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OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AKTyanbHOCTh _npo0Jembl. [llupokoe mnpuMeHEHHWE JKHUIKHX KPHUCTAUIOB B

JTUCIUICHHBIX TEXHOJOTUSX, (U3MKE, MEAUIMHE W T.II. JIeJaeT aKTyaJlbHOM 3ajaudy
U3Y4YEHUsI CTPOEHUS M MOJIEKYJSIPHON oOpraHu3anuu Kugkokpucramumyeckux (7KK)
cpen. IloHnmanue npupoapl MArHUTHBIX, MEXAHUYECKHUX, JUDIICKTPUUYECKUX CBOMCTB
KHUJIKOKPUCTAINIMYECKUX MAaTEpHUajoB HEOOXOAMMO JJsi CHHTE3a MATEepHalIOB C
TpeOyeMbIMU B Ka)KJOM KOHKPETHOM Cllydyae CBOMCTBAMH. B CBSI3M C 3TUM SIBIsETCA
BaKHBIM M3Y4YEHHUE CTPOCHHSI U MOJIEKYJIIPHOM OpPraHU3ALMH >KMIKOKPUCTAIINYECKUX
MaTepuayioB. JlJIsl HalpaBIEHHOTO CO3JaHUsl CMECEH KUAKOKPUCTANIMYECKUX BELIECTB
C  33JaHHBIMM  CBOWCTBaMM  BaxHa  uHpopMauus 00  OPHUEHTALMOHHOMN
YIOPSIOYEHHOCTH, BPAIATEIIbHON ITOABMKHOCTU U JIOKAIU3ALMU MOJIEKYJI, BHECEHHBIX
B KK ¢azy.

Jns w3ydeHus CTPOCHMS JKHUIKUX KPHUCTAUIOB MCIOIB3YIOTCSA PpPAa3IUYHbIC
AKCIIepUMeHTaIbHble MeTo1bl. Hanbomnee yacto KK marepuaiibl u3yyaroT onTHYeCKUMU
METOJaMH, KOTOpBIE, OJHAKO, NO3BOJSIOT ONPENEIATh TOJBKO YCPEIHEHHBIE
napaMeTpbl  OPUEHTALIMOHHOM  yNOPS/IOYEHHOCTH  MOJEKYNl  (OpHUEHTAaLHOHHbIE
napameTpbl mopsiaka BToporo panra). Tum wme3zodaser XK, TtommmnHa cros B
cmektrueckoM KK u ero cumMmerpusi MOTYT ObITh ONpENETeHbl U3 aHaIM3a JTAHHBIX
IUQPPAKIMK PEHTIC€HOBCKOIO H3JIyUY€HUs U paccesiHUus HeHTpoHOB. llepcrekTuBHBIM
METOJIOM, TO3BOJISIIOIIMM HccieaoBath ynopsaodeHHele XK, saBasercs wmeron
AJIEKTPOHHOI'O  MapaMarHuTHoro pe3oHanca (OIIP) B BapuaHTe  METOAMKHU
[IapaMarHUTHOro  30HAa. Ilpm  UCHONB30BaHMM  DTOr0  METOJA  M3Yy4aroTCs
XapaKTEpUCTUKN CIENUAIBHO BBOAMMOIO B MaTpUIly MapaMarHUTHOTO 30HJA.
Hecmotpst Ha TO, uto Meron OIIP HaéT KOCBEHHBIE XapaKTEPUCTUKU YACTUYHO
YHOOPSIAOUYEHHOW CpENbl, €ro NMPEUMYLIECTBOM SIBISETCS BO3MOKHOCTH ONPENEIICHUS
[MapaMeTPOB OPUEHTAIMOHHOTO MOPSAJIKA BBICOKMX PAHTOB. DTH BEJIMYMHBI ONPEICIISIOT
opueHTanoHHyr0 Gyukmuio pacnpenenenus (ODP) momekyn, koTopas sBIsSETCS
HauOosiee MH()OPMATUBHON XapaKTEPUCTUKOW MOJEKYJISIPHON YyNOPSAJOUYEHHOCTU. B
HACTOAIIEE BpPEMs BO3MOKHOCTH JKCIIEPUMEHTAJIBHOIO M3Y4YEHUS MOJIEKYJSIPHOU

OpraHu3allMd >KUJKAX KPUCTAUIOB BecbMa orpanuyeHbl. Hacrosmas pabora



HaIlpaBJICHA Ha  pacCIIUPCHUC OKCIICPUMCHTAJIbHBIX BO3MOKHOCTEHU B 9TOM
HallpaBJICHUM.

Heab  paborbl. llenbto paboThl  sBISIETCA  OMpEACIICHHE  OPUEHTAIMOHHOM

YIOPSIAOYEHHOCTH W CTPYKTYpHOM opraHu3auuu cMmektudeckux JKK ¢ momonisro
cnekrpockonuu OIIP B BapuaHTe METONMKM NapaMarHUTHOrO 30HJa. Pemenue
[IOCTABJICHHOM 33/1a4 BKJIIOYAET CJIEAYIOIINE ITaIbL:

1) omnpeneneHwe OpPHEHTALMOHHOM  YHOPSIOYEHHOCTH CMEKTHUECKHUX  KUIKHX
KPUCTAJUIOB B MEPEOXJIAXKIAEHHOM COCTOSIHMM, B KOTOPOM OTCYTCTBYET BpallaTelbHas
ITOJABHUKHOCTH MOJIEKYJT;

2) ompeAelieHWE  BpAIIATEIbHOM  MOJBMKHOCTHM NApaMarHUTHBIX  30HJOB B
OPUEHTHPOBAHHBIX W HEOPHUEHTUPOBAHHBIX 0Opa3lax CMEKTUYECKUX IKHJKHX
KpPHUCTAJUIOB [IPU TEMIEpATypax CyIIECTBOBAHUS CMEKTHUYECKUX Me30(a3;

3) omnpeneneHUe OPUEHTALMOHHOM  YHOPSAAOYEHHOCTH CMEKTHYECKUX — IKHMJKHX
KPUCTAJIJIOB TPU TEMIIepaTypax CYIIECTBOBAHUS CMEKTHMUECKHX Me30(a3 ¢ yuéTom
BpaIllaTeJIbHON MMOABUKHOCTH 30H/IOB;

4) omnpeneneHre CTPYKTYPHBIX XapaKTEPUCTHUK KUAKUX KPUCTAIUIOB M PACIIOIOXKEHUS B
HAX [ApaMAarHUTHBIX MOJEKYJ U3 aHajau3a YIJIOBBIX 3aBHCUMOCTEH JUIIONb-
JUITOIBHOTO yIIMpEeHUs crieKTpoB JIIP.

Hayunasi HoBU3HA pa0doThl. B pabore BiepBbie pa3paboTaHa METOIUKA OMpPeaeTIeHuUs

CTPYKTYPHBIX XapaKTEPUCTUK CMEKTUYECKHUX JKUJIKMX KPUCTAJUIOB U3 aHAJIU3a YTI0BOI
3aBUCUMOCTH JMIMOJb-AUNOIBHOTO yimMpeHus crnektpoB OJIIP. DOra wMeronmka
MpUMEHEHA JIJIsl ONpPEACNICHUS] B3aUMHOTO PACIIOJIOKEHUSI MOJIEKYJ B NapaMarHUTHBIX
KUAKAX KpUCTAIJIaX W TapaMarHUTHBIX 30HJIOB B JAMAMAarHUTHBIX CMEKTUYECKHX
KUIKUX Kpuctawiax. B pa0oTe mnodydeHbl HOBBIE JlaHHBIE, XapaKTEPU3YIOIIHME
HaIlpaBJ€HUE MOJIEKYJISIPHBIX OPUEHTALMOHHBIX OCEM M OPUEHTAUMOHHYIO (DYHKIIMIO
pacupeneneHus, Ui psda HUTPOKCWIBHBIX 30HJOB B CMEKTHYECKHMX JKHUJIKHX
KpUCTaJUIaX B MEpeoXJaxAEHHOM cocTostHuM (mpu Temmepatype 77+110 K) u npu
TEeMIIEpaTypax CyIIeCTBOBAHUS CMEKTHUECKHUX Me30(a3. BrepBrie sxcneprMeHTaIbHO
JI0Ka3aHO, YTO HUTPOKCUJIBHBIN paJliKajl MOXKET 3aHUMATh JBA PA3JIMYHBIX MOJIOKEHUS

B CMCKTHYCCKOM CJIOC JKUAKOI'O KpHuCTaJlila.



TeopeTnueckasi u INPAKTHYICCKAsA SJHAYMMOCTD. P8,3pa60TaHHBIC MCTO/bI

ONpEeNICNICHUS] CTPYKTYPHOU OPraHU3ALMM KUAKUX KPUCTAIIIOB MOXKHO HNPUMEHATH IS
XapaKTEPUCTUKU PA3IUMYHbIX YACTHUYHO YHOpsAoueHHbIX MarepuanoB: JKK pasHbix
TUTIOB (HEMaTHUYEeCKUX, XO0JIECTEPUUECKUX, CMEKTHUYECKHX), YaCTUYHO
OPUEHTUPOBAHHBIX IOJUMEPOB, OHOJOTMYECKHMX W HCKYCCTBEHHBIX MEMOpaH.
[lonmy4yeHHble OpUEHTAIMOHHBIE (DYHKIIMU paclpe/eseHUus] MO3BOJSIOT TMPOBECTU
JUCKPUMHUHALIMIO CYIIECTBYIOIIHUX MOJENEH B3aUMOIEHCTBUS MOJIEKYJI, COCTABIISIOIINX
KUAKAA KPUCTAIJI, U CIyKaT OCHOBOM JaibHEHIIEero pa3BUTHs (PU3UKH KUJIKUX
KpHCTAJUIOB.

Metoao0s10rus U1 MeTObI HccjegoBanus. B padore 6pu1 ucnonszoBan meton OIIP B

BapyUaHTEC METOAWKW IAapaMarHUTHOTO 30HAA. i ompenerieHus OpPUEHTALMOHHBIX U
BpAIIATEIbHBIX XaPAKTEPUCTHK MapaMArHUTHBIX 30HJIOB B YIOPAJAOYECHHBIX >KUIKHX
KpUCTAJJIaX TPOU3BOAMIACH PETUCTpaIls TMOJPOOHBIX YIVIOBBIX 3aBHCHMOCTEH
criektpoB JIIP ¢ marom 10 rpagycoB. OmnpeaensieMble NapaMeTpbl MOJIYYAIUCh
MOCPEJICTBOM ~ YHMCJIEHHOTO MOJICIIMPOBAHUS  SKCIIEPUMEHTAIBHBIX  CIIEKTPOB  C
HCMOJIb30BAaHUEM HEJIMHEWHOTO METOJa HAaWMEHBIIMX KBaJpaToB. CTPYKTypHBIC
XapaKTEPUCTUKHA KUJKUX KPUCTAIUIOB M  B3aMMHOE PAcCIOJOXKEHHUE B  HHX
MMapaMarHUTHBIX MOJIEKYJI OMPEIEISUIOCH MPU MOJICIIMPOBAHUM YIJIOBBIX 3aBUCHUMOCTEN
JTATIOJb-IUTIOJIBHOTO yIIupeHus crektpoB 1P,

HOJIO)KCHI/ISI, BbBIHOCUMBIC HA 3AIIIUTYV.

1.  Meronuka ONIPEEIICHUS CTPYKTYPHBIX XapaKTEepUCTUK
KUJIKOKPUCTAJUIMYECKON CpEelbl W3 aHAJIN3a YIJIOBBIX 3aBUCUMOCTEH JMIOJIb-
JTUITOIBHOTO YIIUpEeHUs CreKTpoB DIIP mapamMarHUTHBIX KUIAKUX KPUCTAJUIOB U
pPacTBOPOB ITApAMATrHUTHBIX 30HJIOB B IMAMArHUTHBIX )KUJIKUX KpUCTaJUIaX.

2. Pe3ynbTaTel onpeneneHuss OpUEHTALIMOHHBIX TapaMeTPOB MOpsAIKa 10 8-T0
paHra, JeTajlbHO XapaKTEepPU3yIOIIUX OpUEHTAMOHHbIE (QYHKLIUHU pacipeesieHus
30H/I0B, B IEPEOXIAKAEHHBIX CMEKTUUECKUX KUIAKUX KPUCTAIIIAX.

3.  PesynpTaTel onpezneseHHs napamMeTpOB OPUEHTALMOHHOIO IOTEHIMANIA W
XapakTepUCTUK MOJIEKYJSIDHOW  BpAaIlaTEIbHOW IOABMIXKHOCTH  30HIOB B
CMEKTMYECKUX JKHJIKMX KpHUCTaUIaX IMpU TEMIIEpAType CYLIECTBOBAHUS

Me30(Qasbl.



4. B0O3MOXXHOCTE 111 HUTPOKCHJIBHOTO paJuKajla 3aHUMAaTh pPa3jIMYHbIC
ITOJIOKEHUS B CMEKTUYECKOM CJIO€ KUJKOTO KpUCTaJia.

5. Pe3ynbpTaTel NPUMEHEHHsS MOJEIM OPUEHTUPYIOLIETO MOTCHIHANIA IS
ONMCAaHMs YTIOBBIX 3aBUCUMOCTEN cnekTpoB OIIP 30HZOB B OpUEHTHUPOBAHHBIX
CMEKTMYECKMX JKHJIKUX KpUCTaUlaX IMpU TEMIEPAType CYyLIECTBOBAHUS
Me30(¢asbl.

6.  HeakcuambHOCTH JIOKAJIBHOTO OKPYKEHUS MOJIEKYJI 30H/14,
IPOSBIIIFOLIASACS B YIIIOBOM 3aBUCHMOCTH criekTpa OIIP 30H7a.

JInunplii Bkjag aBTopa. Bkiag aBTopa B AHMCCEpPTAIMOHHYIO pabOTy COCTOUT B

HCIIOCPCACTBCHHOM  y4YaCTMM B IIOCTAHOBKC 1IHCJIM MW  3aJa4 HCCIICIOBAaHUA.
HpCI[CTaBJIeHHLIG B pa60Te PE3YIbTAThl IIOJYYCHBI JIMYHO aBTOPOM HWJIM IIPH €TI0
HCTIOCPCACTBCHHOM YYaCTHH.

Anpobauusi padoThl. PGBYJ'ILTaTLI pa6OTI>I AOKIIAAbIBAJIMCh Ha  CICAYIOIIHUX

MEXAYHapOAHBIX W  BCEpOCCHMCKUX  KOH(pepeHUMsX: 6-as  MexayHapoaHas
KOH(epeHUrsT 1Mo HUTPOKCWIbHBIM pagukanaM «SPIN-2011» (Mapcens, ®panuus,
2011), 15-as MexnayHapoanas KoH(epeHUIUI-IKoIa «AKTyaldbHbIE TIPOOIEMBI
MarHuTHOro pe3oHaHca u ero npumeHenuit» (Kazanb, Poccus, 2012), 9-as
MexayHaponHast koHpepeHus 1o xkuakoctsaM (JIuccadon, [opryranus, 2014), 25-as
MexnayHnaponnasi kKoHdepeHius 1mo kuakuMm kpuctamiam ([dyonun, Upnanaus, 2014),
7-ass MexnyHapoaHass KOH(GEpEeHIUsl MO0 HUTPOKCUIbHBIM panukanaMm «SPIN-2014»
(Benenoropck, Poccusi, 2014), 9-as  Bcepoccuiickas  KOH(pEpEHIHS-IIKOIA
«BBICOKOpEaKIIMOHHBIE HWHTEPMEINAThl XUMUYECKHMX U OHOXMMHUYECKUX pEaKIHil,
ChemlInt2014» (ITogmockoBbe, Poccusi, 2014), 11-as MexayHaponHass KOHpEpEHIHs
no nuddy3un B TBEPABIX Tenax u xKuAKocTaX (Mronxen, ['epmanus, 2015), 23-uii
Bceepoccuiickuii cuMno3uyM MOJOJBIX YUEHBIX MO Xxumudeckoi kuHeTuke «ChemKin
2015» (IToamockoBwe, Poccus, 2015), MexayHapoJIHbI XUMHYECKUN KOHTpecc
coobmectB Tuxookeanckoro bacceiina «Pacifichem» (I'onomnymy, I'aBaiin, 2015).

Iyoankamuu. [lo mMaTepuanam auccepTaluu omyoinkoBaHo 3 ctaThu U 10 Te3ucos

JOKJIaJd0B.

CreneHb _ 10CTOBEPHOCTH. JlOCTOBEPHOCTh TMOJYYEHHBIX B padoOTe JAaHHBIX

obecrieynBaeTcs BBICOKHUM 9KCIICPUMCHTAJIbHBIM YPOBHEM HCCJICAO0BAaHUs],
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HCIIOJb30BaAHHUCM COBPEMCHHOT'O PadIuOCIICKTPOMETPA 141 MMPUMCHCHHUCM
KOJIMYCCTBCHHOT'O YHUCJIICHHOT'O MOACIMPOBAHUS CIICKTPOB OIIP.

CTpyKTYpa 1 00LEM PadOTHI.

JluccepTanysi COCTOMT U3 BBEACHMS, 0030pa JUTEPATypbl, METOJUKHU IKCIEPUMEHTA,
pE3yNbTaTOB SKCIEPUMEHTAa U HX OOCYXJIECHHS, OCHOBHBIX PE€3YyJbTaTOB U BHIBOJOB,
CHMCKa JuTepatypbl. MaTtepuan uznoxkeH Ha 135 crpanunax (6e3 yuéra mpuIoKeHus),
comepxkuT 62 pucynka u 24 tabnuiel. bubnmorpadus Brirodaer 195 HammeHOBaHMI
UCTOYHUKOB. [Ipnnoxenne BkirodaeT 17 pucyHkoB Ha 15 cTpaHunax.
COJEPXKXAHUE PABOTHBI

1. Bo BBeIeHHMH H3JI0KEHA AaKTyaJIbHOCTb ONPEACIICHUS OPHUEHTAMOHHON
YIOPSAOYEHHOCTH U CTPYKTYPHOW OPraHM3aluy CMEKTUYECKUX KUAKUX KPUCTAJUIOB
MeToa0M criekTpockonuu IIIP, ctaBuTcs uenb paboThl.

2. O030p Jgureparypbl ("OpHeHTAIMOHHAS W TPAHCJIAANWOHHAS

VIOPSAT0YECHHOCTh CMEKTHYCCKUX JKIIKUX KPUCTAJLIOB'').

O030p nUTEpaTYphl COCTOUT U3 JIBYX YacTeil. B mepBoii yactu paccmarpuBaroTcs
HauOosee BaXXHbIE€ CTPYKTYpHbIE U JIMHAMUYECKHE XapaKTEPUCTHKU KUIKUX
KpuctauioB. Bo BTOpoil yacTu mpuBen€éH 0030p MMEIOLIUXCS METOJIOB ONpENeNeHUs
OPUEHTALlMOHHOM © TPAHCIALMOHHON YHOPSIOYEHHOCTH CMEKTHUYECKUX KUIAKUX
kpucramuioB. [IokazaHo, 4TO B IMTEpaType UMEIOTCS BECbMa OIPAHMYEHHBIE CBEJICHUS O
BEJIMYMHAX OPUEHTALMOHHBIX MAPaMETPOB MOPSIKA BBICOKUX PAHTOB, OCOOCHHO ISt
CMEKTHYECKUX XUIKUX KpUCTAIOB. CBENEHMI O MPOCTPAHCTBEHHOM PAaCIIOJIONKEHUU
MOJIEKYJI )KUJKOTO KPUCTAJJIA U MPUMECHBIX MOJIEKYH B KUJIKOKPUCTAJUIMUECKOU cpefie
B JIUTEpAType IBHO HEJJOCTATOYHO, U OHU XAPAKTEPU3YIOTCS HEOOIBIION HAJIEKHOCTBIO.
W3BECTHBI JIMIIb AMU30JUYECKUE, U TOJBKO KAYECTBEHHBIE CBEJIECHUS O JIOKAIW3ALUU
MOJIEKYJI-30HJIOB B CTPYKTYPE CMEKTUYECKHUX KUAKUX KPUCTAILIOB.

3. MeToanka YKCIIePUMEHTA.

B paGore ObUIM WCHONB30BaHBI HUTPOKCHUIIBHBIC IIapaMarHUTHBIC 30HIBI
pazimunoro ctpoenust (Puc. 1). 3ouaer Al, A2, A3, A4, A5 umeroT B CBOEM COCTaBe
apomatudeckue (parmentel. Pagukaner C4, C7, C11, C13, C15 coxepkar >KECTKHIMA
LIEHTPAJIbHBIA (parMeHT W JJIMHHBIC YTJIEBOJOPOJHBIE 3aMECTUTENN, M 00JagaloT

KUAKOKPUCTATIINYCCKUMHA CBOMCTBAMH.
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PI/ICYHOK 1. — Mcnonp30BaHHBIC ImapaMariuTHBIC 30H/BI.

Uccnenosansl 4 sxxuakux kpuctaia (Puc. 2): 8CB, obpasyroiiuii CMEKTUYECKYIO
A ¢dazy; H-114, oOpasytommit cmektnueckyro C  ¢dazy; H-115, wumeromuii
cmektuyeckue A u C ¢aszer; H-59, umeromuii cmexktuueckue A u B dasbl; a Takke
oIMH cMeceBoM kunkui kpuctamt LQ-600 (Ha pucyHke He TMOKas3aH), me3odazamu

KOTOPOTO SBJIAIOTCS 3aKkpydeHHble SmC*, SmA™ u N*.
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PucyHok 2. — 3yueHHbI€ KUJKUE KPUCTAILIBI.



Kpome Toro, uccienoBaHbl NOJUMEPHO-KUIKOKPUCTAUIMYECKUE KOMIIO3HIINH,
npeCcTaBistone coboil 00pa3ibpl MOPUCTOrO MOJMATHIEHA C OPHEHTUPOBAHHBIMU
[IOpaMH, COJIEPKAIIMMH PACTBOP 30HAA B )KUJIKOM KpHUCTAILIE.

Crextpsl DIIP peructpupoBany Ha CieKTpoMeTpax X-auamnaszona «Varian E-3» u
«Bruker EMXplus». O06pa3ibsl HUTPOKCHIIBHBIX PAJMKAIOB B KUAKUX KpUCTAIIaxX
OPUEHTUPOBAIM JICUCTBUEM MAarHUTHOTO Toys Hamnpsok€HHocThio 6000 I'c B
HEMaTH4YecKou (asze, 3aTeM MOHWXAJIW TEMIEpaTypy IO TEMIIEpaTypbl SKCIIEPUMEHTA.
OOpasupl opueHtupoBaHHbIX JKK monyyanu, KpoMme TOro, BBEAEHHEM KHJIKOTO
KpHUCTaJUla B OPUEHTUPOBAHHBIE TIOPBI B TOJUATUIIEHE, @ TAKXKE B KBapLEBYIO SIYEHKY C
OPUEHTHUPYIOIMMH NOBEPXHOCTIMU. C MOMOIIBIO CIIELHAIBHBIX SKCIEPUMEHTOB OBLIO
YCTAHOBIJICHO, YTO KUJKHWA KPUCTAJUI B 3TUX YCJIOBHUSAX HE OPUEHTHPYETCS] MAarHUTHBIM
nonem DIIP-ciektpomeTpa.

Uucnennoe wMoxenupoBaHue crnexkrpoB OIIP B OTCyTcTBHE MOJIEKYISPHBIX
BpalleHUN (OKECTKUM Mpelen») OCYIIECTBISIJIM COTJIACHO METONy, ONHWCAHHOMY B
pabote', mpu >TOM OBUT HCIOJNB30BAH CIIMH-TAMHJIBTOHHAH, BKIIOYAIONIMI HIICHBI
BTOPOTO TIOPAZKA TEOPUH BO3MYILCHHI B MPUONMKEHHH C1a00r0 BHEIIHErO MOJs” B
IIPEANIOJIOKEHUH COBIIAJICHUS TJIABHBIX oceld A- M g-TeH30poB. [Ipu monennpoBaHuu
ciektpoB  OIIP, 3apermcTpupoBaHHBIX NpH  TEMIEPATYpax  CYLIECTBOBAHUS
CMEKTHYECKMX Me30(a3, HCHOIb30BAIM METOJl M MpOorpaMMHOE oOecreueHue,
onucanHble B paGore’. ITpM 5TOM YUMTHIBAIM BIMSHHME BpALIATENbHON AHPDY3HH
napaMarHUuTHBIX MOJIeKys Ha popmy criekTpa DI1P.

B xoxe monenupoBanus criekTpoB DIIP npoBoanian HECKOJIBKO BUAOB PacUETOB.
MopenupoBanueM crektpoB OIIP HeopueHTHpoBaHHBIX 00pa3lnoB (00pa3LoOB, B
KOTOPBIX BCE€ YaCTUIIbl OPUEHTUPOBAaHBI cratuctudecku) npu 77+110 K onpenensum
MarHUTHOPE30HAHCHbIE NapaMmeTpbl pagukanoB (koHcTaHTbl CTB M KOMIOHEHTHI g-

ten3opa). Cepusi cnexktpoB IIIP, 3aperucTpupoBaHHBIX MPU PA3TUYHBIX MOJOKEHHIX

" A. Kh. Vorobiev, N. A. Chumakova. Determination of orientation distribution function of anisotropic
paramagnetic species by analysis of EPR spectra angular dependence. // J. Magn. Reson. — 2005. —
V. 175. - P. 146-157.
2T, M. Kunomupos, . C. Jlebenes, C. H. Jloopsaxos, H. . [lreitnmmnueiinep, A. K. Yupkos, B. A.
I'y6anos. MuTenperarus cnoxHbix criektpoB DIIP. — Hayka: MockBa. — 1975. — 216 c.
> D. E. Budil, L. Sanghyuk, S. Saxena, J. H. Freed. Nonlinear-least-squares analysis of slow-motion
EPR spectra in one and two dimensions using a modified Levenberg-Marquardt algorithm. // J. Magn.
Reson. A. —1996. — V. 120. — P. 155-189.
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oOpaslla OTHOCUTEIBHO BEKTOpa HampsbKEHHOCTH  MarHuTHoro monst  OIIP-
CHEKTPOMETPA, B AAJIbHEWIIIEM Ha3blBaeTcs yrioBoil 3aBucumoctbio JOIIP cnekrpa. C
[OMOIIBIO YHCJIEHHOTO MOJEIUPOBAHMUS YIJIOBOW 3aBUCHUMOCTH crekrpa OIIP
OTIpeNeIsUTH OpUEHTAMOHHYI0 (yHKIUIO pacnpenenenus (ODPP) mapamarHUTHOTO

30HA4, KOTOPYIO IPCACTABIIAIN B BUJAC PA3JIOKCHUS 110 CCI)CpI/I‘IeCKI/IM TrapMOHHKaM:

pla)=3 [ 25!

rac a — yrojia MCexay OCb0 aHHU30TPOIINHU 06p33113, 1 TJIaBHOM OPHGHTaHI/IOHHOI?I OCBIO

<Pj>Pj(cosa)j (1)

IIapaMarHATHOTO 30HAA, Pj(cosa) — nonunomel Jlexanapa, <P;> — OpHEHTallMOHHBIC
apaMmeTphl OPSAKA j-TO paHra JUls INIABHOW OPUEHTAIMOHHON OCH MOJIEKYJIBI.

BapeupyembiMu napamerpamMu B xone omnpezaeneHuss OPP sgBiasnnch 3HaA4YECHUSA
OPHEHTALlMOHHBIX IapaMETPOB IOPSAKA M YIVIBL, 3aJalOIIUE HAMNPABICHUE TJIABHOU
OPUEHTALlMOHHOM OCH MOJIEKYJIBI 30HJAA B CHUCTEME KOOPIMHAT g-TEH30pa
ITapaMarHUTHOW MOJIEKYJIBI.

C nomomipl0 MOJEIUPOBAHMS CIIEKTPOB HEOPHUEHTHPOBAHHBIX 00pasLoB IpU
TEMIIEpATypax CYyIIECTBOBAHUS CMEKTHYECKMX Me30(]a3 oIpenesii KodpQUuIUeHTbI
BpauaTesbHOW TU(Py3un MOJEKYJ 30HAA M YIJbl, XapaKTepU3YIOLIUE HAMpaBIICHUE
OCEl BpalllCHWS B MAarHUTHOM CHCTEME KOOPAMHAT I1apaMarHUTHOW YacCTHUIIBI.
MopenupoBanue yrioBbeIX 3aBucumocter crektpoB OIIP, 3aperncrprupoBaHHBIX NHpH
TEMIIepaTypax CyIIECTBOBaHUS CMEKTHYECKMX Me30(a3, MCHOJIb30BAIM IS
OJIHOBPEMEHHOI'O OIPEAEICHUs MapamMeTpPOB OPUEHTALMOHHOM YIOPAIOYEHHOCTU U
[IapaMeTPOB BPAILLICHUS NTAPAMAarHATHBIX MOJIEKYII.

3. Pe3viabTaThl M 00CYIKICHME.

Opuenmayuonnsie pyHKYuU pacnpeoeneruss napamacHumHbix 30H008 8
NepeoxiaHCOEHHbIX CMEKMUUECKUX HCUOKUX KDUCMALAX.
Ha puc. 3a npuBeneHa 3KkCriepuMeHTalIbHAs yrioBas 3aBUCUMOCTh criekTpa JIIP
JUIs1 TapaMarHuTHoro 3oH7a C15 B mepeoxnaxaéHHOM kuakoMm kpuctaie H-115 npu

77 K. Pe3ynbTat €€ YncIeHHOTO MOJEIMPOBaHMs MOKa3aH Ha puc. 30.
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Pucynok 3. — YrnoBas 3aBucumocTh crekrpa IOIIP 3onma C15 B nepeoxsiakIEHHOM
xuakoMm kpuctamwie H-115 (a) u pe3ynbTaT €€ uncieHHoro mojenupoBanus (0).

Puc. 3 mnoka3plBaeT, 4YTO HKCIEPUMEHTAJIbHO HAOIIOAaeMble OCOOEHHOCTH
cnektpoB OIIP BocmpousBoasTcss mpu MoxaenupoBaHuu. B T1abn. 1 mnpuBeneHbl
3HAQYEHUS OPUEHTAUMOHHBIX IApaMETPOB IMOPSAKA W YIUIBI, 33Ja0LIUE ITOJIOKECHHE
[JIaBHOW OPHMEHTAlMOHHOM OCH B CHUCTEME KOOPAMHAT g-T€H30pa IapaMarHUTHOMU
MOJIEKYJIbI, KOTOPBIE MOJIYYEHBI B XOJ€ MOJACIUPOBAHNS IKCIIEPUMEHTAIBHBIX YIJIOBBIX
3aBucumocter. l[lorpemnoctu onpenenenus napamerpoB nopsaka cocrasuiau ~ 0.01,

yrioB 0, ¢ MeHee 1-2°, i1t OCTAJIbHBIX CITy4aeB MOTPEIIHOCTH MPUBEACHBI B CKOOKAX.

Tabmuma 1. — OpueHTaIMOHHBIC TTapaMeTPbl MOPSAJIKAa M YIJIbI, 33JAI0NIHEe TOJI0KEHHE
IJIABHOM OPHUEHTAllHOHHOM OCH B CHCTEME KOOpPJHMHAT g-TEH30pa IapaMarHUTHOU

MOJICKYJIBI.
30H/ KK daza | <P,p> | <Pyop> | <Pso> | <Pso> | 0,° | 0,°
C4 8CB SmA 0.64 0.33 0.10 — 34 88
C4 H-114 SmC 0.50 0.08 — — 45 90
C4 H-115 SmC 0.71 0.32 0.07 — 39 90
C4 H-59 SmC 0.68 0.28 0.06 — 41 90
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Cll | 8CB | SmA | 067 | 033 [ 010 | — [32] 88

Cll | 8CB | SmA | 065 | 030 | 010 | — |33 ] 90
PPE

Cll | LQ-600 | SmC* | 057 | 035 | 008 | — | 31 | 90(4)
PPE (0.03)

Cl15 | H-114 | SmC | 042 | 006 | 0.04 | — | 43| 105

(0.04)

C15 | H-115 | SmC | 0.74 | 039 | 0.15 | 0.04 | 33 | 90

A5 | H-59 | SmB | 021 | 0.02 _ — 90 | 45

A4 | H-114 | SmC | 046 | 0.16 | 001 | 0.01 | 90 | 66

A5 | H-114 | SmC | 042 | 0.11 | 0.01 | 0.01 | 90 | 62

Bennuunel <P,,>, npuBeaéHHble B Tabi. 1, corjacyrorcs ¢ JUTEpaTypHBIMU
pe3yJbTaTamu, MOJIYYeHHBIMH ONTHYECKUMHU MeTojaMu. JlaHHble Tabn. 1 ompenenstor
OpUEHTAIMOHHbIE (YHKIIMU pachpeieiieHus MOJEKyal 30HI0B. Takue (QyHKIUU

pacinpcaciCHusd, B KaQUCCTBC IIPUMCEpPA, IIPCACTABIICHBI Ha PHUC. 4,

a) 0)

gzz gzz

gXX gXX

Pucynox 4. — O®P rnasHoit opuentanronnoit ocu 3ou1a C11 B 8CB (a), C4 B H-114
(6) mpu Temneparype 77 K.

OpueHTalMoHHbIE (DYHKIIMHM PACTIPEICICHHS TEPEOXTKIEHHBIX CMEKTUUECKUX

KK Ka4€CTBCHHO IIOXO0XH Ha AHAJIOTUYHBIC HCpCOXH&)KJIéHHBIX

byHKIIIU
Hematndeckux JKK. U3 tabn. 1 BugHo, uto B ciydae 30H10B C4, C11, C15, kotopsie
UMEIOT OJIMHAKOBOE CTPOCHHE LIEHTPAJIBHOTO KECTKOro (hparMeHra, CyHIECTBYET IBE
IPyIIbI CUCTEM: CUCTEMBI, B KOTOPBIX yroia 6 mensercs B auana3zoHe 31-34° (cucremsl
C4/8CB, C11/8CB, C11/8CB/PPE, C11/LQ—-600/PPE, C15/H-115), u cuctemsl, ais
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KOTOpPBIX 3TOT yron paseH 39-45° (cucrembr C4/H-114, C4/H-115, C4/H-59,
C15/H—114). BeposiTHO, 3Ta pa3HUIla OTPAXKAET JIBE BO3MOXKHBIE JIOKATA3AITUN MOJICKYJT
30H/a B CMEKTHYECKOM CJIO€ JKUIKOTO KpHcTaina. Panee GbUIO yCTaHOBICHO  °, UTO B
HeMmatndeckux JKK yromn 0 mis Bcex aTux 30H710B paBeH 30-32°.
Bpawamenvnas noodsusicnocmos MoeKyn 30H008 8 HCUOKUX KPUCANNAX NPU
memnepamypax cyujeCmeo8anusi CMeKmuieckux mezopas.

OpHolt W3 3ama4 HACTOSIICH pabOThI SBIACTCS OMPEICICHUE XapaKTEPHCTHK
BpalaTeJIbHONW TOABUKHOCTH TIApaMAarHUTHBIX 30HAOB B JKUAKUX KpUcTawiax. Jlims
pemieHuss  3TOM  3ajayd  MPOM3BOAWIOCH  MojenupoBaHue  crnektpoB  DIIP
HEOPUECHTHPOBAHHBIX OO0PA3IOB MPH TEMIIEpaTypax CYIIECTBOBAHUS CMEKTUYECKHUX

M€30(1)a3. HOHY‘-ICHHLIC XAPAKTCPHUCTHUKH ITPCACTABJICHLI B Tabm. 2.

Tabnuna 2. — [TapameTpsbl BpalaTelbHONW MOJBUKHOCTH MOJIEKYJT 30HJIOB B KUIKHUX
KpucTamiax™®).

Boug| KK | ®asa | T, | Hous D, ¢’ *¥) B | v.°
K | gactum,
%
Cl1 |8CB SmA |[301 /100 3.3¢10° 38 90
C4 |8CB SmA |[301 /100 3.8°10° 38 90
C4 |H-114 |SmC [33249 1.6°10° 35 90
51 1.6210° 60 90
Cl5 |H-114 |SmC |332]59 1.6°10° 35 90
41 2.2¢10° 60 90
C4 |H-115 |SmC |340 |41 1.4¢10° 37 59
59 2.810° 51 90
C4 |H-115 |SmA |35352 3.4¢10° 38 65
48 4.9¢10° 47 90
Cl5 |H-115 |SmC |340|58 1.5¢10° 36 90
42 2.0410° 56 90
Cl5 |H-115 |SmA |353|62 3.2¢10° 36 90
38 2.6°10° 55 90
Cl1 | LQ-600 | N* 336 | 100 5.6°10° 40 90
C1l |LQ-600|SmA* | 330 | 100 6.7°10° 37 90
C11 | LQ-600 | SmC* | 313 | 100 5.8+10° 34 90

“N.A. Chumakova, D. A. Pomogailo, T. S. Yankova, A. Kh. Vorobiev. The novel stable nitroxide
radicals as perspective spin probes for study of orientation order of liquid crystals and polymers. //
Mol. Cryst. Liq. Cryst. —2011. — V. 540. — P. 196-204.
> T. S. Yankova, N. A. Chumakova, D. A. Pomogailo, A. Kh. Vorobiev. Spin probe orientation
distribution functions in aligned nematic liquid crystal. // MRSej. —2011. - V. 13 (2). — P. 10-13.
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Al | 8CB SmA | 301|100 D,(=Dy=(3.2i0.1)°107 90+8 | 45+2
D,= (8.540.2)+10’
A2 | 8CB SmA | 301|100 D,(=Dy=(1.2i0.1)°107 905 |47+l
D,=(1.20+0.03)+10°
*) Iorpemnoctu onpeneneHus: kodpounuenta nuddysuun D, B ciydyae 3oH10B C4,
Cl11, C15 cocraBuiu He 607ee 5%, MOTPEIIHOCTH OINPEACIICHUs YIJIOB B U Y COCTaBUIIU
He Oonee 5°.

**) B ciyuae 3on10B C4, C11, C15 xoadduumentsl BpamarensHoi aupdysun D=D,
MPUHAMAIOT 3HageHns < 2-10° ¢

['1aBHBIE OCH BpaILlEHUs 30HAOB B CUCTEME KOOPJMHAT Z-TEH30pa ONPEIEISIOTCS
npuBeACHHBIMU B Tabiu. 2 yriaamu [ u y. Oka3zanoch, 4TO HampaBlieHHWE TJABHOM
BpallaTeJbHOW OCHM MOJIEKYJbl 30H/a HE BCErJa COBIAJACT C HAIMpPABICHUEM OCEU
TEH30pa HMHEPIMH MOJIEKYJbl 30HAAa. B ciywae 30oHm0B Al, A2 koxddulMEHT
BpamatesbHOW TudPy3un BOKPYr JUIMHHOW OCH MOJEKYJbl MPUOIU3UTEILHO Ha
MOPSIIOK BEJIMYMHBI MpeBbIIaeT Kodh@uiueHt auddy3un BOKpyr KOpoTKod ocu. B
cnyyae 30HI0B C4, Cl1 B 8CB 3TO COOTHOLIEHHE JOCTUTAET JBYX MOPSIKOB
BEJIMUMHBI.

Cnexktpel mapamarHuTHBIX 30HI0B C4 u CI5 B marpunax H-114 u H-115
JEMOHCTPUPYIOT OoJiee CIOXKHYIO (POpMy MO CpPaBHEHUIO CO CHEKTpPaMH 30HJIOB B
cmektrueukor A me3zodasze 8CB u cniektpamu C11 B LQ—600 B pa3znuuHbx Me30¢azax.
B kauectBe mpumepa Ha puc. 5 mpuBenEH CrekTp paaukana C4 B CMEKTHYECKOU A
Me3odaze H-115. Ha puc. 5 B yBenuueHHOM MaciiTabe MOKa3aHO JOMOJHHUTEIHHOE
pacierieHie B O0JIacTH HHU3KOIOJIEBOM KOMIIOHEHTHI CIIEKTpa, KOTOpPOE TaKKe
HaOoAaeTcss B 00J1aCTU BBICOKOIIOJIEBOM KOMITOHEHTHI. J[JI1 OnmucaHus 3TOro CHEKTpa
HEOOXOAMMO TMpPEANOJOXKUTh Hadu4yhe B 00pas3le ABYX THUIOB MOJEKYJI 30HJA,
BpaieHne kotopbix B JKK Marpuile XapakTepu3yeTcs pa3IMYHbIMU IapaMeTpaMHu.
Mopenbubiit criektp OIIP mpencraBisier coboil cymMMy CIHEKTPOB MOJIEKYJ 30HAA
Pa3TUYHBIX TUIIOB, CIIEKTPHI 30HJA0B 00OMX THUIIOB MOKa3aHbl Ha puc. 5. [IpoBenéunoe
MOJIETUPOBAHUE TOKA3aJI0, YTO yKa3aHHBIE JBAa TUIA MOJIEKYJ 30HJI0OB Pa3INM4arOTCS
BeJIMUMHAMU Kod(dduiiuenTa BpamarenbHo 1uddy3un 1 HapaBjieHUEM TJIaBHOW OCH
BpareHus. B 1abn. 2 1y1s pa3iaudHbIX CUCTEM NPHUBEACHBI XapaKTEPUCTUKU BpAICHUS
JUIsl 00OMX THUIIOB YacTHI]. BO3MOXHOW NPUYMHON pa3NMYHOIO MOBEAEHUS XUMUYECKU

HACHTUYHBIX MOJICKYJI 30HAa ABJIACTCA UX pa3jIMdHasA JIOKaIu3alus B CTPYKTYPE KK.
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Pucynok 5. — Cnextp OIIP 3012 C4 B SmA ¢daze H-115 npu 352 K (u€pnast nunus) u
pe3yabTaT €ro KOMIIbIOTEPHOTO MOJICIUPOBAHUS (CUHSS U 3€JIEHAS] IMHUU — PACUETHBIE
CIIEKTPbl PAJAUKAJIOB, 00JIAIAI0ONIUX PA3IUYHBIMU BpallaTeIbHBIMUA XapaKTePUCTUKAMH,
KpacHasi — pe3yJIbTaT ONMKMCAHUsS B MPEANOI0KECHUN CYIIICCTBOBAHUS 2 TUIIOB YaCTHII).
Ha puc. 6 moka3anpl aBa BEpOSTHBIX crocoba mokanuzamuu 3o0HAa C4 B KK
cpene H—115. 3ur3zaru 0603Ha4aroT yriieBOAOPOAHBIC 3aMECTUTENH, MPSIMOYTOJIbHUKH —

OCH30JILHBIC KOJIbIIa, U30THYTBIC IMHUH MCKAY ITPAMOYTOJIbBHUKAMHA — CJ'IO)KHOBCI)I/IpHBIe

IPyNIbl, MATHYTOJBHUK — MUPPOIUJAUHOBBIN (hparMeHT.

Pucynok 6. — Bo3moskHbie criocoObl okanu3anuu 3oH1a C4 B H-115 (oObacHenue k
pPUCYHKY B TekcTe). [[yHKTUpHBIE JTMHUU MOKa3bIBAIOT MOJOKEHUE «KECTKOW» 4acTu
CMEKTHYECKOTO CJIOSI.
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Opuenmayuonnvle hyHKyuu pacnpeodeieHus napamacHUmHbIX 30H008 8 HCUOKUX
KpUCALLAx npu memMnepamypax cywecmeo8anuusi CMeKmu4ecKux me3opas.

Hauboinee cnoxHOW sBISIETCS 3ajladya MOJEIIMPOBAHUSI YIIIOBBIX 3aBHCHMOCTEN
cnektpoB OIIP, 3aperucTpupoBaHHBIX MPU TeMIIEpaTypax CYIIECTBOBaHUS Me3o(da3s,
KOTJJa OJHOBPEMEHHO HMMEETCSI M OPHUEHTAIIMOHHAs YHOPSIOYEHHOCTh CpEIbl, U
BpaIl[eHHE MOJIEKY/L. B paboTax, BBIIONHIEMBIX 1101 pyKoBoacTBOM 1pod. k. Opua’,
OMMCaH METOJ MojelupoBaHusi cnekTpoB DIIP mapaMarHUTHBIX 30HAOB, OCHOBAHHBIN
Ha pelieHuu ypaBHeHus JInyBUIUIS B paMKax MOJIENU cpeliHero mosis. Metoa ocHOBaH
Ha TPEAMNOJIOKEHUU O TOM, YTO MapaMarHUTHBbIE MOJIEKYJIbl 30H/Aa HAXOASTCA B IOJIE
OPUEHTUPYIOIIETO MOTEHIIHAJIA KUJTKOKPUCTATIIMUECKON cpenbl Up,y).
OpueHTalMOHHOE pacIpeaeIeHue MOJIEKYJ B OTEHIMAJIE ONPEIEIAETCS SKCIIOHEHTOM
OosibiiMaHOBCKOrO THna. OpueHTUpymmui noreHman U(f,y) npeactabiseTcss psaoM
chepudeckux ¢pynkuuit D(S,y):

U(B.7)
k,T

==>¢;6D (B:7) = Y€1 | D (B.7)+ D3 (B.7)] (2)

J J,m
rae j, m = 2, 4, kooQPUUUEHTBI Cjy, Cj, NPEACTABIAIOT COOOW YJIEHBI Pa3I0KECHUS
OPUEHTUPYIOIIETO NOTEHIMANA, KOTOpPBIE  OMNPENEISAIOT  OPHUEHTAMOHHYIO
YIOPSAI0YEHHOCTh MOJIEKYIL.

[Ipy 4UCIIEHHOM MOJEIIMPOBAHUU YIIIOBBIX 3aBUCUMOCTEN B pAMKaX 3TOW MOJEIHN
pe3yJIbTaT XapaKTEPU30BaJCA Kak 'XOpolllee OINMUCaHue", €CIu pPa3Inuhe MEXKIY
AKCIIEPUMEHTAJIbHBIMU M PACYETHBIMU CHEKTPaMHM OBLIO MEHBIIE, YEM IMOTPEIIHOCTH
AKCIEPUMEHTAIIbHOW  PErucTpaluy  CHEKTpPOB.  Pe3ynpTarbl  MOAEIMPOBAHUS
OIICHUBAJIMCh KaK YJOBJIETBOPUTEIbHBIC, KOT/Ja OTKJIOHEHHUE HEKOTOPBIX PACUETHBIX
CIIEKTPOB OT 3KCIHEPUMEHTAIBHBIX IMPEBBIIAIO MOTPEIIHOCTH SKCIEPUMEHTA, OJHAKO
BCE KAYECTBEHHBbIE OCOOCHHOCTH OKCIEPUMEHTAIBHBIX CIHEKTPOB (MOJIOKEHHE
KOMIIOHEHT KaXKJ0ro CIeKTpa W uUX (Qopma) BOCHPOU3BOJIUIMCH B XOJAE pacyéra.
MopenvpoBaHue CHEKTPOB KBATM(PHUITUPOBAIOCH KaK HEYIOBICTBOPUTEIHLHOE, €CIIU

HCKOTOPBIC KAa4YCCTBCHHLIC 0COOEHHOCTH CIICKTPOB HC YIaBaJIOCh BOCIIPOHM3BCECTHU B

xoJ€e pacuéra. BenmnunHbl mapaMeTpoB, HaWJIEHHBIE B XOJI€ MOJECIUPOBAHUS CIIEKTPOB,

®D. J. Schneider, J. H. Freed. Calculation slow motional magnetic resonance spectra: a user guide. //
In Biological Magnetic Resonance, edited by Berliner, L. J., Reuben, (Plenum: New York). — 1989.
—V.8.-P. 1-76.
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TAK)X€ KAuyeCTBEHHO OLICHMBAJIUCh C [OMOULIBIO CPAaBHEHUS C HUMEIOLIUMUCS
JUTEPATYPHBIMU JAHHBIMHU, COTJIACUS C BEJIMYMHAMU, IOJYYEHHBIMH B Pa3JIMYHBIX
JKCIIEPUMEHTAX, a TaKXe C IIOMOIIBI COIOCTABJICHUS IIOJYYEHHBIX BEJIUYHMH CO
CTPYKTYpOU 30HJIa U KHUAKOKPUCTAITMYECKOU cpeapl. OlleHKa KadyecTBa OMUCAHUS

CHEKTpPOB coOpaHa B Ta0JI. 3.

Tabmuua 3. — OueHka kadecTBa MojenupoBaHusi cnekTpoB OIIP B pamkax monenu
OPUEHTUPYIOIIEr0 NOTEHIHAIA.

Cucrona MonaenupoBanue Hanexunoctb
CIIEKTPOB napaMeTpoB
1 AS5/8CB xopouiee yAOBI. *)
2 A5/8CB-m xopoliee yAOBI. *)
3 C4/8CB-m xopoliee YAOBII.
4 C4/8CB YAOBIL. YAOBIL.
5 C11/8CB YAOBIL. YAOBIL.
C11/8CB/PPE
6 ™) YAOBIIL. YAOBIL.
. C11/8CB/PPE S -
(SmA)
8 A5/H-115 YAOBIL. HEYJIOBIL.
9 A3/H-115 yIIOBIL. HEYI0BIL.
10 A4/H-114 HEYJIOBJI. HEYJIOBII.
11 A5/H-114 HEYJOBIL. HEYJIOBIL.
12 C4/H-115 HEYJIOBJI. HEYJIOBII.
13 C11/LQ-600 HEYJOBIL. HEYJIOBIL.

*) 3HaUEHHsA OPUEHTAIIMOHHBIX MapaMeTPOB MOPSIKA OTPAXKAIOT OPUEHTUPOBAHHOCTH
MOJIEKYJI 30H/1a, HO HE OpueHTUpOBaHHOCTH JKK maTpuib.

Takum 06pa3om, CYIIECTBYET PSJI CUCTEM, TSl OTIMCAHUSI YTJIOBBIX 3aBUCUMOCTEH
criektpoB OIIP koTOphIXx mpu TeMIlepaTypax CyIIeCTBOBaHUS Me30(}a3 Mojielb
OPUEHTUPYIOIIETO MOTEHIMAIa MNPUBOAUT K 'XOpOLIEMY OMNUCAaHUIO" CHEKTPOB H

YAOBJICTBOPUTCIIbHBIM BCIIMYMHAM IMApaMCTPOB OPHUCHTALIMU W BpPAIICHMUA. K Takum
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cucremam otHocatcs AS5/8CB, MonomomeHHbIlt obpazer; A5/8CB M MOHOIOMEHHBIM
oOpazer; C4/8CB. Yrnossie 3aBucumoctu crektpoB DIIP cucrem C4/8CB, C11/8CB u
C11/8CB/PPE B nHeMaTuyeckoil ¢a3e OMUCHIBAIOTCS YAOBIETBOPUTENBHO, TOTYyUYEHHbBIE
3HAUEHUS MapaMeTpoB UMEIOT pusndeckuit cmbica. Cnektpsl AS/H-115 u A3/H-115 B
cmektrueckoi A u C ¢aszax ONUCHIBAIOTCS YJOBJICTBOPUTEIHLHO, HO BEIMYHUHBI
[apaMeTpOB, MOJIYYEHHbIE MPU MOJEIUPOBAHUM YIJIOBBIX 3aBUCHUMOCTEN CIEKTPOB, B
ATUX CHCTeMaxX HeJb3sl paccMaTpuBaTh Kak Haa&xkHble. s Ipyrux paccMOTPEHHBIX
cucteM (A4/H-114, AS5/H-114, C4/H-115, C11/LQ-600) Monenb OpUEHTUPYIOIIETO
MOTEHIIMaJIa He IPUBOJIUT K yIOBJIETBOPUTEIILHOMY OMMCAHUIO YTJIOBBIX 3aBUCUMOCTEH
CHEKTPOB.

B Tabn. 4 mnpuBeneHbl XapakTEPUCTHKW BpalllaTeIbHON TOJBIKHOCTH H
OPUEHTALMOHHON YHOPSIOYEHHOCTH MOJIEKYJT 30HJOB B CMEKTHYecko A (daze
xuakoro kpucramwia SCB. AHamOrvMYHbIE JAHHBIE TOJNYYEHBI [JII BCEX JAPYIHX

HN3YUCHHBIX CHUCTCM.

Tabmuua 4. — IlapaMeTpsl OPHUEHTAIIMOHHON YIOPSIIOYEHHOCTH W BpallaTelbHON
MOABMKHOCTU pazinuHbIX 30H70B B 8CB (mipu 300 K) (M — MOHOTOMEHHBIN 00Opaserr).
Cucrema | C4/ C4/ Cl11/ Cl1/ | Cl1/ | A5/ A5/ A5/
8CB | 8CB-m 8CB 8CB/ | 8CB/ | 8CB | 8CB-m | 8CB-m
PPE | PPE (N)
(N)
Hesska | 7.3 1.7 2.1 0.8 2.2 42 160 28
(+10")
D,, ¢’ ~10° [ 5¢10° [2-10° 6210° [ 2:10° [3.44107 [ (5.5+0.9)e | 710°
10
D,,c’ ~10° [ 5-10° |2-10° 610° [ 2¢10° |[5.3¢10° | (6.740.3)« | 6.310°
10°
D, ¢’ 4.1010° | 3.4+10° | (3.372£0.02) |3.6°10° [ 2.9¢10% | 1.4¢10° | (1.1£0.1)~ | 210"
*10° 10°
° 403  |37.6 |37.4+0.1 38.0 [38.1 |90 79+1 87
v,° 90 90 89+9 106.8 992 |99 9346 78
Cao 7.2 5.5 5.17+0.05 |23 3.6 1.5 1.14 1.46
+0.01
Cx 2.4 1.6 1.3040.04 |- — -0.6 -0.41 -0.52
+0.02
<P, > 0.837 [0.786 |0.78+0.01 |0.501 |0.679 |0.321 |0.243 0.312
+0.001
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Ommbku omnpezaelieHrs NapamMeTpoB BO BCceX pacu€rax ObuIM CpaBHUMbIMU. B
KadecTBe mpuMepa B Tabi. 4 onu mpuBeneHwsl s obpasma C11/8CB B ammyne B
cMekThueckoi A (aze u monogomeHHoro oopasia AS5/8CB B HemaTuueckoit dase.

OpHEeHTAMOHHYIO  YIOPSAOYEHHOCTh  MOJEeKyn  (Tabm.  4)  ONMUCHIBAIOT
KOd(PUITMEHTHI pa3IoKEHUST TOTEHITHANIA Cyp U Cop (cM. dopmyny (2)). OTnuume ot
HYJIST BEJTUYHUHBI Cp; OTpakaeT OMAKCHAIIbHBIA XapakTep OPUEHTAIMOHHBIX (DYHKITUI
pactipenenenusa. Ha puc. 7 npencraBieHa B kaudectBe npumepa ODP 3onga C4 B
cmektrueckoir A wmeszodaze 8CB, moctpoeHHass B COOTBETCTBUU C IMOJTYYEHHBIMU
napamerpamu.  buakcuaneHocTh  O®DP  mposiBisierca  Kak  "CIUTIOCHYTOCTB'

pacnpeaeneHus BIoJAb OCH Y.

g, Svy

gXX gXX

Pucynok 7. — ODP 30n1a C4 B )xugkoM kpuctaiie 8CB B SmA ¢aze (mpu 300 K) B
Pa3HBIX MPOEKIIUSIX.

CmpyKkmypHbvle Xapakmepucmuku napamazHumHblX paoukanos, OnpeoeiéHHble U3
AHANU3a OUNONb-OUNONILHO20 YuupeHus cnekmpoeg J11P npu memnepamypax
cyujecmeosaHnus me3oqhas.
Crnektp uuncroro mnapamarautHoro JKK mnpu TemmepaType cyliecTBOBaHUs
Me3o0(da3bl mpeacTaBisieT coboi ymupeHHbld cuHriaeT. O0paszel mpeacTaBisia coOoi
cmekTnyeckuil KK, opueHTHpOBaHHBIM HAaTHUPKOM BAOJL ocu Z. Ha puc. 8 moka3aHsl

VIJIOBBIE 3aBUCHMOCTH IIHUPUHBI JIMHUU CIIEKTpa TaKoro oOpasma sl BpalleHUs
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oOpasiia B MarHUTHOM T10JI€ BOKPYT OCH Z ¥ BOKPYT MEPIEHIUKYJSPHOTO HAIMpaBICHUS

X B HEMAaTHYECKOU U XOJIECTEPUIECKON Me30(a3ax.

AHpp, I'c a AHpp, T'c

Yrom, Tpag 45

VYron, rpan
0 60 120 180 240 300 360 O 60 120 180 240 300 360

15! T T T

Pucynoxk 8. — YrioBble 3aBucuMocTH mmpuH auHui crektpoB DIIP B N daze (+)-C7
(a) mu B N* daze (S,S)-C7 (6). Touku — 3HaueHUsI, TOJYUECHHBIE U3 IKCIIEPUMEHTATBHBIX
CIEKTPOB, 3aKpPBIThIE M OTKPBIThIE TOUYKM — BpallleHHs BOKpYr X W Z oceil oOpa3ua,
COOTBETCTBEHHO, JJUHUU — PE3YIbTAT MOJAETUPOBAHHUS.

[Ipu MomenupoBaHMM YTJIOBBIX 3aBUCUMOCTEN AUIIOJb-IUIOIBHOTO YIIUPEHHUS
munuit OIIP cnektpa dhopma nuHUM paccuuThiBasiack B Bujae dypre-oOpaza. Jumonb-
JIWIOJIBHOE  B3aUMOJCKUCTBHE Mapbl IMAPAMAarHUTHBIX  MOJIEKYJ  ONHMCHIBAIOCH

CICOYIOIIHUM BBIPAKCHUCM:

. 2
HadF = cosow ), prda = 1> F(rms o) 1

3)

‘I’(I’m, o, aL)E

II€ PaguyC-BEKTOp I, COCOUHSAIOIIMK JBAa NApaMarHUTHBIX LIEHTPA, 3aBUCHUT OT
CJIEYIOIIUX CTPYKTYPHBIX MapaMeTPOB YNOPSIOUEHHON CMEKTHUECKON Me30(asbl:
¢ — Yroa HakKJIOHAa MOJIEKYJl XHUJIKOTO KpHUCTAJUIA, 7, — PAacCTOSHUE MEXKIY
[TapaMAarHUTHBIMU LEHTPAMHU, O — YTOJ MEXKIY 7 U IJIOCKOCTBIO CMEKTUYECKOTO CJIOS.
O6patHoe mpeobOpazoBanue Dypbe MO3BOISET ONPEACTUTh (HOPMY  JTMHUHU
VHJABUAYAJIBHOW KOMITIOHEHTHI CIIEKTPA U MOJYYUTh IUPUHY JINHUH.

Bemnunnsl ¢, ¥, O, a, ONPENEIAIUCH C MOMOIIBID MOJEIUPOBAHUS YIJIOBBIX
3aBUCHUMOCTEN IWIMPUH JIMHWM, MPEACTaBICHHBIX Ha puc. &. Pe3ynmprarel pacuéra
NpUBEJEHBl B TabM. 5 v HA puc. 9. DTU XapaKTEpUCTUKH B3aMMHOTO PACIIOIOXKEHUS

COCCIHUX MOJICKYII (paCCTOHHI/Ie MCKY IapaMarHuTHbBIMHU LOCHTpaMH, YI'OJI HAKJIOHA
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MOJICKYJ U I[p) B KUIAKOKPUCTANIMYCCKUX CpPpE€Aax C TPYAOM MOAMAIOTCA M3MCEPCHUIO

APYruMnu MCTOAAMMU.

Tabmuma 5. — CrpykTypHbIe MapaMeTpbl Me30¢a3, TMOJyYCHHBIE IPU OMHCAaHUHU
AKCIIEPUMEHTAILHBIX YTIIOBBIX 3aBUCUMOCTEH IMUPUH JTUHUM.

}I{K (1)&38. am; A bm: A rma A Gao aL)O

(coequHeHue)

N ((2)-C7) 70 100 | 122 [55 |0

N*((S,8)-C7)™ |6.4 [9.1 |11.2 |55 |0

SmC((+)-C13) |65 [113 [13.0 [60 |33

**) — C7 B onrtruyuecku yuctom Buze (2S,5S) ¢ sHaHTHOMEPHBIM U30BITKOM 96%.

~N

Pucynok 9. — OTHOCUTENRHOE pacnoioxkeHre napel Moiiekyn C13, onpenenéHHoe npu
ONMCAHUU YIJIOBBIX 3aBUCUMOCTEU LIUPHH JIMHUM.

AHaNnOruyHbIM 00pa3oM OINpPEAEICHO B3aUMHOE PACIOJIOKEHUE MOJIEKYJ 30H/I0B
A3 u AS B ctpykrype KK H-115 B cmektnueckux A u C me3odazax. [lonydyennsie
napameTpbl IPUBEACHBI B Ta0. 6.

[To paHHBIM Tabm. 6 COBMECTHO C TMOJYYEHHbIMH HaMH J@aHHBIMU 00
OpPUEHTAMOHHON YHOPSIOYEHHOCTH 30HJOB MOXHO CHEJaTh IMPEAIOJIOKEHHE O
B3aUMHOM pAaCIIOJIOKEHUN MOJIEKYJ 30HAAa M KUIKOKPUCTAUIMYECKOW MAaTpHIbl, a
TaKKe O TMPUPOAE MEKMOJIEKYISIPHBIX B3aWUMOJCWUCTBUM, BBI3BIBAIOIIUX  OTO

pacnionoxenue (puc. 10).
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Tabnuua 6. — XapakTepUCTUKU B3aUMHOTO PACIOJIOKEHHUSI MOJIEKYJI, MOJIYyYEHHBIE MTPU
OMHMCAHUM HKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEN AUMOJb-TUIOIBHOIO YIIUpEeHus AS B
H-115u A3 B H-115.

Cucrema AS5/H-115 A3/H-115
Mesodaza SmA SmC SmA SmC
Jons  mapaMarHMTHBIX — LEHTPOB, | 0.17+0.1 | 0.30£0.1 | 0.36%0.1 | 0.46%0.1
HCIIBITBIBAKOIIIUX AHN30TPOITHOC

JTUTIOJTb-TTUTIOJIBHOE YIITUPEHUE
PaccTosHue Mex Ty IIeHTpaMu, A 16.5£0.2 | 17.0£0.2 | 16.7+0.2 | 17.0£0.2

N3oTponHoe ymupenue, I'c 2.61 2.32 0.82 0.75
G,° 90+10 90+10 | 72.5£1.5|70.0+£1.0
a,’ — — 0 2013

o
32A

Pucynok 10. — B3auMHOe pacnojio)KeHUE MapaMarHUTHBIX paaukainoB A3 u AS B
CTpyKType xxkunkoro kpuctamma H-115 (B cMekTuueckoit A dase).

3oHapl A5 oOKazaduCh PACIHOJOKEHHBIMM HA TaKOM pACCTOSIHUM, YTO
apoMaTHyeckre GparMeHTHl 30H/1a HaXOAATCS BOJIM3M apOMATHYECCKUX YaCTCH MOJICKYJT

KUIAKOIro KpucTajia. Takum O6p330M, paauKalibl, BO3MOXHO, CBA3aHbI C MOJICKYJIaMHU

AKUJKOTO KpUCTAILIA TT-TT CTEKMHTOBBIM B3auMojieicTBrueM. B To sxe Bpemst NO—-rpynmsl
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paaukanoB A5 pacoJIOKEHbl Ha TOM K€ PAaCCTOSHUM, YTO M aTOMBI KHCIOPOAa B
3GUpPHBIX CBA3SIX JKUAKOTO Kpuctamia. [lo-Buaumomy, crmaboe MEXMOJIEKYISIPHOE
cBs3bIBaHUE ¢ ydacTueM NO-—-(parMeHTOB W/WIM apOMaTUYECKUX SAEp OTBEYAeT 3a
pPacnoJIOKEHUE MOJIEKYJ 30HAa B CTPYKTYPE KUJIKOIO KpUCTAJLIA.

Mouekynbl 30HAa A3 TakKe UMEIOT BO3MOXHOCTh OOpa30BAHUS ONMCAHHBIX
cinabbIX CBs3eil ¢ Mousiekynamu >kujakoro kpucramia H-115. Kpome Toro, B3aumuoe
pacnoJIOKEHUE Tapbl  MOJIEKYJ, OIPEACIIEHHOE IIPpU  MOJCIMPOBAHUN  JTUIIOJIb-
JUIIOJIBHOTO YIIMPEHHUs, IMOKa3bIBAET, YTO I1apa MOJIEKYJ] 30HIOB A3 COEIMHEHa T-T
B3aMMOJICHCTBUEM MEXIY apOMATHYECKUM KOJIBLIOM OJHOW MOJEKYJIBl C TPOWHOMN
CBSI3BIO JIPYTOMl MOJIEKYJBI B mape. Bo3moskHbIe ciiaOble B3aWMOJECHCTBHSI MOJIEKYI
HUTPOKCWIBHBIX 30HJOB JpPYyr € JPYyroM M C MOJIEKYJAMH JKHJKOIO KpHUCTaJlla

IMOKa3aHbl Ha pUC. 10 MyHKTUPHBIMU JIMHUSAMHU.

23



OCHOBHBIE PE3YJIBTATHI U BBIBO/IbI

1. N3 ananuza yriioBbIX 3aBUCUMOCTed crnekTtpoB OIIP  30HI0OB B
MEPEOXIIAKIEHHBIX CMEKTUYECKUX KUIKAX KPUCTAIaX OMPEICIICHbl OPUEHTAIMOHHbIC
GYyHKIMHA pacTpeeieHus] ¢ TOYHOCTHIO JI0 IMapaMeTPoB TMOpsika BOCKMOTO paHra. U3
aHajau3a YIJIOBBIX  3aBHCUMOCTEH, 3aperMCTPUPOBAHHBIX IIpU  TeMIeparypax
CYIIIECTBOBAHMS CMEKTHUECKHX Me30(a3, OICHEHBI XapaKTePUCTUKU OPUEHTAITMOHHBIX
GbyHKUMIA pactipeieNieHus: U BpallaTeIbHON MOJIEKYJISIPHOM MOBUKHOCTH.

2. TlokazaHo, YTO OpHUEHTAIMOHHBIC (YHKIMH pPACTPEICICHUS MOJCKYJT B
CMEKTHUYECKHUX KUAJIKUAX KpHCTaJIax XapaKTEPU3YIOTCA CYILIECTBEHHOU
OMaKCHUATBLHOCTBIO, T.€. CUMMETPUS JIOKAJIBHOTO OKPYXKEHHUS MOJICKYJIbI HeaKCHasbHa.
OOHapyxeHHasi OMaKCUAIbHOCTh KOJIMYECTBEHHO 0XapaKTEpU30BaHAa.

3. OGHapy>KeHa JOKaIU3aIMsl MOJIEKYJI 30H/I0OB B JIBYX Pa3JIMYHBIX MOJOKEHUSIX B
CMEKTHUYECKOM CJIOE JKUJIKOTO KPUCTaIa, TAKKUE 30H]IbI OTJIMYAI0TCS KoddPuiimeHTaMmu
BpauaTesbHON qudy3un U HapaBIEHUEM OCH BPAILICHHUS.

4. Pa3paboTaHa MeTOIMKAa OMPENEICHUS CTPYKTYPHBIX  XapaKTEPUCTHK
KUJKOKPUCTAJUIMYECKOM  Cpellbl, OCHOBAaHHAs Ha  MOJEIUPOBAHUU  YTJIOBBIX
3aBHCUMOCTEN JIUMOJIb-IUNONIBHOTO ymmupeHus crnektpos JIIP. IIpoageMoHcTprpoBaHa
BO3MOKHOCTh €€ MPUMEHEHUS ISl U3yUYCHUSI NapaMarHUTHBIX KUJIKUX KPHUCTAIOB U
pPacTBOPOB 30H/IOB B IUAMATrHUTHBIX KUJIKUX KPUCTAJIJIAX.

5. C momompl0 pa3pabOTaHHONW METOAMKHA JJISI TSTH CHCTEM HM3MEpPEHO
paccTosiHue MEXKTY OmKaIIMu MapamMarHUTHbIMU MOJIEKyJIaMu B
KUJIKOKPUCTAJUIMYECKON CpeAe M ONpeAeiCHa OPUEHTAIUs Mapbl TAKUX MOJEKYJI
OTHOCUTEIIBHO CMEKTHUYECKOTO CJIOA. BBIIBUHYTBHI MPEANOJIOKEHUS O BO3MOXKHOU

JIOKaJIM3alKu Iapbl MOJICKYJ 30HAd B CMCKTHYCCKOM CJIOC JKUAKOI'O KprucTaja.
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