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Paspaboman noewiti memood uzmepenusi memnepamyp CmpyKmypHvix pazoevix nepexo00s 6 UCKYCCmEeHHbIX
Gochonunuonvix membpanax. Memoo ochosan Ha UCCTEO08AHUU MEMNEPAMYPHOU 3asucumocmu 3pgpexma
Gomonpogodumocmu 8 CUMMEMPUUHOU AYeliKe C MOKONPOGOOAWUMU INEKMPOOAMU U3 OKCUOA UHOUS-01084
(ITO). B auetixu muna — «COHOBUYY» NOMeWAU Goc@orunudsl, pacmeopeHuvle 8 CLONCHbIX CNUPMAx Uil 6 800e.
B oxcnepumenme uccnedosanu  auomponmuvie ¢pazvl  ounarvmemounpochamuounxoruna (JIIPX) ¢
omunenenuxonrem (II) u enuyepunom (I)). Pomosnexmpuueckuii MoK 8 USMEPUMELLHOU siuelike ¢ NOCMOSIHHbIM
cmewenuem (1,6-31 B), 6o36yscoanu nymem umdcekyuu 21eKkmporo8 u3 anekmpooda (ITO) 6 cmecegvie
komounayuu. Cmecu JI@IX + IO (I) o6viiu npucomosnenvt 6 maccosom coomuouwtenuu 1:1. s
Pomoanexmpunecko2o 8030YHcOeHUS NPUMEHSIU PA3TUYHbIE UCTIOYHUKU UMNIYIbCHO20 U3LYYeHUs, pabomarouue
Kax 6 onudicnem UK, max u 6 euoumom ouanazone OnuH 8oaH. B pesynomame Ovlau HOIYUeHbl MeMnepamypHvle
3A8UCUMOCIIU  (YOMOINEKMPULECKOZO0 MOKA C O0COOEHHOCMAMU 6 obiacmu 21daeHo20 (a3z08020 nepexood.
Tonooicenue ocobennocmeli Ha MeMNEPAMypHOL WKAIe COOMBEMCHBOBANI0 MEMNEPAMYPAM 2AABHO20 (PA308020
nepexoda: T=45+1°C (QII®X + O, 1: 1) uT=42,5+1°C (qIIOX + 1T, 1:1). B pabome ¢ nomowpto 0aHH020
Memooa enepavle 0OHAPYIHCEH «NO3UCMOPHBIIY Ihpexm 6 crabonpogooauell sxcuokocmu. Ipumeuamensvro, 4mo
01 u3Mepenuss memnepamypvl (Hazo8020 nepexoda mped0BaloCh HEe3HAYUMENIbHOE KOIUYECMBO Geujecmad
nopsoka 0,1 me. Ilpednodicenuviii. memoO no380110M Oemekmuposams azosvie nepexoosvl 8 JUOMPONHLIX
HCUOKOKPUCTHATIUYECKUX — CUCMEMAX U, C1e008amenvHo, Mozym Oblmb  UCHONb308AH NPU  CO30AHUU
OUOCOBMECTIUMBIX HOCUMEIell TeKAPCME HA ba3ze MepmMoyy8CmEUMeNbHbIX TUNOCOM.

Knrwouesvie cnosa: mepmouyscmeumenvuvie 1unocomsl, Gochorunuovl, TUOMPORHvLE JHCUOKUE KPUCTIAILTYL,
gomonposodumocmo, KoHOyKMmoMempus, (hazoewvie nepexoowl.
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A new method for measuring the temperatures of structural phase transitions in artificial phospholipid
membranes is developed. The method is based on the investigation of the temperature dependence of the
photoconductivity effect in a symmetric cell with current-conducting indium-tin oxide (ITO) electrodes.
Phospholipids dissolved in complex alcohols or in water were placed into cells of the «sandwichy» type. In the
experiment, lyotropic phases of dipalmitoylphosphatidylcholine (DPPC) with ethylene glycol (EG) and glycerol
(G) were studied. The photoelectric current in the measuring cell with a constant bias (1,6-31 V) was excited by
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injecting electrons from the electrode (ITO) into the mixture combinations. Mixtures of DPPC + EG (G) were
prepared in a weight ratio of 1:1. Various sources of pulsed radiation were used for photoelectric excitation,
working both in the near IR and in the visible wavelength range. As a result, the temperature dependences of the
photoelectric current with singularities in the region of the main phase transition were obtained. The position of
the features on the temperature scale corresponded to the temperatures of the main phase transition: T = 45 = 1 °C

(DPPC + EG,

1:1) and T = 42.5 £ 1 °C (DPPC + G, 1:1). In this paper, for the first time, a «posistor» effect of

a weakly conducting liquid was detected. It is noteworthy that a small amount of the substance of the order of 0.1
mg was required to measure the temperature of the phase transition. The proposed method makes it possible to
detect phase transitions in lyotropic liquid-crystal systems and, consequently, can be used to create biocompatible

carriers of drugs based on thermosensitive liposomes.

Key words: liposomes, phospholipids, lyotropic liquid crystals, photoconductivity, conductometry, phase

transitions.

Xopouio HW3BECTHO, YTO BOMM3H (a3oBOro
mepexoga | poma ckaukooOpa3HO H3MEHSIIOTCS BCe
MaTepualbHble MapaMeTphl BEIIecTBa, XOTSI U B
pasHoil cTtemeHu. B Hacrosiee Bpems NPUMEHSIOT
pasiuyHBIE METONBI ISl OIPENENCHUsS TeMIepaTyp
(ha30BBIX TEPEXOJOB B JUNUAHBIX MeMOpaHaX, B
OCHOBE  KOTOPBIX  JIGKHT  HaONIOJeHue  3a
TEMIIEpaTypHBIM TIOBEJIEHUEM pPa3IMYHBIX  Tapa-
METPOB, TaKHX KaK TEIUIOEMKOCTh, TIOKa3aTeib
MIpeTOMIICHUS, MBE303JIEKTPUYECKUE MOJTyJIH,
TUBJIEKTPUYECKUE  XapaKTepUCTMKH W T.A. B
mpeiaraeMol  paboTe HCCIeNyeTcs TeMIlepaTypHoe
moBeneHue  (OTOMPOBOJUMOCTH,  HHIYIHPYEMOI
UMIyJbCOM CBETa B TOHKOM CJIO€ HEBOJIHOIO
IUanbMeTomI(pochaTHINIXOTUHA (ATIDX) B
OKPECTHOCTH TJaBHOTO (a3oBoro mepexoda. 3mech
HCHOJIB30BAIM IIHPOKO u3BecTHhIM munupa JIIDX
(1,2-Dipalmitoyl-rac-glycero-3-phosphocholine) dwp-
MEI Sigma 6e3 mpeaBapuTeIbHON OYNCTKH. B KadecTBe
HEBOJIHOTO pacTBOpHTENS ObLTH BbIOpaHbI
stuaeHrnukois (JI0), kareropun «U» cormacHo 'OCT
10164-75, wu anreunsii rmmepur  (I).  O6a
pacTBOpHUTENss — O3TO W3BECTHBIE IPOHUKAIOIINE
KpHOTIPOTEKTOPBI, T. €. BELIECTBA, INPEeAOTBpalIaro-
myie KPUCTAUTU3AlUI0 MEMOpPaHHOW JKHIKOCTH B
o0lacTi  OTPHUIATENBHBIX  Temmeparyp. Takum
CIOCcO0OM yZIaercsi 3HAYUTEIBHO YBEJIWYUTh CPOKH
XpaHEHUs] HOCHUTENEH JIEKapCTB Ha OCHOBE JIUIIOCOM
0e3 HapyleHHs WX OuosorHmdecKux QyHKIui [1].
KoneuHnoe cooTHOIIEHHE JHUMHUAA U PACTBOPUTEIN
MOTJIO HEMHOI0 OTJIMYaThCsl OT IEPBOHAYAIBLHOTO
COOTHONICHUS  W3-32  YAaCTUYHOTO  HCIIApPEHUs
pacTBOpHTENeH, XOTS ¥ HE3HAYUTEIHHO, BCIIEICTBHE
UX BBICOKOM TeMmmeparypsl kuneHus 71, (7, dTHieH-
Kot paBHa 196 °C, a rmunepuna — 290 °C).

B oskcnepumente  um3mepsuics  (OTODIIEKT-
pUYECKUI TOK, WHAYLUUPYEMBIM B sYEHKE IIpU
nornomenny B anekrpoaax (ITO) mmmynbcoB cBera

pasnuuHOi (OPMBI M Pa3TMYHOM JIUTETBHOCTH.
OCHOBHBIM HCTOYHMKOM HMITYJILCHOTO TOKA B JAHHOM
cllydae sIBJsUIaCh BHYTPEHHSISI  (DOTODJICKTpOHHAS
3MUCCHSI U3 3JEKTPOJIOB B JTUMHIHBIA CIION TOJNIIMHON
d = 10 MKM, HaxXOISAIIMKICSA II0J IOCTOSHHBLIM
NMEKTPUIECKUM CMEIIECHUEM.

Tunuunaeie (HOTOITEKTPUUECKHE OTKIUKH Ha
UMIyIbChl HH(ppakpacHoro YAG-11a3zepa U CBETOBBIC
UMITyJIBCBl  NPSIMOYTOJIBHOW  (DOpMBI  apceHHn-
ranmueBoro cerognona (GaAs cseroguon, 940 HM)
MOKa3aHbl Ha pUC. | U 2 COOTBETCTBEHHO.

k,=52, k,=10, U_=750V, 4=1.06um,
+=100ps, R=91ke, T=55°C
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Puc. 1. ®OTOANEKTPHYECKHUI OTKIIUK CMECH
40 % AIDX + 20 % xomnectepun + 40 % OI':

Jazep JITU-ITY (YAG), A = 1,06 MKM, JUINTENEHOCTH HUMITYJIbCA
T =100 MKC, KO3 PUIUCHTH! YCUICHHS YCUINUTEINS U
npeaycunutens ky = 52, k, = 10, HanpsHKeHUE HA HAKOTIUTEIIE
U, =750 B, conporusnenue Harpy3ku R, = 91 kQ, Hanpspkenne
cmemenus U, = 31 B, Temneparypa o6pasua 7'= 55 °C. KpacHbiM
LIBETOM II0Ka3aHa (opMa JIa3epHOr0 UMITYJIbCa

Fig. 1. Photoelectric response of the mixture
40 % DPPC + 20 % cholesterol + 40 % EG.
YAG laser, A = 1.06 um, pulse duration T = 100 ps, amplification
factors of amplifier and preamplifier k; = 52, k, = 10, voltage on
storage ring U; = 750 V, load resistance R, = 91 kC, bias voltage
U, =31V, sample temperature 7= 55 ° C. Red color shows the
shape of the laser pulse
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Puc. 2. ®otosnexrpuyeckuii oTkiuk cmecu 40 % ANDPX +
20 % xonectepun + 40 % OI'.

Ceerognon GaAs, A = 940 uM, TensHOCTH UMITybca T = 0,1 c,
COIIPOTHBIICHUE HATPY3KH R, = 91 k(), HanpspKeHne CMEIeHHS
U.,,= 31 B, Temneparypa o0pasua I'= 45 °C. KpacHbIM LBETOM

nokasana opMa UMITyJIbca CBETONOAA

Fig. 2. Photoelectric response of the mixture 40 % DPPC +
20 % cholesterol + 40 % EG.
GaAs LED, A =940 nm, pulse duration t = 0.1 s, load resistance
R;=91 kQ, bias voltage U, = 31 V, sample temperature 7= 45 °C.
Red color shows the shape of the LED pulse

Ha pucynkax 3 u 4 nokaszaHsl TeMIepaTypHbIE
3aBUCUMOCTH (POTODIEKTpUYECKOro HampsbkeHus Uy
g cucteM JAPIIX + O (1:1) u ADIX + T' (1:1),
COOTBETCTBEHHO. TemmepaTypsl (a3oBBIX MEPEXOI0B
JUNOCOM C TPHEeMJIEMONW TOYHOCTBIO COBIAH C
TemreparypamMu (a3oBBIX MEPEXOJ0B H3MEPEHHBIX
HE3aBUCUMBIMH CHOCO0aMU ¢ TMOMOIIBI  audde-
peHImanbHON ckaHupyromeid kanopumerpun (JICK) u
KOHIyKTOMEeTpur. MHTEepecHOi 0COOEHHOCTBHIO KpH-
BBIX pHC. 3 U 4 SBISIOCH HAIWYUE HUCHAIAIONTIX
BeTBEH MOHHOW ()OTONMPOBOIUMOCTH TIPH YBEITHUECHUHU
TEMIIEPaTypHhl, T. €. TaK Ha3bIBAEMBIH «TIO3WCTOPHBII
s¢dexr [2], HaIMUMEe KOTOPOro corjacHo [2]
pacKpbIBaeT MPHUPOAY IJIaBHOTO (ha30BOTO IEpexoia
HEBOJHBIX JIUIIOCOM, ONpEIENsisi €ro Kak CerHeTo-
ANEKTPUYECKHAN TIePEX0/1 B MapadIeKTPUIECKyto ¢a3y.
3TO0T (aKT, Mo HaIIEeMy MHEHHIO, 3aCily>KUBacT Oolee
MPUCTAIBHOTO BHUMAHUSA U TIyOOKOTO UCCIIEAOBAHUSI.

Meton oxazajcs AOCTaTOYHO MIPOCT W TPH
COOTBETCTBYIOIIEH ONITUMHU3ALIUT rapaMeTpoB
SKCIEPUMEHTA, TaKMX KaK CMeLIalollee HalpshKeHUe
Ha DJIEKTPOJaX, TOJIIMHA JUIHTIHOTO CJIOA, CKOPOCTh
HarpeBa o0paslia ¥ MOIIHOCTh BO30Y>KAAIOIIETO CBETa,
MOXET OBITh BIIOJIHE KOHKYPEHTOCIOCOOEH pPyTHH-
HOMY MeTOoay Iu(QepeHIIHAIBHOTO TeMIIEPaTypHOTO
anammsa ([ITA).
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Puc. 3. ®orosnexkrpudeckoe Hanpsikenue Uy Ha
Harpy309HOM CONPOTUBICHUH R, = 91 k() B 3aBUCUMOCTH
OT TEMIIEPATYPBHIL:

JATIOX + Or (1:1); Tonmmua ciost murocoM  d = 10 mxm. Cser
L =940 um, U,,,= 29 B, dasossrii mepexox Ty, =45+ 1°C

Fig. 3. The photoelectric voltage U, at the load resistance
R, =91 kQ vs. temperature:
DPPC + EG (1:1); the thickness of the layer of liposomes is = 10 um.
Light A = 940 nm, U, =29 V, phase transition 7, =45+ 1 °C
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Puc. 4. Uy(T): ADIIX + T (1:1); d =10 mxm. Ceer A =940 1M,
U,,,= 20 B, da3osbrii mepexon Ty, =42.5+1°C

Fig. 4. Uy, (T): DPPC + G (1:1); d = 10 ym. Light A = 940 nm,
U, =20 V, phase transition T, =42.5+1°C

B pampHeiimem mpeamonaraeTcs Moaugu-
[IUPOBaTh JAaHHBIA METOJN IIyTeM HCCIEIOBAHHS
UMITYJILCHOTO TU(QPY3nOHHOTO TOKa. B 3TOM cityuae
CMellalee HampsbkeHHe He  TMOHAJoOHWTCS W,
clleoBaTeIbHO, OYyIOyT yCTpaHeHbl  apTedakThl,
CBSI3aHHBIE C AJIEKTPOTHAPOAMHAMUYECKON HEyCTOH-
YUBOCTBIO B CMEKTHUYECKOW (hpaze A JHMIUIHBIX
MeMOpaH M JAerpajanueldl 3JIEKTPOAOB BCIIEACTBHUE
KaTOJHBIX DJIEKTPOXUMUIECKIX TPOIIECCOB.
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