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JlanbHelne NepcneKTHBb PEHTIEHOCTPYKTYPHOrO aHa/ u3a Guo-
JIOTHYECKH (QYHKIHOHAJLHBIX BEIIECTB CBA3aHBI C ABYMS HampasJje-
HHAMH HCCAeNoBaHUA. DTo, BO-MEPBEIX, YCOBEPIICHCTBOBAHUE METO-
JiOB NIPAMOTO onpeaeneHns ¢as mo cuabHbM pedaekcaM. [1pu sTom
yAaercs 06xoauTbcst 6€3 U30MOpGHOro 3aMellenst. Bo-BTOpHIX, BO3-
MOXKHOCTH M30MOpP(HOrO 3aMemieHus AaJeKo He HCUEpIaHbl, H 3TOT
MeTOJ MOAJEKHUT JandbHeliied pa3paborke. B yacTrocTH, npeacras-
JfeTca MEepPCNeKTHBHBIM NPUMEHEHHWE He I[IOJHOCTbIO H30MOPQHBIX
IIPOH3BOIHBIX.

Hapsany c usyuennem GHONOrHUECKHX MaKpPOMOJEKYJ IJIs pas-
BUTHA OHOGH3HKM HeOOGXONMMLI CTPYKTYPHEIE HCC/IEJOBaHHA Hal-
MOJIEKY/IAPHEIX OHOJIOIMYECKHX CHCTeM B HATHBHOM COCTOSIHMH,
HanpuMep MeMOpaH, MBIIICYHBIX BOJIOKOH H T. I. IlepcrnekTuser aTuX
UCC/EJOBAHUN ONPEAEaAIOTCS PA3BUTHEM CKOPOCTHOH PEHTIEHOrpa-
¢uH, T. e. cO3MaHUEM MOIKHLIX HCTOUHHKOB PEHTTEHOBCKOrO H3Jyue-
HUA ¢ MaJo pacxojfiuuMuca nyukamu ayuei. Ilo-smaumomy, smech
MOKeT oKa3aTbcd 3QPEeKTHBHHM CHHXPOTPOHHOE, MarHHTHOTOPMO3-
HO€ H3JyueHHE, BO3HHKAIOIIee IIpH LEHTPOCTPEMUTEJbHOM YCKOpe-
HUH 3/IEKTPOHOB B MArHUTHOM NoJjie. B orsinuMe OT OGHIYHOFO pPeHT-
TeHOBCKOIO H3JIYYeHHS, CHHXPOTPOHHOE H3/IyYeHHEe XapaKTepusyercs
60ABLUIOH MOIIHOCTBIO, MaJOH PacXOAMMOCTbIO NYYKa, HO BBHICOKOH
CTernenblo mosgpusamuu (eM. [37]).

§ 5.3. PACCEAHHE PEHTTEHOBCKHX NYYEi#
MAKPGMONEKY/IAMH B PACTBOPE

JuckpeTHOe paccesHHE DPEHTIEHOBCKHX JyueH IO MaJbLIMH YI-
JaMH eCThb YacTHBIE cjayuall AHQpakKOnuu HA KPHCTaJlJax -— MaJbli
yros, moj KOTOPbIM HabJILaloTCs HHTEep(EepEeHIHH, COOTBETCTBYET
NepUONaM pelleTKH, 3HAYUTENbHO OOJABbIIMM AJHHLL BOJIHEL

Huddysnoe paccesHre NOA MaJbLIMH YII&MM MO3BOJSAET H3yyaTb
MaKpOMOMEKYJAs B pacTeope. Ilpu 3ToM Hab/a1104aeTcs CyMMapHOe
paccesHue Ha GECmOPsALOYHO PACIOJOKEHHLIX OTJACNLHBIX MaKpPOMO-
JEKyJax, T. €, [IPOUCXOIHT YCPEAHEHHE HHTEHCHBHOCTH DAaCCESHHOrO
H3JYYEHHsI TI0 UX BCEBO3MOXKHLIM OpHeHTauuaM. Paswl paccesHHsA
[pH TAKOM YCPEIHEHHH CMELIMBAIOTCHA, H I03TOMY MOXKHO HOCTPOHTD
JUIIL QYHKIMIO, anagornynyio yuknuu [larrepcona. ta dpyuknus,
0JIHAKO, I03BOJISET OXapaKTepH3oBaTh GOPMY H pa3Mephl pacceH-
Balomero o6bekra. CuTyanHus 3gech nojno6Ha TOH, ¢ KOTOPOH M
HMeeM JIeJI0 MpU M3yueHHH PACCeAHHA cBeTa PAcTBOPAMM MaKpOMO-
aekysa (cm. crp. 159 u panee). Ilomyuenue Takoli orpaHHUEHHOH HH-
tdopmanuu MHOro mpoLle, UYeM NPH PEHTTEHOCTPYKTYDHOM aHaJu3e
KPHUCTAJJIOB,

Henocpeacrsento onpeneasercs Juillb paJuyc HHEPUHH pacipe-
JeJeHus 3JIEKTPOHHON MAOTHOCTH MOJIEKYJIH H (OPH H3MEPEeHHH HH-
TEHCHBHOCTH B a0coJIOTHOH HIKajse) MOJeKyJAApHHH Bec. Pammyc
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MHEPIHH €I¢ He xapaKTepu3yer QOPMBI MOJEKYJH, KoTopad ycTa-
HAB/JAMBAEGTCA NIyTEM pacuera MojeseHd U CPABHEHUS TEOpPeTHUECKUX
KDHBBIX C KCIEPUMEHTANbHBMU. OCHOBBI TEOPHH METOLA M3JIO0XKEHBI
E [38, 39].

Ilycre paccesHue MPOHCXOAMT Ha yacTule, cocTosmled U3 IEeH-
TpoB (aTOMOB) C pacceuBamomei CMOCOOHOCTBIO i-ro LEHTpa fi.
Toraa anf MHTEHCHMBHOCTH PACCEAHHOIO H3JydYeHHs, NPEICTaB/AIO-
Hieft KBaJpaT aMIIMTYABI, HMeeM

16 = 45 (8) 3 B fifscos (hrs), (5,29)

.

2n .
rae h== - (s — sy) — BEKTOD, NPONMOPUUOHANBHEIH Pa3HOCTH efu-
HUYHBIX BEKTOPOB paccedHHOH u majgalomell BOJH,

()= AZ(h) =79 - 1077, L2

or2

(5,30)

| — WHTEHCHBHOCTL H3JIYYeHHs, pacCedHHOro OJHHM 3JM€KTPOHOM;
3nech Jo— MHTEHCHBHOCTL MNAJAIONIEro NyuKa, a r — PacCTOSHHUE
MeXy yacTHIeH W nmpHeMHHKoM, 0 — yroa paccesHus. B caydae ya-
CTHIl, OPUEHTHDOBAHHLIX B 00beME€ XAOTHYECKH, NMPHHUMAA BO BHU-

maHue, uto cos(hr)=sin(hr)/hr, nupugem Kk popmyne Jebas (cum.

ctp. 160) . (hrk)
I()=1. (h)(Zf ) : (5:31)

IAg Majapix yrioB BTOpPO# MHOXKUTENb B NPaBoi yacTH MOXHoO pas-
JOXKHTL B PRI TO CTENeHAM A

F2(h) = 22( B i+ L) (5,32)

Tak kak X fp= fi=N (nanomuum, uto N — uHcsI0 37€K-
k i

TPOHOB B 4acTHIle), TO NEpBbIH uwieH pasjoxeHusa (5,31) ectb N? u
BHIOpAB 3a HAUaJo OTCHETA 3JEKTPOHHBIN IEHTp HHEpUUH, NMOJYUUM
C TOYHOCTBIO o 4JEHOB 4-ro MOpfiAKa MaJoCTH BLIpaXeHHE s
cpeAHeldl HHTEHCUBHOCTH

F? (h) = N® exp (— /sN°R}), (5,33)
rie
D%
RO‘— S‘ fk (5:34)

— 3JIGKTPOHHHIA pajuyC UHEPIHH.
UToGe! MoJNyYuTh paccesiHue n 4acTHUAMH, HaJo MPOCTO YMHO-
KHUTb HHTEHCHBHoCTb Ha n. OjHakKo mpu HyJEBOM yrjie paccedHHs
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BCe LEHTPHl PACCEHBAIOT B (ase M MHTCHCHBHOCTb IDONOPIHOHAID-
Ha n? C yBe/nUuYeHHeM BeNMYUHB ARy HAUHNHAIOT BHOCUTb CBOM BKJa
useHn Gosiee BBHICOKOrO MNOPAAKE, Aaoouiue uHbopmanuio o Gopme
mMakpomosnekynsl. Onnako BuiBoAb 0 GopMe HeNMb3 AEI4Th TOJBKO
Ha OCHOBE aHa/M3a HHAWKATPUC paccesiHHusi, HeOGXOAMMO IpHBJE-
KaTb U olpe/lesieHHbIe NIpeanosioxkeHusd o popMe Monekys. Tak, ecni
3apaHee NPUHSATD, YTO MOJEKYNY MOXKHO ANNPOKCHMHDPOBATL 3JJIUII-
COMAOM WM LHJAMHAPOM, TO CPABHEHHE IKCIEPUMEHTaNbHOH KPUBOH
C CEMEHCTBOM TEOPETHUYECKHUX KPUBBIX, PACCUMTAHHBIX [N ITHX TEN
MPH Pa3HOM COOTHOIIEHHH ocCeH, NMO3BOJAET -ONPENEeNUTh aCHMMET-
PHIO MOJIEKYJI.

Ins cunbHo BHITAHYTHX QUIYpP aHaNU3 3aTPYAHEH, TaK KaK Teo-
peTuYyecKHe KpUBbIe NpH GONBIIOH ACHMMETPUH, OYEBHUAHO, TIPAKTH-
YECKH CJIMBAIOTCH APYr ¢ APYroM. 3aTo B 3TOM CJIyuae MOMKHO NPO-
BECTH AHA/IU3 TPUMEHHUTEJBbHO K MONEPEYHOMY CEUYEHHIO, YTO OCO-
6eHHO PE3YJIbTATUBHO, €CNH 3aPAHEE M3BECTHO, UTO MAKPOMOJEKYJIA
uMeeT nunuuapuyeckylo dopmy (Monekyna JIHK B pacrsope). Ilpa
YMHOXKEHUH HHTEHCHBHOCTH DAaCCeHHOTO H3JNYUYEHHSI Ha COOT-
BETCTBYIOIUUH yros paccesiHus noJnydaercs yuxnus AJ(A), xapak-
TEPU3YIONIAS CEUEHHE MOJIEKYAbl, M 1O Hell omnpepensercd (coBep-
IIEHHO TAaK K€, KAK M TNIPH HAaXoXIeHHH pajuyca HHEpUHH Ry)
paauyc WHepuud nomepeyHoro ceuenus [40]. Onpenenutp BeKTOpHI,
COOTBETCTBYIOILYE TOMEPEUHBIM pPa3MepaM MOJEKYJ, NO3BoJAeT U
YMHOXKEHUe HHTEHCHBHOCTH Ha A?, T. e. mocTpoeHue (ypbe-cBEpPTKH.
Artot MeTon Obln ¢ ycmexoM mpuMeHeH PenoposumiM u IlTHnBIHBIM
A5 MHTEPIPETANHH HHAUKATPUC paccesuus [41].

Ilpu BbiGope MoOmEnU OCHOBBIBAIOTCS HA AAHHBIX ADYTHX METO- -
IOB, Pe3yabTaTax (U3MKO-XUMHUUeCKUX HcchefoBaHuil. Ilposoautcs
Takoe KOMOMHUDOBAHHE pPA3HBIX METOJOB OOPaGOTKH KDHBOH pac-
CeAHHA MOJ MaNbBIMH YrJ1aMu, YToObl HaljeHHble Pa3/UYHBLIMH CIIO-
6aMH pacueTa mapamMeTpbl HAXOAUNHCH B COTJIACHH APYT C APYroM.
Monyuenuto enutHoll KapTuHb criocofcTBYeT MeToA Putnanpa [42],
OCHOBAaHHBIH HA TOM, YTO AJis YACTUL C PA3HBIMH MOJIEKYJSPHBIMH

3, —
BECAMH, HO MOCTOSHHOH NJIOTHOCTBIO BEIHYHHA RO/VM eCcTb QyHK-
uMA TonbKo oTHowenus ocedl. IlocTpous Homorpammy, Beipaxaio-

H(YI0 3aBHCHMOCTD RO/VM OT OTHOILIEHHUA ocel, MOXHO Mo HU3BECT-
HOMY pajMycy MHEpUHH H MOJEKYJAPHOMY BECy ONpPEAENHTb OTHO-
wenue ocell. CoBnajenyue pe3yabTATOB pacyeTa U ONBITA CBHAETENb-
CTBYET O NPABHJLHOCTH BHIOPAHHOH MoJesH.

IMpumenenue metona auddysHoro paccesiHus noj ManbIMHU yria-
MH ocobeHHo YI06Ho ANl OEJNKOB € He CJHIKOM OOJBIIUM MOJIEKY-
JAPHBIM BecoM. Taxk Obina u3yueHa MopdoJsioruss MHOTHX OeNKOB,
B 4yacTHocTH nencuua [43], Tpuncuna [44], acmapraTaMHHoTpaHcde-
pasu [45]. Beinu onpeaeneds pasMeps H (GopMa TPAHCMOPTHOH
PHK ({46]. Meton paccesHHs TOJ Ma/ibIMM YIVIAMH TO3BOJSAET
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pemiaTh pasiuYHLE 3aJau¥ MoJAeKyaspHoh 6Hodu3ukh. B KauecTBe
NpUMepa NMpUBEJEM HCCAeJOBAHHE PACTBOPHMOrO KOMILJIeKCAa aHTHU-
reH — aHTHuTes0 [47]

YrnoMmsneM eille 0 MeToJaX, MO3BOJAIOIIHX HEMOCPEACTBEHHO 110
KPUBOI paccedHus Mol MaJbIMH YriaMu olleHHBaTb oObeM [48] u
OTHOllIeHHE NMOBEPXHOCTH K 00bemy [38].

Okasajioch, 4TO paccefHHE PEHTTEHOBCKHUX JIyueH MOl CpaBHU-
TeNbHO GOJBIIMMH yrjaaMu aaeT HHPOPMANHUIO 0 KOHPOPMAIUOHHOM
OMUKHEM MOPAJKE B CHHTETHUECKUX MOJUMEPaX U B IIOOYJIAPHBIX
Oenkax [49, 50]. Bwuio ycTaHOBJEHO, B 4ACTHOCTH, YTO MapaMeTp
-~ (4m/A)sin O mias MaKCHMYyMOB MHTEHCHBHOCTH HMeeT.pa3Hble 3Haue-
HUA 018 o-cnupaniedl u B-dopM OenkosB. HeynmopsagoueHHble y4acTKH

MaKCHUMYMOB He JalOT BOBCe, H, CJ€JOBATEJNbHO, 3TOT METOJ MO3BO-
JisieT U3y4aTh JeHaTypauuio,

§ 5.4. 3JIEKTPOHHBIE CIEKTPbI GHONO/IUMEPOB

Bce aMHHOKHCIOTHBIE OCTATKU U MENTUAHBE (aMUAHBIE) TPYIIIb
—CO—NH— nornomalor cBeT B YJabTpaduoaeToBol 06JaCTH CreK-
Tpa. ApoMaTuuecKHe ocTaTku Tpu, Pen, THpP MMEIOT XapakTepHbie
noJsocH moryiolleHusl B o6aactu 2800 A.

Ol coeKTPOCKOMUU CHHTETHYECKHX MOJMOENTHIOB U OelKoB
ocOoOLIH HHTepec npeicTaBiaseT Oojee AajeKas yabTpaduoSeTOBAd
obnacte (2400—1850 A), B KoTopo#l pacrmosaraioTcs Moaock MONIo-
HIEHHS NenTHAHOH cBA3H. MoHoMep OesnkoBOH Ienu mogobGeH MoJe-

- kyae amuna Ri—CO—NH—R,. B pesynbraTe H3yueHHs 3J€KTPOH-
HHIX CIEKTPOB NMPOCTHX amMuaoB (dopMamujl, MeTUIAUETAMHJ, MH-
pPUCTaMU]) YCTAHOBJIEHA CXeMa 3JAeKTPOHHBIX NEepPeXoJ0B B aMUJHOMN
rpynne (puc. 5.11) [51—54]. Dta cxeMa ocHOBaHa Ha TeopeTHYe-
CKHX pacyeTax, BHINOJHEHHBIX KaK NPOCTbiM MeTonoM Xwokkend [55],
TaK U ¢ yueroM caMmocorjacoBaHHoro moas [56—58]. Ha puc. 5.12
MOKa3aHbl BOMHOBbie ()YHKIUM AMUIHOM rPYNIb, COOTBETCTBYIOLIHE
ee Haubojlee MOJABHKHBLIM 3neKTpoHam. Ha puc. 5.11 ypoBeHb g,
OTBedaeT CBA3LIBalOIIeH, YpoBeHb n* — HecBA3bBawouieil opbure CO,
yPOBeHL 7 — HecBA3BIBawiNeH opOUTe a30Ta, YPOBEHb A — COCTOS-
HUIO HeNmoJeMeHHOH napbl 3JeKTpoHOB kucaoponaa. Ilepexon no* —
puaA6eproBcKHH aTOMHBIH Nepexol B KUCIOPOIE.

B coorBercTBHU ¢ 3aKoHoM Byrepa — JlambGepra — bB3pa, uuren-
CHBHOCTbL CBETa, IPOIUEIIIEro 4epe3 CJIOil MOMVIONIAI0MIEro BeHIecTBa
TOMUIMHON [, paBHA

J=1Jyexp(—ecl), - (5,35)
rie Jo — MHTEHCHBHOCTL MaJAIOLIEr0 CBETA, ¢ — KOHUIEHTPALHA IO-
[VIOIAIOIIEro BepiecTBa (MOAb/a), e — MOJNEKYJAApHHH Koahdu-

nueHT norJomieHusn. IMorsomenne B maHHOH NoJsoce, oTBeuawoulefl





