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B pabore n3yvaercsi obpazoBaHre MOLYIMPOBAHHBIX CTPYKTYP B XHPAJBHBIX *KUJIKAX KpuUcTasiaax. s

Pa3JINYHBIX XUPAJIbHBIX HEMAaTHKOB, KOTOPBIE IIPX HU3KOI TeMIlepaType 00pa3yioT OObIMHYIO XOJIECTEPUIECKYIO

dasy (¢ 3aKkpyTKON B OJHOM HAIPABJIEHUN ), Mbl OOHADYZKUJIM, UTO IIPU BLICOKOW TEMIIEPATYDPE B OKPECTHOCTH

dazoBoOro mepexona B M30TPOMHYIO KUIKOCTb HAOIONAETCH YHUBEPCAJIbHAS MOCIEI0BATEIbHOCTD CTPYKTYP-

HBIX TIpeBpamenunii. [lmanapusrit xogectepuk TpancHOpMUPYETCs IPU KOPOTKOM IIIare CIINPaid B TPEXMePHBIE

(3D) daswr ¢ xkybuueckoit cummerpueit (Fony6pie @aspl), B aByMepHyIo (2D) cTpyKTypy Ipu IpOMeKyTOU-

HOM Imare coupasu u B oxHoMepHyio (1D) cTpykTypy B miockocTu obpasmna npu Gosbmom mare. CTpyKTy-

PbI O6J'Ia,,ZLa,IOT IIEPUOANIECCKHUM OPHUEHTAITUOHHBIM W TPAHCIATMUOHHBIM ITOPAJAKOM Ha Maciirabax CyIIeCTBEHHO

6OJIBITIE MOJIEKYJIAPHBIX MacinTaboB. OuTHyecKre n3MepeHus MPOBEIEHbI Ha YIIOPsI0UeHHBIX CTPYKTYPaX, M0~

JIyYeHHBIX BOJIM3U TEMIIEPATYPbI IEPEX0a B U30TPONHYIO ¢dazy. Boamokuble mpuanabl 06pa30BaHus CTPYKTYD

O6Cy)K,ZLaIOTCH Ha OCHOBE CYINECTBYIOIINX SKCIIEPUMEHTAJIBHBIX JAHHBIX U TEOPETUYIECCKUX ITOAXOI0B.

DOI: 10.31857/S1234567823070091, EDN: kbzcaa

Opycrpaliusi siBJISETCsI IPUIUHON TOsSIBJIEHUST OOJIb-
[IIOr0 YUCJIA HEOOBIYHBIX CTPYKTYD. XUPAJbHBIE HEMAa-
TUKM — HauboJjiee Gorarasi cucreMa, Ije MOI'yT 00paso-
BBIBATHCSI CTPYKTYPbI, UHIYIIMPOBaHHbIE (DPYyCTpaIsi-
mu [1-3]. Crabusbhble 1 MeTacTabusIbHbIe KOHMUIYDa-
U HaOJIIOMAIOTCA B TOM YHCJIE B CHCTEMAX KOHEYHO-
ro pasMepa u3-3a KOHKYPEHIIUU MeXKJIy XUPaJIbHOCTHIO,
VIOPYTOCTHIO U TOBEPXHOCTHBIM crierieHneM. Vx uzy-
YeHMe BayKHO Kak ¢ (PYHIAMEHTAJIbHON TOYKHU 3pEHus,
TaK ¥ B CBSI3U CO MHOTMME TEXHUYECKUMU [IPUJIOKEHU-
samu. VccietoBanus B 9TOM HAIPABICHUN TPEJICTABIIS-
0T 00medn3nIecKuii NHTEpec, B 9aCTHOCTU, B TAKUX
obnacTax HUsHKU, KaK (a30Bble IIePexXojibl B Cpejiax ¢
MHOT'OKOMIIOHEHTHBIM [IAPaMeTPOM IIOPSIIIKA, TOOJIOI -
qeckue edekTsl n dpycrparun. Hanbosee mpocrast xu-
pajibHas CTPYKTYPa — XOJIECTEPUIECKUN YKUJKAN KPH-
CTaJIJI, KOTOPBI UMeeT T'eJINKOMIAIbHOE YIIOPsI0YeH e,
obpa3oBaHHOE MMOBOPOTOM CpEJIHEH OpUEHTAIUN JIJINH-
HBIX OCell MOJIeKyJl (TaK Ha3bIBAEMOIrO N-JUPEKTODPA).
ITepuon cTpyKTyphl (AT COMpad p) CYIIECTBEHHO
60JIbIlIe XapaKTEPHOTO MOJIEKY/IApHOro maciiraba. Bo-
Jiee CJIOXKHBIE CTPYKTYPhI MOLYT OBITH IOJIYYEHBI U3
X0JIeCTEpUYIECKON (pasbl IPU BBICOKUX TEMIEPATYpPax.
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ITucbma B 2KOTP Tom 117 Bpm.7-8 2023

HecMmorpst Ha TO, 9TO CKAYOK OPUEHTAIIMOHHOTO IIapa-
MeTpa MOPSIKa MPU ITUX [IEPEXOTAX MaJl, JIOKAJbHBINA
OPUEHTAIIMOHHBIH HOPSIIOK U MAKPOCKOIIMYIECKAsT CTPYK-
Typa MOTLYT CYIIECTBEHHO oTyimdaTbcdA. Hambosee mz-
BecTHBIE (ha3bl, 0Opa3yOMMecs U3 XOJECTEPUKA, — ITO
tak HasbiBaeMble [osyGbie Pasor (BP) [4-7]. x cTpyk-
Typa OCTaBaJIACh 3araIOYHO B TEUEHUE MHOTUX JIECHATH-
JeTUA U OKa3aJach JTOBOJIBHO MHTEPECHON M CJIOZKHOM.
Tony6eie Paszbr 06pa30BaHbBI YIIOPSAIOUEHHON CTPYKTY-
poit nedeKToB (AUMCKIMHAIMN) H3-33 MPOCTPAHCTBEH-
HO# pycTpAIUHU JIOKAIBHOTO MOJIEKYJISPHOTO YIOPS-
Jodenus (Tak Ha3bIBAEMON JIBOMHON 3aKpyTKH, KOTO-
pasi He MOYKET HEelPEPBIBHO 3AII0JHUTH TPEXMEPHOE IIPO-
crpancTBo). Kybudeckue siveiiku Lonmy6nix @as comep-
2KAT HECKOJIBKO MIJJIMOHOB MOJIEKYJI. MomymupoBaHHbIe
CTPYKTYDPBI C JIBORHOMN 3aKPYTKO#1, 00pa3oBaHHbIE IIEPU-
OJINYIECKNU YIIOPSIOY€HHBIMI JleheKTaMu, MOTYT HabJIIO-
JIaThCH TaKXKe B JAPYIUX CHCTEMaX, B YACTHOCTH, B Ky-
Oudeckux XupasbHbIX Marmerukax [8]. Ormerum, 4To
XUPAJIbHOCTh MATHETHKOB OIIPEJIEJISIETCS BEJUIUHON U
3HaKOM B3aumojelicrsus I3somunckoro-Mopua [8, 9].

JlaHHasi CTATbs IOCBSIIEHa XUPAJbHBIM CTPYKTY-
paM C yIopsiIoueHrneM PAa3JINIHON pa3MepHOCTH, 0Opa-
3YIOMUMCS W3 XOJIECTEPUKA BOJM3U IMEPEXO/a B HM30-
TPOIHYIO KUJIKOCTE. [10Cse10BaTeIbHOCTD TPEXMEPHBIX
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(3D), asymepubix (2D) u ognomepubix (1D) crpykryp
obpasyeTcs IIpH yBEJIMIEHNH Iara XoJyecrepuka. Vccite-
JIOBaHUsI ObLIIN BBIITOJTHEHBI HA KU JIKOK PUCTAJLINIECKUX
CMeCSX HEXUPAJHHOIO HEMATHKA W XUPAJIBLHOIO BeIle-
crBa. O6pa3Ibl MPUTOTOBJIECHB U3 YKUJKOIO KPUCTAJLIA
E7 ¢ mupokuM TeMiepaTypHbIM MHTEPBAJIOM HEMATH-
geckoil asbl u xupasnbaoro semectsa CB15 (Synthon
Chemicals). B xosecrepuueckoii dase umeercs boToH-
Hag 3allpelllcHHasd 30Ha JJIsl CBeTa IIpaBoil KpyroBOU 110-
JIIPUBAIMKA. XOJIECTEPUYECKUN KUMKW KPUCTAJLI Ka-
MILISIPHBIM 00pa30M BBOIWIICS B STUEUKY C IIAHAPHBIM
CIEIJIEHEeM Ha IOBEPXHOCTH. MblI HUCIIOJIB30BAIN KOM-
MepuecKue siueiiku mpousBoicTBa Instec Inc. ¢ opuen-
TUPYIOIIAM CJIOEM, OJIATOIPUATCTBYIOMIMM OTHOPOIHOM
IUIAHAPHOM OPHMEHTAINU MOJIEKYJI Ha ITOBEPXHOCTH, Ca-
MOJIeJIbHBIE ILJIAHAPHBIE U KJIMHOBHUHBIE sideiiku. ToJ-
IMuHa sigeeK BapbupoBasach or 9 1o 50 mxm. B kimHO-
BUIHBIX si9eiiKax, B YACTHOCTHU, OIPE/IEIISIICA AT CITH-
pasu xosecrepuka MeronoM Kano-T'pamkana [1]. Mer
HCIIOJIB30BAJIA TOJIAPUBAIMOHHBIN OMTHIECKAN MUKPO-
ckon Olympus BX51, obGopyoBaHHbIi BuIcOKaMEPOit
1 BOJIOKOHHBIM crekTpomeTpoM Avantes. Habsomenust
[IPOBO/IMJINCH B IIPOXO/ISIIIIEM U OTPayKEHHOM CBETe, C JIH-
HEeIHOW M KpYyroBOH IoJigpu3anuneil csera.

Hamu wmcciremoBasiocs  o0OpazoBaHue pas3IMIHBIX
CTPYKTYP B 3aBHCHMOCTH OT Illara XoJiectepuka. Bce
HCCJIEJIOBAHHBIE CMeCH O00pa3yioT XOJIeCTEPUUIECKYIO
dazy. VsmeHsisi copep:kaHue XUPaJbHOI'O BEIIECTBA,
MBI U3MEHSIN BEJIMIUHY Iara XOJeCTePUKa P U CIEK-
TpaJIbHOE II0JIOXKeHHe (POTOHHOI 3allpelieHHONl 30HbI
AB = pn, Tjie N — CPENHUN OKA3aTeNb IMPEIOMJIe-
uus [3]. Ha pucynke la mokazaHa 3aBHCHMOCTH Iara
XOJIECTEPHKA P U BOJHOBOI'O YHUCJIa ¢ = 27T/p OT KOHIIEH-
Tpanuu XupasabHoil 1o6aBku X . CIJIONIHBIE CUMBOJIBI —
pe3yIbTaThl, IOJyYeHHBbIE METONOM KjiamHa Kamo—
I'pamxana mis xosnecrepuka ¢ marom p > 0.3 MKM
(puc. 1b). TTosble CUMBOJIBI — BEJIMIUHBI, ONIPEIEIeHHBIE
U3 U3MEPEHWIl CIEKTPOB CEJIEKTHUBHOTO OTPAaYKeHUs
X0JIeCTepUKa ¢ KOPOTKHM ImaroM p < 0.7 MM, puc. lc.
Jlannble, MOJy9YeHHbIE JBYMsI METOJAMU Ha OJHON u
TOI K€ CMEeCH, XOPOIIO COIJIACYIOTCS JIPYI C JIPYrOM
(puc. 1la). Jluneiinoe yBejudyeHue ¢ IpPU yBeJUUEHUU
X TUNUYHO IS CMecell HeMaTuKa C XUPaJbHBIMU
nobaskamu [10]. Tpu crpykrypst ¢ 3D, 2D u 1D
yIopsiiodenrneM 00pPa30BBIBAJNCH U3 XOJECTEPUKA IIPH
HarpeBe BOJM3M mepexoga B wu3oTpomHyoo daly. B
paboTe ONMCHIBAIOTCS WX ONTUYECKUE U CTPYKTYPHBIE
0CODEHHOCTH.

Tpexmepuble cTpyKTypsl (3D). B xupasbHbIX
BEIECTBAX C MaJIbIM IIArOM XOJIeCTepuKa (p MeHbIIe
upumepno 0.32 MKM, [IpaBast YacTh JAUArPAMMBI puc. 1a)
BOJIN3U [1€PEX0/ia B U30TPOITHYIO XKUJKOCTh XOJIECTEPUK
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Puc. 1. (Isernoit onnaiin) (a) — 3aBUCHMOCTS IIara Clupa-
JIX P U BOJHOBOI'O 9HCJIa XOJIECTepUKa ¢ = 27 /p oT copep-
JKAHWs XUPAJIbHON 106aBKH X B HEMATHIECKOM KHJIKOM
kpuctajte. CIJIONIHBIE CUMBOJIBI — JAHHBIE, TIOJTyI€HHbBIE
meronoM Kano-T'pamxkana (puc.1b). Ilossle cumBosb —
JIAHHBIE, MOJTyYCHHBIE U3 W3MEPEHUsI CIIEKTPOB CEJIEKTUB-
Horo orpaxkenmst (puc.lc). Bo Bcex cmecsx miaHapHbLi
XOJIECTEPHK CYINECTBYeT IIPU HU3KOi Temmeparype (Kejl-
Tast nosioca). Pasimanble crpyKTyphl ¢ TpexmepHbIM (3D),
nBymepHbiM (2D) n omsomepubiM (1D) ynopsimouennem
o6pa3yiorcst BOIM3M Ilepexojia B U30TPONHY0 a3y Ipu
M3MEHEHUH IIAara XOJeCTEPUIECKON CIUPAJIN: TPEXMEPHBIE
Tonybele @aspl (cuHAA MOJTIOCA), IByMEPHAs CTPYKTYPa
(kpacHasi moJioca), OJHOMEPHAs II0JIOCYATast CTPYKTYDa
(cepas mostoca)

TpanchOpPMUpPYETCs B TPeXMepHble CTPYKTYphl: LoJry-
Gass @aza I (BPI) u Tonybas ®asa 11 (BPII) [4-7].
Ha pucymke 2a, b mokazamsr pororpadun noJuKpucTa-
smaeckoro obpasna BPI u moHOkpucrasmmaeckoro ob6-
pasna BPII. JlokasibHOE MOJIEKY/ISIPHOE U MaKPOCTPYK-
TypHOe ynopsimodenune B lomyObix Pazax cyiiecTBeH-
HO OTJIMYAIOTCS OT XOJiecTepuka. JIOKaJIbHBI MUHUMYM
SHEPI'MHM COOTBETCTBYET JIBOWHON 3aKPyTKE — IIOBOPOTY
OpHEHTAIIUN JIJIMHHBIX OCEil MOJIEKYJI B JIBYX I€PIIEH M-
KYJISIPHBIX Hampaienusx. OOpazoBaHue MaKpPOCKOIIH-
JeCKOil KyOU4IecKoil CTPpYKTYPbI IPOUCXOIUT U3-3a Ieo-
METPUYIECKHNX (pycTparuit [3] Munuanpsr ¢ aBoiiHOM
3aKPYTKOI HE MOTYT 3aIlOJIHATH TPEXMEPHOE IIPOCTPaH-
ctBo. QUM 13 crtocoboB n36eKaThH (PPYCTPAIUH ABJIS-
eTcst 06pa30BaHNe TONOJIOTUIECKUX JeeKTOB (JIUCKIN-
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Puc.2. (Llpernoii oumaiin) @Pororpadum TpexXMEPHBIX
(3D), mBymepnoit (2D) u omsomephoit (1D) crpykryp.
(a) — Ionukpucrannyeckas rekcrypa BPI; (b) — moHO-
kpucrajumieckas wieaka BPII. Yunopsnouennsre 2D (c)
u 1D (d) crpyxrypsel Illar cnupanu xosecrepuka p =
= 0.29 mxm (3D), p = 0.352Mxm (2D) u p = 4mkm (1D).
Dororpacdun CHATHI B oTpazkeHun (a)—(c) u B HpoIrycKa-
mnu (d). Topmsonranbubiii pasmep dororpaduii 60 MKM
(a)—(c) m 23 mxm (d)

Hanuii ¢ cuioit —1/2), pacnosaraonmxcs Mexky obJia-
CTSIMU C IBOMHON 3aKpyTKOii. B pe3yibrare 06pasyroTcs
peryJsisipHble KyOmdeckue siaeiiku. MaKpocKonuiaecKkne
KybOmdeckne (pa3bl TaK»Ke MOTYT PAaCCMATPUBATHCS KAk
CTPYKTYpBI, 0bpa3oBannbie HabopoM Pypbe-rapMOHUK
C Ppa3JInIHBIM [EPHOJIOM U OpHeHTarmeil. B nHacros-
mee BpeMsi ycraHoBsieHo, uTo BPI nmeer o6bemHOIECH-
TPUPOBAHHYIO KyOUUECKYIO f49eliKy (IpOCTPaHCTBEHHAS
rpymma O%), BPII nmeer mpocryio Kybudeckyto sdeii-
Ky (mpocrpancrsennas rpymma O2), pasmep 3Jemen-
TapHBIX TYEEK COCTABJISIET HECKOJBKO COTEH HAHOMET-
pos. “@orosas” daza (BPIII) obpasyercs B BemecTBax
€ MAJIBIM IIANOM CIIIPAJIA U MAKPOCKOIIMIECKH U30TPOII-
Ha [7]. B orimane ot Xosjecrepuka, Iiie UMeeTCs €IHH-
CTBEHHA TI0JIOCA CEJIEKTUBHOTO OTPAaYKEHUsI, B TPEXMep-
Hbix Losryobix @aszax BPI u BPII moryT Habsogarses
OTPayKeHUsI OT PA3JIMIHBIX KPUCTAJINIECKUX ILIOCKO-
creit. Crnekrper orpazkenunst BPI u BPII (puc. 2a,b) no-
Ka3aHbl Ha puc.3a. B momummomennoit crpykrype BPI
(puc. 2a) pasaMYHBIE [[BETA COOTBETCTBYIOT KPUCTAJIIN-
gecknM maockocTsaM (110) u (200), opueHTHPOBAHHBIM
MapaJureSibHO IUIOCKOCTH TieHKu. mdpaknus paspe-
IaeTCs OT YKA3aHHBIX Ha PHC. 3a IUIocKocTei. MoHo-
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Puc. 3. (LigerHoii onuaiin) (a) — CrieKTpbl OTpasKeHusI 110~
JIKpHCcTaLandeckoil wrenkun BPI ¢ orpaxkenmsivu [110],
[200], [211] u monokpucrammmueckoii niuenkun BPII ¢ or-
paxenuem [100]. (b) — Cuekrpel OTpaykeHusi ABYMeEp-
HOIl CTPYKTYpPbl B CBeTe IIpaBO KPYIOBOH IIOJIAPU3A-
nyu (CIUIONIHAST KPUBasi) M JIEBOH KPYTOBOI IIOJISIPU3AIAN
(myHKTHpHAst KpuBasi). B KaXK/j0M CrieKTpe BUJHBI J(BE 110~
sochl (1 n 2). OTHoLIEHNe JJIUH BOJH MAKCHMYMOB JIBYX
II0JIOC B KazKJIOM crnekTpe okosio 1.4. ITlar cnmpasm xoste-
crepuka p = 0.29 mxm (a) u p = 0.352 mxm (b)

nomenubiit obpazerr BPII umeer equuuvnbiilt muk oTpa-
sxernst [100].

[Ipu yBenudenum rtemiepaTypbl HAOJIOIAETCS MO-
CJIeJIOBATEILHOCTD TepexoioB xojectepuk—BPI-BPII-
BPIII. Ha ¢daszoBoit muarpamme TeMIieparypa — KOHIIEH-
TpaIus XUPAJIHHON JTOOABKH MPU YMEHBIEHUN XUPAJIb-
HOCTHU (yBEJMYEHUN Iara CIUpaJd XoJIecTepuka) BOm-
31 Tepexofia B U30TPOIHYIO KUIKOCTb Losrydnre Daser
nosBisiores B nocsenoBarenpHoctu BPIIT-BPII-BPI,
T.e. MAKPOCKOIIMYECKH H30TPOIHAsI CTPYKTypa — IIPO-
crasi Kyomdeckast — 0ObEeMHOIICHTPUPOBAHHAS KyOude-
ckast [7]. Tlomo6GHOrO THIA IOCIIEOBATEIBHOCTD COOT-
BeTcTByeT o0IIeit (ha30Boil JuarpaMMe U IOCJIEI0Ba-
TesbHOCTH a3, cieyromeit u3 Teopuu Jlanmgay ciaaboit
kpucrajuinsaiuu [4, 11]. Hamu npogoskena u 06o6miena
9Ta TOCJEI0BATEIHHOCTD EPEX0/IOB TIPU YMEHBIIIEHUN
XUPAJIbHOCTH, BKJIIOYAIONIAs B cebsl HE TOJIBKO TPEXMep-
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ubie 3D das3bl, HO U CTPYKTYPHI MEHBIIEN PA3MEPHOCTH
(2D u 1D).

AdBymepnasi crpykrypa (2D). Curyanus co
CTPYKTypaMu, OOpa3yOIUMUCS I[PU OOJIBIIEM IIare
cimpanu (p Gosbire, yem npumepHo 0.32MrM), Gosee
cioxkHasi. PaHee B JmTeparype OIMCHIBAJIOCH OBpa-
30BaHUe PA3/IMYHbIX HEOOBIUHBIX TekcTyp [12-26], B
TOM 9HCJIe B CBOOOJIHO HOJBEIIEHHBIX IUICHKAxX [27-29].
OHako HE BCerja sICHO, COOTBETCTBYIOT JIM 9TU TEK-
CTYPBI OJHAM U TEM K€ WJIU PA3JIAIHBIM CTPYKTYPaM.
OTuacTn TpUYUHA COCTOUT B TOM, UYTO H3MEPEHUS
OPOBOJMJIMCH Ha HEYIOPSIOYeHHBIX obpasnax. Hawm
YIAJIOCDH MOJIyYUTh JBYMEPHYIO YIIODPSIOYEHHYIO CTPYK-
Typy BOAM3M 1epexoia B wu3orpounyio ¢da3zy [30].
MeieHHBIN HArpeB XoJecTepruka (Kak IPaBUIIO, CO
CKOPOCTBIO 0K0JIo 0.1 °/MUH) MO3BOJIMI OJSYIATH O6-
JIACTHU C PEryiadpHO YIOPAJOYEHHON CHCTEeMON JOMEHOB
(puc. 2¢). CuekTpbl OTpazKeHus JBYMEPHON CTPYKTY Db
B IIPaBOi M JIEBO KPYIrOBOH IIOJISIPU3ALUEA [TOKA3AHBI
Ha puc.3b. Beiranyreie 3esenbie gomensl  (puc. 2¢)
COXPAHSIOT OPUEHTAIMIO ILIAHAPHOTO XOJIECTEPUKA
BOJIN3M MOBEPXHOCTH U HMMEIOT Ty YK€ JJIMHY BOJIHBI
OTpasKeHHsl CBETa, YTO U XOJIECTEPHK (OKOJO 575 HM
B HameMm ciydae, puc.3b). Ilupokas mnosoca pu
MEHbBIIUX JJIMHAX BOJIH CBA3BIBAETCS C JBOHHBIMU OTpAa-
JKeHUsIMHA OT 0bJiacTeil, rie och XojecTepuka obpasyer
yroJ mpuMepHo 45° 110 OTHOIIEHUIO K IJIOCKOCTH 00pa3-
na [30]. O6Hapy:KeHo, 9TO yIOpsOYEHHbIE JIBYMEPHbIE
obyiacTu Jjierde o6pasyrOTCs, KOIJA XOJecTepudecKast
daza nMeer IIAHAPHYIO OPHEHTAINIO BOJU3HU IIOBEPX-
Hoctu. /IByMepHas CTpYKTypa cTabmiIbHA TP BBICOKOIM
TeMueparype (B TeMIIepaTypHOM uHTEpBaJe okoio 1°C
BOJIU3U [IEPEXOa XOJIECTEPUK—U30TPOIHAS YKUJIKOCTD )
U MOXKET COXPAHATBCS KaK METACTAOMJIbHAS CTPYKTYyPa
Opu HU3KOH TeMmmeparype (BIAJEKE OT MEepexoja).
IITar xoJecTepuKa CyIIECTBEHHO MEHBIIE, 9€M MEPUOJ,
KBaJIDATHOW PEIIETKN W TOJINUHA IIEHKU. MHOTIa MBI
HabJTIOa/I 00pa30BaHue IPYTroil TEKCTYPbl, 00pa30BaH-
HOil GOJIBIIMME JOMEHAMU C HM30THYTHIMH TPAaHUIAME
(puc. 4). Buyrpu 6oJblIuX JJOMEHOB B OTPaKEHUH BU/I-
Ha TovedHas ocobeHHOCTh (puc.4a). Ee nper n jnnna
BOJIHBI OTPAKEHUZ COOTBETCTBYIOT IJIAHAPHOMY XOJIE-
crepuky. B psime ciiygaeB OosibIine JTOMEHBI 00Pa3yoT
IPOCTPAHCTBEHHO YIIOPSAJOYeHHbIe I'PYIIbl (puc. 4c).
OcobeHHoCcTH 3TO# CTPYKTYPBI JIOBOJIBHO HHTEDPECHBI
U HAIOMHUHAIOT TEKCTYpy KOH(OKAJILHBIX JIOMEHOB B
CMEKTUYECKHUX KUAKNX Kpucrauiax [1]. Obbscuenne
9THUX TEKCTYD (CBS3aHHOE C TeM OBCTOSITENBCTBOM, UTO
Ha MaciITabax OoJibIlle Iara CIUpajd XOJIECTEPUK B
psZie CIy9aeB MOXKHO PACCMATPUBATH SKBUBAJEHTHBIM
CMEKTHKY, CM., Hapumep, [3]) MoxkeT ObITh npeaMeToM
JAJBHEAIINX TeOPETUIECKUX UCC/IEIOBAHUIL.

Puc.4. (IIernoit onnaiin) Tekcrypa, oGpasoBaHHas U3
xonecrepuka ¢ marom p = 0.352mxm. Kapruna mamo-
MHHAET TeKCTypPy KOH(OKAILHBIX JOMEHOB B CMEKTHYe-
CKUX KUIKUX Kprucrasuiax. Orpaskenue (a), NpOIMycKaHue
(b)—(d), monsipusaTops! ckpemieHsl. JomeHsl MoryT 06pa-
30BBIBATH POCTPAHCTBEHHO YTIOPSAI0YEHHbIE TPYIIEL (C).
(d) — dBa momeHa IOKa3aHBI B yBEJMUEHHOM MaciiTabe

Opuomepnasi crpykrypa (1D). Ilpu Gosbiiom
mare xoJjecrepuka (p 6osibine 1 MKM) 06pasyeTcst OfHO-
MepHas 1osiocdaras crpykrypa (puc.2d). Ilepuon pe-
[IETKU — TPUMEPHO IOJIOBUHA Iara XOJIECTEPUIECKON
cuupasu. V3orayreie nosocdarsie u 60jee CIOKHBIE
CTPYKTYPBbI 06pa3yIoTcs u3 Kaiesb xoJjecrepuka [31]. B
HAIUX IKCIIEPUMEHTAX MBI TaK¥Ke HabJIIoIaIN TMom106-
HbIe CTPYKTYPBI. VIMeeTcst HECKOJIBKO 00bsiCHEHU T 0Opa-
30BaHus [0JOCYATHIX CTPYKTYD B XoJsecrepuke [31-34].

O6cyuM Ternepb MPUIUHBI 00PA30BAHMST MOJLYJTHPO-
BAHHBIX CTPYKTYD, CJeJIaB YIOp Ha JBYMEPHOE KBa/I-
parHoe yropsigodenne. Hekoropsie onrutieckne ocobeH-
HOCTH HAIle#l IByMEPHOI CTPYKTYPbI HAIOMUHAIOT KOH-
dokanbubie gomens [12-15]. KordokanbHble H0MEHBI
ObLIU BIIEPBBIE OOHAPYYKEHBI B CMEKTUYECKUX YKUJIKUX
KPUCTAJIJIAX, U HUX CTPYKTYpy OObsacHmwin DPpuiessb,
I'paxan [35,36] u Bparr [37] kak 06pa3oBaHHyI0 KOM-
[UIEMEHTAPHBIME  (COTIPSIZKEHHBIME) JlehbeKTaMu B BHU-
Je sjuiunca u runepbosst. Poszenbiar u coasrops! [13]
[IPEJIOKUIIN MOJIE/Th KOH(DOKAILHON CTPYKTYPBI C JIBY-
M3l CONPSIZKEHHBIMU TapaboJIaMu it OO'bSICHEHUST TEK-
CTyp, HAOJIIOJABIIUXCSI B CMEKTHIECKOH U XOJIeCTepHde-
ckoii dazax. CyIiecTBEHHBII BKJIAJ B IIOHUMAHUE KOH-
dOKaTHHBIX XOJECTEPUIECKUX JIOMEHOB BHEC/IH, B YACT-
Hoctu, Bymnuran [12,38] u dna, dmamoro n Mokosinva
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[39, 40]. OHuM U3 TIaBHBIX pe3y/IbTaToB Bynurana [12]
OBLIO TO, YTO CTPYKTYPbI Ha IPOTUBOIIOJIOXKHBIX CTO-
POHAX XKMJIKOKPHUCTAJLJINYECKON IIEHKU CIABUHYTHI HAa
[IOJIOBUHY IIE€PUOJIA JIBYMEPHOrO ymopsimodenns. Hamu
Tak>Ke OOHAPYKEHA 3Ta OCOOEHHOCTD ¥ JABYX MTOBEPXHO-
cTell B Halllell [ByMEPHOH CTPYKType.

JIlBymepHBIE ¥ OCODEHHO OJHOMEDHBIE CTPYKTYPBI
9acTo 00pa3yIoTCs B 3JEKTPUIECKOM moJe. B wacTHO-
cTH, ux 00pa3oBaHue CBsI3aHO ¢ b dekToM Xenbhpuxa—
FOpo [1,3]. HeranbHble ucCIen0BaHUs UHYIUPOBAH-
HBIX II0JIEM JBYMEDHOIN M OJHOMEPHOI CTPYKTYP IpPO-
Besiu Cenrok, Cmaismox, u Jlaspenrosud [17] ¢ ucnonn-
30BaHUEM (DJIFOOPECIIEHTHON KOH(MOKAJIBHOM MTOJISIPU30-
BaHHOUW MHMKpOCKonuu. /IByMepHbIE CTPYKTYPbI UMEJIU
KBa/IPATHYIO DEMIETKY B ILUIOCKOCTU XOJIECTEPUIECKO
wienku. O6pa3oBaHue JOMEHOB 3aBHUCEJO OT MOBEPX-
HOCTHOI'O CIEIlJIeHHs] Ha TPaHulax sdeiiku. B omHoMep-
HO# CTPYKTYpE HAOJIONANCH MEPUOINIECKH PACIOJIO-
2KEHHBbIe mapaboJimaeckue 1eeKThl B BEPTUKAJIHHOM Ce-
YeHUM IJIEHKH C IeHTpaMu u3ruda B (oKyce mapado-
et (A2 nuekmmanus) u B6m3H nosepxmocTn (A2
juckianHanust) [17]. OHaKo B 9THX SKCIEpUMEHTaX JIBY-
MepHasl U OJHOMEPHAs CTPYKTYPbI ObLIM WHIYIIUPOBa-
HBI 9JIEKTPUYECKUM IT0JIEM C IIEPEXOJIOM OT IBYMEPHOIA
K OJHOMEDHOW NIpW yBeJIWYeHWH M0Jisi. B HameMm ciry-
yae Iepexojl MexK/ly JIBYMEPHOI U OJHOMEPHOIl CTPYyK-
TypaMU IIPOUCXOIUT CIOHTAHHO IPU YBEJIMYEHUU IIAra
xoJtecTepruka 6e3 MPUIOKEeHNsT BHEITHIX CHJI.

B negasaux paborax Cemungpxep [41] u Jlonr u Ce-
JuHRKeD [42] npesyioKuiau HOBbIH OAX0 it O6bsic-
HEHUsI MHOYKECTBa PA3JIMYHBIX MO/LYJINPOBAHHBIX CTPYK-
TYp B XMPAaJbHBIX HEMATHKAaX W POJb (dpycTpanud B
ux obpasoBanuu. OcuoBHol pesyibrar pador [41,42] —
TO, YTO XUPAJIbHBI HEMATUK UMEET TEHIEHIIUI0 00pa30-
BBIBATH JIOKAJIbHYI0 KOH(DUTYPAIIUAIO C JBOIHON 3aKPyT-
KOl M3-33 TaK HA3BIBAEMOIO CJIATAEMOTrO CEJJIOBUJIHO-
ro usruba B yupyroii suepruu (Momynb ®@panka Kog).
ITockoJibKY 5Ta CTPYKTypa HE MOXKET 3all0JHUTH TPeX-
MEpHO€e IIPOCTPAHCTBO, OHA JIOJIKHA OBITH (bPyCTPUPO-
Baua. [losToMy OOBIYHBIN XOJIECTEPUK 00pa3yeTcs Kak
OJIVH U3 BapUAHTOB CHsTHsA (pycrpanuii. Kak mokasa-
HO B [41,42], ouenp csiaboe OPUEHTAIIMOHHOE CIIEILIEe-
HU€ Ha TPAaHUIE WK CBOOOIHDBIE MOBEPXHOCTU IIO3BO-
JITIOT Takke u3bexkarhb dpycrparumit. Bo3aMoxkHo, UTO
[TOXOXKUI MEXaHU3M MOXKET Peajin30BbIBATHCS B HAIIMX
9KCIIeprMeHTax BOJM3U (DA30BOTO MIEPEXOIA B M30TPOII-
Hyio ¢a3zy. B pesysibrare JByMepHas CTPYKTypa 3ame-
usgetr TpexmMepubie ['oyobie @a3bl mpu OOJIBIIOM IIIare
XOJIECTEPUKA.

B 3zakiouenne, BOM3M mepexoia B HU30TPOIHYIO
KHUJIKOCTh TPHU PA3JUYIHBIE CTPYKTYPBI MOTyT 00pa3o-
BBIBATHCS U3 XOJIECTEPUUIECKOH (pasbl: TpexmepHbe (3D)
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Toy6nie Pazbr mpu KOPOTKOM IIIAre CIIUPAJIH, JABYMEP-
Has (2D) cTpyKTypa B INIOCKOCTH IUIEHKH IIPU IIPOMe-
JKyTOYHOM miare u ojHomepHas (1D) crpykrypa mpu
6osbmiom miare. Cremayer OTMETUTh, YTO BCE 9TH CTPYK-
TYPBI U X HOCJIEIOBATEIHHOCTD MOTYT OBITH ITOJIYY€HBI
C WCIIOJIb30BAHUEM OJHOIO M TOI'O YK€ HEMATUYECKOI'O
BEIECTBA C PA3JINYHON BEJIMYMHON XWPAJbHON H00aB-
KM B g49eiflKax OJHOI M TOH K€ TOJIIWHBI, HCIOJIb3yd
KOMMepYeCKre si9eifiKu, caMojie/IbHble siYefiKu U JlarKe
Adeiiku 6e3 crenuaabHoi 06paboTK HOBEPXHOCTH. JTO
ITO3BOJISET IPEIIOJIOKUATH, ITO HADIOAAEMBbIE SIBJICHUST
CBsI3aHbI C YHMBEPCAJbHBIMU CBONCTBAMH XHPAJbHBIX
MaTepuaJsioB. B HacTosiiee BpeMs YIOPSIIOYEHUE KOH-
bOKAIBHBIX JIOMEHOB — HanbOJIee MOIXOISANAS MO
st 00'bsICHEHUsT OCOOEHHOCTEH HADIIIONAEMbIX JIBYMEP-
HBIX CTPYKTYP, a (ppycTpanmst MOXKET PACCMATPUBATHCSI
KaK IpUYInHA UX 00pa30BaHUs.
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