Kuoxue kpucmannwt u ux npakmuyeckoe ucnonszosanue. 2012. Boin. 1 (39). C. 42 - 51

VK 532.783
A. M. IIapwiun, B. A. I'ynakos, B. A. 3vipanos, B. @. Illabanos
JOMEHHBIE CTPYKTYPbl HEMATHUKOB HA IOBEPXHOCTH INOJIUMEPA
NEMATIC DOMAIN STRUCTURES ON POLYMER SURFACE

WNucturyT dpusuku um. JI. B. Kupenckoro CO PAH,
660036 KpacHospck, Akagemroponok, 50. E-mail: parshin@iph.krasn.ru

Uccneoosano ynopsoouenue nemamuueckux sscuoxkux kpucmainos MBBA u S na
nosepxHocmu noaukapoonama. Ha nienkax, noiyuenHvix U3 pacmeopa noaumepa 8 Ouxiop-
Memane unu xaopogopme, ob6HapyHceHbl OOMEHHble CMPYKMYpPbl, KOMOpble 8blpacman 6 He-
Mamuxax Ha QpoHe HAYANLHOU HUMESUOHOU UNU WAUPEH MEKCYPbl 8 meyeHue pemetu, 3a-
sUCAWE20 OM 8PEMEHU BbIOEPIHCKU NIEHKU 00 HAHeCeHus Ha Hee i uokozo kpucmannd. On-
MUYECKUMU MEemooamu, ¢ UCNOIb308aHUEM IPPeKmos 08y1yuenpenomienus U OnmuiecKko2o
30HOUPOBAHUS, YCIMAHOBIEHO, YMO pacnpeodeienue nojisa OUpeKmopa Hympu 0oOMeHa umeem
8UO PAOUATLHOU CMPYKMYPbl. B KAnisax HemMamuxos 0OHAPYICeH MmeMnepamypHbviil nepexoo
NJIAHAPHASL — 20MEeOMPONHAsL OPUEHMAYUSI — U3OMPONHOE COCMOSIHUE C NPOMENCYMOUHbIMU
HAKIOHHBIMU 8bIPOHNCOECHHBIMU COCMOAHUAMU Oupekmopa. Tlokazano, umo nepexoo npoucxo-
Oum 8 MOHKOM HAYAIbHOM CJI0€ JHCUOKO020 KPUCMANIA U 803HUKAEm BC1e0Cmeue KOHKYPU-
PYOWuUx cun 601U3U NOBEPXHOCHIU.

Knroueswie cnoea: sxcuokuii Kpucmaii, noaumep, Cmpykmypa, OOMeHbl.

The ordering of MBBA and 5CB nematic liquid crystals on the surface of polycarbo-
nate is studied. On films prepared from the solutions of polycarbonate in dichlorometane or
chloroform were visualized domains that grow in nematic liquid crystals on the background
of the initial thread-like or schlieren texture over time, depending on time of exposure of the
film before applying a liquid crystal to it. By optical methods using birefringence effects and
optical probing, it was found that the nematic director within domain forms a radial struc-
ture. In the nematic droplets the temperature transition from planar to homeotropic orienta-
tion and to isotropic state with intermediate sloping degenerated states the director is found.
It is shown that the transition occurs in a thin initial layer of liquid crystal and it is a result of
the competitive forces near the surface.

Key words: liquid crystal, polymer structure, domains.

BBenenne

UccnenoBanue cTpykTypHOro ymnopsimoueHus xuakux kpuctamioB (XKK) BakHo kak
JUISL pa3BUTHS (PU3UKU KOHACHCHUPOBAHHOTO COCTOSIHUS, TaK U JUIsI MPAKTHUECKOTO UCIIOJIb30-
BaHus. B 0011eM ciryyae MOXHO BBIJICIUTH HECKOJIBKO BUIOB yropsipoueHust B XKK-sueiikax.
B mepByto odepenp cienyer OTMETUTh, YTO Ha HeOOpaObOTaHHBIX TBEPABIX MOIJIOKKAX, B OT-
CYTCTBUE TOJISIPHBIX CHJI, MOJIEKYJIbl HeMaTrudeckoro KK opueHTHpyIOTCS mapauienbHo Jpyr
JIpYyTy ¥ OTpaHUYMBAIOIIUM MOBEPXHOCTSAM. [Ipu 3TOM BO3HMKAeT HEOAHOPOJHAS OpPHEHTa-
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i, KOTOpas IUIaBHO BapbUPYETCs B INIOCKOCTH TOJUIOKKH. B 3aBUCMMOCTH OT TOJIIMHBI
ciost JKK mMoxHO HaOmogaTh 1100 HUTEBUAHYIO TEKCTYpY, MO0 HUIMpEeH-TeKcTypy. [lepBas
IpeCTaBIsIeT COO0M OIHOPOIHBIE 00MacTh Me30(a3bl, pas3JelieHHbIE MMOIBUKHBIMH JIMHEH-
HBIMM JHUCKJIMHALUSAMU, BTOpas UMEET CUHTYJISPHBIE TOYKH, U3 KOTOPBIX MCXOJAT JINHUU —
UCKaXCHHbIE 00JIACTH IUTaHapHOW opueHTauuu. JleQekThl B JaHHBIX TEKCTypax SBIISIFOTCS
00BEKTaMU caMOW HEMaTU4YeCKOH Cpe/bl U MOJUUHAIOTCS TOMOJOTHYECKUM 3aKkoHaM. B 3aBu-
CHUMOCTHU OT 3HaKa TOIOJIOTMUYECKOT0 3apsa, OHU MOTYT JIMOO aHHUTHIINPOBATD, J1aBasi OJJHO-
poaHYyI0 o0siacTh 00Opaslia, MO0 CyMMHUpPOBAThCs, 00pa3ysl OPYIyH CHHIYJISAPHOCTh. Takue
CTPYKTYpbI U3BECTHBI AaBHO [ 1] ¥ Mpo10JIKAIOT UCCIIEI0BAThCA B HAacTos1Iee Bpems [2].

K npyromy BHUIy MOJIEKYJIIPHOTO YIOPSAIOYEHUSI MOKHO OTHECTH JIOKAJIbHBIE 00pa30-
BaHUs B oObeMme win Ha noBepxHocTH Hemarumdeckoro JKK. Haumbonee xapakTepHblil Buj
JAHHBIX OOpa30BaHMM IMpeICTaBiseT cOOOM Kaliii HEMaTHKOB, IUIABAIOLINE B HM30TPOIMHOM
XKUJKOCTH, KOTOpPBbIE MOTYT OBITh MOJIydeHbl npu s3mynbrupoBanuu KK B raounepune [3]. B
nporecce (HOpMUPOBAHMS Kallsld BO3HUKAIOT B BHUJE AUCHEPCHON (a3bl, pacnpeeneHHON B
JMICTIEPCUOHHOM cpesie, 00pasysl JUCIepCHOHHYI0 cucTteMy. [loxoxkue xamm (HopMUpPYIOTCS
IpH pacnajae TpexkoMnoHeHTHOH cuctemsl KK — pactBopurens — nonumep [4]. Heonnopoa-
Hasi OPUEHTALUS JUPEKTOpAa HEMAaTUKa B KaIlIsX OOYCJIOBIMBAECTCSI TPAHUYHBIMU YCIOBUSIMU
(HOpMaJNbHBIMU WM TAHT€HIUAIbHBIMH) M OPHUEHTALIMOHHOM aHM30TpONUEH YNpyrod CBO-
6oxnoit sueprun JKK. Kondurypamus aupextopa HeMaTHKa 3aBEpUIACTCS HAa TOYCYHBIX Jie-
¢dexTax (0AMH B LIEHTPE WJIM JBa HA MOJIIOCAX KAIlJIM), KOTOPBIE JIOKAJILHO OTPAaHUYEHBI U HE
B3aMMOJICHCTBYIOT MKy COO0M U ¢ ned)eKTaMu COCeTHUX Karenb. bojiee CIIoKHbBIE yCITOBHUS
CYILIECTBOBaHMsI Kallelb BO3HUKAIOT, €CIIM OHM HaxonaTcs Ha nosepxHoctu KK, Hampumep,
Ha IpaHulle HeMaTUK — u3oTponHas xuaxocts (HN) [5]. Bapeupys temnepatypy, MOXKHO Me-
HATH NojoxeHue rpanuibl B JXKK-sueiike, 1 Ha KOHQUrypaluio JUPEKTopa B JaHHOM Cilydae
JOTIONIHUTENBHO OYyJyT BAMSTH BHEIIHUE YCIOBUSA (OrpaHMYMBAIOIIME IOBEPXHOCTU
XK-sueek, rpaBUTAllMOHHbIE CUIIbI). ToueuHble Ae(EeKThl B TaKMX YCIOBMSX B3aHMMOJAEUCT-
BYIOT M@Ky COOOH TaK ke, KaK ¥ MPU OPHEHTAIMHA Ha HEOOpaOOTaHHBIX TBEPABIX MOBEPXHO-
cTsax. Ocaxkas Kariyd Ha BOJY, MOXKHO IOJyYUTh YCTOMUYUBBIE JIOKAJIbHBIE 00pa30BaHMs He-
matuyeckoro JKK Ha xumakoit moBepxHoctu [6]. [Ipu 3ToM BO3HUKAIOT 0OBEKTHI B BUJE TIOJTY-
cdep (JIMH3), MOABELICHHBIX K BOAHOHN rpaHule. JIMH3bI UMEIOT /1Ba MOBEPXHOCTHBIX Ae(eKTa
Ha KOHI[aX TUaMETPOB, CTaOUJIbHBI, HE3aBUCUMBI JAPYT OT Apyra U BHEIIHUX ycioBuid. Hccie-
nosanue noseneHus KK Ha HeTBepAbIX IpaHULAX NPEACTABIAIOT UHTEPEC, IOCKOIBKY TaKHe
TPaHUIIBI TAIOT BO3MOXXHOCTHh HAOINIIOATh PETYJSPHYIO CETKY TOYEUHBIX NE(EKTOB, KOTOpAs
MOJKET BO3HUKHYTh, HallpuMep, Ha cBoOOHOM noBepxHocTH HemaTtndeckoro JKK [7]. Cerka
COCTOMT U3 JJOMEHOB, 00YCJIOBJIEHHBIX BBHICTYIIaMU U BIaJIMHAMU, KOHQUTYpalusl TUpPEKTOpa
HEMAaTHKa B KOTOPBIX ONPEAEIAETCS KOHKYPUPYIOIUM BIMSHUEM YIPYIHX, IOBEPXHOCTHBIX
Y TpaBUTALMOHHBIX cui. Takas e ceTka Bo3Hukana Ha HU rpanwune [8], a Takke B ruOpu-
HO-YTIOPSAZIOYEHHBIX TOHKUX (~]1MKM) HEMAaTHYECKUX IJICHKAX C )KUIKOM (TIMLEPUH WM T10-
JTUATUICHTIIUKOJIb) TIOBEPXHOCTHIO [9].

Oco0blit B MoJekyJsipHoro ynopsaodeHus Habmonaercs B JKK, umeromux 6oinee
CIIOXKHYIO CTPYKTYpYy, YEM HEMATHUKH. XOJECTEPUKH, BBUAY CIHUPAIBHON CTPYKTYpbI, CMEK-
TUKU ¥ JIUCKOTHUKH, OJIarofapsi CIONCTOMY CTPOEHHIO, MOTYT (pOpMHUPOBaAThH (OKabHbIE KO-
HUYECKUE, BEEPHBIE, MOJUTOHAIBHBIE TEKCTYPHI, 0 KOTOpbIM uaeHTHuupytoT XKK [1, 2].
TexkcTypbl npencTaBisiioT coOOW yCTOMUYUBBIE JOMEHHbIE 00pa3oBaHUs, HE B3aHMMOJAEUCT-
BYIOIIME MEXIY COOOH, CO CIOKHBIM MOJEKYJSIPHBIM YHOPSIOYEHHEM M B OOJBIIMHCTBE
CJlydaeB BO3HHUKAIOT B MPOLIECCE POCTA U3 3apOAbIILIEH MPHU MiIaBlIeHUH Me30(]a3bl U3 TBEpIO-
ro B KHUJKOKPHUCTAININYECKOE COCTOSHUE.
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B Hacrosmeit pabore uccienyercs ynopsaodenne Hemarndecknx JKK Ha mommmep-
HOM MOBEPXHOCTH B MPUCYTCTBUU PACTBOPHUTENEH C IIENbI0 OOHAPYKUTh CETKY YCTOWYMBBIX
JIOMEHHBIX 00pa30BaHuil, KOTOpas MOXKET BOZHUKHYTh Ha CTPYKTYPHBIX 3JIEMEHTAX MOJIUMEpa
Y BO3MOXHOCTBIO MOJYYUTh TEKCTYpPY, COMOCTABUMYIO CO CTaOMIBHBIMU TEKCTypaMHU CIIOU-
CThIX WM cnupanbHbIX KK.

Jomennl )KK Ha moBepxHOCTH MoIUMepa

Jlyis mcclieqoBaHMi MCIOab30BaNKMCh HemaTnueckue JKK 4-metokcmOeHsmmnaeH-4'-
oytunanwiud (MBBA) u 4-u-nentun-4'-imanooudennn (51{b) u momumep monukapOoHAT
(ITK). KK 06b11H1 BBIOpaHBI C XOPOIIO M3BECTHBIMU (DPU3UKO-XUMHUYECKHMMH CBOWCTBAMH, YTO
00JIeT4aI0 HHTEPIPETAINIO SKCIIEPUMEHTAITBHBIX pe3yibTatoB. [IK mpeacrapisin coboit rpa-
HYJIbI, TIOTy4YeHHbIE MPOMBIIIIEHHBIM METOJIOM B Ipoliecce cuHTe3a u3 Ouchenomna A [10],
IpyIIbl KOTOPOTO COEIMHEHBI IPyINaMu KapOoHaTa B MOJIMMEPHYIO LIelb. MOHOMEpPHOE 3Be-
HO JaHHOTO MOJIMMEpa COAEPXKUT J1Ba OCH30JIbHBIX KOJbIIA, TaKKe Kak 1 Molekynsl MBBA u
SHB. I'panynsr I1IK pactBopstmuce B auxsopmetane (CH,Cly) mmu xmopodopme (CHCl3) B
KoHIeHTpauuu 2 %. PacTBop monmmepa HaHOCWIJICS Ha TIAAKYH OYHILIEHHYIO CTEKIISHHYIO
MOBEPXHOCTh B HEHTpH(]Yyre, WM METOAOM NoirBa. Ha MOBEepXHOCTH BBICYIICHHOW MOJIH-
MepHoH mieHku ocaxnaics KK B Bume karuu unu ToHKoro ciosi. [lonydyeHHble caHABHYU
HCCIIEIOBAINCH C TIOMOIIIBIO MOJISPU3ALIMOHHOTO MUKpOCKOMa. B nepBbie cekyHbl Ha IJIEHKE,
B goctatoyHo ToicToM cioe JKK (> 10 Mkm) Habmiomanach HUTEBUAHAS TEKCTypa C OJHO-
POIHBIMH OONACTSIMU M JTHHEWHBIMH TUCKIUHAIMSIME (pHC. 1, @), KOTOpBIE MOTJIH JBUTATHCS
n m3rubarbest. B Tonkux cnosx (5 + 10 MKM) mposiBisiiach NUTMPEH-TEKCTYpa ¢ TOYCUHBIMU
nedexkTaMu ¥ TEMHBIMU JIMHUSMU, TUPEKTOP HEMATHKA B KOTOPBIX COBIAJIAN C HANIPABICHUEM
MOJISIPU3AIIMK OAHOTO U3 moJsipousioB (puc. 1, ¢). Uepes HekoTopoe Bpems (HECKOIBKO JECAT-
KOB CeKyHJ) Ha ()OHE HAa4aJIbHOM TEKCTYypbl HAUWHAIHM CIIOHTAHHO BO3HUKATH JOMEHBI C JIO-
kanpHbIM ynopsaouenueM KK (puc. 1, b u d).

JIoMeHBI MOSABISIINCH CIYYaiiHO U POCIH MOCTIEI0BATENBHO APYT 32 APYTOM CO CKOPO-
CTBIO, 3aBUCSAILIEH OT BPEMEHHM BBIJICPKKM IOJMMEPHOM IUIeHKH 10 HaHeceHus KK, koTopoe
MOTJIO OBITh MaJIbIM (HECKOJIBKO CEKYH]) U OONbIINM (HeCKONMbKO cyToK). [losiBneHue u poct
JoMeHa Ha ()OHE HAaYaIbHOTO HEMAaTHYECKOTO CJIOS M300pakeHo Ha puc. 2. Bo Bpems pocta
JIOMEHa PSAOM C HUM BO3HUKAeT HOBBIN 3apofbliil (6-i1 Kaap), KOTOPBIHA TakKe pacTeT BMECTE
C IepBOHAYAJIBHBIM. JIOMEHBI SBISUIMCH YCTOWYMBBIMU 0Opa30BaHUSMU U B IMPOLIECCE POCTa
HE M3MEHSUIM CBOIO BHYTPEHHIOIO KOHUrypauuto (puc. 3, @). VI3 IeHTpoB JOMEHOB HCXOMU-
JIY TUHUW TUCKIMHAIM. BeipacTas 10 KoHEUHBIX pa3zMepoB (~170 MxMm), tomeHbl HOpMUPO-
BaJIM aHcaMOuib, (puc. 3, b), BHEIIHE TOXOKUN Ha MOJIUTOHABHYIO TEKCTYPY B CMEKTHKax [1].

[TogoOHO TekcType cMekTuYecKor ¢asbl, OOHAPYKEHHAS «IIOJUTOHANIbHAS HEMaTH4e-
CKasi» TEKCTypa MorJia HaOJIIoAaThCsl B OJJHOM HOJSPU3aTOPE MPH BHIKIIOYEHHOM aHAIH3aTo-
pe (puc. 3, ¢). B ToHkoMm croe (Ha Kparo Karii) MOXKHO ObLIO HAaOIIOJaTh IOMEHBI C YEThIPh-
Ms JTUHUSIMU M TOYEYHBIMU JiepeKTaMu B LIEHTPE, KOTOpbIe 00pa30BBIBAIIN PETYISPHYIO CETKY
(puc. 3, d). AncamOb JTOMEHOB TPOSBIUICS TPYMIIOH OKpPAIIEHHBIX MOJIOC, I[BETA KOTOPBIX
COOTBETCTBOBAJIM CIIEKTpaM HHTEPHEPEHINH KIMHOOOPA3HOTO HAYAlIbHOTO CIIOSI HEMAaTHKA.
Takue xe AOMEHHBbIE TeKCTypbl HaOmomanuch u B XKK-sueiikax HEMaTHKOB C MOUIOKKAMHU,
OJTHa WX KOTOPBIX MpeCTaBisiia coO00l MaKyl0 CTEKISHHYIO IJIACTUHY, a BTOpasi — CaHIBUY
KK-nonmumep, npudem, HE3aBUCUMO OT TOTO, KaKasl IJIaCTHHA Obljla HIDKHEH, a KaKasi BEpXHEH.
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Puc. 1. MukpodoTorpadun BOSHUKHOBEHHUS U pocTa JoMeHOB B Kamyie MBBA Ha mieHke
NoJMMepa, MoTydYeHHoH u3 pactBopa I1K B quxmnopmerane:
LIEHTP KaIuTh — HayallbHas HUTEBUIHAS TEKCTypa (a) 1 JoMeHsl yepes 3 muH. (b);
Kpal KaIui — HadaabHas MITAPEH TeKCTypa (¢) U JOMEHHBIe 00pa3oBaHus depe3 3 MuH. (d).
Hamnpasnenus nosipu3aTopoB MOKa3aHbl CTPEIKaMU

Puc. 2. Kagpsl ¢ uatepBanom 1 MuH pactymiero fomeHa MBBA, HaHeceHHOTO Ha IJICHKY MOJINMEpa,
rosrydeHHoro u3 pactsopa [IK B quximopMerane, oT BpeMeHHU ipu Temiiepatype 23 °C
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Puc. 3. Mukpodotorpaduu nomeHnbix Tekctyp KK,
MIOJTyYEHHBIX Ha IOBEPXHOCTH MOJIUMEpA:

a — MBBA depe3 5 MuH Ha miieHke, oryueHHo# u3 pactsopa [1K B xnopodopme,
b — 511b gepe3 15 muH Ha TIeHKe, OTy4YeHHOU U3 pactBopa [IK B quxiopmerane;
¢ — 511b gepe3 10 muH Ha mIeHKe, MoydeHHON 13 pacTBopa [1K B xmopodopme;
d — MBBA na xparo xarm depe3 15 MUH Ha TUICHKE, MOTy4YeHHoM u3 pactBopa 1K
B AuxjopMmeraHe. HampasneHus nmonsipu3aTopoB MOKa3aHbl CTPEIKAMU

Opuenranus KK B 1omenax

ITpu HabmroneHnn obOpasla B CKPELICHHBIX MOJSPU3aTOpax JUIsl MO 3PEHUs C TeM-
HBIM ()OHOM, T/Ie TUPEKTOp HEMATHKa N COBIMAJACT C HAMpaBJICHUEM TOJSPU3aTOpa MK aHa-
JIM3aTOpa, IOMEH BBITJISANT KaK JUCK, pa3pe3aHHbId Ha YETBIPE CEKTOPA, /IBA CBETJIBIX U J1BA
TeMHBIX (puc. 4, a, ¢, d). Uepe3 Kaaplil JOMEH MPOXOAMT JIMHUS JUCKINHAIINN, TIOYTH TIPsi-
Mas BJIOJIb pajuyca U OnM3Kas K ero AuaMeTpy, pa3pesarolas ero Ha JiBe paBHble (puc. 4, a)
Wi HepaBHbIe (puc. 4, ¢, d) nonu. Ilpu 3TOM MOKHO TPEATIONIOKUTh, YTO TEMHBIE CEKTOPBI
JIOMEHa — 3TO 00J1aCTH, B KOTOPBIX HAIIPaBJICHHUE JIOKAJIBHOIO JUPEKTOpa B JOMEHE Ny COBIa-
JlaeT C HalpaBJICHHEM IHPEKTOpa (POHOBOTO CIIOSA, B TO BpPEeMs KaK B CBETJIBIX OOJIACTSIX Ha-
MIPaBJICHUS JUPEKTOPOB JIOMeHa U ()OHA MMEIOT YIJoBble pacxoxkaeHus. [Ipu ogHOBpeMeH-
HOM IIOBOPOTE MOJIIPU3aTOpa U aHAIM3aTOpa Ha MPOU3BOJIBHBIN yroji TEMHBIE CEKTOPHI MPO-
cBeTysitoTes (puc. 4, b). Ilpu HaOMr01€HUM TOMEHOB B 00JIACTSIX C IEPBOHAYAIBHBIM CBETIIBIM
(OHOM TaKMM OJHOBPEMEHHBIM IIOBOPOTOM TMOJIIPH3ATOPOB (OH MOXKHO IOTAaCHTh
(puc. 4, d). Tem He MeHee, U B TOM, U B JPyTOM CIy4ae OCH Map CBETJIBIX U TEMHBIX CEKTOPOB
J1000r0 I0MEHa BCETa COBMAJAIOT C HANPABJICHUSAMHU MOJIIPU3ALIMN CBETA.
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Puc. 4. Mukpodotorpaduu nomenos S1b Ha ruienke momumepa,
nosrydyeHHoro u3 pacreopa 1K B quxiiopMeraHe, B CKpeIIeHHBIX
noJsipu3aTopax (IoKazaHbl CTPEIIKaMH), HA TEMHOM (&, ¢, d) 1
ceemioM (b) hone HawampHOTO ciost KK

UroObl paznuuuTh opHeHTanuio aupekropa KK B HauanbHOM clioe M B JIOMEHE B
IUIOCKOCTH TOJUIOXKKH, B HEMAaTHUECKYI0 MATpHUIly BBOAMJICS TUXPOUYHBIH KpacUTehb
K/1-184, uzomopodusiit J)KK. Habmogaemass aHM30TpONHs MOTJIOIIEHUST 00paslia Mo3BoJIsIa
MPOCIIEUTh 32 OPUEHTAIUCH HEMaTHKa (pHUC. 5), UCKIIFOUHB TIPH ATOM 3P (HEKTHI IBYTydernpe-
aomienus [11]. B ckpeleHHbIX MoIsipu3aTopax MpH CIOKEHHUH OOBIKHOBEHHOW U HEOOBIKHO-
BEHHOMW BOJIH TIapa CEKTOPOB 1—3 BEHITTIAIUT CBETJION, a Mapa CeKTOpoB 2—4 u 001acTh GPOHO-
BOTO CJIOSL 5 CMOTPSATCS] TEMHBIMU (pHUC. 5, @). B ogHOM monspuzaTope TeMHbIE 00JIACTH 3TOTO
e TOMeHa U (poHa OKpallleHbl, U HallpaBJICHUE JIUPEKTOpa HEMAaTHKA B HUX COBIAJAeT C Ha-
MpaBJIeHUEM ToJspu3anuu cBeta (puc. 5, b). I[Ipu moBopoTe momnsipu3aTopa mapa CEKTOPOB
2—4 BparmaeTcs BCJe 3a €ro moyioxenueM (puc. 5, ¢ — e). Jlannoe 06CcToATeTLCTBO TTO3BOJISET
c/ienaTh MPEATNoIOKEHHE O PaIUabHOM PACcHpeIeICHUN OIS JIOKAIBHOTO AUPEKTOPa N4(T),
KaK 3TO MpPEJICTaBICHO Ha puc. 5, f. B TakoMm cilydae B IeHTpe JOMEHa J0JKHA CYIIECTBOBATh
CHHTYJIsIpHas Touka [12], kotopas Mmackupyetcs Ha poroBom cinoe XKK. [Ipu 3ToM nunust nuc-
KJIMHALIMU OCTAeTCsl Ha MECTE M HUKAK HE CBs3aHa C OpHEHTAIel HEeMaTHYeCKOTO TUPEKTOpA.

]

Puc. 5. Muxpodotorpadus nomena MbBA Ha muienke, noixydernoit u3 pacrsopa [1K B ximopodopme:
a — B CKpEIIECHHBIX NOJIApu3aTopax, 1-3, 2—4 — mapsl CBETIBIX M TEMHBIX CEKTOPOB, 5 — 00J1acTh
¢onoBoro cnost KK; b — e — B 01HOM MONIApU3aTOPE NMPH PA3IUUHBIX €TO MOJOKEHUSX;

f— paguanbpHOE pacipeesieHHe oIS JIOKAIBHOTO IUPEKTopa B IOMEHE

JHomeH, chopmupoBanHblii B ToHKOM cioe KK, umeer 4 nuHuM noracanus, KOTOpble
cTpeMarcs B o001 neHTp. C TONOJ0rn4ecKol TOUKHU 3pEHus, B IIEHTPE JOMEHHOIO 00pa3o-
BaHUs JOJDKHA CYIIECTBOBATH CUHTYJIsIpHAs Touka ¢ cuioil s =1 [2]. U3menssa yriosoe mo-
JIO’)KEHUE TOMEHAa OTHOCUTEJILHO CKPEIIEHHBIX MOJSPU3aTOPOB, MOKHO OMNPEIEIIUTh 3HAK TO-
nojoruyeckoro aedexra. [Ipu BpameHnu nonspuzatopon (puc. 6, BEpXHUM ps) JIMHUU Bpa-
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IIAI0TCS BCJIEN 33 HUMH, U B TaKOW cuUcTeMe oTcuera cuia nedexra mmeer 3Hak (+). [Ipu
BpalieHuu oopasna (puc. 6, HIXKHUN psl) TUHUHM BPAIIAOTCS B HAIPABICHUU BpAIICHUS J0-
MEHa, YTO TaKXXe COOTBETCTBYET 3HaKy (+) cuibl ToueyHoro naedekra. /lanHoe moBeneHue
JIOMEHOB XapaKTepHO JJIsl UTHPEH-TEKCTYPBhI, OHAKO B OTIWYHE OT HEe, TOUeUHbIe Ne(EeKThI
C MIPOTUBONOJIOKHBIMH 3HaKaMH B UCCJIEIyEMbIX JJOMEHAX HU pa3y He HaOmonanuch. Beaen-
CTBHUE 3TOTO0 MOKHO 3aKJIIOYUTh, YTO paccMaTpuBaeMble 1e(EeKThl HE SBISIOTCS PE3yIbTaTOM
HCKa)XCHMS T0JI1 TUPEKTOpA CaMOM HEMAaTHMYEeCKOW MaTpuibl, Kak B HadanbHOM ciioe KK, a
SIBIIIFOTCSI aBTOHOMHBIMU 00Pa30BaHUSIMH.

[ns onpenenennst opueHtauuu KK B 1oMEHaxX MCHOIb30BajIach METOJMKA, OCHOBAH-
Has Ha U3MEHEHHMHU I[BETOB JIBYIy4eTPEIOMIICHHSI ISl TTOJIOC, HAOMI0JaeMbIX B CKPEIIEHHBIX
nomsipuzatopax [13]. [lonmokenne W 1BET TMONOC OOYCIOBJIEHBI pPa3HOCTHIO (a3
0=2mA (nz) - n,) dz MeX1y HeOOBIKHOBEHHOH (€) 1 OOBIKHOBEHHOM (0) BOJIHAMU, PacIpo-
CTPAHSIOIIMMHUCS BJOJb OCH Z JIOKAJbHOM CHCTEMbI KOOPAMHAT C LIEHTPOM B CHUHTYJISIPHOH
TOYKE JOMeHa. B ToHKHMX ciosx (z~ 1 MkM) Ha (oHE MOJI0C KIMHOOOPA3HOTO HAYaJIHLHOTO
CJIOSL MOKHO Pa3lIMYHTh [IBETHBIE KOJBIIEBHIC MOJOCH PABHOUM TONIIUHBI BOKPYT IIEHTpPa J0-
MeHa (puc. 6, HIWKHUE psa). Kak BUIHO U3 PUCYHKA, IBETOBAsi TaMMa KaXKJI0W MOJI0CH H3Me-
HSIETCS HAa HECKOJIBKO MOPSAKOB Mo mkaie HpioToHa. DTO M3MEHEHHUe 1BeTa HENPEPHIBHO U
CUMMETPHYHO OTHOCHTENILHO IIEHTpa JoMeHa (puc. 6), rae pasHocTh Ga3 0= 0 it BCex UIMH
BOJIH A, YTO COOTBETCTBYET YCIOBHIO 1, = Ny, T. €. TOMEOTPOIHOM opueHTanuu Moekys1 KK.

Puc. 6. MukpodoTtorpadus nomenoB MBBA Ha mneHke, momy4eHHoit n3 pacteopa [1K
B AMXJIOPMETaHE B TOHKOM CJI0€: Z ~ 3 MKM (BEepXHUH psAx); Z ~ 1 MKM (HHKHUA psin).
W3menenune ontuiaeckoro n300paxxeHus: Ipyd CHHXPOHHOM BPAIIEHUH CKPEIEHHBIX
noJisipu3aTopoB yepe3 20° (BepxHHi psix) U ToMeHa dyepe3 45° (HIKHUH psn).
DcKu3 pacrpeneneHus Mol TUPEeKTopa HeMaTHKa B JOMeHe (BHU3Y CIIpaBa)

JlaHHasi METOMKA JAaeT BO3MOXKHOCTH OLIEHUTH CTENEHb OTKJIOHEHHUS AUPEKTOpa OT-
HOCHUTEIFHO HOPMAJIU K TUIOCKOCTH TOJIIOKKH 10 Mepe YJaleHUs OT LIEHTpa AoMeHa (puc. 6,
BHH3Y cripaBa). Takum o0pa3oM, pacpeiesieHre MoJIs TUPEKTOopa BHYTPH JJOMEHA HMEET BH/T
paananbHOM CTPYKTYpHhI, H300pakeHHOH Ha puc. 7, a. [lomoOHas cTpyKTypa BO3HHKAla B Ka-
IJITX HEMAaTUKOB CO CBOOOJHOW MOBEpXHOCTHIO Ha rpanmmax HU [5, 9], a Takke B nuH3ax
MBBA, noasemeHHbIX K BOAHOU rpaHuue [6, 12]. OqHako B OTiIMUME OT Kameib, KOTOPbIE
MOTYT B3aUMOJICHICTBOBATh MEXKIy COOON M aHHUTUIIUPOBATH, UCCIIEyEeMbI€ IOMEHHBIE 00pa-
30BaHMs YCTOWYUBHI B CUJTY TOTO, YTO KECTKO CBSI3aHbI C IOBEPXHOCTHIO. Y CTONYMBA TaKXKE U
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JIMHUS TUCKIIMHALIMM, KOTOpask OCTAETCsl Ha MECTE MPHU BPAILLEHUH MOJISPU3AaTOPOB, a IPU Bpa-
IICHUHU JIOMEHAa BpaIlaeTcsl BMECTE C HUM, OTKyJa MOYHO 3aKJIFOUWTh, YTO OHA CBSI3aHA HE C
opuenranueit KK, a ¢ 0coOOEHHOCTAMH CTPYKTYpPBI IOBEPXHOCTHOTO CJI0s TToJiuMepa. B otiu-
yhe OT NUH3, (popMHUpOBaHHE JOMEHOB HUKAaK HE CBSI3aHO C CHIJIOM TSKECTH, MOCKOJIBKY HX
dbopma U CTpyKTypa OCTaeTCs HEM3MEHHOU JaKe B TOJIBEIICHHOM HEMaTH4YecKoM cioe. Tak-
K€ U CeTKa TOYEYHBIX JAe(PEKTOB, BO3HUKAIOIIAS B aHCAMOJie HEB3aUMOICHCTBYIOIIMX MEXKIY
co00i1 TOMEHOB, HE CBsI3aHa C TPABUTAIIMOHHBIM MEXaHU3MOM, MIpeIokeHHbIM e JKerom [7].

Puc. 7. Cxematnunoe nzobOpaxeHnue pacnpeneneHus nois gupekropa XK, ocaxneHHOro
B BUJE Karii Ha nmoBepxHocty IIK: a — B omene; b — B HauaJIbHOM CJlI0€ HEMaTHKa

Havanensiii cnoit )KK umeer takke cBou ocoobennoctu. Ecnu cnoit )KK Hanecen Ha
MIOBEPXHOCTh TOJMMEpa B BHUJAC KalUld, OH JOJDKEH TNPEACTaBIsATH 000 THOpUAHO-
YOOPSAOYCHHYIO CTPYKTYPY [5, 9]. HeiicTBuTensHO, B 00beMe Kariu HadalnbHbIN croil KK
MMeeT IUIaHapHoe ynopsanodeHue (puc. S5). Ha kparo kamiu mosie 3peHusi 0OCTaeTCsl TEMHBIM
IPU Pa3IMYHBIX MOJOKEHUAX CKPEUICHHBIX MOJISIpU3aTopoB (puc. 6, Bepxuuit pan). To ects,
JUPEKTOp HEMATUKA B LIEHTpe Kamd Ha rpanuue KK-nmoiuMmep opueHTHUPOBAH IUIAHAPHO U
Bce Oosee CHIbHO IpuUOMMKaeTcss K HopManu K rpanune HU mpu yMeHbIIEHMH TOJIIMHBI
clos 1o Mepe npubmmkenus k nepudepun (puc. 7, b). Takoe pacnpeneneHue moyst TMpeKTo-
pa HEeMaTHKa B KaIule MOXET ObITh CBA3aHO C Pa3IUYHBIMU SHEPTUSMH CUEIUICHUS €0 C KOH-
KypPUPYIOIIMMHA TOBEpXHOCTAMU. [logoOHBIE yCIIOBUS peaan30BAIUCh B THOPUIHOMN
KK-sueiike, B KOTOPOM MPOUCXOUII OPUEHTALMOHHBIN MEPEXo] M3 IUIAHAPHOTO B TOMEO-
TPOIIHOE COCTOSIHME B TOHKOM ciioe MBBA Ha MOBepXHOCTH KpHCTalIa TPUTIUIHMHCYIb(haTa
(TT'C) [14]. YcTaHOBIEHO, YTO AaHHBIA TMEpexoa OOYCIOBICH ClIa00il PHEPTUeH CICTUICHHS
MBFBA ¢ nosepxnoctbto TI'C (W ~ 10 3pF/CM2) [15] mo cpaBHEHUIO C SHEPTHUEH CLICTIIEHHUS C
IOBEPXHOCTBIO CTEKIa, oOpaboranHoil neuutiaoM (W ~ 107 apr/em?) [16]. B manbHeiimem
OBLJIO MMOKA3aHO, UTO clladoe ClelIeHne HeMaThka ¢ moBepxHocThio TT'C siBisieTcst cleacTBU-
€M KOHKYPHUPYIOIIETO BJIMSHUS AaTbHOACHCTBYIOIIMX W KOPOTKOAECHCTBYrOmmMX cui [17].
B namem ciyuyae sHeprusi CIEIUICHHSI HEMAaTHKOB C MOBEPXHOCThIO mojuMmepa (W=
107 Z—)pF/CMZ) [18] meHbIIEe TOBEPXHOCTHON SHEPTHHM HEMAaTHKa HAa CBOOOJHOW MOBEPXHOCTH
(WEIO'1 9pF/CM2) [19]. B ycrnoBusix CylecTBOBaHHS JTOMEHHOTO CIIOSI, CIIOCOOHOTO CO3/1aTh
KOHKypupyomue yciaoBus Ha rpanune JKK-momumep, 1aHHOE 0OCTOSTENBCTBO MPUBOAUT K
OpPUEHTAIIMOHHOMY MEPEXO0/ly OT IUIaHAPHON K TOMEOTPOIHON OpUEHTAIIMH B HAYAJILHOM CJIO€
Ha Kkparo kam XK.

TemnepatypHblii oOpueHTAMOHHBIN Mepexo B cjoe 7KK Ha moBepxHOCTH moiuMepa

Ha puc. 8 npencraBieHsl CTpyKTypHbIE TEMIEpAaTypHbIE U3MEHEHUS] HEMATHKa B JI0-
MEHe, BbIpocuieM Ha noBepxHocTH 1uieHkH [1K, u B okpy»karonieM ero HayaiabHOM cioe JKK.
Ha nepBom cHumKe HavanbHbIi cinoit XKK miiaHapHO OpUEHTHMPOBaH, U OH BMECTE C IOMEHOM
BBITIIAIUT kenThIM (Y) Tpu 3HaYeHUsAX npuBeaeHHoU Temmepatypbl AT = Tyy—T = 8 °C, rae
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Tyu — Temneparypa (pazosoro nepexona HU. Ilpu AT = 7,2 °C naunHaeTcs U3MEHEHHUE OKpa-
cku mn3o0paxkeHus. HeTpynHO BUIETh, YTO M3MEHEHHE MPOUCXOIAUT TOJIBKO B HAYabHOM
CJIOC, a HC BHYTPU JOMCHA, IIOCKOJIbKY Ha BCCX CHHMKAaX AOMCHBI OKPAIICHBI IMMPAKTUYCCKU
OJIHOPO/AHO. 3MeHeHune 1BeTa Ha4ajabHOTO CJIOSI IPOUCXOAMUT B CTOPOHY YBEIWYECHHS JJIUH
BOJIH IIO MIKAJIE KOJICL] HBIOTOHa, 4dTO CBUACTCIBCTBYCT O CHUIKCHHUU PA3HOCTU N, —H, U
ctpemieHuu gupektopa KK yMeHbIINTD yroi ero opueHTalud MO OTHOUICHHIO K HOPMalu

Puc. 8. CHuMKH, oTpaXkarolie CTPyKTypHbIe n3MeHeHus B cioe MBBA Ha MOBepXHOCTH TICHKH,
notyueHHou u3 pactBopa [IK B nuxjopMmeTaHe npu pa3indHbIX 3HAUEHUSX TPUBEICHHON
temnepatypsl AT: 8; 7.2;7;2; 1.7; 1.4; 1; 0 °C, cOOTBETCTBEHHO.
bykBamu 0603HaueHBI 1BeTa: Y — sKenThIid, O — opamkeBblii, G — cepblif, R — KpacHBIH.
HanpaBneHI/m MoJiApru3alu MoKa3aHbl CTPEIIKaMU

K mogioxkke [13]. To ecTb BepXHUM psii CHUMKOB, ITOKAa3bIBAIOIIUM U3MEHEHHE IBETA OT YKEJI-
TOTO J0 KPAacHOTO, MPEACTaBIsIET COO0H Mmepexo]l HeMaTHuKa OT IUIaHAPHON K TOMEOTPOITHOM
opuentanmu npu AT = 1,7 °C. C manpHEHUITUM TOBBIIIICHUEM TEMIIEpATypbl HAYUHAETCS 00-
paTHOE M3MEHEHUE OKPACKH M0 LIKAJE LIBETOB JBYIYUYEHPEIOMIIEHUS B CTOPOHY CHUKEHUS
JUIMH BOJIH, YTO COOTBETCTBYET NEPEXOy JUPEKTOpPA HEMATHUKa B BBIPOK/IEHHOE HAKIOHHOE
nonoxkenue npu A7 = 1,4 °C. C naHHON TemmnepaTypbl HAUMHACT MPOUCXOJUTh MOCTENIEHHOE
MCYE3HOBEHHE JoMeHa M mepexon Bcero ciost KK B m3orponnyro ¢aszy. Takum obpazom, B
HavyanbHOM cioe JKK Bo3HMKaeT TemMneparypHO-UHAYIIMPOBAHHBIN MEPEXO0/l IUIAHAPHAs — I'O-
MEOTPOIHAsI OPUEHTALMS] — U30TPOIHOE COCTOSIHUE C MPOMEXYTOUYHBIMU HAKJIOHHBIMU BBbI-
POXKIEHHBIMU COCTOSIHUSIMH AupekTopa. [1ogo0HbINH CTPYKTYpHBINA Mepexo]] Haboaancs s
Hemartuuekoro KK MBBA Ha «BbIpOKIEHHBIX» MOANIOKKaX [13], a Takke HA TOBEPXHOCTH
TI'C B ycnoOBHSIX KOHKYPHPYIOIIUX CHJI BOJM3HM MOBEPXHOCTH, KOT/Ia KOPOTKOJACUCTBYIOIINE
CWJIBI CLIETIJIEHUSI CTPEMSTCSI YCTAHOBUTD IUIAHAPHYIO WM FOMEOTponHy0 opueHTtanuio KK,
a JanbHOACHCTBYIOIIUE BaH-JEP-BaajbCOBBIE CUJIbI CIIOCOOCTBYIOT NMPOTHUBOIOJIOKHON OpHU-
entauuu [20, 21]. Ilo-BuaumMoMy, B HalleM ciay4ae AaJbHOAEHCTBYIOIIME (BHE JOMEHOB) U
KOpOTKOZAEHCTBYOIIME (B Mpeaenax JoMeHOB) cuiibl cueruienns JKK ¢ moBepXHOCThIO MIICHKU
[IK, BBUY UX pa3inMYHOM TEMIEPAaTypHOU 3aBUCUMOCTH, CTAHOBSTCSI PaBHBIMU IIPU OIIpENE-
JIECHHOM 3HAY€HUH TEMIIEPaTyphl, B CBA3HU C UEM IIPOUCXOJUT OPUEHTALMOHHBIN MEPEXOI.



A. M. lHapuwiun, B. A. I'yuaxoe u op. /{omennvie cmpykmyput 51

3akjao4YeHue

B pabote nccnenoBaHbl JOMEHHBIE CTPYKTYPBI B CI0AX M Kamisx HemMatudeckux KK
Ha MOBEPXHOCTHU MOJHMMEPHOM IUIEHKH, MOJIy4eHHON M3 pacTBOpa MOJMKapOoHaTa B TUXJIOP-
MeTaHe win xjopopopme. OOHapyKEHO, UTO TEKCTypa, BO3HUKAIOIIAS B TPOIIECCE POCTA JI0-
MEHOB, 110/100Ha MOJIUIOHAIIBHON TeKCcType, Habmoaaemoit B cmektrueckux JKK. Metogamu
HOJIIPU3ALUOHHON MUKPOCKOIIUH YCTAHOBJIEHO PaJualbHOE paclpeesieHue Mo AUPEKTopa
BHYTPH JJOMEHOB. B Karuiax HeMaTHKOB OOHapy>K€H TeMIIepaTypHO-UHIyLIUPOBAaHHBIN mepe-
XOJl U3 MEepPBOHAYAIBHON IUIAHAPHOW OPUEHTALMU B U30TPOIHOE COCTOSIHUE C MPOMEXKYTOU-
HbIMU HaKJIOHHBIMH BBIPOXIEHHBIMHU IMOJOXEHUSAMU HEeMaTH4yecKoro aupekropa. IlokazaHo,
YTO MEPEX0] NPOUCXOAUT B TOHKOM CJIO€ KHMJIKOTO KpUCTasla U BO3HUKAET BCJIEICTBUE KOH-
KypPUPYIOUIMX CUJ BOJIM3H MOBEPXHOCTH.
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