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Abstrасt. тье nеw сonduсting pol},rnеr hydrоgе|s on thе
basis ofсGpol)meгs of hydгохyеthy] сnсmethaсrylаtе and
pо|Л inу|p},rro!idonе wilh diffстсnl nаtuге пon-oгgJпiс
fillеrs havе beеn devсloреd. Thе dФеndеflсe ofobtаinсd
rnаtеriаls е|есtriс сhаrфtетjstiсs on synthсsis сonditiоns,
quаntity аnd nаfurе of роwder fillеr' rrюisture сont€nt'
аmЬiеnt lgnpсraturе and magnetiс fiеld асtion tavе ьеeп
dеterminсd. Тhе possibility of obtaioing malсrials with
anisotтoрiс and unidirесtionаl сonduсlivily as wеll as the
widе raпgе of сonduсtivity' whiсh сhsngеs with mоisturо
аnd ambiеnt tеrnрeгаtulс, hаs bееn сonsiderеd Ь this work.

Kеywords: hydro8el, Potyvinуlpyrrolidоnе' рolymсr
filliпg' сonduсtivity'

l. Introduсtioп

Polymеr сonduсting сomрositiolt пЙterials аrе
йdеly usеd at prrsеnt for produсtion of сlеоtro-hеаtiпg
е|еmеnts' sсrсening аnd antistаtiс сovегs, соnduсting
8luеs' paints, рstes, аir filtсr с|епЕnts' аnd in mediсinс
for ьony tissuе gro\r4Ь stimulаtion аs aotithrombohсniс
iпрlаntаnts [l], тhе inсrеаsing of e|ссtтiсаl сопduсlivity
сaп ьe rсасhсd Ьy introduсing of сomposition rпаteriа)
оonduсting ftllеrs, suсh аs rnеtal рowdet fiьсrs' diffеrent
t}тes of tесhлica| оoal, gтарhitе, gгaрhitс fiьетs,

Phеnol-forrnаldеhy&, epoхy, fllran and sоmе оthеr
теsins аre rrюstly usеd аs ьindсrs for tьesе lт]аtеriаls апd
formtkeс-diпЕпsionаl struсtuIсs аs а result of hагdening.
soш€ thеrimplastiсs and пbbers аre usеd аs bindсrs аs
well. вut suсh po|}тnсг mаtеrials and lhсir oblаinin8
methods сanлot alwaуs pтovidе thе uлiformity of filling'
thс latr of сompositе prоduсt ioп and its rrquirod
ploprrtiеs. тhеsс mеthods аre poweг-сonsuming! vетy
eхpеnsivе foг imрlсmеntаtion, long duтation in tirnе, аnd
needехpслsive еqшpmеnt. Quiсk-hатdeningсoпlpositions
on lhе ьasis of (rrЕth)aсry|аtеs а!d po|)^,iny|p}тro|idoaе
(PvP) aгe сonsidсгеd as р€rsРeсtivс rnаteria|s for thе
аbоvе rrЕntionеd puгposes- sq thе aim ofthis work wаs
the detеrmination of сonduсtin8 polymеr hуdrogеls

obtаinеd by polУmer filling' Thе сornрosition on the bаsis
of 2-hydтoхyеthylenеmсthасfylatе ([IЕMA) with PvP
polуmеrized undеr thс aсtiоn оf mеtаl salts witЬ varying
oхidat ion dсgrсс Ьas Ьееп usеd as the oьjесt of
investigаtion' suсh сolrрosition wаs sуnthesizеd at thс
DеРartment оf Plаstiс Мaterials тесhnology' Lviv
Polyteсьлiс Nаtionаl Univеrsity t2' 3].

Using PvP-Мd* сomрlеx аs inilialin8 systеm thс
сorпроsitions wеrе synthesizсd undеr room trmрemnrre
on аir wiih high vсloсiб, (fiе fоrm is fiхсd аftеr l0 з0
min). Thе lifс timс ofsuсh сomрositjons сan сhangе in a
widе rangе from 5 sсс to з0 min- тhе possibiliry of
соmpositiопs ргФаrаtion with diffеrеnt filleтs nafurе on
thс bаsis ofsurfасc inteгасtioп betwсеn сoпpoпeпts wаs
ртovеd [a1.

2. Еxрerimental

Bloсk polymrтizаtjon of сomposit iоn
нЕмA:PVP = 70:30 (mass Pаrts) iп 0.05 % Fеsoa
prсsenсe was сhosеn foг sупthеsis of fillеd Ьydrogеls on
thе ьаsis ofрrevious iлvestigations [2' 3]. тhe formula of
сompositiоп wаs sс|ссlеd rxреritrЕпtally oп lhс ьasis o{
po]ymсrization rate dеPeпdеnсe on PvP апd Fеsoi
сontеnts аnd from visсositу ana|уsis' сonsidеring thс
сoпditions of fillеr r'srtiсlсs srdimеntаtioп and thе nссеssiry
of providing hiф proсess pтоduсtiйty.

Purified аnd vaсuum distillrd нЕМA (rеsidual
prcssuге 14 N/rrf' тфi= з5l K) йth p,o = 1079 kg/tr'
r'o,, = l .4520 аnd еthylene8lyсol dirrЕlhасrylаtе rеsiduаl
сопlепt nо rrюге than 0. l 5 %, as wеll аs hi8h Flrified and
driеd uлder vасuum (т = зз8 K, timе 2.з h) P\ry with
ММ = 28000, wеrе used foт lюl}тnеrization'

тhe s]mthеsis was сalriеd оut at room temреratrге
on light in аiт oxуgen prеsеnсе. Inorganiс сonduсting
substаnс€s of diffегеnt natu'е - nоn.пЕtalliс (gaphitс
AUss 5420-?4)' rrЕlаlliс (Fе, сo, alloу Fe.сo, Рb wittl
pаrtiсIеs sizе 6 = 50 nrn), сu (AUss 49Ф.75) wсrе Dsed
аs fillегs. тhс sPесifiс rеsistаnсе wаs dеtеrminеd in
8ссordanсе with Pгoсedulе [5].
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3. Results and Disсussion

Thе results ofspeсifiс rсsistаnсe p and сonduсti
vity /' for соmрositjons containing 50 % of fillеr arе
рresсnted iп Tаьlе l. |t is obvious ftom dаtа obtainсd
that unfillеd рolymеr hydrogels, гeсeivеd ьy b|oсk
method on tlЕ Ьаsis of сo-Polymers tIЕмA-PvR have
not еlсctriс сопduсtiйtу. тhc iпtтoduсlion оfсoпduсtivс
fil|еr rсsrrlts iп арpеаranсе of сonduсtivitу iп rпеsе сo.
[юIymеrs. The соnduсtiйty signifiсaпtly dФеnds oп fillеr
пafirге. Graрhite-filled hуdrogе|s (p :29.5 oЬm m) arе
charaсtетizеd by thе lowеst sрeсifiс rеsistanсe аnd
aссordingly by rhс highеst сonduсtiviry сomрositions
сontаiпiпg finе|y disрersrd сoppеf, lеаd and Fе-сo alloу
arс сьагaсtеrizеd ьy сomраrative|y identiсal соnduсti-
vity thаt is аPргoхimatсly equal to 10r ohm|.m ' '
сompositions with соьаlt hаvе thе |owesl сonduсtivity.

Thе сonduсtivity of iпvеstigаtеd сomposition
rnаErials dеpеnds on fi|!ег partiсle9 shаpс' so. thе grаphitе
has lhе dсvс]opеd suгfaсс and mеtаlI lс Daгl iсIеs hаvе
smooth round form' During polymсrizаtjon filling thе
composition fills the fтrе volшnе around fillеr рartiс|еs.
Мetаlliс pаrtiсles beсolrЕ sе,pаrаrcd onе fiom аDoЙеr ьy
lhе bшdеr fi|m tьа| dесrсаsсs lhе лumьеr ofйеп с(,fllасls,
so' it is oесеssаry tо intrоduсе rrюrс fillеr in|oсotфo6itiоп
for сonduсtivitу inсrеase, Duе to г'orous аnd irrеgulаr
sьарс of grаphite Раrtiсlеs thс numЬъr ofсontасts iйiф
and сoпduсtiйty do€s not disaрpеаr

The гesults ofdеtеrmiлation offil|еr anюuilt iпlluеnсr
on hуdго8е|\ spесifiс resistаnсс arе prеsепlеd й гi8,|, l| is
showл |hrl inсrеarе оf drffеrеnt nаrrrrе fi|Iеrs сo ml асls
оn hydrcgels strЕсi6с iеsistaлсе аnd on lhеir соnduсtiйfi7 as
wсIl .  Тhus |hе 5pесif iс rеsis lance ot йе соmposi l;  is
dесгеаsоd iл I84 tirrls l 

'iоm 
29,5 ohrn m 1о 0' l6 ohrtтm)

whi|е gгnфitе сonссntгаtion iлсrеasеs fiom 50 % to 200 %.

TаbIе 1
тhe еlтeсt of lillеr пsturе on hуdrogеIs сопduсtivity

Pоl}aпеri7аlion сondiliоns' HЕ]\,tА:P\т . 70:з0 mаss pаns. [I.сSo,l - 0'05 9oi т . 29J К,
fiIIеr сonlеnl is 50 пrаss % from сomoosition йаss
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Fig. l. Deр€ndФс€ of spесifiс fеsistanсе
оп сЕ fil| €r сonlепt

пЕмA:PVP : ?0:30 mass pаlts; [Fеsq]=o.05%; Т:29] K
filla: gвphitе (l )' сu (2)' Pь 0) аnd сo (a)

тhе limiting сontеnt' uпdеr whiсh сorrposition is
sti ll fluid' ехists for еvеry fillеr' Under fifthеr fitlеr adding
the сorrрosition ьесomrs non-teсhnologiсal. It is possiьlc

to inсrсаsе thе fillcr сontrnt wjth injtiаI сomposition fluidity
сonseгvat ioD' using thr possiЬi l i ty of нЕМA-PvP
сo.рolymеrs obtai n8 in solution and aьility of oЬtаinеd
po]ymеrs to ьr in solid аnd swel|in8 stаtсs.

so, if we оЬtаin сomрsilion in ьloсk {,ith с| fi|lсr
сonteпt! wе oьtаiп the sаmplе with сoпduсtivitу r,
гcspeсtivеlу- tfwе саrry out the рl},rnсrizatioп iп sоlution
(ifl watег) with tlЕ samе сr fil|еr сonсеntтation аnd ф
out thс rе€еived sample tо фе сoflstаnt wеiфt, we obtаin
сonouсtlvltу L,

' - 
It сan Ье suggеslеd thаt iпеquаlitу },]< r, hаs to bе

ri8ht' Fof jnvestigations wе havс used со,'p.",.o.
PvP:нЕvA . 7:з аnd gгфit. as а fillеr' Тbe rеsu|ts аrе
rcpгeseпtеd in Taьle 2. one саn sес fтom Table. the
spссifiс resistаnсе of hydroge|s oьtained in solutioп
(position 2) is in 24 tirrЕs lеss thаn spссifiс гesistaпсe оf
the samе rпаtсгial but oьtaiлed in bulk сюsition 1). Тhe
сonduсliйty of dry sаmрlеs is signifiсзпtlу hiфer lhаn
that of swеIlеd ones. The сonduсtiйty inсrеasеs bесаusе
of iпtemal strеssеs whiсh oссur duе to shinkagе аnd
lеsult in foтmаtion ofаdditiоnal сontaсts ьetwеen partiсles.
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TаbIе 2

тhr €ffrсt of fillrr aпd solvent quапtity on соnduсtivity of hуdrogels oьtained in solution
PоLymеrization соnditions: нЕМА:РvP = 70|30' [Feso.] = 0.05 %' T = 29з K
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N!

Gr,o). Фp,
I 50 29.49 0.04
2 50 50 1.23 0.з O,E
з 50 100 1.00 0.48 1.0 2.\
4 100 t50 0. l l 0,0з 9.4 l l .3
5 500 200 0.08 0.05 t2.6 20.0

Thе inсrеаsiлg of оonduсtiйб, ьy mеans of fil]еr
сontеnt тising is nоt alwаys tесhnolо8iсal. тhе sаmр]е
mass inсrеаsеs (in thе сase of mеtatliс fillеr)' its strеngth
сhаIасte stjcs' t.]uidity аnd moldаbilitу beсоme dе-
ter ioтatсd. тhе сonduсt iv itу of рo]ymrr mаtеriа]s
сontaining сoпduсting fillers signifiсantly deреnds on
disрosition of filler partiсlеs in relаtion to eaсh othеI, The
fillсr is distfibutсd in polyrnсf mаtriх with diffеrеnt
struсfurеs formation: mаtriх (insulаr)' statistiс, oгiеnting
and laminаtеd I l],

A1l of aьovr.mеntionеd struсturеs' ехсФt nrа|riх,
arе ilr rеal рolymеr mаtеrials, Мatrix onеs аге usеd as
models for thеoIеt iсal сalсulat ions' The stat ist iс
distribution of рartiсlеs oссurs irndеr mесhaniсal fil]сr

тhе magnеtiс fiеld thаt aсts duгing hаrdqin8 rеsults
in oЬtaining of sаriрlеs with hiфеr сonduсtivity сomрarеd
йth samрles obtаinсd without it beоause шder nrаgnetiс
field aсtion thc fillrr olientation tаkes plaсе аnd morе
motаlliс рartiсlеs tаkе рart in сonduсting structulr
formation. It is еvidеnt from dаtа obtainеd thаt diffетrnt
сondцсt iv itу in intrtреrpелdiсulaf djrrсt ions is
сharасtеristiс for sатnp]еs obtainеd in tЬе mаgnеtiс fiеld'
It js maхirrпл in diтесtion ofrrиgnеtiс fiеld linеs aсtion,
i'e' in dirеоtion olfillеr раdсlеs сhaiпs fопnatiоn, аnd it
is minimum oт absent (dеpеnding on fillеr naturе аnd
сoncеntrаtion) in tЬе pеФеndiсulaт onr.

dispетsioц so thаt thе aveтаgе distаnсе bеtwеrn рartiсlеs
is si8nifiсantly lеss thaп in thе сasе ofсuЬiс lattiсе (rnаtri.{
struсtuтe). It is neсessаly to аpprоaсh fillei partiсles to
direсt сontасt оr tо tье distаnсе in fсw аngstrorns if we
wаnt to irrсreasе сorrduсtivity of роlymеr сomроsitions
with сonduсting filleгs sigлifiсantlу. In еaсh сase the
сurrеnt раssing will bс prсsented аs urinterгupted сhain
of сontасts оI signifiсantlу сIosе fil]fl partiсlеs, Thе
disposition of сonduсtivе partiсles Ьy linеs Рarаllеl to
еlесtr iс сurrеnt difесt ion is the most dеsirаble. In
сonnссtion with this faсt thе artifiсjаl obtaining of
сonduсtivс mсtаlliс filleг сhаin struсtures its пrаgnetiс
oriеntation is of grеаt intеrеst. The rеsults of suсh
invсstigаtiois аrе Pтеsentеd in тaЬlе з,

It is interestiпg to investigatе thе fitlеd сonfuсtive
hydrogе|s ьеhaviol in wet medium for thеir сomplеte
сharaсtеristiсs and foт dеtrrmination of аdditionа]
oрpоrtunitiеs ofthеiг usa8r as wеll, sinсr PvP.сontаining
matетjаls аre сhаrасtelized Ьу hiф watеr absoФtion' тhе
samplеs ofidentiсаl thiсknеss йth fil|еrs ofdiffегent nаfurе
(gaphite and соьаlt) havе Ьеen usеd fот invrstigations.
Thesе sаmples were hydlаtеd iл distillеd wаtеr In dеfiпitе
intеп'а|s thеi watel сontФt aпd соnfuсtivitу havе ьеeп
dеtегmine.L The results of tеsts arе рrеsentеd in тaьlе 4.
тhе givеn lesults show hydrogеls with diffеrепt nаtuгe
fil|етs hаvr different сhaтaсtеr of сonduсtivitv сhапse

Tablе 3

Thс effeсt of magnetiс freld on the aпisotroру of hydгog€l matейдls сonduсtivity
Pol},rnетization сonditjons: HвМA:PVP: 70:з0, [FоsoJ = 0,05 %; т = 29з к, H :23 kA,щ

fillеr соntеnt is 40 % fтоm сorпрosjtion mаss

Notеs: + iп dеnominator - еlеctriс сharасtеristiсs of h}drogеls, oЬtаiпed witьoul mаgnеtiс fiеld;
//, .L - еlесtтiс сharaсlеrisliсs of hydтogеls in diг€сtion paтaliеl and pерeпdiсulаг to mаgnеtiс field linеs, aссofdingly'

лq Еillеr
l

.8з/ lз70 | 2|o'7 з <10 "
2 28.tLr)15 t0" > 10' 4,10-/з- l0, <10_
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lеad рartiсlrs, formеd undеr tсmperatuтс inогeasin8' тhе
insrr]atioл fiIms ате formсd jn the gаp during thеil
стoss]inking wjth nеighboling moleсulсs by сhеmiсal
Ьonds' тЬе pl inсrеаsjng сontinuеs till rnаteгial softеning
point (rv = з22 K). Thс furthсr spесifiо геsistanсе
dfastiс dеcrеasing is connссtсd with intеrnal пюvеmелt
gтowing undет prоlоngеd сomposit ion heating aлd
pгobaьly with tunnе] сffсс| [1]. As еlесtliс сontaсts
thсory shows, the сurrent раssing is possiьle not only
undеr dirесt сontаct oftwo сonduсtors. ьut еvеn if thеrе
is air layет oтdiеlесtтiс filmbеtwеen them' Most authors
соnsidеr thе tunпеl еffесt to bс lhс most probaьlе
mесhanism of сhaгgе tгaпsfеr in сoпduсt ing
сompositions Il]. The tuпnеl гrsistаnсe is tЬе ехрonential
funсt ion of gaр thiсkness. wе сan sее
(Fig' з) that valuе l8py is а ]iпеа. fцпсtioп of polyrnег
thсrmаl ехpansion under trmрегature hi8hеr thаn г/ so,
thеrе is thс сxрonentiаl dеpendenсе ьеtwееn p, аnd
Potymеr thеrmal ехPansioп- |fit is аdrnillсd that сhаn8е
ofdislаnсе ьеtwеeп PЬ Pагtiсlеs is direсtly рrФortionsl
to liпеаI PоIymеr rxраnsioп, thеn py is ехрoпспliаl
iimсtj on ofdislanсе bсlween parliсles. It is сharасtеristiс
оf tuпnеI mrсhаnism foт e|есtroлs tаnsiеnl thгough
potсntial ьаrrier. ТhtБ, we сал assuпre that in сonsidcfсd
systеm thе tunnе| rnссhanism of с|eсtIiс сonduсlivily
agееs witь tеrrpегаtruеs г> rr тhе iпfтingeпtnt of linеaг
dсpcn.lсnсс undсr Т<Тv is probаbly connесted with
сoпduсtivity duе lo dirесt сontасls ьсlwссn paгtiсlеs and
lo intсmal stressсs rising й sуstem аs well.

тlrr сurvе pn :1, for gтаphjtr.fil]еd ьуdrogr|
diffоrs from рrе|iminатily сonsiderсd onс. ln this сasе
(Fig' 2b) thе сonduсtjvjty at tьr frБt stаgo .bastiсаl|y
dссrrasеs (p/ inстеasеs)' p/ sljghtly dесIeasеs аt
tсmрсraturеs highеI than Z," The mсntionсd differеnсеs
in conduсtivity may bе сonneсted with diffr lent
mсоhanism of сьаrgcs trаnsfcr. Тhе dependenсе
p"= Io for graphi.te-fi||cd rnаtеfia! is t}?iсal fоr nЙteria]s
in whiсh thе transffl of сhargеs сarriетs pстfoпns along
леtwork ofсonduсtivе fillеrpаrtiсlеs сontaсting йth еaсh
other This filler is distriьutеd iп non-сondшtivе mаtriх.
sinсе thc сoelfiсiеnt of thеrпаl еxраnsion of роlymer
rnеdium is hiфсr thаn thе fillеr оnr in fеw ordеrs, the
thеrmal exраnsion of mattix under tеmреraturе rising
results in rеduсing of сonисts su.fасе bеtwссn gaфitr
раrtiсlсs or еvеn in Ьrеа}in8 oг uлitoгm сlus|ет сеfliоns
into insulated сlustеrs' It саn ье sееn ftom siФfiсant
сomрosilе сonфсtivitУ dссrrаsс. тhе сontaсt spots on
gfарhitr Psrliсlеs arе сovеrеd Ьу pol}тnrr fi|m under
hеating that схрlain thе misaligдmеlt оf hеаting аnd
сoo|lп8 сurvеs.

4. сonсlusions

тhus аs a rеsult of invеstigаtions' tЬе рossiьilitiеs
wсге dеlеrminеd аs wсll аs thе mеthods оf oьtaiпing
of moisturе aпd lсmреrаture sепsiЬtе fiIlеd сoпduсtivе
polymer hydrogеls on tЬе bаsis of hуdroxy-
сlьуlсnеmelhaсrylаtс wilh rюl).vinylpyrro|idonc wсre
proposсd. I l  wаs dеlеrminеd thаl сomposiI ions
сonlаining noп.mеtal l iс f i l ler grаphitе _ аrе
cЬaractеrizеd by signi6саntly highеr сonduсlivity than
metal.сontаining Ьуdrog € ls iп ргopогt ional

тhe quanlitу of аbsorbed moislure diffеreпtly
аffесts the Ьydrogеls сonduсtivity depеnding on fi|lеr
nalшс' Еoг graрhite.fi|lеd rnаtсriаls, in pаrliсu]ar, tье
rеsistаnсс сhал8е hаs lhе ехtrеmе сhаrасtеr whеп
rnoishrre сoпtеnt is lеss thаn 8,6 %, thе spесifiс rеsislаnсe
inсrеasсs to l 049 oьln.rц аftеr thаt it drаstiсаlly dе€rеаses
аnd undеr l/= з5 % is |66 ohm'm' FoI mеta]-fil]rd
rnаlеriа]s py is within the rапgе of l53 39.106 oьm.m
witЬ wаtеr сontеnt сhanging from 0 to 35 %. Dсpсndсncе
of pи on l/ сaD ье usеd fоr mоisturе gаgеs Produоtlоn.

тhе сonduсt iv itу of hydrogrls f i l lеd with
fеrromаgn€tiс powdеr signifiсantly inсrеasсs whilе thriг
obtainin8 under the mаgnеtiс fiеld aсtion the rеsistаnсe
dесIeаsеs in fсw orders, oьtаined materials hаve
сonduсtivitу anisotтopy'

Drpсndеnсе of сonduсt iv ity сhan8е uPon
tсrrрсгatш€ has ехtrеmе charsсtеr Thе dеvсlopеd mat,еrjals
arе сhаractеrizеd ьу thе ьighеst spссifiс тesistаnсr within
tеmpеfatuтe range of 273 28з K,

1

0,8

0,6

0,4

o,2
2,47 2.57 2.62 2.67

lcт

Fig. з. Тhе logarithmiс dеp€ndroсс оf fillсd Ь}drogеl
spесifiс rеsistaпсс on tсmpеraturс

Potymегizаtion сonditions: нЕмA:PVP = 70|з0'
[FеsoJ = 0'05 %; fillет Рb (50 % ftom сomposition ma33)
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сиltTЕ3 н oBI.D( ЕJIЕктРOпPoвIдIIПх
]}IATEPIAJI | в IIA oсIloвI пoлlмЕPllих

гIдPoгEлlB

АнoЙ.чl'' Po1poб'евi яoвi eqвnPo,poвidлi no |iцФнl
,i0Po24i Bа oснoвi кonotriяePiв ,idPoкciеЙuЙепaкPanaпу з
noaioiнialiPoliddoя з нФP2oнiчнu\u шnoвнDв4чЙu Piэяot
a P чoou. B c Й o |oв' e ш g t Й ь Ф еto|Рu ч Bв хaP o,Ф|еp u Й u х
odеPmц хФеPiФiв вio улo. с11Йв' хiaфсni na npuPoat
aoPoЙoФю нanфNюФчa' шiФnу Фпa Йa na1repoЙw
oпoч,ючo2o cеpеioвnща. dii яozlinнo,o loля. IIoкo3a3a
мoюuвn,Йь oЙpЙаны lам.piФiв 1 ИuPoкul iнnPPвdoл
аекnPonpовidвo.Йi' 

'кa 
зnil!юспьcя ь эмiцo'o вonoe Йа

nцnePonуpu сеpеooвuчa' o naкo* 3 ацBonPoпвoю Йa
odф яa|P@ o b ф?oп rюа iaq ь fu -

Iслbчo.l слo..: 2i0p@ь' noлiвiнi'nipo'i0oн' 
"oлiлеpl.

'dцiйце 
яa'oвнеlrня, gекnPonpoвiaьicf, ь.


