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Momusayus u yenwv: [lnanupyercss paccMOTpETh paziauyHble 3PQPEKTHl B KHUIKUX
kpuctammax (JKK), koTopble 00HapyKHBaIOT aHAJIOTHH C OMOJIOTHYECKIMU MPOIIeCCaMU
[1-6]. B wactHOCTH, B pabote [6] mpemiaraeTcs BBECTH TEPMHUH «OHOJOTHYECKHE
JKUZIKHE KpUCTabDy. bonee KOHKpeTHO, B padoTre mpeasaraercs psi HOAXOIOB VIS
WCCIIEIOBAHNUS YKUIKOKPUCTATHYECKUX CTPYKTYPHBIX 0OBEKTOB B MUKPOOHMOJIOTHH U
JIpyrux o0NacTsIX HAyKH O XKHBOM.

B nokname mpuBeneHBl  MCCIENOBAHUS — KHUAKOKPUCTAJUIMYECKUX  CTPYKTYP,
00pa3oBaHHBIX TOA JeiicTBUEM (HOPMBI 3aHUMAEeMOTO MM BBITECHEHHOTO 0O0BEMa,
BHEIIHUX AJIEKTPOMArHUTHBIX MOJIEH, BKIIOYash KOT€peHTHbIE, TEIUIOBBIX MOTOKOB U
WMOHU3UPYIOILET0 U3IyYCHUSI.

Kunxuit kpucramn (OKK) — cpema ¢ HONOTHUTENHHBIMH BHYTPEHHUMH CTETIEHAMHU
CBO0OIBI, OTIPEACIICMBIMU OPUCHTAIMEH JJTUMHHBIX OCEH, B3aMMOICHCTBYIOIINUX MEXKTY
co0oit Moneky1. OpHEHTallMOHHOE YIOPSIAOYMBAHUE MOXKET U3MEHSITHCS OTHOCUTEIIEHO
Ca0bIMH BHEIIHUMM BO3ACHCTBUAMH. ODTO CBOMCTBO MPHUBOIUT K IPEACTABICHUIO
KUJKOKPUCTAIMYECKON Cpellbl KaK MITKOM WM CTPYKTYPUPOBAaHHOM MAaTEpUM.
AHnmzotponust pusmueckux cBoiictB JKK mpHBOAWT C CymIeCTBEHHOMY YCIOKHEHHIO
MEXaHUKH W 3JIEKTPOAMHAMHMKHM aHHU30TPOINHBIX JKUIAKOCTEH M, Kak CIEICTBHE,
MOSIBJICHHUIO MHOTHX CBOWMCTB, HE HMEIOIINX aHAJIOTOB B OOBIYHBIX BEIIECTBAX.
WHTepec k M3ydeHHIO MOJOOHBIX cpell ONpeAessieTcs COBpEMEHHBIMU TEHJICHIIUSME B
W3yYeHHH YaCTHUYHO YIOPSIOUYEHHBIX cpea. B yacTHOCTH, paccMaTpuBaroTCs aHAJIOTUU
Mexy cBoricTBamu JKK 1 MX KOMIIO3UTOB ¢ OHOJIOrHUECKUMHU 00bekTamu. K Hay4YHBIM
W TPUKIAAHBIM acleKTaM MOXKHO OTHECTH NPHUHIUIBI YIPaBIECHUS IBMKEHHUEM
JIOKaJIM30BaHHBIX CTPYKTYyp M BKiIoueHud B KK cpezme, peannsyeMbIx ¢ MOMOIIBIO
BHEIIHUX MOJEeH WM JUCTAaHLHOHHO, C HCIOJIb30BAHUEM KOT'€PEHTHOTO H3IJIyYCHHMS.
MexaHU3MBI IMHAMHYIECKOTO YIpaBieHus cTpykrypamu B JKK MOryT OBbITE TiepeHeCceHbI
Ha OHoJIOTHYeCcKHe Cpelibl ¢ BKIIOYEHHEM MUKPO- U HAHOYACTHII.

Memoowr u ancopummei: B KaduecTBe METOJOB HCCIENOBaHHS B OCHOBHOM
paccMaTpUBAIOTCS OPUTMHANBHBIC MPUEMbI U MOJX01bI, pazpaboranusie B MJID CO
PAH u npyrux maboparopusx (PUPAH, Mocksa; EI'Y, EpeBan), koTopble, Ha Hall
B3IJIA, MOTYT OBITh IPUMEHEHBI I U3y4eHUsI ONOJIOrMYECKIX OOBEKTOB.

W3 nocratouno xopomo usBecTHbIX 3ddexkroB B KK cinemyer oTMeTuTh mnepexon
Openeprkca B IOCTOSIHHBIX MArHUTHOM M 3JIEKTPUYECKOM moursix [1], 6oriee cioxHbIe
OpHEHTAIIMOHHbIE JuHamudeckue OdPdektsl [7] m ux o0000mEeHne B BHIE
CBETOMHIYLIMPOBaHHOW mepeopueHTanuu [8]. Ho Oonee mNEpCHEKTUBHBIMH MOTYT
0Ka3athCs 3GPEKThI, MPU KOTOPBIX IMPOUCXOTUT 00pa3oBaHue AePEKTOB, OCOOBIX TOUCK,
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B koropeix opueHTanus KK He ompenenena [4]. McToyHMKaMU MOTYT CIIY>KHUTh
HaHOOOBEKTHI, TAKKE KaK HAHOYACTHIIbI, MOJIEKYJIbI MOTUMEPOB [9] 1 Jaxke aToMapHbIe
CTPYKTYpHl OT wHoHu3upytomero wu3nydenns [l10]. He w™enee wuHTEpEecHBIMU
MPEICTABISIIOTCS MPOLIECCHl CaMOOPTraHU3allUd HAaHO- M MUKPOOOBEKTOB 3a CHYET
peryisipHoro pacnonoxeHus AedektoB [11] B mepHoANYECKUX ANEKTPUIECKHX MOJISX
[4] naw mpu BO3IEHCTBUY JIA3€PHOTO M3ITy4deHHA. KpoMe MexaHWIecKMX BKIFOUCHHIA,
CO3Jar0MuX Ae(eKT, peIaraloTcs JMCTAaHIIMOHHBIE METO/IbI TEHEPALMU U yIIPABICHUS
crpykrypamu JKK ¢ ncrnonb30BaHuEM KOTEPEHTHBIX UCTOUHUKOB [4, 12]. Mexanuzmom
MOSABIICHUSI TaKUX OOpPa30BaHWU sBJIsIETCS OOHApPY>KEHHBIM TEPMOOPHEHTALMOHHBIN
apdexr [13], oOs3anHBIl nepeopueHTanmeld Momekyn KK TemmoBeiMH UM
THIPOAWHAMUYECKMMH IOTOKaMH. B paboTe paccMOTpeH psI TEIJIOBBIX H
OpHEHTAIIMOHHBIX CTPYKTYp, MosiBisitomuxcs B normomaromux JKK mox geictBruem
JIOKAJIM30BaHHOT'O U3Jy4YEHUS.

B kauectBe aHasoruil ¢ mporeccamu, NPOUCXOAAIIMMHU B OMOJIOTHYECKUX CHCTEMAaX,
MOJKHO TMPUBECTH MPUMEPHI U3 THUIPOAMHAMHKH KHIKUX KPUCTALIOB, SIBISFOLIHECS
JIOCTAaTOYHO CIIOKHBIMH SIBICHHSMH W3-32 HEOOXOIUMOCTH Y4eTa CTPYKTYpHBIX
0COOEHHOCTEH aHWU30TPOIHOW KUAKOCTH [14]. B wactHOCTH, CTOUT OTMETUTH 3(DPeKT
Jlemana, mpuBOAIINI K BpallleHHUI0 MOJIEKy xonectepudeckoro JKK mon aelictBuem
rpajiieHTa TEMIEPATyphl, a TAKXKE SBJICHUS, CBSI3aHHBIE C TEYCHUEM XOJIECTEPUKA O]
JeficTBUEM Ca0bIX TPaUeHTOB AaBICHUS, IPUBOASILINE K AP PEeKTaM «IIPOCAYBAHUS
C pE3KuM YyBenudeHueM 3(PQPEeKTUBHONH BAKOCTH M TOSBICHUIO a3UMYTaJbHBIX
KOMITOHEHT CKOpPOCTH.

Hns  waTepnperanmu  3h(eKkToB, TPHBOAMMEIX B paboTe, paccMaTpUBAETCS
TeOpeTHYECKasi MOJENb, OCHOBaHHAsI Ha npenacrasieHuu KK B Buae pacnpeaeneHHol
cpenbl [15]. OCHOBHBIE TOJIOKEHUS TMPEIaracMoro IMOAXO0Ja IO3BOJISIIOT CIENaTh
BBIBOA O BO3MOXKHOCTH ONHCAaHUS >KUAKOKPHCTAIUIMYECKOTO COCTOSHHSI CpeAbl B
3JIEKTPOMAarHUTHBIX HOJISIX HA HAHOPa3MEpHBIX MaciuTabax, BKIOYas 0cOObIe TOUKU
opHeHTaIK 1 (a30BbIX NEPEXOI0B B Ae(OPMUPOBAHHBIX CTPYKTYypax [15, 16].
Peszynomamur: Pe3dynpraToM HacTosmieid pabOThl MOTYT CIYXHTh MEPEUHCICHHBIC
CBOWCTBA JKUAKOKPUCTAIUIMIECKUX CPEl M UX KOMIIO3UTOB, PACCMATPUBAEMBIE C TOUKHU
3peHHs] HEKOTOPOH aHaJIOIMH C KUBBIMH OOBEKTaMHU U IpeAIokeHus Oomee riryOoKoro
WCCIIEIOBAHNUS 3TUX aHAJIOTUH, KAK HEKOTOPBIX OMOJIOTUYECKUX YKUKUX KPHCTAIUIOB.
Bvigoovi: B kadecTBe 3aKIIOYEHHUS] TPUBOIATCA NPEANOJaraeMble  aBTOPaMH
HampaBJICHUs U1 MEKAUCLMIUIMHAPHBIX HCCIIE0BaHNH.

1. Busyanmzanus B KK HaHO- 1 MUKPOOOBEKTOB, BKJIIOYast OMOJIOTHYECKHE MOJIEKYJIbI,
a TaK)Ke BH3YalIM3alisi MUKPOCTPYKTYD Ha TIOBEPXHOCTH.

2. OmpeneneHue XapakTepa IOBEPXHOCTHOTO B3aUMOACUCTBHS OHMOJIOTHUECKHX
MHUKpPOOOBEKTOB Mpu KoHTaKTe ¢ JKK.

3. UccnenoBanue  XapakTepa  B3aUMOJACUCTBHS ~ MEXIY  OHOJOTHYECKHMHU
MHUKPOOOBEKTAMH.

Bo3MoxHbBIE MEXaHU3MBI:

a) l'maponmHaMuvecknii UMIyJbe ¢ 0Opa3oBaHUEM KaHalla repeaayn.

0) Ynpyras aedopmanus 6e3 TeueHUsI.

B) ONEKTpUYECKUH HMITyJIbC, OOpa3yIOMIMHCS BCIEACTBHE (HIEKCOIIEKTPHUUECKOTO
addexra.

r) M3menenune napamerpa nopsiaka. Durponwitaast (?) popma.

1) KomOnHanmy npeaplaymmux MexaHu3MOB.
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4. VYmpaBieHHe MHUKpOpa3MEpHBIMH OHOJIOTMYECKUMH CTPYKTypamu (oOpa3oBaHHE,
nepeMelleHne, BpalleHrne U T. 1.) Ha OCHOBE MpHueMoB, paszpaboraHHbix mis KK c
WCTIOJIb30BAaHUEM DIICKTPUYECKUX TMOJIeH, KOTEPEHTHOTO W3IydeHHs (J1a3epHBIH
MUHIIET), aKYCTUKH, TETUIOBBIX MOTOKOB U (WJIN) TPAJIMCHTOB MapaMeTpa MopsIKa.

5. BoccranoBnenue (peKOHCTPYKIHs) popMbl 00BEKTa PH ero Bu3yaiu3auuu (1. 1)
no opueHTannonHoMmy oTkiavky JKK. OnpeneneHue cTeneHM KOPPEKTHOCTH JUIS
00paTHO# 3a1a4n.

6. Apanranus u nopabotka Teopetndeckux mopeneit XKK s onmcanus yacTHUHO-
YIIOPSAAOUYECHHBIX OMOJIOTHUECKUX CPel IPH HATMYMH BHELTHETO BO3JICHCTBUSI.

B 3akmodenue otMeTuM, 9To 3Q(HEKTHI B KHUIKOKPUCTAIITHUECKUX CTPYKTYypaxX UK X
aHAJIOTUH MOTYT OBITh 3((GEKTHBHO HCIOJB30BaHbl JAJS HCCIENOBaHWU 00IacTu
OMOIOTUH, METUIIMHBI U JPYTUX CMEXKHBIX HayKax.

Qunacuposanue. Pabota BhITIOJHEHA B pamkax [Iporpammbl (QyHIAMEHTATBLHBIX
Hay4YHBIX ucciiefioBannii B Poccuiickoit Mepeparyu Ha TONTOCpodHbIi nepuon (2021—
2030 rozpl), perucTpalonHbIii Homep TeMbl 1021062211014-7-1.3.6.

Exploring the potential of liquid crystal physics in biology

Trashkeev S.» 2*, Statsenko P.!, Khomyakov M., Shvetsov S.3

Lnstitute of Laser Physics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia
2 Institute of Chemical Kinetics and Combustion, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia

3 Yerevan State University, Yerevan, Armenia

* sitrskv@mail.ru

Key words: liquid crystal; orientational mechanics; disclination; thermal structures

Motivation and Aim: Various effects in liquid crystals (LCs) that exhibit analogies with
biological processes [1-6] are planned to be considered. In particular, the term
"biological liquid crystals™ is proposed in the work [6]. More specifically, the work
proposes a range of approaches for studying liquid crystalline structural objects in
microbiology and other areas of life science.

The report presents research on liquid crystalline structures formed under the influence
of the shape of the occupied or displaced volume, external electromagnetic fields,
including coherent ones, thermal fluxes, and ionizing radiation.

Aliquid crystal (LC) is a medium with additional internal degrees of freedom determined
by the orientation of the long axes of interacting molecules. Orientational ordering can
be changed by relatively weak external influences. This property leads to the
representation of a liquid crystalline medium as soft or structured matter. The anisotropy
of the physical properties of LCs leads to a significant complication of the mechanics
and electrodynamics of anisotropic liquids and, consequently, to the emergence of many
properties without analogues in ordinary isotropic substances.

Interest in the study of such media is determined by modern trends in the study of
partially ordered media. In particular, analogies between the properties of LCs and their
composites with biological objects are considered. Scientific and applied aspects include
principles of controlling the motion of localized structures and inclusions in the LC
environment, implemented using external fields or remotely, using coherent radiation.
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Mechanisms of dynamic control of structures in LCs can be transferred to biological
media with the inclusion of micro- and nanoparticles.

Methods and Algorithms: The main methods of investigation primarily include original
techniques and approaches developed at the Institute of Laser Physics, Siberian Branch
of the Russian Academy of Sciences, and other laboratories (LPI, Moscow; YSU,
Yerevan), which, in our view, can be applied to the study of biological objects.

Among the well-known effects in LCs, it worth to note the Fredericks transition in
constant magnetic and electric fields [1], more complex orientational dynamic effects
[7], and their generalization in the form of light-induced reorientation [8]. However, the
effects, where defects, special points where the orientation of the LC is not defined, are
formed, may be more promising [4]. Sources can include nano-objects such as
nanoparticles, polymer molecules [9], and even atomic structures from ionizing radiation
[10]. Equally interesting are the processes of self-organization of nano- and microobjects
due to the regular arrangement of defects [11] in periodic electric fields [4] or under the
influence of laser radiation. In addition to mechanical inclusions creating defects, remote
methods of generating and controlling LC structures are proposed using coherent sources
[4, 12]. The mechanism for the appearance of such formations is the discovered thermo-
orientational effect [13], caused by the reorientation of LC molecules by thermal and
hydrodynamic flows. This report also considers a range of thermal and orientational
structures that appear in absorbing LCs under the influence of localized radiation.

As analogies with processes occurring in biological systems, some examples from the
hydrodynamics of liquid crystals can be given, which are quite complex phenomena due
to the need to take into account the structural features of anisotropic fluid [14]. In
particular, it is worth noting the Lehmann effect, leading to the rotation of molecules of
cholesteric LC under the influence of a temperature gradient, as well as phenomena
related to the flow of cholesteric under the action of weak pressure gradients, leading to
"leakage" effects with a sharp increase in effective viscosity and the appearance of
azimuthal velocity components.

For the interpretation of the effects presented in the perort, a theoretical model based on
the representation of LC as a distributed medium is considered [15]. The main provisions
of the proposed approach allow concluding the possibility of describing the liquid
crystalline state of the medium in electromagnetic fields on nanoscale, including special
orientation points and phase transitions in deformed structures [15, 16].

Results: The results of this work can serve as the listed properties of liquid crystalline
media and their composites, considered from the point of view of some analogy with
living objects, and the proposal for a deeper investigation of these analogies, such as
biological liquid crystals.

Conclusion: The authors propose potential directions for interdisciplinary research.

1. Visualization of nano- and micro-objects in LCs, including biological molecules, as
well as visualization of microstructures on the surface.

2. Determination of the nature of surface interaction of biological micro-objects upon
contact with LC.

3. Investigation of the interaction between biological micro-objects.

Possible mechanisms:

a) Hydrodynamic impulse with the formation of a transmission channel.

b) Elastic orientation of signal without flow.

c) Electric impulse formed due to the flexoelectric effect.

d) Order parameter changes. Entropy (?) form.
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e) Combinations of the previous mechanisms.

4. Control of biological micro-sized structures (formation, movement, rotation, etc.)
based on techniques developed for LCs using electric fields, coherent radiation (laser
tweezers), acoustics, thermal fluxes, and/or order parameter gradients.

5. Reconstruction of the object's shape during its visualization based on the orientational
response of the LC. Determination of the degree of correctness for the inverse problem.
Adaptation and refinement of LC theoretical models to describe partially ordered
biological media in the presence of external influences.

In conclusion, it should be noted that effects in liquid crystalline structures or their
analogies can be effectively utilized for research in the fields of biology, medicine, and
other related sciences.

Funding: The research was supported by the Program of Fundamental Scientific
Research in the Russian Federation for a long-term period (2021-2030), project
No. 1021062211014-7-1.3.6.
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