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MeOounYHHUX OocCcnioyXeHb

YIK 577.352+544.725.2

TRACE ELEMENTS SORPTION BY THE CHITOSAN-BASED
MATERIALS

The most important function of enterosorbents is their ability to bind
toxins both of exogenous and endogenous origin. Wide range of
commercial sorbents applies in various intoxications, poisonings or
infections, pathology of liver, pancreas or kidney with chronic renal failure.
The toxic trace elements are determined among the most spread toxins.
They get into the organism in different ways, including nutritional. Majority
of the known sorbents exhibit high absorption properties for this type of
toxicants, however development and research of new enterosorbents are
relevant biomedical problem.

Chitosan — a biologically active heteropolysaccharide consisting of N-
glucosamine and N-aceto-glucosamine obtained by deacetylation of chitin,
one of the most common natural polymers. Chitosan high sorption activity
observed in several studies: so the active centers in sorption processes are
amino groups, which form complexes with trace elements’ ions.
Furthermore, a certain contribution is OH group (particularly the C3-
position.) Adsorption — chelation (ion substitution) — is also discussed as
possible mechanisms for the formation of complexes, wherein
the interaction depends on the type of solution composition, pH, and the ion
types. When cleaning the environment from pollutants, it is important to
have not only an effective sorbent, but the sorbent in a convenient form.
Powders are hard to remove; films and gels are not applicable for all cases.
The most convenient form for sorption, are obviously porous beads or
granules. In this regard, the aim of our research was to study the sorption
activity of chitosan-apatite complex and lyophilized chitosan against toxic
trace elements.

Beads were obtained from a 2% solution of chitosan (200 kDa, 82 %
deacetylation rates) by dropping the solution through a 2 mm diameter
needle in a 5 % sodium hydroxide solution under continuous mixing.
The beads were kept in the alkali solution overnight, permanently washed
with water and freeze dried. Chitosan beads containing hydroxyapatite were
prepared by adding a solution of chitosan in 1 M calcium chloride solution
and 1 M solution of calcium dihydrogen phosphate (Ca/P ratio — 1.67). The
beads were kept in a 5 % alkaline solution for 24 hours and then washed
with water and freeze-dried.

To determine sorption activity of samples, we placed 1 gram of each
sample in a 100 ml solution (pH — 6.0) containing 5 mg per liter of a trace
elements — Mn*?, Cr*®, Fe™, Cd", and Cu™ The solution was shaken by
automatic shaker throughout the experiment at 30 oscillations per minute.
We used activated carbon for comparison series. The solution was filtered
in each series in 30, 60, 360 and 720 minutes and the content of trace
elements was measure in a liquid phase by atomic absorption.

It should be noted that for 12 h (720 min) the chitosan-apatite beads
absorbed all trace elements almost completely (99-100 %), while the
chitosan based absorbed cadmium and copper better exhibiting minimal
affinity for iron, chromium and poorly absorbed manganese (Cd> Cu> Fe>
Mn> Cr); activated carbon also absorbed cadmium and copper better, to a
lesser sorbs iron, manganese and did not absorb chromium (Cu> Cd> Fe >
Mn).
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When we used the chitosan-based beads as sorbents, it was difficult to
consider the kinetics of absorption and the releasing of some elements in the
solution after polymer restructuring. The chitosan apatite beads were
preferably hold in contact with a cleaning medium for 12 h; at the same
time during the first 30 minutes that sorbent absorbed about 90 % of copper,
manganese, iron, cadmium and 50 % of chromium. Beads of chitosan
during the first 30 min absorbed only 90 % of copper and more than 50 %
of cadmium, manganese, and about 40 % of chromium.

Key words: sorbents, chitosan, chitosan/hydroxylapatit, heavy

metals.
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COPBIISI HOHOB METAJIJIOB MATEPUAJIAMUA HA
OCHOBE XHUTO3AHA

B crathe paccMOTpeHBI OCOOCHHOCTH CHHTE3a MAaTepHaloB Ha
OCHOBE YHCTOTO XHTO3aHA W COCMMHECHUS XUTO3aH-THIPOKCHIAMATATA
JUISL TIPUMEHEHHSI B KauecTBE COpOEHTa TKENBIX MeTauioB. Jls
MOJTyIEHHUsT CTPYKTYPHBIX XapaKTEPHCTHK TMOJNYIEHHBIX MaTEpHaoB
HCToNs30Bad MK-CIIeKTPOCKOTIHIO, PEHTTEHOBCKYIO MU(MGpakinio u
PacTpoByIO JIEKTPOHHYIO MHKPOCKOTIHIO. HUccnenosanue
COp6I_[I/IOHHLIX CBOMWCTB MaTepruaJioB MNPOBOJAUIIU TI0 OTHOIICHUIO K
wonam Mn*?, Cr*®, Fe*?, Cd*™ u Cu* B Bomnom pacreope npu pH 6,0.
Pe3ynapraThl  MCCIIEJOBaHUs — [MOKA3adM  BBICOKYIO  COPOIMOHHYIO
AKTUBHOCTb XUTO3aH-TUAPOKCWJIANIATUTa B OTHOIICHUH BCEX HOHOB, B
TO BpeMsi KaKk MaTepualibl Ha OCHOBE XHMTO3aHAa MMENIM HauOOJBIIYIO
AKTMBHOCTh B OTHOLIEHUM KaJIMHs, MEIH M Kele3a. bolnee MemienHas
COpOLHsT  3JIEMEHTOB, H3MEHEHHE COPOIMOHHOW aKTHBHOCTH BO
BPEMEHH CBHACTENBCTBYIOT O TOM, YTO TIpeajaracMeie COPOEHTHI
MOKHO HCIIOJIB30BaTh B CIOXHBIX OMOTEXHOJOTHUECKHX MPOIEccax, a
TaKKe B KadecTBe COPOCHTOB C aKTUBHOCTBIO B IHCTAIBHBIX OTAENAX
KHIIEYHUKA.

KiioueBble cj10Ba: COPOEHTHI, XMTO3aH, XMTO3aH/THAPOKCHIIATIATHT,
TSIOKCIIBIC METAJLJIbI.

COPBIISA IOHIB METAJIIB MATEPIAJIAMHU HA OCHOBI
XITO3AHY

Crartst BuBYa€ OCOONMBOCTI CHHTE3y MarepiajiB Ha OCHOBI
YUCTOTO  XITO3aHy 1 CIIOJYKHM  XIiTO3aH-TIAPOKCWIIANATHTY IS
BUKOPUCTaHHS Y  SKOCTI  COpOEHTY BaXKuX MeTamiB. Mu
BUKOPUCTOBYBaNM [K-CIIEKTpOCKOIiI0, pEeHTTEHIBChKY Hidpakmio Ta
pacTpoBy €JEKTPOHHY MIKPOCKOMII0 MHI00 OTpUMaru CTPYKTYpHY
XapaKTePUCTHKY JOCIIDKYBAaHUX MaTepianiB. BUBUeHHS copOmiiHUX
BJIACTUBOCTEH MaTepiaiB MPOBOJUIN Ha i0HAX Mn+2, Cr+3, Fe+2, Ccd*? i
Cu*?y BogsOMy posumni 3 pH 6,0.

PesynbraTi AOCHIIKEHHS MPOJEMOHCTPYBaIM BHCOKY COpPOLiiHY
AKTHBHICTh XITO3aH-TiIPOKCUJIANIATUTY BIJIHOCHO BCiX 10HIB, B TOW 4ac
SK Marepiii Ha OCHOBI XiTO3aHy IIPOSIBUJIM HaWHOIJIbLIy aKTHUBHICTbH
BIIHOCHO KaJIMit0, MiJi Ta 3aii3a. binbm moBigpHA COpOIisl €TeMEHTIB,
MOCTYTIOBa 3MiHa COpOLIHHOI AaKTHBHOCTI CBiI4aTh MpO Te, IO
3alpONIOHOBaHI COPOGHTH MOKHA BHKODHCTOBYBATH Yy CKJIAIHUX
010TEXHOJIOTIYHHX TpOIecax, a TAKOX Yy SKOCTI aKTHBHUX COPOEHTIB y
IUCTAILHUX BIIiIaX KUIIKIBHUKA.

KoatouoBi cioBa: copOeHTH, XiTO3aH, XiTO3aH/TiAPOKCHJIANATHT,
Ba)XKKI METaJIH.
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BBenenne

HawnbGouee 3HAYUMOH byHKIMEH
SHTEPOCOPOCHTOB OCTaeTCI WX CIIOCOOHOCTH K
CBSI3BIBAHMIO TOKCHHOB Pa3INYHON NPHUPOABI Kak
9K30T€HHOT0, TaK U SHAOTCHHOTO IPOUCXOXKICHUS.
Mupokuit crmexkTp KOMMEpPYECKHX COpPOEHTOB
MO3BOJISIET TPUMEHATh JaHHBIC NpENapaTsl IpH
Pas3IUYHBIX
HEeWH(EKIIMOHHON

KHUIIICYHOI'O

MHTOKCUKALUAX,
MaTOJIOTUN KEJTYA0UHO-

3a00J1eBaHHSIX
MOJDKETYIOYHON  KeJe3bl, MaTOJIOTMH MOYeK ¢
HaJTUYUueEM XPOHUYECKOH [IOYEYHOU

OTpaBJICHUAX,

TpaKxTa, TICYECHU,

HegocTatogHocTH. OJHMM M3 PaclpoCTPaHEHHBIX
9K30TOKCHKAaHTOB B HACTOAIIEE BPEMS SBIAIOTCS
Tsoxensle Metawisl (TM), KOTopble MOCTYIAaloT B
OpPTaHW3M pPA3IUYHBIMU TYTSAMH, B TOM YHCIE H
BonbmuHCcTBO

AJIMMCHTAPHBIM. HU3BCCTHBIX

COp6eHTOB MPOABJIAIOT BBICOKHC TOTJIOMIAIONINEC

CBOHCTBA B  OTHOLICHWM  JAHHOTO  BHJA
TOKCHKAHTOB, TEM HE MeHee pa3paboTka u
HCCclieIoBaHNe HOBBIX SHTEPOCOPOEHTOB
NPE/CTABISIOT  COOOM  aKTyallbHYId — MEJHKO-
omomornueckyto mpobmemy [1].  Ilpupoxmssie

MOJIMMEPHBIE aJCOPOEHTHI BEChMa MEPCIIEKTHBHBI
JUIl KOHIIGHTPHpOBaHMs M ygpaideHus TM w3
BOJHBIX pacTBOpoB. B cmry OmocoBmecTHMOCTH
TaKHe aJCOPOCHTH MOTYT HCIIONIb30BAThCS KAK IS
OUHCTKU BHEIIHEH OKPYKAIOLIEH OPraHu3M Cpelbl
(3arpsi3HEHHBIX MPOMBIIUICHHBIX CTOKOB, IIUTHEBOH
BOABl W T.J.), TaK U Uil dnuMuHauu TM wu3
BHYTPEHHEH cpeJibl oOpraHu3Ma (3HTEpOCOpPOEHTHI).

B Hamieii pabote ucciienoBanack CopOLMOHHAsS
CIOCOOHOCTH OyCc Ha  OCHOBE  IPHPOIHOTO
HoJKMcaxapuia XUTO03aHa U TMAPOKCHIIANATHUTa MO
OTHOLICHHIO K JKEJle3y, MapraHiyy, My, XpoMy H
KaJMHIO B CPaBHEHHM C HauOoyiee H3BECTHBIM H

HIUPOKO MPUMCEHACMBIM YIJICPOAHBIM a,IlCOp6€HTOM

— aKTUBUPOBAaHHBIM yrieM. Bce yka3aHHbIE
AJIEMEHTHl 3arps3HSIOT OKPY)KAIOUIYI0 Cpelay B
pe3ynabpTaTe  aHTPONOTEHHON  JESTEBHOCTH |

BBI3BIBAIOT LIEJIBIN CIIEKTP MATOJOTHU BCEX OPTaHOB
U cucTteM opraHusma (tadim.l).

Xurozan «— — Omoornvecku AKTHBHBIN
reTeponoarucaxapu, COCTOSIIMHA u3
N-rmoko3amMuHOB ¥ N-aleTOrTIOKO3aMIHOB,
KOTOPBIC MONy4YaroT ITyTeM Je3aleTIIIUPOBAHHUS
XUTHHA, OJHOTO U3 Hanboliee pacpOCTPAHCHHEIX B
npupoie monumepos (puc. 1).

Bricokasi copOIMOHHAs aKTUBHOCTh XHTO3aHa
oTMeueHa B psje pabot [2; 3], mpu 3TOM OTMeUeHO,
YTO AKTHBHBIMHU

HEHTpaMH B  COPOIIMOHHBIX

IpoLeccax SIBJIIOTCS  aMUHOIPYIMIbI, KOTOpBIE
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00pa3yloT KOMIUIEKCH ¢ HOHaMHU MeTaiioB. Kpome
TOTO, OmpeneneHHbI Bkiax BHocaT OH-rpymnmel
(ocobeHHo B AncopOrms,
XeJTaTHPOBaHME, 3aMEIICHHE  TaKXKe
00CY)XIaloTCSI KaK BO3MOJKHBIE MEXaHW3MBI JUIA
(opMHpOBaHUST KOMIUIEKCOB, MpH
B3aUMOJICHCTBUS 3aBUCUT OT cOCTaBa pacTBopa, pH
U BUJa voHa [4].

C3-mo3urum).
HOHHOE

OTOM THI

16
CH,O0H

1,0
0 OH
OH
NH
\
R
/0
R= —¢ and x>50% — chitin
CH;
R= —H and y>50% = chitosan

Puc. 1. CtpykrypHas opMyiia XUTHHA U XUTO3aHA

CeNeKTUBHOCTh XUTO3aHA B BUJE ILUICHKU
JIEMOHCTPUPYET CPOJCTBO K HOHAM B CJIEIYIOLIEM
nopsake: Cu*?>>Hg*?*>Zn**>Cd*?*>Ni**>Co*?~Ca"
u Eu™>Nd™>Cr®>pr® [5]. Ha copGunonnyro
AKTUBHOCTh XHTO3aHA BIHAKT €ro OCHOBHBIC

XapaKTepUCTUKH,  TPEKAE  BCErO  CTEleHb
Je3alleTHIINPOBAHM M MOJICKYJIApHas Macca (Tmpu
WX BO3pACTaHMH COPOLMOHHBIE CIIOCOOHOCTH
XHATO3aHA  YCWIMBAKOTCA),  pasMep  YacTHIL,
KPUCTaJUTHIHOCTE, croco6 00paboTKH,
MOAU(DHKAINH XUTO3aHa, B YaCTHOCTH
mo(UIN3aIyd, MOBBINAIOT COPOLMOHHYIO €ro

aKTUBHOCTH [6].

CoueTaHne  XHTO3aHA C  MHHEPAIbHBIM
KOMITOHEHTOM U3MEHSIET COPOIMOHHYIO
aKTUBHOCTh moJimMepa. B 0630pe [7]
NpEeNCTaBlICHbl  JaHHbIE 10  NPUMCHEHHIO

Pa3IMYHBIX KOMIO3UTOB XHUTO3aHA JUIA yJalleHUs
TM wu3 pactBopa. Hanuuue n0MONHUTEIHHOTO
KOMITOHEHTa HE TOJBKO BIMSET Ha COpOIMIO, HO U
TIO3BOJISIET TIPEOJIOJIETh PACTBOPUMOCTD XUTO3aHA B
kuciou cpeze. Tak, B uCCIeTOBaHUSIX 110 U3YUEHUIO
COpPOLIMOHHBIX CBOWCTB XMTO3aHA IO OTHOUICHHIO K
™ copOupyromiei
CIOCOOHOCTH TIPM HCIOJB30BAHUU KOMILIEKCOB

JOKAa3aHO  BO3pacTaHHUe
XUTO3aH-KOTTOH [8; 9], xmrozan-marmerut [10],
xuTOo3aH-uenono3a [11], xurozan-nepiur [12],
XUTO3aH-anbruHat  [13; 14] =m
KIMHONTHIONUT [15].

XHUTO3aH-
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Ta6auua 1

Hexkotopsie 3¢ deKThI HCCIIeLyeMbIX TSHKEIBIX MEeTa/LIoB [21]

DeMeHT

HcTouHMK 3arps3HeHus

KnnHnueckue nposiieHus H30bITKa METAILIa B OpraHu3Me

Cu

Fe

Mn

Cd

Cr

Xumudeckas,
MeTaJuTyprudeckas
MIPOMBIIIICHHOCTb,
3po3ust TPYOOIIPOBOIOB

MIaXTHI,

Meramnypruueckas,
MeTajui000padarTsiBaroLIas,
JIAKOKPACOUHas,
[POMBIIIICHHOCTh

TEKCTUJIbHAA

CrouHbIe BOJIBI
XUMHYECKast u
MeTaJUTypruyecKas
MIPOMBILIJICHHOCTh

IIaxXT,

Pynooboramienne,
raabBaHUYECKOE,
METAILTyPrudecKoe
IPOHM3BOZCTBA

XUMHYECKOE,

TanpBanMueckoe MpoU3BOACTBO,
OTXOZbl KO)KEBEHHBIX 3aBOJIOB,
LUPKYJIAHOHHbIE
OXJTaXICHHS, MIPOHU3BOJICTBO
KJIesl, CPEACTB VISl CTUPKH

CHUCTEMBI

(YHKIHMOHAIBHBIE pAcCTPOHCTBA HEPBHOM CHCTEMBI (YXYAIICHHE IaMATH,
Jenpeccus, OECCOHHHUIA), TIPU BIBIXAaHHU NApOB MOXKET IPOSBIATHCS '"MexHas
nmuxopanka" (03HOO, BBICOKas TeMIepaTypa, HpPOIUBHOH IIOT, CYIOpOTH B
HKPOHOXKHBIX MBIIIIAX), BO3EHCTBHIE IBUIH ¥ OKHUCU MEIHM MOXKET NPUBOAUTH K
CIIC30TEUCHHSIM, pa3[paKCHHSIM KOHBIOHKTHBBI M  CIH3UCTBIX O00OJIOYEK,
rooBHOH 6oy, cmaboctH, OOMSIM B  MBIIIAX, JKEITyJOYHO-KHIIEYHBIM
paccTpoiicTBaM, IMOPAXKEHUIO IIEUCHH C Pa3BUTHEM LHUPPO3a H BTOPUYHBIM
HOpPaKEHHEM TOJIOBHOTO MO3ra, CBS3aHHBIM C HACNEIACTBEHHBIM HAapyLICHHEM
obmeHa meznu u GernkoB (6one3nb Buibcona - Konosanosa), amieproaepMarossl,
yBEJIIMUCHHE PHCKA PA3BUTHS aTepPOCKIEPO3a, FeMOJIH3 3PUTPOLIUTOB, TOSBICHUE

remMorjao0uHa B MOYEC, aHEMUA

OTIOXKEHHE »JKele3a B TKAaHIX UM OpraHax, CHJAEpO3, TOJIOBHbIE 0o,
TOJIOBOKPY)KCHHE, MOBBILICHHAS YTOMIAEMOCTb, CIa00CTh, MUTMEHTALMS KOXKH,
U3KOra, TOIIHOTA, PBOTA, OOJM B JKENyAKe, AUAPEs, H3bA3BICHHUE CIU3UCTON
000JI0YKY KHIIEYHNKA, IEYCHOYHAss HEJOCTATOYHOCTb, (UOPO3, IOBBILICHUE
pHCKa pa3BUTHS aTEPOCKIIEepo3a, OOJIE3HEH NeYeHH U cep/la, apTpUTOoB, Auadera,
YIHETCHHE KJICTOYHOrO M TyMOPaJbHOTO HMMYHMTETa, YBEIHYECHHE pHCKa
pa3BUTUSL MH(EKIHOHHBIX U OIyXOJEBbIX 3a00JEBaHMil, IOTEps almeTuTa,

YMEHBIICHUE MACCBI T€J1a

BSUIOCTB, YTOMIISIEMOCTB, COHJIMBOCTb, 3aTOPMOXXCHHOCTb, YXY/LICHHE ITaMsTH,
JICIPECCHs], HAPYIUCHHs] MBIIICYHOTO TOHYCA, MAapecTe3WH, 3aMEUICHHOCTb H
CKOBAaHHOCTb JIBH)KCHHH, HapYIICHUs [OXOJKH, CHI)KCHHE MBIIICYHOTO TOHYCa,
aTpoust MBI, sHie¢anonatuy, updy3HOE
Y3€JIKOBOE IIOPKCHHE JIETKHX, Pa3BHTHE MAaHIAHOKOHHO3a (IIPH BJBIXaHUH
TIBLITH)

Ppa3sBUTUE TMApKUHCOHHU3MaA,

MPOCTATONATHsI, KapJHONATHs, THIEPTOHUS, SM(pH3eMa JIETKHX, OCTEONOpO3,
nedopmarus ckernera, HedporaTusi, aHeMusl, pa3BUTHE Ae(UINTA [INHKA, CEIICHA,
MeIH, XKele3a, KalbLus

BOCMIAJNTEIbHbIC 3a00NeBaHUs C TEHACHLUMEHl K M3BA3BICHUIO CIM3UCTBIX
obonouek (mepdoparys HOCOBOW MEPErOpoIKH), ajuIeprU3UpyIoIee IeHCTBHUE,
JIEPMATUTBI M 9K3eMa, aCTMaTHYECKHIl OpPOHXUT, OpOHXHANbHAs acTMa, acTCHO-
HEBPOTHYECKUE PACCTPONCTBA, YBEIMUCHHUE PUCKA OHKOJIIOTHYECKUX 3a00IeBaHNM T

B npuBeIeHHBIX HCCICIOBAHUAX I(PEKTUBHOCTD
copobumu TM 3aBucesna OT 3JEMEHTAa U THIA
KoMmmo3uTa u coctanisuia ot 13,05 mr/t gns Cr (V1)
MPU  WCIOJIb30BAHMM  XUTO3aH-IEJUTIONO03BI  JI0
719,39 mr/r g Cu (II) mpu  HCMONB30BaHHU
KOMILIEKCa XUTO3aH-KIMHONTHIONHT. [Tpu 3TOM BO
Bcex wmccienoBaHusx pH pactBopa Obul B
muamazoHe ot 4,0 mo 6,5, Mmogudukanus XxuTo3aHa
TAaKAMHU areHTaMH, KaK [JIIOTApaibIeTH]] WIH
CO3/IaHHE KOMIUICKCOB W TPOWM3BOJHBIX XHTO3aHA

MO3BOJISIET UCTI0JIH30BaTh €0 U B KUCIION cpenac.
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B TO0 Xe BpeMs HaHOKPUCTAJUIMYECKUU
THJPOKCUIIANIATUT TaKKe 00JIalaeT HEKOTOPhIMHU
B pabore [16]

HaHOPa3MEpHbIN

COpPOLIMOHHBIMU ~ CBOWCTBaMH.
MIPOAEMOHCTPUPOBAHO,  YTO
THAPOKCHIANATHT JTydmre copOupyer Pb”', wem
Cu”m Cd*. TlokasaHa BBICOKas CIIOCOBHOCTH
momomateh wonel Cd (II),  Cr(Il), Cu(l) y
KOMITO3MTa XWTO3aH/THapokcwianarut (2:1) mpu
pH 6-7, temneparype 35 °C u BpeMeHH KOHTaKTa
[17]. B  ykasaHHBIX  YCIIOBHSX

copobupoBaiocb ot 75 % mo 90% wuonoB. B

3

60 wMuH
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pabote [18] mpu wHCIONB30BaHUM COpOEHTA ¢
COOTHOIICHHEM XHTO3aHa K THAPOKCHIIATIATUTY
0,12:1 B 60 muma mpm 25°C wu
COOTHOIIIEHNEM JXHKOCTh: TBepAbIii copoernt 0,6:1
nonsl Cd (II), Pb (II) u Zn (II) nornomarorcst Ha
99,25, 75,16 u 79,33 % cooTBeTCTBEHHO. Takum
o0Opa3oM,  ocraercsi  HEU3YyYEHHBIM  BOIIPOC
KAHETUKH COpOLMM HMOHOB M  COpPOLIMOHHBIC
CIIOCOOHOCTH KOMIIO3MTa B OTHOIIEHHMH MHOTHUX
™.

Ilpu ouucTke cpen OT 3arpsi3HUTENEH Ba)KHO
UMETh He TONBKO 3((eKTUBHBIN COpOEHT, HO H
copberr B ynmoOHoW ¢opme. Ilopomku mpu
HEOOXOANMOCTHU CIO0XKHO YAAINTh, IJICHKH U TeIH
NpUMEHUMBI He Il BceX ciydaeB. Hamboinee
ynoOHo#  Qopmoit s copOrum,
SABJIAKOTCA MMOPUCTBIC 6yCI)I WJIW TpaHyJibl.

TCYCHUC

O4YCBUJHO,

B cBsi3u ¢ 9TUM 1enbl0 Hamiedl paboThl CTaNo
U3y4eHHUE COPOLIMOHHOM AaKTUBHOCTH XWTO3aH-
amaTUTHOTO KOMIUIEKCA W JIMO(HUIM3HPOBAHHOTO
XHUTO3aHa M0 OTHOIICHHUH K TSDKEIBIM METalIaM.

MartepuaJjibl 1 MeTOAbI

Ilonyuenue mamepuana

Bycsl momyuanu u3 2 % pacTBopa XHUTO3aHa
(200 xMa, COA 82 %, lllenkoBo, «buomporpeccy)
myTeM pacTBopa uepes
nuameTpoM 2 MM B 5 % pacTBOp THAPOKCHAA

TMpUKalbIBaHU uriy

HaTpus
OO6pa3oBaBiuecs OyChbl BBIICPKHUBAIM B PACTBOPE

IIPY  HENPEPHIBHOM  IE€PEMELIUBAHUMU.
HICJIOYd B MHOrokparHo
NPOMBIBAIM  BOAOH, BBICYIIMBAIN JHO(QHUIBHO.

Cxema noJy4eHHs IpeJICTaBIeHa Ha puc.2.

TCUCHUC HOYMH.

PacTBop xuto3aHa

7

O &1 NaOH
L — MarHuTHan mewanka

Puc. 2. Cxema mnomydyeHnss Oyc Ha OCHOBE XHTO3aHAa H
XHTO3aHa/THAPOKCHIIAaTHTA

XUTO3aHOBBIE Oycol,

MOy IaJIi

cojiepKalue
TUAPOKCHITATIATHUT, noOaBleHUEM B
pacTBop Xxuro3aHa |M pacTBopa XJopuja KajbIlHs

n 1 M pacrBopa muruapodocdara Kambus
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(cootHomenne Ca/P 1,67). Ilonmydennble OycChl
BEIEp)KUBaIIM B 5 % paccTtBope Imenoun 24 4.
[IpombIBanM BOMOM, TNO(PHUIHHO BHICYIITHBAIIH.

Dnexmponnana MUKpoCcKonus

HUccnenoBanus METOJIOM pacTpoBoii
9JIEKTPOHHOM  MMKPOCKOIIMM  BBHIITOJHEHBI  Ha
npubope POMMA-102 (SELMI, VYkpauna). s
NIPEAOTBPALCHUs] HAKOIUICHHS MOBEPXHOCTHOTO
3apsiia TP 3JIEKTPOHHO-30HJOBOM JKCIIEPUMEHTE
o0pa3ubl mMoKpeBaid TOHKAM cioeM (30-50 Hwm)
yriepoga B BakyyMmMHod ycraHoBke BYII-5M
(SELMI, Ykpawnna).

HK-cnekmpockonusn

HK-cnextpsl ObUTH TIOJIy4EHBI Ha
nH}paxkpacHOM CHEKTpOMeETpe “Spectrum
One”(“Perlin  Elmer”). Tlepex wu3MepeHHeM

HU3MCIJIbUYCHHBIC O6pa?:].[bl CMCIIUBAJIU C NOPOLIKOM
KBr u npeccoBanu B TabneTKy.
Penmzenosckasn ougpghpaxyusn

PeHtrenocTpykrypHsie HCCIIEIOBaHUSA
mpoBeneHsl Ha gudpakromerpe JPOH  4-07
(«bypeBecTHHKY, Poccus). Hcnonp3oBanu

mnyderne CuKo (mmmHa BomHb! 0,154 HM) mpu
ycnoBusix okycupoBku 1o bparry-bpenTtano (8-
20)(26—6parrosekuii yroi). Tok n HampspkeHHE Ha
PEHTreHOBCKOH TpyOke mmenu 3HaueHus 20 MA u
30 xB cootBercTBeHHO. OOpa3ipl CHUMaIH B
PeXUME HENpephIBHOH perucrpanuu (CKOpocTh
2°/muH) B nuamnasone yrioB 20 ot 8 mo 50°. Bee
TIPOLEAYPHI 9KCIIEPUMEHTAIBHBIX
JTaHHBIX BBIOJIHEHBl € TIOMOILBIO
MIPOTPaMMHOTO TaKeTa MOAJEPKKH IKCIIEPUMEHTa
u obpabotkun pesymbraToB (DIFNIN-1, TOO
«9ranon ITTLy».

Hccneoosanue copouyuonnou cnocodonocmu
oyc

Hns ompenenenusi copOLMOHHONW aKTUBHOCTHU

00paboTku
ObLTH

UCCIIElyeMBIX IMperapaToB HaBECKY MPOObI Maccoii
1r momemanu B 100 mi pactBopa (pH — 6,0),
COIEPIKAIIEro 5 MI/I OHOTO M3 MeTaoB — Mn*2,
Cr+3, Fe+2, Cd*” u Cu™ PactBop MetamioB ¢
COpOCGHTOM  BCTPSIXMBAJIA B
mieiikepe Ha MPOTSDKEHHH BCETO IKCIIEPHMEHTa CO
ckopocteio 30 Munyty. s

ABTOMAaTHYCCKOM

KoysieOaHuil B

CpaBHCHUA HCIIOJIB30BAJIN TOJTYCHBIN

aKTUBHPOBAHHBIK yroib (dapmakomneiinsiii). B
KaXJIOM OMBITE OBLIO MCIIOIB30BAHO MO 6 00pa3ioB
HCCIIeyeMOro copOeHTa.

I[locne  mpoBeneHms ~ copOuMM  OCaAOK
OT(GUILTPOBBIBAIN B Kax0i cepun uepe3 30, 60,
360 mu 720 MHUHYT M ONpEAeNsaId COAEpKaHHE
HOHOB MeTajula B pPaBHOBECHOH JKuakoil dase

aTOMHO'a,HCOp6III/IOHHI)IM CreneHb

3

METOAOM.
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m3BnedeHns (R, %) paccumteiBanmu mo ¢opmyie
[19]: R=(Qucx-Qx)x100/Qucx,

rae: QuWcx — KOJNMYECTBO HMOHOB MeTalla B
UCXOMHOM pacTBope; QK — KOJIMYECTBO HMOHOB
MeTajula, HaWJCHHOE TIOCIie COpPOIMU B BOJHOM
tasze.

Jist  Kaxaoro  BPEMEHHOTO  MPOMEXYTKa
pACCUUTHIBAI CpEJHEE 3HAUCHHE U  OLIMOKY
cpenHed BeNWYHMHBL. JIOCTOBEPHOCTH pa3HUIIBI
CTENEHU U3BJICUYECHHMS] METAJJIOB U3 pacTBOpa
ONpENENAIN C PAcyeTOM t-KpUTepusi B IAKeTe
TIPOTPAMMHOTO obecrieueHus GraphPad.

JlocToBepHON cuuTalu pa3HULY MpU 3HAYECHUH
p <0,05.

Pe3yabTaTsl HCCJIeJOBAHUS Hu HX
o0cyxIeHue

Cunmes u xapakmepucmuka copoenmos

s MOJTyYCHUS Oyc UCIIOJIb30BAIIN

HH3KOMOJIeKyJIS[pHLII7[ XUTO3aH C  J0CTAaTO4YHO
BBICOKOHl  CTCIICHBIO AC3alCTUIINPDOBAaHUA, a B

KauyeCcTBE pACTBOPHUTENS XHTO3aHA — YKCYCHYIO
kucnoty. Ilpu pacTBOpeHHH XWUTO3aHA B YKCYCHOM
KHCIIOTE MIPOUCXOIAT IIPOTOMHUPOBAHKE

CcBOOOMHON aMUHOTPYNIIBI W TpaHc(hOopMaIus
XHUTO3aHOBBIX IITICH B YepBEOOpa3HbIe CTPYKTYPHI:
R-NHy+H*—R-NH;".

Ipu noGasieHun pactBopos couneii Ca®t, 2CI,
Na®, HPO, B pacTBOp XHTO3aHA YKa3aHHbIE HOHBI
HAXOMATCS MKy BOJIOKHAMH XHTO3aHA WIIH

Puc. 3. CodopmoBannble BraxHele (A) H  JIHOQHUIBHO
BhICyIIeHHbIe (B) Oychl Ha OCHOBE XHTO3aHA

cBa3aHbl B ¢ HuM. Ilpu nosbimenun pH
MPOHCXOIUT ¢dopMupoBanue KPHCTaJJIOB
TUIPOKCHANAaTUTa MEXKAY BOJIOKHAMHU xuTo3aHa. U3
4epBeOOPa3HOH CTPYKTYPBl XMTO3aH IPEBPAIIACTCs
B KOMIAKTHYI0O KOH(OPMALMIO  «CITydalHBIA
kny6ok»  u  ocaxmaerca:  R-NH;™+OH —R-
NHy(})+H,0.

B 3TOil CTpyKType T'MAPOKCHJIANIATUTHBIE
KPUCTAJUTMUECKHE  3apOJBIIIN  3aHUMAIOT CBOE
MECTO M CTAHOBATCA CTa6I/IJ'IBHBIMI/I B pE3YyJbTaTEC

BelepxkuBanus npu pH 10-11 B Teuenne 24 yacos: x1.88k 20 .8kU

10Ca?* +6H,PO, +100H—>Ca;o(PO4)s(OH),+12H,0 Puc. 4. PactpoBas >1eKTpOHHas MHKPOCKOIHS TOBEPXHOCTH
. THO(GUITBHO BBICYIIEHHBIX Oyc Ha ocHOBe XxuTo3aHa. X 1000
Kamm pacTBOpa XHUTO3aHa 0e3 comelt u ¢

COJLIMH IIpHU PE3KOM H3MCEHCHUHN pH COXpaHAOT

CormnacHo JTAaHHBIM PEHTTeHOBCKOM
cBoto ¢dopmy. Ilpum ynmaneHWu BOJBI W3 TaKUX
i dpakiun XHUTO3aH XapaKTepu3yeTcs
chopMOBaHHBIX ~ Oyc  myTeM  JHOGHIBHOTO . .
NPEUMYIECTBEHHO aMOpGHOW CTPYKTYpoH, a
BBICYILIBAHUS obpasyrocs HIOPBL doto .
THAPOKCHIIAIIATHT MIPE/ICTaBIISACT coboi

copMUpOBaHHBIX U JTHOGHUIEHO BBICYIICHHBIX OyC
Ha OCHOBE XHTO3aHa IIPE/CTaBICHO Ha PHC. 3.

Bycbl HMEIOT  IIEPOXOBATYIO, I[IOPUCTYIO
HNOBEPXHOCTb, YTO MOXET CIIOCOOCTBOBATh HX
COpOLMOHHBIM CBOCTBaM (puc. 4).

HAHOKPHUCTAILIHI (puc. 5).

WK-CrieKTpOCKOMusl  CBHAETENBCTBYET, 4YTO B
pesynbraTe (HOpMHPOBaHHA OyC CYIIECTBEHHBIX
M3MEHCHHUI B XUMHYECKOU CTPYKTYpE XHTO3aHa HeE
npousonwio (puc. 6).
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Puc. 5. KpuBble peHTreHOAU(PAKIHOHHBIX XapaKTEPUCTHK XHTO3aHA, KpHUCTAILTHYecKoro ruapokcunanarura (I'A) U KOMIO3HIIHOHHOTO
copbenra xuro3an/ruapokciianatut (Xutl'A 50:50)
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Puc. 6. IK-criekTpbl XuT03aHa (BBEPXY) U XUTO3aHOBBIX OyC (BHU3Y)
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Cop0uusi HOHOB OycaMu

IIpr m3ydenunm coOpuum Menu M3 pacTBOpa
CleyeT OTMEeTHTh, 4To 3a 720 MUH IpPOHCXOAWT
MPaKTUYECKH IOJHOE TOTJIONMCHHE MMEIOIINXCS B
pacTtBope HMOHOB BCEMU HCCIICYCMBIMHU
copbentamu (puc. 7). CopOEHTHI Ha OCHOBE
XUTO3aHAa W TUAPOKCHUJIANATUTA B YKAa3aHHOM
ACTIEKTE HE OTJIMYAIOTCS OT AKTUBHPOBAHHOTO YIJISL.
OnHako KHHETHKA copouuun
AKTUBUPOBaHHBIA  yrodb  —  COpOGHT ¢
OTHOCHTEIIFHO JKECTKOW CTPYKTYpO#, copOupyer
MeIb B mepBeix 30 MuH, namee
TIOTJIONIEHUE TPAKTHYECKH HE MPOUCXOIUT. Bych
Ha OCHOBE XHWTO3aHA W XHTO3aH/THAPOKCHIAMIATHT
COpOMPYIOT Melb 3HAYHMTENBHO MEUICHHEE, MpH
3TOM uepe3 60 MUH MPOUCXOIUT BBIXOJ YACTH YXKE

pa3iauyHa.

TCUCHHEC

COpOUPOBAaHHOTO 9TO0  BO3MOXKHO

CTPYKTYPHBIMU
nonuMepa. Tak, CTeNeHb W3BICYEHHS MeTallla

JJIEMEHTA,
OOBSICHUTH nepecTporKamMu
COpOCHTOM Ha OCHOBE XHTO3aHA CHWKACTCS Ha
60-ii munyte no (83,64 +4,12) %, B nanbpHeiiem

YBEIMIHBASACH 1o (96,12 £ 2,72) % H
(98,79+£0,74) % wna 360-ii u 720-it ™MuHyTE
coorBeTcTBEHHO. Yepe3 720 MHHYT MBI HE

HaOJI0ZaeM JOCTOBEPHOW pasHUIBI B COpOLUH

MeTalla BCEMHM MCCICIYyEeMBIMH COpPOEHTaMH.
Pa3nuua B cTenieHH M3BJICYEHUS MEIU U3 PAcTBOPA
HOBBIMH COpOEHTaMH OTCYTCTBYET BO BCE CPOKH

HaOMoAeHus, TUIIb yepe3 360 MUHYT HaboaaeTCs

J. Clin. Exp. Med. Res., 2014;2(1):88-99

6onee s dekTuBHAST COPOIMS MeTala XUTO3aHOM
(p =0,038).

Taroke IpaKTHYECKH MOTHOCTHIO 32 720 MHUHYT
U3 pacTBOpa copbupyercs kene3o (puc. ).
CopOuyst akTHBUPOBAHHBIM YIJIEM IPOUCXOIMT 32
60 MuH, nanee KOHIEHTpaNus 3JEMEeHTa B pacTBOpE
He Mensercs, pocruras (87,13 +2,38) %. Ilpu
COpOIIMM XHMTO3aHOBBIMH OycaMH KOHICHTpAIMs
9JIEMEHTa B pAacTBOPE CYIIECTBEHHO CHIDKAETCS
gepes 360 mun — 10 (72,17 + 2,59) % (1. €. B 6 pa3
MeIJICHHEee), CTeleHb COPOIMU TOCTOBEPHO HIXKE,
4yeM B Tpymmne ¢ aKTHBUPOBAHHBIM  yIIIEM
(p = 0,026). Yepes 720 MUHYT HPOIEHT copOIMU
nocruraet (88,97 £4,62) % (p=0,73) Wnas
cutyanus HaOmonaercs ¢ OycamH, coJlepiKalluMu
IIOMHUMO XHUTO3aHa THIPOKCHIIANATHT. 3a IepBbIe
30 munyT copbupyercs (97,39 + 0,86) % snemenra,
YpOBeHb  abcopOrmu
aKTUBHPOBaHHBIM yrieM (p = 0,0005) u uuCcTHIM

JIOCTOBEPHO  IIpEBBIIIAS
xutozaHoM (p < 0,0001). Yepez 60 u 360 muHYT
MIPOMCXOIUT BBIXOJA YaCTH 3JIEMEHTAa B PAacTBOp U
ero ImoJHas peadbcopOmus mpoucxoant 3a 720 MuH.
Crnemyer OTMETHTH, YTO XUTO3aH/THAPOKCHIIATIATHT
TIOJTHOCTBIO copbupyer JKEIIe30 n3
CMOJIEIUPOBAHOT0 PacTBOPA U CTEIEHb U3BIICUCHHUS
MeTayia ObUIa JOCTOBEPHO BHINIE B CPABHEHHH C
YUCTBIM  XMTO3aHOM  BO

BCE  BpPEMEHHbIC

MIPOMEXYTKH (Talum. 2).

0,9
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Puc. 7. I[I/IHaMPIKa CHMIKCHHS KOHIICHTPAlMU MEIU B paCTBOPE IPHU UCIIOJIB30BAaHUH Pa3jIMYHBIX THIIOB c0p6eHTa
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Puc. 8. I[HHaMI/IKa CHMXXCHHS KOHLECHTPALMK JKEJI€3a B paCTBOPE NPU UCIIOJIb30BAHUU PA3JIUYHBIX TUIIOB cop6eHTa
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Tabauna 2
CreneHb U3BI€YEHHS METAJIOB U3 PACTBOPOB B HCCIIEyEMbIe BDEMEHHBIE TPOMEKYTKH
Ob6paszen Bpewms CreneHb U3BIEUEHNST METAIIOB U3 pacTBopa, %
copOum,
MUH Cu, Mn, Fe, Cd, Cr,
N=6 N=6 N=6 N=6 N=6
AXTHBHUPO- 30 97,00+ 1,5 29,70 + 1,46 7197+491 66,40+1,23 -
BaHHBIN yroJib
60 98,78 + 1,02 44,47 +2,43 88,44+265 90,60+ 3,67 -
360 99,17 +0,74 45,90 + 1,02 84,60+4,04 96,99 +1,27 -
720 99,25 + 0,65 50,53 + 4,21 87,13+2,38 91,50+ 2,57 -
Xuro3zaH 30 90,06 +1,89 42,19+2,84 2621+125 6515+394 3911+217
p=0,99 p = 0,0029 p <0,0001 p=0,76
60 83,64 +4,12 52,09 + 3,09 2829+247 9104+219 3354+1,95
p =0,0051 p=0,08 p <0,0001 p=0,92
360 96,12 +2,72 26,88 + 1,77 7217+259 98,04+049 2945+1,04
p=0,30 p <0,0001 p =0,026 p=0,79
720 98,79 +0,74 33,28 +1,53 88,97 +4,62 99,00+052 27,32+0,86
p=0,65 p = 0,0034 p=0,73 p=0,016
Xuto3an- 30 86,08 + 3,02 91,00 +3,72 97,39+0,86 9154+286 57,75+147
THIPOKCHIAIaT p=0,99 p <0,0001 p = 0,0005 p <0,0001 p1<0,0001
UT p1=0,091 p1<0,0001 p1<0,0001 p1=0,0003
60 81,92 + 2,66 95,66 + 2,23 70,31+245 9488+158  89,32+3,88
p =0,0001 p <0,0001 p = 0,0005 p=0,92 p1<0,0001
p1=0,073 p1<0,0001 p1<0,0001 p1= 0,042
360 88,40+ 1,75 99,43 +0,32 8154+3,05 9882+093 99,65+0,31
p =0,0002 p <0,0001 p=0,55 p=0,63 p1<0,0001
p1=0,038 p1<0,0001 p1=0,041 p.=0,86
720 99,19 + 0,67 99,90 + 0,08 99,39+0,24 100,00 100,00
p=0,95 p <0,0001 p = 0,0004 p = 0,007 p1<0,0001
p1=0,75 p1<0,0001 p1=0,048 p1=0,08

P — AOCTOBEPHOCTH Pa3HULbI MEXAY CTCIIEHBIO U3BJICYCHUA METAaJlJIa AKTUBUPOBAHHBIM YTJIEM U XUTO3aHOBBIMH

copOeHTaMu;

P1— AOCTOBEPHOCTH PA3HUILIBI MEXAY CTCTICHBIO U3BJICUCHUA METAaJJIa XUTO3aHOM U XUTO3aH-TUAPOKCUATIATUTOM

[MonHOCTHIO copbupyer W3  pacTBOpa
XHUTO3aH/TUAPOKCUIIATIATUT TAaKXXe W MapraHel B
OTJIMYME OT YIJISl M XUTO3aHA, COPOLMS KOTOPBIMU
He3HauuTenbHa (puc. 9). OdYeBMIHO B JaHHOM
cillyqyae  NPOMCXOAAT  WHTCHCHBHBIE  PEAKLUH
3aMEIICHUs] MapraHieM Kaiblus B CTPYKType
THJPOKCUJIANIATUTA, XWUTO3aH JKE€ B CBS3BIBAHUH
y4acTusl MPAKTHYECKH HE NMPHUHUMAET, TaK Kak B
Clly4yae HCIOJIb30BaHMUS YHCTOIO XMTO3aHA CHavasa
MPOUCXOTUT

HC3HAYUTCJIIBHOC CHHM>XKCHHC

KOHIICHTpAalunu DJJIEMEHTa B pacTBOpPE 3a CYET
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HaOyxaHUs MOJIMMeEpa, a 3aTeM BBIXOJ] 3JIEMEHTa B
pacTBop C  HE3HAYUTENBHBIM  IOCIETYFOLIIM
CBsA3bIBaHHWEM yacTH MapraHua. Yepez 720 MuHyt
CTCTICHb W3BICUCHHSI MapraHiia U3 pacTBOpa
AKTUBHPOBAHHBIM yrieMm COCTaBIISICT
(50,53 £4,21) %, XuT03aHOM 3HAYUTEIILHO MEHBIIIE
— (33,28 = 1,53) % (p = 0,0034). IpoueHt copOimu
MeTalsla XMTO3aH/THAPOKCHIIANIATUTOM COCTAaBIISET
or (95,66 +2,23)% uepes 30 MuHYT 10
(99,90 £0,08) % — wuepes 720, 4TO IOCTOBEPHO
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BBIIIE B CPABHEHWU C aKTHBHPOBAHHBIM YIIIEM H
YHCTBHIM XHTO3aHOM.

IomHOCTRIO COpOHMpyeT W3 pacTBopa 3a 720 u
XWTO3aH W XWTO3aH/THIPOKCHIANATUT KaIMHH,
OUEBU/IHO KaK 3a CUET CBS3bIBAHUS C XUTO3aHOM,
TaKk M 3@ CYET YAEPKUBAHHUS ITOTO JIEMEHTA B
CTPYKTYype
KCUJIAMIaTUT CBS3BIBAET OCHOBHYIO 4acTh KaJMHS B
nepsbie 30 muH (puc. 10) B oTiIHuMe OT XUTO3aHA U
aKTHBUPOBAHHOTO yIWIA, KOTOPBIE COPOHMPYIOT
OCHOBHYIO 4acTh Meraymma depe3 60 munHyT. Ilpm
oToM dYepe3 720 MHUHYT NPOHCXOIHUT Oojee
3¢ ¢dexTHBHAS W TOCTOBEpHAs aACOPOIMS KaIMHUS
(p=0,0106), TaK u
XHUTO3aH/TUAPOKCHIATIATUTOM (p =0,007) B
CPaBHEHHHM C aKTUBUPOBAHHBIM yrieM. Yepes 360 u

TUApPOKCHUJIaIIaTuTa. Xwurozan/ TUAPO-

Kak XHUTO3aHOM

720 MuHYT MBI He HaOJIONanu JOCTOBEPHOM

pasHUIBI B CTENEHH U3BJICYCHUS KaaMHs U3
pacTBOpa MEXKIY XHUTO3aHOBBIMHU u
XHUTO3aH/THAPOKCUIIAIATUTHEIMU OyCaMu.

IomHOoCTRIO ~ copOupyeT  HM3  pacTBopa
XHUTO3aH/THAPOKCUIIAIATHT XPOM, B TO BpeMs Kak
AKTHBUPOBAHHBIN YTOJIb HE COPOUPYET ero BoooIe,
HAIPOTHB SIBISIETCS UCTOYHHKOM HOHA, YTO MOXET
OBITH OOYCIIOBJICHO XMMHYECKOH MOAU(HUKaLUeH
YOI C LEJNbI0 YCHINTh COPOLMIO TOKCHYECKUX
BEILECTB OPTaHMYECKOW IPUPOJIBI

[20].

(39,11 + 2,17) % xpoma u3 pactBopa 3a 30 MHUHYT,

(mampumep,

[IUaHUIOB) XHTo3aH MOTJIONIAET
B JaJbHEHIIEM TIPOWCXOAWUT HE3HAUHTEIBLHBIN
BBIXOJ] DJIEMEHTA B PACTBOP, U CTCIICHb U3BJICUCHHUS
Metaina  depe3 720 MUHYT
(27,32 + 0,86) %. XWTO3aH/THAPOKCHIIATIATAT

copbupyer (57,75 + 1,47) % xpoma 3a TepBbIC

COCTaBJIACT

J. Clin. Exp. Med. Res., 2014;2(1):88-99

30 MuH, gOoCTHrasl MOJHOTO W3BJICYCHUS METAILIA U3
pactBopa 3a 720 wmumnHyT (puc. 11). Cnemyer
OTMETHTh, YTO BO BCE BPEMCHHBIC HHTCPBAJIbI
copOmmsi  XpoMa  XHTO3aH/THIAPOKCIIATIATUTOM
SIBJISIETCSL  IOCTOBEPHO BBIIIE B CpPaBHEHHH C
YHUCTHIM XHTO3aHOM.

Takum o0Opazom, clienyeT OTMETHUThb, YTO 3a
124 (720 muH) Oychl Ha OCHOBE XHTO3aHa U
THJPOKCUJIANIATUTA TOTJIOMAIOT BCE HCCIETyeMble
AJIEMEHTHI MpaKTHdecku NoaHOCThIo (99-100 %), B
TO BpeMs KaK MaTepuajbl
XHTO3aHa JIy4lle BCEro HOIJIONIAIOT KaaMHH H
MeJlb, HECKOJIBKO MEHBIIEE CPOJCTBO MPOSBISIOT K
XKeyne3y, IUIOXO MOTJIOIAI0T XPOM M MapraHer
(Cd > Cu > Fe > Mn > Cr), akTUBHPOBaHHBII yroJb
JIy4Ille BCEro TAaK)Ke IOTJIONIAeT Me/Ib M KaaMUii, B

Ha OCHOBC TOJBKO

MEHBIIEH CTENEHH JKEJIE30 U MapraHel, XpoM He
noryoriaet Boobiie (Cu > Cd > Fe > Mn) (tabm. 2).

Ilpy WCHONB30BAaHUM B KA4eCTBE COPOEHTOB
OyC Ha OCHOBE IMOJMMEPa CJEAYET YYUTHIBATH
CIHOKHYK  KMHETUKY BBIXOJL
HEKOTOPBIX DIEMEHTOB B PACTBOP B PE3YJbTATe
HEPECTPOMKU CTPYKTYPBI MOJIUMEDA.

HpI/I HCIIOJIB30BAHU N 6yc Ha OCHOBC XHTO3aH-

TIOTJIOIICHMA,

THIIPOKCHIIATIaTUTa MIPEIIOYTUTENHHO
BBIIEP)KUBATh OYChl B KOHTAaKTE€ C OYHIIAEMOH
cpernoit B TedeHue 12 4, B TO ’&e BpeMs 3a IepBbIe
30 MHH yKa3aHHBIH COpPOEHT moryomaer doJyiee HiH
okoso 90 % meau, maprasiia, xenesa, KaaMHs U
6onee 50 % xpoma. bycsl Ha OocHOBe XHTO3aHa 3a
nepsble 30 MuH noraomatoT Ha 90 % ToJIBKO Menp,
oompme 50 % — kagMuii; MapraHenl W XpoM Ha

40 %.

4
3,5 7‘ﬁ#¢
3 l\\.R
2,5 ~u — —— AKTUBMPOBAHHbIM
g_ > Yronb
=l x1TO3aH
1.5
1 xuUTO3aH/annarmr
0,5
o - -
30 60 360 720
MMHHYTbI

Puc. 9. /lunamuka CHIOKSHHS KOHIIGHTPAIUK MapraHiia B pacTBOPE IPH HCIOIb30BaHUH PA3IMYHBIX THUIIOB COpOEHTa
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Puc. 10. I[I/IHZ.MPIKB. CHMJKECHUS KOHIICHTPpAX KaAMUs B PaCTBOPE IIPU UCIIOJIb30BAHUH PA3JINYHBIX TUIIOB cop6eHTa

L
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OB N W A U O N ®

30 e0

MMHYTBI

360

720

Puc. 11. Z[I/IHaMPIKa CHMIKECHUS KOHIICHTPpAlX XpOMa B paCTBOPE IPH UCITOJIb30BaHUU PA3JIMYHBIX TUIIOB copGeHTa

BrIBOABI
[omy4yeHHBIE MaTepHaIbl 1O COPOIMOHHBIM
CBOICTBaM COIIOCTaBUMBI c

AKTUBUPOBAHHBIM YTJIEM, a B ClIydac Xpoma,

Maprafiia, oKemesa  SBISAIOTCA  Ooiee
3¢ GEKTHBHBIMH.
XHUTO3aH/TUAPOKCUIIATIATAT MPOSIBIISIET

OOJIBIIYI0 COPOIMOHHYIO AKTUBHOCTH 11O
CpaBHEHUIO C
AKTUBHPOBAHHBIM YTIIEM W MOXET OBITh
pEeKOMEHIOBaH ISt copOrmu

XHUTO3aHOM n

BCEX
HCCIIEOBAHHBIX DJIEMEHTOB.
MeIJICHHasT copOuus

bonee 3JICMCHTOB,

U3MEHEHHE COPOIMOHHONW aKTHMBHOCTH BO

BpEMEHNU CBUACTCILCTBYIOT O TOM, YTO
npeaiiaracMabie C0p6eHTLI MOXHO
HCIIOJIb30BATh B CJIOKHBIX OHOTEXHO-

JIOTUYCCKUX ITpoHeccax, a TaKKE B KaUYCCTBC
COp6eHTOB C AKTHBHOCTBIO B JUCTAJIBHBIX
oTAcIaxX KMIICYHUKA.
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