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Onexrpuueckuii nmpodoit (BI1) umm snexTporoparus
OroornuecKoi MeMOpaHbI — 3TO SIBJIEHHE BPEMEHHOT'O WITN
HeoOpaTHMOTO HapyIIeHUs ee OapbepHOH (DYHKIIHH, KO-
TOPOE MPOUCXOINT, KOT1a MEMOPaHHBIN TOTEHIIUAI ITPEBHI-
IIaeT HEKOTOPOE MOPOrOBOE 3HAUCHHE. JTO 3HAUCHHUE 3aBH-
CHT KaK OT BeJIMYUHBI U AJTUTEIHHOCTH THIIEPIIONAPH3aNU
WIIH JETIONSIPU3AIUH, TaK U OT 3JIEKTPUIECKUX U MEXaHH-
YECKUX CBOWCTB CaMO MEMOpPAaHBI.

B nacrostiee Bpems Ol nmpumensirores aist: 1) crepuiu-
32K PACTBOPOB M XKHUJIKUX CPEJl ITyTEM AIICKTPOIIOpaliu
MHKPOOPTaHU3MOB 101 BIMSTHIEM ITPHI0)KEHHBIX U3BHE M-
ITYJIBCOB HJIEKTPHUYECKOTO T10JIs1; 2) TUarHOCTHKU (DYHKIHO-
HaJIbHOTO COCTOSTHUSI KJICTOK I10 MX YCTOHUMBOCTH K SJICKT-
pHuUecKoMy Npo0oio; 3) BBENCHNUS BHYTPb JIMIIUIHBIX BE3H-
KyJI 1 KJIETOK JIEKapCTBEHHBIX BelecTs, Mosiekya JHK, PHK,
MeTa0OIUTOB M MOJEKYJISIPHBIX 30HIOB, I peanu3alun
TEXHOJIOTHH KJIIOHMPOBAHHS MIIEKOIIUTAIOIINX IIPH TIepecaike
A7ep COMaTHYECKUX KIETOK B YHYKJICHPOBAHHbIE OOITUTEHI,
JUIS TpaHCIePMAaJIbHOTO ITepEeHOCa JICKApCTBEHHBIX BEIIECTB
B OpTaHM3M UYeJIOBeKa.

OO01e01oI0rnuecKoe 3Ha4YCHIE UCCIICOBAHNS 3aKOHO-
MepHocTel 1 MexaHn3MoB D11 00ycIoBIeHO TeM, YTO 3TO
SIBIICHNE pacCMaTPHUBACTCS KaK YHUBEPCAIbHBIN MEXaHU3M
pa3pyLeHns KJIETOK U KIETOYHbBIX opraHeiul. [IocKombKy
IIOPOTOBOE 3HAYEHHE MEMOPAHHOTO IIOTCHIINAIA, BBI3BIBAIO-
ee IEKTPOIIopannio OHoMeMOpaH, HE CIUIIKOM OTIIH-
YaeTcsl OT MOTCHIUAIOB TOKOSI KJIETOK, MOXKHO MPEAIO-
JIOKUTB, YTO IPH KPUOKOHCEPBUPOBAHHUH KIIETOK, B ITPOIIEC-
ce KOTOpPOTr'o COCTaB, HOHHas cuiia, pH 1 pu3HKo-XUMUYecKre
CBOMCTBA KJIETOUHBIX MEMOpPaH 3HAYUTEIILHO U3MEHSIOTCS,
WX CaMOITPOM3BOJIBHBIN AJIEKTPUUECKUN TPOOO IpH ompe-
JICTICHHBIX YCJIOBUSIX CTAHOBHUTCS HEM30CKHBIM.

Co3nanHas HaMH (PU3MKO-MaTeMaTH4YecKass MOJIEIb
IIEKTPOIIOpanny chepruuecKoil IUMUIHON BE3UKYIbI WIN
KJIETKH OIIMpaeTcs Ha pyHIaMeHTaIbHBIE IPUHIUIBI TECOPHU
YIIPYTOCTH TOHKHX 000JI0YEK, TEPMOANHAMUKY H 3JIEKTPO-
JVHAMUKH. B oTIM4ne oT cymecTBYIONIHX 3Ta MOJETb YIH-
TBIBACT, YTO CBOOOJHAsI SHEpPrus MeMOpaHBI B IIpoliecce
00pa3zoBaHus B HE MAaKpPOCKOIMUECKO ITOPHI H3MEHSETCS
HE TOJBKO 3a CUET M3MEHEHHsS] eMKOCTH MEeMOpaHBI U I0-
BEPXHOCTHOW SHEPTHU CTEHKH HOPBI, HO U 3a c4eT aedop-
MaIi MeMOpaHsbl, KOTOpas IIPU ATOM BO3HHKaeT. Brrumc-
JIEHO U3MEHEHUEe CBOOOIHOI 3HEpTUN MeMOpaHbI B 3aBU-
CUMOCTH OT paanyca MeMOpaHHOI MOPHI ISl OOLIUTOB
MBIIIU U, UCXOASl U3 TEPMOJMHAMHUYECKOTO MPUHIUIA
MHHHMYyMa CBOOOJHON SHEPTHMH W TEOPHH MPOLECCOB
aKTHBALlMOHHOT'O THUIIA, OOBSICHEHBI 3aKOHOMEPHOCTH
JIEKTPOIIOpALIUH.
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Electrical breakdown (EB) or electroporation of biologi-
cal membrane is the phenomenon of temporary or irrevers-
ible disorder in its barrier function, occurring when the mem-
brane potential exceeds some threshold value. This value
depends on both extent and duration of hyperpolarization
or depolarization, and electrical and mechanical properties
of membrane itself.

Nowadays the EB is used for the following purposes: 1)
sterilization of solutions and liquid media via microorgan-
ism electroporation under externally applied pulses of elec-
tric field; 2) diagnosis of cells functional state by their re-
sistance to electrical breakdown; 3) internal introduction of
lipid vesicles and medicinal substance cells, molecules of
DNA, RNA, metabolites and molecular probes to implement
the mammalian cloning technology when transferring nu-
clei of somatic cells into enucleated oocytes, for transdermal
drug transportation into human organism.

Common biological importance of studying the EB pat-
terns and mechanisms is stipulated by considering this
phenomenon as unified mechanism of cell and cell organelle
destruction. Since a threshold value of membrane poten-
tial, causing the biomembrane electroporations, is not much
different from rest potential of cells, it may be assumed that
under cell cryopreservation, when the composition, ionic
strength, pH, and physical and chemical properties of cell
membranes change in a great extent, their spontaneous elec-
trical breakdown becomes inevitable under certain condi-
tions.

The designed by us physical and mathematical model
of electroporation of spherical lipid vesicle or cell is based
on fundamental principles of the elasticity theory of thin
membranes, thermodynamics and electrodynamics. In con-
trast to the existing models, this one takes into account the
fact that a free energy of membrane during formation in it of
macroscopic pore varies not only due to changing the mem-
brane capacitance and surface energy of pore wall, but also
because of membrane deformation, which in this case arises.
There was calculated the change in membrane free energy
depending on membrane pore radius for murine oocytes
and explained the electroporation patterns, proceeding from
the thermodynamic principle of free energy minimum and
theory of activation type processes.
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