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Diffirsion of wаtег Ь,шd to а DNA mоlесulе along its шrfасе has Ьееп studied. А lattice model has been pTopsed
to desoribe this process. The DNA sorbing surfасе has been considered аs а ftaeta\one" The values of the wаtеr
diffusion coefiicient" which depend on relative hlmidity of еrrчirопшедt, have Ьееп estimated in the frаrпеwоrk of
the model йthin each iпlегvаl of the аmЬiепt rеlаtiче lп]midity whеrе the DNА restores its conformation. They
incTease mопоtопоuф йthin each interval involved to аЬой 5-1г11, 1.7.10*10 and з,5.10-10 mrls foT раПу
disoTdered fоrш of DN4 А_ arrd B-DNA, respectively_ Дsо, rve cstimated values of longitrrdinal шnrsion
coefficient i.e, the diffrrsion directed along the helix axis, йrich fоr conformational states сопsidеrеd rurr into аьочt
9'lГl1, З-8,tГl0 and 7,1Г10 m2ls. Attne biДest Telative humidities the diffrrsion coefficient values tetd to the
vаluеs of the water selfdifirsion coefrcient fог DNA soiutions. We consider this йсt аs а rеsult of incr.easing the
пumЬr оf the rvater molecules шdiтееф bоrmd to the DNA binding sites.
,KEY IYOBDS: DNA molecule" rvater sоrрtiоц bormd wаtеr, surface diffusioц fractal diшецsМ

Ion-hydrale ýuffolmdings play а ftпdашепиl rоlе in determining а strчсfirrе and phprcal proprties of а
DNA mоlесulе [1-З and tеfеrепсеs thегеiп]. Conformational ýats of * DNA mо]ей}Ь ЬЪпds iкоЪД оп its
Pyater content as wеП аý оп conýentration and type of the соuпtеriопs [1-5}. Тhеrеfоrе, Ihе problem of stuфiпg
the propertieý of th€ DNA smTounding elements is of great interest. onc of the base physica1 chжactgristics of
interactions Ьеtwеsп the ion-hydrate shell алd the DNA molecule is а water diffirsioa Ёоеffiсiýпt пеаr the DNA
mоlесulе sшrfасе.

Beglnning with the rчоrk of ýliang [6], rеsеаrсhеrs strrdied the diffilsioa prtress qystematically. Iп viyB
most often а DNA mclecule is in а closely packed and ordered forrrr, This fact caussd anlnterest to irrvestigate
th; difr;sion рrосеss in оrdеrеd DNA samples ьоth;;Й;;rЙ ;;;;;;;. Йfi;; ьееп obиined
the diffirsion coefficients of countetions and Tzater fоr mасrоsсорiс, i.e. :iпtегmоlесчlаг, diftrsion process (fоr
геviеw ýее [{ and references therein}. As for а water di]frrsiоn, daa о" the diftrsion coefficient oihrlk *"t",
and water in dilute юlutions of DNдп in tп,hich сhаrасtегistiсs of the hydTation wаtег аrе spread ше availфle
[6,8]. BesideS, in th* work [9] the dilffitsion coefrcients of water mоlестlеs in orierrted *Btted DNд films have
Ьееп experimentallY dеtеrmiпеd. Hýwever, theorY of the Ьочпd rryа&r diftrsiofl in а DNА-wаtеr ýyýtem ц,ith а
ýшаl1 water content has пэt Ьееп developed еповф 1.Ф.

This ppr iý an attemЁ to ýtop а gap in ttris field to sоmс degrce. we have carried out eýtimation of the
wateт dlftIýion coefficientý in the hydrate sшгrочаdiпgs of ап individpal NаDNд mоlесчlе fоr various wаlеr

тЕЕоRY
Molecules афофвd on а юlid surfасе are iп the thermal motion апd in the preserrce of а сопсепtrаtiоп

gradient of ап adsfibste phase а diftse ýtrýam against the grаdiеш direction upei*, In йе рrекпt pper а
simple model of афофеd water translational difrrsion along а DNA шаtriх is рrфsеd- As а basis we took the
аррrоасh eýcribed ЬD'Frenkel [l0] in the kinetic theory Фf IEal crysИls. As kпой the thеоrу of such а typ iý
usedto dеsсriье selfdifrlsion iп liqrdds and soliф. classic Freпkel-Eyr.ing theory gllpposeý а mоlесчIаr mgtion
io liФids and rеаl cryýtalý to Ье а one-pa{icle onq а particle travqllingln а ръпаd field spatially priodic
апd sйtionary [l0], The motion conýiýB gf oкillations п€аr an eqo;UЫi"rn psition in tиБ яыпý оГ tbe
ьоttош of а ptential well and periodic jumр over the Ьаrriеr to i пеw equilibrium psition. In mso of а
Hopýmer-water qyýtem W9 аýsшпе that an qrplication 0f thiý theory iý ;юssible as а certain approximatiorr
&re to existence of the distinct тvаt€r binding si(es оп the biopolymei sйасе апd а low *at", сЪrrtепt lo th*
ýystsm. That is to sау "condensed' state of the DNA-water ýyýtem is studied hеrе.

In оrdеr to describe the diftlsion рrосеýý let us consider the роlуmег rnatrix аs а latticб stnrcture with а
period equal to а. In this case migration of water шоlесчlеs афоrьеd is а thermal-activated ргосеýs due to
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elerry Ьагтiеrs оц the афоrЬепt ýшfасе. The energetic heterogeneiý in suсh а strчсtвrе arises Ьесаusе.оf
spcing of the matrix elements, Iяt us авsumе аlю that each water mоlесulе adsoTbed is disposed in а lattice
knot (abinding site) which, iц itý fur& is situatedйthin а nucleotide. The diffirsion рrосеýý is mnsidered*s а
рrосеýý of а water цоlесulе rеlеаsе fTom опе binding site wi& sчЪsсqчепt occupation of tke nearest one ф а
wаtеr mоlес,ulе. Orre should note that in the DNA-lrater ýyýtem involved thеrе is по Ьulk water, thеr€fоrе, а
proceýý of exchange йlh h*k water is not consiфred"

LBlw-nlМtя the probabiliý of finding а binding site being occupied ф а rmater molecule, whеrе iЛ is а
total пчmkr of binding sites in the DNA sаmрlе, r is пшrrЬеr of the binding sites ocсlrpied. \Yithin time
interval r а binding site is оссчрiеd for time to7wt апd the пumЬеr of occup.tion events,tf is equal to yyttc,

whеrе r is the lifetime of а rryater шоlесulе in the ЬоЕпd state оr the Фrration of ап Mcuption everrt. Тhец

*--tlM = тАд is the шеапtiшеМwееп геlеа.sе of опе binding site and occupation of апоthеr 01rе 0f the time foT

rvhich а wateT mоlесчlе displacement between the tTvo binding sites equal to 4 оýсчгý. ln other wоrф ъ is the
cime bеtwkn fiто ucollisions" of the wаtег molecule with krots, i.e. the franslational time.

The wаtеr ilnoleФles аrе assumed to difrrse according to FicНs law. In thе case of опеdimепsiопаl
diffirsion oue ým write dorrrr sоше modiEed solution ef the FicНs diffusioп еqчаtiоц which spatially
воттtнропýs tB а tтачввiап's ýsrftrшtion ot ъцlатеА stапdвг& ёе.viatioa #--+Дt 1Ъ1:

(l)

whеrе раrаmсtеr Р is а difrlsion соеffiсiеrЁ ffor tБ саsе lof one-dimensional dift.lsion); Р(rOF, r) is а
probability of finding а mоlsсulе at the moment r iqthe point иith coordinatg х providedit wаs in the point rg
at ths zeTo time, The яquаrеd sИndard deviation l is equal'to the шЙп square diфlасеmепt along а single
direction of а molectrle from its starti*gpoint Ап analogy йth the problEn of rапdоrп Tral}s of а particle can
Ье tтaced hеrе. Taking into астоuпt the fact thdt the чаlче of'the шеап square dispiДKment frошt sИrting pint
for time ъ is fixed'{gqual to а) a*d assumitg displacements аlопg different diTections аrе sИtistitally

Bz "i

Ву analogr with the саsе of оtrе-dimепsiоцф Cifrlsicn the diffilsion cocfficients of two- and three-

dimensional difrýign can Ье obиined. They are едрrеssеd as .Ц:;1О"п ап4 а:ilбъ, Tespctively_ The
diftrsion сое.frсiецв for the different disensiolr рцqЬlеq1s аrе seen to differ опtу йth а numerical factor. It is
oЪvipus this factar is equal to ll2d, в,hсrа d is а фmепsiап of the diffTse ptoblem. Thrrs, in а geneTal case \те
hауе:

, Therefore, in consiфration of the фffilsion рrоЁеss of bound rvater along the DNА sur&ce а Ф}eýtion of
DNA molecule dimefision arises. То aýýrme the фfrшiоп inTolved as а Mbdinrensional one is iпсоrrесt since
the DNA mоlесulе is knoвn to hаче а very complicated ýtruýture of its surface. In connection with this fact it is
п9сеsýагу to note that surfaces of the most sоrЬепК are yеrу rmбчýп, Such surfaces аrе charaФerized with а
frмаl dimещiоц Д. The values of D lie within iпtегчаl 2<D<З altho-ugh sоmе sorbents havs а frасы
dimension ечеп а little greater than З [1l]. ýso, it is interesting that the fractal dimsnýion values of water
clusteк borrnd to DNA mоlесulеs аrс within thс samc intervat of the Д values [12|. The рrоЬlеm of the fractal
dimension of DNA surfасе has Ьеп considered in rryоrk [1З]. In the woTk ths fracИl dimensions of the А- апd

B-DNA sчrftсеs, D , halre been obtained Ьу usшg а method of determination of DNA accessible surfaoe [11,
14}. They ше equal t0 abolrt 3.0 and 2,5 fоr А- and B-form of DNД Tespectively.

Thus, calculating t}re water dift;sion coeficients in the hydrate surroundings of the NaDNA Ъу using the

equation (3), wе hаче to fttbýtitвtý in this eqвation the ftacal dimension Л fоr а toplogical опе d for wh
fоrш of tfte DNA mоlесulе:

a=L*.
2DT

р}

(з)3= о' *.
2dT

(4)



25

Sttrfасе diffilsion of bound wаtеr in hydrate surroundings of DNA

ТЪе g.aluative calculations were realizcd in the folloTling way. Frоm the whole region of r.h. frоm 0 to
_ ,"'rл (that correspnds to the nunrbcr of water molecules рr nucleotide (и) from 0 to about 22 [2]) 1hrее
_:,;п als всге chosen Ьу using а crilerion of the existence of сеrtаiп DNA fоrms having tireir dcfinite structural
::--:racteristics itr these intervals. TltTee фstinct DNA structures sxist in the r.h. region involved; а B-iike fоrm
_ от in Р-fоrm [15] (r.h.(72Yо, пl7j, А-fоrm (r.h=7S-9t}%. я=8-15) [2], and В-fоrm (T.h.>92o/o. iT>15) [2].
:еrеfоrс. the r.Tater diffirsion coeficients r'rеrе estimated for the follorving irrlervals of я:

{1) п17 @Jike form);
(?) iu=8-15 (A-fonn):

t_j) п=16-22 fi-fоrm).
ТЪе iпtеп,аls п=7-8 а*dп:15-iб correspond to сопfогmаtiопаl transitions front the BJike fоrm to .{-fоrш

=l irоm А-fоrm to B-fornt of DNA rcspcctively. TheTefore, it is problcmatical 1о say about the DNA structrrTe
. :hese intervals. In connection with tltis the calculations [оr these чаlцеs of r cannot Ье рrfоппеd Ь_т using

-.,сеdцrс described.
The т r,alues 11ecessary for the diftrsion cocfficient estimatiorrs lrar..e been calculated ý- using ап equation

__:Нпg the lifetitne of а ш,ater molecule in tlre Ьоiшd sИte with the lil-dration еп€rы excess АД(и):

(я)-то ехр{ЬЕ{п}/RТ) (5)

. :l-ге гl (cqBal to about 2.5,10-]" s [16]) is the liГсtimе of а wаtеr nrolecule in the bourrd state in bulk water at
. ýin tеmреrаtцrе, .R is tlre uвiversal gas constant; I is teпrperature; и iS lr,ater content cxpressed as пumЬеr of
:...les of watff per mоlе of nucleotide (MH?O/MN). ц,hich is correspnds to the пurпЬеr of the binding sites
_,;,:irpied Besides, fоr calculation of и=rul& figlгing in the equation (4) the N ralue is Иkеп as the toИl пшпЬеr
_: тi,ater molecules рr а nucleotide rrecessary to fоrш the DNA hydтation shell апd еquаl to alrout 22 (in оthеr
;;,l1ф ],;-=4 at 100% r.h.).

In enerry terms а water mоlесulе сап Ье considercd "borrnd" if its епеrry of interactions Е with ап
:,,drate-active сепtеr exceedý tlre nrean епеrg1, of watcr-water irrteractiott in liquid phase (Д9=40.5kJ/МН2О),

_Ъ;п the h),dratiorr enefý excess АД is еquаl to E-E6. W'e madc use of daи оп depndence оf the h,vdration
.:il5 eýcess оп л obtained ф direct nricrocalorimetr_y пrеаsurеmепts for NaDNA [2l,

I_rr the first interval of п qп171mаiпlу phoфrates аrе hydrated [17J аlthсuф h_Tdration о[ sugars and
:a=s is also obsened [2], Within this intenal DNA шоlесulе cxists in partly фsordered state, stnrctural
згаmеtеrs оf thc sugar-phosphate backbone rеsеmЬliпg ones fоr В-fоrm of DNA [1]. Since NaDNA is

suppsed to Ь iE the B-like fоrm. llfuch is structmally sirnilar to thc B-fornr,. the surface dimefision Л fоr ttTc

З-ll.kе fоrm is acoepted the same one as fоr the В-fоrm of DNA.
In thе second iпtеrчаl оГ r (r=8-15) rчkсrе NaDNA is in tlre A-form thеrе аrе thc fotlowing features of

:l dгаtiоп: tho clear рг!паry slrell of srrgars arrd bases are absent wНlе the most polar groups" рhоsфаtсs" аrе
зi drated arrd their hydration slrells аrе hiф-оrdеrеd (irr contrast with В-fоrm); in the grоoyes there are no
; ater spines. lroweTer, fiлrctional grorrpý exposed to the glooves аrе lrydrated; the rчаtет Ьriфеs binding
зdlоiпiпg phosphatcs are fогmсd along each strand of DNA; there also cxist tlre water bridges binding the

:hоsфаtе groups of different strands across the шаjоr groove, whiclr tiфtеп its edges [З. 18l,
In the last interval of п (п:16-22} where the B-form exists, the lrydration reachcs its hiф level:

зhosplrates ате lrydrated significanф; theTe аrе hydration shells of bases and sugars; the binding sites in the
jrooyes аrе taken Ь1- lvater molecir]es {tlrus, tlre water фrres irr tlre grooves are formed), the rTater Ьriфеs bittd
эаsеs andphosphates ofthe opposite strarrds [З, i8. 19].

Estinrates of the values of the lattice parameter а were found frош consideTation of water molecule
lгaTrsitions Ьеhч-.ееп various hydration centefs. These transitions аrе supposed to occuf both rvitЫn the sаше
D}iA strапd (e.g. Ьеtw,ееп phosphate gxoups) andbetween strands acToss and irrside thc grooves. Besides, in the
пr-о latter cases {А- and В-fоrш) the formation of rчаtеr bгidges was allowed fоr [З, 18, 19I. TaНng into
зссочпt the pssible hydration centers, their irnplicatiorr to the hydration process rvith wаtеr content gro&1h,

.:nd disИnces,between thern, afler averaging о,".еr thc distances for pssible transitions ис obйined the я values
tсrг Blike fоrm, A-and В-fоrm equal to about 8.2 Д" О.СА and 7.7ý respectivcly.

RESULTS AND DISCUSSION
Depndence of the lifetime of а в,аtеr mоlесulе in 1he Ьоuпd sИtc, т, on г.h. (the watff content in the

s stem) is presented in fig, l.
As one сiш see frоm this figчге the т yaluss dесrеаsе about ф factor of 50 when the water content in the

s-rstem changes frоm lоw to high values. This fact сlеаф demorrstrates decreasing the епеrry ofinteraction оf
паtеr molecules with the hydrate-actfire centefs. lп the wоrk [9] the ехрrimепИl results of pulsed pfoton NMR
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relaxation апd diffirsion stuф of water

sorbed in solid оriепtеd NaDNA samples at

moderate г.h. {48.S% - В6.6У0 r.h.) ате

Teported, Orrr r values are in good

agreement with the estimate of т {about l0-
9 

s) obиined in this work in the аррrорriаtе
Water content region.

Real DNA naturally iý not "sвtic"
object and its stfi}ctrrre fluctцates.

ноwечеr, times of these motions are on the

time scale of rnicroseconds. These times

аrе muсh gleater than ones colrsidered in
our case. Тhеrеfоrе, wе did not take these

motions irrto accotrnt iп the preserrt rnodel.

Dерпdепсе of the, diffusion

coeffrcient D ca|culzted frоm equation (4)

with аррrсрriаtе values of the раrаmеtеrs
on r.h. {\,vater content} is plotted iп ttg.2-

Three sections of the $epndence
correspndto the hydTation inteфais whеrg

the diffl}sion coefftcicnt estimation has

Ьееп рrfоrmсd: in tlre first section

r.h.172Yв tпS7}" in the second section

t.h=78-90аА (;z=8-15), and iп the last one

r.h">92o/o (rc>l6).

The depndence of the diffirsion

coefrcient .Р increases monctonicaily in
each section of graplr tfie2). Such а

bchavlor af 2 ya\:uies сап Ь erplained Ьу

redrrcing tlte part of tlre rTater rnoleqrle
"strongly" Ьошrd to the DNA dBe to,

multilryer sorption witlr small binding
епеrgiеs,

Steps of thre Р values in case of а
passage frош опе seotion of the graph to

anotlrer ofie are probalrly conrrccted to
reafiangem€rrt of secondary struсturе of tlre

DNA mоlесulе and hэ,фаtiоп shell, i.e., of
geometry of tlre system considered. duriпg
conformational tTansitions.

One of particular cases of tlre bound

rvateT diffirsion is а longitudinal опе Д,
i.e" the difftrsion direФed along the DNA
helix zlхis. Such а ýре of фifrrsion is
sшррsсd to Ъе а one-dirncnsional
diftrsion. Thus, in the rnodel опе should
consider the Ьiороlуmеr mаtriх as а onc-

dimensional lattice (in thc еquяtiоп (4) D
is equal to 1) and, therefore. use the

equation (2) to estimate values of the

longitudinal diffirsion coefrcient Q. Тhе
values of the latlice раrаm€tеr с. whiclr
correspnded to the mеап diфacement of
а water mоlедulе in thc dircction of the

helix axis, wеrе Иken as the averaged

v,alues of the жis pýections of the water

mоlесulе transitions considered in the
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Sшrfасе diffusion of Ьоuпd water in hydrate surroundings оf DNA

Щvious case of difrlsion аlопg the frасЫ suTface. Fоr the thTee rz interyals involved the а values аrе equal to
-7bfot пS7, -6.lА fol n=8-15 and -6.7А for п=16-22.Iп this саsе the р values wеrс the Same ones as fоt the
йfrlsion аlоrц the fractal sчrfасе,

DePndence cf the longifudinal diftlsion coefficient Д calculated frоm equation (2) йth аррrорriаtе
values of the раrашМеrs оп r.h, (wаffi content) is presented in fig,З. It is sееп frоm фiB figrrre that the
dependence otrtained demonstrates similar features аý one in the previous саss of dififrrsion. HпMever,

quantiйtive differences are оЬеrчеd" Тhе
values of the longitudinal difrlsioni слеffiсiепt afe grёаtеr than the values of
the fractal surfасе опе. This is duе to the
fact йat the general case of the sчrfасе
diffusion соmрrisеs the diffision ргýсеýsеs
in all direcfions очеr t}e suTface (including
slow lateral diffi:sioni ашd, therefore, total

рrосýýý goes slоwеr than the longitвdinal
йffirsion. orrr а чаlчеs аgгее with thc
ехре:imепИl ones presented in fig.3 [9Jin
the applopdate intervals. The ехрrimепйl
data considered correspnd to йе case of
difrlsion parallel tg the DNA helix axis.
The good agreement Ьеtwееп the
theoretical and ехреrimепtаl results atteýtý

adequacy of the longitudiяal diffirsion
рrосеss dеrcгiфоп ф using the equation
(2). fu high г.h. the Л values calculated
tend tý the wаtег selfdiffrrsion coefficient
for DNA solвtions obbined in the work
t6].0 2С 40 60 80 100 It is obvious if water corrtent in the

t.h.,Yо DNA-IFater systerrr growý furt}rer the

Fф. З. Dependarce of tь* longitrrdiшal diffirsion coelfi:ieýt *е,rJ}L*НЫffi'fi'"#of the bolrnd wаt,еr molecrrles on T,h, (-)' Гуl соуqаrisоп & tb* Omr*ion coefficient for bulk water
the ецреrimепtаl data аrе preseuted (о) [9]. |atchld.areas ;; ;й-' ;%; 

-'БUЙо"rу 
srrclr &corTespond to r.h iпtеrчаls оfсопfоrпаtiолаl transitions. }-.'

whichhavebeenelirnirratedftorTconsiderationintbe Ьеhачiоr of the а (апd Д чаluеs сап Ьs
рrеsепt study. demonstrated in the frашеrчоrk of the

шофl, Frоm t}rc third section shap of the

Д (апdй dерепdепсе as wеll as frоm the
equations (2) or (а) it is seen while the watef cоntent in the sample growý the т чаluеs decrease and the р
vatues increase, and this will сачsе the gradual hсгеаsiпg of the фffirsion соеfiГrсiепl yalues. Тhеу й11 finally
ьпd to а limiting value.

Out calmlations have Ьееп made for hydrate surrочпdiпg of NaDN{ horvever, we believe that the
росдфше descritEd in thc present рареr is sйtable for а case of DNA йth otlrer corrnterions.

The difrlsion of the Ьоuпd water molecules along the DNA surface strrdied iп the рrеsепt papr could
contribute to long-range effects of сопfоrrпаtiопаl reorganization [20]. In any case such а water diffusion
shouldbe taken into account whеп local conforпrational changes of а DNАmоlесчlе are considered.
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повЕр)шостндя диФФузия связАнной водFr
В IТДАТНОМ ОКРУЖЕЕЕИ ДЯК

,,' К.М. Вирншt, М.Е. Толсторуко**о В.Я. Мшеев
Ипсtнurпl,rп раluофuзtltсн ы эпек}лtронltкll ýДН YKpaaHb4 ул. Дкаёемuка I1росlуры 12, Харьков, 318085

(e-mait : virпik@ire. khъrkov.ua)
*кафйра мопекулярна* , "r"*;:;#:,:f,#;?":x,:;i:i;#;;":#:;:::#й уtuверсамеm, yul, свобоёы 4,

,]
Рассматрrшается o*.p*n **" жффумя мФJIекуп Во,лрl"iвВязаrшъпс_Е{l N{ElTpшIe Дк. &я olrиcaнlm этого цроцеФ&

цредI1гается решетошItlя модель. Ъф"ру*** поверlсriэсrъ ШК раосматрlвается Е качеетве фраrсгатьтюй. В

рuй* пр*дrожеlшой уод* цризведены чр, коэффrаиеша шrффуз!еr водь1 в иIffsрва,lах опrосr,rгетьнэй

влажности оIq}уц@ющеи cpeФi, в кOтOрых lЩК с,охршяет свсе конформаryrоr*тое состояние. Расс,дtгшпше

ведиtIиIrы оцеЕýк коэффищrеrтга г:овер>сrостной шrффузtм счрашБD{ м9}ечуп Bo,ФI увеrlиtlиваются с растом

;;й*r-. во,цFI в ДiЁ и'доотiд:ают iначеrrй 5.10-11 1,7.10-10 и 3,5,10-1О тr,f!с wм частичЕlо раýlпорядочеЕного

"йо*, Д- и В-форьш ýоответственцо. Крме mго, быmr шOrучsны оценки значеrпй коэффшцаекга продаьной

дtффъзцрт, т,е. шффрии, rmгrрвлеi*rой вдоJБ оýи сfiирали. Максmдаьrше значениjI этIл{ ot{el{oк гrрИбТЛТ'ЗrТrШВrrО

р*# s iг't, зjr.]-о ' и 7-i0 'о #lc дця рассмациваеrrътх кояформарлот*ъж оосто**й. При высоrс*t

относитglьЁых BJla?KIiocTя( зrичеI{ия коэффиrрtетrгов дrффр{!t стремflтся ., к ýеilичиr{fiм коэффшц+етпа

амо,щrффрлпr во,ФI в раст8орах }Щ{К, Этот факт расоматрlв&ется как рзультаг увещrчешý чЕсяа }IoJIeKyп Bo,&I,

слабо св*залпшх с оорбирlrюпрmл,r целтiра**t Дli{,
клюIIЕвЫЕ СЛоВд:-мотlеазла ДК, сорбrия вод+, связrшrтая вода, IIoBep}G{ocEIalI мффузия, фрактатьтия

pilзMepнocTb
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