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MexAyHapoArrbrx 3aKorroAaTeJrbHbrx aKroB cyrqecTBeH_
Ho orpaHvrrnBaer r{c[oJr63oBaHrre AaHHbrx coegunenzfi
H3-3a rx srrcorofi srorofliFrecnofi onacnocrrr I{ KaHrIe_
porennbrx csoftcrs L7 

_9). B ra.recrse aJrbrepHarrrBbr
xpoMaraM rrpeAJroxeHst uaru1uropbr Ha ocHoBe Mo_
nz64aroe, [epMaHrauaroe, nonr@parraaroB !r BaHaAaroB
[10-15]. flocne4nze 6unu 4erani"o 

"ryr""hr 
B Kaqe_

crae lrnrrlbraropoB Koppo3r{r{ cIrJraBoB aJrroMrrnr{rr n nefr-
Tp:urbHbD( r{ qerro!trrhD( cpeAax fI2, 13,15_1g]. flora:a_
Ho, trro 3arrlr{THhre csoficrga BaHaAaroB n nefirpansHrrx
cpeAax o6ycnoeneurr o6pasonarrlreM Ha loBepxHocrrr
crrJraBa rrrreHor rr.rAparr4poBaHrrbx [oflzBaHalaroB(ry V)
[13, l7], a B rqeroqnbrx 

- rulpar4poBaHHbrx oKcr.rAoB
ryO(OlD3(H2 O)zl, U2l. {annue o6 racnonrso BaHula Ba-
HaAaroB B cr4JrbHoKxcJrbD( cpeAax (pH S 3) B Jrr{reparype
npeAcraBreHbr HeAocrarovuo [15]. B p"a" pa6or [19,20] noxasana Bo3MoxHocrr Soprr,rrpo"u""" B Kr{cJrhrx
cpeAax 3arrlrrrHbrx sanaguit cogepxarqux KoHBepcuoH_
Hbrx rroKpbrrr,rfi na ocnose [poAyKToB r.r{ApoJrx3a rroHoB
voz*.

I{enrro HccJreAoBauus, 6stro H3yqeHr,re Koppo3r{oHrroro
rroBeAeHrlrr cnJraBa :urroMunurr A[3 1 e cr{Jr.buoKncJrbrx
(pH.3) xJroplflcoAepx(arqr{x cpelax B rrpr4cyrcrB urv Me_
T aBana4ar a l:.fiprrl. NaVO j.
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flocrynzno s peAarrlr.rro 24 asrycra2}l7 r.

Memodquu cKqHupytol4eil enercmpounoil uurcpocrconuu, nomeHrluoduuatvruvecrcoil nonnpusaryuu u ereKmpo-xutwuuecrcoti utt'tnedaucuoil cnercmpocKonuu u3yqeHo Koppo3uoHHoe noeedenu" 
"*i"o attnauuua A[31(AA6063) 6 Kucttbtx (pH 3) 0.05 u. pacmsopax Nact, iideptcat4ux 3 truont.d*r3 uuzufuumopa Nal/oj.vcmauoeteuo' vmo Koppo3ufl cnnaea A,\31 i *o"nu* po"msopca xnopuda uampua npeuilyt4ecm*eHHo npo-meKaem roKcubHo no zpauuqan pasdaru Qas annuuuuilluHmepJwemcanwtecKctfl rracmupa u n&rumupyemc.fls,eKmpoxaMuvecrcoti cmadueil nepeHoca zapada. Irorcasauo, ,tmo eeedeuue eauadama Hampun nos,ornemcHu3umb cKopocmb ceJleKmuaHoeo pacm?opeHuz JttaeHu.n u3 cocma?q clLnailct u o6ecnevueaem sat4umuattieQQercm HaWonHe 7-10%.

CnnasH arrrovrtruulfl, ruupoKo npr.rMelureMble B Hacro.f,_
rrlee BpeMrr B rrpoMhrmJreHnocrrr, npeAcraBJurror co6ofi
cJIOXHbre reTeporeHHbre cHcTeMhI, BKrrciraK)[IHe rIO-
MrlrMo anIoMIlHIdfl pa3Irr4qHBre JrelupylotrIEe go6arnu,
TaKrre KaK MeAb, Maruuit, xpeunr.lfi, xeJre3o u Ap. Ll,
2]. Bne4enae Jrernpyrorqr.rx 4o6aeor rpnBoAur K ynyq_
Ilreurrro MexaHuqe cKLrx u @ynxquoHaJrbHhrx csofi crn
CIIJIaBOB AJIIOMIIFIuII) pacrrrHp{eT cIIeKrp Lrx BO3MOXCHOTO
rrc[oJrb3oBalrHr, oAHaKO 3HaqHTeIbHo cHr4XaeT KOp_
po3r.roHrrym ycroftvnnocru. flocne4Hr{e HccJre,rl oBala:afl,
TIoKZBUUTI{, qTo H{UrAque B COCTaBe cIrJraBoB r.IHTepMe_
ranJruqecKprx qacrr.rq (I{MII), coAepxaqrx Jrerupym_
tru4e KoMnoHerrrrr, cloco6crryer 6ucrporray pirBtlTtlro
JroKzurbHbrx Br.rAoB Koppo3HH [3_5]. Oco6enno 3ro aK_
ryanbrro npr,r gKcnJryararlprr uzgeluit B arpecc[BHbrx
cpeAax, B KOTOphrx npor4cxoAr,rr pa3pymeHHe ecTecTBeH_
nofi uonepxnocruofi oxcr,r4uofi rrJrerrKtr. B cessu c orrzM
arryanrnofi saAa.refi frB ns.er cfl paspa6orxa nucor<oe$ _

Sercrranurx mrra6lmopoB Koppo3r{r{ cruraBoB iurroMuHafl ,
rrprrMeHreMBrx B coBpeuennofi xr.rtvru.{ecrofi npoMhrlrr_
JIEHHOCTI4.

Hau6onee Brrcor1ao crerreHb 3arr{r.rrbr cruraBoB zurroMrr_
nrEs o6ecneqlrBaror zHru6vroprr Ha ocHoBe coeruHe_
Hufi xpotla(Vl) [6, 7]. O4naro B Hacrorrrlee BpeMrr p.flA
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SrccnepurrleHTarbHas rlacrb

B xa.recrse o6rexra accneAoBarrus. B AaHr,oit pa6ore

u crronb3 o Bzur v anroMvrnue srrfi ae $oprraupyeuufi cIUraB

3nelresr Si Fe Cu Mn

Cogepxanue,uaco/o 0.45 0.50 0-10 0'10

flep e4 npoBeAeHHeM HcrlbrraHnfi anrour'rnnenrrft npo-

Sum paspe3arruHa o6pasqu pa3MepoM 20x20x2 v'wr,

Koropble sareu uuu$oBtull{ s soAHofi cpeAe c fictroJrb-

3oBaHr{eM ru:ruQona:rsnofi uanunsr Struers Labopol 5 u

nax,{aqHofi 6yuarra P500, P800 uPl200 (Qrua-nrnufi
pa3Mep sepua 13 rvnu).

Kopposnonnble HccneAoBalrrul.rlpoBoAllna e 0-05 M. pac-

rBope xnopl4A a :uarpvs. NaCl (Sigma-Aldrich, >99 .5%) -

.{nx usy.reuux uutulupyrcurero e$<ferra BaHaAaroB B

KOppo3IroHIryIo cpeAy AonoJTHHTeJIbHO BBOAI4JII{ MeTaBa-

HaAar Harpllr NaVO3 (Sigma-Aldrich, > 98%) B KorM-
qecrBe 3 urrro;m'AIrr-3. 3Ha'IeHI'Ie pH pacrnopoB Bo Bcex

orrrrax cocraBJrlno 3. KopperrupoBKy pH nporo4ruu
0. 1 rra. pacrBopoM asorHofi KucJIorEI c uclroJrb3oBaHreM

aBToMarplqecKoro rl4Tparopa Schoft Titroline c roqHo-

crbro Ao +0.01.

Tepuo,qnnaMllqecKHe paBHoBecHble AIlarpaMMbI AJr-x

coeAranenufi e,aHarlas, B BoAHbIx pacrBopax crpol'rnl4 c
prcrroJrb3oBaHl,IeM rlporpaMMlroro o6ecneqennr (IIO)
Medusa (KTH Royal Institute of Technology) Ha ocHoBe

anfopurMa SOLGASWATER [2 1 ].

Mop$onorralo I{ 3JleMeHrntrft cocraB rloBepxuocrrE o6-

pa3rloB rlocJre Koppo3lroHHrx r'rcurrrarrrfi u3)^{ilJII'I Mero-

AaMrr cKaHl{pyroqeft grelcrpoHHofi uurpocromx (C3M)

r{ 3HeproAHcnepcuoHHor0 pelrTfeIroBcKoro MI{KpoaHaJII{-

sa (EDX) Ha cKalrrpymqeM 3JIeKrpoIrHoM MI'IKpocKorIe

JSM-5610 LV ocnaqeHHoM cllcreuoft xnulrqecKofo
MrtEopeHmeHocneKrpaJlbuofo aH€IJIH3a EDX IED-2201.

Becosrre rloKa3aren[ Koppo3l'Ir{ B I'IccneAyeMbIX pac-

rBopax orpeAeJrln[ B reqeHl{e 1000 q rIpH reMrleparype

25 L I"C. TepuocrarupoBaHpre pacrBopoB rpoBoAplnpl

B repMocrare TC-80M-2. Pa6oqas IrrlouraAb o6pa:qon

cocraBrsra 400 uu2, KoJIpIqecrBo napannenbHo Irc-

cneAyeMblx o6pa:qor - 
5. B xoAe onblron o6pasqrt

lepuo.u4qe cKrI u3BJreKalru rr3 pacrBopoB, oqI4IrItuIH OT

lpoAyKroB KOppo3I4H, rIpoMbIBtuII{ AITCTI{JrJILIpOnaHFIOft

eo4ofi, cylllr,rnfi H 3areM B3BemI4BaJLI Ha aua:rvlTvrtrecKrtx

Becax c rolrHocrbro ao 0.0001 r. Cxopocrb Koppo3IrI'I

paccErlrrbrBuuln no tf oprvryle [ 1 2]

Xapumouoe,{. C. u dp.

Mapr(n AI31 (uapra ,4',4.6063 no rnaccu$l'ar.alJlr,Lt

ANS I), ronyseHHblfi uero4otvt rop.nuefi 4eSoprvraquu.

Holrr.rnanrnrrfi cocras clr:raBa npeAcraBneH Hr,rxe :

Mg Cr Zn Ti Al

0.60 0.10 0.20 0.15 Eananc

rae CR - cKopocrb Koppo3I'IH (r'rrn2'rt;, m u ms -
Macca o6pasqa Ao Ir rrocne Koppo3uoHHrrx ucnrrranufi
(r), S - 

pa6ouax IuorqaAb o6pa:qa (*2), t - Arl4renb-
Hocrb ncnrrrauufi (u).

3{$exrurnocrr r.Inrx6xropa (saqurnufi eQQerr IE)
onpeAeJrfl nI,I I{3 Bblpax{eHwl

E (%)= 
t*9 t*.100=11- tL;. too, (z)cRo cRo

rAe CRg pr CR 
- 

cKopocrb Koppo3lru coorBercrBeHHo B

pacrBopax 6es u c Ao6asreHueu unru6nropa.

3nerrpoxurul{qe cKrre HccJIeAoBaHI'I.s [poBoAI4 Irtr c Hc -

[onb3oBaHreM l]oreHlruocrara/ralrBaHocrara Metrohm

Autolab PGSTAT 302N, ocHallreHHoro MoAyJreM aHarfiL-

3a qacror FRA32M, B craHAaprHofi rpexsnercrpognofi

xqefixe c 6oroesIl,I KpenJIeHtteM pa6ouero 3neKTpoAa,

HacbIIrreHHbIIr,r xlopcepe6pflHblM gJIeI$poAoM cpaBHeHI'IJI

rr BctIoMorareJIbHhIM 3JreKTpo.4oM B BHAe unarlrnoeofr

cerrr{. flotenqrEoAHHaMI,MecKHe rlontpl'IsauuoHHrIe

Kpr,rBbre perl4crprrpoBaJll{ B HHTepBaJre noTeHrIHanoB

-200+-+200 uB ornocmeJlbHo 6ecroxosoro noreHllxa[a
rrpu cKopocru pa3BeprKr4 0.5 rraB'c-t. Bce noreuquilllbl B

pa6ore [peAcraBJIeHbI orHocl,treJrbHo craHAaprHoro Bo-

AopoAHoro 3reKrpoAa. SnempoxuuN'recKLle napaMerpbl

npoqecca Koppo3lal{ o[peAeJu{nu c LtcfIoJrb3oBaHHeM alr-

ropr4TMa Jleneu6epra-MapKBap,qra e IIO ConView 3-2c.

3aqurnuft sQ$err B AaHHoM cnyqae oflpeAeJr-f,nn rlo

$opnryre [12]

io -i i
IE (%) = s%-r*. 100 = 11- -eoIL). 100, (3)

L., '"oo
.0

rAe Lrr w i"on - nnorHocrb roKa Koppo3l{Ia coorBer-

crBeHHo B pacrBopax 6ez u c Ao6aereHI.'IeIu rlrrrra6uropa

(A'cwz1.

Cnerrprt 3neKrpoxnMl+Iecrofi HMrreAancHofi cnexrpo-

cKonHH (3I4C) perncrpupoBurJlu npl4 3HaqeHI'Itx ycra-

HoBrrBlrlrrxcr 6ecmxosHx rloreHuuuuloB rlepes I u 24't
nocJre [orpyt(erltt o6parqor B I'IccneAyeMble pacrBophl.

,{uauason qacror H3MepeEI{s cocraBr-f,r l0+-10-2 fq
npr,r aM[Ilrryf,e xore6arurfi HanpffKeHbl 10 uB. Anarxs,*=T, (1) '
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[oryqeHHblx crleKrpoB, noA6op I'I pacqer rapaMerpoB

3JTeMeHTOB 3KBpIBZUIeHTHbIX CXeM IIpoBoAI'InU c plcllonb-

3oBaHI4eM liO ZView u Nova 1.11. 3aqurnufi sQQerr

Ha ocHoBe AaHIrr'x 3tr4C pacc'turhlBil,llx no Sopnriare [12]
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llpz norpyN(eHl4l{ B LlccneAyeMhlfi pacrBop o6pa:qa

crnaBaA[3] na rpaHIrIIe pa3AeJIa Sa: slexrpo4leler<-

Tponr4T ycTaHaBnuBaeTcfl 3HarleHr{e cTaIIHOHapHOfO no-

reHrIl{uua 4.219 B, npu KoropoM a4cop6aponaHHble Ha

noBepxHocTrl BaHaAaT-pIOHbI Moryt BoccTaHaBnvBuTbcfl'

Ao coeAnuenufi V3+ no cxerraaru [24]

vr0o26(oH)z+ + 24Ht + 20e --> 5v2o3 + 13H2o, (5)

VrO, + 4H+ + 4e -->Y2O3+ 2H2O, (6)

vr0o26(oH)z+ + 54]Fr* *20e -+ 10v3+ + 28Hzo, (7)

VrO, + 10H+ + 4e -+ 2Y3+ + 5H2O. (8)

Kpoue roro, conlacno $asoeoft .4narpanue [pI{ cra-
rlr{onapHoM norel{rll{ane -0.2I9 B sogN{oxHo o6pa:o-

BaHr{e coeAunenufi V2+, roropsre BBI{Ay rlx slrcoKofi
BoccrauoBrlrenrHofi aKrI{BHocrI{ (E"y2+;v-: -1.186 B) e
pacTBopax, He coAepxtaulllrx KOMIIneKcOOOpa3OBaTeJIeI4,

Heycrofi unrhl I{ oKr{cJrlrorc.x p acrBopeHHbIM Kr4cnopo-

.4OM, r{OHaMH BOAOpOAa Ir MOneKyJraMI{ BOAbr:

2Y2+ + 2H+ + -+ 2Y3+ tHz, (9)

2Y2+ + 2HrO -+ 2Y3+ + zCH- +H2. (10)

Conu V3+ Moryr floABepfarbcf f44pom'I3y c o6pa:oranu-

elr VOH2+ u V(OH)2+. Kponae roro, B Her3a3pupyel{blx

pacrBop€rx coeAuneHrlt V3+ ueycroitquBbl rr oKr4cJUIIorct

c o6pa:oeanlreM coeAplHenufi V(IV) [24].

Muxpo Q ororpaQuu I4 pe3ynlTarbl 3Hepro.4l'{clep clroH-

Horo aHuuIH3a rroBepxHocrla crIJraBa AA31 noc:re nrr-

AepxLIBaHI{rI e 0.05 M. pacrBope NaCl (pH 3) r re'le-
lerne 24 q [peAcraBneHbr Ha puc. 2. fIpN orcyrcrBlrll B

HccJreAyeMbIX 3neKTp onurax c o eAlaHennfi saHaAkrfl- Ha

IE(%)=
ft", -R3,

Rt
. 1oo = tr-fl1 roo, (4)

__n
r4e R., 

^ 
R;- conporltBnel{lle ilepeHoca 3apqAa coor-

BercrBeHHo B pacrBopax c u 6ez Ao6aereHuq ustu6u-
ropa (Oru'crr,r2).

B ce srexrpoxl{Ml{lle cKHe I4ccneAoBaHI4rI, [peAcraBneH-

Hbre B Aannoft pa6ore, rloBTopf,Jrll ne vreHee 3 pa:.

O6cyxgenue Pe3YJr braroB

Haqanrnoe 3HaqeHHe pH npuroroBJlenHblx 0.05 rra. pac-

TBopoB NaCl cocraBJItJIo oKono 6.0, a pacrnopoB, Ao-

rroJrHI4TeJIrHo coAepx{aqm 3 uuorn'Aln{ r eanaAara Har-

pvs'-npI,IMepHo 6.5. [ttt orpeAeJIeHHr{ uonnrx Qopu
ranaaax(V) B I{ccneAyeMLD( pacrBopax 6nul nocrpoeuu

Qa:oesre ruarpaMMbl, rlpeAcraBnelrHbre Hapnc. 1' Co-

rJracHo ALIarpaMMe (puc. 1, a) e npuroroBileHHoM pac-

rBope (pH = 6.5) rpeLIMyIqecrBeHHo coAepx(arc.t I{oHbI

VO2(OH);, V:Os3 u Y 40 p+, IrMeroluze rerpil3Apl4r{e-

cKoe crpoeHlre [15, 22,231. flocreneunoe rIoAKr4cneHHe

ilpnroroBneHHblx pacrBopoB a3orHoft xrzcnorofi Ao pH

3 conponoxgaerc-l IloJll{Mepu:aqnefi BaHaAaroB c o6pa-

soBaHpr gM B Irrore oKTa3lpnqe CKI'I KOOpAI'IHI4pOBaHHbIX

AeKaBaHanar-aHLroHoB V I 0O26(OH)z+, oxpallsptBarolrlux

pacrBopbl B x(enro-opanxesuft qner [15, 24).IIpupH
MeHee 3 .4ercasaHaAarbl nepexoAtr B rl4.4parl{poeaHHrrfi

oKc44 raHaaux(! VO(OH)3, roroprtfi upI'r 4anrHefrruena

cHr{xeHI{I{ pH nloNer lepexoAlrrb r 6egeoAurrfiYrO5, a

TaKxe KarI{oH VOz*.

Oa:oeutii cocraB
\/

7pH 7pH

puc. l. (Da:oege AnarpaMMbr Am coeAr4ueH uil. salaliuxB unrepB€ule pH G-7 B pacrBope, coAepxailreM 0.05 uonl'Ar'l-3 NaCl

3 r,arrlonl.Arrl 3 NaVO.,, 6er yvera noreHrlll€ula (a) u npu cralrr4oHapHoM [oreHII{aJIe -0.219 B (6).

vo(oH '.,./

-l vzos(

\o,q

,, 

u'rj
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rroBepxHocrl{ o6pa3ua o6pa:yorcx 6onruroe qltcro DIy-

6oxzx JroKaJIbHbIX oqaroB xggeHHofi Koppo3uu. O'Iaru

6ornuero pa3Mepa [peuN{ylqecrBeHHo cKoHIIeHTpI'IpoBa-

Hbr BoKpyr tr{Mrl (prac. 2, a,ro*:r:a I).trttsycraHoBneHrrt
cocraBa I{Mt[ nponoAnJru 3l{eproAl4crlepcl{oHHoe Kapro-

rpa$uporarue yqacrKa noBepxHocrl{ c oqaroM fi3BeH-

nofi ropposuu. flolyveHHble 3HepfoAr{cilepcploHHbIe

Kaprr,r (puc.2,6) u eneueurnlrfi analu3 uoBepxnocru

(ytuc.2,e) uora:rmalor, tlro tr4Mtl e o6nacrn JIoKzLIIbHLTx

Koppo3I,IoHHt IX rloBpex( p.enui't' B o cHoBHoM co cro'ar I{3

xene3a v KpeMHI4fi c He3narlkre:rsnofr [pI'IMecbIo MeAI'I

rlMarlvlfl.,Ilns tr{Mt{ c BbIcoKr{M coAepxaH[ena Fe u Si,

KaK rlpaBl{ro, xapaKrepHo KaroAHoe noBeAeHue Iro orHo-

rrreHl4lo r Al rvrarpnq e 15 , 251. llosron'ry B AaHHoM cJr)^rae

KOppo3I4rI npel4MyruecrBeHHo rlpoTeKaer 3a cLIeT pacTBo-

peHnq aJIIoMI,IHT{eBoil uarpuqst Ha fpaHl{qe pa:4ena Qas

Al|I4MtI 126,27). 
r{acru'{Hoe pa3pylxeHl{e tr4Mtl rarxe

BO3MOX{HO 3a C!IeT VOHr43A\r4r4 ee aKTI{BHOr0 KoMfIOHeHTa

(Mg) npn KoHTaIsre c xucnofi cpe4ofi 14,28,291'

flpu nee4enl{H B Koppo3}roHHylo cpeAy BaHaAara Ha-

rpllx na6ruo4aercr H3MeHeHI{e xapaKTepa Koppo3noH-

HbIX [poqeccoB, tlpoTeKaloil{Hx Ha [oBepxHocTl4 CrIJraBa

(puc. 3, a). r{llcno oqaroB rll{rrl4HroBoft ttoppo:ltll cy-

ure crBeHHo cHl{xcaerct, a pa3pyllrenl{e turloMnHuesoil

MarpnIIbI B OCHOBHOM npoucxoAl4T rIO fpaH[uaM 3epeH'

Xapumouoe,[. C. u dP.

:)jlcrrelrl
('{)cl:l}. lt:la.'l o

rl0UCll\H()C Ib to.lxa ,l

AI 97.11 87.59

Mg 0.58 0. l0

4.42 3.44

Fe 0.41.) 8. i4

Cu a.74 0.73

Bccro I00.0 r00.0

MexxprlcrarlrrllTHzlfl Koppo3I4JI cnraeoe Al-Mg-Si e rurc-

Jrbrx cpeAax, KaK IIpaBHno, o6ycloeneHa ceiIeKTHBHbIM

pacrBopeHr,IeM MarHI'Lf, 127, 281- Ha rpanlrqe pa3.4ena

{as Alll,livltl Koppo3ktoHHble flopaxeHr,tq B I4ccreAyeMoM

pacrBope (puc. 3, a) :uauurensHo MeHbIrIe, rIeM B orc)'r-

crBpre BaHaAara (puc.2, a).

Kar eLIAHo r{3 AaHHbIX 3HeproAncllepcltoHHoro arruwr3a

(puc. 3, e), o6qee coAepx€Hr4e Banarus Ha rloBepxHocrl4

o6pasua cocraBJlrer 0.28, a Ha rroBepxHocrn I'IMI{ 
-

0.44 vaco/o. 3neprogucnepclloHHble Kaprbl (pnc. 3, 6) u

oneuenrurrfi cocraB rloBepxHocru (puc. 3, e) no:ro:rrrcr
yrBepxlarb, uro a4cop6lrl4t BaHaArrfi co4epNarqux co e-

Ay']FIe:Huit npoucxoAllT rIpeHMyuIecrBeHHO Ha KaroAHbIX

yqacrKax crIJIaBa. Kpoue rofo, B eaHaAuficoAepx(axll4x

pacrBopax Ha rloBepxHocru o6pa:qa na6lroAaercfl yBe-

ruireHue o6ulero coAepxaHl'It Mg, uro cBrr,4erenbcrByer

o CHLIXeHHH CKOpOCTI{ efo CeJIeKTI{BHOTO pacTBopeHl4tr

B 3THX Cpe,ilax.

B e cosH e floKut:are-rru Koppo3IlI'I uul aMHHI{eBofo cIIJIaBa

AA3 l, pacctIHTaHHbIe npu Bbl,4epxl4Banau o6pa:qoe r
Kr{cJrbIX x-rl opH;lco.f, ep)Kaluux cpeAax, npeAcTaBneHbl Ha

puc.4. B ncc-re.ry'evbD( cperax AI'IHaMI{Ka lrorepl'I Maccbl

o6pa:uoe HMecr 3aBllcnlr{ocrb, 6nH3KyIo x lusefisofr
(plrc. 4. a). B reqernlte nepBbIX 300-350 q ucnrrranuft

sa6lro.laerct cHItiKeHHe o6ueft cKopocrl{ Koppo3ur{

i

pwc.2. Murpo$ororp ahvu lal,sHepfoAr4crepcroHHbre xaprtr (6) I4 pe3yrbrarbr E-DX ananr{la (e) nonepxnocrr'r cnnasa AI3 I

rocne BbrAep)KsBaHL4l s 0.05 Na. pacrBope NaCl s reqeHl4e 24 1pH pacreopa 3.

t0 l.Iltl{
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B

3ileMeIlT
Cocrar, lrac.9ir

LIO*9pXFrOC',l'b I{)rtxa

AI 98.29 83.80

Mg 0.77 0.31

Si 0.13 4.46

Fe 0.31 10.8 I

Cu 0.22 0.18

V 0.28 0.44

Bcero 100.0 100.0

Puc. 3 . MnrcpoQororp aQuw (a),3HeploAl,IcrepclioHH6re xaprur (6) r{ pe3ynbraru EDX ananlr:a (e7 noeepxnocrr.r cnnana A!3 I
rlocne BblAepx.uBae.vIt e 0.05 [,1. pacrBope NaCl c Ao6aBKoil 3 uvonr'4r63 NaVO3 B reqeHHe 24 u, pH pacmopa 3.
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cfrraBa, o6ycloBneHHoe, BeporTHo, ceJrercrlrBrrBlM pac-
TB OpeHI,IeM 6Onee SJIeKTp Oxr.rMrrge cKr4 aKTHBHBIX CO -
CTaBJUIIOIqTX CIIJIaBa LI HaKOnneHI{eM Ha ero IIOBepxHO-
cru 6onee gner$poloro)Kr4TeJrbr{brx KoMrroHeHToB. fipu
.qarrsHefirrreM )rBerr4rreHr{H BpeMeHr{ BhrAeprKKrr o6pa:qoe
B 0.05 lr. NaCl cKopocr; Koppo3rrr4 rr3MeHrrercr He3Ha-
r{LrreJrbHo (puc. 4, 6). Hatutue ilr{KoB Ha 3aBLrcr{MocTpr

CR :lr) Mo)KHo o6rscnrarr [epr4oAnqecK]rM rBMeHeHr4-

eM rroBeprurocTHofi KorlllenTpalll{r{ KOMITOHeHTOB CrrrraBa

3a cqeT r4x ceJreKTnBHoro pacTBopeHr{x. Bre4enrae n
pacTBop BaHaAaTa llurpvr He oKzBbrBaeT cyrqecTBeHHofo
B.IWIflHItfi Ha nOTepIO MaCCBI, a CIeAOBaTeJIBHO, I{ Ha CKO-

pocrb Koppo3r{}r crrJraBa. 3arrpmrrrfi :$tpexr, paccqr4TaH-
srri no $oprwyne (2), cnuxaercr c yBeJrr.FreHneM npo-
AonxcnTeJrbHocrr{ orrrrros or 10 [ocJre 24 u npzvrepuo
lo 40 nocJre 1000 q Koppo3r,roHHBD( ucnarranwi,t (pnc. 4).

A.m

20
CR

0.15

l5

t0

200 600 1000 / 200 600 1000 I

Puc' 4' BecosHe roKa3arerll *oTTj;HH"Tffifi1"J:iffi;3iuffiff?*ffirgrcruraBa An3r e 0.05 rvr. Nacr 6e: (1)

Lm 
- 

norepa r*.raccu (r'r:1, t 
-,l'ntrenbHocrb 

orrr,rra (.1), CR 
- 

cKopocrb Koppo3gr4 (r.rr,r-2.q-t;.

l0 miv f, SII{M
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lloresquoAl{HaMllqecKI{e rron{pl'I3aur{oHHbre KpI'IBsIe

crJIaBa A,43 1 B HccneAyeMbIX pacrBopax rpeAcraBne-

Hbr Ha puc. 5. BeeAeHlre B 3JIeKrponI'IT Baua4uranmpkts

rrpnBoAptr K cMeureHl4lo 6ecrorosoro troreHr1lltura B Ka-

roAHyrc o6nacrr or 478 go -5 19 uB. Karo4nble BerBI{

rrontpH3aIIuOHHbIX KpHBbIX COOTBeTCTByAT Ilpoqeccy

BoccraHoBJreul{s BoAopoAa, rurefinbl B InupoKofi o6la-
crx noreHuLtaJloB Ir I{MeIor raQenercrrafi narnon -1709
u -160.5 trrB n pacrnopax 6e: r'I c Ao6asreHl4eM HHrpI-

6uropa coorBercrBeHHo, LITo o6rqcHqerct cHllxeHlleM

cKopocrla rcaroAnofi peaKuI4I'I npn a4cop6III4I{ coeAHHe-

Hui,t sanarus, Ha noBepxHocrn cnJIaBa-

Ha alrognrrx BerBtx [ompx3aql{ouHbrx KpHB;IX MoxHo

BbIAeJII4Tb ABa yrIaCTKa C pa3nilqHblMl4 ylnoBbIMLI KO-

a$SraqueHraMl{, qro cBr{AerenbcrByer o craAI'rftHocrra

lpoqecca auoAHoro pacrBopeHl4x o6pasqa- B xncnrtx

cpeAax I,IoHH3aIrIrfl Al uoxer nporeKarb B ABe cra.4I'II{ c

orrrlenneHueM cHaqzula oAHOfO, a 3areM AByX 3nelilpo-

HoB rro cneAyloureMy MexaHI{3My [30,31]:

Xapumonoe,Q. C. u dp.

Kporrae roro, BBI{Ay ceoefi rucoroft BoccraHoBlrrenruofr

cnoco6nocru AlOHu6, H I{oHbI Al+ uoryr oKHcJLxrE'ct

KOMTToHeHTaMH pacrBopa:

Al+ + 2H+ - 413+ * Hz, (15)

AloHads + 3H+ -+ Al3+ + H2 + HzO, (16)

a TaKrKe Bcrynarb B peaKrlull At clponopql{oHHpoBaHHt

[31]:

3Al+ -+Al3+ + 2Al, (17)

3AlOHuds + 3H+ -+ A13+ + 2Al+ 3H?O. (18)

Yrnu nax;roHa aHoAHbD( eersefi IIoJUIpH3aITHoI{H;IX KpI{-

BbIX B o6racrn rloreHqlrzuron, 6nr'r:rofi K cralllloHap-
HoMy, cocraBJlllor 140.5 u 217 .1 v'B, a noreHIII'IanbI

nnrrunroo6pa3oBanl4Jl - -39 6 u -3 63 uB n pacrnopax

6es t{ c Ao6aereHxeM BaHaAara HarpI4l coorBercrBeHHo

@uc. 5). flpn.4o6aurer{Hl{ BaHaATarrarpufi' B oneKrpo-

Jrr{T IurorHocrb roKa Koppo3I4H l"o* cHuxaetcx c 2.28 no

2.12 wxA'crrrz, npu eroM 3alql4rnufi e$$exr, paccqu-

rannnfi no $opuy:re (3),pazeY1o/o.

Pe:ynrrarsr I4M[e.qaHcnofi cnerrpocronuu cn'rana A[3 I
B r,rccneAyeMblx pacrBopax B BHAe ArrarpaMM Hafixnzcra

rrpeAcraBneHbl Ha puc. 6, a. Ha cnexrpe HMIre.{aHca'

noryqeHHoM rIocJIe BbrAepxllBanux o6pa:[a B KtrcJIoM

pacrBope NaCl e reqeune I w24 u, Mo)IGo Bbl'4enurb .4Be

BpeMeHHbIe KoHcraHTbI. B o6lacru BbIcoKI'IX u cpeAHI4x

qacror AHarpaMMbI Hafirsucra I{Meror Blrg [onyoKpydt-

HOCTI4, qTO XapaKTepHo Int 3neKTpoxIrMI{qecKHX IIpO-

rleccoB c nlIMl4rlIpyroqefi c;rap.ueia [epeHoca 3aps'ila,

rrporeKamul4x IIo cxeMau (11){1a). B o6nacru HIrt3Kr{x

qacToT Ha .{HarpaMMax npI4cyTcTByeT HHAyKIII4OHHafl

lerJrfl , cBHAerenbcrByroqat o nporeKaHHl{ IrpoqeccoB

aKTHBHO| o pacTBopeHI'I s, cfiIraF,a trpeI{MyuecTBeHHO Ha

rpaHnuax pa3Aena Qa: AllI'IMtI (puc. 2) u 4e$errnux
yqacrKax oxcuAuofi ruIeHKu. tr4uAyItquouHufr xaparrep

crrercrpa o6r,scHtercs penaKcauuefi S apa4eencKofo ilpo-

uecca nOHI,I3A]g.UV ZUIIOMI4HI'I' H HZLlI4r{I4eM R MeXaHH3Me

agcop6quu [poAyI{oB Koppo3I4I4 .qByx HepaBHo BecHbrx

cranui'r [33]. O6pa:yoquect qacrrllrbl rrpenNryrrlecrBeH-

HO HaKanJIHBaIoTct Ha JIoKaJIbHbIX aHOAHbIX yqacTKax

noBepxHocTl{, r{To IIpHBOAI{T K yBenur{eHIaIO I'IHA)TKTI',IB-

Hocru Ha rpaHuue pa3AeJa Qa: cnlaeleneKrpoJrl{T.

B pacreopax, co.lepxarUux NaVO3, Ha AnafpaMMax
Hafixsucra MoxHo BbI.:IeirHTb oAHy BpgMeHHyIo KoH-

CTAHry, TTTO. KAK OT\{CqEHO BbIIIIC, XAPAKTEPHO ANf IIPO-

ueccoB, nporexalotunx B KuHeruqecr<ofi o6:racru. Or-
cyrcrBne I{H.fyxuHoHHbIx nereJlb s o6racru HH3KIIX

qacror Ha rIo--IlaIeHHbIX CneKTpax cBl{AerenbcrByer o

Al- e -) AI+,

Al+ - 2e -+ Al3+

(11)

(12)

C yuerou roro tITo 3HaqeHI'Ifl pH s upus:rer<rpo4noft

o6tacru u o6reue 3neKTponI'ITa Mofyr cyxlecrBeHHo

pa3rl4qarbcx [4], npouecc HoHI{3aIIuu Al Mox(er npo-

TeKarb tlepe3 craAlaro o6pa:oeanun a4cop6lrpoqaHHoro

rr{ApoKcllAa AlOHads 130-321:

A1+ H2O - e -)AlOHads + H+, (13)

AloHads + H+ - 2e -+ Al3+ + H2O. (14)

L

-0.4

-0.6

--0.8

Puc, 5. iloreuunoAnHaMurrecKl4e rlonflp[3aq[oHHble KplrBble

cnraBa AL31 noc,re BblAep)ru{BaHu'a e 0.05 na. pacmopax NaCl

6es (1) n c Ao6arro[ 3 uuo,rrgu 3 NaVO, {2) Yleuenvre 24

'r, pH pac, eopon 3'

E - [oreHuua,'r (B), i - nloruocrr rora (A'crra 2).

lg-s l0-7 10-6 10-s
lgi
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DItI,

Qar -

noAaBneHr4r{ [poqecca Koppo3r{r4 cruraBa B [pHcyTcTBr,il4

BAHAIATOB.

flpu yeenzueHr{H BpeMeHr,r BrrAepxKr,r o6pa3rloB B rlc-
cJreAyeMrrx pacrBopax or I Ao 24'a Ha6molaercf, yBe-

rrqeHue pa4kryca cneKlpoB, a cneAoBareJrbHo, H obrqero
corrporr4BneHrfl rroBepxHocrr4 o6pa:qon.

.$rr romluecrBeHrroro orrvrcannt rroq reHHbrx crrerffpoB
LIMIIeAaHCa UCIIOJIb3OBIUM 9KBI4B'LIIeHTHbIe CXeMbI, IIpeA-
craBJrerrHbre :slapvc. 6,6. Cxetta -1 onrEcrrsaer crreKTpsr,

[onyqeHHbre B pacTsopax 6es uHnr6r.fropa, cxgMa 2 
-s[pr{cyrcrBr4u NaVO3. B npe4noxenHbrx cxeMax BMecro

3JreMeHTa KOH,4eHCarOpa c :/rCrrOrtr:DZOBEUTCT SJreMeHT rro-

cro-rrHHofi Qasw Q, xoroprrfi [pr4MeHserc.[ Inf, ofl[ca-
HHr CrrcreM co 3HarrlrreJrraofr vrrarpoilrepoxoBarocrba
rroBepxHo cr u p al. R. coorsercrByer colporprBJreHuro
pacrBopoB, QAtn Ral- eMKocTlI rI conpoTHBleuuro 6a-

pbepHoro clox, Lu Rt- napaMerpaM r,rHAyKqr{oHuoro

[poqecca, Qal v R"t - eMKocrr,r 4rofiuoro 3rerffprrqe-
CKOIO CJIOT lI COIpOTI,IBJIeHLIIO nepeHoca 3aptAa COOT-

BercrBeHHo, Ro 
- 

uonxpu3aqr,roHHoMy conporuBJTeHr4ro.

Pesynsrarrr nog6opa [apaMerpoB DKBt4BirJreHTHbrx cxeM
rrpeAcraBJrenrr s ra6rfiqe. IocronbKy AJUI orrvrcanrrfl.

crreKTpoB'rMneAaHca lrcnoJrE3oBzurHcb prBnr{qHbre 3K-

Br{BZUreHTHbIe CXgMbI, nptMoe CpaBHeHr4e I,IX flapaMe-
rpoB HeKoppeKrno. ,{nx pacvera 3arrlr4rnofo stpQelcra
BA}JAIIATa HaTpI,rf rrpeAIIOJIaI'airA, qTO [OIrpr,r3aurIOHHOe
conporr,rBnenne Ro B cxeMe 1 uoxno paccqr.rrarb rro

$opuyne [34]

R-:Rut+Rr +R^..
vv.

(1e)

3aqr.rrr*rfi stp(perr Baua4ara :na;tpvt*, paccqxTaHHrrft na
ocHoBe nsuepenafi rlMrreAarrca no Qopuyre (4), cocran-

I

'-A J
iLt

Pr,rc. 6. Cuerrpu rrMleAaHca o6pasqoe c[JraBa A[31 n Br{re Ar{alpaMM Hafixeucra nocne Br,L4ep)rorBaHurr B Teqenr4e | (1, 3) u
24 t (2,4) e 0.05 Nr. pacreopax NaCl 6es (1, 2) u c,qo6asrofi 3 rvruonr'grl 3 NaVO3 Q, 4) npnpH 3 (a); ercnr,rna,reHrHbte cxeMbr,

acrroJrb3oBaBrrruecr AJUr HHTepnpeTauu[ cflerclpoe rarrane4anca (6).

Clrraeorarrau o6ogHa.reHrr 3Kc[epuMeaTulnsubre AuIHHbre, Jrr.rHrzflMr.r - pesyJr;Tarlr no46opa fiapaMerpoB 9KBrlB€L:reHTHbrx cxeM.
7r - aeirc'rnurgtrbnar cocraBJurrou{arr [MneAaHca (Orr,r'cw2), Zn - M:avtMast cocraBJrrrox-liu r4MneAaHca (Orra'cu-z;.

flapauerprr sKBI4B€ureHTIrbrx cxeM cneKTpoB I{MIreAaHca p.r;,. cwraBa Al31 n ucclreAyeMhrx pacrBopax

Bpeux
Bbr.4epx(-

KI,I, q

R.,
Orvr'cnn2

p

rOu'crr2
Ydl,

uxCtu'c''clr2 ndl
rftr'crra-2

RL,
rOu'clr2

Dr\bl'
rOu'cu-2

Yav
urC1,r'cz'cr2 nbl

DI\F

xOtr,t'ctr2

,:l
0.05 v

246.8 | u' I 500.6 
I 

0.e2 
|

22s.3 | rs.a I zaz.+ | r.oo 
I

0.05 r,r. NaCl + 3 v

r 1162.1 | - | ls.4 10.85tttl24 | 97.6 I - | 13.3 t0.8s

. NaCl

04 | o' 
I0.e I r.2 
|

uonr'gy-3 NaVO3t-l,ll

33.1 
10.e8il.l 
10.e6

34 
|7.0 
|

11.6

25.7
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r-f,er coorBercrBeHHo 8.6 u8.2o/o Ilocne BbI,Aep)Is{ o6pas-

rIoB crrJlaBa B Koppo3I{oHHbIX cpeAax B TeqeHI4e I u24'1.

Taxulr o6pasou, ananu3 AaHHrIX, rron) IeHHrIX pa3Jrl{q-

HbrMr4 MeTOAaMT{, IIOKUL3ZLI, IITO B IpHCyTCTBHVB,AIIA'iAIA

lnarpvs. cKopocrb Koppo3lil.I cmaBa A,{3 I e KI4cJrbx xllo-
pr4AcoAep)Kaul[x cpeAax cHrr)Kaerc.f, ttz 7 -l0o/o - Hesna-
qnrermnsrfi ulrru6r,rpyroqNfi atpQerr BaHaAaroB B tlccJre-

AyeMbIX pacrBopax o6yclosnen srrcoxofi xuurzqecrofi
aKTHBHocrbIo KoMrIoHeHToB cnJraBa N xoporuefr pacrBo-

pr.rMocrbro npoAyKToB Koppo3l,Iu B KI{CJrbIX cpeAax, a

TaKxe nNsKofi agcop6qvonnofi cnoco6Hocrblo AeKaBa-

HaAar-HoHoB, Koropble tBJlf,Iorct salr6onee ycrofrvunofi
rroHrr3lulpoBaHHofi $oprr,rofi nana4Ia-a(V) B sTlzD( ycJIoBI'rJrx.

Ha6moraeurrfi lanlrarHrrfi eQQerr, ro-BHAHMoMy, o6y-
c;loBneH JroKiuIbHbIM yBenl,IqeHueu pH e flpl{3nerffpoA-

Hofi o6racu4 B pe3ynbrare BoccraHoBJIeHHt zonos H+

r{ rrporeKaHur peaxqnfi (14){16), (18), uro rpI4BoAI'Ir

KAenonnMepvsa\nu AeKaBaHaAar-HoHoB (pnc. 1) u o6-

pa3oBaHl,Irc TeTpa3ApuqecKI,I KoopAI{HI4pOBaHHbIX BaHa-

AaroB, o6:rararculux 6onee sblcoxofi a4cop6quoHuofi
cnoco6nocrblo I{, cJIe,4oBareJIbHo, tBntlolrluxcs 6oree
e Q $ erruanrr wu u:nru6uropaMll Koppo3rru HccJreAyeMof o

cnraeaAl.

Bnsolbr

1. Anarus [ocrpoeHHblx Qasourtx AIrarpaMM IIoKa3zuI,

qro B BOAHbIX xJroprl.4coAepxcalqux pacTBopax MeTaBa-

:na1uraHarpl{.fl c KoHlreHTpaquefi NaVO3 3 uuonr'4u-3
npn pH 3 npeo6:ra4alor AeKaBaHaAar-IloHbI oKrasApu-
qecKofo crpoeHnfl, Koropble npu yBeruqenuu pH,4euo-

nnMeprr3yrorcr c o6p asoBaHI4eM TerpasApl4qe cKI{ Koop-

Ar,rHHpoBaHHbIx BaHaAaron. flpu ycraHaBnl4Balo rullxct
3HaqeHl4tx CTaU[OHapHOrO nOTeHUIulaUIa B I{ccneAyeMoM

pacrBope Ha fpaHllqe pa3Aena Qa: olerrpo4lenerrponur
Bo3Mox(Ho BoccraHoBJIeHIre aAcop6upoeaunlrx coeAl{-

senrafi V5+ Ao coeAusennft V3+, roropsre oKplcil-slorc.u

KoMnoHeHTaMI{ pacrBopa .4o coeAuHenufi V4+.

2. Cornacno AaHHbIM C3M u EDX roppo3vlq cnraBa

A[31 a 0.05 int. pacrBope NaCl npu pH 3 urueer nur-
ruHroerrfr xapalcep H npel4MyrqecrBeHuo rlporeKaer 3a

cqer pacrBopeHHJI uuIIoMI,IHI{eBofi uarplrqsr Ha rpaHl{qe

pa3.4eJla Sas AllunrepMerzuuluqecKl4e rIacrHIIbI, a raK)I(e

3a cqer p a3pylx eHHs KaTOAHbIX I4HTepMerzllrrHqe OKI'IX

qacTr,Iq npu ceneKTI4BHOM paCTBOpeHpII4 ptx aKTpIBHOTO

KoMnoHeHTa (Mg). B ilprcyrcrBl{u NaVO3 Ha6moAaercq

Me)KKpr,Icran lrr4T*afl Koppo3rrJl cIIJIaBa, o6ycloenennar
ceJrerCTuBHblM pacTBopeHLIeM MarHI4.'I rIO fpaHI{IIaM 3e-

p e n. A4c op 6\ns, saHa4aro B Irp o I4cxoAI{T rlp el4Myqe -

cTBeHHO Ha noBepxHocTll HHTepMeTULIIJII{qeCKI{X qaCTI4II.

Xapumouoe,[. C. u dp.

3. OnpeaeneHl{e BecoBbIX rloKunareJlefi xopposlltl cIrJIaBa

A[31 n 0.05 ru. pacrBope NaCl upn pH 3 6e: H B rlpr-
cyTcrBprr4 NaVO3 fIoKuBaJIo,'{ro Hau6oree 3HaqptreJlbHzul

rrorep,a Maccbl o6pagqos sa6lrogaerc.s B TeqeHHe fiepBbur

300-350 q HcnblraHuit. flpu AanrsefirueM yBenl{qeHul

BpeMeHH BbIAepxffiI-I na6.nroAaerc.l cHI{x(eHI'Ie cKopocrl{

Koppo3r,Iu, o6ycloueuHoe ceJIeICTHBHrIM pacrBopeHr'IeM

cocTaBnflIoxll4x cfIJIaBa Ir HaKolJreHI4eM Ha efo noBepx-

HO CTr.r 6Onee 3neKTp olono)I(I{Te.IIbHbIx KoMtIo HeHTOB.

3an1prrnr,ri eS$exr unru6uropa cHltixaerc,a or 10 ao
4Yo lrrocte 24 u 1000 q Koppo3HoHHbIX ucrlblta:r.ufr co-

OTBCTCTBCHHO.

4. Cor:racno 3JreKTpoxI{MHqecKuM I,tccneAosaHI'Ixr,I

Koppo3l{r cIrJIaBa s 0.05 rr,r. NaCl npu pH 3 uporexaer
craruil;rto c Jrl{MrlTllpyrorqeft cragueit nepeHoca 3apt-
ga. B orcyrctene umu6l4Topa Ha crleKTpax I{MneAaHca

rrpr4cyrcrByer HHAyKIII4ounrtfi yqacroK s o6racrz HIIS-

Klrx qacror, coorBercrByrourufi flpoqeccy aKTrIBHofo

pacrBopeHl4{ crlraBa n o6yclouennrrfi penarcaquefi

Sapageencxoro rlpoqecca vrcHr43an4lz'v zurIoMIlHIruI v rraJTvI'

qHeM AByx HepaBHoBecntrx cragufi B MexaHtI3Me aAcop-

6qau npogyrfloB KopposNu. B pacreopax, coAepntalllltx

NaVO3, cneKtpbl I{MIIeAaHca I4Me}oT BI{A noJryoKpytGo-

cTr{, qTo cooTBercTByeT rlpoqeccy SneKrpox[MuqecKof o

oKprcJreHHJr clrraBa. 3auurnufi eQSerr Brua4ara Harprl-1,

pacciruraHHuft na ocHoBaHr{I{ AaHHbIx 3neKTpoxI,IMI'rqe-

cKrrx HccJregoeanufi, rrpu BpeMeHI{ BbIAepxffiI,I B STrrx

cpeAax B TerreHl{e I n 24 iI cocraBJlter 7-8o/o.

llccneAoeaHplJl BbITIoJIHeHbI rlpu QuHaucoeoft rloAAepx-

xe Munracrepcrna o6pa:oBanu.a Pecuy6nurn Eelapycr
(rpaHr l\e 20161135 <ZHru6upoBaHI{e rpoqeccoB pac-

TBOpeHlr{ troBepxHocrr{ anIoMI4HI{f, X efo clnaBoB B

Koppo3r4oHHbIX cpeAax)). A. C. Xapuronon Bblpa)Kaer

6naro4apnocrr lllseAcxorrry I4ncrraryry (Si Swedish In-
stihrte) sa $nnancnpoBaHue HccneAoBaHlrfi e KTH Royal

Institute of Technology B paMKax npofpaMMu Visby
Scholarship. O6pa:usr Airt HccJeAoeaHrfi npeAocraB-

rreHbr KoMrlanuefi Taspo Radiators (MuHcx, Eelapycr).
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