaHTOBOH MeXaHHMKH, HOCAT BEPOATHOCTHHH XapakTep.
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onun mepexod: A(B) >-A(a) wm Ws—V¥;. Henocpeacrsenno
BH/JHO, 4TO NDHHLUMI COCTABHOH HaCTHUL NPHBOAHT K CYLIECTBEH-
HHIM YHPOULEHHSIM NPH DACCMOTDCHHH CHHHOBLIX CHCTeM C Tpyn-
NOA n MarsMTHO 3KBHBAJEHTHHX saep. Ecau n — uerHoe 4ucho,
TO BCeria cyulecTByeT HeMATHHTHOE COCTOSHHE AJs Tpynnsl B; mpu
HEUeTHOM n BO3HHKaeT CIHH cocTaBHOH uactuuwel 1/2. HAas cu-
creMbl AB, B mepBoM cayuae HabJalofaercs MOACHeKTp A-Tuma,
a BO BTOpOM cJaydae — moaciiektp AB-runa. B 3ToMmM mnocielHeM
caydae BCsA HHPOpDMALMs O CIUHOBOH cucTeMe (va, vs U Jag) CO-
nepaures B AB-moacnexTpe.

Ecau Mbl Teneps ofparuMcss K MaTpHUEe TaMHJAbTOHHAHA AJs
ofuiero cayuyas TPEXCIHHOBLIX CHCTEM, TO YIPOIUEHHS, BLITEKAlO-
ulHMe M3 CBOHCTB CHMMETPHH HJAHM TNPHHIHMIA COCTAaBHOH YaCTHIH,
CTaHOBATCH OYEBHIHBIMH,

Hy:KHO 3aMeTHTb, UTO HHIEKCH MAaTPHUHBIX 3JEMEHTOB OTHO-
cATcs K 0a3uCHBIM (YHKUHSAM, NpHBeJeHHBIM Ha cTp. 166, ass uer-
HBIX 7, ¥ K QYHKUUAM, OpUBefeHHbM B Taba. V.2a uan V.26, qas
HeueTHBHIX f1.

BMecTo AByXx MaTpull TpeTbero INOPsAKA MaTpPHILA TaMHJbTO-
HHaHa OKAa3blBaeTCs COCTOANleH H3 ABYX MOAMATpHI[ BTOPOTO IIO-
psaaka. 3aMeTHM, 4TO TNPHHUHI COCTABHOA YaCTHUBI OTHOCHTCS K
MeTOoAaM, KOTopule B OOIlleM CJyuae Ha3blBalOT «CyOCHEeKTPaJbHBIM

anaJju3om». B jnanbHefiieM mnojacmoektpbl OyayT o0o3HauaTtbed
CTPOYHBLIMU OYyKBaMH.
Hn Hn R
1
H22Hys My, H22 M23 '
M2 Hz Has Hyz M3y ey
B=
#= Hi2 Hia Mie - Hiy His E
Hss Hyg Hsy Hsi Hss| |
Hes Hes Hes I Hes .
Hys Hz6 Hy , Hry
IB=0
Hae Heg

@PAKITMOPUSGHHES 110 TT7, @REMOPUSAYLS 110 My U I

QAU 1O CUMMETIDNN

5.23. Cucrema ABX. B kadecTBe BTOPOH TPEXCIIMHOBOH cCH-
cteMbt paccMmoTpum cuctreMy ABX. Kak nokaspiBaet ofo3nauenue,
Ta CHUCTEMa COCTOUT U3 ABYX sAAep A ¥ B, umernowmux G6/4H3KUe Xu-
MHYeCKHe CABHTH H CBSI3dHHBIX C TPEeTbUM sAPOM, pe30OHaHCHAad
YaCTOTA KOTOPOTO CHJbHO OTJMYaeTcs OT 4acToT vy H vs. [ OBODAT,
uyTo s1Apo X B Tako# cHcTeMe caabo cBfizaHo, a aapa A U B cuabno
CBsi3aHb MexAy cobofi. CHCTEMBl YKa3aHHOTO THIIA, XapaKTepH-
3yIOUIHeCs] XMMHYECKHMH CABHTaMH (va, vs8 M Vvx) H TpeMs KOH-
CTaHTaMH CIHH-CIIHHOBOro B3auModeHcTBHA (Jam, Jax H Jpx), 00-

j

4
5»
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Ta6auna V.26, BasucHbie QyHxnun cucreMsl AB,

ey Bymean ey e
A, B, A, B,

1y 4372 prIZ Tt Ny 12 pti? s¢
2 +1/2 ptiz 7o (8) ~1/2 p-'2 g0
(3) +1/2 p~i# 1+
(4) _1/2 D+l/2 T—l
(6 —1/2 p~'2 0
(6) —3/2 p~¥* -1

HapyxHBaloTcsl B 1,2,4-tpuxsaop6ensone (87), 2-¢rtep-4,6-auxmaop-
tdenose (88), 2-noatnodene (89) u cTupoaokcuse (90).

cl OH " "
Ha ct cl Fx B X 0
He Hx Ha Hg Ha™ sl H
B X
cl cl
87 88 89 90

[Ipu awajiu3e 3THX CHUCTEM HCIOJB3YeTCS elle OJMH BAaKHBIHA
NpHHIHO. DTOT NpPHHLMI, HasbiBaeMbllt X-npubaujernuem, OCHO-
BHIBaeTcsl HA TOM (pakTe, YTO HEAUATOHAALUbIE JAEMEHTH MaTPUHH
raMHJILTOHHAHA TPEXCUHHOBOH CHCTEMBI, OTHOCSUHECS K COCTOA-
HHAM C Pa3JHUHBIMH 3HAYEHHSIMH KBaHTOBBIX uucen m(X) siipa X,
npene6peUMo MaJjbnl [0 CPAaBHEHHIO C JHAaroHaJbHbBIMH 3JeMeH-
taMu, [IpeHeGperasi 3THMH HeAMaroHaJbHBIMH 3JI€MEHTAMH, MOJy-
YHM CYUIECTBEHHO YIPOUIEHHYIO MATPHLY FaMHJbLTOHHAHA!

Hyy ll
Hr2 s i m{X) = 015
Hiyp Hyyl ¢
/AR — Hus) (V.24)
- Hsg
VRN |
211 |Heg My
: Heg

rle HHAEKCH MaTPUUHBIX 3/JEMEHTOB COOTBETCTBYIOT O0asHCHBIM

Oynkuuam Taba. V. 3.
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Ta6auua V.3. MyabTHIIHKATHBHHE GYHKUUH cucTeMbl ABX

m(X)=+% m(X) =—1%
A B X A B X
my my
(1) +2 {“E “"TI a (5) +1 a a 8
2y +3 ta B a 6y -3 a B B
(3)  +3 8 al a 7 -1 B a I
4 -1 8 B! a 8 -1 g B 8
Y Y
M [ e T 1 e (5) | aa A
(2) | cosf(ap) +sin8 (Ba)! a (6) i cos 8 (aff) +sin 6 (Ba) B
(3) | —sin (aB) + cosé (ba) | a (7)1 =siné (ap) + cos 6 (Ba) B
@ | s’ B a ® | BB B

B 3toff Tadauue OasucHble (QYHKIUMH YIOPAAOYEHBI HO BeJH-

uynHe cobcTBeHHOro 3HaueHds m (X) omeparopa 7z(X). B pesyab- .

Tare IoJyuaeM JABa Habopa, KaXJblll H3 KOTOPBIX COCTOMUT U3 ue-
Toipex QyHkUUA. DT Ha6OpH
GyHkuuH AB-yacTH CNHHOBOH CHCTeMBl, HAEHTHYHBIE (YHKIIHAM
H30/HPOBaHHBIX AB-cucTeM, BBeJEHHBIM paHee.

Taxum ob6pasom, AB-uacts cnekrpa ABX cocrour u3 JByX
ab-moJACIEeKTPOB, AJs KaXJI0ro Hu3 ABYX 3HaueHHH m;(X): --1/2
u —1/2. CoGcrBennble 3Hauenus £y, Ey, Es u £y HenocpeJcTBeHHO
NOJYYaITCsl TPH NOACTAHOBKE COOTBETCTBYIOUIMX MYJIbTHIJIHKATHE-
HelX QyHKUHA aoc, PPa, aaf U BPP B ypaBuenue (V.2), a anada
onpefesenusa Ep, Es, Es u E; Heo0XOAUMO TOJBKO DPEIIHUTH JABa je-
TepMHHAHTa BTOPOro MOPSIKa.

A my
+ 3
oL
2
b
2
-3
2 «
(X)=+L
nm 7 Puc. V.9, [uarpamma
A B SHepreTHUecKMx  ypopHed
NUHAL A, ans cuctemn ABX.
= IHHU X

coepxkat MYJIbTHNJIHKATHBHBIE -

B

i

Anaauz cnexkrpos SIMP seicokozo paspewenus 179
5%
fio ffiz Fis
3 fiee
[s 3 ¢]
A h f7 15 U
o U o
L J L ,\ [ ] fg f;4
AB -wacme X-yarme

Puc. V.10. Cucrema ABX ¢ napamerpamu vo§(AB)=5,0 Tu, Jaz =8 T,
Jax =42 Tu 1 Jex = 1,8 . (Bosu [1]).

TMogcnekTpel ab-tuna B AB-4acTdH cnekTpa o0603Ha4eHbl HE3a4ePHEHHBIMH H SavepHeH-
HEIMH KpyXKaMH. HcmonbayeMble mapaMeTpbl OTHOCATCH K 2-XJ0p-3-aMHHONHDHAHHY.

[IpenmyuiectBo X-npubauKeHUs] CTAHOBUTCS OCOGEHHO HarJsi-
HBIM HA [gHarpaMMe 3HepreTHYeCKHX VYpPOBHeH, MNOKa3aHHOH Ha
puc. V.9. JInsg mepexonoB BHYTPH KaxXK/JIOTO MNOJACIEKTPa OPHEHTa-
Liis CHHHA sApa X OCTaeTcsl HEeM3MeHHOH.

Co6crBennble 3naueHus m;(X) omeparopa Iz(X) wmoryr pac-
CMAaTPHBATbCs KaK XOPOLIHe KBAHTOBHE YHCJA, IPHYEM B KadecTBe
JOMOJIHHTEIbHOTO NpaBujia orfopa s JuHui AB-uacTH mosyuum:
Am;(X) = 0. CrnexkTp He 3aBUCHT OT Pa3HOCTeH YacTOT va — Vx
U vg — Vx.

B COOTBEeTCTBHH C JIPOBEJEHHBIM aHAJM30M BCEro B CIeKTpe
ABX-cuctem numeercss 8 quHui B AB-uacTu u mecTb Junuf B X-ua-
ctu. M3 3Tux LlecTH JHHUE JBe JHHHH, OOYCJOBJIEHHBIE IEepPEXo-
damag Wy— V5 0 Vs — W, apasiorcss KOMOUHAUMOHHBIMH, H B 06-
lijeM cjayyae OHH HMEIT MaJylo HHTEHCHBHOCTb. X-4aCTbh CHEKTpa
CiiMMeTpHUHa OTHOCHTeNbHO vx (puc. V. 10).

O6cyxaaeMbli HaMH MPUHLUHI annpoKCUMaluH B obuiem cjay-
Yae yTBep¥KAaeT, 4TO AJsl IPYNNbl X,, COCTOALIEH U3 7 IKBUBAJEHT-
Hbix sigep, caabo CBA3AHHBIX C fAPaMu JAPYTHX TPy, coBcTBeH-
litie spauenusi m;(X) omneparopa fZ(XH:Zn[z(X)] npeJicTaB-
Js0T 060l XOopoluHe KBauTOBble uucaa. [lostomy ana ABX,-cu-
CTeMpl MOXKHO OXHJaTh I[IOSBJEHHS TpeX IOACIEKTPOB ab-THIA.
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0,0 55 19,2 /26,8\ 46,0 48,1 /1,7.1,7\&,,
24,7 283 -38 +3,8

Prc. V.11. ABX-crektp npOTOHOB 4-6poM-3-TpeT-GyTHaNHKIONeHTEH-2-0Ha (91);
60 MTIn [2}

a — AB-yacTh; 6 — X-uacte (HYAb WKadL JAeKHT B Gojee cialuix Hoasx); 60 MIu.

a aas cucrembl ABXj; — uerhipex mojcnexkTpoB ab-tuma. OTHOCH-
TeJibHble HHTEHCHBHOCTH 3THUX MOJACIEKTPOB MOILYT ObIThb MOJYYEHB!
u3 TpeyronbHuka [lackaas (ABX, 1:1; ABX,, 1:2:1; ABX.,
1:3:3:1).

Ecau Bausude sijgpa X paccMaTpuBaeTcsl KaK BOSMyLIeHHe mep-
BOTO NOpPAAKA, TO NOJACHEKTpH ab-THIa XapaKTepusyloTcs 3appek-
TUBHbIMU AAPMOPOBLIMU dacToTamu v*. B uvacTHocTH, a1 ABX-cu-
CTeMBbl HMEeM

Vi =va + m; (X) Jax = va &= (1/2) Jax;
'VT,=VB—f—m[(X)JBx:VB—_F(I/Q)]Bx (V. 25)

STOT MOAXO[L Ha3LIBAIT MeTOOOM 3PPEKTUBHbIX AAPMOPOBbLIX 4a-
CTOT.

Anannz ABX-cucreMm yno6Hee nauuHath ¢ AB-uactu. Ilpu srom
BO3HHKaeT 3amava oOHapyKeHHs [ABYX NOACHEKTPOB ab-Tuna H
HX anaJau3a no TpaBuJaM, NPUBeleHHBIM B pasd. b.1. Idasg uaawo-

CTpauMu MPOLENypH paccMOTPHM oOAuMH mnpHMep. Ha

o0 PpHC. V.11, a npusenera AB-uacts cnekrpa ABX mnpo-

H:ﬁH‘ touos H! H? u H? 4-6pom-3-7per-6yTHJILHKJIOIEHTEH-
b -2-ona (91).

Br H2 Mgl BH/JHM, 4TO HHTEpPBaJ MeEXAY JHHHAMH, pas-

uetd 19,2 Tn, BeTpeuaeTcs ueThipe pasa, a HMeHHO
Mexay mnapamu JuHHE fi—fs, fs—f7, fo—fs ®
fo — fs. [Tocse yueTa OTHOCHTEJBHBIX HHTEHCHBHOCTEH
MOJKHO cjejaTh cJelylolilee oTHeceHHe: ab-nojcmekrp | — JuHuHA
f1, I3, fs u [7; ab-noacnekrp I1 — aunun fo, fo, f6 ¥ fs. Ananns sTHX
NOJCIEeKTPOB B COOTBETCTBHHM C NpaBHaaMu aHajau3a AB-cucreM
(pasa. 5.1) TNpHBOAMT K CHelylOWHMM napamerpam: ) v, =
= 13,6 T, vi=232,4 T, J,p=19,2 T'u; 1) v;=20,1 Tu, v}

%
2z
i
"“

T NN
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= 33,5 T, Jap=19,2 T'u. Ecin mbl npuMennm cootHolenue (V. 25)
A5l Olpele/ieHHs] BEJNHUMH va, vs, Jax H Jex, TO NOAyYaTCa ABa pe-
pleHHsl, TaK Kak MOTYT HMeTb MeCTO [Ba crnoco6a OTHeceHUs
5(p(GEKTHBHEIX J1aPMOPOBLIX UacTOT B MOACHEKTpax:

Pemenue 1 Pewenne 2
vy =169 Tu J,x=65Iu va=238 T  J,y=19,9 Iy
vg = 33,0 ['n Jagx = 1,1 T vg = 26,3 I'u Jagx =—123 T
| /o |=19,2 Tu | Jap |=19.2 T

J10 UMeeT Mecto s aw060# cucreMu ABX. IMosToMy nHeo6xoaumo
HafiTH KPUTepHH TOJydeHHs] TNPABHABHOTO pelueHus. Jlas 3Toi
LeJH MOKHO HCIOJb30BATH HHTEHCHUBHOCTH JHHMH B X-uacTu
cnekTpa. Kax MBI yxe yKasnBand, X-4acTh CNEKTPA COCTOMT H3
MeCTH JHHHHA, CHMMETPHUHO pPacClOJIOKEHHBIX OTHOCHTEeJLHO WVx.
JlBe M3 3THX JUHUH HMeIOT OTHOCHUTEJNBHYI0O HHTEHCHBHOCTL 1| H
pacnonoxenbl npu 4yactorax vx == (1/2) (Jax + Jsx). Takum o6pa-
30M, HHTEPBa/J MeX1y HHMH HENOCDEACTBEHHO JaeT cyMMmy Jax 4
-+ Jpx. 1M JIMHHH OTHOcsiTCS K mepexoaam Wy — W, u Wy — W,
onn o0pasylor noAcnekTpnl X-THHa ¢ 3O(EKTHBHBIMH JaPMOPOBLI-
MI 4acTOTaMH

vi=vx 4+ (1/2) Uax + Jox) 1 v =vx — (1/2)(Jax + J5x)

B cnekrpe coeanHenust 91 HaBMIOAAIOTCH TOJNBKO YeTHIPE JHHHH
NpHMEePHO OAMHAKOBOH HHTeHCHBHOCTH (puc. V.11,6). JIBe u3 nux,
a UMEHHO fjo U fi3, HIMEIOT OXKHAaeMoe pacllennende 7,6 T'u. BuiGop
NPABHJIbHOTO pelUeHUsT MOXHO clenaTh C MOMOIIBI0 PACYETHOLO

a
_AX5 W X5 A
— . )

JUUUL

E'fz(‘- ((\5/) 12. X-uacTH TeOpPeTHYECKHX CIEKTPOB coeluHeHus 91 ans pemenut 1 (a)
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43,29 / \ 47,75 5029 5403 5652 Iu
45,21 45,78

Puc. V. 13. Crnektp AMP *H 2-drop-4,6-1ux10pdenoaa.

cnektpa (cMm. pasa. 4.6 u 5.4). TeopeTnueckue CIEKTPbI, MOJYULH- *
Hble ¢ TOMOUIbX0 [NapaMeTpoB pemeHH# | ® 2, moxasaHwl HA &
prc. V. 12. BuaHO, 9T0 YacTOTHl JHHHH /s 0OOHX BADHAHTOB B Ca-
MOM JeJie NMpaKTHYeCKH COBNAJAI0T, HO HHTEHCHBHOCTH JHHHKH pas-
JIHYAIOTCH BecbMa cyulecTBeHHO. CJef0BATeNbHO, pelleHHe 2 MOXK-
HO OTOPOCHTB.

MoXKHO TakXe NPOBeCTH MOJHBI pacyeT CIeKTpa H CPaBHUTh
Mexay cobGoil OTHOCHTe/bHble MHTEHCHBHOCTH JHHHH [ ¥ fi; B X-
qacTH. EcaM NOJOXHTL HHTEHCHBHOCTh JHHHH fio paBHOfl 1, TO
HHTEHCHBHOCTDb JIHHHH [i; AdeTCs ypaBHeHHEM ;

Ly =[I3—0.25(/sx = Jux PI/(Fs— 1) (V. 2)

KOTOpOe NpPHUBOJAUTCS 37ech Oe3 A0KasaTeJabcTBa. [lOCKOJBKY JH-
HHS fo B walleM cjaydae He Hab/ojaercsi, To ypaBHenueM (V. 26)
HeMb3sl BOCNOJIb30BATHCH.

3
@

3anaua V.11, Pacuer no cucteMe ABX 1as coenunienuss 91 jnaeT 3HaueHH
yacToTh JuuHA fo, paBuoe 25,2 T'u, nas oGoux pewcnuil. PaccunTalite HHTeHCHB4E
HOCTR AHIHA [y 445 oGoux peweHnd, Henoabsya ypasuenne (V. 26).

Peuwlenne 1 gaer cHekTpaJbHble TapaMeTphl JJsi NPOTOHOBY
H! — H3, Oanaxko anaJM3 He fAaeT yKasauHll O TOM, KaKoh H3]
CNeKTpaJibHbIX NapaMeTpPoB — va, vg H T. J.— OTHOCHTCH K KOHT
KPETHOMY [POTOIY, H Mbl MOXEM IIPOBECTH OTHeceHHe TOJbKY
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¢ NOMOLLbIO 3MINHPHYECKHX KOPpPeJsauuf, oOCy:kAeHHBIX B 1. IV.
KpoMe TOro, ocrtaercsi HeoNpeldeJeHHbIM 3HAK KOHCTAHTHL Jag.

Ecan nporonnt H! u H? uMeT 6.1H3KHe pe3OHAHCHBIE YACTOTLI,
1o npoton H?® sapasercs X-nporonom. [lockoabky Jax > [sx, TO
Ha OCHOBaHuH 3aBucuMocTH Kapnayca — Konposs moxkHO 3a-
k1104dTh, uTo H!' = H,y u H? = Hp (pasan. 2.2.1 ra. 1V). Kpome
TOro, KOHCTaHTa J[ag HOUKHA ObITb oOTpHuaTesbHoll (pasm. 2.1.2
ra. 1V).

Ha upumepe ABX-cucTeMbl MBI BlepBbie BCTpeuaemcsi CoO
CNEKTPOM, B KOTOPOM C NOMOLLbIO ypaBHeHHst (V.25) MmoryT GuiTbh
onpeleJsieHbl OTHOCUTEAbHbLE 3HAKU JBYX KOHCTAHT CIHH-CIMHOBOTO
BzaumojedcTeus. Jasi AB-cHCTeMBI CHIEKTP B COOTBETCTBHH ¢
taba. V.1 OKa3blBaeTcsi He 3aBHCAILMM OT 3HAKAa KOHCTAHTBI Jag.
B camoM jeJqe, €/ U3MEHHTb 3HAK Jag, TO IPOU30OH/IET H3MeHeHile
OTHeCeHWsI MePex0J0B, HO BHJ CNeKTpa He H3MEHUTCs. IDTOT Bbi-
BO], BepeH U s cHcTeMbl AB,.

3anaua V.12, [loayunte o6a pewenuss aas cucremsr ABX B 2-d1op-4.6-1H-
x’1opderoqe no cnekTpy AB-uacTH, npuBeaeHHomy Ha puc. V. 13.

BuHsiHHe OTHOCHTE/bHBIX 3HAKOB KOHCTAHT Jax H Jgx Ha CHEKTP
ABX-cHCTeMBI MOXKHO BMAETb M3 ABYX pacUeTHHIX CHEeKTPOB, HpPH-
BeleHHHIX Ha puc. V. 14. [{as oboux cjayyaeB HCNOJb30BAHBI HAEH-
THYHDBIC MapaMeTphl, 38 HCKJIIOYeHHeM OTHOCHTEeJbHBbIX 3HAKOB KOH-
cTaHT Jax ¥ Jgx. 3aMeTuM, yto X-yacCTb CIEKTpa TaKxKe JYBCTBH-
TeJbHA K 3TOMY pasjiHuhio. B TO Ke BpeMsi BHJA clleKTpa He
3aBHCHT OT 3HAKA Jap.

10,0 'y,

JJWUW;MMQ
N T

Puc. v, 14, Teoperuueckne ABX-cnekTpsl.
4—vp8 (AB)=10,0 Tu, JpAp=50Tn, Jax=6,0 Iy, ;pX=20 Tu; 6—v,6(AB)=10,0 TIn,
JAB==5,0 Ty, Jpx=6.0 T'n, Jpx=—2,0 T'n,
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Puc. V. 15. Tpu Tina AB-uacTell cneKTpoB CHHOBHX |
LI | Il | l | cucrem ABX (cM. Texer). P

3aBucuMoCTb cnekTpa ABX-THma OT OTHOCHTEJBHLIX 3HAKOB &
KOHCTAHT Jax H Jpx MPUBOJUT K BLIBOAY O TOM, u4TO B OGUIEM CJy- |
dae JOJIKHO OLITb TPH PA3JAMYHLIX THNa AB-uacrel cnektpa ABX. .
DTH caydau mpeicTasnenw Ha puc. V. 15. B cayuyae a oba ab-non-
CHEKTpa OTYETJHBO pa3fesloTca MexAy coGoil. B 3Tom caydae
3HAKH Jax W Jpx JOJNKHB OLITb OJAMHAKOBHIMH. B cayuae 6 OIUH 6
-ab-IOJCTIeKTDP MOTHOCTBIO BXOIMT B JApPYTOM TMOJACNEKTP, U COOTBET-

f2 _,\__j e R LJ

:

CoHs—C éA H 100 T — ’
gH5 —=C—C—Hg — —B—J
Blr Blr Puc. V.17, 3aBucumocrs cuctembl ABX ot napaMerpa va —vs. (Iedep [3]).

Ciesa — AB-yacTb, cnpasa — X-uacTb, Bo BCeX caydasx HCNOAL30BAAHChL CJAEAYIOUIHE Ma-
paMerphi: Jag=157 Tu; Jax==0T'u v Jgx=7,7 I'n. OTHOCHTENbHLIE XHMHYECKHe C/ABHII

v.8 (AB) cocrasasior: 56,7 Ty (a), 18,7 T'm (6), 50 In (8) m —06 Tu (e}). PacuerHnie
CICKTPH GasHpYKOTCs HA 3KCepHMeHTaNbHBX HaHHbIX Aaf 2-dypdypHa-2-akpoaeuha.

CTBEHHO s OOOHX pellleHHHl 3HAKH KOHCTAHT MOJY4aloTCs pas-
ibIMH. Hakonel, B cayyae g, HanboJee 4acTo BCTpeuamwmeMcs, 06a
MOJACIEeKTpa NePEKPLIBAOTCA, H TOrAa BO3MOXHBI KAK O/HHAKOBHIE,
Tak W pasjHYHble OTHOCHTEJIbHBIE 3HAKH AJaA KOHCTAHT Jax H Jax.

Moryr BeTpeTHTBCs cayuaH, KOraa HabaoaamoTes He Bce 14 nu-
nuit ABX-cmekrpa. Muorja, nanpuMep, OAHH H3 ab-moacnexTpon
BLIpOKAaeTcss 40 o6MaHuKMBO Tpocroro AB-cmekTpa, T. e. 10 Aj-CH-
creMpl. [lonoGubifi mpuMmep npuBeleH Ha pHC. V.16 aag cmektpa
1,2-mu6pom-1-dpenunasrana npu 60 MI'n. 3aece B AB-uactu cmexkTpa
ofHapyxKuBaerca TOAbKO 5 jauHufl. MoxHO mposecTH MpHOIHKeH-
HBIH aHaJM3 TAKOro CNEKTPa, TaK KaK KOHCTAHTAa Jap H3Mepsiercs
No mMpaBOMy TNOJACMEKTPY H 3TO paclleNJeHHe BBLIUMTAETCH H3 da-
CTOTH fy, YTO A4CT 3HAUeHHe YaCTOT BHELIHHUX KOMIIOHEHT BTOPOTO
ah-nmoacnekTpa.

C MOMOUIbIO CepHil PacueTHbIXx CNeKTPoB (puc. V.17) MOXHO
loKa3aTh, 4to BHA ABX-cmektpa 3aBHCHT OT Pa3HOCTH 4YacToT

»~h

2

AR i T

Puc. V.16, AB-vacts cnextpa ABX anndaTHueckux 1,2- -1- J
HHATaHa; 60 Ml ® npoTonos 1,2-A#Gpou-1-ge:
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AB-vzrmms
‘cnermpa

AN

T i T I T
0,0 62 99 15,2 20,4 10,8 M
td
X-5acmp cnex- i ﬂ
12l 6 , [ ' ' e
6 -83 1,9 41,9 +8,3 126 I,
Puc. V.18 ABX-cnekrp asnbativeckiix IDOTOHOB B

L-acnapa
100 MTI'u). X-yacth pacnoqomena B 60.ece caaloM nose. partme  (mpn

XA — Vo MEXLy siipamu A u B. Kak W oxumanoce, ne to1bko AB-
1acTh, HO H X-4acTb CHEKTPAa YYBCTBHTENbHA K 3TOMY

napamerpy.
ﬂm{ BC86XVC'HeKTpOB KOHCTAHTa J[ix Tosarajack pasuoii HyJio, H
°TO Tpebyer JOMOMHUTEeNBHOTO KOMMeHTapHusi. My bTUMICTHOCTD

B X-4acTH He AB/AETCA CJCICTBHEM CHIH-CHHHOBOIO B3auMo1efi-
cTBuA Aapa X ¢ aapaMu A u B, Kak MOmHO 6bL1o Ghp AyMarThb
HCXOIsT U3 [PAaBHJ CHEKTPOB MEPBOTO MNOPSIKA. ITosTomy BbIBOH,,
O TOM, 4TO Jax == /px, HeJb3sl C1eMaThb HA OCHOBAHIH «TPHUILIETA»
OOHapyxuBalolWlerocss B cayyae e. Hagee, ayv6aeTsl B A-‘{aCTVl’
i:gﬁ:{p:ﬂfp KeHﬂ;JmIOTcn CJENCTBHEM COIH-CIIHHOBOrO B3auMafeli-

Ha6aonawmeecs IPH 3TOM SBJICHHE Ha3Ba

- Ju
szaumodeiictauen, BupTyarbHOM

¢ TeM uTofnl IT0KasaTb, 4TO MYJbTHINJIETHOCTD

e T Y
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g X-uactu cnekrpa ABX moxer ObiTb GoJsiee BBICOKOrO MOpsiika,
yeM 3TO CJelyeT H3 NPOCTHIX NPABUJ CIEKTPOB I[EPBOTO MNOpsAKA.
Jro ABJeHHe He orpaHuunsaerca ABX-cucremamu, a BCTpeuaerTcs
B APYTHX CJyyasiX, KOTAa OIHO $4pO B CHCTEME CHJbHO CBA3aHHBIX
q1ep JOMOJHHTENbHO B3aHMONEHCTBYeT C siIPOM, HMEIOLUIHM pe3KO
oTJHUYAOUyIOCA pe30HaHCHYI uyacToTy. OJHaKO B JaHHOM cjyuae
jeT HeoBOXOJAHMOCTH BO BBeJleHHH KakKuX-JH0O crenuaJbHbplx 000-
snaueduii; GoJee TOro, oHO Obl10 OBl OWHMOOYHBIM, IOCKOJBKY yKa-
3aHHBIE TIPHMEPHbI AEMOHCTPHDYIOT JHIIb TOJbKO TO, YTO MpPaBHJA
cIIeKTPOB NEpBOrO IMOPsiiKa Hesab3s NPHMEHHTh NpH aHajdnse ABX-
CIICTEM; BITPOYEM, S5TO YTBEpKACHHE HEMOCPEACTBEHHO CJeLyeT X
13 MaTpuubl raMmuabToHnana (V.24). Pasymeercs, BHpTyanabHOe
B3aUMOJEHCTBHEe Heab3sl CUHTATbH KAaKHM-TO OCOOBIM BHAOM CIHH-
CTIHHOBOTO B3aHMOJelCTBHS HJIH KAKHM-TO OCOOGBIM CBOHCTBOM CIli-
HOBOH CcHCTeMBbl, TPeBGYIOUIHM CllellHaJbHBIX METOJ0B aHaJ/u3a.

3anaua V. 13, [Mpoanaausupyiite ABX-crektp ajudatugeckux npotonos L-ac-
naparuta, npHeefeHHb Ha pue. V. 18.

Anaausz cucrem ABC, uacrto mnoJsyvYaeMblX AJAs BHHHJbHBIX
rpynn, oxkasbiBaercd GoJjee CJAOKHBIM. B 3TOM c/ayvae He IpHMe-
HUMB HHKaKHe YIpOL{aioulHe YCJAOBHA, H MOXHO HalbJ101aThb Mak-
CHMaJbHOE uHCJ0 ([0 MNATHAALATH) TEOPEeTHYECKH BO3MOXKHBIX
nepexonoB. M3BecTHH mpoueaypbl NMPSIMOTO aHajJH3a 3THX CIIeK-
TPOB, OAHAKO HX PACCMOTpeHHe He BXOJHT B 3aJauy 3TOH KHHTH.

5.3. UeTbIpeXCNMHHOBbLIE CHCTEMBI

B kauecTBe 6asuca AJs 4eTBIPEXCIIHHOBOH cHcTeMbl OyaeMm mc-
M0Jb30BATh LIECTHAALATL MYJbTUIIHKATHBHBIX GYHKIHHA:

mo=+2 m_=+1 mT=0 m,_ =-1 m, =2

T T T T
(1) aaaa (2) aaap (6) aafp (12) appp (16) BBRB
(3) aafa (7) ofap (13) Bapp
(4) aaa  (8) Paap  (14) Ppap
(5) Baoa (9) Papa (15) Bppa
(10) Pfoa
(11) affa

B ofumeM c/ayuae olpelesneHHe HapaMeTPOB CHCTEMbl — YETH-
PeX XMMHYECKHX C/ABHIOB H IIECTH KOHCTAHT CIIHH-CIHHOBOTrO B3aH-
MOJeHcTBUS — Tpe6yeT pelIeHHsT OJHOTO JeTePMHHAHTA LIECTOro
nopsiaka W JABYX JeTePMHHAHTOB ueTsepToro mnopsaka. s ca-
cTeMbl THna AA’XX’, koTopas OyAeT paccMOTpeHa JaJjiee, aHaJu3
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MOXKeT ObITb, OJHAKO, CYLUIECTBEHHO YNPOILEH, €CJH HCIOJb30BaTh §
IPUHUMILL, KOTOpBle MBI OOCYXJAaJH B NpedblAyLIHX pasjenax. ]

Ecnu orpaHnunTbest paccMOTpeHHeM HeGOJBIIOrO YMcaa NpUMe- §
poB, To cucreMbl THna AA’XX’ BCTpeualoTcs B TaKHX MoJeKyJjax, §
KaK napa-gin3aMeulennple 6ensoant (92), dypan (2) u 1,2- an(pTop, £
aTuIeH (93). ‘

®<—J->®

\ / Ha Hx
H Har
N
VAN
F Fxr
\ l Her Hy: X X

O‘——f —® 92 93

Benencrue xumuueckol sXBUBaJEHTHOCTH ABYX siiep A M 1ByX
anep X, a TakxXe BCJeICTBHE MOJEKYJSAPHOH CHMMETPHH 3TH CH-
CTEMbl XapaKTePU3YIOTCH TOJbKO ABYMS PE30HAHCHBLIMH YacCTOTaMH
M YeTHIPbMs KOHCTAHTAaMH CIIHH-CIIMHOBOTO B3aUMOJEHCTBHA: va, Vy;
Jan (=1J4), Jxx (=Jx), Jax(=0) u Jax (=71 :

Bun cnekrpa AA’XX’-cucreM mno ONpE/IeJeHHIO HE 3aBHCHT OF &
Pa3HOCTH Va — Vx. XOPOIIO pa3pelleHHBI CIeKTP COACPKHT ABaf: &
natb auuufi:; 10 B AA’-yactid u 10 B XX’-uactu. OHH pacnoioxKeHH ;
CHMMETPHYHO OTHOCHTEJbHO LeHTpa; Kpome Toro, AA’- u XX’'-ua- |
CTH CHMMETPHUHBLI OTHOCHTEJbHO va H vx COOTBeTCTBeHHO. [lo- 3
ckoabKy J %= J/, aapa rpynn A u X SABJSIOTCH MA2HUTHO HEIKBHUBA- £
JIEeHTHBIMU., DTO O3HauaeT, UTO, HECMOTPsI HAa OOJBUIOH OTHOCHTEJb
HBIH XUMHYeCKHH CABHUT (Vo8 == vi — Vx), MBI HE MOXEM HCIOJAL30:
BaTb NpaBUJia NePBOTO MOPsiAKA /s aHaausda crektpa. [lociennne &
OpUMEHHMBl TOJbKO HAJsg ocoforo cayuag J =J’, NPUBOSIILErQ
K cucreme ApXp. B sToM cayuae HabumiojaloTcs ABa TPHUILIETE ¢
COOTHOUIEHHEM HHTEHCHBHOCTeH 1:2: 1.

Huas mocrpoenus AuarpaMMbl SHEPTeTHUYECKHX YPOBHell cHCTeMH §
AA’XX’ o6paTuMcsl K H3BECTHBLIM  GYHKUHMSM AJs caydas Ag: Si1, §
S0, S—1 M @ (cM. Taba. V.1); atu ¢ynkuun moryt ObTb HcHoJb- @
30Badbl B KauecTBe GasucHbix Agaa rpynn AA’ u XX’ Bcaeacrshe @
cuMmerpun cucreMbl AA’XX’. CocTaBasii Bce BO3MOXKHEIE NPOH3-
BeJ€HHs, MBI DNOJyYyHM OasucHble (PYHKUHH AJas caydasd 4deThl- ]
pex cnuHoB: ¢ = S41(AA) X 541 (XX'); @2 = So(AA’) X 541 (XX') §
u T. 1. Ecad Mbl YNODAAOYHM 3TH IPOU3BEIEHHS B COOTBETCTBHH
C HX CHMMeTpHeH *, NOJHBIM CIHHOM H 3HAYeHHEM MAaTHUTHOIO?
kBantoBoro uncia mr(XX’) rpynnel XX/, TO MOJYYHM CHCTEMY,?
npuBeleHHYI0 Ha cxeMe V.2 45 onHcanud AA’-uactu. [loanocTbiO}

* B COOTBETCTBHH C OOLIMM IPaBHJOM NPOH3BEJEHHA CHMMCTPHUHBIX ynkund
ABJAIOTCA CHMMETPHYHEIMH, TPOH3BENCHHS AHTICHMMETPHUIIBIX (QyHKLA — TaxKGy

CHMMCTPHYHBIMH, TIPOH3BEJEHHS CHMMETPHYHOM M aHTHCHMMETPHYHOH (yHKuH# ABYY
JSIIOTCS AHTHCHMMETPHYHBIMH. X

Cxema V.2
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m,.

+ 2

+ 1

CHMMEITIDHYHEIE DYHHEEH BHITIHCLMMETTIPUZEBIE
' ‘WYHKRUU

Puc. V.19. DHepretudueckas nuarpamma cuctembt AA’XX'.

aHaJOTMUHAas cxeMa mosydaercss Afast XX’'-4acTH, eC/H yHNopsijaodes
HHMe TIPOM3BOAUTCA B COOTBETCTBHM CO 3HaueHueM mr(AA’).

Takum o6paszoM, MaTpuia TraMUJbTOHHAHA YeTHIPEXCIHHOBOR
CHCTeMBl B AAHHOM cJlyuae upe3BbHUaHHO ynpomaerca. BMecTo nofs
Matpullel 6 )} 6 u AByX moaMaTpHIL 4 X 4 OHa COLePXKHT TOJbKO
JABe moaMaTpHubl 2 X 2; OCTajbHBlE 3JE€MEHTH MPEACTaBJSAIOT CO-
60ii MaTpuusl 1 )X 1 u TO3TOMY €pa3y HaloT TOUHBE BEeJHUHHBI COB+
CTBEHHBIX 3HAUYEHHH:

+21 |
|
+1 !
i :
+—ab l
1 AHIMUCUM~
¥ = 0 --i_ MEMPUYHS
= —> a—+ Py
= b — — — L — .
CUMMEITIDUY HBIE
Z % P L

IaJbHefiniee uccaefoBaHHe MOKas3biBaeT, YTO MaTpHua conep

JKUT TOJBKO MOAMATPHUH (6J0KH), KOTOpble H3BECTHHl AJISI CHCTEM]
A, u AB, u B 3KCTepUMEHTAJBbHOM criekTpe Aast AA’- u XX’-uacredt
cleflyeT OMHAATb HOsIBJEHHS ABYX MHOJCIEKTPOB THla a; H JABYX{

FARH
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Piie. V. 20. Monopuua CMEKTpa cHcTeMbl AA'XX'
! Colee yeTKOro BbijgeJeHUs ab-noacnekTpos (aHTHCHMMeTpHYHOrO &, d, e, | H cuMme

Me

PHYHOrO g, h, i, j) OHHW H306pax<eHbl pa3dedbHO.
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Ta6anua V.4. CobcrBeHuble sHaueHHa Aas cucTembl AA'XX’

(1) vatvxt 3 NEgK @) — vt K (1 vx—-}l—K—-——;M
@ v+ K ®) va—vg— Nk (12 va— K g M
3 —vatvi—g N4 K @ —vg+ K (15) —va— g K+5M
@) vy + K (10) —vy—vy g N+ K (16) —vg— K= M

nojcnekTpon Tuna ab. B cymme aro gaer 12 A-nepexomos u 12 X-
nepexoioB, 8 H3 KOTOPbIX (UeThlpe Mapbl) BHIPOKAEHBI; TAKHM 00-
pas3oM, YHCJIO 3KCIepHMeNTaJbHO HabJoAaeMblx JHHHA paBHo 20
(1o 10 B Kax10f MOJIOBHHE cMeKTpa). JluarpamMma sHepreTHYecKHx
ypOBHEH WMeeT CTPYKTYPY, NpPHBeAeHHYIO Ha pHc. V. 19.

Kak MbLl y:Ke OTMeyasH, CIEKTP CHMMeETPHYEH OTHOCHTeJAbHO
1eHTpa (va -+ vx) /2, ¥ HO3TOMY MOXKHO OrPDaHHYHTBLCS PAacCMOTpe-
HHeM OjHOH ero mosoBuHH. [as stofl menau Ha puc. V.20 npuse-
gena AA’-uacTb TEOPETHYECKOro CIeKTpa, KOTOPLIH OB pacCuHTad
IJ5 CAeAyIOUWHX 3Havenwil mapamerpoB: Ja=9 I'n, Jx =4 TI'L,
J=8 'muJ =2 I'n. MapkupoBKa JHHHH INpOBeIeHA B COOTBET-
CTBHHM C HOMEHKJATYpOil, BBeieHHON [duuizepoM; 3Ta HOMEHKJATYy-
pa BocnmpoHu3BoanTcss Ha puc. V.19, Mpl MOXeM INPOBeCTH OJHO-
3HauyHOe OTHecedde JHHHH a, B U b, | K cucTeMaM a, BCJe/JCTBHE
HX BBICOKOH HHTEHCHBHOCTH. JIBe cHCTeMbl ab npejacraBjeHbl JH-
HHUSIMH ¢, d, e, f u g, h, {, ] COOTBETCTBEHHO.

Temepp cJeayeT yCTaHOBHTL CBf3b MeXK/JY CIEKTPaAJAbHBLIMH na-
pameTpaMHi TOACHEKTPOB (va, vy H Jap) ¥ [APAMETPAMH . CHCTEMBI
AANXX" (Ja, Jx, J u J’). [das 3T0ro HeoOXOAMMO BHLIYUCAHTHL €OG-
CTBeHHble 3HAaueHusi (YHKUHH, BKJAIOUEHHBIX B cxemy V.2, 3a
HCKJIOUEHHeM ueThipeX MYJAbTHIVIMKATHBHBIX GYHKUHA $5, Ps, P13
H ¢4, BCe OCTaJblible QYHKIHH yKe ABJISIOTCH COOCTBEHHBIMH QyHK-
HASIMH TFaMHJbTOHHAHA, H COOTBETCTBYIOIME 3HEPTHH MOryT OBITh
10JydeHbl HENOCPEeACTBEHHO ¢ momollbio ypaBrenus (V.2). [loges-
HO HCIOJb30BATh CJAEAYIOIHE COKpalleHHble 0003HaYeH s

InFix=K Ir—Ix=M J4+J =N, J]—J =L (V.27)

Torga Mbl DOJYYIIM 3HEPrHH, NpHBejeHHble B Taba. V.4.

3apaua V. 14. [IpoBepbTe pe3yabTaTsl, NpuBelennuie B Tab1. V. 4.

Coctostaust (5) wn (6) u (13) u (14) cmemmusawred. Ux
SHEPrHH JOJKHB [O3TOMY ONpelIefsThCd BaPHALHOHHLIM MeTO-

oM. KpoMe JanaronanbHblx 37aeMeHTOB Hyp = <¢5|F6|Pps> H |
< Ps|H| P>, < ¢y3|H| Pr1:> u < ¢14| 76| $1.> HE0O6X0AUMO
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BbIYHCJHTb HeJHaroHalbHble sineMeHThl He = << ¢5||Pps> u
< $13|F6|P1a>. Ucnoavsysa paBenctso Hp = Hje, nosyunm B Ka-
yecTBe JETEPMHHAHTOB MJIsi CHMMETPHUYHOIO MOJCIeKTpa

(/K—E  (1/2L
—(1/2)L — /) K—E

i1 nocne nputasnenus (1/4) (K — M) x AuaronasbubiM 3JeMen-
TaM — JeTepMHUHAHT

—@BM)M—E — (/2L
—(1/2) L (1/4) M — E

171 AaHTHCHMMETDHUYHOTO ciyyasi. JHePrHH cocTosuuit (B) u (6)
wan (13) n (14) onpenensioTcst TOra BbIpaKEeHHIMU

Es, o= —(1/4) K £ (1/2) VK* + L%
Epgu=—(1/4)M =+ (1/2) ’\/M2+L2

Ecnu cpaBHHTb 3TH BbIpa)KeHHS C PEHIEHHSMH [J5 COOCTBEHHBIX
sgauennii £, u E; cucreMsl AB (pa3n. 4.4), To CTAHOBHUTCH COBep-
HIeHHO OYeBHIAHBIM, 4TO NapaMeTpn K U M npeacraBasioT coOoi
3(p(peKTUBHBIE KOHCTAHTH CINHH-CIHHOBOTO B3aHMOAEHCTBHS CHM-
METPHYHOTO H AHTHCUMMETPHYHOTO NOJACIEeKTPOB ab M 4To JBa
ab-mojcnekrpa xapakTepusyworcss 3¢ GeKTHBHOH pPa3HOCTbIO XHMH-
YeCKHX CABHIOB vod = L.

Hcnonbsys aandble 1A6a. V.4 u Bhuutag (1/4) (K—M) us3
cOOCTBEHHOr0 3HaueHusi £y 14, MOAYYAIOT SHEPrUH MEPEXOAOB AJs
JuHuA cHerembl AA’XX’; onu npusesenw B Taba. V.5. C apyroi
CTOPOHBI, NPH OpPsIMOM aHanausze cHcteMbl AA'XX’ uenrpagabhofl
npobjeMofi sBasiercss HAeHTHQHKALUA TOACNEKTpoB. Ecsan 3ra
npobseMa pelleHa, TO MOXHO IPHMEHHTb COOTHOLIEHHS, BBbIBEJAECH-
nble ags cucteM AB H Ay, HpH 3TOM CIpaBelJiUBL CJelAyIONlHe
YpaBHEHHs:

N=a—b=k—1l;, K=g—h=i—j (V.30)

M=c—d=e—f; L=A(h—i)(g—])=+/(c—DHd—e)
Kpome Toro,

va (man vx) = (1/2) (@ + b) = (1/2) (k 4+ ])

Ja=(1/2)(K + M); Jx=(1/2)(K—M); T=(1/2)(N + L);

V= (1/2)(N — L) (V.31)

=0 (V.28)

' =0 (V.29)

3apaua V.15, [IIpoananusupyiite AA’-yacTb cnekrpa cucrembl AA’XX’, npu-
Belennoro Ha puc. V.21

, 3apmaua V. 16. Ha puc. V. 22 nokaszana AA’-yacts cucrembn AA’XX’ npotoHos
H!' —H¢ 5 2-mernnGenstpuasone. TonwTaiiTech npoanann3upoOBaTL 3Ty CHCTEMY,
Henonb3ysa npoueayphl, onHcaHHbie Beiue AJs cHetembl AA'XX'

7 X. l'outep
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Tatanua V.5. dueprun nepexoos B AA’-yactu cnekrpa
cucteMp AA’XX’

Heporon | SoCTEETCTOyIOMIE tacrona (ormocktemo v,)
Yoo

a (2) > (1) -%—N

b 10) > (9) - -;— N

< (13) > (12) %M—-;—Vm

d (15) > (14) — s M— g VWFIT

e (14) > (12) %M+%Vm

i (15) > (13) _%M+.;_Vm

g (5) > (4) 5 K=+ VKT LT

b (M) > () — 5 K— 5 VEFIZ

i (6) > (4) 3K+ 5 VETFIZ

i M > (5) — 5K+ 5 VRTF I

k @@ N

] 9) > (8) — -%— N

B cBA3un ¢ aHaausdom cnekTpos cucTeMbl AA'XX’, paccmorpen-

HBIM paHee, CJeAyeT IOAYEPKHYTb HECKOJBKO BaXKHBIX MOMEHTOB. §
Ilpu ananuse cucremb AA’XX’ MOxkHO mpoBecTd AupdepeHiHalHio §
napaMerpos N u L, HO He napamerpoB K u M. D10 ciaenyer H3 §
Toro ¢akTa, 4TO MBI HE MOKEM OMNDEJeJHTb, Kakoi ab-cmekTp cie-
JYeT OTHECTY K CHMMETDPHYHBIM, 2 KAKOH — K aHTHCHMMETPUUHBIM ]
nepexojaM. Kak Mbl YBHAHM jaJjee, 3Ta TPYAHOCTb MOXKeT ObITb, §

‘OlHAKO, MpeojoJeHa, eC/JH HCIO0Jb30BaTb METOA JABOHHOTO peso-

Hauca. Takum obpasoM, B cucteme AA’XX’ 06bMHO MOKHO ompe-}
JIeJINTh TOJIbKO OTHOCHTeJbHbIE 3HaKH KoHcTauT J u J'. OtHeceHne §
TiapaMeTpoB, MOJyYaeMbiX IpH aHanu3e, K PacCMaTpuBaeMOH CIIH-§
HOBOH CHCTeMe 3acjyxuBaeT ocoboro BHHMaHHS. CHeKTp He H3-]
MEHSIeTCs, ecJM Mbl [OMeHsieM MecTaMH va H vy, [03TOMYy HH]

AN

T i T T T 1
27,98 3155 3550 J J 44,50 48,45 52,02

3855 41,02
\ .
38,98 41,45
Puc. V.21. AA’-yacTb cnekTpa CnHHOBOH cHCTeMu AA’XX
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Puc. V.22. Cnektp SIMP 'H 2-mMeruaGensTpuazosa (NPHBOAHTCA TOJBKO J€Bast
TIOJIOBHHA CIIEKTPA),
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d,‘/f
A 4 P Puc. V.23 AA’-gact, IMP-cnekTpa
d f cucremnl  AA’XX’ apomarHueckux
J NpOTOHOB  4-6pOMaHHM30Ja  1pH
'f | l 60 MTu (Tpant 6 cotp. [4)).

OTHEeCEeHHe PEe30HAaHCHBIX 4aCTOT, HH OTHECEHHe KOHCTAHT CIHH-CITH-
HOBOTO B3auMojefictBus Ja u Jx, a takxke J u J He sBasercs
OIHO3HAYHBLIM. JTa npobaema MoxeT OblTb, OJHAaKO, B GOJbLIHH-
CTBe CJy4aeB JIerKO pellleHa NyTeM CPaBHEHHs pe3yJbTaToB pac-
yera ¢ H3BECTHBIMH BeJHUHHAMH, NMOJYUYEHHBIMH L5 POILCTBEHHBIX
cOoe/lHHEHHH.

Onupasicb Ha mOpaBuJa, YCTAHOBJEHHble HAMH JUI CHCTEM
AA’XX’, MokHO OOCYINTb TeNepb MYyAbTUNAETHOCTb U pacnpedeie-
Hie UHTEHCUBHOCTel JIHHUH B HEKOTODBIX THMNHYHBIX caydasx. Yro
Kacaercs MPOTOHHBIX CIEKTPOB, TO CJedyeT MOAYePKHYTb, UTO KpH-
tepuli coorBercTBHsi cHcTeMe AA’XX’ (oyeHb O6oJbIasi PasHOCTb
XHMHUECKHX CABHIOB MeXjy aapamMu A u X) He Bceria CTporo
BLIMOJIHAETCSA, KaK, HamnpuMep, B cJayuae 2-mMeTH/0eH3TpHaszoJia.
Crtporo Takde CHCTeMBl cCjaeloBano Obl K1aCCHOHUHPOBATHL Kak
AA’BB’; ux xapaxkTepHCTHKH OyIyT BKpaTue pAacCMOTPEHH B
pasa. 5.3.2. Ho ans paccMaTtpuBaeMblx 3lecCb npHmepoB o6paboTka
CIEKTPOB B pamkax ¢opmasnnsma cucreM AA’XX’ siBasieTcd oueHb
XOpOLIKM NpPHOMHKEeHHeM, U TNocjelyloiee OGCYXK/I€HHE MNOATBEp-
®aaer ToT (akT, uTo Haubojee XapakTepHble UepThl CHCTEM
AA’XX’ nposiBasiioTcst H B cucremax AA'BB’.

B xauyecTBe MepBOTO MpHMepa pPacCMOTPUM CHIEKTp napa-iusa-
mMelleHHbiXx GeH300B THNa 92. XapakKTepHO# [Jsi 3TOro kJjacca
coenuHennil siBasercs AA’-yacTb 4eTHIPeXCIHHOBOH CHCTEMBI apo-
MaTH4YeCKHX [poToHoB B 4-OpomMaHusose, HApuUBeleHHAs Ha
puc. V. 23. DTOT CNEKTP MOXKHO JIeTKO HHTEPIPeTHPOBATh, ONHPasCh
Ha BeJHYMHb KOHCTAaHT CHHWH-CIIHHOBOIO B3AHMOJAEHCTBHA, OXH-
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j1aeMble [Js 3TOH MoJekyJjbl. 3aech napaMerp N COZEPKHT OTHO-
cHTeJbHO OOJbIIYI0 OPTO-KOHCTAHTY (/) M Maayio napa-KOHCTaHTY
(/). CnenoBatenbHo, ABa ap-NIOJACNEKTPA, pa3jieieHHbIE HHTEpPBa-
goM 7—9 Tu (cm. T1aba. 11.2), mMoryr GHITh cpa3y ke OTHECEHH
K HHTEHCHBHBIM JauHuaM [ u 2. [TapaMerp L [osKeH uUMeTb BesH-
yuy 5—7 1, mockosabKy OH NpeAcTaB/seT coboil pa3HOCTb OPTO-
I 1apPa-KOHCTAHT. D(POheKTHBHbIE KOHCTAHTHl CIHUH-CIHHOBOIO B3aHu-
mojeficTBus B ab-moiacnektpax — napaMmerpsl K d M — cHJAbHO
pasHualTCs M8 pacCMaTPHBAaeMOro cJydasi, I[OCKOJbKY JBe
ocTaloLIHecss MeTa-KOHCTaHThl ([o u Jx) Oauskn no seauuune. [To-
stoMy M wmenbiie | [, a angs K MOXKHO O0XHAATh BeJHYHHBI
4—6 l'm. Torpa cummerpuunblii ab-kBapreT (g, h, { 4 j) Moxer
6HITh OTHeceH K JuUHUAM 3, 4, 5 U 6. B aHTHCHMMeTpHUHOM ab-nox-
CreKTpe BUAHBI TOJbKO BHYTDeHHUE JHHHUHU (d 4 e€). BuelnHue JiH-
uuH (¢ ¢ f) coBmajalT ¢ NOACHEKTPOM ag, a BCJEACTBHE 3TOro
napamerp M MOXKHO ONpeNeSuTb TOJNbKO NpHGAH3UTENbHO. [jg
170ro 4toGbl CIeKTp OOCYXKIZaeMOro 3Jech THMA HMeJ XapaKTepu-
CTHUHBIH BHJ, OUE€Hb BaXKHO, YTOOBI XHMHYECKUH CABHI MexXAy IBY-
M MapaMH [POTOHOB, HAXOJIAIIMMHCA B OPTO-NOJIOKEHHH K aTOMy
dpoMa W K METOKCHJABHOA rpynne, Obis AOCTaTOYHO BeJHK. Ecay
3aMecTutesn X U Y cTaHOBATCA OJAU3KHUMH IO CBOEMY BJIUSHHIO Ha
IPOTOHHbIE XHMHYECKHE CIABHTH, TO Vo8 yMeHblIaeTcs H, CJael0Ba-
TebHO, X-NpHOaHKEHHE CTANOBHTCA HeNPHMEHHMbIM. BHI cnexrtpa
yeaoxHsieTes, H o npubauxkaercs K AA’BB’-tuny.

B cayuae sameujennbix sranos XCH,CH.Y Takxke nabaonaror-
ca crnekTpnl tHna AA’XX’. B kauecTBe npuMepa PacCMOTPHM MOp-
doaun. TIpy KoMHaTHOH TeMmmepaType MPOMCXOAMT GLICTPAs MHBep-
cus koabna (I = II), kotopass 3(P(HEKTHBHO NPHUBOAHUT CJOXKHYIO
yeThIpeXCMHHOBYI0 cucTeMy mpotonoB rpynn CH,CH, K cucreme
AA'XX',

0
- N
mNH ~ o% H

H! H2 H3
0 H2 ~N H! H4 0.
- == A
N H3 ~0 H* H! N-
H H¢ H3 2 H

Ecau Hcnmosb3oBaTh HbIOMEHOBCKHE NPOEKUHMH [AJsi IpeiacTaBie-
Hug 3THX KOH(GOpPMaUKi, TO MOXHO BHAETD, YTO:
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0,1

Puc. V.24. XX’-uacTb SIMP-cnextpa AA’XX’-CHCTeMBl METHJEHOBHX MPOTOHOB B {’

mopgoauue npu 100 Ml

1 2.3
1. PasuoBeche I == II mpuBomuT K 0GMeHY NpPOTOHOB H' u H*§
¢ H® u H* cOOTBETCTBEHHO, H, C/AEI0BATeJbHO, Vi == V3 == Va; V2 ==

=’V4 == VX.

2. KpoMe ABYX reMHHa/bHBIX KOHCTAHT Jia=Ja U Jog = Jx HA-
61101a10TCs ellle TOJbKO JiBe yCPelHEeHHbie BO BpEMEHH KOHCTAHTEL, |

a UMEHHO
/= (1/2) []14 (I) + ]14 (II)] = (1/2) (erauc 4+ Jeow) =
— (1/2) Va3 (@) 4 T35 (D] = (1/2) Urpanc + Jzou)

I'=(1/2) [112 M+ Jie (H)]—_—' (1/2) (Jtom 1 Jrom) =
= (1/2) [{34 (1) + J3, (ID)] = (1/2) (J¥ou + Jrom)

TakuMm o6pasoM, KPUTepH# HJs CHCTEM AA’XX’ BHINOJTHAETCH.
Buj clieKTpa B 3TOM Cjaydae ONpejessercs GOJIbIIAMH TeMHHaJb ]

HBIMH KOHCTAHTAMH, HMEWOIUMH BeJHUHHY OKOJ0 —10 g8 CJIe
JOBaTeJbHO, W3 BCeX MapaMeTpOB K, L, M u N Toabko napamerp
K cTaHOBMTCSI OueHb OOJIBILIHM, a TapaMerp M kak pasHOCTb Memlﬁ
AByMs GONbUIMMH BEeJIHYHHAMH CTAHOBHTCS OTHOCHTEJNbHO MaJIbT
Tak xak J >J/, to N> L. [lostoMy B CHUMMETPHIHOM KBapTeH
ab-MOACTeKTPa MOXHO JIerKO OTHECTH TOJIbKO BHYTpEHHHE JIPII:l
h w i, KOTOpbie HMHOTAAa BBIPOXKAAIOTCA JIO CHHIVIET; aHTHC
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METDHUHBI KBapTeT JOJoKeH NPHOJHXKATLCS [0 BHAY K CHCTEME
AX (puc. V.24). B cayuae M /= 0 9TOT KBapTeT BHIPOXKIAETCS [0
avoaera. [lapamerp K onpelennTh HEBO3MOXKHO, ¥ MO3TOMYy JIO-
CTyIHA TOJBKO pasnocTb (M) KoHCTauT Ja u Jx.

CrnennanbHblli cayyali oOMaHUYHBO IIPOCThIX CmekTpoB AA’XX’
obnapyxnBaerca B Qypane (cm. puc. II.19,8). Omuboqynas uH-
TeplpeTalts 3TOr0 CHeKTpa KakK clekrpa THma Ay,X, HPHBOJAMUT
K BBIBOAY O TOM, uto J =J', 1. e. uto L = 0. D10 B CBOIO OuYepelb
ABJSeTCS yCJAOBHEM MAarHHTHOH OSKBHBAJEHTHOCTH silep A u X,
B 1aHHOM cJydae 3TO He MOKeT ObITb NMPaBHJbHBIM, MOCKOJBKY,
ecan Obl 3TO OBIJIO TaK, OTHOINEHHE HHTEHCHBHOCTEH B OOOHX TpH-
pdeTax JOMKHO Obio Ob cocraBaste 1:2:1. [Ipocroii Bua
criekTpa OOyCJ/IOBJeH B OCHOBHOM JBYMsi NPHYHHaMH. Bo-mepBhIx,
BIIyTPEHHHE JHHHH NOAcHeKTpa ab (d, e, h U {) pacrnosoXeHbl Tak
TECHO, YTO HX He yJdaeTcsd paspellidTb. BO-BTOPHIX, HHTEHCHBHOCTH
BIIELIHHX JHHHH CHMMeETPHYHOrO ab-TMOJACHeKTpa JexaT HHUXKe [pe-
1eJ0B oOHapy:KeHHsl. B1o6aBOK K 3TOMY BHEWIHWE JHHHH aHTHCHM-
MeTPHYHOTO KBapTeTa HMeEIOT TaKiKe HH3KYl0 HHTEHCHBHOCTb H pac-
N0JI02KeHbl O4YeHb GJH3KO K HHTEHCHBHBIM JUHHAM @ U kB uaud b u L
3amuch COEKTpPa ¢ BHICOKHM YCHJEHHEM BBISIBASET 3TO COBEPIHEHHO
oTueTsaHBO (pHc. V. 25).

Jpyro#t Tun o6manuuBo npoctoii cucTemsl AA’XX’ Bcrpeuaercs
B TOM cJayuae, Koraa Ja uian Jx 61M3Ku K Hymo. B atoM ciayuae K
CTaHOBUTCH To4TH paBHeIM M (K = M) u ab-noacnexkTpbl BBPOX-
jnaltca TakuM obpaszoM, uro B AA’- u XX’-yactaix mnosBaseTcs

8, —

K=51y
L =10k
M=2,00y
"N=26lL

Puc, v. 95, Crektp SIMP tH ¢dypana npu 60 MITu (Ipast u corp. [4]) AA’-yacth.
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Puc. V.26. Tlonosuna cnekTpa §
AA’XX’-cHcTeMBl 0/1ehHHOBBIX 4
npoTOHOB TPHINKI0[4.3.1.01-6)1e-
Kajauen-2,4-Kesne30Tpukapbosu- 3
na (Baek [5]).

TOJbKO TO 6 Jauuufi, [IpEuMepoM 3TOro sIBJASIETCS CHEKTP OJepUHO-F
BbIX MPOTOHOB JKeJNe30TPHKaPOOHUJIbHOrO KOMILIEKCA TPHIHMKJIO- §
[4.3.1.0"%] nexaanena-2,4 (puc. V.26). 1

Ecau oTHOCHTE/NbHBI XUMHUECKHI CABHI MeXAy saApaMu A Hg
X yMeHbLIaeTcs, TO CIEKTpP MePeXoAHT mocrenenHo u3 tuna AA’XX'S
B Tin AA’BB’. B 3TOM cJayyae OH CTAHOBHTCS UYYBCTBHTEJDLHBIM |
K PAa3HOCTH XHMHYeCKHX CABHIoB v¢d(AB), u NepBbnIM NMPHU3HAKOM j
OTKJIOHEHHs cHcTeMbl oT Tuna AA’XX’ sBasgeTca H3MeHeHHe HH-]
TeHCHBHOCTEH JUHHHA. ‘

B cayuae 4-6poManH3osa (CM. BbllI€) 3TH H3MeHEHHS HHTeH-§
CUBHOCTeHl TNPOABJIAIOTCS KakK 3G¢eKT Kpbllll Ha JHHHMAX [ H 2,
KOTOPOTO He HOJAHO HabuiofaThCsl, Kak MokaswbiBaer puc. V. 20]
aas upctofi cHerembl AA’XX’. BnpoueM, omn6xa, KoTopas BO3HH-
KaeT NpH HCHoJAb3oBanun ¢opmanusma AA’XX’, enie HeBejlHKa.
[Tpu pajbHelileM yMeHbIIEHHH OTHOCHTEJbHOTO  XHMHUECKOTO|
caBura owubka OBLICTPO BO3pacTaer, U B KOHEUHOM cueTe M
JOJLKHB 6yJeM KOPPEKTHG DacCYHTbIBATL CINHHOBYIO CHCTEMY Ka
cucremy AA’BB’. B sToM caydae coGcTBennble 3Hauenus mr (BB
y:Ke He SIBASIOTCS XOPOUIHMH KBAHTOBBIMHM YHCJAMH; DAacCMOTpeHHE
cxeMpl V.2 [OKAa3biBaer, 4TO B XOJe aHA/JH3a TAKOH cHCTeMbl HEY
06X0AHMO pellluTb JeTePMHHAHT ueTBepToro mnopsaka. [loaroMy
npsamori anamus cucreMsl AA’BB’ kaxercr negosmosmnoim. MoM
HO 110Ka3aTh, OJHAKO, YTO YeThIpe HeH3BECTHBIX COOCTBEHHBLIX 3HAYY
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Puc. V.27. 3asucumocts AA’BB’ cnekTpa OT pa3sHOCTH XHMHUECKHX CHBHIOB

8 (AB).

guc. \é Qiba(JTAA'XX'—anEsueﬂbelﬂ caygahi; 6 —vo6=130I't; 8 —ve0==20 Tw; 2 —ve6==15,0Tn;
—vi6=10,0 I'y; e—v6=>5 I'u. Bo Bcex cayuyasix HCNOJb30BAHBLI CJAEAYIOUIHE NapaMeTpbi

J=82Tu, J'=15Tu Jpa=75Tu u Jg=30 'L Y paverp

Hus aast coctosHuit (3), (5), (6) u (8) MOryT 6uIThb HCKJIIOUEHBI U3
paccmoTpenns- He Bxoms B AeTasn 3TOH MPOLEAYpHl, CAeAyeT JHIIb
CKa3aTh, YTO OHA IO3BOJAET NOJYYHTb YPaBHEHHS, KOTOpble CBA3LI-
BalOT M3MepAeMble YacTOThl JHHHH HENOCPeJICTBEHHO C mapamer-
pamu cnektpa (cm. ra. XI). Takum o6pasom, npsaMOH aHagH3
BO3MOMXKEH TakXke U Ans cnekrtpos tHna AB'BB’.
OxcrepuMenTasbHo cucreMy AA’BB’ MoxHo pacnossath mo
pacnpejesieHHI0 HHTEHCHBHOCTEH, O 4eM YiKe YIIOMHHAJO0Ch BBILIE:
ITEHCHBHOCTL JIMHHH, PAacCMOJOMEHHBIX NOGJU30CTH OT HEHTpa
(vA 4 vB) /2, nocTenenHO BO3PACTaeT 3a CYeT HHTEHCHBHOCTH BHELI-
x gupuu#. CaeposartenbHo, B cucreMe AA’BB’ nabaomgaercs
«3pdeKT Kphilll», 10 O CHMMETpPHYEH OTHOCUTEJbLHO uentpa. Kpo-
Me TOro, Nepexoinl @ U £ UAH b ¥ [ CTAHOBSITCS YiKe HEBLIPOIK/IEH-
HpIMH, W TO9TOMY Ka)KJAasl IOJOBHHA CHEKTPa COCTOHT M3 12 JH-
B, Ha pwue. V.27 nokasan mepexoi OT TpeleJbHOro cayuyas
AA’XX’ k cayuato AA’BB’; mpuBesieH DSl PacueTHHIX CIEKTPOB,
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B KOTODBIX OTHOCHTE/JbHBIH XHMHYECKHH CJBUI YMEHBIIAETCS IIPH
COXPaHEeHHUW HMCXOAHBIX 3HAUEeHHH KOHCTAHT CHOHH-CIMHOBOIO B3aH-
MO EeHCTBHS,

5.4. 3BM-anaaus

Kak yxe orMeuasoch paHee, KOMIBIOTEPH HIPAIOT BaXKHYIO
pOJib TpH aHasJH3e CJOKHBIX CIEKTPOB, BO3HHKAIOIHX OT CIHHO-
BBIX CHCTE€M HEBLICOKOH CHMMETPHH HJH OT CHCTEM, COAepKallux
6o/Ibllloe KOJMYECTBO siA€P. B 3THX cJayuasix OIHCAHHBIE Bhille
YUPOILEHUsT He NMPHMEHHUMBl, H JAJs pelleHHs npobJeMbl coGCTBeH-
HBIX 3HayeHHH Hcnoab3yloTess dBM-nporpammel. Kpome Toro, pe-
3yJIbTaThl, IOJydeHHbiE NPH NPSAMOM aHaJH3e CIHHOBBIX CHCTEM,
Bcerfa NpOBePSAIOTCS IPH CPaBHEHHH DAacueTHOTO CIIEKTPa C 3KCIle-
DUMEHTAJbHBIM. JTO CcpaBHEHHE SIBJSETCS CTPOTHM TeCTOM, Tak
KakK MOXHO MoJejupoBaTb H (GopMy JuHHM curHagaa $SIMP. Ha
puc. V.28 Takoe cpaBHeHHe IPOBOAHTCH JJs CIEKTPa OJedHHOBEIX
npotoHoB 9,10-aukap6osrokcu-9,10-auruaponadranuua.

Pewenve npo6Jembl cOOCTBEHHBIX 3HaueHHH, GOPMaJH3M KOTO-
poro Obl1 H3JOXeH B pa3d. 4, COCTOHT B pacueTe YacTOT H KHTEH-
CHBHOCTCH IMepexOJOB Ha OCHOBe 3aJlaHHOro Habopa XHMHUECKHX
CIBHrOB H KOHCTAHT CIIHH-CIIHHOBOTO B3aHMOJEHACTBHS; yKa3aHHas
npouenypa Moxker OBbITH Jerko 3anporpammuposana. Oaa ciox-
HBIX CIIEKTPOB B 0OlleM CJaydae Hesdb3s MOMYYHTb TOYHblE ypaBHe-
HHS JUIA pacueTa MapaMeTPOB, NO3TOMY B 3THX CJAydasdXx 3a OCHOBY
DBM-ananusa npuHuMaior Meron npo6 H owmH60k. Ha ocHoBanun
aHa/JM3a HM3BECTHBIX AAHHBIX [IJs MOJEJbHLIX COeAHUHEeHHH H, BO3-
MOKHO, C MOMOIIbI0O DaclMO3HaBaHHS 3HAKOMBIX JeTajeH 3KCIepH-
MEHTAJbHBIX CIIEKTPOB — HAaNDHMeDP, HaxX04s MOBTODSAIOIIHECT HH-
TepBaJbl MeXYy JHHHUSIMH — yCTaHaBJHMBAaIOT HabOp NpPOOHLIX napa-
METPOB, KOTODBIH HCmosb3yeTcsl AJs pacuera NPOGHOro CHeKTpa.
CpaBHeHHe pAacUYeTHOr0 H 3KCIEDHMEHTaJbHOr0 CHEKTPOB MO3BO-
JsieT HaiTH crnocoGbl BapbHPOBAHHS XHMHUYECKHX CJABHIOB H KOH-
CTaHT CIIHH-CIIHHOBOTO B3aHMOJAEHCTBHSA B HCXOAHOM Habope mapa-
MeTpOB, KOTOpble NPHBOAAT K YJYYIIEHHIO COIJIACHS MEXKAy pac-
YeTHBIM H 3KCINEPHMCHTAJbHHIM CHEeKTpaMH. B 3aBHCHMOCTH OT
CTENEHH CJOXKHOCTH CIIEKTPA, a TaKxke ONBITa U MacTepCTBa IKcIe-
pUMEHTATOpa B KOHIE KOHIOB HAXOAAT CHCTeMY NapaMeTPOB, KOTO-
pasl TIpHHHMAaeTcsi B KayecTBE peIUeHHs, MOCKOJIbKY 3TOT pacuer-
HBIH CIIEKTP H II0 4acTOTaM, H II0 HHTEHCHBHOCTSM JIHHHH He GyjeT
OTJHYAThCH OT KCIEPHMEHTAIbHOTO.

Henocratkn 3rtoro Meroaa OdeBHAHB. Bo-mepBHIX, OH OuYeHb
TPYAOEMOK H YTOMHTEJEH, H, BO-BTODHIX, OTCYTCTBYIOT KaKHe-JHG6O0
KPHTEPHH TOrO, 4YTO AaJibHeHINHe H3MEHEHHS OJHOI0 HJH HEeCKOJb-
KHX MapaMeTpoB NMO3BOJAT AOGHTbCH AaJibHEHRINEero yJaydlleHHs co-

rjacusd TEOPHH H 3SKCIEpHMEHTa, T. €, 60Jiee TOUHOrO apaJu3a.

HpOI‘pECC GBIT AOCTHTHYT NIOCJIe BHEADEHHA nporpaMm, KOTOphble Aa-

1 BO3MOXKHOCTb NDOBOAHTbL CPABHEHHE PACUETHOIO H 3KCIEPHMEH- ;
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Pue. V. 28. JKkcnepHMeHT anbHEI (a)w u pacuetnmit (6) SIMP-cuexktpn (60 MI'n)
onedHroBEIX npotoHoB 9,10-1uKapG3TOKCH-9,10-1HuruaponadTannna (Tonrep, XdH-

pHKC [6]).

TaJbHOTO CIEKTPOB M YCTAHABJIHBATH KDHTEDHH, CAPAHTHpPYIOIlHE
CXOIHMOCTh I[pOLENYpPhl aHaau3a. B Hacrosilee BpeMsi Ha Tpak-
THKEe HCmogb3yloTcsi dsa  meroda, a HMEHHO IIporpamma
NMRIT/NMREN, cospannas Pefinu u CsoseHoM, B mporpamma
LAOCOON, npennoxennas Kacremnano u Bornep-Bu. He Bxoas
5 MaTeMaTHYeCKHe JeTaji 3THX INpOrpaMM, IONBITaeMcsl ONHCATb
3/1eChb MX OCHOBHbBi€ TNPHHIHIIBL.

B KaxmoM csaydae cHadaja pPacCYHTHIBAETCA CIEKTP C HCMOJb-
30BAaHHEM CHCTeMbl CTAPTOBBIX 3HAUEHHH TNapaMeTpoB v} u !?,..
B npouecce 3THX pacueToB, T. €. IPH JAHArOHaJH3allMH MaTPHLH
raMiJbTOHHAHA, KOTOphll ¢opmHpyeTcs cOrJacHO MpaBHJaM, pac-
CMOTPEHHBIM B pa3il. 4.4, B JONOJHEHHE K COOCTBEHHBIM 3HAYCHHAM
nejyuaercss TakiKe yHHTapHasi Marpuiia U coOCTBEHHBIX BEKTODOB.
Hanee npoBOAMTCS OYEHb BAaXKHBIH 3Tal — OTHECEHHE JIMHHHA 3KC-
NepHMEHTAbHOrO CHEKTpa K JIHHHAM IPOOGHOrO CHEKTPa, HHLIMH
CJI0BaMH, HccJefoBaTe/b 3acbliaer B 9BM Hpdopmauuio:

Ep—Eq:qu {V.32)

rie £, u E,— co6CTBeHHBIE 3HAa4YeHHs, [ps — IKCAEPHMEHTAJIbLHO
n3mepeHybie pasHocTH sHepru#. Mcnonbsys oTnecenue, nporpamma
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NMRIT/NMREN paccyurbiBaer 3aTeM HOBble COGCTBEHHbIC 3Ha-
ueHusa Ep. [lockonbky B oflieM c/aydyae 4YHCJO MEPEXOA0B CYUlecT-

BEHHO MNpeBbIlIaeT YHCIO0 COOCTBEHHBIX 3HAUEHHH, TO CHCTeMa ypaB- |
HeHHil Tuma (V.32) okasbiBaeTcsl MepeornpejeseHHON, HO TOJMbKO B |

(n — 1)-M nopsaxe. PelueHHe CyuwecTByeT TOJbKO B TOM cJyuae,
ec/qU HMeeTcs JIONOJHHTEJNbHOEe YpaBHeHHe, BKJOUAOLlee CyMMy
IBYX HJR Gosiee COOCTBEHHBIX 3HAUEHHMH. DTOMY YCJIOBHIO YAOBJET-
BOpSIET YpaBHeHUe

”n

Z E;=0

iz
TakuMm o6pas3oM, cyMMa BCex COOCTBEHHLIX 3HAUeHHH DPaBHA HYJIIO,
YyTo CcJelyeT H3 CHMMETPHYHOrO pAacmoJOXKeHHs 3HepPreTHYEeCKHX
ypoBHeH Ha AHarpamme.

Cuoenylomui sTan BKJYaeT npeoGpa3oBaHHe C MOMOIUBLIO MAT-
DHILB U, 4To MO3BOJISIET [ONYYHTH HOBElE NHATOHAJbHbIE MaTpHUHble
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3JeMEHTH ), = Zq Uys£, MaTpHUB raMHJIbLTOHHAHA, 3aTeM HoJy-

(V.33)
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AR BRI IR sy 4 P s g

Anaarud cnexrpos AMP 8bicokozo paspeuwienus 205

4aloT HOByIO CHCTeMy napamerpos v{", Ji), KoTopas ayyie cOOT-
BeTCTBYET 3KCIEpPUMEHTY, ueM ucxoanbli Habop. Heompeneneuso-
CTH 8JeChb JEKaT TOJbKO B HCMOJNb3OBAHUH [PHOJUIKEHHOH MaT-
puubl U, koTopasi Bce ellle OCHOBbiBaeTcs Ha 3HaueHuax v{¥, J9).
Hcnonsays v, J‘i‘i’, paccuMTLIBAOT BTOPOH CHEKTP, a H3 HOBBIX
COOCTBEHHbIX SHAYeHHHi C HCIONb30OBAHHEM YJyYIIEHHOH MaTpHubl
npeobpasosanus U nosyyator TpeTuit Habop napamerpos v, J(L?l.’.
Ecnu nmocne n-ro UdKAa He MPOMCXOAMT JaNbHEHIIEro yJayylleHus
napaMeTpoB, TO 3ajaya cyHTaeTcs pelieHHOH. VManoxeHHwldl we-
TOJX MpeNCTaBJ/eH HA cxeMe V. 3.

B nporpamme LAOCOON Tak:e BHauaje NPOH3BOIMTCH OT-
HeceHHe 3HKCIIePHMEHTANbHBIX 49acTOT K DACYETHBIM JIHHHSIM [pOG-
Horo crnekTpa. ®yHIaMeHTasbHasl HAesl METOAA COCTOHT B TOM, YTO
AyuiiuM HabopoM napaMeTpoB SBJAAETCA TOT, KOTOPHLIH NMPHBOAHT K
MHHHMAaJbHOH CYMMe KBajApaToB OWHMGOK [cpeAHeKBaApaTHYHLIX
oTK/MOHeHHUH; ypasHenne (V.34)]:

k
2
Z (fai(cn - fpacq)i

i=1
rie k& — YHCJO IKCIEPHMEHTABHBIX JHHUA, 8 (fsken — fpacu): — pas-
HOCTb YaCTOT MeXAy HalJ10laeMbilM H pacUeTHHIM MEPEXOJOM A5

{-# auauy. Toraa AMA KaxJAOro napaMerpa p; AOJXKHO BbINOJHATH-
csl ycJIOBHE

R
a iz=:l (szcrl - fpacq)?/ap/ =0

HJIH

R
—2 i; (fsxcn - fpacu)i (afsxcn/ap/)i =0

Ecau IIpeANnoJIOXKHUTb, 9YTO NPH MaJblX H3MEHEeHHSAX YaCTOTHI JHHeH-
HO 3aBHCAT OT apaMeTpoB, TO MOXKHO 3alHCaThb

of,

(V.34)

(V.35)

(V.36)

ati=(52 ) an (v.37)
i
Jlns Hauayuuiero pelieHHs 3T0 ypaBHeHHe HMeEeT BHJ
of
(Tpl;‘) Ap/ = (feKcn - fpacq)l (V.38)

Takum 06pa3oM, HULYT TaKHe NpHpALleHHs1 K NapaMerpaMm Ap;, Ko-
TOpble NPHBOAAT K PAaBEHCTBY 3KCNEDPHMEHTANbHEIX H TeoperHue-
CKHX 4acToT.

OTHeceHHe 3IKCIEDHMEHTAJbHBIX JHHUI K JHHHUAM IEPBOro pac-
YeTHOro crektpa obecneynBaer IBM undopmauueil fixen — fpacu
UacTHble NPOM3BOAHbIE MOJNYHAIOTCA H3 COOGCTBEHHBIX 3SHAYEHHD

|
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npo6GHOro CreKTpa, OJHAKO JAeTasJH 3TOH NMpoUeAypH 3AeCb He pac-
CMaTpHBaIOTCS. DTH [JaHHble INPHHHMAIOTCS B KavecTBe IIePBHIX
NOTMPaBOK K napamerpam Ap;. OKoHYyaTe/JbHO CXOJAMMOCTb K Mpa-
BHJIBHOMY pelleHHI0 o0eclieYHBaeTCsl ¢ NMOMOIMIbIO PAa3/IHYHBIX HTe-
PAUUOHHHIX mpoueayp (cxema V.4). Ha mpakTHKe uamle HCHOJb-
syercss nporpaMMa LAOCOON, nocronbky oHa obecneyHBaeT Jayy-
mylo cxopumoctb. OO6a Merojga He YYHTBIBAIOT HHTEHCHBHOCTb
JIHHHH KaK BXOJHYIO HHbopMauuio. VIHTeHCHBHOCTb JHHHHA HC-
MOJb3YeTCsl TOJbKO IPH OTHECEHHH JIHHHH B XOoJe CPaBHEHHs
npOGHOTO H 3KCIepHMEHTAabHOro crnekTpos. HeTpyaHO BHAETH, yTO
TIPOLLECC OTHECEHHS] JIHHHH fABJSETCS OTBETCTBEHHOH CTajlHell aHa- §
JIU3a, TaK KaK H3JHIIHe GoJIbIIOe KOJHYECTBO OIIHOOK Ha BXOJE |
Hen30eXXHO MPHUBOJAHT K OIHOOYHBIM pe3yJbraTaM. B 3ToH cBs3H
HHTEPECHO MNOCTABHTbL TaKyl Npob6JeMy: SIBASETCS JIH MOJYYEHHOE {
pellleHHe eIMHCTBEHHBIM HJH BOOOIle CYIIeCTBYeT HECKOJbKO Ha-
6opoB MapamMeTpoB, KOTOPHIE TAKMKe ONHCHIBAIOT IKCIEPHMEHTAaJb- |
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HHIl CNEKTp B Ipefesaax OWHGOK 3KcmepuMenTa? K cyacTbio, To-
106Has cuTyauusi BCTpeyaeTcss He TaK yacro. B kauectse xpurepus
COOTBETCTBHSI TEOPHH H 3KCIIeDUMEHTAa MOMHO HCIOJb30BATh He
TOJIBKO YACTOTHl, HO M HHTEHCHBHOCTH JinHHH. IIpH comocraBjeHun
TaK¥Xe BHIFOJHO HCIOJb30BATh PaHee YKaszaHHble BO3IMOMHOCTH MO-
JeJUPOBAHHSl €CTeCTBEHHOH MIHPHHH cHrHajoB IMP. drtor cnocob
COBEpIIEHHO HeOOXOJMM IPH HAJHYHH CHJBHO MEPEKDPbIBAIOLIUXCSH
JHHHH CIIEKTpa.
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Tnaesa V!

BNUAHUE MOJIEKYNSIPHOW CUMMETPUU
N XUPAJIbBHOCTHU HA CHEKTPbl MPOTOHHOIO
MATHUTHOTO PE3OHAHCA

¥Ycnex cnekrpockonuun SIMP B XxumMHM B nepByl0 ouepean 00YCIOBJIEH TeM,
yro HH{opMauud, noayyaemaa W3 cnektpoB AMP, Gauaka oGpasy mblwge-
HHS XMMHKOB. OQTHeceHHe CNEKTPaJbHbLIX 0GJacTell K OMNpeleeHHBM THNAM
NPOTOHOB, B PA3JHYHBIX THAAX CBA3H, HanpHMep, «APOMATHYECKHX» H.H
«0Je)MHOBBLIX>, & TAaKXKe MYJbTHILIETHOCTb CHIHAJOB, JAalT HHOOPMALRHIO,
KOoTOpas MoOxker GbiTh NepeBeleHa HA CTPYKTYPHBbIA HJH CTepeOXHMHYecKuil
A3bIK Jerye, yem HHdOPMalLHA, NojJy4yaemass H3 HHQPAKPACHBIX M YJbTpa-
duoseToBLIX cnekTpoB. OcoGoe 3HaueHHe HMeeT TOT (AKT, YTO CHMMeETPHA
MOJIEKYJIbl TAaKKe HaXOJMT OTPaXKeHHe B CIIEKTPe, BCAEACTBHE BBLICOKOH 4yB-
CTBHTEJNbHOCTH napamerpoe SIMP k MoaekyaspHOMY OKPYXKeHHIO saipa.

1. TUNb! CMNEKTPOB U CTPYKTYPHAA
N3OMEPUA

Kak H B MHGPaAKpacHOH CNEKTPOCKONHH, 8b6LCOKOCUMMETPUUHbIE
COeJHHEHHSI MOXHO pacno3Hate mo ux $SIMP-cnekrtpaM, B KOTOPBIX
NPHCYTCTBYET JHIIb He(GOJbLIOE KOJHYECTBO CHTHAJOB. B psaxy uso-
MepHBIX coefuHeHuE 94—97 ¢ MounexyaspHoit dopmyaon CsHeO

H 0 H o H. 0 N o
H H
H . »—1H
HiC R H CH3 H CH3;  HXC
943 95 96 97

TOJbKO cOelMHeHHe 97, uMeloulee JBe MJOCKOCTH CUMMETPHH H OCh
BpallleHHsl BTOpPOro MOPAJKA, AaeT JABa CHrHa/Aa C COOTHOLIeHHEM
HHTeHCUBHOCTeH 2 : 1, TO3TOMY €ro JIerko OTJIMYHTb OT BCeX APYrHX
CTPYKTYp. AHajorudusiM o6pasoM B caydae JuMepa KereHa CTPYK-
Typbl 99—101 MoryT OBITb CpPa3y e HCKJIIOYEHH H3 DaccMOTpeHHs,

H H
HaC ; N ’ 0 H HiC M
0 H O H OH 0

98 99 100 101

IIOCKOJIBKY B CII€KTpPe 3TOro COeJHHEHHS HabJMIOAAKT TOJBLKO [ABa

CHIrHaJ1a paBHOﬁ HHTEHCHBHOCTH, 06yCJIOBJleHHbIe OJqu)I/IHOBbIMH H 3

aJIPI(paTPIIIECKPIMH METHJICHOBBIMH NPOTOHAMH.
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B cayuae GHCMeTH/IEHOBBIX aJAYKTOB CHMMETPHYHOrO reKcarHi-
poaHTpaneHa MOKHO JIETKO pPaclio3HaTb BO3MOXKHBIE cuH- (102) wu
axTu- (103) H30MEpH!, NOCKOJbKY MJs LEHTPAJbHOH METHJEHOBOM
rpynnsl OJIHOTO H3 HHX OXMjaeTcs cHcteMa AB, a mna apyroro —
ciucreMa Ay TaxuM ke 06pa3oM MOKHO Pa3HUHTb LHKJIONPOMHJIb-
HYI0 METHJIEHOBYIO rpynmy B ajaaykrax 104 u 105. B nmocnennem

H H H/H H H
H H

102 103 104 105

cjayuae, Kpome TOro, pas/HyalTed YHCIO ONCDHHOBLIX MPOTOHOB,
a TaKXe OKpyXeHHe METHJIEHOBBIX TPYNN B LIECTHUJEHHOM LHKJe.

Eciu paccMoTpeTh CneKTpsl AH3aMELIEHHBIX GEH30JM0B ¢ ABYMS
OJMHAKOBHIMH 3aMECTHTENSIMH C TOYKH 3PEHHsI CHMMETpPHH, TO
MOXKHO c/eJaTh 0AHO3HAUHOEe OTHECEHHE CTPYKTYpHl 6e3 JeTaJbHOro
aHaJM3a CHeKTPa, PYKOBOJACTBYSIChb JHIIb OTHECEHHEM CNEKTpPa K
crnpexenennomMy THnmy. Tak, aas opro-npousBoanoro 106 nabawona-
ercs cnektp THna AA’BB’, torna kak ais mera- U napa-npou3Bo-
upix 107 u 108 Habmopatores cnektpel Tana AB;M u A, cooTsert-
CTBEHHO,

y Hg % Ha X
A Hp Hg H H
Hg’ Hu X

106 107 108

[lono6unas cuTyanust BOSHHKAeT H B CJAyYde JH3AMEIEHHLIX LHK-
JONPONAaHOB C OAMHAKOBBLIMH 3aMECTHTEJNSIMH, Kak 3TO IOKa3aHo,
HampuMmep, AJAS TPeX H3OMEPHBIX AHXJOPUHKJIONpomnaHos 109—111,
KoTopble HMeloT chnekTpol THna A, ABC, u AA’BB’ coorserctsen-

H H cl ct c Hy H H Hg  Hg
Ci HB HB' R HA

109 110 m 2 13
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HO. Jlsaa TpH3aMelUeHHBIX LHKJONPONAaHOB C TpeMdA OJHHAKOBBIMH
3aMECTHTeJAMH CHEKTPHl TaKXKe YeTKO pPa3/JHYHMBl, H JBa H30Me-
pa— 112 u 113 — nalT CHEKTPH THIA As; 1 AB5 COOTBETCTBCHHO.
B cayuae uuk/J06YTaHOB Aea0 OOCTOHUT MeHee 6aaronpusatHo, Hao-
MepHble [HKA06yTaHe (114—118) naiT CHEKTPLI THNA A., u amnpu-
OpH H30MepHBIE CTPYKTYPhl Pa3JHYHTL HEBO3SMOXKHO, XOTsl pe30HaHC-
Hble 4acTOTH NPOTQHOR A5 BCCX MSTH COeAHHEHHH Pa3JHYHBL

H H H  cl Cl H
H H
‘Wn " 2
e c ct. H c H
na ns 16
¢t H H o cl
cl
Cl H Cl H
n7z ns

B cayuae u30MepOB IHXJOPUHKJIOOYTaHA (119—123) cnekrpH
ONATH MMEIOT pa3J/HyHLle THIB CHMMETPHH, HO OHH TaK CJOXKHHI,
YTO UX HeJb3fd HHTEpUpeTHPOBaTb 0¢3 AeTajbHOIO aHaJH3a.

B A B B B Cc
L] A A .
ALY AR c Sy _
¢ B e © e A é
AA'B,B) AABB'CC’ AA'BB‘CC! :;
119 120 12F ]
c €
AR
A B’
A,BB’CC’ AA'BzBi
122 123
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B nu6pomuadranunax (124 u 125) oTHeceHue, NpUBeJeHHOe HA
puc. VI. 1, oueBuaHO, Tak KaK B cOoeHHeHHH 124 cielyeT oxuaaTh
cucremy tuna ABC, ecau npene6Gpeun BzaumomeiictsueM H—H 6o-
jee 4eM depe3 YeTHIpe CBf3H, TOrAA KaK B CHEKTPE COeJHHEHHSH
125 [0OJKHB NPOSIBASITHCA CHOHHOBHIE cHcTeMbl THma AA’BB’ u A,

Br Br
oo Q
X
Br Br
124 125

3apauva VL 1. K KakoMy THIY OTHOCATCA MPOTOHHBE CIEKTPLI B CJAEAYIO-
UMX coefMHeHuAX: a) 1,3-Auokcan; 6) yuc-uukJIonponaH-1,2-gukap6oHoBas KHc-
J0Ta; B) Tpaxc-nukjaonponan-1,2-aukap6oHosasi kucaota; r) 1,4-1uxsopGeH3on;
1) 2-xn0pdenor; e) 4-xnopbenon?

3apaua VI.2. M3o6pa3ute cxemaTHYeCcKH CIEKTPH (POTOHHOrO MAarHHTHOTO
pe3oHaHca TpeX H30MEPHBIX aHeTHJNHPUIHHOB.

3apaua VI.3. B 1,6;8,13-6uc-[okcuno)-[14]aunynese a7si nepudepHuecKHX
npoToHoB Hab/mojAaercs TOJIbKO OfHa cHcteMa — AA’BB’. Ha ocHoBaunuu 3710TO Ha-
6a10jeHus  pellnTe, KaKylo CTPYKTYDY —d HJIH 6 — DO/DKHO HMeTb 3TO COEIH-
Hedye?

0O 0 0O 0
a2o dado
a 3

Ha ocHOBaHHMH BBILIEH3/I0KEHHOrO MOXKHO 3aKJIOYHTb, YTO CO-
€IHHEHHS, HMeIOLlHe MaJjioe KOJHYECTBO 3JE€MEHTOB CHMMETPHH HJHU
He HMeIollHe HX BOBce, OyAYyT AaBath OoJiee CJOKHBIH CIEKTP, ueM
CoeJMHeHHs, o0najalolie HECKOJbKHMH 3JIeMEHTAMH CHMMETPHH.
Tem He MeHee OTHOCHTEJLHO MPOCTHIE CIEKTPHl 4acCTO HAGJIONAIOT
M Il IPHPOJHBIX COeAMHEHHH ¢ 6GOJbIIOH MOJEKyJsDHON Macco#,
KoTOpBle CJelyeT CUMTaTb CJAOXKHBLIMH ¢ XHMHYECKOH TOYKH 3pEHHS.
B 37Tux cayuasx rpynmbl npoTOHOB 06pa3yioT H3OJHPOBAHHEIE CIH-
HOBble CHCTeMBl THNa Ag, AB, AB; wnu ABX, kotopble MOryT GHITH
JICPKO MPOaHaJH3HPOBAaHBI M OTHECCHBI, M THI CIIEKTPA OnpelessieTcs
CiMMeTpHell paccMaTpHBaeMOH TIpYNNBEl, a He CUMMeTpHed Bcelt
Mosiekyapl. IIpeAnoculIKO! A5 MOSIBJAEHHUS NOACHEKTPOB 3TOrO THIA
ABJsieTCA TO, 4YTO CIHH-CIIHHOBble B3aUMOJEHCTBHS MeEXAy OT-
JAeNbHBIMH TpynnaMHu IMPOTOHOB JieXaT HHKe 3KCIEePHMEHTaNbHBIX
Iipepesos obHapyxKeuust. Masocrpaunveit atoro ¢dakra CJayXKHT OT-
HeCeHHe CHIHAJIOB, OMHCAHHOE B CJEYIOLIEM MPHMepe,
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B cnektpe ¢siemunruna B (puc. VI.2) o6HapyxuBaioTCs OAHA .
cucrema ABy u aBe cucrembr AB. JIBe pasHble KOHCTAHTHI CIHH- | o
CIIHHOBOTO B3aumogeictBHa (15,5 u 10,0 I'n) nossossilor OaHO- | - — e ‘
3HAYHO OTHECTH cHcTeMbl AB K npoToHam Tpasc-ABOHHONH CBA3H R . S T o F.— ‘
nBofiHON cBfidn C3—C, COOTBETCTBEHHO, TOrJa KaK TOJBKO OJIHO - - o o S~ L2
(deHubHOE AP0, a HMeHHO a, ofsadaeT cHMMeTpHeH, HeOOXOAH- . : Y R l
Mo s cnHHoBOH cucreMbl AB,. Cunurser npu 87,34 obychobiey ! § o
H30JIUPOBAHHBIM NpoToHOM fpu C;, TOrAa Kak YIWHPeHHBIH TPHIJer < @ R §~
npu 85,12 o6ycnoBneH onedHHOBLIM NPOTOHOM GOKOBOH IEIH, CHr- = ‘g
HaJ KOTOPOro paclienjieH 3a cueT B3aHMOJEHCTBHSI C [POTOHAMH L z l
cocelHeli MeTHJEHOBOH Ipynnbl. AJau/JbHOE CHH-CIHHOBOE B3aHMO- o |
o o~
JNefCTBHEe C MeTHJbHBIMH IPOTOHAMH [IPHBOJHT B [JaHHOM CaAydae o ‘r T
TOJIbKO K YUIHPEHHIO CHTHAJOB, DTO OTPAXKAETCs B MeTHJbHOH 06- - T 2
JlacTH Ha cHrHaJgax npH 8§ 1,63 u § 1,57, Kotopble OTHOCATCS K HpoO- -7
TOHAM reéMUHAJbHHIX METHJbLHHX TPynn B 6oxkoBO# ueny. CurHasm : A
OCTAMOLINXC MEeTHJEHOBHX I[IPOTOHOB B 06JacTH NpuMepHO § 2,0 - o %) ;
He MOTYT OBITb SICHO BBIJeJE€Hbl, NOCKOJIbKY B 3TOH e 00JacTH - R © g N
NOIJIOUIAIOT [POTOHBl HE MOJHOCTbIO AE€HTEePHPOBAHHOTO PACTBOPH- 5 w & - P
teas. Cieayer oO6paTHTb BHHMaHHe Ha CJabONOJbHOE IMOJOMKEHHE | S 1 S
i i X - - |
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JIO¥KHOCTb PACCMOTPEHHOMY BHIIE CJydalo Ha pHC. VI. 3 npnseﬂeb
CJIOXKHBIH CIEKTp ABYX «XMMHUYECKH IPOCTBIX» MOJIEKYJ. B akpuio-

HUTpHJIe OGHAPYXUBAETCS CHJIBHOCBs3aHHAA ABC-/CI/IC’,l‘eMa, B 06-11;
xJop6eH3ose Habmoaercs CHEKTp THIA AA’'BB’. B o oe X
cayuasx SIMP napaMeTpel MOTYT GbITb OTpPeAeI€Hb TONbKO NMyTE'H

BO¥
CMEeKTPaJbHOr0 aHa/iu3a, OCHOBAHHOrO Ha NpHHIHIAX KBAaHTO |

MEXaHHKH. o
[IoMHMO yNpOIEHHs CHEKTPa, OGYCJOBIEHHOrO MOJIEKYyJIAP

‘CI/IMMeTpI/IeI‘/JI H OTCYTCTBHEM CIIHH-CITHHOBOI'O B3aHMOﬂeﬁCTBHH,H
HEKOTOPHIX CJaydasX HabaoLaercs yYMEHBIIEHHE yHcaa pe3OHAHY
HblX CHI'HAJIOB BCJEACTBHE cnyqaﬁﬂoro CUOBl'IaILeHI/IH JABYX HJH ]
Jiee PE30HAHCHBIX yactoT. TakoH clydyan BCTpedaeTcs B CIeKkT ¢
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Puc. VI.4. Cnekrp SIMP (60 M[lu) 3,6-anrnapoSensounkio6yrena (I'pumue,
Pexekep [2]).

3,6-muruapobensourkiobyrena (puc. VI.4), rie pesoHaHcHBle ua-
CTOTH IIPOTOHOB BCEX UYEThIPEX METHJIeHOBHIX TI'DYIII M30XPOHHBHI.

2. BJIMAHNE XUPANBHOCTU HA CMEKTPbI AMP

O6pamasich K cOeIHHEHHAM, 006/aJalOLIMM ACHMMETPHUECKHMHE
LLeHTPaMH, Mbl OOHapyXHBaeM, 4TO D- H L-DOpMBI HEPa3JHUMMbL
TOYHO TaK Xe, KaK 3TO HMeeT MeCTO U JJs APYruX (PU3HYECKHX
CBOHCTB ONTHYECKHX AaHTHIOJOB, 3a HCKJAOUeHHeM WX B3aMOeH-
CTBHA C TOJAPH30BaHHHIM cBeToM. Mx crnektpm MP cosnagaior
H B TOYUHOCTH COOTBETCTBYIOT cnekTpy IMP paumemara. Tem He Me-
Hee, MCIOJIb3YSl ONTUHECKU AKTUBHLIE PACTEOPUTEAU, MOXKHO HHIY-
UHpOBAaTb B paleMaTe XUMHYECKHH CIBUI MeX]y CHrHAJaMH D- K
L-popM. Tak, B pacTBope ¢eHUIH30NpONUAKapOuHoIa (126) B D-1-
HadTHASTHIaMHHe pe30HaHc TpeTHYHOro nportoHa H; umabmopaer-
¢1 B BHAe IByX Ay0JeToB paBHOH HHTeHCHBHOCTH. [ly6ieTHbie
pacmengenus cocrasasoT 1,6 v 2,5Tu gag 60 u 100 MI'y cooTBert-
cTeeHHo. CieloBaTeNbHO, 3TO pacllellieHHe JOJXKHO OhITh pesyib-
TaTOM pasJH4Hs Pe30HAHCHBIX YaCTOT, NOCKOJbLKY CIIHH-CIHHOBOE
B3aUMOLeHCTBHe He 3aBUCHT OT HANPSIKEHHOCTH IOJIsl.

OH CHy H3C\N
CsHs—t:i—Ht H="C—NH, p CO:R
H
126 127 128
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Puc. VI.5. Cnektp SMP (60 MTu) npoiyKTa B3auUMOAEHCTBHS PaUEMHUECKOro .
n-troayoscyasonnaxaopsaa ¢ (S)-3,3-aumerunGyranonom-2 (Paban u Mue-

sy [3)).

O6uapyxeHHBIH (aKT He NPOTHBOPEUYHMT BbICKA3AHHOMY B Ha:
Jajie raBbl YTBEPKIEHHIO O TOM, YTO 3HAHTHOMEDH HMEIOT HEH-
THYHBlE CIIEKTDBI, TOCKOJIbKY ABE ONTHYECKH aKTHBHBIE (POPMBI pac-
TBopHTens — (+)SOL uau (—)SOL — Moryr o6pas3oBbLIBAaThL AHa-
crepeomepHble  Komiiekel p-X/(4+)SOL u 1-X/(4+)SOL wnau
p-X/(—)SOL u 1-X/(—)SOL [KoMIJeKcHl 3a cUeT MeXMOJeKyJsap-
HOro B3aMMojeHcTBHA Mexay pactBoputesneM (SOL) u pactBopeH- i
HBIM BelllecTBOM D, L-X |, KOTOpble RamT pa3iHyHble CHeKTph. Be-
JIHYHHA paclUeNJseHHs] 3aBHCHT OT aCHMMETPHH, HJIH XHPAJbHOCTH, :
pacTBOpHTENs, a TaKXKe OT CTEleHH aCCOLHALHH MEXAY cyOcTpaToM |
M pacTBOpHTENEM, a CJeJ0BaTeIbHO, OT TeMmmepartyphi. Tak, s
l-xokaumna (128) pa3snHuyHe DE30OHAHCHBIX 4acToT Ans nporoHa Ha !
cocrasasier 0,14 M. 1., ecau cnekTpbl uaMepswotr npu 20 °C s 30 %- 2
HplX (no o6wveMy) pactsopax (+)- u (—)-l-penunastanona B ce- §
poyraepoge. Ilpu —40°C mHabaonaemass pasHOCTb coOCTaBasieT
0,47 M. 1. DTOT mpuMep NOKa3blBaeT TakxkKe, YTO AHACTepeOMepHBIH.§
coNbBaTaAlHOHHBIH 3¢ eKT nHabalonaercs U Torjla, Korja ONTHYeCKH®
AaKTHBHBIH pacTBOPUTE/Ib pa30aBjeH ONTHYECKH HEAKTHBHBIM cepo- ]
yraepoioM. 1

Cpasy e MOXKHO BHI€Th, YTO HHTErPHPOBaHHe pa3/e/eHHBIX
tTakuM o6pasom curHa/nos AMP naer cnoco6 onpenenenus onri-s
4ecKol 4UCTOTb. He IOJHOCTbIO pacllervieHHbx pauneMmatos. J{pyrod 3
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METOJ COCTOHT B TOM, YTO SHAHTHOMEDHYI CMeCb BBOJAT B peak-
IIMI0 C ONTHYECKH aKTHUBHBIM COeJHHEHHeM, ¢ TeM UYToObl MOJYYHTDL
cMeChb JHAacTepeOMepPHBIX NMPOAYKTOB, KOTOPHE MOTYT OBITh HCCJeNOo-
BaHbl MyTeM HHTerpupoBaHus ux cnektpoB JAMP. Ha puc. VL5
10Ka3aH CMEeKTP MNpPOAYKTa Tako# peakuud. 3,3-JumeTHabyrun-2-
aT 4-MeTHN6eH30/Cyb(OHOBOR KHCJIOTH OblI MOJyYeH NyTteM oO-
paGOTKH palleMHYecKOTO A-TOJYOJCYNb(OHUIXIOPHAA MHHAKOJHHO-
BbIM CIIHPTOM, KOTOpHIEl mouTu mosHocthio (97 %) Haxomuica B
S-xoHpurypaunH. [IpoAyKT peaklMH TmpeicTaB/seT cob60H cMech
aAByX xoMmmoneHtoB: (+)A(+)B u (—)A(4+)B, rie A u B o6o-
3HAYAIOT A-TOJNYOJCYNbQOHUJIBHBIH H NUHAKOJHHOBHIH ()parMeHThl
COOTBeTCTBeHHO. Kak MoKa3biBaeT CIEKTD, BCe CHTHaJbl anudaru-
yeCKHX MPOTOHOB, 332 HCKJIOYeHHeM CHTHaJa MeTH/JbHOH TPYNNHl NPH
GeH30JbHOM sApe, yABaHBaloTca. [IBa cuHrjeta Tper-GyTHAbHOR
H AyOjeThl MeTHJbHOH rpYINN pasjendioTcs ocofeHHo yeTko. Kmap-
TeThl TPETHYHOro NPOTOHA NepeKpblBalTcA, o6pasys KBHHTeT. Hc-
NOJIb3ysl 3TOT METOHA, MOXKHO OIIPEJeJHTh ONTHYECKYIO YHCTOTY ga-
JKe TeX COeJHHEHHH, XHPAaJbHOCTb KOTOPBIX OOYCJOBJEHa 3aMelle-
HHEM NPOTOHA Ha JeHTPOH.

PaccMOTpHUM Telepb BHYTPHUMOJIEKYJSIPHOE BJHAHHE OITHYECKH
AKTUBHHIX 1LIeHTPOB. Ec/iH B MoJeky/de umeeTcss acummerputueckuit
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Puc, V1.6, Cnextp SIMP (60 MI'n) sTH/blick rpynnsl B coepusendn 130.
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aTom yrJepoja, To 2TO MOXKeT NPpHBOAHTbL K HCYE3HOBEHHIO MATHHUT- ”

HOH 3KBHBAJIeHTHOCTH COCEAHHX TIPOTOHOB HWJH TPy IIPDOTOHOB. B

KayecTse THUIHYHOTO MPHMEePa MOXKHO NPHBECTH HAJHUHe B CIEKTpe §

L-BasuHa (129) aByx ny6aeroB npu 60,90 u 0,83 415 METHABHBIX
NPOTOHOB H30NPONUJBHOK Tpynnel. B apyrom cayuae stoxcurpymmna

(IZBHS CIZHZ—CH3
H CeHs C—CgHs ?
H,C 7/ . i.. — —
? Seh-tZcoon CeHs A5 O CHamCHs
HyC NH2  CeHs  o—cH,—cHy
129 130 131

B IPOHSBOAHOM METHJIEHUHMKI06yTeHa (130)4aeT MYyJbTHILIET CJIOK- «

HOH CTDYKTYPbl, KOTOpHIi caenyer oTHecTH K ABXs-tumy (puc.
VI. 6). llpyrue xupasbHble LEHTPH, TaKHe, KakK CyJbGHTHad rpymnna
B auatuicyabpute (131), okaswBalOT Tako# xe 3ddexr.

Uro6b OGBLACHATL 3TH HAGJIOJAEHHS, PACCMOTPHM MOJEKyay ¢ °

ol6mefi cTPYKTYpHOH hopMyJio#

a H b b
1 2 b
b~<::—|é—R H H R H’ H2 | R
cC H c
¢ R a H2 ¢ a b c

I I m

rie koHpopMaunu I—III npexcrasaens B Buxe npoekunii Helomena. §
Moxuo Buzern, uto nporonsr H! n H? Bcerza naxoasrcs B passinu- 4
HOM XHMHYECKOM OKPYKeHHH. Jlaxe B TOM, MaJIOBEPOSITHOM CJjiydae,
KOrja HaceJIeHHOCTH TpeX poramepoB ogHHakoBel, H! u H?2 ocra- §
I0TC HE3KBHBAJIEHTHBIMH, TdK KaK HUX Pe30HAHCHBIE YaCTOTH Das- &

aumatores — vi(I) 7= vo (1), va(I) 5= vi(I1) 1 v (I1) 5 v (111) —

u3-3a HaJuuus rpynnsl R. Ecau 3amecturens R 3aMennTs Ha atom §
BOJOPOJa, TO 3TO pa3jHYHe HCue3aeT H NPH yCPeLHEHHH BO BpeMeHH §
TIPOTOHBI METHJBHOH TPYNIB HMEIOT OAHY M TY XK€ De30HAHCHYIO §

O\s - ¢,
djé N x X\T X N
0-s s~ ¢ c” L
OH o 5
132 133a 1335 134
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Puc. VI. 7. Cnekrp SAMP (60 MI'u) nustusaunetans aueTajbjeruia.

yactory (cM. Takxe pasi. 2.3 u gasnee). CoelHHeHHeM, AJst KOTO-
poro BKJAaJ BHYTpPeHHeH acHMMETDPHH CTPYKTYDHL He 3aBHCHT OT
HAaCeJIeHHOCTH HHIHBHIAYaJbHBIX KOH(pOpMaLHH, fABJseTcA, B YacT-
HOCTH, «IpoNeJyiepHasg» MoJekyaa 4-MeTHa-2,6,7-TpHTHaCHIHKIO-
[2.2.2] okTan-2,6,7-Tpuokcuia (132). MeTuabHble NPOTOHE 2-OKCH-
H30MPONHUJBHOA TPYNNH B MOJOXKeHHH | 06HapyXHBAIOT DasjHiHe
B XHMHUecKHX cJpurax, cocrasasiowee 0,04 M. 1. (B pacTBope
NHPHAHHA). 3aBUCHMOCTb 3TOrO paclieNnJeHHs] OT HalpsKeHHOCTH
MargutHoro moas (2,3 T'u mpu 60 MIw; 3,6 'y npu 90 MTIm)
IOKa3LBaeT, UTo JIeHCTBUTE/LHO, MBI HMeeM JAeJo C PasHOCTBIO pe-
30HAHCHBIX YacTOT.

Kak mokasbiBaeT nocjaelHuii mpuMep, o6cykaaeMoe 3jech siBJe-
HHe He OrpaHHYHBAETCAd MOJEKYJaMH C ONTHYECKH aKTHBHBIMH aTo-
Mamu yraepofa. Tak, B pacCMOTPEHHOM BBbILIE o01ieM cayqae
dparment (a) moxeT ObiThb 3ameHen BTopo#l CHaR-rpymmoii, uro
npuBefleT K NPOXHpaJbHOH CHTYalHH, KaK, HalpHMep, B AH3THJA-
LeTasle aleTasib/erHia, CIeKTp KOTOPOro NpHBEIeH Ha pHC. VI.'7;
HMrak, Bo Bcex caydasx, KOrfa 3aMeCcTHTeNb ¢ obmef CTPYKTYpHOH
$opmymoit CX:R okasbiBaercs mo cocelCTBY C IPYNNOH, B KOTOPOH
OTCYTCTBYyeT CHMMETPHS, OKpyXKeHHe 3aMmecTHTesell X CTaHOBHTCH
Hes3KBHBAaJEHTHHIM, HJH OuacrepeoTontsiM. T PYNIB, OKPYXKeHHs
KOTOpHIX SBJISIOTCS 3€pKaJbHLIM H300paKeHHeM, 0003HAYAIOTCA KAK
sHarruotonnete. [pn sTom yron X--C—X Mexay SHAHTHOTOMHEIMH
Ipynnamu X XeJHTCA MONOJaM MJIOCKOCTBIO 3epPKaJbHOH CHMMETPHU O
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(133a). 'pynnm X Takke 5KBHBAJIeHTHH, €C1H RaHHas MOJeEKy.a
umeeT cummerpuio C; # ocb C» NPOXOMHMT uyepe3 aTOM VIVIEPOAA
$parmenta CX, nmepneHAUKYJISPHO JHHHH, COeAHHsIOWeN rpynnb X
(1336). [IpumepoM 3TOMY sIBJIsieTCA cHcTeMa Ap; MeTHJIEHOBHIX Mpo-
TOHOB B 2,7-116poM-1,6-merano[10] annyene (134).

Fpynna CX,R TakKe MOXeT CJIYXHTb HHAHKAaTOPOM XHpailb-
HOCTH IMKJHYecKoH cHcTeMbl Gosbliero pasmepa. Tak, s MeTHIe-
HOBBIX IPOTOHOB GEH3UAOKCHrPYNNb B 2-6eH3oKcu-1,6-merano[10] an-
Hynene (135) nHabarAalOT 0XHUIAEMYIO CHCTEMY AB. Anajoruyso

135 136

‘HEeSKBHBAJEHTHOCTb METHAbHBIX TIpymnn B 2-usonponua-1,6-okcH-
no[10] annynene (136) nokasbiBaeT, YTO 3TO COEJHHEHHe UMEET He-
miockoe ctpoetne. Dosee TOro, MOXHO HCKJIOYHTL OBICTPYIO HHBED-

CHIO KHCJOPOJIHOI'c MOCTHKa 4€pes3 erIepOlIHbIﬁ CKeJ1eT, MOCKOJIbKY

5TOT NPOLECC NPH yyeTe yCpelHEHHs BO BPeMeHH NpHBes Obl K Mo-
siBJeHHI0 3(P(EKTHBHOA IJIOCKOCTH CHMMETPHH, a CJ€J10BaTelbHO,
K 110T€PE XHPAJbHOCTH.

3anaua V1.4, Pewnte, aBasiOTCs JH OTMeUeHHble MPOTOHH B COEJHHEHHAK
& — K HSHAHTHOTONMHBIMH HAH /IHACTEPEOTONHBLIMH.
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UyBCTBUTENILHOCT XHMHYECKOTO CABHra K CUMMETDHH MOJIEKY-
AAPHOrO OKPYXKEHHA NMPHBeJNd TakKxkKe K MPOTpeccy H B 0GAaCTH Clek-
TPOCKONHH nosuMepHslx coeinnennii. ITo GBAO MPOLEMOHCTPHPO-
BaHO Ha NpHMepe TMOJHMEPHBIX LeneH MOJHMETHIMETaKpHAaTa C
PasanyHOH cTepeoxumuell. PaccMoTpum cHauyana mocaeioBaTen.
HOCTH M3 6 aTOMOB yrsiepoga, Ansi KOTOPOH BO3MOKHBI KoH(bOpMa-
W a—6. DTH MOC/IENOBATENLHOCTH HA3BLIBAIOTCS TPHALAMH, [O-
CROJIKY OHH 00pa3oBaHbl M3 TPEX MOJIEKVJ MOHOMepa:
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Puc. VI.8. Cuektp SIMP (a) nsoTa
wernameTakpuaara (Bosu [4]).
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Puc. VL.9. Cartenautsi *C B criekTpe AMP
BpallleHHs.
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MOJIEKYJ MOHOMepOB o0O3HauaeTcss KaK HM30TakTHueckas (a), CHH-
nHoTakTHueckas (6) M rereporaktuueckas (8).Ec/H MblorpanHinuM
paccMOTpeHHe ABYMs NEePBHIMH CHCTEMaMH, TO JETKO BHIETh, YTO
cUCHAJ] METHJEHOBHIX NPOTOHOB B Cjydyae @ AOJKEH NPeACTaBJAATb
co6oil cucremy AB B oTsinune OT cayuas 6, rje OH OTBeyaeT CHCTEMeE
Ay, TOCKOABLKY B nocjenneM cayuae cermeHT Ci—Cqo—Cy obnanaer
cumMmerpueli C,. Kak DOKaspBaloT CHEKTpPH, MNpHBeJeHHbBIE Ha
puc. V1.8, 3T0 mpelckasaHue NOATBEPKIAETCS 3KCNEPHMEHTAABHO.

3. AHANMU3 BbIPOXAEHHbBIX CMTUHOBbBIX CUCTEM
C NOMOLLBIO CATESIIUTOB '3C u H—D-3AMELLIEEHUA

Ecan pesoHaHCHHIl CHUTHaga XJjopodopma 3anucaTb ¢ GOJBLUIUM
yCUJIEHHEM, TO NO 00e CTOPDOHH OT OCHOBHOTO CHIHAJa MOXKHO
Ha6/10MaTh CHHIVIETH €1a00fi HHTEHCHBHOCTH, HAXOASIIHECS OT HETO
na paccroguuu npuMepno 104 T'u. INonoxkeHue 3THX cnabbIX CUTHa-
JIOB He 3aBUCHT OT CKODOCTH BpaulleHHsa o6pasua (puc. VI.9), u
NO3TOMY OHHM HE SIBJIAIOTCS GOKOBBIMH OT BpAlleHHSl, DTH CHUTHAJHI
npeiacTaBjsAloT cobofi Tak HaswiBaeMbe *C-careaauts! curuaga xJo-
podopma.

Kaxnoe opraHuueckoe coegnHeHHe comepxHuT 1,1 9 crabuab-
HOrO H30TONA yriepoja-13 TpH eCcTeCTBEHHOM COJEP KAHHH.
[Toatomy u3 kaxapix 1000 mosekyn xaopodopma 989 npencrapasiioT
coboit ?CHCly u 11 — BBCHCl,. IMockosbky yraepon-13 umeer sigep-
b cnud [ = /2, B 3THX MoJeKyJaX NpOsBJAeTCS CNHH-CIHHOBOE
B3auMojieficTBue Mexy 12C U MPOTOHOM, KOTOPOE TPHBOAMT K AyO6-
JIETHOMY pAacCIIelJIeHHI0 CHTHa/la B CIEeKTpe NPOTOHHOIO MAaTHHT-
HOTO pe3oHaHca. KOHCTaHTA CIHH-CIHHOBOI'O B3aUMOJAEHCTBHUS HMeET

Vo
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Puc, VI 10.  Cxemarnueckoe

Npeacrapaenne careanautos 13C B 7
Cektpe MP 'H rpauc-1,2-au- BeHm
XJopaTHieHa. [ 1
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Puc. VI.11. OkcnepuMentanbuuil cnekrp SIMP 1'H rpanuc-1,2-1ux710paThiIeHa €5
caresuintamy 12C; R — GOKOBBHIE BpalueHHs.

BeanynHy 209 I'u. Takoe xe pacuienjeHHe OOHApYXKHBAeTCss H B
cnextpe BC-AMP BCHCl;. ,

HaJaunune careanutoB ¥C moxKeT GbITb ¢ yCeXoM HCNOJb30BaHO
IS H3MeDEHHs] KOHCTAHT CIHMH-CIIHHOBOTO B3aMMOJEHCTBHA MeXAY;
MAaTHHTHO SKBHBaJIEHTHBIMH Si[paMH, KOTOpPOe HEeJOCTYNHO NpDH H3-
MepeHHH cnekTpoB '2C-MoJieKyJ, Kak OblIO NOKa3aHO paHee (CM.
ri1. V). 1o MoxeT OBITh NPOJAEMOHCTPHPOBAHO HA IPHMEPE TPAHC-g
},2-auxJgopatuiesa (cM. HHXKe). BeiaeAcTBHE CHMMETPHH MOJIEKYJIBLE
NPOTOHBl B 3TOM COeJIHHeHHH 00pasyloT cHcTeMy A; H KOHCTaHTag
3 panc He MoxeT ObiTh n3MepeHa. OJHAKO eCJaH MBI PacCMOTDHMy
MOJIEKYJIHl, COflepiKalHe oJHO aiapo 13C, To Aaa HHX C/IedyeT OMXKH-
IaTb nosiBieHus cnunoBoit cHcTembl AMX, rae X = 13C, mockosbky#
J(C—Ha) > J(3C—Hwm). DddexTuBHbie JTapMOPOBHI UacCTOTHE
NIPOTOHOB COCTaBSIT TOTAA:

va =+ (1/2) J (®CHa)

EACSENY, |

HA\BC _IQC/Cl VIIV\ =vy+ (1/2) J (ISCHM)
/T N\ VA= vo— (1/2)1(PCHa) } ]
Cl Hm Vig==vo — (1/2)] (XSCHM] my (lsc) . 1/

H B NPOTOHHOM CNEKTpe Mb HaGalofaeM 1Js caTeJauTo 13C AB
AM-noacnektpa (puc. VI.10); mpeanosaraercs, uro J(!*C—Ha)
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7 {WC—Ha) HMEIOT OLMHAKOBBIH 3HAK. DTH NOACHEKTPHl COAEPKAT
A SIBHOM BHJAe HH(MOPMANHIO 06 HHTEpPECYIOIIHX HAC KOHCTAHTaX
J(A,M). Curuan mosnekya '?C nosiBasiercs, Kak ¥ paHee, Ha ya-
CTOTE vo. *

DKCIIepUMEHTAJbHBIH  CHEKTP paccMaTpHBAEMOro COeIHHEHHA
{puc. VI. 11)HaxonnTca B COOTBETCTBHY C NPHBEACHHBIM BbIllle aHa-
anzoM. B jnefictBurespHocTH KoHcranra J(®CHyu) mnpakTHUecKH
paBHa HyJIO, H JBa Ay0OJera, HaXoAsllHecs BOJH3H OT OCHOBHOTO
cHrHama, Bzaumonagaraiorcst; Koucrautol J(P3CHa) u Jyp cocras-
asioT 199 w 12,6 I'n coorBercTBenno. Has yuc-1,2-nuxaopaThiena
B aHaJOrHYHOM 3KCMepHMeHTe Oblla HalAeHa Beauynuna Juyy =
= 5,3 T'u. TakuMm obpa3oM, mabatozas '3C-caTejsiuThl, Jerko pas-
JMYHTh 5TH JBa H30Mepa NO BeJHYHHE BHUHHAJBHOA KOHCTAHTHI
CTIMH-CITHHOBOTO B3aHUMO/eNCTBHS.

Ananus careanuros 3C paer teuHy0 HHGOPMALUIO O CIHH-CIIH-
110BOM B3aUMOJAEHCTBHH H B OoJiee CJI0XKHBIX cayuasix. Tak, B mpo-
TOHHOM cnekrtpe l,4-mnokcana cateaautsl '3C o6pasyloT COHHOBYIO
cucremy AA’XX’-THnma, a B GeHaose HalaloJaeTcsi CHeKTD THIA
ABB’/CC’X. AHanna 3THX CHEKTPOB MNO3BOJSET MOJYYHTh HCKOMEIE
1apaMeTpHl,

3apaua VL. 5. [loctpoiite u kaaccudruupyfiTe cnektpnl caTejnuToB *C Mo-
JeKya a—e.

H cl
Cl Cl Ct H
SCHeL,~"2¢H, e’
cl et ¢l H
H ct
a & 6
H

Ecau uHTepecylouiye Hac NPOTOHB CBSI3aHBI C ONHHM H TeM e
4ToMOM yraepojda, To cateqautsl '3C He MO3BOJIAIOT MOJYYHTb HH-
KaKofl 1H(OPMAaILHH, MOCKOJbKY 002 fpa HMEeIT OJHHAKOBHIE KOH-
CTaluThH CHHH-COHHOBoro B3aumomeiicteus '3C—H, a noayuaembre

* B 5TOM paccMOTpeHHMH MBI IpeHe6peraeM BO3MOMKHLIM BJHAHHEM H30TONHOTrO
SAMelleHus Ha Pe3OHaHCHYIO YacToOTy.

8 X. lontep
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Puc. VI 12. Tlornrouienue
MeTHJEHOBBIX NpPOTOHOB B
crektpax SIMP tH 1,35-
uMKJOrenTarpHena (a) o
7-nefitepo-1,3,5-11HK.A0TEl-
Tatpuena (6); |%/n, pl=
= 2,0 Ty, # no ypasHe-
muo (VL 1) |2y ul=
=13,0 Tu.

cnekTphl cateqaautoB 3C ormocsates x tHny A.X uan AsX u He 3a-
BHCAT OT CIHH-CIIHHOBOTO B3aWMOJEHCTBUA BHYTPH rpynnm A, u A,.
B cayuae MeTHJEHOBBIX W METHIbHBIX PPyl 3Ta npobaeMa MoxKer
OBITH pelleHA ¢ NMOMOIILIO 3aMeHbl BojAoposaa Ha Jefitepuii. B arom
cayyae MOMKHO HM3MEpPHTb KOHCTAHTY CIHH-CIHHOBOIO B3aUMOel-
creusi H—D u npeo0pasoBate €€ B KOHCTAHTY Ju,u 110 YPaBHEHHIO

Juu=6,5144Ju p (VI. 1)

Wcnosp3oBanne 3104 MeTOAMKU HaaocTpupyer pHc. VI. 12, na ko-
TOPOM I[pPHBeAEH CHEKTP METHJIEHOBBIX IIPOTOHOB LHKJOTENTaTpH-

eHna-1,3,5; 3TH TpPOTOHBI CTAHOBATCH 3KBHUBAJEHTHHIMH BCJeJCTBHE

OpICTpPOHl HHBEPCHM UUKJIA NPUH KOMHATHOH Temuepartype. B 3akiro-
yeHHe HeOOXOAUMO YHNOMSHYTL O TOM, 4TO H JPYyrHe MAarHuTHHE

AApa TakzxKe NPHBOIASAT K MNOABJEHHIO CATENJHTHBIX CHeKTpOB.'raK,7'

pesonaHcHHH curuaj 'H reTpameTmacuiana BcerAa COIPOBOKAA-
ercs cateanuTamu 29Si, KOTOphle BO3HHKAIOT BC/IACTBHEe MeMHHAJb-
HOTO CIIMH-CNHHOBOro B3auMoieficteus H, 29Si. Beanuuna xoHcTan

THi COCTaBAseT B 3ToM cayuyae 6,8 T'u, [pyroii npuMep paccMoTpeH §

B pasa. 3 ra. VIIL
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nasa VIl

OUSNYECKUE OCHOBbI 3KCMEPAMEHTA
no A4ePHOMY MATHUTHOMY PE3OHAHCY
YACTb 1l

du3nyeckue OCHOBHI 3KCNEPHMEHTA N0 NAEPHOMY MArHUTHOMY pe3OHaHCY
yXKe GblJdH H3JoxKeHnbl B . 1 ¢ no3uumit KBaHTOBOH mexaHHKH. OmHako He
MeHee 110/€3Ho # KJACCHUYECKOe ONHCaHWe, XOTA KBAHTOBaHHE YIJIOBOTO MO-
MEHTa HeAb3fA GOLACHHTH Ha YHCTO KJACCHYECKOW ocHoBe. PH3WYECKHE KOH-
uenunH, nexawde B ocHoBe SIMP-3kcnepumenTa, KOHCTPYKUMIO CNEKTPO-
merpa AMP W MHorve Apyrie acnekThi MOXKHO MNPONEMOHCTPUPOBATL HaHM-
6oJee 4ETKO C MCMOJIb30BAHHEM KJacCHuecKoro npHoauvxenus. B nmocaenHue
roapl 0COGEHHO BO3POCNO 3HAUYEHHE HMNYJAbLCHOH CNeKTPOCKONHM, KoTopas
B oGnactd SIMP BbicoKoro paspemeHus oGpasyer ocHogy metona ®Il-cmex-
TpockonuH, B cBs3u ¢ 3THM nouumaHue SAMP-akcnepumenTa ¢ Kaacchye-
CKMX NO3HUHA B3aHMOJEHCTBRS MarHHTHLIX MOMEHTOB C MAarsHMTHBIM MOJEM
ocoGeHHO BaxHo. JleficTBUTeNbHO, AJAepHBbIi MarHeTH3M He sBaseTcs 00-
JNIACTbI0 MPHIOXKEHHS JHIUb 3aKOHOB KBAHTOBOH MEXAaHMKH HIH KjaaccHye-
cKoil (H3HKH, cKopee oH TpeGyeT yMeHHs KOMOGHHHPOBATb 00e KOHHUEMUHH.

1. PE3OHAHC U3OJNIMPOBAHHOIO A4PA

DunepretHyeckass J@arpaMma Ajsi JBYX CHHHOBBIX COCTOSHMH
anpa co cnuunoMm [ = 1/2 npusefieHa Ha puc. [. 2; ee KjacCHUECKHM
4HAJIOrOM $BJSIeTCS NapaJJenbHas (OCHOBHOE COCTOSIHHE) H aHTH-
napajiebHasi (Bo3OyKIEHHOE COCTOSIHHE) OpHEHTALHH 2Z-KOMIIO-
HEeHTLl SJ€PHOrO0 MArHHTHOTO MOMEHTa | OTHOCHTE/JbHO BHEUIHEro
nossi By. B 3T0li Mosnenu morJiolleHHe 3HEPTHH B pe3yJbTaTe B3aH-
MOJeHCTBHS 3JEKTPOMArHUTHOrO H3JyueHHs C sJepPHLIM MOMEHTOM
NPHBOAUT K HHBEPCHH BEKTOpa MaTHHUTHOIO MOMeHTa W.

Ha MaruuTHbIf AUNOAb B OJHOPOJHOM MarHuTHOM HoJe Bo AeH-
CTBYEeT KPYTSIIHE MOMEHT, KOTOPbIH CTPEMHTCS] OPHEHTHPOBAThb €ro
[apaJjJieJbHO HampasJseHuio noJs. [1o3ToMy yraoBod MOMeHT sapa
BLI3LIBAET MPELECCHI0 MAaTHUTHOIO MOMEHTa p BOKPYT OCH Z; 3Ta
npeleccuss MOXKeT OBITb JIEIKO ONHCAaHA HA OCHOBE IPHHIHIIOB TEO-
puu rupockona (puc. VIL.1,a)*. ¥YrioBas CKOpPOCTb MpeLECCHOH-
HOT'O JBHJXKEHMs, H3BECTHOTQ KaK JIapMODOBA mpelleccHs, 3ajaercs
BbIpaxeHneM wg= —yB, (BeKTOp @y OPHEHTHPOBAH B OTPHLATEJb-
HOM Zz-nanpaeJjenuu). Takum o6pas3oM, JjapMoOpoBa u4acToTa HMeeT
BEJIHUHHY vo = (v/2m) B,

I pe30HaHCHOTO NpPONEcca BaXHO OTMETHTb, YTO MAarHHTHOE

* 3iech H Jajee NUPHHATO, YTO Hampasjeitde By cOBNAaLaeT C MOJOKHTEAbHBIM ]

HdIIpaBJICHHEM OCH 2.

Dusuueckue ocrosst akcnepusenta no IMP. Yacre 11 229

? : :
B, C/" C/'“
=
~

A wrbEpoUT

wo B) \\

Pue. VII. 1.

... Q — NPeleccHs] SIAepHOTO MOMEHTa [ B HelOHBHXK-
B \:‘) HOH saGopaTopHOll cHCTeMe KoopaHHAT C; 6 —

X BAHAHHE BEKTOPa Bpamalollerocss nois B, Ha
’ AKEPHLIH MOMEHT ; 6 — Bpawlamouiascs H Hero-
4 ABHXHAA CHCTeMa KoopauHat C’ u C.

T
/7o~ X

noe By MOXeT BBI3LIBATH HHBEPCHIO BEKTOPA MAarHHTHOTO MOMEHTA
W, 0 ueM Hu12 peub Bbime. s TOro 4TOGHl 3TO MPOH3OLIIO, BEKTOP
Bi posxen GbiTh HANpaB/eH NOA NPSAMBIM YIJIOM K X, ij-KOMIIOHEHTE
BeKTOPa | H BpalllaThCsl B IJOCKOCTH X, Y C YIVIOBOH CKOPOCTBIO,
coBrajamwulefi 0 3HaKy M BeJIHYHHE ¢ JapMOpPOBOH uactoToii. Ha
3TOM 3Tamne I0Je3HO B JAONOJHEHHe K HEeHOJBHIKHOH CHCTeMe KO-
OpIuHAT C(x,y,2) BBecTH BpallAIOUIyIOCsS CHCTEMY KOODIHHAT
C'(x',y',2') (puc. VIL. 1,8). B 3Toii Bpamaioulefics CHCTEMe KO-
opiunat C’ MarHHTHBII MOMEHT HCHBITHIBA€T BO3[eHCTBHE He CTa-
THYECKOTO0 MAarHHTHOTO noJsi By, a MarHHTHOIO IOJS

B’ =B, + oy

Ile @ — yrioBast CKOpocTh cucTeMB C/ H ®/y — QHKTHBHOe moJie
Bi, KOTOpoe CyuIeCTBYeT TOJNbKO Kak pe3y/bTaT OTHOCHUTE/LHOTO
ABuxeHust cucreM koopanHaT C u C’. Ilpu o = 0 B; ucuesaer, u,
NOCKOJIBKY @ == —vyBy, mosie B’ craHOBHTCS paBHBIM Hymo. Oue-
BIHO, 4TO 3TO COOTBETCTBYT yTBEPIKAEHHIO, YTO BEKTOP CTAHOBHT-
C1 HeMOABHIKHBLIM BO Bpallalouledcss CHCTEME, eCJd ® [0 3HAKY
¥ BesquuMHe paBHA J1apDMOPOBOH wactoTe. TOrma yrioBas CKOPOCTb
" nanpapienue Bpauenus C’ cOBHAJAIOT CO CKOPOCTBIO H Hamnpae-
TlelneM npemeccHy. .
HDH}IECJIPI Mbl TeNepb NOBEPHEM MAarHHTHOe MoJe By, KOTOpoe MH

15111 HENOJBHKHLIM BO Bpallalolleficss CHCTEMe KOOPJAMHAT H

(VIL 1)
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Bapg

Puc. VI 2.

ddexTusHOE BO BpallamuleHca CHCTeMe KOOPAHHAT, 6 —
a—>3 <

MarHutThHoe foJe

Bygpa.

npemeccHs sAepHOr0 MOMEHTa BOKPYT B,

HaMpaBJeHHbBIM BIOJL OCH x’, MEPIEHIHKYJIAPHO By, T0 adhdexTHB-
Hoe ToJe, corsacHo ypasHennio (VII. 1), 6yneT HMeTb BHI

Bs¢,¢=B’+BlzBo+w/y+Bl=Bo(l—Lo/coo)—l—Bl (VIL. 2)

Yroa 0 (puc. VII.2,a), o6pasyembli B,ye € OCBIO 2, BhHIpaxaercs
TOTjJa KakK

tg 0 = By/[Bo (1 — ofa)] (VIL. 3)

[lpu ycaosud B> By Aast BeqUdHH HHIMBHAYaJbHBLIX IIOJCH 13-
MeHenue Bo, a cIe10BaTelbHO, H JapMOPOBOIl 4aCTOTHl @wo NPHBOAHT
M CHTYaHsAM:
i CJie)ﬂ}IIEKc);IHHH BeJ'IH‘{};IHI:I @o H o CHIBLHO pasjanuaiorcs, T0 3 dexTus-
Hoe TMoOJe HaNpaBlieHo NapaiieAbHO OCH Z, TIOCKOJBKY, COTJIACHO
ypashenuto (VIL. 3), tg 6 cTaHOBHTCA MPUMEPHO PABHLIM HYJIO, 6T e.
0 ~ 0 uan 180° aas wo << ® HJAH o > ® COOTBETCTBEHHO (oBpa-
THTe BHUMAHWe Ha BBeJeHHOe Bbille ycaoBHe Bo > By).
2) C ApyroH CTODOHLI, €CIH wo =~ ®, TO tg 8 npubanxaercs
k Geckomeunoctd H 0 =90°. B.pp paBHO Toraa B;, H BEKTOp W
npeueccupyer ¢ 4acToTOH «; BOKPYT HaNpaBJeHHA By, T. e. Boxp%fg
ocu x/ (puc. VII.2,6). Taxum 06pa3oM, p NEPEXOAUT H3 OCHOBHO -
cocTosinys B BO30yxaeHnHoe. [TOCKOJbKY 1030 > B,, cuTyauns, OIH-
caHHas B caydae (2), MpeicTaBjsger coGOf THIHYHOE peSOHaHCHO?
sBJEHHe, TaK Kak Majioe [epHOJHYECKoe BO3MYNIEHHE npnBouzm_‘
K GosblioMy n3MeneHHI0. CHCTeMa, OJHAKO, HCIBITLIBACT BOSﬂeI/ICI;F.a
BHe BO3MYIULAWIIEro HOJsT TOJbLKO B TOM CJyuae, KOTAa JapMOpoBa
U 4acToTa ¢ OJHHAKOBHI. i
qacg);anpaxmxe s cO3AaHHs Bpallaiolierocs mnodas B I/ICHOHJI}::'
3yeTcs MarHUTHOE TOJe B., TeHepHpYyeMoe BO/b OCH X IENOALB X3
HOH cucTeMbl Koopamuat C. MarmntHoe mone By, JHHEHHO MOJSPH™

TR TN

30BaHHOE B HANpaBJEHHH X, C YaCTOTOH @ ¥ AMILIATYAOH 2 B, M0}
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Puc. VII. 3. Passoxenue aHHelHO
NOJSAPU3OBAHHOTO [MOJS C aMIJAUTY-
fIoH 2By Ha jBe BpALLAIOLIHECST KOM-
aoneHTe: By(I) u Bi(r).

Puc. VII. 4. Makpockonuueckas a-
MAarHH1enHocTe M Kak pesyabTipyio-
as HHIHBHAYAILHLIX SAEPHBIX MO-
MEHTOB [L; MOKa3aHbl TO.ILKO MOMEH-
TH s11€p, COCTaBJSIONIIE H3BBITOK
HACeJICHHOCTH OCHOBHOTO COCTOSIHHSL.

#eT ObITb MPEACTaBJEHO B BH/e JABYX BpPALIAIOUIHXCH MaTHHTHBIX
BeKTOPOB By(l) u Bi(r), 0OAMH H3 KOTOPHIX BpPAallAETCH B HYKHOM
nanpasJjenud. [Ipyrofi BeKTOD MpakTHUECKH He OKA3BIBAET IHKAKOTO
BO3J€ACTBHA Ha 3KcmepuMeHT (puc. VII. 3).

2. PE3BOHAHC B MAKPOCKOMUYECKOM OBPA3LIE

Omucannas Bblllle MOJeTb TNPHMEHNMa s H30/IH POBAHHOTO
s1pa. [TonmbiTaeMcs Tenepb PaCnpOCTPAHMTh HAll AHAJH3 Ha C.Iyvail
MAKPOCKONHYeCcKoro o0pasua, T. e. Ha GOJbLIOE YHCIO saep.

[Tocse BK/IOUGHHst MarHHTHOTO TOJAs B, cHCTeMa MpHOJIHKaeTCs
K DABHOBECHOMY DpacCIpeleNeHHI0 Sep MeRAYy 3IHePreTHUeCKHMH
YPOBHAMH o ¥ f. DTOT Mpolecc NPOTEKAET B TeuelHHe HeKOTOPOTo
Onpe/leIEHHOTO HHTePBaJa BPeMEHH W NPHBOAHT K COOTHOLIEGHHIO
Ny > N, B COOTBETCTBHHW C 32KOHOM pacrnpejielenns BoJdbuMana.
B pesyabTare mosiasiercs mMakpoCKOMHUeCKas pPaBHOBECHAs HAMAr-
HittenHocTh M ¢ aMniuTy a0 M, KOTOopas ABJASIETCS PE3YJbTHPYIO-
Ulefl MHAMBHAYA/IbHBIX MaTHUTHBIX MOMEHTOB f7ep, COCTaBJSIOLIHX

P4

Y
e g
DII(\ \7“ 5.
Ay 'Cuepawis  nowepeunoff namarHuuensoctH My 6 —npedeccs sektopa M B Hemo-
ISP
Liholi cuereme koopamiat C.



232 Taasg VII

Puc. VII. 6. Ipuxenue Bektopa M Bo Bpauiamomed.
¢ cucreme KoopauHat C’ B MOMEHT MEIJIEHHOTO
NPOXOXKJEHHSA Uepe3 Pe3OHAHCHBIe YCJIOBHSA.

130BITOK HACEeJEHHOCTH ocHoBHOro coctosnus (puc. VII. 4). ITockone- *
Ky sAepHble MOMEHTH BpamamTcs He B (ase, a CTATHCTHYECKH .

pacnpenesiensl 110 MOBEPXHOCTH KOHYCA, B NJIOCKOCTH X, §y HE BO3HH-
KaeT HHUKAaKOH KOMIIOHEHTh MaKpOCKOHI/I‘{eCKOfI HaMarHu4eHHOCTH.
I/ICHOJHJSYH nepegaTuydkK, HaAJ0XHM Tellepb 3JCKTPOMArHHTHOE NOJIe,
JUHENHO [OJIAPpH30BaHHOE BAOJDb OCH X, C YacTOTOH » H aMHJIHTyILOﬁ'

2 By, crauHonapHoe BO Bpaulaioliieficsi cucTeMe KOODAHHAT. B Mo-!

MEHT pe3oHaHnca (o == aq)

[IOCKOJIBKY, KOTJa aMIlIUTyJa B] MaJa, He BCe A4ePHble MOMEHTH

MOTyT IOrJoliaTh 5Hepruio. CJjefoBaTeNbHO, B HENOABHIKHOH CH-
creme Koopauuat M 1upeueccupyer Bokpyr ocu z (puc. VIL. 5,0)g
B pesyJabTaTe 3TOr0 BO3HHKIIAS MOlepeYHas HaMarHHYeHHOCTHE
TaKKe BpalllaeTcsi B CHCTeMe KoOpaHHAT C, H ee MOXHO 3aperdif

CTPHPOBATH C MOMOIbIO IPHEMHON KaTYWIKH BJOJIb OCH Y.

Ha npaxtuke STOT HIeasbubil cayyail, Koria Bce sapa Makpofg
CKONHYeCcKoro ofpasua HMeT OJHHAKOBYIO JapMOPOBY 4acToTy, HEE

peaJaH3yeTcsd, I03TOMY IONepeyHasi HAMarHHY€HHOCTb BO3HHKAET K&

J0, TaK H HOCJe JOCTHXKEHHS TOUHBIX PE30HAHCHBIX YCJIOBHH. EcIil
©g U3MEHseTC JOCTATOYHO MeMIJEHHO, TO BeKTOpP M onuchiBaeT OKgE

PYXKHOCTb Bo Bpaliarouiefica cucreMe xkoopansat (puc. VII.6). Ec
H306pa3uTh ero KOMNnoHeHTsl My u M, (o06o3nauaeMble KaK u H |
COOTBETCTBEHHO) KaK (PYHKLHIO DPA3HOCTH 4acTOT Aw = @g— @, ¥
TIOJIYUYMM KPHBYIO AHCIEPCHH AJs M, M KPUBYIO IIOTJIOILEHHS AT
M, (puc. VII.7). DTu KOMIOHEHTH MONEPEYHOH HaMarHH4eHHOCH
pasanuuaiores 1o ¢ase na 90°, Ho ouu o6e Moryr GuITb H3MepeH
IIOCKOJIbKY, coryiacHO 3akony Papanes, HHAYUHPOBAHHLIH 3/eKTP
4eCKHH TOK B HEMOABHKHOH CHCTeMe KOOpAHHAT C 1ponopuuoHak
nepHoaHuecKoMy H3Menenuio dM./dt unu dM,/dt. B cuay oueBH
HBIX NPHYMN NPUEMHAst KaTyHIKa MOHTHPYeTCS BJOJb OCH Y. .

KosuyecTBeHHOE MaTeMaTHUeCKoe oOmHcanHe (eHOMEHOJIOTHY
CKOH MOJlesid, TMPHBE/IGHHON HAMU Bhilie, OBJIO pasBuUTO DJIOX

IIPOHCXOJUT B3aHMOJEHCTBHE MEXKAY§
MHIMBHAYAJbHBIMH sIIEDHLIMM MOMEHTAMH U IlojgeM Bj, KoTopoef
BBIBOJMT BEKTOD M H3 ero paBHOBECHOrO IIOJIOJKEHHS BIOJAbL OCH Z.§
2To B CBOKW Ouepelb MPUBOJUT K MOABJEHHIO KOHEUHOH MONepedHORE
HamaruuueHsoctd M, B nanpasaennn y' (puc. VIL. 5, a). B nporn-§
BOIIOJIOXHOCTb PACCMOTPEHHOMY BBIIE CJAY4Yal MarHHTHBIX MOMEH-#
TOB OT/AeJbHbIX silep BekTop M B JaHHOM c/ydyae He HHBEDTHDYETH

S e 4
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Wy=Ww
0 Puc. VIL. 7. lonepeunas HaMardnueHsocTs Mx,y,
! BO BpallamNIeHCA CHCTEMe KOOPAHHAT KaK (yHK-
uHs pasHOCTH AW H pa3foXeHHE BeKTOpa Mx’y’
Ha ero KoMuoHeHTHI M, u M.
4w y *

PesysnbTaToM ero sBJISIOTCS XOPOWIO H3BECTHLE ypaBHenusi Buioxa.
HMx BriBoA mpuBozuTcst B Npuaoxenu# (ra. XI), mMOCKOJbKy AeTalb-
HOe PacCMOTPeHHe B OCHOBHOM TEKCTe IPOTHBOPEUYHJIO Obl Halllemy
NPHHLMIY HeMaTeMaTH4YeCKoro H3joxeHus. Kak pesysbrar sroil
NOJIHOR TEODHH Mbl IIPHBENEM TOJhKO CJEAYIOUIEE KOJHYeCTBEHHOR
BbIPaiKeHHe JJIA 1I0MePeYHOii HaMarHHYeHHOCTH M,’, KOTOpOe COOT-
BeTCTBYET CHTHAJY MOTJIOUIEHHS:

M., — — MywyB.T,
y 1+T§(m0~m)2+v2B%T1T2

AHajnorHyHBle COOTHOLIEHHSI TOJyYeHH A M, B COOTBETCTBEHHO
Ansg My, 1 My B HeNOABHKHOH cuHCTeMe KOODAHHAT. Y PaBHEHHSA
Bsoxa nossoasior, Takum 06pa3oM, PacCUMTHIBATL KOMIOHEHTH MO-
NepeyHoli HaMarHWYeHHOCTH KaK (YHKIIHIO PA3HOCTH YaCTOT ©y — O,
aMIIMTYAbl NOJsi By, paBHOBeCHOH HaMarHH4eHHOCTH M, H ABYX
Bpemen pesaakcauun T, u T, (xoTopele OyAYyT pacCMOTPeHB B
pasn. 3). Muaue rosops, Hcmosb3yst ypaBHeHus BJjoxa, MOXKHO IIo-
JAY4uTh HOPMY JIMHHH DPE30HAHCHOTO CHTHaJa, KakK 3TO MOKAa3aHO Ha
puc, VII.7.

OKCIepHMeHTa/bHas YCTAHOBKA AJS JETEKTHPOBAHHS CHIHAJIOB
AEPHOr0 MAarHHTHOIO pe30HaHCca BOIUIOLEHA B HHAYKIMOHHOM
CnexkrpoMerpe bioxa. B oTanuyue ot NprubopoB, 06CYyKAeHHBIX B I, I,
B cniekTpomeTpe HMeloTcs pasledbHble nepenaiwomas (Ls) u npuem-
tas (Lg) katywku. Ha pue. VII. 8 cxemaTuyecku M3006pakeHo 3To
YCTpOHCTBO.

Hakouen, cienyer BxkpaTiie paccMOTpeTb NpPOGJEMY KOHTDOAS
OTHowernus nosefsactora B cekrpomerpe AMP. Kak 6u10 06bsic-
Heno B ra. III, B cOBpeMEHHOM CIIEKTPOMETPE OCYLIECTBJISIETCS 3a-
NHCh creKTPOB Ha KajHOPOBAHHOH Gymare, a 3T0O BO3MOXHO TOJbBKQ

(VIL. 4)
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axnyna ¢ 06pasuom

Pue. VII.8 CxemartHueckan
JuarpaMma  HHIVKUHOHHOTO
cnekTpoMerpa baoxa.

TOTJa, KOria OTHOLIEHHe HANPSXKEeHHOCTH MOJ8 K JacToTe NOiAep-
KHBAETCsl NOCTOSHHBLIM, A 3TOH LeJaH NPHMEHSIOT OAHH H3 JBYX
MeTOJOB, HCIOJb3YIOINX MOAYJSINHIO AJad co3danuss GOKOBOH IIo-
JIOCHL.

ITpu nepsom meroae 60KOBaa MoJOCA BO3HHKAET B pe3yJbTaTe
MOAYJsIUA padouell UacTOTH, CO3/aBaeMOf KBapIeBbIM renepaTo-
poM. dta 60KOBasg 10JOCA HCIOJb3YeTcs AJs1 H3MEpeHHsl CHTHAaJda
SIMP-norsiomenns KOHTpoJbHOro obpasua, o6biuno IMP 'H Boawi,
KOTOPYIO MOMeNIalT B OTAEJBHYI0 aMIyJay PALOM C aMnyJoi usMme-
paeMoro ob6pasna. 3TOT KOHTPOJBHHIH CUTHAJ, HIH CUeHas crabl-
AU3aYyUY, UCIOJb3YIOT 3aTeM Ui ABTOMATHUECKOTO PeryJHpOBaHHA
YacTOTHl MOAYJAIHH, KOTOpas MNOACTpPaHBaeTcs TakuM o6pasom,
uyTOOBl pe30HAHCHBIE YCJOBHA AJf KOHTPOJbHOrO ofpasiia Bcerja
BLINOJIHAJNHCE. M3Mepenne cnekTpa anajgusaupyeMmoro ofpasia mpo-
BOAAT Ha TOH Ke OOKOBOH MOJOCe NyTeM pa3BepTKH IOJs B MecTe
pacrnoJsioXKeHusl aMnynabl ¢ o6pasuoM. F3MeHeHHs] 4acTOTH MOILY.Jsl-
oud, 00yCJOBJEHHble NMOACTPOHKOH 10/, OOBIUHO HE MPEeBHIIAIOT
1 k11, 4TO COOTBETCTBYET H3MEHEHHIO TOAbKO Ha 0,015 % ans cnekr-
poMmerpoB Ha 60 MTI'n, noatomy kanu6poBKa OCTaeTcsl NMPaKTHYECKH
NOCTOSAMHON. [TOCKOJMBKY aHaMH3HPYyeMBII H KOHTPOJbHBI 00pasiibl
pa3jesienbl, 3TO YCTPOHCTBO HA3bIBAIOT CHCTEMOW BHelIHeH cTalHJ/IH-
3anud. [Tonyuaemas ¢ ee HOMOIULbIO CTaOUABHOCTL YMeHbIIaeT apefid
0 BeJHUYHHB 0KOJI0 1-10—8 B yac.

B cucreMe gHyTperHell cTabuAu3ayuy Kak KOHTPOJIbHBIA curmal
I TTOACTPORKH MarHUTHOrO TOJS HCTOJB3YeTCsT OjHH H3 CHIHAJOB
aHaJusupyemoro ofpasua, nabjaronaaemMbplil Ha 60KOBOH NoJoce ¢ 1O-
CTOAHHOH YacTOTOH MOAYJIANHH. OOBLUHO CHrHAJOM CTaOHJAH3ALMH
CJY¥HT CUrHaJ KOHTDPOJBHOTO BelllecTBa — CTamnjapTa (romosjaep-
Has ctabuausauud). Jlasee, Ucnoab3ys BTOPOH M He3aBHCHMDIH re-

HepaTop repeMeHHOl 4acTOTHl, CO3AaI0T GOKOBYIO N0/0CY C MepeMeH-
HOHl yacToTOH MOAYJSALHH, KOTOpas CAYXKHT Mg 1nab/10IeHust CIeKT-
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pa nyTeM pa3BepTKH 4acTOTh. C MOMOLUILbIO 3TOrO YCTPOACTBA MOKHO
IPOBO/IHTh Takzke H SKCIEPHMEHTH C IOJEeBOI Pa3BEpPTKOH, €CJIH,
{3MeHSI TMoJe, H3MeHATb M yacToTy crabumnsanud. CHcTema BHYT-
peHHell cTaguausanun 00JaxaeT TeM NPCHMYUIECTBOM, HTO aHalli-
3aUpyeMoe W KOHTPOJbHOE BELLeCTBA HCMLITLIBAIOT ~BO3JCHCTBHE
B TOUHOCTH OJNOTO W TOTO e MoJsA. B KauecTBe ONODHOro CHrHasla
cTaGuMn3alHy MOMKHO HCHNOJIb30BATb M CHTHAJLI APYTHX djep, Ta-
xux, kax 2H man '°F (rereposjiepnas crabuausaunus). [loryuae-
vasi cTabUJIbHOCTb OTpaHHUMBaeT Apciid M0 BeJHYHHBI OKO.10 1-10-°
B yac.

3. PENAKCALIMOHHbBIE 2MMEKTDH!

Kak GBI0 1I0KAa3aHO B NpebAylleM pasjedie, B IKCIEpPHMEHT?
M0 sAepPHOMY MACHHTHOMY PE30OHAHCY BBHIAEJSIOT ABa THIIA MaKpO-
CKOMHUYECKOH HaMAaTHHYEHHOCTH: IIPOJOJBHYI HaMaTHHYEHHOCTb
BIOJIb OCH 2 H TONEPEYHyI0 HaMarHHUYEHHOCTb B IIOCKOCTH X, Y. OGe
laMarHHYeHHOCTH MO/BEPIKEHBl Pe/aKCallHOlHbIM mpouneccaM, T. €.
MX BeJMYHHBI 3aBHCAT OT BPEMEHH.

3.1. MpogonbHas peaaxcayus

Cosjanye paBHOBECHOH HAMaTrHHUEGHHOCTH My mocse BKIIOUEHHS
BHEIIHEr0 MarduTHOrO NoJs By TpeGyer Bpemenu Ty, U H3MEHEHHe
Z-KOMIIOHEHTHl MaKPOCKOMHYeCKOH HaMarHHYeHHOCTH NOJAYHHIETCA
anddepeHnHaabHOMY YPaBHEHHIO MEPBOTO MOPSIKA.

AM_Jdt = (M, — M,)/T, (VII. 5)

Bennunna 1/7T) sBasieTcs, TAKAM 00pasom, KOHCTAHTOH CKOPOCTH Ile-
pexoja BOSMYIL(EHHOII CHCTeMbl B paBHOBECHOEe COCTOSIHIUE. [TosToMmy
SHEepTHs NePEeHOCHTCsl OT CNHHOBOA CHCTeMBl K OKPYZKEHHIO, TaK Ha-
swiBaeMoii pewerke. [Ipouece, omicuBaeMblii ypasnennem (VIL.5),
HasbiBaeTcsd npodoastoii peaaxcayued, a Ty COOTBETCTBEHHO Ha3bi-
BAIOT Bpemeresm RPOOOALHOL UAW CRUH-PEUETOHOI Perarcayun.

Pesiakcallisl MrpaeT BaykHylo poJb NpH HAGJIOACHHH pe30HaHC-
UBIX sBJCHHi, OMHCAHHBLIX B pasi. 2. Mpr yxe oOBsCHAIH paHee,
UTO B OTJMYHE CT KOMIOHEHT W MHAHBHAYaJbHBIX AACPHLIX MOMEH-
TOB MAaKPOCKONHMYECKAs HaMarnW4eHHOCTb He TMOBOPAYHBAETCA Ha
180° B oTpHIATeLHOM HANpaBJEHHH OCH 2z IPH HAJIOXKEHHH TO-
Jdefi By ¢ MaJbIMH aMIUIHTYAaMH, a TOJbKO OTKJOHAETCS OT OCH 2
na maapri yroa o. CiaeloBaTesnbHO, laxe B MOMEHT pesoHaHca Ha-
MATHHYEHHOCTL IO OCH 2z COXPaHAeTCd, MOCKOJbKY CHCTeMa CTpe-
MHTCSl COXPAaHHTL HODMaJbHOe GOJbLMAIIOBCKOE pacrnpeiesenne
nyteM penakcauuu (ypapuenue L. 11). HacTb NOTIOIMEHHON SHEPTHH
PaAHOuaCTOTHOTO NOJS MEPEeHOCHTCS MO3TOMY B KOHIlE KOHIOB Ha
OKkpy:Kenne. Beanuuna HOBOH pPaBHOBECHOH HaMarHHIeNIIOCTH M,
OcaycaoBuo sABasercs Gyukunei BpeMeHi [IPOJOJDBIOH pelaKCallii
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Puc. VIL. 9. puxcine nonepeunoit na-  Puc. VIL 10. Buusiane aTMocthepHoro
MArHHYCHHOCTH BO Bpaulaioulefics cM-  PACTBOPEHHOro KHcJaopoja Ha dopmy

CTéMe KOOPAMHAT KaK (YHKIHA aMIiH-  PE3OHAHCHOrO CHTHAMA.
TYABL OIS Bi; cHTyauuss d cooTBeT-  [lokasaus JAMHMH H3 CUeKTpa O-AHXJO0D-
CTBYET NMOJIHOMY HacCHIIIEHUIO. GensoJa, paHee npenc‘r'an;lel—mme Ha

pHc. IIL. 6, e, a- o6earaxendbill o6pasen;
6 — o6pasell, comepXawHA Beagyx. OO6a
CHrHala GblIH 3anucaHbl IIpH OAHOM M TOff
JKe HAcTPOHKe CIeKTPOMeTpa — ONTHMHIHPO-
BaMH TOJBLKO Y-TPAJHEHT,

U aMIATYAbl noast By, W3 ypasnenus (VII.4) MOXHO NOJy4HTD,
4TO ISt CH/IBHBIX NoJied B, HHTeHCHBHOCTb /| B MaKCHMyMe CHTHAaJja
(0 = wp) 3a1aercs BLIpaxKeHHeM

I (®y) = const/B,T, (VIL. 8)

Hmnnnbie Bpemena pesakcauud T, u Gonbuide aMminTyas BU-
10/ YMeHbIIAoT, CJ1eI0BaTeNbHO, HHTEHCHBHOCTL CHTHAJA, T. €. Ha-
CHIILAIOT  pe3oHaHcHYw auHuio. Ilo awaqorun ¢ puc. VII.7 Ha
puc. VII.9 mokasaHo H3MeHEHHe MOIePeyHoll HaMarHMYEHHOCTH
B Clyuyae HaJOXeHHs GoJjlee CHABHOTO MoJist Bi. BMecTo okpy:HOCTH
BEKTOp M,, , onmuchiBaeT 3JIMNC, KOPOTKAs OChb KOTOPOIO COBMAaeT
¢ ocplo y'. JluarpaMmma Takxe MOKa3bIBaeT, UTO A/l KPUBOH AHCIIep-
CHY, 3aNHCaHHOH 1js dM./dl, He oxunaercsi HuKakoro sdgexra
HaCBILEHHS, OJIHAKO WIHPHHA JMHHH OUeHb CHJbHO Bo3pacTaeT. Bo-
Jiee KOPOTKHE BpeMeHa peJlaKCalHM, ¢ JPYrofd CTOPOHH, YLIHPSIOT
pesoHaHCHble JHHHH. DTO ABAAETCS Pe3yJbTaTOM YMEHbIUEHHS Bpe-
M@HH JKHSHH $1/ep B BO30yXK/IeHHOM COCTOSIHHH, YTO NMPHUBOJHUT K He-
onpeﬂeneiﬁ{ocmy B 3HAUEHUH Pa3HOCTH Heprui. COryIacHO MPHHUHIY
HeONpee/eHHOCTH,

AEANt =~ R (VIL.T)
H npu AE =hAv 3T0 IpHBOAMT K AvAl =~ 1/(2n) wuam Ay ==

== 1/(2nAl) AA7 Heompe/esIeHHOCTH B 3HAYEHHH PE30OHAHCHOH dHa-
crorel. Ulupuna aunum, cjefoBaTe/NbHO, 3aBHCHT OT BeNHUHHBI | /Al

i 1/7y. B OpraHHYeckHx KMAKOCTAX T AN NPOTOHOB OGHLIYHO

HMEEeT BEJHUHHY MOPALKAa HECKOALKHX CeKYHA HJW MeHee, H, TaKHM
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00pa30M, BKJAaJA CIHH-PEILeTOYHOH pefakCaniH B LIHPHHY JHHHH He
npeBbitaer 0,1 [Mi.

Ilo KakoMy ’Ke MeXaHH3MY NPOHCXOAHT oOMeH 3HepTHell MexXIy
pelleTKOR M sAepHOfl CHHHOBOH CHCTeMOH? B IKIIKOCTAX TJ1aBHBEIM
VIeXaHH3MOM pesaKCalHH SABJASAETCS AUIMOJb-THIONEHIOE MarHHTHOE
B3aUMOIeHCTBHe, OHO CYLIECTBEHHO II03TOMY /[AJs CIEeKTPOCKOIHH
51/IEPHOTO MarHKTHOrO Pe30HANCa BBRICOKOTO pa3pelleHHs], AaKe eCJH
e NPHUBOJHUT K paculenyenuto Juuufl (cM. pasxa. 3, ra. I). Bpama-
reJibHOE H TOCTyNaTe/lbHOEe JIBHZKCHHS MOJCKYJIB B XKHIAKOCTH Bbl-
4bIBAIOT MOABJIeHHE (JIYKTYHPYIOUIEro, T. €. 3aBHCSLIEr0 OT BpeMeHH,
MarHMTHOTO IIOJISI, KOTOpOe MOKeT OBITb ONHCAHO MPOCTO KAaK Mar-
HUTHBIA WIyM. 3To QAYKTYyHpylolilee IoJie 00JafaeT KOMMNOHEHTaMH
By u B, HMEWIEMH YaCTOTBHl g, KOTOPbIE YI0BJETBOPAIOT YCJ0-
BUIO pe30HAHCa ¥ MOTYT BBI3BATH NE€PeXOJbl MEKAy CTaLHOHADHBIMH
COCTOSHHSIMH S1lepHOH CIOHHOBOH cucTeMBl. MarHuThHasi 3Hepriud,
rnojyuyaeMas pelieTkoi, IpeBpalaercss IpH 3ToM B TeIoBylo. [1po-
1ecc TNPOJAOJBHOH pesakcaiuu NpoTexkaeT 0co6eHHO 3(P¢eKTHBHO,
ecqM B pacTBOpe NPHCYTCTBYIOT NapaMarHHTHBIE BeliecTsa. IJTO
[IPOHCXOJUT IIOTOMY, YTO BpeMsi pejakcaluH T; TeopeTHUeCKH 00-
paTHO TPONMOPIHOHANLHO KBaApaTy MAarHMTHOIO MOMEHTA, KOTODHIH
00yC0BJIHBAET TMOSIBJEHHE YIOMSHYTOrO BHIIe (JYKTYHPYIOILETO
nmoss. MarHuTHeIE MOMEHT HecllapeHHOro 3JeKTpoHa O0oJblle, YeM
si7leDHbIl MarHUTHBIH MOMeHT, mpuMepHo B 103 pas. [loatomy T
cTaHOBHTCA MeHbplue ueM 10—! ¢, U pe3oHaHCHBIE THHHH O4eHb CHJb-
HO yIupsAoTcs. ITpHCYTCTBHE Aaxe C/aeJOBbIX KOJHUeCTB KHCJIOPO-
J1a-—mapaMarduTHOH MOJIeKyJbl — OKasbiBaeT TakoH ke s¢pdekr
(puc. VII. 10). Ero MOXxHO HJAMIOCTPHPOBATL AaHHBIMH IO BpeMeHaM
PO/OJBHON pesiaKCallHi MPOTOHOB 6eH30J1a, H3MePeHHBIMH NPH pas-
AMYHBIX yeaoBusx (taba. VIIL1). OcoBeHHo GoabluHe BpeMeHa Ipo-
JonbHOH pesakcaunu T, Ha6ai0faloTcs B cePoyriepole, B KOTOPOM
KOHLEHTpalKsd MarHuTHBIX saep mana (1,1 % 13C), a nmpucyrcrsue
arMochepHOTo KHCAOPOAA Pe3KO YCKOPAET CHHH-PElleTOUHYIO peslak-
caiuio.

CyiecTsyer U Apyroif MexaHH3M NpPOJOJbHOH peaKCaluH, Bax-
HOH a/1s cnekTpoB SMP BBICOKOro paspellleHus. $apa co CIIHHOBHIM
KBAHTOBHIM yHcJaoM [ > 1/2 uMelT chepHUeCKH HECHMMeTDHYHOE
pacmpesesende 3apsfjga H XapaKTepH3YIOTCS 3JEKTPHYECKHM KBaj-
PYNOJBHBIM MOMEHTOM Q. TOT MOMEHT MOXKET B3aHUMO/elcTBOBATDH
C rpaJlHeHTOM 3JIEKTPHYECKOr0 MOJA Ha sifpe, 4TO BHI3hIBAET peJslak-
cauuio siapa. Hanpumep, Aas rajgoreHos — xJopa, 6poMa ¥ HOAA —

Tadauua VII. 1. Bpemena npofosipHo# pesakcauun T
nas GeHsona (c)

Benson, obearaxennnii npu 20 °C 19,9
Benson 5 CS; (11 06.%, oBesraxennstit) 60,0
beH3os B OPHCYTCTBHH BO3AyXa 2,7
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9TOT MeXaHH3M HAacCTOJIbKO 3(PeKTHBEH, UTO UX fAApa, HeCMOTPA Ha
HaJiHuie 3HAYHTEALHOTO MAarHHTHOTO MOMEHTA, MpaKTHYeCKH HeMar-
HHTHB [ He MOTYT OBITb H3yU€Hbl METOJaMH BBICOKOTO Pa3pelleHHd.
B cayuac amep N 1 °H xpaapynoasHas pesaxcauus meHee sdodek-
THBHA, TaK 4YTO HX pe30oHaHc HabA0AaThp Jerue. Curmansl 4N
(Q ==2-10"2)*% cunbHO YUIUPCHBI (MOJYIIHPHHA AOCTHTaeT HECKOJb-
KIIX COTGH TCpu), B TO BpeMsA Kak curHadaw fIMP 2H yumupsiores He-
3HAUYNTEALHO, UTO SIBJSCTCS CJAEICTBHEM HX MEHLIIETO KBaApPYNOJb-
Horo MomMenra (@ = 2,77-10-?).

3.2. MNMonepeunas penakcauus

B paccMotpenuu gBjeHns SIMP B paMkax KJacCcHYecKOH TEOpHH
MB!I BBISICHH/IH, YTO B JONOJHEHHE K MPOI0JLHOR HAMarHH4YeHHOCTH
HMeeTCsl HaMarHHueHHOCTb B IJIOCKOCTH X, Y, KOTOpasg OOBIYHO Ha-
3BIBAETCS IONEpeuHofl WJH X, y-HaMarHHUeHHOCTbIO. [losToMmy Ite-
Jecoo0pa3uo BBeCTH TAaK HAa3LIBaeMoe 8pems fofiepeunol peiaxca-
yuu Ty, 370 0COGEHHO BaXKHO, MOCKOJbKY BPEeMeHHAs] 3aBHCHMOCTD
M., , otaudaercs ot BpemenHOH 3aBucuMocT M.. Bpema T, nasw-
BAIOT TaK:Ke BDEMeHeM CIHH-CIHHOBOH pesakcalHH B COOTBETCTBHH
C TeM, YTO MeXaHH3MOM IOTlepeyHOH peJaKcally saBjasercss o6MeH
sHepruefl Mex<ay HHAUBHAyaJbHBIMH CIIMHAMH {(cM. HHKe). [ pyroe
OCHOBaHHe AJs1 BBeieHUs THOHATHs Ty BBITEKAeT U3 PacCCMOTpPEHH:
mWUpHHEl JHHHE curHaga SIMP. Kak Obl10 OTMeYeHO BhmIille, MpO-
JIoJibHasl peJsakcanusi o6bldHO jAaeT BkJjaj MeHee 0,1 ['m. Tem ue
Menee HabuionaeMble mWHpHHBL JuHxil 6osabwe 0,1 [m, a B cayuae
TBEPALIX TeJ MOTYT JAOCTHTAThb HECKOJbKHX KHJorepl. [lostoMmy
yno6HO BBeCTH ApPYroe xapakTepucTHUecKoe BpeMs [, MeHbliee 77y,
JUIS1 ONHCAHHS 3TOH CHTYallHH.

B npoctefimeM cayuae aas kuakocTell Ty = T|; IpU 3TOM NocJe
Pe30HAHCA CKOPOCTb HCYE3HOBEHHS X, Yy-KOMIOHEHTH HaMarHH4YeH-
HOCTH COBIaJaeT CO CKOPOCTbIO BOCCTAHOBJEHH:A IPOJ0ONbHONR HaMar-
andenHoctn My BAOJbL z-ocu. EcaK nomnepeunas HAMArHMYEHHOCTD
MoKeT OBITh yMeHbHIeHAa 0e3 OJHOBPEMEHHOTO DOCTa 2-KOMIIO-
HeHTHl, TO0 Ty < T;. Tak xe Kak M B cJydae CIHH-PELICTOYHOH pe-
Jakcaliy, QJYKTYHPYIOLIHE MOJs MOTYT B3auMoO/eficTBOBaTh C MO-
nepeyHoll KomnoueHTo# M, ,, TeM caMblM TIOHHXKas BEJHYHHY 5TOH
KOMMOHEHTHI. 3aBHcslMe OT BpeMeny noaa B, (f) u By (f), crauuo-
HapHbE BO Bpaulamooulefica CUCTEME KOOPAHHAT, B3aHMOLEHCTBYIOT
¢ M., Torza kak xkomnonenta M, , MOXeT B3aMMOJEHCTBOBaTL HE
TobKO ¢ B, (f), uo u ¢ B.. Komnonenra B, nocrosnHa B jabopa-
TOPHOH cucTeMe KOODJIMHAT; TakuM 0o0pa3oM, IornepedyHas pesakca-
IIHsT MOYKET NMPOMCXOJIUTh TaKKe H3-3a4 HaJHUHS CTATHUECKMX NoJel
JHUMOJeH.

BaskHblil MeXaHH3M TONMepeyHofl pesakcalMH OCHOBAaH Ha oOMeHe
SHepruH BHYTPH CNMHHOBOH cucTeMbl. JII00OH mepexoa aapa MexXAY

* B exunnuax e-10-2%8 M2, rae e — 3apAx NpoToHA.
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Puc. VII. 11. Ilonepeunas peJakcanust B J1adopatopHoil (a) u Bo Bpaulamlseiics
(6) cHcTeMe KOOpIMHAT.

€ro CIIHHOBHIMH COCTOSIHHSIMH H3MeEHSIeT JOKaJbHOe II0Je Ha cocel-
HUX fA/pax Ha 4YacTOTe, KOTOPas BBI3BIBAET Nepexoj B 00paTHOM
HanpasJeHHH. B pesyabTaTe BpeMs MKH3HU CIHHOBOIO COCTOSIHHUS
cOKpaulaercs M, C1el0BaTe1bHO, BO3HHKAET BKJAaJA B LIMDHHY CHI-
nana AMP aunanoruuno caydaio cnuu-penierounofi pesakcauuu. I1pu
3TOM 00lLlasi 3HEpPTHs CIHHOBOH CHCTEMBI He H3MEHSIeTCsl, M Iole-
pedHass peMakcallus ITOrO THIIA MOXKET PacCMaTPHBATLCSA KakK 9HTPO-
MHAHBIA Mpotece. HanpoTuB, CIMH-PeIIeTOYHAsT PeJJaKCallnsl ABJseT-
CSl SHTAJBIHAHBIM IPOILECCOM.

B TBepAbX TeJax NONePeyHast pesnakcallis CYIIeCTBEHHO OIpe-
JesseTcd CTaTHYeCKUMH MOASMH AHNOJeH. B OTCYTCTBHE JBHXKEHHS,
Kax bl CMUH MOJABeDIKEeH BJAHSHHIO HECKOJbKO OTIHYAIOULIerocs Jo-
KaJbHOrO TIOJAsE B pe3yJabTaTe UIOJbHOIO B3aHMOJeHCTBHS CO
CBOHUMH COCEAsIMH. BCIOMHHM, YTO NONepeuHasl [faMarHHYEHHOCTD
My, 4 npexcraBisieT cofoil MAKPOCKOUHYECKYIO BEJHUMHY, BO3HHKAIO-
Yy TOJBKO B TOM cJjydae, ecJH HHAMBHAYaJbHEE MarHHTHBEIE MO-
MeNnTH B 00pasie UMeIOT OJAHY H TY Ke JapMOPOBY 4acTOTY H O/H-
HaKOBBI (DA30BBIA YyroJ OTHOCHTEJILHO HEKOTOPOIO MPOH3BOJBHOID
nayana. Orciojga sicHO, UTO «pasberanue» JapMOPOBLIX 4YacToT,
NpoHcxo/slllee H3-32 pa3/IHUMA JOKAJbHBEIX NOJell, TPHBOAHT K pas-
pymenuio My, ,. I'pacduuecky 370 MoxKeT OLITD ONMHCAHO KAK «pacKpbl-
Tie Beepa» Bektopa My , (puc. VIL. 11). ITockosexky M. B mpuu-
uline He 3aBHCUT OT 3TOTO Npolecca, To ofllasi 3Heprus CIHHOBOH
CHCTEMBl BO BHellHeM noJje By He uameHsercsd (cM. BLIIIE).

B XuakocTax, Kak NpaBujo, Hanbojee BaKHLIM (PaxTOPOM, OI-
pelensonluM BPEMEHHYIO 3aBHCUMOCTb M. ,. ABJsieTCsT HEOLHOPOL-
Hocte mMarnuTHOro noast Bo. Ilpu Hasoxkenuu Ha HIIHBIIYadbible
SluepHble CITHHEBEI PA3JIMUHBIX BHEIIHHX Hojefl NPONCXOIUT «pasbera-
fllie» apMOPOBBIX UACTOT H yMeHblIeHHe M., ,, TOJHOCTLIO aHAJ0-
Uiiyaoe noxasannomy na puc. VIIL11. Has Toro urobnl HadexkaThb
YUIIpeHUsl JUHHKIA, NpeaBapHTe b0 Hepeil Kaxiaol chbeMKOH CIeKT-
POB NMPOBOAST ONTHMU3AUHIO OJNOPOAHOCTH TOJISA C MOMOUILIO MOI-
CTPOAKH rpafAueHTOB MoJs. B KadecTBe HHAHKATOPA OLHOPOANIOCTH
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Pic. VII. 12. Curnaa noraouteniia IMP

(xpusast Jloperna).
- A Bb[épaHHOe 3jech npeacrtapjaceHie OTHOCHT-
iy ca K J3KCIOEepHMeHTY ¢ paBBepTI(Oﬂ no vya-
1 CTOTEe, 4YTO S5KBHBAJEHTHO SKCIEPHMEHTY Mo
: noJieBOft pa3BepTKEe, BIATOMY paHee 3a OCHO-
] BY. Jactora © OCLHJJTHP YIOILETo noJisi Ha-
! MeHsieTcsl, a node By (1. e o) YIAEPXKH-
BaeTCHA MOCTOSAHHLIM.

Wi Wo w—>
NoJis Mcmoabayercs siBieHue «suried» (cM. puc. 111.6). ITpu Gwier-
pOM IIPOXOXKIEHHH uepe3 Pe30OHAHCHBIH CUTHAJ Mbl HabmonaeM
BeJIe/l 32 CHTHAJIOM CEpHIO 3aTyxalouiux Kose6anui. ITd KosebaHus
06YC/I0BJMEHD! TEM, YTO HaMarHHYEHHOCTb M elle He BepHYJach K
CBOEMYy CTapTCBOMY 3HAUEHHIO BJIOJIb 2-OCH, KOTJla BHOBb NPOHCXO-
IuT coBnajfenue M mo ¢ase ¢ B,. B aToT MOMeHT Bektopnl M u B
BHOBb B3aHMMOJeHCTBYIOT. Takoe cOBHaJeHHE UACTOT @ H wo IIOBTO-
psieTCs O TeX HOp, NOKAa He HCUe3HeT NOnepeuHas HaMarHuueH-
HOCTb. $ICHO, uTO TpM 3TOM MepoH 3aTyxaHHs HJH HHAHMKATOPOM
O/[HOPOJHOCTH MarHHTHOTO noas My, , sBaAseTCA 9KCMOHEHIH AT bHBIN
craj aMIVIHTYAB KosaeGanuii. [IpH MeJJIEHHOM IPOXOXKAEHHH Y€pes
PE30HAHCHHI CHTHaJ, ONHCAHHOM Bhilie (pasi. 2), He HabJonaercs
HMKaKHX BHTJel. B 3TOM ciyuae pe3oHaHC YAEPXKHBAETCS B TEUCHHE
BpeMenH f, npuueM f Goabwie Ty U Tp. TakuM o6pasoM, BekTop M
amuabaTHYecKH cJjefyeT 3a H3MEHSIOUMMCS MOJeM H B KOHIE 3KC-
nepUMeHTa BHOBb OPHEHTHPYETCs BLOJb OCH 2.

CorJlacHO KOJHUECTBEHHOMY KJIACCHUECKOMY ONHCAHHIO ABJECHHA
pesonanca (ypasnenue VIII.4) paa mManbx aMnjauTyn moJs By, T.e.
JJIs1 y?BleT2 <& |, pe3oHAHCHBIH CHTHaJ HMeeT BHI

I (0) = const - B\Ty/[1 + (@, — ®)’ T3] (VIIL.8)
MIHTEHCHBHOCTb CHTHaJa B TOUKe pe3oHaHca (@ = wo) MPsIMO IIPO-
NOpPIUHOHAJIbHA BPeMEHH NMONEPEUHOH peaKCcaluH:

I (0g) = const - BT,

Ecsau BKAIOUHTL B; B KOHCTaHTy, TO INOJYYHM CJeAylollee Bhipa-
JKeHHe MJsi HHTEHCHBHOCTH CHTHaJa Ha IIOJIOBHHE BBICOTHI

11/2= const - (1/2) T2

[TockonbKy BesauudHa [i/2 JOJXKHA COOTBETCTBOBATb ypaBHEHHIO 2

(V1L 8), 10
Ty/2==Tyf[1 4 (@ — ©,p)" T3]

0y — op=1/Ty nmu A=2/T,

OTKYyZA

(VILI). §
rie A — LIMPHHA DPE30OHAHCHOTO CHTHA/la Ha IOJOBHHE BHICOTH! |
(puc. VII. 12). TTockonbky 3atyxanue My, , BhI3biBaeTCA HEOAHOPOA™ ]

PR
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HOCTbl? MarHiTHOIO IOJIAl H €CTeCTBEHHOH CIIHH-CIHHOBOH penak-
cauuen, MOXKHO 3anucaThb

A=2/T5, tne 1/Ts=vyABy2+ /T, (VIL. 10)

3nech NEPBBIH YJeH COOTBETCTBYET BK/ALy HEOAHOPOAHOCTH B LIH-
puny. Ecan T3 usmepsercs B cekynaax (c), To BequuuHa A B rep-
uax uMmeer BuA A= l/nT3. ¥Ypasueuue (VII.8) omucbiBaer .0-
peryesy Kpusyio, a CHTHaJl Ha3LIBAIOT A0PEHYEBOL (OPMOL AUHUL.

OS¢ PexTuBHOE NOHHKEHHE BPEMEHH NONEPEUHOH pesaKcalH Ipo-
HCXOJUT B TOM CJyyae, eCJIH paccMaTpHBaeMble fipa IMePHOLHYECKH
H3MEHSIOT CBOM JIADMOPOBBI YaCTOTHI. ITO sBJEHUE TNPEACTABJIACT
OOJIBIIOH HHTepeC U XUMHH, TaK Kak JJIS PasJUYHbIX BHYTpH-
0 MEXMOJIEKY/IAPHbIX JHHAMHYECKHX MPOLECCOB, TaKHX, KaK MNpo-
TOHHBII OOMeH, KOH(QOPMalUHOHHble NMepeXOAbl (BaJeHTHAsA TayTo-
MepHs), MOTYT HPOHCXOJAUTb OLICTPhHE H OOpATHMble H3MEHEHHs
PE30HAHCHBIX YacTOT OTAeJbHHIX NPOTOHOB. B TOM cayuae, eciu
5TOT MEXaHH3M LEJHKOM onpefesisieT NONEPEYHYI0 pPeaaKcalHuio, To
H3 TEMIePaTypPHO-3aBHCHMBIX BEJNWYHH T2, KOTOpbC CBA3aHB C LIH-
puHaMu JuHHH (ypaBnenne VII.9), MoxHO onpelejuTs 3HayeHus
CKOpocTell peakuui. TakuM 06pasoM, ¢ NOMOUIBIO CIEKTPOCKOMHH
AMP Moryt Hcc/lleloBaTbesl KHHETHUECKHe TNPOLECCH, H 3TOT METOJ
HIpaeT BAXKHYIO POJIb B HCCJEOBAHHH ObICTPBIX 0OpaTHMBIX PeaKUHil.

4. UMNYJIbCHAA CTMEKTPOCKOMKMA

,U\ou CHX nop Hame omucanue FIMP-3kcnepuMeHTOB KacaJjoch cH-
Tyaluuid, Korja Ajas BO30YXKAEHHS HCIOJNb30BAJHCL OTHOCHTEJBHO
crabole noast By (mopsjgka HECKOJBKHX JeCSATBIX MHJJHTaycca HiaH
menee 1 Br). B atom pasgene ™Mbl 06CYyIMM 3KCIEPHMEHTHl ¢ He-
N0JIb30BaHHEM CHJAbHHIX mojed B; (mopsagka 10—400 T'c uau He-
CKOJILKHX COTeH KHJI0BATT). Bo H30exaHWe MOJHOTO HacHILleHHS
CIHHOBOH CHCTEMBl 3TH CHJbHBIE MOJS MOTYT OBITb NPHJIOMKEHBI
THIIb B TeueHHe KOPOTKOTO HMHTepBaJja BpeMeHu. Iloss, ynoJer-
BOPSIIOLLHE 3THM YCJOBHSM, Ha3bIBAOT PaJHOUACTOTHLIMH (MJIH BBICO-
KOYacTOTHBIMH) HMOyJbcaMH HAHM mpocto PU-(u BY)-umnyabcamm.

Hanoxenne BU-uMnysabca Ha CHHHOBYIO CHCTEMY BBHI3BIBAET OT-
KJOHeHHe BeKTopa M OT 2-OCH M MOSIBJAEHHE X, y-HAMATHHUEHHOCTH,
Kak mnokasaHo Ha puc. VIL.5,a. B pesynbrate B KaTyiike mpu-
CMHHKA, DAcHOJOXeHHOH BIOJb X-OCH J1aGOPaTOPHOM CHCTEMBl KO-
OpAnHAT, BO3HIKAeT MePeMEHHOe HAMpsKeHHe, SKCIOHEHIHalbHO
satyxaioliee 10 HyJsl € NOCTOAHHOA Bpemenn T5. Curuasa mnpu-
ViliKa, HasbiBaeMblll cnadom c80600n0id undykyuu (CCH), uso-
Gpasen na pue. VIL 13.

Yroa oTKIOHeHHs, HJAH

«yros MoBOpoTas «a, BekTOpa M

(pric. VII. 5, a) onpenensieTcsi COOTHOWIGHHEM
o= (y/2n) By,

(VIL 11)
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Puc, VII. 13. 3aBucumocTb Hampsimends U, MHAYUHDPOBAHHOTO B NpHeMHOH Ka-

TYlIKe Bpaulamoulefica KOMIOHnenTol Mx,y,, OT BpPeMeHH.

rae (y/2n) B, — aMIUIHTyja, HJIM MOLIHOCTb, HMMyJbca, f, — dau-
TeAbHOCTL, WIN WUPUHA, 1iMilyJdbca. Hy:KHbie 3HaYeHHs yruaa moBo-
poTa MoJydarT MyTeM H3MeHeHMs o0enX 3THX BesqnduH. Yacto He-
noab3yercst yroa a = 90°, npu 3TOM BEKTOpP CYMMapHOH HaMarHH-
YeHHOCTH paclogaraercs B IJOCKOCTH X, § H CHTHAJM HMeeT Mak-
CHMaJbHYI0 HHTEHCHBHOCTL. Jlpyroil caywa#i: a == 180°, mpu sToM
M wumBepTHpyeTcsi M OpHEH1HpyeTCsl B Hanpab/JeHHH —z. ITO cO-
OTBETCTBYeT OO0pallleHHI0 MOJsipu3allul  CIUHOBOH CHCTEMBEl HJIH
GopManbHO OTPHIATENBHOH CIHHOBON TeMmepaType B COOTBETCTBHH
¢ 6OJBIMAHOBCKHM pacnpejeaeruem (pasi. 3, ra. 1). BU-noas,
COOTBETCTBYIOLLHE YKa3aHHBIM BBIlle yraam, HasbiBaioTcs 90°-HbBIMH
uan 180°-HBIMH (1) UMIYJALCAMHU.

Hcnoab3oBaHHEe HMMYJAbCOB Oy/JAeT Telepb MPOJAEMOHCTPHPOBAHG
Ha JBYX 3KCIEpPHMeHTaX, IpeJHAa3HAUYEHHBIX A H3MEePeHHS Bpe-
Mmed Ty u T

4.1. Usmepenue T,

3HaueHne BpeMeHH pefakcaunn ['; WHAMBHAyaJbHBIX sifep cTa- g
AU HeJaBHO HCIO/b30BATh AJAS H3YUeHHS JAHHAMHYECKHX CBOHCTB $
mosekya (06 atom Gosee nogpob6uo cM. B ra. X). B nacrosuee
BpeMsi U4acTO NPOBOAAT H3MEPeHHs CKOPOCTE MPOAOIBHOH pesak-
cauun (1/T)) sitep yriaepoaa-13. CyuiecTBYIOT pas/iHUHbIE METO/H ]
HaMepenus Tj; MBI OGCYAMM TONLKO HauGoJee YaCTO HCIO/b3yeMblH §
MeTo0 uHBepcuUd — BOCCTAHOBACHUA.

[Tpexe BCero PaccCMOTPHM MAaKPOCKONHYECKYIO HaMarHHUYeH-,
moctb M Bo Bpauiawoulefica cucreme koopaunar (puc. VII. 14, a).
180°-Hblfi MMOYJLC, HAJOKEHHBIH Ha CHCTEMY B Hayage 3KclepH:
MeHTa, OpHEHTHpPyeT Bektop M Bjoab HampasieHns —z (6)-]

B pesyauTate CHHH-DEUIETOYHON pejakcalyi sHadende M ymeHb |
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Prc. VIIL 14. [IprHunun uamepenus
T, C IOMOUIBIO MeTOJa HHBEPCHH —
BOCCTAHOBJIEHHS.

maercss (8), HpoxoAs uvepes HYJb (2), H HayMHaeT BO3pacTaTb B
110JOXKHTEJbHOM HAaNpaBJeHHH ocH z (0d), jJocTHras B KOHILE KOH-
1I0B CBOEro nepBOHayaJpHOro 3HaueHnsi. OO0O3HAYHM BpeMeHA A4
cHTyanudfi 6 —d Kak T, To # Te (mocae 180°noro ummnyseca).
B MOMEHTHI T; ¥ T, HAMArHUYeHHOCTb MOXKeT OBITh OOHApYXKEHa ¢
moMolIbio 90°-HEIX HMIYJABLCOB, KOTOphie OpHeHTHpYWT M BOJb
[1OJIOKHUTEBHOTO H OTPHIATENBHOTO HANPABJCHHH COOTBETCTBEHHO.
O6a curHaJja pasanuaiorcs mo ¢ase uHa 180° uTOo mWpPHUBOJHT K
JUHHAM HCNYCKAHHS W MOIJIONIEHHS COOTBETCTBEHHO, B MomeHT
Tp CHrHaJ He HaOJojaeTcs, Tak KaK HaMarHUYeHHOCTh B ofpasle
otcyterByer. OTciofa NoJyiaeM COOTHOIIEHHE

1,=T, In 2 = 0,693, (VIL. 12)

KOTOpOE MOZKeT OBITh HCIIOJB30BAHO AJ1s1 OIpeJieJIeHHSI BPECMEHH pe-
daxcauuu Ti. Kpome Toro, sHaueHue T; MoOXKeT GBITb ONpeeseno

CoHs CHj T™C
1 50,0
F 1
o T : 5,0
e e LLL
B N X 4
— 2,25
— i
] VT v ]ﬁ
T I~ 11 1,0
— Tt 1
I i 0,1
T,¢

Pue. viI. 15. Hupepcnst — poccranon/ctine B crektpe AMP rtoayoaa.
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fosiee TOYHO C MOMOUILIO NOJYJIOrapHPMHUUYECKOH 3aBHCHMOCTH HH-

TeHcHBHOCTH Mo— Mz or T, Tak kak u3 ypasuenus (VIL3) my- :

TeM HI/ITeI‘pHpOBZlHHﬂ MOXKHO HOJIy‘-II/ITb
In (Mg — M,) == In 2M, — ©/T, (VIL13)

[Tpumep HCNOJIb3OBAHHS 3TONl METOAMKH JJIsi CJyuast CII€KTpa
SIMP 'H Ttoayona mokasan ea puc. VII. 15. Kaxawiit cnekrp mpea-
cTap/asieT coGOH pe3yabTAT HAJOKeHHs Ha oOpasel MOC/IeA0BATeNb-
HOCTH MMIyabcoB 180°, v, 90°, mpuueM BpeMA 3alepXKH (T) H3Me-
uagoch ot 0,1 1o 50 ¢. V3 npuBeaeHHBIX CIEKTPOB MOXHO HaHTH
3HAueHHe T, aPOMaTHYECKHX NPOTOHOB, paBHOe 2,25 ¢, 4TO IPHBO-
JIHT K 3HaueHHw T; okoao 3 c¢. JIJas MeTHJbHBIX NMPOTOHOB BpeMeHa
T\ HeCKOJBKO Kopoue.

4.2. JKCnepHMEHT KCIHHOBOTO 3Xa»

®u3HKa 3TOr0 SKCMepPUMEHTa MOXKeT OBIThb Jyullle BCEro MosiCHe-
Ha C MOMOIUBI0 AHAarpaMMbl, mokasauHo# na puc. VIIL 16. Cayuait
@ COOTBETCTBYeT MAaKPOCKONHYeCKOH HamarHuueHHOCTH M, opHen- *
THPOBAHHOH BJOJb OCH z J1a6OpaTOpHOH cHCTeMBl KoOpAHHAT. MM-
NyJbc, TPUJIOKEHHB BJO/b X'-HANpaBJeHHs BpallAIOLIEHCs CHCTe-

MBI KOOpJAHHAT, NMPHBOAHT K OTKJOHEHHIO BEKTOpa, IOKA3aHHOMY
poiare. [locte 90°-HOro ummnysabca BekKTOp M OKaxeTCs OPHEHTHPO-

s

BaHHBIM BjoJdb ocH y (6). H3-3a HeoAHOPOJHOCTH MATHHTHOTO :

moasi By MHAMBMAyasbHble sAePHBIE CIMHB HayHyT pasberaTbes H *

BeJMUMHA TONMepeyHOll HaMarHHUYeHHOCTH yMeHpuwiuTca (8). Hepes
onpejeJeHHblil MPOMEXKYTOK BPEMEHH T HaKJIaablBaloOT

g

180°- bl

UMIIYJbC, TAK 4YTO BCe BEKTOPBl MOBOPAYHBAIOTCA H nepeopHeHTH-‘

pyioTCsl BLOJb HampabjenHa —y’ (e). OfHako Temepb HX OTHOCH-
TeJbHOE JIBHMKEHHE IPOMCXOJHT TakKuM o06pa3oM, YTO B MOMEHT

BpeMeHn OHH OyAyT choxycHpoBaHb Bioab —y’(0). Temeps c mo-

MOLIbIO IIPHEMHOH KATYLIKH MOXHO OOHADYXKHTb Pe3yJAbTHPYIOLLYIO

MONePeyHyi0 HaMarHHYeHHOCTb B (OpMe CHTHaJa — CIHHOBOE 3XO. &
TakuM c6pas3om, 371eCh HCMOJb3YeTCs HMIIYJbCHAs MOCJel0BaTe/b-§

HocTh 90°, 7, 180°.

V3 npoBeleHHOro aHa/iM3a CTAHOBHTCS SCHBIM, YTO HHTEHCHB- &
HOCTb CHTHAJa <«CIIHH-3X0» ROJIKHA 3aBUCETh TOJBKO OT CKODOCTHE
momepeuiiofl perakcaiHy, T. €. OT Heo6paTUMOH MOTepH monepeyHORE

M|z

Puc. V1L 16. Cmintooe 3x0 (cxema)
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HAMArHHYEHHOCTH 3a BpeMsA 2T, IOCKOJBKY BKJal HEOJHOPOAHOCTH
1107151 B npouecc pasferaHusi sjeMeHTapHBIX CIHHOB 3a cueT pedo-
KYCHDOBKH CBOJAHTCH K HyJ10. Ecau 3To Tak, TO aMIJHTyHa CHr-
iaJa CHHH-3Xa JOJKHA OblTe nponopuuoHaabHa exp(—2t/T:). Ha
jIPaKTHKE CHTYallusl OCJOXHAETCS npoueccamu AHQQy3HI, [pPHBO-
JAIHMH K H3MEHCHHIO NMOJOMNKEHHH CHUHOB B MATHUTHOM [OJ€, 4TO
B CBOIO OuepejAb BbI3bIBAeT PAa3MbIBAHUE PE30HAHUCHBIX YACTOT CITH-
HoB. OJIHAaKO 3TO YCJIOKHSAIOLEe OGCTOATENbCTBO MOXKHO A0BOJBHO
usAlHo 00OHTH, ecan BMecTo eaHHCTBeHHOro 180°-Horo HMmysbca
B MOMEHT T MCIOJb30BAaTb CEPHI0O HMHYJIbCOB B MOMCHT T, 3T, 51
i T. A. (‘mocsieloBaTesbHOCTh HMIyJbcos Kappa — [lepcenaa).
YMeHblIeHHe aMIJIMHTYAB CIHHOBBIX 3XO, 3aMHCHIBAEMbIX B MOMEH-
THl 2v, 41, 61t M T. 1., Temepb OKa3bIBaeTcs IMPONOPIHOHAILHBIM
¢xp(—1/Tg), 1 eCH TOJNBKO HHTEPBAJ MEX/Iy MMIYJIbCAMH MaJ, TO
BAHAHHEM AH(POY3HH MOXKHO IpeHebpeub.

4.3. Umnyabcuas cnektpockonus SMP-®I1

Ha npumepe onucaHHBIX BBIIIE ABYX HMIYJbCHBIX 3KCNEpHMEH-
TOB OBLIO MOKAa3aHO, KAK MOXHO MCHOJb30BaTb CHAbHble BY-nosas
JJIs OBOPOTOB BeKTOpa HaMarHHYeHHOCTH M B oupejejeHHBIX Ha-
NpaBJeHUSAX B KOODAHHATHOH CHCTeMe M JJIsl H3YueHMs pesakca-
IIHOHHOTO MOBEJeHHs HaMarHW4eHHOCTH. [lpejsoxeHo MHOTO pas-
HOBHHOCTEH 3THX 3KCIIEDHUMEHTOB, IPOBOAMMBIX B JKHUAKOCTAX H
TBepABIX TeNMaX H OCHOBAHHLIX HA HCMOJb30BAHUH ONPEeTeHHBIX
NoCJeA0BaTe/bHOCTEH HMIYJALCOB. IJTH IOCIeL0BATENbHOCTH o6pa-
3yIOT OCHOBY OTAEJbHOH 06sacTH crnekTpockonud SMP, uasbiBae-
MOl umnyivcHold cnexrpockonuell. Hanbosee BaxXHble NPHIOKEHHS
HMIYJbCHON CIIEKTPOCKONHH TNOSIBMUJINCBH IIOCJE TOro, Kak IDPHCT H
Axnepcon mokasasu, utro BU-HMNYJAbCH MOTYT HCIIOJNb30BATHLCS AJIS
BO3OyxAeHusi OoObUHHIX CcllekTpoB SIMP BHCOKOTO paspeliieHus, a
TaKXe I0CJe TOro, Kak OblIM HaHJeHH cnocobbl aHaJdu3a CHTHA-
JIOB, JE€TEKTHPYEMBIX B XOJ€ HMIYJIbCHOTO BO36YXKACHHS.

Ecsau K CIHHOBO#H cHCTeMe MHOTOKPATHO MPHUKJAALIBATL CHJIbHBIE
BU-umnysibch B TeueHHe KOPOTKHX HHTEPBAJOB BpeMeHH, TO BO3-
HHKaeT CHTyalHs, PH KOTOPOH OJHOBPEMEHHO BO3OYXAAIOTCH AApa
C JTapMOPOBBIMH 4acTOTaMH v; B AHama3oHe 4acToT Av. drto mpo-
HCXOAUT NOTOMY, YTO HMIIYyJbCHO-MOAyJaupoBaHHoe BU-mose ¢ me-
Cylnel 4acToTOH Vo, T. €. MOCJAEL0BaTeNbHOCTh HMIYJbCOB C YACTO-
TOH vy W AJHTEJBLHOCTBIO f,, cO37aeT GOKOBHe I0JOCH B QHANA30-
He yaeror —+1/f,, pasneneHHEle HHTEpBaJOM yactor 1/f,, rue f —
llepHox NOBTOpPeHHA HMMIYJAbCOB., 2TO HArJAAAHO I[I0Ka3aHO Ha
buc. VII. 17, rae mnoc/eloBaTeNbHOCTb HMIIYJbCOB g MEPEXOAHT B
HacTOTHOH 06/1aCTH B CIEKTP 6.

3aMeTuM, YTO 3TOT SKCIEPHMEHT, OYEeBHIHO, SKBHBAJEHTEH Ha-
T0Xenulo GOJIbLIOTO YHCJaa NoJed B, ¢ pasHBIMH YacTOTaMu v;,
ITO B npuHUHNE MOXET ObITb peaJH8OBAHO B MHOTOKAHAJbHOM
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Due. VILIT. 4acTOTONH Vo, JJIHTEABHOCTDLIO fp H  nepHona

a — nocJaejoBaTeabHocTh BYU-aMoyabcon ¢

; KOMIIOHEHTE.
N — C TBETCTRYIOLLHE 4acCTOTIHbLie
noptopetus f,.; 6 — coo

npeaeNeHHbIX B HCCaelyeMoli 06/1acTH cleKTpa H chzﬁfn}lfﬁengfe |

DKJEHUS] BCeX PE30HAHCHBIX J .
OJHOBPEMEHHOI0 BO30YVH ]I b
C?BHTepﬂbHOCTH JUIsT 3TOH LeJH MOXKeT OblTh HCNOJb30BAHO cm]l;:; ‘
BU-nose, uto caeaver u3 ypapuenus (VIIL. 2), kotopoe naer ]

quHy 3 PeKTHBHOTO noas Biye
| Bog | = (21/y) [(v — v,)* -+ (vB,/2n0)*]

Hasa Goapuminx mosef By, ynoBJeTBOPSIOIUHX YCJAOBUIO (y/QTCc;Igi;
> Av, MOxHO TnpeHeOpeub ujgeHom ¢ (v —v;), OTKyJa }

’ .
IpuGIHKEHHOE COOTHOILLIEHUE

(VIL 1§

(VIL |
Bad)nb =~ BI G

Has sfep ¢ pe30HAHCHBIMH YacCTOTaMH B OGJIanTOI/CI’ AvoBeuKhL%Bﬂ’

MarHH4eHHOCTH NpeueccHpyeT BOKpyr B;. as -HSJI-‘[) .

(yBif, = m/2) ykasaHHOe Bbllle VciaoBue m[Js (y/
b=

HSIETCS, eCJI
t, € 1/(4n Av)

Takum o6pasoM, TpeOywTcsl KOPOTKHE IJIHTeJNLHOCTH nmmyneg
KaK NPaBHJIO, COCTABJSIOUINE HECKOTLKO MHKPOCEKYH.
M ’

B, by

(VII§
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K romy xe BLIBOLY MOXKHO NPHHTH, ecau erye pa3 B3IISHYTH Ha
puc. VIL 17,6, rpe nokasamo COOTHOIIEHHE MeX/Y [HAaNa30HOM
1aCTOT H YHCIOM GOKOBBIX moJIoC, ¢ OJHOH" CTOPOHEI, H Mexay aHa-
[1a3OHOM 4acTOT M mapameTpamu L W t,—c npyrofi. Takium obpa-
SOM, HMITY/bCHOEe BO30yx1enue SIMP TpefyeT MaabX 3HaYeHu[ tp
it OOJIbIUNX 3HaueHui ¢, B [Ipeliesie ¢ poctoM t, BedHuHHa Ay
VMEHBIIACTCSL 10 HyAs W GOKOBBIE [OJIOCKH ucuesaior. Torga wmu
[OJTyyaeM CHTYaluio, 4HAJIOTHYHYI0 TOH, KoTOpas BCTpeuaeTcs: B

:ieM Br. B To ke Bpemsi ecun ; yMeHbUInTCsI, To pasHocTh yactor
MCHAY HILHBUAYaJIbHLIME GOKOBLIMH 4aCTOTa M Oymer Bospacrars,
[IOKAa HAKOHEH Mbl BHOBb He NpHjeM K HelpepblBHOMY (cTaunonap-
HOMY) cJayyaro.

KaxoBo xe IIPEHMYyIIECTBO HOBOH TeXHHKH BO30yKAEeHUS 1o
CPABHEHHIIO € TDAIMIHOHHOR CTALIOHAPHON CcNeKTpocKomueli? Sto
BLISICHITL BecbMa npocto. Homyetum, uro cuexTp SIMP ¢ wupunoi
500 T'w obuapymusaer 10 anipmi C noayupuuodt 0,5 I'm. las
TOTO YTOOBI 3amKcaTb 3TOT CIEKTD, Mbl OGBIYHO BHIGHpaeMm BpeMs
sanmgen 230 man 500 c. OueBnano, uto TOLKO 2 % BpeMenn npo-
NOMIEHUS HCMOJB3YEeTC s PErHCTpalkn HHTepecyIolell Hac uy-
Gopmanuu, yro COOTBETCTBYeT BpeMeHH, HeOOXOIUMOMY 17151 l3Me-
PEHIS CAMHX DE30HAHCHBIX CHIHAJIOR. Ocraiomeecs Bpems bakTu-
YCCKH TepAeTCs BNVCTYIO, Ha 3amuch lyma. TIpn nenonbsopanmn
OOLIMHOTO CTALHOHADHOrO CIICKTPOMETPA C eAHHCTBEHHDBIM resepa-
TOPOM MBI, BIIpOYEM, He HMmeeMm APYroro cnocoba a.4a 3anucy ne-
HISBECTHOTO CIIEKTPA, KPOMe MeLTelHOro IPOXOXAIeHHA yepe3 cnek-
TPaIbHYIO 06aacTb, IIPOBEpsisl p KaxkKA0i TOuke, IPOHCXOAUT U
ToraomieHne uaM  Hetr. TOJNBKO HMIy/IbCHASL TeXHWKA fAaeT Ham
MCTOX, KOTODPBIH MO3BOJIsgeT CYHIECTBEHHO YMEHBIUIHTL BpeMsi, Heos-
X0.1IMOe ISl oCyILeCTBICHS 5TON YacTH sKcnepumenta. [Ipakrtuye-
Ckil name BUY-nose cranoputes MOJIHXPOMATHYECKH M.

Hanee Heob6xo0m1Mo paccMoTpers, Kaxkne CHruagp AETEKTHPYIOT-
1 110cse BO3GYIKACHHS H Kak Hx MOXKEM NpoaHanusupoBats. Ecun
BIOBL 06paTuTbest K comocTabmemio Metolda SIMP u ontmyeckoj
CHCRTPOCKOMHI, ONHCaHHOMY B T, I, To MoxHo IpHATH K BbIBOAY,
9TO IPH HCNOJIb30BAK T TIOJIHXPOMATHYECKOr0 06y Yens HaM, oye-
BiL1ilo, motpeGyercs YCTPOHCTBO, 5KBHBaJeHTHOe npHUsMe B onTH-
deckon CIIEKTPOCKOIIHI.

A1 Toro uro6mn pasobpatbhesi B 3Tofi wacTy SKClepHMeHTa,
Bliaua e obcyanm Goaee geradbHo XapakTtep cHrHajgaa B IpHeMHN-
Ke. B cayuae CIEKTPA, COCTOSILEr0 H3 CAMHCTBEHHON JIHHHH, Oy-
Rer JAINCBIBATLCA  Cllafl CBOGOAHON HHAYKUMH, NOKA3aHHLIY Ha
Pre. VT, [3. Mu yike SHaeM, uTo orufawomas Kpusoii Cajia ompe-
Aetsiorey Bpemenem T3 Kpome Toro, HHTEPBAJ BpeMEHH MeXAy Ma-
KC{{»\I}'MaMH 9TOH 3aTyxarollel CHHYCOHIDI COOTBETCTBYeT obpar-
BeInynne ot pasmoctd wacror Av; Mexniy wactoroii HMITYJ1b-

e . o o u o
RUEUR TAPMOPOBOIL 4acTOTOH v; H3Mepsemo pesonancnoi
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Puc. VIL. 18. Curnan npHeMHHK2, COOTBeTCTBYIOUHH OAHHOUHOMY curHany SMP,

a— Bo BpeMeHHOM NpeJCTABJCHHH Kak c¢naj cBoGoaHoHl wuaykuuu (CCH); 6 —B uacto
HOM TpeAcTaBaeHHH B dopme xpHBoH Jloperua. o

annud. Takum 06pa3om, KpuBasi cniajfia Bo BpeMeHHOM MpeicTaB1eHHM
COJIEPXKHT BCIO HHPOPMALKIO, HEOOXOAMMYIO AMH ONHCAHHS CHIHAJY
SIMP B YacTOTHOM Mpe/CTaB/JeHHH, TAK KaK BeJHUYHHa Av; onpelell
J5eT MOMOKeHHe JHHMM (OTHOCHTeNBHO Vo), a BeJHuYHHA [2-
dopmy auuHn. Ciel0BaTe/NbHO, PErucTpailis BPeMeHHOH 3aBHCHMY
CTH Clafa X, Yy-HaAMarHM4eHHOCTH IOJHOCTHIO 3KBHBaJEHTHa 3alli
cH CHOeKTpa B TPaAHIUOHHON (QopMe 4aCTOTHOTO NpeACTaB/CHN
(puc. VII. 18), no ona rpeGyer menee 1 c.

Baxuno mousTh, uto 06e ¢opmbl cnektpoB IMP, nokazaHHM
Ha puc. VIIL. 18, gBasiorcs AByMs NpelCTaBJAeHHMH OJHHX H T4
ke pganuelX. OjpHO H3 3THX MpeJACTaBJeHHH ocyumectsJjsiercsd §

BpeMeHHOl wikale (8pementde npedcrasienue), NpH 3ToM Crekd
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apadercs Qynkuueli spemenu f(f). Ilpyroe npeacrasjielne ocyulie-
CTBJSIETCS B YACTOTHOH 1ukaJjge (4acroTHoe npedcrasierue), a
CIIeKTp sBJaseTcst (QyHkuueil uyactotrol F(v). I[lepexoa or oxHOro
npejcTaBjieHHs] K /JPYroMy OCYUeCTBJ/ASIETCH € MOMOLIBIO XOPOUIO
H3BECTHOH MaTeMaTHYeCKOH INPOUELYyphl: apeobpasosanus Pypee.
B 3roM cMbicie crnaj cBoOOAHOW HMHAYKUMHM H CTalHOHApHBIA
cekTp o6pasyior mapy QyHKUHI, CBs3aHHBIX IpeoGpa3oBaHHEM
@ypre (napy Pypoe).

B mMatemarnke 006a mpefcTaBJeHHS CUrHala [pHeMHHKa CBSI-
3aHBl MeXAY CcOo0OH cJeLYIOIUHM COOTHOIUEHHEM: JJs BpeMeHHOH
obaacTH

~+ oo
Ft)= S F (v) exp (— i20wvf) dv (VIL. 17)
H IJS YaCTOTHOH 06J/1aCTH
+o00
F(v) = S F () exp (i2nve) dt (VL. 18)

— 0o

(smech i=A+/— 1). [peo6pasosanuune f(¢)— F(v) npoBogurcs IO
TOYKAM C MMOMOIIBIO COOTHOIIIEHHS

N-1
= T T (Z5)

k=0

(VII. 19)

rae Fj— j-a Touka B uacrotHoft of6aactd, Tr — k- ToOuka BO Bpe-
MeHHOH o6JactH, N — ofmiee uucjo Touek. Bripaxenune (VII.19)
MO3KeT OBiTb BEIYHCJIEHO C MOMOIIbI0 MHHHKOMIbIOTEPA C HCIOJb-
30BaHuem mnpejjoxeHHoro Kyau u TbioKHM cTaHZapTHOrC ajrOPHT-
Ma, [eTaJd KOTOPOro JeXaT BHe HAIlero pacCMOTPeHHS. YKa3saH-
Hbie MaTeMaTH4ecKue MpoHelyphl MO3BOJSAIOT HaM AaHA/AM3HPOBATh
CHUTHAJ TPUEMHHKA H YaCTOTH, ONpele/fAouiHe cnaa cBOGOAHOH HH-
AYKIHH.

Ha npakruke cnaj cBoGoiHOH MHAyKUHH cnektpa SIMP umeer
38HAYHTEJbHO GoJiee CJIOXKHYIO (GOpMy, ueM Ta, KOTOpas NMPHBEAEHA
Ha puc. VIIL. 13, Tak kak cnaj onpejensieTcsi HaJOXeHUEM OTHAENb-
HEIX PEe30HAHCHBIX CHIHAJOB, BKMouas mwymu. IIpumep Taxoro cna-
na npusenen Ha puc, VIL19, a. Onnako HuuTO He MeulaeT 3aHK-
CHpOBaTh CHrHaJ B UHPpoBOH (opMe B NaMATH KOMIbLIOTEpa HM-
NyJbCHOTO (ypbe-CHeKTPOMeTPa H MO3XKe fpeo6pasoBaTbh B CHEKTP
YACTOTHOTO [IPeACTABJICHHS.

Tak kak c6op AAHHBIX TPOUCXOAHT GpicTpo (32 1 ¢ Han OH-
CTpee), TO, KOHEYHO, Jyullle HAaKalJHBaTb OT/AeJbHbie Clajbl CBO-
Oomuoi MHAYKUHH Tpexae, dem OyjaeT nposeleHo mpeo6pasobaHue
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Prc. VII. 19. ®ypee-npeobpasosanue cariana SIMP 0,1 %-unoro pactsopa 3THA-
Geuzoaa [1].

a —crnaa CcBo0oAHOH HHAYKUMH; 6 — 06bluHbIl CTAaUMOHApHBIH CIIeKTP, BpEMA [POXOXAEHHSA
1000 ¢; 8 — dypbe-ciexrp 1000 HMIyabcoB ¢ MepHOAOM NOBTOPeHHA | c.

®ypbe. 3anucb HECKOJbKHX COTEH HMIYJAbCOB TpeGyeT MHHYTHI, H,
cJ1e/l0BATeJbHO, MOXKHO CYLIECTBEHHO VJVULIHTL OTHOIUeHHE CHI-
Haa/mym (puc. VII. 19). 10 genaer Qypbe-TeXHHKY BaKHeHIIHM
MeTOJA0M AJsl cnekTpockonuH JIMP «MaqouyBCTBHTENbHBIX» SAED
(nanpumep, 3C unn 'N); HccnefOBaHNS B 3TOM HaOpaBleHHH Cy-
ILeCTBEHHO MPOJBHHY/IHCH BIEpPEl TOJNBKO NOCAE BHEJADeHHS HM-
nyJabcHOMN (ypbe-cnekrTpockontn. To, 4To Ha paHHHMX CTajHAX Kasa-
JI0Cb TEXHHKOH, NpeJHa3sHaueHHOH A/ DPenleHHsl JHIIb HEeKOTOPHIX
CHeluuadabHblX NpobaeM, BCKOPe BBIIHJIOCE B HaHOOJMee MOUIHLIH
METOJl COBpeMeHHOH crekrpockonud $SIMP H  OTKpblIO HOBbBIE
chepel mpuMeHeHHsl. Mpl BepHeMCS K HMIOYJAbCHOMY MeTOAy B
ra. IX npu obcyXAeHHH pPasJHYHBIX 3KCHEPHMEHTANAbHLIX aCleK-
TOB, CB3aHHLIX C IIPHMCHEHHEM 3TOH TeXHHKH B CIEKTPOCKOIHH
SIMP BrICOKOTO paspeLIeHHsl.
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Fnasa VI

ONHAMUUHECKUE DM MEKTDI
B CMEKTPAX S0EPHOIO MATHUTHOTO PE3OHAHCA

Kak yxke oTMeuasoch B0 BBENEHHH M NpPEABAYUIHX TJIaBaxX, CNEKTPOCKOMHIO
SIAEPHOTO MATHATHOrO PE30HAHCA MOXHO HCNOJb30BATb A H3y4YeHHs Obl- - -
CTpeIX OOpaTHMBIX peakKuni. Popma auuuii curHagos SAMP uyBcTBHTENbHA
K npoueccaM XHMHUYECKOro oGMeHa, ecJiu ITH NPolecchl OKa3blBAOT BJIHSIHHE
Ha napaMerpnt AMP usyuaemoro sppa. floaromy cnekrpst SAMP muorux
COeIHHEHHH 3aBHCHAT OT TeMmepaTypesl B nocaeayouux pasaenax mbr o6cy-
AWM (PH3HYECKYI0 CYLHOCTb 3TOT0 sBJEHHs, KOTOPOE HasbiBaloT ceiiyac gu-
Hamuueckim SAIMP, u nponamocTpHpyeM ero NpHMEHEHHe B OPTraHWYECKOH
XHMHH HAa KOHKPETHBIX MpHMeEpax.

1. OBMEH MPOTOHOB MEXAY MOJIOXKEHUAMHU
C PA3JIM4HBIMK NAPMOPOBbBIMU HACTOTAMHU

PaccmorpuM BHauaje kaaccHueckuii mpuMep N,N-mumerundop-
maMuga. Casbp C—N Mexay kapOOHUILHON TPYNIOR H aTOMOM
a30Ta B 3TOM COE/IMHHEHHH HMEeT CYlIeCTBEHHO ABOHHOH Xapakrep,
YTO MOXKHO MpPeICTaBUTL BKJAaJAOM KAHOHHYECKOH CTPYKTypbl 6 B

H3C 0
H3C\ //O 3 \+ /
/ \ / \
H3C H H4C H
a &

pe3oHaHCHBIT ru6puA. B niockofl KOHQOpPMAauHH, COOTBETCTBYOILEH
MHHHMYMY SHEPrHH MOJIEKYJbl, NPOTOHH O0EeHX MeTW/JbHLIX IpYyNN &
HAXOJATCA B PA3JHYHBIX XHMHUECKUX OKPYKEHHAX H I03TOMY @
HMEIOT pasHble Pe30HAaHCHbIe YaCTOTHl va H vs. BHyTpeHHee Bpa- §
uteHde BOKpYr ¢Bss3H N—CO NPHBOAHT K BHYTPHMOJIEKYJIAPHOMY
o6MeHy I10JOKEeHHAMH MeTHJbHHIX rpynn a = a’. Oauako stor 06- &
MeH [pH KOMHATHOH TeMmepaType NpPOTEKaeT C HH3KOH 4acTOTOH, 3§

) 0
(VA) H3C\ //O I:‘|_39\ i
N—C - N—
/ \ / \
(vg)HiC H H3C H
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-73° -102° -13°

I

-14° -118° -123°

Prc. VIIL 1. Curnans MeTHIBHRIX npoToHoB B crnektpe FMP {H 2-mernnokcennna
(137) npu pasanuneix Temneparypax (°C).

NOCKOJbKY JHEPreTHuecKUi Gapbep TaKOro Ipomecca BHICOK (OKOJIO
88 kIxk/Moab, wau 21 kKaa/Mojb). Bpemss nmpeGriBaHHSI METH/Ib-
HLIX TPYION B 4Uc- WJIH TPAHC-TIOJNIOKEHHS X MO OTHOIIEHHIO K Kap-
OOHHJIBHOWH TpyINe [O0CTaTOYHO BEJHKO, H MOITOMY /I HHX Ha-
6aomalores ABa pa3/ielbHBIX cUrHasta (cM. puc. 3 B riaee «Baeme-
Hue»). Ecsau moBHIIATE TeMIepaTypy, TO 3TH CHTHAJbl YIUIHPSIIOTCS
H HaKoHem mnpu Ttemnepartypax Bbime 120°C cauBaworcst B OLHY
anHdio. OYeBH/HO, 4TO NPH NOBBLILIEHHLIX TEMNepaTypax HCUe3aeT
BO3MOXKHOCTb Pa3JIHYHTb METHJbHBIE TPYNIbLl B 4UC- H TPAHC-TIONO-
KeHHsx.

Takas ke TeMmepaTypHas 3aBHCHMOCTb HaOJI0JaeTCsl B CIEKTPe
NPOTOHHOTO pe3oHaHca AJd CHFHaJO0B 2-MeTHJOKcenuHa (137).
Ecnu Mpl 6ymem caequTh TOJNBLKO 3a CHTHAJA0M METHJABHOH TPYMNIH,
To uaMeHeHHe crekTpa JIMP B 3aBHCHMOCTH OT TeMmmepatyphl fpo-
fiBasierca orderauBo (puc. VIII. 1). DTo H3MeHeHHe MOKHO 00bsc-
HIUTb mpoTekaHHeM OOpaTHMOH BaJIeHTHOH H30MepH3aUHH 2-MeTHJI-
OKcenuHa B 2-MeTHJI0€H30JOKCH] (6 ==e), KoTopasi IPH KOMHATHOH

CH;
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Puc, VIIL 2. Cnextp JMP !'H MeTaHoJa npH pasHbiX TemmepaTypax (°C).

TeMmieparype sBasercss OblcTpbiM npoueccom. OHa Bbi3biBaeTr Me-
pHOAHUECKOE H3MeHeHHe XHMHUECKOTO OKPYMEeHHs MEeTH/BHBIX Ipo-
TOHOB M HX JapMOpPOBOIl 4acTOTHl. 3j]ech sHepreTHueckuil Gapnep
COCTABJISIET TOJbKO 0KoJao 30 KJIXK/Moab (7 KKaJ/MOJb), M03TOMY
OT/Ae/MbHble PE3OHAHCHbIE CHTHAJbl METHJbHBIX TPYNN ABYX H30Me-
DOB MOKHO Ha6/i01aTh TOJbKO HPH OUCHb HU3KHX TeMneparypaX..
Kpome Toro, BHIHO, YTO 3TH CHIHAJbl HMeIOT DA3JHYHYyIO HHTEH"
CHBHOCTD, NOCKOJBKY H30MEpPBl Pa3JuualoTcs MO0 JHEPrud H MOITOMY
NPHCYTCTBYIOT B PA3JHUHBIX KOHLEHTPALHAX.
Elie oiHH BaKHBIH THI H3MeHEHHMIl CIeKTPa B 3aBHCHMOCTH OT
TeMIepaTypsl MOXHO IPOH/TIOCTPHPOBATb  CIEKTPOM —MeTaHO/14
(puc. VIIL.2). ITpu —65°C HaGmofaeTca MYJIbTHIVIETHOE paCIIEl
Jenne, oxugaemoe s cuctembl AX,. ToHkast CTPyKTYypa, 06yCJIOB'i§

.
JleuHAsT CIKH-COHHOBBIM B3aHMOJEIICTBHEM, IIPH MOBBILIEHHBIX TEM'§
mepaTypax cTaHOBHTCS MeHee OTUYCTJIHBOH M HAKOHCL g{cqesae'f‘;
BCJEACTBHE yBeJaHUHBAIOLLerocs ymHpents Juini. [Ipu 37 °C BHOBb
HAGMIOAAIOTCS Y3KHe CHUHAJbl, HO yxXKe 0e3 CIHMH-CHHHOBOro pac
[L(eMJIeHHs; KPOMe TOro, yMeHbUIAETCsl PA3HOCTh XHMHYECKHX cﬂBﬂ_’
rop mexay curuanamu CHs m OH. Curuan OH cmemaeres B CTOTr
pOHY CHJBHOIO 110151, MOCKOJBKY BOAOPOJHBIE CBA3H JIHCCOLHHP YIOT
¢ TOBbIHIEHHEM TeMIepaTyphl. [
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OO6uas npuHYNHA ONHCAHHLIX Bblile 3(GGHEKTOB COCTOUT B TOM,
410 DAa3HOCTb HEPTHH MeXKAY MAarHHTHBIMH IOJOMKEHHSIMH € pas-
JHYHBIMH JIAPMOPOBLIMH UacTOTaMH oueHb Mmaga. [list toro 4toGbl
1I3MEPHThL TaKHe MaJjble PAa3HOCTH, BPeMs KH3HH fipa B KaxKJIOM
1;0JIOXKEHHH T JOJI)KHO ObITh AOCTATOUHO AJHHHLIM. B COOTBETCTBHH
¢ NPHHLUHIOM HeONPEACJENHOCTH HHMKHI mpeged AJAst T AaeTcs
BBIpaKEHHEM

v ~ (1/2) m (VIIL. 1)

rae 6v = AE/h — pasHoCcTb pe30HAHCHBIX YaCTOT Va — Vp IS JABYX
nojoxeHull. Ecid T cTaHOBUTCS CJAHLIKOM MaJblM, TO Hab/awxaeTcst
CHEeKTpP, YCPeJHEHHbIH 110 BpeMEHH.

B cayuae guMerHiadopmaMuia ypasHense (VIII. I) mapyniaer-
csl, KOrAa 4acToTa BHYTPEHHETO BpalleHHs [OBBIIAETCH ¢ TeMIle-
paTypoi H TeM CaMbIM BBI3bIBAeT YMeHbUIEHHEe BpeMeHH MKH3HH
[POTOHOB METHJ/IbHEIX TPYIN B IMOJIOKEHHSX ¢ Pa3HbIMH JapMOpPO-
BLIMH UaCTOTaMH. DTO CHPaBeJJHUBO H JJs B3aHMOMpeBpallieHHs
BaJEHTHBIX TAyTOMEPOB — 2-MEeTHJOKCeNnHHa H 2-MeTHJGEeH30/0KCH-
da. B 3Tom cayuae BLICOKME CKOPOCTH peakliH NPH KOMHATHOH
TeMIlepaType COKpPallamT BpeMs KH3HH HiXKe JONYCTHMOrO Ipe-
Jena. M B cnyuae MeTaHoJsa HaGJI0[eHHe CIHU-CMUHOBOTO paclleln-
JEHHSl 3KBHBAJEHTHO H3MEDPEHHIO O4YeHb MaJjblX pasHOCTeH 3Hep-
rufi. uapokcuapiele mporounsl cBssdaHbl ¢ ocratkamu OCHj;, koTo-
pble B PAasHBIX MOJeKyJdaX HMeT pasJHUHbIe 3HAYEHHH MOJHOTO
cnuna (+43/2, +1/2, —1/2, —3/2), 4T0 H NPHBOJHT K IOSBJIEHHIO
Pas3HBIX JapMOPOBLIX 4acToT. i paspelleHHs COOTBETCTBYIONINX
pasHocTefl 3Hepruii Bpems Ku3HH npotoHa OH-rpynnm B KazKaoMm
H3 MOJIOXKEHHH JOJIKHO yAOBAETBOPATh ypaBHenuwo (VI 1). das
5TOr0 MEXKMOJIEKYJISIPHBIH OGMEH uepe3 BOAOPOAHBIE CBA3H JOJIKEH
OBITb MeJJEeHHLIM. B NPOTHBHOM cayuae pas/HuHsl MEX/]y HHAHBH-
AyaNbHLIMH CHTHAJlaMH HCYe3alOT H PeTHCTPHPYETCcS TOJNBKO ycpea-
HEeHHBIH 110 BpeMeHH CIeKTp.

B sToM ortHomenuu cnextpomerp SIMP nono6en dotoannapa-
Ty, KOTOpBIH 3apsiKeH MJeHKOH HH3KOH UyBCTBHTENbHOCTH. UTOGHI
HOAYYUTH OTYETAHBYIO QoTOTpaduio, Mb AOIKHLI CHHMAaTbh O0DBEKT
¢ AJIHTENbHON BbLAEpKKOH [lo3TOMY Hamr 06DBeKT, B JaHHOM cayuae
H3yyaeMmoe AP0, JIOJKEH JOCTAaTOUHO JIOJTO OCTABATLCH Ha CBOEM
MecTe B JaHHOM OKpyxeHHH. B cpaBhenuu c¢ stum uudpaxpacras
H yapTpadHoeTOBass CIEKTPOCKOMHS — 3HAUHTENBLHO OoJee OhICT-
pLle MeTO/bl, H 3/eCh OOBIUHO He HabGJarofaeTcss BPeMEHHOTO ycpej-
HeHMs1 cIleKTpaJbHBIX INapaMeTpoB. OOBjICHEHHe 3TOr0 OTJIHUHA
OCHOBaHO Ha TOM (akTe, 4YTO HHJAHBUAyaJbHHE JHHHH B TakHX
ClleKTpax COOTBETCTBYIOT OTJAeAbHBIM 3HeprusiM. Tak, pasHOCTb B
Bompopeix umcnax 10 em~! skeuBanentHa AE  119,7 JIx/mMoab
(28,6 kan/mosb), B To BpeMs kak pasuuua B 100 Tu npn pabouefi
tacrote 60 MI'L, kak y»Ke OTMeua/oCh Bhllle, COOTBETCTBYeT 3HA-
‘CHui0 AE TOabKO OKOMIO 4,2- 1077 JIx/Moab (107 kaq/modn).
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[.1. KoavuectBeHHOe onucanue AMHaMuveckoro IMP

Uro6bl yCTaHOBHTb KOJHYECTBEHHYIO KOPpPEJAIHIO Mexiy (op-
Mmo#l uHuu crnekrpa YIMP, ¢ 0JHOH CTODOHBl, H MEXaHH3MOM U KH-
HETHKOH ONHCAHHBIX JHHAMHYECKHX I[IpOIleccoB, ¢ JApyro#, Halo
HaHTH COOTHOLIEHHE MeKAYy BpeMeHAMH KHU3HH NMPOTOHOB B MOJOXKE-
Husix A u B u dopmoil nuHuu curHana IMP. Iro MoxHO crenaaTsb
Ha OCHOBe ypaBHeHHH DBJjoxa, KOTOpHE ONHCHIBAIOT (POpMYy pe3o-
HAHCHOTO CHTHaja Kak (YHKIHIO Tekyilled 4acTOTHl v M BpeMeHH
nonepedHoll pesnakcauuu I's. [1ockOAbKY, KaK OTMeueHO B pasi. 3.2
ra. VII, mpouecch xuMuueckoro obveHa npeiacTab/isiorT cobof 3¢-
pekTUBHBI MexaHH3M IlONepeyHOH peJaKcallHH, HX BJHAHHE Ha °
dopmy auann AMP aBaserca ¢yuxkuuein Ts.

Js npencraBaeHHOro cjydas, KOrja AWHAMHYECKHH Ipouecc
BbI3bIBAET H3MEHEHHE JIapMOPOBBIX UACTOT Vg == Vp, HEOOXOJUMO MO-
JHPHUUAPOBATh YpaBHeHHs1 BJoxa, Tak Kak B cBoell 0ObluHOH (opMe
OHH IO3BOJISIIOT PAcCYHTATh TOJNBKO CHTHAJBI NIPH va H Vs, [IOMHMO £
OOBIYHBIX peaKCaUHOHHBIX 3(PEKTOB XMMHYECKOe DaBHOBeCcHE BhI-
3bIBA€T 3aBHCSIIHE OT BPEMEHH H3MEHEHHST HaMarHHYeHHOCTH B’
KaXJ0M H3 MOJOXEHHH .

o

ka
A == B
kp
[1pu 3TOM HaMarHU4eHHOCTb B MJIOCKOCTH XY B NOJIOKEHHH A Bejen-
CTBHE IEPEHOCA sIlep U3 TOJ0KeHUs B yBenHYHBaeTCss HA BEJIH-
YHHY, NMpONOpUHOHANbHYI ksMp. B To ke Bpems NDOHCXOAHT ee”
YMeHbllleHHe, NPONOPLHOHANBHOEe BeNHUNHe kaMa, H3-32 nepexoja
snep B mojoxeHdne B. AHajoruuHasi cHTyauusi cO3jaercs AJs IO- -
noxenns1 B. Tlogpo6uoe paccmorpenne 3THX Beanuud (cM. ra. IX) -
NPUBOIUT K CJAEAYIOUIEMY VpaBHEHHIO (opmol auHuu g(v) peso-;
HAaHCHOTO CHTHaJa:

g (v)=[(1 + wmA) P + QR]/(4n2P? 4 Q?) (VIIL. 2)é

rae P = (0,25A?2— v+ 0,256v¥)t + A/dn; Q = [—v — 0,5(pa —%
—ps)bv]t;, R =0,5(pa — ps)bv —v(l 4 2n1A); T = tats/(Ta +§
- Tg); Ta, T — CpeiHNe BpeMeHa KH3HH sIep B NOJOXKEHHAX A H
COOTBETCTBEHHO; Pa, P — MOJIbHbBIE JOJNH KOMIOHEHToB A u B cO
OTBETCTBEHHO, Oy == V5 — Vg — Pa3HOCTb PE30OHAHCHBIX YacTOT AAE
(Tu) B mosmoxeHusx A u B; A — mupnuHa cursHasa Ha MOJOBHHGE
Boicothl (') B oTcyTcTBHE O6MeHa (t— oo0), NMpHUeM s MpOCTOR
THl B 3TOM cJydyae Ax IPHHSITO pPaBHBIM Ap; v — TeKyllas 4acTOT#E
(Tu). Kpome TOTO, AMIsi CPEOHUX BPEMEH NUSHU Ta U Tp CyLIecTBY S
10T COOTHOILEHHS :

T,=1pg=1/k, 1 To=1/p,=1/ky (VIIL. 8

Ha puc. VIIL. 3 npusenen pesy/bTaT pacuera no ypasnenuwo (VIII..
LA THIHYHOro ciayyasi o6MeHHoro mporecca. s sHaueHu# OV =

Hunamuvecrue spdpesrer 8 chexrpax SIMP 257

P ov

Vo Vg
7(¢)
\ 1,0000

oMer

7 O

Mednerwnsr

Koanecyenyus

/ /A\ 0,000!

Ill 3 eop THYECKHE CII Hl M -
. .9, €
IH( V | e ' C eKlp ﬂ P and 06MeHHOI‘0 npouecca A - B KaK

Bbrempeii odmer

—

=30 T'n, pa=ps=05u A=1,0 I'u u PasHBIX MO BeJHYHHE T
lonyqatorest pasnnunble GOpMEl JuHHE g (v). [Ipn Goaplinx auaue-
HHAX HaGJIOAAITCA OTAbHbIE CHTHABI NPH va U Ve, DTa 06AACTD
HaspiBaeTcss 06M1acTbio MedaeHno20 o6mena. B Touxe KoaaecyeHyuu
gg;eitumana C/IHBAIOTCHA B LWIHPOKYIO JIHHHIO, @ B 00JACTH 6bLCTPO2O
’”mana CIEKTp NpeBpallaeTcss B CHHIVIET ¢ HOPMaJbHOH LIMPHHOM
J » KOTOpasi pacnosioxkena npu yactore (va + vg) /2. I1pu 6uict-
POM o6meHe KaxaHH u3 napamerpoB P crnektpa JIMP aBnsercs

9 X TonTep
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yCpeHCHHOH BeJUYHHOH B COOTBETCTBUH C BHpaMeHHEM |
P=p,Py+ pgPy (VIIL. 4) §

rie P, u Pp— paccmarpuBaemble MapaMeTpnl B MOJIOKEHHAX An
B cooTBeTCcTBEHHO.

1.2. ®opMyJibl XHMHUECKOH KHHETUKH

Vpasuenue (VIIL. 2) umeer Gosibwoe 3HAUEHHE, TaK Kak OHO
OTKPHIBAaeT BO3MOMKHOCTL ONPEAENHTb KOHCTAHTBI CKOPOCTH, €CJIH
ob6paTHMas XHMHUECKAss peaxuus COMPOBOXAAETCS N3MEHCHHEM
J1apMOpPOBOIl 4aCTOTH OJHOTO WK GOJbLIIEro uHcjIa SAEp. [Topanok
BeJMYHHB KOHCTAHT CKOPOCTell, KOTOpbleé MOXHO ONpeAeJHTb 3THM
MeTozoM, JexnT mexay 10~1 u 10% ¢=!'. Murtepecylome Hac IHHA-
MHUECKHE NPOLECcChl ABJASIOTCS pPeakUusiMH NepBOro NMOpAAKA H Xa-
paKTEpH3YIOTCSI 3HEpPreTHueCKHMHI GapbepamMyu OT 20 mo 100 3
kI /Modb (5—25 Kkxaja/Moap). B obliem ckopocTH 9THX Ipolec- 1
COB CJMIIKOM BBICOKH, AJsi TOrO YTOOBI ONPEIENsiTh HX, HCIOJAb3YA
KIACCHUECKHE KHMHETHUeCKHe MeToinl. Halunm 3HaHus 0 BHyTpeHHed }
IHHAMHKE MOJEKYJ, KaK Mbl [OKa)KeM B OCHOBHOM B pasi. 2 3TOH 1
rJaBbl, HEOObUAHHO paCIIHpPHIKCH 6Jarofaps NPHMEHEHHIO CIEKT- J
pockonuu SIMP. BoabuinHCTBO 06CykKA3aeMBIX HAMH NPOLECCOB OT- 4
Juuaercst OT OOBIUHBIX XHMHUYECKHX peakuuil, B KOTOPBIX NPOHCXO-
AUT HeoGpaTHMOE IpeBpalleHHEe HCXOAHBIX BelIeCTB B KOHEWIbe 1
NIPOJYKTHL N0 AeHCTBHEM KAKOro-HHOYIb peareura. Cxkopee ux cie- 3
AyeT KJaCCHMHLHPOBATh B WIHPOKOM CMBIC]e Kak CTPYKTYpHbIE H3- 1
MeHEeHHSI, BBI3LBAeMble TEILIOBON 3Hepruell, T.e. Kak Kou@opmayu- 3
OHHblE NPespaLjenus, UHBEPCUIO KOH(UeYpayuu 1 BAACHTHYIO U30+ 1
mepusayuro. TlosTOMy ToMyuaeMble pe3y/bTaThl MPEACTABIAIOT HH-
Tepec KaK A XHMHH, TaK I /s MOJIEKYJIsIPHON QUIHKH.

TIpu ucnoapsoBauun crexTpockonud SAMP  aas  onpejeseHus |
cKopocTeil peakuuil IKCMepHMEHTaNbHBIH CIeKTD, H3MEepEeHHBIH TPH:
HEKOTOPOH OIpeleNeHHOH TeMmmnepaType, CpaBHHBAIOT C HabopOM j
TEOPETHUECKHX CIIEKTPOB, PACCUMTAHHBIX JJs PasHbIX 3HAUEHHUH T, ]
yro, coriachno ypasuennio (VIIL. 3), coorBeTcTBYeT pasHbIM KOH- ]
cranTam ckopocTefl. Merogom mpo6 u owmnbOK noA6upas CIEKTPH,
MOKHO ONpeIeJHTh NMPaBHIbHOE 3HaueHHe 1. DTy NPOUEAYpy HEBO3-,
MOJKHO OCYLIECTBUTb (€3 HCIOJb30BaHHs KOMIbIOTEPA, MOTOMY YTO
pacueT (pOPMBI PE3OHAHCHOTO CHrHAJa MO TOUKAM C HCIIOJIb30BaHHEM §
ypaBuenus (VIIL. 2) xoTs u HecnoxeH, HO OUeHb TPYAOEMOK H Tpe-]
6yer MHOro BpeMeHH. I1oToMy Lenecoo6pasHo 3anporpaMmMHpoBaThy
ypasuenne (VIIL. 2). TlosesHo TaKKe HMETb BOSMOXKHOCTDL rpa-4
(bUUECKH TPCACTABHTL pe3yJETAaTh pacueTa B UIKaje 3KCepHMeH:
TaJqbHOTO chiekTpa. Toria MoaydaloT CIEKTPH, NOAOGHEIE NPeAcTaBd
neHHbiM Ha puc. VIIIL 3. ‘

TIpu uccienoBaHHM KHHETHKH crekTp SIMP usyuaemoii CHuHOY
BOi{i CHCTEMBI H3MepseTcsl B BO3MOXKHO Oosiee HIHPOKOM HHTEpBA

-t
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temiepatyp. B obaactu memsneHHOro o0MeHd, Korja KHHETHY4eCKHE
5QPEeKTbl Yake OoJiblile He BJIHSIOT HA CIEKTP, ONpeleqsioT 3Haue-
uust 6v M A, T.e. HHTEPecyollylo PA3HOCTb YACTOT H eCTECTBeHHbIE
INIPHHBL JIHHUE PE30HAHCHBIX CHIHA/IOB. 3aTeM B (PeAINONOKeHHH
4TO STH BEJIHUHHBI HE 3aBHCAT OT TeMIepaTyphl, HCIOJDL3YIOT HX
A1s pacdeToB mpr 0osiee BBICOKHX TeMIIEpaTypax [0 YPaBHEHHIO
(VIIL. 2). Onsako Takoe npeanosioxeHne HHOTAA He MOATBEPIia-
cresl. 3aTeM KOHCTaHThl CKOPOCTei, ONpEeAe/IeHHble TyTeM CPaBHEH s
TCOPETHYECKHX H IKCIEPHMEHTANBHBIX CIEKTPOB [Js1 CEPHH Pasiuy-
1LIX TEMIIepaTyp, NOACTABJAAIOT B ypaBHeHHe Appennyca (ypasHe-
uire VIIL. 8). M3 appenuycosckoeo rpaduka onpepensior apperuy-
COBCKYIO dHepeuto aktTusayuu Eq w wacrotneul gakrtop A ans usy-
qaeMOH peakuud. [Ipu 3ToM npeanosaraior, 4To ofe BeJHUMHBI He
34BHCAT OT TeMmmepaTypu. QOLIMH HHTepec NPeAcTaBJAIOT TaKkKe
AKTHBALHOHHBIE MapamMeTPLl TEOPHH MEePeXOJHOTO COCTOSHHS, 9H-
TadblHdA aKTHBaUHM AH”™ u suTpomus aktuBauum AS™, KOTOpLIEe

MOKHO paccynTaTbh no ypasHenuam (VIII.6) u (VIIL. 7) coorser-
CTBEHHO:

Ink=—FE,/RT +1nA (VIIL. 5)
Han log k= — E, /19,147 4 log A

F __.
AH¥ =FE,— RT (VIIL. 6)
AS* = R[In (hA/nksT) — 1] (VIIL. 7)

rie T — abconiotnas Temneparypa (K), R — ywumepcanbHas ra-
3oBas HOCTO;ISHHaH (8,31 Hx/K), kp— nocrosunas DBoabumana
(1,389354- 10— Hx/K), h-—nocrosunas Ilnagka (6,6256 X
x 10 JIX-c), a % —TaK Ha3blBaeMmbll TPaHCMHUCCHOHHHH KO3(-
(uuuent, KOTOPHIH O6EIUHO MOJIATAI0T PAaBHLIM |.

MoxHo Ttakxe paccuntarth mo coornowenuo (VIIL. 8) cpoGox-
HYIO SHEPrHIO aKTHBALMWH NPH ONpejeSeHHOH TeMmepaType:

AGT =AH¥ — TAS*
Em A[i#= H AG=’E
JIx - K-!. Moap—l.

Ilpyro#t cnocof BeIYHCAEHHsS CBOGOAHONR SHEPTHH AKTHBAIMH OC-
HOBAH Ha XOPOIIO H3BECTHOM ypagHernuu Jtipunea:

(VIIL. 8)

usMepsitores B kJk/MoIb, a AS™T — m

k= (ksT/h)exp(— AG*/RT) (VIIL. 9)
nan  AGT = 19,147 [10,32 — log (#/T)] (VIII. 9a)
um log (k/T) == 10,32 — (AH*/19,14T) 4 (AS*/19,14)  (VIIL. 96)

E

CCJIM NOCTPOUTL rpaimx log(k/T) ot 1/T, To noayuaercs npsmas
' Hai(&JIOHOM —AH™/19,14 u oTceraeMbim otpeskom 10,32 4-
- AS /19,14. Orcro4a MOXHO paccyuTaTb BCe TPH AKTHBALHOHHBIX

9%
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mapamerpa; Opu 9TOM OOBIYHO NMPUHHMAalT x = 1. B oTJuuue OT
JAHHBIX, IOJYYeHHHIX HemocpeicTBeHHO mno ypasneuusm (VIII. 6)
n (VIII. 7), akTuBalHOHHBIE NMapameTphbi, PAacCYHTaHHble MO ypaB-
HEHHIO DHpUHTa, HE 3aBHCAT OT TeMIepPaTyphl, H UMEHHO HX CJely-
€T UCIIONb30BATH NMPH CPABHEHHH SHEPreTHUeCKHX Mpoduned aHamo-
THYHBIX peaKIHH.

Ecau Haxoisilivecs B PABHOBeCHH GOPMBI PA3JIHYAIOTCS O SHEP-
FHH, TO B 06JacTH MeJJIeHHOTo o0MeHa TeMIepaTypHYyl 3aBHCH-
MOCTb KOHCTAHT paBHOBecHs K cJaejyeT ONpeiessiTb HHTErpHpoBa-
HHeM COOTBETCTBYIOLIMX CHIHAaJOB. 3aTeM pa3HOCTH 3HTaJbIHi H
SHTPONHH PACCUUTHIBAIOT MO ypaBHenuio BanT-Todoa:

In K = — AG°/RT = — AH°/RT + AS°/R (VIII. 10)

[Ipn pacyeTe CHEKTPOB HEOGXOAMMO YUHTHIBATb MOJbHBIE JOJH
KOMIIOHeHTOB, EcJH OHH OYeHb CHJBHO pasJjHYalorcs, T.e€. eCId
pasHOCTb CBOGOIHBIX 3HEPrHH MexAy ABYMs CHCTEMAaMH BeJHKa,
KOaJleCIeHIHsl ABYX pPE30HAHCHBIX CHTHAJOB UYacTo OIpelesseTcs
noxo. OGMeHHBIH NpOIlece TOrJa NMPOABAAETCSA TOJbKO B IPOMEXY-
TOYHOM YIIHDEHHH DPE30HAHCHOTO CHTHaja TOrO KOMIIOHEHTa, KO-
TOPHIH NMPHCYTCTBYET B H3CHITKE.

HakoHel, MBl /[OJXKHB 3aMETHTb, 4TO CIIHHOBOE 3X0 TaK¥Xe
HCIIOJb3YyeTCsl NPH H3YUeHHH AHHAMHUYECKHX IIPOLECCOB, MOCKOJBKY
AMIIMTYJa 3Xa CBsi3aHa ¢ MONMEePewHOH pejakcauued. YMeHblUeHHe
T, B pe3yJbTaTe XHMHYECKOro o6MeHa He MMeeT 0OJIbLIOro 3Haue-
HHS1, €c/In BpeMsl NpeOblBaHHA s1pa B MOJOKEHHSX ¢ PA3HBIMH Jap-
MODOBBIMH 44aCTOTAMH BeJHKO IO CPABHEHHIO C BPeMeHeM 3ajepX-
KH MeXLy uMmmyJbcaMu t. OfIHAKO A1s OBICTPHIX pPeaKUHHd HJH TpH
Gosee IJHHHBIX HHTepBajax MeXJy HMNYJbCaMH aMIVIHTYJa 3Xa
cmajiaer 6ojee OBICTPO, YEM B cjayyae He BO3MYyLIEHHOH OOMeEHOM
nonepeuyHoli pesakcauud. EciH ONpeaeNHTb 3aBHCHMOCTb 3TOTO
cmajfa Kak (QpyHKLUHIO T, TO MOXHO PaCCYATaTb KOHCTAHTY CKOPOCTH
npH TeMIlepaType NpoBeleHHs sKcmepumenTa. IIpenmyniecTBo 3TO-
ro MeToJa B TOM, UTO €r0 MOXKHO HCIOJb30BaTh B IIHPOKOM HHTEp-
BaJie TEMIepPaTyp H Ha HEro He OKasbiBaeT BJHSHHE CIHH-CIIHHOBOE
B3auMofefictBHe., OQQHAKO O CHX IOP €ro HCIOOJNb30BaJH JHIUL B
pelKHX caydasx.

1.3. Mpu6anxenHble pelicHH H HCTOUHHKH OIHGOK

OTHOCHTEJbHO clloXKHas ¢opma ypaBuenus (VIIL.2) u tor dakr, §

YTO KOMIDBIOTEPH JOCTYNHH HEe BceM J1abopaTopHaM, CAeaaju Mo-
MyJAPHBIMH PSA NMPHOMHKEHHBIX perleHHi. boJee Bcero H3BecTHO
B 3ToM oTHomeHHH Bhipaxenue (VIII. 11), KoTopoe paerT KOH-§
CTAaHTY CKOPOCTH IPH TeMIepaType KOaNeClHeHUHH Txoan M1l OGMEHZ §
MEeXKJY ABYMs TMOJOKEHHSIMU C DABHOH HACENEHHOCTBIO pa = pp:

exoan = 7.0/ /2 = 2,22 bv (VIIL. 11/}

Hunamuneckue sppextor 8 cnexrpax SIMP 261

OTo JaeT BO3MOMKHOCTb HCIOJIb30BATb ypaBHeHHe Diipuura aJa
rpyGoil oueHKH SHepreTHueckoro Gapbepa mpollecca Ipu AAHHOM
Temneparype. ClenaB HeoGXOMHMEIE IOACTAHOBKH, MOJYYHM

AGF = 19,147 02, (9,97 + 10g Troan/OV) (Isk/MOB) (VIIL. 12)

Corniacio ypasnenuio (VIII. 11), pasjgenbhre curaagpl NpH va H
vg HaOaionawores, ecau k/6v > 222. C Hpyrofi CTOpOHBI, ecJ/H
k/6v << 2,22, 10 Haba0jaeTcss ycpelHEHHBIH CHTHAJ npu  (va +
—+ vs)/2. Ciepyer NOAUEPKHYTb, UYTO 3HAUEHHe 5HEepTeTHYECKOro
6apbepa, MOJMyuyeHHOE TAaKHM CNOCOGOM, 3aBHCHT OT TeMIepaTyphl,
MOCKOJIbKY B HEro BXOMHMT SHTPONHiHBIE unen (AG™ =AH™ —
—TAS™).

ITockonbKky B ofuleM clyuae TeMmepaTypel KOaJecUeHUHH pas-
JHYHBL U1 PAa3HbIX AHHAMHUECKHX IPOILLECCOB, CPABHEHHE BeJHUHH

AG™ uMeeT cMbIC/ TOJIBKO TOTJla, KOTJla SHTPONHS AKTHBAILUH KaX-
JIOTO M3 paccMaTpliBaeMblx NPOLECCcoB paBHa Hyao. UTo6ul npeoo-
JIeTb 3TOT HEJAOCTATOK, NPeAUOYTHTEIbHEE NMPOBOAMTL TaKHe KHHe-
THYECKHE H3MepeHHsl B HauOoJiee IMHPOKOM, IKCIEPHMEHTAJIbHO [0-
CTYNHOM HHTepBaje TeMnepatyp. KoHeuHo, 3T0 TpeGyeT 60MbIIHX
3aTpaT BpeMeHH H YCHJHH.

[TomMuMo 3Toro st Gonee MPOCTOR OLEHKH BENHUHH A pu uac-
THUYHOM ME€PEKPbLIBAHUHM JUHHHA OBlIH CAEJTaHBl NONBITKH HCIOJBb3O-
BaTb XapakKTepUCTHUECKHe H3MeHeHHs (OPMbI JIMHHH, TaKHe, KakK
paccTosiHHe MeXJYy MaKCHMyMaMH HHXKe TeMIepaTypsl KoaJlecleH-
UHH HJH OTHOUIEHHE HMHTEHCHBHOCTEH B MaKCHMYMe H B MHHHMYyMe.
OTH npHOJIHKEHHS, OLHAKO, IPUBOAAT K CHCTEMATHUECKHM omrnb6KaM,
TIO3TOMY MOJIyY€HHble ¢ HX NMOMOIIbIO PE3yJbTATH MEHee HajeKHBI.
Bosee mnopxoAsiuiuM sIBJAseTCS MCIOJb30BAHHE JONOJHHTEIbHOTO
VIIHPEHHs JHHHH, BHI3BAHHOTO 0OMEHOM, TaK Ha3bIBAEMOTO «OOGMeEH-
HOTO YIIHPEHHA» Agey. Ero MOXKHO NOJYUYHTb, ecqH BBHIUECTb H3
Hegémoaaemoﬁ ITHPUHBL JIUHHH Ayaen €CTECTBEHHYIO WIHPHHY JIHHHH
A® 1 ywHpeHHe 3a cueT HEOAHOPOAHOCTH NOJS Ay:

AoGM = AHaG.n — A — AH (VIII. 13)

Torna MoXHO 3amucaTh CJEAYIOUHE YPABHEHUS AJ1S NPHOIHIKEHHbIX
OLEHOK KOHCTAHT CKOPOCTeH, OCHOBaHHBble Ha ypaBHenuu (VIII. 2),
Medaennoili obmen (st cUTHasa B MOJNOXKEHHH A):

I/TA:kAznAoﬁM (VHI 14)
Boictpoui obmen (15 ycpeAHEHHOTO CHTHaJa):
1, =k, =4np]pl Ov¥A (VIIL. 15)

Mcnonbsosanne ypasuennit (VIIL 14) u (VIIL. 15) OrpaHHYHBAET-
Cd, OJHAKO, OTHOCHTEJNBbHO Y3KHMH OOJAaCTSMH, KOTOpPHE JekaT Ha
BEepXHeM M HHXKHEeM KOHIAX TeMIEepaTypHOro WHTepBaJa, Aas KOTO-
POro na6Jiionaercs naMeHeHHe ¢opMbl JHHHH. TakuM oGpasoM, uTo6b!
n36exaTh OWNGOUHBIX PE3YJNbTATOB, HYXKHO NPOBONUTbL CpaBHEHHE
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NOJHOH (opMbl JHHHH. K HeONpeaeNeHHOCTAM, BO3HHKAIOUIUM
TNpH HENPAaBHJIbHOM pacyeTe (OPMBI JHHHH, NPU ONpeIeNEHHH KOH-
CTaHT cKopocTell MeTofoM SIMP uvacro moGaBasiioTes cucremaruuec-
Kue oWHOKH, OT KOTOPBIX He BCErja yaaercs nibabutbes. OcobeHHo
KPHTHYHLI Te cJyuall, B KOTOPBIX IapamMerp &v cocTaBJsieT JHIIb
HeCKObKO repl. Torga wuaMeHeHHS ¢OpPMBI JHHHH MNONAJal0T B
OYEHb Y3KYI0 TeMIEepaTypHylo 06J1acTb H [O3TOMY ONpedesasioTcs
He TaK XOpOIo, KaK B c/a1ydyae osee CHALHO pasieeHHbIX CHI‘Ha.H6OB.
[lpu Takom omnpeneseHHu AONOJHUTENbHBIM HCTOYHHKOM —OLIHOKH
SIBJSIETCS TAKXKE YNOMsHyTas Bhllle caydafiHas TeMmiepaTypHas 3a-
BHCHMOCTb napamerpoB &v u A. B Mmo/IsipHEIX pacTBOpUTENSAX H B CH-
CTeMax C reTepoaToMaMH H MOJAPHLIMH 3aMECTHTEJAMH BO3MOMKHEI
OCJIOJKHEHHS, CBA3aHHBIE C acCOLHalMell 33 CYET BOAOPOAHLIX CBS-
3eff, KOTOpas BBbI3LIBAET 3aBHCALIHE OT TeMNEPATypPhl H3MEHEHHS
pasHOCTH XHMHUeCKHX CABHrOB. [103TOMY, ec/H BO3MOXKHO, HYIKHO
OIpeAeTHTb TeMIePaTypHYI0 3aBHCHMOCTb v H A B obaacTu Men-
JeHHoro obMeHa, UTo6bl NPOBECTH SKCTPANOJIAUMIo HA Gosee BbICO-
KHEe TeMIlepaTypsl, TAe NpoTekaeT OLICTPH o6MeH. [Ipeanpunuma-
JIUCh MONBITKH HENOCPEACTBEHHO H3 (DOPMBl JHHHH ONPEAessiTh &V
H A BMecTe CO 3HAaueHHeM k IpH AaHHOH Temmepatype. Takoe om-
pefle/IeHHe OCHOBAHO Ha HTEPALHOHHOM pacvere ¢ BapbHPOBAHHEM
BCeX TpeX NapaMeTpoB, A0 TeX IOP NMOKa TeOPeTHYECKHH CUeKTp He
€T C 3KCIIepHMEeHTaNBHBIM.

COB?IaeIcl)éTxoLLHMo EIIHTI)IBaTb, 4TO Bce 3((EeKTH, BRI3LIBAIOLIHE [0-
NOJHHTENbHOE YIUMDEHHe JIHHHH, TaKHe, KAK YaCTHYHOE HaCHIUleHHE
PE30HAHCHBIX CHTHAJIOB HJIH HEOJAHOPOAHOCTb IOJsI, NPUBOAAT K 3a-
BHIIIEHHIO 3HAYEHHH k B 00nacTH MelJeHHOro o6MeHa H K 3aHUIKe-
HUI0O B oOJjactH Ovictporo ofmeHa. B pesy/bTaTe BLIYHCIEHHAS
SHEepPrust aKTHBAUWH OKAa3blBAaeTCs CJAHIIKOM HH3KOH. DTH omHOKH
B HEKOTODOH CTeNleHH MOMKHO yCTpaHHTb, HabJlofasi CHTHAJ NpOTO-
HOB, He yYaCTBYIOLIHX B OOMEHHOM Ipollecce, HaNpHUMep CHTHA’
BHYTPEHHEro 3TajioHa. Ho HyXHO, 0JHA4KO, OMHHTBL, uTO BpemMeHa
pelakcalliu H, CJI€10BaTEeNbHO, €CTeCTBEHHBIE IIHPHHB JHHHH cHr-
HaJOB OT Pa3JIMYHBIX BELIECTB H Ja)Ke OT Pas3HbiX NPOTOHOB OLHOM
M TOH }Ke MOJIEeKyJbl He 00s3aTeNbHO OMHHAKOBH. Bo MHOrux cay-
Yasix BO3HHKAKT [ONOJNHHTEJLHBIE OCJOXKHEHUS 34 CUeT CHUH-CHU-
H08020 pacujensiesus, KOTopoe 3aTpylHAeT HHTepnpeTauuio. Takum
o6pasom B 00LleM HYXKHO OYEHb TIIATEIbHO PACCMATPHBATH, KAKHE
(hakTOpBl H KaK MOTYT MOBJHATbL Ha pe3yJbTaT H KaK H36exaTb
CBSI3aHHBIX C 3THM OCJAOKHeHWH, [IpH TIIATEIbHOM BBITOJHEHHH
3KCNEPHUMEHTA OIHOKH B ONPEdCTCHHH IHEPTHH aKTHBALLIN 00OLIYHO
MOXKHO OTPalHYHTh BEeJTHYHHOMH 0K0JI0 2 K1 /Monb (0,5 Kkaza/moan),
a B OJarONPHATHEIX CJAYYasiX OHH MOTYT OBHITb elle MeHbuie, Jlas
MHOTHX CHCTEM C OTHOCHTEJNBHO BBICOKHMH 6apbepaMy01 OLLIH OCy-
IIECTB/IEHEl HM3MEPEHHS KaK MeTOLAMH KJAacCHUECKOH KHMHETHKH,
Tak H Merogom SIMP. Bruto noayueno yposierBoputeanhoe cor-
JidCHe MeXKJy pe3y/bTaTaMil.
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B nepiva ¢ 1956 no 1969 r. Halilenrble 3HAYeHHS SHEPrHH aKTHUBALMH A7
BHYTPEHHErO BpalleHHA B AumMeTHaApOpPMaMAe, ONHCAHHOrO B Hayajte 3TOf rJaBHl,
BO3pOC/H ¢ 29+ 12 k/[x/Moap (7T +3 kxan/moss) so 118 = 8 xJlx/vMoub
(28,2 = 2 xkan/moun). Pocr B&JHUHHE! HaHienuoro Gapbepa u MOBLILIEHHE TOY-
HOCTH MJLIIOCTPHDPYIOT AOCTHMKCHHA B COBCPINEHCTBOBAHNH SKCHEPUMEHT AMbHbLIX Me-
TOAOD H DOCT Hallero MOHMMAHHR WCTOYHHKOB BO3MOXKILIX owuBox. He Tompko
1e6oabIloe  paccTosHHe MEHKIY CHIHAJAMH METHJIBHBLIX [pOTOHOB (10 Tu npu
60 MTu), no Takxe NOJAPHOCTL MOJERYJISl H AadbHee CHHH-CHHHOBOE B3aHMOAeH-
CTBHE C (QOPMHJIBHBIM NMPOTOHOM AT STY CHCTeMY TPYAIHIM «TeCTOBHLIM MpH-
MEpOM» 1a metona SIMP. Ceroans npunsthie SHAUEHHs1 1)1 SHePLHH AKTHBALHH
1 14CTOTHOrO (akTcpa, onpeeneHnbie s UHCTOH KHAKOCTH, COCTaBJSIOT
85,8 + 0,8 KkJIxk/moum (20,5 4-0,2 KKaa/Moab) u (54 3).10t2 COOTBETCTBEHHO.,

1.4. CnoxHble sBJeHHs o0MeHa

Caienyer mOMHHTB, yro ypaBienne (VIII. 2) cnpaseginso To1b-
KO JJIsT NPOCTEHIIero cayyas o6MeHHOrq Npouecca, a [MEHHO A7d
HCPHOJLIIECKOTO H3MEHEHHS 1APMOPOBOH YaCTOTh SApa Mexay 3Ha-
HCHUAMN va 1 vs. Ha npakruxe, ognako, vacro BCTpeuaoTes JuHa-
MHYECKHE MPOLECCHl, KOTOPBIE BKJI0YAIOT pasHele TunL obMeHa.
Hanpuwmep, o6men MEXKIY HECKOJNLKHMH JIaPMOPOBBIMII 14CTOTAMH
MOXKeT OBITb NPeACTABNEH PABHOBECHSIMH THIA

A= B = C um A = B = C

HsBecTHE nmponeccs, KOTOpLI€ NPUBOAAT K MACHHTHON 5KBHBAJIEHT-
HOCTH HEKOTODLIX silep, KaK B cayude epexoaa oT cucTemnl AB
K cucreme A, Ypasrenue (VIIL 2) Heab3s NpPUMEHSTE IDH H3yue-
HHH BCEX MCIKMOJIEKYJASPHEIX 06MEeHHBIX [IPOLECCOB, KOTOPhIE BBI3HI-
BAIOT KOJIAINC CIHHH-CNHHOBBLIX MYJIbTHILIETOB.

Konkpernrie npumeps Takmx [IPOILECCOB paccMaTpHUBAIOTC B
Pa3J. 2; TEODETHUECKHE BHIPAMKEHHS, ¢ NOMOILbIO KOTOPBIX MOXKHO
PaccunTath (OPMBI JIMHHH, MBI He OyfeM 06CYXIaTb eTAdbHO.
[Ipumenenus cnexrpockonun SIMP o BAPBHPOBAHHEM TeMIEpAaTyphl
MHOrooGpasHel, H HeOGXOZHMO elre pas NOMYEPKHYTH Ba:KHOCTD
OUEHDb TIIATEJbHOTO NPOBEACHHS aHANH3a H3Y7aeMOro JUHaMHYec-
KOro npouecca. JIMwb B 3T0M cayuae as HHTEPNPETALHH 3KCIle-
PUMEHTAJbHBIX NaHHBIX MOXHO BHGDATH NpaBUIbHBIA TeopeTHyec-
Kuit Meton. BoamosxkuocTy UH(POBLIX BEIMHCIHTC/IBHBIX MAUIHH [O3-
BOJAIOT NpOBeCTH pacyeT NoJHOMN opmel JHHEK cekTpa naxe aJs
OTHOCHTEJIbHO CJIOKHBIX 0GMEHHBIX IIPOILLECCOB.

1.3, Usmepenne koncrant CKOPOCTH nepBoro
NOpsiika MeTOA0M HHTErPHPOBAHUS

Haw 0630p 6bi1 661 nenonubim 0e3 YyNnOMHHaHHA O TOM, uToO
cliekrpockonuio IMP moiKHO TaKske HCIIO/Ib30BATh M/t HabJoeHs
MELTENNbIX Heo6paTHMbIX peakunil. Hurerpuposanne oTmempubix
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Puc. VIII. 4. Cnektpm IMP tH ans nmeperpynnupoBxu (138 — 139) B auneronur-
pHJe-ds.
a — HCXOAHOe COeAHHeHHe; O — peaKuHoHHas CMecb JlOChe HarpeBadHs B TeyeHHe 6 §
npn 80 °C.
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CHFHAJ0B HCNOJb3yeTcst JMJA TOro, 4ro6h MNpOCJeHTb 3a XO-
IOM mnpeBpaieHdss A — B nyrem perucTpanun usMeHeHHs KOHILEH-
tpauuit A wian B kak QyHkuuu BpeMeHd. OTHOleHHe KOHIEHTpa-
unii [A]/[B] MOXHO paccuuTaTh 3TUM MeTOAOM HENOCpeACTBEHHO,
a8 MCNONB3YS BHYTPEHHHH 3TaJIOH H3BECTHOH KOHUEHTPAIHH, MOXKHO
onpenennTs ysenuuenue [B) uan ymenvinenne [A}. Ha puc. VIII. 4
[I0Ka3aH XoJ mnpeBpalleHHss aaaykTa 138 nuxjaopkapbeHa ¢ UHKJO-
OKTaTeTpaeHoM B npoussoiHoe |, 2-nurumpuugena 139. Kak noka-
3BIBAIOT CHEKTPH, MO Mepe NPOTeKAHHS peakUHu MHOSBJASIOTCS pe-
30HaHCHBIE curHadan nipu § 4,8 u § 3,7, orHocawuecss K Hy, Hy u He
B 139. B To e BpeMsa OTHOCHTeJibHAsSi HHTEHCHBHOCTh CHHIVIETA NIPH
62,4, npuHaanexaiiero TpeTUYHOMY npoToHy B 138, yMeHblaercs.

H He
ct
> —_— C cl
Hpcr %
138 139

Peakuns nposojunach B aMnynaax Al H3MepEeHHs CIHEKTPOB, IOMe-
uleHHBIX B TepMoctart mpu 80°C. Kaxaeli yac oaHy H3 aMnyda
BLIHHMAJH H3 TepMmocTaTa H oxJjaxjaanu go —70°C. IMocae storo
orHowenne [138)/[139] MoxHO 6BUIO ONpeleNUTb HHTErPHPOBA-
HHeM crnekrpa JIMP. 3aBHCUMOCTb 3TOrO OTHOINIEHHSI OT BPEMEHH
MO3BOJIAET ONpPeJesuTh KOoHCcTaHTy ckopoctd B (80°C)=6.10-5 ¢
ISl peaKu¥H B alleTOHHTPH/JIE B Ka4YecTBe PACTBOPHUTES, a 3aTeM IO
ypaBHennto (VIIL. 9a) HafiTh cBOGOJAHYIO SHEpPruic aKTHBAILHH
115,4 kJIx/Monb (27,6 xkaj/MOMB),

2. BHYTPEHHAS AUMHAMUKA OPIAHUMECKUX
MOJTEKY T

Kax ynomuHa/soCh BHILIE, B 3TOM pasjiejie MbB PAaCCMOTPHM KOH-
hopMAYUOHHYIO NOOBUNCHOCTb OPTAHHYECKHX MOJIEKYJ H BAACHTHYIO
usomepusayuio. BeibpanHble npUMepH JOJXKHB 0Ka3aThb MHOT006-
pasue SIBIEHHH, KOTOPble MOXKHO H3y4yaTh C IIOMOIILLIO CHEKTPOCKO-
nug SIMP. [JostoMy MHE B GoJablleld CTeNeHH COCPEJOTOYHM Haule
BHUMAaHHE Ha OMHCAHHH YKCHEPHMEHTAJIbHBIX HaGJIONECHHH H HX Ka-
YeCTBEHHOIO 3HAY€HHs, 2 He HA KOJHYeCTBEHHHIX acnekrtax. Opnako
Mbl OyJeM TPHBOJUTb H PaCCUHTAHHBlE AKTHBALHOHHBIE [TapaMeTpPHI
(Ea, AH*, AS* u AG#), utobb JAaTb npeicTaBieHHe 06 3HEpreTH-
YeCKHX XapaKTePHCTHKAX OTAeJNbHBLIX IPOUECCOB, KOTOpHE BCe 6e3
HCKJIIOUCHHSA ABJAITCA GHYTPUMONCKYARAPHOLMY,
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2.1. 3aropMoxkeHHOe BHYTPEHHEe BpalleHHe

2.1.1. C8a3u wacTuyno 080LHO20 xapakTepa. Kak u B AUMeTUJ-
GopMamuie, 3aTOPMOKEHHOe BHYTPCHHee BpallleHHe BOKDPYT CBs3el
D —C uau D — N HaGuawopaercs M B ApPyTux MOJIEKyJaax, coaep-
JKalIUX CTPYKTYpHBIE (DparMeHTH

O

D—C D—-—N/

N

rage D — 2/JeKTpOHOJOHOPHAS FpyIa, Takas, Kak asoT WM apoMma-
THYECKasl m-CHCTeMa, a A — aKIeNnTop 3JEeKTPOHOB, HAMPHMep KHC-
aopon uiu cepa. [lostomy ana TnoamuaoB, Kap6amMaToB, Pypdy-
posa u OeHzaabaernia, AJsi IPOTOHUPOBAHHLIX KETOHOB, a TaKike
HATPO3aMHHOB M HHTPHUTOB (B NIOCJEAHHX KHCJODOJ CJYyXKHT AOHO-
poM 3JeKTpoHOB) HabuawofaTcsa crnekTpol $SIMP, saBucamume or
tTemnepaTypbl. B T1aba. VIIL. ] npuBefenbl akTHBAUHOHHble Mapa-
MeTphl JJ1sl HECKOJbKHX COEJHHEHWH, H3MepeHHble C [OMOULLIO
crnekrpockonuu JIMP.

B HeCKOJbKHX cHCTeMax AHHAMHUYECKHH Ipollecc BH3bIBAaeT 00-
MeH Mmexay cucremamu AB u A, ans aByx nporoHos. Hanpuwmep,
B MoJaexyjae N-meTuin-2,4,6-tpunurpoannnuna (140), B xoropom
GeH30/1bHOE KOJbIUO BBLICTYNAET KAK AKIENTOD 3JeKTPOHOB H3-3a Ha-
Juuusi B Hem Tpex Hutporpymn. Crpyktypa 140a XaeT OCHOBaHHC

Taénuua VIIL 1. [TpuMepsl 3aTOpMOKEHHOro BpalleHH W 3HEPTHH aKTHBA-
nuu B kJIxk/Moab (B ckoOKax — B KKaJ/MOJb)

R s
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R H ¢
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+ \H
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0 HaC 0
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@ec\ 46%, 53,0 (79) /N—@GN aHt 62,3 (14,9)
H H3C ’
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noJjaratb, 4to KoHdopmauus, B KoTOpoil ¢Basb N — CHjz JaexHT
B IJIOCKOCTH apOMAaTHYECKOrO KOJbLA, fABJIAETCA 3IHEPreTHICCKH
[IPEANOYTHTEIBHOM 32 cUeT Pe3OHAHCHOH cTalHIH3alHH.

H NO; H &g H NO2
O,N N/ \N ﬁ/
2 \ / \
CH;, 0 CHj3
H NO» H NO2
140 1402

HecuMMmeTpuyHOe 3aMCIIeHHe B aMHHOrpyMlle BeLeT K TOMY,
YTO NMpH HH3KOI TeMIlepaType AJs [BYX apoMaTHYCCKHX MPOTOHOB
naéaonaetcs cucrema AB, MOCKOAbKY B pesyJsbTaTe MPOCTPAHCT-
BEHHOr0 B3aHMOZEHCTBHS ¢ METHJbHON TIPYANOf OjJHAa H3 HHTPO-
IpyIn, mo Beefl BHAHMOCTH, Pacnonaraercsi B MJIOCKOCTH, Neprueni-
KyJAsipHO# MJ0CKoCTH GeH30bHOro Kosbua. [1pu yckopenun ppanie-
HHSl METHJIAMHMHOTPYIIIEl C NOBLIIEHHEM TeMIIepaTypbl 3TH ABa Ipo-
TOHA CTAHOBATCS SKBHUBAJEeHTHHIMH u crnekTp AB Boipoxpaercs B
cnektp Ay (puc. VIIL 5). ITosesno oGeyauTh 3ToT npumep Gosee
JeTaqbHo, NOCKOJIbKY, KaK yKe oTMeuasoch B pasi. 1.4, Hu ypas-
Henne (VIIL. 2), Hg npuGAHKEeHHble METOAB!, BbIBEJCHHbIE HA €ro
OCHOBe, HEJb35 HCHOJb30BaTh 3/€Ch A HHTeprpeTauny Gopmbl JH-
ung B cnekTpe SIMP. OnumeM 1nBa sapa, Kak Mbl 3TO JAesaajd B
pas3f. 4.2 ra1. V, depes npousBeleHHs (YHKUHH o, ap, pa n PP.
Toraa o6MeHHBIH pouecc nepeBoauT cocrosnne o (1)B(2) B cocros-
nue B(1)a(2). dynxuun of u fo Tenepp ABATIOTCS COOCTBEHHBIMH
(GYHKIHAME COCTOAHHH TOABKO TOTJA, KOTAA HET B3aHMOJEHCTBHUA
Mexay AByMs siapamu. OfHakKO 3TO He Tak, MOCKOJLKY fAlpa CBf-
3aHpl JApYr C JPYroM CIHH-CIMHOBEIM B3amMojelicTsiem. [losTomy
(opMy JIMHHH HYJKHO ONUCHIBATH HA OCHOBE KBAHTOBOMEXaHHUECKOH
Teopuu. DTy Npouelypy Mb He oOcyxjpaeM 3/eCb noapo6Ho. 3ame-
THM TOJBKO, YTO [a¥Ke B 3TOM CJIydae MOXKHO IOJYUYHTb TOYHOE Bbl-
paxkeHue AJs (OPMbI COEKTPa Kak (YHKUHH CKOPOCTH o6mena. Ilo
HeMy GBbIJIH PACCUMTAHBI TEOPETHUCCKIE CHEKTPHl, NPHBEACHHBIE HA

puc. VIII. 5. Buipaxenua £k, = z\/(vA ~ v+ 61/23.3/“/2 MOZKHO
MCHOJIb30BaTh KaK NpPUO/HKeHHe IIPH TeMllepatype KOaseCleHUHH,

II03TOMY KOHCT@HTY CKODOCTH MpH 3TOH TemmepaType BbIYHCIHTDL
JIOCTATOYHO JIETKO.

2.1.2. 3ameuwjenHole 3Tanbl. J1aBHO H3BECTHO, UTO BpalileHHE BO-
KPYT VIIepOA-yIepoAHOf cBA3H B 3Tajie 3atopmoxeno. IlepBbimM
VKasaHHeM Ha 3TO MOCAYXKHJI TOT (akT, YTO SHTPOMUA COEAHHCHHS
oKasajiach HHKe, UeM OXKHAaJ0Ch> Ha OCHOBallHI TEOPCTHUECKHX pac-
YeTOB B MpHOMKEeHHH cBOOOAHOrO Bpateins. [losToMy mosekyna
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Puc. VIIL 5. OkcnepumenTanbHble (@) M pacculitaHHbie (6) COeKTPBl apomarHye-

CKHX MpoToHOB N-MeTHs-2,4,6-TPHHHTPOAHH/NHA B 3aBHCHMOCTH OT TeMMEpaTyphl
(Xafizbepr u corp. [1]).

JOJKHA TPeoJoJieTb 3HepPreTHYecKHil Gapbep NpH MNpeBpallicHHH
TPaHCOUAHOH KoH(popmauuH a B uzoMep a’. [lepexonHOe cocTOsIHHE
/sl 3TOTO Mpollecca MOXKHO INpeACTaBHTb 3aCJHOHEeHHOH KoHdop-
Mauues 6.

H H H H H
H H
H H H HH
H H H °H H® 'H
@ o a’

Ha puc. VIII. 6 nokasan sxepretuueckifi npoHb A5 HOJHOTO
BpalleHHa Kak (YHKIUHA TOPCHOHHOro yraa ¢. Bblicota Gapbepa,
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Pue. VIIL 6. lpoduab sHeprHu 1as BpalleHHS BOKPYL YIJIEPOA-YIVIEPOIHOR CBSI3H
B 3TaHe.

N0 JAaHHBIM H3MeDEeHHH MeTOJAOM MHKDOBOJHOBOH CIEKTPOCKOMHH,
coctasJsieT okoJo 12 kllx/Moab (3,0 kkan/Moanb). [IpuunHa 3aTop-
MOMEHHOCTH 3TOrO BpallleHHs [0 CHX IOp TOJHOCTbIO HE $ICHA.
OaHako H3BECTHO, UTO 3aMeHa OJHOrO HJH OOJIbIIEro YyHcJaa NMpoTo-
HOB rpynnamu 6o/bliero o6beMa NMOBBILAET BLICOTY Gapbepa, H Ha
3TOM OCHOBAHHH MOXKHO NPHHTH K BBHIBOAY, UTO MPOCTPaHCTBEHHHLIE
B3aHMMOJEHCTBHS UTPAIOT JOMHHHPYIOULYIO DOJb B 3aTPyAHEHHH Bpa-
IEHHs B 3aMELIeHHBIX 3TaHax. DoJbllioe 3HAauYeHHe [Js pelIeHHs
3TOH mpobjeMbl HMEWT AONOJHHTENbHEE 3KCIepHMeHTa bHble aH-
Hble, KOTODble MOTLYT OLITh NMOJYYEHBl C HCNOJb30BAHHEM CIEKTPO-
ckonud SIMP. Tak, cBeieHusi 0 cTabGHJbHBIX KOHbOpPMAIHAX 3aMme-
ILEHHBIX 3TAHOB OBbLIH MOJyYeHbl HAa OCHOBAHHM Olpele/eHHs BHIH-
HaJbHBIX KOHCTAHT H HMX 3aBHCHMOCTEH OT JBYTpaHHOTO yrJaa
(pasa. 2.2.1 ra1. IV). B gomosiHeHue K 3TOMY JJIS psifa MOJIEKYJ Obl-
AM u3MepeHnl Gapbephbl BpalleHHs NyTEeM aHaJjH3a TeMlepaTypHOH
3aBHCHMOCTH CHeKTPOB. [ljsi 3THX HCCJAEAOBAHHH HCIO/Ib30BaJaCh
TOUTH HCKJIOUHTENbHO crekTpockonus SIMP '°F, u mbl BepHemcs
K aTofl TeMe B IJI. X.

B JaHHOM KOHTEKCTe HHTEPEeCHO OTMETHTb, UTO B pAje CJyuacs
3aTOPMOXKEHHOCTb BpalleHHust TpeT-OyTHILHOH IPYNILI CTOJMb BEJIHKA,
4TO TIpH HU3KHX TeMIepaTypax MeTHJbLHbIE IPYNINbl CTAHOBATCS HE3K-
BHBaJeHTHEIMH. Hanpumep, ais mpoTOHOB TpeT-OyTHABHOH TPYNIbI
Tper-6yTHJLHKIOTENTAaHA, a TakxXKe APYTHX Tper-6yTHILHKI0aJKA-
HoB Habmopaercsas Ay6/aeT ¢ OTHOLUIEHHEM HHTEHCHBHOCTEH MeXy
KommonentaMud 2:1.3To HaGM0OAeHHEe COIIAcyeTcsi ¢ TPaHCOHIHOH
KoHdopMauuel 141, B KOTOpPOH 3KBHBAJNEHTHB TOJbLKO JABE METHJb-
Hele rpynnbl. Dapbep BpalleHHS NpPH TeMmIeparype KoaJeCLEHIHH
(—126°C) 6bln naiigen pasubiM 31,0 klx/Moanb (7,4 KKa1/MOIb).
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Kpome roro, OBl10  yCTAaHOBJIEHO, 4YTO 3TOT O4apbep 3aBHCHT
OT pasMmepa KOJblla B [HKJIOAJKaHe W JOCTHraeT MaKCuMyMa
(32,6 xllx/mosb) B Tper-OyTHANMKIOOKTAHE (cp.pasn. 2.3.1 ra. II),

(CH;)
(e )

H,C CH;

H3C CH3
H

141 142

Coennnenne 142 faxke MPH KOMHATHO! TeMIepaType COAepPHKHT
B cOexkTpe Ay6/eT CHIHAJIOB METHJABHBIX TPYMI C OTHOLIEHHEM HH-
TeHcHBHOCTe# 2:1. Habalogaercs v ToHKas CTPyKTypa 3a cueT
CIIHH-CMIHHOBOTO B3aUMOAEHCTBHSA (TOP — BOAOPOJ Yepes MpOCTpaH-
ctBo (cm. ra. X). Ilpu 134 °C curHansl caHBaiotcsi, 4 6apbep Bpa-
mienust 6bl1 HalileH paBHbIM 77,4 kI /Moab (18,5 kxan/Moab).

2.2. HHBepcHsa koHbHUTypanuu

Bhile 6bi10 MOKAa3aHO, YTO aTOM a30Ta HILPAET BAKHYIO POJb
B MOJIEKYJax C 3aTPyJAHEHHBIM BHYTPEHHHM BpalLeHHEM, MOCKOJbKY
OH HMeeT HEeIlOAeJEHHYIO Napy 3JeKTpoHOB. Jlpyroe sBJenue, KoTo-
poe MOXKHO MOoADPOOHO H3YUHThL C NOMOIILID AHHAMHYECKOro IMP, —
3TO UHBePCUR KOHpu2ypayul, KOTopas Oblia HAJLeXKHO YCTAHOBJEHA
AJI1 aMMuaKa ¢ MOMOUIbI0 MHKPOBOJIHOBOH CIMEKTPOCKONUH. Ee Tak-
JKe HasblBalOT HHBepCcHel NMHpaMKAANBHOTO aToMa. Takasi HHBepcHd
HMeeT MecTO B AuOeH3UMeTHIaMuHe (143):

H\ \\\\\\H C5H5_'CH2\
H— N, H - N-=H N‘CHa
\H CeHs—CH>
143

JTO OBJIO H3SLIHO MOKA34aHO C NOMOILBIO CleKTpockonud JMP, npu-
ueM 3HEpPrHs aKTHBAUHHM HHBEPCHM IIDH KOMHATHOH TeMmmepaType
Obla onpefeneHa Aa)ce 0e3 HCIOJAb30BaHHS HU3KOTEMMEPaTYypPHBIX
H3MepeHul. B COOTBETCTBHM ¢ HAuIHM ofbsAcHeHHeM B . IV Mu
JOJXKHBl OXKHJAATh JJs1 METHJEHOBbLIX INPOTOHOB B 143 mnosiBaenus
B cIeKTpe cucTeMbl AB, Tak Kak OHU HaxXOAATCsH B JHACTEPEOTONHOM
okpyxeHuu. OAHaKO BeJedcTBHE OBICTPOH HHBEPCHH NPH KOMHAT-
HOH TeMIepaType CHTHAJbLl BLIPOXKAAI0TCA B cUHIIeT. C ApYyrod cro-

Jlunanuueckue agpderto, @ cnexrpax SIMP 21

POHBI, eCjH [IPOBOAMTbL H3MEPEHHsi B KHCJIOM pacTBOope MpH pH
venble 2,0, TO aMHH CYUIECTBYeT B MPOTOHHPOBANHOH dhopMe H Mpo-
gecc vHBepcHu samepdsiercs. I1poroun CH, B 3TOft coin auacre-
PEOTOMHE W [aloT CHeKTp chcTembl AB. DToMy OTBedaer paBHOBC-
cHe, B KOTOPOM iia BTOPOfl CTaJuH MPOHCXOAHT HHBEPCHS a30Td:

: +
(CeHs ~CHoN—=CHs == (CgHs—CHaN—CHy + HY

\V wHbepeus

+
(C5H5—CH2)2u—CH3 == (CgHs—CH)aN—CH3 *+ H¥

TaxuM 006pasoMm, HHBepPCHs IIPOMCXOAHT TOJBKO B aMHHe, H ee
CKOPOCTb 3aBHCHT OT KOHLEHTPaluu CBOOOJHOTO aMHHA, & 3HAUMT,
u or pH pacrBopa. Kpome TOro, B pacTBope HPOHCXOMHT TaKiKe
ObicTpas paBIIOBECHAs PeaKiusl POTOHHPOBAHHE — ACTPOTONHPOBA-
Hie, IPH KOTOPOH KOHGHTypauus aMHHA He H3MEHsAeTCs. IDKcmepi-
MEHTAJbHBIM [OATBEPK/IeHHEM TAKOTOo JOMOJHHTeJNBHOrO mpouecca
CIYKAT TOT (KT, UTO CNHH-CIHHOBOE B3aHMOJIGHCTBHE INPOTOHA
NH ¢ npotonamu N-MeTHJBHON TPYNIbI HCUe3aeT Mpu GoJiee HUSKUX
KOHIEeHTpalusx KueaoThl (pH==2,0) 1o TOro, Kak MeTHIEHOBLIE
NPOTOHB CTAHYT JHAHTHOTONMHBIMH. J[laibHeilllee NOBbIIEHHE pH
NPHBOJNT 3aTeM K TOMY, YTO METHJIeHOBble NIPOTOHBI CTAHOBATCH
MATHHTHO 5KBHBAJEHTHLIMH. BhIpa*keHHe ISl KOHCTAHTBI CKOPOCTH
k', XapakTepuayollei OOMeH METHUJEHOBbX NPOTOHOB, HMEET BHI
B = kyss[amun]/([amun] 4+ [coap]). ITy KOHCTAHTYy MOXHO BDI-
BeCTH NyTeM aHajH3a (opMbl JHHHI B CIEKTpax AMP, H3MepeH-
HBIX TMpH PasJHuHBEIX 3HaueHUsX pH. OTHolleHHEe KOHUEHTpAUMH NpH
pasaHuHbIX pH MOXKHO paccyuTaTh MO H3BECTHOMY 3HAYEHHIO pKa
aMHH4. 3aTeM KOHCTaHTy CKODOCTH HHBEPCHH IOJYyualoT rpaduue-
CKH, OTKJa[biBasi BeJTHUMHY k' OT OTHOIUEHIIS KOHUEHTPAaUiH. B pe-
3yJbTATe MOAYYAIOT Kums = (2 4= 1)-105 ¢!, uTO COOTBETCTBYET Be-
Anunne AG* oxoqo 42 k/lx/moab (10 Kkaia/moan). B Gosee mosn-
HeM HcCACJOBaHHH MAcTepeOTONHbIE METHJCHOBbIE TMPOTOHBI B
Tu6eHanIaMIHe HEMOCPeACTBeHHO Habmonannck npu —155°C.

B yuxiudeckux aMHHAX Takxe OOHApyXKHBaeTcd HHBEPCHH
asora. Hanpumep, AA’BB’-cucremMa KOJbUEBBIX TPOTOHOB B N-3THI-
asupuaune (144) canBaercs B cuurjer mpu 108 4=5°. Sneprernue-
ckuit Gapbep npouecca cocrasiser 81 kdxc/Moab (19,4 KKaJ1/MOJIb).
B cayuae N-xjopasupuauna (145) TeMnepaTypa KOajeCUEHUHH Jie-
JKUT Bbillle, YeM TeMmIlepaTypa, IIPH KOTOPOH BelleCTBO passiaraercs
(> 180°C), noatomy 6apbep HHBEPCHH JOJKeH OBITb OUEHb BHICO-
KM, JTo ysennuenue Gapbepa, 0OYCJIOBJICHHOE BAMSHHEM XJopa —
33MeCTHTe s, NPHBOAHT K TOMY, UTO 7-x10p-7-asadnunkio[4.1.0]-
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rentan (146) yaajsoch pasfie]HTb Ha JuacTepeoMepHble HHBEPTO-
Meph 146a u 1466.

| ct
7
H H N
H CoHs H Cl
H\N HN
H H :
144 145 13623 14658

HOnsi umkauueckux [IHA3HHOB, TaKHX, Kak 2,3-1Ha3abHLHKJIO-
[2.2.1]renTen-b (147), Oplau nOJMyueHb CBELEHHSI O MOCJE10BATENb-
HOH MHBeDCHHU JBYX aTOMOB a3oTa. PaBHoBecue 147a = 1476 xapak-

Tepuayercs 6apbepoM AGzs = 60,7 kx/Moab (14,5 Kkan/Mob).

N/CH3 .
/ N/ -_— 7 NI‘/\CH3
3

\ CH
CHs

137 a 1476

Ha puc. VIII. 7 noxasausi criexkTp, yCpelHEHHHH MO BPeMeHH, 3alH-
canHblii nmpu 57°C, n cymepmo3HUHs HAEHTHUYHBIX CIIEKTPOB MABYX
9HaHTHOMepOB, noaydenHas npu —39°C. §lcHo, uTo mpu HHSKOH
TeMIepaType Mosekyaa TepseT Cs-CHMMETPHIO, KOTOPAsk NMPOABJAET-
cs Kax s3¢dexrusuas B cnekrpe npu 57 °C B mkane spemenn SIMP.
CucreMa AB MOCTHKOBHIX NPOTOHOB OCTaeTcsi HeH3MeHHOH (81,7 u
82,1), KaK H 0XKHUAAJOCh, B TO XK€ BpPeMs AJs METHAbHBIX MpPOTO-
HOB (~ 82,5), a Takxe NPOTOHOB B roJjosBe Mocra (~8§4,0) u
osedunoBbLIX nporouoB (8§ 6,5) HaGMOLAIOTCA OTHENbHBIE CHIHAJL
Hurepecno, uro BHUMHANBHBIE ¥ aJJIHJbHbBIE KOHCTAHTH CHHH-CIIH-
HOBOTO B3aHMOJEHCTBHSI MexXAy OJe(pHHOBHIMH TIPDOTOHAMH H MpO-
TOHAMH B rOJIOBE MOCTa pasJHyalOTCs B Pe3yJbTaTe Pas3JIHuHs KOH-
durypauuit 1Byx aToMOB a30Ta.

B nuasupunuse (148) Takofi xe mnpouecc HHBepCHH Tpelyer
6onee 96 xlx/monp (23 Kkaja/monb). DTO NOBLIIEHHE SHepre-
THYeCKoro OGapbepa, OuUeBHJIHO, CBA33aHO C H3MeHeHHeM pasMmepa
KOJIbla, TAK KAk MOXKHO OXKHJAaTh, YTO AJA TPEXUJEHHOTO LHKJa
IVIOCKOE TIepeXoJHOe COCTOsiHHe NPH HHBEpPCHH HMeeT HoJjee BBICO-
KyI0 3HEDruIo, ueM AAf GOJbIINX UHKIUUECKHX CHUCTEM, NMOCKOJILKY
BHYTpeHHH BaneHTHEH yron C—N—C B HeM MeHblle,

HnBepcionnnit 6apbep yMeHblliaeTcs, eC/IH 3aMeCTHTEJNH Y aTo-
Ma as30oTa CIOCOOCTBYIOT YIUJIOLIEHH!O NHPAMHAAAbHOH KOHQHIypa-
wHH  (Sp® — sp?) 3a cueT 3JEKTPOHHBIX B3aHMOJEHCTBUH C Heno-
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167y
' .: N/CHJ
/A N
570y 5
: ¢ CH3
Y2 g 16,
13,0 o -39 °C
nEer i
> 3H| Y3H
M H H 1H UIH IH
| 1 L ] | | 1 1
7 6 5 A 3 2 1 023

Pre. VIIL 7. TemmepaTypuas 3aBHCHMOCTL cmektpa SMP *'H 2,3-1nazabuiux-
20[2.2.1rentena-5 (147)" (Anaepcon, Jlen [2]).

IeNeHHOH mapo¥ 3eKTPOHOB asora. Tak, AaA COeNHHEHHA 149 3na-
tenne AGys cocraBaseT ToJabko 49,8 x[x/moab (11,9 KKaJi/MOJib).

_CHz~CH3
<N& DN—N=N~©~N02
SCH,—CH3
148 149

MurtepecHo, 4To B UHKJHYECKMX CHCTEMaX Das3Mep LHKJAA TO-
Pasiiomy BJuseT Ha 9HepreTHueckHe Oapbepsl HHBEPCHH M 3aTOp-
MOzkenHOro BpAallleHHsi HPH aroMe a30oTa. JHEPrHH aKTHBAIMM HH-
Bepeny B psay coefuHenuil 150—152 (R = Cl nau CH,) ymeHb-
Waores BeneficTBHe yMenblieHHs Jecrabundsaldi  fepEeXOAHOre

[:N_—R <:N-R DN_R DB—C;}H']

150 151 152 153
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COCTOSIHHS, B TO BpeMsi KaK 6apbep BpauieHHst B TOM iKe psly Mpw
R = COOR Bo3pacraer. B 3ToM cJjyuae OCHOBHOE COCTOSIHHE CTa- :
Guausupyerca AJs GOJBLIMX M0 pa3Mepy LHUKJIHUECKHX CHCTEM, Tak 1
kax yseanuenue pajentioro yria C—N—C, crnocoberByionlee us-
MeHEeHHI0 TruOpHAH3alHH asoTa or spd K sp?, 6naronpHATCTBYeT §

YCHJIEHHIO CONPAXKEHHA.

TpuaKAJIOKCOHHEBblE COJH H303/IEKTPOHHBI C aMHHAMH, H L13 : |
coeJHEenHil 3TOrO THIA Takxe Oblia HalleHa HHBepCHst KOHQHry-
pauuu y aroma kucaopoja. Hampumep, H30TIPOTHIOKCOHNEBLI HOH §
sTHJaeHOKCHIa (153) umeeT B cnekTpe npu 40°C CHHI/IET METHJIEHO-
BbIX IIPOTOHOB, KOTOpHIfl npu —70°C mpeBpaliaeTcs B MyJbTHIET
AA’BB’. Tlogo6Hble e TpOLECCH HHBEPCHH HAGII0aNNCh B co-§

equnenusix gocdopa n MHILIBAKA.

2.3. UHBepcusa uvkKia

CreKTPOCKONHA f/lePHOTO MarHHTHOrO pe3oHaHca BHeCJa Tak-§
JKe 3HAUMTeJbHBI BKJaj B Halle IOHMMaHHe KOH(POPMAUHOHHOAE
IOABHIKHOCTH HACHIIIEHHBIX H HEHACHIIEHHBIX UHKJIHYECKHX CH-§

CTEM.

IH10 BAHHBLI UJH TBHCT-BAHHHI (6, 3) M 3aTeEM CHOBa B 3KBHBaJICHTY

HYI0 KpecJOBHAHYI0 koHdopmauuio (a). [Tpobusn 3HEPrHH HMeEeHE

dopmy, nokazanuyio Ha puc. VIIIL. 8.

[lepexos Mexiy KoH(pOpPMepaMH BaHHB M TBHCT-BaHHBI NPOHE
XOMHT Ge3 yraoBbiXx Jedopmaudil — MPoOCTO IyTeM BpaLleHHA Bg
KPYT MPOCTHIX YTJIEPOJ-YIriepOAHBIX cBazefl. Takue KOH(PODPMAIHOH
HBle MEPEXO/B, KOTOpPbe OOBUHO OTJHYAITCA HU3KHMH aKTHB
IHOHHBIME 6apbepaMH, Ha3blBAIOT NCe8008PAULLHUEH. ,

J g
“.-h J .
§ B
3 4
N 23,0(paccyum)
-

; al
Pue. VIII1. 8. Mpod b 2HePrHA A48 HHBEPCHH KOJBUA B IIHKJOrCKCAHE,

[Iupoxo wucc/exoBaJach HHBEPCHS LHKJIOTEKCAHOBOTO KOJIblla
NpeACTaB/IsoNlas KIACCHYECKHH TpuMep. Ha6mofaemMble aKTHBAY
IMOHHblE MapaMerTpsl cocTaBasiorT AH7 = 42,5 + 0.4 K/ x/Monu
(10,8 £ 0,1 xkkaa/moap) u AST = 11,71 = 2,1 Ox-K-'-moa—g
(2,8 = 0,5 kaa-K-'-momp™"). OHM XapaKTEPHU3YIOT NeEpexoll Kpecd
JOBHAHOH Koudopmauuu (@) B BBICOKOSHEPreTHYECKYIO KoH(OopMay

CHﬂ;[bHOM "

o Hunamuueckue appextor g cnektpax SIMP
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- 499

-57

~600(:

~-630C

aay

H
H
-89°C

Puc. vnp
. .9. C ] 1 ,
(Bony 3. nektp SIMP 'H UnK.10reKcana-dy; npu pasaHUHbIX TeMIepaTtypax
Tpanc u
MHCCHOHHBIH KO3
Obith nipypgy puinent x fan npouecca a—a’ moker

Reayan AT PaBHBIM 1/2, IOCKO/IbKY BEPOATHOCTH TOrO, YTO OT-
O Ifl{ym NIePEHNeT u3 KOHOpMaLUK 6 UAY 8 B a win o
O HbIMH  C/IOBAMH, KOHCTAHTHl CKOPOCTH kus H k..

1 OBITb B 2 pasa Godbllie, ueM Aqqr. ’ -

Kenepumenr
Pas.y p aJbHO NIPH H3YUEHHH 3TOTO MPOLECca MOJb3yIoTes

HHey
M B XUMHUYECKHX CABHTaX INIPOTOHOB IHKJOreKcaya B akK-

SKBATOPHA/ILHOM IOJOXKeHHAX (Cp. pasA. 1.3 ra V)

CO()QH

H

(0] IIPOCTLIe CIIEKTPHI noJiyqyamtca aada uPIKJIOI‘eKcaHa‘d“
’
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Puc. VIII. 10. CnerTpb SIMP MoOHO3aMeIIeHHBIX UHKJIOrEKCAHOB.

a — paBHOBeCHass CMeCb AKCHAJABHOTO H 3KBATOPHAJLHOTO GPOMILHKJIOTeKC
{4]; 6 — cMec, AaKCHAJBHOTO H 5KBaTOPHAJbHOTO XJOPUHKJOreKCcaHon [ipH
cen, Bawsuanep [5]); 6 — YHCTHIA 9KBaTOPHANBHBIRl XJOPIHKJIOreKCaH MpH

ecJH CHMH-CIHHOBOE B3aHMoOJeHCTBHE MeX/Iy aTOMaMH BOAODPOALS]
W fefiTepust NOAABHTL METOOM IOJHOIO [BOHHONO pPe30HAaHCA.
3yAbTaT TAKOrO 3KCMEepHMEHTa MpeJcTaBJeH Ha DHC. VIIL.9 (onn
caHHe MOJHOrO [BOHHOrO pesoHanca fawo B ri. IX). B 3amemeng
HbIX LHKJIOFEKCAHAX TaK¥Ke GBIH 3aPEerHCTPHPOBAHBI COOTBETCTBYIO4
He mpouecch HHBepcHH mukaa. B rtaba. VIIL 2 npejicTaBacHEE
pe3yJbTaThl, MOJyYeHHble JJsi HECKOJbKHX MOHO3aMelleHHbIX IH ¢

JIOTEKCAHOB C MOMOLIbI0 3KcnepuMenTos no SIMP npu —80°C. I
TeMIepaTypa AJds BCeX CHCTEM COOTBETCTBYeT O6JacTH MeJseHHO)
ro o6MeHa, H KOHCTaHTHl PaBHOBECHS MOXKHO OINPeJIeNHTb HHTETPH
poBaHHEM Dpa3felbHBIX DPEe30HAHCHBHIX CHIHAJOB aKCHAJIbHOIO ’

5KBATOPHAJABHOTO MeTHHOBbIX mnpoToHoB (pHc. VIIL 10,a). Pad

aHoB npu —100 °
—150 °C  ([dxen~3§
—150 °C [5}.

Ta6auua VIIL 2. KoHdOpMalHOHHLIE SHEPIHH DA3JHUHBIX 3aMECTHTejeH B [HY
JioreKcaHe 4

3aMecTHTe b 3uauenne A Temn%pé'rypa, g:;‘:g::g:, j
CN 0,24 —79 1,88
F 0,276 —86 2,10
1 0,468 —80 3,39
Br 0,476 —81 3,48
Cl 0,528 —81 3,99
0OCDs 0,547 —82 4,23
SCD; 1,07 —T79 16,1
CH, 1,7

CoHs 1,8

u30-CzHy 2,1

C(CHa)s 5
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e

pocTh CBOGOJHBIX 3HEPrHH ABYX K i
Koﬂq)opmaunoxgﬂoﬁ 3Hepruen 3yaMeggﬁzﬁxeg?%ngce);zﬁ};g:%bma}m
He}—t[l)}o —AG®° = RTInK. 3rta JHEPTHS MOJOKHTe b o Tha
33(,\I¢H<?.eTmI‘3en? gpeu%yILIueCTBeHHo 3aHUMaeT SKBaTOpHaﬂb:an‘ ni)um
Kentie, ada. .2 Tak e
rpylil, ONpejesennple ,leyI‘HMH}(Ie MBeKTJcI)EL(L):;ZE.ﬂ If;:{?rléelé}éﬂ Ry
qr0 UL TAJIOTEHOB 3HAYeHHS A M3MeHsIOTCH He Bp ke Bosna.
CTﬁ}6P11919580Hd€p8tla/lb008btx paxuycos (F 0,135 HMI?OE;IM(})(EI8BOOSP&
?arﬂor,eﬁ Hﬂgéci I(1)(,)2ﬂlﬂ5 HM). YBe/HYeHHe [JIHHBI CBA3H yr;lepozlﬂi
ORI o cnyqaep};i{ycenh;%i:{o n;a}mmaer HECBA3LIBAIOUIHE B3aH-
Acticr) CHOJIOIKEHHBIX ATOMOB HO
fﬁ)mmmeﬂam rpynnel — OCD; 1 —SCD;, a Ttaxke aﬂKHﬂil}?bIg
CIOT BEJIHYHHBI A, KOTOpble U3MEHSI0TCS
MOM IOpSIIKeE, b onaae
Ouenka
o H—I5O°Cnonle1;:g;mn§nﬂ XJIODUHKJIOTEKCAHA MOKAa3BIBAET, YTo
e rocransDHOL JIYNPEBPALIEHHA KaKA0ro KOH(opMepa
e SIMpTATE CKOJIbKO 4acoB. [IpoBHoii KpHCTaJJIM3alLued
s oD e TBHTE/bHO MOXKHO HPHIOTOBHTD pacTBop KOH-
boputepa ¢ PHANLHBIM  x70poM. [Ipu  cpasmenuu cmekr
pactsopa (puc. VIII. 10, 6) co CHEKTPOM He MOJHOCTBIO pap;}

MeLL(l:eHHbIX IHKJIOTeKCaHOB.,
eIn M

qubIPBﬂunKanll?{mX AHUHAMHYECKHX MPOIECCOB, KOTOPHlE ObITH H3y-
oty B 11 HHBeepcg:; o/IepHHAX, Mbl YIOMSIHEM TOJIbKO aBa. B uui
NpOABJAETCS B TOM, 4 ' )
CTaHOBATCS 3KBHBAJIEHTHEIMH: 1O Tpotos Ha wt H,
Hp H

H((
/N H

Hg H
Hp H

Iy
eprus
’GPKTI}K/;I(()’;‘TPII)Ba(ELP;H TaK/oro )BsanMonpeBpameHHﬂ cocTaBser
Wy 2,4 KKaja/Monb). OHa nouTu Tak
o ast ke, Kaxg
aam]zizplieazécl) (25 kIx/Monb, niu 6 KKaJ1/M0JIb) ’KOToplxiﬁ”?
bay BOH 3JIeKTpOHOTpac , ;
o PaQuH, HMeeT KOHpOpMaUHK
Reyp,, . PH TeMnepartype —I50°C MoxHO 06
ocre i 1e OOHAPYXHUTb HE3KBHBA-
JIEHOBBIX NMPOTOHOB i
e , & TIDH KOMHAaTHOH Te
o et Mreparype
he CNeKTPe 3KBHBAJIEHTE
1070 epee I BCIEACTBHE OBICTPOro pasHO-

H
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AAcnsm IS

Puc. VIIL. 11. Temneparypdas sasucuMoctb cnektpa SIMP [18]aunyaena (;
xefimep u cotp. [6]).

OueHb HHTepecHble KOH(OPMALHOHHLE paBHOBecHs HaObJN

JUCb H OBbIIH KOJHUYECTBEHHO H3YYeHbl A5 HCKOTODBIX aHHya4

[Ipusenem sBa mpumepa. Ha puc. VIIL. 11 noxasaun tTemneps

.
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(411 + 2)-T-CHCTEMBI, TaK Kak B Hem NPHCYTCTBYIOT pe30HAaHCHEe
cprnansl mpu 6 -—3,0 ot urecru [TPOTOHOB, HANPABJCHHBIX BHYTPDL
wikIa, ¥ npu 89,3 or aBenaanmaru BHEUIHHX NDPOTOHOB. [loBblle-
e TCMICDATYPHl NMPHBOAUT K YUTHPEHHIO JHHHH § HAaKOHel K HX
casginio mpu 40°C, 4To ykasniBaeT Ha oGmen TOJIOJKEHUSIMH BHYT-
elHUX H BHEUHHUX NPOTOHOB. CHrHAJ npu 854 B CIeKTpe, 3anu-
cannoM npu 100°C, sexur, kak wu CJAEN0BAJIO OXKH/JA4Th, BOJIH3N
cTATHCTHYECKOrO CcpefHero moJjoxenus 6529, B stom cryvyae 06-
meHHBII TpoOlece ocyulecTBasieTcs 3a cyer BpalleHHsi BOKDPYr yr-
2epo1-YIIEPOLHBIX CBA3EH — sBJNEHHE, KOTOPOE OSLIUHO He Ha-
0/10.14CTCS B apDOMATHUECKHX MOJieKyaax. Ho g [18]aunynene sto
BO3MOKHO, TIOCKOJIBKY pasMep kosbla oGecrmeynsaer HeoOBIuHYIO
NOABIZKHOCTD YIJIEDONHOro ckeseTa. B 3Toi cBsizu HHTepecHO oTMe-
THTL, YTO NlepBble U3MepeHns crnektpos SIMP [18]annynenos npu-
Bedll K DE3y/bTatam, BLIBBIBABIIMM HelOyMeHHe, M3-3a yHInpenus
auHIL, 00YC/IOBJAEHHOr0 06MeHoM IPH HOPMAJLHBEIX TeMIepaTypax
(oxoao 30°C), He M™MoOr 6bniTh HOJYHYEeH «yMOBIETBOPHTENBHDIH »
CHERTD, A O CYUIECTBOBAHHH KOH(MOPMALUOHHEIX NepexonoB B TO
BpeMsl Jaxke He NOAO3PeBaJIy,

Crnoxkuele KoHpopManuonuse IpEBpAIeHHS. H H30MepH3alHs
cBsi3eH ObIH OOHApYKEHbl AIst [16]annynena. Mpu —30°C CIIEKTP
STOr0 COENMHEHHsI COCTOHT M3 CHHIJIETa npu 86,74. IeranabHui
AHAMI3 H3MeHeHHH (OPM JIMHME NPH NOHWMKeHHH TeMIepaTypul
r0 —130°C npuBen k CACLYIONUM 3akmoueHnsaM: 1) [16]annysen
CYIWECTBYET B [BYX KOH(OpMaumsix (a u 6), naxomsimwuxcss B Gu-
CTpoM  oBpaTumMom paBHoBecnd; npu —60°C Koucraura paBHOBe-
¢t cocraBasger K = (pa/ps) = 2.9: 9) Kaxnas u3 KordopMauui

@ s

Oﬁﬂaiaer BHYTpeHHeH IOABHXXHOCTBIO, TakKOH, UTO 3a cyer OLLHO-
8evennoro CIBUra JIBOHHBLIX CBsi3ell Bce IPOTOHBI NOCJEL0BATEN -
Y 8anuMaror Bee HEThIpe AN @ WM IMeCTHAAuATb AJs 6 MAargur-
0 Pasinyamomuxcs nonoxennsi s STHX IBYX CTPYKTypax. Takum
Pazom, H3OMEp a mpoxoauT wuepes 8, a H3oMep 0 — uepes
HAenTnunpe KoHpopMaums, KOTOpHIe OTJHYAIOTCS TOJBLKO O6Me-
HOJI0KeHHSIM Y IEKOTOPBLIX NMpOTOHOB. [lpHMeuatesen B 3ToM
oi"lfle TOT (DaKT, YTO CyulecTBOBaHHe Konpopmanun 6 Geo ycra-
1CHO mocye TOrO, Kak HalllIK, YTO 35KCIEePHMEHTAJbHbIE CIIEKT-
HI Heab3s corstacoBath c MOJMYYCHHBIMH NPH pacueTe (HOPMbI Ju-
» €011 He mpeanoaarats BKJajia 6 B paBHOBecIe.
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2.4. BanentHas TayToMepHs

Beictpasi ofpatuMasi 8a/4eHTHAA TAYTOMepUus, UNH BANEHTH(

usomepusayus, — OTHOCHTEJIbHO HOBas O00JaCTb HCC/IEJOBaHUE §

OpPraHHuYecKofl XMMHH, PasBHTHe KOTOPOH Oblio Gbl TPYAHO mpe,

craButh ceGe Ge3s cnektpockomuu FMP. Taxofl mpouecc Brepsy

HabJ0ajcd ¢ NOMOMIbIO CHeKTpocKonHu SIMP nnaa 3,4-roMorpon

aufena. OH mpejcraBaser co0ofi BLIPOXK/JIEHHYIO NeperpyNnIHPOBRiE

Koyna, mpu KOTOpOH LHKJONPONAHOBAs CBfI3b MEXJY aTOMaj

Cs u C, MUTpHpYeT B noJoxenne Mexay atoMmaMu C; u Cs 3a cug

[3,3) -curmatponHoro casura (CM. paBHOBecHe a ==a’).

2

/<=
8 C7 - C
LN
§ O )
s 4
a

Hcxonnoe coeanneHne W MPOAYKT U30MEPH3ALUH IOJHOCTHIO Mjel
THYHBl 110 CBOMM XHMHYECKHM H (DH3HUECKHM CBOHCTBaM, IMO3TON

3TOT THII NEPEerpyninHPOBOK HA3BAJIH CKPBLITHIMU DeaKyuimu wi
peaxyusmy UOeHTUHHOCTU, a DABHOBecHe @ == @' Ha3bLIBAlOT CO§
BETCTBEeHHO u3odunamuyeckum. Ho ¢ nomompo IMP stoT nmpoud

MOXKHO OOHApY:KHTh W 3KCIEPUMEHTAJIbHO H3YUUTh, TAK KakK clekyl
NO3BOJIIET HAM YCTAaHABJIMBAaTb XHMHUECKOEe OKpyXeHue OTHelp

HOro siipa B MOJIeKyJe H MPOCACAUTL 34 BO3MOXKHBIMH H3MEHCHH

MH 3TOr0 OKpyKeHus. Tak, HanpHMep, B XOje Neperpymnnupos
atoM C; NepexojHT U3 aAJJIHJBHOIO IOJOXKEHHS B IHKJIOMpPOTafy

BO€ KOJIbIO. AHaJOrMYHO H ApyrHe aTOMbl, KpOMe HaXOASIIHE
B IOJIOXKEHHSIX 2 M D, TaKKe HU3MEHSIOT CBOH OKpyXeHHs. A 4
CKOJIbKY 3TH M3MEHEeHHsi MPOHUCXOJAT NPH KOMHATHOH Temmepary
GLICTPO, TO TOMOTPONMJIHAEH Ha3LIBAIOT QAYKTYUpYrouel M4
KyA0L.

Cpasy MOXHO BHJeTh, UTO cIeKTpocKonusa JIMP saBisercd
KaJbHEIM METOLOM JJia OOHapyKeHHs TaKoH BaJIeHTHOH TayTol
pUH, TaK KAk CHeKTP YYBCTBUTeJNeH K H3MCHEHHIO JIaDMOPOBHIX j
CTOT paccMaTpuBaeMuix sfep. [lepexod a == a’ nposBisercs BE
J1acTH OLICTPOro o6MeHa B TOM, YTO IPOTOHBI B MOJOXKEeHHAX 71
a Takxe B NOJOKeHHAX |, 3, 4 u 6 CTAHOBSTCH S5KBHUBaJeHTHH
CrekTp «3aMOPOXKEeHHOfl» CTPYKTYPH MOXKHO HabJjwonaTh B Of
CTH MeJJeHHOro ofmena Jpu Temmepatypax ke —30°C, ai
IPOMEXYTOUHBIX TeMIlepaTypax nabaiofaercsd ywHpedue JTHHHM

TlocaefoBaTesbHOE pa3BUTHE HAEeH O BHIPOXKAEHHHIX MHeper
nEpoBKax Koyla NMpHBENO K CO3NAHUI0 KOHLENUHH O CBOHO
G6yabBanena (154). CuHTe3 9TOro HEHM3BECTHOro panee coelHHY
# ero crmektp SIMP BbidBanu Gosbuiofi uHTepec. B 3ToM COEX
HHY CepHs BAJEHTHHIX H30MEPH3aUHH ONHMCAHHOTO Bpllle THNA'Y
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+120°C

+15°C
+6°C
-
- 85°C
[6]
[4] L
! 1 1 1 1 1 |
6 5 4 3 2 1 0

Pie. VIIL 12, Tem
L NepaTypHas 3aBHCHMoCTb cnekTpa SIMP 6yabeasena (Ilpenep

BOMMT K 9KBHBaJIEHTHOCTH B CIEKTPe Bcex mpotonoB npa 80°C,
H B pesynprate crmektp SIMP  COMepKUT TOJNBKO CHHIJIET
(Ple. VIIL. 12). Tlonn:KeHne TeMmepaTypsl BeleT K YIUIHPEHHIO JIH-
i, u makonen npu —80°C CHEKTD CTAHOBHTCS COOTBETCTBYIOLLHM
8amMopoxenHoli cTpyktype 154. B Hem pe30HaHCHble CHTHAJbI LUK~
JI0NPONaHOBLIX MPOTOHOB H METHHOBOTO MPOTOHA B AJJHJbHOM IO-
ff;lé:rmn NepeKpPHIBAOTCA. DHEPrHs aKTHBALUHH [poliecca, OTBeT-
61)maHor(;) 3a ycpelHeHHe XHMHUYECKHX CABHTOB BCeX IIPOTOHOB,
HaujieHa myTeM aHaJus3a TeMIepaTypHOH 3aBHCHMOCTH ¢op-
Mbagnui 1 coctasaser 49 kJIx/Moan (11,8 KKaJ/1/MOJIb) .
mqi\}/{iox{}lo yKe Ha3BaTh KJacCHyecKoH po6aeMOH opraHudeckofi
H BONpPOC O TOM, y4yacCTBYeT HJH HeT UHKJorentarpued (155)
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He(159)
| | | | I | | ! |
70 65 60 55 50 4,5 40 35 3095
Puc. VIIL. 13. Cunekrp @MP paBHoBecHOH cMecH (DAYKTYHDYIOLIHX MoneKy"

(158) == (159) B obaactu MenqaeHHoro oOmena (lepamri, Tontep [8]). 3Besnmou
KaMH OTMeueHbl GOKOBLIE OT B alleHHSs. 3

B OBICTPOM H OGpaTHMOM pPaBHOBECHH CO CBOHM BaJIEHTHBIM TayTog
MepoM HopkapajneHom (156). IIpnuem A0 cHX MOp Ha HEro He Nog
JY4YEHO OJHO3Haugoro orsera. OJHAKO C NOMOILBIO CHEKTPOCKOIHE
SIMP vynagoch o0HApy»KHTb paBHOBecHe 3TOTO THIA I DPALg
NpPOH3BOAHBIX 155. [lepBbIM H3yueHHBIM NpHMepoM Obl1 7-IHaH-TH
TpuTopMeTuanUKIOrenTaTpuen (157). 3

O -0 O

154 155 156 157

Toudble RAHHBIE JJif OJHOH M3 TakHKX peakiuil OGbIM monyuyeH)
B cJayuae gukapboMerokculnkiaorentarpuena (158). Ha puc. VIIL §
NpHBelleH ero CHeKTp NpH HH3KOA Temnepartype. CHrzananl o-npj
TOHOB OGOHX H30MEPOB JIErko OOHapyKHBAlOTCA Kak AyGser nf
85,72 (158, Jup = 9,5 T'n) n ymupenHeri cunraer npu § 2,86 (15%
Tpu CHTHAJA MOXKHO OTHECTH K METHJbHBIM IIPOTOHAM CJOKHOI(DH]
npix rpynn. MeHee HHTeHCHBHBle curaanasl npu 63,74 n §3,50 0
HOCATCH K 3K30- H IHOO0-KapOOMETOKCHIbHBIM TIpynnam B HOPKA
panuene (159), a Gosee HHTEHCHUBHHIH CHHrJeT Inpu 6 3,64 OTH
CHTCH K 3KBHBAJIEHTHHIM METHJbHHLIM rpynmnaM B (158). [Ipu KO
HaTHOH TeMIeparype HabJrofaeTc yCPeLHEHHLIN CIIeKTD. ;

H
COOCH;3 COOCH;3
COOCH; COOCH3
H
158 159
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1soMepnl, yuacTBYlOUIHe B OTMHCAHHOM BbilIe DPABHOBECHH, pas-
guualoTess no 3ueprud. TeMmnepaTypHYIO 3aBHCHMOCTb KOHCTAHT
pailiOBECHsA MOZKHO OTIPENeANTh HHTETPHPOBAHHEM CHTHAJOB o-TIPO-
qonoB B odaacty Meljennoro ofmena. DBbuio ycrasoBaeno, uro
ouTiApIIHS  HOpKapainewa 159 wa 673 &= 21 x/Moabp (161 ==
+5 Ka.1/M0Jab) HHXKE, YeM y LHUKJolenTtaTpuena 158, a SHTPOTIHS
ya 11,9 £ 0,1 Jix- K= - momb—! (2,85 = 0,03 kaa- K-'-mMonn~!) mensltie,
gent vy TpueHa 158. Takum oOpasoM, 3HTPONUHHBI (akTOop OTBET-
cTBeH 3@ TO, UTO NPH KOMHATHON TeMIepaType cBOGORHast 3HeprHs
tpicHa HHXKe, 9eM Y HOpKapajneHa: AGoeg = —2.88 Kk /Moan
(—0.69 kkan/moan). [lytem aHamuza (opMEl JHHHH GbLIH ONpelie-
aelibl APPEHHYCOBCKas 3Heprua akTuBauuum 29,4 = 0,6 x/:x/moan
(7,02 = 0,15 Kkan/MOJb) M UYacTOTHHA (akTop 10'9 =02 nng mpo-
recca 159 — 158.

160 161

B rerepounkanueckoM pAAy okcenuna (161) paBHOBecue ¢ H30-
MepiipiM OeH30JIOKCHAOM Obll0 OOHApy:KeHO [/ CaMOro HesaMe-
LIeHHOTO CoefMHEHHsl. B 3TOM ciyuae OHUMKIHYECKAs CTPYKTypa
npixiepHo Ha 7,1 xJxk/Monb (1,7 Kkan/Moab) Gosee ycTofiumBa,
a 3NTPONHA OKcenHHa npuMepHo Ha 42 JIxk-K-!-Moap-! (10 kax-
‘K-'-Moup—!) Gosbmre. Dueprun akTHBAlUH npsAMoH H o6paTHOM
peaxuuu 160 == 161 pasnm 38,0 kAx/Moab (9,1 Kkaa/mosb) u
30,1 k[x/Moab (7,2 KKa/1/MOJIb) COOTBETCTBEHHO.

Apyras wuHTepecHas pa3HOBHAHOCTb BaJEHTHOH TayTOMepHH —
aBieune cosuea 0BotHOL ¢8A3U (UM CABUT N-CBA3L), KOTOPOE yxKe
yoouvuHasoch B cayuae [16]anHyneHa. Takoif mpouecc Obl1 Brep-
Bhe oueHb 3JEraHTHBLIM CMOCOOOM OOHApy:KeH i LHKJIOOKTaTeT-
Paena, B cayuae KOTOPOTO CHTyalHsl OCJIOKHSIETCA TeM, 4TO B J0-
l0seHe K C/ABHIY CBA3H INPOTeKaeT HHBepCHA KoJbla. OjaHako
0Kazajoch BO3MOXKHBIM IIpOaHaJH3HpoBaTh 00a mpoliecca MO OT-
lenbHoCTH, MCMONB30BAB A 3TOTO |- (AMMETHJTHAPOKCHMETH) -
2,3,4,5,6,7-reKcaﬂ,eﬁTepouHKnooxTaTeTpaeH.

B »ToM coennHenHH ABe napbl CTPYKTYpHBLIX H30MepoB (4, 6, 8, &)
" 1Be mapnl KOHGOPMEpPOB (@, 8 U 6, &) HAXOAATCA B PaBHOBECHSX
APyr ¢ apyroM BeresCTBHE MPOTEKAHHSI CJAEAYIOLMX TMPOIECCOB:

1) nuBepcust KosbLA @ == 8 1 6 == ¢&;

2) caBuTH ABONHLIX CBA3EH @ == 6 U 6 == &:

3) ciABHr ABOfNOH CBA3W M HHBEPCHH KOJbA @ == H 0 = 8.

[pu —35°C Bce atn npeBpalleHdsi MPOTEKAT AOCTAaTOYHO Mel-
o § pesonancnble CHTrHAJbl OJ€(PHHOBOrO NPOTOHA HMEKT BUA
By cnnraeron panro#i uuTeHcuBuoctn npu 85,80 u § 5,76, kovo-
B¢ M0KHO OTHECTH K llapaM H30MepoB @, 8 H 6, 2 COOTBETCTBEHIIO,
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Kak 0 MOxkHO GblJIO 0XKHAATb, BCJAEACTBHE XHPAJBHOCTH HEIJOCK
rO HenpejiesbHOTO IHKJA JJs METHJIbHBIX NPOTOHOB Habnai01a10Ty
JBa cyruaJja ¢ paciiensiendem Mexay Humu 0,05 m.a. Tlpu 6ol
BLICOKHX TeMIlepaTypax CHIHaJbl METHJALHBIX IPOTOHOB, a TaKiH
0J16(PMHOBOTO TIPOTOHA CJAMBAIOTCS B CHHIJIETH. TeMIepaTyphl KOf
JIECLeHUHMH AJS 3THX JBYX MU3MEHEHHHl paBHBI COOTBETCTBEHHO —4
1 41°C. Pasnuuue Mexjay HHUMH NOKa3hBaeT, UTO JHacrepeoTof
Hble MeTHUJbHble TI'PYINbE Iepex0oisfT B 3HAHTHOTOTHBIE TOJILKO
CUeT MHBEPCHH KOJbLA, MOCKOJbKY B pe3yJbTaTe 5TOro y MOJEKY
B HiKaJje BpeMeHH JMP nosBasercss s¢pdeKTHBHAS NJIOCKOCTL CHA
MeTpHH. [Ipy TIOBBIIIEHHBIX TeMIIEPaTypax BpeMeHHOe ycpejie
OKpY2KeHHsI 0/1eQHHOBOrO NPOTOHA OOBSICHSIETCS U30MepH3allk
JIBOHHBIX CBs3ell, © Tenepb Ipouecch @ ==0 H 8 = 2 TaKxe jAal
BKJaJ B yCpPeAdleHMe DE30HAHCHBIX CHTHAJOB METH/AbHBIX TPyl
Ha ocHOBaHMH 3THX HaOJIOJeHHH MOXKHO NPHATH K 3aKIi0Y
HHUIO, YTO HHBEpPCHS KOJbLla IIPOTeKaeT ¢ ©oJjiee HH3KOH 3HeprH
aKTUBAlWH, 4eM CABHT JBOfHBIX CBsidel, 0COBDEHHO ecju yuec;
UTO IapaMeTp &v MeHbllie JJsi OOMEHOB a4 == 0 HaH 8 = 2. E{
6bl CBOOOJAHBIE SHEPTHH AaKTHBALUHH OOOHX HPOLECCOB COBIIanal
TO KOaJIECHeHIHs CHTHAJA0B 0JIedHHOBBIX IIPOTOHOB HabJi0Aand
Obl B MepPBYIO ouepelb, NMOCKOJbKY, cornacHo ypasnenuio (VIII. I
MEeHpIIEMYy 3HAUeHHIO §v COOTBETCTBYIOT MeHbINast BeJHYHHA R
caepoBaTeNbHO, Gojee HM3Kas TemIepaTypa KoaJeCLeHLUH.
Koauuecrsennan ouenka AG# npu —2°C npHBOAHT K BesHy
He 61,5 xIlk/Moap (14,7 KKaja/Moap) MM HHBEPCHH KOJbUA!
71,5 xJlx/mMoanr (17,1 Kkxas/Moab) AAs H30MepuU3auuy ABOH
cBsizell. Ecou npuasthL, uto oba 1pouecca IIpPOTeKaloT "epes3 I
CKOE IIepexojHOe COCTOSIHHE, CTPYKTypa KOTOPOro [Jsi HHBEPY
IUKJa uMeeT BHA 162, a Aas cABMra ABOHIEIX CBsizeli — 163,3
MOXHO 3aKJIOuliTh, YTO CTpyKTypa 163 c aenoxaju3oBaHHOH -8
creMol npumepno pa 8 xIx/Moap (2 Kkaa/Mogb) MeHee YCH
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—M ——rer ———— k-»m ~—
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-100°C k=1280¢!

~-110°C k=385¢"
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—-138°C k>0

a &
Puc. VIII. 14. TemnepaTypHas 3aBHCHMOCTb PE3OHAHCHBIX CHTHAJOB METHJEHOBBLIX

nporoHoB 1,6;8,13-autH-6uc- (MeTano){14lannysena (®doresp H cotp. [9]).

Jluuib oana cHctema AB HaGmwopaetcss B o6nacTH ObicTPoro o6MeHa, Tak KaK MoOJeKyaa
o6lanaer 5 deKTHBHOH CHMMeTpHEN Czh' Mpu —138°C MeTH/IeHOBHWE TpYNNbl Yy#e HE

ABAAIOTCA SKBUBAJICHTHBIMH H NOABJAAKTCA ABe AB-cHCTeMbl, KOTopble YacCTHYHO TEpEKpbi-
BAIOTCH, @ — U3MepeHHbIl cNeKTp; 6 — pACCUUTAHHBLIR ClleKTp.

YHBa, yeM oOJieHHOBas CTPYKTypa 162 c JIOKAJIH30BAHHHIMH JABOH-
HeIMH cBfi3AMH. TakuM o06pasoMm, mepexoiHoe coctosnue 163 as-
JS1eTCS QHTUAPOMATULECKUM.

162 163 164

> 5TOfi TOUKH 3PEHHS MPEACTAB/sET HHTEPEC TOT (PAKT, 4TO M30-
Mepusauusi nBoiHBIX cCBaselt Habalonaerca u B 1,6:8,13-aHTH-
buc(merano) [14] annysaene (164). [IpuMeuaTesbHO, 4TO 37€Ch Mbl
BNepprie BCTpeuaemcs C TaKMM MNpoleccoM B (41 -+ 2)-m-cHCTeMe,
XoTopasi umeer 14m-31eKTPOHOB H HOPMANBLHO YAOBJETBOPSET mpa-
Biay Xiokkens. Koneuno, 310 npasu/io npeianonaraer KomlaHapHoe
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pacroJoxeHHe aTOMOB yIJiepoda, COCTaBJAWIIHX [NEPHUMETP MoJe-

Kyabl. QueBHAHO, UTO B cayuae 164 3To Tpe6GOBaHHE BHINOJHAETCH
He TOJIHOCThbIO. M3yueHue MOJeKyJspHBIX MojJesel NOKa3blBaerT, |
4TO CKpPyUHBaHHE OTAEJbHBIX YTJepojl-yril1epOoAHBIX CBf3eH, ocoben- }
HO cuHJbHOe B ueHTpadbHbix ¢parMentax y Ce—Cs H Ci3—Cyy, ]
cO3/laeT 3HAuHWTeJbHBII Gapbep Aas conpsixkeHus. [losTomy sHep- §
rHs JlefIOKaJdH3allly HeloCTaTOuHa /a5 CcTabu/aH3aulH pe3OHaHc- §
Horo rubpuga. B COOTBETCTBUHM C 3THM CIEKTP COCAHHCHHS, NpH- 3

BeJleHHwid na puc, IV. 14 u sanmucaunnwii npu —138°C, 3aBHCUT OT

TeMIlepaTyphol. HpI/I NOBBIMICHHH TeMIeparypbl NMDPOHCXOAHT yIIHpe- &

HHue H CAUAHHe pPEe30HAHCHbLIX CHIHAJOB, H IIPpH KOMHATHOH TeMIle-

parype Haba04al0TCst TOABKO ABAa CHHIJIETA OJe(@HHOBHIX IIPOTOHOB §
u AB-cucTeMa NPOTOHOB MeTHJEHOBLIX MOCTHKOB. [lsig BHyTpeuHeii §
JUHAMHKH 9TOH MOJIEKYJbl XapakTepHO, UTO CHHIVIET NPOTOHOB B §

MOJIOXKEHHAX 7 U 14 He MEHsETCA ¢ TeMIlepaTypoi.

KoucTaHThl CKOPOCTH AJs1 BaJeHTHOH H3oMepuszauun 164a ==

== 1646 MOXKHO PACCUHTATh IO H3MEHEeHHI0 (POPMBI CHTHAJOB METH-
JIGHOBBIX [pPOTOHOB B  3aBHCHMOCTH OT TeMmeparypol. Ha

puc. VIIL. 14 nokasaHo HECKOJIbKO THIIMYHBIX 3KCNIEPHMEHTAJNbHBHIX %
U pAcCYHTAHHBIX CIEKTPOB IDH Pa3HbIX TeMIlepaTypax. OHEPrusj
akTHBauUMH Oblia nosayuena pasuoit 30 k/Lx/Moapb (7,1 kkaa/monb), ¥
a yacToTHbIl ¢akrop — 1032, Ecau, Kak U B c/yyae HHKJOOKTa-§
TeTpaeHa, NPUHSTH, UTO NEPEXOJHOe COCTOSIHHE HMeeT AeJOKa/ n30-§
BaHHYIO CTPYKTYpy 165, TO MOJy4uM CJIeAyIOIHH 3HEpPreTHIeCKHAE

npodu/b M PeaKUHH: %

2UNOMEMIUYECKOE
[IEPEXGTHOE
COCITIOANUE

164 a 165 1645

MoxkHo, KOHeuHO, IPEMJIOXKUTL U APYTYIO TPAKTOBKY 3TOH pea ¢

IIHHU KaK 3JCKTPOUHKIIHYECKOro nmpouecca.

2.5. JiMHaMH4YeCKHe NPOoLecchl
B METAJIJIOOPTaHHYECKHX COelHHEHHAAX H KapO6oKaTHOHAX

3HaunTeNbHbIE yCIeXH B YrAyOJeHHH TOHMMAaHHS CTPOeHH
peakTHBOB ['puHbsipa ObJIM AOCTHTHYTH O.aroiaps npHMeHneHH
metonoB SIMP. Hanpumep, crexktp Gpomuaa aaauamaruus (164
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COCTOMT H3 KBHHTeTAa npx §6,2 u aybaera npu § 2,5 ¢ cooTHOUIe-
nueM HHTeHCHBHOCTel | :4, ofpasyromux cucteMy AX,. 3Iror BHA
¢IEKTPA yKASLIBAET HA OCYLIECTBJEHHe GBICTPOrO PaBHOBECHS MExK-
Ay ABYMSl H30MepaMH OJlHHAKOBOH CTPYKTYPHI:

1 2 3 I 2 3
CHy=CH--CH;,—MgBr => BrMgCH,—CH=CH,
166a 1666

Cnextp xJa0pHja 3,3-aumeruabyTuamaruus  (167), Kak 6wuI0
VCTAHOBJICHO, 3aBMCHT OT TeMnepatypel. [Ipu —53°C 6wiia noay-
vena cucreMa AA’XX’, a mpu 32°C ma6uaiogaercs CIEKTP THNA
AyXy (pHe. VIII. 15).

B KauecrBe ynpomenHoro ofbacHenns npEMeM, uTo IPH HH3KOH
feMnepaType COeAHHeHHe CYLEeCTBYeT NPEHMYLIECTBEHHO B TPAHC-
rondopmanuu 168. Crexrp Tuia AAXX corjlacyerca ¢ 3THM npef-

CH mpem - Bu
P H H
Hsc—(l: ~CHy —CH; —MgCl
CHs H H
MgClL

nonoxenneM. Ero nepexoa B cnektp A,X, 03HAYaeT, 4TO MPH BHI-
COKHX TeMmepartypax napamerp L (cM. ra. V) cTaHOBUTCH paB-
HplM HyJ10. Toraa Mexay nporoHampm A u X OydeT CyilecTBOBATH
TOJBKO OJHA KOHCTAHTA CHHH-CIIHHOBOIO B3aHMOAeHCTBHSI. [Tporo-
el A n A’, a Takxke X u X’ NONApHO CTAHOBATCH MAaTHHTHO 3KBH-
BaJenTHbIMH, T. €. OOMEHHBAIOTCS CBOMMH MATHUTHEIMH [OJIOMKe-
HisiMu. CaMblil pasyMHBIH MexaHHM3M JJsi TAKOrO o6MeHa — HHBep-
i kap6annona (169 == 170), koTophIit H303JIEKTPOHEH C aMHHOM.
[To Temnmeparypnoii 3aBucuMocTH: popMbl  uuHA cnexkTpa Gbuia
OlipejiesieHa SHEPTHA AKTHBAWHH 3TOTO MpolLecca, paBuas 48 4-
* 8 kIlx/Moap (11 = 2 KKaa/Moab). o

A A Y
A A
unbepcus Epaiyerue
{ r aXX
X @ : A YA X g :

169 170

. B merarsxapbonuronoix komniexcax 0JiepHHOB  HaBJII0Ja/HCh
HI*Tepecnue o6MenHble SIBJICHHA, 3aTParHBAlOULHE MeTaIKap6o-
SR %

VIbHBIE Qparment. Tak, KOMIIeKC TeTpamMeTHsa 1eHa ¢ Fe(CO),
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-53°C -34°C —26°C

I\" +32°C

~12°C . +ec

J VL WL

Puc. VI1II. 15. TemnepaTypHuie nameHneHus B crnektpe IMP 'H xsopuna 3,3-11HM

THIGYTHAMardusa: AA’-gactb cnektpa (Yaiitcaiins u cotp. [10]).

(171) np¥ KOMHATHOH TeMIepaType CONEPXKHT B CHEKTPe TOJbK

cunraer (puc. VIII. 16). Ognako npu —60°C B Hem o6HapyxH

BAalOTCA TPU CHTHAJa C COOTHOIIEHHWeM HHTeHCUBHOCTeH |:1:2, ung

H JOJXKHO OBTL B cjaydae <<38MOpO)K€HHO

H3C\ CHy crpyktypel. Takum 0o6pasom, ynpouieHHe cries
C=C=Cs Tpa NpPH KOMHAaTHOH TeMmIlepaType oGycJoBieH

/ N obMenHbIM mpoueccoM c¢ yyactieM Fe(CO){
HsC i CH3z rpynnbl. BHyTpHMoOseky/IspHBI xapaktep 9T
: rO TayTOMEPHOTO NpeBpalleHHs NOATBEpPKAAETH

Fe(CO), )
TeM, YyTo B oOsactH ObicTpOro oOMeHa CHrHAg

17 H30LITKA He CBA3aHHOrO B KOMIUIEKC TeTpaMé

THJIaJJleHa MO3KHO HabJ/i0JaTh OTIENbHO. ;

Anasnoruunele npouecch GbLIH TaK:Ke ONMCAHEI AJS Kommaekcd
UHKJIHYECKHX OjieunoB. Tak, AJAs METH/IIHKJIOOKTATETpPaeHKeNe
TpuKap6onnaa (172) u N-kapOoMeTOKCHA3elHHIKE1e30TPHKapGOH
Aa (173) Habalofanuch NpHUBENEHHBle HUYXKE PaBHOBeCHs cO CBI
GopHbIME sHeprusiMu akTHBauuH 33 KIk/Moub (8 KkaJ/MoJb)]
65,5 xIlx/monb (15,5 Kkan/Mosb) cOOTBeTCTBEeHHO. B coennnent
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+60°C +30°C

bk i)

Prc. VIIL 16, Cnektpu JMP !'H Tterpamerusnannen:kenesorerpakapBoHuIa npu
pasanunex Temueparypax (ben-llowan, [Tetut [117).

172 W3MeHeHMe IOJIOXKEHHSI KeJe30TPHKAapOOHUJABHOR TPYNNBl CO-
NMPOBOXKAAETCS CABUrOM ABOHHOH CBSi3W, KOTOPHIH B KOMIJIeKce 173

He MPOHCXOJHUT.

,Fe(CO)3
(~CHs CHs
= ~--Fe(CO);
172
Fe(COJs
@N—COOD = @N-—COOR
Fe(CO's
173 174

TIpumenenune cmekrpockonuu SIMP mnpuBeso Takxke Kk GoJgee
ry6OKOMy MOHMMAaHHMI0O MeXaHH3Ma IPOTOHHEIX CABHIOB B KapGo-
Katnonax. Tak, rekcameTwynGeH30J BO (PTOPHCTOBOAOPOIHOR KHCJO-
Te 06pasyeT KATUOHHGL G-KomnaAexc, KOMIJeKCH 3TOoro THOa pac-
CMATPHBAIOTCA KaK HHTeDMeIHAaThHl NPH apOMAaTHYECKOM 3JEKTpO-
¢Guapnom 3ameuienun. Cnexkrp JIMP srtoro kartuona (174) mnpw
KOMHATHOH TeMIlepaType yKas3blBaeT HA OBICTPYIO MHMIPALHUI0 IPH-
COeMHMBIIErOCs NMPOTOHA MO Hepumerpy Kojbua (puc. VIIL 17).
B wem mabmogaercs ay6aer (J =2,1 I'l) Aas MeTHJLHBIX Py
W mysabrunaer nporona rpynnet CH. Beaencrsne 6nictporo ofmena
5ToT npoToH 3(PeKTHBHO pacUlemysercs HA BCeX BOCEMHAALATH

10 X. I'ourep
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2,1
—> «—

21 i
Puc. VIIL 17. Coextp SIMP 1H |
§ UPOTOHIIPOBAHHOTO  [EKCAMETHJI-
j Gensona § o6aacti GoicTporo 06- ;
\‘ﬂ\,\ Mmena (Maxkkop, Max-Jlun [12]).
CH CH;

MeTHABbHBIX NpoToHax. Taxkum ofpasomM, Hab.wojaeMoe pacilere- |
HHe B COOTBeTCTBMH ¢ ypasHennem (VIIL. 4) nmpeacrasaser coboio
cpejHee KOHCTAHT CIIMH-CIHHOBOrO B3aHMOJEHCTBHSA, HabJIOAAN0- .
LMXCS B HH3KOTEMIEPAaTyPHOM CIEKTPe «3aMOPOKEHHOH» CTPYK-

it s, A R

Typel 174 (J1,5=6,8 Tn; Jo5=235 [u; Jos=1 [u u Js5=
=0 Tu):

Jnam:(-]l,s‘l—lms‘l—2J2,5)/6 ’

CpaBHeHHe 3KCIEPHMEHTaJbHBIX M pAacCUHTAHHBIX (OpM JIHHHH B
uHTepBaJe TeMIepatyp oT —105 mo 55°C paer sHepruio akrusa-
UMH OpoTOHHOH  Murpauwd 55,7 3,3 x/Ix/moap (13,3 - %
=+ 0,8 xkaJj/MoJb). s

Jlasi aHaJIOTHYHOTO Mpolecca B renTaMeTHAOeH30I0HHEBOM HOHE 4
3THM Crnoco6OM MOXKHO jdKe BHISICHHTb MeXaHu3M oOMeHa. Do}
pAaCCUHTAHBI TEOPETHUECKHE CHEKTPHl KaK [J5 N0CJe10BATENbHOCTH §
1,2-caBuroB (175), Tak u 1Js CTaTHCTHYECKH DaBHOBeposiTHOTO 00-%
MeHa B J000e TOJOXEHHE uepe3 IIPOMEXKYTOUYHBI J-KOMIJIEKCHE
(176). Jlumb CHeKTPH, paccUHTaHHbBIE AJsd HePBOrO MexaHH3Ma,}
COTJIACYIOTCH C IKCHEePHMEHTAIbHBIMH.

2

HsC CH
HsC - umda.
— "\@ CH; —
H4C CHs
CH3
175
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a (6)
{4)
- 13eC
() ®
.
5
—134°C
¢
—148°C
J -154°C
| i ! ]
7.0 5,0 3,0 1,0 &

E:TC\p\ii”(Olfd,%’”?pi}ﬂﬁlﬂ?“l) 'H wopSopiiiibiioro KaTiona npi paznelx TeMize-
el %’Ei{oe}lne ngﬁopmmworo Katnona (177)— euwe oana npob.e-
o, 6013114 KapUOKATUOHOB, KOTOpasi B TeYeHHEe MHOTHX JIeT Bbi3bi-
i bmo?{]\}/lxl?)m%ec H Takxe Oblja HCCIeI0BaHa MeTONOM -
b KOro - ITOT HOH ObLT MPHTOTOBMeH 13 (hropuia 178 n

tBope cmecn ShFs u SO.F,. Ero cmekrp npejcrasjed Ha

CH, *
HsC CHs
G CH3
HsC CH,
CHs
176

10%
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puc. VIIL 18. [IpucyTCcTBHe B CIEKTpE TPex CHTHAJOB C COOTHOLIe .'

HHeM MHTeHcHBHOCTEH 4 :1:6, KOTOphie CAHBAIOTCA B CHHIVICT Npy

6oJiee BBICOKHX TeMlepaTtypax, CBHACTEJbCTBYCT 0 TOM, 4YTO ,[La}K

nmpu —113°C He oCylIeCTBJSETCA «3aMOPOXKEHHOH» CTPYKTYpug

[eperpynnupoBkn Barnepa — Meiieppeiina («B. — M.»>» Ha cxemq
VIIL 1) u 2,6-rugpuanble CABHTH SABJISIOTCS MPHUHHOH TOTO, utg
IPH 9THUX YCJAOBHAX NPOTOHB! B MOJOXKEHHAX 1, 2 1 6, a Takxe 3%
5 u 7 NpOABJAITCS KaK 3KBHBaJeHTHblE. [IPOTOH B MOJNOXKEHHN 4
He yuacTByeT B 3THX OOMEHHBIX Mpoleccax, W KaTHOH oGJanaer

mkane ppemenn SIMP s¢pdextuBuofl cummerpueit Cao. OnHaKO mp

—113°C 2,3-rufpujHbI CJBHTr ABJSETCS Me/JEHHBIM MpPOLEcco
DTOMY IpOLECCY MOXKHO NPHIHCATH IHTAMBIHIO aKTHBAUHK 45,2
+ 25 k/x/moab (10,8 kxaa/mosb), koTOpasi moJydaercs np
aHajuM3e H3MeHeHHH (GOPMBl JIHHHH CIEKTPa NpU 0ojiee BHICOKHE
temnepatypax (or —100 xo 43 °C).

Ecan B KauecTBe DaCTBOPHTENS HCMOJb30BaTh cMech SbFs:
SOCIF u SO;F;, T0 MOXKHO 3aIHcaTh CIEKTPBl KaKe MPH OXJaxes

®
<)
23
! S 2,3"
DY "
L =
3 ; B-M. 3
—
5 e
25 /
2,6"
t ) ’/7
> 7
4 %
3 7 - 5 4
= 1
277 8 T 6 ® /
a-m. 4
i
s |, 2.6
-
51T~/
@ ‘,/,2,3" 2,3

Cxema VIII. 1
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uud jo —158°C. Ilpn nanbHefiuieM OXJaXKJeHHH CHTHAJ B CaMOM
cnaboM MoJie paculenyisgercs Ha ABa CHHrJeTa DaBHOH HHTEHCHBHO-
cru. KpoMe Toro, y cHrHasa B caMOM CHJbHOM [OJe MOSBASETCS
1Yo, a CUTHaJ/J [POTOHA B NOJIOXKEHHH 4 OCTaeTcsl mo-npe:kHemy
HenaMeRHBIM. Hu3koTeMnepatypHblli cieKTp, MONYYeHHbIH 3THM CIO-
co6om (puc. VIIL 18), sydme BCcero cooTBeTCTBYeT CTPYKType Ihpo-
TOHHPOBaHHOTO HopTpHuUHKAeHa (179),T. e. Heknaccuueckoro kap6o-
KATHOHA C MATHKOODJHHALHOHHBIM aTOMOM yTJepoaa. CBs3b MEXIY
atoMaMH Cy 1 Cg MOXKHO paccMaTpHBaTh KAK TPEXIEHTPOBYIO, 8 OCb
CHMMETPHH TPETbero Mopsifika HYMXKHO 3aMeHHTb MJIOCKOCTbIO CHM-
meTpdH. Hu kaaccuveckasi ctpyktypa 177, HH NIpPeANosoKeHHe,
YTO TePerpynnupoBkH Barnepa — MeifiepBefina npoTekalor 6blCTPO
Jlax<e TpH CTOJNb HH3KOH TeMIepaType, HE MOryT OOBLACHHTL 3TOT
cnekTp. Ha ocHoBe anasnsa chnekTpa/dbHbIX H3MEHEHHI NyTem pac-
yeta (popMbl nHHHME N0 ypasBHenuoo (VIIL. 2) Oblna moayuena smep-
risi aKTHBALHU /51 BTOPOTO JAHHAMHYECKOrO Mpollecca, KOTopas
paBHa 24,7 & 0,8 klx/Monb (5,9 4 0,2 kkan/mMoJb).

B sakapouenne Mbp oO0cyIuM DeperpynnupoBKy aLHJIOKCOHHE-
BBIX COJIeH, NPOTEeKaloUIyld 3a CUeT YydacTHd cocefHell [pyNmsl
Crnektp AIMP kartuona 180, nonyuaemoro npu o6paloTKe Tpuaue-
TaTa TJHLePHHA NEHTaXJOPHAOM CYpbMB, YKa3bBaeT Ha ero Obl-
cTpPyto neperpynnupoBky B usoMep 181. Ilpu koMHaTHOR TeMnepa-
Type W NPH HUCMNOJIb3OBAHHH alETOHHTPHJA-d; Kak pPaCTBOPHTENS

C[H 3 ?Ha

180 181

MEeTH/IbHBlE MPOTOHBl AAOT ABa CHHrjerta npu 63,35 u 8 2,16. I1In-
PHHBI 3TUX JHHHH YBeJHUNBAOTCS C POCTOM Temiepatypsl. Hako-
Hen mpu 105°C 3Th nBa curuaja cauBawTces, U cBOOO/HAs 3HEP-
rHl aKTHBAlUMH [pOLecca, ONpejeeHHass MPH 3ITOH TeMIepaType,
cocraBasieT AGHs=78,2 «JIx/M0OMb (18,7 xkan/mMoab).

B UHKAHYECKHX COEAHHEHHSIX peaKUHH ¢ TAKHM yd4acTHeM cCo-
CeJIHHX TpyNn INPUBOAAT K aHAJOrMYHBIM BaJeHTHBHIM H30MepH-
3alHsfM, U B caydae KaTHOHa 182 MoxeT HMMeTb MeCTO YyuacTHe
BCEX AalETOKCHTPYNN B CEPHH MOCAEJOBATEJIbHBIX «peakKUHHd HAeH-

THYHOCTH»,
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HjC CH,
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182 CHs

3. MEXXMONEKYNAPHBIE OBMEHHbBIE NPOLIECChHI

Bce 6e3s HcKIO4YeHHsT ofMeHHble INpOIecch, KOTOphHie Mul 06-
CYXIanu, GBUIH BHYTPUMOACKYAAPHOLMU. B 3aKIIOYHTEIBHOM pas-
Jlesie TOH IJ1aBbl MBI KPaTKO PacCMOTPHM HECKOJbKO sBJeHHH 006-
MeHa, MeXMOJEKYJAAPHBIX [0 cBOeH mpupode. DTH SIBJEHHS BKJIO-
4aJ0T MOYTH BCe PeaklMH MPOTOHHOrO IlepeHoca, MOLOGHbBE TOH, UTO
y2Ke yIOMHHa/ach IpU HauleM oOcyXJeHnd clekTpa meranosa. Bo
MHOTHX cJy4asix OCHOBY JJIfl HHTepHPeTalHH JaeT KOJJIANC CIH-
HOBHIX MyJbTureroB. B TaGa. VIII. 3 npeacras/ieHsl pesynbrarsl
HEeCKOJbKHX HCCJEeJI0BAHHUH CIHPTOB, aMHHOB H ADYTHX cOeJHHEHHH
GJMH3KOH NpUpOAb. B OT/MYHE OT paHee DACCMOTPEHHBIX peaKLHH
[1epBOrO TOPsiAKa BCe Ge3 MCKMOYCHHA NPOTEKAIOUIHe B STHX CH-
¢TeMax IpOIecChl HMEIOT BTOPOH HOPSIOK.,

Ta6auua VIII, 3. Peaxkunn MeXMOMEKYIsPHOrO nepeHoca NpoTOHA
M HX KOHCTAHTH CKOPOCTH BTOPOro mopsiaka (i-Moab—'-.c—!),
onpenenennpie ¢ noMompbio SIMP

Peaxnus 'R

H,0 +H 0" == HO" + H0 1010
1,0 1 HOY == HOf + H,0 2.107
CH,OH +HOH = CH,OH* + H,0 3
CH,0H + H;0* == CH;0%H, + H,O 108
RS*H, + RSH == RSH + RS*H, 102
RS™ -+ RSH = RSH -+ RS~ 6-10°%
R,N'H + H,0 == RN + H;0* 10~*
RsN'H + R3N == RN + R3N*H 108
R,NH -+ OH" = R)N~ + H,O 5.109
(CHa)sP™H -+ (CH3)sP == (CHi)P + (CHs)sP*H 10?
H;CeC=CH - OH" => H;Ce—C=C" + H,0 5. 10°
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Puc. VIIL 19. Cnexrp IMP 'H auernaauerona B pactsope CCl, npi xoMHaTHOI
TeMneparype.

Oco6biii HHTEpeC /151 XMMHKA MpeCcTaBJseT KeTo-eHONbHOe paB-
HOBeCHE, IIPH KOTOPOM MPOTEKAT KaK MeX-, TaK W BHYTPHMOJe-
KyJspHble NepeHOCH INpoToHa. Mx TakXe MOXKHO OOHADYKUTL H
H3YYHTh ¢ MOMOLIbIO cnexkTpockonuu SIMP. B cnmekrpe anerunnaige-
ToHa (puc. VIIL 19) scHo Buaubl curHasnl Keropopmu [§(CH,)
2,2; 6(CHy) 3,7] u enosbHo#t Qopme [§(CHj) 2,0; §(=CH) 5,7],
UTO yKasblBaeT Ha MejJIeHHOe NpOTeKaHHe H30MepH3alluH B IIKaJje
spemenu JIMP (k << 10-!). Ecau K06aBasiTh OCHOBAHHE HJIH IOBbI-
IaTh TEMNEPaTypy, TO CKOPOCTb PeaKLHH BO3pAaCTaeT, JHHHH YUIH-
PAIOTCA H HAKOHEL NocJe KoaJeclUeHIHH Habaonaerca ycpeLHeHHBIH
CIKTP.

M3 oTHOCHTEJbHBIX HHTEHCHBHOCTeH CHIHAJIOB OY€BUIHO, YTO [IPH
KOMH4THOH TeMnepaTtype eHoJbHasi ¢opma npeob.aajgaer B paBHO-
BeCHOH cMecH. MHTerpHpoBaHHe HOKa3bIBAaeT, YTO CMeCh COXEPKHT
86 % enoma u 14 Y% pmukerona. CHIbHOE JHe39KpaHHPOBaHHe npo-
TOHAa THJAPOKCHJLHOH TPYNIBl €HOJa sBJsSieTcsl cJaelCcTBHeM obpa-
30BaHHA BHYTPUMOJIEKYJAPHOH BOJAOPOAHON CBA3U. MaruuTHas
9KBHBAJEHTHOCTb METH/IbHLIX TPYNIN B €HOJe, NIPH YCJOBHH 4TO OHa
He BBHI3BAHA CJyYaidHBIM COBIAJeHHeM CABHTOB, YKAa3LIBA€T Ha Obl-
CTPEIi BHYTPHMOJIEKYJAPHEIH 0OMeH arto- -

Ma BOJIOpOAA MeXIy ABYMSI KapOOHH/b- HiC_ .-CHi,  CH3
HBIMH TPYHIIaMH, *OAL JAL
Mexmonekyispasie OGMeHHbe NPO- oo "oy tHs

decch BeTpedaroTcsl TaKXKe B METaJlo-
Opranuueckoii xumuu. Ha puc. VIII. 20
NoKaszana TeMIepaTypHas 3aBHCHMOCTb 183
Cnekrpa SIMP TpuMeruaagdioMuHUs B TO-

yone. Ilpu —55°C nabmawopaoorcs ABa
COOTBeTCTBYeT AUMEPHOH cTpPyKType 183.
HEGCTH K OPOTOHAM MOCTHKOBBIX H KOHIL

OTIeJbHBIX CHCHAJA, UYTO
ODTU CHTHAJB MOXHO OT-
eBbIX METHJbHBIX TPYMIL
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Puc. VIII. 20. Temneparypuas sagHcuMmocTs SAIMP 'H TpumerHsa/MIOMHHHS B TO-
ayone (Xsm, Moub [14]).

DKBHBAJCHTHOCTb BCEX METHJBHBIX TPYNN npH Gosiee BHICOKHX TEM- :
nepaTypax MOXHO MOHATH Ha OCHOBe CJEAYIOIero MexaHH3Ma: .

CH.

e . CHy  HiC Oy CHy  CHy CHs, = CHy
/Al_. "Al\ == /Al /Al\ == /Al‘ ,,Al\ 2
HC  CH TCH3 HCT CHy T TCHy HCT TCHyT TCHy

OHeprus akTHBalMH [Jas 3TOro obmeHa Obila Ha#lena paBHOH.
63,5 kdx/Moab (15,6 kkas/Mouab)., MexXMOIEKYJNADHBIH XapaKTeps
npouecca MNOATBEPKIAETCS TEM, YTO B NPHCYTCTBHH TpUMeTHITA-§
JISI KOaJIeCUHPYIOT He TOJbKO OTHAeJbHBIE CHFHAJH MeTH/ILHEIX
TPYNN TPHMETHJIAJIOMHHHA H TPHMETHJTAJJIMsA, HO NpH OoJiee BH-
COKHX TeMIepaTypax fa){€ JBa YCPeIHEHHBIX CHTHaJa 3THX JBYX:
COeJIHHEHHH CHBAIOTCS BMeCTe.

B Apyrux ciayyasX Kak HHAHKATOp AMHAMHYECKOrO IpoIlecca:
HCIOJIb30BAJIHCh KOHCTAHTHl CIHH-CIHHOBOrO B3aHMOJEHCTBHS Me
Ay MPOTOHOM H METa/JIOM B METAaJIOOPTaHHYeCKOM COeJHHEHHHE
HanpuMmep, serpeyatoluuiics B mpHpojge KaAMHH SBJISAETCH CMeCh
130TOMNOB, cpeau Kotopuix umeiorest ''1Cd (13 %) u "°Cd (12 %)
slapa THX M30TOIOB HMEIOT CIHH, PaBHBIE 1/2, a ocraBlHiics H30!
ron "2Cd wumeer uyJeBofl cnuH. [loaToMy B cHekTpe npOTOHHOT
pe3oHaHCca JAHMETHJKAJIMHA HaGJMI0NAI0TCA CATEJIUTH, 00yCI0BIIe
Hble CNHH-CHHHOBBHIM B3aHMOJEHCTBHEM ¢ MAarHHTHHIMH H30TOMNaM
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a
Cd(GHg)z.
' 69°C
50°C
J(BCdH)
e | f——
/("ca'n) 28°C
Pue. VIIIL 21.
a —cnekTp SIMP 'H puMeTusaxaamus B Todyode (Xs5M, Moap [14]); 6 — Temneparypuas

3aBHCHMOCTb cleKTpa SIMP yuctoro aumetwikaamus (Bpemsep u cotp. [15]).

kaamus (puc. VIIL. 21). Kak u B cayyae pacuiensienuss cHruaga
THADPOKCHJIBHOTO NPOTOHA B CIIEKTPe METAHOJa, 9Ta TOHKAst CTPYK-
Typa HcYe3aeT, eC/IH OT/e/bHble METHJbHBIE IPYIIbl 06MeHHBAIOTCS
MeXJy pas;jHYHBIMH aTOMaMH KaAMHA., JDKclepHMeHTaJbHO GHIJIO
o0Hapy:KeHo, 4TO MPH MOBLINIEHHH TeMNePaTyphl KajMHeBbe ca-
TeJUVIHTBl CHAyasa YUIUPSIOTCH, 4 3aTe€M HCYe3alT MOJ OCHOBHLIM
CHTHAJIOM METHJABHBIX Tpyni. ToTr dakrt, 4To cateanutn 3C Jerko
HabmogawoTtea mocje HcuesHosenHs Cd-caTessIHTOB, SACHO CBHIE:
TeIbCTBYET, UTO B OOMEH BOBJIEKAIOTCS METH/IbHbIe TPYNNB KaK Ie-
J10e, a He OTZeJIbHbIE MPOTOHBL.

4. BINAHUE A0EP “N HA PE3SOHAHCHBIE
CUrHANBI MPOTOHOB

B zakuiouenue uesecoo6pazHo oOCynnTh sdhheKTsl B CmeKTpax
IPOTOHHOTO DPE30HaHCa, KOTOPble MOTYT OLith OB6YCJOBJIEHH MpH-
CYTCTBHEM B H3yuyaeMo#i MoJsieKyJqe aaep “N.

Kak yxe ynomunanocs panbuie (pasg. 4 ri. 1), cnuHoBoe KBaH-
ToBoe uncio sapa '*N pasHo 1, H BeaeicTBHe HecdepHUeCKOTo pac-
lpedeJeHHsl 3apsaja OHO HMeEET KBAAPYNOJLHBII MOMEHT, YTO Cy-
HIECTBEHHO CKa3LIBAGTCH HA €ro peslakcallHolHOM TOBeleHHl (cp.
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paza. 3.1 ra. VII). BsaumogeficTBHe KBaApyNMOJbHOTO MOMEHTA ¢
rpajiHeHTaMHi 3JeKTPHUECKOI'O MOJS 3JEKTPOHHOro obJjiaka H3ydae-
MOH MOJIeKyJibl IPeJACTABJASET TOT MeXaHH3M peJjakcallHd, ¢ Io-
Molibio Kotoporo sapo '*N Moxer oOMeHHBAThCSl HeprHeH c pe-
wetkoii. Ecau pesnakcauus Obictpas, to npotod B rpynne N —H
«BHAHT» TOJBKO CpeJlHee 1O BPEMEHH OT BO3MOXKHBIX CIHHHOBHIX
cocrostuuil m(¥N)=1, 0 u —1 u oxuiaeMoe paculenIeHHe B
tpumser [ :1:1 He Habmwogaercs, 3TO DaBHOCHJIBHO «CIHHOBOH
pasBsizke» — 3QPeKTy, KOTOPHIH OOLIYHO JOCTHIAETCA HaJOKEHHEM
BTOPOrO PaJHOYaCTOTHOTO MOJsA, YTO MBI JeTaJbHO PAaCCMOTPHM B
cjaefytouieil raase.

Kak mpaBuso, Bpemena pesnakcaund sjaep N B opraHHueckux
COeJHHEHHAX TAKOBbl, YTO OHH HEe BEAYT K NOJHOMY HCUE3HOBEHHI)
paculensienus JauHuil. B pesynbrate o6wuHO Habuamojaercs 6GoJsee
WM MeHee 3HAUWTEbHOE yiHIupeHue JUHWA B cnexrpax 'H, ob6yc-
JoBJaeHHOe B3aumonelictsueM “N, 'H uepes 0JHY WJIH IBe CBS3H
("*“N—'H, “*N—C—H). [losToMy ec/iH Hy:HO H3MEpPHTb KOHCTaHTY
CTIHH-CIIHHOBOro B3auMopeictBua 'H — N, 1o HeoOxoaumo mopa-
BUTb KBaJPYIOJbHYIO pelakcauup. Jro AocTHraercs JHGO rnossi-
wenuen Temneparypsi, 6O coslaHHeM OKOJIO sapa N cummer-
PHYHOrO 3/JEKTPOHHOrO OKPYKeHHS. B COOTBETCTBHH C 3THM CIIEKTp
nporonHoro pesonanca uoua ('“NHy)*t comepxur tpumier 1:1:1
¢ y3kuMd Jgunuamu {cp. 3agauy I11.9). CnuH-cnHAOBOE B3auMoOleH-
cTBHe HabJoaeTcs TaKkKe B H30HHTPUJIAX, U3 YEro MOXKHO cleaaTh
BLIBOJ, UTO I'DAJIHEHT 3JEKTPHYECKOTO HOJIsl B 3JeKTPOHHOM ofJ/aKe
OKO0JI0 aTOMa a30Ta B 9TOM COeJIMHEeHHH HEBEJHK.

C zIpyrofi CTOpOHH, NPH HeOOXOJHMOCTH HAO0JI0AATh CHHH-CIIH-
HoBoe B3auMozelctBue 'H—'H B Takux MoJseKysnax, Kak MHPHIHH,
yToOn M36aBUTbCA OT BoaMmyinalomero sddexra fapa N, HyxHO
YCHJIHTH KBaJAPYNOJbHYIO pesakcanuio. HacTo 3T0ro MOXHO NOGHTL-
cA Honudceruem rTemnepatypol. Kpome TOro, HCHOJbL3YETCHA TeTEpO-
silepHuiil ABOUHON pesoHaHc AAs pa3BA3KH oT aapa *N. Itor Mme-
TOJ MBI OOCYIHM B cJeAylolled raaBe. BosMmyllamoulee JeHcTBHe
4N MOKHO TaKxkKe HCKJIOUATb, 3amenias '*N wusotomom SN, cmun
KoToporo paBed l/2. Ho 3To, KoHeuHO, TpebyeT HPOBEJEHHS AODO-
rOCTOSIHX CHHTE30B.

OnucaHHble CHTYaUHH MOTYT JONMOJHHTENbHO OCJOKHATHCSA, eclH
nporounl rpynn N—H ydacTByioT B OOMeHHLIX MNpolLeccax uepes
BOAOPO/iHLIe CBsi3H. Bo MHOrHX cJydasiX, Kak OTMedaloch B
pasa. 1.3 ra. 1, 310 Takxke BeleT K YIIHPEHHIO MHHHA. BoJee toro,
o6MeH fBJSETCA €llle OJHUM MEXaHH3MOM, KOTOPHIH, Kak B cJyuae
¢ MeraHogoM (CM. B HadaJje pasfd. | 3ToHl raaBbl), MOXKeT NPHUBECTH
K HCUE3HOBEHHIO KOHCTAHT CIOUH-CIMHOBOTO B3aumopefictBusi “N—
—!H naun 'H—'H.

CKOpoCTb IPOTOHHOro O6MeHa BO3DacTaeT C IIOBBILEHHEM TeM-
nepaTypnl wad npu Ao0aBJeHuH TaKuX KaTtaausatopos, Kak HqO,
OH- nan H3O+. [TosToMy ans nojaaBiaeHHS TPOTOHHOTO O6GMeHa cJie-
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nyeT NOHHkKATb Temuiepatypy. [IpoToHHBIE 06MeH MOXKHO NOLaBHTHL
TaKXKe, eC/IH HCII0Jb30BATh B KauecTBe PACTBOPHTEJS IHMETHJCYJIb-
¢okena. CTeneHb nonasienus GbLBaeT 10CTATOYHA AJS H3MepeHUS
KOHCTAHT CHHH-CIHHOBOTO B3aMMOJeHcTBHS mpoToHoB rpynn N—H.
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Tnasa IX

CMELUMANBHBIE SKCMEPUMEHTAJIBHBIE
METOAb! B CMEKTPOCKOMNAUM
44EPHOIO MATHUTHOITO PE3OHAHCA

Bo mHorux naopatopuax cnekrpsi SIMP moayuaior B Xofe noBceHEBHOR
pabotei Aas 0oJbWOre KoguuecrBa 00pasioB, M SKCMEPHMEHTH MO AMP,
NPOBOAMMblE HA AOCTYNHOM 0GOPYNOBAHHK (TAABHLIM o0pa3om perncrpauud
cnekrpos 'H u '®C), ocywecTBafIOTCA, KaK npasH.io, B aBTOMAaTH3HPOBaH-
Hom pexume. Ecau KOHUEHTPAUHH H3MEPAEMBIX 0o6pa3uoB GJaH3KH, TO nepe-
CTpOilku MpHGOpa NPaKTUYECKH He TpeOyeTcs H CNEeKTphl MOMKHO MOJyuath
«noTOYHBIM oOpasom». B nocaeande roapt A8 ClEUAANLHBIX ACCaeOBAHKY
HAYaJH MPHUMEHATH MPHOOPHI C KOMIMBLIOTEPHbIM yNpPaBJICHHEM. B «pyTHHHOH>
IMP-CrieKTPOCKONHH, GECCMOPHO, HCMOJB3YETCSl TOAKO YACTh OTPOMHLIX MO-
TEHUMANbHBIX BO3MOMKHOCTEH METOAa, HO H NPH 3TOM METOA TapaHTHpyeT
GbICTPOE MOJyueHHe HHIOPMALHH, B OCHOBHOM aHAJHTHYECKOTO XapaKrepa.

B TO ke BpeMs B MEePHOANUECKONH CHCTeMe 3JeMEHTOB HMeercs focTa-
TOYHOe KOJHUECTBO MATHHTHBIX sjaep, MOAXOAAUHX NJAfl IKCIEPHMEHTOB NO
SIMP, u, Takum 06pa3oM, BellleCTBO Kak Obl COAEPMKHMT pasaHuHbie Aat-
YHKH, MO3BOJSIOUIHE HMCCAENOBATh CBOWCTBA COCTABJAIOUIHX €ro MOJEKy.
W BewecTBa Kak uejdoro. B ra. X 6yayr o6cymaeHbl HEKOTOpble H3 3THX
go3MoxHocTell. Kpome roro, B SIMP Bceraa BO3MOXHbI pazHooOpasHbie
BapHANUH 3KCMEpPHMEHTAJNbHBIX YCIOBHH, a (JH3HKa CMHHOBBLIX CHCTEM OCTAET-
€S M A0 CHX TMOpP CTOJbL e BOJHYloleld 06.1acTbio, KakoH oHa Owmja B me-
PHOJ, CTAHOBJIEHHA CHEKTPOCKOMHH AMP. MNostomy agepHbifi  MarHHTHHIA
Pe30HaHC, HECOMHEHHO, OTHOCHTCS K YHCIYy HauGoJjee YHHBEPCAAbHLIX CREK-
TPOCKONHYECKUX MeTO0B. B HacTosuledi riaBe YMTATENI0 NMPEICTOMT MoO3HA-
KOMHTbCSE ¢ TeMM M3 clieuuajdpHeix Metoiuk SIMP, kotopbie 3apeKomeHno-

BaJH cefs Kak HanGo.aee BaXKHble AJSl XHMHH.

1. MATHWUTBI CO CBEPXTPOBOAALLMMH
CONEHOUAAMA

OGcyxaenne aHaausa crnektpos SIMP (rn. V) mnokasaJjo, 4T0

HCKOMas HH(lZ)OpMaLII/IH 0 XMMHUYECKHX CABHrax H KOHCTAHTaX CIIHH-
CIMHUHOBOTO B3aMMO/JENCTBHA MOMKET OBITH rnoJytuena o4eHb npocTo B

TOM CJayuae, eCaH CIeKTP MOXKHO NPOaHA/TH3HPOBATb KaK CIEKTp Nep- 4
poro nopsiaka. I[IOCKOMbKYy XHMHUECKHH CIABHI 3aBHCHT OT IO
(a KOHCTaHTBI CMIMH-CIIHHOBOTO B3aHMOJEHACTBHS OT MOJs He 3aBH"4
CAAT), CJAOXKIHble CIEKTPHl 4acTO MOXHO YNPOCTHTH, MPOBOAA 3KC-
IepUMEeHTH npH 0oJee BLICOKOH HaNpsKEHHOCTH noJd, KOria oT-}
Homenye J/vod CTaHOBHTCS JA0CTaTOuHO MaubiM. Kpowme rtoro, Ja2Ke;
B OTCYTCTBHe CITHH-CIIHHOBOIO B3auMojeficTBHsi Halsionaercs 3Ha-]

yuTeJbHOE yJyullleHHe PpaspelleHHs, MOCKOJbKY CTaHOBHTCS BO3
MOXKHBIM PAa3JuuaTh [PYNIbl GJH3KOH CTPYKTYPHl C MEHBIIHMH pas{
HOCTSIMH XHMHUECKHX CIBHrOB. TaKHM 006pa3oM, CIeKTp M03BOJIACH
noJyuuTh Gosiblie HHbopmauud. Hakonel, yBeqHueHHe By npuBoAHt
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Puc. IX. 1. CxeMaTHYeckoe u306paskeHHE MAarHu-
T4 CO CBEPXNIPOBOASAUINM coJeHoHAOM [1].
Katylixa pacnoJaraercsa B cocyge J[bioapa, 3samnod- “
HCUIIOM KHAKHM TeIHeM; cocyl Jiploapa B CBOKO ode-
pellb OXJAMAARTCA KHAKHM a30ToM. AMNysaa c¢ obpaa- )
oM DBOAHTCA 8 npubop ceepxy. B oTaHuHe oT o06LIYU-
HLIX Marsuron (pHe. VII.8) B 3ToM cayyae CHJIOBBie

AHHUH BHENIHEro MarHHTHOTo MOAs HapaJlielbHbl (Bep-
THKGILHOH) OCH aMnyJabl. | — BepPXHAS YacTh AaMITyJbl;
2 — Bo3AyIIHAs TypGHHKa; 3 — 06JacTh H3IMepeHHs cur:
uata SAMP; 4 — suyrpennuil cocyn Hbioapa; 5 — cBepx- F[Jf

NpOBOASLLAS KaTymka $

K DOBBIIUEHWIO YYBCTBHTE/IbHOCTH, NMOCKOJABLKY pAasJIHUHE HaceJeH-
HOCTEH CIHHOBBIX yPOBHEH CTaHOBUTCH GosbuiuM (ypaBHenne I. 11)
HeynupnrenbHo mostomy, 4to pasBuTHe CNEKTPOCKOIHH SIMP co-
IPOBOXKAAETCSI 3HAUHTEJIbHBIM  YCOBEPIUEHCTBOBAHHEM MATHHTOB
Hcropnueckn nepBble KOMMEpYECKHe CMEKTPOMETPHI B Havase
g(c));‘{ﬂr?zéo?r Oblid cHAGXKeHbl 3JIEKTPOMArHHTaMH ¢ HANPSTAKEHHOCTLIO
J , H TeHepaTopoM pajaHouacT
fenus SIMP 'H. H(I;)S)KEPCTaJIIJH i[OCTyl'IHCI))TI\I:III/IHr?pigOZ;lIFL(IZ ﬂgg prie
croroft 60 MIn* (By = Foton cTan.
TOH n* (Bg 1,4 T), u K cepeaune 60-x rogoB cTaH-
A3apTHBIM HCCJIE10BATEIbCKHM crekTpoMerpomM FMP cran mpu6o
gpaéoqen yactotodt 100 MI'n u HampsiKeHHOCTBIO moJds 2,3 Tp
TOTI;IMHgIC)i;HO JOCTHIHYT npejen s TpaiHlHOHHLIX SﬂeKTpOM;iI‘HPI:
B JbKY HEBO3MOXKHO TIOJYYHTb O6OJjlee BLICOKYIO CTeleHb
,[f TarHHYeHHOCTH ¢ OOGBIYHBIMH (DeppPOMArHHTHBIMH MaTepHaJaMH
MS;H;?J;Y%HM HoJiee MOIIHBIX MAarHHTHBIX MOJIeH caenosaso an-'
MaFHI/ITOBOBepmeHHO HOBHIH NPHHIHI, YTO H NPHBEJO K paspaboTke
o CBOcﬁoC CBEPXNPOBOJASIUUMH cOJeHOnAaMH, [IpH 3TOM HCHOMB-
o © TBO HEKOTOPBIX MeTaJsJ0B, TAKHX, KaK HHOGHH H UHp-
o A, CIJIABOB INOJHOCTbIO TEPSTL 3JIEKTPHUECKOE COMPOTHBJIE-
e npu 4 K, T. e. npu TeMmnepaType XHJIKOro rejqusi. T0 gaeT BO3-

MO
O’KHOCTb 3HAYHTEJBHO NOBBLICHTH CHJIY TOKa B TaKHX CHCTEMax
e .

*
Ias kaaccudukauun SIMP-cextpoMerpon uaie HCTIOB3YIOT 44CTOTY MPO-

TOy E
liioro pe3onatca, uem HanpAa>KeHHOCTL NoJst.
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Prne. 1X. 2. CrekTp akpuaoHutphaa ya qacrore 220 MTu (TxoHcon [2]).

[Tpusunn ycrpoiictBa cnekrpomerpa SIMP co csepxnpoBoasuim
MaruuToM Moxkasan Ha puc. 1X. 1. 3xecp «MarHuT» COCTOHT H3 Ka-
TYWKH COJEHOMAA S, H3roTOBJEHHOH H3  CHelHa/]bHOro clJjaba.
Amnyna c¢ o6pasnoM pacrnoJgaraercsi BHYTPH 3TOH KaTYIUKH, KOTO-
pasi B CBOIO ouepelb NOrpy:KeHa B XUAKHH requi. OAHOH H3 rias-
HLIX NpoGJieM NPH KOHCTPYHPOBAHHH TAKOrO CIIEKTPOMETpa fBJSET-
csi npobseMa TepMHUYECKOH H3OJSLHH coJieHOHAa. JTa mnpobJema
Oblia yA0BJETBODHUTEJNbHO paspelleHa, W JajbHeHAlIHii mporpecc B
TeXHOJOrHH, B OCOOEHHOCTH YCOBEPLIEHCTBOBAHHE KOHCTPYKIIHH CO-
cyaa lbploapa, kotopoe obecneyHBaeT MHHUMAJbHBE Pacxoj rejauf
¥ yBeJUYHBAET MEPHOABl MeXAY 3aJHBKAMH, K HAcTOAlleMy Bpe-
MEHH TIPOJIOXKHJ JOPOTY HOBOMY IIOKOJEHHIO HCCJIeIOBATE/IbCKHX
npuGOPOB C HANMDSKEHHOCTBIO MOJIs Bo, pasuoii 4,7 T, u paGouek
gacrotofi 200 MT'u aas SIMP 'H. as cneuuanbHeix obsacred
NpUMeHEeHHsl — B OCOOEHHOCTH IIPH HCCJAELOBAHHH CHHTETHYeCKHX:
MOJHMEPOB M OHONOJHMEPOB — HCNOJB3YIOT  CBEPXHPOBOAALIHE
MarHHuTHl ¢ HaNpsKEHHOCTBIO noJsd, gocturamomei 9,7 T, T. e. ¢ ya<
crotoll 400 MTu ana SIMP 'H, ki

B kauecTBe HadOCTpauHH a@GeKTa, KOTOPOro MOXKHO OXHAATh

OT YBCJHYCHHA By, MOXxHO IIpHBECTH CIEKTDP AKPHJOHHUTPHJIA Hpﬂ‘

5,1 T/220 MI'y (puc. 1X.2) B cpaBHEHHH CO CMEKTPOM 3TOrO K€
coejIHHeHH, 3aperucrpuposanueM npu 1,4 T/60 MI'u (puc. VI.3)«4
B nmpoTHBONOMOXKHOCTb Cha0xKHOH cHereMe ABC, Habiiomabueics
upu 60 MI'n, B cnekTpe Ha yacrore 220 MI'u Mbl BHAHM CHCTEM

AMX, xoTopasi MOXKeT GEITb HENOCPEACTBEHHO MpOaHaJH3UpOBaHAEE

KaK CIeKTp HepBOro mopsjaxa.

Hcnonb3oBanue moJeii BHICOKOH HampSXKEHHOCTH JaeT npeHMy%§

ulecTBa M IPH HCCIEJOBaHKH JTHHaMH4YecKHX 3(dexTon. Kak m0%
kasuiBaeT ypasHeHue (VIII.11), koncranta ckopocTH k£ B TOYKS
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LOdJCCUCHIIMN  TponopuodaJ/Zbia OTHOCHTEALHOMY XHMHUYECCKOMY
¢;1BHTY ov MEXKy JapMOpPOBbIMH 4aCTOTaMH 00MeHHBAKIIHUXCS

‘qaep. Ecan nuMeeres BO3MOMKHOCTb YBeJHMUHThL §v, a CJAeJ0BaTENBHO,

VBeJHUHTE Rkoasn H COOTBETCTBEHHO TEMMeEPATYPy KOaJeCUEHILHH, TO
CTAHOBHTCS OCYLLECTBHMBLIM B JOCTYMHOM TeMNEParypHOM HHTep-
paJjie H3yuCHHe OLICTPBIX peakUHui, T. e, peakUHH C BBICOKHMH KOH-
cTaHTaMM CKOpocTell H HH3KHMM SHeprHsiMH akTHBauHu. llpumepowm
pean3aliyd TaKoi BO3MOXKHOCTH MOXKeT CJy- )
KHUTb UHBEpCUs YUKAQ B IPOU3BOJHOM THe- CHy I
niHARokcnae 184. IlpucyTcTBHe AHacTepeo- S=0
TONHBIX METHJIbHBIX TPYINN B 3TOM CcOeJHHe- -

HUH, CBHAETEJbCTBYIONIEe O TOM, 4TO KOJbHO  H —
HelJIoCKO, Gblio o6Hapy:xeHo mpu —150°C \C—-—CH3
TOJIBKO Ha CcIeKTpoMeTpe ¢ pabouell yac- |

toroit 250 MTIm (puc. IX.3). ITockoabky CH3
KOHCTAHT4 CKODOCTH OCTaeTcs OAMHAKOBOH 184

BO BCEX TpPEX SKCIEepHMeHTaX (OHH IIPOBO-

ISITCSL IIPH OJHOH H TOH e TeMIlepaType), HabawAaeMoe pasje-
JeHde JUHHHA 00yca0BJAEHO HMEHHO yBeaHuYeHHeM Ov.

MHorue coBpeMeHHble 00/JaCTH TpPHMEHEHHs] CIEKTPOMETPOB C
BBICOKOH HaNpPsXKEHHOCTbIO IOJS CBA3aHBl C HHTEPECOM K KOHQOp-
Mallud GHONIOJIUMEPOB, TAKHX, KaK HENTHUAB, GeJKH, HYyKJIEHHOBBIE
KHCJOTH, H aefictBuTebHOo $IMP siBasieTcss OMHHM H3 HeMHOrHX
METO/JI0B, KOTOphle MNO3BOJSAIOT INPOBOAHTb KOH(DOPMAUHOHHBIE HC-
caefoBaHus B kuAKOH (asze. Ceffuac yaaercs JeTeKTHPOBATh, Ha-
npuMep, MaJble pa3JHyHsl B XUMHYECKOM OKDYXKEHHH HEeKOTOPHIX

~ 20 Ty
—

60 Mm

‘J\ 100 My JL

— N\jo Mm__,/\/\

a g

Puc. IX. 3. Morsouentie METHABLHLIX TPOTONOR THenHIANOKCHAA 184 mnpH Temne-
patype —150°C na pasmudubix wacrotax (Awer # corp. [3]).
@~ gabnpaaempie CHEKTPH; 6 — paccuuTanflie CAEGKTPLY.
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AMHHOKHUCJOT B HENTHAHOH 1eNH H NPOBOAHMTL OTHECEHHE HHAHBH-
AyaJbHBIX Pe30HAHCHBIX CHIHAJOB K ONpefeJeHHBLIM y4YacTKaM Ile-
nu. Perucrpupys 3TH CHIHaJbl NPH Pa3/HYHBIX (DH3HYECKHX H
XUMHYECKHX YCJIOBHAX (TaKHX, KakK TeMlepartypa, pH uau npeiicteue
cy6CTpaToOB), MOJMYYaloT HHPOPMALHIO, U3 KOTOPOH MOKHO C/eaaTh
3aKJIOYEHHS] O BO3MOXNCHOCTH KOH(OPMAIMOHHBIX HJIH CTPYKTYPHBIX
H3MeHeHHH B nenTHje. TakuM o6pasom, SIMP p Hacrosinee BpeMms
BHejipAeTcsl B GHOXHMHIO H GHOQH3HKY.

Cusienyer, HakoHel, YIOMSHYTb O TOM, UTO J[Js1 CIHEKTPOMETPOB
CO CBEPXIPOBOJAIINM MAarfHuTOM KO3G(QHIHEHT NpH NOIpaBKe Ha
JIMaMarHUTHYI0 BOCIHPHHMUYMBOCTb [KOo3dduunent 2m/3 B ypaBHe-
Huu (II1. 3)] npu usmepeHHH 3naueHHHd v C BHELIHHM CTaHAap-
TOM JOJiKeH OBTb 3aMeHeH He BeJHYHHY, paBHyio —4mn/3, Bcaen-
CTBHE TOr0 4TO B 3THX NPHOOpax OCb HM3MEPHUTEJbHOH aMIy.Jbl Ha-
paJiyiesbHa HaNpaBJeHHI0 BHeUIHero noqas By.

2. SKCMEPUMEHTbI MO ABOUHOMY PE3OHAHCY

B o6bmunbix IMP-skcnepuMeHTax ¢ 4acTOTHOH pas3BepTKOH AJs
HaGJaI0leHHsl CIIEKTPOB IIOIVIOILEHHST HCIOJAB3YIOT IepPeMeHHOe MoJie

Bi. TepMuH 0804HOL pe3oHanc TPUMEHSIOT B TeX CJydasx, Korja B |

JIONOJIHEHHE K MOJII0 By Ha ofpasen HakjaAblBalOT BTOpoe moJse Ba.
PesysbraT TakHX 3KCIEDHMEHTOB CHJBHO 3aBHCHT OT 4acTOThl H
aMIauTy s nouss Bs.

2.1. CnuH-pa3Bsi3Ka

JeranbHoe o6cyxjeHue COOGCTBEHHBIX COCTOSIHHH CIHHOBOH cH-
CcTeMbl B NPHCYTCTBHH BTOPOTO DaAHOYACTOTHOrO MoJs By H0MXKHO
OCHOBLIBATbCS HA paccMOTPEHUH IOJHOrO TaMHJIbLTOHHAHA, KOTO-
pLIi B CHCTeMe KOODJAHHAT, Bpalllaiollefcss ¢ YacTOTOH g = 2mvy,
uMeeT CJAeAyIOULHll BUA:

H= D, (vi —v) T, () +

+ % IO — T tw/20, Bl () (IX. 1) |

B oranuse ot ofbuHoro BeipaxkeHus (V.10) pe3oHaHcHbe ua- i
CTOTH [-X silep (PHUKCHPOBAHB OTHOCHTEJNBLHO 4YacTOTH noJas B §

Cymma Z(y/Qn)iBJx (/) onuchiBaer B3auMozelicTBHe mnoJas By co §

CNHHOBOH CHCTEMOH, KOTOpPO€ MPHBOAHT K CMCUIHBAHHIO COOCTBeH-
HBIX COCTOSIHHH, HMEIOHIMX pa3JIHuHble 3HAUEHHS CyMMapHOro CIH-
Ha. [1o LOPSAAKY BEJHYHHBI 3TO B3aHMOJEHCTBHE CPABHHMO CO CIIHH-

CIIHHOBHIM B3aHMOJEHACTBHEM, H HO3TOMY OHO BXOJAHT B OIlepaTop;

T'aMHJabTOHA B OTJHYHE OT caadoro noas By,
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Puc. 1X. 4. 3apucumocrp pezonanca X B cucTeme AX OT pa3HOCTH 4acTOT vi — v
MexXay pesonancoM Ax # nodeM B, B sKCIepHMEHTaX 110 JBOHHOMY pe3OHaHCY.

—200 -50 -15 =10

Y, Tl

a — none By BbIKAIOUEHO; 6 — rose B, BKaAoOueHO.

Kak H B ciyyae cIeKTpa MOHOpE3OHAHCA, 4acTOTH M HHTEHCHB-
HOCTH II€PEXOA0B B JaHHOM cJydYae CJAEAYET ONPEASNATh C MOMOILBIO
ypaBHenus (IX.1) u 6asucHbIXx GYHKIHH COOTBETCTBYIOMMX CIIHHO-
BoIXx cHereM. He BaaBasch 3aech B jeTanu pacuera, NpHBeAeM
TOJILKO HanboJee BaxKHHBE pe3yJabTaThl Jjsi cHcreMbl AX. Ecau ua-
crota ve BToporo BU-moss paBna JapMopoBoii yactoTe siipa A n
BHINIOJIHSIRTCST ycaoBHe (y/2n) B: > 2J4x,

TO pe3oHaHc sigpa X Habaw0gaeTcsd Kak Ha

cunraer. Puec. 1X.4 mamoctpupyer ske- C/
MepUMEHTaNbHOE MOATBEPIKIEHHE 3TOrO Cﬁ -\-!-{-)S--Fe(CO)
AJIS 3KCNIEPHMEHTOB O JIBOHHOMY pe3o- X~ Hx 3
HaHcy B cucteMe AX METHJIEHOBBHIX NIpO- C\

TOHOB  JKeJ1€30TPHKapOOHHABLHOTO KOM- Ha

nJieKca o-KcHauaena [1,2-6uc-(mernien)-

unkJgorekcaguena (185)]. 3mecn peso- 185

nanc X Habmaiogaercss Kak (QyHKIHA ma-

pamerpa va—vz. Korga va—vy=0, HalG/si04aeTcsi CHHIJIET H CIIHH-
CIIHHOBOE B3aHMOJeHcTBHe Mexay siapamMd A u X Hcuesaer. 3Ha-
YeHHe MeToJa JIBOHHOTO De30HaHCA CTAHOBHTCH, TaKHM o0pasowm,
Cpa3y Ke OUEeBHAHLIM: C IIOMOMIbIO BTOPOrO LOJS MOXKHO IO XKeJja-
HHI0 yOUpaTh pacilelJieHHs B CJIOKHBIX CIEKTpax. DTO MPHBOANT
K ynpolleHuio cnektpa M objerdeHnio ero anamusza. Kpome Toro,
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Puc. 1X. 5. [Tpuinun gBoHHOro Pe30HAHCa, H/IICTPHPYEMbIl Ha npHMEpe CleKkTpa
aleTajblerua.

Q — o6bluHbl CHEKTp; 6 — CHeKTp ABOHHOIO pe3oHaHca B BapHalTe YacTOTHOH pPasBepTKH;
g — ¢cleKTp ABOHHOro pesoHaHca B BapHanTte [oJeBOH pa3BepTKH.

M3 3KCIIePHMEHTOB 110 JBOHHOMY Pe30HaHCY MOMKHO yCTaHOBHTb CBSi-
34 [POTOHOB B MOJEKYJe, NOCKOJbKY CYILECTBYIOT 3MIHPHYECKHE
KOppeJALHH MeXAy CTepeOXHMHell H BeJHUHHAMH CIIHH-CIIHHOBOTO
Bzaumojeiicteusa (ri. IV).

He Bxons B HeTajm CTPOTOro PacCMOTPEHHS, MOXKHO TOJNY4HTb
npeacTaBjeHHe O pe3y/bTaTaX 3KCNePHMEHTOB N0 IBOHHOMY pe3o-
HaHCy Ha OCHOBe kjaaccHueckod Mogenn SIMP-skcnepuMeHra, Kak
370 6bL10 onucano B ra, VII. Jas caydas, korja yacrora v BTO-
pOTO MOJIs COBNAjaerT ¢ JapMOPOBOH 4acTOTOH siapa A, okasbiBaer-
cs1, uT0 Bspp = Ba, T. e. BEKTOp ua NpereccHpyeT BOKPYT By H,
TakHM 006pa3oM, BOKpyr ocu x'. CjeIoBaTelbHO, pa HamnpabieH
NPaKTHUECKH IIEDIEHJHKYJIAPHO BEKTOPY Mx. BeK’I;Opr AIZLepHOro
conuna I(X) u [(A) kBaHTylOTCH TOrja BAOJAL oced z H X' COOT-
BeTcTBeHHO. Takum 006pasoM, OHH OPTOrOHAJBHEI M HX CKaJlpHOE
npousBeficHHe, T. €. CKaJsfpHOe CIHH-CIHHOBOE B3aUMOJEHCTBHE,
CTAHOBHTCS PaBHBIM HYJI0, cornacHo ypaBHeHuwo (IL. 6).

MeTO J[BOHHOrO pe3OHaHCa 3KCIEPHMEHTAJbHO TIPOMle BCEro
OCYIleCTBUTb B BapHaHTe YacTOTHOH pas3BepTKH. B 3TOM cuayuyae
noje B, resepupyer B 3aJaHHOM IIOJIOKEHHH B CIEKTpe € IIO-
MOUIbI) GOKOBOH MOJOCH, IMOJy4aeMOH MNyTeM MOAYJSALUHH [eHT-

Cnequanstble 3KCnepuUMenTarousie MeTolsl 807
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Puc. [X. 6. JKcrepHMeHT MO ABOMHOMY pe30HaHCY A8 STHKPOTOHATA.
a — OGbluHbIfl clieKTp, 6 — crekTp ABOfiHOrO pesoHaHca AaR V2=V(CHg

pasbHOM MOJIOCH reHepaTopa; MOJHLIA CIEKTDP MOIJIOLIEHHS MOMKHO
Ha6/II0AATb, HCMOJB3YS B KauecTse NOJst B; APYTyI0 GOKOBYIO MO-
Jocy ¢ mnepeMmenHoH uacrorod (puc. IX.5,6). Takum o6pasowm,
8 00HOM 3KCMepuMeHTe MOMKHO OLHO 3a ADYTHM YCTPaHHTb H OT-
HECTH 6Ce B3aHMOJEHCTBUS, B KOTODPHIX yYacTBYeT paccMaTpHBae-
Moe sipo. bes ocoObix TpyaHocTell MeTox ABOHHOrO peaoHaHCa
MOXKeT OHITb pacHIMpeH [0 TPOHHOTO pPe30HAHCA, €CJH HCIOJb30-
BaTb TpPeThe NoJe B;.

Meton nBOHHOro pe3oHaHCA MOMKET ObITh HCIONB30BAH TAKXKe
B peXHMe II0JIeBOH Da3BepPTKH, OJHAKO [Jd T[OJHOFO aHaJH3a
CJIOJKHOTO CleKTpa HEOOXOLMMO OCYLIeCTBHTb B ITOM cJydae He-
CKOJIbKO JKCNEPHMEHTOB. BTopoe moJe reHepHpyeTcssi ¢ IOMOIIBIO
G0KOBOH NOJIOCH, HAXOASIEHCA HAa MOCTOSHHOM DPACCTOSHHH AV OT
noanss B;. [Ipakrnueckn sddekT pasBa3KH HaOMIOIAETCA TOJBKO
TOorfa, Korga Av DaBHO PasHOCTH MeX/Ay pPe30OHAHCHBLIMH YacTo-
Tamu 06JydaeMoro M Ha6/101aeMOro sijep. B pexHMe 4acTOTHOM
Pa3BepTKH 3TO ObLIO Obl SKBHBAJEHTHO SKCIEPHMEHTY, B KOTOPOM
pasBepTka CHeKTPaJbHOH O6JIaCTH OCYLIECTBJSETCS € IOMOIIBIO
ABYX TIOJIeH, HMEIOLIHX IOCTOSTHHYIO Pas3HOCTb 4acToT Av. Jlerko
TOHSAITb, YTO /sl KaX/IOH Iapbl NPOTOHOB HeOGXOJHMO ITPOBOAHTH
OTaenbHBH sKkcnepumeHT (puc. [X. 5, 8).
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Kak MoxHo BHgeTh Takxe i3 puc. [X.5, B pexume 4acTOTHOM
pasBepTKH MOKeT NPOHCXOAUTL HaJOKEeHHe vy H vi. B sTOM cayuae
nabamona0T Guenus dacrore., Ha puc. 1X.7 3T0T addext order-
AHBO OOGHApy)XHBaeTcs B paccMaTpHBaeMoM cmekTpe. B pexume
MoJIEBOA pa3BepTKH Takas CYNeprno3uLUHUss 4YacTOT vy H vy, ecTe-
CTBEHHO, HEBO3MOKHA.

PaccMOTpHM Tellepb HEKOTOpPble H3 MHOTOYHCJEHHBIX BO3MOX-
HHX DpUMeHeHH{ MeTOAa ABOHHOTO pe3oHaHnca. B caydyae Tpaxc-
STHJAKPOTOHATAa (3THJOBHE 3GHp Tpauc-2-OyTeHOBOH  KHCHOTHI)
HaOmofaeTcs CHJILHOCBA3AaHHAA Tpynna JHHHH A 0JeDHHOBHIX
IPOTOHOB, MOCKOJBKY 06a mporoHa, Ha u Hgs, B3auMOIefcTBYyIOT
¢ MeruabubiMH npotonamu (puc. 1X.6,a). Ecau obayunts «ay6-
JeT» MEeTHJbHOro pe3oHaHca moJjeM Bj, TO B3auMOJeHCTBHe C Me-
THJLHOA TPYNMOA HCYE3aeT M CIeKTP ympolulaercss Ao cucTeMbl AB
(puc. 1X.6,6).

B cayuae snokcuia 186 Ttakxe HabJarojaeTcss SIBHO CJIOXKHBIHA
cnertp (puc. IX.7). C nomompio ABOHHOIO pe30HaHCa, OIHAKO,
BO3MOXKIO IIPOBECTH OTHeCeHHe Bcex CHrHajoB. CHauaga o0.y-
yaem curagaa mnpu 66,7 (puc. 1X.7,a). DToT curmas B COOTBeT-
CTBHH C €r0 CTPYKTYPOH H HHTEHCHBHOCTBIO C/el1yeT OTHEeCTH K Ipo-
tonam H7 n H8 B xofe 3KcmepuMeHTa HaOb/I0JAal0TCs CHHIJIETHI
npu 6 3,81 u 4,61, KoTopble AOMKHB OHTb O0YCJIOBJIEHbl IPOTOHAMH

b3 H2 18 186
I I H4
5 | H'
HZ
W e R H5 V2
' He 3
R =COOCH,
H5 HG
a vy
~ LAM.I
H1
CHCly
| | 1 i 1 1 1 i l
7,5 7,0 6,5 6,0 5,5 5,0 4,5 4,0 3,5 0

Puc. IX.7. BkcmepHMeHT No ABOHHOMY Pe3OHAaHCY s SMOKCHcOoeAHHeHHs (86
(®oreap, Kaspuep [4]).
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Puc, IX. 8. DxkcnepUMeHTH 110 IBOHHOMY pe3o-
HAHCY [/18 OTHECEHHS MOCTHKOBBIX NPOTOHOB
H'* u H!2 B coepunenun 187 (lonrep

cotp. [5]).
o — 06blyHbIf  cnekTp;, 6 — cneKTp ABOHHOIO pes3o- 5
HaHca aist va=v (H2 H%); g — 10 ke, uto 6, HO

1as vp=v {(H?, H?).
N 4

H® u H® Ocrawomufics ay6aer ay6setos npu 8 4,28 BO3HHKaeT
BCJle/icTBHe pe3oHaHca mporoHa H!; B 3To#i 0o6sacTH MpHCYTCTBYIOT,
KpPOMe TOTO, ABa CHHIJeTa S(GHPHBIX METHUJbHHIX TPYIN.

B apyrom 3kcnepumente (puc. IX.7,6) ob6ayueHde curhaja
npun 64,3 npuBoAMT K HabJIofeHHi0 B ojedHHOBOR 06JacTH CH-
creMmpl ABX ans nporonor H?—H4 ananus kKotopo#i mnosposser
NpOBecTH OAHO3HayHOe OTHeceHHe. CHTHaJ B caMOM CHJIBHOM MoJie
H3MEHSETCs] JHMb He3HAYHTEJIbHO N0 CPABHEHHMIO C HEBO3MYILEH:
HbhiM criiekTpoM. HaluaioflaeMoe CylKeHHe CHrHaja MOMKET GhTh
00ycJ/IOB/IEHO YCTPAaHEHHEM MaJIOH KOHCTAHTBHI AajbHEro CIHH-CIH-
HOBOro B3anMojelicTeusl. CJefloBaTeJbHO, 3TOT CHTHAJ JAOJKe!
BO3HHKAaTh BeJeACTBHe pesonanca H4 [lporomst H? u H® nposis-
JSAI0TCA B 5TOM CIEKTPe JABOUWHOTO pe3oHaHca Kak Aybaer AyOJe-
TOB, B KOTOPOM HPOTOH B OoJiee caaboM moje uMeeT OOJbIIYIO
KOHCTAHTY CNHH-CIIHHOBOTO B3aumojelicTBua. M3 KOJIMYECTBEHHBIX
OLEeHOK caeayeT, uTo 8, = 6,28; 63 = 6,39 u 8, = 6,14 M. 1.

BaxHo OTMeTHTb, 4YTO OTHeceHHe curHaJoB SIMP ¢ momousio
5KCNEePHMEHTOB MO JABOHHOMY pe30oHaHCy B OOJIbIIHHCTBE CJyuYaeB
He MOXeT OblTh OcyllecTBJeHO B abcoqioTHOM cMbicie. C  mo-
MOIIbLIO 3THX 3SKCIEPHMEHTOB MOXKHO TOJIbKO OINpEAE/NUThb, Kakoil
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MPOTOH HJIH Kakas TCpyINa IPOTOHOB CBSI3aHbL C OGJNYYdAEMBIM sipg
poM. TosbKO paccMOTPEHHe 3MIHPHUYECKUX COOTHOUIEHHH Mexny
CTepeOXHMUel H BeJHUHHAMH KOHCTAHT CITHH-CIMHOBOTO B3aHMo)
JNeHCTBHA TMO3BOJSIET MNPHHATL OKOHYATE/JbHOE pelleHHe OTHOCH
TEeJbHO TOTO, KaKoe MOJOXeHHe 3aHHMaeT PacCMaTpHBaeMHIl Npod
TOH B MpedsaaraeModi crpykrype. CuefylOMmHA NpHMep IO3BOJse
3TO 11POJEMOHCTPHPOBATD. ,

B cmekTpe XpomtpukapOouu/IbIOro Komnaekca 1,6-merano[10]4
aunyJjena (187, puc. IX. 8) cHrHaJbl MOCTHKOBBEIX NMPOTOHOB H!! 4%
H'2 nposiBasiioTcst Kak cricteMa AB, JHHHH KOTO:
po#l paculenJieHbl B TpPHIJIETH, BCIEACTBHE Haf
JHYHS KOHCTAHTBHl CIHH-CIIHHOBOTO B3aHMOJeH:3
creus 4] ¢ mporomamu H? u HP5 a rtakxke HZ
1 H9 coorserctBenno. C MOMONIBIO SKCIIEPHMEH
TOB N0 IBOHHOMY Pe30HAHCY MOXHO YCTAHOBHT
cBsA3b Mexay nporonamMu H? m H® u B-yacts
¢ OIHOH CTOPOHB, M nporoHamu H7 u H!9
A-uactpio — ¢ apyroi. OgHako BLIBOA O TO
yro nporon H!! naer pesoHaHc B GoJiee CHI
HOM TI0JIe, MOXKHO CJleJ1aTh, TOJbKO PYKOBOJCTBYSCH T€M IIpPaBHJIO
YTO BCJeACTBHe W-DacHOMOKEeHHS CHrMa-CBA3eH KOHCTaHTa 'Jaural
jJoJixkHa OHTh Goublie, ueM /.., B 3TOH cHCTEME. i

B nonosHenne K NpHMeHeHHIO MeTOjAa ABOHHOrO pe3oHanca AJs:
YIPOLIEHHS CIIEKTPOB H OTHECEHHS Pe30HAHCHBIX YacTOT OUeHb BaxK-3
HO OTMETHTb, YTO TOCPEJCTBOM 3THX SKCNEPHMEHTOB MOMKHO Ofipe-
JeJUTb Pe30HAHCHHIe YaCTOTH SAEep Naxe B TeX CAydasix, Komf%

UX CHTCHAJIbl HEBO3MOXKHO HAEHTHQUIHPOBATbL H3-38 HX HAJOXKEHH

Ha CHTHaJbl MOTJIONIeHHs] APYrux sigep. Hampumep, ecan HaOJI0
nawT B oaeduHoBOH obsmactu A-uacth cucremsl AX, X-uacth KO-}
TOPOH 3aMAaCKHpPOBAHA MYJbTHIJIETOM, OOGYCJIOBJIEHHBIM [IOTJIOIIE"
HHEM METHJIEHOBLIX MPOTOHOB pPas3/HYHOTO THII4, TO CeJEeKTHBHOE
o6ayuenne obaactu mnoraomenusi CHy-rpynn nonem B: nossoJserT
OTpeNeNHTh PA3HOCTh YaCTOT VA — Vx, & OTCIOJA H XHUMHUYeCKHH
capur Hy. Cuenyer, olHaKo, TOAYEPKHYTb, YTO B CJyuae, KOTA&
aMIVIUTYAa NoJs B, BeJHKa, a Pa3HOCTb YacTOT MaJsa, 3TOT Me-
TOJ MOKeT JaBaTb OIIHGOUYHBIE pPe3yJAbTATH, [IOCKOJBKY B COOT-i
BETCTBHH CO CTPOrOfi TeopueH NBOHHOTO pe3oHaHca AJds flep
BBHIIOJIHAETCSA C/IeAyIomee COOTHOIICHHE:

2p2 2p2
Y By v B3
V'A==VA+_2"—_“VA+—"2—“—— (IX.
8n (vA—-VQ) 8n (VA-—VX)

Pasnocts wacror v, — v, HasbiBaior cdsuzom bBaoxa — 3uzepTadg
AHaJIOTHYHO 35TOMY IIpH ONTHMAJbHOH 4YacTOTe pa3Bs3kH ypaB@
HeHHe Vp == vx CIIPaBelJHBO TOJbKO TIPH BLIMOJHEHHH YC/JIOBHA
va— Vx> Jax. B NpoTHBHOM c/lyuyae B 9KCIEpHMEHTAX ¢ 4vacToT]
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poli pasBsI3KOH HeOOGXOAMMO BBOJAHTb NONPABOYHBIN 4JjieH, ONpeje-
ndeMBll IO ypaBHEHHUIO

v'Bj
4’ (vA — vx)

Ero BeJqUYHHA BO3PACTaeT IO Mepe yMeHbUIEHHS PA3HOCTH vp — vx.
ITonoGubiM 06pasom B peHme I0.1eBofi pasBepTkH  Av' = v} — vy

vy = vx +

(IX. 3)

2.2, CNUH-THKJIHHT H CEJIEKTHBHBIH JBOHHOH
pe3oHaHC

Haa pocTvxenus xejaeMoro 3exra pasBsi3KH B pacCcMOT-
peHHBIX Bbllle 3KCIEDPHMeHTax Heo6XOJMMO HCIOJb30BaTh noas B,
¢ OTHOCHTEJBHO GosbIIo# aMnaHTYRoH. [1pu caabeix moasix B, (1o-
pAdKa BEJHYHHDBI, OIpejessieMOH cOOTHOWeHUeM B, &~ A, rge A —
NOJYUIHPHHA CHEKTPaJbHOH JIMHHH) HabJaloAanTcs Apyrue sddek-
tol. OOayuedne nodem By, Ha YacToTe KaKOTO-TO OMpe/leeHHOrO

a fz f3
r‘ P thy e
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Pue, X, 9. ODKCIepHMEHTH IO CMIN-THKJAHHTY B cHcreme AB 2-6pom-5-xjopTHo-
bena (Todduman, Dopsen [6]).
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PE30OHAHCHOrO CHUrHaJa 3KBHBAJEHTHO B AefCTBHUTENBHOCTH OOJy-
UEHHIO COOTBETCTBYIOLLETO Mepexoia Ha 3HepreTHYeCKOH Jua- !
rpamMe. Kak mokasbiBaeT TeOpHsl, 3TO MPUBOAHT K PACLIENJIEHHIO
B CHeKTpe Ka)X[of JHHHH, KOTOpash HMeeT OOIIMH 3HEpPreTHUECKHH
YPOBeHb ¢ BO3MYILaeMbiM TepexoaoM. [TostoMy aas cayuast AB 06-
JydyeHHe JUHUM [, AOJIKHO TNPUBOJAHTb K pacllelJeHHIO JHHHH f;
W f4, B TO BpeMs KaK JUHUA [y OyIeT OCTaBaTbCsl HEH3MEHHOH. JTo 4
H HabJaogaercs: B fedcTBuTenbHOCTH (puc. 1X.9).

[IpaBaonono6Hoe 06bSICHEHHE 3TOrO SIBJCHHS — H3BECTHOTO KakK j
SKCIEPUMEHT M0 CRUH-TUKAUHZY * — COCTOMT B TOM, UTO B Pe3yib- §
TaTe BO3MYLIEHHsi cOCTOAHHMS E; U E; CHHHOBOH CUCTeMBl cCMelln- 3§
BaOTCA: TPH ITOM CTAHOBATCH BO3MOXHBIMH JBa nepexoja. Ho- &
Bbifi Tepexoj MPaKTHUECKH COOTBETCTBYeT paHee 3alpelleHHoOMYy 3
IBYXKBaHTOBOMY Tepexoay E4— E,. OueBHAHO, 4TO B TaKOM 3Kcre-
DHMEHTe JIOJIXKHA [MPOABJATbCA CBSI3b MEXJy 3HePreTHYeCKHMH §
nepexojaMu. Mpl 6ygeM pas/inuaTb npo2peccuUsHO CBs3aHHBlE Me- §
PEXOAH, B KOTOPbHIX TpPH COOCTBEHHBIX 3HAueHHA 3SHEPIHH H3Me- g
HAIOTCS B OJHOM HanpaBJeHHH (HanpuMep, f, u f3), U peepeccusno %
CBsI3aHHbIE NEPEeXOjb, B KOTOPHIX COGCTBEHHOe 3HAaYeHWE SHEPTHH ¥
MPOMEKYTOUHOTO COCTOSIHHA 6OJbllle HJHM MeHbllle 3HEpruu na- ¥
YaJbHOTO W KOHEUHOTO COCTOSIHMH (Hampumep, [y, fo uaH [y, f3).
HauanbHoe M KOHEUHOe COCTOHHSI TPOTPECCHBHO CBSI3aHHOH mapm 7
JHMHHH pas3iuyaioTcs MO 3HaueHHI0 TOJHOTO CHHHAa Ha JBe elH- ;
HUUbE: Amr = 2. Jlna perpeccuBHO cBs3anHo#l napel Amr = 0.

£,
' £q E, £,
£y
Ep £, Eq
Ep J8epECLUEHD cEF3AHHIE
npuepeccy BHY nEpexaips
‘B73aHHBIE :
nEPEXDDE ;

DKcrnepuMeHTaNbHO 00HADYXKEHO, UTO PErpecCHBHO CBSI3aHHBIE
nepexo/bl pacllelsioTes B BuJE OCTPHIX JHHHH (OHH paapeuiensl),
TOTJa KaK JJA MPOTPeCCHBHO CBSI3aHHLIX IEPEX0A0B pacClUeNieHHe §
BhIpakKeHo ropasfo Menee otuerauBo (puc. 1X.9). TakuMm o6pasoM, §
CIHH-THKJHHT TpeJCTaBjsieT coGoH U3SAIHBHE MeTOA H3yueHHs g
SHEePreTHUeCKOH AuarpaMMbl Ha OCHOBAHHHM 3KCMEPHMEHTAJbHOTO §
cnektpa. OH OKaspiBaeT NMO3TOMY CYLIECTBEHHYIO NOMOMIb NpH aHa-.§
JH3e CHEKTPa H B OCOBEHHOCTH IIOJIe3eH ISl ONpeleneHHs OTHO-F
CUTEJbHBIX 3HAKOB KOHCTAHT CIHH-CIIHHOBOTO B3aHMOJEHCTBHS B §
cHeTeMax, cojlepxalnux 6onee ABYX saep.

* Or aunrauiickoro caosa tickling, osnaualontero 6ykKBaJbHO «FPOLLYEIBaHHE
a B JAHHOM CJyuae — NPSIMOe 30HJHPOBAHHE CIHHOBOH AHATPAMMBI. — ﬂpuﬂ,
nepea,
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Puc. IX. 10, a.
IluarpamMma 5HepreTHHMeCKMX YpDOBHeH Aasi cHcTeMpl AMX npH  VA>VM>VX H ]JAM |>
| Imx | >} JaX| B sHaxomoil xoMGumauuu ++4+ (cxema 1) m +—+ (cxema II) aas kos-

CTAHT CHOAH-CITHHOBOIG B3aUMOAEHCTBHUS.

UB KayecTBe NpUMepa pPACCMOTPHM chekTp 2,3-1HGPOMIPONHOHO-
Bolt kuc/IoTHl (188). DTo cayuait cucremnl AMX, xotopas mis IBYX
PasAUYHBIX KOMOMHALHMH 3HAKOB OIHCHLIBAeTCS SHEPreTHYeCKHMH
AHarpaMMaMH, Moka3aHHBEIMH Ha puc. I1X. 10, a.

Hy H,

[
Br——(l:—Cll—COOR

Hy Br

188

B cooTBercTBUM C NpaBHJIAMH [Js CNEKTPOB MEPBOTO NnopsiiKa
12 nepexonos ommcuiBaiores guarpammoir [ (cwm. pue. IX. 10, a),
€CJIH TPeANOoJIOXHTb, YTO BCE KOHCTAHTHI CIHH-CIIHHOBOTO B3aHMO-
{IeﬁCTBnﬂ MMeIOT O/IMHAKOBHWH 3HAK H €CJH TPUHATb, UYTO va >
= v > vx H Jam > Jux > Jax > 0. Eciu ke Jux umeeT npo-
THBOMOJIOKHBIA (OTPUILATENbHBIA) 3HAK OTHOCHTENLHO Jam H Jax,
TO cieldyer Hcnosb3oBath aumarpammy II. IMocnenusis pmarpamma
OT/IHYACTCsl OT AHarpaMmul I TeM, 4To JHHHM M; B My, M3 u M,,
X u X3, Xy u X4 HA 3THX ABYX cxeMax MeHSIOTCS MeCTAMH. DKcile-
PHMeHTAJbHLIH CclieKTp npuBefeH Ha puc. I1X. 10,6, u mepexomsl
lepenyMepoBaunt ot [ g0 /2. Temepb eciu B 3KCIEPHMEHTe MO
ABOAHOMY DE3OHAHCYy CHCTeMy OGJYuHTb ToJeM By N0 JHHUH A,
TO, corsiacio guarpamme I, aunuu Mg u X3 ~—T. e. TUHHU 7 U [0 —
HOJIKHH OBITL pacllelJieHbl MPOrpecCHBHO, 4 JHHHH M; H X|; — T. e.
JHHHK & W 9 — JoJxHbl OhITh pacluernyeHbl perpeccuBno. C apy-
FOH CTOPOHBI, €CJH ClpaBelJuBa Auarpamma II, To TOT Xe 3KCme-
PUMEHT JOJIKeH HPHBECTH K MPOTPECCHBHOMY H DerpecCHBHOMY
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A
5 M
f
AM Jam
Jax Jax x ||mx
3
d) ®
= 7
Lt
.l
. }J r
6
W
Puc. IX. 10, 6,8.

6 — clekTp NPOTOHHOro pe3oHaHca 2,3-AM6POMNDONHOHOBOR KHCAOTH (188); 8 = SKCTMEPHMEHT §
10 CMHH-THKJIHHTY. §

pacienyienusiM auauit My u Xy (8 u 12) u My u X3 (6 u 1) coor- @
BercTBeHno. Kak  INOKa3biBaeT  9KCIEDUMEHTaJbHbIA  CHEKTP |
(puc. 1X.10,8), nabmogaercs mocaepnuii ciyuai. Takum ob6pa3om, ¥
Jmx MMeeT OTPHUATENbHbIH 3HAaK OTHOCHTEJbHO Jam H Jax; MOCKOJb-
Ky BCe IPYTHe BO3MOXHble KOMOGHHAIHH 3HAKOB MOXKHO, TaKUM 06- §
Pa30M, SKCIEPHMEHTAJIbHO HCKJIIOUUTb, NOJYUeHHBIH pe3ysbTaT Ha- )
XOJUTCA B COIJIACHH C HM3BECTHLIMH JAHHBIMH OO OTHOCHTEJbHHIX 3
3HAKAX TFeMHHAJbHBIX KOHCTAHT CIHH-CIIHHOBOTO B3auMOJeHCTBHA 4%
(cM. ra. 1V). Caenyer ewe pas IOAYEPKHYTb, YTO MOXKHO ompene- |
JINTb 3KCIIeDHMEHTAJIbHO TOJIBKO OTHOCUTeAbHble 3HAKH ITapaMeTpoB 4
B3auMmojeficTBus. [l03ToMy Ge3 IOMOJHUTEJbHOH HHGpOpMalHH,
O TOM, UTO BHIHHAJbHble KOHCTAHTBHl CIIHH-CIHHOBOrO B3aHMOMEA- ]
CTBHSI TTOJIOYKHTENbHBI, HE/Ib35 HCKJIOUHTD KOMGHHALMIO (—, +, —) i
JUIS 3HAKOB KOHCTAHT Jam, Jmx H Jax. B pacCMOTpeHHOM CJy4ae
MCTHHHBIE BEJHYHHBl KOHCTAHT CIHH-CIIHHOBOTO B3aHMONIEHCTBHS BY
188 cocTaBasiiorT Jam = 10,9, Jux = —9,9 u Jax =14,6 'L '

CneyuanbHele IKCNEPUMEHTAAbHbIE METOObL 315

MeTO/l CIHH-THKJHHIA HMeeT Take OGOJIbIIOe 3HaueHHe NP
oruecensu curianos B cucreMax AA'XX’ u AA’BB’. Tak, nanpu-
yej), MOXKHO Da3JIMYUTh CHMMETDHUHBIH H HECHMMETPHYHBLIA ab-
no/ceKTpel B cucteMe AA’XX’, ecin o6yuuTb MIOGYI0 M3 BEIPOXK-
jettiblx 1ap a’, k" uau b’, 1" B X-uactu. Ecau 0o6paTuTbcs K AHa-
rpaMMe 3HEPreéTHUYeCKHX ypOBHeH, NMpHBeleHHOH Ha puc. V.19, To
MOXKHO BHJIETb, YTO JAOJIKHBI PACIIENJIATLCA JUHHU A M | UK g H i
cOOTBETCTBEHHO, TOrja KakK JIMHHH aHTHCHMMETDPHYHOrO KBapTeTa
(¢, d, e ¥ [) ROJKHBI OCTAaThCSA HEH3MEHHBIMH.

Ecau 3afaThCs LeJAbI0 ONPEAENUTb TOJNBKO, AJs KAKHX JHHHI
THKJHHI-3KCIIEDHMEHT AOJKEeH IPUBECTH K pacllellIeHHIo, 6e3 oI-
peIeJIHHST TOrO, KaK CBsI3aHbl ePeXoibl Mexay co6ol, To HeobXo-
JHMO DPAcCMOTPETb TOJBKO INPOCTYIO CIHHOBYI auarpammy. [as
cayuaeB I u Il monyuaercs Torna cienyiomas TabJauua:

[JmarpaMma  Sigpo Ay Az A3 Ay M1 M2 Mz My Xy X9 X3 X
I A - - — — a o f B o B o B
M a a f B - - —- —- a a B B

X a g a B a g a B —_ = = =
1 A - - —-— —a a pf B a P a B
M a a B B - = - — B B a a

X a B a g B a B a - - —- -

31ech KaK[blii DE30OHAHCHEBIH CHIHAJA B SKCIEPHMEHTAJbHOM
CeKTPe XapaKTePHU3YETCs CIHHOBLIMH COCTOSIHHSAMH  COCEIHHX
a1ep. YCJIOBHO JHHUH IIpU Oojiee BBHICOKOH 4acTOTe NMPHCBAHBAETCH
CHMBOJI @, €C/JH DaccMaTpHBaeMoe CIHH-CIHHOBOE B3aHMOJEHCTBUE
IOJIOXKHTENbHO, H B, €CIH OHO OTPHIATEJbHO. EC/H BO3MyIIaercs
KakOH-TO 3aJaHHBIH IepPexof, TO 3aTParuBalOTCH BCE JHHHH, KOTO-
Pble XapaKTepH3YIOTCS TE€MH 3Ke CIHHOBBIMH COCTOSIHHSIMH. B pac-
tMaTpyBaeMOM HAMH CJydae Mbl JAOJKHBI, CJ€IOBATENbHO, OXH-
AaTb, yTO BO3MYLIEHHE JHUHHH A; OKaxKeT BJHSHHE Ha JHHHH M,
Ms, X;, X, DU IIOJIOXKHTEIbHOM 3HaKe Jmx (cxeMa I) u ma M,,
My, X, u X, npu oTpHUATEbHOM 3HaKe Jux (cxeMa II).

OKCIEPUMEHTBl 110 CIHMH-THKJIMHTY MOTYT OBITh HCIIOJIb30BaHbI
Takixe 151 o6HAPyMKeHHSA «CKPHITHIX JHHHUA», KOTODHE 3aMacKHpO-
?\anm JpYTHMH CHrHajlaMH B clekTpe. Tak, MOXHO HabJ0AaTh
“HacTp cucteMbl AX M B TO Xe BpeMs 00aydaTb iiogeM B, Ty
3;11?1)“B CIIeKTpe, B KOTODO@ INpeAnoJaraeTcsi IPHUCYTCTBHe X-ua-

. (JTynoquaToe H3MEHEeHHEe v, NPHBOAHT TOrAa K HAeHTH(]HKAa-
I;HH JUHMH AApa X, TaK KakK B cJydae vy = X| HJH vy = X, Oyner
Poncxonuty pacuwensende Jauuuit A. 3amaun TAKOro poja MOTYT
NThL pemledpl eme GoJee H3AMHO ¢ IoMomplo Mertona HMHJIOP
(v, pasn. II. 5).

'HaKOHeH,, JJIsT HOJHOTH OOCYX/JeHHSI MBI XOTeJH Obl YyIOMsi-
YIb 0 TOM, YTO ONIpEJe/JeHHEe OTHOCHTENbHBLIX 3HAKOB KOHCTAHT
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CY )
Puc. IX. 10, e :
CeseKTHBHBINI 1BOWHON pesosaHc B crnekTpe 2,3-KHGpoMs
L.-.... NpOnHOHOBOH KHcaoTh (188). ;

CIHH-CIIHHOBOTO B3aHMOJEHCTBHS BO3MOXKHO TaKke METOIOM ced
JIGKTHBHOTO JBOHHOTO pe30HaHCa, B KOTOPOM OGJydueHHe MNPOH3BO§
NUTCs GoJee ueM MO OAHOH JHHHH. PaccMoTpenne auarpaMmbgg
sHepretuueckux yposueit na puc. IX. 10, a nokasniBaer, 4To JHHH
A1, Ay, X3 1 X, B cOOTBeTCTBHH cO cxemOH I 06pasyioT CHCTeMY§
M3 deThlpex OJH3KO DACIOJOXEHHLIX MepexoioB, KaK B clyuyaes
AByxcruHOBoi cucteMpl THna AX. [ToaToMy, ecan OGJMyYHTb JTHHHHS
A, u A, BTOpBIM TOJIEM, aMIUIHTYla KOTOPOro OyjeT yAOBJETBOPATH
cootHolrenuto yBy = 2(A; — Ay), To Januuu X3 H Xy OyAyT cans
BaThCsl B CHHIJIET, KaK 3To Mokasano Ha puc. 1X. 10, e. ;

DKCIEPHMEHT MOXKeT TakkKe GbITb ONMHCaH € MOMOILbIO CIIHHO-:
pofi amarpamMmm 1I. Bropeiv BU-nosem c yacTtoTol v, = (A; —
— A,) /2 Mbl 3aTparHBaeM BCe MOJIEKYJbl, B KOTOPbIX SAPO M Hﬁ
XONUTCSl B COCTOSIHHH . Jlunnu X3 H X4 OOyCJIOBJEHB! MOTJOWE:
HHeM STHX e MoJekyJ. Kak mpu oObiuHOM JBOHHOM De30HaHCE
JJsi OTHX MOJeKyJ Hcue3zaeT KoHCTanTa Jax. Ha mpakTuke skcne
PHMEHTH 3TOTO THIA MO CEJEKTHBHOMY JIBOAHOMY pe30HaHCY HMe]
TOT HedOCTaTOK, 4TO HEOGXOAHMO HCIOJb30BATL TOPas3fo GOMbII
AMIIMTY bl TOAsi By MO CPaBHEHHIO C JKCHEPHMEHTaMH IO CIH

THKJHHTY.

2.3. MpHMeHeHue MeTOAO0B ABOHHOTO pe3oHanca
IS OTpefieieHns KOHCTAHT CKOPOCTeil peaKuni

[Tpr HaauuMu mHpouecca XHMHYIECKOro obMmena Ttuna A =&
KOHCTAaHTa CKOpPocTH K B 00JacTH MEILJEHHOro ofMena Moxe®
GLITL OmpejeseHa C MOMOILBIO 3KCIEPHMEHTOB IO noiinomy p#
sonaHcy, ecau Ha6Ji0faloTes pasllesbHble PE3OHAHCHbIC CHIHE
NpH vy H ve, KaK 3TO OBLIO JE€TaJbHO oBCyX/1eHO B TpeabiyIl
rnase. OG/ydeHHe TO va BTODBIM PaJAHOYACTOTHBIM MOJeM NPHDE
ANT K BO3MYHIEHHIO CITHHOBOTO paclpejesenus siep A. 310 B
MyilleHHe 10 peakunu A — B nepenaercs Ha pe30HaHCHBEIH CHTHO
¢ 4aCTOTOH Vs, €CJM BpeMsi NMPONOJBHONH pesaKCalHHu T\a He caHlg
KOM MaJjo HO CPaBIIEHHIO CO BpeMeHeM peakIHH. &
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Pruc. IX. 11. M3smenenHe HHTCHCHBHOCTH CHTHajla THAPOKCHIBHOIO MPOTOHA 2-THAP-
oxcnau;'rod)eﬂom (1"89) K3K (QYHKIHA BPEMENH [O0CJe BKJIOYEHHS H BLIKJIOUEHHS
moss By ¢ uactotofi OH-pesonanca caanuuaosoro aasgeruaa (190) (Dopsen,

Todpdman [7]).

Pesyabrar rtakoro skcnepuMenta nokaszan na puc. IX. 11 gas
pesonanca OH-rpynnul 2-ruapokcuaiuerodenona (189) B mpucyr-
CTBHH CAJIMIHJIOBOrO ajbierufa (190), ¢ KoTOpuiM OH o6MeHH-
BA€TCs THPOKCHJBHBIM NPOTOHOM. Ecau B Kakofi-To MOMeHT Bpe-

HiC._ _O. H 0. H4C H
N : ~c* 'ﬁ 3 \C//O"H \C/’O."I-'I
gt e o O
+ - +
189 190

MeHH BKJIOUHTb ({) ToJjie By, Ha wactoTe vou (190), TO HHTEHCHB-
HOCTb CHrHaJa von (189) HaunHAeT KCIOHEHUHAJBHO yMeHbUIAThb-
cA JI0 Tex NOP, MOKA HAMATHHYEHHOCTb He JOCTHTHET HOBOTO paB-
HOBECHOTO 3HaueHus M? (t—>o0), THe { (B CeKyHJax) eCTb Bpemsd
BO3EHCTBUSA 1OJst By. Boikiiouenne Bosmyuaoulero nosst (4) mpu-
BOJHUT —— Tak¥Xe S5SKCIOHEHUHAJbHO — K BOCCTAHOBJEHHIO HCXOMHON
paBHOBeCHON HaMarHuYeHHOCTH M.

TeopeTHueckoe paccmoTpeliHe 3TOro siBJeHHs JdeT CJAeAYiOiIue
Pe3y/bTaThl: BPEMS MKH3HH T;a CIHHOBOIO COCTOSIHHSI B IOJIOKEHHH
A 3aBHCHT OT BPeMEHHM NPOJOJbHOH penakcauuH Tin B 5TOM MOJO-
¥EHHH M KOHCTAHTHl CKOPOCTHM Ra. MBl MOXeM NO3TOMYy 3amucaTb

Vvia=1/Tia+ l/ta (1X.4)

Ilnsi HOBOrO 3HAuUeHHs] PABHOBECHOH HAaMAarHHYEHHOCTH CrIpaBej-
JIHBO YpaBHeHHE

M (¢ —> o0) = M}p (1a/T1a) (IX.5)
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A
B TO BpeMs Kak paHee BesqHynHa AM: (f) BmpaxkaJsach B BHAe (BH-
BOJ omycKaeM)

M2 ()= M} [Cexp(—1/7,,) F T1a/T14] (IX. 6)
C yuerom ypaBuenns (IX.5) 3to naer

M2 (t) = Mg |Cexp (— t/t,,)] + M2 (¢ — o) (IX.7)
u MA(E) — M4 (t—+00)=MOACexp(—— tt4) (IX.8)
uin  In [M2 () — M2 (f — o)} = —t/7,, + const (IX.9)
[Tosromy, ecaun mocrpouth rpadur HaGuogaeMOH BEJHUHHE

In [Mf:l (t) — M2(t - o0)] B sasucumoctn ot BpEMEHH £, TO MOXKHO
[IOJYYHTh 3HAYEHHE T;4 U3 HAKJOHA IpPSIMOH, H IO ypaBHEHHAM
(IX.5) n (IX.4) HCKOMYIO BEJHYHHY Ta, NOCKOJBKY OTHOLIEHHE

Mf(t—+oo)/M? MOXKHO OINpeJe/MTb 3IKCIHEDHMEHTAJbHO  (CM,
puc. 1X. 11). AHa/JOTHYHO [IOCTYNAIOT ¥ IIPH ONpeAeseHHH Tp (ecau
IBa COCTOSIHUS A M B MMeOT HepaBHble HACeJeHHOCTH), OOJayuas
CHTHAJI B COCTOSIHHH A.

OnucaHHas Bhillle METOAHKA ABOHHOTO pe3OHaHca MpPeACTaBJsAeT
cobofi ToJie3HOe paciuupeHHe npuMeHeHHs $SIMP-cnekrpockonuu
JJIsT M3MepeHHs KOHCTaHT ckopocrefl. OHa npuMmennMa K 0GJacTH
MelJjeHHOro o6meHa, rie GopMa JIHHHH CHEKTpAa HEUyBCTBHTEJbHA
K H3ydyaeMOoMy [HHaMHueckomy Iiponeccy. OHa Takxe Ipen-
CTaBJsieT coOOH H3AIHBIA MeTo] UAeHTH(dHKAIHH OGMEHHBAIOIIHX-
csl sijlep, HJIM KAUeCTBEHHOIO aHA/JH3a AHHAMHYECKOro NOBeAEHHS
MoJiekyJb. Hanpumep, sta MeToiHKa Obl1a ¢ ycnexoM INPHMEHeHA
175t o6HapyKeHHss KOHDOPMAILHOHHOH HeXeCcTKOCTH [18]anuynena
npH KOMHaTHOH TeMnepaTrype. OO6JydeHHe CHTHaJa «BHYTPEHHHX»
IPOTOHOB NPHBOAUT K YETKOMY YMEHbIUEHHI0 HHTEHCHBHOCTH CHT-
Hana «BHeWHWX» npotoHoB (pasd. 2.3 ra. VIII) Bcaneacreue mpo-
TEKaHHsT NpoLecca XHMHUYECKOro ofMeHa MeXAy ITHMH ABYMs MO-
JIOKEHHAMH,

2.4. dddext Osepxaysepa

B nonsatue spgexr Osepxaysdepa BKAYAOT OOLIYHO TpH paa-
JHUYHBIX sIBJIeHHs, Kaxaoe H3 HUX CBA3aHO C H3MEHEHHEM HHTeIl-
CUBHOCTH DE€30HAHCHHIX CHT'HA/JIOB P 3KCIIEPHMEHTaX IO [IBOHHOMY
pesonancy. Oanago HabmaonaeMbii 3bdekr MoxeT GuiTh 06ycCJOR-
JIEH HECKOJIbKHMH pa3/HYHbIMH MEXaHH3MaMH.

B cayuae uctuHHOro 3ddexkra Opepxaysepa AJs CHCTEMH, CO-
cTosllefl H3 SIAEPHOTO CIHHA | W 3JeKTPDOHHOTO CIHHa S, HabJIo-
LAeTCss YBeJNHUeHHe WHTEHCHBHOCTH CUTHAJa ANEPHOr0 De30HaHCa,
€CJIH OJHOBPEMEHHO HAacCHIIAIT 3JEKTPOHHBIH pe3onanc BY-noJem
C YacTOTOH vs. IDTOT 3KCICPHMEHT MOXKeT ObITh BHINOJHEH NpPH HC-
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Puc. IX.12. Ouarpamma ConoMona
JJsT ABYXCIHHOBOH cuCTeMbl IS, co-
CTOSIIEA H3 SIIEPHOTO H 3JEKTPOH-
HOTO CIIMHOB.

MOJb30BAHHK N1aPaMaTHUTHOT'O PacTBOpPa HATPHS B KUAKOM aMmua-
Ke, IJg KOTOPOro HabaJaroT MPOTOHHLII pPe30HAHC B YCJIOBHSIX
HACHILIEHHS 3JIEKTPOHHOrO pesoHaHca.

H3MeHeHHe HHTEHCHBHOCTEH JIMHHH s7epHOrO pPE30HAHCA, KOTO-
poe BO3HHMKAaeT B pe3yJbTaTe 3TOr0 3KCIEDHMEHTa, MOXKHO IOHATH,
ecqid o6paTuthes K paccMoTpeHHi0 Juaepammer COAOMOHA, NDPHBe-
geHHo#l Ha pHe. 1X. 12, Ha weMm npeacraBieHnl cOGCTBEHHBIE CO-
CTOSIHUA JABYXCIOHHOBOH cucTeMbl /S B MarHuTHoM nose. Bcero
CYIMECTBYIOT YeTLIPE COCTOSAHMS C pa3/IM#HOH 9Hepruel, U UX paclo-
JIOKeHHE OonpeaenseTcss 3HAKaMH sJePHOr0 H 3JEKTPOHHOrO CIiH-
HoB. Ilepexodrl simpa HWJH 3J€KTPOHA MOTYT OHITh HHAYLHPOBaHHI
BY-nonem ¢ yacToTo#l v, HJM Vs COOTBETCTBEHHO. PaccMOTpHM Be-
posiTHOCTH W Tex pejakCalMOHHBIX NepeXOlOB, KOTOPHE OTBETCT-
BEHHH 3a NOAJepkKaHue OOJBIMAHOBCKOrO pacupeneneHus. [lycrs
BesiMuHHEL Wi u W| COOTBETCTBYIOT BEPOSTHOCTH MPOAOJBHON pe-
JAKCalHH $IAePHOr0 H 3JEKTPOHHOTO CIIHHOB COOTBeTCTBeHHO. Kpo-
Me TOro, HMEKTCS TaKXKe OIpelesNeHHble BepPOSTHOCTH MEPex0J0B
W u Wy, B KOTODHIX sIIEDHBIEl H 3JIEKTPOHHBIH CIHHBE TEpPeBOpa-
yuBarTcA ogHoBpeMeHHo. Wy u W, uMeloT 3aMeTHBIE BKJIaA TOJMBKO
TOrfa, KOrja HMeeTCs CIIHH-CIIHHOBOE B3aHMOIEHCTBHE MeXKIY CIIH-
HaMu [ u S. Ecin HacellllaeTcsl 3JeKTPOHHBIE pe3OHaHC, T. €. Iepe-
xopet (3)—(1) u (4)—(2), BU-nonem B; ¢ 4yacroTo#i vs, To 60JbIl-
MaHOBCKOe pacnpefeseHne mexay cocrosiuusamu (3) u (1), a rak-
XKe (4) u (2) Hapymiaercs, T. €. HaceNeHHOCTH cocTosHHE (1)
(2) craHOBsITCS CJAHIIKOM BBHICOKHMH, a HAaCEJEeHHOCTH COCTOSIHHE
(3) u (4)— HuUBKUMH. DTO BO3MYIIEHHE MOKET GBITb KOMIIEHCHPO-
BaHO yBeJHUEHHEM YHCJa peJaKCALHOHHBIX IIepexXoloB, T. €. yBe-
JauyenneM W, Tak Kak npH 3TOM OyJeT yMEeHbIUATbCS HACENIEHHOCTh
cocrosinusl (1), a HaceJeHHOCTb cOCTOSIHUA (4) GyneT BO3pacTaTh.
Hns sipepHoro pesoHamca, T. . Aasi nepexofos (4)—(3) u (2)—
~>(1), 9T0 NpHBeleT K yBeIHYEHHIO HHTEHCHBHOCTH CHTHaJja MOrJO-
lleHsA, NMOCKOJIbKY CyMMapHBIl 3(dekT nmpouecca 3aka04YaeTcs B
NONOJHATENbHOM MOBBILIEHUH HACEJIEHHOCTH COCTOSIHUS (2) H HOHH-
KEHHH HaceJeHHOCTH COCTOSIHHSL (3), Tak KaK CIHHBl ME€PEHOCATCS
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1o mapupyty (3)—(1)—(4)—(2). PesyabraroMm sABJIsSETCSH 704%-
pusayus pacnpejiesieHdsl SIEPHBIX CIHHOB, H 3TOT 3(Q(eKT H3Be-
CTeH MOJ Has3BaHHeM Ouxamuueckas A0epHAs ROAAPUBAYUA.

Ias npeabiiylero cjaydas BaKHO, 4TOOL BBIIOJNHSJIOCH COOT-
noiuenne Wy > W,. TakuMm ob6paszoM, ONPOKHAbIBAHHE CIHHA 3J€K-
TPOHA BO3MOXKHO JIHIIb IDH OJAHOBPEMEHHOM H3MEHEHHH CIOHHO-
BOH OpHEHTAllMH siipa B NPOTHBOMNOJOXKHOM HanpabJeHnH. B 3ToM
cJydae pejlakcallisi IpOTeKaeT NPeHMYLIECTBEHHO Yepe3 3aBHCAlee
OT BpPeMeHH CKQAApHOe CIHH-CIHHOBOe B3aHMOJedcTBHe. B ymoms-
HYTOM Bbllleé PAacTBOpPe HATPHS B KHJAKOM aMMHake HeclapeHHbIe
9JEeKTPOHBl COJIbBATHPOBAHBI MOJIeKYJaMH aMMHaka. DBICTPLIA 06-
MeH 3THX MOJIEKYJ MexX1y COJbBATHBIMH O00J0YKAMH DasJHYHbIX
[apaMarHUTHBIX LEHTPOB NPHBOILHT K TOMY, YTO [POTOH-3JEKTPOH-
Ji0e B3aHMOJeHCTBHE HCUe3deT, OJAHAKO OHO COXpaHsieT CBOIO 3(d- .
($heKTHBHOCTb KaK MEXaHH3M peJaKCALHH.

PaccMOTpHM ellle pa3 SKCIEPHMEHT, KOTOPBIH TOJBKO UTO GHLI
OIMCaH, OJHAKO Ha 3TOT pa3 o0paTUM BHHMAaHHe HA BeJHUHHLI

3HEepruii, OOMEeHHBAIOUIMXCS C DEeETKOH B peJaKCalHOHHOM IIpo- §

necce. Jasi 1060H KBAHTOBOMEXAHHUYECKOH CHCTEMBI, KOTOpasd Xa-

paKTepu3yeTcsl ABYMsl YPOBHAMH sHepruu E, u E,; paBHOBecHe yc- -
TaHaBJHBaeTcs TakKuM 06pas3oM, 4ToGbl 4HCJIO nepexoioB E,— Eg :
6usI0 paBHO uucay nepexojios E,— E,. Orciona cjeayer, 4To IJd :

q p :

co6cTBeHHBIX cocTossHH#A (1) u (4) COMHOBOH CHCTEMBLI BHINOJ-
HseTCSA ypaBHeHHe

Nanﬁ‘Vaﬂaﬁa = NﬁﬂaWﬁaaaﬁ

rae Nqg ¥ Nﬁ H Ng U ng O3HAYalOT HACEJEHHOCTH JIs Alep H 3JeK- -

TpoHOB c00TBeTcTBeHHO, Wop-py, U Wpasap 0003HAYAIOT BEpOAT-
HoctH mepexonoB. CormacHo 3akoHy BosbuMmana, uMeeM :

N n 14 AE
o __ " Ba>ap __ — v
Vore — Weappa —exp( =T )—exp[ h(vg+v ) ET] (IX. 10)“:

Tenepb, €CJIH SHeKTpOHHbII:l pe3oHaHC HAachpIllaeTcs, TOrAa fig =— Ng

H
N(,/Nﬁzexp[— h(vg -+ v))/RT] (IX. 11) ;

[Mockoabky hAvs 3> hAv;, pacnpeleleHHe fAAepHLIX CIIHHOB, KOTOPOE:
OOLIYHO MOJYHHSETCS BHIPAKEHHIO ;
No/Ng==-exp(—hv,/kT)
3
Terlepb XapakTepH3yercsi Tropasfo Gosibluell PasHOCTLIO 3HepPrui:
hvs. I
Ecau Mbl IPHMEHHM 3TY LENOYKY PAaCCyXKIeHHH K CIHHOBOH CH:
cTeMe, KOTOpas COCTOHT M3 [BYX SIA€PHLIX CIHHOB, MBI NpPHJEM
Tak HasblBaeMoMy sdepromy apexry Osepxaysepa (SIS0
B stom cayuae auarpammy CoJIOMOHa cJieiyeT 3aMeHHTb, NOCKOJIbGE
Ky Temepb 06a CIHHA HMEIOT OJAHHAKOBLIH 3HaK M MOC/IefOBaTe/b
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Puc. IX.13. Huarpamma Cosomona
A4 ABYXCIHHOBOK cucreMu 1, co-
CTOAILIEH M3 ABYX SIACPHBIX CIHHOB.

HOCTb COCTOSIHHH H3MeHsIeTes. Urak, ecan obsyyaercs pe3oHanc
CAHOTO sJpa, Hanpumep sapa X Ha puc. I1X. 13, 10 NPOH30HJET yBe-
‘?qu}me HHTEHCHBHOCTH pe3OHaHCa anpa A, ecin Wy < W, Dro
YC/JIOBHE BEITIONIHAGTCS BO BCEX CaAyYasax, KOTAa 3a peaaxcﬁumo
OTBCTCTBEHHO 3aBHCsllee OT BpeMeHH OunoAb-OunoLbHOE 83auUmo-
dedcreue. Mpl yXKe obcyxKaanu sto B pasn. 3.1 ra. VII apu pac-
CMOTPEHHH MEXaHH3Ma MpPOLONLHOH pesakcamuH. ' PP
Konnuecrsennoe onucanue sroro ABJIEHUS. TIPUBOJMT K TaK Ha-
3biBaeMoMy ypasnenuro Coromona, KOTOpoe faer Bi;lpameHHe ST

YBEJTHUYEHHS 2-HAaMarHHYeHHOCTH Aapa A, /"I‘z4 (OTHOCI/ITeJIbHO paB-

o A
:O'BeCHOH HaMarHu4eHHocTd M{) sa cyer BTOPOro 1051 C 4acTOTOH
X.

Mi |y Wa=W vy
My Wi+ w,+w, y, (IX.13)

ECJIPI”Me}K,U.y ANPAMH CYIIECTBYeT YHCTOE IHIOJDL-AUIOAbHOE B3aH-
:\ici,:(encmne, 10 W2, Wi u W, Haxonarcsi B cOOTHOLIGHHH 1:(1/4):
5% 46) M IPH pa == yx MaKCHMaJbHOE YCHJIEHHe CHIHAJA COCTABUT

. IT0 MOMKHO HMETL MecTo, ecaH cIMHOBag CHCTEMA COCTOHT
I3 1BYyX MPOTOHOB. [la1s cmuHOBOH cucreMbl THma 'H — 13C s ekt
B 4eTeIpe pasa Goabite (200 %), nockosbKy Yu/yc = 4.

I paccMOTpeHHs siiepHOro apdekta OBepxaysepa pasee
BAIKHO OTMETHTb, YTO BKJAA AHNOJb-AHIONBLHLIX B3aHMOLEHCTEHUIL
BO BpeMsl MPOAOJILHOH peJlaKCAlMH AByX sifep, pasieNeHHbix pac-
CTOAHHEM r, nponopuxoHanen 1/r% Taxkum o6pasom, SLLEePHLIH 3()-
(hexr OBepxaysepa MoxeT HaGMI0AATbCH TONLKO TOT[4, KOTAa pac-
CMaTpuBaeMble flpa HAXOAATCA B OTHOCHTE/BHO TecHo IpoCcTpaH-
CTBEHHOH GJIH30CTH, TAK KaK TOJIbKO B 3TOM cayuae JHIIOJIb- THTIOJb-
H0e B3aMMOJCHCTBHE NEHCTBHTENLHO HAeT CYIecTBEHHBIN BKJAaJ B
MeXanH3M pesaKcallMH.

. Takas koppeasiuus nenaer SI90 nosesHbIM CPEICTBOM M pH
TPYKTYDHBIX ONDEJIC/NEHHsX, KOTa HeOOXOAUMO PELIHTb, KaKoe H3
ABYX simep, A uiu B, oTAe/eHO MeHbIIHM paccTosiHnem ot TpeTbero

11 X. onrep




322 Trasa 1X

sipa B mpefeNax OfHOH W TOH e MOJEKyJbl. 3aJauyd 3TOr0 THNA

BCTpeualTcs B ciaydyae {uc, TPAHC-U30MEPHUH JBOHHOH CBSI3M U B

KOH(QOPMALMOHHOM aHajaHu3e AJHIUKJIHYECKHX COeIHHEHHH. JKcIe- |
PUMEHTAJbHO MOCTYNAIOT CJAEAVIOIIHM 06pasoM: o6JyyaloT OJHH H3 °
JIBYX paccMaTpHBAaeMbIX CHTHAaJOB, B HalleM cJydae va HJIH Vg, |
BTOPBEIM MOJEM H OJHOBPEMEHHO HalJI0Jal0T H3MEHEeHHe HHTEHCHB- §
HOCTH pe3oHaHca siipa (C, MCNOJb3Ysl HHTerpatop. Sapo, obayue-

HHe KOTOPOTO INPHBOJAMT K OOJIblIeMY YBEJAHUEHHIO HHTEHCHBHOCTH
pesoHaHcHOro curHanaa siapa C, oraejeHo oT C MeHbIIM paccrosi-
HHEM.

[TocpeacTBoM 3KCIEepHMHTOB 10 siAepHOMy sddekry Obepxay-
3epa 0KasaJoch BO3MOMHBIM OJIHO3HAYHO OTHECTH CHTHAJBI METHJIb-
HBIX Ipynn B guMmerundopmamuge (cM. pasa. 1 ra. VIII u puc. 3

BO BBeleHuH). ToabkO Korga oOJy4yaloT MeTHUJbHBIH CHTHaa B 6o-

Jee caaboM moJse, HaGJaOAAIOT yBeJIHYeHHe HHTEHCHBHOCTH CHTHaJa
(opMHABHOTO npoTOoHa, TaKuM 06pa3oM, 3TOT CHTrHaJa CJEAYeT OT-

HECTH K METHJIBHOW TpYIIe, HaXOASIIEHCH B TPAHC-NIOJOXKEHUH K

KapOoOHUABbHOH rpynme. [[pyrue npuMephl: YCTaHOBJEHHE KOH(HTY-

pauuH OKCHJHAEHOBOH GOKOBOH Hend B afKaJoHle AETHAPOBOaxa- -

JotuHe (191) M BHIACHeHHE BOIpoca O TOM, CyUIeCTBYyeT JH 2-Me-

TOKCH-4,4,6-TpuMeTn-1,3-A1HOKCaH B yuc- HAH Tpasc-popme (192 .

nau 193 coorBercTBeHHO). B cayuyae 191 nabaonanu Bo3pacTaHie
(Ha 26 %) wunTeHcHBHOCTH cHrHasa nporoHa H'Y npu obnyuenun
MeruibHOH rpynnel npu C!8 B ciyuae AHOKCaHOB o0nyueHHe OMHOH
H3 METHJBLHBIX I'DYNN B moJjoxeHuu 4 B 193 npuoaut K 12 %-Homy
YBeJHUEHHIO HHTEHCHBHOCTH CHrHasna nporoHa H2, torza kak B
. caygae 192 nopobHoro st dekrta He Haba01aeTCs

Cnenyer MOHHUMAaTb, YTO BHYTPUMOJEKYJASPHBIH 3ddext Onep-
xaysepa CHHMaercsi B pe3yJbTaTe JOOLIX BO3JEHCTBHH, KOTOpHIE
INPHUBOJAAT K MOSABJEHHIO MEX4HH3MOB peJaxcalHH, OTJIHYHBIX OT
BHYTPUMONLEKYAAPHORO THUIOJb-1UIOJLHOTO B3auMoOLeHcTBUA. B ua-
CTHOCTH, CJeAYeT CBECTH K MHHHMYMY MEHMOAEKYAAPHbIE NUNOJb-
JunojibHbie B3auMojefictBusi. IlosToMy pactBoprl 06pa3noB 0JXK-
HBl OBITb OCBOOOMKAEHBI OT KHUCJAOPOAA H IO BO3MOXHOCTH o(esra-
JKeHbl, HCIOJNb3yeMble PACTBOPHTEJH AOJKHB KMETh JIHIIL HeGOJb-
1I0e YHCJO MArHMTHHIX sjep, nHampumep CS,; umam CCl,. Kpome
TOr0, KOHUEHTPALHsA HCCAeNyeMOro COeJHHEHHA He JA0MKHA OblThb
CJTHILIKOM BBICOKOH.

CHy OCH3 CHy H?
mc@ H2 mc’koj\ocm
0
CH3 CHs
192 193
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Boofme H3MeHeHHe HHTEHCHBHOCTH HHAMBHAYAJbHLIX JHHHHA B
CIIHHOBOH cHCTeMe, KOTODoe Habal0JaeTcs B 3SKCIEPHMEHTAX IO
JABOHHOMY pe30OHaHCY, BHA3bBAOT 06obujennom agpexrom Osepxay-
sepa. B NaHHOM cjlyuae BTOPOe O4eHb cjaboe moJse B, BO3Mymiaer
TOJbKO HACEJEeHHOCTH TeX 3HePTreTHUECKHX YpPOBHEH, KOTOphbe CBs-
saHbl ¢ o6aydyaemMoil unuell. [{st nposBaAEHHS] 3TOTO apdexkTa gomx-
HO BBINOJHATBLCA ycaoBHe Y2B2T T, ~ |l. OGoOuieHHLIH 3ddeKT
OBepxaysepa HallleJ HWIHPOKOe U ycrlellHoe npuMeHenue B MHIOP-
CTIEKTPOCKOIHH.

2.5. UHA OP-cnekrpockonua H ocuuaasuuun Toppu

Merox MHIOOP * (MexwbsgepHuil ABOHHOH pe3oHaHC) npea-
cTaBJsieT cOOOH HHTEPECHYIO Pa3HOBHAHOCTb MeTojAa JABOHHOrO pe-
30HaHca, KOTopas MOXKeT ObITb C ycIeXOM IpHMeHeHa KaK K ro-
MOAJEPHBIM, TaK H K reTepOsilIepPHBIM CIHHOBBLIM CHCTEMAaM.

®usuyeckyro ocHoBy Merona HMHIIOP cocraBaser o6o6uieH-
HHl 3¢ et OBepxaysepa, o6CyxKAaBIIH{CS BhHIlIE, B KOTOPOM pac-
npeneneHue bBosbuMana aag KakKOro-auGo ONpefesNeHHOro Iepexo-
Ja B CIOHHOBOH cHCTeMe Hapyliaercsl NMOA BO3JeHCTBHEM BTOPOTC:
nonsi Bs, W 3TO mposIBAsIETCST KaK HM3MeHeHHe HHTEHCHBHOCTH IIpO-
IPECCUBHO M pPErpecCHBHO CBSI3aHHBIX JHHHH. DTH H3MEHeHHUs 3a-
MHCHIBAIOTCS ¢ IIOMOILBIO PErHCTPUPYIOLLEro noJas Bi.

IKCNepUMeHTaAbHO TIOCTYNAKT CJAeAYIOLIAM 00pasoM: 3aMHChI-
BAIOT MHTCHCHBHOCTH, HampuMep JHHuH A B cucreMe AMX, wuc-
noae3ys ciaaboe mnosne B;, Takum oOpasoM, uToObl He GBLIO HACH-
uwenusi. ITepo caMomucua yCTaHABJAHBAeTCsd Ha BEPLIMHY 3aXBaThi-
Baemo# JsuHHH. Croektpbl sep M u X CKaHUpPYIOTCA ¢ NOMOLIBK:
noas Bs. Kaxabli pas, KOrjia BCTpeuaeTcsl JIHHHS, KOTOpas HMeeT
061K ypoBeHb ¢ o6nydaeMoil JuHHeH A, HabJaionaercst yBesiHue-
HHe HJIH YMeEHblIeHHe HHTEHCHBHOCTH JHHHH A Bcuencrtsue 0606-
utegHoro addexra Osepxaysepa. Uro6u 3anucats MHIOP-cnekrp,
caMonucen, H moJje Bj, KOTOpble OOGBIYHO CHHXPOHH3UPOBAHBI ApPYr
C IApyroMm, cjelyer pasbelHHHTb. 3aTeM CHHXDOHH3HPYIOT TODH-
30HTaJbLHOE IlepeMellleHHe Mepa ¢ DPa3BepPTKOH 4yacToTh NoJaa Ba.
Ecaun B kadvecTBe mpuMepa B3sitb guarpammy [ (puc. IX. 10, a),
rne va > vm > vx H Jam = Jux > Jax > 0, 1o cucrema AMX ¢
saxpatoMm mo JauHuu A; paer HMHIOP-cnekrp, npusBepeHHbli Ha
puc. 1X. 14, 6. I'lpn 3ToM HHTEHCHBHOCTb JHHHM A, 3amHcbIBaeTcs
KaK (QyHKLHS 4aCTOTHl vg. ECaH vo = M|, TO NPOHCXOAHT Hapylle-
HHe GOJbLUMaHOBCKOIO paclpeleseHus] Mex/Jy COCTOSHUAMH afa K
aca. CHHHOBAaf HACeJeHHOCTb NEpPeHOCHTCS H3 afd B aow; 3TOT
MpolecC YacTO HA3BIBAIOT «CMHHOBOH mojakaukofi». Ilpn 3TOM HH-
TEHCHBHOCTb JIHHHH A; yMeHbllaeTcs, TakK KakK TeNeph COCTOAHHE

* UHJOP — (B anraufickoil suteparype — INDOR) or nepBblXx GYKB aHTJIHIT-
CKoro Belpaxenus internuclear double resonance. — Ipun. nepes.

11*
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Nuriis zaxBama A,

Puc. IX. 14.

a—cucteMa AMX 0pH yclOBHH VAS>VM>VX H JAMS>IMX > TAx>0; 6 — cxemaTHueckuf
HHAOP-cnekTp ¢ 3axpaToM [0 JHEMH A,

aca Oy1eT HMeTb MOBBIUIEHHYIO HaceJeHHOCTb MO CPaBHEHHIO C CO-
cTosiHHeM Pac H, Hao0OPOT, «CIIHHOBAs MOJAKA4YKa» JHHUH Mj NpH-
BOJAHT K INepeHacesJeHHOCTH COCTOSIHHS fac U MO3TOMY K yBeJHue-
HHIO HHTEHCHBHOCTH JHHHM A;. AHasoruunoe paccysKJeHHe cIpa-
BeJJIBO M IJs1 JUHHH X; M X, TakK:Ke cBfg3aHHbix ¢ A;. Takum
06pasoM, IPOrpeccUBHO CBSisaHHble mepexoanl npuBoasT 8 MHIOP-
CIIEKTPE K «JIHHHSM IOTJOIIEHHS», TOIJd KaK PErpecCHBHO CBA3aH-
Hble Tepexo/ibl NPUBOAAT K <«JHHHAM Hcnyckauusi». Has Toro dro-
6bl H30ekaTb BO3MYILEHHsI HHTEHCHBHOCTH JIHHHH 3aXBaTa 3a CUET
JpYrUX, HeCBSI3aHHBIX I€pPeXOA0B, AaMIIUTYAy moasa Bs caenyer
BLIOHPATh HE CJAMLIKOM BBICOKOH.

Ha puc. IX. 15 nokazan MHIOP-cnexktp 2,3-au6pomnponuono-
BO# KHCJOTH (cp. pasd. 2.2), rae B KauecTBe JHHHHA 3axBarta Hc-
N0/b30BaHBl JHHHH A, u A, HaGmonaempii 3KcmepHMeHTaabHO
MHAOP-cnieKTp MOXHO Jerko HHTENPETHPOBAThH HA OCHOBe CIIHHO-
Boii iuarpaMmbl 1l (puc. IX.10,a). Ecau yuecrs Gausko pacro-
JIO’KeHHble JHHUH 6 U 7 (Mp; 1 Mj), To HHTepIpeTauus 3TOro Clek-
Tpa siBaseTca GoJee NPOCTOH H AcCHOH, ueM B cJyyae IKCIEPHMEHTA
00 CHOMH-THKJIHHTY, OueHb BayKHO OTMETHTb, KPOME TOTFO, 4YTO B
TIPOTHBOMNOJIOKHOCTb IKCIIEPHMEHTaM [0 CIOHH-THKJAHHCY HJAH Ce-
JEeKTHBHOMY JABOHHOMY pPe30HAHCY TOYKOH HabJI0/leHHs B MeToje
MHOOP Bcerna sBasieTcst JIMHHMA 3axBara, Tak, HampuMep, JHHHH
M un X MOryr OHTb NEDPEKPBHITH JHHHUSMH ADYTHUX siiep, He IMPH-
HajAJeXaluluMH K TOH Ke CMHHOBOH CHCTeMe; TéM He MeHee HX ua-
CTOTBHI JIErKO MOTYT OBITb OIpejesieHbl ¢ HCIOJb30BAHHEM METO/a
HUH/IOP. B 3ToM ciayuae He CjaeayeT 3allUCHIBATh [OIJIOLIeHHE B
o6JlacTH siep A A1 KamKAoro BbiGPAHHOrO 3HAYEHHS] Vg, KAK B
SKCIIepUMEHTaX MO0 CHHH-THKJAHHTY, @ JOCTATOYHO JOKaJ/JH30BaTh
HaHM HWAeHTH(HUHPOBAThL BCe NepPexO/bl, ¢Bs3aHHbIe ¢ JHHHEll 3axBa-
Ta, C IOMOILbLIO OJHOH pPasBepTKH 4aCTOTH mossl Bo.

MoXHO YHNOMSIHYTb ellle 00 OJHOM 3KCIepHMEHTe MO ABOHHOMY
pesoHaHCy, NpeiacTaBJeHHOM Ha puc. I1X. 15,2, Orauune Mmexny
3THM 3kcrnepuMentoM u Merogom MHIIOP (puc. IX. 15, 8) cocToHnT
npoCTO B TOM, YTO aMIIUTYyAa NepBHUHOro moJs B; yasaupaercs.
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AA, A A, M, MM; M, Xy Xy XX,

Puc. IX.15. Cnextp IMP (a), MHOOP-cnektprt (6, 8) B ocuuinsuur ToppHu (2)
p cHcTeMe AMX 2,3-nu6poMnponHoHoBoH KHCaOTH (188).

[Tostomy nepexoa Ap nacbimaercs. OOayyeHHe ¢ NOMOIUILIO MOJs
B, nepexojoB, CBS3aHHLIX ¢ Ay, npuBefer Tenepb K HAOJIONEHHIO
OCUMJIISILHH, KOTOpHle HaswBaioTes ocyuariyuamu Toppu — mo
MMeHH HX NEepPBOOTKpbiBaTess. B 3aBHCHMOCTH OT THNA CBSA3H MEX-
Iy NepexoAaMH OCUHJIIAUMH HAYHHAKTCSA JHOO C MOJOXKHTENbHOTO,
an6o ¢ OTPHLATENLHOTO OTKJAOHEHHs Nepa. DTOT MeToJ B ocoleH-
HOCTH MOJIe3eH NPH JeTEKTHPOBaHHH JHHHHA Ca00il HHTEHCHBHOCTH.

dusznueckyo npupoay HabawogaeMoro sddexTa Jerye Bcero mo-
HATb B PAMKax KJACCHYECKOrO ONHMCaHHa 3KcmepuMmenta no SAMP,
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Kak mpeacrasdeso B ra. VII [Ins paccMarpHBaeMOil JIHHIH vpg
NpH YCJOBHM ee HachllleHHs ob6a cocrosuud, E, u Eg 6yayr pas-
HoHaceJeHbl. [lepeHoc HACENEHHOCTH, OCYIIECTBAAIOIHKIACA nod Aefi-
CTBHEM moJsi By, Hapyliaer 370 paBHOBECHe TAaKHM 0GpasoM, uTo
HacesieHHOCTH cocTtosinuilt E, u E, pe3ko uamensmorcsa, Ofpaluasch
K JAMarpaMMe 3>HepreTHuecKHX ypoBHeH Ha puc. IX. 10, a, Jerko
BHAETb, UTO B pE3y/]bTaTe ITOrO HACENEHHOCTb MPOTPECCHBHO CBH-
3aHHBIX COCTOSIHMH H3MeHsieTCst TakHM o6pasoM, uto N, CTAHOBUT-
cs1i Gogblie Ng; AAA PErpecCHBHO CBSI3aHHBIX MEpeXoJioB HAGJIO-
jpaetcs obpatHas kapTHHa. WMtaxk, B OZHOM cJayuae BBINOJHSETCH
yCJ0OBHe AJs NOTJIOUIeHUs] SHeprHH (HHXKHee COCTOsIHHe GoJiee Ha-
cesiieH0), a B JApYyroM cJaydae pacnpejefeHue CNMHOB TAKOBO, UTO
BLIMOJTHSAIOTCS YCJAOBHSI, HEOGXOAMMBble /15l H3JYyUeHHsI SHEPTHH
(Bepxuee cocrostnHe GoJgee HacesaeHO). ITOCKOJBKY MOJe BKJOUYaET-
cs1 Ha YACTOTE Vpq, TO OyAeT HabJI0AATHCS Pe3OHAHCHAH JIHHHA,
Bo Bpaumalomeficd CcHCTeMe KOOpPAMHAT BeKTOP HaMarHuyeH-
HOCTH M, KOTOpBIFl MOXKHO OTHECTH K JIHHHH Vpq, MELJEHHO Bpalua-
eTcs B IJIOCKOCTH y',2 BOKpYr By (cM. pHe. VII. 2,6). D10 BpalleHue
HakJaiblBaeTcss Ha OBICTPYIO MpeLecCHI0 BOKPYr ocH z B safopa-
TOpPHOH cHcTeMe KOOPAHHAT B BHAe Hyrayuu. Ocuumasunio Toppu
Ha3bIBAIOT MO3TOMY TaK¥Ke nepexodnsimu Hyrayuamu. Ux Makcumym
H MHHHMYM COOTBETCTBYeT NPOXOXKAeHHIO M uepes NMOJMOKHTETbHOE
HJIH OTPHIATE/IbHOE HANpaBJeHHe ocH y'. B mepBoHauasbHOM 3KC-
IepUMEHTEe OHH HHAYLUHPOBAJHCL paAHOYACTOTHBIM HMIY.JIbCOM,
BKJIOUAEMbIM Ha KODOTKOe BpeMsi BAOJb moas B; (cp. ri. VII).

2.6. lereposepHblii NBOHHOH pe3OHAHC

OnucanHble BpllIe PA3HOBHAHOCTH METOAHK ABOHHOrO pesoHaHca
OTHOCH/IMCb K fAJpaM OJHOIO THIA, H MOITOMY K HHM NPHMEHHM
TEPMHUH 2omos0epHbll 0806HOI pe3orarc. PacmpocTpaneHue 3THX
METOAHK Ha pas/iHuHble siApa MPHBOAHT K eereposdepHomy O080LHo-
MYy pesoHarcy, KOTOPBIH OTJHYAETCS OT TOMOSIIEPHOTO METOAd TOJb-
KO T€M, UTO PasHOCTb YACTOT vy — V; JEKHUT B MerarepleBoM gHama-
sone. Bropoe none B, yjnoGHee Bcero mogaydars OT OTAEJNLHOTO re-
HepaTopa, HAMNpHMeD KBAPIEBOro CHHTe3aTopa u4acToT. [lomobmbie
9KCIEPUMEHTBI HCIOJIb3YIOTCH AJS YIPOLIEHHS] COEKTPOB, YCI0XKHEH-
HBLIX 34 cueT CIIHH-CIHHOBOTO B3aHMOAEHCTBHA, TaKoro, Kak 'H — I9F
win 'H —3'P. Kpome Toro, MOXHO YCTPaHHTb YIIHDeHHE JHHHE,
obycnoBaeHHoe mnpucyTcTBHeM sgep N (pasa. 4 ra. VIII nu
puc. IX. 16), uro obnervaer ananus cnekrpor. [lasi paccmorpenust
KakOH-THOOH NaHHOH mapsl staep, Hanpumep 'H m 'SF, Gblia pas-
paborana cucrema oGo3HaueHH#, KOTOpas NMO3BOJISET YKA34Tb, Ka-
Koe AApo Haluawpaercs, a Kakoe obayuaercs. Cuayual, korga sapa
:9F{126fyqafmc;{, a TPOTOHB HAOJIOAAIOTCs, 3alHChIBaeTcsl Kak
H{'*F}.
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Hp Hoe Hg

nppan

Puc. IX. 16. Cnektp AMP *H nuppona [8].

a — Ges oBayuenns; 6 —c obayuyeHneM sjep “N.

B,
—

Puc. 1X.17. Cuextput IMP 'H nadranuna (a) u 1.2,34-TeTpaseteponadranina
C pa3Bs3KoM oT AelTepus (6); wactora 100 M@y (Ilasamuex, [ontep 9D.
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C-H
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a ! CH 5 ! CH3
131 y—>

<« 1691, —>

SRR

-132,8m.0.

+125,0m.0.
Puc. 1X. 18. 13C-MHAOP-cnekTp H3ompomi-KaTHORA.

(g——peso}{aﬂc CH-rpynnbl; 6 — peaodadc CH;-rpynnbel. XHMHYecKHe CABHTH OTHOCHTEABLHG
BC.pesonaHca B "*CS:. (Ona, Yaitr [10]).

SkcrepUMenTH N0 JBoHHOMY pesonaucy tHna 'H{#H} (nau
'H{?D}) sBadA0TCca BaXHEHIIHM CPeJCTBOM YIPOUICHHA CIEKTPOB
MPOTOHHOrO MAarHHTHOrO DE30HaHCa YacCTHUHO JieHTepHpOBaHHBIX
coenunennfi. Tax, B ra. VIII (pasa. 2.3 ra. VIII u puc. VIIL. 9)
YIOMHHAJIOCh O TOM, YTO HHBEPCHS LHKJIa B LHK/JOreKcakhe Hanbo-
Jlee yCHeLIHO HCCJeAyeTcsl NMPH HCIOJb30BAHHH ILHKJAOTeKcaHa-d;,
ecan Bzaumoneiictaue H,D noxaBasercs MeTOZOM ABOMHOIO pe30HaH-
ca. ToT e MOAXOJ HCMOMb3YyeTCs AJs TOUYHOTO aHANH3a CJOAHBIX
CIHHOBHX cHcTeM. Hanpumep, BOCBMHCIHHOBAs CHCTeMa B HagTa-
JHHe MoxkeT 6biTh npeBpaiiena B cucremMy AA’BB’, ecau cuHTe3H-
poBath 1,2,3,4-terpajefiTeponadTaJil H MNPOBECTH 3KCMEPUMEHT IO
npoiiHoMy pesonaucy 'H{?2D} (puc. IX. 17).

B Bapuaute reTeposiiepHOro JABOHHOrO pe30HaHca MOTYT OBITb
TaK¥€ OCYULeCTBJEHbl 3KCIEPUMEHTHl 110 CIIHH-THKJIHHTY H 3 PeKTy
Osepxaysepa. C HCMOJNb30BaUHEM 3TOr0 MeToja ObIH ONpe/eseHbl
oTHOcHTeabHble 3Haku BumMHaapnoil 'H'H wu npsamoit *C,'H-ko=-
CTAHT CIIHH-CIIHHOBOTO B3auMopedcTBusi B 1,2-auxnaopatiiene, '*C-
H30TONIOMEPY KOTOPOTO cOOTBeTCTBYeT crekTp THma AMX (pasx. 3
ra. VI). s rereposilepHbix CHCTEM B OCOOEHHOCTH MOJME3HBIM OKa-
sancst Meroq MHIOP, nockoabKy OH NO3BOJsSET H3MePATb CIEKTP
SIMP BToporo siipa Ha cHeKTpoMeTpe NPOTOHHOTO MAarHHTHOTO pe3o-
HaHca. Bce, 4To A5 3TOTO HEOHXOHMO, — 3TO BTOPOH reHepatop A4
co3aanHs nojasi B, B pesoHaHcHOM JAHamnasoHe BToporo sapa. Hcro-
puuecku reteposiepHas MHIOP-cnekTpockonusa pasBuiaach aaxe
panee, yem Oblau ocyuiecTBjeHb romosizepubie MHIOP-skcnepn-
MeHTH. B KauecTBe mNpumMepa INpHMeHeHHS STOro Merojaa Ha
puc. IX. 18 npusegem MHJOP-13C-cnekTp H30mpOMH/I-KaTHOHA, KO-
topeiii 6bl1 namepen B cpege SO,CIF — SbFs; npu temneparype
—20°C ¢ ucnoanzoBanuem o6pasua ¢ 50 Y% -ubiM oforauierneM MO
1BC, KBapTeT MeTH/JALHOrO yrniepoja Obl1 3anHucaH NPH perucrpan#y
YPOBHsI MHTEHCHBHOCTH carteqsHTa '3C MeTHJIbHOH IPYNIbI B pe:KHME

4ACTOTHOR pa3BepTKH B o6jacTH pesoHanca fipa '*C npu 25 MI'L.
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A;HanoquHbIM 06pasoM (IpH HCNOJb30BAHHH COOTBETCTBYIOLLETO
BBC caTeanuta B KayecTBe JIMHHH 3aXBaTa) Gblj 3aPerucTpHpOBaH
Ay6JeT st TPETHYHOTO aToMa YIJIeposa.

2.7. lllnpokononocHas pa3ssi3ka

MeTo1 wiupokonoaochoil pasesaky npeicTaBiseT COBOMH cylecT-
BEHHOE J0CTHKeHHe B 00/1acTH reTeposiepHOro ABOHHOTO pe3oHaHca.
OrpanuyeHHble BO3MOXHOCTH OBBIYHON TEXHHKH reTeposiiepHoOH
Pa3BsA3KH CTAHOBSITCS Cpa3y »Ke OYEeBUAHBIMH, KaK TOJbKO BO3HH-
KaeT Heo0XOAMMOCTb 06/1yueHHsl WIHPOKOH CIEKTPanbHOH 06jacTH.
ITockonbky aMIVIITY Yy 10J1s7 By Hellb3s yBeJHUUBATL GecrpeienbHo,
TO €ro BO3J/leHCTBHE OTPAHHUYHBAETCA OTHOCHTEJNbHO Y3KHMH yuacT-
KaMH clekrpa. B cayyae KOTAa JHana3oH XHMHYeCKHX CJBHCOB
TeTeposijipa A0CTATOYHO BEJHMK (Ha JeCATKH MHJJIHOHHBIX HoJjeil),
Kax, nanpumep, 1as saep '°F, nonnas pasBsiska HeBoaMokHa. Hau-
JVUIIAM  METOAOM CTAaHOBHTCH TOTjJa LIMPOKONOJIOCHAsI pa3Bs3Ka.
B sToM cayuae nenombsyoTes MOAYISIHOHNbBE METONHKH Pa3aHUHO-
ro Tuna A mojydeHus 3Q@eKTHBHOH MOJNOCH 4YacTOT, KOTOpas
[IPOCTHPAETCA HA HECKOJbKO KHJIOTEPI U OXBATHIBAET BCIO CIIEKT-
panbHylo 00s1acTb iApa, OT KOTOPOro HeoO6XoAuMa pasBsa3ka. Hau-
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Pruc‘ IX. 19. Crextpsl IMP !*F cvecn ABYX H30MepoOB 3aMCLIEHHOrO uHKI06yTaHa
(9puer [117).

@ — Hop

: PMAJIBHBIH  cleKTp; 6 — CUEKTP ¢ WyMOBOfl pa3Ba3koll OT HPOTOHOB. CLeKTpn «Al3» -
nmra (‘I«.-rpynn B IABYX H30oMepax 0603HaUeHhl PasHbLIMH CHMBOJAMH.
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foJlee H3BeCTeH METOL WYM0oB0U pas3sa3ku, B KOTOPOM IJsi IOJyue-
Hus xeaaemoro s¢dekra HCIoJNb3yIOT reHepatop wyma. Takoi xe
spdekr mosyyaercst U NPH HCNONb30OBAHHH METONHKH (a30BOil MO-
Ayasiudd. Bo3MoxHOocTH 3TOrO MeToAa HJgocTpupyer puc. IX. 19
Ha npumepe skcnepumenta °F{'H}. B orinune oT KorepeHTHOMH
pa3Bs3KH ITOT SKCIIEPHMEHT MeHee UyBCTBHTEJIEH K TOUHOMY BbiOOpY
®g, TIOCKOJIbKY I10/10Ca YacTOT AOCTATOUYHO IIHPOKA.

B nacTosilee BpeMs IIHPOKOIMOJOCHAs Pa3Bsi3ka HAXOAHT NPH-
meHeHue B crnekTpockonun YMP '3C B Bapuaurte '*C{'H}, rae ona
HCIOAb3yeTcs B NOBceAHeBHOH npakTtHKe. JLOMOJHHTENBHBIM MpEH-
MYILECTBOM ITHX 3KCIEPHMERTOB SBJsETCS YBeJuueHHe HHTEHCHB-
HocTH JHHHE B cnektpax AMP 13C, xoropoe 06ycjaoBJeHO ABYMS
HpUUHHAMHA. BO-NEpBBIX, CAWSHHE MYJbTHIUIETOB B CHHIJIETHI HENO-
CPEACTBEHHO yJyUlliaeT OTHOUIeHHe CHrHaj/myM. Bo-BTophlX, pas-
BaA3ka oT 'H composoxpaercss sddekrom OBepxaysepa, KOTODHK
s sgep '8C, cormachHo ypasHeHHio (IX.13), moxer jocturath
seaunuunnl 200 % . Manwoctpauueil stomy cayxur puc. X. 6.

2.8. Buepe3osaHcHas pa3Bs3Ka

Kak 6ymer paccMoTpeHo B Ia. X, HMeeTCs HECKOJLKO BapHaH-
TOB OCYILLeCTBJEHHsI reTeposiiepHofi pasesisku tuna '*C{'H}, xoto-
pble OKa3bIBAlOTCS UYPE3BLIYAMHO IIOJNE3HLIMH [/ OTHECEHHS CHI-
HajgoB B cnekrpax IMP 13C. Oauun H3 3THX BapHaHTOB, o0cyxnae-
Mbifi HHXKe, H3BECTEH KaK 8HEPE30HAHCHas pa3sAaAsxd. Kak IoKa3sbl-
BaeT caMO Ha3BaHHe, 3TO METOMA YACTHYHOH Pa3Bs3KH, IPH KOTOPOM
ucnonn3yior cunpHoe BU-none B obaactu AMP 'H c uacroroit ve,
Haxonduielicas BOJAM3H, HO «BHe» 06Jy4aeMOro PE30HAHCHOIO CHI-
HaJa. BaxHefimas ocoOeHHOCTb 3TOTO KCIEpPHMEHTa COCTOHT B TOM,
4TO B SKCIEPUMEHTAX [0 YACTHYHOH pa3BsA3Ke COXPaHAOTCA pac-
menenus aunui. Pasymeercs, 9TH paclllen/IeHHs MeHblle, 4eM KOH-
CTAHTH CHOHH-CIMHOBOIO B3aHMOAEHCTBHS, HO THIHYHAs MYJbTH-
nJeTHasi CTPYKTypa HEKOTOpHIX curHaznoB '3C coxpausiercss. ITOT
s¢exT YaCTHYHOH pa3BA3KH WaTIocTpUpyeT pHe. IX. 4, rae na6.aio-
JAI0T yMeHbLIEHHOe pacliensienne B Ay0JjeTe NpH CMeleHHSIX yac-
TOThl (va — vg), paBubix —15 1 —10 Tu. B cayuae IMP 3C ncuye-
3al0T Bce MaJnble xoHcranTth °C,'H (reMHHanbHBlE, BHIHHAJALHBIE
W JajbHHE) H OCTalTCAd TOJbKO paclieneHus, 0o0ycJOBIeHHbIE
GoabIIoOl TPsAMOH KOHCTaHTOH. BesexctBue 3storo curHaisl SIMP
3C B 3KClepyMeHTax ¢ BHepe3OHAHCHOH pasBsaskoil or 'H umeoT
BUA MYJbTHILJIETOB MEPBOro MOPSJKAa M MOTYT OBITb Jerko pacnos-
nanbl. [as nepsuyHoro (CHj;), sropuunmoro (CHjp), tpernunoro
(CH) u ueTBepTHYHOro aTOMOB yrjepoaa HabJIOAAIT COOTBETCT-
BEeHHO KBapTerT, TpUieT, AybjaeT u cuHrIeT. IIpuMep Takoro cnekrpa
npuBejeH Ha puc. [X 20.

TeopeTnueckoe paccMOTpeHHe BHEPE3OHAHCHOH Pa3BS3KH N03BO-
JsieT MNOJYUHThL NPUONHKEHHOe YPaBHEHHe, KOTOPOE CBSA3bIBAET OCTa-
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TOUHOE paclienaeHte Jq ¢ paccTpoikoii uactoTel Av u HEBO3MY-
II€HHOH KOHCTAHTOH CHHUH-CIHHOBOLO B3aUMOAeHCTBHA Jo:
»

AvEAB, T (12— 12) (IX. 14)
) OT0 ypaBHEHHE MOKHO WCIOJIb30BATDH HEeTNOCPeACTBCHHO A4 TO-
re, 4ToObl CBA3aTh crnextpu AMP 'H g '3C. My BEPHEMCSI K 9TOMY
bonpocy B ra. X. Kpome Toro, B HexkoTopbix KCNEPHMEHTAX Mo
BHEpe30HAHCHOMY 00Jy4ennio MposiBasoTea >bdeKTnl BTOPOTO 110~
gﬂﬂxa, HPHBOAAIME K DPACILCNIEHUSM JIHHME, KOTOpblE He MOLyT
RbITb HHTEPNPETHPOBAHBl B paMKaX TEOPHH [€PBOrO MOPSAKA.
- ITHX C/yuasx KOPPEKTHAsl HHTePNpPeTalUus CiekTpa Tpebyer mpo-

Bellenus Gojee TPYJOEMKHX PacueToB, CCHOBAHHBIX HA TOJHOM ra-
Muasronnane (IX. 1)
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Tadauua !X.1. O630p BULOB ABOHHOTO PE3OHAHCA, IKCTEPHMEHTAbHBLIX MCTOLOB

u ofaacteil npusenenns [12]

a) Buaw apofinoro pesonanca AJA napbl Alep A X

AMmnauvyia nToporo
BU-nonsi B: 4 06aacTtu
agva X, I'y

BuaisiHHe Ha CHUTHAaJ
aapa A

Knaccuduxanus

(y/27) By > nd px

(n 3aBHCHT OT THOA H YH-
cla 5KBHBAJENTHHIX s1ep
X)

(v/2n) By~ J px

1

(v/2m)* B3 (T\Ty), ~ 1

YMeHbliende yHcaa pe3o- CesekTHBHAA _cn
HAHCHBIX JIHHHI TpH ce- BfI3Ka HJAM ABOHHOH pe3o-

JIeKTUBHOM
curnaja sgpa X

Nononuutenspnoe paciten- CHHH-THKILHT
JeHHE

YuenblieHHe 4YHcaa pe3o- CIHH-DasBs3Ka
HaNCHBIX JHIHE A

CNUH-pas3-

obnyuyeHHH HaHC

nyreM o6pasoBa-
HHS TOAMYJIbTHIIETOB

VaMeHenHe  oTHOCHTedb- O6umit  sdoexr Osep-
HBIX UHTEHCHBHOCTeH JH- Xaysepa

HHf MYJbTHIIETA

6) Metoa usMepeHus

1. aMenende noJd, «Imo-
JeBasi pa3BepTKa»

9. Vamenenne 4aCTOTH],
«qacTOTHAsl pa3BepTKa
@y

3. Uamenenne 4aCTOTHI,
«yacTOTHAs pasBepTKa

wy» (MHIOP)

w; — g = const, Bp + AB H3Mensiercs, T. e. CIEKTP
X ckanupyeTcs ¢ moMollbio ®g(B;), f1po A uabaio-
Jal0T nocpeacTBoM @i (Bi)

®/Bgy = const, ®; 4= Aw — nepeMeHHas BeJHYHHA; B
sToM caydae ofuaydalomas 4yacToTa QHKCHpOBAaHA Ha
aiHEH X, pa3BepTka cneKktpa A ocyiuecTBuisiercs ¢
noMoliblo @ {B1)

0/B| = const, ;&= Aw — nepeMeHHas BeJHYHHA; B
cnekTpe HaGJi0faeTcs BCE BPeMs OAHA H Ta e JH-
HHs, a BO3Mymlaloliee noJde By ckaHHpYeTcs 1o pe-
30HAHCHBIM JHHHAM siapa X.

B) OG1acTH NPHMEHEHHS

MeTon

TIpuMenenne

[1lupokono.aocHas pas-
Bsi3Ka, reTeposiiepHas

CnuH-pa3BssKa, roMo-
sfepHas U rereposjepHas

YnpowenHe 1 yaydienue 4yBCTBHTEILHOCTH B TCl}eHK
Tpax caaGonoromanuux siep, Hanpumep N{'H},
ISC{IH}

YcrawoBleHHe CTPYKTYPH TNYJeM HACHTHQHKALHHA
siiep, CBA3aHHBLIX CIIHH-CIHHOBEIM B32aHMOIeHCTBUEM,

H yOpOIeHHe CJOKHBX MYJbTHIIETOB; OOHApYXe- |
HHE CKDBITHIX JIHHHH; YNPOUICHHE CNEKTPOB MHOTO- |
CMHHOBHIX CHCTEM € UeJbI0 MOJYYeHHs M[ePBHYHOTO

HaGopa mapaMerpoB AJA MALIHHHOTO pacycTa

F
&
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M podoasmenue raca. (X1

Merox

[IpuMenenne

CeJleKTHBHas
BSI3Ka

CIIHH-pa3-

CHNHH-THKJMHT

Slnepuni spdext Osep-
xaysepa (5120)

a) O6obwennwi 5190

(cnHHOBast mojKau-

Ka)

6) Knaccuuecknii  Mex-
MOJIEK YA PHBIA

190

B) BuyTpumosaeky.sp-
HBIH 190

r) [lepexoaune saBaenus
B 3KCOepPHMeHTaX no
JABOHHOMY pe30HaH-
cy

Peuenne npoGieM OTHeCEHHSI B CJAOMKHBIX H nepe-
KPLIBAKOUIHXCS MYJAbTHIJIETAX; ONpeAeNeHHEe OTHOCH-
TeMbHBIX 3HAKOB CKAJNSDHHEIX KOHCTAHT CIHH-CIHHO-
BOTO B3auMOjeiicTBUA

Tounoe wusMepenne wacror CKPBITHIX De30HaHCHBIX
JHHHA; OTHECEHMSI B CHJBHOCBA3AHHEIX CIHIOBMX CH-
CTeMax; HAeHTHOHKAUHSA MOACNEKTPOB; ONpeieJeHHe
OTHOCHTEJNbHBIX 3HAKOB KOHCTAHT CIHH-CITHHOBOTO
B3anmoeiicteua  (CCB); mnocTpoenne JuarpaMMet
SHEPTEeTHUECKHX YpOBHe#

TouHoe u3MepeHHEe 4YaCTOT CKPHITHX  pe3OHAHCHBIX
JuHHA ¢ noMompro MHIAOP-cnexTpockonuu: onpe-
A€JICHHE TPOTOHHBIX NOCJEAOBATEJbHOCTEN; YCTAHOB-
JIeHHEe CTPYKTYDHI; ONpejeNeHHe OTHOCHTEJbHBIX 3Ha-
KOB KOHCTAHT CMHH-CIHHOBOTO B3aHMOAEHCTBHS; MO-
CTpOeHHE AMArpaMMbl SHePreTHUYECKHX YDOBHell, KOC-
BEHHOC ONpeleJeHHe XHMHUYECKHX CIBHIOB CJIafouyB-
CTBHTE/IbHEIX Siep, HanpuMmep B3C u BN, ¢ moMombio
reteposinepuoit KMHIOP-cnektpockonuu

I/Iccneﬂosam{e peJlaKCalHOHHEIX npoueccoB B XKHUM-
KOCTAX U rasax

[lonyxonnuectennoe onpegenenne MEeX B TEPHHIX
paccTosiHuil; pelleHHe CTepPEOXMMHYECKHX 3a1ad; H3-
MEpEHHE BpDEMeH DelaKCALHH H MOJEKYJIADHOR Kop-
PeJALHH; YJYYIIeHHe YYBCTBHTEJIbHOCTH HA «C.a-
Obix» DPe3OHaHCHEIX sApax, Hanpumep '3C

HMayuenne KMHETHKH Ha CNNH-CHCTEMAX, BKJIOYEHHBIX
B XHMHYECKHH o6men, ompegefieHHe cKopocTefi 06-
MeHa H BPEMEH CHHH-DELIeTOYHOH peJakcalnu

Eille 01HH MeTO] Pa3BA3KM, H3BECTHBIH N0 HA3BAHHEM LMNYAbC-
Han pa3gaska ™ W MCHOb3yeMblii wWaile BCErO B CIEKTPOCKOIHH
AMP 13C, G6yner paccmotpen B 1. X.

3axkaHuuBas O06CyXAeHHe SKCIEPUMEHTOB IO JNBOHHOMY pe3o-
llaucy, mpusefiem o63opuy0 Tabaumy (taba. I1X.1), B KoTopoi
peACTaBAeHbl OCHOBHBIE OCOGEHHOCTH ONHCAHHBIX Pa3HOBHAHOCTEH
ABOHHOTO pesoHanca. B 9Ty Tabaumy BK/IIOYEHH TaKKe MeTOALE
3MepeHuss 1 00/1aCTH TIPHMEHCHHS.

3. MYPbE-CMEKTPOCKOMUS SMP

Maxe 1a7 caMmbix COBepUIEHHBIX CNEKTPOMETPOB, AOCTYIIHHIS

B Hacrosllee BpeMms,

UYBCTBHUTEJbHOCTL  CIIEKTPOCKONHH SAMP

OCTaerca elne CPAaBHHUTEJBHO HHU3KOH. YHy'{meHHe TyBCTBUTEJIbHO~

* B anramickoit anrepatype — gated decoupling. — [pun. nepes.
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CTH 3a CUeT ycpelHeHUs BO BPEMEHH, B OCOOGEHHOCTH 1Js1 ciaabo-
YyBCTBHTENbHBIX $1l€p, TaKUX, Kak yrjepola-13 u asor-15 (cM.
Tabu. 1. 1), ABageTcs BechbMa Ba)kHOH mpoOJsemoil. HeyauBurteabHo
no3ToMy, uTo cnektpockonuss SIMP ¢ ¢ypoe-npeo6pasoBanHem
(AMP-®I1) GricTpo mpeBpatuaack B OAHH H3 BaKHEHINHUX MeTo-
2oB B cnektpockonun IMP. 3a HeMHOrMMH HCKIIOUeHUSAMH (HA-
npumep, 'H, !°F u, BoaMoxHo, 3'P), mo-BUAHMOMY, Bce f/]pa H3y-
YamoTes B HACcTosillee BpeMsi ¢ IIPHMeHeHHeM 3Toro Meroja. Oue-
BHAHO, Heo6XOAHMO B [ONOJHEHHe K (U3HUECKHM [IPHHIMUIIAM
SAMP-®II, usnoxennwim B ra. VII, nate Gojee neranbHOE ONHUCa-
HHe HEKOTOPHIX 3KCIEePUMEHTAJbHBIX aclNeKTOB 3TOro Meroja. ITo
ONMHCAHHE He NpPeTeHAYeT Ha MNOJHOTY H3JO0KEeHHUS, a COAepKHUT
JHIIb OCHOBHBEIE YEPTH H XapaKTePUCTHKH MeTO/a.

3.1. Cnekrpometpnl SIMP-®I1. OcHOBHble NPHHLHMBI
H npaBHja paboThl

OcHOBHBIe NPHHLIHUIB ycTpoficTBa cnekTpoMerpa AMP-®I] ayu-
1Ie BCEero OGBbSCHUTH C IOMOIIBIO yNPOLEHHOH GJIOK-CXEMBbI, NpPHBe-
nenno#t Ha puc. IX.21. Ee pasauunble uactu OyayT OOCYKAEHH
B NOCJIEAYIOUINX pasjesax.

3.1.1. Komnerotep u anarozo-yugpposoli npeobpazosaress. [1pun-
UHNHANBHBIM OTJHYHEM cleKTpoMerpoB SIMP-®[] oT cnekrpoMer-
POB CTallMOHADHOTO THIIA SABJSETCA HUPPOBOL KOMNLIOTEDP, KOTO-
PBEIl HrpaeT LEHTPAaJbHYI0 pOJb B OCYLIECTBJEHHH 3SKCIIepHMEHTA.
On xoHTpoaHpyeT paboTy reHepatopa W NPHEMHHKA, OCYyLIeCTBJAET
XpaHeHHe H 00pabOTKy BXOAHBIX JAAaHHBIX, 2 TaKKe IIepPEHOC pe-

Romnsrmep

RONCOY
ntenpovenpa 1

—  E—

nepugpepuinse zenepamop 29}/550//10/7 Kanas
yempodemba 1 pasiaska | \koHmpossa)
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ucK, KacCemss) danmsix
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Puc. 1X, 21. Bnok-cxema cnekrpoMerpa AMP-OIL 3
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3yJbTaTOB Ha TEePMHHAJbHLIE YCTPOHCTBA, TAKHE, KaK OCIHJJION-
pat HIM CaMONMHILYIIMH noTeHuHoMeTp. [Iporpamma, o6buHO HaNH-
caHHasg Ha accemOJepe — MAMIMHHOM SI3bIKE, OCHOBAHHOM Ha HH-
CTDYKUHAX, 3alHCaHHBIX B JBOMUHOM KOJE — COCTABJsAeT 6asHc
17151 BBHINOJIHEHUS KOMaH[, AaBaeMBIX KOMIIBIOTEPY OIEPATOPOM 4e-
pe3 BXO/JHOe YCTPOHCTBO — TejeTalNn WJH CBeTOBOe mnepo. [Ipax-
THYECKH BCe (QYHKLUHOHAJbHblE Y3JB CIHEKTpPOMeTpa — OT Mepejat-
YHKa [0 Tlepa CaMoOIHCLa — BKJAKOYEHB B 3Ty MNPOrpaMMy H Haxo-
JSTCA MO/ KOHTPOJeM KOMIIBIOTepa.

MHHMKOMNBIOTEDH, KaK TAaKOBble, XaPaKTEPHU3YIOTCS AByMS
BaXHEHIINMH NapaMeTpaMM, KOTODhE ONpeAeJsioT HX HHbopma-
LHOHHYIO €MKOCTb: 4UCAO A4eex namaru (X-ocv) W Oauna cA08Q
(y-ocv). UHcno sueek nmaMsTH BHIpaxKaeTcs B eAHHHIax K, rie
K = 2! = 1024. OG6wniuno xoMmmbioTep ¢ oObemoM mnamsaru 12 K
CYHTAeTCsd TeM MHHHMYMOM, KOTODBIH MoOXKeT oOecmeuduTb paboTy
AMP-®I1-cnekrpomerpa. 4 K siueek mpeaHasHaueHH Jsl XpaHeHHs
IpOTPaMMBl, BKJWuYaA onepauuro ¢ypbe-npeobpasoBanus, 8K
AYeeK OCTAlOTCcA [JA XpaHeHHs M o0paboTkH TexkyumeH uudopma-
und, [TockoapKy ¢ypbe-npeoGpasoBanHe AaeT pPEaJbHYI0 H MHHU-
MY 4YacTH B 4acTOTHOH 006.acTH, HX cJjelyeT pasleluTb, [1as
OKOHYATEJNbHOTO CIEKTPa MOMKHO HCIOJb30BaThb 4 K Touek, KoTO-
pble COOTBETCTBYIOT PeaJsibHOH uacTH.

Hauna caosa onpefensier pasMep 4YHCJAa WM €ro BeJHYHHY,
KOTOPYI0 MOXKHO XPaHHTb B OTA@/bHOH siuefike naMmaTu. Enununnes
H3MeDeHUsl AJHUHBI CJOBa sBJseTcsl Our*; uncao OGUT ollpefesieT
1MHHY caoBa. Mudopmaunus (o6bMHO 3TO 4YHCJIa, NTOJydyaeMble B
pesy/abTaTe H3MepeHHA) XpaHUTCHd B [BOHUHOH ¢popMe, Ile KaxkK-
10e JecITHUHOe UYUCJIO BbIpaxaeTcsl KaK CyMMa pasJIHUHBIX CTe-
NeHeld uucsaa 2, Hampumep 7 = 20 4- 2! 4- 22 Kaxnawi#i Gut — 310
JIBOMYHAY €IMHHIa, KOTOpas MOXeT IPHHHMAaTb 3HaueHHe | uay 0,
VKa3biBasl, KakKas CTeNeHb uucta 2 HeoOxoAHMa AJs1 TOTO, UTOOHI
NpeACTAaBHTh paccMaTpHBaeMoe JAecsiTHUYHOe 4Hca10. Hanpumep, mpu
J/IHHe ¢j0Ba 4 OUT HaHWBEICUIee AeCATHUHOE UHCJIO, KOTOPOe MOXKHO
XPaHUTb B NaMsTH, PaBHO 15, DTO 4MCJA0 B ABOMYHOM IIpeCTaBJe-
Hud umeer Bua 1111 (2°+2'4-224-2%), B obuem caydae nJd
n GUT MaKCHMaJbHO BO3MOXKHOe AeCATHUHOE UHCJIO0, KOTOPOE MOXKET
OblTh MpefcTaBJjeHo, paBHo 27 — 1. Kpome Toro, omuH OHT Heo6-
XOJHMO NpPeAyCMOTpETh AJ8 3HaKa UHcJa.

W3 BLINIEH3/102K€HHOTO ACHO, UTO BXOAHLIC JaHHBIE JOJKHB OBITH
KakuM-To ob6pasom npeobpa3oBaHbl H3 aHAJOTOBOH B LH(PPOBYIO
(bopMy, mpexjae ueM MOryT OBITb BOCIPHHATH KOMIIBIOTEPOM. IDTO
OCYIIECTBJ/ISIETCS ¢ TIOMOLIbIO aHaJ0ro-LUH(POBOro npeoHpasoBaTess
(ALIT) (uam oundpoBbIBaTENsT). ITO YCTPOHCTBO BOCIPHHHMAET
crnaj cBoOOLHON HHAYKIHH B OIpejesNeHHble NMPOMEXYTKH BpeMeHH
W mpeBpalllaeT Ka)K/J10e H3MeDEeHHOe HANPsKEeHHe B JBOHYHOE UHCJIO,

* B anraufickoll antepaTtype — bit o caoB binary digit. — ITpum. nepes.
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KOTOPOe MOXKHO XpPaHHTb B COOTBeTCTBYIOLIEH suefiKe NaMATH
KOMIblOTepa. 34echb HAAO PACCMOTPETh [Ba BaXKHeHIIHX acleKTa:
1) paspewenue AT, naMepsieMoe B OHT, 2) ckopocTs s6i6opKuy,

[Tpu manpsixeHnH, H3MeHsoleMest B npefenax +20 B, paspeue-
uaue AUII, paBHoe 12 GHT, 03HauaeT, YTO HANpPSKEHHE H3IMepAeTCS
¢ warom 10000/(2'2— 1) =2,44 MB. [Tonyyaemble nmpu 3TOM me-
Jiple yhcsaa npeobpasyloTes B JBOMYHBIE uucaa. BXOjiHLIE JaHHBIQ
C AaMILVIHTY[OH, MeHbIIeH eJHHMYHOrO IIara (B HalleM c/ayyae
2,44 mB), Boobwe He BocnpuHumatorca AUTIL. Jauna ciosa AT,
TaK e KakK H JJHHa CJOBa KOMIBIOTepa, SIBJISETCS OYeHb BaKHOM
XapaKTepHCTHKOH, onpelessiollell NOCTYNHBEH JuHamuueckut aua-
MasoH, T. €. CHOCOOHOCTL JeTEKTHPOBATL cJalble CHTHAJAB B IpH-
CYTCTBHH CHJIbHBIX CHTHAJOB. B paccmaTpuBaemMom npumepe 12-6uto-
Boro AIIIT npefes 3ajaercsi OTHONIEHHEM HHTEHCHBHOCTell 212: ] =
=4096:1; ana AUII ¢ paspenredieM 4 GUT 3TO OTHOIIEHHE COCTAB-
Jser Tonbko 16: 1. IToaToMy KeaaTeJbHO HCNOJb30BaThb BECh AHHA-
mMuueckui auanasos AT, ¢ Tem uToGbl NpaBUJALHO ONMHMCHIBATL Caj
©cB0OOAHON MHAYKUHH. C ApYroil CTOPOHBI, OTCIOJAa TaKXKe CJelyeT,
YTO NPH HAKOIJEHHH JaHHLIX JJIHHA CJIOBA KOMIIBIOTEpA AOJKHA Mpe-
BOCX01uTh paspewtesde ALIIT, B npoTHBHOM cayuae OyjaeT MPOHCXO-
JHTH TIepenoJHeHHe NaMATH ¢ NocaeAyloulell nmorepe#l nadgopManuy.
B aToM coctouT cneunduka sxcnepuMenta ®II-Tuma, kotopas cie-
AyeT u3 Toro akra, YTO CMEKTP B YACTOTHOH OOJACTH SIBJ/SETCH
pe3yJabTaToM Npeofpa3oBaHUsI HOJHOrO CHTHaJja crnafa cBoBOAHON
uuaAykuud., Ecou B cranMonapHoM pexuMe NepeloJiHeHHe NPH Ha-
KOTIeHHH (cM. 1. II1) BAMsieT JHLIb Ha OT/AEJNbHBIH YYaCTOK CIIEKT-
pa, HanpuMep Ha HHTEHCHBHBLIA MHK PACTBOPHTEJS, TO B MMIOYJbCHOH
{ypbe-CclIeKTPoCKONHH «ofpe3aHHe» YacTH CHrHajda chajga cBo6oj-
HOHl MHAYKIHH BO3MYLIaeT CHTHAJ BO BPEMEHHOM IIPeACTaBJAEHHH, 4TO
MOXKeT IOJHOCTBbIO HCKA3HTb CHIHAJ B YACTOTHOM MpeiCTaBJICHHH.

BTopofi BaxHBIH MOMEHT KacaeTcsi CKOPOCTH BBIGODKH JaHHBIX
BO BpPeMeHHOM IpeJCTaBJeHHH. BCIOMHHM, YTO CHTHAJ Cllaja CBO-
O0MHOH HHAYKLHH COJEPKHT YaCTOTHBle KOMIOHEHTH Av;, 3aJaBae-
Mble DPA3HOCTBIO HecyuUlell 4acTOThl vy H UAacTOThl curHajga SIMP w;.
Coraacno reopese Hatrkeucra, ABAKIOMIEHCT IEHTPANBHOR TEOPeMOR
TEOPHU HHOGOPMALHH, AJf HPABHJIbHON XAPAKTEPHCTHKH KaxKa10H
4acTOTHl Av; HEOGXOAMMO MPOBOJAMTL H3MepeHHe IO KpalHell Mepe
ABaX bl 3a nepuod. [103TOMY CKOPOCTb BHIOOPKH ONpeensiercs LIH-
PHHOH H3MepsieMOro crexkTpa. EciaH HeoOXOJHMO H3MEPHTb MOJOCY
gacToT 5 k'L, TO AaHHBIE JOJKHBI BBIOHPATBCS CO CKOPOCTHIO
10000 Touex 3a cexynay, uau 10 kI'u. Ecuau, wanpumep, cKopocTh
BbIOOPKH cocTasasier b kI'L, TO MakcyMaJbHasi perHCTpUpyeMas ya-
ctoTa 6yAeT COocTaBaATh aullib 2500 Ty,

B JomonHenHe K CKOPOCTH BBIOOPKH M JHHAMHYECKOMY [iama-
30HY HMeeTCHA 3HAUHTEJbHOE YHCJIO HHBbIX, He BCEeTJa He3aBHCHMBIX,
napaMeTpoB, CBA3AlHBIX ¢ HEKOTODBIMH acHeKTaMHM BHIGOPKH jAaH-
¢#biXx B Gypbpe-akcnepuMmente. OAMH H3 3THX MapaMeTPOB — 8pemMA
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wupara xZ cROpocms
cnenmpa ’ Bvitiopru

(5000 Ty) (10000 'y)

-7
( 2lg ) ()
YuCsp mMovex
Bpemsa x(qucsn mover)
Bsiopuu 1,
8x)
(0,8192¢) (10%c = 100 wre)

Pue. IX. 22. CBsi3b sKCrIepUMEHTAJbHBIX NapaMeTpos B FMP-OIL

CHUTBIBAHUA gy, T. €. BPeMsl, HCIIOAb3YEMOe JJisi 3aHECEHHs1 OTAe/b-
HOJl TOUKM H paBHOe 06paTHOIl BesHuHHe OT CKOPOCTH BHIGOpKH. Ta-
KHM 00pasoM, Aasi WHPHHBL crnektpa 5 KIL fqw = 10~* ¢, uan
100 mkc. Ecau HCmOMb30BaTh KOMIBIOTED ¢ maMsiThio 8 K, To obulee
BPEMS CUMTLIBAHHS BCEro cWrHazia cBoOOJNHOK WHAYKIMM OyAeT cO-
cTaBasiTh 0,82 ¢. DTO BpeMsi Ha3bIBACTCH BpemeHem 6bl00pKiU CHr-
Hana. BaXXHO MOHMAMAaTb, YTO UIHPHHA CMEKTPa, CKOPOCTL CUHTHIBA-
HUS, BpeMsl CUHTLIBAHHS M BpeMsi BLIGODKH CBA3aHbI MexAy coCGoil H
IJIst NAHHOTO 3KCIEPUMEHTA HeJb3si W3MEHHTb OJMH H3 3THX MNapa-
MeTpOB, He u3MeHHB ApyrHe. Hanpumep, ymeHblleHHe CKOPOCTH BbI-
6OpKH NPHBOJHT K CyKEHHIO CIEKTpaabHOi mosocwl. Jlamee, poct
BpeveHH BHIOOPKH IPH OJHOH H TOH Ke MaMsaTH KOMIbIOTEPA BO3MO-
el TOJBKO B TOM Ciyuae, eCJIH BpeMsl CUYMTHIBAHHS MOHHIKAETCH 33
CyYeT yCKOpeHusl BHIOODKH AaHHbIX. Mcmomb3oBaHHe 3THX COOTHOIE-
HHfi Me1y HapaMeTpaMu 3KCIeDHMeHTa HHOT/a BBI3BIBA€T y HO-
BHUKOB HEKOTOPYIO MyTaHHUy, H BO H30exanne ee nHa puc. 1X.22
IIPHBOJIMTCA CXeMa CBSI3H I1apaMeTpPoB C TOYHBIM UYHCJIGHHBIM IIpH-
MEpPOM.

[Tocae mpeoBpa3oBanusi pe3y1bTaThl BHOBb 3aHOCATCA B NaMATDL
KOMIbIOTEPA, H Telepb paspellleHHe B YaCTOTHOM TpeACTaBJEHHH
ONpe/eNsaeTcs YHCIOM siueeKk NaMsATH, OTBeAEHHBIX /1 XPaHEHHT
cnexrpa. IIpek/ie 4eM 3amHCaTh CIEKTP, HEOOXOAHMO HCIOAb3OBATH
ungpo-ananoroseiii npeodpasonarens (LIAIT). B mpuBeleHHOM BBI-
me mpusepe 4 K Touek, nenosnbayembix Ha wHpune crextpa 5 kI,
NPUBOAST K paspetennio 1,22 'l B 4aCTOTHOM CIIEKTpe, KAKAM ObI
XOPOLUIHM HH ObLIO pa3pelleHHe, CBA3aHHOE C OJHOPOAHOCTBIO Mar-
HUTHOTO noJad. [To3TOMy OrpaHHUYeHHAasl AMATb KOMIBIOTEPA MOKET
CepLe3Ho MOBAHATL Ha KaueCTBO CIeKTpa, OCOOGEHHO B OTHOLICHHH
1eBOMbIINX paciienenuil JHHAH.
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Fuc. 1X. 24. TocaesosareabrocTs HMnyabcos 8 SIMP-OT1 ¢ Hakonnennem A2HHLIX.

Ha puc. IX.23 nmpeicraBiena cxeMa NPOUEAYPB! NMPOXOM/ICHHS
Il 06pabOTKK AaHHBIX OT Cnajia cBOGOJAHOH HHAYKUHH depe3 CTalliy
AL, kovnbiotepa, LIAIT u, HakoHel, CAMONUUIYLIETO HOTEHIHO-
MeTpa, Kyjia BbiJaercs CHTHaJ SIMP.

3.1.2. BY-zenepatop 8 umnyibcHol (pypoe-crneKTpocKonuu AMP.
B ¢ypbe-crnekrpockonuu JIMP BosuHkaer psii npo6JjeM, CBA3AHHBIX
¢ HCIIOJIb30BAHHEM FeHepaTopOB BHICOKOH yacToThl. Hakomsenue 1aH-
HLIX B TeyeHHe AJHTENbHOrO HHTEPBaJa BpeMeHH TpeOyeT BBICOKOH
CTAGUIBHOCTH OTHOIIEHHs TOJe/4acToTa, H TO3TOMY OOBIYHO HC-
NOJb3YeTCsl CHCTeMd BHYTPEHHEro reteposiepHoro KOHTpOJs, B Ka-
yecTBe KOTOpOro BHIOMpaercs pe3OHaHc 2H pelfiTepupoOBaHHBIX pa-
creoputeseii CDCls, Ce¢Dg u 1. n. Hajee, gas TOro yTOOB HMETb
BO3MOJKHOCTb NPOBOJAHTL SKCIEPHMEHTHI [0 ABOHHOMY pe30HAHCY
Pa3JHYHBIX THIOB, HEOGXOMMMO Pacnojararb BTOPLIM HCTOUHHKOM
BU-noaa ¢ mepemenHoil uactoroil. Hakoren, uccieayemble sjipa
06ayuatorcst BU-MOUIHOCTBIO € MOMOLLbIO UMIYJIBCHOTO TeHepaTopd.
O6bluHO 3TOT reHepaTop HMeeT (HHKCHPOBAHHOE 3HAUENHe yBi, n on
XapaKTepHayeTcs AMHTENbHOCTBIO HMITYJIbCA fp (MKC), HeOOX0AuMO#
nst 90 °-HOTO MMIYJbca HAa cTamiaprTHoM oOpasie. TunauHbie 3HA-
deHus f, (90°) WBMEHSIOTCS OT HECKOJIbKHX MUKDOCEKYHI A Tpo-
TOHOB 40 100 MKC A/ MeHee UyBCTBHTEJBHBIX flep ¢ MajbIMH 3Ha-
YeHHAMH THPOMATHHTHBIX OTHOUIEHHA (CM. ypaBHEHUe VIL 11).

00 °-Hple UMNyJbChl A4OT Haubojee WHTEHCHBHbIE CHTHAJLL Bmpo-
yeM, MHOTJa rKeJaTejbHbl ¥ MeHblUIMe YIJbl MOBOPOTA NpH HAKOMN-
JeHHH NaHHBIX, C TeM 4TOOBl COKPAaTHTb Bpems BOCCTaHOBJAEHH
Z-HaMAarHHYeHHOCTH, KOTOpOe OMNpene/sercs CMHH-PEHIETOYHOH pe-
dakcauuefi. [Tpu stom spems sadepoycku MEHLY OTAENbHBIMH HM-
nyabcamu (aas cepuu 90°-HbIX HMIYJbCOB 3TO BPEMA cocTaBasieT
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PUMepHO 5 T'1) H COOTBETCTBEHHO nepuod NOBTOPEHNUSR IKCTIEPHM el.
TaJbHOH TOCJ/Ie0BATEILHOCTH MOTYT GLITh CYUIECTBEHHO yMeNp.-]
wenbl. Enle ofna safepxka (IpaBa, cymecTBenHo Gosee KOpOTKag, |
COCTaBJIAOLIAsT OHO HJIM IBA BPeMEHH CYHTBLIBAHHS taw) HEOBXOMIy.
Ma JlJ1f BOCCTAHOBJIEHHS NMPHEMHHKA TOC/e NPHUJIOKEHHS CH/bHOTO §
BU-umnyanca. dra 3anepxka HyxHa paxe NPH HCNOJNb30OBAHUH Me-
TOLHKH ¢ pa3fesieHHeM BPEeMEHH, KOTJa IeHepaTop H IPHEMHHK ;
BRJIOYAIOTCS M BBIK/IOYAIOTCA TMomepemenno. HakoHew, kak Oyaer ¢
NOKa3aHO HHIKE, BaXKHOE 3HAUCHHE [/ Pe3yJbTaTOB 3KCIEePHMEHTs ©
MMEET KOPPEKTHAs YCTAHOBKA YaCTOTbl HMIY/IbCa OTHOCHTEIBLHO He-
c/Ielyemoro 1uanasona yactor. IlociefoBatesbHOCTD, HCMOIb3yeMas |
B THIHYHOM ¢hypbe-skcnepuMente SIMP, npusoantcs B rpaduueckon
topme Ha puc. 1X. 24.

3.2. TpyaHocTH, BO3HHKAIOILHE B CNEKTPOCKONHHU
AMP-o N

M3 npusenennoro o6cyxienus cTaHoBuTcs SICHBIM, uTO TIpH
UCTIOIb30BAHHH HMIYJIbCHOH (DYpbe-CIeKTPOCKONHH BO3HHKAET psin
ocnoxHeHu#. OAHO U3 HHX, HAHGOJee YyacTo BCTpevalomeecs, OTHO-
CHTCS K OTPAJKEHHbIM CUeHAAQM, BOSHUKAIOLHM TNIPH HENpaBU/JbHOM
BLi6Ope AHanasona PETHCTPHPYEMBIX 4aCTOT OTHOCHTEJBHO (haKTH- -
Y€CKOro cnexTpa. [[omycTHM, 4To BHe 3TOrO AHANA30HA YacTOT HMe-
€TCsA CUTHaJs ¢ 6oJiee BHICOKOH YA4CTOTOMH Av 4 év. Torga, cornacuo
Teopeme HaHKBHCTa, 3TOT cHTHAM He Gyjer perucrpupoBaTtbcs. Of-
H4KO MOXKHO TOKa3aTb, YTO TOUYKH, OTHOCSLIHECHS K 5TOM 4aCTOTe,
6yayT paccMaTpHBATHCS KOMIIBIOTEPOM TaK, Kak GyATO OHIl npHHA[-
J€XaT gactotre Av— dv. OTCI0la H TNPOHCXOKIeHHe TepMHHA «OT-
PaXKeHHble CHTHAJbI», TaK Kak bypre-npeobpasoBanne IDHBOAHT
K IIOABJICHHIO CHTHAJla B YaCTOTHOH 06.1aCTH TpH Av — v, [Tpowuc-
XOXK/eHHE OTPAXKEHHBIX CHTHAJOB HJTIOCTPHPYET puc. 1X. 25.

Hexotopre Hepopasymenus MOTYT BO3HHKHYTb TakKxke B TOM
clydae, ecqiH HeCyllasi 4acTOTd OKAa3LBACTCs BHYTPH HCCJIEeyeMOTO
CMIEKTPa. ITO OODBACHSAETCS TeM, UTO JAETEeKTOp HE MOXKeT OTJAHUATH
IOJIOKHTEIbHBIC U OTPHUATENbHbIE 3HAUEHHS Av,. [1pn aTOM BHOBB
BOSHAKAIOT OTpaKeHHble CHrHaJbl. TakuMm 06pasoM, HeoGXoxHMO
YCTaHaB/JMBATb YaCTOTY vy B C.1aGONOJBHON WJH CHJIBHONOLHOM
4acTax cnekTpa. OTMETHM, YTO HeJABHO TpEILJIOKel MeTOx kgadpa-
TYPHO20 OeTeKTUPOBANILA, TIO3BOMSIOUIHI pacmosnaBaTbh CHALHOMOJb-
Hble H C1aGoNo/bHbie YaCTOTBl C MOMOIbI0 CHEUHANbHOO JeTeKTO-
Pa, 4TO 1a€T BOSMOKHOCTb yCTPAHSITh OTPAMKEHHBIE CHIHAJIbI.

Taxum o6pasom, ¢ moMouso ¢ypoe-cnekTpockonun (B oTauune
OT CTallHOHAPHOTO METONa) TPYAHO, €CJH BOOGUIE BO3MOKHO, u3y-
14Tb OTAGJbHO Manble yUacTKH crekTpa. Kpome Toro, Takixe B npo-
THBOIOJIOMHOCTb CTAIIHOHADHOMY METOAYy CylleCTBeHHbIe 3aTpyaHe-
HHS BLI3BIBAET HCKJIOUEHHE CHJABHBIX CHIHAJOB pactBopureJeil.
CHJIbHBIE CHTHAJBI MOTYT, B YaCTHOCTH, BbI3HIBATb IMEpPeNo.HeHHe

34§
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Puc. IX. 25. Otpaxennnie wactorsl B JMP-OTL re e pevomancaws mpn 1707, S04,
13C-SIMP-cnekTp ¢ pasBA3KOH OT [IPOTOHOB STUJNALETa O A Aaiore
1210_9— H 14,4 M.A. OTHo¢HTeabHo TMC nas Kapﬁ%{unbggroéngﬂépa O aorota  HafKBHCTE
) ) ey TBEHHO. HpH -
I7epoA0B COOTBETC NouHa  creKTpa
KapQSOMOeTI?Ll[(CHgE:gEETegmHop nHeCY].l.LEl"'l yacToTbl Vo, 6—yMeHbU.IeHl;aﬂ u PETCH oon aa-
12000 : Hana, KOTOpBIH MoABAs
HHIO KapGOHHJABHOTO CHI! ' o 1o
(4000 Tn) npAlbla.oil«lﬁTI’al_(ru_?gpzﬁ(:MaHHe ,_;,)a thasoBbie OWHOKH B OTPaKeHHBIX CHTHAMN2aX,
CTOTe VN —AYV;

4acTo Mo3BoJasieT HafiTH HX B CHeKTpe.

HO-
aMSITH [P HAKOMJIEHHH AaHHBIX. [Lst MPEONOJICHHs STHX TPY.
cTeli HeOGXOAUMBI CllEIHAJNbHbIE MeTOIIH:;I(.e o ¢ TouKi Speri
ajoB Ta
SIBaenve OTPAXKEHHBLIX CHTH i
BHE CHEKTpaJbHO
ro Ha BBLICOKHX YacTOTax
o, Tast TOr0 aji 3THX IIyMOB, KOTO-
yTOGH YMEHBIUUTh BKJIAJ , K
s o MOl cleKTpaabHOH 00-
i IIyMy B HCCJenye :
ple MOTYT 100aBaATbCA K 26
E)IaCTH H}(]‘HO.Hb3y}OTCH (puabTPLL, TOHHIKAIONIHE YPOBEHb STHX
J , HC
AJI0B. ) .
! ﬂEme 0JIHO 3aTPYy/HEHHE, CBA3aHHOE C IIHPHHOH CneKTg:III‘II{/IaTIOB.
MSITBIO KOMIbIOTEpPa, BO3HHKaeT IIPH PEruHcTpalHH Ara03
}EIMP ®T1 sigep, o6aafalomux OOMbIIHM JHATA30HOM XHMaH it
. , -
capuros (19F, 3'P). B sToM cayuae HeoGXojHMa %Ha‘IHTeTJIaI;(HHM 66pa
' ’ . i; ) -
COKasl CKOPOCTb BEIOODKH;
HMIIyJbCa, a TaK:Ke Bhl '
;(())ISITbeeM};I BbIéOpI(H MOJKeT OKa3aTbCs CepPbe3HO orpanggezx;x;:{l
l3-3a KOHEUHOH TMaMsTH KoMIbloTepa. [lpu 5TOM BCaAEL

|
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«o0pesanns» cnafa cBOGOAHON HHAYKLUH MOIyT BO3HHKATb HCKa- i

JKEHHs CHrHanoB. Kpome Toro, Gymer mpoucxomutn yMeHbmeHneé
{HCJIOBOTO paspelieH:sl B YaCTOTHOM MpeACTaBJAEHHH.

B ciyuae mamnx Av npu OTCYTCTBHH OTPaXKEHHLIX CHTHAJOB
HUHCJIOBOE paspelieHHe MNOBLIIAeTCS. B To e BpeMsi Bo3pacTaer !
BPeMsl BEIGODKH M YCJIOBHS A/ HAKOMJIEHHS AAHHLIX YXYALIAIOTCS,
Takum oGpasowM, B Gypbe-3KcrepuMenTe BhicOKas YYBCTBHTEJbHOCTD
JIOCTHTaeTCs TOBKO LEHOH MOTEePH pasperlieHus.

Crnennaasnoro BHUMaHHg 3aCJTyXKHBAeT BOLDPOC 06 uamepenuy
unrencusnocred B AMP-®T1. HMwmerores B BUJY Pa3JHUHbIE HCTOY-
HUKH OWINGOK, TakHe, KAK HH3KAasi MOLIHOCTD UMIyJbca WJH Hego-
CTaTOuHO GoJbliHe BpeMeHa 3ajepiKeK B CepHH HMIy/1bCOB. B nep-
BOM cayuae pacnpesesieHue MOIIHOCTH MO B, OKa3bBaeTcs pas- .
JHIHBIM B Da3HBIX ydacTkax CHeKTPa, 4TO NMPHBOAHT K pasauy-
HLIM  yIjlaMm NOBOPOTa /sl OTAEJAbHBIX PE3OHAHCHBIX CHIHAJIOB,
Tak kak BeqHuMHA HHAYWHPOBAHHON Nonepeynod HaMarHHYeHHOCTH
ABJISETCA YHKUHEN yIila I0BOPOTa, TO HHTEHCHBHOCTH JHHMH Oynyr
MCKaKaTbCd. B 10 ke BpeMsi ecim mHTepBabI MeX1Yy UMIYJbCaMH
C/TUIIKOM KOPOTKH, TO sApa C AJTHHHBIMH BPeMeHaMH penakcanuu T,
OyAyT He MOJIHOCTBIO BOCCTANABAMBATD 2-HaMarHH4eHHOCTb U HH-
TEHCHBHOCTH STHX CHCHAJOB OYAyT CHCTeMaTHYeCKH 3aHHIKATbCA,
Hast Toro 4T06ml yeTpaHuTh 3TH HeIOCTAaTKH, HeOOXOAMMO TIIATEJb-
HO TIPOBEPUTL MOAGOP YCNOBH{ 3KCIepUMeHTa. B obumieM 1is noJay-
I€HHs TIPABAJILHBIX MHTErPajioB B HMIYJbCHOH dypbe-cnekTpocko-
THH TpeCyeTcsl 3HAYHTENbHO 6OIblIAT THIATENbHOCTL B nozbope yc-
JIOBHH, 4eM IIPH HCIIO0Nb30BAHUK CTaIlMOHADHOTO MeToja,

3.3. O6pa6orka gaHHBIX

Oco6eHHOCTbIO UMY IBCHOR dypoe-cnekrpockonun IMP spiser-
€51 BO3MOXKIHOCTb HCNOJIb30BAaTh HAapAAY C [peo6pasoBanneM Dypre
SHATNTEIbHOE YHCI0 APYTHX MATEMATHUECKHX NPOUELYp 00paoTKH
A4HHBIX BO BPEMEHHOM NPeJCTABJEHHH, YTO I03BOJIIET NoJy4aTh
HOBLIE Pe3YJbTATHL

Hanpumep, okasniBaercs, uro nocae mereuenus NOJIOBUHBI Bpe-
MEHH BEIGODKH, HMEIOLIEr0 BeJHUHHY nopsaka 1 ¢, 60/blras yacth
CHTHAJIOB 3aTyXaeT 10 HyJs BCJEICTBHE IONEPEeuHOll peJakcalHi.
Hanpuefimit cnag cBo6oanoii HHIYKIOHH GyZeT B OCHOBHOM Mpej-
CTaBJIATL COGOM IIyM. DTOT LIYM MOXKET GLITb HCKJIOUEH, eC/H Kak-
Ay touky B CCH yMHOXKHTB Ha SKCMOHEHIHAJbHYI0 (YHKIHIO
exp (—jTC/N), rae T'C — smnupuueckas BpeMeHHAS NOCTOsTHHAS,
j—nomep oraesbholl ToukH, N — obluiee 9neao Touek. M3 ¢dopmu
9KCIIOHEHTD! BUAHO, 4TO TOYKH ¢ GOJbUIHMH HOMEpAaMH H3MEHSIOTCH
B GOJIbllefl CTENenn, uTo NPHBOAHT K MOHHIKEHHIO YPOBHSA liyMma HA
STHX TOUKaX. Pasymeercs, HCKyccTBenHOe yKopoueHue BpeMeHH I3
TIPUBOMHT K YUIHPEHWIO JIMHHA, OAHAKO HA 3TO 4aCTO WAYT C TeM,
4TOOLI YJAyYLIHTh OTHOUIEHHE CHTHAM/UIyM. DTOT 3 deKT HaMOCTPH-
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Puc. IX. 26. Pesyabrar 06padotku aauusix B SIMP-O®I1 8 cnextpe PC-SIMP mern-

JedxJiopuaa.

i b~
G -— yJayulleHHe OTHOLIEHHS CHTHAJ/IIyM H yLIHpeHHe nugng KaKTpcénflfL:;gns;mal_lxﬂciroxoi;l:{%};;a‘
; ; eficTaBasieT CoOOf leHTpay : v
HOr muoxkeHns CCH; JauHHs chnpaBa np am TpumIeTa;
fsegngl NpHBeJeH HOPMAJbHBLIH CHEKTD, CHH3Y — CIIEKTD MOcJe 3KCIOHEHUHAALHOro ¥

A eHHsl; 6 — KOppeKuHs (a3oBblX OLIHGOK.

pyercst na puc. 1X.26,a. B HEKOTOPHIX caydasdx c/aeryer yMHvO)KHEB
CCH na ¢dyukuuio exp (jTC/N), c TeMm uTo6Bl Ha 3TOT pas yJI)qLEm b
paspellleHHe IeHOH YXYAIIeHHS OTHOLIEHHS CI/II‘HaJI/HIy’M.v cgi
KOMIIBIOTEP HMeeT AONOJHHTENLHYIO [aMATb, TO MOXHO YJyullH >
paspellleHde B 4aCTOTHOM IPEACTABJEHHH IyTeM 106aBJeHns YHe
ckoanbkux K mynefi curuagy cnafa cBoOOJHOH HHAYKUHH. DTO yBe-
JHUHBAET YHMCJO TOYEK B YACTOTHOM MpPeACTaBJEHHH, YTO NO3BOJSET
VJIYYUIHTh BOCHPOH3BeleHHE CHIHajla Ge3 H3MeHeHHsT BpeMeHU Bbl-
0OpKH. DTa BO3MOXKHOCTb OKa3blBaeTcs OCOOEHHO BAaXKHOH IIDH H3-
M HH MHTEHCHUBHOCTEH JIHHUI.

epI?IHaKOHeH, npeoOpa3oBaHHbBlEe JaHHbIe OOHAPYXHUBAIOT B 4aCTOT-
HOH obsactu HaJnHude (Ha308blx OULUOOK, 3ABUCALUYUY OT H4ACTOTHL.
OTH owHOKH BBI3BAHBl BPEMEHHOH 3a/1ePKOH, HEOGXOLHMOH I
BOCCTAHOBJIEHHS] NPHEMHUKA. B TeueHHe ITOH 3aJePXKKH HHANBHIY-
aJbHble Kocuuyc-koMmoHenTsl CCH nproGperaloT pasJauuHbe opa3axi,
YTO NPHBOAHT K (ha30BOMY C/BHTY B NpeoOpa30BaHHLIX CHIHAJAX.
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t =12 muu

HUe HayuHaeTcn npu (=0

; Puc.  IX.27. Cnekrpu
f SIMP 'H, usumépennvie B
$=Qmuy XO2€ pasioxenns  Oen-
30UJANEPOKCHAA; Pa3J0XKe-:
1 L 1 1 L i

(Bapron u cotp. [13]).
8,2 8,0 7.8 7,6 7,4 7,28

Henocpencreennas xoppexrnpoBka 310oro sddexta Momer GhiTh
‘cenana yMHOxKeHHeM (GopMbl JuHHH SIMP Ha ¢asoBblfi MHOXHTED, -

BABHCALIMA OT YacCTOTH, YTO SIBJSETCS CTAaHLAPTHOH mpoueaypolt
B nporpamme ¢ypbe-npeobpasoBanus. JTa Npollegypa NPOHJIIO-
‘CTPpHpOBaHa Ha pHuc. 1X.26,6.

4. XMMNHYECKU UHOYLUMPOBAHHASA
ONMHAMUYECKASA NONAPU3ALUNA A4EP

C penakcanHOHHBIMH 3(QdeKTaMH, KOTOpbe OO6YCJOBAHBAIOT
snepHblii addekr Opepxaysepa, TecHO CBs3aH NpOLECC, MOJYYHB-
IIHA HasBanHMe «XHMHUYECKH WHJAYUMPOBAHHAs JHHAMH4ecKas MOJsi-
puzauus spep» (XHUIIIH) *. Vike cnycTs HecKonbko AeT mocne
OTKPBHITHsI 3TOTO fIBJEHHS OHO CTAJ0 OCHOBOH MCIIHOTO METOJa HC-
‘CJICIOBAHAS PANHKAAbHBLIX Peaknuil.

Tak, npH Tepmuueckom pasaosncenuu GeH3OHJNEPOKCHAa ¢ HC-
MOJb30BAHHEM UHKJOTEKCaHOHA B KauyecTBe pAaCTBOPHTENs ObLIO
YCTAHOBJIEHO, YTO pe3OHaHCHBIA cHrHa/a 6GeH30/1a, BO3HHKAIOLIEro B
XO/le peakllny, HMeeT BHA JHHMH uHcnyckanus (puc. I1X.27). Bsiio
NOKa3aHOo, YTO 3Ta pe3OHAHCHAd JWHHA [POMCXOAHAA OT nuamar-
HUTHOTO BeleCTBA, KOTOpOe AOJKHO HMeTb HHBepTHPOBaHuyio (MO

* Auraufickuii Tepmuy CIDNP (chemically induced dynamic nuclear polari
zation), xoTopunil Ha anraufickom jadopatopsoM Kaproue TpanchopMmupoBascs B
kidnap. — [Tpun. nepes.
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cpaBHEHHIO C 00bIuHOMN; cM. pa3A. 3 . I) cOHHOBYW HAaceJeHHOCTh.
TeopHs 3TOTO fIBJEHHsS, HA KOTOPOH Mbl OCTaHOBHMCSI TOJbKO B 00-
WiX 4YepTax, B HacTosulee BpeMsi Xopouwio paspaborana. CorgacHo
9TOH TEOpHH, Hab/awogaeMblii 3(EKT MOXHO OTHECTH K MPOMEXKY-
ToUHO 00pasywlueiicas pafukadbHoll nape (RiR,).

4.1. DHepreTndeckasi noJsgpH3IaUHs
(unTerpanbHpiii 3ddekT)

TepMHueckoe passokeHHe OeH30HM/NEPOKCHAA MPOHCXOAHT C 06-
pasoBaHueM CO, H 0eH30UJOKCH- H (PEHHIBHOIrO PajHKaloB:

IS i
Oteoly = Qo0 -

[Tocje pacmaga MoJjeKyJel 06a OCKOJKA OCTAIOTCS B KJIETKE pacTBO-
puTesst B BHJe paJMKaJbHOH napnl. Kpome TOro, opueHTauuu crnu-
HOB 3JIEKTPOHOB, KOTOpble Ilepel pacnajoM IepoKcHAa OBLIH
IPOTHBONONOKHBL, T. €. COOTBETCTBOBAJH CHHTAETHOMY COCTOSHHI»
(So), ocTawTcsl HeH3MEHHBIMH. B 3TOM c/yyae TOBOpPAT O TecHOU
palHKaJabHOH nape.

Tax Kak pacnajJ NpPOUCXOAUT B MArHUTHOM IoJe By, TO CHHIJIET-
HOe COCTOsIHHe paAHKaJbHOH Iapel B MOMEHT ee BO3HHKHOBEHHS
MOYKHO NIPe/ICTaBUTh B BH/E BEKTOPHOH MOJesnH TaK, K4K MOKa3aHo
Ha puc. IX.28,a. dnekTpoHuul cnuH S; napaJnnenen By, a ciuH Sp
antHnapaanesed By @DazoBpif yron Mexay CHUH-BEKTOpPaMu CO-
craBasier 180°, Tak uTO CyMMapHblfl CIHH paBeH HyJ10. B3aumosefi-
creHe Mexay Bo u S; (M S;) DPHBOAHT K MPEUECCHH 3JeKTPOHHOrO:
CIIHHA BOKPYT HaINpaBJEHHS MNOJfA, aHAJOTHYHO TOMY, KaK 3TO HpoO-
HCXOMUT ¢ AfepubiM cnuHoM (cM. ra. VII). Tak xax paaukaio R;

a I g 8

31 Si S{

Ay
B, So ? T

Puc. 1X.28. CnuuoBbie COCTOAHWA pajHKa/bHON mapel B MarHHTHoM mode Bo

@ — CHHIIIeTHOe COCTOSiHHe Sy ¢ CYMMAapHbIM cIHHOM, paBHBIM 0; dasoBeii yroa paseH 180°:
6 — pasHuHe B CKOPOCTAX MPEUECCHH 5JeKTPOHHLIX CIHHHOB INPHBOAHT K M3MeHeHHIo (aso-
BOro yraa; 6 -— TPHMJETHOe COCTOsiHHe To ¢ CYMMapHsIM CNRHOM, PaBHLIM 1, dasobw#t yron
cocrasasier 0°
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s

%
Puc. 1X.29. Tepmuueckoe H HOTOXHMHUECKOE NPEBPALICHHE YIEBOAOPOAOB € 06-
pasoBalHem palukanbHbix map (R's «R?).

#u R, UMeIOT pasuyHYI0 CTPYKTYDY, TO YaCTOTHl JapMOPOBHIX Ipe-
LEeCCHH @ COOTBETCTBYIOWIMX 3JIEKTPOHHBIX CIIHHOB GYIyT pasJiu-
uaThes Mexay cobofi. B crmekrpockonun IIIP aapmoposa uactoral
ONPEACASeTCsT COOTHOIIEHHEM 1

&
0 = gu, By /f (IX. 18);

Tae g — dakrop Jlanne (uaum g-dbakrop paaukana), a p,;;—xvxame-i
T0H Bopa.

B pesysabrare pasiHuHs JaPMOPOBBIX HACTOT ) H @y (as3oBhliy
yroa Mexay S; u S, (puc. 1X.28,6) naunHaerT H3MeHATbCSA, MOKa,,
HaKOHel, B KaKOH-TO MOMEHT BPEMEHH He CTaHeT PaBHBIM HYJIIO;
(puc. 1X.28,8). JtoT cayuall COOTBETCTBYeT TPHINIECTHOMY COCTOf-y
HHIO To; TIPH 3TOM MpPOEKIHH CNHHOB Sy U Sy B IJIOCKOCTH X, Y COB-;
nanator. Takum o06pasom, B3auMOjAeHCTBHE 3JEKTPOHHBIX CIIHHOBy
¢ By IpHBOAHT AJs AaMHOA PajHKaJbHOH NMapbl K CHHIJIET-TPHILIET-
HOMY TNlepexoay. 3

PaccmoTpenHas KapTHHA A0JKHa OBITh JOMOJHEHA B3auMojeh-
CTBHEM TNPOTOHOB B (DEHHIbHOM DajHKajae ¢ 3JeKTPOHHBIMH CIHHA-
MH. B COOTBETCTBHH ¢ PACCMOTPEHHBIM Bhillle (pasi. 2 ra. II) cruH-
CIIMHOBLIM B3aHMOJeHCTBHEM SIIE€PHBIX MOMEHTOB B JaHHOM cCiyuae
TaKxe NPOHUCXOAUT H3MeHeHHe 3(PGhEKTHBHOH HaNpPsiKEHHOCTH Mar-
HHTHOTO TIOJIST B MECTE DPacHoOJOXKeHHS 3JeKTpPOHa (H COOTBETCTBEH-
HO H3MeHeHHe JapMOpPOBOH YaCTOTHl CIIHHA 3JeKTpOHa). B (eHHb-
HOM pa/lHKaJie KOHCTaHTa CBepXTOHKoro B3aumojedcreus (CTB) a
MeXAY 3JEKTPOHOM H SIAPOM IOJOXKHTe/bHA, [[0CKOMBKY siaepHHE
CIHHBL MOTYT OBITb NapajdeabHbl MJW aHTHOApajsedbHbl By, TO
HeoOXOAUMO yuecTb [ABa THIIA (PEHUJBHBIX DAJMKaJOB: Te, 1A KO-
TOPbIX HANPSAXKEHHOCTh MOJIst B, Bo3pactaer B pesyabTate CTB-B3an-
Moje#cTBus (Tum 1), # Te, Aad KOTOpHIX By ymenbiuaetcst (tum II)..
B coorsercTBiH ¢ ypaBuenueM (I.10) moayuum, uTo o > on. T2,
KHM 06pasoM, pajHKaJbHble napsl THma [ GyAyT AocTurath TpH-S
TIJIETHOTO COCTOSIHUSL PaHblle, ueM napsl THna II. ?

A
i

5
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BpeMs XKH3HH paAHKaJbHOH Napbl OTPAHHYEHO, B YACTHOCTH,
B pe3y/abTaTe npoueccoB AHPPY3HH H NOCACAYIOUIHX peakiuil ¢ pa-
¢TBOPHTENEM HJH APYTMMH BeUleCTBAMH, NPUCYTCTBYIOIIHMH B pa-
crBope. KpoMe TOro, MOryT HNPOHCXOAHTb DEAKIHH PEKOMOGHHALHMH
(puc. 1X.29). Oanako pekombunauusi, T. e. 00pa30BaHHE CBS3H,
BO3MOKHA TOJILKO M3 CHHIJIETHOIO COCTOsiHHA. B olcyxaaeMom cay-
yae Tpeobjajaer peKOMOMHAUMS paAHKag0B THHa [I, MOCKOJBKY
ol UMewT OoJsbllee BPeMs XKH3HH B CHHIJIETHOM COCTOSHHH, B TO
BpeMsl KaK Juld Pa/IiKajoB THNA | HMeeTcss BLICOKAasi BEPOSITHOCTD.
NOKHHYTh PajMKajbHyl0 Napy B pe3yJbTaTe BHIXOAA U3 KJETKH pa-
creopuTens. [lpomeccn aupdysun NpUBOJAAT K KOHTAKTAM 3THX
(eHHJIBHLIX PalNKa/JOB C PAacTBOPHTEJEM; IIPH TOM B pe3yJbTare
OTPBIBA H TIPHCOCIMHEHUS BOAOpOAa obpasyercs GeH30s KaKk Mpo-
AVKT peakyuil oTpuleéa UIH neperoca BoAopoaa. QueHb BAXKHO, UTO
npoTOHBl OOpasylomerocss GeH30J1a XapaKTePH3YIOTCS HapylleHHeM
GoJbUMAHOBCKOIO DpacnpefieseHHs, a HMEHHO: paaHKaJbl THha [
00J1a]a10T SAJEDHBIMU CHHHAMY, ODHEHTHPOBAHHBLIMH auTHIApaJ-
neJTbHO BHELIHeMy HOJ0 By,

Taxkum o6pasoM, sigepHas cHCTeEMa OKa3bIBAeTCS MOJASPH30BaH-
HOH; NMPH 3TOM BEeDXHHH SHepreTHUYeCKHH ypoBeHb OyaeT OoJee Ha-
ceseH. B pesyJibTarte cHruafn GeH3oJa HA YACTOTE vy BBILJISJIHT Kak
nHHMA ucnyckanus. B aBaenun XU/ITY yausurenen tor daxr, uro
xumu4eckue peaxyuu mexoy QeHurvHoiMy PACUKALAMU U {UKAO-
2CKCOAHOHOM 8 MOZHUTHOM NOAE OKO3bIBAIOTCA CeAeKTUBHbimU, Peax-
UMM MPOUCXOAST TOJbKO ¢ (EHUJbHBIMH pajuKagaMu, o6iaagamuim-
M1 ONpelleICHHOH MoaspU3auHed saep.

4.2, durponuitHas NoaAsPH3ALHUS
(MyabTHNAeTHBIR 3ddekT)

Onuncannnlii Bhle 3deKT HA3LIBAIOT B HACTOSILEE BPeMst anep-
2eTuveckod noaapusayuerl (Man HeTTO-3pdeKTOM). DTO ABJIEHHE 06-
HApYXKHBAETCA B CIHEKTPE KAK YCHJEHHe CUTHAJAA MOTIOUIEHHS HJIK
KaK NOsiBJIeHHe CHTHaJa HCIyckarus. Kpome Toro, cyuiecTByer Tak
Ha3plBaeMas 9HTPORULHAS ROAAPU3AYUA, TIpH TEPMHUECKOM HJH
(hoTOoXUMHUECKOM pa3joxKeHnuu AudeHuagnasomerana (194) B upu-
CVTCTBHH METHAOBOrO 3(Pupa (peHHaYKCycHOH KucaoTh (195) na-
Gawopaiotesi, Hanpumep, JUHHH AB-CHCTEMBI TPETHUYHHIX TPOTOHOB
B MeTHJOBOM 3GHpe 2,3, 3-Tpu(eHHIIPONHOHOBOA KHCJIOTH (196)
KaK CUrHaJbl NOTJIOLLEHHS U HcnyckKaHus. [1ofo0HBIR myseTuner-
Houl aghpexT, oueBHAHO, NpeAcTaB/sieT cofolf pe3ysabTaT TOro, YT
f7epHble CHHHOBble yPOBHM AB-CHCTEMB C CYMMapHLBIM CIIHHOM
My ==( 6oJiee HACEJICHb], YeM YPOBHHU ¢ CyMMapHBIM CIHHOM My =
Hnp —1.

IOasi obbsicHeHHs 3TOTO pesy/abTata OyleM HCXOJHTb H3 TOro
$hakra, 4TO JAPMOPOBBI YAaCTOTHI 3J1EKTPOHHBIX CIIMHOB MHOTHX Op-
T4HHYECKUX DAaAHKajJ0B HMEIOT O/H3KHe HJIH NMPAKTHYECKH DaBHLIe
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hy unu A (C6H5)2C2

194

H H
4C6H5)2C: + CBHS“‘CHZ—COOCH:; _— (C5H5).ZE' :(‘f_ COOCH3

195 CeH-
l

(C5Hs)2CH— CH— COOCH,
CeHs
196

g-bakropbl. DTo HMEET MeCcTO ¥ B JaHHOM Cjyuae, MPHUEM CHHIJET-
TPHIJIETHOE CMeIIHBAHHE MOXKeT NPOUCXOAHTL TOJLKO TOrAa, KOTKa
KOHCTAHTa CBSI3H MEXJY SACPHbIMH U 2JeKTPOHHLIMH CIHHAMH IIDH-
BOJUT K MOSIBJCHHIO DA3HOCTH YacToT Aw.

Ha ocHoBaHHH ApYrHx 3KCIEpHMeHTOB ObLIO MOKa3aHO, YTO AH-
tpennnkapben, o6pasyiomUicsd IPpH TEPMHUUECKOM pacnaie AH(PEHH-
JHa30MeTaHa, HaXOIHTCA B TPHIVIETHOM COCTOAHHH. Tak, BO3HH:
Katwoumas INpH OTphiBe BoAopoaa oT 195 paaukaibHas napa
(R;- -Ry) Takke cyurectByeT B TpHmJeTHOM coctosinuu, Haa AX-
CHCTEMBl HMEIOTCS] YeThipe cOOCTBEHHBIX COCTOSIHHS ao, aff, fo u .
Ecan 66 xoHcTaunThl CTB @ nasi o6oux pagukasoB GHJAH paBHHL, TO
H3MEHeHHsA JapMOPOBLIX 4acTOT 3J€KTPOHOB 3a CUET B3aUMOAeHCTBHA
€ sApaMu a8 palHKa/JbHbIX Map ¢ silePHbIMH CIIHHaMH oo HAH PP
B3aHMHO KOMIIEHCHpOBaJHUCE Obl, TaK Kak ofa paaHKa/a HCILITHIBA-
Jin Obl OJMHAKOBOe BO3JeHcTBHe. DTa pajMKaJjbHAs napa ocTaercs
8 TPHIVIETHOM COCTOSIHHH H [103TOMY He peKoMOuHHpyeT. Hamporus,

Cs*iis ('35“5
CgHs '-(':"'(l:—COOCH;;
Ha Hg

Puc. IX.30. Cnunosas noasippsauns 9
AB-cnekTpe 3THJBHBLIX NMPOTOHOB MeTH
JoBoro 3hupa 2,2,3-TpudenuinponHoHo”
BOH KHCJIOTH, o6pasyloiierocs npn tep
MHUYECKOM pAa3JIOKeHHH [AUdeHns1/1Ha30"
MeTaHa B METHJOBOM 3(pHpe ¢)eHHﬂyl[5'
cycHolt kucsaors npu 140 °C (Kuoce %
Kuaoce J1. [14]). !
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Pue. IX. 31. durponniinas nosapusauus B chcreme AX.

@ — A1a TpUIIeTHofl pajnukaibHOH napul; 6 — A5 CHHIVIETHON pajiHKaabHOI napbl; TOA+
LiHa SHEepreTHUYecKOro yPOBHSI COOTBETCTBYET HACENEHHOCTH yPOBHA

AN paJMKagNbHBIX Nap ¢ KOMOHHAlHeH AAepHbIX CIHHOB off HJll
pa mosBasiorcs BenuunHbl A®, TaK KaK B NEPBOM clydde o) =
= (+1/2)a u 0y = (—1/2)a, a Bo BTOpOM c/yuae 3HaKH npu a
u3MensioTesl. Pajukasael 3THX NMap MOIYT PeKOMOHHHPOBATh B pe-
Sy/IbTaTe TPHIIET-CHHIJIETHBIX [€PEXO]0B, YTO MPHBOAHT K 0Opa-
SOBAHHIO NPONYKTOB, B KOTOPBIX filepHBbE CIHHOBBIE YPOBHH HaxXo-
AATCSH B COCTOAHHAX aff HIH P,

Pe3yabTupyiowuil cnekTp B COOTBETCTBHH ¢ SKCIIEPHMEHTOM, npu-
pefleHHbIM Ha prc. IX. 30, eme pas BocnpoM3BOAMTCS cXeMaTHUeCKH
Ha puc. 1X.31,a, rie Takxe nanb sHepreTHueckHe yposHH AX-cH-
CTeM ¢ yKa3aHHeM COOTBETCTBYIOUHX OO/bIMaHOBCKHX HaceJeHHO-
CTeli ypoBHef.

AHanornunple paccy:JAeHHs IJa Cayuas, KOraa paiuKaJbHas
flapa HaXOAHTCA B CHHIVIETHOM COCTOSIHHH, IPHBOJST K Pe3yJbTarTy,
nsobpazkennomy Ha puc. IX 31,6. Herpyaso sugers, uto B NpPOAYKTE
pexoMOHHANNK YPOBHH o H PP ¢ CYMMAapHBIM CIIHHOM mp = ~4-1
J10JIXKHBE ObITh GoJlee Hace/eHbl.

B ocnose sienna XU/IIS gexuT ToT hakT, 4To pagnKasbline
fapel KHUBYT KOHEYHOE BpeMsl, B TeUeHHe TOr0 BPEMEHH pajHKaJb-
liast mapa 3a cyeT CNHH-CIHHOBOIO B3aHMOAEHCTBHA MEXIy aapami
11 JIEKTPOHAMH H3MEHAET NIePBOHAYAJbHO BO3HHKLIYIO MYyJbTHILIET-
HOCTh 3JeKTPOHHOro cnuna. Tak Kak pPEKOMOGHHAIUS TPOHCXOLNT
TOJIbKO Yepes CHHIVIETHOE COCTOsIHHE, TO MOCJAeAYIOUIHe peaKIluH,
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XapakTepuaywouluecss HapyumeHHueM OOJbIMaHOBCKOTO pacnpeﬂene.ij

4.3. Npasuaa Kanreiina

Quesuano, uto spienue XWUIIIS B nacrosiuiee spema npeacran-
As1eT COOOH BaXKHLIH METOJ BHISICHEHHS MeXaHH3Ma peakiliii B XUMHy
paaHKaJoB HJAH B ¢oroxumud. Il nocsemoBaTeNbHON HHTEpHpe-
TalHH IKCNEPHMEHTa HeoOXOAMMO XOpouiee 3HAHHE TEOPIN, 0THAKO
psil BONMPOCOB MOXKHO pemiaThb C IIOMOWIbIO NPOCTOH HHTEpIpeTa-
LUHH 3KCIIepDHMEHTAaJbHBIX JAHHLIX, OCHOBaHHOH Ha npasusax Kan-
Tefina. CorJlacHO 3TOH TEOPHH, MOXKHO PacCUHTaTh 3HAK OXKHIAAEMOH
NOJIAPH3ALMH Siep KaK NPOH3BeJeHHe 3HAKOB psAla (Pakrtopos, xa-
[AKTEePH3YIOUIHX CBOHCTBA BO3SHHKAIIIMX PajUKaJOB W COOTBETCT-
BEHHO NPOAYKTOB peakUHH. B 4YaCTHOCTH, AJST 3HEPreTHYECKOH M0-
aspusanuy  (HeTTo-spdexr, - AT NOMVIONIeHHs, — [Js HCIyCKa-
HHS) HMeeM

I'n=peAga; (IX. 16)
a /s SHTPONHUHON moNgpusanuu (MyJAbTHIVIETHBIH 3hdekT, + mis
NOC/JA€0BaTeNbHOCTH HCIYCKaHHe/TOrJolleHHe, — AJS [OCJde/10Ba-
TEJBHOCTH HOIJIOIEHHEe /UCIYCKAHKE)

FM:HSQiajfijUij (IX. 17)
Bxoasiine B 3TH ypaBHE€HHsA BEJHYHUHBI ONPCAESAIOTCH TOJBKO CBO-
HM 3HAKOM, H OHH HMEIOT CJIeIIyIOH_LPIﬁ CMELICJI:
L XapaKTEpU3yeT CNHIOBbie COCTOSIHHUS TECHOH PAjuKaILHOR Maphl:
-+ 415 TPHILIETHOTO COCTOSIHHS
— ISl CHHIJIETHOTO COCTOSIHHS
€, XapaKTepH3yeT MPOAYKT:
-+ 115 MPOAYKTOB peKoMOHHALKH
— sl IPOAYKTOB HEpeHOoca
03Ha4aeT 3HAaK Da3HOCTH g; — £ (g-PaKTOpOB BOIHHKAIOWIErO pajH-

Kana), rie g; COOTBETCTBYET PajuKay HaGMoaaeMoro i-ro sapa

a o3HaudaeT 3Hak KoHcrautn CTB (3I1P)
03HA4aeT 3HAK KOHCTAHTBI CIHH-CIHHOBOrO B3aumoueiictBus (FMP)

onpefeNsieTcs TeM, HaXOAATCA JH {-€ H j-e dipa B OZHOM H TOM XK€

pajzHKaJe HJH B Pa3sHBIX pajHKaJjax:
<4-ecad { 4 | B OLHOM H TOM Xe pajukane
— @CJH [ H | HAXOAATCH B PA3JHYHBIX PagHKaIax

3Hak a u Jy caeayer oupelensiTb € HOMOUIbIO COOTBETCTBYIO-
mux 3kcnepamMedToB no JIMP (pasn. 2.2 u 5.1).

Herpyauo Bugers, uto ¢ nomoumplo ypaBueHuir (IX.16) B
(IX. 17) MOXHO ONpPeleJHTb TOJBKO OJHY HEH3BECTHYIO BEJIHUHHY.
Ecau, nanpumep, H3BeCTHBI 3HAKH BeJHUYHH a, J;; U 0;; AJs mpouec-
ca, IpH KOTOPOM HalJ/0JaeTcss MYyJbTHIIETHBIH 3¢ deKT, To oTCI0AR
MOXKHO ONpEENUTh CIIMHOBOE COCTOSIHUE TeCHON PalHKaabHOl maphl,”

i

HHd B 06p33y}0m}1xc51 IIPpOAYKTAX, 6}"D.yT IPDOHCXOAHUTHL CE&JNICKTHBHO, *
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4TO HMeeT Ba)KHOe 3HAueHHe AJAA xuUmuH. Hanpuwmep, npu o6paso-
paruu (196) mosyuaercs cheAykolluit peayibraT: KoHcraHThl CTB
V4AaCTBYIOUIHX PaJHKAJOB, TAK € KAK H BHIMHAJbHEIE KOHCTAHTHI
J/(H,H) B ofpasyooimemcst NpoAyKTe, — MOJOKHTEIbHL, fiApa { H |
POHCXOASAT H3 Da3JHYHBIX PaAHKAJbHLIX (parMeHToB (0; == —),
a B 3KcnepHMeHTe Habawogaercst nocaeaoBarenbHoeTs [T/H (I'm =
= —). Orcioga umeeM (—)= p(+4) (+)(+)(4+) (=), 1. e. 3mHaK
1t AOJI2KeH OBITb IOJOMXHTENLHLIM H AAAYKT JAOJKEH HAXOAHThCHA
p TpUmJaeTHOM coctosiHuu. [IpaBusa Kanrefina ofpasyior B HacTo-
quiee BpeMsl OCHOBY KoJandecTBeHHoro aHauamsza XMIIT-sdpdexrton
8 paANKaJbHOH XHMHH, [IpHYeM I[pPHMEHEHHsS He OrPaHHYHBAIOTCH
i13ydeHneM (OTOJH3A H TePMOJH3A.

Tak, XMAIT5 nHabaiofanock Takke B peakUHUAX ¢ JHTHAOPraHH-
(eCKHMH COeJHHEeHHSIMH, INpHYeM B 3TOM cJydae METOA OTKDELI
HOBble BO3MOXKHOCTH JUIs H3YUEHHS MexaHH3ma peakuui. Hanpumep,
nepeepynnuposka BurTuza, IpH KOTOPOH a-MeTHJNAJKHJIOEH3HIOBLIH
stbup (197) npeBpamlaeTcs B COOTBETCTBYIOUHHA anKHIPEHHJKap-
puHos (198), MoxeT OBITb HHTECDINPETHPOBAHA C HCHOJb30BAHHEM

Li®
o
a o ]
- [CeHs—CH—O: GBR'] -
Li®
e il .
CeHs—CH—O0—R' = [C5H5—CH—OLi -R'] —CgHs—CH—OL
b
4 e 198
197 -~ [C5H5—CH=O :R‘] —

Ju60 HOHHOrO MexaHH3Ma, JHOO MeXaHH3Ma paAHKaJbHBLIX Iap.
Hanpumep, NyTb peakUdH @ MOMKHO HCKJIOUHTbL CPABHHTEJNBHO IIPO-
CTO Ha OCHOBE MHOIOYHCJIEHHBIX 3KCIEPHMEHTAaJbHBIX JaHHBIX. 3Ha-
YHTENbHO TPYAHEee cfenaTh BRIOOD Mex]y ajbTepHaTHBaMH 6 U &,
ecJaH ONMHpaTbcst Ha OObIUHBlE MeToAbl. [IpAMBIM JA0Ka3aTeNbCTBOM
TOrO, YTO peaklHs HAET Mo MyTH O, OblIo O6HApY:KeHHe IIPH Mepe-
IpynnupoBKe JUTHH-Tper-OyTua0eH3uI0BOro adHupa CHrHajka HCIyc-
KaHdAst OT TPEeTHYHOro mnpoToHa B ofpasyioweMcs JHTHE-1-de-
HHJ-2,2- tuMeTuanponuaare. Bonpoc o TOM, HAacKOJbKO IOJHOCTHIO
MOKeT OBITh HCKJAIOUEH aJbTepHATHBHBEIAN MeXaHH3M (T.e. 8), MOXKeT
ObITb pellleH NPH NOAOOHBEIX HCC/AeJOBaHHSX TOJbKO B TOM CJyuae,
KOTJla 5KCIIEPHMEHT pACCMATPHBAETCS HA KOJUYECTBEHHOM YDPOBHe.
Onuo natbamonenue XMIOTTH u»e sBasiercs camo no cebe H0CTATOU-
HBIM KpHTEpHeM JJf JAOKa3aTesJbCTBa pajMKaAbHOIO Xapakrepa
HHTepMeAHaTa, MOCKOJAbKY Bo3pactanue curHama B 102—10° pas
MOXKET GLITh BHI3BAHO H KAKHMHU-TO NOGOYHEIMYU NPOLECCAMHU.
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5. CMEKTPOCKOIMUAa AAEPHOTO MATHUTHOIO
PE3OHAHCA NMAPAMATHMTHbIX BELLIECTB

5.1. KouTaxkTHoe B3auMojaeicTBHE

B ra. VII mbl obpaiany BHHMaHHe Ha TOoT (akKT, 4TO mapamar-
HUTHble NPHMECH CHJIbHO YBEJHYHBAIOT CKOPOCTb IIPOAOJABHOH pe-
JaKcaluu TIPOTOHOB H, CJEJOBATENBHO, OHM 3aTPYAHSAIOT M3MepeHue
cnektpoB IMP. DTo 3HauuT, 4TO caMH NMapaMarHHTHHE BelleCTBa
B 0ofllleM ciayuae Henb3si HCCIEAOBATH C MOMOLIBIO CIIEKTPOCKOIHH
SIMP.

OfHaKO H3BECTHH cJydYaH, KOrja mapaMarHuTHOe COefHHeHHe,
ganpuMep AaHHOH-pajMKald apoMaTHYecKHX yraeBoaopojos (R™),
CyllleCTBYeT B MaJIblX KOHIEHTPalHIX B NPHCYTCTBHH COOTBETCTBYIO-
miero amamarsHutHoro BeillectBa (R). B stoM cayuae npoucxoaut
MEXKMOJIEKYJIsIPHBIH 06MEH HeCllapEHHOrO 3JIEKTPOHA H IapaMAarHUT-
Hasl MJOTHOCTb paclpenessieTcsi 10 MHOTHM MoJeKyaam. Takum 06-
pasoM, BJHSIHHE HeCcIapeHHOTO 3JIeKTpoHa OuamaeHurHo pa3basas-

R”"+R = R+R”

erca. Ecsn, KpoMe TOro, CKOpPOCTh pejlaKCaiid 3J€KTPOHA [OCTa-
TOYHO BHICOKA, TO CTAHOBHTCS BO3MOXKHBIM HaOJIOJEHHE CHIHAJOB
IMP stux cuHcTteM. B oTsaHuYHe OT CHTHAJOB YHCTO AMAMATrHHUTHBIX
BEL[EeCTB 3TH CHTHAJBl YLINPEHbl, HO, HECMOTPsS Ha 5TO, OHH JIETKO
ofHapyxHBaOTCA. BaXHO OTMeTHTb, YTO B3aUMOJECTBHE MEXKIY
3JEKTPOHOM H sAPOM, nposBasiolleecss B cnektpax I[IP B Bnpge
CBEPXTOHKHX pacllelieHHH, B AaHHOM cJiyyae NPHBOJAUT JHIIb K
casury curiajo JIMP B 6ojee ciabvle HiaH Gosee CHJABHBIE 0J%
OTHOCHTEJBHO CHTHAJa TOrO Ke [POTOHA B AHAMAarHHTHOM COeIH-
HeHHH. 3T0T 3P (EKT HA3BIBAIOT KOKTAKTHOIM COBUEOM.

B cnektpockonnu IDIIP KoHcTaHTa CBEPXTOHKOH CTPYKTypH &,
ONHCLIBAIOIUAS] CKAJspPHOe R3aHMOJEHCTBHe MeXAY 3JeKTPOHHBIM
H SIAEDHBIM CIIHHOM, TPHBOJAHT K pacUIeNJeHHIO JHHHH B CIEKTpE
3IIP corJacHO COOTHOILIEHHIO

a=Qp

rie Q — K03pGHIHEHT IPONOPUHOHAJIBHOCTH, paBHbi —0,025 T, a
0 — ILJJOTHOCTb HECIIapeHHOro 3JeKTPOHa Ha paccMaTpHBaeMOM aTo-
me (p — 6e3pa3MepHas BeJHUYHHA, a KOHCTAHTA @ BbIpaxaercs B
T (recsa). CnuHOBast NJIOTHOCThL P, HA U-M LEHTPE f-CHCTEMbI MO-
eT OLITh pAcCUHTaHa ¢ IOMOIUBI COOTHOLIEHHS p,, == C%,,, TI€
Cyp — KO3 OHIHEHTH B BOJHOBOH ¢yHKUHH W, NpH u-M MEHTPE;
W, — MOJIeKyJsipHasi opOHTaJNb, HAa KOTOPOM HAaXOJHTCS HecmapeH-
HBIA 37JeKkTpoH. Kosdpduunentn c¢,,, MOryr GHTb I[OJYy4eHB ¢ IIO-
MOLUBIO PACYETOB IO METOAY MOJEKYJsIPHBIX op6uTajel B npubJH-
KeHnn XIOKKeJst, TAe MOJeKyJspHble OpOHTa/ M BbIpaxKawTcs Kak

(IX.18)
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e KoNbUEELIE
7ipoIma s a-CHy [R —] =0
x fy
CH2CH,CHsx
750y o~
—— ’d [
N

[R_] =910 Mo /A

[R"]=0, 4 MOAB/A

Puc. IX.32. Cnekrp SAMP tH 1-a-nponunnadTajnna B NPHCYTCTBHH PAa3/HUHBIX
KOHUEHTPALH COOTBETCTBYIOIMHX aHHOH-pamkKanoB [R-] (ae Boep, Mak-JluH
[15]).

@ — ¢ — COOTBETCTBYIOT DA3NHYHBIM KOHIEHTpaUusM R™% PacTBOPHTeND — TeTparuApodypan-ds;
curdaa S 06yCJ/IOBJIEH He MOJMHOCTbIO JEeRTEPHPOBAHHBIM PACTBODHTENEM.

1vHeliHBle KOMOHHAlLHH 2p.-aTOMHBIX opOHTajell aroMa yrjepoja:

n

Py = Zl Cup,(i’u

u=
MoxxHO 6bio 6Bl OXKHAATb, YTO MYJbTHIIETHAS CTPYKTypa
5JeKTPOHHOTO pe3oHaHca B cayyae JBYXCIHHOBOH cucrembl AX

12 X. I'wourep
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(A — 3/1eKTpOHHBIA, X — sAfepHbIA COHH) KOJKHA 0oTpaxarhbcs g
paciienJyienun curuajos cnektpa JAMP. Uwmerorca, onnako, ase r? .
HHHbI, 00BACHAIOLLNE, MOUEMY 3TO He TAK. HepB,aﬂ HleI;&Ha~pH-
OBICTPAst CIMHOBAs peJaKcalls 3JeKTPOHOB, a BTOpas — 3TO 61:13cTT(3j

pbifi 06MeH 3/1EKTPOHOB MeKAy aHHOH-pafukadaMu (R'=) WiH ana. |
MAaraHTHpIMH Monekysaamu (R) B pactBope. Kak u B cayyac MeTa.
Hona (pasa. 1 ra. VIII), nMeer Mecto ycpemHenne mo BpeMer{. 3
H paCUICNJICHHs HCUe3alOT, TAK KaK 3JEeKTPOH B3alMOAelCTByer ¢

60
° bIIHM YHCJIOM AJ€D B DPAa3JHYHBIX CIHHOBBIX COCTOSIHHSIX. Y-
pennennas auHua SIMP poakHa HaXxoAHTBCS Tam XKe, Tle H COOT-

BETCTBYIOLIUH CHI'HAJ JAHAMATHUTHOTO COEJHHEeHHS. OIIHaKO KaK #
R %

IOKA3bIBAET sIBJEHHE KOHTAKTHOTO CJABHra, TOFO He NPOHCXO

[Tpuunna 3aKJI04aeTCA B PA3NHYHOH HACENEHHOCTH [BYX angm'
POHHLIX COOCTBEHHBIX cocTOsiHHH. [TocKOJbKY pa3HocrbYA 3He rKT-
hvs (cMm. pasa. 2.4)u CyUeCTBEHHO GOJIbllle COOTBETCTBYIOLLIETO BII)(J'I};P-I
Aa hvi B silepHBIfi pe3OHAHC, TO HH3KO3HEPreTHUECKHIl YPOBeHb
(ms = +1/2) Gyner cyuiectBenHo Gosee wHacejqeH H OH 6

BXOIHTbL € CYIeCTBeHHO GosbwiuM BecoM (Nijp > N_j;) 1 H}’HGT
PeIHEeHHH v IO BPeMeHH B COOTBETCTBHH C yp::lBHeHHeM_l/2 P e

V=Niyoviye+ N_1ov_1p (IX. 19)

Benuunna koHTak
THOTO CJBHTa 3aBUCHT OT HAI
SAKEHHOCT
ONpefleNsieTCsl BhpaxeHHeM P o A

AB/B = ay?
/B = ay2h/dy, kT (IX. 20)

TA€ Ye W 7Yp — THDOMATHHTHblE OTHOIIEHHS JAJsi 3JEKTPOHa H INpO-
TOHA COOTBETCTBEHHO, k2 — nocTosguHas bBoJblMana T—aécomgT-
Haa TeMmmepatypa- DBonee Ttoro, nabawopaercs SaB’HCHMOCTb v oT
KOHIIEHTPALHH NapaMarHUTHLIX MOJIeKyJ. Kak MOXHO BUIETb, ypaB-
nente (1X. 20) nossonsier onpedesurs 3Hax KOHCTAHTbL ceepx’roy/fxoti
CTPYKTYPoL a, H€ro Hesab3sl CAeJNaTb C MOMOLIbI crnekTpos SIIP
B kauectBe uamoctpanun Ha puc. 1X. 32 npusenen CIIEKTp FIM15
l-#-nponuanadranuia (199) npH pasaHUHBIX KOHIEHTPAUHAX CO-
OTBETCTBYIOLLErO aHHOH-pajuKaJa.

a f 7
CH,CH,CHs Moxmuo BHJETb, YTO KOHCTAHTHI CBEPX-
TOHKOH CTPYKTYPBl @ AJS METHJAbHBIX
OO e oy HpOT?HOB'H /151 IPOTOHOB [-MeTHJIe-
Zas - 28 HOBOH TPYINIB UMEIOT NPOTHBOMIOJNOK-
A= 267 Hple 3HAKH, TOCKOAbKY JuHnu CHa-
Ay=+ OtmT  rpymnm cgBuraiotcs B caabble 1ogs, a

199 IJEHHH}/I CHy-rpynn — B cuspHeie moad.
poMe TOro, LaHHblE CIIeKTPOB MOJ-

Zzzifoia}m dopmyay (IX.20), Tak Kak BeJHYHHDBI KOP?TaKTHbIX
nponopuuonaabHel a (cM. dopmyay 199). Bosee nerasb-

HOC pacCMOTpeHHe MPOLECCOB peakCalHH NOKAa3bBaeT, UTO LIHPH-
Hbl JIHHHM TakXe MPONMOPLHOHANbHLI BEIHYHHAM @ KpOMe ToF;‘O
WAPHHBL JIHHHH 3aBHCAT OT BeanuHHsl 1/r8 rpe r.wpaCCTomme’
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M AApOM H TapaMarHdTHbIM UEHTPOM.
B HalleM cjaydae 3THM LEHTPOM SIBJIAETCA 2p,-0pOUTAIL COOTBET-
¢TBYIOLLLETO aTtoma yrjepoua HadTanHHOBOrO Koabua. BeaencTshe
5TOTO JIHHHEH KOJIbLEBbIX MPOTOHOB H G-METHJIEHOBBIX MPOTOHOB 0CO-
GeHHO CHJIBHO CABHTAIOTCS M YIIHPSIOTCH, TaK 4TO OHH HE HabJ110-
naoTest B ciektpe 8 (puc. 1X. 32). BeauudHbl KOHCTAHTBI CBEPX-
TOHKOI CTPYKTYpbI, ONpeJe/eHHble B 5TOM 3KCNEepHMeHTe, NpHBEIE:
bl PAAOM €O CTPYKTYpOil 199.

JloNOMHHTENbHBIM JIOCTOHHCTBOM 3TOFO METOAd sABJIACTCA €ro
qy6CTBUTEAbHOCTb, KOTOPAs TO3BOJSET OMPEeATh OdeHb Manble
OHCTAHTbl CBEPXTOHKOIl CTPYKTypbl, KOTOpbie He/b3s HENOCpPeaCT-
BeHHO H3MEPHTb C MOMOIIBIO CIIEKTPOB SIIP. B 61aronpHsaTHLIX CIY-
42X OKA3LIBAIOTCA [aKe BOIMOMNKHBIMH HAO0JIOJLCHHE CLEKTPOB
§lepHOTO MAarHHTHOTO pe3OHaHCa padukaaos 1 ONpefieseHne KOH-
CTAHT CBEPXTOHKOI CTPYKTYpbl MO BeJHYHHE H 3HAKYy KOHTAKTHBIX

MEXKIAY paCCManHBaeMbI

CABHTOB.

5.2. MceBLOKOHTAKTHOE B3AHMO/IEHCTBHE.
CiBuraomue pearedtsl (IHQT-pearenTs)

Hapsiny ¢ onncaHHbIM Bbille MEXaHH3MOM B3aHMOJEACTBHA MeXK-
Iy 3JEKTPOHHBIM H SLACPHBIM CHHHAMH CIEKTPLI SIMP nosBoJsioT
1H3y4yaThb BTOPOW THI B3aHMHOTO BJIHSHHA, Ha3blBaeMBIll 1Ce800KOH-
TaKTHOM 83aumolelicTéuem, KOTOPOe MPHBOANT K CIBHIY JIMHHH
crekTpa. DTOT MeXaHn3M 3QdeKTHBEH B TeX caydasX, KOTid napa-
MArHMTHBIH LEHTP aHH30TpONmeH. TakHMH aHH30TPONHLIMH CBOMHCT-
BaMHu 06safaloT, HANpHMep, HecllapeHHble 3JEKTPOHbl Ha BaJeHT-
HbIX OpOHTA/IAX ATOMOB PELKOREMEJDbHDLIX 3JICMEHTOB. B npotonHOM
pe3oHaHce 3TO CBOMCTBO MPOABJAETCS B AMIOJLHOM B3aHMOJEHCT-
BHH MATHHTHBIX MOMEHTOB depe3 NpOCTpaHcTBO. BeanunHa 3TOTO
B3aHMOIEHCTBUA MPONOPUHOHAIbHA
BLIpaxeHuo (3cos? 6 — 1)/r3, rae
r — paccTofinMe MeXJy paccMmar-
pHBaeMbIM SAPOM H IEHTPOM ma-
pamarsHeTusama, a 8 — yron Mexuy
3¢ heKTHBHON  OCbl0  CHMMETDHH
nmapaMarHHTHOrO MOMEHTa W pa-
JAHMYC-BEKTOPOM [JIs JAHHOro A1pa.
[ose gumoJs AJs aKCHaJbHO-CHM-
MeTpPHUYHOTO NMapaMarHHTHOrO LEHT-
pa umeeT GopMy, NpHBeJEHHYIO HA
puc. 1X.33.

[TceBIOKOHTAKTHOE B3aHMOJEH-
cTBHe MOxeT HabaiojaTbcs Kak

ocE CUMMETTIPLH

Puc. IX.33. MarunuthHoe roJae rnapaMar-
HHTHOTO IEHTPA C OCEBOH CHMMeTpHEeH.

2%
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Puc. IX. 34. Cnekrp IMP !H agamanrarosa-2 [16]

.

@ — HOpMaabHBLI  crekTp; 6 —
(o P; CHeKTp B NPHCYTCTBHH  TPHC(ZIHITHBAJOHAMETAHATO)eBPO=

B Kpuctarrax, Tak W B pacreéopax. Tak, Gbl10 HafifieHo, 4TO KOOp-
AMHUDOBAHHEe THADOKCHJDLHBIX WJIH AMHHOTPYIIN Ha aToMe eBPOIHS
(IIT) BbI3BIBAaeT 3HAUHTENDLHBIN NapaMarHuTHLIE CABHT HPOTOHHOTO
pe30HaHCa COOTBETCTBYIOLLErO CIMPTA HJH aMHHA NPH 106aBJeHHH
XeJJaTHOI'O KOMILIeKca 200 [Tpuc(annnBanomMeTaHaTo)-Eu(III)-
kommieke Eu(DPM);], o6pasoBannoro esponueM (I11) ¢ B-nukero-
HOM, K DacTBODY HCCJAEIYeMOro Belle-

H3C C
O H3HH3C\ CH3 crtBa. MoryT Ha6M04aThest CABHIH KAK B
e N NN CHJIbHBIE, TAK H B cJabbie N0Js B 3aBH-
3 ﬁ ﬁ CHs CHMOCTH OT 3HaKa BeJH4YHHH (3cos?0 —
o o —1). Komnuekcn ¢ npaseogumom u ui-
TepGHeM N0Ka3LIBAIOT AHAJIOTHYHBIE pe-
200 3yJbTaThl. DTH BElIECTBA, HA3LIBACMHIE

IIH(T-peareHTamu, HaulI} LHPOKOE pH-
MEHEHHE, TaK KaK OHHM MO3BOJSIOT CYLIECTBEHHO YIPOCTHTbH CJIOXK-
Hble CHEKTPHl, B KOTOPHIX HMeeTCsl NepeKpPbIBaHHe GOJDbLIOr0 4yucaa
CHTHAJIOB, OPheKT K0 HEKOTOPOH CTeNeHH AHAJOTHYCH BJIHSIHHIO
noJieit By ¢ GOJIBLIOH HANPAXKEeHHOCTLIO, HalpuMep MoJell CBepXIpo-
BOAALUKX COJeHOHA0B. IIpu Hcnonb30BaHHH WHGBT-peareHTon cylie-
CTBEHHO BO3pacTtaeT 06'beM CIEKTPANbHOH HH(POPMALHH, OCOGEHHO B
Clydae HACLILICHHBIX COCAMHEHHH, HAaIPHMep B CIEKTpe afaMaHTa-
Hoa-2 (puc. IX.34). 3nech ynanoch BLISABHTH BCe IPOTOHH H BCe re-
MHHAJbHBIC KOHCTAHTbl CUHH-CIHHOBOTO B3aHMOACHCTBHS, HMCIOIIKE
HanOboJIblllMe 3HAYCHHS H3 BCEX BO3MOMHBIX KOHCTAHT B 3TOM COe-
AuHeHHH. OTMeTHM, 4YTO INIPH HCIIOJL30BAHHH €BPONHUA YIIHPEHHS

JI;HHHH, BbI3BAHHbIE INapaMarHUTHbIM MOMEHTOM, OTHOCHTEJBLHO He-
€JINKH,

s e i
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[Npuuuna HaGaofaeMbiXx 3h(EKTOB COCTOHT B 06pasoBaHHHM
KOMILIEKCa MexJy CABHCAIOLHM peareHToM, B KOTOPOM KaTHOH
nantaHousga obgajgaer cBOOOAHON KOOPAHHAUHOHHOH BaKaHCHeH,
u cy6erpatoMm. Habaonaemblil cnektp OyaeT NIpeAcTaBasiTh COOOH
ycpelHeHHe 10 CNEKTPaM CBOOOJAHOrO COeJHHEHHsS! 1 KOMILJeKca.
JIaHTaHOMABI PA3JHUYAIOTCS [0 3HAKY I0JS COOTBETCTBYIOLLEro JH-
noas. Muo naxogum ero agasi Eu(lIl) mo cxeMe, mpuBeieHHOH Ha
puc. 1X. 33, a aas Pr(IIl) mpumenuMa Ta ke cxema, HOo ¢ 00par-
HEIMH 3HakKaMu. JIJIS1 HampsKeHHOCTH BO3HHKAIOLLEro MoJsl BaxkHOE
3HaueHHe HMeeT OCHOBHOCTb KOMIJIEKCYoulefics rpynnel cybcrpara,
ApH 3TOM Obl1 yCTaHOBJeH caeaywomniit pax: —NHp; > —OH >
> C =0 > -—COOR > CN. Kucjgorable Ipynnpl 4acTo NPHBOAAT
K Pa3JokKeHHI0 JaHTAHOMAHLIX KOMILIEKCOB H MO3TOMY OOLIYHO HE
uceaeayworess (eM., onHako, taba. 1X.2). Kpome rtoro, B cayuae
HACLILEeHdbIX H HeHaCHIIeHHBIX YIJ1eBOAODOJOB CABHTralolllle pea-
reHTbl He [aloT CYLIeCTBEHHOrO YIPOLLeHHS CIEKTPOB, TdK KaK 3TH
BelllecTBa He 06pasyioT KOMIJIeKcoB. Brnpouem, B nociaesfHee BpeM:
1151 oJlePHHOB H apOMaTHUECKHX COeAHHEHHH ynasoch Haba0Aath
HHAYLMUpPOBAHHbBIE JAHTAHOHJAMH CABHIH IPH HCIOJb30BaHHI B Ka-
yecTBe BCIOMOTAaTeNbHBIX PEakTHBOB coJell cepeGpa. COOGCTBEHHbIE
CHTHasbl NMPOTOHOB CABMrAIOLIMX peareHToB OObIYHO He MellaloT,
Tak KaK OHH C/ABHTAIOTCA B NPOTHBOINOJOXHOM HampaBsJenud. Kpo-
Me TOro, cJelyeT YYUThIBATh, YTO KOHLUEHTPAlMU CABHIAIOLIHX ped-
reHTOB OOLIYHO HeBeduku (cM. Taba. 1X. 2).

UHAyunpoBaHHHbIe JaHTAHOMAAMH CIBHTH PE30HAHCHBIX CHIHA-
aoB ('H mam 1BC) cyGerparoB, HasbiBaemble LIS-peqnunnamu *,
OIIHCHLIBAIOTCA COOTHO!LIEHHEM

3cos?B—1
AiZK 3
ry

(IX. 21)

rae K — Hekasl KOHCTaHTA, XapaKTepU3yiollash BOZHHKAKOMUHA KOMII-
nekc. Beanunna K monbupaercs smnupuueckd. YpabHenne (IX.21)
JaeT BO3MOMKHOCTb Ha ocHoBanuH A;-Bennuun siaep 'H m 13C ompe-
JeJUTh reoMerpHueckue (QaKTOPHl, T. €. yCTAaHOBHTb CTPYKTypy coe-
auHenus. [lpn »ToM mpejmnosaraercs, Y4TO KOHTAKTHBIH BKJaJ H
BKJAaJ, BbI3BAHHLI HEaKCHAJbHOCTLIO KOMILIEKca, NpeHeOpemHMO
MaJpl. KOJUUecTBEHHBIH pacuer HHAYUHPOBAHHLIX CABHIOB JaeT
BO3MOMKHOCTb HCIOJb30BATL 3TOT NpHeM B KOH(GODMAaNHOHHOM aHa-
jauze. Ha npakThke 0JHAKO Yalle HCIOJb3YIOT KAYECTBEHHBIH, YHC:
TO 3MOHPHYECKHH MOAXOJ, NO3BOJNAIOLIMA PeUlTh Pas/HYHbIE cTe-
peoXuMUUecKHe MPOOJEMEL. Tak, uz puc. IX. 35 BHAHO, YTO CABHIII
PE30HAHCHBIX CHTHAJOB OJIe(MHOBBIX M METHJEHOBBIX IIPOTOHOB B
oGoux Hu3oMepHHIX 3hupax Ouuukiao[4,4,1]ynneka-1,3,5-tpren-11-
KapOOHOBOH KHCJOTH HACTOJNILKO XapaKTePHCTHUHDI, 4TO CTAHOBHTCA

* LIS — coKpallleHHe OT aHIJIHACKOTO Ha3BaHHA 3Toro noustus lanlanide
induced shilts. — llpum. nepes.
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Ta6anua IX. 2. HauGoJsee yacTo HCnosb3yeMble CABHTAIOUIHE peareHThl H HX CBOf-
cTBa

Auxonnl Karnoust
o Eud+ (IH)
2°0 o 5] 0 Pr3+ ('H, 13C)
HaC\CJ.\\‘%\C/CH; d3c\c/§‘/)k Yb3+ (13C)
H7T T Ch HaC” CF2CFaCFy
H3C Chy He H
DPM” FOD~

OPM~- — aunusasounsnmeranato-; FOD- — 1,1,1,2,2,
3,3-rentadrop-7,7-auMeTua-4,6-0KTaH AHHOHATO-

XHpaabHbLle JIHraHab

[S]
09
F 3c/k‘2\c:=2c:=zc:=r
H
DFHD™
DEHD- — 1,1,1,5,5,6,6,7.7,7-nekadtop-2,4-rentanuou; FACAM — 3-tpudrop-
aueTus- D-xaMcpepato
CaolicTBa
DPM FOD

Xopouro pacTsopuM B opranwueckux  OTJH4HA® PACTBOPHUMOCTH B OpraHHde-

pacTBoOpUTeJAX CKHX DPacTBOPHTEINX, MOMKHO MOJYYHTDb
KOHLLEHTPHPOBAHHLIE PacCTBOPHI, AOCTH-
KHMO XOpolllee paspelleHHe

Bbicokasi KoMiAekcyiomas crnocobuocTs  DddekTHBHO o6pazyeT KOMIJIEKCH ¢
MO OTHOLIEHHIO K CHJBLHBIM OCHOBAaHHAM  CHJbHBIMH OCHOBAHHAMH

Menee Bpicokas cnoco6HOCTh 06paso-  Xopowee KOMMJexcoo6pasoBaHHe —cO
BHIBATb KOMILJIEKCHl €O €1a6BIMH OCHO-  CJ1aGbIMH OCHOBAHHAMH
BAHHAMH

Curdan rper-6yTuibHOH rpynnut B6aH-  CurHan  7per-6yTHABHON TIpynnsl Mo-

si_oT curiana TMC, Gospliell 4acTbio  XKeT mnonacTh B 00JacTh  afHdaTHue-

B 60Jlee CHJBHBIX NOJISIX CKHX npoTtonoB. KoHUeHnTpauus pactso-
PEHHOTO BellecTBAa OKasbiBaeT HebOJb-
LI0€ BJHAHHE

Koundopmannonroe cocrosuue cy6erpa-
Ta He H3MeHseTcs

KoudopmauuouHoe coctosiine cy6erpa-
Ta MOXeT CYIULeCTBEHHO H3MEHHTHCS

HecrabunpHo no oTHOIIEHHIO K caabbiv  CTabHABHO MO OTHOWEHHIO K CcAabbIM
KHCJI0TaM, eHosaM, KapOOHOBHIM KHC-  KHCJIOTaM
J0Tam

|
|
|

i, Mm.8.
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el H_ COOCH3 H3zCOOC H

1,41 // //

1,2k \
) H (8)

1,0

0.8 CHy (4)

0.6
\

0,41 CHa (8)
A\Y

a,2} CH (A)
/

0
0 0,05 0,10 05 0,20 0,25 030 My/Ms

Puc. IX.35. [lceBAOKOHTaKTHble CABHTH, HHAYUHPOBAaHHHE TNpH Ro6aBaeHHH
Eu(FOD)s, B cnektpe AMP 1H sx30- u s#do-usomepoB 11-Kap60MeTOKCHOHIIHK-
n0[4,4,1lynaexa-1,3,5-tpuena (Pumep [Fisher H., Diplomarbeit Universitidt Koln,
1978]).

BenuyuHa MK/MS COOTBETCTBYET MOJISPHOMY COOTHOLUEHHIO Eu(FOD)3/cy6erpaT. Kom-
nnekcooGpa3opaHHe MPOHCXOAHT 1Mo 3QHPHOH rpynme.

BO3MOKHBIM YHCTO 3MIHPHYECKOe YyCTAaHOBJIEeHHe CTPYKTYPHl H30Mepa.

CpaBHHTe/LHO HELABHO IS OINpeleseHHs] ONTHYECKOH 4YacTOTH
cMecel SHAHTHOMepPOB OBIJIH HCMNOJNbL30BAHBl JAHTAHOHJAHBIE KOMII-
JIEKCH ¢ XHpaJbHBIMH JHCaHZaMH. AHAJOTHYHO CJAY4al) pPacTBOPOB
anacrepeoMepoB (pasf. 2 ri. VI) a5 qnactepeoMepHLIX KOMILIEK-
COB D- H L-H30MEPOB MOJYAIOTCA pa3Hble CHIHAJBI, ecJH NPHMeHAThb
uin$T-peareHT ¢ ONTHYECKH AKTHBHBIMH JIHTaHAaMH.

B nacrositiee BpeMst HCIOJB3YIOTCS KOMIJIEKCHl DA3JHYHBIX JaH-
TAHOHJIOB C pa3HooOpasHbIMH JiHrangaMy. Hanbosee 1acTo HCHOJb-
3yeMble JIHTAHAR W KATHOHBI, a TaK¥ke HX CBOMCTBAa IIPHBeJleHbl B
Taba. I[X. 2.

6. SAEPHBMA MATHUTHBLIA PE3OHAHC
YACTUHHO OPHUMEHTUPOBAHHbLIX MOJIEKYN

Kak 6bjl0 oTMeueHo paHee, OGDOYHOBCKOE [BHIKEHHE MOJIEKYJI
B JXH/JKOCTH INPUBOAHT K YCPeAHEHHIO NPAMBIX JHIONb-IHIONBHBIX
B3aUMOJEeHCTBHI MeXIy OTIeJbHbHIMH AJepPHBIMH MOMEHTaMH H K
VMeHBIIEHHIO 11X A0 HYJf: TaKuM o0pasoM, IHIIOJbHBIE B3aHMOJeH-
CTBHA MOIYT TOJIKO MOBJIHSITH HA pefakcalio. buulo ycTaHOBJIEHO,
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Puc. 1X.36. CtpykTypa Hemaru-
yeckoii Gasn

Loz,
2
-

Vvirraes 14

YTO HEKOTOPHIEe BEILEeCTBA NPH HCIONB30BAHMI HX B KayecTpe pact-
BOPUTENsl BHYTPH ONpPeAeNeHHOTO HHTCPBA/Ia TCMIEPaTyp CIOCOGHLI
OTPAaHHINBATL GPOYHOBCKOE ABHIXKEHHE MOJEKYJ PacTBOPEHHOro Be-
lecTsa u onpejeseHHbM 00pasoM OPHECHTHPOBATL 3TH MOJCKYJH
B pactBope. Takie BellecTBa Ha3BIBAIOTCH MUOKUMU KPUCTAAAAMU,
ocoGurit nHrepec s SIMP npeacrasiasier wemaruueckas pasza stux
BellleCTB. J)KuaKHe KPHCTANIBI, €CJM OHH HAXOSTCS B K HIKOM COCTO-
SIHHM TIpH TeMIilepatypax, Ha 20—40 °C npeBblmaowux TemnepaTypy
NJaBJeHKsl, OOHaPYKHBAIOT YIOPA/IOYEHHOCTb, OTIAJEHHO HAMNOMH-
HAWYI0 CTPYKTYPY TBEPAOTO Tesda. Bblllle Touku npoceerienus no-
BelleHHe XKHAKHX KPUCTAJJIOB CTAHOBUTCSH TMOJHOCTLI AHAJOTHYHBIM
NOBEJEHHIO APYTHX KHAKOCTeH. B yacTHOCTH, B HeMaTHuecKO# (ase
KHAKHX KPUCTANIOB HHAMBHAyaJbHble MOJekyabl (puc. IX. 36),
KOTOpBIE HMEIOT CTePKHENOA0GHYI0 (DOPMY, PACMONOKEHB NPEHMY-
LIECTBEHHO MapaJjiesibHo. K 3TOMY THNIY MOJIeKyJ OTHOCSATCS, Ha-
npumep, 4,4-nnumerokcnasokcubenzon (201) u N-(3TOKCHOEH3HI-
uleH-4-0yTHaaHuInH (202).

oo Oy
0

201 202

Has cnexkrpo IMP cymlecTBeHHO, YTO MOJIEKYJL pacTBOPEHHO-
TO BELLECTBA, MOMELIEHHOTO B HEMATHUECKy0 (asy, camu NpHHUMA-
10T ONpelleleHHYI0 OPHEHTALHI0 B KHAKOM KpucTaade. OLHAKO
NOJIOKEHHe MOJIEKYJ PaCTBOPEHHOTO BEUIeCTBAa HE KECTKO (PHKCH-
pOBaHO, M OHHM MOTYT JIBHIaThCsl NOCTYHATeNbHO M BpallaTesbHO.
Bnpouem, 5TH ABHXKeHHS He MOJHOCTBIO CBOGOMHBI, KAK B OGLIYHOM

cszo—Q— CH=N—©~CLH0‘

H30TPONHOH MCHAKOCTH, HO OrpaHHYeHH CTPYKTYPOH MKHAKOTO KpH- §
crajsia. CTeneHb yNopsii0YEHHOCTH PACTBOPEHHOTO BEUICCTBA OTHO- §

CUTE/JbHO MaJia, HO OHa AOCTaToO4yHa AJ% TOro, yTOObl BEHI3BATL HO-

SIBJIEHHE NPAMBIX JHIOJIb-AHIONbHBIX KOHCTAHT MEXKAY MPOTOHAMH
Iupn u3MepeHuu cnekTpos SIMP coegnnenu#i B nmogo6HOM aHH30-
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Puc. 1X.37. Cnekrp IMP 'H wmeTnsenxaopuia 8 H30TPONHOM (a) ¥ aHH30TpOn-
HOM (6) okpyXeHHH (pacTBopHTes b 202 B HemaTHueckol dhase).

TPOIIHOM OKpyxKeHHH, Mexcmorexyaraprsie 83aumodeilcTeus, Hanpo-
THB, YCPEAHAIOTCA MOJHOCTBIO, TaK Kak MOJEKYJbl PacTBOPCHHOTO
BelllecTBa AuGOYHAHPYIOT B pacTBope. MexMoJeKyJsipHble B3a-
HMOJEHCTBHUSL NPOABJIAIOTCS TOJNBKO B TBEPAOM TeJe.

JunonbHble B3aHMOIEACTBUA MEXAY SIAepHbIMH CHHHAMH NPHBO-
JSIT K AONOJHUTENbHOMY pacllelJieHHio JUHHH clekTpa. JTO NOKa-
3ano Ha puc. [X.37 aas npoctoro cayuasi As-cHcTeMbl IIPOTOHOB Me-
THJAEHXJOPHAA. B HM30TpPOMHBIX KHAKOCTAX MOJYYHJICH Obl CHHIJIET;
B JAHHOM Ke cJaydae NpH HCNOJb30BaHNH coelnHeHusi 202 B Kade-
CTBe pacTBOpHTe sl HabJoRat0T pacmenyenne nopsaaka 4000 Tu.

Jaia Toro uroBul MOHATL 3TO sABJEHHE, BCIOMHHM, KAaK BBHINVISAHUT
juarpaMma sHepreTHueckux ypoBHeH cucTeMbl Ag (cMm. puc. V. 2).
[Mpy uCcHONL30BAHMH (YHKIHH CHMMETPHH TOJYYHM AaHTHCHMMeT-
pHYHOE COCTOAHHE H TPH CHMMETPHYHBIX COOCTBEHHBIX COCTOAHHA,
cBA3aHgble BLIPOXACHHLIME TepexofaMn FE,—E; n Eq—E;
{puc. 1X. 38, a). BsaumoaelicTBue ABYX sJEPHBLIX CIHHOB U H Mg,
pasiefeHHbBlX pACCTOSIHHEM fj2, BbI3blBAeT im6o CTa6uI/IJ1113aL[I/I}O,
JHO0 gecTabuAN3allHI0 COOCTBEHHBIX COCTOSHHI CIHHOBOH CHCTEMbI.
JHeprua B3aUMOAeHCTBHS 3a/laeTcs BhpaKeHHeM *

E= ulp’g/r?z —3 (p’lrIZ) (P*zriz)/rg

* 3jech H gajee MHOXKHTENb Wo/47 omyckaertcs,

(IX.22)
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Puc. IX.38. Jlnarpavma sHepreTuueckux yposHeil OPHEHTHPOBAHHONR cHCTeMB A,

f/ile 2 — paluyC-BEKTOP MexAy ABYMsi siipaMH (cM. puc. IX. 38, 8).
cnosbsys cootHowedre (I.2), moxno npeo6pasosarth ypaBneHue
(IX. 22) B xBaHTOBOMEXaHHYeCKHUiI onepaTop [aMHIBTOHA:

i I
Hory = viysh?i L2 — 3(’1’122(’2’12)
g "2

(IX. 23)

Ec/in npuMeHHTb 3TOT 0IlepaTop K CHMMETPHUHBIM BOJHOBHIM dyHK-

UM owc(, (@B + Bx) /2, BB, TO TOUHBIN pacuer B NMpPEANONOKEHHH
Ur = pg (T. e 1J5 C1ydasi SKBHBAJEHTHLIX sijlep) NPHBOIHT

y K JlecTa-
6unusaunuu cocroanuit (1) u (4) na senuunny AE, 4

AE, ,=(1/4) y*A* (3 cos?0 — 1) r;;3 (IX. 24)

H K CTa0u/IM3aNHH COCTOsIHUA (2) Ha BeJHUUHY AEs:
AE, = (1/2) y’A*(3 cos?0 — 1) ry? (IX.25)
¥ron 6 (cm. puc. IX. 38) coorsercTByer yray MeXJy paiHyC-BEKTO-

POM 72 H HalpaB/eHHEM BHELIHEr0 MarHHTHOTO moJst Bo. Torga pe-
30HaHCHI OYAYT NPOHCXOLHTL NMPH JACTOTAX

v =, = 3/4y* (h/4n?) (3 cos?0 — 1) ry;? (IX. 26)
HIH v = vy = (3/2) Dy (1X. 27)

€CJIH HCIIOJIb30BATh cjefyioliee 0603HaUeHHe [Jsi KOHCTAHT AHMOJb-
JHIMOJILHOTO B3aHMOJeHCTBHS Dyj MeXAy ABYMs NPOTOHAMH:

Dy = (— hy¥/4n) (1/2) (3 cos?6 — 1) r;? (IX. 28)
HaJiee, ecin ONpelesnTb CTeneHb OPHEHTHPOBAHHOCTH MEXKbSAep-
HOTO BEKTOPa C NOMOIILIO COOTHOLIEHHU S

S =(1/2) (3 cos20 — 1) (IX. 29)
roraa D= (— hy*/4n?) S,rif? (IX.30)
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AHaJIOTHYHBIE PE3YJAbTATHl IOJYYalT A H30JHPOBAHHOH CHCTEMDI
A, B TBepAOM TeJe.

Kak nokasmBaer ypaBHende (IX.30), pacuensenie 3aBUCHT OT
paccTOsiHHSl MeXKAY siApaMHu rip. Ecau Obl CyllecTBOBaJ HE3aBHCH-
MBIl METCJ [Jsi pacuera BeJUYHH S;j, TO MOXKHO ObIO Gbl MOYYHTh
MeXDbSIIEPHOE PACCTOSIHHE HEMOCPEACTBEHHO H3 SKCIEPHMEHTAIbHBIX
3HAYEHHH AHMOJABHBIX KoHcTaHT, OJHAKO 3TO He TaK, H B CHCTeMe
A, uMeeTcsl oAHa HabJuwofaeMas BeJHUYHHA IIPH [ABYX HEU3BECTHBIX:
Si2 I ri9. VIHBIMH cJIOBaMH, AMNOJBbHAS KOHCTAHTa B IPOTHBONOMOK-
HOCTb CKaJisipHOH KOHCTAHTE He SIBJSETCS MOJIEKyJsPHOH KOHCTaH-
tofi u BesaununHa 4000 I'n, H3aMepeHHas MO paclleNnJEeHHIO B METHJICH-
xaopuge (cMm. puc. IX.37), uro, cornacHo ypasnenuio (IX. 23y,
COOTBeTCTBYeT BedHuHHe Dy, pasuofi 1333 ['u, 3aBHCHT OT TeM-
nepaTyphl, KOHIEHTPANHH H HCIOJb3yeMOl HeMatHueckoH daswl,
TaK KaK 9TH XapaKTePHCTHKH ONPEAe/SIOT cTeneHb opuentaunu. ITo-
3TOMy B KaxJOM HOBOM 3KCNeDHMEHTe BeJHYHHA pacllenjeHHs H3-
MeHsIeTCs.

Jlasi GoJee CJOXKHBIX MOJIEKYJ, B KOTODHIX HMeeTcs GoJbliee
YHCJIO HE3aBHCHMBIX JHIOJb-AHIOIbHEIX B3aHMOJEHCTBHI, OOBIYHO
nosiBJAsSieTCs] JOCTATOYHO JAHHBIX [J51 OIpeldeJdeHHs Kak paccros-
HHS, TAK M OPHEHTAUHH Kako#-aubo mapel sgep. Kpome Toro, Mox-
HO Ompele/siTh BaJeHTHbe Yribl. B mocjeiHHe roibl CIEKTPOCKO-
nusi SIMP OpHEHTHPOBaHHBIX MOJIEKYJ CTajla BaXXHBIM MeTOAOM
CTPYKTYpHOTO aHaJ/H3a, AONOJHSIOWHM TaKHE XOPOWIO H3BECTHbIE
MEeTOJHKH, KaK MHKPOBOJIHOBAsl CIIEKTPOCKONHSA, 3JeKTPOHOrpadus
u pentredorpadus, ocobeHuo B TeX CJydasx, KOrla MOXKHO BKJIO-
YHTb B AHAJIM3 paclUlelJeHHs JHHHI, 00yC/IOBJIEHHbe NIPHCYTCTBHE!!
sgep 18C. DTu JaHHple Takke AT HHPOpMALHIO O rEOMETpHH
YIJepOAHOro 0CTOBA, YTO, OUEBHJHO, NMPEICTaBJAET 60JBLIHA HHTE-
pec, 4eM TOJNbLKO NMPOTOHHble TeOMEeTPHYECKHE MapaMeTphl. Beposr-
HO, HanGojee BaXKHBIA aCMEKT PAacCMATPHBAEMOH METOJHKH COCTOHT
B TOM, 4YTO OHA MO3BOJISET INOJY4YHTh HHGOPMALHIO O CTPYKType
MOJIEKYJI B KHAKOCTH.

] i 1 L : 1 L

1000 0 1000 My

Puc. 1X. 39. Crnextp SIMP !H qacTHYHO OPHEHTHPOBAHHOrO GeH30/1a (Caymne [17]).
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YuukanoHo#l 0co6eHHOCThIO crieKTpoB IMP yacTnuHo OpHEHTHPO-
BAHHBIX MOJIEKYJ/l fIB/IAeTCS OTMeUcHHBIH paHee (hakT, YTO KOHCTAH-
Thl CHUH-CIHHOBOI'O B3aNMOAEHCTBHS MeXKAY IKBHBAJEHTHBIMH sApa-
MH CTAHOBSITCS H3MEPHMBIMH. HacTHUHO OpHEHTHPOBAHHLI Gensoa
HMeeT oco0eHHO BIEUAT/AIOUHE CIEKTP: B HeM OOHapy:KHBaercs
Gosee 50 aumuii (puc. 1X.39). Bpicokas cHMMeTpHSL 3TOl cHCTEMDbI
CYLIECTBEHHO pacilHpAeT BO3MOXKHOCTH CIEKTPaJbHOrO aHa/dH3a
MPOBOJHMOIO C IOMOLLbIO FaMHJIBTOHHAHA, BBEJEHHOTO B rJ. V B
KOTOPOM B JIONOJIHEHHe K CKaJAPHOMY CHHH-CIHHOBOMY B3aHMO-
AefCTBHIO YUTeHBl [HIOJb-AMIOJAbHBEIE B3aUMOeHCTBHsE. B 3TOM
cayuae MOJYUHM

9=, vl (i) 4 ;<; (i +2D,) 1, ()T, () +
+ 2 XUy —=DNT DT G+ 1,60 T, ()] (1X.31)

i<y

PesonaHcHble YaCTOTBI V; OTJIHYHBI OT 4aCTOT, KOTOPbie HabJI0-
N210TC B H30TPONHOH (hpase, UTO BLI3BAHO BJHSIHHEM dHH3OTPOIHH
KOHCTAHT 3KpanHposanus. Kpome toro, J;; B MaTpHlle raMHJbTO-
HMaHaA HYXKHO 3aMeHHTb B [IHAroHaJbHBIX 3JeMeHTax Ha J;; + Dy
a B HeJHaTrOHAJbHBIX 3JeMeHTax — Ha J; — D;. B npunuune CKa]:
JspHble B3aUMOLEHCTBHA MOTYT OMNpeNeNATbCH HeNoCPeICTBEHHO
U3 aHaau3a, ocHoBaHuoro Ha ypaBHeHHH (IX.31). OxHako MoxKHO
YIOPOCTHTL 3ajadvy, eC/JH HCHO/b30BATh JAHHBlE aHaNH3a CIEKTPOB
B H30TPOMHOH (pase. BaKHO OTMETHUTb, UTO C MOMOIIBIO CINEKTPOB
SIMP 4acTHYHO OpDHEHTHDOBAHHBIX MOJIEKYJ MOXKHO OIIpeIeNHTD
aégomomble 3HAKH CKaJAPHBIX KOHCTAHT CIHH-COUHOBOTO B3aHMO-
H0eHfCTBYS, eCJIH BBECTH NPEANOJOXKEHHe O NPEeHUMYILEeCTBeHHOH OpH-
€HTAllMY H4 OCHOBAHHH U3BECTHOH MoJeKyJaapHOH cTpyktypwo. Ha-
KOHell, cJeflyeT MOAYEPKHYTb, YTO OTHOCHTEJNBHO IMpocTas (opma
onepaTopa ['aMunbTOHa NOABJASETCS TOJALKO B TOM CJaydae, €cJu
MEHMONCKYASAPHOLE ~ OUIOADL-JHNOJbHble B3aHMO/JEHCTBUS ,MOI‘yT
OBITb MCKJIOYEHL KAaK CJAeNCTBHe GBICTPHIX NpoleccoB AHGDY3nu B
KHIKOM KpHCTa/jge. 3aMeTHM, 4YTO 3TH MPOUECCHl OTCYTCTBYIOT B
TBepAOM Tene. Kpome TOro, crmekrp CaMoH KHAKOKPHCTAJIHIECKOH
¢daspl He HaOMOJaeTCA, HJIH, TOUHEE FOBOPS, OH HCye3aer B IHyMax
910 0OBACHAETCS OTHOCHTEJNBHO BBICOKOH CTeNeHbIO ynopﬂnoquHo:
CTH, KOTODYI0 OOHAPYXKHBAKT CaM¥ XKHIKHe KDHCTaJJabl BO BHELI-
HeM noJe By, U OOJbIIMM YHCJIOM NPOTOHOB B 3THX MOJIEKYJax
B pesysabTaTe TOHKas CTPYKTypa CIEKTPOB HCYe3aer. '

7. AMP B TBEPAOM TEJIE

Kak mnonyepxuBasoch B ra. I, Hacrosilias KHHra MOCBAIIEHA
rnaBHbIM oOpasoM crnexkTpockonuu SIMP Bricokoro paspetrenus. Ta-
KM 00pasoM, npujoxenus JAMP k TBepIbIM TenaMm 1pH HaJHYHH
AHUTONb-/THIONbHBIX CIIHH-CIMHOBBIX B3aUMOJeHCTBHH (cM. pasn. 2.4
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r1. IV) moapo6uo paccMaTpHBAaTbCs HE OYAYT. OaHaKo CyllecTBeH-
Hbifi IIporpecc, AOCTHTHYTHIE B 3TOH o6aacTu 3a mocJelHHe AecsTb
1T W CBS3AHHBIH C BHEJIPEHHEM HOBOH SKCTMEPHMEHTaJbHOH TEXHH-
KM, 3aCTaBJsIeT Hac, XOTs Obl B OUEHb CKaTof H HeMoJIHOH MaHepe,
clesaTb KpaTkuil o63op 3Toll o6nacTH pccaeqoBanui, 4To6bpl MPO-
HPOPMHPOBATL YHTATEJsE O HOBBIX paspaboTKax.

B rnocnexHem pasjese OLJIO Y¥Ke TM0Ka3aHO, KAKHM o6pa3oM
BHYTPUMOACKYASLPHOLE ARIOJb-1HIIOIbHbIE B3aMMOJEeHCTBHA YCJ0XK-
gatoT cmekTphl SIMP  nake st MPOCTBIX MOJEKY.JIL. B TBepaoM
Tejie, rie TaKiKe CYIIECTBEHHBI I MEHMOAEKYAAPHOLE B3auMoeH-
cTBHSA, HabaionaoTca OOBIYHO [IHPOKOJNMHEHHbIe CIeKTPhl (e3 Ka-
KOft-TH60 3aMeTHOH CTPyKTypbl. Kak caeicTBHe 3TOrO, BCA uugpop-
MalMsi O JOKAaJbHOM OKDYIKEHHH silep, Halpumep O XHMHHUCCKHX
CIBUTAX MJIHM KOHCTAHTAX CIHH-CIHIOBOTO B3aUMoOIefcTBHA, YTpa-
YHBAETCH.

Jlas cyiKeHusi JIMHHII B TBEPABIX TeNaX HCIONB3YIOTCA 1BA MOI-
X0la: NepBHlil — 8patyenie nod Mazu4eckum yeaom H BTOPOH —
umnyavcuoltl SIMP 6 Teepdbix TeAax. B mepsom cayyae HCIOJB-
syercst TOT (bakT, 4TO BpalleHHe ofpasua BOKDYr ocH, obpasyio-
welt yroa 54°44’ ¢ ocbio MarHMTHOTO MOJA (sTOT Yros HasbBaercs
Maeudeckus), B pesyapTaTe ocoforo BHIA TaMHJbTOHHANA TMpH-
BOAHT K MCUE3HOBEHHIO AHIOJbHBIX B3auMoAeHcTBHA. DTO caenyer
W3 3aBHCHMOCTH COS 0i; OT BpeMeHHM, HalJ/ofalolledcs B TAKOTO
pofa sKclepuMenTax (0 — YroJq Mexay MeXbSACPHBIM paauyc-
BeKTOPOM M BHEHIHMM [OJeM; CM. DHC. [X.38). Ilpu s1OM B BHI-
paXeHHH IJs JHOOJNLHOrO B3aHMOJEHCTBHS MOSIBJIAETCS MHOXH-
teap (3cos?p—1); ecan p = 55°44’, 370 BLIpaXKeHHE ob6pautaercs
B HyJb, TAK KaK cos? b4°44’ = 1/3.

KpoMe TOro, MOMKHO MOKa3aTb, YTO BCJICACTBHC yCcpeAHEHHS IO
BpeMeHH Jpyrie aHH30TPONHbIE XapaKTepHCTHKH TBepaoro obpas-
1[a, HaIpUMep aHH3OTPONMHS XHMHYECKOro CIBHIa, CTAHOBATCS paB-
HBIMH HYJIIO HJH HACTOJIbKO MaJbIMM, YTO HMH MOXHO npeHebpeub.
TeopeTHyeckoe PaccMOTPEHHE MOKA3LIBACT, 4TO omepatop [amMHJib-
TOHA, COOTBETCTBYIOIIMI LEHTPaJbHOH Y4acTH CNEKTPa, B clIydae Oul-
CTPOTO BpAIleHHs MOJ MarHiCCKHM yIIOM (haKTHYECKH HAEHTHYEH
3¢ (eKTHBHOMY TaMH/ILTOHHAHY B Kuakoi ¢ase. Ha npakruke Hc-
MOMB3YIOTCSl CKOPOCTH BpalleHHs 10 10 x['u, ¥ mpuUMep HCIOJIb30-
Bamus 5TOil TeXHHKH AaH Ha puc. IX. 40.

Bo BTOPOM MeTOA€ Mpollecc YCPeIHeHHs BO BpeMEHH BLI3HIBAETCA
cepueft BU-uMITYJIbCOB, KOTODEIE OPTaHH3OBAHDI TakuM 06pasoM, 4To
s[epHble CIIHHBI MPENeCCHPYIOT BOKPYT MArUieCKoro yraa (cy:keHHe
THMA ONPOKHMAbBAHHA CNHHOB). THIHUHAsA YeThIPpEXHMITYIbCHAS M0~
cnegoBaTepHOCTh  90°-HMIY/AHhCOB, H3BECTHAasd MOA  HASBAHHUCM
WAHUHA *, npeicTtaBaser co6nil  10CJael0BaTeNbHOCTh HMITYJIb-
cop: Py —2t—P_,—Py,—2t—P_y—7, TH Py — BpalueHne

* [To nauaibHbM OyKBaM (aMuanii nzobperatencii: Waugh, Huber, Haeberlen
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Puc. 1X. 40. Cnextp 1°F-IMP
(npoH3Bognas oT GYHKUHK
MOTJIOUIEHHST) MOJHKPHCT aMIH-
qyeckoro rekcaproppochoHara
kaasuua (KPFg) (Duapeio u

a Ky
— 1

cotp. [18]).
Bepxuufi cnexTp rnoayueH gas
HEMOABHIKHOrO  06pasla;  HHKe

HHH  CHCKTpP 3auudcan  gas o6
pasua, BPAULAIUIErocs CO CKO-
pocteio 8 KIu BOKpYr Maruue-
CKOA  OCH; B HHUMHEEM CNeKTpe
oGHapyxHBaeTcs Ay6neTHan
CTPYKTypa, BbLI3BAHHAA  KOCBEH-
HHIM  CHHH-CIHHOBLIM  B3adMomell-
crsdeM agep "F u 3P,

BOK .
® p};;cl IIIXOZI/; Bpalamuleica cucreMbl koopauxar. Kak nokazauo
" Te;z{eH.He .41, 10 OKOHYAaHHY NOJHOro UHKJAA HaMarHHyeHHOCTb
npaBneHHoﬁpaBHbIX NIPOMEKYTKOB BpeMelH OyJ1eT OKa3biBaTbCs Ha-
v PﬂOﬂb KaXXJI0H H3 OCell M JAMIOJbHbIEe B3aUMONEHCTBHS
yepenss ;16,10 Hysst. Bes nocsesoBaTesbHOCT MMeeT MpO,10/KH-
Tl KTt())M T, U 3TO BpPeMsl [OJKHO OhITb Majo [0 CPABHEHHIO
cpa;ﬁeﬂﬁ e TO%‘O, IHMpHHA HMIyJabca [, AOJKHA OLITh MaJja Mo
10 ¢ 1. |MNHYHble 3HAUYEHHUS] T COCTABAAWT [0 MKe, u f, <
< 1 MKc. 3amerum, uTO Il , s
S ke, , pH TaKOM 3KCIEPHMEeHTe aHH30TPOMHsA
HaKOHeHo chHra He yCTPaHAEeTCH, H OHA MOXKeT OBbITb H3MepeHa
, ObLT TpeyoKeH MeTOoJ, oC 7 :

HOBAHHBIH HA JBOH
pe30oHaHCe H TO3BOJAWOUIHI H , cnraan

abJioaaTh B TBEpJOM
Jaxe «Ca1a00uyBCTBHTEbHD : opragHiceron
x» agep. B rtunuuhHom o
/ PraHHYeCKOM
Cﬁﬁ;}){ﬁ;ﬁ; T[ezllgcgdeﬂee YYBCTBHTEJIbBHOE $I1PO, HA3bIBAEMOE «PeIKHM
, OKDYKE€HO «pacrnpocTpane
HHBIMH CcHOHHAM

¢ u»
C;weehﬁllmzmu BBICOKY1O0 YyBeTBHTENbHOCTL ('H). O6e crnunoBnie civ
BSI3aHbl JUINOJbHEIMH B3aHM 7 :

ojelicTBuaAMH. Ecau
cre . BBECTH
CKHﬁOB;,;eCHLeeh;gepaTypbl 9,614 s, COOTBETCTBYIOIIME 6OJIbIMAHOB-
JeHUAM B 00eux CIHHOBBI

X CHCTeEMax, TO MOKHO
0Ka3aTb, YTO M3MeHeHHe TeMmepaTypn s npu oényqé}mu CMHHOB

t = 0 27 37 s P

Pu . 41. I/M e J b JIg CyXenus HHHK B
C nyJbCHad nocaegosa BHO:

X /J1bCH 4 10CT TCJ CT W AH 1A C §
TBEPABIX Tenax MPH CIHIIOBOM Ol POKHABLIBAHHH (5 O H C()Ip 19 ) '
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S pamseT Ha 0; u Haobopor. [1pH 3TOM MexJy OOGOHMH CIHHOBLIMI
pesepByapaMi YCTaHABJMBAETCS TENJ/IOBOH KOHTAaKT 3a CHeT AH-
MO/ b-ARMONLHOTO B3aHMOAEHCTBHA.

[Ipu o6ayueHHH CINHHOB S CIHHDBI | «uarpeBarooTca», a HaMar-
HHYEHHOCTL CNHHOB S yMeHbllaeTcs. AHAJOrMYHO MOXKHO M0/
pH30BATh pPelKHEe CIHHBI NMyTeM CIHHOBOrO mepeHoca OT pacmpo-
CTpaHeHHbIX CIHHOB M HabaiofaTb PE30HAHC CIHHOB [ nmpu oaHo-
BpeMeHHOll pa3BA3Ke OT PACMPOCTPAHEHHBIX CIHHOB, € TEM 4TOObI
yCTPaHUTh AHNOJbHOE YIIHpEHHE auHHA. HMcmoab3ys 3Ty TEXHHKY,
KOTOpas HasbiBaercH Kpocc-noaspudayued, yianoc, HaupuMep, 4et-
KO pasJHUUTb ABA PE3OHAHCHLIX CHrHana B TBEPIOM aJlaMaHTaHe.

8. AMP-UHTPOCKOTNUA

Jlo cux mop pacCMaTpHBA/IHCL CHEKTPHI JIMP, kotopble aaloT
pHdopManuio 06 HHAHBHIYaJbHbLIX MOJEKy/lax B JKHJKOCTAX HJIH
B TBep/blx Teaax (CM. pasi. 7). B 3ToM cMbicse CIEKTPbI AMP
MOTYT paccMaTpuBaThCa Kak u3ob6paxenns (uau o6Gpasbl) MoJie-
KyJI, MOCKOJNbKY CNEKTPOCKOMHCT MPOBOAHMT MBICJTEHHOe Mpeobpaso-
pAHHE 3aMHCAHHBIX CMEKTPOB (XHMHUYECKHX C/IBHTOB, KOHCTAHT CIIHH-
CIHHOBOrO B3aUMOJEHCTBHA, BPEMEH peJakcalnd H T. 4.) B HEKHH
06pa3 MoJeKyJibl, 0O/bllel 4acTbio B BHIC CTPYKTYPHBIX (POpPMYJL.

B nocsieHHe rofbl Gbl MPeLT0XKEH APYroi THI CO3/aHUA SIMP-
06pa30B, MO3BOJNAIOIHA H3y4aTh CTPYKTYpBl Hd HaMOJIeKYJIAPHOM
ypoBHEe W HEMOCPEACTBEHHO H3 CHEKTPAJBLHLIX JaHHblX MOJy4aThb
peanbHOe JABYyMepHOE nzobparkenre o6bekra. ITa 06/1aCTb, Ha3bi-
paemas SIMP-HHTpOCKOMHeH (Apyrde Ha3BaHHA: SMP-uoiirmaro-
rpadus *, cnuHosas kapToepagus), OTKPHIBAET WHPOKHE MEPCIeK-
IMBhI AJISi HCIOMb30OBAaHHS B OHOJIOTHH M ja)ke B MEIHIHIE, H HE-
06X0AUMO, NO-BHAUMOMY, OOCYNHTb 3TH HOBble HalpaBJICHHI, 4TOOBI
AaTh MpeICTaB/JEeHHE O JeKallHX B HX OCHOBE MPHHIIIAX.

B 1973 r. JlayTep6yp BIepBble IOJyTHI AMP-06pas ¢ NIOMOILBIO
HaJIOKeHHs Tpafnenta noas AB Ha oGpasel. B 5TOM IKCNEPUMEHTE
siApa B PasJHUHBIX yuacTKax MpOCTpaHCTBA OGyAyT HCIBITHIBATH BO3-
JefCcTBHe pa3/HYHBIX BHEIIHHX nonefi By -+ AB, COOTBeTCTBEHHO HX
pe30HaHCHbIE YAaCTOTHl OyRYT pas/HdaThCA, JpyruMH cJ0OBaMH, rpa-
[MEHT [OJI8 MPUBOAHT K XHMHUECKOMY CIBHTY MEKIY fipaMH, KO-
Topbie B OGLIYHOM IKCIEPHMENTE JMP 6bl1H 6bl H30XPOHHBIMH.

Ecay mupHHA OTAENbHOH pEe3OHAHCHOH JIHHHK MaJja M0 CpaBHe-
HHIO ¢ TPAJMENTOM I0Jisl, TO MOMHO BbIACHTL CHIHAJDI Pas3JHIHbIX
yuacTkoB o6pasua, a Gojee TOUHO — CHTHAJLL ALED, HaXOISILKHXCA
B PA3/HUHBIX MJOCKOCTSX, MEPIEHAHKYJIAPHBIX K HalpaBJeHHIO Tpa-
nuenta. Toraa rpadHK HHTEHCHBHOCTH CHIHAJIOB AACT nHGOpMaLHIO

(0] HpOCTpaHCTBQHHOM pacnpeie/eHHH CITHHOB.

* OT rpeqecxoro ‘gsvyua, 03HAaualowero «To, YTo COeAHHACT BMeCTe»,
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Onnnm us nepsbix SIMP-06pasos, co3faHHBIX ¢ NOMOUIBIO 3TOH
TEXHHKH, GblI0 U306pakeHHe ABYX KAMHIIAPOB C BHEIUHHM AHAMET-
POM 1 MM, HaNOJHEHHBIX BOAOH H NMOMELIEHHBIX B aAMITyJIy CO CMeChIo
H:0 u DO (c BHewHuM guametpom 5 mm). [Toctpoenue aByMepHO#
KapTHHEI 3TOr0 00pasua no nojyyaeMuiM curaasam SIMP 'H cxe-
MaTH4IECKH NMpPeNCTaB/eHo Ha pHC. I1X. 42. PeanbHo mo.ayyaemas Kap-
THHa 1npeicTaB/iena Ha puc. 1X.43. B paccmorpennoM npumepe
SAIMP-nanubie 611 06paGoTabl ¢ NOMOLIIO KOMIbIOTEPAa C UCIOJb-
SOBAHHEM MPOTPAMMBbI, PEKOHCTPYHPYIOLIEH U306pazkeHHe H MO3BO-
JAIOWEH 1e4aTaTh KapTy CHHHOBON MJIOTHOCTH IpoTonoB o6pasiia.
O6a kanuiasipa XopowIo BHAHBI.

B moc/iefnue roan TexunKka HHTPOCKONHH NOJNYUHIIA AajbHellIee
pasBuTHe. Eciu HCMOJB30BaTH aJbTePHHPYIOUIHE TPALHEHTH MOs
BAOJIL OPTOrOHAJbLHBIX HAMPaBJEHHH, TO Ha NMepeceueHHH Tpex ya-
JMOBbIX IJJOCKOCTeH 3THX IDaJHEHTOB BO3HHKAET 00beM NpocTpan-
CTBa, mposiBaswwuiics B IMP-cnexkrpe. Curnasn or jsokanusyemoro
TaKUM 06pasom o6beMa o6pasla [eTeKTHPYeTCs; B TO e BpeMsi
CHIHAJIOB OT APYTHX YYacTKOB 06paslia He BO3HHKAET; MepeMelds
STy YYBCTBHTEJDbHYIO TOUKY 10 O0BEKTY, MOKHO MOJYYHTh AaHHBIE,
HEOGXOUMble 151 MOCTPOLHHUS €ro MOJHOrO usobpaxeHus. Anagno-
THYHO ecii HCMOJb30BAaTh 1Ba 3aBHUCAUIMX OT BPEMEHH TPajHeHTa,
TO Npu JeTEKTHPOBAHHH CHTHAJOB SIMP ¢ nomowsio Qypbe-npeot-
PAa30BaHHA MOABJSETCH «4YBCTBUTENbHAN» JHHHA, YTO 1A€T BO3IMOK-
HOCTb CyLIECTBEHHO CHH3HTh BPeMsi SKCNePHMeHTa. Hakowel, mo.y-
UEHHBIE 1aHHble 06pabaThBAIOTCA ¢ MOMOWIbIO KOMIbIOTEPA C LEJbIO
MOCTPOeHUs H306paxkeHns. B kauecTBe NpuMepa, HIIIOCTPUPYIO-
liero nelaBHUH nporpecc B 3To# o6sacty, Ha puc. 1X. 44 npuBeieHo
u306paxkeHne CeueHHsl LEOro JUMOHa, MTak, cleqanHoe HaMu pa-

NP i N R ——— 5 Puc. IX. 42. lMpurnknuaisaasn
\‘_\ SR cxeMa
L)

NN SAMP-neccenenosanus
<o NN

7 ABYX Kanumasipos ¢ H.O B
N g a7 N INO Y N
- L | ~ SO0
- 7 | o~
- | | ~ ~
N N

4eTBIPEX Pa3JHYHBIX SKCIEPH-
MEHTaX C TpajHeHTaMH mnoJs
B HaNpaBJeHMAX, YKa3aHHbLIX
crpeskamu (JlayrepSyp [20])

Cneyuaavtole 3KCREPUMEHTAADHBIC METOOb! 369

Puc. 1X. 43, AMP-usofparkenude, NOJyuYeHHOE B Pe3y.bTaTe HCCJAEAOBAHHS, NTOK3
3aHHOro cxemarudeckd Ha puc. 1X. 37 (Jlayrepbyp [21]).

JBa Kanuanspa guaMerpoMm | MM, 3allonsensble BoAOH, ObIJH NoMeUieHbl B unnunnpuqé—
CKYIO aMnyjdy ¢ BHyTpeHHHM AHameTpoM 4,2 MM, KoTopas cofepxasna cMecs H.O u D,O.

Hee cpaBHeHHe SIMP ¢ ¢oToannapaToM JeACTBUTEJNLHO OIpaB/bl-
Baercs! .

BaxHo 3ameTnTh, uTo SIMP-u3ob6paenne BHyTpeHHEH CTPYKTY-
PBEl 3THX M JApPYIUX 00BEKTOB MOzKeT ObITb NOJYy4eHO 6e3 HapyuleHus
HX I€JOCTHOCTH. YKa3aHHas TeXHHKa, TakuM o0pa3oM, aHaJOrHuHa
pentrenorpaguu. OaHako B OTJHYME OT pEHTreHa MarHHTHBIE H
BU-noJa, HacKOJbKO cefyac HM3BECTHO, He OKa3bIBAWOT BPENHOTO
BJIHANUS Ha KJIETKH, W 3TO MO3BOJsAET paccMaTpuBaTh SIMP-HHTpO-
CKOIIHI0 Kak peulamoWuil MeTol AJs GHOJOTHM H MeRHUHHBL YiKe
ObLTH H3YUCHE! OTAeIbHble YACTH Ye/N0BEYECKOro Tena H 0nposoBanbl
MArHuTBl 451 CHEMKH Uel0Beueckoro Tejaa*. Kpome pe30HdHCHBIX
gactoT B AMP-uHTpOCKONHH MOI'YT OBITH MCIIOJAL30BAaHbLI JAUDO ApY-
rue $SIMP-cBoficTBa MNpOTOHOB, HanpHMep BpeMeHa peJakcaluy,

* O nosanciinnx tocTikennax H ooluie Goaee NOHO O TEOPHH, TeXHiKe H
npuaoxennsx SIMP-unrpockonun cw. B kuire: Mansfield P., Morris P. G. NMR
Imaging in Biomedicine, Acad. Press, N. Y., 1982, — [Ipux. nepes.
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Puc. 1X.44. Caepa: 'H-SIMP-#306paxeHne nonepeysoro ceuenus JUMOHa AHaMeT-
pom npuMmepHo 7 cM. (C paspeuteHus SHAPbIO H coTp. [22]).

ToawmMna MONEPEUHOro CJOs, COOTBETCTBYIOUIAS M306DAXKEHHIO, COCTaBIsieT OKoJo 2 MM,
BpeMs 3anHcH — 5 MHH, paapelliesHe — okosqo 0,5 MM, HaoGpaxeHue oGHapyKHBaeT HH-
TEHCHBHDBIEe CHrHaJbl OT XHAKOCTH, HaXOLLﬂUJ,EflCﬂ B CcerMeHTax JHMOHa, H Gosee cilabule
CHrHAJbl OT KOXYpPbl. XOpoWo pa3pellieHbl TBepiAble MeperopoiKH, pPas3feNsiolide CerMeHThbl.
Cnpaga: dortorpadus cpesa TOro ke JHMoHa. Cpea clesnaH yXe 0OCJHe TOro, Kak Obija0
noayveHo $IMP-uzobpaxenue. O6patuTe BHUMAHHe Ha 3EPHBIIIKO, BHAMMOE TaKxe H3
SIMP-u3cOpaxeHu,

aubo BoobGuie Apyrue AeTekTupyemble B SIMP sazapa, rakue, kak 'F
uan 3'P. K "acrosulemy BpeMeHH yJaajoch ¢ nomolibio SIMP o6uapy-
#HUTb PAKOBBIE ONYXOJH B KHBBLIX TKaHfX, H B OauxaiimeMm 6yay-
L(eM MOXKHO OXHJaTb NOSBJEHHS HOBBIX YCHeIIHLIX o6jacteil npwu-
menedus IMP-unTpockomu.
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SALEPHBIA MATHUTHBIA PE3OHAHC
®TOPA-19 U YTNEPOA-13

B npemwinywnx raasax suumanwe Guiao COCPENOTOYEHO MOYTH HCKJIOYM-
TeabHo Ha AMP nporonos. B atoii raase mpl gaaum odmui 0030p criekTpo-
ckonuu dropa-19 u yraepona-13.

Cnerrpockonuss YMP °F wnauana Pa3sBUBATHCA ONHOBPEMEHHO
€O CMEKTPOCKOMHell NPOTOHHOTO MarHUTHOTO Pe30HAHCA, 4 MOCKOb-
Ky MariuTHele cBOHCTBa ajep !°F u 'H 6au3ky, 9KCIePHMEHTAaAbHble
METONBl HX HAO/IOJEHHS TaKiKe PasNHualOTCsd Mano. MeTon ke
SIMP BC nuwb coBcem HeasHo cras PYTHHHBIM, H €ro 3HayeHHe
AN OPraHHYeCKOH XHMHH MPOJOJIKAET BO3PACTATh. DTO pas/iuune
B XOJl€ PasBUTHS MeTO/J0B OOBSICHAETCS TeM, UTO MATHHTHDLIE CBOMN-
cTBa aapa '3C 3HauuTeNbHO MeHee GIarONpPUATHEL /51 SKCIEPHMEH-
T0B o IMP, uem cBofictBa nmpoTtona. CpaBHUTe/IbHBIE AaHHBIE TPH-
BeleHel B Taba. X, 1.

Bce Tpy sizpa uMeloT cuHOBOE KBaHTOBOE uHCIO | — 1/2, u nos-
TOMY TEOPETHYECKHE TPAKTOBKH HX CNEKTPOB IOJHOCTBIO AHAJOrHY-
Hel. Uro Kacaercst UyBCTBUTENBHOCTH MeETONOB M NPHPOJHOTO
COACPIK AN HIOTONOB, TO OHH OAMHAKOBH! AJst siApa '°F u nmpoToHa.

SInpo 13C uMeer B 3TOM OTHOIIEHHH psan HenocraTkoB. Ero mpu-
POJIHOE cOAepIKanue U YYBCTBHTEJbHOCTb NPH OOHADYIKEHHH B 3KC-
nepumentax no SJIMP 3HAuUHTeNbHO HHXKe, ueM s IBYX APYTHX
fllep. B CpaBHEHUH C NPOTOHOM UYBCTBHTEABHOCTD JAEeTeKTHPOBAHHA
PE3OHAHCHEIX cHTHAasoB '*C moHMKeHa npuMepHo B 5600 pas. Onna-
KO CJIellyeT 0c0060 NOAYEPKHYTh, YTO HH3KOE IPHPOLHOE cojepxanue
usorona '3C umeer H 6.1aronpHATHHIH acrekT. B POTHBHOM CJyuae
CIHH-CNIHHOBOE B3aHMO/IHCTBHE MEXy NPOTOHAMH H AAPAMH YIJe:

Ta6anua X. 1. MarauTeele cpoficTa anep 'H, 3C g OF

e slnepumit OTHOCHTe IbHas puponnoe vy MIn
apo cnHn 4YBCTBHTEIBHOCTD conepxanue,
% 1,41 T 235 T
'H 1/2 100 99,98 60,0 100,0
15 1/2 1,59 111 15,1 251
F 1/2 83,3 100,00 56,4 94,1
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pojia-13 B OPraHnyeckHx MOJeKYJax HeoObYAlHO OCJ0KHHIO Onl
CIIEKTPHl MPOTOHHOIO Pe30HAHCA 1 ObICTpOe Pa3BHTHE CIEKTPOCKO-
nmuu JIMP-'H 6e3 HCNO/MB30BaHHST METOAHKH I'eTePOsIEPHOIO ABOIi-
110G pe3oHanca, O4eBHHO, He UMeso Obl MecTa.

B jonosHeHde K OTMEUeHHBIM BLillle (GaKkTOpaM BasKHOe 3HAYEHH?
HMET H BpeMeHa CIHH-pelleTOYHOH pejakcauuu. Huaa azxep 'H wu
YF OHH JOCTAaTOYHO KOPOTKH (HECKOJBKO CEKYH/ MJH MeHblie),
N03TOMY JIeTKO H30eKaTh HACLILIEHHS PE3OHAHCHBIX CHTHAJOB. A 5
siipa yrJjepona-13 BpeMeHa pejaKkCalHH 9aCTO 3HAUYHTEJNBHO 60/b-
lle, NMOCKOJBKY 3TO PO HAXOAHTCS B IyOGHHE MOJIEKYJbl, U nepe-
J1aya 3HeprHH B OKPYKaIOUIYIO cpely NMPOUCXOAHT MeHee 3 heKTHB-
Ho. TToatomy yc/oBue HachllleHHs (cM. ypaBHenue VII.6) aBasiercs
3lech Gosee KpHTHUHBIM, HO Kak MBI MOKaxeMm B pasj. 2 3ToH rJja-
BB, HECMOTPS Ha 3TH HeOJaronpHsATHBE MOMEHTH, yJla/joch paspa-
foTaTb TakKHe OSKCIepHMeTaJbHble METOJbl, KOTOpble NpeBpaTHJl
cnekTpockonuio SIMP 13C B MOIHBIE M pasHOCTOPOHHUI MeETO,
JaiMHA XUMHKY BaXKHY10 HHGMOPMAIIHIO.

1. CNEKTPOCKONUA AMP 1°F

1.1. XHMHYeCKHe CABHTH

HecMoTpsi Ha OTMeueHHOe BhbIIIE CXOACTBO MEXKAY CIEKTPOCKO-
nuefi SIMP 'H u '°F, B cHekTpaJbHBIX IlapaMeTpax 3THX sjep
HMEWTCS CyLIeCTBEHHBIE OTJHYHA. [IDOTOHHBIE XHMHUECKHE CJBHIH
OOBIUHO OrpaHHYMBAIOTCA 06sacThio B |0 M. 1., @ PE30HAHCHHE CHT-
HaJgbl saiep (GTOpPa 3aHHMAKT MHOTO OOJbIUHH AHANA30H, NIPHUMEPHO
B 500 M. n. EciH BKJIIOYHTL H HeOpraHHYeCKHe (OTOPHAB, TO 3TOT
nuanasod pacmupsiercst A0 1000 m. a. (puc. X.1). [Ipuunna croab
00/BIINX XHMHUECKHX C/ABHIOB 3aKJjiouaercss B 0OJIbIIOM napamar-
HHTHOM BKJajJe B KOHUCTAHTY 3KpaHHpoBaHHS. Kak yxe oTMeuanochk
B pasa. | ra. II, aToMnl Gosee TsIKeJBIX 3J71€MEHTOB HMEIOT HH3KO-
nexaupe opbutann. IToJ BJaUsAHMEM BHEUIHEro nojs By B HHX BO3-
HHKAIOT 3J]€KTPOHHBble BO30Y:KAEHHS, UTO MPHBOAMT K CJABHTY CHI-
Haja SIMP paHHoro azapa B caaboe mose. HampoTus, AHaMarHuT-
Hble BKJaJbl B H3MEHeHHsl KOHCTAHT S5KDaHHPOBAHHS sifep ¢Topa
oueHb Magje (~19%). B coorBercTBHH ¢ 3THM 3(Q¢eKTH COCEIHUX
IPYINN, TaK CHJbHO NposBJsiomvecs B SIMP npoTtoHOB, HanpHMep

F,0, NOF CF50F CFCly HF CH4F
|
865 476 1405 0 -192 -276 JMb.
Puc. X. 1. Jlnanason XUMHUECKHX CABHron *9F,
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CgHsCFy
CFCL CF, CFCO~ CeFs
F, l '
1 55 T i
+430 0 _64 77 -163 m.3.

Puc. X.2. Ilonoxenne pesonaHcHBLIX CHIHAJ0B HauGoJgee ynoTPeOHTENbHLIX 3Ta.
JIOHHBIX CORNHMHEHHUIT B cnekTpockonun MP 19F.

5 deKT KOJbLEBOro TOKA HJH BJHSHHE JOKA/JbHOH MATHUTHOH aHW-
30TPOIHH, NPAKTHYECKH HE HTPAIOT POJHU B ONPedEsEHHH XUMHYECKO-
ro caBura sjep ¢ropa.

B KauecTBe 8nyTpennezo crandapra NpH U3MEPEHUSIX XHMHUYe-
CKHX CABHMTOB '°F IIHPOKO MPUMEHSIOT TPUXJAOPHTOPMETAH (CFCly).
Kpome Toro, ucrnosb3yorest n Apyrue 3TaNOHHbIE COEAHHEHHS, H HET
€/IMHO00PAa3Hs ¢ NPEHMYUIECTBEHHBIM HCIOJAb30BAHHEM KAKOTO-JIHB0
OAHOro, ocoGenino B crapoil Jautepatype. Bosaee Toro, H3MepeHHs
YaCTo NPOBOAM/IHCH C HCHOJb30BAHHEM BHEILIHHX CTaHAAapTOB. U ec-
JIH MONPABKH HA PAa3HOCTb O0BEMHBIX BOCHPHUMUMBOCTEH HEBO3IMONK-
Hbl, TO TPYAHO CPaBHHBATb pe3yJAbTATbl. MOXKHO HCIOJIb30BATh
AuarpaMmy Ha puc. X. 2 ¥ cjelyioLuHe COOTHONIEHHs JJs nepecyerar

Ocrely = 80k — 63 M. 1. =
=0cp, — 64 M. 1. =
= Ocryconn — 77 M. 1. ==
=0cy s — 163 M. 1. =
— 8y, 4+ 430 M. 1.

Ho ny»KHO MMeTb B BHAY, UTO [P 3TOM B JaHHble MOTYT OBITH BHE-
CeHbl OLIMOKH /10 HECKOJBKHX MHJAJHOHHBIX fOJefl.

Kpome Toro, sggpexrsr pacreopurened Bo dbropHOM pesonance
NPOABJIAIOTCS 3HAUHTEJNBHO CHJbHEE, YeM B IMDOTOHHOH CHEKTPOCKO-
nud JIMP, 1 BnosiHe OGLIYHBL CABHIH B 5 M. 1.

Ha ocnose CFCl; kax BHyTpeHHEero cramapra npeiJokKeHa
6-WKana a5 (PTOPHOZ0 PE3CHAKCA, KOTOPAas aHAJOTMHYHA §-1IKaJe
B CIIEKTPOCKOMNHHK NPOTOHOB. O6sacTH pe30HAaHCHBIX CHMrHaJgoB !9F
HanGosee BaXKHLIX (PYHKUHONAJbHLIX TPYMI B 3TOH WIKajde mpej-
craBjensl Ha puc. X.3. BeseacrBue 60abLIOTO NapaMarHUTHOTO
casura pesonanca ¢ropa B CFCl; GosbmuHCTBO d-3Hauenuit orpu-
LaTeJbHO.

s HachIeHHBIX COeIHHEHUH HabI0/aeTcs OnpeaeneHnas 3a-

l
xouomepHocTs B pany CFs, =CF,; —C—F. 3xech atom dropa
l
Yy TDETHYUHOrO aToMa YIJiepoja MNOrJollaer B HauboJee CH/bHOM
JioJle. YBesiueHHe yucJaa aTOMOB (TOpa KaK 3aMecTuTeqel y yrJje-
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Q"
c — ="
CFClL
3 CF,
CF o2 L
| I ] I | I |
-50 0 -100 =200 -300 &,m.9.

Puc. X. 3. 6-lllkana IMP 1°F B opraHH4ecKHX COeJHHEHHSX.

pojia, HECOMHEHHO, MOHHXKAeT HOHHBbI xapakrep cBsisu C—F w,
cJIe/l0BaTe/IbHO, YBEJUYHBAET OTJAHYHE TAKOrO atoMa (propa oT HoHA
F-. BcaiecTBHE UOHHMKEHHST CHMMETPHH 3JEKTPOHHOTO pacrnpejede-
HHSl YBEJHUYHBAEeTCAd MapaMarHUTHBI BKJAd B SKPAaHHDOBAHHE, H
HaGaogaoTesa cABUrY B caaboe mose. [lpumeuaredbHO TO, UTO B
I POTHBOMOJOKHOCTb 'H-pesonancy nuanasonbl XHMHUECKHX CABHIOB
agep GTopa y HACBILLEHHBIX H HEHACHILUEHHBIX aTOMOB YIepOAa, T. e
pe3oHaHCHble CHTHAJbBl AAupaTu4ecKux NPOU3BOAHBIX (GTOpa, C O1-
HOH CTOPOHBI, ¥ QPOMATUYECKUX W OACPUHOBbLX €ro MPOUZBOAHBIX,
c Jpyro#, cuabHO nepexpoisaiorca. Papa '°F Bo (pTS)pI/IpOBaHHbIX
KapbokaTHOHAX CHJbLHO Ae33KpaHuHpoBambl. B Taba. X.2 npuBeled
S MPUMEPOB MO.IOMKEeHHA Pe30HAHCHBIX CHIHAJI0B GTOpa B HECKOJIb-
KHX XapaKTepUCTHUYECKHX THNAX OPraHMYeCKHX MOJeKYJ.

PaccMOTpUM KpaTKO OT/AesbHble GAKTOPDLI, ONMpelesioniie XuMi-
yeckHH cABHT pesonanca '°F. Kak noxasbiBaeT 3KCIePUMEHT, B psije
cayuaep Ha6,1l01aeTCsl KODPesUHs C 3JAeKTPOOTPHLATENbHOCTHIO
samectutens FE. [lonuxeHue 3JeKTPOOTPHLATENbHOCTH COCENHErO
aToMa BejleT, Kak H B CJAyuae pe30HaHCa IIPOTOHOB, K yBeJHUYEHHIO
SKpaHHpoBaHUsl. DTOT 3P(DEKT SICHO NMPOCJIEKHBACTCA B XHMHUECKHX
CABHIrax CHTHaJO0B '°F #eCcKOAbKHX HTOPUIOB:

NF3 CF, BF3 CIF3 PF3 SiFy
— — —37 —172
Scrcts 142 64 129 83 3
E 3,0 2,5 2,0 3,0 2,1 1,8

HanpotuBs, ecau paccMOTpeThb MOJOXKEHHE PE30HAHCHBIX CHMHAJOB
TPHPTOPMETHIrJIOTeHHA0B, TO HalJw0/1aeTcss NMPOTHBONOJOKHAA
trengennust: '9F-curnan CF, Jaexur B 6oJee CHIBHOM MOJE, ueM
curtaa CFiCl:

CF3—F CF3—Cl CF3~Br CFg—I

- — —21 —5

Screl 64 33
310 siBjeHHe MOXKeT ObITh 00YC/JA0BIEHO OTMEUaBIIMMCS Bhillle napa-
9

MATHHTHBIM BKJAQjOM O, B 3KpaHupoBanHe sapa '°F, nockoabky
B MOJIEKYJax 3JeKTPOHHOe BO30yxk/JeHHE MOXeT BOBJEKATbh HH3KO-
Jexallpe opO6uTaay ATOMOB TaJOTeHOB. IJTO 3aKJIOU€HHE MNOATBep-
J/aeTcs cpaBHeHHeM XMMHueckux casuros '°F B aByx panax CF, —
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Ta6auna X.2. Xumnueckre casurd '°F B opranuuecknx Mosexynax
(Bcriy M- A

CH;F —276 IlepdTo

PLHKJIONpONaH —151
CH;3;CH,F —215 [lepdTopunknobyran
C¢HsCH.oF —207 -neHTaH} ~—133
CF,C|—CF,—CFCl, reseat
—64,8 —114,0 —71,0 12,0

F F

ClsC—CF,—CCl; " H /\"09'1

_ 17,2

98,0 F2 Y
CF;—CF,—CF,—CF, F 57 ’;—120,9
—84 —129 _219,4, /126, 2
yuc-CHF=CHF  —165 F\ P R=H Cl  Cis
rpanc-CHF=CHF —186 C=C F!'—103 —105 —102

o \g F? —127 —121 —133
F3 —18 —145 —193

0 .0, X 60 0o’

-106,3 -10
’ -116,2 -
163 107,9
F F 1334
® (]

~137 ;
(CeHs),CF; —885 CsH;CF,Cl —49,4

.
(CeHs),CF 11,5 CsHsépz +12,0

— CFCl; u CF;— CFH; ( ‘
3 (MPHBOAATCA 3HAYEHHS] B M. [, OT -
Ho curnagaa CF,): o OTHocHTeIE

CF, CF3Cl CF,Cl, CFCl3
0 36,8 60,4 76,7
CF, CF3H CF3H, CFHj

0 —18,2 —80,0 —210,0

CorylacHO 3TUM JlaHHBIM, TIOBBILIeHHe CTelleHH 3aMeHieHusi ¢ropa Ha
XJIOp YBeJHUYHBaeT [e33KPaHHUPOBAHHC, XOTA yxoa 06oJjee 3JeKTpo-
OTPHIATEJbHOTO aToOMa J0J/:KeH NPHBECTH K yBeJHYeHHIO SKPaHHDO-
BaHuA OocTaBLIMXCA sidep ¢ropa. OueBHAHO, UTO AOMIHHPYET BKJ/IaZ

-
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op. J1J1s COOTBETCTBYIOIIHX CH-coennnenui 3TOT BKAaL 3HAUHTENb-
HO MeHee BaxKeH, H TeHAeHlHs B 3KPaHHPOBAHHH MPOTHBONOJOKHA.

Kpome 3TOro BJHSIHAA Ha TOJOKEHHE ¢TopHOro pesoHaHca HeoO-
XOAUMO TaKXKe YIOMSHYTh O Ae33KPAHHPOBAHWU 32 CHET 1pOCTpAR-
CTBEHHO20 achpexTa, T. e. 3a CUeT BaHAepBaalbcoBa st dekra
(pasza. 1.6 ra. 1V). Tak, pesonanc rpymnl CF; B mep(ropHeone-
TaHe JseXUT B OoJiee HH3KOM MOJe, UeM B nepdTop-TpeT-GyTHIADTO-
puje, XOTsi GOJee BHICOKas 3JEKTPOOTPHIUATENLHOCTD COCe/IHero
atoMa (dTOpa BMecTo yraepoja) B 3TOM caydae MOrJa OBl TpH-
BECTH K 06PaTHOMY NOPSIAKY XHMHYECKHX C/IBHIOB

CF;; CFS
| |
CF3—C—CF3 CF3—C—F
| l
CFs CF;
6= —63 6=—176

JleaskpannpoBanne sapa ¢ropa B cepuH opto-ranoreidropben-
30J10B B MOpSIKE BO3PaCTaHHs BaH/epPBaalbCOBBIX pallycOB COCEl-
pelt rpynnsl F, Cl, Br u | Takxe MOXHO 0OBSICHHTh TEM 2Ke MPOCT-
paHCTBEHHBIM 9((heKTOM:

X=F SeFcly = -132

or BT
=B = -

y =Br 100

=1 = 87

B wesiom caeiyer 0co60 MOAYEPKHYTh, YTO HALIK CBEACHUA O TEC-
peTHYECKHX OCHOBAX XHMHUECKHX CIABHIOB 19F ocraioTcsl HEMOJHB-
mu. [103TOMYy OOBSICHEHHS, KOTOpble HPHBOAATCA AJ1d pPa3IHYHBIX
SKCMEPHMEHTaIbHbBIX (DAKTOB, He CTO/b XOpOIIO 060CcHOBaHBI, Kak
MBI XOTeJH OBl

. Xumuueckue capurd '°F B apomarudeckux COeLHHEHHAX 3aciy-
sKHBAIOT O0COBOrO PACCMOTPEHHsl. YCTAHOBJIEHO, HYTO XHMHUECKHCE
CABHTH Apa (BTOpa MOKHO KOPPENHpOBATb C ¢-KOHCTAaHTAMH Fam-
MeTa, B 0cOGEHHOCTH €CJIH HX, COTJacHO Tadry, paseuTb Ha BKJa-
Ibl UHAYKTHBHOTO U PE30HAHCHOTO 3¢ PeKTOB:

0= 0] + Or (X. 1)

[1pn ucnonb30BaHHH moandukauuu Tadra noayyeHsl JIHHEeAHBIC CO-
othomennsi (X.2) u (X.3), CBS3bIBAIOWIHE KOHCTAHTE O H Ogr C XH-
MHUECKHMH CABHraMH aToMa (ropa B MeTd- H napa-TOJNOKEHHIX:

5, — — (5,83 % 0,26) 2, 01+ 0,2 (X.2)
6 ——583), o — (18,80 % 0,81)or + 0,8 (X.3)

p

STH ypaBHEeHHs NMPUMOAHB TaKke IJIs 3,4- ¥ 3,5-1H3aMeLeHHbIX CH-
crem. Takum o6pazoM, IMP '°F MOXHO HCIO/Ib30BATH LA Hayue-
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Lagsa X

J

-242,5

S

L [ |

244§

Puc. X. 4. ®parmentn crekt
Tapropbyrena-1 (Myuu [in

@ — cHrdaa “F rpynnm CH.F; 6 — PE30HAHCHBIA CHrHaxa Fq.

~106,5 -1075

-108,5

1

-109,5
pos SIMP 19F IH,1H,4H-rentadrop6yrana u 4H-rem
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HUSI B3aUMOJEHCTBHSl 3aMecTHTe el ¢ aPOMATHYECKHMH f-CHCTeMa-
vd. Ho B cayuae opro-zamecturenedl HeOGXOJHMO LOHOJIHUTEJBLHO
YUHTBLIBATL NPOCTPAHCTBEHHBIE 3((eKTH.

OCHOBY NpHBEJEHHLIX BbILIE KOppeJsiuuil caeiyeT ycMaTPUBaTb
B UYBCTBHTEJbHOCTH pe3oHaHnca °F K IJIOTHOCTH 3apsja Ha cocel-
neM aroMe yrieposaa. 3tot adpdekT paccMOTpeH HAMH IJA PE3OHAH-
ca MpoTOHOB (cM. pa3a. 1.2 ra. IV u pasa. 2.2.1 stoki raaser). Ove-
BHAHO, UYTO DPEe30HAHCHbIE 4acTOThi (Topa ABAAIOTCA (QYyHKUHeH
CBOHCTB OCHOBHOIO COCTOSIHUA H3yuaeMoit Monekysasl. [TosToMy Tpya-
10 AATh TeOpeTHYeckoe OObACHEHHE HX KOPpenauufl ¢ KOHCTaHTaMH
["aMMeTa, KOTOpbie sIBJAIOTCA MapaMeTPaMH peaKUHOHHOH cIocob-
HOCTH ¥ TO3TOMY 32BHCAT TaKKe OT CBOHCTB NepeXoJHOro cOCTOS-
tiHg. BO3MOXKHO, OHH MPOHCTEKA!OT H3 TOTO (aKTa, YTO pasieseHue
3apA40B CTOJb JKe BayKHO U JJIsl MEePEeXOJHOTO COCTOsIHHS B olnpeje-
JEHHBIX peaKUHsIX.

Crnextpel IMP °F @Topopranudeckux COeIMHEHUH XapaKTepu-
3yI0Tcst GOJILUIMMH XHMHYECKMMH CABHIAMH U CHJDBHLIM CIHH-CIH-
HOBBIM B3auMolelictBueM !°F, °F u 9F, 'H. Cnuu-cnnHOBOe B3au-
MOJefiCTBHe 4acTO HPHBOJAMT K OoJabmioMy uucay JauHuil, Xopoulei
wIocTpanueii storo adpdexra cayxkart cnextpu 9F, 1H, 1H,
4H-rentadgropbyTana u 4/ -rentadgroplyTena-1, ¢parmMenTn KOTO-
PHIX IIpeJCTaBJentl Ha pHC. X. 4, 4,0 COOTBeTCTBeHHO. JlasbHHE KOH-
CTaHTH CNUH-CMUHOBOTO B3auMopeicteua 'H, 'H u °F, '*F pasuu-
yaoTca B 10—15 pas, a COOTBeTCTBYOLLHE PA3HOCTH XMMHUECKHX
caBUroB uaMmensitoress B 5,0—100 pas. [lostoMy mMuHOTHe cnekTpw °F
MOXKHO TPaKTOBAaTh, HCMOJIb3Ysl MpPaBH/IA NMEPBOTO NOPAAKA.

béabuine OTHOCHTENbHBIE CABHTH, HalbJiojgaemMble Bo (DTOPHOM
pe3oHaHCe MO CpaBHeHHIO C NpoTOHHBIM SIMP, cTanu ocHoBaHHeM
A8 psla HHTEPeCHBIX NPHUJIOXKEeHWHH, B KOTOPHIX 3ajauH, TAe MpH-
MEHEHHE NPOTOHHOrO De3oHaHca OblIO Oe3yCHelIHBM, YAaJoch pe-
WHTb ¢ nomoublo AMP 1°F. Tak, ¢ nomowpio SMP !°F Bo MHOrux
caydasix Obla H3yyeHa BpaujaTeAbHAs U30OMepus B 3aMELleHHBLIX
sranax. OObyHO BpamaTenbHole Oaphepnl HU3KH, NO3TOMY AJs
NOJIyueHHS HaJeXHBIX DPe3yJbTaToB MPH HH3KHX TEMIepaTypax B
o6JjacTn MeaseHHOTO oOMeHa HeoOxoauMma Gosapllas pas3HoCTL ya-
cror §v. Ha puc. X.5 nokasan cnekrp AMP °F | 2-audTtoprerpa-
XJI0OP3TaHA NpUH HH3KOH TeMmIepatype. B HeM HabamzaioTcs ABe
cucteMsl Ay, OjlHa NpHHAAJEXKUT Tparc-KondopMmepy a, a jpyras—
ABYM 3SHaHTHOMEDHBIM eoui-koHbopMmepaM 6 u 6’. UccnepoBauue
MeTOZOM AHHaMH4eckoro fAMP 1o3BOJMJIO ONpeNesNHTb 3HEPTHIO
akTHBaUMH Tpouecca @ == 6 £, = 40,3 kJ3x/Moan (9,65 Kkan/Moab).
Wuterpuposanuem cursaja Hafijena 3HTaJblHA PaBHOBecHS Afl =
=510+ 30 JIx/moap~! (12247 xan/monn), mnpuueM Gosee
YCTOHUUB TpaHrc-KoHDOpMEp d.

Hpyrum npumepom npeumylects Mmerofa JIMP na snpax '°F
ABJSETCA HCC/e/0BaHHe WHEepCUU YUKAQZ UHKJIOreKcaHa, ocyuie-
craaennoe ¢ 1,1-aHQTOPUHKIOreKcaHoM, B KOTOPOM Pas3jHuYHe XHMH-
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£ ol Ct Bénbinne xumuueckue caBuru siep '°F MOXKHO Tak:Ke HCHOMb-
CvLCL CLANF el 30BaTbh /sl yJYYLeHHs ONPEeJeNeHHs ONTHYECKOH YHCTOTHl 3HAH-
Cl et ClgCl Clfci THOMEpPOB C TMOMOLILIO COAbB8ATAYUORHOL duacTepeomepuu, To-
F pa s CKOJIbKY, 4eM CHJbHee pasje/eHbl H3yuaeMble CHIHaJbl, TeM Gosee

a 5 5 TOYHO BBHIMOJHSIETCA WHTerpupoBanue. Hakoneu, sTepudukauns

CIUPTOB TPHPTOPYKCYCHON KHCAOTOH MO3BOJSIET Pa3JHyaTh pPasHbIe
tunu rpynn OH, MOCKOJBKY pe3OHaHCHBIE YacCTOTH TPHGOTOpMe-

Fﬂ,[ THJABHBIX TPYIN COOTBETCTBYIOUIHX TPHUPTOPAUCTHIbHBIX OCTATKOB
pas3anyaTcsd AOCTATOYHO CHJIBHO.

-120°C
Puc. X.5. Cnektp 1,2-androprerpa. 1.2. KOHCTaHTbI CIIHH-CIIHHOBOrO B3aHMOMEHCTBHS
XJIOp3TaHa NPH HHU3KOK TeMneparype Ha 19F 19F H 1H 19F
yactote 56,4 MTIn (Po6eptc, Kacepuo ’ !
2))- [Toao6Ho TOMY Kak XHMHuYecKHe CABUTH ¢Topa GoJblie NPOTOH-

HBIX XHUMHUECKHX CIABHIOB, KOHCTaHTbl CIIHH-CIIHHOBOI'O B3auMoIel-

YECKHX CIABHIOB aKCHAJbHOIO H 3KBATOPHAJbHOTO aTOMOB (hTOpA CO- cTBuA sApep (Topa Takke Oosiblle COOTBETCTBYIOUIHX KOHCTAHT

crasaser 15,6 M. 1., uto B 30 pas Goublue, YeM COOTBETCTBYIOMIAs Tab 3 n

pasHoCTb B CNEKTpe MPOTOHHOrOC pe3oHaHca. Elle ofuH Tako# npu- lgia: "};'#an ’l‘g '19{:61\(4?2?"%% HOHCTANTEL  CIICIIHOROTO BIaHMOACHETI
Mep — H3yuyeHHe KOH(POPMANHOHHOH HHBEPCHH B YUC-IEKaJHHOBOH ' :
cucreme. B mocnennem cayusae npu —81°C MOXKHO OTAENbHO 3amu-

canbgéqacm A)B-Cl'leKTpOB IBYyX KOH(bOpMepoB 2,2-11dpTopAeKasH- " H (;»Hs

Ha u 204). Bapbep HHBepcHH UMKJa OblI HalAeH paBHHIM F 157 —C—~ 47
63 xJlx/moab (15 kKaa/moab). CpaBHHTENbHO HELaBHO 651.)1% [OKa- Hj><F CHF ? CO0CHs a
3aHO Takxe, 4TO AMacTepeoTonHnle aToMbel GTopa CHF,-rpynnel B CH3 OH

NPOH3BOJHOM HOpKapaAueHa (205) cTaHOBSITCE 3IHAHTHOTOMHBIMH H F

npu NOBbIIEHHBIX TemNepaTypax. [lepexon oT cnektpa ABX Kk cmexk- cl LN

Tpy A2X MOKHO OGBACHHTb C Y4e€TOM BaJIeHTHOH M30MepH3aLHH B 2 187 m/\” 49
ILHKJIOTeNTaTPHEH, MOCJ/IE 9ero NPOHCXOAAT HHBEPCHSA LHKAa U obpa: Cly —T#

30BaHHe KoHpopMmepa (2057).
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B3aUMOJEACTBUA MeXJy MPOTOHAMH. DTO CIPaBEIHBO JJS KOH-
craut 'H,'%F u '°F,'9F. O6muil 0630p reMHHaJbHbIX, BUUHHAJbHBIX
U AajbHux kKoHctaHT '°F,'°F u 'H,'F nan B 1a6a.X.3 — X. 5. 3Hua-
KH KOHCTAHT, HafiJeHHble IKCIEPUMEHTAAbHO, NPHUBOASTCS JIHUIb B
HECKOJIbKHX CJyuasx.

Ta6anua X.4. BununajdbHble KOHCTAHTHl CIOHH-CIHHOBOTO B3aHMOAEHCTBHA
19F19F g I}, 19F (Tu)

CF; CF,~ CF~NF, 1 CF,—CH, 12,8
(CR);CF A ‘CHi)3~ CF 20,4
CF—CF,~COOH 14
o L F J 16,1
ﬁ T row 1)5
F Br Br Jmpam:‘m,‘*
F
F. Br
m Irow =21,3 Impane 2252
F Br
Br
3 3 3 Yy
JeF I HF
R_ -
L=C_  -187 20,4 ~124.8 bt
H H
F, F
N A
Se=c 37,5
Ct Ct
Jaue 17,7
F__ o y ,
L=C (-)129,8 mpanc 6,3

cl F
4\‘~I?
Fe F
Q ) 19-25 @[
FF N F
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Tabauua X.5. [aibuHe KOHCTAHThl CIHH-CIHHOBOTO B3auMoaeiersus °F,
F y IH, °F (T'n)

CF,—~CF,—CF,~ COOH 93 CHs_CHz" F 25,7
A CF% J,4) 22 el H
;=7 2,6 8 “e=c¢f 3,3
2 3 70N
F F J(3.4) 13 H F
F F o H
@gm-zoﬁa. () s-18 @\ 6-8 w2t
F F
, F F
. Hpamoe " couy - cnurnoBoe
8inumodencmbue
o OO
2844
170 0

[IpaBusna, BHBeleHHBle JAJSI CIHHH-COHHOBOTO B3aHMOJIeHCTBUSA
NPOTOHOB, B 0fLleM He/b3s HCIOJIb30BaThb MpPH HHTePIpPeTaAlHH
COOTBETCTBYIOIIHX B3auMOJeHCTBHH sjiep (TOpa, MOCKOJBKY [Jd
HuX 3(deKTHBeH IONOJHUTENbHBH MexaHuaM. CymiecTsyer pal
SKCMEPHMEHTAJNbHBIX JaHHBIX, YKa3biBalOWiHX Ha TNepejlayy CHHH-
cnuHoBoro BaauMojeficrBusi °F,'9F 1He TONbKO uepe3 3JEKTDOHBI
XMUMHUECKHX CBsi3efl, HO M HenocpedcT8EHHO Yepe3 MPOCTPaHCTBO.
Kak ykasniBajioch yxe B pasa. 2.4. ra. IV, peub npH 3TOM HAeET
He O [HIOJSIPHOM B3aUMOAEHCTBHH sJePHHIX MAarHHTHBIX MOMeEH-
TOB, a 0 CKaJSPHOM CIIHH-CIHHOBOM B3aMMOJeHCTBHH 3a CueT mepe-
KpbiBaHHs HeCBsA3aHHBIX OpOHTajell (MexaHH3M «yepe3 MPOCTPaH-
CTBO»).

CaMble OGoJbliiHe 3HauyeHHs CpedH KOHCTAHT CNHH-CIHHOBOIO
BzanMozefictBusl '°F1°F  uMeloT eemunasvuvie KOHcTauTh. OHH
nocturator 300 [m M mosoxuTeNbHHI MO 3Haky. B cHcTemax ¢ OT-
KPBLITOH 1enblo OHH O6oJsblle, 4eM B UHKJOIpONaHe, a B HeM B
cBOIO ouepelb GoJblle, yeM B ogepunoBuix rpymnax CFa. Takum
o6pa3oM, KOppensiuusi ¢ ruOpujiH3andeiil CBA3H, HaOJI0AaBlAACH
JUIST KOHCTAHT CIIHH-CIHHOBoro B3ammojeiicrsus 'H,'H, nmpossaser-
ca u aas xoHcraHt ‘°F,!°F, xorss u ¢ o6paTHbIM 3HAKOM: MOBBILIE-
Hue s-xapakrtepa cpasm C—F jenaer koucrauty 2/rr Gosee OT-
pHIATENbHOH.
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BuuynaabHble KOHCTAHTH CIHH-CIOHHOBOTO B3AHMOACHCTBHSA H3-
MEHSIOTCS B WIHPOKHX MNpefenax M MOryT OBbiTh KaK IOJIOKHUTEJb-
HBIMH, TaK U OTpHIlATELHBIMH.

Ilpumeuatenbno, uto ofllee NMpaBuJO, MPHMEHHMOE IS MPO-
TOHHBIX KOHCTAHT CIIHH-CIHHOBOIO B3aWMOJEHCTBHs B HAaCbILUIEHHBIX
CHCTEMAax, COrJIACHO KOTOPOMY BeJHUHHA KOHCTAHTBI CIHHH-CIHHO-
BOTO B3aHMOJAEHCTBHA yMeHblUAeTCs MPH YBEJHYEHHH 4YHCJIA CBS-
3el MeXJAy B3aUMOAEHCTBYIOIIMMH SAPAMH, HENPHMEHHMO JAJs
B3aumojekicteus '°F,'9F. Kak mokaswiBaloT mpuMmepbl B taba. X. 5,
CIIHH-CIIMHOBHE KOHCTaHTHI 4Yepe3 dyeThlpe cBA3KM uacto B 10 pas
TPEBHIUIAIOT KOHCTAHTH 4Yepe3 Tpu cBsA3H. [IpaBuio Ajas oneduHOB
8] rpanc = 3Jyu, CIPABEANHBO H JJ1 GTOP-GTOPHBIX, U JJS MPOTOH-
NPOTOHHBIX KOHCTAHT.

Jannele 1mo cnHH-cHHOBOMY B3auMmojeiictButo !°F'°F B mep-
(bTOpapoMaTHYECKHX COEAMHEHHAX TaKKe [0Ka3hBalT, 4YTO, 34
PEIKHMH HCKJIIOUCHHSIMH, cHcTeMaTru3anuio koHncrant '°F,'°F npo-
BeCTH TPYAHO. [losroe BpeMsi CUHTaJH, YTO B 3THX COEJHHEHHSX
Bcerna cobamoaaerca cootHomenne JIPR > JETE > JEE. Onnako
6oJiee TOUHBIE HCCJIeAOBaHUS (GTOPO6EH30JOB IOKAa3aJau, 4TO JAHa-
Na30Hbl BeJHYHH BCEX TPeX 3THX KOHCTAHT MOTYT NEpPeKpPLIBATHCA.
Brino HafiieHo, YTO KOHCTAHTH HapPA-B3anHMOAEHCTBHS JexXaT B 06-
Jactu oT 45 g0 20 I'u, Mera-koHCTaHTH MeHsOTCs OoT —20 10
+20 Tn, a opro-KOHCTAHTH TakKe N0 BeJuuuHe 6ausku K 20 TiL
OueBH/HO, YTO Ha OCHOBE OJHHX TOJLKO KOHCTAHT CIIHH-CMHHOBBIX
B3aHMOACHCTBHH B TAKHX CHCTeMax HeJb3sl [eJaTh CTPYKTYpHHE
OTHECEHHS.

Bonbimine 3HaueHHs1 KOHCTaHT */pr B HACHILIEHHBIX CHCTEMAX
PacCMaTPHBAJNUCL KaK CBHAETEJIbCTBO APAMO20 B3aUMOJAEHCTBHSA
Mexay fApaMu (PTopa, 0 KOTOPOM IlJa peub BHlle. ATOMH (TOopa
B 1,3-m0JIOXKeHHAX MOTYT OYeHb TecHO COJHKATBCA IPYr ¢ APY-
TOM, MOCKOJIbKY TaKHe CHCTeMbl KOH(GOPMAalHMOHHO MOABHKHBL [Ipm
u3ydeHun 4,4’-aubropdeHaHTpena 0Kas3ajJoch, YTO KOHCTAHTA CIIHH-
CIIHHOBOTO B3aHMOAeHCcTBUA sifep ¢dTopa B HeM cocraBaser 170 Im.
OudeBHAHO, 4TO TIpH TaKOH BeJHYHHE KOHCTAHTH B3aHMOAEHCTBHE
He MOXKeT IlepellaBaThbCs TOJBKO uYepe3 MNAThL CBsidell, pasgeJsiio-
mux saApa ¢ropa. [TosToMy BHOJHE BEPOATHO, uTO GoJbLIAsl Be-
JIMYHHA KOHCTAHTH CHIHH-CIIHHOBOTO B3aHMOJEHACTBHS B 3TOH CH-
creMe o0ycJ/I0B/IeHA OYEBHAHOH NPOCTPAHCTBEHHOH GJIM30CTHIO ABYX
atomoB dpropa (Taba. X.5).

B 3akiwouyeHne NPOAEMOHCTPHpyeM Ha OJHOM TIpUMepe 4yB-
cTBuTeabHOCTh KOHcTaHT !°F,F Kk addexram 3amecTurend.
B npoH3BOAHLIX uuKJomponaHa 206 u 207 3aMeHa AUXJIOPMETH-
JIEHOBOH TIPYNNB Ha JU(PTOPMETUJIEHOBYIO H3MEHSET HE TOJBKO
BEJHUYHHY BHIMHAJBHBIX KOHCTAaHT 3Jp p, HO TaKkKe H 3HAK
ofHo# W3 HuX. Takum o06pa3oM, 0OpH CHCTeMaTHYeCKOM pac-
cMoTpeHHH KomtTaHT !°F,F, kak ® [AJ5 NPOTOHHLIX KOHCTaHT,
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cL & F A
v Jax==41 Jax =+8,3
Ct Cl Jax=-13 FCL Jax =-5,8
‘s fa
206 207

§e3 BCAKOrO COMHEHHs, HeOGXOAUMO YYHTLIBATL HX OTHOCHTEJLHHE
3HAKH.

B ofmeM, Kak 4@ B cJayuae XHMHYECKHX CABHIOB, 0oJiee LIHPO-
KMA [yManas3oH U3MeHeHHHl NapaMeTpPOB CIIMH-CIMHOBOTO B3aHMO-
nefictBusi agep '°F gesaer 3TH IapaMeTPHl OYeHb YYBCTBHTEJb-
HHIM HMHAMKATOPOM 3JEKTPOHHOH CTDYKTYPBI OPTaHHYECKHX MoJe-
kya. O[HAKO HAWK 3HAHHA O (GYHIAMEHTAJbHHX MeXaHM3MaxX
CTIHH-CIIMHOBOrO B3auMojeficTBHA sAfep PTOpa OCTAIOTCA OUYeHb He-
MOJIHBIMH, 4TO JeJjaeT TPYAHOH HHTEPHPETAalHIO De3yJabTaTOB BO
MHOTHX CJydYasix.

O6pamasch, B KoHIe pa3fena K KoHcraHTaM 'H,'°F, mwbl moux-
HB OTMETHTh, YTO OHH BO MHOTOM MOAOOHBI OGCYKAaBIUMMCS BhIIle
xoucrautam '9F,9F, [IpeacraBHTe/bHAsl HOAGOpDKA 3HAYEHHH KOH-
crant 'H,!'°F takxke Bkawuena B Taba. X.3 — X.5. I'eMuHa/bHbie
koncraute ‘H,'°F B 3THx cayuasx IO BeauuhHe MeHblle (50 +
+ 10 T'n), uem ¢rop-dropuble. M3yuenne MOAENbHBIX COeAHHEHHH
[I0KAa34aJ10, YTO 3HAUYEHHS BHUMHAJLHBLIX KOHCTAHT 3/ur NPOSIBJIAIOT
3aBHCHMOCTb OT ABYTPAHHOTO YIJia, NOAOGHYI0 KapIJayCOBCKOH KpH-
BoH (pasg. 2.2.1 ra. IV). DKcnepuMeHTaJbHEE PE3YJ/IBTATHL JyuIIe
BCEro ONHCHLIBAIOTCS COOTHOUIEHHSIMH

3 3lcos?¢ ana 0° <o <I0°
cIBFT 44 c0os2¢ gas 90° < ¢ < 180°
Kak u B cayuae xoHcraut !°F,®F, askcnepuMeHTasnbHbIE [aH-
Hple /a9 pAJda COeAHHEHHH YKa3blBalOT, YTO IIPH CIHH-CIHHOBOM

p3aumogeiicteun  'H,'"F Takke JefcTByeT IpsIMOH MeXaHH3M
(raba. X.5).

(X.4)

2. CMNEKTPOCKOMUA AMP 13C

H3-3a HebaaronpsaTHbX AJs MPOBeAeHHs 3KcnepuMentoB JMP
cBoficTB saApa '°C, nepeuncJeHHHIX B Hayajge 3TOH TIJaBH, pa3BH-
THe CIIEKTPOCKONHH YIJEePOJHOro MAarHMTHOTO pe3oHaHca 3HAaYH-
TeJbHO CHJbHEE 3aBHCEJO OT NpOrpecca SKCNePHMEHTaJIbHbIX Me-
TO/OB Y amnmapatypsl, ueM B cayuae SIMP mpotoHoB H ¢Topa.

Hcropuio Merona SIMP !3C MOXHO pas3iesnTb HA TPH MepHOAA.
[TeponayabHO OblAM JAOCTYNHB TOJbKO MPUOOPH € HHU3KOH Ha-
IPSIKEHHOCTbIO ToJ1a By u 6e3 crabuausanuu noJs. [Tostomy mpu-

13 X. Tlourep
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Puc. X.6. Cnektpn SIMP 13C  nupuzmua.
4 — CMeKTp. NOJy4eHHBI ycpeaHeHHeM Bo BpeMeHH 64 npoxoxpendHit 3a 320 ¢, yacToTa

22,63 MIn (3]; 6 — onHo mpoxo
2, Ml H KAeHHe Ha uyacTtote 15 MIL; 8-— oaHo npox
¢ WYMOBOI pa3sA3Koii OT nporoHoB [4]. A poxomaeine, Ho

XOJHJIOCh 3aMHCBIBATbL CHEKTPbl B YCHAOBHUAX GBICTPOrO NPOXOXKe-
HHsl, uTOOB n36exartbh 3¢ ¢eKkTOB HacHuleHUs. [lenaJHCh MOMBITKH
YJYUUIHTh HH3KOE COOTHOUIEHHE CHTHAJ/IuyM, OGYCJOBJEHHOE HH3-
KHM NPHPOAHBLIM COAepXKaHUeM siipa 3C W ero MasabM MATCHUTHBIM
MOMEHTOM, 3a CyeT HCIOJMb30BaHUS oforamedHbx '°C BellecTB H
OpHMEHeHHs: ammyJ 6osbiioro ofvema (10 15 MM B guamerpe).

Bropoit nepuon paseutus cmekrpockomuu SIMP 13C xapakre-
‘PH3YeTCsl IPUMEHCHHEM HAKOnuTrenell CueHan08 W meroda e2erepo-
f0eproeo 0801iH020 pe3oHanca. HaKomuTes M CHTHANOB AJs yCpei-
HEHHs MO BpeMelld CTaJd NPUMEHSTbCS TIOCJe TOrO, KaK CHNeKTpo-
METPbl ObIJIH OCHAlleHBl CHCTEMOH CTAOMJM3AUHMH  OTHOLIEHHUS
moJie/uactora. Bosee TOro, BBeleHHEe IIMPOKONOJOCHON CIHHOBOR
pPasBA3KH OT IIPOTOHOB IPHBEJNO K IOBBIIIEHHIO HHTEHCHBHOCTH
‘BCJIECTBHE KOJJIalca CIHHOBHIX MYJbTHIIETOB M 3a CYET sifep-
#oro spdekra Opepxaysepa, uUTO HIIIOCTPHPYIOT CHEKTPbl INHPH-
JHHa, NIOKa3aHHBIE HA pHC. X. 6.

[Tocnennufi u, KOHEUHO, caMbliii Ba)KHLIA wIAr B YJy4lIeHHH
‘COOTHOIUEHHS CHTHAJ/IIyM Oblsi CleJaH ¢ BBEJCHHEM MeToLa UM-
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Pue. X. 7. Cnektp SIMP-®I1 13C uukijorentarpyuesa.
Curian SIMP 'F rekcadTop6eH3ona HCIOAL30Bajics Kak ONOPHbIA B cHcTeMe cTaGHIH3aLLHR
COOTHOLIEHHs MoJie/uacToTa.

nyAvcHoOl cnexTpockonuu ¢ (ypove-npeobpasosanuen (IMP-OII),
KOTOPHIH Ha CErOJAHSIIHHH JeHb SIBJISETCs JYYLIHM JJIS H3MepeHHs:
CHEKTPOB sitep ¢ Gosiee HH3KHM TMPHPOJHBIM COJEPXKAHHEM HIH
fosiee HH3KOH XapaKTEPHCTHUECKOH UYBCTBHTEJIbHOCTBIO MeTO/a.
B0O3MOXKHOCTL HAKallAHBAaTb OOJBIIOE YHCIO NPOXOXKAEHHH CHEKT-
pa B OTHOCHTEJNbHO KOPOTKOe BpeMsi Obljla OCHOBHBIM NpelBapH-
TeNbHBIM TPeGOBAHHEM IIPH PYTHHHOM HCCJEOBAHHH MaJjblx 00~
pasuoB 6e3 cTpororo oGecheyeHus J0JTOBPEMEHHOH CTAOH/IBHOCTH:
cnektpomerpa. CoeJHHeHHE CIEKTPOMETPA C MHHHKOMIBIOTEPOM
N03BOJIsIeT HeMeIJeHHO OCYIIECTBJSATh MaTeMaTHueckoe mpeobpaso-
BaHHe HHTepheporpaMmbl 06pasiia B COOTBETCTBYIOWLH 4aCTOTHbIR
_cnextp. Ha puc. X.7 nokasan cnekrp AMP 13C HmUKJOrenTaTpHena,.
H3MEPEHHBIH 3THM CMOCOOOM.

Takum 00pa3oM, Ha CEroJHAIHHE AeHb crmeKkTpockomus FAMP
13C npeBparu/iach B CTaHAApTHBIA MeTOA, AOCTYNHBIH B XHMHYe-
ckofi JaGopartopuu. Ecau OpHHATL BO BHHMaHHe, UTO XHMHK-Opra-
HHK B NEPBYIO Ouepeib HHTEPeCyercs cTpoeHHeM YTJIeDOJHOTO CKe-
Jeta, TO CTAaHEeT SCHBIM, 4TO ¢ MOMOMLIbIO crnekTpa FAMP BC Moxi
MOyuaTh 3HAUHTENbHO Gosiee NPAMYI0 UHGPOPMALHIO O CTPYKType
OpraHUuecKOd MOJIEKYJbl, ueM H3 MPOTOHHOTO chekTpa. B uacTuo-
CTH, B HeM OGHAPYKUBAIOTCS CHIHAJbl 4eT8epTUHHbLY ATOMOB Ye-
aepoda ¥ aTOMOB yIjepoja (QYyHKUHOHAJNBHBIX TDYyNN (C=N,.
C=0, C=NR u T. 1.), 4TO pPe3KO yBeJHUHBAET O0BEM CTPYKTYp-
HOli WH(popMauuu. Kpome Toro, 6osee wupoxull duanason xumude-
ckux cOsueos, npubiu3uTenbuo 250 M. L., NpH TOH Ke (CpaBHH-
teabno ¢ SIMP 'H) umpune munun (0,3 Tu mau MeHblie) HeoObi-
yafiHO CHJBHO YBeJHuHuBaeT 3(p(deKTHBHOE paspelleHue. [Tostomy
meton SIMP 1BC cTan Takke upe3BbiUafiHO BaXKHBIM HHCTPYMEHTOM

13*
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Puc. X. 8. Cnextpmt IMP #3C cTeporaa (TecTocTepoHa), 3anHcaHHbe Ha YACTOTE
16 MT'u B nenpepbisnoM pexume (Pefix u corp. [5]).

4 — CNEK1p HENOJHOTo ABOMHOTO DPE30HAHCa; 6 — CNEeKTP C NOJHOH Pas3BA3KOH OT MPOTOHOB;
26 npoxoxnenHH, PesoHaHcHble cHTHAMB C3—C; u Cj; He NMOKA3aHbI.

YCTAHOBJICHHUSI CTPYKTYDHI CJI0XKHBIX HPDHPOAHBIX COEIHHEHHH, a TaK-
e CHHTeTHUYECKHX H OHOJIOTHUeCKHX NOJHMepoB. [IpuBeieM JHIIb
ONMH npuMmep. B xoie MHPOKHX HCCJEJOBAaHHH CTEPOHIOB YAaJ0Ch
BRIIBUTL XaPAKTEPHCTHUECKHE COUETAHHA PE30HAHCHBIX CHTHAJOB,
KOTOPBIE MOXKHO HCIOJb30BATh KAaK «OTIEYATKH MNAaJbleB» A4
HJeHTHOHKAIMH HEKOTOPHIX THMOB coeAuHenufl. Kak moxasbiBaer
npHMep, NpHBeAeHHbIH Ha pHC. X.8, 4acCTO MOXKHO OGHAPYKHTb
OT/leJIbHble CHTHAJIBl BCEX aTOMOB yIJIEpo/aa.

Oznnako BaXKHO MOAYEPKHYTb, UTO CmeKTpockomus SIMP 13C wme
MoxeT 3amenutbh JIMP 'H, kxorophifi ocTaercs nanGoJiee IHPOKO
HCIOJIb3YEMEIM CIIEKTPOCKONMHYecKHM MeTofoM. Ofa MeTona odeHb
5((heKTHBHO NOMOJHAIT APYyr Apyra. OnpeaencHne CTPYKTYPH Op-
FaHHYECKHX MOJIEKYJ MO coueTando Aanubix SIMP 'H u IMP 13C
HUMeeT II03TOMY OYeHb OOJIbIIIOe 3HAU€HHe H MOUYTH H3GaBJsSET OT
HeOOXOJHMOCTH NPOBOJUTH AONOJHHTENbHEE H3MEPEHHA, B 0OCO-
6eHHOCTH TOT/Ja, KOrfla H3BEeCTEH MacC-CIEKTP BELLECTBA.

CymiecTByer elne psif aciekToB crekTpockonuu IMP 183C, xoro-
pele TPeGYIOT MONOJHHUTENbHBIX MOSCHEHHH. Bo-mepBhiX, GOJbIIOH
AHAaNagoH XHMHYECKHX CABMI'OB, O UeM YK€ YIOMHHAJOCh, AeJAET
coektpockonHio AMP 12C, xak u pTOpHBI pe3oHaHC, BecbMa IIpH-
BJIEKATeJbHOH JJ5 H3yUeHHS AUHaMHUecKHX (PdekToB. B ycaosuax
TOJIHOH pa3BA3KH OT NPOTOHOB B OOJILIIHHCTBE CJAyYyaeB MPHXO-

kY
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ANTCS UMeTh AeJi0 ¢ NPOCTHIMH CHCTeMaMH ABYXNO3WIHOHHOTO 006-

MeHa Tuma A == B, KOTOpHle Je€rKO paccuntatbh. bosee Toro, 06-
MEHHHIl NPOIECC YacTO NPHBOJMT K OOMEHY HECKOJIbKHX nap slep,
i aHaan3 GOpMbl JMHHH MOXKHO IPOBECTH IJIA 6oJiee ueM OIHOH
TAaKOH CHCTEMBI, UTO NOBHIIAeT TOYHOCTb pesyabrara. Mul, OAHAKO,
3aMETHM, UTO M3MeHeHHsi (ODMbI JHHHH 33aBHCAT OT PA3HOCTH Ha-
cror (B repuax). [TosToMy mpenMymiectBa sApa 13C ¢ ero 6oJgee
HU3KHM THPOMArHATHBIM OTHOIIEHHEM He CTOJIb BEJHKH, TaK Kak
IeHa MHJAJHOHHOR MOJH WJisi Hero Memnpuie. Tem HE MeHee NDH
CPaBHEHWH C NIPOTOHAMH B CXOAHOM XMMHYECKOM OKDYMKEHHH 3Ha-
genus &v B IMP 13C 06biuHO 6oJblle Ha NOPAAOK. ;
Jlpyroe BaxnOe TDHMEHEHHE CBS3aHO C BBEIACHHEM METKU C.
VCTaHOBJAEHHE MEXaHH3MOB peaKIui B OPraHHYeCKOM XHMHH HJH
GHOXMMHH, KOTOPOe paHee OCHOBBIBAJIOCH HCKJIOYHTEJbHO Ha HC-
NOJb30BAHHH PajHOaKTHBHOro u3orona !*C, MOXHO Tenepb Bhl-
HOJHATH ¢ TOMOWIbI0 cmekrpockonuun SIMP 1BC. Kak u mpexine,
npoBe/ieHHe CHHTe3a MEUEHOro COeAMHEeHHS Hen30exKHO, HO yHaer-
cs1 M36aBHTbCI OT YacTO TPYRAHOH H He BCerja OJHO3HAUHOH Ne-
rpajalii BbIEJEHHBIX TPOLYKTOB PEaKIHH AJA ONpEeAC/]CHHA TO-
JOKEHHAsT METKH, NOCKOJIbKY, HCHoJb3yst pesonanc 13C, jerko onpe-
JeqUTh TOJOXKEHHe H3ydaeMoro aTtoma yriaepopa. B GOJbIIMHCTBE
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Puc. X.9. Onpefe/esne BpeMeHH NPOLOJLHON peslakCalmHH Ty anep 3C 6eH30/b-
Horo sapa u-keunona (Bpemsep u cotp. [6]).

Jlas Ka)jaoro cheKTpa HCIOJAb30BajJach HMUYJAbcHAd MOCAEAOBATENBHOCTh 180° ~ Tt —90° B %
(B CeKyHAaX) YBeJHUHBAJ{ ¢ LiaroM 2 c.
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IpUMEHeHHH HCNIOJb3yeTca o0orallenue H30TOMNOM 13C, HO no.ses-
HbIM METOJIOM 0Ka3a/oChb TaKkKe H HCKJOueHHe '3C, T. e. BReje-
Hue MeTkH '2C. B HEKOTODHIX C/y4asix MOKET G6biTh MOJIe3HBIM
Jlaxe BBeJeHUe JIBYX MeToK ‘2C,

Haxonen, nmoMuMo XuMHYeCKHX CABHIOB M KOHCTAHT CIIHH-CIH-
HOBOro B3ammopedicrust ('°C,3C; '*C,'H; *C,X npu X = '°F, *Ip
M T. 1) BCe BO3pacTaiollee 3HAayeHue NPHOGPeTaer TPeTHH mnapa-
Merp SIMP BC — Bpewms CIHH-DEIIeTOYHOH penakcanuu T, WM-
IyJIbCHBIE METOAHKH C ¢ypbe-npeo6pa3oBaHHeM O6JeryaloT UaMe-
penHe T; W /enaloT ero npoBejeHHe MOYTH pyTHHHEIM. Takoil
SKCIICPHMEHT C HCHOJB30BAHHEM METOJAHKM HHBEPCHH — BOCCTA-
HoBJlenHsa (pasj. 4.1 ra. VII) nokasan na puc. X. 9.

CKOpOCTH silepHOH  pestakcaluy (1/Ty) 3aBucsT OT MHOTHX
MOJIEKYJIADHBIX CBOHCTB. B cayuae aunonsipHoii peslakcalMd OHH
OIpPELE/SIIOTCA TVIABHBIM 00Da3oM MOJIEKYJAPHOH IHHAMHKOH. [lo-
STOMY BeJIHYUHBl T| SIBJAIOTCA Ba’KHBIM HCTOYHHKOM HH(OPMAlUH
O MOJEKYJNApHOM ABHKeHHH. OJHAKO B LEJOM WX HHTepHpeTalus
Go/iee CJI0XKHA, YeM B OOBIYHBIX CAYYAAX M XHMHUCCKHX CABUTOB
H KOHCTAHT CITHH-CIIHHOBOTO B3aHMOJeHCTBHS.

2.1. JKCHePHMEHTAJbHbIE ACHEeKThI CEKTPOCKONHH
SAMP 13C

Kak ykaspBasocs Bbiwe, Temeps cunektpel JIMP 3C 3amnuchl-
BAIOTCA HCK/IIOYHTEJNbHO C HCHOJb30BAHHEM CreKTpockomuun OIT.
Ee skcnepuMenrasbiple acnekTsl GBLIM BecbMa JeTaibHO paccMmoT-
peHel B ri. IX,  OCHOBHBIE BBLICKAa3aHHbIE TaM HOJOMKEHHS B pas-
HOH Mepe mpuMeHuMbl U K JIMP-C-®I1. 3amuce CIIEKTPOB NpPOBO-
AAT ¢ Hcno/b3oBanuem curiana TMC Kak BHYTPeHHero cTaniapra
(cM. pasn. 2.2) u TeTeposi/IepHOl CHCTeMbl CTaOHJH3alUHMHU, Tjle pe-
30HaHCHBIH curnaa 2H ot pacrsoputeas CDCl, CJAYKUT ONOPILIM.
[IpumensieTcst WHPOKOMOJOCHOE MOJABJICHHE IPOTOHOB, U XHMIide-
CKHe CABMIH ONpelensioTCsd OOLIYHBIM CIIOCOBOM, TAK KAaK 4acTOTH
JUHHA 1I€YaTaloTess HeloCPeCTBEHHO KOMIBIOTEPOM. OJHAKO cy-
LIECTBYET HECKOIBKO MpoGJieM, CBA3aHHBIX C Pas3BA3KOH OT NPOTO-
HOB, KOTOpble TPeGYIOT CHelHaNbHbiX KOMMEHTapHeB. Bo-IepBbix,
HCUE3HOBEHHE pACLIeNJIeHHH CIIeKTPaJbHbIX JHHHH JHIIAET HAC BO3-
MOXKHOCTH HM3MeDPATb KOHCTAHTH CHOHH-CIIHHOBOTO B3aHMOAEHCTBHA
®C,'H, T. e. NPHUBOAUT K MOTepe LeHHO HHPopMaLuH. Bo-Brophix,
ANEPHBIH et OBepxay3epa NPUBOAHT K HCKAKEHUIO HHTEHCHB-
HOCTeH, M WHTErPUPOBAHHE TAKHX CHMEKTPOB BbI3LIBAET COMHEHHE.
Hakonen, oTHecenue peaoHaHCHBIX CHrHAM0B K olpejejeHHbBIM aTo-
MaM yriepoia B KOHKDETHOH CTDYKType HHKOHM 06pasoM He siB-
JIAETCA OYeBHIHBLIM.

2.1.2. Hmnyaocnas pasesska. Jlast Toro uto6bl H36eKaTh Beex
STHX TPYIAHOCTeHd, pa3paboTajyu CIeLHaJbHble 3KCIePHMEHTAbHbIE

LS iy
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meTouKH. VcronpsoBanue OJHOH W3 HHX, KOTODYIO HA3bIBAIOT
UMAYALCHOL pa38a3K0L (reTeposaepHb JIBOHHOH DPe30OHAHC C I/IM(;
NyJbCHBIM 0OJyueHHeM), I03BOJIsIET COXPAHHTDb CHHH-CI}HH(gO

B3aUMOJEHCTBHE H YCTPAHHTb HCKaXKEHHA WHTCHCHBHOCTEH. UHa
OCHOBaHa Ha TOM, 4TO IKCIEPHMEHTEl 1O ABOHHOMY pe3OHAlCy H
aaepueli addekr Opepxaysepa OCYLIECTBJIANTCA C pa3Hblhg;I{3XOd)-
PAKTEPHCTHUECKUMH BpeMeHaMH. J(PdekT Osepxaysepa o
olpeJeasieTcss BPeMeHeM CIIHH-DEIIeTOYHOH pesakcalluH, T. €. 1
ero BO3HHKHOBEHHS H HCUe3HOBeHHA TpelyloTcsi ceKyHIb. A adde T
JABOHHOTO pe30HaHCAa BO3HMKAeT M Hcye3aeT MOYTH cpasy nocn:
BKJIOYEHHS HJM BHIKJIOUEHHs moas B, DT0 pas3/jHyHe MOXKHO HC
N0Ab30BaTh JAJfA OCYLIECTBJEHHA [BYX 3KCIeDHMEHTaJbHBIX [0~
caenoBaTesbHOCTeH, mNoKasamubix Ha puc. X.10. B HGE:(());I[
(puc. X.10,a) 670K ABOHHOTO pe3oHaHca paboTaer B HMHyJINII)eX(EL

pexxnme, OH BKJIIOYaeTcsl B TeueHHe BPEMEHH 3alepxKKH i oy
MMIIYJIbCAMH M BBIKJIOUaeTcss Ha BpeMs BBIGOPKH JaHHBIX. el\)/[e;;
3yJbTaTe CIEKTP OCTaeTCs HepasBA3aHHBIM, HO B TO XKe BpB};o-
B HeM COXpaHseTcs No GoJblueil 4acTH W NOBHIUIEHHE PIHTeHCI/IKOH-
ctn 3a cuer 3pdekra Osepxaysepa. TaKchl))xHo H3MEPHUTD or-
CTAaHTH CHHH-cnHHOBoro B3ammojefictBus '°C,'H, He XKepTByd Ip

, 20.

sm%cquc;m;(cemr}zaiﬂaﬂ eJb — MPaBHJAbHOE 3Haquue10m-£Ter§agélI;
TO HCHOJB3VIOT BTOPYIO [OCJA€10BATeJIbHOCTb (pHC. X.10,0). 31
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: : CPHMEHTAX MO HMIYJIbCHOM
Puc. X.10. MmnyJbcHble 00CACAOBATEIRHOCTH B 3KCIEPH

paspasxke
a — 6.0 ABOHHO e30HaHC BhLIKJOYE 0 DpeM B 4 AaHRLiX, dacTh 190 coxpa-
A BLIGOPKE N )
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AT 4P goor amatinor pacu.wnn::m{;}ms}gqecﬂ‘lc;a ppeMsi RLIGOPKH 120 uonasnen,
T ay; 0 — 6;10K ABOIHOroO pesonal 190 monauen:
21?2}1?1}??2 passsi3ad OT OPOTOHOB, JKHPHbIMH JHHHAMH oBosnauer 30

BLIK/. — BBIKJIKIYEHO.
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6J0K JABOHHOTO pe3oHaHCa BKJIOYEH BO BpeMsi BHIOOPKH [AaHHBIX,
HO BBIKJIOYEH BCE OCTAaJbHOE BpeMsl A0 CJEAVIOLIEro HMIyJbCa.
Pacuiennenust, Bbi3BaHHble CIHH-CIHHOBBIM B3aHMOJEHCTBHEM, HC-
Ue3a0T, HO He BO3HHKAeT YCHJEHHUS CHUrHaja 3a cuer $1320, mo-
CKOJIbKY 3HAUeHHs1 HHTErDaJOB 3aBHCAT B IEDPBYIO ouepejab OT Ha-
YaJbHOro 3HaueHHs] (GYHKIHH BO BpeMeHHOH ob6iaactd. B pomoa-
HeHHe K 3TOH NOCJEJ0BATEIbHOCTH HJH BMECTO Hee MOXKHO HCIIOJIb-
30BaTh TaK Ha3nBaeMble HecjBHTaloliue (6ecCIBUIOBEIE) peJak-
CAaUMOHHBIE PeareHTHI, TaKXKe YCTpaHAIomHe HexenaaTeJapHbH 190,
DTu BelllecTBa, HalpUMep aleTHJIAlETOHAT XPOMa, MapaMarHHTHHL.
Baarogapst atomy Bo3Hukaer 3¢h(eKTHBHBLIE MeXaHU3M CIHH-pe-
WeTouHOH penakcanuu sigep '¥C, KOTOpBHIH NOIABJsET AHIIOJSD-
HYI0 peJakcallHio, COCTaBJSIOLYI0 OCHOBY BO3HHKHOBeHHs S0
(paszm. 2.4. ra. IX). Baxuo, ofHako, y6eaiuTbes, uTO A00aBka Ima-
paMarHUTHOTO BEIeCTBA He MEHSIeT XMMHUecKoro casura !8C,

2.1.2. Merodsi oTnecenus cuenasos. Cefiuac HJsi OTHeCeHHS
PEe30HaHCHBIX curHasoB 3C 3kcrmepuMeHTATOp uMeeT OGOJBINOH BHI-
6op MeToZOB. DOJBIMMHCTBO H3 HHX HCHIOJAB3YyeT OIpelIeteHHble
THIBl Pa3BsI3KH OT NpPOTOHOB. Hampumep, nocne 3amucu O6GBIUHOTO
CIIeKTPa ¢ ILIHPOKONOJOCHHM IOAaBiaeHHeM 'H o6BIYHO H3MepSOT
CIEKTD HEIOJIHOTO JABOHHOTO pesoHanca. Kak yxke o6cyx/1ajoch B
pasnm. 2.8 ra. IX ¥ kak mokasano na puc. IX. 20, Tak MoxkHO pas-
JHUHTh B CIIEKTPe IIePBUYHBIE, BTOPHUIIbIE, TPETUUHLIE H YETBEPTHU-
HBle aTOMb yIJiepofa. Kpome TOro, BO3MOXKHOCTb HMIIYJAbCHOH pas-
BSI3KH OTKpBIBaeT NyThb Has HaGawgenus: koucraut 'H,3C. Tlo
Kpafiteli Mepe npsiMble KOHCTaHThI uepe3 OJAHY CBsI3b OOBIUHO Ha-
XOSATCSL ¢ TOUHOCTBIO, JOCTATOUHOM JUISt HCIOJb30BAHMs IPH OTHe-
CeHHH, JajKe eCJd COBEPUIEHHO KOPPEKTHOE OllpejlesieHHe 3THX Ma-
paMeTpOB H HEBO3MOXKHO 06e3 TIpOBeJeHHs IIOJHOTO aHa/ H3a
cnektpa (cM. r. V). D10 TpefoBanue B OCO0EHHOCTH HEOOGXOAMMO
BHINIOJIHATH IPH ONpEJEJNEHHH MEHBUIHX KOHCTAHT CIIHH-CIIHHOBOTO
B3aUMOJEHCTBUsT Gojiee 4eM uepe3 OJHY CBs3b, JaxKe HECMOTPS Ha
TO, UTO MHOTHe Hepa3Bs3aHHble cnekTphl *C KaXyTcs CHEKTpamH
nepBoro mopsiika. TeM He Menee AaHHBle 06 H3MeneHusx J(3C,'H)
B 3aBUCHMOCTH OT CTPOEHHsi, KOTOpble MO03/Hee MBI o6CyaHUM je-
TaJbHO, IPEACTABIAT GOJBUIYIO IIEHHOCTb AJA IeJell OTHeceHHs.
Hanpumep, B unkionponane 4 (13C,'H) cocrasaser 161 I'u, a B
Merane — tos1bko 125 ', [losTomMy MeTHJeHOBBIE TpYINHEL Tpex-
YWIEHHBLIX HHKJOB JErko pacno3HaTb 10 OOJbIIOMY TPHINICTHOMY
pacllenieHuio ux curuaja 13C,

HenocpeacTpenHoe HMCNOJAb30BaHUE CBEAEHHH O CHHHE-CIHHOBOM
B3aUMOAEHCTBHY ITIPH OTHECEHHH HJJIIOCTDHPYET CIEKTP [AHaHHOHA
2-THo-4-okcoTeTparuaponrepyania Ha puc. X.1l. Tpu mapm aro-
MOB yTrJepolda 3[eCh MOMXKHO Das3JHIUTh Ha OCHOBAHHH MYRbTH-
MJIETHOCTH X CHTHaJ0B. CHrHajbl YeTBEPTHUHBIX YLJEPOAHBIX aTO-
MoB C,; u C4 He OOHAPYKHBAIOT pacllellVIeHHH, CHTHAJE YIJepOLOB

S0epnotii macnuTHel pe3onanc ¢ropa-19 u yeaepoda-13
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Co n Cyp paciiensienbl 3a CyYeT BHUHHAJBHOTO CIHH-COMHOBOTO
B3anmonedicteuss ¢ H(7) u H(6) coorBeTcTBeHHo, a curuanel Cg
u C; npeacrasisior coboli AyOaeTel Ay6aetoB 3a cuer L (13C,'H)
u 2/ (*C,'H). KoHeuHo, OTHeceHHe CHIHaJOB BHYTPH Ka:KA0f# Maphl
TpeOyer MpHBJeUeHUsS CBeAeHHH U3 APYTHX HCTOUYHHKOB.

Hpyroit skclepuMeHT MO ABOHHOMY pe30HAHCY, AaloWui Gora-
Tylo HHQOpMalHIo,— CeJeKTHBHAS pPas3BA3Ka OT I[POTOHOB. Ecau
B MPOTOHHOM CHEeKTpe H3y4aeMOro COeJAMHeHUs IIpPOBEJEHO OTHece-
HHe, TO IIPH CEJEKTHBHOM OGJYUYEHHH CHTHAJOB OT/IEJbHBIX IMDO-
TOHOB MOXKHO HJAeHTHOUUHPOBATH M CHTHAJbl COOTBETCTBYIOIIHX
yraeponoB. HYToObl OCYLIECTBHTb TOJHYIO Pa3Bs3Ky /78 OTAeNbHOH
napel B3auMojedcteylouux sigep ¥C,'H, HyxKHO 06/MYIHTD OZHOBpE-
MeHHO o6Ga !3C-caTesiMTa B MPOTOHHOM cmekTpe. [as 3Toro He-
00X0AUMO HCHNOJb30BaTh MoJe By, OTHOCHTEJLHO GOJBLIOH aMILIH-
TyAb, Tak kak 3HaueHus 1J('3C,'H) Bemuku (cM. muxe). Crepo-
BAaTeJbHO, HHOI'Ja MOTYT BO3HUKHYTH OCJHOXKHEHHS H3-32 YaCTHYHO-
rO TNepeKPBIBAHUSl DPA3JHYHBIX CHTHAJOB B IIPOTOHHOM CIIEKTpe.
B sToM cayuae pekOMeHAyeTCs HCNOJB30BaTh Oojee caalwie MOJs
B, u obayuyaTh Jumb OJHH H3 CATENJIHTOB. IJTOT 3KCMEPHMEHT
SKBUBaJeHTeH Halbuaioflenuio oduiero sdpdexkra OBepxaysepa HJH
HMHAOP-metony. OH nosyuus Ha3BaHUe CEAEKTUBHbLE NEPeHOC Ha-
CEAeHHOCTU WU CEAEKTUBHASA UHBEPCUS HACEAEHHOCTU.

Hasa ycranoBieHuss B3auMmubix cBsideii '*C- u 'H-cmekTpoB co-
eIHHEHHs] BMeECTO CeJEeKTHBHOI pa3BsI3KH OT MPOTOHOB MOXHO HC-
NO/Ib30BATb BHEPE3OHAHCHOE OOAYyHeHue ¢ USMEHAeMbIM COBUZOM
no 4dacrore. Ilpy 3TOM H3MepsIIOT OCTATOUHBIE pAacUIeNeHHsl Jgr B
CEPDHH 3KCNIEDHUMEHTOB TIO HEMOJHOMY ABOHHOMY pe3CHaHCy C pas-
JUYHBIMH cABHramyu yactoT Av. Mcnosnwsys ypabhnenne (IX. 14),

cTpost rpaduk saBucumoctd Av ot Jg (Jo —JR) 1/2, KOTODHIH Zaer
NpSMYIo JMHHIO AJs KaXXAOTo pe3oHaHcHoro curuagaa BC. Orciona
MOJKHO OTNpEAeJHTh OTHOCHTEIbHOE PAaCMOJIOXKEHHE CHTHAJOB B Mpo-
TOHHOM cnekrpe nmpu Av =0. Eciu uMernoTcsa IBa CHrHamla € H3-
BECTHHIMH 3H4YeHMSAMH § B IPOTOHHOM CHEKTpe, TO, HCHOJB3Ys HX
I KaJHOPOBKH, MOXKHO OIpeleJHUTh JAaxKe abCO/IOTHble CABHTH
npoToHoB B O-ulkajge. HampuMep, B cayyae LHKJOrenTaTpHeHa
(cM. Havasno pasa. 2) TakoHd 3KcrHepUMeHT jgaeT 3HadeHus &(CH,)
2,15; 8(Ha) 5,35; 6(Hg) 6,10; 6(Hy) 6,42 M. a. Mx MoxHO cpas-
HHTb ¢ 3KCIEPHMEHTaJbHO HAaHAEeHHBIMH NO NPOTOHHOMY CIEKTDY:
2,20; 5,26; 6,09 u 6,50 M. 1. COOTBETCTBEHHO.

Cpeau XUMHUYECKHX MeTOJ0B JJsi OTHecenus cHuraanos SIMP
HCTOJb3yeTCA H3MeHeHHe C/ABHIOB 3a cueT A00aBJEHHs CABHralo-
LIHX peareHTOB, a TaKike INyTeM M3MeHenus pH pacrBopa, BbI3bI-
BAIOIEr0 TPOTOHHPOBAHHE UHJH JEeNPOTOHHpPOBAHHe, M 3a CYeT
stpderra pacrBoputensd. Hakoneu, ecan BO3MOXKHO OCYLIECTBUTH
0/iHO3Ha4YHO u30HpaTe/bHOE AeliTepupoBaHHe ofpasua, TO BBele-
Hre 2H-MeTKH TMO3BOJISIET MOJYYUTh HYXKHYIO HH(pOpPMauump. 3a cueT
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C2C-5C3 C4
N N 5

Puc. X.12. Uacte cmnektpa SIMP
BC-{'H} wuuganokcHaa-1,6, cemex-

tuBHO McdeHnoro no Cy (I'rontep,
Ixukean [8]).

L i 1 1 1 1

750 730 710 890 670 650 My omTMC

CMMH-CNUHOBOTO B3auMojelcTBusi '3C,2H B cIeKTpe NOsABJIAIOTCA
TPHUILIETHBIE pacllelJieHHs] Pe30HaHCHBIX CHTHaJa0B ¥C ¢ cooTHolIe-
HHeM MHTeHcliBHOcTell 1:1:1. Takoe pacuenjexnue Haubosee OT-
UEeTJHBO MpOSABAsieTcs] JJIsI HEMOCPEICTBEHHO CB3aHHOTO C JeiTe-
puem yraepona. HamoMuum, oaHako, 9TO, KaK yxe 00CyxAajoCh
(cm. B Konme ra. VI), J(13C.2H) = J(**C,'H) /6,5144. Kpome 3TOro
HabJ/I0a10TC XapaKTEPUCTHYECKHE H30TOMHBIE 3((EKTH, MPOsiB-
JAI0IIHecss B M3MEHEHHH XHMHUYeCKHX CABHIOB; OHH TakKxke Ipej-
CTABJAT UEHHOCTh MJA AKATHOCTUKU. IJTOT METOJ Jyulle BCEro
nosACHUTL Ha mpuMmepe. Ha puc. X. 12 NMOKasaHBl CHrHAJbl OJedH-
HOBHIX YIJIEPOJOB B CIIEKTpe HHAAHOKcHIA-1,6, H30upaTeJbHO Nei-
TEPUPOBAHHOTO B mMoJoxkeHHe 4. J1JsA CHJBHOIOJBHOTO CHrHaJga B
criekTpe HabJlOfaercs TPHILIET, H3 YEro Cpa3y CTAaHOBUTCA SCHO,
YTQ CHTKaJ B CHJBHOM I0Je IpHHAAAexkuT Cz B C, 3aMeTHM, 4TO
xumuyeckue casuru Cz; w C, pasauuatorcsa. Hs-za musoromnoro
stddekra curiaa C, cMemaercs Ha 0,3 M.J. B CHJIbHOE MoOJje IIO
CP4BHEHHIO C €ro MoJOXKeHHeM B HeIeHTeDHPOBAHHOM COeJMHEHHH.
Hdas C;, pacCmoJoXeHHOrO Ha JBe CBSI3H JaJblie, 3TOT 3pdexT
snauuTenbHo Menbwe (0,1 M. 1A.). BenexcrBrue usoTomHoro sddex-
Ta pa3lHyalOTCa TakXKe pe3oHaHCHBle curHaibl C, M Cs; IepBHIl
B GoJee caaboM moJe yUIHPEH 3a CYeT Hepa3pelUIeHHOro CNHH-CIH-
HoBoro Bzaumojeiicrus J (18C2H).

HakcHel, B cjayYae CJOXKHBIX CTIDYKTYD, TaKHX, KaK MPHPOA-
Hble COEIMHEeHHs, [Js1 OTHeCeHHs CHTHaJoB B crnekrpax JMP 1BC
Bce IMpe HCHONB3ylOTcst u3Mepenus 7. CHHH-pelleTOYHAs peJak-
caups B OpraHHYeCKHX MoJeKysax 3aBucuT or paccrosuuit C—H,
W MO3TOMY BpeMeHa peJaKCaluH YeTBePTHYHBIX aTOMOB YIJepoja
3HayuTeablio 0oJblle, UeM Y aTOMOB yIJjepoja, CBSI3aHHBIX C BO-
AOPOANBIMH aToMaMHu. Mpl 06cyauM 3TO KpaTKo nosiuee. [Ipume-

Kty
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poM Moryr cayxuTh 3HaueHust 7; (B CekyHAax) AJas Audenuane-
THJIEHA:

54 5,4
70
2,3 ¢c==C
51

2.2, XHMHYeCKHEe CIABHTH

XUMHUEeCKHE CABHTH sanep ®C B Opranudeckux MOJeKyJax 3a-
HUMAIOT 0o6sacTh 0xono 250 M. 1., a BKJlouas KpaliHHe 3HAUEHHS
B BLICOKOM II0JI€ /i1 TeTPAHOAMETaHa M B cjaaboM IoJe AJdS Kap-
GoHHEBBIX HOHOB, jAaxe 650 M.A O6mufil 0630p NMpeicTaBJeH Ha
puc. X. 13.

N Kak u B nmpoTOHHOM pe3oHance, §-IKany XHMHUECKHX CIBHTOB

C MOXHO pa3feJHTb Ha MOJ06MACTH Pe30HAHCHBIX CHIHAJOB aJH-
(aTHyecKuX, ONEPUHOBHIX H AUETHJEHOBHIX YIJEBOAOPOIOB. ATO-
MBI Yryiepofia KapOOHHJbHEIX TPYII [e39KPaHHPOBAaHbLI HanGosee
CHJIBHO, H HX CHTHaJbl 06pa3yioT OTIENbHYIO 061aCTh B CaMoM cJja-
Gom mose. B paunux paboTax Kak PacTBOPHTEJNb H OJHOBPEMEHHO
KaK 3TaJIOHHOE BELIECTBO HCHOMb30BAJICST IUCYAb(HA yraepona,
HO B IIOCJIelHEE BDEeMsI B KauecTBe BHYTPEHHEro 3TaJjoHa 1js SIMP
3C 6bin mpeasoxken M IpPHHAT TeTpaMerwicuiadn (TMC). Ero
HNPEHMYIIECTBO COCTOMT B TOM, UTO OOJIBIIHHCTBO O-3HaueHuH !3C
OKa3bIBAIOTCS MOJIOXKHTENbHEIMH. DoOsee aeTasnbHasi AMarpamma Xu-
MHUYECKHX CIBHIOB, NOA6OpDKA 3HAUEHHH XHMHUECKHX CJBUrOB 13C
AJisi OPTaHHYECKHX COeJIHHEHHH H TabJMHNa PeSOHAHCHBIX CHI'HAJIOB

< By d ———
] 1 1 ] | 1
200 150 100 50 0 ~50
C‘CH:;
|
c-c—-c¢
0 —
P c
R R-¢ @
Y%=0 __OR e=c c-o (EHln
i c=¢
1 | 1 { ] | 1
+50 0 ~ 50 -100 -150  ~200 - 250
4*-5052”4.8,

Pue. X, 13. Hlkana xumuueckux casuros 3C opraHHueckyx coeIHHEHHIL.
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Puc. X.14. BiusiHHe rajioreHoB Ha 0 2 4

Yurno amomol 2anozenol
§ 2an028H03aMEMERHBIX
METMAHAX

skpannposanue 13C (Ctozepc [9]).

BaXKHBIX DACTBOpHTE/NEH W 9TAJIOHOB BKJIOUEHH B INPHJOXKEHHE
(ra. XI).

2.2.1. Teoperuueckoe paccmorpesue. Haunnasi o6cyx/JeHue
Koppessinun Mexay 8('3C) u cTpoeHHeM, MBI BCIIOMHHM ypaBHeHUe
(I1.4), roe KOHCTaHTa 3KpPaHHPOBAaHHA O MpPEICTaBJSIETCS B BHIE
CYMMBl Tpex YJeHOB — JIOKaJbHHIX AHAMATHHTHOTO H MapaMarHHT-
HOTO BKJIafOB # 3ddekrra cocelnux rpynm:

0 == Opy; - Ouapa + o (X.5)

Kaxk u A APYTHX TSKEJBIX sijep, XMMHUeckHe cABHrH 3C B oc-
HOBHOM OINPEIeJSIOTCS H3MEHEHHSIMH Opapa H B MEHbLIEH CTENeHH
Opua. DPPEKTH COCEHHX TPYIN, CTOJNb XOPOUIO H3y4EHHbIE B MPO-
TOHHOM pe3OHaHCe, HMEIOT JIHIIb MaJoe 3HaueHHe,

Ilna HekoTOoporo aroMa yraepoga C; MOXKHO MOJYSMIHDPHYECKH
CLLEHHTb HW3MEHEHHS Ogya, HHIYHHDOBAHHblE 3aMeCTHTeNeM, II0
ypaBHEHHIO, cxoqHOMY ¢ (opmyJsofi JIam6a asa cBOGOJHOrO aToMa;

P oMo € R
Ona = d Bimg E Z Ry (X.6)
j#=i
rie Z; — aTOMHBIH HOMep siapa j, R; — paccrosinue Mexay sapa-

MH, a BCe OCTaJbHBIE UJEHBI — XOPOLIO H3BECTHHIE MOCTOSHHBIE.
SToT BKJAaJ 0COGEHHO BaxkeH B Cjlydae COCEIHHX TAKENbIX aTOMOB,
rje HabJaiofaercss NMOBHIIEHHE 3KPAHHPOBAHHS C POCTOM aTOMHOIO
nHomepa. Jlasi rajoreHoB 3TOT 3¢¢eKT CuJbHEEe BCErO BBHIPAXKEH B
ciydae HoJa, M €ro HasLBalOT IPPeKTom THAKHeA020 aToMa
(puc. X. 14).

B pauHHX TEOpeTHUeCKHX paboTax AJsi MapaMarHuTHOrO 4JieHa
ObLJIO TIOJNYUYEHO BLIPAKeHHe

6 m— L) Y Qu (X.7)

ner sE g 2p et
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tae AE ~— cpellsisi 3HepTusi BO3OYKIEHHSI, ri — yCcpeJHeHHBIH pa-
Auyc 2p-opOuTanedi, a Qi — uJeH, YYHTBLIBAIOWIHH NOPALOK CBSI3H
Y BOZHUKAIOIHHA NIPH HAJHUHH m-CBs3eH.

Kak oxasanoch, CTpyKTypHble H3MeHeHHs OGLIYHO B/AMSIOT Ha
8Ce OTJAesbHbie BKJaaAbl B 0. JIMlb B PEAKHX CJAyuyasx cHelLHA/b-
fBIM HCCIE0OBAHHeM ObLIO TOATBEPKAEHO Npeofiajaioiiee BJHSA-
HHe OAHOro u3 HUX. TeMm He MeHee ypaBHenue (X.7) npojo/axaer
HCII0/Ib30BATBCA KaK OCHOBHOE [PH HHTepPHpeTAlMH IJaBHBIX OCO-
GeHHOCTEHl 3KpAHHPOBaHHs YIJepoja, TAK KAk OHO MO3BOJISET 06-
Cy>K1aTb 3KCNEPHMEHTAJbHbEIC NAHHBE B XHMHUECKHX TEPMHUHAX.

[TOCKOMLKY Onapa 3@BHCHT OT AE, TO Ba)KHOe 3HAUEHHE HMEIOT
BCE 3JIEKTPOHHBIE NepexoAb (0 —n* n—>0* ¢g—>0* n—>n* u
H n— 0%), KPOMe INepexXofoB 7 — m*, KOTOpPble HCKJAIOUAJOTCH M0
<oobpakeHuaM cUMMeTpHUu. CaMble GoJbIIHE BKJAAAbl A4IOT OOBIY-
HO MepexoAbl ¢ HAHHHU3LIEH 3Heprues.

YBenuuenve cABHroB curHajtos '*C B psly a/iKaHbl — aJke-
‘HBl -— KapOOHHJIbHBIE COEAHHEHHSl B CBSI3H € 3THM HE ABJSIETCH He.
OKHJAaHHBIM. s mocsieinell Tpynmbl cOeHHeHHH Gblaa obHapy:xeHa
JUHEHHAs KOppeJslHs MexAy IJHHOH BOJHBI mepexoia n—m* H
XHMHYECKHM C/IBHIOM KapOOHH/IBLHOTO yrjepoja.

UseH, yuHTHIBAIOMIMA NMOPSIAOK CBA3H, IO CBOEMY BJIHSIHHIO npe-
BOCXOIHUT JONOJHHTENbHLIC H3MEHEHHS, KOTOpBle HaHboJee 3HAUH-

"T€JIbHBl AJs UEHTPaJbHOroO atoMa yrjiepoaa B aJisieHe H A4 aJKIi-
‘HOB:

HgC—CHy H, C==CH

2

) 5,9 1253 “48 2135 748

Hna ankuHOB Teopus maer Z Qij =0, KaK ¥ 1Js aJkaHOB, a

i=1
s ajjeHa Z Q;;=0,8.
Je=ti

[To Bcell BHAMMOCTH, CaMBIM BaKHBIM BKJIAAOM B Guzpa HJIH,
no kpaiHed Mepe OJHHM H3 CaMblX BaKHBIX, KaK 00 3TOM uaiue
BCero CBHJIETEJNbCTBYIOT 3KCHEPHUMEHTaJbHBIE RaHHEIE, sIBJISIETCS YJeH

'(ff3)2p, KOTOPBI/i MOXKHO CBsI3aTh C IVIOTHOCTbIO 3apana. Yacrtuu-
HbIH OTPHUATEJNbHBIN 3aps/l MPUBOJAMT K YBEJIHUEHHIO r; (pacuiHpe-
‘HUe OPOMTANH) H BCJEACTBHE 3TOrO K YMEHBIUCHHIO Gnapa, YTO BBI-
3blBaeT POCT 3KPaHHPOBAHHUs. s YacTHUHOrO NOJOXKHTEJILHOrO
3apaja HabuolaeTcss NPOTHBONONOXKHBIA 3p{eKT cxaTua op6u-
TaJ|, NPUBOASHIMA K /J€33KPaHHPOBAHHMIO. DTa 3aBHCHMOCTb XHMH-
yeckux cIBHroB '*C ot 3apsfa Oblla ycTaHOBJ€HAa HAa PaHHHX CTa-
IMAX PasBUTHA MeTOAa. BLIO BhIBeJEHO 3MIHPHUECKOE COOTHOIle-
\HHe, OCHOBaHHOe Ha AaHHBX HAMP BC nas GeHsosa m apomaTHue-
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Puc. X.15. Koppeasuus xumuueckHX cABHroB 13C H N-3JeKTPOHHBIX MJIOTHOCTER
B apomaTyuecknx cucremax (Oua, Matecky [10]).

CKHX HOHOB H COOTBETCTBYIOUIMX H3MEHEHHAX IJOTHOCTH m-3apsja
Ap:

Ao = 160 Ap (X. 8)
PacuripeHHass aguarpamMma 3TOH KOppeJsLHH InpeiCTaBjeHa Ha
puc. IX. 15,

Ypasuenne (X.8) ananoruuHo noJo6HOH KOppeasAlHH, HaHpeH-
Holl nsa mportonos (ypasHenue IV.2). OnHako 3aMeTHM, YTO NpH-
pola 3THX JBYX KOppeJslHH pa3jHuHa, TaK KakK B CJydyae IpOTO-
HOB 3a Hee ObIH OTBETCTBEHHHI H3MEHEHHS JIOKAJbHOIO JHAMArHHT-
HOTO BKJaja. i

Ha ocHoBe ypasHenuss (X.8) Obl1 NpOBeJeH perpeccHOHHBIHR
aHaJU3 OTPOMHOrO pasHoo0pasHsa HAHHBIX, H COOTBETCTBEHHO OBLIH
noJlyyeHbl pasHble KO3(Q(HUHEHTH MNPONOPLHOHAILHOCTH — oT 60
o 360. DTo W He YAUBUTEJBLHO, €CJH MBI BCIOMHHM O TOM, 4YTO pas-
JuuHble 4jeHb B ypaBHeHHH (X.7) B3aHMO3aBHCHMBL. I/Icno,ru)sou-
BaJUChL TaKXXe pa3Hble MeTOJbl pacyeTa H3MeHeHHH 3apsjgoBo#
IVIOTHOCTH, KaK pacyerbl B YHCTO I-3J€KTPOHHOM MpPHOJHKEHHH,.
TaK W pacueThl ¢ YYeTOM o-3JeKTpoHoB. [lo3TOMy 4YHCJeHHble pac-
yeTHl JJs1 OUeHKH A u Ap 1O TakKOMy NMPOCTOMY YpPaBHEHHIO, Kak
(X.8), ¢ HeKOTOPHIM KO3(dHUHEHTOM MNPONOPUHOHAILHOCTH Orpa-
HHYEHL ONpeleJeHHbIMU KJIaCCaMH COeJHHEeHHH.

3aBucuMoCTb sKpanupoBaHus '3C oT miaoTHOCTH 3apsafa Hesaer
TaKXKe NOHATHBIM TOT (PakT, UYTO MPH MONBITKAX PalMOHAJLHOro.
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Puc. X.16. Koppeastunst mexay pesosancabiMu uactotamu ‘H n 3C B na a-no-
JIOXKEHNH MOHO3aMELUeHHBX GeH30JI0B H Pe30HAHCHBIMH YacToTamu '°F B COgTBeT-
CTBYIOLINX napa-3aMelieHHHX (TopGensonax. 3naueHus AG KaHH B MHJIHOH

J0JSIX OTHOCHTE/bHO OeHscaa (dmean, Ouannc [11]). - o

00bsICHEHHS XUMHYECKHX CABHIOB YaCTO NOJe3HBIMH OKAasbiBAIOTCS

pe30OHaHCHBlEe CTPYKTYpH. Himocrpanusamu
. MOTYT CJYXKHTb -
Ay1OllHe NPUMEpHI: ! Y e

§ 25 194,0 i +
CH,=C=0 2=C=0:
2 51078 1,06

- Kemex ~
8149,8128,4 + : 0 Co:’+
T - i — 7 —
O: 0 @O : 4,5 - duzudpoon cenyi

UUKAD2EHCERTH- 2

MesomepHblil 3 deKT 3aMecTHTeNs TaKKe NPOABASETCH B H3-
MEHEHHUSX INOJIOKEHHS! PE30HAHCHBIX CHTHAMO0B '3C, YTO MOKA3EIBAIOT
AaHHBIe VI Tapa-yTJiepoioB PAla 3aMelleHHBIX GeH30J108:

0 /CH3
N{(CHz3); OCH3z CHs H NO,

TYTEX:

40 8 +8,1 +2,8 0 ~4,2 -8,0
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B 0pTO-NONOKEHUH JIOMNOJHUTEIbHO MOXKET NPOSIBIATbCS MPOCTPaH-
CTBEHHBIH 2 deKT.

[TocKOJIbKY KOPPENSIHH MeXJly XMMHYECKHMH CIABHTAMH M ILIOT-
HOCTBIO 3apsifia CYLIeCTBYIOT Takke IS NPOTOHOB H sifep '°F, 1O
He YAHBHTEJbHO, UTO XMMHUYECKHe CABHIU BCeX TPEX Alep 4acro JH-
HelfHO cBsi3aHwl Apyr c¢ xpyrom. Ha puc. X.16 3To sicHO BHJHO Ha
npuMepe pesoHancHex cursamos 'H u '3C B napa-noJoxeHnH
MOHO32aMellleHHbIX GeH30JI0B, [OJOXKEeHHe KOTOPHIX CPaBHHBAETCA
¢ XuMHYeCKMMH cisuraMu '°F B napa-saMelleHHbIX (TOpOEH30./1aX.

Jpyroe Habji0feHHe, CBA3aHHOE C BJHAHHEM ILIOTHOCTH 3a-
psAla, COCTOMT B TOM, 4YTO aJbTe€pHAHTHble H HeaJlbTePHAHTHHIE
7T-3/71eKTPOHHbIE CHCTEMbl CHJIBHO Da3JjuYaloTCsi CBOHMH CICKTPaMH
AMP 13C. B HeanbTepHAHTHBIX CHCTEMax 3apsfoBas ILIOTHOCTDb
pacmpejeneHa HepaBHOMEpPHO, O3TOMY HX cmekTpsl IMP 13C cusb-
HO PACTAHYTHl M 3aHHMAIOT 3HAUHTENbHO OOMIBLIYIO 06JacTb CHBH-
rOB, UeM CIIeKTphl a/JbTePHAHTHBIX cHcTeM. IIpumep mpeacTaB/eH
Ha puc. X. 17.

Haxkoner, Gospliue CABUIM cHruamoB B cmekrpax *C nabuo-
JA10TCAd IpH MPOTOHHPOBAHHH M JAENPOTOHHPOBAHWH, NMO3TOMY pas-
sutne SIMP 13C mpuHecsn 0cO6eHHO GOJIBLIYIO MOJNb3Y B HCCAEI0BA-
HusiX KapGaHHOHOB M KapGoKaTHOHOB. [l MiIOCTpaumH sdderTa
npoToHupoBaHusi Ha puc. X. 18 NOKasaHa 32aBHCHMOCTDL IOJIOKE-
Hust curHagoB 3C B cmektpe mupuaunHa ot pH. 3pech mepexox
OT CBOGOIHOTO aMHMHA K NHPHAHHHEBOMY HOHY COIPOBOXKAAeTCs
BObLLIEM H3MeHeHHeM XHMHUeCKHX caBHroB. MHTepecHo OTMETHTD,
yro 31ech Toabko cHrHaJael Cs B Css CMemanwTcs B OXKHAAEMOM
HaIpaB/JeHHH — B cjaaboe MoJie NPH BO3PACTAHHH MOJIOKHTENLHOIO

b, d
o] IC ‘i J AS =243 Mm3.
L 4Q,=0,218
\\ /,
\\\ //I
\\\b [ ed,a’
| H[ Ad =6,5Ma-
A @,y=0,030
/, \\
P N
e N
.7 hN
b de a \C
H | | AS =28,9ma8.
AQ77=0,280
1 1 i 1 1 L L
140 130 120 m.3.

Puc. X.17. Xumuauecklic capurd 1°C H pa3HOCTh 3apSAO0BOIl IJOTHOCTH B TMHUpEHe
H [BYX H30MEpHBIX CHCTEMaX -— IHUHK/ONEHTArenTanche b JUIKJOrenTanera-
Jene; aHauenust AQn paccuiTanbl MeTOAOM IIA11/2 (Fontep, Wmukaep [12]).
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/
pH S5~ ] 3
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N i ! Prc. X. 18. 3apucumocts nosokenus
. | ‘ ‘ ] ? 1 CHTHA/JIOB B CHEKTPC MHPHIHHA OT
150 145 140 135 130 125 IEfﬁ;])pacmpa (Bpaitmacep, - Crron
,» ma. ’

iiggﬁgﬁozﬁf;;m}?;;ame U-YIVIEPOIHBIX ATOMOB H3MEHSIETCS B Mpo-
OnOROMION Ha I}:aBJIEHI/IH. OnHako 3T0 MOXKHO OGBACHHTH, eciy
, POTOHHPOBaHHE a30Ta H3MEHAET THN 3.JeKTPOH-
HBIX NEPEXONOB STOrO aTOMa. 3amena nepexona n—> w* na nepexon
;ro—> a* yBeqnuut AE. Ecnu 10T 3dhderr spasercs JOMHHHDPYIONULUM
Onapa YMEHDBIIHTCS, 4 H3MEHEHHe KPAHHPOBAHHS H3MEHHTCH TaAK.
KaK NeHCTBHTEIbHO H Habawgaercs. ’
OcoGeHHO CHJIbHEIE CABHTH CHIHAaJOB B caaboe mose o OUCX
JAT, KAK W CJ1€J0BaJ0 OXHIAATDb, B cllekTpax SIMP 13C xap6gxarug:

Taﬁ.rmga X. 6. XuMHYeCKHe CABHTH
alep C B KapGoHHeBLIX HOHax

(8tmc, ™. 4.)
138 13CH,
+
(CH,),C 328 47
+
(CH;),CH 318 80
+
(CH3),C C,Hg 332 43
4
(CH,), ¢~ 280 27
4
CgHs CICH,), 252 -
+
(CeHs),C CH; 198 -
+
(CeHs) 5 C 21 -
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nos. [lpuMep 3Toro sBJeHHs yke Obl1 nokasan Ha puc. [X.18.
C nomowmbio IMP 1BC MOKHO TakKKe H3yuaTb AeJ0KaJH3alHI0 No-
JIOKHTEJLHOTO 3apsAa Ha cOCellHHe aTOMbl yryiepolda B TakKHX CH-
cTeMax.

Kak moka3wBaior AaHube Taba. X.6, curHasbl UEHTPaJdbHBIX
aTOMOB yrJaepoja B cHCTeMax C 3aMeCTHTeNsiMH, CTaGHIH3HpYiO-
UIMMH KaTHOHHBIH LeHTP, TAKHMH, KaK LHKJIONPONHIbHAs HIH (e-
HHJbHAS TPYNNb, HCOBITHBAIOT 3HAYHTEJbHO MEHbIUNHA NapaMar-
HUTHBIH CABHI, YeM IOJOMKHTEJIbHO 3aps:KeHHble aTOMbl yriaepona
B MPOCTHIX aJKHJbHBIX KaTHOHAX, Ile 3apaj c1abo JenoKanuayercs
Ha 3aMecTHTeJH. AHOMAaJbHBIH MapaMarHUTHBI CABHUT MPH MeEpexo-
fe OT MibeHHNAMeTHNAKapGOHHEBOTO HOHA K TPH(MEHHIMETHIbHOMY
KAaTHOHY OGYCJOBJEH MPOCTPAHCTBEHHBIMH 3aTPYJHEHHAMH B [O-
creiHeM. B HeM (eHHJbHble IPYNIB He MOTYT ObiTb KOIJIaHAPHBI,
H BCJEACTBHE 3TOro CcTa0WAM3alHsA [OJOXKHTEJbHO 3apsKeHHOro
{IeHTpa 3a CUET CONPSKeHHS MOHHKAELTCH.

C roMmolblo crnektpockonud IMP 3C MOXKHO Takke 10Ka3aTh,
4TO pAa KapOOKATHOHOB NpeTepneBaeT ObICTPble NMEPerpynmnupoBKH.
Tak, 6BLUIO YCTAHOBJEHO, YTO H3ONMPOMHJIbHBLIH KaTHOH 208, MmeuecH-
Helii Ha 50 9% yraepojom-13 B NOJIOXKEHHH 2, MpeTepreBaeT mepe-
IPYNNHPOBKY ¢ MEePHOI0M IOJYNpeBpalleHns 1 u mpu —60°, B pe-
3yJbTaTe Yero MeTka pachpejesisieTcs NMOPOBHY MEMJy BCEMH Tpe-
Msi yrJepojaMi. BeposiTHO, 3Ta MeperpynmupoBKa NMPOTEKAET uepes
MpoTOHHPOBaHHE inKIoNponax 209.

CHz + H,C— CHa CHs +
Ne-H e PN, = C—H
/ Chy " cHy’

CH3 3
208 209 208’

3aKaHunBAs 3TOT Pasjies, OGCYAHM KPAaTKO BKJIaj 4ineHa o’ B
ypaBuennn (X.5). OTHOCHTeJbHO 3ddexToB MAarHHTHOH aHH30TPO-
IMH MOMKHO CKa3aTh, UTO H3MeHeHHs Ao 31ech 3aBHCAT TOJIbKO OT
BeJMUMHBl Ay H COOTBeTCTByIOuleH reoMerpuH. Ilosromy BosHHKalO-
mMe 3a cuer 3THX 3G (eKTOB CABHIH MO MOPAAKY BEJMYHHBI TaKHE
ke, KAK B TNPOTOHHOM pesoHaHce. OHH OOGLIYHO MeHbIIe 1 M. o
u B crekrpockonun SIMP 3C moJHOCTbIO MAaCKHpYHOTCsi Gosee 3na-
UUTENbHBIMH HU3MEHEHHSIMH Onapa H Ogua. B UYACTHOCTH, B YIJ€POA-
HOM pe3OHaHce NPAKTHUECKH HECYIeCTBEHHBIM OKa3blBaeTCs 3¢-
(heKT KOJbLEBOTO TOKA. 1o noaTBepiKaaercs TeM (aKTOM, 4TO B
5(13C)-mKaje apoMaTHUeCKHe H OJedHHOBbIE aTOMbi YIJepola
JAl0T PE3OHAHCHbIE CHIHAJbI B OXHOH 00JaCTH. Jlnwp B pdalle Tiia-
TeJbHO BHIOPAHHBIX CJy4aes ObLIO YCTAHOBJEHO, YTO H3MEHEHHA
6/(**C) B HHX MOXKHO [pHIIHCATH 3¢ ¢erTaM 3KpaHHPOBAaHHUS,
CBOMCTBEHHbIM NHKJIHUeCKHM n-cHcTemam. [losTomy oOnapyKeHue
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5Q}PeKTOB KOJBLEBOrO TOKAa SABASETCH OGJACTBIO TOIBKO CIIEKTPO-

CKOIIMH MIPOTOHHOTO MAarHUTHOT'O pPe30HaHca.

B nporusomosoxHOCTL 3TOMY a1 GoabuIoro wHcia cayuaes,
HallpUMep A1 KapGOKCH/IAT-HOHOB H HPOTOHHPOBAHHBIX AMMHOB,
OblIO NOKasaHo, 4TO BKJAaj 3dderra 9JIEKTPHUECKOro MOJisl B 3Kpa-
HHPOBaHHE yIJepola 3HauuTeseH. KoneuHo, wusMeHenus Ag 3a
CHET MOJSAPH3AUMH CBfI3eH ABJAKOTCH GECCIOPHBIM CJEICTBHEM H3-
MEHEHHH Onapa M Ogua, @ KAUECTBEHHAS OILEHKA sdpdexra snekrpu-
UECKOTO MNOJISl ¢ TNOMOWIBIO KJIAaCCHYECKHX YpDaBHEHHH, MOLOGHBIX
ypasuenuio (IV.14), npocro mpencrasaser Apyrodl noaxom k sto-
MYy sBJCHHIO. AHaJOrH4HO H 3Q(EKT BaHIePBAALCOBLIX B3aHMO-
ACHCTBHH, KOTODHI, MO BCell BEePOATHOCTH, CBS3aH v-ahdpexTom,
06CYyX/aeMbIM HHXKE, MOXHO TPaKTOBATb ¢ MO3ULHE MoJeqed no-
JSPH3alUU CBA3H.

2.2.2. Imnupuueckue koppessyuu. YKe HA HAYATBHOM ITamne
PasBHTHs crnekTpockonuu SIMP 13C 6ruio mpeasiokeHo 6Gosplioe
UYHCJIO SMIIHPHYECKHX COOTHOILCHHH MEXKAY XHMHUECKHMH CIBH-
raMu MU MOJEKYJSAPHBIM CTPOCHHEM, KOTOPble HAHOOJEC I10Je3HD
Anst ananuda cnektpo '*C. Hekoropnle M3 HHX MOKHO pasymHo
OODBSCHHTD Ha OCHOBE KOHUEMIHH, 06CYXKAABUIHXCS B npeabAyLIeM
pasmpenae, HO MOXXHO DacCMaTPUBATh HX TaKiKe KAK YHCTO SMIH-
PHUYECKHE KOPpPEeNslluH, KOTOpble 60Jiee HJAH MeHee CaMoCOIIaco-
BaHBIL,

Jlyuuie Bcero u3BecTHBI 3pdEKThl 3aMecTHTeNel B aMKAHAX, 3a-
MCHa BOLOPOJAHOTO aTOMa METH/ILHOH TPYNNOH BBI3LIBAET Je3-
9KPaHHDPOBaHHe a- M P-yriepofoB Ha 9—10 M. 1. H 3KpaHHpOBaHHe
y-yriaepoja Ha 2,5 M. X. DT 3pPeKTH OTUETIHBO HOATBEPKAAI0TCS
IIpH CpaBHEHHH NaHHBIX A1 neHTaHa 211 W pasBETBJEHHLIX YrieBoO-
HopojoB 212 u 213 ¢ XMMHYECKHMH CABHIaMH B 6yrane 210 kak
3Ta/OHHOM coeinHeHHH. OHH CTPOro MOCTOSHHB [IJs BCell CepHH,
H MOXHO HCHOJIb30BAaTh SMINHPHYECKOE NMPABHJIO aAAHTHBHOCTH /S
NpeiCKa3aHus XHMHUYECKOrO CIABHIA YIJIEPOJAOB B aJKAHOBOH LeIH:

8(C)=B+ X n;4 (X.9)
7
C Hy CH,~ CHy CHy CHy CHy CHy CHy=CHsg
13,3 233 137 227 34,6
210 211
CH. CH
3
CH3 30,7 9,0
223 302 32,1 118 Y
29,2
212 213
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[locTosiHHass B 3iech MOYTH paBHa XHMHYECKOMY cmam(;)i %?Tiii
(8 — 2,3), Aj — HHKpEeMeHTb XHMHUYECKOrO CIBHra [ o, P
y-3aMecTHTe/Ned, fj — YUCAO 3AMECTHTE/]EH B JaHHOM I R
C IOMOLbI0 PErpPecCUOHHOTO aHa/in3a OLUIH Hau/CHBI Suauchus
Ag = +9,1, Ag =494 u Ay=—26 M. L. Bblﬁgnngi%%me .
Gosee paspaGoTaHHLle ypaBHeHHsd, COAepKallie P
a3BETBJ/ICHHE.

Hm’l\}/{g?;g::(})%ug;;gmeﬂne B IUKJO@JKaHaX TaKKe xapam}e{gﬁil};e:
Csl TMMHYHBIMH HHKDEMCHTaMH, H?[LJ?;HL?::J?OHI}:I/?ACIZ%Z (E(TS 2’[‘786) bx B

OTKDHITOA UEMNLIO. , t
;(e)iefﬁxnei[li?gl}énimmge napaMmerpnl AJs KBATOPHAJILHOTO H aKCHalb

HOTO 3aMecTHTeJel:

AxcuaJpHH# DxpaTopHaJbHEH
a-sbdekt ~+1,4 6,0
B-addexr +5,4 —9,0
y-abdexr —6,4 0

Pasnuune B 3¢ dexkTax MeXKAYy aKCHAJLHBIM H aKB?III(;gHaFJI;eHbIII%
KOH(GOpMaUHOHHOIO aHa ,

@CTUTeJSAMH BaXHO s |

?Lilru-xbm AMP '3C MOXKHO ONpPEIeJUTh CTEPEOXHMHIO pasnn:::;x

i Ba IHKJOIEK :

Mep TNpelcTaBJsAT [ :

udopMepoB. SIpKuH MpH ‘

5(1)4331521%6, rie pasHele a-3(QEKTbH XapaKTepH3YIOT AKCHAJBbHBIE

¥ 5KBAaTOPHAJbHLIA H30MeEPHL.

R
802 L 753
S LR ysm]
214a 2146

B ciyuae anKeHOB MOXKHO INPEACKasarhb nguqee::;; c}?::{re OJPII?::
¢unosoro yriepoga C mo HHKpEMEHTaM, NPHBEA STH,HeHa‘
IONb30BaB KAk TOYKYy OTcuera XHMHYECKHH qgééiga i
(123,2 M. n.). HurepecHo pasJudue 3HaKOB f-3
menth ana Cp v Cp COOTBETCTBEHHO)

Ao: *04 -68-77 +65 H6 -1}

3a-

PasyMmeercsi, TaKHe CXeMbl MOXKHO pacCLIMPHUTDL H Ha ﬁ}p()y;ne;wn
MeCTHTCJHM. B JaHTepaType MOXKHO HaMTH MHOIO pgsﬂﬁo O‘IpeBPI,lI-
aJIRTHBHOCTH /sl Pa3/HYHBIX KJaccoB coenuﬂeﬂmz. Lo onemur

aT
OJKeM 3jech paccMaTpuB

M IpHUYHHAM MLl HE M 7IbHO
:blsaxozmum Hame o6cyXKIeHHe KODOTKHM pe€3ioMe PIE:‘OB léIC
ra6ua. X.7. JlomOJHHUTEJbHO 3HAUCHHSA XHUMHUUECKHX CJHB .

npHBeCHH B NPHJIOKCHHH (r1. XI).
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Lrasa X

Ta6a
as gl:a X.7. VaMenene XUMHUCCKHX CABHIOB A (
JKaHAaX, ajlkeHax H 6eH30/aX NOA BJAHAHHEM 3

M. A.) a1ep BC s sameuren-
aMecTHTeseit [14]

Ak
3HMECTHT6HB aHH AJIKe"bI BeH30~'lb[
a
B % a B a ] %

F 70,1 7.8
E S 8 —68 249 —313 351 —
cl ?51;8 10,0 —51 26 —61 gi 183 o
I 189 %(1)’8 —38  —79 —14 —54 33 ég
. R 15 —381 70 —323 99 26
SR e, 19,0 1 —6.2 294 —389 302 —147 09
oc 2.0 6,5 —60 182 —27.1 23  _¢ '
N 26,3 1;},3 51 — — 9224 157 (1)8
NO K s ; —46 223  —09 196 —53 08
N Y 24 83 —I5 415 —160 35 07
€00 201 _O,g —218 42 8,0 2.4 16 —01
& 29,9 06 —27 136 132 9.0 2 12
CH=C 15 9 —2] 148 —58 76 —18 )
CgH; 29,1 g’g s 12 1 61 38 *6,2
Cel 2 93 —26 125 —110 130 —11 05

, 4 —25 129 —74 9.3 06 0

Cpenn smnupHueckux uaG

06CyKIaeMbIX sIBJIsteTCS v-apdekT, 1. e
atoMa yriepoia NMPH BBeJEHHH 3aMect

JIONEHHH OAHUM H3 HaboJee qacTo

H3MeHeHHe 3KPAHHPOBAHMS
HTeJIA B Y-MOJ0XKeHHe (cM.

. H He

3aMecTUTesiel U B
TaKHUX CprKT ax
Kak
CaHbl, GHUMKIHUCCKHE CHCTeM ol XpoﬂéqmﬂblsaMemeHHble UHKJIOTEK-

KOTOpble H30paHHble NpuMepsl B Tabu. X. 8
T HabJI04al0Tes BO BCeX KJaaccax, T ep
, T

TaGanua X.8. y-ddbdekr 5 IMP-13C (Ormc B ™ 1)

Kak mokasmiBaior ue-
CHUJIBLHONOJIbHBlE CJIBH-
A€ CTePEOXHMHUSI CHCTEMBI MpH-

332 CHs

"ot MSO !
3°7736,2 307315 (CH,),C

18,7 17,3 10,6

CH CH

Reol S Ny

H” MOHS N H/C' C\H
CH,

25,7

35,0

29,0

CH
223

33721,0

38,7

22,4

70,4 OH
L~
(CH,).C
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BOANT K BaH1epBaajbCOBBIM B3aHMOLEHCTBHSIM, MOJAOOHBIM yKa-
3aHHbLIM HAa auarpamme 215

CRGS
Co H YR
Ca By <
ot
215

D70 HABOMMT HA MbICJb, YTO (U3HUECKOH MPUYHHOI CHJILHONOMb-
Horo capura seasercst moaspusauus C—H-cesasu, HO, MO BCefi BH-
AHMOCTH, HeOGXOMMMBl JajbHefillie TeOPeTHYECKHE H SKCIIEPUMEH-
TajbHble HCCJeIOBAHHS [Js A0KAa3aTeJbCTBA 3TOrO yTBEPXKICHUS.
TeM ne MeHee y-5QdeKT sSBIAETCA BaxKHBIM CPEACTBOM CTEPEOXH-

MHYECKHX HCCﬂeﬂOBaHHﬁ.

9 3. CNHH-CIMHOBOE B3aMMOJelcTBHE siep
yraepona-13

CymiecTBYIOT TPH BaxKHble TPYNNbl KOHCTAHT CIIHH-CIIHHOBOTO
p3anmomneiicTsusi B crnekTpockonnu AMP 13C. 1BC13C; BCH u
13C X, rae X — Apyroe fApo € MarHHTHBIM MOMEHTOM. Hurepecuo
OTMETHTb, 4TO SKCIePHMEHTaJbHble METOABl ONPEACNEHHS STHX KOH-
CTAHT 3HAUUTEJbHO pas3jaHyarorcd.

Bo-nepBbiX, ~ KOHCTaHTBl ~ CIHH-CIHHOBOTO B3aUMOAENCTBUS.
13C,13C 06BLIYHO MOMKHO H3MEPHTb TOJBLKO AJA coelMHEeHH, MeueH-
Hpx u3oTomoM '3C, HOCKOJbKY NpHPOAHOE COAepiKaHue €ro MaJo.
B peakux ciydasix MPH HCIO/Ib30BAHHH YHCTBIX KHJKOCTe{l u JJH-
i curgaina CCH ypanoeb n3MepHTb 3TH KOH-

TeJIbHBIX HaKONJEHHH
CcTAHTBL M [T HeMeueHbIX CUCTEM IO BC-caTtenyuTaM B CHeKTpax

AMP 13C.
Bo-BTOPBIX, HaKOIJIEH oOwHpHb HAbOp JAaHHBIX MO KOHCTaH-
ram 13C,'H, riiaBHbIM 06pa3oM AJsi MPAMBIX KOHCTAHT HEPE3 0AHY
cBsisb. OHH M3MEPSAJHCH [0 CIEKTPaM MPOTOHHOTO pe3oHaHca, KaK
6outo omucaro B ra. I1II, a B nocaennee Bpems u Mo creKTpam
JMP 13C. Tounoe ompejesieHHe 3THX KOHCTAHT TpebGyeT HpoBele-
HHs TOJHOTO aHaJu3a MPOTOHHO-CBA3AHHONO CIEKTpa. [Ipu 3amucu
TaKHX CIIEKTPOB C YCIEXOM HCIOJb3yeTed MeTol AMIYJbCHOH pas-

BA3KM, ONMCAHHBIN B pasi. 2.
rape X =19F, 3P u 1. n., npouie

Hakouen, koucrautel 'C,X,
BCero M3MepuThb B cnexTpax '*C cOOTBETCTBYIOUIMX coeAHHeHUIT T1pH

[I0JHOH pa3BdA3Ke OT MPOTOHOB.

CHUH-CAUH08020 83aumodelicTaus adep 13C

ypa. V3 naHHBIX, co6pannbix B Tada. X.9,
TanToL CchuH-crunosozo asaumodedcreus PG,

2.3.1. KoHCTaHTbL
W xumu4eckas CTPYKT
SCHO BUIHO, 470 KOHC
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Ta6anua X.9. Koncrautu CIIHH-CITHHOBOrO B3anMogdeficTeas !3C,!13C (Fw)

HgC—*CHa 34,6 CH3 X = CH3 36,9
H,C=CH, 67,6 | NH, 37,1
HC=cH 171,5 CH;—C—X OH 395
CsHs—H,C—CH; 34 | Cl 40,0
CGH5~H0=CH2 70 CH3 Br 40,2

‘C¢Hs—C—CH, 43
I

X Y

H;C—C=N 57,3 HC X Br H 133
Ne” I H 129

e Ny Cl Cl 155

BC uepes 00HY 6436 OueHb UYBCTBHTC/IBHE K IPHPOJE YIJepoi-
YTJI€POIHON CBSA3H, COeNHHSIOUIEH B3aUMOJelCTBYOI e Anpa. Jas
YIJICBOLOPOAOB HABMIONAETCA 3aBHCHMOCTD OT NpOH3BeleHUs S-xa-
PaKTepoB opGuTaneii ¢; u ¢;, o6pasyouux o-cBsasbp C;C;:

17(BC, BC)=1550s @) s (X. 10

B ocuope s10it koOppensumu memur NpeINop0KeHHe, YTO cpenu
PAaSJIHYHbLIX MEXaHH3MOB, NAIOWIHX BKJ4J B CIHH-CIHHOBOE B3aHMO-
JAeHCTBHE, JOMHHHDPYET TOJbLKO OLHH, TaK Ha3LIBAeMbiHl KOHTAKTHbLL
unren Pepmu. Ero Besnuuna ONpPENeJACTCS 3JCKTPOHHOH MJIOT-
HOCTLIO Ha Aape (OTKyda M NPOMCXOLHT HA3BAHHe «KOHTAKTHLIH
WIeH»), a BCJIEINCTBHE 3TOr0 JIHIIb §-O0pGHTANH MOTYT y4acTBOBATh
BO B3aHMOJCHCTBHH. DTy TOUKY 3peHHs MOATBEPKAAIOT CJleayio-
inxe 3KCIepHMeHTaJbHble JaHHbe:

c\
o CH,=C=CH, [/c=CH2 [>c=CH2
1,43
ATCTO M 98,7 23,2 95,2
)5t/ A1 B B, I I

. S(is¢) 2378 6 4 24 25 6
Tlpn Bhiuncnenun s-xapakrepa THODHAHBIX OpGHTaNell B Tpexuse-
HOM LHKJIe LHKJIONPONaHa 31eCh HCHOMb30BAIACk Mozeab Youma.

CpeaH KOHCTAHT CIHH-CIHHOBOIO B3aumoaeficTBusa ¥C,'H 6Goup-
1IOH HHTEpeC AN XHMHKOB IPENCTaBJISieT CTPYKTYpHasi 3aBHCH-
mocts J (13C,'H), koTopyio HILTIOCTPUPYIOT JaHHble AJf GOMBIIOro

uncaa npuMepoB B Taba. X, 10. dng YI/1eBOJOPOAOB O6LIIO BHIBe-
JEHO 3MIIHPHYECKOe COOTHOIIEHHe

17 (3C, 'H) = 500s (i) (X.11)

[To anasnorun ¢ ypasHenunem (X. 10) (ormeTnM, uTO B 5ToM clyyae
s$(j)=1 nnsa 1s-op6uranu BOJOPOZa), OHO CBSI3LIBAeT KOHCTaHTy ¢
s-xapakrepom s(i) cBsisu C—H, YUacTByIOlled B mepegaue cnuy-
CIIUHOBOTO B3aHMOJelicTBUSA. MaMepss 1 (¥C,'H), moxHo HOJYYUTh
HH(bODMAUHIO O THGPHAH3AUNE TaHHOrO aToMa Yraepoaa, nocKkoabKy
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s-XapakTep B CBOW ouepelb CBA3aH C MapaMeTpom FHGPHILI;IjaLLHPI
A2 spM-opburanau yraepoia coorHomerunem §(i)=1/(1 + A?).

& 13, 1
Ta6anua X. 10. KoHcTaHTH COHH-COHHOBOTO B3anMoiedicTeua !3C, 'H uepes
oany ceasp (I'n)

i W oM
C 125 So=€_ 157 HC=CH 250
H/EI\H H” H
H
g 134 , 142
L] .
' 178,5
>-# 161 [
H1
|
M 164 H
<+ (2) 144 ©<H 173t
)]
A M 202 HH
A(Hs {2) 170 N
H (3) 152 142
CeH
HyCol®
-H 190 H
220
0 q]
H
/
7 |j 176
@ 200 y
@ 162
COOR H .
J
5
160 Y

(1) 1355 CHCL 151

(2) 146
27 (3)  172,5 CH,CL 178
Howe CHCl3 209
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B uwactHocTH, mpeicraBasier MHTepec 3aMeuATEJbHAS 3ABHCH-
Mocte ' (®C, 'H) B umksi0ankanax or pasmepa yuxaa, MpHAAIO-
las 3THM Be/JHYMHAM BaXKHOE 3HAYEHHE KAK CPeJCTBY AHATHO-
CTHKH. Tak, TpexuneHHble UHKAB MOMKHO HJIEHTH(OHUUDPOBATL 110
UX OGoublioMy 3Hauenuio 'J(13C,'H). Jlas UHKJONpONana Hafjiel-
Hoe snauende 161 ['u, Tunuumoe mns cessu C—H sp2-rubpunnoro
YrJepola, HaXOAHTCH B COIVIACHH € MO/JeNblo YoJlla A48 THha
CBSASH B TpexuteHHOM uukine. M3 ypasnenns (X.11) caeayer, uto
§-XapakTep OpOMTAJH yriepola, ydacTBYIOLIeH B CBA3H C—H, co-
craBaser 32 %, uro coorBeTcTByeT sp? -ru6puausaunu. B cBomw
OHepelb 5TO JaeT BLICOKHH p-xapakrtep st C—C-cBsiseli (82 %).

Bblin Takke MONBITKM fledaTh 3aKJIOYEHHE O BAJEHTHBIX yraax
B paccMaTtpuBaeMblx rpynnaX CHy ma OCHOBAHHM KOHCTAHT CHHMH-
cnHHOBOro B3aumojefictBus '3C'H. Onnako stor napamerp Jayudile
OTPaKaeT MeMOPOUTALbHblE Yyerbl, @ cAellyeT NOMHHTB, YTO 5TH
YLIB HacTO CYIUECTBEHHO OTIHYAKTCA OT YIVIOB MeXIy OCAMH,
COENMHAIIINMH siipa. BaxkHO H TO, 4TO KpoMe HU3MeHeHHH B THG-
puausauuu Ha BeauuuHy J('3C,'H) cuabho BAMSIOT u HEKOTOpble
Apyrue QakTOpel. B 4acTHOCTH, 3/1€KTPOOTPHUATENbHbIE 3aMECTH-
TEJH MOTYT MPHUBECTH K 3HAYHTEJNbHBIM €€ W3MCHEHHSIM, KaK 5TO
BHIHO H3 BEJIHYHH A/ XJA0pMeTaHoB B Taba. X.10. BoaMoxkHO, 3T
MSMEHEHHS ONpPENEJSITCA H3MEHEHUAMH 3G deKTHBHOrO 3apsiga Ha
aToMe yriepoja.

Femunanbrole B 8UyURANbHBIE KOHCTAHTH CHHH-CIHHOBOMO B3a-
umoneicraus '*C,'H, xotoprie mbi 3jech He Gyiem paccMaTpuBaTh,
Meibllle, 4eM NpAMBIE KOHCTaHTHI, mpuMepHo B 20 pas. [lostomy
HX TpylHEe ONpelesHTb, MOCKOMbKY COOTBETCTBYloulHe '3C-cartes-
JINTHl B HPOTOHHBIX CHEKTPAx pPAaCHOJOMKeHLl OYeHb GJHIKO K HH-
TEHCHBHBIM CHTHaJaM MOJEKYJ, colepxKamux usorton '2C, a s on-
peleaenus no cnekrpam C oObluHO HeOGXOAIMO MPOBOAHTEL MOJ-
HBIA aHAJIHU3 CJIOKHBIX CIIMHOBBIX CHCTEM.

KOHCTaHTB CHMH-CIHHOBOTO B3aMMOEHCTRHS uepes OJHY CBA3b
mexay '*C u °F Gosblute, uem mexay *C u 'H. OHE H3MeHSOTCS
or 170 no 400 I'u w oTpuuatenvHn. B IIPOTHBOIOJ/IOXKHOCTL 3TOMY
suax J(*C,)H) nosoxutesnen, nosromy snakw JAPYrux KOHCTaHT
COHH-CMHHOBOrO B3aMMOJEACTBHSl 4acTO ¢ NOMOIUIBIO JIOKAJbHOIO
JBOMHOrO pe3oHaHCa (CIHH-THKJAMHT) ONpelIefsioT 1o OTHOILUEHHIO
k J(13C, 'H).

2.4. CKOpPOCTH CNHMH-PEIIETOYHON pejaKcauun
anep 13C

C BBeleHHEM HMIYJALCHOH (DYPbe-CIEKTPOCKONHH ¢TAN0 BO3MOK-
HLIM JIEFKO€ OIIpelesienHe CKOPOCTeH CIHH-DPEHIeTOYHOH pesakca-
UMK sillep B OPTaHHYECKHX MOJEKYJAaX C NOMOILbI0 IKCIEPHMEHTOB
THIA HHBEPCHS — BOCCTAHOBJIEHHe HJIH MOAOGHBIX MM HMIYJbCHBIX
MeToAHK. Mbl obcyxaanu ux B ra. VII, a npumenenne s 13C
Gblsio  nponstocTpupoBano puc. X.9. Kakyio ke undopmauio

HOepubiii maenurnoul pesonanc ¢ropa-19 u yaaepoda-13 4’11

MOXHO H3BJeyb H3 TaKHX 3KCIEPHMEHTOB H KaK CKOPOCTH CIIHH-
pellieTOYHOH pesaKCallHH CBSI3aHHl C SIBJEHHSIMH, IPeICTABJSIONIUME
XMMHYECKHH HHTepec?

Kak nopuepxusajocs B ra. VII, couH-pelieTOYHYIO peslaKcalHIo
BLI3LIBAIOT (DJIYKTYHPYIOUIHe MAarHHTHHIE [OJs, NPHBOASILIHE K BO3-
HHKHOBEHHIO pPaJHOYaCTOTHBIX KOJeOGaHHH, COOTBETCTBYIOLIHX INepe-
xogaM SIMP. CymecrByer HeCKOJLKO HCTOYHHKOB TaKHX (JYKTYH-
PYIOLIHX MoJieH, H MO3TOMY HECKOJbKO MeXaHH3MOB AAIOT BKJAaj] B
pesnakcauuio. ns Hac B NMepBylO odepelb NpeJCTaBaseT HHTepeC
OuUnOASDHOUL Mexanusm peaakcayuu, rie (QAYKTyHpylolilee mnoJe
BO3HHKAaeT 32 CYyeT MOAYJSILHH JIHIOJAPHOrO CIHH-CIHHOBOI'O B3aHu-
MojdeficTBHA. JIoKaabHOe MAarHHTHOE IIOJe, HHAyLHpyeMoe Ha sijpe
COCeHHM MAarHHTHBIM JAHIOJIEeM, ONpejensercs ypaBHeHuem (l.12).
Ero 3aBHCHMOCTL OT BpeMeHH [J51 BHYTPHMOJEKYJSDHBIX B3aHMO-
IeHCTBHH onpefjendeTcd H3MeHeHHAMH yraa 0, AJs MeXMOoJeKy-
JSIPDHBIX B3aMMOJAEHCTBHH — H3MeHeHHSIMH Kak yraa 0, tak u pac-
CTOSIHMH r MeX]Y SpaMHu.

Hasa saapa BC naubonbmyil BKAaA B peJaKkCauMio JaoT CBA3aH-
HBIC C HHM TPOTOHbI, @ MOJYJAUHA JHUIONAPHOTO B3aHMOJCHCTBHS
BO3HHKAeT 3a CUYET MOJIEKYJSPHOro JABHIKeHHS B KHAKON ¢ase.
M3 TeopeTHYecKOro pacCMOTPEHHA CJAEAYeT, YTO CKOPOCTb AUINOJSIP-
HOH pesakcalMu R® = (l/TI)DD MOXKHO CBSI3aTh C pacCTOSTHHEM MeX-
Ay SLApaMH r U BpeMeHeM KOppeIfAlHH Tc C IIOMOLLbIO ypaBHEHHs

RPP = nPy2yir—br, (X.12)

rje BCE OCTa/bHble MHOMXATEJNH — XODOIIO H3BECTHbIE KOHCTAHTHI
BpeMsi KoppessiiHH XapaKTepH3yeT peOpHEHTALUI0 MOJIEKYIbl B
KHAKOCTH H [ HEBSI3KHX pPACTBOPOB BeIlleCTB C MOJIEKYJSPHOH
Maccoil 110 500 no nopsiaky BedHYHHBI OsH3Ko K 10-10 c.

Takum o6pasom, ypaBHeHHe (X.12) co3naer OocHOBY AJsi Hoay-
4eHHs HHOPMALHH O BHYTPHMOJIEKY/ISAPHHX PACCTOSHHAX U MOJie-
KyJsIpHOW [NHHAMHKE B KHUAKOM COCTOSHHH. JlJIsi NIpaBHJIbLHOH HH-
TepHpeTally 3KCIIePHMEHTaJNbHbBIX NAHHHIX HYXHO OINpelelNHTb, B
KaKoH CTeleHH Apyrve (akTophl BJHAIOT Ha HabJ/1I0aeMYI0 CKO-
pocTh pesakcauud. HauGosgee noaxoasmuii crnoco6 /s 3TOro —
u3Mepenre KoaddHulHeHTa yBeJHYEHHs 1); HHTEHCHBHOCTH CHrHaJa
3a cyer sigepHoro sbdekra Obepxaysepa (A30), mockoabky 130
caM 3aBHCHT OT JumoJsipHoil penakcauuu. Kak ykassiBajgoch B
ra. IX, aas gucro aunoaspHofi penakcauu A0 pocturaer mak-
cuMaJsbioro snauenus 1= (1/2) (yu/yc) = 1,988. Ecau penaxcauus
npoTeKaeT 1O JAHNONSPHOMY MeXaHH3My JHIIb YacTHYHO, TO ee

BKJIaJl fAaeTcsl BbIpaxkeHHem

ni y
JlunossipHas peJakcaius = Toss 100 (%) (X. 13)
H N;
B ORD =R gy - 100 (X. 14)
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3asucumocts RI®  or PaccTOssHUS MeXAy fAApaMH r CcO3J1aer
OCHOBY JUISI UCIOJIb30BAHUSI u3MepeHuil T| B LeJsIX OTHECEHHUS, 4TO
YKaspiBanoch B pasf. 2.1.2. 3uauenus T; npas quBepTH‘IHbIX’aTO-
MOB yrJiepoja H aTOMOB YIJIeDOAA, CBSI3aHHHIX C NPOTOHAMH B
rpynnax CH, CH, u CHj, cymecTBeHHO pazjHuHbl U JexaT B Ipe-
Jenax 20—100 ¢ u 1—20 ¢ coOTBeTCTBEHHO. P

MouiekynipHOe [BHKEHHe OKa3blBaeT BiMsHHE Ha RyD
BpEeMSl KOppeJ Y
pPpensuun t.. /s KeCTKHX CHCTEM C H30TPONHBLIM Gec-
NOPAXOYHBEIM ABHKEHHEM, Téigl/lx KakK ajaMaHTaH, ABHXKEHHe MOXK-
HO ONHCAaThb OAHHM Tc MU Ry~ sABAdeTcS GYHKUHEH YHCAa NPHCYT-
-CTByDIgLL[PIX IPOTOHOB. ;I‘aK, JJs agaMaHTaHa PP (CH) =149 mc !
o _ ?
inRé (gH2)—88 Mc . [Ipu aHH30TPONMHOM ABHIKCHHUH pasHLIe CBA-
. —I1 ONHMCBIBAIOTCS PAas3MYHBIMH BPEeMeHaMH Koppeasuud. Ha-
IpUMED, CKODOCTH peJakCalUH OPTO- H METa-aTOMOB YIJEpoAa B
AudenunaneTHIeHe COCTaBAAT 182 Mc~!, a s yrJjepoaa B napa-
— —1 ?
‘g}(zgﬁ:{exmn 417 mc~!. Tlocneannii penakcupyer ObicTpee, Mo-
Ky tc(napa) > t.(opro, meTa), Tak Kak MoOJIeKysa BpallaeTcs
NpEeHMYyIIEeCTBEHHO BOKPYT CBOeH JNJHHHOH OCH.

TakuM o6pasowm, RPP CJYKUT YYBCTBHTEJbHBIM TECTOM Ha MO-
JICKY/IADHYI0 JHHAaMHKy. VIHTepecHHIM HamnpaBJeHHeM B 3TOH 006-
JIacCTu HBJIHETCDF{ H3ydYeHHe CerMeHTaJIbHOTO JBHUKEHUS, T. €. JIOKaJb-
HBIX JBHXKEHHH anvpaTHuecKOH meny. 3HaueHUs T1’M‘O}K'HO omnpe-
JAENIHTb KaK A aTOMOB yryiepoja, Tak u AJd IIPOTOHOB. HOSTOMy
MOZKHO HO.HuquITb 60JbUIoH H360p SKCNIEPDUMCHTAJILHBIX JAaHHLIX
JAOCTATOYHBIH JJs1 ONUCAHHA HEKOTOPLIX AacIeKTOB IIHHEIMH‘IECKOI‘O,
TIOBE1€HHA MOJIEKYJI, HMEIOUIHX IlelloYeyHoe CTpOEHHC.

DDHaHpHMep, IJas JeKaHoga-1 NOJy4YeHsl CJAeAYIOUHEe 3HadyeHHS
R BC:

— H3C—CH;—CHy—CH;—(CHy)s—CH,—OH

RY° (c7') 032 045 064 091 12—1,3 1,54

Bospacranue X BeJHYHH IPH NpHOMHKeHHH K rpymme OH yKash-
BaeT Ha BO3pacTanHe 9((EKTHBHOrO BPEMEHH KODPEJSIHH H YMeHb-
IICHHE MOABHKHOCTH, OGYCJOBJICHHOE BOLOPOAHBIMH cBsi3siMu. Ho
KOJIHUECTBEHHAS TPAKTOBKA TaKUX De3yJbTAaTOB BOBCE He ABJISIET-
€l NPOCTOH, IOCKOJbKY HEOOXOJUMO HCIOJAb30BATL CJOKHBIE MO-
Aenn Jas pasjesieHdss 3Q(eKTOB CerMEHTaNbHOrO ABHMEHHS H JBH-
JKeHHA MOJIEKYJB KaK IeJ0ro,
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Fnaea Xl

MPUNOXEHUE

1. «3DOMDEKTbI KOMbLEBLIX TOKOB» B BEH3OJIE

B.HsiHMe MarHHTHO{I aHH30TPONHH GEeH30JbHOTO KOJIbLa HA Pe30HAHCHbE 4a-
CTOTH COCEAHHMX NPOTOHOB rpadHyeckH NpeAcTaB/e€HO HA pHC. XI.1. Jluunu pas-
HOTO 3KDPAHHPOBAHMA HJHM JAE39KPaHHPOBAHHS NpEACTABJEHH B CHCTEME KOOPAHHAT,
1{AYaN0 KOTOPOR pacrosiaraeTcs B MeHTpe xonpua. z-Koopaunata (B eguHHUaX pa-
anyca kosbia 0,139 uM) HanpaBjeHa BAOJb OCH CHMMETPHH LIECTOro Nopsika
HePUeHIHKY.ISPHO (LIOCKOCTH KOJbMa, a abcuucca p (TaKke B eAMHHUAX panuy:
ca) HaupaBJeHa OT uenTpa B nampaBJennu C—H-crasn. Braan Ao B 3KpaHHpOBa

Hite 1aH B M. L.

£,
+0,!

K)

0

Z 2t~
! 0,1
-0,2
0,4
_0’
2.0\ Nl .
0 1 2 3 4

/.)

Puc. XI.1. I'paduyeckoe npejactapjieRye B.JHAHHA MAarHMTHOfl aHH30TPONHH OeH-
30/1bHOMO KOAbIA 1A UPOTOHKHI pesonanc (Xafi, Maaiion [n.

2. TABMUBI XMMUYECKMX CABUTOB MPOTOHOB
M KOHCTAHT CMUH-CMIMHOBOIO
B3AMMOJOENACTBMA H—H

Jlono HuTe IbHble AdHHBIE, KACAIOUIHECS B3aHMOCBA3H NapaMeTpoB CMeKTPOB
siMP tH 1 CTPYKTYpHl OpPraHuYecKHX COeAHHeHHH, oGCY#(AeHHOH B L. IV, nanu

B 1a6a. XI.1 n XL 2.
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et

Tagmua X1.1. XumuuecKHe CABHTH NPOTOHOB (B-lKana, M. [.) HEKOTOPHIX Opra- I podorwenue Taba. X1 1

HHYECKHX COCIHHECHHIT ‘ 1.58 : 1.50
‘ CoHs~CHy~CeHs (n) 2.75 O 274

N
A. Meru L6 U MEeTUACHOBbLE NPOTOHbL H
. H T Hb
e ¢ ? 3.8 392 2,01 1.84
CH;
CH3 1
A l;l\ Q ©<CH | C[o> 5.90 Enj 287
CHs CHs tHy e 3 ! o o 367
1,61 2 92
2,13 1,66 1,93 188 097 ‘ 121 2 00
: H H COOR
i CHs i CHs ’ H1.49 COOR
é/ ij\ (/oj\ 4/0)\\ ‘ H118 /
CHy ' CHs K
| 2.20 3.53 202 3.59
1,81 1,73 196 194 27 B. Aablezudnvie npoTonsl

43C—CHO H2C=CH=CHO @—CHO
CHs

. CHs 9.72 9.53 10.0
CHs Z o~ - B. Ouepurossie nporonst
o0 o™ . o ¢ -
N"cHs N N
e Ry A OO
2,65 246 255 2,32 2,37 T
5.29 516 H H 6.26 7.06 6.03 5.60

7N N [N E:N—CH3
2,44 2,66 2,21 3,50 Q @ 6.43 @ 5.79_© /,Z /

H 5.59 5.70 6.28 5.68 5.95
A 0O O O O=ad A

0,22 0,86 1,51 1,54 2,91 62 254 ﬂb ﬂg 5 650 @ 5.7

s 6.75 8.25 6.27 6.08
A YO @ O A ;
o el
1,27 0,93 2,57 2,20 1,65 @ “5 . O= 2 6.4k CHz
6.45 45

3,40 1,85 $.69
4 ~ 15!
Ef/ O: QNH o7 (o) 375 Q 352 \ .M 6.88 a) 482 ] 465
196303 222 2,230 CHy Q 6.10 5.93 o’ 622 0” 637

6.11 5.78

14 X. liontep
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[Ipodoanenue raba. X1, 1

I'. Apomaruueckue npororo

77N
4 0 PN
X 781 7.39 Q 7.82
7.27 7.46 831 791 893 788
746 826 ..
N 706 6.60 7.04 6.05 :
| 4\ {4\ ) 7.82 O 751
SN~ 8.50 0” 740 s~ 719 N~ 6.62 C
H 7.33
770
8.00 747 7.09
Qi aoee O 850
NZ 8.8t =N \—/ N§/N
913 8.50 9.5

Ta6aunua XI. 2. Korcrante H-—H B HekoTopnx opraHHyYeckHx coefMHEHHAX

(T'u) . H
\C=C/ CH3—CH,—X
O\
X lyue  Jrpane U s || X J ol
H 11,6 19,1 2,5 2 Li 8,90 2
Li 19,3 23,9 7,1 2 (CqHs)a Si 8,0 2
COOH 10,2 17,2 1,7 2 H 8,0 2
CN 11,75 17,92 091 2 CeHs 7,62 2
CgHs 11,48 18,59 1,08 2 CN 7,60 2
CH; 10,02 16,81 2,08 2 I 7,45 2
OCH, 7,0 14,1 —-2,0 2 Br 7,33 2
Cl 1,3 14,6 —1,4 2 CH; 7,26 2
Br 7,1 15,2 —1,8 2 Cl 7,23 2
F 4,66 12,75 —3,2 2 N(C,Hs), 7,13 2
OC,Hs 697 2
‘O(CoHy)y 47 2

MTpunoscenue 419
H';

H2A\ H

H3 HS
X 12 K2 /3.5 12,5 123 e
H 8,97 5,68 8,97 8,97 5,58 —4,34 3
Cl 7,01 3,58 10,26 10,58 7,14 —6,01 4
Br 7,13 3,80 10,16 10,45 7,01 —6,12 4
I 7,51 4,37 9,89 9,97 6,63 —5,94 4
NH, 6,63 3,55 9,65 9,89 6,18 —4,29 4
CN 8,43 5,12 9,18 9,49 7,08 —4,72 4
COOH 8,04 457 9,26 966 7.4 —400 4
COCl 7,88 4,43 9,19 999 7,59 —4.46 4
COCH; 7,96 4,55 8,76 9,60 6,94 —3,41 4

2 1
o
L 5

X 11,2 H1,3) (14 (1,8 12,8 1(2,9) fy‘;ffpa‘
H 7.64 1,37 0,66 1,37 7,54 1,37 5
Li 6,73 1,54 0,77 0,74 7,42 1,29 6
CH; 7,64 1,25 0,60 1,87 7,52 1,512 7
COOCH; 7,86 1,35 0,63 1,79 7,49 1,31 8
I 7,93 1,14 0,47 1,88 7,47 1,75 8
Br 8,05 1,12 0,46 2,1 7,44 1,78 8
Cl 8,05 1,13 0,48 2,27 7,561 1,72 8
NH. 8,02 1,11 0,47 2,563 7,39 1,60 9
N(CHa); 8,40 1,01 0,43 2,76 7,29 1,76 9
+N(CHs)s 8,55 0,92 0,48 3,05 7,46 1,69 9
NO, 8,36 1,18 0,55 2,40 7,47 1,48 9
OH 8,17 1,09 0,49 2,71 7,40 1,74 9
OCH3; 8,30 1,03 0,44 2,94 7,36 1,76 9

F 8,36 1,07 0,43 2,74 7,47 ,82 8

2 J(1,CHg)=-075 J(2,CHy)=0,36; JB.CHy)=—0,62 O J(ILF)=891: J(2F)=560;

1(3,F)=0,22.

14*
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/1 podorxcenue raba. XI.2 [Ipodormenue raba. XI.2
Bansnne samectutesnei S(J) na koHcTantel H—H 8 MoHosaMewenubix Genaosnax
[10] CTpyKTypa Koncranth Jluteparypa
Iij F Cl Br ] NO OCH HOH
2 3 |{ 5' 8y 3y 2
yuc TPpAKC 15
12 +0,81 +0.61 +0,53 +0,39 4077 40,79 H H 445 31 5,5
13 —0,34 —0,23 —0,27 -0,25 —0,20 —0,32 H SH
14 —0,24 —0,16 —0,20 -0,19 —0,16 —0,22 M 715 565 <04 15
15 +1,21 40,87 40,71 40,51 41,02 +1,33 HoH
23 —0,04 40,03 —0,05 —0,04 —0,07 —0,16 H
24 40,39 40,34 40,36 +0,37 0,08 HNH
-+0, 0,38 M 6.3 3,8 2,0 15
H H
2 7 2’ 2 2 2 1 H1
b} ! H 3 \ - 7 3 \ 3 ’ 2
‘ b1 4 -C-‘CHs’a S o, 7 ‘ M Ja,2)  J(L3) J(,4) 123) "
(] H . ¥ (] N 7 l',o s 6 /,: 5 8 H3 _ 13,05 3,65 13, 12 2,96
CriCO); MolCO)3 Hé
- W
J(1,2) 8,9 8,75 10,14 8,2 8,4 H3 J(1,2) J(1,3) 1
? y 7
J(1,3) + 1,48 1,50 — 1,27 1,38 .2 L3 1,75
+ (1,4 H
HZ
J(15) — — —0,25 — — W o
J(1,6) — - 0,22 — - : AT J(1,2) J(1,3) J(1,4) J(33) J(34) J34) 18
123 551 5,59 - 6,97 6,81 i 285 —03 10 —12,00 465 175
H
7(2,4) 0,72 0,54 — 0,73 0,77 ,
H
72,5 0,69 0,76 0,57 0,51 0,34 H?
(%) - HS 10,2 J03) J04) J@3) 115 J@E
1(3,4) 1 1,17 10,96 band 8,45 8,43 H3 Hsn 5,05 1‘09 1,98 1,91 1’33 _1'51
J(1.7) ) 5,89 3,17 2,75 Hé
, 6,7 6,47
J(1,7) — 8,90 8,70 H
1
en ) —1,42 ors —1,07  —132 H J1,2) 1(1,3) J(L,4) J(2.3) o
J(2,7) I ’ — ’ 0,92 0,94 W 964 1,02 1,12 504
Jen — 0,32 — — — Hé
J(7,7)  —13,0 — —_ —14,05 —14,14 0o
Jlutepa- 11 12 18 14 11 1 AN 7(,2) J(.8) J(,4) J@24) 20
TYypa 2 s 10,2 1,9 0,1 3,0
R R
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[l podoascerue Taba. XI.2
CtpykTypa KoucranTu JlutepaTypa
0 R
! R 102) J13) 109 J@3) I8 IeY
) . 976 090 088 578 1,80 9,45
.3
3 5 J(1,2) J(1,3) J(1,4) J(1,5) J(1,8) 99
1,74 10,17 —0,86 0,60 1,30
2 J(23) J(24) J(2.5) J(3,4)
N 17,06 —0,83 0,60 10,41
1
R J(1,2) J(1,3) I(1,4) J(23) )
3 754 1,37 0,66 7,54
4
)
2 828 1,24 074 6,83 23
3
4
1
2 855 1,20 0,82 6,59 23
3
4
1
2 @.@ 687 082 1,04 834 24
3
4
3 2 1,75 085 1,4 33 95
.0
3 2 500 1,06 280 350 26
J O 1
3
s 488 1,24 1.00 7,67 927
1@2 J(1,5) J(2,4)
Nl —0,13 1,97
: X J(L2) J(1,3) J(L,4) J(@23)
2 CH, 897 —002 1,46 919 28
3 O 877 028 113 928 28
NH 88 005 150 931 29

T punosicenue 423

3. ONEPATOP TAMUNILTOHA (V.3)
B NOJIAPHLIX KOOPAMHATAX

[Ipu mepexoge OT AEKAPTOBBHIX KOOPAMHAT K TNOJADPHHIM HCIOJBL3YIOTCH CJe:
aywuye cootHowenns (puc. XI.2):

x=rsinBcosp, y=rsinBsing, 2=rcosb

ITpu noxcTanoBKe 3THX BHpaKeHHIl B raMuabTORHan (V. 3) noayuum
_ h? 1 0 . 0 1 1 0 ( a )
%= [— r ar)+r2 o o8 (05 )t

1 1 ik
+ w5 Y

8ntm L r? or
(X1 1)
Jas MoflesH 3J€KTPoHa Ha op6HTe 7 — MOCTOAHHAA BeJHYHHA H 0 = 90°. Mpu

Plr,8,@)

Puc. XI. 2. Onpegenentie NOJASPHLIX KOOPAHHAT.

9THX YCJOBHAX MEpBHA W BTOPOfi YJeHH B KBajAPaTHHX CKOOKax PaBHE HYJIO H
ypaBuenve (XI.1) mepexoAuT B ypaBHeHHe (V.4).

4. KOMMYTUPYIOLLIME ONEPATOPD!

PaccmoTpuM ABa omepatopa: @ H R. YpaBHeHHe Anis COGCTBEHHEIX 3HaueHHA
oneparopa @ HMeeT BHJ : ’ ‘
Q¥m =qm¥m

rae Ym — cOGCTBEHHEE (YHKIWH, 2 ¢m — COOTBETCTBYIONHE COGCTBEHHEIC 3HA-
venus. MaTpuunuiii semeHT (Pa]RQ|Pm) MOXKHO 3aNHuCaTh B CJELYIOUIEM BHIE:

. (XL.2)

(¥a | RQIYm) = qm(¥n| R ¥r) (XI. 3)
[ockosbky R H @ KOMMYTHPYIOT, TO CNpaBefJHBO COOTHOLICHHE

(¥ |RQIYa) =(¥n| QRI ¥ m) (XI.4)
Onepatopu R u @ — 5PMHTOBEI, OTCIOAA CJEAYeT, UTO *

@IRIM=Re10) n @1Q10)=@Qe|1) (XL.5)
HWs ypasuenns (XI.4) caenyer, uto ‘

(o | OR | ) = Q¥ | R¥m) = qu(¥n|R[¥m) (XL 6)

* Bce onepaTophl, COOTBETCTBYIOIIHE DeasbHHIM (PH3IHIECKHM cBOHCTBAM, NpH-
HAJ/IeKAT K KAACCy SPMHTOBBIX (HJIHM CaMOCONpsIKeHHHX).
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Ha ypapHenu#t (XI.3) u (X1.4) MOXHO NOJYyYHTH
Im(¥a|RIYm) =g (¥a| R| ¥r)
WH  (qm —~ qn) (Tn|R|¥m)=0 (XL7)

Oas gq %= gm 970 COpPaBeJHBO TOJSKO B ToM ciydae, ecH {¥(R|¥.) pasuo
HYJIO. f/ITaK, MH JOKa3aJH BeIpaXKeHue, NpHBeJeHHOe B pasa. 4.3.3 ro. V

5. OMEPATOP F;

MarHuTHBE KBAHTOBBIE YHCJA OTAEJBHOTO i-TO fiApa o603HayalTcA Kak ny(i).
MyJLTHIIHKATHBHEIE (QYHKUHH CMHHOBOH CHCTEMEl H3 HECKOJIbKHX sijep XapakTe-
PH3YIOTCSI CYMMApHHEIM CIIHHOM /i1, SIBJISIOIUMMCS CYMMOH MarHHTHBIX KBaHTOBBIX
ducen my (i) orgenpHux Azep (pasg. 2.1 ra. II):

ey = Z iy (2) (XL 8)

Hlo anasorun ¢ s1uM onepaTtop I, onpelesnsieTcs KaK fLepHHA CNHHOBHHA omepaTop
HHAUBHAYaJIbHOTO fifipa, a onepaTtop F: mpeicTaBasieT co60H CYMMY SIIePHBIX CITH-
HOBHIX OIIEpaTOPOB fAZep paccMaTPHBAeMOH CIHHOBOH CHCTEMBI

P,=Y 1,0

Bce MysnbTHnJHKaTHBHHE (DYHKUHH ¢ SBJSIOTCH COGCTBeHHBIMH GYHKUHAMH F, ¢
coGCTBEHHEIMH 3HaYeHHAMH mr. Tak Kak omepaTop F, KOMMYTHPYeT C raMHJbTO-
HHAaHOM, TO MATpHUA raMHJIbTOHHAHA pAaCMafaeTCsl HAa MOAMATPHIbLI, NOCKOJbKY
MaTPHUHble 3JeMeHTH BHAA (¢ | |¢;) HCUE3AIOT, €CAH ¢r H ¢y SABASIOTCA MYJbTH-
MJIHKAaTHBHBIMH (YHKUHAMH ¢ Pa3JHYHEIM CYMMapHBIM CHHHOM, T. €. NPHHAAJeXa-
UIHM Pa3/IMYHEIM COOGCTBEHHEIM 3HaueHUsM omepaTopa F..

(XL.9)

6. COBCTBEHHBIE bYHKUMU ANd CUCTEMbI AB,

CorsacHo RaHHBIM Ta6u. V. 2a, Ga3HcHHe (YHKUHH ¢2 H ¢3, a TAKKE ¢4 H @5
COOTBETCTBEHHO MMEIOT OJHHAKOBhIE CyMMapHbIe CIMHBI M, CJCLOBaTe/]bHO, CMEUin-
BawoTes nonapHo. s onpejesenHss HCTHHHBIX COOCTBEHHHX 3HaYeHHHA H coGCTBeH-
HelX (QYHKUMH MOXeT ObiTb HCMOJIb3OBAaH BAPHAUHOHHBIA MPHHUHI. DJEeMeHTH ce-
KYJAAPHHX JETEPMHHAHTOB MOJYYAlOTCA C [OMOMIbIO MNpPaBHJ, IPUBENEHHMX B
pasf. 4.6 r1. V. Hanpumep, pacyeT HeIHAroHaJbHBIX 3JeMeHTOB Has naer

Hag = (p2] % | 83) = (a (aB + Pa)/VE| 6 | Baa) =
= (1/4/2) (aap | % | Baa) + (aPa | 76 | paa)) =
= (VD [(112) I + (12) T g5 ] = T pp/VE

BenenctBue cHMMeTpHH MATpHIE TaMHJIbTOHHAHA BRIMOJHAETCH YCJIOBHe Hay==Hgy
H aHanoruyHo H,s = Hs,.

[unaronanbHule 3JeMEHTH JIErKO MOJYYal0TCS H3 Pe3yJbTaTOB [Jf H30JHPO-
BapHOro sApa uaH Jjs As-cHcTeMn (pasz. 4.1 u 4.3.1 ra. V cooTBercTBeHHo),
MOCKOJLKY GasHcHBlE (GYHKUHH SBJSIOTCS MYJPTHIIHKATHBHEIMH (QYHKUHSIMH BHAA
¢(A)o(B) 4 HX 3HEpTHH NpeACTABAAIOT coGoi cymmu dueprudt Ea u Es. Otciona
HeMOCPefiCTBEHHO CJIeYeT, UTO

H =E =(1/2)vy +vg + (1/9) ] 55 Heg==—(1/2) v,

Hyy=(1/2) vy Hyo=Eg=—(1/2) vy — vy + (1/2) / g
Hoyom — (1/2) vy + vg~(1/2) Jag  H, = E, = (1/2) v — (8/4) /g
Hy=(1/2)vy — vy — (12 g Hgy=Eg=—(1/2) vy~ (3/4) I g

ITpunroxcenue 428

TakuM 06pa3oM, Bce JAMAroHa/bHbBIE 3JEMEHTH B CHMMETPHYHOM Haope yMeHb-
wiarorca Ha (1/4)/ss.
Ias pouncienus Es H E3 Heo6X04HMO PelliHTh ONpeleHTENH

1/2) vy —E J 3
(1/2) vy AB/V?2 —o XL.10)
Iag/VE = (U2 va+ vy —(1/2) g —E
(D vy —vg —(1/2) Iap  Tap/VE
=0 (XL 11)

Ips/VE
Orciofa creayert, 4To

L ! Ly —B)=12 -0

(‘Q‘VA—E)(“Q""A"“’B"Q AB o YAB

! ! E Ly —BY=~Ry=0
H (?VA“VB"‘Q'JAB—' — VA 5 /a8

H HCKOMbie COOCTBeHHBIe 3HayeHHs 3aMHCHBAaIOTCS CJeAYIMHM 06p330M1

1
—?VA—‘E

(XI. 12)

(XL 13)

Ilns mepexonos, MpeACTaBJeHHBIX Ha [HATpaMe SHEPrETHYECKHX VDOBHEH B CH-
¢teme AB; (cMm. pHc. V.7), moJiyyaoTcs CleAyiOUHe 3HaUeHHA

Junuu A:

1 3
fi=E —Ey=-(a+vs)+ T /as + 04
f2=E2—E5=’VB+C++C_
f3==E7—E8='VA

1
f4=‘54—Ee="§(VA+"B)"%JAB+G-

Junuu B:
f5=E2—-E4=vB+C+—-C__

1 3
f6=E1—-E2=5(vA+vB)+—4— Iag — 0y
f7=E3-—E5=’VB—-C++C_

1 3
fs=Es— Eg= o (Va+vs) — 3 /ap — G-

Kombunayuonnas Aunum
f9=E3——E4=vB—C+—C_’



‘Tagamna XI. 3. Yacrorn smmmit (T1; OTHOCHTENBHO Wp = f3) H OTHOCHTE/IBHHE HHTEHCHBHOCTH (B cKOOKax) cuctemnl AB, &

KaK QYHKUHSA OTHOWeERUA Jpp/(Vy — vg). A-mumuu: fj — fy; B-nmuun: f5 — fg; koMGuHaumoHHas muuus fy @
I

%mqml h fa fs fo fs fo fs fs fa

0,00 0,00 (1,00)] 0,00 (1,00)| 0,00 (1,00){ —0,00 (1,00){ —1,00 (2,00){ —1,00 (2,00)| —1,00 (2,00)| —1,00 (2,00)| —2,00 (0,00)

0,05 +0,05 (0,90)| 0,00 (0,99)| 0,00 (1,00)| —0,05 (1,10)] —0,98 (2,10)] —0,98 (2,10)| —1,03 (1,90)| —1,03 (1.90)| —2,00 (0,00)

0,10 +0,11 (0,82)[ 0,01 (0,97)| 0,00 (1,00)| —0,10 (1,21)} —0,95 (2,21)] —0,96 (2,18); —1,05 (1,82)| —1,06 (1,79)| —2,01 (0,00)

0,15 +0,16 (0,74)| --0,02 (0,94)| 0,00 (1,00)] —0,14 (1,33)] —0,93 (2,33)| —0,94 (2,26)| —1,07(1,74)| —1,09 (1,67)] —2,02 (0,00)

0,20 +0,22 (0,66)| 0,04 (0,89)| 0,00 (1,00)| —0,18 (1,45)| —0,90 (2,45)| —0,92 (2,34)| —1,10 (1,66)| —1,12 (1.65)| —2,04 (0,00)

0,25 +0,28 (0,60)| 0,06 (0,84)| 0,00 (1,00){ —0,22 (1,57)| —0,88 (2,57)| —0,90 (2,40)| —1,12 (1,60)| —1,16 (1,43)| —2,06 (0.00) |
0,30 40,34 (0,54)| 40,09 (0,78)| 0,00 (1,00){ —0,25 (1,68)] —0,86 (2,68)| —0,89 (2,46)| —1,14 (1,54)| —1,20 (1.32)] —2,09 (0,00) | .
0,35 0,40 (0,49)| +-0,12 (0,71)| 0,00 (1,00)| —0,28 (1,80)} —0,84 (2,80)| —0,88 (2,51){ —1,16 (1,49){ —1,24 (1,20)] —2,12 (0,00)

0,40 +0,46 (0,44)| 40,15 (0,65)| 0,00 (1,00){ —0,31 (1,91); —0,83 (2,90)] —0,86 (2.56)| —1,17 (1,44)| —1,30 (1,09)} —2,15(0,00) | =
0,45 40,53 (0,40)| 40,19 (0,59)] 0,00 (1,00)| —0,34 (2,01)| —0.81 (3,01)| —0,85 (2,60)| —1,19 (1,40)| —1,34 (0,99)] —2,19 (0,00) | &
0,50 +0.59 (0,37)| 0,23 (0,53)| 0,00 (1,00){ ~—0,36 (2,11)| —0,80 (3,10)| —0,84 (2,63)| —1,20 (1,36)] —1,40 (0.89)] —2.23 (0,01) | &

0,55 +0,66 (0,34)| 0,28 (0,48)| 0,00 (1,00)| —0,38 (2,19)| —0,79 (3,19)| —0,83 (2,66)| —1,22 (1,33)| ~1,44 (0,81)| —2,28 (0,01) | »e

0,60 +0,73 (0,31)] 40,33 (0,43) ,00)| —0,40 (2,27)| —0,77 (3.26)] —0,83 (2,69)| —1,23(1,30)| —1,50 (0,73)| —2,33 (0,01) |~

,73 (0,06)] 4-2,15 (0,04)
3,00 +4-4,21 (0,03)| -3,60 (0,02)
4,00 +5,70 (0,02)] 5,10 (0,01)
5,00 -+7,20 (0,01)| 6,56 (0,01)
10,00 14,68 (0,00)| 14,03 (0,00)
DO — |I

100)| —0,59 (2,91)| —0,68 (3.90)| —0,73 (2,94)| —1,32 (1,05){ —3,41 (0,09) —4,15 (0,01)
,00)| —0,61 (2,96)| —0,67 (3,96)] —0,71 (2,97)| —1,33 (1,02)] —4,98 (0,04)| —5,60 (0,01)
,00)| —0,63 (0,98)| —0,67 (3,98)| —0,70 (2,98)] —1,33 (1,01)| —6,37 (0,02)| —7,10 (0,00)
,00)| —0,64 (2,99)| —0,67 (3,98)| —0,70 (2,99)| —1,33 (1,00)| —7,86 (0,01)] —8,56 (0,00)
.00)| —0,65 (3,00)| —0,67 (4.00)] —0,68 (3,00)] —1,33 (1,00)|—15,35 (0,00)|—16,03 (0,00)
,00)| —0,67 (3,00)| —0,67 (4,00)| —0,67 (3,00)} —1,33 (1,00) — -

Fo =N = R =Y R =Y = R Y Y= YR =Y RN RN Y —F—F—
22828288888283888838388838s

(1
(1
(1
(1
(1
(1
(1
(1
(1
(1
(1
(1
1
M_.oe —0,42 (2,34)| —0,76 (3,33)| —0,82 (2,72)| —1,24 (1,27)| —1,56 (0,66)| —2,38 (0,01)
(1
(1
(1
(
(1
(
(1
(1
(1
(1
(1
(1
(1

0,65 +0,79 (0,28)| 0,38 (0.38)[ 0,00
0,70 40,86 (0,26)| 40,43 (0,34)] 0,00 (1,00)] —0,43 (2,41)| —0.76 (3,40)| —0,81 (2,74)] —1.25 (1,25)| —1.62 (0,59)| —2,43 (0,01)
0,75 +0,93 (0,24)| 40,48 (0.31)] 0,00 (1,00)| —0,45 (2,46)| —0,75 (3,45)| —0,81 (2,76)| —1,25 (1,23)| —1.68 (0,54)| —2.48 (0,01)
0,80 +1,00 (0,22) 40,54 (0,28)| 0,00 (1,00)| —0,46 (2,52)| —0,74 (3,50)| —0,80 (2,78)| —1,26 (1,21)] —1,74 (0,48)| —2,54 (0,01)
0,85 +1,07 (0,21)| 40,60 (0,25)| 0,00 (1,00)| —0,47 (2,56)| —0,73 (3,55)| —0.80 (2,79)} —1,27 (1,19)| —1,80 (0,44)| —2,60 (0,01)
0,90 +1,14 (0,19)] 40,66 (0,22)| 0,00 (1,00)| —0,48 (2,60)| —0,73 (3,59)| —0,79 (2.81)| —1,27 (1,18)| —1,87 (0,40)] —2,66 (0,01)
0,95 +1,21 (0,18)| 40,72 (0,20)| 0,00 (1,00) —0,49 (2,65)] —0,72 (3,62)| —0,79 (2,82)| —1,28 (1,16)] —1,93 (0,36)] —2,72 (0,01)
m,% Hm.wm (0,17)] 40,78 (0,18)] 0,00 (1,00){ —0,50 (2,67)] —0,72 (3,65)| —0,78 (2,83) —1,28 (1,15)| —2,00 (0,33)] —2,78 (0,01)
\ 7 0

0

0

0

0

0

oo
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H KOOpDAMHATHOE NpeJCTaB/EHUE BEKTOPHOTO NMpOH3BeldeHHna B ypabuenun (XI. 14)
TPHBOJHT K CJEAYIOLUIHM YpaBHEHHAM:

dMy/dt =y (MyBy + M.B, sin wt) (XI. 15a)
dMy/dt =y (MzB, cos ot — MyBo) (XI. 156)
dMz/dt =y (— MB, sin ot — MyB, cos wt) (XI. 158)

B KOTODHIX HCTOJIb3YeTCsl BHIpaKeHHE AJA BEKTODHOTO NPOH3BEJEHHS [BYX BeK-
TopoB A H B:

[AXB] = (Asz - Asz)i 4 (AgBy — AxBz) j + (AxBy - AyBx) k

tae i, j H k-~ eNVHHYHLIE KOODAHHATHHE BEKTOPHI.

Ilns aHanuza BpeMeHHOH 3aBHCHMOCTH HaMarHHUEHHOCTH ME, KpPoMe TOTO,
JO/KHE DacCMOTpPeTh pesaKcanHoHHne 3QQeKTH. ITH 3ddeKTH OBIH BBeJeHH
Buaoxom denoMenosoruueckn B ypasHenus (XI.15). Bpema penakcamuu T, xa-
paKkTepH3yeT NOepeuyHyl0) HaMarHHuUeHHOCTb B ILIOCKOCTH X, Y, B TO BpeMs Kak
H3MeHeHHe NMPOJAOJBHOH HaMarHHYeHHOCTH BAOJb OCH 2 omnpelessercss BpeMeHeM T,
Takum o6pasom, B OKoHuartenpHOH dopMe ypaBHeHHA DJsoxa NMPHHHMAIOT BHI

dMy/dt =y (MyBy + M.B; sin of) — My/T, (XI. 16a)
dMy/dt =y (MB, cos of — MyBo) — My/T, (XI. 166)
dMy]dt =y (— MyB; sin @f — MyB, cos of) — (Mz — My)/T, (XI. 168)

BeeneM Bpamalouiyiocsi cucteMy KoopauHat C’, B xotopofi mose B, Hemo-
JBYXKHO; NPH 3TOM

M, = My, cos ot — M,, sin o My = —My, sin of — M, cos ot

Bo Bpamaiouieiics cicTeMe KOOpAHHAT ypaBHeHHs BJoxa ynpouwawoTtes:

dM . [dt = — (0, — ©) M, — M,,/T, (X1 17a)
dMjdt = (0, — o) M, ~yBM,— M,T, (XI. 176)
dM,[dt = yB M, — (M, — My)/T, (XI. 178)

3aece Mo — paBHOBecHasi HaMarHHYEHHOCTb, KOTOpPasl XapaKTepH3YyeT COCTOsHHe
finep B mose By B Hauase 3KcnepHMeHTa.

B ycaoBusix apnaGaTHYeCKH MEAJIEHHOTO NPOXOXAEHHS uepe3 PE30HAHC MyTeM
pasBepTKH 4acTOTH ® HJH nojs Be (T.e. JapMOpoBOfi 4YacCTOTH o) BpeMeHHas
3aBHCUMOCTb KOMTOHeHT M., M, 1 My, MoxeT GHTb HckalovyeHa. Toraa ypasue-

HHst (X1, 17) uMeloT caenyiolne pelleHHsA:

yBlrgzmo — )

M. =M (XI. 18a)
¥ U0 4 TE (0 — ©)2 + ¥2BIT T,
My =—M, B 1L — (XI. 186)
1+ T3 (0g— 0)2+ v2BiT\ T,
14 T2 (0, — 0)?
My = M, + Ta(%— @) (XI. 188)

1+ T3 {0 — )* + v*BiT T,

Ypasuenus (XI.18) coBnapaior ¢ ypasnennsmu (VIIL.4), oTkyna 6naa moaydeHa
¢dopma cursana noryoulends. O6paTHHA nepexod B Ja6opaTOpHYIO CHCTEMY KO-

1
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OpIHHAT AaeT CJelyloulde BbipaXeHus aas M. n My
1 Ty (wy — ©) 2B, cos ot + 2B, sin ot

My = — MyT (X1. 19a)
e T T TR (0 — 0)F 4+ ¥PBIT T,

My = 1 MoyTs 2Bj cos m2t — T, (m02— m)22lz1 sin of (X1. 196)
2 1+ T5(0g— o) + v°BiT T,

9. YPABHEHME BJIOXA, MOOUDULIMPOBAHHOE
ONa CNYYAQ XUMUUECKOIO OBMEHA [35, 36]

Ecan nBa MM HECKOJBKO AJep B pesyibTare GLiICTporo ofMenHa nepuoaMuecKu
H3MEHSIOT CBO€ XHMHUecKOe OKDyXKeHHe H CBOH PEe30HAHCHble 9acTOTHl, TO ypaB-
HeHUs1 DJjoxa, onuchiBaomde GopMy CHIHAJ2 [OTJIOLIEHHA, AOMXKHB OHITH MOAH-
¢unupoBan. HaunGonee npocto 3T0 chenaTh nyreM o6neJHHeHHS YpaBHeHHH
(X1.17a) u (X1.176) u BBedeHHs KOMILIEKCHOW X, Y-HaMarHWYEeHHOCTH U

G=M,+iM, (XI. 20)

Ecay npeanosioxuts, 910 M &= M, (410 peanncTHudo aasA caabux noJaeli Bi), To
MOJyYHM

dGldt = i (@) — ©) G — iyBiMy — (1/T5) G
dM,[dt = yB M, — (M, — M)/T,

(XI. 21a)
(XI. 216)

B orcyrcrsue of6MeHa ass mosioxeHHWH A H B ¢ pe3oHaHCHHIMH HAacTOTaMH @a H W
BEINOJIHAIOTCA yP aBHEHHs

dGA/dt Fa,G, =— inlMOA
u  dGpfdt + agGy = iyBMpp

(XI. 22a)
(XI. 226)
rge oa = 1/Toq — (0 — @) ¥ s = 1/T25 — i(0g — ).

[Mpyn ycTaHOBJeHHH XHMHYECKOTO DABHOBECHS X, §y-HaMArHHYEHHOCTL MepeHo-
cuTess of A u B u ofpartHo. Ecnu npeHeGpeunr simepHOH npensccHedl 3a Bpems

nepexona ot A kK B u or B K A, 1o ypaBHenue (XI.22) Moxer OHTb LONOJHEHO
caeayIomuM ob6pasom:

dGy/dt + apG y = — iyB Moy + Gpfvp — Gy [ty
dGp/dt + agGy = — iyBMog + G /vy — Gg/ty

(XI. 23a)
(X1. 236)

B naHHOM cayuae Bequunua 1/ta = ks H 1/Ts = ks COOTBETCTBYET BEPOATHOCTAM
(ckopoctsm) mepexona ot A kK B u or B k A.

Ilns annabaTHyeckOoro NpOXOXMAEHHS Yepe3 pe3oHaHC TaKKe BBIMOJHSIOTCS
YCJOBHS CTAaUHOHAapHOCTH, T. e. dGa/dt = dGs/dt = 0. dna Mo = paMy u
Moz = ps = Mo, Tle pa H ps — COOTBETCTBYIOUIHE MOJbHBE NOJH; TaKHM o0pa-
30M, MOJY4YHM

Tp + Tp + ToTg (PR T 05P4)

(I Faapa) (1 + appg) — 1

G =G, 4Gy = — ijBM, (XI. 24)

OTo ypaBHeHHe CONEPMKHT HAefCTBHTENbHYIO H MHHMYIO YacTH X, §J-HaMaTHHYEHHO-
cru. [lns pacueTa cHrHasna MmOTJIOUIEHHS, KOTODHIH, cordacHo ypasHenHio (XI. 20),
COOTBETCTBYeT MHHMOf COCTaBJstiollell, HeoGXOAHMO pasfeasTh ofe uacTd. ITo
MOXeT GhiTh cAesnaHo JHGO ¢ HCIOJb30BAHHEM KOMMBLIOTepa, JHGO MyTeM pelleHHS
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ypabnenus (X1.24) u BbigeqeHMs MHHMOH uacTH. B nociennem ciaydyae MosiyuHM
ypasHenre (VIII. 2), B KOTOpPOM BCe BEJHYHHBI BHIPa)KalTcsl B repuax (0 = 2mv)
¥ CIIeKTp FApHUBsi3biBaeTcss K gacToTe {(va + vg)/2. Kpome Toro, mas ynpolueHHs
npeanonaraercs, 4to 1/Tea = 1/T2s.

Hakonen, MH nokaxewm, 4To MOJIyYeHHbIe Bhillle ypaBHeHHs Bioxa moryr GhITh
pacmpocTpaHeéHnl Ha chaydaidl obMeHa, B KOTOPOM y4acTBYIOT 6oJiee ABYX NO3HUIHH
C pasJHuHLIMH uyacrotamu Jlapmopa. [Ipeanonarass ofMeH MeXAy TpeMsl MO3H-

UHAMH C JJAPDMODOBBIMH YaCTOTaMH @4, 2 H (3, NOJYYHUM IJ4 anuabaTHYeCKOro
NPOXOXK AEHHSA

(@, + ko + ki3) Gy — ko1Gy — ka1Gs = — iyB p M, (XI. 25a)
~— k153G + (a2 + ka1 - kos) G — k3:G3 = iyBipaM, (XI. 256)
— k13Gy — kg3Ga + (as + ka1t + kisz) Gz = — iyBipsM, (XI. 258)

B MaTpH4HOH 3amHcH 3TH ypaBHeHHS 3alHCHIBAIOTCA CJAeYIOIHUM 06paszoM:

AG = —iCP (XI. 26)

rie A — kBajpatHas MarpHua, C — moctosnHas (==yBiMi), a P u G — sexrop-
ctros6ub. EciH yMHOXHTH 06e YacTH ypaBHeHMs cJjeBa Ha oOpaTHYO MaTpHiy

o~

A~1 TO mosayunm

G=—iCA 'P (X1.27)
Tlpu cymmupoBannd no Bcem G, 4To HeoGXOAHMO [JIsi pacueTa CyMMapHOH X, y-Ha-
MarHnyenHocTH @i, ypastenne (XI.27) yMHomaercs cieBa Ha BeKTOP-CTPOKY |

Gy =16 =—iC1A"'P (XI. 28)

Muumas uyactb ypaBHenHs (XI.28) naer curHan norjoumenus. dopMa aToro cHr-
nana MoXeT OBITh PacCYHTaHa C MOMOLIBIO KOMMbioTepa. B Hamwem ciayuae (T.e.
JiJIs1 TPeXMO3UNHOHHOrO o6MeHa) ypaBHeHHe (XI.28) npHHHMaeT BHJ

P
Gp=—iC[1,1,1]1A7"] p,
Ps

CornacHo BBILIEH3JIOKEHHOMY, MaTpHUA A HMe6T BHJ,

A=2mi(lv—W®)+ A+ X (XI.29)
rie if— eIHHHYHAS MaTpHUa; v — nepeMenHas uactora (I'w); w— JAMAroHaJbHas

MaTpHIa JapMOPOBHX 4acTOT v: AJs oTAedbHuX nosuumf (lu); A — zuaro-

HaJbHasl MaTpHIA €eTecTBeHHbIX WHpHH JHHUA A ([u) AN OTAe/NBHHX HOSHUMH
~

1 X — MaTpHI @ KOHCTAHT CKOPOCTH PEaKUHH C 3JieMeHTaMH

xy= ) ky B xy=—ky
jl1)

Tor xe pesyabTar moJyyaercs Ha ocHose TeoprH Angepcona, Ky6o u Ceka, oeHo-
BaHHOH Ha KBaHTOBOMeXaHHYECKHX NPHHUHMIAX *.

* C.rlep.ye'r 34aMETUTh, YTQO COQTBETCTBYIOLUIHE YDAaBHEHHS B YKa3aHHBIX CChiN-
Kax q)OpMa.’leO OTJIHYAaI0TCA OT IIPHBGAEHHLIX HaMK BCJI€ACTBHE pPAa3/iHUHOro BHI-
60pa 3HAKOB H NOpsAAKa HEKOTOPHIX BEJHYHH.

KOIMGHET
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10. XMMHUYECKUE CABUIU '3C OPI AHUYECKMX
COEAMNHEHWA

Cum. ta6n. X1.4 —X1.6 uw puc. XL. 3 u XI. 4.

N 2710451
NN - 20.702510K0moNY
NN <, - HeHacs/uerHse KemoHs)
ansdezudsr
xucaomst
I .70 x5l IpUpsI
| Wz
. IR «ropaneudpuds
N M0
| WG
N 02 fur
W <apoonamsr
R O C M i
N 50uraramst
I umpuas
1

L1 ) I I A

1 I 1 I
200 180 160 140 120 100 m.0.

!
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Pue. XI. 4. Xumuueckne capury 13C GbyHKuHOHAMBELIX Tpynn [38).

1. MEXXOYHAPOAHAS CUCTEMA EAMHUL, (CH)
(CUCTEMA MKCA)

B Teuenne mocsieiHero cTosieTHs (H3HYECKHe BEJHUHHEI B XHMHH TPaAUNHOH-
HO BhIpa){a/il B elMHUIAX CAHTHMETP — rpaMm — cekynaa (CI'C). Hegaguo B co-
OTBETCTBHH C MEXKAYHAPONHHIM COIMIALICHHEM NPHHATA CHCTEMA eJHHHI[ METp —
RuJorpaMm — cekyuna — amnep (MKCA), koTopas aBmsteTcst uacrtbio Mexnyna-
ponuno#i cuctemul exiunull (CH), H HOBas cHCTeMa efHHHI HAYaJa HCIOb3OBATLCS
xuMHKaMi *, Hauunas ¢ 1973 r. cucteMa CH crana o6szaTenbrol JJIS HaYIHHX
KYDHAJIOB {10 XHMHH.

Cpasnenne o6eux cucreM egunun CU u CI'C Aaetcsi B Taba. XI. 7, roe npex-
CTaB/ICHb €JIHHHIBI BEJIMUHH, HCHONB3YeMbIX B TEKCTe KHHMH. JIIA CNEKTPOCKOMHH
SIMP BaxHo, uto B cucTeMe CH egHHuIE HanpsAXeHHOCTH MarHuTHoro noJuas H
H MarHHTHOH MHAYKUMH B pasmmuantest B 4m-10-7 pas, B To Bpems kak B CI'C-
CHCTeMe 00e BeJHUMHBI H3MEDSIIOTCS B ONHHX H TeX IKe e[HHHIaX (nunt/2.cm—1),
BoJsiee TOro, HanpAXKeHHOCTb MArHHTHOTO HOAA CJELYET BHPAXKaTh B IapcTenax,
a He B rayccax. [lockospky nHaGirofaemble hH3HUeCKHe CBONCTBA SIBJASIOTCS dyHK-
uuamMn B, a ne H (B = H tompko B BakyyMme), 70 B CH cregyer ncmonbaobats
eAMHiup B, JIBe CHCTeMBl CyWIeCTBEHHO pPAaaJHYalOTCS! 10 eJHHHILAM SHEpPrHH.

CI'C-epnnnua smeprun Kkan/moib saMensiercs B CH na xJik/Monp (I kkan ==
= 4,18 xIx).

*B oktabpe 1960 r. XI Tenepasbnas KOHQepeHIHS 1o MepaM H BecaM
YTBEDANIA NPOCKT eAHHON CHCTEMH e/HHUIL ¢ HaHMEHOBAHHeM «MeXyHapojHas
cucremMa ey 1 COKpamennnsm ofosHayeHHeM SI (oT HauaJbHBIX OYKB CJIOB
Sysleme International). — I1pum. nepes.

Mpunoscerue

Ta6muua XI.4. Xumuueckue cABHTH 'SC pacnmpoCTPaHEHHBIX pacTBo-
purenefi [39]

otmMGC M- A
Il # BaHHoe
o il v e
6

LIukaorekcan ;2)”(7)#‘51’:1i 38,22
AuetoH 5 B
JumeTHACYIbHOKCHA 40,33 gg,gfli
JluxnaopMeraH 54,40 53,
I unokcan 67, g .
Xnopodopm 7’;),19 76,
TerpaxJopua Yyriaepoia 95,9 376
Bensoa 128,563 127,
Vkeycnan kmeaora (CO) 178,27
Iucyasbun yraepoaa 192,8

Mucyasodua yraepoaa® 193,7

=0,0 M. A.
2 OrnocutenbHo TMC Kak BHelHero cTaHjapra, AJA KOTOporo 6=0,0 M. A

Ta6auua X1.5. BausiHHe pacTBOpHTENS HAa CABHIH 18C puKJIOreKcaHa,
Gensona W AHcyabduaa yraepoaa * [39]

PactsopHTENb Uukaorekcan DBenaon Cepoyraepoa
27,5 128,5 193,0
gﬁggggema“ 27,4 128,8 183,3
Mertanoan 27,8 }gg,g i93,4
VKcycHasi KHCAOTA g;,g 1290 193:2
o o (R
rJepoaa 3 y ,
ngi;g?)flnopnﬂ yriep 27,3 128,5 192,5

e et

a Jlas cMecH 3THUX TPexX BeIecTs M TMC (koruenTpauus 20 06. %).

Tagauua X1 6. 6('3C) An HEKOTOPBIX COEAHHENHH (m. a.) [40—50]

433

Aaxansi
c

Coejunenue Cy Co Cy 4
Meran —g,g : = -
ey I
D 137 22,6 gg,g -
Texcan 13,9 229 X %5
I“:In'raﬂ 13,9 23,0 32,4 ks
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l1podorncenue rabar XI.6
Hukaoasrkano:
PasMmep uukaa
3 —2,6
4 23,3
5 26,5 387
6 27,8
7 29,4
8 27.8
9 27,0 304 260
10 26,2 368 ) 239 )
Ankensot
CoenuHenue C Ca CoefuHenue (o] Cq
S_Tn.rxeﬂ 123,3 - COOEt 129,7 130,4
I R 85,3 130,4 OCH; 1563,2 84,1
Br_ 1155 122,0 OCOCH; 141,6 96,3
1(:11 126,0 117,3 CH;=CH— 136,9 116,3
Hukroasxerot
Pasmep uukaa —C= a=CHy B=CHjy y=CHj
3 108,9 2,3 — -
4 137,2 31,4 — -
5 130,2 323 22,7 —_
6 126,9 25,1 22,6 -
7 132,1 29,0 27,3 32,0
754

a8g
1355 ﬂ525 5

42,4 , 509

124 @ 1246 © 223
257

1264

1434 134y % 29 5j\\~’ 258
28,1 O
1204

131,0 ;
" 126,8 i

Tn
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[1podorvcetue Taba. X1.6

Bensoyuxaoankerol

Paamep LuKJ8 Cy Ce Cs a-CHg B-CHg y-CHg

3 125,4 1147 128,8 18,4 — -

4 1452 122,1 126,5 29,5 — —

5 143,3 124,0 125,8 32,7 25,2 —

6 136,4 128,8 125,2 29,3 23,3 —

7 142,7 128,7 125,7 36,6 28,2 32,6
8 140,6 128,7 126,0 32,1 25,8 32,1
Aaxunol
HGl=03—X a; Co HCl=C2—X C Ca
—H 71,9 71,9 —CgHs 77,7 83,3
—C,Hy 66,0 83,0 —SCH>CHs 81,4 72,6

Apomartuueckue coedurenus

126,
1262 @ 125,2
1339
© “33
126} ‘5,3 ,31 3
131,8 1284
1285 1283 1249
1404}
1300 1230 167 15,9
1352 137,4
1267 @ 7,
1288 1239
128,9 “Bo " 4374

B53 273



IlIpodossenue taba XI.6 S
(=7}
Sanmewennsie benzorot 8 = 1285 + S:(dp)
3aMecTHTeNb S1(61) St (8o) St (Ox) S1(84) 3aMecTHTeab 81 (81) S1(8) S1(8x) S1 (%n)
—H 0,0 0,0 0,0 0,0 —OH 26,9 —12,7 1,4 —7,3
—CH; 9,3 0,6 0,0 —3,1 —OCH;, 30,2 —14,7 0,9 —8,1
~—CH,CHj,4 15,7 —0,6 —0,1 —2,8 — NH, 19,2 —12,4 1,3 —9,5
—CH(CHs), 20,1 —2,0 0,0 —2,5 —N(CH3), 22,4 —15,7 0,8 —11,8
—C(CHs); 22,1 —3,4 —0,4 —3,1 —N(CgHs), 19,3 —4,4 0,6 —5,9 -
Lnkronponna 15,1 —33 —06 —36 || —NO, 19,6 —5,3 0,8 6,0 5
—CH,CI 9,1 0,0 0,2 —0,2 —CN —16,0 3,5 0,7 4,3 S
—CH,Br 9,2 0,1 0,4 —03 | —NcoO 5.7 —36 1,2 —28 | X
—CF, 2,6 —2,2 0,3 32 | —SC(CHy)s 4,5 9,0 —03 0,0
—CH.OH 13,0 —1,4 0,0 —1,2 -—COH 9,0 1,2 1,2 6,0
—CH=CH, 7,6 -—1,8 -—1,8 —3,5 —COCH; 9,3 0,2 0,2 4,2
—C=CH ~6,1 3,8 0,4 —0,2 —COOH 2,4 1,6 —0,1 4,8
—CqHs 13,0 —1,1 0,5 —1,0 —CO00" 7,6 0,8 0,0 2,8
—F 35,1 —14,3 0,9 —4,4 | —COOCH, 2,1 1,2 0,0 4,4
—Cl 6,4 0,2 1,0 -2,0 —COCI 4,6 29 0,6 7,0
—Br —5,4 3,3 2,2 —1,0
—I —32,3 9,9 2,6 —04
M podornenue Tabr. XI.6
Terepoyuxaudeckue coeduHeHUs
C C
C C[a Cv CoelUHERHE Ca B ¥
Coeannenne a
18,7 — -
— — Treran i —
Oxcupan gg’g 22,9 — | TerparmgporTHOnMpaH 1?1;’?) 1(2)8'{7) —
OKceran 68.4 26.5 — || ®ypan 1187 107.7 —
Terparnapodypan 69.8 97.0 24,2 || Iuppon 1249 126,4 -
TeTparnIponupan 67.4 -~ — | Tnoden 149.9 1238 136,0
Juokcan 28’5 — IMupuaua 419 1285 1486
A3HpHIHH, N—CHj3; 57’7 175 — [MupuauEHeBLH# HOH }39,1 ]26,4 126.4
Asernani, N—CHa 567 244 — || Mupunuu-N-oxcun ) » =
Terparuaponuppoi 47.9 27,8 25,9 2
[Munepuaus ’ 3
128,7 1380 30,3 §
’ 125,3 £
128,3 l 1360 1268 ‘ 1208 . 1284 l S S
1268 X 1215 1305 TN138 128, g
~
27 (P 1509 1275 N PPN i N
1308 \ 127,9 ‘ 1534 "1 o
1490 125,0 1on2
128,4 135 0 128,
g ’ ,637 1266 | 124,2
NZ 1478 129,4 X 136,6
\>|47,9 8 =N
159, A1524 128, N
520°% k O 1247 1 1359 ©
-9
54,2 152’ 4 129,4 &
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T .
abanua XI. 7. Cpasunense cicteM epunun, CH u CI'C

Beans Crm- : ’
eJqHUHHA B;‘J’;" CH-eaunnuUa H::pau.(eﬂ JKBHBAJICHT K mmaneHTHaR
o6o3Hauenye CH-edumuIb Eu:p?cHTléiae crc
JIHH
1, a I, r wMerp M — 10> cantn
THMET~
I]\B’laecca m KHJIOrpamMM  Kr —_ EOB
anham t CeKyHJa c - 107 rpav
S s U HBIOTOH H KF-M-c—? H)T JUTH
JAXKOY./1b JIx Kr-M2-¢—? 107 spr; 0,239
Yroa 0 rane i
Uil
Yacrora v E:;l)ll?aﬂ Ip‘;ﬂ — _ p
Snazlgﬂpzmecxnﬂ q KyJ0H Ka X e 2—9979 0°
. : 1
3JEKTPOCHa-
THUYECKHX
SJITeoKKTpnqecxuﬁ i aMnep A —_— eﬂ}m-mu
10~ aiexkTpo- |
. MAarHUTHBIX
arHUTHas B Tecaa T re
; i Kr-¢—~2.A=1  10* [c (raycc)
anpsiKeH- H amnep A.u—! A.n—!
HOCTb  Mar- Ha MeTp " 4105
MHHTHOI‘O noas (speren)
al;IHHTHuu i p amnep-MeTp A . M2 A-Mm? 3
ﬁono.nbﬂbm KBajapar- 10 e
rupon;e:;;m e MarHuTHBIX !
- Y paagman Ha pajg X . Zn
gﬁz OTHOIIEe- Tecaa-ce- XT-1X pan-xr-c A o7t pan X
KyHLY X! KTet- o=t
Bocnpunmun- o HbIOTOH Ha H-A-2 K —2. A2
BOCTh BaKy- aMnep B PomeTh AL =
yMa KBajpaTe
12. é:TAH,D,APTHbIE OMNPELENEHNA TEPMUHOB
!
MMBONOB, NPUHATLIX OBO3HAYEHWA

M 3TANNOHOB B CMNEKTPOCKOMWKU SOEPHOIO
MATHHATHOIO PE3OHAHCA (SIMP)
BbICOKOIO PA3PELLEHUS *

1. O6nacTh npUMeHeHMUsi

1-1- Claﬂﬂapl COAep)KP“ OIlpeﬂ.eﬂeHHﬂ OCHOBHHIX IepMHHOB, anHﬂTbIX 000~

3HaueHHH H PeKOMeH}laU.HH 0o IlPaKI“Ke NPEACTaBJCHHA NaHHBIX B OfiJlaCIH CIleK-

p SIMP BBICOKOTO paspemeﬂﬂﬂ. IIeKOIOpre Hu3 OC. HOBHBIX Ie’ pMHHO -
TPOCKOITHH B HC

* Sror cran
HAAapT BHINYIEH TNO
E-13 o Mo . 4 uHpekcoM E 386 u yTBepxk
H MaTepnh;ngiaK)&ﬂSp%% criekTpocKonii AueprKaiickoro OﬁlilleCTga ;:Ie: uléﬁrmemM
. Hannoe nsganye ofoGpeHo 26 mapra 1976 r on;,TéaH“ﬂM
-1 JIHKO-

Bano B mae 1976 r. Crap
. AapT BIEpBble O (¥
Hocnennee npeatiecTnyiomee nsnam{pe E 38&%3””1\0“&" noA mesccon [ 38G-69T.
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nosbayioTest B SIMP  uinpokuX ke 9

g SIMP merannoB, HO B LEJOM N aHHb]

cTanjapT He OXBaTbiBaeT STHX o6aacreil. Jlanubifi BApHAHT He BKIIOUACT ompefe-
JIEHHH, HCMOJb3yeMbiX pJIst 1BOjiHOTO pesonanca H AJA 9KCIIEpUMEHTOB BO Bpa-

majoweficss cHcTemMe KOOpAHHAT.

2. HoMeHKIaTypa H OCHOBHbiE OMPEACACHNS

9.1. Cnekrpockonus a0epHoeo MA2HUTHO20 pe30HaHca (IMP) — BHL CHEKTPO-
CKOTHH, NCTOMNb3YIOUIHH EPEXOLE MEXLY YPOBHSIMH MarHHTHOM SHEPHH aTOMHBIX
suep, MHAYUHPOBaHHLIE paJMOUACTOTHBIM TIOJIEM.

9.9. Cnextpomerp SIMP; npubop
§IMP — npucnocoGenue, BKJIOUalolee
MArCHWT, pAJKOUACTOTHHIA TeHeparop,
AATUHK H JeTEKTOD, KOTOpbifl JaeT 3J1eK-
TpUUEeCKHil CHrHalsl, MpUIOAHLIA Aas pe-
FUCTpalMH Ha CaMOMHCLE, ocuHIorpa-
(e uau AJ51 BBOAA B KOMIILIOTEP.

9.3. Cnextpomerp SIMP 8b1C0K0Z0
paspeuteuuﬂ——npﬁéop SMP, koToplil
oBecreddBaeT s JaiHoro Hioromna mo-
AyueHHe DE3OHAHCHBIX JMHHA, LHPHHA
KOTOPLIX MeHblle, deM GOJbLIHHCTBO XH-
MHTECKMX CABHTOB M KOHCTaHT COHH-
CIUHOBOTO B3aHMOIEHCTBHS  JAHHOTO
H30TOINa.

(ipuMeqanue. [1o STOMY onpefeneHuio
f.auHbIA  CIEKTPOMETD Moer OblTb OTHeceH
K npnGopaM BBLICOKOTO paapeu.leﬂml ansa
H30TONOB € 60JIbIUHMH XHMHYECKHMH CABH-
raMH, HO MOXeT He ABAATBCA TaKOBbLIM AJ5
H30TONOB € MaJibIMH XHMHUECKHMH CABH-
TaMH.

9.4. OcHOBHAA 4ACTOTA Vo —— HIME-
peHHas B repuax (Tu) wacrora mpHJIO-
JKEHHOT'C [EpPeMeHHOTO 3JeKTpOMarHut-
HOFO MoJsl, HHIYLHDYIOLLETO NEPEexXoin
Me Ly SAePHEMH MArHHTHHMA ypOBHS-
i, IoCTOSIHHOE MargHTHO® TnoJe, TPH
goTopoM pafoTaer CHCTEMZ, o6o3Hava-
ror Ho (cum. mpuMeuanue 1), u B Kaue-
cTBe e/HHHIB €ro B3MepeHHsl peKoMeH-
JlyeTcsl HCTOJIb30BaTh TECad (T) (1 T=
= 10% rayce).

9.4.1.1Be ynoMsHyTble BhHILIE BEJH-
YHHB CBA3aHH APYT ¢ APYroM npuGaH-
3uTEJbHO CJEAYIOIHM COOTHOLICHHEM:

=
Vo o Ho
rge y— MMpOMarHuTHas —MOCTOAHHAA
1anHoro sapa (CM. MpHMEYanhe 2). Am-
MJMTY A MArHUTHON cocTasJsiiolLel pa-
AHOYACTOTHOTO TNOAs o6oanauaercsa 1.
Ilns nee pEKOMEHAYeTCA B KayecTBe
¢ IMHAL HaMepeHHs MHJIATeCHa HIH MH-
KpoTecna.

fipuMevanuc 1.
pTy BEeJHUHHY Hdepes Ba,

@GuankH o6o3HadaloT
Hcnonab3oBaHHe

CHMBOJA H nnsa oGo3HaueHHA Hanpﬂ)l(eHHO'
CTH MAarHuTHOro IoJs OPHHATO TaK WHpPO-
KO B XHMHYECKHX l'lpPUlO)KeHHFlX notomy, 4To
A0 CHX nop He yﬂ.e!lﬂeTCﬂ A0JXKHOIo BHH-
MaHHA ToOObITKaM CO3JaHHdA MOJHOCTLIO CO*
l‘JIaCOBaHHOﬂ HOMEHKJIATYPphl.

[ipumenanne 2. ITO BhlpajkeHHe cmpa-
8eJJIHBO TONbKO AJIf roanix sAep, a Ans
saep B XHMHYECKHX cOeAHHEHHAX OHO BbI-
nonHsercqa JHUWDb l'lpHGJIH)KeHHO, NOCKONDbKY
npu 5TOM nole Ha sfpe B ofuteM ciaydae
oTAHYaeTca OT MOCTOAHHOIO MartHTHOro 10~
ns. Pa3iuuMsi COCTaBAAT HecKOJNbKO MHJI-
JIKOHHBIX noneﬂ ans NpOTOHOB, HO JAOCTH-
raioT BeJAHYHHBI 1:10~3 nas Gonee TsLKeNBIX
anep.

9.5. JIuHusa no2AOWEnUs IMP —
O/IHH TIEPEX0jl HJM HECKOJbKO BLIPOX-
JEHHLIX [EpeX0/oB, TIpOSIBJAAIOLHXCA
KaK OAHAa JHHHS.

9.6. IToaoca nozaoujerus AMP, no-
aoca SIMP — ofnacTbh CIekTpa, B KOTO-
poft naGmopaercs CHrHaJg, HMEIOIHA
OJl{H MJH HECKOJbKO MAKCHMYyMOB.

2.7. 3ranroHHoe coeduHerue
(MP) — BrGpanHoe BellecTBO, CHI-
Ha/ KOTOPOTo B ClekTpe obpasila MOX-
HO HCHOJb30BATh MJIS H3MEDEHHs XH-
MHEYECKOTro CABHra (CM. M. 2.9).

9.7.1. BryTpennutl 3TAA0H (AMP)—
3TaJIOHHOe COeJHHeHHe, PacTBOPEHHOE
B oauofi (ase ¢ HCCIeNyeMBIM o6Gpas-
LLOM.

9.79. Buewnuii stason (AMP)—
sTaJOHHOE COeJHHeNHe, HaxoAglleecs B
pasHux (hazax C HCCICAYEMHM obpas-
oM.

98. Onopubul  CueHas— CHrHAI
qMP, xoToph#l HCIOJIL3YETCsH B cHCTe-
Me cTaGMJH3auHMH CIeKTpoMerpa JAasl
[OJULEPIKAHHs [OCTOSHHHIM COOTHOLIE-
HHe noJe/uacToTa. B KauecTBEé TaKOro
MOJKET HCIOJb30BAThCSl CHTHAJ 3TaJOH-
HOrO COeMHEHHS HIH ApYyroff CHrHAL

9.8.1. BHyTpenHas CTABUAUSALUL —
HCIIOJIb30BaHHE CHCTEMBEL B KOTOpO# KaK
ONOpHHA CHIHAN NPHMEHACTCH CHrHaJA
pellecTBa, (PH3MYECKH HAXOMSLLErocs
BHYTpH aMIyJHl C 06pasioM, HE3aBHCH-
MO OT TOro, HaXOAHTCH OHO B ofHOI
WIH B pasHHX (asax C H3ydacMHy
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BCIUCCTBOM (BAXKHO pacnoJIOXKeHHe Be-
IECTBa, JAIOLEro OMOPHBIA  CHrHAJ,
BHYTPH aMnyJnt ¢ o6Gpasiiom).
¢
28.2. Brewnan craburusayus —
HCIIOJIb30BAHHE  CHCTEMBI, B KOTOPOH
ONMOPHHM CHTHAJ JaeT BELIeCTBO, HAXO-
Asinleecst (PU3UYECKH BHe aMImyas ¢ 06-
pasuom. O6LIYHO aMilyJa ¢ 5THM Belle-
CTBOM BCTPaHBAaeTCH B JATUHK.
IMpuMeganne Ecan cHruan
. BHEILUHe#H
CTaGH.’lHaaU,HH HCIIONMBb3YCTCSl H Kak 3TaJIOH-
L cHrHan, to Tako# sTadoH o6s13aTeNbHO
HB.Z‘IﬂeTCH BHemwHuM. Ecau CHrHana BHYTDEH-
Hf;H CTaGHﬂHSaHHH HCnoJib3yeTest B KaugecTBe
3TaJIOHHOTO, TO B 3aBHCHMOCTH OT KOHd)}{-

TypalMu 1puGopa Takolt 5TajoH MOMeT
GLITb BHEUIHHM HJH BHYTPEHHHM.

2.8.3. T'omosdepnasn crabuausa-
4us — crabunnzauns, B KOTOPOH Kak
OTIOPHBIH MCMOMNB3YETCSA CHFHAM TOTO JKe
fApa, KoTopoe HabMogaeTCs.

2.8.4. I'ereposndeptas  cTaburusa-
4ut-— cTalHIN3alKs, NpH KOTOpoH B
KaYeCcTBe OMNOPHOTO HCHOJb3YeTCH CHr-
HaJl AApa, OTJHYHOIO OT Hab.I0xaeMoro.

2.9. Xumuueckuid cdouez §. Benuyn-
Ha § ompegensieTcs ypaBhennem

6 =AY g8

VR

TJle Vg — UacToTa, NPH KoTopoRt naaer
CHrHA/ STAJOHHOE COe/JHHEHHe NPH TOH
Xe HaNpAKEHHOCTH MArHATHOTO [OJf,
UTO HCNOJB3YETCH B IKCNEPHMeHTe, a
AV — pasHOCTb  PE3OHAHCHBIX  HacToOT
STAJOHHOTO COelHHEHHS M BelLIecTBa,
AJ1s KOTOPOro OIpelesfieTcss XHMHYe-
CKMH CJABHT, NPH NOCTOSHHOH Hampsi-
HEHHOCTH mnoast. 3HaK AV HyXHo
BHIOUPATh TaK, 4TOGLI CABHTH B cTOpO-
HY BBICOKHX 4acTOT OT 3TaJoHA ObLIH
OJOXKHTENbHBIMH.

2.9.1. Eciu 3KcepHMeHT BHITOJIHER
lIpH  TNOCTOSAHHOH wacToTe (pasBepTka
[0JI7), TO ypaBHeHHe NPHOGPETAeT BUA

VR

2.9.2. B cayuae eciu sKcmepmmeHt
BLIMOJIHEH ¢ HaOJ0JeHHEeM Ha OLHOH u3
10JIOC MOAYJIAUMH, HeOGXOZHMO mpHGa-
BHTb K pajuovactore (AJs BepxHed mo-
JIOCH) HIH BBHIYECTb H3 PafHOYACTOTHI
(1151 HHXKHEH NOJIOCH) wacToTy 3BYKO-
BOTO reHeparopa.

2.10. Boxossvie (no.aocet) or spa-
WerUus — 1apLl CAMH /0B, PACHONOKEeH-
Hble CHMMETPHUYHO OTHOCHTEJBHO OCHOB-

HOro CHrHana, BO3NHKAWIHe APH Bpa-
UleHHH o6pasua B8 mnode (MOCTOSHHOM
HJIM PAajHOYaCTOTHOM), KOTOPOE HeOAHO-
DOLARO B MeCTe PacmosoKenus o6pasua
OtcrosT or ocHoBHOrO cHriana Ha pac-
CTOSIHHE, KPATHOE 4YACTOTE BpPALICHHS.
HnTencuBroctH  mouoc, paBHOY 1 aJieH-
HBIX Mo ofe CTOPOHH OT OCHOBHOTG
CHTHaNa, He OBA3aTENbHO OLUHAKOBEL

2.11. Cnyrunuku (carearuror) — po-
TO/HHTEJIbHBIE CHTHAJEL, DPaclooXKeH-
HBIE TIOYTH CHMMETPHYHO OTHOCHTEJBHO
OCHOBHOTO  CHTHa/la, BO3HHKAIOLLHE
BCJIENCTBHE MPHCYTCTBHS H30TOMA ¢ He-
HYJICBLIM CIIMHOM, KOTOPHH B3anMogeli-
CTBYET ¢ HabJofaeMuM AapoM. OGhu-
HO HaGJIoAaeTCs] H3OTOMHBIA CABHT, KO-
TOPHIi BLI3EIBAET NOSBJEHHE ChABHra
MEXKLY UEeHTPOM CNYTHHKOB H QCHOB-
HEIM CHTHAJIOM. VIHTEHCHBHOCTL cHTHa-
JIOB  COYTHHKOB BO3PacTaeT ¢ nOBH-
LEHHEM CONEpIKAHHS H30TONA, KOTOpE
06YCJIOBIHBACT HX MOABJIEHHE.

2.12. Mupuna aunuy AMP — nogn-
Had IIHpHHA HabaoaaeMolt aunpn SMP
ﬁ;xg:meﬂﬂan B repuax (I'u), na nono-

BBICOTHl O
Bifie T TOUYKH MaKCHMyMa CHr-

2.18. Koucranra CRUR-CRUROB020
83aumodeiicrausn (AMP) I — mepa xoc-
BEHHOTO  CIIHH-CIIHHOBOrO  B3aHMojiefi-
c*;x;m:) PA3IHIHBIX MarHHTHEIX sfep B

H
ﬁax (Iqu;(.onexyne, BbIDAXEHHas B rep-

NpuMeyanne. OGosnagenne AAR He-

TONL3YeTC AJS KOHCTAHTH MeX Ay sapamu
H B uepes n cesaeli. Ecoiu HYXHO yKa-
3aTh KOHKDETHBHIA H30TON, MOMHO HCNO/Mb30-

BaTb H3MEHEHHO
N HOe o6o3sHaueHHe, Takoe, xak

3. Tumbl cnexTpocKonmu AMP Bhco-
KOro paspemenus

3.1. AMP c nociedosaresvnsim gos-
6yxcdenuen, SIMP g HenpepvleroM pe-
wume — dopma SIMP Bricokoro paspe-
WEHHS, MPH KOTOPOH ffpa ¢ pasubiMu
PE3OHAHCHRIMH  COOTHOMIEHHAMH moJe/
/uacTOTa MoCaeNOBATENbHO BO36yxk/a10T-
Csl 3@ CYeT Pa3BePTKH MOJS HJH YaCTO-
THL.

3.1.1. Koppeasyuonnas cneKTpo-
ckonun SIMP, IMP & pexume boicTpo-
20 npoxowdenus ¢ npeobpasosanuen
DPypoe — popma IMP B HernpephLiBHOM
pexcHMe, Opl KOTopoii HaGaogaeTes or-
KJHK CIHHOBOH CHCTEMBl Ha BO30y A ne-
HHE B pexKnMC OLICTPOTO LPOXOKAeHHS
H 3TOT OTKJHMK NpeBpautaercst B CIIEKTp
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MeJJICHHOTO (POXOM(AeHHs MyTeM Mare-
MaTHUECKOH KOppEJISUHH ¢ 3TaJOHHOHA

JHHHMell WIH 32 CYUeT MOAXOAALIHX MaTe-

MaTHYECKHX METOIO0B, BKJioyas mpeob-

pasoBanHe Dypbe.

3.2. AMP ¢ wupoKonoAOCHbIM 803-
6ymcdenuem — bopma SIMP  Bricokoro
paspeleHHst, IPH KOTOpO# sizpa OJHO-
rO M30TOMNAa, HO, BO3MOXKHO, HMeELLIe
pasHuHble XHMHUECKHe CABHIH, BO3OY-
X/ 4I0TCS He MOCJEN0BAaTE/IbHO, 3 OAHO-
BPEMEHHO.

3.2.1. Hmnyaocrasn ypve-cnexrpo-
ckonusa SIMP — dopma SIMP ¢ wmpo-
KOMOJIOCHKM B036yxkaeHHeM. Ofpasen
o6nyuaercst OAHONH HJM GOMBILIHM UHC-
JOM HMIYJbCHBIX  [OC/IEA0BATC/IbIO-
crefi, rae HMIYJbCH PagHOYACTOTHOI
MOIIHOCTH pasjieJieHl  OJHHaKOBBIMH
BpeMeHHBIMH HHTEPBaJaMH, H 1ocJe M-
NyJIbCHBIX MOCJeA0BaTebHOCTeH HaGJ0-
LaeTcs yCpeaHeHHmi crmaj cBoGoAHON
uuaykunn (CCH), xoTophiii mpeBpama-
eTcsl B UACTOTHBIH CTIEKTP MyTeM Mpeod-
pasopauns ®ypne.

3.2.1.1. Hmnyavchas  pasHoCTHAA
¢ypve-cnexrpockonus  SIMP — dopma
HMIYJbCHOH (bypbe-cCMeKTPOCKONHH
SIMP, B KoTopoil 10 npeoBpa3oBanHus
dypoe u3 curaana CCH onpegensiorcs
PASHOCTH YacTOT MEKAY CHTHAIaMH 006-
pasua ® CHJABHBIM 3ST&JIOHHBIM CHIHa-
JIOM.

3.2.1.2. Pypve-cnexrpockonus IMP
cO cKpoennbim 8030yscdenuesm — hopma
JMP-®I1, npu KoTopoii KesaTe/bHbIf
gaCTOTHBIR CNEeKTp HJAs BO30YXKAEHHA
cHrHaja cHutesupyercsi Metoiom @ypre
¥ HCNOJb3yeTcss 1Js MOLYJAUHH BO3CY-
X A40llero PagHoTacTOTHOTO MOJS.

322 SIMP co croxacTuseckum
aoabyacdenuem — dopma SIMP ¢ umpo-
KOMOJIOCHHM BO306YXKAEHHEM, B KOTOPOH
sigpa BO3GYMXJAKTCA TMOJOCOR uacTor,
mosiyuaemofi 3a cyeT WIyMOBOH HJH
CeBAOIIYMOBOR MOAYJISIHH Hecyllef,
H YacTOTHHIA CHOEeKTp MoJyuaercsl mpe-
o6pasoBannem dypoe KOppeJisiiHOHHOH
YHKIHH MEXLY BXOXHBIM H BBEIXOMHBI-
MH CHTHaNlaMH.

398 SIMP ¢ npeobpasogaruem
Adamapa — popma SIMP ¢ wmupokomno-
JIOCHBIM BO36Y:KaeHH#eM, B KoTopofl da-
3a B036YKJalOLEro CHrHajla IepeKJio-
yaeTcs B COOTBETCTBHH C GHHApHOR
cayuaitiofi WM ncesAocayvaiiHofl mo-
CAe0BaTeNBLHOCTRIO, @  KOppeJssiuHs

BXOJHOIO H BHIXOJHOrO CHTHAJOB C [O-
MOILIbIO MATpHIL Aramapa 1aeT HHTep-

(hepeHLHOHHBLl CHIHAJ, KOTOPLI 3aTeM
noxBepraercs npeoGpazoBantio Pypoe.

4. OnpejesieHda, OTHOCALLHECA K 9IKC-
nepHMEeHTaIbHOR NPaKTHKE

4.1.1. Pazgeprka noan (noaesas
pa3sepTKa)— CHCTeMaTHYECKOe H3MeHe-
HHE HANpsKEHHOCTH MAarHATHOTO noJs
MPH NOCTOSHHOM TNPHJIOXEHHOM PajHo-
YacTOTHOM [MOJIE C LEJBI0 N0Cae]0Ba-
TEJBHOTO JOCTHKEHHS YCJOBHH pe3o-
HaHca JJsl NMepexoJ0B € PasJH4YHBIMH
SHEPrHAMH, UTO MPHBOJAHMT K MOJyUYEHHIO
cnektpa AMP B Buje rpaduka H3me-
HeHHUsl HHTEHCHBHOCTH CHTHaJja B 3aBH-
CHMOCTH OT HampsI’KEHHOCTH MAarHMTHO-
ro moJs.

4.1.2. YacroThas pas3sepTa — cH-
cTeMaTHUeCKOe  H3MEHEeHHe  UacCTOThl
(pUJI0KEHHOTO PaJHOYacTOTHOro Mo
(HJH TMOJIOCH MOAYJSILMH, cM. M. 4.1.4)
IPH MOCTOSIHHOH HAampSXeHHOCTH Mar-
HHTHOTO MOJIST € LEJbIO NMOCJeA0BATENb:
HOTO JOCTHXKEHHS YCJOBHH pesoHaHca
IJi51 ePEeX0J0B € PA3JTHUHBIMH IHEPrHs-
MH, YTO OPHBOJHT K IOJYYEHHIO CIeK-
tpa IMP B BHAe rpadHKa H3MeHEHHs
HHTEHCHBHOCTH CHFHa/Na OT MPHJOKEH-
HOfl PagHoYacTOTHI.

4.1.3. CkopocTb pasgepTiu — CKO-
pocte B I'mfc, ¢ KoTopo#l HaMeHseTCH
YacTOTa TMPH MOJYYeHHH crmektpa SIMP.
B cayuae nosieBoli pa3BepTKH CKOPOCTh
B eIHHHIAX MHKpOTecJa/c OGHYHO me-
PEBOJMTCS B SKBHBAJIGHTHblE 3HAUEHHS
B 'rfc mo caelymLleMy COOTHOUIEHUIO:

Av _ v A
Af T 2m At

4.1.4. Boxoabie MOOYALYUOHHbLE NO-
A0CbL — TIOJIOCH], KOTODLIE BBOJASITCS B
crextp SIMP nyTem, Hanpumep, MOAY-
JSIHH PE3OHAHCHBIX CHTHAJIOB. JTO MO-
®eT GBhITb JOCTHTHYTO 3a CYET MOAYJf-
[MH NOCTOSIHHOTO MAarHHTHOTO MoJfA, a
TaKXe INyTeM 4YaCTOTHOH HJH aMILIH-
TYXHON MOAYJSLHH OCHOBHO pajpHo4a-
CTOTHI.

4.1.5. CnexkTpasvHoe paspeuterie
g SIMP — mMpHHa CHHIJIETHOH JIHHHH
creKTpa, 0 KOTOpOH# H3BECTHO, UTO OHa
y3Kasi, KaK, HalpHMep, JHHHH {H TMC
iy Gensosia. DTOT NapaMeTp 3aBHCHT
KaKk oT npuBOpHEIX (haxTOpPOB, TaK H OT
KauecTB 00pasia.

4.1.6. Hnreapan cuenasa SAMP
(anar0808bul) — KONHUECTBEHHAN  MePa
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OTHOCHTENLHLIN HHTEHCHBHOCTEll CHIRA-
a0 AMP, onpepesasieMas maowtaasiMu
MO/ CIeKTpaJbHBIMH JHMHHSIMH H O6BIY-
HO Tpe/CTaB/JseMan B BHJE CTyneHua-
ToH (YHKIIHH, BBHICOTH CTYMEHeK KOTO-
po# npomopuHOHAIbHE NJAOLIAAAM (HH-
TEHCHBHOCTSIM) DPE30HAHCHBIX JHHHIL.

4.2. Onpedeaenusn, ucnoavayemote a
unnyavcnor FAMP ¢ mnoeowacrorHbim
8036 yaclenuen:

4.2.1. Hmnyavc (v) — Tak Ha3bBa-
€TCA OMpeje/eHHBE mnepHoJ BpeMeHH
BO3/IeACTBHS (HANMpHMep, pajHOYyacToT-
HEIM TIOJIeM), OrHGaluUas aMIJIHTY /b
KOTOPOro NMPHHHMAETCsS MNPAMOYTOJbHOM,

4.2.2. Hmnyave (n) — BoaMymenue,
MPHJIOXKEHHOE KaK OMHCAHO BLILIE,

4.23. Hlupuna  umnyassvca — npo-
JIO/IKHTe/LHOCTh HMITYJIbCA.

4.2.4. Yeos nosopora umnyibca —
yroa (B rpajycax HJH pafHaHax), Ha
KOTOPHIH NOBOPAaYHBAETCA HaMarHHYeH-
HOCTb TOCJe TPOXOMKAEHHS HMIYJbCa
(manpumep, 90°-uMnyJbc, MM 5/2-HM-
nyJabc).

4.2.5. Amnautyda umnyivca — pa-
nuovacToTHoe mose H, (B rayccax).

TpumMeyanne. MoxeT ObiTb yKasaHa
KOCBEHHbLIM CHOCOGOM, KakK ONIHCAHO B
n 73.2

4.2.6. dasa umnyasvca — dasa pa-
JMOYaCTOTHOTO MOJS, H3MepeHHas OT-
HOCHTEJILHO BHIOpaHHBHIX oOcefl BO Bpa-
mammefes cCHCTeMe KOOpAaHHAT *.

TNpumeuanne. Pasza Moxer 6bITb 060-
SHaveHa HHXHHM HHIEKCOM, Hanpumep 90°,
HJIH (n/2)x.

4.2.7. Cnad c¢80600H0I uHdyKyUY
(CCH) — curnan Bo BpeMeHHOH o06a-
CTH, CICAYIOLUIHE 33 MPHJOXKEHHHIM pa-
JHOYACTOTHEIM HMIYJIbCOM.

4.2.8. Hmnyroc, napywarouwui 00-
Ropodnocte (homospoil pulse) — ce-
LHalbHO BBOJHMOE BpeMEeHHOe HCKaxe-
HHe OAHOPOZHOCTH MardHuTHOro mnojs H.

4.29. Hlupuna nosocer puastpa,
non0Ca NPOnYCcKarus (HuUALTPA — MOJO-
ca gacror (['u), mpomyckaemas Hu3KO-
YaCTOTHHM (HJIBTPOM ¢ ocaableHHeM
no MowHocTH MeHee 3 1B (50 %).

MpuMeuanne 1. B HexOTOpBHIX KoMMmep-
decKHX npnéopax NoJoca  NPONyCKaHHS

drabIpa onpenensieTcs HECKOAbLKO  HHbIM
cnocoGom,

* O6cyxaeHHe BpaW(AIOmEHCca CH-
cTeMhl KOODAHHAT CM. B KHHre: AGpa-
ram A. fnepumii marnerusm: I[lep. ¢
anra — M.: MJI, 1963,

MpuMeuanne 2. [pyrue napamerpol, Ta-
KHE, KdK CKODOCTb YCTAHOBJ/GHHS CTaLHO-
HAapHOrO YpPOBHA, IIHPHHA TIPONYCKAaHHA HJH
LIHPHHA H rAyOHHa NOAABJ€HHS LUeHTpafbs
HOft 4YacToThl B cilyyae OUAbTPA CHTHaJa
MeTKH, MOTYT norpeGoBaTbCs ARJAA ajeKBar-
HOTO ompeAeneHHs XapaKTepHCTHK QuabTpa.

4.2.10. Cropocry svibopiu Oantolx,
ckopocty  duckperusayuu  (sampling
rafe) — yHCIO TOYeK B CeKyHIy, 3amii-
ChiBae€MbIX NPH BBHIGOpKE [ AaHHKX.

4.2.11. Bpemsa cuutoisanus — spems
MeXJY HayaJoM BBIGODKH TOYKH H Ha-
4aJoM  BHIGODKH  CJeAYiOllell TOYKA
CCH.

4.2.11.1. Bpemennan aneprypa —
HHTEepPBAJ BpEMEHH, B TeUeHHE KOTOPO-
TO NpHUeMHOe yCTPOHACTBO MOJy4aeT HH-
tdopManHio o cArHane. B GouabwuuHcTBe
CIyyaeB HCMOJBb30BAHHS UMMYJLCHOTO
SIMP BpemenHas amepTypa cocTaBJseT
MaJlylo 4acTb BPeMEHH CUHTLIBaHHA.

Mpumeuanne. TepMmuu sampling time B
aHrMHfAckofl  JHTepaType HcmoAbayercas B
060X YKA3aHHHIX Bbllle cMblclaX. Hcnodbe
SOBAHHE 9TOr0 TEePMHHA MOXET NDPHBOLHTH
K HEOJHO3HAYHOCTSIM H I05TOMY HexeJas
TeJIbHO.

4.2.12. Merod Jderexruposarusn —
ONHCAaHHe MeTOJa JeTeKTHPOBAaHHS.

4.2.12.1. Odnogasnoe detexTuposa-
Hue — MeToA paboTsl, IPH KOTOPOM HC-
noap3yercss ojuH  (asoBHH  JeTeKTOp
IUIs1 M3BJiedends Hadopmaunn us CCHU.

4.2.12.2. Keadparyproe detexTupo-
8anue — MeTOJ PaboTH, NpPH KOTOPOM
C MOMOLIBI JBOHHOTQ ()a30BOro AeTeK-
THPOBAHHS T0JIy4yaeTcsl mapa CHrHaJoB
CCH, cMeuleHHBIX APYr OTHOCHTEJBHO
apyra mo ¢ase na 90°.

4.2.13. Tupuna cnextpa — obaacts
YacToT, BOCMPOH3BOAHMasA 6e3 OTpaxe-
nuit. (IdupuHa cnekTpa paBma moJoBH-
He CKOPOCTH BBHIGOPKH NPH OfHO(DA3HOM
HETEKTHPOBAHHH, HO MPH KBajgparyp-
HOM J€TeKTHPOBAHHH OHA pPaBHa IOJ-
HOH CKOPOCTH BHIGODKH).

4.2.14, Orpascenue — nospnaenye
JIOXHEIX JHHHH B CIIeKTPe, BO3HHKaIO-
UMX 3a CYeT a) OrpaHHYeHHA B CKOpo-
CTH BHIGOPKH HJIH 6) HecrnocoGHOCTH
JETeKTOpa CHeKTPOMeTpa OTJHYHTL Ya-
CTOTH BhIle HeCymeH oOT Jexamux
HHXKE ee HA TeX e PACCTOAHHAX.

NMpumeuanne, TepMHH QTDaNceHUE OOHIT-
HO YNOTpeGaseTcsi B OGOHX STHX sHayes
uuax, Ol1paxeHHe NepBOro THNA YacTo Hae
3bIBAIOT OTKAHKOM. HcrmonbsoBamue kBagpas
TYPHOTO JleTeKTHPOBAHHSI IM03BOMASIET H3Be-
MaTb OTpa)KeHHR BTOPOro THMA.
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4.2.15. Bpems soibopru JaHHoLX —
nepHoji BPEMEHH, B TeYeHHEe KOTOPOTO
NPOHCXOAAT BEIGopKA W OHH(POBKA
nanx  OHO  paBHO  NPOH3BEAEHHIO
BpeMeHH CYHTHIBAWHS Ha YHCJIO BOCIPH-
HUMAaeMbIX TOUYCK.

4.2.16. Mawunnoe paspewerue 6
cneKTpe — LIMPHHA CIeKTpa, /JejeHHas
Ha YHCJIO TOYEK NpH BHOOPKE [JaHHBIX.

MpuMeyanre. Onpenenster HaGawoaae-
MYIO UHDHHY JUHHA TOJBKO npH YCJIOBHH,
YyTO OHO 3HAYHTEJbHO GOJlbUJe, yeM paspe-
LlHeHHe B CIeKTpe, ONpeleleHHOEe COTJIacHO
n 4.1.5.

4.2.17. HmnyasvcHan nocaedosa-
TeAbHOCTb — HA60D OIpeJesIeHHBIX HM-
NyJbCOB M Da3Ae/sIOUIHX HX BpeMeH-
HBIX HHTEPBAJIOB.

MpuMeuanne. MoxeT cCYILeCTBOBAaTb He-
CKOJBKO CnOCOGOB A 0603HaYeHHsa [ocae-
HOBaTeNLHOCTH, Hanpumep, cepus  (90°, ),

MOXeT MNpeacTaBasaTb co6off oAHY nocaeno-
BaTeAbHOCTh H3 i HMNYJbLCOB HAH n  1lo-
cnenoBaTeNnbHOCTel, Kaxaas H3  KOTOPLIX
aMeer Bua (90°, 1),

4.2.18. Hurepsaa mewdy umnynrb-
camu — BpeMsl MeXJy JABYMSl HMIYJb-
CaMH I0CJ1€0BAaTeJbHOCTH.

4.2.19. Bpems 3alepiku — BpeMs
MeX/y KOHIOM BHIGODKH MAHHBIX TOC]e
nocaelHero HMIyJbca MOCJe/10BaTelb-
HOCTH H HadyaJoM HOBOH mNOC/EA0Ba-
TeJIbHOCTH.

Mpumeuanue. UTOOGH rapaHTHpOBaThb J0-
CTUXEeHHe PAaBHOBECHS B Hadaje MepBoil mo-
CrlenosaTeanocTn nporpaMMuel B HEKOTOphiX
cHcteMax S$IMP BBoAsAT BpeMst 3aI€pXKKH
neper HadaJioM MNepBoro HMIlyJbca IlOCJE-
DOBAaTeJbHOCTH.

4.2.20. Bpems 3saleporu 6bi60p-
KU — BpeMSl MeXJY KOHUOM HMIyJbCa
H HayaJoM BHOGOPKH JaHHLIX.

49.91. Bpems 3adepxru mexdy
10cAe008aTEABHOCTAMI — BPEMA MEXJY
MOCJeMHHM HMIIYJbCOM HMIYJbCHOA moO-
CJIe0BaTeJbHOCTH H HAyaJoM clepyio-
utefi (MAEHTHYHOH) MOCJEAOBATENbHO-
¢TH. B TeueHHe 3TOro BpeMeHH CHCTEMA
SIePHBIX CMHHOB BOCCTAHABJHBAET CBOIO
HaMarHHueHHOCTb. PaBHO cymMe Bpe-
MeHH 3aJIepXXKH BHIOODKH, BPEMEHH BHI-
GOpKH H BpeMeHH 3a/epPIKKH.

4.2.22. Bpemsa nogTopenus nocie-
008aTeAbHOCTU — TIEPHOJ, BpPEMeHH Me-
MOy HAuaJoM OJNHOA HMIYJbCHOH mo-
¢JIe/10BaTeJbHOCTH H HadyajloM Clefylo-
welt, HaeHTHYHON efl.

4.2.93. Bpema no8TOPEeRUR UMnYrb-
ca — mepHOA BpEeMeHH MeXIy HadaloM
ONHOTO HMMyJlbca H  TOCAEAYIOLIETO,
wpenTHynoro emy. HMcmosbsyercs BMe-

CTO  BpEeMeHl [HOBTOpPEHHS nocJeaosa-
TCALHOCTH, CCJIH  MOCJE/L0BATENBHOCTD
COCTOMT TOJIBKO H3 OJIHOTO HMMYJIbCA.

4.2.24. ITocaedo8aTessHOCTs — €UH-
gepcus — BOCCTAHOBACHUE> — TIOCIEN0-
BATeJbHOCTh, NPH KOTOPOH MPOHCXOIHT
HHBEPCHsI /I€PHOH HAMAarHHYEHHOCTH H
PETUCTPHPYETCS ee BOCCTaHOBJIEHHE, Ha-
npumep (180°, *, 90°), rae T — uATep-
BaJ MeX]Y HMIYJbCAMH.

4.2.95. MocaredosaresbrocTs  «Ha-
colujenue — B0CCTAROBAEHIE» — TIOCJe-
NI0BATEJbHOCTb, NPU KOTOPOH TNPOHCXO-
AAT HACHILEHHe fAepHON HaMarHuyeH-
HOCTH H PerHcTpPHpYyeTcsl ee BOCCTAHOB-
Jgende. Hanpumep, noc/efoBaTe/bHOCTh
(90°, umnyJsbc, HapywWwaoHA OIHO-
poaHocth, T, 90° T, uMmmyJbc, Hapy-
Wwalomui oAHOpPoAHOCTb) HaH  (90°),,
T, 90° T, rae (90°),— mauka ObicTpO
caenyomux 90°-HMIyJIbCOB.

4.2.26. [locea0BaTeNbHOETb «IIPO-
rpecCHBHOE HacChlllleHHe» — MOCJe10Ba-
teapHocTb 90°, (T, 90°),, rae n Moxer
6bITb GOJILLIAM YHCJIOM, a BhIGOpKa
NaHHHX OOBLIMiHO MPOHCXOAHT IOCJe
KaXJ0ro HmiyJabca (BO3MOXHO, 3a
HCKJIIOUEHHeN NEepPBBIX TpPeX HJH 4YeTH-
pex UMIyJabCOB).

4.9.97. «Cnun-3xo»-nocaedosaresb-
HOCTb — nocaeoBarenbuocts  90°, T,
180°.

4.2.28. [locaedosaresvrocts Kap-
pa — [lepceara — nocsefoBaTe bHOCTD
90°, 1, 180°, (2%, 180°),, rae n moxer
OBITh OOJBIIHM YHCJIOM.

4.2.29, Hurepsaa Kappa — Ilepcea-
AQ — HHTepBaJ 2T MeXAy ABYMs mo-
caepoBateJbHLIMH  180°-UMmysnbcaMu B
nocsenosatenbuocty  Kappa — [epcen-
Ja.

4.9.30. Hocaedosaresvrocts Medi-
6yma — Fuana (CPM G-nocne@oeageﬂb-

HOCTb)— MocJaefoBartesbHocTs 90, T,

o
180,, (27, 180,),.

4.231.  Hocredosarervrocte €
yaepomusanuemo CRUHG — TIOCJIeI0Ba-
reapHocTs 90,  (SL)y, rae SL—
JIMHHBIl» HMIYJbC (4acTo H3Mepse-
MHH B MHJJIHCEKYHAAX HJH CeKyHIaXx,
a He B MHKpocekynaax) u Hi > H (7o0-
KaJsibHoe) .

4.2.32. Monoasnenue HYyaamu — KO-
noJiHeHHe YHCJa TOUEK CHriaja BO Bpe-
MeHHOH o06JacTH MNOCAeA0BATENBHOCTHIO
HyJel AJs yBeJHYeHHs JJHHEL CCH no
npeo6pasoBanus Pypbe.
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4.2.33. AMP-®[l ¢ uacruunod pe-
Aaxcayued — Habop cmektpos DIT ¢
60JIbIIHM YHCJIOM JIHHHE B KaXAOM, MO-
JYYeHHEIX ¢ MOMOILBIO MOCJENO0BATENb-
HOCTH «HHBEPCHS| — BOCCTAaHOBJIEHHE»
IJ15 H3BJIEUeHHs HAGOPMALHH O Bpeme-
HaX CIHH-PeIleTOYHOH pesaKcallHH,

4.2.34 Hwureepar SAMP (yuppo-
80l)— uHTerpasn  (cM. m. 4.1.6) HM-
nyJabcHeIX cnekTpoB DIl uan omubpo-
BaHHBIX CHEKTPOB, H3MEpPEHHHX B He-
MPEPHIBHOM peXHMe, NOJYYeHHBE CyM-
MHPOBAHMEM AaMIVIMTYA B JHCKPETHBIX
TOYKaX, ONpeAe/SAONHX KOHTYD KaXof
aunHed SIMP. PesyabTate Takoro cyw-
MHPOBaHHs OOBIYHO MPEICTaBJSAIOTCA
JH00 Kak HOPMHPOBAHHOE MOJHOE HHC-
JIO IHCKPETHBIX CUETOB AJs KaxJOH JH-
HHH HJIH B BHJe CTyneH4YaToH (yHKIIHH
Haj COeKTPOM, OTpaxaiouell moJHoe
YHCJIO CYETOB.

5. PexoMeHIauMu, nNPHHATHE B MeTOdE
amp

5.1. BespaaMepHyio mKany Xumuue-
CKHX CABHIOB A/ JoGOro sifpa cJe-
AyeT HasniBaTh §-mKanol. [IpaBH/bHRE-
MH SIBJISIIOTCS CJEAYIOLIHE 0603HAUEHHUS:
8 =500 nam §5,00. HOpyrue dopmbr,
nanpumep 8 = 5,00 M. 1. WM CABHT =
=5,00 6, He ciaelyeT HCIO/Jb30OBATE.

5.2. [onoxenne JHEUA HYXHO yKa-
3HBATh B repiax.

5.3. Beapasmepnast mKana u 4a-
CTOTHHle [HKaJbl XHMHUECKHX CJBHTOB
JNO/KHE HMeTh ofulee Hayaso,

5.4, Kax cTangaprTHoe cleyeT BH-
6HpaTb HaNpaBJIeHHE Pa3BEPTKH OT BH-
COKHX K HH3KHM uacroram (oT caaboro
K CHJIBHOMY MOJI0).

5.5. CTanAapTHHM pacnosoKenHeM
CRIEKTpa SIBJIAETCA TaKOe, NPH KOTOPOM
HM3KHE PajHO4acTOTH (BBHICOKOE noJe)
HaxoJsTCS COpaBa,

5.6. ChrHaJjb 3anmHCHBAIOTCA B dop-
M€ MHKOB MOIJIOWEHHS.

6. Cnoco0bl 3TaJIOHHPOBAHHA, BellECTBA

6.1. O6mne nosoxeHus.

6.1.1. Besge, rme BO3MOXKHO, B
cnydae crekrpoB 'H u BC mkana xu-
MHU€CKHX CABHIOB JOJXHA OHTbH MNpH-
Bsi3aHa K BHYTPEHHEMY STaJIOHYy.

6.1.2. Tlpu HCMONL30BAaHUH BHell-
HEro 3TajoHa B o0MeM OJHHAKOBO NpH-
FOJHH KOaKCHaJIbHAasi aMmyJja HJaH Ka-
nHANApHasA Tpy6Ka.

6.1.3 [dasa simep, OTAHYHBIX OT 13C
v 'H, ans KoTopex B o6lIEM HeT co-
[JIaCOBAHHBIX 3TAJOHHHIX COeJHHeHHH,
0COOEHHO BaXKHO YKA3LIBATb NOJHOCTHK
STAJIOHHOE BeLleCTBO H cnoco€ sTaso-
HHPOBaHHA, B TOM YHCJIe YaCTOTHHIH WH-
TepBa/j B repuax M YacTOTy CIeKTpO-
MeTpa, eC/d OHA HEH3BEeCTHa.

6.2. Jrasounvie eewjectaa 14 npo-
TOHHbLX CNEKTpos.

6.21. Kak nepBHuUHbBI BHYTpPeHHHA
3TaJIOH 1751 NPOTOHHBIX CIEKTPOB B He-
BOJAHLIX DacTBOpax [OOJKeH HCIOJb30-
BaTbcsl TeTpamerHicanad (TMC) Tlpea-
MOYTHTEJIBHO HCMOJBb30BATh KOHIEHTpa-
wuro 19,

6.2.2. Tlonoxenne pesonaHCHOro
CHTHA/la TeTPaMeTHJICHJaHA TNpPHHHMA-
€TCS TOYHO PaBHEIM HYJIO.

6.2.3. B kauecTBe BHyTpeHHero sTa-
JoHa aJa  cnekTpoB AMP B BoaRmX
pacTBopax peKOMeHIyeTcsi HaTpHeBas
comp 2,2,3,3-TeTpaneiitepo-4,4- 1HMeTH-
4-cunanentanopoit Kucaorw (TCII-di).
Ee xumnueckoMy CHBHTY npHNHCHBaeT-
€A HyJeBOe 3HAYEHHE.

6.24. Yucna Ha  GespasmepHof
IIKaJle CABMIOB B CTOPOHY BEICOKHUX Ya-
CTOT (K HH3KOMY mOJIO) OT CHrHaJja
TMC cunTaoTCst NOJOKHTENbHEIMA.

6.3. Jrasonnsie  sewectsa  Oan
AMP adep, orauutioix ot nporowa,

6.3.1. Jlas Bcex simep cABHTH, 01-
CUHTBIBA€MblE OT CHTHAJMA 3TaJIOHHOIO
BelleCTBA B CTOPOHY BHLICOKHX YacTOT
(K HH3KOMY [OJI0), CUHTAIOTCH MOJIO-
KUTeNbHBIMA. JIo Tex nop, moka 3To
Npel/oXeHHe He MPHHSTO MOJHOCTLIO,
OPHHATHHA 3HAK JOJXeH G6HLTb TOYHO
yKasaH.

Mpumeuanne. Cyuectsyomasn JHTEpaTy-
pa Mo SIMP COAEPKHT UDHMEPH, B KOTO:
PHX cofJonaeTcss 3TOT BHGOD 3HaKoB, &
TaKXe H MPOTHBONOMOXHLIH }Kena‘renbﬂo
OpHHSATH e)lHHOOﬁPa3HOC coriaulenue aAaa
Becex sanep. PekoMeHnoBauHLl 3lech BhIGOp
YKe IIHPOKO NOPpHMEHseTCH B HDOTOHHOﬂ
CHeKTPOCKOUHH R SMP "C. [Ipy TakoM BhI-
60pe HiauGonblIce MOJNOXKHTENIbHOe 3HaueHHe

OpHIOHCHIBAGTCA [epexody ¢ camoli BbiCOKOR
3HeprHef.

6.3.2. B KauecTBe nepBHuNOrO BHYT-
DEHHero 9TaNOHa AAst cnekTpos SIMP
3C B HEBOAHWHX PACTBOPAX PEKOMeEH-
ayercs TerpaMeriacuaad (TMC). s
BOIHBIX PACTBOPOB OHIIO YCTAHOBJIEHO,
UTO MOAXOAAMHMH ABJSIOTCS BTOPHY-
Hble 9TajIOHBl, TaKHe, KaK JHOKCaH,
Ecan  ucnomssyioress Takue sTanoHm,
XHMHYECKHE CJABHIH JOMKHH TNpPHBO-
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IHTBCA O OTHOWeHHID x TMC H a0a-
®eH ObITh TOYHO yKasaH (pakTop nepe
cueTa.

6.3.3. B kauecTBe NEPBHYHOTO
BHCIIHEr0  3TaJIOHa  AJf  CINeKTPOB
Gopa (B u !'B) pomKeH HCIOJb3O-
BaThc 3bHparT TpudTopHia Oopa
(Csz) 20 : BFs. .

6.34, Kak mnepBHYHHIA BHEIUHHH
5TajJoH AJs cnekTpoB 3'P jgo/xen HC-
N0J1b30BaThCs TpHOKcHA  docdopa
(P.0s).

6.3.5. 3mech He JalOTCd KOHKpeT-
HEle DEKOMEHIAUHH AJs APYTHX fjep,
KpoMe YkasaHHbX Bhe. HeoGxoxumo
MpHAEPKHBATLCS CJHEAYIOLIHX OCHOBHBIX
noJsoxenui. Ecan nMeloTcs mpeAabay-
mue paborh mo SIMP uccaeayemoro
spa, clelyeT HCMOJb30BaTh yXke MpH-
MEHSIBUIHACA 3Ta/lOH B OTCYTCTBHE MpH-
yHH, 3aCTaBJsIOMHX BHOpPaTb HOBHIH
3TaJOH. DTaJOHHOE BEleCTBO JAOJHHO
HMeTb Y3KYyI0 JIHHHIO B CIEKTpe, eC/H
310 Bo3MOXHO. [IpegnouTenne oTAaercs
CHHIVIETHOMY cmekTpy. CienyeT BHOH-
paTh TaKoe 3TaJOHHOE BeEIleCTBO, UTO-
6L OHO HMEJO DEe3OHaHCHHH CHrHan
NpH BOSMOXHO GoJee HH3KOH uacTrore
(B man6osiee CHJIBHOM INOJeE), AJsS TOTO
9T06h GOJBLITHHCTBO XHMHYECKHX CABH-
rop HMeJo nojoxHurenbHbf 3HaK. Cue-
Ayer H36eraTb BHYTPEHHHX 3TaJOHOB,
KpOMe CJyYaeB, KOTJla MOXKHO IPOBECTH
H3yueHHe BJHAHHA DAcTBOpHTENs HA
XHMHUECKHH CJBHT.

7. TMpencrasienne paannbix SIMP u
napaMeTpoB CNEKTPOMETPOB

7.1. O6ure nojoxenns. I'e 6u HH
ny6JHKOBAJHCh TaHHbIE, B HHX LO/KHO
6HITb YKa3aHO clelyollee:

7.1.1. Habawodaemoe sdpo. B Tex
cayuasXx, KOrAa CYIeCTBYIOT HEOJHO-
3HAYHOCTH, HEOGXOAHMO YKa3hiBaTb H30-
ton, Hanpumep N, 11B. B apyrux cay-
yagx H30TON MOXeT GhITb yKasaH, Aa-
e ecaH 3T0 H3JHiuHe, Hampumep !°F,
Siph

7.1.2. HasBanHe pacTBOpHTeJs H
KOHLEHTpaLHsa pactBopa.

7.1.3. Haspanue BHEWHEro 3TajoHa
HAM Ha3BagHe H KOHIEHTpauHs BHY-
TPeHHEro STAJNOHa, KOTOPHE HCNOJb3Y-
0TCS.

7.1.4. Temneparypa ofpastia H crno-
cob ee H3MepeHHs.

7.1.5. Cnoco6 H3MepeHHs [0JoXKe-
HHSI THKOB.

7.1.6. Hacrora, npu KoTtopoil unpo-
BeJleHbl H3MepeHHS!.

7.1.7. BeanunHa pagHOYaCTOTHOrO
noas (cM. m. 2.4) WM CBHIETEJbCTBA
TOTO, YTO HE HPOHCXOAMT HACHILIEHHS
curHana (B caydae JIMP B HenpephiB-
HOM peXHMe) HJH H TO, H ApYroe.

7.1.8. MartemaTHueCcKHe OIepaiHH,
HCNOJIb30BAHHBIE NPH aHaJH3e CHeKTpa.
B Tom cayuae, ec/H A8 NpPOBefeHHA
aHajJM3a  CIeKTpa  HCMOJb30BaJHCh
nporpaMmMbl  aas  9BM, Heob6xoxnmo
BKJIOUHTL CJeAYIOlyl0 HHOOPMaIHIO:
Ha3BaHHe (HCTOYHHK NpPOTPAMMBI), YHC-
JIO HCMOJNb30BAHHBIX JHHHH, YKaszaHHe
BapbHPYEMEIX MapaMETPOB, CpeAHEeKBAl-
paTHuHOEe OTKJOHEHHe A/ BceX JIHHHH,
OLIEHOYHYI0 TOUHOCTb NOJYYeHHHX Ia-
paMeTpoB H MaKCHMaJbHOe OTKJOHEHHE
I/ HauGoJiee BEIMAJalomell MHHH.

7.1.9. Macwita6 4acTOoTHOH MIKaJH,
eCIM OHAa HCMOJb3yeTcs, 3HaueHHA IO
IIKaJje HOJKHE BO3PAacTAaTh OT HH3KHX
YacTOT K BEICOKHM (OT BBICOKOTrO IOJIS
K HHM3KOMY, €CJIH NpHMeHseTCs IoJeBas
pa3BepTKa).

7.2. Hpu nybauxayuu cnexrpos, sa-
NUCAHHBIX 8 HEMPEPLIBHOM pedcume, He-
06x00UMO YKA3bIEATL CALOYIOWYIO U~
popmayuro;

7.2.1. CKOpOCTb pa3sBePTKH.

7.2.2. HanpsxeHHocTH O6OHX pa-
QHOYACTOTHHIX mMoJell, ec/H NPHMeHseT-
csl TIOJIHAs CMHHOBAas pa3Bsi3Ka HJH JIO-
60# BHA IBOHHOrO pesoHaHca.

7.2.3. 3HaueHHs1 XHMHYECKHX CJBH-
roB H KOHCTAHT CHHH-CIHHOBOTO B3aH-
MOJIeHACTBHS, NOJyUeHHBHEe H3 CIeKTpa,
ecaH oHH HafiieHsi. [IepBrie mpHBOAATCSA
B 6espasMepHHX eIMHHIAX (M.1.), a
BTOPHEe — B eAHHMIAX dacToTh (['1).

7.3. [lpu onHCaHHH  CNEKTPOB
SAMP-®I1 BEHICOKOrO paspelleHHs J0JIK-
Hb YKas3bBaTbCSl CJAeAyOmHe HCIOJb-
30BaHHLIE NapaMeTphl:

7.3.1. Yroa OTKJAOHEHHA HMIYJbca.

7.3.2. Iupuua 90°-uMOyabca HIH
aMILIITYa HMNYJBCA.

MpumeuaHue. Bcerga HYXHO yKasbiBaTh
o 731 v n. 7.3.2. OTH CBeAeHHS MOLYT
NDHUBOJAHTLCA KOCBEHHBIM CMOCOGOM, HAaNpH-
Mep, IUHPHHa HCNOJNb30OBAHHOTO HMNyJabca H
mHpHHa 90°-MMny.bca AN HCCAEeLyeMoro
aapa.

7.3.3. Illupuna noJoCH MPONMyCKa-
HHSL H BpeMsl YCTAHOBJEHHSI CTaiHo-
HAPHOTO YPOBHA JJs BCeX OrpaHHuH-
paromHxX QHIBTPOB (HH3KOYACTOTHHX H
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KBapieBux). OGHYHO YKAa3HBaOTCA LIH-
puHa mnoJock (cM. 1. 4.2.9) u THN
dbuabTpa.

7.3.4. Bpemsa BHOOpDKH AaHHWX (M
BpeMs 3afiepKKH BLIGODKH, ecaH Heol-
XOJHMO).

7.3.5. Bpems1 NOBTOpeHHS H UHCJO
HIYJBCOB, €CIH «IOCAEN0BATENBHOCTLS
COCTOHT H3 OJIHOrO HMITYJbCa.

7.3.6. OuncanHe HMIYJbCHOH mO-
CJICLOBATEeJbHOCTH, BKJIOUAIOLIEE:

a) NpHHATOE Ha3BaHHE WJH JeTallb-
Hble CBeJleHH 00 HMIYJbCax H HX
(dasax; 6) BpeMA NOBTOPEHHS IOCJENO-
BaTeJbHOCTH; B) HHTepPBAJH MeEXIY
HMOYJbCaMH; T) BpeMS  3aflePKKH;
1) 4HCJIO nocJseloBaTeqabHOCTel; e) oco-
Onle HMOYJAbCHblE HHTEPBaJk, B KOTO-
pHe MPOHCXOAHT BHOGOPKA JaHHBIX.

7.3.7. KBajpaTypHoe JAeTeKTHpOBa-
HHe, eC/IH OHO HCIIOJIb30BAJIOCh.

7.3.8. Uncao touexk B CCH, ucnonn-
30BaHHLIX 44 bypbe-npeo6pasoBaHus.
JKenaresbHO yKasHBaTh 0c060, HCMOJIb-
30BAJICCh JIH JONOJHEHHE HYJISMH.

7.3.9. BpeMeHHast nOCTOSHHAN 9KC-
IOHEHIHaJIbHOH Becopolt GyHKuHH (3Kc-
MOHEHIHANbHEA GHILTP), eciH OHA He-
NOJb30Banach.

7.3.10. [deranbHele cBeneHHs o6
amoAH3aUHH HJH APYroft Ipouenype no-
MHOXEHHS CHTHaJa BO BDEMEHHOH 06-
JIaCTH HA BECOBYIO (YHKIHIO.

7.3.11. deTanpHble cBefeHHsT O Beex
JApYrHX MeTonax o6paGoTKH NaHHHX,
TaKHX, KaK CIVI&XKHBaHHE, KODPPEKIHS
HYyJeBOA JIHHHH H T. 1.

7.3.12. eranbHble cBeJeHHS O 10-
HNaBJeHHH UIYMOB, €CJH OHO NpPHUMeEHS-
J10Ch.
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OTBETbl K 3AJAYAM

I1. 1. Ycpenuennoe oTHollende naowagefl curnanos A u C pasHo 28,8:64,4.
3to cocrapaser 14,4:21,47 Ha NPOTOH M COOTBETCTBYET MOJSPHOMY OTHOLIEHHIO
1:1,491.

11. 2. Tlpexxae Bcero Hy>XHO CAeJaTh NpaBHJILHOE OTHECEHHe CHrHaJos. B cooT-
BETCTBHH C JaHHHIMH, npupeaeHubiMH B Taba. II. 1, curHaam ¢ 87,27, 65,30 u
8 2,17 npunapnexar xaopodopMy, METHJIEHXJNOPHAY H aUETOHY COOTBETCTBEHHO.
C yuerom dHCJA MPOTOHOB B KaMJOM COeJHHEHHH HHTETPHDOBaHHe AaeT MOJAPHOE
cootHomere 10:9:6 u mpoueHntHoe comepxanHe 40, 36 u 24 mon. % B BHIe-
[pHBEJEHHOM HOpSJKe.

I1. 3. Toayon:mernneHxgopuy : Genson = 38,6 : 48,6 : 12,8.

11. 4. PaajiHyHe XHMHuYeCKHX CJABHIOB CHTHAaJOB cocTaBJseT 4,78 M. 4. DTo co-
orsercteyer 286,8 ' npu 60 MI'u, ITo monexynspuo#t dopMmyse H Ha OCHOBAaHHH
nannux Taa. 1l 1 onpejensiem, 4To 3TO BeL1ECTBO — TOJYOJL.

I.5. a) ~809, 35, 7,2 (9:2:5); a’) ~§612, 22, 3,5, 72 (6:3:3:4);
6) ~609, 20 (3:1); 6') ~609, 27,30 (9:1:2).

I.6. a) 1,2-uxnopsran; 6) 1,3,5-TpuMeTnibenson; 8) 1,2-1umeToxcusTat;
2) 1,2;5,6-aubensonukicentagued; 0) aubeHuameran; e) 2,5-auMertHndypasu;
o) MeTHJOBMHA 3(Up XJopykcycHo#t KuenoTh; 3) 1,2,4,5-TeTpamerH/GeH30.;
u) 9,10-auruapoanTpalet; k) tepebTaneBHil adbAernn.

II.7. 1) a— ay6aer 1:1; & —xkBaprer 1:3:3:1. 2) Ilpu J = 0 a - cunr-
net, b — cunraer. [lpu J > 0 a— tpunyer 1:2:1, b — myabrHnier uaz 10 Jaunui
1:9:36:84:136:84:36:9:1. 3) a—uaybaer 1:1; b—xsaprer (1:3:3:1)
tpumiieroB (1:2:1); ¢— aybaer (1:1); d— cuurner; 4) a— nybaer 1:1 ny6-
geros 1:1; b— ny6aer 1:1 kBapreroB 1:3:3:1, Kaxpgasa JHHHS B KOTOPhHIX
JONOJHUTENLHO paciyenyieda B kBaprer 1:3:3:1; ¢—Tak xe, Kak b; d — ny6-
Jet 1:1 aybaetos 1:1. 5) a— ay6aer 1:1; b—center 1:6:15:20:15:6:1;
¢—xBaprer 1:3:3:1; d—rTpumner 1:2:1. 6) a—rpunner 1:1:1; b— ny6-
getr 1: 1.

II. 8. a) AMX: -,Am=-'4, /Ax=2 H meﬂo Fu; 6) AMzXZ !AM= 1,
-,AX=5 H me=0 Fu; 3) AMzXZ JAMI=3, ]AX'=4, JMX =1 I'uz 2) AMXSf
Jam =05, fax =2, Jux =1 T

I1.9. a) Na[**BH.] u Na[*'BH.]; 6) C¢H:CHD:; 8) 1NHj; a) *NH; cm.
taba. [. 1.

11.10. 1) a— nzonpomuaxgopun; 6 — CeHsCH28H; s — nustundraanar,
e — CHaCH (NOz)COOsz

2) B O-mkane 1mM =42 I'n; Takum o6pasoM, B pacTAHYTOM CcHEKTpe
1 mm = 2,1 Tu. Curuan B camom cqabom nosie (8 7,1) umeer pacuensenns 6,3 u
14,7 Tu, KOTOpHE BO3MOXHBI B pe3y/ibTaTe YLC- H TPAHC-B3aMMOAEHCTBHS uepes
RBORHYIO CBA3b. DTOT CHIHAJ MPHHAJJENKHT IPOTOHY, COCERHEMY € CAONKHO3DHP-
Ho#t rpynnoii. Pacwenserns 147 u 6,3 I'u uMmerotca B MyJarThnierax npu 84,7 u
84,4 Ot aBa cHrHana NpHHALJERAT, TaKuM 06pas’oM, TPAHC- H HUC-IPOTOHAM
COOTBETCTBEHHO. YKa3aHHbie MPOTOHLI B3aMMOAEHCTBYIOT APYT C APYrOM, M 8Ha-
YeHHe FeMHHANbHOA KOHCTaHTH! cOCTaBisieT okosao 1,5 Tu.

3) B cnekTpe pasaMyamTes ABa CHrHala ¢ PaccTOSIHMEM MeXAY HHMH OKoJO
50 T'n. Onuu M3 HHX B c1a6oM HoJie ¥MeeT BHA ABYX YACTHUHO MepPeKpbLiBalolIHXCH
KBAapTETOB, PacCTOsIHHE MEXAY KOTOPHIMM H pacluenyieHHs BHYTPH KBapTeTOB MO-
3BOJISIIOT HAHTH KOHCTAHTH CITHH-CMHHOBOrO B3auMozeficTHa 15 ¥ 6,6 Tu. B cuis-
HoM mnoJie HabJI0Jal0TCs 4YeTHpe KBAPTETA ¢ KOHCTAHTAMH CIMH-CIMHOBOrO B3a-
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umodeficteua 15, 7,8 u 1,5 I'i. Cleposarebro, pe3oHaHCHBI CHrHa 1POTOHA,
HaX0AAUIeroca PSAOM ¢ METHJIBLHOH Ipynmno#, JexXHT B GoJee cilabom noJe [aBe
KoHctaHTel 3/ (H, H) u 8/(CHsH)]. A B Gonee cHIbHOM moJe JIEXHT CHTHAJ [PO-
TOHQ, COCeJHero ¢ asableruAHOH rpynnoll [TpH Baaumopeidictsus 3/ (H, H),
3/(H,CHO) u %/ (CHsH)L.

L. 11. 6(a) 7,36; 86(b) 8,77 M. &; Ja» = 5,0 Tn; Joe = 1,5 T

I1. 12, Cm. Giinther H., Gorlitz M., Meisenheimer H., Organic Magnetic Re-
sonance, 6, 388 (1974).

IV.1. a) 6,7,06, 6,727, 6,7,08, 8,781, 8,791; 6.9,30. C koachpuunen-
TOM TPONOPUHOHAaNLHOCTH 12,7 nmoayuaeM 8, 7,02; 6x7,27; 6,7,04. I[To cpasrenuio
C IKCNMEePHMEHTANbHRIME JAaHHLIMH PACCUHTAHHbIE 3HAYCHHS O CAMLIKOM MaJbL

IV.2. a) Tlo cpaBHeHHMIO C 3TaHOM BCe NPOTOHH 3[€Ch JAe33KPaHHPOBAHLL.
MaruuTHass aHH30TPONHA KapGOHHALHOH Tpynnel onpejesseT Ae33KPaHMPOBaHHE
nporoa B q-moJoxeHud x roynne COCHs, a uacTHUHBIII MOJIOXKHTEbHBIH 3apsj
B [-mosoxeHyd BHI3bIBaeT ae33KpanupoBanHe. 4uc-B-TIpoTOH no OTHOLIEHHIO K
COCH3 HCOEITHIBaeT JOMOJHMTENbHBIH CABHr B c/1aboe moJie 3a c4eT MaryMTHOrO
stpcdbekTa KapOOHHILHON TPYNMHL.

6) B sToM cayuae nepeHoc 3apsiia (3a CueT CONpsiKEHHsA) B [3-NOJOXKEHHU
BLI3LIBAET CHJbHOE J[e33KPaHHPOBaHHe [-MPOTOHOB, a NPOTOHB B O -MOJOXKEHHU
K KHCJIODOAY A€33KPaHHPOBAHbI 32 CueT UHAYKTHBHOTO 3ddekra.

8) Wupyktusubii s3ddexr rpynnet CN Bbi3bBaeT Ae3skpanHponaHHe. BoJbiee
SKPAHHPOBAHHE TPAHC-NIPOTOHA O CPAaBHEHHIO C YUC-TIPOTOHOM MOXKHO INPHIHCAThb
BJMAHHIO IHAMarHHTHOH aHu3oTponHu rpynnst CN. g

IV.3. Ilo cpaBHenro ¢ npoTonamy B GeH30Je INIPOTOHH H
H(4) u H(9) B ¢euaHTpeHe HCNHTHIBAIOT JONOJHHTENbHBIE
BJAMSAHHA KOJbLEBHIX TOKOB KoJgel A, B u A, C cooTBercTBeH- @

o, CoennHenne mjockoe, 0 ==90°, n ypasuenne (IV.5)

ynpomaercsi: Ao == Ay/12nR% [lns yKa3aHHOrO 3HaueHHA

Ay = —630-10-%  wm3/monexysa cieayeT  jaiee Ay =

= —16,67/R® M., rae R BoipaxaeTcs B HaHOMeTpax (HM). H4
Temepb HYXKHO TPHIOHOMETPHYECKH ONpelejHTb pacCTOAHHe

IPOTOHOB OT I€HTPOB COOTBETCTBYIOWIMX koJel. Mcnons3ys ans AJAHHBL CBS3H
C—C 3nauenne 0,140 um, a pas ceasy C—H — 3nauenne 0,110 uM ¥ ogHHaKOBLIE
3HaueHHs yrios 120°, nosnyuaem:

H(4): Ry =10348-10"% uM u Aoy = — 0,40 M. 1.
Ry=0366-10"% um u Aog=—034 M. 1
H(9): R.=10475-10"%1uM u Ao, =—0,16 M. 1.
Ry=0348-10"% nm # Acy=—040 M. 4.

O6wMiA BKJaj B 3KPaHUpPOBaHHe cocTaBiaseT Ac(4) = —0,74 v Ac(9) = —0,66,
qato paer O-3nauenus 8,01 (H.) u 7,83 (Hs) oTHocHTennHo OGensona (§7,27).
dxcnepumenTaabHo Hafnenn 6(H.) 893 u 6(Hs) 7,71. Otknonenue pas Hy use-
KHT B Tpefenax OWMOKH AJf TaKHX PacyeToB, HO 3HAYHMTeJbHOE HECOOTBeTCTBHE
anst H, ykasniBaeT Ha [JOMOJHHTENbHBE BKJAajJ B 3KpaHHpoBanhe. Dto 3ddexT
Ban aep Baanbca, o6ycnosieHHuill cTepHueckuM B3auMogefictBuem H(4) u H(5).

1V.4, CpaBHeHHe NapUHANBHLIX 3apAJ0B B NHPHAMHHEBOM HOHE M[DHBOJMT
K CACAYIOUHM 3Ha4YeHHsM Ap;:

Apy = + 0,413
Apy = — 0,063
Aps = — 0,077
Apy=— 0,152

15 X. 'odrep
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Ha ocHose TPHFOHOMETPHYECKOrO aHajni3a [10;y9aeM:

Has HB | Oas H,

Ry = Rs = 0,341 nm; 8, = 0; = 20°44" Ry = 0,390 um; 8, =0Q°

Ry == Ry =0,217 um; 0, = 0, =33°53" | R, = R4 = 0,314 um; 0, = B; = 20°44’
Ry = 0,110 um; 65 = 0° Rs = Rs; = 0,217 nm; 0; = 0; = 33°53’
Rg = 0,390 um; 05 = 0° Ry=0,1101uM; 0; = 0°

Wcnonbays 3Tu 3Hayennus, no ypastenno (I1V. 15) moayuaem:

Yo = 125 (L 093 — S 0830 S %% 0,830 —
ST s 908 _ (413 _ 950 _
~ (1;}7513 - (1)102; - ?50;’? )2= — 0,95 — 0,11 = — 1,06 u. &,

Aoy = 12,5 (%ﬁ — 2—?19% 0,035 — 2%’?7777 0,830 — %—%) -

2
SAIC ST  S P
= 2,01 M. 1.
SxcnepHMeHTa/bHEE 3HAYEHHA: Aop= —1,07 m. 4 u Ao y= —1,22 M. n. CoBna-

J€HHE 3KCIEPHMEHTANBLHOrO H TEOPETHYECKOrO 3HaueHHil AJs1 B-NOMOXKEeHHS, Heco-
MHEHHO, fBJseTCs cayyaiiHbiM. OTKJOHeHHe, MOJIyueHHOe AJA De3OHAHCHOH ya-
CTOTHl Y-NPOTOHA BMOJHE THNHYHO AJIl NPHOMHMKEHHBIX PACYETOB TAKOrO THIIA.
OueBHAHO, KPOME BIHAHHS 3apsii0BOH MJAOTHOCTH CYIIECTBYIOT H Apyrde (pakrops,
OTBETCTBEHHbIE 34 H3MEHEHHe Pe30HAHCHLIX YacToT. Tak, MMPHAHHOBHI} a30T HMeeT
MArHHTHYIO aHM30TPOMHK (Ay = —91-10-3 M3 na MosekyJdy nepneHmuKyaspHO
K MJOCKOCTH LHKAZ), KOTOPasl yTPAUHBAETCS] NPH NMPOTOHHPOBAHHH. B 3ToM ciyuae
Hesb3d mpeneGpeub u dddexraMu cpesbl. Tem He MeHee mpH yueTe Beex ¢$akTopoB
4aCTo MOXKHO TIOJYYHTh XOPOIIHe pesynbTathl [cp., Hanpumep, Castellano S.,
Giinther H., Ebersole S., J. Phys. Chem., 69, 4166 (1965); Giinther H., Castel-
lano S., Ber, Bunsenges. Phys. Chem.,, 70, 913 (1966)].

IV.5. UnTterpasbias kpHBas NOKA3LIBAET, 4TO Pe30OHAHCHBIC CHIH AL 4eTHpex
QMIepUHOBHX NPOTOHOB HAuMHAIOTCA OT chrHajga mpu 0 Tz 1 H (0—11 lu), 2 K
(26—52 Tu) u 1 H (72—84 Tu). [IpunuMas BO BHHMaHHe TOJIBKO BHIMHAJbHBIE
KOHCTAHTHI, YA0OHO Ha4aTb aHAMH3 ¢ ayGueTa B camoM caabom noue (/=11 '),
KoTopniil caenyer otHectH K Ho wnm Ha Pacuwensenue, pasroe 11 T'n, Ha6mo-
Aaercs MexAay auuHHsMH 35 u 46 Tu, a taxke mexay 41 u 52 Iwu ITostomy
BO3MOXHO, YTO 3TH CHTHAJIbI MPHHAAJIEKAT COCEAHEMY MPOTOHY. DTO 3aKJIOUEHHE
noaTeepxaaeT U 3GGexT KphIH: JHHHH 35 H 4] Gosee HHTEHCHBHH, yeM 46 u 52.
IJroT (coceaHHH) NPOTOH B3aHMO/AEHCTBYeT, KaK yKa3biBaeT 3 peKT KpBIUK, ¢ npo-
TOHOM B CaMOM CHJbHOM MoJe ¢ KoHcTauToll 6 ['m. A mocnenmui B cBolo ouepenp
CBA3AH C YETBEPTHIM INPOTOHOM, PE3OHAHCHBI CHIHAaJl KOTOPOrO HAXOAHTCA NPH
26—32 Tu, ¢ goucrautoii 6 T'u. Jduas Toro 4ro6u NPOBECTH OTHECEHHE, HYKHO
pewnte, uTo Gonbue: 8 (Ha) wnu 6 (Hs). O6a nporona aesskpannposans. H, — 3a
cyeT s¢pexTa cocefiHero GeH30JbHOrO KOJbIA, a Hg— moa BAHSHHEM coceamero
aroMa kucaopona. TpyaHo pewnts, Kakolt u3 sddekroB Goubuwe. Takum o6pasow,
Ha OCHOBAHHH TOJBKO XHMHUYECKHX CJBHTOB BO3MOXHBI CJEAYIOUIHE OTHECEHHS:
8(Ha) > 6(Ha) > 8(Hs) > 8(He) wam 8(Hg) > 8(Ha) > 8(He) > 6(H,;). Pe-
IICHHe O TOM, KaKOe OTHeCeHHe BLIOpAaTb, MOXKHO CAeJaTh HAa OCHOBAHUH BEJHYHH
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koHCTaHT. DPPeKT 3IeKTPOOTPHUATEILHOCTA KHCI0POAA yMeHbaeT Jeg, HOSTOM);
Jca NOJKHA OLIThL MeHbiue, 4eM Jap. UHOSTOMy [paBHJBLHO TEpBOe OTHeE:HJue,_
KOHCTAHTL! CIHH-CIIHHOBOIO B3aUMOLEHCTBHS1 TAKOBBI: j’L” =11 Tu, Joc =Ja =
= 6 I'u. JladbHHe KOHCTAHTHI CIHH-CIHHOBOIO B3aHMOJACHCTBH B TAKHX CHCTEMAX
MOJKHO HabJI0AaTh TOJBKO B TOM CJaydae, ec/JH 3aMHCBIBAETCS PACTAHYTHIH CIEKTP
JICBHST 1151 NOBBIILIEHHs pa3pelleHHts.

! Co?{l’}.oél.ag;gﬂc{fe% yuc- W TPAHC-H3OMEPOB B COOTHOLUCHPIPI.732]3. EOfZCTQaHITb}
CIIHH-CNHMHOBOTO B3aHMOEHCTBHS COCTABJAIOT: fmanc:';19,6 Tu; yue =1 1,4 Il_l
3] (H, CHs) rpanc = 6,5 Tw; 3 (H, CHa) yue = 8,0 Tu; |4 (H, CHy)mpanc| =1, elf
u |4 (H, CHy) yue| = 1,2 Tu. Paszauune KOHCTAHT B Y{uc- H TpaHC-PISOMe?an)l\(/)I :
KLY ONeHHOBLIMU 1IPOTOHAMH # mpoTonamu rpynust CHp onpenensiorcst KOHQOp-
mauHaMu. s yuc-usomepa KOHGOPMAUHs € 20Ul-PAacrnojoXKeHHeM MeTIJIEHOBOH
menu HoJee ycroluMBa, YeM AJs TPaHC-H30Mepa, H3-3a 6oaLIoro o0beMa FHJ'II/IJ‘IL-
woli rpynmei (cM. ¢opmyay 60 B pasa. 2.3.2 ra. 1V). [losToMy BHUHMHANLHAA KOH-
cranta %/ (H, CH:) umeer GOJBIUYIO «TPAHC-KOMMOHEHTY», T.€. €€ 3HadeHHe B CO-
oTsercTBHH ¢ KpHBoil Kapnayca — Konposi Bospacraer. OAHOBpEMEHHO IT-BKJIAX
B anauabnyo Koucranty */(H,CH:) ymenpmaertcs, H 3Ta KOHCTAHT2 CTAHOBHTCSH
MeHblu\I’e.'T OTpHuATEbHOE 3HAYEHHe AAJIWJIbHOH KOHCTAHTBEl MOK&3bIBAeT, '-IT];) Ao-
MHHHpYeT n-Bkaad. [lostomy KoHpopMauusi 716 Gojee npeanOYTHTEbHA. H6en
cBsiab C—H noutn napanmennua 2p.-opfutanam atomos yraepoaa C(1) u C(6).
MiMeHHO B 3Tofl KoH(OpPMALHH MOXeT HaG/I01aTbCsl 3aMeTHOe TOMOAJIHJbHOE
CTIHH-CMHHOBOE B3aHMOJeiCTBHE.

IV.8. 3navende 13,1 Tu TunHuso ana Jee B wWHKiorekcade. [lostomy mnpa-
BHJAbHA KoHthopMarua 72.

IV.9. Toabko B KoHdopMalHy 74 BO3MOXHO KOMJIaHapHOe pacnoJoXeHHe
O-CBSi3eH, HeOoGXOQHMOe AJaf CYIIeCTBOBaHHs GOJBIIHX %/ 3a cuer M-MexaHH3Ma.
MeTHIbHEIe NPOTOHHE B3aHMOAEHCTBYIOT C aKCHAJbHBIME aTOMaMH BOJOpOAa B MO-

x 2 u 6.
HO)K?}{’}THI‘B.QMagoe 3HAUEHHe BHLHHAJbLHOH KOHCTAHTbi COBMECTHMO TOJIBKO €O
i 77.
CprvylF.)o:) AA’BB’; 6) AA’BB'C; B) ABC; 1) AsB; 1) A¢X; e) ’AA’MM’E\Q
x) AA’BB’; 3) AA'BB’; u) A3B:X; k) A:Xe; 1) ABCD; M) ABCy; H) AsK

V.2
h? 02 . _ .
——S%—W—Nsmax——ENsm ax
h? } . .
oy a®N sin ax = EN sin ax

OT1ciona caeayer, urto E = a?h?/8nin.

Heo6x04HMO Tenepb OINPeJeNHTb, KakHe BEJIHUHHbI @ AOMYCTHMH B NPOGHBIX
¢yrKuHax. ECAH 3JEKTPOH ABHKETCS B OAHOMEPHOM SUIHKE JIHHBI L, To pomy-
CTHMble BEJIHYHHB @ HAXOAATCS caelyiouiim o6pazoM. Ha Konuax HHTepraJla NpH
x=0 1 ¥ = L QyHKIHH MOJKHbI PaBHATbCs Hymo, T.e. W (0) = 0 u W(L) = 0.
Orcroaa

T (0)=Nsina0=0;, ¥Y(L)=Nsinal =0
BTOpoe ypaBHEHHE BLIIOJHACTCA TOJBKO B TOM CJayuae, ecan al=gm, rie g -— ue-
noe umcao. OTcioda ¢lIeiyeT, 4TO @ == ¢r/L, T. e. noayuHM caelyiollee BHpaXe-
HHe [ cODCTBeiNbIX 3HAueHHIL:

Eg= (h*8mL*) g% rie q¢=1,23 ..., n
CoBcTBeHHbIe (BYHKIHH TIPH TOM HMEIOT BHA

W, = Nsingnx/L, rtae N=+2/L

16*
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V. 3. Basucnme cbym(mm AaHbl Ha crp. 166. IaMHabTOHHaH 3anHChBaeTcA

TaK: 6 = lz(A) +12(B) + Iz(C) Otciona caepyer:

512’;‘(A+”B+Vc) 5“%(%""3—%)
E2=';_(VA+VB—VC) Eg= ‘é‘(""A‘*‘VB—Vc)
Ea=—;-(vA-——vR+vc) E7=—;—(—vA—vB+vc)

Ei= g (—vatvptvo) Ey= (= va— %= )
V.4

I(f): BalTe (D) + Ty (B) | aa)? =
1

= a1 b + (pa| 5 a8 )] =+
I(F2): (BB 1Tx (A) + T (B) [aB) = [(BB 1 T (A) |aB) + BB | T (B) |aB)]? =

=[(s8 |5 p8)+ (o8 |3 o) =+

Ananornuno noayuatorcs 3unauenus /(fs) n 1(fi).

V. 6.
= % NS F e -;- /200 F 295 = 12,5
sin 20 = J/2C = 15/256 = 0,6

fi =175+ 12,5 = 20,0 I, =04
fo=—754125=5,0; Iy=16
fs=75— 125 =—50; I;=186
fa=—75—125=—~20,0 [,=04
V.7

Hy— E Hy Has

Hag Hyg—E Hgy

Hys Hys Hy—E

1 1
Hypy=—5 (vatve—vc)t 7 (ap —Jac— Tnc)

H, . =

1
a3 (va=vptvc)+ 7 (—Jap+ ac—IBc)

N)I-—- w]-—-

(—vatvp+ve)+ 1

H, 4(

—Jas —Jac+ Jac)

1 i 1
Hy=Hy=7lpc Hu=Hyp=75lsc Hu=Hg=-71Ipp

V.8. a) 1/V/3: 6) 1:3:3:

[(Ballx (A)|ao)+ (BalTy (B)aa)? =

1, 8) n3MeHeHHe YacTOTH CINEKTPOMETpa HJA
opdeKTsl pacTBOPHTENA MOryT BJHATL Ha vod B ADB-cucreme, nostoMy uHTepBaJ
fa—fs B oTHOWEHHe HHTEHCHBHOCTEH JIHHHH FABJAIOTCH NepeMeHHBIMH BeJHUYHHAMH.
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IV.9. v5A = 31,05 Tu, va=16,95 T'w; J =106 Tu; Iy =1,=042; [s =
= 3 = 1,58.

V.10. va == 95,00 Tu; vs = 105,00 Tu; Jap == 6,00 I'n.

V.11, Pewenne 1: /4 = 0,993; peurenue 2: /4y = 0,595.

V.12, 1) [loxcnektp ab-tuna: 43,29, 45,78, 47,75 u 50,29 T'n. 2) HoncneKTp
ab-tuna: 45,21, 47,75, 54,03 n 56,32 I'u. ‘Ananns JABYX ab-OACNEKTPOB AaeT cpei-
Hee 3Hadenue 2,52 T ana |Jas|. TakKe HAXOAMM, UTO

1) vy =4576 Ti;  Jux =167 T 2) vy =50,00 Ty Jx = 10,17 Ty
vp = 51,86 Ty, Jyy =647 I'u vy =47,61 Ty,  Jpy =—2,03 I'n

3pecy X — sigpo *F. Jlast Toro 4roObl HaHTH IIpaBU/IbHOe pelileHle, Heo§XOoIMO
u3MepuTh crektp SIMP 1°F. Tlocse Toro Kak 3TO cAenaHo, HAXOIAT CJaelylouiHe
3HAYEHHs] Pe3OHAHCHBIX 4YaCTOT JHHHI fo, fio H fyy (MACTOTHI yKasaHul B repuax
OTHOCHTEJILHO Vy, B CKOOKAax mpHBeleHn HHTEHCHBHOCTH): 6,66 (0,822), 4,08 (1,000)
u 2,15 (0,178). U3 ypasuenus (V.26) creayer, uto cnpaBelaHBo petetne 2. Ta-
KHM o0pasoM, opro- H napa-H, F-KOHCTaHTH HMEIOT - IIPOTHBOINOJOXHbIE 3HAKH
(Takxke BoamoxeH Bapuant —10,17 u 2,03). KoHncrauta Jas, COOTBeTCTBYMOILAA
META-KOHCTAHTE, CUMTAETCH MOJOMKHTEIbHOH. DKCIePHMEHTAJbHBIH CNeKTp JaH ‘B .
kunre Kopuo [B34] (cm. pasa. «Bubnnorpadusas HHXKe).

V. 13. [TockonmbKy BHYTPEHHHe JHHHH OJHONO H3 MOACMEKTPOB He paspelia-
WTCH, TO AJs OLEHKH [OJ0XKEHHH UeTHPeX CHTHAJOB CJeAyeT HCMOJb30BATb NpH-
GmKeHHHT anaan3, OTHOCHTe/NbHBIE XHMHUECKHE CABHTH B 3TOM MOACHEKTPE MO-
IyT OBITh PacCYMTAHEL, TOJbLKO €C/H OLEHHTb HHTepBalJ fe — fa MO LIMpHHE JHHIIH.
B sToM cJayuae, mo-BHAHMOMY, MOXHO HCNOJb30BaThb BeaHuHHy 0,25 T'm. OTcro14
MOJYUHM:

ab-nogciextp 1: 0,0 9,78 10,02 (19,8) I'u
ab-oacnexktp 2: 6,2 16,2 20,4 30,8 Ty

M3 noacmexTpa 2 MOXKHO ONpeie/HTb cpeiHee 3HaueHHe |J/as|, pasnoe 10,2 T'u
Kpowme Toro, aHanus naet

Pewenue 1: v, =1055 Ty Ty = 3,6 T 1” ==(,92
vg = 16,75 T'; Igx = 11,6 T
Peuenue 2: vy = 15,7 T'w; Tax = 137 Tw l“ =0,78

vg = 11,7 T, Jgx =13 Tu

AkcnepuMenTasbias X-uacThb CNMEKTPa IOKA3BIBAeT, UTO CIPaBeAJHBO pelie-
e 1. Jas oTHeceHHss MapamMeTpoB K MpoToHaM L-acmaparHHa MOXHO Npenno-
NOXKHTb, yTo AB-uacth 00pasoBaHa MeETH/ICHOBLHIMH MDOTOHAMH. Torpa Jag Kax
TaMHHaNbHAA KOHCTaHTAa AOMKHA GBITh OTPHUATENBHOMN (em. pasa. 2.1 ra IV).
X-yacTb crekTpa oBHapy»KHBaeT GOJBIUYI TPaHC-KOHCTaHTy ¢ Hp H HeGosburyio
eow-koHcTaHTy ¢ Ha; TakuM 06pa3soM MOKHO mpeAmoJarath, YTO COEJHHEHHE Ha-
XOAHTCS B OAHON M3 KOHGOpMAauHil, NPHBEJIEHHBIX HHXKe:

SO0H CONH; Ha
H,N~C —Hy HN Hx HoN Hyx
| unu
HA—*?—HB Hg™~ Ha Hg CONH2
CONH, COOH COOH

V.15, Onpezaeus, 4To N = 90 'u, noayyum pajiee M3 aHaJH3a MOACIEKTPa
ab: L==70;, K=11,0(7,0); M=17,0(11,0) Tu Orciona onperenum cJIe'Ly}o
UlHe 3HAYEHHS KOHCTAHT CIIHH-CIIHHOBOTO B3aHMojedcTeHsa: [ = 8,0, J = 1,0,
Ja=90(20) ulx=20(90) o
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V. 16. Haxoaum, uto N = 9,7 T'; OTCIOAa BHIHM, YTO NMOACHEKTP ab COCTOMT
w3 caegyomux amaui: 1) 00, 7,7, 10,6, 187 Tu; 2) 1,7, 74, 11,4,K 1_6_,9791‘11Pi
Takum obpasoM, L = 7,4 wan 7,8 T (1. e. B cpelHeM L=76Tu, K=1, "
M = 5,6 Tu. Bropoe OTHeceHHe JHHHH MOACHEKTPOB ab npuBognT K cosepmem{o
APYTHM 3HaueHHsM L, H, CJe[OBATeJbHO, 3TO pEUICHHE MOXKET 6LITE gcx;n_xgqgue
W3 paccMOTpeHHsi. KOHCTAHTHl CIHH-CIHHOBOTO B3aHMOJACHCTBHS ‘paBHb{,. == &
J'=1,1; Jn =168 u Ix = 1,1 Tu Hcxoas 13 CTPYKTYpHI KIOHC’Ile14‘a ]A _ﬁog};{gﬂ
6uTh paBua Jas Pesysbrater anaansa AA’BB”: J =865, I’ = 1,04, Ja = 6,19
Jx = 1,03 Tu; raxum o6pa3oM, X-npHOJAHXeHHE B 112'1HH9M c.ny:lac.s ﬂonyABCDj

VI.1. a) AA'BB’B”B”X,. 6) ABXy 8) AAXX; 2) Ay n) ;
e) AA’BB. } .

.2. 2-AueTHINHPHIHH NpeAcTaBiaserT cofoi mpHMep ABCD-cHCTeME, 7210

ulei vclne2}(T12) iuéonbm}}{)M '-[HCJI(I)JM munufl [Kowalewski V. I., Kowalewski D. G.,

J. Chem. Phys., 37, 2603 (1962)]. 3-U3omep aaeT cmeKTp MOUTH nepBloré)QnopaaKa

[Kowalewski V. I., Kowalewski D. G., J. Chem. Phys, 36,u 266 (1962)], B ToO

BpeMsl Kak 4-H3oMep MOXeT ?blTb pacno3Ha MO XapaKTepHOH CHMMETPHH MYJb-
'BB’- uan AA’XX’-cHcTeM. ,

mm\e/Tl?;.\j}V\oBJllaexyﬂﬂpHoﬁ CHMMeTpHel, HeoO6xoxumoll ansi AA’BB’-cuctem, obuaa-

Typa 6. ) . )
EaeTVTl(?J}t]?Kg) Czpy(lzlnyapﬂepeomnﬂuﬁ); 6) » (snanTHOTONHHI); 8) 3; &) A; J) 3;
; 1 8) 9; u) 3: K) A.
? ayVo’lC.)S.ﬂa) )AX; 6)) AX; 8) AXy; &) AA’XX’; 0) AXzY; e) AxXe

BUBJIMOTPAOUS

ViMeerca o6umpHas auTepatypa mo crnekTpockomun SIMP, OXBATHIBAWOLIAS Kak
(bH3HYecKHe NPHHLHNB METOAd, TAK H NPHMEHEHHS ero K pasanyHbBIM  06AaCTIM
(bH3uKY, XUMHH H GuHoslorHH, HHixe npwBoputCs nepevyeHb yyeOHHKOB H y4ueGHEIX
nocoGHi, MOHorpadu#l, TaBiMl CNPABOYHBIX AAHHHIX H COOPHHKOB 0630p0oB. B Kaxk-
HOoH pyGpHKe CMUCOK JHTEPATYPEl COCTaBJeH MO haMUARAM 4BTOPOB B a/(aBHTHOM
acpsike. ‘

B Hacrosiutee BpeMsi HEBO3MOMHO MPEACTABHTL BCe ACTIEKTHI CIIEKTPOCKONHH
SIMP B onHOM KHHTe, 03TOMY HECOMHEHHYIO UEHHOCTb NPEACTABJSIOT MOHOrpa-
(HH, MOCBALICHHBE CNEUHANBLHEIM BOMPOCAM, a TaKie 0630pbl, ONMHACLIBAOLIHE HO-
BeHliHe JOCTHXKeHHs B ofaactdH SIMP. Ceiluac uazaercsi wects cOOpPHUKOB 00630-
POB, H MHOTHe TEMbl, H3JIOXEHHble B HACTOsUIeH KHHIE JHUIL BKPATIE, B 3THX
0630pax NpeACTaBJeHB ¢ WCYepbIBAWOLIEH NOJIHOTON. [IsTh COOpPHHKOB 0630poB
(B72 — B76) ny6aukyloT 0630pn MO OTAEABHHIM TeMaMm, a cbopunk B77 npea-
CTaBJsIeT Co00H GHOAHOrpadHYeCKHH eXKeroAHHK mo TeKyulell JaHTepatype. B sTom
COOpHHKe MOXHO TaKyKe HAaHTH CBelleHHS O HefaBHO W3JAHHBIX KHHax o oG3upax,
ONyGIHKOBAHHBIX B JXYDHaJaX, He CHELHAIH3UPYIOLMXCH B 06J1aCTH CMEeKTPOCKO-
uiH SIMP.
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KapGounun 288

Asupunun 271, 421

— l-3Tn- 271

Asor-14, Bausiune mna dopmy
AMP 297 u cx. .

— KBaApYNoJbHEA MomeHnT 26, 237

Asynen 96, 125, 418

Axkpunonutpus, crnektp 60 Mlu 214

— cmektp 220 MI'n 302

‘Akposneun 39

Axtupauunu sueprus 259

— auTtponus 259

Anubaruyeckue
SIMP 13C 404

Anxunbuble rpynnu 50

Annen, TeTpaMeTu/XKeJe30TeTpaKap60-
Hua 288

Anmanmaruus G6pomun 84 w ca., 287

Anmuabusit KaTHod 84 u ca.

AnsHibHOE CIHH-COHHOBOE B3auMOjefi-
ctBHe 133

Anbpernn  o,B-Henacuiuennntii 91

Amppernaunit nporon 38, 39, 91, 417

AMuHorpynnsl npoton 39

Amunn 270

— pHKJAHYeckHe 271

Ammonuii 53, 298

Amnysa ana obpasua 65

AHanu3s cnekTpoB 142

— — KoMmmbloTepHbifi 183

— — mporpamma NMRIT/NMREN

203
— — — LAOCOON 203
AHaJUTHYECKHH  acnekT
SIMP 36
Ananoro-undpooit
334
Augpocranon-3, 4,4-numernn-ba- 68
Annsoa, 4-6poM- 196
Anusorponist MarnutHas 86 m con
— B unxJonponane 101, 102
AnuJug, N-MeTm-3,4,6-TpHHHTpo» 267

KEeJNe30TPH-

JIHHHHA

CO€IHHEHHA, HaHHbie

NpHMEHeHHs

npeo6pasoBaTeqas

AnuannueBHt HOH, TpHMeTHJ- 84

Annon-panukanm, crnektpn SIMP 353

AHvnyaern 96

[10]-Annynesnm 96

— 2-6en3unokcu-1,6-metano- 220

— 2,5-nu6pom-1,6-MeTano- 168

— 2,7-nu6pom-1,6-metano- 220

— 2-uzonponua-1,6-oxcugo- 220

— 1,6-merano- 96, 100, 422

— 1,6-MeTano-, xpomTpukap6onua 310

[14]-Annynen 96, 98

— 1,6; 8,13-anru-6uc-merano- 99, 100,
101, 285

[16} -Annynen 279 .

[18]-Auuymen 96, 278 .

— JlHHaMM4Yeckoe noBeleHHe 278, 318

Antpauen 95, 418

ApoMmaTnueckue HOHH 83

— coeaunenud, pganuble 13C 435, 436

— — KOHCTaHTH CINHH-COHHOBOTO B3aH-
moneficteua 'H,'H 419

— — 9F-cnexTpockonus 376 u cua.,
382, 383

— — !H-xumuueckue cpapurd 418

— mnpoToub 418

Appenuyca ypaBuenue 259

AcummeTpuyeckui uentp 215

Acnaparun 186

ATponnbie Mosekyan 99

Auveranbaerug 70, 71

— aubensunaneranb 168

— JH3THJaneTanb 219

Auetusnen 38, 40, 89, 136

Auerodesnon, 2-rugpokcu- 317

bagucubie dyuxkuun 164
bensaabgernn 135, 417
Beusunauerar 32, 34, 36
Bensusnutui 85
Bensuamanonoswiit adup 171
Benson 40, 93, 413

~— 4-6poM-1-MeTokcH- 196
— rekcameruJa- 290
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— InH3aMeilednbid 209

— L,3-numerun-, T, sgep BC 389

— 1,2-muxmop- 71, 214

— KOJbLleBOro Toka 3addekt 93 u o

-— KOMIJIeKC ¢ XJsopodopmom 105

— MonosaMeiienuslfi 84, 112, 419

— uuTpo- 103, 419

— napa-iu3aMelliegHuiil 196 |

— YaCTHYHO OPHEHTHPOBAHHBIH, CMEKTp
363

~— CNHH-CIIHHOBOe B3aWMoJelcTBHe 419

— 1,2,3-tpuxmop- 58, 171

— 1,2,4-tpuxmop- 177

— 1,2,3-Tpuokcu- 172

- 3TUA, cmektp BC-SIMP-®IT 250

Bensonokenn 253, 283

BeH3ononueBb HOH, rentaMeTua- 290

Benatpuason, 2-metna- 195

Bensounkno6yren, 3,6-muruapo- 215

bunukao[2,1,1]rekcan 132

Buunkiao[2,2,1]renten 90

Buuukio[2,2,1 rentunbusii KatHon 291

Buuukiaofl,1,1]nenran 74

broxa ypaBuenue 233, 427

— — H XUMHYecKHil o6Men 256

— —— MOAHO®HUUPOBAHHOE IJS XHMHUe-
cKoro obMena 429

Baoxa — 3uzepra casur 310

Bokosele nosoch 33, 72

— — MoayJauus 72

— — OT BpauteHHs 69

Boasymana 3akon 22

Bopa ycaosue wactor 19

ByaeBanen 282

Byraaunen-1,3 90, 422

TpeT-ByTu/bHAS Tpynna, 3aTOPMOKeH-
Hoe BpalenHe 55, 270

Baznepa-Meiiepseiina neperpynmuposka
292

BanentHast uaomepusauns 280

— Tayrtomepus 280

BasenTnslft yroa 121

Ban-0ep-Baaasca sdderr 103, 406

— BJyHusHHe Ha SJIMP °F 377

Bannnt gopma 274, 277

Bapnanuonnas teopema 154

Bapnauuonnnifi Metog 153

Burmu 71

Bunnjanerat 331

BupTyaabuoe B3auMoseiicTBHe 186

BuinuHaneasie KOHCTanTH 121 H e

ButTuza  meperpynmupoBKa  NpOCTHIX
s¢upos 351

BrewiHell cTabuan3auuu chctema 234

Boaopoanast cBfisb MocTukoBast 105

-~ — BHYTpHMOJeKyasapuas 106

— — MexMoJeKkyaspuas 106

BosnoBroie ¢ynruun 19, 146, 148

~— AHTHCHMMeTpHUHble 158

— CHMMeTpHuHble 158

Boaubl gnuna 24

BOCIpHHMYHBOCTL MaruuTHas 66

— (gonpaBKa 66, 304

BpawatenbHas usoMepHsauus 26 u c..,
380

Bpawmarowascst cHcTeMa KOOpAHHAT 229

Bpaienne suytpennee 266

— — 6apbepn 266

— GOKOBble JHHHH 69

BpeMms ®u3uu 255

Bricokoro paspeiendsi crnekTpm AMP
23

lanakro3a, B-merokcu- 88

T'anoreHoBos0poab 80

Famunerona onepatop 144, 145, 146

— — B TNOJApPHBIX KoopauHatax 423

lamuabToHMana Martpuua 164, 165

T'ammera kKoucranta u F-SIMP 377

I'ekcameruarekcatpuen 90

[eMyuHa/bHast KOHCTAHTA CIHH-CITHHO-
BOro B3auMoneHcTBusa 115 u e

['eneparop 22

leTeposiaepnass cucrTeMa cTabuJH3ainuu
235

l'eTeposinepHuIli ABOHHONH pe3onanc 326

'upoMaruuTHoe oTHOwWweHue 17

Jauneix HakomieHHe 336

Hanbune &goucrantw 115, 130, 133
H CaI.

— — B HAacHILIEHHBIX
H CJ.

— — — HeHaChIUeHHHX cHcTeMax 133
H Ca.

— W-npasuao 132

JIBoiino#t pesonanc 304 u c..

— — B TBepAHX Tesaax 356

— — H3yyeHHe KHHETHKH 316

— — MeTtoa 304

— — mnoaunbit 304, cm. Takme Paszpsnz-
Ka CIHHOBas

— — H{#D} 327 u ca.

— — TH{!%F} 326

— — TH{¥N} 326

— — reTeposiaiepHbA 326

C BHEPE30OHAHCHHIM OGJyYeHHeM

cucremax 132

332
— — HMIYJbCHBIM 06JaydenHeM 333
— — — mymoBoft moayasuned 330

— — UIHPOKOMOJOCHBH 329

— — ceJeKTHBHbIA 311 U ca.

-— — Ttabaiua 332 u ¢n,

Ipedmernoni yrasareas 467

JByrpauubi yroa 122

Hsyxcnunosas cucrema 150, 151

HefiTpon 26, 51, 64

Heabra-(6)-3navenne 34

~- onpenenenHe 34

— 1wkana, ¥F 373

— — H 34

— — 13C 431

Hetektop ¢as3oBuil 72

Huaronasnbnas marpuua 166

Huarona;babiét 3JeMent 167

duaszun 272

HOuasupugun 273

Juamaruernsm 41

Iuacrtepeomepnl, cosibBaTanus 216

JlnacrepeoTonnoe OKpy:xenHe 219

Oubensunmeruaamun 270 u ¢

JIMOCH30NIEpPOKCH, pas3joxenue Tep-
MHueckoe 344 u cn.

3,3-[IuMeTuabyTuaMaruufixaopun 287

JHuMetnakaaMui 297

IluMetnndopMaMHi,  3aTOPMOXKEHHOE
BpauienHe 252, 263
— sanepumit  abdexr  OBepxaysepa

(120) 318 n ca.
JvuaMuueckasi siiepHasl MOJAPH3ALHS
320
— — — XHMHYECKH

(XUATS) 344
JlunaMuyecKne mpoliecch 265

HHAYUHPOBaHHAA

Nuunamnueckuit  auamaszon  FAMP-OI1
336

1,3-Inokcan, 4-denun- 127 i
Ilunoseil Maru¥THOE B3aHMOIEHCTBHe
23

IIHNOJb- AHIONbHOE CMHH-CIIHHOBOE
p3aumopefictaue 137, 361

Munosb MaruuTHe! 18

— snektpuyeckuit 103

IlumosnbHoe B3aumonefictBue 23, 137

Iucmepcuu curaan 233

Esponufi, KoMmJeKcn 356 u ca.
EnosbHast popMa 295

3anepxku BpeMs 339

3aMeCTHTe/IH, BJHSHHE HA KOHCTaHTHI
CCB B 6en3sone 419

— — — YJ(HH) 116

— — — 3 (HH) 126

— KOHCTAaHTH B aNH(pATHYECKUX COMH-
genusx 110, 111

— — — onedbHHOBBIX cHcTeMax 113

— — — TpOM3BOMHLIX Genszosa 112

— — paa BC-IMP 406

3anosHenHe HyasMH 343

3apsna maotnocts 80, 398
3aTopMOXeHHOe BpallieHHe 261
«3uraara» npasuiao 132

Hrnentnynoctu pearuun 280

Manyuenne s.iekTpomarmutHoe 24

HUzomepn 210

M3onponubHbIl KATHOH, CIEKTPOCKO-
must HHOAOP-13C 323 u ca.

M3orakTudyeckne tpuaam 221 u ca.

H3oxponnocts 54

Hmnynasc 90°-uniit 242

HMMnynechas passaska 333

— cnexTpockonua AMP-®IT 241, 245,
cm. Takxe Dypbe-CIeKTPOCKOMHS

- — — BpeMeHHOe MpejcTaBJeHHe 248

— — — BpeMs NOBTOpeHHs 246

— — — BU-umnyasc 241

— — — B TBepAbIX Tejax 364

— — — JAJIHTEJbHOCTb HMIYJabca 242

— — — u3Mepenne T, 242

— — — HUMOyJbc 245

— — — HMIYJbCHOE B0O30YyX 1eHHe
247

— -— — HHBEPCHH — BOCCTaHOB/EHHs
MeTon 243

-~ — — MHOTOKaHaJbHBIHA CIeKTpo-
MeTp 245

— — — mnocaenoBarensHocts WAHU-
HA 365

— — — — Kappa —IMepceqna 245

— — — cnag CcBOGOAHON HHAYKLHH
241

— — — CIHH-PelIeTOYHO! peqaKcalHH
Bpems 235

~— -—— — CIHH-3Xa 3KCMepHMeHT 244

— — — cTanHoHapHas reHepalus 247

-~ — — yroJ nosopoTa 241

— — — TOsnyosa cnekTp 243 0

_—— be-npeoGpasoBanue 24

—_ — Eyrl’.lmpupl-la uMnyJjabca 242, 247

HMusepcun 6apbep 270 u ca.

Wnsepcus 270 u c1.

HnayktuBeEf 30dekt 80

MuayKuHOHHEI creKTpoMeTp 234

Hurterpuposanue 11, 12, 35

— B SIMP 3C 390

HMurencusnoctb curuaja 35, 236

— orHocuTeabHas 36, 157

— ycujenne 3a cyer sdpdexkra Osgep-
xaysepa 321

Hurpockonus JIMP 367

Hounocte C—F-cBsi3u 375

— C—X-cBasu 81

Kamu6poska 33, 72
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Kap6anuons 85

— uuBepcus 287

Kap6ouueBbie HoHbl 85

— — BC-cnektpn 328, 402

Kap6ouuabusie 1pynnsl, ¥C-CnekTpn
396, 132

Kapnayca — Konposa kpupaa 122

Kappa — [Mepceasa uMnyJbCHas nocie-
[10BaTeJbHOCTb 245

KaTHOH H30NPONHJbHKH, cnekTp 328

KpajgpaTypnoe AeTekTHpoBanHe 340

KsajapynoJenas pedakcauna 237

KBaapynoJbublii MOMeHT 26

— — 1N 297 u cn.

KBaHnToBanHe, yciaoBus 17

KBauToBasi MexaHHKa 143

KBauTOBBLIe uHCJaa xopolure 175

— — wMarduThbie {8

— — ChmHHOBHE 17

KeTo-eHO/IbHOE paBHOBecHe 295

KeTonnt o,f-nedacbliieHsble 91

Kucapii nporon 39

Koanecuenuusi 257

KnaccuduKauus CIHHOBHIX CHCTeM 142

I-KokauH 216

Koabua unBepcus 274

— pasmep, Bausunve na J(13C,'H) 410

KosbueBoil Tok 93 H ¢

— — B aHHyJeHax 96 u cu.

— — — Gensonax 93

— — — KOHJAEHCHDPOBAHHLIX apOMAaTH-
yecKnx cucremax 95

— — — uukJjonponane 101 u ca.

— — — SMP BC 403

— — pguamarsuTHHA 93

— — mapamarsHTus# 98

— — cuja 100

Kom6rganuosnaa JHHHA 164

KoMMyTHpYIOLIHe oOnepaTtopnl 423

Komnbiotepu 74, 334

KomnbooTepubifi anaaus 202

KourtakThbii caBHr 352 u ca.

KondopmallHOHHAsi 3aBACHMOCTb KOH-
CTAHTHl CIIHH-CIHHOBOTO B3aHMOAEH
cTBHS ajauabHON 133 H ca.

_____ BUUHHAJ bHOH [22, 127

————— reMHHanbHOH 117

————— roMoaJuIbHol 134

Koyna neperpynnuposka 280

Kpecaa dopma 274

Kpocc-noaspusauus 367

Tpanc-KpoTOHOBOH KHCAOTH  3THAOBLA
s¢up 307

Kpuim addekt 58, 161

m-Keuaoa, Ty anep '¥C 389

JlauTaHHA0B KoMIIeKch 358

Janaaca onepatop 145

Jlapmopa dacrora 19

— — s¢pdextHBHan 180

JlapMoposa npeueccus 228

Jenya 3axon 30

JliHelinaa koMGuuauus 153

Jluuny nntencuBHocTs 35, cM. Takxe
HHTeHCHBHOCTD

— dopma 240

— — BJHsiHHe sgep N 297

— — JopeHueBa 240

~— — pacueT 256

— — wHpHHaA 240

Maruueckas kucaora 63

Marnueckuit yroa 24, 365

Maruut cBepxnpoBoasamuil 301

MarnnTHas anusotponus 86 u ca.

— HHAYKUHs 66

— noaspusanus 45

— 3KBHBAJEHTHOCTb 54

MaruuTtHoe 3kpanupoBaune 30

MarunTHble KBaHTOBble uucsa 17

Mak-Konneaa ypasuenue 87

MasennoBuiit anruapua 91

Martpuunbiii snement 165

Meranikap6ouu/buble KoMIJeKco 107,
420

MerannoopranHyeckie coejguHenus 81,
85, 286 u cu.

MertaHn, rajnorenonpousBoaunnte 80

— nudTop- 56

— auxJop- 40

Meranon 254

Metun6enaunouiit aup 37

MeTnseHoBbie npoToHb 416

Mertusbubie npousBoaHuie 80, 81

— TnpoToHu 416

MeTtoa 3hdeKTHBHBIX JTapMOPOBHIX 4Ya-
crot 180

MexauuaM JaJjbHero  CIHH-CIHHOBOTO
B3auMoaeicTBua 132 u ca.

M-mexanuam 133

Munnuonnas noas (M..n.) 32

Mopynsnus, 6okoBble moJsocs 33, 73

Mounekyaspaas cuMMeTpus 208

MomenT MaruuTHuifl 17

Mopdoaun 197

Myabtunaer 49

MyabTuneTHOCTD 49

MyabtunneTHoift sphext 347

MypaBbHHOH KHCJIOTHI 3THAOBHIH 30hHP
44

Ha#xkpucra teopema 336

M pednernsii yxasarens 469

HakonuTteas curnanos. 75
Hamaruuyennocts monepeunas 231
Hacenennocts 22

— u3bniTOK 22

Hadraaun 95, 124, 327, 418, 422
— nubpom- 212

— l-u-npomna- 353

— l-stnaamuuo- 215
HeanbTepHauTHble yraesogopodb 96
— cnektpo 'H 96

— — 13C 401

Heauaronaabibie 3.1eMeHTb! 165
‘Hemaruueckas ¢daza 360
HeskBusanenTiocTs 54

Hop6opuren 90

HopG6opun:buelil kaTHon 291
Hopkapanien 282

HopmupoBounbtit  Mioxurteab 146
Hoprpuunkaen 292

O6ManuuBO TNPOCTHE crnekTph 57, 163

OGmenHble mpolecc 252 u ¢, 265
H CJL

— — BHYTPHMOJEKYJsipHble 265 H ca.

— — MeXMoJeKyaspuble 284 u ca.

OGpaszell, npuroTosaeHne 63

O6beMHasi BOCIPHHMYHBOCTb 66

Osgepxaysepa s3bdekt 318

— — sagepubifi 321

— — o6obuieHnbit 323

Oxcenun 283

— 2-MeTua- 253

Okcupan 416, 421

— dennan- 177

OsiepuHOBEE NPOTOHBl 417

Onepatop 145

— F. 165, 424

— KoMMyTHpYlowui 158, 423

OnrHueckas 4ucrora 216

Op6utanbubiii MarHHTHBIA MomeHT 105

Ocratounoe pacmensende 331

Or6opa npaBuaa 47, 152

flapamaruetusm 31, 98

[TapaMaruHTHbIE COCAHHEHHS 352

[TapaTtponus 99

MMackaaa TpeyroJbHHK 49

[Tepsoro nopsika npaBuaa 49, 54

— — mnpubanxenne 162

— — peakuus 263

ITepeMeHHble TeMIepaTypbl 76

ITepexona BeposTHOCTb 157

Turen, 7Tpauc-15,16-gumernn-15,16-1u-
ruapo- 96, 98

[Mupuaus 418, 422

— 2,6-aumerna- 171

-— cnektp ®C 386

— CIHH-CIIHHOBOE B3aHMoOjeldcTBHe 129

— 2-xJ0p-3-amMuHo- 179

— s¢Pdekt nosist 103

[Muporaanon 172

[Tuppon, pasBaska or N 327

[Tosopora yroa 241

[Norgouienus curuan 233, 240

ITone — gacrora, cooTHOLIeHHS, CTaGH-
ansanus 233

[Noananernnen 136

TMomumepm 221

[Tons BekTop Bpamarowmuiica 231

— rpaauents 70

— pasBepTKa 25

— abdekT aunoasipunil 103

— — 3jcKTpuyeckuil 103

ITossipuble KoopaHHATH 423

IlpaBuna nepBoro nopsaka 49, 54

ITpeo6pasoBanua MaTpuuna 167

X-TTpuGauxenune 177

IlpHpoaHble COelHHeHHs, CcleKTpu !3C
388

— — cnekTpsl 'H 212

«[Ipo6 H ownbok» Merox 202

[po6uas ¢ynxkuus 153, 154

[Tporpamma 202

IMponun 40, 89

ITpoTounbiii obmen 254, 294

IceBaoBpatuente 274

[TceBnokOHTaKTHHH caBur 355 u ca.

PaBnoBecHasi HAMarHM4eHHOCTh 233

Papnouacrora 20, 24

Paspsizka cnuuoBas 304 u ca., cM. Tak-
e JIBORHON pe3oHaHC mOAHBIA

Pazpeutenne 70, 71

PactBoputenn 64, 433

— OITHUYECKH-aKTUBHHE 215

— rtabanua 64

— YyacTHYHO JAeliTepHpoBanHbie 64

Pacutensenne 48

— mnepBoro nopsaka 49

Peakuun nepsoro mopsizka 263

Peakunii kuHetnka 258

PerpeccuBunifl nepexon 312

Pesonanca ycnosusa 19

— wacroTst 1°C 431 H cn.

— — WF 373

— — 'H 40, 416 u ca.

Pezonancubifi curnan 10, 22, 240

Penakcaunu Bpems 235 u ca.

-— u3MepeHHe 242 u ca.

— MexaHH3Mu! 235 u .

Penakcauns 235

— nonepeunas 238

— npoaoAbuas 235
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— cnuB-pelleToyras 235
— CIHH-CNHHOBas 238
— 13C 410

CanuuunoBuiit agbaerng 106, 317

Carteanuth 255

CaepxnpoBogsimuue coeHouas 301

CsoGoanas sneprus 258

Cssa3u anaHHa 121, 124

— nopsifok 125

CaBurosble peareHTot 355

CermenTa/bHOe ABHKeHHe 412

Ceky.sipHoe ypaBHeHHe 154

Cekyanpubiii zeTepMuHaHT 155

CU (MexaynapoJHasi CHCTeMa eQHHHIL)
432

CurraJ/uiym, oTuowenue 74

Cummertpus 158

Cunrsetnoe coctosiHue 159

CHHAHOTaKTHUECKHEe TpHaAbl 222

CucreMa cnuxoBasi A, 153

— — — JuarpaMMa  3SHepreTHYecKux
vpoBrefi 156

~— — — opuentupoBannasa 361

~— — — OTHOCHTeJbHble  HHTEHCHBHO-
ctu 157

— — AA’BB’ 200, 201

— — — mnpsMo#t anamuz 202

— — ~— CIIHH-THKJHHT (JIoKanbHbLIHA
NBOIHOA pe3onanc) 311

— — AA’XX’ 188

— — — JuarpaMma
yposue#t 190

— — — MaTpuua ramuabTonHana 190

— — — ofMaguuBo npocTass 199

— — — noacmexkTpr 191, 192

— — — npsaMoi anamuz 192

- -~ — co6CTBeHHble 3nadenus 192

—— — - CIHH-THKJHHT (J10KaMLHbIH
JABOHHOA pe3onanc) 312

— — — ¢ynguuH cummerpun 190

— -—— — 3Hepruu nepexojos 194

— — AB 159

— — — 0e3 CIOUH-CIHHOBOIO B3aHMO-
neficteusa 149

— — —— reoMeTpHueckoe pelnente 170

— — — JHarpaMMa  5HepreTHYeCKHX

yposueft 152, 311

~— — — o0ManuHBo nipocTas 163

— — — npsiMo# anayus 168

— — —- cobctBenHble ¢Gyuknun 162

— — — cnuu-nosspusoBanHas 348

~— — — CIOHH-THKJHHT (JIOKaJIbHBII
ABOHHOM pesonanc) 312

— — A.B (rakxe AB,) 171

~ — — Gasucuple Gypruun 172, 177

— — — JjMarpaMma  SHepreTHYeCKHX
ypoBuei 173

SHEePreTHUYECKHX

— — — MaTpHua ramuiabTOHHaHa 176

— — — HENpUBOAHUMOE ImpelacTaBJ/ieHHEe

175

— — — cofcrBennbie Gynruuun 172,
177

- — — cndH-yacToTH 176

— — — Tabauusl yactor 426

— — AB, 176

— — ABC 187

— — ABX 176

— -— -— [HarpaMMma  SHepreTHYeCKHX
ypoBueit 178

— — — MYJIbTHIVIMKATHBHblE (YHKIHH
178

— — — o0manudBO mpoctas 184
—- — -~ moACmeKTpH 178
— — — X-npubanxenune 177

— — — X-gacTp 181

— — ABX. 179

— — ABX; 180

— — AMX 49, 51, 224, 302

— — — onpepejenHe OTHOCHTEJIbHBIX

3nakoB 312 u ¢
— — — HUHOOP-cnektp 323 u ca
- — — CHHH-THKJHHT (JTIOK aTbHELH
aBoiinofi pesonanc) 311 H ca.
— — AX 46, 150
— — —-nBoiiHoH pesonanc 304 H cn
Ckaaspuoe BaanmofeficTeue 45, CM. TaK-
e CIHH-CIHHOBOE B3aHMOJeHCTBHe
Coaomona cxema 319, 321
— ypasuenHe 321
ConbBaTANMOHKBIE RuacTepeoMepnt 216
— otdeKTH A5 KOHCTAaHT cBAsyu 68
-— — - xuMHuyecknx caBuros 109
Coceannx rpynn >doekr 31
Cob6ersennast ¢ynkuna 144, 147
Co6cTrennoe 3nauenne 167
— cocrosinne 10, 17, 144
Co6cTBeHHbH BexTop 164
CnekTpoB Hakomjeunne 75
— Tunu 143, 208
Cnextpomerp SIMP 23, 234, 241
— — nacrpofika 69
Cnekrpockonus 3C 412
— — aJxenoB 434
— — agkuHoB 435
— — anudartuyeckux coeiHHennit 404,

— — agbTepHaHTHHIX fi-cHcrem 401

— — apoOMAaTHYeCKHX HOHOB 399

— — — coepmnenwii 401, 435

— — GeHsoLuKJIOATKeHOB 435

— — Ban-aep-BaanbcoB dhdext 404

— — BHIHHAJbHOE CNHH-CIHHOBOE B3a-
umonciicteue ¥C—'H 410

— — pHepc30HaHCHAsT pa3Bi3Ka 330,
388, 390

Tpedmerneul yrasareas 471

-~ — — — C H3MEHSIEMbIM CMeLIeHHeM
no yacrote 392

~— - reMHHaJbHOe CIHH-CITHHOBOE B3a-
uMmogeiicteue 410

— — reTepolHK.JI0B 437

— — geabTa-lukana 396, 431

— — HNWAaMarHUTHOTO 3KPaHHPOBAHUA
BKjaax 397

— — nauuamuyeckue 3ddexTor 388

— — JMNOJbHBIH MEeXaHH3M peJfakca-

uuu 411

— — 3aBucHMocTbh ot pH 394, 402

— — — — s-xapakTepa 407

— — — J(13C — 'H) ot pa3Mepa UHK-
aa 410

DD
— — R{7 ot paccrosuua 412

— — 3aMecTuTesell mnocTosHHble 405,
406

— — — addexTn B ankanax 405

— — BJIMSIHHE IIJIOTHOCTH 3apsga 399

— — — HM3MeHEeHHA IUIOTHOCTH f-3a-
pana 400

~ — KapGOHHeBBIX HOHOB 402

— — xapGouuapnpix rpymm 396, 432

— — KOHCTaHTHl CINHH-CMIHHOBOIO B3a-
uMopelicrBus 407

— 13C,13C 408

— — — I3C/TH 408

— — — BC,X 390

— — wusotonusle 3¢ dexktnr 395
— ~— H3yueHHe MeperpynmupoBru 403
— —~— upTerpHpoBanue 391
— ~ HHTeHCHBHOCTH 390
— — KoJbleBoro Toka 3ddekt 404
— — KOppeJslHH BpeMs 411
— — Koppeaauus ¢ JaHubiMH 'H u
9F 400
— MeTHJLHKIOreKcana 405
— 12C-meTka 390
— — BC-metka 390

?H-meTKa 395

MexopOHTaIbHHEA yroa 410

— gakomeune criekTpoB 390

— — HeHachllleHHBIX cHcTeM 400

— ortrecenne 392

— —— OTHeceHHd MeToAb 392

— — MapaMarHMTHHH BKJIAax B SKpaHH-
posanne 397

— — nupuaHHa 386

— — nosmumepos 388

— — NpUpOAHBIX coeanHenuit 388

— — mpoToHHpOBanue 394

— — pasBsi3Ka uMNYyJbCHas 391

— — pacreoputeau 433

— — pe30HaHCHBIe CTPYKTYDH 400

— — penakcaudn Bpems T, 389, 410

u CJ.

— — — ckopocti 390, 410 u ca.

— — PpeJaKCalHOHHBIE peareHTH, He
H3MeHsA©LHe casura 392

— — catenduts 13C 222

~— — CBfI3b ¢ MOJIEKYJSIPHOH -
KoOit 411, 412 yaae s

—— —— CeJIeKTHBHAR HHBEDPCHS HaceseH-
HocTel 394

— —— CeJIEKTHBHEIl NEepeHoC HaceJseH-
HocTH 394

— — cnektpockonuss ®I1 390, cu. rak-
we O®ypbe-cnektpockonus SIMP

-~ — CIIHH-peIIeToYHas
389, 410 P peJsaxkcatns

-— — — — cxopoctu 390, 410

— — CIIHH-CIHHOBOE  B3aHMOJeHACTBHe
407 u ca.

— — cTaHaapto 396

— — CBA3b co crepeoxumueii 406

— = — —— 3JeKTPOOTpHIATe]b
406 P PHLATEJIbHOCTbIO

-— — CTepOH[OB CHEeKTPn 388

— — TeOpeTHYeCKoe paccMOTpenue 397

—— — TeTpaMeTHJcHJaHa 398

-— — TXKeJoro atoMa sbderr 397

— — s-xapakrep 408

— — XHMuueckui casur 396, 431 u ca.

— — LHKJ0aJKaHoB 434

— -— UHKJOaJKeHOB 434

— — LHKJOrentaTpuena 387

— — IIMPOKONOJIOCHAsA pa3Bsizka 329,
390

— — YEeTBePTHYHLIX aTOMOB YI/epoaa
387

~— — 3JIeKTpHYecKoro mnojsa s¢dekr
404

— — SMIHPHYECKHe Koppeasiuuu 404

— — 3Tajon 396

— — s¢dekTs pacTBopHTesas 433

— — sjepubll 3bdexr OBepxaysepa
(5120) 390 u ca. .

— — wuaMepente Ty 389, 396

Cnextpockonus °F cit. ®rop-19-crek-
TPOCKONHs

CrekTp nepBoro mnopsanka 48, 162

CneKTphl BBICOKHX NMOPSAKOB 58

— oOManunBo mpocTeie 56, 163

Croun 18

CimnoBas cucrema 49, 142

— —- H3 Tpex cnHuHOB 170

— — — yeThIpex cmuHoB 187

— — ofo3nauenus 142

— — npaBHJa pacyeToB 165

— — pacueTn 148

CnuuoBast Tabauna Aasf ABOHHOTO pe-
3oHaHca 315

CrnHHOBHE KBAaHTOBbIe yHCa 17

Cnun-passszka 304 # ca.
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CHHH-CIIHHOBOrO B3aHMOJEACTBHA KOH-

cranTta 1BC'18C 408
— — — BBCF 410
— — — BCJH 409
— — — VF9F 381 u ca.
— — — 'H,I%F 381 u ca.
— — — H'H 41 u ca., 114 u ca
~— — — — ajauabHan 133 u ca.
— — — -— apoMaTHyeckas 422
— — — — B Gensone 129
— — — — punuHanbHas 121 u ca
— MeTaJ iIKa pOOHHIbHbBLIX

KOMIJeKkcax ojeduHoB 420
————— osedunax 418
————— uHKjgonponade 419
————— sTaHax 121, 127, 418
————— 3THJeHe 418
— reMuHanabhas 115

~— TroMoaJunabHas 135
— eow 123

— ~— — — naabHfg 130

— — — B

nunonabHasa 137
elHHHILA 45
~— — -—— — 3aBHCHMOCTb OT PacTBOPH-

Teas 68

~—~ — — — 3HaK 47

— — — — MO-mozens 119

~— — - — OTHOCHTe/IbHbie 3HAKH 58,
183, 313

— — — — [pHBeleHHas 45

— — — — CTPYKTypHas 3aBHCHMOCTb
59, 114 u ca.

— — — — THUNHYHBIE 3HayeHHH DY

— — — — Tpaxc 59, 123

— — — — 4epe3 MpOCTPAHCTBO 137

CHHUH-CMHHOBOe  B3aHMOJEHCTBHe  aJ-
JiugabHOe 133 u ¢

BHUHHaAbHOe 121 W cua.
-— reMHHaabHoe 115 H ca.

— — TroMoaJ/yIHJabHOe 135

— — eow 123

— — JajabHee 130

— — nunoabHoe 137, 359, 365

—— — 3HaK 47

— — OTHOCHTe/IbHble 3HaKH 58, 183,
313 ¥ ¢

— — npaMoe 365, 395

— — rpaxc 59, 123

— — uepe3 npocTpaHctBo 137, 383

-— — 'H,?2D 226

— — 'H,%F 381 u ca.

— — 'H,'H, cm. Cnun-cnupoBoro B3a-
HUMOJIEHCTBHR KOHCTAHTA

— — I3C,13C 408

— — IBC,ISF 410

— — I3C,'H 409

— — 19F,F 381 u ca.

CrabuiM3auns BHellHss 234

[
!

— BHyTpeHHAA 234

— reTeposfepuas 235

Cnun-THRJAMHT  (JIOKAJbHBIH
pesonanc) 311

Crun-3x0 244

Craungapte 66, 77

-— BHellHHe 66

— BHYTpeHHHe 66

— aas SIMP 13C 396

— — — WF 374

Crenenb opHenTauun 363

CrepeoxuMmHsl u pe3oHanc !3C 406

Cruposokena 177

NBOMHOH

CTpPYKTYpHble 3aBHCHMOCTH KOHCTaHT
CIHH-CIIHHOBOTO B3aHMOeHCTBHA
H—'H 59, 114 u ca.

— — XuMuyeckHx ciaBuros '“C 396
H CJ.

— — — — 18F 373 4 ca.

— — — — 'H 81 u ca.

Cy6enekTpol 176
Cymmapubiii cnun 48

Tay-BesiHuuHb 34 u CJL.

Tay-wikaga 34 v ca.

Tagra xoncrantm B AMP ISF 377

Teepabix Ten SIMP 364

TemnepaTypubie HaMepenus 76

TeTpametnscunan (TMC) 34

TuennHa AHOKCHI, HHBepCHA LHKJa 303

Tunpan 421

Tuogen 418, 422

— 2-6poM-5-xsiop- 168

— 2-nop- 177

Tonyoan 40, 41

Toppu ocuniasunu 323

TOpCHOHHBIl yroJ, BJHSHHE HA KOH-
crauts 'H—'H 122

Toueunoro aunoss npubauxenne 86, 93

TpancMuccHOHHBIH KO3)duuHeHT 259

TpexcnuHoBas cucreMa 170

Tpuaga 221

Tpraskuiokconnesast coab 273

TpuMernnamomunuit 295 u ca.

Tpunaetnoe cocrosnne 159

Tponunufi-katuon 82

T\-uaMepenus 242 ,

T2-u3mepenns 238

Yraepoaa-13 cnektpocxkonus cam. Crek-
TpocKonus '3C

¥YrnoBo#t Moment 17

YKcycHas KucsoTa, GeH3WJOBHI 3dup
30, 33 ‘

Yuurapuoe npeoGpasoranne 167

it

—

Npedmernoii yrasareas 473

“®aemunruy B 212

®ayopen 118

Qaykryupyoline MoJekyan 280

®Top-19-cnekTpockonus 373 u ca.

— apoMaTHYeCKHe  CcOelHHeHHAa 377,
384

— BaJeHTHad rayToMepusa 380

— BaH-Jep-BaajbcoB 3ddext 377

— BpallaTeJbHas H3oMepu3lanua 380

— [l ammera KOHCTAHTH 377

— JekaJnuH, 2,2-audtop- 380

— JleJbTa-lKagaa 374

— JHacTepeoMepbi, o0pasyioulHecs MpH
paBHoBecHH 380

— HHBepcHs unkaa 380

— Kapnayca xpupas 385

— KOHCTaHTBl CMHH-CIHHOBOTO B3auMO-
AeiictBus 381 u ca.

— NJOTHOCTb 3apana 377, 400

— [pAMOE CNHH-CIMHOBOE B3aHMOJeii-
cTBHe 383

— pacTBOpHTeJ A BiHMAHHe 374

— cnekTpu 378

— CNHH-CIIHHOBOe B3aHMopeficTBHe 38!
H CJI.

— cTanAapTe 374

— crepuyeckne s¢dextnr 377

— XHMMHUYECKHe cABHTH 373

— 3JIeKTPOOTPULATENbHOCTL 376

— 3TajloHHBle COefHHeHHs1 374

— a3tan, |,2-audrop-1,1,2,2-TeTpaxaop-
380

— sjepHbie cBoHcTBa 372

dropucTuii Bogopoa 45

OyMapOBOH KHCJOTH AHITHJOBBIA 3QHp
91

®dypan 55, 199, 418, 422

dypbe-cnekTpockonus  JMP
@I1) 245, 333

— — aHaJsioro-uH¢gposoii npeobpasosa-
teab (ALIIT) 334 n ca

— 6ur 335

— BpeMEHHOe IIpeicTaBJjeHHe 248

— BpeMs CUHTHIBaHHR 337

— BXOAHOE yCTpoiicTBO 335

— BUY-renepartop 339

— BHOOpKH BpeMsa 337

— BHIGOpKH ckOpocTh 336, 337

AaHHBIX 0oOpaboTka 342

— sBouyHas ¢opma 335

— JA¥MHaMHYeCcKH# auanason 336

— 3ajepXKH Bpems 339

~- KHTEHCHBHOCTH H3MepenHe 342

— KBaJpaTypHOe  JAeTeKTHPOBIHHE
340

— — ouudposmBateas 335

— — Haiixeucra teopema 336

-— — napu Pypre 249

(SIMP-

L U R I R T I A O
|

— — NOBTOpeHHs nepHoa 246, 339

— — npeofpasopanue Pypbe 249

— — pa3spewente 336

-— — cJoBa AJadHa 335

— — cnekrpa wHpuHa 336

— — TpyAHoctd B AMP-O®[1 340 -

— — a3oBue owHOKH 343

— — ¢uabTpauna 34!

— LHPPO-aHAIOTrOBHIH

sateap (LLAII) 337

— — uubpoBoi KoMnbiotep 334

— — YacTOTHOe npeACTaB/eHHe 249

— — YacTOTHO-3aBHCALLHE ¢a3oBbie
OWHOKH 343

-— — 4aCTOTh oTpameHHble 340

— — YHEIO fAYeek mnamATH 335

— — s5THaaueTaT 341

npeobpaso-

s-Xapaktep u ®C—!H-KoncranTsl cnun-
CIHHOBOTO B3anmojeiicTBua 408

XUANS (xuMHYecKH HHAYUUPOBAHHAA
JUHAMHYECKasi MOJSAPH3aLHs  Aaep)
341 u ca.

XuMHUyeckasi 3KBHBAJEHTHOCTb D4

Xumuueckusi oOmen 252, 429

— caBur 29, 79 u ca., 415 u ca

— — yraepoga-13 396 u ca.

— — ¢ropa-19 373

XupaJabHocTb 215

Xnopodopm 40, 105, 222

Wuka[3,2,2]asun 99

Linka{3,3,3] asun 99

LHuknoankeun 125, 409, 434
[lukno6yrane 3aMelieHnble 210
[IuknoGyren 417, 421
Lugnorekcaauen-1,3 421
Lukaorekcaauen-1,4 134
Lluknorekcapuedon 421
Lluknorekcaguen-2,4-on-1 91
[lukaorekcan 40, 88, 405, 407, 421
— Gpom- 276

— HHBepCHA KoJblia 274

— MeTHJ-, AaHuble BC 405

— xJop- 275

—_ du 275

ukaorentatpuen-1,3,5 90, 282, 420
— BaJleHTHAas TayToMmepusa 282

— 7,7-nuKap6oOMeTOKCH- 282

~- uHBepcHs UHKaa 277

— MOJHOJeHTPHKapOOHHIbHBEH ~ KOMII-
Jekc 420
- 13C-cnekTp 387
KOMILIeKC

— XpOMTpHKapOOHH/IbHbIH

107, 420
— 1-unano-7-rpupTOpMeTHI- 282
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LuknookTaterpaen 99, 284

-— METH.l, KOMIJIEKC ¢ Fe(CO)s 289

Unknonentanuen 417, 421

Huknonenragnenna-annon 82

Unknonenraunnon 118

Hukaonenren-2-on 91

— 4-6pom-3-rper-GyTua- 180

Luxtonponanm 40, 419

— Bunpa- 102

— ausameliennble 209

— KOJbLeBoro Toka adgexkt 101

-~ KOHCTAHTH CIHH-CIIHHOBOTO B3aHMO-
neficreus 'H,'H 116, 123, 418

— — — — BCIH 409

— MarsuTHas aumusotponus 101

~— TpH3aMellenube 209

Hukaonponen 417

Yacrornas passepTka 25

Yactuun ciuH cocrasuoil 175
YacTHYHO OpHEHTHPOBAHHHE MO.JEKY.b!

359 u ca.

YeTbipexcnnuoBas cucrema 187

Yncno siveex mamsith 335

UucTtoTa ontuyeckas 216
UyBcrBHTeNbHOCTL 22, 26, 73

Iupokux nuuufi SIMP 137
IlIteprna — lepraxa skcnepuMent 20
MIymoBast passsizka 330

diipunea ypasuenne 259

OKBUBAJEHTHOCTh XUMHUecKasi 54

— MaruuTHas 54

Akpanuposanne 30, 79

— xoncTanTn 30

DKCroHeHIHAIbHOE YMHOXKenHe 342

D/IeKTPOH Ha OKpYyXKHoctd 97, 145

dnekTpoHHas na0THOCTH 83, 399, 400

dneKTpooTpHUATebHOCTD K 13C-peso-
nanc 406

— — !9F-pesonanc 376

— — 'H-pe3onanc 80

duautHomepnt 215

AuanTHOTONHOCTL 219

AuepreTHyeckuii Gapbep 261

OHepreTHYeCKHX  ypoBuefl nHarpamma
19

— — -— [ABYXCIIHHOBOH CHCTeMH 47

— — -— H30/MPOBAHHOTO s1pa B Mar-
HHTHOM mnone 47, 148

— — — Aj-cucremn 156

~— — — AB-cucremu 152, 311

— — — AB,-cuctemn 173

— — — ABX-cucremn 178

— — — AA’BB’-cuctemn 190

DHepruw KpauT 19

— mKaaa 24

SHeprus noraomenns 19

SuTtanbnus 258 H ca.

Sutponus 258 u ci.

OlIP, cBePXTOHKOH CTPYKTYPEHI KOHCTaH-
Ta 354

dray 267

— 1,2-gucrop-1,1,2,2-trerpaxaop-, 1°F-
crnektpockonus 380

— TaJIoreHonpox#3BoHble 81

— 3aMeluennble 197

— KOHCTAHTHl CIIHH-CITHHOBOTO B3aHMO-
nefcrBusi 418

Arunauerat 341

Otunen, 1-6pom-1-xg0p- 168

— L1-gudrop- 55

— 1,2-puxnop- 224

— KOHCTAHTH CHHUH-CIHHOBOI'O B3aHMO-
neficrBus 418

— MOHO3aMelleHHble 92

rpaxc-1,2-guxnop- 224

Ortunenumun 272, 416, 421 cm. TakKe
Asupuann

Atunenokenn 273, 416, 421

Srunencyabdun 416, 421

Aruadopmuar 11

AddekruBHoe mose 230

Slnepuas noaspusanus 320

— — XHMHYECKH HHAYLUHDOBAaHHAS MIH-
Hamuyeckass 345

-— mpeneccus 229

Slpepnoro cnuHa onepatop 147

Slnepuble XxapakTepHeTHKH 26, 27

Slnepubii KBaAPYMoJbHBIA pesonanc 27

— MarueToH 18

— cmun 17 u e,

— a¢dext Opepxayzepa (JI3C) 320
H Ca.

— — — npujaoxenue B 13C-cmekrpo-
ckormuu 390 u ca.

-~ g-thaktop 18

30, cu. Anepuwiii spdext Opepxay-
3epa

COAEPYAHME

[IpeancnoBHe nepeBoJYHKOB
[IpeaucnoBue aBTops
K aHrauiickomy H3gaHHIO
K pycckoMmy H3IaHHIO

Brenenue .
E 1unuin uswepe}mﬂ

I'JTABA . ®u3nyeckHe OCHOBbLI 3IKCHEPHMEHTOB MO SAEPHOMY MArHHTHOMY
pesonancy. Yacts 1 O

. KBantoBomexaHHueckan MoJenb H30JHPOBAHHOrO NPOTORA . .

. DKCnepHMeHTaNbHOE NOATBEP/KIEHHE KBaHTOBAHHS yrﬂosoro MOMeH-
Ta H ypaBHEHHS pe30HaHca . .
. DKCIEPHMEHT 10 SLAEPHOMY Mammuomy pesoHchy B KOH,ELGHCHpO-
BaHHOH cpefie M NPHHUALBI YCTPOHACTBA cneKTpomeTpa SAMP

. MarnuTtebie coficTBa upymx ﬂﬂep .o o
Jluteparypa .

DD —

B~ W

[JIABA II. CneKTpm NMPOTOHHOFO MAarHHTHOFO pe3OHAHCA OPFraHHYECKHX MO-
JEKY N e e e

1. XHUMHuecKHH CABHL .

1.1. EauHunbl H3MepeHHs XHMHYECKOTO anHra

1.2. VHTerpnpoBanne PE30HAHCHOFO CHTHANA .

1.3. 3aBHCHMOCTL PE30OHAHCHOH YacTOTH OT CprKTypb! O6me 06-

30p . . . G Coe

2. CriuH-ciHHOBOE BBZHMOLLGHCTBHQ .
1. O6uHe 3aMeyaHHs .
2. [TpocTeie npaBHJA nHTepnpeTauuu CBerTOHKOH CprKTypb! B
CEeKTpax . .
.3. Ilpenenni npnmex—mmocm HpOCThIX npaBm] pacmenneuuﬂ .
4. 3aBHCUMOCTb CNHH-CIIHHOBOTO B3aHMOJEHCTBHA OT CprKTypbl.
O6uwnii 0630p . .o . . .o
JIurepatypa

I'JIABA III. 3kcnepumeHTanbHble ACNEKTbI CNEKTPOCKONHH SIAEPHONO MarHMT-
HOro pe3oHaHca . s e e .

OB

. [lpurorossenre o6pasua M aMOyJb . .
. BHyTpennHe M BHellHMe CTaHZapThL. Bansisne pacwopmem.
. Hacrpoiika cnekrpomerpa - .o

. TloBblileHHe UyBCTBUTEJBHOCTH . .

. HaMepenne cnextpon an pas.nwmb[x TemnepaTypax .
JIuteparypa . . .

U O N —

I'JIABA IV. CBa3bp XHMHUYECKOrO CABHFa M KOHCTAHT CIHH-CIMHOBOTO B3auMO~
AEHCTBHA CO CTPOEHHEM MOJEKYJl .o

1. ®akToph, onpejie/sioniie IPOTOHHbIE XHMHUYECKHe CABHIH .
1.1, Bumsinuc 3JeKTpoHHOH MJIOTHOCTH Ha NPOTOHE ., . . .

o wwoeo,

[

17
20

22
25
28

29

29
32
35

37
41
41

48
53

58
62

63

63
66
69
73
75
77

79

79
80
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Codepacarue

1.2. BuusiHHe 3/1eKTPOHHOH MJOTHOCTH HA COCEIHUX aTOMax yrue-

poaa .o e 80
1.3. Buausuue HH,ELyquOBaHHbIX MArHHTHEIX  MOMEHTOB COCeHUX
aTOMOB H Tpynn . . 86
1.4. 3ddekT KONbLEBOro TOKa B um(queC}(Hx COHpﬂ)KEHHbIX T-CH-
cTeMax ... 93
1.5. MarHutHas aHHBOTpOHP‘Iﬂ unmonponaﬂonoro Konbua . {1
1.6. I¢ddeKT 3/1eKTpHUECKOro noJs NOMSIPHBIX  TpYNT M BIHSHHE
BaHIepBaaJbCOBLIX B3aHMOJEHCTBHH . . . L . . 103
1.7. XuMHyeckHe CJABHTH TNOJ BJHSHHEM BOZ[OpO,ELHOH cBasn . . . 105
1.8. XHMHYeckHe CABHIH IPOTOHOB B METa/JIOOPraHHYeCKUX COerHu-
HegHAX . . e e e . 107
1.9. 3SddekTn pacreopmem OO 4 €
1.10. DmnupnueckHe KOHCTAHTH 3aMmecTHresell . . . R 110
1.11. TabGauupr XHMHYECKHX CABHIOB B cneKTpax npomxmoro peao-
HAHCa OPraHHUECKHX MOJEKYJI . . .14
2. Cmm -CIIHHOBOE B3aHMoJefiCTBHe H XHMHYeCcKoe CTpoeHue R & 2
TeMHHaIbHble KOHCTAHTH CNMH-CNWHOBOro BaauMmoieidctsust . . 115
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