19-2003-208
Ha mpaBax pykomnucu

VK 577.352.333

UCIIAMOB
Axmen XyCaHHOBHY

CPABHUTEJILHOE UCCJIEJOBAHUE CTPYKTVPEI
U CBOMCTB JIMIIUIHBIX MEMBPAH C ITOMOUIBIO
PACCESIHUS HEMTPOHOB U PEHTTEHOBCKUX JIYUEH

Crnenuansaocts: 03.00.02 — 6uodusuka

Apropedepar AUccepTalliy Ha COUCKAHHE YUEHOH CTeNeHU
KaHaugaTa GU3MKO-MaTEMATHUYECKMX HAYK

Mocksa 2003



PaGorta BbinonHeHa B Jlaboparopuu HefirpoHroi ¢u3uku uM. .M. @panka
OObeAMHEHHOrO MHCTHTYTA SIACPHBIX HCCIIEI0BAaHUH

HayuHble pykoBOAHTEH KaHIUAAT GU3UKO-MATEMATHYECKUX HAYK,
B.W. l'opaenuit

JIOKTOp OHOJNIOTMUYECKUX HAYK,

JL.C. AryxuHckui

Od¢unnanpHbie ONNOHEHTHI JIOKTOp XUMHYECKHX HayK,
H.A. Bacunenko

JIOKTOP (PU3UKO-MATEMATHHECKHUX HAYK,

[.T. 'ypus

Benywas opraanzanus  MHCTUTYT TeopeTHyecKod U 3KCMEPUMEHTATLHOH
6uoduzuku PAH, r. ITymuno

Bawmra coctoutcs 18 nexabps 2003 roma B 4acoB Ha 3aceJaHuH
JUCCEPTAIHOHHOIO COBETA A 501.001.96 npu MoOCKOBCKOM
rocyaapcTBeHHOM yHuBepcHTeTe M. M.B. JlomoHocoBa no agpecy: 119982
Mocksa, Jlenunckue ropel, MI'Y, 6uodax

C nuccepraliMeii MOXXHO O3HaKOMHThCS B OubnnoTreke OHOJOrHUYECKOro
thaxkynbreta MI'Y

Astopedepar pazocnan “__" 2003 r.

VYyeHblii ceKpeTapb AUCCEPTAIMOHHOIO COBETA,
JOKTOP OHOJIOTHYECKHX HAyK, /
npodeccop T.E. Kpenaenena



OBUIASI XAPAKTEPHCTHKA PABOTBI

AxTyanbHOCTb. HeobGXoguMocTh M3ydeHHS CTPYKTypbl (pochOSHIUIHOTO
6ucnos 06yciaBiIuBaeTCs NPesKAe BCEro TEM, YTO NPHYHMHA CJIOXKHOCTH XUMHUYECKOTO
COCTaBa pealbHbIX Ouonorudeckux MemOpaH [0 CHX [Op OCTaeTcs He
ycTaHOBNIeHHOH. Buosornueckre MeMOpaHbl BKIIOHAKOT YEThIPE OCHOBHBIX THIA
dochonununos: QochaTUnUIX0NHH, ¢GocHaTUAWIITAHONAMMH, KapAMOJIMIIMH U
dochartuaunceput; Kaxabli U3 KOTOpbIX MMeeT 10-15 OM3KHUX CTPYKTYpHBIX
aHanoros. CyuiecTBoBaHHe OONbIIOro uucaa OIM3KUX MO XUMHYECKOMY CTPOEHHIO
[PUPOAHBIX AHAJOTOB IOKA3bIBAET, HTO Aa)ke HEOONBIINE H3MEHEHHUs CTPYKTYpbl
dhochoNUIUIHBIX MONEKYNl WMEIOT CYLIECTBEHHOE OHOJIOrMYecKoe 3HadeHHe.
[ToaToMy, BONpOC O TOM, KaKUM 00pa3oM XUMMUECKast CTPYKTYPa JMIHAHBIX MOJIEKYJI
CBsI3aHa ¢ (U3MYECKMMH CBOMCTBAaMH MeMOpaH sBJISETCS KJIOYEBBIM I
NpaBUILHOrO NMOHUMAHUS POJTH JIMMUAOB B QYHKUMOHUPOBAHNH MEMOPaHHBIX CHCTEM
KAETKH.

OOGWHMH NTapaMeTpamMy CTPOEHHA NPaKkTHYECKH BceX (OCHOIHIHIOB SBISIOTCS
HaJIM4Me [JBYX OCTATKOB JKHPHBIX KHCJIOT, C AJHHHBIMHM YIJI€BOAOPOAHBIMH
panukatamu  C;-C;s, COECOMHEHHBIX CJIOKHO3GUPHOH CBA3BIO C OCTAaTKaMH
TULEPHHA, U HAJIMYMe, O KpaHHel mepe, 0qHON OBOHHON CBA3M B YIJIEBOJOPOJHOM
LMY, HAaxoAslleics B MOJIOXKEHUM sn-2, TOTAa Kak B TOJIOKEHUM sn-I Haxonurtcs
HachlllleHHas YrjeBOJOPOAHas lenb. IMEHHO yka3aHHbIE [TApaMeTpsl, B CHily CBOeit
YHUBEPCATILHOCTH, MPEACTABMIOT HAUOOJIBIIMH HHTEPEC C TOYKH 3PEHHUS BBIACHEHHS
WX BAMsSHHA Ha cBoiicTBa Oucsos.

OueBK/IHO, 4TO CNEUMPUYHOCTb CTPYKTYpbl M CBOHCTB NMPHPOIAHOTO JIMIIMAHOIO
OUCII08 JICIDKHA KECTKO OMNpENeNsAThC XUMHUYECKHM cTpoeHueM (ocdonununos, u3
KOTOpbIX  copMupoBaHbl  OHONOTMYECKHE MeMOpaHsI. CyliecTBOBaHUE
YHUBEPCANIbHBIX XHMHYECKHX [IapaMeTpoB MOJIEKyJ NpUpoAHbIX (ocdoaunuaos
(Hanuyue IBYX CJIOKHO3QHPHBIX I'PYNN B OCTAaTKaX >KHUPHBIX KHCJIOT H Halu4yue
JBOHHBIX CBs3eM B JKMPHOM KHCJIOTE B TIOJIOKEHHM sn-2) TMO3BOJAET BBIABUTH
Haubosiee oOlLIMe YHHBEPCAIbHBIE MapaMeTpbl CTPYKTYPbI MPHPOAHOTO JHITHMAHOTO
6ucnos.

Ilens paGorbl. PaboTa HampaBieHa HAa M3YYEHHE BIUSHHA XHUMHUYECKOTO
CTPOEHHs JUITHI0B Ha CTPYKTYpY U cBoiicTBa 6ucinos. OCHOBHOE BHMMaHHeE B paboTe
ObUI0 YAENIEHO pELICHHIO BOIPOCA O TOM, Ha KakHe NapaMeTpbl CTPOSHHS JTUITHAHOIO
61c10s BIMAIOT B2 OCHOBHBIX YHHMBEPCANbLHBIX JIEMEHTa XMMHYECKOH CTPYKTYpBI
NPHUPOAHBIX GocOoNUNUAOB — KapOOHUIbHBIE IPYNINbI ¥ IBOHHBIE cBA3U. HacTodee
uccrieioBaHue ObUIO BLITIOJNHEHO Ha MpUMeEpE NMPUPOIHbIX GochHaTUAMIXOINHOB U HX
MOAW(GUUMPOBAHHBIX aHanorax. MW3ydanuch CTPYKTyphl JIMIIMAHBIX GHCIIOEB
cthopmupoBanHeix 3 ¢ochonununos Cjs KOTOpBIE OTIAMYAIHCH MexAy coboi no
HaJIMYMIO WIM OTCYTCTBHIO KapOOHHJIbHBIX IPYNN W IBOWHBIX CBA3eH B OcTaTKax
XKHMPHBIX KHCIOT. [IpH 3TOM perucTpupoBajlMCh M3MEHEHHS MapaMeTpoB JUIMAHOTO
OHc109, BBI3BAHHBIX COOTBETCTBYIOLIMMH H3MEHEHMAMH CTPYKTYpPbl (pocdoinnuaos.
[lpoBeneHHblE CHCTEMAaTHYECKHE HM3MEPEHHMS TMO3BOJIMIN JIOCTATOUHO HAJEKHO
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YCTaHOBHTH CTPYKTYPHBIE MapaMeTpbl NPUPONHOrO JHMIMAHOIO OUCIOf, KOTOpBIE
U3MEHSIOTCA TPH M3MEHEHHH KPHUTHMYECKHX 3JEMEHTOB XHUMMYECKOTO CTpPOSHMA
OCHOBHBIX NPUPOIHBIX HochHOMUNUIOB.

B 3amauy OuccepTaldy BXOWI TakKe IOHCK CIocoOOB MOAMPUKALMU OCHOBHBIX
napameTpoB ¢dochonumuaHoro OUCIOA HyTeM BCTPAaUBAHHMS  CHHTETHUECKHX
HU3KOMOJIEKYIIAPHBIX COEAMHEHUH B MeMOpaHy.

Jlns  pelleHus TMOCTABJIEHHBIX 3aJay MOTpeOOBATIOCh YCOBEPLIEHCTBOBAHME
METOIOB MCCJIEI0BAHUA € LIEJIbIO NONy4YeHHUs 00J1ee TOUHbIX U HANEXKHbIX JAHHBIX 10
napaMeTpaM OHCITOA.

Hayuynasi HoBu3Ha. B guccepraunoHHO# pabore ynanoce rnokasarh, YTO
IBOJMHbIE CBA3H B COCTaBe XUPHBIX KHUCIOT MOJIEKYJbl $ocoauniaa KOHTPOIUPYIOT
CBOMCTBA MONAPHOM 30HBI JIMMMAHOrO OWCIIOS: HAKJIOH MOJNAPHOro ¢parMeHra K
II0CKOCTY OUCJIOA M CTENeHb FMApaTalMi NOBEpXHOCTU Oucios. bpliio nokasaHo, 4To
HaJIHuHe JABOMHOM CBA3H B XXUPHOW KUCIIOTE, HAXOAsAlUEeHCs BO BTOPOM MOJIOXKEHUH B
CTPYKTYpe MnpupoaHoro dochonunuaa, obecreyuBaeT [JOCTaTOYHO BBICOKYIO
UAPATALMIO NPHPORHBIX (GOCHOMMIHAHBIX MeMOpaH M, COOTBETCTBEHHO, OOIbLIIMH
HAKJIOH TOJISPHOrO (parMeHTa K TUIOCKOCTH MeMOpaHbl. Bblio 0OHapyXeHO, 4TO
noJiipHble CIIOXKHO3GUPHbIE TpPYNNbl B MOJIEKYJaX HPHPOAHBIX ¢(ocdonunumos
KOHTPOJIMPYIOT TOJILUMHY TUAPOPOOHOH MPOCIONWKH JIMNUAHOro GUCIION U BENHYHHY
JUIOJILHOTO TIOTEeHIMala MeMOpaH.

Takum 06pa3oM [OKa3zaHO, YTO U3MEHEHHE CTpoeHHsA ruapodobHOro 3neMeHTa
CTPYKTYpbl $OCHOTHIHIOB BIUSET Ha CBOWCTBA M CTpOEHHE I'MApOGHIbHON YacTH
6ucios, B TO BpeMs KaKk H3MEHeHHe CTpOeHMA TIHIpopuUnbHOH YacTH JUMUIAA
M3MEHSET TOJILMHY THApopoOHOTO cos.

VYnanocs pa3paboTaTe HOBbIE METOIbI PEryJHpOBaHHA CTPYKTYPbl JIMIHMAHOTO
6ucnos (TosuMHbl TuApodo6HOH U rHapodUIBHON TPOCIOEK, KOJIHUECTBO CBA3aHHON
BO/Ibl, TIPUXOAMIEH HA OJTHY MOJIEKYITY JIMIKA), C MOMOLIbIO BCTPAUBaHHUs B OHCION
HU3KOMOJIEKYAAPHBIX THAPOGOOGHBIX U MOBEPXHOCTHO aKTHBHBIX COEINHEHUH.

[TpuBeneHHble pe3ysbTaThl ObUIH NOJyueHbl O1aronaps UCNONb30BAHHMIO HOBBIX
IKCTIEPUMEHTAIbHBIX M TEOPETHYECKHX MOAXOAOB MPH ONpeleNeHHH CTPYKTYPHbBIX
HapamMeTpOB JIMITMIHBIX MEMOpaH B U3ObITKE BObI, C YYETOM IPOHUKHOBEHHS BOMbI B
ruApoGUIBHBIHA ciol bucios.

HucceprauuionHas paboTa  NpPOAEMOHCTpHpOBaNa  HOBBIE  BO3MOXKHOCTH
HanpaBJIeHHOTO PEryJIMpOBaHUs TOJIUMHBI OWC/IO4, CTENEHH €ro ruapatauuy u
BEJIMYHHBI AUIOJIBLHOTO NOTEHLMAa MeEMOpaH.

IMpakTUyeckas HeHHOCTb paboThl. B paboTe BBISABIEHDI KIOUEBbIE NaPaMETPbI
NpHpoaHOTo OHCIIOA, KOTOpble KOHTPONMPYIOTCA Haubosee YHUBEPCAIbHBIMH
napaMeTpaMy CTpoeHus (ochoIUNUaoB — ABOIHAs CBA3b BO BTOPOM IMOJOXKEHHH U
cnoxHodupHble rpynmnsl. HaiineHs! criocoObl Moaudukauuu JHIMIHOTO GHCios,
MO3BOJIAIOLIME YBEJIMYMBATh WIM YMEHbLIATh TOJIIUHY THapodoOHOH npocinoiiku
6uciios. [NosmydeHHbie pe3ynpTaThl MOTYT OBbITh HCIIONB30BAHb! IS HAMpPaBIEHHOTO
M3MEHEHUS CTPOSHHUS TIPHPOIHBIX U MOJEJIBHBIX JIUIUIHBIX OUCIIOEB.



Anpobauunst paborbl. OCHOBHbIE TOJNIOXKEHHA pabOTbl KM €€ OTAeJbHblE
pe3ynbTaThl NOKJIa[bIBAIUCE Ha MEXIYHapoOAHOM CEMHHape II0 HCCIIeJOBaHHIO
GUONIOrHYecKUX U JUNUAHBIX MemOpaH ([lybHa, mait 1991, 1992); mexayHapoaHOM
cumnosuyme no MemOpanam (Cakne, 23-26 ampens 1993); 1/ cumnosuyme
“Surfactants in Solutions” (HepycanuMm, wioHb 1996); ceccus nonp3oBaTteneit
peaktopa B HMI muctutyte (bepnun, maii 1994); ceMuHap B yHMBEPCHUTETE T.
Jleitnuura (okta0ps 1994); cemuuap B mHCTUTYTe Jlay> JlamkepeHa (I'peHoOib,
okTsbps 1996); coBeulanue nons3oBatenei peakropa HBP-2 (wons 2002); 712
MexAyHapoaHas KoHQepeHIHs No H36paHHBIM BOIIPOCAM COBPEMEHHOH (HU3MKU
(y6Ha, uroHs 2003).

My6aukaunn. Ilo MatepuanaM aucceptauuy omybsinkoBaHo 7 pabor.

CtpykTypa U obbem aucceprauuu. PaboTa COCTOMT M3 BBEACHHWs, 5 TIJaB,
3aKJIIOYEHUST U CIIMCKAa LUTHpyeMol nurepatypbl. OObeM JHCCEpTalMA COCTABISET
130 MalIMHOMHCHOTO TeKcTa, BKmMo4as 46 pucyHkos, 11 Tabauu wu 128
6ubnnorpaduuecKkux CChUIOK.

OCHOBHOE COJAEPXAHHWE PABOTBI

Bce rnaBbl muccepTalud oObeIMHEHbI OOLIEH LENbIO MOHATh KaK XUMHYECKHE
MoaH(UKaIMK TMIHUIHBIX MOJIEKYJI BIUAIOT Ha CTPYKTYpY U cBoicTBa MeMOpaH.

Bo BBeJeHMM [0Ka3aHa aKTyaJlbHOCTb HCCIEIyeMOH TEMbl, [1EPEUHCIEHBI
OCHOBHblE TpPOOJTEMbl, CTOALIME B AaHHOW o067nacTd, chOpPMYIUpOBaHbI LEAH H
rfaBHble Uiled paboThl, a TAKXKE KPATKO OMHCAHa CTPYKTYpa JHCCEPTaLIHH.

B nepBoii riaBe npHBeAeH JUTepaTypHbIH 0630p, NMOCBSLICHHBINA CTPYKTYpE H
OCHOBHbIM cBo#cTBaM OHOJIOrMYeCKHX U JUNUAHBIX MemOpaH. Kpome Toro,
NpUBENEH aHANN3 JIMTEPATYPHBIX AaHHbIX OTHOCAIIMXCA K 3a/auaM, ABIAIOIHMMHCS
[peMETOM [IHUCCEPTALIMM: BIHAHHIO CJIOXHO3)HMPHBIX H IBOHHBIX  CBsi3cH,
HaxOIAUIMXCS B YrAeBOAOPOIHBIX LENAX JIUINIA, HA CTPYKTYPY U cBOMcTBa Ouciof;
W3MEHEHUIO CBOMCTB MeMOpaH MpH [00aBIEHHWH HEHOHHBIX Cyp(aKkTaHTOB H
YrA€BOAOPOAOB (JeKaHa).

Bropas riaBa COCTOMT U3 ONHUCAHUS MaTepHasloB B METOJOB, HCTIONb30BAHHBIX B
HacTosileit paboTe. PaccMOTpeHBI TeOpeTHHECKHE OCHOBBLI METOAOB pacCestHUA
HEHTPOHOB M PEHTI€HOBCKUX JlydeH, BKIIOUAIOIIMX IMQPaKLUHI0 U MaJOYrJIoBOe
paccesHue.

[TpuBeneHsl cHOCOOLI MPHIOTOBIEHUA OOpa3LOB - BBICOKO OPUEHTHPOBAHHbIE
JIUITKIHbiE MYJILTHCIION H OIMHOYHbIE OUCJIONHBIE JIMITHIHBIE BE3UKYJIb B paCTBOPE.

CrneuuanbHoe BHUMaHUE YIEJEHO pa3BUTHIO METOJHKE I[PUrOTOBJICHUA
OPHEHTHPOBAHHBIX 00pa3LOB 1S AU(paKIHU HEHTPOHOB U PEHTTEHOBCKHX JIyded, a
TaKkke AN MpPOBeJeHHs SKCIIEPUMEHTOB 10 aacopOLHM BOABI B BOASHBIX Mapax c
KOHTPOJIUPYEMBIM OCMOTHYECKHM JaBleHueM. lcronp3oBaHHE OpHMEHTHPOBAHHBIX
00pa3loB MO3BOJMIO CYLIECTBEHHO YMEHBHUIMTh KOJIHMYECTBO MOJIEKYJl BOJbI,
HaXOAALUMXCA BHE JHIIOCOMHOrO MPOCTPAaHCTBA, B AeheKTax, M, CAeIOBaTelbHO,
GoJiee TOUHO ONpeeTHTh FUAPATALIMIO CAMUX MEMOpaH.
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[TpuBeneHsl HOBBIE TEOPETHYECKHE MOJENH AJs OIpPEAENCHUA CTPYKTYpPHBIX
napaMeTpoOB JIMMTUIHOTO 6UC109 MeEMOpaH B U30BITKE BOMBI C YUETOM HPOHUKHOBEHHS
BOAbI B OHCNIOH € TNOMOIIBIO METOJa MAJOYIJIOBOTO paccesHHs HEHTPOHOB C
MCIMOJIb30BaHHWEM BapHallMM KOHTpacTa: a) TpexobosioueuHas cepuueckas MoJelb
JUIA TUIOTHOCTH paccesHus Be3HKysd; 0) cryneHyartas (YHKLMA pacripeaesieHus
[JIOTHOCTH paccestHus OUCIIon 1A aHaIu3a AaHHbIX B npubimkennn Kpartku-Tlopona
LUIA paccesHUsA OT IUIOCKHX YacTHIL

INpencraBieHbl KpaTKHe XapakTEPUCTHKH U CXEMb! YCTAHOBOK, Ha KOTOPBIX ObUTH
TMPOBEICHbl OCHOBHbIE SKCIIEPHMEHTHI.

TpeTbs rJjaBa MOCBSIIEHA CPaBHUTENbHOMY HCCICNOBAHUIO CTPYKTYphl H
CBOWCTB AUMMAHBIX MeMOpaH, coctosmMx U3 ¢ocdaruanmxonnHoB Cjs, KOTOPbIE
OT/IMYAKOTCA MEXAY coOOH HamuYMeM WM OTCYTCTBHEM KapOOHWIBHBIX TIpYIN B
yriesosopoaHbix uernsx (puc.1.): (I) aunansmutonst-docaruannxonud (JI1PX, nse
C=0 rpynnsi), (II) 1-nansMutonn-2-rexcageunn-docharnaunxonmud ([1I'@X, C=0
rpynna B su-/ nenu), (III) 1-rexcaneumn-2-nanpmuronn-gochatnaunxonut (I 719X,
C=0 rpynna B sn-2 uenn) u (IV) nurekcapeumi-docharuannxonud (A7 DX,
OTCYTCTBYIOT 00€¢ KapOOHWIbHBIE TIpYINBI), a TakKe, HCCIAECIOBAHHIO JIUIMIHBIX
6ucnoes u3 Qochonunnuao Cjs COREPKAIIUX OAHY HEHACHIUIEHHYIO Lenb B
nonoskenun sn-2: (V)  l-rexcameumn-2-oneun-gochatunmnxonus (I'OdPX, C=0
rpynna B sn-2 uend) u (VI) l-nansMuronn-2-oneun-dpocharunaunxonud (10PX, nse
C=0 rpynnsi). Lenplo HccnenoBaHUs SBIAIOCH OMPEACICHHE OTHOCHUTEIbHOIO
BKJlafa KapOOHWIbLHBIX TPYNN B MOJHBIA 3ISKTPUUECKUI AMMOJIBHBIA NOTEHLHAT
JIMIMAHOTO OHCI0A, OPUSHTALMIO JHIOIBHBIX MOMEHTOB OTHOCUTENIbHO IUIOCKOCTH
MeMOpaHbl, OCHOBHBIX IMApaMeTpOB CTPYKTYpbl OHCIOS U paclpeleNeHHs BOABl B

D160 ruapodubHO# obnacTH MeMOpaHbl.

He Pucynox 1. Monexyna oJunanemumoungochamudunxoruna, H. -—
OUNONbHbIT MOMEHM KAPOOHUNLHOU 2PYRNbL, |, — OUROAbHbIE MOMEHM
Pe=180  ponapHoil 20106861 AUNUOA.

Ing omnpeneneHUs OHUMNOJBHBIX NOTEHLUWANOB W CTPYKTYpBI
6UCNIOEB BBIILIE MEPEUMCNIEHHBIX JUIUAOB, HAMM MNPOBOAMIHCH
IKCNIEPUMEHTBI HAa MOHOCJIOAX € HCHOJIb30BaHUEeM JIeHrMiop-
bromkeTT BECOB MO H3MEPEHHIO W30TEPM AaBJieHHE - IUIOINAIb
(7-A) 1 >NeKTpUYECKUI IUMONbHBIA MOTEHUMAN — miouwans (AV-
A), a TakKXKe SKCMEPUMEHTHI C MOMOIIBIO ANDPAKLUY HEHTPOHOB M PEHTTEHOBCKUX
Jiyyedl ¥ MaJIOYIJIOBOIO paccesHUs HEHTPOHOB Ha MYJIbTHCJIOMHBIX W OJMHOYHBIX
JTUnocoMax.

M3 3KCTIEpUMEHTOB Ha JIMIMAHLIX MOHOCIOSX B rejb ¢hase (puc.2.) Hamu OblIO
nosy4yeHo, 4ro Hanuuue C=0 B sn-/ yrieBOAOPOIHON LEMH CYIIECTBEHHO BIUAET Ha
natepanbHble  B3auMoOIeHCTBHA B OHcioe:  NOSBIAETCS  JOMOJHHUTENBHOE
OTTaJKMBAHHE MEXIY JIMIMHAHBIMU MOJIEKYJIaMH B IUIOCKOCTH MeMOpaHbl, Tak IIpH
Hanuuud C=0 B sn-I (I u II) MUHUMaNbHAsA IUIOWAAL, NMPUXOASILAACH HA JIMIIHI
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paBHa A=43A%, npu ee otcyrcteud (IIT u IV) nnomans cocrasiser A=38A%. Bkrag
00enx KapOOHWIBHBIX TPYIM COCTABIAET BEJIWYMHY OKoJo 34% OT mMoaHOro
JMIOJILHOTO TIOTEHLMaNIA JIMTIHAA, Cpe/lHee 3HaYeHHe AMMNONbHOTro noteHuuana C=0

rpynmel B IOJIOKEHHH sn-/ Oaet
o 135£15 mV u ana no3uuumu sn-2 -
65t15 mV. VYrapl HakioHa obeux
KapOOHWILHBIX TpPYNN K ILUIOCKOCTH
Gucos cocTaBasioT ~14°-20°.

50+

40 -

Pucynok 2. (7-4) u (AV-A) usomepmor u
018 aunudHvlx MoHocnoes uz JIINOX (—),
IT'OX (~---), THOX () u JTOX (- -- ).

r, MN/m

20 4

DKCNEPHMEHTBl, C  MOMOLUBIO
oubpakuun HEHTPOHOB H
PEHTIeHOBCKHX  JIydeil, a Takke
1 MaJIOYTJIOBOIO PAcCesHUsl HEHTPOHOB,
] riokasasny, 4To CTPYKTYpHbIe
napameTpsl OHUCIOEB OTHOCHTEJILHO
Malo pa3iiiyaloTcs NpU HAIHYHHM WIH
] OTCYTCTBUH C=0 rpymnn B
» ] YTJIEBOLOPOIHBIX Hensax
"""" AN dochonunuaos. OnHAKO, CYLIECTBYIOT

clieqyloll¥e pa3Nuyus B IapaMeTpax

°r pA T T . JHIOMAHBIX  cjloeB:  runpodobHas

A, A2 TOJIIMHA MOHOCJOSA INpPH OTCYTCTBHH

KapOOHWIBHOH Tpynmsl B sn-/ Lenu

yYBEJIMYMBAECTCA  HA 2A;  kaxnas

kabOHWIbHAsA I'PYIIIa CBS3bIBAET Ha ce0s OXHY MOJEKYITy BOAbL;, (a3oBblil nepexoa u3

refib B XHIKYI0 hasy yBesuuBaercs Ha 3°C pH OTCYTCTBUM KapOOHWIBHOM Ipymbl
B sn-1 Lenu.

Bbl10 nokas3aHo, YTO pa3nuyus NapaMeTpoB OMCIIOEB B resib ase onpenensroTes
3a cyeT OoJlee IIIOTHOM ynakoBkH sn-1 ankunbHbix nunuaos (II1 u IV) B mnockoctn
MeMOpaHbl. B kuako# ¢ase 3TM pa3nuuMs [UIA HACHIIEHHBIX M HEHACBIIIEHHbIX
JMMUI0B He OOHapyKeHbl. OJTH [JaHHBIE HAaXONATCSA B XOpOLIEM COIJIacHu C
pesynstaTamu SIMP uccrnenosanmit [1].

OcHOBHBIE pe3y/ibTaThl TPETheil IJ1aBbl:

1) INokazaHO 3HaYUTENbHOE YBEIHYEHHE AMIOJbHOrO IIOTEHUMANA B ALMIbHBIX
JVMUIAX 110 CPaBHEHHIO C AIKWIbHBIMH; ruapodoOHas TonmwuHa Gucios npH
OTCYTCTBUHM KapGOHMILHON rpynmbl B sn-1 uemu ysenuunsaetcs Ha 4A. Ilpu stom
XHMMYECKHE pa3IMYMs JIMIHIOB OTHOCHTENIBHO MAj0 BIMAIOT Ha CleAylolue
CTPYKTYPHBIE APAMETPHI JIMIMIHOTO GUCIIOS KaK IUIOWAAb U THAPATALHIO JIHITHIHBIX
MOJIEKYJI, OOLIYIO TOJILHHY GUCIIOA U BOAHYIO IIPOCJIOHKY MeXI1y MEMOpaHaMH.
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2) Bxiaa kapOonunbHOW rpynnel B sn-/ uend (135mV) 3aMeTHO npeBOCXOAUT
BKJIaj KapOOHWILHOM TPYIIILI B MONOKEHUH s71-2 (65mV). 310 00YCIOBIEHO TEM, 4TO
kapOoHUNbHAs TpYNNa B COCTaBe YIVIEBOAOPONHOMR LENW B NONOXKEHUH sn-I Oojee
rnyboKo [orpyxeHa B YIeBOJOPOAHYIO o00macte OHcios (AMIAEKTpHUECKas
KOHCTaHTa €~2-3), ee OKpY)XXeHHE MeHee IIOJSPHO 10 CPABHEHHIO C OKPYXKEHHEM
KapOOHMILHOM rPYNIOH B MONOXKEHHHU sn-2 (€~8) LenH U 00acThiO TOJISPHBIX [OJIOB
(e~30). U3 3TOr0 MOKHO 3aKJIOUHTh, YTO OCTATOK XXHPHOH KUCJIOTHI B NOJNOKEHUH
sn-1 ABISETCH OCHOBHBIM 3JIeMEHTOM THIApodoOHOM CTPYKTYpsl (hocdorununos,
KOTOPbIH KOHTPOUPYET BEIHYUHY JUNOJIBHOTO NOTEHIHAaNa MEMOpaHBIL.

B uerBeproil rjaBe IIpOBelleHO M3y4YEHHE APAMETPOB JHMITMIHbIX OHCIOEB
copMHPOBaHHBIX U3 (GOCHAaTUAWIXOIHHOB ¢ Pa3HOH CTENEeHbIO HEHACBILEHHOCTH
yrJIeBOLOPOAHbIX Lienedl. M3yyensl 6ucion uz caenyrowmnx coeansenuit: (VI I-
nanemumoun-2-oneun-gpocpamudunxorun  (nBoiinas CH=CH <c¢BA3p B sn-2
nonoxennn), (VIII) ouoneun-gpocgpamudunxonun (nBoiiHvie cBizd B sn-I U sn-2
uensax), (I) ounamemumoun-gpocghamudunxonur (ABOHHBIE CBA3H OTCYTCTBYIOT,
[OJTHOCTBK) HACBHILIEHHbIE YIJIEBOAOPO/HbIE LENH). BBITM HCMONB30BaHbl METOMIbI
MajioyrjloBOTO  paccessHus HEeMTpOHOB, AU(pakUMM pPEHTIEHOBCKHX JIydeH ¢
ajicopOUUH BOABI TUITMIHBIMH MYJIbTUCIIOAMH B BOASHBIX Napax.

CH,— O —R, (I) AN®X: R;=CO(CH,);4CH,, R;=CO(CH)1sCH;
| (VII) O®X: R;=CO(CH,),,CH;, R;= CO(CH,);CH=CH(CH,);CH,
R—0—?CH O (VII) JO®X: Ri= CO(CH,};CH=CH(CH,);CH;, R,;= CO(CH,);CH=CH(CH,);CH;

| ]
CH,— O — P— OCH,CH, N*C(H;);

|
o
Ancopbuuonnbie uzoTepMbl Boant ans [TO®PX (VII) u JODX (VI
OpHEHTHPOBAHHBIX MYJbTHCIOEB B
18 3aBUCHUMOCTH OT JaBJIEHUS BOJSHBIX
MapoB MOKa3ajlH, YTO MaKCHMaJbHas
ruaparauus ana 6ucnoes uz [J10OPX
coctasiger 16 u ana JOOX — 11
MOJIEKYJI CBA3aHHOH BOIBI (pHcC.3.).

[ -0

.

Pucynok. 3. Aocopbyuonnvie uzomepmol
800bl o 1IOPX u  JIODX
OPUEHMUPOBAHHBIX — MYAbMUCIOEE 6
3Q8UCUMOCIMU ~ OM  OCMOMUYECKO20
0aereHus 80OAHLIX NAPO8, 3A0A6aeMbiX
" HACblWeHHBIMU pACMEOopAMYU  CONeU U
14 15 16 17 18 19 20 2 2 ROAUIMUNEHSAUKOAA.

2
In(P.,,). dyne/em HecMoTps Ha TO, YTO MOJNAPHBIE

rOJIOBbl YKa3aHHBIX JIUIIHIOB UMEIOT
OIMHAKOBYIO XMMHYECKYIO CTPYKTYpPY, @ KaK pa3 OTJIHMYAIOTCA TOJILKO CTPYKTYpBI
YLJeBOIOPOIHBIX Leneit GopMupyroux ruapopodHyto obnacTs OHci0a (cocTosue



U3 YIJIEBOJOPOAHLIX XBOCTOB C OIHOW W JABYMS HEHACBHILCHHBIMH CBSI3AMHU,
COOTBETCTBEHHO) B JKCIEpUMeHTe HaliIofaeTcs pa3Has TrHApaTalys HMMEHHO
TIOJISIPHBIX (PParMeHTOB JIMIKAA.

2 PucyHok 4. Onexmponnble
154 RH=98 5% naomuocmu JJODX u [TODX bucnoes
npu BAAHCHOC MU RH=98.5%.
B Maxcumymer Ha Kpusoti
g 5l INEKMPOHHOU nromuocmu
T o~
E ] coomeemcmeyiom gocpamnoii
3 epynne PO, munumym — yenumpy
g s bucnosn.
£ o
& 107 C apyro#t CTOPOHBI,
.15 CpaBHEHHE SNIEKTPOHHBIX
IIOTHOCTEH paccesHus IJIs
-20
0 25 20 45 40 5 0 5 10 15 20 25 50 oo X H I[O(DX
PaccTosHME OT LEHTPA GHCTIOR, A OPHEHTHPOBAHHBIX OHCI0eB

(puc.4), MOJTYYEHHBIX npu
BIXKHOCTSX Onmskux k [00% c moMombio IUPpakiMH PEeHTTEHOBCKHX Jyueit,
NoKas3ajio, YTo CTPYKTYpbl ruapodOoOHBIX YIJ1€BOJOPOAHBIX 00MacTel 3THUX JIMMHAOB
OJIM3KM, TOT/I@ KaK 37EKTPOHHbBIE TUIOTHOCTH PaccesHhs TMApOQHUIbHbIX obnacreit
OKC0s CYLIECTBEHHO OTJIMYAIOTCA 3a CYET HM3MEHEHHMs KOH(OpMALWH IOJSIPHBIX
TOJIOB M HMX pa3nnuHoil ruapaTtauuu. [Ipum 3ToM npeaenbHble muowaaun [TOOX u
JO®X nunuaHbIX MOJIeKys B OHciioe JOCTHraroT 61 6A% 1 60A” Ha OIHY MOJIEKYIy
sunuaa mpu 100% BRAaXXHOCTH, COOTBETCTBEHHO.

Jliist onpenesieHys apaMeTpoB OHCIIOEB B H30BITKE BOABI TAKHX KAk MpeAEIbHOE
3HaYeHHe IUIOINANH, TOJIIMHBI OUCIOs, pa3sMepoB ruapoduiabHOi u ruapodoGHOi
obnacTell M KOJIMYECTBO BOAbI B HAPOQIIILHONR 001acTH JIUNHUAOB ObUTH MPOBEACHBI
JKCTMIEPUMEHTHl HAa JIMITMAHBIX BE3HUKYyJaX C TIOMOLIBIO MaJlOYrJIOBOTO pacCesHHs
HeHTpoHOB. Mozenp Ui pacyera TEOPETHUECKOH WHTCHCHBHOCTH DPaccesHHMs OT
OJMHOUYHbIX OUCITONHBIX BE3UKYJ 6a3upoBanack Ha CXEME pacCesiHUA OT TPEXCIOHHOH
cthepuueckoii obomouku. IlepBwlif cjoff B 3TOH Mozenu BKIlOYaeT B ceds
ruApoQuIbHY0 001acTh BHEUIHErO JIMIHUIHOTO MOHOCJOSA, BTOPOH COCTOMT M3
ruipooOHOH  007acTH ABYX MOHOCIOEB, TpeTHH — M3 mNonspHoil obnacTu
BHYTPEHHEro MOHOCINOA. [IpOHHKHOBEHHE BOABI B IMAPOQWIBHYIO 00J1acTh OUCiIOfN
YUUTHIBATIOCH € TOMOIUBIO JIMHeHHOH ¢yHKUMU. Pe3yiabTaThl MoIeaHpOBaHHA
TIPHUBEEHBI Ha PHC.5.

Bbuto nosyuyeHo, yto ruapodobHbIe TOJUMHBI 118 MeMOpaH BCeX TpeX JIMITHAOB
OLMHAKOBbl M COCTAaBIAKOT nopsamka 23A. Torza kak TOMIUMHBI THAPODUIBHBIX
obnacTeit MOHOCI0EB pasznuuHbl ¥ coctapistor: ag AIIPX u JODPX - 11A u o
TTIOPX - 13A. CoOTBETCTBEHHO, KOTHUECTBO MOJIEKYJT BO/bl, HAXOAALIECHCA BHYTPH
nojApHo# obnactu aunuua, cocrasnsior: g AIOX - 5, ma JOPX - 7 v ans
[IO®X - 11. ITnomans, NpuxXoAAIAsics HA OAHY JHMIUAHYIO MOJIEKYJY B JTUITMIHOM



22 52

1004 O seamymn 6miﬂzoe, paBHa 62A°, 63A° u

3 —=—5100% /L0 0% H,0 66A° nna JIIDX, TIODX u
——870%,0: 30%H,0

e 50% 10 SOUHO JODX JIMMUIOB,

105 —v—833% 1,0 67%HO COOTBETCTBEHHO. bonee

8 0% A0 I00%H, noapo6GHo CTPYKTYDHBIE

k3 JaHHBlE  TPEICTaBIEHbI B
- 1
g ] Tab. 1.
1 Pucynok 5. Kpussie
o1 MaJIOyTJIOBOTO paccesHus

HEHTPOHOB OT BE3UKYNT U3
[ JO®X B mATH KOHTpacTax
001 o 1,O/H,0O ¢ ux MoaenbHBIMHU
NpeACTaBICHUSMH.

Tabauna 1. Cmpyxmyproie napamempul oounounsvlx membpan usz JODX, IIODX (usmepenvt
npu 25°C) u JIIDX (usmepenvi npu 30°C) aunudos. Ty u T, - moawunvr eudpouoHoi u
2udpogobrot obracmei 6ucnon, T — monyuna 6ucnos,coomeemcmeenno. A u N, -
nAOWA0b U HUCAO MOREKYN 6006l NPUXOOAUUXCS HA OOHY IURUOHYIO MONEKYLY.

Jlunua Th A T, A T,A A, Al Nw P
JIODX 111502 [ 236404 | 45805 | 660+2 [7+05 35
No®X 133+02 [ 233404 | 50005 |[63.0£2 | 11405 23
JINOX 107402 [ 228+04 [442+05 |620+1 |5%05 6

TakuM 00pa3oM, BbISBJIEHAa 3aBUCUMOCTb CTPYKTYPHBIX NapaMeTpoB OHciof,
cOPMHPOBAHHbIX M3 JMIHAOB, UMEIOLIMX OAHY M Ty e MOJSAPHYIO TOJIOBY, HO
oTAMYaoIIKXCcs B TUApodoOHONH 06AacTH MO HAJMUYMIO WIM OTCYTCTBHIO IBOHMHbIX
cesizeit (CH=CH) B yrieBogopoaHbIX LUensx. [loka3aHo, 4T0 KOHbOpMaLHH
nosisapHbix rojo s JODX u AINDX Gucnoes oxuHakoBbl, Toraa kak maisg [10DX
6ucios rnonspHas oGmacth Gonbme Ha 2A, NMO-BUAMMOMY, 33 CUET H3MEHEHMs
KOH(GOpMaLIMM NOJAPHON TONOBLI, YTO M BIMACT HA YBEJIMYEHHE KOJHYECTBA BOIBI B
mMeMOpaHe. DTO COOTBETCTBYET YBENMYEHHIO Yrila HakJIOHa MOJISPHOTO (parMeHTa K
I10CKOCTH Oucon. Pasniune B cosepxaHuu Boabl B 6ucnoax u3z ATPX (5 monekyin)
u JO®X (7 monekyn) rnpu oAMHAKOBON KOH(oOpMaLUs rojioB oObiAcHAETCA pa3Hoit
MIOIAaAblo, NpUXOAAIleHd Ha ONHY JHNUAHYKO Mojekyily, ans HIIOX (62A% u
JIODX (66AY).

OcHOBHBIE pe3ynbTaThbl YeTBEPTOH IJ1aBbl.

1) Mcnonb3oBaHne OpHEHTUPOBAHHBIX JTHITMIHBIX MYJIbTHCIIOEB, 32)KaTbIX MEXIY
CTEKJaMH, B KauecTBe 00pa3lloB VI CHATHA aACOPOLIMOHHBIX M30TEPM B BOISHBIX
napax, Mo3BOJIMIO CYIUECTBEHHO YMEHBIIHTh KOJHYECTBO BOJbl, HaXOAALIEECS BHE
JIMTIOCOMHOTO NpocTpaHCcTBa (B Aedektax), n3bexkaTb KOHACHCAUMH NapOB BOJbI, U
KaK cJeICTBHE, AOCTOBEPHO H3MEPHUTh KOJIMYECTBO MOJICKYJ] BOZBI, CBSI3aHHOH ¢
TIOJIIPHOH TOJIOBOH JIMIIMAHON MoJekyJibl. 310 16 Monekyn Boasl g [TODX u 11

10



monekyn Boael ans JJODX nunupos. IlosryyeHHblE pe3yibTaThl HaxoAdTcs B
NpPeKpPacHOM COOTBETCTBUM ¢ JaHHBIMU HAMP nccnepoBaHMil 10 M3MEHEHHIO
KOH(OpPMALHK IOJIOBbI JIMIUIA B 3aBUCUMOCTH OT KOJIMYECTBA BOIBI, 100aBIAeMOH K
JIUMUAHBIM MYJIbTUCHOAM [2, 3].

2) Hcnoab3oBaHue AUPpaKUMH PEHTIEHOBCKHX JIydedl Ha OPHEHTHPOBAaHHBIX
MYJIbTUCJIOSNX B Mapax BOJbl TO3BOJIWJIO OMNpEAENIUTh CTPYKTYpHBIE IapaMeTpbl
[MO®X u JJODX 6ucnoes ¢ BBICOKUM pa3spelneHueM. [lokazano, uto runpodobdHble
obnactu OUCIIOEB STHUX JMIIMIOB COBMAAAIOT, TOr/a Kak KOHGOPMALMH MOJAPHBIX
TOJIOB CYIIECTBEHHO Pa3iMyaroTCs.

3) CTpyKTypHble napameTpsl MemOpaH, cHOPMHUPOBAHHBIX M3 THITHIOB, HIMEIOILUX
pa3HyIO CTelleHb HEHACHILIEHHOCTH yriaesogopoaubix ueneif (AI1PX -0, [IODPX —1 u
JIO®X -2) B u30biTKE BOABI ObLIU OMpeAeSieHbl € MOMOIIBIO MalOoyIJIOBOrO
paccesnus HelTpoHoB. [TokazaHo, 4To TOJIMHBI rHAPOGOOHBIX obmacteil Oucioes
YKa3aHHBIX JIMITHIOB OIMHAKOBBI M COCTABIAKT 23A, TOrga Kak rHAPOQHIbHbIE
061acTH CHABHO OTIHYaloTes U cocTanmor 11A mia JOPX u JNOX u 13A ma
[TODX OGucnoeB. YCTaHOBIIEHO, YTO NpelesibHbIE 3HAUEHUA IUIOIAAeH NUMUAOB B
mGbiTke Boabl (62A%, 63A% u 66A%) u xonmuecTBo Monexyn Bombl (5, 11 u 7),
Haxomsiweiics B rugpodmwisHoit obnactk  AIPX, TIODX u JOPX nununos,
COOTBETCTBEHHO.

B pesynbTaTe HccnenaoBaHUS BIMSHHASA 3aBUCHMOCTH [apaMeTPOB JTMITHIHBIX
OucnoeB, chopMHpoBaHHBIX W3 ¢docdonunuaoB ¢ pa3HOH  CTeNeHbIO
HEHACBIIIEHHOCTH  YIIeBOJOPOAHBIX UeneH, ObUIO Takke YCTAaHOBJEHO, 4TO
CYILECTBYET HEMOHOTOHHAs 3aBUCHMOCTb THApaTalMH OT 4YHMCjia ABOHHBIX CBsA3eH:
MUHHUMaJIbLHOH THAPATHPOBAHHOCTBIO 00J1afatoT MeMOpaHbl, COCTOSIIME U3 JUNHIOB
C HACBILIEHHBIMM YTJIEBOAOPOJHBIMH OCTaTKaMmH, 0osiee TIMApaTHPOBaHbl OHCIIOH,
chopMHUpOBaHHbE W3 JHMIUAOB, 00JafAOWMX 10 OJHOH NBOHHOM CBA3M B Kaxuoi
YIJIEBOAOPOJHOM LENH Y, HAKOHEL, HauOOJbIIeH CTEMEeHbIO THMApaTaluH 001anaroT
GUCION, COCTOAILME W3 JIMNHUAOB, BKIIIOYAKOUIMX B ce0f OHY XKUPHYIO KHCJIOTY C
IBOUHON CBA3bIO B TMOJNIOKEHWH sn-2. MIMEHHO, JHMIMOBI C TaKMM CTPOCHHEM
COCTaBJSIIOT OCHOBY TPHpOAHbIX MeMOpaH. TakuM 06pazoM, MOXHO 3aKJFOHHTh,
cTpoeHue ruapodobHoro gparmMenta NpUpoAHHIX HOCHOIHITHIOB TAKOBO, UYTO OHO
obecrieunBaeT MaKCUMaNIBHYIO MHApaTallio NOBEPXHOCTH OUCIIOEB.

[IaTas riaBa BKIOYAET B ce0d CpaBHUTE/bHOE U3yUSHHE BIUSHHUS Ha CTPYKTYpY
JUNUAHOTO Oucnos HeuoHHbIX cypdaktanros: (IX) nomeuusnosblX  3¢upoB
nonuatunenrnukons CHys(OCH,CH;),OH (C;E, n=2,4 u 6) u (X) N-nogeuun-N,N-
aumetinamuta CppHysN(CH;3),0 (AJJAQ), a Take, HENOJIAPHOTO COEAUHEHHA
(yrnesoaopoza ) (XI) nexana C;oH,,. B nepsyto ouepeas 6bl10 06patieHO BHUMaHHE
Ha BIWAHHE N00aBOK Ha CTeNneHb IUAPaTaUUy OUCIION U H3MEHEHHE TOJIILMHbI GHCIION.

HaubGosee nojHo (¢ NOMOIIbIO AUPPAKLUH HEHTPOHOB U PEHTTEHOBCKHUX TydeH,
MaJIOYTICBOTO paccestHUA HEHTPOHOB M aACOPONMOHHBIX H30TEPM) ObUIM H3yUYEHBI
cmecu TIODX/CRE, (n=2,4 u 6). DOKCnepuMeHTbl MO aaAcopOLUUH  BOJBI
MOAN(PUUHUPOBAHHBIMH CMECSIMH TIOKA3aJIH, YTO JUIS CMELIAHHbIX JIMNUL/CYpaKTaHT
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CHUCTEM TpPHU MOJSAPHBIX OTHOWIEHHMsX 2:1 obwas ruapataluvs paBHa aAJHUTHBHOH
cymMMe CcOOCTBEHHBIX rHapaTali numuaa (16 Monexysn Bozbl) M cypdaxranta (1
monekyna Boasl Ha OCH,CH, rpynily), Ipu COOTHOLIEHUH ke 1:1 aZaUTHBHOCTHL
coxpaHseTcs Julb 10 n=4 rugpoduisHbIX 3BeHbeB cypdakranrta. [Ipn n=6 u §
TUApaTalysl CHCTEMBbl YBEJIWUMBAETCA HEIMHEHHbIM oOpa3oM, Tak s n=6
ruApaTalys CTAHOBUTCS paBHOM 27 Mojekysl BOJbl BMECTO AJUIMTHBHOH CYMMBI
paBHO# 22 MoJieKys Boabl U 11 n=8 paBHa 33 Monekynam H,O BmecTo 24.

Jns  TMOHWMaHWA MeXaHW3Ma TI'MapaTauud  MOAH(HLUPOBAaHHBIX JHIHAHBIX
MYJIETUCJIOEB, @ TaKXe /I OINpeAeNeHHs CTPYKTYPHbIX NapamMeTpoB Owucios
pacroJioxeHusl B HeM Cyp(dakTaHTOB, ObUIM MPOBEAEHBl IKCIIEPHUMEHTH! C MOMOHIBIO
I pakui HEHTPOHOB U PEHTI€HOBCKUX JIydeH, Ul OPHeHTHPOBAaHHbBIX 00pa3LIOB B
napax Bozabl IpH 85% u 97% BIaXkHOCTAX, U MAJIOYTJIOBOE paccessHHE HEHTPOHOB Ha
OJIMHOYHBbIX YHWIaMEJUIPHBIX BE3HKYyJax B M30bITKE BOoAbl. B cilydae paccesHus
HEHTPOHOB  MCIIOJIB30BAINCH  JOMOJHMUTENBHO  Cyp(akTaHThl € YacTHYHO
nelitepupoBaHHBIMH cerMeHTamMu (OCD,CD,), n CD, (rpynma, coeguHsiollas
NOJIIPHYIO TONOBY C YIVIEBOAOPOAHbIM XBOCTOM). [Ipu mocienyroed obpaborke
pe3ynbTaTOB M3MEpEHMH paccesHus OT ACHTEPHPOBAHHOH METKM HaMmH Oblio
IPE/VIOKEHO MCIIONB30BAaTh MOJeNbHBIE CTyneH4atsle ¢yHkuMu. ns metku CD;
UCMOJIB30BANIACh ONHOCTyNeH4Yatas ¢yHkuua, Ttorga kak ans (CD,CD,0), -
OBYXCTyIleHuaTas. JTO TNO3BOJWIO YYecTb BCE BO3MOXKHbBIE KOHGOpMaLHH
NOABIKHON  [OJIApHOH  rosioBsl  cypdakraHta.  HeliTpoHHble — MopesibHbIe
pacrnpeneneHus IeTepnpoBaHHbIX
CErMEHTOB B BHAE  CTYNCHYATHIX
¢yHkUMH npeacTaBieHbl Ha puc. 6.

RH=85% BH=97%

n=6
: COBMECTHO c NEeKTPOHHBIMHU
e TLIOTHOCTAMH MOIH(PHLMPOBAHHOTO
< Pl MOHOCJION, MOJYYEHHBIMH C TOMOLIBIO
g PEHTIeHOBCKO AUDpPaKUMH.

n=2

T PucyHok 6.Cmynenyamoie yHnryuu
HelMPOHHOU  NIOMHOCMU  PACCEAHUA Ol
OelimepupoeanHelx ~Memoxk cypgaxkmanma

CD2 (---) U (CD;CD;O),, () u
IKCHEPUMEHMANLHO nonyuennas
SNEKMPOHHAS NAOMHOCMb TUNUOHO20 BUCnos,
Mooupuyuposannoeo cyppakmanmom (),
MAKCUMYMbL  HA  KDUEOU  COOMBEmMCmayiom
PO, epynne nunuda, mumumym — yeHmpy
bucnos.

E 1L

©

NMoeXx/C

belto mokaszaHo, 4YTO TNpU  Maioi
BJIaKHOCTH (RH=85%) nonsipHas
obmnactb cypdakTaHTa
(meliTepUPOBAHHBIH CETMEHT) HAXOIUTCA

PaccTosanue ot HEHTpa Oucnos
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BHYTpM Oucios ¢ npu rnosbilleHud ruapataimd (RH=97%) BeiTAruBaetcs B
ruapouabHy0 obnacts Ouciaos. Ha puc.6. mokasaHbl IUIOTHOCTH paccesiHUA IS
nByx BraxHoctedl (RH=85 u 97%) u MOAApHBIX OTHOWIEHUN NUNUL/CYpdaKTaHT,
paBHbiM: 2:1 wu 1:1. Ilnomwaxr nox cTyneHYaTod QyHKUMEH COOTBETCTBYET
MHTEHCUBHOCTH paccesiHUsi OT JcHTepHpoBaHHOM METKM, TpaHHIbl CTyNEHYaTOH
(GYHKIMH NTOKa3bIBAIOT NpeleNibl B KOTOPbIX HaXOAMTCS AeHTEPHPOBAHHBIH CEIMEHT.
B paboTe Mbl CTOJNKHYIMCb C HEOXMIAAHHBIM 3(PQEKTOM - HCYE3HOBEHHEM
WHTEHCUBHOCTH  JeliTepupoBaHHOM  MeTku. TeopeTWdeckW, IJIOMans  I0J
cTyneHuaToil QyHkuuMeH nomkHa OBITH NPOMOPLHOHAIBHA KOJHMYECTBY aTOMOB
gelTepus B [edTepUPOBaHHOM CETMEHTE, OJHAKO, MPOBEICHHBIE SKCMEPHMEHTBI
nokasajy, UTO KakK IIpd MNOBBILIEHHH THApaTalliM TaKk M NPH YBEIMUYEHUM 4HHCHa
rMAPOOUIbHBIX 3BEHbEB CypdakTaHTa YacTb HMHTEIPATbHOH WHTEHCHBHOCTH OT
nelitepupoBaHHON MeTkH TepsieTcs. [loTepro MHTEHCHBHOCTH YIAJIOCh OOBACHWUTH B
TepMHHAX HapyLIEHUt CTPYKTYpPbl MYJIbTHCIOEB 1-To (AanbHUH NOPALOK) U 2-T0 poja
(OmoxHuMi nopsinox). HapyiueHus neporo poja O3HayaroT, 4TO JaJbHUI MOPAAOK
MeXIy OMCIOSIMH COXPAaHAETCA, CJIOH MOXHO YJIOXHTh B MACATbHYIO OECKOHEUHYIO
OIHOMEPHYIO CTPYKTYpY, TOJIUHHBl BOAHOM NpOCIOHKM Mexay OHMCIOAMH U
TOJILMHBI OUCIOEB (UIYKTYHPYIOT BO3je MX CpeIHMX 3HaueHMH. IIpu HapylieHHsax
BTOPOro poja CpelHHE 3HAYEHHS NEPUOAA MOBTOPAEMOCTH JUMMIHBIX MYJbTHUCIIOEB
TAKXKE COXPAHAIOTCS, OJHAKO KOppPENALMH MeXAY OUCIOAMH CYIIECTBEHHO MAaJaloT C
yBenuyeHneM Quyktyauuit. IloatoMy, TONIIHWHBI BOJHOH TNPOCIONWKH MEXIY
OHMCIIOAMHU M TOJILIMHBI OHCIIOEB MOTYT CYLIECTBEHHO OTVIMYATBLCA OT CJIOA K CJIOIO ¢
yBeMYEeHNEM COZEpKaHus BOAbl. Takoe HapylleHHe TIOpsiika B YNAKOBKE
MYJIbTUCJIOEB NPHUBOAUT K TMOTEPAM HHTEHCHBHOCTH B ODITTOBCKMX MMHMKax (4YacTb
MHTEHCHUBHOCTH YXOIHUT B AU Y3HYIO NMOATOXKKY) M, KaK Pe3yJbTaT, HE MO3BOJAET
ONpEIe/NTh JETald CTPYKTYpbl JMNHAHOTe Oucnosa. Ilpu obbldHOM noaxone K
aHaju3y HEHTPOHHBIX JAHHBIX 3TO TNPHBOAMUT K TIOTEPAM WHTEHCHUBHOCTH OT
JeATepHUPOBaHHBIX METOK.

st Toro, 4ToObl H30eKaTh TaKUX HEXENaTeNbHbIX 3(Q{eKTOB, BOIHHKAKOIUX MIPH
HapylUIEHUSX B YIIAKOBKE OHCJIOEB B MYJbTUCICHHYIO CTPYKTYPY, ObINM H3yYEHBI
CTPYKTYPBI OJIMHOUYHBLIX JIMMUAHBIX BE3WKY/ C HOMOLIBIO MaJIOYIJIOBOIO PacCEsHHs
HEHTPOHOB. LleJbl0 MajlOYIJIOBBIX 3KCINEPHUMEHTOB ObLIO ONpPEAETEeHHE YAENbHBIX
0o6beMOB cMecel, mnoyioXkeHHe cyp(QakTaHTHBIX MOJEKYJ] B JIMIHAHOM OHCIIOE U
crenedb ruApoGUILHOCTH MeMOpaH B H30bITKE BOIbL. [N MOMyveHHs AeTAIbHOU
CTPYKTYpbl Ouciion Oblila NpoBe/eHa BapUallig KOHTpacTa MyTeM M3MEpeHHs BE3UKYJI
B pa3NMuHbIX pacTBopax H>0/D,0 u ¢ UCMOAb30BaHUEM YaCTHYHO AEHTEPHUPOBAHHBIX
cypgpaxktantoB C;H,s(OCD,CD,},0OH (n=2,4 1 6). ABHanu3 KpHUBBIX paccesHus
NpoOBOAMJICA ¢ HCToJb30BaHWeM npubmmkenus Kpatku-Ilopoga u mMozenuposaHus
HEUTPOHHOH IIOTHOCTH MeMOpaH ¢ NMOMOUIBIO CTYNEH4YaThX GyHkuMi. Obwed nus
Junuaa M cypdaxranra Opanach rpaHuua ruapogobHoi obnacty. [IpoHHKHOBEHHE
BOABl B OWCIOH Y4YHMTHIBAJOCH TayCCOBCKUM paclpefiefieHHeM B THAPO(UIbHOH
obnactu Gucnos (puc.7.). bbuin nonyyeHsl cTpykTypHBble nmapaMeTpnl [TODX/CE,
CHUCTEM: TOJIMHA OWcnos, pa3Mepsl I'MAPOQWIBHBIX M TI'MAPO(OOHBIX Y4acTKOB
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mMeMOpaH; IIolaib Ha OJHY CTPYKTYPHYIO €AMHMILY, NapLUMalIbHbIf YAEIbHBIH 00beM
M KOJMYECTBO BOJbI B ruapodunbHol obmactu Membpansl. M3 puc. 7. MoxHO
YBULETb, 4TO TOJIIKHA TruapodobHoi obmacTH Oucios yMeHblIAaeTCs MO Mepe
YBeJIM4EHMA KOHIEHTpaUny cypdakTaHTa ¥ AJIHHBI €ro THApodWIbHOM rosossl. [lnd
[MODX/C,E, 1:1 u TTODX/C,E4 2:1 ronossl cypdakTanta HAXOAATCS B NOISAPHON
obnacTd JMNAAa, NpPH  YBEIHYEHHH
KOHUEHTpauHun cypakranTa
2) 100X MODX/C,E4 1:1 u yBenudeHUH ATHHBI
ruapodunsHoit obnactu TTODX/CyE,
00 1:1 4acThb €ro MOABKHBIX
05 ruapopuabheix  rpynn - (O-CH,CHy)
6 MIOGX/C E, 1t BBIXOJUT W3 OUCIOS M HAXOAHUTCS B
N K ﬁ BOJEe, TIpH  3TOM  YBEJIMYMBAETCHA
Z; NPOHUKHOBEHHE BOALI B MeMOpaHy, U

yMeHblIIaeTes ee ruapododHas obnacTs.

ATOdX /C E, 2.1 PucyHok 7.  Mooeru  HeumpoHHbIX
naomHocmet MOOUPUYUPOBAHHO20 OUCIOA
NODX/CE,: ITODPX (—), CpE, () u
pacnpedenerue 600bl 8 bucioe (— ).

2) TIO®XIC,E, 11 Jpyrumu oObekTaMU HCCJleIOBaHHT,
[POBEIEHHBIX c NIOMOLLBIO
MaJIOYTJIOBOI'0 PAaccesiHUsl HEHTPOHOB Ha
ONMHOYHBIX OHUCHOMHBIX  BE3UKYJaXx,
O6bl1 JMnuaHele Gucion u3z JODX,

[1noTHoCTRpaccesnms Monudmumposantorobuenos 10 2em/A

) TIO®X/C, E, I:1
MoAH(GHUUUPOBaHHbIE HEHOHHBIM
cypbaktantoM ¢ rugpodUIbLHBIM
¢parmenToM HeGonbmoro pasMepa (X)
R ST R M C2Ho3N(CH3),0 (IAAO) ¥ MOTHOCTbIO

ruapopobroit Monexynoit (XI) CroH;

(mexaH). [elicTBME 3TOro  Kjacca
BELIECTB NOAPOOHO H3yyasoch Ha akTUBHOCTE Ca™/ATMassl, BCTPOEHOI B GUCIION,
Hab6monaeMble U3MeHeHHS aKTUBHOCTH MOXHO CBS3aTh ¢ NMpsiMbIM AeficTereM JIAO
M JlexaHa Ha (EepMEHT WM KaK CJIeICTBME H3MEHEHHS CTPYKTYpbl Oucios. Mol
U3YYWIM BIMSHHE 3THX M00aBOK Ha CTPYKTypy GHCIOS M NOKa3aid, 4YTO TOJILHHA
6ucnos ocTaeTcs NMPakTHYECKH HEW3MEHHOM NMpU TeX KOHUEHTpauusax cypdakraHTos
(1:1), xoraa yxe U3MEHAETCS aKTHBHOCTb (PepMEHTA.

AHanu3 KpuBBIX paccesHus Obul mpoBeseH ¢ rnomousio  Kparku-ITlopoa
npubmKerns 6e3 yueTa NPpOHUKHOBEHUS BOJbI B FHAPOQUIbHYO 001acTh MeMOpaH.
Hccnenosanioch HW3MEHEHHME TOJIMIMHBI JIMIMAHOTO OHCIOA B 3aBUCUMOCTH OT
KOHUEHTpalUUK JeTepreHToB B MeMOpaHe. beito mokaszaHo (puc.8), uto OucioiiHas
CcTpyKTypa aAByxkoMmnoHeHTHOH cmecu JHAO/JODPX coxpansieTcs [0 MOJIBHBIX
koHUeHTpalui paBHbiX 1.5:1. Tlpn koHueHTpauusx ot 1.5:1 mo 2.5:1 HabmopaeTcs
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[EePEeX0/iHOE COCTOSHHUE (COCYIECTBOBaHKE IBYX (ha3) M MPH KOHLEHTpauusx ot 2.5:1
no 3.5:1 aHanu3 KpUBBIX paccesHUs YyKa3biBaeT Ha IMPUCYTCTBHE B pacTBOpe
UWIHHAPAYECKHX WIH TpyGuaThIX
CTPYKTYp. /17 KOHUEHTpaUui BbllIE 4eM
4:1 nabmonaetcs nmepexoj B cepUUeckue
/§/{\ MHLIEJIBI (raoGysnbr). PesynbTathl
% {\, . BBIYHCIICHHH  TOJIUMHBI  OHCIOs U3

L
Mayoyrjiosoro mnpubmwkeHus  KpaTku-
s [Topona npuBeneHbl Ha puc. 8.
PucyHok 8. M3amenenue momyunvr bucnos

HODX ¢ 3asucumocmu om KOHYeHMPAyuu
32 T

T v T T T T
00 0.2 04 08 08 10 1.2 5.4 16 MAO
JAAO/IOD X, mons/Mons

44

5
8
(

Tonwmuabucnon, A
8
!

[Ipy Maneix koHueHTpauusax JJAO
TOJILIMHA 6ucon HE3HaYUTEIbHO
yBEIIM4MUBAETCS, MPH JalbHeHIIEM YBEJMYEHMM KOKLEHTPaUMM TOJLIMHA Oucios
HaYMHACT YMEHbIIAThCA N0 CPaBHEHUK C YHCTHIM JIMIIMIHBIM = OHCI0EM.
Haubosbline M3MEHEHHs TOJIUKHbI OUCTOs (YMEHbUIEHHE HA 4A) wabmonaroTcs Ha
rpaHulie TNiepexoja B HelaMelUBipHyw (azy. OTH M3MEHEHHMs TONLIMHBI OHCIION
JO®X mnon siausHueM JJJAO u nepexod B CMeElIdHHbIE MHIEMIbl  XOPOLIO
KOPPENUPYIOT ¢ M3MeHeHHsMH aKTHBHOCTH Ca”/AT®a3bl B CapKOIIa3MaTHIECKOM
perukynyme [Karlovska, Devinsky, Lasco, Hammel, Balgavy, ¢ nevatu|.
[Toeenenue nekan/JODX cmeceilt (puc.9) nokasplBaeT MPAMO MPOTHBOMONOKHYIO
TEHOEHIMIO — YBEIMYEHHE  TOJILMHBI

. Oucnod mnpu BO3PACTAHWH KOHLICHTPALIMH
/ JeKaHa.
< 4a ] /
2 o PucyHok 9. Hsmenenue moswunor bucnos
g o
s (}é% HODX 6 3asucumocmu oOm KOHYEHMPAYUU
g o gt dexana
- .
5 (v
S 14 IMokazano, YTO OO0 KOHLEHTpauUWit
nexkaw/JOPX 0.5:1 (Moas/MoMB) TONIMMHA
321‘; T T T T 1 oucyios He MCHAETCS, IIpH JanbHeHIIEM
Jlexan/JIO®X, monb/mons YBEJIMUECHHUH KOHUEHTpalUUuu JACKaHa

TOJIMHA HA4YMHAaeT MEMJIEHHO pacTH,
JOCTHUras yBEJIMUEHMS TOJIIIMHBI OUCAOA 2.4+1.3A NpY MOJSIPHOM OTHOIUEHUHU
pexkarw/JJODPX 1.2:1 u 9.6+1.3A NpU MOJAPHOM OTHOWeHUH AekaH/JJODX 5:1 mno
cpaBHeHHUIO ¢ yucThiM JODX Oucnoem. YBenuueHne TOMMHMHBl 6MCI0S MOTYT ObITh
oObsicHeHB! clienytoluM o0pasoM. [Ipu ManbIX KOHUEHTpaUMAX AEKaH PaclosIOkKEH
B/10Jlb ALMMABHBIX Lieniel Tunmuaa, nofo0HO ATMHHOLENOYEeYHbIM alkaHaM, npu Ooee
BBICOKMX  KOHLEHTpaUMAX [OEKaH TEpeXoJuT B LEHTp Oucnos  Mexay
MPOTHBOTNOI0KHBIMH MOHOCIIOSIMH.
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[MpoBeaeHHbIE IKCTIEPUMEHTHI [TO3BOJIAIOT CEJaTh BHIBOJ O TOM, HTO H3MEHEHUS
TOJILLMHBI OUc09 10 koHueHTpalmi nexan/JJOPX 1.2:1 oTHOCUTENIBHO MaJIbl, YTOOBI
SBJATHCS OCHOBHOM MpUUUHOM HW3MeHeHUs akTUBHOCTH Ca-Mg-AT®da3bl kak OblIo
npeanonoxeHo [4]. OnHako, 3T0 He 03HAYacT, YTO NPHCYTCTBUE ACKAHA B JIHIHIHOM
fucnoe NpU 3TUX KOHLEHTpalMAX HE H3MEHSET CBOMCTB MeMOpaH, TakMX Kak,
Hanpumep, natepaibHas Juddy3us wid Apyrie IHHaMHYECKHe MapaMeTpsl 6ucios.

B 3akiroueHde ObUIO TMPOBENEHO CPaBHEHHE H3MEHEHHUs TOJNIIMHBI JIMMTHIHOTO
61c05 B 3aBHCUMOCTU OT Buja J00aBOK: HEHOHHble CYp(aKTaHThl ¢ OJHHAKOBBIMH
ruapodobubiMy hparmentamu CxE, (Oonbuuas nonspHas ronoea) u DDAO (Maubiii
ruipodUIbHLIH GparMeHT) U NONHOCThIO ruapodobHas Monekyna AekaHa. J[aHHble
No TONUIMHE OWCIOA TpPH MOJAPHOM COOTHOWIEHHMH 1:1 mis pasiuuHbIX 100aBOK
npuBeAeHbl B Tab.2.

Tabauna 2. Tomyuna 6Gucnos us JOPX u, [IOPX  aunuoos, moougpuyuposHHeix
demepzenmamu CE, , JJIAO u oexanom npu coomnowenuu 1:1 (mone/mons).

JInnuy/ [MooX | MOOX/ [MOdX/ Modx/ J10 JIODX/ OOX/
JleTepreHt CiEx CiEq4 Ci2Ee DX DDAO JHexau
Toamuna 427 371 31.2 31.6 39 38.3 41
oHC.104, A

M3 cpaBHeHMs TaONUYHBIX JaHHBIX MOXHO CHENaTh BBIBOA, YTO TNpPH HalU4HH
OJIMHAKOBbIX THUAPOGOOHBIX (parMeHTOB CyphakTaHT ¢ OOJbLIMM MOJAPHBIM
(bparMeHTOM 3HaYMTENLHO YMEHbIUAET TOJIUIMHY OUCTION, ¢ MajIOH NOJAPHOH roJ0BOR
TpakTH4ECKH HE MEHSeT €€, TOraa Kak IOJHOCThIC TI'uApodoOHbIN nekaH naxe
yBEIWYMBAET TOJIILMHY OHCION.

OcHOBHbIe pe3y/IbTaThl NATOH IJ1aBbl.

1) llposeneHo aetanbHoe Uccnenoadue [HODX/CHE, (n=2,4 u 6) cMmeceit B U3bbITKE
U rapax BOJBIL:

a) YCTAHOBJCHO, YTO THApaTauus MoAu(GUUHUPOBAHHOTO OHCIOA HEeJIWHEHHO
MOBBIIIAETCA ¢ yBeawdeHueM uucia (OCH,CH;), rtuapodunbHeIX 3BEHBLEB
cypdakTaHTa, IPUIUHON 3TOTO NOBEAEHUS ABJIAECTCA MOABJIEHHUE HApPYIIEHUH BTOPOro
poda B OZHOMEPHO NEpPHOINUECKOH CTPYKTYpE MYJBTHUCIIOEB;

6) omnpeaeneHsl napaMmeTpbl MOAMGHUUHPOBaHHOTO OHCHOst B U30bITKE BOIbI;
MOKa3aHo, 4TO Mpu YyBeauwueHun uucna (OCH,CH,), TuApOQUIbHBIX 3BEHHEB
cypdakTaHTa MOBBIIACTCA THAPATALMA ¥ BO3PAcTaeT TOJLIMHA MOMAPHON obnacTu
O6HCI0s MpU ONHOBPEMEHHOM YMEHBUICHHH THAPO(QOOHOTO Clos, MpH 3TOM HE
CyILUEeCTBYeT JlaTepajibHOro pasaeneHus komnoHeHTos [JODX u C),E,; npu manom
yucne (OCH>CH;), 3BeHbeB n=2 MemOpaHa sBNIACTCH OoJiee PLIXJION HeM YHCTBIH
JIMMUAHBIA OUCIION, MpH YBEJHWYEHHM N YIIAKOBKa MOJEKya B OHCIoe CTaHOBMTCS
TJIOTHEE W IIPU N=6 JOCTHUraeT YAEIbHOM IUIOTHOCTH YUCTOTO JIMITHIHOTO OUCIION.

2) I1poaHaqU3HpOBAaHO M3MEHEHHE TONLUMHBI JIMIUAHOrO OUCIION B NMPHUCYTCTBHU
NETEPreHTOB € Pa3HBIMU MOJISIPHBIMU (parMeHTaMu. [lokazaHo, YTO ToJHIMHA GUCIOs
yYMeHbIIAeTCs B MNPUCYTCTBUH Oojiee rHAPOQWILHBIX CyphaKTaHTOB, TOrJAa Kak A7s
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TOJIHOCTBIO THAPOGOOHOro AekaHa OHa YBENIMYMBAETCA 3@ CUET €ro BCTPAUBAHMA B
o6yacTh MeXTy TPOTHBOIIONOXKHBIMH MOHOCJIOSMH 6HCTI0S.

3) [IlokazaHo, uro mnpucyrctBue nekaHa (Cjf,;) ¥ N-goaeuun-N,N-
numeTtwiamuna (CH,sN(CH;),0 ) B AMNUAHBIX MeMOpaHax MNpH IPH KOHUEHTPaLHUsIX
Hwke 1:1 MOMB/MOJbL HE3HAUMUTEAbHO MEHSET TONUIMHY Oucinod. B 1ol cBazu
TMPEANIONOKEHHE O TOM, YTO H3MeHeHHe akTUBHOCTH Ca AT®a3sbl ABnseTcs
pe3ylbTaTOM HM3MEHEHHUs TOJILMHBI OHCios [6] HE HMMEET 3KCIEpPHMEHTANIBHOIO
OCHOBaHWA.

OCHOBHBIE BbIBOJAbI PABOTbI

I. YcraHoBneHa ponb Haubosnee OOMIMX CTPYKTYPHBIX 3JIEMEHTOB XMMHYECKOTO
CTPOEHMS MOJIEKYJI IPUPOAHBIX $OoctoIUnUaoB (IBOHHBIX CBA3EH 1 CIOKHOIPUPHBIX
rpynmn) B ¢OpMHUPOBaHHH NMPHUPOIHOTO GocHOIUMTHUIHOTO OHCITON:

a) OblNO TOKa3aHO, YTO ABOiHBIE CBA3M B COCTaBE XMPHBIX KHCIOT MOJEKYJIbI
dochonunuaa KOHTPOIHUPYIOT CBOMCTBA MOJSPHOM 30HBI JIMIIMAHOIO OHCIOA:
M3MEHAIOT HAaKJIOH MOJSAPHOro ¢parMeHTa K INIOCKOCTH OUC/IOS; Haiuuue ABOHHOH
CBA3W B SKHPHOM KHCIOTE, HAXOJALIEHCA BO BTOPOM MOJOKEHHUH (CTPYKTypa
npuponHoro ¢ocdonunuaa) obecrneynuBaeT BbICOKYIO THIPATALHMIO [PUPOIHBIX
tdochonunuaHbx MeMOpaH;

0) mMokazaHO, YTO HajH4YUe IOJAPHOH CIONHOIPUPHOH TIpynnbl B IEpBOM
NOJAOKEHHH B MOJIEKYJax [PUPOAHbIX (GOCHOIUNHIOB YMEHbILAET TONLLIKUHY
ruapo¢obHOil NpociofikK JUMHAHOTO OHcnos Ha 4A; nunonbHLIA NOTeHLMAN
KapOOHWIBHOM TI'pyNIbl B sn-/ 1ieNM 3aMETHO NPEBOCXOAMT BKJIal KapOOHWIbHOH
rPYNIIbl B MOJIOKEHUH sA-2.

I1. Pa3paboTaHbl HOBble COCOOBl PETYIUPOBAHUA CTPYKTYPb! JIMIUIHOTO OUCIOA
(TonuumHbl ruapododbHOi M ruapoduiIbHOit obnacTei, KOANYECTBO CBA3AHHOH BOBI,
[pUXOAALIEH Ha OAHY MOJIEKYJNy JIMMIMAA), C IIOMOINbIO BCTPaWBaHHUA B OMCIOMH
HU3KOMOJIEKYAPHBIX TMAPODHOOHBIX U TOBEPXHOCTHO @KTHBHBIX COEIMHEHHH.

II. bbuim  pa3paboTaHbl M NPUMEHEHBl HOBBIE OKCMEPHUMEHTAIbHBIE U
TEOPETHYECKUE TICAXOABl TIPH OMPEACICHUU CTPYKTYPHBIX MNApPaMETPOB JIMITHUIHBIX
MeMOpaH B U30bITKE BOABI, ¢ YUETOM NPOHHKHOBEHHS BOAbl B THApOQMIbHBIH ci10H
oucnos.

IluccepTa HUOHHAA pa60Ta MPOACMOHCTPHUPOBAJIA HOBBIC BO3MOXXHOCTH

HalpapJICHHOI'O PEryJupOBaHUA TOJIIIHHbBI 6HCHOf{, CTENEHU €ro ruapatauMd H
BCJIMYHHDBI AUIIOJIBHOTO NOTEHHHAIAa M8M6paH.
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