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I'TABA 3

CIIEKTPOCKOIINA AAEPHOI'O MATHUTHOIO
PE3OHAHCA

3.1. OcHoBBI METOOA

CrekTp siAepHOro MarHuTHoro pe3oHanca (IMP) Bo3HuKaeT B pe-
3yJIbTaTe MOTJIOIICHMS BeILIECTBOM 3JIEKTPOMArHUTHOTO U3TyYeHUs PU
BBIHYKIIEHHBIX TIepexofaxX MeXIy pa3InyHbIMU CIIMHOBBIMM COCTOSI-
HUSIMU S1IEP, HAXOASIIUXCS B CJIbHOM MTOCTOSTHHOM MarHUTHOM TIOJIE.
Cnekrpockonuio IMP nHorga Ha3bIBaIOT paguOCIEKTPOCKOIIUEN, IO~
CKOJIbKY JMaIa3oH IJIMH BOJH B criekTpe AMP cooTBeTcTBYEeT METpO-
BOMY Juanas3oHy paguoBosH (30 —200 cM™! B 1IKaie BOJIHOBBIX YHACEI
wm 100— 600 MI' B mkaire yactoT). ITo cpaBHEHUIO ¢ APYTUMHU CITEK-
TpaJIbHBIMM METOIaMH, Hampumep 3ekTpoHHou min MK crekrpo-
CKoIuel, peructpupyembie B ciekTpe SIMP sHepruu repexonoB Mexmy
PA3IMYHBIMU COCTOSHUSMU MATHUTHBIX Sep O4eHb MabL: ~ 1072 JIK;
JJI cpaBHeHUSI: TerioBasi aHeprus (kpT) mMpu KOMHATHOM TemIiepa-
Type cocTasiseT ~ 107! JIxk. BaxKHBIM CII€ICTBUEM 3TOTO ABJISAECTCS HU3-
Kasi pa3HOCTh 3aceJleHHOCTeld MarHUTHBIX (3e6€MaHOBCKHUX) YpOBHeU
sHepruu. B yactHOCTH, M3 KaxXabIx npuMepHo 10* MarauTHbIX snep 'H
M30BITOYHAST 3aCEJIEHHOCTh HIDKHETO YPOBHS B IOJIE COBPEMEHHOTO
cnektpomerpa AIMP cocraBnsier Bcero o 1H O SIAPO. DTO 0OCTOSITEb-
CTBO OOYCJIOBJIMBAeT OCHOBHOI (pPOJOBOI1) HEAOCTATOK CHEKTPOCKO-
nun AMP — OTHOCUTEJIbHO HU3KYI0 YyBCTBUTEIbHOCTb MeToda. Ha
MPaKTUKE 3TO O3HAYAET, YTO JUISI PETUCTPALIMU CIIeKTpa (OMHOUMITYJIb-
CHBII 3KCIIEPUMEHT) Jaxe Haubojiee «4yBCTBUTENbHBIX» saaep ('H,
F, 3P) na npubope ¢ paboueit yactoroit (vy) 300 MI'n HeoOxomu-
MO, YTOOBI OOpasel] uMen KoHueHTpauuo 1073 — 10" Monb/m1.

OnHako Ype3BblUYAtHO Majiasi pa3HUIlA B SHEPTUU OCHOBHOTO U BO3-
OY>XIEHHOI'O COCTOSIHUH SIIEPHBIX CIIMHOB MMEET U MOJIOXUTEIbHOE
CJICICTBME: TTOCTIE TIOTJIOIICHUS SHEPIUY CHUCTeMa MAaTHUTHBIX Sep J0-
CTaTOYHO J0JTO (OT HECKOJBbKUX J0JIel CEKYHABI 10 HECKOJbKUX MU-
HYT) BO3BpalllaeTcs B paBHOBECHOE (OCHOBHOE) COCTOSHME. 3a 3TO
BpeMs (At) uccliienoBaTeslb UMeeT BO3MOXHOCTb AETEKTUPOBATh U3Me-
HEHME XapaKTepUCTUK CUCTEMBbI, IMOJydyasl TaK Ha3bIBaeMbINl cueHan
€60000HOU UHOYKYUU, KOTOPBI B UMIYJIbCHOI (Pypbe-CHEKTPOCKOUN
SAMP gBnsietcss ucxomHoii MHMoOpMalLueil sl MOAyYeHMs CIIEKTpa.
Kpome toro, ecnu At — BpeMsl XKU3HU BO3OYKIEHHOTO COCTOSIHUSI, B
COOTHOIIIEHUM HeompeaeaeHHocTell I'eiizeHOepra:

1
AVAL = —
\Y 5T
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BEJIMUMHY AV MOXHO paccMaTpuBaTh KaK OLEHKY €CTECTBEHHOM ILIM-
PUHBI IMHUU B crieKTpe. OUeBUIHO, YTO Av ompeneisieT TOYHOCTb U3-
MepeHUsl 4acToT mnorjoleHus. B cnekrpockonuu SAMP paspelieHue
00bIyHO cocTaBisieT ~ 0,1 I'll, 4TO Ha HECKOJBKO ITOPSIAKOB BHILIE,
yeM cooTBeTcTBylolue napamerpbl MK unm sjekTpoHHON CHEeKTpo-
CKOMUM.

Takum o6pa3om, HU3Kasl UyBCTBUTEIbHOCTD ClieKTpocKonuu SMP
SIBJISIETCS CBOEOOPA3HO IIJIaTOM 3a €€ OCHOBHOE JOCTOMHCTBO — BbI-
CcoyYaiilyo paspelamllyld CIOCOOHOCTh MO CPaBHEHUIO C APYTMMU
CHEKTpaJbHBIMU METOIAMM.

CrenyeT OTMETUTb, YTO YCKOpPEHHUE Ipoliecca pejlakcauuud B MC-
XOJAHOE COCTOSIHUE U COOTBETCTBYIOLLEE COKPALEHUE (110 TEM WY UHBIM
MPUYMHAM) BPEMEHU XXKU3HU BO3OYKIEHHOTO COCTOSIHUSI BEAYT K YILIU-
PEHUIO CITEKTPaIbHBIX CUTHAJIOB M «€CTECTBEHHOM» ITOTEPE pa3pellan-
11eil CrmocoOHOCTH.

OpHOl U3 MPUYUH YCKOPEHUSI pejlaKCalliu SIBJISIIOTCS PaBHOBEC-
Hble BHYTPU- U MEXMOJIEKYJSIpHbIe JUHAMWYECKUE TPOLIeCChl, Ha-
npuMep peakliui U30MePU3ali UK CTepeOXUMHUUecKast HEXXECTKOCTh
MoJieKya. KOHCTaHTBl CKOPOCTEl MPOLEeCCOB 3TOr0 TUIA, KaK MpaBu-
110, HaxonaTcs B uHtepBasie 10— 107 ¢!, 4TO BBI3BIBAET KOJIMYECTBEH -
HO u3MepuMble u3MeHeHus1 popmbl TuHuii cnektpa AMP. Kak Oynet
M0Ka3aHo Jajiee, 3TU U3MEPEHUS MOTYT JaTh MH(GOPMALINIO O KUHETH -
K€ OTUHAMUYECKUX IMPOILECCOB, YTO elle Oojee pacluupsieT TpaHUIIbI
MpuMeHeHus1 cnekTpockonuu AMP.

INosiBnenue B Havase 1970-X IT. UMITYJILCHOTO CITIOCO0A perucrpa-
uuu criektpoB AMP, a TakxKe cTpeMuUTelIbHOE pa3BUTHE Pa3IUYHBIX
MHOTOMMITYJIbCHBIX METOAMK U OMHOBPEMEHHOE CYILIECTBEHHOE IOBHI-
LLIEHVe YYBCTBUTEJIbHOCTHU CIIEKTpaJIbHOM anmnapaTyphl IPUBEIN K TOMY,
YTO YKCJIO «HU3KOUYBCTBUTEIbHBIX» SIIEP, MIJISI KOTOPBIX PErUCTpaLIus
cnektpoB JAMP crana moyTtd pyTMHHOM MpOLEAYpOi, 3HAYUTEIbHO
BO3poco (mpui. 4).

CoBpeMeHHbBIe MHOTOMMITYJILCHBIE METOIUKM crieKTpockornuu SIMP
B OIHOM M JBYX U3MEPEHUSIX 3aMETHO PACIIUPUIN BO3MOXHOCTU 3TO-
ro YHMKaJIbHOTO METOHa, caejiaB crieKTpockonuio SAMP yHuBepcaib-
HBIM MHCTPYMEHTOM [IJIsl MCCIIeJOBaHMSI pa3HOOOpa3HBIX KJIACCOB XU-
MUYECKMX COEIUHEHMIA, COUETAIOIIUM BO3MOXHOCTU CTPYKTYPHBIX U
KMHETUYECKUX METOIOB MCCIICAOBAHUS.

ITpocroTa MHTEepHperauuu pe3yabTaToB OoblMHCTBA SIMP-3KC-
MEPUMEHTOB Y BO3MOXHOCTb IMOJIyYeHUS TaHHBIX O TOHYANIINX JeTa-
JISIX CYILIECTBOBAHMSI MOJIEKYJT B pacTBOPE, BHYTPU- U MEXMOJIEKYJISIP-
HBIX B3aMMOJCUCTBUSIX U MPEeBPaIEHUSIX — 3TO OCHOBHbIE HA CETOMHS
JIOCTOMHCTBA CIIEKTPOCKOMUM SIIEPHOT0O MarHUTHOTO pe30HaHca, KO-
TOpBIE CAENaNU NaHHBIA (PU3NUECKUIT METON He3aMEHUMBIM IS XU-
MUKOB-HEOPraHUKOB.

ITogpoGHO ocHOBEL MeToaa crieKTpockonuu SIMP u3noxeHbl B MO-
Horpadusx [1—7].
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3.2. Coektp AMP

ITpexnae yeM OTBETUTh Ha BOMPOC: MPU KAKUX YCJIOBUSIX TTIPOUCXO-
IUT U KaKne U3MEHEHMST B COCTOSIHMY MOJIEKYJIbI BBI3BIBACT IOTJIOIIIE-
HUE KBaHTOB PaIMOYaCTOTHOTO MU3Jy4eHHsI, BCNOMHUM OO OJHOM U3
CBOMCTB SI7Iep aTOMOB, COCTABJISIIOIIMX MOJIEKYJTY. SIIpo aToMa cOCTOUT
13 TIPOTOHOB U HEMTPOHOB, KaXIbIi N3 KOTOPbIX 00J1afaeT COOCTBEH -
HBIM YTJIOBBIM MOMEHTOM, Ha3bIBaeMbIM chuHoM. CyNepro3UIIus YIIo-
BbIX MOMEHTOB MPOTOHOB M HEUTPOHOB MOXET MPUBOAUTH K TOsIBJIE-
HUIO HEHYJIEBOTO COOCTBEHHOIO YIJIOBOTO MOMEHTa siapa (Wad sSaep-
Horo crnivHa I), Mo onpeaeneHuIo SIBASIONIErocsl BEKTOPHOU BeJINYU-
HOM. AOCOJIIOTHAsI BeIMYMHA COOCTBEHHOTO YIIOBOTO MOMEHTa siapa
(I(I + 1))">h onpenmensieTcsl CMHOBBLIM KBAHTOBBIM umnciom I (1= 0,
Vs, 1,3/, ...). Ina Beex sanep u30tonos ¢ [ # 0 BO3MOXHA PerucTpa-
nust criektpoB AMP; npu 3ToM HauGosiee ymoOOHBI IS U3MEpPEHUM
ganpa ¢ I ="'/ ('H, BC, PN, F, 3'P). fdnpa ¢ 66ab1IMM 3HAYCHUEM
cobcreenHoro cnimHa: [ = 1 (PH, “N), 3/, (!'B, »*Na, ¥*Cl) — B n0-
MOJHEHWE K MAaTHUTHOMY MOMEHTY 00JIaaloT TakKxKe KBaAPYIOJIbHBIM
MOMEHTOM, CBSI3aHHBIM C HecepuyeCcKUM pacripeaesieHUueM siiepHo-
ro 3apsaa 1mo oobemy siapa. s TakKUX KBaapYIOJIbHBIX SIEP TaKkKe
BO3MOXHa peructpauus crnektpoB AMP. OgHako ecTecTBeHHas 11IU-
pUHA JTUHUM B 3TOM cllyyae 3HAUMTEJIbHO OOJIbllle BCIEACTBUE YMEHb-
LIIEHUST BpeMEHU XU3HU BO30YXIEHHBIX COCTOSIHUM, YTO B U3BECTHOM
Mepe 3aTpyIHSIET MOJyYeHNe KauyeCTBEHHBIX (C BBICOKMM pa3pellieHu-
€M CIIeKTpaJibHbIX JUHMIT) criekTpoB AMP atux simep. Tem He MeHee
I ©oJiee YeM ITOJIOBUHBI 3J1eMeHTOB Ileproanyeckoit TabJIMIIbI MOX-
HO OTBICKAaTbh XOTS Obl OAWH M30TOI, O0JaAaIolIii HEeHYJIEBbIM sIaep-
HBIM CIIMHOM (CM. TIpWJIL. 4), ¥ 3aperUCTPUPOBATh €ro CIIEKTpP, UTO Ae-
JlaeT BO3MOXKHOCTU ITpUMeHeHUsI crieKTpockonuu SIMP B xuMuu npax-
TUYECKU Oe3rpaHUYHBIMU.

Hanuuwue simepHOro crnyHa O3HayaeT TakKXKe CYIIEeCTBOBAaHME Mar-
HUTHOTO MOMEHTA sifipa (1), KOTOPHBIi MTPOMOPIIMOHANIEH 3TOMY CITUHY:

p=1L

TIE Y — eUpOMAcHUMHOe OmHouleHue — OHA U3 BaXKHEWIIMX XapaKTe-
PUCTUK MATHUTHBIX saep (OTHOLIeHWe MarHUTHOTO MOMEHTA K YIJIO-
BOMY); MOXET UMEThb KaK IMOJOXUTEbHOE, TaK U OTpULIaTeIbHOE 3Ha-
YeHME, YTO COOTBETCTBYET Mapaljie IbHOM WIN aHTUIIApaJUIeIbHOM OpU-
eHTaluu BeKTopoB I u p.

CoracHO 3aKOHaM KBaHTOBOM MEXaHMKU OpHMEHTALIUMs BEKTOpa
sgaepHoro cnuHa I B IpocTpaHCTBE OTHOCHUTEIHLHO HEKOTOPOTO BBI-
OpaHHOTrO HampaBJieHUS He MOXET OBITh IMPOU3BOJILHOMN, Y MPOEKIINS
cnuHa I Ha 3T0 HampaBieHNEe MOXET IPUHUMATh TOJILKO CTPOTO OIIpe-
JieJIeHHbIe 3HAYEHUSI, YNCJIO KOTOPBIX 3aBUCUT OT 3HaueHus 1. B kaue-
CTBE TAKOIro HallpaBJieHHs B crieKTpockoruu SIMP BeIOupaloT Hampas-
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JIeHUE BEKTOpa HAMPSIKEHHOCTU BHEIIIHEr0o MarHUTHOro noJjisi B, Bnosb
KOTOPOTO OPUEHTUPYIOT OCh Z IEKApTOBOM CUCTEMbl KOOpPAMHAT:
B (B,=0, B,=0, B,= B). Torna BennunHa [, IpMHUMAET CJIEAYIOLIXE
gHayeHus: I, =mh, tnem=1, I -1, ..., -1+ 1, -1 (m — MarHuTHOE
KBaHTOBOE 4ucio). Hampumep, g sapa co CMHOM !/; BO3MOXHBI
BCETO0 JIBe OPUEHTALIMM BEKTOpPA SIAEPHOTO CIIMHA OTHOCUTEIBHO OCH Z,
COOTBETCTBYIOILLIME ABYM CTallMOHAPHBIM 3HEPTETUUYECKUM COCTOSIHU-
siIM, 0003HaYeHHBIM Ha puc. 3.1 COOTBETCTBEHHO ¢ U f.

B orcyTcTBHME BHELIHErO0 MarHUTHOIO MOJSI 9T COCTOSIHUSI, KaK U
J1000i1 HaGOP COCTOSAHMIA IS AIep CO CIIMHAMU 1, 3/,, ..., BBIPOXIE-
HBI, T.€. 00J1aJal0T OAMHAKOBOM dHeprueil. Cutyauusi MpUHIUIAAIbHO
MEHSETCSl TIpY HAJIMYMHM BHEIIHErO0 MarHUTHOTO TOJISI HaNpsKeHHO-
cthio B. Ero B3aumoneiicTBue ¢ siaepHbIM MarHUTHBIM MOMEHTOM CHU-
MaeT BBIPOXIEHNE CIIMHOBBIX COCTOSIHUM sIIpa M MPUBOIUT K TaK Ha-
3bIBAEMOMY 36€MaHOBCKOMY pacllieTJIEHUI0 MAaTHUTHBIX YPOBHEN 9HEp-
MU, KOTOpOE MPOIMOPILIMOHAIBHO HAMNPSIKEHHOCTU B mpuioxkeHHOTO
noJist. [TockonbKy aHeprust B3auMoaecTBus (F) MeXIy simepHbIM Mar-
HUTHBIM MOMEHTOM (L) 1 MarHUTHBIM ToJieM (B) onpenensercs cka-
JISIPHBIM TIpou3BeneHueM: E = —uB, To sHeprusi Kaxmaoro i-ro sHepre-
TUYECKOTO COCTOSIHUSI MOXET OBITh BbIpaxkeHa 4epe3 COOTBETCTBYIO-
1IMe MarHUTHbIE KBAHTOBbIE yucia (m;):

E;=-m;nhyB.

3HaK «<MUHYC» B 9TOM YpaBHEHMHU O3HA4yaeT, 4YTO IS SAep C MOJI0-
>KUTEJIbHBIM TMPOMAarHUTHBIM OTHOILIeHUEM (y > 0) HamboJiee sHepre-
TUYECKM BBITOMHON OPUEHTAIIMU CIIMHA «II0 TOJII0» COOTBETCTBYET MO~
JIOXKUTEIbHOE 3HaUeHWEe MarHUTHOTO KBAHTOBOTO YMCJia /m, TOrIa Kak
OTpULIATEILHOMY 3HaueHUI0 m (OpMEHTAlMsI CIIMHA MPOTUB BEKTOpa
MarHUTHOTO TI0JIsS) COOTBETCTBYET HauboJjiee BHICOKAs SHEPIUsl CUCTe-
MbI. [Tepexonsl MexXay 3TUMU COCTOSTHUSIMU MOTYT OBITh SKCIIEpUMEH-
TaJIbHO 3a()UKCUPOBaHbI, NaBasi, TAKUM 00Opa3oM, CUTHAJl SIAEPHOTO
MarHUTHOTO pPe30HaHca.

E
__1
7777777777 mzf% m_—_2 (B)
< — /:/ hYB
77777777777 P m_=+_l (a)
5 2
Z
4 0

Puc. 3.1. OpuenTauus spepHbIx cnuHoB [ = !/, (a) 1 3eeMaHOBCKOE pacllen-
JieHue ypoBHel sHepruu y > 0 (6) B MAaTHUTHOM TioJie
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3.3. MeTononorusi 3KCepUMEHTA

st Toro 4ToObl MOHSITH, KAKUM O00pa3oM PEerucTpUpyIOT CUTHAI
SMP, paccMoTpuM noapoOHO Haubosiee IMPOCTOM Cliydyaii MarHUTHBIX
sep, o0NANAOLIMX CIIMHOM | /5.

ITomMelnast amiryny ¢ oOpa3LioM B MarHut crekrpomerpa AMP, Ha
CUCTEMY MarHMTHBIX SIAEp HajlaraloT MOCTOSIHHOE BHEIHee MarHuT-
HOe TI0Jie HaIpsSKeHHOCThIO B, UTO BemeT K BO3ZHUKHOBEHHUIO NBYX
BSHEPreTUYECKUX COCTOSIHUM C BHEPTUSIMU:

E,n=-"/)nyB;, E p=-(-'/2) hyB.
Pa3sHOCTb 3HEPIUl MEXIY O~ U P-COCTOAHUSIMMU:
AE=E,,-E,n=nhyB

MPOTIOPIIMOHAIbHA TUPOMAarHUTHOMY OTHOIIEHMIO Y M HaIPSIKeHHO-
ctu nojig B. CiemyeT OTMETUTD crieliipuieckoe TMHAMUYECKOe TTOBe-
JIeHNe MaTHUTHBIX CITMHOB B TAKMUX YCIOBUSIX: OHM TIPELIECCUPYIOT BO-
KpYT HampaBJeHUs TOCTOSTHHOTO MarHUTHOTO 1ot B ¢ yacmomoti aap-
Mmopoeoti npeyeccuu (0,), 3HaAYEHNE KOTOPOI MTPOMOPLUMOHAILHO! TIpu-
JIOXKEHHOMY TIOJIIO:

o, = —yB.

Taxkum obpa3om, B IPUCYTCTBUU MOCTOSTHHOTO MoJist B cucrema npu-
XOJWT B pABHOBECHOE COCTOSTHUE C IBYMSI HEBBIPOXKIECHHBIMU YPOBHSI-
MU 9HEPryU, YTO SIBJSIETCS HEOOXOAUMBIM YCIO0BUEM HAOMIOACHUS SIB-
neHus SIMP, KoTopoe CBsI3aHO ¢ BBIHYXXIEHHBIMM IepexogaMu Mar-
HUTHBIX SJep ¢ OpUEHTALMEl CIIMHOB «I10 IOJII0» B MPOTUBOIOJOX-
HOE COCTOSIHUE C OPUEHTALIMEN «ITPOTUB TOJIsI»: o — B. Takue nepexo-
JIbl IPUBOJISIT K MOBBILLIEHUIO SHEPTUM pacCMaTPUBaeMOU CUCTEMBI CITH-
HOB M COOTBETCTBYIOT SIBJICHUIO TIOIJIOLIEHUS] DHEPTUU, BBOIUMON C
nomoliblo nepemenHoro noust B, (B; = Bjcos(wf + @;)) B ycla0BuUsIX
pe3oHaHca (T.€. COBMaAeHUs) ero YacToThl (®;) C YACTOTOW JapMOpO-
Boli mpeueccuu. Perucrpaliust 3TOro morjoleHus] SHEPTUM U TO3BO-
JIsieT AeTeKTUupoBaTh crekTp SAMP cooTBeTcTByIOIIEH CUCTEMBI sIAEp,
YTO MOXHO CIIeJIaTh ABYMSI CIIOCOOAMMU.

IlepBrlii crioco® 3akiiro4yaeTcsi B MEAJICHHOM IIPOXOXKACHUM PE30-
HaHCHBIX YCJIOBUI JJ1s1 BCeX HaOJI01aeMbIX CUTHAJIOB. DTOT KJjlaccuye-
CKUI1 METOI MOJIyYUJI Ha3BaHME CTAllMOHAPHOTO U OBLT MCIOJb30BaH
B MepBbIX crieKTpoMeTpax SIMP.

! JIuneiiHas 3aBUCUMOCTb MEXIY HAINpPsKEHHOCTbIO MATHUTHOTO 1ojs B u yacro-
TOW MPELIECCHH SIEPHBIX CIIMHOB ® B 3TOM II0JIe OOBSCHSIET TOT (HAKT, YTO IS OTM-
CaHUsI TIOCTOSIHHOTO ITOJIST MarHuTa criekrpomerpa SIMP ucronb3yior He aGCOMOTHYIO
BEJIMYMHY 3TOTO TIOJISI, BRIDAXKEHHYIO B «MAarHUTHBIX» €IMHUIIAX, & 3HAYEHHNE YaCTOTHI
MpeLeccuy sIepHbIX CIMHOB 'H B 3TOM mose; HampuMep, CIIEKTPOMETP ¢ pabodeit
yactoroit 300, 500, 600 MTIw.
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B nacrosiee Bpems B criektpockonuu SIMP pacnpoctpaHeH uc-
KJTIOYMTEIbHO TaK HAa3bIBAEMbIN MMITYJIBCHBIN CIIOCOO perucrpanuu
crheKTpa, Mpyu KOTOPOM IIOIJIOLIEHUE BHEPruu MepeMeHHoro mojs B,
(T.€. BBIHYXAEHHBIE TIepexonbl o, — [3, COOTBETCTBYyIOIIME Am; = —1)
MPOUCXOJUT B TEUEHHUE OYeHb KOPOTKOro BpeMeHu (~ 5— 10 MKc) 1of
neiictBueM panuodactoTHoro (PY) mmirynbca, BBIBOISILETO CUCTEMY
cnrHOB U3 paBHoBecusi. [Tapamerpsl PH uMnyibca 1 mpoCTpaHCTBEH-
HYIO OPMEHTAIIMIO CO3AaBaeMOro MM IMEepeMEHHOr0 MarHUTHOTO TMOJIsI
B, BbIOMpAlOT TaK, YTOOBI BEKTOP MaKpOCKOIMMUYECKON HaMarHWYeH-
Hocti M (M = 2y1,) clCTeMbl, KOTOPBIil B YCIOBUSAX GOIBIIMAHOBC-
KOro paBHOBECHSI UMEJ OPUEHTALMIO BIOJb MOCTOSIHHOTO moJjs B,
cpasy mocje okoHYaHus aercTBusl PU uMmynbca okasajcs OpueHTH-
POBaHHBLIM BAOJb OJHOI M3 OCell IeKapTOBOM CHUCTEMbl KOOpAWHAT,
OPTOTOHAJILHOI 3TOMY IOJI0. 3aTeM HauMHAETCs CBOOOIHA Tpeliec-
CcUsl MaKpOCKOTIMYECKON HaMarHW4eHHOCTU (BOKPYr HaIlpaBJIeHUs
nosisi B ¢ yacroroit Jlapmopa ®, = —yB), 4TO MHAYLUUPYET NEPEMEH-
HbIIl TOK B MPUEMHOM KaTyIlIKe JeTeKTOpa, peTUCTPUPYEeMblii B BUIE
MePUOANYECKOr0 MEIIEHHO 3aTyXaloIllero CUrHaja CBOOOMHON WMH-
ITYKITAU.

Takum oOpa3zom, curHajl CBOOOIHOM MHAYKIIUY COACPKUT BCIO UH-
¢dopManuio o rpolieccax, MPOUCXOASAIIMX B CUCTEME MATHUTHBIX sIIED,
CBSI3aHHBIX C €€ BO3BpallleHMEM B paBHOBeCHOe cocTossHue. [TomyueH-
Hasl 3aBUCUMOCTb aMIUIUMTYIbl OCLUJIIMPYIOILIEro CUTHaja OT BpEMEHU
MOXeT ObITh ITpeoOdpa3oBaHa B MPUBBIYHYIO YACTOTHYIO (3HEpreTuye-
CKYI0 WIM CHEKTPaJbHYI0) 3aBUCHMMOCTb C IOMOIIBIO CTaHIAPTHOM
npoueaypsl Qypbe-aHanuza. TeM caMbIM UCCIeN0BaTeb MOIyJaeT OObIY-
Hoe mpeacTaBieHue crekTpa — AMP-3aBUCHUMOCTh MHTEHCHUBHOCTU
CHUTHaJIa OT YaCTOThl pe30HAHCHOTO NOTJIoIIeHUS. OTINYUTEIBLHOM 0CO-
OCHHOCTBIO MMITYJILCHOTO CIIOCO0a SIBJISIETCSl HE TOJIBKO pasieieHue
BO BpeMeHHU siBjeHus SIMP u ero perucTpauuu B BUlle CUTHAJIa CBO-
0OOHOM WMHAYKIIMM, HO U TO, YTO B JAHHOM CJIyyae HCIIOJb3YIOTCS
(UKCHUpPOBaHHBIE 3HAYEHUsI TTIOCTOSTHHOTO T10J1s1 B 11 4acTOThI mepeMeH -
Horo noJyis B; (®;) 1 HET HEOOXOAMMOCTH MOKCKa CTPOTOr0 COOTBET-
CTBUSI MeXIy HHUMHU, olpeneisieMoro 3akoHoMm Jlapmopa u yciioBuem
pe3oHaHca: ®; = YB. D10 cBs3aHO ¢ TeM, YTO CIeKTp S(w) orpaHuYeH-
HOI BO BpeMeHU TrapMoHMuYecKor (GyHKIMU f{f) = Acos(wf + @), onu-
ChIBa€MbIil clieayioluM (pypbe-Ipeodpa3oBaHUEM:

So) = | e,
0

nepekpbIBaeT Auana3oH 4acTtot oT (m,/(2n) — 1/1) no (o,/(2n) + 1/71).
Yem Kopoue INTEIbHOCTh UMMYJIbCa (T), TEM OoJiee LIMPOKUM CIieK-
TpaJbHbIN AWAINA30H MPEACTABICH B TEHEPUPYEMOM 3TUM HMMITYJIbCOM
BOJTHOBOM TIaKeTe.
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CrenoBate/ibHO, KPaTKOBPEMEHHOE BO3/IEMCTBHE MTePEMEHHOTO MOJIs
B, Ha cuctemy SIepHBIX CIMHOB 3KBUBAJIEHTHO OIHOBPEMEHHOMY
WHULMUPOBAHUIO PE30HAHCHBIX TMEPEeX0J0B, HAXOMASIIUXCSI B 4aCTOT-
Hoi mKane IMP Ha 3HAYUTEIbHOM YyIaJ€HMU OT YaCTOThl IIepeMEH-
HOTO T0J11 ;. Ha coBpeMeHHBIX CIIeKTpOMeTpax 3Ta IoJjioca obJyye-
HUS IOCTUTAeT HECKOJBKUX NEeCITKOB KUJIOTepll M 3HAYNUTEILHO Mepe-
KpBIBAaeT IMAIa30H 4acToT crieKTpoB AMP 11060ro u3 M3BECTHHIX Mar-
HUTHBIX saep. [lomydeHue nHpopMaLuu (perucTpanusl CUrHajaa CBO-
0OMHOU MHAYKILIMM) TPOMCXOAMUT 3a CUYUTAHHBIE CEKYHAbI, YTO He-
CpaBHMMO OBICTpee, YeM MeIJICHHOE IIOCeNOoBaTeIbHOE IPOXOXKIe-
HUe pe30HAHCHBIX YCIOBUI TSI BceX CUTHaNIOB B crieKTpe SIMP ucchne-
JIyeMOTo siipa MPU CTallMOHAPHOM PErMCcTpalliy CIeKTpa (HECKOJIBKO
MuHyT). bojee Toro, mosiBisieTcsi BO3MOXHOCTh MHOTOKPATHOTO TTO-
BTOpPEHUS SKCIEPUMEHTa M HAKOIUIEHUSI B TTaMSITU KOMITbIOTepa CyM-
MapHOro CUrHaja CBOOOAHOM MHAYKIIMM, UYTO aeT BBIMIPHILI B UyB-
cTBUTENLHOCTH ~N'/2, rie N — 4uCIIo OBTOPEHUIA UMITYJIBCHOTO KC-
nepumMenTa. Ellle 0qHO NTpenMyIlecTBO CBSI3aHO C UCMOJIb30BaHUEM TaK
HasbiBaeMoro 90-rpamycHOro MUMITyjbca MepeMeHHoro 1mojis By, Bo3-
JIeICTBUE KOTOPOTO MPUBOAUT K MepPeOpUeHTALIMN BEKTOPA MaKpOCKO-
NUYEeCKO HaMarHM4YeHHOCTU oOpasua (M), TaKk 4YTO OH CTaHOBUTCS
OPTOTOHAJIbHBIM HaMpaBJIeHUIO MOCTOSIHHOTO MarHUTHOro mousi B.
B sToM cinywyae mocTuraercs MakKCMMaJbHO BO3MOXHAas HavyalbHas
aMILIMTYa CUTHaJlla CBOOOAHONW MHAYKIMU. ClencTBUeM YKa3aHHbBIX
(bakTOpOB SABIAETCS 3HAYUTEILHO OOmbluas (mpumepHo B 100 pas)
YYBCTBUTEJIILHOCTb UMITYJILCHOWM PErvucTpalliy MO0 CPaBHEHUIO CO CTa-
nuoHapHoi#i. HecioxxHo moacuuTtath, 4To 3a 10 MUH, TpeOyroluxcs
00bIYHO [uId 3amucu crektpa AMP 'H B cTalMOHapHOM peXuMe,
MoOxHO mpuMmepHo 100 pa3 MOBTOPUTH MMITYJILCHBIM SKCIIEPUMEHT, B
KaxXJIOM M3 KOTOPBIX COOTHOIIEHWE CHUTHA : IIyM OyneT MPUMEPHO B
10 pa3 Boie (100'/2- 10 = 100). UMEHHO TTO3TOMY MMITY/IbCHAsI pETHC-
TpalMs CIIeKTPOB Aajia TOJMYOK K MHTEHCUBHOMY Pa3BUTUIO CIIEKTPO-
ckonuu SIMP «penkux» (HeopraHM4ecKux) siaep, objiagamlux HU3-
KHUM TMPOMAarHMTHBIM OTHOIIIEHHUEM Y M/MJIM MaJIOM €CTECTBEHHOI pac-
MPOCTPAaHEHHOCTHbIO MarHMTHOTO M30TOIIA.

[aBaiiTe Tenepb MoMecTUM B criekTpoMmeTp AMP ¢ HamnpszKkeHHO-
CThIO MOCTOSIHHOTO MarHUTHOTO TIOJisl, COOTBETCTBYIOIE 4YacToTe
300 MI'u, ammyny, conepxaiiyio oopaser; ClF;. B Mmonekyne ucciemy-
€MOTO BelleCTBa COAEPKATCS s/ipa HECKOJIbKUX MAarHUTHBIX M30TOIOB
YF, 3Cl, ¥Cl, onHako perucTpaius CleKTpa OObIYHO IIPOUCXOIUT HA
4YacTOTaX, COOTBETCTBYIOLLIMX SHEPTUU TIEPEXOA0B OMNpee/eHHbIX sIep-
HBIX criuHOB. [lycTh 310 O6yayT Aapa °F, koropele umeror criuH ' /,. Ha
puc. 3.2 mokasaH CHMTHaJl CBOOOJHON WMHAYKLUMU W MOJYYEHHBIH U3
HEero ¢ momollpblo npeobpazoBaHusgs Pypbe crnekTp AMP Moaekymbl
CIF; Ha aapax °F.

M300paxeHHbI cUrHajl CBOOOMHON MHIOYKIIUU SIBISIETCSI CyMMap-
HbIM, T.€. TIOJYYEHHBIM B pe3yJibTaTe CJIOXeHUs 128 CUTHaJIOB CBO-
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Bpewms Yacrota

a 7]

Puc. 3.2. Curnan cBo60gHON MHAYKIMU (a) U TOJIYyYEeHHBIN U3 Hero mpeodpa-
3oBaHueM @ypre crexktp IMP “F (6) tpudropuia xjiopa Ipu TeMIepaType
—60 °C (I — nHTerpagbHas NHTEHCUBHOCTh CUTHAJIOB)

0OJHOI WHIOYKIIMW, YTO AAECT B PE3YJbTHUPYIOIIEM CIEKTPE BBICOKOE
paspellieHre M BHICOKOE OTHOIIEHHWE CUTHAN : IIyM. DTOT CIEKTP CO-
JIEP>XXUT 1Ba CUTHAJIa C COOTHOIIEHUEM WX MHTErpaibHbIX MHTEHCHUB-
HocTeit! 2: 1, KOTopble TAKXKE UMEIOT HEKYIO COOCTBEHHYIO CTPYKTY-
py, IPUYMHBI BOSHUKHOBEHHUSI W WH(MOPMATUBHOCTH KOTOPOU OyIyT
MoJApOOHO MpoaHaIM3UPOBaHbI B Moapasa. 3.5.

BepHeMmcs K ypaBHEHMIO, OIpEACISIONIeMY SHEPruio MepeoprueH-
TallU CIIMHOB OMpPENeICHHOTO COPTa B TOCTOSSTHHOM MarHUTHOM TIOJIE.
DTO ypaBHEHHUE CBUIETEILCTBYET O TOM, YTO Pa3HOCTb MEXKIY COCEI-
HUMM DHEPreTUYeCKUMU YPOBHSIMU (Am; = £1) coctaBnusieT 7 v;B.

CnenoBareIbHO, €MMHCTBEHHBIM MHIMBUAYAIM3UPYIOIINM TaHHOE
PO MapaMeTPOM SIBJISIETCSI TUPOMAarHUTHOE OTHOLIEHUE vY;, 3HAUYEHUE
KOTOpOTO omnpenenseTcs pyHaIaMeHTaIbHBIMM XapaKTePUCTUKAMU siIpa
U HEe 3aBUCUT OT XUMUUECKOH MPUPOIbI COCAUHEHNS, B COCTaB KOTO-
pOro 3TO SIAPO BXOIUT.

Ha niepBbliit B3MIsi, Takasi 3aBUCUMOCTh CHIXKAET XMMUYECKYIO 3Ha-
yuMocTh MeTona SIMP, Tak KaK 3Heprusi pe30HaHCHOTO ITOIJIOIIEeHUS
J060ro U3 gaep (B paccMaTpMBaeMOM MPUMEPE SHEPIUU MEPEXOnoB
MEXIY pasHbIMU COCTOSHUAMMU sinep '°F, HecOMHEHHO, OyayT OT/IN-
yarbesd OT dHepruil nepexonos mis saaep SCl) He JOKHA 3aBUCETh
OT CTPYKTYPbl XMMHUYECKOTO COCAMHEHUS M OKPYXEHMS aTOMOB B
MOJIEKYJIE.

! MuTerpanbHas nHTeHCUBHOCTH (/) curHana B criektpe AMP anep X omnpenens-
€TCSl YMCIOM XMMUYECKU SKBUBAJIECHTHBIX MArHUTHBIX SIIEP JaHHOTO COpPTa, HAXOs-
LIUXCSI B MCCJIEIyeMOM O00pa3lie, U MOXET ObITb MCIOJIb30BaHA [JI YCTAHOBJICHUS
OTHOCHUTEJIBHOTO YMCJIa 3TUX siiep (aTOMOB).
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3.4. B3aumMopeiicTBuS XMMHMYECKOr0 CIBUTa

Yro xe aenaet criekrpockonuto AMP cTosnb npuBiaekaTeabHOR 1151
XUMMKOB, M Toyemy B crektpe CIF; HaOmomaeTcss He OOWH, a JBa
curHana ot aaep F? 3mech HEOOXOAMMO BCIIOMHUTD O TOM, YTO BEJIU-
ypHa B 1Mo ¢u3nyeckoMy CMEICITY SBIsIeTCS 3G (EKTUBHBIM JIOKAIb-
HBIM MOJIEM, B KOTOPOM HaXOAMUTCs paccMaTpuBaeMoe siapo. Bkiaa B
3Ty BEJUYMHY BHOCUT HE TOJIKO BHEIIHEE IO0JIe MarHUTa CIEKTPO-
metpa (By), HO U MarHuTHbIe noisi (B’), MHAYLIMpOBAaHHBIE TOKAMU
2JIEKTPOHHOM OOOJIOUKHM siApa, a TakKxKe ero OJMXKHEIro M JaJlbHEro
3JIEKTPOHHOTO OKPYXEHUs'.

YuuThiBas MpsIMYIO CBSI3b BTOPMYHBIX moJieit B’ ¢ moneM By 1 ux
MPOTUBOMOJIOXHYIO HaIpaBIeHHOCTb, MOXHO B CaMOM OOllleM BUIE
3armcaTh

B’ = —GB(),
Toraa
B:B0+B':BO—GBO, I/Iﬂl/IB:Bo(l—G).

Bbe3pasMepHbIii mapaMeTp ¢ Ha3bIBAIOT KOHCMAHMOU SKPAHUPOBAHUSL
siIpa; OH XapaKTepu3yeT BKJaJ XMMUUYECKOro OKPYXXEHUsI B JIOKaJIbHOE
MarHuTHoe mojie B, BoamelicTBylolee Ha smepHbI criuH. COOTBET-
CTBEHHO Pa3HOCTb BHEPTUI COCTOSIHUI C OpUEHTalMel CIIMHA I10 MOJII0
U MIPOTHUB TMOJII MOXET OBITh MpelcTaBlieHa B BUIEC

AE = nyBy(1 - o).

st XuMMKa OYEBUAHO, YTO 3JEKTPOHHBIE TOKU B MOJEKYJE, UH-
ayuupylomue mnoine B, a ciaemoBarenbHO, U 3G GEKTUBHOE MarHUT-
Hoe mnosie B, omnpenensiorcs: okpyxkeHueM siapa. IlocienHee ypaBHe-
HUE MOKa3bIBaeT, YTO JaXe TOXIECTBEHHBbIE IO MPHUpPOIe Sapa, MpU-
CYTCTBYIOLIIME B COCTaBE MOJIEKYJbI, OyAyT o0JjagaTh pa3HbIMU Pe30-
HAHCHBIMU YacTOTaMM TOTJIOIIEHMSI B TOM ClIydyae, €ClIu UX XUMHUYe-
CKoOe OKpykeHue pa3nnyHo. KoHcTaHTa 3KkpaHUpoBaHus ¢ auddepeH-
mupyert sapa B criektpe SIMP, npu 3ToM paspelarlias ciocoOHOCTb
cnekrpockonuu JAMP 1mo3BosisgeT peructpupoBaTh O4eHb Caa0bIe pas-
JIMYUST XUMUUECKOTO OKPYKEHUS, MPEIOCTABIAS B PACIIOPSIKEHUE HUC-
cJeoBaTellsl yHUKaIbHYI0 XUMUYECKYI0 MH(pOopMalui. MarHUTHbIE B3a-
MMOJIEUCTBHUS Spa C ero 3JIeKTPOHHBIM OKPY:KEHUEM B CIIEKTPOCKO-
nuu SAMP HocsaT Ha3BaHME «B3aUMOACHCTBUI XUMUUYECKOTO CIABUTIa»,
a COOTBETCTBYIOIIYIO CIIEKTPAJIbHYIO XapaKTEPUCTUKY & HA3BbIBAIOT XU-
Muyeckum cosueom. IMEHHO 3TOT TMapaMeTp, «pa3iuyaroliniiy XUMU-

! 3nech U gajee Iom «3QJICKTPOHHLIM OKPYXCHHEM» ITOHHUMAEM HE€ TOJIbBKO 3JICK-
TPOHHYIO IIJIOTHOCTb COOCTBEHHBIX 3JICKTPOHOB atoMa, HO " 3JICKTPOHHYIO ITIJIOTHOCTb
COCE€OAHMX aTOMOB M I'pPYIIIl aTOMOB, CHOCO6Hy}O B MAarHuTHOM II0JI€ BO MHAYLIUPOBATh
MArHuTHBIC I10JId B TOYKY PACIIOJNOXKCHHA paCcCMAaTPUBACMOIO MAarHMUTHOIO fdapa.
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YecKoe OKpYXXeHHE siiep, U COCTaBJIsIeT OCHOBY NMPUMEHEHUS CIIeKT-
pockonuu SAMP B xumuu. Eciau ke nzydyaemasi MOJIEKYJa COOEPXKUT
HECKOJIBKO Pa3IMYHBIX MATHUTHBIX M30TOIIOB, TO IIJIST KaXXIOTO M3 HUX
MOXHO MOJYYUTh COOTBETCTBYIOLIMK criekTp SAMP, cogepxkaiuii uH-
dopmalMIO O TOKATHHOM M0JIE B TOUKE PACTIONOXKEHUST KaXKI0ro KOH-
KpeTHoro sgapa. CoBepIIeHHO €CTECTBEHHO, UTO XUMUYECKash HEOKBU-
BajJieHTHOCTb aToMoB ¢ropa B CIF; (cM. puc. 3.2) co3maeT Ha COOTBET-
cTByIOLMX aapax '°F pasHoe 110 BeJMYMHE JIOKAIbHOE MATHUTHOE TIOJIE.
DTO NMPUBOIUT K MOSABJIEHUIO B criekTpe '°F IByX CUTHAJIOB, COOTBET-
CTBYIOIIUX TE€PeXoiaM MeXKIy CIIMHOBBIMU COCTOSTHUSMU XUMHYECKU
HesKBUBaJIEHTHBIX anep ¢ropa (F' u F?) B 3T0i1 Mosekyie.

Crnioco0 omnpeaeneHns XAMHIECKOro c¢apura. B ciekrpockonuu SIMP
SHEPTHIO TIPUHSATO BBIPAXaTh B 4acTOTHOM 1Kane (v). CoBpeMeHHas
anmapaTtypa I103BOJISIET IPOBOIUTH M3MEPEHUS C TOYHOCTBIO IO
+0,01 I'u, Torna Kkak abCcoJIIOTHbIE 3HAYEHUSI CAMUX YaCTOT MEPEXOA0B
COCTaBJISAIOT JECATKM M COTHU Merarepil, a MHTepBaJbl UX U3MEHEHUSI
IIJIST KOHKPETHBIX SIIEp — IeCITKU M coTHM Kumiorepu! Kpome Toro,
SHEPTUM MEPEXOI0B 3aBUCAT OT HAIPSKEHHOCTH MarHUTHOTO TMOJIs, B
KOTOPOM HaXOAUTCsI 00pasell, YTO MPEACTABISIET CYIIECTBEHHYIO MTPO0-
JIeMy TIpU CPaBHEHUU PE3YJIbTATOB, MOJYYEHHBIX C MCIOJb30BaHUEM
MMPUOOPOB ¢ Pa3IMIHON HATIPSIKEHHOCTHIO TOJISI MATHUTOB.

B cBsI3M ¢ 3TUM I MOJYYEHMST YHUBEPCATBLHOIO CIIEKTPaJIbHOTO
napameTpa abCOJIOTHbIE 3HAYEHUS] YACTOT HOPMAJU3YIOT IO OTHOIIIE-
HUI0 K 3TAJIOHYy, XUMWYECKUU CIBUT KOTOPOTO TIPUHAT 3a HYNIb, W
MacIITabuPYIOT OTHOCUTEIBHO HAMPSDKEHHOCTH MAarHUTHOTO ITOJISI. DTO
CBSI3aHO HE TOJBKO C TEXHUYECKUMHU TTPOOIeMaMM TIPELIM3NOHHBIX N3~
MEpeHUIA, a Mpexkae BCEro ¢ TeM, YTO B aOCOJNIOTHBIX 3HAYEHMSIX HET
HeoOxoauMocTu. Beap Hac MHTEpecyloT, B CYIIIHOCTH, HE caMy Mar-
HUTHBIE T10JIs1, KOTOPbIE «4YBCTBYET» TOT WJIM WHOM SIAEPHBINA CIIUH B
MOJIEKYJIe, a T¢ BapHallM, KOTOPEIE BHOCSTCS B 3TH TIOJSI CTPYKTYp-
HBIMU U3MEHEHUSIMU B MOJIEKYJIe WIM MpOoliecCaMU, IPOUCXOISIITUMU
B Heil. CiienoBaTeIbHO, MOXKHO YIOBJIETBOPUTHCS UBMEPEHUEM OTHO-
CHUTENbHBIX 3HAYE€HUI YacToT, BRIOpAaB B KaueCTBE TOUKM OTCYETA ya-
CTOTY Mpeleccur Kakoro-jiuodo sapa B CIEKTPe XOPOIIO U3BECTHOTO
1/WIA JOCTYITHOTO BelllecTBa — 3TajioHa. B mpuit. 4 ipuBeneHb Hanbo-
JIee M3BECTHBIC 3TaJOHHBIC COCIMHEHUS IUTS pa3TWYHBIX MAarHUTHBIX
HU30TOTOB.

J1J1st TOro 4TOOBI YCTPAHUTh 3aBUCUMOCTh 3((PeKTa IKpaHUPOBAHMUS
OT HANPSLKEHHOCTH MarHUTHOTO IOJIs TIpubopa, pa3HOCTh YacTOT MO-
[JIOLEHUS 9TajlOHa M HAOII0AaeMOro siapa JeSIT Ha YacTOTy 3TaJoHa
U TOJYYaloT XUMUYECKUI CIOBUT SIapa:

o= 106(Vi - V3T)/V3T‘

B cuny Toro, 4yto pa3HOCTb 4acToT (V; — V,) U UX abCOIOTHbIE
3HAYEHMS OTJIMYAIOTCS Ha 4 — 5 MOPSAIKOB, YIOOHO TOMHOXHUTD BEJIM-
ynHy (V; — V,;)/Vs, Ha 108, BCIleACTBUE YEr0 MCTOPUYECKH CIIOXKUIOCH
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Ha3BaHUe Oe3pa3MEepHON BEJIUMYMHBI 0 — MWIJIMOHHAs A0 (M.1.).
B 3aBucumocTu ot Beibopa 3tanioHa criekTp AMP kaxaoro u3 MarHur-
HBIX U30TOIOB B &-1IKaJIe MOXKET COAEPXKaTh KaK MOJIOXKUTEJIbHbIE, TaK
W OTpHULATEJIbHbIC 3HAYEHUSI XUMUYECKUX cABUTOB. OOBIUHBIC AMAra-
30HbI XMMMYECKHX CIBUTOB JJIsI psila HauboJiee 4acTo UCITOIb3yEMbIX B
crnekrpockonuu SIMP saep npuBeneHbl B pui. 4.

®aKTopsl, 0Ka3bIBAIOIIME BINSAHAE HA XUMAYECKHii caBur. [1o ompe-
JEJIEHNI0, XMMUYECKHI CIBUT COOTBETCTBYET C TOUYHOCTBHIO JO 3HAKa
KOHCTaHTe 3KPaHUPOBaHUS G U, CJAeA0BaTebHO, YKa3blBaeT HA OTHO-
CUTEJIbHOE U3MEHEHUE 9KPAaHUPOBAHUS HAOIIOJAEMOTO s1pa MO OTHO-
LIEHUIO K TOMY Xe SIApYy B HEKOTOPOM CTaHAApPTHOM COEIUHEHUU.
MMeHHO XMMUUYECKU1 CABUT, PErMCTPUPYEMBIi crieKTpockomnueilt IMP
C BBICOKOM TOYHOCTbIO U pa3pellieHUEM, SIBJISIETCS] YYyTKUM MHAUKATO-
pOM pacripeesieHus 3JIEKTPOHHOM MJIOTHOCTU B M3y4yaeMoOi MOJIEKYJIe
1 TOHKUM WHCTPYMEHTOM HCCJIEIOBAaHUS €€ CTPYKTYPHBIX OCOOEHHO-
CTEM.

Du3nvecKuii CMBICI SIBJICHUST SKPaHUPOBAHMS 3aKJTIOYAETCS B MH-
JyLUAPOBAHUU BHEIIIHUM MAarHUTHBIM TOJIEM LUPKYJISLMOHHBIX 2JIeK-
TPOHHBIX TOKOB B HEMOCPEACTBEHHOI 0JIM30CTU OT sapa. B mepBom
OpUOIMKeHUU 3TOT 3(PEKT MOXKHO pa30dUTh HA JBE COCTABJISIOIINE —
JVaMaTHUTHYIO (G,) W MapaMarHuTHyo (o). JlmamarHutHass (u30-
TPOITHAas) COCTaBJiSIoNIas MO CBOEH MPUPOJE CBSI3aHA C WHAYLUPY-
€MbIMU BHEIITHUM MarHUTHBIM MOJIEM 3JIEKTPOHHBIMU TOKaMU, KOTO-
pbI€ B CBOIO OUEpeb TEHEPUPYIOT COOCTBEHHOE MATHUTHOE TT0JIe, TPO-
TUBOITOJI0XKHOE MO HAMPABJICHUIO BHEIITHEMY. YBeJIMUYEeHNE BKJIaaa 3TO1
COCTaBJISIIOLIEH B 9KpaHUPOBAHUE MO CPABHEHUIO C STAIOHOM BeAET K
YMEHBIIECHUIO JIOKAJbHOTO TIOJIsSI HA MarHUTHOM $SIIp€ U CMELIEHUIO
CUTHaJa B 00J1acTb 00Jiee HU3KUX PE30HAHCHBIX YaCTOT U TEM CaMbIM K
YMEHBILEHUIO 3HAYEHMsI €r0 XUMUUYeCKoro capura'. CBOMM IpoMC-
XOXIEHUEM AUaMarHUTHAsI COCTaBJISIIONIAst, KaK MpaBuiio, obsizaHa cde-
pUYECKU CUMMETPUYHON (M3OTPOITHOM) 3J€KTPOHHOM ILIOTHOCTU
BOKDYT s1ipa, U OOBIYHO JAUMaMarHUTHOE 3KpaHMPOBaHUE acCOLUUPY-
€TCSl C POCTOM 3TOW 3JIEKTPOHHOM IUIOTHOCTH (0, > 0). Hampotus,
napaMarHMTHasl COCTaBJISIIOIIAs MHAYLMPOBAHHBIX 3JIEKTPOHHBIX TO-
KOB T€HEpUPYET MAarHUTHOE T0JIe, COBIAAIONIEE MO HAIPABIEHUIO C
BHEIIIHUM, UTO BeJEeT K YBEJUUYECHUIO DHEPIrUU MEPEXOJ0B B CHEKTPE
SMP u caBury cCooTBETCTBYIOILIETO cCUrHaja B ciaboe moje (o, < 0).
ITapamarHUTHBINM BKJIaA CBSI3aH C LIUPKYJISALIMER chepuIecKr HECUM-
METPUYHBIX (AHM3OTPOMHbBIX) 3JEKTPOHHBIX TOKOB, MPUYEM TIPU €ro
pacueTre HEOOXOAMMO YUYUTHIBATh 3JIEKTPOHHBIC (DYHKUUM (BKJIad CO-
OTBETCTBYIOLLIMX OpOUTaNeil) He TOJbKO OCHOBHOI'O, HO M OJIM3JIexa-
1IMX BO30YXXIEHHBIX 3JIEKTPOHHBIX COCTOSTHMI. [TapamarHuTHas cocTaB-

! I/ICTOpl/I‘iCCKI/I TakK CJIOKNJIO0Ch, YTO B XUMUYECKOU JIUTEPATYPE YMCHBIICHUE 3HA-
YEHUId XMMMUYECKOTO CABMIA HA3blBalOT CABUIOM B CUJIbLHOE IoJie, a yBCJIMYCHUC —
CIBUIOM B ci1aboe moie.
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JISI0IIAas 6, 00paTHO MPOMOPIMOHATIBHA Pa3HOCTA SHEPTUA OCHOBHO-
TO Y TIPYMEIIIMBAaeMbIX BO30YKIEHHBIX YPOBHEM, YTO AeJIaeT 3TOT BKJIAL
0COOEHHO 3HAYMTENIBHBIM I p- U d-3JIEMEHTOB B MOJIEKYJIaX C aCUM-
METPUYECKUM pacrpeaeieHueM 31eKTPOHHOM IIJIOTHOCTH COOTBETCTBY-
FOIIMX OpOUTAJICH B OCHOBHOM U OJIM3IIEKAIINX BO30YKIEHHBIX COCTO-
aHusax. OmHaKko naxe KayeCcTBEHHasl OlleHKa BKJIaJa G,, B 9KpaHUPOBa-
HUE sAIpa TIPEACTaBISIeT COO0M CIMIITKOM CIIOXHYIO 3a1ady, pellecHue
KOTOPOI BBIXOAMT 32 paMKM JaHHO# miaBbl. CienyeT JUIIb TOMHUTD,
YTO Ie33KpaHMpPOBaHME SIIpa JajieKo He BCEeTHa CBSI3aHO C YMEHBIIIE-
HHUEM BJICKTPOHHOM TIJIOTHOCTU BOKPYT Hero. OueHb YacTo pe3Koe yBe-
JIMYeHEe XMMWYECKOTO CABUTA OOYCJIOBJICHO MMEHHO BKIJIAIOM aHM-
30TPOITHOM COCTABJISIIONICH, HATpUMeEp, IMMPU U3MEHEHUHU CTETeH! THO-
PUAN3ALIMH aToOMa YIJIepoaa VI U3MEHEHNN KOOPAMHAIIMOHHOTO YHCIa
LIEHTPAJIBHOTO aTOMa B KOMILJIEKCaX MePeXOIHBIX METaJUIOB.

TeM He MeHee CpaBHUTEIBHBIN aHATN3 XUMUYECKUX CIBUTOB B Psi-
Jax COeAMHEHUI C OAMHAKOBOM CUMMETpUEIH OKPYKEHUS U, CIeI0Ba-
TEJIbHO, C JOCTaTOYHO OJM3KMMHM IO BEIWYMHE BKJIAaZaMHN aHM30-
TPOITHOTO 3KpPaHMPOBAHMS MOXKET NaTh MOJIE3HYI0 MHMOpMaIrio o0
M3MEHEHUHN 3JICKTPOHHOTO OKPYXKeHUs HabomaeMoro smpa. B atmx
YCIOBUSX TTOKa3aTesIbHa UyBCTBUTEILHOCTD XMMUYECKOTO CIBUTA K U3-
MEHEHMIO 3JIEKTPOOTPHULIATETbHOCTH OMIKalInmx coceneit. Tak, B psioy
TerparajoreHunoB amomuuus [AlX,]” (X = Cl, Br, 1) xumuueckuii
cosur sapa ’Al umeer 3HaueHus 103, 80 u —26,7 M.n1., T.e. mocie-
OBaTeJIbHO CMEIIaeTCsl B CHJIBbHOE Toyie (YBEJIWUYeHHME SKpaHMpOBa-
HHUsS) C YMEHbBIIIEHUEM 3JIEKTPOOTPULIATEIbHOCTU TaJIOTEHUIHBIX JIM-
raHgoB. B psiny cMelaHHbIX TeTparanoreHuaoB ramaus [GaCl,Br, |~
(n = 1—4) cuBur gnep ¥ "VGa takxke cUCTEMAaTUYECKA YMEHBIIAETCS
pu M3MeHeHUN # oT 4 1o 1: 251,8; 212; 168; 119 M. I. COOTBETCTBEHHO.
AHanorMYHbIe TEHIEHIIMY HAOIIONAI0TCSI M B U3MEHEHUU XMMMUYECKUX
CIABUTOB IIEHTPAJTEHBIX aTOMOB TETPA3APUUECKITX KOMIUIEKCOB KPeMHUSI,
repMaHusl 1 MHAUS, oKTasapuyeckux KomiuiekcoB Rh(III) u Pt(II).

B nmpuBenentom B Tabun. 3.1 psgay coenmHeHuit pocdopa, obaagaro-
IIUX OMMHAKOBBIM T€OMETPUUYECKUM CTPOEHUEM, CBSI3b XUMHUYECKUX
caBuros auep 3'P u crenenu okucineHns atoma Gocdopa 00bICHIETCS
TOMMHUPYIOIIVM BKJIAAOM IMAMarHUTHOTO 3KPaHUPOBAHUS.

OpHako ciieyeT IIOMHUTD, YTO BapUaIluU CTETIEHN OKMCIICHMST IIeH-
TPaJIbHBIX MOHOB B KOOPAMHAILIMOHHBIX COEIMHEHUSIX MOTYT OBITh CBSI3a-
HBI ¢ KapIWHAIBHON TepecTPOMKON OKPY:KEHHS, HAIIpUMep C M3MeHe-
HHEM KOOPAMHAIIMOHHOIO YMcja LEHTPAJIbHOTO aToMa. DTO BemeT K
CHJTBHBIM M3MEHEHMSIM aHM30TPOITHOTO BKJIAla B XUMWYECKUIA CIBUT 1
HeTpeacKa3yeMbIM CIBUTaM COOTBETCTBYIOIIMX cUTHaOB. [Ipumep co-
enHeHNH hocdopa, I KOTOPHIX HAKOIUICH, MoKy, HauOOJIBIIN
MAacCUB JaHHBIX O COBUrax supa 3'P, MokasbIBaeT, ¢ KaKOi OCTOPOXK-
HOCTBIO CJIEAYET OTHOCUTHCS K KOPPEISIUSIM MEXIY 3JIeKTPOHHOMN
IUTOTHOCTBIO (CTEIEeHBIO OKMCIICHUS, SJIEKTPOOTPUIIATEIbBHOCTBIO OKPY-
KeHUSI) U XMMUUYECKUM CIBUTOM. YXe misi TpuraioreH@pochuHoB
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Ta6numa 3.1

Xumuueckue casuru sigep 3'P aas pana coeaunennii dpocdopa

CoenuHeHue CreneHb okuciaeHus: dochopa 8, M. 1.
PH; -3 -238,0
P(CH;); 0 -62,0
P(CHj;),Cl +1 97,0
P(CH;)Cl, +2 192,0
PCl; +3 219,0
PF; +3 97,0
PI; +3 179,0
P(C¢Hs); 0 -89,0
P(C¢H5);5Cl, +2 -65,0
P(C¢H5),Cl; +3 73,0
P(C4H;5)Cl, +4 -39,0
PCl; +5 -80,0
O=P(CH,;); +5 36,0
P(OCH;); +3 36,2
O=P(OCH,;); +5 -2,4

(PF;, PCl;, Pl;) ¥ nITMKOOpAMHALIMOHHBIX (DeHUJICOAEPXKAIIMX CO-
eauHeHui occopa (cMm. Taba. 3.1) Koppensiius 3TUX mapaMeTpoB UC-
ye3aeT. MI3MeHeHUsT XUMUYEeCKUX CABUIOB IIpU OKUCIEHUU (POChPUHOB
(P(CH;); — O=P(CH3);) u docputoB (P(OCH;); — O=P(OCH;);) u
BOBCE MMEIOT pa3Hble 3HaKM (cM. Tadi. 3.1).

IMocaennuit mpuMep JAEMOHCTPUPYET POJIb AHU30TPOITHOIO BKjaaa
B DKpaHMPOBAHME TP U3MEHEHUM CUMMETPUN OKPYKEeHUST HabIIoma-
eMmoro snapa. Cieayer Takke MpUHUMATh BO BHUMaHUE JIEKTPOHHYIO
CTPYKTYpY coeauHeHuil ¢ocdopa, 111 KOTOPOd XapaKTEpHO IIPUCYT-
CTBUE HM3KOJIEXAIIIMX BO30YKACHHBIX YPOBHEM, UTO PE3KO YCUJIMBAET
BKJIQJI aHU30TPOIIHOM COCTaBJISIOLICH B SKpaHUPOBAHUE sIApa.

3.5. CnMH-CNHMHOBBbIE B3aUMOAEHCTBHUSA
Bepnemes k criektpy AMP °F tpudropuna xjiopa, aBa curHaia

KOTOPOTO C CYIIECTBEHHBIM YBEJIUYEHHEM TTOKa3aHbl Ha puc. 3.3. Oue-
BUIHO, UYTO KaXIblii U3 CUTHAJIOB TPEACTaBIsieT COO0N CUMMETPUY-
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Puc. 3.3. Crpykrypa curHaios B crekrpe AMP °F tpudropuna ximopa (I —
WHTETPaIbHAsA UHTEHCUBHOCTL CUTHAJIOB):
a — CHUTHal ﬂBOﬁHOﬁ MHTEHCUBHOCTHU, 6 — curHain OﬂHHapHOﬁ NHTEHCUBHOCTU

(cm. puc. 3.2)

HYI0 KOMOMHAIIUIO0 HECKOJbKUX JIMHUI, PAaCCTOSIHUE MEXIY KOTOpPHI-
MM B TaHHOM cCJIyyae CYLIECTBEHHO MEHbIIe, YeM PacCTOSTHUE MEXIY
curHajamu. PaciiernjieHrue MHIMBUAYaJIbHOTO CUTHAJa Ha HECKOJIbKO
KOMITOHEHT CBUIETEIBCTBYET O TOSBICHUN Ha0opa OJIM3KUX IO SHEp-
TUU TIEPEXOAOB JUIsI CTPYKTYPHO 3KBUBAJIEHTHBIX, T.€. HAXOASILIMUXCS B
OJMHAKOBOM XMMUUYECKOM OKPYKEHUHU, siAep. DTO pacllellieHUe Bbl-
3BIBAETCSI BHYTPUMOJIEKYISIPHBIM CITMH-CITMHOBBIM B3aMMOMIEMCTBHEM,
KOTOpOE UTpaeT OYeHb BaxKHYIO pojib B criekTpockonuu AMP.

IIpupona cnuH-cNMHOBBIX B3aumoaeiicTBuii. K 3ToMy TUIYy BHYTpU-
MOJIEKYJISIPHBIX MarHUTHBIX B3aUMOAECHCTBUI OTHOCSTCS MapHble B3a-
UMOICCTBUS SIACPHBIX MATHUTHBIX MOMEHTOB MeXKIy co0oii. X B CBOIO
oyepeab MOXHO pa3feuTh Ha TPsSIMblIe AUIOJb-AUMNOJbHbIE B3aUMO-
NEeUCTBUS IBYX SIACPHBIX MArHUTHBIX MOMEHTOB Yepe3 MPOCTPAaHCTBO U
KOCBEHHBbIC (MJIM CKaJiIpHbIC) CIUH-CIIMHOBBIE B3aMMOICWCTBUS Ue-
pe3 BIIEKTPOHHI CBA3eH. DHEePrusl 3TUX B3aUMOJCHCTBUIA XapaKTepU3y-
eTCSl KOHCMAHMOU CHUH-CRUH08020 @3aumodeticmeus (J), KoTopasi u3-
MepsieTcs B repiax. CKaJasipHble KOHCTAHThI CITMH-CITMHOBOTO B3aIMO-
JIeICTBUSI 3HAYUTEJIbHO MEHbIIIe KOHCTAHT MPSIMOTO JAUIOJb-AUTOJIb-
Horo B3aumozeiictBus. OMHAKO B XKUIKOCTHU 3a cUeT ObICTpOro nuday-
3MOHHOTO ABMXXEHUS MOJIEKYJ MPOUCXOAUT YCpEeAHEHUE TPSIMbIX M-
MOJIb-IUTIOJIBHBIX B3AUMOJIECUCTBUIA TT0 BCEM BO3MOXKHBIM OpHEHTAIH-
M MEXbAJIEPHOIO BEKTOpA I; OTHOCUTEILHO HAIPaBJICHUS MarHuT-
HOTIO MOoJisI, U TposiBieHue B criekTpe AMP 3Tux aphekToB cBOaUTCS
K HE3HAYUTEJIbHOMY «€CTECTBEHHOMY» YIIMPEHUIO CUTHAJIOB B3aUMO-
JNEVCTBYIOIIUX SIEP.

CkaJjisipHble KOHCTaHTbI CIMH-CIMHOBOTO B3aMMOACHCTBUSI 3aBU-
CSIT OT B3aMMHOIO PACIOIOXKEHUS SIep B MOJIEKYJIe U CBOMCTB 3JIeK-
TPOHOB, KOTOPbIE HAXOASITCS Ha CBSI3bIBAIOIIMX OPOUTAJISIX, PACIIONIO-
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>KEHHBIX MeXIy B3aumojeiicTBytolumu siapamu. [loatomy nuddysu-
OHHOE JIBIMXKEHHE MOJIEKYJIbl KaK 1IeJIOr0 B XXUAKOCTU HE MPUBOIUT K
OpPHEHTALIMOHHOMY YCPEIHEHUIO 3TUX B3auMoJencTBuil. UMeHHO oHU
00YCJIOBIMBAIOT paclleIUIeHUe JIMHUI B CIIEKTPEe U MOSIBJICHUE TaK Ha-
3bIBAEMOI MYJBTUILJIETHON CTPYKTYpPbl CUTHAJIOB.

Koncmanma cxkansipuoeo cnun-cnunogoeo e3aumodeiicmeus (Jy;) sB-
JisieTcst Mepoit 3(p(PeKTUBHOCTU CBSI3U ABYX s1ep k U [ uepe3 3JIeKTPOH-
Hoe okpyxeHue. OHa He 3aBUCHUT OT HAIIPSDKEHHOCTH BHEIITHETO TOJIS
B, u siBisieTcst pyHKIMEH Mpou3BeAeHUs TUHPOMAarHUTHBIX OTHOIIEHU I
KaxXJI0TO U3 SIOEP YiY-

ITpuHATO pasnensiTh BKJIaAbl B CKaJsIpHOE B3aUMOACHCTBUE siaep-
HBIX CIIMHOB Ha CIIMH-OpOUTalIbHbIE 3(D(EKThl, JUMNOIbHOE B3aUMO-
JIEMCTBUE SIIEPHBIX CIIMHOB C 3JIEKTPOHAMU M KOHTAKTHOE B3aMMO-
nericteue @epmu. IlocneaHuil BKiIaa SBASETCS JOMUHUPYIOIUM TIpU
CKaJIIPHOM B3aUMOJAEHCTBUM MEXIY MAaTHUTHBIMU SIIpaMU Yepe3 OdHY
KOBAJICHTHYIO CBS3b. [IJIsI MAarHUTHOTO B3aUMOAEUCTBUS siaep A u X,
006J1aaIOIIMX CITMHOM '/, M CBA3AHHBIX MPAMBIM XMMUYECKUM B3aUMO-
JIEeWCTBUEM, CYTh KOHTAaKTHOTO MexaHu3mMa depMu MOXKeT ObITh Kave-
CTBEHHO OMNUCaHa cieayomuM obpa3zoM. CIMH OIHOTO U3 BJIEKTPO-
HOB, HaXONSIINUXCS Ha CBI3bIBaIOLE opouTanu AX, KOTOPBIA JoKa-
JIN30BaH B IaHHBIA MOMEHT BpeMEHU Ha aToMe X, B3aUMOJIEICTBYET C
anepHbIM crinHoM X. Eciu crivH gapa X paseH /5, To Haubosee Bepo-
ATHBIM CITMHOBBIM COCTOSIHUEM 3TOTO 3JIEKTpoHa aBiserca — /. Tlo-
CKOJIbKY 3JIEKTPOHBI, HAXOMASIIMECS Ha CBSI3bIBalOlLel opOuTain, cra-
PEHBI, IPYroil 3JeKTPOH TOI XK€ OpOMTalId, JOKAJM30BAaHHBLIA Ha
anape A, IOJDKeH 00Jagath CMHOM +!/,, Kak ¥ cOOCTBEHHO sapo X.
ITosToMy cnuH siapa X MOXET OIOCPEeIOBAaHHO (Yepe3 CBSI3bIBAIOLIINE
BJIEKTPOHBI) BIUSATH Ha CIIMHOBOE cOCTOsIHUE siapa A. UeM BbIllIe 2J1eK-
TPOHHas INIOTHOCTh 0000IIECTBICHHBIX 3JIEKTPOHOB BOJIM3M sIApa, TEM
BBILIE CTENEeHb BIWSIHUSI U, CJelAoBaTeIbHO, OOJibllie HaOMOgaeMblit
apdekTt. Kak nmpaBuio, 3ToMy KpUTEPUIO COOTBETCTBYIOT S-3JIEKTPO-
HbI, U POCT KOHCTAHT CIMUH-CIIMHOBOTO B3aMMOJEUCTBUS Yepe3 OIHY
KOBaJIeHTHYIO CBsi3b (1Jyx) B psoax CXOQHBIX IO MPUPOIE COETUHEHUI
MPUIMUCHIBAIOT YBEJIMYEHUIO S-XapaKTepa CBSI3U MeXIy sapamMu A u X.
CrenyeT OTMETUTb, YTO Tepedaya MarHUTHOTO B3aMMOACHCTBUS MO-
>KeT MPOMCXOAUTh Uepe3 JBe, TpU U AaXe 4YeTbIpe CBSI3U, U COOTBET-
CTBYIOIIIME KOHCTAHThI CITMH-CITMHOBOTO B3aMMOAEICTBUS Yepe3 # CBSI-
3eli ("Jax) B HacTosilee BpeMsl J1OCTaTOUHO JIETKO PErMCTPUPYIOTCS B
crnekrpax AMP mHorux saep. 3HaueHUS KOHCTAHT CIIUH-CITMHOBOIO
B3aMMOJIEUCTBUS 3aBUCAT OT YMCJIa, B3AMMHOIO PACOJOXEHUS U MIPU-
pOIbl CBI3EU MEXIY B3aMMOICHCTBYIOLIMMHU SAPAMU.

Kaxk yrmomMsiHyTO BbIllle, yBeJIMUEHUE S-XapaKTepa opOuTaieit, yya-
CTBYIOIIIMX B CBSI3bIBAHWM, BEIET K CYILIECTBEHHOMY YBEJUYEHHUIO a0-
COJIIOTHBIX 3HAYEHUU MPSMBIX KOHCTAaHT CITMH-CITMHOBOTO B3aUMO/IeH -
crBus ('/,x). KoMmiuieke BonbpaMa, B COCTaB KOTOPOTO BXOIAT OTHO-
BPEMEHHO aJIKUJIbHBIN, KapOEHOBBIN U KapOWHOBBIN JIUTaH[IbI:
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P(CH3);

CH—C(CH
(CHyc—c=w= 1 (T
CH,—C(CHs);

P(CH;);

cTaj yKe KJIaCCUYECKUM MPUMEPOM, WLTIOCTPUPYIOIINM 3TO MOJIOXKe-
Hue (Tabiu. 3.2).

B xuM1u KOMILIEKCHBIX COeAMHEHM 00JIbIIIOe 3HAaUeHNE UMEET B3a-
MMHOE PacIiojIOXKeHUe JUTAaHI0B B KOOPAWHALIMOHHOM cepe U B 3TOM
OTHOIIEHUHU YyBCTBUTEJIbHOCTh KOHCTAHTHI CITMH-CITMHOBOTO B3aMO-
neiicTBus yepes aBe cBa3u (2J,x) K COOTBETCTBYIOILMM YIJIOBBIM Tapa-
MeTpaM MOXKET CIYKUTb HaIeXKHBIM HHCTPYMEHTOM JUIS1 U3YYeHUS CTe-
PEOXMMHUHU 3TUX COeTWHeHMWI. B KoMIulekcax ¢ OOMHAKOBBIMU IIEHT-
paJbHBIMU MOHAMM KOHCTAHTBI CITMH-CITMHOBOTO B3aMOJEHCTBUS 00-
HapyXWBAIOT YeTKYIO0 TEHIECHIIUIO K POCTY IPH YBEIMUSHUH YTJIa MEX-
ny cBsa3siMu oT 90° (yuc-xkoHburypauus) go 180° (mpanc-koHpUrypa-
uus) (puc. 3.4). I1pu a3TOM abCOMIOTHBIE 3HAYEHUSI KOHCTAHT YPE3BbI-
YaiflHO CHUJIbHO 3aBUCSIT OT IPUPOABl KOOPIWMHUPYIOIIETO LIEHTpa, U
CTPYKTYPHBII aHaAIU3 yuc- 1 mpaHc-u30MepoB Ha OCHOBAHUU JaHHBIX
cnektpockonuu AMP xopoiio paboTaeT «BHYTpWU» OJHON MOJIEKYJIbI
WA JJTS PSITOB OMHOTUITHBIX KOMIIJIEKCOB.

HMHTepecHO, YTO 3aBUCUMOCTb KOHCTAHTHI CITMH-CITMHOBOTO B3aM-
MOJIEMCTBUS OT YIJIOB MEXIY CBSI3SIMU JIJISI JajbHUX (0ojiee ueM yepes
OIHY CBSI3b) CHMH-CIIMHOBBIX B3aMMONEHCTBUI OKa3bIBaeTCs daxe
Oosiee CWIBHBIM (haKTOPOM, HEXeNW YHCJIO CBSI3el MEXIy B3auMO-
nerictByommMu sapamu. Tak, B kiaactepe Rhg(CO),5(P(OC4Hs)5) dpar-
MEHT KOTOPOT'O ITOKAa3aH Ha PUC. 3.5, KOHCTAHTa 2Jpc IS yuc-B3auMOo-
nevictBus P—C depes [Be CBA3M MMEET MEHbLIee 3HaYeHUe, YeM Jpc
IUIS1 mpauHc-mpaHc-paciioyoXeHHbIX saaep gocdopa u yriepoaa, pasie-
neHHbIX TpeMmsi (P—Rh, Rh—Rh, Rh—C) cBszamu. I1pu atom mparnc-
yuc-(P—C(3))- u yuc-yuc-(P—C(4))-B3aumMoneiicteusi HeapHeKTUB-
HBbI, 1 COOTBETCTBYIOIIME KOHCTAHTHI CIIMH-CIIMHOBOI'O B3aMMOJEl-
CTBUSI HE TIPOSIBIISTIOTCST B CITEKTPE.

Taonuma 3.2

KOHCTAaHTBI CTIMH-CIIMHOBOTO B3AMMOEHCTBHS /ISl KOMILIEKCA COCTABA
W(P(CH;)3);(CH,C(CH3);3) (CHC(CHj3);3)(CC(CHs),)

CBs13b Tun rubpuauzanuy atoma yriepojaa Uwe, T
W—C sp> 80
w=C sp? 120
W=C sp 210
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