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MeToa CHHHOBBLIX METOK U 30HI0B € HCIO0JIL30BaHHEM

nvinyJibcHol JITP-cniekTpockonun
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Hnemumym xumuueckoii kunemuxu u 2operus Cubupckozo omoeaenus Poccutickoil akademuu HayK
630090 Hosocubupck, ya. Hncemumymckas, 3, gpaxc (383)330—7350

PaccMOTpeH MeTO/T CTMHOBBIX METOK M 30HJIOB C HUCIOJHL30BAHUEM BapUAHTOB UMITYJbCHOTO DIIP, Gasupyrommxcs Ha
CIEKTPOCKOMHUH 3JIEKTPOHHOTO CIMHOBOTO 9Xa: METOJa MOJIYJISIIUK CIIaa CHTHAJIA CIIMHOBOTO X4 3a CYeT JIEKTPOH-
SIEPHBIX B3aUMOACHCTBUIA, JBOHHOTO 3JIEKTPOH-3JIEKTPOHHOI'O pe30HaHca, 3xo-aeTekrupyemoro DI1P u ap. [Nokaszano,
4TO C MPUMEHEHHEM 3THX METOIOB MOXHO MOJIy4aTh HHOOPMANUIO O KOH(POPMAIMSIX CIIOXHBIX OHOMOJIEKYJ, HAHO-
CTPYKTYpE BELLECTBA, IJTyOnHEe MPOHUKHOBEHUS BOJIbI BHYTPb OMOJIOrHYeCKUX MeMOpaH, CyNpaMoOJIeKyJIIPHON CTPYKTYpe
MHOTOKOMIIOHEHTHBIX CHCTeM (MeMOpaHa—HenTHI W [p.), KOONEPATUBHOW OPHEHTAIMOHHOW THHAMHKE MOJIEKYJI,
JMHAMHYECKAX HU3KOTEMIIEPATYPHBIX IEPEX01aX B HEYNMOPSITOYCHHBIX MOJICKYJIIPHBIX Cpe/lax i OMOoCHCTeMax.

Bubmmorpadust — 130 ccbutok.
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1. Beenenne

MeTo/1 CHUHOBBIX METOK U 30HIOB CTAJIM AKTUBHO UCIOJIB30BATH
B (PU3UKO-XUMUYECKUX ¥ OMO(DUINICCKUX MCCIICIOBAHUSIX, HAUM-
Has ¢ 1970-x romos.! 3 CnMHOBBIME 30HIAMH HA3BIBAIOT CTa-
OWJIbHBIC TApAMAaTHUTHBIC MOJICKYJIbI, KOTOPBIC BBOJISAT B HCCJIC-
lyeMyIO0 CHCTeMy B KadecTBe Majioil mq06aBku. OOBIMHO 3TO
HUTPOKCUJIbHBIE pajukaibl.*> CHUHOBbIE METKM — HHUTp-
OKCUJIbHBIE PAUKAJIbI, KOBAJIEHTHO MPUIIMTHIE K MaKpOMOJIe-
KyJiaM. MGTOL[ CIIMHOBBIX ME€TOK M 30HIAOB NPUMECHSAIOT I
U3y4YeHWs JIOKAJIBHOW CTPYKTYpbl © JHHAMHUKH MOJIEKYJI,
JIUATHOCTUPOBAHUS HEKOTOPBIX (DYHKIIMOHAIBHBIX IPYIII, HU3Me-
peHUSI KOHICHTPAIIMU KHUCIOPOJA U MPOTOHOB, OIPEICIICHUS
HOJIIPHOCTH, ISl YCKOPEHHSI PeJaKCalliH SICPHBIX CIMHOB B
MAarHUTHO-PE30HAHCHOU TOMOrpaduu, a TaKkKe IS PEIICHUS
psioa Opyrux 3ajaad.

[IpuMeHeHHEe MAHHOTO METOJla OCHOBAHO HA HAJIMYWHA B
paauKaiax HeCIaPEHHBIX 3JIEKTPOHOB, YTO MO3BOJISIET UCIIOJIB30-
BaTh CIEKTPOCKOIUIO 3JIEKTPOHHOTO MAapaMarHATHOTO pe30-
nanca (DIIP). Hecmorpss Ha TO 4to cnektpockonusi IIIP
WM3BECTHA YXe CBhIe 60 JeT, ee pa3IniHble BAPUAHTHI MPOJIOJI-

C.A.A3100a. [loxTOp (hM3HKO-MaTeMaTHIECKUX HAaYK, Ipodeccop,
nupexktop UXKIT CO PAH. Tenedon: (383)330—9150,

e-mail: dzuba@Kkinetics.nsc.ru

OO0JacTh HAyYHBIX HHTEPECOB: criekTpockonus DIIP, anexTponHoe cnu-
HOBOE 3X0, CIIUHOBBIE METKH M 30H/Ibl, CYIPAMOJIEKYJISIPHAS CTPYKTYPa 1
JUHAMUKA CIOXHBIX MOJIEKYJISIPHBIX CUCTEM, OMOMEMOpaHbI, MOJIEKY-
JISIpHBIE CTEKJIA, PAJAUKAJIbHBIC Hapbl B (POTOXUMUHU.

JlaTta nocrynienus 17 anpess 2007 r.
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JKAIOT Pa3BUBATBCS U COBEPIICHCTBOBATHCS. CpaBHHUTEIBHO
HEJIaBHO B METO/I¢ CIIMHOBBIX METOK U 30HJOB CTAaJIM UCIOJIb30-
BaTh MMIYJIbCHYIO OIIP-CeKTpOoCKOmiIo, B YaCTHOCTH TaKue
METOJbl, KaK JBOMHON 3JIEKTPOH-3JIEKTPOHHBIA pe30HaHC,
METOA MOJYJSINUH ClAja CUTHAJA 3JIeKTPOHHOTO CIMHOBOTO
axa (DCD), UMITYJIbCHBIN 3JIEKTPOH-AJEPHBIA pE30HAHC, 3XO-
nerektupyemblit (D) DIIP u apyrue. Bce oHM OcHOBaHBI Ha
IPUMEHEHNM TEXHUKH 3JIEKTPOHHOTO CIMHOBOTO 9Xa.% 7

Nmmynscaas cnektpockonus DIP cymecTBeHHO pacmmpuia
BO3MOJXHOCTU METOJla CIIMHOBBIX METOK U 30HIOB. C ee mo-
MOIIBIO MOXXHO M3y4aTh HAHOCTPYKTYPY BELIECTBA M OOJBIINX
6MOMOJIEKYJI,  CyNPaMOJIEKYJISIPHYIO ~ CTPYKTYPY  CJIOXHBIX
CHCTEM, HAaIlpEMep TaKUX, Kak MEMOPAHBI U BKJIFOUCHHBIC B HIX
HENTH/IbI, KOOMEPATHBHBIE MaJIOAMIUINTYJHbIE OPHEHTALUOH-
HBIE JBIDKEHHSI MOJIEKYJI B HEYHOPSIJOYEHHBIX CpeiaX U OMOJIOTH-
9ECKUX JKHIKOCTSIX.

Ony6ikoBaH psij 0630poB,® ! MOCBSAIIEHHBIX OTAEILHBIM
acrekTaM INPHMEHEHHs] METOJa CIMHOBBIX METOK U 30HIOB C
KCMOJIb30BaHUeM uMIyJbcHoi DIIP-cnexrpockonuu. B nanHoi#
paboTe MpeANpPHHSATA MOMbITKA OXBATUTH B IEJIOM DA3IUIHBIE
cdepsl IPUMEHEHHsI 3TOT0 MeTOoJa, 00OOIIUTE HOBBIE PE3yJIb-
TATHI ¥ MIOSIBUBILIUECS HEJABHO METOIHUKN.

I1. Ocnosbl cnexTpockonuu 1P
HUTPOKCHIbHBIX PAAUKAJIOB

1. HurpokcnibHble paankaiabl. MeTo 1 CIHHOBOI0 MeYeHHs!
H30pPaHHOI0 MeCcTa

HutpokcunbHble pagukaibl — CTaOWIbHBbIC MapaMarHUTHBIC
MOJIEKYJIbI, COMepXKaIhe MapaMarHuTHeIA ¢parMeHT NO ¢
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HECIAPEHHBIM 3JIEKTPOHOM.* > DTOT DparMenT OKPYKEH IKPAHHU-
PYIOLMMH 3aMECTUTENSIMU, OOBIYHO METWJIBHBIMH TPYNIaMU.
K nHacrosmemy BpeMeHH CUHTE3UPOBAHO HECKOJIBKO COTEH pa3-
HBIX HUTPOKCHUJIIBHBIX DaauKajioB. HekoTopsle mpocThie NpH-
MepBbI IPUBEICHBI HUXE!
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Hns mostydeHus: nHGOpPMANUK HA MOJICKYJSIPHOM YPOBHE
0coboe 3HaUeHUE MPHOOPENT METO TAK HA3BIBAEMOT'O CITAHOBOTO
MeueHusi uzbpannoro mecra (site-directed spin labeling).!6- 18
B cOOTBETCTBUM C ITHM METOOM CITIHHOBAST METKA MTPHUIIMBAETCSI
K MHTEPECYIOIIEeMY UccieoBaTes sl GparMeHTy B CIOKHOU OHo-
MOJIEKYJIe WIIH CyIPaMOJIeKYJISIpHOU cucteMe. Ilpu mcciemoBa-
HUN 6em<03 qale BCEro METAIT L[I/ICTel/IHOBbII\/'I OCTAaTOK B aMUHO-
KHCJIOTHOH ITOCJIETOBATELHOCTH C IOMOIIBEO METAHTHOCYIB(HO-
HATHOW CHUHOBON MeTku — 2,2,5,5-TeTpaMeTuI-1-oKCunup-
pommH-3-MeTriMeTanTHOCY IbGoHAaTa (MTSL). Takxke u3yva-
FOTCSI CIEIMALHO CO3/IaHHbIC AHAJIOTH OEJIKOB, B KOTOPBIE 3TOT
OCTATOK UCKYCCTBEHHO BBE/IEH. BO3MOXHO MedyeHre HEKOTOPBIX
JIPYTUX aMHUHOKHCJIOTHBIX OCTATKOB — JIM3WHA, aMUHOU30Ma-
cistHOM KucioThl u ap. HeGouibllive CIUH-MEYeHbIe MEemTHIbI
(c uncioM aMUHOKUCIOT < 50) MOTYT OBITH HOJIyYEHBI MyTEM
MPSIMOTO CHHTE3a C MOMEIICHUEM CITMHOBON METKHU B KeJIaeMOM
MecTe aMHUHOKHCIOTHO# mocienoBareiabHocTu. Kpome mentu-
JIOB M OCJIKOB CIIMHOBOE MEYCHHE M30pAaHHOIO MeECTa MOXKET
OBITH OCYIIECTBJICHO M B APYrMX OMOMOJIEKYJax, HAIpUMeEp
JIATIHAIAX.

2. Cnextpsl DIIP HUTPOKCHIBHBIX PAAHKAJIOB. JJIEKTPOH-
siiepHble B3anmoaeicTeus. JddexThl TBHKEHH

VcnoBue 3JIeKTPOHHOTO MapaMarHUTHOTO pe3oHaHca I HATP-
OKCWJIBHBIX PaJMKAJIOB B OOBIYHO UCIOJIb3YeMOM X-[HAana3oHe
JJIMH BOJH CIIEKTPOMETpa (AJIMHA BOJHBI ~3 CM, 4YacTOTa
~10 I'T'y) ¢ npuMeHeHueM NepBOro Nopsiaka TEOPUU BO3MYIIe-
HuUii B XOpOILEM IpubIIMKEHNH 3auchBaeTCs B Buse °

2(0,9)BB +a(0, )M = ho, )
rae

2(0,0) = gyysin®>0-cos® ¢ + gyysin® 0 - sin® ¢ 4 g, cos® 0,

a0, ) = \/A%O( sin? 0 - cos? ¢ + A%y sin® 0 - sin ¢ + A%, cos? ¢,

3 — marneton bopa; B — BeJuuMHA MArHUTHOTO ToJist; M —
MPOEKIHUsl SIACPHOTO CIHMHA HAa CBOIO OCh KBAHTOBAaHWS, /i —
noctosiHHas [lnanka; @ — yacToTa MEPEMEHHOTO MAarHUTHOTO
nons; gxy, gyy» §7zz — IJIaBHBIC 3HAYCHUS g-TeH30pa; Axx, Ayy,
Azz — TIIaBHbIC 3HA4YCHHUS TEH30pa CBEPXTOHKOTO B3aMMO-
neicTBrst. OOBIYHO MCHOJIB3YIOT MOJICKYJISIPHYIO CHCTEMY KOOp-
JINHAT, B KOTOPO# och X HampaBJieHa BIoJIb cBsi3u N —O, a ocb Z
nepneHaAnKyJsipHa 1wiockoctu ¢pparmenta N—O. Vruer 0 u ¢
ONPEACAIOT HANPABJIECHHE MArHUTHOTO TMOJS B chepuieckont
cucreMe KoopauHaT. TUNuYHbIe 3HaYeHUS! KOMIIOHEHT MArHUT-
HBIX TE€H30POB IS HUTPOKCUJIbHBIX PAgUKaJIOB: gxx ~ 2.0090,
gyy = 2.0060, gzz ~ 2.0025, Axx/geB =~ Ayy/gep ~ 5 Tc,
Azzlgep ~ 35 T'c (ge — g-baxTop cBOOOAHOTO 3JIeKTpOHA). diist
BbIcokomnosibHOro DIIP B ypaBHenwue (1) HEOOXOIMMO BBECTH

WIEH, COOTBETCTBYIOIIMI 3€EMAaHOBCKOMY B3aMMO/ICHCTBHIO
sep.
Hepaspemennbie cBepxToHkue B3aumojeiictus (CTB)

HECTIAPEHHOTO AJIEKTPOHA C APYTMMHU SIApAMM pajiukajia U Mat-
puIBL B cyMMe cMmemaroT pesonanc Ha ~3 ['c. B cnekrpe cra-

<

2(Adzz)

Puc. 1. ®opma crniektpa DITP HUTPOKCUIIBHOTO pauKaa.

BHu3y mnpuBeneH CIEKTp B BHJE IEPBOH NMPOU3BOIHON (HOPMBI JIMHUA
MIOTJIOILEHHS 11O Toutto. ITyHKTHPOM IOKa3aHbl OTAEIbHbIE KOMIIOHEHTHI
CTB; a1 Kaxa0i U3 HUX yKa3aHbl IPUMEPHBIE TOJIOKEHUS Mapaliljiesib-
HON M MepNeHAMKYIsIpHON opueHTarmil. Ha Bpe3ske — MojexyispHas
cucTeMa KoopamHaT. Pacmierurenue Mexay KpalHUMH IHKaAMHU IS
CIEKTpa B BHUJE NPOU3BOJHON NPUMEPHO COOTBETCTBYET YIBOCHHOMY
rJIaBHOMY 3HaueHHI0 A7z tenzopa CTB (ycpensenHoe 3HaueHue (A,,)
P HAJIMYUH JTUOpALMA).

muonapraoro DIIP sTi B3amMoAeHCTBUS He pa3perIaroTcs u3-3a
HAJIO)KEHUs] MHOTUX JIMHHH C HEOOJBLINMH PACILICTICHUSIMH,
MIpUYeM Ha OJTHOM H TOM )K€ yIacTKe CHEKTPa MOTYT HAXOAUTHCS
CHTHAJIBI OT PAAUKAIIOB C pa3HbMHE g(0, ).

B cranuonapuom merone DIIP ckanupyercst nosie B mnpu
HENPEepbIBHOM BO3/eicTBUU iepeMenHoro CBU-nosis Ha ¢ukcu-
poBaHHOI vactoTre . Tunmunas ¢popma cnextpa DIIP HUTp-
OKCHJIBHOTO pajJHKaja MpUBeneHa Ha puc. 1. B cmexTpomeTpax
OTIP 06bIYHO M3MepsieTCsl nepBast NPOU3BOIHASL (POPMBI JIMHUH
TIOTJIONIEHHS 10 ToJIro. Takxke MOKa3aHbl MapajuIeIbHbIE U Tep-
HEHIUKYJISIPHbIE OPUEHTAIUH MOJIEKYJIbl, KOTOPbIE MOXHO yKa-
3aTb B NPUOIKCHUM AKCHATBHOW CHMMETPHH YHOMSHYTBHIX
BBIILIE TEH30POB, IIpeHeOperast Hepa3peleHHbIMUA CBEPXTOHKIMHU
B3aUMOICHCTBUSIMH.

OpHeHTAalMOHHbIe JIBIKEHUS! YCPETHSIIOT MArHUTHBIE B3au-
mopeiictBust. Qs X-muama3oHa XxapaKTepHBIA pa3opoc 4acToT
u3-3a  pa3HbIX OpUeHTAIMH MOJIEKYJIbI COCTaBJISIET
~10° p‘dJI'C_l. [Mostomy B cityyae OBICTPBIX IBUKEHHI MOJIe-
KyJIbl KaK IEJOro ¢ 4acToTod, MHoro Gombmei 10° pag-¢c—!,
CHEeKTp OyIeT COCTOSATh W3 TPEX OJWHAKOBBIX JIMHUH, COOTBET-
CTBYIOIINMX TPEM IIPOEKIHUSM CIIMHA ATOMa a30Ta Ha HAIIpaBJICHUE
BHEIITHETO MarHuTHOTO 1oJist. [1pu aToMm g-Terszop u terzop CTB
YCPEAHSIIOTCSL 10 CKAJISIPHBIX 3HAYEHUI, COOTBETCTBYrOIUX 1/3
BEJIMYHMHBI UX CIIE/IA.

B Ouosiornyeckux U APYrux CympamMoJeKyJSIPHBIX CHCTEMax
OOBIYHO peaM3yeTCsl PEXKUM MEJJICHHOTO JIBUKEHHS — C YaCTO-
Toit <10° pax-c—'. IIpu TaKOM PEXHUME MOJIHOTO YCPEIHEHUS
B3aMMO/JICUCTBHI HE NMPOUCXOJHUT, HOITOMY OOBIYHBIC CTAIHO-
HapHble MeTo bl DI1P yacTo He garoT ogHO3HAYHOW WHPOPMA-
nuu. mnysnbcHble ke MeToJbpl Ha ocHOBe DCD oKa3bIBaroTCA
qyBCTBUTEJIbHBIMHI K JBIDKCHUIO JaXK€ B YCIOBHAX Iepexona K
TBEPIOMY CTEKJIO00pPa3HOMY COCTOSIHUIO.

3. DJIeKTPOH-2JIeKTPOHHbIE TUNOJIb-THIOJILHBIE
B3aHMO/EHCTBHA MeKAY PaJUKaJIaMH

Junone-aunosibaoe (d —d) B3auMoaeiicTBIE CITMHOB 3JIEKTPOHOB
CIMHOBBIX METOK B HACTOSIIIIEE BPEMsI AKTHBHO MIPUBJICKACTCS TSI
HU3y4YeHUs] HAHOCTPYKTYDP CIUH-MEYEHBIX CHCTEM. DTO B3aMMO-
JEHCTBHE 10 BEIMUMHE MOPSIKA goB°/r°, Tae r — paccTOSHHE
MEXIy IBYyMsI paauKajaMu. BOJbIIOW YyBCTBUTEILHOCTHIO K
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d—d-B3anmoeiicTBIIO 00JAAI0T UMITYJIbCHBIE MeTO bl JIIP,
OCHOBaHHBIe Ha crekTpockonun DCD. XapakTepHble BpeMeHa
MOTIEPEYHON peJIaKCallid B OPraHMYECKMX TBEPIBIX BEIIECTBAX
COCTABISAIOT ~ 1079 ¢, 9TO COOTBETCTBYET BEPXHEN OIIEHKE H3MeE-
psieMBIX paccTOsiHUM B ~ 5—7 HM. HuUxXHsIS oLleHKa OCHOBaHA Ha
BEJIMIHMHE «MEPTBOrO BpeMeHm» mpubopa (~10~7 ¢) u mpakTu-
yecku gocturaet ~ 1.5 um. JloctouHcTBoM criekTpockonuu CI
SIBJISIETCS BBICOKASI TOYHOCTb U3MEPEHHI B yKaA3aHHOM JHATIa30HE
paccrostauii. [yis r ~ 3 HM HOTPEIIHOCTh HE MPEBBIIIACT
0.1 am.87 19 D10 pekopaHas pazpemaromas CioCoOHOCTb CPeIr
BCEX M3BECTHBIX (pm3muecknx MeTonoB. C Takoil pa3periarorei
CHOCOOHOCTBIO B HAHOCTPYKTYpPE BEIIIECTB MOXXHO OOHAPYXHUTD
psit TOHKUX 3P PEKTOB, KOTOPBIC HE BBISIBIISIFOTCS P KCCIIEA0BA-
HUHU ApyruMu metonamu. OTMETUM TakXke, YTO MCIOJIb30BAHUE
OCD He TpebyeT crenuaJbHON IMOArOTOBKH 00pasloB (Hampu-
Mep, HX KPUCTAJUIN3AINHU, BBICOKOW CTENIEHN OUYUCTKH U 1IP.)

aMHJIBTOHHAH MAarHUTHOTO JIUTOJIb-AUIIOJIBHOTO B3aUMO-
NIEACTBHSL MEXAY MAarHUTHBIMA MOMEHTaMH JIBYX JJIEKTPOHOB
UMeEET BUT

Hy = g18:p°7" , 2

Ioe g1, go — g-PaKTophl IBYX UACTHIL Sy, S, — OIEPATOPHI
CIIUHOB; ' — paInyC-BEKTOP, COSAMHSIIOLINHI J1BE YacTuIlbl. [1pak-
THYECKU BO BCEX CIIydYasx JUIsl JUTMHHONETIOYEYHBIX OUpaIMKaioB
CIPABE/NTMBO MPHOIMKEHHE TOYEUHBIX JUIIOJICH, T.€. MOXHO
CUATATh, YTO CIIMHOBAs IJIOTHOCTh HECIAPEHHBIX JJIEKTPOHOB
JIOKQJIM30BaHa B TOUKe. 0

7 HUTPOKCUJIBHBIX OWpagiKajIoB MOXHO HCIOJIb30BATh
TEOPUIO BO3MYILCHUH, B paMKax KOTOPOW ramMuibTOHHAH (2)
SBIIsIeTCS. MaJloil 1o0aBkoil x ycyosuro (1). B ciyuae ciaGbix
d —d-B3aumomeicTBHiA, KOraa

&g < g1 — 22|BB

(3T0 cooTHOWIEHWE Bcerga cmpaseqMBo mpu > 0.15 HM),
Y9aCTOTHI IIEPEXOIOB [UIS KAXKIOTO U3 [IBYX CIUHOB !0

_gioB
1,2 = 1r2 B+ EFda 3)
rue 5
21228 2
&g :W(l —3cos” 0),

(O — yroJt Mex 1y HATIPABJICHHEM BHEITHErO MATHUTHOTO TIOJIS K
JIMHUEH, COeIUHSIIONICH Ba paaukalia). 3HaK + O3HAaYaeT, 4To
ST KQKOTO CIIMHA pe30HaHC cauraercs 3a cyet d —d-B3ammo-
JIEUCTBHSI CO CIIMHOM-TIAPTHEPOM B 3aBUCHMOCTH OT HAlpaBlie-
HUSI IPOEKIINH TIOCJIETHETO Ha BHEIIHEE MATHUTHOE TIOJIE.

Bb[paerHe (3) mpuBoauT B UMMyJIbCHBIX MeTodax IIIP k
BPEMEHHBIM 3aBHCAMOCTSIM THIA cos(gqf) (cM. mmke).!0 TTocie
(bypbe-ipeodpa3oBaHusi TaKMX 3aBUCUMOCTEH  MOSIBIISICTCS
nyOner Ha 4YacToTtax +é&y. B MOJMOPHEHTHPOBAHHOW CHUCTEME
MHTEHCUBHOCTH JIMHUH AUIOJIBHOTO 1y0eTa B 3aBUCUMOCTH OT
YaCTOTBI ) YCPETHSIOTCS IO BCEM OPHCHTAIMSM IMAaphbl B MPO-
CTPAHCTBE; IPH

g ngB
w =
1L 3h
BO3HHUKAIOT CHHTYJsApHOCTH (O = /2, mepHneHIUKYJIspHAs

opueHTanus mapsl). B akcnepuMeHTe 4acTo yaaeTcs HabIroaaTh
TOJILKO CUHTYJISPHOCTb U3-32 OTHOCUTEJIbHO HU3KOUW MHTEHCHB-
HOCTH IpYyrux JuHUil. [1o ee moJI0)keHII0 MOXKHO cpa3y ompese-
JIUTh PACCTOSIHUE F.

4. JJ1eKTPOHHOE CIHHOBOE X0 HATPOKCHJIBHBIX PaHKAIOB

Ecnm mepexolbl MeXAy CHUHOBBIMH YPOBHSIMH BO30YXIaTh
MoIHbIME uMnyiascamMu CBY-nosst, B 0O6pasne mosBUTCS CBO-
OomHast WHAYKOUS — OCHIJUIMPYIOINAs MaKpOCKOIMYECKast
norepevHass HAMArHAIEHHOCTh.% 7 ONTUMANBHBIM [Tt HAOIHO-
JIEHUS] CUTHAJIA CBOOOTHON MHAYKIMY SIBJISIETCS] MMITYJIBC, TOBO-
pavYMBAIOILINIA BEKTOP HAMATHUYCHHOCTH Ha yroJ n/2. Tunudansle
mmrenbHocty CBUY-umnyibeoB B ciekTpoMerpax ICD cocras-
sgsitot oT 10 go 100 He. 3aTyxaHue cUrHasia OOyCJIOBJICHO pas-
6pocoM vacTtoT mpeneccuu (KOTOPBIA M ompenenser (GpopMmy
cniektpa OI1P).

Pasperaromas cnoco6HocTh cekTpoMerpoB ICD orpaHu-
YeHa BPEMEHEM «3BOHa» pe3oHaTopa mocie npuioxenns CBY-
UMITYJIbCOB (00bIMHO ~ 100 HC),% 7 KOTOPOE HA3BIBAIOT «MEPT-
BBIM» BpeMeHeM. B cityuae HUTPOKCHIIBHBIX PATUKAIOB HAJTMIUE
9TOr0 BPEMEHM O3HAYaeT MNPAKTUYECKYI0 HEBO3MOXKXHOCTH
HaOJIF0IeHNsI CHTHAJIa CBOOOJHON HHAYKIMH H3-32 €r0 OBICTPOTO
crnajga. HaGmaromaTh cUrHall MOXHO TOJIBKO TNPU HEKOTOPBIX
CHEIUATIBHBIX TEXHMYECKUX YCOBEPIIICHCTBOBAHUSX, HAIPABJICH-
HBIX HA YMEHbIIEHUE «MEPTBOI'O BPEMEHU», HAIIPUMED IIPU Iiepe-
xone B Ku-gmamazon CBY (pezonancuHas wacrtora 17 ['Tm, He
nytath ¢ Q-auana3zoHoM!) U IpH UCIOJIL30BAHUM MOBBIIICHHBIX
TEeMIIEPaTyp IS CY)KSHHS JTMHUH.

B ciyyae He ogHOTO, a ABYX UMIIYJIbCOB C 3aMa3/IbIBAHUEM
MOSIBJISIETCSl CUTHAJ 9Xa (CM. pHUC. 2,a). 3ama3[IbIlBaHHE MOCIe
BTOPOTO HMMIIYJbCa PABHO BPEMEHH 3aJCPXKKH MEXIy IBYMS
uMITyJibcamu 7. ONTUMAJIBHOE 3HAYCHHE yTila MOBOPOTA HAMAT-
HIYEHHOCTH BTOPBIM UMITYJILCOM PaBHO 7. VIMIyIbCcHYIO mOCIIe-
JIOBATEJILHOCTD M CUTHAJI 3Xa (POPMAJIbHO 3aIHICHIBAIOT TAK:

/2 —7T—mT—1T—93X0.

Mexanu3m MOSIBJIEHUs] CUTHAJA 3Xa ciexyrommid. Bropoit um-
yJIbC, MPUJIOKEHHBINA Yepe3 BpeMsl T IOCJIE NMEPBOTr0, U3MEHSET
(basy mpeneccuy CIMHOB B IIOCKOCTH, OTIEPEYHOM K BHEIITHEMY
MarHuTHoMy mnoJito. ITocie 3Toro ummysibca CHUHBI MPOJOJI-
JKAFOT TPENECCHPOBATh C TOW XK€ CKOPOCTBIO, HO C IPYTHMH
HavaJbHBIMU (azamu. Yepes Bpemsi T OCIe BTOPOTO MMITYJIbCa
Y BCEX COMHOB (a3za onsiTb CTAHOBUTCS OJMHAKOBOH, BCJICICTBUE
4ero BO3HHMKAET CUTHAJ (3aTeM CIOUHBI CHOBAa pa3oMmyTCs).

/2 T
-1
b
/2 /2
1
¢
/2A TA
I
B "-'I

]

Puc. 2. VmmnynbcHble mocaenoBaTesibHOCTH B 9CD.

a — oObIYHAS ABYXMMILYJIbCHASI IIOCJICIOBATEIbHOCTh, b — Tpex-
HMMITYJIbCHAS II0CJIEZIOBATEILHOCTE CTHMYJIMPOBAHHOTO 9Xa, ¢ — JIBYX-
YaCTOTHBIA JBOWHOW pe3oHaHc. B mocnemneM ciydae HaOuromeHune
BEJIOCh HA YaCTOTE CHMHOB A, a Ha 4YacTOTe CIMHOB B momasanu fgomnou-
HHUTEJIbHBI UMITYJIbC HaKauKK. [1yHKTHPOM IOKa3aHbI JOTOJHUTEIbHbIC
pedoxycupyromue IMITYJIbC U 9X0 (CM. TEKCT).
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Curaas 3xa Cc yBeJIMUCHHUEM T CIIaIaeT U3-3a IPOLECCOB CIMHOBOM
penakcanum.

Hpyrum Merogom perucrtpamun OCD  sBISeTCS Tpex-
HUMITYJIbCHAsl OCJIEAOBATEIbHOCTh CTUMYJIHPOBAHHOTO 3Xa
(puc. 2,b)

n/2—t—-m/2—T—mr/2—1—3%X0.

IlepBblif UMIYJBC CO3JAET IONEPEUHYIO IIPELECCUPYIOLIYIO
HaMarHAYE€HHOCTh, BTOPOH — MPOCKIIMI0 HAMATHHYEHHOCTH Ha
ocb Z (IPOJI0JIbHYI0 HAMAarHUYEHHOCTD), KOTOpasi B OTCYTCTBHE
peaKcanyy COXpaHseTcs B TeUCHHE BpeMeHH 7. DTOT UMILYJIbC
CO3[1aeT SJEPHYIO KOIepEeHTHOCTb, T.€. IOCJIE €ro [eHcTBUS
CHCTEMA OTHCHIBAETCS HECTAIIMOHAPHON CYNepIO3UIHEH pa3Iny-
HBIX 3JICKTPOH-SIAEPHBIX COCTOSIHUN. TpeTuil MMITyJIbC BHOBB
CO3[IaeT MOTEPEYHYI0 HAMATHHYEHHOCTh, KOTOpas pedokycu-
pyeTcsi B MOMEHT BpeMEHHU

t=2t+ T,

T.€. BO3HUKAET CHTHAJI 3Xa.
OcoOeHHOCTB 3kcnepuMeHTa DCD B NPUMEHEHUHM K HUTP-
OKCHJIBHBIM paJUKajIaM 3aKJII0YaeTCs B HEIOJHOM (MJIM CeJeK-
TUBHOM) B0O30yxaeHNH cnekTpa D[P cBepXBbICOKOUACTOTHBIMU
nMIyiabcaMu. VX aMmmTyna B GOJIBIIMHCTBE SKCHEPHIMEHTOB
nocruraet 3—5 I'c, B TO BpeMs Kak IOJIHAS IIMPUHA CHEKTpa
OIIP — mopsaka 70—-80 I'c. DTa 0cOOEHHOCTH B psifie CIydaes
UMeeT IPUHIUNNATbHOE 3HAYEeHNE, HATIPUMED IPU UCCIIEJOBAHUM
CIEKTpaIbHON U Py3ul — CTOXACTHYECKHUX QUIyKTyanuii pe3o-
HAHCHOM 4aCTOTHI 3a CUET OPUEHTAIIMOHHOTO JBIDKEHUSI.

Ecim B pesysbraTe OpHEHTAIIMOHHOTO JIBU)KCHUSI MMEIOT
MeCTO (UIyKTyallud PE30HAHCHBIX YaCTOT CO CPEeTHEKBAIPATHY-
HBIM 3HaueHIeM (Aw?) i BpeMeHeM KOPPEJISIII IBIKEHHS T , TO
TEOPETHYECKH, IIPH BBHITIOJIHEHUH YCIOBUS

(Aot} < 1,

CKOpPOCTb peJlakcalui OyJeT paBHA (Aa)2>rc 20 Benmmumny Aw
MOJHO JIETKO OUEHUTbh U3 ypaBHeHus (1). [l1s mpocToThl mpu-
MEM, YTO IMEET MECTO aKCHAJIbHASI CHMMETPHS

gxx=gyy=g1,Axx=Ayy=A..
O0603Ha4YMM 7151 €JUHOOOpa3us
8zz =8|, Azz = 4.

[Mpr MamoAMITUTYJHOM ABMKEHHH MPOUCXOMST (IIYKTyalluu
yria 0 va masyro Beaunuuny AQ. Toraa B mOCTOSIHHOM MarHUTHOM
moJjie B GuIyKTyanuu pe3oHaHCHOU 9acTOTHI A PH pa3IoKeHIH
110 A ONHCHLIBAIOTCS BLIPAXKEHHEM 2!

Aw = 2sin 0 - cos 0 x 4)

A .

2 2

BB A] — 4

X (gL*gH)TJFM — H
! 27i\//12L sin 0+Aﬁ00520

Buno, uyto ipu 6 = 0, © u /2 3HaueHue Aw OyIeT paBHO HYJIIO,
T.e. COMHOBAas pejlakcanys BOJM3U KAaHOHUYECKHX OpPHEHTAIMIA
(mapaJuieIbHOW U TIEPIECHANKYJISIPHON) JTOJDKHA OBITH MEJICH-
HOI.

BricTpble MalOAMIUIMTYAHbIE OPUCHTAIMOHHBIC IBIKCHUS
MPOSIBJISIFOTCS M B ClieKTpax cranmoHapHoro JIIP, Tak kxak oHH
YACTHYHO YCPEOHSIOT AaHU30TPOMHBbIE MATHUTHBIE B3aMMO-
neiictBust. 1 OPHEHTAIMOHHOTO JIBUXKEHUST OTHOCHUTEIHHO
ocH, JIeXalel B IIOCKOCTH XY MOJIEKYISIPHOU CHCTEMBI KOOD-
JMHAT, BEJTMYMHA 4| B PE3yNIbTaTe JIBHKEHUS YCPEIHAETCS 2

(A)) = A) — (4) — A,) (), )

TZIe YTOJI OTKJIOHEHUSI OT pABHOBECHOT O ITOJIOKEHNS 0. CBsi3aH ¢ Al
cooTHommenneM Al = asing. Benuuuny (4) Jerko u3smMepuTh U3
paciierieHuss Mexay KpaifHumu nukamu B crektpe OITP (cwm.
puc. 1).

1. MeTtoabl umnyascHoro JIIP

1. Monayasimast cnaga 9CD 3a cuer
JJIEKTPOH-SIJIEPHBIX B3aNMO/IelCTBHI

Ecnu 251eKTpOHHBINM CIMH B3aMMO/IEHCTBYET C SIACPHBIM CIIMHOM,
TO B TBepAOM Teste ipu aerictBur CBY-uMmyibcoB Ha pe30oHAaHC-
Hoii yactoTe DITP ogHOBpeMEeHHO BO30YXKIatOTCS pa3pelleHHbIe
¥ 3aTpelleHHble CIMHOBBIE Iepexobl (0e3 mepeBopoTa U C mepe-
BOPOTOM sifiepHoro cnuna).®” M3-3a unrephepeHnnn pe3oHanc-
HBIX YaCTOT TUX Hepexoa0B mpu crajae ICD BOZHUKAIOT OMCHUS
(ocuMIAIMU) CUTHAJIA, KOTOPbIE HA3bIBAIOT JIEKTPOHHO-SIEP-
Hoit moayisnueit wm appextom ESEEM (Electron Spin Echo
Envelope Modulation).®7 TTpumepsl Takux OWEHWH MpeICTaB-
JieHsl Ha puc. 3,a. [TpuBeneH ciyvyail B3auMOoIefiCTBUSI HECTIApeH-
HOTO 3JIEKTPOHA CHUHOBON METKU C JEMTOHAMM OKPY>KaroLLEH
TsDKEJIOW BOIBL. B wactoTHOM crniekTpe (ypbe-ipeoOpazoBaHus
OMeHMi COJIepIKATCS MUKUA (CM. pHC. 3,h), TIOJOXKEHUE KOTOPBIX
OTPEICIIACTCS IEKTPOH-ICPHBIMI B3aNMOIeHCTBUSMU. B city-
Yae B3aUMOJEHCTBUI C OJIM3JIEKAIUMH SIIPAMH MATPUIBI 3TU
MMAKU [IEHTPUPOBAHBI HA PE30HAHCHOI JIAPMOPOBCKOW 4YacCTOTE
JIAHHOTO SiIpa B MAarHUTHOM TioJie criekTpomeTpa 9CD (2.2 MI'n
st neiitoHoB). B cranmonapnom DIIP, kak oTMeueHO BBIIIE,
Takue NUKH He Pa3peraroTCsl.

Vn(T) a

0.4 H

0.2 H

—0.2

—04 1 1 1 1
T, Mxc

F., MKC b

0.10

0.05

70.05 1 1 1 1
1.0 2.0 3.0 fiMI'm

Puc. 3. Tunuunele ocipuuisinuu curiasna (ESEEM) 3a cueT 351eKTpOH-
SIZIGPHBIX B3aMMOJICHCTBUI (@) U pe3ysbTaT (Qypbe-npeoOpa3oBanus (b)
ISl CHMHOBOW METKHM B MaTpule, coaepxkariueit D>O.

W3 sxcnepuMeHTaNbHOTO Caja Ha PUC. 3,a BLIYTEHA IMOJIy4eHHAs! yepe-
HEHHeM IJaJKasl Heocnuumpyromas Gyuknus, curaai V,(7') HopMmupo-
BaH Ha BEJIMYUHY 1TOH (YHKIHUU NPH HyJEBOM HAavyaJlbHOM BPEMEHH.
F. — ammmryna ¢ypbe-npeodpa3oBaHusl.
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O¢ddextsr ESEEM, 00ycioBieHHBIE 3JIEKTPOH-SIAEPHBIMI
B3aUMOJCHUCTBUSMH, — yIOOHBII HHCTPYMEHT U3YUCHUS CTPYK-
TypbI OJDKalIIero OKpyKeHUsl CIIMHOBBIX METOK, ¢ IIOMOIIBIO
KOTOPOTO MOKHO UACHTU(GUIMPOBATH TUIBI SIACP B OmKaiieM
OKPY>XEHUH ¥ OIPENEeNIITh UX POCTPAHCTBEHHOE PACIIOJIOKEHUE
OTHOCHUTEJIBHO HECTIAPEHHOT O 3JIEKTPOHA.

Jaunublii moaxo B uMiyibcHoM DITP ncnosb3yroT 1aBHO U
€ro MOXHO CYHTATh KJIACCHYECKUM. MeTOoAMm4YecKHe BOMPOCHI
371eCb B OCHOBHOM Ye perieHbl. OCHOBHBIC NMPHHIMIBI METOAA
ESEEM mnoapo6GHO W3JIOKEHBI, HampuMep, B paborax %’
B nocnennee BpeMst B IMTEpaType CTAIO Bee OOJIBIIE MOSBISATHCS
MPUMEPOB €ro MPUMEHEHUS ISl U3yUeHUS JIOKAJIBHOTO OKpYKe-
HHSI CIITHOBBIX METOK.

2. IMnyibCHbII JBOIHOI 31€KTPOH-3/IeKTPOHHBII pe30HAHC
Ui u3yvenusi d —d-B3auMoaelcTBHIl MexKy paJuKaJIaMH

Brmmie 6bu10 0TMeUeHO, UTO B HacTosmiee Bpems: d —d-B3anmo-
JIeWCTBHE MEX/y paJuKalaMH aKTUBHO NPHUBIIEKACTCS JJISl U3Y-
YeHWsT HAHOCTPYKTYPHI CIHH-Me4YeHbIX cucTeM. OCHOBHBIM
METO/IOM HMCCJIEI0OBAHMS SIBJIIETCS UMITYJIbCHBINA JBOMHOM 3JIEKT-
pos-astekTpoHHbI pe3onanc (Pulsed Electron-Electron Double
Resonance (PELDOR)).8-10-13 3101 MeTOn OBLIT NPEIIOKEH B
pabotax?>?*, OH TO3BOJSET ONPEAENATh PACCTOSHUS MENKITY
pagukaiaMM B HAaHOMETPOBOM J[HMANa30HE; B CIy4ae ABAXKAbI
CIMH-MEUYEHBIX OMOMOJIEKYJI MOXHO JIeJIaTh BEIBOJBI 00 UX KOH-
(dbopmanuy, a IpU HAJIMYUM arperanuu (KJIAcTepU3alMy) CIIMH-
MEUCHBIX MOJIEKYJI MOXHO CYAHTBb O pa3Mepax arperatos (KJja-
CTEpOB).

B merome PELDOR curnan sxa ¢popMupyercst ¢ TOMOIIBIO
CTaHAApTHON BYXUMITYJIbCHOH MOCIE€A0BATEIbHOCTHU, IPU 3TOM
Ha JPYroil pe30HAHCHOW 4acTOTE IMOJAETCS JTOIOJHUTEIIbHBIN
180-rpaaycHblii UMIyJIbC Hakauku (puc. 2,c¢). CiuHbl, OT KOTO-
pBIX HaOJromaeTcst CHTHAJ 9Xa, Ha3bIBAIOT CIHHAMHU A, WX
CIMHBI-TAPTHEPHI B TMape (Ha KOTOPbIE B JAHHOM CJIydae JeicT-
BYyeT JOIOJIHUTEIBHBIA UMITYJIbC) Ha3bIBAIOT cimHaMmu B. da3a,
HaOupaemasi CHHHOM A B MOMEHT BpEeMEHH 27, €CTh

Qo =nEteqT

(3HAK [UTFOC MJTH MUHYC 3aBUCUT OT IPOEKINHU CiiHa B).

Curaas sxa nponopuroHalsieH cos(eq7’), 4To 03HaA4aeT MOIY-
JIAUIO CHTHAJA TPU U3MEHEHHH BpeMeHH 1 C 4YacTOTO# &g .
OTMmeTHuM, YTO B OTJIMYUE OT PACCMOTPEHHOMU BBILLIE MOIYJISLIUN
3a CYeT 3JIEKTPOH-SIIEPHBIX B3AMMOJICUCTBHUI B JAHHOM CJIydae
MOOYJIAUSA BbI3BAHA OJJICKTPOH-3JICKTPOHHBIMU B3aI/IMOL(eI\/IlCT-
Busimu. Ilocie Qypbe-ipeoOpa3oBaHuss MOIYJIMPOBAHHOTO
cnajga 9CD B MOJIMOPUEHTUPOBAHHOW CUCTEME BO3HUKAET MUK
HA YaCTOTE CHHTYJISIPHOCTH

W, = :I:g—l‘g:ZBz.
~h

[Io ero mojOXEHUIO MOXHO OMNPEACTUTH PACCTOSHHE MEXKIY

CHIMHOBBIMHU METKaMH.

[ns ycTpaHeHHS BJIMSIHUS KOHEYHOH JIMTENBHOCTH HM-
myJibca (B TEOPHU JIUTEILHOCTH MMITYJILCOB IPEIIOIAraroTCs
HYJIEBBIMH) MOHO HCIOJIb30BAThH JOMOJHUTEIbHBIN pedokycu-
pyromumit umIryJbe. '3

C nomomrpto Metoga PELDOR MoxHO u3ydaTh Kiactepu-
3alMI0 CHMH-MEYEHBIX MOJIeKyJ. B peasbHOM 3KcnepuMeHTe
MMIYJIbCOM HAKa4ku BO30YXHAeTCsl JIMIIL 4acTh (Pp) CIMHOB-
napTHepoB AaHHOro ciumHa A. Jluis kiactepa u3 N 4acTull, eciiu
BEPOSITHOCTb OJTHOBPEMEHHOTO BO30YXKIIEHHS O0JIee YeM OJTHOTO
ciimHa B mana, T.e. PgN << 1, curnan 9CD pasen ®

V(T) =[1 — Pg(l —cos(eqT))" . (6)

W3 3Toro BIpaXeHUs CJIeIyeT, YTo npu ¢ — oo Beauuuna V(T')
crpemutcs K npegeny (1 — Pg)V—1. DTo acuMnTOTHYECKOE 3HA-
YEeHUE IKCIIEPUMEHTAIBHO JIETKO H3MEPHTh, IMMO3TOMY MOXKHO
OIIEHUTH YHMCIIO YacTUl N B KJ1acTepe.

Taxoii xe 3¢¢dekT, TOMIMO BO3JICHCTBHS Ha CIUHBI B Ha
pYroll pe30HAHCHOW YacTOTE, MOXHO MOJYYUTH IMYTEM HM-
MMyJIbCHOTO CMEIIEHHsT MArHUTHOTO moJjisa. [laHHas meToluka
Obuta peanm3oBaHa B pabortax2>2¢ mma X- m W-amama3oHoB
CBY-u3nydeHusi COOTBETCTBEHHO. [Jig BO30YXIeHHs CITUHOB A
HCIOJIb3YETCSI TPEXUMILYJIbCHAS TTOCIEAOBATEIBHOCTD CTUMYJIU-
pOBaHHOTO 3Xa. B MpoMexyTke MEXAy BTOPbIM U TPETHUM
AMITYJIbCAMH CKaYKOM MEHSIETCSI MAarHMTHOE IOJie, M B 3TOT
MOMEHT mpukjiagbsiBaeTcs 180-rpagycHbIil UMIYJIbC HAKAYKH.
W3-3a cMmemieHnst pe3oHAHCA MMITYJIBC BIUSET TOJIBKO HA CIH-
Hbl B. B mTaHHOM MO1X0 /1€ BAPBUPYETCS BPEMSI T MEXKTy TIEPBBIM U
BTOpPBIM UMITyJIbcaMd. [IpH 3TOM KpoMe MOIYJISAIUHN 3a CYET
3JICKTPOH-3JICKTPOHHBIX B3aMMOICHCTBHI BO3HUKAET 3JICKTPOH-
simepHast Momyisiims. Pazmenuts 9T ABa MeXaHU3Ma MOXHO C
IOMOIIIBIO JIeJIeHIs BPEMEHHOTO CIIa [a Ha CIajl ¢ Hakaukoii i 6e3
Hee (T.e. C OTKITFOYCHHEM HMITYJIbca HaKauku). JlaHHBIE Mexa-
HU3MBbI HE3aBUCUMBI, IIO3TOMY OHH JOJDKHBI MYJIbTUILJIMKATUB-
HBIM 00pa30oM OIpeesITh HaOIr01aeMy0 MOIYJISIIHIO CIIAa.

Metoa umnyiascHoro PELDOR co ckaykoM MarHuTHOTO
MMOJIst UMEET MPEUMYIIECTBO IMEepes] METOAOM IBYXYACTOTHOTO
PELDOR B oTHOIIEHNH BO3MOXHOCTH HCIOJIb30BAHUS CKaHU-
pyromeit  nHakauku.”> TIpm HCHONB30BAHMH  MMITYJbCHOTO
PELDOR noBsiaercst 1075 BO30yXk/IaeMbIX CIMHOB Pp, 4TO
MPUBOJUT K YBEJIUYCHUIO TJIyOWHBI Moaysimu. HemoctaTtkom
JTAaHHOTO METOMa SIBJISIETCS BJIMSHHUE IPOIIECCOB IOIMEPEYHOM
peakcanyy Ha HaOJTFoJaeMbIi CIiajl 9Xa.

B psizie HemaBHO OMYOJIMKOBAHHBIX PA0OOT PACCMOTPEHBI pas-
HOOOpa3Hble MeToauueckne actekTsl MeTona PELDOR. B pa6o-
Te?’ 3aTPOHYTBI BONPOCHI O KOPPEKTHOM YYETE CTPYKTYDBI
caMoii CIMHOBON METKH W €€ CBSI3bIBAHUS C OMOMOJICKYJION MpH
MOCTPOCHUH CTPYKTYPBhI OmomMoJiekysibl mo gaHnHeiM PELDOR.
B paGorax 2839 06cyx)aeHbI METOAMYECKHE ACTIEKTHI MOJIYYEHHS
uHpopmanun u3 ganaeix PELDOR u BOmpochkl onTHUMHU3AIMHA
sKcrepuMenTa. B paborte 3! mpoBeneHo cpaBHUTENLHOE UCCIIEN0-
Banue OupaaukaioB mMerogoM PELDOR B nByx amamazonax
CBY-u3nyuyenuss — X u S. C yueTOM TOT'O YTO 3JIEKTPOH-siAepHAS
MOJIYJISIAS 3aBUCHT OT auana3zona CBYU-u3nmyveHust, a 3J1eKTpoH-
3JICKTPOHHAs HE 3aBHCHUT, TAKOM MOJXOJ MOXHO HCIOJb30BaTh
JUTS BBIIEJIEHUS YMCTOTO BKJIa1a Tocyeaue. B paboTe 32 yTepik-
JACTCd, 4YTO Ka4ve€CTBO MH(bOpMaL[I/IPI M3 YaCTOTHBIX CIEKTPOB
PELDOR MOXHO yIy4IIUTH MPH H30TOIMHOM 3aMEILCHAU B
OJIHOM M3 paauKayos nmapsl atoma '“N ma "N u Bomopona Ha
neitrepuii. B TakoM ciydae mpeaiokeHO UCTIOIB30BATh ABYMEp-
HYIO Bepcuio ueTbIipexumiysbcHoro Meroga PELDOR.
B craTbe 33 o0cyxaeHsl Bo3MoxHOCTH Metona PELDOR npwm
HM3yYCHUU OMPAAMKAJIOB B BBICOKOYACTOTHOM juamna3zone D[P
(>95 I'T'm). ITpogeMoHcTpupOBaHbI 3PPEKTH OPUESHTATMOHHO
CeJIEKINH, BOSHUKAIOIIIHE 13-32 BBICOKOT'O Pa3pelIeHus IO OPHEH-
TaIMSIM.

3. Jlpyrue meTtoabl n3ydenusi d — d-B3aumoeiicTuii

B cBsI13u ¢ HEKOTOPOH CIIOKHOCTHIO MPOBEJICHUS IKCIIEPUMEHTA C
ucnosb3oBanueM Metoga PELDOR (Heo6X01uMo UMETh J10T01-
HUTEeJIbHBIN ucTOYHUK CBY-131yyenust, pe3oHaTop CrenuaibHOM
KOHCTPYKIMH | 1Ip.) ObUIH MPEIIOKEHBI IPYTHe METOOUKH TPO-
BEJICHUS 9KCIIEPUMEHTA MO u3yueHuto d —d-B3anMoAeHCTBHIA.

Meton «2+1», mpeanokeHHbli B paboTe*, aHaIOrmveH
metoay PELDOR, ¢ TeM oTimuueM, 4TO BCe UMIIYJILCHI 3]1€Ch
JIEWCTBYIOT HA OJTHOM U TOM K€ PE30HAHCHOM yacTtoTe. VIMimybe-
Hasl IOCJIe/I0BATEIbHOCTb UMEET BU

uMnyJibe 1 —T—umnynsc (+1)—(t—7)—umnyibe 2—1—3X0.
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Dxo ¢dopmMmupyeTcst ABYMsI UMITYJIbcaMU (IEPBBIM M BTOPBIM),
JIOTIOJTHUTEIbHBIA UMITYJILC (KOTOPBIN U Ha3bIBaeTcs + 1) BKJIIO-
yaercsl s anbTepHupoBanus d—d-B3ammoneicTBust. B skcre-
pumenTte Bapbupyetcs Bpems T npu puxkcupoBanHom t. Hemo-
cratkoM Mmetona «2+ 1» sBisiercs Biusiaue 3¢dexkta ESEEM.
Janee, TUIOIb-IUMONBHOE B3aUMOIEHCTBHE AJIbTEPHUPYETCS HE
TOJIBKO MOJ BO3JEHCTBHEM HMIyJbca + 1, HO W NOA BO3-
JIeiicTBHEM BTOpOro ummynbca. MHTepdepeHnuio 3THX ABYX
apdexToB He Bcerma MOXHO KOPPEKTHO ydecTb. B pesyibTate
MOXeT TOJIYYHThCS CYLIECTBEHHOE MCKa’keHHe MH(POPMANIUH O
d —d-B3anmoneiicTBuN.

MeTon Ha ocHOBe ABYXKBaHTOBO# KorepenTHocTH. C mO-
MOIIBIO OIpEeAeSICHHbBIM 00Pa3oM COCTABJICHHON HMITYJIbCHON
TOCTIEOBATEILHOCTH MOKHO BO30YIUTh JBYXKBAHTOBYIO KOTE-
PEHTHOCTh B CHCTEME CIMHOBBIX YpOBHEN Oupaankana.’® Baso-
Bast IMITyJIbCHASI IOCJIEAOBATEIBHOCTD JISI 3TOTO IKCIIEPUMEHTA
COCTOUT M3 YeThIPeX MMIYJIbCOB. Tpu U3 HUX (T/2-UMILYJIbCHI)
(GbopMEpPYIOT CHTHAJ CTHMYJHPOBAHHOTO 3Xa. B mpomexyTke
MEX/y BTOPbIM U TPETbUM HUMIIYJIbCAMH (IIOCPEOMHE MEXKIY
HUMH) BKJIIOYAIOT JOTOJHUTEIBHBIN T-UMIyIbc. UTOOBI BBIIE-
JINTh BKJIA[ ﬂByXKBaHTOBOﬁ KOI'€pEHTHOCTHU, HUKJINYCCKU U3ME-
HAIOT (pa3bl HMITyJbCOB OT OJHOM cepul K ApPYrou.
B skcniepumenTe BapbupyeTcsl BpeMsl T, CUTHAJ IIPU 3TOM OKa3bl-
BAETCSI MOYJINPOBAHHBIM C YACTOTOM &4 .

UrtoObl n30eXaTh MOTEPU CHUTHAJIA B TEYCHHUE «MEPTBOTO
BpEMEHW», TNPHUMEHSIOT IOIOJIHUTENBHBIN pedOKyCHPYIOMNiA
OATBIA  UMIyJbC. MOXKHO TakXe HCHOJIb30BaTh IIECTH-
HUMITYJIbCHYIO TOCJIEOBATEIBHOCTD, B KOTOPOH IBYXKBAHTOBAS
KOT€PEHTHOCTb CO3/1aeTCsI He IBYMs], @ TPEMSI UMITYIbCAMHU, —

n/2—-1/2—-n—1/2—1/2.

IperMy1IecTBO TAHHOTO METO/Ia 3aKJIFOYAETCS B OTCY TCTBUU
3pdPekTOB UHTEephEPEHIINN, XapaKTePHBIX I MeTona «2+ 1».
Opmnako 3mech Takke umeeT Mecto sQdext ESEEM.30
K HemocTaTkamM MeTo/1a TIBYXKBAHTOBOM KOT€PEHTHOCTH CJICTyCT
OTHECTH U 0oJIbIoe YKCIO (64) MUKIOB M3MeHeHHs (a3bl (YTO
MOJXET CJIYKUTh ICTOYHUKOM JIOTIOJTHUTEIbHON MOTPEITHOCTH), &
TaK)Xe MOBBIIIEHHbIE TEXHUYECKHE TPEOOBAHUS — AMILTUTYAA
CBY-uMIiysibCcoB AO0JIKHA OBbITH OOJIbIIE AMIUIATYH pabouux
HMITYJIbCOB KOMMEPUECKHX CIIeKTpoMeTpoB. Hakowern, ciiemyer
OTMETHUTDH CJIOKHOCTb TEOPETUYECKOTO OMUCAHUS U OTCYTCTBHE
HATJISITHON KapTHHBI siBjieHus. TeM He MeHee B psiie paboT 3TOT
MeTOJ ObLT MCIOJIb30BaH sl u3yueHus d-—d-B3aumMoaeicTBus
CIIMHOBBIX 30HI0B. MeTOAMIECKUE ACTIEKThI IPUMEHEHHsSI METOIA
paccMoTpeHbl B pabote 37. B uccnenoBanuu 3 nmpeaiokensl myTH
nonasiieanss ESEEM.

Mertoxa Ha ocnoBe nociieaoBateabnocreii AMP TBepioro rena
npeutoxkeH B pabote 3°. OH OCHOBAH Ha M3BECTHBIX MMITY.JILCHBIX
MOCJIE0BATEIBHOCTSIX THIIA «TBEPAOTEILHOE 9XO» M IOCIIEI0Ba-
teapaOCTH JkuHepa — Bpykapra. [TocienoBaTebHOCTD TBEPIO-
TEJILHOTO 9Xa UMEET BUJI

(n/2)x—1—(n/2),—T—3X%0.

[To cpaBHEHUIO ¢ METOIOM HAOJIO/ICHNS IBYXKBAHTOBOH KOTe-
PEHTHOCTH 3KCIIEpHMEHTAJIbHAsI CXeMa B 3TOM CiIydae 3HauH-
TEJIbHO Tpoilie (MEHbIIIEe NUKJIOB M3MeHeHus ¢a3bl). OgHaKko u
IUISL 9TOTO METOJa XapaKTEPHBI CJIOKHOCTh TEOPETHYECKOTO
ONMCAHUS, & TAK)KE OTCYTCTBUE HATJISIIHOW KaPTUHBI SIBJICHUS.

C y4eToM YyKa3aHHBIX CJIOXHOCTEH MOXHO CYATATh, YTO
PELDOR noka siByisieTcst HanboJiee aJiekBaTHBIM METOOM OTIpe-
nenenus d —d-B3auMOIEHCTBYIA: €ro Teopus PoCcTa W HATJIsIHA,
a 3¢ dextet ESEEM npakTu4ecku OTCYTCTBYIOT. DTH IPEeUMyIIe-
CTBa MPOJEMOHCTPUPOBAHLI B paboTe 36, aBTOPBLI KOTOPOH TPO-
BEJM CPABHUTEIBHOE W3YYCHHE METOJOB JIBYXKBAHTOBOU
korepenTHocTH 1 PELDOR 17151 0tHOTO M TOTO %K€ 00beKTa —

JTBaXXJIbI CITH-MEUEHOTO OeJIKa C PacCTOSHUEM MEXIy METKaMHU
3.55 um.

4. PenakcannoHHoe ycujieHue 3JIeKTPOH-IJ1eKTPOHHOI
Moy isiau cnana JCO npn d — d-B3anmoeiic TBHI

HenocTtaTkom, XapakTepHBIM I BCEX OIMHMCAHHBIX BBIIIE METO-
noB, B ToM uncie u Metoga PELDOR, saBisieTcss majias moJis
BO30YXJaeMbIX UMIYyJIbcaMu cniuHOB (He Oosiee 10—15%), uto
CBSI3aHO ¢ OoJbIIoi mmpuHO# crekTpa IITP HUTPOKCHIBHBIX
paauKaioB IO CPAaBHEHUIO ¢ aMILIUTyHoi CBY-u3ityyenus u, kak
CIIeICTBUE, MaJjioi BeaumunHol 3¢ dexta moaysuun ICD. Oco-
OEHHO CYIIECTBEHEH 3TOT HelocTaToK npu nepexozae k DIIP B
BBICOKHX NOJIAX. B paGoTe *° mpe utokeH moixo 1, OCHOBaHHBIN Ha
UCIOJIb30BaHUM 3(PPEKTOB CHHH-PEHIETOYHOH (TIPOJOJILHON)
peakcanuy B mMape CIUHOB, KOTOPBIA MO3BOJISET MPEOIO0JIETh
yKa3aHHble TPYJHOCTH. BO3MOXXHBIM IPOLIECCOM, U3MEHSIOLIIM
JIApDMOPOBCKYIO YACTOTY PE30HAHCHOTO CIMHA A B TIape CO CIH-
HOM B

Wx = WA + mpéq,

rae mp — MPOEKIUs CIMHA B, sIBIIsIeTCS IepeBOPOT HEPE3OHAHC-
Horo cniuHa B moj neiictBueM npoaoJibHOM pesakcanuu. B atom
cilydae BEpOSITHOCTh TOTO, YTO CHOWH B COBEpIIMT HEYeTHOE
4KCII0 IepeBOpoTOB 3a Bpems T, paBHa 0.5(1 —exp(— T/T))), rae
T\ — Bpems TpOIOJBHOU pellakcamuu. [Ipm 3TOM TpH
CKaHUPOBAHUM T CTUMYJIMpOBaHHOE DCD OyaeT MOyJIMPOBAHO
C AWNOJBHOU 4YacTOTOHM &. AMILIMTYHA 3TOW MOMIYJSIIUH C
VIUIMHEHUEM «IIepro/ia 3Bojronum» T Bo3pacTtaeT. DPQPeKT ycu-
JICHUS TUIOJIBHOI MOy sInnH BestencTBre pennakcanuu (Relaxa-
tion-Induced Dipolar Modulation Enhancement (RIDME))
9KCIIEPUMEHTAJIbHO HabIromascs B pabote 0. TIpoGiieMsl, CBs-
3aHHBIE C MaJoi [JoJiell BO30YXIaeMBbIX CIHMHOB, B METOJIC
RIDME 0TCyTCTBYIOT, HOCKOJIBKY B ()OPMUPOBAHUU JUITOJILHON
MOJYJISIIAU YYACTBYIOT O MOJIOBHHBI BCEX HEPE3OHAHCHBIX CIU-
HOB. ITosromy RIDME — BecbMa nepcneKTUBHBIA METOH, AJIs
uccienoBanuii 9CD B BBICOKUX MArHUTHBIX MOJIIX. ABTOpaMH
paboter*! sappext RIDME B DCD ObLI 3aperuCTpUpOBaH B
MarHuTHOM Tosie 4.4 Tin (paboyast yactora CHeKTpoMeTpa —
130 I'T).

5. Moayasimus cnaga 9CD 3a cueT CHOHTAHHBIX NPOLECCOB
BHYTPHMOJIEKYJISIPHOTO IBHKEHHUSI H CIIMHOBOI peJlaKkcanun
saep

MonynsiuoHHbIE SIBJICHUS B TPaJULIMOHHBIX MeTojgax DCD
00YCIIOBJICHBI KOTEPEHTHBIMU TUHAMUYECKIMHE 3 dexTamu, Bo3-
HUKarowuMu 1pu Bo30OyxaeHnun CBY-umnyibcamu OgHOBpE-
MEHHO NBYX W Oojee mepexomoB B crmektpe DIIP. B merone
RIDME wmonynsimust 9C3 o0yciioBiieHa CIOHTAHHBIM M3MEHe-
HHEM MATHUTHBIX MapaMeTpOB pAJWKaJIOB IO JeiicTBHEM
MOCJIeIOBATEILHOCTH  MMIYJIbcOB. CHOHTAHHBIE W3MEHEHUS
MOTYT MPOUCXOJUTh TAKXKE W3-3a BHYTPUMOJCKYJISIPHOM MMOI-
BIKHOCTH *2 ¥ BCIIEICTBHUE CIIMHOBOM PETAKCAINM OIM3IIEKALINX
anep.® Tlpu m3yuenmum Takux 3P(EKTOB MCHONB3YIOT TpEX-
HMIYJbCHYIO TOCJIeI0BATEILHOCTD, (POPMUPYIOIIYIO CHUTHAJ
cTUMyJIApOoBaHHOTO 3Xxa. CKaHUpyeTCs BpeMEHHas 3aliepkKKa T
MEX/y TIePBBIM M BTOPBIM HMNYJbCAMHU TPH (PUKCHUPOBAHHOM
3aziepkke T MEXIy BTOPbIM W TPETBUM HMITYJIbCAMH.
K wmonymsmuu cnaga DCD NpPUBOIUT CIOHTAHHBIA CIBHT
YacTOTHI JIAPMOPOBCKOW TPEIECCHU 3JIEKTPOHHOTO CIUHA B
MPOIIECCE IBOJIFOLUU CUCTEMBI MEXIYy UMITYJIbCAMH B TEUCHHE
uHTepBajia 7 3a cYeT MPOJIOJIbHON CIIMHOBOW petakcamuu OJ1m3-
JIexanmx saep. BeposiTHOCTh 3TOTO COOBITHS TEM BBIIIE, YeM
6onbiie 7. DddexThl mposiBiieHHs B Monayssiuuu crnana 2CO
CIIOHTAHHBIX IPOIECCOB PACCMOTPEHEI B 0030pe *4.
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6. MeTox MMMy 1bCHOTO
BBICOKONOJIbHOI0 /BbICOKO4YacTOTHOro JITP

ITpu ucnonp3oBanuu merona DIIP BbICOKUMM TOJISIMU (4aCTO-
Tamu) cumTaroT mois cBbmue 3 Tu (wactorer  >95 I'T'm).
B cranmonapHOM BapmaHTe METOJ BBICOKOIOJBHOTO/BBICOKO-
yactoTHOTO DIIP HaBHO MCHOJB3YIOT ISt N3yUEHHs CIIMH-Mede-
HBIX cHCcTeM. Ero oCHOBHBIM JOCTOMHCTBOM SIBJISICTCSI OPHUCHTA-
OUOHHASl CEeJISKTHMBHOCTB: W3-3a aHW30Tponuu g-hakropa
TIOSIBJIIETCSl BO3MOXHOCTD CEJISKTUBHO M3Y4YaThb Pa3HBIE OPHEH-
Tanuy 30HI0B U MeTOK. [ToaToMy /it OOBIYHON MOJIMOPUEHTH-
POBAHHOW CHCTEMBI MOXHO TOJIY4aTh HHPOPMAIHIO TAKOTO XKe
THIA, YTO U JUIsl OPUEHTUPOBAHHOTO MOHOKpHCcTal1a. B mocnen-
Hee BpeMs MOSBWIIACH PAGOTHI (CM., HAmpuMep,2633-41.45,46)
ABTOPBI KOTOPBIX MPUMEHSUIN METO]I BEICOKOIIOJIEHOT O/BBICOKO-
yactoTHOTO D[P B UMITyTbCHOM BapHaHTEe [JIs1 U3YYCHUS CIIHH-
MeUeHBIX cucTeM. [Ipu 3TOM perainch Kak CTPYKTYPHBIE 33124,
Tak ¥ mpoOJieMbl AWHAMHKH MOJIEKYJI. B Hacrosiee Bpems
BBIIIYCKAIOTCSI KOMMEPYECKHE CHEKTPOMETPBI  BBICOKOTIOJIb-
HOTO/BBICOKOYACTOTHOTO DIIP.

7. Metoa 3x0-aetexktupyemoro 1P nas uydyenus
OPHEHTAIMOHHON TUHAMHKH

B metone axo-gerektupyemoro OIIP (B[ DITP) curnan sxa
3aMUCHIBAIOT KaK (DYHKIIMEO MAarHATHOTO TOJIS TIPU Pa3HbIX 3HA-
YEHHUSAX BPEMEHU T (AByMEpHBI sKkcrepumenT).2! Pasuble peso-
HAHCHBIC MOJISI COOTBETCTBYIOT Pa3HBIM OPUCHTAIIHSIM paIuKaJIa
OTHOCUTEJIbHO HAIMPABJICHUS BHEIIHETO MATHUTHOTO MOJIS (CM.
puc. 1), mMo3TOMYy C TOMOIINBIO JAHHOTO METOJa IMOJYYaroT
uHpopManuo 00 OPHUEHTAIMOHHOW 3aBHUCUMOCTH CKOPOCTH
peakcaiyy Wi O e¢ aHU30TPOIHU. AHUZOTPOTHSI PESIAaKCAIIH
CBSI3aHA C MEXAaHU3MOM H CKOPOCTBIO ABIDKCHUS.

Hns ynobetsa criektpsl D/ DI1P npenctapistoT B BUIE UX
Habopa, 3aIMCAHHOTO MPH PA3HBIX T 1 HOPMUPOBAHHBIX HA OJIHY
¥ TY %€ BEJIMYMHY MATHUTHOTO MOJIsI, COOTBETCTBYIOIIYIO MAKCH-
Mymy cnektpa (puc. 4). Takum 0Opa3oM JOCTUTAIOT Cpa3y JIBE
IEJIN: BO-TIEPBBIX, MCKJIFOYAETCS M3O0TPOIMHAS pejlaKcalus, He
3aBUCSIIAsT OT TOJS,, KOTOpas OMpeleNsieTcsl MpOoIeccaMu, He
CBSI3aHHBIMH C JIBHXKCHUSIMH; BO-BTOPBIX, CTAHOBUTCSI HATJISA-
HBIM XapaKTep aHM30TPONHUH pejakcanuu. Hampumep, Ha puc. 4
BUIHO, YTO BOJIM3H KpaeB CHeKTpa (KOTOPbIE COOTBETCTBYIOT
MapaJiyieIbHOM OpPHEHTAIIMH MOJIEKYJIBI, CM. PHC. 1) pelaxcamus
0oJiee Me/IJICHHASI.

Metoa D/1 OIIP ciuHOBBIX 30HIOB OKA3aJICS YyBCTBUTEIIb-
HBIM K 6bICprIM MaJOAMIUIMTYAHBIM CTOXACTUYCCKHUM JIBHXKE-

M HTEHCUBHOCTD

0.336

0.338 0.340

Puc. 4. Tunuynele 5X0-IeTeKTHPOBAHHBIE CIEKTPHI, 3aIUCAHHBIE NPU
Pa3HBIX BpeMeHaX MeXy HMITYJIbCAMH T, HOPMHPOBAHHbIE HA MAKCUMYM
MHTEHCHBHOCTH.

ToHkast JIMHUSL — IPUMEp pacueTa IJIsi MOACJHN OBICTPBIX MaJIOAMILIH-
TYAHBIX JBHXKEHUM (CM. TEKCT).

HUSM MOJIEKYJT 30HJOB W METOK BOJIM3H TIOJIOKEHHUS WX
paBHOBecus. Takue OpreHTAIIMOHHBIC IBMKCHUST HA3bIBAIOT CTO-
XaCTHYECKIMU JTUOPANUSIMH, OHU XapaKTePHBI TOJIKO IS He-
YIOPSAOYCHHBIX MOJIEKYJISIPHBIX CPEJI, BKIFOYAsT OHOJIOTMIECKHE.
Meron  4YYBCTBUTEJIEH K OYEHb MaJBIM  aMIUIATYIaM
nBuxenus: 7 — Bmwioth o BeamumH 0.1—1°. OTMeTuM, 4TO
CTOXaCTUYECKHUE IBIKCHUS CIIEAYET OTJIMYATh OT OOBIYHBIX THHA-
MHUYECCKAX OPUCHTAIIMOHHBIX Koyiebanwmii. Ilociemnme xapax-
TEPHBI TSI TFOO0TO (Pa30BOrO COCTOSHHUS BEIIECTBA.

8. /IBymepHblii HMITY/IbCHBII JBOIHON 3/71€KTPOH-
3/1eKTPOHHBII Pe30HAHC 115l H3YYeHHs OPUEHTALHOHHOI
JHHAMHAKH

i mociieqoBaTeIbHOCTH UMITYJIBCOB B METOJZIE JBYMEPHOTO
HAMITYJIbCHOTO IBOHHOTO 3JIEKTPOH-3JIEKTPOHHOTO PE30HAHCA HC-
HOJB3YIOT 124849 Ty ke UMIYJIBCHYIO CXEMY, YTO M B METOIE
PELDOR. Otiu4ue B TOM, 4TO U3MEPSEMON BEJIMYMHON CITYKUT
CUTHAJl CBOOOJHOM MHAYKIMM HOCJE MOCJEIHEr0 MMILYJbCa.
B aTom MeToze npousBoautes pyphe-peodpa3zoBaHUe MO IBYM
BpeMeHaM — 7 ¥ BpeMEHM 3aJepXKH IOCJIe NOCICAHErO UM-
myJibca. B IByMEpHBIX CIIEKTPax MOXKHO Pa3IeIUTh OAHOPOIHOE
yLIIPEHNE, BI3BAHHOE IBUKEHIEM, M HEOJTHOPOJHOE yILIUPEHHE,
ompeesIIeMOe MIUKPOCKOTIMYECKIM YHOPSIIOYCHHEM, T.€. TOJIY-
YUTh JAaHHbIE O CTPYKTYPHO-AMHAMHYECKOH TIe€TEepOreHHOCTU
cucteMbl. UTOOBI HAOIOIATH CHUTHAJN CBOOOJHON WHIYKIIUH,
P UCIIOJIb30BAHUU TaHHOTO METO/a HEOOXOAMMO NMPUMEHSThH
CHEKTPOMETPHI CHENUATHLHOTO THIA C KOPOTKHM «MEPTBBIM Bpe-
MeHeM», Hanpumep pabortarommx B Ku-mmamazone (17 I'T'm).
Jiis cyeHusl JIMHUA HEOOXOMMO TAKXKE HCIOJb30BATh MOBBI-
LLIEHHBIE TEMIEPATYPHI.

9. ImnyJibcHBIIi ABOIHOI 31K TPOH-sI1epPHbIii pe3oHaHC

Jns w3ydeHus: 3IEKTPOH-SACPHBIX B3aUMOJEHCTBHM, Kpome
ESEEM, ucnose3ytot u apyrue metonuku I1P: cranuonapHsliit
JIBOMHOW 3JIeKTpoHHO-siiepHblii  pe3onHaHnc (Electron-Nuclear
Double Resonance (ENDOR)) m umnynscubiii ENDOR B
BapuanTax Mumca u JloBuca. ABTopamu pa6oTsl > mpoBeaeHo
CpaBHUTEJILHOE UCCIIeJOBAaHIE BO3ZMOXKHOCTEH pa3HbIX METOAUK.
Ha npumepe B3ammomeicTBHsSI CIMHOBBIX METOK CO CIIMHAMU
anep 3P nokazaHo, 9TO HamboOJIee JIOCTOBEPHBIE TaHHBIE TA€T
meton umnysibcHoro ENDOR B Bapmante Mumca. JlaHHBIM
METOJOM MOTYT OBITb H3MEpeHbl MaJlble PaCIlEIUIEeHUs — 10
0.03 MTI'1, uto cooTBEeTCTBYET paccTosiHuto 1 HM. B ciryuae cnun-
MEUEHBIX JIMIIUIOB B TMOJIHOCTbIO TUAPATUPOBAHHOW MeMOpaHe
Ha OCHOBE TaKHX MU3MEPEHHUI MOXHO CYIUTh O BEJIMYNHAX YTJIOB
HAKJIOHA JIMIUIHBIX IeTel K MIIOCKOCTH MEMOPAaHBI.

Meton wumnynscaoro ENDOR mnpumenstor Takxe B
BapuanTe BhIcoKomonbHoro DIIP.3! Brarogaps opueHTanuoH-
HOI CeJISKTUBHOCTH MOHO TMOJIy4aTh 0oJIee MeTaabHyro HH(Op-
MAaIMI0 O CTPYKTYpe OJIMKAWIIero OKpYKEHUs HCCIeayeMoi
MoutekyJibl. C HCHOJIb30BaHMEM TAaKOIO BapUaHTa OAHHOIO
MeToza Obuta moKasaHa ! BO3MOXHOCTh M3yYeHHSI TEOMETPUM
KOMIUIEKCOB CIIMHOBBIX 30HIOB C MOJIEKYJaMU pPacTBOPHUTEJICH
(HanpuMep, KOMIUIEKCOB 5-I0KCUJICTEAPUHOBOM KUCJIOTHI C JICH-
TEPUPOBAHHBIMU CUPTAMHU).

10. MeTo «HacBhIIIIeHHE — BOCCTAHOBJIEHHE)
BO BpeMsipa3pemienHom JITP

Merton Bpemspaspemieanoro DI1P 32 He 0THOCHTCS K MMITYJIbC-
HBbIM, TaK KaK PErucTpaluio CUTrHaja MPOBOJST C MOMOIILIO
HenpepsiBHOTO CBU-mos151. MeTon «HachIeHne — BOCCTAHOBIIE-
HUE» IS U3MEPEHUs] BPEMEH peJlakcallii 3aHUMAaEeT IMPOMEKY-
TOYHOE TOJIOKEHHE MEXIy MMIYJIbCHBIMU W CTAIIMOHAPHBIMH
METO/JaMHU: B HEM UCIIOJIb3YIOT UMITYJIbCHOE HACBIIIICHUE CIIEKTPa
(ITMTETPHOCTD HACHIIMIAFOIIETO UMITYJIbCAa OOBIYHO COCTABIISET
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HECKOJIbKO MHKPOCEKYH]I) M HENPEPBIBHYIO PETHCTPAIMIO CHT-
nana DIIP. B page pabot (cM.>3~3) TakuM METOIOM H3ydasn
3 deKT yCKOpEHHs CIMHOBO peslakcalliit METKA B OHocHcTeMax
3a c4eT (QIIYKTYUPYIOLIETO0 MArHUTHOTO JHIIOJIb-IUIOJIBHOTO
B3aMMOJIEUCTBHS ¢ OJIM3JIeXKAIIIM HOHOM MeTayljia. DTO 1M03BO-
JINJIO OLIEHUTH PACCTOSIHUS B ITAPE METKA — HOH.

MeTon «HACBHIIIEHNE — BOCCTAHOBJIEHHE» IHPUMEHSIFOT ISl
mejed  Tak  Ha3bIBAGMOM  OKCUMETPUU  OMOJIOTHYECKUX
OOBEKTOB — OIpeNeIeHNs] B HHUX JIOKAJBHBIX KOHIEHTpPANWii
MOJIEKYJIIPHOTO KHCIopoaa.>® IIpuMeHeHne METOIA OCHOBAHO
Ha 3ddexTax yCKOpEeHUs] CIMHOBOW pejlaKCallil METOK 3a CUeT
CTOJIKHOBEHHI C MOJIEKYJISIPHBIM KHUCIIOPOJIOM.

Meron BpemspaspeunienHoro OIIP umeer mnpeumyiecTBo
nepea MeToJamMu, O0a3MpyrOIIUMUCS Ha crekTpockonuun DC3I,
Tak kak curaja DCD (uiam cBOOOAHOW MHAYKIMHU) HE BCeria
ymaercss HaOmOmaTh M3-32 MPOOJIEM, CBSI3aHHBIX C HAJIMYHEM
«MEPTBOT'0» BPEMEHH CIIEKTPOMETPa U KOPOTKMMH BpPEMEHAMHU
penakcammu. K HemocTaTkaM 3TOTO METOJa OTHOCHTCS Oouiee
HHU3KO€ BPEMEHHOE Pa3pellieHne, CJIOKHOCTh M HEOTHO3HAYHOCTD
TEOPETHYECKOTO OIMCAHUS, MEHbIINE (DYHKIHOHAIHHBIE BO3-
MOYHOCTH.

WMeetcss psii MHTEPECHBIX TMPWIOKECHUA METOIa BpeMsi-
paspemiennoro DIIP mist pemieHus 3agad CIMHOBOW XUMUH.
[TprumepoM MOXKET CIYXHUTh MEPEHOC CIUHOBOW MOJISIPU3AIIAA
Ha CHMHOBYIO METKY B MOJIEKYJIe MOJEJIBHOTO I'eKCallenTHaa C
PACIIOJIOKEHHOTO B 3TOW e MOJIeKyJie (HOTOBO3OYKICHHOTO
xpoModdopa.’’ [Ipyroit npuMep — BIUSHUE CIMHOBBIX METOK HA
(hbopMupoBaHHE CIMHOBOU MOJISIPU3AINN B CIIMH-KOPPEJINPOBAH-
HBIX PaJUKAJbHBIX Hapax, BO3HHUKAIOUINX HPH BO30YXICHUH
CBETOM PEaKIMOHHBIX [EHTPOB (OTOCHHTE3a pacTenuil.>® [lan-
Hble TAKHX HCCJIEJOBAHMA MOTYT OKAa3aThCsl MOJIE3HBIMH HPH
M3y4YEeHHHN IIpollecca IepeHoca 3JeKTPOHA B 9THX chucremax. He
HCKJIFOYEHO, YTO TaKOTO PoJa 3aJayd MOXKHO pellaTh U C HC-
0JIb30BAaHUEM UMIyJibcHOro OITP.

IV. CTpykTypHbBI€ HCC/IeIOBAHUST
CMHH-MeYeHbIX CHCTEM

1. Kondopmamun 1JIHHHONENOYEYHBIX OHPAHKAIOB
| JIBaK/bI CIIHH-MeYeHbIX OHOMOJIEKY T

s pa3HBIX KOHGOPMAIMA MOJIEKYJIBI XapaKTEPHBI ee pa3HbIe
el [ToaTomy muist onpezesieHust KOHGOPMAIMOHHOTO CTPOe-
HUsl OWpaauKajioB WM OBAXIbl CIHMH-MEUYCHBIX OMOMOJIEKYJI
MOXHO HU3BMEPUTH PACCTOAHUA MEXAY ABYMS HECHAPCHHBIMU
9JICKTPOHAMH B HUX. JleTay mpoBeIeHHsI U3MEPEHUN [JTs U3yye-
HHsI KOHPOPMAIIMOHHOTO CTPOSHHUSI TAKUX MOJIEKYJI C TOMOIIBIO
metonnoB PELDOR u apyrux paccMoTpeHsI B psijic 0030poB (cM.,
nampumep,®10). Ob6cymum o0lee COCTOSTHUE HCCIEAOBAHUI B
9TOl 00JIACTH ¥ IOSIBUBIIIHECS B TIOCTIETHEE BpeMsI Ty OJIMKATINY.

Uncno BO3MOXHBIX KOH(pOpMamuil IIMHHOLEHIOYEYHBIX
OMpaUKaIOB MOXET OBITh OOJIBIIAM, MO3TOMY BOIPOC HAJIO
CTaBUTh O (DYHKIMU PACHpPENCSICHUS IO PACCTOSHHUSIM MEXKIY
napaMarHATHBIME (parMeHTamu. Ecim oxumaercst, 4To pacnpe-
JIeJIeHHE IO PACCTOSIHUSM OYJIeT TOCTATOYHO y3KUM, TO IIUPHUHY
pacupesesieHdss MOXHO OICHUTb Cpa3y M3 3aTyXaHUs MOMIYJIs-
mun. ABTopamu pabotei?® metomom PELDOR co ckaykom
MarHATHOTO TOJIS U3YYCHBI JBAa JIJIMHHOICTIOYCYHBIX (IJIMHOM
~2 HM) Oupaaukaiga — dxecTkudd u ruOkwmii. [lo 3aTyxaHuro
MOJYJISIIUY Uil THOKOrO Ompanukaia Oblla OLCHEHA INUpUHA
pacopeesieHns o paccTOSIHUASIM, cocTaBuBIIas ~ 0.3 HM.

B pa6orax 3% mMeromom PELDOR wu3yyanu koupopmanmu
Ompannkaia, COAEpPXKAIIErOo MEXIY ABYMS HHUTPOKCHJIBHBIMU
(dparMeHTaMH LENOYKYy METHJICHOBBIX TI'DYII, YHCIO KOTOPBIX
(n) mensutoch ot 8 mo 20. CremoBanio OXHIATH ITMPOKOTO
pa3bpoca pacCTOSIHAA MEXAy IByMs paaukajiamu. JlaHHBIC,
MOJIyYeHHbIE U3 YaCTOTHBIX CHEKTPOB, CPABHUBAJIH C PE3yJIbTa-

TaMH pacyeTa IOJHOCTBIO PACTSHYTOW mipanc-KoH(opmanmn
(IpeaenbHbIN cilydyai) 1 pacyeTa KOHGOPMAIMOHHOM CTATUCTUKI
npu 3ajaHHON Temmepatype. Hambosiee Gim3kmMu OKa3ajmch
pe3yJIbTaThl U3MEPEHUsI PACCTOSIHUN M pacueTa CTATUCTUKH KOH-
(bopManuii — OHM COBIIAJIM B IpeZesax OIIMOKU SKCIIEPUMEHTA.
Hust n = 10 npu cpegHeM paccTostHud + = 2.1 HM mupuHa GyHK-
LUK pacipeiesIeHns Ha MoJTyBbIcoTe cocTaBmia 0.5 HM.

C nomorpsto Meroga PELDOR MOXHO u3MepsITh B3aMMO-
JIEWCTBHSI CHMHOB HE TOJIBKO B HUTPOKCHJIBHBIX OMpaIiKaiax, HO
u B Oupamukagax, COACPXKAIMX B Ka4YeCTBE CIHHA-TAPTHEPa
HmapaMarHAUTHBIA HOH MeTala. bl

AHAJIOTHYHBbIE UCCIEAOBAHUS MOXHO MPOBOAMUTDH IJIsI ABa-
Kbl CIIMH-MEUYEHBIX MENTHA0B. ECU paccTosiHue Mexay MeT-
kamu Masio (< 1.5 HM), MCClIeOBAHNE MPOBOMAST C TMOMOIIBIO
cranmonapaoro DITP.%2 Eciu ke METKH pacoIoXkKeHbl Ha pac-
crostHuu > 1.5 HM, HEOOXOAMMO MPUMEHSITH METOIBI UMITYJIbC-
Hoii ciekTpockonuu IIIP.

Mertomom PELDOR B psgme pa6oT (cM., Hampumep,3—63)
N3YYCHBI KOH(I)OpMaLlI/II/I ABAXIblI CIHUMH-MCUYCHOI'O IICIITUIA
Trichogin GA IV B opraHnyeckux CTeKJIax. DTO JMHEWHBIN Tel-
THJ, BbIACJICHHBIN U3 rpudka Trichoderma longibrachiatum, 6ora-
TBI aMUHOM3OMACIISIHOM (Aib) KuCI0TOM

n-Oct — Aib! — Gly — Leu — Aib* — Gly — Gly — Leu — Aib® —
—Gly—1Ile—Lol

(n-Oct — wu-oktanouys, Lol — neinunon). Trichogin GA 1V
0o0yiajaeT aHTHOAKTEpUATLHBIMI M AHTUTPUOKOBBIMH CBOKCT-
BaMmH. VI3BeCTHO, YTO TakWe MENTUABI CIIOCOOHBI CO3aBATh
WOHHBIC KaHAJLI B MEeMOpaHax, B pe3yjbTaTe 4ero MeMOpaHbI
CTAHOBSITCs MpOHUIaeMbIMU. [locieIHee CBOUCTBO MOXKET MPH-
BOJIUTH K rubes kieTku. OTIMYnTeIbHAsS OCOOCHHOCTh MENTH/IA
Trichogin GA IV — manas niauHa (B €ro cocraBe HaXOIUTCS
TOJIbKO 10 aMUHOTPYIIT), KOTOpasi TOPa3a0 MEHbIIE TOJIIAHBI
MeMOpaHbI, TTOITOMY MEXaHW3M BO3HHUKHOBEHHUSI MPOHHUIAEMO-
CTH MeMOPaHbI B HACTOSIIEE BPEMsI HESICCH.

Ocratkn Aib mpu XMMHYECKOM CHHTE3€ 3aMEIIAIOTCS Ha
OJM3KUEe TIO CTPOCHUIO HHUTPOKCHJIbHBIC CIUHOBBIE METKU

(TOAC).56 o
N
C

Me Me
Me\ /Me Me>[ j<Me
C
/ N\

—HN CO—
Aib TOAC

s ynoOcTBa CUHTE3a KOHEYHbIE I'PYIIIBI ENTHA MOTJIN 3aMe-
IATh W HA JIPYTHE OCTATKU. DTH 3aMEIICHHS] HE MPUBOIAT K
M3MEHEHUIO MeMOPaHO-MOIUPUIMPYIOIIMX CBOWCTB MENTH-
110B.%7 CHHTE3UPOBAHBI JBAXK/IbI MEUEHBIE TENMTU/IbLI IO MOJIOKE-
HusMm 1 u 4,4 u 8, 1 u 8. Ilepsbie 1Ba THIA OMPAAUKATIOB MOXKHO
HCCIIEIOBATh C MoMolIbio cranonapuoro JDI1P, nociaennuit —
TOJIBKO UMIYJILCHOTO (U3-32 OOJIBIIOr0 PACCTOSIHUS MEXY CIIU-
HaMH).

Kondopmanmu aBaxAapl COMH-MEYEHOTO MENTHAA H3YyYasld
npu 77 K B pa3HBIX CTEKJIYIOIIUXCS pPACTBOPUTEIISIX — METAHOJIE,
3TaHoJie, TPUPTOPITAHOJIE U CMECH XJIOPODHOPM — IUMETHUII-
CyJIbGOKCHI € Pa3HbIM COOTHOIIEHHEM KOMIIOHEHTOB.% 04
Monynsus npu ucnoJib3oBannu Metoga PELDOR nabmrona-
€TCd BO BCEX MATpPHLAX, HO C PAa3HOM YaCTOTOM OCLHMJUISLIVMN.
OmnpenesieHsl PACCTOSIHUS MEXTy METKAMH B MOJIOKEHUsIX 1 1 8,
KOTOpBIe Bapbupytotcs ot 1.53 (B Tpudropatanosne) 10 2.18 Hm
(B aTanose). CresaHbl BBIBOJIBI, YTO B TPU(PTOPITAHOIIE TENITH/T
nMeeT KoHpopManuro 3jo-Clupad, a B APYrUX MaTpHIAX —
27-criapaim.

Pabotp %86 moCBSIIEHBl  MCCIETOBAHUIO  KOH(pOPMAIUK
crimH-MeueHoro Trichogin-1,8, mOMeIeHHOro B OMOJIOTUYECKHUE
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meMOpanbl. s MeMOpan smmuHoro L-o-docdarmmmixonmua
Haliaeno,% uTo QyHKIMS PACIIPENEIEHUS IO PACCTOSHUSAM COIED-
KUT JBa MakcmMmyMa — npu 1.3 u 1.8 HM. ABTOpHI IpHIum K
BBIBO/Y, YTO KOH(MOPMAIUHM HENTUAA MPEICTABISIOT «CMECh»
o-CIpa, 3jo-CHUpai U OoJiee PACTSHYTHIX KOH(MOpMAaumii.
AHaJIOTHYHBIE PEe3yJbTaThl HOJIyYeHBI IS 3TOr0 MENTUAAa B
MOJIETbHBIX (hOCHOUIUTHBIX MeMOpaHax.®

IMpumepom uccnegoBanus Merogom PELDOR crnuu-meue-
eix PHK ciyxat pa6otet 70~ 72, B xoTopbix uzydaiucs PHK,
MeYeHHbIE HITPOKCUIILHBIMHA METKAMH B IBYX MOJIOKEHUSIX. JL1st
paccTOsTHAI MeX 1y MeTKaMH IIOJIy4eH HaOop 3HAYSHUN Mex Ty 2
u 5 HM. JlaHHBIE W3MEPEHMI COBMAJIU C JTAHHBIMH PACYETOB
METOJ0M MOJIEKYJIsIpHOM nuHaMuku. ITo pe3yiabTaTam uccieno-
BaHMUH CAENaHBI BEIBOJBI O KOH(pOpPMAaNUIX OHOMOJIEKYT.

ABTOpaMH CTaTbH /> WCIOJB30BAHO COYETAHHE METOIOB
CIIUHOBOTO MeveHus n3opannoro Mmecta ¢ PELDOR miist uzyue-
HUsI n3MeHeHnst Kondopmanmu 6esika (BtuB) mpu ero csi3piBanum
B MeMOpane ¢ cyoctparom (TonB). Jlauublii Oejok oTBevyaeT
3a CBA3BIBAHME U TPAHCHOPT BUTAMHMHA B-12 uyepe3 BHeIIHIOIO
MeMOpaHy TIpaMOTPUIATEIBHBIX  OaKTEepHWid, TaKMX Kak
Escherichia coli. B 06enox BBOAMIM Hapy CHMHOBBIX METOK.
B oTcyTcTBHE cyOcTpaTa MaHHBIE H3MEPEHHI TOKA3BIBAIN Y3KOE
pacupefiesieHde 4Yuciia Hap MO PACCTOSHHUSM MEXIy [BYyMs
cuHamu (uuciio map ot r Ao r + dr). IIpu qodasyennn cybcTpaTa
MOSIBJISLIMCH OOJIBbIINE PACCTOSHUS. DTOT PE3yJIbTAT CBUIETENb-
CTBYeT O mepexoje Oeika mpu H00aBlieHUU cyOcTpaTa M3 yIo-
PSIOUYEHHOTO B HEYIOPSIIOUCHHOE COCTOSHHE.

B pabore’ u3yyanm OIHOKPATHO MEYEHBIE DPErYJISTOPHI
Na*/H* — NhaA u3 Escherichia coli. J1s1 MeueHus BbIOpan
OCTaTKH, pAaCIOJIOXKEHHbIE B 00JacCTIX, CTPYKTypa KOTOPBIX
MmeHsieTcss pu u3meHeHun pH. B pesynabrate ucciaemoBaHmit
metosioM PELDOR o6HapyxeHa MOIYJISIMS CHTHAJIA 9Xa, CBU-
JIETeNIbCTBYOAs 0 TOM, 4To NhaA B cucTeMe NMpUCYTCTBYET B
Buze numepoB. [1yOnHa Moy sinur oOpaTHMO yMeHbIIaIach C
yMeHblIeHneM pH, 4To cBIAETENbCTBOBAIO 00 YBEIMYCHUH Pac-
crosiHus B qumepe. OOCcykIeHa CBSI3b 9THX pe3yIbTaTOB C MeXa-
HI3MOM akTuBHOCTH NhaA.

Metronom PELDOR wu3yuyena crpyktypa [2]kaTeHaHOB
pasmMuHBIX pa3MepoB.’”> MeTKH BBOAMIIM B KaXIbIA M3 IBYX
MaKpOIMKJIOB. [Ipy cCpaBHEHNH 3KCIIEPUMEHTAJIBHBIX JAHHBIX U
TEOPETHUECKIX OIECHOK CIEJIaHbI BHIBOJIBI O KOH)OPMAIIMOHHOM
pacrpeesieHiH MOJIEKYJI ¥ 00 HX pa3Mepax.

Pacnionoxenue b-noxpcucreM B sH3uMe FOF1 cunTasel us
Escherichia coli uzy4yeno B pa6ote 7° ¢ HCMIONBb30BAHUEM METOI0B
cnrHOBOTO MeveHust n3dpanHoro mecra u PELDOR. Ha ocHoBa-
HHY TIOJTYYEHHBIX PACCTOSHHI MEX/y CIIMHOBBIMHU METKaMU CJie-
JIaH BBIBOJI O IAPaJUICJIbHOM PACIIOJIOKEHUH IBYX CIIUpajiei ¥ O
JIPYTUX OCOOCHHOCTSIX CTPYKTYPBL.

MeToa0M IBYXKBAaHTOBOI KOT€PEHTHOCTH MIPOBEICHO HCCIIC-
JIOBAHME CTIENHUATbHO CAHTE3NPOBAHHBIX MENTUIHBIX CrHpaJieii.”’
OmnpeesieHbl BHY TPUMOJIEKYJISIPHBIC PACCTOSHHS U H3YYEHBI IPO-
1ecchbl (hOJIAMHIA ITUX CHHUPAJIEi.

Bo3MoxxHOCTH N3ydYeHHs TJI00aIbHON CTPYKTYPBI HyKJICHHO-
BBIX KHCJIOT C HCIOJIb30BAHHEM METOJOB CIMHOBOTO MEYEHUS
u3bpannoro mecta 1 PELDOR o6cyxenbl B myGaukanum /8.
B xauyecTBe MOAENBHONW CHCTEMBI HCHOJB30BATIN MEYEHBIE
nymiekcsl noaexkamepos JJHK ¢ uzBectnoii crpykrypoit. M3me-
pennbie MetooM PELDOR paccrosiius (0T 2 0 4 HM) COBIIAJIH
C TEMHU, KOTOPbIE MOXKHO MOJIyYUThb U3 JaHHbIX IMP.

2. Arperanusi nenTHIOB B MOJIEKYJISIPHBIX CTEKJIaX
u 6GuomemOpanax

Nmeetcs PAO JaHHBIX, HA OCHOBAHUHU KOTOPBIX MOXHO IIPEAIIO-
JIOXKUTB, YTO arperanus nenTuaoB B 6I/IOMCM6paHaX CyliecT-
BCHHO BJIMSCT Ha beHKIII/IOH'd.J'ILHbIC CBONCTBA IIOCJICIHUX,
HalpuMep Takue, Kak (I)OpMI/IpOBaHI/Ie B HUX MOHHBIX KaHAJIOB.
P‘dSMepr arperaToB JICXKAT B HaHOMeTpOBOﬁ O6HaCTI/I, 4YTO CBHU-

JIETEJIbCTBYET O NEPCIEKTUBHOCTH MCIOJIB30BAHUS 37IeCh METO/1a
PELDOR.

s pa3BUTHUS MPEICTABICHUNA O BO3MOXHBIX MeXaHH3MaX
arperalyy TENTHI0B B OMomMeMOpaHax B psjae paboT ObLin
HM3YYeHBl TMENTHIIBI B 00Jieeé MPOCTBIX MOJEIbHBIX CHCTEMAaX.
Pesynbratel uccienoBanuii MerogoM PELDOR  arperanvn
cnuH-MeueHoro nentuna Trichogin GA IV B opranmueckux
MOJICKYJISPHBIX CTEKJIaX TOJPOOHO pPACCMOTpEeHBI B 0030-
pax 81014 B nonspHBIX cpefax arperaluyu He HabJIIOAAI0Ch, a
IUJTs1 CITA0OTIOTISIPHBIX CTEKOJI OBLIIO HANHACHO, YTO YHCIIO MOJIEKYT
B arperartax (/N) MeHsieTcsl B uHTepBase oT 3.1 go 4.3 B 3aBuUCH-
MOCTH OT CHCTeMBI. B pabore’® msi CMH-MEYEHBIX TUMEPOB
Trichogin (koBaJieHTHbIE COCOMHEHHSI JBYX MOJIEKYJ THIIA
«T'0JIOBA K XBOCTY») B CMECH XJIO0POPOpM — TOJTyos1 N u3MeHsieTcst
B WMHTEpBaje OT 2 N0 3, a pacCTOSHUE MEXIY CIHUHOBBIMU
meTkamMu — OT 3.0 1o 4.5 uM. [1pu MOBBIIIICHUN KOHIICHTPAIIMH
MOJIEKYJIbI ArPETUPYIOTCS B TeTpamepsl. 0

HccnenoBanme arperanuyl  CIHH-MEYEHOTO — 3€pPBAMHIIN-
Ha ITA — rekcazekanentuga rpuOKOBOrO NMPOMCXOXKIACHUS —
metoaoM PELDOR B cMecu TOJTyoJ1 — MEeTaHOJ1, 3aCTEKJIOBAHHOM
npu 77 K, mokaszalio HaJMuue arperaToB ¢ aHTUIAPAJUICITbHON
OpHMEHTALMEN MOJIEKYJI MenTHI0B. 8!

B pabGote® msydena arperanmusl CIUH-MEYEHOrO MNENTHIA
aJlAMETHIINHA B MOJISIPHBIX ¥ HEMOJISIPHBIX MOJICKYJISIPHBIX CTEK-
nax. B cocras nentuna Bxoaut 20 aMUHOKHUCIOT

Act—Aib—Pro— Aib—Ala— Aib—Ala—Glu— Aib—
—Val—Aib—Gly—Leu— Aib—Pro—Val—
—Aib—Glu—Gln—Phol.

OH nposBJIsIeT aHTUOMOTHYECKHUE CBOMCTBA. M3y4yanuch odpas-
IIbI, CITH-MEYEHBIC B TIOJIOKEHUU 16 TyTeM 3aMEeIeHUs] OCTaTKa
aMUHOM30MACJISIHON KHCJIOTHI Ha crnuHOBYyr0 MeTky TOAC.
B nosnsipHOM cTekIie arperanuu He OOHAPYKEHO, a B MaJIOMOJISIP-
HOM (cMech xJ10poopM—TOoJyos1) OoHa ycTaHoBiieHa. Oka3za-
JIOCh, YTO YUCJIO MOJICKYJI B arperate TOBOJIBHO BEJIUKO — 6— 8.

Arperamnusi cnuH-Me4eHbIX mnentugoB Trichogin GA IV B
OGUOJIOTMYECKUX MeMOpaHax MccieoBana B paborax %86, Jng
MeMOpaH suaHOro L-o-(ochaTuamaxonanaa Haliaeno,% uro mpu
KOHIICHTpaIusX nentuaa 2.2 MoJi. % OH pacrpe/iesicH B MeMOpaHe
paBHOMepHO. [JobaBnenue xonecrepuna (mo 16.5 moin.%) npu-
BOIMJIO K YBECJMYCHHIO JIOKAJIBHBIX KOHICHTPALUI MEeNTHIA.
I MomenbHbIX (GocoMMMuanbIX MeMOpaH yCTaHOBIIEHO,%
4TO TPU MAJIOW KOHUEHTPALMU TENTHAOB (B MOJIEKYJISIPHOM
COOTHOIICHUN K JUmuAaM, MeHbIeM 4eM 1 :100) arperamum He
MPOUCXOAUT. Y BEJIMUCHUE )K€ 3TOM KOHIIEHTPAIIUU B MOJIEJIbHBIX
(dochommmuaHIx MeMOpaHax 10 cooTHomeHus 1 : 20 mpuBOIUT K
obpa3oBaHuto arperatoB B Buje mnap. CpelHee pacCTOSIHHE
MEXIy METKaMH B Iapax 0Ka3aJioch OJIM3KUM K 2.5 HM.

DddexT arperanuy NENTHIOB C YBEJIMYSCHUEM UX KOHIEHTpa-
WU, TO-BUAMMOMY, HMEET MPUHIUIHAIBHOE 3HAYCHUE IS
MOSIBJICHUSI KAaHAJIOB B MeMOpaHax. YHHUKaJbHOE JOCTOMHCTBO
metona PELDOR 3axkirouaercss B BO3MOXHOCTH OTIPE/IeIICHUs
YHCJIa MOJICKYJI B arperaTax U X XapakTepHOTro pa3mepa.

3. Ha"ocTpyKTypa HOHOMepOB

HNonomepsl — moOIMMEpHl € KOHIEBBIMH HOHHBIMU TIpYII-
nmamu.8384 B uxX CTpyKType MMEIOTCSl KJIACTEPhl HOHHBIX IPYIII
pasmMepoM TOpSIAKA HECKOJIBKHX HaHOMETpoB. PaccrosHme
MeXAy KJacTepaMH Takoro e nopsiaxa. s HOHOMEpOB Ha
OCHOBE COTOJIMMEpPA MOJHM30MpPEHa U IMOJUCTHpOJA 00a 3TH
napaMeTpa HaHOCTPYKTyphbl onieHeHbl MeTogoM PELDOR c uc-
MOJIb30BAHMEM MOHHBIX CIIMHOBBIX 30H10B.%8°~87 M3BecTHO, uTO
Takye 30H[bl MONAAAal0T HAa MOBEPXHOCTb MOHHBIX KJIACTEPOB.
Brimn onpeniesieHbI XapakTepHOE PACCTOSTHIE MEXKAY YaCTUIIAMHE
B KJ1acTepe (~2 HM) U XapaKTepHOE MEXKJIACTEPHOE PACCTOSHIE
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(~5 uMm). IMompobOuee 3TH pe3ynbTaTBl OOCYXKICHBI B 0030-
10,13
pax 10:13,

4. InarHocTHKa CTPYKTYPHBIX NpeBpalleHuii BelllecTBa

AsTops! pabot # 9! MeTonoM moaymsamuu cnaga CD 3a cuer
JJIEKTPOH-SJICPHBIX B3aMMOJICHCTBUI U3y4yau MexaHu3M (Gop-
MUPOBaHUS ME30TTOPUCTBIX MaTepuasioB (MCM-41 u SBA-15) u3
WCXOJ/IHBIX MUICJUIIPHBIX BEIIECTB C MOOABJICHUEM CIHHOBOTO
30HAA. Ha pasHpIX cTammsx peakmuu oOpasen OXJIaXIaTd 10
77 K u peructpupoBayin ESEEM 3a cuet B3aumoieiicTBus Hecra-
PEHHOTO 3JIEKTPOHA CIIMHOBOTO 30H/A C COAEPKAIIMMCS B UCXO/I-
HBIX BEIECTBax JeiiTepueM. Y nanoch HabIOAATh U MHTEPIPE-
THPOBATH HECKOJIBKO PA3JIMYHBIX CTaIui mporecca popmuposa-
HUSI MATECPHAJIOB.

5. Ilpoduab NPOHNKHOBEHHS BOIbI B OHOMEMOPaHbI

I'mybuna nmpoHUKHOBEHUS BOJbBl B OMOMeMOpaHy — BakHas
XapaKTePHUCTUKA, OTPEIEIISIONIAsi TPAHCIOPT MOJISIPHBIX H 3apsi-
JKEHHBIX YaCTHI] 4epe3 MeMOpaHbl U YHEPIeTUKY BCTPAMBAHUS B
Hux 6eskoB.??~ %3 B paborax °°~%° ucnonb3oBaH METOM H3MEpE-
HHUSl COJIEPKAaHUS BOJBI B JIOKAJBHOM OKPYXEGHHH CIIMHOBOMH
Metkn ¢ nomoinrsio dpdexra ESEEM, 00ycioBieHHOTO cBepX-
TOHKHAM B3aMMOJICHICTBUEM HECIIAPEHHOTO 3JIEKTPOHA METKHU C
SIApaMU ISUTEpHUsT MOJIEKYJT TSDKEJION BOJIbI, KOTOPOW THIPATH-
poBanuch MemOpanbl. Mcnonp3oBanue TSKeI0# BOABI 00yCIOB-
JICHO, BO-TIEPBBIX, TEM, YTO aMILTUTY/Ia IEHTePHUEBON MO Ty TSI
3HAYUTEJIbHO OOJIbIlIe, YeM TNPOTOHHOW. BO-BTOpBIX, Takum
obpazom MoxHO otmesmuTh Bkiag B ESEEM ot mpotoHOB
camux Omomousexys. Mcmosb3ysi CeleKTUBHOE CIHH-MEUYEHHE,
metooM ESEEM MoXHO onpenensiTh JIOKaJIbHYI0 KOHIIEHTpa-
LU0 BOJIBI B OJIIDKAKIIIEM OKPYXKEHUH COMHOBOHN MeTKH. OLeHKH
ToKa3alii, YTO pa3peraromnas CiocoOOHOCTh MeTOAa — HOPSAKA
0.5 M.

B nccrienoBaHusIX BCMOIB30BAIM JIMOO JIMIHIBI, CIIMH-MeYe-
HbIe B Pa3JIMYHBIX MOJIOKEHUSAX aUPaTHIECKOrO XBOCTa B MO-
neNbHBIX (pochomumuaabix MemOpaHax DL-o-aunanbMuTOnI-
¢dochatumunxomua (DPPC),%% % mu6o cnmHOBBIE 30HABI HA
OCHOBE n-JOKCHJICTeapHMHOBOM Kuciotel (n =35, 7, 12, 16) B
MYJIbTHCIIOMHBIX JHTIOCOMAX SUYHOTO (ocdatuamnxonuna.®’-%8
ABTOPBI paboT 26~ mpUMeHSIM METO JABYXUMITYJILCHOTO 9Xa.
T'opa3zmo Oomnee TouYHBIE PE3YJbTATHI yOAJOCH MOJIYYUTH TPHU
UCIIOJIb30BAHMU CTUMYJIMPOBAHHOrO 3xa.””

BU/1 9KCIIEPHMEHTAIBHO MOJTYYEHHBIX BPEMEHHBIX OCIHIIIS-
i curaaios ctumysiupoBaHHoro ESEEM u ux kocunyc-¢hypbe-
CHEKTPOB aHAJOTMYCH MPUBEICHHBIM Ha puc. 3. Bumno, 4to
CHEKTP COCTOMT U3 Y3KON JIMHUM M IIUPOKON MOIJIOXKH (CM.
puc. 3,b). CorytacHO TeOPETHIECKOMY aHAJIN3Y, IPOBEICHHOMY B
pabote ?°, y3kas MuHUS 0OYCIOBIIEHA B3aUMOIEHCTBUEM CO CBO-
0O0/HOI BOIOW, a MHpOKas MOJJIOKKA — C BOJIO, CBSI3AHHOM ¢
HUTPOKCUJILHBIM PAIUKAJIOM B KOMILJIEKC. Y 00Pa31OB C Pa3HbIM
TIOJIOKEHUEM CIITHOBON METKH BIOJIb JIUIHIHOTO XBOCTA AMILIH-
TyAbl AEHTEpUEBON JTMHUY (CTIEKTPabHAS IUIOTHOCTh) 3aMETHO
oTimyaroTcs. Ha puc. 53Ta ammimrtyna npuBeneHa kak GpyHKus
TIOJIOKEHUSI METKU (aMIUIATYIbI Y3KOU JIMHUM U IIUPOKOU MO-
JIOKKHM OKa3aJICh MPONOPIMOHAJIBLHEL IPpYT Ipyry). Buano, uro
MpU «IBIKECHUM» B IJyOb MeMOpaHbl aMILIUTYAA (a 3HAYUT, U
KOHIIEHTPAIWsl BOJBI) yMeHbIaeTcst. [Ipnuem Hammume XoJecTe-
pvHA TPUBOIUT K JIBYM 3¢ dextam: OOJiblleil KOHICHTpAIMH
BOJBI BOJIM3H IOBEPXHOCTH MEMOPAHBI M K 3HAUYUTEJILHO OoJIee
pe3KOMy craay KOHICHTPALUH MPH «IBIKCHUU» B TJIyOb MeM-
6panpl. Cnag MpOUCXOAMT BOJIM3U ITOJIOXKEHHS § aToMa yrie-
pona mumuaHOoro xBocTa. CrIakeHHBIA cmajg B OTCYTCTBHE
XOJIECTEPUHA MOYXHO OOBSCHUTH «IEPEIyThIBAHMEM» XBOCTOB
JIMIHAI0B (M3BECTHO, YTO XOJIECTEPUH CIIOCOOCTBYET yHMOPsAOUe-
HUIO MOJIEKYJI JIUNUOB).
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Puc. 5. Ammutyzas! aunuii Ha yactote 2.2 MI'n (cm. puc. 3) B 3aBucH-
MOCTH OT IIOJIOKEHHSI METKH BJI0JIb JINIIMAHOT O XBOCTA B THAPUPOBAHHBIX
JleTepreBOil BOIOM MOJETIBHBIX (POCHOIHITHIHBIX MeMOpaHax.

a — meMbpana DPPC 6e3 xosecrepuna, b — membpana DPPC ¢
XOJIECTEPHHOM.
OmnucaHHbIE BBIIIE PE3YJIbTATHl OOCYXKIAECHBI TaKXKe B

0630pe 100,

6. OnpeieJieHne JIOKAJN3AIMA B MeMOpaHe NenTHa0B
| IPYrUX GHOMOJIEKYJT

B pa6ore '°! MmeToom ESEEM 6bUIH BBITIOJIHEHB! HCCIIEOBAHMS
CepUM CNHUHOBBIX 30HIOB — 71-AOKCHJICTEAPUHOBON KHUCIOTHI
(n=15,7,10, 12, 16) B Be3ukysnax DPPC u qurekcanermmidocdara
(DHP). Oddextr ESEEM Bo3HHKAa1 H3-3a B3aMMOICHCTBUS
HECHIAPEHHOTO 3JIEKTPOHA B JIOKCHJIBHON rpyrme ¢ sapamu 3P
MOJISIPHBIX TOJIOBOK JIMMUIOB Be3uKys1. Ha OCHOBaHUM MOJTy4eH-
HBIX JAHHBIX MOXHO JIeJIaTh BBIBOJI O JIOKAJIH3AIUH CIIHHOBOTO
30H/a OTHOCHTEJIbHO MOBEPXHOCTH MeMOpanbl. HaiifeHo, 4TO
BHYTpPb Be3uKyJ DHP cliiHOBBII 30H/1 IPOHUKAET HA PACCTOSHUE
~0.5 am.

B nacrosimee BpeMst GoJblIIoe BHUMAaHHE YAEISETCS M3yde-
HUIO CYMPAaMOJIEKYJSIPHOU CTPYKTYPBI CHCTEM MeMOpaHa — Ier-
g, «Kiaccuyeckum» OOBEKTOM B OTHX  HCCIIEAOBAHUAX
sBisiercs nmentun Trichogin GA 1V. Inuna cnimpanm mentuma
1.6 HM, YTO COCTaBJISIET NPHUMEPHO IOJOBHHY OT TOJILLIUHbI
meMOpanbl. B GobIMHCTBE paboOT UCCIIeIOBAHKE TIPOBOIUIU C
UCTIOJIB30BaHUEM (IIyOPECHEHNTHBIX MeTOK.!02~ 104 Onnako man-
HBI METOJ] UMEET CYIIECTBEHHBIN HETOCTATOK — METKHU CIIUIII-
KOM OOBEMHBIE, 1 OHU BMECTE C MENTUAOM MOTYT BHITAJIKUBATHCS
Ha TIOBEPXHOCTL MeMOpanbl. |03 TTosToMy IIpeicTaBISeT HHTEPEC
HCTOJIb30BAHUE [JIs1 3THUX [EJied CIHUHOBBIX METOK, KOTOpbIE
3aHUMAIOT FOPA3/I0 MEHBIIUN 06BEM.

HccnegoBaHus jokaau3auy 1 opueHTanmu nentuaa Tricho-
gin GAIV B ¢ochomnmmuanoii MeMOpaHe BBIIOJHEHBI B
pabote ®7: mMpoaHaIM3MPOBAHO BIUSHHUE IMOJSPHOCTH HA Iapa-
metpsl CTB B cnextpax cranuonapHoro OIIP. Ognako B 31H
B3aMMO/ICUCTBHSI BHOCSIT BKJIAJl TAKXKE€ MOJICKYJISPHbBIC IBHKE-
HHSI, BCJICIICTBUE Y€ro JaHHBIC HE BCEra JOCTOBEPHBI. MeTOIbI
ke Ha ocHoBe ESEEM cBOOOIHBI OT YKa3aHHOTO HEIOCTATKA.

Hannble 0 mpoduie KOHICHTPAIUMH BOJBI B MOJCIBHOU
¢dochommmuanoii MeMOpane, monyuennsie Mmetonom ESEEM,%
OBLIM WCHOJIb30BAHBI JUIS OIpPEAEICHHs JIOKAJIU3AlUK CIHH-
meueHoro mentupa Trichogin GA IV B sToll MeM6pane.!0d
HcesteioBainch TpU aHAJIOTa MENTH/A, CIIHH-MEUYCHBIX B PA3HBIX
noJioxenusx (1, 4 u 8)
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C.A.[I3106a

Fmoc—TOAC —Gly — Leu— Aib*—Gly — Gly —
—Leu— Aib® —Gly —Ile — Leu — OMe,

Fmoc— Aib! — Gly — Leu— TOAC — Gly— Gly —
—Leu—Aib®—Gly—Ile — Leu— OMe,

Fmoc— Aib!' — Gly — Leu — Aib*— Gly — Gly — Leu —
—TOAC—Gly—Ile—Leu—OMe.

Hns atux Tpex oOpas3ioB Ha pHUC. 6 MPUBEICHBI CHEKTPHI
ESEEM. IlosyyeHHbIE aMILUTUTYAbl TIMKOB HAJ0 CPABHHMBATH C
AMIUTATYIAMU JIJTs1 CIUHOBBIX METOK B JIMMUAX, KOTOPBIE U3Me-
PEHBI B aHAJIOTHYHBIX YCIOBHSIX (CM. PHC. 5, JAHHBIE B OTCYTCTBHUE
xoJiectepuna). [1pu cpaBHeHUU BUAHO, YTO JJIS1 MOJIOKEHUH 1 1 8
aMIUTITY Al (COOTBETCTBEHHO paBHble 4.2 m 3.3, cM. pwuc. 6)
OJIM3KU MO BEJUYUHE K TAKOBBIM [UJIsS TMOJIOKEHHU CITUHOBBIX
METOK B JIMIIUIAX, KOTOPBIC HAXOIATCS OJIMXKE, YeM MOJIOKCHUE
10, cunTasi C MOJSAPHOM TOJIOBKH, T.€. MOJOKEHUS | U 8 CIMHOBBIX
METOK B IENTH/IE PACIOJIOKEHBI B MeMOpaHe OJIMKe K ITOBEpX-
HOCTH, YeM CIIMHOBAsi MeTKa B moJioxxeHuu 10 B ymnuae. B To xe
BpeMsl CpaBHEHHUE IBYX THIIOB JAHHBIX II0KA3aJI0, YTO IOJIOXKE-
HHe 4 B nentuae OJU3KO MO PACIOJIOXKEHUIO K mosioxkeHuto 10 B
Jmnue. MOXHO cAelaTh BBIBOJ, YTO MENTHJ OPHUEHTUPOBAH
napajuieJIbHO HOBEPXHOCTH MEMOpPaHbI.

Takass xapTUHa UMEET MECTO IMPH MAaJBIX COOTHOIICHHUSX
KOHLIEHTpaUui nentu/ : unua, — Menbiiux 1:100. C yBenuye-
HUEM COOTHOIIEeHUs 10 1:20 KapTHHA CYIECTBEHHO MEHSETCS
(puc. 7): aMIuIMTydga MUK I COUH-MEUEHOr'O MOJIOXeHHs 1
3aMETHO yMeHbIaeTcs. Takum oOpa3oMm, ¢ yBEJIMYCHUEM KOH-
LEHTPAIMHU HEeNTUAA OH CBOUM N-KOHIIOM IOTPYKAETCs TIIy0xke B
MeMOpaHy — MEPEeXOJHUT B OPUCHTAIMIO, OJIM3KYKO K TpaHC-
MeMOpaHHOU. Bblllle OTMEUeHO, 4TO MpPH 3TOM HaOJIIOJaeTCs
TaKXke ero arperais B BUje nap MenTUa0B ¢ NIMPOKUM pacipe-
JIeJIEHIEM IO PACCTOSIHUSIM MEX1y CIIMHOBBIMH METKAMU.

Bo3moxHO, MpoHHUIIAEMOCTh MEMOPAHBI IPU BKJTFOUCHUH B €€
CTPYKTYpPY NMENTHAOB CBs3aHA KaK pa3 C TAKUMHU M3MEHECHUSMH
CyIMpaMOJICKYJISIPHOR CTPYKTYpbI. Bumumo, o6pa3oBanue TpaHc-
MeMOpaHHOT'O TUMEPA MOXKET IPUBECTH K 00pa30BaHUIO KaHAJIA
B MeMOpaHe.

AHAJIOrMYHBIA TOAXOM MCIIOJNL30BaH aBTOpamMu paboTel 100,
M3YYaBIIMMHU HA MOJCJIBHBIX MEMOpaHAX JOKAJIM3AIUIO JBYX
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o 3r Puc. 6. ®ypoe-cnexrpsl ESEEM
=X JUIE 00pa3IoB CHMH-MEYEHOTO
S2r nentuaa Trichogin GA TV B mo-
= J1eJIbHOM (ochounuanoin Mmem-
5 1k 6pane DPPC.
Metku B mnosoxenusix 1 (a),
0 . . X X 4 (b), 8 (c¢). CootHomeHHE

KOHIEHTPAIUH TIeNTHUL : JIIH
pasHo 1 :250.
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3T Puc. 7. ®ypwe-cnekrpsl ESEEM
< 1 00pa3loB CNUH-MEYEHOTO
E‘ )k nentuaa Trichogin GA IV B
g MoenbHON  hochomumuIHON
E B Membpane DPPC.
< 1 Metkn B mosoxenusix 1 (a),
4 (b), 8 (¢). CooTHOIIIEHHE KOH-
0 L L L - meHTpanmii memTHA : TMIHI =
2 4 6 LM g
NENTUAO0B-AaHTUOMOTUKOB — 26-Mepa MenTHuaa HaTypaJbHOTO

MPOUCXOXKJICHAS] MEIUTTUHA W 15-Mepa CHHTETHYECKOTO Iel-
Tuaa. K N-OKOHYAHUWIO TENTHUIOB MPUCOCIUHSIIN CIIUHOBYIO
METKY (B OTJIMYHUE OT UCCIIEN0BaHUS 0 MCIOIb30BAY TIENTHIBI,
MEUEHHBIE JIMIIIb IO OHOMY TOJIOKEHHIO). MeMOpaHbl THAPUPO-
BaJIA TSDKEJION BOJOW OO MCIOJIB30BAI MEMOPAHEI C JIeiTe-
po3aMelleHHbIMU JIMMUAAMU, THIAPUPOBAHHBIE OOBIYHOW BOJOM.
Cpasuenne nukoB jgeitrepueBoit ESEEM ¢ nukamu s cnvs-
MEUEHBIX B PAa3HBIX TOJIOKEHHUSX JIMIMUAOB IOKA3ajd0, YTO
N-OKOHYAaHME TENTUJOB JIEKUT HAa IOBEPXHOCTU MEMOpAHBI.
VBenuueHne KOHIEHTPAIMU HEMEUSHBIX TN TH/IOB MPUBOJIMIIO K
3aMETHOMY INPOHUKHOBEHHUIO BOJbI BHYTPh MEMOpaHBI, 4TO
PETUCTPUPOBAIIM 1O YBEIUUCHUIO JCHTEPUEBBIX MUKOB Ui Me-
YEHbIX JIMIHJIOB. DTO CBUJIECTEIILCTBYET O TOM, YTO IPOHUIIAE-
MOCTb MeMOpaH onpeaesisieTcsl KOHIEHTPaUeH enTHIO0B.

7. CTpPyKTYpHbI€ HCCTIeI0BAHNS CIIMH-MeYeHbIX
()OTOCHHTE3HPYIOIHUX PEAKIMOHHBIX IIEHTPOB

CpaBHUTEIBHO HETAaBHO C OMOIIBbIO METOA0B CIIMHOBOTO Meye-
HUsl 130paHHOTO MecTa U uMItyJibcHoro TP cramu nccieqoBaTh
CYIPaMOJIEKYJIIPHYIO CTPYKTYPY (OTOCHHTE3HPYIOLINX peak-
MOHHBIX HEHTPOB PACTeHWH M GakTepuil. ABTOpHI paboTh 107
ucnoibzoanu Meton PELDOR. Metky MTSL npummsamu x
IIMCTEHHOBOMY OCTATKy B MOJIOXeHHH 156 Genmka H peaxnuoH-
HOTO LeHTpa Oaktepuit Rhodobacter sphaeroides R26. Paccros-
HHAE MEXIy CIHHOBOW METKOM H TEPBHYHBIM XHHOHHBIM
aKIEeNTOPOM  JJIEKTPOHOB QA  ObLIO HAWAEHO  paBHBIM
3.05+0.05 um. Pe3yapTaThl U3MEpEHUH CPABHUBAJIU C JTAHHBIMU
pacueTa METOJIOM MOJIEKYJIsIpHOWH MuHamMuku. ChenlaH BBIBOJ,
YTO TIOJIyYCHHAs TOYHOCTb H3MEpPCHMI BIIOJHE JOCTATOYHA,
4TOOBI B OYIYLIMX MCCIICOBAHMUIX OOHAPYKUTh CTPYKTYPHbBIC
U3MEHEHUS!, KOTOPbIE MOXXHO OKUAATH IIPH NEPEHOCE JIEKTPOHA.

V. UccaenoBanne THHAMUKH
CIIMH-MEYEHbIX CHCTEM

1. Bpamenne MeTHILHBIX TPy
HHTPOKCHJILHBIX PaJIUKAJIOB

IMapamarautHbiii pparMeHT NO HUTPOKCHIIBHBIX paJUKAJIOB
Yalne BCero 3KpaHUupyroT 4 METWIbHbIE I'pynibl. Bpamienue me-
THJIbHBIX TPYII OKa3bIBACT XOTS W HEOOJIBIIIOE, HO YaCTO 3aMeT-
Hoe BimsHHe Ha (opmy cnekrpo OIIIP. Ilostomy s
TPaMOTHOTO HCIOJb30BaHus MeToaa DIIP cnmHOBBIX METOK H
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30HJIOB HEOOX0IMMa HHPOPMAIHS O TTapaMeTpax 3TOTO JBUXKeE-
Hus. JIuib coBceM HEaBHO MOSIBUIIUCH PAOOTHI, B KOTOPBIX IS
psila HUTPOKCIJIBHBIX PaJIMKAJIOB B IIUPOKOU TeMIEepaTypHOI
00y1acTy onpeiesIeHbl BpeMeHa KOPPEJISINUU IBHKECHUS U aMILIH-
Ty[a BO3HUKAromWX npu aTom ¢urykryarmit CTB. VcciaenoBanus
OBbLIM BBINOJHEHBI HA OCHOBE ONMMCAHHOTO BbIIIE 3 (deKTa MOIy-
gguun OCD, BO3HHUKAIOLIETO WU3-32 CIIOHTAHHOIO U3MEHEHHUS
MAarHATHBIX HapaMeTPOB PAAWKAJIOB IO ACUCTBHEM TPEXHUM-
yJIbCHOM MOCJIE0BATEbHOCTH CTUMYIMpOBaHHOro DCD. 42~ 44

Pe3ynbTaThl ypbe-nipeoOpa3oBaHus Cliajla CUTHAIA CTUMY-
smposanroro DCD mpu 77 u 90 K mokaszanu 42 1yis psija HATPOK-
CIUTBHBIX DPAJMKAJIOB B CTEKJIaX TOJyOJla, 3TaHOJA W BOMJHO-
raunepuHoBoit cMecu (1:1) mOSIBJICHHE WHTCHCHBHBIX THKOB B
mpokoi odsactu yactoT — oT 0 1o 15 MTI'm. I[Tpuuem nuk npu
15 MTI', koTOpbIi 00yCIOBJIEH B3aUMOAEHCTBIEM C IPOTOHAMU
MaTpUIBl, OT BETUYUHBI T HE 3aBHUCEN, B TO BpeMsl KaK IHKHA Ha
GoJiee HU3KUX YaCTOTaX C yBeJuyeHHeM 7 3aMETHO yBeJIMYHBa-
JIUCh. DTOT 3PQEKT MpUNHcaH BPAIICHHIO METUIBHBIX TPYIIL.
B KOHTPOJILHOM 3KCHEPUMEHTE ISl HUTPOKCHIJIBHOTO pajiiKaia
cost PpemMu, B cOCTaBe KOTOPOIl METIIIBHBIX TPYIII HET, HE OBLIO
obHapyxeHo u apdexra.

B paboTe *? 111 HITPOKCHIIBHBIX PAJUKAJIOB B 0-TePPEHIIIE 1
raunepune B uHTepBajie Temrepatyp 120—260 K Obun takxke
00HAapYXEHBI HHTCHCUBHbBIC INKH, YBEJIMIUBAFOIIIECS C MTOBBIIIIE-
HueM 7. DT1oT 3dekT ObUT NMpUIUCAH peaKCallud MPOTOHOB
METWIBHBIX I'pynin. M3 kuHeTWKH pocTa muka Oblia HalijeHa
cKopocTh penakcanuu saep. C ucnosb3oBaHHEeM Teopuu Pan-
¢unbaa?’ U3 CKOpOCTH pejlakcaluy OBbLIO OIpPENENIEHO BPEMS
KOPPEJISIIUY BPAILECHUSI METUIIbHBIX rpyniL. [1omydeHs! appeHny-
COBCKHE NapaMeTphbl 3TOTO BPAIIEHNs] — BEJIMYMHA YHEpreThde-
ckoro Oapbepa B mHTepBajie 1300—1500K wu mpemdkcrnoHeH-
UaJIbHBIA MHOXHUTENL opsaaka 1012 ¢ =1,

2. ManoaMmumTyAHast ObICTPasi OPHEHTAHOHHAS
NOJABHKHOCTb CIIHHOBBIX 30H/I0B B MOJIEKYJISIPHBIX CTEKJIaX

KapTuna tpanchopMarmii CieKTpa ¢ yBeJIHnIeHHeM T, IPe/ICTaB-
JIEHHasl Ha PUC. 4, COOTBETCTBYET MOJEIM MaJIOaMIUIATYJHBIX
CTOXAaCTUYECKUX TUOpanuii. J{Jiss HUX aHU30TPOTHUS PeJIAKCAIINA
onpezeseTcs popmyoit (4). Pe3ynbTaTsl pacueTa mo 3Toi ¢pop-
MyJie U IKCIEPUMEHTAIbHBIC JAHHBIE MIPEKPACHO COTJIACYOTCS
Mex1y coboii.?? TIpuueM B pacueTax Bel COBOKYIIHOCTH 3all-
CaHHBIX [IPU PA3HBIX T CHEKTPOB OBLI UCIOJIb30BAH MPAKTHIECKA
JIMIIL OJMH TIOATOHOYHBIA TApaMETp — MPOU3BeaeHue (0%)Tc,
KOTOPOMY IIPOIOPIIOHANBHA CKOPOCTh pesakcarn (Aw? )t .

Crnextpsl cramuonapHoro OIIP taxxke coryacyrorcst ¢ Mo-
JIEJTBbI0 OBICTPBIX MaJIOAMIUIUTYIHBIX IBHKeHHNA. !0 OTMeTnM,
4TO JUUIS ONMHUCAHMS OSKCIepuMeHTa B cranmoHapHom OIIP B
3aCTEKJIOBAHHBIX KUIKOCTSIX U JIPYTUX HEYIOPSITOUYCHHBIX CHCTE-
Max 4acTO UCIOJIb3YIOTCSI TAKUE MOJICIIH IBMKEHHUSI, KaK Herpe-
peiBHAst OpoyHOBCKas mudy3ust B yriioBOM IMPOCTPAHCTBE W
JIUCKPETHBbIE CKAYKA HA MPOU3BOJBHBIA MM (PUKCHPOBAHHBIN
yron (c yuyeToM ® 0€3 ydYeTa AHM3OTPONMM JABWKeHHs).'0”
B coOTBeTCTBHU C 3TUMU MOJCIISIMU MPEIIOIAracTCs HeOr paHHU-
YEeHHOE B YIJIOBOM IIPOCTPAHCTBE JIBIKEHHE MOJIeKys. OmHako
HMEeTCs1 PsIT JAHHBIX, IPOTUBOPEUAINX HEOT PAHHYEHHOCTH JBH-
sxeHus. Hampumep, ecim MOJISIpU30BAaHHBIM CBETOM «BBDKEUb»
OTIPE/IEICHHYIO OPUEHTANUIO (DOTOTYBCTBUTEIBHBIX MOJIEKYJI, TO
MOJHO MPOCJIEANTD, KAK BOSHUKIIUHA B CHEKTPE KIIPOBAJI 3ATLIbI-
BaeT» co BpeMeHeM. ' !0 B TakoM KCIIEpMEHTE HEMOCPEICTBEHHO
HU3MEPSIIOT CKOPOCTh HEOTPAaHMYEHHOTO YIJIOBOTO JIBUKCHUSI.
Oxa3bIBaeTcs, YTO Hali/leHHasi CKOPOCTh HA MHOTO MOPSIKOB
MEHbILIE CKOPOCTH, MHOJIyYeHHOW n3 aHamm3a crnextpo OITP
AHAJOTMYHBIX IO pa3Mepy CIHHOBBIX 30HIOB. IloaTomy,
HECMOTpsI Ha 4YacTO HEIUIOXO€ COIJIaCHe TEOPHU ¥ IKCIIepH-
MeHTa, %% Moesn ¢ HEOTPAHMYEHHBIMY BHKEHUSIME HE TOIXO0-
ST JUIsl OTNHCAHWS JBIOKCHHS B BBICOKOBS3KHX Cpelax W
MOJICKYJISIPHBIX CTEKJIAX.

ITosenenue cnextpos D/ DIIP ¢ yBenuveHnueM 1, oTpakeH-
HOE HA DHC. 4, TUMUYHO JUIsl CIHHOBBIX METOK W 30HIOB B
HEYNOPATOYEHHBIX CPelaX, BKIrouas GuocucteMsl. Bosee Toro,
OHO XapaKTePHO W s TAPAMATHUTHBIX YACTHUIL JAPYTUX THIIOB,
00J1aaroMX aHU30TPONHbIMU criekTpamu DITP, — Taxux kak
KOMILIEKCHI MeTaIIoB,!!! ceMuxuHoHHBIE pamukansl B DIIP
BBICOKHX TI0JIel, 12 MoJIeKyJIbl B BO3OYKIEHHBIX TPHUILJIETHBIX
coctosausx.!'? CTaHOBUTCA NOHATHO, 4YTO pevb 3HECh HIET O
HEKOTOPBIX YHUBEPCAJBHBIX (DYHIAMEHTAILHBIX 3aKOHOMEPHO-
CTSX JMHAMHKH MOJIEKYJ B TakKuX chcTeMax. HeoObIYHOCTH
JIMHAMUKA MOJIEKYJI B HEYIIOPSAIOYEHHBIX CpEIaX JaBHO 3aMeveHa
B WCCJEIOBAHUAX, MPOBOJIMBIIMXCS C NPHUBJIECYEHUEM PA3HBIX
(GU3MYECKUX METOIOB — paccesiHus cBera,'!'* crexTpockonuu
OJIMHOYHOM MOJIEKYJIBI, ' muasexTpuyeckoii pexakcanum, ' ¢ pac-
cesHus HeUTpoHOB,'!7 MéccbayspoBckoro noryomenus 8 u np.
HecMoTps Ha 0OWIINE SKCIIEPUMEHTAJILHBIX JAHHBIX, OIPE/ICIICH-
HBIX BBIBOJIOB O MPUPO/IE HABIIOMAEMBIX SBJICHUN CAETATh MOKa
HE yJ1aJ10Ch.

Metoa 3/ DT1P no3BoJui NOTy4YUTh PSSl MHTEPECHBIX JaH-
HBIX O CBOMCTBax HabjrogaeMoro jsixkeHus. CaMo Haudue
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Puc. 8. Tunuunele TemnepaTypHble 3aBHCHMOCTH BEJMYUHBI PACIICH-
nenust B crektpe (Ay,) (cM. puc. 1) sl HUTPOKCHJIBHBIX CIHMHOBBIX
30HJI0B B 0-TepdeHuIe (¢), CpeTHEKBAPATUYHBIX YIJIOB OTKJIOHEHUS OT
TOJIOXKEHHSI PABHOBECH S, TIOJTyYeHHbIE 3 cooTHOLIeHUS (5), () M cpeHe-
KBAJAPATHYHBIX (IIYKTYalHil aTOMOB OTHOCUTEJIBHO HOJIOKEHHUS PABHO-
Becnst (x7), OJyYEHHbIE METOAOM PACCESHIS HEHTPOHOB (¢).

Tq — TeMrepaTypa IMHAMHYECKOTO IEPeXoa.
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a¢dexrta annzoTpomnHoi penakcanuu B D1 SIIP rosopur o Tom,
4TO B CHCTEME PEATU3YETCS OPUEHTAIIMOHHOE JBIKEHIE MOJIEKY.T
kak nestoro. VceneqoBanne MMHAMHKY CIITHOBBIX 30HOB Pa3HOIT
CTPYKTYPBI H B Pa3HBIX CTEKJIYIOIIUXCS pacTBopuTeNsx 2 mo3po-
JIVJIO C OTIPEIeSICHHOCTBIO YyCTAHOBUTD, UTO ABHKEHHE 3aBUCUT HE
OT THUIA 30H/A, a OT IPUPOABI pacTBOpUTENS. B 3THX Hccnenona-
HUSIX IPUMEHSUTH 30H/IbI C pa3MepaMu, BapbupyemMbIMH oT 0.3 10
5 HM, TO3TOMY TMOHSITHO, YTO pe4Yb HJET O KOOMEePATUBHOMU
JIMHAMHKE MOJIEKYJI, T.€. JBIKEHHE IPOMCXOIUT MyTeM KOJIJIeK-
THBHBIX TIEPECTPOEK B MOJEKYJISIPHOM CTPYKType BEIIECTBA
(umeeT cynpaMoJIeKyJIIpHbII Xapakrtep). Pasmep «3azpeiicTBo-
BAHHOTO» KJIACT€pPa MOJIEKYJ COCTABIISIET HECKOJIBKO HAHOMET-
pos. IIpuueM cynpaMoJeKyJIsSpHBIA XapakTep JABHKEHUsS MMeeT
MECTO TaKXe U B CJIy4ae MPOCTHIX HU3KOMOJIEKYJISIPHBIX CTEKOJL.

N3 cnextpos cranuonapHoro DIIP (cMm puc. 1) jerko uzme-
psieTcs yCpeIHEHHOE 3a CYeT OBICTPBIX ABIDKCHHWH TJIaBHOE 3HA-
uyenne teHzopa CTB (A,,). TumuvHbe IS MOJICKYJSPHBIX
CTEKOJI Pe3yJIbTAaThl H3MEPeHNI IpuBeeHb! Ha puc. 8,a. BuaHo,
4TO TEMIEPATypHasl 3aBUCUMOCTD (A,,) JHUHEWHA TPH HU3KHUX
TeMIepaTypax ¥ CTAHOBHTCSI 3aMETHO Kpyde BBIIIE HEKOTOPOI
TemrnepaTypbl. M3 3THUX JaHHBIX, UCIOJIbL3YSl COOTHOIIEHHE (5),
MOJKHO TIOJTYUHTH TEMIIEPATYPHYIO 3aBUCHMOCTD (o) (puc. 8,b).

3. lnnamMu4eckuii HH3KOTeMNepaTyPHbIii nepexox
B HEYNOPSI04EHHBIX cpeaax

IIpu u3ydyeHnn Ko1eOATEIHLHOIO IBMXXCHUS ATOMOB B MOJIEKY-
JISSPHBIX HEYNOPSIIOUYCHHBIX Cpe/Iax (B TOM YHCIIe OMOJIOT MYSCKUX )
MeTogaMu paccessHust HeTponos 7120 g méccbayspoBckoro
norJomienus '8 (B mocneiHeM citydae B BEIECTBE IPUCYTCTBYIOT
nonbl °’Fe) Gbl1 0OHAPYXKEH APKO BBIPAXKEHHBIA IEPEXOJ IIPH
MOBBIIICHAN TEMIIEPATYpbl OT TapPMOHUYECKOTO JIBHKEHHS K
AHTAPMOHHMYECKOMY. DTOT 3PPEKT MPOSBISACT ceOsl KaK Mepexo/1
OT JIMHEHHOHN TeMIIepaTyPHOI 3aBUCUMOCTH U3MEPSEMOTO B 3TUX
METOAaX CPEIHCKBAIPATHYHOTO CMEIICHHS aTOMOB (x°) (4TO
XapaKTepHO [JIsi TAPMOHUYECKOTO JBIKEHHsI) K Oojiee KpyTOu
3aBHCHMOCTH TIPH MOBBIIIEHUN TeMIEpaTypbl. [Ipuiem nepexon
XapaKTepeH TOJIBKO ISl HEYIOPSJOUYEHHOTO COCTOSIHUS BEILIeCT-
B4, [UUISl KPUCTAJLTHYECKOTO COCTOSIHHSI BO BCEM JMANA30HE TEM-
nepaTyp MMeeT MECTO JIMHEWHasl 3aBHCHMOCTb. DTOT HEpexon
MPUHSATO HA3BIBATH TUHAMHYECKAM MEPEXOIOM, €ro TeMIepa-
Typa ob6o3Hauaetcs kak Ty (puc. 8,¢).

Jna 6uocuctem Ty nexut B uaTepBaie 200230 K, 20 mpu-
YeM (1)1/13]/10.]'[01"1/[‘160[(35{ AKTUBHOCTbH 6I/IOCI/ICTCM IIPOABJIACTCA
TOJBKO BbIie Tq. B HacTosimee Bpemsi aKTUBHO HCCIIEAYIOTCS
IpUPOJA 3TOTO TEPEeXoja U €ro 3HAYUMOCTDL JUIsl OMOCHCTEM.
WHTepecHo, 4TO yKa3aHHbIe 3HAUYeHUST Ty COOTBETCTBYIOT MUHU-
MaJIbHBIM TeMIIepaTypaM Bo3Iyxa Ha 3emuie.

Baxuyro nHGOpPMAIMIO O TUHAMHKE MOJIEKYJ MOXHO IMOJIY-
4uTh, npuMensisi Metoa D/ DIIP cnuHOBBIX METOK W 30HIOB.
Ob6paraer Ha ce0st BHUMaHUE aHAJIOTHS MEX Ty TaHHbIMEU DITP u
METO/1a paccesiHisI HeUTPOHOB, IPEACTABICHHBIMH Ha pHC. 8,h 1 ¢
COOTBETCTBEHHO . D(PHeKT paccessHUsI HEUTPOHOB YyBCTBUTEJIEH K
IBIKEHUsIM ¢ vactoToi >10% ¢~ (MEccOayspoBckoe Mmorio-
[eHne — K JBMXKEHUSAM ¢ dacToToir > 107 ¢~ ). DT 4acToTh!
TOTO XK€ MOPsIIKa, 4T TpedyroTes B IIP 1muist cykeHust CIEKTPOB
3a cuer Jubpanmonnoro jasmkenus (108 c—!). Xapaktepubie
AMIUTATYIbI aBmkeHnit (x*) (cw.!17-118:120) ragore Gnusku mo
BEJIMUMIE K YKA3AHHLIM Ha PUC. 8,5 3HAUCHHSM (o) (YHCIICHHbIC
3Hauenns (o°) B pafMaHax B KBaApaTe W (x°) B AHICTpEMAaX B
KBaJpaTe MOXHO COIOCTABJISITH C YYETOM TOTO, YTO XapakTep-
HBIA pa3Mep MOJIEKYJIbI COCTaBIsIET ~ 1 A). JlanHbIE KOJIUYECT-
BEHHBIC COOTBETCTBHSI JTAIOT OCHOBAaHHUE MPEAINOJaraTh, YTO B
Pa3HBIX METOIAX Peyb UAET 00 OTHOM U TOM XK€ TUIIE IBUKCHUSI.

ITpumenumocts MeToaa cranuoHapuoro DITP s uzmepe-
HEst (o) OrpaHMYEHA TONBKO HEMOJNSPHBIME  CPEIAMIL
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Puc. 9. Tunmunas TemmepaTypHasi 3aBUCHMOCTb XapaKTEPHBIX H3MEHe-
Huit B cnektpe DJ] DOIIP 3a cueT pa3sMopakMBaHHS CTOXACTHYECKHX
JOpanyii (HUTPOKCIIILHBIA CHIMHOBBIN 30H] B 0-TepheHHnIIe).

hi/hy — OTHOILIEHHE BBICOT JJIsi HOPMUPOBAHHBIX HA MAKCUMYM CIEKT-
POB, 3aIMCAaHHBIX IPH Pa3HOI TeMIepaType; /> COOTBETCTBYET TeMIlepa-
Type 230K, HIKE KOTOPOH CHEKTpajbHble H3MEHEHHS YXKE He
MPOUCXOIAT. I, 2 — TOUKH, OTHOCSIIHECS K Pa3HBIM HUTPOKCHIBHBIM
paauKazam.

B monspHBIX cpemax Ha HU3MEpSAEMYIO BEIUUYUHY Azz KpoMme
JIBHKCHUS TAKXKE BIUSCT H3MCHEHUE TOJISIPHOCTH MATPHIIBI, YTO
MOXeET CYIIECTBEHHO MCKa3uTh pe3ysbTaThl. B meTone 2/ DI1P
JTAHHBIC O JBIKCHUW U3BJICKAFOTCS M3 CKOPOCTU aHU3OTPOIHOM
peraxcanuy, Ha KOTOPYIO MOJISIPHOCTh MAaTPHUIBI HE BIIHSIET.

TunuuHas TeMIiepaTypHasi 3aBUCUMOCTh XapaKTePHBIX H3Me-
HeHuit B cnekTpax D1 DIIP B MoJIekyISIpHBIX CTEKJIax, HAOJItO-
JTaeMBIX IPU U3MEHCHUU TeMIIepaTyphl, peCcTaBjIeHa Ha puC. 9.
OTH N3MEHEHU S KOJMYECTBEHHO XaPaKTePU3YIOTCS OTHOCHTEb-
HOIl MHTEHCUBHOCTBIO B IIEHTPE BBICOKOMOJBHON KOMITOHEHTHI.
[Ipur HU3KHEX TemmepaTypax M3MEHEHUH He MPOUCXOAMT, a TPHU
MOBBIIICHAN TEMIIEPATYPbI HAOIFOTACTCS 3aMETHBIM CITa T MHTCH-
CHBHOCTH.

Jlns uccneqoBanubIX B paborax 121122 MoyleKyISpHBIX CTe-
KOJI TJIMIEPUHA U 0-Tep(eHIIIa OnpeiesieHbl 3HaueHust 7qg— 195 u
245K cootBeTrcTBeHHO. OKa3aj10Ch, YTO 3TU TEMIEpPaTyphbl COB-
MaJaroT CO 3HAYCHUSIMH 14, HAMIEHHBIMHU ISl 9TUX CTEKOJ MO
paccesHuIo HeUTpoHoB. 17,123

Taxum obpazom, metoa D1 TP siBrisieTCS 4yBCTBUTEIBHBIM
MHCTPYMEHTOM OIIpeJesIeHUs] TOYKH JUHAMHYECKOTO Iepexojia
OT TApPMOHHUYECKOTO JBIDKCHUS K aHTAPMOHIYECKOMY (HJTH CTO-
xacTuueckomy). Jdpyrue BaxxHbIe €ro NpeuMyIiecTBa — OTHOCH-
TeJlbHAs, 10 CPABHEHUIO C METOJAMH DPACCESIHUS HEUTPOHOB H
MEccOayIPOBCKUM TOTJIOIICHUEM, IOCTYITHOCTb U3MEPEHUH, BO3-
MOXHOCTh U3yUYCHUS] PA3HBIX YYACTKOB CIOKHBIX CYyNPaAMOJICKY-
JISPHBIX CHCTEM IIyTEM CHMHOBOTO MEUEHHUs M30PAHHOTO MecTa.

JIOBOJIPHO DE3KHii Crajl TeMIepaTypHOW 3aBHCHMOCTH Ha
puc. 9 maetr ocHOBaHHE MpeANoJaraTh, YTO caM MOTEHUHUAT, B
KOTOPOM MPOWCXOJNT JIBHXKEHUE, MO-BUANMOMY, 3aBUCHT OT
TeMIepaTypbl W BBIIIE HEKOTOPOH TeMmepaTypel ero ¢opma
MeHsieTcs1. [IpryeM BO3MOXKHBI pa3HbIe BAPHAHTHI — MOTEHIHAI
MOXET CTaTh 3aMETHO AaHTapPMOHHYECKHM JHOO OH MOXET
HAYaTh 3aBUCETh OT BPEMEHU CTOXaCTHYECKIM 00pa3oMm.

Tak kak TMOTEHIHAJT OMpEIEsseTCs] CTPYKTYpOU BEIEeCTBa,
MOXHO TOBOPHTh 00 M3MEHECHUH BbIlle Ty TaK HA3bIBAEMOIO
CpEeHETO TOpsIAKa B 3TOM CTPYKType, T.€. KOPpEJSIuid B
pACIIOJIOKEHHH aTOMOB M MOJIEKYJl B HAHOMETPOBOW IIIKaJe
paccTosHMiA.
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4. lnnaMu4ecKkuii HI3KoTeMNnepaTypHbIii nepexo/
B CIIHH-MEYeHbIX MO/Ie/JIbHbIX OHOMeMOpaHax

IIpu u3ydyeHun B MOJAEIBHBIX (oCHOJUMUAHBIX MeMOpaHax ¢
GospImmM conepkanueM xoJiectepuHa (50 Mou1.%) AMHAMUKH
sunuaoB DPPC, ciiH-Me4YeHHBIX B PA3HBIX MOJIOKESHUSX JIUITUI-
Horo xBocta, metogoM DI DITP obrapyxen '2* oOwmmii as Beex
TMOJIOKEHU JWHAMHMYECKUUA Tiepexox ¢ T4 B HHTEpBaje
200-230K. DTo coBmamaer ¢ pe3ysbTaTaMH, MOJYYEHHBIMU
METOJIOM paccessHust HeUTpoHOB.%> TIpyu COMOCTABIEHAN JAHHBIX
ISl pa3HBIX MTOJIOKEHHUI METKH 0OHAPY)KEHO HOBOE SIBJICHHE — B
rIyOnHe MeMOpPAHbI TMHAMHYECKIHA IePEX0/1 OYeHb PACTSHYT O
TemrnepaType u HaunHaeTcsi ¢ 100-120 K.

[Ipu n3yvyeHNn TMHAMUKHA XOJECTAHOBOTO CIIMHOBOTO 30H/A
(KOTOPBIi HAOMMHAET MO CTPYKTYPE BaXKHBI KOMIOHEHT MeM-
OGpaH X0JIECTEPUH)!'?® TaKXKE yCTAHOBJIEHO HAJIMINE HA3KOTEMIIE-
paTypHBIX JBYDKCHUIA B IJTyOMHE MEMOPAHBL.

OG6HapyxeHHas] TMHAMIYECKasi HEOJHOPOIHOCTh MO TIIyOHHe
MeMOpaHbl U HaJIMYle HU3KOTEMIIEPATYPHBIX ABIDKCHUNH MOTYT
0Ka3aThCsl BAXXHBIMHU [IJIs TOHUMAHHSI MEXaHU3MOB ee (DyHKIINO-
HUPOBAaHUA. 9TI/I JAaHHBIC MOTYT IPEACTABIIATE UHTECPEC U C TOUYKH
3peHus pa3BUTHUS HyHIAMEHTAJIBLHBIX IPEACTABICHUA O BO3ZMOX-
HBIX MEXaHU3MaX KPHOKOHCEPBALUU OMOJIOTMYECKUX TKaHEH.

5. /IunamMu4ecKuii HI3KOTeMIIepATYPHbIH nepexon
B CIIHH-MEYeHbIX CJI0KHBIX OHOCHCTEMAX,
B3aHMOCBS3b ¢ (PYHKIHOHAIbHONH AKTHBHOCTBIO

MHuTepecHpIME 00BEKTAMU 111 HIPUMEHEHUS METOAA CIIMHOBBIX
METOK W 30HJOB SIBJISIFOTCS KJICTKA CeMsH W MbUIbIBL. OHH
3aMeyYaTesIbHBl TeM, YTO MOTYT XpPaHHUThCS rogamMu 6e3 morepu
sxu3HecriocoOHocTH. OfHA U3 TUIOTE3, OOBICHSIOMUX 3Ty CHO-
COOHOCTB, CBS3BIBACT €€ C BHYTPUKJIETOYHBIM CTEKJI000pa3oBa-
HUeM. 171 CIIMHOBBIX 30HJIOB, BBEJCHHBIX B KJICTKH CEMSIH W
nbLIbIbI, /] DITP nokaszan HalIMYMe 3aMEeTHOW aHU30TPOIHOM
penakcammn npu T > 200K, yto camo mo cebe TOBOPUT O
CTeKI1006pa30BanHuu. 2 DTr 3h(PEKTHI CUILHO 3aBUCAT OT COJIED-
KaHUs BoJIbl B oOpasmax. Takume HCCIeIOBaHWSI BaXKHBI IS
TIOHUMAHWUS TIPOIIECCOB, OTPEACIISIONINX BPeMsl XpPAaHEHUS CEMSIH
U IPYTUX OMOJIOTHYECKUX OOBEKTOB.

Metonom D OIIP wm3yvanuch Takxke CIHUH-MEUYCHBIE IO
N30pPaHHOMY MeECTy peakIMOHHBbIE IIEHTPbI, BBIJACICHHBIE WU3
(DOTOCHHTE3MPYIOIErO  ammapata IIypHypHBIX —OakTepmii.!?’
Takue LEHTPBHI YacTO HCIOJIB3YIOT NPH M3YUYeHUH (QyHIAMEH-
TaJbHBIX TporeccoB B (oTocuHTe3e. C MOMONIBIO CIIMHOBOM
MeTkn MTSL B 3TuxX LIeHTpax METHUJIM IUCTEMHOBBIE aMUHO-
kucyoTHBIe octaTku. BOmmsm 200 K Obu1 oOHapykeH XOporo
3aMETHBIA AMHAMMUYECKUN mepexoi. M3BecTHo, 4To mpu 3TOH
TeMmIepatype OJOKHpYeTCs MepeHOC (HOTOMHIYNIUPOBAHHOTO
JJIEKTPOHA TI0 LEMH ero akienTopos: 28130 pymecTo TOro 4To6n!
OT MEPBUYHOT'0 XHHOHHOTO aKIENITOPA MEPEHOCUTHCS TAJIbIIE K
BTOPUYHOMY, 3JIEKTPOH BO3BpAallaeTcs Ha3ad M peKOMOUHHUPYET
C «IBIPKOI» — KaTHOH-PAINKAIOM JUMepa MOJICKYJ OaKTepro-
xynopoduiia. [Ipupona 3Toro pe3xoro u3MeHeHUs! HAIPABIICHUS
nepeHoca 3JIEKTPOHA 0 CHX HOp He BBISCHeHa. Bojee Toro,
BILJIOTH /10 HACTOSALIETO BpeMEHH He ObLIIM U3BECTHBI KaKue-I1u0o
Koppessinui 3Toro 3¢¢ekra co CBOHCTBaMH CJIOXHOW cympa-
MOJIEKYJIIPHOM CTPYKTYpbl PEakIMOHHOrO LeHTpa. Pe3yibTar,
noJiyyeHHbI MeTonoM D/1 OIIP, yka3zpiBaeT Ha HaJM4YKMe AUHA-
MHUYECKOTO nepexo/ia B cucreme BOsm3u 200 K.

6. luHamu4eckasi CTpYKTYpa Be3HKY.ISIPHBIX MeMOpaH

B pabote *° MeTonoMm nBymeproro PELDOR u3yueHo qBHKEHUE
XOJIECTAHOBBIX CIHHOBBIX 30HJIOB B MHOTOCJIOUHBIX (hochoiu-
MUHBIX BE3WKYJIaX B MPUCYTCTBUH XOJIeCTepHHA. B HacTosmee
BpeMSl CUATAETCS, YTO MPHU HAJIMYUHU XOJIECTEpUHA B MeMOpaHax
KpoMe OOBIYHOM KHUIKOKPUCTAJUIMIECKON (KOTOpasi ecThb W B

OTCYTCTBHUE XOJIECTEPHHA) MOSIBJISIETCS M KUJIKOYIOPSAOUCHHAS
(baza. O6nacTu ynopsgoueHus Ha3bIBalOT TioTaMHu (rafts). Otu
nBe (pa3bl HAXOASATCS B PABHOBECHH MEXKITy COOOI, MX U3yYCHUE
MPEACTABIISCT 3HAYUTEIbHbII HHTEPEC C TOUYKU 3PEHHSI UCCIIEI0-
BaHUs MEXaHM3MOB (DYHKIIMOHMPOBaHUs MeMOpaH. BusyanbHoe
H3y4YEeHHE [BYMEPHBIX CHEKTPOB [CHCTBUTEIHHO MO3BOJIHIO
pa3uuuTh aBe (asbl, OTIMYAOIINECS CKOPOCTBIO BpAIATE Ihb-
HoW mupdy3urm ©  CTENEHBIO  YIHOPSIOYCHUS  MOJIEKYJI.
B ymopsimodeHHBIX 00J1aCTSIX CKOPOCTH ABIIKCHHUS JIMIHUIOB U
CTETICHHU UX YIMOPSTOYECHHSI OKA3AJIHCh BBIIIIE.

V1. 3akarouyenne

Nmmynscayro DI1P-criekTpOoCKONIIO B METO/IE CITHOBBIX METOK
U 30HJ0B CTaJId HCHOJIb30BATh CPABHUTEJILHO HeaBHO. [1pume-
HEHHE CIIEKTPOCKOMIMYECKUX METOJ0B 0KA3aJI0Ch MOJIE3HBIM IIPH
n3y4yeHnu KoH(popManuit 60JIbIINX OMOMOJIEKYJI, UX arperaium,
HaHOCTPYKTYPHI BEIIECTB, CYIPAMOJIEKYJISIPHON CTPYKTYPBI MHO-
TOKOMIIOHEHTHBIX CHCTEM, KOONEPATUBHOW OpPUEHTALMOHHOU
IMHAMUKA MOJIEKYJ. B psime ciydaeB mpemiokeHHbIE 3KCIEepH-
MEHTAaJIbHbIE TOAXO0/bl O0JIAIal0T PEKOPJAHOU pa3peraroiiei
CHOCOOHOCTBIO IO CPABHEHHIO C IPYTIMU (DPU3HKO-XUMUYECKAMHU
Mmetomamu uccieqoBanusi. Tak, PELDOR o061agaer BBICOKOI
YYBCTBUTEJIILHOCTBIO K U3MEPEHHIO PACCTOSHHU B HAHOMETPO-
BOM [HAamla30oHe: NPU PACCTOSIHUAX MOPpSIKa 3 HM TOYHOCTH
U3MepeHnii MoxeT ObITh He xyxke ueM 0.1 HM. MeTton 3xo-
nerektupyemoro IIIP oka3zascsi 4yBCTBUTEIbHBIM HHCTPYMEH-
TOM H3Y4YEHHs] MaJIOAMIUIMTYIHBIX CTOXAaCTHYECKHX OpPHEHTa-
[UOHHBIX ABIDKEHUH: BIUIOTH OO TAKMX MaJIbIX aMIUIATYI, Kak
0.1-1°. DTUM METOOM [JI HEYIOPSIOUCHHBIX MOJICKYJISIPHBIX
cpel 1 OMOCHUCTEM MOJXHO JIETKO ONPEACSIUTh TOYKY TUHAMU-
YeCKOro Iepexoia OT TAPMOHUYECKOTO IBUXKEHUS K aHTapMOHU-
4eCKOMY (MJIM CTOXACTHYECKOMY). B muTepatype mossisieTcs: Bce
0oJIbllle JaHHBIX, CBUAETEIbCTBYIOLIUX O TOM, YTO JaHHbIH Iepe-
XOJI SIBJISICTCSI OUeHb BaKHOW XapAKTEPHCTUKOMN KUBBIX CHCTEM.
Meroauku uminyibcHoro DI1P HenpepbIBHO pa3BUBAOTCS U
COBEPIICHCTBYIOTCSI. BaXXHO OTMETUTB, YTO aOCOFOTHOE OOJIb-
IIMHCTBO U3 OIMCAHHBIX B 0030pe pe3yIbTaTOB OBLIH MOJTyYeHBI
(11 MOTJIU OBITH MOJIYYSHbI) HA CEPUIHBIX CIIEKTPOMETPAX.
PaboTta BhInosHeHa mpu (pUHAHCOBOM monnepxke Poccuii-
ckoro (oHma ¢pyHmamMeHTaJIbHBIX UccienoBanuii 1 NWO (cos-
MecTHBIE  mpoekT  06-03-89400-HBO_a), CRDF (rpanT
RUCI1-2635-N0O-05), uaterpamuonnoro npoekra CO PAH Ne 51.
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The spin label and probe method with various versions of pulse EPR based on electron spin echo
spectroscopy (spin echo decay modulation through electron—nuclear interactions, electron—electron
double resonance, echo detected EPR, ezc.) in considered. It is shown that these methods provide
information on the conformations of complex biomolecules, nanostructure of matter, the depth of water
penetration into biological membranes, supramolecular structure of multicomponent systems (mem-
brane —peptide, etc.), cooperative orientational dynamics of molecules, and dynamic low-temperature

transitions in disordered molecular media and biosystems.
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