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AHoTalis

bynauceka JI.B. EdexTn cniibHOI Aii JJIKAPCHKUX PEYOBUH Yy 0AraTOKOM-
NMOHEHTHUX CHCTEMAaX Ha OCHOBI MOACJBHHUX JINiAHUX MeMOpaH. —
Kganidikariiina HaykoBa mpalisi Ha rpaBax pyKOIHUCY.

HMucepraitiss Ha 3100yTTS HAyKOBOTO CTYNEHS KaHaujara  (hi3uKo-
MaTeMaTUYHUX Hayk 3a creniaiabHicTio 03.00.02 — 6io¢izuka. — [HCTUTYT CHUHTH-
nauiiaux MartepianiB HAH VYkpainu; XapkiBCbKUN HaIllOHAJIBHUM YHIBEPCUTET
imeni B. H. Kapazina MOH VYkpainu, Xapkis, 2019.

JHucepramiitHy poOOTy TPHUCBIYCHO BCTAHOBIECHHIO e(eKTiB B3aemMomii
Jikapcbkux pedoBuH (JIP) y 6araTokOMIOHEHTHUX CUCTeMaX Ha OCHOBI MOJICJIbHUX
JTIigHUX MEeMOpaH PI3HOTO JIMIIHOTO CKJIaxy. MeToro poOOTH € BCTaHOBJICHHS
edeKTiB B3aEMO/IIT JIIKAPCHKUX PEUOBUH y 0AraTOKOMIOHEHTHUX CHCTEMax Ha OC-
HOBI MOJEJIbHUX JIMIAHUX MEMOpaH PI3HOTO JIMIAHOTO cKiaxy. s mocsrHeHHs
MOCTABJICHOI METU HEOOX1THO OyJIO BUPIIIIUTHU TaKi 3aBAaHHS:

1. Busasutu edextu cnuibHoro M/l Bonopo3unHuux JIB 1 iX KOMIOHEHTIB (i0-
HIB, CTPYKTYpHUX (pParMeHTIB) B PIBHOBAKHOMY 1 KIHETUYHOMY pPEKHMax
(anpcopOris, nudysis Ta iH.).

2. BwusHaunTH 3B'S30K MIX XIMiuHOIO Oy/0BOIO 1 edekramu crniibHoi M/ B ma-
pax «IUKIOCEPHH - AOMOMI)KHA PEUOBHUHAY.

3. Ilimibpatm ckian 6araTOKOMIIOHEHTHHX JIITTHUX MEeMOpaH Il HaOIKEHHS
710 Pi3HUX TUIIB 610MEeMOpaH.

4. Bcranoutu edektu MJl Husku JIP (rpamiuumauny S, KOH'IOraTiB MeETO-
TpeKcaTy Ta OETyJIOHOBOI KUCIOTH, a TAKOXK MOJIMEPHUX HOCIIB (papmipena-
paTiB Ha OCHOBI MOJiaKpWIaMiay) Ha MOJIeJIbHI MEMOpaHU PI13HOTO JIIITHOTO
CKJIaLy.

O0’exT pochimpkeHb — edektu MemOpaHoTporHoi Aii JIP B MomenbHUX
JMIIHUX MeMOpaHax.
[IpeameT nocnigxkeHb — 3MIHM TEPMOJMHAMIYHUX MapaMeTPiB MOJAEIbHUX

JMIHUX MeMOpaH npu BHeceHH1 JIP Ta iX KoMIoHEHTIB.



Metoau nocnipkeHHs — audepeHiiiaiibHa CKaHyloua KajgopumeTpis, Dyp'e-
[Y-cnexkTpockomisi, TepMOTPaBIMETPUUHUN aHaJi3, ONTHYHA MIKPOCKOIIis, KOpe-
JSUIAHANA aHasl3, KBAaHTOBO-XIMIYHI PO3PAXYHKHU.

3a pesynbTaTaMM JOCIIKEHHS BIIEPIIE BCTAHOBJIEHO 1 KIJIBKICHO OXapaKTe-
puzoBano meronoMm JICK memOpanorponny airo (MJI) Bomopo3unnuux JIP trio-
pony ta mumetmicyibdokcnay (JIMCO) npu ix amcopOriii Ha MeMOpaHi JHTIab-
mitoindocharuauaxominy (JIIDX) na ocHOBI Moaem agcopOitii @peintixa. 30-
kpema, ais rigpodinsHux JIP IMCO Ta TUII0pOHY CIIOCTEPIratoThes SIKICHO TPO-
THJICKHI 3CYBH TEMIIEpaTyp OCHOBHOTO (asoBoro mepexony (ATn), mo oOymoB-
JIeHe X KOCMOTPOIHHUMH a00 XaOTPOIMHUMHM BJIACTUBOCTAMM. 3alPOIIOHOBAHO (e-
HOMEHOJIOT1UYHY MOJIeNb, aKka ormucye MJ] Bogopo3zunnnux JIP sk mosBy momatko-
BOT'O JIATEPAJILHOTO TUCKY HA MEMOpaHy, MO3UTHUBHOTO JIJII KOCMOTPOIIIB Ta Hera-
TUBHOTO JJIs1 XaOTPOTIiB.

B pamkax moxeni agcop06inii @peitHasixa MpoBeAeHO MOPIBHIHHSI MeMOpaHo-
Tponnoi nii ionis Ce*" i Ca?* y membpanax JAII®X. 3naueHHs 3CyBy TeMIEpaTypu
ocHOBHOTO (hazoBoro mepexony AT, OylIo BUKOPHCTaHO SK TOKa3HUK 10HHO-
MeMOpaHHHMX e€(eKTiB, Kl BUHUKAIOTh B Pe3yJIbTaTi ajacopOilii 10HIB Ha TOBEPXHI
docdomimaaoi memOpanu. OOuBa TUIH 10HIB MPUBOIATE 10 30UIbmeHHS ATy ¥
BCIX JJOCTIPKEHHX KOHIEHTpalisx. BcranosieHo, mo mis Ce®t AT, Ha oquHHIIO
KOHLIEHTPALii Ha NOpsAIoK Oinbine, Hix aus Ca?*, mo € oquuM 3 pakTopis Giomori-
4HOT [ii 10HIB Hepiro mpu #oro koHKypenwii 3 Ca®*. 3acTocyBanns nanoi mozeni
JT03BOJISIE KUIBKICHO XapaKTepu3yBaTh Ta mopiBHIoBaTH MJI Bogopo3unHHUX JIP,
110 BAKJIMBO Y TMpoIiecax iX KOHKYPEHTHOI afcopOIlii Ha MeMOpaHi.

[Ipu cninbHOMY BBeneHH1 Tuiopony 1 IMCO no memOpanu [AI1PX BcTaHoB-
neno nepesary M/l tunopony. Ile miarBepaKyeThes i mpu B3aemMo il Bkazanux JIP
3 €PUTPOLUTAMH. Y TPUCYTHOCTI TUIOPOHY 3MiH MOPGOJIOTii €pUTPOIIUTIB HE CIIO-
cTepiraerbes, ToAl Ak y npucytHocTi IMCO BinOyBaeTbes nedopmariis eputpo-
UTIB (110 THITy €XIHOIMTO3Y); MOJaBaHHS TUJIOpPOHY mnpurHiuye giro JIMCO Ha

eputponuTax. B mapi THIOpPOH-TIIpOMeENo3a, sika MOJIENI0E MI>KKOMIIOHEHTHI B3a-



eMoAii y mpoTuBipycHoMy mpenapati «AmikcuH ICy», cmocTtepira€rbcs aauTHB-
HicTh M/l 060X pedoBuH. OUeBUAHO, 110 €PEKTH CIIILHOI J1i BU3HAYAIOTHCS XiMi-
yHOI0 OyaoBoto JIP.

[IpoBeneHo mopiBHsUIbHE AOCHIHKEHHS M/ mOnmOMiIXKHUX PEUYOBHH JIIKAPCh-
KHX 3ac001B (cTeapaTiB KajblliF0 1 MarHir0 Ta CTEAPUHOBOI KUCJIOTH) — SIK 1HUBI-
JyajabHO, TaK 1y Mapax 3 aHTUOIOTUKOM LUKJIOCepuHOM. Bennuuna edekty criib-
HOi M/I Oyna oIiHeH1 SiIK CepelHE BIIXWICHHS E€KCIEPUMEHTAIbHO OTPUMaHUX
3HaueHb ATy BiJ aauTUBHOCTI. BCTaHOBIEHO, IO 3a BIUIMBOM Ha mapametpu (a-
30BUX IMEPEXO/iB MOACTBFHUX MeMOpaH iHauBITyanbHa M/ TOMOMIXKHUX PEYOBHH
3pocTae y nocaigosHocti: Ca?*St < Mg?*St < StA. Ha BiaMmiHy Bif HUX, LIUKJIOCE-
puH Mae HezHauny MJI, ane po3mmproe TemmepaTypHHUil Jlara3oH ICHYyBaHHS
cKJIaa4acToi (asu JimniiHoi MemOpanu. Briepiie mokazano 3mMiHy €(eKTiB CIUIbHOT
M/] nikapchKoi pedyoBUHU (IIMKJIOCEPUHY) B 3aJE€XKHOCTI B1Jl XIMIYHOI Oy/10BH J0-
NMOMDKHOI pedoBUHM. Tak, JUIsl cTeapaTiB KaJbIII0 1 MarHiro crocrepiraBcs ehexT
cuHeprismy M/l ¢ LMKIOCEpUHOM; ISl CTEAPUHOBOI KUCIOTH MOAI0HOTO eeKTy
He BusiBlieHO. B ninomy edext crniibHOi M/J[ TOMOMIXKHUX pEYOBUH 3 IIUKIOCEPHU-
HOM 3MeHIIyBaBcs y nociigosHocti Ca?*St > Mg?*St > StA ~ 0, 1m0 BKa3ye Ha BU-
3HaYaIbHY POJIb CTPYKTypH nossipHoi yactuau JIP y chinpHiit M/I. Metogom tep-
MOTPaBIMETPUYHOTO aHANI3y B PI3HUX KIHETUYHUX PEKUMAX BCTAHOBIICHO, IO
eHepris akTuBauii gerigparanii Ca*St ma 30% 6Ginbie Hixx Mg?*St, mo Moxe 6y
BaYJIMBO IIPU YTBOPEHHI MI>KMOJIEKYJISIPHUX KOMITJIEKCIB.

BrumiB ninigHoro ckiaay Memopanu Ha M/l BuBuYaBcs 3a jornomororo JIP 3
PI3HHMH calTaMu 3B'sI3yBaHHSA 3 MEMOpaHOIO: TOBEpXHs (KaojiH), 00'em (Jtaypu-
HOBa KHCJIOTa) Ta 3Mitranui Tun (percmipun). Beranorneno, mo M/ dencipumy
Maif’ke He 3aJIeKUTh B JIMIHOTO cKiIaay MmeMmOpanu. Jiisa kaoniny M/] 3miHioBa-
Jjacsi 3 HETaTUBHOI Ha MO3UTUBHY TIpH JoaaBaHH1 10 memOpanu JIIDX 10 mac. %
HIli MeMOpaHi, 1110 MICTUTh XOJECTEPUH, CIIOCTEPIraBCs NEPEePO3MOALT JIIMiIIB MIXK

X0JIECTEpUH-30araueHo0 Ta XOJIECTepUH-301HEHOI0 (azamMu SK y MPUCYTHOCTI



KaOJIHY, TaK 1 JUIsl JaypUHOBOI KUCIOTH, TOOTO, Tipu 3B'si3yBaHH1 JIP sk 3 moBepx-
HEI0, TaK 13 00'eMoM MeMOpaHHu. Yci cocTepexeHi epeKTr CBiA9aTh Ha KOPUCTh
TOTO, 1110 BIUIMB JIIMITHOTO cKJaay Ha M/] He 3ayexkuTh Bij Tuily 3B'si3yBanHs JIP 3
MeMOpaHOI0.

Brnepiie 3anponoHoBaHO METOAMKY BUBUYEHHS KiHETHKHU criibHOi M/] meTo-
nom JICK, 3a 1onoMOroro sikoi MoKa3aHo MOJIETIIEHHS! TACUBHOI TPAHCMEMOPAHHO1
nudy3ii Tunopony B nipucytHocTi JIMCO. Kinetuky B3aemosii JIP 3 memOpaHnoro
BUBYAJIM IUISIXOM JIOJaBaHHS 10 HEl BOAHUX po3uuHiB Twiopony Ta JIMCO 1
orpumanss cepii nocninoBuux JCK-tepmorpam. Ilpu npomy Oynu BUKOpHCTaH1
pI3HI CXEMH BBEJICHHSI pEYOBHUH B MEMOpaHy: OJlHOYacHEe abo MOCIIOBHE YBE/ICH-
Hs. Bys0 BCTaHOBIIEHO, IO KOKHA CXE€Ma BBEJCHHS Ma€ CBIM XapaKTepHUU KiHe-
TUYHUN TIPO(UIb mapaMeTpy 1|, SIKUH XapaKTEpHU3y€e YacTKy JIMiIB, MOB'I3aHUX 3
TUJIOPOHOM, L0 TOBOPUTH MPO CYTTEBI BIAMIHHOCTI B KIHETULI JU(DY31i TUIOPOHY 1
BKJIMBOCTI TIOPSJKY BBEICHHSI JIIKAPCHKUX PEUOBHMH B MeMmOpany. OKpiM TOTO,
anami3 kiHetuku npoduais JICK npu BBenenHi JIP 103B0JMB BUAUIUTH Y B3a€EMOAIT
TUJIOPOHY 3 MEMOpPaHOIO JBa MPOILECH 3 PI3HUMH XapaKTEPUCTUUYHUMHU Yacamu:
copOi11ito Ha MeMOpaHi (XBIWJIMHM) Ta TUQy3110 Kpi3b JiMiIHI Oimapu (TOIUHN).

BusnaueHo BenmnuMHy KOOMEPATUBHOTO JOMEHY JJIi OCHOBHOTO (Da3oBOTrO Iie-
pexony mojenbHux JimaHaux MemOpan DX 1 gumipuctoindocharuanaxoniny
(IMDX). 3anpornoHOBaHO KPUTEPiii BHOOPY ONTHUMAIBHOI IIBUAKOCTI CKaHYBaHHS,
KU MIHIMI3Y€ TIOMWIKY IIPY BU3HAYEHHI KOOMEPATUBHOCTI (Pa30BUX MEPEXO/IiB JIi-
HiJHUX MEeMOpaH: JOCTOBIPHI 3HAYEHHSI KOOIEPATUBHOCTI MOXKYTh OyTH OTpHUMaHI,
SIKIIIO 3HAYEHHS HAMBIIMPUHU JOCTOBIPHO MEPEBUIIY€E EKCTIEPUMEHTAIIbHY TTOXHOKY
JUTSL TaHO1 CUCTEMHU. 3a JI0IoMoror MoaudikoBaHoro piBHsSHHS KicciHpkepa BCTa-
HOBJICHO, 11O 3HAYEHHs eHeprii aktuBalii (azoBux nepexoniB s JIIDX Buiie,
HK 111 [IM®X, 1 miABUIIY€ETHCS B MPUCYTHOCTI JIJAYPUHOBOT KUCIIOTH.

Brnepiie BcTaHOBI€HO, 110 31pKOMOIOHI IEKCTpaH-TIOMIaKpUIaMiIHI COTOI-
MepH 3 HAaHOYACTHHKaMH Au B HEWTpasbHIN 1 MOJiaHIOHHIN (HOpMI MarOTh Haibi-

aeiry MJ] y BCix Tumax 0araTOKOMIIOHEHTHHX JIIIIHUX MEMOpaH B MOPIBHIHHI 3



HEHABAHTAKEHUMMH TOJIIMEpaMu Ta MoJliMepaMu 3 HaHo4yacTUHKaMu AJ. Beranos-
JICHO TaKOX, [0 HETaTUBHO 3aps/KeHI MeMOpaHH, K1 MICTSATh ITUTMAIbMITO1I(OC-
dbatuauariinepuH ado KapaioJimiH, € OUTbII YYTIUBUMU J0 BBEJCHHS MOJIMEPIB,
HiK MeMOpana [III®PX. CykynHicTh XapakTEpUCTHK (Da30BUX MEPEXo/iB MeMOpa-
HU CBIIYUTH PO HASBHICTH B3a€MO/II1 COIMOIIMEPIB 3 TTIOBEPXHEI0 MEMOPaHHU.

Brnepie mokazaHo, 1mo npu yYBEICHHI KOH'IOTATiB MPOTUITYXJIMHHOTO TIpera-
paTy METOTpeKcaTy 1 IMyHOMOAYJISATOPY O€TyJIOHOBOI KHMCIIOTH 3HAYE€HHS TEeMIle-
patyp ¢$a30BUX IMEPEXOJIiB y MOACIBHUX MeMOpaHax pPi3HOTO JIMITHOTO CKIamdy
Oynu HaWOUTPIIUMU B TPHUCYTHOCTI KoH'toraty SA-188. Bkaszana cmonyka mae
HaWOLTBII BUpakeHy MJI Takoxk 1 3a psIoM 1HIIMX TEPMOJUHAMIYHUX ITapaMeTPiB.
JIyist BCiX TOCIHIPKEHUWX KOH'IOTATIB BIEpIE MPOBEJACHO KBAHTOBO-XIMIUHI po3pa-
XYHKH Ta OTPUMAHO HHM3KY MOJICKYJISIPHHX TapameTpiB (muioiia MoBepxHi Sy Ta
00'eM Mosekysu Vi, TUNOIBHUNA MOMEHT 4, KoedimieHT minodinsaocTi logP, xo-
edirieHT aHi3oMeTpii Ka TOII0) 1 BCTAHOBJICHO BUCOKI KOSQIIIEHTH JIHIHHOT KOpe-
asii logP — ATy (r =-0,99) ta ka — AT (r = 0,99). TTokazaHo Takox, 110 MPOHUK-
Hicth Caco-2 KmTUH A9 KOH'toraTiB (3a JaHUMH JIOCHIIPKEHb KOMITaHil
«Enamine») Mae BUCOKY mpsiMy Kopesiito 3 K, (r = 0,87) ta 3BopotHio — 3 logP (r
= -0,78). Iloka3aHo, Mo B 0AraTOKOMITOHCHTHIM JIIIAHINA MeMOpaHi, 1110 MiCTHTh
XOJIECTEPUH, KOH'IOraTH MEPEBAXKHO 3B'SA3YIOTHCS 3 XOJIECTEPUH-30arayeHor0 Jiii-
THOTO (a3oro.

s antubiotuky rpamimuanHy S (GS) BCTAHOBIICHO 1 OXapaKTEPH30BAHO 2
TUIIA WOTO 3B'I3yBaHHS 3 JIIITHUMUA MeMOpaHaMu, SIK1 BIJMOBIAAIOTH 3B'S3yBaHHIO
MOHOMEPIB 1 OJiroMepiB. 3a pe3yIbTaTaMu JOCIIHKEHHS Py MOJICTHFHIX MEMOpaH
PI3HOTO CKJIaJy BIEpILE MOKa3aHO 1CTOTHE MiABUIIECHHS 3B's3yBaHHs GS 3 memOpa-
Hoto J{IIDX:xonectepun 9:1 MOIB/MOJB, 110 CBIAYUTH PO BUCOKY CHOPIAHEHICTh
GS 1o memOpan Takoro ckiany. [Ipu cniibHoMy BBenieHHi B MemOpany JIIDX GS
ta ionis Ca?* (100 MM i 200 MM po3unnis CaCl,) BcranoBieHO iX He3aneKHE 3B'-
s3yBaHHs 3 MeMmOpanoto. Jlani [Y-criekTpocKorii y3ro/uKyroThes 3 pe3yibTaTaMu

JICK 1 BkazytoTh Ha 3MeHIeHHs HaniBmupunu 0CH; 1 vCH; B nmpucyTHOCTI X0Jec-



TepuHy (KOHACHCYIOUYUi e(PeKT), ke MOCUII0eThes B pucyTHOCTI GS. B nomnsipHii
00yacTi MeMOpaHu CIOCTEPITAEThCSl B3a€MHE OCTIA0JIeHHS JETiapaTyrouoi Mii Xo-
necrepuny 1 GS Ha docdarni rpynu AIIDPX ta JIIDI, a Takok 30UIbIICHHS T1]1-
paTanii KapOOHUIbHUX rpyI JimiaiB B mpucytHocTi GS. B mimomy, MJ{ GS sikicHo
3MIHIOETBCS B 3aJISKHOCTI BiJI JIMIJHOTO CKJaay MEMOpaHH, IO BIIOHWBAETHCS Y
3MIHaX CMYT METUJICHOBUX, KapOOHUIbHUX 1 (pochaTHUX TPy JIiMiIiB.

Kuro4doBi ciaoBa: mojenbHi minigHi meMOpanu, docdodimiam, TiKapchki pe-
YOBHUHH, XO0JIECTEpUH, (a30Bl MEPEeXo/Iu, CIJIbHA dis, AudepeHIiaibHa CKaHyr4a

KaJIOPUMETPIS.

Abstract

Budianska L.V. Effects of joint action of pharmaceutical substances in
multi-compound systems based on model lipid membranes. — Qualification sci-
entific paper, manuscript.

Thesis for the scientific degree of candidate of sciences in physics and
mathematics, specialty 03.00.02 — Biophysics. — Institute for Scintillation Materi-
als NAS of Ukraine; V. N. Karazin Kharkiv National University of MES of
Ukraine, Kharkiv, 2019.

The dissertation is devoted to the effects of pharmaceutical substances (PS) on
multi-compound systems based on model lipid membranes of various lipid compo-
sitions. The achived goal of the work was detecton of the effects caused by interac-
tions of drugs in multicompound systems based on model lipid membranes of vari-
ous compositions. In order to achieve the goal, the following tasks were solved.

1. Detection of the effects of joint membranotropic action of water-soluble
drugs and their compounds (ions, structural fragments) in equilibrium and
Kinetic regimes (adsopbtion and diffustion processes).

2. Establishement the relationship between chemical structure of the sub-
stances and their joint membranotropic effects in pairs ‘cycloserine — ex-

cipient’.



3. Selection a set of compositions of multicompound membranes in order to
mimic various biomembranes types.

4. Establishement of membranotropic effects of a set of drugs (gramicidin S,
conjugates of methotrexate and bethulonic acid, polimeric pharmaceutical
carriers based on polyacrylamide) on model lipid membranes of various
compositions.

The object of the study was the effects of membranotropic action of pharma-
ceutical substances in model lipid membranes. The subject of the study was the
changes of thermodynamic parameters of model lipid membranes under introduc-
tion of drugs and their compounds. The methods used were differential scanning
calorimetry, Fourier-transform infrared spectroscopy, thermogravimetry analysis,
optical microscopy, correlation analysis and quantum-chemistry calculations.

By means of differential scanning calorimetry, sorption of water-soluble
drugs, antiviral drug tilorone and anti-inflammatory drug dimethyl sulfoxide
(DMSOQO), on the dipalmitoylphosphatidylcholine (DPPC) membrane of the mem-
branotropic action (MA) was first quantified on the basis of the Freundlich adsorp-
tion model. Qualitatively opposite temperature shifts of the main phase transition
of DPPC membrane (ATn,) were observed, depending from the drugs’ cosmotropic
(DMSOQO) or chaotropic (tilorone) properties. A phenomenological model is pro-
posed that describes MA of water-soluble drugs as the appearance of additional
lateral pressure on the membrane, which is positive for cosmotropes and negative
for chaotropes.

Within the framework of the Freundlich adsorption model, the membrano-
tropic action of Ce®* and Ca?* ions in DPPC membranes was compared. The ATy
value was used as an indicator of ion-membrane effects resulting from the adsorp-
tion of ions on the surface of the phospholipid membrane. Both ions lead to in-
crease in ATy, at all concentrations tested. It has been found that ATy, per unit con-
centration it is an order of magnitude greater for Ce3* than for Ca?*, which could be

one of the factors of the biological action of cerium ions in its competition with



Ca®". The application of this model allows quantitative characterization and com-
parison of MA of water-soluble drugs, which is important in the processes of their
competitive adsorption on the membrane.

Under co-administration of tilorone and DMSO in DPPC membrane, the pref-
erence for tilorone effects was established. This finding is confirmed by the inter-
action of these drugs with erythrocytes. In the presence of tilorone, no erythrocyte
deformations were observed, while echinocytosis occured in the presence of
DMSO. Howewer the addition of tilorone suppressed the effect of DMSO on
erythrocytes. In the pair tilorone-hypromellose, which models the inter-component
Interactions in the antiviral drug "Amixin IC", the additive MA of both substances
was observed. It is obvious that the effects of the joint action are determined by the
chemical structure of the drugs.

Comparative study of MA of some drug excipients, e.g., calcium stearate
(Ca?*St), magnesium stearate (Mg?*St), and stearic acid (StA) was performed, both
for the individual excipients and for their pairs with antibiotic cycloserine. As
judged by the drug effects on the parameters of the phase transitions of the model
membranes, the individual MA of the the excipients increased in the sequence:
Ca?*St <Mg?*St <StA. In contrast, cycloserine has a diminutive MA with expand-
Ing the temperature range of the ripple phase of the lipid membrane. So, for the
first time, changes in the effects of joint MA of a drug substance (cycloserine) de-
pending on the chemical structure of the excipient were shown. The value of the
joint MA were estimated as the average deviation of the experimentally obtained
values of AT, from the additive. Synergistic MA effect was observed for cyclo-
serine with Ca?*St or Mg?*St, whereas additive MA effect took place for cyclo-
serine with StA. Joint MA decreased quantitatively in the rank Ca?*St > Mg?*St>
StA ~ 0, indicating the determining role of the structure of the polar part of the ex-
cipients in joint MA. Thermogravimetric analysis in different kinetic regimes has
shown that the activation energy of Ca?*St dehydration is 30% greater than of

Mg?*St, which may be important in the formation of intermolecular complexes.
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Effect of lipid composition of the membranes was probed using drugs with
various sites of binding on the membrane, namely, surface binding (kaoline), bulk
binding (lauric acid) and combined binding (fenspiride). It was found that fen-
spiride had almost the same MA regardless of lipid composition. MA of kaoline
changed from negative to positive under introduction cerebrosides (10 % w/w) to
DPPC membranes, apparently, due to increase of hydration of the membrane sur-
face. In two-phase membrane containing cholesterol, redistribution of lipids be-
tween cholesterol-entriched and cholesterol-depleted phases took place both for
kaoline and for lauric acid, i.e. under drug binding both to the membrane surface
and to the bulk.

For the first time, a technique for studying the kinetics of joint MA using
DSC was proposed, which allowed us to show the facilitation of passive trans-
membrane diffusion of tilorone in the presence of DMSO. The kinetics of drug-
membrane interactions was studied by adding of aqueous solutions of tilorone and
DMSO and obtaining series of consecutive DSC-thermograms. In doing so, vari-
ous schemes of drug administration of substances into the membrane were used,
simulatneous or consecutive. It was established that each scheme had specific ki-
netic profile of the lipid fraction associated with tilorone. This finding indicates
significant differences in the kinetics of tilorone diffusion and the importance of
the order of drugs introduction into the membrane. In addition, analysis of the ki-
netics of the DSC profiles allowed distinguishing two processes with different
characteristic times in the interaction of tilorone with the membrane, namely, sorp-
tion on the membrane (minutes) and diffusion through the stack of the lipid bi-
layers (hours).

An important kinetic characteristics of lipid membrane, cooperativity number
of lipids (CN), was determined for the main phase transition of model lipid mem-
branes of DPPC and dimyristoylphosphatidylcholine (DMPC) in a wide range of
scanning rates (0.1 to 40 K/min). The criterion was supposed for determination of

the optimal DSC scanning rate, which minimizes the error in determining CN. An-
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other Kinetic characteristics, activation energy of the main phase transition, was
established by means of modified Kissinger equiation. It was higher for DPPC
membrane than for DMPC one and elevated in the presence of lauric acid.

It was first established that star-like dextran-polyacrylamide copolymers load-
ed with Au nanoparticles gave the strongest MA in all the multicompound mem-
branes examined comparing to the unloaded polymers and to the polymers with Ag
nanoparticles, both in neutral and in polyanionic form. Negatively charged mem-
branes containing dipalmitoylphosphatidylglycerol or cardiolipin appeared to be
more sensitive to the polymers introduction than DPPC membrane. In general, the
characteristics of phase transitions in the membrane containing the copolymers
points to their interaction with the membrane surface.

For the first time, it was shown that among the conjugates of an antitumor
drug methotrexate and an immunomodulator betulonic acid, the values of the phase
transition temperatures in model membranes of various lipid composition were the
highest in the presence of SA-188 conjugate. This compound also affects pro-
nouncely a number of other thermodynamic parameters of the membranes. For all
the conjugates studied, a number of molecular parameters were calculated for the
first time (surface area Sy, and volume of molecule Vy, dipole moment p, lipo-
philicity coefficient logP, anisometry coefficient k,, etc.) and high linear correla-
tions logP - ATy, (r =-0.99) and k, - AT (r = 0.99) were established. It was also
shown that the permeability of Caco-2 cells for conjugates (according to “Enamine
Ltd” research) was in high direct correlation with k, (r = 0.87) and inverse one
with logP (r = — 0.78). It has been shown that in a multicomponent cholesterol-
containing lipid membrane, the conjugates are preferably bound to the cholesterol-
enriched lipid phase.

For antibioitic gramicidin S (GS), two types of it binding to lipid membranes
have been established and characterized, which correspond to the binding of GS
monomers and oligomers. Grounding on the study of a number of model mem-

branes of various lipid composition, it was shown for the first time a significant in-
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crease in binding of GS to membrane DPPC:cholesterol 9:1 mol/mol, which indi-
cates high affinity of GS to the membranes of such lipid composition. Under joint
introduction of GS with Ca?* ions (100 mM and 200 mM CaCl, solutions) into the
membrane of DPPC, independece of their binding to the membrane was estab-
lished. The FTIR spectroscopy data are in accordance with the DSC results and
show certain decrease in the half-width 6CH, and vCH, bands in the presence of
cholesterol (condensing effect), which is enhanced in the presence of GS. In the
polar region of the membrane, there is mutual attenuation of the dehydrating effect
of cholesterol and GS on the phosphate groups of DPPC and DPPG, as well as
some increase in the hydration of the carbonyl groups of lipids in the presence of
GS. In general, MA of GS changes qualitatively depending on the lipid composi-
tion of the membrane, which is reflected in the changes of bands of methylene,
carbonyl and phosphate groups of lipids.

Keywords: model lipid membranes, phospholipids, drugs, cholesterol, phase

transitions, joint action, differential scanning calorimetry.
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HEPEJIIK CKOPOYEHb, YMOBHHUX IIO3HAYEHDb TA TEPMIHIB

JIP — monomi>kHi pe4OBUHH.

JIMDX — L-o-gumipuctoindochaTuuixoiH.

JIDI" — L-a-munansmiToindochaTuaviriinepiH.

AIOX — L-a-gunansmitoindocharuanmxomin.

JII®E — L-o-gunaasMmitoindocdaTuauieTaHoIaMIH.

JCK — mudepeniiaabHa CKaHyO4Ya KaIOPUMETPIs.

4 — ®yp’e-inppauepBoHa CEKTPOCKOITIS.

TI'A — TepMorpaBIMETpUYHHMN aHATI3

KJI — xapmiodiriH.

JIP — nikapchbKi pe4OBUHHU.

MJI — MmeMOpaHOTpOMHA Jisl.

MT — meToTpekcar.

JAMCO — nuMeTuiaCcyabPOKCU/I.

OJ1P — ocHOBHA Jit0Ya peyOBHHA.

@OFE — pocharnamneranonamiu.

OX — pocharuaunxomiu.

X — XOJIECTEpPHH.

11 — iepebpo3uay.

Amol — MOJIbHa MEMOPaHOTPOITHA aKTHBHICTb.

awt — MacoBa MEMOPAHOTPOITHA AKTUBHICTb.

A — monMHa TIepepizy MOJIEKYJIH Y JIGHTMIOPIBCbKOMY MOHOIIIApI.

¢ — KOHIIEHTpaIllisl.

CaSt — kambllifo cTeapar.

MgSt — marsito cTeapar.

CN — mapameTrp kKoomnepaTUBHOCTI ()a30BOTO MEPEXOAY MOJEIbHUX JIIITHUX
MeMOpaH.

CyS — nuknocepuH.
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GS — rpaminuais S.

hm, hp, — ricrepe3ucu OCHOBHOrO Ta MeEpeaNepPexoy MOJACIbHUX JIITiIHUX
MeMOpaH, BIAMOBIHO.

K, — koedimieHT aHi3oMeTpii.

logP — koeditienT ninodinbHOCTI

Lo — pinkokpucTaidiyHa (aza MOACIbHUX JIIMHUX MEMOpPaH.

Pg — cknmaguacra pigkokpuctamivyHa ¢gaza MOACIBHUX JIMITHUX MeMOpaH.

Lg — renp—daza MOACTBbHUX JIMIAHIX MeMOpaH.

L. —xpucraniyna ¢asza MOAEIbHUX JIIIIHUX MEMOPaH.

M — monekynsipHa Maca.

Pets — ebekTUBHUN NaTepadbHUN TUCK, IO YTBOPIOETHCS MOJICKYJIOK PIIMHH
y JIIMITHOMY IHapi.

R — koedimieHT nerepminariii.

StA — cTeapuHOBa KHCIIOTA.

Tm — Temmeparypa OCHOBHOTO (pa30BOT0O MEPEXOy MOJEIBbHHUX JIIIIHUX
MeMOpaH.

T, — Temneparypa nepeanepexony MOAEIbHUX JIIITHIX MEMOpaH.

AHpm, AHp — eHTanbmisi OCHOBHOTO Ta MEPEANEepexoy MOJEIbHUX JIIITHUX
MeMOpaH, BIATIOBITHO.

ATm, AT, — 3cyBu TeMIepaTyp OCHOBHOT'O Ta Iepeanepexoay $pa3zoBoro nepe-
X0J1y MOJIEIBHUX JIMITHUX MeMOpaH, BIIMOBIIHO.

ATmi2, ATmi — HamIBIIUPHUHA TIKIB OCHOBHOTO Ta TEPEINEPEX0y MOJEIb-
HUX JIIIHAX MEMOpaH, B1IMOBITHO.

X — IIBUAKICTh TEPMIYHOTO CKaHYBaHHS.

OCH; — nedopmairiitHi KOJIMBaHHS METHUIHHUX TPYII.

1/A — XBUIBLOBE YHKCIIO.

Vas, Vs — @CUMETPHUYHI Ta CAMETPUYH1 BAJICHTH1 KOJMBAHHS, BIIMOBIAHO.

vC=0, vCH2, vC=0, vP=0, vVOH — BasieHTH1 KOJIUBaHHS KapOOHIJIbHUX, ME-

TUIBHUX, Poc(haTHUX Ta T1IPOKCHIBHUX TPYI, BIATIOBITHO.
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BCTYII

OOrpyHTyBaHHsi BHOOpPY TeMM JOCJaiXkeHHsi. B3zaemosis nimigHUX MeM-
OpaH 3 nikapcekumu pedoBuHamu (JIP) - 1ie mBuaKo 3pocTarounii HaMPSIMOK J10C-
JKEHb, KU MpeCTaBisie 0COOMUBUN 1HTEpeC NI 010(I3UKH Ta Ma€e BaXIJIHMBI
OiomenuyHi 3actocyBaHHs [25 - 29]. Jlimigauii Oirrap 6ioMmeMOpaH BUKOHY€E HU3KY
BOKJIMBUX O10JIOTTYHUX (DYHKITIH, @ OKPIM TOT'O CTAHOBUTH OCHOBHHUM IIIJIAX J1OCTa-
BKHM B KIiTUHY Outbmocti JIP. 3mina BnactuBocTel Oimapy BinmOyBaeThCs SIK B
nporieci 3B’ a3yBaHHA, Tak 1 audysii JIP kpi3s HBOrO 1 CKIamae MEMOPaHOTPOIIHY
nitro (MJ1) nanoi JIP. Ha ceoroani 3B's130k Mixk MJ[ Ta TepaneBTuyHoo niero JIP
BCTAHOBJICHO JIJISl aHECTETHKIB, aHTUOI0TUKIB, AHTUMIKPOOHUX TIperaparis, TOIIO.
Jlnst BusiBieHHs Ta ontuMizaiili M/l BaXJIMBUM € BCTAaHOBJICHHS 3B’SI3KIB M1 BJla-
ctuBoctsimu JIP ta edexramu ix MJI. B3zaeMosii MmemMOpaHu 0JTHOYACHO 3 JIEK1JIb-
koMa JIP Ha naHuii MOMEHT MOPIBHSHO Maji0 BUBYEHI, MPOTE, MOXYTh YHMHHUTH
ICTOTHUI BIUIMB Ha epekTuBHICTH JIP npu cninbHOMY 3acTocyBaHHI. Bukopucran-
HSl JIIIJHUX MEeMOpaH PI3HOTO CKJIaAy, SIKi HAOMKYIOTHCS 10 MEMOpaH PI3HHUX
THUIIIB KJIITHH, € BAKIUBUM JJI1 PO3pOOKH JinocomanbHux (opm JIP, BcTaHOBIEH-
Jlnst BupillleHHsT BCIX LMX 3aBJaHb BCE IIMPIIE BUKOPUCTOBYIOTHCS MOJEIbHI
JOiAHI MEMOpPaHHU SIK CTPYKTYPHI KOMIIOHEHTH OioMeMOpaH.

3B’5130k po0OTH 3 HAYKOBHUMM INPOrpamMaMH, IVIAHAMH, TeMaMHu. J[ucep-
TalliiiHy poOOTYy BUKOHAHO Y paMKaxX HAyKOBUX TeM [HCTUTYTY CUMHTHIISIIAHUX
matepianiB HAH Ykpaiau Bignosigao mo HIAP Ne 0115U003433 «Cnenudika Bij-
T'YKY JIIIJHOTO HaHOMAaTepialy Ha MPUCYTHICTh JIOMIHECIIEHTHUX 30H[IB Ta 010-
JIOTIYHO AaKTUBHUX cyOcTaHIii» (3100yBau — BuKOHaBelb), Ne 0116U002612
«CTBOpEHHsI HaHOMATrepialdiB 3 KEpOBaHOIO e€JeKTpo-, (OTO- Ta PEHTIEeH-
CTUMYJILOBAHOIO aKTUBHICTIO» (3/100yBau — BUKOHaBelb), Ne 0118U002295 «Bu-
3HAYCHHS B3a€MO/I1i HAHOHOCIIB (papmmpenapatiB 3 MoaeIbHUMHU (Hochoini THUMHU

MeMOpaHamMu» (3700yBau — BINOBIIaJIbHUI BUKOHABEIh), & TAKOXK XapPKIBCHKOTO
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HatioHasnbHOro yHiBepcutety imeHi B. H. Kapazina No 0118U002041 «biodizuuni
MOJIeJIl MOJICKYJIIPHOT B3a€MO/IiT TpaMiliuIUHy S» (3100yBa4 — BUKOHABEIIb ).

Mera i 3aBranHs gocaifxkeHHss. MeToro poOOTH € BCTaHOBJIEHHS €(EKTIB
B3a€MO/IIT JIIKAPCHKUX PEYOBUH y 0AraTOKOMIOHEHTHUX CHCTEMAaX Ha OCHOBI MO-
JEIBHUX JIMITHAX MeMOpaH Pi3HOTO JIIMIHOTO CKIanxy. [ AoCsSTrHEeHHS MocTaB-
JICHOT METH HEO0OX1HO OyJI0 BUPIIIMTH TaKi 3aBJIaHH:

5. BusiButu edextu cninpHoi MJ[ Bomopo3zunnHux JIB 1 iX KOMMIOHEHTIB
(10HIB, CTPYKTYpHHX (PparMeHTIB) B PIBHOBRXHOMY 1 KIHETUUHOMY pe-
xumax (amcopOrtis, qudys3is Ta iH.).

6. BuszHauuTu 3B'130K MK XIMIYHOIO Oy70BOIO 1 edekTaMu criibHOi MJ] B
napax «IMKJIOCEPHUH - IOMTOMIKHA PEUOBHUHAY.

7. TligiOpatu ckiaa 0araTOKOMIIOHEHTHHMX JIIITHAX MEMOpaH s HaOJIu-
YKEHHS J0 PI3HUX TUMIB OloMeMOpaH.

8. Bcranosutu edpextu MJI nuzku JIP (rpaminmauny S, KOH'IOTaTiB METOT-
pekcary Ta OeTyJIOHOBOI KHCJIOTH, @ TAaKOX IMOJIMEPHHUX HOCIB (hapMIi-
penapariB Ha OCHOBI MOJiaKpuiIaMiay) Ha MOJEIbHI MeMOpaHu PI3HOTO
JIIIJTHOTO CKJIamdy.

O0’exT pocaimkenb — edextn memOpanorpomnHoi nii JIP B mMopenbHux

T THUX MeMOpaHax.
IIpeamer gociaigxkeHb — 3MIHA TEPMOJAMHAMIYHUX MapaMeTPiB MOJEITBLHUX
JTiniaHuX MeMOpaH npu BHeceHH1 JIP Ta iX KOMIOHEHTIB.

Metoau aocaigxenHsi: audepeHiianbia ckanyroda kamopumetpis (ICK)
(mapametrpu (a3oBUX MEPEXOJiB MOJAEITBHUX JiMigHUX MemOpan), Dyp'e-1U-
CHEKTPOCKOMIS (XapaKTEPUCTUKUA CMYT MOTJIWHAHHS (YHKUIOHAJIBHUX TPYIl JIiMi-
niB), TepMorpasimeTpuynuii anami3 (TT'A) (xapakrepu3zaliisi KpucTali3aliiiHOi BO-
JIN), OTITUYHA MIKPOCKOMIisi (MOP(OJIOTisI €pUTPOIIUTIB), KOPETSAIHHNN aHam3 (KO-
penAiii MK MOJEKYJISPHUMH MapaMeTpaMu KOH'IOTaTiB 1 MapaMeTpaMH iX MeM-
OpaHOTPOIHOI Aii), KBAHTOBO-XIMIUHI PO3paxyHKH (MOJICKYJIsIpHI napamerpu JIP

Ta JIIIIIB).
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HaykoBa HOBHM3HA pe3yJbTaTiB po00TH:

1. Brmepie kiibKicHO oxapakTepu3oBaHo MJ[ BOAOPO3UMHHUX PEUOBUH Pi3HOI
npupoiv (KOCMOTPOIIU 1 XaOTPOMH) HAa OCHOBI MoJieni afcopoii dpeitHamixa.

2. Bmepmie nmokazano 3MiHy edexTiB M/l ocHOBHOI [it040i pedoBUHU (hapmIpe-
napaty (aHTHOIOTHKY HHKJIOCEPHHY) B 3aJICKHOCTI BiJl XIMIUYHOI Oy/I0BU J0-
NOMDKHOI pEYOBUHHU.

3. Bmnepiie 3anponoHOBaHO METOJIMKY BUBYEHHs KiHETHKH crijibHOI M/I, 3a no-
MIOMOT'OI0 SIKOT IMOKA3aHO TOJIETTIEHHSI MMacCMBHOI TpaHcMeMOpaHHOI Tudys3ii
THJIOPOHY B MMPUCYTHOCTI TUMETHIICYIb(POKCUTY.

4. Brepiiie BCTAaHOBJICHI BUCOKI KOS(IIIEHTH JIHIMHOT KOPEJAIIT MK MOJICKYJIs-
pHUMH TlapameTrpamu (KoedilieHToM JMogpiIbHOCTI Ta KOe(IIIEHTOM aHi30-
METpii) KOH'IOTaTiB METOTPEKcaTy Ta OETyJIOHOBOI KUCJIOTH 1 MMapamMeTpaMu ix
MJI (tremnepatypamu (ha30BHX MEPEXOIB MOJEIBHOI JIIMIIHOI MeMOpaHu Ta
npoHukHicTI0O Caco-2 KIITHH).

5. Bnepuie noka3zaHo 1CTOTHE MIABUIICHHS 3B'A3yBaHHS IPaMIUUAUHY S 3 MEM-
OpaHor0 MUMaIbMITOLI(OCHATHAUIXOMIHY B IPUCYTHOCTI XOJIECTEPUHY
IIpakTHyHe 3HAYEeHHS OJEPKAHUX Pe3yJbTaTiB. 3aCTOCYBaHHS MOJEIl

ancopOuii dpeitHanixa 103B0JIsIE KUTBKICHO XapaKTepu3yBaTH Ta opiBHIoBaTH M/]
BOJI0po3urHHUX JIP, 1110 BaXXJIMBO y TIporiecax iX KOHKYPEHTHOI aicopOIlii Ha MeM-
Opani. MeTonuka BUBUYEHHS KiHETHKU criibHOI Ml Bogopo3zunuuux JIP moxe 0y-
TH 3aCTOCOBaHa JJIsl TecTyBaHHS cyMicHOCTI JIP, y ToMy uucii ocHOBHOI Ta J1o-
NOMDKHMX PEUOBMH (papmmpenapaTiB. 3alexHICTh eekTiB chnuibHoi MJ[ Bif
XiMI4HOT Oy/ZI0BH JOTIOMI>)KHOI PEYOBHMHU J03BOJISIE ONTUMI3YBAaTH CKIaJ dapmimpe-
napariB BIAMOBIJHO O MOTPIOHUX O10MEIUYHUX 3acCTOCyBaHb. BcTaHoBieHa Kope-
JAIsS MDK Koe(ilieHToM aHizoMeTpii Mosekyiau JIP Tta it MJI y monenbHuX Ta
KIITUHHUX MeMOpaHax BIJIKPUBAE MOKJIMBICTh KOperyBaHHs BiacTuBocTeit JIP muts-
MIEBHOTO JIITITHOTO CKJIaJy HaJa€e J0JIaTKOBY IIHHY 1H(OpMAIIiIO 100 MEXaHi3MiB

ix g1l Ta MOXKe OyTH 3aCTOCOBaHE JUIsl MiJABUIICHHS CEJIEKTUBHOCTI M1k KJIITHHAMU-



26

MIIIEHSIMH Ta KJIIITUHAMU OpPraHi3My-Xa3siiHa.

Oco0ucrtuii BHecok 3100yBaya. J/[cepTaHTKOIO CAMOCTIHHO OTPUMAHO pe-
3yJbTaTH €KCIIEPUMEHTAIbHUX JOCHIIKEHb, MPOBEACHO iX O0OpOOKY, BUKOHAHO
NEPBUHHUM aHaNI3 Pe3ysbTaTiB Ta cHhOPMYIbOBAHO MomepeaHi BUCHOBKH. [locra-
HOBKa 3aJ1aul Ta 1HTepIpeTallis OTPUMAHUX JaHUX 31HCHIOBAJIUCS CIILJILHO 3 Hay-
KOBUM KEpIBHUKOM Ta CIIBaBTOpaMHM HayKOBUX MyOiikauiid. B omyOmikoBaHux i3
CIIBaBTOpPaMHU HAyKOBUX Mpallsix 0cOOMCTUN BHECOK 3/00yBaya MoJArae: y pooo-
tax [1-3, 5-16, 18-22] — pobota 3 JiTepaTypHUMHU KEpEIaMH, IPHUTOTYBaHHS
3pa3KiB, MPOBEACHHS KAIOPUMETPUUYHUX BUMIPIOBaHb, 00pOOKa KaTOPUMETPUIHUX
JTAaHUX, Y4acTh y OOTOBOPEHHI pe3yJIbTaTiB, HAlMCAHHI TEKCTYy CTaTell Ta Te3; y po-
0oTax [23, 24] — npurotyBaHHs 3pa3KiB, OTPUMaHHS Ta 00pPOOKa KaJOPUMETPHY-
HUX JaHUX, OOYUCIICHHS MOJEKYJsIpHUX mapametpiB JIP Ta mimigiB, mpoBeneHHs
KOPEJISIIIHOTO aHalli3y, y4acTh y HaNMCaHHI Te3; y podorax [4, 17, 23] — npwuro-
TyBaHHs 3pa3kiB s [Y-criekTpockomii Ta KamopuMeTpii, MPOBEACHHS KaIOPUMET-
PUYHUX BUMIPIOBaHb, OOTOBOPEHHSI PE3YJIbTATIB, YYaCTh y MIArOTOBII CTaTed Ta
TE3.

Anpobauis po6otu. OCHOBHI pe3yJIbTaTH JOCIIKEHb OyJIM MpeICTaBIICHI,
00roBopeHi 1 omyOIiKOBaH1 B Te3aX JOMOBIACH BITUM3HIHUX Ta MIKHAPOJHUX HAy-
koBuX KoHGepenmiit: 7" and 8" International Conferences «Physics of Liquid
Matter: Modern problemsy» (Kyiv, Ukraine, 2016; Kyiv, Ukraine, 2018); VII, VIII
and X International Conference for Professionals & Young Scientists «Low
temperature physics» (Kharkiv, Ukraine, 2016; Kharkiv, Ukraine, 2017; Kharkiv,
Ukraine, 2018); Ilxone-cemunape « CIMHTUIUISIIIMOHHBIE TTPOILIECCH U MAaTEPUATBI
JUISl pETUCTPALlMM UOHU3UPYIOIIETro u3inydeHus» (c. MaproBoe, [leueHexckuii p-H,
XapbkoBckas oonactb, 2016); XXIV YkpaiHcbkiil KOHPEpEeHIii 3 OpraHigyHoi ximii
(ITonTaBa, Ykpaina, 2016); IEEE International Young Scientists Forum (Kharkiv,
Ukraine, 2016); MexayHapoaHoi mikosie-ceMuHape «CIUHTUIUISIIUOHHBIE MPO-
IIECChl U MaTepHaJIbl JIJIsi PETUCTPAIMK MOHU3UPYIOUIETo u3inydeHus» (c. MapTto-

Boe, [leyenexxckuit p-u, XapbkoBckas o6nactb, 2017); XXIII Galyna Puchkovska
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International School-Seminar «Spectroscopy of molecules and crystalsy (Kyiv,
Ukraine, 2017); 5" International Conference «Nanobiophysics: Fundamental and
Applied Aspects» (Kharkiv, Ukraine, 2017); Xl International Conference
«Electronic Processe in Organic and Inorganic Materials ( ICEPOM — 11)» (Ivano-
Frankivsk, Ukraine, 2018); MixxHapoiHiil mkoji-ceMinapl «DyHKI[IOHAJIbHI MaTe-
pilanu A TeXHIYHUX Ta O10MeAMYHUX 3acTOCyBaHby» (cen. Maprtose, [leueHi3bkuii
pation, XapkiBcbka o0iacth, 2018); XII MixxnapoaHiii koHpepeHIii 3 MpUuKiIaaHol
61odi3uku, OioHiku Ta OiokibepHetuku (Kuis, Ykpaina, 2018); VII 3’1311 Ykpain-
cpkoro 6io¢izuunoro toBapuctsa (Kuis, Ykpaina, 2018).

My6aikanii. OcHOBHI pe3ynbTaTH JUCepTaliiiHOT poOOTH OIyOIikKoBaHO B 24
HAYKOBUX TpaIix, 3 HUX 9 crateit y ¢paxoBUX BITUYM3HIHHUX Ta 3aKOPJOHHHUX XKYP-
Hajax [1-9] Ta 15 Te3 momoBigedl Ha MDKHApPOJHMX 1 HAIIOHAJIBLHUX HAYKOBHUX
koHpepenisx [10-24].

Crpykrypa Ta o6csar podoru. Jlucepraliis CKIagaeThCs 31 BCTYITY, I’ SITH PO-
3/IJT1B, BUCHOBKIB, CIIMUCKY JITEPATYpPHUX JIPKEpEN Ta 2 J0JaTKiB. 3arajibHUi oOcAr
mucepraiii ckianae 164 cropinku. Jucepraiis mictuth 51 pucyHok, 13 Tabnuip.
Cnucoxk Bukopuctanux jxepen (250 nalimeHnyBaHnb) 3aiiMae 29 cropinok. JonaTku

3aiiMaroTh 15 CTOpIHOK.
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PO31J 1. MOJEJBHI JIMIJHI MEMBPAHHU TA IX B3AEMO/IIS 3
MOJIEKYJIAMU JIKAPCBKUX PEYHOBHUH

1.1. 3araabHa XapaKkTepuCcTUKA KJIITHHHUX MeMOpaH

KiiTuHy MOXHa BH3HAQUMTH SIK €JIEMEHTAPHY CTPYKTYPHO-(YHKI1OHAIbHY
OJIMHHUIIIO BCHOTO kuBOro. Came MeMOpaHu (Hapsiay 3 IUTOCKEIETOM) (HOpMYIOTh
CTPYKTYpY uBO1 kmituaU. KiiTnHHA, 200 mMUTOMIa3MaTndHa, MeMOpaHa OTOYyeE
KOXKHY KIITHHY. SIIpo OTOuYeHe aBOMA SIACPHUMH MEMOpaHAMH: 30BHINTHBOIO 1
BHYTPIIIHBOI. Bcl BHYTPITHBOKIITUHHI CTPYKTYPH — MITOXOHAPIi, €H0IIIa3Ma-
TUYHUHN pEeTUKYIyM, anapaT ['onbmxKi, 1130cOMH, TEPOKCUCOMU, (arOCcCoOMu, CiHar-
TOCOMM 1 T.A. — SIBJISIIOTH COOOI0 3aMKHYTI MeMOpaHHI Be3ukyiu. [lmazmaruuni
MeMOpaHH KJIITUH KMBUX OPraHi3MiB SIBJISIOTH COOOIO JIIMIAHUNA O111ap TOBLUIMHOIO
6-10 HM 3 pyxOMUMH BKJIHOUYEeHHAMH Oi1koBuX Mosiekys [30]. Kpim Toro, 1o ckia-
ny 6aratbox MeMOpaH MOXXYTb BXOJUTH BYIJIEBOJIU, a TAKOXK CHOJIYKH 1HIIOI NpPH-
poau (kapotuHoinu, mopdipuHu i T. A.). ICTOTHY YacTHHY MeMOpaH CTaHOBHUTH BO-
7a - BoHa Oepe ydacTh y (opMyBaHHI 3B'sI3KiB MK KOMIOHeHTaMu MemOpanu. e
B 1930 p. JI. Jlaniemni 3ampomoHyBaB MOJAEIb MEMOpPaHU Yy BHUTJISII MOABIHHOTO
JimnigHoro I1mapy, abo Oimapy. PO3BUTKOM IUX YSBJICHb € PIIMHHO-MO3aiyHa MO-
nenb (Puc.1.1) [31], 3rigHO 3 s1K0K0 MeMOpaHHi OLIKH MiIPO3AUISIOTECA Ha MEepH-
depuuni (ciabo moB's3aHl 3 MeMOpaHOI0) Ta 1HTErpaibH1 (JOKaJIi30BaHl B JIMII-
HoMYy Oimmapi). BBaxkaeTbes, 1110 CTpYKTypa JimiaHOr0 Oimapy mocijga ogHe 3 mep-
MIUX MICIb ceépesl 00’ €KTiB 010(13MUHUX JOCTITKEHb CaMe TICJIsI CTBOPECHHS ITi€l
mojeni memOpanu [31]. Jlimiguuit Oimap, CKIaaHUKA 32 CBOEI CTPYKTYPOIO 1 Pi3-
HUI B PI3HUX MEMOpaHHHUX CTPYKTYpax, BUKOHYE JIBl OCHOBHI QyHKIIii: 1) Oap'epy
JUIs 10HIB 1 BOJOPO3YMHHUX MOJIEKYH 1 2) CTPYKTYPHOI OCHOBH («MATpPHIII») IS
MeMOpaHHUX OLIKIB 1 TJIIKOJIIIIIB.

B nanuii yac BUKOPUCTOBYIOTHCSI OLIBIN CKJIQJHI OaratorapoBi MoJemi, 01-

HaK YSBJICHHS 00 MEMOpPAHU SIK «TEKy4OTo» JIMIAHOTO Oimapy 3 BKIIOYEHHIM
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BHYTPIIIHBOMEMOpaHHUX OUIKIB, 3aJUIIAE€THCS MPAKTUYHO HE3MIHHUM [32]. 30B-
HIITHS TTIOBEPXHS MEMOpaHHU, 3BEpPHEHA /10 OTOYEHHS KIITUHU, MICTUTh MOJIEKYIIH
[JIIKOMPOTEIHIB, SIKI MAIOTh B CBOEMY CKJIAJll MOJICaXapuaHl JaHIIOXKKH, a TaKOXK

OUIKU-TIOPIHU, IO YTBOPIOKOTH T'iAPO(LIbHI KaHAIIH.

NO3aKNiTHHHAK
npocTip

docdoninig onirocaxapwvpj

ninigaHvn rnikoninig
Giwap
©
nepedepuiHnni
MambpaHHWiA iHTErpanbHUiM | uuTonnasma
6inok J

membpaHHui 6inok

Pucynox 1.1. PimunHo-Mo3ai4Ha Mojie1b 0610J0T19HOT MeMOpaHu

Takum yrHOM, OUIKH 1 JIIIIA B3aEMOTIOB'sI3aH1 B MEMOpaHi 1 yTBOPIOIOTh PY-

XJIUBY, THYYKY CTPYKTYpY, 31aTHY J10 TepeOyA0B Ta ajamnTariii.

1.2.0cHOBHI XapaKTepUCTUKH MOAEJIbHUX JilliTHUX MeMOpaH

JlinigHi MeMOpaHu € OCHOBHUM CTPYKTYpPOYTBOPIOIOUHUM €JIEMEHTOM 010J10T1-
yHoi kiiTiaK [33,34]. Bonu yrBOproroThest amdidiibHuMu Mojekyaamu (ocdoiti-
migiB 1 ChIHroMieniHiB y BoAHIN ¢azi. AMPidUTbHUMU 111 MOJIEKYJH HA3UBAIOTh
TOMY, 110 BOHM CKJIAJArOThCS 3 JBOX YACTHH, PI3HUX 3a CBOEI PO3YMHHICTIO Y
BOJI1: TIOJIAPHOT «TOJIOBWY, IO MA€ BUCOKY CIIOPIAHEHICTh 0 BOJIU, TOOTO Tiapodi-
JbHA, 1 «XBOCTa», YTBOPEHOTO HETOJSPHUMH BYTJICBOJHEBUMH JIAHITFOTAMH JKHP-

HUX KUCJIOT (1151 YaCTHHA MOJICKYJIM MA€ HU3bKY CITOPiTHEHICTh A0 BOJH, TOOTO Ti-
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napodoOHa). 3 XiMiYHOT TOYKH 30py (PochoimiL CKIaTaeThCsA 3 YOTHPHOX YACTHH:
TJIIEPUHY, IBOX KUPHUX KHUCIOT 3 JOBTUM BYIJICBOJHEBHUM JIAHIFOTOM, (hocdop-
HOT KUCJIOTH 1 0COOIMBOI JiJ1s1 KOKHOTO (POcdoiniay Irpymnu, sIKy Ha3uBalOTh Xapa-
KTEPUCTUYHOIO TPYIOI0.

[Tpuxknagom amdidiibHOI MOJEKYIH MOXeE CIyryBaTH MoJiekyia ¢ocdaru-
JWIIXOJIIHY, CTPYKTYpa SKOi mokazana Ha Puc. 1.2, a. ¥ ¢ocharuamnxoniny xapa-
KTePUCTHYHOI Tpynoio € 3anumok xominy (Puc. 1.2, 6). ¥V ixmux docdomimigax
TaKOI IPYINOI0 MOXKe OyTH 3aJIMIIOK €TaHOJIaMiHy, CEpUHY Ta 1HIIUX MOJSIPHUX

moueky (Puc. 1.2, B).

BYI'JIEBOJTHEBUI

«XBICT»

noJisipHa

«TroJIOBa»

0) B)

Pucynok 1.2. a) amdidinpna momnekyna pochatuauixomiiny; 0) moiaspHa rojiosa

docdouiminy; B) XapaKTepucTU4dHi Tpymnu (GoCQOIiIiIiB.

Jlo cknamy mimigHOrO TIapy MeMOpaH BXOMSTHh TAKOXK XOJECTEpHUH 1 C(iH-
TOMI€JIIHU; OCTaHHI OJIM3bKi A0 (ocdoiniiiB 38 XIMIYHOKO Oy10BOIO 1 PI3UYHUMU
BJIACTUBOCTSIMHU.

Cepen acorriatiB, 110 YTBOPIOKOTHCS MPU caMO301pIii JIiIi1iB, HAMOUIBIIT BiJI0-
Mi MOHOMOJICKYJISIPHI JIIIAHI TUTIBKHA (MOHOIIIAPH), MIIE)IH, OIMOJICKYJISPHI JIiTIiJI-
Hi mapu (Oimrapu) 1 ainmocoMu. BuBueHHs (13MYHUX BIACTUBOCTEH JIMIAHUX aco-

I1aTIB 3IHCHIOETHCS TIEPEBAKHO HA IMITYyYHUX MEMOpPaHHUX CTPYKTypax, yTBOpE-
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HUX CUHTETHUYHUMH (ocdominigaMu abo JimijaamMu, BUIIJIEHUMH 3 O10JOTTYHHUX
JOKEPEt.

Jlimiamid Oirap - MOABIMHUN MOJIEKYJISIpHMIA map (J1amerna) - TepMOauHaMI-
gHO BuTigHA (opma acomiamii 0araTb0X BHWIIB MOJIPHUX JIIIAIB Y BOJHOMY
CepeqOBUII, TPHU SKIM MOJEKYIH JIMiIIB Opi€eHTOBaHI TaKMM YHHOM, IO iX
NOJIApHI TOJIOBKH CIIPSIMOBaHi B 01K BOAHOT a3y Ta yTBOPIOIOTH ABI T1ApOQiIbHI
MOBEPXHI, a BYIJICBOJHEBI JAHIIOTH PO3TalIOBaH1 10 HOpMaJll 0 ITUX MOBEPXOHb

Ta YTBOPIOIOTh MK HUMH T1Ap0p0o0HY o0aacts (Puc.1.3) [35].

Jlimocoma

Pucynok 1.3. CTpykTypH, 110 YTBOPIOIOTHCS MpHU 3MilTyBaHHI (pocdomimiaiB 3

BOJIOIO.

BnactuocTi ninigHoro Oimapy 6araro B YoMy BU3HAa4YarOTh MEXaHIYHI Xapa-
KTepUCTUKH MeMOpanu. besnepepBHICTh Oilapy BU3Havae Oap'epHi Ta MEXaHIYHI
BiaactuBocTi KiaiTuHH [36, 34]. TOBmMHa Oimapy BHW3HAYAETHCS, MEPII 3a BCe,
JOBKMHOIO BYTJICBOIHEBUX JIAHIIIOTIB Ta 3a3BUYAil 3HAXOJUTHCSA B MEXKAX 4 - 5 HM.
[MpucyTHICTh B JAHIIOTAX yuC-MONBIMHUX 3B'S3KIB, OIYHUX METWJIBHUX TPYIl Ta
IHIIMX 3aMICHUKIB MOPYIIYE HIUIBHICTh YMAaKOBKH MOJIEKYJ Ta MPUBOIUTH [0
3MEHIIEHHS TOBIIMHM JIITIIHOTO Oilapy.

Momnomapu ¢ocdomimiaiB yTBOPIOIOTHCS Ha MEX1 PO3ALTY Boja - Macio abo
BOJA-TIOBITPS, 1€ T1Ipo(hoOHI XBOCTH 3HAXOAATHCS B Maci ado MOBITPi, a Tipodi-

JbH1 TOJIOBKH - 'y BoJii. [IpocTa Moziesnb TIEHrMIOPOBCHKUX MOHOIIIAPIB BUKOPUCTO-



32

BYETBCS JIJISI MOJICJIFOBAHHS TTOBEIIHKY MPOIIECIB, 10 BIIOYBAIOTHCS B O10JIOTYHUX
MeMmOpaHax 3a pizHux ymoB [37 - 43].

[Ipu 300BTYBaHHI B BOJ1 @00 BOJHHUX PO3UMHAX MOJIAPHI JIIMIAA CIIOHTAHHO
GbopMyIOTh MilleIU, B SIKUX BYTJIEBOJIHEBI XBOCTH JIIIIJIIB HAIMPaBJICH] BiJl BOJH, a
€JIEKTPUYHO 3apsKEHI TiapodiabHI TOJOBKH PO3TAIIOBYIOTHCS Ha MOBEPXHI, B3a-
€MOJIIF0YH 3 BOAHUM oToueHHIM (Puc.1.3)

Jlimocomu - 1€ mimigH1 Be3uKyIu (OyiabOamiku), 1mo caMOBUILHO BUHHUKAIOTh
IpU TUCTIEPTYBAaHHI MOJISPHUX JIMIAIB y BOJII Ta CKJIAJIAIOTHCS 3 OJHOTO ab0 JeKi-
JBKOX 3aMKHYTHX JIMITHUX OlmapiB, M0 PO3AUIAIOTHCS BOAHUMH MPOMIKKAMHU
(Puc.1.3) [44]. Ix BUKOPUCTOBYIOTH B 6i0XIMIYHHUX JOCIIKEHHAX K HAWIPOCTIlTy
MOJIE/Ib O10JIOTTYHUX MEMOpaH.

B nanuit yac nminocomMu BUKOPUCTOBYIOTHCS SIK HOCIT JIIKIB, OCKUIBKU 1X MOX-
Ha "3aBaHTaxuTH" pi3HUMU JIP. 3aBasiku CBOIM yHIKaJIBbHIN CTPYKTYp1 JIIIIOCOMHU
3/1aTHI BKJIIOYATH B ce0e [K Tiapo(diIbHI PEUOBUHU - Y BHYTPIIIHIO TOPOXKHHUHY,
TaK i rigpooOHi - B 00JIaCTh BYTJICBOJHEBUX XBOCTIB [45, 46]. V ninocomu MoxHa
BBOJIUTH TKaHUHOCTENM(DIUHI aHTUTIIA, IO JO3BOJIsIE 3a0€3MeuyBaTu CIPSIMOBA-
HUW TPAHCIOPT BKJIFOYEHUX B HUX JIIKIB B TIEBHI Opranu 1 TkaHuHU. CKJIaJ JimigiB
JIMOCOM MOXKHA BapiloBaTH y HIMPOKUX MeXkaX 1 TAKUM YMHOM IJIECIIPSIMOBAHO

3MIHIOBATH iX (PI3UKO-XIMIYHI BIACTUBOCTI.

1.3. da30Bi nepexoau B MOJeJbHUX JiMiTHUX MeMOpaHax

1.3.1. PyxJmuBICTb BYIJIEBOJJHEBUX JIAHIIOTIB POCHOIIITIIHUX MOJIEKYI
ATOMHM BYTJIEBOJHEBOIO JIAHIIOTA KUPHUX KUCJIOT 3'€IHaHI MK COO0I0 01U~
HAapHUMHU KOBaJICHTHUMHM 3B'S3KaMH, HAaBKOJIO SKUX Di3HI JUISHKHA JIAHITIOTa MO-
KyTh oOepTaTHcs, sk Ha oci. Lle oOepTaHHs MPUBOAUTH A0 TOTO, IO KUPHOKHUCIIO-
THI JIQHITIOTH Y MoJieKyiax (ocdomimigiB MoKyTh iepeOyBaTh B pi3HUX KOHPITY-
pamisx (Puc. 1.4). IToBHicTio BuTsirHyTa KoHbirypanis (Puc. 1.4, a) Bignosigae a6-
COJIFOTHO OJIHAKOBOMY PO3TAlllyBaHHIO YCIX BYIJIELIEBUX aTOMIB OJMH IIOA0 OJHO-

ro. Taka koH(irypalliss Ha3UBAETHCA NOGHICMIO-Mpanc KOHQITYypalli€to. AJbTepHa-
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TUBA mpanc-KOHQIrypalli - 11e Tak 3BaHa rou-koHgirypauis (Puc. 1.4, 0). ¥V mem-
OpaHax >KUPHOKUCIIOTHI JIAHIFOTA CTUCHYTI CYCITHIMU MOJIEKYJIaMH, 1 BUTbHA (hO-
pMa kiryoka juist pocdoiniIHoT MOJIEKYJIM He peani3yeThesa. Came ToMy MoIupe-
Ha mojBiiHa eows-koHpirypanis (Puc. 1.4, B), npu sikiii BYrjeBOJHEBUN JIAHIIOT
3QIMIIAETHCS BUTATHYTUM Y3JI0BXK OcCi. JIJIsi HEeHacHMYeHMX JIMiAIB B3a€EMHE BiJIIII-
TOBXYBaHHS allMJIBHUX XBOCTIB CIIOCTEPIra€ThCsl B PE3YJIbTATI CYMEpIIO3UIlli Ter-
JIOBOTO PyXYy 1 IEPEX0y 3 yuc- 10 mpaHc- KOHHOPMEPY alluIbHUX XBOCTIB.

B pesynbTaTi BKazaHOro oOepTaHHS >KMPHOKUCIOTHI JIAHLIOTH Ha0YyBarOTh
«THYYKICTBY», X04Ya HACIpaB/i BOHU HE 3rHHAIOTHCS B MIOBHOMY CEHCI I[bOTO CJIOBA,
a JIMIIe MOXYTh IMOBEPTATUCS HABKOJIO 3B'SI3KIB MIK aTOMaMH. 3a paXyHOK 3THHY
JAHIIOTIB 1 MOCTIHHOTO TEMJIOBOTO pyXy MoJiekyna (ocdoniniay 4acTKOBO BTpa-

Ya€ CBOIO IWNHAPUYHY (HopMy 1 cTae OUIbII CHEPUIHOIO.

a) 0) B)
Pucynok 1.4. Pi3Hi kKoH(Irypamii >KHpHOKUCIOTHUX JAHLIOTIB (HOCOIMiAIB: n06-
Hicmio-mpanc- (@), cow- (0) Ta 0y6b-20w-koHdIryparis. JXupHuM BUIIJIECHO 3B's-

30K, HABKOJIO SIKOT'O CTAaBCi ITOBOPOT JIAHIIOT'A.

1.3.2. ®a3oBi cTaHu JiMiaHOTO Oiapy
JIist MiMiIHUX CUCTEM XapaKTepHui mommopdizm (a3oBUX CTaHIB. 3ale€KHO
BIJl YMOB (JIIMIIHUWA CKIIAJl, TeMIlepaTypa, 1oHHa cuia, pH) B HUX MOXJIHMBE 1CHY-

BaHHs pisHux (a3 [47, 48]. [us OimmapoBux MeMOpaH, IO CKJIAJal0ThCs 3 ia-
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udocoiniiB, MOKHA BUAUINTH YOTHPH (a3u: Tpu KpuctaiiuHi ¢asu Lg, Le, Py

Ta oaHy piaky ¢asy L, (Puc. 1.5).

Voaxosxa syrnesonmessx  CTPyKTypa Glmapy

XBOCTIE

PimxoxprCTaNmiuEA )]
pe o i
L, YRR
Wi il
Pinnn-asa Cazad M
P 0092 I mpptAneT
B OGSO w
i

Temb-tasa PPy

Ry o
Kpacramuna dasa e m

Pucynox 1.5. Tunu nioTponHUX pigkokpuctamiyHux (a3 rigparoBanux docdori-

miais [49].

da3za Ls — T1.3B. reneBa ¢asza, B AKii BYIJIEBOIHEBI JAHILIOTH PO3TAIIOBaHI Ma-
pasie’IbHO OJuH ogHOMY Mif KyToM 30-32 © no HOopmani Oimiapy, yTBOPIOIOTH TeK-
caroHaipHy pernTky [50]. JlaHItoru 3 BHyTPIIIHEOTO MOHOIIIAPY TapajeibH1 JIaH-
I[IOTaM 3 30BHINIHBOTO MOHOIIapy. OCHOBHA IPUYMHA BIAXUIIEHHS B HOpMaJi Ji-
MIJTHUX MOJIEKYJ Mo o0ujBa 00KM Olliapy MoJiArae y BIACTHUBOCTAX TiApodoOHUX
XBOCTIB. Ha kopucTh 11b0ro cBi4aTh pe3ynbratu poOoTH [51], B sikiil Oyio moka-
3aHO, 10 ICHYIOUI B3a€MOIIi MIX CYCITHIMU MOJIEKYJaMH JIiMiiiB, 00yMOBJICH1
YTBOPEHHSM JUIOIb-AUNOJBHUX KOHTAKTIB, COJIbOBUX 1 / a00 BOJHEBHUX 3B'SI3KIB
MIDXK F'OJIOBKAMHM, HE 3MIHIOIOTH IUIOIIY TOJOBKH 31 30UIBIIICHHSM TeMIIEPaTypH.

da3za L Takok XapaKTepU3yEThCS BIOPSIKOBAHUM PO3TAITYBAHHSM JIIITITHUX
MOJICKYJI, 3 TI€IO JIUIIE PI3HUIICIO, 110 MOJICKYJIM PO3TAIIOBaHI MEePIEHINKYIISIPHO
Hopmaii. dopmyBanHs Takoi a3y XapakTepHO I JimiaiB hocdaTuauieTanoa-

MiHOBOTO psany [52]. ¥V monekyni docharuauneranoniaMiny Iioma mospHOi To-
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JIBKH MPAKTUYHO 301raeThCs 3 TUIOHIEI0 XBOCTIB, 1 TOMY (POpMy€eThCs (aza, B sIKIN
XBOCTH MOJIEKYJI HE HAXUJICHI.

VY ¢a3i L, monexkynu mimigiB po3TalioBaHl NEPHEHAUKYISIPHO A0 TUIOLIUHU
Oimapy, MOJISIpHI TOJOBKH 3aJIUIIAIOTHCS MOB'SI3AHUMHU MIXK COOOI0 €JIEKTPOCTATH-
YHUMH B3a€EMOJIISIMH, a TAKOXK CITKOIO BOJHEBUX 3B'A3KIB T'IpaTHOI 0OOJIOHKH. 3a
PaxyHOK TEIUIOBOTO PyXY BYTJICBOAHEBUX XBOCTIB BiJOYBA€THCS B3a€EMHE BIiJIITO-
BXYBaHHS JIIMHUX MOJIEKYJ, [0 MPUBOJUTH JI0 301IBIIECHHS iX 3arajabHO1 TUIOIIII.
Tak, nns punanemitoutpocharununxoniny (AINDX) 3mina temnepatypu Big 23
°C (Lp) no 50 °C (L,) npuBOoauTh 0 30UIBIIEHHS] CyMapHOi IUIOIII MOJIEKYJIH Bif
70 no 77 A%[53].

binpmricte HacmyeHuX (HochaTUAMIXOIIHOBUX JIITIIIB MAalOTh MOXKIIHBICTH
NEePEXOAUTH B IPOMIKHY a3y mpu TeMmIepaTypax Jenio HUKIe TeMIIepaTypu OC-
HOBHOI'O IEpEXOAY, 3 YTBOPEHHsM ckiagdactoi ¢asu Ps. Llg ¢aza xapakrepusy-
€THCSl TAKOXK TMEPIECHIUKYISIPHUM pPO3TallyBaHHSIM JIIMIAIB 0 TOBEpXHI Oimrapy,
mo i Lg, ane mix kyrom ~ 30 ° mo Hopmani (nuB. Puc. 1.5). Jlanauit nepexia npwuii-
HSITO HA3WMBATH MepeanepexoaoM. BiH moB's3aHuil 31 3MIHOIO MMaKyBaHHS MOJISIPHUX
roJiiBok (ocdodimniiiB BHACHIIOK MIABUIIECHHS 1X TiapaTaliii.

OcHoBHMIi (a30Buil Tepexiy MOB'I3aHUN 3 MEPEXO0JIOM BYTJICBOJIHEBUX JaH-
IFOTIB JIIITIAHUX MOJIEKY 31 cTany remo (Lg) B cran pigkoro kpuctany (L) [54, 55,
56]. ¥ renb-ctani yci rigpodoOHi XBoCcTH PochOMimiIHUX MOJCKYJ BUTATHYTI YiT-
KO TapajesibHO OJUH OJHOMY (TIOBHICTIO 3HaXOASThCS B mpanc-KoHpopmailii), py-
XJIMBICTh JIMIAHUX MOJICKYJ CHJIBHO oOMexeHa. B piakokpucTaliuHOMY CTaHi
MOJKJIMBAa BIJJTHOCHO BHCOKa MOJICKYJIIpHA PYXJIUBICTH KOMIIOHEHTIB: TiApodoOHi
BYTJIEBOJIHEBI 3AJIMIIKU 3rMHAIOTHCS, OPYIIYETHCS X MapaliebHICTh, 1 MEMOpaHa
B LIVIOMY BeJie ce0e K piaka, Tekyda (asa.

TeMmeparypa oCHOBHOTO ()a30BOTO IEPEX0ay 3aJIeKUTh B1J O0ararboX 4WH-
HUKIB, B TOMY YHUCJI, Bil IPUPOAU MOJSIPHUX T'OJOBOK, JTOBXKHUHU 1 CTYyIIE€HSI HEHa-
CHUYEHOCTI BYTJICBOJAHEBUX PAJIMKAIIIB, B3A€EMOIi MK JIAHLFOTAMH, HAsIBHOCTI XO-

jgectepuny B Oimrapi Tomro [57, 58, 59].
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1.4. Bzaemoais JTlikapCbKUX Pe4OBHH 3 MeMOpaHaMHu

HocnipkenHss memMOpanoTpornHoi aii JIP cTaHOBUTH OJHY 3 BaXXJIMBHX 3a-
BJIaHb cydyacHoi 610(izuku. Tpancmopt JIP kpi3p KIITHHHY MeMOpaHy 00yMOBITIOE
noJajbInnid il po3moaia B OIOJOTIYHMX piAMHAx, opraHax i TkanuHax [60, 61].
Haii6inpm nomupennM MexanismoM Tpancnopty JIP BBaxkaeTbes macuBHa AuQy-
3151 Kpi3b JimiaHui Oimrap [61, 62], Tomy docdomimaHi MOACIbHI MeMOpaHH 3ara-
JHHOTIPUHMHATI AK BiAMOBITHA (Pi3UUHA MOJENH I 3'siICyBaHHS MexaHi3MmiB Aii JIP
[25, 28, 63, 64].

Bzaemonist JIP 3 nminmigauM Gimapom € CKJIaJI0BOIO 3arajibHO1 Aii dapMiiperna-
paTy 1 MOK€ MPUBOAUTH JO WOTO YIIUIbHEHHSI a00 PO3pIIKEHHS, M0 B 0araThox
BUIAJKAX KOPEJIOE 3 MiABUIICHHIM a00 3HM)KEHHSM MPOHUKHOCTI Oimmapy [65-
69]. Ha BigminHy Bijx B3aemoJii 3 OLIKaMH-MIlICHsIMH, y B3aeMoito 3 JIP memOpa-
HOIO YTSTHYTa MepeBa)kHa OUIBIIICTD 11 (YHKIIOHATBHUX TPYI, TOMY Ha MEPIIHii
IIJIaH BUCTYIIae cTpykrypa JIP.

Tpaauiiiino BBaXKa€eThCs, 0 3 MEMOPAHOIO MOXKYTh B3a€EMOJIISITH TIJIBKH T1-
npooOH1 peuoBUHHU, TOOTO Ti, SIKI 3/1aTHI MPOHUKATH BcepearuHy MeMmOpanu. On-
HakK, T1IpodibHI (BOJIOPO3YNHHI) PEUOBUHU MOXYTh B3a€EMOJIISATH 3 MEMOPaHOIO,
ancopOyrounch Ha i1 moBepxHi. TyT € cBOi crienudiyHi 3aKOHOMIPHOCTI, HaIpHU-
KJIa/1, SIKICHO PI3HUHN BIUIMB KOCMOTPOIIIB 1 XaOTPOMiB. TepMIHH «XaOTPOIHUI» Ta
«KOCMOTPOIIHMI» OyJ10 BIeplIe BXUTO JJs 10HIB (T. 3B. psiau ['opmeiictepa), mis
AKX OyJIO BCTAHOBJICHO SIKICHO pi3Ha i Ha HU3KY NapaMeTpiB BOJU Ta BOJHHMX
posunHiB OinkiB [70]. 3rogoM i TepMiHM OyJIO MOIIMPEHO BiJ 10HIB O BEIUKOI
IpYyIY PEYOBHH, a iX BILUTUB HA BJIACTUBOCTI BOJU OYB PETENIbHO Hociimkenui [71 -
75]. 3okpema, BCTaHOBIIEHO, 110 TeMiieparypa miaieHds JJHK Takox 3cyBaeTbes
NPOTHJICKHAM YMHOM ITiJ] BIUITMBOM KOCMOTPOITHUX a00 XaOTPOIHUX areHTiB [76].
3arajpHe 010JIOTIYHE 3HAYCHHS IHOTO SBHINA J0ci oOroBoproeThes [74, 77-80], y
TOMY YHCJIl — B paMKax KoHIemii Henpsamux edektiB ['odpmelicrepa 3a momomo-

TOI0 3MiHU CTPYKTypH Bomu [76, 81, 82].
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Edextu I'odmelicrepa MaroTh MiCIle TaKOX 1 Y JIMITHUX Olllapax, OCKUIbKA
iX TOBEpXHS HACHUYEHA BHCOKOTIIPATOBaHUMH (PochaTHUMU Tpyramu, a TiIpo-
¢doOHI B3aeMojii BcepeeHi Oimrapy cuibHi. Y [83] BiAMIUCHO HU3KY BaXKJIMBHUX
3aKoHOMIpHOCTEH MJI KOCMOTpOMiB Ta XaOTPOIiB, HAMPUKIAA, O IMiJABUIICHHS
a00 3HWKEHHS TemIiepatyp (a3oBUX IMEPEeXOIiB MOJCIBHOI JIIiIHOI MeMOpaHu
BHACIIJIOK, BIJIMOBIAHO, MIABUIICHHS YU 3HIKEHHS MOPAIKY B CTPYKTYP1 PiIKOi
Boau. TakuM unHOM, BUBYEHHS B3aemoii JIP 3 MmemOpanamu BaxuBe sIK ISl T1]1-
pohoOHUX, TaK 1 JyIs T1APODUIBHUX CIIOJYK.

Crin 3a3Ha4MATH, IO TIEpEeBaXkHA OUTBIITICTh CydacHHUX (hapMIipenaparis € Oa-
raTOKOMIIOHEHTHUMH CHCTEMaMH, 1110 CKJIAJa0ThCs 3 A10Y01 peUOBUMHU 1 HAOOPY
nonoMikHUX pedoBuH [60]. ¥V dapmakosorii 3aralbHONMPUIAHATAM € YABICHHS PO
T€, 10 B MPUCYTHOCTI PI3HUX PEUYOBHUH (JIIKAPCHKUX, XapPUOBUX, KIITUHHUX KOM-
MOHEHTIB 1 1H.) BUXIJHA Al (papMIpenapaTiB MOKe MOCUIIOBAaTHUCA a00 mociial-
nroBatucs [84, 85] - came ToMy OCTaHHIM 4acoM OCOOJUBHH 1HTEPEC BUKIMKAIOThH
MIKKOMITOHEHTH1 B3a€MOJIIi B (papmmpernapaTax Ha pI3HHUX eTamnax iX 3acTOCyBaH-
Hs1. MexaH13MM CIUIBHOI 11l pEYOBUH MOKHA YMOBHO PO3JUIMTH Ha MpsSIMYy, 0e3M0-
CepeHI0 B3aeMO/IiI0 (YTBOPEHHS CHOJIYK, KOMIUICKCIB Ta 1H.) 1 HEMpsMY, OIoce-
pelKOBaHy B3aeMoJlit0 (BOYIOBYBaHHSA B OJMH 1 TOW ke (Di310JOTIYHMI Tpoliec,
peaxIrito, 3MiHa BJIACTUBOCTEN cepefoBuIla Ta iH.). Bimomo, 1o sk hapmakokiHe-
THKa, TaK 1 (papMakoMHaMiKa JIIKApPChKUX 3aC00IB MOXKYTh OyTH 1CTOTHO 3MIHEHI,
KOJIM JBa a00 OuIbIIe JIKAPChKUX 3aCO0M 3aCTOCOBYIOTHCSI OJJHOYACHO HaBITh O€3
npsIMOT JIiKapchbkoi B3aemoii [86, 87].

besnocepenns Bzaemoist (hapMiipenapatiB IpOSBISIETHCS BXKE HA PIBHI JIiTIi-
aHoro Oimapy [88, 89]. IcHyroTh uncieHHI poOOTH 1010 B3a€MOJIIT OKpEMUX Ipe-
napatiB 3 docdomimgaumu MmemOpanamu [25 - 29], ane HasBHa iHpOpMAaIisS PO
crubHy Aito JIP, ogqHOYacHO BBeACHUX B JIMiAHI MeMOpaHU, € HEAOCTATHBOIO Ta
dbparmenTtaproro. Tum He MeHIIe, IESKi HasIBHI JaHl CBIIYaTh MPO TE, IMIO CIUIbHI
e(eKTH PI3HUX JIKAPChKUX 3aC001B MOXKYTh OyTH 1CTOTHUMHU. 30KpEMa, TaKl BaxK-

JIUB1 BJIACTUBOCTI JIMITHUX MEMOpaH, K MPOHUKHICTh JJIsl CIEIU(IYHOTO JIiKap-
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cpkoro 3aco0y [90 - 93] a6o posmoain JIP B memOpany [94, 95], cyrreBo Moaudi-
KYIOTBCSI B IPUCYTHOCTI1 1HITUX PEUYOBUH. 3 IIUMH IIPOIIECAMU MOKYTh OyTH TIOB'sI-
3aH1 3MIHM TEPMOJAMHAMIYHMX MapaMeTpiB JIMNIAHUX OilIapiB IpH CHIILHOMY 3a-
cTocyBaHHI mpemnapaTiB [88, 96-99], Bkitouaroun BUMAI0K MPSIMUX MOJCKYJISIPHUX
B3aemomiit [100, 101]. 3 ormsimy Ha Te, IO JIMiAHMUN OilIap Mae CYTTEBUI BILIUB
Ha 3B'SI3yBaHHS 1 PYHKI[IOHYBaHHS MEMOpaHHUX OUIKIB, BUKOHYIOYH B TOMY YHCII
1 katamituuni ¢yakuii [102, 103], nponuknenns JIP uyepe3 6iomeMOpaHu € BaxIIH-
BUM HE€ TUIbKHM 3 TOYKU 30pYy TEpaneBTUYHOTO MPOIECY, a M OMOCepeaKOBAHOTO

BIJTUBY HA KUTTEIISTbHICTD KITITUHH.

1.5. BaratokoMnoHeHTHi Jinigni MmemOpanu

Bigomo, mo miabip dimigHOTO CKiIaay JIMOCOM € 1ICTOTHUM (haKTOpOM OITH-
Mizalii gjoctaBku JIP, ToMy B 1aHuil 4yac B SIKOCT1 MOJIEJI€ BCe OUIBII ITMPOKO BU-
KOPUCTOBYIOThCS JIiIIIIHI KOMITO3uIIii pisHoro ckiaay [104 - 107, 108, 109].

HepeOpo3uau 1 dhocdominiam HIMPOKO BUKOPUCTOBYIOTHCS K B JIIKAPCHKUX
nmpenaparax, Tak 1 B KOCMETHII, TOMY iX KOMITO3HIIii 1HTEHCUBHO BUBYAIOTHCS 3a
nomoMororo cydacHux (izugaux metofiB [110]. 3 inmoro 6oky, Ga3oBi cranwu, iH-
JYKOBaHI CTOPOHHIMHU MOJIEKYJIaMH (HAmpuKiaa, oJeiHoBOow kuciororo [111] 1
putinHoM [112]) B MeMOpaHax, 110 MICTATh IIEPeOPO3UaN, MOXKYTh OYTH HAI3BU-
YaifHO Ba)KJIMBOIO CKJIAJIOBOIO iX Ji1 Ha MIKIPSTHI TOKPOBH.

TpUKOMIIOHEHTHI MeMOpaHH, 110 MICTATh «BUCOKOTEMIIEPATYPHUI» 1 «HU3b-
KOTEMIIEpaTypHU» JIIIJIA, & TAaKOX XOJECTEPHUH, BBAXKAIOTHCA ONTUMAIbHUMU
MOJIEJISIMH 30BHINTHBOTO MiBIIapy MemOpan ccaitiB [113]. AIDX i JATIDE BigHO-
CATHCS 70 HAMTOJOBHINIMUX KJIACIB JIMiAIB KIITUHHUX MemOpaH [114]. Xonecre-
pUH, IIUPOKO MPUCYTHINA B MeMOpaHaX CCaBIliB, MA€ BAKIIUBY PETYIATOPHY (QYHK-
1[I0, MO/IYJIIOrOUH (hi3WYHI BIACTUBOCTI OGiomemOpaH [115].

He3sBakaroun Ha CKJIAIHICTD, JJI9 0araTKOMIIOHEHTHHX JIITIIHUX CHCTEM BIKE
BCTAHOBIJICHI JesKi 3araibHi (i3uKo-XimMiuHi 3akoHoMmipHoCcTi [92, 105, 116, 117,].

Tak, B po6oti [118] mokazaHo, IO CTymHiHb 3B'SI3yBaHHS IHTETPaIbHOrO OlKa



39

crekTpuHy 3 MemOpaHamu dochatuamixonin (OX) — docharuamieranosamMin
(DPE) - 3 o1HAKOBUMH BYIJICBOJHCBUMH paJuKajaMU 3HWKYBaBCS B Mipy IOJIOB-
KEHHS paguKaly, Xo4da e(eKT IMiIBUIICHHS TUCKY MPU BBEICHHI CIICKTPHHY TPH
IbOMY 301UIbITyBaBcs. Y TOM K€ 4ac, JJIsi HCHACHYEHUX JIIIJIB BKa3aHUU €(eKT
OyB B KUJIbKa pa3iB MEHIIIE.

VY memOpanax [AIIDE mis riapodinbHUX KOCMOTPOIHHUX PEYOBHH, TAKUX SIK
caxapo3sa 1 TUIIEpUH, BCTAHOBJICHO 3HWKEHHS Temnepartypu L, — H; mepexony i1
HiABUILEHHS Temnepatypu nepexony Lz — L, TOOTO 3BYy>KEHHS TEMIIEPATypHOTO
iHTepBay icHyBaHHs L,-aszu [83]. 3a3nauenuit eexT 3MEHIITyBaBCS 3 T ABHUIICH-
HAM JOBXWHU jJaHIoriB OFE 1 3HMWKEHHSAM CTymHeHs KOCMOTPOMHOCTI J100aBKHU.
Jlist TiapodUTbHUX XaOTPOMHUX PEYOBHH, Takux sk, Hampukiaa, NaSCN, edexr
OyB 3BOPOTHUM: PO3IIUPEHHS 1HTEpBAITy ICHYBaHHA L,-a3u. Y Tiit xke poOoTi 1ist
KOCMOTPOITHOT caxapo3W BCTAaHOBJICHO 3MeHIIeHHs 3HadeHHs JAT./dc mis mepe-
xony Lg — L, 3 miaBuieHHSM JOBXUHU JaHItora B @F, a Takox miIBULLICHHS 3a-
3HAQYEHOTO MapameTpy Opu mepexoji Bia Outbin riaparoBaHoro DX no menmn
rigpaToBanoro J{I1DE.

VY 3araJibHOMy BHUMAJIKy Ha 3B'sI3yBaHHS CTOPOHHBOI MOJIEKYJIU 3 MEMOPaHOIO
BIUIMBAE K CTPYKTypa ii moBepxHi (Mpupoda rojloBOK), TaK 1 CTpyKTypa ii T1iIpo-
¢$b0o6HOT yacTUHM (IOBKMHA XBOCTIRB), 110 JIETAJIHHO MTOKAa3aHO HA MPUKJIAIl TATITO-
HiHy [119]. [TonoxeHHst CTOPOHHBOT MOJIEKY K B Oimapi 3rigHo [116] Bu3HayaeTh-
cs TiapoduTbHO-T1APpoPoOHUM OamaHCOM, KOH(POPMAIIEID MOJIEKYJH, eeKTPOCTa-
TUYHUM TIOTEHIIAJIOM 1 TiJpaTtalii€ro rnoBepxHi. Ha neir OanaHc, B CBOIO yepry,
BIJIUBAE CTPYKTYpa TiApodiabHOI 1 T1Apodh0OHOT YacTHH JIMiiB, a TaKOXK (Ha30BHUil
ctaH Oimapy. Came i (akTopy BU3HAYalOTh JaTepajibHy B3a€MOJIIIO JIMIIIB 1, B
H1JICYMKY, - IPOHUKHICTb 1 COPOLIMHY €MHICTh OllIapy MO BIAHOLIEHHIO 0 JaHOT
MOJIEKYJIH.

3 orisly Ha BCE BUIECKA3aHE, CTA€ 3pO3YyMUIMM, IO JIMIIHUM CKIIaJ MEM-
OpaH € ICTOTHUM YMHHUKOM B3a€MOJIii MOJICKYJI 3 OlmapoM 1 poOOTH B IIbOMY Ha-

PSIMKY € 1y’Ke aKTyaJIbHUMHU.
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1.6. KineruuHi gocaigxenass Mem0opanorpomnHoi aii merogom JJCK

Kinetuka ¢a3oBHX mepexojiiB, Ha BIAMIHY BiJi KIHETMKUA XIMIYHHMX pPEaKIiH,
BHBYCHA HE CIOBHA HaBITh I ipocTux cucteM [120 - 123]. V mociimkeHHsx ¢a-
30BHUX MEPEXOJIB B TEPMOTPOITHUX PIAKUX KPHUCTAIIB KIHETUYHI (pakTopH, sIK mpa-
BUJIO, HE BPAXOBYIOThCS, 1110, UMOBIPHO, € JIKEPEIOM PO301’)KHOCTEN y XapaKTepHu-
CTHKaX TOYOK (ha30BOro mepexoiy, HaBeIeHUX y pizHuX myoOuikarmisx [124]. Kine-
TUKa BIIrpa€e MPOBIIHY POJb B PETyIIOBaHHI MPOIIECiB B OpraHizoBaHUX 010J10T14-
HUX CHCTEMaX, Kl BiTOYBalOThCS B HUX 3 MIEBHOIO IIBUJKICTIO 1 B IEBHIN MOCIII0-
BHOCTI [125]. Came 11bOMy Taki JOCIIIKEHHS CTalOTh OCOOJIMBO BaKIMBUMH IS
(daz0BUX MEpeXOiB MIXK JIOTPOTHUMHU PIAKOKpUCTANIYHUMH (hazamu Gocdomimia-
HUX MeMOpaH.

HudepeniianbHa cKaHyrO4Ya KaJOPUMETPIS € MIMPOKO BUKOPUCTOBYBAHUM 1
BHCOKOIH()OPMATUBHUM METOJIOM IS JOCHIKeHHS (pa3oBUX mepexoiB y docdo-
mimigHuX MeMOpanax [126]. [eranpHi JOCHIIPKEHHS MOKAa3yOTh, [0 TEMIIEPaTypH
dazoBoro nepexoay, Bu3HauyeHi 3a ponomoroto mikiB Ha JICK-tepmorpamax doc-
domnigHuX MeMOpaH, MOXXYTh IOMITHO 3MIHIOBaTUCS MPHU PIZHUX MIBUIKOCTSAX
CKaHyBaHHsI, 3CyBaIOUMCh Yy O1K MiIBUIICHHS MPH OLTBII BUCOKHX IIBUAKOCTSIX Ha-
rpiBanns [127].

Haii6inp1 nomupeHuM mnapamMeTpom, MoB'I3aHUM 3 KIHETHKOIO (ha30BUX Ie-
pexoniB, € eHepris akTuBamii E, [128], ockinbku came Bix Hel 3aIeKUTh IIBHI-
KICTh TIepe0iry (pa3oBoro nepexomy.

BinbuIicTh KIHETUYHUX JOCTIIKEHb CTOCYETHCS B3a€MOJAIl MK MEMOpaHOIO
ta JIP B piBHOBaXXHUX yMOBax, aje B JEAKHX poOOTax KIHETMYHI €KCIIEPUMEHTH 3
posnoaury JIP B minmiganx memOpanax Oy BUKOHAHI 3 BUKOPUCTAHHSM METOIUKA
JICK [29, 129 - 132]. KineTruH1 JOCTIKEHHS MYJIbTHOIIIAPOBUX JiITITHUX CTPY-
KTYp [1O3BOJISIIOTH BIJCTEXKYBATH MOKJIMBICTH CIIOHTaHHOI B3aemofli JIP 3 mem-
OpaHor0 B MaciITadi peaJibHOTO Yacy.

[Ipu cninpHOMY BBeneHH1 JIP MokHa criocTepiraTd MOIYJISLII0 KIHETUYHHUX

MPOLIECiB y MPUCYTHOCTI 1HIIOTO mpemnapary. Takuil MmiaxiJg Mae AaTd ysBJICHHS
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PO 3JaTHICTh IpemnapaTy MpoXOoauTu depe3 OiomemOpaHH1 Oap'epu (ToOTO OyTH
abcopOOBaHUM B OpraHi3mi), 10 MOXKE OYyTH KOPUCHUM JUIsl (hapMaKOKIHETHUHUX
nociimpkens [29,129 - 132].

BaxxyinBOIO KIHETHMYHOIO XapaKTEPUCTUKOIO JIMIAHUX MEMOpaH € Koomepa-
TUBHICTH (Ha30BUX mepeXxoiB. [IoHATTS KoonepaTUBHOCTI JiJisi (ha30BUX MEPEXOiB
B JIIMITHUX MeMOpaHax OyJjio BBEJIEHO, KOJIU Oyia MOMIYeHa ICTOTHA PI3HUIIS MIXK
3HAYCHHSIMH KaJopuMeTpuuHol eHTtanbmii AHpn 1 enransmii Bant-I'odda [133].
[Tepenbauanocst icHyBaHHSI «KOONEPATHUBHUX JOMEHIBY», B MeXaX SIKUX yCl MoJie-
KyJnH 1iepeOyBaloTh B OJJHAKOBOMY CTaHi, YTBOPIOIOYH a00 KPUCTATIUHY (TBEPIY)
dazy, ado piaky ¢aszy. Koxxna rpyna Moxe 3MiHIOBaTH CBiM (Da30oBUii cTaH 3a 3a-
KOHOM "Bce a0 HIYoro" i 70 TOTO K aOCOJIOTHO HE3aJIEKHO BiJ IHIIUX Ipymd. Y
IIbOMY CEHCl KOOTIEpATHUBHI JJOMEHH SBJISIOTH COOOI0 «CBEPXMOJICKYJIN», SIKI MO-
KYTbh IEPEXOJIUTHU 3 OJTHOTO CTaHYy B 1HIIUH.

Metoau kaiopuMeTpii 3a3BUUail BUKOPUCTOBYIOTHCS JIJIsSi BU3HAUYCHHS PO3Mi-
Py KOOTEpaTHBHOTO JAOMEHY B JiMigHUX MemOpanax [64, 134]. [ys KiIbKiCHOTO
BU3HAUYEHHS MapaMeTpiB KOOMEPATUBHOCTI MEPEXIAHOr0 Impoiecy Oyso 3amporno-
HOBAHO BUKOPHCTOBYBATH CITIBBITHOIIICHHS MK TEOPETUYHO BU3HAYEHUMH AHyn 1

BuMipssaumMu AHp, [49]:

CN :AHVH/AHm, (11)

ne CN - koonepaTuBHE YUCII0, TOOTO KIJIBKICTh MOJICKYJI JIIIAY B JIOMEH1 (PO3Mip
KOOIIEPAaTUBHOTO JOMEHY).

Bcranosneno, mo s HacuyeHUX (PocHaTUAMIXOIHIB KOONEPATUBHICTh
npuTaMaHHa Kk OCHOBHOMY (azoBomy nepexony (Pg - L,), 1110 B o0CHOBHOMY TIOB'-
s3aHe 31 3MIHAMHU B YIaKOBIIl aJKUJIBHUX JIAHIIOTIB, Tak 1 nepeanepexony (Lg -
Pg), 1110 CYNPOBOIKYEThCS 3MIHAMHU OpieHTalii mojaspHUX royioBok [135 - 137].

3nauenHs CN Ui OCHOBHOTO Tepexoy B KiIbKa pa3iB MEPEBHUILYIOTh 3HAUCHHS
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st iepeanepexony [137] 1 MiHIMHO 3MEHIIYIOTHCS 3 JOBKHUHOI (ochaTUANIXO-
JIHOBOT'O aJIKIILHOTO JIAHIFOTa (110 HE CIIOCTEPIraeThCs IS EPEATICPEXOTY ).

BpaxoByrouu, 110 3HaYHa YacTKa JIMIAIB 3HAXOAUTHCS B 0€3M0CEepeaHbOMY
KOHTaKTi 3 Ounkamu [138], moxkHa oOroBoputu 6i10(i3UYHY POJH KOOTIEPATUBHUX
noMeHiB. JIimaHuil ToMeH sBisie CO00K CympaMOJICKYJISIpHUN aHCcamOJb, SKUAN
MO’KHA MOPIBHATH 3 MeMOpaHHUMU OiKkaMu 3a ioro macoro (1o 1000 k/la) 1 po3-
MipoM (z10 850 M B OimrapoBiil moBepxHi). Xoua KIITUHHI MEMOpPaHHU BKJIIOYAOTh
cotHi BuaiB gimimiB [139, 140], ski BukiukaoTh pizke 3HmkeHHs CN [137], koo-
NIepPaTUBHI JOMEHH MOXYTh JOCITAaTH JOCUTh BETUKHUX PO3MIPIB BHACIIIOK JIaTe-
panbHOro posainenns mimiais [140, 141, 142]. 3okpema, JiMmiaHi JOMEHH CYCITHIX
MeMOpaHHUX OLTKIB MOXKYTh B 3HAUHIM Mipi BU3HA4aTH €(hEKTH JIiIi1-017TKOBUX
B3aeMoii. Takuil TMI B3aeMoJiii ONMMUCYBaBCS 1T MOACHTI JIIMTHOI MeMOpaHu 3
memtuHOM [143]. Y cBOIO Yepry, HeBENIMKi pO3MipH TOMEHIB B JIMiTHUX CHCTEMaXx
[137, 144] cripustfoTh MiATPUMII MEMOPAHHOTO TOMEOCTAa3y, OCKUIbKH MEeMOpaHH 3
MaJMMU JOMEHAaMU CTAOUIBHILII 10 MaJIMX KOJMBaHb MapaMmeTpiB cepegoBuia. L1
BHCHOBKH BIATNOBIIAIOTh T1MOTE31 PETYISTOPHUX (PAKTOPIB PYHKIIOHYBAHHS MEM-
OpaHM Ta Jimia-01IKOBOT B3a€MOJIii BHACTIAOK JUHAMIYHOI T€TepOreHHOCTI JIIIiI-
Horo Oimapy [145, 146] 1 cynepedars ysSBICHHIO PO JIMIAM SK TACUBHI YYaCHUKU
JIITI-OUTKOBUX B3a€EMO/IIHA.

Ha Benmnunny xoomepaTtuBHOi 007acTi BIUTUBAIOTH 0arato (hakTopiB, Takl sIK
guctoTa 3paska [147], ionHa cuna [148], eHepris akTuBarii (Ga3oBoro mepexoay
[149], penakcaris micist ycyHeHHst Tucky [150 - 152], kinbkicTh 1e(EKTiB y CTPYK-
Typi 6imapy [153], mpupona miamoxku [154], kpususHa minmocom [154, 138] Ta iH.
BceranoBnieHo, mo xonectepuH 1 0araTo JiKapChKUX 3ac001B 3MEHIIYIOTh PO3MIP
KoorepaTuBHOro jgomeny [145, 155, 156], ame MoxyTh Math Micie i 3BOPOTHI
edextu [157]. Ile, 30KkpemMa, MOXKE CIPHUATA MPOHUKHEHHIO MOJIEKYJ Tpernapary
gyepe3 MeMOpaHy BHACIIIOK MiABHUINEHHS 11 rereporeHHocTi [158 - 160].

HesBaxkaroun Ha cBOIO 010JI0TIYHY 3HAUYIIICTh, BeaudrnHa CN  1oCHTBh piako

BHKOPHUCTOBYETHCA B aHa31 KAJIOPUMCTPHUYHUX OAHUX. MO>KIHBOIO IMPUYINHOIO €
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BHUCOKA 4yTiuBICTh 3HaueHb CN 110 pi3HuX (akTopiB, 3a3HAYEHUX BUIIE, IO U

MPU3BOJUTH 10 CYTTEBOI PO301’KHOCTI OTPUMAHUX BEJIMYHUH.

1.7. BucHoBku a0 po3airy 1

1. BuznaueHHst MeMOPaHOTPOMHOT i1 JIKapChKUX PEUOBUH, TOOTO iX BILTUBY
Ha (PI3MKO-XIMIYHI BJIACTUBOCTI Ta ()a30BUM CTaH JIMIAHUX MeMOpaH, € OJHUM 13
aKTyaJIbHUX HANpPSMKIB CydacHUX 010(pi3uYHMX, MEIUKO-010JI0T1UHUX Ta ¢apma-
KOJIOTTYHUX JOCHiKeHb. PocdominiaHi MOAETbHI MEMOpaHU 3arajJbHOTPUNHSATI
K BAMOBIAHA (i13UYHA MOJIENb IS 3'1CyBaHHS MexaHi3MiB il JIP.

2. udepenmianbHa CKaHyl0Ua KAJIOPUMETPIsl € YyTJIIMBUM Ta 1H()OpMATHB-
HUM METOJIOM BU3Ha4YeHHs1 MeMOpaHoTponHoi 1ii JIP, BTiM noTpeOye qOMOBHEHHS
pe3yJbTaTaMu 1HIIUX METO/IB.

3. Y mepeBaxHii OUIBIIOCTI pOOIT PI3HUMHU METOJIAMU JIOCIIIJIKYIOTh OKpeMi
JIP a6o rpynu JIP noaibHoi xiMiuHoi OynoBu. CTaHOBUIIO O 3HAYHUM IHTEPEC JOC-
JJOKEHHS CHibHOI Aii pi3Hux JIP, ogHOYacHO BBeAEHUX B JIIiJIHI MeMOpaHH, a
TaKOX BIUTUBY JIOMTOMIKHUX PEYOBUH HA MeMOpaHoTponHy 1ito JIP.

4. Tnst po3poOku minocomManbHUX Gopm Ta Moaysanii TepaneBTuyHoi aii JIP,
a TaKo JJIsl BCTAHOBJICHHS 1X CIIOPITHEHOCTI JI0 MEBHOI JIIMAHOT (pa3u BaKJIUBUM
€ BUKOPUCTaHHS MOJICIbHUX MEMOpPaH Pi3HOTO JIIIMITHOTO CKIIaTy, SKUH BiMOBIIa€

OCOOJIMBOCTSIM THX UM 1HIIMX TUIIB KIITUHHUX MEMOpaH.
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PO31JI 2. MATEPIAJIM I METOIHU JOCJIITKEHHSA

2.1. Marepianu

SK OCHOBHI CTPYKTYpPOYTBOPIOIOUI KOMIIOHEHTH MOJEIBHUX JIMITHAX MEM-
Opan B poOoTi OyiIM BHUKOpHUCTAaHI peYOBUHHM rpynu ¢docdomimigiB: L-o-
munansmuToindocharumaunxomnin (I1DX) «Avanti Polar Lipids» (CIIA) ta #ioro
romosnor L-a-nmumipucroindocharuaunxonin (IMDPX) «Sigmay, L-a-nunamsmi-
toindocharuaunrainepun (AIDIY), L-a-munanemitoindocdaruauneranonamin
(AIDE) «Fluka», a takox kapmioimin (KJI), mepedpo3mmm (I1) (Ceramides LS
3773 (Basf), mo mictars 25% docdoniniai ta 75% uepedpo3uaiB), Ta xojecTe-
puH (X) «Sigma-Aldrich» (Himeuyunna) (auB. momatok b, Tadm. b1). Bukopucrano
TAaKOK HM3KY JIIKAPCHbKUX PEYOBHH PI3HUX XIMIYHMX KJIACiB Ta (apMaKoJIOTT4HHUX
TPYII, sIKi JOJIaTKOBO BHOCWUJIU J10 MOJICTBHOI JIiMiAHOT MeMOpaHu (IuB. 1oaaTok b,
tabi. b2).

Jlnst nocniikenb Oynu Bukopuctani 17 ximiuno unctux JIP. 3okpema, Tuio-
poHy nurizpoxjiopua Ta (eHcnipua Oyiau JIF00’SI3HO HajaHi I JOCIIKEHb
koMmmaniero «IaTepxim» (M. Oxeca); numeruncyabdokcu 3HeBoaHeHNH «Gaylord
Chemical» (CIIIA), nukioceprH Ta CYKIUHIUIXONIHY TUTiapaT Oyiu 00’ sS3HO
npeaoCTaBieH] sl TOCTiKeHb KoMnaHiero «Enamine» (M. KuiB); a3uTpomiliuHy
nuriapaTt BupoOHunTBa «Biochemie, S.A.» (Icnanis); rpaminuauH S BUPOOHUIITBA
3AT «IIpousBoactBeHHas (apmaneruueckas kommnanus OOHoBieHue» (Pocis)
JIOJIATKOBO OYHIIEHUMN; 31pKOMOMIOH] JeKCTpaH-TOIaKpUiIaMiHI COMOJIMEPH 3
HaHOyacTMHKaMu Au abo Ag oTpumaHi Ta HajJaHi M AOCIUKEHb Mpod.
H.B. Kynieson (KHY im. T.I'. [lleBuenka, M. KuiB); KOH'toraT MeTOTpEKcaTy Ta
oeTynmoHoBoi kuciaoTu Oynmu cuate3oBani O.M. Cemenenko (JJHY HTK «lacturyr
MOHOKPHCTAiB», M. XapKiB) Ta HajaHi I gociimkens ix MJI; coni Ce®* «Sigma-
Aldrich» (Himeuunna) i Ca?* mapxu OCY; rinpomenosa «Tian Ruitai cellulose»

(Kurait); xanpliito cTeapar, MarHito creapar, CTeapuHOBa KMCIIOTa, JaypUHOBA KH-
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cJIOTa, KaoJjiH, yiakto3u MoHoriapatr «Molkerei MEGGLE Wasserburg» (Himeu-
yuHa), moBioH K-29/32 «International Speciality Products» (I1IBeitmapis).

MounekynsipHi mapaMeTpy pe4OBHH PO3paxoBaHi 3a METOJMKOIO, OIIUCAHOK Y

. 2.8.

2.2. MeToanKa OTPUMAHHSI 3pa3KiB

JIist IpUroTyBaHHS OJJHOKOMIIOHEHTHHX MYJIBTHUOIIIAPOBUX JIIITHUX MEM-
OpaH 3’€IHYBaIM JIiMiW B KPUCTATIYHIN (opMi Ta O1AMCTUIROBaHY Boay (abo Ta-
Ky K KUTBKICTh PO3YMHY JOCIIIKYBaHUX BOJOPO3YMHHUX JIP HE0OXi1HOT KOHIIEH-
Tpartii) y crmiBBigHomeHH1 40:60 3a macoro. dopMmyBaHHS MyJIbTUOIIIAPOBUX JIITi-
JTHUX CTPYKTYp BiAOyBajocs mpu 4yepryBaHHI TEPMOCTATyBaHHS 3pa3KiB B aTMOC-
¢depi HacuueHoi BoaHO1 napu (20-40 roguH), IporpiBaHHs BUILE TEMIEPATYpH OC-
HOBHOTO (hazoBoro nepexony (st AIIDPX 50 °C, nna AMPX 35 °C) npotsirom 20
XBUJIMH Ta MEPEMIITyBaHHA MEXaHIYHUM criocoOoMm (mmarenem). [licnsa 3—5 Takux
UKJIIB CTPYKTYpa HaOyBaJsia Bi3yaJbHOT OJHOPIAHOCTI, a i1 TepMOJMHAMIYHI Mapa-
METPH — B1ITBOPIOBAHOCTI.

baraTokoMIoHeHTHI MyJIbTHOIIAPOB] JIMIAHI MEMOpaHU OTPUMYBAIHU M-
XOM JI0JJaBaHHS /10 CyMiIIl JIMIAIB B KPUCTAIIYHIN (opMi eTUI0BOro crupty ado
xyopodopMy. Bunanenns po3unHHUKA BiI0OyBajIocs 3a JOMOMOTOI0 KOHLIEHTPaTO-
pa «Concentrator plusy (Himeyunna) nuisxom 1neHTpudyryBaHHs MPOTITOM 7 TOJ
npu 45° C ta tucky 100 mOap 31 mBHKicTIO 00epTanHsa 1400 06/xB (~240 g). Ilic-
JIsl BUTIAPOBYBAHHS PO3YMHHMKA, MOJICNbHI JIMiHI MeMOpaHU TOTYBaJHU IMLISIXOM
rigparaiii — Tak, sK I1¢ OIIMCaHO BHUIIIC.

Boaonepo3zunnni JIP po3uMHsUIM B €TUIOBOMY CHUPTI ab0 XJIOpodopMi.
OTpumaHuil po34uH I0AaBaIM JO0 JIMIAHUX MEMOpaH B KpUCTaIiuHii GopMi y Ki-
JBKOCTSX, K1 3a0e3MeuyBaii HeOOX1HY HM3KY KOHIeHTparii. Jlami o0’em po3-
yuHHUKA noBoawd 10 150 M. Bumanenus po3unHHMKA Ta POPMyBaHHS MYITb-

THUOIIIAPOBUX JIMITHUX CTPYKTYpP B1AOYBaAIOCS TaK, K 1€ OTIMCAHO PaHiIIIe.



46

2.3. Metoa nudepenuianbHoi ckanyruoi kajgopumertpii (JICK)

Hocmimkenns metogoM JICK npoBoauian 3a J0MOMOIOK0 MIKpOKaJIOpUMeETpa
«Mettler DSC 1» (IIBetinapis). JocmimkyBaHi 3pa3ku B KUIBKOCTI 15 — 25 Mr mo-
MIIIAIHM B QIFOMIHI€B1 THUTJI1, 3all€4aTyBaJIM ¥ pO3MIIIIyBaju B TEPMOKOMIPII TOPSIT
3 €TaJOHHUM (MOPOKHIM) TUIJIEM. [ KOXHOro 3pa3ka MpOBOAWIOCA 2 IUKIU
«OXOJIOJKEHHS - HarpiBaHHs» 3 MBUKICTIO ckaHnyBaHHs 0,1+40 K/xB B 3anexHOC-
Ti BiJl METH JOCIIHKCHHSI.

Hudepentiansaa ckanyroda kanopumerpis (ICK) - ne kinbkicHHI METOS Te-
PMIYHOTO aHai3y, M0 BU3HAYAE 3aJICKHICTh MIXK CHEPri€l0, 110 BHIIISETHCS UM
NOTJIMHAETHCS 3pA3KOM IPU TEMIIEPATypHOMY CKaHyBaHHI, Ta TEMIIEPaTypOrO
MPOIIECY.

TeruoBuii noTik H peecTpyeThCs MPUIIAIOM HACTYITHUM YHHOM:

H=0Q;s-Q, (2.1)

ne Qs — TerIoBHi MOTIK JOCIIIKYBaHOTO 3pa3Ka;
Qr — TemIoBMil MOTIK peEPEeHTHOTO 3pa3Ka.

Qr ta Qs BU3BHAYAKOTH SIK

Qs= (T, - Ts)IRu, Q= (T, - T\)IRu, (2.2)

ne T. — Temmeparypa mneui;
Ts — Temneparypa JI0CHiI)KyBaHOTO 3pa3Ka,;
T; — TeMriepatypa peepeHTHOTO 3pa3Ka,
Rih — TepMIYHUH OTTip 3pa3KiB.
Lleit 3akOH BUKOHYETHCSI TIPU HEBEJIHMKKX PI3HUILIX TeMIepaTypH, 1mod 30epi-

rajacs JIHIHHICTh TEIIOBOIo MOTOKY. Toi:

H = (T} - T)IRp= -AU/( RsS), (2.3)
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AU = (Ts - T})S = ATS, (2.4)

ne AU — pi3HUI MOTEHITIaIB, 10 BUMIPIOETHCS 3a JOIMIOMOTOK0 TepMorapu (Tep-
MOEPC);

S — aytnusicts Tepmonapu (20 MxB/K). S ta Ry, — dpyHKIii TeMmeparypH.

E = RS, (2.5)

ne E — kamopuMeTpuyHa YyTIUBICTb, ii PEACTABISIOTh Y BUTISAAI TOOYTKY JBOX

KOMIIOHEHT: 3aJIe:KHOT Bl TeMrieparypu Er Ta He3anexkHoT Ein:

E = Ere| 'Ein. (26)

Ein BU3HAUa€ThCs MU KaliOpyBaHHI MPUIIALY 3a BIZIOMOIO TEIJIOTOIO ILIAB-

JICHHS 1HJT110, Erel MPEICTABISAETHCS Y BUTIIAII PO3KIIAIaHHS B CTEIICHEBY (PYHKIIITO:

Ere| :A + BT+ CTZ, (2.7)

ne koHcTaHTu A, B, C TexX BU3HAYAIOThCS TIPU KaiOpyBaHHI NPUIIAY.
TepmOrpamu AoCiiKyBaHUX 3pa3KiB y KoopAnHATaX «TerioeMHICTh (Cp) -

temneparypa (7)» MOKyTh OYTH OTpUMaHi Ha ITiJICTaBl CIiBBITHOIICHHS

Co(T) = (dH/dT),, (2.8)

ne H — KUIbKICTh TEIUIOTH, 110 HEOOX1JHA JIJIsl MiJABUIIEHHS TeMIepaTypu 3pas3ka
HA OJIMH Ipayc MpH MOCTIHHOMY THUCKY P.
Kanopumerpuuna entanbis nepexoxy AH BH3HAUAETHCS 38 IUIOMICKO MIKY

i1 eKCIIEpUMEHTAIbHOI KPUBOKO BIAHOCHO 0a3MCHOT JiHIT
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Tl
AH = j Co(T)dT (2.9)
T2
ne 11 ta T» — moyaTKoBa i KiHIIEBa TOYKH (a30BOro Mepexoy.

Temneparypa Oyab-sIKOTO (hpa30BOTO MEPEXOaY BU3HAYAETHCSA K EKCTPEMyM
TEMIIEPATypPHOT 3aJIKHOCTI TEIJIOBOTO IOTOKY — TOOTO, SIK TOYKa, B AKil MOXiaHA
TEIJIOBOTO TIOTOKY HaOyBae HYJIbOBOTO 3HaueHHs. EHTanbmii ¢a30BUX mepexoiB
PO3paxoBYIOTH SK MIOMHKHY HOpMoBaHOTO JICK-TIiKy 3a J0MOMOT00 BiAIOBITHOTO
nporpamuoro 3abesmneueHdss «STAR® SW11.00». Ticrepesuc (h) Bu3HauYaIOTH SIK

PI3HUIIO 3HAYEHB |y MPU OXOJIOKEHH] Ta HArpi1BaHHI:
Ahm = Tm (naepis) — Tm(oxo,ﬂ) ) (210)

1€ Tmguazpis) Ta Tm(oxon) — TEMIIEPATYPH OCHOBHOTO (Pa30BOro nepexomy npu Harpi-
BaHHI Ta OXOJIOJKEHHI, BIJIIOBIIHO.
3cyB TemrepaTtypyu OCHOBHOTO (pa3oBoro mepexoay B nmpucytHocTi JIP (47y)

00YHUCITIOETHCA 32 POPMYJIIOLO:
ATm:Tm'Tmo, (211)

ne Tmo Ta Ty — Temmeparypu Ga3oBUX MEPEXOIiB JIITiTHOT MeMOpanu 0e3 JoMi-
IIOK Ta MeMOpaHu B npucyTHOCTI JIP BinnoBiaHO.

MacoBuii napametp MeMOpaHOTporHOi akTuBHOCTI JIP (@m), skuii BinOuBae
BEJIMYMHY 3CYBY TEMIIEpaTypH MKy MEPEX0/1y B PO3PaXyHKY Ha OJUHHIIIO MACOBOT

KoH1eHTparii JIP B MoaenbHil imiaHii MeMOpaHi, BU3HAYa0Th 3a (hOPMYJIOHO:
am = ATl cm, (2.12)

ne cm — MacoBa KoHreHTparlis JIP BigzHocHO Macu dhocdomiminy.
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VY KaJIOpUMETPUYHUX JOCIIKEHHSIX OJHUM 13 JKEpeNn J0AaTKOBOI iH(popMa-
i € acumetpis miky. OgHi€ro0 13 3pydyHUX (HOpM MPEACTABICHHS acCUMETPIl € pi3-
HULL MDK TEMIIEPaTypol0 MaKCUMyMy MKy Ta CEpeAMHOI0 HOro HamiBIIUPUHU.
Tomy SIKIIO0 BUCOKOTEMIIEpaTypHa YaCTUHA MKy HIMPIIA 3a HU3bKOTEMIIEpaTypHY,
acuMeTpisi Ha0yBa€ MO3UTUBHOTO 3HAYCHHS, 1 HABMAKH.

KoonepatuBHicts (hazoBoro nepexomay CN obuncaroBaim 3a GopMyIioro:

CN = 4RTm2 /(ATml/ZAHm), (213)

ne R — yHiBepcanpHa ra3oBa cTaja;
AT1,—HamBIIMPHUHA TIIKY OCHOBHOTO (pa30BOT0 MPEXOTY.

[Tapamerp ATi, BiIOMBaE CTYIiHb KOOMEPATHBHOCTI (a3oBOro mnepexojy:
yuM MeHIe AT (OUIbIT BY3bKHM MIK Mepex0/y), TUM OUTbI KOOMIEPATUBHUM €

(da30oBuii nepexia.

2.4. dyp’e-1U-cnekTpockomisi

®dyp’e-I4 (FTIR) cnexTpu MHOMIMHAHS MOJCIBHHUX JIMIIHUX MeMOpaH B
npucytHocti JIP Oynu orpumani 3a gomomoroto cnekrpodoromerpa Perkin Elmer
«Spectrum One»”. PeecTpallito CieKTpiB IPOBOIWIM METOLOM PO3IABIEHOI KpaILi
MK cTekiaamMu ZNSe mpu cTaHgapTHUX atMochepHux ymoBax [161]. TIpouemypa
00poOku opuriHanbHUX [Y-criekTpiB cKkiananacs 3 HACTYNHUX €TaliB. Mepepaxy-
BaHHS OTPMMAaHMUX 3HAYCHB MPOITYCKAHHS B MOTJMHAHHS; HOPMYBaHHS OTPUMAaHUX
CIIEKTPIB y KOOpAMHATaxX onTuduHoi minbHocTi 1m0 viCHy 2850 cm; ypaxysanns
MOTJIMHAHHS cTeKoJ1 ZnSe; BiAHIMaHHSA 0a3UCHOT JIIHIT CIIeKTpa.

TouHicTh BU3HAUEHHS XBHILOBOIO uncia craHoBmiaa 0,2 cmt.

* dyp’e-IY-cnextpu 6ysm OTpumani K. X. H. JI.C. CoppoHOBHM.
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2.5. TepmorpaBimerpuunuii ananisz (TT'A)

Jns creapatis Ca?" i Mg?* Gyno BM3HaYE€HO €HEprilo aKTHBALil JerigpaTanii
(Ea). st 11p0r0 Mepes TepMOTpaBIMETPHUHUM CKCHEPUMEHTOM KPHUCTAIH JOCTi-
JUKYBAaHMX PEUYOBUH Y KUIBKOCTI 3—6 MT MOMIIIAIM B TUIJIl 3 OKCHUJLY aJIOMIHIIO
006’emom 160 MK, 3akpuTi epdhopoBaHoOr0 KpUkorw. [ToTiM 3pa3ku HacHIyBaIu
BOJIOIO B aTMOC(epi HACHYCHOI BOJAHOI MapH, PEECTPYIOYH 3HAUYCHHS MacH 3 Mepio-
muaHicTio 10-20 ron. [ns TT A-ekciepuMeHTy THTII 31 3pa3kaMyd MOMIIIAIA 0
TepMorpaBuMeTpuaHoro Moy TG 50 repmoananituanoi cuctemu «Mettler TA
3000» (IlIBeitmapist), Ae B KIHETUYHOMY peKumi, npu mBuAKocTi 2 K/XB B miamna-
3o0H1 Temneparyp 30—100 °C cnocrepiranu 3a aeriparaiiero. 3MiHa Macu 3pa3ka B
yaci BIJMOBIJIajia KIJTLKOCTI BUMApyBaHOi Boau. E, meriaparariii o04ucioBan 3a

nomnomororo piBHsiHHS Kiccinmkepa:

X E
In— =-—"-+ const
Tdh RTdh

(2.14)

JIe X — BUJKICTh CKAHyBaHHS;
R — yHiBepcanbHa ra3opa craja;

Tan - TEeMTIEpaTypa AerigpaTarii.

2.6.0nTnyHa MiKpocKomist

3pa3ku epUTPOIUTIB JIFOAUHH, SIKI BUKOPUCTOBYBAJIM B MIKPOCKOIIIYHUX J0-
CIIJDKEHHSX, Oynu 310paHi y 3J0pOBHX JIOHOPIB 33 CTAHAAPTHOIO KIIHIYHOIO IMPO-
neayporo. JlochipkeHHsT epUTPOLUTIB MPOBOIMIN 3 BUKOPUCTAHHSM ONTHYHOTO
Mmikpockony «Mukpomen Ilomap 3» (Pocis), o6nagHanoro mu@poBor KaMeporo
«Canon EOS 1100D». lo cycmensii epUTpOLHMTIB, 0 3HAXOAMINCS Ha TTPEeIMeT-
HOMY CKeJlblli, TofaBaiu 5,5 % po3uuH Tuiaopony ta/a6o 1,5 % pozuun JIMCO Ha
Gb13po34mHi, IepeMilllyBaIl Ta HAKPUBAIM MTOKPUBHUM CKelblieM. MikpodoTrorpa-

¢ii pobunum xkoxHi 30 ¢ mpoTsirom 10 xB. ExcniepuMenT nosToproBanu 4-5 pasis.
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2.7. Metoan oOpoOKHU JaHUX Ta KOMIT’ IOTEPHOT0 MO/1eJII0BAHHS

[Ipouenypa o6podku JICK-Tepmorpam mpoBousacs 3 BAKOPUCTAHHSIM IMPO-
rpamHoro 3a0esnedyeHHs npwiany «Mettler DSC 1», a Takox BuibHOTO [13
«QtiPlot 0.9.8.9». bynu Bu3HaYeHi TeMIiepatypa, SHTaJbIIisl, HAMIBITUPUHA Ta Tic-
TEPEe3UC OCHOBHOTO repexoay jimiaaux memopan (Tm, AHm, ATmiz, hm), a Takox
nepexarnepexony (Tp, AHp, ATp12, hp). CTangapTae BimxwiieHHsI 3a3HAYCHUX Iapa-
METpIiB, OTPUMAHE Ha MIACTaBl aHAM3Y 15 KOHTPOJBHUX 3pa3KiB, CKJIAJIO:
oTm =0,15 °C; 6T, = 0,25 °C; 04Hy = 3,8 x/Ix/kr; 04AH, = 0,6 xJK/KT; ATmip =
0,23 °C ; ATpie = 0,18 °C, hy = 0,3 °C h, = 0,5 °C. IIpu posmierienni JCK-mikiB
Ha raycciaHu KpUTEpieEM CIYyryBaB KOE(QILIEHT aerepMiHanii R Mk ekcriepuMeH-

TaJbHOIO KPUBOIO 1 00BIAHOM0, sIKMi cTaHOBUB He MeHIie (,98.

2.8. KBaHTOBO-XiMi4Hi pO3paxyHKH

Ominka koedirienty minodineHocTi Moiekyn (logP) JIP Gyna nposeneHa 3a
JIOTIOMOT'0F0 BiJTKPUTOTO €JIEKTPOHHOTO pecypcey [162] 3 BUKOpUCTaHHSM aaropuT-
miB Pharma Algorithm (AC_logP), Molinspiration Algorithms (miLogP, ALOGP,
MLOGP; I13 DragonX) [163, 164], XLOGP2 and XLOGP3 (ITO XLOGPZ2,
XLOGP3) [165], a Takosxx ALOGPS [166]. Ycepennennii koedimieHT minodiibHOC-
i <log P> sBisie cobor0 cepeiHe aprudMeTHIHE BCiX Pe3yIbTaTiB 1Mo KoxHii JIP.

Jlnst po3rnsiHyTHX 'y poOoTi JIP Taki MOJeKy sipHI mapamMeTpH, K MOJIEKYJIs-
pHHit 00’eM (Vy), 3arasibHa TUTOIIA MOBEPXHI MOJEKYIHN (Stotal), TUTTOJBHUN MOMEHT
(1) 1 reomeTpuyHi po3Mipu Mosekynu (Iy, Iy, I;7), OOUMCITIOBAINCS IUISTXOM TTOBHOI
onTUMI3alli TeoMeTpii 1 MiHIMI3alli eHeprii HamiBeMOipuuHuMHu Metoaamu AM1
ta PM6 3 Bukopuctanusm [13 MOPAC 2016 Bepcis 18.305W (BiibHa akaneMiuHa
minensis) [167]. [Tapamerp Spolar OTprIMaHO 3rimHO 3 [168].

Buxonsun 3 oTpuMaHMX 3HA4Y€Hb, OyJM PO3paxOBaHi W 1HIIN MOJEKYJSPHI

napaMeTpH, Taki K MOJISIPHA YaCTUHA TUIOIIII TOBEPXHI MOJIEKYIH (Gpolar)
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Gpolar = Spolar/ Stotal, (2.15)
MoJieKysipHa aHizometpis (K)
kK= (ry—ry)/(re+1ry), rx>ry, (2.16)
Ta TUIOINA aHI30TPOIHOI B3aeMOIiT (Sk)

Sk = kSotal- (2.17)

2.9. Kopeasiniiinuii anauis

JJis BCTAaHOBJICHHS 3B’ 3Ky MK JESKUMHU MOJIEKYJISIPHUMH HapaMeTpaMHu J10-
ciipkyBanux JIP Ta mapamerpamu ix M/[ y MOgenpHUX Ta KIITHHHUX MEMOpaHax
OyJ10 3aCTOCOBAHO KOpEJAIiiHUN aHami3. s boro BUKOPUCTOBYBCS KOSDIIIEHT

niH1MHOT KOpesawii [Tipcona (), sskuid u1sl BEJIMYKH X Ta Y MA€ BUTIIS!

Slx=xlv=v|

f.1|l'|= - .
\/T [.r—x]"_‘T lv—v)

Plx

h

, (2.18)

7€ X Ta y — BIANOBIIHI CEpEeHI 3HAYCHHS O TPYIII.
Martpuii koedilieHTiB KOpesiii Oyau OTpUMaHi AJis 3araJibHOro Habopy 10-
cinipkyBanux JIP Ta okpemo mo rpymax pe4yoBHH, OJIM3BKHX 3a XIMIYHOIO Oy-

JOBOIO.

2.10. BucHoBKkH 10 po3aiay 2

1. Jlng pocnigpkeHb 3MiH TEPMOJMHAMIYHUX MapamMeTpiB (a3oBUX MEPXOAIB MO-

JENbHUX JIMITHUX MeMOpaH, OCHOBHUMH CTPYKTYpOYTBOPIOIOUYUMHU KOMITOHE-
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HTaMU AKX OyJlu pedoBUHU rpynu ¢GocdoimiaiB, Hepedpo3uaIn Ta XoecTe-
puH, OyJI0O BUKOPUCTAHO HU3KY PEUOBHH, 10 HAJIEKAIH JO PI3HUX XIMIYHHX
KJIACIB Ta BIIPI3HSUIMCS 3@ CBOEIO O10JIOTTYHOIO JIEXO.

OCHOBHUM €KNEPUMEHTAIBHUM METOJIOM JOCIIKEHb (Pa30BUX MEPXOAIB MO-
nenbHUX MeMmOpaH Oyia audepeHIliaibHa CKaHyloYa KaJllOpUMETPpUMETpist. Y
AKOCTI JIOTMIOMDKHUX METOAIB BUKOopuctoByBanucs Dyp’e-IU-cnexTpockomis,
TEPMOTPABIMETPUYHUN aHAI3 Ta ONTUYHA MIKPOCKOITIS.

[ToGynoBaHO MOJICKYJISIPHI MOJACII JOCTIKEHUX JIIKAPChKUX PEYOBHH, HA OC-
HOBl SIKMX TMPOBEACHO PO3PAaXyHKH OCHOBHHMX MOJEKYJSIPHHUX IapaMeTpiB 3
BUKOPUCTAHHSAM KBAaHTOBO-XIMIYHUX METO/IIB.

JIy1st BCTaHOBJIEHHS 3B’ A3KY MK JCSKUMH MOJICKYJIIPHUMHU TTapaMeTpaMu J0C-
JPKYBaHHUX JIIKAPCHKUX PEYOBHH 1 MapaMmeTpaMH iX MeMOpPaHOTPOMHOI il y
MOJICJIBHUX Ta KIITUHHUX MeMOpaHax OyJo 3aCTOCOBAHO KOPEJSALIMHHUI aHa-
3.

VY¢i BUKOpUCTaH1 €KCIIEpUMEHTAIbHI METO/IM € HEIHBa3UBHUMU Ta HE BHOCSTh

¢dazoBux 30ypeHb 10 GhocdoiniTHUX MEMOpPaH.
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Pozain 3. B3AEMOAIA MOAEJBHUX JIIIAHUX MEMBPAH 3
JIKAPCBKUMHU PEHOBUHAMM Y PIBHOBA’KHUX YMOBAX

3.1. KocMoTpomnHi Ta Xa0TPONHi pe4OBUHU

3.1.1. TunopoH Ta AUMETUIICYTb(POKCHUT
B sxocTi xaoTpomnHoi JIP 6yi10 00paHo THIOpOH (i04a pedoBHHA Mperapa-
Ty «AMikcuH ICy»), 1HTEpec 10 SIKOr0 OCTaHHIM YacoM pi3ko 3pic. TUIOpoH - 1ie
AHTUBIPYCHHUI Ta IMyHOMOYJIIOIOUHUH 3aci0, 110 1HAyKye BUpOOJIeHHs 1HTepdepo-
Hy [169-172]. SIx mpukiaa KOCMOTPOIHOI PEYOBHHH OYyJI0 0OpaHO JTUMETHUIICYIIb-
doxcun (AMCO), mo mupoKo BUKOPUCTOBYETHCS SIK MIICHIIOBAY MPOHUKHECHHS
JIKapChKOro 3aco0y; BiH MPOSBISE 3HEOOTIOIUY Ta MPOTU3ANAIbHY JA1I0, @ TAKOXK
BUKOPHUCTOBYEThCS SIK KpiompoTtektop [173, 174]. Membpanotponna ais JMCO
peTeIbHO BUBYAETHLCS MPOTATOM aecsaTiiiTh [88, 129,175 - 189]. BeranoBneHo Tpu
tunu edektiB JJMCO Ha minigHi Olapu A pi3HUX Jlana3oHiB KOHIIEHTPAIlii:
po3pipKeHHsT MeMOpaHu, GpopMyBaHHS Mmip 1 pyiHyBaHHs Oirrapy [179, 181, 185,
186].
JCK-tepmorpamu memopan JAI1DX, mo mictsars Tunopon ta JIMCO, nokazaHo
Ha Puc. 3.1. Buacnijok ix rizpodiasHoil pupoau oouasi JIP, BiporiiHo, B3a€EMOIII0Th
MIEPEBAKHO 3 MOJIIPHOIO MTOBEPXHEI0 MeMOpaHu. TaKy B3a€EMOJIIF0 MOXKHA PO3TIISIATH
SIK a7IcOPOILIiIO, JIe CUJTU TijIpaTallli € OJIHAM 3 TOJIOBHMX YMHHUKIB 3MIH ITapaMeTpiB ¢a-
30Boro crany MemOpanu [190]. Tunopow, Ha Biaminy Bix JIMCO, iHIyKye mporpecus-
He 3MeHILeHHs nepennepexony (Tp). IIpu npoMy croctepekyBaHi 3MIHH €HTaJIbIIIT 3a-
JIMIIAFOTHCS B MEXKaX EKCIIEPUMEHTAIBHOI TTOXHOKH.
3HaueHHs 3CyBY TeMIepaTyp OCHOBHOro ¢azoBoro nepexony (ATm) mns Tu-
jopony Tta JIMCO 3a nanumu JICK Oyiu oTpuMaHi K 3aJIeKHICTh Bl KOHIIEHTpa-
11i BoJHOTO po3uuHy BiAnoBiaHOI JIP. 3Hauenust ATy, Oyso HEraTUBHUM JIJisl Xa0-
TPOITHOTO TUJIOPOHY Ta MO3UTUBHUM i1 kocmoTpornHoro JJIMCO (Puc. 3.2). Ilpu-

nyckaroud, o ATy mponopiriiiHa KiTbKOCTI aicopOOBaHOI HAa TOBEPXHI MeMOpaHH
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JIP, excriepuMeHTaIbHI 1aHl MOXYTh OyTH allpOKCUMOBAHI1 32 JOMIOMOT'0OI0 aHAJIOTY

piBHsIHHS ajcopoiii OperHtixa:

ATy = ke, (3.1)

ne k — 3nauenns ATy, npy OJMHUYHIA KOHIEHTPALIIT PEUOBHHH;

1/n — kyT Haxwmiry ATw(c).

5.0 % 7%
2.5% u 25%
i 0.8 %

1.0 % _ e~ ~

_— ” 0%
L 2 1 i 1 2 1 " | 2 J L 1 i ) ] |
25 30 35 40 45 50 25 30 a5 40 45 50

T.°C T.°C
a) 0)

Pucynox 3.1. Hopmosani JICK-tepmorpamu (aarpiBanus) memopan JIIIDX 3 Tu-
aopoHoMm (a) 1 AMCO (6). Binznaueno xonnentpauii JIP (mac.% BiiHOCHO cyXo-
ro JIII®X). [TyakrupHUMHU JTiHISIMA TTO3HAYEHO TeMIepatypu (Ha3oBuX MepexoaiB

MemOpanu J[IIDX 6e3 qomiIoxk.

Otpumani mapamerpu ajcopOiii HaBegeHno y Ta6m. 3.1. ITapamerp K moxe
po3riianatucs sk sikicHa xapaktepuctuka M/I. BiH € HeraTUBHUM 1Sl XaOTPOITHUX

PCUOBHMH Ta MO3MTHUBHUM Ui KocMOTpornHux. [lapamerp 1/n Biamorimgae Haxuiy



56

3anexxHocTi ATy(C) y moaBiitHIM JorapudMivHiid 1mKami. 3riIHO OTpUMAHHUM Ja-

HuM, | K | BuIwmit muis tunopony, toai sk 1/n 6insine s JJMCO.

04
0,0
0,2}
O ]
o 02} S
= £
= >
0.4+ 0,0
_0'6 1 i 1 i 1 i 1 i L 1 o 1 2 1 & 1 o
0 30 60 90 120 0 200 400 600
c, MM c, MM
a) 0)

Pucynox 3.2. Konuenrpariiina 3anexHicth ATy B IPUCYTHOCTI THOJOPOHY () 1
JIMCO (0). Touku - excriepuMeHTalIbHI JaHi, JiHIT - alpoKCUMallis 3a PiBHSIH-

Ham (3.1).

Tabnuys 3.1
MapameTpu Hadauxenuss @peiinpiaixa (¢. 3.1.) 3anexnocreii 4Tm (C)

s Tusopony ta IMCO B memoOpani AIIPX

PeuoBuna 1/n k R
Tunopon 0,27 -0,12 0,87
JIMCO 0,41 0,02 0,79

®yp’e [Y-cnekrpockonisd € e(pEKTUBHUM METOAOM JOCIIKEHHS riapara-
IMIHHUX 3MIH JIIIHAX MEMOpaH MIJISIXOM CIIOCTEPEKEHHsSI aHTUCUMETPUYHOI BaJie-

HTHOi cMyru docdarroi rpymu mpu 1200-1250 ¢m !, Cnekrpanbhi cknagosi miei
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cmyru mpu ~ 1220 em ™! ta ~ 1240 cm™!

BIIHOCSITh, BIATIOBITHO, JIO T1ApaTOBaHUX 1
«BUIBHUX» ¢ocdaTaux rpyn. [ani [Y-cmexTpockomii cBiyaTh Mpo Te, MO TH-
JIOpPOH He BIUIMBae Ha riapataiito ¢pocdarnoi rpynu DX (Puc. 3.3). [Ipu upbomy
st cyminn «tusopoH + JIMCO» crnoctepiraeTbCcsi 3MEHIIEHHS TOTJIMHAHHS Ha

1240 cm ! mopiBHsHO 3 1220 cm !

, TII0 BIATOBIZA€ 301IBIIIEHHIO TigpaTarii ¢oc-
¢atnoi rpynu (Puc. 3.3, xpuBa 3). bepyun 10 yBaru BiACYTHICTb OyAb-sIKUX JO-
JATKOBUX cMYT abo ix Moaudikarito B [U-criekTpax BOJHUX PO3UYHMHIB «THIIOPOH+
JAMCO» (naHi He HaBe/IeH1), 3a3HaUYeHUI e(eKT He MOoKe OyTH MOB'sI3aHUM 3 Mpsi-
MO10 B3aemoiero THiIopoH-JIMCO. Takum unHOM, criibHe yBeaeHHs JIP BuKIiM-

Ka€ SIKICHO 1HIIUK BIUTMB Ha riapaTtariito memopan JAIIDX, Hix 1HAUBITyaIbHE.

Pucynoxk 3.3. [U-cniekTpy aHTUCUMETPUYHUX BalleHTHUX cMmyr ¢ocdatis DX
npu KIMHaTHIM Temmepatypi (remeBa ¢aza): 1 - 6e3 JIP, 2 - Ttuimopow,

3 - «tamopoH + IMCOy.

3anponoHOBaHO MOJENb, SKa OMNHUCYE il TiAPO(UIBHUX JOMIIIOK Ha
T THUE Oimap y TepMiHaxX J0JIJATKOBOTO JIaTePATbHOTO TUCKY Pefi(c), HETaTUBHO-

ro JIJIs XaOTPOIIIB Ta MO3UTHUBHOIO /I KocMoTpotiB. Ha mijgcrasi piBHsHHsS Kia-
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neiipona-Kiay3siyca ayisg 1BoBUMIpHOTO BUNIAAKY ajncopOuii JIP Ha moBepxHI MeM-

OpaHu:

T, _Tn(3,-2)
dP q (3.2)

1€ 01,2 — MOJICKYJISIPHI TUTOIII JI0 Ta ITiC/IS IEPEXOY;
( — MOJIEKYJISIpHA TEIUIOTa MEPEXOy.
3 ypaxyBaHHAM €KCIEPUMEHTAJIbHO OTPUMAHOI B JIITEPATypl 3aJIEKHOCTI

Pet = BCP mpu AT << T, oTpEMyeMO

ATm(c)z[TmoMB]-cﬁ, (33)

ne Tmo— TeMIiepaTypa nepexoay MeMOpanu 0e3 JOMIIIOK;
B — koHCcTaHTA.
Binmitumo, mo piBusHHSA (3.3) 32 GOpMOIO CITIBIAAE 3 EMITIPUIHO BCTAHO-

BJICHUM DPIBHSHHAM (3.1), 110 MATBEPIKYE aJIEKBATHICTh 3aMPOMOHOBAHOI MOJIENI.

3.1.2. Tonu uepito Ta KaJibLio

3araJibHOB1ZIOMO, 110 COPOIIisl 10HIB HA MOBEPXHI JIITIIHOT MEMOpaHU HE MOXKE
OyTH aJeKBaTHO OIMKCAaHA B paMKax XIMIYHOTO 3B'SI3yBaHHs, 1 BCTAHOBJICHHS BiI-
MOBIJIHOCTI «KOHIICHTpAIlisl 10HIB - MeMOpaHHUM epeKT» € aKTyaJIbHOI MpoobJie-
moto [191]. B pamkax mopeni aacop6irii ®peitaptixa (3.1) mpoBeaeHO NOPIBHIHHS
MemOpanoTponHoi aii ionis Ce¥* i Ca?" y memOpanax JIII®X. 3rigno miteparyp-
HUM gaHuM [192], mi BoHM € KOHKYpeHTaMu 3a 3B'sI3yBaHHs 3 0IOMOJICKYJIaMu ue-
pe3 Onm3bke 3HaueHHs 10HHOTO pajiycy = 0,10 um . 3nauenss ATy Oys10 BUKOPHC-
TaHO SIK MMOKA3HUK 10HHO-MEMOpaHHHUX €(EeKTIB, 1[0 BUHUKAIOTh B PE3yJIbTaTi aji-
copO11ii i0HIB Ha MOBEpXHI MeMOpaHu. Ik Mo)kHA 6aYuTH, 0OHIBa 10HU TPUBOISTH
10 30inbieHHs ATy y BCiX mociimkeHux koHueHnrtpanisx (Puc. 3.4), ane, sk cBia-

uuTh anpokcumanis piBHsHEAM (3.1), m1a Ce® 3Hauenns K Ha mopsgox Oinbine,
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uix aus Ca?* (tabn. Ha Puc. 3.4). 3o0kpema, 1ie MOkKe OyTH 0OyMOBIJIEHO MOPY-
IICHHSM Tiapartamii 1BITepioHHOT MOJSIPHOI Toa0BKH Mosiekyn JIIDX 1 3MiHOIO
€JeKTPUYHOI B3a€EMOJIT MDK MOJSPHUMH TpynaMu Oilapy B MPUCYTHOCTI 10HIB
[193, 194]. Cnix BigmiTuTy, mo migsumenss ATy y npucytaocti Ca®* y3romky-
€THCA 13 JITEPATYPHUMHU JAaHUMHU IIOAO IMABUIIECHHS MIIJILHOCTI YIAKOBKH JIITIIIB
[195] ta mapamerpy mopsiaky mimigaux sanirorie [196]. [oxo aii uepiro, mitepa-
TYpHI1 JaHl TOBIJOMJISIOTH MPO MIJBUIICHHS B’SI3KOCTI MEMOpaHu y MOro mpucCyT-
HocTi [197] Ta 3MeHIIeHHsT MDKOIIapoBoi Bijctani [198], mo Moke mpuBECTH 10

YTBOPEHHSI 1HBEPTOBAHOI TekcaroHanbHOi (Hj) dasum 3aMicTh JTaMessIpHOT

[196,197, 199].

[ |Pevosuna k 1/n R
5 F CaCl, 0,1 0.6 0,992
| |CeCls 1.1 0,2 0,999
il CeCls
3 -
CaCl,
=] ) 2 N
E
I_ B B /.
<
1 1B
0.0}
£n
0k I
0.5¢ logc
-1F 1,011,520 25 3,0
| | M 1 L 1 M || M |

0 100 200 300 400 500
c, MM

Pucynok 3.4. KonneHnrparniiai 3amexxHocti ATy Ta iX HaOIMKEHHS 3a JOIIOMO-
roto piBHsHHSA (3.1) ms memOpan AI1DX 3 CaCl, i CeCls. ITapamerpu B Ta0IH-
i: N, K - koedimienTn anpokcumarii piBasaHs Opeiinanixa; R - koedimieHT ne-
TepMmiHali. BcraBka BioOpaxae oTpuMaHi 3ajexkHOCT1, TOOY0BaH1 B MOJIBIM-

Hil TorapudMiIdHIN mKami.
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Tox, MokHa 3p0OUTH BUCHOBOK, 1110 LIEPI Mae 3HAYHO CUJIBHIIIUMN MeMOpa-
HOTPONHUHN e(DEeKT HIK KalbIlil, OCOOJIMBO 32 MaJIMX KOHIICHTpAIlll, BTIM, 3 TIi]I-
BUILEHHSM KOHIIEHTpalli 11eil e(eKT 3pocTae MOBUIbHILIE, HIX Ui Kajblio. Le,
IIEBHO, € OMHUM 3 (hakTopiB Oiosoriunoi aii ionis Ce®" npu iHoro koHkypeHuii 3

Ca?*

3.2. EdexTn cnijibHoi aii Jikapcbkux pedyoBuH B MeMoOpaHi JI1®X

Jlna BuBueHHs edekTiB crinbHO1 Ail JIP Oynu BUKOpHCTaHI OCHOBHI Air04i pe-
yoBuHu (OJIP) Ta momomixkui pedoBunu (/IP) dbapmmpemnapariB; xonectepuH OyB
B3ATUH SIK KOMIIOHEHT OiomeMOpaH 3 po0pe BuBueHoro M/JI (Ta6um. 3.2). Ha mep-
nioMy ertari HaMu 0yJio BU3HaueHo xapaktep MJI koxHoro 3 pociimxyBaHux JIP
3a mapametrpoMm ATy, Ha migcrasi mporo Oyiau migiOpaHi mapyu peYOBHH 3 PI3HUM
xapaktepoM MJI: o6uasi JIP 3 AT> 0 (cykuuHIXOMIH 1 OBII0H), 00uaBl JIP 3
ATy <0 (a3uTpOMILIMH 1 X0JIeCTepUH), a Takox JIP 3 npotunexxuumu 3Hakamu ATy
(CYKIIMHUIXOJIIH 1 XOJIECTEPUH; a3UTPOMILIMH 1 MOBI0H). Bigomo, 1m0 riapodobHi
XO0JIECTEPUH Ta a3UTPOMIIIMH JIOKATI3YIOThCS 37€0UIBIIOr0 B 00’ €Mi JiMiIHOTO Oi-
mrapy [200, 201], Toxi sk AiKaTiOH CYKIMHUIXOMIH 1 TiApodiIbHANA TOTIMEp TMOBi-
JIOH aJIcOpOYIOThC Ha HWOro moBepxHi. TakuMm 4yMHOM, B MiaiOpaHux mapax Oyiau
peasti3oBaHi pi3HI BapiaHTH B3aeMHOT0 po3TairyBanHs JIP B 6imapi. 3Hauenus AT
MeMOpaHH, OTPUMaHiI B MPUCYTHOCTI 3a3HAYEHUX PEUYOBHUH 1 iX MOEIHAHb, MPEJ-
craBieHi Ha Puc. 3.5.

Sx moxHa O6aunTd, eHEeKTH CHiIBHOI Mii OJHAKOBI I T1Ipo¢doOHOTO a3u-
TPOMILIMHY 1 T1APOQPUIBHOTO CYKIMHUIXOJIHY: B 000X Mapax 3 MOBIJIOHOM CIIOCTE-
piraBcsi aHTaroHI3M, a 3 XOJeCTEPUHOM - anutuBHicTh MJI. Takum unHOM, B 00pa-
Hux KoMOiHamigx JIP 1X cruibHaA ais HE 3aje)kasia Bl B3a€MHOI Jokaizarii B O1-

miapi, a TakoXx B Xapakrepy ix M/I.



61

Tabnuys 3.2

Jlesiki XapaKTePUCTUKUA BUKOPUCTOBYBAHUX PEYOBHH

KonnenTpariis B

15F

_210 L

7

-1,

-2,0

PeuoBuHa XapakTepuCTHUKa 3nak AT
JIIDX, mac. %
ABUTPOMIIIUH O/1P 5,0 -
Tunopon onp 2,5 —
INimpomenosa J1P 2,5 +
JIMCO 1P 5,0 +
JlakTO31 MOHOT1paT J1P 5,0 +
IToBimoH JIP 10,0 +
CyKIMHUIXOJTIH oap 5,0 +
KOMITOHEHT
XonecrepuH ' 10,0 —
6iomemOpan
10 1,0
0,5 0,5 - ; /
1 r | 1
00 % A+l A A+X X 00 I W% / C+X X
' n ’ n c+N c 7
2 05 Z ”l/ L 05
- 1.0} g 10 /

Pucynok. 3.5. 3nauenns ATy B MPUCYTCHOCTI a3UTPOMIIIHY (A), CYKIIMHLITXOJIi-

ny (C), noBinony (I1), xonecrepuny (X) Ta iX CrOIy4YEHb.
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binbumr Tonko epextn MJ] MOXKyTh OyTH BUBYEHI 3 BUKOPUCTAHHSM METOIY
KBa3iOiHapHUX miarpam. I[lpu gociipKeHHI MM METOJOM B KOXKHIM 3 JOCIIJIKY-
BaHUX CHUCTEM 30epiraBcs HE3MIHHUM 3arajbHU BMICT JBOX KOMIIOHEHTIB: 2,5 %
JUTSI CUCTEMH «THUJIOPOH - Timpomeno3a» 1 5,0 % mns cuctem «tumopos - IMCO» 1
«a3UTPOMIIIMH - JIaKTO3a». MacoBa yacTka KOKHOIO KOMIIOHEHTY BapiioBajacs BiJl
0,0 no 1,0. Taka mocTtaHOBKa eKcmepuMeHTy, 3rigHo [202], mo3Bomisia BUSBUTH
edexTu crniyibHOI Ail JIP 3a BIAXuIeHHAMN TEpMOAMHAMIYHUX MMapaMeTpPiB BiJ aau-
THUBHOCTI.

Hamu Oynu migiOpaHi pedoBUHU 3 ACKPAaBO BUPAKEHUM MPOTUIICKHUM Xapa-
krepoM MJI: tunopon 1 JIMCO. 3anexunocti ATm Ta AT, 1id napu «TUIOPOH -
JIMCO» npencrasneni Ha Puc. 3.6. Ik MokHa 6aunTu, qiarpamMu 000X MepexoiB
HeNiHiNHI, ToOTO cninbHA Ais TuiopoHy Ta JIMCO e neaguTuBHOIO. BigxuneHHs
BiJl JIIHIMHOCTI BiA0yBaeThcsi B Ok MJ] TUIOpOHY B YChbOMY KOHIICHTpAILIHHOMY
Jiara3oHi. Y TOM ke Jac, KOHIICHTpaIlliHa 3a1eKHICTh A Ty IS YUCTOTO THIOPOHY
B 3a3HaYEHOMY Jiama3oHi giniitHa (Puc. 3.7, a), To6TO #oro M/ anuTuBHA MO KOH-
IeHTpaIlii.

IlepeBara 3B'si3yBaHHS TUJIOPOHY 3 MeMOpaHOw (iHTiOyBaHHS 3B'SI3yBaHHS
JAMCO) miaTBepaKy€eTbes IPHU B3aEMOJIT 3 epUTPOLIUTAMH. Y MPUCYTHOCTI TUJIO-
pony aedopmariii eputponuTiB He crioctepiraetbes (Puc. 3.8, 0). Y npucyTHOCTI
JIMCO BinOyBaeTbcs aedopmaliisi €pUTPOLMTIB TO TuIy exiHouuTo3y (Puc.
3.8,B), aie nmomaBaHHs TWJOpoHY mpurHiuye paito JIMCO Ha epuTpommrtax

(Puc. 3.8, 1).
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Pucynox 3.6. 3anexnocti 4Ty (a) Ta AT, (6) Big MacoBOi YaCTKH THUJIOPOHY B

napi «tusopoH - JIMCO» nipu HarpiBaHHi.

a)

0)

Pucynok 3.7. 3anexnocti ATy, (@) i AT, (O) Bix KoHIEHTpaIlil TUIOPOHY (2) Ta

azutpoMinuny (6) y memOpani AI1DX.
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B) r)
Pucynox 3.8. Mikpodortorpadii epuTpouuTiB: KOHTPOIb (), MpU T0JAaBaHHI TUJIO-

pony (6), AMCO (B) Ta cymimii tuiopos +IMCO (r).

Bpaxosytouu, mo tunopon € OJIP dapmnpenaparis, a JIMCO yacTo BUKOpH-
cToBY€eThCs sIK /[P, sika cripusie MOCHUIICHHIO BCMOKTYBaHHsI (hapMIpenapary, BUHH-
Ka€ 3aKOHOMIpHE nuTaHHs Tpo edekTu cribHoi 1ii OJIP ta JIP, mo BXoasaTh 10
CKJIaJy OJHOrO 1 Toro *x (apmmpenapaty. B sikocTi Takux cucteM Hamu Oyiu 00-
paHi Mapu «TUJIOPOH - TIIIPOMETI03a» 1 «a3UTPOMIIUH - JTAKTO3a».

Otpumani epexTu CriibHOI Jii BUSABWIMCS PI3HUMH. J[JIs1 MApU «TUIIOPOH -
rimpomeno3a» (Puc.3.9, a) He cocrepiraiiocst iCTOTHOTO BIIXHWJICHHS BiJl JIIHINHO-
cTi mst ATy, TOAL K JUTSl TAPU «a3UTPOMIIUH - akTo3a» (Puc. 3.9, 6) 3apeectpo-
BaHO BiIxwieHHs ATy B ctopony M/l azutrpominuny. Y TO# e yac, 3aJexKHICTh
ATy (¢) B upoMy aiama3oHi KOHICHTpaIii miHiiHa (quB. Puc. 3.9, 0), To6to M/]

A3UTPOMIIIUHY € MAaCOBO-aIUTUBHOIO.
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Pucynok 3.9. 3anexnocti ATy, Big MacoBOi YacTKM TIMPOMENO3W B Mapi
«TUJIOPOH - TimpoMeno3a» (a); BiI KOHIEHTpaIll JAKTO3W B  Mapi

«a3UTPOMILIMH - JaKTO3a» (0).

3py4HO BBECTH MapaMmeTp CHUIbHOI Ail J4p, KU OJHOYACHO BimoOpaxkae 1
THUI, 1 BETUYUHY €(PEeKTy CHUTBHOI Aii, JO3BOJSIOUN MOPIBHIOBATH MiX COOOI0 O-

HOTHUITHI e(PEeKTH:

Jas = %ZAT,‘;”” — AT, =

i=1

13 i

ﬁg‘(l_ C)ATA +C,ATE — AT ’ (3.4)
ne ATy - M]I peuoBunu A,

ATp? - M1 peuoBunu b;

ATy - anurueaa MJ] pedosuH A i b;

AT - M/ cuctemu 1, 1o mictuth peuoBuHU A 1 b;

N - KUTBKICTh TAKUX CHCTEM;

Ci - MOJISIpHa yacTka komrnoHnenta b moao cymapHoi kiibkocTi A 1 b.
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[TapameTp J45 BimoOpakae cepeaHe BIAXWUICHHS BiJ aAUTUBHOIO 3HAYCHHS
napametpa ATy B TOM 4M 1HIINNA O1K 1 Ma€ PO3MIPHICTh TEMIIEPATypH. 3HAK IMapa-
MmeTpa J45 y criBcTaBieHHi 31 3HakamMu M/l pedoBuH A 1 b Bkazye tum edekry ciii-
apHOI 111i A 1 b (Ta6n.