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NPEANCIIOBHUE MEPEBOAYMKOB

SIpjieHHe sAlepPHOrO MarHHTHOro pesoHnauca (SIMP), oTkphToe
B 1945 r. ®. Baoxom u 3. [lepcennom, ubine naypeatamu HoGe-
JIEBCKOH MPEMHH, JIerJI0 B OCHOBY CO3JaHHS HOBOI'O BHAA CNEKTPO-
CKOIIMH, KOTOPHIH B O4YeHb KOPOTKHUH CPOK NPEBPATHJCS B OAHH M3
CaMblX HH(QOPMATHBHBLIX METOJOB HCC/IENOBAHHS MOJIEKYJIsAPHO#
CTPYKTYPBHl H AHHAMHKH MOJIEKYJ, MeXMOJIEKYJSAPHHIX B3aHMOJIEH-
CTBHH, MEXaHH3MOB XHMHMYECKHX DEaKuuii ¥ KOJHYECTBEHHOTO aHa-
JHM3a BEIleCTB B pa3/IMUHBIX arperaTHelX COCTOsHUAX. Hauyunas
¢ 1953 r., Koria Obliu BHINYIIEHH MNepBble CIeKTpoMeTpn SAMP,
rexuuka JMP HelpepHIBHO COBeplUeHCTBYeTCHd, JaBuHOOOpPas3Ho Ha-
pacraer NOTOK HCCaeJoBaHHH, BO3HHKAIOT HOBBIE H PaCIIHPSIOTCS
TPaHUHOHHEIE 00/1aCTH NpPHMEHEHHs B XHMHH, (pH3HKe, GHONOTHH
i MeIHUHHe. B COOTBeTCTBHH € 3THM OBICTPO pacHUpseTcs Kpyr
CHelHaJucTOB, AKTHBHO CTPeMSILIUXCS OBJAaLeTh 3THM MeTOIOM.

Hckmountenbnast poab Meroga SIMP B XHMHYeCKHX HCCJeNo-
BaHWaX OHpedeNseTcsl TeM, YTO OH OKa3blBaeTcs MOJE3HbIM, a 4Ya-
CTO He3aMeHHMbIM HCTOYHHKOM HH(pOpMalHH Ha BCeX CTAaAHAX HC-
CNeN0BAHUSA — OT HM3YUEHHUS COCTABA CJAOXKHBIX PEAKIHOHHBIX CMe-
Ceil [0 YCTaHOBJIEHHS] CTPOEHHS] U [NHHAMHYECKHX XapaKTePHCTHK
CIOXHBIX COeAMHEHHH, paclnpefeseHHs] 3JeKTPOHHOH MJOTHOCTH
B HHX ¥ MeXMOJEKY/ISpPHBIX B3aUMOAEHCTBHA.

CoBpeMenHbI# 06pa3oBaHHbIH XHMHK, B Kakofi GH 00JacTH OH
HU paboraj, AOJMKEH MOJYYHUTb AOCTATOYHO OouibLION 00beM 3Ha-
HUA O sigepHOM MarHuTHOM pesonance. [TostoMy mporpamma Bcex
BeIyIIHX By30B XHUMHYeCKOro mnpodunas o06s3arejbHO BKJIOYaer
JeKIIHOHHBIE KYyPChl PAa3/MYHOrO. yPOBHSI MO cheKTpockonuu SIMP.
Baxuyio ponb B OBaNeHHH MeTONOM HrpaioT YYeGHHKH U yueGHble
oco6us, noTpeGHOCTb B KOTOPLIX HENpepbiBHO PacTeT.

Kuura ussectHoro crenxanucra B OOJACTH CIEKTPOCKOMNHH
pod. X. Mourepa (PPI) «BBedenue B Kypc cnekTpockonuu IMP»
Obiia mnepBble ony6/iHKOBaHA Ha HeMeLKOM si3bike B 1973 r.* m
CPasy npuobpesa INHPOKYID H3BECTHOCTh CPeIH CHELHaJHCTOB.
B 1980 r. Brimen anrauiickHil mepeBOL 3TOR KHHTH.

\_—
* Ginther H. NMR-Spectroskopie, Gearg Thieme Verlag, Stuttgart, 1973,
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Kuura npod. X. ['oaTepa OueHb yAayHO COHUETAET JOCTYIHOCTh
M3JOKEHHUA C [ONHOTOH # CTPOTrOCTDHIO. AsTtop moutH Be3de ONy-
cKaeT MaTeMaTHUecKHe BbIK/IaJKH, HO IpH STOM cTpemuTes CO-
XpaHuTh (DU3HUECKHH CMBIC/ NPUHLMIIOB H MeTOJAHYeCKHX [PHEMOB.
Kuyura HacbinieHna GOJIbLIUM KOJIHYECTROM waJocTpany, HaraaiHo
¥ KOHKPETHO I0Ka3blBalOIUX MPaKTHIECKHE BO3MOKHOCTH CHEKTPO-
ckonun SAMP.

Vemex KHHCH CYUIeCTBEHHO Ollpefensercd ee obuleit CTPYKTY-
poit. OHa Kak Gl COCTOMT M3 Tpex YpoBHefl. Huxunil, «obmeno-
CTYyMHBEIA» YPOBEHD, npeAHasHayeHHblll JJf XMMHKOB BCEX npodu-
Jiefi, BRJIOUAET [JL —IV. Oy naer BO3MOXKHOCTb OCBOHTb CIEKTPO-
CKOMHMIO TPOTOHHOTO MAarHUTHOIO pe3oHaHca, no-npexxHeMy HaH-
GoJee MOMNYJSAPHBIA BHJ CIEKTPOCKOMHH AMP, a Takxke HayIUTbCH
MCIIONBb30BATh TOT METOJM MpH HeCIOXHOH (XOTS W HemoJjHo#) 06-
paGoTKe CNEKTPOB [Jis PeIIeHHs 3ajay [0 YCTAHOBJEHHIO CTPYK-
TYpbl OPraHMYeCKHX MOJEKYJL. Bropoit, GoJee BHICOKHH YypOBEHb,
sraouatomuii ra. V, VI, VIII u X, npeixasHaues s KeJaomnX
yriy6uTh CBOM SHAHHA CHNEKTPOCKOIHH SAMP u HCnONb30BaTh e€e
K4K OCHOBHOI MeTOJ CTPYKTYpHOro aHa/jnsa B cBoeil paboTe. DTOT
ypOBeHb IO3BOJISIET OCBOHTH TEXHHKY aHaJii3a CIIEKTPOB BBICOKOTO
paspelieHHs, a TaKkKe aHanusa 5 deKToB, CBA3AHHBIX C CHMMET-
puell ¥ XHPaJbHOCTbHIO MOJIEKYJ. KpoMme TOro, Ha 3TOM YPOBHE
[IPOUCXOANT 3HAKOMCTBO CO cnekrpockonuet IMP Ha sapax 13C
u 19F. Haroseu, Tperuil, camblil Bhicokuit, yposerp (ra. VII, 1X)
mpeaHasHaueH IS XHMHKOB, crenHajusHpylouiuxca 8 06JacTH
cnekrpockonuu SIMP. DT1OoT ypOBEHb MPEANOsaraer OCBOCHHE 60-
Jee TOHKMX (DH3HUECKHX HJeH, 3aJ/I0KEHHBIX B MP-3KcriepHMEHTe,
¥ BHITEKAIOIIHX W3 JTHX H/edl HEKOTOphX HOBeHIIMX METONHK H
obmacTeil MpUJOXKeHHsl CTIEKTPOCKOTIHH AMP.

Tlocjienne AOCTHKEHHs CHEKTPOCKONKH SIMP cBsizaHbl C BHEX-
peHHeM B IPAKTHKY HMIYJbCHBIX MeTOJOB perncTpaliu ¥ HIHPO-
KHM TpHMEHEeHHeM MHHH- U MEKPo-OBM, ofecneunBaloux per-
CTpAIHMIO CIEKTPOB, 06PaGOTKy H yaCTHYHYW pacMPpOBKY, a Tak-
Jke TO3BOJISIONAX OCYILECTBHTh YACTHUHYIO HJH MOJHYIO aBTOMa-
TH3AIMIO NPOBEJEHHS CJOMKHBIX SKCHEPHMEHTOB. ATO 103BOJKIO B
COTHH H THICAUM Pa3 MOBBICHTb S(P(EKTUBHYIO YyBCTBUTEJNbHOCTD
CMEKTPOMETPOB, OTKPBHIIO BO3MOXKHOCTH PerHCTPHPOBATh CNEKTPHI

TSKeJABX W PEAKHX sjep, MMeollHX MaJjble MarHHTHBIE MOMEHTBHI
WK HH3KOe TPHPOJHOe COlepxaHue H, Mo CyIecTBy, nipeACTaBJsIO-
HIAX SJeMeHTH Bced MepHOHUUeCKOd CHCTEMBL. B c¢Bs3W C 3TUM
AHTAMHACKOE W3JaHHe KHHUIH, KOTOPOe BHIULIO B CBET B 1980 r,
6b10 CYIIECTBEHHO NepepaboTaHO W JOMOJHEHO aBTOPOM, uTo H
6HLIO YUTEHO B PYCCKOM M3JaHHHU.

B xole NepeBOAA MpPH MOCTOSHHBIX KOHTAKTaxX C aBTOPOM yaa-
JOCh YCTPaHHTh DAL omu6OK W HeTOUHOCTel, HMEeBLIUXCA B TEKCTe.
[To npeaJsoXeHHIO npod. X. TionTepa MBI TaKXKe BKJIOUHIM B pyC-
cKHil TepeBoji 3aHOBO nepepaﬁoTaHHble pasa. 4 w 5 ra. IX u3 go-

Npeducaosue n .
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Boro HEMELKOro HU3AaHHS ITOH KHHMTH *. B HHX BKJIOYEHB NpaBHJIa
Onp:ﬂ%::;g’l 3HaKa 3pdeKTa XHMUUECKOH NOJIAPU3aLNN AAep (Ipa-
Bl Ha) u OoJiee MOAPOGHO ONHCAHBI CBOHCTBA CIB
[(HX peareHToB. S

Hé)rooré)%:c B o6sactu cnekTpockonuu SIMP crosb cTpemuTese
" Z}?T ocgorrl)OHeH’ YTO HHKaKHe H3[alolluecss KHHUTH H YYeGHHKH [0

CH[?{]_HI/II)Q 0 HH ’ﬂMP He YCIEBAIOT B INOJHOH Mepe OTpasHTb HO-
3eHMep Léll\c/‘Tlglfheﬂnﬂ B 3roii oGsacru. JlocTaToyHo Has3BaTh, Ha-
Tge B > UHTpOCKonuio ¥ JIMP B TBepanx Tesax, yl’IOI\;IﬂHy—
T cHEKTpOI;:eK:I'(I:IfI{l(())JIb;II)\’AS TaKxe [BYMEPHYIO (Dypbe-CHeKTPOCKOIHO

PEeNKHX sjep, KOTOpPHE H
), e paccMaTpu-

;af(;fl)‘TC:engce. ILas Toro yTo6bl B KAKOH-TO Mepe CKOMHgHCI/IpOBgTb
or «éluéTaTOK, Mbl COYWJIH TOJIE3HBIM BKJIOYHTD B KHHIY B
ge D JIHOTPa(Usi» CIHCOK JONOJHHTENbHOH JHTEpPaTyphl, CO-
(1878——1982K)ng H 0030pbI, ONyB/JIMKOBaHHBE B MOCJELHHE I"OI[bI
(1978 1982). Hcaﬂan C STHM BHIPAaXKAeM MPHU3HATEJBHOCTH

. . Hay . I. CepreeBoi#i, npuHiMaBlIeli yuyacTHe B

TOTOBKE 3TOTr0 CIACKA, o

M
OKaz}KngCI:IaAHeOeJIIwec;I, UTO NpejsaraeMasi BHHMAHHIO 4MTaTesell KHHra
8HOH XaK OJs1 CTYIEHTO
B W acCOUpaHToB, I
rmammux K u3yyeHdio SIMP oparench,
Tak H [Js ONBITHBIX HC i
KOTOpble HaHAyT B Hell 6o ATHI A opa.
o { raTeid H yao6 i
B ware yao6uo talyaupoBaHHHIH cnpa-
I1
epesog raas I, II, IV, VIIL, X, a Taxxke pasa. 12 raasm XI ocy-

mwectsiaed 0. A. YeThiH
. A. I0KOM, OCTaJbHble Da3Jesbl
Aennt H. M. Cepreesrim, pas T Tepene”

H. Cepeees
10. Ycrowniox

* Ginther H. NM

besserte Aufiage. 1983'R-Spectroskopie, Georg Thieme Verlag, Stutigart, 2. ver-



MPEANCIIOBUE ABTOPA

K aHrnMMckomy M3AaHMIO

TToc/ie BHIXO/a B CBeT HEMEMKOro H3fauus sTofi kuuru (1973r1.)
Mbl CTAJd CBHAETEJNSIMH OIPOMHBIX H3MEHEHHW# B CNEKTPOCKOMHH
SIMP BBLICOKOrO paspelLieHusi, 00yC/JOBJeHHbIX BHELApEHHEM B NpaK-
THKY MeTONMKH (¢ypbe-npeo6pasosanus (PII). Ha nepsuix cTa-
JMSIX Ka3aJoch, YTO OHa NpejcTaBJser coboii He Gosee yeM 0co6yI0
SKCIIEPUMEHTABHYI0 METOAUKY, NPHTOAHYIO JIHIIb AJs H3OPaHHBIX
npHKAafHbix 3ajad. OfHAaKO oHa ObICTPO MpeBpaTunach B caMblff
MOILHEI MeTox coBpeMenHoro SIMP, KOTOpHIl BO MHOTHX 00.a-
CTAX 3aMeHHJ TPAJAMIMOHHBIA MeTOJ MEJIEHHOTO NPOXOKIACHHS.
B nepsonauanbHoM TekcTe Meron SIMP-OII 6bl1 ONMHCAH OYeHb
KPaTKo, NO3TOMYy TeKcT Gbl1 mepepaGoTaH M NpHBELeH B COOTBET-
CTBHE C HALIUMH CEerOJHSIIHHMH TPe6GOBaHHUAMH.

Takum o6pa3oM, B aHMJMACKOe H3JaHHE BKJIOYEHH OCHOBHBIE

dusngeckue npuauuns IMP-OI1—s ra. VII, a B o IX nano |

ofuiee mpe/icTaBieHde 00 IKCNEPHMEHTANbHOM €ro acnekTte. Yene-
XH, JIOCTHTHyTHle B OGJACTH YIJIEPOJHOTO MAarHHTHOrO pe3oHaHca
B pesyJbTaTe HCNOJb30BAHHA MeETOAA ®TI, obycaoBHIH TakKxKe
nepepaborky ra. X. Haxomen, B rit. IX 6LIIM TaKKe BKJIOUEHH
KpaTkhe obuiHe CBeJeHHs] O HOBLIX JOCTHXKCHHAX B o6nactu JMP
TBepaAbiX Tea M SIMP-uHTpoCKONHH. MOrjio MOKa3aThCs KeJaTe/lb-
HMM BKJIOUeHHe cBeleHnii o SIMP apyrux sjep, Takux, kak °N,
29§{ 1 UM MOMOGHBIX, TIOCKOJBKY B NOC/€/Hee BpeMs HCCJIeNOBAHHUSA

B 3THX 06JacTax pa3BHBAKTCs OUEHb aktuBHO. OJHAKO 3TOr0 HEJNb- |

39 cielaTh B KHHre OTPaHHUeHHOro 00beMa, HocsileH Xxapakrep
pBefennsi B SIMP. Oma JoJyKHa KOHLEHTPHPOBATH BHHMaHHE Ha
Tex sApax, KOTOphe HaHOosee ILIMPOKO HCHOMBb3YITCA B HCCIENO-
panusix SIMP. Emje OfHO M3MeHeHWe 1O CPaBHEHHIO C NEPBLIM H3-

JaHHeM COCTOHT B TOM, UTO cHcTeMa (QU3HYECKHX eIHHHUIL CH 6nina

NPHHATA MOBCEMECTHO B KHHUTE.

3a WCKJIOYeHHeM 3THX TJIaBHBIX NepepaloTOK, a TaKke 60J1b- |

OTo uyucjaa Gosee MEJKHX H3MeHeHHH M JOGaBJIEHHH, oCTaJbHOMH
MaTepuaj B OCHOBHOM He MEHSJICH. Kak 4 HeMeHKOoe H3JaHHe
1973 r., 5TOT TeKCT NpeJHasHauyeH [Jsi MePBOro 3HAKOMCTBA CTy-
JIEHTOB-XHMHKOB C METOAOM, a TaKXke MOXeT CJYXHTb KaK PYKO-
BOJACTBO IIpu 6oJiee JeTajJIbHOM H3yUeHHH SIMP u ero NpHJ0XKEHHH
B Pa3/HYHBIX 00/1aCTAX XHMHH.

Mpeducrosue asropa 9

51 xoTea Obl BbIPa3UThb MOIO 6/1arOJapHOCTb MEPEBOJAYHKY H
u3jaTeNnio 3a COTpyAHHuecTBO. bBuaromapio takwxke n-pa I. 3uas
u a-pa [. lIMHKIepa 3a MOArOTOBKY HEKOTOPHIX HOBEIX PHCYHKOB
Oco0GeHHYI0 NPH3HATEJNbHOCTh BhIpaxkalo mpodeccopy P. JI. Jux-
repy (Hbio-Mopk) 3a npoyrenne ra. VII u npogeccopy 3. ®. duapmo
(HOTTHHI3M), KOTODbIfi MO3BOJHJ MHE HCIOJB3OBATHL €lle He OMy-
0/MKOBaHHbIe JaHHBIE, MOJyYeHHble B ero JaGopatopud. Hako-
Hell, i C OJIar0AapHOCTBIO OTMEYAl0 HEOUEHHMYI0 MNOMOILb [-3KH
Y. [lteMMaH NpH HOArOTOBKE HOBBIX YacTell PYKOIMCH H MpOBepKe
KOPPEKTYPHL.

3ureH, asryct 1979 r.

K pycckomy uapanuio

Hecomuenno, uro cnekrpockonus SIMP B uacTosee BpeMs
SIBIAETCA OJHUM H3 HanbGoJiee BaXKHBIX (PU3UYECKHX METONOB, MC-
NOJIb3yeMblX B OpPraHHYeCKOH XxuMuu. Xopoluee 3HaHHe OCHOB
cnekrpockonuy SIMP, a Takxke pasiuuHbiXx o6JacTeil NpHMeHeHHs
3TOr0 MeTOoAa HABJSAETCS MPEANOCHIJIKON IS YCHNelUHOH [AesiTefb-
HOCTM B NPOMBIUIJIEHHOCTH H B 006J1aCTH BhHICIIEr0 06pa3oBaHHs
Hacroamas kuura, mepsoe uamanue KOTOPO# 6buIO XopoLo npu-.
HATO, JOJDKHA TNOMOYbL CTYAEHTAM MOJNYYHTh 3HAHHSA B 5TOH 006-
7acTH. ABTOp ¢ Y/AOBOJIBCTBHEM BHIPaXKAeT NPH3HATENBHOCTD I-py
B. C. neTpOC{IHy 3a WHHOHATUBY, NPOSIBJCHHYIO IPH OPTraHU3alUH
flepeBoJla TOH KHHTH Ha PYCCKHH #A3blK. [lepeBojy caeman ¢ He-
NaBHErO AHTJIHACKONO H3JaHHSA, H aBTOP NPH3HATENEH XOPOLIO H3-
l;f:CTHbIM crneuranucraM B obaactd  SIMP-cnekTpockomuu m-pam
KH.HIF\: gepreesy n 0. A. YCTHHIOKY 3a TpyA 1O NepeBoAy 3Toil

. ABTOp XOUerT II0XeJaThb PafOCTH WU yCNeXOB BCeM UHTATEJSAM
Pycckoro usnaHusa 3TOH KHHTH NPpH OCBOEHHH MeTtoda SIMP.

X. T'tourep
3uren, ¢espaan 1983 r.




BBELAEHUE

Cpesi¥ BaXHBIX CIEKTPOCKOTHYECKHX METOJOB, KOTOPHIE XMMHK
HCIONb3YeT AJIsi YCTAHOBJIGHHSI CTPYKTYDBI BeIeCTBA, CHEKTPOCKO-
sl SJePHOTO0 MATHHTHOTO De30HAHCa — MeTOJA OTHOCHTEJBHO HO-
spiii. B 1945 r. aBe rpynnsl GpH3HKOB, pabOTaBIINX HE3ABHCHMO,—
Mepcena, Toppu u [layun B ['apBapACKOM YHHBEPCUTETE H bnox,
Xancen u Ilakkapa B CraH(pOPACKOM YHHBEPCHTETE — BIEPBHIC
ycnemHo Habaoand siBjeHne SIAEPHOrO MAarHMTHOrO pesoHaHca
(IMP) B TBepAHX TeJax K XKHJKOCTAX. YKe yepe3 OYeHb KOpPOT-
KWl Tepuoj] BpeMeHH, B Hauvaje 50-x ToJ0B, 3TO sABJCHHE 6b1s10
BOEpBbie HPHMEHEHO JJisi pelleHHs xuMuueckoit 3anaud. C TOro
BPEMeHH 3HAaueHHEe XMMHYECKHX npuijoxenui SIMP moCTOAHHO BO3-
pactaso u 6bUIO ONYBG/JHKOBaHO OGecuHC/IeHHOE KOJHYECTBO craTei
Mo sAepHOMY MarHHTHOMY DE30OHAaHCY HJM €ro NpHUMEHEHHAM BO
Bcex 06J1acTaAX XHMHH.

du3sHuecKHe OCHOBHl CIEKTPOCKONHH SIAEPHOTO MAarHHTHOILO pe-
30HAHCA ONpeJe/AlOTCs. MAarHHTHLIMH CBOHCTBAMHM AaTOMHBIX sJep.
BsauMonelicTBHe MarHWTHOTO MOMeHTa siipa C BHEUIHHM MAarHuT-
HBIM 1oJeM By MPUBOAHT B COOTBETCTBHU C TpPaBUJIAMH KBaHTOBOH
MeXaHHKH K JdarpaMMe SilePHBIX SHEPreTHUeCKMX YDOBHeH, Tak
KAK MATHHTHAS SHEPTHs siipa MOXKeT NPHHUMATb JWLIb HEKOTOPBIC
JIMCKpeTHble 3HaueHns E;— Tak HasbiBaeMble cobcTaennble 3HAUe-
Hus, DTM COGCTBEHHBLIM 3HAYEHHSM SHEPTHH COOTBETCTBYIOT C00-
CTBeHHble COCTOAHUS — T€ COCTOSIHHA, B KOTOPHIX TOJBKO H MOXKET
HAXOJMUTbCs 3JeMeHTapHas vyactula. OHM TakXKe Ha3bIBAOTCA CTA-
yuonaproimy cocrosanusamy. C TMOMOUIbIO BLICOKOYACTOTHOrO reHe-
paTopa MOXKHO BBHI3BAaTb NePeXOAbl MEXAY COGCTBEHHBIMH COCTOSI-
HUSMH Ha AMArpaMMme SHEPreTHYCCKHX yPOBHEH. [Torsomenye
SHePIHH MOXHO OGHApPYXHTb, YCHJHTb M 3aNUCaTb Kak CHEKTpalb-
HYIO JHHHIO, UM TaK Ha3bBaeMbid pesonancHoll cuenaa (puc. 1).

STHM cHOCO6OM MOKHO TNOJYYUTb CHEKTpP COeJHMHEHHs, COXep-
Kallero aTOMBI C HEHYJeBLIMH sI/IepDHBIMH MAarHHTHBIMH  MOMEH-
taMy. K 4HCJy Takux aToOMOB OTHOCATCS NMPOTOH 'H, azxpo ¢Topa
19F yzotonsl asora N u N, a Takxke MHOTHe ApyrHe, MPEACTaB-
ASIOIIHe MHTEpeC ¢ XuMudeckoil Touku spenusi. Ho anpo yraepoia
12C crosib BaXKHOE JJI OPraHMYECKOH XHMUHM, & TaKxke Bce Lpyrue
AApa ¢ YeTHHIM MaCCOBHIM WHHC/JOM H YE€THBIM ATOMHBIM HOMEPOM
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Puc. 1.
a— o6pa3en, B MarHHTROM I By — .
HaHCHLI CHIHAM. ofe By 6— MMarpaMMa 3HEDreTH4ecKHX ypoBHei; & — peso-

He HMEIOT MACrHHTHBIX MOMEHTOB. [I03TOMY MOXKHO HCCJI€XOBATD
merofoM SIMP Ttonbko usoron '3C, mpupomHOe COAepKAHHE KOTO-
poro cocraBisier auumb 1,1 %. Kak npumep cnexrpa sdeproeo Mae-
HUTHO20 Pe3OHAHCQ C ero XapaKTePHUCTHKAMH Ha PHC. 2 INIOKa3aH
NPOTOHHBIN CIEKTP 3TW/A(OpMHATA. DTOT CHEKTP H3MEpeH B Mar-
HHTHOM HoJie Hanps»KeHHOcTho 1,4 T Ha uyactore 60 MI'm. Ha nem
KpOMe DE30HAHCHBIX CHTHAJIOB, HAO/IIOAAIOUIUXCS MNPH Pa3JIHYHBIX
4acToTax, NpHBEAeHbl CTyNeHYaThle KpHBHIE, MOJYYEHHHE C IO-
MOLbIO BCTPOGHHOTO B CHEKTPOMETD uHTezpaTopd. BHcoTa Kax-
BOH CTyNEHbKH [POMOPLHOHANbHA TJOWAAH IO COOTBETCTBYIOLIE
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¢. 2. CnekTp NPOTOHHOFG MATHHTHOTO Pe30HAHCA STHIDOPMHATA.
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Puc. 3. Crexrpbl MPOTOHHOro MAarHMTHONO pE30HAACA auMetundopMaMuia NpH
ABYX TeMmmneparypax.

cnekTpajbHoii Junued. OTMETHM CJelyiollHe 0COOEHHOCTH 3TOTO
cnekTpa. Bo-nepBbix, HaO/MOAAeTCs HECKOMbKO pPa3HBIX CHTHAJOB
IS PA3NHUHBLIX MPOTOHOB B MOJEKyJe. ITO 06yCJI0BJIEHO DPassny-
HBIM XHMHYECKMM OKpyKeHHeM NpPOTOHOB. Pe30HaHCHbIE CHIHAJbL
pasjie/ieHbl TAK Ha3blBaeMBIM XUMUUECKUM cdsueom. BoO-BTOPHIX,
IJIOIIA/b TOJ PEe30OHAHCHBIM CHTHAJOM [PONOPUHOHAJIBHA UYHCILY
NPOTOHOB, AAIOUINX 3TOT CHrHaJ. Ee MOXHO M3MEpHTDH UHTe2pupo-
BaHueM CIleKTpa. B-TpPeTbHX, He BCe CIeKTPajbHbie JIHHHH HMEIOT
npoctyio ¢GopMy, T. €. He BCe OHM CHHIVIETHL Jlns HeKOTOPHIX CHI-
HaJoB wuabjiofaeTcs XapakTepHOe paculenjenne H 06pasyroTcs
TPUILIETH HAM KBaApyNJeTbl. ITO paculenjienue ABJAsSeTCa Cael-
CTBHEM CHUN-CAUHOB8020 83aumodedcTsus — MarHuTHOro B3aHMO-
JelCTBHS OJHOTO fApa ¢ APYTHM.

OcHOBY TNpHMEHEHHsl ~CHEKTPOCKONHH NPOTOHHOTO MarHHr-
HOro pe3oHaHca W B oflieM SAEpPHOTO MAarHHTHOTO pe3oHaHca
(SIMP) nas onpedesenus CTPYKTYpo. HEHIBECTHBIX BellecTB CO-
CTABJISIOT SMIMPHYECKY HalileHHble KOPpesalud MexXy CHeKTpajb-
HBIMH TapaMeTPaMH, XUMUHECKUM cO0B8USOM U CNUH-CHUHOBbIM 83QlU-
modeticreuem, ¢ OJHOH CTOPOHBI, W CTPOEHHEM o6pasua — ¢ Apy-
rofi, B STOM OTHOLIEHUH sAePHDIH MAarHHTHBIE MOMEHT OKa3aJjcs
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oueHb YYBCTBUTEJbHBIM 30H/OM, C MOMOUIbIO KOTOPOIO MOMKHO MO-
AyuuTb OOWHPHYI0 uHbOpMauuio. Tak, N0 3HAYEHHIO XUMHYECKOF
c/IBHra MOXKHO CYJHTb O TOM, B KaKOM XHMHUECKOM OK }KeHHO
HaXOAUTCs S1ADPO, Jalollee JaHHBIH PEe30HAHCHBIH CHTHAaJ pg/ HHT .
rpHpOBalHe CMEKTpa IMO3BOJSET CAeNaTb BBIBOABI 06 OT,HOCPITeJIe:
HBIX KOJIHYECTBAX NPUCYTCTBYIOWHX saep. CIHH-CNHHOBOE Bsa;
MOJEHCTBHE JlaeT BO3MOXKHOCTb OMNPEJENHTb IIOJOXKEHHS sAep O -
HOCHTE@JBHO JDYT Jpyra, MOCKOJbKY BeJHYMHA 3STOTO B3al/lMgﬂ.e;-
CTBHA, KOHCTAHTA CHUH-CRUHO8020 83aumoldelicreus J, 3aBucH ;
yucada W THNA CBs3edl, pasjensiolinx sapa. Bosee TOr0, M JIII; e
MJIETHOCTH DE3OHAHCHBIX CHFHAJIOB H paclpejeseHue MH’TeHZuBTH-
CTeH BHYTDH MYJbTHIUIETOB B IPOCTHIX CJAyd4adx, Kak 3T0 BH H:(;
ifa HpHMepPe 3THJABHOM T'PYNNH B STPIJI(bOpMI/IaTe’ CTPOro on él
JSIOTCS YHCJIOM HPOTOHOB B COCENHHX rpyrmuposxe;x pere:
Eme oaHa o61acTe BO3MOMKHBIX HpI/IMeHeHHf/’I.CHEKTPOCKOHl’I
SICPHOrO0 MArHUTHOrO pe30HAHCAa OCHOBAaHA4 HA TOM, YTO CIEKT .
SIMP MHOTHX cOeAMHEHHMH 3aBHCAT OT TeMHepaTypbl.,C TaKUM CJ?b-I
;?de;v; eripoCngg(é{Baemca n,pu6 M3YYEHHH CIIeKTpa IIHMeTPI.HCbOpMZ-
. B HeM wHabuawgaercs i ?
CUTHAJ OT INPOTOHOB METHJbHBIX Ilrpynn, l;yﬁr?;;Hllﬂédo%essoﬂcanHecxHTbm
BHAEH TOJbKO cuHraer (puc. 3). [lpuunHa atux pasnauuuil B cnerT(?
Esxr I(I:IIB)PI ﬂByxéTeMHepa’i‘yan—BbICOKPIﬁ Gapbep BpalleHHs BO-
y 731 KAPOOHHUJ/IbHBIM aTOM Yyriepoaa — a3oT (87,8 k[ /Mo1b)
KoTopas o6Jafiaer 9acTHYHO IBOHHBIM xapaKTepow’l 4TO  MOMKHO
NpEACTABHTL pe3OHaHCHOH ¢opmor a. [loatomy nB,e MeTl/IJIbH:I(e)

HC o]
s\ﬁ—c’/ -— Gy 101°
AN N=C
H3C / \
3 b H3C H
a

r
ng;r:;rgcsmelor OTHOCHTE/IbHO [0JITO€ BPEMS KH3HH B Da3JHYHBIX
HX OKDYXEHHSIX, a HMEHHO B yU
C- H TPAHC-TIONO
U0 OTHOUIEHHIO K aTOMy ¢ o
KHCJIOPOAa KapOOHHJBHOM
Nno3BoJisier HabJ/1104aThb e Cnr
OT HHX OTJeJbHbIe pPe3o
i PE3OHAHCHBIE CHIHAJIBIL.
HH[;I/I B?)(;J;G;GCTI;I;I’SOKH)I() TeMIepaTypax CKOPOCTb BHYTDEHHEro Bpalle-
, B Pe3yJbTaTe METHJbLHEIE T i

ona B pynnel ¢ 6oJbIIOH ua-
MHOTOI/I O00MEHHBAIOTCH XHMHUYECKH HEeIKBHBAJEHTHBIMH MOJOMKEHHS-
60515?11 MBI yXK€ He MOXEeM HX DasJHuHTb. DTO 03HAYaeT, 4TO MAJIS
i OTo YucJ/aa MoJieKyJa opMa curiaga SSMP 3aBucur or duna-
! HOMfcux npoyeccos, 1 CKOPOCTU TaKUX TMPOLECCOB MOXKHO H3yuyaTh
MO}Knguﬂo cnekrpockonun AMP. M ocobenno BaxkHO TO, 4TO Tak
o HCC/IelOBaTh OBICTPble OOpaTHMbie DeaKUHH, s KOTOPBIX

PHTOJHBl MeTOAbl KJAcCHYeCKOH KHHeTHKH. Hanpumep 6e:'«;

b
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Puc. 4. Vsmenende BHaa cHeKTpa OpPOTOHOB OeH30Jia IPH TEPMHUECKOM pacnaje
GEH3OHJIMEPOKCH/IA B 3aBHCHMOCTH OT BPEMEHH IPOBEJCHHS PEaKIHH.

cnekrpockonun SIMP HeBO3MOXKHO Jdaxe NPEACTABHTL cebe Te ycre-
XH, KOTOpHe OblIM JOCTHTHYTH B NOCJedHMe Toibl B o0jacT# u3y-
yeHHs (JAYKTYHPYIOIHX MOJeKyJd W B KOH(POPMallHOHHOM aHaJHu3e.

Hakoneu, B camMoe mocjefHee BpeMs cnekrpockonus JIMP 6uiia
YCNEeLIHO TpHMeHeHa MJf UCCAeNOBAHHS MEXaHU3MO8 peakyuil.
Irta HoBasm o6JjacTb DPa3BHTHA 0053aHAa CBOUM IMPOKCXOXKJEHHEM
clenyonEeMy OTKpuTHIO. OKas3ajoch, YTO eCJaH TepMHUECKOe pas-
J0XeHHe Gen3ouanepokcuaa B uukiaorekcanoje CeHs—CO—O—

—O—CO-C5H5—A’—J52—H—'> 2C,H;+2CO, npoBoauTh NPAMO B aMmyJe

cnekrpomerpa IMP, To HabuogaeMmbifi curfan nporoHoB OeHsoJa
MePBOHAYAJbHO TIPOSIBJASIETCA KAaK CUTHAJ 3MHCCHH, 4 He KaK OXH-
JaeMulii curgan morgouieHus. Ha puc. 4 mpeiacTaBJeHbl Pe3yib-
TaThl 3TOTO 3KCMepUMeHTa yepe3 pasHble HHTePBajbl BPEMeHH f
nocJje ero Hauasa. MoxHO BHJAETb, YTO C TEYEHHEM BPEMEHH mep-
BOHAYaJbHO BO3HUKAIOIMHA CHTHAJ SMHCCHH HCYE32€T, MOABASETCS
CHavajna cJaabblil, a 3aTeM CHJbHBIH CHTHaJ MOTJIOUEHHA. DTO Ha-
GJI0feHHe MOXKHO pacCcMaTPHUBaTh KaK J0OKa3aTeJbCTBO IIPOMeEXy-
TOYHOIO BO3HHKHOBEHMsI PAafUKAJBHLIX Nap. DPpdekT NOJyuusa Ha-
3BAaHHE XUMUYECKU UHOYUYUPOBAHHAA OUHAMU4ECKAA NOAAPU3AYUA
a0ep (XUIIS) u cefiuac WHPOKO H3yyaeTCH.

Pasinunbie acnexrsi mpuMeHeHHs s1epHOTO MAaTrHHTHOTO De3o-
HaHCa N pemlenuss nmpoGJeM HeOPraHMyecKoH, OPraHMYeckoll u
(H3HUECKOH XUMUH OGecreudBaloTCsi OueHb GOJBLIHM pasHoo6pa-
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syeM OKCIEePHMEHTAJbHEIX METOAHWK, YTO CTaBHT CIIEKTPOCKOMHIO
JgMP B 0c0o00€e MOJIOXKEeHHe MO OTHOUIEHHI0O K APYFHM CNEKTPalb-
npM MetonaM. [lomumo MHOroo6pasus (H3HUECKHX SKCNEepHMEH-
rop 1o SAMP LIMPOKOMY HCHIONB30BAHHIO 3TOrO MeETOAa CHOoCOo6-
cTByeT Takxe 00/bLIoe pasHoOOpasue MarHHTHBIX sJep, BaXKHBIX
¢ XMMHUecKo# Touku 3penusi. Kpome cmekrpockonuu JIMP na mpo-
TOHAX IMOJE3HYI0 HH(POPMAalUUIO [Js OpPraHHYecKOH XUMHW H G6HO-
UMUK AaeT crektpockonust IMP ma siapax !'°F, 13C, 15N u 3P,
91y A4pa BaKHH H NIPH HCCAEAOBAHHAX B HEOPraHHYeCKOH XHMHH.
Kpome TOro, 3HaYHMTEJbHBIH HHTepec NPEACTABJSET CHEKTPOCKOMHUS
GMP na sxpax MHOTHX MeTa/10B. CneKTpaJbHbie NapaMeTph, T. €.
XMMHUECKHE CABHUTH ¥ KOHCTAHTLI CIHH-CMHHOBOIO B3aMMOJEHCTBHS,
SBJSIOTCH MOJIEKYJSPHBIMH TIOCTOSTHHBIMH, KOTOpHle BaXKHBI st
XHMHKOB-TEOPETHKOB. M3MepeHHe 3THX TOCTOSHHBIX HO3BOJIAET
IIPOBEPUTh HAJEKHOCTb KBAHTOBOMEXAHH4YEeCKHX METOJIOB, HCHOJb-
3yeMbiX JUISi ONMCAHMs 3JIeKTPOHHOH CTPYKTYPH MoJekyJ. Takum
06pa3oM, Ha CEroAHsIIHHH AeHb chekTpockomust SIMP sasasieTcs
HeoOXOAUMBIM METOAOM AJsA Bcex ofJacteil Hayk#, O6yip TO OHOJIO-
rus, XHMHA W4 Qusnka.

EONHULIBI USMEPEHUA

Mexnaynaponnas cucrema eaunun, (CH), B KoTopo#i OCHOBHHI-
MH eAMHHIAMM SBJSIOTCS MeTp, KWJIOTPaMM, CeKyHJa U amiep,
B HacToslllee BpeMs IMPHHATA Ui Bcex (H3HKO-XUMHYECKHX Be-
AUYHH. B coOTBeTCTBHH C 3THM eaurunsl CH B OCHOBHOM H ucC-
noJB3yIoTca B 3ToH Kuure. OJHAKO B XHMHH NMO-NPeXHEMY HCHOJb-
3yercss u crapas cuctema CI'C (caHTuMeTp, rpaMm, ceKyniaa), H,
KOHeuHO, B DoJjiee cTapuix yueOHHKAX H HAY4YHBIX CTaThfiX MpHMe-
Haercs sra cucteMma. [losroMy Kaxercd HeOGXOJUMBIM OTMETHUTb
rnaBHbple H3MeHeHHs, KOTOPble NPOHCXOAAT MpPH INepexoje K eaH-
nuunam CH.

1. JIiss MarsHMTHOTO TOJsl MBI HCHOJb3yeM cuMBoJ B — mar-
HHTHYIO MHIYKIMIO TOJsi, HJH IIOTHOCTb MarHMTHOro moroka. He-
IpaBHJIBHO HCHOJB30BATh paHee MPHUMeHsBLIKiCA cuMBoa f, mo-
CKOJIbKY OH O3HauaeT HaNpsAKEHHOCTb MarHutHoro mnoas *. Enu-
nunet CH aas MarHUTHON HHAYKuMH sBjasiercss Tecaa (T); ara
einnuna B 10* pa3 OGoJjblle, YeM 2JeKTPOMArHUTHAs eJHHMLA
raycc (Ic).

* HanpsxenHocTh MarnutHoro noas H cpssana ¢ marnHTHO# HHAyKnuehi B
JHHEeHHOM 3aBHCHUMOCTBIO, H B JuTepartype fo JIMP Gonbliel 4acTbIO HCNONb3YETCS
TEDMHH «HANpsKEHHOCTbY. — J/pum. nepes.
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2. Kax emunuua sueprunm B cucreMe CU HCIIOJIb3YeTCS [2KOYJIb
(dx), a He Kajaopus. B COOTBETCTBUH C 3THM 3HEPIHH aKTHBAlHH
*

Tenepb BhlpaxawTcss B KIx/Moib, a suTpomuu AKTHBALHH — B

Hxk/(K-Moub), 0 B 3TUX €AMHHIAX OHH B 4,184 pasa Goublie Bg-
JIMYHH, BBIDAXKEHHbIX B KKaJ/Momb M Kaji/(K-Mosap) cooTBerc

BeHHO. _
3. Hcnonbsosanue cucrembl CH nenaer ypaBhenns Gosee pa
UHOHA/bHBIMH. [IpH 3TOM B ypaBHEHHSIX TIOSIBASIIOTCS MHOMKHTEJH
2n MM 47, ecqM MO TeOMETPHYECKHM COOGPAMKEHHSAM OMKHIaeTcs

TPHA.

Kpyrosas uau cepuueckas cuMme ]
py4' MaruuTHas NpPOHHILAEMOCTb BaKyyMa i 4acTo Hen(icgeﬁ_
CTBEHHO (DHIYDHDYET B ypaBHEHHsIX MeAyHAPOAHOH CHCTEMBI e

HUU. OHa paBHa 4;-10~7 Kr-mM-c—2-A-2,

Mnasa |

®U3SNYECKME OCHOBBI SKCNEPUMEHTOB
no A0EPHOMY MATHUTHOMY PESOHAHCY
HACTD |

B ar0ii raame pamo SJEMEHTADHOE NpeacTaBieHne 06 9KCnepUMeHTax no

AJAEPHOMY  MArHHTHOMY besonancy, nocratouwnoe ang NpUMEHEHHs merTona

Ha SMIMDHYECKOM yposHe npu PELICHHH DYTHHHBIX XMMHYecKHx 3anay wu

ClyXKaulee NOAroTOBHTENbHBIM marepuanom k ra. 11—V]. DH3nueckue NpHH-
uunel Gosee neranbho o6cyxnawr: s g ra. VI,

1. KBAHTOBOMEXAHW—IECKASI MOJENL
U30NIMPOBAHHOrO NPOTOHA

B OCHOBe CIeKTPOCKOIIHH AlepHoOro MarHuTHOro pe3oHaHca Je-

KaT MarHuTHbIE CBOACTBA aTOMHOrO anpa. U3 sapepuoi bu3HKH Mp
SHAEM, uTO HeKOTOpHIe AApa, B ToM 1HCJe H NIPOTOH, 06manaor Ye-

COOTHOIHeHHeM
w=yP (I.1)

31ech y — eupomacnurnoe OTHOULeRuUe. ITO KoHcTaHTa, XapakrepHu-
Sylowas pannoe spo.
B coorserctBuu ¢ kBanTOBON TeOpHeH yrioBoit Momenr u sep-

MEHTA Ha Ocb z NPOM3BOJIBHO BHIODAHHON cHCTeMp ZeKapTOBBIX
Koopaunat usmepsiores s CAHHHUAX h(=h/2R) u OnpelensaoTes

P, = tm, (1.2)

3necs M; — MAeHUuTHOe KeauTOB0E 4UCA0, KOTOpOe XapakTepHayer
‘TayuonapupLe COCTOARUSA, UMu COBCTEeHHble €oCToAnuUA, aapa. Co-
Tacko yeaosuro KB8AHTOBAHUS

My=1I—1,1-2 ..., —] (1. 3)
Me 1 — cnunosoe K6anTo60e 4ucro coorBetcTRyIOMIErD sapa. [oax-

foe yyeno BO3MOXHBIX COGCTBEHHBIX 3HAYEHHE HJIH 3HepPreTHYecKux
YPoBHej COCTaBJIsIeT, TAKHM o6pasom, 2/ - |, CnuHoBoe KBaHTOBOg
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Puc. L. 1.
6 — maruuTHoiE Moment sapa (I = 1/2) B MAarHuT-

a — KBaHTOBaHHe MATHHTHOTO MOMEHTa;
HoM nose Bo.

uHCJO TPOTOHA paBHO [ = 1/2, 1 z-KOMIIOHEHTa ero yrjioBoro Mo-
MEHTa, KOTOPYIO 4acTO Ha3blBAIOT CRUHOM * B COOTBETCTBMH C YpaB-
senuem (I.2) paercsi COOTHOIIEHHEM

P,= £ hl (1. 4)

CaegoBaTteJibHO, MPOTOH MOIKET HAaXOJAMThCS TOJBKO B JIBYX CIIUHO-

BBIX COCTOSAHUAX, KOTOPbBIE XapaKTepI/ISY}OTCH MariuTHLIMH KBAaHTO-

BLIMH uncJaMu my = 1/2 u m; = —1/2. Toria Beju4nHa NPOCKIHH

MATHHTHOIO MOMEHTAa Ha 2-HallpaBJjieHHe OlpejedeTcd dopmyJioH
w, = yhm,; = £ yAil = % vh/2 (I.5)

Takum 06pas3oM, NMPOTOH MOXKHO NMpPEICTaBHTh Kak MazrUuTHbLl Ou-
noAb, z-KOMIIOHEHTa KOTOPOrO pz MOXKET HMETb HapajJiesibHylo HJH
AHTHNAPAJNEbHYI0 OPHEHTAalHI0 OTHOCHTEJIbHO 0JIOKHUTEBHOTO
HAIpaBJeHHs: OCH 2z CHCTeMbl KOODJAHHAT. 1o nanpasJjieHHE BEKTOpa
kpantoBano (puc. 1.1,a). [10 aHAJOTHK C COOTHOMICHUAMH, OMHMCHI"
BAIONMIHAME MATHATHEE CBOACTBA 3JIEKTPOHOB, yPaBHEHHE (1.5) wacro

Npe/ICTaBAAIOT B APYyroil popme

O N N

31ech gn — SACPHBIA g-paxkrop, KOTOPBIH XapakTepuayeT OTHOLIe-
HHe 3apsja sijpa K ero Macce, a p — siflepHbil MarHeToH. 3Haue-
HHe SIIePHOTO MarHeTOHa pPacCUHTHIBACTCA U3 COOTHOLIEHHSA

(1.6)

py = ehj4mmy (I.7)

IJle e — 3apsj 3JeKTpoHa, i — MocTosiHHasA [Tnanka, a mp — Macca
npoToHa. BeanunHa pn COCTABJASACT 5,0505-10-27 IIx/T. W3 ypas-

wenuft (1.5) u (I.6) crenyer, 4To yA = gnin.

* CoBCTBEHHbIE COCTOSHMS, MM CTAalHOHApHbIE COCTOAHMS, sAep NOSTOMY TaK-
e HAILBAIOT CAUHOBbLIMU COCTORMUAMIL

dusuneckue ocroset sKcnhepumenros no SMP. Yacre | 19

mp=+1/2 ()

¢

mI=-|/2 (p)

Puc. 1. 2. Pacmennenne suep-
reTHYeCKHX YpPOBHeH npoToHa
B MArHHTHOM IOJe, By=0 By >0

0= 0 >

Y

B kBaHTOBOH
D (py%sﬁgzume}éz;xmxe ATOMHas CHCTEMA ONMUCHIBAETCS BO4HO-
B iﬂpe/:([)g:lre ABJIAIOTCS PELICHHAMH XOPOIIO H3BECT-
L o7 erpa. Hast panbuefimero paccMoTpeHus
COCTOAHMAM My =1/2 Hy m?ﬁt al 72 BCEEETOH& 2% Dy
oo = —1/2. CTBAa 3THX H i
HHHMH’HSO};:SM:HTp:Li H onuuem B 1. V. [Tosb3ysce ?T}’u;ﬁngy:}g
e MOIHO ¢ PEIE/IHTh 2HEPTHIO CIHHOBOH CHCTEMBI B MATHHT-
HYac Mbl OyAeM HCHOJb30BaTh HX IpocTo A5l 0603-

HavyeHH i
™M A SHEpreTHUECKHX YPOBHeH npoToHa. CocTOSHHE o H B nmas

aapa ¢
pa co cnuHOM 1/2 uMeloT ofHHAaKOBYIO SHEPTHIO, T. €. OHH BbLPONC

OeHbt,
Q ITO BBIPOKAEHHE CHUMAETCS TOJNbKO B OAHOPOAHOM MAaTrHHUT

QQ
AN puc. 1. 1,6, to
0}‘ CTOSHHH

HOM TmOJI i
fou T eC %0 3};; CYET B3aMMONEHCTBHA SNEPHOTO MATHUTHOIO MO
w 0- BocSJm HanpaBJeHHe B, coBnajaer c ocbio 2z, Kak Ha
HHK2€T pa3sHOCTb 3HEpPruil ABYX CHHHc;Bbxx co-

AE = 2u,B, (1.8)
NOCKO, .
oe BJIbl;{};aSHepFHﬂ MAardHTHOro AMNOJSA B nosie By paBHa p.Bo ua
ypo;Hgﬁ COCBT%(;HMQCTH OT ero opuenrauuu (puc. 1.2). Pacmgn.;eﬂng
et soct HHH, BO3HUKaIOLIee NPH 3TOM, NPONOPLHHOHAABHO B
ool 3};21 T IIPEHMYIIECTBEHHO 3aHUMATh B-COCTOSIHHE nocxoanO.
epr 6O.IIeerOB bclcc)gTo;{Hm Huzke. Uto6bl BuI3BATDH nepexo,ﬂ B cocm;{y
KOH 3Hepruell, HeOOXOAHM .
B COOTB
POBCckuM ycoBHeM uacToT AE = Av, KBauT 9},xeprm4 ererpn ¢ Go

hvo = 2u.By = yhB, v (1.9
HJU H3Jly4YeHHe ¢ YacTOTOH !
Vo= (y/2n) B, nanm ©,=yB,(rak Kak ® = 2nv) (I. 10)

Ypas
HeH
. KOToHpeonfoqla%) oormcmBaeT TaK Ha3bIBaeMOe ycAo8ue pe3oHanca
TOTA H3JYYEHHST TOY ’
optt HO COOTBETCTBYET 3Hepr -
COOTBEﬁiﬁg&gnsgggaanaﬂ JHHHA AJepPHOTO MaI‘HI/IT}IiXOI‘O pegoixTaH:cea
XO1y, KOTOpEi#t 060 i

A , 3HaYeH CTpeJKol Ha

o (JlapMOpOBa 4acrora) ’ P Tor
s B COOTBETCTBHH C YypaBHeHH

CHSIE€TCS B 3aBUCHMOCTH OT BeJHYHHBI TOJs B};p HCIL Sosam)

Kaspiagusn
8161aToKa
BEccp

gy ‘gam




Trasa 1

B 3KCNEPHMEHTE. Jlns npoToHa npH yu = 2,675-10° T-1.c~! B noJe
1,4 T monyuaeMm vo==60 MT'1, 4TO COOTBETCTBYET [AJHHE BOJHBI A =
=5 M, T. €. PaJMOBOJIHAM Ha IDaHHLE PajuOAManasoHa u uana-

sona CBY.

2. SKCMNEPUMEHTAIbHOE MOATBEPHAEHUE
KBAHTOBAHMS YINOBOrO MOMEHTA
M YPABHEHWE PE3OHAHCA (1.10)

[Tone3no ynoMsHyTh 3/leChb O JABYX Ype3BbIUAHHO BAXKHBIX SKCIE-
pUMEHTAX, KOTODhie NOATBEPKAAIT CYLULeCTBOBaHHE 5J€PHOro Mar-
HUTHOTO MOMEHTA K [OKA3biBAlOT, uTO OH BejeT celsi B MarHWTHOM
nojie Tak, KaK OIHCAHO BuIlIe. DTO IKCIEPHMEHTH! [iItepua — I'ep-
Jaxa u onuIT PaGu ¢ MOJEKY/isiPHBIMH NYYKaMH.

[lItepn u [epnax mpomyckaju yepe3 HEONHOPOAHOE MAarHMTHOE
moJle NMyYyoK aTOMOB cepe6pa, KOTOpble B OCHOBHOM COCTOSIHHH 06-
NafaloT NoaHbIM yraoBum momentom J = 1/2. Ha ¢dororpacduyeckod
MJIacTHHKe, KOTOpas HCIOJb30Banach KakK JAeTeKTOp, OHH o6uapy-
KU NBa OTAesbHBIX narua (puc. 1.3). Pacumensenue mydka arto-
MOB SIBJISI€TCS NMPSIMBIM CJENCTBHEM H CTPOrHM 3KCMEPHMEHTAJbHBIM
HOATBEPKACHHEM KBAHTOBOH INPHPOLBl MarHMTHOH SHEPrHH aTOMOB.
MarsuTHbIE MOMEHT OTAEJNbHOr0 atoMa cepe6pa MOXKeT ObITb ODHEH-
THPOBaH NU60 NapaJenbHo, TuGo aHTHIAPAIEbHO N0 OTHOUICHHIO
K BHEIIHEMY MarHWTHOMY TOJIO, T. € aTOM B MariMTHOM MOJ€ MO-
®eT ObiTb AMAMATHATHBLIM HJIH napaMarHuTHHIM. OJHAKO Auamar-
HUTHBIE U MapaMarHUTHbIE YAaCTUILBl MO-PA3HOMY BeEAYT cefsi B HEOJ-
HOPOJHOM MarHHTHOM MoJie (pHC. [.3,6). HanpsxxeHHOCTh NOJA Ha
KOHIlAX AUMOJS PasjvuHa, 4TO HJJIIOCTPUPYETCs MJIOTHOCTBIO CHJIO-
BHIX JHHH{ Ha pucyHke. [TosTOMy OfMH KOHEL AHMNOJA 6osiee CHIBHO
NPHTATHBAETCS. HJIH OTTAJKHBAETCs, 4eM JPYrOH, H TEM CAMBIM
co3/laeTcs H3OHTOUHAs CHJa, yckopsiomas uactuuy. Ecim paspe-

Jemesnmap
napamazruHas Suamaznumnas
yacmuia YRCTIUHA

i / > p -

GITIOMREIE TYYOR — pooriinie wawonewsus

L8Nk

Puc. L. 3.

a — cxema 3KcnepuMenta Iltepna — lepnaxa; 6 — noselenne napaMardHHTHON MW AuHaMmar-

HUTHOH YacTHIL B HEOAHODPOAHOM MArHHUTHOM [104€. CTpeskKH YyKasblBaloT HampaBleHHe NBH-
KEeHHd.
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Puc. 1. 4. IMpunann ske
c [.4. NepPHMEHTA/IBHO
BHit no Patu. P IO METORa OGHAPYIKEHHA PESOHAHCHHIX yeito-

UleHbt JI
HI/ITHOI‘OIOI?CI))jIeH OPHEHTAUMH ATOMHBIX MOMEHTOB OTHOCHTEJbHO Mar-
oo » KaK 3TO IIpeACKa3bIBaeT KJaccudecKas TEOpHs, TO
ey, BHTe AOMXKHA HAGMIOAATBCSA NOPOKKA aTOMOB cepeépa
poyTan A0/Ib TOPU3OHTANBHORA och. Habuaiofenue Toabko IB ’
Tt b TcapI;lIICTBemxo YKa3bIBa€T Ha TO, YTO CYLIECTBYIOT Jmu};z
H, T. e. J1Ba
epr, ) b1 AHCKPETHBIX 3HAYEHUs] MAaTHUTHON
Keanro 7
b ok, axc?IaeHI:I;e MarHATHOH  3Hepruw, IPOAEMOHCTPHPOBAHHOE
o cocmp CHTE, SABJSETCS PE3YJbTAaTOM DaCIIEeNJIeHHS 3J1eKT-
el COCT AHHH, HO OHO COPABeNJIHBO H IUIS COCTOSIHMI sIlepHOTO
e ﬁosene::asanﬂ CBOHMH onbitamu Pa6u u cotp., kotophie H3y-
HpeIICTaBJIeHHOe MOJIEKYJIIDHHIX MYYKOB B MPHOOPE, cXeMAaTHYECKYU
e Crenae MI(\)’I Ha puc. I.4. B 3THX 3KcmepHMeHTax HCIIO/Ib30Ba-
T o JéeKyJIbI, AJIs1 KOTOPBIX NOJHBIH 3J€KTPOHHBIA Mar-
Tt 3(1)(1)61-11{1’;‘ bIbIéIJIpaBEH HYJII0, IO3TOMY BCe HabJjilogaeMble Mar-
€/10BajJi0 OTHOCHTb K %
renme C MarHMTHBIM CBOHCTBaM
o x?uy H?)TJ(I)}Z ONILITE MOJICKYJISIPHBIA MYYOK HANpaBJAeTCS HaKIOHHO
Hoposos MaC:HMH HaKOHEUHHKAaMH MarHurta A, co3aamuero neos
HHTHOe moJe. Kak 6bi .
. O OMNHCAaHO BB
poRuoe € B ONHTe
Hapaﬁa a— :; ebll)éla;(gjler:( yHeM IIydOK pacumen/sercs Ha ABa. TOJIbKO
Jbl 110 ‘TPAEKTOPHH a .
oS Kovomme e o JOCTHTAIOT LIeJH, ye-
NajamnT B OJHOPOIHOE :
it Gorrn nosie Maruuta B. 3atem
1 B nosie Maruuta C, He
B TotmO0 By H » HEOJIHOPOAHOCTb KOTOPOTo
NI0JI0KHA HEOJHOPOILHO
cay i Rereben p CTH Maruuta A. Jkpan S
OM, € IOMOILBIO KOTOPO
gy CTEKTOpOM, POro MOXHO U3MEPHTb HHTEH-
YJASPHOTO my4ka, cGoKyc
copn ecmm ooy , YCHDOBAaHHOIO B ToYke M
aTb MOJIEKYJIS PHBIH '
A NY40K B 06J1aCTH MexK
rHUTa B pagHoyacTor "
O e ¥ ). HBIM TIOJIEM, TO IPH ONpefeseH-
» 3aBHCSILIEH OT Hampsxe
HHOCTH I10J5
oA Marsura B, Ha-
HYHKI; BTiséqK;;e:}xJI(o?_I YMEHbIIEHHEe HHTEHCHBHOCTH Monexy.nﬂp,noro
. H 3TOM OTHOUIEHHH Y
Mo 1O ) aCTOTa — HANPSIKEHHOCTh
HSIeTCH yCJOBHE pe30H
e p anca (1.10). Bcaencreue norso-
SHEPriH 4YacTb AJAEPHHIX MATHHTHHIX MOMEHTOB H3MeHseT
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CBOIO OpI/IeHTaH.I/IIO, M 9TH JHaMarduTHbie 4aCTHLUbI OTKJIOHAITCH OT
TpaekTOpHHu b non BJAUSAHHEM HEOIHOPOJHOTO noasa C W JABUTAIOTCH
no TpaekTopHHU C. HOSTOMY OHM He MomajalT Ha OETEKTOp B TOY-

ke M.

3. DKCMEPMMEHT MO AAEPHOMY MATHUTHOMY
PE3OHAHCY B KOHAEHCUPOBAHHOW CPEAE
M NPUHLUMNBLI YCTPOMNCTBA CMEKTPOMETPA AMP

3nauenue sKcnepuMenToB rpynn Bioxa u [lepcesna, ynoMsny-
TLIX BO BBEJIEHHH, COCTOHT B TOM, UTO B HHX BIEPBLIC OBLIO OCYIILeCT-
BJieHO HAGJI07eHHe A1epPHOT0 MarHMTHOrO pe30HaHCa B KOHJeHCH-
poBaHHOH cpeje. B TBepAbX TeJaXx H B KUIKOCTAX MarHUTHBIE
spa pacupeleieHbl MO SHEPreTHIECKHM COCTOSHWAM. Hampumep,
U151 OUeHDb GOJIBLIOTO YHC/A IPOTOHOB B MAKPOCKOIUHECKOM ofpasile

BelllecTBA, COJAeprKaliero BOLOPOLA, OCYLIECTBAACTCA pacnpeaenenue -

NnpoTOHOB MeX/y OCHOBHBIM COCTOSIHHEM H B036Y)KlIeHHbIM coctos-
HUEeM B COOTBETCTBHH C ypaBHEeHHEM Boabimana

No/Ny=-exp (— AE[RT) =
=exp (— yhBy/2nkT) =~ 1 — (yhBy/2nkT) (I.11)

3neck Ng u N, — KojuuecTBa silep B OCHOBHOM H B0O30YXKACHHOM
COCTOSHHNX COOTBETCTBEHHO, AE — PasHOCTb SHEPTHH MeXJy HHMH,
b — moctosunas bogbumana, T —- abcofioTHas TeMmueparypa. Pas-
HocTh sHepruii AE B PaccMarpuBaeMoM cJjyuae OueHb MaJa, nos-
TOMy TPH PABHOBECHH UHCJO siliep B HUIKHEM COCTOAHHH JIMIIIb OYeHb
HEeMHOTO MpPeBHILAET HX UHCJIO B BEpXHEM COCTOSHHH (Ng > Ng).
[lpu nanpsikensoctu moust 1,4 T u komHaTHOH Temnepatype AE
juis mpoToHa cocrasiser okoao 0,021 JIx/mogp. Torna u30bITOK
HACEJEHHOCTH HUIKHEIO COCTOSTHHSI, KOTODBIi OTpejesseT 8epoar-
HOCTb mMepexojia, a CJel0BaTe/bHO, W WHTEHCHBHOCTD peracTpHupye-
MOrO CHTHaJja B 9KCIEpHMEeHTe, COCTaBJsIeT TOJNbKO 0,001 9.

B onmuiTe MO SAEPHOMY MaTHATHOMY Pe30HaHCy NOMEIlAaloT obpa-
el B CTEKJsHHOH TPyOKe AHAMETPOM OKOJIO 5 MM B AaTdHK CIIEKT-
poMerpa Mexjy NOJIOCHHIMM HAKOHEUHHKAMH MariuTa (puc. 1.5).
Ero mojepraioT BO3IeHCTBHIO 3JEKTPOMArHMTHOIO H3Jyd€HW:, Ha-
CTOTY KOTOPOrO MOXHO MEHAThb, TaK 4TO A1pa B036YKAaI0TCA, KOT1a
HaKJaAbiBalOTCsi COOTBETCTBYIOLIME De30HaHCHbIE 4aCTOTHI- Kak uc-
TOUHHK BO30YXKAMILEro H3/MyueHHs UCHOMb3YeTCs paaHo4acTOTHBIH
reHepaTop, M/ NepelaTuuk, a TNOTJIOUIeHHe sApaMH SHEPTHH nepe-
JATUMKA MOMKHO 3aperHCTPHPOBATH C MOMOILIBIO PajHOYACTOTHOTO
MocTa. CHriaJ, BblieJeHHBI MOCTOM, YCHJIHBAETCA H 3alIMCHIBAETCS
caMmonucieM. Tak mojyyaercss CIEKTP, [0 KOTOPOMY METOLOM ka-
JUOGPOBKH MOKHO OIpe/ieJUTh PE30HAHCHYI0 H4aCTOTY. Takum obpa-
3oM, cnekrpomeTp SIMP BkJiiouaer BCE SJIEMEHTHL, KOTOpbi€ €CTh H
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5. Buok-cxeMa cnekrpomeTpa AAepHOTO MarHMTHOrO pesoHaHca

B ,

Oﬁgggzgegxng;;Te;{;p%MeTpax: UCTOYHUK U3AYHeHUus, a4elika Oag

. OJHaKO HYXKHO OTMETHTbL HeC (

BEHHBbIX NMOApoGHOcTeil. [Tep Chsnyrenue. ro.
. Basg COCTOUT B TOM, UTO

b . » , H3JIy4eHHe, re-

éogug¥§gffﬂggrymxon L, IPaKTHUECKH MOHOXPOMATUYHO mm’mo_

H 4acTOTH, NMOITOMY MNpH3Ma
43BePTKH CHEKT

nyxna. Bropas ocobennocr ; basia
b — HeOoBXOUMOCTh TOMe

B CHJIbHOE MAaTHHUTHOE TMOJI Kor momana
€ JI0 TOro, Kaxk OH CMO

b , JKeT MOTJIOUIaTh

Mée;[{)lrl;u)c.ni(xf?l%Me TOTO, %ner oGHapy»KHBaeTcsi OrpoMHast paslxlilnua

aMH T8epObix Ten H CIEKTDaMm i
U ocudKkocredi

e p HJH pa-

Hnl?rc;pos. Ilns TBepABIX TeJ NOMHMO B3aHMOXEHCTBUS e PHBIX Mgr-

pI/IBa’I;IIj( MOMEHTOB C BHEUIHHM MAarHHTHBIM TOJIEM HYXKHO paccMar-

MaFHHTH:I‘?);OB;::;waoneHCTBHe Apyr c apyroM. Ecam aBa simepHBIX
3 HaXOASITCA HAa PACCTOSHHHU r U O

110 OTHOMIEHHIO K HANPaBJI peivan oo

eHHIO moJst B,y Tak, uto
o ¢ 0 , npsiMasi, coeu-
masi ux, o6pasyer ¢ HHM yroa 6, TO H3MeHeHHe JIOK,a.HbHOI‘O

MAarHuTHOrO MoJsi B TOY

KaX pacnoJioKeHUs KaxKAoTo
(1] H
B3aHMOAEHCTBUS COCTABJISAET 8 2 i aa cer

AB = = (3/2) p (3 cos28 — 1) r=3 - (uy/4m) (1.12)

;I;eBu(;—TBI\gaI‘HHTHaH IpOHHLaeMOCTh BakyyMa. [loatoMy Besanuu-
BO)KHHK(}))éIOM TeJqae HSMeHﬂ%TCH OT TOYKH K TOUKe.

GecnopﬂﬂquoTrI:) Q;ZII:;(())}; 3cos?0 — 1 ycpeansiercs 10 Hyas 3a cyer
i Mosexyn 1o Oro MOCTYNAaTEeJbHOIO [ABUXXEHHSA U Bpatie-
i Bblpa}KeH.I/IH < JIETKO TOKA3aTb, eCH YCPElHEHHe MO BpeMeHH
T cos(39—2l 3aMEHHTb Ha YyCPe[HeHHe IO KOOpIH-
PHoe 33aumode:2'cyT‘;ue :los e l)/3. T?KHM s uno-
MOty momye eroe €XAy AapaMu Hcue3aeT. TONbKO NpH 3TOM
s PBl BBICOKOTO paspelleHHst C IHPHHOH Jiu-

enplre | I'u. B 3ToM cayuae roBopat o cnexTpockonuu SIMP
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Pyuc. 1. 6. DNeKTPOMArHHTHBIN CIEKTP M AHANAa30HH CNEKTPaJbHBIX METOJOB.

8bLCOK020 paspeuienus. B CIeKTpax KPHCTANIHYECKHX BellecTB, Ha-
MPOTHB, CUTHAJBI MOTJIOUIEHHS HMelOT LIMPHHY A0 HECKOJIbKHX KHJIO-
repu. I1o3ToMy He yAHBHTENbHO, 4TO H3ydyeHue meroloM FMP TBep-
JIbIX TeJl COCTaBJSieT CHEUHANbHbI pasjiel GUIMKH TBEPJOrO TeJa,
{ MBI JIMIIb KPATKO PACCMOTPHM ero B 1. IX 3TOH KHHIH, IpeiCTaB-
asifotiei co60i#i H3J0XKeHHEe TOJbKO OCHOB SIIEDHOTO MAarHHTHOTO pe-
30HaHca.

OIHAKO MHTEPECHO OTMETHTb, YTO B COOTBETCTBHH C YypaBHe-
nvem (I.12) nunonsipubie B3aHMOJEHCTBHA MeEXAYy SApaMH HcUe-
3a10T, ecan O = 54,7°. [To3TOMy ec/u OYeHb 6bICquO BpalllaTh HccJle-
AyeMBli KpPHCTaJJd BOKPYT OCH, 00pasylouled ¢ HanpaBJeHHeM
BHEIIHero IoJs «Marudeckdii» yroa 54,7°, To TeopeTHYeCKH MOXKHO
136aBHTBCA OT BO3MYLIAIOMEr0 B3aHMOJEHCTBHS, MOCKOJbKY BCe
JUHHH, COEJMHAIIIHE B3aHMOJEHCTBYIOIHE MAarHUTHbie MOMEHTBHI,
Gy1yT 06pa3oBBIBATH C MOJIEM YroJ ¢ YyCpelHeHHHM 3HaueHHeM § =

o]

5,5[}67 cHx IOp Mbl B OCHOBHOM pacCMaTpPHBajH B 3KCNEPUMEHTE
SIMP npouecc, NPUBOAALIHEA K IOrJOUIeHHI0 3Heprud. OQHAKO pas-
HOBECHOe pachnpejieicHHe Ssiiep MexXAy CIOMHOBBIMH COCTOSIHHSIMH,
poipaxkaemoe ypasHenuwem (I.11), nmpepmonaraer, uto Bo3GyXaeH-
Hble S/Pa MOTYT BO3BPAINAThC B HHUXKHEE CIIMHOBOE COCTOSIHHE.
B npoTHBHOM clyuae pa3HOCTh HaCeNEHHOCTEH IBYX COCTOsIHHE Oy-
JleT CTPEMHTbCSl K HYJIO H cHCTeMa OyleT HacolufaTecs. SIBieHde
nepefayr SHEPr¥H BO3OYKAEHHOIO COCTOSIHHS B OKPYXKaIOULYIO
cpely B BHJe TENJOBOH SHEPTHH, B pe3ybTare 4Yero siApo BO3Bpa-
UlaeTcst B HHXKHee CIIMHOBOE COCTOSIHHE, HA3LIBAeTCA pesakcayuetl,
Ero Mel JeTanbHO paccMoTpuM B ria1. VII. A 31ech MBI 0/KHBI JIHIIb
3aMOMHUTb, YTO AJs ycmeurHoro nposefenus $SIMP-akcnepumenta
penakcalds TakK Xe JXH3HeHHO HeoOXOAuMa, KaK H MOrJOlieHHe
SHEPTHH.

O6biuHO B criekTpoMeTpax SAMP ucnmosb3yioTcsi 3/1eKTPOMAarHuThl
¢ HanpaxeHHocTbio noas 1,4 uan 2,3 T. TlostoMy, Kak GBIIO TMOKa-
3aHO BHIlle, Pe30HAHCHAs YacTOTa AJs MPOTOHOB JIEXHT B pajpHo-
auamasone. Takum o6pasoMm, B DsSAy APYTHX XOPOIUO H3BECTHBIX
CIEKTPOMETPHUECKHX ~MeTOROB  clekTpockomus fIMP  3aHuMaeT
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MeCTO Ha [JMHHOBOJHOBOM KpPal 3/eKTPOMAarHUTHOrO CHeKTpa
(puc. L.6).

Ycnosue pesonanca (I.10) MoxKHO sKcmepHMeHTaNbHO oOCylue-
CTBHTb JBYMSl HYTSIMH: MOXHO H3MEHsSTb YaCTOTy NPH INOCTOSIH-
HOM SHAUYEHWH IOJIsl (4ACTOTHAA PA36ePTKA) W W3MEHSTb Hampsi-
JKEHHOCTH TI0JIS, OCTaBJ/SAS MOCTOSHHON YacTOTy O6JydeHHS, BHI-
3bIBAIOLLETO mepexonbl siiep (nosesas passeprka). Ha npaxruke
HCNob3ylTCA 06a Merofa. Ilpu noseBoit pasBepTke CHEKTPHI
3ailMCBHIBAIOT TaK, YTO HAMNPAKEHHOCTb NOJS BO3PaCTaeT cJeBa Ha-
npaBo. B chmekTpomeTpax ¢ mno/ieBolt pa3BepTKON Ha MOJIOCHBIX
HaKOHEYHMKAaX MarHHTA HUMEIOTCsA ClielHasbHbie KaTyIIKH, TakK Ha-
3bIBAEMBIE KATYULKU DA3BEPTKU, C TOMOIIBIO KOTOPBHIX MOXKHO
HENPEPLIBHO W3MEHATh HAMpSI)KEHHOCTb MOJsi Bo B Majom HHTep-
BaJe AB.

IIpn 4acroTHO# pa3BepTKe YacTOTa MOHHXKAeTCs NPH ABHKEHHH
10 CNeKTpy cJ/eBa Hampaso. [Tostomy, ecsn, Kak O6BIYHO, caMoONHu-
cell JIBHXKETCs CJeBa HanpaBO, NMEPBBHIMH 3aNHCLIBAIOTCH CHIHAJBI
Anep ¢ GONbIIMMH PE30HAHCHBIMH uacTOTaMH. KpoMe ymoMsiHyThix
y¥e 3/IeKTPOMarHuToB B ciekTpomerpax SIMP ucmosbsyiores takxe
HOCTOsIHHBle MAarHHTH. HMX nejoctatkoM sBjsercs Goablias uys-
CTBUTEJIBHOCTb K BJIMAHMIO OKPYXKEHHS — H3MEHEHHSM TeMIIepaTyphl
¥ MOCTOPOHHHX MarHUTHBIX moJjeii. Ho 3aTto He Tpebyercs cmeuunasin-
HOT'O KOHJMIHOHEpa s OXJAaXXAeHHs BOAL, OTBOASLLEH TEMNO OT
5/MEKTPOMArHHTOB. B nociepnue rofnl CKOHCTPYHPOBaHH CHEKTPO-
merpul IMP, B KOTOpBIX MarHuTHOe moJe co3jaercs CBepXNPOBO-
AALIMMHA COJIeHOHNAaMH. TakHe «CBepXNPOBOASILLIHE> MArHHTH MOIYT
obecreyuBaTh M0Jis 3HAYHTENBHO 6OJIbLIeH HAIPSIKEHHOCTH (mo 10 T),
ueM OOblYHbIE 3/1eKTPOMAarCHHTH W MOCTOSIHHBIE MATHUTH. B cOOTBeT-
cTBuH ¢ ypaBHeHHeM (I.11) 3To pesko yBesnunBaer uyBCTBHTEJD-
HocTh B 3kcnepumentax $SIMP. Ilo3gHee CTaHyT OYeBHAHBIMH M
Apyrue npeumyilecTBa 3THX MaruutoB. OJHAKO CTONMOCTb TAKHX
npHGOPOB M 3aTPaTH Ha HX SKCIUIyATaUHI0 3HAYHTENbHO BBIIe,
UeM ISt OOBIYHBIX CIeKTPoMeTpoB SIMP, mOCKOMBKY CBepXIpOBOAS-
WHA COJMIEHOHA JOJIXKE€H NMOCTOSHHO OXJAMAaThbCH KHAKHM TedHeM.

4. MATHUTHBIE CBOUCTBA OPYIMUX A0EP

Kak Mbl orMewyann BO BBeleHHH, He Bce fApa 06JMajfaloT Mar-
HHTHBIMH MOMeHTaMH. Kpome Ttoro, sapa Gosee Tsixesble, uem
IIpOTOH, MOTYT HMeTb CIOHHOBHe 4YHCJaa GoJblie 1/2. CnuHOBHIe
COCTOSIHHSL TaKHX flep B COOTBETCTBHH ¢ ypaBHeHHeM (I.2) xapak-
TEPH3YIOTCST MATHHTHBIMM KBAaHTOBBIMH YHCAaMH m; =], [ — |

b

I —2, ..., —I. Haupumep, s AeATpPOHa JuMarpaMMa 3SHepreTH-
UeCKHX YPOBHEH MMeeT BHI, IIOKa3aHHBIH Ha pHc. 1.7. dnpa c yer-
HOl Maccod M YeTHHIM aTOMHBIM HOMEPOM, TaK HA3BIBAEMBIE YETHO-
UeTHBIE AApa, He HMEIOT MarHuTHOro MomeHta (/ = 0), a a/1s Bcex
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m]=+1
4E
/77[-: 0
4E
m =1 Puc. 1.7. JluarpamMma sHepreTude-
I~ CKHX YpOBHeH [Js f/pa CO CNHHOM
> I =1 B marEuTHOM mHOJIE.

'3930 E‘))O

apyrux ajiep I = 1/2. UeTHo-HeueTHble A/pa HUMeIOT LeJbIH CIHH,
KpaTHbIl I, a HeYeTHO-HeUYeTHble H HeYeTHO-4eTHble 006s1a7210T MO-
JYLeJbIM CHHHOM. $japa, HaubGoslee BaxKHBle JJ1 XHMHKA-OPraHHKa,
H HX CBOMCTBA, CBA3aHHLlE C AAEPHBIM MACHUTHBHIM pE30HAHCOM,
nepeyncsaensl B Ta6a. I.1. B 4acTHOCTH, TOMHMO CIEKTPOB HPOTOH-
HOT0 MAarHUTHOT'O pe30HaHCa HIMPOKO HCCAeNOBAJNHCh CHEKTPH Ta-
Kux sgep, kak '°F, 13C, 29S8i n *'P.

Us t1a6a. 1.1 MoxXHO BHIAETH, UTO Bee aapa ¢ [ > 1/2 o6aanaior
a0epubim KBAODYNOALHOIM MOMEHTOM BCJeACTBHe HechepHUecKOro
pacnpefenenns sjgepHoro 3apsna. [Tostomy takue aapa Moryr B3au-
MOAEHCTBOBATh C IpajgHeHTaMH BHeIIHHX A5JeKTPHUECKHX M[oJel,
B OCOOEHHOCTH ¢ TPafHEHTAMU NOJIeH JIEKTPOHHBIX 060/04eK MoJe-

Ta6anua 1.1, MarHuTHHe CBOHCTBa sAlep, BaXHBIX A/ cnekTpockondn IMP op-
raHHYeCKHX COeJHHEeHUH

Ot1ocu-

Marnut- Pe3so- TesbHafl
HHf . Tpupon- Ksanpy-
CnunoBOe MOMEHT g?::;:;:"?:oe ﬁ:gf::: :Z;:;‘Z’z“ m}))e poa :%-:Z::ll‘ﬂ
SAnpo KBaHTOBOE W, B ellH- 5 1" —1 v MFu npu coaepxa-
uncao | HEHmax 10° pag-T™ "™ " g nose noctosn- HHE to—28 .,
N 1T HOM % e-10 M*
noje
'H 1/2 2,79277 2,675 42,577 1,000 99,98 —
2H 1 0,85735 0,411 6,536 0,009 0,0156 0,003
B 3 1,8007 0,288 4,575 0,02 18,83 0,111
"B 3/2 2,6880 0,858 13,660 0,165 81,17 0,036
3¢ 1/2 0,70216 0,673 10,705 0,016 1,108 —
HUN 0,40369 0,193 3,076 0,001 99,635 0,02
SN 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
9F - 1/2 2,6273 2,517 40,0655 0,834 100,0 —
28§ 1/2 —0,55492 —0,531 8,460 0,079 4,70 —
sip1/2 1,1316 1,083 17,235 0,066 100,0 -
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Puc. 1.8. TI'unoreTuueckuit cnektp SIMP aumernatpudTopameramusa-'®N,"70 Ha
saapax 18N, 170, 13C, 1*F u 'H B nose 1,0 T.

KyJbl, B KOTOPOH HaXOZHMTCH SAPO. ITH B3aUMOAEHCTBHA HIpaioT
BaXKHYI0O pPOJb B pe/laKCalluOHHBIX fBJeHusix. DoJsiee TOro, us-sa
YIOMSIHYTHIX B3aHMOJEHCTBHE siApa TAKOrO0 THIA 06JalaloT CHH-
HOBbIMH COCTOSIHHSIMM PA3JIMUHBIX DHEpruifi faxe B OTCYTCTBUE NMpHU-
JOXKEHHOr0 BHeIIHero nons. MoXHO BLI3BaTb NEPEXOAbI MEXAY
3THMH cocTosiHuaMH. CTUMyJAlUsT 0 06HapyKeHHe TaKHX [epexo-
NI0B — IpeJMeT TaK Ha3biBaeMOH cnexTpockonuu adeprozo xk8adpy-
noavuoeo pezonanca (1KP).

Yyscrsureavrocro Meroga SIMP npu uccaefoBaHHH HEKOTOPOTroO
A1pa 3aBHCUT OT BeJHYHHLE MATHHTHOTO MOMEHTa A/pa p, KoTopas
onpenensieT PasHOCTb SHEPTUH MEXKAY SAEPHLIMH CIHHOBBIMH CO-
CTOSIHHSIMH, a CJAeAOBATE]bHO, ¥ H3OBITOK HACEJEHHOCTH HIKHEro
COCTOSIHHSI B COOTBEeTCTBHU ¢ ypaBHeHHeM (I.11). MoxHo moxasarts,
4TO MPH MOCTOSHHOM [0JI€ HHTEHCHBHOCTb CUIHAJA NPOHOPIHOHAb-
Ha BeJIMYHHE

[t + 1/rlu’Bs (1.13)

W3 atoro BhipaxeHns BHAHO, YTO GO/blIOe 3HAUEHHe HMEET H Be-
nruuHa nojs Bo. Kpome Toro, KpuTHdyeckHM (akToOpoM sBJseTCS
npupodnoe codepocanue. UMenno uuskas konueurpauusi 3C u BN
B MOJIEKYy/1ax ¢ NPHPOAHBIM COJAep:KaHHEM H30TONOB CHJbLHQO CAEp-
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JKHB4Jla Ha [epBblX NOpax pa3BHTHe cneKTpockonun AMP na stux
sapax. Tompko nocie BBeleHHst meroda ¢ypoe-npeobpaszosanus,
koTophifi o6cyxaaercss B ra. VII n IX, B nocneanee BpeMsi yaasoce
[1peoaoJeTh 3Ty TPYAHOCTb.

Mbl MoOXeM NO/ABECTH HTOr BCEMY CKAa3aHHOMY CJeAyIOLIHUM 06-
pa3oM. JKCNEPHMEHT MO SIAePHOMY MArHHTHOMY pe3oHaHcy no3Bo-
JsieT 3alHCaTb DPe30HAHCHBIE CHTHAJB MAarHUTHHIX sgep. Kaxabli
THII AAPa [IPH 3TOM HMeEeT CBOI0 XaPaKTePUCTHYECKYIO pe30HAaHCHYIO
yactoTy. MoOXHO NpeAcTaBHTh cebe TeOpeTHYECKH SKCHeIl);/IMSHT
C TUNOTETHYECKOH MOJEKYJI0H IHMeTHATPH(pTOpaueramuaa-'>N O
pe3yJbTaT KOTOpOro nokasad Ha puc. [.8. as ynpoweHus sToii
WJLTIOCTPALHK IIpejlio/arajoch, YTOo BCE sApa HMEIOT OJWHAKOBOE
MPHPOJHOE COAEPXKAaHHe H OJMHAKOBYIO YYBCTBHTEJLHOCTb B METOME

SIMP.

Jlutepatypa

Pexomenpyiorcss aas urenHs yuebnuku B23, B5, B3, B6, Bll (cm. pasa.
«bu6anorpaguss B KOHIE KHHTH).

Fnaea U

CMNEKTPbI MPOTOHHOIO MATHMUTHOTO
PESOHAHCA OPFAHWMYECKMX MOJEKY

Mur paccmoTpean MarnuTHMIE pesonamc oTaeabHOrO SApa H Jaan o6bAcHe~

HHe (U3MueCKHX OCHOB skcmepumenta SIMP. Teneps cocpenovounm nawe

BHUMAHHME HA CMEKTPaX AAEPHOrO MATHHTHOTO PE3OHAKCA OPIAHHYECKHX MO-

aekya. Ilpn atom mb 03HakoMumcs ¢ ABYMSl SIBJECHHSMH — XHMHYECKUM

CABHIOM DE€30OHAHCHOH YAacTOTLI M CNHH-CNHHOBBIM B3aUMOJieHCTBHEM, KOTO-

Phie CO3AANT OCHOBY npHMeHeHHit cnektpockonun SAMP B xumuu u poact-
BCHHBIX AMCUMILIHHAX.

. XUMHUUYECKUA CABUT

Funorernueckuit  cnekrp AumeTuaTpudpTopaneramuaa-'SN, 170,
NpHBEeNeHHBIH B KOHuUe ra. I, Mor 66 HaBecTH Ha MBICJ/Ib, YTO CHEK-
Tpockonus SIMP Hcmosbayercs mis 06HApYKeHHs B COeIHHEHHHU
MArHATHO Das/NHYAIOMKXCsT sifiep. DTO He TaK, MO KpailHe mepe,
o 1ByM npuuvHaM. Bo-nepBhix, ¢ 3KCHepHMEHTaJbHOH TOUKH 3pe-
HUS TaKOe HCIOJIb30BaHUE SIBASETCS TPY/IHBIM, €CJH BOOGIIE BO3-
MOXKHBIM, MOCKOJNBLKY YCJIOBHA H METOLHKY HEOGXOZMMO H3MEHSThL
A/ H3MEDEHHs! DE3OHAHCHHIX YacTOT pPasHbIX siAep. Bo-Brophix,
SJIEMEHTHBI COCTAB OPraHHYECKHX COEIMHEHHH MOMKHO ONpeaesHTL
FOpasio Jierye u TOYHee C MOMOIILIO JAPYTHX METOAOB, TAKHX, Kak
JIEMEHTHBI aHAaJu3 HJH Macc-criekTpoMerpus. Takum o6pasom,
sHaueHue cnektpockonud SIMP mis XHMHH OCHOBhIBaeTcs He Ha
TOM, YTO OHa COCOGHa Pa3/IMYHTL 3JEMEHTHl, a HA ee Cnoco6HoCTH
OTJIHIUTL HEKOTOPOE SIAPO, HAXOJSILIEECS B ONpeLeseHHOM OKpyXKe-
HHM B MoJieKyJie, OT APYTHX siiep TOrO Ke THNA. Bbiio HalleHo, yTo
Ha pesoHaHCHble 4ACTOTHI OTAENBbHBIX SIAEpP OAHOTO COpTa BJHsET
Pacnpeliesiente 3/IEKTPOHOB B XHMHUYECKMX CBS3SIX B MoJiekyde. ITo-
STOMY 3HayeHHe Pe30HAHCHOM YACTOTH KOHKDPETHOro siipa 3aBHCUT
OT mosexkyaapuod crpyktyper. Ecan aas JEeMOHCTPALHUH 3TOrO sBJe-
U5 BEIGPATL MPOTOH, TO B CMEKTPe TAaKOro COCJMHEHHS, KAK OGeH3HI-
auerat, Hanpumep, GyAyT NpHCYTCTBOBAThH TPH DA3JIMYHBEIX CHTHAJZ
OT NPOTOHOB (DEeHUJBHOTO $IAPA, METHJICHOBOH M MeTHJ/IbHOH rpymn
(puc. II.1). dtor 3 GeKT BH3BAH PA3NHYHBIM XHMUYECKUM OKpY-
eHueM NPOTOHOB B Mosekyse. Ero HasmiBaior XHMHYECKHUM CHBHIOM
Pe3onaucHoM yacToTHl MaH IpOCTO xumuteckum co8uzom. Takum
OGpasom, B mnose 1,4 T nporouHbii pesoHaHc NPOUCXOAHT He mpH




30 Taasa 11
B, —> 9
CgHs— CHz—0-C—CH i
H |
H H —f“H
H
H H
H
|
_C—
|
H
JL _J\
«— V—

Puc. 11. 1. CriekTp nNpOTOHHOrO MATHHTHOrO Pe3OHaHca GeH3HJaleTara.

vo =60 MI', a B HEKOTOPOM HHTepBaJje 4acToT vo £ Av, Tie Av
o6biyH0 MeHbme 1 kI['m. Amnajoruunsie sddekTs HabawRawres H
B CHEKTPax JpPYTHX sijep, U 9TO siBJeHHE COCTABJ/SeT OCHOBY NpH-
KaajgHo# crnekrpockonun AMP.

B nepsom npuO/MKEHHH NPUYMHOH XHMHYECKOTO CIBHra sBJS-
orcs saekTponnl cBsisd C — H, B 06pasoBaHiu KOTOPOH yyacTByeT
JaHHBI aTOM BojJOpoja. [IpuioxeHHOe MarHuTHoe mnoje B WHAY-
LUpYyeT TAKHE LHPKY/IALUHH OKPYXKAIOULero sApo 3/JeKTPOHHOro 06-
JlaKa, 9T0 B COOTBETCTBHH C 3aKOHOM JleHla BOSHHKAeT MarHHTHbIK
MOMEHT, 0 HalpaBJeHHI NpOTHBOMONOXKHEIH Bo (puc. 11.2). Ta-
KM 06pa3oM, JIOKa/JbHOe MoJjie Ha sijipe OKa3bBaeTCs MeHblle MpH-
JI0KeHHOTo. DTOT 3¢ (GeKT COOTBETCTBYeT MAarHMTHOMY 3KpaHHPOBa-
HUIO f/ipa, KOTOpoe MOHHKaeT Bo Ha BenuuuHy oBo, rie 0 — KOH-
CTAHTQ 3KPOHUPOBAHUS Is1 JAHHOTO NPOTOHA:

Bk = BO(1 — 0)

KoHCTaHTa 3KPaHHPOBaHHsl ¢ [IPONOPUHOHANbHA JIEKTPOHHOHA HJIOT+
HOCTH Ha ls-opOuTanu aTomMa BOAOPOAa, & ¢By— 3TO BeqHYHHA

BTOPUYHOTO MOJIA, HHAYLLHPOBAHHOTO y NPOTOHA. B pegy.anaTe Mmar-
HUTHOIQ 9KPAaHHPOBAHNS B 3KCIEPHMCHTE C pa3BepTKOU MOoJs HYXKHO

(I.1

Is - gpbumars

uHBYRUPOLaH K BII
MALHUESIT MOMERTT M
Ha gope

WHEYRUPOERHH B 20K

Puc. 11. 2. DxpaHupoBaHue NPOTOHA B MarHHTHOM [OJE,
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JOBBICHTb BHEILIHEE I110JIe, YTOOBI YCJAOBHSI PE30HAHCA BHIMOJIHAAUCH
(pH AaHHOH 4aCTOTe. A eCc/IH SKCIEPHMEHT OCYIIecTBAsSeTC ¢ YacTOT-
40l Pa3BEPTKOH, TO NPH NOCTOAHHOM noJie By pesoHaHCHEIE ycs0BHs
GynyT BHUIOMHATBCS NPH 60Jlee HUBKOH uacTOTe, YeM MOKHO GBIIO
Obl OXKHAATh.

B cayyae nenckaxeHHOTo chepHUecKOro 3/MeKTPOHHOro pacnpe-
Aefielus, KOTOPOE CYLIECTBYeT, Hanpumep, B atoMe BOAOPOAA, HH-
AyuHpOBaHHOE LBHKEHHE 3apsijia NPHBOAMT K YHCTO AUAMATHHTHOMY
5 pexTy. B 9TOM cayuae KOHCTaHTY SKPaHUPOBAHHA G MOMKHO pac-
CUMTBIBATE 1O QopMyie JIsmOa, eclM H3BECTHA 3JeKTPOHHASA
NJIOTHOCTD P (r) BOKPYr sigpa:

oo

0 = (nee%/3m,) S rp (r) dr (11.2)

0

rae p(r)— QyHKUHUSA paccTOSHHSA r OT SApa, a APYrue BEJHYHHB —
H3BECTHble KOHCTAHTHI.

Hist Mosiekys cuTyanus yeaoxusercs, NOCKOJ/IbKY 3/eCh HYIKHO
pacCMaTpuBaTth 3/MEKTPOHHYIO LHPKYJSUHIO MO Bcell MOJeKy.Ie.
Mo3KHO NOKasaTh, 4TO HCKakeHnwe chepHuecKoii CHMMETPHH 3JIeK-
TPOHHOTO pacrpeie/ieHus], BbI3BAHHOE MPHCYTCTBHEM APYrHX szep,
YMEHBIIAET NHAMACHHTHBH 3Q@eKT. ITO yMeHbIIEHHE MOXKHO pac-
CMaTpPUBATL KaK BOSHHKHOBEHHE NMApAMarHATHOTO MOMEHTa, yCHIH-
Balollero BHeilHee nose Bo. Takum o6pasoM, 3Hauende ¢ B MoJe-
Kynax siBJsieTC CYMMOH AHAMArHHTHOH H MapaMarHHTHOH KOMIIO-
HEHT MHAYLUHPOBAHHOTO ABHXKEHHS 3JIEKTPOHOB:

0= 042+ Opapa (I1. 3)

[IpH KONHYECTBEHHEIX OliEHKAX BeJHUYHHB G npeanoJiaraeresl, yto
H3BECTHA MNPHPOAA 3JIEKTPOHHOIO IBHIKEeHHH, HHAYUHPOBAHHOTO
BHCIIHHM nosieM nmo Bcell MosieKyJse. ITOCKOMbKY [/isi GOBIIHX MO-
JCKYJ 3THX 3HAHUA Y HAC HeT, TO MPAKTHUECKH IMOJe3HOe npuban-
KeHHe 1Js onpefle/leHHs] XHMHYECKOrO CABHTa YAaercs HONYYHTh
TOTbKO TIPH YCJIOBHH, YTO IKPAHHPOBAHHE MOMKHO pasieaurs Ha
BKJIaJpl OT OTAEJbHBIX 4TOMOB M TPYNI, KOTOPhle B CBOIO ouepelb
MOXHO OLEHHTDb C HOMOIUIBIO NMPOCTHIX Moeaell. STH BKAAAb MOKHO
TPEACTaBATL TpeTbuUM u/ieHoM B ypasHenuwdn (I1.3), um Ttorma omo
nprHoGperaer BHI '

=— 10K oK ’
= Olna + Gnapa +o (IL. 4)
3necn Opea ¥ Ofob. NPENCTAaBJIAIOT TeNepb L0KAAbHbLI OuamazhuT-

Hblll U AOKQAAbHGLL NAPAMASHUTHGLE BKIaAb B KOHCTaHTy 3KpaHH-
POBaHHsA coOTBeTCTBYIOUIero siipa. /s MPOTOHOB OCHOBHON BKJ1aJ
AaT 079% u o°. Teopernueckne pacuers [TOKa3bIBAIOT, YTO CHJIb-

Hbie mapaMarHuTHble 3QeKTEH BO3HHKAIOT TOJNbKO A GoJee TsKe-
AbIX g1ep, HMEIOLHX 3HEPTeTHYECKH HUIKOJMEeKAlUlUe AOCTVIHBE
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aToOMHBIe OpOUTaJIH, TaK KaK B 3TOM cjydae BHElIHee MarHUTHOE
noJie BHISLIBAeT CMelIHBaHHe BOJIHOBBIX (PYHKIUH OCHOBHOIO H BO3-
6yxaeHHoro cocrosinuit. Hanpumep, ajs aroma ¢ropa napamar-
HUTHBIH BKJIaJ SIBJSIETCS €CTECTBEHHBIM CJeACTBHEM JAOCTYNHOCTH
HU3KOJIEKAINHX p-opOuTajied. 3aBHCHMOCTh KOHCTAaHTH 3KPaHHpO-
BAHUSL OT XMMHYECKOro CTpoeHHst Oyaer mojapoOHee paccMOTPeHa
B . IV. 31ech e MBl IPOCTO NPHMEM, 4TO JJid NPOTOHOB B MoJle-
KyJiax ¢ Bcerja noaoxcureavna. Hampumep, KOHCTaHTa 3KpaHHPO-
BaHMsi IIPOTOHOB B MOJIeKyJie BOJOpOJa, ONpeie/eHHas OONyIMAU-
puueckH, cocrasjsier 26,6-10-%, u ana J0KaAbHOrO MAarHHTHOrO
MoJsl Ha sAApe COpaBelJiHBO CoOTHOWeHHe Bhox < Bo. Bce saapa
3KPAHHPOBAHbl, U HX PE30HAHCHBIH curHan HabJamopaercs B Gosee
CHJIbHOM moJie (Hau npu 6osiee HU3KOH yacToTe), UeM AJis H30JHPO-
BaHHOrO mpoToHa. s OTAeNbHBIX COEJHHEHHH IIPOTOHBI PAasHBIX

IPYNN HAa3HLBAIOT IKPAHUPOGAHHLIMU WK 0€33KPAHUPOBAHHLIMU OT- J
HOCHTeJIbHO HEKOTOPO# 3TAJOHHOH JHHHE B CHEKTpE, €C/H HX CHIHA- §

Jbl HaXOJATCA COOTBETCTBEHHO B GoJjiee CHJIbHOM HJH Goje caabom
OT Hee moJe. JT0 BUAHO B cnekTpe OeHsunauerara (puc. 11.1). B nem

METHJIbHble MPOTOHBI 1O OTHOILICHHIO K METHJICHOBbBIM HpOTOHaM:

9KPAHHPOBAHB], a apOMaTHYeCKHe NMPOTOHBI IO OTHOWIEHHIO K HHM
lle33KpaHHpPOBaHb. B NOJOGHBIX Caydasx YacTO OBOPSAT COOTBETCT-

BEHHO O AMAMAarHuTHOM HWJH NapaMarHuTHOM CABHre pE3OHAHCHBIX :

CHI'HaJOB.

1.1. EnquHMibl H3MepeHHs1 XHMHYECKOro ciBHra

Yro6nl 06CYykK1aTh PAa3THUHS B S5KPaHHPOBAHHH OT/EJIbHBIX MPO-
TOHOB, HEOGXOJAMMO YCTAHOBHTb CHCTEMY H3MepeHHsT XHMHYECKOro j
capura. Jsis Toro 4ToOBl yKa3aTh INOJOXKEHHE Pe30HAHCHOTO CHI- 4
Hana B cuekrpe SIMP, B npuHlHNe MOXHO H3MEDHTb BHEIIHEE MOJE
Bo WM Pe30HAHCHYIO 4acCTOTY v, IIPH KOTOPOH MOSIBJASETCS HHTEpe- §
cyouias Hac pesoHaHcHas JMHHHSA. OJHAKO 3TH NapaMeTpnl Heylo6- §
HBl JJ H3MEpeHHS XHMHYECKOro CABHra, TakK Kak CHEeKTPOMeTDH 3
SIMP paGoraloT npH pasHbix noaax Bo (nampumep, 1,4, 2,3 uax |
52T) u B coorBeTcTBHH ¢ ypasHenveM (I.10) ¢ usMenenuem mous §

MeHdeTCst U pe30HaHCHasg 4acToTa. DBosee Toro, abcoJiloTHOE onpe-

AeJieHHe BeJHUYHMHB TOJS HJU DPE30HAHCHOH YacTOThI TEXHHUECKH |
TPYAHO ocyliecTBHTh. C/1ef0BaTeNbHO, MOJOXKEHHE pPEe30HAHCHOTO |
CHTHaJia HeoOXOAMMO M3MepsiTb OTHOCUTEAbHO CHTHAJa 3TUAOHHOZO |
coedunenusn, T.e. crandapra. O6bYHO 45 nporoHHOro SIMP rtakuM |
coeqnHennem cayxur rerpameruacuian (TMC). Ero nsenaauaTtsh,

APOTOHOB AAIOT Y3KHMH CHTHAJ, KOTOPHIf 3aMHCHIBAETCs BCErAa Of-
HOBPEMEHHO CO CIIEKTPOM HcCJelyeMOoro coefunenns.. bBensunane-
tat npu paGoueil uacToTe cmekrpomerpa 60 MI'u naer B sToM cay-
yae CrieKTp, MokasanHwii Ha puc. II. 3,a.

Cneayiolliuif IIar B ONpeleNeHHH XHMHYECKOro CABHIa — Kd-

aubposka crekTpa. B mpocTefinieM ciydae OHa OCYIIECTBJISIETCS My
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a-—cn
€KTD MNPOTOHHOTQ MargiTHOro pesoHaHCa GeHsuaa

CHJIZHa KaK BHyTpeHH
ero craHpapra X
Kol o Gokosol momoce. nap Ha ygactore 60 Mru;

nerata ¢ RoGaBKO# TeTpaMeTHJ-
6 — TOT XKe cmeKTp ¢ KaaH6poBa

;‘deelg ggg;&n?inunaranom{oro CHTHaJia M3BECTHOH YacTOTOH, Hampu-
(6oxoaa;z noxzbca)pﬂ aSTOM B CIEKTpe MOfB/sETCS GOKOBOH CHrHaJ

sammeaan 11040 H)Hé 9TOM PaCCTOSIHHH OT OCHOBHOIO CHIHAJIa, e€ro
o, C OOKOBOM TI0JIOCE B JaHHOM HHTepBajse MOXKHO
Thok: poBaTh cnekrp. TakuM cnoco6oM Mbi NOJyYaeM OTHOCH-
e HbIE DACCTOSHHS MEXIy CHTHAJAMH B CHEKTpe IIPOTOHHOTG

’{‘)OTSIH?;ISI?: ?ﬁﬁgﬂéxaugmra OT CHTHaja 3TajJOHA B eJHHHLAX Yac-
hoeponC 13 ).u aCTOTBI, Jieallue B 3TOM [HANa30He, JIETKO
name pomen ToYHOCTBIO. [To3TOMY OmMCaHHHI MeTox mo3-
> €T IPAMO ONpeAeNsAT XMMHUECKuil cABHT. TeM He MeHee noJy-
OTeg:TbcliBﬁimzanu HUMEIOT TOT HENOCTATOK, YTO OHH 3aBHCST B CO-
anereTEl CHegpam;enuexg (L. 10} or manpsxenwoctn mons. Ecan
san p B none 2,3 T u npu yacrore 100 MTI'y, to paccros-
MEXIy curianamun B HeM OymyT coctaBasts 721, 500 m

2 X. Tioutep
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193 I'u mas tpex rpynn nporoHoB OeHamsalerarta. [Tostomy njs
XUMHUYEeCKOro cIBHra Oblia BBeJeHa Oe3pa3MepHas BeJIMUHHA, KOTO-
pasi ompezensieTcsl CJIeAyIOWHMM 06pa3oM:

0= (‘Vnemec'rao - 'Vsranoﬂ)/'vo (I 5)

3xecb vo — pabouasi 4acTOTa HCHNOJbL3YeMOI0 CHEKTpoMerpa (Ha;;
npumep, 60 MI'u), a B KauecTBe eMHHI B §-UiKdie HCIOJb3YIOTC
MHJIJIHOHHBIE A0JK (M. I.). Tak, 1A pe30HaHCHBIX CHTHAJIOB ;3 Iép(())(;
TOHHOM cIeKTpe GeHsH/aleTaTa NoJydaroTcs 3HaueHus & 7,21, 5,
¥ 1,93 M.JA. He3aBHCHMO OT TOro, H3MEpPSJICA CNEeKTP Ha %acro-re
60 MI'y B nosie 1,4 T uau Ha yacrore 100 MI'u B nose 2,3 T.

OTcyTcTBHe aGCOMIOTHOH IIKaJbl SHEPrHii JenaeT TPYAHBIM,

CpaBHeHHe CHeKTPOB SAEPHOTO MAarHHTHOTO pesonaac;, ecau :g
JOCTHTHYTO colvialleHHe 06 YHHBepCaJbHOM 3TaJjIOHe. YNOMSIHYT A
Bhille TETPAMETHJCHJAH YJOBJeTBOpAeT TpPeGOBaHHUSAM, 151(‘);40811_
MOXHO NPEeABABHTb K 3TaJOHHOMY coelnHeHHI0. CHrHaJj
HHTeHCHBHH cHHTJeT. [Io XHMHUeCKOMY CABHFY OH OTJHYaeTcs OT
GOJbIIMHCTBA APYTHX CHIHAJOB B CNEKTPaX MPOTOHHOrO Pe30HaHca,
no3ToMy nepekpbiBanne cHrHasa TMC c curHajaMH H3y4yaeMoro
obpasua Habmogaercs peaxo. OH XHMHYECKH BecbMa m;efﬁeﬂ ;1
Jerko ylajasercs Hu3 ofpasina nocje 3alkCH CIekTpa. §- Ka.nH
B NPOTOHHOM MArHHTHOM pe30HaHCe OCHOBaHa Ha 3TOM coenméem{ .
KpoMe TOro, nmpuMeHsieMble CEerofHs CIEKTPOMETPHI IPHCIOCO ;JIeHbf
IS HCIOJb30BaHWSl GyMa)KHBIX GJIaHKOB, Ha KOTOpble yxe HaHe
ceHa WIKaJja B MWIJHOHHBIX Hoasx. [losToMy xanunOpoBka MeTOLOM
GOKOBBIX I10JI0C, O KOTOPOH YHOMHHAJIOCh BHIIE, HCNOJb3yeTCs TOJb-
KO TOTAa, KOTla HyXHble 06J1acTH CIeKTpa AeTaJibHO SaHHCbIBalOTCSf
Ha y3KuX pasBepTKax (Hanpumep, | FIJ./CM). O6biyHO B amﬁx ac.nya
vasx He YAaeTcs 3allUCaTh STAJOHHEIA CHTHAl M CHFHAJIH 00D 3uc_
onHoBpeMenHo. (B cienylouledl rJiaBe Mbl BEDHEMCs K TaKHM 3;1,_
nepuMentaM.) B HeKOoTOpBIX cayyasix Kpome §-liKajnl ellle HCINO
3yerca u t-wKasa. OHa OTJIHYaeTCH OT O-WIKaJBl TOJbKO TeM, 4YTO
B 8-mikaJje curdas TMC NpPHHAT 3a HyJdb OTCYeTa, a B T-LIKaJje eMy
npunucaHo sHaveHune 10 M. 1. Takum o6pasom, obe mKka/bl cBsA3a-

HBI COOTHOILIIEHHEM
=10,0—8 (1L 6)

3HaueHuss XHMHYECKHX CABHIOB, CTCUHTAaHHHE B T-lKaJje, BO3pac-
TAlOT N0 CNEKTPy CJeBa HampaBo. DTO YAOGHO, MOCKOJbKY MBI m};
fieM TOXKe cjeBa HanpaBo. Ho chmeKTpocKonH4YecKH MpPaBHJbHO

sIBJisieTcs TOJbKO O-lIKasna, H MO MeXAyHapomaHOMY comamﬁeﬂmo
PEKOMEHLYeTCs NPUMHCHBATD CHTHAJlaM TOIVIOIIEHHA [MpH 6o’.nee
BBHICOKHX HYaCTOTax, T.e. NepexojaM 6oJsiee BHICOKOH aﬂepruué, GJ1b-
1ie 3HAYEHHS CABHIOB B MUJJHOHHBIX JoJasix. Takum o6pasoM,
-CHTHAJIbl, - COOTBETCTBYiOLHe Gosiee BBLICOKHM SHEPTHAM B cnempef
4IMP, nexaT Ha ero JieBOM KOHIe, TOYHO TaK €, Kak B HH(pa
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Puc. II.4. CpaBrende 8- ¥ T-Kan H 9acToT B CIEKTPax NPOTOHHOTO pPe30HaHCa
RJIS CIeKTpOMeTpoB Ha 60'u 100 Ml '

KpPACHOM = CHEKTPe BBICOKOYACTOTHBlE KOJe6AHHS 3aMHCHIBAIOTCH
c/eBa. B 3To#l KHHre MBI GyAeM HCTONB3OBATH II0YTH HCKJAIOYHTEb-
HO §-WKaay, a T-3HaYeHHs BKJAIOYHM JIHUID B HEKOTOpble TabJIHIIHL.
Ho ansa nosicienns csasu MeXJy 8- U T-IIKaJaMu, a Takke MeX 1y
COOTBETCTBYIOIUNMH YacToTaMd npu 60 u 100 MTu na puc. II. 4 stu
JacTOTHl M IIKaJbl COMOCTABJEHH B TabJHue. B OpHrHHAMbLHON JH-
Te€paType YacTO MPHBOAATCS 3HAYEHHS §, KOTOPHIE MO TEXHHYECKUM
NPHYHHAM * IOJIyYeHBl ¢ HCMOJb30BaHHEM APYTHX 3TAJOHHHX CO-
CIHHEHHH, TAKHX, KaK LMKJOTeKCaH, METHJEHX/JIOPH], HIAH GeH30.1.
Heo6xozumocts nenonsszoBats APYro#i 3TaJIOH OYEBHJIHA, €CJU TOK-
JIeXKAUKH HCCeOBaHHIO 06pasel, HMeeT CHTHaJ, NepPeKPHIBAIOLIHI-
¢ ¢ curHasoM TMC. B rakom cayyae o6bYHO 3HaueHHs 6 nmoMe-
1a10T JLONOJHHTEJIbHO HHXXHHM HHJIEKCOM, HampHMep 0c,H,. O6osna-
HUEHHA TAKOrO THNA OCOGEHHO BaXKHbI B cHEKTPOcKOmuH SIMP Golee
TAKEJNBIX slep, Tle BO MHOTHX CJIyyYasx He -AOCTHTHYTO oflLiee co-
T1acue 06 yHHBepcaJbHOM CTaHOapTe.

Braans oraenbHBIX 3aMecTuTeNel B XHMHYEeCKHe CABUTH B CIeK-
Tpax IpPOTOHHOrO pe3oHaHca Mbl GyjfeM 0603HAYaTh B TEKCTe CHM-
Bonom Ao (M. A.), HOCKO/ILKY OHH NMpeACTaBASIOT H3MEHEHHS B KOH-
CTanTe sKkpawupoBaHHs. [lonoxuTeNbHBIH 3HAaK AG O3Hayaer yBe-
JIMYEHHe, a OTPHLATENbHBIH — yMeHblIeHHe 3KDaHHPOBaHHA.

1.2. HurerpupoBanne pesonancHoro curuana

C BBOJOM §-IIKa/Nbl MBI MOXEM COOTHOCHT NPOTOHH B OTJENb-
HBIX CTPYKTYPHBIX ()parMeHTax M CHIHAJIB B OnpeleJeHHOH obgaacTu
Clektpa. Ho nepex stum Heo6xoaumo yKasaTtb elle HAa OJHO
CBO#icTBO cmekTpa SIMP, KoTOpOoe MOXHO GbitO yXe€ 3aMeTHTb Ha
puc. II. 1. Curnans umeror pasHble uHrencusHocru. Bosee merajb-
Hoe usyuenne nokasmiBaer, yTo mIoWamL Mo PE30HAHCHBIM CHTHa-
JIOM NponopuHOHaNbHA YHCMY NPOTOHOB, HalUHUX ITOT CHrHAaJ.
OneKTpOHHbL UHTEZpATOp, BCTPOEHHBIA B cnekTpoMerp SIMP, as-
TOMaTHYecKH pHCyer crTymeHuaryio KPHBYIO, MNOKa3aHHYI0 Ha
puc. II.5. OtHoweHnne BHICOT CTylleHeK Ha KpDHBOH MOKa3biBaeT

Q*
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Puc. I1.5. CnekTp npOTOHHOrO MAarHUTHOTO pe3OHaHCa OeH3HJaleTaTa ¢ HHTErpH-
poBaHueM. BHICOTH CTyneHeK yKa3aHH B MHJ/JIHMETpax.

COOTHOIIIEHHE YHCEJ NPOTOHOB B GeHauaauerate — 5:2:3. dro us-
MepeHHe fHaeT LEHHYI0, a 4YacTO pelalollylo AONOJHATENAbHYIO
HHGOpMALHIO.

BaXXHO OTMETUTb 31eCh, YTO HHTETPHPOBAHHE AaeT BO3MOXKHOCTb
OTIPEE/IUTb JHIIb OTHOCUTEAbHOE 4UCAO TPOTOHOB. Tak, eciau 6wl
He DasJHYHsl B XMMHUECKHX CABHrax, TO 3THAGOPMHAT H JHITHI-
MaJIOHaT [aJn 66 OLHHAKOBHIE CHEKTPHI.

H N /COOCHz(?_Hs

HCOOCH,CH3 A
H” \COOCH,CHs

UnTerpupoBande Pe3OHAHCHBIX CHTHAJOB HAXOAHT BaxKHOE INpH-
MeHeHHe B aHaJHUTHUYeCKOH XHMHH NJis onpene/icHHs cocrapa CMe-
ceii W NPOUEHTHOIO COAEPXKAHHSA NPHCYTCTBYIOUIHX IIpHMeced.
Hanpumep, MOXHO ONpeAENNTb MAaccy ma KOMIOHeHTa A B cmecH,
ec/in 106aBUTb HEKOTOPOE KOJNHUECTBO mp H3BECTHOro BeilecTBa B
K 06pa3ly M3BeCTHOH Macchl, a 3aTeM IPOHMHTErPHPOBATh CHIHAJIHI,
oTHocsHKecss X A U B. B atom cnyuae macca A B obpasue onpene-
Jsetca no ¢opmyJe

ma = mp (Na/Na) - (Aa/As) - (Ma/Mps) (I1.7)

31ecs N — uuc/i0 IPOTOHOB B MOJeKyJe, ZAIOUX BHIGPaHHHIA pe-
BOHaHCHBI cHriasa, A — miowan¥ mnoia curHagamu, My 1 Mg —
MoJieKyJasipHas Macca A u B coorBercTBeHHo.

Ins WANIOCTPAlHM TPHMeHEeHHS HHTerPHPOBAHMA CHTHAJIOB
SIMP na puc. 1.6 nmokasaH cmekTp cMecH MeTHJI0eH3HJIOBOTO 3¢dHu-
pa u TOJyoJsa B MOJSPHOM cooTHomeHuH 1:1,491 (mo naHHbIM,
ToJyyeHHBIM B3BemuBaHHeM). [IpH MHTerpHpOBaHHH ABYX CHTHAJIOB
MeTHJbHBIX rpynn npu 62,2 1 3,2 Kak cpefHee H3 NATH H3MeDeHHUH

CéHsCHZOCHS + CgHyCHs
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pHC. II 6. CIIeKIp rIpOIOHH()I‘O MArHHTHOroO pESOHaHCa cMecH MeIHJ156H3HJIOBOIO
-"'[bnpa H IO“IYOJ’Ia B 06"IaCIH 6 OT 0 Ao 6 M. O.; 60 “i] 18

[=2]

;IOJIy’{aeM MOJIBHOE COOTHOUIEHHEe I:1,519 + 0,030, IlpaBunannoe
Tgﬁ:gﬁlge ;Jtle:m(;rnls IpeJlesiax OMWHOKH, a BEJTHYHHA OIUHGKH 2 %)

pelleneHun storo Ttuma (2—4 %). Us puc. 11.6
BUJHO, 4TO 86/COTA CuZHAAQ He SIBJISETCH TOYHOR Mepoit uHCa n b-
TOHOB, NAIOIIMX CHFHAJ], TAK Kak ITHPHHBI CHTHAJIOB paSJIPI'{aIOTI():H

3apa
. Tonygn:aml)l.;éﬂgggen"eﬂnme MOJIPHOE COOTHOIIEHHE METHJIGEH3HJIOBOrO abupa
TErpHPOBaHHSA, NPHUBEACHHHIM Ha pHC. I
HOBLIX NIPOTOHOB 3PHPA H MeTHIBHBIX NPOTOHOB TOJAYyOJA. prc. 1.6 ana wetune-

HHHXHKngigeigm C,L(BPI6I‘ B cnekrpockonuy SIMP naer BaxHHe cBese-
— chogbs, [IOAOOHO TIpYNNOBLIM YacTOTaM B HK-cnekrpocko-
Wears o yxorlcln 71um ONpPEleNICHNs CTPOEHHS HEH3BECTHLIX Be-
3/10u4€.ﬂu;z ﬂggcﬁ p NIOKa3aHbl Xxapakrepucruueckue obiacry no-
b opeen A anboJiee BaxKHBIX THIIOB NPOTOHOB, BCTPEUAIOMIUXCH
S e ﬂx MoJeKynax. MoxkHo crenatbh caenyomue o6mue
Posams M-eH Jisl IPOTOHOB asugharuueckux ceszeii C—H 3KpaHH-
Mona ymenbwaercsa B psgy CHs > CH, > CH. Tax, IPOTOHBI

HbIX TPYNN y HACHILEHHOrO aTOMa YrJIepoia AAI0T CHCHAM
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; FSERS) 3 Puc. I1. 8. CnexTp npoToHHOrO MarHHTHOTO Pe3OHAHCa NPONHOAMKAA.
f Ty w - £
1 ©% g =
k x To % z - npu 60,9, 3 pesoHAaHC NMPOTOHOB UMKJIOreKcaHa HaGJIOfAeTCA MpH
[
fl)l © S LT g 6 1,4. Hckalouenne cocraBjisieT IUKJAONPORAH, NPOTOHH KOTODPOTro
5 | _ IR % paior curdan npu § 0,22, Pe3oHaHCHbie GHTHAJNB 0AEPUHOBLIX TIPO-
— i = TOHOB JiexaT B ofjacth or § 4,0 mo § 6,5. Y1 auwe B ocobbix cay-
?.? N o yasix, TaKHX, KakK COelHHeHHs, Nofo6GHble akpojenHy (CHy,=
- O x ¥ = =CHCHO), oun cmemalorcs Huxe §6,5. PesoHaHCHBE cHTHAnW
B [ [ T— 8|/ ¥ g IPOTOHOB QPOMATUHECKUX MOJIEKYJ HPOSBJAIOTCH B XapaKTEPHCTH-
S— =
j i © I % yeckoii o6nacta mexay 67,0 u 9,0. Xora B HHX, KaK H B osedu-
) S =) HaX, aTOMBI YIJIEPOAA TaKXKe HAXOAATCS B SP-THOPHIAN3AINM, 31€Ch,
£ o = OYeBHAHO, CYyLeCTBYeT [OMNOJHHTEJNbHOE [e33KpaHupoBaHue. [las
——— S}~ 5 aleTHAeHOB HabawoAaeTcad NPOTHBONONOKHLIR 3ddeKT, U ayeTuseHo-
5 E 8bll} IPOTOH NorJjoiiaetr npu 8 2,9. DieKTPOOTPHIATE/IbHBIE 3JIeMeH-
1 - 5] TH, TaKHe, KAK a30T, KHCAOPOJ M rajiOTeHbl, BRI3LIBAIOT MMapamMar-
Cf = - ~ & HHTHBIE CABHTH COCEAHHX C HAMH npoToHoB. ToTr xke 3dpdexr nawr
- ﬁ ° Rl 3 g COCe/lHHE KpaTHble CBsi3H. Pe30HaHCHble CHIrHaJBl NPOTOHOB aJib-
3 g =z nerufnoi U KapOOKCHAbHON IPYNN HaXOAATCH B OUeHb ciafoM moJe.
S * ~ = g OcoBoro paccMOTpeHHsi 3aClyXHBAIOT CHIHaJbl HPOTOHOB TIPYII
7N | z Bl— o % OH, NH, NH, u COOH. Hx nonoxeHHe B CIEKTpPe CHALHO 3aBH-
5 P g CHT OT KOHIEHTPAalUH, TEMIePaTyPbl H HCIIOJb30BaHHOTO PacTBOPH-
i = tensi. Hanpumep, curnan mpotoHa rpynnsl OH B ouHlleHHOM Me-
- - : Tanoae HabGmojaercs npu 6 1,4, a B o6pasue, coaep:KaiieM npume-
— - ‘é cH,— npu §4,0. H3 Gosee nerasbHOro o6bsicHeHHS, KOTOpoe Oyler
\ F 2 s nauo nosjHee, CAelyer, 4TO NPHUYUHA ITOTO PABJAHYKH COCTOHMT B
- 5 cnoco6HocTn rpynnbi OH o6pasosmBaTh BOROpOAHBIE cBsizu. I1pu-
Sl _1le & CYTCTBHE CJENOB KHCJAOTHl WAH BORBI YCKOpPSET mpouecch o6Mmena,
~ s H 3T0 TakKe IPHUBOAHT K CABHIY DE30HAHCHOM YacTOTH NpPOTOHA.
5 =5 OMHMO 3TOTO TIPH XHMHYECKOM OOMeHe MOXKeT MeHSTbcs H op-
S = 45 Ma pesoHaHcHoro curHasna. B uyactdocrd, nporonn rpynn COOH,
‘ [F [ Ed
1l e

NH, n NH wacro naioT UIHPOKHE pe30OHAHCHBHIE CHPHAJE, KOTOphIE
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Ta6auua 1. 1. Pesonancubie curiaisl (3Hauenus § u t)
HEKOTOPHIX OPTAHHYECKHX COeHHEeHHH

Coe)mHeHne Tuo NnpoTOoHa 6 T
Huknonponan - CsHg 0,22 9,78
dtan . CH3;—CH; 0,88 9,12
STuneH CH,=CH, 5,84 4,16
Auetunen . CH=CH 2,88 7,12
Benson : CeHsg 7,27 2,73
Iponunen CH,=CH—CHj 1,71. 8,29
[Tpomnu CH=C—CH,; 1,80 8,20
Aneron . CH3;—CO—CHj; 2,17 7,83 . )
Ilukaorekcan CeH 12 1,44 8,56
Mertunxaopun CH,C1 3,10 6,90 :
MeTHNeHXAOPHL CH,Cl, 530 4,70
Xaopodopm CHCls 7,27 2,73
AraHod CH3;CH,OH 1,22 8,78
CH;3;CH,OH 3,70 6,30
CH;3;CH,OH 2,68 7,42
VkcycHas KHCJIOTA CH;COOH 2,10 7,90
CH,COOH 863 1,37
Auerannaerng CH,CHO 2,20 7,80
- CH,;CHO 9,80 0,20
JuztuioBnii a¢up (CH3CHy)20 1,16 8,84
(CH3CH,) 0 3,36 6,64
DTHaanerar CH;COOCH.CHj; 2,03 7,97
CH3;COOCH,CH, 1,25 8,75
CH3;COOCH,CH,3 4,12 5,88
TpuUMeTHJIAMHH (CH3)sN 2,12 7,88
Tpustunamun (CH,CH3)3N 2,42 7,68
Toayoa CeHsCH; 2,32 7,68
Bensanbernn Ce¢HsCHO 9,96 0,04

HHoTHa TepsaroTca B wyMax (puc. I1.8). B 3aBepuienue 3TOro mpen-
BapuTeJbHOro o63opa mbl nmpuBoxum B Tabj. IL. 1 3nauenuss xumm-
YeCKHX CJBHIOB B 6- M T-LIKajJax J1si HEKOTOPHIX NPOTOHOB psna
MaJbiX OPTaHHYECKHMX MOJEKYJ, SIBASIIOIIHXCA XapaKTepHBIMH Ipel-
CTaBUTEJAMH HECKOJbKHX KJacCOB COeJHHEeHHH.

3anavya II.2. Tlpn uHTErpHpoBaHHH CHeKTpa HPOTOHHOrO pe30HaHCAa CMeCH

aleToHa, METHJEHXJOPHAA H XJopodopma OblJH IMOJYHYeHH CJEeLYIOIUHME BHICOTH
CTymeHeK Ha HHTerpaJoHofl Kpueoli: 10, 18 u 36 MM aada curnanos npu § 7,27, 5,30
A 2,17 cooTBeTCTBEHHO B KaKHX MOJSPHBIX COOTHOLICHHSX MPHCYTCTBYIOT 3TH TPH
penlecTsa?

3anaua II.3. Ha puc. 11.9 npusegennt crnektp SIMP u uHTerpa/ibHas Kpupas
JUI CMECH TOJyoJa, OeH3ona U MerusieHxJopuaa. CrenaiiTe OTHeCeHHe CHTHAJIOB |

¢ nomolbio maHHbiXx Tabn Il.] u onpejennTe MOJAPHBIE COOTHOLUIEHHS TpeX CO-
e/IHHeHHH.

3anaua I1.4. B cnekTpe npoTOHHOrO Pe30HAHCA HEH3BECTHOIO COeLHHEHHS Ha

gacrore 100 MIu ma6aonaiorcs nsBa curnaia npu 62,32 u 87,10 ¢ coortHome-
nHem naomageft 3:5. Kakasg pasHoCTb XHMHUYECKHX CABHTOB B Teplax MexAy
STHMH CHrHajaMH Gyner HaGmonathes B cnekTpe Ha 60 MI'm? K kakomy coegu-
HEHHIO OTHOCATCA 9TH AaHHEE, €CM ero mosekyaspHas dopmyna C;Hg?

Cnextper IMP ‘H opeanuueckux MoreKYy A 41

—
L[ 27mMm

S

Thmm
J\i—-
oo Moyt A Ant _J " donss iyt L VTN
] L ] ] ) ] ] 1 _
8 7 6 5 4 3 2 1 o0&
Puc. I1.9. CnekTp npoToHHOro MarHHTHOroO

€30HaHCa CMecH
METHJeHXJIOPUAA. P ToJayousa, GeHsona H

3apaua I1.5. Kakne pasimuus B cnektpax SIMP B nosoxenMH u miowmafsix
PE30HAHCHLIX CHTHAJOB MOXHO OXHAATb IJISt CJEAYIOUHX nap H30MepoB:

i (ilHa o CH;

a) CH3—‘C—OCH2C6H5 a’) CH;;-O—('I—CGH4CH;
CH; (|:H3
CH; CH;

l
6) CH;—C—C=C—CH, 6") CH3—(,3—CH2—CEC—H

CH3 CI:H3

3apava IL.6. Ilo CICKTPAM TMNpPOTOHHOTO pesOHaHCa, NPHBeJIEHHBIM Ha
puc, I1. 10, onpemennte cTpoenne coeHHenuii a—=x. IlpuBenenn Taxxe Moueky-
JSpHasn Gopmysa JJIs KAKAOTO COSAHHEHHA M OTHOCHTEIbHbE IJVIOWAAH CHTHAJOB
oé{a:a:ne: pellleHHe 3afiad 06“.ner:xae'rcs1, €CIH CHAYata JJS KaXKAOTO COeIHHeHHS
pr AEJHTh SKBHBAJIEHTH ABOHHOR cBASH. [lna coenunenusi CaHy(0,) wncno ppoii-
1X cesizeit naerca ¢opmyaoit [(2a 4 2)— b]/2.

2. CMUH-CNMHOBOE B3AMMOAEACTBME

2.1. O6une sameyanus

. CpasuuBast cmekTp Gensuiauerata n CHeKTp 3THAdOpMHUaTa,
ngHBelIEHHI:Ie Ha puc. I1.11, Mpl 3amevaeM He TOJBKO pasiHume B
IOKEHHH DPE30HAHCHBIX CHUTHA/I0B. CHMHAJB OTJHYAIOTCH TaKiKe
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Puc. I1. 10. Cnekrpul SIMP opranmueckux coefHenuil (k 3apaue I1.6).
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Puc. 11. 11. Cnekrpu SIMP Gensunanerara 4 stuadopMuara.

MYAbTUNAETHOCTHIO. B OHOM ciiydae Kak METHJbHbLIE, Za:I HBM;;;:
JIeHOBHle TIPOTOHBI IPOABAAIOTCH B (l:lr;el(l)(’;l“pt’:‘pllflelllljle?l‘HH;JIK’]l;aiJTET py-
— OHBl TAKHX Xe Trpymn -
f)(;h;eTCTHB%?{THo C BIOJIHE ONpefesIeHHLIM paclpeje/ieHHeM H:;eﬂ;’foBﬁ
HOCTeH BHYTPH 3THX MYVJbTHIIETOB. Hpnqgﬂg gzgmggo [T
TOHKOH CTPYKTYPBl — CHUH-CNUHOB0e 83QUMO0CICTSUE. 0 posil-
KaeT 3a cyeT MAaTrHHTHOrO B3aHMOAeHCTBUSI MeXJy OTA b HEM
IPOTOHAMH, KOTOpOoe Iepelaercsd uYepe3 3JEKTPOHH XgMencheH-
o wepes npoctpancrso. Ha prc. 11 13 570 CreMariuecin Nokasa-
npocrpancreo. Ha puc. II. 1
:g ;Jelgei/lOJFeKy}IDbI ¢hropoBOLOpOAa U MPOTOHOB Meguneﬂosonﬂl;%yr;
Ob. MarHuTHBii MOMEHT siipa A BbI3BIBaeT ciaabylo Mzs;ca Ze-
HOJISIPH3ALHIO CBA3HIBAIOUINX 3JEKTPOHOB, KOTOpas r1epe11TBHe e
pes mepekpriBaioliHecss opburtaau Ha sgpo X. Kakx Cneﬂccnnﬂoaoro
ro, BHelllHee moJsie Ha sape X GyAeT B 3aBHCHMOCTH OT ﬂ' ToBoro
cocTosHus sapa A nu6o BO3pacTaTrh, JAUGO YMEHBIHATHC K
o6pasoM, JIOKaJbHOe MAarHUTHOe IHoJe, onpeneﬁgmeec pEIIJIHeTCH
HYI0O YacToTy siipa X, H3MEHsdercs u cnrHa.nAH Iz:?murjfosm ro
B ay6aer. To ke cnpaBefnanBo u aasa saapa A. [Isa g
CTOSAHHS siipa A TNOYTH PaBHOBEPOSITHH, MOITOMY JIHH g elv); ne-
Te HMEIOT DaBHYIO HHTEHCHBHOCTb. B nanbHefimem mbl Oyn
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3bIBAaTb SIAPA, MEXAY KOTOPHIMH CYLIECTBYET CIHH-CIHHOBOE B3aH-
MOZEHCTBHE, CRUHOB0L CUCTeMOL.

OHeprus CHHH-CIHHOBOrO B3auMonencrsusi E  Mexnay JIBYMst
sapaMd A u X nponopusoHaspHa CKaJIAPHOMY INPOU3BEAECHHIO HX
ANCPHHIX MArHHTHHIX MOMEHTOB ps H Mx, H C NOMOIIbLIO ypaBHEHHS
(I. 5) ee moxHO 3amucats B Buge

E =Jaxlalx (1. 8)

3mece Ia m Ix — Tak HasmBaemue Adeprsie cnunogsie BEKTOpbE
06OHuX sinep, a Jax — CKAAAPHAR -KOHCTAHTA CNUN-CRUN0BOZ20 83q-
noledcreus Mexny numm. Us ypaBuenus (I.5) rakxe caenyer,
4TO B3AHMOJEHCTBHE MPONOPIHOHANLHO IPOH3BEAEHHIO THPOMArHHT-
HbIX OTHOWeHHH sigep. UTo6m H36aBHTBCS OT 3TOH 3aBHCUMOCTH,

NEePEXOAAT K npusedennod KoucTaunTe CRUH-CNUKOB020 83aumolei-
creusn Kax:

Kyx= (I/VAVX) ax (I1.9)

Ee wuHorza HCIOJBb3YIOT, €CAH CPAaBHHBAIOT BEJHYHHEL KOHCTAHT
CIIHH-CIIHHOBOI'O B3aMMOAEHCTBUS MEXKIY DasHBIMH SADAMH HJIH JJs
TOro, 4To6nl KOMIIEHCHDOBATb OTPHIATENbH bl 3HaK, olycJoBjeH-
HHIH OTPHIATeNbHBIM THPOMarHHTHBIM OTHOILIEHHEM OJHOrO H3 azxep,

Baxwnoe caencreue ‘YpaBuenus: (1. 8) cocrout B TOM, uTO 3Hep-
U3l CIHH-CIIMHOBOTO B3aHMOXEHCTBHsI, a C/JIeA0BATENbHO, H KOHCTAH<
Ta CIHH-CNHHOBOTO B3aMMOIEHCTBHS B IIPOTHBONOJOXHOCTD XHMH-
YE€CKOMY CABHIY He 3aBHCAT OT HANPSAXKEHHOCTH BHENIHETO MATHHT-
Horo nosisi. Iloatomy KoHeTauThH BLIPAXAIOT B eNMHHIAX YaCTOTHI,

4

a : 5

fﬁﬁipﬂb/[f MASHUITINEI MOMEHTT

M macrumuas nonspusasy gpSuymang}

Puc. I1.12. Cxema SIEPHOTO CIHH-CIIHHOBOTO B3aHMOACHCTBHS uepes nocpeacTso
CBA3BIBAIOWIAX 3JEKTPOHOB.

4 —p Mmoiekyne HF; 6—p rpynne CH,. CocTosinHe ¢ HH3KOH SHEDPruHedl COOTBETCTBYyeT amH~
THIApANJENbAON OpHeHTALHU ANCDHOTO M S/ICKTPOHHOTO MarHHTHbLIX MOMEHTOB, ITepenaua
MATHHTHON NONSIPH3AUMH NomyHHSETCS MpHHLuNY Tlayam u npasuay Xymaa. ITosToMy Mmara
HHTHasl NoasipH3auus opGuraieff ¥ DAasHbIX UeHTPOB, T. e. opGHTaief, YYaCTBYIOWIHX B
00pasoBaHuH CBs3H, TDOTHBONONOXKHA, A A7 BBIDOXKTEHHBIX opGHTanelt Ha omHOM LeHTpe,
HallpuMep Aasi THGPHAHBIX opOHTane#t aToMa yriaeposa, oHa OJlHHaKoOBa,
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B repuax. KoHcranta CnMH-COMHOBOrO B3aHMOMNEHCTBUS He 3aBUCHT
OT paGoueli yacToTh cnekTpoMerpa. [IpOBOAs H3MEpeHHS B PAa3HBIX
moasx By, MOXHO onpefesHTb, O6YCJIOBJIEHO MM pacliell/IeHHE JIH-
HHH CIMH-CIIHHOBHIM B3aHMOJeHCTBHEM. B ciyyae CIMH-CIHHOBOrO
B3aHMOJEHCTBHS PaCCTOSHHE MeXAY JHHHSMH B repuax OCTaHeTCs
HEH3MEHHBIM, a eCJH pacilellJleHHe CBSi3aHO ¢ XHMHYeCKHM CIBH-
rOM, OHO H3MEHHTCH.

‘Uro6pl yriy6uTh Halle NOHHMAaHHE PACUICNJIEHHS JHHHEH, Bbi-
3BAHHOTO CIMH-CMIHHOBBIM B3aHMOJEHCTBHEM, DAacCCMOTPHM ero ¢
TMOMOLIBIO JHATPAMMBI SHEPreTHYecKHX YPOBHEH ABYXCIHHOBOH CH-
creMbl. B orcyrcrehe cnun-cnMHOBOro BsaumozeficrsHsi (] = 0)
MBI TMOJYYHM 4 DA3HYHBIX COCTOSIHHSI NJISI ABYX Siiep BO BHEIIHEM
none By. dto o3Hauaer, 4T0 06a AAEPHBIX MATHHTHHIX MOMEHTA MO-
TyT OHTh OPHEHTHPOBAHBH JHO0 MapajieJbHO, JM60 aHTHIApaJ-
JIeIbHO MO OTHOUICHHIO K MOJI0 Bg; KpOMe TOro, OfAMH H3 HHX MOMET
GuITh MapajielieH NoJo, a APYroit — aHTHMApaJJIened, H HaoGOpoOT

AX AX

L B Wole
2

(3) N ~aee H
B, Az ,ji ::

(4) # -7

Puc. II. 13. JAHarpamma 3HepreTHye-
CKHX YDOBHel 145 AByXcmHHOBOR
CHCTEMHI, a &

a — Ges CIHH-CNTHHOBO!
L ro B3aUMozel-
CTBHS; 0 — npu HanHyHY CITHH-CITHHOBO-

(pic 11.15.0). Teperoms v n s’ Ars 3aps A teroropvcs T I M
. .
OJHHAKOBYIO 3HEprHIo, H, CJEeNOBATEJIbHO, AAd9 Hero HabJiogaercs IDHHSITA Kak coomercmytgl’:xea}:lr?mxg:‘aa A, 'JAX
SHEPreTHYeCKOMY COCTOAHHIO (7>0). MosTo- [ :
!

TOJILKO OJIHA Pe30HAHCHAsl JMHHA. EC/IH COHH-CIHHOBOE B3aHMO-
neictBve Habmiopaerca (/= 0), To co6CTBeHHBlE COCTOSIHHS CITH-
HOBOH CHCTeMbl JIHO60 CTAaOHIHSHPYIOTCS, JHGO AeCcTaGUAH3HDPYIOTCS
B COOTBETCTBHH C OTHOCHTEJIbHOH OpHEeHTalUHeH SIIePHLIX MOMEHTOB.
Ilpunsato cyntath, uTo npu J > 0 HUKHee FHEPTETHUECKOE COCTOSHUE
COOTBETCTBYET AHTHNAPAJJIENbHOR ODHEHTALHH sIEPHBIX MOMEHTOB,
# MBI OylleM CJIEflOBATh 3TOMY coriaileHuo. Torna nnarpamma suep-
TeTHYECKHX YPOBHe# OyleT uMeTh BUJ, IPHBEAeHHbIH Ha puc. 1. 13, 6.
MoxHo Buzerp, uto Temeps nepexoisl A; H A, yxXe pasanuaiorcs
N0 3HEPTrHH, M 3TO NPHUBOAHMT K PacCUICNVIEHHIO CHEKTPaJbHOH JHHHH
B 1y6JerT.

Koauuecreennas TpaxkTO8KA CUHH-CIHHOBOTO B3aHMOCHCTBUS
B cayuae cucrembl AX, T. e mist AByx saep A n X, BechbMa mpo-
€Ta, MOCKOJNBKY, KaK OyleT Moka3aHO HHXKe, COGCTBEHHbIe 3HAUEHHS
CIHHOBOH CHCTEMBI JIETKO PaCCYMTATh, HCNOJb3YSl COOTHOIIEHHe

E(T'n)= Z: vimy (i) 4+ z‘:<§.: Jyymy (i) my(j) (I1. 10)

(4) ,necmemsnpoaa.uncs no CpasHeHHIO A
1

HJIIR
aHTHIapasiesbha opuenTanus ABYX ANEPHBIX MOMEHTOR ITpu-
MeHAS npasuio or6opa Amy= 4 | (me m -—Z .
=

CNun paccmanHBaeMoro COﬁCTBCHHOI‘O COCTOSIH
CIIEKTPAJbHBIX JHHUH noJsyyum

((j)»(l): Ei—Es=va+(1/2)/ax (2) > (1): Ei— Ey=vx +(1/2) I g
) —(2): E2—54=’VA—(1/2)]AX (4)—(3): E3—E4=vx~(l/2)JAX
Takum o6pasom, Pacimennenne auguy IIPDH v4 H

imy (i) — nOAHBLE
HA), s wderor

B 06o3HaueHusix pE3OHAHCHBIX YaCTOT (B repuax) va H vx H KOH-
CTAaHTHl CIIHH-CIHHOBOTO B3aHMOACHCTBHS Jax MOMyYHM

D) Er=(1/2)va+ (1/2) vx + (1/4) Iax
2) Ey=(1/2)va— (1/2) vx — (1/4) Jax
3) Eg=— (1/2)va + (1/2) vx — (1/4) Jax
4) Ey=— (1/2)va — (1/2) vx + (1/4) J ax

Hecrabuausanusa uau cTaGHAM3aUUsA COGCTBEHHBIX COCTOSIHHE CH-
creMbl AX 3a CueT CHHH-COHHOBOrO B3aHMOAEHCTBHS COCTaBJISAET, |
TakuM 06pasoM, = (1/4)/ax B 3aBHCHMOCTH OT TOTO, NMapasienbHa
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Gosee geranbHOe OGCYXKIEHHE COOTHOLIGHHS MeXKIY BeJHUHHOM
KOHCTAHT CIHH-CIHHOBOTO B3aUMOJEHCTBHS Jun H CTPOEHHEM opra-
HHYECKHX MOJIEKYJ, Mbl OO'bICHHM INPOCTHIe IIpaBHJa, KOTOPHIE HC-
MOJIb3YIOTCS NIPH MHTEPHPETAlMH THIHYHLIX paclieneHdid. TH npa-
BHJIa, HashlBaeMble NpAsuiamMiu nepsoeo nopsadka, BO3IHHK/IH Kak
npejesbHple CJAy4YdaH IPH KBAaHTOBOMEXAHHYECKOM aHaJjH3e CIeKs
TPOB AIEPHOTO MAarHHTHOTO pe30HaHCa, KOTOphI MH OylaeM pac-
cMaTpuBath B /1. IV. IloaToMy LeHHOCTb TaKHX MpaBu/ OrpaHHYEH-
Ha, U B CBSI3H C HX BBelJeHHeM MHl JOJXHbl OGCYIHTH HECKOJIBKO
NOJIOKEHHH, KOTOpble NMO3BOJAT .HAM OYEPTHTb MpelieJbl HX IIpHMe-
HHMOCTH.

2.2. MpocTele npaBuaa UHTEPNIPETALHH
CBEPXTOHKOH CTPYKTYPBI B CIEKTpax

PaccMmorpum | elie pas cHrHaJNBl STHJABHON TPYNNH B CIEKTpe
stuadopmuara (puc. IL 11). ITo uHTEHCHBHOCTSM TpHmIET H KBap-
TET MOXHO OTHECTH K METHJIbHOH H MeTHJEHOBOH rpymnmaM cooT-
BeTCTBeHHO. UHCJO nMHHH B KaxKJOM CHrHase, T. €. €ro MYJbTH-
IJIETHOCTh, Ha €JIMHHIY OOoJblle, UeM YHCJIO NPOTOHOB B COCeRHeH
rpynne. 9To MOXKHO MHOHSATh, €CJIH MBI PACCMOTPHM BO3MOXKHEIE KOM-
OHHAUMH MAarHHTHBIX KBAHTOBBLIX 4Hcea (i) NPOTOHOB KaxjAof
rpynnsl. Ecin Mpl Tenmepp HcmoJib3yeM BOJHOBHE (YHKUHH ¢ H B
KaK XapaKTePHCTHKH JBYX BO3MOXKHHIX CIOHHOBHIX COCTOSIHHH OT-
HAENbHBIX MPOTOHOB, TO MOMYYHM CJAEAYIOILYI0 CXeMY:

CHa-rpynna myp CHj-rpynna mr -
P +1 P | 432
af pa 0 aocf afa  Paa +1/2
BB —1 aff pfof PPa —1/2
ppp —3/2

Oraenbuble KOMOHHALMH OTJHMYAKIOTCS 3HAUEHHSMH HOAHO20 CHUHA
mr, KOTOPHH XapaKTepH3yeT MarHHTHbBle CBOMCTBA paccMaTpHBae-
MOfi rpymnsl sifiep. Tpu mpoToHa MeTHJBHOH TIPYNIBEl MOTYT HAaXO-
JHTBCSL B YETHIPEX Pa3JHYHBIX MarHUTHHIX COCTOAHHSX, Ilo anaJjio-
THH C aHAJM30M, IPOBEJeHHBIM Bblllle AJSI ABYXCIHHOBOH CHCTEMB,
3TO NPUBOAMT K BO3HMKHOBEHMIO KBapTeTa B PE30HAHCHOM CHTHaJe
METHJIEHOBBIX NIPOTOHOB. A pacmpenesieHHE HHTEHCHBHOCTEH B HEM
1:3:3:1 CcOOTBETCTBYET BEPOATHOCTSM peaNH3alMH pPasdJHUHBIX
KOMOMHaUHM# CHUHOB. ITOJIHOCTBIO aHA/OTHYHOE PACCMOTPEHHEe MHpH-
MEHHMO K CTPYKType De30HaHCHOro curHasa Mmerunaa. O6obumeHHe
BeJleT K CJAEAYIOUUM MPaBHJIaM, KOTODble MOXKHO JIerKO MOATBep-
JAMTb ¢ noMouibio ypasHenus (II. 10).
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1. lns simep co CHHHOBBIM KBaHTOBBIM YHCHOM [ = 1/2 myab-
TUNAETHOCTb CUZHAAQ PaBHA n -1, rae n — yucio salep B co-
ceaHed rpynne. Ecau nmeerca mpyras COCeHAS rpynna, NpOTOHH
KOTOPOH OT/IHYAIOTCS 10 XHMHUYECKOMY CABHTY OT NIPOTOHOB mep-
BOH, €€ BJHSIHHE Ha MYJbTHIJIETHOCTD CJIeflyeT paccMaTPuBaTh OT-
aeabHo. Ilpu 3tom TI0C/IE0BATENBHOCTb, B KOTOPO paccmartpHBsa-
0TCA 9Q(EKTH NPOTOHOB cocenHux rpynn, He HMeeT 3HAYEHUS
Tak, ecnu snpo Hum umeer npa XMMHYECKH pasJHuYHBIX cocemmx'
anpa Ha n Hx, 1o curman Hy pacmensusercs B ay6Jer ny6.eros
Tpunner 6yner HabmogaTtbes Juummn B TOM CJIyuYae, eCJH CHVYaiiHO
Jam ¥ Jmx OKaXyTCsl ONMHAKOBBIMH, , Y

2. Paccrosanun memdy sunusmu MyJbTHIVIETOB B reprax (Bes
JIMYHHBEL DACILENJICHH) COOTBETCTBYIOT KOHCTAaHTAaM CNHH-CHHHOBO-
TO B32UMOJCHCTBHSI MEXKAY PaccMaTPHBAEMBIMH SAPAMH.,

3. Orrocurenvnoie UHTEHCUBHOCTU JIMHUA  BHYTPH MYJIbTH-
IIETA ~ COOTBETCTBYIOT KO3 (PHLHEHTaM OMHOMHAJIBHOTO ~ psifa
Lin/lin(n—1)/(2 - 1):n{n—1) (n—2)/(3-2-1)... dtu Kosdu-
ILHCHTHI -MOXKHO ONPENEJHTb H3 TPeyroJbHHKA Iackans.

n=y( 1
. 1 : 1 1
2 1 2 1
3 1 3 3 1
4 1 4 6 4 1
5. 1 3 10 10 5 1.
6 1 6 1520 15 6 1

Tpeyeorvnux Hackans

4, Bq/tuttuﬂa CIMH-CIIHHOBOTO B3aUMOJEHCTBHA B 06IieM yMeHb-
llaerca TPH BO3pacTaHHH uHCJIA CBsI3€H, pa3JeqsOIHUX B3aUMO-
ACHCTBYIOIUHM® s1Apa. B koHeunoM wmrore KOHCTaHTa CHOHH-CIIHHOBOrO
Bsanmonencq:am 0 TOPAAKY BeNMYHHBI CTAHOBHTCSH OGJIH3KOH K
€CTCCTBEHHOH IIMDHHE JHHMH, H B 3TOM ciyyae yxe He Ha6Jo-
Naercst pacllen/ieHus,

5. Bud cnunosozo MYAbTUNNETA HE 3aBHCHT OT B3HAKOB KOH-
CTAKT cnun-cnuno8020 83aumodeticreus. 3HaKH KOHCTaHT He06x0w
lr}gga;Heoer.Ipeaenmb APYTHMH cnocoGamu, M MBI BepHeMcs K 3TOMY

YUeTBepToe NpaBHAO CTAHOBHTC
CHEKTpHI aTHJIQ)popMHaTa H 6en§nglefxg};?;w ’ eanpIIdBeMH ie  ma

, JIeHHBIE Ha
puc, II.12. B [IEPBOM cJyuyae B3aHMOJeHCTBHe NIPOTOHOB TPV
CH, u CH, OCYLIeCTBJISCTCS 4Yepe3 TPH CBSI3H, a BO BTOpOM -pyqe-‘
Pe3 narb cBasei. B Gewsmnauerate omo OKa3blBAETCH CJHIIKOM
CraGBIM M He NPUBOLHT K pacllenaenno.

Xapakrep pacmenenui CHTHAJIOB DANa aJKHJIbHEIX rpymn
ACMOHCTPHPYeT HPHMEHHMOCTD IPUBENCHHBIX BbIlle NpaBHJ. Bug
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Puc. 11. 14. XapakTepHple OpHMep

)
6 5 4 3 2 1 05

B CUMHOBBIX MYJBTHIJIETOB HEKOTOPBIX AJKHJb-
¢ennnnponasa u OyTHAalETATA Ha6MOAAI0TCA
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H
He NO2
Ha
A . Hp Hg
Hp NOz H
b > b /Q
Yoo —> /30
> "‘-/ab
i 1 ] ] 1 { L4 } ] ] )
8,8 8,6 84 8,2 175 73 iMnE

Puc. 11.15. CnHH-CIHHOBHE paciyenyeHHst CHrHajoB B CIEKTPe IPOTOHHOIO Mar-
HHTHOIO pe3oHaHca -2,4-n1uHUTpOodeHoma Ha uactoTe 100 MIu. Haxomzum J»c =
= 9,1 I'n, Jop = 2,8 T'l. Joc He HAGMmONaeTCs (mpasHao 4).

MYJbTHIJIETA 3THABHOH Tpymnnl ymxe o6cyxkaaics Bsoile. Ha
puc. II. 14 nokasaHsl XapaKTepHble paclleNJeHds CHTHAJOB HeCKOJb-
kux Apyrux rpynn. OpHako Jaxe 3/lech 3aMeTHBl OTKJOHEHHS OT
npaBuJa nepBoro nopsfxka. OHu NpPOABJSAIOTCA H B UMC/E JHUHHM, T. €.
B MYAbTUNAETHOCTY CHTHAJIOB, H B pacnpedesenuy UHTeHCUBHOCTEL
JIHHHH.

W3 npeamectsyoniero o6cyXKAeHUsA SICHO, YTO KOHCTAHTa CIIHH-
CIIHHOBOr0 B3aHMOJEHCTBHS OMpefe/sieTCs H3 CIEKTPa H3MEpeHHeM
PACCTOSHHST MeXIYy COCeIHHMH JIMHHSAMH pPaccMaTpHBAEMOro MYJib-
tungaera. HabaionaeMoe pacillenvieHHe ROJKHO TOrfa HPHCYTCTBO-
BaTh B CBEPXTOHKOH CTPYKType CHI'HAJIOB NIPOTOHOB COCEJIHHX I'DYIIIL.
Kak npumep Ha puc. I1. 15 nokasaHwel cHrHaJBl apOMAaTHYECKHX
nporoHos 2,4-munurpodenona. IIpuMeM 3a ocHoBy npasuio 4, co-
IJIaCHO KOTOPOMY BesnuunHa J yMeHbIaeTcsl ¢ yBeJHUYEHHEM 4Yucja
CBsi3ell MexkAy B3auMoefcTBylomwuMu nporonaMu, Ha stom ocHosa-
HHH [OJKHO OBITL CAEJaHO caedyiolllee oTHeceHHe: Jqo << Jap <<
<< Jpe.

B Tex cayuasix, Korga B CIHH-CIHHOBOM B3aHMOJEHCTBHH yua-
CTByeT $ipO, AJsS KOTOPOro CIHHOBOE KBaHTOBOe 4HCaO [ Gosiblie
1/2, MyapTHOJeTHOCTb M pacnpelefeHHe HHTEHCHBHOCTEH OTKJIO-
HAIOTCH OT NPHBEJAEHHBIX Bbille Npasu/. HanpuMep, coceaHui neil-
TpoH (/ ==1) pacuienssier CHrHaJ IPOTOHA B TPHILIET C JHHHSIMH
paBHOM KHTEHCHBHOCTH. [eHCTBHTENBHO, AJsI CIHHA IEHTPOHA BO3-
MOXKHBI TPH OPHEHTAUWH OTHOCHTEbHO BHEINHETO NOJH, a HMEHHO

EbIX rpymn. B caysae 3-6pom-1-
OTKJOHEHHS OT OpaBHJ MNepBOro Nopsaka.
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m; = 41,0 1 —1, KOTopble MPaKTHUECKH PABHOBEPOATHHL. B obuiem
MYJABbTHIVIETHOCTL cHrHajga JMP (uucno auuuii N), o6ycJoBJeH-
Hasi CIHH-CIMHOBBIM B3aHMOJeHCTBHEM ¢ n COCEHUMH fifpaMH, Of-
penensercsa coornomenneM N = 2nf + 1.

3agaua 11.7. KakoBbl JO/KHH GHTh MYJbTHIJETHOCTHL H pacipejeseHHe MH-
TeHCHBHOCTefl B COOTBETCTBUH C NIPABHJIAMH NEPBOTO NOPAAKa AJs CHTHAOB AAEP

10 Iy,
p— |

i e

¢

e

1l

IIII I lllll

Puc. II.16. CxemaTnuecKoe NpeACTaBJeHHe CIHHOBEIX PpaclielVieHHH B CHEKTpax
psina CHCTeM Tpex rpynm npoToHoB (k 3agaue II. 8).

e 4
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Puc. I1. 17. Cnekrpu SIMP NaBH,, CeDsCHD:, '*NH} u '5NH;’ (k 3amave I1.9).

4, b, ¢ u d B coemumeHHmnx 11—

6. CnelyeT yuuTHBaTb CrHH-C
. . -CIIHHO -
JeHCTBHE vepe3 2 UM 3 CBA3M. po¢ Beano

I) CH;—OH; 2) (CH3)sC—CH,Br; 3) CH;—CHCI—CH,—0O—CHj;
a b a b a b c d
4) CF3—CHF—CHj;;  5) (CHy);CH—O—CH;—CH;;  6) CHDClI,.
a be d a b c d a b

mﬂﬂ%anaqa I1.8. Ha puc. II. 16 cxemarHueckn moxasaus COHHOBEIE DaCLIEMJICHHS
M B CNEKTPAX Tpex pas/MuHbIX NMPOTOHOB MM Py, KOTOpLIe MBI 0603HauNM
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uepes A, M u X. Onpenesnute KOHCTAHTH CIHH-CIIHHOBOTO B3aHMOAEHCTBHA Jam,
Jax B Jmx, @ TakKKe YHCJO sifiep B KaXKJAOH IPyNne, NOJb3YSICh MYJbTHIJIETHOCTbIO
CHTHAJIOB H pacnpefie/ieHHeM HHTEHCHBHOCTeH B HHX. . ‘

3anaua I1.9. Ha puc. II. 17 nokasaHbl cnekTpsl npoToHHOro pesonaHca NaBH,
# CeHsCHD,, a Takxe amMonueBnix uoHos'*NH n 'NH}. Cnenaiite otHecenne
CNEeKTPOB, OGBACHHTE MYJbTHIJIETHOCTh CHTHAJIOB M YKaXHTe 3HAYCHHA KOHCTAHT
CIHH-CIIHHOBOTO B3aHMOAeACTBUA.

2.3. Ipenenbt NPUMEHHMOCTH MPOCTHIX NPABHI
pacuienJeHnus

2.3.1. llpedcrasrenue 0 MAHUTHOU 3KBUBAAEHTHOCTU. MH yKe
OTMeYaJii, YTo HeoOXOAUMO CAeJaTh HECKOJbKO Pa3bACHSIOIHX 3a-
MeuaHH#l O UeHHOCTH NpaBUJI NePBOro NOpsiiKa AJs aHAJH3a TOHKOH
CcTpyKTypm curuajgos JAIMP. Yacto pamorcsd oO6bsicHeHHs, KOTOpbIe
IIPHBOAAT K OLIHOOYHOMY MHEHHIO, OyATO MeXAy NPOTOHAMY BHYTPH
TPYNNBl HeT CNHH-CIIHHOBOrO B3amMofeficTBHA. Hanpuwmep, ero Her
MeXJly TpeMsi IPOTOHAMH METHJbHOH TPYNIEL, MOCKOJbKY 3TO HHKAK
He CKasniBaercsi Ha cHekTpe. B cBA3H ¢ 3TUM MH chOpMynHPYyeEM
37leCb NpaBHI0, KOTOpoe Oy/eT JAeTasbHO pa3bsiCHeHO mosaHee. OHO
TJIACUT: CRUH-CRUHOB0E 83aumolelicTsue MexOy MAZHUTHO 3K8UBA-
AeHTHOIMU A0pamu He nposasaserca 8 cnektpe. Maenutno skeusa-
AEHTHbIMU MBI Ha3blBaeM TaKHe SiApa, KOTOPHE HMEIOT OJIHY H Ty XKe
‘PE30HAHCHYIO YacTOTy H oflilee A/ BCeX XaPAKTEPHCTHUECKOEe 3HA-
YeHHe KOHCTAHTHl CIHH-CIHHOBOTO B3aHMOJEHCTBHA C SApaAMH JIIO-
0ofi cocenHeli rpynnbl. SIapa ¢ OAHHAKOBOM DPE30HAHCHOH 4acTOTOM
‘Ha3bIBAIOT U30XPOHHbIMU. UaCTO OHH M XMMHUYECKH 3KBHBAJICHTHHI,
T. €. HMeIOT OJHHAKOBOE XHMHUYecKoe OKpyxenue. OJHAKO XHMHUe-
CKM IKBHBaJIEHTHHE s1pa He O6SI3aTeJbHO SIBJSIIOTCS MATHHTHO 3K-
BHBAJEHTHLIMH (cM. Takxe pasi. 1, ra. VI). [Iporous MeTHabHOI
TPYnnbl MAarHMTHO 3KBHBAJIEHTHLI, MIOCKOJBKY BCJAEJACTBHE GHICTPOrO
Bpaulenus Bokpyr cBsasu C— C Bce Tpu NPOTOHA NPHOBPETAIOT OJH-
HaKOBble ycpeJHeHHEIe N0 BpeMeHH Pe30HAaHCHBIEe YacToThl. KoHcrau-
‘Ta CNHH-CIHHOBOrO B3aMMOAeHCTBHA ¢ NpoToHaMu cocenneii CH,-
wid CH-rpynnel anajoruuasiM o6pasoM OZHHAKOBA MAJIS BCceX Tpex
TIPOTOHOB, NOCKOJIbKY BCe TpH KOH(opMauuu a, 6 1 8 OJHHAKOBH MO
3HEePruy U PaBHO 3aceseHbl. [[03TOMYy reoMeTpHuecKHe COOTHOIIEHHUS

H 2 H 1 H3
H H H H H H
Hl H3 /_/3 H2 HZ H’
CSHS CGHS C6H5
a 5 §

MEXAY MEeTHJbHHIMH NPOTOHAMH H COCEJIsIMH, Onpelensioliie BeJu-
UHHY KOHCTAHTHI CIIMH-CIIUHOBOTO BSaHMOlIeﬁCTBHH, CTaHOBATCA OAH-
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mpem-CHg
(CHy);
Puc. 11.18. CHrHaan npoTonos

XHMHYECKH HEIKBHBAJEHTHRX Me-
THIBHEIX TPYNN Tper-GyTHJILHOrO
paiukasna B 6-6poM-4-nentaxuop-
QeHokeH-2,4-11 (7per-6yTua) uuk-
JIorexcanen-2,4-one-1 mpu —90 °C

Ha 220 M (Keccaep [2]) 0 7 CHy,
. Cl =
CﬂﬂH'CHHHOBoe Bsaﬂuonencmne Me- mpem -CAHS Br HC Hsc_o
XKAY UNPOTOHAMH MeTHJb =
Jl::::n H BeleT TONbLKO KH;lI.)l(lH[;gHy:Ig ClcHah = H
) Cc
0CCls i g CHa

HAKOBBIMH JJIt KaXAOrO U3 HHX. Pe ke 4PryMEeHTH NPHMEHHMBH M
A JeBATH NPOTOHOB Tper-GyTHABHOMN rpynnel. OIHaKO CKOPOCTH
BPalleHHsl STOH IPYNNBl BOKPYT CBSI3H C COCeTHHM yrJepoioM B He-
KOTODEIX OCOGHIX C/IyYasix MOXKHO B TaKOH cTemeHH NIOHH3HTD NyTeM
OXNAXKIEHHS N0 HH3KHX TEMIepPaTyp, 4To B cnektpe JIMP yaaercst
PA3/IHYHTL XUMHYECKH Da3THUHBIE METHJIbHhIE rpynnet (puc. I1. 18)
B npyrux xnaccax coemumenmii marmuTHas HeIKBHBAJIEHTHOCTD.
IPOTOHOB npenONpelenseTcs HX crpoenneM. ITporonn B | 1-nugprop-
9THJeHe (1), Tak Xe Kak W jgBa axpa ¢ropa, XHMUYeCKH JKBHBa-
JI€HTHDBI, HO MaTHHTHO HE3KBHBAJEHTHH, MIOCKOJIBKY JAJI1 HHX Ha6J1i0-
A2I0TCS /1Be PA3JIAYHBIE KOHCTAHTH CIHH-CIIHHOBOIO B3aUMOJeHCT-
ggﬂ. B srom caywae Jy 5 5= J,, (nnn Jyue 5= Jrpanc). AHaJNOrHYHBIM
Pasom nss npotoHoB ¢ypana (2) umeoTcs aBe HeomuHaKOBbIE
KOHCTaHTBl CNIHH-CIHHOBOIO B3aHMOJEHCTBHS Ji3 1 Jy,e TloaTomy
B HEM ]lBa @-IPOTOHa M COOTBETCTBEHHO JBa B-MPOTOHa MaruHTHO
HeskBHBaJIeHTHH. Hanporus, B Audropmerane (3) mpoTOHEHI, a Tak-
Xe M Aapa TOpa MATHHTHO . SKBHBAJIEHTHL (Nis=l11=Jy3 =

=— 2'4 .

3 4

F‘\ /H3 H A AN

AW H™ 0" H H%  Vfh
1 2 3

B 06bunoli KMaccuduKaUUH CIHHOBBIX cHCTeM NDUHHUMAIOTCSH BG
BHUMaHHWe 3TH pasnuyHble cBofictBa agep. Kak O6yaer neranabHO
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Puc. I 19. Cnexfpu NPOTOHHOTO -MATHATHOrO pe3oHaHca audropmerana (a),
1,t-nudropstuiena (Bekkep [3]) (6) u dypana (s8). ;

o0bsAcHeHO HiKe (pasi. 1 ri V), MArHHTHbE AApa B l,l-llmbmp:
aTu/eHe H QypaHe npencrasaaoT cucteMul AA’XX’, a B gudTopme

— my AsXs. ’
Taﬂgneﬁggeogparzmzb oco6oe BHHMaHHEe Ha TO, UTO npocq‘mTeo :}g:ﬁ
BHJa, cHOPMYJHPOBAaHHBIE BHILE AJs OODBICHEHHS csengMeHH-
CTPYKTYPHl B CHEKTPax SJepHOTO MarHHTHOTO pesoHcha,E pn et
MBI TOJIBKO K IPYIIIaM MAarHHTHO 9KBHBAJIEHTHHIX sifep. CJIHO 513
B IpyInOe MAarHUTHO HEYKBHBAJEHTHH, TO HEIOCPEACTBEH

CIEKTpa y2Ke HeJb3d IOJYUYHTDH OTJIe;HbeIe KOHCTAHTHI Cnﬂz-fgf:(?&
BOTO B3aHMOJEACTBYS, a XMMHUECKHH CIBHT MOXHO € JOCT ol
TOYHOCTHIO ONPEAENUTh MO LEHTPY MyJAbTHIIeTa 6e3 aHz}J}n3§< e
Tpa JHIUb NPH YCJAOBHH, YTO BBHIIOJHSIETCA COOTHOLIEHHE Bv?:HEKTp’bI
{cM, pasn. 2.3.2 aroil ryaBH), DTO JErKO BHAeTb, CPABHH
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JUPTOpMETaHa H L,1-nudropstunena na puc. 11.19. B nepsom
(puc. I1.19,0), kak u oxumanocs, PE30HAHCHBIA CHTHAJM IPOTOHOB:
Habao/aeTcs B BHAE TPHILIETA, a BO BTOpoM (pwuc. 1I. 19, 6) BozHu--
KaeT CJOXKHHIH MyJbTHIJIET. B aToM CJIy4ae KOHCTAHTHI CHHH-CIHHO--
BOTO B34HMOJICHCTBHSA MOXKHO ONPEAETHTDh TOLKO IIPH TOYHOM aHa-
JHu3e, NPOUENYyDPY KOTOPOro M paccMoTpuM B . V. B aonosnenue-
K STOMY MBI IOJIXKHH 0060 NMOAYEPKHYTh, 4TO HAIHYHe B CIeKTpe-
NPOCTBIX CIIMHOBBIX MYJIBTHIUIETOB He BCErNa Jaer TapaHTHIO Npu-
MEHHUMOCTH NpPABHJI NePBOro NMOPsIKA. Hanpumep, B CekTpe ¢ypa-
Ha NPHCYTCTBYIOT [Ba TPHIJIETa C uenrpamu npu 66,37 u 742
(puc. I1.19, 8). Ho, kak yxe 6nu10 O0BACHEHO BHIE, 3TOT CIIEKTp-
HE/Ib3A HHTEPNPETHPOBATH TaK, OynTO ABa 0-IIPOTOHA OAHHAKOBO-
B3aHMOJEHCTBYIOT ¢ ABYMs B-IPOTOHAMH ¢ KOHCTAHTOH CHHH-CHUHO-
BOro B3amMogeicTBus J=3,2 'y, KoHcTanTty cnuu-cnuHOBOrO B3aH--
MOJIEHCTBHS 3/leCh HeJb3s OLPEIJIHTb U3 PACCTOAHHHA MexAy Ju-
HUAMHA B MyJpTumiere. K Tpakroske Takmx o6Mamuumo IPOCTHIX.
CIEKTPOB MBI BepHeMcs B . V.,

2.3.2. 3nauenue ortnowenus J/ved. Eme omno Bammoe OrpaHu--
ueHHe NPHMEHHMOCTH IPAaBHJI II€PBOro MopaiKa COCTOMT B TOM, YTo-
UX MOXHO C YBEPEHHOCTBIO HCIIOMb30BATb, TOJNBKO €CIIH Pa3HOCTD.
XHMHUECKHX CABHIOB OTAE/NbHBHIX TPYHI MAarHHTHO 9KBHBAJEHTHEIX
Alep vod (I'll) BesHKa 1O CPAaBHEHHIO ¢ KOHCTAHTON CIIHH-CITHHOBOIOr
B3aUMOJEHCTBHS MEXIy STHMH rpymnamu. Torza Msl rosopum:
0 cnexkrpe nepsoeo nopadka. Eciu xe Benuunna vod Toro XKe mopsig-
K4, 4TO H KOHCTaHTa CHHH-CIHHOBOIO B3aHMOICHCTBHS, TO B CIEKTpe-
Habmonaercss GoJibie JHHHHA, YeM MOXKHO OXHIATh Ha OCHOBaHHI
IpaBuJ nepsoro mopsiaka (puc. I1.20). Hyxuno 3ameruts, uto ko-
PeHHBIM 06pa3oM 3aTparuBaercs H pacnpelienieHHe WHTEHCHBHOCTeLL
B IAByX rpymnmax curdasoB. WHTeHCHBHOCTE JHHAH, OMHKafIHX,
K MyJbTHIJIETY COCeJHeH TPYNIHL, CHAbHO YBeJIMYHBACTCSH, 4 UHTEH-
CHBHOCTh YNaJIeHHBIX JIMHHMH Najaer. Tor a¢dekT HasHBaOT ag--
dexrom Kpuuuu, O¢dexT KprH Hrpaer 3HAYHTENbHYIO JHATHOCTH-
1€CKYI0 POJIb NIPH OTHECEHHH KOHCTAHT CIUH-CIIHHOBOLO B3auMOJeH--
CTBHsL. OH YKa3LIBAeT, DACHOJOKEH JH CHIHAJ cocefinedl IpyMHI,,
B3auMoaeficTByiome ¢ paccMaTpuBaeMo¥, B GoJiee CHILHOM HJIH
B GoJlee cs1a6oM MoJIe 110 OTHOMIEHHIO K €6 CHTHAJy.

YBennuenne MyabTHIIETHOCTH U HCK2XKeHHE DaCIpeleseHUs] HH--
TEHCHBHOCTe# sABJIsTeTCS, TakuM 06pasoM, YKa3aHHEM Ha cnekrpou
Gosee abicoxozo nopadka, KOTopbe caefyer aHaJH3UPOBATh GoJiee-
TOunbIME MeTomaMu. TIpHMeHSiSt K HUM NpaBu/ia NEPBOro MOpsAKa
AJls onpellesieRHsi XHMHYECKHX CABHIOB H KOHCTAHT CIIMH-CNIHHOBOTO-
B3aumoneiicteus, nonyuator muumme npuGiukennsie 3Havenus. [1pu
STOM OWIHGKH CTaHOBATCA BCe GOJbIIe u Gosble IO Mepe yBesauye-
Hust oTHOwenus J/vo8. B obuem MoxHO NPHHATD, 4TO NpH-J/veb <<

<X 0,1 BosHMKawmue omu6KH 1O BeJHUHHE OJIM3KH K 3KCIEPHMeH~

TanbHOM OMNGKe H HMH MOXKHO npeHebpeup.
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Puc. 11. 20. CnexTpnol NpPOTOHHOTO MArHHTHOTO pe3oHaHCa 1,1,2,3,3-nentaxaopnpo-
naka u 1,2,3-rpuxjaop6ensona.

B nepsoM cayuae oTHomeHHe J/vod cocraBaser 0,06, a Bo BTOpOM — 0,7. Uncao auruft Bo
BTOPOM CNEKTPe YBeJHYHBAETCH OT NMATH O BOCHMH.

B 3akuoyeHde HEOOXOMMMO NOJAYEPKHYTh, YTO BCE CHEKTPH 60-
Jiee BBICOKOro MOPSIAKA B OTJIMYHE OT CMeKTPOB MEePBOrO MOPSAAKA
3aBUCAT OT OTHOCUTEAbHbIX 3HAKOS KOHCTAHT, €CJH B CIHHOBYIO CH-
€TeMy BXOAHT Gosblle AByX sifiep. [103TOMY B CHEKTpax BBICOKHX
NIOPAZKOB OTHOCHTE/bHBE 3HAKH KOHCTAHT MOXHO OMPEIEeJNHTb NPH
JeTaJbHOM aHaJ/U3e ClekTpa. B cnekTpe mepBoro mopsiika ompepe-
JIUTb 3HAKH MOXHO TOJBKO C NOMOIIBIO JONOJHHTEIbHBIX 3KCIIEpH-
MEHTOB. JTy npobiemy Mbl paccMOTpuM B ri. IX. Onpejenenne a6-
COMOTHbLX 3HAKOB KOHCTAHT CIIHH-CIIHHOBOTO B3aHMOJEHCTBHSA OKa-
-3a70Cb BO3MOXKHBIM JIMIIb B HECKOJbKHX CAydassXx. 3HAKH 3THX
TlapaMeTpoB, 3HAHHE KOTOPLIX CYLIeCTBEHHO AJS COAEPKATEJNbHOIO
00CyXK/IeHHs SKCIePUMEHTAJbHLIX JAAHHBIX, NPHBeAeHs B T IV.
B GosbuinHcTBe ciyyaeB 3TH 3HAKM ONMpPeJENsOT MO OTHOLICHHIO
K KOHCTaHTe CIHUH-CIHHOBOIO B3aHMOJEHCTBHS Yepe3 OJAHY CBf3b
MeX1y MpoTorem u aapoM '3 C, MOJOKHTENbHBIH 3HAK KOTOPO# Ha-
“IeXHO YCTaHOBJIEH.

2.4. 3aBHCHMOCTb CNHH-CNHHOBOTG B3aHMOREHCTBHS

oT cTpyKTypbl. O6uuii a63op

Mu 3akaHuHBaeM 5TO OGCYXAEHHE; KaK H B CJyYae XHMHYECKOTO
/BHra, o6uHuM 0630pOM 3aBHCHMOCTH CIHH-CIIHHOBOIO B3aHMOIeli-
-<tBus H — H or crpoenns. C stoii uenvio B Ta6a. 1.2 npusesenu
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Ta6auua Il 2. Tunnuusie snavenus KOHCTAHT CHHH-CHHHOBOTO B3aHMOJeHCTBU S|
(Tu) B OPraHHYeCKHX COeLHHEHUsX

\C/H Ve
=C
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H H H
HC—CH Ne=c” Ne e
2—9 6—14 11—18 4—10
H\C__ y; i
Ne—e” N\ / CH
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5-12 : H
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j" =_7;10 Jaa=10—13
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ee — &L=

:éméonee BaxHble THIIbI CRHH-CIIHHOBHIX - B3AUMOIEHCTBUE K Inamna-
Bez;::;ae:oe:cxm KOHCTAHT AJas uux. U3 sTux AaHHHX BHAHO,- 4TO
TaHTBl CHHH-CNIHHOBOTO B3aHMOAEHCTBHS MeXIy mpo-

ggg:sulll ggmqﬂo JIEXHT B HHTepBate 5—17 [y u stor napaMerp
Oueth, YBCTBHTEJIEH K IeOMeTpHH yTH, 110 KOTOPOMY NPOHCXOAHT
OACHCTBHE, T. e. K CTepPEOXUMHH MOJIeRyAbl. THNHYHBIA mpy-

I
I}){(;TOHOB. s napw H30MEePOB Jrpan: Beeria Godblie, gey Jyuce
o JIOTHIHO MBI BHJAHM, 9TO B LHKJOreKCaHax Jaa > Jee. C mpyroi
OPOHBI, B UHKJONPONAHE MbI HabaonaeM, 4T0 Jrpane << Jyuc. Kpo-
Me Toro, B rpynnax tina H — C — O — HuH—C—N—H crus-
CIIHHOBOE B3aHMOJEHCTBHE MOMKerT TlépefaBaThcsl yepes rerepoaro-
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HaxoHen, Ha KOHCTAHTBI CIHH-CIHHOBOTO B3aHMOJEHCTBHS BO
MHOTHX MOJIEKYJIaX OKa3hIBAalOT BJIMSIHHE KOH()OpPMAalHOHHbIE PaBHO-
BecHs, - i-HabJHOAaeMble 3HAUEHHS SBJASIOTCS -CPelHEB3BEleHHBIMH
BeJHYHHAMHM OT IIapaMeTpPOB pas3JHYHBIX KOH(popmepoB. To ke

CNpaBeflIiBO, KOHEUHO, M B OTHOIIEHHH XHMHYECKHX CJ/BHIOB
(cm. ra. VIII).

3apaua II.10. Ha puc. I1. 2] prpepcraBieHsl CHEKTPH IPOTOHHOTO MarHUTHOrO
pesonanca Ha 60 MI'm pas psaa coefHHeHMH, B KOTOPHX 3HaUHTEJbHOE paclIen-
JieHHe CHIHaJ0B OO0YCJOBJEHO CHHH-CMHHOBHIM B3aumonefictedeM. 1. Omnpegennre
CTpoeHHe coelMHeHHH a —e. 2. ChenalfiTe. OTHeCeHMe CHI'HAJIOB B CHEKTpe BUHHJ-
ameraTa 0 ¢ TMOMOLIBIO ONpPEAEJEHHS KOHCTAHT CHHH-CIIHHOBOTO B3aHMOAEHCTBHA.
3. Tlpoananu3upyiiTe CHrHAJIH MOrJIOLIEHAs OJehHHOBHX HPOTOHOB B CIIEKTpe KPo-
TOHOBOTO ajbJernjia e, OfnpeJesHTe KOHCTAHTH CIHH-CIHHOBOTO B3aHMOJEHCTBHA,
cpeqaaiite ux oTHeceHHe. Kakofi mpoToH jpaeT cHrHan B GoJjee cnaboM noJe?

3anaua II. 11, Ha puc. I1. 22 nokasan cnektp mporoHoB H, u H, nupumuguna
Ha.yacrotre 90 MIn. CpenaiiTe OTHeceHHe CHTHAJIOB M OINpPEeIE/HTe KOHCTAHTH
CHHH-CIIHHOBOTO B3aHMOJEHCTBUS.

3apaua II. 12, Ha puc. I1. 23 npHBedeHH pe30OHAHCHHE CHTHAJH 0JehHHOBHX
1IpoTOHOB TyeBoro a¢upa. Caenafite OTHeCEHHE CHTHAJIOB H ONpeAeJIHTe BHIHHAJb-
HH€ KOHCTAHTH CNHH-CIHHOBOTO B3aHMOJeACTBHS,

a
CsH7CL 8
A
_ m | }
¥4
CyHsS
3
2
1
1 [ 1 1 [ ] Ty 1 1 )
8 7 6 5 4 3 2 1 0 &

Puc. I1. 21. CnekTpbl MPOTOHHOrO MAarHHTHOIO pe30OHaHCa PsAa COefHHeHHA (K 3a-
aaye II. 10).

CizH4404 i J
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s SKCMNEPUMEHTA NTbHbIE ACTEKTbI
w1 e — CMNEKTPOCKOMNMM SOEPHOrO MATHMTHORO
m i PE3OHAHCA
He

B npexwaymed raase Guaun seenenm OCHOBHELIE MapamMeTpni cnekTpos aaep-
HOTO MarHHTHOTO pe3OHaHca BHICOKOro paspeuienns. Temepb mMm oGcyaum
Gonee neTanbHO sKcnepHMeHTaNbHMe acneKTs! Meroxa.

1. NPUrOTOBNEHUE OBPA3UA U AMMYb!

877 . 7,135 J [Ipurorosnenue o6pasua aas usMepenus CIIEKTPOB NPOTOHHOIO

) wprnmna (x 2agate 1L 1), MAarHHTHOTO pe30HaHCa NpefesbHO npocro. [Ipeanoururenpuee mc-

Puc. II. 22. Curuaan nporonos H, u Hy B cnektpe mup 0Ib30BATh PacCTBOPHTENH, He CollepxKallue NMPOTOHOB, OXHAKO 310
2 OTpaHWYCHHE He OYeHb CYLIECTBEHHO, TaK Kak JIETKO IOCTYNHBI Reil-

AT , H3C00C.3 TE€pHpPOBaHHble pacTBOpuTenH. [Las HENOJMSIPHBIX COGAHHEHHH MOYTH
CH3- BO BCeX CJy4asix MOXKHO HCIOJb30BATEH TeTPaxJOpHA Vriepona,

6 a ANA TIONSPHHIX COENHHEHHH B GOAbLIIHHCTBE CIy4aeB MOAXOHHT

PHTENs HCnoab3ytoT B 90 % cayuaes, a AN c1a60pacTBOPHMBIX 06-
PasuoB noctynHbl apyrue ZNeATePHPOBaHHBIE pacTBopuTeNH: aume-
THJICYIbGOKCHI-dg, aueToH-dg, AIeTOHHTPHI-d3, GeH3on-dg u D,0.
CgoiicTBa nauGonee wacro HCIIOTIb3yeMbIX DAaCTBODHTeNel npHBee-
HBl B Taba. III. 1. .

Hpyro# acmexr BHIGOpa PACTBOPHTeJNs CBA3aK c TeM, 4YTO B He-

J \ o ll y KOTOpBIX cJayyasx Hccsedyemoe CoelnHenne noay4aor B IMP-ay-
T T liyJe myTeM peakuuH HCXOZHOrO IPOAYKTa C pacTBOpHTesNeM Hiu

— - . A v
6,17 537 - 55 KaKuM-JH60 TPETbHM KOMIOHEHTOM. Hanpuwmep, nporonuposannme

23. C onedHHOBHIX NPOTOHOB B CmekTpe Tyesoro adupa (kK 3a- KeTOHH mosyyarmores B TpH(bTopchyCHoﬁ KHCJIOTe, a NpoCThie Kap-
Puc. 11. 23. Curnanm

aase 1L12). MOeACTBHH anupaTHYeCKHX ¢ropunos ¢ ShbF; ¢ o6pa3oBanuem co-
OTBETCTBYIOIINX IeKCapTOPaHTHMOHATOR R-F+SbF5—+R+[SbF6]—-

*
a
Jlureparyp AHanornunse PE3YJIbTATEL NOJYYaloTCs NIPH HCNOAb30BAHHK TaK Ha-
. B71. o o “
}2 Kessler H., Angew. Chem., 82, 237 (1970). 3bIBaeMoH «Marnueckof KHCJOTBI», T. e. cMecH ¢ropcyabhonopod
3 B3 c 92, Kucnotsl u SbFs. Ouesnnno, uto B Takux C1y4asx BHIGOp pacTBopH-
) T Tens npeacrasaser co6oi Heuto Goablree, uem mpocro CTaHAaPTHYIO
Pexomennyemas aureparypa llpouenypy; kpome Toro, B 3THx H APYrHX MOJOGHBIX MpHMepax
Yue6nuku B3, B4, b7, B17. ] SIMP-amnyan HCIOJIL3YIOTCS B KayecTBe BeChMa MOJE3HOro «peax-

T % Cemx ekcom B MoxHo ‘Haiith B pasa. «Bubanorpadus» B koue IHOHHOrO COCyZa» B OPraHHYeCKOH XHMHH.
* CCblIKH € HHA

KHHIH.
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Ta6auua IIL 1. CBoicTBa HEKOTOPHIX paCTBODHTEJEH, 4YacTO HCNOJb3YEMHIX B
cnektpockonuu IMP .

Pacrsoputes gz?:’em‘
T, kun., T. ma ::;H“TA Beun- Begm-
o¢ " ¢ " pocnpu- umna & qAHA %
Hassanne dopMya gg‘g.:;
%y 10°
Terpaxnopuj yriepoja CCl, 76,8 —22,8 —0,684 — —
Cepoyraepos CS, 46,3 —111,6 —0,681 — —
XaopodopM CHCI; 61,3 —63,5 —0,733 7,27 2,73
Xaopodopm-d CDCl;
JuMeTHACYTbMOKCH, CH;SOCH; 189 18,4 —0,609 2,58 7,42
Iumetniacynspokcni-dg CD;3;SOCD;,
ALleTOHUTPUN CH3;CN 82 —45,7 —0,486 1,95 8,05
Anertonntpua-ds CDs;CN
Arneros CH3COCH;3 56,5 —95 —0,460 2,05 7,95
Aneron-ds CD;COCD;3
MeTHJIEeHXJIOPHA CH,Cl, 40,1 —95,1 —0,733 5,35 4,65
1,4-Inokcan C4HzO, 101,5 12 —0,589 3,68 6,32
Huknorekcan CeHyo 81,4 6,5 —0,631 1,43 8,57
Benzon sHg 80,1 5,6 —0,626 7,27 2,73
IInpuaun CsHsN 1153 —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
Huokcua cephi SO, —10,0 —75,56 —0,812 — —_

HyxHo 3aMeTHTb, 4To HeboJbwne (oObiuno Mmenee 0,5 %) mnpu-
MecH HeJleATepHPOBAHHOTO BelllecTBa B AEHTePHPOBAHHOM PacTBOPH-
TeJe AalOT, Kak IpaBuJo, caabbie curuanasl B cnekrpe AMP. [las
palla pactBopuTeseil 3TH curHajbl nokasanel Ha puc. III. 1. Croun-
CIMHOBHIE pacliem/eHuss, HabJjiofaeMble B CJydyae AHMETHJICYJb-

a4 Hy0

>

A

4 3 2 1 ¢ §  crauHO

JIeHTepHpOBaHHBIX

«mpuMeceli» B AHMETHACYJb(D«
é oxcuge-de (a), auerone-de (6)

u Gensone-de (8).

JumeTuacynbsdoxcua FHrPOCKO- j

N NHYeH, ¥ NO3ITOMY B HeM, Kak
i it npaBuJio, oOGHapYXKHBawTCH che-
An  Boaul. YTto KacaeTCs TOH=

'8 7 6 5 4 & xawy 11.9.

Puc. 111. 1. SIMP-ciekTpH ua- :

KOlt CTpYKTYPH CHEKTPOB, CM. 3as’
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Puc. 1L 2. SIMP-amnysL. 9};
@ — BAs H3MEPEHHH ¢ BHYTpeH- J J "’IOOMK{é/’

HHM CTaHAapToM; 6 U 8 — ¢ Ka-
MUAASPaMH  AAsi  H3MepeHHH ¢
BHEIUHHM CTaHAAPTOM; & — MHK-
poaMIlyJa.

a g 6 >

doxcuna u auerona, 0GYC/IOBJIeHB HAJHYHEM TPy CHDy; B 3THX
IpyNnax B3aHMOJEHCTBHE IIPOTOHA C JABYMs JAeATPOHAMH, H’Meronm-
MH Z-TIDOCKIHH CYMMAapHOro CIHHA mr, paBHHe 2, 1, 0, —], —9
NPUBOAMT K MYJbTHIJIeTy Bhma 1:2:3:2:1. He cumras He60mb.
[IOT0 CMEHIeHHs B CHJbHBIE nojs *, curHaaw AMP 'H ygacruuno
ACHTEDHDOBAHHBIX PACTBOPHTeJIEH JIeXKAT B Tex e NOJSAX, YTO W
CHTHAJIBl HeAeHTePHPOBAHHBIX PacTBOPUTeell. ’

Uro6er npuroToBuTh 0Gpasew, 20—30 Mr wam 50 MK BEILLECTBa
OMCINAIOT B amnyAy BHEIHUM jAuameTpom 5 MM (puc. II1.2,a) n
PAaCTBOPAIOT 3TO BELLECTBO, N06aBiassa okojao 0,5 M. paCTBOpI/I:I‘eJIH.
Pacrsop nomxen sanoausts aMmnyay no yposus 3—4 cM. Haxkomner
A00aBASIOT ¢TAHOApT (T. €. ITAAOHHOE 8euiecTs0), OOLIYHO TeTpa-
Methiacuian. Terpameruscunaan (TMC) umeeT HH3KYIO TeMnepa-
TYpy Kunerust (26°C) m BHICOKOe [aBsieHue NMAPOB; C HHM TPYLHO
pao60TaTb B MaJBIX KONMHuecTBax. [103ToMy HY>KHO HMeETh MOJ DYKOf
5 % (06.) -upie pacTBopsr TMC B HauGosee uacto UCMOJNb3YEeMBIX pac-
TBODHTEJIAX.

BriGop crampapra, tak xe kak m BHOGOD pacTBopuTens, onpe-
Aeasiercst uccienyemoll cucreMoli. Hanpuwmep, ucnosab3oBanue TMC
A1 NPOM3BOAHBIX LMKJIOMPONAHA HJIH OCOGEHHO B CJIydyae COefH-
HEHHM, COMepKALIUX TPHMETH/ICHIHIbHblE TPYIIIL], MOXKET IPHBECTH
K TepeKkphLiBAHWIO DE3OHAHCHHIX CHTHAIOB BEIleCTBA H CTaHAapTa.

STHX CJy4asX B KayecTBe CTAaHAApPTa HCHONb3YIOTCS LHKJOLEK-
CaH, MeTH/IEHXJIODUI HIH GeH30J. B BOAHBLIX PACTBOPHTENAX MOMKHO
UpuMeHsiTb 1,4-IMOKCAH MM TPETHYHBIH GYTHJOBBIL CIIUPT, HC
——

*
I B pesysbrate usoTonmHoro casura !H, Bm3Bamhoro samenoii !H — 2D, —
pun. nepes.

3 x TonTep
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oco6eHHO YN0GHO HCHOJIB30BATh HATPHEBYIO COJIb YACTHYHO JeHTe-
PHPOBaHHOK 3-TpuMeTHAcHAnAnponnonoBoii kucaothl (CHa)sSi—
—CD,CD,COONa (4), curtgasa KOTOpo#i B BOAHBIX H METaHOJbLHBIX
pacrBopax HaxoauTca TouHo npu & == 0,00. BooGme e B KauecTBe
CcTanjgapTa MoXer ObITH HCIOJB30BaHO J1I060e coefHHeHHe, Aalollee
CHrHAaJl JOCTATOYHOH HHTEHCHBHOCTH. B 3TOH CBsI3W Iesecoo6pa3Ho
0o0CcyAUTh BONPOC, B KAKOH CTENEHH H3MEPEHHUs, BLINOJHEHHLIE ¢ Pa3-
JMYHBIMH CTaHAapTaMH, MOTYT OLITb CONOCTaBJIEHB C HCTHHHBIMH
XHMHYECKHMH CABHUTAMU PE30HAHCHBIX CHIHAJIOB.

2. BHYTPEHHME U BHELUHME CTAHOAPTHI.
BJIMAHUE PACTBOPUTEJIA

B COOTBETCTBHH C KJacCHUYeCKOfi 3/eKTPOMAarHHTHOH Teopuel
IJIOTHOCTh MArHUTHOrO IMOTOKa B B BelleCcTBe, HA KOTOPOe HaJOXKe-
HO MAarHHTHOe MoJie, MOXKeT GBbITh IPeACTaBJieHa B BUJC JIBYX YacTed:

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

rje H — HanpsiKeHHOCTh BHEHNIHEro MarHHTHOrO 1oJjs, M — HHAyLH-
pOBaHHas HAMArHHYEHHOCTb B 00paslie, po— MarHUTHas NPOHHIIAe-
MOCTh, paBHas 4m-10-7 kr-m-c—2- A2, HaMarauuennocts M B cBOWO
04epelb 3aBHCHT OT BHEIIHEro NoJis, T. €.

M=y, H (I11. 2)

rae y,— OGeapa3mepHasl Be/JHYHHA, Ha3biBaeMasi OObeMHOH MAarHuT-
HOH BOCHPHMMHYHBOCTBIO, ABJSIOIIAsACS XaPAKTeDHCTHKOM MarepHa-
Ja. Jlas JHaMarHUTHBIX BeHIeCTB Y, OTPHIIaTe/]bHA, H B o0wmeM cay-
Yae OHA HE 3aBHCHT OT TeMneparypu. B cayuae SIMP-uamepenust
HaNpSKEHHOCTh MOJsS BHYTPH 00pa3na ORpefe/sieTcss MarHHTHOH
BOCIHPHHMYHBOCTLIO PacTBOpa, NMOITOMY IDHMEHSETC BHYTPeHHUL

crandapr. [Ipu 3TOM KaK PacTBOPeHHOe BEULeCTBO, TAK H CTAHAApPT §

HaXoAATcs B OJHHAKOBOM OKDYKEHUH H He TpebyeTcs MONpaBOK K
3KCHEPHMEHTaIbHBIM 3HaueHusiM. C Jpyrod CTOPOHHI, NIPH HCIOJb30-

BAaHHU BHEWHe20 cTAHOapra, T. €. B TOM CJydYae, KOTAa CTAaHAAPT |
HAXOAUTCS B KOAKCHAJbHOM Kalu/ifpe, PAacHO/OKEeHHOM BHYTDH |
uccaenyemoro o6pasua (puc. II1.2,6,6), Hanps:XeHHOCTH MOJA
BHYTPH KaNWJJisipa ¥ BHYTPH o0pasiia PasiuuaiorTcd u3-3a pasiuuuil |
B 06bEMHBIX BOCIPHUMYHBOCTSX M B 3HAYEHMS XHMHYECKOI'O C/BHTa |

cjelyeT BBOJAUTHL COOTBETCTBYIOLIYI0 NONPaBKy. s nuJIHHApHYe-

CKHX aMIyJ, OCb KOTOPBIX NMepHneHAuKy/asipHa HAIIDABJEHUI0O MArHHUT- §
HOro mnoJd, CKOppCKTHpOBaHHbII';I XHMHYECKKHH CIABHI onpenensaercs ;

BLHIpAXKECHHEM

8 =8, S (157 — %2eP) - 108 | (I11.8)

B cayuae pas6apieHHBIXx 06pa3uoB o6beMHast BOCIPHHMYHBOCTL pac-
TBOpa MOXeT OHITb NPHHATAa PaBHOH BOCIHPHHMYHBOCTH DPacTBOPH-
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Puc. 1IL 3, KoHuenTpausionHasi 3aBucuMmocTh currana CH,OH B Gewsujosom
cnypTe B PacTBOpPax aleroHa,

a — COOTHOWIeHHe AalETOH : GeH3UNOBHIA CNMHPT = 7:5 (no 06beMy); 6 — YHCTHIA GeH3HJAOBHID
CNHUPT.

teas. Pasiuuna d-BenuuHH, 06GYCJOBJEHHEIE BOCIPHHMYHBOCTBIO,
MOTYT AOCTHTraTh 1 M. 1.

HyXHO nopuepKknyTh, 4TO XOTsl MPH HCIOJIb30BAHAH BHYTPEHHErO
CTaHlapTa HeT HeoOXOJMMOCTH BBOAHTb MONPABKH HA BOCIIPHHMYH-
BOCTb, OJHAKO TPH 3TOM HeJb3sl HCKJIOUHTb Cneyuguyeckue s8sau-
modelicTéus MexJAy PaCTBODHTEeJEM K 3TaJOHHBIM BellecTBOM. Kak
npeleNbHBIA ClIydal pacCMOTPHM, HampHMEp, XJOPO(PODPM, HCHOJb-
3yeMbIHl B KaeCTBe BHyTPeHHero CTaHZapTa B pacTBope 6eH3osa-de.
B 3ToM c/yuae pe3OHAHCHBIH CHTHAJ LHKJOTeKcaHa (C KOHIEHTpa-
unedt 20 9 06.) okaswiBaercs npu —4,96 M. 4. [IpH HcHoab30BaHHR
CCl4 B KauecTBe PaCTBOPUTEJSE H NPH TOM K€ BHYTPEHHEM CTaHAap-
Te XMMHYECKHH CIBHI UMKJOTeKcaHa paBeH —5,80 m. A. Pasjunune
B 0,84 M. 1. MeXAy ABYMS U3MEPEHUSIMH OOGBSICHIETCA TEM, 4TO XJIO-
podopm obpasyer B GeH30Jjie accCOUHATH, B KOTOPHIX NPOTOH XJOPO-
dopma cnenuduyeckd skpaHupoBan (cM. pasa. 1.7 ra. IV). Ecan
MBl TIONBITaeMCsl ONpelleIHTb «8-BeJHUHHY» LMKJIOreKcaHa Ha oc-
HOBe 3THX H3MepeHMH NpH yuere H3BeCTHOH §-BeJHUMHBI XJI0pOodOp-
Ma, TO MBbl nojayuyum 3HaveHus 2,31(7,27—4,96) wan 1,47(7,27—
5,80) M. 1. TakuM 06pa3oM, TOJIbKO B caydae pactBopoB B CCly
noJyualoTcss npHeMJaeMble pe3yabraThl (cM. Tabj. II.1): Dtor npn-
Mep NOKa3biBaeT, YTO H3MepeHHs, NPOBOAHMBIE B Pa3jHYHBIX pac-
TBOPHTE/AX MJH ¢ HCIOJb30BAHHEM pa3JIHYHBIX CTaHAapTOB, NpH-
BOJAT K OJHHM W TeM JKe pe3y/abTaTaM TOJbKO B TOM Cjayuae, KOTIa
OTCYTCTBYIOT cheyugpuieckie g3aumodelicTéus MexAy pacTBOpHTe-
JeM M CTaHZapTOM WM H3MepseMbiM BemiecTBoM. Cielyer naberaTb
HCIIONIb30BaHUA TeX KOMOHHALU#A pacTBOpuTE/Ib — CTaHAAPT, AJs KO-
TOPBIX M3BECTHEI WM OXHIAAI0TCsA NMOJ06HHE celHdHuIecKne B3aUMO-
IedtcTBusl. BopoueMm, sddexTrl accounauuu MOryT OBITb W IOJIE3HBI-
MU, IOCKOJIbKY B3aHMOMAEHCTBHS 3TOTO THIA YacTO NPHBOAAT K H3-
MeHEeHUSIM B OTHOCHTE/BHBEIX XHMHUECKHX CJBHraX, 4TO BJHMSET Ha
BUJ chekTpa.

HaMenenvss XHMHYECKHX CABHTOB MOTYT OHITh BHI3BaHBI He TOJb-
KO DacTBOPHUTENAMH, HO H NPOCTO KOHIEHTPALHOHHOH 3aBUCHMOCTBIO
PesonaHcHbIX yacToT. Hampumep, Ajs onpejeneHHOH KOHUEHTpalHx

3%
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Puc. 111. 4. Cnektp SAMP !'H 4,4-guMmerTnn-5o-anapocTarnona-3 B Aelitepoxnaopodop-
me (a) u B G6eHsose (6) (Bxakka, Yuabsamc [1]).

GensuaoBOro cnupra B auerone pesonanc rpynnsl CH,OH BuIr;A-
JUT KaK CHHIVIET, B TO BpeMs KaK YHCTHIH OCH3HJOBBLIH CHHPT AdeT
oxupaeMyio cucteMy AB, (puc. I11.3). B nepsom cayyae onpezene-
aue koHcrautn J(CH,OH) neBoamoxkuo. Takum o6pasoM, B JaH-
HOM NpUMepe KOHLUEHTPALHOHHAA 3aBHCHMOCTb XHMHYECKOTrO CABHTa
IPHBOJAMT K YyBeJMUeHHIO o0beMa HHQOPMAIMHK, TONYYaeMOH H3
CHeKTpa.

Crneunduueckne apexre. pacreopuress OCOOEHHO AeTaNbHO
H3yYajuch H MCHOJNb30BAaJMKCh B XHMHH CTePOHAO0B. MCKIIOUHTENBHO
LEHHO B 3TOM OTHOLIEHHH HCIOJb30BaHHE 6eH30ja H3-3a €ro BHICO-
KO MAarHMUTHOH AHM30TPONHH W CKJOHHOCTH OOpa3OBLIBATHL CNELH-
duueckue KOMILIEKCH C PAcTBOPEHHBIM BemlecTBoM. Ecsau BMmecro
xJopodopMa HCIOJIb30BaTh G€H30J1, TO 3aYaCTYI0 MOXKHO PasiHUHTb
PE30HAHCHBIE CHTHAJB WHAHBHAYaJbHBIX METHJBHHIX TPyNnH B CTe-
pounax. B kauecrBe npuMepa Ha pHC. I11.4 npusexen cuexrp 4,4-1u-
MeTHJI-5a-aHJpPOCTaHOHA-3. ALleTOH MO CBOEMY AHIIONBHOMY MOMEHTY
TaKXe BecbMa NPHUIOAEH [Js CO3AaHHA CHeNH(pHICCKHX COJbBaTa-
LHOHHBIX 3(pdeKTOB.

3aBHCHMOCTL KOHCTAHT COHH-CIIHHOBOrO B3aHMOJEHCTBHS OT pa-
CTBOpHTe/iA B 0OIIEM MeHee 3aMeTHA, YeM 3aBHCHMOCTb De30HAaHC-
HEIX YaCTOT, OJHAKO B TOJISAPHLIX PACTBOPUTENAX Habaopaiorcs u3-
MEeHeHUsl W THX HapaMmerpos. Tak, JJjst ABYX NpHMepoB — GopMasb-
JokeuMa (5) u 1-xa0p-2-3TOKCHITHIeHA (6) — U3MeHeHHS B TeMH-
HaJbHBIX M BHIHHAJbHBIX KOHCTAHTax d4epe3 JiBe M TPH CBA3H MO
JAaHHBIM H3MepeHHH Jiexar B AnanasoHax 7,6 —9,9 u 4,2—6,3 I'u
COOTBETCTBEHHO.

H\ IOH F{\ /H
/C ==N /C =C\ )
H cl 0CzHg
- G
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Crneayer TakxkKe OTMETHTb CBOACTBO JIMMETHJCY/Ib(OKCHIA
yMeHbIIATb CKOPOCTb 06MeHa mporoHos OH-rpynm, a takxe rpynn
NH u NH,. ITostroMy aumeruncyib@oxcua HCnoONb3yeTcs B Tex Cay-
qasgX, Korja TpeOyeTcs H3YUHTb CIHH-CIIMHOBBHIE B3aHMOIeHCTBUSA
una H—C—0—H, H—C—C—O—H wiu H—C—N—H. 3rtu
KOHCTAHTHl, 3aBHCAIINe OT CTEPEOXMMHUH XUMHMYECKHX CBf3eH,
HEeJb3s M3MEPHTb INPH HAJHYHH OBICTPOrO NpPOTOHHOrO o6MeHa
(em. rai. VI,

3. HACTPOMKA CMEKTPOMETPA

CoBpeMeHHBIE CHEKTPOMETPH CTaJH HACTOJILKO MPOCTH B YO-
paB/ICHHH, YTO H3MEpEHHe CIeKTpa TpeGyeT JIHUIL HECKOJbKHX Ha-
CTPOCK, KOTOpPHe OOHIUHO NOAPOOHO ONHCHIBAIOTCS B HHCTPYKHHAX
k npubopam. ITosToMy 3nech HaHbl TOJIBKO HEKOTOpLie o0lulme 3a-
MeYaHHH.

Bo Bcex skcmepuMeHTax ammyJbl GBICTPO BpALAIOTCS BOKPYT
CBOEH IPOJOJBHOH OCH € TNOMOIUIbIO HEOOJNBIIOH BO3AYIIHOH TYp-
onHkn (cm. puc. 111.2 m 1.5). Bto npuBOAMT K YJAYYIICHHIO OLHO-
PONHOCTH NOJs, TAK KAaK B PE3yJbTaTe MAKPOCKOIHMYECKOTO ABHIKE-
U o0pasna HHAMBHAYaJbHblEe SIAPA HCHHITHIBAIOT BO3JAEHCTBHE
YCPeAHEHHOr0 MO BpeMeHH BHeIHero moJsd By, HanpskKeHHOCTb KO-
TOPOr0 HECKOJBKO pasjuyaercs 1o obbemy obpasna. Kak BujiHo

——

P

agcb I11. 5. ‘Buusinue BpalleHUst aMOyas Ha BOPMY PE3OHAHCHOTG CHTHAMZ.

e _ 0 Bpamenus; 6 — c BpalieHHeM; GOKOBble MOJOCH OT BPALIEHHA HKaHH C YCHIIEHHEM;
C HH3KOH CKoOpocThio Bpaulenus (~10 06./c).
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Puc. III. 6.

@ — cHrHajJ MNpPOTOHHOTO pPEe30HAHCA TeTPAMETHJICHJAaHa NDH DPAa3HBIX HacTPoHKax y-rpafneH-
Ta; 6 — CHMMETpDHYHBle CHTHAJH NPH NPOXOXIEHHSIX B DA3HbIX HaNpaBjeHHAX; 8 — BAHUAHHE
KOpPPeKUMH y-rpajaMeHTa Ha BHI KBapTeTa B aleTalbJCrHie; & -- onpelesicHHe paspelleHHs
C NOMOULbIO BTOPOA Mapbl JHHHA B cleKTpe O-LuXJopGeHsona.

PacuienseHHe AoMKHO cocrasiasth 0,45 T'm (60 MI'n). Bosee MenxkHe <«paculenJieHHs» fB-
asioTcs apredaKTOM, BBISBAHHLIM TOJOXEHHEM OHEHHA NHepBOro H BTOpOro cHraaxos. Ecan
HMSMEHHTb HanpaBJieHUe Pa3BePTKH, TO 3&deKT NposBHTCA Ha INpYroit JHHHMH.

u3 puc. III. 5, rae mpHBeJeH PE3OHAHCHBIA CHTHAJ TETPaMETHJCH-
JlaHa, 3TOT SKCIEePUMEHTAJbHHIH NpHEM He3aMeHHM IPH MOJYyYeHHUH
OCTPBIX PE30HAHCHBIX NHKOB. B pesysbrarte BpalieHus obpasua no
06e CTOPOHH OT OCHOBHOT'O CHTHajJa (H Ha PaBHOM PacCTOSIHHH OT
HEro) NosiBASAIOTCA 60K08ble noaoCo. 0T spaujerus. Pasauune B ya-
CTOTaX LEHTPaJbHOTO CHIHAasla M GOKOBBIX CHTHAJOB PAaBHO YacToTe
BpameHusi amnynas. C yBeJHYeHHeM CKODOCTH BpallleHHsi GOKOBbie
NOJIOCEl OTOJABHIAIOTCS OT OCHOBHOTO CHTHajJa H, KpoMe TOro,
YMEHbIIAIOTCS N0 HHTEHCHBHOCTH. IIpH IpaBHJBHONH HAaCTpO#Ke
CNEKTPOMeTpa H AOCTATOYHO OLICTPOM BpallleHHH 00pasua HHTEH-
CHBHOCTb GOKOBHIX IOJIOC CTAHOBHTCH CTOJb MaJoOH, UYTO KaKHX-
au60 BO3MYILIEHH B CIEKTpe, BHI3BAaHHHIX 3THM 3(QdekToM, He Ha-
6mnonaercs.

Ilepes KaxkIbiM H3MEDEHHEM IKENaTeJNbHO NPOBEPHTb 00HOPOO-
HOCTb MATHHTHOTO HOJS U, ecii HeoOXOJHMO, YJYYUIHTh €€ ¢ HO-
MOLbI0O KOpPEeKUHH I'pajHeHTOB NOJA IO X-, Y- M Z-HampaBjleHHAM,
HCNOJIb3YS TAaK HasbiBaeMble wummupyroujue karyuiky. Ecau npu-
60p peryaspHO HACTPAUBAETCS IO OJHOPOAHOCTH, TO OOBIYHO JO-
craToyHo sanucath curiagq TMC u noanpaBHTb Y-TPAJHEHT Tak,

\
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Pac. II1. 7. Bausinve HeckoJbKHX MPUGOPHHIX IOCTHPOBOK Ha (HOPMY DE30HaHCHOTrO
CHrHAJA,

a—g.pasnnqnaﬂ IOCTOAHHAA BPEMEHH 3aNHCH CNEKTPa; 6 — Pa3/HYHbie CKOPOCTH NPOXOMIe-
22“,{0;;01)21;;1&?::? Momaocn}b BY-reneparopa; npm MomHocTH 0,32 MTc DPEe30HAHC MOYTH

A cd, T. e. a_Nﬁ (cM. pasa. 3 ra. I); e — menpasuabHas yCTaHOBKa
¢dasel perexTopa. )

4TO0Bl aMILINTYAa OMEeHHH, MOSABASIOLIUXCS BCJed 3a PE30HAHCHBIM
CHIHasoM (HHa4Ye TOBOPS, aMIVIMTYAA 6uzael *), 6blia MaKCHMaJlb-
Ha. ®opMa CHrHaJa AOJKHA GBITb CHMMETPHUHON MPH POXOXKIEHHH
cnekTpa B 060X HanpaBJaenusix (puc. I11.6,a, 6).

Ecan cnektpomerp He ymaercs HacTPOHTb 3THM HyTeM, TO HYXK-
HO TONBITATBCH NOJYYHTh JYULIYI0 IOCTHPOBKY MOJS C IIOMOLLbIO
CTaniapTHOro o6pasua auerasbieruia. B kauectBe KpuTepus
SAeCh HCTIONB3YeTCs BHJ KBapTeTa aJjbJerHIHOTO NpoToHA. [locue-
Al0BaTeNbHAS MOACTPOAKA OTAENbHBIX I'PAAMEHTOB NOJAS, OCOBEHHO
0~ y-HANpABNEHHIO, MPHUBOAUT K CIEKTDPY, TOKAa3aHHOMY Ha
puc. I11. 6, 8.

B TE€X H3MepeHusiX, Koraa TpelbyeTcst BEICOKAast TOYHOCTb, ISl
AaJbHEHIIero yJayYiuleHHsl paGoThl CIEKTPOMETPA MOMKHO HCIOJIB30-
Barb BTOpyio mapy JIHHMA B clekTpe o-guxjaop6ensona. dasi xo-
POWIO HACTPOEHHOTO CNEKTPOMETPA MHHHMYM MEXAy CHIHAJaMH
5 ManHoM cayyae omyckaercs Ko GasucHoit nummu (puc. I11.6, e).
Takum o6pasom, uem Bbime paspeuwietiue CeKTPOMeTpPa, TeM MeHb-
We PasHOCTb 4acTOT ABYX PE30HAHCHBIX CHIHAJIOB, KOTOPHIE MOFYT
ObTh 3anmcanbl pasnenbHo, T. . paspeuietiot.

——

T aHn1. wiggles — BoMHOOGpasHble ABHMEHHA KHYTa [oCje —
Mpuy, nepes. d yaapa
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Puc. III. 8. Pesonancubie qnauH nporoHa Ha B 6,6-1HMeTH-2,4-IHKAOTEKCa1HeHO-
He C MOAYJASUMOHHBIMH GOKOBBIMH moJocaMB ot curHana TMC (kaau6poska no
MeToAy GOKOBHIX mosoc). YacToTa MOAYJISIHA H3MEPS/ach ¢ MOMOLIBIO 3/1KTPOH-
Horo yacrotomepa (Xuupuxc [2]).

| j
; ‘ 401,867y,
|

dakruyeckoe H3MepeHHE CIEKTPa HAUMHARTCS C YCTAHOBJEHHS
5TAJIOHHOT'O CUTHAJla Ha HYJb IIKaJH, BHOOpa MPaBHIbHON amAAu-
TYObl Cuenasa U Haubojee yIOOGHOH NOCTOAHHOL 8pemeru 3amucH.
Heobxoaumo Takxke HacTpOHTL (pa3080e coorHowenue mexay BY-
reHepaTopoM H IpHeMHHKOM, WJIH TaK HasbiBaemMylo (asy Jerek-
TOpa, ¢ TeM YTOOBI 3amMcaTh YHCTHIA CHrHaJX norjomieHus. Kpome
TOTO, BbiXxOAHas MomHocTe BU-reHepaTtopa Ko/kHa JexaTh HHXKE
HOpoTa HacHUleHHA. DTH cOOOpaXKeHHs HJIIOCTPHPYIOTCS Ha
puc. 111. 7, rae npuBeleHB HEKOTOpble mnpuMepbl, PH3HUCCKHE OC-
HOBHl 3THX TpeboBaHui Oosee noapobGHO obcyxjalores B ra. VIL

Ilocne 3anmcu cnektp uxreepupyercs. Jas odeHb TOUHOrO HH-
TerPHPOBaHHA HeOOXOJZMMO TPOBECTH YCpPelHEHHEe M0 HECKOJbKHM
usMepenusiv. lHTerpupoBanne He [acT peasIMCTHYHBIX pes3yJbTa-
TOB, eciu (asa AeTeKTopa HAaCTPOeHA HEBEPHO HJIM HHTErPHPYeMble

CHTHAJB Ppe3KO pa3iHyaloTCs N0 HHTEHCHBHOCTH. Tak, YHCJAO Me-

THJICHOBBIX TPYNN B ajbjeruje c obuedi dopmynoin CHz— (CHy)n—
—CHO Henp3ss omnpeleiuth ¢ JOCTATOYHOR TOUHOCTLIO, €CJIH
n > 20. Hakozen, co craHaapTHHIM 06OpYROBAHHEM HEBO3MOXKHO
pasiesbHO NMPOHHTErPHPOBATL NEPEKPHIBAIONIMECS CHTHAJL. B sTHX
C/ydasix MOXHO NIPHMEHHTb aHAaJH3aTOp KPHBBIX, €CJIH TOJNBKO (op-
Ma JIMHHH 0OOMX CHrHAJIOB H3BecTHA (cM. ra. VII).

[TockoabKy B COBpPeMEHHBIX CIEKTDOMETPAX HCHNOJL3YIOTCS Ka-
nuGpoBanHble GJaHKH, 3alHChb CNEKTPA CYLUIECTBEHHO YIPOCTHJIACK.
OpHako xaaubposxka mpubopa NOABEPKeHA BJHMAHHIO BHEIIHUX MMO-
MeX, MO3TOMY ee cjaedyeT BpeMsi OT BPEeMEHH NIPOBEPATh H, eCcJH
He0oOXOAHMMO, NOACTpanBaTh. KOHTPOJbL JIErKO MPOBECTH ¢ IIO-
MOIIbI0 CTaHAAPTHOro o6pasua — xJopedopMa M TeTpaMeTHJACH/IA-
Ha B TeTpaxJopHie yrjepona. PasnHuyHe pe3OHaHCHHIX YacTOT 3THX
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cuUrHasoB cocrabaseT 436 u 727 I'n npu paGoueill yacTtore CEKTPO-
merpa 60 u 100 MT'L coorBeTcTBEHHO.

Ecnu TpebGyloTcs OueHb TOYHBIE JAHHBIE, TO IPUMEHSIIOT paHee
ONHCAHHYIO TeXHUKY OOKOBbIX NOAOC; IPU ITOM CHTHAJ H3yuaeMOH
rpynns obpamJsieTcss ABYMs MOJYJISIHOHHBIMH OOKOBBIMH MOJIO-
caMu OT 3TaJIOHHOro curfana. Yacrora MoAaynsuud, T. €. paccros-
gue (B T') MexJay OCHOBHBIM CUTHaJjJiOM H GOKOBOH NOJOCOH, MO-
3eT OBITb HENOCPEACTBEHHO H3MepeHa C IOMOILBIO 3JeKTPOHHOIO
yactoromepa (puc. III. 8). YcpenHenue naHHBIX HECKONBKHX CIEKT-
pOB, M3MEDEHHHIX IIPH 3allUCH B OGOMX HAMpABJEHUAX BHEUIHEro
HoJisl, AaeT pe30HAHCHBIE YACTOTHl C HKCIEPUMEHTaJbHOH mNorpell-
HoCThlo, MeHbIned 0,1 T,

B ofiieM TOYHOCTb, ¢ KOTOPOH cJeAyeT H3MepPATb CIEKTP, ONpe-
JeNisieTcst CylUlecTBOM H3yuaeMOH mpoOseMhul. BaxkHas undopmanus
cleflyeT y:Ke H3 IPOCTOro H3MepeHus clekTpa 6e3 CKOJbKO-HHOYAb
JeTaapHOrO ananusza., Hanpumep, MHCTHAMSIHSA WJIH Xpomarorpa-
¢upoBaHHe MOryT OHITb AOIOJHEHBI NMPOCTHIM HabilOAeHHEM H3Me-
HeHHs] HHTeHCHBHOCTeH DE30HAHCHOrO CHTHAaJjla H3BECTHOIO KOMIIO-
HeHTa oOuHLlaeMOR cMecH. Caenyer O0XMAaTh M AETaJAbHOrO
npeicKa3aHus MOJEKYJsIpHOH CTPYKTYpPH, OJHAKO 3TO Tpe6yeT BHH-
MAaTeJbHOIO aHAJIH33 CIHEKTPa. ¥ POBEHbL H3BJEKaeMOH HHPpOpMalHH
MJIH HAJEXKHOCTH 3alHCH CIIEKTPa B KOHEUHOM CUEeTe OIpelNessercs
MacTepCTBOM 3KcnepHMeHTatopa. Q4eBUAHO, HAlpHMED, 4TO H3Me-
peHHe AajbHHX KOHCTAHT CIHH-CIMHOBOTO B3aMMOJeHCTBHA C Be-
JAUYHHAMH, MeHbIIHMH 1 ', BO3MOXHO TONBKO NPH ONTHMAaJbHOM
noabope yCJaOBHH 2KCIIepUMEHTA.

4. MNOBbILUEHUE YYBCTBHUTENIBLHOCTH

KonuuectBo BellecTBa, HEOOXOAHMOe MAJSI H3MepPeHHA CIIEKTpa
SAMP, cocraBasier 20—30 Mr, ¥ 5TO NOKa3LIBAET, YTO CHEKTPOCKO-
tusi SIMP B 1le/1oM Ha NOPANOK HHUXKE IO YYBCTBUTEILHOCTH, UeM
HK-cnextpockonus. [TostoMy B BbicuieH CTemeHH JKeJlaTeJbHb Me-
TOZHKH, TIO3BOJISION[HE YMEHBIIHTD 3TOT HEJOCTATOK.

Ecau obGpatutbecsi K 60JBHIMAaHOBCKOMY pacnpelesieHHIo siiep-
HBIX CHHHOB (cM. pasa. 3 ra. I), To oueBHAHO, 4TO C POCTOM Ha-
HPSKEHHOCTH MAarHUTHOTO HOJSl OyAeT NPOHCXOAHTb POCT HaCeJeH-
HOCTH COCTOSIHHSL C HH3KO#M 3Hepruefl. Bosee neTajbHBI aHaAu3
HOKa3bIBAET, YTO HHTEHCHBHOCTDb CHI'HaJa AOJKHA OHITh MPONOPLHO-
HaneHa B2. Hanpuwmep, ornoutenue cuenan/uwiym, usMepeHHOe IIO
KBapTeTy MeTHJEHOBHIX NMPOTOHOB 3TuaGen3osna (puc. II1.9), yayu-
uurest or 25:1 mo 50: 1, ecnu BMecTo cmekTpoMmerpa Ha 60 MI'n
Oyner ucmoab3oBaun cnekrpomerp Ha 100 MIu, T. e. mpu yBesude-
Huu noast or 1,4 1o 2,3 T.

HanbHelimuit pocT YyBCTBUTENBHOCTH MOMKHO JOCTHIHYTh 3a
CYeT pocTa BpeMeHH HalbJIOAEHHS !, HOCKOJLKY TEOPETHYECKH 3JIEK-
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TPOHHbIE WIYMbl PAacTyT NPONOPUHOHAJIbHO A/f, a HHTEHCHBHOCTD
KOTEPEHTHOrO CHTHaJa MNpomopnuoHanbHa f. CyLIECTBYIOT OIHAKO
OrpaHHMYeHHS AJ 3TOr0 MeTOJa, BLI3BAHHBIC BPEMeHHBIMH H3Me-
HEHUSIMH JPYTHX NapaMeTPOB, TAKHX, KaK OMHOPOAHOCTh MATHHT-
HOrO 1moJs; BAOOABOK HEOOXOAHUMO OUEHb TUIaTeJbHOE COOJIOLEeHHE
npefesoB HachILEHHS,

[TpakTnyeckoe pemeHne 3TOH NpoG/eMB CTAHOBHTCS BO3MOK-
HBIM IIPH HCII0/Ib30BAaHHH MHHHKOMNLIOTePOB. [IpH 3TOM crekTpasb-
Haa obJaacTb oyugposvisaercs, T. e. pasbuBaeTcs Ha KOHEUHOE
YHCJIO KaHaJloB, TaK 4TO BO BpeMsl PETHCTPALHH CIEeKTpa C HOp-
MaJbHOH CKOPOCTbIO COOTBETCTBYIOLEE UHCJAO 3KCHEPUMEHTAJbHBIX
TOYEK CYHMTHIBAETCA M 3aMUCHIBaeTcs] B HaMsiTh. LIpH IOBTOpEHHH
SKCIEPHMEHTA MOXHO NpocyMMHpoBaTh 50 W GoJiee WHAMBHAYAJb-
HbIX cnekTpoB. ITocKoMbKy curHambl, OGYCJAOBJIEHHBIE CJy4YaliHBIM
IIYMOM, H3MEHSAIOTCH NO HMHTEHCHBHOCTH M, u4TO 6oJjiee BaXKHO, IO
HaKy, a ucTHHHBIE curHan SIMP Bcerga naeT moOJMOXHTEAbHbIH
OTKJIHK, TO OTHOLIEHHe CHTHaJ/uiyM yJaywmaercs. B cooTsercTBnu
C OTMeueHHOH KoppeisuHell MeXxay BpeMeHeM Habma0leHHs f ¥ HH-

TEHCHBHOCTBIO YJyullleHHe OKasblBaeTCsi NPONOPUHOHANBLHLIM A/7,
rae n — 4ucao npoxoxieduit cnekrpa (puc. I1I. 10). B nacrosmee
BpeMsi AOCTymHB ycrpodcTBa ¢ 1024 (u GoJsee) KaHanamu, 4TO B
LeJOM MO3BOJISIET JAOCTHYL JOCTATOYHO BHLICOKOTO paspelleHHs]
ouu¢pposanHoro cmekrpa. [TonoGubii mpuGop m3BecTen noj Ha3Ba-
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Puc. II1.9. TecT Ha uyBCTBHTENBHOCTH MO METHIEHOBOMY KBapTeTy 19 -Horo pac-
TBOpa 3THJIGeH30Ja.

OtHoweHHe cHrHan/iyM onpeleNsercs KaK uacTHOE OT AeNeHHS AaMNJHTYAb CHrHada S
Ha CpeAHHA ypoBeHb WUyMa N, pacCUMThiBaeMnifi 00 COOTHOWeHHI N-(BhicoTa IyMa)/2,5.
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Puc. 111 10. Hakonnenne cnektpos ¢ nomolupio Hakonuteas CAT s 0,2 % -HoOTO
pacTeopa 4-Merokcu6ensunosoro cnupra B CCla

PesoHaHc THADOKCHABHOrO NPOTOHA He yHajdock o6rapyxuTb (pasa. 1.3 i 1I); n — gucno
NpOXOKIeHH; BpeMsl KAXJOro NPOXOAeHHs — 250 c.

HHeM «HAaKONHTeJb CIeKTpoB» *. Be3ycnoBHO, HakomaeHue Tpefyer
CYUIECTBEHHO GOJIbllle BPeMeHH, YeM 3alHCh OOBIYHOrO CIEKTpa, H
I05TOMY B JAHHOM CJyuae OYeHb BaXHa CTAaOHJIBHOCTh HACTPOHKH
crnekTpoMerpa. Takum 06pasoM, ONTHMaJbHBIE Pe3yJabTaThl IOJY-
Yal0TCS B TOM cJyuae, €CJd OAHOPOZHOCTh MATHUTHOrO MOJsI KOHT-
poJupyercss aBTOMAaTHYecKH (C TMOMOIUBIO TaK Ha3bIBaéMBIX aBTO-
wuMMapyomux  Karymek). [lostomy xejnaTenbHO COEJUHEHHE
CrekTpoMeTpa ¢ HeOOJbIIHM LHPPOBHIM KOMIBIOTEPOM, KOTOpHIf
IPH 3TOM MOXET HCIOJb30BaThCsl KaK AJsl HAKOIUIEHHSI CHTHAJOB,
Tak M LJs KOHTPOJs YCJIOBHiA 3KcIiepuMeHTa. ITO HOCAefHee yc-
JIOBHE OCOOEHHO BaXHO B CBf3H C HeJaBHO BHEILpeHHOﬁ“TeXHI/IKOH
cnektpockonun FMP-dypre-npeobpasoBanus, O uUeM IOHAET peub
B . VII u IX.

5. MI3BMEPEHUE CNEKTPOB MPU PA3JIUYHbBIX
TEMMEPATYPAX

o psigy NpHYMH HEOGXOXHMO DErHCTpHPOBaThb cnekTpsl SIMP
NDH pasaHuHBIX TeMmnepatypax. OcHOBHbHIE TDPHJIOMEHHS OTHX

* CAT — B aura, Jureparype; MO NepBEM OyKBaMm cjlop — computer of ave-
raged transients — DBM-aHaqu3aTop yCpeaHEHHHX NMPoXoxaenuit. — [Ipus. nepes.
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9KCIICPUMEHTOB COCTOSIT B H3YYEeHHH 3aBHCUMOCTH (OpPMBI JIHHHI OT
TEMIEPaTyphl, B peay/bTaTe UYero MOXeT ObITb NOJydYeHA HHQOP-
MaiMs O KOHCTAHTaX CKOPOCTell peaKIHH, KaK IPaBHJIO, OTHOCS-
IHXCA K IpoieccaM BHYTPHMOJIEKYJISIPHOH [AHHAMHKH. Ta 006-
Jacth noApobHo obeyxaaerca B ri. VI Kpome toro, ¢ nomousio
HH3KOTEMIEPATYPHEIX H3MepeHHH MOXHO [eTeKTHPOBATh HecTa-
OusibHBle HHTepMeJHAaThl, @ C IOBHILUEHHEM TEMIEpPaTyphl MOXKHO
YJAYUYIHTb PACTBOPHMOCTb MJIOXO DPACTBOPSIOUIHXCS BELIECTB.

CoBpemeHHBIe CNEKTPOMETPH, KaK NPaBujo, 060pyAOBaHH 1aT-
YAKAMH ¢ BO3MOJXKHOCTBIO BapbMpOBAaHUS TeMIepaTypsl B AManaso-
He ot —170 no +200°C. [lns mpoBefeHHsi 3THX H3MEPEHHH a30T,
OXJIaXIeHHBIH B NPOTOYHOH Kamepe, OXJaxkJaeMOH KUIKHM a3o-
TOM, MJIH HATPETHHA C IOMOLLBIO JeKTPHYECKOH TeyH, nojpaercs B
haTtunk. TemmepaTypa moToka rasa NnpoBepsieTCs C IIOMOILBIO Tep-
Momapbl H peryJaupyercss aBToMartnueckd. Jlpyras cucreMa oxaax-
JleHus AJi1 HH3KOTeMIepaTypHHIX H3MepPEeHHH OCHOBAHA Ha HCIOJb-
30BAHHMH Ta30BOTO NOTOKA HCNIAPSIOHIEroCs KHAKOTO a30Ta, OXJaxK-
nawouiero obpasen. B sTOoM cayyae Temneparypa H3MeHsercss ¢
MOMOUIbID BapbHPOBAHHA NOTOKa rasa. CpaBHHTEJbHO HeIaBHO
IIpeAJIOKeHa MeTOJHKa, B KOTOpOﬁ HCIIOJIb30OBAaHLI BO3MOXXHOCTH
apdekra JxKoyas — Tomncona. OxnaxieHHe B JaHHOM caydae
OCYIECTBJISIETCS € IIOMOIIbI0 BHE3aNHOr0 pacllHPeHHsA rasa, Haxo-
Isulerocst Hoj nasjesneM. Tem00GMeHHHK, rle £a3 IIpeiBapHTeb-
HO ([0 pacuwMpeHHs) OXJaXKAaeTcs ¢ HOMOUIBI0 ra3a, YXOASIIEro H3
KaMephl, IOIYCKaeT BO3MOXKHOCTb MOHHKEHHS TeMunepaTyphl BIJIOTH
xo —100 °C.

B ujeanbHOM cliydyae uamepenue TeMneparypo. CaefoBato Obt
NPOBOAHTL B CaMOH amiyJie, HO H3-32 TEXHHYECKHX TPYAHOCTel 3TO
He Bceraa BosMoxno. Ha npakruke Temmepatypa ompenessiercs
C MOMOIUbIO TEPMONApH], HaxoAsuelcs B IOTOKE a30Ta y HHIKHErO
KOHIA aMIyJibl, WIH C MOMOLIbIO PETHCTPAMH CIIEKTPOB CTAHIAPT-
HOro 00pasiia MeTaHOJIa WM STHJEHIVIHKOJS 10 H IOCHEe H3Mepe-
HHSl CIeKTpa HHTepecylomlero Hac obpasua. JIas sTHX coemuHeHHH
pasnuuus B XHMHUYeCKHX casurax Av(s I'm) pe3oHaHcOB mpoToHOB
CHj- u CHp-rpynn, ¢ 0RHO# CTODPOHBI, H THAPOKCHJIBHOTO MPOTOHA,
C APYTOH CTOPDOHBI, SIBJSAIOTCH TeMIeparTypHO-3aBHCHMBIMH, TOYHBIE
H3MepeHust npuBesan K coorHomenusm (I11. 4) —(I11. 7), cnpasepau-
BEIM NpH paboueii yactore 60 MI'n. S

Huskue remneparypot, merawnon:

175 —225K; T =537,4 — 2,380 Av (I11. 4)
220 — 270K; T =498,4 — 2,038 Av (111.5)
965 —313K; T =468,1 — 1,810 Av (I11.6)
Besicokue Temneparypst, STUNCHSAUKONb:

310 —410K; T = 466,0 — 1,694 Av (111.7)
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D1u ypaBHEHHs AAIOT OMIHOKY, He mpesnimawnmyo +0,5°C aas un-
CTHIX Ta3HPOBAHHBIX 06pa3LOB O0GOHX BEHIECTB, B KOTOPHIX paclien-
senusi, o0ycJOBJA€eHHble CIHH-CIIMHOBLIM B3aHMOJeHCTBHEM, HCKIIO-
yajuch nyteM jpobasienus ciaenoB (0,03 % 06.) KOHIEHTPHPOBaH-
HOH COJISHOH KHCJOTHI.

Ecii cHrHajbl MeTaHosa WKW 3THIEHIVIHKOAA He HepeKpHBaloT-
¢sl ¢ CHTHaJaMH MccaenyeMoro obpasia, To Haunbojee TOUHBIE TeM-
nepaTypHble usmepenus 8 o6nactu o1 —100 g0 4-140°C nposoast-
¢ ¢ TOMOLIpI0 aMmyJabl, mokasaHHofi Ha puc. III.2,8; B naHHOM
ciyuae KamMjuIAp COAEPKHT METAHON HAH OSTHJIEHINIHKOJb. Ilpu
9TOM TeMOepaTtypa uaMepsercsi OJHOBPEMEHHO C perucrpanuei
CIIEKTPA.

Boi6op pacrsopuress TNPU TPOBEJEHHH TEMIEPAaTypPHHIX H3Me-
penuii mpeacTaBaser cofoil crenuanbuyo npobiemy. IlJist BEICOKHX
TeMIEepPaTyp HCIOJb3YIOTCS AHMETHACYAbDOKCHA, TrekcaxJopOyra-
q3ieH, JEKaJguH, HUTPOGeH30J, De3yc/qOBHO, B 3THX 3KCIePHMEHTaXx
HU3KOKHUISIUIHA TETPAMETHJICHIAH ROJXKeH OHITh 3aMeHeH KaKHM-
au6o Apyrum crappaptoM. [ns 3TOH LeaH, BeDOSATHO, [PHIOJAEH
uukaocunan-dig (7) ¢ temneparypoit kunmenus 208°C, xapakxrepn-
sylomuiics cuHraerom npu 60,327, Ilpm HH3KHX TeMmeparypax
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MOJKHO HCHOJb30BaTh auleToH-dg # cepoyraepos (BO3MOXKHO, B cMe-
CH ¢ XJOPoPOpMOM), YTO MO3BOJIAECT NOJYYATH TEMICPATypol A0
—100°C. Huxe —100°C 0o0buHO npHMeHSIOT (TOPYIJIEBOLAOPOLH,
Hanpumep TpH@TOPOPOMMETaH HJH AuPTOpAHXIOpMETaH. Kpome
TOro, MOMKHO HCIIOJIb30BATH AMMETHIOBHE 3¢Hp u COS (TOuKH
niaBiaenns —138,56 u —138°C coorBercTBenH0). HacTo yAOBAETBO-
PHTENBHBIX PE3yJbTATOB MOXKHO JOCTHYb TOJNBKO C IIOMOLIBIO CMECH
HECKOJIbKHX KOMHIOHEHTOB.
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Mnaea IV

CBA3b XUMMUHUECKOIroO CABUTA
M KOHCTAHT CMNUH-CNMHOBOTO
BSAMMOJJENCTBUS CO CTPOEHMEM
MOJIEKY N1

B ra. Il 6bl0 sicHo MOKa3aHo, 4TO SABHCHMOCTb Pe3OHAHCHBIX HACTOT Npo-
TOHOB H KOHCTAHT CNHH-CIHHOBOTO B3aMMOJEfiCTRHS OT XMMHYECKOTo CcTpoe-
HHS TMPHBOJHT K NOAYYEHHIO BAXKHOA HHQpoOpMauuH, MMewmed Kak TeopeTH-
yecKHH, Tax ¥ npaxThdeckuii uuTepec. BuicTpoe pasBHTHe MeTOxa AAEPHOrO
MarHHTHOTO Pe3OHaHCR, HECOMHEHHO, Gbiio 06yciOBIEeHO B 3HAYATEIbHON Me-
pe TeM, 4TO yXKe Ha PaHHeH CTafuM BHIIBHJIHCbL €r0 3aMeyaTeJbHbie BO3MONK-
HOCTH KaK HHCTPYMEHTA JJif pelieHHs! OJHON M3 LeHTPAJIbHbIX NPOGAEM XHMH-
YECKOTO MCCJIe/lOBaHHS — OMpefedeHHs CTPYKTypu BemecrBa. Kaxkioe Hosoe
H3MepeHHe JaBajl0 HH(OPMALHIO, KOTOPAd OKa3biBAJACh XAPaKTEPHCTHUHOM
JJIst OMPENENEHHOro KiAacca COEAMHEHHWA WM HEKOTOpOA CTPYKTYPHOH eau-
HHUBl. JTHM cnoco6om G6bio HalifeHo Goablloe YHCIO BMIMPHYECKHX KOP-
peasuuii mexkay napamerpamu IMP u cTpoennem. Hakonuenne skcnepumen-
TaJbHBIX Aa8HHBIX BO36YAHI0 HHTEepeC K Gojee rayGoOKOMY NMOHHMaHHIO Teo-
peTHYECKHX OCHOB 9THX KOPpeasilHi, H Tenepb GOJBIUMHCTBY 3THX 3(dex-
TOB HaXOJZHTCH YNOBJIETBOPHTeNbHOe oObscHenHe. Mojexan, pasBuThie AJs
HHTEpnpeTauMu 3THX 9¢(deKToB, onucaHn B NaHHOH raaee.

1. (®AKTOPbI, OMNPEAENAIOLLME NMPOTOHHBIE
XMMMUYECKUE COBUIMN

OObuee nmpejcTaBleHde O XapaKTepDHCTHYECKHX o06sacTsX MOIJIO-
nleHdss HanboJsiee BaXXKHBIX THIOB IIPOTOHOB B OPTaHHYeCKHX COeAu-
nenusix paer puc. II. 6. Teneps B paMkax mnoxxona, chopMyJIHpo-
BaHHOTO B Havajse pasi. ! ra. II, mam caenyer ob6cyauth BRJIAAbE
B XUMHYECKHH CIBHT OT OTAE/NbHHIX CTPYKTYPHBIX (pparMeHTOB. YxKe
paHee OTMeYaJoCh, YTO JIOKAJbHBIH NMapaMarHWTHHH BKJIAJ B KOH-
CTAaHTY 3KPaHHDOBAHHA NI NPOTOHOB IpeHeOpeXHMO MaJ, Io-
CKOJNIbKY DPasHOCTh SHeprHi ls- m 2s-opburaneii atroMa BOAOPOAZ
Benuka. [losToMy MBI MOXKeM OrpaHHYHTBbCA BHauajie paccMoTpe-
HHeM [BYX cienywoimiux sddexrtoB: 1) 10karbHO20 QUAMAZKHUTHOZO
BK/Jaja 0;%% 3JeKTPOHHOro 06/1aKa BOKPYr paccMaTpPHBAaeMOro mpo-

TOHa; 2) aghghexTa coceOHUx aTOMO8 H TPYIII B MoJeKyJe ¢’. B pam-
Kax 3TOro NpUOJIHMKEHHs 3aMEeCTHTeNH H COCEAHHE aTOMbl BJHUSIOT
Ha XHMHYECKHH CABHT ABOSKHM 00pasoM. Bo-mepBbiX, OHH OKashl-
BaloT BAHSIHME HA 0,7, TaK KaK H3MEHSIOT 3JIeKTPOHHYIO IJIOTHOCTh
Ha npoToHe MO HHAYKTHBHOMY M Me30MEDHOMY MeXxaHu3MaMm. Bo-
BTODBIX, HUPKYJSUUH 3JIEKTPOHOB, HHAYIHDYeMEble BHEIIHHM IOJeM

¢ B 3THX COCeIHHX aTOMax H rpynmnax, nopoxznarT MAarbHHTHbIe
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MOMEHTHl, T. € BTOPHYHBIE HOJfA, KOTODPHle H3MEHSIOT JOKaJbHOe
nosie Bhox #Ha mporone. KpoMe 3TOro HYKHO yYecThb 3JEKTPHUECKOE
noJjie U BaHAepBaaJbcoBH 3G (eKTH, a Takxke BJHSIHHe OKPYKalo-
we#t cpennl. CiaenoBaTenbHO, J1000e H3MEHEHHE B 3KpaHUPOBaHHH
IIPOTOHA MOXKHO BHIPA3UTh CYMMOH HECKOJBbKHX YJIEHOB:

Ao = Aoz + Aomam + Acsn. n + AGBB + AG(:;; (IV 1)

AUa
UeThipe NOCAEIHHX BKJIAaJa OTHOCATCH COOTBETCTBEHHO K MAarHHT-
HeiM  adderTaMm, SJIEKTPHUECKOMY HOJIO, BaHAEPBaabCOBHIM
s(dexram # 3pdekTam cpeanl.

1.1. Bausnue 3jieKTPOHHOH NJAOTHOCTH HA NPOTOHE

Kak MB yxXe OoTMeuajy, AHAMArHUTHBA BKJAal B 3KPaHUPOBA-
HHe 5Apa MOXKHO paccuuTats mo ¢opmyJe JIsmba (ypasrenue 1. 2).
OpHaKko OHa CTPOTO IPUMEHHMAa TOJBKO B cJaydae cdeprueckoH
CAMMETPHH, T. €. JJjs HefiTpaJbHOTO aTomMa BOJAOPOJa, AJA KOTOPO-
[0 Onxua = 17,8 M. 4. Ecan umewumuecss B MoJieKyJe HHAYKTHBHBIE
3(eKTH MOHMAKAIOT JJIEKTPOHHYIO IIOTHOCTh Ha Is-opburann
aToMa BOJOPOAA, TO JOJMKHO HabMofaThes Je3’KpaHHPOBaHHUe.
B coOTBeTCTBHHM ¢ 3TUM, HampHMep, KOHCTAHTA SKPAHHPOBAHHSA ra-
JIOTEHOBOJOPOAOB OXKHJaeMbiM oOpazoM najgaer B paay HF <C
<< HC1 << HBr << HI. Oanako Ha Hee BJUSIOT U MArHHTHBIE CBOI-
CTB2 aTOMOB I'aJIOTeHOB.

1.2. BausHMe 3JIEKTPOHHOH NMJIOTHOCTH HA COCENHHX
aToMax yrjepoja

B opranuyeckux COeAMHEHHSX NPOTOHH OOLIYHO He CBA3AHH
HEIOCPEACTBEHHO C 3JIEKTPOOTPHIIATeNbHBIMH 3JeMeHTaMH. Tem He
MeHee BJHSIHME TAKHX JEMEHTOB AajleKO IepelJaeTcs IO Yraepoj-
HOMY CKeJIEeTy COeJVHEHHS, H H3MeHeHHe 3apfJI0BOH IUIOTHOCTH Ha
cocefHeM aToMe VYIJepoJa CTAHOBHTCSA ONpeleldoluM (aKTopoM
JJI Pe3OHAHCHOH YacTOTH IpoTOoHa. [las MJIOCTpallHH OXKHAae-
MOTO COOTHOUIEHHS] MEXJYy NPOTOHHBIM XHMHUYECKHM CABHTOM ~H
SJeKTPOOTPUIIATENLHOCTEIO 3aMecTaTeNst Ha puc. IV. 1 npusenenw
pe3ysabTaThl, MOJYYEHHBE IJs METHJAraJoreHHA0B. 3HadeHHa 6, mo
STHM JaHHBIM, COOTBETCTBYIOT IIOHHIKEHHIO 3AEKTPOOTPULATEAbHO-

L£TU TAJIOTE€HOB:
CH3F CH3sClI CH3Br CHa/l CH3H

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

Takas e KOppeJsLHsA MeXAy Pe3OHAHCHOH HacTOTOA METHJb-
HBIX TIPOTOHOB M NOJSIpHOCTBIO cBsAsy C—X cyulecTByeT U AJs APY-
rux MeTHIbHBIX IpousBogHbx tHna CH3;X. Ito aBienne B 0606-
lleHHOM BHJe TpeacraBieHo Ha pHc. IV.2. Jlerko BugeTh, 410 B
pany X = Hg, Sn, Cd, Zn, Al, Mg u Li sxpanupoBaHnue NpOTOHOB
YBEIHUMBAETCH C POCTOM HOHHOrO XapaKrepa COOTBETCTBYIOUICH Me-
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Puc. IV. 1. Koppeasun
LIVOL S MEXIY XMMHYEeCKHMH CABHIaMH
HpoTO -
HUJOB 1 5.1EKTPOOTPHUATENbHOCTSIMH Ta/0rCHOR, poTono amrazore

TaJJI-yrJ1epoAHON cBA3H, KoTopas, mo Ilo

, , JUHTY, B 3T -
craasier 9, 12, 15, 18, 22, 35 u 430 Yo B TOM pALY co
c Iéemwnﬂua HHAYKTHBHOTO s(pdekTa u ero 3aTyXaHHe N0 Lemu
-cIBﬂseH OTHETIHBO MNPOABJIAIOTCH B CHEKTPe HHUTpOIIponaHa
(puc. IV.3). Ecau ucmonp3oBath kak Havano orcyera pesoHaHc-
gl(:léqu)icTo?’T;]x COOTBETCTBYIOIIHX HPOTOHOB NpOIaHa [6(CH3) 0,91;
2) 1,09], TO 3navyennss AS s NpoTOHOB a, b u ¢ 10T
3,45, 0,72 1 0,12 v 1 d ’ coctaptior

Li

Hg Cdzn Mg 8

[ S I S
B Tl Ga Al
[ | I | A e——
) Sn
CPb Ge Si
P A
N Bi' sp
—— A RED
0 S Se
L am
F Ct Br I
J 1 L T T T ~
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I He. I V. 2 }(HM]’IquKHe CABHTH NPOTOHOB METHJIbHAIX Hpo”3 OLHBIX pﬂﬂa JIEMEH~
‘ .
OB (}{3“) MO‘:H’ lll)' p ’ °



82 T'rasaq 1V

a & ¢ ¢
0,NCH,CH,CH; —CHs

a
—CH;—NO2

= T : ; X ’
5

Puc. 1V. 3. CrekTp NPOTOHHOTO MATHHTHOTO pe3oHaHca l-HUTPONpomana.

JluHelHBE COOTHOIIEHHS, MNOAOOHBIE TNPEACTABJCHHLIM  HA
puc. IV.1, malor ocHOBaHHe mojiararb, 4TO AAHHBIE IMP moxHO
HCIO/Ib30BATh KAK Mepy JeKTPOOTPHIATeNbHOCTH. [leACTBHTENLHO,
6BLIH MPEJOXKEeHbl COOTBETCTBYIOIUIME YPaBHEHHs, HO HCICJb30BATh
MX HYXKHO C ONpeJeJeHHOH OCTOPOMKHOCTbIO, NOCKOJBKY OOBIYHO
BAXKHBIH BKJajJ B H3MEHEHHS Pe30HAHCHHIX 4acCTOT NPOTOHOB AAIOT
LOIOJIHATENbHBE 3G (G ekTH. Bo3aMOXKHOCTL APYTUX BKJIAJ0B B 3Kpa-
HEDOBAaHHE NPOTOHOB fCHO MPOSIBJASIETCS] B JAAHHBIX, NOJNYYEHHBIX
aas stuarajnoresuaos (puc. IV.1). Jlaa HHX oxXHAaeMoe H3Me-
HEHHe Pe30HaHCHBIX YacTOoT HabJioflaercst A METHJIEHOBBIX NPO-
TOHOB, a AJs METHJbHBIX HPOTOHOB TEHAEHIHsI NPOTHBOMNOJOKHA.
B sToM ciyyae GOJblIOe 3HAYEHWE HMEET MarHHTHas aHH30TPONHS
ceszeit C—H u C—X, uTo 06yCJ/IOBJEHO reOMETPHYECKHMH (akTo-
paMu, KOTOpbie MH 06cynum mosxe. 1105TOMy IOMHHHPYIOLUHM OKa-
3LIBAETCS MATHHTHBIH BKJAJ B KOHCTAHTY 3KPaHHPOBaHUA AGwara.

B HeHacHIleHHBIX COeJHHEHHAX, TJie aToM YIViepoja paccMmat-
puBaemoii cBsisan C—H Hecer yacTHuHBIA MOJOKHTENLHBHIH HIH OT-
punaTeJbHEIA 3apsad, HaGM0AA0TCA CABHTH B CTOPOHY cnaboro
UJH CHJBHOTO IO/ COOTBeTcTBeHHO. Ecau mosoxeHHe pe3OHAaHC-
HBIX CHTHAJOB TPONHJHI-KATHOHA H LHKJONEHTaAHEHHJIbHOrO aHHO-
Ha CPaBHHTb C TIOJIOXKEHHeM CHrHaja 0eH30Ja, TO NMOJNyUuM -BeaH-

yuan A —1,90 1 +1,90, otpaxaioline HeZocTaTok 1/7 u/n U3-
6bITOK 1/5 3apsiia 3JeKTPOHA COOTBETCTBEHHO Ha | aTtoM yryepoaa. |

5('H) 9,17 7,27 5,37
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IV = FNEKNITIPORHGS NADITIROCTIE P

Puc. IV. 4. Coornomenune MeX/]y Pe3OHaHCHOH yacToTofl n
TVIOTHOCTBIO HA aTOME YIVIepOoja B apOMATHYECKMX HOHAX.

PerpeccHoHHbIE an

/i3 COBOKYNHOCTH TO4eK ja
b er aBHeH =
ToM Koppeasiiuu 0,993 u CTaHAAPTHRIM OTKJAOHEHHEM 3%5 M nﬂe ac

POTOHA H T-3JIEKTPOHHOR

9,54Ap ¢ KosddbHRHen-

I\3}122{ HabJIogeHHe IIPUBEJNIO K OTKPBITHIO JIMHEHHOH Koppensuuu

TOHOlIy 7-3/I€KTPOHHOH IVIOTHOCTBIO H XHMHMYECKHM CHBHTOM npo

B B 9THX coefnHeHusax (puc. IV.4) i

. 1V. 4), koropasa pacnpocrpaHser-

€ Takke H Ha JpyrHe apoMaTHuecKHe HOHbL. Ha OCHOBaHPII)H 9THX
JAaHHBEIX BBIBEJIEHO SMIHPUYECKOE COOTHOIUCHUE

Ao =10,0A
0 (1vV.2)

;ﬁ: ﬁg;KTMeHeH"He KOHCTAaHTBl 3KPAHHUPOBaHHA, a Ap — H3MeHe-
e o TOEEHHOH TIJIOTHOCTH IO CpaBHeHHIO ¢ GeHsonom. C ¢u-
SJIQKTpH'{eCKoeHHgEeHHﬂ 3TOT 3(EKT MOXKHO OGBACHHTL TeM, YTO
P s € TNapuuajJbHOro 3apsifia Ha 2p,-op6GHTanH aTo-
MRommacPOla €T Ha 3JIeKTPOHHOe o6aako cBsizu C—H. 1o
phos CABHIe 3JIEKTPOHOB JH60 K yriiepofy, Ju6o K Bo-

POIHOMY aTOMY, M COOTBETCTBEHHO 3KPaHHPOBaHHE npoToOHa

} H y [L48 p

Jt-
DJeKTPOHHAS MAOTHOCTD Ha COCTBETCTBYIOIEM aTOME yraepoxa

Oka3
bIBaer CylIeCTBEHHOE BJHSIHHE TakXe H Ha pE€30HaHCHEIe uya-
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40, m. 8.

® 0- npomons;
O 71 -npomons
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ap
Puc. 1V.5. Koppeasiuusi MexAy H3MEHCHHEM KOHCTAHTH YKPAHHPOBAHMA OpTO- H

napa-npoTOHOB MOHO3aMellleHHbIX OEH30JI0B H COOTBeTCTByIOIIlHM6PI H3M:He(}115me1\3{
3JIEKTPOHHON TLIOTHOCTH Ap = p(CeHsX)— 1,00 oTHOCHTEJBHO O€H30. p

sep [2]).

CTOTHI IIPOTOHOB B 3aMeULeHHblx 6en30aax, ocoOeHHO HaXOASUIHXCH
B OopTO- K napa-noJoXeHusax K 3aMecTHTeNa0. 31ech 'ramKeo cyuie-
CTBYET JHHeRHas Koppeasanua MexXay HU3MEHEHUAMH 3apAA0BOY IJIOT-

nocru Ap, paccumranHoii Meromom MO Xioxkens, ¢ H3MeHeHHs$AHH i
KOHCTAHTH sKpanupoBanus Ao (puc. IV.5). B stoM cayuae k03¢ ;

LHeHT MPOTIOPLHOHAJILHOCTH paBeH 12,7.

AHaJiOrHuHbLie HAOMIOfeHus TPOBeAeHb AJMS HAacCHILEHHBIX coe- |

auHenufi, n B Taba. IV.1 gaHa npefcTaBHTenbHasi MOAGOpKA AaH-
’

HbIX 151 Kap6aHHOHOB H Kap6oKaTHOHOB. MOXHO BHIETH, UTO npc:)-
TOHB B Kap6OKATHOHAX CHJIBHO /I€39KPaHHPOBAHBI, HO BJIHSHHE I1O- 4
TOMUTENLHOTO 3apfija B HACHIIEHHBIX cHCTeMax OBICTPO 3aTyXaer !

C yBeJHUEHHEM PacCTOSIHHSA OT 3apSKEHHOr0 UEHTpa. A1oT 3dPeKT
XOpOWIO WJIOCTPHPYIOT JaHHBIE JJis H3ONPONHJIBLHOrO KATHOHA H

JMIPONIJINHKIONponennaufi-nona. Ha  pesysanraros, noaneHHbgf ;
ANIA JJIHALHOTO KAaTHOHA, MOXHO CHeJaTb BBIBOJ, YTO B MPOTHB ]
TOJIOHOCTh NPEJCKA3AHAAM NPOCTOH TEOPHH pE3OHAHCA MM MTeH_
tona MO Xiokkens LEHTPaJbHBIH aToOM YIJepoAa ROJIXKeH Hecoﬂ:
aHAuMTeNbHBI 3apsii. B aminibHOM aHHOHe (B TOH Mepe, B KaKOH
MOJKHO CUHTATh €ro CYLIECTBYOIIXM B ajauaMarauiibpomuzue) 011;
pHIATENbHBIH 3apsif, MO BCEH BHAMMOCTH, COCPEOTOUEH IMABHEL
06pasoM Ha KOHIEBHIX aTOMax yriaepoaa. JT10, HECOMHEHHO, Cle:]
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Tab6auna IV. 1. [Tonoxenne CHrHANOB B CIEKT

pax NPOTOHHOrO pesoHaHCa
KapOBOKATHOHOB H Kap6aHHOHOB

H 10,3 [CHa==CH =CH,| ™
CH,
CHx_, | A\ 58,97 9,64 8,97
+
C—H CH,—C H N
? 53,05 1,88 101
52,46 6,28 2,46
85,06 13,50 84,35
CH3L1 CH3—CH2L1 (CHs)gMg (CH3—CH2)2Mg (CH3—CH2—CH2)2M3'
6—13 133 —09  —13 1,2 —064 090 150 —057
H4C CH3 5121 + . +
CHa 63,07
HAC CHy 63,33 8,80 5, 6,09 7,98
H 797 6, 6,30 7,66
68,02 845 &, 5 50 7,60

CTBHE 3JICKTPOHHOIO OTTaJNKHBAaHHS. B HachllleHHBIX Kap6aHHOHAX
CHJIbHOE SKPaHHPOBAHHE HAG/IOAAeTCA TONbKO JJSl O-POTOHOB,.
CHTHaJ/bl KOTOPHIX HaxoATCH B 6oJjiee CHJILHOM IIOJIe, YeM CHIHAJ
TeTpamerwiacunana. Hanporus, 6-anauenns mas apoMaTHYecKux
UPOTOHOB GeH3WINUTHS H (DEHHIAHMETHIKADGOHHEBOTO HOHA OMNSITh.
YKa3HBAIOT HA CHJBHYIO Je/J0OKaJusanmio 3apsiga. [Ipu atoM Hau-
Ooubutee BJHSIHHE HCNILITBIBAIOT OPTO- | napa-nporonsl. Ilpumeya-
TCJIbHO B 3TOM IVIaHe CpaBHEHHe §-3HAYeHHMH AJI MOCJIENHEro Kap-
OoHHeBOro HOHa H TPUMETHJIAHHJIHHUA-HOHA, T[JAe INPOABJASeTcs
To/ibko —/-3¢pekT. B nepsom pasonauc MeTa-pOTOHOB CMeLlaeT-
€ MeHbpllle BCEro, a B TPHMETHJAHHUJAHUHHH-HOHE BJHSHHE 3aMeCTH-
TeJIs1 yMeHbIIAeTCsl B MOPAJKE OPTO > meTa > napa.

_ 3anaua IV.1. Paccunraiite xHMHueCKHe CABHTH TPOTOHOB B aHH30Je (a) H
TPUeHHIMETHABHOM KaTHOHe (6) mO_NpHBENEHHBIM 3HAUEHHUAM I-3JEKTPOHHOMH
1110THOCTH, HemoMb3ys ypasuenne (IV.2) B Xumudecknuii capur Gensona & 7,27 Kax:
Touky orcyera. Hcnonbsyiite Takxe gas a KO3 QHUHEHT NpPONOPUHOHANLHOCTIE
*/ M CDAaBHHTe Pe3yJIbTaT C SKCHEePHMEHTAJNbHHIMH NAHHLIME B Ta6u. 1V, 6.

1,000 1,020 0,94 0,95
+/C5 Hg
1,018 0 —CHj 0,81 N
CgHs
a &
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B 3ak/IOYeHHe 3TOTO Pasjieia OTMETHM, YTO XHMHYECKHe C/BH-
TH NPOTOHOB HOHH3MPYIOUMXCS COeJMHEHHH, TAKHX, KaK KapOoHO
Bble KHMCJIOTHl HJIM aMHHOKMCJOTH, OOHAapyXHBAlOT CHJbHYIO 3aBH
cHMOCTb OT 3HaueHuit pH pacrBopa, 4TO MOXKHO HCIOJb30BATH AJf ]
onpenenenust Beanuut pKo. TIpoTOHHBEN OGMeH MPOTEKAET C BLICO- ;
KOH CKODOCTBIO, MOSTOMY HaO6JII0JaeMBlil CIIEKTp fABJIAETCH cpenHe: §
B3BENICHHBIM CIEKTPOM PA3JHUHBIX COCTOSHHH, MPUCYTCTBYIOIIHX B
PacTBOpe, U 3a XOJOM THTPOBAHHS MOXKHO CJEJUTH METOJOM AMP. 4

1.3. Bausinue MHAYUHPOBAHHBIX MATHHTHLIX MOMEHTOB
COCeHUX ATOMOB M TPyNI

JlpaMarHATHOe SKPAaHHPOBAHHE INPOTOHA OJIEKTPOHHOHM JI0T- §
HOCTBIO Ha ero 1S-OpGHTAH OTHOCHTEJLHO HEBEJIHKO IO CPABHEHHIO
¢ 3KpaHHpOBaHHeM siflep TsAXKeJbIX aTOMOB, HMEIOIIHX 34M0JHeH- |
Hbie BHYTpeHHHe 06010uKH. [109TOMY JOTIONHATE/IbHBIE (HAKTOPH, KO-
TOpble H3MEHSIOT JOKaJbHOE MAarHATHOE MoJje, Ompejejsiouiee pe-d
30HAHCHYIO YaCTOTY, 3HAUMTeNbHO 0OJiblle BJIHAIOT HAa XHMHYECKHE
C/BHTH TPOTOHOB, UeM Ha XHMHMYECKHE CJABHIH THAKE/IBIX AACP. E

PaccMoTpUM CHauana 08YyXaromiyro MOJNEKYIy AB. BHelHeg]
nojie Bo HHAYIHPYeT Ha aroMe A MarHATHBIH MOMEHT pMa, KOTODHH
GyJeM CYHTATh TOUEUHBIM JHMOJEM, JIOKAJH30BAHHHIM B LEHTpE '
MoMeHT pa NPONOPHHOHANEH MAarHUTHOH BOCHPHHMYHBOCTH Xa aTOS
Ma A, U B JI€KapPTOBOH CHCTeMe KOODJIMHAT €ro MOXHO Da3JIOKHTHY
Ha KOMIOHEHTH Wa(x), na(y) ¥ pa(2). Braax pa B 9KPaHUPOBAHHG
fapa B naercs BHIpaxeHHEM 3

Ao =(1/121) Y % (1 —3cos?0,)/R? av.
=X, Y, 2

The O — yros Mex1y HampaBJeHHeM Ma(X, Y,2) H OCbIO CBAA3H ABy
a R — paccrosinne Mexay ueHTpoM A u sxpom B. Ilpu reomerp
yecKoft OpDHEHTALMH @ BTOPWYHOE Iojle Ha siipe B mapainsesbHf
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A0=+0,14 m.8

0,3Hm

+

A Y

o
\\C ™\ C/ 45=-0,28 1.7
/ A\

0,3HM 1

a

Puc. I V 6. CxeMa]quCKOe I[peﬂ TaBJICHHE SQ)(beKI()B )
. c MAarHuTHOU AHH30TPOTTHHU
NITPOCTOH CBSI3U C—C.

110JT10
BHeIHHio.HI/IHnyquOBaHHoe oJie, TakHM 06pasoM, yBeJHYHBaeT
Bheee pnﬁ.no;xeﬂﬂoe noJie, u pesoHaHc sapa B Gyger nabio-
AHaJIoqu::i | cc)ﬁ; Hnsxczga) nose, T. e. a1po B nmesskpauupyercs
anus Co3JaeTcs, ecau :
Nalaer ¢ oCblo y MoJex i \ b, Onany B
YJSIPHOH CHCTEMBI KOODIH 0
OPHEHTAIUH 8 HHAYLHUPO o B mporiaomomain
BaHHOe IoJie HAa sAApe B
1o By aro, fom pe HPOTHBOMOJIOXK-
HT K 3KpPaHUDPOBaHHIO. B
bo b . pacTBope MoJeKYyJ
Hegueu?“[ :Cp?repnesamr GLICTpPOe BpaieHHe, u nponcpxozlm ycp})]e;f
renpe. 1 e)h?r.léb}(y B ypaBHenue (IV.3) BxoZHT MHOKHTeND (1 —
() Mam’ A0 Tex NOp, MOKa KOMIOHEHTH ya(x), xa(y) mu
I usmeﬂeﬁxﬂeoz BOéCl'IpI/IPIMqHBOCTPI XA ONMHAKOBBI, De3yJbTHPYIO-
o Oyler paBHO HyJI0. B 3
HasblBaeTcss MazHu i . "xe  rommoncna A
THO-u30TponHod. Ecau :
i . )K€ KOMIOHEHTHI
- TA ;ailér;lgp::n:q;mm, TO A obaanaer maewurnoi auuaoTp)g}
, aBHCHMOCTH OT OpHe
oty PHEHTAaUHH MOXeT NPHBO-
‘IaCTo;{HH?IpaMaéﬂngHOMy HJIH- NTHAMarHuTHOMY CHBHTY pe3OHa}I{)CHOﬁ
Onpeﬂemeggs B. ggsorpomm TPYOIbl ¢ aKCHAJIbHOA CHMMeTpuel
3HOCTb MeXAy BOCH
i PHHMYHBOCTSIMH TapaJ-
O H NEPNEHINKY/ISIPHO OCH CHMMETPHH H HaeTcs Bblpa}KEHpI/IEM

A=y

=% X

_— % (Iv.4)

e MOKI\;I{HI‘HI/ITHI)IH BKJa1 B XMMHYECKHH CIBHI OT/HEJbHOTO NDOTO-
A O OIpeNe/IuTh N0 ypaBHeHHI0 Mak-Konuena:

. 0 =Ax(l — 3 cos?0)/12nR? (IV.5)
bu 310 .

. aKCH;wJIbB:(.)n;quHa H 3HAK MarHUTHOH aHM30TPONHH Ay TpymNbl

CHMMETpHEH JIOJXHB ObITb  H3BeCcTHL. Ha

Puc, IAY,
. & 2, asl'lpellCTaBJleHbl pesyJabraTh AJs ABYX TOYeK BOJIH3H oT
Pocroj Bs3H C—C, HaxoodAmuxcsa Ha paccrosHun R = 0,3 um or
E)
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IeHTpa CBsI3W, U AJa yraos 0=0 u 90°3 COOTBETCTBEHH60. 3Haue- {
Hue Ay G6blio B3sTO paBHeIM 14010736 M°/Mogekysa. OO6LIYHO pe- ‘
3yJbTATH, NOJydennbie no ypashenuio (IV.5), rpaduuecku mpen-
CTABJAAIOT B BHAE KOHYCOB 3KPaHMPOBAHHS DasJUYHBIX TPYI{
(puc. 1V.6,6). ¥YsnoBas MJIOCKOCTb KOHYCOB (Ao = 0) duxcupo-

0
BaHa 3HAYEHHEM Maruieckoro yrJaa 54,7°.

3KCH6pI/IMeHTaJIbHOE NOATBEPXKICHNE pPacCMOTPEHHOTO  BBIIIE |

Bausuus npoctoii ¢Bi3n C—C Ha SKpaHHPOBAHUe HAUJIECHO HA NPH- |
Mepe IHKJIOreKcaHa. PasHoCTb XHMHYECKHX §
Ha CIBUIOB AKCHA/JbHEIX H 3KBATOPHAJIbHBIX §

MPOTOHOB B HeM, KOTOPYHO MOXKHO H3Me-

He pUTH NIpH HH3KOH TeMIepaType, KOrAa CKO-

pPOCTb HHTEPKOHBEPCUH JABYX KpPEeC/JOBHA- |

HBIX KoH(QOpMalui Masa B IIKaJe BPEMEHH §

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

aser okodo 0,5 M. A. Ouesugno, uro H, Oosee 3KpaHHPOBaH,

geM He.

dro muddepeHnupyomlee BIHAHHE HA TOJOXKEHHE DE3OHAHCA
SIBJISIETCS] BAXKHBIM CPEJCTBOM KOHGOpMAanHOHHOro aHanuza. B Ka-§
yeCcTBE NPHMEpOB NPHBEAEHB a- H [P-MeTokchrasiakrosa (8a w 86
.COOTBETCTBEHHO). BHAHO, uTO 3Jech 3TOT 3(p(EKT NpPOsABJIAETCA

_Laxke 1Js1 aKCHAJbLHOH M 3KBATOPHAJbHOA METOKCHTPYMIL

H OCH; 63,78 H H 54589
H 6518 HOH,C OCH3
HOHC 75 , 27 5
H O/H OH H="oH OH
OH H OH H
8a 83

Jlns TIPOTOHHBIX XUMHUECKHX CJBHIOB BAXKHO TO, 4YTO TOYTH]
‘BCce XHMHUECKHE CBSI3H MATHUTHO-aHH3OTPOIHEL, M HOSTOMY LHDY
KyJIAMs 9JEKTPOHOB B HHX, MHAYUMPOBAHHAS BHELIHMM MAarHHTY
HBIM T[OJIEM, AaeT 3HaYyHTeJNbHbie BKJAAbl B KOHCTAHTBHl 3KPAaHUPO
] OHOB. . ,:
Baﬂégeggxofcpambtx cBsi3efl 0COOEHHO CHJIBHOH MArHHTHOH aHH30%
“rponueit o6nanar ABoiinbie cBA3H C=C u C=0, a takxe TpOPI
uste cBsizn C=C u C=N. JtuM obGpacuserca ocoboe MOJI0ZKeH!
'PE30HAHCHBIX CHTHAJIOB alETHJEHOBBIX MPOTOHOB, OTMeanmeec6
pHauase. Kak nokasano Ha puc. IV.7, atn NPOTOHLI JIeXaT B O
JIACTH 3KPAHUPOBAHHS IJIEKTPOHHBIX UHPKYJIALMH, unuyunpopa;{
HBIX MArHHTHBIM ToJeM. TakuM o00pasom, 3/eCb MarddTHas aHH]
'30TPOTHS OTPHIATENbHA B MPOTHBONOJOMKHOCTD TOMY, HTO nMe
Mmecto st mpocToil cBsisn. CpaBHEHHE TOJOXKEHHS CHIHAIOB lfx
THJABHBEIX MPOTOHOB B TOJyOJ€ W B NPONHHE (ra6a. II.1) ’I‘aKHs.
CBHIETeJbCTBYET O TOBHILIEHHH KPAHUPOBaHHS BOJIH3H OCH CB :
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Puc. IV.7. Cxemartuyeckoe npeictapenre >(Q(peKTOB MarHHTHON AHH30TPONUI
TpoiiHOH CcBA3M.

C=C. Hanporus, B o6nactax, yAa/JeHHBX OT OCH TPOAHON CBs3H,.
OXKUAACTCA JME3IKPaHUPYOIUE 3D dekT. DKcnepuMenTaabHOe NOJ-
TBEPKAEHHE 3TOro sddexra GbIO HAfAEHO NPH H3YYEHHH 4-3TH-
niadenantpena (9). Curuan nporoma H(5) B HeM CABUHYT Ha:
1,71 M. X. B caaboe mosie MO cpPaBHEHHIO C €r0 MO-

JOXKEHHEM B camMoM QeHaHTpeHe. AHasoruuzoe T
pacCMOTDEHHe NPHMEHHMO M K HHTPHJIbHOH rpymie,

MaruuTHble CBOHCTBA alleTH/IEHA NPOSCHSIOTCS ellle
Gosblle, €CaW PAaccMOTPeTh CJIyyaH, MPH KOTOPOM
OCb MOJIEKYJIBI M HanpaBJjeHHe nodsi Bo neprenmu-
KyJsipHBl (puc. 1V.7,6). Teneps uupkyaanus n-saex-
TPOHOB 3aTPYlIHEHA; B LIEHTPe CBA3H BO3HHKAET Ia-
paMarHHTHHIH MOMEHT M 3KDaHHPOBAaHHE MNPOTOHOB g9
BHOBb BO3pacTaer.

HBoitubie cBsish C=C 1 C=0 He UMeioT HUJIHHAPHUECKOH CHM-
METDHH, MO3TOMY CHTyalHss ocJoxHserTcs. OAHAKO ONBIT IOKAa3bi-
BaeT, 4TO B XOpOWIeM MNPHOJIMXKEHHH BIMSAHHE OGEHX 3TUX TPy
W HHTPOTPYNILl HA 3KPAHHPOBAHHE MOKHO IPEACTABHTH AHArpaM-"
MaMy, noKas3aHHeIMH Ha pHe. [V, 8.

Hanpuwmep, B coeaunenunax 10 u 11 NPeACTaBJSIOT HHTEPeC Nmpo-
TOHBI, PACNOJNIOXKEHHEIE HAX CHCTeMOH ABOHHBIX cBsizeli. X curua-
Jbl CMELIEHEl B CTOPOHY GOJiee CHJBHOTO MOJS. B CHEKTpPax MuK-
Jorenrarpuena-1,3,5 (12) nosozxenne CUrHAaJOB METHJEHOBHIX MPO-
TOHOB MOJKHO ONMpeNe/IHTb NPH HU3KOH TeMmepaType (cp. pasi. 2.3
M VIID). B HeM KBasuaKCHA/bHBIA NPOTOH SKPaHHPOBAH CHAbHEE:

Puc. v, 8 Cxemaruyeckoe mnpeicrapaenHe 3h{eKTOB MarHHTHOM aHH30TpONUY:

ABOHHOI YTJIEPOA-YIVIEPOAHOH CBs3H, KapOOHHJABHON IPYNIH H HUTPOTPYIIILL




0 I'rasa 1V

3a cuer BJAMSIHAA ABOHHOH cBsi3u C3=C, BO6au3H y3710BOH noBepx-
HOCTH, pasrpaHnyuBaioulefi 06JacTH 3KPAaHHPOBAHHA H JE33KPaHH- |
poBanus, TPyAHO CIesaTh HaJeXHble NPeICKa3aHUs OTHOCHTEJbHO )
BJIHSIHMS JBOHHOH CBfI3H Ha PE30HAHCHYIO YacTOTy npoToHa. C of- |
HOM CTODOHBI, 3TO CBf3aHO C NPUOIUKEHHAMH, HPHHATHIMHU IIpy |
BHIBOAe ypaBHenus (IV.5), a ¢ napyro#, o6yc/a0oBJeHO OOBIYHO He- j
OIpEJeNEHHOCTAMH B TeOMETPUH H3yuaeMbix MoJjekyJd. Hanpuwmep, §

CUTHAJ CUH-TIDOTOHA B HopOopHeHe (13) HaxoauTcs B Gosee caa-

60M moJie, UeM CHIHaJ GHTU-TIPOTOHA. A B 3aMelleHHBIX HOpGOp- |

HeHax, Kak 3TO BHJHO Ha IpUMepe napul u3oMmepos 13a u 136, aToT
fI0psA0K o6pamaercs.

5209 50,23
6-042 H H 5142
! ! H M cehs A Y 52,82
g e
A H—< N
CeHs
10 n 12
§L,32 4 H 5103 53,53 H_ OH HO_ H 6§35
/ / /
13 13a 133

CaBur currajioB osedHHOBBIX IPOTOHOB B CTOPOHY ¢Aa60TO
TOJisi MO CPABHEHHIO C CHTHAJaMH HACBIUIEHHBIX YIJeBOL0DO/OB j
TaK¥e YKashiBaeT Ha BJAUAHHE [e3KpaHupymoouleli obaacth ABOA-3
HO# c¢Bsisn C=C, XOTsl BaKHOEe 3HAYEHHE MOXKEeT TaKXe HUMeTb H |
pasiuyHas THOPHAH3AUHA ATOMOB yIrjepola. B XopoueM COTJIACHH §
C 3TOH TOUKOH 3PEHHS HAXOAMTCA NAapaMarHUTHBIH CABHI CHTHAJIOB ]
LeHTPaJbHEIX MPOTOHOB B OyTanuene-1,3 (14), Koropmifl cyuie- ]
CTBYeT MOYTH MOJNHOCTBIO B IJIOCKOH S$-Tpauc-KOHQOPMaUHH, a TakK-
JKe HHU3KONOJbHOE DPACNOJIOXKEHHE CHIHAJOB BHHMJbHBIX NPOTOHOB

B cnekTpe 1,1,2,5,6,6-rekcamernnrekcarpuena-1,3,5 (15).

H H5 5,‘5 R H R
HNH 65,06 R = R
R H R R=CH
6 6,27 5 6,62 ’

14 15

Caa3b xumuyecrkozo cdsuza co CTPOCHUEM MONCKYA o1

llosoxxenne pe3OHAHCHOrO CHTHaMa a160e2udHnoz0 nporoxwa B
0COGEHHO CJ1IaGOM IOJie ABJSIETCS DPe3YJbTATOM COBMECTHOLO neidi-
CTBUsA SJEKTPOHHBIX M MAarHHTHHX (akTOpoB. B0O3MOXKHO, uTO j0-
NOTHHTENBHYIO DOJIb HIPaeT U JUNOJbHBLIH MOMEHT 3TOH TPYMIBL
(em. pasi. 1.6). [esskpannpyomuit sddext KapOOHHJIBHON T'PyNITEL
C=0 N0 OTHOWIEHMIO K NPOTOHAM, JEXAlIHM B Y3JI0BOH HJIOCKO-
CTH 7-CBASH, OTUETIHBO NPOABJISETCS B COeAHHEHUSX (16) u (17).

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

B o.B-nenacouyenneix arvdeeudax w xerovax ocooe 3HAaYeHHe
HMCET BKJal PE30HAHCHOH CTPYKTYphl THma 186. B pesyabrarte xu-
MH'ICCKHH CHBHT ONDEJEJAETCSt IPEHMYIIECTBEHHO 3/IEKTPOHHBIMEL
spPeKTaMy ¥ B-NMPOTOHBI OKAa3HIBAIOTCH CHJBHO JI€33KPaHUPOBAH-
HEIMH. B cilyvae MajeHHOBOTO aHrHApuaa (19) Me3omepublit
sbdexT u spdekT MarnuTHOH AHH30TPOMHM JeHCTBYIOT corsaco-
BAHHO, H DE3OHAHCHBIA CHrHAM OJIeQHHOBBIX IIPOTOHOB JEXKHT B
0co6eHHO ca1abbix mousx. Ta e CHTyamus HaGI0NaeTcs B JHITHI-
$ymapate (20) M UHKJIONEHTEHOHe (21). B DPOTHBONOJOXKHOCTE
STOMY OJle()HHOBBIE IPOTOHH B JAHATHAMAJOHATE GoJiee IKPAHUPO-
BAHEI, NOCKOJIbKY 3/1eCb ABe KapOGSTOKCHIPYNIbB, HAXOASILHECS B
JUC-TIOJIOKEHNH, HADYMAKT KOMJIAHAPHOCTb I-CHCTEMBI M TeM ca-
MbIM YMEHBIIAIOT Ae39KPaHHPOBaHHE, 06YCAOBJIEHHOE ME30MePHBIM
abdexrom ¥ nAHaAMAarHUTHOR anusorponnei rpynne C=0O. Hako-
Heu, B cayyae nuk/IOrekcamues-2,4-oua-1 (23) BHOBb JOMHHHDYET

0
A H_ COOR sep 0 H. COOR
o X B
rROOC” “H H
H” “COOR
87,10 66,83 67,71 66,28
19 20 24 22
0 P 5
, R 2 1007 593
N 30969 707
3 s 4 1,004 628
4 5 0,986 6,38
23
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Puc. IV.9. Cxemaruueckoe npeicTapienue 3((HeKTOB MArHHTHOR aHH3OTPOIHR j
HEKOTOPHIX a30TCOAEPKAWMUX (QYHKHHOHanbHHX rpynn (Ilayancen u cotp. [3]). |

BJIHAHHE 3MEKTPOHHLIX (PAKTOPOB, H 3/€Ch IOJOKEHHE pPe3OHAHC-
HBIX CHIHAJIOB COOTBETCTBYET PACCUHTAHHBIM 3HAYEHHSM Ji-3JeK-
TPoHHOi miaoTHocTH. Tax, mporon H2, pacnonoxenuwli y aroma |
yriaepoaa ¢ HauOOJblIeH IJIOTHOCTBIO 3apsija, NOTJOUIAET B CAMOM |
CHJBHOM II0JIe, B TO BpeMsi Kak nporon H3 y atoma yraeposa |
C HaUMeHbUIeH 3JEKTPOHHOH MJOTHOCTBIO CHJIBHO JE€33KPAHHPOBAH.
OTOT KOPOTKWH aHAJNH3 NOKA3bIBAET, UTO K YAOBJETBOPHTENLHOMY
O0DBACHEHHIO 3KCNIEPHMEHTANBHEIX (DAKTOB, KaK NPABHJO, IPHBOJAMT
JIMIIb paccMOTpeHHe BceX (DAKTOPOB, ONPENEAAMINX H3MEHEHHE |
KOHCTAHT 3KPaHUPOBAHUA. 1

Ha puc. 1V.9 cxemaruueckn npeicraBiensl 3PGeKTH MarHuT- |
HOW aHM30TPONHMH ellle PAJAa 3aMecTHTeNeHd M0 AaHHBIM 3KCIepHMeH-
TajdbHeIX Habawjenui. HyxXHo nmoA4epKHYyTb, 4TO TakKHe JuarpaM- |
MBI TO3BOJIAIOT [eJ1aTb TOJBKO KaueCTBEHHbIe MpeAcKasaHus. He §
Bcerja NpPUrOJIHBl H KOJHYECTBEHHBIE OLEHKH IO ypaBHenuio (IV.5), §
TAaK KaK C MOJE/bI0 TOYEUHBIX AMNOJeH, Jexalied B ero OCHOBe, |
CBsi3aHbl rpyOuie npubanxenus. [IoMHMO 3TOTO BO MHOTHX CJydasx i
HeT [JaHHBIX O MAarHHTHOH AaHU3OTPOIHH CBs3ell, a 3HAUEHHS, HC- |
noabsyembie g cBasek C—H, C—C u C=C (Ayc-n =90, §
Ayc—c = 140, Axc=c==340-10-%¢ m3/Mosexysa), HO CHX NOp CJaY- ]
JKat TpeJMeTOM CIIOPOB. {

3anaua IV.2. Ha ocHoBe ToJbKO uTO O6Cy*AaBinuxcs s¢(eKToB OGBIACHHTE §
XHMHYECKHE CABHTH O/lepHHOBHIX NIPOTOHOB B COGAHHEHHSX € BHHHJIBHON rpymmof §

a-—B.

56,1 6,52 3,74 3,93 §8 594

H:D:H HIH H H H H
cn I
Vet
H H H ¢ H OCH; H CN
5 5,29 563 § 52 5,46

a 5 £
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Prc. IV. 10. Cxemartuueckoe npeacras- A AT ’
JICHHE MATHHTHOH aHH3OTPONHH GeH30- e N
aa. . B

. N

1.4. ddpdexr Konbuesoro Toka B IHKJIHYECKUX
CONPAXKEHHBIX T-CHCTEMAaX

anO;(;GzIé{ Clydan, O KOTOPOM MH yiKe YIOMHHAJIM, BCTpedaercs
; YICHHH NPOTOHHOTO pesoHanca Gensoua, B 3tom pasgene
YACT NMOKa3aHO, YTO yMeHbIIeHHe SKDAaHHPOBAHHA apPOMAaTHYECKUX
lIPOTOHOB 1O cpaBHeHUIO ¢ O/e(pHHOBBIME  IPOTOHAMYU BBI3BAHO
}LéHpKyJIHHI/IeH SJICKTPOHOB, KOTOpasi OXBaTHiBAeT BCIO MOJIEKYJ1y.
MOJ?:KngjlaxKgﬁo;on MOAENH MOXKHO TPelCTABHTDH apOMAaTHYECKYIO
woder y TOK € TOKOM, B KOTOpOM T-3JIEKTPOHH CBOGOIHO

f0TCA 10 Kpyry, o6pasoBaHHOMY 0-0CTOBOM. Ecan nomecrurs
STO COe/MHEHHe B MAarHHTHOE IoJje Bo, T0 BO3HHKaeT amamaruur-
HbIH KOMbUEeBOH TOk. Brophumoe 110JIe, CO31aBaeMOe 3THM TOKOM

THBONOJIOXXHO B, n

IIITeonJIOM. Ecan Gensosbroe koabio PAacCMaTpHBATH KaK BHTOK, Imep-
n HARKYJADHbIE  HAlDaBJeHHIO Toast By, ToO N-3JEKTPOHBI  JBH-
aI0TCs MO O-CKeJIeTy C JIapMOPOBOH 4acTOTof

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

T _ ,
nfe € ——3apsn dJeKTpona, By — HanpsKennocts BHEIUHEro moJs,
e Macca 3JIeKTPOHa, Mg — NPOHHLAEMOCTD BakyyMa. B cucreme
WECTBIO 7-3JIEKTPOHAMH CUJIA TOKA MaeTcs BBIDAXKEHHEM
i = 3ew/n = (uy/4m) (3e?By/2mm,) (IvV.7)

SOaK HpH6JIH}KeHI/Ie AJIsT MAarHHTHBIX CBOHCTB KOJIbLIEBOI'O TOKA MOMK-
IIDHHATL MAaTHUTHBLH AHIIOJNb, Haxoasiuiics B HEeHTpe KOoJblia
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BeJIMUMHA KOTOpOro Jaercs (opmynon
u=inr?

HJH, B KoMOuHanuu ¢ ypaBueHneM (IV.7), BupaxkeHueM
B = (uo/4m) (3€¢°Byr?/2m.) (IV.9)

rjie r — pajnyc Kosiblna. BTopuyHOoe MarHuTHOE IOJe 3TOr0 JHIIOJS,
JeficTBylolllee Ha NPOTOH, PAacNOJOXKEHHHH Ha paccToaHun R oT
IeHTpa KoJbHa, paBHOo W/R® WM, B COOTBETCTBHH C YypaBHe-

auem (II. 1),

(IV.8)

B’ = — Byo = (uo/4n) (3e2Byr?/2m.R?) (IV. 10)
Toraa BKkJaJ B KOHCTAHTY SKPAHHPOBAHMS COCTABJAsAET
AG = — (no/47) (e2r¥/2m.R®) (IV. 11)

Craructuyeckuil ¢akrop 1/3 BBeldeH 3jechb JJs ydyera Takoi
OpHEHTAIlMH, KOTJa ILIOCKOCTh KOJIblla mapaJjesabHa By H KoJble-
BOH TOK He BO3HHKaeT.

Ecan HCHOAB30BATh WU3BECTHLIE 3HAUEHHA €, Me U Wy, A TAKKe
npussaTh r = 0,14 uM, R = 0,25 HM, To nojyunm Ac = —1,77-10-®
uin A8 = 1,77 M. I, DTOT pe3yJbTaT XOPOIIO COrJjacyercs ¢ pas-
HOCTBI0O XHMHYECKHX CHABHTOB OJIE(pPMHOBBIX MNPOTOHOB HHUKJOTEKCa-
nuena-1,3 (8 5,8) u nporonos Gensona (67,3).

[Mpu 6osee TOYHOM aHA/IH3e He HCNOJb3YeTcss NPHOJIHKEHHE
TOYEUHOTO JMIOJSI M YUHUTHIBAETCH, YTO ILIOTHOCTH JI-3JIEKTPOHOB
Gosibllle TaM, TAE CHJbHee I[IePeKPHIBAIOTCH 2p.-OpOMTaJH  yrJje-

poxa. DTO NPHBOAMT K JABYM IHETJsiM TOKa,

B, OlHA H3 KOTODHIX JIEXKHT HaJd IJIOCKOCTHIO

o-cBs3efl, a Apyras — nop Hefl. ITostomy mast

IPOTOHa, eCcau OBl ero MOXHO ObLIO HOMe-

CTHTb BHYTPH TNepHMeTpa GEH30JbHOTO KOJIb-

14, IOJKHO Habuioatbcs yBeJNHYeHHe 3Kpa-
HHPOBAHHS.

Jist 6eH30/bHOr0 KoJblla OBLIM paccuHTa-
Hbl M TaOyJHPOBAaHH BEeJHYHHB HHEYLHPO-

JKHTCA rpaduyeckKoe IpeACTaBJEeHHe 3THX pe-
3yJbTATOB, KOTOPOe MOXKHO HCNOJNB30BATh
JJIS pacuera BKJAaA0B (DEHHIBHOH TPYNNB B XAMUYECKHH CIBHUT
IpOTOHa B H3yuaeMoM coeluHeHuH. Kpome Toro, mis Gosuee yna-
JIEHHBIX NPOTOHOB MOXKHO TaK¥Xe IPHUMeHfTb, MO0 AHAJOTHH C MpO-

CTOH MOJEJIbIO KOJIBIEBOro ToKa, ypaBHeuue (IV.DH), ecau uChofb- |

30BaTh JUIS AMaMAarHATHON aHMsoTponuu OeH3osa 3HayeHdne Ay =
= —630-10-3¢ m3/mogekyana.

Mogesib KOJbIEBOro TOKAa I[O3BOJSIET [1aTh KaueCTBEHHYIO HH+
TepUpeTal|io CIEKTPOB N0AUAOEPHbLX apOMAaTHYECKHX coefiuHeHuH,

BAHHOTO TOJSi B’ W WM3MeHeHHS! B KOHCTAHTE |
skpaHupoBanua Ac. B [NpHIOKEHHH CONep- |

3
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. 9,0 7 8,0 70 &
T
e, IV. 11. Koppensnus MEXKAY OTHOCHTENbHBIMH XHMHYECKUMH CABHIAMH npo-

TOHOB B Hadrasuue u autpa
leHe U paccTosHHeM R, ot mpoTowa
BETCTBYIOLlero GeH30.1bHOTO KOJIbLA. ’ P o tentpa coor:

giﬁgﬂgsgmamnan HabJa0jaeMblil CABHI KaK CyMMy BKJAfOB OT
ore, >§ KOJIeL, HOCKOJBKY BeqnyuHa A¢ OGPaTHO NPONOPIHO-
. ﬁaoﬂle?. Tak, o-uporonn HadTasuna NOrJOMIAIT B GoJee cia-
SHatmTem;HzeM B-mpoTOHBI, MOCKOABLKY BKAaAB OGOHX KoJjel Gosee
Koaiare! T; s G-TIPOTOHOB, HOO O-NIPOTOHBI GJHXKe K O060HM
Sonmman. KHM K€ CIOCOG0OM MOXHO OODSCHATb MOPSAOK pe-
(e )ilqai:)TOT POTOHOB B aHTpaueHe. 37ech 8y > 8, > g
e 1V. ). Pacuer BeqHUHHEI A0 B TaKMX CHCTEMAX MOMKHO Cie-
ypaBuenuw (IV.12):

Ao = — (u/dn) (*r*/2m,) Z Ri® (Iv.12)

3anay %
301) IIll.manlv. 3. Paccunraiite spdext Koibuesoro Toka Ag (oTHOCHTENIbHO GeH-
porouos H; u Hs B ¢enantpene, nenonnsopas ypasuerne (IV.5).
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B HeanbTepHaHTHbLX YII€BOLOPOAAX, TAKHX, KAaK asyjeH, nojo- S
JKeHHEe Pe30HAHCHBIX CHTHAJIOB OTHEJbHHIX NMPOTOHOB MOXKHO Ofipe- 3
IeJUTh C YAOBJETBOPHUTENBHOH TOYHOCTHIO TOJBKO IPH YCJIOBHM, l
4TO NOMHMO 3(p(eKTa KOJbIEeBOT0 TOKA YUHTHBAeTC W pasaunune S
B IJIOTHOCTSIX 3apsifia HAa COOTBETCTBYIOUIAX aToOMax yrJaepoja. -

B nocsaennue roas GBI OCYHIECTBJEH CHHTE3 PALa LHKAHUECKHX
COIDSIKEHHBIX CHCTEM, TOJYUYHBIIMX HAa3BaHue aHHyAaeHol. V3yue-
HHe HX cHeKTpoB FIMP NOJHOCTBIO MOATBEPAMJO CHOPABEIJIHBOCTh
[OJIOKeHUH, O6CYXKAABIUMXCH BhIlle s OeH30sa, TAKKe H I
Gonbuiux m-cucreM. Kak mpuMepnl 37ech INpPHBEJEHH TPH COelu-
HeHust — 1,6-Merano|10] aunynen (24), rpanc-15,16-anmerus-15,16-
Jurujaponupen (25) u [18] annysaen (26).

8 (nonsyo)727; 695 @

& (CH;y) -0,51 S(ronsyo) 8,14 - 8,67
8{CHj3) -4,25
G(Hﬁwum) 9,28 T
§(Hgymp) =299 £
2a 28 26 i

Bumecte ¢ GensosioM 3TH COeAMHEHHS] COCTaBJASIOT TPYINY aH- |
HyJieHoB ¢ 4n -+ 2 m-snextponamu (n=20, 1, 2, ...), KoTOpHe }
B COOTBETCTBHH C H3BECTHHIM npasuiom Xrwoxkeas obnajpaior apo-
MaTHUYeCKHM XapakTepoM, [103TOMy e/ 0Ka/iu3alUMI0 -3JE€KTPOHOR
B LMKJ€ B OCHOBHOM COCTOSIHUM 3THX CHCTEM MOKHO YCTAaHOBHTb
¢ momompio cnekrpockonuu JIMP no sbdekTy KOJBLEBOTO TOKA.
duBuaxk u JKeKMaH NpPeNJOXKHIH HCIOMb30BATH HAJHYHME TAKOrO |
apdekra Kak KaueCTBEHHHII KPHTepUH apoMaTHYHOCTH. Takue Mo-
JIEKYJIbl HA3BIBAIOT OUATPONHBIMLU. .

A Kak xe BeAyT ce06s B MarHHTHOM Ii0Jle aHHYJEHBI C UYHCJOM
TT-9JIEKTPOHOB 4n? KBaHTOBOXMMHUeCKHE pacueThl HPeACKAa3bIBAIOT. |
JIJIs HUX NMapaMarHUTHBIA 3¢ (eKT Ko/bleBOro TOKa, KOTOPbl OKa- §
3BIBAET HA PE30HAHCHBIE YACTOTHl NPOTOHOB OeHCTBHE, NPSAMO MpO-
THBONOJIOXKHOe OOCYXKAABLIEMYCSl BHILE BJIHAHHIO AUAMAarHUTHOTO 4
KOJIIIEBOTO TOKA. B 9TOM cjydae NDOTOHB, HaxOAslIuHecs BHYTPH {
nepuMeTpa KOJbIA, JeIKPAHHPYIOTCS, a Jexalllde B IJIOCKOCTH
KOJIbIla U BHE ero — KPAaHUPYIOTCH.

Croab pasjuuHoe nosejeHHe (4n -+ 2)- u 4n-m-371eKTPOHHEIX
CHCTEM MOXKHO OOBSCHHTh C NOMOILBIO NPOCTOH KBAHTOBOMEXAaHH- .
yecKol MojenH. PaccMoTpuM IBHIKEeHHe 3JeKTPOHa IO OKPY:XKHO- §
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Puc. IV.12. duarpamma sHepreTHUecKHX YpPOBHeH [/ MOJEIH <«3JIEKTPOH Ha
OKPYKHOCTH>,

cTu JuauHOH L. Ero mjuna BOJHB A MOXeT NPHHHMAThL JHIIb ONpe-
JeJleHHBle 3HAUEHUS W, CJeOBATENbHO, CaM 3JJIEKTPOH MOXKET Cy-
1eCTBOBATb TOJbKo B ONpejesieHHBIX COCTOSHHMAX — TaK HasblBae-
MBIX COGCTBEHHbLX COCTOAHUAX. DTO sBJIeHHE AHAJOTHYHO CHTya-
UHH, NOCTYJHPOBAHHOR B IVI. I g 2HeprHH NPOTOHA BO BHELIHEM
MarHuTHoM noje. OueBUAHO, YTOOBH 3JEKTPOH HAXOAMJCA Ha Op-
6ute L, MO/MKHO BHINOJHSATbCA ycjoBue L =gk, rae ¢ =0, 41,
+2, ... TakoBO ycaos8ue K8aHTOBAHUA IJS1 Halled 3ajgadu, a g —
KBAHTOBOE YHCJIO, XapakTepHuayiolee Kaxjoe CcOOCTBeHHOE CO-

CTOsAHHE!

9=0 R g=t2
Ilo ne Bpofinio MOMEHT 3JIEKTPOHA p BeIpaxaercs Kak p =
== h/)\, a ero KHHeTHYECKas 3HepIud JaeTcs TOrja COOTHOLIEHHEM
E = mv?2 == p¥2m = h*2mA\? = h*q*/2mL? (IV.13)

CrienoBaTenpHO, KaAOMy KBAHTOBOMY UHCJY 3/eCh COOTBETCTBYET
HeKOTOpOe 3HAUEHHMe 3HEPTHH, COOCTBeHHOe 3HAHerue, W HAIIa MO-
A€Jib NIPHBOAUT K AMArpaMMe 9HepreTHUYeCKHX YpOBHeH, IpeacTas-
JIeHHO# na puc. IV. 12, a.

4  X. I'onrep




98 Trasa 1V

CHs

CHy

J\H OO 27
AL

0 1B 12 8 4 0 -4 -8¢

Puc. IV.13. Cpashenne cnektpos SIMP anuysemos 25 u 27 ¢ 14 u 16 T-3JIEKTPO-
Ha8MH COOTBETCTBEHHO.

Ecan ucnonbsosate monesan «3JIEKTPOH HA OKPYXKHOCTH» AJIf
ONHCaHHs 7-31€KTPOHOB B WHKJAMYECKHX CONpSIKEHHBIX CHCTEMax,
TO HYXKHO 34CE/HTh 3HePreTHYeCKHe YPOBHH 3JIEKTPOHAMH B COOT-
BETCTBUH C NPUHLUNOM BANOAHEHUA, T. e. COGJIIONAf NDPUHIHN
uckmouenuss [layan n mpasuto Xymma. B COOTBETCTBHH ¢ 5TUM
IJIst (4n + 2)-m-cucTeM  BO3HHKaeT 3aMKHyTas  o60Ji0YKa
(puc. 1V. 12, a) u 3ausaTHe co6CTBEHHbBIE COCTOSIHHS, HIU OpOUTAAU,
AalOT IHaMarHUTHBIA BKJaA B MAarHHTHYK BOCHPHHMYHBOCTD.
B nmpoTHBOMONOXKHOCTL 3TOMY B 4n-7-3IEKTPOHHBEIX CHCTEMAX BHhIC-
WIHe 3aHATHle OPOHTAIM COAEPKAT KaxAas JHIIb O OJHOMY SJeK-
TPOHY, CHHHBI KOTODHIX He cnapednl (puc. IV.12,6), u 314 coe-
AMHEHHS JOJIKHB ObITb NapaMarHUTHBIMH. B AefCTBHTEJbHOCTH
HH UHKJIOOKTATeTPaeH, HH JADYrue [4n]aHHyneHB He NpOABJASIOT
MOJIEKyJIIPHOTO napaMarseTusma. Kax raacut rteopema, chopmy-
JaupoBanHasi flnom u TesnepoM, BHIpOXK/IeHHe BHICLIEH 3aHATOMN op-
OHTAMM MOXeT GbiTb CHATO 33 cYeT HeGOJIBLIONO HCKAMKEHHS CHM-
METPHH MOJIEKY/bl, BO3MOXKHO 3a CYeT aJbTePHHPOBAHUA JJIHH
CBA3eH. JTO MaeT BOSMOXKHOCTb OGOHM 3/JeKTPOHAM 3aHATh OIHH
6oslee HH3KO Jexalluii SHepreTHueckuii ypoBeHb. Ha BO3HHKAIO-
Wied sHepreTHueckoh amarpamme (puc. IV.12,8) B cooTBercrBuy
C 3THM BbICIIAsi 3aHATAs W HHXKHASL CBoOOAHas opOuTasum pasje-
JeHbl JIMIIL HeGOJBLIOA SHEPreTHUECKOH WieJblo. JTO pasiuude B
SHEPTHsX 3HAYMTEJbHO MeHblle, 4eM B caydae (471 4+ 2)-m-cucrem.
BaauMojeficTBHe ¢ MarHUTHBIM ToseM B, BH3BIBAeT CMEMIHBAHME
9THX 3/IeKTPOHHBIX COCTOSHHH, YTO B COOTBETCTBHH C HAUIMM aHas
MH30M, HauaThiM B pasa. 1 ra. II, mpuBoaut K mapamaruTHOMY
BKJIaZy B KOHCTaHTY 3KPaHHPOBanus ¢. OH MO BesquunHe GOJbIUE,

CaAa3b xumuveckoeo cosuza co CTPOeHUeM MOAEKYA

yeM JAHaMarHHTHBIA BkJaj 0oJjiee HH3KO MeXKaAuHX opburaneit, no-
5TOMY B LeJOM BO3HHKaeT NapaMarHuTHulii sddexr. Taxkum 06-
pasoM, B cayyae [4n]aHHy/IeHOB Mbl TOBOPHM O «IlapaMarHHUTHOM
KOJIBLEBOM TOKe» JIHIUb Il HJIIOCTDALUH, MO aHAJOTHH C KJjac-
cHUECKOH MOJEeNbI0 KOJbIEBOrO ToKa, ob6cyxjaBuiefics Boille. Mo-
JeKyJbl TAaKOro THIIA HAa3bLIBAIOT NAPATPONHLIMU, a T€ MOJIEKYJH,
B KOTOPBIX COBCEM HeT KOJbLEBOI0 TOKa,— ATPONHbIMU.
TeoperuueckHe MpeJcKa3aHHsi MOATBepPXKJeHB HECKOJbKHMH
sKCMePHMeHTaJbHBIMH HAaOJIOJEHHAMH, B KOTOPHIX Oblnd oOHaApy-
;keHbl 3QpeKTh MapaMarHUTHOIO KOJIbIeBOro Toka. CoeluHeHHe 25
mpH BOCCTAHOBJEHHH MeETa/IMUeCKHM KajHeM TpeBpaimiaercs B
ABY3apAAHBIH aHHOH 27, KOTOPHIA COAEPKHT 16 7-3J1€KTPOHOB.
Pe30HAHC METHJBHBIX NMPOTOHOB B 3TOM COeiHHeHHH Halbalofaercs
npu 6 21,0, a cHrHan KOJIbLEBHIX IPOTOHOB PACIOJIOKEH NPH § OT
—3,2 10 —4,0. D10 CyecTBeHHOe pasjHu¥e MeXAY CHeKTpaMu
HeATpanbHOH (47 + 2)-;m-CHCTEMBl H ee 3aPSXKEHHOTo 4n-m-aHajora
noxasaHo Ha puc. IV. 13. .
JBa TpHUHKJa3WHA, 28 U 29, OpeACTaBJSIOT napy COeJUHeHHH,
rie SICHO NPOSBJAseTCA pasJiMyde B CBOACTBaxX HEHATpaJbHBIX [4n +
-+ 2]- u [4n]annyneHoB. AToM a30Ta B HHX BBICTYNaeT B KauecTBe

T Y oy

57,20-7,86 5 2,07-3,85
29 30

S(xonsy) 57-866
8(CHz) 15,23, 2,4, 27

31

CBSI3LIBAIOILErO Y3J1a H CYLIECTBEHHO He BJIHACT Ha DE3OHAHCHBIE
yacToTel. CUrHajb coeinHenus, uMerouero 10m-3JeKTpPOHOB, CcMe-
Wennl B caaboe nose, a B 12n-37eKTPOHHOHR CHCTeMe — B CHJIBHOE
noJe.

B Henaockux UHKAHYECKHX Tt-CHCTEMaX C OTYETJIHBHIM aJjbTep-
HUpOBaHMEM cCBs3ell He mposBasfercss 3(PdeKT KoJabUEBOTO TOKa,
MOCKONbKY B HHX [€NOKAJH3ALUsS f-3/1eKTPOHOB TOHHKEHA HJIH
coBceMm OTCYTCTBYeT. Tak, MPOTOHBl LHKJIOOKTAaTeTpaeHa, KOTOPHIH
cymecreyer B KoHbopMmanuu BaHHB (30), MarOT pe30HAHCHBIH CHI-
Hag mpu 65,80, T. e. IpaKTHUYECKH TaM e, [Je H LHKJOrekca-

4%
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Puc. 1V.14. Cnekrpu SIMP 1,6-merano[10]Jannynena 24 u 1,6;13,18-6uc-Mera-
Ho[14]annysena 31.

Puc. IV.15.  UureHcHBHOCTD
KOJIBHEBOTO TOKa I Ha emdHHIY
momany A B aWHyJeHaX B 3a-
BHCHMOCTH OT NapaMeTpa aJbTep-
auposanua A. ([loms, Yuu [4])

30HAHCHBIX HHTErpasos P aAns co-
CeAHHX YIJIepOR-YIAEpOJHBIX cBasefl.,
Oans 10JIHOCTBIO SKBHBAJIEHTHHIX
cesizefi A = 1. OTpuuaTenbHEIi 3HAK
COOTBETCTBYeT JHaMarHeTHamy., M —
THCHAO [PHCYTCTBYIOUHX  JI-3/1€KTpO-
HOB.

A sBasiercs Mepofi OTHOLIeRHS pe- |

Ceasv xumuueckozo cJdeuea O CTPOEHUEM MOAEKYA 101

nued-1,3. Bor eme oaun npumep. CpaBHHBas MPOTOHHBIE XHMHYe-
ckue caBurd 1,6;8,13-6uc-Merano[14] annynena (31) u gaHHBE AJ4
1,6-Merano [10] aHHy/ieHa, MOMKHO TNPHATH K 3aKJIOUEHHIO, 4TO B
31 HeT KOJIbLIEBOr0 TOKa, CYILeCTBOBaHHE KOTOPOTO MOJKHO mpef-
noJarath, HCXOJAA H3 UYUC/a J-3J€KTPOHOB. B CHEKTpax 3THX JABYX
coefiuHenuii (puc. IV. 14) oTuersNBO NPOABJSIOTCA Pa3JjHuYHA B De-
30HAHCHBIX YaCTOTAaX MOCTHKOBBIX NPOTOHOB M TIIPOTOHOB, PacIoJio-
JKeHHBIX 1o nepumetpy. Kak ofcyxkpaanoch Buille, NPOTOHBL IPyIl-
net CHy B 10m-3/1eKTPOHHOH CHCTEME HCHOBITBIBAIOT OXHIaeMbiii
JAMAMaTHATHBIA CHOBMT, a CHTHAJbl METHJIEHOBHIX NpOTOHOB [l14]aH-
HyJeHa HMeT BHJ ABYX cHcreM AB M jexar B XapaKrepucrHue-
cKo#l 0o6JiacTH AJsi METHJEHOBBIX TPYINI B aJIMJIbHOM IIOJIOXEHUH,
Kak ¥ B n@kjgorentrartpuene-1,3,5. Bosree Toro, Ae3skpaHupOBaHUE
OPOTOHOB, PACHOJIOKEHHBIX 10 NepuMeTpy, B 31 MeHee 3ddexTHs-
HO, ueM B 24, Kak moka3blBaeT U3yuUeHHe MOJIEKYJIAPHBIX MOJeJeH,
MexAy LenTpamu 6, 7, 8 u 13, 14, 1| NPOHCXOAMUT CHJIBHOE CKpY-
YHBaHHE YTJIEPOA-YIJIEDOJHHIX CBfA3eH, KOTOpPOe HACTOJBbKO 3aTpya-
user s¢dekTHBHOE nepekpbiBaHHe 2p.-0pOUTasel yriaepolda, 4TO
3/leCcb BHepBLle COeAUHEHHe, HMeloHlee HHCJIO 1-3JeKTPOHOB, TOYHO
COOTBETCTBYIOHlee MPAaBHJIy apPOMATHUYHOCTH XIOKKe/s, IHPOSIBJSET
oneduHOBHEe cBOiicTBa. [lo3gHee MH ellle BepHeMcA K 3TOH HHTepec-
HOH MOJIEKYJIe.

Ha puc. IV. 15 nokasana 3aBHCHMOCTb HHTEHCHBHOCTH KOJblle-
BOrO TOKa | B HHKJHUYECKHUX f-CHCTeMax OT CTeNeHH aJbTePHHPO-
BaHUA JUIMH CBfA3eH, NOJydeHHass NyTeM KBaHTOBOMEXaHHYeCKHX
pacueToB. BHAHO, YTO ¢ POCTOM aJbTEePHHPOBAHUS HapaMarHETH3M
yMeHblIaeTcss OBICTpee, UeM JAHaMarHeTH3M, HO HHTEHCHBHOCTb
KOJIbLIEBOTO TOKAa, HaNpOTHB, 3HAUHTENbHO Bhlle Maf 4n-Jesn0Ka-
JH30BAHHHBIX fi-CUCTeM. IDTH MpeJCKa3aHHS C OYEBHAHOCTBIO MOJ-
TBepKAaeT puc. IV. 13, NOCKOJBKY XHMHYECKHE CIABHTH B JHaHUOHE
27 cyutectBeHHO Gosblle, ueM B yraeBodopofie 25. Ecam npumewm,
UTO B HEKOTOPOM THIIOTETHUECKOM MOJENbHOM COeJMHEHHH C JIO-
KaJIM30BAHHBIMM YTJIEPOA-YIVIEDOJHHIMH CBSI3IMH 3HAUEHHA ¢ M
KOJBIEBHIX IMPOTOHOB H METHJIBHBEIX IIPOTOHOB COCTaBJAIT 6 H
1 M. I., TO B cOeIMHEHHH 25 CHTHAJB CMEHIAIOTCH OT STOrO MOJIOXKe-
HU Ha 2—3 M. 0. u 4—5 M. 1., a B 27 CHABHUIH COCTaBJSIOT
9—10 M. . ¥ 20 M. ZI. COOTBETCTBeHHO. BuusiHUe pasjanuuil 3apsijo-
BHX IJIOTHOCTEH B NMepPBOM NPHONHIKEHHH CKa3blBaeTCsl TOJNLKO Ha
TOJIOKEHUH CHTHAJIOB NPOTOHOB KOJbLA, KOTODHIE 6Jarojapsi emy
Io/KHB GBITH CHJIbHEE S5KpaHHPOBaHH Ha 1,5 M. &. (ypaBHeHue IV.2).

1.5. MaradTHas aHH30OTPONHA LHKJOMNPONAHOBOrO KOJbLA

B 3akJsiouenne cielyeT paccMOTPeTb LHKJONPONAHOBOE KOJbLO,
NOCKOJIBKY OHO TakKe obJsiaflaeT MarHMTHOH aHM3OTPONHUeH, MepreH-
AHKYyJApHOH NJOCKOCTH Kogabha. Ho wM3-3a TOTO, YTO OpHEHTalHd
CBa3ell C—H OTHOCHTEJIBHO IJIOCKOCTH KOJbLA OT/AHYRA OT TOH, UTO
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Puc. IV.16. Temnepartyp-

Has 3aBUCHMOCTb XHMHuE-

54 - CKOrO  CABHTA  [POTOHA

1 L L ! : H, B BHHHJIMKJOTpONaHe

-60 -30 0 +30  +60 +90 (Hemap, Maptun ([5]).

o —»
cyutectByer B OeH3oJie, 1Js NPOTOHOB LHKJONpONaHa Habawaaercs
skpanuposanne (§0,22), a ux pe3oHaHCHAsi JacCTOTa 3HAYUTEJBHO
HHXe, 4eM B JPYIHX LHKJHUECKHX HACHIICHHBIX YIJeBOAOpPOAaX.
HBe napuo coenunesuit 32/33 u 34/35 ACHO NMOKa3LIBAIOT 3KPaHH-
pyoumni s¢pdert Tpexunennoro uudkjia. Ha puc. 1V. 16 npeacrasae-
Ha TeMmepaTypHas 3aBHCHMOCTb XHMHYeCKOro cisura nportoHa Hp
B BHHWJILHKJOTpPONAHe. B 9TOM COeIVHEHHH OCYLIECTBJAETCS OBICT-
poe ob6paTuMOe pPaBHOBeCHe MeXAY OAHHM S-TPAHC- U ABYMsl 20Ui-
KOH(OpMepaMH, B KOTOPHIX MOJIOXKeHHe BUHHJBHOH T'PYMNB OTHOCH-
TEJbHO TpexuJeHHOro uuk/aa (36, 37) cyllecTBeHHO pasJHYaeTCH.

Pocr puaMarauTHOrO 3KpanupoBaHusi H, ¢ NOoHMKeHHeM TeMIle-
paTypnl CBHAETEJIbCTBYET O TOM, YT0 S-TPaHc-KOH(popMep HMeeT
6oJlee HH3KYIO HeprHl0,  3Ta opMa uUMeeT OoJjiee BLICOKYIO Hace-
JeHHOCTb. B 3TOM KOH(popMepe mporos H, Haxomutcs B o6macTH
3KPAHUPOBAHHA LHKJIONPOIAHOBOrO KOJbIA.

0

6 :;l T Ha 6 =180°

36 37
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1.6. OpdeKT a1eKTPHYECKOro MOAR NOAAPHBIX TPy
¥ BJHMAIHHE BAHAEPBAAJBCOBLIX B3aUMOLEHCTBUN

[IoMHMO 3/IEKTPOHHEIX W MAarHMTHBIX BKJA/JO0B B NPOTOHHBIE XH-
MUYECKHe CABUIH JUIsi MOJHOTH KapTHHBl HYXKHO DPacCMOTDETb elle
aBa 3(QdeKra, KOTOpble HMEIOT HHOTAA BeCbMa GOJbIIOe 3HAUYEHHE.
B MoJieKysnax ¢ CH/IbHO NOJSPHBIMH TDYINMUPOBKAMM MOJ BJHSHHEM
3/IEKTPHYECKOTO [HIOJBHOIO MOMEHTa MOTYT NPOHUCXOAHTH H3Me-
HEHHSl IJIOTHOCTH 3apsifa Ha HEKOTOPLIX IIPOTOHAX, TaK KaK 3JeKT-
pOCTAaTHYeCKHE CHAB MOTYT HCKaXaTb 3apsajoBoe 06Jako COOTBeT-
crytowieid cBsasy C—H. CBs3biBaloouye 3JeKTPOHB CMEINAIOTCSH JIH-
60 K aTOMy BOAOpPO/la, JHGO OT HEro B 3aBHCHMOCTH OT HANpPaBJeHHs
cBsi3n C—H 1o OTHOIIEHWIO K BEKTOPY NOJs, YTO MPUBOIUT COOT-
BETCTBEHHO K 3KDAaHHPOBAHHIO HJH J€39KPAaHUPOBAHHIO MPOTOHA.
Kax MOXHO npeicTaBHTh cefe Ha ocHOBaHHM puc. IV.17, Anmosb-
Hbhle MOMEHTH B NHPHAHHE H HHUTPOOEH30Jie, JIOKAJH30OBAHHLE Ha
aToMe a3oTa ¥ Ha ueHTpe cBA3H C—N COOTBETCTBEHHO, BHI3BLIBAIOT
Le39KpaHHPOBaHHE MPOTOHOB, MOCKOJNDBKY 3JEKTPOHbl CMELIaIoTCs
BJOJIb CUJIOBBIX JIMHMH K IOJIOXKUTeJbHOMY KOHHY AHnossa. B coort-
BETCTBHH C TeopueHl ByKuurema spdekrt 37eKTPHYECKOTO HOJSI MOXK-
HO KOJIHYECTBEHHO ONNCATh COOTHOLIEHHEM

Ao = — AE, — BE? (IV.14)

rie £, — KOMNOHEHTa 3JIeKTPHUECKOrO MOJsl B HalpaBJeHMH CBA-
3n C—H, a E? —KBanpaT Hanps:KeHHOCTH NOJS HA NPOTOHe (062
YJeHa pPACCUMTHLIBAIOTCA N0 H3BECTHHIM COOTHOLIEHHAM JAJs MOJS
SJIEKTPHUECKOTO AHNOJA p, A H B — KOHCTaHTH, paBHBle 2-10-12
10-18 cooTBeTcTBEHHO, eciH p H3MepeH B gebGasx). [To ypaBHeHuto
(IV.14) nns opro-, mera- u napa-npotoHOB HHTPOGeH30s1a GHLIH
paccyuTaHbl BKJIaaw B 3KpaHuposanue: —0,70, —0,19 u —0,14 m. 1.
COOTBETCTBEHHO, YTO KaY€CTBEHHO COIJIacyeTcsl ¢ 3IKCIepHMEeHTalib-
HbiMi JaHupiMu (—0,97, —0,30 1 —0,45 M. 1. B TOM Xe mopsaxke).
YToyHeHHast MOJIe/Ib YUHTHLIBAET MOJSIPH3ALMIO CPelbl OJAPHBIM pPac-
TBOPEHHBIM BellecTBOM, 4YTO NPHBOAHT K TaK Ha3bIBAEMOMY HOJIO
Peakuuu, KOTOpPOe TaKKe BJAHSET HA 3KpaHWPOBaHHEe NMpoTOoHOB. Ho
MHL He OyieM Jajiee pacCMaTpPHBaTh 3TOT 3ddeKr.

Pue. IV. 17. 2¢pdext saextpu-
€CKOro noJsis B MHPHAHHE H
HHTpoGeH304qe.
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MoxHO TakKe I0Ka3aTh, YTO IMIHPHYEcKOe cooTHOMeHHe (IV. 2)
BpiTekaer u3 ypaBdenus (IV.14). llossapusaunio cssizu C—H,
00YCJIOBJIEHHYIO JIOKaJH3alHell B MOJIEKyJe MOJOXKHTeJIbHOTO HJIH
OTPHIATE/JIBHOTO 3apsjia, H BO3HHKAWOUIEe NPH 5TOM H3MEHEHHEe K-
paHupoBaHusi Ag JJIsi IPOTOHA, BXOASILIEr0 B 3Ty CBfI3b, MOXKHO KO-
JIHYeCTBEHHO PACCUUTATEH MO YPABHEHHIO

Ao =0, 125; (oi/ R2) cos6; — 0,170 [Z (Am/f'e?)]2 (IV. 15)

rae Ap;— n30HITOK 3apsga Ha aToMe i, R; — paccTosiHHe MeXIy
atoMom { n nporoHoM H (B HM), 6 — yroa Mexnay cBssbio C—H u
ocbio { — H.

3anaua IV.4.. Onpenesiure, ucnoab3ys ypasaernue (IV.15), oxupaeMmbe H3-
MEHeHMS B 5KDaHHDOBAHHHM NPOTOHOB B NHDHJAHHHEBOM HOHe HA OCHOBE YKasaH-
HOTO paclpefeieHHss 3apsfifioB. MoJeKysy MOXKHO CUHTATh NPaBUJBHEIM [IECTH-
yrosbauKoM ¢ paunamu cessedt 0,140 um (C—C) u 0,110 am (C—H). .

Hy
Hp 0,981 0,829
57 @t,ooa @0,927
[, ~
N2 H, \N 0,952 N 0,899
[ 1,107 II,SZO
H

Tak HaspiBaeMblil k6adparutnsii agphekr noas, GUrypupyouui

B ypaBHeHuu (IV.14) kak unen BE? TecHO CBsizaH C aghexTom
Ban-0ep-Baaabca, KOTOPbIH BO3HHKAET MPH CHJABHOM MPOCTPAaHCT-
BEHHOM B3aHMOJeHCTBHH MexXJAy NDOTOHOM H CcOceJHeH rpynmoi
(oHa MoXeT ObITb M APYrHM IPOTOHOM). B atoMm cayuae anexTpom-
HOe 00s1ako BOKpYr mporoHa Aedopmupyercsi. IloHHKeHHe cdepH-
4eCcKOH CHMMETPHU BJEKTPOHHOrO DAaclpeie/ieHHs BLHI3HBAET Napa-
MarHMTHHIH BKJiaJl B KOHCTAHTY 3KpaHHpoBaHHus (pasx. | ru. II),
KOTODBIHl NPHBOAMT K CABHIY CHrHaja B ciaaboe mnode. JlesskpaHu-
poBaHHe ofMeueHHHX NpPOTOHOB B COeJHHEHHAX 38—40 B cylueci-
g)eﬂﬂoﬁ Mepe MoXeT OBITL OTHECEHO 3a CUeT BaHAepPBAAILCOBA 3(-
eKTa.

40 =-10m.3. do=-24m.B. § 092 40:z-0,9m.9.
Hy Hy © -1

* ' O 4oy

a8y 385 39 40
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Puc. IV. 18. Koppeasinmust Mexay MHAYIHPOBAHHEIM CABHIOM P@3OHAHCHON YacTOTHI
xJ10podopMa U OpGHTANBLHEIM IHIOJBHBIM MOMEHTOM JJIS PasiHYHBIX NPOTOHOAK-
uentopurx aromos (@pumpux [6]).

1.7. XuMHuecKHe CABHTH NOJ BJHSHHEM BOROPOAHOH CBA3H

Ml yxe ormeuanu B pasi. 1.3 ri. II, uTo pe3oHaHCHBIM CHI'Ha-
JdaM OOMeHHBAIOIHXCS TNPOTOHOB HeJb3s MPHIHCATh KakKyo-mubo
obnacTb B O-lKaJe, IOCKOJLKY ITOJNOMXKEHHe THX CHUTHAJOB CHABHO
3aBHCHT OT Cpellll M TeMmmeparyphl. B obuwem o06pa3oBaHHe BOMLO-
POJHBLIX CBSI3eH NPHBOAHT K 3HAYHTEJbHOMY CABHTY B csaboe mnoJe,
x0T (OpPMabHO OHO JOJKHO CONPOBOXK/ATHCS MOBBILIEHUEM 3JIEK-
TPOHHOH IJIOTHOCTH Ha MPOTOHE 3a CUeT B3aUMOJEHACTBHS CO CBO-
GOJAHON 3JEKTPOHHOH Mapoll aKIeNTOPHOro aToMa, a CJael0BaTelb-
HO, MPHUBOAMTH K POCTY 3KpaHHpoBaHus. Ho ecnnm paccmarpuBath
BOJOPOJHYIO CBSI3b KaK YHCTO 3JIEKTPOCTATHYECKOE INPHTSKEHHE,
TO TOJie BOSHHKAIIIEro 3JEKTPHUECKOTO HIHIOJNS NPHBEAET K Aes-
skpannpoBanuio. Kak mokasamo Ha puc. V.18, cymecrsyer Jju-
HeliHOe COOTHOUIeHHEe MexXkJy 3KPaHHPOBAaHHEM NPOTOHA XJI0podop-
Ma H JIMIOJBHBEIM MOMEHTOM HECBSI3BHIBAIOIIHX opOuTased pasiany-
HBIX aKIeNTOPHbHIX aTOMOB B Pa3HBIX KJaccaX COeJMHEHHH.

cl g ct
\é/
J
/c; H
R—C=N- H—C—Cl @
ct

a1
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s:c. IV. 19. KoHueHTpauHOHHbE 3aBHCHMOCTH DESOHAHCHBIX YacTOT THPOKCH/Ib-
5x0np0101{oa CA/NIUJIOBOrO a/bJerHia H 3TaHONA AJS YMCTHIX JKHAKOCTed (a)
H 5 %-neix pacrsopos B CCl; (6).

B cayuae HMTPHIIOB IPOTOH XA0pOdOPMa OKas3hIBaeTcs B 0f.ia-
CTH SKPAaHHDOBaHHfA TPOHHOH CBsisH (cM. pasm. 1.3), kak mpex-
cTaBieHo Qopmynoi 41. [lostomy B NaHHBIE Ha pHC. ’IV. 18 Onina
BHECCHA NONDABKA HA JONOJIHHTENbHBI!I AHAMarHHTHBIA CHABHT, 06-
YCJIOBNIEHHBIH TaKOH oOpHeHTauHed. AHaJOrHYHBIE 3ddexT B(;3HH-
Kaer npu o0pa3oBaHMH BOJOPOJIHOH CBsA3H ¢ GeH30J0M KOTOPBI#
BLICTYHA€T KaK 5-3/J€KTPOHHBIH NOHODP. 3a CueT 3TOro H]Z;OTOH XJ10-
poopma B ero Kommjekce ¢ 6eH3osoM 42 CHIbHO KPaHHPOBAH

BHYTpU- B MeXMOJIeKY/ISpHEE BOJOPONHbIE CBSI3H JETKO pésnn-
YHTb C MOMOIUILIO cnekTpockonid SIMP, NOCKOJBKY TOJBKO npH 06-
Pa30BaHHH MeXMOJIEKY/ISIPHLIX BOJODOAHBIX CBsi3efl pPe30HAHCHbIE
YacTOThl T'HAPOKCH/IBHOFO IIPOTOHA HJH TPOTOHOB AMHHOIPYIINHL
CHJIbHO 3aBHCAT OT KOHLEHTpauuH. B kauecTBe mismocTpanuu Ha
puc. IV.19 cpasHHBalOTCA CNEKTPHl CaJHHOHUJIOBOrO aJjbAerHia M
9TaHoJa NPH PAa3JHUHBIX KOHIEHTPALHSX.
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1.8. XKMMHuUecKHe C/BUIH NMPOTOHOB
B METANJOOPraHHYECKHX COeAMHEHHSX

B pasp. 1.2 Mbl ofcyxjiand 3KpaHHpOBaHHE MPOTOHOB B Kap-
GaHMOHAX 3a CUeT NOBHILIEHHs JIEKTPOHHOH IJIOTHOCTH Ha COCEA-
HeM aToMe yryiepoja. B 3ToM pasjese Ha HeCKOJbKMX MpHMepax
MBI PACCMOTDHM BJIHSIHHE Ha 3KpaHHPOBaHHe MeTaKapOOHHIbHBIX
rpynn B R-KOMIUIEKCAaX O/eHHOB H apoOMaTHYECKHX cOeJHHeHHH.
Kak BugHo u3 puc. 1V.20, ob6pasoBaHHe KOMIJIEKCA MPHBOIHT K
YBE/IHUEHHIO SKPAHHPOBAHHMS NPOTOHOB, CBA3AHHBIX C NPHHHMAIO-
IIHMH yyacTHe B KOODJAHHALMH ATOMaMH YyrJepoAa, NpHMEpHO Ha
9—3 m. a IlpuunHa 3TOro A0 CHX IOp He BbIACHEHA. QueBUAHO,
4TO OCHOBHYIO POJIb Hrpaer NPHCYTCTBHE MeTaJ/a, HO MOXKeT Tak-
;e OKA3bBATh BJHSHAE M aHH3OTPONHS MeTaslKapGOHH/IbHOM
rpynnsl. B Tta6a. 1V.2 npuBellen emie psAj MPHMEPOB. ITosoxeHHe
Pe3OHAHCHBIX CHTHAJOB B CBOGOJAHBIX JIUTaHAAX YKa3aHO B
tabsa. XI. 1 B NpUIOXKEHHH.

OcofeHHO CHJIbHOe SKpaHHpOBaHME HAG/I0LAETCs A IPOTOHOB,
KOTOpHIEe HenocpedcT8eHHO CBS3aHBl C METaJIOM. Tax, pesoHaHc-
Hble 4aCTOThHl IPOTOHOB B KOMIIEKCAX THAPHAOB NEPEXOIHBIX Me-
Ta/0B HaxoxdTcd B obmactu 8 <C 0, a B HEKOTOPBIX CAyvasix CABH-
't JOCTHraiorT jAaxe sHauedndi —30 M. 1. Ecin KoMIIeKkc Metajia
3apsyKeH MOJOKHTEJbHO, TO SKPaHHPOBaHHE yMeHbllaercs, Kak H
MOKHO OHAaTb., B MPOTOHHPOBAHHBIX KOMILIEKCAX KapGOHHJIOB

H(2), H(s)

HO),H(B) 3

| )
65 8,0 55 50 45 40 3,5 30 &

Puc. 1V. 20. Cnektput IMP osehHHOBHIX NPOTOHOB LHKJOTENTATPHEHA H UHKJO-
TeNTaTPHEeHXPOMTPHKapOOHH A,
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Taéauua 1V.2. IMonoxkenHe pesOHaHCHHX CHIHANOE B cneKkTpax
SIMP 7-KOMIIEKCOB KapGOHUNOB METaJIoB H TH/PHJOB METaJN0B

5530 4)8 2,67

H 5 537 - H H
H
//T\g,H 5 1,90 Qi)-H 308 @
H !
; PR s :
Fe(CO), FelCO), Cricol,

& 737753 6,09 5,48

u H H
ﬁCr(C0)3

(@)2 WH, (@)2 WH.+ [(@)2 FeHJ ’ H,Fe(cO),

§ -12,3 5-6,3 5 -2 5-10,5

5707 7330 749 588 4,92
H H H

H‘H‘Cr (CO)y

[(@"Ru (c0)2>zH] i [(@..Mo(cog)zl-/] '

§ 28,1 F 18,6

IIEPEXONHLIX METa/10B 00pa3oBaHHe CBSI3H METaJjl] — BOAOPOJ B
IPOTHBONOMOKHOCTL  OXHMAAHUIO ONATh BeJeT K [OBBHILIEHHOMY
SKpaHHpOBaHHIO MpoToHa. Heckosbko mpHMepoB Takoro poma rtak-
JKe NpHBeleHo B Tabu. IV. 2.

B GoublIof CTemeHM CH/IBHBIH AHAMATHHTHBIL CIABHUI' pe3OHaHC-
HbIX CHTHA/JIOB NPOTOHOB OGYC/IOBJIEH AaCHMMETDHYHBIM pacrpeses
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fgeHHeM 3apAfla Ha BaJEeHTHBIX OpOMTaAsiX METaJJIoB B 3THX CO-
eAnHeHHsX. BosHHKawlMii nmapaMarsUTHBIH MOMEHT JAe33KDaHH-
pyer ALpO METajjia, HO YBeJIHYHBACT IKPAHHPOBAHHE NMPOTOHA CO-
rJ1acHO MpelcTaBJeHHON 3/1eCh CxeMe,

1.9. 3ddekTnl pacTBOpUTENA

Cpenn ¢akTopoB, ompelejsiOUIMX BeJMYMHY KOHCTAHTEl 3Kpa-
HIPOBAHUS NPOTOHOB, B HauaJje pasf. | yNoMHHa/OCh H BJAHSIHHE
pactBopHTens. B o6lleM MOXKHO moJsararth, 4To BCE 3(deKTH, Ko-
TOpble Mbl A0 CHX NOp OGCYXKAAJU KaK BHYTPHMOJEKYJdpHHe, Npo-
ABJSIOTCS TAKXKe M Ha MexMoJekyaspuom yposHe. Hampumep,
yCTaHOBJIEHO, YTO DE3OHAHCHBle CHIHAJIB BEIIECTB, PACTBOPEHHBIX B
apoMaTHYeCKHX pacTBOPHTEJIAX, NPOSBAAIOTCA B 060Jee CHILHOM
nosie, yeM B pacTBopurese ajaudarudeckod npupoAbl. IDtor apPexT
fbl1 NPHIHCAH NHaMarHUTHOMY KOJIBLEBOMY TOKY GeH3oJsa M ero
npon3BoAHbIX. [TofnoOHOe Xe BAHSIHHE COCeJAHHX MOJIEKYyJ, CBSI3aH-
Hoe, 0AHaKo, b0 ¢ 3KpaHHPOBaHMeM, JMHOGO C Ae32KPaHHPOBaHHEM,
MOXKeT MpPOSABJAATBCA B pe3ysabTaTe MArHHTHOH aHM30TPONHM Kpat-
HbiXx CBf3efl WM BJHSAHHA 3JEKTPHUECKOro TMOJAA MOJEKyld ¢
BOJIbUIHMH  AHOOJbHEIME ~ MOMeHTaMH. OI¢PdekTs pacTBOpHTeas
CTAHOBATCA OCOOEHHO 3HAYHTENBLHLIMH, €CJAH MEeXKMOJIeKyJasipHble
B3aUMOJEHCTBHA B PacTBOpPe NMPHBOAAT K 00pa3oBaHHIO cIelH(pHYe-
CKHX KOMIJIEKCOB. 3a CYeT AHIOJb-AHNOJBHBIX H/IH BaHlepBaaJb-
COBBIX B3aWMO/EHCTBHI HEKOTODble B3aHMHBIE NPOCTPAHCTBEHHEIE
OpreHTalUu B3aHMOAEHCTBYIOMIUX MOJeKyJ CTaHOBATCA OoJee
NPpeANOYTHTENbHEIMY, uYeM JApyrHe, B peaynabrate Moryt HabJio-
AaTbesl crnenuUIecKHe M3MeHeHH DE30HAHCHLIX YacTOT OT/JeJbHBIX
NPOTOHOB PACTBOPEHHOro BelllecTBa., MXx B CBOW Ouepellb MOXKHO
HCIIOJMIb30BATb [JIS1 NOJIYYeHHST CBeJEHHMH O CTPOEHHHM TaKHX KOM-
nnekcoB. [Tosromy crnekrpockonust JIMP okasanach BaXKHBIM Me-
TOLOM HCCJAETOBAHHS MEXMOJEKYAIPHBIX B3auMmojefictBuil. HMame-
HeHH$ XUMMYECKHX CABUTOB HOJ BJIHSIHHEM pPacTBOPHTeNs OGBIYHO
Menbmie 1 M. 4. Mbl yxke paccMorpean B ria. III ux crmenuanbHuie
IDHMeHEeHHs! H MOCJAEIACTBHS AJS Pe30HAaHCHBIX HACTOT 3TAJOHHBIX
Beltects. [/ n3GesKaHHUsl O€JOKHEHUH, BbI3BAHHBIX BJHSIHHEM pac-
TBOpUTEJS, PEKOMEHAYeTCS HCIOJb3OBATL TaKHe «HHEPTHbie» pac-
TBOPHTEJH, KAK TETPAXJIOPH[ YIJaepolda HJAH UHK/Iorekcad. MoxHo
HCKJIOYHTb, KDOME TOrO, H KOHUEHTpaUHOHHHe 3(GEeKTH, ecJH
IpoBecTy H3MEpeHHs HpPH HEeCKOJbKHX KOHLEHTpalHsAX BellecTBa H
3KCTpanosnpoBaTh AaHHble K OeckoHeYHoMY pasbaBienuio, HMame-
Peunss B rasosoit ¢ase, rie MeXMOJEKYJsApHble B3aUMOJEHCTBHSA
CBOAATCS K MHHMMYMY, CTaldH OCYIIECTBHMBI W [Js BelleCTB C BHI-
COKOfi ympyroctbi0o HapoB TOJMbKO MOCAE DA3BUTHA HMIYJ/IhCHBIX
MeTo0B ¢ Qypbe-npeobpasoBaHUEM,
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1.10. IMnupHuecKHe KOHCTAHTHI 3aMecTHTedel

OueHp BaxkHOe 3Ha4yeHHe AJA HHTEPIpeTaluH CICKTPOB MNPOTOH-
HOr0 pe30HaHca HMeeT TOT (baKT, YTO BJHUSHUE 3aMecTUTes el Ha

pe30HaHCHBIE YAacTOTHI B NePBOM npubiauxennn addurusno. Ha ;
3TOM OCHOBaHHM O0Ka3a/0Ch BO3MOXKHBIM BBLIBECTH 3MITHDHYECKHE }

KOHCTaHTH 3amecTHTeNed S(8), nnu uunkpemenTsi, KoTopsie B 06-
IIeM II03BOJIAIOT XOPOLIO IpeACKa3biBaTbh pPe30HAHCHBIE YaCTOTHL.
KoneyHo, cijeiyer OXHIATb HCKJAIOYEHHH, €CJH He cobJiofaercs
yCJaOBHe A aAAUTHBHOCTH S (8), 2 HMEHHO NPH HAJHUHH CHJBHEIX
3JIEKTPOHHBIX WJIH NPOCTPAHCTBEHHBIX B3aHMOJEHCTBHA MeX1y 3a-
mecturensaMu. B atux ciyuasx sHauenns S(6) 3aBHcAT OT CTpykK-
TYDPBI OCTaBIIeHACS YaCTH MOJIEKYJIHL.

1.10.1. Arugaruneckue coedunenusn. CBeleHHS O BJIHSHHH MO-

C/IEIOBATEJNbHOTO 3aMEIlEHHs] aTOMOB BOAODOJA B MeTaHe JDYTHMH |
rpynnamMy Ha Pe30HAHCHYIO YacToTy IIPOTOHA jAaer npasuso Lly- |
Aepu, COrJlaCHO KOTOpOMY 3HaueHHe § A/ HPOTOHA H3y4aeMoro

COeUHEHHUA MOXKHO PaCCYHUTaATb IO YPaBHEHHIO

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

€c/IH HCNoJsIb30BaTh 3HadeHus S(8) u3 taba. IV.3. Hanpumep, nas
XMMHUYECKHX CIBHIOB IIPOTOHOB METHJIXJIOPH/A, METHJEeHXJ0PHIa

H xJopodopma ypaBHenne (IV.16) naer snaueHus § 2,76, 5,29 u f

7,82 cOOTBETCTBEHHO, KOTODHE COMOCTABHMBI C IKCIE€PUMEHTAJbHE-
mu nanmbiMu 8 3,1, 5,3 u 7,27. [lns TpeTHUHOro NMPOTOHa B TPHde-

Ta6mmua 1V. 3. Tlocroannbie 3aMecruTeneli S(8)
AN CHEKTPOB NPOTOHHOTO pE30HAaHCA 3aMELIEHHHX MeTaHOB

3aMecTHTe b S (6, M. a. 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 1,55
CR=CR’ R” 1,32 CF; 1,14

Tab6auua 1V.4. Hukpementst S (8) (M. 1.) A PasAHYHOrO CKeJ@THOIO
samemenns (IIrpenos [7])

/G Cs ,
—Cy 0,248 —C,—C; 0,244 —C, 0,147 —Cy;—C3 0,006 °
\C3 \Cs
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Ta6auna [V.5. Mukpementst oTZeabHux 3amectutedefi (Ltpesos [7])

3aMecTHTENb gl:e.nome Sd), M. A 3amecTHTE b \;ll::ome- S(6), m. A
—CR3 3 —0,038 —OCOCR3 1 2,931
Ilsofinast cBsizp | 3,802 2 0,041
2 0,583 3 —0,086
3 0,203 —F % 8,(1)39
finasg cBA3p 1 1,032 ,131
Tpote 2 0,694 —Cl 1 2,170
=0 2 1,021 2 0,254
3 0,004 3 0,177
—OCH; 2 —0,374 —Br 1 1,995
—OCH;CR; 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 e cmoco6oM GBUIO paccuuTaHo § 4,22, a sxcnepH-
MeHTaJibHOe 3HaueHHe cocTaBJiser 6 4,70.

C nomoublo uHKpemeHToB S(8), cob6paHHex B Taba. IV.4 n
IV. 5, Takxke MOXKHO omucaTh GOJbLIIOE UHCIO CTPYKTYPHbBIX OCO-
GennocTefi. Jlisi 3TOro CcHauaja HyMepyeTcs YIVIEPOJHBIH cKeJser
paccMaTpPUBAEMOTO COeIAMHEHHS H @-aTOMY yI/epofa, Hecylemy
HHTepecyIOlHii Hac NPOTOH, MpucBauBaercs Homep 1. 3ateM B co-
OTBeTCTBHH CO CTPYKTypoH Anst P-yIVIeDOLHHIX aTOMOB HCIOJb3YIOT-
csl 3HaueHHs W3 Taba. IV.4, a HOMONHHTe/NbHble 3aMECTHTeJH YYH-
THIBAIOTCSA ¢ TNOMOLIbI0 3HadenuH S(8) w3 taba. IV.5. Bxaagm
(QYHKILHOHAJIBbHBIX TPYI, HANPHMED CJI0XKHO3(HPHOH, BHIYHCAAIOTCS
C MOMOLLbI0O MHKpeMeHTOB 1is 3aMectutenell =0 u —OR. B 3a-
KJI0UeHHe 3HayeHne § pacCunTHIBAETCH IO YPABHEHHIO

8=10,933 4+ 2. S(9) (IV.17)

TIpousmocTpupyeM OpoLeAypy pacdeTa Ha JABYX npumepax. 1. Ompeaenuts
XHMHYeCKHH CABHI METHJBHBIX ﬂpOTOHO}B B CI2-13—CO——CO—CH3.

3
[posoaum mymepaunio ckeiera; CH;—CO—CO—~CH; u souncasem ZS(8):

C, —C; 40,244
=0y Cs 40,004
—CRs y Cs —0,038

+1,231

A satem waxomum 8(CHs) mo ypammenuio (IV 17): 8(CHs) = 0,933 41,231 =
=: 2,164. [TosnyuenHOe 3HAUeHHE XOPOUIO COIMVIACYETCA C IKCMEPHMEHTAJbHEIM 3Ha-
ennem § 2,33.
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2. OnpeAeauTb XUMHUECKHHA CABUF METHJEHOBBIX TPOTOHOB B

2' 1 3
H4yC—CH3 CO0C,Hs
/m\
3/ \3
CyHs CO0OC,Hg
B COOTBETCTBHH C YKa3aHHON HyMepalHell mojyyaem CjeayoILyo TaGJdiy:
/<
—Cy—C; 40,006
e,
—C, 40,248
HOpa =0 y C; 40,008
‘D,ww \IOONIm y Om +O\pwo
—OR3 y Ou ..IO.ONwm
--0,644

B pesyapraTe nofiydaem sHavenne §(CHz) = 0,933 4- 0,644 = 1,577 ™. 1., a 3KC-

nepuMenTanpHe Hatijeno §1,84.

1.10.2. 3amewjennoie 6ensonsl. CHCTeMaTHUECKOe H3yUeHHE INpO-
TOHHBIX XHMHUYECKHX C/BHCOB B 3aMEHIEHHBIX O€H30/1aX MOKA3hIBaeT,
yTo M 37IeCh BJHSIHHE 3aMeCcTHTesell ¢ XOpolllel CTENEHbI0 TOYHOCTH
aBsisiercsl aAfHTHBHEIM. C IOMOIIBIO LAHHBIX, NPHBEIEHHBIX B TaO0JL.
[V.6, MOXKHO IPEJCKa3hBaTb DE30HAHCHBIE YacTOTbl MPOTOHOB B
npousBonubx Genszona. Tax, ans 1,4-1u6pomGen3ona HHKPEMEHTHI

TaGauma IV.6. 3Suauenus S(8) ans  sameileHnblx Oensonos  (Ilkekman #
Crepuxua [8])
S (), M. A S (8), M. A

3aMecTHTedib 3aMecTUTe b

opro Mmera napa opro Mera napa
NO, 095 0,17 033 C(CHs)s 0,01 —0,10 —0,24
CHO 0,68 0,21 0.27( CH,OH -0 -0, -0
COClI 0,83 0,16 0,3 || CH:NH, 0,0 0,0 0,0
COOH 0,8 0,14 02 I F —0,30 —0,02 —0,22
COOCH;,4 0,74 0,07 0,20 C1 0,02 —0,06 —0,04
COCH; 0,64 0,09 0,3 jj Br 0,22 —0,13 —0,03
CN 027 011 03 || I 0,40 —0,26 —0,03
CgHs 0,18 0,00 0,08 OCHs —0,43 —0,09 —0,37
CCl; 0,8 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-CHsCsH,SO; —0,26 —0,05 —
CH; —0,17 —0,09 —0,18{ NH, —0,75 —0,24 —0,63
CH,CH;3 ~0,15 —0,06 —0,18{ SCHs —0,03 0,0 -
CH(CHzs)2 —0,14 —0,09 —0,18] N(CHa)2 —0,60 —0,10 —0,62
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Ta6auua IV.7. 3navenns S(6) nas samemtenusix stuienos ([lackann, Mediep n Cumon [9])
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HukpeMeuTt

yeTcs B TOM cJyvae, eCJld 3aMeCTHTeJb HJIH H3ydyaemast ABORHAS CBAA3b COINDSIKEHH C JOMOJHHTEJhHRIMH 3aMeCTUTEJsIMH.

.
H30JIHDP. — H3OJHDOBAHHBIA; CONPSANK.—~conpsxkennnll; aaud.—anubaTuaeckuil. Mukpemeut aas «R conpsiK.» BMECTO HMHKpPeMeHTa AJf «R uso-
«AJIKHJ KOJIbIeBOR>» HCMOJB3yeTes] TOCKA, KOTJZa paccMaTpHBaeMHfi 3aMeCTHATeNb H ABOHHAA CBA3b O6Pa3yOT LHKJ.

JHP.» HCNOJB3
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NpeCKa3biBAIOT Ae339KpaHUPOBaHHE MPOTOHOB MO CPaBHEHHIO C OeH-
30q0M Ha 0,09 M. 4., a 3KCIepHUMECHTaJbHOe 3HAaYeHHe COCTaBJseT
0,06 m.a. Jdas 3-6pomMHuTpOGEH30J1a pacyeT MOMKHO BHINOJHUTH TaK:

Br 8 (H,) = 7,27 4 0,22 - 0,95 = 8,44

Hs Ha  s(H,) —=7,27 40,22 40,33 = 7,82
8(H,) =7,27 — 0,13 + 0,17 = 7,31

Hy L 2 (Hy)=17,27 — 0,03 40,05 =8,19

ATH pesy/bTaThl NPEKPACHO COTNIACYIOTCS C SKCNEPHMEHTANbHBIMH
sHaueHusMu (68,38, 7,80, 7,36 u 8,16 B TOM Ke mNopsIKe)-
OTKJOHEHHs OT aAJMTHBHOCTH, KOHEUHO, HaBJI0AaI0TCs, eC/Id ABa
uad Gonblie 3aMmecTuTeselt B GEH30JbHOM KOJble HaxoAATcs B
COCeIHHX TMOJOXKEHHAX Jpyr K Apyry. Hampumep, XxuMHuecKuit
CIBUT OpPTO-TIPOTOHOB B JHMETHJA(TanaTe NpH pacyere [0 MHKPEMEH-
taM Taba. IV.6 nonyuyaercs paBHbiM 6 8,08, B TO BpeMs Kak 3KC-
nepuMeHTaJbHOe 3HadeHHe paBHO § 7,66. OueBuAHO, B 9TOM Ciyuae

He BHIOJIHAETCS NPEeANOJOXKEeHHE O TOM, YTO 3aMECTHTE/IH BJAUSAIOT 4

Ha XUMHUYECKHH CABUI HE3aBHUCHMO JIPYT OT upyra.

1.10.3. Oaegunoseie cucremol. B 3axmouesne B 1aba. IV.7 npu-

BeeHbl 3HaueHHs S(8) U 3aMeIleHHBIX 3THJIEHOB, KOTOPHIE TAKKE |
OCHOBaHBl Ha OGLIHPHBIX SKCIEPHMEHTAbHBIX JaHHBIX. XHMHUECKHE |

CABHUIH PACCUHTHIBAIOTCH 110 YPaBHEHHIO

8=5,284 2. S(9) (IV. 18)

1.11, Taéanupl XHMHYECKHX CIBHIOB B CNIEKTpax
NPOTOHHOTO Pe30HAHCA OPraHHUECKHX MOJEKYJ

XyuMHuueckde CIABHTH MPOTOHOB AJA PA3JHYHBIX KJAACCOB OpPraHH-
gecKHX coenuHeHHH cBefennl B Ta6a. X1.1 B mpuaoxenuu. Ty 06- ;
myo NOAGOPKY MOXKHO HCIONAb30BATH KAK CIPABOYHHK H Kak j
BCIIOMOTATeNbHOE CPEACTBO IJisi OLUEHKH XMMHUYECKHX CHBHUIOB, KO- |

TOPBHIX MOXKHO OXHAaTh B pPa3HbiX CTPYKTypax.

2. CMUH-CNMHUHOBOE B3AMMO/ENCTBUE
U XUMUHECKOE CTPOEHME

B sTOM pasjene Mbl OGCYJHM KOPDEJSUHH MEXAY KOHCTaHTaMH |
CNHH-CITMHOBOro B3auMojelcTBHss H—H U XMMHYECKHM CTpPOEHHUEM. §

OO6uuit 0630p 3Tofl TeMbl yxke Obl1 JaH B KoHle ra. II B ta6ua.Il.2.
[pu panpHeHileM A€TaAbHOM OOCYXKIECHHH PA3NUUYHBIX THIIOB CIIHH-

CIIMHOBBIX B3aHMOJeHCTBHE Mbl GyIeM HCHOJNb30BaTh Kjaacchpuka- |

1[I0, YKa3BBAIOIYI0 4YHCJIO cBsizelt MeXJy CBSI3aHHBIMH AIpaMH.

Mbl GymeM pas/HuaTh 2PMUHAAbHOE, BUYUHAAbHOe W OaibHee |
CITHH-CMTHEOBOE B3aHMOMAEHCTBHE, €C/JH CBA3aHHBIE siApa pa3sjlesieHHl |
Osyma, Tpems Wad  O6O0Abwum 4UCAOM CBA3EH COOTBETCTBEHHO |
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Tabauua 1V.8. Knacendukauyus coHH-COHHOBLIX

B3auMojeficTBUM

Tun cBs3siBaHUA Ha3spauue n Cumpoa
H\C H\C= Tem

H// H,/ HHaNbHOE 2 2J

H\‘C——C/HI Bununanbuoe 3 37

:\C=C/ . > 3w,
\C=C\H, » 3 Y

Hanbuee cnuH-cruHOBOE B3aMMOAEHCTRHE:

H—C—C=C—H’ Annnnsaoe 4 4
H—C—C=C—C—H’ Tomoannunsuoe 5 57

(rabn. 1V.8). Yncno cBsseit n nenossayeres kax BePXHHH HHIEKC
nepel cuMBoJIoM J. B HeHaCHIEGHHBIX cHCTeMax MOXKHO OJLHOBpe-
MEHHO YKa3aTb C NMOMOIUbIO HUXKHErO HHJCKCA NOJOMKEHHE CBSI3aH-
HbIX SIAEP OTHOCHTE/BHO ABOHHO#A CBSI3H (yuc uau Tpanc). B npusun-
M€ YHCJIO CBSI3€H, YEPE3 KOTOPbIE MOXKET HabJ1101aThCsA CIHH-CITHHOBOE
B3aHMOJeHCTBHE, He orpanHHyeHo. Ho B ofmieM BeiuuMpa KOHCTaH-
Thbl CIIHH-CIIMHOBOTO B3aHMOLEHCTBHSI yMeHbIUAeTcsi ¢ POCTOM #, H
SHAYUTEJbHOC B3aHMOJeHCTBHEe OGoJiee 4YeM uepes IATh cBAzel
HabuoaaeTcs penko.

Caenyer Takxe 3aMeTHTb, 4TO 3HAKH BeeX 3/ M GoabunHcTBaS/
NOIOXKHTEAbHBI, a 2J 1 4] MOTYyT GbITb M NOJOKHTENbHBIMH, H oTpu-
latespubiMu. [Ipu cucremMaTHYecKOM o6CyKIeHHH BaBI:ICI/IMOCTH
KOHCTaHT CIMH-CIHHOBOIO B3aHMOJEHCTBilsl OT CTPOEHHS, eCTeCTBeH-
HO, HeOOXOJMMO YYHTHIBATb M HMX 3HAKH. Be/JHUMHA KOHCTAHT H3-
MepsieTcsi B reprax.

2.1. TeMHHAJbHbIE KOHCTAHTHI CTIHH-CITHHOBOTO
B3aumopeicreus (2J)

o Benen 3211 KOHCTaHTOH CIHH-CIIHHOBOTO B3aHMOLEHCTBHS uepes
AHY cBfA3b 'Juy B MOJIEKyJle BOZOPOJA, BEJHUHHA KoTopo#t 276 I'y
gl?st_CTaBnﬂeT Teopemqec%nﬁ HHTfpeC, reMHHaJbHble KOHCTAHTHI
60%HCIHHHOBOFO B3aHMOJeHCTBHS *Juy 06pasyioT TIpynmy caMbx
ABUIHX TPOTOH-NMPOTOHHBIX KOHCTAHT, 3HAYEHHS KOTOPHIX JIexaT

B
y Avanasone or — 23 mo -+ 42 I'm. Benuuuna 2/, onpegensercs
HOruMu pakTopaMs,
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2.1.1. 3asucumocre s, or eubpudusayuu yeaepoda. Ilpu nepe-
X0Ze OT MeTHJEHOBOH Tpynnbl ¢ Sp3-rHOPHAHBIM YIrJIepOAOM B Me-
Tage K Sp2-ru6puAM3alUM B ISTUJIEHe TeMHHaJbHAs KOHCTAHTa H3-
MmeHsiercss oT — 12,4 10 -+ 2,5 T'u. B mukaonponane ¢ ero ocoObiM
THIIOM CBSI3H HA6JI0JaeTCs TPOMEXYTOUHOe 3HauYeHHe. B Apyrux
HaMpsSKEHHBIX [HKJIHYECKHX CHCTeMaX 3HadeHus 2/ MOTYT JOCTH-
ratb — 5,0 Tn, HO reMuHajbHas KOHCTaHTa B HuKJ0OyTaHe He
CHJABHO OTJIHYaeTcsl OT KOHCTAHTH B MeraHe (raba. 1V.9).

TaGauua IV.9. 3aBUCHUMOCTE TreMHHAJbHOTO CIHH-CHHHOBOTO
B3aumoseiicteus 2/un (Tu) or ruGpuansapuy yriepoia

W, H H H
) /’C<H /><H H2C=C<H
-124 -43 .25

H
<" y
H
-N..-15 -5,4

2.1.2. Bausnue 3samecruteseid. Ha Benuunnn 2/ OKasbiBaloT
BJHSIHMe 3aMecTHTeNd Kak B o-, Tak H B [-mojoxenud. B
ta6a. IV.10 nmpeacraBjieHs XapakTepHble AaHHble. MOXHO BHIETb,
YTO BBeJleHHE 3JEKTPOOTPULATENbHBIX 3aMecTHTeJed K MeTHJEHO-
BOMY aTOMy yIJiepofia NPHBOAHT K CMELIEHUI0 TeMHHAJbHOH KOH-
cTanTh 2/ B 06JacTh Gosee NMOJOXKHTEIbHBIX 3HadeHUH. [Tpu sToM
JJIS1 METHJIEHOBOH TPYIMNbl ¢ Sp3-TUGPHAHBIM YI/1epoaoM abCcooTHOe
3HaueHHe KOHCTAHTH YyMeHbilaercs. B mosusaMemeHHBIX MeTaHax
BAWSHHE 3aMeCcTHTesNell B mepBoM mpubauxkeHHH aaautuBHO. Iloa

BJHMSHUEM KHCJIOPOLA FeMHHAJbHAas KOHCTaHTa B 3THJIEHOKCHIE CTa- 1}
HOBUTCS noJoxkuTeabHoll. OcoB6eHHO GONbIIOe MOJOXKUTENbHOE 3Haue- ]
HHe B (opMaJbjeruie o6yc/oBaeHO AOMNOJHHTENbHBIM B/IHSHHEM He-

mofeJIeHHbIX 3JEeKTPOHHBIX Map aToMa Kucaopoga. B cayuae sp®-
ruGpHAN30BaHHOR METHJEHOBOH TpYAINbl HMEeT 3HaueHHe TaKxKe
OpHeHTalus HenodesenHbLX 3AeKTPOHKbLX Nap OTHOCHTE/LHO paccMa-
tpuBaemMbix cBsizeii C—H. 3Jtor addekr npociexnBaercs npH

cpaBHeHHH 3HaueHH#l 2Jux B 1,3-IMOKcaHe 1 KoH(POpMaUUOHHO GoJee |

KEeCTKOM JHOKCOJIaHE (‘bOp MaJibaernzia.

B npOTHBOMOJIOXKHOCTb BJHAHHIO @-3aMECTHTeNell 3/1eKTPOOTPH-
LaTeNbHbE TPYNNBE B P-NONOXKEHHH CMEIAlOT BeJdHYHHY 2Jus K OT- §
pHLATE/JbHBIM 3HAUEGHHAM. DTO SICHO NOKa3bBAlOT 3HaueHus 2/ |
B 3aMelleHHBIX 3THJeHax. HampoTuB, 3/M€KTPOIOJNOKHUTE/bHEIE 33-
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Ta6auna 1V.10. Biusune samecTuTenell Ha reMHHAaJbHEIC
KOHCTAHTH CHHH-CHHHOBOrO B3auMogmelicTeus (I'i)

1. o-3amemnenne

0
CH, -12,4 [>cH: + 55
CHsCI -10,8 RN=CH, 4165
CH,Cly -5 0=CH, 4422
HN R
0
0

0,
\ \
@[o/CHz 15 [O,CHZ o

2. B-3amemenne

H H
H H

>e=c{ +25 Ne=c” 1
H

Np—p” H

c=C -32 Npmn”

e N\ » c=C +20
F H sz:,/ \H 7
H H

Np—pn” H H

/C—C\ - 20 \C__.c/ T

3. Coceanne m-cBsa3n
CHEN - 16,9 D
CN-CH~CN =204 s J1hs

Mectutenu cMemaior 2/y, B CTOPOHY MOJIOKHTENbHBIX 3HAUCHHH. H
il;l;imlaemémﬂmm OHa HaljeHa paBHo# -+ 7,1 T'u. Cocednue n-cafzsu
s KOH}é;wbmamT SHAUHTENLHOE BJMAHAE HA BeJHYHHY IeMHHAJIb-
ko AHTBl CIHH-CMIHHOBOrO B3auMmojeHcTBuA. OHH NPHBOAAT
dennr K?),HK OTPHUATE/NbHEIM 3HAYEHHAM, MO3TOMY abCOJNIOTHOE 3HAa-
v MaCTaHTbI npu 3TOM BO3pacraeT. Tak, NpH mepexoje OT Me-
1o pog nogonmpnny reMHHA/NbHASL KOHCTAHTa MeHsieTcss oT 12,4
TGMHH’am,HH. 4XHO OTMETHTB, UYTO BJHSHHE COCEIHHX m-CBS3ell Ha
Tonp, TOqH}go KOHCTAHTY 3aBHCHT OT CTePEOXHMHH H3yyaeMOH CHC-
nap, o o0 TaK e, KaK BJHSHHE HENOJeJEeHHBIX 3JEKTPOHHBIX
MeH’TaanHe OBOpHJIOCh BhIe. TeopeTHyeckHe pacueThl H SKcIepu-
2 rogrHe JaHHBIE noanb;Ba}or, 4TO BJIMAHHE COCelHell m-CBA3H

a-open HYIO KOHCTaHTy /.y siBasieTcss QyHKIHel yria ¢ Mexay
Taneio u ¢BA3bI0 C—H. DTa 3aBHCHMOCTBL fICHO MOKa3aHa
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Puc. IV. 21 I/IéMeHeHHe reMHHaJbHOH KOHCTaHTH CHHH-C[IiIEI)I_rII)OBOI‘O B3aHMOAEHICTBUAS
2] TIOJ BJAMAHHEM cocefHHx m-op6urtajefi (Crepuxenn .

~10 |-

na puc. IV.21. HaunGosbuiee BAMSHHE JOJKHO HpOﬂBJIHT]E;f:TI/’II‘J(I);I:g;
KOTJia cocellHsisi M-opOHTaJb MapaJse/ibHa mocmcnﬁonmepmna—
Boro (parmMeHta. DTO TEOPETHUECKOE ilpellCKasanue APy
eTcs BeauuMHaM# 2/ B uUMKJONeHTeHAMOHe (43), Quy II:)vaIX )5
a TaKXKe OTHOCHTEJIbHBIMH 3HAYEHUSAMH JIByX TIeMHHaJ :

CTaHT B coeiiHeHNH (45).

-1n,6Ty
H H

0 \ H ]

H O OO -5y, 4

u =215 Ty, O. H i
0 H H

-22,31y,

a3 aa as

YnomuHaBLiasics 3aBHCHMOCTb 2Jyy OT rubpuansanuu aTOM;C’}I‘/;J;/
pojia JaeT OCHOBaHHe I0JIaraTh, uTO CyulECTByI?IT xapam}e(z)p ieTirie
cKasd KOppeJSILHs C BeJIHUHHOH Yyria H——C— , KOTOIEIZ e
6bl10 6Bl MCIOJAB30BaThb [Js MNOJyYeHdAss HHpopMal oy
C—C—C. Ho 3To cooTHOlleHHe He yaaerca chopmyn gaml
AOCTAaTOYHO TOYHO, 4TOOB OHO OBLLIO MOJIE3HO 114 r1pe11c:3<;1e1:I
HOCKOMBLKY CJAHIIKOM Da3HOOOpasHLl BJHSHHSA SaMECT:}”g -
reMHHaJIbHYI0 KOHCTaHTy. Dosee mosesuyio HH(opMal

isct
clydae [aiOT NpPsIMble KOHCTaHTH  4Yepe3 OfHY CBA3b stc.

(cM. pasa. 2.3 ra. X).
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Puc. IV.22. Cxema nocrpoenus u AHArpaMMa SHEPreTHYeCKHX YPOBHEH MoJieKy-
JApHBIX op6uTanel rpynne CH,.

2.1.3. Mouzekyaapno-op6urarsnas modess 0sa unTepnperayuu
BAUARUA 3amecTuTesed na %J. B 3Tom pasgene Mu paccMoTpuM
MOJIEKYIpHO-0pOHTaMbHyl0 (MO) Moge, MO3BOJISIONLYI0 PauHo-
HaJIhHO OODBACHHTH BJHSHHE 3aMecTHTeNel Ha FeMHHAJbHYIO KOH-
cranty %/uy. OHa ocHOBana Ha TEOPETHUYECKOM Pe3yJbTaTe, CONIACHO
KOTODOMY KOHCTaHTa Juuy MeXIy ABYMS NPOTOHAMH NPSMO NPONOp-
UHOHA/IbHA TaK HA3hIBAEMOH B83QUMHOL ATOM-ATOMHOL noaapusye-
MOCTU IBYX 1s-opGuTaself Bogopona:

Thue o< map (IV.19)

9Ta noaspusyemocts B MeToze MO OnpejessieTcss COOTHOUIEHHEM
3dH He3aH

T =—42 X |yl ety /(E, — E,)] (IV. 20)

T
TRE Cipy Cip M T.A. — KO3PDHUHEHTDH Is-opburaneit A u & B MoJe-

KYJAsApHBIX opGuTansax W; u W;, npeacTaBasOUINX co60H, Kak xopo-
W0 u3BecTHO, MHHEAHYI0O KOMGHHAIMIO ATOMHBIX op6HTanes:

‘F‘.———ciA«}SA—{—ciBtﬁB—}- coe Tt oty (Iv.z21)

Eiy Ej — snepruu op6urased, a CYMMHpOBaHHe HPOBOJUTCH 110
BCeM 3aHATEIM M cBOGOAHBIM MOJIEKYJISIpHBIM OpGHTansaM. B Tteopun
aTOM-aTOMHbIe MOJISIPH3YEMOCTH 7t;; MOXHO HCMOJNb30BaTh, Ha-
Mpumep, nns ouenku BOSMYIEHHS KYJOHOBCKHX WHTErpajioB LeH-
Tpa i mox BausHHeM SJIEKTPOHHON IVIOTHOCTH Ha aToMe j.
OJICKy/IsipHble opOHTanun rpynner CH: MBI MOMeM HOCTPOHTE
I3 YeThipex aTOMHBIX opburanedi: 1Byx ls-op6utaneii aTomoBs BOJI0-
Poxa u npyx THODHAHBIX OpGHTaMeH yrJjeposna, KOTopble MOTyT GbITh
$P%- unn spd-tuna. Toraa Mbl noayunm nmarpammy sneprerhyeckix
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i a Heii pasHbIM 3HAaKaM KO- §
oKasanHylo na puc. IV.22. H ‘
 ntenT ' B T. 1. COOTBETCTBYeT passiHuHas 3aTeMHeH-

[Toc/el0BaTeJNbHOCTb JHEPTHH  MOJIEKYJAPHBIX |
— ¥, ompejie/isieTCsl YHCJOM CBA3BIBAIOUIAX B3aHMO- §

3 PHLUEHTOB Cin, Cip
HOCTb DHCYHKA.
op6urane W,

JeficTBHI MeXXAy aTOMHBIMH OPOUTa/ISAMH, T. €. ePEKPbIBAHHH C ONH-

HAKOBLIMH 3HakaMH. Kpome TOro, MoJeKy/sipHbIE Op6HTaJ:{I/IHI:IIgZ¥;I;0
OT KX CBOHCTB ITO OTHOLIEHHIO - |

a31eJUTh B 3aBUCHMOCTH - |
ETI/I CHUMMETPUH Oy HA CHMMETPHUHBIE § (npu mpamegfgu :egﬂ—o—(ii{f(-)) ‘
ctu W; naer ¥;) 0 aHTHCHMMeTpHUHBIE a (oTpaxenue Wy I i)

®parment CH: uMeer 4 CBA3BIBAIOLIHX SJICKTPOHA. B ocrHoBHOM

coctosing MO W, u W, npaxpn 3asath. C yueToM nponog;x:ld(())- “
naapuocTd (IV.19) BeaHuWHB KOHCTAHT anH-anHOB%;c;pﬁiHbIMH ]
MH 3]

i I0TCA YETHIPbMS BO3MOKHBI ‘
JgeficTBHSL onpeneJist 1 BT SICKTPOKIMY,
— opburanamu i H j. y ‘

nepexofgaMu A—D Mexny akon
Kog(’pqmuueHTOB Ciny Cip’» Cin ¥ Cjy STH IEPEXOMH! AI0T B KOHCTAHTY

BKJaJHl CJAeAYIOLIHX 8HAKOB!
A: nepexon ¢ ¥, ma Wy
B: nepexon ¢ W, ma W,
C: mepexon ¢ W, na Ws;
D: nepexon ¢ W, na Wy

|+ +

3aMecTHTeJ el
yTO6H ONPENeNHTh 3PPeKTH ]
Tenepp, &I TOTO p bt Yy

0
¢$buunenTH Cj, H Cip- Uro6sl 370 cAeNaTb, BaXXHO IIOMHHTb, 4TQ

AOCTAaTOYHO JHHUIb HceaeloBaTh, KakK 3aMellleHHe B

B3aHMOJlelicTBHE MEXAy OpOHTanblo 3aMeCTUTeJNs U 3oge;§)3;$ﬂop}:{xg
#. On :
npejesseTcss CHMMETPHeH.

op6uraapio rpynns CH: o C
JIﬁIIIb NpHd OAMHAKOBOH CHMMETPHH o6enx opburajell OTHOCHTENb
e a
HO Op. 1103TOMY HHAYKTHBHBEI s
MeH;’I‘b K03 (hUIHEeHTH TOJBKO B ¥, (n ‘Ifso COOTBeTCTB(_i(X;IHgI?I’}aJIb :
BpeMsi KaK FHIepPKOHDBIOTATHBHbIE B3aHMOJCHCTBHUA C p2-0p ,

OrpaHHYUBAIOTCA ODPOHTAJBIO W, (umu W4 COOTBETCTBEHHO).

N
\

Z
////4,,_'/

\
N

————— -t ——— o
E
§\\
¥ o ¥y s
Ilasi 3aMecTHTesed ¢ — l-apdexrom Mp NOITOMY JOMKH

OXHIATb TepeHoca 3apsaia ¢ opburamu W, Haﬁg}I{)’S(;/Il;raCﬂi :ag
cTuTeN. DTO NPHBEAET K YMEHLIICHHIO Koaq)dbgu CHTO E;acmy
Ho cymma KO3(hQHUIHEHTOB NpH aTOMHbIX6 opour o’n )l}(,Ha ok
IEX B O6pa3’oBaHHH MOJEKYJSAPHBIX Op HTaJIeH,C ILH a oct
BaTbCA NOCTOSAHHOH. ITosTOMY MHpH YyMEHbUICHHH 61;;am1 éhh 034
(UUHEHTH B CHMMETPHYHOH PpasphXJAloNleH Op 3

dexTH 10 0-op6uTanAM OyAyT H33
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AOJIMHBL YBEJHUHTBCH. B COOTBeTCTBHH ¢ ypaBHeHHSIMH (IV.20) u
(IV.19) Bkaax B B reMHHAJbHYIO KOHCTAHTy IIPH 3TOM YyMeHb-
wHTes, a BkaAax C Bo3pacrer. Bkaaawt A u D B epBOM NpHGIH-
JKEHHH OCTaHyTcss 6e3 H3MeHeHHH. PasHocThb suepruin  E;—FE,
MeHblie, yeM E,—FE;. ITostoMy yBenuuenue Bkaaga C npeBaJu-
pyer H 2/ CTaHOBHTCS Gosee MOJIOKHTEbHON. DTO u HabJonaercs
sKCIepHMeHTabHO (Tabut. IV.10). OueBumgno, uto Tem ke nyTeMm
MBI IPHAEM IS 3aMECTHTeNst C - I-aheKTOM K NPOTHBOMOSONK-
HOMY IIpeJCKa3aHHIo.

Paccyxnas tem xe crnoco6oM, MOKHO npejackKas3arh, YTo B CJay-
uae euneprovI02aTuBrO20 83aunodelicTeus ¢ aKyentopom 3/1eKTpo-
HO8 yMeHbiluTcs BKIaA C u yBenuuutca Bkaag B, a pknaast A D
B EPBOM NPHONHKEHUH ONATh He W3MeHsercs, Ho H3-3a Membimesi
pA3HOCTH SHePrHH H3MeHeHHs Bkaaia C GyAyT HMeTh GoJblluee
3HAYEHHe H KOHCTAHTa B3aUMOJEHCTBHsS cTaHeT GoJee oTpyLa-
TeJbHOH. IDTO TaKXKe IOATBepPIKAAeTCS SKCIIePHMEHTaJNbHO (Tab.1.
IV. 10, puc. IV.21). Peskoe yBennuenue BesMUMHBI TeMUHAIBHOMN
KOHCTaHTBl B ()OpMaJ/ibJlerHie NpeAcTaBAseT OCOGEHHO BIEUATISIO-
WHA TPHMEP NPHMEHHMOCTH mpoctoli MO-Momesn. 3necs — [-30-
dbexr aToma kucaoposa wu THIIEPKOHDBIOTATHBHBEIA NMEPeHOC 3apsafa
C HECBSSBIBAIONUX OpOHTaTeNell HeNOAENEHHBIX 3/1€KTPOHHbIX nap Ha
rpyniy CH, ycuauBaior Apyr apyra. AHanordunbim o6pasoM runep-
KOHDIOTALHS B UHMKJIHYECKHX NPOCTHIX 3(HPaxX NPHBOAHT K MOJIO-
KUTEIbHBIM H3MeHeHHsAM 2J. HaxoHel, ¢ 5THX NOSHNMi crano-
BHTCS NOHATHOH M ONHCaHHAs BHINE KOHPOPMALHOHHAS 33aBHCH-
MOCTb BJIMSIHAS 71-CBSI3€ M CBOGOJHBIX 3JIEKTPOHHBIX nap Ha 2/,
Hx snekrponnoe Baaummopeiictue c opburaneio W, onpemensercs
BENHUHHOM €OS @, THe ¢ — yroa MexIy OCbio 2 H OChIO op6urasn
3aMecTHTe.

2.2, BHuUMHAJbHAS KOHCTAHTA CITHH-CITHHOBOTO
B3aumoneictus (3J)

CBellennss o BHMIHHAJBHEIX KOHCTAHTAX CHHH-CIHHOBOLO B3au-
MOneficTBHS H 06 HX B3aHMOCBSI3H C XHMHYECKHM CTPOEHHEM BeCh-
Ma oGWMPHEL. B corsacHE ¢ TeopeTHYECKHMH pacueramMu Gwiio
ll0kasano, yto BenmuMHa 3/, 3HAK KOTOPOH, Kak panee 6bLIO ycTa-
HOBJIeHO, BCera MOMOXKHTENEH, B OCHOBHOM OIpe/edseTcs YeTHIPb-
M dakropamu: 1) dsyepanuein yesom ¢ Mexay paccMaTpuBae-
MbiMu C—H-cBsissimu (a); 2) daunoi cesasu Ry, (6); 3) saxenr-
Molmu yesamu 6 n 0 (8); 4) INEKTPOOTPUYATEAOHOCTHIO 3aMECTH-
Teast R Bo ¢parmente H—C—C—H (2). '

H
\>\ L‘J \M/ ) C—C/
Ry \R

[74 > 5 :
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Taéanua IV.11. 3aBUCHMOCT BHUHHAMLHON KOHCTAHTH CHHH-CIHHOBOIO B3aUMO-
feflcTBAS (Tu) ot mByrpauHoro yriaa
12
7 ,
3 : H
il H M H CN ,OH o—oH
10 K / i >C:C\ >C:C< o-1H
HyC CN HsC H OH OH
8 [ H H
6 L 11,0 16,0 3,0 74
4L 3
‘ Ghe M CeHs, _COOM H H
) 3 /\C:C\ /C—C\ / /h H / i
N E COOH
{ H H H 1) Y
i .
o 20° 40° 80° 1oo° 120° 140" 160"180" i 15,8 12,3 3,9 8,0 93
¢
Puc. 1V.23. Kpusan Kapniyca — KoHposi, omHchbiBaonias 3aBHCHMOCTb BHIHHAJIb- |
HOfl KOHCTQHTH CTHH-CIIHHOBOTO B3auMofeficTBHA 3/yy OT ABYTPAHHOTO yria ¢. @ 13 i 4 12,0 'COOR H
CnJyowiHag nuﬂna—;eopeaneCKaa KpHBasi; sallTpHXOBAHHAaSR naomanb — obracTb IKCTIEpH- " ‘. 3 /
MeRTaJbHEIX SHAYeHHH. ! .g- » I Vaozz ) 3,2 N COOR
» 4 = 3 H A
2.2.1. 3asucumocte oT O8y2paHHO20 yeia. 3aBHCHMOCTH BHIH- § H Sy Wopy ) 40
HAJbHOH KOHCTAHTH CHHMH-COHHOBOTO B3aHMOAEHCTBHS OT ABYIpaH- | MET - e ot . mpm) 12,3 Jig5769,0 Iy 9,4
HOTO yrJa ¢ Oblla BHepBLHe TeopeTHYeCKH npelickasana Kapnaycom
u Konpoem. Oua npeacrasiena na puc. 1V.23. dta gpuBas OMUCH- Impane 44 mpane “12
Baetcss coorHomenuem (IV.22), roe nmocrosuusie A, B u C paBubl o

4,22, — 0,5 1 4,5 COOTBETCTBEHHO. JKCIEePHMEHTANbHbIE AaHHbIE Ka-

3= A+ Bcos¢ + C cos 2¢ (Iv.22) H)A(= H)A(i A Vi
~ COOR W =

YeCTBEHHO XOPOMIO COFJACylOTCS C pacyeTaMM, NPOBEeSEHHBIMH IJf | COOR H H
dparmenta H—C—C—H. Ognako 3KCnepHMeHT NOKA3LIBAET, UTO | 3,8 84

3HaueHus 3Jun 19 ¢ = 0 u 180° B ob6umiem Ha 2—4 I'n Goablre, uem Jyue M2
paccuuTanHbie, XOTS TEOPETHYECKH TMpEeJCKa3aHHOe COOTHOUICHHE § mparc 8,0
S igo0 > 3Jo, Bcerna noaTBepxAaeTcd. IlosToMy mJs ypaBHEHHS |

(IV.22) Obliu MnpensoxeHbl 3MIMPHYECKHe HOCTOSIHHBIE A =7, Br COOR Br Br
B=—1u C=05. Kpusaa Kapnayca — Konpos obbscuser psan | .

BaXKHBIX 3aKoHoMmepHocTefl (raba. 1V.11). Hanpumep, B ogeduno- | HB, HCOOR
BHIX CHCTEMax CIHH-CIHHOBOE B3aHMOJeACTBHE MEXIy TPAHC-TIPOTO-

HaMH Bcerga OoJblie, yeM MexAy yuc-nporoHamu. IlosTomy Jerko H? HE H? H¢
pasnHuaTh yuc- H Tpanc-u3oMepbl. Ilas 1,2-nu3amelieHHBIX 3TaHOB | s 13

CIpaBe//INBO COOTBETCTBYIOLIee COOTHOMIEHHE J.oum << Jrpanc. Bemen- | S Uyl 90 o ) 9
CTBHE 3TOTO B KPECJOBHIHOH KOH(MOPMAIMH UHUKJIOreKcaHa B3aHMO- Y ) 10,0 Juw W) 86
feficTBue MeXAY ABYMs aKCHaJbHBIMH MNpPOTOHaMu OGousiblue, ueM | Yoo o) 33 Jurdos Chyp) 81
MEXIy ABYMS SKBATOPHAJLHBIMH HJIH MEeXAY AKCHIbHBIMH H 3KBa- —_—

TopuanbHbIMu (Jag = Jea & Joe). DTa 3aKOHOMEPHOCTH HCHOJb3YET-
¢l KaK BaXKHbIl KpuUTepUH B KOH(OPMALHOHHOM aHaJiu3e NPOH3BOA-
HBIX LUMKJOTeKcaHa H caxapoB. Tak, B B-hopMe I/110K036l aHOMEDHBIH
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Puc. V. 24. CooTHoleHHE MEXKALY BHUMHANLHON KOHCTAHTOR 3Jyn H JJHHOW CBA3
R,y ©B HeHACHILCHHBIX iecTHuneHREX Koaplax (Ilapiuuek, Tontep [11]).
1 — padrTajuy; V — aHTpaleH; Vi — uuc-S,G-p.uMe'mnuuxnorexcanueﬂ—l,3; Vil — GeH30%;}
VIl — denantpes; 1X — 6udennned; X — GensonukaoGytes; XI — IHKJOTEeKCeH ; X

1

Tpuuuxno[4 3,10t '6] neKkanueH-2,4.

NpOTOH -He TOJNBKO CHJbHEE 5KpaHHPOBAH, YTO yXKe OTMEeHanoch (c™m
pasa. 1.3), HO M HMeeT 6GMbUIYI0 BHIMHAJBHYIO KOHCTAHTY, ueMm
a-thopme.

Oco6bie 0GCTOSTENbCTBA HMEIOT MECTO s TpPeX4JIeHHOro IHK
n1a. 31ech AByrpaHHblfi yroa i yuc-TIPOTOHOB paBeH 0°, a an
TPAHC-TIPOTOHOB OH coCTaBJsieT MPHUMEpPHO 130°. B cooTBeTCTBHH
xpuBoii Ha puc. 1V.23 MOXHO omuAaTb, 4T0 3Jyuc = *Jrparc, 1 2
Beeria MOATBEPIKAACTCS IKCHEPHMEHTATBHO A mapel yuc, Tpaw
¥30MepOB 3aMelleHHbIX [[UKJIOTI POTIAHOB.

Te e COOTHOLIEHHS CIPaBeMJIHBb A 3TUJIEHOKCHAA H a3Up
auna. Jlast MPOM3BOAHBIX LMK/I00yTaHA W UHKIONEHTaHa ABYrpa
Hble YIibl MeHee UeTKO onpeeNsIoTCs, TaK KaK LHKIL O4€Hb 1o

pKHLL [109TOMY OJNHO3HAUHOE onpejesieHu
ocHoBe 3HaueHuii 3J B 9THX cHCTEMaX, KaK MNPaBHJIO, HEBO3MOXKH

9.9.9. 3asucumocto OT OAuHbL CEA3U R,,. Ha puc. IV. 24 B

puHaJdbHble KOHCTAHTHI
CKOJIbKHX HeHACHINEHH
cup aaue cessedl Ruy,
Jcc/IelOBaHHSX COOTBETCTBYIOILHX cOeNHHeHHH.

JlyrpanHbie yras B paccMaTpHBAEMBIX COEJHHEHHSX MO

' HO NpPHHATH PABHBIMH 0°, a MOCKOJBKY BJHHHE yr/eBOAOPOAH

LIX HICCTHUIEHHBIX IHK/IaX OTJIOXEHHl TP
onpefeseHHbIX MPH TOUHBIX CTPYKTYPH

CIIMH-CTHHOBOIO p3aumoneiicTBusi B HE
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3aMECTHUT ¢
e/lefl  NpeHeOpeXKUMO  Majo, JIHHEHHOE COOTHOLIEHHe

(IV.23) moxHO p
. accMaTpHBaTh KakK cJ -
ceasu C--C. 3uavenus 3/yy, €ACTBHE H3MEHEeHHH IJHHBI

3/ — — 35,10R,,, -+ 56,65 (IV. 23)

TakuMm 06
Ta CB[;ag:ie%M,CO‘{EHquyBCTBI/ITeJIbeI K MajbM pa3/iHuHsM B
e Hon.yqﬂgimc;e(%rne (aKTOpH TOCTOSHHB, ¢ HX
: HHUS O CTeleHun
cBsized Treon
o ?B;Lllanﬂxnmec}fnx n-cucreMax. [lockonbky B Teopggngggaf;m
JHHEHHO KOppeJaHpye i o
T C JJHHO
7 1 y i cBA3H -
% yeTr TaKXe JIHHEHHOe COOTHOLIeHHe MexKAY I R cyne
pv U 3HaueHusamu 3J. Ins apomartuuecku coennmenni Gerone.
Pus X COedHHEeHHH -
psna BemosiHAeTca ypaBHeHHe (IV.24). Takue xe co%i:i)omﬂz

=12 —
AT Pyy — 0,71 (1V.24)

Hust ObLIN
BbIBCJACHBl H JAJIS1 IJIOCKHX NATH- U CEMHUJEHHBIX IHK

JIOB, HO H3-3a pasjH4us
BAJIEHTHBIX YIJIOB
B HHUX Apyrue Ko3dpduuueHTH. Y HEC o omix umcrax

ITarusrennoe yuxaor: 3 =7,12P,, — 1,18 (IV. 25)
= .

. J = — 32,62R,,, + 48,45 (IV. 26)

emuurennvle yuxavi: 3 =21,91P,, — 3,85 (Iv.27)
= .

J = — 36,74R,,, + 60,68 (Iv.28)

223. 3

barien: H;wggumocrb OT BAREHTHLIX YeA0s HCC. Bnusinue sto
Qatopa i | KJ:)H‘!HHY Jun fICHEe Bcero MpoOsiBJISETCA B 3HaquH;§
PHLAHALD MOHOO?I(E:}E?HT YUC-IPOTOHOB NPH ABOUHOH CBSI3H B ILHK
HHaX C pa3IHYHBIM -

iy 0 H pa3MepaMH UH

CTBy}Qﬂ:yg{&)&HHHH yron pased 0°, H MOXHO anI})me !I;T;mgB' ;
dekTh 3amecruTenel. Kak mokasmBaeT Ta6a I\]/‘ql,g
. .12,

laﬁ.ﬂ"lla IV. 12, BaBHCHMOCTb BHuHHaJIbHOﬁ KOHCTAHTH CHHH-CIIHHOBOI
83aHMOJCHCTBHSA J oT yrJjoB 9 H 9' °

W v

Q( 05-15 @( 88-110 H ‘o

H- ’

H

H H

25-37 @ 9-128 @[ 75

H H H !
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HabJaoaeTcss YCTOHYHBBIH poCcT 3J,uc NPH lepexoje OT LHKJ/IONPO-
NaHa K GOAbIIMM UHKjJaM, J9 BOChMHMUJIEHHBIX ILHKJIOB HabJio-
HAI0TCS TaKHe Ke OGoJbliiMe BHIHHAJAbHble KOHCTAaHTbi, KakK B
AUMKA¥YeCKHX oJepuHax. V3 3THX MaHHBIX Mbl 3aKJ0YaeM, 4YTO
yMeHbllleHHe BaJeHTHHX yrioB 6 u 0 Bejer k pocty 3/uu. IO
HabJ10leHHe NOATBEPIKAAETCS H AAHHBIMH /s apOMATHYECKHX CO-
eJHHEeHHH.

2.24. dgexror 3amecruress. IIpH BBEIEHHH 32JIEKPOOTPHIA-
teapHoro 3amectuteas Kk ¢parMenty H—C—C—H nabmonaercs
yMeHblIEHHe BHIHHAJLHOH KOHCTAHTH KaK B HACHILEHHDLIX, TaK
I B HeHacHIIEHHHIX cHcTeMaX. JJ1s1 3aMellleHHBIX 3TaHOB COOTHOILE-
HUe MexJy H3MEeHeHHeM 3JeKTpooTpuuarenbHocT AE = E(X)—
— E(H), BbI3BaHHBIM 3aMeHO}i BOJZOPOAHOro atoma Ha rpynmy X,
H KOHCTAHTOH 3/un HMeeT BH]I

3 =9,41 — 0,80 AE (IV.29)
,U,JIH 3aMelleHHbIX 3THJAEHOB MNOJYUYCHDbI nojo6Hble COOTHOLIEHHS:

3 rpanc = 19,0 — 3,3 AE (IV.30)

3 e == 11,7 — 4,TAE (Iv.31)

Jlauuble Ta6a. 1V. 13 xopowo HITIOCTPHPYIOT 3TOT 3((eKT.
Paanuune Ko3dpduunentos B ypaBHeHuax (IV.30) u (IV.3I)
[IOK43bIBaeT, YTO HMeeT 3HAueHHe M IIPOCTPAHCTBEHHAsl OpHEHTa-
unsi samecrureas X so ¢pparmenre H—C—C—H. Ilpumepom Mo-
KeT CaAyxkuTb 4-¢enni-1,3-nuokcan (46). OObeMHCTHIE (eHHIIb-
HBIi 3aMeCTHTes]b, KaK MOXKHO MoJjaraTb, (QHKCHPYET 3Ty MOJIEKy-
ay B koHpopmauuu 46a. I[IpocTpaHCTBEHHOE OKDYXKEHHE CBA3H
C;—Cs mOKasbiBaeT HbIOMeHOBCKas mnpoexkuus 466. Hecmorps Ha
HeGosbIIMe U3rHGb LHKJIA, ABYTPaHHbE YIJIb $cy H Pap PaBHBL

Tem He MeHee 3J.q orTanyaercs OT 3Jap, KAK NMOKASHIBAIOT IKCIEPH- !
MeHTaJbHBe 3HaueHHd Ha ¢opmynae 466. Cyasa no HUM, BJAHSIHHE

Ta6auua 1V. 13. Binsinne 3amecTuTenell Ha BHIHHATBHYIO KOHCTaHTY
CIIME-CIMHOBOTO B3ammopelcTaus 3/, (Fn)

Coeaunerue i Coesannenne uue Urpanc
CH3CHa—Li 8,9 H H
—SiRs 8,0 Ne—c” 19,3 93,9
_CN 7,6 g7 \Li
—Cl 7.2 \SiR, 46 204
—OCHy,CH; 7.0 N
s CH, 10,0 16,8
—OR, 4,7 N
cl 7,3 14,6
\F 47 12,8
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A
10 10
HI /X:'H
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6 6
4 4
2 + 2
] ! i ] !
_]30 60 120 180 240 300 360° ¢
-60 0 60 120 180 240° 8

Puc. 1V
.25. Buansinye samecrturens ma BHUHHAJILHYIO KOHCTAHTY CHHH-CNHHOBOTO

B3auMmojeficteus 3/yy B sTanme
H 3THIPTOPHAE B 3aBHCHMOCTH O
T
yraa mo pesysbTaram pacyetos metogoMm MO (MaxJsep [12]) Toperiooro

SMEKTPOOTPHUATENBHOCTH KHCIOPOAA GOsbllle CKASLIBAETCS HA Na

Bonoponos H., Hs. MakcuManbhoe Biusimue 3aMecTUTeNs Ha Brlf

UMHAJIbHYIO KOHCTQHTY CHMH-CIHHOBOTO B3aHMOXEHCTBHS HabJio-

A4ETCA B TOM Calyyae, €C/IH 3aMeCTHTeNb HAaXOMHTCH B TPAKHC-TI0J0-

;}\aeémn K ONHOMy H3 mpOTOHOB coceaneli CHy-rpymnmni (49). 310

Koﬂgxffrx:;z I;?ﬂTBep}KlIaETCH W JDYrHMH JaHHBIMH, Hanpumep
HH B H3OMEDHBIX HUKJOreKcanosax 47 u 48.

CBHS i 2 CL Hd H Ha
503 Q) d fﬁ_—OAc
0 \
0 H H
Hﬂ b b

Jas= 551 Ty
Jeg® 297 = 42T
46a 4608 az
OAc H
H,
Hp X
Jﬂé = 2:7 rUa

48 49
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7’0_ 4 Pac. 1V.26. 3aBucuMoCTh BULH-
E: 4  HaJbHOTO CHNHH-COMHOBOrO B3a-
L © Mg - umopmelctsua 3Jz 3 B mpousBoj-
| Li — HBIX GEH30J1A OT 3JEKTPOOTPHIA- §
6.5 { TeJbHOCTH 3aMecTHTesell (Ka-:3
i I RN .Sl S A cressano, Can [13]). :
1 2 3
E

Hafigennas no 3TUM [JaHHBIM 34BHCHMOCTbL BJIHSHHSA 3amecTH- §
TeJsi Ha BUUMHAJbHbIE KOHCTAHTH CIIHH-CHHHOBOTO B3aHMOAEH-§
CTBHSl NOATBepxKAeHa pacueraMu mo Merony MO. Kpuswsle Kapn-§
jgyca — KoHpos pansa 3rama H 3tHadTOpUAA, TPHBEAEHHBIE HA
puc. IV.25, mokaspBaiOT, YTO BBEJEHHE 3JIEKTPOOTPHILATENHHOrOH
3aMECTHTeNIS C/BHIaeT KPHBYIO TaK, 4TO BO3PACTAIOT BEJIHIHHH |
3] nns HekoTOpHIX KoHGMopMauuii (Hanpumep, ¢ = 240° 0 = 120 )-4
EcTb u 3KCIepHMeHTasIbHBlE YKas3aHWs HA 3T0. Kpome Ttoro, Mox-j
HO MOKa3aTb, YTO HHTErPajibHE 3PPEKT 3aMECTHTENs] C YYeTOM]
NOJHOrO BPAUICHHS JOJIXKEH [PHBECTH K YMEHDLIUEHHIO KOHCTaHTHH
8/un, yCpeAHeHHOH NO BCeM BO3MOXKHBIM KOHpopManusMm. IT1o co-
[J1aCyeTcst ¢ SMIHPHUYECKHM cooTHoeHHeM (IV. 29).3 |

Mexanuam BAUSHHS 3aMeCTHTeJIsT Ha BeJHYuHy °J B mocieannel
roasl Gl HCCMeqoBaH TeopeTHUYecKH. IIpoABHHYTHE pacueTh Ha
CBHIIEHHBIX ¥ HEeHACHILLEHHEIX CHCTeM OOGHAPYXKHJIH HIHPOKO pac
IIPOCTPAHEHHOe aNbTeDHHPOBAHHE 3apANOB B IOJSPHBIX MOJEKY
Jgax. (drto mnporuBopeuuT Oojiee pPaHHHUM B3IJIALaM, corziacng
KOTOPHIM Mpejfioarajochk, 4To NpH nepejadye HHAYKTHBHOIO 3¢ deks
Ta MO YIrJIEPOJHOH LeNH MPOHCXOANT IOCTeNeHHOe 3aTyXaHHe 3aj
psna, a He anpTepHupoBanue.) Takum obpasowm, aJIbTePHHPOBAHNE
3HakoB AJ Takxe HAXOIHT palHOHAJbHOe OObSICHEHHe. DTH COO0
HolIeHHs ObIH OCOGEeHHO TILATENBHO HCCJAeJOBaHL Ha TNpHMep
MOHO3aMellleHHBX GeH30/10B. BHIfBJeHHAS NPH 3TOM 3aBHCHMOCTH
KOHCTaHT Jg 3 OT 3JEKTPOOTPHLATENbHOCTH 3aMeCTHTessl MpH
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Tab6auua V. 14, BauuAaAbHBE KOHCTAHTHI CIOHH-CIIHHOBOIO  R3aHMO-
aefictBug 3yy (Tw) B m-KOMnJekcax NEPeXOAHLIX MeTa/JIoB ¢ Opra-
HHYECKHMH JHTaHAaMH

- -
KP Fe(cm,- E—--F.(co),
H H H ’

H

H
94 6,6 0
4
H HL HL )
3 --,-Mo(co_), 3
H 1 H? H! H.e
e H? FelCON2
Jip =89 Jyy = 84 Jn=T18
J3,=1,2 3= 8,4 J3,= 7,8
H! H!
H? J_ H?
ac O e
H3 H3
Hé Hé
J; = 83 iz = 6,7
J23 = 6,9 ‘_/34 = 6,‘

NOokasana na puc. 1V.26. Ho HauGosee unmocTpaTHBHO cpaBHe-
Hie 3Hauenuil 8/ B GeHsose W nHpHIUHE;

H 756 M

H H
=
(I ) 7,54 My, < | )L,eem
N ™H

H

Bausinue 3aMmectutens wa swauenme 3J Bo ¢parmente HC—
—HC—CuX npossasercs co sceii O4eBHIHOCTbIO, a 3(PdeKT npu
SdMelleHHd Ha yla/leHMH Tpex cBsiseli or Qparmenta H—C—
—~C—H, kak, nanpumep, B cTpykrypHo# eaunune HC—CH—C,—
—CpX, MOXHO BHISIBUTH TOJIBKO NpH OYEHL NMPEUN3HOHHBIX H3Me-
Pennsx. Tounmfi anHanus CIEKTDOB MOHO3aMelLIeHHHX 6eH30/08
pusonaut k cootHomenuo (IV.32), KOTOpOe elne pas MOATBEpK-
Alaer usMeHeHHe 3HaKa addekTa 3amectutess AJ:

3'=7,6340,51 AE, — 0,10AE (Iv.32)
B

5 X CrodTep
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Ocoboe BJAUSHHe 3aMeCTHTeJed Ha BUliMHAaJAbHble KOHCTaHThb

HaOMolaeTcsl B KOMIJIEKCAX TepexXOJHBIX MeTa/IoB C OJiepuHaMu
u apeHaMi. B Hux 3HaueHus 3Jyu. YMEHBINAIOTCS MO CPaBHEHHIO
CO 3HAYCHHSIMH IJI HEKOOPAHHHUPOBAHHOH NBOHHOW CBA3WM Ha 2—
3 Tu, a 370 yMeHblIeHHE B KeJe30KapPOOHHJBLHBIX KOMILIEKCax
Gosbllle, 4eM B KOMILUIEKCax KapOOHHJIOB XpoMa H MojubleHa.
JlagHble AJif HECKOJbKHX TAaKHX COEJIHHEHHH, a TakKXe [JiA CBO-
GOAHBIX JIHFAHIOB mpejicTaB/ieHsl B Taba. IV.14. B xenesokapGo-
HUJIBHBIX KOMIUIEKCAX MPOHM3BOAHBIX LHUKAOOyTajueHa BJIHSHHE Me-
TajyIa TPOsABASETcs B TOM, UYTO MaJjasl BHIHMHA/AbHAs KOHCTAHTa
KOJIBLIEBBIX IIPOTOHOB B KOMILIEKCAX CTAHOBHTCH PaBHOM HYJIO.

2.3. JlaJbHHe KOHCTAHThLI CIHH-CIHHOBOrO
paaumopeictauna (4, 5J7)

3HaueHHs] FeMHHAJbHBIX H BHUUMHAJBHBIX KOHCTAHT CIHUH-CIHHO- ‘

BOrO B3aUMOZEHCTBHS JexaT oObuHo B uuTepBate 5—20 I'm u
NPOSIBJASIIOTCS B BHJAE JerKO pacno3HaBaeMBIX paclIelVIeHHi B

clleKTpaX. DOMBIIHHCTBO 2Ke NaJbHHX KOHCTAHT uepe3 uveThipe, §

NATH WJIH GOoJblliee YHCJO CBA3ed NMPHBOAUT K MaJbIM paciiene-
HUSIM B HecKOJIbKO repu uau Menbile. [Tostomy Takue pacuiense-

HHs1 GbIH OGHAPYXKEHB JIHUIb TOCJAE TOro, KaK paspelnaimomas Cro- |

co6rHocTb cnektpomerpoB SIMP Obia cuibHo yayuiieHa. Ha ce-

rOAHSIIHR [JeHL 6e3 GoJblIuX TPYAHOCTEH MOXKHO OOGHAPYXKMTDH §
pacmensienust 0,2 Tl ¥ maxe MeHbule. JTO CJeJad0 NOCTYNHBIM
GoraTylo CTPYKTypHYIO HH(OPMALHIO, CKPBHITYIO B HaJbHHX KOH-
CTAHTAX CIOHH-CIIHHOBOro B3auMoleiicTBHS. Kak mpaBujio, »3Ta §
IPyNNa KOHCTAHT CIHMH-COHHOBOTO B3aHMOJEHCTBHS YKJAIbIBA€TCA ;
B uHTepBaa 0,1—3,0 I'u. Berpeuaiorcsi u GO/ibline 3HAYEHHS, HO

3HAYUTEJBHO pPexe, UeM i KOHCTaHT 2/ u 3/.

Ilia uHHTEpHpeTaluH JAaJbHHX KOHCTaHT OKa3aJjoCh MOJE3HLIM
paccMOTPeTb O- M N-MeXaHH3MBl Iepelaud CIHH-CIHHOBOrO B3aH- §
MopgeficTBUsi. B 9TOM NpPHOJUXKEHHH TOJArampT, YTO CHHH-CIHHOBOE }
B3auMoJelicTBHe mpeAcTaBiser coboif cymMmy BkjaamoB J(6) H

J(x), nmepenaiouluxcst o- U J-3JEKTPOHAMH COOTBETCTBEHHO.

CHHH-CIIHHOBOEe B3aUMOJIEHCTBHE, INepefaBaeMoe G-3J1eKTPOHA-
MH, yxe GBUIO mpeicTaBeHo cxemaruuecku Ha puc. II.12. Mox- |

HO COCTaBHTb aHAJIOTHYHYI0 HHarpaMMy ¥ ajs m-MexaHusma. Pac-

cvorpum rpynny CH ¢ sp*ru6puanbim  aromom yriepoaa §
(puc. 1V.27,a). B nepsoM NpuO/MKEHHH B3aHMOJEHCTBHE MEXKAY §
TIPOTOHOM H 5-5JIeKTPOHOM Ha 2p,-OPOHTAJH HEBO3MOXKHO, TO: |
CKOJIbKY TPOTOH JIEXHT TOYHO B Y3JIOBOH IJIOCKOCTH 3TOH OpGH- ]
raau. ORHAKO M3 AaHHBIX cnekrpockonun IIIP  u3BecTHO, UTO|
5T0 3aKJIOUeHHe He BepHO, TaK Kak HabJioflaercss CBEePXTOHKOE
paculenyiende JuHuf B crekrpax OJI1P HOH-pafHKa/NoB m-CHCTEM

38 CHET MpAMOro B3aWMOJeHCTBUSA NpoTOHA C HECNMapeHHLIM 3JIeK-

TPOHOM, PAaCNOJIOKEHHHM Ha 2p,-OPOHTaNH TOTO K€ yIJIePOAHOro i
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Puc. IV.27. CxemaTHuecKoe NpeAcTaB/ieHHe T-MeXaHU3Ma CIHH-CIHHOBOFO B3aHMO-
JEHCTBHSI MEXY NPOTOHAMH.

atoMa. Ilgs Toro 4to6bl 06BACHHTL 3TOT (PAaKT, MPEANONATAIOT, YTO
HeCNapeHHbli 3JIeKTPOH NOJISpH3yeT JABa 3JMeKTpoHa cBsasw C—H
TakUM 06pasoM, 4TO OJMH M3 HHX C HapaJJenbHOil OpHeHTauuel
CIMHA MPEUMYIIECTBEHHO JIOKAJH3yeTCs Ha aToMe yriepona
(puc. 1V.27,6). Tak Ha nporoHe Bo3HHKaeT npeobsajamouias Mmar-
HUTHAs TNOJSPH3ALUHUA I[POTHBONONOXKHOIO 3HAKa, KOTOpas MOXKeT
ObITb MapajJ/IeJbHOH WK aHTHNAPaJJeNbHOH SAePHOMY MAarHHTHO-
My MOMEHTY. DTH /lBeé BO3MOXXHOCTH 3HePreTHYeCKH pas/HyYaloTcs
BCJIENICTBHE 3€€MAaHOBCKOTO pacilel/ieHHst ypOBHeH 3JeKTPOHA B
MaruuTHOM TMOJe, a M[HO3TOMY BO3HHKAer H pacllel/ieHHe JHHUH
JIIP.

ITpeano/soxuM, YTO TAKOB K€ N-MEXaHU3M Nepelayp CIIMH-CIIH-
HOBOTI'O B3auMoJeilcTBusa B cnektpockonuu IMP. Orauune cocrout
TOJIBKO B TOM, YTO NOJISIPH3AaLHs CNHHA BO3SHHKAaeT Ha OJHOM IpO-
TOHE W Tepelaercss Ha JApyrod. Mbl MoxeM o6CyXaaTb ©- H 7i-
BKJAJH B BHUHUHAJbLHYI0O KOHCTAHTY CIOHH-COHHOBOTO B3aHMOJIEH-
CTBHS Jaxke B NPOCTOM cJayyae OJHOH ABOHHOH cBs3n. CxeMaTuue-
CKH 3TO mpeicraBieHo Ha puc. IV.27,s. Pacuer no meroay sea-
AEHTHbLX C6A3ell TPUBOAHUT K BBIBOAY, YTO T-BKJAAJ B BHUUHAJL-
HYI0 KOHCTaHTy 3J(n) mnpomopuHOHAJIEH NPOU3BEACHHI0 KOHCTAHT
csepxtoHkoro s3aumoseictsus a(C—H) B crnexrpe IIIP, xoTophie
XapaKTepU3ylOT MarHHTHOE B3aHMOJCHCTBHE MEXIYy 3JEKTPOHOM H
fnepHeM cnuHoM B rpynne =C—H. JleranpHble pacyeTn nokasbl-
BaIOT, 4TO BKaajd J(n) B BUUHMHAIBHYIO KOHCTAHTY CIIHH-COMHOBOIO
B3aUMOLeHCTBUsI cocrasisier okoao 109% o6mel Beauunns. ChouH-
CIIMHOBOE B3aHUMOJIeHCTBHE depe3 0-3JeKTPOHB GBICTPO yMeHblIaeT-
C1 ¢ pOCTOM YHCJIA CBs3eHd, pa3ne/AOUIUX B3aHMOAEHCTBYOLIHE
aapa. [losToMy MOXKHO MpelnojsaraTh, YTO BKJAal MN-3JeKTPOHOB
B JaJjbHee CIMH-CIMHOBO€ B3aHMOAeHCTBHE HMeEeT 3HAaYHTeTbHO
Oosbllee 3HauyenHe. DTO ACHO MOKA3bIBAIOT PE3y/bTATHI, MOJyYeH-
Hble /18 HEHACHILIEHHBIX CoelWHeHufi. B caeaymoomem paspesne Mbl
CHayasa OGCYNHM CHTYaUHIO, CYUIECTBYIOILYIO B HACHLILIEHHLIX CO-
ClMHeHHAX, 4 3aTeM pACCMOTPHUM JajibHee CHHH-CHUHOBOE B3aH-

o*
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MOJeHCTBHe B HEHAacHIIEHHBIX COeJHHEHHAX, 00paTuB 0co00e BHH- |

MaHHe Ha m-BKJaja B HEro.

2.3.1. Hacowuennsle cucremsl. KoOHCTAHTH CIOHH-CIHHOBOTO B3a-
uMolefictBUs “Jun M ®J/uyn HabMOjalOTCsl B HACHILLEHHBIX COEJH-
HeHUsX, B yactHocTu ecan cesish C—H n C—C o6pasyor xoudn-
rypauuio 3uraara THna

C C H

H™ ¢~ TR 2% H/C\C/C\C/

B cayuae 4J rosopsit coorBercTBeHHO 0 M- uan W-Kkongueypayuu.
Tak, B a-OpPOMIIHK/JIOTEKCAHOHE, KOTOPHIH CylIeCTBYeT B KPEeCJOBHIA-
Ho#t KoHpopmauun 50, mexay nporoHamu He, Hp, u Hc 6binn 06-
HapyXeHbl CIOHH-CIHHOBBIE B3auMoJeHcTBUA BeawunHod 1,1 T,

B Ouumkanyeckux cucremax 51 W 52 KoHburypauus cBsizefi A4
IIPOTOHOB, CBA3aHHBIX JaJIbHHM CNHH-CIHHOBBIM B32UMO/EHCTBHEM, ;
Takke yaoBaerBopsier M-kpHurtepHio. Benuuuna ¢/ nosesHa np |

ONpeleJeHHH CTEPEOXUMHH H30MEDHBIX 9HOO- H 3K30-IPOU3BOJHBIX
GUIMKJIOreNTaHa, IMOCKOJbKY TOJbKO 5HOO-NPOTOH pacluersieTcs

Ha auTu-npotoHe B rosoBe Mocta. Ocob6enHO GOJblIHE 3HAYEHHS

HalifleHsl B HanpsiXKeHHBIX CHCTeMaX, TaKMX, Kak Guuukiao[2,1,1]-
rekcad (53) u Ouuwkao(l,l,1]nesran (54). ITO He YAHBHTENBHO,
ec/i yyecTb, 4TO B 3THX COEJMHEHHSX CYIIeCTBYIOT JABa WJIH TpH
pAa3JHYHBIX MyTH, 0 KOTOPHIM NepPelaeTcs CHHH-CIHHOBOE B3aHMO-
JIefiCTBHe, B TO BpeMsi KaK B COEJHHEHHAX, PaccMaTPHBaBIIHXCH
JI0 CHX NOpP, TAKOM MYTb TOJbLKO OJHH.

H
Br H H

Hz He

H
0] H, N H
Jab dge~Jpe~ LMy, J=0,9"y J=3-4Ty, J=67-81ly,

50 51 52 53
H—<>—H H-@—H
10fi, 181y,
54

B HacbllleHHBIX cHcTeMax °/ BcTpedaeTcs 3HAYUTENbHO pexe.
B kauecTBe NpuMepoB NpHBELeM 3/1ech coeinHeHus 55 u 56. Ecan;
HapyllaeTcs KOMJIAHaPHOCThb cBfi3ed, To Beauununl *J u 5J GpICTDO
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yMmeHbllawres. Tem He MeHee B CTepOHJax ellle MOXKHO pas/UUHTb
5KBATOPHA/ILHYIO W aKCHAJbHYIO ODHEHTAUHWH METHJIBHBIX CPYII,
OCKOJIbKY, HECMOTpPsi Ha BpalleHHe METUJIOB, WHPHHB pe30HAHC-
HbIX JHHHH pasJaunyatotcst (57, b8).

H

H. CgHsg %
0/ 0

0 CH3
H H H H

H
CeHs 5
J=23Ty, J=1,25Ty 4 ~ 5Ty 4~ 1,00y,
55 56 57 58

2.3.2. Henacowuyennoie coedunenus. B coepnHeHUsX, cofepia-
IHX 7-CBA3H, Heo0X01UMO paccMaTtpuBaTb Kak oO-, TAK H 7-BKJa-
ALl B KOHCTAHTH CIHMH-CMHUHOBOTO B3aumopaedcTBusd Juu. das m-
BKJaja yNOMHHABINHeCS BBIIE pacyeTbl [0 METOAY BAaJEHTHBIX
cBA3EH MpPEACKa3blBAIOT NPONOPUHOHANBHOCTL J (M) M KOHCTAHT
CBEPXTOHKOTO paculemjienus a B cnekrpax IIIP Buma (IV.33)—
(IV.35). 9tu cooTHolleHHs! NO3BOJSIOT NpPeACKa3biBaTh 3Hak J (m)
H OlIeHHBATb €0 BeJHYHHY.

HC=CH;: 3] () o< a(C—H) - a (C—H) (1V.33)
HC=C—CH: 4 (1) o a(C—H) - a (C—C—H) (IV. 34)
HC—C=C—CH: */ (n) o< a(C—C—H) - a (C—C—H) (IV. 35)

Hast 4J () B asaunsnoti epynne tuima HC=C—C—H 3Hnak no-
Jyyaercd OTpHUATENbHBIM, MOCKOJbKY a((’l———H)=—65-106 Fu u
a(C—C—H) = 150cos 2¢-105 'u. Kpome Toro, AoixHa Hab.io-
LATbCS 3aBHCHMOCTh OT TOPCHOHHOIO yraa ¢;

Bcuneﬂcmne 3Tor0 GOJbllIHE I-BKJaJbl B CIHH-CIHHOBOE B3aHMO-
AeHcTBHe OOHapy:KHBAIOTCA A KoHdopMmauuih ¢ ¢ =0° u ¢ =
== 180° a npu ¢ = 90° u ¢ = 270° ujen cos? ¢ obpaimaercsa B HyJb
U m-BKJIajg Hcuezaer.

Has mponenoB 59—61 Gbiau HaiiJeHbl 3HaueHHs 4/, KOTOphIe
9KCIIepUMeHTaNbHO NOATBEPKAAT 06CYyK/1aBLUIMECS BbIIE COOTHO-
Wenns, Tak, BBegeHHe OOBEMHCTON aJKHIbHON TPYINB IPUBOLHT
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4'/ T - zym aHe
+2 |- - - ”
-\ yue
1N
\
ofb—f———A——-——F <\
R\
-1 /
-2 L / \ Puc. IV.28. Koudopmailu-
/ \ /) \ OHHasi 3aBHCHMOCTb aJ-
-3 K A o JHJBHOTO CIIHH-CHHHOBOTO
B3aumogeiicteus  (CrepH-
[ TS U RN RN MUY WHN TR NN TR S xean {10]).
30 180 270 360°9

K npeo6afanuio KOHPOPMalHH C ¢, TPHOIHSUTEILHO PABHLIM 270°,
[Tostomy B psify 59—61 s-BKJAaK B a/JVIHJbHYIO KOHCTAHTy Haidct
u 4 yMeHbpuraercs. DTH pe3y/bTaThl MOATBEPKAAIT TaKKe, UTO
4] (n) ¥MeeT OTPHIATEJNbHBI! 3HAK. B uMKJHYECKHX CHCTeMax, Ha-
npuMep B JaKToHe 62, uacto HaG/IOAAIOTCS O4YeHDb GoJibllKe 3Ha-
yenusi 4/, MOCKOJbKY ANf HUX Npeo6iajaloT KOHpopMauuu ¢ b=
= (° unn ¢ = 180°. C npyroii CTOPOHBLI, AJs KoHoOpMaLui ¢ ¢ =
— 90° Ha OCHOBe STHX HAHHBLIX H B COOTBETCTBHH C OODbSCHEHHEM,
npuBeJeHHBIM B pasi. 2.3.1, ciexyer 0oXuAaTh, UTO Oyrer JOMH-
HHpOBaTh BKAaA *J(0) W KOHCTaHTa J0JIKHa 6LITb HOJOKHTENBHOM.
JlelicTBHTE/IBHO, B IMKJIOreKCalHeHax 63 3mauenus *J cocTaBJfAlOT
or +0,5 0 +1,0 Tu. Tor ke MOPAAOK BEJHYHHEI MMEET U TO-
JOKUTEJNbHAS KOHCTAHTA CIHH-CIMHOBOTO B3aWMOJEACTBUS META:

MPOTOHOB B [POU3BOAHBIX 6ensona (64).

; H\C\\\\‘ ; H\ \\\\\CH3 . H\ :\\;ﬂm—Bu
~ ~
Ne=e/ S Se=c¢ Teny je=c{ mw-Bu
H” Oy H H H H
g ~1,33 -7 -0,10
f//ﬂlzyzwc‘ 175 -1,63 -0,63
59 60 61
H
H Hl ‘
= H
e X
H ° H H
1I1= 417 =051 Y=1-3m 92551114
62 63 64 65

Ha oCHOBaHMH 3KCIEPMMEHTAJbHBIX [QaHHBIX 3aBHCHMOCTb
KaK CyMMH Bkaa10B */(0) u “J(n) B CTPYKTYpHOM ¢dpar-

4JTpau,c
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MeHTeUHC=C—CH OT TOPCHOHHOTO yIvla ¢ MOXHO MHPEACTABHThH
KpHBOH, npuBeneHHoH Ha puc. IV.28. Anajoruuysblii pesysnbraTr no-
gydaeTca U ansa *J,u., HO B 3TOM cayuae Ajist KOHQoOpMauui ¢ ¢ =
= 90° HeT 60JIbLIOTO HOJIOXKHUTEJILHOTO O-BKJAAA.

Hast eomoaraurvroid xoHcTautsl °Juu, HabmaogaeMol B CTpyK-
rypHbiX @parmentax HC—C=C—CH, xoH}popmannonsas 3aBHCH-
MOCTb COBEPUIEHHO aHAJOTHYHA TOJBKO 4YTO O6CyxKjaBulelics Bhille
aast 4. OlHaKo, NOocKoJabKy °J(;m) HMeeT IONOKHTeJBHBI 3HAK
(cM. ypaBuenne IV.35), o- u s-BKAaasl B 5Juy CKJAJBIBAIOTCS
B O6/aronpHsTHHIX Caydasix yjaaercss Ha6Ja104aTh OYeHb 60J1b111p1é
sHaueHus °J, kak B 1,4-muruapoGensonax (65), rae cyliecTByoT
Asa TYTH TMepefaud CHOMHOBOH uHbopMaund. B nporuBomosox-
HOCTb 3TOMY B CaMoOM OeH30Jie KOHCTaHTa B3aWMOICHCTBHUS napa-
NpPOTOHOB cocTaBaser ToapKo 0,69 I'ii.

H
H H H

o { v
X

J~08My H J~0,2My H X=0.S, NH
66 67
/H
0
5 H H '
/. - 5
/77,047//4/77]39/;['1130[—‘4\ ./,,,WMWL,:o,som J=0,4Ty
68 69

g psilla HeHACHIUEHHBIX CHCTeM OGHADPYKMBAKTCA KOHCTaH-
Tbl CIIMH-CIMHOBOTO B3aUMOJAEHCTBHA Yyepes NATb HJH OOJbliee yHc-
J0 cBfA3edl, re B3aWMoOJeHCTBHe BEPOSTHO, IIePelaeTcsl TJaBHLIM
00pa3oM uyepes o-CBSI3H, KOTOPble HAXOAATCS B STHX COeJHHEHHSX
B GaaronpusiTHOH KoHGbHrypaunu Tuma sursar (cMm. pasg. 2.3.1)

YHCAY TAKHX OTHOCATCS CIHH-CIIHHOBOE B3aHMOJACHCTBHe MexK-
Ay Hy u Hg, a taxke coorBercrsenHo Hy; u H; B nadranune (66)
;dn aH4/JIOTHYHBIE B3aHMOAEHCTBHUS B TeTEPOILUKIHUYECKHX CHCTEMAax

na (67). Bonbliee 3HaueHHe 3Jipauc, rpanc B OyTaldnere-1,3 mno
;?g;l::eﬂmo ¢ SJyuc, rpanc TaKKe MOXKHO OTHECTH 3a CYET JONOJHH-
6bmoom o-Bkaafa (68). AHasorumuHo B caydae GeH3asbaeruga
b YCTAHOBJIEHO, UTO TOJIbKO MeTq-IPOTOHbI CBA3AHEI CIIHH-CITHHO-
OHHTstaHMOlIeHCTBI/IeM C aJpJerMiHLIMH IpoTOHaMH (69), uTo
Houn yKasbiBaeT Ha 3HayuTeabHocTs 5/(0). B mpoTHBOMOJIOK-
A H9Tomy B NOAUAUETUAEHAX, AAAEHAX W KYMYAEHAX JanbHee

HHOBOE B3aHMOJAEHCTBHE TMPOHCXOAHT MOYTH HCKJIUHTENb-
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Ta6auua IV.15. [Janbgee cnuH-COHHOBOE B3aUMO/eficTBMEe B HCKOTODBIX TOJIH-
alleTHJIEHAX W ajyeHax

HyC—C=C—H —2,93 (HyC)oC==C=CH, 3,0
HyC—C=C—CHj +2.7 HeC-CH=C=CHC! —58
H—C=C—C=C—H +2,2 1,C—CH=C=CHCl  +24
HyC—C=C—C=C-—H —1.27

HyC—C=C—C=C—CH, +1,3 H y

H3C—C=C—C=C—C=C—CH,OH +0,4

uj%C:CHz 4,58
H

H

HO no m-Mexanuamy. Jdas annena u OyraTtpueHa Takoe B3auUMOIeH-
CTBHE MOMKHO MpeACTAaBHTb AMArpaMMOoii, u306pakeHHOH Ha §
puc. IV.29. Kak nokasbiBaioT NpuMepsl, cob6pannbie B 1aba. IV. 15, §
Iepeiaya CIMH-CIHHOBOrO B3AMMOAENCTBHSA UEPE3 7-CUCTEMY OUCHD
s(pdexkruBua. [Ipu yBejauueHHn UHCIA cBfi3eli KOHCTAHTA B3aUMO-
[eHCTBHS yMeHbIIAeTCd He OYeHb 3HAYMTC/ILHO. Tak, MOXHO Ha- |
6101aTh B3aHMOJECTBHE 1aXKe uepes AeBaATh cBsseil. Bosee Toro, §
3aMeHa KOHIEBOTO BOAOPOJAa B CTPYKType CH;— (C=C),—H na }
MeTHWJBHYIO Tpynmy, $opMaabHO MpeBpalaiollas CIiH-CIHHOBOE §
B3aHMOJeACTBHE AJMHJBHOIO THIA B TOMOAJJIH/BHOE, BEACT TOJb- §
KO K CMeHe 3HAKA KOHCTAHTHI, NOUTH He MEHsis ee afCOMIOTHOH Be- |
JMUMHLL B HefCTBHTENLHOCTH pasJjuyMs B 3HAKax s NMpHMEPOB B

-85 - 10° +150 - 10°
ST -7 T -
//
¢ H c
|
HM .
+150 - 10°
¢ +150 - 10°
+150 - 10 50 10"
HKﬂ m
Cc Cc C
H

Puc. 1V.29. JlnarpamMa nepefadi CuMH-CTHHOBOTO B3auMoeficTBUSL TO J-MeXa-4
HM3My B ajjene W OyTaTpHEHe. YKasalbl SHaueHHA KOHCTanT CBEPXTOHKOTrO B3aHY

MozelictBHa a {(cM. pazd. 2.3.2).
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ra6a. IV. 15 He OBIM NOATBEPXKIACHBI 3KCIEPUMEHTAJbHO, HO WX
MOMKHO CUHMTATh NPaBWJIbHBIMH HA OCHOBE pe3y/abTaTOB, MOJNYYeH-
HBIX /IS APYTUX CHCTEM, M TEOPETHYECKHX PaCueTOB.

2.4. CnMH-CIHHOBOE B3aMMOJeHCTBHE Yepe3
NPOCTPAHCTBO

B sakioyeHHe Mbl o6CyIMM [Ba MeXaHH3Ma CIHH-CIHHOBOTO
B3aMMOJEHCTBHS, KOTOPble HI'PaloT JHIIb OFPAHHUYCHHYIO POJb HJIH
COBCEM He OCYILEeCTBJSIOTCA B CIeKTpocKonHu IMP Bhicokoro pas-
peuennsn. IlepBeifi npeacrasasier coboil npamoe maznuTHOE 83au-
sodelicTeue A0epHbIX MOMEHTOS8 4epe3 NpPOCTPAHCTBO, YXKe YIOMU-
waBleecss paublie (pasi. 3, ri. I). Ero takxe HasbBaOT AHNOJb-
NUTNOJLHEIM HJH NIPOCTO OUNOASPHOIM CIHH-CIIHHOBBIM B3aUMOAEH-
cTBHEM. Kak mokasbiBaer KayecTBeHHOE pacCMOTpeHHe, 9TO B3aH-
MOZeficTBHE BelleT K pacllelJeHHI0 pe3o-
HAHCHOTO CHTHajxa Ha BeJHuHHY AB:

AB =3u (3 cos?0 — 1) r3(uy/4n) (IV.36) B,

rfle @ — MarHuTHBII MOMEHT IPOTOHA,
r — pPaccTosiHue MexAy ABYMs SApaMH,
a 0 —yroJ MexXny JHHHEH, COeUHSAIOUIEH
spa, U HalpaBJeHUEM BHEIIHEro MoJsl.
YpaBHeHHe SIV. 36) mpUMEHMMO K cHCTeMe ABYX H30XPOHHBIX IpO-
TOHOB, TaKOH, HalpHMep, KaK B ‘MeTHJeHXJopuae. B pactBope uau
B 4yHCTOM KHUJIKOCTH YroJ 6 MeHSIeTCAs CO BpeMeHeM, 4TO 00YyCJ0B-
JeHo OHICTPHIM BpalllaTebHBLIM ABHXKEHHEM MoJeKya. B pesynbTa-
Te wied 3cos?8— 1 obpamaercs B HyJb, caefoBaTeNbHO, AB ==

Hy

CH,Ci- CH,CL 90 K

L ] 1 | e ) [
-10 ) 0 +5 +10 g

i [ 30 CneK p M H BePA 1
. Ha Ha 4YacroTe
I 1 ; \Y ;[ )P 1 TBEPAOTIO 1,2 HHXJIOP3TA 29,5 M I

Aunos o
iloAspHve cljie-CMHOBOE BIAHMOACHCTEHE NPOTOHOB METHJCHOBMX rpynnl asisercs fo-
o D3Y7K)5mm¥ CornacHo pacuety, Ha OcCHOBe H3MEPEHHOTO AyG/EeTHOTo DPACUieNJIeHHs, paB-
Gero 975 K[u, paccromiue Mexay MpOTORAMM cocTapiser 0.170 uvM PeayapTaThl reopeTH-
C)’IOTcr: gacqua (cBeT/Ible KPiKKH) Do7yden: AJas 310T0 paccrosuud. OHH Jyulue corsa-
SKCrepUMEeHTanabHOH KpHBOH, deM pacyet
) nns ACCTOAHHUSA MEX a
0172 im (remubie KPYHKRH), ’ : P Ay mpotouamu
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Puc. IV.31. CnekTp npoOTOHHONO MAarHHTHOTO pe3oHaHca 2,3-GeH30KCeNHHAa HA 4a- §
crore 60 MIw. ‘

=0 u He HabjofaeTcss pacllenjieHUs JHHUH 3a CYeT AHIOJSPHOIO]
pzaumojeiicreus. Harnporus, B TBepAOM TeJie, Ie MOJEKYJIbl UMEIOT
(huxcuposarrble OPHEHTALHH OTHOCHTEJNbHO HANPaBJEHHS BHELIHE-§
ro noas By ¥ OTHOCHTEJIBHO ApPYr JApyra, pacilenjeHHe NpOsBISeT-
cs1. Beaencrsue atoro cnexrpel IMP t8epOoix Tes cOBepllieHHO He
MOXOXKH Ha CHOEKTPHl KHAKocTeH. B vacTHOCTH, IMpPHHB JHHHH B
HHX Pa3HyaloTCs Ha HEeCKOJbKO nopsakos (puc. 1V.30). M3 ypaB
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Puc. IV. 32. OnepunoBas oGsactb cnekTpa 6-X/10p-1-TpuMeTHACHIHIATEKCEHA- 1.

nenus (IV.36) caeayer, 4To H3 TAaKHX CHEKTPOB MOXKHO onpeje-
JUTh paccTosinde Mexnay sapamu. [lostomy SMP tBepanix red,
KOTOPHIIl HA3BLIBAIOT TaKkKe cnekrpockonueid SAMP wupokux aunui,
o6pasyeT BeTBb (QH3UKH TBEPLOrO Tesa.

Bropo#i mMexaHu3M, KOTODHII Mbl OOCYAHM 3JeCb, SIBASICTCA BH-
IOU3MEHEHHeM CIUH-CIMHOBOTO B3aHMOJEHUCTBHSl uYepe3 3JEKTPOHLI
cBsizefl, eTaJbHO PAaCCMOTPEHHOTO B NPeABIAYILHX pa3fenax. Buuio
00HAaPYKEHO HECKOJbKO cJ/aydaeB, KOTJa H3-38 MPOCTPAHCTBEHHOTO
CXKATHsI NIPOUCXO/JHT HeCcBA3bIBaOLLee B3aHMO-

JelictBue op6uTaJsell BaH/AEPBaaJbCcOBA THIA. cl HzHg
Torma wmaruuTHasi WHdoOpMalUHWs mnepenaercs cl C|OAC
0 «KOPOTKOMY MPOBOAY», TAE HeT GopMatb- ¢, I
Hol cBsizu. Tak, B coeaunenHn 70 Habuamwo-

Aaercsl CIIMH-CIIMHOBOE B3auMoJefcrBHe mpo- ¢f Cl
tronoB Hy u Hp B 1,1 Tu. DT npoToHn pas-

IesieHbl WIECTbIO O-CBA3AIMH B KOH(HTYpaluH, 70
HeGJaronpuaTHOH 1ast  OGBIYHOrO JaJbHEro
CIIHH-CIIMHOBOTO B3auMOAeHCTBHUA. [103TOMY O4YeHb BepOsITHO HpAMOE
CIIHH-CIIMHOBOe B3aHMOJelcTBHe MexAYy 1S-opOuTansiMHu [IBYX aTo-
MOB Bojopoja. DTOT MeXaHH3M, KOTODbIH HAa3BIBAIOT CBA36I8AHUEM
4epes npocTpancTso, nMeet-60MbIIOE 3HAYCHHUE AJISE CHHH-CITHHOBOTO
B3anMoaeHCTBHSL MEXAY NPOTOHOM M s1APOM (hTOpa, a TaKKe MexXAy
Alpamu ¢gtopa (cM. ra.X).

2.5. Ta6aHUbl KOHCTAHT CHHH-CIHHOBOTO
B3aWMOAEHCTBHS B OPraHHYECKHUX MOJEKyJaX

XapakTepucTHUECKHE AaHHbiE O CIUH-CIHHOBOM B3aHMOZIEHCTBHH,
TaK e kak ¥ 0 XHMHYECKHX CJBHrax, B Pa3jHYHBIX KJaccax opra-
HHYeckux coegunenuit co6pannl B Tabia. XI.2 (cM. npujoxenue).
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3apaua [V.5. Ha puc. IV. 3| noxasau CHEKTP npOTOiHOro pesouanca 2,3-6eHs-

okcenuHa. Ha oCHOBe AaHHBIX MHTErpHpPCBAHUS M XapaxkTepa pacilenJyeHHsl mpope-
JIMTe OTHeCceHHe CHMHAJAOB H ONpEesHTEe 3HalUeHHs KOHCTAHT CIMH -CIHHOBOIO B3a-
HMOJIeACTBHA /51 OJe(HHOBBIX HPOTOHOB 3TON MoJiekyanl. [lpcBepbTe, sABaseTcs
JIH Balle OTHeCeHHMe OJHO3HauyHbIM. Kak MOXKHO oOupele/HTb NpaBUIbHOE OTHE-
ceHue?

3apaua V.6, Buag onedunoBoii o6sacTe crekrpa 6-x/10p-1-TPUMETHICH/N-

rekcena-1 npuseged Ha puc. IV. 32, Haifiaute BesMUHHY KOHCTAHT CIHH-CIHHOBOTO
B3aumogeiicteus. Onpejennie, NPHHAANCKHT NH CNEKTP YUC-UBOMEDPY, TPOHC-H30-
Mepy HaM HX cMecH. B nocaesnem cjyyae OneHHTe COOTHOUIEHHe H30MEPOB.

3anaua 1V.7. lluknorentaTpHensl, MOHO3AMECLICHHBE B 7-TIOJOKEHHH, MOTYT

CYWECTBOBATh B ABYX KoHdopmainusax (7la n 716). Jdas 7-beHnauHraorentarpue-
HA 3KCAEpPHMEHTAJBHO MOKA3aHO, MTO AaJUIHJbHAS KOHCTaHTA Jz 7 OTpHIATe/bHA.

R H7

71a 715

Kakoit U3 AByXx KoHOpMAIHi COOTBETCTBYET 3TOT (ukT? B kakod 43 KoHdopMma-
U MOXKHO OXKHAATh, 4TO GyHeT IKCMePHUMEHTANbHO H3MepAeMONl roMoaunnJIbHas

KoHcTaHTta J3 7?

3amaua 1V.8. Heofxoaumo pasinubTs KoHpopmaunn 72 u 73 koabia A B

aleTHJIMPOBAHHOM cTeponze. Curnan nportosa H, npeacrasadet cobofi aybaer ny6-
JeTos ¢ paceryenuem 13,1 n 6,6 I'n. Kaxkodl konpopmauun COOTBETCTBYET 3TOT
BHJ CHrHasa?

THA-4-Tper-6yTHJIHKAOreKcaHonax 74 w75 cocrapasawr 1,013 n 0,6—0,7 Tu
cooTBeTcTBeHHO, OGDBACHHTE 3TOT peayabrar. Kakoe oTHeceidHe HYXHO CHeNarth? |

72 73

3apava 1V. 9. Ul¥puns JuHEA CATHAJIOB METHJBHHIX TPYIN B H30MepHBIX 1-me-
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3apaua 1V. 10. [las1 HeH3BECTHOro BELLECTBA NPeAJOXeHbl ABE CTPYKTYpH: 76

u 77. Brunna/sbHas KoHcTaHTa O.eHHOBHX npoToHoB cocrasiaseT 2,8 Tu. Kakas
CTPYKTYpa npaBHABHA?

H
(0]
LI Qe
H 0
H
Jiutepatypa *
1. Ham N. S, Mole T. Cm. b74, 1. 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 1. 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. Bls.
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 J. 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).
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Yuebnurku: B3, b4, B7, B14, B53.

O6soprete cratou

a

~

Sternhell S., Correlation of Interproton Spin, Spin Coupling Constants with
Structure, Quart. Rev., 23, 236 (1959).

Bothner-By A. A., Geminal and Vicinal Proton-Proton Coupling Constants in
Organie Compounds. Cm B72, 1. 1.

Cookson R. C., Crabb T. A., Frankel J. J., Hudec /., Geminal Coupling Con-
stants in Methylene Groups, Tetrahedron, Supl. No. 7, 355 (1966).

Sternhell S., Long-Range 'H-'H Spin, Spin Coupling in Nuclear Magnetic
Resonance Spectroscopy, Rev. Pure Appl. Chem., 14, 15 (1964).

Barfield M., Chakrabarti B., Long-range Proton Spin, Spin Coupling, Chem.
Rev., 69, 757 (1969).

Hilton /., Sutcliffe L. H., The Through-space Mechanism in Spin-Spin Coupl-
ing. Cm. B74, 1. 10.

*) Kovalewski J., Calculation of Nuclear Spin-Spin Coupling Constants. Cu

KHHry,

B74, t. 11.

* Ccbliky ¢ HHAeKcOM B Moxkuo ualith B pasi. «Bub/iuorpadus» B KOHIe




fnasa V

AHAJIU3 CMEKTPOB AAEPHOIO
MATHUTHOTO PE3OHAHCA
BbICOKOIo PA3PELLEHWA

B ra. Il mbi BBeaM mpocTbie MpaBHAa, KOTOPbie [O3BOJSIOT HENOCPEACTBEHHO
onpeieNuT, XAMU4eCKHe CABHIH M KOHCTAHTH! CMHH-CMHHOBOrO B3aHMOJEH-
CTBHA 1o (OpMe MYJbTHIIETOB, HAGJIOHAIOLUXCA B CHEKTPAX SAEPHOro
MarHHTHOrO pe3oHaHca. YiKe OTMeYanoch, YT0 3ITH NPaBUJIA HMEIOT OrpaHM-
4YeHHYI0 006/1acTh NMPHMEHEHHs, TAK KAK OHM OMHMCHIBAIOT HACTHble CAyYaH Ha
ocHoBe ofmei Teopuu anaausa cnektpos AMP npu ucnoabsoBanuwu psga
ynpouaiomux npeanonoxennii. Takum o6Gpa3oMm, HeoGX0IAMO PacCMOTPETh
noJHbi GopMaau3M, U B 3TOI r1aBe Mbi [eTaJbHO Pa3oBheM OOUIHA MOAXON
K anaausy criektpoB SIMP. Bo-nepBbix, Mbl IONBITAEMCSl U3JOMHTL BaXKHEi-
HiMe NPHHUMNBI; Aajiee Mbl PACCMOTPUM HHIKBHAYAJbHbie THAbI CHEKTPOB H
B KOHIIE TJaBbl JafiMM pRJ BaxHuXx o6o6uwennii. OXHaAKo npy 3T0M MBI Or-
paHHYHMCH paccMOTpeHHeM Hau{oJee 4acTo BCTPEUAIOIHXCH CMMHOBBIX CH-
CTEM, MOCKOJLKY HCUEPNbIBAIOIMA AHANM3 BOMPOCA JIEXKHT BHE paMOK yue-
HHKA.

LientpanbHan npoGiaema, oGcyxinaemas B HacToswedl raase, gopmy.au-
pyercs cJeiyioluM o6pa3oM: Kak MOXKHO NOJYYHTh CNEKTPalbHble mapa-
MeTPbl — XHMHYECKHEe CJBHIM M KOHCTAHTH CNHH-CIIHHOBOrO B3auMmojeii-
CTBHSI —— H3 CNEKTPOB fAePHOr0 MarHWTHoro pesoHanca? [as Toro 4TOoGHI
OTBETHTL HAa 3TOT BOMNPOC, HEOGXOAMMO 3HAaTh NPHHUMNLI PACYETA CNEKTPOB
SIMP Bhicokoro paspemenus. [loaromy BHauaje Mbl OTBETHM Ha BONPOC: Ka-
KHM 06pPa3oM MOXHO ONpejesHTh YaCTOTHl W HHTEHCHBHOCTH JIRHMH CHEKTpa,
eCAH H3BecTeH HAG0p XHMHYeCKMX CIABHFOB H KOHCTAHT CIHH-CIHHOBOIO
B3aumoaeiictena? Hrak, npexjie ueM paccMOTPeTb @HAAU3 CNEKTPOB, HaM

HEOGXO0AMMO MOHATb, KAK DNPOHCXOMAHT CUATE3 CIEKTPOB.

1. HOMEHKNATYPA CMMHOBbIX CUCTEM

BBegem BHauajie knaccuPpukalHio Pa3IMYHBIX CIHHOBLIX CHCTEM.
TepMHH «CIIHHOBAsI CHCTEMay» HMCTOJb3YyeTcs AJs 0603HAauYeHHsS Ipyl-
nH gAep, XxapakTepuaylolueiica He 6oJee 4eM 7 DE30HAHCHBIMH Yac-
ToraMu v; U n(n — 1) /2 KOHCTAaHTaMH CHHH-CHHHOBOIO B3auMOJeH-

crBust Ji. [lpeamosaraercsi, 4to Kakue-1HO60 CIUH-CIHHOBbLIE B3aH- |

MONEHCTBUSl 3TOH Trpynnbl c J100bBIMH IPYTHMH TpyInnaMmu siaep
OTCYTCTBYIOT. $lIpa c OJMHAKOBHIMH XHMHUYECKHMH CIBHraMH 0003-
HAyalTCsl ONHOH U TOH e nponucHOH OYKBOH; 4MCJO TAKHMX fALep
B IpyIIe yKa3biBaeTCsl B HHKHeM HHIekce. Takum o6pasoM, HaOpH-

Mep, IPOTOHBI METHJBHON IPyNibl 06pa3yioT cucreMy Az, a MPOTOHH

3THJABHOH rpynnbl — cHcreMy AsB,. OTHOCHTe/bHBEIE XHMHUYECKHE
CABMCH pPa3JMUUYHBIX sfep B CIHHOBOH cHcTeMe 00603HadaoTcd Io-
JIOKEHHSIMH COOTBETCTBYIOWIMX OykB B ajdasHre. Jas rpynnnl
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CH.CF; ucnoansyercs obGo3HaueHHe A3;X,;, yKaawnBapllee Ha 3Ha-
YUTEJbHOE Pa3/HYHe XHMHUYECKHX CJABHTOB IIPOTOHOB U siiep ¢Topa.
MarHuTHO HeIKBUBAJIEHTHble SApa, TaKHe, HAPUMeEp, KaK JBa MpoO-
tona u hBa ¢ropa B 1,1-nudpropatunene (pasx. 2.3.1 ra. I1) uim
ABe mapel NpoToHoB B 1,2-nuxjopGeH3ose, 06o3HauawTcss € MO-
MOILbI0 BEPXHHX IITPHUXOBHIX HHAEKCOB. DTH JBe CIHHOBBIE CHCTEMBI
o6osnauvaoTcsi kak AA’XX’ u AA’BB’ cootBercrBenno. IIpu stom
110CJ1€0BATENbHOCTh PE30HAHCHBIX YaCTOT B HATPABJEHHH BO3PacTa-
HHSl HaNpsKeHHOCTH MAaTHUTHOTO TOJS JOJKHA MO BO3MOMKHOCTH
COOTBETCTBOBATH MOCJEA0BaTeNbHOCTH GyKB ajadasura.

3apaua V.1, Onpegennure cneKTpaJbHbBIH THI MPOTOHOB B COEAMHEHHAX & — H.

H
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2. KBAHTOBOMEXAHUYECKMA DOPMAJIU3M

Hanuuue y sigep criuna He MOXKeT GbIThb OOBSCHEHO C NMOMOLLBIO
KJaccuyeckKofi MexaHHKM, MpobJieMa pacuera CIOEKTPOB SAepHOro
MarHHTHOTO pe30HaHca MOXeT OBITh pellleHa TOJbKO € HOMOILBIO
KBAHTOBOH MeXaHUKH. B 3To# riiaBe Mbl BBeJeM HeoOXOJUMble MPHH-
LUMIIBI ¥ METOABl KBAHTOBOH MeXaHUKH, NpHUeM clenaeM 310 Oe3
/l0Ka3aTeJbCTB, NOCKOJbBKY, C OAHOH CTOPOHB, MBI He MOXeM Mpel-
nojlaraTe, YTO YUTATeNb JETAJbHO 3HAKOM C TeopHed, HO, ¢ APYroH
CTOPOHBI, XOTeNH Obl HaTh KAK MOXKHO 6oJiee MOJIHOE NpeACTaBaeHHe
0 ¢opmanusme. Brnpouem, Ham noaxoa umeer u TO OGOCHOBaHHE,
UTO KBaHTOBasg MeXaHHKAa HCXOAHT H3 MOCTYJaTOB, KOTOpble He
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MOryT GBITH HYM [OKa3aHbl, HH CTPOr0 MaTeMaTH4YecKH BBHIBeJeHbl, a
OCHOBAHBI Ha KCIepUMeHTaJMbHbIX Habnwoaenuax. Uurartenn, 3Hako-
Mble ¢ METOL0M MOJIEKYJApHLIX opOutadell (Meton XwkKeas), GbCT-
po ofHapyxar, yro MaTeMaTHUeCKHH (OPMANH3M, HCIONL3YeMbIH
B MeToJe XIOKKeNs [Jjis pacueTa cOOCTBEHHBIX 3HAaUE€HHH U BOJHOBBIX
(YHKUHHA - 971CKTPOHOB, aHAJOTHYEH TOMY, KOTODBHIH HCNOJb3yeTcs
B naHHOH raaBe. CyllecTByeT MHOIO HHTepecHHIX napanJgeneil y obo-
UX TMOJXOJOB, 1 CPABHEHHE HX YPe3BHYAHHO MJIOAOTBOPHO.

Tor ¢axT, uT0 MB MOXeM HaGJIOAATb CIEKTP HJEPHOrO Mar-
HHTHOTQ pe€30HAHCA C OTHe/]bHLIMH paspelleHHBIMH JHHHUAMH, MO-
Ka3bIBaeT, YTO HEpPrusi CIMHOBOH cUCTEMBl B MArHHTHOM NOJIe K8aH-
ryerca. COBEPIIEHHO aHAJOTHYHO HHAMBHIYAJIbHOMY CIHHY CIHHO-
Bas CHCTEMA KaK [[eJioe MOKET HaXOAHTbCA TOJNBKO B ONpeEReseHHBIX
COCTOSIHHSIX, HA3BIBAEMBIX CTAUYUOHOAPHbIMU UAL COOCTEEHHBIMU CO-
CTOAHUAMU. DHEPTHsl ITHX COCTOSIHUH, HJIN COBCTEEHHble 3HAYEHUS,
onpejensioTcsi B3aUMOAeHCTBHEeM MeXAy sAPAaMH M BHEIIHHM Mar-
HUTHBIM IoJieM By, a Tak¥XKe CIHHH-CIHHOBHIM B3aUMOJCHCTBHEM siAep
Mexay coboft. Kamaoe coctosiHue XapakTepH3yeTcs 804HOB0L, UiH
cobcreennod, pynxyued W.

Yacrorel JIMP-curunanos fpq cOOTBETCTBYIOT Pa3HOCTSAM JHeprufl j
CTALHOHAPHBIX COCTOSIHHHA CHMHOBOH cHCTeMbl. PacyeT 3THX 4acTOT
npeanoJaraer 3HaHue coOCTBeHHBIX 3HadeHH# E, u Eg:

foq=(1/B)(E; — E,) (V.1) |

Ilast pacueTa OTHOCHTEJbHBIX HHTEHCHBHOCTEH CHIHAJlOB, KaK 3TO
Oyfer BHIHO BIOCJEACTBUH, TaKXKe HaJO 3HATh BOJHOBHE (YHK-
uuu W,

2.1. ¥paBHenne Ulpemunrepa

MmB mocTysnupyeM, 4TO B MHKPOMHpE CBSI3b MEXJAy 3Hepruef
YacTHUB H ee BOJHOBON (yHkUHedl W ONUCHIBAETC YpasHeHuem
lIpeduncepa. B npoctefimeii, He 3aBUCALLER OT BpeMenH ¢opme 3TO
ypaBHeHHe 3aMHUCHLIBAETCS B BHIE TaK HA3bIBAEMOro ypaBHEHHA AJd
CO6GCTBEHHbIX BHAUEHUIL:

Y = EV (V.2)

raie 6 — oneparop ['amusbrona. [leficTBHe 3Toro omepatopa Ha §
co6cTBeHHYI0 (PyHKUMIO W NPUBOAWT K HPOU3BeLEHHID COOCTBEHHOIO |
3HayeHHs] Ha coOcTBeHHYIO (QYHKUHIO. YpaBHeHue (V.Z2) nosBojser §
PaCCUHTATh HEPTUH CTALHOHAPHBIX COCTOSHHH OJHOH WJH HECKOJb-
KHX 4YacCTHIl, HalpUMED 3JIEKTPOHOB B MOJIEKYJe HJIH MAarHUTHHIX
silep CHNMHOBOM CHCTEMBI, €CJH TOJbKO H3BECTHbl [aMHJBTOHHAH
u coGcrBeHHble QYHKUMH. Tak Kak 3Heprus Moxer ObiTb ompepese-
Ha 3SKCIEPHMEHTaJbHO, TO BeauunHy E HasbiBawor Habawodaemold, §
COOTBeTCTBRYIOUleH JaHHOMY FaMHJILTOHHAHY.
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[TousiTHe oneparop, UCOJNb3yeMOe HAMH B janbHefllieM, TpebyeT
KpaTKOro nosichenus. [Ipex /e Bcero onepatopbl — 3TO HU UTO HMHOE,
kak HHCTpYKIUH. CuMBoa #Y o3HaUaeT TONALKO, 4YTO AEHCTBHe, OMH-
cpiBaeMoe onepatopoM 'amunbToHa (M moKa elle HamMu He 00bsAcC-
HeHHOe), OyaeT OTHOCHThCA K GyHKUuH V. B aTOM cMBIC/I€ CHMBOJIBI
«KBaApPaTHbIH KOPeHb>» HJH <HHTETPHPOBAHHE» TaKKe NpPeCTaBlsIoT
coBoll omepaTopel, NOCKOJbKY OHH MPEANHCHIBAIOT BHINOJHEHHE OIl-
pejleJIeHHBIX ONepaluid Hald 3ajaHHBIMH ¢yHkuusmu. Tak, ecau
IpeACTOMT NpOoAHddEpeHUPOBATh HeKyl0 (GYHKLUHIO N0 X, TO HC-
noJb3yeTcs onepatop Anddepenuuponanus d/dx. M3 stux npume-
poB BUJIHO, YTO ONEPAaTOPH BCErja 3aNMMCHIBAIOTCA CJeBa OT (YHK-
M4, K KOTODOH OHH MpHMeHsIOTC. TakuM 00pas3oM, HnepecTaHOBKA
HY — WH# Henonycruma.

[lenTpanbHas npobaeMa TeODUH XHMHYECKOHA CBS3H 3aKJIOYaer-
¢ B pelIeHHH 3aJayd O JBHKEHHH JIEKTPOHA B MOTEHUHAJbLHOM
noje sfep ¥ APYTHUX 3JeKTPOHOB MoOJIeKyJaw. B 3Tom cayuae uc-
noJb3yeTcss XOopowlo Hu3BecTHas ¢opma omnepatopa [amuabToHa
(V.3). B stoM ypaBHeHHM Hucnosab3yercs oneparop Jlanaaca pas
KMHETHYECKOR SHepruy H omepatop V — AJs NOTEHUHAJIbHOH 3HEp-
CTUN:

56 = (— h¥/8n’m) (0%/0x2 + 0%/dy® + 0%/02?) + V (V.3)

TpyanocTu peleHns npobjeMbl XHMHUECKOH CBSI3H, COTJIACHO
ypaBHenuio (V. 3), onpenensiiotcs raaBHbIM 06pasoM coxHOE dop-
MOH TaMHJbTOHHAHA, TAK KAaK SHepPrHs siBaseTcsl (YHKUHEH KOOp-
IvHaTt BcexX 3JeKTpoHOB. [Ipu HCnoONB30BAaHHH MOJENH -— JMeKTPOH
Ha Kpyroeoil opOHTe, KOTOPYIO MBI mpuMeHsiu B ra. IV, stu Tpya-
HOCTH CHJIbHO yMeHbliatoTcs. IlosToMy npeacraBasiercd Lenecoo6-
Pa3HEIM 1IOKa3aTh Ha 3TOM INIpHMepe, KaK pelldaeTcs ypaBHEHHe
(V. 2).

ITocko/IbKY ABHKEHHe 3JEKTPOHA CBEAeHO K KPYyroBOMY JBHIKE-
HHIO o opOHTe pajHyca r, TO MOXKHO HCNOJbL30BaTh yroa ¢, obpa-

SOBaHHBEIA paAHyC-BEKTODOM C IIPOU3BOJbHBIM HallpaBjeHHeM, B Ka-
1€CTBe eNMHCTBEHHOH MEepeMeHHOH, XapakTepH3ylollleli NOJ0KEHHEe
dactuubl. [lasiee, moTeHUHAbHAS SHEPTHS [NOMKHA PABHATLCA HYJIIO,
TaK uTO PaMU/ABLTOHMAH, 3aMHCAHHBIA B NOJAPHBIX KOOPAHHATaX (CM.
punoxenne ra. X1, pasn. 3) npumer caeaylow i BHA:

H = (— h*/8n2mr?) (3%/09?) (V.4)

Bouanopas OpUpola 3JeKTpOHA MO3BOJsIET NPEANOJIOKHThb, 4TO B
Kauecrse coGcTBEHHON (YHKIEW MOTYT GBIThb HCMOJbL3OBAHHI CHHYC-
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WIH KOCHHYyC-(YHKUHH. JlomycTHM, 4TO B KauecTBe NMPOGHOM DYHK- }
uun Basita (yskuus ¥ = N sin ¢$; toraa ypasnenue (V.2) npu}
noacTaHoBKe (V.4) OPHUBOIAHT K BHIPAXKEHUIO \

(— h¥8n2mr?) (0%09?) (N sin q¢) = EN sin g¢ V.51
KOTOpOe MOc/ie BHUIOJNHEHHs onepauuy NuddepeHuHpoBaHUs MNpH- ‘
BOJHT K ]

(h/8x*mr?) N sin g¢q> = EN sinq¢ (V.6) 1
Orciofa caenyer ]
E = (h¥2mlL?) ¢* (V.7)1
Plle HCMOMb30BaHa NOACTAHOBKA L = 2nr (L — njiiHa OKPYKHOCTH). |
VeaoBue kBaHTOBaHHs ¢ = 0, =1, +2, ..., £n caenyer us Tpe6o-

BaHWs, 4TO coOCTBeHHass (YHKIHsS JOJKHA OBITH ONHO3HAYHON [ |
BCeX 3HauyeHHH ¢. [l ABMKeHHS 2JEKTPOHA MO OKPYKHOCTH JOJIXK- ]
Ho BbioAHAThCS ycaosue W(¢) = W (2n 4 ¢). CoberBeHHble 3HA*§
yenusi Eo, E;, Es B T. . COOTBETCTBYIOT JHEPrusiM, NpHBeACHHbBIM]
B ra. IV. Jlajee paccMoTpum KBaipar coGcTBeHHOH ¢yHkuun W,
KOTOPHI pPaBeH BepPOATHOCTH HAXOXKIEHHS 3JEKTPOHA B ONpPe/elleH-!
HOH TOUKEe OKDYXKHOCTH, TaK 4TO i 4
C2n 3

S N?sin?qpdg =1 (V. 8)]
; .
2n K

Hopmuposounoiil muoscutess N pasen 1/4/m, Tak kax S sin®q¢ d¢=/
) 1

==g. Takum 06pasom, co6cTBeHHAss QYHKIIHS UMEET BHA

‘Fq=«/—l7:r;sinq¢, rie ¢ =0, &1, =2, £3, ..., =n (V.Q

Bapgaua V.2. Ucnoavsya ypasuenue (V.2), ramuibToHHaH B BHAe (V.3) #
npobuylo ¢ymkuuio W = Nsinax, paccuntaiiTe COGCTBEHHBlE 3HAUYeHHS H CO0Y
CTBeHHHE (YHKLIHMH 3J€KTDOHA, HAXOJsAlerocs B OXHOMEPHOM sIHKE MJIHHHI
¢ norenuuasom V =0

3. OMEPATOP TAMUIIBTOHA
AN CNEKTPOCKOMNUU AAEPHOTO MATHUTHOIO
PE3OHAHCA BbICOKOIrO PA3PELLIEHUA

Teneph HaM NpeICTOUT HCNONb30BaTh ypaBHenne Llpenunrep
LJIsl PelleHHs] HHTepecyiolllefl Hac NMpoGJeMbl — ONpeje/ieHns 3Hep
reTHYECKHX YPOBHEH CNMHHOBOH cucTeMbl B MarHHTHoM moge. Hcd
NoJb3yeMbli B JAaHHOM cJydyae (eHOMEeHOJOTHYECKH MOCTPOEeHHD
raMHUJIbTOHHAH HMEET BH]

H=5"+ "= vl + T XTIl @) (v. 10
i< ;
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rae Nepsblil uled —J6(°) — cOOTBETCTBYET B3aUMONEHCTBHIO SAEP
¢ BHEIUHUM TosieM By, a BTopoil wieH —3 — oTBeyaer 3HeprHH
CIHH-CIMHOBOTO B3auMojehcTBHsA. CoOOTBETCTBEHHO HB( comep:KuT
4acTOThHl Pe30HAHCA v, a (") — KOHCTAHTH CHHH-CHHHOBOTO B3aHMO-
neiictBust Ji;. Takum o6pasom, J( B TOUHOCTH COOTBETCTBYET ypaB-
wenuto (II. 10), BBeAeHHOMY paHee AN 3HEPIHH CIMH-CIHHOBOrO
B3aHMOZEHCTBHSA, a 4JjeH FE(°) cTaHOBHTCS NMOHATHBIM Ha OCHOBE CO-
ofpakeHHH, npuBeleHHBX B . . Tam 6bu10 maHO cOOTHOLIeHMe
E = — p:Bo AJs NOTeHLHAJIbHOH 3HEPIrUH sijipa B MArHATHOM IIOJIe.
13 ypasuenns (I.5) u ycnoBus pesonanca (l.10) caenyer, uro
E = vi.(i)*. Ecan nogenuts 3eeMaHOBCKYIO 3HEPLHIO Ha IIOCTOSH-
uylo Ilnanka h, To sHeprus, Kak W B caydae CIMH-CIHHOBOTO B3aH-
MojellcTBHA, Oy/eT BHpakathes B repuax. TakuM o6pasom, mMHO-
xutenanb 1/h B ypaBHeruu (V. 1) ucuesaer.

Ecau Temepb BepHYTbC K BOJIHOBHIM (DYHKUHSIM, TO OKa3blBaeT-
csl, YTO MOXKHO HCIIOJb30BATh BBEJEHHbE paHee QYHKUMH o H P B
KayecTBe QYHKUMH, COOTBETCTBYIOMHX aHTHNAPANIENbHON 1 MapaJ-
JleJIbHOH ODHEHTAUHAM S[€PHOI'0 MAarHHTHOIO MOMEHTAa OTHOCHTEb-
HO BHEIUHEro MarHuTHOro moas. Huxe mbl 06cyaum BaxHefmpe
cBoficTBa 3TUX PYHKUME.

[amuabronnan (V. 10) coaepXuT AOMONHHTENbHbIE ONEPATOPH,
2 UMEHHO CNHHOBBIe onepatopi I, u I. CBoficTBa TUX ONepaTopoB
nomg;mpyxmcs B ¢opme mpasua AEHCTBHS HA BOJIHOBblEe (DYHKIHH
o np:

~

la=(1/2)p T,a=i(1/2)p La=(1/2)a
IB=(1/2e Ih=—i(1/Qa [p=—(1/2)P (V. 11)

Bekrop I ompepensieTcst cBOUMH KOMNOHeHTaMmu I, I, u I,. 3a-
MetuMm, uto cooTHowenuss (V.I1l) aas onepartopa I. moryr GuiTb
HHTEpPIpPEeTHPOBAHB KaK ypaBHEHHS AJs cOGCTBEHHBIX 3HAUeHuH, Tak
KaK QYHKUHH o H [} IBASIOTCS COOCTBEHHBIMH C COGCTBEHHLIMH 3HA-
denusiMmu +1/2 1 —1/2 coorsercrento. MubiMu cioBaMy, MarHut-
Hble KBAHTOBBIE YHCJA My, BBeAeHHble B . I, siBasiioTes co6cTBeH-
HHIMH 3HAUEHUSIMU omepartopa I..

B orHoweHun BOMHOBHIX PYHKHHUA MBI TakKe BBeIEM JONOJHHU-
TeIbHO YCJIOBHSI OPTOZOHAALHOCTU W HOpMUPOSKU- B 3ToMm ciydae

Saadv:—— S BB du =1 (V. 12a)
H Saﬁdv=gﬁadv=0 (V.126)

Flle uHTerpHpoBaHHe NPOBOLUTCS TIO BCEMY MPOCTPAHCTBY,
\._

®
) Bo, no npeanosioxeHHIo, HanpapJaeHO BAOJb OTPHUATE/ILHON 2-0CH CHCTEMH
O0DAHHAT, TaK 4To 3HaueHHe E MOJIOMKHTENBLHO.
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OueBHAHBIH CMBICJ 3THX YCJOBHH 3aK/al04aeTcss B TOM, YTO HH-§
NUBHAYaJbHOE PO MOXKET CYHLIeCTBOBATb TOJbKO B - HJAH f-CO-
CTOSIHUAX M UYTO BEPOSTHOCTb CYLleCTBOBAHHA B KaKOM-IHO0 ua}
IBYX COCTOSIHKI paBHA eIUHHUIE. 1

4. PACYETb! CMEKTPOB UHOMBULAYATIbHbBIX
CMMHOBBIX CHUCTEM

Tenepb Mbl B IpHHIHIIE FOTOBBl PACCUHTHIBATL COOCTBEHHBIE 3HA
yeHHS JJIA JI0ObIX CIHHOBLIX CHCTeM € NOMOIIbLIO ypaBHenusa (V. 2)
npaBui, chopMyIUpPOBaHHLIX B ypaBHeHHsX (V. 11), u cBOHCTB BOX
HOBBIX GYHKUHMU o u P, onpenenenHbix ypaBHeHHaMH (V. 12). Baxk-|
HO, BIIpOYeM, NOAYEPKHYThb, YTO C MOMOHIbIO PA3BHTOro BeIlle (HOP-
MaJii3Ma MOTYT OBITb ONpeaeeHbl TOJbKO OTHOCHTEbHble SHEPrHH)
COGCTBEHHBIX COCTOSIHHH CIHHOBOA cHCTeMbl. MBI NPAaKTHYECKH YCT-3
paHHJIH BOMpoc 06 aOCOJIIOTHBIX HEPrHsfX, BBeAs DE30HAHCHbIE yac
TOTBl v; H KOHCTAHTH CIIHH-COHHOBOTO B3aMMOJCHCTBHS Ji; Kaki
(heHOMEHOJIOTHYECKHe TapaMeTpul. DT1a npoueiypa oOXOAWT 3HAUH
TeJbHO G0Jsiee cepbe3Hble TPYAHOCTH aOCOJNIOTHOIO pacyeTa CleKTs
pajbHBIX MapaMeTpoB, NPH KOTOPOM BO3HHKAIOT Te XKe 3aTPyAHeHH
KaK M NMPH TOUHOM peLICHHH NMpPoGJeMbl XHMHUYECKOH CBA3H, TaK KaK,;
npexJae YeM BBIYHCAATL KOHCTAHTH 3KPAHHPOBAHHS B MAarHHTHOM
noje ¥ KOHCTAHTHl CIHH-COHHOBOIO B3aWMOJEHCTBHA, CJIeAyeT pe
wuth ypaBHeHne Illpeaunrepa ais HeBO3MYyILEHHBIX MoJjekya. On-|
HAKO 3HAHHE OTHOCHTEJbHBIX SHepruii cOGCTBEHHBIX COCTOSIHHI CH-}
CTEeMBbl — 3TO BCe, YTO Heo6XOAMMO B CIEKTPOCKONHH $SIMP, Tak
K4K CINEKTpPajbHbIE YacTOTH 3aBHCAT TOJbKO OT Pa3HOCTH SHEPrHil]
co6cTBeHHBIX cocTosiHui, [lanee Mbl mpoBeleM pacueT AJdst HEKOTO-Y
PBIX MPOCTBIX CNHHOBBIX CHCTEM C HCNOJIb30BaHHEM OCHOB, DA3BHTHIX]
BHILIE, H IO XOAY H3JOXKeHHss OyaeM BBOIHTb NONOJHHTEbHHE
BaxKHBIE IPaBHJIA. g

4.1. CranuoHapHble COCTOSIHHSI H30JIUPOBAHHOTO
anapa A

DTOT TPUBHAJbLHBIE caydyail paccMATPHBAeTCs 3/eCh TOJbKO /IS
noJHOTH aHaau3a. B naHHOM ciyuae # = ‘0, u n3 ypaBHeHHH
(V.2) u (V.11) caenyer, 4To 3Heprusl cTALHOHAPHOIO COCTOSIHHSH;
o OTpefiesisieTcs] COOTHOIIEHHAMH

#0a(A)=Epa(A), val:(A)a(A)=
= Eqpa(l), va(l/2)a(A)=Eipa(A), E+'/2=(1/2)VA-‘

Ananornuto E_y, = —(!/;)va u wactoTa nepexofa snpa A H3 cO4
crosnus £, B coctosnye Ey, paBHa va.
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4.2. JlBa aapa, He CBSI3aHHble CIHH-CNUHOBBIM
s3aumoneiicreuem (J;; = 0). MpaBuaa or6opa

PaccmaTpuBaeMasi cCHCTeMa COCTOMT U3 ABYX sfaep A u B, xax-
n0e H3 KOTOPBHIX XapaKTepu3yercs BOJHOBLIMH (YHKUHSIMH o u .
Jl1s1 TOro 4TO6bl OMNHCATL CTAllMOHAPHBIE COCTOSHHSA TAaKOH CHCTEMBI,
HCIIOJb3YIOTCA YeThipe MYJbTHIJIHKATHBHBlE (GYHKIHH, XapakTepH-
3YIOIIMECS ONpeJeNEHHbIMH 3HAYEHHSIMH /M1 CYMMbI MAarHHTHBIX
x2aHTOBBIX uncen m;(A) u m;(B), wan cymmapnein cnusom, BBe-
JeHHBIM B pasn. 2.1 ra. II:

(1) $r=a(A)a(B) mr=+1 @) ¢5=P8(A)a(B)
(2) po=0a(A)B(B) mr= (4) ¢s=P(A)B(B)

Mcnonb3oBanne MyJbTHIIMKATHBHBIX (YHKUHE MOMKHO HOSC-
HUTB CJEAYIOUIHM 06pasoM. [ aMuAbTOHNAHB HHAHNBHAYadbHHX slep
MOryT ObITb 3aNHCAHbBl Kak #a U Hr COOTBETCTBEHHO. Tak 4To IS
CHCTEMB! H3 ABYX fifep 6 = Ha +56s; nns sHepruu HMeem E =
= Lx + Es. Bo3bMeM Tenepbp MyJbTHMJHKATHBHYIO (QYHKUHIO @,
TaKyI0, 4TOObI JieBas uacTb ypaBHenus Llpeannrepa okasanach, pas-
noit  Fa(A)a(B) = Fbra(A)a(B) + H#sa(A)a(B). Ilockoabky
B3aUMOJEHCTBHS MEXAy AAPaMH OTCYTCTBYIOT, TO Mbl MOXKEM pac-
CMaTpHBaTh BOJHOBYIO QyHKIHIO o(B) Kak KOHCTaHTY mo oTHOlIe-
Huio K onepauun #Haa(A)a (B). IToctynas ananornuno ¢ onepauueit
Hra(A)a(B), naxomum, 4ro Hro(A)="Ea(A) u Hsza(B)=
= Epa(B):

F6o (A)a(B) =Era(A)a (B) + Ega (A)a (B) =
= (Ear+ Eg)a(A)a(B)= Ea(A)a(B)

my=20
m]‘=-—1

Takum o6pasom, MyJbTHIJIMKATHBHAS (OYHKUHS ¢y YAOBJAETBOPSET
ypasuennio Ulpenunrepa ¢, = E¢;. Hcnonbsysi ypasuenne (V. 2)
U MyJbTHIVIHKATHBHbIE QYHKUHH @i, P, b3 U ¢4, MB! MOXKEM Temepb
paccuutaTh 3HEPrHU 4YETHIpeX CIHHOBBIX COCTOSIHHH JBYXCIHHOBOR
cucreMbl. IlockonbKy B3aHMOJeHCTBHEe CIHHOB OTCYTCTBYeT, Hf =

= 2600 4
[Valz(A) + val: (B)] a(A) a(B) = Eja (A) a (B)
[(1/2) va + (1/2) vg] @ (A) a (B) = E\a(A)a(B)
Ey=(1/2) (va + vs)
[Ipu BbIMOMHEHHH pacyeTOB cielyeT NOMHHTb, 4TO ONepaTOp
I:(A) npumensieTcst TOJBKO K BOJHOBHIM QyHKUHsM siapa A. Coor-

Bercrpenno omepartop 1.(B) neificrByer Tobko Ha QynkuHio a(B).
AHasornuno mosyuum

Ey=(1/2) (va — va),
Ey=(—1/2)(va + vg)

Ey=(—1/2) (va — va),
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Puc. V.1. Jluarpamma 3HepreTH4YecKUX ypoBHeHl u crekTp cHcTeMH AB ¢ KOH- |
CTaHTOH CHHMH-CIHHHOBOTO B3auMOAelicTBHSA Jap = 0.
a — aHarpaMma 3HepreTHYecKHX ypoBHell; 6 — cnekTp.

Wrak, guarpamma 3HepreTHUeCKHX YpOBHell ABYXCHHHOBOH CH-
cTeMsl 6e3 CHOHH-CIIHHOBOIO B3aHMOJAEHCTBHS HMeeT BHJ, NpUBe- §
AenHpli Ha puc. V. 1. HacToThl nepexoioB COOTBETCTBYIOT PasHOCTAM
cO6CTBEHHBIX 3HAYEHHH, H CIIEKTP COCTOMT M3 [ABYX JIMHHH ¢ yacro-
TAMH vp H VB. !

[Mepexon (3) — (2) He yyuTHIBaeTcsl, TaK KakK B COOTBETCTBHH j
¢ npasusamu 0T60pa JZOTYCTHMBI TOJIBKO TaKHe NePeXOibl, AJs KO-
TOPHIX CYMMapHBIH CIHH BOJHOBOH (DYHKIHH H3MEHSETCH Ha ejH- j
puny (Amr = 2=1). DT0 COOTBETCTBYeT Pa3yMHOMY JONYLICHHIO O
TOM, YTO OJMH KBaHT MOXKET H3MeHHTb ODHEHTALHIO JHUIb 00HOZO
sapa. B ra6a. V.1(A) npusejeHbl pe3ynbTaThl aHaJH3a CHCTEMBI
AB 6e3 cIHH-CTIHHOBOrO B3aHMOLeHCTBHs. PacueT OTHOCHTEJbHBIX |
HUHTEHCHBHOCTEH OT/EeNbHBHIX TEePeX0d0B paccMoTpeH B pasil. 4.3.2.§

3apaya V.3. O6pasyliTe MyJbTUNJIHKAaTHBHbIC (YHKIUH TPEXCIHHOBOH CcHCTe-
™Mbl M paccuydTafite coGCTBEHHBIE 3HAYeHHs AJst caydas, KOrja CIHH-CIIHHOBbLIE
B3aUMOJEHCTBUA MEXKIY AAPaMH OTCYTCTBYIOT.

s pacuera cOOCTBEHHBIX 3HAUeHHH B paccMaTPHBAEMbIX BHIILIE:
npuMepax Mbl MOINIH HENOCPeJCTBEHHO BOCHOJIB30BATbCS ypPaBHE-
uueM [lpenunrepa (V.2). 910 MoxKHO OblJIO Cle1aTh, TAK KaK HaMj
yae Oblin H3BECTHbI COOCTBEHHBIE (PYHKUHH COOTBETCTBYIOUIHX CH-]
creM B popme dynkunit o v f uin aa, af, fo n BB OxHako 970 HE
Bcerfa rak. Hanporus, B AasbHefilieM Mbl GyAeM, Kak MPaBUJIO
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1IMETb JeJ0 ¢ npobjeMoll pacueTa SHepPruu CIHHOBBIX CHCTEM ¢ NO-
MOIILbIO MPOOHBIX BYHKUKHA, OTIHYAKIHUXCA OT HCTHHHBIX COGCTBEH-
HbIX PYHKIHEA. DHEPrHa CIMHOBOH CHCTEMBl MOXKET ObiTbh BbiuHCJeHa
¢ HCHOJb30BAaHHEM NPOOHBIX HAH DPHOMIKEHHBIX (QYHKUHA ¢ MO-
MOLLBIO COOTHOILEHHS

E= S A dv/S W2 dy = (¥ | 56| V(W | W)

Coornouenne (V. 13) ciemyer us ypasrenus (V.2)nociae ymHoxe-
niist Ha W ou nmocsedyromero uuterpuposanus. B (V. 13) ucnosp-
3y10TCSl 0603HAUEHHS HHTErPaJIOB, BBeleHHble JlinpakoM.

(V.13)

4.3. IBa sinpa, cBA3aHHbIE CTHH-CIUHOBBIM
B3aumoneicreuem (J;; == 0)

4.3.1. Cayuail cuctemor Ay u 8apuayuonnsl MeTod. Tenepsp Mbi
PBEJIEM CIIHH-CIHHOBOE B3aUMOJeHCTBHE MeXAy SiAPAMH B KaueCTBE
JONOJIHHTEIbHOTO B3aWMOJEHCTBHSA; NPU ITOM aJs pacyera cober-
BEHHDBIX 3HAYEHHH J0JKeH OBbITh HCIOJb30BAH MOJHBIE [aMHJBTO-
nuan (V. 10). Ilpexnae Bcero cielyer onpeie/nTb, He SBJISIOTCA JH
MYJLTHIIHKATUBHbIE (DYHKUHH ¢ — ¢, NOAXOAALHMH IAs ONHCA-
HHUST CTALHOHAPHBIX COCTOSIHHH, T. €. He SABJAIOTCSH JH OHH COOCTBEH-
HBIMH.

CHayana paccMOTPUM [BYXCTIMHOBYIO CHCTEMY, B KOTOpOH siapa
IMEIOT OAMHAKOBblE DE30HAHCHBIE 4acTOTHl (va = vg) M KOTOpas
kraccuuuupyercs kak cucreMa A, OueBHAHO, UTO B NAHHOM CJy-
uae Hesb3l pacnos3HaTh yactThuel A(l) u A(2), a MyJbTHNAHKATHB-
Hole ¢pyuxunn o (1)f(2) uau B(1)a(2) yxKe He OTHOCATCS K KAKHM-
1100 NMCKPeTHBIM cocTosHHusM (2) u (3). B aTom cayuae rosopsrT,
4T0 cocTosiHuA (2) u (3) cmemnBaoTcs. [103TOMY HEOGXOANMO HaliTH
HOBble BOJIHOBBIE (YHKUHH ANl 3THX COCTOAHHH. 3aMeTHM, BRpO-
ueM, 4TO QYHKUHH ¢ u ¢y moaxomsaT Ansi cocrosuuii (1) n (4),
nockoabKy a(l)a(2) u a(2)a(l), a raxxke B(1)B(2) u B(2)B(1),
OYEBH/JHO, IONAPHO HAEHTHYHBI.

Kakue ke BOMHOBbe (YHKUHH ciaefyeT u3bpaTb AJsi COCTOSHHI
(2) m (3)? s pewmedns Takoro poaa 3ajzady B KBAHTOBOH Mexa-
HHKe HCNOJMB3YeTCH eapuayuontsil merod. BoaHoBasi ¢yHKIuS
COOTBETCTBYIOUIUX COCTOSIHHII CHaua/ja annpOKCUMHPYeTCS Kak AU-
Heldnas kombunayus. VIcKoMble COCTOSHUS NOJKHBI 00JMafaTh HEKO-
TOPLIMH CBOMCTBAMH MYJIbTHIJHKATHBHBIX QYHKUHA ¢ U ¢4, U, cie-
l0BaTeNbHO, OHH MOTYT OBbITh MPEACTABJACHB! BHIparKeHHeM *

Wy, 3=cy(aB) + c3(Ba) (V.14)

9Ta npobHas QyHKIUA npeamosaraer pacueT HEPruH He MO ypas-
vennio (V. 2), Kak 370 Aen1ajoCh panee, a N0 ypaBHEHHIO (V.13).

* 3nech W fanee MHAeKcH NpH GYBKOHSX & H B GYIYT ONYCKaTbCa B uedsx
Ynpowenns ¢opmyn. [Moapasymesaercs, uTo MOC/AELOBATEBHOCTD sAep Bceraa
OiHa U Ta xe: a umenno (1), (2), (3) ... (n).
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Bapuauuonnas Teopema yTBepXKAaeT, YTO 3HEPrUs &, IOJYYeHHAsl ]
TakKUM croco60M, He MOXeT ObITh MeHblle HCTHHHOIO 3HayeHHs H 4
OyneT paBHAa HCTHHHOMY 3HAUEHHIO TOJNBKO B TOM cJydae, ecyu §
npobHasi W McTHHHAA GYHKUHMH OyAyT ugeHTHUHbl, Takum 06Gpas3om, |
Jyqllee pelieHHe NOJTYYaeTcsi, KOrJa SHEPTHsl CHCTeMbl MHHHMAJbHA.
Tak Kak A0 CHX IIOP MBl He OIpeAes]HIH KO3)(PHUIHEHTOB C; H C3 §
B ¢yukuan (V. 14), mul MOXKeM BBIJBHHYTH B KaueCTBE YCJAOBUH |
NoJy4YeHHsl HaWJYULIero pemeHns caeyolnee Tpebosanue: Jde/0cy = |}
= de/0c; = 0. [Ipyrumu cjaoBamu, Jyulllee pelIeHHe NOJNYUAETCA B 4
TOM cJydae, KOTJa BapHalns Ko3h(HUHEHTOB Cy U €3 yXKe He NPU- 4
BOAUT K MOHHKeHUIO 3Hepruu. [logcrasus (V.14) B (V.13) u BH-
NOJHHB COOTBETCTBYIOIHE OMEPALHH, MOJYyUYHM

e = (Ie2 (aB) 4 c3 (Ba)] | H | [c: (af) - c3 (Ba)] ) —
([ea (aB) + c3 (Ba)] { [c2 (aB) + ¢35 (Ba)])

__ ¢3(aB 1 %6 | B) + g0y (aB | % | Ba) + cocy (B | | oB) + c5 ¢Bor| % [ o
c5{aB | af) + cocy (B | Ba) + csco (Bor | aB) 4 ¢ (Ba | Bar)

YroOnl ynpoCTHThL BbipaxkKeHHe, Mbl HCHOJBb3yeM CJeAYIOlIHEe COKpa-
L eHHS: ’

Hy={(af| 5 |aB) Hy="{(aB|H#]Ba)

Hy={Ba| 5 |Ba) Hsy={Ba|H]|ap)
[Tpumensis ypasHenue (V.12) u ycioBHe HAeHTHUHOCTH Hap = Hays, |
B KOHLEKOHLOB nosyunm e = (c3H,, + 2c,c,H 3 + c3H ) /(c3 + ¢3) == §
= u/v. YunThIBasl BBeJ€HHBIH BBILIe KPHTEPHIT HAUNYYHIETO perleHus, |
caelyeT NPOBeCTH yacTHoe AHpdepeHIHpoBaHHe O Cp u ¢3. [lo mpa-
suy AuddepeHIHpOBaHUA APOOHBIX BbipameHHH uMeeM OJe/0co = |
= (1/v) [0u/dc: — (u/v)0v/dcs). TlockoNBKY U/U paBHO &, TO ;

Oe/dcy = (1/0) (Qujdc, — edvdcy) =
= [1/(03 -+ c%’)] (202H22 + 2¢,H,, — 8202)

Jasi Toro 4ToOB MHHHMH3HPOBATb € OTHOCHTEJNBHO Cy, NPHPABHH-
BaeM de/dcg K HyJM10. DTO BO3MOXKHO TOJBKO B TOM cJyyae, KOrja
NoCJaeHss] BeJHYHHA, 3aK/II0UeHHAsi B CKOOKH, PaBHA HYJIO; OTCIOAA
Haxoaum

Co(Hop — &) 4 c3Hpz =0
Anagnoruuto pacuer de/dcs (npu Hsp = Ha) naer ‘
coHl3s + ¢35 (Hyy — ) =0 (V.16)
Ypasuenuss (V.15) u (V. 16), nonyyenusle TakuM 06pa3oMm, Hasbl- ;
BAIOTCS CUCTEMOU OOHOPOOHOIX AUHEIHbIX YPABHEeHUL ¢ HeH3BecT- |

HHIMH KOG (UUHEHTaMu ¢z H ¢3. OHH TakKe Ha3LIBAKTCA CEKYAAP- |
Hounu ypasnenuamu. CoryacHo ofHOH H3 TeopeM aare6phl, CHCTEMA

(V.15) §
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ypaBHeHHil 5TOro Thna 06nalaeT HeTPHBHAJbHHIMA (T. €. HeHyJe-
BbIMH) peLIeHHAMH LA K03()dHUHEHTOB, TOJbKO ec/H AeTepMHHAHT
CliCTEMBI, Ha3biBAEMBIH CEKYAAPHOIM OCTEPMUHOHTOM, DPABEH HYAIO.
B nameM cjayuae 3TO 1aer

Hyp—e Hy 0
Hjy Hyp— ¢

[Ipu pelleHHH 3TOro [AETEPMHHAHTA BTOPOro NMOpPsAJKA INOJyyaeTcs
KBaJpaTHOe YpaBHEHHE, OTKYAa ONpelensieTcs SHeprid .

JIna toro 4to6bl IPOBECTH pacyeT, Mbl JOJMXKHLI BHAYaje BBECTH
saeMeHTH a3, Hzs, Hge w His B ypaBHenwe (V. 17). Hcnoawsys
ramuabrondan (V. 10), moayuum

Hyy=(aB |96 |aB) = (aB | 56 | ap) + (aB | 56| af)
PaCCManHBaH OTAEeJIbHO YJIEHBI 3TOrO ypaBHEHHA, OJYHHM
(@B | 6 |aB) = (B | val: (1) + val (2)| aB) =
— (@1 (5va—gva)aB)=0
(@B |6V aB)y=(aB |JT(1)[(2) |aB) =
=BT I, +T1,]1,+ LTI af) =
=7 (@B |T. 0| aB) + @B | 1,1, | af)y+ (@B | T.1, |aPy)=
=7 (7 (aB (Bo) + 5 (ab | Ba) — 5 @ |aB)) = — 5 /

Takum o6pasoM, Hqp = — (!/4)J; ananornuno umeeM Haz= — ('/4)J.
Pacuer HeAMaroHa/bHBIX 3JIEMEHTOB HDPOHCXOAHT CJEAYIOUIHM OG-
pasoM:

Hy = (aB] 8 |Bo) =(aB| " | Bo) + (B | 6] po)
(af [ 6O |Boy = (af [valz (1) 4 val2 (2)| pa) =

—@BI(— 5 va+gva)lpny=0
@B 16 oy =(ap 11 (D] (D) By = X
=1 (@B 1.1, po) + (B | [, ], | Ba) + (0B | .1 | Boy) =
— 1 ( (0B aB) + 7 (aB oB) — (@B |po)) = 5/

Onement Hs, takxke pasen (1/2)J, T. e. IeTePMHHAHT CBOAHTCH K

(V. 17)

—(1/4)J —e (1/2)J
W27 =y I—el
’\
* 3nech cxagsipuoe npousscaende II NpeACTABACHO B PABJOKEHHH 10 KOOp-

l‘muaTaM I, + 1,0, + 1.1, a udaekcu npd omepaTopax ONYLIEHB B UEaAX YNDO-
UicHg q_)opMyer
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Puc. V.2. Inarpamma sHepreTHYeCKHX ypOBHell H CHEKTP cHCTEMbl Az ¢ KOHCTaH
TOH CIHH-CIHHOBOTO Baumojeiicrsda J > 0. :
a — puarpaMMa 3HEpPreTHHeCKHX ypoBHeh: 6 — cnektp.

310 naer kBajgpatHoe ypasHenne [—(1/4)J —e]?2—(1/4)J2 =0,
KOTOpOe UMEET pelleHus g, == 4 (1/4)J n g3 = —(3/4)J.

BapHauyoHHBIH MeTOA ¢ NMpUOAMKeHHOH HJIH NPo6HOH dyHKIHeH
MIPUBOJIUT, TAKHM 00pa3oM, K JABYM 3HAUEHHUSM 3IHEPTUH, OAHO U
KOTOPBIX COOTBETCTBYyeT AecTabUaH3alMH, & APYroe — CTAGU/IH3as
nuu cucremul. Tor dakrt, 4To ABa siApa C OJAHHAKOBBIMH YaCTOTaMH
B3aHMOAEHCTBYIOT MeXKAY co60f NOCPEeACTBOM CIUH-CIMHOBOH CBAA3H]
IPUBOAUT K pacCIlelJIeHHI0 HEPreTHYeCKHX YpPOBHeH €, W €3, KOTOY
pele B caydae J =0 H vy = vs OKa3nBa/l}Chb BHIPOXKIEHHHMHU (C
pasi. 4.2). Mp moxeM yTBepX/AaTb 6e3 J0Ka3aTelbCTBA, YTO IPH
6JMKeHHe BapHalLlMOHHOTO METOAa JOCTATOYHO TOUHO, TAK 4TO [0
JyueHHble DHEPIUH €y U €3 SBASIOTCA HCTHHHBIMH 3HayeHusiMH Ej
u E;. CaenosaTe/ibHO, AHATPaMMa 3HepreTHYECKHX YPOBHeH B ¢l
yae cucreMbl Ay Hmeer ¢opmy, nokasaHnyio Ha puc. V.2, Coben
BeHHbie 3HaueHus E, uw E., pasuble va +(1/4)] u —va 4 (1/4)1
COOTBETCTBEHHO, MOJYy4aroTcA [pH NOACTAHOBKE COOTBETCTBYIOLLH
MYJBTHIVIHKATUBHBIX (PYyHKUUN oo H PR B ypaBHeHue (V.2), raf
KaK 3TH QYHKUHHU ABJISIOTCS COOCTBEHHBIMU. 1

Mp 3aBepuluM paccMOTpeHHe cHcTeMbl A, pacueToM KO3 H
IIUEHTOB Cy U C3 B JuHelHO# kKom6uuanum (V. 14). IloacranoBx
3Hauenust Ep B ypaBuenus (V.15) u (V. 16) naer

Co(—1/2)J + ¢3(1/2) I =0
o (1/2) 7+ ¢ (—1/2) ] =0

OTcIoa cleayeT, 4To €y == C3. B KauecTBe IONOJHHTENLHOTO yCIO]
BHSA [1F HEH3BECTHBIX KO3(D(PHIHEHTOB HCIIOJIb3yeM YyCJOBHe HOM

SRR S A oS L T,
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mupoBkn (V. 12a), cnpaBeasuBoe u AJIs 3TOH JIMHEHHON KOMOHHA-
pun. Ato ycaosue tpebyer (W|W) = 1, uTo NPUBOAHT K ypaBHe-
HHUIO cs4 c3=1. Takum o6pasom, 02=C3=l/«\/2, 1 UCTHHHaA
goaHOBas (QYHKUHS HMeeT BHJ ‘F2=(l/'\/2)(a6+ﬁa). [Ipu mnogz-
craHoBKe E3 HAXOAuUM ¢ = —(C3 U aHAJOrMYHO TOMY, KaK 3TO Aesa-
j10ch paHee, NOJyyaeM

Wy =(1/4/2) (o — pa)

Takum o6Gpasom, JBa COOCTBEHHLIX COCTOSIHHS C CyMMAapHhLIM
cnuioM mr = (0 XapakTepH3YyIOTCsi Pa3JHYHLIMH BOJHOBBIMH GVHK-
nuamMH, B 3akaioueHHe OTMeTHM, YTO BapHAUMOHHBIA MPHHLHUN MO-
ycka BOJHOBHIX (yHKHUH cocTosuuil (2) u (3) npuBOOUT HAc CHa-
qaja K IHEPTHH 3THX COCTOSIHMHA, a 3aTeM H3 3HEpPTHi HOJyuanTcs
k02QHHUUMEHTH Co U €3 B NHHeHHON koMOunauuu (V. 14).

4.3.2. Pacuer oTHOCuTeAbHblx uHTeHcusHrocrel. PaHee Mml pac-
CYHTAJIH IHEPTHH NEePEeXOAO0B ¢ NOMOUILIO Pa3HOCTed COOCTBEHHBIX
3HAYEHHH COOTBETCTBYIOIHX CHHHOBBIX CHCTEM Ha OCHOBE MpaBHJ
or6opa Amr = =1, OgHaKo npH 5TOM MH He obOpalla;au BHUMaHHSA
Ha OTHOCHTeJbHble MHTEHCHBHOCTH JIMHHH, T.e. Ha OTHOCHTeJbHEHIE
BepPOSITHOCTH NepexoloB. B cayyae cucremMbl Ay Mbl XOTesin OBl TO-
CTYNHTb ApYyrum ob6pasom. [lpuMem BHayaje B KayecTBe YCJOBHS,
yto B 0OllEM cJyvYae OTHOCHTEJbHBIE HHTEHCHBHOCTH NPONOPIHO-
HaJbHBl KBAJpaTy TaK Ha3biBAeMOTrO momexra nepexoda M mexny
paccMaTpuBaeMbIMH cOGCTBeHHBIMH cocTosiHusiMu W, u W, Oxn on-
peneasiercs mo ypasHeHuio (V.18), B XOTOPOM HCNOAb3yeTCsA olepa-
top I.. [Ipumenss ypaBuenune (V. 18)

M=<‘ym|2l:ix(t)l\yn)

K cJy4alo cHCTeMbl Ag, MBI NOJYYHM CJELyIOIlHE OTHOCHTEJbHbLIE
nuTeHcHBHOCTH. [lng nepexona Wy — Wy:

M* = (5 (@B + Ba)| I, (1) + I, (2) |amy ==

=5 (3 (@B 180)+ @B [0B) + 3 (e po) + (B lap)) =1
HOans nepexoga W — Wp:
M2 = (e (@B — B [ (1) + 1 (2) ooy =

(V.18)

=+(5 ©@B 180 + 5 (@B |ap) — 7 (Ba | Ba) — 5 (Ba|ap)) =0.

AHasnornyHble pacyeTbl OTHOCHTENbHBIX MHTEHCHBHOCTEH Mepexo-
HoB Wy — ¥, u ¥, - ¥, naior snayenus 1/2 1 0 cCOOTBETCTBEHHO.
akuM o6pa3oM, nepexoibl, cBsi3aHHHe ¢ ypoBHeM Ej; uMeloT HY-
JIeBBle HHTEHCHBHOCTH, TaK 4YTO B CIIeKTpe O0HAPYKHBAIOTCH TOJALKO




158 T'raga V

JABe JHUHUH C OJUHAKOBOM 4acTOTOH, T. €. HabJa100a€eTCsl TONbKO OfHA-
CIHHCTBEHHAY JIMHUA Ha 4acToTe Va. 10 ABAsSETCA NOATBEPKACHU-
€M paHee BbIABHHYTOI'O INOCTyJarta O TOM, HYTO CIIMH-CIHHOBOE B3a-
UMOJEHCTBUE MEXKJY MarHuTHO 3KBMBAJEHTHBIMU silpaMH HE NpOsiB-
JISIETCst B 2KCIEPUMEHTAJbHOM CIIEKTPE.

3agaua V.4. Ucnonbsys posnoBble QyHKIHH, npHBeleHHbe B Tabn V.1(A),
u ypasHenue (V.18), paccunraliTe OTHOCHTE/IbHBIE HHTEHCHBHOCTH MNepeXOfOB B
cayyae cucTeMbl AB B MPeANOJIONEHHH, YTO CIHH-CNIHHOBOE B3aHMOAEHCTBHE OT-

CYTCTBYET.

4.8.3. Cummerpuunbie u QHTUCUMMETDUUHbIE BOAHOBbIE (PYHK-
yuu. PaccmoTpeHne cHcTeMbi Ap ¢ HCIONB30BaHHEM MpelcTaBJeHUH
TEOPUH CHMMETPHH IDUBOAHUT K aHAJOTHYHBIM pe-
3yJbTaTaM, H Mbl 9TO cefyac 7NoKaxeM, YTO Io-
3BOJINT HaM IIONYTHO NO3HAKOMHTBCH C HEKOTO-
PHIMH Ba)XHBIMH CBOHCTBAMHM OIIEPaTOPOB.

KpoMe ocu BpaiieHus, cOBIAAAIMIENH ¢ MEXD”
fi/lepHBIM HalpaBJeHHeM, cucreMa A obmagaer
JAPYTHMH 3JeMeHTaMH CHMMETPHH: 3€pKaJbHOMH
IOCKOCTBIO ¢ K OCbio Broporo nopsaka Cs (cxe-
Ma V.1). OTHOCHTEJNbHO 3THX 3JEMEHTOB CHM-
MeTpuH BOJHOBhie PyHKUHH We n W; BeAyT cebs
pasanunbiM o6pasom. B To Bpemsa kak W, ocra-
eTc HeHM3MEHHOH NpH IMpPOBeldeHHH oNepalui

¢z

Cxema V.1

CHMMeTPHH, T. €. [PH NepecTaHoBKe ABYX sfep, §
dynkuus Wy namenser sHak. Takum obpasom, Wr u Ws apnsoTes §
CHMMETPHYHBIMH H aHTHCHMMETPHYHbIMH QyHKUHSMH COOTBETCTBEH- £

HO:
= @ o+ B) - - (B + ap) == (@B + o)
i (0 — B) -5 e (Ba—ap) = — = (B — fo)

Onepaunn CUMMETPHH — OTpPaKeHHe B TIOCKOCTH G WJIH Bpalle- §
uue BOKpyr ock Cy— ONHCHIBAIOTCA ONepaTopoM S, uMeruwuM cob-;
cTBeHHBle 3HaueHHdg S= -1 u u §=—I1, TaKk Kak cupaseJJHBH }
c/eflylolHe ypaBHenHusl AJs coGCTBeHnbX 3nauenuii: SWy = (1) ¥4
u SW, = (—1)W¥;. [lasee, n3pecTHas TeOPeMa KBAHTOBOH MEXaHUKY §

yTBEepKAaeT, YTO A KOMMYTHPYIOLUIHX ONepaTopoB Q u R (1. e

oIlepaTopoB, yAoBJeTBopsiomux yeaosuio QRY = RQW) coorHole- |

nust Tuna <W,|R|¥n,> paBud nymo, ecin ¥, u Wn sBisiorcs

cOGCTBEHHBIMH (DYHKLMSIMM ONlepaTopa, NPHHA/JIeKAUMMH Pas/Hy-;
HbiM cOOCTBEHHBIM 3HAYCHHUAM Gn U Gm, T. €. €CJAH CIPaBeLaUBO:
yCJaOBHE §n F Gm. JJas yacTHOIO ciydas BEPOATHOCTEH Mepexoiad
B cucreMe A, 3Ta Teopema o3Hauaer, uto mnepexoin We—W, H
Y, — W, «3anpelleHbl». [l0KasaTeabcTBO 3TOTO NOJIOXKEHHS MOKES,
naiity B npuaoxenun (ra. XI). Tak Kak HHTEHCHBHOCTH JUHHHg
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OYeBUAHO, He AOJKHBI 3aBHCETb OT TOTO, BBHINIOJIHEHA JiM OTNepalus
CHMMETDPHUH HJIH HEeT, TO onepaTtopel 8 u I 101XKHB KOMMYTHDPOBATb.
IlaJsee, BoaHOBble PyHKUHKH ¥y, Wo u Wy g9BASIIOTCH COOCTBEHHBIMU
(pyHKuusivu omepatopa S Aad COOGCTBEHHOTO 3HauYeHdss § = -1,
a ¢pyukuus Wy aBsiercss co6cTBeHHOH Aas s = —1. Takum o6pasom,
perpakenus <<Ws|l (¥ > n <W,|I.|Ws> NOMKHB PaBHATHLCS
HyJ[I0 H HHTEHCHBHOCTH (corsiacHo (V. 18)) cooTBeTCTBYIOUINX mepe-
X0/J0B JIOJDKHBI OBITh PaBHBI HYJIIO.

Orciona caeayer obimuii BHIBOA, 4TO nepexodol mexHcoy BOAHOBbL-
MU PYRRYUAMIL PABAUYHOL cuMmeTpuu 3anpeujersl. B 3Tofl cBSI3H
co6CTBeHHble 3Hauyenua olepatopa S MOXKHO PaccMaTpHBaTh Kak
«XOPOIUHe KBAHTOBEIE 4YHCJa», KOTOPbIe He H3MEHAITCS B Xojle
SAIMP-skcnepumentos. TakuM o6pa3oM, B KayeCTBe elle OJHOIO Hpa-
BHJsia 0TOODA AJI paspelIeHHBIX NePexo0B uMeeM As = 0.

[Tonyuennele pesyabraThl A CHCTeMB A, INpHBEIEHH B
taba. V. 1(B) u V.1(B). BoiHOBHIM (YHKIHAM NPUCBAUBAETCS HH-
JeKC TIO 3HAYEHHMIO CYyMMapHOTO CIIMHA Mt W TIO CBOWCTBAM CHMMeT-
pun. Kax MOXKHO BHIeTb, BBelleHHE CIHMH-CIHHOBOIO B3aHMOJefcT-
BUsl BEI3BIBaeT JAecTabuUIM3allMi0 CHMMETPHYHOrO COCTOSIHHSA Ha
(1/4)J u pmecrabuiau3auuioc AHTHCHMMETPUUHOTO COCTOSIHUSL Ha
(3/4)J. DTOT BLIBOA HAXOJAHUTCS B COOTBETCTBHH C NOJIOXKEHHSIMH T€O-
PHH BAJIEHTHOCTH, KaCalOUWHUMHCA COCTOSIHUSL SJMEKTPOHHLIX CHHHOB
B XHMHMYECKHX CBsI3sIX. TPH CHMMeTDHUYHBIE BOJHOBBIE (YHKIUH OIH-
CLIBAIOT COCTOSIHHE JBYX 4Y4aCTHL, KOTOphle (opMmanbHO o6Jamaior
napajie/lbHEIMA ODHEHTAUUAMH CHHHA H, C/1eJ0BaTeNbHO, XapakTe-
PUBYIOTCH CHMHOBBIM KBAHTOBHIM 4HCJOM [ = -}1 ¢ mpoekuusmy I,
0, —1. It Tpu GyHKUMH 06pas3yIOT TaK Ha3blBaEMOe TPUMAETHOE
cocrosnue *. Cunriertoe cocrosiHue ¢ [ = (0 xapakTepusyeTcss aHTH-
CHMMeTpHYHON (YHKUHEeH ap, CTabHAN3aUHA KOTOPOH MOATBEPXKAAeT
H3BeCTHHI Mpunuun [laysau, COrNacHO KOTOPOMY CBSI3LIBAIONIee CO-
CTOSIHME JBYX 3JIEKTPOHOB XapaKTepH3yeTcs aHTHIApanJesbHbiM
pacnosioKeHHeM cnuHOB. [IpaBusna ot6opa /s nepexofoB B CHCTeMe
Ay, 06CyKIEHHBIE TOMBKO UTO, TAKIKE MOTYT GBITH BHIPAsKEHB B 3THX
Tepmupax. CorsacHo ofIMM 3aKOHAM KBAHTOBOH MEXaHHKH, mepe-
XOIpl MeXAY COCTOSIHHSIMH C Pas3JIMuHO# MYJBTHIJAETHOCTBIO, T. e.
MEXKly CHHIJIETOM H TPHIJIETOM B AaHHOM cJjaydae, sanpemiensl. I1o
STOH rnpuuyHHe, HANPHUMep, OPTOBOJAOPOA MeracTabujeH BOAW3H OT
0 K B TeueHue HECKONBKUX MeCALEB.

4.4. Cucrema AB

Bapuanuonnsii npuuuun 1 cootnowmense (V.18) aas MomeHTa
llepexona gaoT HAaM BO3MOMKHOCTH PACCMATPHBATH CIIMHOBHIE CHCTe-

* MyspTHnseTHOCT N COCTOSHUS (CHHTJeT, AyGJeT, TpHMIeT H T. 1.) onpege-
dfeTes cnHoBbIM KBAHTOBLIM wHcsom [ corsacho dopmyae N = 21 -+ 1 (em. yero-
?g: KBaH’I:OBaHHH (I.2)). Beanuuna N nokasblBaeT KOJHYECTBO MArHHTHBIX KBaH-
mem “HCE] 445 NABHOTO COCTOSHHS HJM, HHBIMH C/IOBAMH, KOJHUECTBO BO3MOX-

OPHEHTALHH OTHOCHTENbHO HaNpaBJEHHS BHEIUHETO MATHHTHOTO MOJA.
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Mbl, KOTOPble He WUMEIOT YNPOLMAIOUIKX JOMOJHUTEJbHBIX yCJIOBUH.
O6paTumcs Tenepb K cucreMaM AB-Tuna, B KOTOPHIX MapaMeTphl vod
¥ J uMeloT cpaBHUMble 3HaueHHs. Bylaem c/el0BaTh pacCMOTPEHHIO
caydas A, BIJIOTh A0 BbiBOAa AeTepmuHanta (V. 17). Onnako Te-
neph ynpollaiollee yCJIOBHE Vi == Vg yiKe He HMeeT MecTa, i foJy-
YalTCs CJAEAYIOIHe BbIpaKeHHs LIS MATPHUHBIX SMEMEHTOB oy,

Hos n Haa:
Hop=(1/2)vgd — (1/4)J;  Hyp= Hy=(1/2}J;
Hay = — (1/2) ved — (1/4) ]
JleTepMHHAHT UMeeT BHJ
(gvd—5/)—E 51
y (~wo-tn)-e
PackpbiBasi A€TepMHHAHT, OJy4UM KBajJpaTHOE ypaBHEHHUE
E? 4 (1/2) JE — (1/4) (v40)* — (3/16) 2=90
pellleHHEeM KOTOPOro SIBJISIIOTCA
Egg=—(1/97 £ (1/2) v I? 4 (vp0)?

CoGcrBeHnble 3Havenns E, u E, caedywor u3 ypasHenus (V.2) n
MYJbTHIIHKATHBHBIX QyHKIUHA oo B BB COOTBETCTBEHHO:

E = (1/2)(va +vi) + (U4 5 Ey=—(1/2)(va + va) 4 (1/4)J

CJleAyIOUIMA mAar COCTOMT B pacdeTe KOI()(OHUHEHTOB B MPOGHOH
dynxupn (V. 14). Jlas TOro moAcTaBMM BHauane peuenue Ej |
B ypasuenue (V. 15). Jast ynpoienus popmy.1 GyleM HCNOJb30BATD

cokpautense C = (1/2) A/J% + (vp0)?, Tak uto
¢ [(1/2) vod — C) + ¢5(1/2)/ =0

JanbHeillne pacyeTbl MOMKHO YIPOCTHUTH, €CJH BBECTH yroJa 20 c;
TOMOLLBIO COOTHOMIEHH] vo8/2C = cos 20 u J/2C = sin 26. Ortcio- |

Aa caefpyet, 4To
¢y (1 =~ c0s 20) — ¢38in 20 =10
M Cy==cg sin 20/(1 — cos 20)

[Tpumenenue paBeHcTB sin20=2cos0sin® u cos20=cos?) —|
—sin?@ NPUBOAMT K YPABHEHUIO C; == C3¢0s0/sin®, u mpu yuere]
HOPMHPOBKH ¢34 ¢3== | moJyyaloTcs 3HaueHHs KO3(PHUHEHTOB!

Cg=1c0s0 u c3=sinf.
AHAafOTHUHO MOACTAHOBKA E; NMPUBOAMT K KO3PHUHEHTAM Cg ==
=—sin@® u cz=cosf. Takum 06pasoM, MPaBUJbHEIE BOJHOBBLIE

GYHKIHMU A5 cocTosinuil (2) u (3) UMET BHA
W, =cos8(ap) + sinB(fa); Wy=— sin0(ap) -+ cos6(fa)

=0 (V. 19)
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H f3

!
Z= (Yy+vg) /2
Puc. V. 3. Cnekrp AB-cuctemn npu |Jas| > 0.

OG6paTtuMcst Tenepb K PacueTy OTHOCHTeNbHEIX HHTEHCHBHOCTEH,
/s Yero MBI BHOBb OYJAeM HCNOJ1b30BaTh cooTHolieHue (V. 18). Ha-
npuMmep, 1 nepexoaa Wy — Wy noayuum

M?=([cosB(ap) + sin 6 (Ba)] |7, (A) + T, (B)| ac)? =
= [(1/2) sin 6 + (1/2) cos o) = (1/4) (1 + sin 28)

OTHOCHTE/IbHBlE HHTEHCHBHOCTH OCTAJbHBIX Tepexo]0B PaCCUUTHI-
BalOTCs aHAJOTHUYHBIM 00Pas3oM.

B okoHuatesbhON (opMe pe3yabTaThl aHaJdM3a CHCTEMB AB
Aatorest B taba. V. 1(T'). CnekTp COCTOMT W3 ueThIpex JHHMUI, KOTO-
Pble CHMMETPHYHO PaClOJIOKEHBl OTHOCHTENBbHO UeHTPa (vi -+ vs) /2.
Bueurnue nunuun AB-kBapTera nmeror YMeHbUIEHHYI0 HHTEHCHBHOCTD
O CpaBHEHHIO C BHYTPEHHHMH; 3TOT pe3yJabTaT panee (pasa. 2.3.2
I I1) MBl BBeH SMIHDHYECKH KaK «3h(EKT KpBIII». Huarpamma
SHEPreTHYECKHX YPOBHEH OT/AHYAeTCss OT TOH, KOTOpast HPHBeleHa
Ha pue. V.1, TONBKO TeM, 4YTO cCOGCTBEHHbIE 3HAUCHHSA HHBIM obpasom
CTabUIH3UPYIOTCS M JAecTaGUIH3UPYIOTCS W uTo Juumd A, (f,) wu
A2(f2) v Bi(fs) u By(f4) COOTBETCTBEHHO Yike He SIBIAIOTCS nonapHo
BEIPOK AEHHBIMH.

Ha puc. V.3 npusenen cuexrp cucreMb AB, pacCUHTAaHHBIH /5%
Napamerpos ved = 15 Tn u J = 12 I'w.

3anava V.5. B npeibAyniax pasgenax He Bce BHPAXKEHHS AJ COGCTBEHHBIX
SHaueHUli BOJHOBBIX (DYHKUHH H BepOSITHOCTEH N€PEX0/J0B OLLIH eTaJbHO BHIBe-
Ackel. TIpoBesute Bce HEOGXOAUMBIE MPOMEXYTOUHBIE BBIKJIALKH,

3apaua V.6. Vcnoabsys cooTHoLleHHsA, TpHBegeHHbe B Taba. V. 1(T'), pac-
CUnTafite 4acTOTHI M HMHTEHCHBHOCTH JHHHH B cucTeMe AB npnm ved = 20 Tn u
I =15 I,

3anaua V.7. 3anumwnre cexyaspubii JETePMHHAHT C NOMOIIbIO BapHalHOH-
oro meroga aas auneiinofi kombunanun W = ¢o(aatf) + cs(apa) + ci(faa).
3anava V.8. Nuas cucremsl AB okasanock, 4t0 fi— fa= [o — fs = fs — fu
Kakoso ortnowenne v,8//? 6) Paccuntaiite uHTeHcHBHOCTH JHHHA. B) Kak
MOKNO MOKa3aTh, 470 CIEKTP He ABJASETCS KBapTeTOM MEePBOro NOpAAKa?

a)

6 X. lNonurep
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4.5. Cucrema AX M npuGIHIKEHHE NEPBOro NopAaka

[Tocne Toro Kak ObliM onpefesneHbl COOCTBEHHBIE 3HAUEHHS H
co6crBennble GyHkiun cucreMsl AB, Gpi1o Gbl HHTEPECHO HCCIEA0-
BaTh 3aBHCHMOCTb YacTOT M HMHTEHCHBHOCTEH JHHHH OT OTHOIIEHHS
napamMerpoB vod U J.

Cuauasna oGCyAMM Caydaii, KOTAA OTHOCUTEAbHbLL XUMUHeCKUl
cO8Ue vod HAMHO20 NPesbitiiaeT KOHCTAHTY CRUN-CRUROB020 83AUMO-
deiicreus. Tlpu stom napamerp C mocturaer 3nauennii (1/2) (vod)
1 BolpaxceHue sin20 npubsanxkaercs K Hyao. OAHAKO MNOCKOMBKY
sin20 = 2sin® cos 8, To AuGo sin B, 1u60 cos O HOJMKHEI OLITH PaB-
Hbl HyJo0. JlaJee, MOCKOJIbKY sin?0® -+ cos?0 =1, To ecau sin B =0,
torna cos 0 = 1. Co6eTBeHHbie QYHKUHE W COOCTBeHHbie 3HAYEHHs
B 3TOM NpejeJbHOM Cjaydae, Ha3bIBAEMOM CHCTEMOH AX, UMerT cJje-

AYIOIHA BHA:

(1) aa  (1/2) (va + vx) + (1/4)/
(2) ap  (1/2) (va — v} = (1/H)J
(3) pa — (1/2) (va — vx) — (1/4)J
4) pp — (1/2) (va+ vx) +(1/4)J

2 SHEPTHH B MHTEHCHBHOCTH NEPEXOAOB s 3TOH CHCTEMbI, mpuBe-
JeHHble B Ta6a. V.1 (1), moayuarorcs OOBIUHBIM [IYTEM.

Bepuemcsi Tenepb BHOBb K JderepMunanty (V.19) u mocmoTpum,
KaKue OH uMeJ Obl COBCTBEHHbIE 3HAUEHHS] H COOCTBEHHbIE (DYHKIHH,
ec/H HeIHAaroHaJbHBIE 3JeMeHTH Hay # Hap ObliH Obl npeHeOperkH-
MO MaJbl § WX MOXKHO ObLIO OBl MOJOXKHTh PABHBIMH HYJIIO:

H22_‘E 0 l—
0 Hy—E|"
(—;-voé——;-f)—E 0

0 (——-;—voé—%J)—E =0

JleTepMHHAHT paBeH HYJIO NPH YCJOBHM, UTO 3JEMEHTHl OJHOTO U3 |
CTONGLUOR AW OJHOH U3 CTPOK TOXKE PABHBI HYJIO; OTCIOAA NMOJYYHM

cpasy

52:H22=(1/2)V06"(1/4)J H E3=H33z—(1/2)v06——(1/4)f,

ITogcranoBka 3THX pellieHHii B cekyaspHble ypaBHenusa (V.15) H

(V.16) B coueTaHun ¢ ycaoBieM HOPMHPOBKH €, ¢5= 1 mpuBo-

IUT K 3HAUEHHSM KO3(P(PHIHEHTOB Cy U C3, PaBHBIM | H 0 A1d QyHK-
g W ut Oy 1 aas dynkuun Wy coorBercTBento. [ToaToMy BOJIHO-

Boie Gpyuxuud uMetor Bua Wy =op u W3 = Ba.

Taxum o6pasoM, nperebpexxenne HeJIHATOHAJIbHLIMH IneMenTaMu,
HENOCPEACTBEHHO NPUBOAMT OT caydas AB-cucteMbl K cucTeme AX.
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OueBHAHO, 4TO NOAOGHOE YNPOLleHHe NPABOMOYHO TOJNLKO B TOM CJYy-
gae, KOrla HeAHaroHa/JbHble 3/JeMEHTH MHOFO MeHblle QHAroHaJ/b-
nblX. CoOTBeTCTByIOmAsl CHTYyaUusi HMEET MeCTO, KOraa vod > J;
5TOT KpHTepuil Obln BBelleH B pash. 2.3.2 rai. II B cBsisu ¢ mnpabu-
JaMH, KacCawuHUMHUCSA CIEKTPOB NepBoro mopsjaka. Kak MoxHO Te-
nepb BHIACTb, 3TH NpaBHJA MHPEACTaBJASIOT cO00H ocoOblH cayuai,
BLITEKAIOIIHH H3 OO6IIEr0 MOAXOAA, U CTPOr0 HPHMEHHMBl TOJIbLKO
K CHCTEMaM C OueHb OOJBIIHMH XHMHUECKHMH CABHIAMH.

Mg paccMOTpPUM Tellepb BTOPOH YACTHBIA CJayuail, KOrda OTHOCU-
TeNbHble Xumuueckue c08UU vod CTAHOBATCA MHO20 MEHbllEe NO CPAs-
Heruto ¢ koncrauwramu J. Tlapamerp C B 3TOM cjaydae CTPEMHTCS
k (1/2)J, a sin20 —x 1. Corsacuo taba. V.1(I'), HHTEHCHBHOCTH
JMHHA f) ¥ f, YMEHbIIAIOTCH, a 4acCTOTH NEPexXoloB f, H f3 GYAyT
COBIAaAaTh, T. €. PaBHATBCA (va + vB)/2, TAaK 4TO CHEKTP BHIPOK-
naeTcd A0 CHCTEMH As,.

Ha npaxruke cucrembl AB, ouenb G6JH3KHe K Ap-Ciiydalo, BCTpe-
4yaloTCsl M0BOJIBHO 4acTo. C OZHOH CTOPOHBI, WUEHTpaJbHBIE JHHHH
MOTyT OKa3aTbCsl TakK OJH3KO IPYr K JpPYry, 9TO CHEKTpaJbHOe
paspellleHHe He MO03BOJsieT uX paspemwHtb. C Ipyrodl croponsl,
HHTEHCHBHOCTH BHEIIHHX JHHHA MOryt OHITh TakK MaJgk, 4TO 4yB-
CTBHTE/BHOCTH CIIEKTPOMETPa OKa3blBaeTcs HEAOCTATOUHO IS HX
AeTeKTHPOBaHHA. Takue CIeKTpbl Ha3bIBAlOTCH «OOMaHUHBO NPOCTHI-
Mu», Kpurepuii ajia Takux CIEKTPOB B ciayuae AB-cucreM paercs
COOTHOLIEHHEM

(vod)?

(vod)?
=5 < A 0

2J2
TJle A — ecTecTBeHHasl LIMPHHA JHHHH, { — HHXKHUH 1penes AeTeKTH-
pyemoii uHTeHCUBHOCTH. [03:Ke MBI BHOBb BepHEMCSI K 3TOMY siBJe-
HUIO NpH OOCYXK/JAEHHH ADYTHX CIIMHOBBIX CHCTEM.

<i

4.6. O6wue NpUHUHUNBI aHAJM3A CeKTPOB GoJgee
CJ0XKHbBIX CIIMHOBBIX CHCTEM

B mpenbaymux paspenax ObIO MOKa3aHo, 4TO COOCTBeHHBIE
3Ha4eHHs U coBCTBeHHBlE QYHKIHH CTAlHOHAPHBIX COCTOSIHME C OXH-
HAaKOBBIM 3HauYeHHEM CYMMapHOro CHHHA MOFYT OBITb MNOJYYEHEI
C MOMOLIBIO BapHALHMOHHOIO MeToAa. TOT Ke (GopMasu3M MOXKeT
ObITh HCHOJIB30BAH AJ15 O0Jee CJAOKHBIX CIIMHOBLIX CHCTeM, TaK Kak
Bcerga MOXHO B3fTh B KauecTBe 6as3uca MYJbTHIIHKATHBHBIE DYHK~
uny tuna aa ... p.

Tlpexkne Bcero cucreMaTHUeCKHHl MOJACYET UHCJaa COOCTBEHHBIX
COCTOSIHMH W MYJbTHIIMKATUBHBIX (DYHKIHH, CTPYHIHPOBAaHHBIX MO
CYMMapHOMY CIHHY, JJS CUCTEMBI /2 YaCTHI cO cnuHoMm 1/2 moxer
ObITh MpoBejeH ¢ MOMOMIBIO TpeyroJbHuka [lackand. B ofmem cay-
Hae umeercss 2% COOCTBEHHBIX COCTOSIHUH [Jis CHCTEM u3 # d]ep, OT-
Kyla BHIHO, 9TO YHCJO HX OBICTPO BO3pacTaeT ¢ YBEJHUEHHEM CJIOXK=+
HOCTH CIIMHOBOH CHCTEMBI.

6%
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Takum o6GpasoM, AJsi TPEXCRUHOBOLU cucTemb. UMETCA Tpu Oa-
3ucHele GYHKUUH aof, afo H Pao, COOTBETCTBYWOUIHE BeTHYHHE Mr,
paBHo# 1/2. B sToM ciyuae BhIpaXKeHHe

W = c; (aaB) + ¢ (@fa) + ¢, (Bao)

MPUTOJHO B KauecTBe NPOGHO#A JauHefiHOf KomOuHauuH. B oOuwem
ciryuae, UCIOJb3Ysl BEKTOPHBIE 0003HAUEHHS, HMeeM

V=c; X¢;

rlle ¢; — BEKTOP-CTPOKa, a P; — BEKTOp-Crojben

¥=(cr,cr...cn)x [0,
?2

P

[Tockoabky ko3pbuUHEHTH ¢; NpeobpasyoT CHCTEMY 6asncm)nu(
$yHKUMI ¢; B cCOOGCTBeHHble (YHKLMH DacCMaTpPUBaeMOH COHHOBOH
CHCTEMEl, TO OHHM HAa3wIBAWTCS COOCTBEHHbIMU sexTOopamu. JLJs ciy-
yasg AB-cHcTeMbl OHH CTpOsiTCsl Ha cocrosiHusix (2) u (3): (cos®,

Q|
sin 0) X(gi) d (— sin®, cos8) X (ﬁs)‘

Haxkonen, ¢ moMollblo TpeyroJbHHKA I'IacFaJm MBI MOKEM - 1o-
JIYUATb TEOPETHUECKH BO3MOXKHOE YHCJ/IO JHHHA B CNEKTPe CIHHOBOH
CHCTEMBI, €CJId BHIIOJIHAETCS npaBujo orbopa Amr = =4=1. KoneuHo,
3TO UYHCJAO BKJIOYAeT M TAK HA3hBaeMble KOMOUHAYUOHHbIE AUHUL,
IJ151 KOTOPBIX IIPOMCXOAHMT OJHOBPeMeHHOe H3MEHEHHe OPHEHTAUUH
CIHHOB HECKOJbKHX fAJep H KOTODble BCJEICTBHE 3TOTO 3alpelleHH
(nanpumep, afp — Pfaa). Bosee TouHo cienyer mepedopMyaHpOBATH
npaBuja OTGOpa OTHOCHTEJIbHO MAaTHUTHBLIX KBAHTOBLIX UHCEJ

UHAUBUIAYAJBHBIX fAep:
> Am;()=-+1, rme Am(i)=0, +1 (V. 20)
i=1

Ecau teneps npuMenste onepatop 'amuabrona (V. 10) k 6asncHHM
GOYHKIMAM paccMaTpUBaeMOH CINHHOBOH CHCTEMBl, TO TNOJYYHM Be-
auuuesl Hyy, ..., Hep 8 Hyg, o ..y He, KOTOPBIE MOKHO OpraHH30BaTh
B marpuyy eamusororuarna H. Jlaa ABYXCIHHOBOH cHCTeMHl 3Td
maTpdna uMmeer Gopmy .

H, 0 0 0 )

0 Hyp Hy O v.21) |

0 Hyp Hyg O
B cBsi3u ¢ aTHM cyeayeT O6CYAUTb PSIA MOMEHTOB.

Anasuz cnexrpos SIMP ssicokozo paspewierus 165

l. Marpuya eamursronuana umeer KBaJpaTHyio GOpMy u Beaef-
CTBHE paBeHcTBA [y3 = Hj; (a B obuem cayuae Hpy = Hy) cum-
MeTPpHYHA OTHOCHTEJNBHO INVIABHOH AMATOHAJH.

2. Heduazonanstole siemento. MeK]1y COOCTBEHHBIMH COCTOS-
HHAMH € PA3/IMIHBIME 3HAYEHHSMH CyMMapHOTO CIIHHA DaBHBI HY.IIO.
Ioatomy matpuua pacmagaercs (winm (akTOopH3yeTcs) Ha moaMart-
PHIUBL:

HleulX

Hyy Hy
HZ H X,HMI

OTOT pe3y/bTaT MoA0GeH CJAEACTBHIO U3 TEOPEeMBI, BEIABHHYTOH pa-
Hee( pasx. 4.3.2) OTHOCHTEJBHO KOMMYTHPYIOLUIHX ONepaTopOB.
B nannoM ciyuae KOMMYyTHDYIOT TaMUJABTOHHAH K oneparop £,
(eM. 1. XI) B MaTpHUHblE 3JeMeHTHI <Wu|#|¥n> naa cober-
BEHHBIX (QYHKUMH, NPUHALMEKANMX PasIHYHbIM COGCTBOHHLIM 3HA-
YEHHUSIM 1 B m onepartopa F., paBHbl HYIIO.

3. Ecau MBI BbluTeM 5Hepruio F M3 JAHATOHAJbHBIX MaTPUYHBIX
SJIEMEHTOB 1), M MPOBeleM GaKTOPU3ALUMIO MATPULB! FAMUIBTOHHA-
Ha, TO NOJYUHM HaGOp CeKYJSPHBIX 1eTePMHHAHTOB, PaBHBIX HYJII0
1 UMEIOIHX CJAeAYIOINE o6mMH BU:

| Hey — 8pE | =0, tie Oy =1 mpu k=1
6, =0 npu k=l

CorstacHo 1. 2, ux uHcJIO paBHO HHCJY DA3JIMUHBIX 3HAYEHHH COOT-
BETCTBYIOIHX CHMHOBBEIX CHCTeM. KX pasMepHOCTb HemocpeicTBEHHO
CJIEeAyeT u3 uucaa O0a3sHCHLIX (YHKUME, NPHHAIIEKALIHX JaHHOMY
BHAYEHHIO CYMMapHOTO CHHHA. JTH YHCJAA MOTYT GHITh OIpeleseHul
HENOCPE/ICTBEHHO U3 TPeyroJbHUka [lackans. Pelilenue ceKyaspHbX
ACTEPMHHAHTOB JaeT COGCTBEHHbIE 3HAYEHUSI COOTBETCTBYIOIIHX CIIH-
HOBLIX CHCTEM, a UCNOJIL3YS CEKyJsIPHble YPaBHEHHSI, MOXKHO OIpe-
MeHTb COGCTBEHHBIE BEKTODHI C NOMOLIbIO KO3((HUIHEHTOB B cO6-
CTBEHHBIX (PyHKIHSIX,

4. BHe 3aBHCHMOCTH OT MOPSAKA CIMHOBOH CHCTEMBI AHATOHAJIb-
Hble 37eMeHTH ), u Hy, Bcerga mpeacTaBisIOT cOBOH HCTHHHBIE
BOJHOBbIE ()YHKUHH COCTOSHHIl C CYMMAapHBIM CIHHOM +1/2 nmn
—1/2, a 6a3ucubie GyHKUHM aa ... o H BB ... P Bcerma sBasOTCH
COGCTBEHHBIMH (YHKIHSAMU 3THX CIHHOBBIX COCTOSIHUIL. »

Matpuna raMHIbTOHMAHA MOXKET GBITh HOCTPOEHA AJsi 060N
CIHHOBOH CHCTEMBI C HCIONb30OBaHHEM Oa3HCHOH GYHKIHH ¢, Ha
OcHOBaHUM NPOCTHIX Popmya. st IuaronaJbHBEIX 3JE€MEHTOB HMeeM

n

Gl 19 =Hu= D vim, )+ Y. > IyTy

i=l i<i

e Ty =+1, ecan sipa { u J UMeIOT mapaJijie/ibHble COHHE B CO-
OTBeTcTByMIOLIEH 6a3HCHOM yukuuy, u Ty =—1, ecid couuwl sgep i
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opMyJa
¥ j B 6a3ucHOA QyHKUHA antunapaasensusl. [Ipusenentas dopmy

I1. 10).
OTBETCTBYET ypaBHEHHIO ( ) o
« Heﬂnar}(,ma.g/bﬂb[e SjeMeHTHl Aif 6asucHbBIX OYHKUHI Pe H ¢

pe}leJIﬂIOTCﬂ Bblpa}KeHI/IEM
1 R s
G106 by = Hu="5 14U nasn 5]

P
rie U=1, ecin ¢, 1 ¢, 0OTIHIAIOTCA TOJIbKOB nepegﬁau)om;ov{xjgo
oy ) i af u afpa), =
i W j (Hampumep, af )

HOBbIX (YHKUHH siep { Bpa),

BO BCex APYTHX caydasx (Hanpuamep, Aas ocﬁocﬁ: g EM)epe eneren
PaccMoTpuM HJIOCTPALUIO 3THX TpaBUJ HA p6 ¢ cneren

tpex siaep A, B u C. Huxe npuBoAnTCA [OJHBIH HabOP

GyHKIHH:

m.p =312 mp=1/2 mp==—112 =32
B
1 (2) aop (5) «pp (8) BB
e 3) apa (6) Pap
(4) Poa () BBa

3/lech AHATOHAJNBHBIMU 3J€MEHTaMH SBJISIOTCSA
Hyy=(1/2) (va + v& -+ vc) + (1/4) (Jan -+ Jac + Iec)
Hop=(1/2) (va + vB — vc) + (1/4) (Jag — Jac — JBc)

Hoy = — (1/2) (va -+ v +v0) + (1/4) Uas + Iac + Te0)
He}lﬂaFOHaﬂbele 3JeMeHThl HpHBe,[LeHbI HUXKE:
Hy—Hig= ... =Hiz=0
Hay = (1/2) Jc
H24 =(1/2) Jac
. MH va=—v, ve=0, ve=v, Jap=
sz(ﬁc zﬂyﬁchBgsgfhﬁng?:ﬂymﬂfeﬁ ManI/IU.e ramMmuJihbTOHHAHa:

EX 0 0 0 0 0 0 0 |

0 iy 1y 1 0 0 0 0

o iy -1y iy 0 0 0 g

0 SO Y Y 0 0 0 0

0 0 0 0 —_— V= %J 7] ?J

0 0 0 0 iy Y 0

0 0 0 0 iy iy v-1y 0
0 0 0 0 0 0 0 37

D S e B e T

S K A R

Anaaus cnexrpos SIMP ssicoxozo paspewerus 167

He Bxoas B sertanau MateMaTuueckoi 00paboTKi MONOGHBIX MaT-
pHL, Mbl XOTesH Obl yKasaTh elle OIHH IyTh, IPEACTaBJASIOLLINIT
aIbTCPHATUBY panee O6CYKAEHHOH Ipoueaype baxropusanun mar-
PHILbL Ha CEKYJNAPHbIE JETEPMHHAHTEL. IDTOT HYTh CJAYKHT OCHOBON
AJi CEPHH KOMIIBIOTEDHBIX NMPOTpaMM pPelIeHHs] KBAHTOBOMEXAHHYe-
CKHX 3ajad. PaccMaTpHBAaeMblil 3[ech BONPOC W3JIATAeTCS B MaTe-
MATHYECKHX DYKOBOACTBAX NOA PYGPHKOH npobiema cobcTsemmbiy
3rnauerud.

MoxHO nokasaTh, uTo a06as KBajpaTHasi MaTpHLA, Hanpumep
MdTpHla ramu/ibTonuana H, cBssana MaTpuunbiM ypaBHeHHeM

HU=UD (V.22
C IHAaroHanbHO# MaTpuued D co6CTBeHHBIX 3HAYeHHIl, T. e. ¢ MaTpu-
Lefl, 7eMeHTH KOTOPOi ONpefesoTes CAeAYIOMHM 06paszom: Dy, =—
:EkI/IDm:ADszO.

Marpuua U npeacrasasier coboii MaTpuiuy Takoro npeofpasosa-
nusg, KOTOpoe, corsacuo (V.23), nepeBoaut marpuny H B gmaro-
HaJbHYI0 GopMy. OCcoBeHHOCTBIO 3TOM MaTpPUUBl ABJSETCA TO, YTO
OHa TOUHO COOTBETCTBYET MaTpHlie COOCTBEHHBIX BEKTOPOB, T. €, CO-
ACPKHT KOIDOHUKEHTH Ci, ..., C; JUHEHHDBIX KoMOuHauui (V. 14).
Marpuna U masbiBaeTcss .Ju60 OPTOSORAAbHOU, MH6O YHUTAPHOL

MaTpuuel, a ypasHenue (V.23) naswiBaercs yHuTaproim npeobpa-
308QHUEM:

UHU =D (V. 23)

Hanpuwmep, a1s cobeTBennmx cocrosmmii (2) u (3) cucremn A,
UKasplBaercs, cornacHo ypasHenuio (V.22), uro

1 ] : 1 1] 0
——J —~J] ) —= [ - 1
- = V2 V2 V2 4
X = v
1 1 1 1
2 g 3 T TR —_— = —= 0 —_—J
2 2 /2 /3 /2
- N v A\~ Ve

JTO COOTHOIIEHHE JE€rKO NPOBEPHACTCS HENOCPeACTBEHHBIM BBINOJIHe-
fIHeM yKa3aHHbIX ONepauuil yMHOKEHHA MaTpPHIL.

WsBectnbl craniapTuele MaTeMaTHUeCKIHe HPONEAYPHI, NO3BOAIO-
e THaroiaau3upoBaTh MaTpPHLY ravuabrondana H. Mx npumene-
Hle He TOJLKO J1aeT AMaTOHAJIBIYIO MATPHIY D COBCTBeHHbIX 3Hate-
nul, no Taxkxke wu Matpnny kospduunentos U. [Tocse Toro xax
l'ellena npobaeMa cOGCTBEHHLIX 3HAUCHUI, MOMKHO OompeleuTh Ya-
CTOTHI B MUTEHCHBHOCTH JIHIHI COIVIACHO ypasrenuam (V. 1) wuay
(V. 18).

[Mockosbky onncannmiii 31ech MaTeMaTHeCKuii bopMaIH3IM MOXK-
1O 3anmporpaMMUpPOBATh, TO CHEKTPBl PATHUIBX CIHHOBbIX CHCTeM
“ICTKO pacCUHTBIBAIOTCS € HCNOJL30BaHHEeM UH(POBLIX KOMIBIOTEPOB.
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[Tos:ke Mbl BepHeMCsi K NporpaMmaM, KOTODble MOTYT ObITb HC-
NOJb30BAHBI Il pacuera TEOPETHUECKHX CIEKTPOB HA OCHOBE H3-
BeCTHBIX PE30HAHCHBIX YaCTOT ¥ KOHCTAHT CIUH-CIIHHOBOTO B3aHMO-
Aeficreust, Tem He MeHee B CJAEAYIOLIMX pasjenax Mbl yxe Oyiem
HCIIONB30BATh Pe3yJabTaThl MOAOOHBIX pacyeToB, MJA TOTO HTOOb
NPOBEePUTL MapaMeTPhl, NOJyyaeMble B XO/€ aHaJH3a CIIMHOBBIX CH-
CTEM.

5. PACHET MAPAMETPOB v; u J;;
u3 DKCMEPUMEHTAJIBHBLIX CMEKTPOB

Tenepp Mul cobupaeMmcsi paccMOTperb BOTPOC, MOCTABJACHHLIA BO
BBE/eHUH K 3TOH IJaBe: KakdM o0pa3oM MOKHO paccuudTaTtbh napa-
METpPH U3yuyaeMoOH CIHHOBOH CHUCTEMBl — XHUMHUYeCKHe CABUTH U KOH-
CTAHTHl CIIHH-CIIHHOBOTO B3aHMOJAEHCTBHS — U3 HAOJIOAAaeMbIX Ha-
CTOT W HHTEHCHBHOCTeH AuHMHA? MHBIMHM CJOBaMH, KaK aHaJU3HpPO-
BaTh SKCIIEDUMEHTAJNbHBIA CIEKTD?

HauBHo mnosaratb, uto 3Ta npobsema Ao/KHA OBITb pelleHa
¢ TIOMOMIBIO «OGpallleHusI» MaTeMaTHuecKoro opmaausma, o0CyK-
JeHHOTo Bhille. Ha MpakTHKe 3TO BO3MOMKHO TOJbKO NS ABYXCIIH-
HOBBIX CHCTE€M, IIOCKOJIbKY B 3TOM CJyvae Mbl IoJyudaeMm ajarebpau-
yeckye ypaBHeHHs BTODPOro nopsaiaxa. Bece 6ojiee cloXKHbBIe CIIHHOBBIE
CHCTEMBl NPHUBOJAAT K ypaBHeHusiM 0GoJjiee BBICOKOTO MOPsIAKA, KOTO-
pHle HeJb3s pPEUIMTh aHAJNUTHUECKH. B 2TOM cMmbicse npsmoil pacuer
CMeKTpoB HepBo3MOxKeH. ONHAKO UMeeTcsl HeCKOJbKO NyTef, N0O3BO-
JSAIOMHUX YIPOCTHTh MpOo6JaeMy W MOJYYHTb YpPaBHEHHST BTOPOTO Mo-
psldKa Jaxe AJs UETHIPEXCMUHOBHIX cHcTeM. Kak 3To fenaercs, Mol
MOKaxeM B cJAeAyIOIIUX pasjlenax Ha OGOJbUIOM KOJHUECTBE 4acTo
BCTPEUYAIOIIUXCH CMHHOBBIX CHCTEM.

5.1. Mpamoit anaau3 cucrem AB

CucteMb AB-Tuma wacto BcTpeuarorcsi B OPraHUYecKHX COeIH-
nenngx. Oaun npuMep cnekTpa AB-Tuna, xapakrepHulil Ajst apoMa-
THYECKHX INPOTOHOB B l-aMuHO-3,6-nuMerun-2-uutrpobensone, Npu-
Beled Ha puc. V.4. JpyruMmuH npumepamu crnextpos AB-tuna
ABJAAIOTCH CHERTPH 2-GpoM-5-xJiopTHotena (78), 1-6pom-1-xao0paTu-
aena (79), 2,5-nu6pom-1,6-Metano[10]annynena (80) u nubeusmi-

auerans anerajabjgeruaa (81). Ha puc. V.5 nokasaHa 3aBHCHMOCTb

cuektpoB AB-tuna or ornomenus J/vd.

Ha Hg
Br /O—CHAHB"‘CS

/z—g\ By M A
I\ = —
N B o= CO H3C—HC

0—CHpaHg—Cs

78 79 80 81
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Puc. V. 4. Cnekrp JIMP tH 1-amnHo-3,6-1umeTui-2-HurpoGensona npu 60 MIL,
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Pue. v.5. 3asucumocts cnexTpa AB-cucteme 0T oTHowenns J/ved. TMpusomsites

CliekTpel aatst J/vo8, pasnoro 1:3 (a), 1: 1 (6),5:3 (8) ub5:1 (o).
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Hasa anannsa cnekrpoB AB-THIAa MBI HCNOJAb3YEM TPHBHAJbHbI}
BEIBOJ, KOTOPHIH caeayer u3 1abJ. V.1, 0 TOM, 4TO KOHCTAHTA CHHH-
CIMHOBOTO B3aHMOAeicTBUSL J paBHAa pasHocTte fi—fa uan fa—/4.
Boanee toro, fi — fs = [, — fos =2 C, u nockoabky C = /7% + (v40)%/2,
TO OTHOCHTE/bHBIE XHMHYECKHH CABHT B cHcTeMe AB omnpeaessercs
COOTHOIUIEHHEM

vd=A/4CT— P =/2C =) 2C+T)=AT.— [ (. — f0)

Ecan uentp MyabTHILIeTa, T. €. CPEAHIOI TOUKY MeXAy [, H f4
un f, u f3, 06Go3nauuth Z, TO va=2Z— (1/2)ved u vi=1Z7+
+ (1/2)ved. anee, HEMOCPEACTBEHHO M3 COOTHOIIEHHH, TPHBEAECH-
HHIX B Tabj. V.1, MOXHO NOJNYYHTh OTHOLIEHHe HHTEHCHBHOCTEH

L/l =Is{ly= (fr—[4s) / (f2—15)

o f
Pa—"
/s
Aol \\ %
/ \
/ \
PR

Hmeercs Takke reomeTpuuyeckoe pellleHHe LIsi cucTembn AB.
Jas 3TOro mpoBoAAT KpyT ¢ paguycoM 2C = f, — f, == A/J7 F (v;0)
C UEHTPOM B TOUKe P; U TpPH 3TOM MOJY4YalOT NPSAMOYTOJbHBIH Tpe-
yrosabHuk PyPyPs;. Tlockosbky PPy paBHo J, To PoPj3 = v¢S. ¥roa
P,P3P, paBed yray 20, BBelcHHOMY paHee.

3anaua V.9, Onpefennte pe3oHaHCHBlE YaCTOTH Va M vg cuctemsl AB ¢ am-
gusimu [ = 38,5, f2 = 28,0, f3 = 20,6 u fy == 10,0 [u. Paccuuraiite Takxke OTHO-
CHTEJIbHblE HHTEHCHBHOCTH JIHHHH.

5.2. TpexcnuHOBbIE CHCTEMBI

B kauectBe 6a3ucHBIX (YHKUHH TPEXCNHHOBHIX CHCTEM B oflieM
caydae MOryT OBITH HCIOJNb30BAHB MYJIbTHIVIAKATHBHbIE (DYHKIHH,
VIOpSiLOYeHHble MO HX CYMMAapHOMY CIHHY H IpHBEIeHHbIE B
pasna. 4.6. [lna dyHKuM# ¢ cymMMapHbIM cOHHOM mr = 1/2 u mr =
= —1/2 nosXeH OBITh HCIIOJb30BAaH BapHAHUOHHLIA METOJ onpeie-
JIeHUs] VCTHHHBEIX COOCTBeHHBIX (DYHKUHII 1 COGCTBEHHBIX 3HAUCHHH.
Tonbko dbyHKRUNY oo U PP ABJASTIOTCS yKe HaBepHSiKa cOOCTBEHHBI-
MH H MOTYT OBITb HeOCPEACTBEHHO HOACTaBJEeHk B ypaBHenue (V. 2).

B aanpnetintemM Mbl 6ygeM pacCMaTPHBATh CIHHOBBIE CHCTEMBI,
B KOTOPHIX BO3MOXHBI YNPOHUIEHHs,, OCHOBaHHble Ha HAJIHUMH 3Je-
MEHTOB CHMMETPHH HJH GOJBLINX OTHOCHTEJNbHBIX XHMHUYECKUX
CABHTOB. JTO MO3BOJsIET ONpefeHTh JONOJHHUTENbHEIE COOCTBEHHbIE
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QYHKUHH HENOCPeACTBEHHO H3 0a3HCHBIX (PyHKUHH 0e3 IpoBeleHHS
NOJIHBIX BapHalUHMOHHBLIX BbluucaeHUl. B Takom ciayuae coGcTBeHHbIE
3HAUEHHUd MOJYyyaloTcs ¢ MoMoulbio ypaBHenusi (V. 2). B stoMm cMmblc-
Je pacueTbl TPEXCHHHOBBIX CHCTEM MOrYT OBIThb OrpaHHYeHbl KBal-
paTHbIMH YPABHEHHSIMH, YTO NO3BOJAET HOJNYUHTb TOUHbIC DElIeHUd
1J1s1 CeKTPaJbHBIX TIapaMeTposB.

5.2.1. Cucrema ABs (AyB). Cuektpm AB,-cucrem Habiomalorest
/1 COeAHHEHHH, MMEIIUX OCb CHMMETPUH BTOPOro MOpsiaka, Ta-
KHX, Kak 2,6-aumeraanupuann (82) u 1,2,3-rpuxnopbenson (83).
B KkadecTBe APYrMX NPHMEPOB MOKHO MPHUBECTH TPU3aMEUIEHHBIE
uHKJaonponansl ¢ cummerpueit Cs (84, 85) u OGeH3naMaJOHOBHE

a¢upsl (86).

Ha al
He __He ct et Me He Mg Ha
< al c CN CN
H;C N” “CHj Hs Hp
Ha Ha Br
82 83 84 85
COOR
CeHs~CH—HC
COOR

Tunuunbift cnekTp ABjs-Tuma noxasan ua puc. V.6. B ofuem
cayuae Habawogaercs ceMb HJAH BOCEMb (MAKCUMAaJbHO AEBSITH) JIH-
HUH, U3 KOTOpHIX YeThipe [ — f, HaxomsaTess B A-uactu. B Bs-uacru
CIeKTpa JUHHY f7 U fs pa3pellaroTcsl XOpOLIO, a JHHUY f5 U fg OOBIU-
HO He paspellaloTcs.

Kak o6bficHs/0ChE BO BBeAeHHH, B 00lleM ciayuyae TPeXCHHHOBLIE
CliCTEMb! XapaKTEPU3YIOTCSA TPEMsl PE30HAHCHBIMYM YacTOTAMH H Tpe-
Msi KOHCTaHTAMH CIHH-CIHHOBOro B3aHMOJeHcTBHA *, B xome aHa-
JIH3a TAKHX CHCTEM HeOOGXOAMMO DelluTh JBa CEKYJAPHBIX AETepMH-
nanra 3 X 3, BO3HHKAIOUIUX NPU CMeLINBAHUH COCTOSIHMH CO 3Ha-

yeHHAMH Mt = /2 W mr = —1/2. D10 NpPUBOAMT K KyOHYECKHM
VpaBHEHHSM, KOTOPBIE HeJb3s PelliTh TOUHO OTHOCHTEJNbHO HapaMert-
POB v; u Jyj.

B cayuae ABj-cucTem 3TH TPYAHOCTH MOXKHO 0GOHTH, e€ClH BOC-
NoJIb30BaThCs peaysbTaTaMH aHaju3a cucteMm Ap. Ilonywennwie tam
BOJIHOBBIE (DYHKIHY MOTYT ObITh HCNOJNb30BAHBL AJS TPYNIIE MarHHUT-
HO 5KBHBaJIEHTHHIX sifep B.. Tak kak sanpo A MoxeT HaXOAUTbCH

* IIOCT&TO‘IHO N89TH NApaMeTpoB, TaK KakK BHA CHEKTPa 3aBHCHT TOJbLKO OT
OTHOCHTeJIbHBIX XHUMHUYECCKHUX CABHIOB,
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Puc. V.6. Cucrema AB, apoMaTHYeCKHX IPOTOHOB HHporajiosaa (B xJopodopme)
npu 60 Mlu.

TOJIbKO B O- U P-COCTOSIHHSAX, TO HYTeM IIPOCTOrO MepeMHOMXKeHHs
noJiyyaeTcsi BOCeMb MYJbTHIIHKATHBHHIX QYHKUHI B KayecTBe Oa-
3UCHBIX QYHKUH cucTeMBl AB,. 2TH QYHKUHH KJacCHPHUIMPOBAHB!
B Tabj. V.2a no CHMMeTPHH H IO CYMMapHOMY CHHHY My EcJd

Ta6auua V.2a. Basucurie pyuxunu cucrems AB,

CuMMeTpuuHble QYHKUHH

A B, mp
(1) ¢ o oo -+3/2
@) % a (@B + Ba)/V2 +1/2
3) ¢3 [ aq +1/2
(4) a BB —1/2
() ¢s B (o + Ba)/V2 —1/2
(6) B BB —3/2

AutncuMmmerpuudble QYHKIHH

(af — Ba)/V'2 +1/2
(B — Ba)/V2 —1/2

(7) ¢ a
(8) s p
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puc. V. 7. Jduarpamma sHepreTHue-
cKHX YpoBHell cHcremb AB.. 3
a — CUMMETPpHUHOE COCTOSIHHE; 6 — au- 2
THCHMMETPHYHOE COCTOSIHHE.
a S

MBI YYTEM, YTO MePeXOAbl MEKAY COCTOSHUSIMH PasJHUUYHOH CHMMeT-
pHH 3amnpeilledH, TO OTCI0Ja caejyer, uto Jiobas JUHUA B A-yacTth
AOJKHA COOTBETCTBOBATh AaHTHCHMMETPHUHOMY Iiepexoiy (8) —
— (7). TlockonbKy GasucHble GYHKUHH ¢; U $g NPEACTABJLIOT CO-
Goii coGcTBenHble (DYHKIUHH, TO cOGCTBeHHEE 3naueHus E; u Eg no-
JAy4aloTcs NpH MPSAMOH NOACTaHOBKe ¢; M ¢ B ypaBHenue (V.2).
B pesyabrate modayuntca: E; = (1/2)va— (3/4)Jes v Es=
= —(1/2)va — (3/4)Jss; TakuM 06pa3oM, YacTOTa INePeXoAa PaB-
Ha va. HMrak, qw060ii cnexkrp ABo-Tuna comep:kuT JaMHHIO B A-ua-
CTH, KOTOPAs He 3aBHCHT OT KOHCTAHTH CIHH-CIHHOBOTO B3aHMO-
JeitcTBHs Jap B KOTOpAst HENMOCPEXCTBEHHO AaeT PEe30HAHCHYIO 4a-
crory aapa A. Jlanee, 103BOJIEHH CJAEAYIOMINE [T€PEXOALL:

A-annnu * B-nuunn * KoMmOuHalHOHHBEIE JHHHH
@)= @) (4) > (3)
® >4 (@->Q?
B)>(@  (6)~> ()
(3) > (3)

Oxonuatenpuass AuarpaMMa SHEPreTHUECKHX YPOBHeHl NpHBeIeHa
Ha puc. V. 7. ,

Cummerpuunble 6GasucHble QYHKUHH ¢ H ¢ HEIOCPEJACTBEHHO
npeacrasasiior cofofi coOcTBeHHBIe (YHKIHM TaMHJbTOHHAHA, 0
COOTBETCTBYIOLIME UM COOCTBEHHBIE 3HAUEHHS] MOTYT OBITh BHIUHC-
Jdetipt o ypasHenuto (V.2). Hceruunele co6crBenubpe dyHkuuu
Wy — W5 onpeneasiorcs ¢ MOMOIIbIO BAPHALMOHHOTO MeToid. Tak
Kak cmemuBalOTCHd TOABKO (DYHKIUKH C OJMHAKOBHIM 3HaueHneMm
CYMMapHOTO CIIHHA, TO TNOJYYalOTCA CJaelyIollHe CEKyJsipHble me-
TePMUHAHTHI:

Hy—E Hyg
Hs, Hss —E

ONeMeHTH  5THX AeTePMHHAHTOB (Hgp = <3| | P>, Hyy =
= <¢y|H|$s> u 1. 1.) MOryT OLITH BBHIUHC/IEHBl TOUHO, UTO
\*—

H

* Drta kaaccH(pHKanus CTPOrO MPHMEHHMA TOJBKO K cayyaio cucTem AX.-tnma.
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[I03BOJIAET OllpefleNuTh COOCTBEHHbIE 3HAUEHHSA U COOCTBEHHBIE (DYHK-
Ui cocToaHui (2)—(5). Mbl OIlycTHM INOJIHOE PacCMOTpeHHe, Aalo-
ulee BBIPAXKEHUS JUIS BCEX YacTOT H OTHOCHTEJbHBLIX HHTEHCHBHO-
ctefl B cucreMe ABj; 3TOT MaTepuaJ INPHUBOAUTCH B INPHJOKEHUH
(eM. ra. XI).

M3 pesysabraToB npsiMOoro aHaju3a cuctreMsl AB, mosayuaiores
ClAeAyIOlHe BaXKHbBE COOTHOIIEHHUS:

va=ly vs=(s+1)2 Jas=[(1— T+ Fs—fs)/3

3anaua V. 10. Ilpoananusupyiite cmexrp ABa-THna, npuBefeHHbifi HHXe, H
paccuuTafite napameTpsl va, Ve H Jas.

[ l ) | 1 ]
87,74 91,74 9500 99,00 /\ 107,26 10,00 My
102,74 103,26

B cBs3H ¢ TeM 4TO CIMH-CIIHHOBOE B3aMMOJEHCTBHE MeXK/1y Mar-
HHTHO 3KBHBaJEHTHBIMH fiApaMuH B He BJMAeT Ha BUI CIEKTPA,
dopma cnekrpa AB.-THma 3aBHCHT TOJNBKO OT OTHOLIEHHA Jap/voed
U, TaKHM 00pa3oM, 4acTOTHl K HHTEHCHBHOCTH JHHHA B MOZ06HBIX
CIIeKTpax MOIyT ObITh TaOyJaHpoOBaHbl Ha OCHOBE OTHOLLIeHHS
Jas/vod (cM. ra. XI). Ha puc. V.8 BocnpousBeieHO HECKOJBKO TeO-

PETHYECKHX CIIeKTPOB, KOTOPble HJLTIOCTPHPYIOT IePeXOJ CIEKTPOB |
ABy-THna uyepe3 BBIPOXK/AEHHBIH As-THI K cmekTpam A,B-tuna. Kak §
MBI yxke oTMeuanu (pasa. 2 rua. I11), atoT nepexox MoxHO HaGJIO-

HAaTh 3IKCICPUMEHTAJbHO [AJist CHOEKTPOB 6eH3HJOBOTO cnupra.

]
:
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b

Puc. V. 8. INepexoa or cucrems AB; Kk A:B-cucreme.

Bo Bcex cnygasx J =60 I'm. Beanunna wv8 pasHa: 14,0 I'u (a), 6,0 Ty (6), 1,0 Tu (8),
—8,0 Tu (e).

Creuna/sibHOTO KOMMeHTapusi tpebyeT JUHHA fo. DTO oaHa U3
KOMOWHAUMONHBIX JIHHHH, OTMEYEHHBIX BHIlE, KOTOPas COOTBET-
CTBYeT 3alpellleHHOMY Iepexoay oaf —faa. Ee HHTEHCHUBHOCTb
00br4HO oueHb Masa (cp. puc. V.6 u 3agauy V. 10) *.

5.2.2. Cnun cocrasnoil wacTuysl. MBl BOCTIOJIB30BAJIHCH CAYYaEM
ABy 1as Toro, 4to6Bl HPOHJIIIOCTPUPOBATH YIIPOUIEHHS, BO3HHKAK-
IlHe OPH aHajiH3e B TOM CJydyae, KOIrda HMEIOTCS MATHUTHO 5KBH-
BaJIeHTHHIe Tpynnbl. Elnle 0AMH MeToJ pPacCMOTPEHHS 3KBHBaJIeHT-
HBIX fiJeP, NPHBOASAUIHA K aHaJOrHYHBIM pe3yJbTaTaM, MOXKHO
TaKXKe IIPOJEMOHCTPHPOBATL Ha cucTeMe ABy. JToT Meron ocHOBaH
Ha HCHOJBb3OBAHHH TaK HA3bIBAEMOTO CAUHA COCTABHOL HACTUBL.

Ecau Mm 6yneM paccMatpuBaTh B, Kak OIHYy uvacTHLy, TO ee
CYMMapHHi cnud [ *, OUeBHAHO, AOJKEH NPHHUMATh 3HaueHus 0
(coHHB si/lep aHTHNApAJJeNbHB) HJAX | (CIHHBI siAep napaJseib-
HH), T. e. rpynna B, cymecrsyer qu60 Kak cuuriaersHoe (S), aubo
kak tpunaersHoe (T) cocroguue. Hapo A, umeromee cnux /2, Ha-
xoputca B AyGaerHoM (D) COCTOSIHMH M CBA3aHO TO C THIOTETH-
YECKHUM SIAPOM CO CIIHHOM, PaBHBIM HYJI0, TO C THIOTETHYECKHM
A1pPOM CO CIIHHOM, paBHbIM . | * — xopolllee KBaHTOBOE UYHCJO, He
usMensiouleecss B xoxe JAMP-skcnepumenta. B kadecTBe ele 0Oj-
HOoro mpaBusaa oTGopa uMeeMm yciaoBue Al* = 0. TaxuMm o06paso,
CIIeKTp MOXKeT pPAaCCMATPHBATBLCS KaK HaJOXeHHe [BYX NOJACHEKT-
poB, KoTophle o6osnauaioTcs AyBg n AiB), aBasoomuxca abco-
JIOTHO HE3aBHCHMBIMH. DTH JABa HOJACHEKTpPa MOTyT OHITh PaccMOT-
PeHbl KaK ABa Henpusodumolx npedcragaesus cucteMbl AB..

Co6ctsennple Gyuxknun cucteM AB, MOryT ObITh IpeACTaBJEHH
Kak MyJbTHIIMKATHBHBIE (PYHKLUHH, YIODAJOUYEHHBIE TO HX CyM-
MaproMy cnuHy mr (Tabua. V. 20).

B noacucreme Ai;2Bo uactuna B He ofsazaer MarHHTHBIM MO-
ME@HTOM, TaK 4YTO B JAHHOM IOJCIHEKTPe MOKHO HalJI04aTh TOJBKO

* 3a HCKJIOUeHHeM TIepeXxOj0B, 3anpelieHd X M0 CHMMETPHH, npasuaa ot6opa,
KAK W gpyrue yTBepKAeHHA KRAHTOBOH MeXaHHKH, HOCAT BEePOATHOCTHBIH XapaxTep.
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oxnn mnepexod: A(B) > A(a) wm Ws—V¥;. Henocpeacrsenno
BU/(HO, 4TO TPHHUUI COCTABHOH HaCTHUBI NPHBOAHT K CYLIECTBEH-
HBIM YHPOIIEHUSIM NPH DACCMOTPEHHH CHHHOBHIX CHCTEM C Tpym-
N0 n MarsMTHO 3KBUBAJIEHTHHX sAep. Ecad n — ueTHoe 4ucdo,
TO BCeria cyuleCTByeT HeMarHHTHOE COCTOSHME AJs Tpynnel B; nmpu
HEYeTHOM n BO3HHKAeT CIMH cocTaBHOH uactuuwl 1/2. Has cu-
crembl AB, B nepBoM ciayuyae HaOJai0LaeTcss MNOACHeKTp A-Tuna,
a BO BTOpPOM cJaydae — noacnekTp AB-tuma, B 3TomM nociefnem
ciaydae BcsA MHPODMAaLHs O CIOHHOBOH cucreme (va, vs U Jag) CO-
nepaures B AB-noxncnekrpe.

Ecau Mbl Tenmeps ofparuMcst K MaTpHIe TaMHJAbTOHHAHA AJIst
o0lIero ciaydasi TPeXCIIMHOBBIX CHCTEM, TO YIPOILEHHS, BLHITEKalo-
LulHe H3 CBOHCTB CHMMETPHH HJAHM NPHHIHIA COCTABHOH YaCTHIBL,
CTaHOBSITCS OYEBHAHBIMH.

HyxHO 3aMeTHTb, UTO HHIEKCH MATPUUHBIX 3JEMEHTOB OTHO-
caTest K 6a3uCHBIM (DYHKUMSM, NpPUBeJeHHBIM Ha cTp. 166, aas uer-
HEIX 1, 4 K QyHKIUAM, OpuBeleHHbM B Taba. V.2a unu V.26, nas
HeueTHHX N

BMecTo JAByX MaTpullL TPETLETO NOPALKA MaTpPHIA TaMHJILTO-
HMaHa OKasplBaeTcs COCTOSAMled M3 ABYX NOAMATPHIl BTOPOro Imo-
pajika. 3aMeTHM, YTO NPHHIHUI COCTABHOH YaCTHLLI OTHOCHTCS K
MeTonaM, KOTOphle B OOlIeM CJyyae Ha3bBalOT «CyOCHeKTPaibHbIM
aHa/u3oM». B jnanpHefilieM mnoacnektpbl OyayT obOo3HauaThbed
CTPOYHBIMH GYKBAMH.

Hn Hu T
1
Haz2 Hzs Moy M2 M23 '
Ha Hyy Hyy H3z2 Ha3 ey
B=
7{ = Haa His Pl — M Hus E
Hss Hse Hsy Hsi Hss) |
Hes Hes Hpy U Hes B
Has Hag Hry N Hy
IB = 0
Hse Heg

@AKITOPUSGHES 110 77, @RAMOPUSAYLS 710 My U g

QAU RO CUMMEITIDNH

5.23. Cucrema ABX. B kauecTBe BTOPOH TpPEXCNUHOBOH cCH-
crembl paccMmotpuM cucteMy ABX. Kak nokasniBaeT o6o3HaueHue,
3Ta CHCTeMa COCTOUT M3 ABYX siAep A u B, umerounx Onuskue Xu-
MHYeckue CABHTH H CBSI3AHHBIX C TPeTbUM sIAPOM, pe3oHaHcHas
HaCTOTa KOTOPOTO CHJAbLHO OTJAMYAETCH OT 4acTOT vy M vs. [OBODST,
yto aapo X B Takoll cucteMe caabo cBA3aHO, a Aapa A u B cuibHO
cBsizanbl Mexay coBofi. CHcTeMBl YKa3aHHOIO THII2, XapakTepH-
3YIONHECs XHMHUYECKMMH CABHTaMH (va, vg M vx) H TpeMs KOH-
CTaHTaMHu CIHH-CIHHOBOrO B3aHMOMeNCTBUA (Jas, Jax U Jpx), 06-

j

4
5»
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Ta6auua V.26. BasucHbe QyHxnuu cucreMsl AB,

mp P e b
A, B, A, B,

(1) +3/2 p*'2 ¥ @ 412 DR &
2 +1/2 pti? 70 @8 ~1/2 D &
(3) +1/z p~i# ¥
4 —1/2 D+l/2 T—l
5B) —1/2 p-iz 7o
(6) —3/2 p~\¥* -1

HapyxkHuBaioTcs:i B 1,2,4-tpuxsnopbensone (87), 2-¢r1ep-4,6-auxs0p-
thenose (88), 2-noaruodene (89) u crupoaokcuxe (90).

cl OH " "
Ha ct cl Fx B X 0
Hp Hx HA HB HA S 1 H
B X
cl cl
87 88 89 90

[lpu aHaiu3e 3THX CUCTEM HCNOJb3YeTCH elle OJMH BAKHDIHA
NPHHIMAN. DTOT NpPHHLMI, HasbiBaeMbllt X-npubaujcenuem, OCHO-
BbIBaeTCs Ha TOM (pax're, YyTO HeAUaroHaJbHbie 3JA€MEHTHI MBTpHLlH
raMHJbTOHHAHA TPEXCIHHOBOH CHCTEMBI, OTHOCSLIHECS K COCTOS-
HUAM C Pa3JMYHBIMH 3HAYEHHSIMH KBaHTOBBIX uncea m(X) siaipa X,
npene6pexXUMO MaJibl [0 CPaBHEHHIO C JHATOHAJbHBIMH 3JeMeH-
tTamu. [IpeHeGperass 3THMH HeJHarOHaJbHBIMH 3JIeMEHTAMH, NOJY-
YHM CyUIECTBEHHO YIPOINEHHYI0 MaTpULy raMHJIbTOHHAHA!

Hyy ll
H22 H23 i m(x)= *%
Hiyp Hyyl ¢
/A= S—— Al (V.24)
- Hsg
mix)z-L 41 [fes o7
2} |HygHpy
: Heg

Ple HHAEKCH MAaTPHYHBIX 3JIEMEHTOB COOTBETCTBYIOT O0a3yCHBIM

Oyukunam taba. V. 3.
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Ta6auua V.3. MyapTunaugaTiBHEE GYHKUUR cHcTeMbl ABX

m (X)=+% m(X) =-1%
A B X A B X
my my
(1) +32 {”E“"TI a (5 +1 o o B
(2) +3 la Bl o 6) -3 o B B
3 +3 } B a f a (7 -3 4 a B
4 -3 }_li___f_J' o 8 -3 B B B
¥ o
(M [Taa T 1 a (6) | aa B
(2) ; cosf(af) +sin8 (Ba) : a (6) i cos@ (af) +sin8 (Ba) B
3) } —siné (aB) + cos @ (Ba) } a (7) 1 =sin@ (aB) +cos6(Ba) B
I
@ |\ BB _} o ® | BB B

B srtofi tabauue OGasucHble (YHKUHH YIOOPSLOYEHBHl MO BEJH-

upHe cobcTBeHHOro 3HaueHds m (X) onepatopa 7z(X). B pesyab- .

TaTe IOJiyuaeM JABa Habopa, KaxIbli H3 KOTOPHIX COCTOHUT H3 dYe-
TeIpeX QYHKUMHA. 3DTH HabODPH
¢yukuun AB-yacTu CHOHHOBOH CHCTeMBl, HJEHTHUHEIE (QYHKIHAM
H30JHPOBaHHLIX AB-cHcTeM, BBeJeHHBIM paHee.

Taxum o6pasom, AB-uacts cnekrpa ABX cocroutr u3 JBYX
ab-NMoJACHEXTPOB, AJsd KaxXJIoro u3 ABYX 3HaueHud m;(X): --1/2
u —1/2. Co6crennbie sHavenust Ey, Ey, Es u £y HenocpeaCTBEHHO
NOJIYYaIOTCsl NPH NOACTAHOBKE COOTBETCTBYIOUIMX MYJbTHIIHKATHB-
HBIX GyHkuui aoo, HPo, aaf u BPP B ypaeuenne (V.2), a anda
onpexenenuss E,, Es, Es 1 E; HeoOX0AUMO TOJBKO DelIUTb ABa He-
TepMHHAHTa BTOPOTO MOPAAKa.

A my
+ 3
oL
2
b
2
23
2 .
(X)=+L
ny 7 Puc. V.9. [uarpamma
A B IHepreTHuecKux  ypopHell
NUHAL A, anas cucrembl ABX.
=R X

coaepkatT MYJbTUIIIMKATHBHBIE -

B

i
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Puc. V.10. Cucrema ABX ¢ napamerpamu vo6{(AB)=5,0 Tu, Jaz =8 T,
Jax =42 Tu u Jex = 1,8 Tu. (Bosu [1]).

TMogcnexkTpsl ab-tuna B AB-4acTH  cneKTpa 0603Ha4eHbl HE3AYEPHEHHBIMH H SadepHEH-
HEIMH KpyXKaMmu. HcmonpayeMble TWapaMeTpbi OTHOCATCH K 2-XJ0P-3-aMHHONHPHAHHY.

[IpenmyuiectBo X-npub/uxKeHHs CTAaHOBUTCA OCOGEHHO HATJSA-
HBIM HA JgHarpaMMme »SHepreTHYeCKMX YpOBHeH, MNOKa3aHHOH Ha
puc. V.9. Jlaa mepexoiOB BHYTPH KaxKJOTO INOJCIEKTPa OpPHEHTa-
Lus cnuHa sipa X ocTaeTCs HEH3MEHHO!.

Co6cTBennble snauenns m;(X) omepartopa Iz(X) moryr pac-
CMaTpPHUBATBCA KaK XOPOIIHe KBAHTOBHIE YHCJa, IPHYEM B KauecTBe
JIOTIOJIHUTEILHOTO [paBuyia oréopa Aas JuHUil AB-uactu nmoayumm:
Am;(X) = 0. CnekTp He 3aBHCHT OT pas3HOCTeH uyacTOT va — Vx
U vg — V¥,

B COOTBETCTBMHM C TNPOBEJEHHBIM aHAJH30M BCEIro B CIeKTpe
ABX-cuctem umeercd 8 qunnit B AB-uacTd u mecTb JuHul B X-ua-
cTH. U3 3Tux IlIecTH JHHHK JABE JHHHH, OOyCJOBJEHHBIE Ilepexo-
damu Wy— ¥y u W > W;, aBaAsgiOTCs KOMOHHALHOHHBIMH, H B 00-
llem cayYyae OHH HMEIOT MaJjyl0 HHTEHCHBHOCTb. X-4acTb CIICKTpa
ClMMeTpHuHa OTHOCHTENBHO vx (puc. V. 10).

O6cyxiaeMbli HaMH TPUHLUHUI anIpOKCHMalHu B o0uiem cay-
Yae yTBepyKIaer, 4TO AJs IPYNNbl X,, COCTOALIEH H3 I IKBHBAJIEHT-
HbIX sjep, caabo CBA3AHHBIX C fAPAMM JAPYTHX TPy, coBcTBeH-
lible 3gavenust m;(X) omneparopa fZ(XH:Zn[Z(X)] npejacras-
JsoT coboli Xopolnne KBanToBble wncaa. [Tostomy ans ABX,-cu-
CTeMBl MOXKHO OMHAATh NOSIBJEHUs TpeX IOJACIEKTPOB ab-THmA,
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Puc. V.11. ABX-crektp npoToHOB 4-6poM-3-Tper-GyTninnkionenten-2-oua (91);
60 MIlu [2]

a — AB-yacTh; 6 — X-uacTb (HyAb WKajab JAKHT B Oojee caabux Hosaax); 60 MIu.

a jpas cucrembl ABX; — ueTnipex moAcnexTpoB ab-tuma. OTHOCH-
TeJbHEle HHTEHCHBHOCTH 3THX MOJACHEKTPOB MOTYT OHITh IIOJIYUeHB
u3 tpeyronbuuka Ilackaas (ABX, 1:1; ABX,, 1:2:1; ABX,,
1:3:3:1).

Ecau pausude sapa X paccMaTpHBaercsl KakK BO3MYLIEHHE Iep-
BOrO TMOPSAKA, TO MOJACHEKTPHl ab-THMA XapaKTepH3yioTcs spgek-
TUBHBIMU AGpMOpPOBbiMi wacToTamu v*. B uactHoctu, an1sa ABX-cu-
CTEMBl HMEeM

va =wva + m;(X) Jax = va == (1/2) Jax;
v =g + m; (X) Jax = vs = (1/2) Jax (V. 25)

ATOT TOJAXOA HA3LIBAIOT METOOOM 3PheKTUsHbIX AapmMOpPoOgbix Ha-
CTOT.

Ananuz ABX-cucrem ynoGHee HaunHath ¢ AB-uactu. Ilpn stom
BO3HHKaeT 3ajaya oOHAPYKeHus JBYX MNOJACHeKTpoB ab-Tuma o
HX aHaJ{3a [0 TipaBHJaM, NpHBeleHHBIM B pasf. b5.1. Hasg uamwo-

cTpauuu NPOLEAYyPH PacCMOTPHUM OAMH mnpHMmep. Ha
o puc. V.11, a npusenena AB-uacts cnekrpa ABX mpo-
:ﬁH‘ tonos H! H? u H? 4-6pom-3-7per-6yTHALUKIONEHTEH-
: -2-ona (91).
Br H2 Mpl BHIHM, 4TO HHTEPBaJ MeXAYy JHHHAMH, pas-
et 19,2 Tu, BeTpeuaeTcqa ueThlpe pas3a, a HMEHHO
mMexay mnapamu JuHuit [1—fs, fs—fs, fo—fs ©
fo — fs. [Tocse yueTa OTHOCHTEJIBHBIX HHTEHCHBHOCTeH
MOXKHO clenaTh c/aelylollee oTHeceHHe: ab-moicnektp | — aunuu
f1, fa, fs 1 [7; ab-noxcnekrp 11 — nunun fo, fo, fo ¥ fs. Ananus sTux
TNOJICTIEKTPOB B COOTBETCTBHH ¢ [paBHjaMHu aHaausa AB-cucreM
(pasm. 5.1) nNpUBOAMT K caelyloWMM napamerpam: ) v, =
= 13,6 T, vi=232,4 T, Joo =19,2 Tu; II) v, =20,1 Tu, v, =

g
ped
5
"“

N T S 1
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= 33,5 I'n, Jap = 19,2 T'u. Ecau Mbi npumenum cootHotenne (V. 25)
AJ151 ONpEJesIeHUs] BEHYMH va, Ve, Jax U Jex, TO NMOJyUaTCsl ABa pe-
mleHHsl, TaK KakK MOTYT HMMeTb MecTo [1Ba crmoco6a OTHeceHHs
3¢ (QEKTHBHBIX JAPMOPOBHIX YaCTOT B MOJCIEKTpax:

Pemenne 1 Pewenne 2
vy =169 Fu  Jox =65 In va=236Tu J,x =199
vg =330 Ty Jpy=11Tnu vg=226,3 Tu Jyx=—123Tu
| Jap | =192 Tu | 7ap | =192 Tu

J10 uMeeT Mecto JJs jaw060i cucreMu ABX. IMo3ToMy Heo6XoauMo
pafiTH KPHTepUH TOJY4eHHS NPaBUILHOTO pelienus. IIas  3tolt
LedH MOMKHO HCIIOJIb30BaTh HHTEHCHBHOCTH JHHME B X-uactu
cnexTpa. Kak MBI yxe yKasbBajau, X-4acThb CIEKTPA COCTOHT H3
WecTH JHHHMH, CHMMETPHYHO PAaCMOJO)KeHHLIX OTHOCHTENbHO vy.
JlBe H3 3THX JIMHHH HMeIOT OTHOCUTEJNbHYI HHTEHCHBHOCTh | H
pacrosioensl npu vacrorax vx == (1/2) (Jax + Jex). Takum o6pa-
30M, HHTEDBAJ MeEXAY HHMMH HENOCDPeACTBEHHO AaeT CyMMy Jax -
4+ Jx. DTH JHHHU OTHOcATCS K nepexofam ¥s— W, u Wy — ¥,:
OHM 00pasywT MOACHeKTphl X-tUla ¢ 3QPEKTHBHLIME JaPMOPOBLI-
MI 4aCTOTaMH

vi =vx + (1/2) (Jax + Jax) 1 vx =vx — (1/2)(Jax + J5x)

B cmexrpe coegnnenus 91 Habm04a10TCA TOJIBKO YeThIpe JHHHH
NpHMEePHO OAMHAKOBOH HHTeHCHBHOCTH (puc. V.11,6). [IBe u3 nux,
a UIMEHHO fjo H [i3, HMEIOT OKHAaeMoe paculennenne 7,6 ['u. BuiGop
NPaBUABHOIO pELIeHUst MOXKHO cjejaTh € INOMOIIBIO [aCcyeTHOTo

a
_A_X5 WL xS_/L__

JUUUL

E'fz(‘- ((\5/) 12. X-uacTH TeOPETHYECKHX CNEKTPoB coelunenus 91 ans pemenudt 1 (ay
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Puc. V. 13. Cnektp AMP *H 2-drop-4,6-1uxnopdenoaa.

crektpa (cm. pasi. 4.6 u 5.4). Teopernueckue CHEKTPbI, MOJYYEH- *
Hble C TIOMOWIBIO NapaMeTpoB pemenu#t | W 2, NmoKasanwl HA &
puc. V. 12. BHAHO, 4TO YaCTOTHl JUHHHA AJs 000MX BapHAHTOB B ca- .
MOM jeJje MPAKTHYECKH COBMAAAIOT, HO UHTEHCHBHOCTH JHHHUA pas-
JIHYAIOTCS BeCcbMa cymiecTBexHo. (CJief0BaTesbHO, pelleHHe 2 MOXK-
HO OTOPOCHTB.

MoOXHO TaxKe [POBECTH INOJHBIH pacdyeT CHEKTPa U CPAaBHHTh
Mexay coGOH OTHOCHTeJbHble MHTEHCHBHOCTH JWHHEA [ u fi; B X-
gyacTd. Ecau MNOJOXKUTL HHTEHCHBHOCTb JHHHH fio paBHOH 1, TO
HHTEHCHBHOCTD JHMHHUH i} A4€TCSl YPABHEHHEM :

Ly =[B=0.35(ax = Jax FI/(B— ) (V.26)

KOTOPOe MNpUBOAMTCSl 37ech Oe3 poxasarenncrBa. [lockoabky Ju-
HUA [, B HalleM cjyuae He Habawonaercd, To ypabuenueM (V. 26)
ne/ib3g BOCNOJNb30BATHCA.

o
:
£

3anaua V.11, Pacuer no cucreme ABX aas coenusienuss 91 naeT 3padeHH
HACTOTH JAMHHA fo, paBroe 25,2 [u, nia ofoux pemcunil. PaccuntafiTe nHTeHCHB#E
HOCTR AHIHA [yy 445 oGoux peweHndl, Henoabsya ypasueune (V. 26).

PemeHne 1 faer cHekTpaJsbHble OapaMeTpbl AJs HNPOTOHOB
H! — H3 Oanaxko anagu3 He JAaer ykasauufi O TOM, KaKoh H3]
CIeKTPaJ/JbHbIX HapaMeTpoB — va, vg M T. A.— OTHOCHTCSl K KOHT
KPETHOMY IPOTOHY, H MBI MOXE€M [IPOBECTH OTHeceHHe TOJbKY
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¢ NOMOILBIO IMIHMPHYECKHX KOppessuuil, obCyxAeHHHX B ra. [V.
Kpome TOro, ocraercs HeONpedesIeHHbBIM 3HAK KOHCTAHTHl Jag.

Ecmn nporonnt H! u H? uMeloT 6/1H3KHE pe3sOHAHCHBIE YACTOTHI,
10 Tpoton H? asasercs X-nporoHom. [lockoabky Jax > Jsx, TO
Ha oOcHoBanuu 3aBucumoctn Kapniyca — Konposs MoxHO 3a-
ka0duTb, uto H!' = H,y u H? = Hg (pasnm. 2.2.1 ra. 1V). Kpome
TOr0, KOHCTaHTa J[ap AOJMXKHA OBITb OTpHUATebHOH (pasa. 2.1.2
ra. 1V).

Ha wnpumepe ABX-cuCTeMBI MBI BOEPBple BCTpedyaeMcsi CO
CIEKTPOM, B KOTOPOM C NOMOUIbIO ypaBHeHHs (V.25) Moryt Goith
OIpeJeIeHbl OTHOCUTEAbHbLE 3HAKU JBYX KOHCTAHT CIHH-CIHHOBOTO
BzauMojchcTBua. Jasg AB-cucreMBl CHEKTp B COOTBETCTBHH ¢
taba. V.1 oOKasbiBaercs He 3aBUCAIIAM OT 3HAKA KOHCTAHTH Jagp.
B caMoM jeJse, eCJM USMEHHTb 3HAK Jap, TO NPOU30ILeT U3MEHeHile
OTHeCeHMsI IePeX0J0B, HO BHJ CIIeKTpa HE H3MeHHTCS. DTOT Bhl-
BOJ BepeH H 1Jsl cHcTeMbl AB,.

3anaua V.12, [loayunte o6a pewenus aaa cuctemsl ABX B 2-h1op-4.6-1H-
xJ1opderoqe no cnekTpy AB-uacTh, npuBeaeHHomy Ha puc. V. 13.

Biusiide OTHOCHTE/bHBIX 3HAKOB KOHCTAHT Jax H Jgx HA CHEKTP
ABX-cucTeMbl MOXKHO BHIETh W3 JABYX PACUeTHBIX CIEKTPOB, MpH-
BeleHHBIX Ha puc. V. 14. [{ans o00UX caydyaeB HCINOJb30OBaHBl HAEH-
THYHBIE NAPAaMeTPhl, 3a MCKJIIOYeHHeM OTHOCHTEJNBHBLIX 3HAKOB KOH-
crauT fax H Jpx. 3amMeruM, uro X-4acTb CIEKTpa TakK:xKe IYBCTBH-
TeJbHa K 3TOMY pasiuunio. B To ke Bpemsi BHIA CchHeKTpa He
3aBHCHT OT 3HAKa Jas.

10,0 'y,

JJWW//_;MMQ
N T

Puc. v, 14. Teopervueckne ABX-cnexkTpsl.
4—~v46 (AB)=10,0 Tu, JAp=50Tu, Jax=60 Iy, ;pX=2,0 [y; 6—v,0(AB)=10,0 Tu,
JAB==5,0 T, J5x=6.0 T, Jpx=—2,0 Iy,
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Puc. V.15. Tpu Tuna AB-uacTeft cnekTpoB CHHHOBHX :
I‘ | Il | | | cucrem ABX (cMm. TekcT).
~, 5
3aBucuMocTb cnektpa ABX-T4ma OT OTHOCHTEJBHLIX 3HAKOB §
KOHCTAHT Jax M [px NPHBOAMT K BLIBOAY O TOM, uTO B OlieM CJy- |

dyae NOJIKHO OLITh TPH pasjuuHbX THOa AB-uacred cnektpa ABX. .
OTH cayyau mpeiacTasJensl Ha puc. V. 15. B caydae a oba ab-nog-
CNEKTPA OTYETJIHBO pa3Ae/A0TCA MexAy cobofl. B 3toM cayuae
3HAKH Jax M Jpx JMOJKHBI GHLITh OJHHAKOBBIMH. B caydae 6 OfHH
-ab-IOACTEKTDP NONHOCTBIO BXOXUT B ApPYIoM HOJCMIEKTP, H COOTBeT- ; d

f l _,\___j —— —_— )
2 b

(s

:

[s8)

it 10,0 fy ‘ ] . ) JlJUL N
CaHs—C~C—H —_

Br Br Pue. V.17, 3asucumocts cuctembl ABX ot napaverpa va —vs, (ledep [3]).

Ciesa — AB-yacth, cnpaBa — X-uacTh, Bo BceX cay4asix HCNOAL30BAAUChL CHAEAYIOULHEe Ma-
paMerpui: Jag=157 I'u; Jax==0 T'u v Jgx=7,7 I'n. OTHOCHTe/NbHble XHMHYECKHe C/ABHII

v.8 (AB) coctasasior: 56,7 Ty (a), 18,7 Tu (6), 50 I'n (8) a —06 I'u (e}). Pacuertnnie
CICKTPH GasHpYKOTCs HA 3KCIepHMeHTaJbHbiX HaHHbIX Aas 2-dypdypHa-2-akposeuna.

CTBEHHO I 000uX pellleHHil 3HAKH KOHCTAHT MNOJY4AIOTCA pas-

£ ipiMu, Hakonel, B cayuae g, HauboJee 4acTo BeTpeuaomeMmces, oba
3 4 MOACTEKTpa MepeKpHIBAIOTCSA, H TOrAAd BO3MOXHBI K4K OAMHAKOBHIE,
Tak U pasJHuHbie OTHOCHUTEJbHBIE 3HAKHM A KOHCTAHT Jax H Jax.

MoryT BerpeTHTbCs CaydaH, KOTja HaOgaoxawrcs He Bce 14 Ju-
nuit ABX-crexrpa. Muorja, nanpumep, OAMH H3 ab-TIOACOEKTPOB
BLIpOKAdeTcs: 10 o6MaguMBo mpocroro AB-cmexTpa, T. €. 10 Aj-cH-
creMbl. [lopo6uelii mpuMep InpuBeldeH Ha pHc. V.16 Aas cmektpa
1,2-in6pom-1-denusarana npu 60 MI'u. 3aecs B AB-uactu crektpa
o6Hapy:KMBaeTcss TOAbKO 5 JuHHil. MoxXHO mpoBecTH npubivXKeH-
HEIH apHaJu3 TAaKOro CleKTpa, TaK KaK KOHCTaHTa Jap H3Mepsercs
N0 MpaBOMy MOACHEKTPY H 3TO paclien/eHue BBIUHTAETCH H3 4da-
CTOTBI fy, UTO JacCT 3HAaUeHHE YacTOT BHEIUIHHX KOMIOHEHT BTOPOTO
ah-nogcnexTpa.

C NOMOIIbIO CepHil pacueTHBIX CcMekTpoB (puc. V.17) MoxHO
nokasath, 4ro BHJA ABX-cnekrpa 3aBHCHT OT Ppa3HOCTH 4YacToT

AR i T

Prc. V.16, AB-uacte cnexrpa ABX aaudaTHueckux npotoroB 1,2-au6pom-1-¢ ;
HHA3Tana; 60 MTI.
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CreRITIDA
o N
-0' T T T T T
0 62 99 162 20,4 30,8 1
td
X-5a0mp cnek- i ﬂ
1216 , [ ' ' 6
12,6 -8,3 1,9 41,9 +8,3 426 I,
Puc. V.18, ABX-cnexrp anudaTHYeCKIX  HPOTOHOB B

L-acnapa
100 MI'u). X-uacte pacnosomcena B 6oaee ca1aboM node. parine  (mpi

ch?bw; Mexdy sinpamu A u B. Kak u oxuzaanocs, e Toabko AB-
1 ,» HO 1 X-4acCTb CHIEKTPA UYBCTBHTENbHA K 3TOMYV napaMerpy
Jlast Bcex crekTpoB KomcraHTa Jax mosarasach paBJHoﬁ HY 10 e
o10. TpebyeT JIOMOJMHUTENLIOrO0 KOMMEeHTAapHsI. MyJIbTHHHeTHOE:Tb
B X-4aCTH e SBJSIETCH CJCACTBHEM CIIHH-CIHHOBOFO B3auMo/1efi -
cTBus gapa X ¢ anpamu A u B, Kak MOXKHO 6bUIO Gof AyMarTh
HCXOIsi N3 NPaBHJ CHEKTPOB NEPBOTO MOPsIKA. [Toatomy BbIBO,l,
O _TOM, 4TO Jax = Jpx, HeJIb3sT C1e1aTh HA OCHOBAHHM «TPHUILTETa»
ooHapyxuBaroulerocs B cayyae e. Hadee, ay6aeTs B A-llaCTVl’
i?gﬁ:{p:neép ienﬂ;nmorcn CHeICTBHEM CHIH-CIIMHOBOTO B3aHMQIEN-

Ha6monawmeecs IIPH 3TOM $IBJIEHHE Ha3Ba

- Jau
szaumoderictauen, GupTyarbroLM

C TeM uTOOLI IT0KasaTb, 4TO MYJbTHIINIETHOCTD

S N e AR e
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g X-uactu cnekrpa ABX mower ObiTb §osiee BBICOKOro nopsiika,
yeM 3TO ClIe[yeT H3 MPOCTbIX NPaBH/ CIHEKTPOB [eDBOTO MOPsAAKA.
910 ABJeHHe He orpauuuusaerca ABX-cucremMamu, a BCTpeuaercs
B ADYTHX CJYuasix, KOTAa GAHO SAPO B CHCTEME CHJIbHO CBA3aHHBIX
q1ep AOMOJHHTEJNbHO B3aHMOACHCTBYET C SPOM, HMEIOUIMM pe3KO
oTJHYAIOyIOCA pPe3oHaHCHYI0 uyacTtoTy. OZHAKO B HaHHOM cayuae
peT HeoOXOJAMMOCTH BO BBeJEHHM KaKux-aufo crenHajbHuX 060-
snadeHuii; GoJsee TOro, oHO ObLIO OBl OWHOOYHBIM, MOCKOJBLKY yKa-
3aHHBIE TIPHMEpPH AEMOHCTPHPYIOT JIMIIb TOJbKO TO, YTO MpaBHJZ
CTIeKTPOB IIEPBOTO MOPsiiKa He/b3d NMPHMEHHTb HpH aHaausze ABX-
CHCTEM; BIPOYEM, ITO YTBEPKJIEHHE HEMOCPEACTBEHHO CJeLyeT X
13 MaTpuubl ramMuabronnana (V.24). Pasywmeercs, BHpTyasabHOe
B3aUMOJIEHCTBHE HeAb3s CUYMTATh KAKHM-TO OCOOBIM BHAOM CHOHUH-
CHIMHOBOTO B3auUMOJEHCTBAS HJM KAKUM-TO OCOOBIM CBOHCTBOM CIIH-
HOBOH CHCTeMBH, TPe6YIOIUM ClelHaJbHBIX METOJOB aHasu3a,

3anaua V. 13, [poanaausupyiite ABX-cnektp ajmubarudgeckux nporonos L-ac-
naparusa, npueegeHsbii Ha puc. V. 18.

Ananns cucrem ABC, wacto mnosydaeMbIX [Js BHHHJbHBIX
TpymI, OKasblBaercsi GoJsee CIOXKHBIM. B 9TOM cjayuae He mpHMe-
HHMBl HHKAaKHE YNPOILLAIOUIHe YCJIOBHS, M MOXHO HabawojnaTbh Mak-
CHMAaJIbHOE uMCI0 (A0 NATHAALATH) TEOPETHUYECKH BO3MOXKHBIX
nepexonoB. M3BecTHbl Npoueayphl NPAMOro aHaju3a 3THX CIIeK-
TPOB, OJHAKO HX PACCMOTPeHHe He BXOJIHMT B 3ajauy 3TOH KHHIH.

5.3. YerbipexcnuHOBbIE CHCTEMBI

B kauecTBe 6as3nca AJs UETHIPEXCIMHOBOH CHCTeMBl OyAeM wuc-
N0Jb30BATh MIECTHAAUATh MYJIbTHIVIMKATHBHEIX QYHKIHH:

m=+2 m, . =+1 m,..=0 m =-1 m, =-—2

T T T T T
(1) cwae  (2) aoaB () oaPp  (12) oPpp  (16) BB
(3 aaBa  (7) ofap  (13) Papp
(4) afoaa (8) Paah  (14) Bpup
(5) peax  (9) Papx  (15) Bpa
(10) ppoc
(11) appa

B ofumeM cayuae onpejejseHHe NapaMeTPOB CHCTEMbl — YETH-
Pex XMMHUECKHX C/BHIOB M IIECTH KOHCTAHT CIHH-CIHHOBOIO B3au-
MOJeHcTBHS — TpeOyeT peLIeHHs OJHOrO JeTePMHHAHTA UICTOTO
MOpsiiKa M JABYX AETEPMHHAHTOB ueTBeproro mnopsiaka. s cu-
cTeMnl tHna AA’XX’, kotopas OydeT paccMOTpeHa jaJiee, aHa/u3
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MOXKeT ObiTh, OJHAKO, CYLUIECTBEHHO YNPOIIEH, €CJN HCHOAb30BaTh §
HPUHUANL, KOTOPHE Mb OOCYXAaJH B NpPeIBAYLIHX pasjesax. ‘

Ecnu orpannuntbest paccMOTpeHHeM HeGOJBUIONO YHCAA TPHMe- §
PoB, T0o cucreMnl Tuna AA’XX’ BCTpeualoTCs B TakHX MOJIeKyJjax, §
KaK napa-gusaMeuleHHble 6eHsonst (92), dypan (2) u 1,2- Jm(pTop, £
aruaex (93). 3

@«ﬂ~+®

H H 3

\ / A x HA\ /HA' i
X Y c=¢ i

/ \ %

l / \ l e Hye Fx Fx! 3
) 4

@ —@ 92 93 g
e

Benencreue xumuseckoli 5KBUBaJIeHTHOCTH IBYX silep A H 1BYyX
anep X, a Taxxke BCJeACTBHE MOJEKYJASPHOH CHMMETPHH 3TH CH-
CTEMBI XapaKTepPH3YIOTCs TOJBKO [BYMs PE30HAHCHBIMH 4aCTOTaMH
H 4eTBLIPbMA KOHCTAHTAaMH CIIHH-CIHHOBOIO B3aUMOJEHCTBUS: Va, V;
Jan (=Ja), Ixx (=7x), Jax(=1) u Jax (=71). :

Bua cnekrpa AA’XX’-cucrem mno ONPE/IC/IEHHIO He 3aBHCHT OF &
Pa3HOCTH Va — Vx. XOPOIIO pa3pellleHHbll CHeKTP COAEPKUT ABafr &
uath ausdi: 10 B AA’-yactu u 10 8 XX’-uacru. OHH pacnofOXKeHs
CHMMETPHUYHO OTHOCHTEJNbHO LeHTpa; kKpome Toro, AA’- u XX’-va- ¢
CTH CHMMETPHUYHbI OTHOCHTEJbHO va H Vvx COOTBETCTBeHHO. [lo- 3
ckoabKy J = J/, siapa rpynn A H X SBJSIOTCS MOEHUTHO HESKBHBA- &
JIEHTHBIMU, DTO 03HauaeT, YTO, HECMOTPsl Ha GOJbIIOH OTHOCHTENb- &
Hbll XUMHYECKHHA CABUT (Vo8 = vy — Vx), MBI HE MOXKEM HCIOJB30- %
BaTh IpaBuJjia INEpBOro NMOPsijiKa 1Jsi aHaju3a cruekrpa. [locneanne 4
OPHMEHHMBl TOJABKO M/t ocoboro caydasa J=J', OpHBOAALIErQ
K cucTeme AyXo. B 3tom cayyae #abJar0jaloTcs ABa TpHIETa ¢
COOTHOIIEHHEM HHTEHCHBHOCTEH 1 :2: 1, '

Has mocTpoenusl nuarpaMMbl SHepPreTHYECKUX YPOBHEH cucTeMH §
AA’XX’ ofpaTuMcss K H3BECTHBIM (QDYHKUHMAM AAd cayuas A S,
S0, S—1 M Qo (cM. Taba. V.1); sty dyHkuuH moryt ObITh HcnoJb- @
30BaHbl B KauecTBe GasucHbix Agaa rpynm AA’ u XX’ Beseacrsue @
cumMmerpun cucremn AA'XX’. CocraBnsias BCe BO3MOXKHBIE NpPOH3-j
BeJeHHs, MB NojayuyuMm Oa3ucHBle GYHKUHH A3 C.quaﬂ yeThi- |
pex cmuHOB: ¢ = S41(AA) X s41(XX'); ¢2 = so(AA’) X s41(XX') §
H T. 4. Ecan Mpl yIOPAZOYUM 3TH NPOU3BEAEHHS B COOTBETCTBHH
C HX CHMMeTpHed *, [OJHBIM CIHHOM H 3HAUEHHEM MATHUTHOTO ]
kBaHTOBOro uncaa me(XX’) rpynnel XX/, TO NOJAYYHUM CHCTEMY:?
IpUBEleHHYI0 Ha cxeMe V.2 nasa onucanus AA’-gacrn, HomeCTbIO.’

* B COOTBETCTBHH C OGIIHM [PABHAOM NMPOH3BEJCHHA CHMMETPHUHBIX (byHKuHﬂﬂ
ABJAAIOTCS CHMMETPHUHEIMH, TPOH3BENCHHS AHTICHMMETPHUIIEIX ct)yH;\IL;xu—TaKX(“
CHMMCTPHUHBIMH, POHU3BEAECHHS CHMMETPHYHON U AHTHCHMMCTPHYHOH (yHKUHH AB N
JISIIOTCS AaHTHCHMMETPHUHBIMH.

Cxema V.2
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CHMMeTpHYHEIE MYJbTHIINKATHBHEE byHKUUE
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my.
+2

+1

CHMMETIPHYHEIE PYRKRHR RHITIHCHMMEITIPUZREIE
' ‘WYHKR U

Puc. V.19. Duepretudueckas nuarpamuma cucrembt AA’XX".

aHaJOTHYHAs cXeMa moJaydaerca Aas XX’-uacTH, eCau YHOpsAodes
HHMe TIPOM3BOJAHTCA B COOTBETCTBUM CO 3HaueHueM mr(AA’).

Takum o6paszoMm, MaTpuiua TraMUJbTOHHAHA YETHIPEXCIHHOBONR
CHCTeMBl B JAHHOM CJyuae upe3BbYANHO ynpouiaercs. Bmecto moj-
marpunsl 6 X 6 u aAByx noaMarpuil 4 )X 4 OHA COMEDKHT TOJbKO
ABe noaMatpHuel 2 X 2; OoCTajJbHBE 3JEMEHTH MNPEeACTaBJAIT CO-
6oii Martpuue 1 X 1 1 TMO3TOMY cpa3y AT TOUHBIE BEJHUHHE cOB<
CTBEHHBIX 3HAUEHUH:

+21 |
|
a i
i !
+—ab l
s AHITIUCUM -
W — =~ mempurnsi
= 0 - ar—+ PyrryLU
CUMMEITIDU Y HEIE
_1% D

HanbHeiilllee uccsefoBanne INOKAa3bBaeT, 4TO Martpuna cojeps i

XKHT TOJBKO MOAMATPHIL (6JOKH), KOTOPble H3BECTHH AJI CHCTEM]
A, n AB, u B 3KCHEPUMEHTAJLHOM CTeKkTpe s AA’- u XX’-uacrel
cleflyeT OMHAATb MOSIBJEHHS ABYX HOACIEKTPOB THNA a; H ABYX{

FARH
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Piie. V. 20. Monopmua cneKTpa cucremMnl AA'XX
! Colee wyerkoro puigenenus ab-moucnekTpos (aHTHcuMMeTpHYHOTO ¢, 4, e, | u cume

Me

PHYHOrO g, h, i, j) OHM H306parkeHbl Pa3LedLHO.
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Ta6anua V.4. CoberBeHuble 3HaueHHa Aas cuctemst AA'XX’

KL

z

1
(l)vA+vX+—;—N+%K (1) —va+ K (1) vy —

M

N

2
1 1
2 vx+%1< (8) VA—VX——% N+gK (12) vy =K+ 5

1 | I 1

®) —vatvx—g N+g K @ —vx +pK (18) —vy— 5 K+5 M
1 1 1

(4) vy +%K (10) —-vA—vX—I——é-N—I—ZK (16) — vy _TK—_‘Z_ M

noAcnekTpos Tuna ab. B cymme 3to gaer 12 A-nepexomos u 12 X-
nepexoioB, 8 N3 KOTOPBIX (UeThipe Iapbl) BHIPOKACHBI, TaKUM 00-
pPasoM, YHCJAO 3KCIepUMeHTaJbHO HaOJ0AaeMbiXx JHHHH paBHOo 20
(o 10 B Kaxk0fl MOJOBHHE CIeKTpa). JlmarpaMma sHepreTHYecKux
VPOBHER HMeeT CTPYKTYPY, NPUBeACHHYIO Ha puc. V. 19.

Kak Mpl y:Ke OTMeyalsid, CHEKTP CHMMETPHYEH OTHOCHTEJbHO
neHTpa (va + vx)/2, ¥ NO3TOMY MOKHO OrPaAHHYHTLCS PaACCMOTpe-
HueM ojanofl ero moJoBuHb. [as sTo#t menmu Ha puc. V.20 npuse-
zena AA’-uacTb TEOPETHYECKOro CleKTpa, KOTOPLIH Obla paccuntad
A5 CAeAyIOWMX 3Hauenwil nmapamerpoB: Ja =9 ['u, Jx =4 T'L,
J=8 'y n J/ =2 l'u. MapkupoBKa JHHUI NpOBeAeHa B COOTBET-
CTBHM € HOMEHKJATYpPO#, BBeieHHON [duiizepoM; 3Ta HOMEHKJATY-
pa Bocmpou3BoauTcss Ha puc. V.19, Mpl MOXeM TPOBECTH OJAHO-
3HayHoe OTHeceHHe JauHHHA @, kB W b, | X cucTemaM a, BCJEACTBHE
HX BBICOKOH HHTEHCHBHOCTH. [IBe CHCTeMBl ab mnpejcTaBiieHBl JH-
HHSMH ¢, d, e, f u g, h, [, ] COOCTBETCTBEHHO.

Tenepp caeayer yCTAHOBUTH CBf3b MEXKAY CII€KTPaJbHBIMH IIa-
paMeTpaMH IOACHEKTPOB (va, Vb H Jap) U HApaMeTpaMi.CHCTeMbl
ANXX" (Ja, Ix, J w J7). Jdas 370r0 HeOGXOAMMO BHUYHCAUTH COG-
CcTBeHHble 3Hauenusi (GYHKIUH, BKJIOYEHHHIX B cxeMy V.2, 3a
HCKJIIOUEHHeM ueThipeXx MYJbTHILIHKATHBHBIX OYHKUHN P5, s, P13
H ¢4, BCe OCTagblibic GYHKLUHH yKe SABJIAITCS COOCTBEHHBIMH PyHK-
IUAMH TaMHJbTOHHAHA, H COOTBETCTBYIOILWE 3HEPTHH MOTyT OBITh
NOJAYUEHB HENOCPEACTBEHHO ¢ nomolunsio ypaBrenus (V.2). [lones-
HO HCIIOJIb30BATH CJe/yIollHe COKpalieHHble 0603HaYeHHs:

Iant+Ix=K Ih—Ix=M I+ =N, J]—1 =L (V.27)
Torna Mbl NOJYyYHM 3HEPTHH, NpHBeJeHHbIe B Taba. V.4.

3apaua V. 14. [IpoBepbTe pe3yabTaTsl, npHBeiennuie B Tabt1. V. 4.

Cocroannst (B) wu (6) u (13) u (14) cmemmmpajored. Ux
SHEPTrHM MOJKHBL [O3TOMY ONpeledsThCs BAPHALUOHHBIM MeTO-

goM. Kpove Janarona’abHbix 37aeMEHTOB [y, = <<¢5|d6|ps> W |
< Po|H| P>, <Pi3|H| P> n < Puy|H| 1a> HEOOXOAMMO
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BbIYHCJHTb HeJHaroHa/lbHble 3j1eMeHTH Hp = < $5|H|ps> u
< $13|H6|P1a>. Ucnoavsys paBenctso Hp = Hje, nonyuum B Ka-
yecTBe JeTePMHHAHTOB IJIsi CHMMETPHYHOTO MOJCIeKTpa

(1/HYK—E  (1/2)L
—(/2)L — B K—E

i1 nocne npubasiaenns (1/4) (K — M) x AuaroHajJbubiM 3JeMeH-
TaM — JeTePMHHAHT

—@BMHM—E —(1/2)L '
—(1/2)L (1)AYM—E|~

JJs1 AHTHCHMMETDHYHOTO cJyyas. DHePrud coctosnuit (b) u (6)
wan (13) n (14) onpenensioTcsi TOrja BhIpaKEHHUAMHU

Eso=— (/4K = (/) VK> + L5
Egu=— 1/ M 3= (1/2) /M? + L?

Ecnu cpaBHUTH 3TH BBIPAXKEHHS C PEHICHUSIMH JJ51 COOCTBEHHBIX
sgaueHn# E, u E; cucteMsl AB (pa3a. 4.4), To CTAHOBUTCHA COBEp-
UICHHO OYeBHJHBLIM, 4TO Napamerpul K U M npeacraBisiioT coboik
3(Q(peKTHBHLE KOHCTAHTH CIIHH-CNHHOBOTO B3aUMOLEHCTBHS CHM-
METPHYHOTO H AHTHCUMMETPHUYHOTO IOJCHEeKTPOB ab HW uTO [Ba
ab-moAcmekTpa xapaxkTepusyiorcsi 3PpQeKTHBHON pPa3HOCTbIO XHMHU-
YeCKHX CABHTOB v = L.

Wcnonbsys ganusle TA64. V.4 u Boiyutasa (1/4) (K—M) us
COOCTBEHHOro 3HaueHus Eys, 14, TOAYYAIOT SHEPrUH HEPEXOAOB I
JMHUE cucreMbl AA’XX’; ouu npuBefenw B Taba. V.5. C apyroi
CTOPOHBI, HpPH HpsiMOM aHaJju3e cucreMbnl AA’XX’ wenrpasbuoit
npofJjeMoli sBjsiercsl HAeHTHHKaUHsA noAcnekTpoB. Ecian 3rta
npobaeMa pemieHa, TO MOXHO IPHMEHHTb COOTHONIEHHS, BbIBeJEH-
nble s cucteM AB H Ay, mpH 3TOM CIpaBelJIUBH CJellylolliHe
YpaBHeHHS:

N=a—b=k—1;, K=g—h=i—j (V.30)

M=c—d=e—f; L=+h—ig—N=+c—DHd—e
Kpowme Toro,

va (man vx) = (1/2)(a + b)=(1/2) (k 4+ )

JIa=({2)(K+M); Ix=(/2)(K—=M); J=(1/2)(N +L);

J=(1)2)(N — L) (V.31)

=0 (V.28)

(V.29)

3agaua V.15, [Ilpoanaausupyiite AA’-qactb cnexrtpa cucremn AA’XX’, npu-
Belennoro Ha puc. V.21

3apaua V. 16. Ha puc. V. 22 nokaszana AA’-yacte cucrembl AA’XX’ npotoHos
Hi ey 2-meTHs0eH3TpHasoe. TlonurafiTecs nmpoanalu3upoBaTh 3Ty CHCTEMY,
Henonb3ys npoueaypsl, onHcaHHbie Beiue s cictembl AA'XX'

7 X. lourep
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Tatanua V.5. dueprup nepexoios B AA’-yactu cnekrpa
cucremn AA’XX’

Mepexon e S Uacrota (oTHocHTeBIO ¥ )
b

a @ > (1) N

b (10) > (9) — 5N

¢ (13) > (12) T M= VIEELT

d (15) > (14) — 5 M= LVIPFLT

e (14) > (12) %M+%Vm

i (15) > (13) _%AH..;_VW

2 (5) > (4) k- Ly

h M) > () — 5 K= VET I

i (6) > (4) 5K+ 5 VETIZ

i (7) > (5) — K+ 5 VETF I

k 3) > (2 N

! 9 > (8) —a N

B c¢BAsu c aHa/auzoMm cHekTpos cucreMbr AA'XX’, paccmorpen-

HBIM paHee, CJeAyeT NOAYePKHYTb HECKOJIbKO Ba’*KHBHIX MOMEHTOB. §
Ilpu ananuse cucrembp AA’XX’ MoxkHO mpoBecTd Auddepeninanuio §
napaMerpoe N U L, HO He napamerpoB K u M. D10 caenyer H3 §
TOTO (haKTa, 4YTO MLl He MOXKEM ONpeJe/HTh, KaKoi ab-crekTp cie- §
JyeT OTHECTY K CHMMETPHYHBIM, a2 KaKOH — K aHTHCHMMETPHUHBIM §
TnepexodaM. Kak Mbl YBHAUM JaJjee, 3Ta TPYLHOCTb MOMKeT OHITb, §

‘OAHAKO, MpeojoJeHa, eC/JH HCIOAb30BaTb METO[ ABOHHOTrO peso-

HaHca. Takum o6GpasoM, B cHcreMe AA’XX’ O6BIYHO MOXKHO ONpe- ]
JENUTb TOJbKO OTHOCHTE/bHble 3HAKH KOHCTAaHT J u J'. OrHecenue @
TapaMeTpOR, MOJyYaeMbIX NpPH aHa/ju3e, K paccMaTPHBAaeMOH CIIH-§
HOBOH cHCTeMe 3aciayxuBaer ocoboro BHHMaHHS. CIEKTp He H3-)
MeHsieTCsl, ecJH Mbl [OMEHsieM MecTaMH va H vy, [03TOMYy HH]

AN

T i T T T 1
27,98 3155 3550 J J 44,50 4845 52,021

38555 41,02
AY .
38,98 41,45
Puc. V.21. AA’-yactb cnekTpa criHOBOH cucTeMbl AA'XYX

Lol I Mo 1

/ N\ / N\
0,0 17 44 7477 106704 1) 169187 My

Puc. V.22. Crmektp SIMP 'H 2-MernaGensTpHasona (NPUBOAHTCA TOJBLKO JeBas
NOJIOBHHA CIIEKTPA).

7%
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d,‘/i'
A 4 P Puc. V.23 AA’-gyactr IMP-cnektpa
d f cucrembl AA’XX’ apomaTuuecKux
J npoToHoB  4-6poMann3ona  (pH
{ | l 60 MIu (past 6 cotp. [4]).

OTHECEHHE PEe30HAHCHBIX 4acTOT, HY OTHECEHWe KOHCTAHT CIIHH-CITH-
HOBOTO B3auMojefictBus Ja u Jx, a takxke J u J He saBiasercs
OQHO3HAUYHBIM. DTa npodaeMa MoxeT OblTb, OJHAKO, B 6OJbUIMH-
CTBe CJy4YaeB JIEFKO pelleHa MyTeM CPaBHEHHS pe3yJbTaToB pac-
YeTa € HM3BECTHHIMH BeJIMYMHAMH, TMOJYHYEHHBIMM IJS POACTBEHHBIX
coelUHEHHH.

Onupasice ua OpaBuJa, YCTAaHOBJEHHBIE HAMH /Ui CHCTEM
AA’XX’, MOXKHO OBCYIHTb TeNepb MYAbTUNAETHOCTbL U pacnpedene-
Hlue UMTEHCUBHOCTel NUHHI B HEKOTOPHIX THOMYHBIX caydasx. Uto
Kacaercss MPOTOHHBIX CIEKTPOB, TO cJelyeT I0A4epPKHYThb, 4TO KpPH-
Tepuit coorBercTBust cucteMe AA’XX’ (oyeHb GoJblias pasHOCTb
XHMHYeCKUX CABHIOB MeXAy saapamud A u X) He Bcerga cTporo
BLINOJIHSIETCS, KaK, HalnpuMmep, B cJayuae 2-MeTHAGeH3TpHa30J1a.
Crporo TakMe CHCTeMBl cC/aeloBaso OB KJAaCCHUPHUUHPOBATH Kak
AA’BB’; ux xapaxkrepucTuku OyAYyT BKpaTue PacCMOTPEHH B
pasa. 5.3.2. Ho aasa paccmarpuBaeMmbix 3jech npuMepos o6paboTka
CIEKTPOB B paMirax (popmaausma cucreM AA’XX’ sBasieTcs oueHb
XOpOLIHM NpubauKeHHEM, H TNocjefylomee oGCyX/IeHHe MOATBEp-
Kaaer ToT (akT, 49To HanboJee XapaKTepHbIE UEePTH CHCTEM
AA’XX’ nposieasiiorest u B cuctemax AA’BB’.

B KayecTBe NEPBOTO MpPUMEpa PACCMOTPUM CIEKTp hapa-iu3a-
menieHHbIXx OGer30joB THma 92. XapakrepHoll ans 9Toro kJjacca
coennnenui apaserca AA’-yacTb deTHIPeXCIIMHOBOH cHCTeMBl apo-
MaTHUECKHX TNpOToHOB B  4-OGpomaHu3one, MNpuBedeHHas  HA
puc. V. 23. DTOT CNEKTP MOXKHO JIETKO HHTEPTPETHPOBATH, ONUPASICh
Ha BeJMYHMHbL KOHCTAHT CIWH-CIIHHOBOTO B3aUMOAEHCTBHA, OXH-

Ananuz cnextpos AMP soicokoeo paspeuwenus 197

jlaeMble [Js 3TO# MoJekyJ bl 3ech napamerp N COAEPXKHT OTHO-
cHTebHO OOJBIIYI0 OPTO-KOHCTAHTY (/) W MaJylo napa-KOHCTaHTY
(/). CaenoBatenbHo, ABa ap-NIOJACNEKTPA, pPa3jieleHHble HHTePBa-
goM 7—9 Tu (em. Taba. I1.2), moryr GBITh cpa3y e OTHeceHbl
K HHTeHCHBHBIM JHHuaM [ u 2. [lapamerp L foJKeH HMeTb BeJH-
ypHy 5—7 1, NOCKOJbKY OH NpeiacTaBjseT co60fl pasHOCTb OPTO-
1 1apa-KoHCTaHT. DdQeKTuBHbBE KOHCTAHTH CIHH-CIHHOBOIO B3aMH-
mojeficteus B ab-moacnekrpax — napamerpst K 0 M — cudbHO
pas3IuyaloTCa  [Jas  PacCMaTPHBAeMOro CJydasi, MOCKOJbKY [Be
OCTalOLIMecss MeTA-KOHCTaHTh (/o ¥ Jx) Oau3ku no semuuuse. [To-
stomy M wmesbumie | [m, a a1g K MOXKHO OXHAATh BeJHYHHBL
4—6 T'm. Torpa cumMerpuuHbif ab-xkBaprer (g, h, { U j) Moxer
O6BITb OTHECEH K JIHHHAM 3, 4, 5 u 6. B aHTUCUMMETPHUYHOM ab-noi-
CTIEeKTpPe BUJAHBI TOJbKO BHYTpDeHHUe JHHHUH (d ¥ e). Buemuue nu-
uud (¢ 4 f) COBMajalT ¢ HOACHEKTPOM ag, @ BCAEACTBHE 3TOrO
napaMerp M MOMKHO ONpeNesuTh TOJNBKO TpHOAH3HTENbHO. [Ja
10r0 4TOoGH CIEKTp OOCYXKIZaeMOro 31ech THIA HMeJ XapaKTepH-
CTUYHBI# BMJA, OUe€Hb BaXKHO, YTOOBl XMMHUECKHI CABHI MeXIy ABY-
MA NMapaM{ [POTOHOB, HAXOAAIIMMHCA B OPTO-NOJIOKEHHH K aTOMy
gpoMa W K METOKCHJ/bHOK rpymne, ORI AOCTATOYHO BeJHK. Ecay
3amecTaTed X M Y CTAHOBATCS OJH3KUMU MO CBOEGMY BJHAHHIO Ha
NPOTOHHBIE XUMHUECKHE CIABHTH, TO Vo8 yMeHbLIaeTcs H, CJael0Ba-
TebHO, X-Npub/anKeHne CTAHOBHTCH HeNPUMEHHMbIM. BHA crnekTpa
yCaOKHsIeTCs, 1 OH mpubauzkaercs K AA’BB’-tuny.

B cayuae samewjennbiy atanos XCH,CH.Y Takxke nadawoaaor-
¢a crnekTphl tHna AA’XX’. B KadecTBe IpuMepa pacCMOTPHM MOp-
doaun. TIpu KOMHATHOH TemMmepaType NPOMCXOAMT OLICTPAs HHBEp-
cnsi kosbia (I = II), kotopasi 3(hdeKTHBHO HPHBOAHT CJIOKHYIO
YeTHIPEXCIHHOBYIO cucreMy npotonoB rpynn CHyCH, K cucreme
AA'XX'.
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Ecan #cmonb3oBaTh HbIOMEHOBCKHE NPOeKUHH AJsi [peacTaBJe-
Hug artux KkondopMmanui, TO MOXKHO BHAETh, UYTO:
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o,1

MeTPHUHBIH KBapTeT AOJoKeH NPHOJHXKATBCA MO BHAY K CHCTEME

] AX (puc. V.24). B caryuae M & 0 3TOT KBapTeT BHIPOKAAETCH A0

iI,h ak avbaera. Ilapamerp K omnpefennTb HEBO3MOXKHO, H [O3TOMY JO-
3 CTYIHA TOJBKO pasHoctb (M) Koucraut Ja u Jx.

CrnennanbHbifi cayyali oOMaHUYHBO IIPOCTHIX CHeKTpoB AA’XX’
o6napyxupaerca B ¢ypane (cm. puc. II.19,8). Omubounass un-
TeplpeTanus 3TOro CHEKTpa Kak crekrtpa tuna Ay,X, NOPHBOIMT
K BBIBOAY O TOM, uT0o J =J', T. e. uTo L = 0. D10 B CBOIO OYepelb
ABJSeTCs yCJOBHeM MAUHHTHOH 3KBHBAJEHTHOCTH silep A u X,
B 1aHHOM CJydyae 3TO He MOXKeT OHTb NPaBUJbHBIM, MOCKOJBKY,
g ecn Obl 3TO OblIO TaK, OTHOLIEHHE HHTEHCHBHOCTeH B OBOHX TpH-
d p1eTax JOJKHO Obto OB cocraBasate 1:2:1. [Ipocroii Bua
€ 5 crexTpa OOYCJ/IOBJACH B OCHOBHOM JBYyMs NpHUHHAMH. Bo-mepBhix,
Fi c ; BIlyTPeHHHe JIMHHU NOAcHekTpa ab (d, e, h U [) pacnoOXKeHB TaK

' TECHO, UTO HX He yJAaeTcsd paspellidTh. BO-BTOPHIX, HHTEHCHBHOCTH
BIIEIIHHX JHMHHE CHMMETPHUYHOIO ab-HOACHEKTPa JeXkaT HHiKe Mpe-
1eq0B o0Hapy:KeHHs. B1o6aBoK K 3TOMY BHEUIHHE JHHHM AHTHCHM-
MeTPHYHOrO KBapTeTa HMeEIOT TaKKe HH3KYI0 MHTEHCHBHOCTh H pac-
N0JIOXKEHB! OUeHb GJIH3KO K UHTEHCHBHBIM JIHHHUSM @ U kB uau b u L
3amuch CHeKTpa C BHICOKHM YCHJIEHHEM BBISIBJASET 3TO COBEPILEHHO
orueTaHBO (pHc. V. 25).

I pyroii Tun o6manuuBo npocroil cucremMnl AA’XX’ BcTpeuaercs
B TOM cJayuae, Korja Ja uian Jx 613K K Hya©. B stom cayuae K
craHoOBHTCA NouTH paBHbiM M (K =~ M) u ab-moacnekTpel BHPOXK-
aaoTcesi rakuMm obpasdoM, uto B AA’- m XX’-uacTax nosBisercs

Puc. V. 24. XX’-uactp SIMP-cnexrpa AA’XX’-cHcTeMBl METHJIEHOBHIX MPOTOHOB B 7’
mopeoaute npu 100 Ml 1

1 24
1. Pashosecne I = I1 mpuBoauT K 0OOMeHy NpPOTOHOB H' u H*§
¢ H3 u H* cOOTBeTCTBEHHO, H, CJ@LOBATENbHO, Vi == V3 == Va; V2 == |

= = VX. b
v24 Kp())(Me ABYX F€MHHaJbHBIX KOHCTAHT Jis=Ja u Jog = Jx Ha- B, —=
6JII0AI0TCA ellle TOJBbKO BE yCPe[HeHHble BO BPEMEHH KOHCTAHTBI, §
a ¥MeHHO ] .
J = (1/2) V14 (D) + J1a (AD] = (1/2) Urpanc + Jeow) = AJZ\X\A‘ | |
=(1/2) [Jo3 (I)+ T2 (IN]=(1/2) (Irpane + J20u) 1 |
V= (1/2) U2 () + T2 (ID] = (1/2) Vrow + Jrom) = j s |
=(1/2) [J34(I)+134(II)]=(1/2)(J'r,om+-]rom)
Takum 06pasom, kpurepuit fas cucrem AA’XX’ Bpmoansercd. Ceir
Bun ac}g:ampaps 3TOM caydae onpejessercss GONbIIMMH FeMHHA/b 2\’= l,;ru
HBIMM KOHCTAHTAaMH, HMEWONHMH BEJHYHHY OKOJO —10 T CJIe' M_z,oru,
foBaTeabHO, 3 Beex napamerpos K, L, M u N TO/MBKO mapameTp =2,0My
K cranoBuTcs OueHb OOJIbLIMM, a TapaMeTp M kak pasHOCTb MeXAY N=26Ty
AByMsi GO/bIIHMHA BeJHYHHAMU CTAHOBHTCH OTHOCHTEJNILHO MaJIbiM4 ‘ l L

Tak kak J >J/, o N> L. IlosToMy B CHMMECTPHYHOM KBapTe:I‘
ab-nojiceKTpa MOXKHO JIETKO OTHECTH TOJNbKO BHyTpeHHHe JHHHE
h u i, KoTopble HHOTAA BBIPOXKIAIOTCH A0 CHHTJIeTA, AHTUCHMY

Puc, v. 95, Crekrp SIMP 'H ¢ypana npu 60 MTu (I'pant u cotp. [4]) AA’-yacTh.
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Puc. V.26. Tlonosuna cnekTpa §
AA’XX’-cucremnl 0/ieh HHOBBIX 4
AOPOTOHOB TPHINKJI0[4.3.1.01-6)1e-
Kajauen-2,4-Kene30Tpukapborn-
aa (Baek [5]).

TONBKO 1o 6 JauHul, [IpHMepoM 3TOrc sIBASETCH CHEKTDP OJepHHO-§
BBIX MPOTOHOB IKEJ€30TPHKAPOOHUJIBHOIO KOMIIEKCa TPHIHKIO- §
[4.3.1.0"%] nexaanena-2,4 (puc. V. 26). 1

Ecan OoTHOCHTENBbHBLI! XHUMHUECKMH CABMI MexXAy sAapamu A ug
X yMmenbllaercs, TO CHEKTpP MePexXoJHT mocTenenHo u3 tuma AA’XX'}
B tun AA’BB’. B 3TOM caydae OH CTAHOBHTCS UYBCTBUTE/bHBIM
K PA3HOCTH XHMHYeCKHX CABUIOB vod(AB}, u nepBolM NMPH3HAKOM
OTKJOHEeHHs cHcTeMbl oT Tuma AA’XX’ spaserca M3MeHeHHe HH-
TEHCHBHOCTEH JIHHUH. ]

B cayuae 4-6pomanusona (CM. BELE) 3TH H3MEHEHHS HHTeH-§
CHBHOCTeHl TNPOABJAIOTC Kak 3G@eKT Kpblll Ha JMHHAX [ H 2]
KOTOPOTO He MOJMKHO HAb/I0NaThes, Kak NMokaskBaer puc. V.20
aus wmeroit cucrembl AA’XX’. Bnpouem, ommnbxa, KOTOpasi BO3HH-]
KaeT NpH HCroab3oBanun ¢opmanusma AA’XX’, enie HeBejHKa.
[Ipu janpHeiilieM yMEHBIUEHHH OTHOCHTENLHOIO  XHMHYECKOTOf
caBura ommubka OBICTPO BO3pacTaeT, W B KOHEUHOM cyeTe M
AOJUKEBE 6y/ieM KOPDEKTHO DacCUHTbiBATb CMHHOBYIO CHCTEMY Ka
cuctemy AA’BB’. B sTom caydae cobcTBenHble 3nauenust mr(BB')
yiKe He SBJSIOTCS XOPOLIHMH KBAHTOBLIMH UHCAAMH; PAcCMOTpeHHE
cxeMpl V.2 NOKA3bIBaeT, 4TO B XOJe aHa/AH3a TAKOH cucTeMbl HEY
06XOANMO pelIuTh JeTePMHHAHT YeTBepToro mopsiiaka. [JosToMy

npsamoii anamus cucreMsl AA’BB’ kaxercs wegosmoscroim. Mo
HO NOKa3aTh, OJHAKO, UTO YeThipe HeH3BECTHBIX COOCTBEHHBLIX 3HAYY
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Puc. V.27, 3asucumocts AA’BB’ cmekTpa 0T pPasHOCTH XUMHUECKHX CJBHIOB
v'§(AB).
Puc. V. 27. a ~ AA’XX’ —npegennnnifl cayuai; 6 —vy8=230 I'u; 8 —vo6==20 T'u; 2 —ve8==15,0 I'y:

0—vu6=10,0 ['y; e—wv6==5 I'y. Bo BCex Cayuasix HCOOALIOBAHBl CJEAYIOLIHE Napam
J=82Tu, I'==1,5 Ty, Jp=7,5Tu u Jg=3,0 I'n. Ayiow apanere

Hus Aas coctosHuit (3), (5), (6) u (8) Moryr GBIThb HCK/IIOYEHB! H3
pacemorpenns- He Bxoms B AeTasu 3ToH NPoOUERYpbl, CAeAyeT JHIb
CKa3aTb, YTO OHA I103BOJISET NOJYYUTb yPABHEHHS, KOTOPble CBA3bI-
Balor u3MepsieMple 4acTOThl JHHHH HENOCPeICTBEHHO C Napamer-
pamu cnexkrpa (cm. . XI). Takum o6pasom, upsaMoH aHaj U3
BO3MOMKEH Takxke 4 Aas crnekTpos tHna AB’BB’.
dxcnepuMentanbHo cucreMy AA’BB’ MmoxHo pacnossaTh no
pacnpefiesleHHI0 WHTEHCHBHOCTEH, O 4YeM YyKe YNOMHHAJOCh BhILIe:
ITEHCHBHOCTb JIMHHMH, DPacHOJOXEHHBIX NOOJH30CTH OT UeHTpa
(VA 4 v8) /2, moCTeNEHHO BO3PACTaeT 3a CYeT HHTCHCHBHOCTH BHeLI-
x  guuuit. CaeposateabHo, B cucreMe AA’BB’ Habmogaercs
«3pdeKT Kpbllll», HO Ol CHMMETPHYEN OTHOCHTC/JbHO ueHTpa. Kpo-
Me TOro, Iepexolbl @ U R UJAH b U [ CTAHOBSITCS YiKe HEBLIPOKIEH-
HLIMH, B [09TOMY KaK/lasi MOJIOBHH2 CIeKTPa COCTOMT H3 12 ju-
Hnit, Ha pue. V.27 mnokasad mnepexoJ OT NpelejbHOrO ciaydas
AAN’XX’ k cayuato AA’BB’; mpubelen psl pacueTHHIX CIEKTDOB,
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B KOTOPBIX OTHOCHTEJbHbIH XHMHUYECKHH CIABHTC YMEHbIIAEeTCs [PH
COXPDaHEHUHW MCXOAHBIX 3HAYEHHIl KOHCTAHT CIHH-CIIMHOBOTO B3aH-
MOJIeHCTBUA,

5.4. 3BM-aunaaus

Kak yxe orMeuasoch paHee, KOMIBIOTEPLl HIPAIOT BaXkKHYIO
po.b MpH aHaju3e CJAOXKHBIX CHEKTPOB, BO3HUKAIOIHX OT CIIHHO-
BBIX CHCTEM HEBLICOKOH CHMMETPHH HJIH OT CHCTEM, COAepKAallux
6o/IblIoe KOJMUECTBO siAeP. B 3THX cCJyyasix ONHCAHHBIE BhIILE
YNDOLIEHUS He NPHMEHMMBl, H AJd pelleHHs Npo6aeMBl cOOGCTBeH-
HbIX 3Ha4YeHMH Hcmoap3yotess IBM-nporpammel. KpoMe Toro, pe-
3yJbTATH], IOJYYeHHbBIE [PH NPAMOM aHajJH3e CIHHOBBIX CHCTEM,
BCerjia MPOBEPAIOTCA NPHM CPaBHEHUM DPAacyeTHOro CIIeKTPa C 3KCie-
pUMEHTAJbHBIM. JTO CpPaBHEHHE SBJAETCS CTPOTHM TECTOM, TakK
KaK MOXHO MOJeJHpoBaTh H ¢opMy JuHuH curHana $IMP. Ha
puc. V.28 takoe cpaBHeHHe HPOBOANTCS JAJS CHEKTPa OJedHHOBHIX
npoToHoB 9,10-aukap6osToRCcH-9,10-1nruaponadrasuna.,

Pemenue npo6Jiembl cOOCTBEHHBIX 3HaueHHH, HOPMAaJH3M KOTO-
poro Obl1 M3J0XKeH B pasA. 4, COCTOUT B pacueTe YacTOT U HHTEH-
CHBHOCTEH Iepex0J0B Ha OCHOBE 3aJlaHHOrO Hab0pa XHUMHUYECKHX
CABHUIOB H KOHCTAHT CIHH-CIHHOBOrO B3aMMOJEHCTBHS; yKa3aHHas
npoueaypa Moxker OBbITh JIErKo 3anporpammuposana. Huas ciox-
HBIX CIIeKTPOB B o0lieM cJaydae HeMb3d NMOJMYUUTb TOUHBIE ypaBHe-
HHA Ui pacyeTa NapaMeTpoB, NO3TOMY B 3THX CJAyuYasix 3a OCHOBY
DBM-ananusa npuHuMamT MeTox npo6 u owu6ok. Ha ocHoBaHun
aHaJ/IN3a HM3BECTHBIX JAHHBIX JJS MOJAEJbHLHIX COeJHHEHHH H, BO3-
MOXKHO, C TIOMOLIBIO DACIO3HABAHUS 3HAKOMBIX JeTaJjell 3KCIepH-
MEHTAJbHBIX CIIEKTPOB — HAIIDUMeEpP, HAXOAs MOBTOPSIOIIHECH HH-
TepBaJbl MeX1y JHHHSIMH — YCTaHaBJHBAIOT HaOOP NPOOHLIX napa-
METPOB, KOTOPBIH HCIOJB3yeTcss AJs pacuera NPOGHOro CleKTpa.
CpaBHeHHe pacueTHOTO H B3KCIEPHMEHTAJbHOrO CHIEKTPOB I[03BO-
JAsieT HaWTH cnocoGbl BapbHPOBAHHUS XHMHYECKHX CABHTOB H KOH-
CTAHT CIIHH-CIIHHOBOTO B3aUMOJEHCTBHA B HCXOZHOM Halope napa-
METpOB, KOTOpHIe NPHBOAAT K YJAYyYIIEHHIO COIJIACHS MEXKAy pac-
YeTHBIM M 3KCIEPHMCHTAJbHBIM CIeKTpaMH. B 3aBHCHMOCTH OT
CTENEeHH CJOXKHOCTH CIIeKTPa, 4 TaKKe ONBITA H MacTepCcTBa KCIe-
pUMEHTaTOpa B KOHIle KOHLUOB HAaxOAAT CHCTeMY NapaMeTpOB, KOTO-
pasl TPHHHMAaeTcsl B KauecTBe pelIeHHs, NOCKOJbKY 3TOT pacyer-
HBI CIIEKTP M II0 YacTOTAaM, H II0 HHTEHCHBHOCTSM JIHHHH He OyleT
OTJIHYATHCS OT IKCNEePHMEHTANIbHOTO.

Henocratkun 3Toro Meroza OveBHAHH. Bo-nepBriX, OH OueHb
TPYAOEMOK M YTOMHTEJEH, H, BO-BTOPHIX, OTCYTCTBYIOT KaKHe-JH60
KPHTEPHH TOro, YTO JAaJjibHEHINHe H3MEHEeHUS OAHOIO HJIH HEeCKOJb-
KHX MapaMeTPOB HO3BOJST AOOHTBbCH JaJbHeHIIero yJaydiieHHs co-

rjacuss TEOPHH U IKCIEepHMEHTa, T. €, 60Jiee TOUHOIO aHaJH3a.

[Tporpecc GBLT JOCTHTHYT 1OCJIe BHEJADEHHS NPorpaMM, KOTopble 1a-

M1 BO3MOXKHOCTbL INPOBOAHTb CPaBHEHHE PACUETHOIO M 3KCIHEepPHMEH- ;
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Puc. V. 28. JkcnepHMeHT anbHbIR (a) u pacuetnmit (6) SIMP-cuexktpn (60 MI'n)
oneduHoBbIX npotonos 9,10-aukap6atokcu-9,10-auruaponadraansa (Tonrep, XuH-
pukc [6]).

TaJbHOTO CIOEKTPOB H yCTAHABJIHBATH KPHUTEDHH, FapaHTHPYIOIIHE
CXONHMOCTh IIpoLedypbl aHanu3a. B HacToslllee BpeMsl Ha TIpakK-
THKE HCcmosb3yloTcs Jéa meroda, a HMeHHO IporpamMa
NMRIT/NMREN, cospannas Peitin u CsoseHOM, H nporpamma
LAOCOON, npennoxennas Kacreanano u Boruep-Bu. He Bxoas
b MaTeMaTHUYECKHe JeTaJjii ITHX Nporpamm, MONLITaeMCS ONHCATh
3/1eCb ¥X OCHOBHBIE NPHHIHIILL.

B kaxaom ciaydyae cHauasa pacCYMTHIBACTCS CIEKTD ¢ HCMOML-
30BAaHHEM CHCTEMBbl CTAPTOBBLIX 3HAUEHHH mapaMeTpoB V) H J
B mnpouecce sTHX pacueToB, T. €. NPH JAHATOHAJTH3AIHH ManI/IU.bl
raMHJbTOHHAHA, KOTOpHI (opmupyeTcs COTJIACHO NpaBHJAAM, pac-
CMOTPEHHBIM B pa3fi. 4.4, B JIONMOJHEHHE K COOCTBEHHBIM 3HAYCHHSAM
noJjyyaercsl Takke YHHTapHas Matpuia U coGerBennbix BEKTOPOB.
Hanee npoBOAMTCS OYeHb BAXKHBIH 3Tal — OTHECEHHe JIMHHHA 2KC-
NepUMEHTaJJbHOrO CIEeKTpa K JHHHAM IPOOHOrO CIEKTPa, HHBLIMH
CJI0BaMH, HCC/IeJ0BaTe]b 3acbliaer B IBM upbopmauuio:

ED—ququ {V.32)

rie E, u E,;— coGCTBeHHBlIE 3HaueHHd, [ps — SKCHEPHMEHTAJIBLHO
n3MepeHHbie pasHocTH sHepru#. Mcnoawnsys oTneceHue, mporpamma
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NMRIT/NMREN paccyurbiBaer 3aTeM HOBble cOGCTBeHHble 3Ha-
uenus E,. [lockosbky B oflleM cjydyae YHCJIO NEPEXOA0B CYIIECT-

BEHHO MpeBbilllaeT YHCA0 COGCTBEHHBIX 3HAYeHHH, TO CHCTeMa ypaB- |
Henuil tuna (V.32) oxasmiBaeTcs NepeonpejiefieHHOH, HO TOJbKO B |

(n — 1)-m nopsake. Pelilenne CcyuwecTByeT TOJILKO B TOM cJayuae,
eCJqU HMeeTcs [OMNOJIHUTEJbHOe YDaBHEeHHe, BKJAKOUAlOLlee CyMMy
JIBYX ua# Gosiee COOCTBEHHBIX 3HAUYEHMi. DTOMY YCJAOBHIO YIOBJET-
BOpsieT ypaBHeHHe

7

Z E;=0

i1
Taxkum ob6paszoM, cymma BceX cOOCTBEHHBIX 3HAUeHUN paBHA HYJIO,
yTo CJelyeT H3 CHMMETPHYHOIO pacloJOXKeHHUs 3HepPreTHYeCKHX
ypOBHelt Ha AnarpaMmme.

Cnenymoimuil sran BKJAYAeT NpeoOpa3oBaHHe ¢ NOMOMBLIO MAaT-
PHLLBE U, 4To M03BO/ISeT NMOJYUHTH HOBble AHATOHAJbHbIE MaTpHUHbIE

12
aJaeMeHTH H pp = Zq UpeEy MaTpuubl raMHJIbTOHHaHA, 3aTeM MOJy-

(V.33)
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qaloT HOBYIO CHCTeMy mnapamerpos v, J‘i'l.’, KoTopasi Jyyllle COOT-
BeTCTBYET 3KCIIEPUMEHTY, 4eM HCXOAnbli nabop. Heomnpeneneuso-
cT# 3JlECb JIEKAT TONBKO B WCMOJIb3OBAHMH [PHOJHIKEHHON MaT-
puunt U, koTopas Bce elle OcHOBbBaeTcs Ha sHauwenuax v{¥, J9).
Wcnoasays v, J‘i‘i’, paccuuTHIBAOT BTOPOH CIEKTP, a H3 HOBBIX
cOOGCTBEHHBIX 3HAaYeHHA ¢ HCNIOIL30BaHHEM YaAYYUIEHHOR MaTpuub:
npeobpasoBanus U nosyyaloT Tpetuit Habop napamerpos v{?, J(L?l.’.
Ecan mocse n-ro unKAa He NPOHCXOIUT JaabHeHIIEro y/dydmleHus
napaMeTpoB, TO 3ajaua cuutaercsl pelieHHoH. ManoxeHHbd me-
TOJ NpENCTaBJeH Ha cxeMe V. 3.

B mporpamme LAOCOON Takike BHauaje NPOM3BOAHTCH OT-
HeceHHe 3KCHepUMeHTAJIbHBIX Y9acTOT K PAaCYeTHBIM JIHHUSIM [IpoG-
Horo crnekrpa. ®yHNaMeHTanbHAsA WA METOAA COCTOHT B TOM, YTO
JAyUIiEM HAGOPOM 1apameTpoB ABAACTCH TOT, KOTOPLIH OPHBOAHUT K
MHHMMAJIbHOH CyMMe KBajaparoB owHGOK [cpeiHeKBaJpaTHUHHIX
OTK/IOHeHHH; ypaBHenue (V.34)]:

k
2
Zl (faxcn - fpacq)i

=
rie k— 4HC/I0 IKCNEPHMEHTaAbHBIX JHHUH, @ (fsken — fpace)i — pas-
HOCTb 4acTOT MeXJy HabaiofaeMblM W pacueTHBIM IepeX0oM L/Is

i-it qunun. Torza Ans Kaxkaoro napamerpa p; ROJKHO BBHIIGIHSATH-
Csl yCJIOBHE

k
0 3% (Fasen — FracefOp) =0
HIIH
R
—92 i; (faKcn - fpacq)i (afaxcn/apj)i =0

Ecan NpeANOJIOXKUTD, YTO NPH MaJblX H3MEHEHHAX YaCTOThI JIHHeH-
HO 3aBHCAT OT 1apaMeTpoB, TO MOXKHO 3amucaThb

(V.34)

(V.35)

(V. 36)

af,
Afy= (—5;) Ap; (V.37)
]
15 HAWAYYLIEro pellleHHst 3TO ypaBHeHHe UMeeT BHI
of
(Tpl;‘) Api = (faKCH - fpacq)i (V.38)

Takum o6pasoM, HULYT TaKHe NpHpallleHHA K napaMerpaMm Ap;, Ko-
TOpbi€ NPUBOAST K PABEHCTBY 3KCIEPHMEHTAJbHBIX H TeopeTHde-
CKHX 4acToOT.

OrtHeceHHe SKCOEPHMEHTANbHBIX JIMHHA K JWHHSIM NepBOro pac-
YeTHOro crekrpa obecneduaer IBM uundopmauueds foxen — fpacw
UacTHble NPOM3BOAHBIE NOJNY4alOTCA H3 COGCTBEHHBLIX SHAYEHHD

|
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Cxema V.4

npoOHOro CHeKTpa, OJHAKO AETajJu 3TOH NpoueAypHl 3Jech He pac-
CMaTpHBAIOTCS. DTH [JaHHble INPHHHUMAIOTCS B KavyecTBe INEPBHIX
nonpaBoK K mapamerpam Ap;. OKOHYUATENBHO CXOAHMOCTb K Iipa-
BHJIBHOMY pelleHHI0 o0eclieuHBaeTcs ¢ NMOMOMIbIO Pa3JHYHBIX HTe-
PauMoOHHHIX npomneAyp (cxema V.4). Ha npakTuke dallle MCIOJb-
3yerca nporpamMmma LAOCOON, nockoabky oHa oOecleuHBaeT Jiyd-
myo cxoaumocts. O6a Meroga He YYHTHIBAIOT HHTEHCHBHOCTb
JIMHHH Kak BXOJHYI wHHpopMauuio. VIHTEHCHBHOCTh JHMHHHA HC-
NOJB3YeTCH TOJbKO IIPH OTHECEHHH JIMHUM B XO0J€ CpaBHeHHS
NpOGHOrO W 3KCIEpPHUMEHTanbHOro cnektpos. HeTpyaHO BHIETH, UuTO
TIpollecc OTHEeCEeHHS JHHUA ABJSETCA OTBETCTBEHHOH cTalHed aHa- §
JM3a, TaK KaK H3JHIIHe 6OJbLIOE KOJHUECTBO OMIMOOK Ha BXOJE |
Hen30exKHO NPHUBOJAHT K OWHOOYHBIM pe3yJbraTaM. B 3TOH cBA3H
HHTEPECHO MOCTABUTH TAaKYI NpPOOJAeMy: SBJSeTCA JIH MOJYYeHHOE {
pelieHVe €IMHCTBEHHBIM HJH BOOGUIe CYLIIECTBYET HECKOJbKO Ha-
6OpoB mapaMerpoB, KOTOPBIE TaKKe OMNHCHIBAIOT IKCIIEPHUMEHTAJIb" |
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HbIl CIEKTP B mpefesax owHOOK skcnepumenta? K cuacTbio, mo-
100Hast CHTYauus BCTpeyaercs He TaK 4acTo. B KauecTBe Kputepus
COOTBETCTBHSI TEOPDHH H 3KCIIEPUMEHTA MOXKHO HCIOJb30BATE HE
TOJIBKO YaCTOTHl, HO M HHTEHCHBHOCTH JuHHH. [IpH comocraBiaeHUH
TaKiKe BHITOJHO HCIOJMb30BATh paHee YKaszaHHbie BO3IMOXKHOCTH MO-
JeJHPOBaHusl eCTeCTBEHHOH MUPHHBI cHrHajoB IMP. dtoT crocod
COBEpUIEHHO HEOOXOAHM INPH HAJHYHH CHJIBHO IePeKPLIBAIOIINXCS
JHHUA CIeKTpa.
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BNMMAHUE MOJIEKYJIIPHOW CUMMETPUN
N XUPAJIbBHOCTHU HA CMNEKTPbl MPOTOHHOIO
MATHUTHOIO PE3OHAHCA

Ycnex cnekrpockonun SIMP B xumHM B mepByl0 ouepeib OGYCJAOBJIEH TeM,
yro undopmauusd, nosyvaemas M3 cnektpos JAMP, 6an3ka oGpa3y msilnge-
Husi XuMHKOB. OTHeceHHe CREKTPAJbHbLIX OfJacTeli K onpejefeHHbIM THNAM
NPOTOHOB, B PA3JMYHBIX THMAX CBSI3W, HAOpHUMEP, «APOMATHYECKHX» H.JIH
«0JeUHOBBIX», @ TaKXe MYJbTHIIETHOCTb CHTHAJOB, JaloT HHbopMauuio,
KOTOpas MOXET ObiTh NMepeBeleHa Ha CTPYKTYPHBIN MJH CTEPEOXHMHUECKHI
a3blK Jerde, yem uHQOpPMaLus, nojgydYaeMas H3 HHPPAKPACHBIX M YAbTpa-
duoneToBbIX cnekTpoB. OcoGoe 3HaueHHe uMeeT TOT (AKT, YTO CHMMETPHUS
MOJIEKYJIb TAKKe HAXONHT OTPAXKEHHe B CIEKTPE, BCIEACTBHE BBHICOKOH 4yEB-
cTBUTeNbHOCTY napamerpos SAIMP k moaekyaspHOMY OKpY:KeHHIO sapa.

1. TUMb! CNEKTPOB U CTPYKTYPHAA
N3OMEPUA
Kak ¥ B HHPPAKPACHOH CUEKTPOCKOMHUH, 8bICOKOCUMMETPUYHbLE
COeJHHeHHsI MOXKHO pacno3sath no ux $SIMP-cmekrpam, B KOTOPHIX

NPHCYTCTBYET JHIIbL HeGoJ/blIOE KOJHYECTBO CHTHAJIOB. B psity uso-
MepHLIX coefnHeHHE 94—97 ¢ moJexyasapHoit dopmyaor CsHeO

H. 0 H o H. 0O B o
H H

H . »—1H
HiC' 4 H CH: H CHy  HC

H

94 95 95 97

TOJBKO COefinHeHHe 97, uMeroulee [Be IVIOCKOCTH CHMMETDHH H OCh
BpallleHHss BTOPOro MOpPsJKa, AaeT [Ba CHrHaza C COOTHOMIeHHEeM
HHTEHCHBHOCTEH 2 : 1, MO3TOMY €ro JIerko OTJIHYHTbL OT BCeX APYTHX
CTPYKTYp. AHaJOTHYHBIM 00pa3oM B cjyude JuMepa KeTeHa CTPyK-
Typb 99—101 MoryT 6bITh cpa3y XKe HCKIIOUEHH M3 DaccMOTpPeHHs,

H H
H,C H O\\ H 0 H H3C _ H
} AL g
0 H 0 H OH ¢]
98 99 100 101

TIOCKOJIBKY B CIIEKTPe 3TOro COCIUHEHHUS HaOJMIOAAI0T TOJABKO [Ba

cHrHaJ a paBHOﬁ HHTEHCHUBHOCTH, 06YCJIOBJIGHHI)I€ O.He(i)I/IHOBbIMI/I 0 3

aJII/I(I)aTI/I‘{QCKI/IMH METHJIEHOBBIMH IIPOTOHAMH.
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B cayuae GucMeTHIEHOBHIX afiNyKTOB CHMMETPHUHOLO [eKCaTH/-
poaHTpaneHa MOXKHO JIEKO Paclio3HaTh BO3MOXKHBlE cun- (102) u
anTu- (103) H30MepHl, MOCKOJILKY MJS LEHTPAJbHOH MeTHJIEHOBOH
rpynnbl OJHOTO M3 HUX OXHJaeTcs cuctema AB, a nns ppyroro —
cucreMa Ay TaxkuM ke 06pa3soM MOXKHO Pa3IHYHThL IHKJIONPOMHIb-
HYI0 METWJEHOByIO rpynny B ajgiaykrax 104 u 105. B nocaennem

H H H/H H H
H H

102 103 104 105

cjlyyae, Kpome TOrO, Das/iHyaloTed YHCIO ONCDHHOBLIX MPOTOHOB,
a TaKXe OKDY:KeHHe MEeTUJIEHOBBIX TPYII B LIECTHUJEHHOM LHKJe.

Ecnn paccMoTperb CHeKTpbl AM3aMeLIEHHBIX GEH30J0B C ABYMS
OJMHAKOBbHIMH 3aMeCTHTEJNSMH C TOUKH 3pPEHHs CHMMETPHH, TO
MOXKHO cJesaTh 0JHO3HAYHOE OTHECEHHE CTPYKTYPhl 6€3 JAeTasJbHOro
aHaJIH3a CIEeKTPa, PYKOBOACTBYSICh JIHUIL OTHECEHHEM CIIeKTpa K
cnpeneseHHomy tuny. Tag, aas opro-npoussoanoro 106 nabuiona-
erca cnektp tvna AA’BB’, Torna kak ass mera- U napa-npousBo-
uplXx 107 w 108 mHabmopatorcs crnektpel tana AByM u A, cooTsert-
CTBEHHO,

! Hs % Ha X
A Hg Hg H H
Hp' Hu X

106 107 108

[lono6Hada cuTyallHs BO3HHKAET H B CJAyYde AH3aMEINEHHBIX IIHK-
JONPONaHOB C ONMHAKOBBIMH 3aMECTHTENSIMH, KaK 3TO NOKa3aHo,
HarnpuMep, JJIsI TpeX H30MEPHBIX AHXJIODPIHKJIONponaHoB 109—111,
KoTopple uMmeloT cnekTpel Tuma Ay, ABC, n AA’BB’ coortBercTren-

H H cl ct cl Hy H H Hg  Hg
7R
cl Hg Hg' R Ha

109 110 m n2 n3
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Ho, Jlasi TpUsaMelleHHBIX LMKJONPONAHOB C TpeMa OAHHAKOBHIMU
3aMECTHTeJSIMH CIEKTPHl TaKxkKe 4YeTKO PasJHuYUMBl, U JABa H3OMe-
pa— 112 u 113 — na0T CHEKTPH THUI& Az u AB, cOOTBeTCTBEHHO.
B ciyuae nuxsioGyTaHoB Hesio 0OCTOUT MeHee 6J1arOMPHATHO. H3zo0-
MepHble 1HKA00GyTaHb (114—118) paioT CHEKTPH THNA A;, u anpu-
OpH H30MepHBIE CTPYKTYPHI Pa3/IMUHTb HEBO3MOXKHO, XOTs pe30HaHC-
Hble 4acTOThI IIPOTQHOR A/ BCEeX MATH COeJUHEHHH Pa3/IHYHbL

H H H cl Cl H
H H
'Wn H c
c c ct H c H
na ns ne
e H H cl
cl
Cl H Cl H
n7 ns

B csayuae M30MepoOB AMXJOPUHKIOOYTaHA (119—123) cnexTpH
ONSiTh MMEIOT pas/iMyHble THIE CHMMETPHH, HO OHHM TaK CJOXHBH,
YTO HX HeJb3sl MHTEpUupeTHpPOBaTh 6e3 JeTajbHOrO aHaIH3a.

B A B B’ B C
B A A .
& 48 A ' c' d@y B :
@) B’ e © @ A ;
AA'BZB'Z AA'BB'CC’ AA'BB'CC! §
119 120 127 ;
c ©
&% /i
A B’
AZBB’CC' AA,BzBé
122 123
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B an6pomuadranunax (124 u 125) oTHeceHHe, NpUBeleHHOe Ha
puc. VI. 1, oueBuaHO, Tak Kak B coelAuHeHHH 124 crelyeT 0XuAaThb
cucreMy tuna ABC, ecnn npeneGpeub B3aumopedictsneM H—H 6o-
jee YeM yepe3 YeTHpe CBSI3H, TOr/la KaK B CIEKTPe COeIHHEHHSd
125 10JKHBl NPOABAATHCA CHHHOBLle cHcTeMbl Tuma AA'BB’ u A,.

Br Br
D O
NS
Br Br
124 125

3apava VI.1. K KakoMy THNOY OTHOCATCH OPOTOHHBE CHEKTPH B CJEIYIO-
UUX coepuneHusx: a) 1,3-nuokcan; 6) yuc-uukionponan-1,2-1MKap6oHOBas KHC-
J0Ta; B) TpaHc-uMKJOTponaH-1,2-aukapboHoBas KucaoTa; r) 1,4-mHxJa0p6eHson;
1) 2-xnopdenon; e) 4-xaopdeno?

3anaua V1. 2. Mzo6pasuTe cxemaTHYeCKH CNEKTPH MPOTOHHOrO MATHHTHOTO
pe3oHaHca TPeX H30MepHBIX AHeTHJNUPHIMHOB.

3apava VI.3. B 1,6;8,13-6uc-lokcunol-[14]anuyniene s mnepudepuuecknx
npoToHOB HabMoAaeTcsd TOMBKO OAHa cHcreMa — AA’BB’. Ha ocHoBauuu 3T0r0 Ha-
6I10jeHnsT pelluTe, KaKylo CTPYKTYDY —da HAHM 6 — DO/DKHO HMEThb 3TO COedH-
HeHHe?

0 o 0 o0
a0 ado
a &

Ha ocHOBaHMH BHIIEH3/0KEHHOTO MOKHO 3aKJIIOUHTb, YTO CO-
€IMHEeHNs, HMelOllHe MaJjioe KOJHYEeCTBO 2/IeMEHTOB CHMMETPHH HJIH
He HMeIoLlHe UX BOBce, OYAYT AaBaTh 60Jiee CJOXKHBIH CIIEKTD, UeM
CoeuHeHHus, ofjajnaioline HeCKOJbKHMH 3JeMeHTAMH CHMMETPHH.
Tem He MeHee OTHOCHTENBHO MPOCTHIE CIIEKTPH YacTO HAGJIIOAAIOT
U 14 NPHPOAHBIX COeAUHeHUHA ¢ GOJBLIOH MOJIEKYJApHOH Maccoii,
KOoTOpHle ¢JefyeT CUHTATh CJAOXKHBIMH ¢ XMMHYECKOH TOUKH 3peHUs.
B 5Tux cayuasx rpynmel npoToHOB 06pas3yloT H30JAHDPOBAHHbBIE CITH-
HoBble cucTeMbl THa Ay, AB, AB; uan ABX, koropeie MOryT OHITBH
JICCKO MPOaHaJH3HPOBAHBI H OTHECEHB], H THII CIIEKTPA ONpeessieTcs
CiMMeTpuedl paccmaTpHBaeMOH rDYINNEl, a He CUMMeTpHeld Bceil
Mosiekyanl. IIpeAnocelIKOf /151 OSIBJIEHHUS NMOACHEKTPOB 3TOTO THIA
ABJsleTCA TO, 4YTO CHHH-CIIMHOBBlE B3aHMOJEHCTBHSI MEXAYy OT-
ACAbHEIMH TIPYNNaMH NPOTOHOB JeXXaT HHKe 3SKCNePHMeHTAaJbHBIX
Ipenenos obHapyxeuus. HMumocrpauuell storo (hakra CJAYXKHT OT-
Hecenne curHaJjioB, ONHCAHHOE B CJEAYIOLIEM HpHUMepe,
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&5

B cnekrpe ¢nemunruna B (puc. V1. 2) o6HapyKHUBAWOTCS OAHa
cucrema AB, u nBe cucremsl AB. JIBe pasHble KOHCTaHTbI COHH- |
cnuHOBOro B3aumogeiictBus (15,5 u 10,0 ') no3poasioT ORHO- |
3HAYHO OTHECTH cucTeMel AB Kk nporoHam Tpauc-ABOHHON CBSI3H n |
asofinoit cssisu C3—C, COOTBETCTBEHHO, TOrAa KaK TOJbKO OJHO -
¢deHunbLHOE SAPO, a HMEHHO a, obaanaeT cuMMeTpHell, HeoGXOAH- .
MO# HJisl cnuHOBO# cucreMbl AB,. Cuuraer npu 87,34 obycnosien !

H30/IMPOBAHHBIM NPOTOHOM HpH C;, TOrAa KakK YUHPEHHBIH TPUIlJET
npu 85,12 ob6ycioBnen onedhHHOBHIM NPOTOHOM GOKOBOH wemnH, cur-
HaJ KOTODOTO pacilensieH 3a cueT B3aUMOJelCTBUSI C MPOTOHAMH
cocefiHefi MeTHJEHOBOH rpynisl. AJJIMIBbHOE CIHH-CIIHHOBOE B3aUMO-
NEHCTBHE C METHJbHBIMH NPOTOHAMH MPHUBOAHT B [aHHOM cJydae

TOJMILKO K YUIMPEHHIO CHTHAJOB, DTO OTPaXKaeTcs B MeTUIbHOH 06- -
JacTu Ha cHruaziax npy & 1,63 u § 1,57, kotopble OTHOCATCS K NpO-
TOHAM TE€MHHAJbHBIX METWJbHBIX rpynn B Goxopoll uenu. CHrHanm :
OCTAIOLLUXCS METHJCHOBLIX MPOTOHOB B OOJACTH MpuMepHO & 2,0
He MOryT ObITb SICHO BblAeseHBl, [OCKOJbKY B 3TOH Ke 0O0JIacTH -
NOrJIOIIAIOT NPOTOHH He MOJHOCTbIO LeATepHPOBAHHOrO PACTBOPH-
teasi. Cienyer o6paTHTh BHHMaHMe Ha CJaGOMOJbHOE MOJOXKEHHe '
curdana oaHof u3 rpynn OH. Dtor curuan coorBercTByeT NpoTOHY :
ruApOKCcHIbHON rpynubl npu Cs, KoTopas MoxeT o6pa3oBaTb BOJO-
POAHYIO CBsA3b C coceliHed KapOoHHJAbHOH rpynmo#. B mporusomo-

R

1 T T T T T
8,0 75 7,0 8,5 8,0 75 &

’

npoAykTa (cM. TeKcT) B,
auetone-dg (['apaunno
cotp. [1]).
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JIOKHOCTb PACCMOTPEHHOMY BhILe CJIy4aio Ha DHC. VI. 3 anBeﬂeb
CJOXKHBIH CEKTP ABYX «XMMHUYECKH NPOCTBIX» MOJEKYJ. B axpuo-

HUTPHJIE OGHAPYXKHUBAETCS CHIIbHOCB3aHHAS ABC-/CI/IC',FeMa, B 06-11:
xJop6eH3oje Habmiofaercss CNEKTp THNA AA’BB’. B obouX
ciayuasx MP nmapamerpbl MOryT ObiThb ONpeAE/]ECHBl TONBKO nyTeM

OBO¥
CIIEKTPAJbHOT0 aHaJH32, OCHOBAHHOrO Ha HPHHIHIAX KBAaHT |

MEXaHHKH. o
[TOMEMO YIIPOUEHHS CIEKTPa, OOYCJOBJEHHOTO MOJECKYJAp

cuMMerpuell M OTCYTCTBHEM CIHH-CIIHHOBOTO BsaHMoLLeﬁCTBHﬂ,H
HEKOTOPHIX CJydasiXx HalJiofaeTcss yMEHblIEHHEe HHCIA pesonaHq
HbIX CHCHAJIOB BCJEACTBHE CJYYaHHOro COBNA/eHHs ABYX HJH ‘
Jlee pe30OHAHCHBIX YacCTOT. Takoli cayuail BCTpedaercss B CHEKTH
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Puc. VI.4. Cnektp SIMP (60 M[lu) 3,6-nnruapoSensounkiao6yrena (Ipumue,
Pexexep [2]).

3,6-nuruapobensonrkiaobyrena (puc. VI.4), rae pesoHaHncuble ua-
CTOTHl MPOTOHOB BCEX YeTHIPeX METHJIEHOBHIX T'PYNN H30XPOHHHL

2. BIMAHUNE XUPANBHOCTU HA CIMEKTPbI SMP

Ob6pamasch K coelHHeHHAM, 00/afalOUM ACHMMeETPHYECKHME
LeHTpaMH, Mbl OOHapyXHBaeM, 4TO D- M L-()OPMBI Hepas3JHYHMbi
TOYHO TaK Ke, KaK 3TO HMeeT MECTO U JJjis APYrux (U3HYECKHX
CBOHCTB ONTHYECKHX AaHTHIIOJOB, 32 HCKJIOYEHHEM HX B3aMOJeH-
CTBHA C NOJAPH30BaHHbIM cBeroM. Mx cnekrpn dMP cosmapawor
4 B TOYHOCTH COOTBeTCcTBYIOT cnektpy AMP pauemara. TeMm He Me-
Hee, HCNOJb3YSl ONTUHYECKU AKTUBHLIE PACTBOPUTEAU, MOXKHO HHIY-
UHpOBATh B paueMare XMMHYeCKHH CIABHI MeXKIy CHIHAJaMH b- H
L-popM. Tak, B pacreope (eHuIH30NpONUAKapOuHoaa (126) B D-1-
HadTHAITHNIAMHHE De30HaHc TpeTHYHOro nporoHa H; umabmionaer-
¢1 B BHAe IBYX Ay0JeTOB paBHOH WHTeHCHBHOCTH. [ly6aerHbe
paculemsienusi cocrasasoT 1,6 u 2,5 Tw gaa 60 u 100 MI'y cooTBer-
crBeHHo. Cile0BaTeJbHO, 3TO pacllellJeHHe JOKHO GbITb pesyib-
TaToM pas/iH4Yds Pe30HAHCHBIX YacTOT, IIOCKOJIBKY CIHH-CIIHHOBOE
B3aUMOJLEHCTBHE He 3aBHCHT OT HAIPSAXKEHHOCTH IOJIS.
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Puc. VI.5. Cnektp SIMP (60 MTi) npoiyKTa B3auUMOAEHCTBHS PAaUEMHUECKOro .
n-tonyosacyabpounaxaopsga ¢ {S)-3,3-auMernnbyranoiom-2 (PaGan u  Muc- :

0y [3]).

O6uapyxeHHBbIH (AKT He INPOTUBOPEUYUT BBLICKA3AHHOMY B Ha:
yajie rJaBbl YTBEPKIECHHIO O TOM, UTO PHAHTHOMEPH HMEIOT HIeH-
THUHBIE CIEKTPHI, IIOCKOJIbKY JBE OITHYECKH aKTHBHBbIE (OPMBLI pac-
TBopuTensi —(+)SOL unu (—)SOL — moryr o6pasoBbBaTh nHa-
crepeomepubie  Kommiekcel p-X/(4+)SOL n 1-X/(4)SOL wuam .
p-X/(—)SOL u 1-X/(—)SOL [komMnJeKcH 3a cueT MeXMOJEKyIsap-
HOro B3aumojedcTBus Mmexay pactBoputeneM (SOL) m pacrBopeH- 3
HBIM BeUIeCTBOM D, L-X |, KOTOpble RAT pas3/HyHbEle CIHeKTpH. Be-
JIMUHHA pAacleN/eHHsT 3aBHCHT OT aCHMMETPHH, WJH XHDAJbHOCTH, ;
pacTBOpHTENs, a TAKXKe OT CTelleHH acCOLHALHH MexAy cyOcTpaToM |
H pacTBOpHTeJNeM, a CJeJoBaTelbHO, OT TemmepaTtyphl. Tak, Jd
l-xoxauna (128) pasnuyHe Pe30HAHCHBIX YacTOT Aast npoTtoHa Ha !
cocrasisier 0,14 M. ., ecau cnektpbl uaMepsior npu 20 °C 5 30 %- 2
upix (mo o6veMy) pactBopax (+)- u (—)-1-penHunsranona B ce- §
poyraepope. Ilpy —40°C wnabaonaemas pasHOCTb cocTaBasiel
0,47 M. A. DTOT npuMep IOKA3LIBAET TAK¥Ke, UTO aHacTepeoMepHbIH &
coNbBATANUOHHEIH 3¢ deKkT nabaoaaercs U TOrAa, KOrjga OINTHueCKH®
aKTHBHBIH pacCTBOPUTE]b Pa30aBJiieH ONTHUECKH HEAKTHBHBLIM Cepo- ]
yIJIEPOAOM. 1

Cpasy e MOXKHO BHIeTh, UTO HHTErPUPOBAHHE Da3jlesNeHHbIX]
takum obpasom curHajoB SIMP naer cmoco6 onpenesnenus onru-s
4eckoi 4UCTOTbL He TOJHOCTBIO DacIlenieHHBIX paueMatos. J{pyrod 3

Bausnue MOAEKYAAPHOL CUMMETPUU U XUPAALHOCTU HQ CREKTPbL 217

METOA COCTOHUT B TOM, 4TO HHAHTHOMEDHYIO CMeCh BBOJAAT B Deak-
IMIO C ONTHYECKH AKTHBHBIM COeJHHeHHeM, ¢ TeM UTOOB MONYYHTh
cMeCh JHACTepeOMepHBIX MPOAYKTOBR, KOTOPEIE MOTYyT OBITh HCCIENO-
BAHBl MyTeM HHTerpHpoBaHus HXx crnekrpoB JAMP. Ha puc. VL5
10Ka3aH CHEKTP HPOAYKTa TakoH peakuud. 3,3-IumeTnabyrtui-2-
aT 4-MeTHI6€H30/1CyTb(POHOBOA KHCJAOTH OB NOJy4YeH NyTeM OO-
pabOTKH PaLEMHYECKOrO A-TOJYOJICYb(HOHUIXAOPHAA NHHAKOAHHO-
BbIM CIIHPTOM, KOTOpHil moutu mnosaHoctbio (97 %) nHaxoauics B
S-koHdurypauun, [IpoAykT peakuuM mnpeacraBjser co00H cMech.
AByx gomnoHeHTOB: (+)}A(+)B u (—)A(+4)B, rne A u B o6o-
3HAYAlOT A-TOJAYOJCYAb(POHUABHBIE H THHAKOJHHOBHIA (parMeHThl
COOTBETCTBEHHO. Kak mnokasmiBaer CHeKTP, BCe CHrHa/dbl anudari-
yeCKHUX MPOTOHOB, 33 HCKJ/IOUEHHEM CHTHaJa MeTHJIbHOH IPYHINEBl Npu
GeH3oNpbHOM spe, yABauBaiorcs. J(Ba cHHryera Tper-GyTHALHON
¥ Ay6seTsl METHJILHOH IPYNN pasliensiorTcsd ocoOeHHO yeTKo. Kap-
TeThl TPETHYHOrO MPOTOHA MepeKphiBaioTcs, obpasys ksBuHTer. Mc-
NOJb3Yst 3TOT METOJ, MOXHO ONpeNeJuTh ONTHYECKYIO YHCTOTY Aa-
e TeX COeJMHeHHH, XHPaJbHOCTL KOTODPHIX OOYCJOBJEeHa 3aMellle-
HHEM MPOTOHA Ha AEHTPOH.

PaccMOTpHM Ternepb BHYTPHUMOJIEKYJISIPHOE BJHSHHE OINTHYECKH
AKTHBHHIX LeHTpPoB. EcaH B MoOJIeKyJle HMeeTCH acummeTputeckui:

- CHs
(-;’GHS
CeH C—CgHs
6715 I 7
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6,00 5,80 5,60 1,40 1,20 P

Puc, VI.6. Cnextp SIMP (60 MI'n) sTH/bko@k rpynnsl B coeaunendn 130.
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aToOM yrjepoja, TO 3TO MOXKeT NPHBOAHTH K HCUE3HOBEHHIO MArHHT- §
HOH 3KBHBAJIEHTHOCTH COCEJHHX MPOTOHOB WJIH TPYII HPOTOHOB. B §
KayecTse THIHYHOTO NMPHMEPAa MOXKHO NPHBECTH HAJNHUHE B CNEKTpe §
L-BasnHa (129) asyx ny6aeros npu 60,90 u 0,83 Ans MeTHAbHBIX §
NPOTOHOB H30NMPONMHJbHOK rpynnul. B apyrom cayuae stokcurpymmna

CgHs (lle—CH3
CeHs C—CgHs ?
H3C / . i.. —_— —
o2 COOH Catte O//s: 0—CH3—CHjs
H.c” CeH '
3 NH2 65 O—CH,;—CH;
129 130 131

B [IPOHsBOAHOM MeETHJIEHIHKJ0oOyTeHa (130)1aeT MyJbTHILIET CAOK-
HOH CTPYKTYPHI, KOTOpBI# caexyer oTHectH K ABXj-tuny (puc.
VI. 6). Ipyrue xupanbubie UeHTPHI, TaKHe, Kak CyabOUTHAs TpymNIa
B auatuacyandute (131), okasniBaloT Takofl ke 3dhexT.

Uro6bl 0OBbACHHTD 3TH HAGJIIONEHHS, PACCMOTPHM MOJEKYJIY C

obmeift cTpyKTypHOU dopMyaoh
b
HZ E R ¢
Tt

l It m

b

I H! i 2 R 1
H a c a ] [
R

HZ

b—

O—=O—n

3
rae konpopmauuu I—III npexcraBaensl B Busie npoeknuit HploMena. %
Moxwuo Buaerh, uto nporoust H! u H? Bcerna naxoasrcs B pasindu- 4
HOM XHMHYECKOM OKPYXKeHHH. Jlaxke B TOM, MaJOBEPOSTHOM Ciyuae, §
KOrjia HaceJIEHHOCTH Tpex poraMepoB oaumHaxkoBe, H! u H? ocra- ¢
IOTCST HEIKBHBAJIEHTHBIMH, TaK KaK HX PE30HAHCHLIE uacTOTH Da3- &
auuaores — vi(I) = vo (1), vo(I) 5= vi(I1) u va(11) 5= vi (11]) — §
u3-3a HaauuuaA rpynnol R. Ecan 3aMecTHTenb R 3aMEHHTb Ha aToM §
BOJOPOAA, TO 3TO Pa3JjMYHE HCUe3aeT H NPH yCPeJHEHHH BO BpeMeHH §
TIPOTOHBI METHJIBHOH TDYNNH UMEIOT OfHY H TY XK€ DE30HaHCHYIO §

0
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Puc. VI.7. Cpekrp SMP (60 MT'n) ausTnianerans auneTambierdjia.

vactory (cM. Takxe pasf. 2.3 u nanee). CoeluHeHHeM, JJist KOTO-
poTo BK/ajJ BHYTPeHHeH aCHMMETPHH CTPYKTYPHl HE 3aBHCHT OT
HACEJIEHHOCTH HHAMBHAYAJbHBIX KOH(pOpMaLHuH, fB/IsAeTcs, B dacT-
HOCTH, «Ipone/JepHas» MoJekyaa 4-MeTua-2,6,7-TpuTHaOHIHKIO-
[2.2.2] okTan-2,6,7-Tpuokcuga (132). MeTuabHble NPOTOHLI 2-OKCH-
H30MPOMUJIbHOA TPYNNHl B NMOJIOXKeHHH 1 OOHapyXHBAWOT DasjanuHe
B XHMHUeCKHX cJBHrax, cocrasjsiomee 0,04 M. aA. (B pacTsope
NHpHMHA). 3aBHCHMOCTb 3TOI'O pacllielieHHs OT HanpsXKeHHOCTH
MarauTtHoro noas (2,3 T'u mpu 60 MI'w; 3,6 I'm nmpu 90 MIm)
IOKa3blBaeT, YTO JeHCTBHTENbHO, Mbl HMeeM JeJ0 C PasHOCThIO pe-
30HAHCHBIX YacTOT.

Kak moxkasbiBaeT nocjelHufi npumep, o6cyxaaeMoe 3/ech siBJe-
HHE He OrpaHHYMBAETCS MOJIEKY/JAMH C ONTHYECKH aKTHBHBIMH aToO-
Mamu yraepoaa. Tak, B pacCMOTPEHHOM BbilIe o61eM caydae
Gparment (a) moxer ObiThb 3aMenen BTopoil CHyR-rpymmoit, uto
NpUBeJET K MPOXHPaJbHOH CHTyalHH, KaK, HanpuMmep, B AHITHJIA-
leTane aneTasibjierijia, CIeKTP KOTOPOro NpHBEACH Ha DHC. VI.79.
HMrak, Bo Bcex cayuasnx, KOTAa 3aMeCTHTeIb ¢ o6mieH CTPYKTYPHOH
opmynoit CXyR oxasbiBaeTcs mo COCEACTBY € IpymNoi, B KOTOPO#
OTCYTCTBYeT CHMMETPHs, OKpYyxeHHe 3aMecTHTeNedl X CTaHOBHTCSH
HeIKBHBAJCHTHHIM, HJH Ouacrepeorontoim. T PYNIEB, OKDYKeHHs:
KOTOpHIX ABJAIOTCSA 3epPKajbHBIM H306paxeHHeM, 0003HAYal0TCs KaK
SHarruoronnste. Ipu sTom yron X--C—X mexay SHAHTHOTOMHLIMH
Ipynnamu X ZeJHTCS NMONOJNAM IIOCKOCTLIO 3¢PKaJbHOH CHMMETPHH O

. et
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(133a). 'pynnm X Takike SKBHBaJIeHTHBI, €C/H [aHHAR MOJEKy.a
nmeeT cummerpuio C; u ocb Cp MPOXOMMT depe3 aToMm ymepon;
¢parmenta CX, nepneHIUKY/ISIPHO JHHUH, COENAMHSIIOEH IPyNbl
(1336). [Ipumepom 3TOMY sBJIsieTCA cHcTeMa A, METHJIEHOBBIX Npo-
TOoHOB B 2,7-1u6poM-1,6-Merano[10] annysene (134).

[pynna CX,R Takke MOXeT CJAYyXKHTb HHIHNKAaTOPOM XHDalb-
HOCTH IHMKJHYECKOH CHCTeMB! GoJsbliero pasmepa. Tak, Ajs MeTHJe-
HOBBIX IPOTOHOB GEH3UIOKCHIPYIINLI B 2-66H30KCH-1,6-M€1:H0[10]aH-
Hynene (135) nabaonalor oxunaemylo cucteMy AB. Anaznornumo

135 136

HEeSKBHBAJEHTHOCTb MeTHJABHBIX rpynn B 2-usonponuj-1,6-okcu-
no[10] annyaene (136) noxaswiBaeT, YTO 3TO COEJMHEHHE HMEET He-
J0cKoe cTpoenHe. Bosiee TOro, MOXKHO MCKJIIOUUTH OBICTPYIO HHBEp-

CHIO KHCJIOPOLHOrO MOCTHKa 4€pe3 yrnepOAHmﬁ CKeJIeT, MOCKOJBbKY

5TOT NPONECC NMPH ydyeTe yCPeAHeHMA BO BPeMeHH npuBes Gwl K MO-
ABJEHHIO (P (eKTUBHOH MJOCKOCTH CHMMETDHH, & CJAeL0BaTeNbHO,
K MOTepe XUPaJbHOCTH.

3apaua V].4. Pewurte, BAAIOTCH JAH OTMEYEHHbIE MPOTOHW B COCJHHEHHAX
@ — K 9HAHTHOTOIHBIMHA WJH JIHACTEEOTONMHLIMH.
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UyBCTBHTENBHOCT XHMHYECKOTO CABHra K CHUMMETPHH MOJIEKY-
AAPHOTO OKDPYXKEHHs IIDHBEJA TaKkKe K MPOrpeccy H B OGJACTH Cliek-
TPOCKONMY NOAUMEPHLIX cOelHHEHH. ITO OBI0 POAEMOHCTPHPO-
Bamo Ha NpHMepe MNOJHMEPHBIX LeneHd MOJHMETHIMETaKpHAATa C
pasanyHOH cTepeoxumuedl. PaccmoTpum cHauana mocsenoBaTenn.
HOCTB U3 6 aToMOB yrsiepoaa, ass KOTOPOH BO3MOXKIB KOH(pOpMa-
Wi a— 8. OTH NOC/JAEN0BATENLHOCTH HA3LIBAOTCS TpHaAaMH, Mo-
CROJIBKY OHH 06pasoBaHbl M3 TDPeX MOJIEKV] MOHOMepa:
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Puc. V1.8, Cnextp SIMP (a) uzoTa
wernamerakpuaara (Bosn [4]).
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Puc. VL. 9. Cartenautsi C B CHeKTpe AMP
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MOJIEKYJl MOHOMepoB 0603HauaeTcsl Kak H30TakTHueckas (a), CHH-
juoTakTHueckas (6) M rereporaktuueckas (8).LEc/u Mb OrpaHn4um
pacCMOTpeHHe ABYMS NEPBHIMH CHCTEMaMH, TO JIETKO BHIETh, YTO
CHTHAJ METH/JEHOBBIX MPOTOHOB B CJy4yae @ IOJXKEH NPeACTaBJfATh
coGoiil cicremy AB B otamnune or cayuas 6, rje OH OTBEUaeT CUCTEME
Ay, MOCKOABLKY B nocienHem ciayuae cermeHT Ci—Cqo—Cs obnagaer
cummerpueii Co. Kak mOKa3wBalOT CHEKTPHl, NpHBeAEHHBE HA
puc. V1.8, sto nmpeickasalne NOATBEPKaeTCsl 3KCMEPUMEHTAJNLHO,

3. AHANM3 BbIPOXAEHHbBIX CMMHOBBIX CUCTEM
C NOMOLLBIKO CATENNMUTOB '3C u H—D-3AMELLEEHUA

Ecan pesoHaHCHBI cHrHas xjgopodopMa 3amucaTh ¢ GOJbUINM
yCUJeHHeM, TO N0 o6e CTOPOHB OT OCHOBHOTO CHIHAJa MOXKHO
HAaGAI0AaTh CHHIJIETH C1a00i HHTEHCHBHOCTH, HAXOJSIIHECS OT HETO
ua paccrossuuu npuMepro 104 Tu. INosoxkenue aTHX cnabwIX CUTHA-
JIOB He 3aBHCHT OT CKOPOCTH BpauleHus o6pasna (puc. VI.9), u
M03TOMY OHU He SIBJSIIOTCA GOKOBBIMH OT BpAlleHHS, DTH CHCHAJHI
npeacTaBasioT co6oft Tak HassiBaeMble 13C-careaaursl cUrHasa XJo-
potopma.

Kaxaoe opranuuyeckoe coequHeHue cofepxHuT 1,1 % crabuian-
HOrO H3oTOma yrjepoAa-13 TmpH ecTeCTBEHHOM  COJEpPIKAHHH,
[Tosromy u3 kaxaeix 1000 monexya xaopodbopma 989 npencraBasior
coboit ?CHCly u 11 — BCHCI;. ITockosbky yraepon-13 umeer sigep-
uplif cniuH [ = 1/2, B 9THX MOJeKyJax NPOSABJAETCA CHHH-CIIHHOBOE
B3auMoefictBue Mexny '3C M IPOTOHOM, KOTOPOe NPHBOIHT K AYG6-
JeTHOMY pacIleNJieHHI0 CHTHajka B CHeKTpe MPOTOHHOTO MarHHT-
HOTo pe3oHaHca. KoHCTaHTa CHHMH-CIIHHOBOTO B3aHMOJEHCTBHS HMEET
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Puc, VI 10. Cxemarnueckoe

Tpeacrapaenne carenqantoB 13C B J
Cektpe SIMP 'H rpasc-1,2-au- BeHy
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Puc. VI.1l. OkcmepuMentanbhbil cnektp SIMP 1H 7panuc-1,2-1ux70paTiieda €5
catesummtamu 13C; R — GOKOBBIE RpallleHHs.

BeaunynHy 209 ', Takoe xe pacuwenneHde OOHApYXKHBAETCsi MU B
cnekrpe BC-AMP 1BCHCls. ,

Hauanune caremnutos 2C moxKeT GBITh C yCMeXOM HCHOJb30BaHO
IJ5 M3MepeHHs: KOHCTAHT CIIHH-CIIHHOBOTO B3aHMMOJEHCTBHS Mex[IY,
MarHHTHO 3KBHBAJEHTHHIMH SiPaMH, KOTOpPO€ HEeJOCTYNHO IpPH H3-
MependH cnexTpoB '2C-MoJekyJ, Kak ObIO NOKa3aHo paHee (CM.
ra. V). 310 MoxKeT ObITh NPOAEMOHCTPHPOBAHO HA NpPHMEpe TPAHC-§
},2-auxaoparuiesa (cM. HiKe). BeaelcTBHe CHMMETPHH MOJIEKYJIBLE
NPOTOHBl B 3TOM COeAHHeHHH 00pasyloT cucTeMy A; H KOHCTaHTa§
3 panc HE MoOxeT 6uiTh uaMepeHa. OZHAKO €CJAH MBl PAacCMOTDHMY
MOJIEKYJIH, cojepkaime ofHo sapo BC, To Anf HAX CJedyeT OXKH-
IaTb nosiBieHust cnuuoBoit cucrembl AMX, rae X = 1BC, mocko/bKy#
J(3C—Ha) > J(3C—Hum). OddexTuBHble JTapMOPOBH 4aCTOTHE
NPOTOHOB COCTABSAT TOT/A:

va = vy + (1/2)J (®*CHa)

EACOENY. |

HA\”C =12C/Cl vum = Vg + f:g; :; z:zg:m; .
/ X \ \,'A = vy — A } L 4
“ i Vi ==vo — (1/2) 1 (3CHw] § ™ (3C) = — 1f

M B NIPOTOHHOM cNeKTpe Mbl HaGuofaeM s cateqiauToB 13C AB
AM-noncnexkrpa (puc. VI.10); npeanonaraercs, uto J('*C—Ha)

Bausinte MOAEKYAAPHOL CUMMETPUL W xUPAALHOCTH Ha chekTpsi 22D

7 {WC—Hn) HMCIOT OIMHAKOBBI 3HAK. DTH NOACHEKTPH COAEPKAT
A SIBHOM BHAe HH(OPMANLHIO 06 HHTEPECYIOUHX HACc KOHCTAHTaX
I(A,M). Curuan monekyn '?C nosmisiercst, Kak ¥ panee, Ha ya-
CTOTE vo. *

JKCNepPUMEHTaJbHBI  CHEKTP pacCMaTPHBAEMOrO COeAHHEHHR
(puc. VI. 11)HaxoanTcs B COOTBeTCTBHY C NPHBEAEHHBIM BbIllle aHa-
ansoM. B pefierBurenvroctH koucranra J(BCHpy) mnpaxTHuecku
paBHa HyJaI0, B ABa Ay0Osera, HaXoAsiHecs BOIH3H OT OCHOBHOTO
curHaja, szauMoHajaraioorces; koucrautsl J(®PCHa) u Jun cocras-
asoT 199 u 12,56 I'u coorsercTBenno. Has yuc-1,2-nuxnopatiaena
B AHaJOTHYHOM 3KCliepuMeHTe OblJa HaljeHa BeauynHa Juuy =
= 5,3T'u. Takum ob6paszom, Habawgas '3C-cateanutsl, Jerko pas-
JMYHTB STH JBa H30Mepa MO BeJHYHHE BUUHHAJBHON KOHCTAHTH
CTIHH-CIIHHOBOT'O B3aHMOJEHCTBHS.

Ananus catemnutoB '3C faer neHHyo uHQOPMALHIO O CHHH-CIH-
110BOM B3aHMOJEHCTBUU U B OoJiee CJA0KHHX cayuasix. Tak, B mnpo-
TOHHOM cnekrpe 1,4-mnokcana cateaauts 3C o6pasyloT CIHHOBYIO
cucreMy AA’XX’-tuma, a B GeHzose Hal/I0aeTCs CHEKTP THINA
ABB’CC’X. AHanua 3THX COEKTPOB NO3BOJSET NOJYUHTh HCKOMBIE
1apaMeTpHl,

3apada VL. 5. TlocTpofiTe u KaaccupuuupyiiTe cnekTpsl caTeanutoB 1B3C Mo-
JeKya a—e.
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Ecau uHTepecyloluMe Hac NPOTOHH CBSI3aHBI C OJHHM H TeM xKe
4TOMOM yrJiepoja, To caTeJiuTH '3C He MO3BOJIAIOT MOJYYHTb HH-
Kako# nH(OpPMAalLKH, NOCKOJbKY 062 f/pa HMEIOT OJHHAKOBEE KOH-
CTanTe CIHH-CMHHOBOro B3aumojeiicteus '3C—H, a nosnyuaembre

* B sTOM paccMOTpeHuH Mpl npeHeOperaeM BO3MOMHBIM BJUAHHEM H30TONHOTO
SAMEUleHHA Ha Pe30HAHCHYIO 4acToTy.

8 X. Toutep
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Puc. VI. 12. Iornouienue
MeTHJIEHOBBIX INPOTOHOB B
criektpax SIMP tH 1,35-
uukJgorentarpuena (a) #
7-nefitepo-1,3,5-1MKA0TEIN-
tarpuena (6); |%/u, o]=
= 2,0 Tuy, # nmo ypasHe-
wmo (VL 1) |2y ul=
=130 T

cnekTphl careqanutos 3C otuocares x tuny AoX uan AsX u He 3a-
BUCSIT OT CITHH-CIIHHOBOI'O B3aHMO/JEHCTBHA BHYTPH rpynn A, u A,
B csayuae MeTHJEHOBBIX ¥ METHABHBIX PPyl 3Ta npobaeMa MOKer
ObITh pellleHa ¢ NOMOLIBIO 3aMEHHl BOJAOPOAA Ha JAeHiTepuit. B atom
cay4ae MOMKHO H3MepHTb KOHCTaHTY CIHH-CIIHHOBOTO B3auMOAeH-
cteusi H—D u npeo0pa3oBaTh ee B KOHCTAHTY Ju,n IO ypaBHEHHIO

Ju,u==6,5144Jy o (VL. 1)

Vcnoab3oBanve 3T0H METOAHKH HAMoCTpupyeT puc. V1. 12, na xo-
TOPOM TpHBeZeH CHeKTP METHJIEHOBBIX [POTOHOB UHKJ/OTENTaTpH-

eHa-1,3,5; 3TH TPOTOHB! CTAHOBSTCA SKBHBAJEHTHBIMH BCJEJICTBHE

OpICTPOH MHBEPCHH UUKAA NPU KOMHATHOH Temuepartype. B saxnw-
qeHHe HeOOXOAHUMO YNOMSHYTH O TOM, UTO M ADYrHe MarHUTHbLIE

AApa TakzxKe INPHBOLST K NOABJEHHIO CATCHJHTHBIX CHEKTpOB.'raK,7'

pe3oHaHCHBIEE curHaJ 'H TerpameTu/icHaaHa Bceraa cCONpPOBOK/[A-
eTca caTeJauTamu 2°Si, KOTOphle BOSHHKAIOT BCIEACTBHE IeMHHAJb-
HOT'O CTHMH-CIHHOBOTO B3auMoaedcTeis 'H, 2°Si. Bennunna xoxcran

THl COCTaBAseT B 3ToM cayuyae 6,8 T'u, Jpyroii mpumep paccMoTped §

B pasj. 3 ra. VIIL
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naesa VIl

OUSNYECKME OCHOBbI 3KCMEPHUMEHTA
Mo AO0EPHOMY MATHUTHOMY PE3OHAHCY
YACTb 1l

Pusnyeckre OCHOBH JKCNEPHMEHTA N0 A1ePHOMY MATHHTHOMY pe3OHaHCy
yxe OblaM u3J0KeHbl B ra. 1 ¢ no3auumit kBaHroBoil mexaHukd. OpHako He
MeHee N0/ie3Ho ¥ KJACCHUECKOe OMHCAHMe, XOTS KBAHTOBAaHHE YIJOBOrO MO-
MEHTA HeJb3a 0O0LACHHTL HA YHCTO KJACCHYecKO# ocHoBe. PH3HYECKHE KOH-
uenuud, Jjexawwue s OcHOBe $IMP-akcnepuMeHTa, KOHCTPYKUHIO CHEKTPO-
merpa SIMP u mHorue apyrie acmeKThl MOXHO NPOJAEMOHCTPMPOBATb HaM-
6oJiee YETKO C KWCMOAb30BaHMEM KJAACCHYecKoro mpuG.amkenus. B nocaeanue
rofapl 0CO0€HHO BO3POCJAO 3HaUeHHe HMNYJbCHOH CRNeKTPOCKONHM, KoTopas
B o6nacru SIMP mhicokoro paspeumeHus oGpasyer ocHory metona ®Il-cnex-
TpockonuH, B cBa3u ¢ a1MM noHumanue SAMP-akcnepumenTa ¢ Kaaccuye-
CKHX MO3HLHMI B3aHMOAEHCTBMA MArHHUTHHIX MOMEHTOB C MArHHTHBIM MOJEM
0oco0eHHO BaxHO, JleHcTBUTEJNbHO, flepHbIi MarHeTM3M He siBJaserca o0-
JACTbI0 MPHJIOKEHHS JHLIb 3aKOHOB KBAHTOBOH MEXAHHKM MJM KJaccuye-
CKoit (H3HKYM, cKopee oH TpeGyeT yMeHHs KOMOHHUPOBaTb 00€ KOHUENMUMH.

1. PESOHAHC U30O/IMPOBAHHOIO A4PA

DuepreTHuyeckass JmarpaMma AJsi JBYX CHHHOBHIX COCTOSIHMH
siipa co cunnom [ = 1/2 npusenena Ha puc. [. 2; ee KijacCHUYECKHM
aHaJloroM sBJsieTcs napaJjiiebHas (OCHOBHOE COCTOSHHE) H aHTH-
napajiaenbuas  (Bo30yXKIeHHOE COCTOSIHHE) OpDHEHTALHH 2Z-KOMIIO-
HEeHTHl SIIEPHOrO0 MATHHTHOTO MOMEHTA W OTHOCHTE/JbHO BHELIHEro
nosiss By. B sToll Mosmesnn morJsolleHue 3HEPTHU B Pe3yJabTaTe B3au-
MOJEHCTBHSI 2JEKTPOMATHUTHOTO H3JyUeHHs C sJepHHIM MOMEHTOM
NPHBOAUT K HHBEPCHM BEKTOpa MATHHUTHOIO MOMEHTa W.

Ha marauTabll 1umoJsis B OAHOPOJHOM MarHUTHOM moJse By fedt-
CTBYeT KPYTSLIHH# MOMEHT, KOTODBIH CTPEeMHTCs] OPHEHTHPOBATh €ro
napaJijiesibHO HanpasJeHHo noJs. [losromy yrjoBoH MOMEHT sjpa
BLI3BIBAET MHPELECCHI0 MArHUTHOTO MOMEHTa | BOKPYT OCH Z; 3Ta
npeneccHst MoxeT GLITh Jerko ONHCAaHAa HAa OCHOBE MPHHIHIIOB TEO-
pud rupockona (puc. VIL.1,a)*. ¥raoBas cKOpPOCTb NpeNECCHOH-
HOrO JABMXKEHHs], U3BECTHOI0 KaK JiapMOpOBA Ipeleccus, 3axaercs
BhIpaAXKEHNEM W= —yBy (BEKTOp ®o OPHEHTHPOBAH B OTpPHLATENb-
HOM Zz-yanpaBJjeHun). Takum o6pasoM, jnapMopoBa uyacToTa HMeer
BEJIHUHHY vo = (y/27) Bo.

st pesonaHCHOro mpouecca BaXKHO OTMETHTb, YTO MAarHHTHOE

* 3jech H Jajee TUPHHATO, UTO HampaeseilHe By COBRAZaeT ¢ MOJOKHTE/IbHBHIM ]

HanpasJ/JICHHEM OCH 2.
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Pue. VII. 1.

... a — TNpelecCHs SIAEPHOTO MOMEHTAa 1 B HENOLBHK-
/ \:‘) HOH 7aGopaTOPHONl cHCTeMe xoopaunatr C; 6 —

X BIHAHHE BEKTOPa Bpamaiouierocss nois B, Ha
’ SAIAEPHBI MOMEHT |, 6 — Bpamlalowiasics H Hemo-
/ ABHXHAA cHCTeMa KoopauHat C/ u C.

T
/7o~ X

none B; Moxer BLI3bIBATH MHBEPCHIO BEKTOPA MArHHTHOTO MOMEHTA
W, 0 ueM myI1a peysb Bbitle. s TOro 4To6sl 3TO NMPOH3OLIJIO, BEKTOP
Bi nosxen OBITh HanpaB/ieH NOA HPSIMBIM YIVIOM K X, {j-KOMIIOHEHTE
BEKTOPA p M BpalllaTbcd B IJIOCKOCTH X, Y C YIVIOBOH CKODPOCTbIO,
CoBmajawuled Mo 3HAKy H BeJHUYHHE C JapMOpOBOH uacrtotoi. Ha
3TOM 3Tale MOJIE3HO B JONOJHEHHe K HeNOJBHMXKHOH CHCTEMe KO-
OpAHHAT C(x,Y,2) BBecTH BpalAOWIYIOCS CHCTEMY KOODAMHAT
C'(x',y,2’) (puc. VIL.1,8). B sToil Bpamaiolleiicss cHCTeMe KO-
opaunat C’ MarHUTHBII MOMEHT HCIBITBIBAET BO3JefiCTBHE He CTa-
THYECKOTO MATHHTHOIO NoJsi By, a MarHHTHOTO HOJsA

Ile @ — yrsoBast ckopocTh cHCTeMB C/ M @/y — QHUKTHBHOe moJe
t, KOTOpOe CYUIECTBYeT TOJbKO KAk pPe3yJabTaT OTHOCHTEJBbHOrO

ABuxeHust cucteM koopanHat C u C’. Tlpu o = 0 B; ucuesaer, u,
NOCKOMIBKY @ == —yB,, mosie B’ crTaHOBUTCA DPaBHBIM HyJ10. Oue-
BIHO, UTO 3TO COOTBETCTBYET YTBEPAKAEHHIO, UTO BEKTOP CTAHOBHT-
Ci HEeMOJABHMKHBIM BO BpAIIAIOUICHCS CHCTEME, el o 110 3HAKY
Y BequuHHe paBHA J1apMOpoBOi uactoTe. Toria yrioBas CKOpOCTi>
W nanpasaenne Bpamenust C’/ COBNAfAOT cO CKOPOCTBIO M Hampas-
TeHneM npemeccHy. .
HDHECJm Mbl Teleph NOBEPHEM MarHHTHOe moJe By, KoTopoe Mu
AH HeNOJABHKHBIM BO Bpallalollefics CHCTEMe KOOpP/JHHAT H

(VIL 1)
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Pue. VII1. 2.

ddexTuBHOE BO Bpauiamuledca CHCTeMe KOOPAMHAT, 6 —
a— 3 <

MarHuTHoe foJe

Byp.

npegeccHs slepHOro MOMEHTa BOKDYD B

HampaBJAeHHbBIM BIOJAbL OcH x’, MEPIeHIHKYISIPHO By, To 3 deKTHB-
Hoe Tode, corsiacHo ypashennio (VIL. 1), OyaeT uMeTb BHA

Boyy =B+ By= By +ofy + B =By(1 —ofog) + B, (VIL.2)

Vroa 0 (puc. VIL. 2, a), o6pasyemblil Bspp C OCbIO 2, Bbpazaercs
TOrAa Kak

tg 0 = By/[By (1 — o/ay)] (VIL.3)

Tlpu ycnoBun Bo > By Aasl BeJHUMH HHINBHAYaJNbHBIX TOJEH HS-
MeHeHHe Bo, a cJeloBaTeNbHO, H JapMOPOBOH 4aCTOThI wo MNPHBOLUT
M CHTyaIHUsAM:
: Cjie;ﬂ}{i}(c)ﬁu Bequym:lm ®o ¥ o CHIbHO pasinuaiorcs, TO 3pdexTus-
HOe MOJIE HANpaBJACHO NAPAAAEAbHO OCH Z, NOCKOJDKY, COrMIACHO
ypasuennio (VII.3), tg 6 craHOBHTCA NPHMEPHO PABHbIM HYJIO, 6T e-.
0~ 0 win 180° 118 mo << ® HIH G >> ® COOTBETCTBEHHO (06pa
THTe BHHMahue Ha BBeJeHHOe Bbllle ycaoBue Bo > BI)',
2) C apyro#i CTOPOHBI, €CAH wo = ®, TO tg 0 npubauxaercs
k Geckoneunoctd # 0 =90°. B.op paBHO TOrAa Bj, H BEeKTOp W
NpeleccHpyeT ¢ YacToTOd ) BOKPYT HampaBJeHHA By, T. e. Boxpsrlg
ocu x’ (puc. VII.2,6). TaxuMm 00pa3oM, p NEPEXOAUT H3 OCHOBIO -
cocTosHust B Bo30yxaenHoe. [JoCKOMBKY [U?o > B,, cuTyauusi, OmH-
canHas B cayuae (2), NpeicTaB/iser coO0i THIHYHOE pesoHaHCHO?
sBJeHHe, TaK Kak Majoe [ePHOAHUECKOe BO3IMYyHICHHE npuBouzmT_‘
K Gosmbuiomy uaMenenuio. CHCTeMa, OJAHAKO, UCTIBITLIBACT BOBL[eI/ICB.a
BHe BO3MYILAIOLIEro IHOJsI TOJbKO B TOM CJyuae, KOrjia JiapMOpoBa
4acToTa  OJHHAKOBEHL ;
qacg);an%amme LAs co3fanus Bpawarouierocs mnodis B I/ICHOHJI);:'
3yeTcs MarHUTHOE moJe By, reHepupyemoe BOJb OCI X HENOALB X3
HOIl cHcTeMbl Koopauhat C. MaruutHoe mouae By, juHeldHO NOJAPH™

e B e

30BaHHOE B HaNpaBJEHHH X, C yaCTOTO © M AMIVIUTYAOH 2 By MO
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Prc. VIL 3. Pasuoxenue JuHelHO
NOJSPH3OBAHHOTO TOJS € AMILJIUTY-
foH 2By Ha jBe BpallaioOLIHecT KOM-
noneHTe: By(l) u By(r).

Puc. VII. 4. Makpockonndeckas ia-
MarHH4enHocTe M Kak pesyabTipyio-
was HHIHBHAYAILHLIX SAEPHBIX MO-
MEHTOB [L; NOKa3aHbl TO.IBKO MOMEH-
TH s4ep, COCTaBJSIONIE H3BBITOK
HACeJICHHOCTH OCHOBHOTO COCTOSHMSL.

#eT ObITh MPEJACTaBNEHO B BH/JE JABYX BPANIAIOUIHXCS MATHHTHBIX
BeKTOPOB By(l) u Bi(r), 0AMH M3 KOTOPBIX BPAWIAeTCA B HYKHOM
nanpasJenHd. Ipyrofi BeKTOD NMPaKTHUECKH HE OKA3BIBAET IHKAKOTO
BO3JeACTBHS Ha sKcmepuMment (puc. VII. 3).

2. PEBOHAHC B MAKPOCKOMNUYECKOM OBPA3LIE

Onucannas Bblle MOJendb MNPHMEHHMA I8 W30JHPOBAHHOIO
s1pa. [TompiTaeMcs Telmepb PacmpoCTPaHHTh HALl aHAJH3 Ha caydail
MAKPOCKONNYeCKOro o6pasua, T. e. Ha GOJIbLIOE YN0 saep.

[locsie BRAIOUGHHST MarHHTHOTO MOJsI B, cHCTeMa TPHO/IHKAEeTCH
K DAaBHOBECHOMY pAacCIpeleNeHHI0 SAEP MeXK1Y 3HepreTHUecKHMH
YPOBHAMH o # f. DTOT Mpolecc NPOTEKaeT B Teuelde HEKOTOPOTO
QUpele/ICHHOTO HHTEPBaja BPEMEHH H IPHBOAHT K COOTHOLICHHIO
Ny > N, B COOTBETCTBHM C 32KOHOM pacrnpeiedenns BoJblIMana.
B pesynprare mosiBisiercs makpocKOMHuecKas PaBHOBECHAS HAMar-
HienHocTs M ¢ aMnuuTyo#t My, KoTopast ABJSETCS] Pe3YJbTHPYIO-
Uil MHAMBHAYAIbHBIX MaCHUTHBIX MOMEHTOB flep, COCTAaBJSIOLIHX

P4

14
e g
DII(‘» \7“ 5.
Ay 'Cuepawns  nonepeunoff namarsuvennoctw My 6 —npemeccun sextopa M B Hemo-
Bifo o
Liholi cuereme koopamiat C.



232 Tpasg V11

Puc. VII. 6. Ipuxenue Bektopa M Bo Bpauiamoief-
¢ cucreMe kKoopaunat C’ B MOMEHT MEIJICHHOTQ
[POXOK/IEHUST Uepe3 Pe30HAHCHbLIE YCJIOBHA.

130BITOK HAceNeHHOCTH ocHoBHOro coctosinus (puc. VII. 4). ITockoas- *
Ky sAepHble MOMEHTH BpaIlamTcs He B (ase, a CTATHCTHUECKH .

pacnpepeJsensl 1o NOBEPXHOCTH KOHYCA, B IJIOCKOCTH X, {y HE BO3HH-
KaeT HHUKAKOH KOMIOHEHTHI MaKpOCKOHI/I‘-IECKO}UI HAaMarHH4YeHHOCTH.
I/ICHOJHJS}/H neperaTyuK, HaJAOXHM TeHephb JJCKTPOMATrHHTHOE IIOJIe,
JIUHEHAHO [IoJIApHU30BaHHOE BAOJDbL OCH X, C 4acToOTOH » H aMHJIHTYILOﬁ'

2 By, crauuonapHoe BO Bpallaioliefica cucreMe KoopauHaT. B Mo-

MeHT pesoHanca {(w == wq)

MOCKOJIbKY, Korja aMIautyja B] MaJa, HE Bce dlepHble MOMEHTH

MOTYT MOLJIOmATh 3Hepruio. Cllef0BaTeNbHO, B HENOJABHIKHONH CH-
creme koopauHat M mpeueccupyer Bokpyr ocH z (puc. VIL. 5,0)g
B pesyjibTaTe 2TOr0 BO3HHKIIAS [OIe€pPeYHAss HaMarHMYeHHOCTHE
TaKXKe BpalllaeTcsi B CHCTeMe KOOpAHHAT C, H ee MOXHO 3aperif

CTPUPOBATH ¢ MOMOIIBIO MPHEMHON KaTYUIKH BAOJb OCH Y.

Ha npaxtuke 9TOT HAeaJbHbll Cayyail, KOrga Bce siApa Makpofg
CKONM4ecKoro ofpasiia UMET OLHHAKOBYIO J1apMODOBY 4acTOTy, HEE

peaJsH3yercs, NO3TOMY IOllepeuHast HAaMarHH4YeHHOCTb BO3HHKAET Ka

J0, Tak u NnocJ/ie NOCTHXKEHHUA TOUYHBIX PE30HAHCHBIX yCJIOBHI‘/’L Ecigg
®o U3MEHseTCa AOCTATOUHO MeAJIEHHO, TO BEKTOD M onucniBaer OKEE

PYXHOCTb BO Bpatilaiomiefics cicreMe koopauuar (puc. VII.6). Ec
H306pa3HTb ero KOMHonenTo My 1 M, (obo3nauaeMble KaK u H |
COOTBETCTBEHHO) KaK (DYHKUMIO PA3HOCTH 4ACTOT A® == @o— @, ¥
MOJYYUM KPHBYIO AUCIEPCHH sl M, MW KPHBYIO NOTJIOLIEHHS A
M, (puc. VIL.7). DTH KOMIIOHEHTHI TIONEpeYHOH HaMarHWYeHHOCH
pasauvaiores mo ¢ase Ha 90°, nHo onu o6e Moryr GHTL H3MepeH
IIOCKOJIbKY, corjiacHo 3akoHy Papajesi, HHAYUHPOBAHHLIH 3/1eKTP
YECKHl TOK B HEMOJABHIKHOI cucTeMe KoopauHaT C NpONOpUHOHAN
nepuoanueckoMy uameneuuto dM./dt unm dMy/di. B cuay oueBd
HBIX NPUYHH DpHeMHAas KaTYUIKa MOHTHPYETCS BJOJb OCH Y. .

KonnyecrBenHoe MaTeMaTHUYeCKoe ONMUCaHHe (eHOMEHOJIOTHY
CKOH MOJlesid, TpHBE/EHHON HAMU Bbllle, OBJIO pPa3BUTO DJIOX

[IPOHCXOJHT B3aUMOJEHCTBHE MEXKAY§
WHIMBHAYAJbHBIME SIIeDHLIMH MOMEHTaMH H ToJeM B;, xoTopoef
BLIBOAHT BEKTOp M H3 ero paBHOBECHOTrO TIOJIOJKEHHS BAOJL OCH 2.3
ITo B CBOW Ouepellb MPHBOAHT K MOABJCHHIO KOHEUHOA nonepeqHohs
Hamaruuueswoctd M, B nanpasaennn y (puc. VIL 5, a). B nporn-§
BOIIOJIOXHOCTh PACCMOTPEHHOMY BbIlE CJYYal0 MArHHTHBIX MOMEH-#
TOB OT/JEJbHBIX s1ep BeKTOp M B AaHHOM cayyae He HHBEDTHPYET

S e 4
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Wo=W Puc. VIL 7. Tonepeunas namarnnaentocts M,
! BO Bpaniamollelca CHCTeMe KOOPJAHHAT KaK (yHK-
UMl pasHOCTH Aw® M pasnoKeHHe BEKTOpa Mx'y’

Ha ero KoMnoHeHTHIM,, u M ..

Td w Y *

PesysnpTaToM ero saBis10TCH XOPOWIO M3BeCTHbE ypaBHeHHs Bioxa.
Hx BbIBOA NpHBOAHTCA B NpUJIOXKeHHH (Ivi. XI), MOCKOJIBbKY AeTasib-
HOe pacCMOTpeHHe B OCHOBHOM TEKCTe NPOTHBOPEUHJIO Ohl HallleMy
IPUHUMIY HeMaTeMaTHYeCKOro H3Jjoxenusd. Kak pesyabrat sTof
NOJMHOH TEOPHH Mbl NIPHBEJEM TOJBKO CJeAYIOHee KOJHYECTBEHHOe
BhIPAXKEHHe JIJIs NONEePeYHOl HaMarHHueHHOCTH M,/, KOTOpOe COOT-
BeTCTBYET CHTHAJMY MOTJIOMIEHHSN:

M., — — MyB\T,
Yo+ 13(0p— o)+ BT\ T,

AHaJioTHUHEe COOTHOLICHHS! TMOJYYeHHl A M, R COOTBETCTBEHHO
dnsi My v M, B HENOABHXKHOH cHCTeMe KOODAHHAT. Y paBHEHHS
Baoxa nossoasiior, Takum 06pasoM, PacCUMTHIBATE KOMIIOHEHTHL 11O-
Nepeydoli HaMarHHYeHHOCTH KaK (PYHKIHIO PA3HOCTH YaCTOT Wy — O,
aMIINTYAbL 10t By, paBHOBeCHOH HaMarHH4eHHOCTH M, H ABYX
Bpemen penaakcauuu Ty u Ty (xoTopele OYIyT pacCMOTpeHnl B
pasn. 3). Muaue roBops, HCHO/b3Ysl ypaBHenus BJjoxa, MOXKHO Ho-
JAY4uTh (pOpMY JHHHH PEe30HAHCHOrO CHTHaJda, KaK 3TO MOKa3aHOo Ha
puc, VII.7.

OKCIepHMeHTaJbHasl YCTAHOBKA MJIsi JETeKTHPOBAHHUS CUCHAJIOB
ANEPHOrQ MAarHUTHOIO pe30HAaHCa BOIVIONIEHA B HHNYKIHOHHOM
cnekrpomerpe baoxa. B otiuune or npubopos, 00CYKAeHHHX BT I,
B cnektpomeTpe HMeloTcs pasledbHble nepefawinas (Ls) v npuem-
nas (Lg) katywku. Ha puc. VII. 8 cxemaTuuecku H306paxkeHO 3TO
YCTpo#ierno.

Haxkonen, cieayer BkpaTlle PacCMOTpeTh NpPOGJEMY KOHTDOAS
OTHOwenus nosefvactora B cnekrpomerpe IMP. Kak 6b0 06bsic-
Hero B ra1. I11, B COBpEMEHHOM CHEKTPOMETPE OCYHIECTBAACTCA 3a-
IHChL crieKTPOB Ha KAJHOPOBAHHOH Gymare, a 9TO BO3MOMKHO TOJIBKO

(VII. 4)




234 Trasa VII

axnyna ¢ vopasuom

Puc. VII. 8 Cxemaruueckan
JHarpaMMa  HHIVKIMAOHHOTO
cnektpoMerpa bBJoxa.

TOrJla, KOrjga OTHOUIeHHe HANpPsKeHHOCTH IOJS K 4acToTe MOjaep-
KHUBAETCsl NOCTOSTHHBLIM, [lna 2To mesan NPHMEHSIOT OAHH M3 ABYX
METOJ0B, HCIOJb3YIOUINX MOAYJSALUI JAJag co3jaHusg GOKOBOH Io-
JIOCHL.

[Tpn mepsom MeToje GOKOBaf MoJ0Ca BO3HUKAET B Pe3yJabTare
MOJYJsiiHE pabodeil yacTOTH, CO3/aBaeMOfl KBapIeBHIM renepaTo-
poM. JTa OOKOBasg MOJOCA MCHOJbL3YETCS JJsi U3MEPEeHHsl CHIHAJA
SIMP-norsiomenns: KOHTpoabHOro obpasua, o6uiuno IMP 'H Bonwi,
KOTOPYIO MOMEIAIOT B OTAEJNbHYIO aMIyJy PsAAOM ¢ aMIIyJaoll u3aMe-
psieMoro ofpasna. JTOT KOHTPOJIBHBI CHTHAJA, WJIH CUSHAA CTAGU-
AUBAUUU, VCNIONb3YIOT 3aTeM Ui aBTOMAaTHYECKOrO peryJHpOBaHUA
YacTOTHl MOAYJAIIMH, KOTOpas NOJCTpanBaeTcsa TaxkuM o6pasow,
4TOOE DPE30HAHCHEIE YCJAOBHS JJsi KOHTPOJLHOTO 06pasiia Beeria
BLIOJIHSLIHCE. M3MepeHHe cHeKTpa aHasJH3upyemoro obpasma mnpo-
BOJAT Ha TOH e OOKOBOH MOJOCE NyTeM Pa3BepTKH IOJs B MecTe
pacnoJoXeHuss aMnyJel ¢ o6pasuom. MaMenenuss 4acToTel MOLYJIsI-
IHY, 00yCJOBJEHHblE NMOACTPOAKOHA T1OJs, OOBIYHO HE MPEBHIIAIOT
1 xI'11, 4TO COOTBETCTBYET U3MeHeHHIo To1bK0 Ha 0,015 Y% aas crekr-
pomerpoB Ha 60 MTI'y, nostomy kKanubGpoBKa OcTaeTcsl NPaKTHYECKH
nocrosdHHoH. [ToCKOABKY aHaAM3HPYEeMBIl 1 KOHTPOJbHBIH 00pasusl
pasaesennl, 3TO YCTPOHCTBO HA3BLIBAIOT CHCTEMOH BHeLIHeH CcTalu/u-
3auu. [Tonyuaemast ¢ ee IOMOUIbIO CTA0UABHOCTb YMEHbIIAET Apeiid
[0 BeJIHUHHBI 0KOJI0 1-10—8 B wac.

B cucreMe sHyTperrell cTabuausdayuy Kak KOHTPOJbHBIN curual
IJist TIOACTPORKH MArHUTHOTO IOJISI HCIOJb3YeTCsl OJIHH U3 CHIHAJOB
aHasju3upyeMoro obpasua, HabaOAaeMblil Ha OOKOBOI M0.J10CE C 10-
CTOSTHHO yacToTOl MoAyJaAUMH. OOBUHO CUTHAJOM CTAOHJIHU3aLMH
CJAYXKHUT CUTHAJ KOHTPOJBHOIO BelllecTBa — CTanjapTa (roMmosuep-
Has crabuausauud). lasee, ucrnonb3ys BTOPOH M He3aBHCHMDLII re-

HepaTop HepeMeHHOﬁ 4yacToThl, CO31AaK0T 6OKOByIO [10JIOCY C MmepeMeH-
HOH 4acCcTOTOH MOAYJAUMHU, KOTOpast CJAYXKUT AJdA Hab.110,1eHHS CIeKT-
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pa nyTeM pa3BepTKH 4acToThi. C MOMOILBIO 3TOTO ycTpoficTBa MOXKHO
POBOIHTL TaK:Ke M SKCMEPHMEHTH C M0JIeBOH pa3BepTKOH, ec/aH,
H3MeHAd MoJe, U3MEeHsATh M dacToTy crabunnsauud. CHcTeMa BHYT-
penHell crafuiusannn obnagaer TeM NPCHMYLIECTBOM, HTO alajiu-
3pyeMoe U KOHTPOJbHOE BECLLECTBA HCIBITHIBAIOT ~BO3ACHCTBHE
B TOUHOCTH OAHOTO M TOrO ke TMoJs. B KayecTBe ONOPHOrO CHTHAJMA
CTAGKIM3ALUNA MOMKHO HCIOAB30BATH M CHIHAJBl APYTHX d41ep, Ta-
wux, kKak 2H umu °F (rereposjepHas crabuausanusa). [loayuae-
yiasg CTaGHIbHOCTL OTpaHHuMBaeT Apefi( 10 BEeJHUYHHBI OKOJIO0 1-10-°
B Uac.

3. PENAKCALIMOHHbIE 2MEKTD!

Kag 610 1I0Ka3aHO B IPeABIAYILeM pasjede, B IKCIEpPUMEHT?
0 sAepPHOMY MarHHTHOMY PE3OHAHCY BBIAEJSIOT ABa THIA MAaKpO-
CKOMUUECKON HAMArHHUEHHOCTH: TPOJAOJBHYI0 HaMaTHUYEHHOCTb
BIOJb OCH 2 W TONEPEYHYI0 HaMarHHYeHHOCTb B MIOCKOCTH X, y. O6e
HaMATHHUYEHHOCTH MO/ABEPIKEHBl PeIaKCalHOIHbIM npoueccaM, T. €.
¥X BeJMYHHBI 3aBHCAT OT BPEMEHH.

3.1. MponoabHas pejaxcauus

Co3jlaHne paBHOBECHOR HaMaTHHUYEHHOCTH My nocJje BKIIOUEHHS
BHELIHero MATHHTHOTO Toasi By Tpebyer BpeMenn Ty, H H3MeHEHHE
Z-KOMIIOHEHTB MaKPOCKONHYECKOH HaMarHHYeHHOCTH MNOAYHHAETCA
anddepeHnuasbHOMy YpaBHEHHIO MEPBOTro MOpsLKa.

dM.jdt =My — M )T, (VIL. 5)

Besuuuna 1/T; aABjsieTcs, TAKBM 06pa3oM, KOHCTaHTOH CKOPOCTH TIe-
pexona BO3MYILIEHHOf cHCTeMbl B paBHOBechoe cocrosmite. [Tostomy
5HEpTHsl MEePEeHOCHTCs OT CNMHOBOH CHCTEMBl K OKPYZKEHHIO, TaX Ha-
3piBaeMoil peuerxe. [Ipolecc, ONMCHIBAEMBIH ypaBHeHHEM (VIL.5),
HazwiBaeTcss npodoasroii peaaxcayued, a T cOOTBETCTBEHHO HAa3bl-
BAIOT Bpemeresm NPOOOALHOL UL CRUH-PEUETOUHOI perarcayuu.

Pestakcalldsl HTpaeT BakKHylo POJib NMpu HAGJIOACHHH pe30HaHC-
HBIX sIBJICHME, ONHCAHHBLIX B pasia. 2. Mpl yxe oObscHAIN paHee,
YTO B OTJHYHE OT KOMIOHEHT W UHAHBHIYaJbHLIX ANEPHBIX MOMEH-
TOB MaKpOCKOTHYecKass HAaMarHWYeHHOCTb He MOBODAUHBAETCS HA
180° B oTpHUATEIbHOM HAlpPaBJEHHH OCH z TpH HAJOKEeHHH TIO-
Jel B, ¢ MaJbIMK aMIVIMTYAAMH, a TOJbKO OTK/IOHAETCA OT OCH 2
na maawdi yroa o. Cae1oBaTesbHO, 1axe B MOMENT pesoHaHca Ha-
MArHUYeHHOCTh MO OCH 2z COXpaHsercd, IOCKOJBbKY CHCTeMa CTpe-
MHTCS COXPAHHTL HOPMaJbloe OOJbLMalOBCKOe —pacnpeie/enue
nyteM peiakcaunu (ypasmenue L. 11). HacTb [OTJIONIEHHOH 3HEPTHH
PAaAHOUACTOTHOTO NOJA MEPEeHOCHTCst MOITOMY B KOHIE KOHIOB Ha
OKpy:KenHe. BeanunHa HOBOH paBHOBECHOH HaMariHieHnocTH M,
OcaycaoBHO sBJseTC (QyuKIHed BpeMeHn POOJBIOH pesaKkcanun
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O

Puc. VIL. 9. Ipuxcine nonepeunoit na-  Puc. VIL 10. Buusane aTMocheproro
MArHHYEHHOCTH BO Bpaulawouleficd cu-  PacTBOPEHHOro KHcJAopofa Ha dopmy

cTéMe KOOPAHHAT KaK (DYHKUHS aMIiM-  DE3OHAHCHOLO CHIHAJA.
TYABl Mot By cHTyanus d COOTBeT-  [lokasaHs JMHMH M3  chekTpa 0-RAUXJ0P-
CTBYET IIOJIHOMY HAaCHIIEHHUIO. Gensoaa, paliee npejcTaBleHHbIE Ha

puc. III. 6,2, a- o6esraxendnill o6pasen;
6 — obpasell, comepxamufl Beagyx. O6a
CHrHaNa OblIH 3anucaHbl IIDH OAHOM M ToH
JKe HaCcTpoHKe CHeKTPOMETPa — ONTHMHSHPO-
Baad TOJBKO Y-TPAZHEHT,

U aMIuaTyAbl nods By, Us ypasuenna (VII.4) Moxuo noayuurts,
YTO /sl CH/IBHBIX IOJIeH B, HHTEHCHBHOCTb / B MAKCHMyMe CHTHAJja
(0 = wp) 3a7aercs BLIpaxKkeHHeM

I (0p) = const/B,T| (VIL. 8)

Hannnpie Bpemena penakcamuu T, u Gonblide ammiantyist BU-
10/ yMeHbUIAIOT, CJIe0BATeNbHO, HHTEHCHBHOCTL CUTHAJA, T. €. Ha-
ChIIAIOT  pe3oHaHCHYlO JuuHio. Ilo awamorum ¢ pue. VII.7 Ha
puc. VII.9 nokasaHO H3MeHEHHe NONEPEYHOH HAMATHHYEHHOCTH
B c/lyyae HaloxeHusa GoJiee CHJBHOTO NMOJst B1. BMeCTO OKpyXHOCTH
BeKTOp My, y ONUCBHIBACT 3JIIHIC, KOPOTKASI OCb KOTOPOTO COBMANAeT
¢ ocbio y'. JluarpaMmma TakiKe MOKA3BIBAET, UTO AJIsi KPHBOH AHCIep-
CHH, 3anucaHHo i dM./dl, we oxupaercs nukakoro addexra
HACHILIEHHS, OJJHAKO LIMPHHA JMHHH OYeHb CHJIBHO Bo3pacraeT. Bo-
Jiee KODOTKHE BPeMeHa DPeJaKkCaluM, ¢ JPYrod CTOPOHHI, YUIHPAIOT
PE3OHAHCHBIE JHHHH. DTO SBASETCA Pe3yJbTaTOM YMEHBIIEHHS Bpe-
MEHH KHSHH SeP B BO30yXK/IEHHOM COCTOSIHHH, YTO NMPHBOMUT K He-
onpeﬂenei{'nochg{ B 3HAUYEHHH PA3HOCTH dHepruil. COrJacHO NMPHHUHIY
HeoNpeeseHHOCTH,

AEAN = 1 (VIL.T)

w onpn AE =hAv 310 npuBoautT K AvAf &~ 1/(2n) uam Ay =
== 1/(2nAl) 179 HeONpejeNeHHOCTH B 3HAYEHHH PE30HAHCHOH Ha-

crotel. Ulupuna Jinnuy, cJeR0BATENbHO, 3aBUCHT OT BEAHUYHHB |/Af

win 1/7y. B opraHuueckux »xujakoctax T, AJsi MPOTOHOB OGBLIYHO
MMeeT BEJHUYHHY MOPAAKA HECKOAbKHX CEeKYVHI WJIH MeHee, M, TaKHM
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00pa30M, BKAaJ CIIHH-PEILeTOYHOH peslakCaliH B LINPHHY JIHHHU He
npesbiaer 0,1 IMu.

Io xakoMmy e MeXaHH3My NPOHCXOLHT oOMeH 3Heprueft Mexny
peUIeTKOR M siepHofl cUMHOBOH cucTeMOH? B KHIKOCTAX TJaBHBIM
VIeXaHH3MOM DeJaKCAalHH SBJASETCH AMIOJb-THIONBH0E MarHUTHOE
B3aUMOJEHCTBHE;, OHO CYLIECTBEHHO IMO3TOMY /Ui CHEKTPOCKOIHH
51JIEPHOTO MarHUTHOTO PEe30HANCa BBRICOKOTO pa3pelleHus], AakKe ecan
e NPUBOJNT K paculeneHuio JuWHUE (cM. pasxa. 3, ra. 1). Bpama-
reJibHOE H TOCTYNATeNbHOE ABHZKEHUSI MOJEKYJbl B KILIKOCTH Bbl-
4LIBAIOT MOsiBJIeHHe (MJIyKTYHPYIOLIETO, T. €. 3aBHCSAILEr0 OT BPEeMEeHH,
MaTHHTHOTO MOJIsI, KOTOPOE MOXKeT OLITh OIHCAHO MPOCTO KAaK Mar-
HUTHBIA WIYyM. 310 QAYKTYHpYIOlllee flosie 00JafaeT KOMIOHEHTaMH
By u B, IMEOUEMH YaCTOTH (g, KOTOPbIE YIOBJAETBOPAKOT yCJI0-
BUIO PE30HAHCA ¥ MOTYT BBLI3BATDH HEPEXOJABl MEKAY CTALHOHAPHBIMH
COCTOSIHUSIMU SIIEDHOH CIMHOBOH CHCTeMbl. MarHuTHas 3Heprus,
foJyuaeMasi pemierkoil, mpeppaiaercs 0pH 3TOM B TelNOBYI0. [1po-
[ecc IPOMOJIBHOH peJakcai(ud NpoTekaeT ocofeHHo 3(pdeKTHBHO,
ecqM B pacTBOpe MPUCYTCTBYIOT NapaMarHHUTHBIE BeliecTsa. ITO
MPOHCXOMUT IIOTOMY, UTO BpeMs pejakcaluH T, Teoperudecku 06-
paTHO TPONOPIHOHANBHO KBAADATY MarHHTHOIO MOMEHTa, KOTODLIH
00YCJAOBAHBAET TMOSIBJIEHHE YIOMSHYTOIO BbIlIle (QJIYKTYHPYIOUIETO
nosst. MarHuTHeld MOMEHT HeclapeHHOro 3JekTpoHa O60Jiblle, yeM
si7leDHBI MaTHUTHBIA MOMeHT, mpuMepHo B 103 pas. [loaromy T
craHoBHTCA Menbpnie ueM 10~! ¢, 1 pe3oHAHCHBIE JINHHN O4eHb CHJib-
HO yIupsitiotcsl, IIpUCYTCTBHE faXe CJeJOBHIX KOJHUECTB KUCJIOPO-
Ja-— mapaMarHuTHOR MOJIEKYJibl — OKa3biBaeT Takol e 3sddekr
(pue. VII. 10). Ero MOXHO HJATIOCTPAPOBATh AAHHBIMH 110 BpeMeHaM
MPOLONLEON pesaKCcallud IPOTOHOB HeH30/a, H3MEePeHHBIMH NIPH pas-
AMUHBX yeaoBusx (taba. VIIL1). Ocobenno GoJbline BpeMeHa mpo-
JosapHOM penakcauuu T, HabJI0falOTCs B CePOYraepoje, B KOTOPOM
KOHIEHTpalKs MaruuTHHX sifep Mana (1,1 % 13C), a mpucyrcraue
arMocepHOTo KHCAOPOAA Pe3KO YCKOPAET CHHH-PEIeTOYHYIO peslak-
caluio.

CyuecrByer u APYroif MeXaHH3M NPOLONBHOH peJiaKCalHu, BaxK-
HOH 17151 cnekTpoB IMP BHICOKOTO paspeHieHus. fapa cO CIUHOBLIM
KBAHTOBHIM upcaom [ > 1/2 uMeloT chepHueCKH HECHMMETPHUYHOE
pacmpenesende 3apala H XapaKTepHIYIOTCA 2JeKTPHYeCKHM KBal-
PYDOJbHBIM MOMEHTOM Q. DTOT MOMEHT MOXET B3aHMOAEHCTBOBATH
C IpajIieHTOM 3JEKTPUUECKOro MOJSl Ha sifipe, 4TO BHI3LIBAET peJsiak-
cauuio sgpa. Hanpumep, Ans rajsoreHos — xJjopa, 6pomMa ¥ HOA —

Tad6auua VII. 1. Bpemena npojosipHO# pesakcauun T
nas Gensona (c)

Benson, obearaxennnit npu 20 °C 19,9
benson B CS; (11 06.%, oBesraxenurtit) 60,0
beHsos B OPHCYTCTBHH BO3LyXa 2,7
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ITOT MEXaHH3M HACTOJIbKO 3()PeKTHBEH, UTO HX fApa, HeCMOTPA Ha
HaJiHuie 3HAaYHTeAbHOTO MAarHHTHOTO MOMEHTA, MpaKTHYeCKH HeMar-
HUTHBI H HE MOTYT OBITH H3YUeHBI METOAAMH BLICOKOTO pa3pelleHHs.
B cayuae anep "N u *H kpagpynoanHasg pegaxcauus menee adpdex-
THRBHA, Tak 4TO HX pe3oHaHc HabawopaTts Jerue. CurHanasl N
(Q ==2-10"2)*% cunbHO YWHPCHBI (MOJYIWHPHHA AOCTHIaeT HEeCKOJb-
KIIX COTGH Tepli), B TO BpeMs Kak curdadan JIMP 2H ymupsiorcs se-
3HAYNTEJBLHO, YTO ABJSETCS CAeJCTBHEM HX MEHBLIEro KBaApyNoJb-
#Horo MomMeHTa (Q = 2,77-1073).

3.2. Nonepeunan penakcauus

B paccMorpenun geiaenns JIMP B paMkax Kaaccuueckoll Teopun
Mbl BBIICHHJIH, YTO B JOTOJHEHHE K MIPOAOJLHON HaMarHHYeHHOCTH
UMeeTcsd HAMarHWUEHHOCTh B IJIOCKOCTH X, Y, KOTOpasg OOBIYHO Ha-
3BIBACTCSl IIOMEpeuyHofl HJH X, y-HaMarHHUYeHHOCTbIO. [lo3toMy 1e-
Jecoo0pa3Ho BBECTH TAK Ha3biBaeMoe @pems NONepeuroli peasaxca-
ytuu To; 970 0COGEHHO BaXKHO, NOCKOJbKY BPEMEHHAS 3aBHCHMOCTb
M., , oTandaercs oT Bpemennoi sasucumoct M.. Bpems Ty nasw-
BAIOT TaKyke BDEeMeHeM CIHH-CIIHHOBOH pesakcalHd B COOTBETCTBHH
C TeM, UTO MEXAaHU3MOM IMOIIePEYHOR peJsaKcallnu ABjasgercs o0MeH
sHepruefl Mex<ay HHAUBUAyaJbHbIMM CITUHAMH (CM. HHKe). [ pyroe
OCHOBaHHe 14Jisi BBeleHWUs NMOHATHA [, BBITEKaeT M3 PacCMOTPEHHs
WUPHHBL JUHHK cArHajga SIMP. Kax Obulo oTMeueHO Bhllle, HpO-
noabHast pejakcauns obpluHo jgaer BkJaad Mmenee 0,1 ['w. Tem He
Menee Habugionaemple WHPpHHB Jgunuil 6oasiie 0,1 Tm, a B cayuae
TBeP/LIX TeJ MOTYT AOCTHTAaTh HECKOJbKHX KuJaorepl. [lostomy
yAOOHO BBECTH APYroe xapaxrepucTuieckoe Bpems I, MeHbllee Ty,
NS OIIMCAHUSA 3TOH CHTYaLHH.

B npocrefimem cayuae aas xkuarocrell Ty = T; npu 3TOM mocae
PEe30HAHCA CKOPOCTh HCYE3HOBEUHS X, }-KOMNOHEHTH HaMaTHHYeH-
HOCTH COBIafaeT €O CKOPOCTbIO BOCCTAHOBJEHH:A POA0AbHON HaMar-
pideHsoctTw My BEOAbL z-ocu. ECAH NOMIepeuHass HAMAarHMYEHHOCTb
MoxKeT OBITh yMeHbllleHa 0e3 OJHOBDEMEHHOTO pOCTa 2Z-KOMIIO-
HeHThl, To T9 < Ty. Tax xKe Kak ¥ B cJydae CHOUH-DELUCTOYHOH pe-
JaKcalHU, (PJAYKTYUPYIOULIHE [OJsi MOTYT B3aHMOJENCTBOBATL C IO-
nepeyHoil KoMnoHeHTOH M, ,, TeM caMbIM TCHMIKAas BeJIHYHHY 3TOH
KOMIIOHEHTH. 3aBicsline OT BpeMenu noas By (f) u B, (f), cranuno-
HapHple BO Bpamlamouefics cucTeMe KOOPIWHAT, B3aNMOACHCTBYIOT
¢ M., Torga kak xkommoHeHnta M, , MOXeT B3aHMOJEHCTBOBATL HE
toabko ¢ B, (f), no u ¢ B;. KoMmnonexnta B, nocrognHa B jabopa-
TOpHOH cucTeMe KOODJAWHAT; TaxuM 00pa3oM, NolepedHas pesakca-
LM MOYKET NPOHCXOAUTH TaKiKe H3-3a HaJHuHsd CTATHUECKHX MoJel
aumnosed.

BakHblll MeXaHH3M TMONepeuHoll pesiakcallid OCHOBAH Ha oOMeHe
SHEepPrUH BHYTPH CHHHOBOH cHcTeMBl. JI1000H mepexof sapa MexXAY

* B enunuuax e-10-28 M2, rae e — 3apsja NpoToHa.
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Puc. VII. 11. Tlonepeunas peJakcanust B JaabopaTtopHoil (a) u Bo Bpamialolieiics
(6) cHcTeMe KOOpIHHAT.

ero CIIHHOBBIMH COCTOSIHHSIMH H3MeHfleT JOKaJbHOE II0Je Ha cocen-
HUX sdJpax Ha 4acToTe, KOTOpasd BLI3LIBAET Iepexoa B o6paTHOM
gHanpaBJeHHH. B pesygbTaTe BpeMsi KH3HE CIMHOBOTO COCTOSHHS
COKpaulaeTcs W, CJIei0BaTeNbHO, BO3HHKAET BKJAAj B ILIHPHHY CHI-
nata AMP auasorudHo caydaio cruH-pelieTounodl penakcamuu. [Ipu
3TOM 00llas 3HEPTHs CIHHOBOI CHCTEMBI He H3MEHSIETCs, M Iolle-
peuHast pesakcaiis 3TOr0 THIA MOXKET PACCMATPHUBATLCS KaK IHTPO-
MAAHBIA npounece. HanpoTus, cnuH-pelieToOuHAsT Pesakcalis sSBJser-
Csl 3HTAJBIHUHBIM [POIECCOM.

B TBep/blx TeJax NonepeuHasl peJakcanis CyIeCTBEHHO OTpe-
JesisleTCsl CTATHUECKHMH TOJAMY AHTONel. B OTCyTCTBHE ABHKEHUS,
KaXX bl CIHH MOJBepPKeH BJANSHHIO HECKOJBKO OT/AXYAIOIIErocs Jo-
KaJbHOrO IOJsl B pe3yabTare JAUNOJBHOTO B3aHMOJEHCTBHS €O
CBOUMH COCEIsIMH. BCHOMHHM, YTO TIONEpedHass HaMarHH4eHHOCThb
M., , npencrassisier coBOl MAKPOCKOIHUECKYIO BETRYUHY, BOSHHKAO-
ILYI0 TOJBKO B TOM CJydYae, eCcjJd FHAHBHIYaJbHble MATHHTHBIE MO-
MeNTEl B 00pa3ne HMelT OAHY M TY K€ JapMOPOBY 4acTOTy H Oj1H-
HaKOBBIA (PA30BBIA yros OTHOCHTENBHO HEKOTOPOIO IIPON3BOJBHOTD
nauana. Orcwoxa scHO, 4TO «pasberanue» JapMOPOBBIX YacToT,
NPOHCXOsILEE 1H3-3a Pa3JHuus JOKaJbHBIX 0Jell, IPHBOJHT K pas-
pywenuto My, 4. Ipaduuecku 310 MOXKeT OLITh ONHCAHO KAK «PACKPbL-
Tie Beepa» BexkTopa M, , (puc. VIL t1). Ilockonvky M. B mpus-
Llile He 3aBHCHT OT 3TOTO Ipoiecca, To ofliasg 3Heprus CIHHOBOH
CHCTEMBl BO BHelIHeM noJe By He H3MeHsIeTcsl (CM. BHIIE).

B xuaxocTsix, Kak npaBuso, nanbosee Ba:KHLIM (HaxTOPOM, OT-
penensiOLLUM BPEMEHHYIO 3aBHCUMOCTb M. ,, ABJIdeTCA HCOLHOPOL-
llocte MarnutHoro noas Bo. Ilpu madoxkeHnd Ha HHJAUBIIYAJdbHbE
Sl1epHBIE CHHNBLI PA3JAMUHBIX BHEUIHHX IoJdell NponcxojiuT «pasbera-
fllie» 1apMOpPOBBIX 4aCTOT M yMeHnlneHue M, ,, NMOJHOCTLIO aHAJO-
Uiygoe noxkasannomy Ha puc. VIILL11. Haa toro urobnl uadexaTsb
VIIHpeHUsl JUHHHA, NPEIBAPHTENbIO Mepel Kam Aol cheMKOfl CreKT-
POB MpoBOASAT ONTHMH3AUMIO OJHOPOAHOCTH TIOJAST ¢ MOMONMILIO TOMA-
CTpolixn rpaguentoB noJs., B KadecTBe HHAHKATOPA OLHOPOANOCTH
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Pic. VII. 12. Curnaa noraouteniis SIMP

(xpusast Jloperna).
- A Bh[éDaHHOe 3jech npeactasdaeHie OTHOCHT-
iy ¢d K J3KCOepHMeHty C pasnepﬂ(oi’l no ya-
1 CTOTe, 4YTO 3SKBUBAJEHTHO 3JKCNEPHMEHTY no
: noJieBOft pa3sBepTKe, BISATOMY paHee 3a OCHO-
] BY. Hactota © OCLIHJIJIHP YIOILETO nonas Hus-
! MeHsercsi, a mnode By (1. e o) YILEPXKH-
BAETCHA [OCTOSIHHDBIM.

W72 Wo w—>
nosisi ucmosabsyercs sBienue «puried» (cm. puc. 111.6). ITpu Gwier-
POM NPOXOXKIEHHM uepe3 PEe3OHAHCHBIH CUTHAn Mbl HaGmiofaeM
BCJIE] 32 CHTHAJIOM CEPHIO 3aTyxalouux Kosjebanuil. Iti Kosebanus
06yCaOBJIEHE TEM, YTO HaMaTHHYEHHOCTb M elle He BepHYyJach K
CBOEMYy CTapTCBOMY 3HAUEHHMIO BJOJb 2-OCH, KOr/la BHOBb IPOHCXO-
nuT coBnajenue M no dase ¢ B;. B aT0T MOMeHT BekTOpH M u Bj
BHOBb B3auMOJielicTByI0T. TaKkoe COBIajeHHe YaCTOT @ H wo TOBTO-
psieTcs A0 TeX HOp, TOKAa He HCYE3HEeT MonepeuHas HaMarHuyeH-
HOCTb. SICHO, YTO TpH 5TOM MepoHl 3aTyXaHHS HJIM HHAMKATOPOM
O/[HOPOJHOCTH MAarHWTHOTO noas My, , sBiserca 3KCMOHEHIH ATbHBIH
cnaj aMIIATYAR KoJjeGauuii. [1pn MelseHHOM NPOXOXICHHH Uepes
Pe3OHAHCHLI CUTHAJ, ONHCAHHOM BHILE (Pasi. 2), He rabaofaercs
HUKAKNX BHTJefl. B 5TOM ciyuae pe3oHaHC YAeDXKHUBAETCS B TeUEHHE
BpeMmenn {, npuuem ¢ Goapuie Ty u Tp. Taxum o6paszoM, BekTop M
ajguabaTHUeCKH CJAEAyeT 3a H3MEHAIOWMMCS HoJeM H B KOHLE 3KC-
nepHMEeHTa BHOBb OPHEHTHPYETCst BLOJb OCH 2.

CoOrJacHo KOJHUEeCTBEHHOMY KJIaCCHYeCKOMY OIHCAHHIO fBJICHHSA
pesonanca (ypasrenue VIII.4) nna ManpX aMIJHTYA OIS Bi, 1. e
Aas y2B3T,\T, < 1, pesOHaHCHBIA CHTHAJ HMeEET BHA

I (0) ==const - B\T,/[1 —I—((oo—m)QTg] (VII. 8)
MIHTEHCHBHOCTb CHI'HAJla B TOUKE pe3oHaHCa (@ = wo) MPSMO MpO-
NOpUMOHANbHA BPeMEHH TIONEePEeYHOH peJlaKcaluu:

I (o) = const - BiT,

Ecau BKJAOYHTE B; B KOHCTaHTY, TO NOJYYUM CJeAyoliee Bhipa-
sKeHHe MJs HHTEHCUBHOCTH CHTHajJa Ha TOJIOBHHE BBICOTHL

11/2= const - (1/2) T2

TTocKOIBKY BeauudHa [z JOJXKHA COOTBETCTBOBATL YPaBHEHHIO 2

(VIL. 8), To
T2/2 = TQ/[I -+ ((DO — (01/2)2 T%]
oy — @p=1/Ty nan

OTKY A A=2/T,

(VIL). §
roe A — IIHpHHA PE30HAHCHOTO CHTHaMa Ha TMOJOBHHe BLICOTH!
(puc. VII. 12). ITockonbky satyxanue My, , Bh3biBaeTcs HEOAHOPOA™ ]

PR
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HOCTbIE) MarHdTHOI'O IOJIS1 U E€CTeCTBEHHOH CHHH-CIHHOBOH peJaak-
cauueld, MOXKHO 3anucarthb

A=2/T5, rae 1/T3=yABy2+ 1T, (VIL. 10)

3aech TEPBLIH YeH COOTBETCTBYET BK/AJY HEOJIHOPOJHOCTH B UIH-
puny. Ecin T usmepsiercss B cekyHaax (c), To BenuuuHa A B rep-
uax umeer Bup A== 1/nT3. Ypasuenue (VII.8) onucwiBaer s0-
peryesy Kpusyio, a CMrHaJ HA3bIBAIOT A0PEHYEB0L (OPMOd AUHUU.

OS¢ dekTHBHOR TNOHHMKEHHE BPEMEHH NIOIEPEUHOH peaKcaliH Ipo-
HCXOJLUT B TOM CJlyuae, eCJIH paccMaTpPHBAaeMble f/1pa IePHOLHUECKH
H3MEHSIOT CBOM JIADMOPOBEI YACTOTHL. OTO sBJEHHE NPEACTABJART
OOJIBIIOH HHTEpeC Ui XHMHH, TaK KakK IS PasJuuHbIX BHYTpH-
H MEXMOJEKY/IAPHLIX JHHAMHYECKHX IIPOLIECCOB, TAKHX, KaK MpO-
TOHHBIA 0OMEH, KOH(OpPMalUHOHHbe Mepexoibl (BaJIEHTHASt TayTo-
MEpHs), MOIYT MPOHUCXOJIUTh OBICTPHIE H OOpAaTHMBlE H3MEHEHIs
PE3OHAHCHBIX YAaCTOT OTAENbHLIX MNPOTOHOB. B TOoM cayuae, ecim
5TOT MEXaHH3M LEJHKOM Onpejessier NONEPEYHYI) PeNaKCalHio, TO
H3 TEMIePaTypPHO-3aBHCHMBIX BeNHUHH T2, KOTOpBIE CBSI3AaHBI C IIH-
puHaMH aunMA (ypasHenne VII.9), MoXHO onpenenuTh 3HaueHHs
ckopocrell peakuuid. Takum 06pasoM, ¢ NMOMOMIBIO CIEKTPOCKOMHH
AMP moryt ucc/e0BaTbesl KHHETHUECKHE IIPOLECCH, H 3TOT METOf
HIPAeT BaXKHYIO POJIb B HCC/IEL0BAHHH OBICTPBIX 0OPAaTHMBIX PeaKIu.

4. UMIMYJIbCHASA CNEKTPOCKOMUS

Ilou CHX NOp Halle omHcaHHe SIMP-akcrepuMeHTOB KacaJjoch CH-
Tyauui, koria JJs BO3OYKAEHHsI HCIOJb30BaJHCh OTHOCHTEJIbHO
craboie noas B; (mopska HeCKOJBKHX HECSTHIX MUJJMTAaycca HiH
menee 1 Bt). B stom pasgene Mbl 06CYyIHM 9KCIEPHMEHTH ¢ He-
N0JIb30BAHHEM CHJAbHBIX mogell B; (mopsaka 10—400 T'c uau we-
CKOJIbKHX COTeH KHJOBaTT). Bo n3bexkaHue MOJHOTO HACHIEHHS
CMIHHOBOH CHCTEMBbl 3TH CHJABbHBIE TOJIS MOTYT OBITH NPHICKEHHl
THMWb B TeyeHHe KOPDOTKOTO HHTepBaJja BpeMeHu. [loss, ymosJer-
BOPSIIOLLHE 3THM YCJOBHAM, Ha3LIBAIOT PAJAHOYACTOTHBIMH (HJIH BBICO-
KOYacTOTHBIMH) HMIyJbcaMH HAM mpocto PU-(n BY)-umnyabcamm.

Hanoxenne BU-umnysbca Ha CIHHHOBYIO CHCTEMVY BBLI3LIBAET OT-
K/IOHeHHe BekTopa M OT 2-0CH M TIOSIBJIEHHE X, y-HAMAaTHHUEHHOCTH,
Kak mokazaHo Ha puc. VIL.5,a. B pesynbrate B KaTyiuke mnpu-
CMHHKa, PAcNOJIOKEHHOH BAOJb X-OCH JaGopaTOPHOR CHCTEMBI KO-
OpAnHaT, BOSHHKAeT MePeMeHHOe HANPSKeHHe, SKCMOHEHUHAIbHO
datyxaiolee A0 HyJsl C TMOCTOAHHOH Bpemenu T35, Curnaa mpu-
ViiKa, HasbiBaeMbli cnadom c80600n0l undykyuu (CCH), uso-
Gpasxen na puc. VIL 13.

Yroa OTKJOHEHHS, HWJIH

«yroj mopoporas «, Bekropa M

(pue. VII. 5, @) ompezensieTcsi COOTHOIIEHHEM
o= (y/2n) Byt

(VIL 11)
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Puc, VII. 13. 3aBucumocTb Hampsienns U, MHAYUHDPOBAHHOTO B MPHEMHOH Ka-

TylIKe Bpawamwelica komnonentofi M,/ ,, OT BpeMmeHH.

rae (y/2n)B; — aMILINTyja, WAH MOUIHOCTb, HMIyabca, f, — dau-
TeAbHOCTL, WIN WUPUKHA, 1iMilyJbca. Hy:KHbie 3HaUeHHs yrja moBo-
pOTa MOJYUAlT MyTeM H3MeHeHHst o0enx 3THX BeqnunH. HacTo Hc-
nosbsyercst yroa o = 90°, npu 3TOM BeKTOp CYMMapHON HaMarHH-
YeHHOCTH paclogaraercs B IJOCKOCTH X, § W CHTHAJ HMMeeT Mak-
CHMaJbHYI0 HHTEHCHBHOCTL. Jlpyroil caywaii: a == 180°, mpu sToM
M unBepTHpyeTcsi H OpHEHTHPyeTcs B Hampab/JeHHn —z. JT0 Co-
OTBETCTBYeT OO0pallleHHI0 NoJaspu3aliy CIHHOBOH CHCTEMEl HJIH
(GopManpHO OTPULATEJNLHOH CHHHOBOH TeMIepartype B COOTBETCTBHH
¢ GOJBLUMaHOBCKHM pacnpefesenuem (pasf. 3, ra. 1). BY-mons, %
COOTBETCTBYIOINE YKA3aHHBLIM Bblllle yrjiaM, HaswiBaloTca 90°-HBIMH
nid 180°-BHIMH (71) UMIOYJbCAMH.

Wcnoabn3oBanye HMIyJibCOB OVAeT Teleph NPOAEMOHCTPHPOBAHG
Ha OBYX 3KCIepHMeHTaX, NpeJHa3HAUeHHBIX LJisl HU3MepeHus Bpe-
med Ty u Ta.

4.1. Usmepenue T,

3nauenne BpeMeHU penakcauun Iy HHAHBHAYAIbHBIX sifep cta- §
AU HeJaBHO HCIO/Ab30BaTh AJMsS H3Y4YeHHS AMHAMHYECKHX CBOHCTB #
monekys1 (06 srom Gomee moppoGHo cM. B Ta. X). B macrosmiee 4
BpeMsi 4acTO NPOBOAAT H3MEPeHHs CKOPOCTEH NPOLOJIBHOH pesak-
cauun (1/T,) sxep yriepona-13. CyuwlecTBYyIOT pasJjMyHbple METOAH ]
nsMepenus Tj; Mbl 0GCYAMM TOIBKO HauGoJee YaCTO HCIOJb3yeMblH §
MeTO0 UMBepcUu — BOCCTAKOBACHUSAL.

[Ipex<iie Bcero PpaccMOTPUM MaKPOCKOMNHUYECKYIO HaMarHHyeH-,
nocts M Bo Bpamlamollefica cucteme koopausar (puc. VII. 14, a).
180°-HbIfi MMIYJbC, HAJOMKEHHBIH HA CHCTeMy B Hauaje 3IKCIepH:;
MeHTa, OpHeHTHpPyeT Bektop M Boab Hampasierns —z (6)-]

B pesysbraTe CHHH-PEIIETOUHOH pesakcaunn sHauenne A ymeHb-
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p4 N T, TO l.'2
Iq/
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a

Prc. VIL 14. TlprHunun u3amepenus
71 ¢ NOMOUIBIO METOJa HHBEPCHH —
BOCCTAHOBJIEHHUS.

maercs (8), Mpoxojsl uepes HYJb (2), W HAYMHAET BO3pacTaTb B
11OJOKHTeABHOM HaNpapJjeHdu ocd z (d), aocturass B KOHIE KOH-
110B CBOEro nepBOoHayaJpHOro 3Hauenusi. OO0O3HAYHM BpeMeHa A4
cHTyalHil 6 — 0 Kak T, To #u To (mocae 180°-moro ummysbea).
B MOMEHTH T; M Tp HaMarHHYeHHOCTb MOXKeT ObITb OOHapyxKkeHa ¢
moMowIbio 90°-HEIX HMIYJAbLCOB, KOTOphie oOpueHTHpyloT M BIOJB
[1OJIOXKHUTEBHOTO H OTPHIATENBHOTO HAIpaBJeHuli COOTBETCTBEHHO.
O6a curHajga pasapuamoorcs no ¢asze na 180° uTO NPHUBOAHT K
JHHHAM HCNYCKaHUsl W MONJOMIeHHs COOTBETCTBEeHHO, B MoMeHT
T; CHIHAJ He HaOJg0faercd, Tak Kak HaMarHHYeHHOCTh B ofpasie
oteyrerByer. OTcioa noJqydaeM COOTHOLIEHHE

1o=7T,In2=20,693T, (VII. 12)

KOTOpOe MOXKeT OBITh HCMOJb30BAHO AJs ONpejesieHHs] BPEMeHH pe-
aaxkcauud T;. Kpome Toro, snaueHue T; MOxKer GBITb OMNPEAEJEHO

CgHs CH3 ™C
; 50,0
H ”{U
T " 5,0
e H -
B N X 4
— 2,25
ﬂ” ! ]ﬁ
T I Tt 1,0
— Tt 1
T ' 0,1
T,¢

Pre. VII 15. Hupepcust — poccranon/ictine B cnekrpe IMP toayoaa.
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6oJee TOYHO C MOMOUILIO MOJYJOrapHPMHUUECKOH 3aBUCHMOCTH HH- -

tercuBHOCTH Mo— Mz or T, Tak kak u3 ypasaenus (VIL3) my- :

TEM HHTeI‘pHpOBaHHH MO2KHO HOJIy‘{I/ITb
In (M — M) == In 2M, — 1/T, (VIL.13)

[Tpumep HCNOJABL30OBAHHSA 3TOH METOJHMKH JJISI cJyyas CIIEKTpa
SIMP 'H rtoayoaa nokasan ea puc. VII. 15. Kaxaslit cnexrp npen-
crapaser coGOH pe3y/bTaT HaJOXKeHHA Ha obpasel MOCAeA0BATE/b-
HOCTH HMTyabcoB 180° v, 90°, mpuuem Bpems 3ajepxku (T) H3Me-
usgoch or 0,1 o 50 ¢. V3 npuBeACHHBIX CIEKTPOB MOXKHO HAaHTH
3HaueHHe T, APOMaTHUECKHX HPOTOHOB, paBHOe 2,25 ¢, uTO NpUBO-
NHT K 3Havenuo T; okoao 3 c¢. Jlag MeTHJbHBIX NPOTOHOB BpEMeHa
T\ HeCKOJBKO Kopoye.

4.2. JKCNepPHMEHT «CIHHOBOTO 3Xa»

du3HKa 3TOr0 3KCIEPHMEHTA MOXKET ObITh Jiyullle BCEro MOsiCHe- |
Ha C NOMOIUBIO AuarpaMmbl, nokazauno#d ma puc. VIL 16. Cayuai
@ COOTBETCTBYeT MAaKDOCKONHYECKOH HaMarHWueHHOCTH M, opuen-
THPOBAHHOI BAOJb OCH Z /1a0OpaTOPHOM CHCTEMBbI KOOpJHHAT. Um-
1yJ1bC, TPHJIOXKEHHBIH BOJb X'-HANpPaBJeHHs Bpallaloleics CHCTe-

Mbl KOODAHMHAT, MPHBOJAUT K OTK/JIOHEHHIO BEKTOpA, IMIOKA3aHHOMY
soite. Tlocae 90°-HOro uMmysabca BeKTop M okakeTcst OpHEHTHDO- |

s

BaHHbIM BAOAbL ocH Yy (6). M3-3a HeOJHOPOAHOCTH MACHHTHOIOC !

nosast By MHAMBHAyaJbHble SACpPHBlE CIHHBI HAayHYT pasberaThcd H *

BeJIMUMHA MONEepeyHOll HaMarHH4eHHOCTH yMeHbpmutcsa (8). Hepes
onpejeseHHbIl NPOMEXYTOK BPEMEHH T HaKJaAbBaIoT

g

180°-npil

UMIYJIbC, TAK 4YTO BCe BEKTODH HNOBOPAUYHBAIOTCA H nepeopHeHTH-‘

pyioTcsi BAoJb HampasienHs —y’ (e). OaHako Temepb MX OTHOCH-
TeJbHOE [BHXKEeHHe IPOHCXOAUT TakKuM o06pa3oM, 4YTO B MOMEHT

BpeMeHn oun Gyayt choxycupoBanbl Biosib —y’(0). Teneps c mo-

MOLIBIO IIPHEMHOH KaTYLIKH MOXKHO OOHapyKHTb Pe3yJbTHPYIOULYIO

TMOTePeyHyl0 HaMarHHYeHHOCTb B (JOpMe CHTHaJja — CIHHHOBOE 3XO. %
Taxkum c6pa3oM, 31eCh HCHOMb3YeTCsl MMMNYJbCHAas NOCJAel0BaTelb-§

HocTs 90°, T, 180°.

Vi3 npoBeJeHHOrO aHa/iM3a CTAHOBUTCS SICHBIM, YTO HHTCHCHB- @
HOCTb CHTHAJa <«CIIMH-3X0» AOJIXKHA 3aBHCEThb TOJBKO OT CKODOCTH#
nornepeunofi pemakcauuu, T. €. OT HeobpaTHMON NOTEPH TONEepeyHORE

M|z

Puc, VIL 16. Cimiosoe 3x0 (cxema)
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HAMAarHHUCHHOCTH 3a BpeMA 27, IOCKOJbKY BKJAA HEOJHOPOAHOCTH
1107151 B mponecc pa3feraHusi sAeMEHTapHLIX CNHHOB 3a cueT pedo-
KYCHDOBKH CBOAHTCH K HyJI0. Ecau 3To Tak, TO aMIUINTyHa CHr-
waja CHHH-3Xa JAOJKHa ObTh nponopuuonanabHa exp(—2t/Ts). Ha
IpaKTHKE CUTYyauHs OCJ0KHAETCA INpoueccaMu AudQy3HU, NMPHBO-
JAIMME K H3MEHEHHIO HOJOMKEHHH CHUHOB B MArHUTHOM [OJI€, 4TO
B CBOIO Ouepelb BLI3LIBAET PA3MBIBAHUE PE30HAHCHBIX YACTOT CIH-
HoB. OJIHAaKO 3TO YCJIOXKHSAILIEe 0GCTOATENbCTBO MOXKHO A0BOJABHO
H3ALUHO O0OHTH, ecau BMecTo eaMHCTBeHHOro 180°-HOoro HMmysbca
B MOMEHT T HCIOJIb30BaTb CEPHIO HMIYJAbCOB B MOMCHT T, 3T, 51
n T. A. (‘mocieloBatesnbHOCTh HMnyJabcos Kappa — Ilepcensa).
YMeHbllIeHHe aMIJIUTYAbl CIHHOBHIX 3X0, 3aMHCHIBAEMBIX B MOMEH-
T8l 2T, 41, 61 M T. 4., Telepb OKa3bIBAeTCS NPONOPLUHOHAJLHLIM
¢xp(—1/T2), ¥ ecu TONBKO HHTEPBAJ MEXIy MMOY/bCAMH MaJ, TO
BAUsHNEM AHG(Y3HH MOKHO NpeHeOpeub.

4.3. UmnyabcHas cnektpockonus SMP-®I1

Ha npuMmepe onmucaHHBIX BHILNIE ABYX HMIYJIbCHBIX 3KClEpHMeH-
TOB OBLIO NOKa3aHO, KaK MOXHO HMCHOJL30BaTh CHJAbHLie BY-noas
JJIs OBOPOTOB BEKTOpa HaMarHHYeHHOCTH M B oupejiesenHnlx Ha-
NpaBJeHHSAX B KOODAMHATHOH CHCTeMe M /151 H3YUeHHs pesakca-
IHOHHOTO MNOBeNEHHS HaMarHHieHHocTH. IlpensioxeHo Muoro pas-
HOBHJIHOCTEH 3THX 3KCIIEPHMEHTOB, NPOBOAMMBIX B KHAKOCTSAX H
TBEpABIX TeNaX H OCHOBAHHBIX HA HCIOJbL30BAHUHI ONPEAeTCHHBIX
NOCJIeA0BATEAbHOCTEH HMMOYJAbCOB. IJTH MOC/JEN0BATENBHOCTH o6pa-
3YIOT OCHOBY OTAENBHOH 06sacTH cmekTpockonuu FMP, uasbiBae-
MOl umnyivcrol cnexrpockonuell. Hanbomee BaXKuple IPHIOKCHHSA
HMOYJIbCHOH CIIEKTPOCKONHMH NOSBUJHCH 110CJEe TOI'O, KAk DPHCT H
Anpepcon nokasanu, yto BU-UMIYJAbCH MOTYT HCIOJbB30BATHCS AJIST
BO36yKAeHHss OObLIYHBIX cnekTpoB SIMP Bhicokoro paspetenns, a
TAKXKe [0CJe TOro, Kak OblM HalZeHBl cnocoGnl aHAJH3a CHTHA-
JI0B, IETEKTHPYEMBIX B XOJe MMIIY/IbCHOTO BO3OYXKAHHS.

Ecnu K ciMHOBOH cHCTeMe MHOTOKDATHO MPHKJIAALIBATh CHJIBHbIE
BU-umnysibcn B TeueHHEe KOPOTKHX HHTEPBAJOB BpEMEHH, TO BO3-
HHKaer cHTyalHsi, IPH KOTOPOH OJHOBDeMEHHO BO3OYXKIAIOTCH SApa
C JapMOPOBBIMH YacTOTaMH{ v; B JAHamas3oHe yactoT Av. dt1o npo-
HCXOAHT MOTOMY, YTO MMIIYJbCHO-MOAyJanpoBaHHoe BU-mose ¢ He-
Cyllled 4acCTOTOH Vo, T. €. NOCJAEAOBATENBHOCTb HMIYJIbCOB C YACTO-
TOH vy H JAJIMTEJIBHOCTBIO [, CO3AaeT GOKOBHE NMOJOCH! B AHAMA30-
He yagror +1/f,, pasfenenHsle HHTEpBaJOM yactor 1/t,, rme f —
llepyox, noBTOpPeHHA WMNYJAbCOB. 2TO HAMJSAHO [OKA3aHO Ha
buc. VII. 17, rAe nocseloBaTeNbHOCTb HMIYJbLCOB g TNEPEXOAHT B
HacToTHOH 06/1aCTH B CHEKTp 6.

3aMeTuM, YTO 3TOT IKCHEPHMEHT, OYEBMIHO, SKBHBAJCHTEH Ha-
J0xenu0 GoJbLIOTO YHCsa Nojded B, ¢ pasHBIMH YacTOTaMu v,
IT0 B npuuiHne MOXeT ObITh PeaH8OBAHO B MHOTOKAHAJBHOM
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: KOMITOHEHThI.
R — COOTBETSTRYIOLLHE YaCTOTILie
[TOBTOPEHUS t,, 6 — coo

npefeNeHHBIX B HCCAelyeMoli 06/1aCTH CIeKTpa H ch(zﬁi%lem«gx;e |

KAEHUS BCEeX DPE3OHAHCHBIX J .

OJIHOBPEMEHHOTO BO30V X 1 b

C:IE“LBHT(S}II:HOCTH JJIs1 3TOH 1eJH MOXKeT GblTh HCIO0Jb30BAHO cm};r:; :

BU-moste, uro cneayer u3z ypasuenus (VIIL. 2), koropoe mpaer s
’ J :

UHHY 3G eKTUBHOrO 105 Bigg
[ Bogp | = 20/} [(v — v:)* -+ (vB)/2m0)*]' 2

Jas 6oapminx noJdefd Bi, yAOBJIETBOPSIOUINX YCJAOBHIO (V/QJ;;IZ?‘
> Av, moxHO npeneOpeub ujgeHoM ¢ (v —v;), OTKyIa }

’ .
npubJIHKEHHOe COOTHOILEHHE

(VIL _

VIl §
Bad)(bz BI (

Hns danep ¢ pe3OHAHCHBIMH YaCTOTaMH B 06JlaCT0yg Av Biﬁ;ﬁ?ﬁ
MarHHYeHHOCTH npeueccupyetr Boxkpyr Bj. das 9 -Hg;())B s
(vBif, = n/2) ykasaHHOe Bblle vciaoeue aas (y/ 1 y
p e -3

HSETCSI, eC/IH
t, < 1/(4n Av)

Takum oGpasoMm, TpeGyWTCS KOPOTKHE AJHTEJLHOCTH HMIY/IbY
KaK [PaBHJIO, COCTABJSIOUIHE HECKOJIBKO MHKPOCEKYH.
M ’

(VII. ‘
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K Tomy xe BBIBOLY MOXKHO MPHHTH, ecau erye Pa3 B3rIsiHyTL Ha
puc. VIL 17,6, rae mnokasano COOTHOLUCHHE MEXKAY AHANA30HOM
1aCTOT M YHCIOM GOKOBBIX moJoc, ¢ OJAHOH  CTOPOHEI, H MexX 1y JjHa-
[1430HOM 4acTOT W mapamerpamu tp U t, —c npyrofi. Takum obpa-
SOM, HMIYJIbCHOE BO30yiKi1eHne SIMP Tpefyer MaJbX 3HAYeHH[] tp
it GOJIBINMX 3Hauenuii ¢, B ipesiese ¢ poctom ¢, Beanumna Av
VMEHBIIACTCH 10 HYMS W GOKOBBIE MOMOCH) ucuesaor. Torpa wmpl
HOMYUaeM CHTYaLHIO, aHaJIOruuHyIo TOH, KOTOpas BeTpeuaeTcs p
TPALHIHOHHOM 3KCHepHMeHTe ¢ HEIPEPLIBHO HAKAAABLIBACMBIM [10-
:1eM Br. B To ke Bpems ecan fr yMeHbWHTCS, TO pasHocTb yacror
MCRIY HHANBUAYAJIbHHIME GOKOBLIMH 4acTOTamu Oymer Bospacrars,
[IOKa HAKOHEU Mbl BHOBL He NpHIeM K HenpepelBHOMY (cTaunonap-
HOMY) cayyaro.

KakoBo xe IPEHMYyIIECTBO HOBOH TeXHHKH BO36yKAEHHS 1o
CDABHEHHIO C THANMUHOHHOM CTALIOHAPHON cleKTpockonueli? Sto
BRLISICHITL BecbMa npocto. Homyerum, yro caexTp SIMP ¢ wupunoi
500 T'n o6uapyxusaer 10 anipmui ¢ noayutapunoit 0,5 Iy, [las
TOTO YTOOBI 3amMKcaTh 3TOT COEKTP, Mbl OCBIYHO BLIGHpaem BpeMs
samiacu 250 wnam 500 c. OuesnaHo, 4To TOMLKO 2 % Bpemenn npo-
NOZKICHHST HCHOJAB3YeTCs aJ1s PETHCTpaUuyu HHTepecyomeld Hac pp-
Gopmanuu, yro COOTBETCTBYeT BpeMexH, HEOGX0IUMOMY A5t n3me-
PEHHIST CAMHX PE3OHAHCHBIX CHIHAJIOB. Ocraromeecs spems dakrun-
YCCKIT TEpACTCS BNVCTYIO, Ha 3amuch lryma. TIpn nenonbsobanmy
OOLIHOTO CTAaLHOHAPHOro CIIEKTPOMETPA C eANHCTBEHHBIM reHepa-
TOPOM MBI, BIIpOYEM, He HMmeeMm APYroro cnocoba aas samucn ne-
HISBECTHOTO CIEKTPA, KPOMe MeLTeHHOro pOXOXKAeHHs uepes chek-
TPaIbHYI0 oGsacT, IpOBEpsisl B KaxkKA0H Touke, OPOHCXOAUT JH
Toraomenne uam Her. Toabko HMIyJbCHASE TeXHUKA fdaeT Ham
MCTOZL, KOTOPBIA MO3BOAsET CYymIECTRENHO YMEHBUIHTL BpeMs, Heol-
X0.1IMoe a1 ocyIlecTBaICHST 3TON yacTH oKrcnepunmenta. [Tpakruye-
Ckil Hamwe BY-nmose cranosutes TOJHUXPOMATHYCCKHM.

Hanee Heobxoaumo PaccMoTpeTb, Kaklie CHIrHAJb NeTeKTHPYIOT-
1 10c/Ie BO3GYIKICHHA H Kak UX MOMKeM IpoananusHposaTs. Ecun
BIOBL o6paTuthes Kk comocTabienmio Metona SIMP u ontnyeckof
CHCRTPOCKOMHUIL, onucaHunoMmy B ra. I, To momug IpHHTH K BbIBOAY,
4T0 1IpH Menoab3oBaHMH TMOJTHXPOMATHYECKOrO 06.AyUeHHs HaM, oye.
BiL1ilo, motpeGyercs YCTPOKCTBO, 3KBHBaJeHTHOe npU3Me B omrTH-
qeckofh CIIEKTPOCKOMHH.

Aas toro uro6w pasobpatbest B 3Toll yacry 9KCMEepHMenTa,
Bliauae obcyanuM GoJee feTambo XaPaKTep cUrHana B npHemun-
K. B cayuae CIEKTPa, COCTOfIIEr0 H3 eIMHCTBEHHO JIMHUH, Gy-
2T sanicusarpen cmajg  cBoGOAHOH HHAYKIMM, NIOKa3aHHBI Ha
Phe. VI 13, My Ye 3HaeM, uto ornGaiomas Kpupoj crnazna onpe-
Shierey Bpemenen T3; kpome Toro, HHTEPBAJ BpeMeHH MexAy Ma-
KCI;{»\I}'MHMH STOH 3aTyxaioilell CHHycOHDI COOTBeTCTBYeT ofpar-
BEMYNHe OT pasHocT wacTor Av, MEXIy 4acTorofi nmmy.p-

¢ . . . " )
o v g APMOPOBOIL 4acTOTOR v, u3Mepsemof pesonaunchof
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Puc. VIL. 18. Curnan npHeMHHK2, COOTBeTCTBYIOULHH OAHHOUHOMY curHany SMP,

a - Bo BpeMeHHOM INpeAcTaBleHHM KaK cnaf cBo6GoaHol wuniaykuuu (CCH); 6 — B uyacTo
HOM TnpeAcTaBaeHny B dopme xpHpo# JiopeHua. ¥

gunun. Takum 06pasoM, KpuBas ciajia BO BpEMEHHOM lpeAcTaB/eHH
COJCPKHUT BCIO HH(OPMALHIO, HEOGXOAUMYIO /I ONHCAHHs CHTHAIY
SIMP B yacTOTHOM IpeACTaB/JeHHH, TAK KaK BeJHUHHA Av; onpelesl
JSeT MOMOMKeHHe JHHMH (OTHOCHTeNbHO Vo), a BejnunHa 12§
¢opmy aunun. Ciael0BaTeJNbHO, PerucTpaiuus BpeMeHHOH 3aBHCHM@
CTH Clafla X, Yy-HAMATHHYEHHOCTH MOJHOCTHIO 3KBHBaJeHTHa 3ali
cH CIeKTpa B TPaAulULUOHHON (opMe UYaCTOTHOrO mpeicTaB/eHM
(puc. VII. 18), no oHa tpeGyer meHnee 1 c. ~

Baxno moHAThb, 4To 0Ge Qopmbl cnexkrpoB IMP, nokazaHHM
na puc. VIL. 18, sBasorcs AByMs MpeACTaBNeHUAMH OJHHX H T§
we pannbix. OMHO H3 3TUX TpeACTaBJeHHH ocyluecTBssfeTcd §

BpeMeHHOH wIKale (8pementde npedcragienue), npH 3ToM Crekd
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aBasierca Qynkuuen spemenn [(f). Ipyroe mpeicrabiense ocyule-
CTBJASIETCS] B YaCTOTHOR IuKaJjge (4QCTOTHOe npedcTasaerue), a
cneKTp sBasercs (QyHkuueH uacrorel F(v). [lepexon or oaHoro
fpeJCTaB/AeHHsl K /JPYIOMY OCYULECTBJASCTCH C MOMOLIBIO XOPOUIO
H3BECTHOH MaTeMaTHYeCKOH INpOUeLYphl: apeobpazosanus Pypee.
B srom cMeicie cnajg CcBOOOAHOH MHAYKUHH H CTAalHOHApHBIH
ciiexTp o6pasyoT mnapy QYHKIHHA, CBS3aHHBIX Npeo6pa3oBaHHEM
Qypre (napy Pypoe).

B maremartuke o00a mpejcTaB/eHHS] CHUrHA/JMa NPUEMHHKa CBS-
3aHE MeXxAy cobofi caelyIOlUHM COOTHOIUEHHEM: /s BpEMEHHOH
obaactu

+ oo
F(t)= S F (v)exp (— i2nvt) dv (VIL. 17)
H AJS YaCTOTHOM OBJIACTH
+o00
F(v)= S f (f) exp (i2nvt) dt (VIL. 18)

— 00

(anech i= V?i) [peo6pasosanue f(¢f)— F(v) mnpoBOguTCA IO
TOYKAM C TIOMOIIbIO COOTHOIIEHHS

N-1
i 3 T (Z20)

k=0

(VIIL. 19)

rae Fj— j-a Touka B yacrotHoft o6aacth, Tr — k-1 TOYKa BO Bpe-
MeHHOl o6sacti, N — obijee uyncsao Touek. Bulpaxkenue (VII. 19)
MOKeT ObiTh BBIUHCJAEHO C NMOMOINBI0O MHHHKOMIBIOTEPA C HCIOJb-
30BaHneM npelsioxeHHoro Kynu u TbioKM CTaHZapTHOTG aJITOPHT-
Ma, JeTajH KOTOPOro JexXaT BHe HAUIIer0 PaccMOTPEHHS. YKasaH-
Hble MateMaTH4YecKyue MpoUeAyphl NO3BOJSAIOT HaM aHaJH3HPOBATh
CHTHAJ NMPUEMHHKA W YacTOTHI, ONpeAe/AioNiHe cnajl cBO6OAHOH HH-
RYKIHH.

Ha npakTuke cnaj cBoGoxHOH MHAYKuuH cnektpa SAMP umeer
3HaynTeJbHO GoJiee CAOXKHYIO (OpMY, 4yeM Ta, KOTOPad mpHBeleHa
Ha puc. VIL 13, Tak kak cnaj onpenensercs HaJOXKeHHeM OTae/b-
HBIX PEe30HAHCHBIX CHIHAJOB, BKAouas mwymul. IIpumep Taxoro cna-
na npusefen Ha puc, VIL19,a. Onnako Huuto He Meuaer 3auk-
CHpPOBAaTh CHrHaJ B HU(ppOBOH (opMe B maMaATH KOMIblOTEpa HM-
nyJbCHOTO (ypbe-cIeKTpOMeTpa M NO3Ke NpeoGpasoBaTh B CHEKTP
Y&CTOTHOrO NPEACTABJCHHUS.

Tak kaxk c6op AaHHHX npoMcxoZuT Owierpo (32 1 ¢ nau OH-
CTpee), TO, KOHEWHO, Jyulle HAKAIJIHBATh OT/Ae/bHBHE CIajibl CBO-
Goanoil MHAYKIUU Tpexie, yeM OGyaer NMpoBeAeHO mpeobpasoBaHue
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Puc. VII. 19. ®ypoe-npeobpasopanue curnana SIMP 0,1 %-unoro pacrtsopa 3THA-
Gewzoaa {11

a —crnaa ceofoinod HHAYKUHH; 6 — OGbluHbIfl cTaUMOHApHBIN CIIeKTp, BPeMsA [POXOXAECHHSA
1000 ¢; 6 — dypbe-ciexrp 1000 MMIyabcoB ¢ NepHOAOM NOBTOPeRHS | c.

®yppe. 3anuch HECKOJNbKHX COTEH HMIYJbCOB TPeGyeT MHHYTHI, H,
CJIeOBATENbHO, MOMKHO CYUIECTBEHHO VJYYIIHTL OTHOIUEHHE CHI-
Han/mwym (puc. VII. 19). D10 nenaer Qypbe-TeXHHKY BaKHeHIIHM
METOMOM [Jsi cHeKTpockonud SIMP «Masou4yBCTBUTENbHBIX> SAED
(nanpumep, 3C unn N); necnefoBanys B 3TOM HalpaBleHHH CY-
ILeCTBEHHO [POJBHHY/IHCh BIEPEL TOMBKO HOCAE BHEIDCHHS HM-
nyJbCHOll pypoe-crexrpockomii. To, uto Ha panunx CTaluax Kasa-
JIOCh TeXHHKOH, NpefnasHaueHnoll A7s peUleHHs JHIIb HEKOTOPHIX
ClenyabHBIX TpobJjeM, BCKOpPe BLUIMJIOCE B HauboJee MOULHBIH
MeToJ coBpeMeHHOH cnexTpockonnn HAMP u  OTKpelIo HOBHE
chepsl npuMeHenHs. Mpl BepHeMCS K HMIYJALCHOMY MeTOLy B
ra. IX npu o6Cy:KIGHHH Pa3HYHBIX 3KCHEPUMEHTaJbHBIX acleK-
TOB, CBA3aHHLIX C IIPHMCHeHHeM 3TOH TeXHHKH B CIEKTPOCKONHH
SIMP BBICOKOTO paspeLIeHHsl.
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naesa VI

OMHAMUYHECKHME DD MEKTHI
B CMEKTPAX SOEPHOTO MATHMUTHOIO PE3OHAHCA

Kak yike oTrMeuasoch B0 BBEXEHHH H NpeAbIAYUHX TJIaBax, CAEKTPOCKONHUIO
SIAEPHOTO MATHUTHOTO PE30HAHCA MOXKHO HCMOJb30BATH AAA M3y4YeHHs Obl- - -
¢Tpbix 00paTHMbix peakuui. ®opma aunuit curnajnog SIMP uyscrBuTEnbHA
K npoueccaMm XMMHYECKOTo oGMeHa, ecjin 3TH NPOollecchl OKa3blBalOT BJAHAHKE
Ha napamerpnt SAMP usyuaemoro sapa. floaromy cnektpet SIMP muorux
COelMHEHWH 3aBMCAT oT Temnepatypsl B nocieayroouiux pasaesax Met 06cy-
AUM (M3HYECKYI0 CYLUIHOCTH 3TOI0 #BJEHHSl, KOTOPOe HA3bIBAIOT ceHyac Aau-
Hamuueckum SIMP, u npouantoctpupyem ero npHMeHeHHe B OPraHHYecKoi
XMMHH HAa KOHKPETHBIX MpHMEpax.

1. OBMEH MPOTOHOB MEXAY MOJIOXEHUAMM
C PA3JIMYHBIMN TAPMOPOBbLIMA HACTOTAMMU

PaccmoTpuM BHauage kjaaccuueckuil npumep N, N-aumeruadop-
maMuaa. Ceasb C—N wmexay kapOGOHUJABHON TPYNIOH H aToOMOM
a30Ta B 3TOM COEJMHEHHN HMeeT CylleCTBeHHO ABOHHOH xapakrep,
YTO MOXKHO IPEJACTABHTH BKJaJ0M KaHOHHYECKOHi CTPYKTYpbl 0O B

H,C 0
H3C\ //0 3 \J_C/
N_C\ VAR
H4C H H5C H
a a

pesoHaHCHBIT rubpua. B naockofi KoHGOPMalHH, COOTBETCTBYIOILEH
MHHHMYMY 3HEPrHH MOJEKYJbl, IIPOTOHB OOEHX MEeTU/JbHLIX rPYNN &
HAXOAATCS B Pa3JUYHBIX XHUMHYECKHX OKDYXKEHHSX H [O3TOMY &
HMEIOT pasHble PE30HAHCHbIE YaCTOTH Va H Vs. BHyTpeHHee Bpa- §
ueHue BOKPyr cBsasH N—CO NpHBOIAHT K BHYTPHUMOJIEKYJSIPHOMY
o6MeHY TNOJOKEHHSIMH MeTHJbHBIX rpynn a = a’. Oguako stor 06- &
MeH NpH KOMHATHOH TeMmepaType NpOTeKaeT € HH3KOH yacToTOH, 3§

) 0
N—C = N—
/ \ / \
(vglH3C H H3C H
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Pric. VIIL 1. Currans MeTHABHEIX npoToHOoB B cnektpe FIMP {H 2-mernnokcenuna
(137) npu pasanunnix temneparypax (°C).

NIOCKOJIbKY 2HepreTHueckuii Gapbep TakKoro mpomecca BHICOK (OKOJIO
88 xIx/monan, wau 21 kkana/Mosb). Bpems npebriBaHHS MeTHJb-
HLIX TPYHII B YUC- WIH TPAHC-TIOJIOXKEHHAX IO OTHOUICHHIO K Kap-
GOHHABHOH TrPYINe AOCTATOYHO BEJHKO, H [OTOMY JJIA HHX Ha-
faroaioTes ABa pasfe/bHBIX CHrHajsa (cM. puc. 3 B riase «Bene-
Hue»). Ecsu NOBBINATH TEMIEPaTYPy, TO 3TH CHTHAJbl YLIHPSIOTCS
H HakoHell npu Temneparypax Bniwe 120°C cauBaioTtcss B OAHY
auHHpo. OYeBHJHO, YTO NPH IOBHILIEHHBIX TEMIepaTypax HCUe3aer
BO3MOXKHOCTb Pa3JUYHTh METHJIbHEIE TPYNIEl B YUC- U TPAHC-TIONO-
KeHHAX.,

Takas ke TeMnepaTypHast 3aBUCHMOCTb HabJIIOLAETCS B CIIEKTpe
MPOTOHHOTO pe30HaHca [AJs CHTHAJIOB 2-MeTHJOKcennua (137).
Ecnu Mpl 6yneM ciequTb TOJBKO 38 CHrHAJOM METHJAbHON TPYIIIEL,
To uaMeneHue crnekrpa SIMP B 3aBHcHMOCTH OT TeMmepaTypht npo-
fBasierca oryerauBo (puc. VIII 1). D10 H3MeHeHHe MOKHO 00bsic-
HHTL mpoTeKaHueM OODAaTHMOH BaJeHTHOH H30MepH3aUHH 2-MeTHJ-
OKcenwHa B 2-MeTHNOEH30JI0KCH (6 ==e), KoTopasi IPH KOMHATHOH

CHs
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Puc, VIIL 2. Cnekrp SIMP !H MeTanosa npd pasHbiX TemmepaTypax (°C).

TeMmieparype sBasercst ObicTpuiM mnpoleccom. OHa BEHI3bIBAET Me-
pHO/MUECKOe H3MEHEeHHE XHMMHUYECKOrO OKPY:KeHHs METHJbHbIX MpO-
TOHOB M HX JapMOpPOBOHl 4acTOTH. 3/1ech sHepreTuueckuil Gapnep
cOCTaB/SIeT TOAbKO 0KoJa0 30 KJK/Moub (7 KKaJ/MOJb), HOITOMY
OT/IeIbHBIC PE3OHAHCHBIE CHIHAJbl METH/bHBIX IPYIN ABYX H3OME-
pOB MOKHO HAa6/101aTh TOJAbKO IPH OUYeHb HU3KHX TeMmnepaTypaX..
Kpome 1oro, BHAHO, YTO 3TH CHIHAJBI HMEIOT DA3JHYHYIO HHTEH"
CHBHOCTD, NOCKOJBKY H30MEpPH pas3juuaioTca M0 3HEePrud H MoITOMY
[IPHCYTCTBYIOT B PA3JHYHBIX KOHLEHTPALUAX.
Elie oanH Ba)<HbIH THI H3MeHEHHIl CIeKTPa B 3aBHCHMOCTH OT
TeMIepaTypsl MOXHO NPOH/UIIOCTPHPOBATb  CIEKTPOM —MeTaHo/1d
(puc. VIIL.2). Tlpu —65°C HabaiofaeTcsa MyJbTHIIETHOE paculel
Jenne, oxngaemoe iis cucremsl AX;. Tonkast CTpyKTypa, o6ycn0B-’l§

JeHHasl CNHH-CIHHOBBIM B3aHMOJeHCTBHEM, NPH MOBLIIIEHHBIX TEM g
mepaTypax cTaHOBHTCS MeHee OTHYCT/IMBOH U HAKOHeLl gicqewﬂ;
BCJIEACTBHC yBeJHUHBAIOILErocs yupenns annnil, [Ipu 37 °C sHOBb
HAGMIONAI0TCSA y3KHe CHUHAMbl, HO yxKe Ge3 COMH-CIHHOBOrO pac
JelJIeHHd; KpoMe TOr0, YMEHBIIAETCS Pa3HOCTb XHMHYCCKHX ClIBH:
rop mexay curaanamn CHs u OH. Curnan OH cmemaercst B cTOTr
POHY CHJBLHOTO NOJISI, NOCKOJbKY BOMAOPOAHDLIC CBA3H aucconuupyo?
C NOBbINIEHHEM TeMIIEPaTypLl. [
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O6uas npHYHHa ONHCAHHLIX Bbiile 3(GPEKTOB COCTOUT B TOM,
q10 PAa3HOCTL JHePrHil MexKAY MATHATHBIMH [OJOMKEeHHSIMH C pas-
JAWYHBIMH JIAPMOPOBBLIMH YacTOTaMH ouedb Mmaga. s toro 4toGhl
I3MEPHThL TaKHe MaJble PAasHOCTH, BPeMsl KHUSHH SIApa B KaKIOM
1{OJIOZKEHHH T JOJXKHO OLITh ZOCTATOYHO NJIMHHBIM. B cooTBeTcTBHU
¢ TPHHUHUIOM HeonpeledelHOCTH HHMKUI npefea AAs T Jaercs
BHIPaKEHHEM

v ~ (1/2) n (VIIL 1)

rae 6v = AE/h — pasHOCTb pe30HAHCHBLIX YaCTOT Va — Vp JJIS JBYX
1no/0KeHHH. EcaM T cTaHOBHTCSA CAMIIKOM MaJibiM, TO HAGMI01aeTCs
CHEeKTpP, YCPeJHEHHbIN 110 BPEMEHH.

B caydae aumerundopmamupa ypasuenre (VIILI) napywaer-
csl, KOrZla YacTOTa BHYTPEHHEro BpalleHHs MOBHIIAETCS ¢ TEeMIle-
paTypol M TeM caMbiM BBI3bIBAET YMEHbIIEHHE BpPEMeHH MKH3HH
I[POTOHOB METH/ILHBLIX TPYNI B NOJOXKEHHAX ¢ PasHbIMH JapMOpO-
BLIMM UacTOTaMH. 3DTO CHPaBEAJINBO H JIJs B3aHMONpeBpalleHus
BAJIEHTHBIX TAyTOMEPOB — 2-MeTHJIOKCEeNHHa H 2-MeTHAGEH30/0KCH-
J1a. B sroMm cayuae BBICOKHE CKOPOCTH pPEAKUHH [PH KOMHATHOH
TeMIIepaType COKpallaloT BpeMsd JKH3HH HiKe JONYCTHMOro Ipe-
Jena. M B cayuae meraHoJa HaGJaM0[eHHe CIIHH-CMHHOBOTG paclilel-
JeHHsl SKBHBAJEHTHO H3MEDPEHHIO OYeHb MaJblX Pa3HOCTeH 3Hep-
rufl. TuApOKCHABHBle NPOTOHBI cBsi3aHm ¢ ocratkamu OCH,, koro-
pble B pAasHbLIX MOJIeKyJaX HMelT pasjHuHble 3HAYEHHS IIOJHOrO
ciusa (+3/2, +1/2, —1/2, —3/2), 40 ¥ NPUBOAHT K NOSBJICHHIO
Pa3HBIX JaPMOPOBLIX YacToT. st paspelIeHHsi COOTBETCTBYIONMX
pasHocTell 3Hepruit Bpema KU3HH nporoHa OH-rpynnm B kamxagom
H3 MOJIOXKEHHUH M0JKHO yAOBAETBOpsATh ypaBHenuto (VI 1). das
3TOTO MeXMOJIEKYJASAPHbIl 06MeH Yepe3 BOJAOPOAHLIE CBSA3H JOJKEH
OBITb Me/JJIeHHLIM. B NDOTHBHOM cJydae pasH4nsi MeXKIy HHAHBH-
AyaJpHBIMH CHTHAaJaMH HCYeSalOT M PerHCTPHUPYETCA TOJMbKO ycpen-
HEeHHBIH 10 BpeMeHH CIeKTp.

B stom otnomenun cnextpomerp SIMP nono6en doroannapa-
TY, KOTOPHIH 3apsKeH IJeHKOH HH3KOH UYBCTBHTENbHOCTH. UTOOHI
NOAYYUTH OTUCTAHBYIO oTOrpadHuio, Mbl AOMKHBI CHHMATbh OOBEKT
¢ IAUTENbHO! BbilepKKOH [losTOMY Haumr 00DBeKT, B JaHHOM cJaydae
H3yyaeMoe SAPO, AOJXKEH [OCTATOUHO AOJATO OCTABATLCSH HA CBOEM
MecTe B NAHHOM OKpy:KeHHH. B cpaBuennnm ¢ sTum uMHppaxpachas
H ynbrpacduoneToBasl CIEKTPOCKONMHA — 3HAYHTENLHO OoJee GHICT-
phle MeTOAM, M 3[eCh OObYHO He HabGJI0AaeTCsl BPEMEHHOTO yCpea-
HeHus cleKTpasJbHBIX TnapameTpoB. OOBbsCHEHHe 5TOT0 OTJHUYHS
OCHOBaHO Ha TOM (pakTe, YTO HHIHBHIyaJibHble JHHHH B TAaKUX
CIeKTpaX COOTBETCTBYIOT OTAeNbHBIM 3HepruaMm. Tak, pasHocTb B
Bonmpopmx umesax 10 em~! skemBanentHa AE 1197 x/moab
(28,6 kan/mosib), B To BpeMs Kak pasuuua B 100 I'u npu paboueit
tactore 60 MI'L, Kak yxe OTMEuaJoCh Bbllle, COOTBETCTByeT 3HA-
‘a0 AE Toabko okoqao 4,2-10-7 Ix/moab (10-7 kaun/Moub).
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1.1. KonnyecTBeHHoe onucanue gUHaAMuUyeckoro SIMP

UTo6bl yCTAHOBHTH KOJHUECTBEHHYIO KOppeJANHIO MexKAy (Pop- .
Mmo# nunun cnekrpa IMP, ¢ 0JHOH CTOPOHBI, H MEXaHH3MOM U KH-
HETHKO{ ONHCAHHBIX AHHAMHYECKHX [IPOLECCcOoB, ¢ APYyro#, HamLo
HaHTH COOTHOLIEHHE MEXKAY BpeMeHAMH KHU3HH NIPOTOHOB B NOJIOXKE-
Husx A u B u ¢opmolt nuHun cursaaa IMP. 910 MoXKHO cheaaTsb
Ha OCHOBe ypaBHeHuii DJ/oxa, KOTOphle ONUCHIBAIOT GopMy peso-
HAHCHOTO CHTHajla Kak (YHKIHIO TeKylled 4acTOTHl v H BPeMEHH
nonepedHoi pesnakcaunu I's. [TockOABKY, KaK OTMeUYeHO B pasi. 3.2
ra. VII, mpouecchl xumuueckoro ofveHa npeicTas/isfioT cobof 3¢-
DekTHBHEII MeXaHM3M [ONepeyHOH pejaKcaluHl, HX BJHsIHHE Ha -
dopmy aunun JIMP sBaserca ¢ynkiuen To.

Jasi mpefcTaBleHHOro caydas, KOTJa JAMHAMHYECKHMH Tmpolecc
BLI3LIBAET H3MEHEHHE JIaPMOPOBBIX YACTOT Vg == Vp, HEOOXOAUMO MO-
andunuporaThk ypaBHeHusl baoxa, Tak Kak B cBoeH 00BIYHOH dopMe
OHHM MO3BOJISIIOT PACCUUTATL TOJBKO CHIHAJB NPH va H Ve, [IOMHMO £
OOBIUHBIX pesaKkCcauMOHHBIX 3(P¢eKTOB XMMHYECKOe DaBHOBECHE BHI-
3BIBaeT 34BHCSALIME OT BpPeMeHH H3MeHEeHHsl HaMarHHYeHHOCTH B’
Kax/I0M H3 TTONOXKEHHH :

ka

A =—= B
kp

o

[Tpu 3TOM HaMarHHYeHHOCTb B MJIOCKOCTH XY B NOJIOXKEHHH A Bejen-
CTBHE HepeHoca sijep H3 MoJomkeHus B yBeauynBaercs Ha BeJH- .
YHHY, NMPONOPUHOHANbHYI0 ksMp. B TO Ke Bpemsi nmpoucxomur ee:
vMeHblIIeHHe, NMPONOPLHOHAAbHOE BeauunHe k M., H3-33 mepexoja.
Alep B mojoxKeHHe B. AHajornuHasi cTyauusi co3jfaercs AJs HO- -
goxenusi B. Ilogpo6uoe paccMmorpenne stux peqauuun (e, ra. IX) -
IIPUBOAKT K CJEAYIOUIEMY YDaBHEHHIO (opmol auHuu g(v) peso-:
HaHCHOTO CHTHaJIa:

g (v)=[(1 + w7A) P + QR]/(4nP? + Q?) (VIIL. 2)é

rae P == (0,25A?2— v+ 0,256v¥)t + A/dw; Q = [—v — 0,5(pa —&
—pe)6v]t; R =0,5(pa — ps)év —v(l 4 2n1A); T = tats/(Ta +£
-+ T8); Ta, T — CPe/IHME BpeMeEHa XKU3HH sifep B MOJOKeHuax A u
COOTBETCTBEHHO; pPa, Pz — MOJIbHBIE JOJH KOMHOHeHToB A u B co
OTBETCTBEHHO, Oy == Vs —— Vg — Pa3HOCTb PE30OHAHCHBIX YacTOT AAE
(Fn) B momoxenusix A u B; A — mupuna cureana Ha NOJOBHHGE
BoicoTl (I'1f) B oTcyTerBHE OGMeHa (T — o0), MpHUeM AJIsI IPOCTOLE
THL B 3TOM cjyuyae Aj NPHHSATO pPaBHBIM Ap; v — Tekyllasi 4acTOT#g
(Tu). Kpome TOTO, A5t CPEOHUX BPEMEH HCUSHU Ta U Tp CyLIecTBY S
(VIII.¢

I0T COOTHOLLEHHS
T, =1/pg=l/k,

Ha puc. VIIL. 8 npusenen pesyistat pacuera no ypasueruwo (VIII..

LJisi THIMYHOTO cayyas oOMeHHoro npouecca. s sHaueHuit 6V =

u o ty,=1/p,= /Ry
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P dv

Vo Vg
7(¢)
\ 1,0000

Mednennsia olmern

Koanecyenyus

/ /A\ 0,000!

Puc, VIIL 3. Teopernueckue cnektps SIMP s =
Dy mopacoRTH p Ionsi o6MeHHoro npouecca A == B kak

Borempen odmer

—

=30 'y, pa=ps=05uA=10 Ty u pasHbIX MO BeJUYHHE T
lI0Nyqatorcst pasnuunbie GOPME NHHHE g (V). Ilpu Goabuinx 3naye-
HHAX HAGMIOAAIOTCS OTAEIbHbIE CHIHAMDI MpH va ¥ ve. JTa 06JacThb
HaspiBaeTcss 06MacTbio Medaenno20 obmena. B Touxe Koaiecyenyuu
gg;eitﬂamaﬂa CIHBAIOTCS B IUMPOKYIO JIHHHUIO, @ B 06JacTH 6biCTpo20
I CNEKTP NpeBpalllaeTCst B CHHIVIET C HOPMaJbHOH LIHPHHOM
/ » KOTOpas pacnoJjioxkeHa npu yacrore (va + vs) /2. [lpn Gbict-
POM obmene kamabii us napamerpos P cumektpa SIMP spasercs

9 X TonTep



9258 Taasa VI

yCpelHeHHON BeJMYKHOH B COOTBETCTBHH C BblpaxKeHHEM 1

P=p,P, + pPy (VIII.4) §
rie P, u Pp— paccmaTrpuBaeMble NMapaMeTpnl B IMOJTOKECHHAX A
B COOTBETCTBEHHO.

1.2. ®opMyJibl XHMHUECKOH KHHETHKH

Vpasuenne (VIII. 2) umeer Ooablioe 3HAYEHHE, TAK KAK OHO
OTKPHIBAET BO3MOMKHOCTL ONPEAENHTb KOHCTAHTBl CKOPOCTH, €C/IH
o6paTHMasi XHUMHUECKasi Peaxiis CONPOBOXKAACTCS 13MEHCHHEM
7apMOPOBOfl YaCTOTH OAHOTO N/ GOJBIIEro 4uc/ia SAEP. [lopanok
BEJMUNMHB KOHCTAHT CKOPOCTefl, KOTOPBIE MOXHO ONPEACJHTh 3THM
MeTonoM, Jexnt mexay 10-1 1 10% ¢='. Murepecylomne Hac JuHa-
MHUECKHE NPOLECCHl SBJASIOTCS pPeakUusiMi [epBOro Nopsaka u xa-
PAKTEPU3YIOTCS JHEPreTHuecKHMH OapbepaMu  OT 20 mo 100 3
kIx/Moab (5—25 kxan/mouab). B obliem CKOpPOCTH STHX HpOLEC- 1
COB CJIMIIKOM BBICOKH, AJsi TOrO UTOOBI ONPEeAENATb HX, HCIOJAb3YA
KaaccHueckue KMHETHUecKHe MeToinl. Hainn 3naHus o BHyTpeHHeH
JHHAMHKe MOJEKYJ], KaK Mbl [OKaXKeM B OCHOBHOM B Dasi. 2 TOH 1
IJ1aBH, HeoObuaiiHo pacliupHIHCh 6arofgaps NPHMEHEHHIO CIeKT-
pockonuu SIMP. BoabuinHCTBO 06Cy#1aeMBbIX HaMH NPOLECCOB OT- 4
THUaeTcst OT OOBIUHBIX XMMHYECKMX PEaKLUHi, B KOTOPHIX MPOHMCXO-
IUT HeoGpaTHMOe IpeBpalieHHe MCXOAHBIX BelIeCTB B KOHEWIbE 1
NPOJIYKTH TOA AeficTBHEM KaKOrO-HHOYIb peareHra. Cropee ux cie- 3
AyeT KAaccHUUUPOBATH B WHPOKOM CMEIC]e KAK CTPYKTYpHbie H3- 1
MCHEHHS, BbI3bIBAEMble TEIJIOBOH 9HepPrHefl, T.e. KaK KOM(popmayu- -
OHHblE NPespawjenis, UHeepcuro KoHpueypayuy U BaLIEHTHYO U30+ 1
mepusayuro. T1osTOMy IOJNyyaeMble Pe3yJbTaThl MPEICTABMAIOT HH:
Tepec KaK AJIs XHMHH, TAK U 7151 MOJIEKYJIsIPHOM QUSHKH.

TIpu ucnoaspzoBanun crnexkrpockonus SIMP  1nisi ompejeseHus |
cKOpOCTell peaKiuil SKCIEPHMEHTAIbHBIH CIEKTp, H3MEPeHHDbIH NpH.
HEKOTOPOil ONpe/le/eHHOll TeMmIepaType, CPaBHHBAIOT C Habopow j
TEOPeTHUECKUX CIIEKTPOB, PACCYMTAHHLIX /s PASHBIX 3HAYEHHH T, }
gro, corsiacHo ypasuenuio (VIIL. 3), coorBeTcTBYeT pa3sHBIM KOH- ]
cTanTaM ckopocreil, Merofom mpo6 H owHOOK noAbupas CIHeKTPH, 3
MOKHO ONpelelnTh NpaBHJbHOE 3HaueHne T. Ty HPOUENypy HEBO3,
MOIKHO OCYILeCTBHTL Ge3 HCHOJb30BAHHS KOMIbIOTEPA, MOTOMY YTO §
pacuer (pOPME PE3OHAHCHOTO CHrHAJA 110 TOUKaM ¢ HCIIOJIb30BaHHEM §
ypasnennst (VIIL. 2) XoTsi n HeC/IOXKeH, HO OUeHb TPYNOEMOK H TPE4
6yer muoro BpeMenn. [TosToMy LeaecooGpa3Ho 3anporpamMMHupoBaThy
ypasnenne (VIIL. 2). TlosesHo TaKxe HMETb BO3MOXKHOCTL rpa-
(pHuecKH MPEACTABHTL Pe3yJLTaThl pacuerTa B WIKajle KCHepUMeEH
TajbHOTO criekTpa. Toria MoJaydalor CIeKTpH, NOAOGHEIE NpeAcTaBy
neHnbiM Ha puc. VIIL 3. ‘

Mpu nceaenopanuu KuHeTukn crextp SIMP usyuaemoi CHuHOY
BO{i CHCTeMBI H3MepseTcsl B BO3MOXKHO 0osiee HIHPOKOM HHTEpBA

-t
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temieparyp. B obaactu measneHHoro o6MeHa, KOrAa KHHETHUECKHE
5pPeKTel yixe Oogbllie He BJHAOT HA CHEKTP, ONpeAesiOT 3Haue-
nns &v u A, T. €. HHTEPECYIOUYIO PA3HOCTb YACTOT H eCTeCTBEHHbIE
INHPHHBL JIHHHHA PE30HAHCHBIX CHTHAJOB. 3aTeM 8 (PeANONOKEeHHH
4TO 9TH BeJHUMHbBI HE 3aBHCAT OT TeMIEPaTypbl, HCIOJAb3YIOT Hx
A1 pacdeToB npu Oosiee BBICOKHX TeMIepaTypax MO ypPaBHCHHIO
(VIIL. 2). Onnako Takoe npearnosiokeHHe HHOTAA He TMOATBEPIKia-
crest. 3aTeM KOHCTaHThl CKOPOCTeil, ONpeje/eHHble TyTeM CPaBHEHHS
TCOPETHUECKHX M IKCIEPHMEHTANBLHBIX CNEKTPOB A5l CEPHH PasfiHy-
1LIX TEMIIEPATyp, IOACTABAAIOT B ypaBHeHHe Appeunyca (ypashe-
wie VIIL. B). U3 appenuycoeckoeo rpaduka onpeaensior appexiy-
COBCKYIO dHepeuto aktusayuu Eq w wacrorneul ¢axtop A nns uzy-
qaeMoi peakunu. llpu sToM npeanosaraior, 4To ofe BeJHUHHBEI He
3aBHCAT OT TeMmepatrypwt. QOuluil HHTepec NpPeACTABJAAIOT TaKkKe
AKTHBALMOHHBIE MapaMeTPLl TEOPHH IMEPEeXOJHOTO COCTOSIHHS, 3H-
tajplust aktuBauun AH ™ u surpomns akruBauum AS™, KOTOpbIE

MOYKHO paccunTatbh mo ypasrenuam (VIIL. 6) u (VIIL. 7) coorser-
CTBEHHO!

Ink=—E,RT +1n A (VIIL. 5)
uan log k= —E /19,147 +log A

*__.
AH® =E,—RT (VIIL. 6)
AS* = R[In (hA/xksT) — 1] (VIIL. 7)

rie T — abconiotnaa temmepatypa (K), R — yHuBepcasibHas ra-
3oBas HOCTO;I3HHaﬂ (8,31 Hx/K), kp— nocrosnnas DBosabumana
(1,3893- 10— Hx/K), h-—nocrosiunas Tlnauxka (6,6256 X
X 1078 Jlxk-c), a »—TaKk HasblBaeMbli TPAHCMHCCHOHHBIA KO3d-
(uuuent, KOTOPH{l OGBIYHO MOJIATAI0T PaBHLIM |.

MoxHo Takxke paccunTath mo coornomenuio (VIIL 8) cBoGox-
HYIO SHEPTrHIO aKTHBALUMWH NIPH ONPeAeNeHHOH TeMmepaType:

AG*T =AH* — T AS* (VIIL. 8)
>
E, AH u AG™ wusMepsorcs B
JOk - K-1- moap—t,
Ilpyro#i crnocof BuIUHC/AEHHs CBOGOAHOR SHEPTHH AKTHBALHH OC-
HOBaH Ha XOpOLIO H3BECTHOM ypasgrenuu Jipuxea:

kxk/mMonb, a AS* — B

k=% (ksT/h) exp(— AG*/RT) (VIIL. 9)
nan  AGY = 19,147 (10,32 — log (&/T)] (VIII.9a)
nin log (k/T) == 10,32 — (AH */19,14T) + (AS*/19,14)  (VIII.96)

E

cb CJH MOCTPOHTHL rpaimx log(k/T) or 1/T, To moayuaercsi mpsmas
' Ha!;JIOHOM —AH™/19,14 u oTceraeMbim oTpeskom 10,32 4-
tAS7/19,14. Orcrona MOKHO paccyuTarh BCe TPH AKTHBALUOHHBIX

9%
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napamerpa; npu 9ToM OOBUHO npuHuMaioT x = 1. B oTinyue oT
JAHHBIX, MOJYYeHHBIX HenocpeictBeHHo mo ypasHenusm (VIIL. 6)
n (VIIL. 7), akrdBalUMOHHbIE Iapamerphbi, paccuMTaHHbie TO Yypas-
HEHHIO DUPUNTa, HE 3aBHCAT OT TeMIEPATypHl, H MMEHHO HX Clely-
€T HCIIOJNb30BATh NMPH CPaBHEHHH SHEPreTHUeCKHX mpoduieit aHamro-
HUHBIX peaKLHH.

Ecnu Haxojsiuivecs B PaBHOBeCHH (OPMBI PA3JIHYAIOTCS O SHEP-
THH, TO B 06JacTH MeJJIeHHOro OOMeHa TeMIIepaTypHyio 3aBHCH-
MOCTb KOHCTaHT paBHOBecuss K ciefyer onpenessTb HHTErpHPOBa-
HHeM COOTBETCTBYIOLIMX CHIHAJOB. 3aTeM pa3HOCTH 3HTaJblHil H
SHTPONMI PACCUHTHLIBAIOT MO ypaBHeHuio Baut-I'ogpda:

In K = — AG°/RT = — AH°/RT - AS°/R (VIIL. 10)

Ilpu pacuere CHEKTPOB HEOOXOAUMO YYHTHIBATH MOJbHbE JOJH
KOMIIOHEHTOB. Ec/JiH OHH OYeHb CHJBLHO pas3/iadyaloTcs, T.e. €ClH
pasHOCTb CBOGOJHBIX SHEPrHi MeXIy JBYMsl CHCTEMaMH BeJMKa,
KOaJleCUEHLHs1 JABYX pE30HAHCHBIX CHTHAJOB YacTo OIpeJensieTcs
mioxo. O6MeHHBIH HPOllece TOr[Aa NMPOABIACTCA TOJbKO B IPOMEXY-
TOYHOM YUIHPEHHH PE30HAHCHOTO CHTHA/Ja TOTO KOMIIOHEHTa, KO-
TOPBIl PHCYTCTBYET B H30BITKE.

HakoHen, MBI HOJXKHE 3aMeTHTb, 4TO CIIMHOBOE 3X0 TakK¥Ke
HCIIOJIb3YETCsl MPH H3YYeHHH JAHHAMHYECKHX MPOLECCOB, MOCKOJIbKY
AMILIMTYJa 3Xa CBsi3aHa ¢ NOMEePewHOH penaxkcauued. YMeHblIeHHe
T, B pe3yJbTaTe XHMHYECKOro o0Me€Ha He HMeeT GOJIBIIOTO 3Haue-
HHUS, €C/IW BpeMsi npeObiBaHus sApa B IOJOKEHHSAX ¢ Pa3HbIMH Jap-
MOPOBBIMH YacTOTaMH BEJHKO IO CPaBHEHHIO C BPeMeHeM 3aJepXK-
KH MexAy umnyJdbcaMu 1. OQHAaKo 445 OLICTPBIX peakuuid HJH NPH
Gosee IJIMHHBIX HHTepBajax MEXJy HMIYJbCaMH aMIUIUTyJAa 3Xa
cnajaer 6Gojee GBICTPO, YeM B cjaydae He BO3MYLICHHOH OOMEHOM
nonepeyHoil penakcanuu. Ecam onpeaeauTb 3aBHCHMOCTE 3TOr0
crmaja Kak (QyHKLUHIO T, TO MOXKHO PaccynTaTh KOHCTAHTY CKOPOCTH
npH TeMllepaType NpOBeJeHUs IKCIEPHMEHTA. Ipeumymecrso 310-
ro Metroja B TOM, YTO €ro MOXKHO HCIOJb30BAaTb B UIMPOKOM HHTEp-
BaJie TEMIepaTyp M Ha HEro He OKAa3LIBAaeT BJHMsSHHE CIHH-CIIHHOBOE

paaumoeiicTBie. OZHAKO JO CHX TOP €ro HCIOJb30BAJH JHIIb B §

PEINKHX CIyyYasx.

1.3. Tipu6anxeHHble pelicHUs W HCTOUHHKM OIIHGOK

OTHOCHTEJBHO cyloKHas ¢opma ypaBaenusa (VIIL.2) u ror dakr, §

YTO KOMIDbIOTEPH JOCTYNHB He BceM JabopaTOpHAM, clejaju MO-
NyJASiPHBIMH DSIA NMPHOJIHXKEHHBIX pelleHuil, Bosee Bcero H3BeCTHO 4
B srom otHomenun Boipaxenne (VIIL 11), xotopoe naer KOH-§
CTAaHTy CKOPOCTH IIPH TeMIlepaType KoanecleHUHH Txoan ANl OOMEHE §
MEXLy ABYMS TOJOKEHUAMHU C PABHOH HACENEHHOCTBIO pa = Ps:

Foan = 70 5v/4/2 = 2,22 v (VIIL 1)
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310 A4€T BOSMOXMKHOCTb HCIOJIb30BATh YypaBHeHHe Jfipuura s
rpy0oit OUEHKH SHepreTHYeCKoro Gapbepa Ipomecca NpH AAHHOM
Temneparype. CresaB HeOGXOAUMbIE OACTAHOBKH, MOJYIHM

+ .
AGT = 19,147 24 (9,97 + 10g T0a,/0V) (IL3k/MoOMIb) (VIIIL. 12)

Coraacno ypassenuio (VIIL 11), pasnenbiinie curamn OpY va H
vs Hab/0Aa0TCs, ecan k/6v > 2,22, C apyrofi cTOpoHbI, €c/H
k/bv < 2,22, T0 Habmonaercs ycpeIHEHHDBI CHrHAJ npu  (va 4
-+ vs)/2. CJaelyer NOMUEPKHYTb, YTO 3HAYECHHE SHEPreTHUECKOTO
6apbepa, MOJNyYEHHOE TAKHM CIOCOGOM, 3aBHCHT OT TeMIepaTyphl,
NMOCKOJIbKY B HEro BXOMHT SHTPONHiHBE uien (AG™ =AH™ —
—TAS%).

Iockonbky B obulem ciyyae TeMIepaTypbl KoasdecleHLHH pas-
JII/ILI;II)I AN pasHLIX NHHAMHYECKHX IIPOLLECCOB, CpaBHEHHE BeJHUUH
AG™ uMeeT CMBICA TOJIBKO TOTAA, KOTIA SHTPONHS AKTHBALMH KaXK-
AOTO M3 paccMaTpHBaeMblX MPOIECCOB paBHa HyJ0. UToGH npeoio-
JIeTb 3TOT HeJOCTaTOK, NpeAUOYTHTe/bHEee MPOBOAHTh TAKHE KHHE-
THYECKHE H3MEPeHHs B HauGoJiee INHPOKOM, KCIEPHMEHTAJbHO AHO-
CTYyNHOM HHTepBase Temieparyp. KoneuHo, 310 TpeGyer 60mblIuX
3aTpaT BPEMEHH M YCHJHH.

ITomumMo 51OrO AJ1s1 Goslee NPOCTOH OLEHKM BENHUYHH £ TpH dac-
THUYHOM TI€PEKPHIBAHHM JIMHHH OBLIH CcHeJaHBl HONBITKM HCIOJAB30-
BaTb XaPaKTEPHCTHYECKHe H3MEHeHHS (OpPMbI JIHHHH, TaKHe, Kak
paccTosiiHe MeXIy MaKCHMyMaMH HHXKe TeMIepaTyphl KoaJecleH-
UHH HJIM OTHOUIEHHEe MHTEHCHBHOCTEH B MaKCHMyMe U B MHHHMYyMe.
OTH npubNHKEHHS, ONHAKO, NPUBOAAT K CHCTEMaTHUECKHM OLIHGKAM,
IIOITOMY MOJydYeHHble ¢ HX NMOMOILBIO PE3yJbTaThl MeHee HajeKHBHI.
Dosee mnoaxoAsiiuM sIBJsieTCS MCHOJb30BAHHE JONOJHHTEILHOTO
VUIHPEHHS JIMHUH, BI3BAHHOIO OGMEHOM, TaK HA3LIBAEMOro «OGMeH-
HOTO yWHPeHus» Aosy. Ero MOMXKHO NOJIyuHMThb, €cjaM BHIYECTb H3
HanmnaeMoﬁ ITHPHHBL JIMHUH Ayasn €CTECTBEHHYIO WHPHHY JIMHHH
A° u yuippeHse 3a cueT HEOAHOPOAHOCTH NMOJS Ay

A06M = Aﬂaﬁn — A — AH (VIII. 13)

Torna MoXHO 3anucaTh CiaelyIOLHe YPABHEHHS 1S PHOIHIKEHHBIX
OUEHOK KOHCTaHT CKopocTell, ocHoBaHHHe Ha ypaBuenun (VIII. 2).
Medaennoili obmen (RJst CUTHana B MOJOXKeHHH A):

l/ta = ka = nlosu (VIIL. 14)
Boictpoui obmen (st ycpeAHEHHOrO CHIHAA):
/1, =k, =4apip? ov¥YA 4, (VIII. 15)

Henonbsosanne ypasuennit (VIIL 14) u (VIIL 15) orpanuunsaer-
¢, OIHAKO, OTHOCHTEJLHO Y3KHMH OOGJIaCTSIMH, KOTOpble JieXaT Ha
BepXHeM H HIKHEM KOHLAX TeMIepaTypHOro HHTepBaJia, A/l KOTO-
poro nadsaiopaercsa u3MeHeHHe GopMbl THHHH. Takum 06pasoM, 4To6bl
n36ekath OWNGOUHBIX Pe3yabTATOB, HYKHO IPOBOAHTH CPAaBHEHHE



269 Trasa VIIT

NOHOH opMbl JuHHH. K HeolpeaeNneHHOCTSIM, BO3HMKAIOUIHM
IpU HEUPABUALHOM pacyere (POPMbl JHHHH, OPH ONpPeIeNEeHHH KOH-
cTaHT ckopoctell mMetonoM SIMP wacro poGasasiioTes cucremaruuec-
Kue omubKH, OT KOTOPBIX He Bcerna yaaercsa u3basutbes. Ocobenno
KPHTHUHBl Te cJydyall, B KOTOPLIX mapamerp &v cocTaBJseT JHIIb
HeCKOIbKO repu. Torga wuaMeHeHnus (QOpMbl JHHUHM [ONAaj2l0T B
OUeHb y3KYI0 TeMIlepaTypHylo 00.1aCTh H HO3TOMY ONpejensioTcs
He TaK XOpOIlo, KaK B cayyae 0ojiee CHALHO Pa3/AeICHHBIX CPII‘HaJlﬁOB.
Ilpu Takom onpeneneHun AONOJHUTEAbHBIM  HCTOYHHKOM —OWIHGKHU
SIBISIeTCS TAaKXKe YHNOMsIHyTast Bbille cayuyaliHasi TeMmmepartypHas 3a-
BHCUMOCTb ntapaMeTpoB v n A. B moasipHEIX pacTBOpUTENsIX H B CH-
CTeMax C reTepoaTOMaMH H MOJADHHIMH 3aMeCTHTEISAMH BO3MOYKHEL
OCJIOKHEHUs!, CBA3AHHbBIE C accoLHaluell 3a CYeT BOAOPOAHBLIX CBS-
3efl, KOTOpAsl BBI3BIBAET 3aBHCAINNE OT TEMIEPATYPbl H3MeHeHHS
pasHOCTH XUMHUECKHX CABUroB. [103TOMY, eciHM BO3MOIKHO, HYIKHO
OnpefeHTh TeMIepaTypHYI0 3aBHCHMOCTh &v M A B obaactu Men-
JeHHoro obmeHa, uToOHl NPOBECTH SKCTPANOJIALNIO Ha 6osee BHICO-
KHEe TeMIepaTyphl, rle NpoTekaeT OBICTPHE o6MeH. Hpennpnﬂnmg-
JHChb TIONBITKH HENOCPEACTBEHHO U3 @)Opg\’[bl JHUHHH ONpejensite Ov
¥ A BMecTe cO 3HayeHHeM R NIpH JaHHO# Temuepartype. Takoe omn-
pelle/ieHHe OCHOBAHO HA WTEPALUHOHHOM pacuere ¢ BapbHPOBAHHEM
BCeX TPeX NapaMeTpoB, IO TeX IOP NMOKA TeOPeTHYEeCKHH CIEKTp He
C 3KCIePHMEHTAJEHBIM,

COBIIIIEZ;I(I)%;OAHMO glmeIBaTb, YTO BCe 3(Pp(eKTbl, BRI3BIBAIOLIHE AO-
NOJHHTENbHOE yUIMpPeHHe JIMHHH, TaKHe, KAK YaCTHYHOE HACHIUICHHE
PE30HAHCHBIX CHI'HAJIOB MJH HEOAHOPOAHOCTb NOJIsI, NPUBOAAT K 3a-
BHIIIEHUIO 3HAYEHHH k& B 06/1aCTH MeMJIEHHOrO o0MeHa U K 3aHHKe-
HHIO B oOaactu Onictporo ofmena. B pesysibTaTe BHIYHCIEHHAS
3HePrHsl aKTHBALHH OKa3blBaercsl CJAHIIKOM HH3KOH. DTH omubku
B HEKOTOPOH CTeNIeHH MOXKHO yCTpaHHTh, HaG/ioNast CHTHaJ MpOTO-
HOB, He YyYacTBYIOLIHX B OOMEHHOM INpoliecce, HANpUMeD CHTHAJ
BHyTpeHHEro Tajona. Ho HyxKHO, 0amako, MOMHUTB, uTO BpeMeHa
pesiakcaliu H, CJAeA0BATEIbHO, €CTECTBEHHBIE IMIHPHHBI JHHHA cur-
HaJoOB OT Pa3JIMYHBIX BELIECTB H Jaxke OT Pa3HbIX NMPOTOHOB OXHOM
M TOH e MOJIeKy/Bl He 0653aTeNbHO OXHHAKOBH. Bo MHOrmx ciy-
Yasix BO3HHKAIOT HOIOJHHTEJNbHEIE OCJIOKHEHHS 34 CYET CHUH-CHU-
H08020 pacujensienus, KOTopoe 3aTPylIHSET HHTepnpeTaunio. Takum
o6pasom B 00lleM HYKHO OUEHb TILATEILHO PACCMATPHUBATH, KAKHE
(GakToOppl H KaK MOTYT MOBJIHATH HA Pe3yabTaT H KaK H36ekKaTh
CBSI3aHHBIX ¢ 3TuM oOcJaoKHeHul, IIpu TIHaTesbHOM BHITOJHEHHH
HKCEPHMEHTA OWHOKH B ONPeACIEeHHH SHEPTHH aKTHBALI 0OBIYHO
MOXKHO OTPaHHYHTb BEJTHYHHOA 0K0JIO 2 K1 /Monb (0,5 kkan/moan),
a B 0/aronpHATHHX CJAyYassX OHH MOTYT ObITb eme MeHbuic. Jljs
MHOTHX CHCTEM C OTHOCHTEJBHO BBLICOKHMH 6apbepamul OblIH ocy-
IeCTBACHD HM3MEPEHHs] KAaK METOAAMH KJacCHYECKOR KHHeTHKH,
raKk 1 Meroaom SIMP. Bruto noayueHo yposierBoputeabloe cor-
JiacHe MeXJy pe3yabTaTaMi.
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B nepivi ¢ 1956 no 1969 r. HalleHnble 3HaueHus SHePrHH akTHBALMH 407
BHYTPEHHErO BpauleHus B AnumeTnadpopmamiae, OnHCaHHOMO B Hayajte 3TOf IJaBH,
BOSpoCaH ¢ 29 4= 12 k/Ix/Mosb (743 kxan/moss) so 18 48 klx/mons
(28,242 KKaJ/MoJab). Pocr BeJHYUHB HalAeHHOro Gapbepa M HOBbULEHHE Toy-
HOCTH HJIOCTPHPYIOT AOCTHIKEHHS B COBCPINCHCTBOBAHNM SKCHEPUMEHTATBHLIX Me-
TOAOB M POCT HAlIEro MOHHMAHHS HCTOYHHKOR BO3MOXKILIX owuBor. He Tombko
1e0oMbIIoe  paccTosTHue MEKLY CHTHATAMH METHVIbHLIX [POTOHOB (10 Tu npu
60 MT'n), Ho Takme NOJAPHOCTE MOJIEKYJILl H AadbHEe CHHH-CIHHOBOE B3aHMO AeHi-
CTBHE ¢ (DOPMU/BLHBIM MPOTOHOM [edarT STy CHCTEMY TPYANHIM «TeCTOBHIM MpH-
MepoM» A meroga AMP. Ceroansg UPHHATHIE 3HAYCHHS! M5 SHEPIHH AKTHB ALK
1 IACTOTHOrO (axTcpa, onpegedeHubie gns YHCTOH KHAKOCTH, COCTABJSIOT
85,8 £ 0,8 kIdx/M0b (20,5 4- 0,2 KKaa/Moas) u (5 3)-1012 COOTBETCTBEHHO.

1.4. ChoxHble sBAeHus o0MeHa

Cutesyer nommuts, uro ypaenenne (VIII. 2) cnpaseniupo To1b-
KO /s mpocteilinero cayuas o6MeHHOTO npouecca, a (MeHHO A
HCPHOITECKOTO H3MEHEHHS 1ADMOPOBOH 4aACTOTL] AAPa MeKAY 3Ha-
UCHHAMI va 1 ve. Ha npakruke, ognako, uacro BCTPEUAIOTCS JHHA-
MHIYECKHe MPOLECCHl, KOTOPBIE BKJIOYAIOT pasHble THNLI OOMeHa.
Hanpuwmep, o6men MEXKAY HECKONLKHMH JIADMOPOBBIMI 14CTOTAMI
MOXeT GbITb NPeACTaBJIeH PaBHOBECHMH THIA

A = B = C um A = B = ¢

HsBectHrl nponeces, KOTOpbI€ NPUBOAAT K MACHUTHOH SKBHBAaJEHT-
HOCTH HEKOTODLIX silep, Kak B cayuae nepexoja oT cucrtemn AB
K cucreme A, Ypasrenme (VIIL 2) HeMb3s NpPUMEHSTDH IpH Hu3yye-
HHH BCeX MEKMOJIEKYJAPHBIX 06MEHHBIX [POLECCOB, KOTOPHIC BLHI3HI-
FAIOT KOJVIANC CIHH-CIHHOBLIX MYJIbTHIIIETOB.

Konkpersrie npumeps Taxux IPOILECCOB paccMaTPUBAIOTCA B
pasn. 2; Teoperndeckue BbIDAMEHHUS, C NOMOLILIO KOTOPLIX MOMKHO
paccunTaTh (GOPMBI JIMHHH, MBI He OyneM o6CyXaaTh ACTAIBHO.
[Ipumenenus cnekrpockonun SIMP ¢ Bapbuposannem TeMIepaTyphl
MHOrooGpasHel, M HeoBXOAHMO elle Pa3s TNOAYEPKHYTh Ba:KHOCTDL
UUEHDb TILATENbHOIO NPOBEAEHHS aHANH3a H3y4aeMoro AuHaMHyec-
koro mpouecca. Jluue B sToM cayuae ais HHTEPIpeTaudy 3KCIe-
PHMEHTAJIbHBIX OAHHBIX MOMKHO BbIGPATh NpPaBHIbHBIH TeopeTHyec-
Kuit Metod. BosmoxuoeTn UU(GPOBLIX BEMHCAHTCABHBIX MAIIHH [03-
BOJISIOT NIPOBeCTH pacyeT noJiHO (opMbI JHHKH ceKTpa gaxme A/1s
OTHOCHTE/BHO CJIOXKHBIX OOMEHHbIX IIPONECCOB.

1.3, Hamepenne koncranr CKOPOCTH nepBoro
Topsiika MeTOAO0M MHTErpHPOBaHUS

Haw 0630p 6bi1 661 Hemosmbiv Ges YIOMHHAHHS O TOM, 4TO
Cliexrpockonnio AIMP MoKHO TaKKke HCITO/Ib30BATD AJIs HAGJIO feH s
MELJIeIHBIX HeOBpaTHMbIX peakuuit. MurerpupoBanne oTgenpHbix
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Puc. VIIL 4. Cnektpu IMP 'H ans neperpynnuporxu (138 — 139) B aueronuT-
puJe-ds.
a — HCX0AHOe COCAHHEHHE, 6—peaxuuoﬂuaﬂ CMechk J10ChEe Harpebanusa B TEYEHHE 6 8
npu 80 °C.
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CUTHAJIOB HMCIOJb3yeTcss s TOro, 4Tobbl MPOCAELUTH 3a XO-
IoM npespainenussi A — B nmyrem perucTpanun u3MeHeHHs KOHILEH-
tpauu A mau B kax ¢ynkuum Bpemenu. OTHOLIeHHe KOHLEHTpa-
unit [A]/{B] MOXHO paccuMTaTh 3THM METOAOM HENOCpPeACTBEHHO,
& HCIONL3Ys BHYTPeHHHI 3Ta/0OH H3BECTHOH KOHUEHTPAIHH, MOMKHO
onpeneiuTh yBenuuenue [B) manm ymenvmenne [A}. Ha puc. VIIL 4
[IOKa3aH XOA npeBpallenus aanykra 138 auxjopkapbeHa ¢ UHKIO-
OKTaTeTpaeHOM B npoussoiHoe 1, 2-muruppungena 139. Kax noka-
BBIBAIOT CHEKTpHl, MO Mepe NPOTeKAaHHS pPeakUHH MOSBJASIOTCS pe-
30HaHcHBIE curHadan npu § 4,8 u 6 3,7, orHocawuecs: K Hy, Hy u He
B 139. B 10 e BpeMsa OTHOCHTEJIbHASI HHTEHCHBHOCTh CHHIVIETA HPH
62,4, npunaasexailero TpeTHYHOMY npoTOHY B 138, yMmeHbluaercs.

H He
< @8
—_— ct
L cl !
Hpor '
138 139

Peaguus npoBojn/iach B aMnysaax [ H3MEpEHHs! CIEKTPOB, MOMe-
uleHHIXx B TepMocrar mpu 80°C. Kaxaei yac ogHy H3 aMmmyda
BHIHMMAJIH H3 TepMmocTara M oxjaaxjann go —70°C. Iocae storo
orsomenne [138]/[139] moxHO G6BlIO ONmpeNeSUTL HHTErpHpOBa-
HueM cnektpa SIMP. 3aBuCHMOCTb 3TOTO OTHOIIEHWsI OT BPEMEHH
NO3BOJISeT ONpPEeJeJHTh KOHCTAHTY CKOpocTH B (80°C)=6-10-° ¢!
JJs peakiyH B alleTOHHTPHJIE B KayecTBE PACTBOPHUTEJIS, a 3aTeM II0
ypaBHenuto (VIIL. 9a) HaliTh cBOGOJAHYIO 3HEDPTHIO AaKTHBAIlHH
1154 kx/monpb (27,6 KKaja/Monb).

2. BHYTPEHHAR AUHAMUKA OPTAHUYECKUX
MOJEKY N

Kak ynomunaJoch BeIIE, B 3TOM Dasjesie MBl PAaCCMOTPHM KO-
opMmayUoHHYI0 NOOBUNCHOCT OPTAHHIECKHX MOJIEKYJ H BAACHTHYIO
usomepusayuo. BeibpaHHble IPHMEPH AOJKHB NI0OKa3aTh MHOF00G-
pasue sIBJIE€HHH, KOTOphle MOXKHO H3y4aTb C HOMOLHBIO CIEKTPOCKO-
nuu SIMP. IloaroMy MBl B Goabliedl CTENeHH COCPElOTOYHM Hallle
BHUMAaHHE Ha OMHCAHHH YKCIEPHMEHTAJbHBIX HaGJIOAEHHH H HX Ka-
YeCTBEHHOrO 3HAUGHHS, 4 He HAa KOJHYECTBEHHHIX acnekrax. Oanako
Mbl 6yjAeM NPHBOJUTb H PACCYHTAHHEE AKTHBAIMOHHBIE MAapaMeTpHl
(Ea, AH*, AS* u AG*#), urobH jpaTb npeicTaBieHue o6 3HepreTu-
YecKUX XapaKTEepPHCTHKaX OTAeNbHHIX IPONEcCOB, KOTOpHe BCe 6es
HCKJIIOUCHHSA ABJAIOTCH EHYTPUMONCKYAAPHOIMY.
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2.1. 3aropMoxKeHHOe BHYTpeHHEe BPalLeHHeE

2.1.1. Csazu uacTuyno 080iiH020 xapaxTepa. Kak U B AUMETHJ-
GopmMamHie, 3aTOPMOKEHHOE BHYTPEHHee BpallleHHe BOKPYT CBs3eH
D —C uiu D — N Habaiopaercd u B JPYTHX MOJeEKyJax, cojaep-
KalUX CTPYKTYpHbIE hparMenThHl

)
/
D—C D-—N7

rage D — aJekTpoHOLOHOpPHA TPYINA, Takas, KaK asoT WiH apoma-
THYecKasl M-CHCTeMd, a A — aKUIENTop 3JCKTPOHOB, HAOpHUMeEp KHC-
aopoa wian cepa. [lostomy ansa TmoaMuioB, kap6amaTos, ypdy-
poda u GeH3ajbAernna, A1 NPOTOHHPOBAHHLIX KETOHOB, a TaKke
HHTPO3aMUHOB U HHMTPHTOB (B IIOCJELHUX KHCJIOPOMA CJIYXKHT AOHO-
poM sJjekTpoHoB) HabJawojaTca chnekTpol IMP, saBucamme or
tTemnepatypel. B rtaba. VIII.] npusefieHn aKTHBAUHOHHble mapa-
MeTpHl JUIS HECKOJbKHX COCAHHEHHH, HU3MEPEHHBble C [OMOULBIO
cnekrpockonun JIMP.

B HeCcKOJbKHX cHCTeMax AHHAMHUYECKHH Hpouecc BH3bIBaeT 00-
MeH Mexnay cucremamun AB u A, ans aByx nporonos. Hanpuwmep,
B MoJaekyde N-mertnin-2,4,6-tpunurpoanniura (140), B xoropom
OEH30JBHOE KOJbIO BHICTYNAET KAK AKILENTOD JEKTPOHOB H3-3a Ha-
auunsi B Hem Tpex Hutporpymn. Crpykrtypa 140a XaeT OCHOBaHHC

Taéauua VIL 1. [TpuMepsl 3aTOpMOMKEHHOro BpalleHHd H SHEPTHH aKTHBA-
nuu B kJx/mMoab (B cKoOkax — B KKaJ/MOJb)

R\ //S $
R/NGC\H Ea ~104(29) 263 569 (136)
C

HiC <> CHy
+ Ny
HsC 0
’ Y ec// . MG A AP
N 46%, 659050 NGN Ea 96 (25)
H3C OC,Hg HaC
0 HsC 0
4 + ™ 7
@Gc\ 46, 53,0 (79) /N—@GN aH* 62,3 (14,9)
H H3C ’
Dol Exme2m0) N
0 —
\, Ea 480(11,0) OGN\\O Ea ~ 42 (10)
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noJjarath, 4ro Kondopmauus, B KoTopoil ¢Basb N — CHjz Jaexur
B IJIOCKOCTH apOMaTHUecKOro KOJblla, ABJISETCH 3IHEPreTHUeCKH
[IPEANOUTHTEILHOM 32 CUET Pe30HAHCHOH cTa0UIN3alHH.

H  NO H  NO
2 &g 2
O,N N Y g
z \ / \
CHy © CH;
H  NOy H  NO2
140 120a

HecuMMmeTpuyHOe 3aMelleHHe B aMUHOrpyHIle BeleT K TOMY,
4TO NpH HU3KOIl TeMIepaType /s [ABYX apoMaTHYeCKHX MPOTOHOB
nadaopaertca cucrema AB, MOCKOABKY B pe3yJasTaTe MPOCTpPAHCT-
BEHHOTO B3aUMOJAeHCTBHA ¢ METHJAbHOH rpynnofi oaHa H3 HHTPO-
IPYII, 0O Beell BHAHMOCTH, PacnosaraeTcsi B IJIOCKOCTH, Mepreniu-
KYJAApHOMA MI0ocKocTH GeH30bHOrO Kosbua. [pu yckopenun spatile-
HUS MeTHJIAaMHHOTPYIIB! C [OBLINIEHHEM TEMIIEPATYPBI 3TH ABa IPO-
TOHA CTAHOBSATCS 5>KBUBaJeHTHBIMH u cHEKTp AB Boipoxjpaercs B
cnektp Ay (puc. VIIL 5). [Tosesno obeyauts 3TOT npumep Gosee
JeTajbHO, NOCKOJAbLKY, KaK yKe oTMeuasoch B pasi. 1.4, Hm ypas-
verne (VIII. 2), Hy npubamxKeHHble METOIbl, BbIBELCHHbIC HaA €ro
OCHOBE, HEJb35 HCIOJL30BaTh 34€Ch ISl HHTeprnpeTaluut hopmbl JiH-
unn B cnextpe SIMP. Onumem ABa azpa, Kak Mbl 3T0 JenalH B
pasf. 4.2 ra. V, uepes npoussefenus dynxkuuél ac, of, po pB.
Torza o6MeHHbli npollece nepeBoaut cocrosnue o(1)B(2) B cocros-
nue P(1)a(2). dynkuuy of u Po Tenepp ABATIOTCS COOCTBEHHBIMH
QYHKIHAME COCTOSHHI TOJNBKO TOTJA, KOTAa HET B3aHMOJeHCTBAA
Mexay AByMst siApaMmu. OJHAaKO 3TO He TakK, MOCKOJbKY sapa CBi-
3aHBl APYr C JAPYroM CIHH-CIMHOBEIM B3auMojeficTBiem. [losTomy
(oOpMy JIHHHH HYJKHO OIHCBLIBATH HA OCHOBE KBAHTOBOMEXaHHYECKOH
Teopun. DTy NPOUEAYPY Mbl He 06cyxaaeM 3fech moapobHo. 3ame-
THM TOJIBKO, YTO [4XK€ B STOM CJIydae MOXKHO IOJIy4HTb TOUYHOE Bbl-
paskeHile A5l GOPMBI CIEKTPa KaK (YHKUHH CKOPOCTH oOMeHa. ITo
HeMy GBbIJIH PACCUMTAHBI TEOPETHUCCKIE CHeKTPHl, NPUBEJCHHbIE HA

puc. VIIL. 5. Buipaxenus k__ = /\/('VA ~ v, )+ 6735/V/2 moxKHO
HCIOJIB30BATL KAK NPHO/IMKEHHe NPH TeMIepaType KOaJecHeHUuH,

II03TOMY KOHCTAHTY CKODOCTH INpH 9TOH Temieparype BBIYMCIHTD
ZOCTATOYHO JIETKO.

2.1.2. 3amewentoie 3TaRbl. JJaBHO H3BECTHO, 4TO BpalleHHe BO-
KPyr YIVIepOA-yricpoiHOl cBsisH B 3Taie 3atopmoxeHo. [lepBhim
VKa3aHHeM Ha 3TO MOCJAYXKHJI TOT (akr, YTO SHTPOMHA COEAMHCHHS
oKasajach HIDKe, YeM OKHAAJ0CH HA OCHOBAIIHN TEOPCTHUECKHX pac-
yeToB B MpHO/IKeHHH cBOOOAHOrO Bpauenus. [losToMy moJexyna
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Puc. VIIL 5. DkcnepumenTanbHble (@) M pacculitahHbie (0) cOEKTPbl apomaTHye-

CKHX npoToHOB N-MeTHJ-2,4,6-TPHHHTPOAHH/NHA B 3aBHCHMOCTH OT TeMNepaTyphl
(Xafinbepr u corp. [1]).

JOJKHA IIpe0joJieTb 3HepreTHYeckuit Gapbep MHpH [peBpalleHUH
TPaHCOUAHOH KoHGopMalun a B uaomep a’. [lepexopHoe cocTosiHue
IJIsg 2TOTrO0 Hpouecca MOZKHO Hpeﬂ;CTaBHTb 38(‘JIOH€HHOI:'I KOH(DO])-
maiuei 6.

H H H H H
H H
H H H HH
H H H H H H
@ & a’

Ha puc. VIII. 6 nokasan sHepreruueckuii npodusib A1s MOJHOTO
BpatlileHusi Kak (YHKUHA TOPCHOHHOro yraa ¢. Beicora Gapbepa,

Jlunamuueckue agpextsr e cnexrpax SIMP 269

o
3
®
T
W
0 60 120 180 240 300 360
@, 2pad

Puc. VIIL 6. Tlpoduab sHepruu 1as BpalleHHs BOKPYr YIJIEPOA-VIVIEPOIHONR CBSSH
B 3TaHe.

10 NaHHLIM H3MepeHHH MEeTOAOM MHKPOBOJHOBOH CHEKTPOCKOMNHH,
cocTaBJsier okoJo 12 kKlx/Moab (3,0 kkasa/modap). [IpuunHa 3aTop-
MOKEHHOCTH 3TOrO BpallleHHs] O CHX IIOD TOJIHOCTBIO HE $§ICHA.
Onnako H3BECTHO, UTO 3aMeHa OJHOTO HJH OOJIbIIEro Ypcaa MpoTo-
HOB rpynnamu 0o/blIero o0beMa NMOBHILIAET BLICOTY Gapbepa, W Ha
3TOM OCHOBAHHMH MOXKHO NPHATH K BBHIBOAY, YTO MPOCTPaHCTBEHHBIE
B3aHMOJEHCTBHA UrPAIOT AOMHHHPYIOILYIO DOJb B 3aTPyAHEHUH Bpa-
LIEHHS] B 3aMENIEHHBIX 3TaHax. Dosbllioe 3HAYeHHe A PpelIeHHS
3TOH npoGJ/eMBl HMEIOT [JONOJHHTEJNbHBIE 3KCIePHMEHTAaJ/bHbE AaH-
Hble, KOTOPble MOTYT ObITh MOJYUEHB C HCIOJb30BAHHEM CHEKTPO-
ckonun SIMP. Tak, cBeleHdsi 0 cTabU/IbHBIX KOHGOPMALHUSIX 3aMe-
IeHHBIX 3TAHOB OBbLJIM MOJYYeHH HA OCHOBAHHH OIpelejeHHd BHIH-
HaJbHBIX KOHCTAHT H HX 3aBHCHMOCTefl OT JABYrpaHHOTO yrJia
(pasa. 2.2.1 ra. IV). B fonoJsiHenne K 3TOMY s psia MOJieKyda Obl-
JA¥ M3MepeHh 6apbepbl BpAaUIEHHs HYTeM aHaAH3a TeMmnepaTypHoH
3aBUCHMOCTH CIEKTPOB. [Jsi 3THX HCCAeJ0BaHHH HCIIOJIb30BaNaCh
MOUTH HCKJAIOUUTEIbHO ciekTpockonus SIMP '°F, u mmp BepHemcs
K 3TOil TeMe B I, X.

B IaHHOM KOHTEKCTe HHTEPEecHO OTMEeTHTb, UTO B pAje CJAydyaeB
3aTOPMOKEHHOCTb BpalleHHus TpeT-O0yTHALHOH IPYIILI CTOJbL BEJTHKA,
4TO TPH HU3KHX TeMIepaTypax MeTHJIbHEIE FPYINbl CTAHOBATCS HEJK-
BUBa/JeHTHHIMH. Hanpumep, ans npoToHOB Tper-GyTHJALHOR TPYNb
TpeT-6yTUALHKJOTENTAHa, a TaKKe ADYTHX TPer-OyTHALMKIOoa/IKa-
HOB HabJiofaeTcss Ay6JeT ¢ OTHOLIEHHEM HHTEHCHBHOCTEH MeXJy
KomnonenTamu 2:1.39To nabJiofeHHe cOrJacyeTcsi ¢ TPaHCOHAHOMA
kKoH(opMaumeii 141, B KOTOPOH 3KBHBAJIEHTHB TOJIbKO JABE METHJb-
Hble rpynnbi. Dapbep BpalleHHsl npH TeMmIepartype KOaJeCLeHIHH
(—126°C) 6va naiizen pasupiv 31,0 klxx/moab (7,4 KKan/MoAB).
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Kpome rToro, Obliio yCTaHOBJAGHO, YTO 3TOT Odpbep 3aBHUCHUT
OT pasMmepa KoJblla B [HKJIOAJKaHe W JOCTHIaeT MaKCHMyMa
(32,6 xllx/mosp) B Tper-GyTHALMKIOOKTaHE (cp.pasi. 2.3.1 ra. II),

(CH;)
(et )

H,C CH,

H3C CH3
H

141 132

Coeannenne 142 naxe IPH KOMHATHOH TeMIepaType COAEPKHT
B CHexTpe AyOJeT CHTHAJIOB METHJABHBEIX T'DYMI C OTHOLIEHHEM HH-
TeHcuBuocTe#t 2:1. HaGalonaercs u TOHKas CTpyKTypa 3a cueT
CIIHH-CIIHHOBOTO B3aUMOMAEHCTBHA (BTOP — BOJAOPOJ uepes MpOCTpaH-
¢tBo (cm. a1 X). TIpu 134 °C currasbl camBaiorcsi, H Gapbep Bpa-
uienns Obll1 Hafilen paBHLIM 77,4 Kk /moab (18,5 KKaja/mMoib).

2.2, WUnBepcus koHdurypauuu

Buiwe 6b10 MOKasaHo, 4TO aTOM a30Ta HIPAET BaXKHYIO POJb
B MOJIEKyJ1ax C 3aTPYNHEHHBIM BHYTPEHHHM BpallleHHeM, MOCKOJbKY
OH MMeeT HeNOJE/IEHHYIO ITapy 3JeKTPOHOB. [pyroe smjenne, KOTO-
poe MOXKHO NOAPOOHO H3YYHTBH C MOMOLIBIO JAHHAMHYeCcKOro MP,—
3TO UHBEPCUA KOHpU2ypaylil, KOTOPas OblIa HALeXKHO YCTAHOBJIEHA
AJsi aMMHAKa ¢ DOMOUIBI0 MHKPOBOJIHOBOH CIIeKTpockomiu. Ee Tak-
JK€ HashlBalOT HHBepCHel MUpaMHAaJ bHOTO aToMa, Takast HHBepCHH
HMeeT MeCTO B AubeH3uaMeTHaaMuue (143):

He H CsHs—CHz\
— N, H - N:— N_CH3
" \H CeHs—CH>
143

JTO 6BlJI0 U3AIHO NOKA3aHO ¢ MOMOLIBIO cleKTpockonun IMP, npu-
ueM 3HePrHs aKTHBALHW HHBEPCHH IPH KOMHATHOH TeMneparype
Obla onpefesneHa jJaxke 0e3 HCIOJb30BaHHS HH3KOTEMOEPaTypPHBIX
H3MepeHnd. B COOTBETCTBHM C HaulMM ofbsicHeHueM B 1. [V wmu
AOJMKHB OXKHAATb AJs METHJEHOBBIX NPOTOHOB B 143 nosBieHnd
B crekTpe cucreMbl AB, Tak Kak OHM HAXOAATCA B JHACTEPEOTONHOM
oKpyxKenuu, Oanako BeJeAcTBHEe ObICTPOIi HHUBEPCHU NOPH KOMHAT-
HOH TeMHepaType CHI'HaJbl BLIPOXKAAIOTCA B cHHIJeT. C APYrod cro-
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POHDbI, €C/i [POBOAMTb M3MEPEHHst B KHMCJIOM pAacTBOpe IMpH pH
meHblle 2,0, TO aMHH CYIL[ECTBYeT B TPOTOHUPOBAHHOH ¢opme u 1po-
ecc unBepcHu 3amedasercs. Ilporonnt CHp B 3TOH conmu auacre-
PEOTOTHLE M JA0T CHeKTp cucreMbl AB. 9tomy oTBeyaer paBHOBE-
cHe, B KOTODOM 1ia BTODOIl CTaiuH TMPOUCXOAHT HWHBEPCHS a30Ta:

: +
(CsHs = CHa)aN —CHy = (CeHs—CH;N—CH3 + HF

\} wnbepeus

N
(CeHs = CHa)2N = CHa == (CgHs—CHa);N—CH3 + H¥

Taxum 00pa3oM, WHBEPCHsS NIPOMCXOAMT TOJIBKO B aMHHe, H ee
CKODOCTL 3aBHCHT OT KOHUEHTPALWK CBOGOJHOTO aMHHA, a 3HAUMT,
u or pH pacrBopa. Kpome Toro, B pacrBope NMPOHCXOMHT TaKiKe
GbicTpast PaBIIOBeCHas PeaKkUus MPOTOHHPOBAHHE — JENPOTONHPOBA-
HHe, IIPH KOTOPOH KOH(HTypauusi aMHHA HE H3MEHARTCS. DKCIepH-
MEeHTAJBbHBIM [0JTBEPK/eHHEM TAKOTO JONOJHHTENBHOrO Npouecca
CIyKHT TOT (aKT, uTO CNUH-CIIMHOBOE B32aHMOJCHCTBHE NPOTOHA
NH c¢ nporonami N-MeTHJbHOH TPYyMNbl HCYE3a€T TPHU foJsiee HU3KUX
KOHIEHTpAlMsIX KueaoThi (pH ==2,0) 10 TOrO, Kak METH/IEHOBLIE
MPOTOHB CTaHYT JHAHTHOTONMHBIMH. [laspHefulee noBbIIEHHE pH
[IPHBOJUT 3aTeM K TOMY, UTO METHJIeHOBble MPOTOHbI CTAHOBATCS
MACHHTHO 5KBHUBAJEHTHBIMH. BblpaxkeHue [Jisi KOHCTAHTBl CKOPOCTH
k', xapakTepuaywolleli OOMeH METHJIEHOBLIX NPOTOHOB, HMeEeT BHI
B = kyss[amun]/([amun] + [conp]). DTy KOHCTaHTYy MOMKHO BHI-
BECTH TyTeM aHaju3a (OpMbl JIHHHH B CHEKTpax SIMP, nsmepen-
HBIX TPH PasJHuHbBIX 3Hauenusx pH. OTHolleHHe KOHUEHTPALHH HPH
pasauuHbix pH MOXKHO PacCuuTaThb MO H3BECTHOMY 3HAYEHHIO pKa
AMHHA. 3aTeM KOHCTAHTY CKODOCTH WHBEPCHH MOJy4alioT rpaguye-
CKH, OTKJa/blBasi BEJHUMHY R’ OT OTHOLIEHIS KonueHtpauufi. B pe-
3YAbTATE MOAYYAIOT Rums = (2 4= 1)-105 ¢!, uto COOTBETCTBYET Be-
ananne AG* oxouo 42 kllx/Monb (10 xxan/monn). B Gosee 1o3a-
HeM HCCACHOBAHHH JMACTePEOTONHbIC METHJEHOBbIE MPOTOHB B
NuGeH3UTAMHHE HENOCPeACTBeHHO Habonamuch npu —155°C.

B yuxaiuueckux aMuHAX Takxke OOHApYKHBAeTCA HHBEPCHHA
asora. Hanpumep, AA’BB’-cucrema KOJbUEBBIX TPOTOHOB B N-sTua-
asupusnne (144) causaercs B cuHrjer npu 108 =5°. Jueprernue-
cknit Gapbep mpouecca cocrasiser 81 kdx/mMoab (19,4 KKaJ1/MOJIb).
B cayuyae N-xjopasupuiuua (145) TemmepaTypa KoajdeCUCHIHH Jie-
JKUT Bbille, YeM TeMIlepaTypa, LpH KOTOPOIl BELLeCTBO passaraercs
(> 180°C), noaromy Gapbep HHBEPCHH NOMKeH ObITb OUEHb BBICO-
kUM, D10 yBeauuenue Gapbepa, 0OyCIOBJIEHHOE BIMSHIEM X/10pa —
3aMecTHTes, NPHBOAHT K TOMY, UTO 7-xa0p-7-asadnunkio[4.1.0]-
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renrtan (146) ypajoch pasfieNdTb Ha JMACTEPEOMEPHBIE HHBEPTO-

Mepwl 146a u 1466.

Ct ct
H H “ N
H CoHs H ct
M N/ H N/
H H :
144 145 146a 1465

s UHKJHUeCKHX [AHAas3fHOB, TaKHX, K4k 2,3-AHa3abHUHKJO-
[2.2.1]renTen-b (147), OpliaM DOJNyueHB CBeAEHHS O [OC/JEL0BATENb-
HOH HHBepCHU JABYX aTOMOB a3oTa. PaBroBecue 147a = 1476 xapak-

Tepusyercs GapbepoM AGgs = 60,7 kJx/Moab (14,5 Kkan/Moab).

N/CH3 .
/ N/ - 74 NI‘/\CH3
CH;

\
CHs

147 a 1475

Ha puc. VIII. 7 nokasans cnekTp, yCpEIHEHHBIH IO BPEMEHH, 3allH-
canubiéi npu 57°C, u cynmepnosuuus HAEHTHUHBIX CIEKTPOB JBYX
SHAHTHOMEepPOB, noaydenHas mpu —39°C. SlcHo, uTo mpu HH3KOH
TeMmepartype Moaekynaa repaeT Cs-CHMMETPHIO, KOTOpas NposiBJsSeT-
cs Kax sddexruBras B cnekrpe npu 57 °C B mkase spemenu SIMP.
Cucrema AB MOCTHKOBLIX NPOTOHOB OCTaeTcsi HeWsMeHHOH (81,7 u
82,1), KaK W 0XHUAAJOCh, B TO K€ BpeMsi AJs METHAbHBIX NpPOTO-
HOB (~ 82,5), a Takxe NmpOTOHOB B rojoBe Mocra (~§4,0) nu
oJeHHOBEIX 11POTOHOB (8 6,5) HAOMIOZAKTCA OTHEJbHBE CHMHAJLL
Wurepecno, uro BHUMHANbHEIE ¥ AJJHJIbHBIE KOHCTAHTH CHHH-CIH-
HOBOTO B3aHMONEHCTBHSI Mex]y OJe(dUHOBLIMH TPOTOHAMH H IPO-
TOHAMH B roJI0Be MOCTa pas/aHyarTCsad B pe3yJbTaTe Pa3/HYHs KOH-
¢durypauuii 1Byx aToMOB a3oTa.

B nmuasupuaune (148) takoit xe mnpouecc HHBepCHH Tpelyer
6onee 96 x[x/moamp (23 Kkan/moip). DTO NOBHIIEHHE SHEpre-
THYECKOro Oapbepa, OUEBHAHO, CBSI3aHO C H3MEHEHHEM pasMmepa
KOJIbIla, TaK KaK MOMHO OMKHAATh, YTO AJs TPEXYJEHHOTO IHKJa
NJI0CKOE IEePEeXOJHOe COCTOsIHUE TIPH UHBEPCHH HMeeT (oJiee BBICO-
KYI0 HEpPruio, ueM A/ GOMBIIHX LHUKJAUUECKHX CHCTEM, MOCKOJBLKY
BHyTpeHuH BasenTnbifi yron C—N—C B HeM MeHblie,

HnBepcnonnwiit Gappep yMeHBLIAETCS, €CJH 3aMECTHTENH y aTo-
Ma asoTa CHOCOOCTBYIOT YIJIOHMIEHHIO MHpaMHAAIbHOH KOHQurypa-
uuu  (sp® — sp?) 3a cueT 3JNEKTPOHHBIX B3aHMOJEHCTBHH C Heno-

Nunamuseckue agppextsl 8 cnexrpax AMP 273

167y
’l .E‘ N/CHb
/A N
NVART 5
B CHs
) ! 6y,
3,0 ->"’—H—— ~33°C
e }
M SH 3H
| 1 L ] ] ! 1 1

7 8 5 4 3 2 1 02
Pre. VIIL 7. Tewneparypuas sapucumocTb cnektpa AMP !H 2,3-anazabunuk-
10[2.2.1]renrena-5 (147)" (Anaepcon, Jlen [2]).

BeneHHON napo¥ 34eKTPOHOB asora. Tak, Aas COeNUHEHHS 149 3na-
yenne AGY cocraBJsieT TOMbKO 49,8 Ik /mMoab (11,9 KKaj/Mosb).

DN-—NzN@-NOz

149

CH, —CH3

148

Murepecno, 4To B LHKJHYECKMX CHCTEMax Das3Mep HHKJAA TO-
Pasnomy Bsusier Ha 3HepreTHyeckne Oapbepel HHBEPCHH M 3aTOp-
MOzKeHOrO BpAllleHHsl MPH aTOMe a30Ta. JHEPrHH aKTHBALWH HH-
Bepeny B paay coefunenuit 150—152 (R = Cl unu CHj;) ymeHb-
WaoTes BesescTBME yMeHblIeHHs Jecrabunuzauun  fepexOAHore

DN*R <:N-R DN_R DB—C3H7

150 151 152 153
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COCTOSIHHS, B TO BpeMsi Kak Gapbep BPALLCHHS B TOM JKe DAly Mpu §
R = COOR Bospacraer. B 3TOM cjyyae OCHOBHOE COCTOsiHHE CTa- :
Guansnpyerca AJsl GOJBLIMX MO PasMepy LMKJIHYECKHX CHCTEM, TaK
Kax yBeauuenue pajentioro yria C—N—C, cnocoGersyionlee us-
MeHeHU0 rubpuausanud asora ot sp® K sp?, OnaronpuUATCTBYeT §

YCHJIEHHIO CONPAKEHHA.

TpuanKUIOKCOHHEBBIE COJIM H303JEKTPOHHBI C aMHHAMH, H [ |
COe/MHeHHl 3TOTO THNA TaKKe Oblia HafjeHa HHBEPCUsl KOHOHUIy-
pamuu y aToMa Kucjaopoja. Hampumep, H30TPONUJIOKCOHHEBLI! HOH §
sTHaeHOKeHIa (153) umeer B crmekTpe npu 40°C CHHIVIET METHJEHO-
BbIX IIPOTOHOB, KOTOpHI npu —70°C mpespaliaeTcss B MYJAbTHILIET
AA’BB’. Tlogo6uble Ke Tpoiecchl HHBEPCHH HAGJ0LA/NHCh B co-§

enuHeHuaX Qocdopa U MHIIbSIKA.

2.3. UnBepcusa uMkiaa

CreKTpPOCKOIHs A/ePHOr0 MArHUTHOrO pPe30HaHCa BHECJA Tak-§
e 3HAUNTEeJbHBIA BKJaJ B Halle NOHHMaHHe KOH(QOPMauMOHHORE
IOABHIKHOCTH HACHIIEHHBIX M HEHACHILEHHBIX UHKJIHYECKHX CH-§

CTEM.

JOBHIHOH KOH(GODPMAUUH (a) B BHICOKOZHEpPreTHueckylo Kompopmag
LIHI0 BAHHBI WJIH TBHCT-BaHHHL (6, 8) M 3aTeM CHOBA B 3KBHBAJICHTS

HYI0 KPECJOBHIHYIO KOH(OPMAIHIO (a). Tpodunsb sneprud HMeelE

dopmy, nokasannyio na puc. VIIL 8.
[Tepexoa Mexiy KondopMepaMu BaHHb W TBHCT-BaHHBI 1PO

XoAuT 6e3 yraoBuix JAedopManuil — NpocTo NyTeM BpalleHus e

KPYr IPOCTHIX YIJIEPOA-YIIepOoAnbIX cBaseH. Takne KoH(OpMaLHOH
HLle Mepexoibl, KOTOpbie OOBIUHO OTJMYAIOTCA HUSKHMH aKTHB
IIHOHHBIME GapbepaMH, HasblBalOT ncesd08paljeHue.

J g
":n g .
§ R
§ 7
Y 2 3,0(/gacz:t/um. )
o

Pue. VIII1. 8. Mpodiip 3HePrHu AJ8 HHBEPCHH KOJBUA B I{HKJOrCKCAHE,

[IupoKo Hce/eL0BasaCh HHBEPCHS LHKJIOTEKCAHOBOTO KOJIblla
MpefcTaB/Isionlas KIacCHYeCKnid TpuMep. HabaonaeMbie aKTHBAY
IMOHHbBle TnapaMmerpsl cocraBasior AH7 = 42,5 4 0,4 k[lx/Monsg
(10,8 = 0,1 kkaa/momb) u AST = 11,71 + 2,1 JOx-K-' Mo
(2,8 = 0,5 kan-K-'-monp~'). OHn XapaKkTepu3ywT Nepexoll Kpecl

Ha g oy H
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-49°C

-57

~500(:

-639C

ey

H
H
-89°C

Puc. g )
(Bos, [3]).'9. Cnektp IMP

! E
H unukiorekcana-d,; npu Pa3JHYHBIX TeMIepaTypax

Tpan i
6bIprnp;ng2§c1;(;f;1{12u K;)/agadpnunem ® AJIg npouecca a—a’ MoxKer
M IOCKO

Renny , JIBKY BEPOSATHOCTH TOTL
: / 0, UTO OT-
OAHHaKanI/)IIon%yna neperier u3 kondbopMauuu 6 Ui 8 B g mm(zzT’
O HbIMH  CJIOBAMH, KOHCTAHTH CKOPOCTH KEus U o,
1 OBITh B 2 pa3a GoJbliie, yeM Agqr. ’ *

Kenepumenrt
Pagy, b a/7bHO NpH H3YYEHHH 3TOr0 mpolecca NOJb3YIOTCA

YHe
M B XHMHYECKHX CABHrax [IPDOTOHOB UMKJ/JOTE€KCAHA B aK-

OKBATOPHAJbHOM MOJOKeHHX (cp. pasa. 1.3 ru V)

CoBeyy;

1

O NpOCThle CHEKTPb MOJyYalTes Ui UHKJIOreKcana-d;
]
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a By ’
He
[
84,50 3,80
8
! .
§ 380
) 4 3 2 1 08
Puc. VIIL 10. Cnektpn SIMP MoOHO3aMelleHHBX UHKJIOrEKCAHOB.
a — paBHOBecHass CMech aKCHAJBLHOrO M 3SKBATOPHANLHOTO 6pOMIMKIOTeKcaHoB npu —100 °
u —150 °C  (dken-§

{4]; 6 — cMeCb aKCHAIBHOTO H 3IKBATOPHAJNLHOTO XJIOPLHMKJIOTEKCaHOB 0P

cen, Baumsaanep (5]); & — HHCTBIA SKBATODHAMLHLIY XJOpLHKJIOTeKcan npu —150 °C {5).

eCcJ CNUH-CIIHHOBOE B3aMMOJeHCTBHe MeXJy aroMaMud BOJACPOALS
W IeiiTepHs MOJABHTb METOJOM [OJHOrO [BOHHOTO pE30HAaHCA. Pe-
3yJbTaT TAKOro JKCIIepUMeHTa MpeJCTaBjeH Ha pHC. VIII.9 (omwu
caHHe MOJHOrO [BOHHOrO pesonanca faHo B Tl I1X). B samemieng
HBIX HMKJOTEKCAHAX TAK¥KE OBLIH 3aPErHCTPHPOBAHBI COOTBETCTBYION
Ide mpolecch HHBepcun HHKaa. B rtaba. VIIL 2 npe/cTaBacHEE
pesyJabTaThl, NOJNYYEHHBE [Jii HECKOJPKHX MOHO3aMELIeHHBIX IH d

JIOTEKCAHOB ¢ MOMOIIbI0 3KcnepuMentoB no IMP npu —80°C. I
TeMmeparypa AJs BCEX CHCTEM COOTBETCTBYeT 00/acTH MeJleHHOf

ro o6MeHa, § KOHCTAHTH PaBHOBECHS MOXKHO ONpeleNHTb HHTETPH
poBaHHeM Da3Je/fbHBIX DE3OHAHCHBIX CHTHAJIOB aKCHAJIbHOTO f

SKBATOPHANBLHOTO MeTHHOBbIX mporonos (puc. VIIL 10,a). Pad

Taéauua VIIL 2. KonpopMalHonnLie SHEPIHH DA3/MUHBIX 3aMecTHTejedl B [HY
JIOTeKCaHe 3

3aMecTHTeNb 3Hauenne A Te“"“%"cﬂy"a' gg:}fg::::ﬂ 4
CN 0,24 —79 1,88
F 0,276 —86 2,10
1 0,468 —80 3,39
Br 0,476 -8l 3,48
Cl 0,528 —81 3,99
0OCDs 0,647 —82 4,23
SCD;, 1,07 —79 16,1
CHl, 1,7

CoHs 1,8

u30-CzHy 2,1

C(CHa)s 5
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e

HoeTh CBOGOAHBIX 3Heprufl ABYX KoH(}po
A HE ] PMepOB, KOTOPYIO HAZLIBAIOT
ﬁem”o auttoniol RaT;egr;.eH Sirec;gzem A, onpenensiior no ypas-
o — PTHA  nNOJIOKHTedbHA, e
33‘\} . b TMPEUMYINECTBEHHO 3aHHMAaeT 9KBATOPHAIbHOE o
,K(flxll;e. . Ta6a1. VIIL 2 Takke BrIIOUeHs 3HAYEHHS aJikn e
rpyif, OMpelesennple Apyrumu Merogamu. MuTepecho eTITE
qr0 A1l TaJIOreHOB 3HauYeHHs A H3MEHSIOTCH He BpHO e Bo3Da.
%Ta}gIISIQSBGHdepBaa/ZbCOBbe paguycos (F 0,135 um: (p:slmgemsoospa-
mrﬂor,eH Hﬂgéci 1?(3%11;15 HM). YBeJNHueHHe AJHHE CBA3K yr.’nepoa}{&
MOeACTBHSI B cnyqaepy;iycilh;?lizg npo:nmaeT i aroon o
Aciicr CIOJIOXKEHHBIX 4TOMOB HONA
SEJ\IQCTHTel.JII};IaI:IO rpynnet — OCD; u —SCDs, a takxke aJIKHJIII)[Hblz
MEIOT BEJHYHHBI A, KOTOPHE H3MEHSIOTCS
MOM TIOPSIJKE. > e
Ouenka
o _150°Cnon1e1}e)1:g£mn§m XJIOPLIHK/IOTeKCAHA MOKA3LIBAET, YTO
O on e DA JYNpEBPaLleHHsT  KaXKIOro KoH]opMepa
B amnyae SIMP ﬂeﬁc};;};(éﬁi}:{g :«%C};ib IrlrgSI?HOﬁ i pacrsy et
o OTOBUTb PACTBO -
S)To};()eg:CTCBO?)};Ba(T(I)&%Ha\}IIbIP;HM xnopom. [lpu CpaBHeII-)II/IH crir)er?TOpHa
Tor pactaopa (pHC s 110, 6) CO CIEKTPOM He MOMHOCTHIO pas-
e Cnon e puc. .10, 6) BugHO, uTO oforalileHHe 3KBaTO-
dbopMepoM noutn nosmoe. Jro IpUMEp MepBoro npe-

MeLL(I:eHHbIX IHKJOTeKCAHOB,
enu
quprBﬂHHKanf;?{rengmingangecxnx TPOLLECCOB, KOTOPhle OblMH uay
JepHHAX, MBI YIOMS )
J0reKceHe HHBepC ’ 510 T b2, B mik-
Hf TPOSABJISETCE B TOM
q
CTaHOBATCS 9KBHBAJEHTHBIMH: ' W10 mpotorer He w H,
Hp H
Hl(
/N H
Hg H
Hp H

I
eprug
T/ om. (34 wxsnvon) s e Soeraaer
Wiy 9,4 KKaJa/Mosb), OHa HOYTH Tak
rentarpens (2% ast ke, Kak s
kI /Monb, uau 6
A pHe 2 , KKaJ/MO/Tb), KOTOpBIf
By 30BOM  3JeKTpPOHOTrpaduu )
b, Lo P » HMeer KoHbOpMamHK
Tegy,, - PH TeMneparype —I150°C moxuo 06
HoeTs ene OOHApYXKHTb HeIKBUBA-
€HOBBIX IIPOTOHOB i
3 g , & IIPH KOMHATHOH TeMm
ey Mreparype
ke CTMEeKTPe KBHBAJICHTE
10T, napero e I BCIEACTBHE OLICTPOro paBHO-

H




278 Trasa VI

AAcnsm IS

Puc. VIII. 11. Temnepatypdas sasucuMocTh cnektpa SIMP [I8]aurysena (
xeiimep u cotp. [6]).

JI'
Ouenb HHTEpECHbIC KOH(i)OpMaHI/lOHHbIe paBHOBeECUSA nab :

JUCh W OBIIH KOJHMYECTBEHHO H3YUeHBb! /5 HCKOTOPBIX AHHYJIY

[Ipusenem asa npumepa. Ha puc. VIIL 11 noxasaus Temnepd

n}
HO-3aBHCHMBble cnekTpel [18]aunysena. Crekrp, 3amucanHbl

i auarpo
—60°C, COOTBEeTCTBYeT OXKHJaeMOMYy JJs IJIOCKOH auatp ‘/

Hunamuueckue sppextor a cnexrpax SIMP 279

(411 + 2)-T-CHCTEMBI, TaK Kak B Hem IPHCYTCTBYIOT De30HAHCHLIE
cHriiaJdel Ipu 6 —3,0 oT urectu HUPOTOHOB, HAMPABJEHHBIX BHYTpPL
pixTa, Boupn 69,3 or ABeHainaTH BHeUIHHX npoTOHOB. [loBhie-
e TCMICDATYPHl MPUBOAUT K YIIHPEHHIO JHHHA W HaKOHeL K HX
crginio mpu 40°C, 4To ykasniBaeT Ha oGmen NIOJIOXKEHHSMH BHYT-
eiluX 1 BHELHHX mpOTOHOB. CurHat npu 8§54 s CIIEKTpe, 3arH-
canoM mpu 100°C, sexut, kak wu CJAEN0BAJIO OXKHAATb, BOJU3N
CTATHCTHYECKOrO cpennero mosoxenus §5,29. B stom ciayyae 06-
MeHHBIH TpOllece ocyliecTBasieTcs 3a cyer BPalleHus BOKPYT yr-
4epo1-YIIEPONHLIX CBAI3CH — sBIEHHe, KOTOpPOoe OSBUHO He Ha-
0/10.1aCTCA B aDOMATHYECKHX MoseKyJaax. Ho B [18]aunynene sto
BO3MO/KHO, TIOCKOJIKY pasMep KoJblla o6ecrneynpaer HeoObIuHYI0
NOABIZKHOCTL YIJIGPORHOrO ckeseTa. B 3Tofi cBsizn HHTEPEeCHO OTMe-
THTL, UTO NepBbie u3MepeHns cnektpo SIMP [18]aunyenon npu-
B&Ill K DE3y/IbTaTaM, BbI3BIBABIIMM HelOYMeHHe, M3-33 VIIHPeHus
auull, 00yCIOBAEHHOrO 06MeHOM IPH HOPMAaJbHEIX TeMIepaTypax
(oxoao 30°C), ®e MOr 6bniTob HOTYUEH «YIOBJAETBOPHTEBH LI »
CHERTD, 4 O CYUIeCTBOBaHUH KOH(POPMALHOHHBIX IIePeXol0B B TO
BpeMs JaxKe He MOJ03peBaJu,

Caoxcnble KOHGOPManHOHHbIE IPEBPAIICHHSI M H30MepH3alus
cBsi3ell OblIM OGHAPYIKEHBl A5 [16]annynena. [Mpu —30°C CIEKTp
9TOr0G COENMHEHHsT COCTOHT M3 CHHIVieTa npu 86,74. JleraibHbId
AHAMIS H3MEHEHMA (OPM JHHME TNpPH NOHHIKeHUH TeMIIepaTyphwl
R0 —130°C mpuBen K caeayoumm sakmiouennaMm: 1) [16]annynen
CYIIECTBYET B ABYX KOHpOpMAmmsx (a u 6), HaxomsAmWuxca B Gui-
(TpoM  oBpaTuMom paBnosecnd; npu —60°C Koucranta paBHORe-
tia cocraBnser K = (pa/ps) = 2.9: 2) kamaas ns KOHbOpMaui

@ o

°5ﬂalaeT BHYTpeHHeH HOABHXKHOCTBIO, TAKOH, 4TO 3a cuer OLHO-
Sperennoro CABHra NBOHHBIX CBsI3eH Bce NMPOTOHbI nocjaen0BaTeb-
Y 8anuMmaror Bee YEThIpe M/l @ WJH IeCTHaAUATh AJS 6 MarHurT-
0 Pasanuaromuxes nonomennsi s STUX NBYX CTDYKTypax. Takum
Pasom, H30MEp a NpOXONHT wuepes 8, a u3oMep 6 — uepes

HACHTHYH bIe KoH(popManam, KOTOpHIC OTJIHYAIOTCSA TOJBKO ObMe-
HOJ0KeHHSIMH HEKOTOPBIX mpOTOHOB. [IpuMeuaTesen B 3Tom
OB{’IO T0T hakT, uTo CYILeCTBOBAHHE KOHDOPMALUHU 6 GLLIO ycra-

"Clo mocse Toro, kak HAaIllTH, YTO 3KCIEePUMEHTAJbHBIE CIEKT-
HI Hean3s corsmacoBath ¢ TIOJTyHeHHBIMH TIPH pacueTe (QOPMHI JiH-
» 8011 He npeanosarats BKJajda 6 B paBHOBecHe.

Cayy
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2.4. BanenTHas TayToMepHs

Beictpasi ofpatuMasi 8a/4eHTHAA TAYTOMEPUA, WIU BANEHTH(

uszomepusaytil, — OTHOCUTEJILHO HOBas 00/1aCTh HCCJIEJOBAHUE §

OpPraHHuYecKOfl XMMHH, Pa3sBHTHe KOTOPOH OLOo Gbl TPYAHO Impe,

craButh cebe Ge3 cnekrpockonuu JAMP. Takoit npoumecc Bheppyg
HabJoajcs ¢ NOMOMbIo coekTpockonud JIMP ana 3,4-roMoTpongl
augena. On npejicrapiser cobofi BHIPOXKAEHHYIO NeperpynnHpPOBgiE

Koyra, npu KOTOpOM UMKJONPONAHOBAs CBfI3b MeXAY aToMa\

Cs u C, Murpupyer B noJoxenne Mexay aroMamu C; U Cq 3a cyg

[3,3] -curMaTponHoro ciBura (CM. paBHOBecHe a ==a’).

24

3/~
8 C7 fem— Cc
AN
3 6
e
a

Hcxonnoe coeiunenne W MPOAYKT U3OMEPH3ALMH TOJHOCTBHIO el
THYHBl 110 CBOHM XHMHYECKHM H (DH3HUECKHM CBOHCTBaM, IO3TON

9TOT THI HEPErpyNNEPOBOK HA3BAJH CKPOLITOIMU DEOKUUAMU 7l
peaxyuami UOeHTUHHOCTU, a DaBHOBecHe 4 == ' HA3HIBAIOT COY
BeTcTBeHHO usodunamuueckum. Ho ¢ nomompio IMP stoT npoud

MOXKHO OGHAPYKHUTh U SKCIIEPUMEHTAJNbHO H3YUHTb, TAK KaK CleK
II03BOJISIET HAM YCTaHABJHBATh XHMHYECKOe OKpYKeHHe OTHeHP

HOTO siipa B MOJIeKyJie W MPOCJAEIUTH 34 BO3MOXKHBIMH H3MEHCHH

MH 3TOTO OKpyxKerus. Tak, HalpHMep, B XxOje Meperpynnupos
aroM C; NepexoJuT M3 AJJIHJIBHOTO TOJIOXKEHHS B IHMKJONpOnage

BOe KOJbUO. AHAJOHYHO M APYTHe ATOME, KPOMe HaXONAIIHE
B TOJOXKEHHAX 2 H b, TAaKxKe HU3MEHSIOT CBOH OKpyXeHus. A 4
CKOJIKY 9TH M3MEHEeHHsi MPOUCXOJAT NPH KOMHATHOH Temmepary
OBICTPO, TO TFOMOTPONHJMACH HA3LIBAIOT @AYKTYUpYloueld M
KyA0d.

Cpa3sy MOXHO BHAETb, UTo cnexTpockonusa JIMP sasjsierca
KaJbHEIM MeTOJ0M Jijig ofHapy:keHHa Takod BajeHTHOH TayTOl
PHH, TaK KaK CIHEKTP YyBCTBUTeNeH K H3MEHEHHIO J1aDMOPOBHIX j
CTOT paccMaTpuBaeMbix sfep. [lepexon a == a’ npossisgercs B3
nacTi GLICTPOro o6MeHa B TOM, YTO NPOTOHBI B MOJOXEeHHAX 71
a Takxe B MOJIOXKeHMSX 1, 3, 4 1 6 CTAHOBSTCS SKBHBAJeHTHH
CHexkTp «3aMOPOKEHHOH» CTPYKTYPBHl MOXKHO Habawoxath B Of
cTH MejJeHHOro ofMena Ipu TeMmmeparypax uixe —30°C, ai
HPOMEXKYTOUHBIX TeMIepatypax nabalofaercs ywupedue JTHHHM

[TocnenoBartenbHoe pPa3BHUTHE UJEH O BBIPOXACHHHIX Meper
nupoBKax KOyna TNpPHBENO K CO3AAHUIO KOHIEMIHH O CBOAG
G6yabBasena (154). CuHTe3 3TOrO HEH3BECTHOTO panee coelHH)
n ero crektp IMP Bol3Bams Goabmiolt uHTepec. B arom COEX
HHM cepHf BaJEHTHbIX H30MepH3aUuil OMHCAHHOrO Bpille THNA'Y
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+120°C

+15°C
+6°C
-
~ 85°C

[6]
[4]

L

Puc. VIIL 12. Temmeparypna
v o patypHas 3aBHCHMoCTb cnekTpa AMP Gyappasena (Ilpexep

I 1 1 1 1 1 |
6 5 4 3 2 1

(=]

BOAMT Kk 5KBHBaJEHTHOCTH B CIEKTPe BceX NPOTOHOB nipH 80°C,
U B pesynbrate cmekTp SIMP  COMepPKUT TONBKO CHHIJIET
(Plfc. VIIL 12). TonuxeHne TeMuepatypel BeleT K VIIHPEHHIO JH-
::II;E)H HAKOHEIl NpH —80°C CmeKTp CTaHOBHUTCSL COOTBETCTBYIOLLIUM
Ton poxeHHOH cTpykType 154. B HeM pe30HAHCHDIE CHTHAJBI IHK-
PONaHOBRIX IPOTOHOB W METHHOBOTO HPOTOHA B aJIIMJIBHOM [10-
fgz:mn HEePeKphIBAIOTCA. DHEPrHsl AKTHBAUMH [pollecca, OTBeT-
GBIJIaﬂor? 3a ycpelHeHHe XHMMYECKHX CHBHIOB BCeX [POTOHOB,
Halilena TyTeM aHa/H3a TEeMIePaTypHOH 3aBHCHMOCTH (op-

MBI uHBE K cocTaBaser 49 kk/mMoab (11,8 kkaju/Moan).
quf\}/{iomuo yKe Ha3BaThb KJacCH4yecKoH po6aeMOl opraHudeckof
H BONPOC O TOM, Y4acCTBYeT WJIM HET LHUKJIorenrarpuex (155)
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-139°C
He(159)
| | | 1 ] I | ! |
7,0 6,5 6,0 55 5,0 4,5 4,0 3,5 3,06
Puc. VIIL. 13. Cuekrp 9MP pasHoBecHON cMecH (hAYKTYHDYIOLUIHX MoneKy"

(158) == (159) B ob.aactu MenqaenHoro oomena (lepamri, Trontep [8D). 3Beznou
KaMH OTMeueHbl GOKOBbiE OT B alleHHusl. 3

B GHICTPOM H OGpPATHMOM DPAaBHOBECHH CO CBOMM BaJeHTHBIM TayTog
MepoM HopkapajameHom (156). Ilpuuyem A0 cuX IOp Ha HEro He mo§
JY4YeHO OfHO3HAauHoro orsera. OJHAKO C NOMOILLIO CHEKTPOCKOIHE
SIMP yaajoce o0Hapy:uThb paBHOBeCHE 3TOr0 THINA IJiaA DALg
TpOM3BOAHBIX 155. [lepBLIM M3yUeHHBIM TpPHMepPOM Oula 7-LuaH-TE
rpubTropMeruauuKIorentatpuer (157). 3

O -0 O

154 155 156 157

Tounple faHHBIE AJig OJHOH M3 TakWX peakuHi ObLIH mosyyeH)
B cJyuae ankapGomeTokcuunkiaorenrarpuena (158). Ha puc. VIII. §
npUBeJeH €ero COeKTp NpH HH3KOK Temneparype. CHIHamdbl o-TpP§
TOHOB OGOHX H30MEPOB JIErKO OOHapy:KHBaloTcs Kak AyGier nf
85,72 (158, Jup = 9,56 T) u ymupenHsti cunraer npu § 2,86 (15%
Tpu cHrHaja MOXKHO OTHECTH K METHJbHBIM MPOTOHAM CJOKHOIDH]
Hpix rpynn. MeHee uHTeHcHBHble curHananl npu 63,74 n §3,50 of
HOCATCSt K 9K30- M IHOO-KapOOMETOKCH/IbHBEIM TPyNIaM B HOPKA
paauene (159), a 6Gosee HHTEHCUBHBIH CHHIDJeT IpH 6 3,64 OTH
CHTCA K JKBHBAJIEHTHBIM METHJBHBIM rpynnam B (158). [Ipu kO
HaTHOM Temnepatype HabuiofaeTcst YCpe HeHHBIH CIIeKTP. J

H

H
COOCH;3 COOCH;3
COOCH; COOCH3
H
158 159
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[1soMepnl, yuacTBYlOUlHe B ONHCAHHOM Bbille DPABHOBECHH, pas-
guualoTes 1o sneprud. TeMnepaTypHYIO 3aBHCHMOCTb KOHCTAHT
pailiOBECHs MOZKHO OTIPENeANTh HHTETPHPOBAHHEM CHIHAJOB o-IpO-
ronoB B ofaacty Medjennoro ofMena. DBnuio ycrasosgeno, urto
ouTiAbIIHSA  HOPKapainewa 159 wna 673 &= 21 x/moap (161 =+
+ 5 Ka1/Mojb) HH)Ke, 4eM Yy HMKJOrenTtarpueHa 158, a sutponus
ga 11,9 = 0,1 JLk- K= - moan—! (2,85 £ 0,03 kaa-K-'-moan~!) menslue,
gert v TprueHa 158, Takum oOpasoM, 3HTpPONHUHLIE (akTOp OTBET-
¢TBCH 3a TO, UTO NPH KOMHATHOH TemnepaType cBOGOAHast 3HePTHs

tplicHa HIDKe, 4eM y HOpKapajueHa: AGoes = —2.88 gJlx/Monn
(—0.69 kxan/moan). [lyrem aHanusa GopMel JHHEE ObLIH onpefe-
aclibl APPEHUYCOBCKasd 3Heprus akrusauun 29,4 % 0,6 x/x/moun
(7,02 = 0,15 Kkasn/mMoJb) M 4YacTOTHHA daxrop 10'9 =02 nag npo-
nrecca 159 — 158.

[::Do = || o
160 161

B rerepolHKIHYecKOM pAny oxcemnmna (161) paBHOBeche ¢ H30-
MepibiM OeH30J0KCHAOM OBLIO OOHAPYIKEHO JJs CaMOro HesaMe-
LeHHOTO CcOefnHeHHsl. B 3TOM ciayuae OMHUKJINYECKas CTPYKTypa
npinviepHo Ha 7,1 kIx/moab (1,7 KKasn/Moab) OoJsee ycrofiumBa,
a 3NTPONHs OKCenmHHa npuMmepHo Ha 42 JIx-K-!'-moaps-! (10 kax-
‘K-"-Moup—!) Gosbire. JHeprun aKTHBAUHH HPSIMOA M 06paTHOi
pearunn 160 == 161 pasBum 38,0 xlx/moab (9,1 kxan/Moap) u
30,1 glx/Moab (7,2 KKaJa/MOJIb) COOTBETCTBEHHO.

Apyras uHTepecHas pa3HOBH/HOCTh BaJEHTHOH TayTOMepHH —
ABAcHUe cOsuea OBOLAON €843U (MU CABUT T-C8A3U), KOTOPOE yxKe
yoovuHasoch B cayuae [16]anHysnena. Takoit mpouecc OblT Boep-
Bbe ouenp 3J€raHTHBHIM CHOCO60M O0HAPYIKeH s IHKJOOKTATer-
Paena, B caydae KOTOPOTO CHTyaUHdsl OCJAQIKHSETCH TeM, UTO B JO-
HOJIHQHI/IG K CABHTY CBA3H NpOTEKAaeT HHBEPCHS KOJbLA. OIIHaKO
OKazajoch BO3MOXKHBIM IIpOAHAJH3HPOBaTL oba Mpolecca mo oOT-
LeMbHOCTH, MCMOJB30BAB IJSI 3TOTO |- (IMMETHJArHIAPOKCHMETHJI) -
23,4,5,6,7-rexcaefiTepOIHKIO0KTaTeTPACH.

B sToM coenuHenun ABe Naphl CTPYKTYPHHIX H30MepOB (a, 0, 8, e)
" 1Be mapnl KOH(QOPMEPOB (@, 8 U O, &) HAXOAATCS B PaBHOBECHSX
APyr ¢ apyrom BeaeAcTBHE NPOTEKAHMS CJAEAYIOU(MX NPOIECCOB:

1) nnBepens Kosbla @ == 8 U 6 == &;

2) cnBuru ABOHHBIX CBA3EH 4 == 6 W 6 == &

3) capur aBOflIO{l CBA3H M HHBEPCHH KOJbLA @ ==& H 6 == 6.

[pu —35°C Bee a1 npeBpallleHds NPOTEKAWT AOCTATOYHO Mej-
eHHO ¥ pe30HAHCHBIC CHIHAJbI OJqu)I/IHOBOI’O IIpOTOHAa UMEIT BHA
BYX cnmraeron pannoit uuTeHcuBnocTH npu § 5,80 u 85,76, koro-
B¢ MoKHO OTHECTH K MapaM H30MepoB a, 8 H 6, & COOTBETCTBEHHO,
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i

Kak u MOXHO OBLIO 0KHAATh, BCJEACTBHE XHUPAJbHOCTH HEIJIOCK
TO HeNpeNesbHOrO HHKJA AJs METHJbHBIX NPOTOHOB HabII0ONa10TY
JBa curuaJga c paciiensyieHdem Mexay Humu 0,06 m.a. Tlpu 6oad
BBICOKHX TeMIlepaTypax CHIHaJbl MeTHJBHBIX IPOTOHOB, a TaK#
0/1e()UHOBOTO MPOTOHA CJMBAIOTCS B CHHIJAETH. TeMIepaTyphl Kof
JIECHeHUHH OJS 3THX ABYX U3MeHEHWH paBHBI COOTBETCTBEHHO —4
u 41°C. Pasauune Mexj1y HHMH [OKa3biBaeT, 4To JuacrepeoTof
Hble METHJIbHBIE TPYNNbl NEPeXOAAT B 3IHAHTHOTONHBIE TOJBKO
CUET UHBEPCHH KOJIbIla, MOCKOJbKY B PE3YJbTaTe 3TOr0 Y MOJEKY
B mkane BpeMeHu SIMP noasasercsd sQ(PeKTUBHAS NJIOCKOCTH CHA
MeTpuH. [Ipy nOBblLIeHHBIX TEMIEPaATypax BPEMEHHOE YCpejHe
OKPYsKeHHs] 0JieHHOBOTO NPOTOHA OODBSICHSIETCA H30MepH3AIM
JIBOHBIX CBs3eH, H Temeph IpoUeccH a =0 M 8 == 2 Takxe Jal
BKJAJ, B yCPelHEHHe pPE30HAHCHBIX CHTHAJOB METHJbHHLIX TIpPyHl
Ha ocHOBanuu 3THX HaGJIOJEHHH MOMKHO NPHATH K 3aKJi0Y
HHIO, YTO WHBepCHS KOJbLla IpoTeKaer ¢ OoJjiee HH3KOH 3HeprH
aKTHBALMN, 4YeM CABHT JBONHBIX cBsisefi, ocofenuo ecaum yuec]
YyTO napameTp 8v Menblle AJ8 0OMeHOB a4 = 6 uiu 8 = 2. E¢
65l CBOGOJAHBIE 3JHEPrHU AaKTHBAalLMU OOOHX IIPOLIECCOB COBMAajaj
TO KOAJIECIEHIHS CHIHAJIOB OJie(UHOBHX NPOTOHOB HabJji0naNd
6bl B MePBYIO ouepelb, NOCKOJBKY, cornacHo ypaBHenuio (VIII. I
MEHbIIEMY 3HAUEHHIO §v COOTBETCTBYIOT MeHbIIasi BeJHYHHA R
cJef0BaTeNbHO, OoJee HU3Kas TeMIepaTypa KoaJeCLeHIMH.
Koauuecrgennan ouenka AG# npu —2°C nmpHBOAHT K BesHy
e 61,5 klx/Moap (14,7 KkaJja/MoJb) AJIs HHBEPCHH KOJIbUA!
71,5 xJlx/moab (17,1 Kxas/Moab) AAs M30MepH3aLnu JBOH
ceazeil. Ecau npuusite, yto ofa mpouecca NpoTeKaloT tepes I
CKOe MepexojHoe COCTOsIHHe, CTPYKTypa KOTOpOro s HHBepY
IHKJa uMeeT BHA 162, a Aas cABHra NABOHHHEX cBsiseli — 163,]
MOXKHO 34KJIOYHTL, UTO CTPYKTypa 163 ¢ Jesokajn30BanHOH 58
creMoil mpumepuo pa 8 xIk/Moap (2 xKaa/Moap) MmeHnee YCH
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_Bsoc k-boa

—Mu

~-110°C k=385¢"
~119°C A=106¢

__/\‘M_/\s__-——\

—-138°C k>0

a &
Puc. VIIL 14. TemneparypHasi 3aBHCHMOCTb PE3OHAHCHBIX CHTHAJIOB METHJEHOBBIX

nporonoB 1,6;8,13-autu-6uc- (Merano){14]annynena (®orems u corp. [9]).

Jlnuib oana cHctema AB HaGmogaercs B o6aacTh ObicTPoro o6MeHa, Tak Kak MOJeKyaa
o6i1anaer 3¢ deKTHBHON CcHMMeTpHed Cyp- Mpu —138°C MeTu/ieHOBHIE TIpPYNNLl yie He

ABJASIOTCA SKBUBAJICHTHLIMH M NOABAAITCA ABe AB-CHCTeMbl, KOTOpble Y4CTHYHO I[1E€PEKDBI-
BAIOTCH, @ — H3MepeHHbIl cMeKkTp; 6 — pacCuHTaHHLIA ceKTp.

YiBa, ueM oJsieHHOBAA CTPyKTypa 162 ¢ JIOKAAH3OBAHHBIMU JBO-
HpiMy cBsA3siMd. Takum oOpasoMm, mepexofHoe coctosnue 163 sas-
JSCTCS QHTUAPOMITULECKUM.

162 163 164

 5TOfi TOYKH 3PEHHS NMPEACTAB/SET HHTEPEC TOT (PAKT, 4TO H30-
Mepusauust nBoiHbIX cBsseil nabalogaercs u B 1,6:8,13-anTu-
Ouc (merano) [14]annynene (164). IIpumeyaTesnbHo, YTO 34€Ch Mbl
Blepppie BCTpeuaeMcd € TaKuMm MnpolieccoM B (41 -+ 2)-m-cucreme,
koTopas mmeer 147-31eXTPOHOB 1 (pOpMaAbHO YAOBJIETBOPSET HpA-
By Xiokkesis. KoHeuyno, 5T0 MpaBHAO NpeANoJaraer KOIIaHapHOe
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pacnoJioxkende aTOMOB YIJepoAa, COCTABJAILIHUX NEPUMETD MOoJe-

Kyabl. QueBUAHO, YTO B caydae 164 370 TpeOoBaHUe BHINOJHSETC
He TOJHOCTBIO. M3yueHue MOJeKyJasApHBIX MojJenell MNOKa3blBaeT, |
YTO CKPYYMBAHHE OT/HAE/bHBIX YIJAEPOI-YII1epOoAHBIX CBf3el, ocoben- }
HO cuJibHoe B ueHTpadbhusix ¢pparmMentax y Ce—Cs 0 Ci3—Cyy, ]
co3JaerT 3HAUUTeNbHBII Gapbep s conpsixeHus. [foaTomy sHep- §
IHSl JeJOKaJjH3alliH HeAOCTaTouHa /A cTabuaus3auul pe3OHaHC- §
Horo rubpujga. B COOTBETCTBUM C 3THM CIEKTP COCJHHEHUS, NpH- 3

BelleHHbI Ha puc. IV. 14 u samucansnii npu —138°C, 3aBHCHT OT

Temunepatypbl. [IpH MOBHIIEHUH TeMIepaTypbl NPOMCXOAMT yliHpe- §
HHe M CJAMsIHHE Pe30HAHCHBLIX CHIHAJOB, U IIPH KOMHATHOH TeMre- §
paType HaGAIOAAIOTCS TOABKO ABa CHHIJIETa 0Je(DHHOBHIX TPOTOHNE #
n AB-cucreMa NPOTOHOB METHJEHOBLIX MOCTUKOB. [lnig BHyTpenHeii §
JUHAMHKH 3TOH MOJIEKYJBl XapaKTepHO, UTO CHHIJIET NPOTOHOB B }

HOJIOXKEHNAX 7 U 14 He MeHSIeTCsI ¢ TeMIlepaTypoil.

KoHcTaHThl CKOPOCTH I BaJIeHTHOH H3oMmepu3aunuu 164a = 3

= 1646 MOXKHO pacCUHMTATh IO HU3MeHeHHI0 (POPMEI CHUTHAJIOB METH-
JIEHOBBIX IIPOTOHOB B  3aBHCHUMOCTH OT TeMmnepatypn.. Ha

puc. VIIL. 14 noxasaHo HECKOJIBKO THIIHYHBIX 3KCIICPUMEHTAJbHHIX §
U DACCUMTAHHBIX CHEKTPOB IIDH pa3HbBIX TeMIllepaTypax. OHEPrusj
akTHBauMu Gbiia nosayyena pasuoi 30 KILxk/moab (7,1 kkan/moab), &
a uactoTHe#l dakrop — 1022 Ecau, Kak ¥ B cjlydae LHKJIOOKTa-@§
TeTpaeHa, NPHHATH, UTO TEPEXOJHOE COCTOSIHHE HMeeT [Ae/0KaJu30-%
BaHHYIO CTPYKTYpy 165, TO mojyuuM C/IeAylOWluii 3HepreTHIecKuig

B

npodHuIb LIS peaKUHH:

2UNOIMEMUYECK 08
1EPEXITHOE
COCITIOAHUE

164 a 165 1640

Mo3xKHO, KOHeuHo, NPeMJIOKUTb H APYTYIO TPAKTOBKY 3TOH pea ¢

IUU KaK 3JCKTDPOUUKJIINYECKOro mpolecca.

2.5. JlMHaMUYeCKHe NPOLECCh
B MeTaJJIOOPraHHYeCKHX COeJHHeHHAX M KapOoKaTHOHAX

3HaunTeNbHbIE yCIHeXH B YrAyGJAeHHH TOHMMAaHHS CTPOeHH
peakTHBOB ['puHbspa OblIH AOCTHTHYTH O.jaroiaps npHMeHeHH
merofioB SIMP. Hanpumep, crexrp Opomnia annuamaruus (164
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COCTOHT H3 KBHHTeTA npu 66,2 u aybaera npu § 2,5 ¢ cooTHOLUIe-
HueM HHTCHCHBHOCTeH | :4, obpasyiomux cucremy AX, DToT Buj
¢NEKTPA YKASLIBAET Ha OCYINECTBJIEHHE ObICTPOrO PABHOBECHS MEXK-
Ay ABYMsI U30ME@DaMH OAMHAKOBOH CTPYKTYpHI:

1 2 3 1 2 3
CH;=CH--CH,—MgBr == BrMgCH,—CH=CH,
166a 1666

Cnextp xJaopujia 3,3-auMerun6yTHamarsus  (167), kak 6wu10
VCTaHOBJCHO, 3aBMCHT OT TeMmeparypel. [Ipuw —53°C 6wina noay-
vena cucreMa AA’XX’, a mpu 32°C maGamopaercs CHEKTP THHA
AoXy (puc. VIIIL 15).

B KauectBe ympouleHHOro o6bsicHeHH: OpHMeM, YTO MPH HHU3KOH
feMnepaType COeAHHeHHe CYWIeCTBYET NPEHMYLIECTBEHHO B TPAHC-
xondopmannu 168, Crextp Tnna AA’XX’ coraacyercs ¢ 3THM npen-

mpem -Bu
THs H H
Hac—cl:-CHz—CHz —MgCl
CH3 H H
MgCl
167 168

nonoxenneM. Ero nepexox B cnextp A,X, O3HAYaeT, 4TO MAPH BHI-
COKHX TemMmepatypax mnapamerp L (cM. ri. V) cranosutcs pas-
HbM Hyqi0. Torna Mexiay npotromamu A u X Gyzer CYLIECTBOBATh
TOJLKO OJHA KOHCTAHTA CIHH-CIIHHOBOTO B3aHMOLEHCTBHSL. [1poto-
Het A n A/, a Takxke X u X’ MONApHO CTAHOBATCH MATHHTHO 9KBH-
BAaJIEHTHEIMH, T. €. OOMEHHBAIOTCS CBOMMH MATHUTHBIMH [1OJIOJKe-
Hismvn. Cambli pa3yMHBIH MeXaHH3M [/ TAKOro 06MeHa — HHBep-
i kapGaunona (169 == 170), koTopelit H303JEKTPOHEH C aMHHOM.
[To Temmeparyproii s3aBucuMocTH: dopMbl HHHE chmekTpa Ghuia
Oipejle/ieHa SHEPrust AKTHBALHMH 3TOTO MpoLecca, paBHas 48 4
* 8 kI /monp (11 == 2 KKax/MOB). o

A A '
A A
unbepcus bpaiyene
{ v aXX
X @ ' A -X‘A X g ]

W B meraarnxapbonuavnox komnirexcax 0J1epHHOB  HabJII01a/1HCh
HI{TGPECHI)IG OGMeHHble SIBJICHHS, 3aTParHBalOULHe MeTalIKap6o-
SR o
VIbHENE (parment. Tak, KOMIIEKC TeTpaMeTaanieHa ¢ Fe (CO)
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-53°C -34°C —26°C

I\" +32°C

-2ec #11°C

J VL WL

Puc. VIIL. 15. Temnepartypunie uamenenus s cnektpe SIMP *H xaopuaa 3,3-11HM

THAGYTHAMarHusa: AA’-vactb cnekTpa (Yaiircaiins u corp. [10]).

(171) np¥ KOMHATHOH TeMIepaType COJEPXKHT B CHEKTPe TOJb d

cuarner (puc. VIII. 16). Onuako npu —60°C B Hem oGHapyxH

BalOTCs TPH CHTHaJa ¢ COOTHOHIeHHeM HHTeHcuBHocTed 1:1:2, ung

H JIOJXKHO OHTL B ¢jaydae <<3aMOpO}KeHHO

HsC CHy cTpyktypel. Takum obGpasom, ynpouieHHe cries
\C=C=Cs Tpa NIpH KOMHaTHOH TeMHnepaType 00yciOBJeH

/ N obMenHbIM 1mpoueccoM c¢ yuactueMm Fe(CO){
H3C i CHs rpynnbl. BHyTpuMmozekyasipHBIH xapakTep 574
Fle(CO) ro TayTOMEPHOTO NpeBpallieHHsi NOATBEPKAAETH

4 rtem, uro B oGnactH ObicTporo o6MeHa CHUTHAR

171 H30BITKAa He CBSI3aHHOTO B KOMILIEKC TeTpaMé

THJAJJeHa MOXKHO HabJI0AaTh OTAEJBLHO. :

Ananordunble npouecchl GbLIH Takke ONMCAHL AJs KOMILIeKCd
UHKJAMYECKHX oJdebunoB. Tax, IJas MeTHIIUKIOOKTaTeTpacHKeNe
TpuKapGoHuia (172) u N-kapGoMeTOKCHAa3eMHHIKe1e30TpHKapGOH
aa (173) Habmioja/nch NpUBeJEHHBIE HHXKE paBHOBECHA cO CB
Goxubimu sHepruamu axkTHBauun 33 kIx/Moab (8 Kkas/mMoJb)]
65,5 kllx/moap (15,5 KKa/i/MOJbL) cOOTBETCTBeHHO. B coenunent
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+60°C +30°C

bk i)

Prc. VIIL 16, Cnektpu JMP !'H Tterpamerunannen:kenesoreTpakapBoHuIa npu
pasanunnix temuepatypax (ben-Illoman, [Terur [111).

172 W3MeHeHMe MHOJIOXKEHHS KeJe30TPUKApOOHUABHOR TPYNNBl CO-
IPOBOXK/laeTCcsd CABUIOM JIBOHHOH CBSI3H, KOTOPBHIH B KOMILJIekce 173

He MPOUCXOAUT.
CHs
---Fe(CO);3

, Fe (CO)3

’

-

172 Phsc ®h o

Fe(CO)s H3C CH3

~ S @l
@N—COOD — @N—-COOR HsC CH,

Fe(CO'
173 173

ITpumenenune cmnekrpockonuu SIMP mnpuseso Takxke Kk Oosee
IyGOKOMY IOHHMAHUIO MeXaHH3Ma MpPOTOHHBEIX CABHroB B KapOo-
KatHonax. Tak, rekcaMeTHa0eH30J BO (PTOPUCTOBOAOPOAHOM KHCJO-
Te 06pasyeT KATUOHHLL G-Komnaexc, KOMILJIEKCH 3TOTo THIIA pac-
CMaTpPUBAIOTCI Kak HHTEPMEJHATHl NPH aPOMATHYECKOM 3JIEKTPO-
buapgom samemnennu. Cnekrp $SIMP srtoro karwona (174) mnpu
KOMHATHOH TeMIlepaType YKa3blBaeT HA OBICTPYIO MHUIPALHUIO TPH-
CoejMHUBLIErOCS [POTOHA NO nepumerpy koasua (puc. VIIIL 17).

HeM Habamogaercs Ay6aer (J = 2,1 I'u) oA MeTHJALHBIX Tpymn
W mysabtunaer nporona rpynne CH. Beaencrsue Guictporo oGmena
SToT mpotoH 3(QeKTHBHO pacUIenasercss Ha BCeX BOCEMHAALATH

10 X. I'onrep
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2,11y
—

2,11y %
” Puc. VIIL 17. Coextp SIMP 1H |
i POTOHIPOBAHHOTO  TeKCaMeTHJ-
j Gensona B obaacti GoicTporo 06- ;
\‘ﬂ\,\ Mena (Maxkop, Max-Jlun [12]).
CH CH;

MEeTHJBHBIX nporoHax. Takum o6pasoM, HabJuiogaeMoe paculende-
HHEe B COOTBeTCTBUH ¢ ypasuenuem (VIII. 4) mpepcrasaser cobolo i
cpe/Hee KOHCTAHT CIIMH-CHHHOBOrO B3aHMOJCHCTBUSA, HabJI0Aal0- .
IMXCS B HH3KOTEMIEPATYPHOM CIEKTPE «3aMOPOKEHHOM» CTPYK- °

T

TYpbl 174 (11,5=6,8 FIJ,; 14,52‘3,5 FLI; 12,5=1 I'm u J3,5=
=0 Tu):

Juasa =1, 5+ Ju. 5+ 2J5,5)/6

CpaBHeHHe 3KCHEPHMEHTAJbHBLIX H pAacCUHTaHHBIX (OpM JHHHH B
HHTepBaje TeMuepatyp or —105 mo 55°C paer sHepruio akrusa-
WHH OPOTOHHON  Mmurpauumn 55,7 3,3 k/Ix/morp (13,3 - %
=+ 0,8 xKaJ/MOJb). 4

JJist anaJiorHYHOro Ipolecca B relTaMeTH/I0EH30/J0HUEBOM HOHE 4
3THM crnocoGOM MOXKHO jaKe BBIICHUTL MeXaHH3M oOMeHa. Brlin?
paccuMTaHbl TEOPETHYECKHE CIIEKTPbl KakK JJIsi MOCAeJ0BaTeJTbHOCTH §
1,2-casuro (175), Tak H AJs CTAaTHCTHYECKH DaBHOBeposiTHOro 00-%
MeHa B J000e TOJ0XeHHe Yepe3 I[IPOMEXYTOUYHBIH f-KOMIJIEKCHE
(176). Jluuib cHEeKTpbl, pacCUNTAHHbIE MAJs IIEPBOLO MEXaHH3MA,]
COIJIACYIOTCH € 9KCIePUMEHTa bHBIMH.

2

H5C CHy
HiC 2 umd
— CHy 274
HiyC” Y “CHs
CH3
175

Hunamuueckue apperrsr s cnexktpax SIMP 291
a (6)
{4)
- 113°C
) 13
.
&
—134°C
6
—148°C
e -154°C
| i ! ]
7,0 5,0 3,0 1,0 5

[I)D:TC\D\i‘{”(Olfd,%’,l?};\T’”EI{{SI?“P 'H wopSopiiuabiioro KaTiuona npi paznex Temie-
el %?quoemle ngéopmmworo Karnona (177)— emte oxHa npo6.e-
o, 601;{?1 KapOOKaTHOHOB, KOTOpAsi B TeYeHHe MHOTHX JIET Bbl3bl-
HaMII‘IeCKbmo?{]\I/I;I{)Te%eC H Takxke Oblla HCCAEIOBaHA MeTONOM AH-
pa oro - ITOT HOW Obla MpuroTOBJIEH 13 (hropnaa 178 n

'Bope cmecn ShFs u SO.F,. Ero CNEKTP INpeIcTaBJ/i¢cH Ha

CH, *
HaC CHs
G CHj
HyC CHs
CH;
176

10+




292 Taasa VIT

puc. VIIL. 18. INpucyTcTBre B CHEKTpPe TPeX CHTHAJOB C COOTHOMIe |
HUeM MHTeHcHBHOCTEH 4 :1:6, KOTOpHEe CAWBAIOTCA B CHHIVIET Npy

npy —113°C He OCYlleCTBASETCH «3aMOPOXKEHHON CTPYKTYpu g
[Teperpynnuposkn Baruepa — Meiteppeiina («B. — M.» na cxevef
VIIL 1) # 2,6-rugpuinble CABHTH ABAAIOTCS NPHYMHOR TOTO, utg
NpH 3THX YCJAOBHSX HPOTOHB B nojoxenusx 1, 2 u 6, a Takke 3%
5 ¥ 7 NPOSIBJIAIOTCA KaK 3KBHBaJeHTHblE. [IPOTOH B MOJNOMKEHHH 4
He yyaCTBYeT B 3THX OOMEHHEIX IpoUeccax, W KaTHOH obGsajnaer
wkase ppemenn SIMP sddexrupuoii cummerpueil Cyo. OfHaKO mp

—113°C 2,3-rufpuHBI CJIBHr ABJSETCS Me/JEHHBIM MNPOLECCOME
DTOMY IPOLECCY MOKHO NPHIHCATH IHTANBINIO akTHBaunn 45,2
+ 2,5 klx/moas (10,8 Kkaa/Moab), KOTOpas NOJNy4aercs np
aHajn3e H3MeHeHHH (OpPMbBI JHHUM CNeKTPa Npu 0ojiee BHICOKHE

temnepatypax (or —100 xo 4-3°C).
Ecan B KauecTBe pacTBOpPHTENs HCIOAb30BaTh cMech ShFgi

SOCIF u SO;F,, T0 MOXKHO 3amucaTh CIEKTPH Raxe NPH OXJakjes

@D
<)
23
! s 2,3"
N
4 A /X/
3 7 B-M. 3 7
— 5
3 e and
Y 1 2 g
26"
oy ’/7
5 7
4 %
3 7 - 5 4
= 1
2 6 @1 6 @ 2
a-m 1
7
5|, 2,6
==
b ' T
/
@ ’,/,2,3" 2,3

Cxema VIII. 1

Hunamuueckue sdpexror 8 cnexrpax SIMP 293

pud g0 —158°C. [lpu nanbHeluieM OXJaxKAECHHH CHTHAJ B CaMOM
¢1ab0OM NOJe pacllenyasieTcss Ha ABa CHHrJeTa DaBHOH HHTEHCHBHO-
cti. KpoMe TOro, y cHrHaja B camMOM CHJIbHOM II0JIEe MOSIBJAAETCS
/€40, a CHIHAJ NPOTOHA B MOJIOKEHHH 4 OCTAeTCsl MO-NpeKHeMy
HeH3MeRHBIM. HuskoTeMneparypHbtli CieKTp, NONYYeHHBIH 3THM CIO-
cobom (puc. VIIIL. 18), nyumre BCero cOOTBETCTBYET CTPYKType HpPO-
TOHHPOBAHHOTO HOpTpuIHKIeHa (179),T.e. Heknaccuyeckoro kap6o-
KaTHOHA C NATHKOODAHHALHOHHBIM aTOMOM yrjepoaa. CBssp MEXAy
atomaMn Cy v Cg MOXKHO paccMaTpPHBATh KAK TPEXUEHTPOBYIO, & OCh
CHMMETPHH TPETHEro NMOpPSAKa HYXKHO 3aMEHHTh I[JIOCKOCTHIO CHM-
merpuH. Hu kiaaccuueckasa cTpyktypa 177, Hu npeanosoxkedue,
yTO TePerpynnupoBKn Barnepa — Meifiepseifina nporekator GbICTPO
Ja)Ke TPH CTOJNb HH3KOU TeMuepaType, HE MOTYT OODLACHHThL 3TOT
crnexkTp. Ha ocHOBe aHanu3a CIEKTPaJ/bHBIX H3MEHEHH{l NyTem pac-
yeta GopMmbl JHHEH no ypaBHeHHo (VIIL.2) 6bina nonyuyena suep-
rUst aKTHBAlMH AJd BTOPOro JAHHAMHYECKOro INpolecca, KoTopas
paBHa 24,7 & 0,8 xIx/monp (5,9 & 0,2 kkaa/Moib).

B saxnioueHne MB 06CyAMM TEpPErpyNNUPOBKY aAIHJIOKCOHHE-
BBIX COJIeH, TPOTEKAaIUIyl0 3a cueT YdYacTHs COCefHeH TIpyMHml.
Crnextp IMP katwona 180, nosyuaemoro npu o6paloTKe TpHaue-
TaTa TJHLEPHHA NEHTaXJOpHAOM CYPbMBbl, YKAa3biBaeT Ha ero Obl-
crpyio neperpynnupoky B uzomep 181. Ilpu komuHaThHOH Temmepa-
Type M TIPH HCIOJb30BAHHH AaleTOHHUTpUAA-d; Kak pacTBOpHTENN

C(H3 CH3
C C
N\
O/ee\.o ?/ o
CHZ—(CH—(IZHZ == 'CHZ—(IZH—(':Hz
9 O 0_g O
N 8,/
~c C

} )
CH3 CH3

180 181

MeTHJbHBlEe NPOTOHBl AAIOT ABa CHHriera npu 63,35 ¢ 6 2,16. n-
DHHBl 3THX JIHHHH yBEJMYHBAIOTCA € POCTOM Temnepartypel. Hako-
wen npu 105°C ath aBa curnaja campawoorcs, ¥ cBoboaHas sHep-
THsT aKTHBALMM [polecca, ONpeJesNeHHas MPH 3TOH TeMIepaTtype,
cocraBasier AGis=78,2 &Jlx/moab (18,7 xKaja/mosn).

B UHKIHYECKHX COeAHHEHHSIX PeaklHH ¢ TAKHM y4acTHeM cO-
CelHUX TPYIN MPHUBOAAT K aHAJOTHUHBIM BAaJEHTHBHIM H30MepH-
3auMsM, B B cjaydae KaTHoHa 182 MoxKer HMeTh MeCTO ydacTHe
BCE€X AUETOKCHIPYNN B CEPHH MOC/JeJOBaTENbHBIX <«PedKUHH HAeH-
THYHOCTHY, ‘
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HaC CHy

OAc

H .
0 0 OAc
0 80 0 s 3
@ (CoHs)3CBF, @ = @ b— oﬁé
AcO AcO AcO o Aco OAc
OAc OAc o{@

182 CHs

3. MEXXMONEKYNIAPHBIE OBMEHHBIE NPOLIECChHI

Bce 6es HcKaoueHHss OOMEHHbie IpOIeCcCh, KOTOpHie MBI 00-
CyXAanu, GBUTH BHYTPUMOACKYAAPHOLMU. B 3aKMOYATETHHOM pas-
Jlesie TOH IJIaBel Mbl KPaTKO PacCMOTPHM HECKOJbKO sIBJeHHH 00-
MeHa, MEeXMOJEKYAIpHbIX 0 cBoell mpupofe. DTH SIBJEHHS BKJIO-
ya10T IOYTH BCe PEAKLHH IIPOTOHHOrO Mepenoca, NOAoGHbIe TOH, UTO
yKe yIOMHHajach NpH HalleM oOCyXAeHHMM CIeKTpa MeTaHosia. Bo
MHOTHX cJy4yasiXx OCHOBY JJIs1 HHTePIpPeTallMH JaeT KOJIIANC CIIH-
HOBBIX MyJabTHIIETOB, B rtaba. VIII. 3 mpeacrassensl pesynbTaTHl
HeCKOJBKHUX HMCCJIe10BAHUH CIHPTOB, aMHHOB H ADPYTHX COeJHHEHHUH
6aU3KOH MPUPOAB. B OT/AMUME OT paHee DACCMOTPEHHBIX peakUui
NIepBOTO TOPsiiKa BCe Ge3 WCKMOUCHHMA HPOTCKAMIIHE B STHX CH-
cTeMax MpoLecChl HMEIOT BTOPOH NOPSIOK.,

Ta6auua VIII, 3. Peaxkunn MeXMOJEKYIsPHOrO nepeHoca NPOTOHA
B HX KOHCTAHTH CKOPOCTH BTOPOro mopsaka (a-Moab—!.c¢—1),
onpefeneHnpe ¢ noMombio IMP

Peaxnus 'R

H,0 -+ H;0" == H,0' -+ H,0O 10t°
H;0, +H0" == H0; + H,0 2107
CH;0H -+ H*OH == CH,OH* -+ H,O 3
CH,OH + H;0" <= CH;0'H, + H,0 108
RS*H, + RSH == RSH -+ RS*H, 102
RS" 4- RSH == RSH + RS~ 6-10°
RyN*H + H,0 = RN + H;0* 10~?
RsN'H + RsN == RsN + R3N*H 108
R,NH + OH" == R,N" + H,0 5108
(CH)sP*H 4 (CHy)P == (CHa).P + (CHy)sP*H 102
H;CeC=CH -+ OH" === H;Ce—C=C" 4 H;0 5- 102

HAunamuueckue spgextor ¢ cnexrpax SMP 205
0 0 Ha
Il 1l 0" Yo
HC— C —CH,~C—CH; —= I é
. ) P

| ¥
—A J. A 1.
| L { 1 | 1 i L | | r 1 ! ! 1 1 |
16. 14 12 10 8 8 4 2 05

Puc. VIIL 19. Cnexrp SIMP 'H auernaauerona B pactsope CCly npi KoMHaTHOI
TeMIeparype.

Oco0uiii HHTEpeC IJIs1 XUMHKA NPEACTaBAseT KeTO-eHOJ/1bHOe PaB-
HOBECHE, MPH KOTOPOM MPOTEKAT KaK MeX-, TaK U BHYTPHUMOJE-
KyJspHble NepeHOCH MNpoToHa. MX Takke MOXHO OOHADYKHTL H
H3YYHTh C MOMOUIbIO ciekTpockonuu $SIMP. B cmektpe auerusane-
ToHa (puc. VIIL 19) scHo Buanbl curHaan Ketodopmul [8(CH;)
2,2; 6(CHy) 3,7] n enompnoit dopmu [8(CH;) 2,0; §(=CH) 5,7],
UTO yKa3blBaeT Ha Me[J/IeHHOe NMpOTeKaHHe U30MEepH3alUMH B IIKaJje
speMenn SIMP (k <C 10~!). Ecau 106aBAsATh OCHOBaHHE WJH IOBHI-
l1aTh TEMNEPATYPy, TO CKOPOCTb peaklHH BO3PACTAET, JIHHHH YUIH-
PAIOTCS H HAKOHEL, NocJae KoaJecleHUHH Haburoaaercsa yepelHeHHbIH
CIEKTP.

M3 oTHOCHTENbHBIX HHTEHCHBHOCTEH CHTHAJIOB QUEBH/IHO, UTO U
KOMHATHOH TeMIliepatype eHoJsbHass ¢opma npeobjalZaer B paBHO-
BeCHOH cMecH. MHTerpHpoBaHHe HOKAa3EBIBA€T, YTO CMECh COAEPKHT
86 % enona u 14 % nnkerona. CuibHOE [Ae33KPaHHPOBAaHHE MPO-
TOHAa CHAPOKCHJLHOH TPYNIH eHoJa sIBJASeTCs CJaelcTBHeM o6pa-
30BaHHMA BHYTPHUMOJIEKY/AAPHOH BOAOPOAHON CBA3H. MaruurHas
S9KBHBAJIEHTHOCTh METHJ/IBHBIX I'PYNI B €HOJE, IPH YCJOBHH 4TO OHA
He BhI3BaHA CJYYaHHBIM COBIAJEHHEM CABHIOB, YKA3BIBAET Ha OLl-

CTPHI BHYTPUMOJIEKYJIAPHHIH 0OMeH aTo-
Ma BOZOpOJA MeXAy AByMs KapOOHHJb-
HBIMH TPYIIIAMH,

MexmosiekyaspHele OGMeHHble TpPO-
liecchl BCTpeyaloTcss TaKkKe B MeTaslio-
Opranuueckoit xmumuu. Ha puc. VIII. 20
NoKaszaHa TemmepaTypHasi 3aBHCHMOCTb
cnekrpa IMP tpumerunanioMuHUs B TO-
Tyone, Ilpu —55°C Habawjawrcs ABa
COOTBeTCTBYeT AUMEPHOH cTpyKType 183.

.-CH3
Sal’ :

. ~N
H3C CH3 CHs

183

OTJeJbHBIX CHTHAaJa, 4YTO
OTH CHTHAJB MOXHO OT-

HECTH K NMPOTOHAM MOCTHKOBBIX H KOHIEBBIX METHJbHBIX TpyIIL
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162 [y 149 My,
127 Iy,
—15°C
~55°C L
—25°C
—47°C ~35°C

Puc. VIII 20. Temneparypuas sasucumocTs SAMP !H TpumerasaMOMHHHS B TO-
ayone (Xsm, Moab [14]).

DKBUBAJEHTHOCTb BCEX METHJIBHBIX TPYIN NpPH Gosiee BHICOKHX TEM- :
mepaTypax MOXKHO MOHSTH HA OCHOBe C/ENYIOWlero MexaHu3Ma: .

CH '

HiC 25 CHs  HsC GHy  CHs  CHy CHs, (Mg
AN = A A = A A
HiC  CHy”  CH3 HiC©  CH3 ©  CHs HiC”  “CHa" CHy

OHeprus akTHBAUMH s 3TOro o6MeHa Obijla HaliieHa pPaBHOM.
63,5 xdx/Moab (15,6 kkan/Moab)., MexMOJNEKYJNAPHBIH XapaKTeps
npouecca MOATBEPKIAeTCs TeM, 4TO B NPHUCYTCTBHU TpHMeTHJ/IraN-§
JIHSI KOQJeCHUPYIOT He TOJbKO OTHeNbHEIE CHTHAJH MeTH/IbHEIX
TPYNI TPHMETHJIAJMIOMUHHS W TPHUMETHJraJIHsA, HO mpH GoJee Bbl-
COKHX TeMIepaTypax Jaxe JBa YCPeIHEHHBIX CHTHajla 3THX JBYX:
cOelNHEHHH CJAHBAIOTCHA BMECTE.

B papyrux caydasx Kak HHAMKATOp AHHAMMUECKOro Ipolecca:
HCIIOJb30BAJIHCh KOHCTAHTH CIIHH-CIMHOBOrO B3aHMOXEHCTBHS Me-
MY TPOTOHOM M MeTaJJOM B METa/JIOOPIraHHYECKOM COeJHHeHHH&E
Hanpumep, scrpevaroluuiics B NpHpoje KaAMHH SBJISETCS CMeCh
130TONOB, cpeau KoTopuix umetorest 'Cd (13 %) u 3Cd (12 %)
Slgpa 3THX M30TONOB MMeEIOT CHMH, paBHBI [/2, a ocTaBmiMiics H30!
ton '"?Cd umeer nyseBo#i cnuH. [TosToMy B cnexTpe npOTOHHOI
pe3oHaHCa JUMETHUJAKAAMHS HAGMIOAAIOTCS CATE/IUTH, 00yC/I0BIIE
Hble CHNHH-CIHHOBLIM B3aHMOJAEHCTBHEM ¢ MAarHMUTHBIMH H30TOMaM
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a
Cd(GHa)s,
! 69°C
50°C
J™Cd'R)
;—— —_—
7("ca'H) 48°C
Pue, VIIIL 21,
« —cnekTp SAMP 'H nuMeruakaamus B toayone (XsM, Mosb [14]); 6 — temneparypuas

3aBHCHMOCTb cleKTpa SIMP wmcToro numertuiakanmusi {(Bpemsep u cotp. [15]).

kaamusa (puc. VIIL 21). Kak u B cayuae pacliensieHds CHrHaja
THAPOKCHJIBHOTO [IPOTOHA B CNEKTPe METaHOja, 3Ta TOHKAst CTPYK-
Typa ucYesaer, eC/d OTAeJbHble METH/IbHEIC IPYNB 06MEHHBAIOTCH
MeXAy pasgauYHbIMH aTOMaMH KaJaMus, SKCHepI/IMEHTaJIbHO ObLTO
00HapyKeHO, YTO HpPH MOBBLILIEHHH TeMHEePaTyphi KaJAMHEeBbe ca-
TeJIJINTHl CHAda/Ja YUIHPSAIOTCH, a 34T€M HCYe3alT MOj OCHOBHLIM
CHTHaJIOM MeTHJIbHHX rpynn. Tor dakr, uTo cateanntsl 3C jerxo
Habmogawrea nociae ucuesHosenHss Cd-caTesqTHTOB, SCHO cBHIE:
TeJIbCTBYET, 4TO B OOMEH BOBJIEKAIOTCH METH/bHBIC TPYNNH KaK Le-
JI0e, a He OTAeJbHBIE NIPOTOHHL.

4. BIUAHUE A0EP “N HA PE3SOHAHCHBIE
CUrHABI MPOTOHOB

B saksouenne uenecoo6pasHo o6CYAHTL addekTh B CHeKTpax
TPOTOHHOIO pe3oHaHca, KOTOpBle MOIYT 6bITb OéchIOBJIeHbI npu-
CYyTCTBHEM B H3y4yaeMOH MoJieKyJe saep '4N.

Kax yxe ynomunasoch paspmie (pasi. 4 ra. 1), cnuHoBoe kBaH-
ToBoe yncio afpa '*N paBHo 1, n BeelicTBHe HecdepHUECKOTO pac-
fipefeseHnsl 3apsiia OHO HMeeT KBAaAPYNOJLHBIH MOMEHT, YTO Cy-
HIECTBEHHO CKa3LIBAGTCH Ha €ro peslakcallHolHOM [0BeleHui (cp.
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pasa. 3.1 ra, VII). BsaumopeficTBue KBaApyHOJALHOTO MOMeHTa ¢
rpajiueHTaMHi 3JeKTPHUECKOro MOJs 3JeKTPOHHOro obJjiaka H3yyae-
MOH MOJIeKYyJibl IpedCcTaBJsfeT TOT MeXaHH3M peJakcaluHl, ¢ [Mo-
Molbie Kotopore sapo N moxer ofMeHHBATBCA IHEPTHEH C pe-
weTkoil. Ecau penakcauusi Ovictpas, to npoton B rpynnme N —H
«BUAHT» TOJBKO CpeJlHee [0 BPEMEHH OT BO3MOXKHBIX CIHHOBHIX
coctoanuit m(“N)=1, 0 u —1 u oxunaemoe pacuwenjeHye B
tpunsier 1:1:1 He Habmopaercs, DTO DPaBHOCHJALHO «CIIMHOBOH
pasBsske» — 3(dPeKTy, KOTOPEH OOLIUHO JAOCTUTaeTcs HajloMeHHeM
BTOPOrO PAaJHOYACTOTHOrO [OJS, YTO MBI JeTaJbHO DacCMOTPHM B
caeAyollell raase.

Kak npasusio, Bpemena penakcauny saep N B opraHuueckux
COeJMHEHHSAX TAKOBbI, YTO OHHM HE BEAYT K IOJHOMY HCUE3HOBEHHUIO
paculenyienus JauHuil. B pesyabTate ob6biuHO Habu0faercs GoJee
WIn MeHee 3HAUWTEILHOEe yulupeHue JMHUA B crnekrpax 'H, ob6ye-
JoBjeHHoe B3aumoneiicteueM !*N, 'H uepes omny ujan nBe CBSI3H
(““N—'H, “*N—C—H). [losToMy ecsaH HyXKHO H3MEpPHUTb KOHCTAaHTY
CNUH-ciMHOoBOro B3aumopeictsusa 'H — N, to weo6xomumo nopa-
BUTb KBaJPYyIOJbHYIO pejakcaunuio. Jro JoctHraercs Jaubo nosoi-
wenuen Temneparypol, nubO Co3qaHHEM OKOJIO sApa “N cuMMer-
PHYHOTO 3JEKTPOHHOrO OKPYKeHHA. B COOTBETCTBHH € 3THM CHEKTp
NpOTOHHOTro pe3oHaHca uoHa ('*NH4)* comepxur tpumjer 1:1:1
¢ yakuMu Jgunuamu {(cp. sapauy 11.9). Choun-cnnAOBOE B3auMoeH-
cTBHe HaAGJIONAeTCs TAKKe B H3OHHUTPHJAAX, U3 Yero MOXKHO cAeaaTh
BLIBOJ, UTO I'DaJlHeHT JIEKTPHYECKOIo MHO0Jsl B 3JeKTPOHHOM oOJsake
OKOJIO aTOMa a30Ta B 3TOM COEJHHEHHH HEeBEJHK.

C zpyrofi CTOpOHB, NPH HeoOXOJHMOCTH HaGJI0JATh CIHH-CIH-
HoBoe B3aumogelicteue 'H—'H B rTakux mosekysnax, Kak ODHPHIHH,
yroOb M36aBHThCS OT Bosmyulalouiero addexra azipa N, Hyxno
YCUJIHTH KBaAPYNOJIbHYIO penakcanuio, Hacrto 3Toro MoxKHO 106GHTb-
csl HoHudCeruem Temnepatypol. Kpome TOro, HCIOJb3YETCS TETEPO-
silepHbiif ABOWHON pe3oHaHc AJs pa3BA3kd oT axnpa *N. Itor Mme-
TOJ MBI OOCYIMM B cJeAyiolledl rvaBe. BosMmymiawollee JeficTBHe
UN MOKHO TaKkKe HCKJAIOYUTb, samemiasa '*N usoronom SN, cnun
xoroporo pasen /2, Ho 3710, KoHeyHO, TpeGyeT NPOBeAeHHS AOPO-
FOCTOSILIIUX CHHTE30B.

Onucannbie CUTYalUd MOTYT AONOJHHTENBHO OCHOXKHSATHCSH, €Clt
npotoun rpynn N—H ydacTByioT B 0O6MEHHEHIX Ipolieccax uepes
BOZOPOJIHBIE CBf3H. Bo MHOrHX cJaydasx, Kak OTMedYaJoch B
pasn. 1.3 ra. 1, sT0 Taxxke Beder K YMIHPCHHIO J]]/IHUPI}UI. bosnee Toro,
o6MeH SIBJSIETCSl €llle OJHUM MeXaHHU3MOM, KOTOPHIH, Kak B c/iydae
¢ MeTaHoJoM (CM. B nauaje pasz. | sTofi raBel), MOXKET HPHBECTH
K MCUe3HOBEHHIO KOHCTAHT CIHH-CIIHHOBOI'O B3aumoneiictBust “N—
—H uau 'H—'H.

CKOpOCTh MPOTOHHOro O6MeHa BO3pacTaeT C NOBHILECHHEM TeM-
nepaTypnl wiau npu golGaBaeHHH TaKux KaTtaausatopos, Kak HqO,
OH- uan H,O+. ITostomy Ana mojaBJeHHst TPOTOHHOTO oOMeHa cJe-
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aLyeT NMOHMXKaTbh Temiepatypy. IIpoToHHbIH 06MeH MOXHO NOLAaBHTDL
TAKXKe, eC/IH HCHOJb30BATh B KaueCTBe PACTBOPHTEJS IHMETHJICYJIb-
doxenn. CreneHb nojas/enust GhiBaer JOCTATOUHA AJS H3MepEHUS
KOHCTAHT CHHH-CHHHOBOTO B3aHMoXelicTBHSI mpoToHoB rpymn N—H.
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Tnasa IX

CMELUMANBHBIE SKCMEPUMEHTAJIbHBIE
METOAbl B CMEKTPOCKOIMHK
A4EPHOTO MATHUTHOITO PE3OHAHCA

Bo muorux maboparopuax cnekrpsi SIMP pmoayuaior B Xoae noBcefHeBHOM
paGotel Aas GOJBWOre KoauuecTBa 0OOPA3UOB, M OKCMEPHUMEHTH 110 AMP,
NPOBOAMMblE HA AOCTYNHOM 06OPYAOBAaHHK (TAABHbIM 0o6pa3om perucrpanus
crektpos 'H u '3C), OCYuieCTBJSIOTCS, Kak MPAaBUIO, B ABTOMATH3UPOBAH-
HoM pexume. ECau KOHLEHTPAUMM M3MepPseMbx 00pasloB 6aH3KM, TO mepe-
cTpoiiky npHGopa NPaKTUYECKH He TpebyeTcsl W CIEKTPhI MOXKHO [oJyuath
«n0TO4YHbLIM ob6pazoM». B mocieande roabt Qs CleUHAJBHBIX HCCAelOBAHNY
HauaaM MPUMEHATH MPHGOPHI C KOMILIOTEPHBIM YNPABJACHHEM. B «pyTHHHOH»
SAMP-CIeKTPOCKONNH, 6ECCNOPHO, HCMOJB3YETCS TOJNBLKO 4aCTh OTPOMHLIX no-
TEHUKANbHBIX BO3MOMKHOCTEH METOLa, HO W NpH 3TOM METOJ TrapaHTHpyeT
GbicTpOE MoJyueHHe HHBOPMauH, B OCHOBHOM aHAJHTHYECKOTO XapaKrepa.

B 10 e BpeMs B NePHORMYECKO#H CHCTeme JeMEHTOB MMeeTcs JoCTa-
TOYHOe KOJMYECTBO MATHHTHBIX sijiep, MOAXOAAIUX JJsl SKCNEpUMEHTOB Mo
SIMP, u, Takum oGpasoM, BeuUECTBO KaK GObl COAEPKMT pasaMUHbIE aar-
YHKM, MO3BOASIONIAE MCCAENOBAThL CBOMCTBA COCTABJAIOUWNX €ro MOJEKyJ
W BellecTBa Kak weroro. B ra. X 6yayT oOcyXAeHbl HEKOTOpble M3 STHX
go3moxHocTeil. Kpome roro, B SIMP sceria BO3MOXHbI pasHoo0pasHbie
BapHALKH IKCMEPHMEHTANbHbIX YCIOBHM, 8 (U3HKA CAHHOBBIX CHCTEM OCTaET-
Cq M 10 CHX NOP CTOAbL e BOJHyloulell 06.1acTbio, Kakoil oHa Oblia B rne-
PHOA CTAHOBJEHHS CTIEKTPOCKOMHH SIMP. Moaromy sxepHBI MAarHUTHbIH
Pe30HAHC, HECOMHEHHO, OTHOCHTCS K YHCIY Hamfonee YHUBEDCAAbHBIX CREK-
TPOCKONHYECKHX MeTOX0B. B HacTosimedl riaBe 4HTaTeNl0 NPEACTOMT NO3HA-
KOMHTBCS ¢ TeMH W3 chneunanpHbix merofuk SIMP, kortopeie 3apeKomenno-

paJu cefs Kak HauGosee BaxKHble AN XMMHH.

1. MATHWUTBI CO CBEPXTPOBOAALLMMH
CONEHOUOAMA

O6cyxaenue ananusa cnekrpos SAMP  (ra. V) nokasazno, 410 §

HckoMas X/IH(pOpMaIlI/IH 0 XHMHUYECKHX CABHrax M KOHCTAaHTaXx CIHUH-
CITHHOBOTO B3aHMOJEHCTBUA MOMKeET OBITb noJayueHa o4eHb pocTo B

TOM c/lyuae, ecJli CIIeKTP MOXKHO NPOaHaTH3HPOBAThH KAK CNEKTP Mep- 4
BOrO MOpSAKA. I[JOCKOJbKY XHMHYECKHH CHBHT 3aBHCHT OT noJs §
(2 KOHCTaHTHl CIMH-CIHHOBOrO B3aHMOJIGHCTBUS OT MO/ He 3aBH-§
CAT), CJOXKHbIE CIEKTPBl 4aCTO MOXKHO YNPOCTHTL, NPOBOAS 3KC-}
MepHMeHTH [pH Gojiee BBICOKOH HaMpsKEHHOCTH NOJ, Koria OT-}
Homrenye J/vod CTAHOBHTCS AOCTaTOYHO MajbiM. Kpome Toro, JLaXe,
B OTCYTCTBHE CIIHH-CIHHOBOTO B3aHMOJeHCTBUSA HabJiogaeTcs 3HA]

yHTeJbHOE yJyullleHHe paspelleHHs, MOCKOJIbKY CTaHOBHTCS BO3
MOKHBIM Pa3JuuaTth [PYNNbl 6JH3KOA CTPYKTYPBl ¢ MEHBIIHMH pas3s
HOCTSIMH XUMHUecKux ciBuros. Takum 06pasoM, CIeKTp N0o3BoJACH
noayuuth Gosblie undopmaund. Haxomew, yBeaunienue Bo npuBoAHE
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Puc. IX. 1. CxemartHyeckoe u306paskeHHe MAarHu-
T4 CO CBEPXNIPOBOAAUINM COJeHOHAOM [1].
Katylixa pacnosaraercs B cocyge J[bioapa, 3amnod- “
HCUIIOM KHAKHM reaneM; cocyl Jlploapa B CBOI oue-
pellb OXJIAXKAAETCA KHAKHM a30ToM. AMDyna ¢ obGpas- )
oM DBOAHTCA B npubop cBepxy. B oTauume oT o6blu-
HbIX MarfuTos (pHc. VII.8) B 3ToM cayyae CcHIOBBie

AHHUH BHEIIHEro MAarHHTHOTG MOJAA fapaJiefbHbi (Bep-
THKGIBHOH) OCH aMnysbl. | — BepxHAS 4acTb aMIyJbl;
H

2—: BO3AYIHAS TypOGHHKA; 3 — 06/1acTh H3MEpPeHHs CHI-

uasa SIMP; 4 — suyrpennuil cocyn [bioapa; 5 — cBepx-

NpoBOAANLAR KaTylika S. ’ F[Jf |
|

K [MOBBIEHHIO UYYBCTBHTE/JIBLHOCTH, MOCKOJLKY DAa3/IHUHE Hace/eH-
HOCTEN CMHHOBBIX YPOBHEH CTAHOBUTCs GosbuinM (ypaBHeHue . 11)
Heynusnrenbno mostomy, uto pasBuTHe CHEKTPOCKONHH IMP co-
IpOBOKAAETCH 3HAYHTENBHBIM  YCOBEPIIEHCTBOBAHHEM MATHHUTOB
Hcropnyecku mepsbple KOMMepueckHe CHEKTPOMETPHI B Hauase
g(())-;\'ﬂr?léo%‘ Obli cHaGKeHbl 3JIeKTPOMArHHTAMH ¢ HANPSKECHHOCTLIO
: , H reHepaTopoM pajayoyact

Renus SAMP 'H. HCI:)J3}KepCTaJ£)I/I iOCTy;HZT;IPIHﬁpﬁgogL{% ﬂgg e
croroit 60 MI'n * (By = Poon cTan.
TOH u* (B 1.4 T), n k cepeaue 60-x ronos cray-
AaPTHLIM MCC/IE0BATENLCKMM criekTpoMerpom SIMP cran npu6o
5pa6oqen yactoTod 100 MI'n u HanpsaxKeHHocTbio moas 2,3 Tp
TOT};IMHSE,IKJI JIOCTHTHYT MNpejen Jis TpalulLHOHHBIX SJIeKTpOMéFHI/I:
B OJIbKYy HEBO3MOXKHO IOJYUHTb GOJiee BBICOKYIO CTeMeHb
AMAarHMYeHHOCTH € OOBIYHBIMH (DePPOMATHHTHBIMH MaTepHaJaMu
Méq}?HTI:I:J(I:}équHH foJiee MOIIHBIX MAarHHTHBIX II0JIEH CJe0BaJI0 npn-'
MopnT, BepUICHHO HOBBIH MPHHIHKI, UTO H NPHBEJNO K paspaboTKe
oy CBOcﬁoC CBEPXMPOBOAALINMHA coJleHOHAaMH. [IpH 3TOM HenoJis-
o TBO HEKOTOPBIX METa/JIOB, TAKHX, KAK HHOOMH u LHp-
Ho A, CIIABOB TOJHOCTLIO TEPATbL IMEKTPHUECKOE COMpPOTHBJIE-
e npn 4K, T. e. IpH TeMIepaType XKUAKOTLO resus. 3To AdeT BO3-

MO3K
O’KHOCTb 3HAYHUTEJBHO NOBLICHTH CHJIYy TOKa B TaKHX CHCTEeMax
__hoere .

*
Torme ﬂnﬂ’maccmpm(auuu SIMP-cieKTpoMeTpoB wallle HCMOJBL3YIOT YaCTOTY NpO-
FO pesoHanca, ueM HanpsKeHHOCTL MOJISL.
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Prne. 1X. 2. CrekTp axpuiaoHutphaa sa qacrore 220 MI'u (TxoHcon [2]).

[Tpuuunn yerpoiictBa crnekrpoMerpa SIMP co csepxnposoasuium
MaruuToM Mokasan Ha puc. 1X. 1. 3xech «MarHHT» COCTOHT H3 Ka-
TYWKH COJEHOHAA S, H3TOTOBJEHHOH H3  CHelHaJbHOrO CIJIaBa.
Amnyna ¢ o6pasnoM pacrnoJiaraercsi BHYTPH 3TOfi KaTYIUKH, KOTO-
pas B CBOIO ouepe/b NOrpyskeHa B KUAKUE requil. OfHON M3 raas-
HBIX NPOGJIEM NPH KOHCTPYHPOBAHHH TAKOIO CIEKTPOMETPA SIBJSET-
csi npobieMa TepMHUYECKOH H30ASIHHH coJleHoHaa. Jrta mnpob/ema
6bl1a yAOBJIETBOPUTEJNbHO paspellleHa, H JajbHellluil mporpecc B
TEXHOJIOrNY, B OCOOEHHOCTH YCOBEPIIEHCTBOBAHHE KOHCTPYKUHH CO-
cyaa lbploapa, kotopoe obecneuuBaeT MHHHEMAJBHBIA Pacxop reauf
¥ yBeJHYHBaeT IIepHOAbl MeKAY 3a/JHBKAMH, K HACTOALIeMy Bpe-
MEHH TIPOJIOXKHJA JHOPOTY HOBOMY IIOKOJIGHHIO HCCJIENOBATEIbCKHX
npn6opos C HanpsKeHHOCTho noss Bo, paBHo#i 4,7 T, u paGoue#k
yacrotoit 200 MI'u ans SIMP 'H. as crmennaabibix obsacted:
npUMeHeHHsl — B OCOOGHHOCTH INIPH HCCJI€J0BAHHH CHHTETHYECKHX:
MOJUMEPOB M GHONOJHMEDPOB — HCHOJB3YIOT  CBEPXHPOBOXALIHE
MarHHTBHl ¢ HalpsiKEeHHOCTBIO noJd, gocrurawmmes 9,7 T, T, e. ¢ ya<
croroit 400 MI'u ng AMP H. i

B kauecrBe wiaocTpautu sddexra, KOTOPOro MOKHO OXKHUIATh

OT yBeJnyeHusi Bo, MOKHO NPHBECTH CIEKTDP AKPHJIOHHTPHJA MHPH

5,1 T/220 MTu (puc. 1X.2) B cpaBHEHHH CO CNEKTPOM 3TOrO K€
cocHHeHH s, 3aperncTpupoBanubiM mpu 1,4 T/60 MI'u (puc. VI 3)e
B nporuBonosioxkHocTh chaoxHOi chereme ABC, wna6iionabieics
upu 60 MI', B cmexrpe Ha yactoTe 220 MI'u Mb BHIUM cHCTEM

AMX, kotopasg MOKeT OLITb HENOCPEACTBEHHO MpOaHaAJIH3MpoBaHAEE

KdK CIIEKTp II€PBOro nopsamka.

Hcnonb3oBanue mosell BLICOKOH HANpSI:KEHHOCTH JaeT mnpeHMy$§

LeCTBa H IPH HCCAELOBAHKM IUHAMHYecKHX 3(QdexToB. Kak M0%
kasuiBaer ypasHenue (VIII. 11), koucranta ckopocTH k£ B TOUKS
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KOAJNCCUCHIMN  nponopuodaJ/Zbia  OTHOCHTECALHOMY XHMHUYCCKOMY
¢;1BHTIY Ov MeXxJay JAapMOpOBbIMH  4aCTOTaMH 00MeHHBaWIUXCS

‘aaep. Ecau umeeress BO3MOMKHOCTh YBeJNHUUTh §v, @ CJAeJ0BATENBHO,

VBEJHYHTD Rkoan M COOTBETCTBEHHO TEMMePATypy KOaJ/ecUeHILUH, TO
CTAHOBHTCH OCYUIECTBHMBIM B JOCTYIHOM TeMIIEPATYPHOM HHTEp-
paJe M3ydeHHe OBLICTPBIX peakUui, T. e, peaKuHil ¢ BHICOKHMH KOH-
cTaHTaMK CKOpOCTell H HU3KHMH SHEPrHAMH axkrupauuu. [IpuMepom
peasH3alld TAKOH BO3MOXKHOCTH MOXKET CJy- )
KHTb WUHBEPCUs YUKAQ B NPOH3BOLHOM THe- CHy I
nuaanokcnae 184. IlpucyrcrBue auacrepeo- _ S=0
TOMHBIX METHJbHBIX TPYHI B 5TOM COeJHHe- .

HUH, CBHAETEJLCTBYIONlEe O TOM, 4TO KOJbHO  H

HelT0CKO, Gblio oBHapyxeHno npu —150°C
TOIbKO Ha cIekTpoMerpe ¢ pabouell yac-
rotoit 250 MIm (puc. IX.3). ITockosbky CH3
KOHCTaHTA CKOPOCTH OCTaercsd OJUHAKOBOH 184

BO BCeX TpPeX OSKCIepPHMEHTaX {OHH MPOBO-

AATCS HpH OZHOH M TOH Ke TemMmepartype), HabuaroiaeMoe pasje-
JeHue JIMHUA 06YC/IOBAEHO HMEHHO yBe/HUYeHHeM Ov.

MHorue coBpeMeHHble 06J1aCTH NpPUMEHEHHs] CIICKTPOMETPOB ¢
BHICOKOH HaNpsIXKeHHOCTBIO [0/ CBf33HBl C HHTEPECOM K KOHQOp-
MalliH GHONOJHMEPOB, TAKHX, KAK MNENTHABI, 0esKH, HYKJEHHOBLIE
KHCJOTH, H jedcrBuTesbHo FJIMP saBafeTcs OAHHM H3 HEeMHOTHX
METOZOB, KOTOPEE I03BOJIAIOT NPOBOAWTb KOHPOPMALHOHHEE HC-
ciaefoBanus B xkuakoli dase. Cefiuac yaaeTcs JeTEKTHPOBATH, Ha-
npUMep, MaJjble pas/Huis B XHMHYECKOM OKDYXKE€HHH HEKOTOPBIX

\c':"‘—CH3

~ 20 Ty,
—

60 Mm

‘J\ 100 My JL

e N\jo Mm__,/\/\

a g

Puc. IX. 3. MMorsomentie METHABLNHLIX TPOTONOB THeNMHANOKCHAA 184 mnpn Temne-
patype —150°C na pasmudubix wacrorax (Awer # corp. [3]).
4~ gabapaaempie CHEKTPH; 6 — PACCUNTAHBLIE CAEKTPLL.
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aMHMHOKHCJIOT B NENTHAHOH llelM X NPOBOAHTbL OTHECEHHE HHAUBH-
JyaJbHbX Pe3CHAHCHBIX CHIHAJO0B K ONpefe]cHHBIM Yy4acTKaM He-
nu. Peructpupys 3TH CHIHAJMB TNPH pas3/uIHBIX (DU3HYECKHX H
XHMHYECKHX YCJOBHAX (TaKHX, Kak TeMmuepartypa, pH unu neiictBue
cy6CTpaTOB), MOJNYYaoT HHPOPMALHIO, U3 KOTOPOIl MOXKHO CHENaTh
3aKJI0UEHHS] O BO3MOXNCHOCTH KOH(OPMAIIMOHHBIX HJH CTPYKTYPHBIX
H3MeHeHUH B nentuge. Takum o6pasom, SIMP p Hacrodinee BpeMms
BHeApsieTcs B OUOXUMHIO U GHOGMH3UKY.

Cuenyer, HaKOHEl, YIOMSHYTb O TOM, 4TO [JA CHEKTPOMETPOB
CO CBEpXIPOBOJAIINM MarHHTOM KO3G(HIHEHT HpM MNONpaBKe Ha
JVaMarHuTHYI0 BOCIHPHHMUYHBOCTb [KO3dhduunenr 2w/3 B ypaBbHe-
nun (I11. 3)] npu usmepenuu 3HadyeHHid 6v ¢ BHELIHHM CTaHAap-
TOM JOJ2KeH OBITb 3aMeHeH He BeJHUHHY, paBHylo —4m/3, BeJend-
CTBHE TOTC YTO B 3THX NMPHOOpPaxXx OCb H3MEPHTEJHbHOH aMOyJaB 0Na-
paJsJieslbHa HaNPAaBJACHHIO BHEUIHero noJas By.

2. SKCMEPUMEHTbI MO ABOUHOMY PE3OHAHCY

B o6bunbix IMP-skcnepuMeHTax ¢ yacTOTHOH pasBepPTKOH AJS
HaGJI0JeHHs CIIEKTPOB IIOIJIOIIeHHs] HCMONB3YIOT NepeMeHHOoe MoJie

B,. TepMmuH 080iHOI pe3oHaHc NMPUMEHSIOT B TeX CJydasx, KOrja B |

JONOJHEHHE K I10J10 B Ha o6pasell HAKJIAALIBAIOT BTOpoe noje B,.
PesyabpraT TakHX SKCIEDHMEHTOB CHJBHO 3aBHCHT OT 4YacTOThl H
aMIJIUTY LBl TIOJsT By

2.1. CnuH-pa3Bsi3Ka

Jeranbnoe oOCy:xkaeHHe COOCTBEHHBIX COCTOSIHHU CIIMHOBOH CH-
CTeMH B IIPHUCYTCTBHH BTOPOTO DaJHMOYACTOTHOrO IoJs By H0MKHO
OCHOBLIBATHCH HA pPaccMOTPEHMH TMOJHOrO0 TaMUWJIbTOHMAHA, KOTO-
puifi B CHCTeMe KOODAHHAT, BpallaloUIedCcss C 4acTOTOH g = 27vg,
uMeerT CJAeAVIOUIHA BUA:

H= D, (vi —v) T, () +

+ 2 2l )T () — X (/2 BT () (IX. 1) |

B orsanuHe oT ofbluHoro BhipaxkeHus (V.10) pesoHaHcHBle 4a- i
CTOTH [-X sijlep (PHKCHPOBAHB OTHOCHTENLHO YacCTOTH nojsi Bi. §

Cymma Z(y/Qn)iBgfx (i) omuceiBaer B3auMmojelicTBHe mosas By co §

CHHHOBOH CHCTEMOH, KOTOpOoe€ MNPHBOAHT K CMCLUMBAHHIO cOOCTBEH-
HBIX COCTOMHH, WMEIONIUX Pa3JiMuHble 3HAUEHHS] CyMMapHOro CIH-
Ha. [1o NOPsAAKY BENHYHHBI 3TO B3aHMOJAEHCTBHE CPABHUMO CO CIIHH-

CIIMHOBHIM B3aHMOJEHCTBHEM, M HO3TOMY OHO BXOJHT B OIIEPATOP;

TaMuJbTOHA B OTJHYHe OT cradoro noas B,
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Puc. IX. 4. 3apucumocrp pezonanca X B cucteme AX OT pasHOCTH 4acTOT vi — Vs
MexAy pesonancoM Ax # nodem B, B sKcnepuMeHTaX 10 ABOHHOMY De30OHaHCY.

—200 -50 -15 =10

‘VA—‘V27 ru'

a4 — noje By BbIKAIOUEHO; 6 — rose B, BKJOuEHO.

Kak n B ciyvae crmektpa MOHOPe3OHAHCA, 4aCTOTH H HHTEHCHB-
HOCTH II€DEXO/0B B JaHHOM cJaydae CJeAyeT ONPEJEasATh ¢ NOMOLLbIO
ypaBHenust (IX.1) u 6asucHbIx GYHKIHH COOTBETCTBYIOIMX CHMHO-
BbIX cucteM. He BpaBasich 31ech B jerall pacueTa, NpHBeleM
TOJILKO HanboJ/ee BaKHble peayJbrarst s cHcreMbl AX. Ecan ua-
crora vg Broporo BU-mosa paBHa JapMopoBoOil yacToTe siipa A u
BLINOJIHAGTCSA ycnoBue (y/2n) B: > 2/4x,

10 pesonanc sapa X Habuiogaercs Kak Ha

cunrjer. Puc. I1X.4 namocrpupyer skc- J
MepHMEHTaJbHOE NOATBEPIKIEHHE 3TOrO Cﬁ -\-ﬁ-x--Fe(CO)
AJIst SKCIEPHMEHTOB 110 JBOHHOMY pe3o- X~ Hx 3
Haucy B cucteMe AX METHJIEHOBBIX NIPO- C\

TOHOB KeJIe30TPHKAPOOHHIBHOTO  KOM- Ha

nJjeKca o-KcHauiaena [1,2-6uc-(merunen)-

unkjorekcaauena (185)]. 3mecs peso- 185

HaHc X Habmaiogaercss Kak (DyHKOHS mna-

pamerpa va—vg. Koraa va—vy,=0, nabmofaerca CHHIJIET U CIHH-
CIIHHOBOE B3aHMOJeHcTBHe Mexay fapamMd A u X ucyesaer. 3Ha-
YeHHe MeTOJa JBOMHOrO PEe30OHaHCAa CTaHOBUTCS, TaKUM o6pasom,
Cpasy e OYEBHJHLIM: C [OMOMIBIO BTOPOrO IIOJISL MOMKHO IO KeJja-
HHIO yOHpAaTh pacIleNJeHHs B CJOKHBIX CMeKTpax, DTO MPHBOIAHT
K ynpolleHuio cnektpa H objeryeHnio ero anaauza. Kpome Toro,
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Puc. 1X. 5. TIpninun IBOHHOro PE30HAHCA, W/IIOCTPHPYEMbIl Ha npHMEpe CleKkTpa
aleTajbleruia.

a — oObluHbIl CIeKTp; 6 — cheKTp JABOHHOrO pesoHaHca B Bapuanute 4acTOTHOH pa3BepTKH;
8 — CIEeKTp ABOHHOTO pe3OHaHca B BapHaHTe noJaeBoH pa3BepPTKH.

M3 KCHEPUMEHTOB 10 ABOHHOMY PE30HAHCY MOXKHO yCTAHOBHTh CBS-
34 NIPOTOHOB B MOJIEKyJe, MNOCKOJbKY CYILEeCTBYIOT 3MIHPHYECKHE
KOppessliii MeX1y CTepeOXHMHeHl H BeJHUHHaMH CIUH-CIHHOBOTO
B3auMopeiictBus (ra. IV).

He Bxoms B AeTand CTPOroro pacCMOTPeHHs, MOMKHO MOJYYHTDb
npejcTaBieHHe O Pe3y/bTaTax IKCIEPUMEHTOB MO ABOHHOMY pe3o-
HaHCY Ha OCHOBe Kjaaccmyeckoi Momenu SIMP-skcnepuMeHTa, Kak
310 6bL10 onucano B ra, VII. Jlas caydas, korja gacrora vy BTO-
pOro NOJS COBIAJaeT ¢ JapMOPOBOH 4acTOTO# siapa A, oKasbiBaer-
cs, 4T0 Bspp = Ba, T. e. BEKTOp ua NpereccHpyer BOKPYr By H,
TakuM 006pasoM, BOKpyr ocu x'. CjeloBaTenbHO, pa HamlpasieH
NpPaKTHYECKH ITIEPIeHIHKYJIAPHO BEKTOPY Mx. BeK’EOpr sL/lepHOTO
enuna {(X) u [(A) kBaHTyloTcA TOrAa BROJL Oceli z H x' COOT-
BeTCTBEHHO. Takim 06pasoM, OHM ODPTOTOHAJBHEl H HX CKaJspHOE
npousBejieHHe, T. €. CKaJsPHOE CHHH-CIHHOBOE B3aHMOJEHCTBHE,
CTaHOBUTCS PaBHBIM HYJIIO, corsacHo ypasHenuwo (II.6).

Metoa /IBOAHOTO pe30HaHCA 3KCOEPUMEHTAJBHO TMPOIIe BCEro
OCYHIeCTBUTh B BapHaHTe 4YaCTOTHOR pasBepTkd. B arom cayuae
noje B, redHepupyer B 3aJaHHOM IOJIOXKEHHH B CIEKTpe € IO
MOUIbI) GOKOBOH MOJIOCHL, HOJyyaeMod mnyTeM MOAYJIALHMH [eHT-
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Puc. [X. 6. JkcnepHMenT no ABOMHOMY pe3OHAHCY A8 STHJKPOTOHATA.
a — OGBluHbIfl clieKTp, 6 — criekTp ABOHOrO pesoHanca Aa% V2=YCHj,.

paJIbHOM MOJIOCH TeHepaToOpa; IOJHBLIH CHEKTP MOTJOLIEHHS MOMKHO
HaG/II0AATb, HCNOML3Ys B KauecTBE N0 B; APYrylo GOKOBYIO IO-
Jocy ¢ mnepeMeHHOH uacroroii (puc. IX.5,6). TakuMm o6pasom,
8 00HOM 3KCMepuMeHTe MOMKHO OIHO 3a JDYTHM YCTPAHHTb H OT-
HECTH 6Ce B3aUMOJICHCTBUA, B KOTOPHIX Y4YaCTByeT paccMaTpHBae-
Moe sapo. Bes ocoOwix TpymHocTeli MeToj ABOHHOrO pesoHaHca
MOXeT OBITb pacHmUpeH [0 TPOHHOTO pPe30HAHCA, €CJAH HCIOJb30-
BaTb TpeTbe NoJe Bj.

Meton ABoitHOrO pesoHaHca MOXKeT GbIThb HCHOJNB30BAH TaKKe
B peXHMe MOJIeBOH pas3BepTKH, OAHAKO JAJs NOJHOLO AaHaJHu3a
CJIOJKHOTO CreKTpa HEOOXOIMMO OCYUIeCTBHTb B 9TOM cJyuae He-
CKOJIbKO 3KCNEPUMEHTOB. BTOpoe moje reHepupyercd ¢ MOMOMIBIO
60KOBOH I10JI0CH], HAXOASIEACS HAa TMOCTOSHHOM PACCTOSIHHH Av OT
nonss B,. IlpakTuueckn »ddekT pasBaA3KH HaOJAIOAAETCH TOJBKO
TOrAa, Korjga Av pPaBHO DasHOCTH MeEX/AYy Pe30HAHCHBLIMH YacTo-
Tamu 06JydyaeMoro M Hab.1101aeMOro sifiep. B pekiuMe 4acTOTHOH
pa3BepTKH 5TO ObLIO Obl IKBHBAJIEHTHO SKCIEPHMEHTY, B KOTOPOM
paszBepTka CHEKTPaJbHOH OO6GJIACTH OCYLIECTBJISETCS € [NOMOLIBIO
ABYX TOJIeli, UMEIWUX IOCTOSIHHYIO PasHOCTh 4YacToT Av. JIerko
TOHATb, YTO /sl KaXKI0H Hapel NPOTOHOB HeOOXOAHMO TNPOBOAHTDL
OTlenbHbifl sxcnepument (puc. IX. 5, 8).
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Kak MoxHo Bugerh Tak:xe i3 puc. [X.5, B pekume 4acTOTHOH
pasBepTKH MOXKeT NPOHCXOJHTb HaJOKeHHe Vg H Vi. B sTOM cayuae
nabawonaior Guenus dacrore., Ha puc. 1X.7 3T10T 3ddexr oruer-
AuBo 0OHapy)KuBaeTcsl B paccMaTpuBaeMoM cnektpe. B pexume
NOJIEBOH pa3BepTKH Takas CyNepro3ulHsa 4YacTOT Vv H vy, ecre-
CTBEHHO, HEBO3MOZKHA.

PaccMOTpAM Teneph HEKOTOPHIE U3 MHOTOYHCJAEHHBIX BO3MOXK-
HBIX TPHMEHEHHH MeToja JABOHHOTO pe3OHaHca. B cayyae Tpaxc-
3THJAKPOTOHATA (3TWJIOBHH 3hUp TpaHc-2-OyTeHOBOH KHCJ/OTHI)
Ha6J/110/laeTCa CHJAbHOCBA3aHHasl Tpynna JHHHH Ias 0JehHHOBBIX
IPOTOHOB, NOCKOJAbKY o6a mnporoHa, Ha u Hgs, B3anMoAeACTBYIOT
¢ MerwibHbMH npotonamu (puc. 1X.6,a). Ecan o6ayunts «ay6-
JleT» MEeTHJIbHOrO pe3oHaHca mojeM Bj, TO B3auMoOjeficTBHE C Me-
THJABHOH TPYIINOf MCYe3aeT H CIEKTp yrpomaercss Jo cucteMbl AB
(puc. IX.6,6).

B cayuae smoxcuia 186 Takxke HabmiojgaeTcs SIBHO CJIOXKHBIH
cnertp (puc. IX.7). C nomomplo OBOHHOTO DE3OHAHCA, ONHAKO,
BO3MOKHO TPOBECTH OTHECeHHe Bcex CHrHajoB. CHauasa o0Jy-
yaem curgaa mpu 86,7 (puc. 1X.7,a). Dror curgans B COOTBET-
CTBHH C €ro CTPYKTYpPOH M MHTEHCHBHOCTBIO CJeJyeT OTHEeCTH K IpOo-
tonam H’ u H® B xole akcmepuMeHTa HAGJIOLAIOTCH CHHTJIETH
npu 63,81 u 4,61, KOoTOpble NOMKHB ObiTh O0YC/IOBJIEHB TPOTOHAMH

~
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Puc. IX.7. DkcmepHMeNT no ABOHHOMY PEe3OHAaHCY JJsi SMOKCHCoeAHHenHs (86
(®orean, Kasprep [4]).
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Puc, IX. 8. DxkcnepuMeHTHl 110 IBOHHOMY pe3o-
HAHCY /18 OTHECEHHS MOCTHKOBHIX NPOTOHOB
H'* u Ht2 B coenunennn 187 (TioHTep n
cotp. [5]).

o — 06blyHBIf  cnekTp;, 6 — cOeKTpP ABOHHOIQ pe3o- 5
HaHca mast va=v (H2 H3); g — 10 xe, uro 6, HO
aas vy=v (H?, H9),
. A

Hé u H° Ocraowufica ay6aer ay6seros npu 84,28 Bo3HHKaeT
BCJIe/ICTBHE pe3OHaHca nporoHa H!'; B 310fi 06/acTd npHCYTCTBYIOT,
KDOMe TOrO, JBa CHHIJIETa 3PUDPHBIX METHJbHBIX TPyl

B apyrom 3sxcmepumente (puc. IX.7,6) o6GayueHde curhaja
npn 84,3 npuBoauT K HabaIOAeHu0 B ojeduHOBOR 06JacTH CH-
creMpl ABX ana nporomor H?—H4 ananus koTopo#i mnossoJser
NpOBeCTH OAHO3HAa4YHOe OTHeceHHe. CHTHAJ B CaMOM CHJBHOM MOJIE
H3MEHSETCS] JIHLb HEe3HAUUTENbHO MO CPABHEHHIO C HEBO3MYILEH:
HbiM crnekTpoM. HabaofaeMoe cylKeHHe CHrHAJa MOXKeET GHITh
00yCJIOBACHO YCTPAHEHHEM MaJiofl KOHCTAHTH AajdbHEro CHHH-CIH-
HOBOro B3auMojeficTBusl. CJielOBATEJNBHO, 3TOT CHTHaJg AOJxKe!l
BO3HHKATh BCJAeACTBHe pesonanca H4 [lporomst H2 n H® nposB-
JAIOTCs B 3TOM CIIEKTpe ABOHHOrO pe3oHaHca Kak AybJaer Ay6.e-
TOB, B KOTOPOM IPOTOH B OoJiee caaboM moje uMeeT OGOJbUIVIO
KOHCTAHTY CHHH-CIHHOBOIO B3aHMojJedcTBUS. M3 KOJHUECTBEHHDIX
OLEHOK caenyer, uto 8 = 6,28; 63 = 6,39 u 8§, = 6,14 M. 1.

BaXHO OTMETHTB, Y4TO OTHeCeHHe CHTHAJ0B AMP ¢ moMOLIbIO
9KCHEPUMEHTOB MO [ABOHHOMY pe30HaHCYy B OOJIBIIHHCTBE CJjyuaeB
He MoxeT OblTh OCyILlecTBJeHO B abcoawoTHOM cMbicie. C  ro-
MOUIbIO 3THX 3KCIEPHMEHTOB MOXKHO TOJIbKO ONpeAeNuTb, Kakxoi
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NPOTOH HJH Kakas rpymna NPOTOHOB CBA3aHbl ¢ OBJyYaeMBIM spj
poM. Toabko paccCMOTpEHHE 3MIHPHYECKHX COOTHOUIEHHH Mexny
CTepeoXHMuell ¥ BeJHUHHAMH KOHCTAHT CIHH-CIIHHOBOTO B3aHMMo}
JeficTBUS  MO3BOJSET NPHHATL OKOHUATEJbHOE peIleHHe OTHOCH
TEJNbHO TOTO, KaKoe NOJOMKEHHe 3aHHMaeT paccMaTpHBaeMblll Hpod
TOH B MpeasaraeMoii crpykrype. CueiylOMmuil NpHMED TO3BOJse
3TO NPOAEMONHCTPHPOBATH. ,

B cnektpe xpomtpukap6onu/Ibioro Komnaekca 1,6-merano[10]4
annyJsena (187, puc. IX.8) curHagsl MOCTHKOBBIX NpoTOHOB H!! 4%
H'2 nposiBasiorest Kaxk cricreMa AB, nuHHE KOTO:
pofi pacuiemjeHbl B TPHILIETH, BCJIEICTBHE Haf
JIHUUSl KOHCTAHTHl CHHH-CIIHHOBOTO B3aHMOJeh+g
creus 4/ ¢ nporonamu H? n HS5, a rakke HH®
u H!® coorsercTBenno. C OMOUILIO 3KCIIEPHMEHS
TOB MO ABOHHOMY PE30HaHCY MOXKHO yCTaHOBHTKE
cBsA3b Mexay nporonamMu H2 w H® u B-wacrs
¢ OJIHOH CTOPOHH, M npotoHamu H7 u H!9
A-uacteio —c¢ gpyrofi. OJHAKO BHIBOL O TOM,
yro nporon H!'! paer pesoHaHc B Gosee CHI
HOM I0JIe, MOXKHO C/le/1aTh, TOILKO PYKOBOJCTBYSICH TeM NPaBHJIOM
410 BeJIegcTBHe W- paCHOTIO}KeHHH curma-cBsidell KOHCTaHTa 'Janra;
J0JXKHa OHITh Goubite, ueM *J.,. B 3TOH cHCTEMe.

B momnoJHeHne K MPUMEHEHHIO METO/A ABOHHOrO pe3oHaHca LI
YIPOILIEHHS] CIIEKTPOB H OTHECEHHs Pe30HAHCHBIX YacTOT OUeHb Bax-3
HO OTMETHTDb, YTO TOCPEACTBOM 3THX IKCIEPUMEHTOB MOKHO onpe§
AEeNUTh PE30HAHCHBle YaCTOTHl fep [aKe B TeX CJAydasx, KOFAH;

3

UX CHTHaJb HEBO3MOXKHO HIAEHTH(OHIHPOBATb M3-32 HX HaJOMKEHH

Ha CHUIHaJBl HOTJIOLIeHUs APYyrux saep. Hampumep, ecau uabmawo

naT B oseduHOBOH o6nactH A-uacth cucreMbl AX, X-uacth KO-
TOPOH 3aMacCKHpOBaHA MYJBTHIJIETOM, OOYCJOBJEHHBIM IOIVIOHIE-
HAEM MeTHJICHOBBEIX IIPOTOHOB pPAa3/HYHOTO THIA, TO CeJeKTHBHOE
obsayuenne obgactu mnorsaomenusi CH,-rpynn nonem B, mossonser
OTpeleNHTh Pa3HOCTb YaCTOT va — Vx, & OTCIOJla M XUMHUeCKHH]
casur Hx. Caeayer, o/HakKO, NOAYEPKHYTb, YTO B CJyuae, KOrAa:
aMIJIMTyJ1a HoJs B, BelHKa, a PasHOCTb 4YacTOT MaJja, 10T Me-g
TOJ MOXeT JaBaTh OIIHGOYHBIE De3yJbTaThl, IOCKOJAbKY B COOT-%
BEeTCTBMH CO CTPOTOfl TeopHell JBOMHOro pesomamca M sgep Af
BBIIOJIHSIETCS CJeAyIolee COOTHOLIeHHe:

v'B} v'B3
8n2(vA — vg) ~ VAT 8a’ (vA - VX)

Pasnocts wacror v, — V), HasbBalor cdsucom Baoxa — usepTdd
AHaJIOTHYHO 3TOMY 0OPHM ONTHMAaJbHON uacTOTe pa3BsA3KM ypaB@
HeHHEe vy == vx CIIPaBeMUIUBO TOJbLKO IPH BLIMOJNHEHHH YyCJOBHA
va—vx>3»> Jax. B mporuBHOM cilydae B 3KCHEDHMEHTaX ¢ 4acToT?

Vi =va +
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yoil pa3BiA3KOH HeOOXOMMMO BBOAMTb IONPABOYHBIA WieH, onpeje-
jieMBlil 10 YpaBHEHHIO

v'B}
43'[2 ('VA _ 'VX)

Ero BeqiHUHHA BO3PAcTaeT MO Mepe YMEeHBUIEHHS PAa3HOCTH va — vx.
[Tor001EIM 06pa3oM B pexKuMe MOJEBOI pa3BepTkn  Av’ =v; — vg.

Vi =vx + (IX.3)

CHHUH-THKJHHT H CeJIEKTHBHBINH 1BOHHOM
pe3oHaHc

Has pocruxenus xenaeMoro 3¢gexTa pa3Bsi3KH B pacCcMOT-
peHNLIX Bhille KCIEPUMEHTax HeoO0XOJUMO HCIOJb30BaTh Hoad B,
¢ OTHOCHTE/BbHO GosbIuofl ammutyiod. [1pu caabeix monsx B, (mo-
pAAKa BeJIMYHHBI, OlIpellesieMOH COOTHOoWeHHeM B, &~ A, rge A —
NOJYUIHPUHA CHEeKTPAJbHOH JIMHWH) HabmojawTcs JApyriae sddek-
tol. OOnyyenue mojeM B, HA 4acToTe KAaKOTo-TO ONpefe/ieHHOro
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Pie, 1X. 9, ODKCIepHMEHTH [0 CHIN-THKAHHrY B cHcreme AB 2-Gpom-5-xJopTHo-
bena (Todduman, Dopsen [6]).
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PE30HAHCHOIO CUrHAJ/Ma 3KBHBAJEHTHO B AeHCTBHTENBHOCTH OOMY-
UEeHHIO COOTBETCTBYIOLLErO TIepexoja Ha 3IHepreTHdecKoll Jaua-
rpamMe. Kak moxasbiBaeT TeOpHsi, 3TO MPUBOAMT K PACILENICHHIO }
B CIIeKTpe Ka)Jofl JHHHH, KOTOpasi uMeeT oOIIMH 3HEPTeTHUCCKHI
yPOBeHb ¢ BoaMylilaeMbiM nepexojgoM. [Tostomy mas caydas AB o6-
JyYeHHe JUHWH [, JOJIKHO [PUBOAHTD K paclLiellJIeHHIO JHHHH f;
¥ f4, B TO BpeMs KaK JUHHA [, OydeT 0CTaBaTbhCst HEM3MEHHOH. JTo 4
¥ Habaogaercs: B AeiicTBuTenbHocty (puc. 1X.9).

[TpaBronono6uoe OOBSICHEHHE 3TOLO ABJACHHA — H3BECTHOIO KaK ]
9KCTEPHMEHT TI0 CRUH-TUKAUHEY * — COCTOMT B TOM, YTO B pe3ynb- §
TaTe BO3MYylueHHsT cocTosiHuss E; u E; CIHHOBOH CHCTeMBl cMelln- 3§
BAOTCA: NPH 3TOM CTAHOBATCS BO3MOMKHBIMH ABa nepexoia. Ho- &
Bbifi TMepexoj MPaKTHUECKH COOTBETCTBYeT DaHee 3alpelleHHoMy 3
JABYXKBaHTOBOMY nepexony E4— E\. O4eBHAHO, 4TO B TAKOM 3KCIe- §
DHMEHTE JOJIKHA TPOSBJAATBCA CBSI3b MEXJy 2HePreTHUeCKHMH §
nepexofiaMi, Mul OGyieM pasjndyaTh NpPOZPecCUBHO CBA3aHHbIE Me- %
PEXOMH, B KOTOPHIX TPU COOCTBEHHBIX 3HA4YCHHS 3SHEPTHU H3Me- g
HAIOTCS B OJAHOM HanpasjieHHd (Hanpumep, f» u f3), u peepeccusno %
CcBA3aHHbiE NMEPEeXOJE, B KOTOPHIX COOCTBEHHOE 3HAYGHHE SHEPIHH ¥
IPOMEKYTOUHOIO COCTOSHHUSE OOJbIe MM MEHblIe 3HEePTHH na- ¥
YaJbHOTO MW KOHEYHOTO cOCTOsHuH (manpumep, fo, fa wam fi, f3).
HauanbHoe B KOHEUHOe COCTOSHHSA TIPOTPECCHBHO CBSI3aHHOH mapm 7
JIMHHE pas3/HualoTcss N0 3HAYEHHIO NOJHOrO CNHHA Ha [1Be elM- |
muub: Amr = 2. Jlas perpeccHBHO cBA3anHoll napel Amr = 0.

£,
' Eq Er £ P
£ q
Ep £, Eq
Ep J8epECCUEHD cBF3AHH5IE
npLepEccbHo REpEXslbl
0B73@HHBIE ;
nEPEXDDL ;

DKCcmepHMeHTAaNbHO 00HapYy:KeHO, YTO PErpecCHBHO CBf3aHHBIE
nepexo/ibl PACIIeNIAIOTCs B BH/IE OCTPHIX JIKHUH (OHM paspeulenst),
TOrga Kak AJs OPOTPEeCCHBHO CBSI3aHHBIX MEPEeXOJI0B paculeleHHe g
BLIpaKeHo ropasio Menee orderauBo (puc. IX.9). Takum obpasoM, §
CIIKH-TUKJMAT TIpeACTaBJsieT cOGOH HU3SLIHLIA MeTOA U3Y4YeHHdT §
SHEePreTHYeCKOH JuarpaMMBl HAa OCHOBAHHM 3KCIEPHMEHTAJbHOTO §
cnekrpa. OH OKa3piBaeT NMO3TOMY CYLIECTBEHHYIO NOMOILIb NpH aHa-.§
JH3e CIEKTPa U B OCOBECHHOCTH NOJe€3eH sl ONpeleseHus OTHO-F
CUTENbHBIX 3HAKOB KOHCTAHT CIHH-CIHHOBOTO B3aHMOJEHCTBHS B §

cucTemax, cofepxamux 6onee ABYX Axep.

* Ot auraufickoro caosa tickling, osnaualouero G6YKBAJbHO «NPOLLYNbIBAHHEDs
a B JAHHOM CJydae — NpPsMOe 30HAHMPOBaHHEe CIHHOBOH AHArpaMMbl. — Mpum

Il@p@B,
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Puc. IX. 10, a.
JuarpaMma sSHepreTHNeCKMX YDOBHell Aas cHcTeMb AMX npy VA VM>VYX H ]JAM l>
IJMX |>| JAXl H 3HAaKoBOH xomGunamuu +++ (cxema 1) um +—3i (cxema II) ansa xou-

CTAHT CMOHH-CMTHHOBOTO B3aHMOAENCTBHA.

UB KayecTBe IpUMepa pPACCMOTPHM chekTp 2,3-KHGPOMIPONHOHO-
BOil KHC/IOTHL (188). D10 cayuait cucremnl AMX, Kotopast Mist JABYX
Pa3NMUYHBIX KOMOHHAUHMH 3HAKOB OIHCHIBAETCS SHEPreTHYeCKHMHU
AuarpaMmamu, nokasaHHbIMH Ha puc. 1X. 10, a.

Hy H,

[
Br——(IZ—C—COOR
|
Hy Br
188

B cooTBercTBMM ¢ NpaBHIaMH AJSt CIEKTPOB IEPBOTO nopsAiKa
12 nepexosos omuchiBaiorcs aumarpammoit 1 (cm. pue. IX. 10, a),
€CJIM NPeANOJIOXKUTh, UTO BCe KOHCTAHThI CIIMH-CIIHHOBOIO B3aHMO-
{IeﬁCTBnﬂ UMeIOT OJMHAKOBBIH 3HAK H €CAH DPHHATb, UYTO va >
= VM = vx H Jam > Jux > Jax > 0. Ecam ke Jux HMeeT Impo-
THBONOJIOKHBIA (OTPUIATENbHBIH) 3HAK OTHOCHTENLHO Jam H Jax,
TO caeiyer ucnoJb3oBarh Auarpammy II. Tlocueansiss muarpamma
OTJIHYAETCsT OT AWarpaMmel I TeM, 4T0 JuHHH M; 1 My, Mg u M,,
Xi u Xs, Xy u X4 HA 3THX JBYX CXeMax MEHSIOTCS MeCTaMH. JKCIle-
PHMeHTaJbHLEIA cleKTp npuBeier Ha puc. I1X. 10,6, n mepexompsl
llepeHyMepOBaHbl OT 1 no 12. Temepb ecnu B 3KCIEpPHMEHTEe MO
ABOHHOMY DE3OHAHCY CHCTeMy OOGJYUHTH TOJeM By MO JHHHH A,
TO, corsacHo guarpamme I, aunuu Mg u Xo~—T. e. iuBuU 7 u 10 —
HOJUKHBL OBITH PaclieNJieHbl [POTPecCHBHO, a JHHHH M; u X; — T. e.
JHHAA 5 n 9 — MoJKHBL OBITb pacluenJieHsl perpeccuBHo. C Apy-
FOH CTOPOHBI, eCu CIpaBelJiuBa Auarpamma II, To TOT ke 3Kcoe-
PHMEHT JO/IKeH MHPHBECTH K MPOIDECCHBHOMY H DerpecCHBHOMY
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Puc. 1X. 10,6, 8.

6 — crexTp NPOTOHHOro pesoHaHca 2,3-AM6POMODONHOHOBOR KHCJAOTHI (188); 8 = SKCMEPHMEHT §
N0 CHHH-THKJIHHTY. 3

pacmensenusam auaui My 1 Xy (8 1 12) u My u X5 (6 u 1) coor- @
BeTcTBeHHO. Kak  T0Ka3biBaeT  9KCIEDHMEHTAJbHBIA  CHEKTP |
(puc. 1X.10,8), nabawogaercs nocaepnuit ciayyai. Takum oOpasoM, ¥
Jux MMeeT OTPHIATENbHLIH 3HAK OTHOCHTEJBHO Jam H Jax; HOCKO/b-
Ky Bce APYTHe BO3MOXHble KOMOHHALHH 3HAKOB MOXKHO, TaKHM OG- §
pa3oM, 3KCIEePHMEHTAJbHO HCKJIOUHTh, MOJNYYeHHBIH pPe3y/bTaT Ha-
XOMUTCA B COTJIACHH C H3BECTHHIMH JaHHEIMH 00 OTHOCHTEJbHBIX
3HAKAX FeMHHAJbHBIX KOHCTAHT CIHH-CIIHHOBOTO B3auMOJeAcTBHS 4%
(em. ra. 1V). Caenyer eme pas MOAUEPKHYTh, YTO MOXKHO ompene- |
JIUTh 3KCTIEPHMEHTaJbHO TOJNbKO OTHOCUTEAbHbIE 3HAKH NMapaMeTpoB |
B3aumojeficTBust. [losToMy Ge3 HONOJHHTEebHON HHGbOpMalHH,
O TOM, 4TO BHUWHAJbHble KOHCTAHTH CIHH-CIHHOBOrO B3aHMOHEA- ]
CTBHS TIOJIOIKHTE/bHEI, HEIb3s HCKAOUHTb KOMGHHALMIO (—, 4, —) i
JUISi 3HAKOB KOHCTAHT Jam, Jmx H Jax. B paccMOTpeHHOM CJIy4ae
HCTHHHBIE BEJMYHHLI KOHCTAHT CITHH-CIIMHOBOTO B3aUMONEHCTBHS BY
188 coctaBasioT Jam = 10,9, Jux = —9,9 u Jax = 4,6 'n. '
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MeTO/l CIHH-THKJHHIA HMeeT Takxe OGOJbINOe 3HAueHHne MpH
ornecensn curnanos B cucreMax AA’XX’ u AA’BB’. Tak, nanpu-
yej, MOXKHO pa3JIHYHTb CHMMETPHUHBIH H HECHMMETPHYHBEIH ab-
nojciekTpel B cucteMe AA’XX’, ecin o6yuurh Jd106YI0 M3 BHIPOXK-
jetttblx Iap a’, k" wan b’, 1" B X-uactu. Ecan o6paruThest K AHa-
ppaMMe BSHEPreTHUeCKHX ypOBHelH, mpuBeleHHOH Ha puc. V.19, 1O
MOXKHO BHJI€Tb, YTO JIOJIKHBI PaCIIeNIATbCA JHHAU A U | HAU g H i
COOTBETCTBEHHO, TOrJa Kak JHHHH AHTHCHMMETPHYHOTO KBapTeTa
(¢, d, e ¥ [) ROMKHEL OCTATHCS HEM3MEHHBIMH.

Ecau 3azaThCid LeJbI0 ONpefeNHTh TOJNBKO, JJIS KAKUX JHHHI
THKJUHI-3KCIIePHMEHT MOJKEeH HPHBECTH K pacllellJIeHHIo, 6e3 on-
pe/lesIeHHs TOTO, KaK CBSI3aHbl ePeX0o/ibl MeXLy coBol, To Heo6Xxo-
JHMO DAacCMOTPeThb TOJIbKO IIPOCTYIO CIHHOBYIO JAuarpammy. [lis
cayuaes I u 11 monyuaercs toraa cieayiomas tabuauua:

JmarpaMma  Sigpo Ay Az A3 Ay My Mg Mg My X Xg X3 X
I A -~ — — — @ o p B a B o B
M a o p p - - —- —- a a B g

X a g o B a B a B N T S—
II A - - —-— — ¢ a B B a B a B
M o o B B - = - - B B o a

X a f o B B o« f a - - - -

31ech KaxK[blii DE30OHAHCHBIH CHTHaJ B 9KCIEPUMEHTAJbHOM
CIEKTPe XapaKTePH3YeTCA CIHHOBBIMH COCTOSIHHSIMH  COCEJHHX
A%ep. YCJOBHO JIMHUE IIpH GoJiee BBICOKOH YacTOTe NMPHCBAHMBAETCS
CHMBOJI @, €CJH PACCMATpHUBaeMoe CIHH-CIHHOBOE B3aHMOJIeHCTBUE
NOJIOKHTENBHO, H f, €CliM OHO OTpHuaTenbno. Ecau BosMymaercs
KaKOH-TO 3aJaHHBIH IlepeXojl, TO 3aTparHBarTCA BCE JHHHH, KOTO-
prle xapakTepH3yIOTCA TEMH Ke CIHHOBBIMH COCTOSHHSIMH. B pac-
tMaTpuBpaeMOM HAMHM CJaydae Mbl JOJKHBI, CJIEIOBATEJNbHO, OXKH-
AaTh, yTO BO3MYLUEHHE JUHHU A; OKaxker BJHSHHE Ha JHHHH M,
M;, X, X, mpH NOJOXUTENLHOM 3HAKe Jux (cxema I) u na M,,
My, X3 u X4 npu orpruaTensHoM 3nake Jux (cxema 11).

OKCHEPUMEHTBl 110 CHHH-THKJIHHTY MOTYT OBLITh HCIIOJb30BaHbI
Takxe st 06HAPYKEHHS] «CKPHITHIX JIHHUI», KOTODble 3aMacKHpO-
?\anm JAPYTHMH CHrHaJaMu B crmekTpe. Tak, MoxHO HaA6/10A4Tb
“dacrte cucreMel AX W B TO Xe BpeMs oOjyuarh iogeMm B; Ty
dactn B crextpe, B KOTOpOH Npeamonaraercs NpPHCYTCTBHe X-ya-
. CrynenuaToe H3MEHEHHE v, NPHUBOJAMT TOTAA K HJEHTH(HKA-
gHH JuHUH sapa X, TaK KakK B ciaydae v, = X| HJIH vy = X, Oyjaer
Poucxomuth pacmensenne Junuii A. 3ajauM TAKOro pPOAA MOTYT
NTL pemenn ellle 6oJee H3ANIHO ¢ NOMOUIbI0 Meroia MHIIOP
(em. pasp. 11.5).

Haxonen, Ans NOMHOTH OOCY/[eHHA Mbl XOTeNH Obl YHOMs-

Hy
T 0 TOM, UTO ONpENe/eHHe OTHOCHTENbHHIX S3HAKOB KOHCTAHT
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° o®
Puc. IX. 10,2 :
CeseKTHBHBII ABOWHON pesonaHc B crnekTpe 2,3-KHGpoms
L.-.... nponuoHoBo# KHeJoTh (188). :

CIHH-COHHOBOIO B3aUMOAEHCTBHSI BO3MOXKHO Takike MeETOIOM Ce

JIEKTHBHOTO JBOHHOTO pe30HaHCA, B KOTOPOM OOJyueHHe [POH3BQ 5
AnTCs GoJiee ueM MO OAHOM JHHHH. PaccMoTpeHne JHarpaMmbgg

sHepretuueckux yposHed Ha puc. IX. 10, a nokasbiBaeT, 4TO JIHHH
A1, A, X3 1 X, B cooTBeTcTBHH cO cxemofl 11 06pasyioT cHCTeMy§
U3 ueThlpex OJH3KO DACIOJOXKEHHBIX NEPeXOJ0B, KaK B ciyuyaes
aByxcnunosofi cucreMsl tHna AX. [Tostomy, ecan 0OJYUUTL JTHHHMY
A, 1 A, BTOpLIM 110J1€M, aMIUIHTYA KOTOPOro OyjeT yAOBJIETBOPATH
cootnowenuto yBy = 2(A; — Ay), 10 suuHuu Xz u X4 OyAyT cins
BaThCA B CHHTJET, KaK 3To mokasano Ha puc. I1X. 10, e. ;

DKCHepHMEeHT MOMKeT TakxkKe GbiTh ONMHCAH C NOMOIUBIO CHHHO-:
poii auarpammul II. Bropuim BY-momem c 4acToToll vy == (A; —
— A,)/2 MBbl 3arparMBaeM Bce MOJIEKYJBI, B KOTOPLIX SAPO M Hﬁ
XONUTCSl B COCTOSIHMH o. Jlunuu X3 M X4 OOYCJIOBJEHB MOrJOWE:
HueM 3THX xKe MoJsekys., Kak mpn OOLIYHOM JBOHHOM pe3oHaHce
JUIsT STHX MOJIeKyJ Hcue3aeT KoHcTanta Jax. Ha mpakTnke skcne
PHMeHTHI 3TOTO THIA MO CeJeKTHBHOMY ABOHHOMY pe3OHAHCY HME
TOT HedoCTATOK, 4TO HEOGXOANMO HCHOJB30BATH TOPasfo GoJblI
aMILVIMTYAbl Noasi By MO CPABHEHHIO C SKCHEPHMEHTaMH IO CIIH

TUKJHHTY.

2.3. TprMeHeHue MeTOOB ABOWHOrO pe3oHanca
AU OnpeeseHHsl KOHCTAHT CKOPOCTel peakuui

—_—

[Tpn Hajnuuu Mpoluecca XHUMHUECKOTO obMmena THna A == B
KOHCTAaHTa CKOpPOCTH K B 00/aCTH MEJJIEHHOro ofMena MoxeR
OLITb OnpeleseHa C NOMOLIbIO 3KCIEPUMEHTOB IO nBoiinomy p#
30HaHCy, ecau Ha6jI01al0TcA pasjiesbHbie Pe30HAHCHbIC CHIHA
NpH va M vs, Kak 9TO OblIO J€TanbHO OGCYXAEHO B HpEAbAyIL
rnase. OG/ayuenue 10 va BTOPBIM PaJAHOYACTOTHLIM [MOJEM TPHDE
IMT K BO3MYIIEHHIO CITHHOBOTO pacmpefieienus saep A. 310 BOS
Mymlenue no peakunn A —- B nepepaercs Ha pe30HAHCHBIH CHIHO
¢ '4acToToll vs, ecau BpeMs Mpolo/bHON penakcauuu Ta He CABIE
KOM MaJio N0 CPaBHEHHIO CO BPeMeHeM PCaKIUH. &
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Pue. IX. 11. Vsmenenue WHTEHCHBHOCTH CHTHAJA THAPOKCH/IBHOIO NPOTOHA 2-THAP-
OKCHaLgTOQ)eHOHa (1"89) KaK (DYHKIHA BPEMENH NOCJe BKJIOYEHHS H BLIKJIOUCHHS
mons Bs ¢ wactroto#i OH-pesonanca camnuumosoro aasgernga (190) (Dopsen,

Toddman [7]).

Pesyabrat Ttakoro skcmepuMenta nokasan ma puc. IX. 11 aas
pesonanca OH-rpynnn 2-ruipokcuaiuerodpenona (189) B npucyr-
CTBUM CaNMUMJIOBOTO aabiernga (190), ¢ KOTOPHIM OH O6MeHH-
BA€TCA TH/POKCHJIBHBIM IPOTOHOM. Ecau B Kako#i-To MOMEHT Bpe-

~A

HiC._ 0. H 0. C H
ANV e Ay ~cPy
+ = +
189 190

MeHU BKJIIOUATh ({) Noje B, Ha wactore von (190), TO HHTeHCHB-
HOCTb CHTHaJa vou (189) HAauMHAeT KCNOHEHLHAJbHO YMEHbIIATh-
¢ JI0 Tex 10D, NMOKa HAMAarHWYEHHOCTb He JOCTHTHET HOBOTO paB-
HOBECHOTO 3HAYeHH M? (t—>o00), rie { (B ceKyHJax) eCTb BpeMs
BO3/I€HCTBUSA 10Js1 By. Boikiioyenne Bosmymawoulero noas (4) mpu-
BOJHT — TaKk¥)e SKCIOHEHIHAJbHO — K BOCCTAHOBJIEHHIO HCXOIHOH
PaBHOBECHO! HaMAarHHYeHHOCTH MG,

Teopernueckoe paccmoTpenne 9TOro siBJjenns AaeT CJAeAYIOLIHE
pe3y/bTaThl: BPEMSI JKU3HH Tis CIHHOBOTO COCTOSIHHSI B TOJIOMKEHHH
A 3aBHCHT OT BpeMEHH NpPOJOJbHOH pedakcauuu Tja B 3TOM MOJO-
XKEHHH H KOHCTaHTHl CKOPOCTH Ra. MBI MOXeM mo3TOMYy 3amucarts

l/T]A=l/T1A+ 1/‘I7A (IX4)

Hast HOBOrO 3HauyeHHs pPaBHOBECHOH HAMAarHHYEHHOCTH CIIpaBej-
JINBO YpaBHEHHE

M2 (t—>00) = M3 (%,,/T ) (IX.5)

Hj
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A
B TO BpeMs Kak paHee Besuunna Az (f) BeIpaxkanacb B BHAE (Bb-
BOJ OmycKaeMm)

Mg(t)———M{}[Cexp(—— 175) + T/ T4l (IX.6)
C yuerom ypabrenusi (IX.5) 3710 naer

MA(t) = Mg [Cexp(— tt,,)] + M2 (¢ —> o) (I1X.7)
U M2A(f) — M2 (t— o0) = MCexp(—t/t,,) (IX. 8)
win  In[M2(f) — M2 (t — o0)] = — t[v, , + const (IX.9)
[Toatomy, ecau moctpouts rpaduk HAGJOAAEMOH BeJHYHHE

A
In [M? (f)y — M5 (t —> )] B 3aBucumocTi oT BpeMeHH f, TO MOKHO
NOJYUATb 3HAaYeHHE Tia U3 HAKJIOHA MpsiMOH, H HO YPaBHEHHSM
(IX.5) m (IX.4) HCKOMYI0 BEJIHYHHY Ta, ITOCKOJbKY OTHOIIEHHE

M3 (t—»oo)/}VI;f1 MOXKHO OINpEJeNHTb 3KCIEPHUMEHTAJbHO (CM,
puc. 1X. 11). AHa/JOTHYHO MOCTYIAIOT U NPH OUpeJesNeHHH T (ecau
IBa cOCTOsiHMST A M B uMeIOT HepaBHBie HACEACHHOCTH), ofayuas
CHUTHAJ B COCTOSIHUH A.

OnucaHHas Bhillle METOAMKA [BORHOro pesoHaHca NpeACTaBlseT
cobofi ToJie3HOE pacluupeHHe HpHMeHeHHs $SIMP-cnekrpockonnu
JJ1s1 M3MepeHHs] KOHCTauT ckopocredl. OHa nmpuMeHuMa K ofJacTd
MelJjieHHOTO oOMeHa, rie ¢opMa JHHHH CHEKTpa HeUyBCTBHTEJbHA
K H3yuyaeMOoMy JHHaMmuueckomMy IpoHeccy. OHa Takxe Ipen-
cTaBjsier coOOH HM3AMHBIA MeTO[ HAeHTH(UKaNUH OOMeHHUBAaIOUIHX-
¢Sl siiep, HAM KaueCTBEHHOTO aHajiN3a AWHAMHYECKOTO TOBeAeHHS
MoJlekyJel. Hampumep, ata meroznmka Obiia ¢ ycrmexoM IpHMeHeHa
njst oGHapyxeHHss KOHQOPMAIUOHHOH HeXKecTKOCTH [18]annysena
npu KoMHaTHOH TeMIepatype. OOmydeHHe CHUTHAJNA «BHYTPEHHHX»
NPOTOHOB NPHUBOAHT K YETKOMY YMEHbUIEHHIO HHTEHCHBHOCTH CHT-
Hana «BHeWHWX» nporoHoB (pasf. 2.3 ra. VIII) BcnencrBue mpo-
TEKaHHA Tpolecca XHMHYecKoro oOMeHa MEXAy 3THMH [ABYMs MO-
JIOXKEHHUSAMH,

2.4. dddext Osepxaysepa

B nousirue s¢pext Osepxay3zepa BKNOUAOT OOBIMHO TP pas-
JUYHBIX ABJeHAA, Kaxpoe U3 HUX CBA3aHO C H3MEHEHHEM HHTEIl-
CHBHOCTH DE€30HAHCHBLIX CHTHAJOB B SKCHEPHMEHTaX N0 JBOHHOMY
pesonancy. Oxnako HabmiogaeMbili addekr MoxkeT 6HITb 06yC/IORB-
JIeH HECKOJIbKHMH Da3NYHBIMH MeXaHH3MaMH.

B cayuae ucrunnoro apdexra Obepxaysepa MJs CHCTeMBH, CO-
cToAledl M3 AAEPHOrO CnHHA | W 3JEKTPOHHOro chnuHa S, Hab.lo-
HAETCS YBeAHUEHMe WHTEHCHBHOCTH CUrHajAa SICPHOTO pPe3OHAHCA,
€CJH OJHOBPEMEHHO HACBIIIAIOT 3JEKTPOHHBIH pesoHanc BY-mosem
C 4acToTofl vs. DTOT IKCIEPUMEHT MOXKeT OLITh BHINOJHEH OpH HC-

L TR WS B P Fr e
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Puc. IX.12. Ouaerpamma Conomona
Uil IBYXCNHUHOBOH cucTeMml IS, co-
CTOSILIIEH H3 SIAEDHOTO M 3JEKTPOH-
HOTO CITMHOB.

M0JIb30BAHHN NapaMardiuTHOTO PacTBOPA HATPHSA B KUJKOM aMMHa-
Ke, IJs KOTOpPOro HaGJMI0LaloT INPOTOHHEII pPE30HAHC B YCJAOBHAX
{ACHILEHHS 3JIEKTPOHHOrO pesoHaHca.

VsmeHeHHe HHTeHcHBHOCTefi JUHHH s/epPHOTO pe3oHAaHCa, KOTO-
poe BO3HHMKAeT B pe3yJbTaTe 3TOr0 3KCIEePUMEHTa, MOXKHO IOHATH,
ecJiH 06paTuTbcs K paccMoTpeHuto duaepammer Coaomona, npuse-
fennofi Ha puc. IX. 12, Ha mem npeacraBaeHnl coOcTBeHHBIE CO-
CTOSIHHSA JABYXCIHHOBOH cucTeMBl [S B marautHoM [ose, Bcero
CYILeCTBYIOT YEThIPE COCTOSHHAS C pasJu¥HON SHepPTHel, U UX paco-
JOKeHHe ornpefensercd 3HAKaMH SAEPHOr0 H JIEKTPOHHOrO CIIH-
HoB. Ilepexojrl sApa WJIH 3JEKTPOHA MOTYT OHITh HHAYLHPOBAHH
BY-nosem ¢ 4acTOTOH v; MJAH Vs COOTBETCTBeHHO. PaccMorpum Be-
posTHOCTE W Tex pefakCalHOHHBIX MepeXOA0B, KOTOPHE OTBETCT-
BeHHBl 3a MOAJepkKaHue OOJMBIMAHOBCKOro pacupelenenusi. [lycrs
BesiHuuHEl Wi u Wi COOTBeTCTBYIOT BEPOSITHOCTH HPOAOJBHON pe-
JaKCalUHH SIIEPHOr0 M 3JeKTPOHHOro CIHHOB COOTBeTcTBeHHO, Kpo-
ME TOro, HMEITCS TaKxKe oOIlpeJeNeHHbBle BEPOSITHOCTH INEPEXON0B
W u Wo, B KOTOpPBIX sePHBIl H 3JIEKTPOHHEI CIHHE MepeBopa-
yuBaoTcsl ofHoBpeMenno. Wy u W, umelor 3aMeTHBIH BK/IaA TOJBKO
TOrfa, Korja HMeeTcs CIIHH-COMHOBOE B3aHMOJEHCTBUHE MeXAY ClH-
Hamu [ u S. Ecan HacbllllaeTcsl 3JeKTPOHHBIE pe30OHaHC, T. €. Hepe-
xofm (3)—(1) u (4)—(2), BU-nosem B; ¢ yacroTofl vs, To GOMbIL-
MaHOBCKOe pacnpefenenue mexay cocrosiuusiMmu (3) u (1), a rak-
®e (4) u (2) mapymaercsi, T. e. HaceJeHHOCTH cocTostHHE (1) o
(2) craHOBATCH CJAUINKOM BLICOKHMH, 4 HACEJEHHOCTH COCTOSIHME
(3) u (4)— Hu3RUMH. DTO BO3MYIUEHHE MOXKET GbITb KOMIEHCHPO-
Bago yBe/JHYeHHEM YHCJa PeJaKCALHOHHBIX MepexonoB, T. e. yBe-
JqugenneM W, Tak Kak npu atoM Gyner yMeHbIIATHCS HACENEHHOCTD
cocrosigus (1), a Hace/eHHOCTb cOCTOSIHMSI (4) GyneT BO3pacTaTh.
Has apepuoro pesonanca, T. €. Aas nepexofos (4)—(3) u (2)—
~>(1), aTO MpHUBeleT K YBENHYEHUIO HHTEHCHBHOCTH CHrHaja HOIJIO-
lenHs, MOCKOJbBKY CyMMmapHBIl 3¢ (ekT mpolecca 3ak/JIHOUaeTcss B
JONOJTHATENLHOM MOBBILIEHHH HACENEHHOCTH COCTOSHHS (2) M MOHu-
EeHHH HaceJeHHOCTH COCTOSIHHSL (3), Tak KaK CIHHBI MEPEHOCATCH
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o mapupyty (3)—>(1)—(4)—(2). Pesyabrarom sBjsercis fn0AR-
pusayus pacnpejejeHdsl sAEPHBIX CIHHOB, H 3TOT 3(Q(exT H3Be-
CTeH IIOJ Ha3BaHHeM OUHAMUYECKAs AOEPHAA NOAAPUSAYUA.

Jlas mpeablayliero cjaydas BaxKHO, YTOOBI BBINOJHSJIOCH COOT-
nomenne Wy > W,. Takum 00pa3oM, ONPOKUALIBAHHE CIIHMHA 3JeK-
TPOHA BO3MOXKHO JHIIb TPH OJHOBPEMEHHOM H3MEHEeHHH CITHHO-
BOH OpHEHTALMH SApPa B IPOTHBOIOJIOXKHOM HanpapjaeHud. B 3tom
c/lyyae peJlakcalifiss MPOTEKAeT NPeUMYIUECTBEHHO Yepe3 3aBHCsllee
OT BPEMEHH CKAAfpPHOe CNUMH-CIIHHOBOE B3auMojdelcrsue. B ymoms-
HYTOM BBIlle PacTBOpPe HATPHA B KHJIKOM aMMHaKe HeCHapeHHBIe
9JIEKTPOHBI COJIbBATHPOBAHBEI MOJIEKYyJaMH aMMHakKa. DBICTPHIA 06-
MEH 3THX MOJIEKYJ MeXAY COJbBATHBIMH 000J0YKAMH DPa3JHYHBIX
MapaMarHATHBIX LEHTPOB NPHBOJMT K TOMY, YTO [POTOH-3JIEKTPOH-
ji0e B3aHMOJIEHiCTBHE HCUe3aeT, OJHAKO OHO COXPAaHseT CBOIO 3d- .
(EeKTUBHOCTL KAK MeXaHH3M PeJaKCaliu.

PaccMoTpuM elle pa3 3KCIEPHMEHT, KOTOPLIH TOJBKO UTO Obln
omucad, OJHAKO Ha 3TOT pa3 oOpaTUM BHHMAHHE Ha BeJHUHHH
DHEPrul, OOMEHHBAIOIIUXCA C pelleTKOH B pesiakCalHOHHOM [po- §
uecce. Jlas 060 KBAHTOBOMEXAHHYECKOH CHCTEMBI, KOTOpas Xa- |
paKTepusyeTcsi AByMst ypoBHsIMH 3Heprun E, u [E, paBHOBecue yc- -
TaHaBJAMBAeTCA TAKHM 06pa3oM, 4ToGbl UHCJIO mepexojoB E,— Eg :
60 paBHO uHcay nepexoioB E, — E,. Orciopa cieayer, 4To Aas -
cobeTBeHHBIX coctostHHE (1) u  (4) cHMHOBOH CHCTEMBl BBINOJ-

HsleTCA ypaBHeHHe
Na3Wag>pa = NpnaWpa»ap

rie No u Ng U ng ¥ ng 03HaYalOT HACEJNEHHOCTH AJs Alep U 3JeK- .
TPOHOB C0OTBeTCTBeHHO, Wop-py H Wpasap 0003HAUAOT BEPOAT-
HocTH nepexofoB. CoryacHo 3akoHy boabumana, uMmeeM

N.n 174 AE
a’p __ " Bamaf —_ )= - .
Ngte = Vaporpe —exp( =T )—exp[ h(vg+v,)/kT] (IX. 10),,}

e s,

Tenepb, eciu 3JeKTPOHHBIY DE30HAHC HACHIULAETCS, TOTAA Hg = Np

n

NofNy=exp[— h(vs + v))/AT] (Ix. 11y,

TlockonbKy hvs 3> hvi, pacnpejieieRne SAEPHBIX CMHHOB, KOTOPOE.

OOLIUHO NMOAYHHSETCS BLIPAKEHHIO
No/Ng=exp(—hv,/kT)

i

Temeph XapaKTepH3yeTCs ropasfo OGoJbliuell pasHOCTbIO sHeprid:

h’Vs. i

Ecay Mbl IDHMEHHM 3TY UENOUYKY pacCyxIAeHHH K CIHHOBOH CH:

cTeMe, KOTOpasi COCTOMT M3 JBYX SAEpPHLIX CINHHOB, Mbl IpHieM K

tTak HasblBaeMoMmy sdepromy apgexry Osepxaysepa (A90)dg

B sroM cayuae puHarpammy Co/JOMOHA C/IELyeT 3aMEHHTb, [OCKOJ/IbGE

Ky Tenepsr o6a CIMHAa HMEIOT OJHHAKOBBLIA 3HAK M IOC/EA0BATENb
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I(A)(X)

Puc. 1X.13. Huarpamma Coaomona
A4 ABYXCIHHOBOH cHucteMul I/, co-
cTOAUeH M3 ABYX SNEPHBIX CIHHOB.

HOCTbL COCTOIHME H3MeHsierca. Mrak, ecan oBayyaercsi pesonamnc
CAHOTO s/pa, Hanpumep sapa X Ha puc. 1X. 13, 10 OPOH30HJET yBe-
JTHUCHHE MHTEHCUBHOCTH pe3onanca sapa A, ecan W, < W yS o
YCJIOBHE BBHINOJHAETCS BO BCEX CJyYasix, };orﬂa 3a pexaxiaunﬁo
OTBETCTBEHHO 3aBHCAlllee OT BPeMeHU OUNOAb-OUROAbHOC B3aUMO-
dedcreue. Mu ye o6ecyxaany sto B pasa. 3.1 ra. VII npu pac-
CMOTPEHUH MEXaHH3Ma MPOLOJILHON pesakcaunuy. ' P pac

Konvuecrsennoe onucanne storo smmenus NPHBOJHT K TaK Ha-
sblBaeMoMy ypasnenuto Coaomona, Kotopoe paer Bﬁxpamenne TS
YBEIMYEHUs] 2-HAMAarHUYeHHOCTH siapa A, M2 (oTHOCHTEILHO paB-

[

M§=l+ Wy — Wy ¢ X
M Wi+ Wo+w, v, (IX. 13y

ECJII/I”Me}K,lIy ANPAMH CYUIECTBYET YHCTOE QUIOJb-AUIIONbHOE B3aU-
‘M‘(;,leI/ICTBHe, 10 W, Wi u W, Haxonsrest B cooTHolleHHH 1:(1/4):
5{) 46) W IIPH pA == yx MAaKCHMaJbHOE YCHJIEHHe CHIHAIA COCTABUT
Jo. DT0 HOMKHO HMETb MeCTO, eC/TH CIHHOBAS CHCTEMa COCTOHUT
3 AByX NPOTOHOB. [las cnuHOBOM cucremsl Thma 'H — 13C ad ek
B 4eThipe pasa Gouabiue (200 %), mockosmbky vu/vc = 4. '
Hna paceMoTpenuss  smepHOro apderTa Osepxaysepa nasee
BAXHO OTMETHTb, YTO BKJAA AHIOMb-IHIONLHEIX B3aHMOLEHCTBHI
BO BpeMs NPOLOJIBHOH peslaKCallHH ABYX siiep, pasjeNeHHbIX pac-
CTOSHHEM r, mpomopunoHasen 1/r5 Takum o6pasom, SIAePHBIH 3¢h-
hexr OBepxaysepa MoKeT HaGMIOAATHCH TOABKG TOr/l4, KOrjia pac-
CMatpuBaeMble sIpa HAXONATCH B OTHOCHTENBbHO Teckofi IpocTpaH-
CTBEeHHOH 6J'IH3“OCTPI, TaK KakK TOJBKO B 3TOM CJaydde AUNONBL-IHNONb-
Hoe B3auMoneHCTBHE NEHCTBHTENBLHO naeT CYUIECTBEHHBIA BKJIajJ B
MeXaHHM3M peJslaKcallHH.
. Takas xoppeasiuns nemaer SIA0 nosesubim CPEJCTBOM IpH
TPYKTYPHBIX ONpeJe/ieHHsIX, KOrla HeOO6XOAMMO PELINTh, KaKoe H3
AByx smep, A unu B, otaeneHo meHbnm paccrosiniem ot TpeTbero

11 X. Tontep




322 Trasa 1X

sjpa B npefeax OJHOH M TOH Ke MOJIEKYJBl. 3al1aid 3TOr0 THIA |

BCTpeyaloTcsd B ciaydae yuc, TPAHC-U30MePHH [BOHHOH CBA3SH H B

KOH(POPMALMOHHOM aHajau3e aJHUMKJI{UeCKHX COeJHHEHHH. DKCIle- |
PUMEHTAJbHO NOCTYNAIT CIeAyIoINM 006pasoM: 00JayualoT OAUH M3
JIBYX paccMaTpUBaeMBIX CHTHAJIOB, B HalleM cJydae va HJIH Vg, |
BTOPBEIM IOJIeM M OJHOBPEMeHHO HaGJIOJal0T U3MEHEHHe HHTeHCHB- §
HOCTH pe3oHaHca siapa (C, MCNOJB3Ysl HHTerpartop. Slapo, obayue-
HHe KOTOPOTO MPHUBOAHUT K OOJbllleMy YBEGJHUEHHIO HHTEHCHBHOCTH
pe3oHaHCcHOro curHana sapa C, otaesneHo oT C MeHbIUM pacCTosi- 4

HHEM.

[TocpeacTBoM askcnepuMHTOB mo saepHoMy sddexrty Obepxay-
3epa 0KasaJoCch BO3SMOXKHBIM OJHO3HAYHO OTHECTH CHLHAJBI METHJb-
HBIX rpynn B guMmerundopmamuie (cM. pasd. 1 ra. VIII u pue. 3

Bo BBeJenun). Tosbko korga o6yy4yaloT METHIbHBIA cHTHal B Go-

Jee crabom moJge, HabMIONAIOT YBeJHYEHHe UHTEHCHUBHOCTU CHrHaJja
dpopMuABHOrO NpoToHa, TakuM 00pa3oM, 3TOT CHUTHAJ CJelyeT OT-

HECTH K METUJIBHOH TIpynne, HaxoAslleHCs B TPAHC-TIOJNOXKEHUH K

KapOOHH/IBHOH rpynme. [pyrue npHMepbl: yCTaHOBJIEHHe KOHQHUTY-

pauui OKCHJIMIEHOBOH GOKOBOH LN B aJKajJOHAe AErHipoBoaxa- -

JgotuHe (191) ¥ BHIICHeHHe Bompoca O TOM, CYLIeCTByeT JH 2-Me-

TOKCH-4,4,6-TpuMerTni-1,3-1HOKCaH B yuc- Han Tpanc-popme (192 ;

unu 193 coorBerctBeHHOo). B cayuae 191 Habmomanu Bo3pacraHHe
(na 26 %) uHTeHCUBHOCTH curuaja nporoHa H' npu oBayuenun
MeTHJIbHON rpynnsl npu C!8, B ciyuae AHOKCaHOB 00JyYeHHE OTHOH
H3 MeTHJBHBIX TPYNI B mosoxeHud 4 B 183 npusoaur k 12 9% -Homy
YBeJIMUEHHIO HHTEHCHBHOCTH cHrHajsa nporoHa H2, rorma kaxk B
. cayyae 192 nopobHoro sddexra He HabmwaaeTCs

Cuoenyer moHMMaTb, YTO BHYTPUMOJIEKYJSIPHBIH 3ddext Opep-
Xxaysepa CHHMAaeTcs B pe3ysabrare JIOOLIX BO3JeACTBHH, KOTOpHIE
IPHBOAAT K NOABJIEHHIO MEXaHHM3MOB pe/laKcalHH, OTJIHYHBIX OT
BHYTPUMOALKYAAPHO2O JHIONDb-IHUIOJbHOrO B3auMofeficTBusi. B ua-
CTHOCTH, CJIe/lyeT CBECTH K MHHHEMYMY MEIMOACKYAAPHbIE AUNOJb-
JHINOJIbHBIE B3auMogeficTBus. IlostoMy pacTBOph 06pa3uoB JOJMXK-
HBEl OBITh OCBOGOXKAEHBEI OT KHCJOPOAA H IO BO3MOXKHOCTH 06e3ra-
JKeHbl, HCHOJIb3yeMble PAacCTBOPHTEIH AOJKHBI KMeTb JHIbL HeGOoJb-
I0e YUCJAO0 MATHHTHHIX saiep, Hanpumep CS; umu CCly. Kpome
TOTO, KOHUEHTDPALHsl HCCAEeAyeMOro COe/[HHEeHHs He XOJKHa OBITb
CJHLIKOM BBICOKOH.

CHs OCH3 CHy H?
H3C@o H? mc@j\ocm
CHs CHs
192 193

Cneyuaabrbie dKCnepuUmMenTasbhble MeTolb: 323

Boo6me H3MeHeHHe HHTEHCHBHOCTH HHAMBHIyaJbHLIX JHHHA B
CMHHOBOH cucTeme, KoTopoe HabaroAaeTcs B 3KCIEepHMEHTaX Mo
JABOWHOMY pe30OHaHCy, Ha3LBAWT obobulenHoim apdexron Osepxay-
sepa. B naHHOM ciydae BTOpOe OueHb ciafoe moje B, BoaMyllaer
TOJBKO HACEJCHHOCTH TeX 3HEPTeTHUECKHX ypPOBHEH, KOTOphle CBf-
3anpl ¢ o0ayvaemoit auaued. 15 nposiBNeHus 3T0ro addeKra moK-
HO BHINONHATBLCA ycaoBue y2B2T T, ~ 1. OGobuieHHblll 3ddheKT
Osepxaysepa Halllel WIHPOKoe U ycremHoe npumedende 8 MHIOP-
CIEKTPOCKOIIHH.

2.5. UHA OP-cnekrpockonua U ocunansiuuu Toppu

Merox MHIOP * (MexbsizepHblil IBOHHON pe3oHaHC) npea-
cTaBJaAeT cob0f MHTepecHYI Pa3HOBHJIHOCTb METOLA NBOHHOTO pe-
30HaHCa, KOTopas MOkeT ObIThb C yCIEeXOM IIPUMEHeHa KaK K [o-
MOAJEeDHBIM, TaK M K reTeposilepHBIM CIHHOBLIM CHCTEMAaM.

®usudeckyw ocHoBy Metopa HMHIOP cocrasaser oGofuien-
Hhll ekt OBepxaysepa, o0cy:KAaBIIMiics BhIlIE, B KOTOPOM pac-
npejeserne BoJbplMaHa A5 KakKOro-auGo ONpelesleHHOr0 Mepexo-
Ja B CIIHHOBOW CHCTeMe HAapyuiaercsi NMOA BO3JAEHCTBHEM BTOPOrc
noast By, U 3TO HpOABJAAETCS KAK H3MeHeHHe HHTEHCHBHOCTH IIPO-
IPECCHBHO ¥ PErPEeCCHBHO CBSI3aHHBIX JIHHUHA. DTH H3MEHEeHHS 3a-
MHCHIBAIOTCS ¢ MOMOIIBIO PErHCTPHUPYOLILETO Toss By,

IKCNepUMEHTAAbHO TOCTYNAOT CJAeAYIOIHM 06pasoM: 3amHCH-
BalOT HMHTEHCUBHOCTH, HanpuMep Jauuun A B cucreMe AMX, uc-
noae3ys cnaboe mone B, Takum o6pa3oM, uToObl He 6BLIO HACH-
wenus. [Tepo camomucua ycTaHaBIHBaeTCsl Ha BEPIIHHY 3aXBaTbl-
BaeMmoll suHUH. CrekTpbl anep M u X CKaHUPYIOTCA ¢ NOMOIIbI:
noast Bs. Kaxnablfi pas, KOria BCTpedaercss JHHHS, KOTOpAas HMeeT
o6uHi ypoBeHb ¢ obaydyaeMmoit JuHHeH A, Habaionaercs yBesHue-
HHe WJIH YMeHblIeHWe HHTEHCHBHOCTH JHHHH A Bejencrsue 0606-
uwenHoro addexra Opepxaysepa. Urobel zanucats MHIOP-cnextp,
caMomnucel M moJsie Bj, KOTopble OOBLIYHO CHHXPOHH3UPOBAHBI APYI
¢ IpYyroM, cjJeiyer pa3belHHHTh. 3aTeM CHHXPOHH3HPYIOT TOpH-
30HTaAbHOE TepeMellleHHe Nepa ¢ pa3BepTKOH yacroThl moaa B
Ecan B kauectBe mpumepa B3fith auarpammy 1 (puc. IX. 10, a),
rie va >>vm > vx U Jam = Jux > Jax > 0, 1o cucrema AMX c
saxpatomM mo aunup A; paer MHIIOP-cnektp, nmpHBeieHHBI! Ha
puc. 1X. 14, 6. Tlpu >TOM HMHTEHCHBHOCTH JHHHM A, 3anHcbiBaeTcs
Kak (GyHKUHS 4acTOThl vo. Ecam vo = M|, To NpOHCXOAHMT Hapylile-
HHe GOJbLUMAHOBCKOrO paclnpeleseHHs] MexXIy COCTOSHHAMH afc K
aaq. CHHHOBas HaCeJeHHOCTb IepeHOCHTCs U3 afa B aow; 3TOT
Mpolecc YacTo Ha3bIBAWT «CMHMHOBOH mojakaukoit». Ilpm 3TOM HH-
TEHCHBHOCTb JHMHHM A, yMeHbIlaercsi, TaK Kak Tenepb COCTOSHHE

* UHJOP — (B asraufickofl suteparype — INDOR) orT nepBbix GYKB aHTJIHiT-
ckoro Beipaxkenns internuclear double resonance. — Ipum. nepes.

11*
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Nuriis FaxBuama Ay

Puc. IX. 14.

a—cucteMa AMX 0pH ycl0BHH VA>VM>VX B JAMSIMx > TAX>0: 6 — cxemaTuueckuft
HMHAOP-cnekTp ¢ 3axpaToM 10 JHEWE A,

aao OyleT HMeTb MOBBILIEHHYIO HACEJNEHHOCTb MO CPaBHEHHIO C CO-
crosinnem Pac B, HaoOOPOT, «CIIMHOBAs [OJKAUKa» JHHUM Mjz TpH-
BOJHUT K NEPeHace/eHHOCTH COCTOSHHA Pac U NOTOMY K yBeJHue-
HHIO HHTEHCHBHOCTH JHHUH A;. AnajoruuHoe paccysK/JeHHe clpa-
BeJNLBO M Ias JuUHHH X; M X, Tak:Ke cBg3aHHbix ¢ A;. Takum
00pasoM, NPOrpeccHBHO CBA3aHHble mepexoabl npusoast 8 MHIIOP-
CIIEeKTPE K «JIHHHAM IOIJIOLLEHUs», TOrAa KaK DErpecCHBHO CBS3aH-
Hble TIepeXOABl IPUBOAAT K <«JHHHAM Hcnyckauusi». Has Ttoro uro-
6bl H30eKaTh BO3MYIULeHHs] MHTEHCHBHOCTH JIHHHH 3aXBaTa 3a Cyer
OPYTHX, HeCBA3aHHBIX IIePeXOAOB, aMILINTYly mnoaa By chaexnyer
BLIGHDAThL HE CJAMIIKOM BLICOKOM.

Ha puc. IX. 15 noxazan MHIIOP-cnexktp 2,3-a1u6poMnpornono-
BO# KUCJOTH (Cp. pasn. 2.2), rie B KayecTBe JIHHHH 3aXBaTa Hc-
no/b30BaHw JuHEM Ay u A, HabGnionaempii 3KcnepUMeHTaIbHO
MHAOP-cniekTp MOXHO JNerko HHTENPETHPOBATL Ha OCHOBE CHHHO-
Boit aumarpammbi II (puc. IX.10,a). Ecan yuects Gmusxo pacno-
JIO’KeHHble JHHHHM 6 1 7 (My; u Mj), To HHTepnperanust 3TOro crek-
Tpa sBJsieTcad Gojee NPOCTOH H ACHOH, YeM B c/yuae 3KCIepHMEHTa
00 COMH-THKJIHHTY, OueHb BajKHO OTMETHTb, KPOME TOro, 4TO B
TIPOTHBONOJIOXKHOCTL IKCIIepHMEHTAM [0 CHOMH-THKJIHHTY HJAH ce-
JEeKTHBHOMY ABOHHOMY pPe€3OHAHCY TOYKOH HabJIOJeHHS B MeTojxe
MHIOOP Bcerna saBaserca JuHHA 3axBaTa, Tak, HaAOpHMep, JHHHH
M un X Moryr ObLITb NEPeKPBHITH JHHHAMH [DYTHX siiep, He NpH-
HajJeKaulUMH K TOH Ke CNHMHOBOH cHCTeMe; TEM He MeHee HX ya-
CTOTHl JIerkO MOTYT OLITb OIpelNeseHbl C KCIOJAb30BaHHEM MeTola
HUH/IOP. B 3toM cayuae He cjeayeT 3amuChIBaTh MNOIVIOUIEHHe B
064acTH sa4ep A a5 KaxA0ro BbIOPAaHHOTO 3HAYEHHSI Vg, KAK B
SKCMepPUMEHTaX N[O CHOHH-THKAHHTY, a JOCTATOYHO JOKaJu30BaTh
HaH BAeHTHOHUHPOBATbH BCe NMepPexo/bl, cB3aHHbE ¢ JHHHUell 3aXBa-
Ta, C [IOMOIUbLIO OJHOH pPa3BepTKH YACTOTH noas Bo.

MoKHO YIOMSHYTH ellle 06 OZHOM 3KCIHEPUMEHTe N0 ABOHHOMY
pesonaHcy, mnpeiacrasjeHHoM Ha puc. IX. 15,2, Oranuue wmexny
3THM 3KcnepuMeHToM H Meroiom MHIOP (puc. IX. 15, 8) cocronT
NpOCTO B TOM, 4TO aMIIMTyAa NepBHYHOro mosis B; yaBanBaetcs.
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AA, A A, M, MMy M, Xy Xy X3 X,

Puc. IX.15. Cnextp IMP (a), MHOOP-cnektprt (6, 8) u ocuudnsuur Toppu (2)
B cucteme AMX 2,3-nu6pomnponHonosofl kucaoTh (188).

[Tostomy nepexoa A, nHachimaercs. OGayyeHHe ¢ MOMOLLbIO [OJS
B, nepexoioB, CBA3aHHBIX € A,, mpuBejer Temepb K HAOGJIONEHHIO
OCUMJSLMN, KOTODHle HaswiBaloTesi ocyuariyuamu Toppu — 1o
HUMeHH HX HEePBOOTKpbiBaTess. B 3aBHCHMOCTH OT THNA CBS3H MeX-
Iy fepexoiaMu OCHH/IAUMH HAUMHAKTCA JUOO0 C NMOJOKHTENbHOTO,
an6o ¢ OTPULATEJbHOr0 OTKJIOHEeHHs Nepa. DTOT MeTOA B ocobeH-
HOCTH NoJie3eH NpH AETEKTHPOBAHWM JIMHHH €J1a00fi MHTEHCHBHOCTH.

dusnueckyo npupoay Habawoaaemoro sddexTa Jerue Bcero mo-
HATb B PAMKAaxX KJaCCHYECKOrO ONHMCaHua 3Kcmepumenta no SMP,
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kak npefcrasaeno B . VIL [las paccMarpHBaeMOd JHHUH Vpg
OpH YCJOBHM ee HachluleHds o6a cocrosuus, E, u Eq, 6yayTr pas-
HOHacesdeHBl. [lepeHOC HACE/NEHHOCTH, OCYIeCTBAAIOIHNIACS no Aelt-
CTBHEM noJs By, Hapyuiaer 370 paBHOBECHe TAKHM 06pPasoM, uTo
HaceseHHOCTH coctosHuil £, u E, pe3sgko usmenstores. OGpatuasch
K JAHarpaMMe 3HepretuyecKux ypoBHell Ha puc. IX. 10, a, 7aerxo
BHJETb, UYTO B Pe3y/]bTaTe ITOrO HACEJEHHOCTb MPOTPECCHBHO CBS-
3aHHBIX COCTOSIHUE H3MeHsieTCsi TaKuM 006pas3oM, 4T0 N, CTaHOBHUT-
cs1 Gosbiie Ng; AJud PErpeccHBHO CBSI3aHHBIX TMEPEXOJIOB HaGJI0-
naercst obOpatnas xaptuHa. MiTak, B o#HOM C/ayvae BHIOJMHSETCS
yeJaoBHe s TOrJIOIeHHs] 3HePrHH (HHXKHee COCTOsIHHe GoJjee Ha-
cefieH0), a B JIPYroM cjyuyae pacnpejefieHHe COMHOB TaKOBO, 4TO
BLIDOJIHSIIOTCSL  YCJAOBHS, HEOOXOAMMblE [/ H3JyYEHHS] SHEPTHH
(Bepxiiee cocTostHHe GoJiee HacesdeHO). [TOCKOABKY moJsie BKJIOUaET-
csl HA YaCTOTE Vpg, TO GymeT HaOMIOAATLCS Pe3oHaHCHAs JIHHHA.
Bo Bpalaiomeficss cHcTeMe KOOPAMHAT BeKTOP HaMarHUYeH-
Hoctd M, KOTOPHIHA MOXKHO OTHECTH K JHHHH Vp,, MENJIEHHO Bpalla-
eTed B IockocTH y',2 BOKpYr By (cMm. puc. VII. 2,6). D10 Bpauienne
HaKJaJbiBaeTcsi Ha OLICTPYIO IIPELECCHIO BOKPYr ocH 2 B jabopa-
TOpPHOH CHCTeMe KOOpPAMHAT B BHAe Hyrayuu. Ocumunasunio Toppu
Ha3bIBAIOT MO3TOMY TaKkKe nepexoOnsimit HyTayuamu. YIX MakCHMyM
H MHHHMYM COOTBETCTBYET HPOXOXKAeHHIO M uepes MOJIOXKHTEIbHOE
HJIH OTpHIATeNbHOe HalpaBfeHHe ocH y'. B nepBoHauanbHOM 3KC-
nepuMeHTe OHH HHAYLHPOBAJUCL PaJHOYACTOTHBHIM HMIIYJAbCOM,
BKJIIOUAeMBIM Ha KODOTKOe BpeMsi BAOJAb mojis B; (cp. ra. VII).

2.6. TI'ereposepHblii N1BOMHONH pe3OHAHC

OmnucanHble BHIIE PA3HOBHAHOCTH METOAHK ABOHHOrO Pe3oHaHca
OTHOCHJMCh K fpaM OJHOIO THHA, H TOITOMY K HHMM NPHMEHHM
TepMHUH 2omosadepHoil 08060l pe3onarc. PacmpocTpaneHue 3THX
METOAMK Ha PAa3JIHUHbie s/pa NPHBOIUT K eeTeposdepHomy O8olino-
MYy pe30HAHCY, KOTOPHIA OTJHYAETCSI OT FOMOSIIEPHOr0 METOZa TOJb-
KO T€M, UTO Pa3HOCTb YACTOT Vg — V; JEXKHUT B MErarepueBoM JHala-
3oHe. Bropoe mone B, ynofHee Bcero mnosyyarbh OT OTHENBHOrO re-
HepaTopa, HampuMep KBAPHEBOro cuHTe3aTopa uacToT. [loaoGumble
9KCIIEPHUMEHTHl HCIOAb3YIOTCS A YIPOILEHHS CIEKTPOB, YCHOKHEH-
HBIX 34 CYeT CNIHH-CHHHOBOTO B3aMMOAeHCTBHS, Takoro, Kak 'H — 19F
win 'H —3P. Kpome TOro, MOXKHO YCTPaHUTH VIIMpPEHUE JHHHH,
obycaoBieHHoe npucyTctBueM sgep N (pasa. 4 ra. VIII nu
puc. IX. 16), yro o6neruaer anajus cnexrpoB. [laa paccmorpenus
KakoH-1H60# NaHHOH mapwl sfep, Hanpumep 'H u '°F, Gwlia pas-
paboraHa cucTema o6o03HaueHHiH, KOTOpas NMO3BOJISET YKa3aTb, Ka-
Koe siipo Haluaopaercs, a kakoe obayvaercs. Chuyualt, korga siapa
:9F{Ig)6i1yqaxmca, a IPOTOHB HaOMW0JAnTCs, 3aluchlBaercsid Kak
H{!°F}.
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=N

nugpan

0,5m8.
Puc. IX. 16. Cnektp AMP *H nuppoxa [8].

a — 6es ofayueHAs; 6 — c obaydeHHeM sigep “N.

8,
—

Puc. 1X.17. Cuextput AMP 'H nadranusa (a) u 1,23 4-terpanefiteponadranuna
¢ pa3BA3KOH OoT AeHTepus (6); uwacrora 100 MI'y (Ilasauuex, ['tontep 9D.
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+ H3C
13 3
a CH 5 ! CHg
131 y—»

<« 69T —»

SRR

-132,8m.0.

+125,0m.8.
Puc. 1X. 18. 13C-MHAOP-cnektp H30mpomiI-KaTHORA.

%——pesonaﬂc CH-rpynnbl; 6 — pesoHadc CHj-rpynnbel. XHMHYecKHe CABHTH OTHOCHTEAbHG
BC.pesonanca B "*CS;. (Ona, Vaitr [10]).

DkcrepuMeHTH N0 JBOHHOMY pesonancy tuna 'H{ZH} (nam
'H{?D}) sBasitoTcs BaxKHEHIIMM CPEACTBOM YIPOUIEHHS CHEKTPOB
NPOTOHHOTO MAUHHTHOIO DE30HAHCA YaCTHUHO JeHTepHpPOBaHHBIX
coequnenns. Tak, B r1. VIII (pasx. 2.3 ra. VIII u puc. VIIL 9)
YIOMHHAJOCh O TOM, UTO HHBEDCHS LHKJI4 B LMKJOrekcaHe Hando-
Jlee YCMEUIHO HCCJeIyercsi TMPH HCIOJAb30BAHHH ILHKJAOTeKkcaHa-d;,
ecu B3aumoneicrsue H,D nogaBiasiercss MeTOLOM ABOHHOrO pe3oHaH-
ca. Tor e MOAXOA HCHOJAB3YeTCst Jisi TOUHOrO aHadu3a CJAOAKHBIX
CNHHOBHIX cHcTeM. Hanpumep, BOCBMHUCNHHOBAsl cHcTeMa B Hadra-
JHHe MoxeT 6niTh npeBpaiteHa B cucremy AA’BB’, ecan cuHTe3H-
posath 1,2,3,4-TeTpanefiTeporiadTajiui H NPOBECTH SKCMEPHMEHT IO
gpoiroMy pesonancy 'H{ZD} (puc. IX. 17).

B BapuaHTe reTeposiepHOro ABOHHOTO Pe30HAaHCA MOTYT OHITh
Tak:Ke OCYILeCTBJEHbl 3KCIEPUMEHTH MO CNUH-THKAUHTY H 3PdexTy
Ogepxaysepa. C HCIIOJb30BaHHEM 3TOTO METOMA OBIIH ONpejeseHbl
OTHOCHTeJNbHble 3HakH BunMHagapHo# 'H'H wn npamoit '*C,'H-kon-
CTAHT CHHH-CIHHOBOTO B3aumojefcTBust B 1,2-amxjopatuiene, 13C-
M30TONOMEDPY KOTOPOTO cooTBeTcTBYyeT crekTp tHma AMX (paszx. 3
ra. VI). Ias reteposiiepHblx cHCTEM B OCOOEHHOCTH MOJE3HBIM OKa-
sagcs Meron MHIIOP, nockoabKy OH NO3BOJsET H3MePATb CHEKTP
SIMP BToporo siipa Ha CHeKTPOMETpe NPOTOHHOIO MarHHTHOI'O pe3o-
nauca. Bce, 4To AJ5 3TOTO HEOHXOAHMO, — 3TO BTOPOH reHepaTop AA4
co3Aanusa nojas B, B pesoHaHCHOM JAHamnas3oHe BTOporo ajapa. Hcro-
puuecku reteposaepHas MHJIIOP-cnektpockonusa pasBujach aaxe
paHee, ueM Oblin ocyuwiecTBjeHs romosaepubie MHIOP-skcnepu-
MeHTH. B KkadecTBe mnpHMepa TpHMEeHeHMS 3TOro MeToja Ha
puc. 1X. 18 npusegem MHIOP-3C-cniexTp H30NpONHI-KaTHOHA, KO-
Topeiii Gel1 uamepen B cpepe SO,CIF — SbF; npm temmeparype
—20°C ¢ ucnoabszoBaHuem o6pasua ¢ b0 Y%-uHbiM oGoraieHneM Mno
13C, KpapreT MeTHJBHOrO yrjepoAa OblJ 3alHCaH IIPH PerHcTpaldy
YPOBHsI MHTEHCHBHOCTH cartesHTa '3C MeTHJILHOH IPYIIbI B pe:KHME

4ACTOTHOH pa3BepTKH B o6JacTH pesoHanca gapa '3C npu 25 MI'L.
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A3HaJ]OFPI‘{HbIM 00pa3oM (IpH HCIOMb30BAHHH COOTBETCTBYIOILETO
1*C careqnura B KauecTBe JIMHMH 3aXBaTa) GBI 3aperHCTpHPOBaH
Ay0JeTr IS TPETHYHOTO atoMa yriepoja,

2.7. UlnpoxononocHas pa3ssska

MeTo1 wupokonoaocroll pasesnsky npexcTaBiaer cofoll cymect-
BEHHOC JIOCTHXKeHHEe B 00J1aCTH TeTeposi1epPHOro ABOHHOIO pe3oHaHca.
OrpaHnueHHble BO3MOXHOCTH OOBIYHOH TEXHHKH rereposiiepHod
Pa3BA3KH CTAHOBATCS CPa3y »Ke OYEeBHAHBIMM, KaK TOJbKO BO3HH-
KaeT HeOOXOAMMOCTb OO6/yueHHsl WIHPOKOH CNEKTPanbHOH 0GJacTH.
ITockonbky aMIVIATY 1y 10Jst By HeJlb3st yBeannunBath GecrnpenenpbHo,
TO €ro BO3/IeHCTBHE OrDAHUYMBAETCH OTHOCHTEJNbHO Y3KHMH yyacT-
KaMH cnekrtpa. B cayyae Korja /[QMana3odH XHMHUYECKHX C/BHIOB
reTeposijipa AOCTAaTOYHO BEJNHK (Ha JecsiTKM MUJJHOHHBIX AoJell),
Kak, nanpumep, aas saep '°F, nonnasi pasBsiska HeBo3aMOKHa. Haun-
JIVUIIHM  METOAOM CTAHOBHTCS TOrJa ILIHPOKOIOJOCHAS pa3Bs3Ka.
B s1OoM cayuae nenosbsyoTes MOAYISAHHORHBIE METONHKH Pa3JHUHO-
ro THna AJg noJydyeHnst 3(Q@eKTHBHOH IOJIOCH YacTOT, KOTOpas
NPOCTHPAETCA HA HECKOJNDLKO KHJOIEpPH H OXBATHIBAET BCKH) CIEKT-
panbHy10 o6sactb AApa, OT KOTOPOro HeoOXoauma passaska. Han-

F H H -
. F- \oaH M
C=CH + F —
{ H/ 2 1 /C—CHZ
H H H
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Pruc‘ IX. 19, Crextpsl IMP *°F cuvecn ABYX H30MepoOB 3aMELICHHOTO uHKI06yTaHa
(9puer [11]).

Q — Hopnn T i KT G { : i i1
g HOpMAJBHDLIL CHERTp; G — CIeKTp ¢ LWyMOBOH pPaspaskoll oT nporouos. CLEKTPL «AB»s
mia CF-rpynin B ABYX H30Mepax 0603HAUEHbl PA3HLIMU CHMBOJAMH.
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foJlee M3BecTeH METOL WyMoB0U pas3sasku, B KOTOPOM IJsi foJyue-
Hus xKeaaemoro 3¢ derTa HCIOAB3YIOT reneparop wyma. Takoit xe
stdexr nosyuaercs W IPH HCIOJNb3OBAHHH METOAMKH (asoBofl Mo-
AyJsiind. Bo3MOKHOCTH 3TOro MeToAa HJuoctpupyer puc. IX. 19
Ha nupumepe skcinepumenta °F{'H}. B oranume oT KOrepeHTHOMH
Pa3BA3KM 9TOT SKCIEPHMEHT MeHee UyBCTBUTeJEH K TOUHOMY BbiOOpy
®g, IIOCKOJIbKY [OJ0CA YACTOT AOCTATOYHO IIHPOKA.

B uacrosulee BpeMs LIMPOKOIOJOCHAs Pas3Bs3ka HAXOAHT NPH-
menenue B cnekrpockonun YMP '°C B Bapuanrte '*C{'H}, rae ona
HCIIONB3YETCsl B [MOBCEJHEBHON NpakTuke. [LONOMHHTENbHBIM NpeH-
MYIIIECTBOM 3THX IKCTIEPHMERTOB SfBJSACTCH YBeJHUCHHEe HHTEHCUB-
nocTH JuMHuiE B cnekrpax AMP 13C, xotopoe 0f6ycaoBaIeHO ABYM$
OpUYHHAMH. BO-NEpBBIX, cAvstHHE MYJbLTHIUIETOB B CHHFJIETBHI HEMNO-
CPeACTBEHHO VJyulliaeT OTHOLIeHHe CHrHag/myM. Bo-BTophiX, pas-
ssska or 'H compopoxkpaercss sdpdextom OBepxaysepa, KOTOpHI
aas saep '8C, cormacHo ypasHenuio (IX.13), moxer npocthrath
peanunnnl 200 % . Uasmoctpanueit atomy cayxur puc. X. 6.

2.8. BHepe3osaHcHaa pasBsi3Ka

Kak 6ymer paccMorpeno B ri. X, HMeeTCd HECKOJAbKO BapHaH-
TOB OCYINECTBJEHUsI reTeposiiepHofi passsasku tuna '"*C{'H}, koro-
pble OKa3hIBAIOTCS UYPE3BLIYAHHO INOJE3HBIMH ISl OTHECEHHsS CHI-
naaoB B cnekrpax AIMP 13C. Onun u3 35THX BapHaHTOB, o0cyxjae-
MBIH HHXKE, H3BECTEH KaK BHEPE30HAHCHas pas3easxa. Kak Moxasbi-
B4eT CaMO Ha3BaHHe, 3TO METOJ YACTHYHOH PA3BA3KH, IPH KOTOPOM
ucnoan3yior cuibioe BU-none B obaacty JMP 'H ¢ uactoroit vy,
Haxojigiefics BOJH3H, HO «BHe» 06JyuaeMOro Pe30HAHCHOTO CHI-
HaJja. BaxHefmas oco0eHHOCTb 3TOTO 3KCIIePHMEHTa COCTOHT B TOM,
4T0 B 3KCIEepUMEHTaX MO YacTHYHOH pa3BA3Ke COXPaHAITCA pac-
Hienienus Juuui. Pasymeercsi, 9Ti paclllensieHusT MeHbIlle, YeM KOH-
CTAHTH COHH-CIIHHOBOrO B3aHMOAEHCTBHS, HO THIHYHAsl MYJbTH-
IJeTHast CTPYKTypa HEKOTOpHIX cHTHaJtoB '3C coxpansercs. IJTOT
s ¢exT YacTHYHOH pasBs3ku wiTocTpupyeT puc. IX. 4, rae na6.aio-
HAIOT YMEHbILEHHOE paclilenieHdHe B Ay6JeTe Ipu CMellEHHSX yac-
TOTH (va — vg), paBHbix —15 1 —10 Tu. B cayuae AMP 3C ucue-
3ai0T Bce MaJjble xoucraHtel °C,'H (reMuHasbHblE, BHIHHAJIbHLIE
W JaJibHKHE) H OCTAlTCA TOJBLKO pacllemenus, 06yc/oBJeHHbE
GoabIIoll TMpsiMOH KOHCTaHTOH. BesexcrBue 3storo curHadn SIMP
3C B sKCHEpHMEHTaX ¢ BHepe30OHAHCHOH pa3BaA3koil oT 'H umeoT
BHJ MYJbTHIJIETOB MEPBOro MOPsiAKA U MOrYT ObiTh JIErKO pacnos-
naubl. dust mepBuyHoro (CHs;), Bropununoro (CHjp), tperuunoro
(CH) 1 ueTBepTHYHOro aTOMOB yrjepofa HabJI0AdloT COOTBETCT-
BEeHHO KBAPTET, TpUIieT, Ay6aer u cuHraeT. I[Ipumep Takoro cnexrpa
npuBeleH Ha puc. IX 20.

TeopeTHYecKoe pacCMOTPEHHE BHEPE30HAHCHOH DAa3BSI3KHU [103BO-
J51eT MOJNIYUHTh NPHOIIKEHHOE YPAaBHEHHE, KOTOPOE CBA3BIBACT OCTa~
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a;:ecfal{z. %OélacrgZKlTeR« SIMP61 C ¢ BHepe3oKsancHoH PasBS3KOH OT MPOTOHOB BHHHJ-
JaMu KapOOHUJIBHOTO, METHHOBOIO, MeTHJEH

7 , , JEHOBOTO H METHJBHOTO

yraeponos apu 167,6, 141,8, 96,8 20,2

Y .6, 8, 8 u ,2 M.I. COOTBETCTBEHHO OT J

C-curnana TMC (de nokasan ua pHCYHKe) ! HocHTeAbo

a4 — passazka ot 'H; 6 — suepesonancras paspsAszka or 'H

» CMellenHe vacTotnl 3 k[u.

TOUHOE paculemaeHue Jq ¢ paccTpolikoil uactoTel Av u HEBO3MY-
HI€HHOW KOHCTAHTOH CHHH-CIHHOBOrO B3aNMOJeHCTBHS Jg:
»

Av=yB, - J (12— J2)"'* (IX. 14)

‘ DTO ypaBHEHHE MOXKHO WCHOAb3OBATH HEeIOCPEeNCTBCHHO s TO-
re, uToObl cBsA3aTh criektpu AMP 'H g 3C. My BEPHEMCSl K 9TOMy
bonpoey B ra. X. Kpome Toro, B Hexoropeix KCNCPHUMEHTAX IO
BilepesoHaHCHOMY OG/yuenio mposBisOTeA 3PPeKTH BTOPOro 110~
PAAKAE, NPHBOAAIINE K PACUICIVICHHSIM JIHHHI, KOTOpble He MOFyT
gbITb HHTCPIPETHPOBAHBl B paMKaX TEOPHH NEPBOro IMOPSAKA,
- ITHX C/ydasx KOPPEKTHasi HHTePNPeTalus cuektpa Tpebyer mpo-

Belenus Gosee TPYNOEMKHX DACUETOB, CCHOBAHHBIX HA [OMHOM [a-
Muibronnane (I1X. 1),
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Tadauua !X.1. O630p BUAOB ABOAHOTO PE30HAHCA, IKCIEPUMEHTAJLHBIX METOAOB
u ofaactell npusenenus [12]

a) Buiw gsoftnoro pesonanca AJds napsl siep A X

AMmantyia RTOPOTO
BU-nons By u ofaacTt
aigva X, I'y

Buaisiipe Ha curuaJ

A Knaccuduxanus
fgapa ¢

Ywuenbiienue 4ucaa peso- CIIHH'[)ZBBHBK&

2m) By > nd 1
(v/2m) By 2 1t/ ax HANCHBIX JAHIHA A

(n 3aBHCHT OT THMA H YH-
cJla SKBHBAJENTHBIX A1ep
X)

Bo=~J YMenbllende uHcaa peso- CesekTuBHas _ COHH-pa3-
(v/2m) By~ Jax HAHCHBIX JIHHME TpU ce- Bs3Ka HJY IBOHHOH peso-
JeKTHBHOM 0OJyueHHH HaHC
curnana fiapa X

1 MonosuuTensnoe pactien- CHHH-THKJIAHT
(v/2m) By = =~ A Jende nyreM o6pasoBa-
? HUSA MNOAMYJIbTUIACTOB

VaMenenue  oTHOCHTeNb- OOmui  sdoext Osep-
HBHIX HHTEHCHBHOCTEH JH- Xaysepa

HUH MYJbTHIUIETA

(v/2m)* B3 (T Ty, =~ 1

6) Meroa usmepenus

©; — wg == const, By + AB usmensiercd, T. €. CHEKTp
X cxanupyeTcs ¢ nioMollsio @g(Bs), aapo A uabuo-
Ial0T MocpeacTBoM @i (Bi)

®/By = const, ®; &= Aw — nepeMenHas BeJHUYHHA; B
5TOM cayuae obayuaollas yacToTa QUKCHpOBaHa HA
aiHEE X, pasBepTka clexktpa A ocymectsiasercd ¢
nomoiibo 0(B1)

®1/B1 = const, ®p = Ao — nepeMeHHas BeJHUHHA; B
crekTpe HabJ0LaeTcs BCE BPeMs OAHA H Ta e Jd-
HHS, a Bo3Myllalouiee noje By ckaHupyercs 1o pe-
30HAHCHLIM JHHHAM sapa X.

1. ViaMeHenne noJsd, <«mo-
JgeBasi pa3BepTKa»

2. Vszmenenne 4acToTH,
«qacToTHasi pa3BepTKa
®»

3. HUsmenenune 4aCTOTHI,
«UacTOTHAs pa3BepTKa
vy (MHIIOP)

B) O6nacTi npHMeHeHUs

MerTon IIpuMeHnenne

Ynpouienne o yJIydllleHHe YyBCTBHTENLHOCTH B TCl'lIle_;(
Tpax caaGoNoroWanIuX s/ep, HanpHMep N{'H},
13C{1H}

VeraHoBJieHHe  CTPYKTYPH NOyfeM HAEHTHUKALHH
sep, CBA3AHHBLIX CIIMH-CMHHOBEIM B3aHMOACHCTBUEM,

[IlupokonoaocHasi pas-
Bsi3Ka, TreTeposiiepHas

CnuH-pas3Bs3Ka, roMo-
alepuas H reteposiaepHas

1{a6opa napamMeTpoB AJ4 MAaIIHHHOTO pacueTa

H ynpolieHHe CHOXHBIX MYJbTUIVIETOB, o6Hapy>Ke-
HHE CKPBITBHIX JIMHUE; yIpolleHHe CIeKTPOB MHOTO-
CHUHOBBIX CHCTEM ¢ Leabl0 MOJYy4YeHHs nepBHIHOTO

F
kS
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M podoasmenue taca. (X1

Metozn [pumenenne

CencktiBrasg  cnomH-pas-  Pelenue npo6ieM OTHECCHHS B CAOXKHBIX H nepe-

BsA3Ka KPBIBAIOUIMXCS MYJbTHIIETAX; ONpefesleHHe OTHOCH-
TEJbHBIX 3HAKOB CKAaJSIPHRIX KOHCTAHT CITHH-CIHHO-
BOTO B3auMOeiCTBUSA

CnUH-THKJIUHT Tounoe H3MepeHHe 4acToT CKPBITBIX pe30laHCHBIX

JHHHA; OTHECEHUS B CHJIbHOCBASAHHEIX CIHIOBMX CH-
CTeMaX; HASHTHQUKAUHA NOACNEKTPOB; ONpeIeNelHe
OTHOCHTEJbHEIX ~ 3HAKOB KOHCTAHT CIIHH-CIHHOBOTO
p3anmoneficreuss  (CCB); wmocTpoenne muarpaMut
9HEPTeTHYECKHX YPOBHel

Slnepuniit spdexr Opep- Tounoe H3Mepenue gacTor CKPBITBIX ~ PE30HAHCHBIX
xaysepa (5120) Junai ¢ noMoubto MHIOP-cnextpockonuy; onpe-
a) OGobwennuit 30  jpesenne nmpoTOHHBIX NoC/IeA0BaTeNbHOCTEH; yCTaHOB-
(cnMHOBas  NOAKAW-  JIeHHe CTPYKTYDHI; ONpeAe]eHHe OTHOCHTENbHLIX 3HA-
Ka) KOB KOHCTaHT CNHH-CIHHOBOrO B3aHMOACHCTBHA; MO-
CTPOCHHE JHArpaMMbl SHEPreTHYeCKHX YPOBHell, Koc-
BEHHOE olpefc/ieHHe XHMHUECKHX CABHIOB cl1aouys-
CTBUTE/IBHBIX Siep, Hanpumep BC u BN, ¢ moMouinio

rereposifiepaoit HHIOP-cnektpockonnn

6) Kaaccuyecknit Mex- HccneaoBanne penakcammoHHBIX nPoLEccoB B XKHJ-

MOJICKY NP HBL KOCTSIX U rasax
30

B) BuyrpumosexyJssp- [osyxonuuectsennoe  onpeaesenne MeXKBSIEPHbIX
HEH 120 paccTosiHHi; DelleHHe CTepeOXHMHUECKHX 3a1au; H3-

MEpEHHE BpPeMeH peslaKCaluu M MOJEKYJIAPHOH Kop-
PeadLHH; yJaydllleHHe YyBCTBHTEAbLHOCTH HA «C.1a-
OblX» DPe3oHaHCHBIX #APax, HanpuMep 13C
r) Iepexomubie sBAeHAR
B 3IKCINEPHMEHTAX MO0
JABOHHOMY  pe3OHaH-
cy

Hsyuenne KMHETHKH Ha CNIMH-CHCTEMAX, BKJIOYEHHBIX
B XHMHUeCKHH O6MeH, onpejfelieHHe CKOpocTell 06-
MeHa M BpeMeH CIHH-DeIleTOYHOH pesakcaliuy

Emle oxun MeTon paspsasky, H3BeCTHBI MOX HA3BAHHEM UMAYALC-
HaA passaska ™ W HCHOJb3YEMBIH yallle BCETO0 B CIEKTPOCKONUH
AMP 13C, Gyner pacemorpen B 1. X.

3akaHuuBas OGCYXJeHHe SKCIEPHMEHTOB 1O ABONHOMY peso-
llaucy, npuseiem o63opuyio rtabmuuy (tabn. IX.1), B KoTopoit
pEICTaBJCHBl OCHOBHBIE OCOGEHHOCTH OIMCAHHBIX PA3HOBHIHOCTEH
ABOMHOrO pesonaHca. B 9Ty TabiHny BKJIOUEHB TaKKe METOLL
H3MepeHusi ¥ 004aCTH MPUMEHeRH s,

3. MYPbE-CMEKTPOCKOIUS AMP

Haxe AJ7 caMblx COBepUICHHHIX CNEKTPOMETPOB, AOCTYIIHBIS
B HacTosilee BpeMsi, UyBCTBHTEJbHOCTb cCHeKTpockomuu SMP
OCTaercs elle CPABHHTENBHO HH3KOH. Y/ydllleHHe UYBCTBHTENbHO-

* B aunramiickoli aureparype — gated decoupling. — [pun. nepes.
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CTH 34 CYeT ycpedHEeHHs BO BPEMeHH, B OCOOEHHOCTH Aad cjaabo-
YYBCTBUTEJbHBIX fJep, TakUX, KakK yrjaepoi-13 u asor-15 (cm,
Taba. 1. 1), aBagercs BechbMa Ba)knofi mpoOjemol. HeyauButenbHo
nosToMy, urto chektpockonus SIMP ¢ ¢yprpe-npeo6pasoBanrem
(SIMP-®I1) 6wicTpo mpeBpaTuaach B OAHH H3 BaXHeHIUHX MeTO-
aoB B cmekrpockonun IMP. 3a HemuoruMu HcKAwodeHUAMH (HAa-
npuMep, 'H, *F u, BoamoxHo, 'P), no-suaumMomy, Bce siipa H3y-
yaiTcsd B HacTosilllee BpeMs C IIpuMeHeHHeM 3Toro Meropa. Oue-
BHJHO, HeoGXOAMMO B [AOHOJHEHHe K (U3HUECKHM MpPHHIHOAM
AMP-®I1, usnoxennwm B ra. VII, nate 6onee jperanbHOe onHca-
HUe HEKOTOPBLIX IKCIEPHMEHTAaJbHBIX aclNeKTOB 3TOro Merofa. ITo
ONMUCAHHE He NpeTeHAyeT Ha MOJHOTY H3J0XKEeHUd, a COHepPKUT
JIHIIb OCHOBHBIE YePTH M XaPAKTEPHCTHKH MeToha.

3.1. Cnekrpometpnl SIMP-®I1. OcHOBHbIe NPHHLMNBI
H npaBuja paboTsl

OcHoBHble npuHUIMNEl ycTpoicTBa cuekTpoMerpa JAMP-®II jyu-
e Bcero O6BbACHUTH C MOMOINBIO YIPOLEHHOK GJI0K-CXeMbl, TpHBe-
Aennoi Ha puc. [X.21. Ee pasauynbie ugactu OyAyT OOCYXKAEHH
B MOCJAEYIOUHUX pasjesax.

3.1.1. Komnorotep u ananozo-yugpposoii npeobpazosaress. [1pun-
UUNHANBHBEIM OTJHYUeM clekTpoMerpoB SIMP-®[1 ot cnekrpomer-
POB CTALHOHAPHOIO THIIA SIBJASIETCS YUPPOBOU KOMNbLIOTED, KOTO-
PHIl HrpaeT LEHTPaJbHYIO POJb B OCYLICCTBJEHHH SKCIIeDHMEHTA.
On xodTpoJsupyer paboTy resepatopa W NPHEMHHKA, OCYLIECTBJSAET
XpaneHe u 00pabOTKy BXOJHBIX JAHHBIX, a TaKKe IIEPEHOC pe-
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3yJbTAaTOB Ha TePMHHAJbHLIE YCTPOHCTBA, TaKHe, KAK OCIHJJIOr-
pag HIM caMOnuIUyIIMH norteHunoMetp. [Iporpamma, o6bLIYHO HAIH-
caHHasl Ha acceMOJjepe — MAIIHHHOM $I3bIKE, OCHOBAHHOM Ha HH-
CTPYKUHSAX, 3alHCAHHLIX B JBOMYHOM KOJE — COCTaBJseT {asuc
17151 BHIIOJIHEHUS KOMaHJ, AaBaeMBIX KOMIIBIOTEPY OIIepaTopoM ye-
pe3 BXOJHOe YCTPOHCTBO — TeseTalill MJHM CBeTOBOe mepo. [Ipax-
THYECKH BCe (QYHKUHOHAJbHBlE Y3JBl CHEKTPOMETpa — OT nepejat-
yiKa [0 Iiepa CaMOMHCIa — BKJIIOUeHB B 3Ty NPOrpaMMy K Haxo-
JATCS IOJA KOHTPOJIeM KOMIIbloTepa.

MHHMKOMIIBIOTEDH, KaK TAaKOBble, XaPaKTePU3YIOTCH ABYyMA
BaXHEHIIWMH ITapaMeTpaMH, KOTODHle ONpefensioT ux Hudpopma-
LHOHHYIO eMKOCTb: 4UCAO A4eex namaru (X-ocb) W O0AuHa CA08Q
(y-ocb). Hucano syeek nmaMaTH Bhipaxaercs B elununax K, riae
K = 21 = 1024. OO6pluHO KOMIBIOTep ¢ oObeMom namsaTu 12 K
CYHTAETCA TeM MHHHMYMOM, KOTOPHIA MOxKeT obecneddTh pabory
AMP-®I1-cnekrpomerpa. 4 K siveexk npeaHasHauyeHbl AJNs XpaHeHHs
NpOrpaMMH, BKJO4asg oONepaudio ¢ypbe-peobpazoBanusa, 8K
fAYeeK OCTAKTCd [JA XpaHeHusi ¥ o0paboTKu TexkyuleHd uadopma-
uuH, Ilockoabky @¢ypbe-npeoc6pa3oBaHue IaeT peaJbHYI0 H MHH-
MY¥© YacTH B 4YacTOTHOH 0O0JacTH, HX cJaelyeT pasfesanTb;, 1714
OKOHUYATeJbHOIO CIIEKTPa MOXKHO HCIOJAB30BaTh 4 K TOHUek, Koro-
Pble COOTBETCTBYIOT PeaJsibHOH uacTH.

Hauna caosa ompenessier pasMmep uuciIa HJIH €r0 BeJHYHHY,
KOTOPYI0 MOXKHO XpaHHTh B OTAEJNBHOH suefike namatH. Exununei
V3MepeHHsI NJIHHBl CJOBa siBJadeTcs Our*; 4ucjao OMT OmpejessieT
1My caoBa. MHdopmanus (o6BYHO 3TO YHUCIA, TNOJyyaeMble B
pesyabTaTe H3MepEHHS) XDaHHTCH B [ABOMYHOH (dopMme, Tle Kaxk-
J0e JecCsITHYHOE YHCJIO0 BHIpaxkaeTcs KaK CyMMa pasfiHYHBIX CTe-
neHeld umcaa 2, manpumep 7 = 20 -}- 2! 4 22 Kaxnawit Gur — sTo
JIBOMYHAas elAHHHLla, KOTOpasi MOXKET NpHHHMAaTh 3HaueHHe | uau 0,
VKasplBasl, KakKas cTeleHb uucia 2 HeoOxoAduMa AJs1 TOTO, 4TOOH
NpeACTaBHTh paccMaTpHBaeMoe AecATHUHOe uHcia0. Hanpumep, mpu
/JIMHe ¢joBa 4 OWT HaHBEBICIIee NeCATHYHOE YHCJO, KOTOPOe MOZKHO
XDaHHUTh B NIAMATH, paBHO 15. DTO YUC/I0 B ABOHYHOM IIpelCTaBJe-
Hup umeer Bup 1111 (204 2' 422 [ 2%), B obmem caydae nJsd
n OUT MaKCHMaJbHO BO3MOMKHOe JECATHYHOE UHCJI0, KOTOPOe MOXKeT
ObiTh mpeAcTasieno, paBuo 2" — 1. Kpome Toro, oaus OHT Heo6-
XOJHMO TPeAyCMOTPeTh AJs 3HAaKa uucaa.

W3 BLINIEH3/10K€HHOTO ACHO, YTO BXOAHBIE JAHHBIE JOJXKHBI OBITh
KakuM-T0 0o0pazoM Npeo0pa3oBaHbl H3 aHAJ0TOBOH B HU(POBYIO
dhopMy, mpexie 4YeM MOryT ObITb BOCIPHHATH KOMIBIOTEPOM. ITO
OCYMIECTBJ/AETCS ¢ TOMOLIbIO aHa0ro-1LH(dpoBOro npeobpasoBaresl
(ALIIT) (uam ouudpoBeIBaTeNsi). DTO YCTPOHCTBO BOCIPHHHMAET
cax ¢BoOOJTHOH MHAYKUHH B OIPeJeNeHHbe IPOMEXKYTKH BpeMeHH
U TIpeBpalllaeT Kax/0e H3MepPEeHHOe HAaNpsKeHHe B JIBOUYHOE UHCJIO,

* B anrJauiickoll Junteparype — bit or caos binary digit. — [Tpun. nepes.
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KOTOpOE MOXKHO XPaHHTb B COOTBeTCTBYIOUIeH sAuelike maMsaTH
KoMIbloTepa. 3Jech Hajo PaCCMOTPeTh JBa BaxKHeHIIHX AacleKTa:
1) paspewenue ALIT, usmepsiemoe B OutT; 2) cKopocTs 66l60pKy,

[Ipu HanpsixeHuu, u3MeHsoLIeMes B IIpefiesiax +20 B, paspele-
ue AL, paBHoe 12 GuT, O3HAuaeT, UTO HANPSIKEHHE H3MepAeTCs
¢ warom 10000/(2'2—1) = 2,44 MB. I[lonyyaemble nmpu 3TOM IKe-
Jible ydcsa npeobpasyloTcs B JBOMYHLIE YHMCJaa. BXOAHBIE JaHHBIR
C AaMIJIMTYAOH, MeHblUeHl eXMHHYHOro IIara (B HaleM cJjydae
2,44 MB), BooGwe He BocmpuHumaiwrcs ALTL. Jnuna ciosa ALITT,
TdK e KakK H JJIMHAa CJ0Ba KOMIbIOTepa, SIBJASETCS OUEHb BAMXKHON
XapaKTepPHCTUKOH, olpefendomiell AOCTYNHBIA JuHamuueckut aua-
MasoH, T. €. CHOCOGHOCTH AEeTEKTHPOBATb CJalble CHIHAJAL B ITPH-
CYTCTBHH CHJ/IBHBIX CHTHAJOB. B paccmMaTpuBaemom npumepe 12-6uro-
Boro ALIIT mpesen 3azaercst OTHOIIEHHEM HHTeHCHBHOCTell 212: ] =
=4096:1; ana ALII ¢ paspenitendeM 4 GHT 5TO OTHOILLEHHE COCTAB-
JiseT toabko 16: 1. TlosToMy KesnaTeqbHO HCMOJAB30BATh BECh JHHA-
muyeckuil guanazon AIIIT, ¢ TeM uTOGH NpaBHABHO ONHCLIBATH ClAX
¢B0OOAHOH MHAYKUMH. C ApYroit CTOPOHBI, OTCIOJA TaKXKe CJeldyeT,
YTO NPH HAKOIJIEHHH JaHHLIX AJHHA CJIOBA KOMIIBIOTEpa LOJIKHA Mpe-
BOCX0AuTb paspemtenre ALII], B npornBHOM ciaydae GyjieT NMPOHCXO-
AHTb [epenoJiHenHe NaMATH ¢ Hocaedywonieil norepefl wudopMauuu.
B stom coctout cneunduka sxcnepumenta ®II-rumna, Kotopas cie-
AyeT 13 Toro axra, YTO CHEKTP B YACTOTHOH 00JacTH sBJsieTCA
pe3yabTaToM Ipeobpa3oBaHusi HOJHOTO CHMHaJjga cllafa cBOoGOAHOM
unAykuun., Ecam B cranuoHapHOM pexHMe NepeloJiHeHHe HPH Ha-
Komiaenuu (eM. ra1. II1) BaAHMAeT JHIIb Ha OT/AEJBHBIH Y4aCTOK CIIEKT-
pa, Hanpumep Ha MHTEHCHBHBLIH MUK PACTBODHTES, TO B MMIYJ/ILCHOR
¢ ypbe-ClIeKTPOCKONNH «00pe3aHHe» 4acTH CHrHaja chalda cBOGOA-
HOJl MHAYKIHMH BO3MYLIAeT CHI'HAJ BO BpeMEHHOM IIPEeACTaBJCHHH, 4TO
MOXKeT INOJHOCTbI0 HCKa3WTb CHTHAJ B YacTOTHOM MpeJCTaBJCHHH.

BTopoit Ba:KHBII MOMEHT Kacaercsi CKOPOCTUH BLIGOPKH JAaHHBIX
BO BpPEMEHHOM NDeJCTaBJNeHUH. BCIOMHUM, YTO CHIHAJ cIaja CBO-
B0AHOH MHAYKLUHK COJEDHHT YaCTOTHBIE KOMIOHEHTH Av;, 3ajaBae-
Mble PasHOCTbIO HeCylleH 4acTOThl vy M YaCTOTH curuaga JIMP w;.
Coraacuo reopese Hatixeucra, ABAA0OMENCS IEHTPANBHON TeopeMOlt
TEOPHHM HHQOPMAalUH, JJs HPABHJIbHON XapaKTEPUCTHKH KaKAoH
4acToThl Av; HeOO0XOJAHMO NPOBOAHTL H3MeDeHHe TO KpaifiHedl Mepe
JBaxAB 3a nepuod. [103ToMy CKOPOCTbL BEIGOpPKH ONpesiefsierTcs Iid-
puHoOfi maMepseMmoro crmektpa. Eciau HeoOXOJUMO H3MEPUTH [10JOCY
gactor 5 k'L, To paHHBIE JOJIKHBI BBIOHPATBCS CO CKOPOCTHIO
10000 Touex 3a cexynay, uau 10 kI'n. Ecau, Hanpumep, CKopocTs
BbIOOPKH cocTasaser 5 KL, To MakcuMaJbHas perHcTpupyemas dya-
cToTa OYAeT COCTarasTh Janib 2500 I,

B JonosHenne K CKOpPOCTH BHIGOPKH M JHHAMHUYECKOMY jAHana-
30HY HMMeEETCH 3HAUNTEJbHOe UHCJO HHBIX, He BCerJa He3aBUCHMBIX,
napaMeTpoB, CBA3AHHBIX C HEKOTODBIMH aClIeKTaMH BHIGOPKH JAaH:
#bIX B Qypbe-3xcnepuMedte. OQMH H3 3THX MapaMeTpOB — gpems
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Pue. IX. 22. CBsi3b sKCIEPUMEHTAJbHBIX NapaMeTpos B FMP-OIL

CHUTBIBARUA Paw, T. €. BPEMsi, HCIIOAb3YEMOE A 3AHECEHHsT OT/Ie/b-
HOll TOYKM ¥ paBHOE OOPAaTHOH BeJMUHHE OT CKOPOCTH BHIOOPKH. Ta-
KuM 06pasoM, Agsi IWHpHHEbL crnektpa 5 KM faw=10"* ¢, uan
100 mxc. Ecad HCIoAb30BaTh KOMIbIoTep ¢ naMaTeio 8 K, To obulee
BPEMS CUMTLIBAHMS BCEro CWrHasia cBoOOJNHOK WHAyKHuM Oyaer CO-
ctapaate 0,82 ¢. DTO BpeMs HA3BIBAETCS BpemeHes 6bl00pKiL CHr-
Hana. BaXKHO IIOHMMATb, YTO UIMPHHA CIEKTPA, CKOPOCTH CUHTHIBA-
HUS, BpeMsl CUHTHLIBAHMA M BPeMsi BLIGODKH CBA3AaHBI MeXAY coCoi H
Ui AAHHOTO 3KCHEpPUMEHTA HeJb3sl H3MEHHTb OJIMH W3 3THX Hapa-
MeTpOB, He M3MeHuB Apyrue. Hanpumep, ymenblilenue CKOPOCTH BbI-
GOpKH NPHUBOJNT K CYJKEHHIO CIeKTpa/bpHON mosocel. [lamee, pocT
Bpemvenu BHIGOPKHM IPH OFHOM U TOH e NaMsTH KOMIbIOTEPA BO3MO-
el TOJIbKO B TOM C/ydae, eCJIH BpeMsl CUMTHIBAHUSA TIOHHXKAETCA 32
cueT ycKopeHHsl BEHIOODKH AaHHLIX. Mcmosb3oBaHHe 3THX COOTHOIIE-
HHf M1y [apaMeTpaMu SKCIeDHMEHTa HHOT/A BBI3BIBAET Y HO-
BHUKOB HEKOTODYIO NMyTaHuly, H BO uabe:xkanne ee Ha puc. IX.22
IPUBOJANTCA CXeMa CBsI3H [apaMeTPoB € TOYHBIM YHCJIEHHBIM MpH-
MEPOM.

[Tocae npeo6pa3oBanust pe3y/bTaThl BHOBb 32HOCATCS B NaMsTh
KOMIbOTEpa, H TeNepb paspelleHHe B UYACTOTHOM IMPeACTaBIeHHH
OTpeeJseTCd YHCAOM siueeK NaMsATH, OTBeJeHHBIX [Js XDPaHeHHd
cnextpa. TIpeskie 4eM 3anucaTh CIEKTP, HEOOXOMAHUMO HCIONL30OBATH
ungppo-anaaoroseiii npeodpasosatens (LIAIT). B npuseieHHOM BbI-
me npusepe 4 K Touek, nenoab3yeMbiX Ha mupHHe crextpa 5 KI,
NPUBOAAT K paspeienuio 1,22 'l B 4aCTOTHOM CII€KTpe, KAKAM OBt
XOPOLIMM HH OBl PaspelleHue, CBS3aHHOE C OJNHOPOAHOCTBIO Mar-
HHTHCTO noJas. [[oToMy orpaHuueHHasl aMsATh KOMIBIOTEPA MOXKET
CepLesHo MOBAHATL Ha KAUeCTBO CIeKTpa, OCOGEHHO B OTHOLICHHH
1e6opIINX pacuenenull JHHIH.
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Puc. X, 23. [TpoxosteHue JaHHBIX B skcnepumenre JIMP-@II,
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fuc. 1X. 24. [TocaesosareabrocTs HMmyabcos B SIMP-OT1 ¢ nakonnennem A2HHLIX.

Ha puc. IX.23 npeacrasjena cxeMa IPOUEAYPHI NMPOXOK/ICHHS
#t 06paboOTKH JaHHHIX OT CHaja cBOBOAHOA HHAYKIHM Yepe3 CTaauu
AL, kovnbiotepa, LIAIT u, BakoHEl, CAMOTHUIYLIETO MOTEHIHO-
MeTpa, Kyjia BblJaercs CHTHaJ SIMP.

3.1.2. BY-zeneparop 8 umnysbcHol pypoe-crneKTpocKonuu AMP.
B ¢ypbe-crnekrpockonun JIMP BO3HHKAeT Psil npobseM, CBA3AHHBIX
¢ HCIIOJIb30BAHKEM FeHEepPaToOPOB BLICOKOH yacToThl. Hakomienyue 1aH-
HLIX B TeueHHe AJHTENBbHOrO HHTEpBajga BpeMeHH TPeOyeT BBICOKOH
cTAGHIBPHOCTH OTHOLIGHHMSI [O0JI€/JacToTa, N TNO3TOMY OOBIYHO HC-
NOJIb3yeTCs CHCTeMa BHYTDPEHHEro reTepos/epHOro KOHTPOIs, B Ka-
yecTBE KOTOpOro BhOHpaeTcsi pesoHanc ?H AefiTeprpOBaHHBIX pa-
creoputeseli CDCls, Ce¢Dg u 1. n. Hajee, mjas TOro qTOOB HMEThH
BO3MOKHOCTb [POBOHTb SKCIEPHMEHTH [0 JBOAHOMY DPe30HaHCY
PA3JHYHBIX THIOB, HEOGXONMMO PACIHOJAraTh BTOPBIM HCTOUHHKOM
BU-noaa ¢ mepemenHoii uwactotoii. Hakodern, ucciaeayemele sipa
06ayuatorcst BU-MOUIHOCTBIO € MOMOLLbIO UMIYALCHOTO TeHEpaTOpd.
O6bluHO 5TOT reHeparop HMeeT (PUKCHPOBAHHOE 3HAUCHHE vBi, u od
XapaKTepHayeTcsi LMTHTENBLHOCTBIO HMIY.Ibea fp (MKC), HeOOX0AUMOH
115t 90°-HOrO UMIyJibCa Ha CTaHAapTHOM obpasue. Tunuuueie 3Ha-
yeHus f, (90°) WBMEHSIOTCS OT HECKOJBKHX MHKDOCEKYHJ I3 Tpo-
TOHOB 70 100 MKC AJAfl MeHee YyBCTBHUTEJbHBIX filep C MaJjbIMU 3Ha-
YeHHSIMH THPOMATHHTHLIX OTHOWIeHHH (CM. ypaBHeHHue VIL 11).

00 °-Hple MMIYJAbCH [al0T Haunbojee WHTEHCHBHBIE CHTHAJDL Bmpo-
YeM, MHOTJA 7KeJaTeJbHbl M MeHbIUMe Yribl MOBOPOTA Npu HAKOW-
JeHUH JAHHBIX, C TeM uTeObl COKPaTHTb BpeMs BOCCTAHOBJEHU
Z-HaMarHH4eHHOCTH, KOTODOe OTpene/dercs CITUH-pEUIeTOUHOA pe-
aakcawnefi. [lpn 3ToM epems 3adepdki. MEXIYy OTACTbHBIMI HM-
nysabcamu (aas cepuu 90 °-HBIX HMIYJbCOB 3TO BPEMA cocTaBJisgeT
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npuMepno 571) H COOTBETCTBEHHO nepuod nosropenusn 2KCIIePHMeN.
TaJbHOH TOC/e[0BATeNbHOCTH MOTYT OBITb CYLIECTBEHHO YMEHD. !
wensl. Eme oixa 3afepxka (mpaaa, CyIleCTBEHHO 6oJlee KOPOTKas, |
COCTaB.IAIOLIAst OJHO HJIM ABA BPEMEHH CUHTLIBAHUS taw) HEOBXOAR.
Ma JiJ17 BOCCTAHOBJIEHHSI NPHUEMHHKA MOC/e NPHJIOKEHUS CHAbHOTO §
BU-nmnyabca. dra 3a/lepKKa HYXKHA Naxe NPH HCMOJb3OBAHUH Me-
TOAHKH ¢ pasfes/ieHHeM BpeMeHH, KOriaa TEHEPATOP K INPHEMHHUER 3
BKJIIOUAIOTCS U BBIKJIOYAIOTCA MomepeMenHo. Hakonew, kak Oyner g
TOKa3aHO HHXKe, BaXKHOE 3HAUEHHE A/ Pe3yJbTaToB IKCNEPHMEHT] &
HMEET KOpPEKTHAA yCTaHOBKA YACTOThl HMIYJbCAa OTHOCHTE/LHO -
¢JellyeMoro Ananasona 4acrot. [TocienoBatenbHoCTS, HCIOb3yeMag -
B THIHUHOM ¢ypbe-5KcnepuMenTe SIMP, npusogutcs B rpaduueckon
dopme Ha puc. IX. 24.

3.2. TpyaHocTh, BO3HMKaIOILHe B CIEKTPOCKONMHH
AMP-o1

M3 npusemennoro o6cy:kaeHus craHOBUTCS SICHBIM, UTO 1pH
MCII0/Nb30BAHUH HMIYJIbCHOH (ypbe-CNEKTPOCKONHH BO3HUKAET psii
ocnoxHeHn#t. OAHO U3 HHX, HauGoJee yacTo BCTpeualonieecs, 0THO-
CHTCA K OTPAXMCERHBIM CUSHAAAM, BOSHHKAIOUIAM NpH HeNnpaBsUIbHOM
BHI6Ope AHAaNmasoHa PETHCTPHPYEMBIX 4aCTOT OTHOCHTEJbHO (haKTH- -
1€CKOro crnekTpa. [lomycTum, YTo BHe 3TOrO AMANA30HA YACTOT HMe-
€TCs1 CUTHaJs ¢ GoJiee BBICOKOH UacTOTORN Av 4 év. Torga, corsiacHo
Teopeme HalikBucta, 3T0T curnas me Gyjuer perucrpupoBatbca. Oa-
HAKO MOXHO NOKa3aTb, 49TO TOYKH, OTHOCSLIHECS K STON yacrore,
6yAyT paccMaTpHBATBLCS KOMIBIOTEPOM TaK, KaK OyATO OHH npHHAI-
J€xar qacrore Av—dv. OTciola H IPOHCXOKIeHHe TEPMUHA «OT-
PaXEHHBIE CHTHAMBI», TaK Kak ¢ypbe-npeobpasoBamue IPHBOJUT
K IIOABJICHHIO CHTHAJa B YaCTOTHOH 06/1acTu Npu Av — &v. [Tponc-
XOM/CHHE OTPAXKEHHBIX CHIHAJOB HJLJIIOCTPHPYET puc. I1X. 25.

Hexotoprle Hepopasymenus MOTYT BO3HHKHYTb TaKxkKe B TOM
Clydae, ecn HECyllas 4acToTa OKa3kBACTCS BHYTPH HCCIeyeMOro
CNEKTPa. JTO OODBSICHSIETCS TeM, uTo JAETEKTOP He MOXKeT OTJAHYATH
TMOJOZKUTEIbHBE H OTPHUATE/bHbIE 3HAUeHHS! Avi. [IpH 3TOM BHOBB
BOSHHKAIOT OTpaKeHHble cHrHanbl, Takum 06pasoM, HeoGX0oLHMO
YCTaHaB/IMBATb 4YaCTOTY vy B C1aGOMOJBHON HJH CHJABHONO/ILHOM
4acTix clekTpa. OTMETHM, Y4TO HEJaBHO NPEIJIOKEeHn MeTO. Kksadpa-
TYPHO2O DeTeKTUPOBANNSA, TIO3BOSIOMIHIT pacnosnaBaTbh CHJAbHONOIb-
Hble M C1a60NOJbHBIE 9aCTOTH C MOMOIIBI CNeHHANbHOLO JeTeKTO-
Pa, 9TO 1a€T BO3SMOXKHOCTb YCTPAHSITb OTPAXKEHHBIE CHIHAJIbI.

Taxum o6pasom, ¢ nmomompsio bypbe-cnerTpockonuu (B orsinune
OT CTallHOHAPHOTO METOAA) TPYAHO, eCJH BOOGILIE BO3MOIKHO, n3y-
14aTh OTAGJLHO MaJble YTaCcTKH crekTpa. Kpome Toro, Takike B npo-
THBOTIOJIOIHOCTD CTAHOHADHOMY METOAY CYLIECTBEHHblE 3aTpyiHe-
HHST BLISHIBAET MCKJIOUEHHE CHJABHBIX CHCHAJIOB pactBopureed.
CHJIbHbIE CHTHAJMB MOTYT, B YaCTHOCTH, BLI3BIBATH [epeNoJaileHHe
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1acTo mo3sosasier HallTH HX B CHeKTpe.

HO-
MaMSTH NMPH HAKOIIEHHH AaHHBX. /il MPEONOJIeHHs STHX TPYA
i JibHBlE METOAUKH.
CTell HeOOXOAUMEI CTlENHa )
! SIBJenye OTParKEeHHLIX CHI'HAJIOB TaKXKe Bamaoeccgcéggai};i%p;o
BH J
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I")Iacm I/I}("I'IOJIbSy'IOTCH (uabTPLL, TOHWKAIONIHE YPOBEHb 3THX
OB. i .
HaJIEme OIHO 3aTPy/HEHHe, CBA3aHHOE C IIHPHHOH cneKTIc)Sr:ar?oa
MSITBIO KOMIBIOTEpPAa, BO3HHKAeT IIPH  PETHCTpAlHH CHrianos
QMP ®I1 simep, oGaajalomux OOJBIIHM JHAMNA30HOM xgﬂaﬁ it
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«o6pesannsi» cnajga cBOGOLHOH MHAYKUMH MOTYT BO3HHMKATbL HCKa-§

JKEHH:A CcHrHanoB. Kpome Toro, Gymer npoucxomuts yMEHbmeHHeé
YHCJIOBOTO paspelleHdsl B YACTOTHOM IPe/CTABJEHHUIL.

B ciyvae mamnx Av npu OTCYTCTBHH OTPAXKEHHBIX CHTHAJIOB +
HTHCJIOBOR paspelieHMe MOBLINAeTCsl. B TO ke BpeMs Bo3pacraer !
BPeMs BHIGODKH U YCJIOBHS I/ HAKOIUIEHHS JAHHbIX YyXyALIaoTes,
Taknv oGpasowm, B (ypbe-sKcIepuMenTe BhHCOKas 9YBCTBHTEJNbHOCTE
JAOCTHTAETCA TOMBKO UEHOH [OTEePH pas3perleHus.

CnennaasHoro BHHMaHHS 3aCHyXKHBAET BONPOC 00 usmepeHuy
Unrencusnocted 8 GMP-OT1. Umerores B BULY PA&3JMYHBIE HCTOY-
HUKH OUIHOOK, TaKHe, KaK HH3Kasi MOILHOCTb HMITYJIbCA WJH Hejo-
CTaToOMHO GOJIbIIHE BPEMeHa 3afepiKeK B CepHH HMITyJbCOB. B mep-
BOM caydae pacmpesnesienue MOIIHOCTH TOJST B, OKa3bBaeTcs pas- .
JHIHBIM B PaSHBIX yyacTKax CHEKTPa, uTO MPHBOAHT K pasJany-
HLIM  yrjaM TnoBOpOTa /s OTACAbHBIX PE3OHAHCHBIX CHIHAJOB,
Tak Kak BeqHuMHA HHAYIMPOBAHHON NonepeyHod HaMarHHYeHHOCTH
ABJIAETCA PYHKLUUEHR Yria MOBOPOTA, TO HHTEHCHBHOCTH JHHHK 6yayr
HCKaxaTbCA. B 10 Ke BpeMs ecam mnTepBasbl MEXKAYy HMIYJbCaMH
CJHIIKOM KOPOTKH, TO A/1pa C AJHHHBIMH BPeMeHaMH peaakcanuu T,
OyAYT He MOJIHOCTLIO BOCCTAHABAUBATL Z-HaMarHM4eHHOCTb H WH-
TEHCHBHOCTH STHX CHCHAJOB GYAYT CHCTEMATHYECKH SaHMIKATBCA,
Has toro 410681 yeTpanuTs aTH HeJOCTaTKH, HeOBXOAUMO TIIATENb-
HO TIPOBEPUTL MOAGOP YCNOBHi SKCHEpUMeHTa. B ofuiem mist noJy-
IC€HHUS NIPABHUJIbHBIX HHTErPajJioB B MMITYJbCHOH bypbe-CeKTpocKo-
THH Tpefyercsl 3HAYHTENBHO GOJIbIIASA THIATEAbHOCTE B noabope ye-
JIOBHH#, 4eM NPH HCNOJB30OBAHUU CTAHOHAPHOTO METOA4.

3.3. O6paborka gaHHBIX

OcoBeHHOCTbIO UMNTYJIBCHOR dypbe-cnekrpockonuu SIMP sBaser-
€1 BO3MOXHOCTb HCNOJIb30BATh HAaPSIAY ¢ HPeobpasoBanueM Oypre
SHAUNTEJIbHOE YACJ0 APYTHX MAaTeMAaTHUECKHX MPOUELYp 06pa6oTKu
A4HHBIX BO BDEMEHHOM MPEJCTaBJEHHH, YTO I03BOJIIET noay4aTth
HOBbBIE Pe3YJbTAaThL.

Hanpumep, okaswiBaercs, uto mocse mereuenus TOJIOBHHBI Bpe-
MEHH BLIGOPKH, HMEIOMIEro BeAHUHHY nopaaka 1 ¢, 66abiasi yactb
CHTHAJIOB 3aTyXaeT N0 HyJs BCJJCTBHE [ONEPEeYHOH pesakcalud.
Hanpnelimmét cnag cBo6oanoil HHIYKIHA OyIeT B OCHOBHOM Mpej-
CTaBJATb COGOH HIYM. DTOT WIYM MOMKET GLITh HCKJIIOUEH, eCJIH KaXK-
Ay touky B CCH yMHOXKUTL Ha IKCNIOHEHUHAJ/bHYI0  DYHKIHIO
exp (—jTC/N), rne TC — smmupuueckas BpeMeHHAs NOCTOsTHHAS,
j— HoMep oraeabuoit ToukH, N — o6ulee 4HCAO TOYCK. M3 dopmbl
SKCNOHEHTB! BHAHO, YTO TOUKH ¢ GOJBIIMMH HOMEPAaMH H3MEHSIOTCH
B 0OablUel CTEeHH, YTO NPHBOAUT K MOHHIKEHHIO YPOBHS WyMa Ha
STHX TOUKaX. Pasymeercs, HCKycCTBeHHOe yKOpOucHHe BpeMenn I3
TIPUBOMUT K YUIHPEHHIO JIMHUA, OIHAKO HA TO 4ACTO HAYT C TeM,
9TOGL! YJIyYLIMTh OTHOIIEHHE CHIHAJ/IIyM. DTOT st ekt uamoCTpU-
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JEeHXJOPHI A,

i ab-
@ - yayuuleHHe OTHOWIEHHMS| CHTHAJ/IIyM H YIIHDeHue JMHHIL Kak cne:Lm;Bne Ha}[l;cfroxoi;};%{xlim'
;zoro yMHoxeHuss CCU; JHHUs cIpaBa npejacTaBiser coGoil ueHTQa{IPﬂ)m nﬂanbnoro \~'MHOr
EBepxy NpUBEAEH HOPMaJbHBIA CHEeKTP, CHH3Y — CHEKTD Mocje 3KCICHeHY 3
#eHHs; 6 — KOppeKLUHs (asoBblX OLIHGOK.

pyercst Ha puc. 1X.26,a. B HeKOTOpHIX cayuafx cjaeiyer ny\/IHvO}KH?;
CCH na ¢yuxunio exp (jTC/N), ¢ Tem 4ToGH HA 3TOT pa3 }JI}LIIEIH »
pa3pellleHde IeHOH YyXyALIeHHSi OTHOLIeHHH CI/II‘HaJI/lHy’M.v C:Irl;
KOMIBIOTED HMeeT AONOJHHTENIbHYIO NAMATb, TO MOMKHO YJYUIIH >
paspelleHHe B 4ACTOTHOM IPEACTABJIEHUH MyTeM jpobaBaeHus VHe
ckonbkux K mysefi curuajy crnaja cBOOOJHOH HHAYKUHMH. DTO yBe-
JUYHBAET YHMCJO TOYEK B YACTOTHOM NPEACTaBJIEHHH, YTO NO3BOJSET
VIYYIIHTL BOCIPOM3BE/eHHe CHrHaja 6e3 M3MeHeHHs BpEMeHI Bbl-
OOpKH. OTa BO3MOKHOCTb OKa3blBaeTCs OCOGEHHO BAXKHOH IIDH H3-
M U UHTEHCHBHOCTEH JIMHUI.

epI?I}eIlP:{oHeu, npeo6pa3oBaHHble JAaHHble OOHAPYKHBAWOT B 4acTOT-
HOH o6nacTu HajJuune (Pa3086lx OULUOOK, BABUCAUYUY OT H4ACTOTOL.
JTH OmWHOKA BHI3BAHL BpeMeHHOH 3a/epKKOH, HeoOXOAHMOH 115
BOCCTAHOBJIEHHsST NMPHeMHUKA. B TeueHHe 3TOH 3aJepKKH HHAUBH/Y-
ajgbHble Kocuuyc-koMnoHenTsl CCH npuobperalor pasjauiHbie Q)azxih
YTO NPHBOAMT K (ha30BOMY C/BHTY B NpeoOpa3oBaHHBIX CHTHAJAX.
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£ =12 muu

HUe HayuHaeTtcs npu (=0

; Puc. 1X.27.  CHeKTpH
f SIMP  'H, wusuépenupie B
t=0muny XOAE pasaoxenus  Ge-
30ILTIEPOKCHIA; Pa3J0oXKe-:
1 L 1 L 1 i

(Bapron u cotp. [13]).
8,2 8,0 7,8 7,6 7,4 7,28

Henocpencrsennas koppektupoBka 3Toro sddexta Moxer OBITh.
‘CAiesaHa yMHOXKeHHeM Gopmbl juHuu IMP na ¢a3oBbHH MHOKHTED, -

BaBUCALIMHA OT YacCTOTHI, YTO SIBJSIETCs CTaHIAPTHOH TNpouenypol
B nporpamme ¢ypbe-npeo6pasoBanusi. Jra Npoueiypa NpPOHJIIO-
CTpupoBaHa Ha puc. 1X. 26,6.

4. XMUMMYECKN UHOYLIMPOBAHHAS
ANHAMUYECKASA NONAPUIALMSA A0EP

C penakcamHOHHBIME 3(hdeKTaMu, KOTOpLe OO6YyCJ/J0BANBAIOT
snepHoit apdekt Osepxaysepa, TecHO CBsI3aH NpOIECC, MOJYYHB-
IIMA HasBaHHE «XHMHUYECKH HHJYUMPOBAHHAS JHHAMHYeCKas IOJs-
pusaua saep» (XHIATIHA) *. Vike cnycrsi HeCcKOAbKO JeT mnocne
OTKPBITHSI 3TOTO SIBJAEHUSA OHO CTAJ0 OCHOBOH MCIIHOTO MeTOJda HC-
CJIeJOBAHASl PAJHKaJbHBIX Peaxinil.

Tax, npu Tepmuueckom pasaoscenuy GeH3OuANEPOKCHIAa ¢ HC-
II0JIb30BAHMEM UHKJOI€KCAHOHA B KauecTBe pacTBOpHTeas OblIO
VCTaHOBJEHO, YTO DPE3OHAHCHBIA cHrHAJ OGeH30/1a, BO3HHKAIOLIEro B
X0le peaxlHH, HMeeT BUA JHHHMH Hcnyckanus (puc. 1X.27). Bwuio
NOKA3aHO, YTO 3Ta pe3OHaHCHas JAWHHUS OPOHCXOAWAA OT auamar-
HHTHOIO BellecTBA, KOTOpOe AOJKHO HMETh HHBEPTHPOBaHHYO (MO

# Anrsmfickuit Tepmuy CIDNP (chemically induced dynamic nuclear polari-
zation), xoTopuiil wa anraufickom jafopatopsoM kaproue TpanchopMmMuposascs B
kidnap. — [Tpun. nepes.
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cpaBHEHHIO ¢ OObIYHOM; cM. pasal. 3 ruL. I) cnuHOBYIO HaCENeHHOCTh.
TeopHs 3TOTO fABJEHHS, HA KOTOPDOH MBI OCTAHOBHMCSI TOJBKO B 00-
wiX 4YepTax, B HacTosiilee BpeMsi Xopouwio paspaborana. Corsacho
97O TEOpHH, Hab/uogaeMblli 3GEKT MOXHO OTHECTH K TMPOMEXKY-
rouH0 obpasyioweiics pafnkaapHoil nape (RiR:).

4.1. DHepreTnyeckas noJsapH3aums
(unTerpaabHpiii addekr)

TepMuueckoe pasgoxenue GeH30MINEPOKCHAA IPOHCXOAHT C 06-
pasoBanueM CO, u GeH30UJIOKCH- U (EHHJIBHOTO PaAMKaJOB:

I i
Oty = 0l 0w

[Tocae pacmaga MoJeKyJau 06a OCKOJKA OCTAaloTCsl B KJeTKe pacTBO-
puTessi B BHAe pajuKaJbHOH mapel. Kpome TOro, opuenrauuu cnu-
HOB 3JIEKTPOHOB, KOTOpble IiepeJl pacnajoM I[epoKcHjaa Ovliu
NPOTHBONONOKHE], T. €. COOTBETCTBOBAJH CHHTNETHOMY COCTOSHHI
(Sp), OCTalOTCH HEHM3MEHHBIMHU. B 3TOM ciyyae roBopaT O TecHOU
pajiMKaJbHON nape.

Tax Kak pacnaj mIPOUCXOAUT B MArHUTHOM Toje By, TO CHHIJIET-
HOoe COCTOsIHHEe pajHKaJbHOH Napel B MOMEHT ee BO3HHKHOBEHHS
MOIKHO TPEACTABUTh B BH/E BEKTOPHOH MOJesH T4K, K4K IIOKA3aHO
Ha pHc. IX.28,a. dnekTpoHHbl cnuH S; napaJgneneH By, a ciuH Sy
antTunapasienes By @DazoBuif yros MexAy COHH-BEKTOpPaMH co-
craBaster 180°, Taxk uTo cyMMapHbl CIMH paBeH HyJi0. B3aumoseii-
crBie Mexay By u S; (¥ S;) NDHBOAHT K NPeLecCHH 3JeKTPOHHOIO:
CNTHHA BOKPYT HalpaBJeHWs HOJs, aHAJOTHYHO TOMY, KakK 3TO Ipo-
HCXOJMUT ¢ sAfepubiM cnuHoM (cM. ra. VII). Tak Kak paaukaib R;

a I i) 8

S’ S’ Si

vy §2

Ay
By So ? T

Puc. IX.28. CnuHOBbE COCTOSHUA pafUKaIbHON NMaphl B MarHHTHoM modie Bo

@ — CHHIJIETHOE COCTOSIHHe Sy ¢ CYMMapHbIM CIHHOM, paBHBIM 0; ¢asoBbli yroa pasex 180%:
6 — pasniHYHe B CKOPOCTAX NpEUECCHH 5MeKTPOHHLIX CNHHOB NPHBOAHT K HSMeHEHHlOuC]J'daO—
B0ro yria; 8 -— TPHIJIETHOE COCTOsHHE To ¢ CyMMapHbIM CIHHHOM, DaBHLIM 1; da3osui¥ yrom
tocraBasier 0°.
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A oay gy zun
R1+ RZ . ___.._>v (R]' 'RZ) -—-—-——“7 RI' + Rz'
LaABLKanbHA
napa
PEROMOURTRIS nodogivy 8
npoHece 2
B
R'—R2 R'X + R2Y
npogdykim TPOEYHITT [EKK UL
DEXOMOURRL Y [180BHOCE

s

b
Puc. 1X.29. Tepmuueckoe n HOTOXHMHUECKOE NPEBPALICHHE YIEBOLOPOAOB C 06-
pasoBaldeMm paiaukanbHbix map (R's «R?).

u R, HMEIOT pa3/JHuHYyI0 CTPYKTYPY, TO YaCTOTHl JIAPMOPOBHIX Tpe-
LeCCHH @ COOTBETCTBYIOIIMX 3JIEKTPOHHBIX CITMHOB OYAyT pPasJiu-
uaThed Mexly coboii. B crmekrpockorun IITP sapmoposa uacrotal
QIIPeJesIeTCs COOTHOLIEHUEM i

1
0 = gy, By /A (IX. 18);

rTae ¢ — daxrop Jlauge (muu g-dakrop pagukana), a HB—Mame-f;;
Tou Bopa. *

B pesyJsbrare pasiuuMsi JapMODOBBIX YacTOT w; H g (a30Bhli
yroa Mexay S; u S, (puc. 1X.28,6) HauHHaeT H3MeHATbCS, TOKa,,
HaKOHeL, B KAaKOH-TO MOMEHT BPeMeHH He CTaHeT PaBHBIM HYJIIO,
(puc. 1X.28,8). JtoT cayualt COOTBETCTBYET TPHILICTHOMY COCTOf-4
HHIO T¢; NPH 3TOM OPOEKIHH CIHHOB Sy U Sy B IJIOCKOCTH X, Y COB-;
naznaiT. Takum oO6pasom, B3auMOAeHCTBHE 3JEKTPOHHBIX CIHHOBy
¢ By npUBOAMT 475 AaHHOH PafMKaJbHOH Mapbl K CHHIJIET-TPHILIET-
HOMY JIepexojy. 3

PaccMmorpennas kapruHa A0JKHa OBITH JOTOJHEHA B3auMogel-
CTBHEM IIPOTOHOB B (DEHHJLHOM DajHKagae ¢ 3JeKTPOHHBIMH CHHHA-
Mu. B COOTBETCTBHH € PACCMOTPEHHBIM Bhilile (pasi. 2 ra. II) cnub-
CIMHOBBIM B3aHMO/eHCTBHEM AEPHBIX MOMEHTOB B JaHHOM ciydae
‘Taxe NPOUCXOAUT HM3MeHeHHe >(P(PeKTUBHOH HANPSIKEHHOCTH Mar-
HHTHOTO NOJIsT B MeCTe PACHOJIONKEHHS JMeKTpPoHa (U COOTBETCTBeH-
HO H3MeHeHHe JapMOpPOBOM 1aCTOTHI CIIHHA JEKTPOHA). B (eHuab-
HOM pajHKaJe KOHCTaHTa CBEPXTOHKOTO B3aumojeficteua (CTB) a
MEXKIY 3JEeKTPOHOM H SAPOM NOJOXKHUTeNbHA. [T0CKOABKY siaepHbIe
CHHHB MOTYT OBITh TapajjedbHBl HJH aHTHNApaaselbHbl Bp, TO
HeoOXOJHMO ydYecThb 1Ba THNa (PeHHJNBLHBIX PaJHKaJOB: Te, AJs KO-
“TOPBIX HANPSIKEHHOCTh NoJst By Bo3pacTaer B pesyabrate CTB-B3an-
MoaedcTBUS (TUN ), W Te, AJs1 KOTOPBIX By yMeHbuIaeTcss (THII II).:
B coorserctBuu ¢ ypaBuenueMm (I.10) moaydum, 4To @; > on. Ta-,
KHM 06pasoM, pajHKaJbHBE Nappl THIa | GYAyT AOCTHraTh TPH-S
TIJIETHOTO COCTOSIHUSI paHblle, yeM mapsel Tuna II. 3

A
i

5
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BpeMs XKu3Hm paiMKaJbHOH Napbl OrPAHHYEHO, B YACTHOCTH,
B pe3y./bTaTe 1npoueccoB AHPQPY3HH U NOCACAYIOLIUX peakiuil ¢ pa-
¢TBOPHTEIEM WJM APYTHME BeIleCTBAMH, NPUCYTCTBYIOWIUMH B pa-
crBope. KpoMe TOro, MOTyT HPOWCXOJIHTh peakiuu peKOMOHHALHN
(puc. 1X.29). Onvaxko pexkomOunauys, T. €. oOpa3oBaHue CBS3H,
BO3MOKHA TOJIbKO H3 CHHIVIETHOIO cOCTOsiHMA. B obcyxkaaeMom ciy-
yae npeobsaajaer peKoMOWHanusi paiukaJjoB Tumna I, NOCKOJBKY
ony uMeroT CoJsibllee BPeMs KH3HU B CHHIVIETHOM COCTOSHMH, B TO
BpeMs Kax Jaf paJuKanoB THHA | HMeeTcss BLICOKasi BEPOSITHOCTD.
NOKHHYTh PAJUKaJbHYIO Napy B pesysabTare BHIXOAA H3 KJICTKH pa-
creoputens. [lpomeccsl AudQy3un NPUBOJAAT K KOHTAKTAM 3THX
(eHNIbHBIX PaiNKajoB C PAacTBOPUTEJEM; TIPH 3TOM B De3yabTare
OTpHIBA B NPHCOEJAHHEHHA BOAopoda obpasyercs 0eH304 Kak Ipo-
AVKT peakxyutl oTpuléa U neperoca Bofopoaa. Quedb BaKHO, YTO
IpoTOHB of6pasylomerocs 6eH30J1a XapPaKTEPUSYIOTCA HapyuleHHeM
60NbUMAHOBCKOTO DpAacCIpeJeJeHus], a HMeHHO; palHKaJbl Tuhoa I
00najaloT SAACPHLIMH CHHHAMH, OPHEHTHPOBAHHBIMH auTHHApaJ-
IeJbHO BHEIIHEMY HOJ0 By,

Taxkum o0pasoM, siaepHas cHCTEMa OKa3BIBAETCS MOJAPH3OBAH-
HOH; NPH 3TOM BEDXHHH SHepreTHueckuid yposerb OyaeT GoJee Ha-
cejeH. B pesyJbraTe cCHTHaJ GeH30/a Ha YACTOTE vy BBILVISIHT Kak
nHAnA ucnyckanuda. B aBaenun XM/ yausutenen tor daxr, uto
xumuuecKue peaxyuu mexnoy QeHuAobHoIMU pAduUKAIaMU U YUKAO-
2eKCAHOHOM 8 MOZHUTHOM NOAE OKQA3blBAIOTC ceAeKTusHbimu., Peak-
UH¥ MPOHCXOASIT TOJABKO ¢ (DEHHJBHBIMU paJMKaJaMy, 06yd1a0mu-
M1 OpelleIeHHOH Mossipu3alnesl saep.

4.2. durponuiiHas noaspulauns
(MyabTHIIETHBIA addekT)

Onuncannpifi Bhille 3hdEKT HA3LIBAIOT B HACTOSILEE BPEMst sHep-
2eTuueckol noaapusayuer (Han HeTTO-3¢dexToM). IDTO sABJIEHHE 06-
Hapy’KHBaeTCs B CIEKTpe Kak YCHJEHHe CUTHAJa MOTJIOUIeHHS HJW
KaK TIOIBJIEHHE ChTHaJa Hcnyckanud. Kpome Toro, cyliecTByeT Tak
HazpiBaeMasi SHTPONULUHAS noAApusayus, TIpu TePMHUECKOM HJH
horoxuMuueckoM pasfoxKeHnuu AudenuninasoMmerana (194) B npu-
CYTCTBHH METHJOBOro 3dupa (eHHAYKCYCHOH KHCJOTH (195) Ha-
Gaiopalorcesi, Hanpumep, AMHUM AB-CHCTEMBI TPETHYHBIX TPOTOHOB
B MeTHJOBOM 3dupe 2,3, 3-TpudeHUIIPONHOHOBOR KHCIO0THL (196)
KaK CHrHaJbl NOIJIOLIEHHA W Hclyckanud. [logob6uwlil myssTunaer-
Mol aghghexT, OUeBHAHO, NpeAcTaBasfeT coboll pe3ysabTaT TOro, 4To:
f7lepHble CIHHHOBble yPOBHM AB-CHCTEMB! € CYMMapHBIM CIHHOM
M7 = 0oJiee HACRJICHH], UeM YPOBHH C CYMMApHBIM CIUHOM My ==
Hin —1.

His obGbscHeHHss 3TOrO pesyJjbrata OyjeM HCXOAUTb H3 TOro
dakTa, 4TO JAPMOPOBBI YACTOTH 3JEKTPOHHBIX CIIHHOB MHOTHX Op-
l'aHHUeCKHX PaAUKajoOB HMeoT O/MH3KHE MM NMPAaKTHYECKH PaBHLIE
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348 Laasa 1X

hy uiu A (C6H5)2C2

194

H H
‘(CSHS)ZCz + CBHs*CHz—COOCH:; — (C5H5)-zf' :‘E— COOCH3
195 CgH:=

|

(Cets)2CH— CH—COOCH,
CgHs
196

g-hakTopbl. DTO HMEET MECTO ¥ B AAHHOM CJyuae, IPHUEM CHHIJIET-
TPUIJIETHOE CMEIIHBAHHE MOXKeT NPOHCXOAHTH TOJbKO TOTAA, KOTKa
KOHCTAHTa CBfI3H MeXIy siIepHBIMH H 3JEeKTPOHHBIMH CIIHHAMH [pH-
BOJHT K MOSBJEHHIO Pa3HOCTH YacTOT Aw.

Ha ocHoBaHMH APYTrHX 3KCIEPHMEHTOB OBLJIO MOKa3aHO, 4TO IH-
tpenunkapben, obpasyrolmuiics NpH TepMHUUECKOM pacnaie AHDeHH-
JAna3oMeTaHa, HaXOJAHTCA B TPHIVIETHOM COCTOSHHH. Tak, BO3HH:
Kalowas mpH OTpbiBe BoJopoaa or 195 paankasbHas napa
(Ri- -Rs) Takke cyuiecTByeT B TpHIJeTHOM cocTosinuu. uaa AX-
CHCTEMBl HMEIOTCS YeThipe cOBCTBEHHBIX COCTOSHUA ao., af), fo u .
Ecyin 661 koncrantsl CTB a aist 060uX painKanoB GblIH PaBHH, TO
#3MEHeHHa JIapMOPOBLIX YacTOT 3JeKTPOHOB 3 CYeT B3aUMOdeACTBHA
C sApaMu /s paluKalbHbIX Map ¢ SILEPHBIMH CIHUHAMH ao HAH PP
B3aHMHO KOMIEHCHPOBaJUCE Obl, Tak Kak oba pajHKasja HCIBITHIBA-
Ji Obl OQMHAKOBOe BO3jAeHcTBHe. DTa pajMKaibHAf Mapa OCTaercs
B8 TPHIVIETHOM COCTOSIHHH ¥ I03TOMY He peKoMOuHupyer. Hamporus,

Cs*?s (szs
CgHs *(E—(I:—COOCH3

Puc. IX.30. Cnunosas noaspusauus 9
AB-cnekTpe 3THJBHBLIX fMpoTOHOB MeTH
JoBoro sdupa 2,2,3-rpudenninponHoso
BOH KHCJIOTHI, ofpasyiouierocss npn Tep
MHYECKOM DAas3JIOXKeHHH [AHdeHnA/1Ha30"
MeTaHa B MeTHJOBOM 3dHpe CbeHW‘ylﬁ
cycHol kuesaore npr 140 °C (Kaoce 4{
Kaoce J1. [14]).
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Pue. IX. 31. durponniinas nosspusauss B cuacreme AX.

& — L5 TPUIJeTHofl pajaukaibHOH mapel; 6 — AJs CHHIVIETHOH pajiHKaabHOI napbl; TOM+
LHa SHEPTETHYECKOrO YPOBHS COOTBETCTBYET HACENEHHOCTH YPOBHS

AMsL PAaJMKANbHBIX Map ¢ KOMOHHANHeH SAepPHbIX CHHHOB o} HJIH
po mosBasiorca BenuuuHb A®, TaK Kak B MEpPBOM CIydde o) =
= (+1/2)a u 0y = (—1/2)a, a Bo BTOpOM ciyuae 3HaKH npu a
usMensoTes. Pagukassl 3THX map MOTYT PeKOMOHHHPOBATL B pe-
SV/IbTaTe TPHUIIET-CHHIVICTHBIX MEPeX0l0B, 4TO [PHUBOAMT K 0O6pa-
SOBAHHIO NPONYKTOB, B KOTOPBIX SiAePHBIE CIHHOBHIE YPOBHH HaXo-
ASITCA B COCTOSTHUAX off WK Por.

Pe3yabTupyowiuii cnektp B COOTBETCTBHH ¢ 9KCIEPHMEHTOM, npu-
peleHHbIM Ha puc. 1X. 30, eme pas BocnpousBoguTes cxemaTHUeCKH
tta puc. IX.31,a, rae Takxe maHbl sHepreTHueckHe yposHH AX-ci-
CTeM C YKa3aHHEM COOTBETCTBYIOIIHX OOJbLUMAHOBCKUX HACEJEHHO-
cTell ypoBHeH.

Anajoruunble paccyxienus s cayuas, KOraa pannkagbHas
flapa HAaXOAUTCHA B CHHIJIETHOM COCTOSIHHH, NMPHBOMST K Pe3yJbTarty,
nsobpaxennomy Ha puc. IX 31,6. Herpyaso Bugers, uto B IPOAYKTE
PeKOMOHHANUK YPOBHH oo H BB ¢ CyMMapHBIM CIHHOM My = -1
J10JKHB! ObITE 60Jiee HACENeHBbl.

B ocnose siBaenns XU/TISI nexut Tor dakT, 4To paggKasbibie
Tapel KUBYT KOHEUHOE BPEMs, B TeUEHHe 3TOr0 BPeMeHH palHKa/b-
lidst mapa 3a cuer CNHH-CIHHOBOTO B3aHMOAENCTBUSA MEMAY SAPAMH
11 JIEKTPOHAMN H3MEHSAET NIePBOHAYAJbHO BO3HHKLIYIO MYJbTHIET-
HOCTh 5JeKTPOHHOro cnuna. Tak Kak PeKkoMOHHAUHA TPOHCXOAHT
TOJBKO Yepe3 CHHIVIETHOE COCTOSIHHE, TO IOCJAeAYIOUIHe peaKLuH,
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XapakTepuaywollecss HapyumieHueM GOJbIMaHOBCKOTO pacnpeﬂene.i

4.3. Mpasuaa Kanreiina

Quesnano, uyto asienue XMIIIS B HacTosiee Bpems npeacras-
asieT co00H BaKHBIH METOJ BBISICHEHHS MeXaHH3Ma PeaklHil B XUMHUy
paaukanoB HAH B QoTOXUMHH. [Jif IOCHENOBATENbHON HHTEpIpe-
TalHH KCIEPHMENTa HeOOXOAHMO XOpollee 3HAHHE TEOPHH, O1HAKO
PSL BOHNPOCOB MOXKHO peliaTh ¢ NOMOWIBIO HPOCTOH HHTepupera-
LHH 3KCIIepDHMeHTaJbHbIX AAHHBIX, OCHOBAaHHOH Ha npasuisax Kan-
redna. CoryaacHo 3Tofl TEOPHH, MOXKHO PACCUHTATh 3HAK OXKHAAEMO
MOJIAPA3ANMM ANEP KAK NPOH3BEJeHHe 3HAKOB psija (hakTOpOB, Xa-
[FAKTEPU3YIOUIMX CBOACTBA BO3HHKAWIIUX PAJAUKAA0B H COOTBETCT-
BEHHO OPOAYKTOB peaKuHu. B uwacTHocTH, AJsI 9HEPreTHYECKOH IO-
Jaspusanun  (HerTo-3gdexT, -+ A1 MOrJIOlleHHs, — [Js HCIyCKa-
HHf) HMeeM

I'n=peAga; (IX.16)
a /s SHTPONUHUHON NMOMAPH3AUHH (MYJbTHIVIETHHH 3hdhekT, + aas
II0CJAeI0BATeAbHOCTH HUCIyCKaHHe/MorJolleHe, — AJds1 MOCae0Ba-
TeJbHOCTH TMOIVICIEHNE/ICnyCKanue)

FM:—MSCliaj]ijO'ij (IX. 17)
Bxoasuine B aTH yYpaBHE€HHs BEJUYHHBI ONpPEAeAsAlOTCST TOJBKO CBO-
UM 3HAaKOM, H OHH HMCIOT Cﬂeﬂyfomﬂﬁ CMBICJT:
. XapaKTepH3yeT CNHIOBLIE COCTOSHUA TECHOH pPajiMKaIbHON Iapbi:
+}Lﬂﬂ TPHIJIETHOI'O COCTOfIHHSA
— IJII CHHTJIETHOTO COCTOAHHSA
€, XapakTepHusyer HPOLYKT:
-+ 1A NPOAYKTOB PEKOMGHHALMH
— Il IPOAYKTOB IepeHoca
03HaYaeT 3HAK PasHOCTH g, — g (g-PakTopoB BosuHKalouIEro paju-

Kana), TAe g; COOTBETCTBYET Paiukaly HaGlIoaeMoro i-ro sipa

a o3HadaeT 3Hak KoHctautel CTB (IIIP)
03HAQYaeT 3HAK KOHCTAHTHl CIHH-CMHHHOBOrO B3aumojeicrus (IMP)

onpejesseTcs TeM, HaXOAATCA JH (- H j-e sipa B OXHOM H TOM XK€

paauxKa’ne WM B PasHbIX pajuKasiax:
4-ecad { 4 | B OHOM H TOM XKe pajgukane
— €C/AH [ W | HAXOAATCH B Pa3JHUYHBIX PajfHKanax

3nak a ® J; caefyer omnpelensTb ¢ IOMOUIbIO COOTBETCTBYIO-
mux skenepaMedTos no JIMP (pasn. 2.2 n 5.1).

Herpynuo Buaers, 4T0 ¢ noMoilibio ypasuenuit (IX.16) B
(IX. 17) MOXKHO ONpeleJHTb TOJBKO OJHY HEH3BECTHYIO BeJHUHHY.
Ecau, nanpumep, U3BeCTHH 3HAKH BeJHYUH a, J;; u 0; AJAs mpouec-
ca, IpU KOTOPOM HabJ/I0daeTcs MYJbTHIJIETHBIH 3¢ deKT, TO OTCIOAZ
MOXKHO ONPEACIHTh CIHMHOBOE COCTOSIHAE TeCHON paAHKaAbHOll maphl,”

®

HHUA B o6paaywumxc5i NpOAYKTaXx, 6}"H,yT NPOUCXOAHUTh CEJCKTHBHQ,
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4TO WMeeT Ba)kKHoe 3HAueHHe AJAs xuMmuu. Hanpumep, npu obpaso-
paau (196) mnojywaercsi cheAyloluit pe3ynabtatr: KoHcraHThl CTB
VHACTBYIOUIHX PaJHKaJOB, TAK K€ KAK M BHIUUHAJIbHBIE KOHCTAHTHI
J(H,H) B o0pasyiomemcst nNpoAyKTe, — IOJOKHTEJNbHBI, fApa i H |
NPOUCXOAAT U3 PA3JHUYHBIX PAJHMKaJbHBIX (pParMeHToB (G == —),
2 B 3KcIepuMeHTe Habuawojaercs nocaegoBarenshoers [T/H (I'm =
= —). Orcioga umeeM (—)= p(+) (+) (+)(+) (—), 7. e. 3nHaK
it JOJKeH OBITb MOJNOXHUTEIbHLIM H AAAYKT HOJXKEeH HaXOAUThCA
g TpuriieTHOM cocrosiHuu. [IpaBuiaa Kanrtefina oGpasylor B HacTto-
quiee BpeMs OCHOBY KoJuuyecTBeHHoro ananusza XMJIIS-s3ddekron
8 paluKajJbHOH XHMHH, NpHYEM NDHMEHCHHS He OrpaHHYMBAIOTCA
n3yyeHnem GOTOJNH3A H TEPMOJHU3aA.

Tak, XUOITY nabaopanoch Takxe B peakluax ¢ JUTHHOPraHu-
UeCKHMH CO€JIMHEeHHSMH, NpUUYEM B 3STOM cJaydyde MeTOHd OTKPBII
HOBBIE BO3MOMKHOCTH JI/ISl H3YUeHHs MexaHH3aMa peakuuil. Hanpumep,
nepeepynnuposka BurTuza, npu KOTOPOH o-MEeTHJAJKHJOEH3UI0BLII
s¢up (197) mpesBpalnaercss B COOTBETCTBYIOLUHH aJKHJIQeHHIKap-
puHos (198), MoxeT OLITb HHTEPHNPETHPOBAHA C HCNOJL30BAHHEM

Li®
a i .e- S D
= LCsHs—CH—O: R ] _1
Li®
e gl . 7
CgHs—CH—-0-R! = | CgHs—CH—OLi *R'| —=~CgHs—CH-OLi
L . IR1
A LieBe- ] 198
197 = |cgHs—CH=0 Z:R'| —

JuBO HOHHOrO MeXaHH3Ma, An00 MeXaHH3Ma pajMKaJbHBIX Iap.
Hanpumep, IyTh peaklHH g MOXKHO HCKJIIOUHTH CPaBHUTEJNLHO IIPO-
CTO Ha OCHOBE MHOTOYHCJEHHBIX SKCHepHMeHTAJbHBIX JaHHBIX. 3Ha-
YHTeNbHO TPyHAHEE CAeNaTh BHIOOD MKy anbTepHATHBaMU 6 U 6,
ecJd ONHpaThcsd Ha OOBIUHBle MeToAbl. IIpAMBIM 10Ka3aTeNbCTBOM
TOTO, YTO peakuusi UAeT N0 NyTH 6, OblIO OOHApyXKeHHe NPH Iepe-
IPYNIHPOBKE JUTHH-Tper-0yTuaO0eH3UI0BOrO 3(pHpa cHrHajga HCIyc-
KaHAsL OT TPETHYHOTO [POTOHA B ofpasyiolleMca JuTHE-1-de-
HIJI-2,2- uMeTH/Iponniare. Bornpoc 0 TOM, HacKOJIbKO MOJHOCTBIO
MOKeT OBITb HCKJIIOYeH aJbTepHATHBHLIH MeXaHu3M (T.e. 8), MOXeT
ObITh pellleH IPH HOAOOHBIX HCCJAEIOBAHHUIX TOJLKO B TOM CJyuae,
KOrLa 3KCMepUMeHT paccMaTpHBAeTCsi HAa KOJHYECTBEHHOM YDPOBHE.
Opuo nabamogenue XMUATTYH we asasiercs camo no cebe J0CTATOU-
HbIM KpHMTEpHEM JJIsi [AOKas3aTeabCTBa PaAHKa/JbHOIO Xapakrepa
HHTepMepHaTa, MOCKOJbKY Bo3pacranue curHasa B 102—10° pas
MOXKeT GbITh BbI3BAHO H KAKUMHU-TO NOGOUHBIMH MPOLECCaMH.
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5. CMEKTPOCKOMUA AAEPHOTO MATHUTHOTO
PE3OHAHCA TMAPAMATHMTHbIX BELLIECTB

5.1. KouTakTHoe B3auMoaelcTBHE

B ra. VII mbl ofpaiann BHEHMAaHHE Ha TOT (PaKT, 4TO Napamar-
HUTHBIE [IPHMECH CHJIBHO YBEJHUHBAIOT CKOPOCTb NPONOJBHON pe-
JNAKCALMM TIPOTOHOB H, CJAEAOBATENbHO, OHU 3aTPYJHAIOT H3MEpPeHHe
cumektpoB JIMP. DTo 3Ha#HT, 4TO caMu NapaMarHuTHBHIE BellecTBa
B ofllieM ciayuae HeJb3si MCCIeA0BaTh € NOMOIIBIO CIEKTPOCKONHH
SIMP.

OaHAaKO H3BECTHBl cJyyaH, KOrja napaMarHWTHOe COeJHHeHHe,
HanpuMep AaHHOH-PajHKaJ apoMaTHUecKHX yTJieBomopolos (R™),
CYIECTBYET B MaJblX KOHIEHTPalHiIX B HPUCYTCTBHH COOTBETCTBYIO-
miero aunamarautHoro BetiectBa (R). B 3tom cnaywae mpoucxoaur
MEXMOJEKYJISPHBIH 06MeH HeclapeHHOTo 3JeKTPOHA U IIapaMAarHHT-
Has NJOTHOCTh pacnpenensiercsd HO MHOMHM MoJjiekynam. Takum 06-
pasoM, BJHSIHHE HECapeHHOro 3JIEKTPOHA OUAMACHUTHO pa3basAas-

R”"4+R = R+R”

erca. Ecsn, KpoMe TOro, CKOpPOCTh pejiaKCcaiHy 3JeKTPOHA [0CTa-
TOYHO BBICOKA, TO CTAHOBHTCS BO3MOMHBIM HaOJl0feHHEe CHICHAJ0B
SIMP stux cucreM. B oTauuMe OT CHTHAJOB YHCTO AMAMArHHTHBIX
BEIECTB 3TH CHTHAJBI YIIHDEHH, HO, HECMOTPSI Ha 5TO, OHH JIETKO
ofHapyxuBaTCcd. BaKHO OTMETHTb, YTO B3aHMOJEHCTBHE MEMKIY
3JIEKTPOHOM H fAPOM, nNposBasiiolleecs B cnektpax 3[IP B Buge
CBEPXTOHKHX pacllenyieHH#i, B JaHHOM cJaydae IPHBOJAUT JHIIL K
caBury curuajiop JIMP B 6ojee cnabule Hau Gosee CHJABHBIE M0J4
OTHOCHTEJBHO CHI'Ha/Ja TOro Ke IPOTOHA B AHAMAarHUTHOM COeMIH-
HeHHH. DTOT 23D DEKT HA3LBAIOT KOHTAKTHOIM COBUEOM.

B cnekrpockonun JDITP KoHcTaHTa CBEPXTOHKOH CTPYKTYpH 4,
ONHUCLIBAIOLLAST CKaJfpHOe R3aUMOJEHCTBHE MeXKAY 3JEKTPOHHBIM
M SLAEPHBIM CIHHOM, TIDHBOJAHT K pacUlelJIeHHIO JUHUH B CIIEKTpe
DIIP corjacHO COOTHOLIEHHIO

a=Qp

rae Q — xo3(puLHeHT NIPONOPLUHOHAJBHOCTH, paBubiil —0,025 T, a
0 — IJIOTHOCTb HECNIapPeHHOTO 3JeKTPOHA Ha PacCMATPHBAEMOM aTo-
Me (p — GespasmepHasi BeJIHYHHA, a KOHCTAHTa a BHIpaxaercs B
T (recana). CnuHOBas HJIOTHOCTh P, HA U-M LIEHTPE M-CHCTEMbI MO-
)KeT ObITb PAcCyATaHa ¢ MHOMOUIbIO COOTHOUIEHHS QO == (2,,, THe
Cyp — KO3 OHUIHEHTH B BOJHOBOH ¢yHKUMH W, IpH u-M UEHTPE;
W, — MOJieKyJsdapHas opOHTaNb, HA KOTOPOM HAXOJUTCS HecmapeH-
HBIH 3/1eKTpOoH. Ko3pPHuueHTH ¢,y MOryT GBITH TOJYyYeHH c IO-
MOUIbI0 PACUETOB IO METOJY MOJIEKYJSIpHbIX opOHTajeldl B npubJ/H-
KeHHH XIOKKeJs, I'le MOJEeKyJspHble OpOHTa u BbIpaxKawTcs Kak

(IX.18)
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a KoAbKEESIE
7ipoImo s &-CHy [R —] =0
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Puc. IX.32. Cnekrp MP tH 1-sa-nponuasadTajnHa B NPHCYTCTBHH pAa3/HUYHBIX
KOHUEHTPAUHH COOTBETCTBYIOIHX aHHOH-pamukanoB [R-] (ze Boep, Mak-Jlun
[15]).

@ — & — COOTBETCTBYIOT DASTHYHBIM KOHIEHTpanusM R™§ pacTBOPHTeND — TeTparuApodypan-ds;
curdan S 06YCJIOBJIEH He NOJMHOCTHIO JeRTEePHPOBAHHBIM DACTBOPHTENEM.

NuHeHHBle KOMOHHAUMH 2p.-aTOMHBIX opOuTajselfl atoma yrJepoia:

n

Py = Zl Cuu‘i’u

“‘=
MoxHO 6bl10 OB OXHAATb, UYTO MYJbTHIIETHAS] CTPYKTypa
3JEKTPOHHOrO pe3oHaHca B cjaydae IBYXCIHHOBOH cucTembl AX

12 X. Todrep
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(A — ssekTponHbli, X — AAepHBIA COHH) AOJKHA oTpaxarhes g
pacumensienun curianos cnektpa AMP. Mwmewrces, onnako, nse r? .
HHHBI, OOBACHSIOLLHE, NOUEMY 3TO He TdK. HepB,aﬁ l'IpI/Il{’HHa-—pH-
OBICTPAs CIHHOBASI PeaKCAlNS JMeKTPOHOB, a BTOpas — 3T0 6bISC’I’;‘(3j

pbid 0OMEH 9/1eKTPOHOB Me:K1y aHHOH-paguKadamu (R'=) wid Ana. |
B pactBope. Kak u B cayuac b
. MeTa- §

Eo.ng (pasa. 1 ra. VII), umeer MecTo ycpeamenme mo BpEMEHH, ;
PACUIeNJIeHUs HCUe3AIOT, TAK KAaK 3JEKTPOH B3aHMOAEHCTBYyeT ¢

MarHuTHbiMu MoJekyaamu (R)

(S()JI q 17
bIHIHM YHCJIOM Hﬂep B paSJIH HbBIX CIIHHOBBIX COCTOSIHHSIX. c-
p ILHEHHaﬂ JHUHUHA HM ﬂOa 2KHAa HaXOﬂJ/I bCH aM Ke Fﬂe H COO0

e P 1 T T s T-

BETCTBYIOIUMH CHIHAJ JAHAMATCHUTHOTO COEAHHEHHS . OﬂHaKO Kag
R :

OKA3bIBAET sBJCHHE KOHTAKTHOTO CJABHra, TOLO He NPOHCXOAH
[Tpnunna 3aKJIOYAETCS B DA3JNMYHOH HACENCHHOCTH MABYX SﬂlelKT.
POHHLIX CcOOCTBEHHBIX cocTosinnil. [TocKoJbKy pa3Hocrb}‘aHe rT-
hvs (cMm. pasa. 2.4)u CyLIeCTBEHHO GOoJibille COOTBETCTBYIOLULETO Bpm?-l
Aa hvi B sileDHBI DE3OHAHC, TO HH3KO3HEPreTHUeCKHil YPOBeHb
(ms = +1/2) Gyner cywecrsenHo Gosee HaceJeH H OH 6

BXOMHUTb C CYlIeCTBEHHO GouiblinM BecoM (Nyyp > N_jp) @ HylleT
PeAHEHHH v 110 BPEMEHH B COOTBETCTBUY C ypaBHeHHeM_U2 PR Ye

V=Niyoviipg+ N_1ov_ip (IX. 19)

Beanunuda koHtax
THOTO CABHIA 3aBHMCHT OT Hall
SIXKeHHO
ONpefenseTcs BhPaKeHUEM P e o

ABJB = ay?
[B = avch4y kT (IX. 20)

FA€ Ye M yp — IMPOMArHUTHblEe OTHOIIEHMst IJIsi 3JEKTPOHA W IHpO-
TOH& COOTBETCTBEHHO, k2 — nocTosgHas BoJblMana T—aﬁcomgT-
Has Temiiepatypa. Bosee Ttoro, nHabuaopaercs SaB’I/ICHMOCTb v OT
KOHIIEHTPAHHH NapaMarHUTHBEIX MOJIEKYJ. KaK MOXHO BUIETh, ypaB-
nenne (IX. 20) nosBossier onpedeauts 3Hak KORCTaHTHL cae x;g’/fm?ﬁ
CTPYKTYpoLL @, 4Yero Heab3s cAeJaTb ¢ NOMOUIbIO CHeKTpr SIIP
B xauectBe nnmocrpauun Ha puc. IX. 32 npuseen CIIEKTP ﬂMl5
l-#-nponnnnadranuna (199) npH pasauYHBIX KOHLICHTPAlHAX CO-
OTBETCTBYIOLILErO AHUOH-pajHKaJa.

a f 7
CH,CH,CHy M0>KH9 BHJETb, YTO KOHCTAHTHI CBEPX-
TOHKOH CTPYKTYDPHl @ AJAS METHJbHBIX
OO e 2oy HpOT(u)HOB'I/I IJIsl IPOTOHOB B-meTHJIE-
D2+ 2500007 HOBOH TpPyIIIBl HMEIOT NPOTHBOMOMOK-
ap- v Hble 3HAKH, NOCKOJbKY JauHun CHas-
y=+ St47  rpynn caBuraiorcs B caabble roJs, a
199 auuun CHe-rpynnm — B cuibHEBIE HO.}IH.

Kpome Toro, naumble crmexTpos moi-

Z;:c;i}rKoia}OT dopmyny (IX.20), Tak Kak BeJHYHHBI KOI—FTaKTHbIX
iponopunonanohbl a (cm. ¢opmyay 199). Bosee merasnb-

HOC paccMOTpeHHe MPOUECCOB pesakcalHH MOKasblBaeT, YTO UIMpPH-
BBl JIHHHH TaK)Ke IMPONOPUHOHAJbHb BETHYHHAM @ Kpome Topro
UWHPAHBL JIHHHH 3aBHCAT OT BeMuuHH 1/r8 rge r.wgaccmm-me’
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JeKAy paccMaTpHBaeMbiM fAAPOM H NapaMarHHTHLIM - UEHTPOM.
B HalleM cjydae 3THM LEHTPOM sIBJseTCH 2p.-0p6HTaAb COOTBET-
cTBYIOULEro atoma yriepoia HapTajHHOBOrO KOJLUA. Beneacreue
5TOTO JIHHHY KOJIbLEBbIX MPOTCHOB H G-METH/IEHOBBIX MPOTOHOB OCO-
GeHHO CHJBHO CABHrAlOTCS M YUIHPSIOTCS, TaK YTO OHH He 1abJto-

aiotess B cnektpe 8 (puc. 1X.32). Besuunnsl KOHCTaHTBI CBEpPX-

I
IKCICPUMEHTE, npuBeae-

TOHKOH CTPYKTYDBI, OlpeJe/eHHbIe B 3TOM

bl PALOM €O CTPYKTYpoil 199.
JONOHHTENbHBIM JOCTOMHCTBOM 3TOFO METOJa sABJACTCA €ro

qyBCTBUTENLHOCTb, KOTOPAs MO3BONAET ONPEACNATH OUEHL MaJgble
OHCTAHTb CBEPXTOHKON CTPYKTYPbI, KOTOpble HE/b3fl HENOCPELCT-
BEHHO H3MEPHUTH C NOMOILBIO CIIEKTPOB STIP.B 6aaronpuaTHBIX CJy-
qasX OKA3bIBAIOTCS Jayke BOIMOMNKHBIMH HaGJIoJeHNE CIEKTPOB
gIepHOrO MATHHTHOTO pe3oHaHca padukanrog U ONpeleeHHe KOH-
CTAHT CBEPXTOHKO} CTPYKTYpbl IO BeJHUHHE W 3HAKY KOHTAKTHBIX

CABHUTOB.

5.2. MCeBIOKOHTAKTHOE B3aUMOJAEHCTBHE.
CiBuraioumse pearedTol (IHQT-pearenTs)

Hapsafy ¢ ONHCAHHBIM BbIILE MEXaHH3MOM B3aHMOACHCTBUS MeX-
AV SJeKTPOHHBIM H s/AGPHEIM CIHHHAMH CIEKTDHI SIMP nmo3BossiiOT
113yyaTh BTOPOH THN B3aUMHOrO BJIHAHHA, Ha3pIBaeMbill nCe800KOH-
raKTHOM 63QUMO00elicTaUeM, KOTOPOE HPUBOLXHT K CABUTY JIHHHHA
criekTpa. 10T MexaHnaM 3QdexTHBEH B TeX Cyd4asx, KOria napa-
MATHHTHBIH LeHTp auu3oTponed. TakMMH aHH3OTPONHBIMA cBoficT-
BaMu OOJafaloT, HANpHMep, HeCTapeHsble 3/CKTPOHB Ha BaJCHT-
HBIX OPOHTAJSAX aTOMOB PEAKO3EMEJIbHBIX 3/1EMEHTOB. B npoTOHHOM
pe3oHaHce 3TO CBOMCTBO NPOSABIAETCA B AHINOJLHOM B3aHMOAEHCT-
BHH MATHUTHBIX MOMEHTOB depes MpOCTpaHCTBO. BenuunHa 3TOro
B3aUMOLEHCTBUS MmPOINOPLUHOHA/bHA
BBIPaKeHHIO (3cos?0 —1)/r%, rie
r— paccrosiiiie Mex1y paccMart-
pHUBaeMBIM SIIPOM H LEHTpOM mna-
paMarieruama, a @ — yron Mexay

oCE CUMMEIIPUH

5Q¢peKTUBHOA  OCbIO  CHMMETPHH -
napaMarHHTHOrO MOMEHTa H pa- L0
AMYC-BEKTOPOM JI15 JaHHOTO sApa. o

[Mose AumoJst AJs aKCHajbHO-CHM-

MEeTPHUUYHOr0 MapaMarHuTHOTO UEHT- o"es%%gz/pa-

pa umeer Qopmy, NPpHBEJCHHYIO HA
puc. 1X. 33.

TceBAOKOHTAKTHOE B3aHMOMEH-
CcTBUE MOXKeT HabawaaTthest Kak

Puc. IX.33. MarunuthHoe roJe rnapamar-
HHTHOTO LEHTPa C 0CeBOl cHMmeTpHed.

19%
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Puc. 1X. 34, Cnekrp IMP 'H agamanranosa-2 [16]

.

@ — HOpMaJbHbIll  CHeKTp; 6 —
(o P; CHEKTp B NPHCYTCTBHH  TDHC(IHIHMBAJIOHIMETAHATO)EBPO

B Kpucranrax, Tak u B pacreopax. Tak, OblI0 HaliJeHo, 4TO KOOP-
AUHHPOBAHHE THADOKCHJLHBIX WA AMHHOTDYNI H4 aTOMe eBPOIHS
(IIT) BoisbIBaeT 3HAUMTeNLHBLIH NMapaMarHUTHBI CABHT IPOTOHHOTO
pe3oHaHCa COOTBETCTBYIOLIETO CHHPTA HJH aMHHA NPH J0GaBieHHH
XenarHoro kommiexkca 200 [rpuc(nunusanonameranato)-Eu(I11)-
komnaexe Eu(DPM);], o6pasosannoro esponnem (I111) ¢ B-aukero-
i CHy HiC  Ch HOM, K pacTBOPY HCCJELyeMOro Belle-
o’ A ctBa. MoryTr HabJ101aThCsl CABHTH K4K B
RN NI CHJIbHBIE, TaK H B caalble 10Jas B 3aBH-

c : CHy  CHMOCTH OT 3HaKa BeJH4YHHBH (3c0s20—

o o —1). KoMIslekchl ¢ Ipa3eofMOM u HT-
TepbHeM NOKasHBAIOT aHAJOFHYHBE pe-

200 3yJabTaThl. DTH BeLIECTBA, HA3BIBAEMBIE
WHQT-peareHTaMy, HallJIH LIAPOKOE HpH-

MEHEHHE, TaK KaK OHH II03BOJISIOT CYIIECTBEHHO YNPOCTHTH CJOXK-
Hble CHEKTPEl, B KOTOPBIX HMeeTCsl NepeKpbiBaHHe GOJbLIOro YHcsa
CHTHAJIOB, OPPexT 10 HEKOTOPOH CTeNeHH AHAJOTHYEH BJIHSIHUIO
noJiedt By ¢ 6OIBLIOH HANPSKEHHOCTDHIO, HampHMep IoJed CBEPXApO-
BOAALLUX CONEHOMNO0B. TIpu Hcnonb3oBaRuyu WH(T-peareHToB cyuie-
CTBEHHO BO3pacTaeT 00beM CNeKTpasbHON HHDOPMAIHH, OCOBEHHO B
Cydae HACHILEHHBIX COeIHHEHHH, HAIPHMEP B CIEKTpe ajaMaHTa-
Hona-2 (puc.IX.34). 3nechy ynanocs BHIIBUTL Bce NPOTOHH H BCE re-
MHHAJ/IbHbIE KOHCTAHTbl CHUH-CIHHOBOTO B3aUMOJCHCTBHS, HMEIOUIHE
Hau6o/IbLIMe 3HAUEHHS] M3 BCEX BO3MOMKHBIX KOHCTAHT B 5TOM COe-
Aunenun. OTMETHM, YTO NPH HCNOAL3OBAHHH EBPONHS ylHpeHus

gI/IHI/IH, BbI3BAHHbIE INApaMarHHTHLIM MOMEHTOM, OTHOCHTEJLHO He-
CJIHKH,

HaC

SELTOPE RPN TP e
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[Mpuuuna HabawogaeMblXx 3hdexToB cocTouT B 00pasoBaHHH
KOMILJIEKCa MEXAy CABUIAWOUIHM peareHToM, B KOTOpPOM KaTHOH
nanrtaHouga objajgaer cBOGOAHON KOOPAUHALHOHHOH BaKaHCHEH,
u cyGerpatom. HaGuogaemblit ciextp 6yfeT HPeACTaB/sTh cOOOM
ycpelHeHHe [0 CHEeKTPaM CBOOOJAHONO COeNHHEHHS] M KOMILIeKca.
JIaHTAHOHAB Pa3AMYaOTCd N0 3HAKY MOJSA COOTBETCTBYIOILEro M-
noasi. Mb HaxoguMm ero aast Eu(IIl) mo cxeme, mpuBeneHHOH Ha
puc. 1X. 33, a aas Pr(Ill) mpumenuma Ta e cxema, HO ¢ 00par-
HBIMH 3HagaMmu. JIJif HaupsyKeHHOCTH BO3HHKAIOILErO TOJS BaXKHOE
3HAYEHHe HMECT OCHOBHOCTb KOMuJekcyloulefics rpynnel cybcrpara,
apu 3TOM 